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ʄʠʥʠʩʪʝʨʩʪʚʦ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 

ʚʳʩʰʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

çʂʫʙʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

  

 
ɽ.ʀ. ʊʈʋɹʀʃʀʅ, ɺ.ɸ. ɸɹʃʀʂʆɺ 

 

 

 

ʄɸʐʀʅʓ ɼʃʗ ʋɹʆʈʂʀ 

ʉɽʃʔʉʂʆʍʆɿʗʁʉʊɺɽʅʅʓʍ  ʂʋʃʔʊʋʈ 

(ʢʦʥʩʪʨʫʢʮʠʠ, ʪʝʦʨʠʷ ʠ ʨʘʩʯʝʪ) 

 

 

 

ɼʦʧʫʱʝʥʦ ɻʣʘʚʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ 

ʟʘʚʝʜʝʥʠʡ ʧʦʜʛʦʪʦʚʢʠ ʠ ʧʝʨʝʧʦʜʛʦʪʦʚʢʠ ʢʘʜʨʦʚ ʄʉʍ ʈʌ 

ʚ ʢʘʯʝʩʪʚʝ ʫʯʝʙʥʦʛʦ ʧʦʩʦʙʠʷ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʚʳʩʰʠʭ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʟʘʚʝʜʝʥʠʡ, ʩʣʫʰʘʪʝʣʝʡ ʌʇʂ, 

ʨʫʢʦʚʦʜʠʪʝʣʝʡ ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ 

 

 

 

 

 

ʂʨʘʩʥʦʜʘʨ 2010 ʛ. 
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ʋɼʂ 631. 35 ɽ.ʀ. ʊʈʋɹʀʃʀʅ, ɺ.ɸ. ɸɹʃʀʂʆɺ,  

 

ʄʘʰʠʥʳ ʜʣʷ ʫʙʦʨʢʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ, ʢʫʣʴʪʫʨ 

ϊʢʦʥʩʪʨʫʢʮʠʠ, ʪʝʦʨʠʷ ʠ ʨʘʩʯʝʪ): 

ʋʯʝʙ.ʧʦʩ. - 2 ʠʟʜ. ʧʝʨʝʨʘʙ. ʠ ʜʦʧʦʣʥ. - ʂɻɸʋ, ʂʨʘʩʥʦʜʘʨ, 

2010 ï 325 ʩ. 
 

ʇʨʝʜʩʪʘʚʣʝʥ ʤʘʪʝʨʠʘʣ ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʘʥʘʣʠʟʫ 

ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʠ ʤʘʰʠʥ ʜʣʷ ʫʙʦʨʢʠ ʟʝʨʥʦʚʳʭ, ʢʫʢʫʨʫ-

ʟʳ, ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ, ʢʘʨʪʦʬʝʣʷ ʠ ʦʚʦʱʝʡ. ʀʟʣʦʞʝʥʳ ʥʝ-

ʢʦʪʦʨʳʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩ.ʭ. ʨʘʩʪʝʥʠʡ 

ʠʤʝʶʱʠʝ ʩʫʱʝʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʤʘʰʠʥʥʦʡ ʫʙʦʨʢʝ. 

ʅʘ ʵʪʦʡ ʦʩʥʦʚʝ ʜʘʥʳ ʵʣʝʤʝʥʪʳ ʪʝʦʨʠʠ ʠ ʨʘʩʯʝʪʘ ʨʘʙʦʯʠʭ 

ʦʨʛʘʥʦʚ ʠ ʤʘʰʠʥ. 

ʇʨʠ ʥʘʧʠʩʘʥʠʠ ʫʯʝʙʥʦʛʦ ʧʦʩʦʙʠʷ ʠʩʧʦʣʴʟʦʚʘʥʳ ʣʠ-

ʪʝʨʘʪʫʨʥʳʝ ʠʩʪʦʯʥʠʢʠ, ʘ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʳ ʩʦʙʩʪʚʝʥʥʳʭ 

ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʉʦʜʝʨʞʘʥʠʝ ʦʜʦʙʨʝʥʦ ʠ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʢ ʠʟʜʘʥʠʶ 

ʤʝʪʦʜʠʯʝʩʢʠʤ ʩʦʚʝʪʦʤ ʬʘʢʫʣʴʪʝʪʘ ʤʝʭʘʥʠʟʘʮʠʠ ʂɻɸʋ. 

 

ʋʪʚʝʨʞʜʝʥʦ ʤʝʪʦʜʠʯʝʩʢʦʡ ʢʦʤʠʩʩʠʝʡ ʬʘʢʫʣʴʪʝʪʘ 

ʤʝʭʘʥʠʟʘʮʠʠ ʂʫʙʘʥʩʢʦʛʦ ʛʦʩʘʛʨʦʫʥʠʚʝʨʩʠʪʝʪʘ  

5 ʬʝʚʨʘʣʷ 2009 ʛʦʜʘ, ʧʨʦʪʦʢʦʣ ˉ 6 

 

ʂʦʤʧʴʶʪʝʨʥʳʡ ʥʘʙʦʨ: ʉ.ɺ. ʃʷʰʝʥʢʦʚ 

 

ʈʝʮʝʥʟʝʥʪ: ɿʘʩʣʫʞʝʥʥʳʡ ʠʟʦʙʨʝʪʘʪʝʣʴ ʈʌ, ʜʦʢʪʦʨ 

ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʂʨʘʚʯʝʥʢʦ ɺ.ʉ. 

 

 

 
ʂʫʙʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʂɻɸʋ, 2010 ʛ. 
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ɺɺɽɼɽʅʀɽ 

ʅʘʠʙʦʣʝʝ ʪʨʫʜʦʝʤʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʚ ʩʝʣʴʩʢʦ-

ʭʦʟʷʡʩʪʚʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʷʚʣʷʶʪʩʷ ʫʙʦʨʦʯʥʳʝ 

ʨʘʙʦʪʳ. ʊʝʭʥʠʢʘ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʵʪʠʭ ʨʘʙʦʪ ʩʣʦʞ-

ʥʘʷ, ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʥʘ ʝʸ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʠ ʵʢʩʧʣʫʘʪʘʮʠʶ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ 

ʫʙʦʨʦʯʥʳʝ ʨʘʙʦʪʳ ʤʝʭʘʥʠʟʠʨʦʚʘʥʳ. ɺ ʩʚʷʟʠ ʩ ʧʝʨʝ-

ʩʪʨʦʡʢʦʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ 

ʩʦʟʜʘʥʠʝʤ ʰʠʨʦʢʦʡ ʩʝʪʠ ʬʝʨʤʝʨʩʢʠʭ ʭʦʟʷʡʩʪʚ, 

ʘʨʝʥʜʥʳʭ ʠ ʘʢʮʠʦʥʝʨʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʘʢʪʫʘʣʴʥʘʷ 

ʟʘʜʘʯʘ ʚ ʦʙʣʘʩʪʠ ʤʝʭʘʥʠʟʘʮʠʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦ-

ʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʚʦʜʠʪʩʷ ʢ ʩʦʟʜʘʥʠʶ ʤʦʙʠʣʴʥʦʡ ʤʘ-

ʣʦʛʘʙʘʨʠʪʥʦʡ ʫʙʦʨʦʯʥʦʡ ʪʝʭʥʠʢʠ, ʜʦʩʪʘʪʦʯʥʦ ʜʝʰʝ-

ʚʦʡ ʠ ʜʦʩʪʫʧʥʦʡ ʜʣʷ ʧʨʠʦʙʨʝʪʝʥʠʷ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʥʠʝ 

ʫʩʣʦʚʠʡ ʜʣʷ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʝʸ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ʇʨʠʥʮʠʧʳ ʫʩʪʨʦʡʩʪʚʘ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʙʦʣʴ-

ʰʠʥʩʪʚʘ ʤʘʰʠʥ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʳ, ʢʦʥʩʪʨʫʢʮʠʠ ʞʝ 

ʤʘʰʠʥ ʚ ʩʚʷʟʠ ʩ ʦʙʱʠʤ ʪʝʭʥʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ ʥʝ-

ʧʨʝʨʳʚʥʦ ʩʦʚʝʨʰʝʥʩʪʚʫʶʪʩʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʥʘ-

ʩʪʦʷʱʝʤ ʫʯʝʙʥʦʤ ʧʦʩʦʙʠʠ ʢʨʘʪʢʦ ʠʟʣʦʞʝʥʳ ʚʦʧʨʦʩʳ 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥ-

ʥʳʭ ʢʫʣʴʪʫʨ, ʥʝʢʦʪʦʨʳʝ ʘʛʨʦʪʨʝʙʦʚʘʥʠʷ, ʪʝʭʥʦʣʦʛʠʠ 

ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʳʭ ʨʘʙʦʪ, ʦʧʠʩʘʥʳ ʵʣʝʤʝʥʪʳ ʢʦʥʩʪ-

ʨʫʢʮʠʠ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʠ ʤʘʰʠʥ, ʘ ʪʘʢʞʝ ʫʜʝʣʝʥʦ 

ʚʥʠʤʘʥʠʝ ʠʭ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ ʦʙʦʩʥʦʚʘʥʠʶ. 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʝʨʝʩʪʨʦʡʢʠ ʩʝʣʴʩʢʦ-

ʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʦʟʨʘʩʪʘʝʪ ʨʦʣʴ ʠ ʟʥʘ-

ʯʝʥʠʝ ʠʥʞʝʥʝʨʘ-ʤʝʭʘʥʠʢʘ-ʦʨʛʘʥʠʟʘʪʦʨʘ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ. ɼʣʷ ʧʨʘʚʠʣʴʥʦʡ, 
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ʨʘʮʠʦʥʘʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʳʭ ʨʘʙʦʪ 

ʠʥʞʝʥʝʨʫ-ʤʝʭʘʥʠʢʫ ʥʫʞʥʳ ʛʣʫʙʦʢʠʝ ʧʨʘʢʪʠʯʝʩʢʠʝ 

ʟʥʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʪʝʦʨʠʠ ʨʘʙʦʯʠʭ ʧʨʦʮʝʩʩʦʚ 

ʩʝʣʴʭʦʟʤʘʰʠʥ, ʫʤʝʥʠʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʥʘʩʪʨʘʠʚʘʪʴ 

ʤʘʰʠʥʳ ʥʘ ʦʧʪʠʤʘʣʴʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʚ ʟʘʚʠʩʠʤʦ-

ʩʪʠ ʦʪ ʠʟʤʝʥ̫ ʶʱʠʭʩʷ ʩʚʦʡʩʪʚ ʠ ʩʦʩʪʦʷʥʠʷ ʦʙʨʘʙʘ-

ʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʯʪʦʙʳ ʪʚʦʨʯʝʩʢʠ, ʩʦ ʟʥʘʥʠʝʤ 

ʜʝʣʘ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʧʨʠʤʝʥʷʝʤʳʝ ʩʨʝʜʩʪʚʘ ʤʝʭʘ-

ʥʠʟʘʮʠʠ. 

ʅʘʩʪʦʷʱʝʝ ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ ʦʧʠʩʘʪʝʣʴʥʦ-

ʨʘʩʯʝʪʥʦʝ, ʟʘ ʦʩʥʦʚʫ ʟʜʝʩʴ ʚʟʷʪʳ ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨ-

ʥʳʝ ʨʘʙʦʯʠʝ ʦʨʛʘʥʳ ʤʘʰʠʥ. ʂʘʞʜʳʡ ʨʘʟʜʝʣ ʦʭʚʘʪʳ-

ʚʘʝʪ ʨʘʙʦʯʠʝ ʦʨʛʘʥʳ ʛʨʫʧʧʳ ʤʘʰʠʥ, ʦʙʲʝʜʠʥʝʥʥʳʭ 

ʦʙʱʥʦʩʪʴʶ ʚʳʧʦʣʥʷʝʤʳʭ ʠʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦ-

ʮʝʩʩʦʚ ʠ ʦʧʝʨʘʮʠʡ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʠ 

ʦʧʝʨʘʮʠʠ ʠʟʣʦʞʝʥʳ ʚ ʜʫʭʝ ʪʨʘʜʠʮʠʡ ʢʣʘʩʩʠʯʝʩʢʦʡ 

ʰʢʦʣʳ ʘʢʘʜʝʤʠʢʘ ɺ. ʇ. ɻʦʨʷʯʢʠʥʘ, ʟʘʣʦʞʝʥʥʳʭ ʚ 

ʟʝʤʣʝʜʝʣʴʯʝʩʢʦʡ ʤʝʭʘʥʠʢʝ. 
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1 ʄɸʐʀʅʓ ɼʃʗ ʋɹʆʈʂʀ ɿɽʈʅʆɺʓʍ 

ʂʋʃʔʊʋʈ 

1.1 ʉʨʝʟʘʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ 

1.1.1 ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʪʝʙʣʝʡ, 

ʠʤʝʶʱʠʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʠʭ ʩʨʝʟʘʥʠʠ 

ʈʝʟʘʥʠʝ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʠʝʤʦʚ ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ ʠ ʦʙʨʘʙʦʪʢʝ ʨʘʟʣʠʯʥʳʭ ʤʘ-

ʪʝʨʠʘʣʦʚ. ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ 

ʚ ʦʩʥʦʚʥʦʤ ʦʧʨʝʜʝʣʷʶʪ ʛʝʦʤʝʪʨʠʶ ʥʦʞʘ ʠ ʭʘʨʘʢʪʝʨ 

ʧʨʦʮʝʩʩʘ ʩʨʝʟʘʥʠʷ. 

ʉʨʝʟʘʥʠʝ ʨʘʩʪʝʥʠʷ ʩ ʧʦʣʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʦʞʘ-

ʤʠ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʣʦʩʢʠʡ ʠʣʠ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʳʡ ʢʣʠʥ. ʉʠʣʘ, ʧʨʠʣʦʞʝʥʥʘʷ ʢ ʢʣʠʥʫ, 

ʚʳʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʜʝʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʤʝʞʜʫ 

ʣʝʟʚʠʝʤ ʠ ʤʘʪʝʨʠʘʣʦʤ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʨʫʰʝʥʠʶ 

ʩʚʷʟʝʡ ʤʝʞʜʫ ʦʪʜʝʣʴʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʤʘʪʝʨʠʘʣʘ. 

ʇʦʩʣʝ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʣʝʟʚʠʷ ʚ ʤʘʪʝʨʠʘʣ ʛʨʘʥʠ 

ʢʣʠʥʘ ʚʩʪʫʧʘʶʪ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʥʠʤ, ʧʨʠ ʵʪʦʤ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʚʦʡʩʪʚ ʨʘʟʨʝʟʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʦʥʠ 

ʤʦʛʫʪ ʩʦʜʝʡʩʪʚʦʚʘʪʴ ʨʝʟʘʥʠʶ ʠʣʠ ʪʦʨʤʦʟʠʪʴ ʝʛʦ. 

ʉʪʝʙʣʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʨʘʩʪʝʥʠʡ ʩʦʩʪʦʷʪ 

ʠʟ ʢʣʝʪʦʢ, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ 

ʧʦʨʷʜʢʝ, ʦʙʨʘʟʫʷ ʪʢʘʥʠ. ʉʦʩʫʜʠʩʪʦ-ʚʦʣʦʢʥʠʩʪʳʝ 

ʧʫʯʢʠ ʪʢʘʥʠ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʧʨʦʯʥʳʤʠ ʵʣʝʤʝʥ-

ʪʘʤʠ ʠ ʠʛʨʘʶʪ ʨʦʣʴ ʘʨʤʘʪʫʨʳ ʩʪʝʙʣʷ. ʉʪʝʙʝʣʴ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʥʩʪʨʫʢʮʠʶ ʤʘʣʦʛʦ ʚʝʩʘ, ʙʦʣʴʰʦʡ 

ʧʨʦʯʥʦʩʪʠ ʠ ʛʠʙʢʦʩʪʠ. ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʠʟʛʠʙʫ ʩʪʝʙʣʷ 
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ʢʨʫʛʣʦʛʦ ʩʝʯʝʥʠʷ ʦʜʠʥʘʢʦʚʦ ʚ ʣʶʙʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 

ʇʦ ʩʚʦʝʡ ʬʦʨʤʝ ʩʪʝʙʝʣʴ ʥʘʧʦʤʠʥʘʝʪ ʢʦʥʩʦʣʴʥʫʶ 

ʙʘʣʢʫ ʨʘʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠʟʛʠʙʫ [2; 21]. 

ʋʧʨʫʛʠʝ ʩʚʦʡʩʪʚʘ ʩʪʝʙʣʝʡ 

ʍʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʠ ʩʪʝʙʣʝʡ 

ʦʪʛʠʙʫ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ ʩʘʤʦʛʦ ʦʪʛʠʙʘ 

ʙʳʣ ʠʟʫʯʝʥ ʧʨʠ ʧʦʤʦʱʠ ʛʨʘʬʦʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʤʝʪʦ-

ʜʘ ʥʝʣʠʥʝʡʥʦʡ ʩʪʘʪʠʩʪʠʢʠ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʨʝʰʠʪʴ 

ʟʘʜʘʯʫ ʩ ʙʦʣʴʰʠʤʠ ʫʧʨʫʛʠʤʠ ʧʝʨʝʤʝʱʝʥʠʷʤʠ. 

ɹʳʣʘ ʧʦʣʫʯʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩʦ-

ʩʪʘʚʣʷʶʱʝʡ ʩʠʣʳ ʫʧʨʫʛʦʩʪʠ ʈ ʦʪ ʚʝʣʠʯʠʥ rʦʪʛʠʙʘ ʠ 

ʚʳʩʦʪʳ ʩʨʝʟʘ [4] 

ʈ = 10 
-3
 KȚE J,                              (1.1) 

ʛʜʝ ʈ ï ʩʠʣʘ ʫʧʨʫʛʦʩʪʠ, ʅ, 

ʂ - ʢʦʵʬʬʠʮʠʝʥʪ ʫʧʨʫʛʦʩʪʠ ʩʪʝʙʣʷ;  

ɽȚJ - ʞʸʩʪʢʦʩʪʴ ʩʪʝʙʣʷ ʧʨʠ ʠʟʛʠʙʝ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʦʪʛʠʙʘ ʵʪʦ ʫʩʠ-

ʣʠʝ ʨʘʩʪʝʪ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʞʝ ʨʦʩʪʝ ʦʪʛʠʙʘ ʫʩʠʣʠʝ 

ʧʝʨʝʭʦʜʠʪ ʯʝʨʝʟ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʠ ʫʤʝʥʴʰʘ-

ʝʪʩʷ. ʕʪʠ ʧʦʣʦʞʝʥʠʷ ʧʦʜʪʚʝʨʞʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʠʟʣʦʞʝʥʥʦʛʦ ʚ ʨʘʩʯʝʪʘʭ ʩʣʝʜʫʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝ-

ʥʠʷ ʩʪʝʙʣʝʡ ʠʟʛʠʙʫ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʠʪʴ 

ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʨʝʟʘ. 
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ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʩʪʝʙʣʝʡ ʩʨʝʟʘʥʠʶ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʦʧʳʪʦʚ [4] ʫʩʪʘʥʦʚʣʝ-

ʥʦ, ʯʪʦ ʧʨʠ ʩʢʦʨʦʩʪʠ ʥʦʞʘ 8-15 ʤ/ʩ ʠ ʦʩʪʨʦʤ ʣʝʟʚʠʠ 

ʚʝʨʪʠʢʘʣʴʥʦ ʩʪʦʷʱʠʡ ʦʜʠʥʦʯʥʳʡ ʩʪʝʙʝʣʴ ʥʝ ʧʝʨʝʨʝ-

ʟʘʝʪʩʷ ʚ ʩʪʨʦʛʦ ʚʝʨʪʠʢʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ. ʇʨʠ 

ʚʩʪʨʝʯʝ ʥʦʞʘ ʩʦ ʩʪʝʙʣʝʤ ʚ ʤʦʤʝʥʪ ʫʜʘʨʘ ʧʨʦʠʩʭʦʜʠʪ 

ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʚʦʟʨʘʩʪʘʥʠʝ ʫʩʠʣʠʡ ʚ ʥʦʞʝ ʠ ʨʘʩʪʷ-

ʞʝʥʠʝ ʩʪʝʙʣʷ. ɺ ʤʦʤʝʥʪ ʨʝʟʘʥʠʷ ʥʦʞ ʤʥʦʛʦʢʨʘʪʥʦ 

ʫʜʘʨʷʝʪ ʩʪʝʙʝʣʴ ʩ ʚʩʝ ʫʤʝʥʴʰʘʶʱʝʡʩʷ ʘʤʧʣʠʪʫʜʦʡ ʠ 

ʯʘʩʪʦʪʦʡ ʫʜʘʨʘ. ʇʨʠ ʜʦʩʪʘʪʦʯʥʦʤ ʦʪʛʠʙʝ ʩʪʝʙʣʷ, ʢʦ-

ʛʜʘ ʩʠʣʘ ʠʥʝʨʮʠʠ ʦʢʘʞʝʪ ʥʝʦʙʭʦʜʠʤʦʝ ʩʦʧʨʦʪʠʚʣʝ-

ʥʠʝ ʜʘʣʴʥʝʡʰʝʤʫ ʦʪʢʣʦʥʝʥʠʶ ʩʪʝʙʣʷ, ʧʦʩʣʝʜʥʠʡ ʥʘ-

ʯʠʥʘʝʪ ʩʨʝʟʘʪʴʩʷ ʥʦʞʦʤ. 

ʉʨʝʟ ʛʨʫʧʧʳ ʩʪʝʙʣʝʡ, ʥʝ ʠʤʝʶʱʠʭ ʦʧʦʨʳ, ʙʝʩʧʦ-

ʨʷʜʦʯʝʥ ʢʘʢ ʚ ʦʪʥʦʰʝʥʠʠ ʦʪʛʠʙʘ, ʪʘʢ ʠ ʫʩʠʣʠʷ ʨʝʟʘ-

ʥʠʷ. 

ʉʨʝʟ ʩʪʝʙʣʷ, ʠʤʝʶʱʝʛʦ ʜʚʝ ʦʧʦʨʳ, ʧʨʦʠʩʭʦʜʠʪ 

ʩʪʘʙʠʣʴʥʦ, ʙʳʩʪʨʦ ʢʘʯʝʩʪʚʝʥʥʦ ʠ ʧʨʠ ʤʝʥʴʰʠʭ ʫʩʠ-

ʣʠʷʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʵʬʬʠʮʠʝʥʪ ʫʧʨʫʛʦʩʪʠ ʧʨʠ ʩʨʝ-

ʟʝ ʩʪʝʙʣʷ, ʠʤʝʶʱʝʛʦ ʜʚʝ ʦʧʦʨʳ, ʚ 8 ʪʳʩʷʯ ʨʘʟ ʙʦʣʴ-

ʰʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʧʨʫʛʦʩʪʠ ʩʪʝʙʣʷ ʧʨʠ ʝʛʦ ʢʦʥ-

ʩʦʣʴʥʦʤ ʟʘʢʨʝʧʣʝʥʠʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʪʝʙʣʶ, ʦʧʠ-

ʨʘʶʱʝʤʫʩʷ ʥʘ ʜʚʝ ʦʧʦʨʳ, ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʛʥʫʪʴʩʷ ʥʘ 

ʜʝʩʷʪʳʝ ʜʦʣʠ ʤʠʣʣʠʤʝʪʨʘ, ʯʪʦʙʳ ʨʝʘʢʮʠʷ ʫʧʨʫʛʠʭ 

ʩʠʣ ʙʳʣʘ ʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʝʛʦ ʩʨʝʟʘ ʧʨʠ ʦʯʝʥʴ ʤʘʣʦʡ 

ʩʢʦʨʦʩʪʠ ʥʦʞʠ. 
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ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʩʪʝʙʣʝʡ ʩʤʷʪʠʶ 

ʋʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʪʝʙʣʝʡ ʩʤʷʪʠʶ ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʦʡ [4]: 

,
'

'

Fk

ʈ
ʉʦ

Ö
=   ʅ/ʤʤ

3
,                         (1.2) 

ʛʜʝ ʈ' - ʩʠʣʘ ʩʤʷʪʠʷ, ʅ; 

F - ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʩʪʝʙʣʷ, ʤʤ
2
;  

k' - ʛʣʫʙʠʥʘ ʩʤʷʪʠʷ, ʤʤ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʧʳʪʦʚ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʠʣʘ ʩʤʷ-

ʪʠʷ ʩʪʝʙʣʷ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʛʣʫʙʠʥʝ 

ʩʤʷʪʠʷ. ɺʥʘʯʘʣʝ, ʧʨʠ ʛʣʫʙʠʥʝ ʩʤʷʪʠʷ 0-0,5 ʤʤ, ʩʠʣʘ 

ʈ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʤʝʜʣʝʥʥʦ, ʘ ʟʘʪʝʤ, ʧʨʠ ʛʣʫʙʠʥʝ ʜʦ 1 

ʤʤ, ʧʨʦʠʩʭʦʜʠʪ ʚʦʟʨʘʩʪʘʥʠʝ ʩʠʣʳ ʚ 2-2,5 ʨʘʟʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʚʳʤ ʠʥʪʝʨʚʘʣʦʤ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ 

ʩʞʘʪʠʠ ʩʪʝʙʣʷ ʥʘ ʛʣʫʙʠʥʫ ʜʦ 1,5 ʤʤ ʩʠʣʘ ʩʤʷʪʠʷ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʤʝʜʣʝʥʥʦ ʠ ʥʘʩʪʫʧʘʝʪ ʤʦʤʝʥʪ, ʢʦʛʜʘ 

ʜʝʬʦʨʤʘʮʠʷ ʩʪʝʙʣʷ ʧʨʦʜʦʣʞʘʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ, ʘ ʩʠ-

ʣʘ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ, ʩʪʝʙʝʣʴ ʪʝʨʷʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʠ ʨʘʟʨʫʰʘʝʪʩʷ. 

ʋʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʤʷʪʠʶ ʟʝʣʝʥʳʭ ʩʪʝʙ-

ʣʝʡ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʩʦʩʪʘʚʣʷʝʪ 0,6-0,5 ʅ/ʤʤ
3
, ʩʫʭʠʭ 

ʩʪʝʙʣʝʡ - 2,0-3,0 ʅ/ʤʤ
3
. 



 10 

ʋʛʦʣ ʪʨʝʥʠʷ ʩʪʝʙʣʷ ʦ ʣʝʟʚʠʝ ʩʝʛʤʝʥʪʘ 

ʂʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʩʪʝʙʣʝʡ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ 

ʟʘʚʠʩʠʪ ʦʪ ʠʭ ʚʣʘʞʥʦʩʪʠ, ʠ ʧʨʠ ʩʢʦʣʴʞʝʥʠʠ ʧʦ ʰʣʠ-

ʬʦʚʘʥʥʦʡ ʩʪʘʣʠ ʚ ʩʨʝʜʥʝʤ ʨʘʚʝʥ 0,35 ʚ ʥʘʯʘʣʝ ʜʚʠ-

ʞʝʥʠʷ ʠ 0,25 ʧʨʠ ʜʚʠʞʝʥʠʠ. ʂʦʵʬʬʠʮʠʝʥʪ ʩʢʦʣʴʞʝ-

ʥʠʷ ʩʪʝʙʣʝʡ ʧʦ ʛʣʘʜʢʦʤʫ ʣʝʟʚʠʶ ʤʝʥʴʰʝ, ʯʝʤ ʧʦ ʥʘ-

ʩʝʯʝʥʥʦʤʫ. 

ʆʧʳʪʘʤʠ [4] ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʫʤʤʘ ʫʛʣʦʚ ʪʨʝ-

ʥʠʷ ʩʪʝʙʣʷ ʦ ʛʣʘʜʢʦʝ ʠʣʠ ʥʘʩʝʯʝʥʥʦʝ ʣʝʟʚʠʝ ʚʩʝʛʜʘ 

ʙʦʣʴʰʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦʛʦ ʫʛʣʘ ʟʘʱʝʤʣʝʥʠʷ. ʕʪʘ ʨʘʟ-

ʥʠʮʘ ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʠʘʤʝʪʨʘ ʩʪʝʙʣʷ. 

ʇʨʠʯʠʥʘ ʚ ʪʦʤ, ʯʪʦ ʩʪʝʙʝʣʴ ʩʢʦʣʴʟʠʪ ʧʦ ʛʣʘʜʢʦʤʫ 

ʣʝʟʚʠʶ, ʫ ʢʦʪʦʨʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʤʝʥʴʰʝ, 

ʯʝʤ ʫ ʥʘʩʝʯʝʥʥʦʛʦ, ʠ ʧʝʨʝʢʘʪʳʚʘʝʪʩʷ ʧʦ ʥʘʩʝʯʝʥʥʦʤʫ 

ʣʝʟʚʠʶ. 

ʊʘʙʣʠʮʘ 1.1 ʋʛʣʳ ʪʨʝʥʠʷ ʩʪʝʙʣʝʡ ʦ ʣʝʟʚʠʝ ʥʦʞʘ 

ʂʫʣʴʪʫʨʘ 
ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʣʝʟʚʠʷ 

ʋʛʦʣ ʪʨʝʥʠʷ, 

ʛʨʘʜ 

ʇʰʝʥʠʮʘ ɻʣʘʜʢʦʝ 

ʅʘʩʝʯʝʥʥʦʝ 

12-17 

44-47 

ʇʦʜʩʦʣʥʝʯʥʠʢ ɻʣʘʜʢʦʝ 

ʅʘʩʝʯʝʥʥʦʝ 

9-10 

42-45 

ʂʫʢʫʨʫʟʘ ɻʣʘʜʢʦʝ 

ʅʘʩʝʯʝʥʥʦʝ 

10-11 

35-48 

ʏʠʩʣʦ ʩʪʝʙʣʝʡ ʧʰʝʥʠʮʳ ʥʘ ʦʜʥʦʤ ʢʚʘʜʨʘʪʥʦʤ 

ʤʝʪʨʝ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʷ ʨʘʚʥʦ 300-800 ʚ ʟʘʚʠʩʠʤʦ-
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ʩʪʠ ʦʪ ʛʫʩʪʦʪʳ ʧʦʩʝʚʘ (ʩʨʝʜʥʝʝ - 500). ʏʠʩʣʦ ʩʪʝʙʣʝʡ 

ʩʪʝʧʥʳʭ ʪʨʘʚ ʩʦʩʪʘʚʣʷʝʪ 10-12 ʪʳʩ. ʥʘ I ʢʚʘʜʨʘʪʥʳʡ 

ʤʝʪʨ. ɼʣʠʥʘ ʩʪʝʙʣʷ ʧʰʝʥʠʮʳ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʝʪ 

70-110 ʩʤ, ʜʣʠʥʘ ʢʦʣʦʩʘ 5-6 ʩʤ. 

1.1.2 ʉʫʱʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʩʨʝʟʘʥʠʷ ʩʪʝʙʣʝʡ 

ʉʨʝʟʘʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ ʫʙʦʨʦʯʥʳʭ ʤʘʰʠʥ ʜʦʣʞ-

ʥʳ ʚʳʧʦʣʥʷʪʴ ʯʠʩʪʳʡ ʩʨʝʟ ʨʘʩʪʝʥʠʡ ʙʝʟ ʩʤʷʪʠʷ, ʨʘʟ-

ʨʳʚʦʚ, ʟʘʪʷʛʠʚʘʥʠʷ ʠ ʚʳʩʢʘʣʴʟʳʚʘʥʠʷ ʠʭ ʠʟ-ʧʦʜ ʣʝʟ-

ʚʠʡ. 

ɺ ʦʩʥʦʚʝ ʨʘʙʦʪʳ ʩʨʝʟʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʠʩʧʦʣʴʟʦ-

ʚʘʥʳ ʜʚʘ ʧʨʠʥʮʠʧʘ ʩʨʝʟʘ: ʙʝʟʧʦʜʧʦʨʥʳʡ ʠ ʧʦʜʧʦʨ-

ʥʳʡ. 

ʇʦ ʧʨʠʥʮʠʧʫ ʙʝʟʧʦʜʧʦʨʥʦʛʦ ʩʨʝʟʘ ʨʘʙʦʪʘʶʪ ʨʦ-

ʪʘʮʠʦʥʥʳʝ ʩʨʝʟʘʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ, ʨʘʙʦʯʠʝ ʵʣʝʤʝʥʪʳ 

ʢʦʪʦʨʳʭ - ʥʦʞʠ ʩʦʚʝʨʰʘʶʪ ʚʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ. 

ɺʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʡ ʩʨʝʟ ʨʘʩʪʝʥʠʡ ʙʝʟ ʧʦʜʧʦʨʘ 

ʚʦʟʤʦʞʝʥ ʧʨʠ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʥʦʞʘ ʥʝ ʤʝʥʝʝ 5-7 

ʤ/ʩ. ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʩʨʝʟʘʥʠʶ ʧʨʠ ʵʪʦʤ ʧʦʛʘʰʘʝʪʩʷ 

ʫʧʨʫʛʦʩʪʴʶ ʩʪʝʙʣʝʡ ʚʙʣʠʟʠ ʢʦʨʥʝʡ ʠ ʠʭ ʠʥʝʨʮʠʝʡ. 

ʇʨʠʥʮʠʧ ʧʦʜʧʦʨʥʦʛʦ ʩʨʝʟʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʨʘʙʦʪʝ 

ʩʝʛʤʝʥʪʥʳʭ ʩʨʝʟʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ. ʅʦʞ ʪʘʢʦʛʦ ʫʩʪ-

ʨʦʡʩʪʚʘ ʩʨʝʟʘʝʪ ʩʪʝʙʣʠ, ʦʧʠʨʘʷ ʠʭ ʦ ʢʨʦʤʢʫ ʧʨʦʪʠ-

ʚʦʨʝʞʫʱʝʡ ʯʘʩʪʠ ʧʘʣʴʮʘ ʠ ʦ ʧʝʨʦ ʧʘʣʴʮʘ ʩʚʝʨʭʫ. ʈʝ-

ʟʘʥʠʶ ʧʨʝʜʰʝʩʪʚʫʝʪ ʩʤʷʪʠʝ. ʉʪʝʥʢʠ ʪʨʫʙʯʘʪʳʭ 

ʩʪʝʙʣʝʡ ʩʙʣʠʞʘʶʪʩʷ, ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʣʝʟʚʠʷ ʩʪʝʙʝʣʴ 

ʧʨʦʛʠʙʘʝʪʩʷ (ʨʠʩ. 1.1). 

ʅʘ ʭʦʜ ʧʨʦʮʝʩʩʘ ʠ ʥʘ ʚʝʣʠʯʠʥʫ ʪʨʝʙʫʝʤʦʛʦ ʫʩʠ-

ʣʠʷ ʈ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ: ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ 
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ʩʚʦʡʩʪʚʘ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ ʩʪʝʙʣʝʡ, ʩʢʦʨʦʩʪʴ ʥʦʞʘ, 

ʚʝʣʠʯʠʥʘ ʨʘʙʦʯʝʛʦ ʟʘʟʦʨʘ, ʫʛʦʣ ʟʘʦʩʪʨʝʥʠʷ ʩʝʛʤʝʥʪʦʚ 

ʠ ʚʢʣʘʜʳʰʝʡ, ʦʩʪʨʦʪʘ ʣʝʟʚʠʡ, ʫʛʦʣ ʤʝʞʜʫ ʣʝʟʚʠʝʤ 

ʥʦʞʝʚʦʛʦ ʩʝʛʤʝʥʪʘ ʠ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʚʠʞʝʥʠʷ ʤʘʰʠ-

ʥʳ, ʫʛʦʣ ʤʝʞʜʫ ʨʝʞʫʱʠʤ ʠ ʧʨʦʪʠʚʦʨʝʞʫʱʠʤ ʣʝʟ-

ʚʠʷʤʠ. 

 

ʈʠʩʫʥʦʢ 1.1 ʇʨʦʮʝʩʩ ʩʨʝʟʘʥʠʷ ʩʪʝʙʣʷ 

ʀʩʩʣʝʜʦʚʘʥʠʷʤʠ ʘʢʘʜʝʤʠʢʘ ɸ.ʅ. ʂʘʨʧʝʥʢʦ ʫʩʪʘ-

ʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʩʢʦʨʦʩʪʠ ʥʦʞʘ ʦʪ 0,3 

ʜʦ 0,6 ʤ/ʩ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʝʟʘʥʠʶ ʨʝʟʢʦ ʫʤʝʥʴʰʘʝʪ-

ʩʷ, ʜʘʣʴʥʝʡʰʝʝ ʧʦʚʳʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ ʙʦ-

ʣʝʝ ʤʝʜʣʝʥʥʦʤʫ ʫʤʝʥʴʰʝʥʠʶ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʊʘʢ, 

ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʩʢʦʨʦʩʪʠ ʦʪ 0,75 ʜʦ 1,85 ʤ/ʩ ʥʘʧʨʷ-

ʞʝʥʠʝ ʩʨʝʟʘ ʫʤʝʥʴʰʘʣʦʩʴ ʦʪ 600 ʜʦ 385 ʛ/ʤʤ. ɼʣʷ 

ʙʦʣʴʰʠʥʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʝʬʦʨʤʠʨʦ-

ʚʘʥʠʶ ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʜʝʬʦʨʤʠ-

ʨʦʚʘʥʠʷ. ʅʘʙʣʶʜʘʝʤʦʝ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʫʤʝʥʴʰʝʥʠʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʧʨʠ ʙʦʣʴʰʦʡ 
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ʩʢʦʨʦʩʪʠ ʥʦʞʘ ʜʝʬʦʨʤʘʮʠʷ ʩʪʝʙʣʷ ʫʩʧʝʚʘʝʪ ʨʘʩʧʨʦ-

ʩʪʨʘʥʠʪʴʩʷ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ. 

ʇʨʠ ʙʦʣʴʰʦʤ ʟʘʟʦʨʝ l ʥʠʞʥʷʷ ʯʘʩʪʴ ʩʨʝʟʘʝʤʦʛʦ 

ʩʪʝʙʣʷ ʟʘʪʷʛʠʚʘʝʪʩʷ ʥʦʞʦʤ, ʠ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟ-

ʥʠʢʥʦʚʝʥʠʶ ʟʥʘʯʠʪʝʣʴʥʳʭ ʩʠʣ ʪʨʝʥʠʷ. ɺʝʨʭʥʷʷ 

ʯʘʩʪʴ ʩʨʝʟʘʝʤʦʛʦ ʩʪʝʙʣʷ, ʠʟʛʠʙʘʷʩʴ, ʪʘʢʞʝ ʧʨʠʞʠʤʘ-

ʝʪʩʷ ʢ ʩʝʛʤʝʥʪʫ. ʇʨʠ ʤʘʣʦʤ ʟʘʟʦʨʝ l ʟʘʪʷʛʠʚʘʥʠʝ 

ʥʠʞʥʝʡ ʯʘʩʪʠ ʩʪʝʙʣʷ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʨʝʟʘʥʠʶ ʫʤʝʥʴʰʘʝʪʩʷ. ʃʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʤʦʱ-

ʥʦʩʪʠ ʠ ʯʠʩʪʦʪʝ ʩʨʝʟʘ ʧʦʣʫʯʘʶʪʩʷ ʧʨʠ ʟʘʟʦʨʝ l = 0,3 

ʤʤ ʜʣʷ ʪʨʘʚ ʠ 0,5 - ʜʣʷ ʭʣʝʙʦʚ (ʧʦ ɸ.ʅ. ʂʘʨʧʝʥʢʦ). 

ʋʛʦʣ ʟʘʦʩʪʨʝʥʠʷ ʩʝʛʤʝʥʪʦʚ i ʨʘʚʝʥ 19Á, ʚʢʣʘʜʳʰʘ 

- 45 ʠ 60Á. ʇʦʩʣʝ ʟʘʪʦʯʝʢ ʩʝʛʤʝʥʪʘ ʫʛʦʣ ʟʘʦʩʪʨʝʥʠʷ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʇʨʘʢʪʠʯʝʩʢʠ ʫʙʦʨʦʯʥʳʝ ʤʘʰʠʥʳ ʨʘ-

ʙʦʪʘʶʪ ʩ ʫʛʣʦʤ ʟʘʦʩʪʨʝʥʠʷ ʛʣʘʜʢʠʭ ʣʝʟʚʠʡ 22-23Á. 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʫʛʣʘ Ŭ ʤʝʞʜʫ ʣʝʟʚʠʝʤ ʩʝʛʤʝʥʪʘ ʠ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʚʠʞʝʥʠʷ ʤʘʰʠʥʳ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʝ-

ʟʘʥʠʶ ʫʤʝʥʴʰʘʝʪʩʷ. ʇʦ ʜʘʥʥʳʤ ɺʀʉʍʆʄ, ʧʨʠ Ŭ= 

46Á ʥʘʧʨʷʞʝʥʠʝ ʩʨʝʟʘ ʩʦʩʪʘʚʣʷʝʪ 230 ʛ/ʤʤ
2
, ʧʨʠ Ŭ = 

30Á 285 ʛ/ʤʤ
2
. ʇʨʠ ʚʳʙʦʨʝ ʫʛʣʘ Ŭ ʠʤʝʝʪʩʷ ʦʛʨʘʥʠʯʝ-

ʥʠʝ, ʩʚʷʟʘʥʥʦʝ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʳʪʘʣʢʠʚʘʥʠʷ ʩʪʝʙ-

ʣʝʡ ʠʟ ʨʘʩʪʚʦʨʘ ʣʝʟʚʠʡ ʧʨʠ ʢʨʠʪʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʝ 

ʫʛʣʘ ʤʝʞʜʫ ʥʠʤʠ. ʋʛʦʣ ʵʪʦʪ ʥʘʟʳʚʘʶʪ ʫʛʣʦʤ ʟʘʱʝʤ-

ʣʝʥʠʷ. 

1.1.3 ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʠ ʘʥʘʣʠʟ ʩʨʝʟʘʶʱʠʭ ʫʩʪ-

ʨʦʡʩʪʚ ʫʙʦʨʦʯʥʳʭ ʤʘʰʠʥ 

ʀʟʚʝʩʪʥʳʝ ʩʨʝʟʘʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ ʫʙʦʨʦʯʥʳʭ 

ʤʘʰʠʥ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʳ (ʨʠʩ. 1.2) ʚ ʟʘʚʠʩʠʤʦʩʪʠ  
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ʈʠʩʫʥʦʢ 1.2 ʂʣʘʩʩʠʬʠʢʘʮʠʷ  

ʦʪ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ ʧʨʠʥʮʠʧʘ ʜʝʡʩʪ-

ʚʠʷ ʥʘ ʩʝʛʤʝʥʪʥʳʝ ʠ ʨʦʪʘʮʠʦʥʥʳʝ. 

ʉʝʛʤʝʥʪʥʳʝ ʩʨʝʟʘʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ 

ʉʝʛʤʝʥʪʥʳʝ ʩʨʝʟʘʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʫʙʦʨʦʯʥʳʭ ʤʘʰʠʥʘʭ, ʚ ʦʩʥʦʚʫ ʧʦ-

ʣʦʞʝʥʳ ʨʘʙʦʯʠʝ ʵʣʝʤʝʥʪʳ - ʩʝʛʤʝʥʪʳ, ʫʩʪʘʥʦʚʣʝʥ-

ʥʳʝ ʥʘ ʩʧʝʮʠʘʣʴʥʦʡ ʧʣʘʩʪʠʥʝ. 

ʉʨʝʟʘʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ 

ʫʩʪʨʦʡʩʪʚʘ 

ʉʝʛʤʝʥʪʥʳʝ ʈʦʪʘʮʠʦʥʥʳʝ 

ʉʝʛʤʝʥʥʦ-

ʧʘʣʴʮʝʚʳʝ 

ʉʝʛʤʝʥʪʥʳʝ 

ʙʝʩʧʘʣʴʮʝʚʳʝ ɼʠʩʢʦʚʳʝ ʂʦʤʙʠʥʠʨʦ-

ʚʘʥʥʳʝ 

ɹʘʨʘ-

ʙʘʥʥʳʝ 

ʅʦʨ-

ʤʘʣʴʥʦʛʦ 

ʨʝʟʘʥʠʷ  

1 ʧʨʦ-

ʙʝʞʥʳʝ 

ʅʦʨʤʘʣʴʥʦʛʦ 

ʨʝʟʘʥʠʷ 2 

ʧʨʦʙʝʞʥʳʝ 

ʅʠʟʢʦʛʦ 

ʨʝʟʘʥʠʷ 

ʉʨʝʜʥʝʛʦ 

ʨʝʟʘʥʠʷ 

ʆʜʥʦ-

ʥʦʞʝʚʳʝ 

ɼʚʫʭ-

ʥʦʞʝ-

ʚʳʝ 

ʆʜʥʦ-

ʜʠʩʢʦ-

ʚʳʝ 

ɼʚʫʭ-

ʜʠʩʢʦ-

ʚʳʝ 

ʉ ʞʝʩʪ-

ʢʠʤʠ 

ʥʦʞʘʤʠ 

 

ʉ ʰʘʨʥʠʨ-

ʥʳʤʠ ʥʦ-

ʞʘʤʠ 

ʈʦʪʦʨʥʦ-

ʣʦʤʘʶʱʠʝ 
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ʕʪʦ ʛʨʫʧʧʘ ʩʨʝʟʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʧʦʜʧʦʨʥʦʛʦ 

ʩʨʝʟʘ, ʢʦʛʜʘ ʚ ʧʨʦʮʝʩʩʝ ʨʝʟʘʥʠʷ ʫʯʘʩʪʚʫʶʪ ʨʝʞʫʱʘʷ 

ʠ ʧʨʦʪʠʚʦʨʝʞʫʱʘʷ ʯʘʩʪʠ ʫʩʪʨʦʡʩʪʚʘ. ʇʨʠ ʵʪʦʤ ʩʢʦ-

ʨʦʩʪʠ ʨʝʟʘʥʠʷ ʨʘʚʥʳ 1 - 3 ʤ/ʩ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʦʪʠʚʦʨʝʞʫʱʝʡ 

ʯʘʩʪʠ ʵʪʘ ʛʨʫʧʧʘ ʩʨʝʟʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʜʝʣʠʪʩʷ ʥʘ 

ʩʝʛʤʝʥʪʥʦ-ʧʘʣʴʮʝʚʳʝ ʠ ʩʝʛʤʝʥʪʥʳʝ (ʙʝʩʧʘʣʴʮʝʚʳʝ) 

(ʨʠʩ. 1.3 ʘ, ʚ). ʉʪʝʙʝʣʴ ʧʨʠ ʩʨʝʟʝ ʦʧʠʨʘʝʪʩʷ ʥʘ ʵʣʝ-

ʤʝʥʪʳ ʤʘʰʠʥʳ. 

ɺ ʩʝʛʤʝʥʪʥʦ-ʧʘʣʴʮʝʚʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʨʝʞʫʱʘʷ 

ʧʘʨʘ: ʩʝʛʤʝʥʪ - 2 (ʨʠʩ. 1.3 ʘ) ʠ ʧʨʦʪʠʚʦʨʝʞʫʱʘʷ ʧʣʘ-

ʩʪʠʥʘ - 1. ʉʝʛʤʝʥʪ ʧʦʜʚʦʜʠʪ ʨʘʩʪʝʥʠʝ ʢ ʧʨʦʪʠʚʦʨʝ-

ʞʫʱʝʡ ʧʣʘʩʪʠʥʝ ʠ, ʟʘʱʝʤʣʷʷ ʝʛʦ ʚ ʨʘʩʪʚʦʨʝ ʵʪʠʭ 

ʵʣʝʤʝʥʪʦʚ ʫʩʪʨʦʡʩʪʚʘ, ʩʨʝʟʘʝʪ. ɺ ʤʦʤʝʥʪ ʩʨʝʟʘ ʩʪʝ-

ʙʝʣʴ ʦʧʠʨʘʝʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦ ʧʨʦʪʠʚʦʨʝʞʫʱʫʶ 

ʧʣʘʩʪʠʥʫ ʠ ʦ ʧʝʨʦʚʠʜʥʳʡ ʦʪʨʦʩʪʦʢ ʧʘʣʴʮʘ, ʪ.ʝ. ʦ ʜʚʝ 

ʦʧʦʨʳ. ʕʪʦ ʫʤʝʥʴʰʘʝʪ ʦʧʘʩʥʦʩʪʴ ʠʟʛʠʙʘ ʩʪʝʙʣʷ ʠ 

ʪʝʤ ʩʘʤʳʤ ʧʦʚʳʰʘʝʪ ʥʘʜʝʞʥʦʩʪʴ ʩʨʝʟʘ, ʦʩʦʙʝʥʥʦ 

ʪʦʥʢʦʩʪʝʥʥʳʭ ʨʘʩʪʝʥʠʡ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʤʘʣʫʶ ʞʝ-

ʩʪʢʦʩʪʴ. 

ʇʨʠ ʫʙʦʨʢʝ ʪʦʣʩʪʦʩʪʝʙʝʣʴʥʳʭ ʢʫʣʴʪʫʨ (ʢʦʥʦʧʣʷ, 

ʧʦʜʩʦʣʥʝʯʥʠʢ, ʢʫʢʫʨʫʟʘ, ʪʨʦʩʪʥʠʢ) ʜʚʝ ʦʧʦʨʳ ʩʪʝʙʣʷ 

ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʶʪ ʥʘ ʩʨʝʟ. 

ɺʨʝʟʘʷʩʴ ʚ ʪʦʣʩʪʳʡ ʩʪʝʙʝʣʴ, ʩʝʛʤʝʥʪʳ ʟʘʱʝʤʣ̫ -

ʶʪʩʷ ʥʝ ʩʨʝʟʘʥʥʳʤ ʩʪʝʙʣʝʤ. ʇʨʠ ʜʚʫʭ ʦʧʦʨʘʭ ʟʘ-

ʱʝʤʣʝʥʠʝ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ, ʯʪʦ ʨʝʟʢʦ ʫʚʝʣʠ-

ʯʠʚʘʝʪ ʫʩʠʣʠʝ, ʜʝʡʩʪʚʫʶʱʝʝ ʥʘ ʩʝʛʤʝʥʪ ʠ ʧʘʣʝʮ. ʕʪʦ 

ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʩʣʘʙʣʷʝʪ ʢʨʝʧʣʝʥʠʝ ʠ ʚʳʟʳʚʘʝʪ ʧʦ-

ʣʦʤʢʠ ʧʘʣʴʮʝʚ ʠ ʩʝʛʤʝʥʪʦʚ. ʇʦʵʪʦʤʫ ʚ ʫʩʪʨʦʡʩʪʚʘʭ 

ʜʣʷ ʩʨʝʟʘʥʠʷ ʪʦʣʩʪʦʩʪʝʙʝʣʴʥʳʭ ʢʫʣʴʪʫʨ ʮʝʣʝʩʦʦʙ-
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ʨʘʟʥʦ ʧʨʠʤʝʥʷʪʴ ʧʘʣʴʮʳ ʙʝʟ ʧʝʨʦʚʠʜʥʳʭ ʦʪʨʦʩʪʢʦʚ. 

ʉʝʛʤʝʥʪʥʦ-ʧʘʣʴʮʝʚʳʝ ʩʨʝʟʘʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ ʤʝ-

ʥʝʝ ʵʥʝʨʛʦʝʤʢʠʝ, ʪ.ʢ. ʨʘʙʦʪʘʶʪ ʥʘ ʥʝʙʦʣʴʰʠʭ ʩʢʦʨʦ-

ʩʪʷʭ. ʊʘʢʠʝ ʫʩʪʨʦʡʩʪʚʘ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʚ ʢʦʩʠʣʢʘʭ ʠ ʞʘʪʢʘʭ. ʆʜʥʘʢʦ ʚʦʟʚʨʘʪʥʦ-

ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʥʦʞʘ ʚʳʟʳʚʘʝʪ ʟʥʘʢʦʧʝ-

ʨʝʤʝʥʥʳʝ ʠʥʝʨʮʠʦʥʥʳʝ ʫʩʠʣʠʷ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʦʚʳʰʝʥʠʝ ʨʘʙʦʯʠʭ ʩʢʦʨʦʩʪʝʡ ʢʦʩʠʣʦʢ 

ʠ ʞʘʪʦʢ. 

ʉʝʛʤʝʥʪʥʦ-ʧʘʣʴʮʝʚʳʝ ʩʨʝʟʘʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ ʭʘ-

ʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʠ ʢʠ-

ʥʝʤʘʪʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ (ʨʠʩ. 1.4): 

t - ʰʘʛ ʨʝʞʫʱʝʡ ʯʘʩʪʠ - ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʦʩʝ-

ʚʳʤʠ ʣʠʥʠʷʤʠ ʩʝʛʤʝʥʪʦʚ; t0 - ʰʘʛ ʧʨʦʪʠʚʦʨʝʞʫʱʝʡ 

ʯʘʩʪʠ - ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʦʩʝʚʳʤʠ ʣʠʥʠʷʤʠ  ʧʘʣɹ-

ʮʝʚ; S - ʭʦʜ ʥʦʞʘ - ʧʝʨʝʤʝʱʝʥʠʝ ʥʦʞʘ ʠʟ ʦʜʥʦʛʦ 

ʢʨʘʡʥʝʛʦ ʧʦʣʦʞʝʥʠʷ ʚ ʜʨʫʛʦʝ. 

 

ʈʠʩʫʥʦʢ 1.3 ʉʝʛʤʝʥʪʥʳʝ ʩʨʝʟʘʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ: 

ʘ ï ʩʝʛʤʝʥʪʥʦ-ʧʘʣʴʮʝʚʳʝ; ʙ ï ʙʝʩʧʘʣʴʮʝʚʳʝ; 

1 ï ʧʘʣʝʮ; 2 - ʩʝʛʤʝʥʪ 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʧʘʨʘ-
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ʤʝʪʨʦʚ ʨʘʟʣʠʯʘʶʪ ʫʩʪʨʦʡʩʪʚʘ ʥʦʨʤʘʣʴʥʦʛʦ ʨʝʟʘʥʠʷ ʩ 

ʦʜʠʥʘʨʥʳʤ ʠ ʜʚʦʡʥʳʤ ʧʨʦʙʝʛʘʤʠ ʥʦʞʘ, ʰʠʥʦʶ ʠ 

ʩʨʝʜʥʝʛʦ ʨʝʟʘʥʠʷ. 

ʉʨʝʟʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ ʥʦʨʤʘʣʴʥʦʛʦ ʨʝʟʘʥʠʷ ʩ 

ʦʜʠʥʘʨʥʳʤ ʧʨʦʙʝʛʦʤ ʥʦʞʘ (ʨʠʩ. 1.4 ʘ) ʠʤʝʝʪ ʩʣʝ-

ʜʫʶʱʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ: 

S = t = t0 = 76,2 ʠʣʠ 90 ʤʤ. 

 
 

 
ʈʠʩʫʥʦʢ 1.4 ʉʝʛʤʝʥʪʥʦ-ʧʘʣʴʮʝʚʳʝ ʫʩʪʨʦʡʩʪʚʘ: 

ʘ- ʥʦʨʤʘʣʴʥʦʛʦ ʨʝʟʘʥʠʷ ʩ ʦʜʠʥʘʨʥʳʤ ʧʨʦʙʝʛʦʤ ʥʦʞʘ; ʙ ï 

ʥʦʨʤʘʣʴʥʦʛʦ ʨʝʟʘʥʠʷ ʩ ʜʚʦʡʥʳʤ ʧʨʦʙʝʛʦʤ ʥʦʞʘ;  ʚ ï ʥʠʟʢʦʛʦ 

ʨʝʟʘʥʠʷ; ʛ ï ʩʨʝʜʥʝʛʦ ʨʝʟʘʥʠʷ 

ʊʘʢʠʝ ʫʩʪʨʦʡʩʪʚʘ ʩ ʰʘʛʦʤ 76,2 ʤʤ ʧʨʠʤʝʥʷʶʪ ʚ 

ʢʦʩʠʣʢʘʭ ʠ ʞʘʪʢʘʭ ʜʣʷ ʩʨʝʟʘ ʪʨʘʚ, ʟʝʨʥʦʚʳʭ ʠ ʪʝʭʥʠ-

ʯʝʩʢʠʭ ʢʫʣʴʪʫʨ, ʘ ʩ ʰʘʛʦʤ 90 ʤʤ - ʜʣʷ ʩʨʝʟʘ ʢʫʢʫʨʫ-

ʟʳ, ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʠ ʜʨʫʛʠʭ ʪʦʣʩʪʦʩʪʝʙʝʣʴʥʳʭ ʢʫʣʴ-
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ʪʫʨ. 

ʉʨʝʟʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ ʥʦʨʤʘʣʴʥʦʛʦ ʨʝʟʘʥʠʷ ʩ 

ʜʚʦʡʥʳʤ, ʧʨʦʙʝʛʦʤ ʥʦʞʘ (ʨʠʩ. 1.4 ʙ) ʠʤʝʝʪ ʩʦʦʪʥʦ-

ʰʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ /13/: 

S = 2t = 2t0 =  152,4 ʠʣʠ 101,6 ʤʤ. 

ʋʩʪʨʦʡʩʪʚʦ ʩ ʨʘʟʤʝʨʦʤ 152,4 ʤʤ ʥʘʭʦʜʠʪ ʧʨʠʤʝ-

ʥʝʥʠʝ ʢʘʢ ʚ ʢʦʩʠʣʢʘʭ, ʪʘʢ ʠ ʚ ʞʘʪʢʘʭ, ʫʩʪʨʦʡʩʪʚʦ ʩ 

ʨʘʟʤʝʨʦʤ 101,6 ʤʤ - ʚ ʢʦʩʠʣʢʘʭ ʜʣʷ ʩʪʝʧʥʳʭ ʪʨʘʚ. 

ʉʨʝʟʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ ʥʠʟʢʦʛʦ ʨʝʟʘʥʠʷ (ʨʠʩ. 1.4 

ʚ) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ: 

S = t = 2t0 = 76,2 ʠʣʠ 101,6 ʤʤ. 

ɺ ʧʝʨʚʦʤ ʚʘʨʠʘʥʪʝ ʫʩʪʨʦʡʩʪʚʦ ʧʨʠʤʝʥʷʶʪ ʚ ʢʦ-

ʩʠʣʢʘʭ, ʚʦ ʚʪʦʨʦʤ - ʚ  ʢʦʤʙʘʡʥʘʭ. 

ʉʨʝʟʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ ʩʨʝʜʥʝʛʦ ʨʝʟʘʥʠʷ (ʨʠʩʫ-

ʥʦʢ 1.4 ʛ) ʠʤʝʝʪ  ʩʦʦʪʥʦʰʝʥʠʝ: 

S = t = Kt0 = 76,2 ʠʣʠ 101,6 ʤʤ, 

ʛʜʝ 1,2 < ʂ.< 1,4. 

ʋʩʪʨʦʡʩʪʚʦ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʧʝʨʚʦʛʦ ʚʘʨʠʘʥʪʘ 

ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʟʘʨʫʙʝʞʥʳʭ ʠ ʤʘʣʦʛʘʙʘʨʠʪʥʳʭ ʢʦʩʠʣ-

ʢʘʭ. 

ɺ ʩʝʛʤʝʥʪʥʦʤ (ʙʝʩʧʘʣʴʮʝʚʦʤ) ʫʩʪʨʦʡʩʪʚʝ (ʨʠʩ. 

1.3 ʙ) ʨʝʞʫʱʘʷ ʧʘʨʘ - ʜʚʘ ʩʝʛʤʝʥʪʘ, ʩʨʝʟʘʶʱʠʝ ʨʘʩ-

ʪʝʥʠʝ ʩ ʦʧʦʨʦʡ ʚ ʦʜʥʦʡ ʪʦʯʢʝ ɸ. ʊʘʢʠʝ ʨʝʞʫʱʠʝ ʧʘ-
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ʨʳ ʤʝʥʴʰʝ ʟʘʙʠʚʘʶʪʩʷ ʧʨʠ ʫʙʦʨʢʝ ʩʧʫʪʘʥʥʳʭ ʠ ʧʦ-

ʣʝʛʣʳʭ ʨʘʩʪʝʥʠʡ. ʆʜʥʘʢʦ ʠʟ-ʟʘ ʦʪʛʠʙʦʚ ʥʦʩʢʦʚ ʩʝʛ-

ʤʝʥʪʦʚ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʦʥʠ ʪʘʢʞʝ ʩʢʣʦʥʥʳ ʢ ʟʘ-

ʙʠʚʘʥʠʶ. ɺ ʥʠʭ ʟʘʪʨʫʜʥʝʥʘ ʟʘʤʝʥʘ ʧʦʚʨʝʞʜʝʥʥʦʛʦ 

ʩʝʛʤʝʥʪʘ. ʇʨʠʤʝʥʷʶʪ ʦʜʥʦ- ʠ ʜʚʫʭʥʦʞʝʚʳʝ ʫʩʪʨʦʡ-

ʩʪʚʘ. ɺ ʦʜʥʦʥʦʞʝʚʦʤ ʧʦʜʚʠʞʝʥ ʪʦʣʴʢʦ ʦʜʠʥ ʥʦʞ, ʘ ʚ 

ʜʚʫʭʥʦʞʝʚʦʤ ʦʙʘ ʥʦʞʘ ʩʦʚʝʨʰʘʶʪ ʘʧʧʦʟʠʪʠʚʥʳʝ 

ʜʚʠʞʝʥʠʷ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʨʘʚʥʦʚʝʩʠʝ 

ʚʩʝʡ ʤʘʰʠʥʳ. ʇʝʨʝʤʝʱʝʥʠʷ ʢʘʞʜʦʛʦ ʥʦʞʘ ʚ ʪʘʢʦʤ 

ʫʩʪʨʦʡʩʪʚʝ ʚ 2 ʨʘʟʘ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʦʜʥʦʥʦʞʝʚʦʤ, ʟʘ 

ʩʯʝʪ ʯʝʛʦ ʫʤʝʥʴʰʘʶʪʩʷ ʩʠʣʳ ʠʥʝʨʮʠʠ, ʜʝʡʩʪʚʫʶʱʠʝ 

ʥʘ ʥʦʞ. ʆʜʥʘʢʦ ʢʦʩʠʣʢʘ ʩ ʜʚʫʭʥʦʞʝʚʳʤ ʫʩʪʨʦʡʩʪʚʦʤ 

ʠʤʝʝʪ ʩʣʦʞʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ ʤʝʭʘʥʠʟʤʘ ʧʨʠʚʦʜʘ 

ʥʦʞʝʡ. 

ʈʦʪʘʮʠʦʥʥʳʝ ʩʨʝʟʘʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ 

ʈʦʪʘʮʠʦʥʥʳʝ ʩʨʝʟʘʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ ʧʨʠʤʝʥʷʶʪ-

ʩʷ ʜʣʷ ʩʢʘʰʠʚʘʥʠʷ  ʪʨʘʚʳ, ʛʨʫʙʦʩʪʝʙʝʣʴʥʳʭ ʢʫʣʴʪʫʨ 

ʠ ʨʘʩʪʝʥʠʡ ʩ ʙʦʣʴʰʠʤ ʜʠʘʤʝʪʨʦʤ ʩʪʝʙʣʷ (ʢʫʢʫʨʫʟʘ, 

ʧʦʜʩʦʣʥʝʯʥʠʢ, ʪʨʦʩʪʥʠʢ ʠ ʜʨ.). ʕʪʘ ʛʨʫʧʧʘ ʩʨʝʟʘʶ-

ʱʠʭ ʫʩʪʨʦʡʩʪʚ ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʪʨʠ ʧʦʜʛʨʫʧʧʳ: 

ʜʠʩʢʦʚʳʝ, ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʠ ʙʘʨʘʙʘʥʥʳʝ (ʨʠʩ. 1.5). 

ɼʠʩʢʦʚʳʝ ʩʨʝʟʘʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ (ʨʠʩ. 1.5 ʘ) ʤʦ-

ʛʫʪ ʙʳʪʴ ʦʜʥʦ- ʠ ʜʚʫʭʜʠʩʢʦʚʳʤʠ, ʢʦʛʜʘ ʚ ʧʨʦʮʝʩʩʝ 

ʩʨʝʟʘʥʠʷ ʫʯʘʩʪʚʫʶʪ: ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ - ʦʜʠʥ ʚʨʘ-

ʱʘʶʱʠʡʩʷ ʜʠʩʢ ʠ ʧʨʦʪʠʚʦʨʝʞʫʱʘʷ ʧʣʘʩʪʠʥʘ, ʘ ʚʦ 

ʚʪʦʨʦʤ - ʜʚʘ ʚʩʪʨʝʯʥʦ ʚʨʘɦʘʶʱʠʭʩʷ ʜʠʩʢʘ. ɼʠʩʢʠ 

ʟʘʪʦʯʝʥʳ ʧʦ ʚʩʝʡ ʢʨʦʤʢʝ ʠ ʧʨʠ ʠʭ ʚʨʘʱʝʥʠʠ ʠ ʧʝʨʝ-

ʤʝʱʝʥʠʠ ʚʤʝʩʪʝ ʩ ʤʘʰʠʥʦʡ ʩʪʝʙʣʠ, ʧʦʧʘʜʘʷ ʚ ʨʘʙʦ-
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ʯʫʶ ʟʦʥʫ, ʧʝʨʝʨʝʟʘʶʪʩʷ. ʋʩʪʨʦʡʩʪʚʦ ʨʘʙʦʪʘʝʪ ʥʘ 

ʙʦʣʴʰʠʭ ʩʢʦʨʦʩʪʷʭ ʨʝʟʘʥʠʷ, ʢʘʯʝʩʪʚʦ ʩʨʝʟʘ ʚʳʩʦʢʦʝ. 

ʇʨʠ ʟʘʪʫʧʣʝʥʠʠ ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ ʠʣʠ ʝʝ ʨʘʟʨʫʰʝʥʠʠ 

ʥʝʦʙʭʦʜʠʤʘ ʩʤʝʥʘ ʜʠʩʢʘ. ʂʦʥʩʪʨʫʢʮʠʷ ʤʝʭʘʥʠʟʤʘ 

ʧʨʠʚʦʜʘ ʥʝ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʥʠʟʢʠʡ 

ʩʨʝʟ ʩʪʝʙʣʝʡ. 

ʂʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʩʨʝʟʘʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ (ʨʠʩ. 

1.5 ʙ) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʨʘʱʘʶʱʠʝʩʷ ʜʠʩʢʠ ʩ ʟʘ-

ʢʨʝʧʣʝʥʥʳʤʠ ʥʘ ʥʠʭ ʨʝʞʫʱʠʤʠ ʵʣʝʤʝʥʪʘʤʠ. ʊʘʢʠʤʠ 

ʵʣʝʤʝʥʪʘʤʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʟʘʪʦʯʝʥʥʳʝ 

ʧʣʘʩʪʠʥʳ ʠʣʠ ʩʝʛʤʝʥʪʳ. ʇʦ ʤʝʨʝ ʠʟʥʦʩʘ ʠʣʠ ʠʟʣʦʤʘ 

ʧʣʘʩʪʠʥʳ ʤʦʛʫʪ ʟʘʤʝʥʷʪʴʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦ, ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʥʘʰʣʠ ʜʠʩʢʦʚʳʝ ʩʨʝʟʘʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ 

ʩ ʰʘʨʥʠʨʥʦ ʟʘʢʨʝʧʣʝʥʥʳʤʠ ʨʝʞʫʱʠʤʠ ʧʣʘʩʪʠʥʘʤʠ. 

ʂʘʯʝʩʪʚʦ ʩʨʝʟʘʥʠʷ ʩʪʝʙʣʝʡ ʚʳʩʦʢʦʝ ʟʘ ʩʯʝʪ ʪʦʛʦ, ʯʪʦ 

ʨʝʞʫʱʠʡ ʵʣʝʤʝʥʪ ʚ ʤʦʤʝʥʪ ʩʨʝʟʘʥʠʷ ʥʘʭʦʜʠʪ ʩʚʦʝ 

ʦʧʪʠʤʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʥʘ ʜʠʩʢʝ, ʵʥʝʨʛʦʝʤʢʦʩʪʴ 

ʧʨʦʮʝʩʩʘ ʧʨʠ ʵʪʦʤ ʩʥʠʞʘʝʪʩʷ. ʂʨʦʤʝ ʵʪʦʛʦ, ʧʦ ʤʝʨʝ 

ʠʟʥʦʩʘ ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝ-

ʚʝʨʥʫʪʴ ʧʣʘʩʪʠʥʫ ʠ ʨʘʙʦʪʘʪʴ ʜʨʫʛʦʡ ʩʪʦʨʦʥʦʡ. ʋʯʠ-

ʪʳʚʘʷ, ʯʪʦ ʨʝʞʫʱʠʝ ʵʣʝʤʝʥʪʳ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʠʟ 

ʜʦʨʦʛʦʩʪʦʷʱʝʡ ʩʪʘʣʠ, ʪʘʢʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʮʝʣʝʩʦʦʙ-

ʨʘʟʥʘ. 

ɹʘʨʘʙʘʥʥʳʝ ʩʨʝʟʘʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ (ʨʠʩ. 1.5 ʚ) 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʙʘʨʘʙʘʥ, ʥʘ ʢʦʪʦʨʦʤ ʰʘʨʥʠʨʥʦ 

ʨʘʩʧʦʣʦʞʝʥr ʥʦʞʠ, ʚʨʘʱʘʶʱʠʝʩʷ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ 

ʧʣʦʩʢʦʩʪʠ. ʇʨʠ ʜʚʠʞʝʥʠʠ ʧʦ ʧʦʣʶ ʧʝʨʝʜʥʠʡ ʱʠʪ 2 

ʥʘʢʣʦʥʷʝʪ ʩʪʝʙʣʠ ʚʧʝʨʝʜ. ɹʘʨʘʙʘʥ 6 ʩ ʰʘʨʥʠʨʥʦ ʟʘ-

ʢʨʝʧʣʝʥʥʳʤʠ ʥʦʞʘʤʠ 3 ʚʨʘʱʘʝʪʩʷ ʩ ʙʦʣʴʰʦʡ ʩʢʦʨʦ-

ʩʪʴʶ (40-60 ʤ/ʩ). ʅʦʞ, ʩʦʧʨʠʢʘʩʘʷʩʴ ʩ ʥʘʢʣʦʥʝʥʥʳʤʠ  
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ʈʠʩʫʥʦʢ 1.5 ʈʦʪʘʮʠʦʥʥʳʝ ʩʨʝʟʘʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ 



 22 

ʚʧʝʨʝʜ ʩʪʝʙʣʷʤʠ, ʩʦʦʙʱʘʝʪ ʠʤ ʫʜʘʨ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦ-

ʪʦʨʦʛʦ ʦʥʠ ʩʨʝʟʘʶʪʩʷ ʠ ʩ ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʴʶ ʧʦʜʘ-

ʶʪʩʷ ʚʚʝʨʭ ʯʝʨʝʟ ʟʘʟʦʨ ʤʝʞʜʫ ʥʝʧʦʜʚʠʞʥʳʤ ʥʦʞʦʤ 

1 ʠ ʥʦʞʘʤʠ ʙʘʨʘʙʘʥʘ 3. ɺʦ ʠʟʙʝʞʘʥʠʝ ʟʘʙʠʚʘʥʠʷ ʟʘ-

ʟʦʨ ʜʦʣʞʝʥ ʙʳʪʴ ʥʝ ʤʝʥʝʝ 12 ʤʤ. ʉʪʝʙʣʠ ʧʨʠ ʧʨʦʭʦ-

ʞʜʝʥʠʠ ʯʝʨʝʟ ʥʝʛʦ ʧʦʜʚʝʨʛʘʶʪʩʷ ʧʦʚʪʦʨʥʳʤ ʫʜʘʨʘʤ 

ʜʨʫʛʠʭ ʥʦʞʝʡ, ʠʟʤʝʣʴʯʘʶʪʩʷ ʠ, ʦʙʣʘʜʘʷ ʟʘʧʘʩʦʤ ʢʠ-

ʥʝʪʠʯʝʩʢʠʡ ʵʥʝʨʛʠʠ, ʜʚʠʞʫʪʩʷ ʧʦ ʪʨʫʙʝ 4 ʚʚʝʨʭ, ʘ 

ʦʪʪʫʜʘ ʥʘʧʨʘʚʣʷʶʪʩʷ ʚ ʪʝʣʝʞʢʫ. 

ʂʦʩʠʣʢʠ-ʠʟʤʝʣʴʯʠʪʝʣʠ ʩ ʪʘʢʠʤ ʫʩʪʨʦʡʩʪʚʦʤ ʫʩ-

ʧʝʰʥʦ ʧʨʦʠʟʚʦʜʷʪ ʩʨʝʟ, ʢʘʢ ʪʦʥʢʠʭ ʪʨʘʚ, ʪʘʢ ʠ ʪʦʣ-

ʩʪʳʭ ʩʪʝʙʣʝʡ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʠ ʢʫʢʫʨʫʟʳ. 

ʈʦʪʦʨʥʦ-ʣʦʤʘʶʱʝʝ ʩʨʝʟʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ (ʨʠʩ. 

1.6) ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʩʥʷʪʠʷ ʩ ʧʦʣʷ ʨʘʩʪʝʥʠʡ ʙʦʣʴʰʦʛʦ 

ʜʠʘʤʝʪʨʘ, ʩʪʝʙʣʠ ʢʦʪʦʨʳʭ ʠʤʝʶʪ ʫʟʣʳ ʠ ʤʝʞʜʦʫʟ-

ʣʠʷ. ʆʪʜʝʣʝʥʠʝ ʩʪʝʙʣʷ ʦʪ ʢʦʨʥʝʚʦʡ ʯʘʩʪʠ ʧʨʦʠʩʭʦʜʠʪ 

ʥʝ ʧʫʪʝʤ ʧʝʨʝʨʝʟʘʥʠʷ, ʘ ʟʘ ʩʯʝʪ ʣʦʤʢʠ ʝʛʦ ʧʦ ʫʟʣʫ. 

 

ʈʠʩʫʥʦʢ 1.6 ʈʦʪʦʨʥʦ-ʣʦʤʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ: 1 ï ʧʘʣʴʮʳ; 

2 ï ʨʦʪʦʨ; 3 ï ʩʪʝʙʝʣʴ; 4 ï ʪʦʣʢʘʪʝʣʴ; 5 - ʪʨʘʥʩʧʦʨʪʸʨ 
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ʈʘʟʨʫʰʝʥʠʝ ʩʪʝʙʣʷ ʚ ʢʦʤʣʝʚʦʡ ʯʘʩʪʠ ʧʨʦʠʩʭʦʜʠʪ 

ʧʦ ʫʟʣʫ ʟʘ ʩʯʝʪ ʪʦʛʦ, ʯʪʦ ʩʪʝʙʝʣʴ ʥʘʢʣʦʥʷʝʪʩʷ ʠ ʚ 

ʥʠʞʥʝʤ ʫʟʣʝ ʩʦʟʜʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ 

ʠʟʛʠʙʫ. ʇʨʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʢʘʩʘʥʠʠ ʢ ʪʘʢʦʤʫ ʫʟʣʫ 

ʦʥ ʨʘʟʨʫʰʘʝʪʩʷ. 

ʋʩʪʨʦʡʩʪʚʦ (ʨʠʩ. 1.6) ʩʦʩʪʦʠʪ ʠʟ ʧʘʣʴʮʝʚ 1, ʫʩʪʘ-

ʥʦʚʣʝʥʥʳʭ ʥʘ ʨʦʪʦʨʝ  ʥʘʢʣʦʥʷʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ 4 ʠ 

ʩʪʝʙʣʝʧʦʜʘʶʱʝʛʦ ʪʨʘʥʩʧʦʨʪʝʨʘ 5. ʇʨʠ ʜʚʠʞʝʥʠʠ ʧʦ 

ʧʦʣʶ ʥʘʢʣʦʥʠʪʝʣʴ 4 ʠʟʛʠʙʘʝʪ ʩʪʝʙʣʠ 3, ʦʙʝʩʧʝʯʠʚ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʷ ʚ ʥʠʞʥʠʭ ʫʟʣʘʭ ʩʪʝʙʣʝʡ. 

ɺ ʵʪʦʪ ʤʦʤʝʥʪ ʚʨʘʱʘʶʱʠʝʩʷ ʧʘʣʴʮʳ 1 ʫʜʘʨʷʶʪ ʧʦ 

ʢʦʤʣʝʚʦʡ ʯʘʩʪʠ ʩʪʝʙʣʝʡ ʠ ʦʥʠ ʣʦʤʘʶʪʩʷ ʧʦ ʥʠʞʥʠʤ 

ʫʟʣʘʤ. ʉʨʝʟ ʧʦʣʫʯʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʯʠʩʪʳʤ ʠ ʨʦʚ-

ʥʳʤ. ʇʨʠ ʵʪʦʤ ʟʘʪʨʘʪʳ ʵʥʝʨʛʠʠ ʥʘ ʧʨʦʮʝʩʩ ʣʦʤʢʠ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳ. 

1.1.4 ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʩʨʝʟʘʥʠʶ ʨʘʩʪʝʥʠʡ, 

ʩʢʦʣʴʟʷʱʝʝ ʨʝʟʘʥʠʝ 

ʈʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʵʣʝʤʝʥʪʳ ʪʝʦʨʠʠ ʨʝʟʘʥʠʷ 

ʣʝʟʚʠʝʤ ʥʦʞʘ. ɺ ʩʚʦʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʘʢʘʜʝʤʠʢ  

ɺ.ʇ. ɻʦʨʷʯʢʠʥ ʫʢʘʟʘʣ ʥʘ ʦʯʝʥʴ ʭʘʨʘʢʪʝʨʥʦʝ ʷʚʣʝʥʠʝ 

ʚ ʤʝʭʘʥʠʢʝ ʨʝʟʘʥʠʷ, ʘ ʠʤʝʥʥʦ: ʝʩʣʠ ʟʘʩʪʘʚʠʪʴ ʣʝʟʚʠʝ 

ʥʦʞʘ ʧʝʨʝʤʝʱʘʪʴʩʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʢ ʝʛʦ ʜʣʠʥʝ 

(ʨʠʩ. 1.7 ʘ), ʪʦ ʩʠʣʘ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʨʝʟʘʥʠʷ, ʙʫʜʝʪ 

ʤʘʢʩʠʤʘʣʴʥʦʡ. 

ʅʦ ʝʩʣʠ ʣʝʟʚʠʝ ʥʝ ʪʦʣʴʢʦ ʫʛʣʫʙʣʷʪʴ ʚ ʧʝʨʝʨʝʟʘʝ-

ʤʳʡ ʤʘʪʝʨʠʘʣ, ʘ ʠ ʟʘʩʪʘʚʣʷʪʴ ʝʛʦ ʧʨʠ ʵʪʦʤ ʧʨʦʩʢʘʣʴ-

ʟʳʚʘʪʴ ʚʜʦʣʴ ʩʚʦʝʡ ʜʣʠʥʳ (ʨʠʩ. 1.7 ʙ), ʪʦ ʦʢʘʟʳʚʘʝʪ-

ʩʷ, ʯʝʤ ʙʦʣʴʰʝ ʙʫʜʝʪ ʧʨʦʜʦʣʴʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʦʪ-
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ʥʦʩʠʪʝʣʴʥʦ ʥʦʨʤʘʣʴʥʦʛʦ (ʪ.ʝ. ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʛʦ 

ʣʝʟʚʠʶ), ʪʝʤ ʤʝʥʴʰʝʡ ʦʢʘʞʝʪʩʷ ʩʠʣʘ, ʩ ʧʦʤʦʱʴʶ ʢʦ-

ʪʦʨʦʡ ʤʦʞʥʦ ʧʝʨʝʨʝʟʘʪʴ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʤʘʪʝʨʠʘʣ. 

ɸʢʘʜʝʤʠʢ ɺ.ʇ. ɻʦʨʷʯʢʠʥ ʜʣʷ ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʘ 

ʨʝʟʘʥʠʷ ʣʝʟʚʠʝʤ ʧʨʠʤʝʥʷʣ ʧʨʦʩʪʳʝ ʚʝʩʳ ʩ ʧʘʨʘʣ-

ʣʝʣʴʥʳʤ ʧʝʨʝʤʝʱʝʥʠʝʤ ʯʘʰʝʢ, ʥʘ ʦʜʥʦʡ ʯʘʰʢʝ ʚʝ-

ʩʦʚ ʫʢʨʝʧʣʷʣʩʷ ʧʨʷʤʦʣʠʥʝʡʥʳʡ ʥʦʞ, ʦʙʨʘʱʝʥʥʳʡ 

ʣʝʟʚʠʝʤ ʚʚʝʨʭ. ʅʘʜ ʥʠʤ ʧʦ ʥʝʧʦʜʚʠʞʥʦʡ ʣʠʥʝʡʢʝ 

ʩʢʦʣʴʟʠʣ ʟʘʞʠʤ ʩ ʟʘʢʨʝʧʣʝʥʥʳʤ ʚ ʥʝʤ ʩʪʝʙʣʝʤ (ʨʠʩ. 

1.8). ɼʘʚʣʝʥʠʝ ʣʝʟʚʠʷ ʥʘ ʩʪʝʙʝʣʴ ʠʟʤʝʥʷʣʦʩʴ ʥʘʢʣʘ-

ʜʳʚʘʥʠʝʤ ʛʠʨʝʢ ʥʘ ʜʨʫʛʫʶ ʯʘʰʢʫ ʚʝʩʦʚ. 

 

ʈʠʩʫʥʦʢ 1.7 ʈʝʟʘʥʠʝ ʩʪʝʙʣʷ ʥʦʞʦʤ 

 

ʈʠʩʫʥʦʢ 1.8 ʃʘʙʦʨʘʪʦʨʥʘʷ ʫʩʪʘʥʦʚʢʘ 
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ʈʠʩʫʥʦʢ 1.9 ʈʫʯʥʘʷ ʢʦʩʘ 

ʇʨʠ ʵʪʦʤ, ʩ ʠʟʤʝʥʝʥʠʝʤ ʜʘʚʣʝʥʠʷ ʣʝʟʚʠʷ ʥʘ ʩʪʝ-

ʙʝʣʴ, ʠʟʤʝʨʷʣʦʩʴ ʧʨʦʜʦʣʴʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʩʪʝʙʣʷ 

ʚʜʦʣʴ ʣʝʟʚʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʟʘʚʠ-

ʩʠʤʦʩʪʴ ʤʝʞʜʫ ʜʘʚʣʝʥʠʝʤ ʣʝʟʚʠʷ ʥʘ ʩʪʝʙʝʣʴ ʠ ʧʝʨʝ-

ʤʝʱʝʥʠʝʤ ʧʦʩʣʝʜʥʝʛʦ ʚʜʦʣʴ ʣʝʟʚʠʷ ʚʧʣʦʪʴ ʜʦ ʧʦʣ-

ʥʦʛʦ ʧʝʨʝʨʝʟʘʥʠʷ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʯʝʤ ʤʝʥʴʰʝ ʩʠʣʘ, ʩ 

ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ ʞʝʣʘʶʪ ʧʝʨʝʨʝʟʘʪʴ ʢʘʢʦʡ-ʣʠʙʦ 

ʤʘʪʝʨʠʘʣ, ʪʝʤ ʙʦʣʴʰʝ ʪʨʝʙʫʝʪʩʷ ʧʨʦʜʦʣʴʥʦʛʦ ʧʝʨʝ-

ʤʝʱʝʥʠʷ ʥʦʞʘ. ʕʪʦ ʧʦʣʦʞʝʥʠʝ ʩʨʘʟʫ ʦʙʲʷʩʥʷʝʪ ʢʦʥ-

ʩʪʨʫʢʮʠʶ ʨʫʯʥʦʡ ʢʦʩʳ. ʂʦʩʦʡ ʥʝʣʴʟʷ ʩʨʝʟʘʪʴ ʪʨʘʚʫ 

(ʚʦʦʙʱʝ ʩʪʝʙʣʠ) ʩʦ ʩʢʦʣʴʢʦ-ʥʠʙʫʜʴ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʜʘʚʣʝʥʠʝʤ ʥʘ ʩʪʝʙʣʠ, ʪ.ʢ. ʢʦʩʘ ʨʝʞʝʪ ʩʚʦʙʦʜʥʦ ʩʪʦʷ-

ʱʠʝ ʩʪʝʙʣʠ, ʠʤʝʶʱʠʝ ʟʘʢʨʝʧʣʝʥʠʝ ʪʦʣʴʢʦ ʚ ʧʦʯʚʝ. 

ɼʣʷ ʢʦʩʳ ʥʝʦʙʭʦʜʠʤ ʪʘʢʦʡ ʨʝʞʠʤ ʨʝʟʘʥʠʷ, ʧʨʠ ʢʦ-

ʪʦʨʦʤ ʧʦʪʨʝʙʥʦʝ ʜʣʷ ʨʝʟʘʥʠʷ ʜʘʚʣʝʥʠʝ ʙʳʣʦ ʙʳ ʥʦ-

ʤʠʥʘʣʴʥʳʤ. ʅʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ ʤʦʞʝʪ ʧʦʢʘʟʘʪʴʩʷ, ʯʪʦ 

ʢʦʩʘ ʥʘʩʘʞʝʥʘ ʥʝ ʨʘʮʠʦʥʘʣʴʥʦ, ʪ.ʢ. ʦʥʘ ʟʘʭʚʘʪʳʚʘʝʪ 

ʧʦʣʦʩʫ ʦʯʝʥʴ ʫʟʢʫʶ (ʨʠʩ. 1.9). ʅʦ ʠʥʩʪʠʥʢʪ ʧʦʜʩʢʘ-

ʟʘʣ ʣʶʜʷʤ, ʯʪʦ ʠʤʝʥʥʦ ʪʘʢ ʜʦʣʞʥʘ ʙʳʪʴ ʥʘʩʘʞʝʥʘ ʥʘ 

ʜʝʨʞʘʢ ʢʦʩʘ. ɼʦʧʫʩʪʠʤ, ʯʪʦ ʢʦʩʘ ʥʘʩʘʞʝʥʘ ʥʘ ʜʝʨʞʘʢ 
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ʪʘʢ, ʯʪʦ ʙʫʜʝʪ ʜʚʠʛʘʪʴʩʷ ʥʦʨʤʘʣʴʥʦ ʢ ʣʝʟʚʠʶ. ʇʨʠ 

ʪʘʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʩʪʝʙʣʠ ʜʣʷ ʠʭ ʩʨʝʟʘʥʠʷ ʧʦʪʨʝ-

ʙʫʝʪʩʷ ʙʦʣʴʰʦʝ ʥʦʨʤʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ, ʢʦʪʦʨʦʝ ʩʪʝʙ-

ʣʠ ʥʝ ʩʧʦʩʦʙʥʳ ʚʦʩʧʨʠʥʠʤʘʪʴ. ɽʩʣʠ ʢʦʩʘ ʥʘʩʘʞʝʥʘ 

ʧʨʘʚʠʣʴʥʦ, ʪʦ ʪʦʛʜʘ ʧʨʠ ʨʘʙʦʪʝ ʪʦʯʢʠ ʣʝʟʚʠʷ ʜʚʠʛʘ-

ʶʪʩ̫ ʧʦʯʪʠ ʧʦ ʢʘʩʘʪʝʣʴʥʦʡ ʠ ʥʘ ʝʜʠʥʠʮʫ ʥʦʨʤʘʣʴʥʦ-

ʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʧʨʠʭʦʜʠʪʩʷ ʦʯʝʥʴ ʙʦʣʴʰʦʝ ʧʨʦ-

ʜʦʣʴʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʨʝʟʘʥʠʷ 

ʥʦʨʤʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʙʫʜʝʪ ʚ ʟʥʘʯʠʤʦʡ ʩʪʝʧʝʥʠ 

ʩʥʠʞʝʥʦ. 
ʂʨʦʤʝ ʪʦʛʦ, ʚ ʨʘʙʦʪʝ ʢʦʩʳ ʙʦʣʴʰʫʶ ʨʦʣʴ ʠʛʨʘʝʪ 

ʩʢʦʨʦʩʪʴ ʝʝ ʜʚʠʞʝʥʠʷ. ʅʫʞʥʦ ʫʜʘʨʦʤ ʢʦʩʳ ʩʦʟʜʘʪʴ 
ʪʘʢʦʝ ʫʩʢʦʨʝʥʠʝ ʚ ʩʪʝʙʣʷʭ, ʯʪʦʙʳ ʚʦʟʙʫʞʜʝʥʥʘʷ 
ʠʥʝʨʮʠʦʥʥʘʷ ʩʠʣʘ ʩʪʝʙʣʷ ʩʦʟʜʘʚʘʣʘ ʜʦʩʪʘʪʦʯʥʦʝ ʜʘʚ-
ʣʝʥʠʝ ʥʘ ʣʝʟʚʠʝ ʜʦ ʢʦʥʮʘ ʧʝʨʝʨʝʟʘʥʠʷ ʩʪʝʙʣʷ. 
ʈʘʩʩʤʦʪʨʠʤ ʪʝʧʝʨʴ ʫʩʣʦʚʠʷ ʩʢʦʣʴʞʝʥʠʷ ʤʘʪʝʨʠʘ-

ʣʘ ʚʜʦʣʴ ʣʝʟʚʠʷ ʧʨʠ ʨʝʟʘʥʠʠ. ɽʩʣʠ ʩʢʦʨʦʩʪʴ ʣʝʟʚʠʷ 
ʧʨʠ ʨʝʟʘʥʠʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʝʛʦ ʜʣʠʥʝ, ʪʦ ʥʠ ʦ ʢʘ-
ʢʦʤ ʩʢʦʣʴʞʝʥʠʠ ʜʚʠʞʝʥʠʷ ʣʝʟʚʠʷ ʧʦ ʨʘʟʨʝʟʘʝʤʦʤʫ 
ʤʘʪʝʨʠʘʣʫ ʛʦʚʦʨʠʪʴ ʥʝʣʴʟʷ. ɽʩʣʠ ʜʚʠʛʘʪʴ ʣʝʟʚʠʝ ʧʦʜ 
ʥʝʢʦʪʦʨʳʤ ʫʛʣʦʤ ʢ ʥʦʨʤʘʣʠ ʪʘʢ, ʯʪʦ, ʫʛʣʫʙʠʚʰʠʩʴ ʚ 
ʤʘʪʝʨʠʘʣ ʥʘ ʥʝʢʦʪʦʨʫʶ ʚʝʣʠʯʠʥʫ Ŭ (ʨʠʩ. 1.7 ʙ), ʣʝʟ-
ʚʠʝ ʚʤʝʩʪʝ ʩ ʪʝʤ ʧʨʦʡʜʝʪ ʧʦ ʢʘʩʘʪʝʣʴʥʦʤʫ ʥʘʧʨʘʚʣʝ-
ʥʠʶ ʥʝʢʦʪʦʨʳʡ ʧʫʪʴ S, ʪʦ ʵʪʦ ʧʝʨʝʤʝʱʝʥʠʝ S ʥʝ ʦʙʷ-
ʟʘʪʝʣʴʥʦ ʩʦʟʜʘʝʪ ʧʨʦʜʦʣʴʥʦʝ ʩʢʦʣʴʞʝʥʠʝ ʣʝʟʚʠʷ. 
ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʣʝʟʚʠʝ ʥʦʞʘ ʧʝʨʝʤʝʱʘʝʪʩʷ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʶ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ VH (ʨʠʩ. 1.10). ʇʫʩʪʴ 
ʫʛʦʣ Ŭ ʙʫʜʝʪ ʤʝʥʴʰʝ ʫʛʣʘ ʪʨʝʥʠʷ ű ʣʝʟʚʠʷ ʥʦʞʘ ʧʦ 
ʨʘʟʨʝʟʘʝʤʦʤʫ ʤʘʪʝʨʠʘʣʫ [3, 4]: 

Ŭ<ű 
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ʃʝʟʚʠʝ ʥʦʞʘ ʜʘʚʠʪ ʥʘ ʧʝʨʝʨʝʟʘʝʤʳʡ ʤʘʪʝʨʠʘʣ ʧʦ 

ʥʦʨʤʘʣʠ, ʦʢʘʟʳʚʘʷ ʥʦʨʤʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ N. ʈʘʩʩʤʘʪ-

ʨʠʚʘʷ ʜʝʡʩʪʚʠʝ ʵʪʦʡ ʩʠʣʳ, ʨʘʟʣʦʞʠʤ ʝʝ ʧʦ ʥʘʧʨʘʚʣʝ-

ʥʠʶ ʜʚʠʞʝʥʠʷ ʥʦʞʘ ʚʜʦʣʴ ʣʝʟʚʠʷ ʥʦʞʘ Nv ʠ NI. ʈʘʩ-

ʩʤʘʪʨʠʚʘʷ ʧʦʨʦʟʥʴ ʜʝʡʩʪʚʠʷ ʵʪʠʭ ʩʠʣ, ʟʘʤʝʯʘʝʤ, ʯʪʦ, 

ʝʩʣʠ ʪʦʯʢʘ ʣʝʟʚʠʷ ʘ ʚʩʪʨʝʪʠʣʘ ʥʘ ʩʧʦʝʤ ʧʫʪʠ ʢʘʢʦʡ-

ʣʠʙʦ ʤʘʪʝʨʠʘʣ (ʪʦʯʢʘ ʪ), ʪʦ ʩʠʣʘ Nv ʩʪʨʝʤʠʪʩʷ ʵʪʫ 

ʯʘʩʪʠʮʫ ʪ ʤʘʪʝʨʠʘʣʘ ʧʝʨʝʤʝʩʪʠʪʴ ʚʤʝʩʪʝ ʩ ʥʦʞʦʤ, ʘ 

ʩʠʣʘ NT ʩʪʨʝʤʠʪʩʷ ʵʪʫ ʯʘʩʪʠʮʫ ʤʘʪʝʨʠʘʣʘ ʧʝʨʝʤʝʩ-

ʪʠʪʴ ʚʜʦʣʴ ʣʝʟʚʠʷ ʥʦʞʘ. 

ʄʦʞʝʪ ʣʠ ʯʘʩʪʠʮʘ ʪ ʤʘʪʝʨʠʘʣʘ ʩʢʦʣʴʟʠʪʴ ʚʜʦʣʴ 

ʣʝʟʚʠʷ ʥʦʞʘ ʠʣʠ ʥʝʪ, ʵʪʦ ʟʘʚʠʩʠʪ ʦʪ ʪʦʛʦ, ʩʧʦʩʦʙʥʘ 

ʣʠ ʩʠʣʘ ʪʨʝʥʠʷ ʫʨʘʚʥʦʚʝʩʠʪʴ ʩʠʣʫ NT. ʏʪʦʙʳ ʯʘʩʪʠʮʘ 

ʪ ʤʘʪʝʨʠʘʣʘ ʩʢʦʣʴʟʠʣʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ NT ʧʦ 

ʣʝʟʚʠʶ, ʩʠʣʘ NT ʜʦʣʞʥʘ ʧʨʝʦʜʦʣʝʪʴ ʩʠʣʫ ʪʨʝʥʠʷ F. 

ʅʘʠʙʦʣʴʰʘʷ ʚʦʟʤʦʞʥʘʷ ʩʠʣʘ ʪʨʝʥʠʷ Fmax ʧʨʠ ʜʘʥʥʦʤ 

ʥʦʨʤʘʣʴʥʦʤ ʜʘʚʣʝʥʠʠ N ʠ ʫʛʣʝ ʪʨʝʥʠʷ ű ʙʫʜʝʪ 

Fmax =NȚtgű. 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ Nʪ =NȚtgŬ, ʥʦ ʪʘʢ ʢʘʢ Ŭ< ű, ʪʦ Nʪ 

ʤʝʥʴʰʝ ʧʨʝʜʝʣʴʥʦʛʦ ʥʘʠʙʦʣʴʰʝʛʦ ʚʦʟʤʦʞʥʦʛʦ ʟʥʘ-

ʯʝʥʠʷ ʩʠʣʳ ʪʨʝʥʠʷ Fmax. ʇʨʠ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʩʠʣʘ ʪʨʝ-

ʥʠʷ F, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʯʘʩʪʠʮʫ ʪ ʤʘʪʝʨʠʘʣʘ ʚ ʩʪʦ-

ʨʦʥʫ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʩʠʣʝ NT, ʚ ʪʦʯʥʦʩʪʠ ʨʘʚʥʘ 

ʩʠʣʝ Nʪ =NȚtgŬ, ʘ ʥʝ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ ʩʠʣʝ 

ʪʨʝʥʠʷ Fmax=NȚtgű, ʪʘʢ ʢʘʢ ʚʩʷʢʘʷ ʩʠʣʘ ʨʝʘʢʮʠʠ ʨʘʚʥʘ 

ʪʦʡ ʩʠʣʝ, ʢʦʪʦʨʦʡ ʦʥʘ ʚʦʟʙʫʞʜʝʥʘ, ʪ.ʝ. F = -NȚtgŬ. 

ʀʪʘʢ, ʝʩʣʠ Ŭ<ű, ʪʦ ʥʠʢʘʢʦʛʦ ʩʢʦʣʴʞʝʥʠʷ ʣʝʟʚʠʷ ʧʦ 

ʤʘʪʝʨʠʘʣʫ ʥʝ ʙʫʜʝʪ. 

ʊʝʧʝʨʴ ʨʘʩʩʤʦʪʨʠʤ ʫʩʣʦʚʠʝ, ʢʦʛʜʘ Ŭ=ű, ʚ ʵʪʦʤ 
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ʩʣʫʯʘʝ Nʊ =Fmax. ʉʠʣ  rNʪ ʠ Fmax ʫʨʘʚʥʦʚʝʰʠʚʘʶʪʩʷ 

ʚʟʘʠʤʥʦ. ʏʘʩʪʠʮʘ ʤʘʪʝʨʠʘʣʘ ʪ ʙʫʜʝʪ ʧʝʨʝʤʝʱʘʪʴʩʷ 

ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʜʚʠʞʝʥʠʷ ʣʝʟʚʠʷ ʥʦʞʘ. ʈʝʟʘʥʠʝ ʙʫ-

ʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʙʝʟ ʩʢʦʣʴʞʝʥʠʷ. 

ʀ, ʥʘʢʦʥʝʮ, ʩʣʫʯʘʡ, ʢʦʛʜʘ Ŭ>ű. 

ʈʘʩʩʤʦʪʨʠʤ ʩʭʝʤʫ ʜʝʡʩʪʚʠʷ ʩʠʣ ʥʘ ʧʝʨʝʨʝʟʘʝʤʳʡ 

ʤʘʪʝʨʠʘʣ (ʨʠʩ. 1.11). ʈʘʟʣʦʞʠʤ ʩʠʣʫ N ʥʘ ʩʦʩʪʘʚ-

ʣʷʶʱʠʝ NV ʠ Nʊ. ʄʦʞʝʪ ʣʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʩʠʣʘ NT ʟʘ-

ʩʪʘʚʠʪʴ ʯʘʩʪʠʮʫ ʤʘʪʝʨʠʘʣʘ ʪ ʩʢʦʣʴʟʠʪʴ ʧʦ ʣʝʟʚʠʶ 

ʥʦʞʘ? ʕʪʦ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʪʦʛʦ, ʦʢʘʞʝʪʩʷ ʣʠ ʩʠʣʘ 

Nʊ ʙʦʣʴʰʝ ʩʠʣʳ ʪʨʝʥʠʷ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʨʘʟʚʠʚʘʪʴʩʷ 

ʧʨʠ ʩʢʦʣʴʞʝʥʠʠ ʯʘʩʪʠʮʳ ʤʘʪʝʨʠʘʣʘ ʧʦ ʣʝʟʚʠʶ. ʇʦ-

ʩʤʦʪʨʠʤ, ʩʢʦʣʴ ʚʝʣʠʢʘ ʩʠʣʘ ʪʨʝʥʠʷ, ʢʦʪʦʨʘʷ ʩʪʨʝ-

ʤʠʪʩʷ ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ ʩʠʣʝ NT ʠ ʧʝʨʝʤʝʱʘʪʴ ʯʘʩʪʠʮʫ 

ʤʘʪʝʨʠʘʣʘ ʧʦ ʣʝʟʚʠʶ ʥʦʞʘ: 

F max=NȚtgű ʠ  Nʪ=NȚtgŬ. 

ʅʦ ʪʘʢ ʢʘʢ Ŭ>ű, ʪʦ NȚtgŬ > NȚtgű, ʪ.ʝ. 

Nʪ > Fmax. 

ʇʨʠ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʩʠʣʘ F, ʥʘʧʨʘʚʣʝʥʥʘʷ ʧʨʦʪʠ-

ʚʦʧʦʣʦʞʥʦ, ʜʦʩʪʠʛʘʝʪ ʩʚʦʝʛʦ ʥʘʠʙʦʣʴʰʝʛʦ ʟʥʘʯʝʥʠʷ: 

Fmax=NȚtgű. 

ɿʥʘʯʠʪ, ʯʘʩʪʠʮʘ ʤʘʪʝʨʠʘʣʘ ʪ ʦʢʘʞʝʪʩʷ ʧʦʜ ʚʦʟ-

ʜʝʡʩʪʚʠʝʤ ʜʚʫʭ ʩʠʣ: N ʠ Fmax. ʊʘʢ ʢʘʢ ʦʥʠ ʜʝʡʩʪʚʫʶʪ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʩʦʚʤʝʩʪʥʦ, ʪʦ ʤʦʞʥʦ ʩʣʦʞʠʪɹ ʠʭ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠ. ʇʦʣʫʯʠʤ ʠʭ ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʫʶ R, 

ʥʘʧʨʘʚʣʝʥʥʫʶ ʧʦʜ ʫʛʣʦʤ ű ʢ ʥʦʨʤʘʣʠ n-n. ʉʣʝʜʦʚʘ-

ʪʝʣʴʥʦ, ʯʘʩʪʠʮʘ ʙʫʜʝʪ ʧʝʨʝʤʝʱʘʪʴʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

(ʠ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ) ʩʠʣʳ R, ʧʦʢʘ ʥʝ ʧʝʨʝʨʝʞʝʪʩʷ. 



 29 

ʇʨʠʯʝʤ, ʣʝʟʚʠʝ ʥʦʞʘ ʙʫʜʝʪ ʜʚʠʛʘʪʴʩʷ ʧʦ ʥʘʧʨʘʚʣʝ-

ʥʠʶ ʩʢʦʨʦʩʪʠ Vʥ, ʘ ʯʘʩʪʠʮʘ ʪ ʤʘʪʝʨʠʘʣʘ - ʧʦ ʥʘ-

ʧʨʘʚʣʝʥʠʶ ʩʠʣʳ R. ʀʟ ʩʭʝʤʳ (ʨʠʩ. 1.11) ʩʣʝʜʫʝʪ, ʯʪʦ 

ʚ ʧʨʦʮʝʩʩʝ ʨʝʟʘʥʠʷ, ʢʦʪʦʨʦʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʤʷʪʠ-

ʝʤ ʤʘʪʝʨʠʣʘ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʣʝʟʚʠʷ, ʧʨʦʠʩʭʦʜʠʪ 

ʩʢʦʣʴʞʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʧʦ ʣʝʟʚʠʶ. ʊʘʢʦʤʫ ʨʝʟʘʥʠʶ 

ʩʦ ʩʢʦʣʴʞʝʥʠʝʤ ʤʦʛʫʪ ʧʦʜʚʝʨʛʘʪʴʩʷ ʪʦʣʴʢʦ ʧʦʜʘʪʣʠ-

ʚʳʝ ʤʘʪʝʨʠʘʣʳ. ʀʪʘʢ, ʜʣʷ ʨʝʟʘʥʠʷ ʩʦ ʩʢʦʣʴʞʝʥʠʝʤ 

ʠʤʝʝʪʩʷ ʜʚʘ ʫʩʣʦʚʠʷ: 

 

ʈʠʩʫʥʦʢ 1.10 ʆʧʨʝʜʝʣʝʥʠʝ ʫʩʣʦʚʠʷ ʩʢʦʣʞɹʝʥʠʷ Ŭ<ű 

 

ʈʠʩʫʥʦʢ 1.11 ʆʧʨʝʜʝʣʝʥʠʝ ʫʩʣʦʚʠʷ ʩʢʦʣʞɹʝʥʠʷ Ŭ>ű 
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1. ʅʘʧʨʘʚʣʝʥʠʝ ʩʢʦʨʦʩʪʠ ʣʝʟʚʠʷ ʜʦʣʞʥʦ ʩʦʩʪʘʚ-

ʣʷʪʴ ʩ ʥʦʨʤʘʣʴʶ ʢ ʥʝʤʫ ʫʛʦʣ ʙʦʣʴʰʠʡ, ʯʝʤ ʫʛʦʣ ʪʨʝ-

ʥʠʷ ʤʘʪʝʨʠʘʣʘ ʧʦ ʣʝʟʚʠʶ. 

2. ʈʘʟʨʝʟʘʝʤʳʡ ʤʘʪʝʨʠʘʣ ʜʦʣʞʝʥ ʙʳʪʴ ʧʦʜʘʪʣʠʚ 

(ʫʧʨʫʛ, ʧʣʘʩʪʠʯʝʥ). 

ɿʥʘʯʠʪ, ʝʩʣʠ ʧʨʠ ʜʘʥʥʦʤ ʥʦʨʤʘʣʴʥʦʤ ʜʘʚʣʝʥʠʠ 

ʧʨʠʣʦʞʠʪʴ ʪʘʢʫʶ ʢʘʩʘʪʝʣʴʥʫʶ ʩʠʣʫ, ʯʪʦʙʳ ʠʭ ʨʘʚ-

ʥʦʜʝʡʩʪʚʫʶʱʘʷ ʙʳʣʘ ʨʘʚʥʘ ʚʨʝʤʝʥʥʦʤʫ ʩʦʧʨʦʪʠʚ-

ʣʝʥʠʶ (ʪ.ʝ. ʧʨʝʜʝʣʫ ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʤʷʪʠʝ) ʨʘʟʨʝʟʘʝ-

ʤʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʪʦ ʨʝʟʘʥʠʝ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ, ʪʦʛʜʘ 

(ʨʠʩ. 1.12) 

,22 KTNR =+=  

ʛʜʝ ʂ - ʚʨʝʤʝʥʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʘʟʨʝʟʘʝʤʦʛʦ ʤʘʪʝ-

ʨʠʘʣʘ. 

ʋʤʝʥʴʰʘʷ ʩʠʣʫ N, ʥʫʞʥʦ ʫʚʝʣʠʯʠʪʴ ʩʠʣʫ ʊ ʠ ʥʘ-

ʦʙʦʨʦʪ. 

ɽʩʣʠ ʣʝʟʚʠʝ ʧʝʨʝʤʝʱʘʪʴ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ, ʦʪʢʣʦ-

ʥʝʥʥʦʤʫ ʦʪ ʥʦʨʤʘʣʠ ʥʘ ʫʛʦʣ Ŭ, ʣʝʞʘʱʠʡ ʚ ʧʨʝʜʝʣʘʭ 

ʦʪ 0 ʜʦ ű, ʪʦ ʨʝʟʘʥʠʝ ʙʫʜʝʪ ʙʝʟ ʩʢʦʣʴʞʝʥʠʷ. ʅʦ ʝʩʣʠ 

ʵʪʦʪ ʫʛʦʣ Ŭ ʙʫʜʝʪ ʙʦʣʴʰʝ ʫʛʣʘ ű, ʪʦ ʨʝʟʘʥʠʝ ʙʫʜʝʪ 

ʧʨʦʠʩʭʦʜʠʪʴ ʩʦ ʩʢʦʣʴʞʝʥʠʝʤ. ʄʝʨʫ ʩʢʦʣʴʞʝʥʠʷ, ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʩʢʦʣʴʞʝʥʠʷ, ʤʦʞʥʦ ʧʦʣʫ-

ʯʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

ʏʪʦʙʳ ʥʦʞ ʨʝʟʘʣ ʩʦ ʩʢʦʣʴʞʝʥʠʝʤ, ʥʫʞʥʦ ʠʤʝʪʴ Ŭ 

>ű (ʨʠʩ. 1.13). 

ʂʦʵʬʬʠʮʠʝʥʪʦʤ ʩʢʦʣʴʞʝʥʠʷ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʚʝ-

ʣʠʯʠʥʫ 
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'

''

am

ma
=e  

ʛʜʝ ʘ'm'  - ʧʫʪʴ, ʧʨʦʭʦʜʠʤʳʡ ʧʝʨʝʨʝʟʘʝʤʳʤ ʤʘʪʝʨʠʘ-

ʣʦʤ ʧʦ ʣʝʟʚʠʶ ʩʦ ʩʢʦʣʴʞʝʥʠʝʤ; 

am' - ʝʜʠʥʠʮʘ ʜʝʬʦʨʤʘʮʠʠ ʤʘʪʝʨʠʘʣʘ.  

ʈʘʩʩʤʦʪʨʠʤ ȹʘm'ʘ' (ʨʠʩ. 1.13) ʧʦ ʪʝʦʨʝʤʝ ʩʠʥʫ-

ʩʦʚ: 

( ) '

'

0

''

cos)90sin(sin aaja

amamam
=

-
=

-
 

ʆʪʩʶʜʘ 

a

ja
e

cos

)sin( -
=

                               
(1.3) 

ʀʟ ʬʦʨʤʫʣʳ ʩʣʝʜʫʝʪ, ʯʪʦ Ů ʪʝʤ ʙʦʣʴʰʝ, ʯʝʤ 

ʙʦʣʴʰʝ ʫʛʦʣ Ŭ. ʀ ʝʩʣʠ Ŭ = ű, ʪʦ Ů = 0. 

ɺ ʧʨʦʠʟʚʦʜʩʪʚʝ ʥʘʩ ʠʥʪʝʨʝʩʫʝʪ ʨʘʩʭʦʜ ʵʥʝʨʛʠʠ. 

ʇʦʩʤʦʪʨʠʤ, ʯʝʤʫ ʨʘʚʥʘ ʨʘʙʦʪʘ, ʟʘʪʨʘʯʠʚʘʝʤʘʷ ʥʘ ʧʝ-

ʨʝʨʝʟʘʥʠʝ 1 ʩʤ
2
 ʤʘʪʝʨʠʘʣʘ. ʕʪʦ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪʳ 

ʥʘʟʦʚʝʤ ʫʜʝʣʴʥʦʡ ʨʘʙʦʪʦʡ ʨʝʟʘʥʠʷ. ʇʨʝʜʩʪʘʚʠʤ ʩʝʙʝ 

ʧʨʷʤʦʣʠʥʝʡʥʳʡ ʦʪʨʝʟʦʢ ʣʝʟʚʠʷ (ʨʠʩ. 1.14), ʧʦ ʜʣʠʥʝ 

ʨʘʚʥʳʡ 1 ʩʤ. ɼʦʧʫʩʪʠʤ, ʯʪʦ ʣʝʟʚʠʝ ʨʘʟʨʝʟʘʝʪ ʤʘʪʝ-

ʨʠʘʣ ʩʦ ʩʢʦʣʴʞʝʥʠʝʤ, ʪʦʛʜʘ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ Ŭ > 

ű. ɿʥʘʯʠʪ, ʣʝʟʚʠʝ ʙʫʜʝʪ ʜʚʠʛʘʪʴʩʷ ʥʝ ʧʝʨʧʝʥʜʠʢʫ-

ʣ̫ ʨʥʦ ʩʚʦʝʡ ʜʣʠʥʝ, ʘ ʧʦʜ ʫʛʣʦʤ Ŭ ʢ ʩʚʦʝʡ ʥʦʨʤʘʣʠ, 

ʧʨʠʯʝʤ ʙʦʣʴʰʠʤ ʫʛʣʘ ű. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 1 ʩʤ ʜʣʠʥʳ 

ʣʝʟʚʠʷ ʧʝʨʝʨʝʞʝʪ ʧʦʣʦʩʫ ʰʠʨʠʥʦʡ h = lȚcos Ŭ ʩ ʩʠʣʦʡ 

ʨʝʟʘʥʠʷ .
cosj

N
ʈ=  
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ʈʠʩʫʥʦʢ 1.12 ʆʧʨʝʜʝʣʝʥʠʝ ʫʩʣʦʚʠʷ ʨʝʟʘʥʠ ̫

 

ʈʠʩʫʥʦʢ 1.13 ʆʧʨʝʜʝʣʝʥʠʝ ʫʩʣʦʚʠʷ ʩʢʦʣʴʞʝʥʠʷ 

 

ʈʠʩʫʥʦʢ 1.14 ʆʧʨʝʜʝʣʝʥʠʝ ʨʘʙʦʪʳ ʨʝʟʘʥʠʷ 
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ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʨʘʙʦʪʳ ʩʠʣʳ R ʥʫʞʥʦ ʦʧʨʝʜʝ-

ʣʠʪʴ ʧʨʦʝʢʮʠʶ ʵʪʦʡ ʩʠʣʳ ʥʘ ʥʘʧʨʘʚʣʝʥʠʝ ʧʫʪʠ ʪʦʯʢʠ 

ʝʝ ʧʨʠʣʦʞʝʥʠʷ: 

H
N

RR ,
cos

)cos(
)cos(1

j

ja
ja

-
=-=  

ʅʘʡʜʝʤ ʧʫʪʴ, ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ ʩʦʚʝʨʰʠʪʴ ʦʪʨʝʟʦʢ 

ʣʝʟʚʠʷ ʚʥʫʪʨʠ ʤʘʪʝʨʠʘʣʘ, ʯʪʦʙʳ ʧʨʦʨʝʟʘʪʴ 1 ʩʤ
2
. ʀʟ 

ʨʠʩʫʥʢʘ 1.14 ʩʣʝʜʫʝʪ, ʯʪʦ ʧʣʦʱʘʜʴ ʨʘʟʨʝʟʘ ʚʳʨʘʞʘ-

ʝʪʩʷ ʧʣʦʱʘʜʴʶ ʧʘʨʘʣʣʝʣʦʛʨʘʤʤʘ ʩ ʚʳʩʦʪʦʡ h ʠ ʦʩ-

ʥʦʚʘʥʠʝʤ I. ʊʘʢ ʢʘʢ hȚI = 1 ʩʤ
2
, ʘȚh = lȚcosŬ ʪʦ 

ʩʤ
n

l ,
cos

11

a
==  

ʈʘʙʦʪʘ ʨʝʟʘʥʠʷ: 

ɼʞ
N

lRE ,
coscos

)cos(*
*

aj

ja

*

-
==                    (1.4) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʫʛʣʘ Ŭ ʧʦʩʪʘʥʦʚʢʠ 

ʣʝʟʚʠʷ ʵʥʝʨʛʠʷ ʨʝʟʘʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 

1.1.5 ʆʩʥʦʚʳ ʪʝʦʨʠʠ ʠ ʨʘʩʯʝʪʘ ʩʝʛʤʝʥʪʥʦ-

ʧʘʣʴʮʝʚʦʛʦ ʩʨʝʟʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʂʠʥʝʤʘʪʠʢʘ ʥʦʞʘ 

ɺʦ ʚʨʝʤʷ ʨʘʙʦʪʳ ʫʙʦʨʦʯʥʦʡ ʤʘʰʠʥʳ ʥʦʞ ʩʨʝ-

ʟʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʩʦʚʝʨʰʘʝʪ ʩʣʦʞʥʦʝ ʜʚʠʞʝʥʠʝ. 

ɸʙʩʦʣʶʪʥʦʝ ʜʚʠʞʝʥʠʝ ʥʦʞʘ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʜʚʠʞʝ-

ʥʠʷ ʝʛʦ ʚʤʝʩʪʝ ʩ ʤʘʰʠʥʦʡ - ʧʝʨʝʥʦʩʥʦʝ ʜʚʠʞʝʥʠʝ ʠ 

ʜʚʠʞʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʘʣʴʮʝʚʦʛʦ ʙʨʫʩʘ - ʦʪʥʦʩʠ-
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ʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ. ɺ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʜʚʠʞʝʥʠʠ ʥʦʞ 

ʩʨʝʟʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʩʦʚʝʨʰʘʝʪ ʛʘʨʤʦʥʠʯʝʩʢʠʝ 

ʢʦʣʝʙʘʥʠ̫. 

ʅʦʞ ʩʨʝʟʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʨʠʚʦʜʠʪʩʷ ʚ ʜʚʠ-

ʞʝʥʠʝ ʜʚʫʤʷ ʚʠʜʘʤʠ ʢʨʠʚʦʰʠʧʥʦ-ʰʘʪʫʥʥʳʭ ʤʝʭʘ-

ʥʠʟʤʦʚ - ʧʣʦʩʢʠʤʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ. ʇʝʨʚʳʝ 

ʠʤʝʶʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘ ʟʝʨʥʦʚʳʭ 

ʞʘʪʢʘʭ, ʚʪʦʨʳʝ ʥʘ ʢʦʩʠʣʢʘʭ. 

ʂʨʠʚʦʰʠʧʥʦ-ʰʘʪʫʥʥʳʝ ʤʝʭʘʥʠʟʤʳ ʙʳʚʘʶʪ ʜʚʫʭ 

ʪʠʧʦʚ: ʮʝʥʪʨʘʣʴʥʳʝ ʠʣʠ ʘʢʩʠʘʣʴʥʳʝ (ʨʠʩ. 1.15 ʘ), ʢʦ-

ʛʜʘ ʦʩʴ ʢʨʠʚʦʰʠʧʥʦʛʦ ʚʘʣʘ ʣʝʞʠʪ ʥʘ ʣʠʥʠʠ ʜʚʠʞʝ-

ʥʠ̫ ʥʦʞʘ, ʩʤʝʱʝʥʥʳʡ ʠʣʠ ʜʝʟʘʢʩʠʘʣʴʥʳʡ (ʨʠʩ. 1.15 

ʙ), ʢʦʛʜʘ ʦʩʴ  ʢʨʠʚʦʰʠʧʥʦʛʦ ʚʘʣʘ ʥʘʭʦʜʠʪʩʷ ʚʳʰʝ 

ʣʠʥʠʠ ʜʚʠʞʝʥʠʷ ʥʦʞʘ. 

ɺ ʫʙʦʨʦʯʥʳʭ ʤʘʰʠʥʘʭ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʧʨʠʤʝ-

ʥʷʶʪʩʷ ʤʝʭʘʥʠʟʤʳ ʚʪʦʨʦʛʦ ʪʠʧʘ. ʇʨʠ ʵʪʦʤ ʜʝʟʘʢʩʠʘʣ 

ɼ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʘʜʠʫʩʫ ʢʨʠʚʦʰʠʧʘ r ʫ ʢʦʤʙʘʡ-

ʥʦʚ ʩʦʩʪʘʚʣʷʝʪ r õ 2r, ʫ ʞʘʪʦʢ 2r õ 3r ʠ ʫ ʢʦʩʠʣʦʢ 7r / 

8r. ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʚ ʩʚʷʟʠ ʩ ʠʟʤʝʥʝʥʠʝʤ ʧʦʣʦ-

ʞʝʥʠʷ ʧʘʣʴʮʝʚʦʛʦ ʙʨʫʩʘ ʧʨʠ ʢʦʧʠʨʦʚʘʥʠʠ ʙʘʰʤʘʢʦʤ 

ʨʝʣʴʝʬʘ ʟʥʘʯʝʥʠʝ ʜʝʟʘʢʩʠʘʣʘ ʧʦʩʪʦʷʥʥʦ ʤʝʥʷʝʪʩʷ. 

ɼʝʟʘʢʩʠʘʣ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʭʦʜ ʥʦʞʘ S ʠ ʝʛʦ 

ʢʠʥʝʤʘʪʠʯʝʩʢʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ. ɽʩʣʠ ʜʣʷ ʘʢʩʠʘʣʴ-

ʥʦʛʦ ʤʝʭʘʥʠʟʤʘ S =2 r.ʪʦ ʜʣʷ ʜʝʟʘʢʩʠʘʣʴʥʦʛʦ S > 2r. 

ɺʣʠʷʥʠʝ ʜʝʟʘʢʩʠʘʣʘ ʥʘ ʚʝʣʠʯʠʥʫ ʭʦʜʘ ʥʦʞʘ ʥʝ-

ʙʦʣʴʰʦʝ (2-3 %), ʧʦʵʪʦʤʫ ʚ ʨʘʩʯʝʪʘʭ ʵʪʠʤ ʧʦʢʘʟʘʪʝ-

ʣʝʤ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. 

ʂʠʥʝʤʘʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʭʦʜʘ ʥʦʞʘ - ʧʝʨʝʤʝ-

ʱʝʥʠʝ X, ʩʢʦʨʦʩʪʴ V ʠ ʫʩʢʦʨʝʥʠʝ j ʟʘʚʠʩʷʪ ʦʪ ʫʛʣʘ 

ʧʦʚʦʨʦʪʘ ɤt. 
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ʈʠʩʫʥʦʢ 1.15 ʂʨʠʚʦʰʠʧʥʦ-ʰʘʪʫʥʥʳʝ ʤʝʭʘʥʠʟʤʳ ʧʨʠ-

ʚʦʜʘ ʩʨʝʟʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ 

 

ʈʠʩʫʥʦʢ 1.16 ʆʧʨʝʜʝʣʝʥʠʝ ʧʝʨʝʤʝʱʝʥʠʷ ʍ 
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ɼʣʷ ʧʨʦʩʪʦʪʳ ʧʨʝʥʝʙʨʝʛʘʝʤ ʚʣʠʷʥʠʝʤ ʢʦʥʝʯʥʦʡ 

ʜʣʠʥʳ ʰʘʪʫʥʘ ʠ ʜʝʟʘʢʩʠʘʣʘ ʠ ʦʧʨʝʜʝʣʷʝʤ X, V ʠ j 

ʜʣʷ ʮʝʥʪʨʘʣʴʥʦʛʦ ʢʨʠʚʦʰʠʧʥʦ-ʰʘʪʫʥʥʦʛʦ ʤʝʭʘʥʠʟ-

ʤʘ (ʨʠʩ. 1.16). 

ʊʘʢ ʢʘʢ ʥʦʞ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʜʚʠʞʝʥʠʠ ʩʦʚʝʨ-

ʰʘʝʪ ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ, ʪʦ ʚʝʣʠʯʠʥʘ ʧʝʨʝ-

ʤʝʱʝʥʠʷ ʣʶʙʦʡ ʪʦʯʢʠ ʩʝʛʤʝʥʪʘ ʚʜʦʣʴ ʧʘʣʴʮʝʚʦʛʦ 

ʙʨʫʩʘ ʟʘ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ t ʙʫʜʝʪ ʨʘʚʥʘ ʧʨʦʝʢ-

ʮʠʠ ʨʘʜʠʫʩʘ ʢʨʠʚʦʰʠʧʘ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʦʩʴ X 

(ʨʠʩ. 1.16). 

ʊʘʢ ʢʘʢ ʘʙʩʦʣʶʪʥʦʝ ʜʚʠʞʝʥʠʝ ʩʝʛʤʝʥʪʘ ʩʢʣʘʜʳ-

ʚʘʝʪʩʷ ʠʟ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ - ʚʜʦʣʴ ʧʘʣʴʮʝ-

ʚʦʛʦ ʙʨʫʩʘ ʠ ʧʝʨʝʥʦʩʥʦʛʦ - ʚʤʝʩʪʝ ʩ ʤʘʰʠʥʦʡ, ʪʦ 

ʫʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʩʝʛʤʝʥʪʘ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ 

X = r(1- cosɤt), 

Y =VʤȚt                                  (1.5) 

ʆʙʦʟʥʘʯʠʤ ʧʝʨʝʤʝʱʝʥʠʝ ʤʘʰʠʥʳ ʟʘ ʚʨʝʤʷ ʦʜʥʦ-

ʛʦ ʚʟʤʘʭʘ (ʭʦʜʘ) ʥʦʞʘ ʯʝʨʝʟ h, ʚʨʝʤʷ t = 
w

p
 ʠ ʚʟʤʘʭ 

ʥʦʞʘ ʯʝʨʝʟ S, ʪʦʛʜʘ 

;tVh ʤÖ=
   

,
30

n

V
Vh ʤ
ʤ =Ö=
w

p
 

n

V
h ʤ30
= , M                                (1.6) 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʥʦʞʘ - ʩʢʦʨʦʩʪʴ, ʚʳʨʘ-

ʞʝʥʥʘʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʚʜʦʣʴ 
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ʧʘʣʴʮʝʚʦʛʦ ʙʨʫʩʘ. 

ɼʠʬʬʝʨʝʥʮʠʨʫʷ ʫʨʘʚʥʝʥʠʷ (1.5) ʧʦ ʚʨʝʤʝʥʠ, 

ʥʘʡʜʝʤ ʩʢʦʨʦʩʪʴ: 

tr
dt

dX
Vx wwsin==                 (1.7) 

ʀʟ ʫʨʘʚʥʝʥʠʷ (1.5) ʥʘʭʦʜʠʤ: 

r

X
t -=1cosw   

ʥʦ 

tt ww 2cos1sin -=  

ʪʦʛʜʘ 

trVx ww 2cos1-=
                 (1.8) 

ʈʘʟʜʝʣʠʚ ʦʙʝ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʷ (1.8) ʥʘ (rɤ) ʠ ʚʦʟ-

ʚʝʜʷ ʚ ʢʚʘʜʨʘʪ, ʧʦʣʫʯʠʤ: 

1
)(

2

2

22

2

=
-

+
r

xr

r

Vx

w                      
(1.9) 

ʇʦʩʣʝʜʥʝʝ ʚʳʨʘʞʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʣɻ-

ʣʠʧʩ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ 

ʥʦʞʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʣʣʠʧʩʦʤ ʩ ʧʦʣʫʦʩʷʤʠ r ʠ rɤ, 

ʮʝʥʪʨ ʢʦʪʦʨʦʛʦ ʩʦʚʧʘʜʘʝʪ ʩ ʮʝʥʪʨʦʤ ʢʨʠʚʦʰʠʧʥʦʛʦ 

ʚʘʣʘ (ʨʠʩ. 1.17). ʇʨʦʘʥʘʣʠʟʠʨʫʝʤ ʫʨʘʚʥʝʥʠʝ ʩʢʦʨʦ-

ʩʪʠ ʩʝʛʤʝʥʪʘ: 
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Vx = r ɤ sin ɤt, ʤ/ʩ
2 

ʇʨʠ  ɤt = 0 ʠ ɤt =  ́   Vx  = 0, 

ʧʨʠ  ɤt = 
2

p
              Vx = rɤ=Vmax. 

ɺʳʨʘʟʠʤ ʵʪʦ ʛʨʘʬʠʯʝʩʢʠ. ʂʘʞʜʦʤʫ ʧʝʨʝʤʝʱʝ-

ʥʠʶ ʩʝʛʤʝʥʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʧʨʝʜʝʣʝʥʥʘʷ ʩʢʦʨʦʩʪʴ 

ʥʘ ʛʨʘʬʠʢʝ (ʨʠʩ. 1.17). 

ɽʩʣʠ ʚʟʷʪʴ ʦʪʥʦʰʝʥʠʝ  ʤʘʩʰʪʘʙʦʚ (ʧʨʠ ʛʨʘʬʠʯʝ-

ʩʢʦʤ  ʧʦʩʪʨʦʝʥʠʠ) 
wm

m 1
=

X

V , ʪʦ ʧʦʣʫʯʠʤ ʧʦʣʫʦʢʨʫʞ-

ʥʦʩʪʴ (ʨʠʩ. 1.18) ʜʠʘʤʝʪʨʦʤ, ʨʘʚʥʳʤ ʭʦʜʫ ʥʦʞʘ S ʩ 

ʮʝʥʪʨʦʤ ʚ ʪʦʯʢʝ 0. 

ʋʩʢʦʨʝʥʠʝ ʥʦʞʘ ʥʘʡʜʝʤ, ʜʠʬʬʝʨʝʥʮʠʨʫʷ ʫʨʘʚʥʝ-

ʥʠʝ ʩʢʦʨʦʩʪʠ ʩʝʛʤʝʥʪʘ: 

tr
dt

xd
j ww cos2

2

2

== , ʤ/ʩ
2
.             (1.10) 

ɽʩʣʠ ʚʤʝʩʪʦ cosɤt ʧʦʜʩʪʘʚʠʤ ʝʛʦ ʟʥʘʯʝʥʠʝ ʠʟ 

ʫʨʘʚʥʝʥʠʷ (1.5), ʪʦ  ʧʦʣʫʯʠʤ: 

./,)(1 222 ʩʤxr
r

x
rj ww -=ö

÷

õ
æ
ç

å
-=

          (1.11) 

ʕʪʦ ʫʨʘʚʥʝʥʠʝ ʧʨʷʤʦʡ ʣʠʥʠʠ, ʪ.ʢ. ʚʝʣʠʯʠʥʳ  r ʠ ʦ 

ʧʦʩʪʦʷʥʥʳ. 

ʇʨʠ ʭ = 0  jx=rɤ
2
=jmax; 
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ʧʨʠ x = r   jx=0; 

ʧʨʠ x = 2r   jx = - rɤ
2
. 

ɻʨʘʬʠʯʝʩʢʠ ʵʪʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʘʭ 1.17, 

1.18. 

ʍʘʨʘʢʪʝʨ ʟʘʚʠʩʠʤʦʩʪʝʡ V' = f(x) ʠ j' = f(x) ʜʣʷ ʜʝ-

ʟʘʢʩʠʘʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 1.17 

ʧʫʥʢʪʠʨʥʳʤʠ ʣʠʥʠʷʤʠ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʚ 

ʵʪʦʤ  ʩʣʫʯʘʝ  ʥʘ  7-9 %  ʙʦʣʴʰʝ, ʯʝʤ  ʫ ʮʝʥʪʨʘʣʴʥʦʛʦ 

 

ʈʠʩʫʥʦʢ 1.17 ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʠ ʫʩʢʦʨʝʥʠʷ 

ʥʦʞʘ 

ʤʝʭʘʥʠʟʤʘ, ʨʘʟʥʠʮʘ ʦʪʢʣʦʥʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʳʭ ʫʩʢʦ-

ʨʝʥʠʡ ʥʝ ʧʨʝʚʳʰʘʝʪ 7 %. ʉʜʚʠʛ ʤʝʞʜʫ ʤʘʢʩʠʤʘʣʴ-

ʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʩʢʦʨʦʩʪʝʡ ʠ ʫʩʢʦʨʝʥʠʡ ʜʣʷ ʤʝʭʘ-

ʥʠʟʤʦʚ ʵʪʠʭ ʪʠʧʦʚ ʧʦ ʫʛʣʫ ʧʦʚʦʨʦʪʘ ʢʨʠʚʦʰʠʧʘ ʩʦ-

ʩʪʘʚʣʷʝʪ 16-18
0
. 

ɺʚʠʜʫ ʥʝʙʦʣʴʰʦʛʦ ʨʘʟʣʠʯʠʷ ʚ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʷʭ ʮʝʥʪʨʘʣʴʥʦʛʦ ʠ ʩʤʝʱʝʥʥʦʛʦ ʤʝʭʘʥʠʟʤʦʚ 
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ʈʠʩʫʥʦʢ 1.18 ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʠ ʫʩʢʦʨʝʥʠʷ 

ʥʦʞʘ ʚ ʤʘʩʰʪʘʙʝ 
wm

m 1
=

X

V  

ʨʘʩʯʝʪ ʧʘʨʘʤʝʪʨʦʚ ʩʨʝʟʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʚʦʟʤʦʞʥʦ 

ʚʝʩʪʠ ʠʩʭʦʜʷ ʠʟ ʨʘʩʩʤʦʪʨʝʥʠʷ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʦʛʦ ʠʟ 

ʥʠʭ ʮʝʥʪʨʘʣʴʥʦʛʦ. 

ʉʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ ʩʪʝʙʣʝʡ 

ʉʢʦʨʦʩʪʴ ʨʝʟʘʥʠʷ, ʦʧʨʝʜʝʣʷʝʤʫʶ ʩʢʦʨʦʩʪʴʶ 

ʜʚʠʞʝʥʠʷ ʥʦʞʘ ʫʙʦʨʦʯʥʦʡ ʤʘʰʠʥʳ, ʤʦʞʥʦ ʭʘʨʘʢʪʝ-

ʨʠʟʦʚʘʪʴ ʩʨʝʜʥʠʤ ʝʸ ʟʥʘʯʝʥʠʝʤ. ʆʜʥʘʢʦ ʜʣʷ ʘʥʘʣʠʟʘ 

ʫʩʣʦʚʠʡ ʩʨʝʟʘʥʠʷ ʩʪʝʙʣʝʡ ʣʫʯʰʝ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʝʝ 

ʟʥʘʯʝʥʠʝʤ ʚ ʧʨʦʮʝʩʩʝ ʨʝʟʘʥʠʷ, ʪ.ʝ. ʦʧʨʝʜʝʣʠʪʴ ʨʘʙʦ-

ʯʠʝ ʩʢʦʨʦʩʪʠ, ʢʦʪʦʨʳʝ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʫʩʪʨʦʡʩʪʚ ʥʝ-

ʦʜʠʥʘʢʦʚʳ. 

ɹʫʜʝʤ ʠʩʭʦʜʠʪʴ ʠʟ ʧʦʣʦʞʝʥʠʷ, ʯʪʦ ʥʦʞ ʧʝʨʝʨʝʟʘ-
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ʝʪ ʩʪʝʙʣʠ ʫ ʢʨʦʤʢʠ; ʧʘʣʴʮʘ, ʠ ʥʘʡʜʝʤ ʟʥʘʯʝʥʠʷ ʩʢʦ-

ʨʦʩʪʝʡ ʚ ʥʘʯʘʣʝ ʠ ʢʦʥʮʝ ʨʝʟʘʥʠʷ. 

ʇʦʩʪʨʦʠʤ ʛʨʘʬʠʢ ʩʢʦʨʦʩʪʠ ʥʦʞʘ, ʦʪʥʝʩʝʥʥʦʡ ʢ 

ʝʛʦ ʧʝʨʝʤʝʱʝʥʠʶ X, ʚʟʷʚ ʤʘʩʰʪʘʙ ʩʢʦʨʦʩʪʝʡ ɛʫ=ɤ ʚ 

ʤ/ʩ ʥʘ 1 ʩʤ (ʨʠʩ. 1.19 ʘ). ɼʣʷ ʵʪʦʛʦ ʦʪ ʚʳʙʨʘʥʥʦʡ 

ʪʦʯʢʠ ɸʦ ʩʝʛʤʝʥʪʘ ʦʪʢʣʘʜʳʚʘʝʤ ʦʪʨʝʟʦʢ ɸʮ0 = r ʠ ʠʟ 

ʪʦʯʢʠ 0 ʨʘʜʠʫʩʦʤ ʢʨʠʚʦʰʠʧʘ r ʧʨʦʚʦʜʠʤ ʧʦʣʫʦʢ-

ʨʫʞʥʦʩʪʴ. 

ʇʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʩʝʛʤʝʥʪʘ ʩʣʝʚʘ ʥʘʧʨʘʚʦ ʥʘ ʧʫ-

ʪʠ XH ʝʛʦ ʨʝʞʫʱʘʷ ʢʨʦʤʢʘ ɸ0ɺ0 ʙʫʜʝʪ ʧʦʜʚʦʜʠʪʴ 

ʨʘʩʪʝʥʠʷ ʢ ʣʝʚʦʡ ʢʨʦʤʢʝ C0D0 ʧʨʦʪʠʚʦʨʝʞʫʱʝʡ ʧʣʘ-

ʩʪʠʥʳ. 

ʏʘʩʪʴ ʣʝʟʚʠʷ ɸ0ɸ ʠʟ-ʟʘ ʧʝʨʝʢʨʳʪʠʷ ʦʪʨʦʩʪʢʘʤʠ 

ʧʘʣʴʮʝʚ ʥʘ ʩʪʝʙʣʠ ʥʝ ʚʦʟʜʝʡʩʪʚʫʝʪ. ʂʘʢ ʪʦʣʴʢʦ ʪʦʯʢʘ 

ɸ ʣʝʟʚʠʷ ʩʝʛʤʝʥʪʘ ɸ0ɺ0 ʩʦʧʨʠʢʦʩʥʝʪʩʷ ʩ ʢʨʦʤʢʦʡ 

C0D0, ʥʘʯʥʝʪʩʷ ʧʨʦʮʝʩʩ ʩʨʝʟʘʥʠʷ ʩʪʝʙʣʝʡ. ʊʦʯʢʘ ɸ0 

ʧʨʠ ʵʪʦʤ ʧʝʨʝʤʝʩʪʠʪʩʷ ʚ ʧʦʣʦʞʝʥʠʝ AI, ʧʦʵʪʦʤʫ ʩʢʦ-

ʨʦʩʪʴ ʥʘʯʘʣʘ ʨʝʟʘʥʠʷ VH ʚ ʧʨʠʥʷʪʦʤ ʤʘʩʰʪʘʙʝ ʦʧʨʝ-

ʜʝʣʠʪʩʷ ʦʪʨʝʟʢʦʤ YH = AICI  ʠ ʙʫʜʝʪ VH= Yʥ ɛv. 

ʈʝʟʘʥʠʝ ʟʘʢʦʥʯʠʪʩʷ ʚ ʪʦʪ ʤʦʤʝʥʪ, ʢʦʛʜʘ ʥʦʞ ʧʝ-

ʨʝʤʝʩʪʠʪʩʷ ʥʘ ʦʪʨʝʟʦʢ ʍʢ ʠ ʚʝʨʭʥʷʷ ʪʦʯʢʘ ɺ0 ʨʝʞʫ-

ʱʝʡ ʢʨʦʤʢʠ ʧʝʨʝʡʜʝʪ ʚ ʧʦʣʦʞʝʥʠʝ ɺ2. ʊʘʢ ʢʘʢ ʟʘ ʪʦ 

ʞʝ ʚʨʝʤʷ ʪʦʯʢʘ ɸ0 ʦʢʘʞʝʪʩʷ ʚ ʧʦʣʦʞʝʥʠʠ ɸ2, ʩʢʦ-

ʨʦʩʪʴ ʢʦʥʮʘ ʨʝʟʘʥʠ VK ʦʧʨʝʜʝʣʠʪʩʷ ʦʪʨʝʟʢʦʤ Yʢ = 

ɸ2ʉ2, ʪ.ʝ. ʙʫʜʝʪ V2 = ʋʢȚɛv. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʦʮʝʩʩ 

ʨʝʟʘʥʠʷ ʨʘʩʪʝʥʠʡ ʧʨʦʠʩʭʦʜʠʪ ʚ ʪʦʪ ʧʝʨʠʦʜ, ʢʦʛʜʘ 

ʪʦʯʢʘ ʩʝʛʤʝʥʪ ʧʝʨʝʤʝʱʘʝʪʩʷ ʥʘ ʫʯʘʩʪʢʝ ʍʨ=ʍʢ-ʍʥ. 

ʈʘʙʦʯʠʝ ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ ʫ ʘʧʧʘʨʘʪʦʚ ʥʦʨʤʘʣʴʥʦʛʦ 

ʨʝʟʘʥʠʷ, ʙʣʠʟʢʠ ʢ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ ʩʢʦʨʦ-

ʩʪʠ ʥʦʞʘ. 
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ʋ ʘʧʧʘʨʘʪʦʚ ʥʠʟʢʦʛʦ ʨʝʟʘʥʠʷ (ʨʠʩ. 1.19 ʙ) ʩʨʝʟʘ-

ʥʠʝ ʩʪʝʙʣʝʡ ʧʨʦʠʩʭʦʜʠʪ ʫ ʩʨʝʜʥʝʛʦ ʠ ʢʨʘʡʥʝʛʦ ʧʘʣʴ-

ʮʝʚ. ʉʢʦʨʦʩʪʠ V`ʥ ʠ V``ʥ ʥʘʯʘʣʘ ʨʝʟʘʥʠʷ ʫ ʩʨʝʜʥʝʛʦ ʠ 

ʢʨʘʡʥʝʛʦ ʧʘʣʴʮʝʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʦʩʪʘʚʣʷʶʪ 

Vʥ'=Yʥ'Țɛv  ʠ   VH"= YH"Țɛv, 

ʘ ʩʢʦʨʦʩʪʠ ʢʦʥʮʘ ʨʝʟʘʥʠʷ 

V
`
ʢ =Yʢ'Țɛv ʠ Vʢ"=Y

``
ʢȚɛv, 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʧʨʠʚʝʜʝʥʥʦʛʦ ʛʨʘʬʠʢʘ, ʨʝʟʘʥʠʝ 

ʧʨʦʠʩʭʦʜʠʪ ʩ ʥʝʧʦʩʪʦʷʥʥʦʡ ʨʘʙʦʯʝʡ ʩʢʦʨʦʩʪʴʶ. 

ʆʩʦʙʦʝ ʦʧʘʩʝʥʠʝ ʚʳʟʳʚʘʝʪ ʥʠʟʢʘʷ ʩʢʦʨʦʩʪʴ ʥʘʯʘʣʘ 

ʨʝʟʘʥʠʷ ʫ ʩʨʝʜʥʝʛʦ ʧʘʣʴʮʘ, ʥʝ ʧʨʝʚʳʰʘʶʱʘʷ 0,5 ʤ/ʩ, 

ʯʪʦ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʧʨʠʯʠʥʦʡ ʥʝʜʦʙʨʦʢʘʯʝʩʪʚʝʥʥʦʛʦ 

ʩʨʝʟʘ ʩʪʝʙʣʝʡ ʚ ʵʪʦʪ ʤʦʤʝʥʪ ʠ ʟʘʙʠʚʘʥʠʷ ʩʨʝʟʘʶʱʝʛʦ 

ʫʩʪʨʦʡʩʪʚʘ. 

ʋʤʝʥʴʰʝʥʠʝ ʰʠʨʠʥʳ ʧʘʣʴʮʝʚ ʦʪ 25 ʜʦ 18 ʤʤ ʧʦ-

ʟʚʦʣʷʝʪ ʜʦʚʝʩʪʠ ʥʘʯʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʨʝʟʘʥʠʷ ʫ ʩʨʝʜ-

ʥʝʛʦ ʧʘʣʴʮʘ ʜʦ 0,7-0,8 ʤ/ʩ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʨʘʙʦʪʦ-

ʩʧʦʩʦʙʥʦʩʪʠ ʪʘʢʠʭ ʫʩʪʨʦʡʩʪʚ ʪʨʝʙʫʝʪʩʷ ʙʦʣʝʝ ʪʱʘ-

ʪʝʣʴʥʘʷ ʨʝʛʫʣʠʨʦʚʢʘ ʟʘʟʦʨʦʚ ʠ ʭʦʨʦʰʘʷ ʟʘʪʦʯʢʘ ʣʝʟ-

ʚʠʡ. 

ʏʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʨʘʙʦʯʠʝ ʩʢʦʨʦʩʪʠ 

ʩʨʝʟʘʥʠʷ ʨʘʩʪʝʥʠʡ ʠ ʜʦʙʨʦʢʘʯʝʩʪʚʝʥʥʫʶ ʨʘʙʦʪʫ ʩʨʝ-

ʟʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʥʝʦʙʭʦʜʠʤʦ ʩʨʝʜʥʶʶ ʩʢʦ ʨʦʩʪʴ 

ʜʚʠʞʝʥʠʷ ʥʦʞʘ Vcp, ʩʦʛʣʘʩʦʚʘʪʴ ʩʦ ʩʢʦʨʦʩʪʴʶ ʧʦ-

ʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʤʘʰʠʥʳ VM. 
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ʈʠʩʫʥʦʢ 1.19 ʆʧʨʝʜʝʣʝʥʠʝ ʨʘʙʦʯʝʡ ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ: ʘ ï 

ʫ ʫʩʪʨʦʡʩʪʚ ʥʦʨʤʘʣʴʥʦʛʦ ʨʝʟʘʥʠʷ; ʙ ï ʫ ʫʩʪʨʦʡʩʪʚ ʥʠʟʢʦʛʦ 

ʨʝʟʘʥʠʷ 
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ʅʘʠʣʫʯʰʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʨʘʙʦʪʳ, 

ʥʘʧʨʠʤʝʨ, ʪʨʘʢʪʦʨʥʳʭ ʢʦʩʠʣʦʢ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪ-

ʥʦʰʝʥʠʝʤ - 

Vcp =(1,25-1,30)ȚVʤ. 

ɿʥʘʯʝʥʠʝ ʨʘʙʦʯʠʭ ʩʢʦʨʦʩʪʝʡ ʩʨʝʟʘʥʠʷ ʟʘʚʠʩʠʪ 

ʪʘʢʞʝ ʦʪ ʪʦʛʦ, ʦʪʮʝʥʪʨʠʨʦʚʘʥ ʥʦʞ ʠʣʠ ʥʝʪ. ʅʦʞ ʩʯʠ-

ʪʘʝʪʩʷ ʦʪʮʝʥʪʨʠʨʦʚʘʥʥʳʤ, ʝʩʣʠ ʦʩʝʚʳʝ ʣʠʥʠʠ ʧʘʣʴ-

ʮʝʚ ʠ ʩʝʛʤʝʥʪʦʚ ʚ ʢʨʘʡʥʠʭ ʧʦʣʦʞʝʥʠʷʭ ʩʦʚʧʘʜʘʶʪ 

ʠʣʠ ʩʤʝʱʝʥʳ ʥʘ ʦʜʠʥʘʢʦʚʳʝ ʦʪʨʝʟʢʠ ʚ ʧʨʦʪʠʚʦʧʦ-

ʣʦʞʥʳʝ ʩʪʦʨʦʥʳ. 

ɻʨʘʬʠʢ ʧʨʦʙʝʛʘ ʘʢʪʠʚʥʦʛʦ ʣʝʟʚʠʷ ʩʝʛʤʝʥʪʘ 

ʇʦʩʪʨʦʝʥʠʝ ʛʨʘʬʠʢʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ (ʨʠʩ. 1.20). ɿʘ ʚʨʝʤʷ ʧʝʨʝʤʝʱʝʥʠʷ ʩʝʛʤʝʥʪʘ 

ʚʜʦʣʴ ʧʘʣʴʮʝʚʦʛʦ ʙʨʫʩʘ ʥʘ ʨʘʩʩʪʦʷʥʠʝ S ʤʘʰʠʥʘ 

ʧʨʦʡʜʝʪ ʧʫʪʴ h ʠ ʩʝʛʤʝʥʪ ʠʟ ʧʦʣʦʞʝʥʠʷ 1 ʧʝʨʝʤʝʩ-

ʪʠʪʩʷ ʚ ʧʦʣʦʞʝʥʠʝ 2. ʇʨʠ ʦʙʨʘʪʥʦʤ ʭʦʜʝ ʥʦʞʘ ʩʝʛ-

ʤʝʥʪ ʧʝʨʝʤʝʩʪʠʪʩʷ ʚ ʧʦʣʦʞʝʥʠʝ 3. ʇʨʠ ʵʪʦʤ ʚʩʝ ʪʦʯ-

ʢʠ ʩʝʛʤʝʥʪʘ ʙʫʜʫʪ ʦʧʠʩʳʚʘʪʴ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʢʦʩʠʥʫ-

ʩʦʠʜʳ. ʅʘʧʨʠʤʝʨ, ʪʦʯʢʘ ɺ ʦʧʠʰʝʪ ʢʦʩʠʥʫʩʦʠʜʫ 

ɺɺ'ɺ"ɺ"', ʝʩʣʠ ʧʦʤʝʩʪʠʪʴ ʥʘʯʘʣʦ ʢʦʦʨʜʠʥʘʪ ʚ ʪʦʯʢʝ 

ɺ, ʫʨʘʚʥʝʥʠʝ ʢʦʪʦʨʦʡ 

X = r(l -cosɤt), 

Y = VʤȚt.                               (1.12 ) 

ʇʦʩʪʨʦʝʥʠʝ ʢʦʩʠʥʫʩʦʠʜʳ ʧʦʢʘʟʘʥʦ ʥʘ ʩʭʝʤʝ 
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(ʨʠʩ. 1.21). 

ʊʨʘʝʢʪʦʨʠʷ ʘʙʩʦʣʶʪʥʦʛʦ ʜʚʠʞʝʥʠʷ ʢʘʢʦʡ-ʣʠʙʦ 

ʪʦʯʢʠ ɸ ʥʦʞʘ (ʨʠʩ. 1.21) ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʛʨʘ-

ʬʠʯʝʩʢʠ ʩʣʦʞʝʥʠʝʤ ʜʚʫʭ ʜʚʠʞʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ 

ʠ ʧʝʨʝʥʦʩʥʦʛʦ. ɼʣʷ ʵʪʦʛʦ ʥʘ ʦʩʠ Y ʦʪʢʣʘʜʳʚʘʝʤ ʦʪ-

ʨʝʟʦʢ ʨʘʚʥʳʡ ʚ ʤʘʩʰʪʘʙʝ ʧʦʜʘʯʝ h, ʯʝʨʝʟ ʪʦʯʢʫ ɸ 

ʧʨʦʚʦʜʠʤ ʧʦʣʫʦʢʨʫʞʥʦʩʪʴ ʨʘʜʠʫʩʦʤ r, ʩʦʦʪʚʝʪʩʪ-

ʚʫʶʱʫʶ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʧʘʣʴʮʘ ʢʨʠʚʦʰʠʧʘ 

ʧʨʠ ʧʦʚʦʨʦʪʝ ʝʛʦ ʥʘ ʫʛʦʣ ɤt = .́ ʆʪʨʝʟʦʢ h ʠ ʧʦʣʫʦʢ-

ʨʫʞʥʦʩʪʴ ʨʘʟʙʠʚʘʝʤ ʥʘ ʦʜʠʥʘʢʦʚʦʝ ʯʠʩʣʦ ʯʘʩʪʝʡ. ɿʘ-

ʪʝʤ ʥʘʭʦʜʠʤ ʪʦʯʢʠ ʧʝʨʝʩʝʯʝʥʠʷ ʚʝʨʪʠʢʘʣʝʡ, ʧʨʦʚʝ-

ʜʝʥʥʳʭ ʠʟ ʪʦʯʝʢ ʜʝʣʝʥʠʷ ʦʢʨʫʞʥʦʩʪʠ ʠ ʛʦʨʠʟʦʥʪʘʣʴ-

ʥʳʭ ʣʠʥʠʡ, ʧʨʦʭʦʜʷʱʠʭ ʯʝʨʝʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʝ-

ʣʝʥʠʷ ʧʦʜʘʯʠ h. ʊʦʯʢʠ ʧʝʨʝʩʝʯʝʥʠʷ ʣʝʞʘʪ ʥʘ ʪʨʘʝʢ-

ʪʦʨʠʠ ʘʙʩʦʣʶʪʥʦʛʦ ʜʚʠʞʝʥʠʷ ʪʦʯʢʠ ɸ ʩʝʛʤʝʥʪʘ. ʇʦ 

ʵʢʚʠʜʠʩʪʘʥʪʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ ʙʫʜʫʪ ʜʚʠʛʘʪʴʩʷ ʣʶ-

ʙʳʝ ʪʦʯʢʠ ʣʝʟʚʠʷ ʥʦʞʘ. 

ʆʪʛʠʙʳ ʩʪʝʙʣʝʡ ʧʨʠ ʩʨʝʟʝ 

ɽʩʣʠ ʨʘʩʩʤʦʪʨʝʪʴ ʛʨʘʬʠʢ ʧʨʦʙʝʛʘ ʘʢʪʠʚʥʦʛʦ ʣʝʟ-

ʚʠʷ (ʩʤ. ʨʠʩ. 1.20,1.2I), ʪʦ ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ 

ʨʘʩʪʝʥʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʧʣʦʱʘʜʢʝ adB'à d'c'a, 

ʙʫʜʫʪ ʦʪʢʣʦʥʝʥʳ ʜʚʠʞʝʥʠʝʤ ʣʝʟʚʠʷ ɸ'ɺ'  ʚʧʨʘʚʦ ʠ 

ʩʨʝʟʘʥʳ ʫ ʚʢʣʘʜʳʰʘ ʥʘ ʫʯʘʩʪʢʝ d'c'. ʆʪʢʣʦʥʝʥʠʷ 

ʩʪʝʙʣʝʡ ʪʘʢʦʛʦ ʨʦʜʘ ʧʨʠ ʩʨʝʟʝ ʥʘʟʳʚʘʶʪ ʧʦʧʝʨʝʯʥʳʤ 

ʦʪʛʠʙʦʤ. ʈʘʩʪʝʥʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʧʣʦʱʘʜʢʝ 

ʩʘʩ
'
c ʩʨʝʞʝʪʩʷ ʚ ʪʦʯʢʝ ʩ'. ʊʘʢʦʝ ʦʪʢʣʦʥʝʥʠʝ ʩʪʝʙʣʝʡ 

ʧʦ ʭʦʜʫ ʤʘʰʠʥʳ ʥʘʟʳʚʘʝʪʩʷ ʧʨʦʜʦʣʴʥʳʤ ʦʪʛʠʙʦʤ. 
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ʈʠʩʫʥʦʢ 1.20 ɻʨʘʬʠʢ ʧʨʦʙʝʛʘ ʘʢʪʠʚʥʦʛʦ ʣʝʟʚʠʷ 
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ʈʠʩʫʥʦʢ 1.21 ʇʦʩʪʨʦʝʥʠʝ ʢʦʩʠʥʫʩʦʠʜʳ 

ʇʨʠ ʨʘʩʯʝʪʘʭ ʩʨʝʟʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʚʘʞʥʦ ʟʥʘʪʴ 

ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʧʝʨʝʯʥʳʭ ʠ ʧʨʦʜʦʣʴʥʳʭ 

ʦʪʛʠʙʦʚ ʨʘʩʪʝʥʠʡ ʧʨʠ ʩʨʝʟʝ. 

ɸʥʘʣʠʪʠʯʝʩʢʠ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦʧʝʨʝʯ-

ʥʦʛʦ ʦʪʛʠʙʘ ʨʘʚʥʦ: 

2

0
0max 1

2
ö
÷

õ
æ
ç

å
+ö

÷

õ
æ
ç

å
-=

r

hb
tq

p
          (1.13) 

ʛʜʝ t0 - ʰʘʛ ʧʨʦʪʠʚʦʨʝʞʫʱʠʭ ʧʘʣʴʮʝʚ, ʤʤ; 

b0 - ʰʠʨʠʥʘ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʧʘʣʴʮʘ, ʤʤ;  

r - ʨʘʜʠʫʩ ʢʨʠʚʦʰʠʧʘ, ʤʤ;  

h - ʧʦʜʘʯʘ ʤʘʰʠʥʳ, ʤʤ.  

ɼʣʠʥʘ ʦʪʜʝʣʝʥʥʦʡ ʯʘʩʪʠ ʩʪʝʙʣʷ ʧʨʠ ʵʪʦʤ ʦʪʛʠʙʝ 

ʨʘʚʥʘ: 

22

maxmax
HqLq +=  , ʤʤ             (1.14) 

ɸʥʘʣʠʪʠʯʝʩʢʠ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʦʜʦʣʴ-
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ʥʦʛʦ ʦʪʛʠʙʘ ʨʘʚʥʦ: 

Lq max = A*h-h', ʤʤ                         (1.I5) 

ɸ = 1,29 ʜʣʷ ʦʜʥʦʧʨʦʙʝʞʥʳʭ ʨʝʞʫʱʠʭ ʘʧʧʘʨʘ-

ʪʦʚ; 

ɸ=0,77 ʜʣʷ ʜʚʫʭʧʨʦʙʝʞʥʳʭ ʨʝʞʫʱʠʭ ʘʧʧʘʨʘʪʦʚ; 

h - ʧʦʜʘʯʘ ʤʘʰʠʥʳ; 

h' - ʚʳʩʦʪʘ ʩʝʛʤʝʥʪʘ. 

ɼʣʠʥʘ ʦʪʢʣʦʥʝʥʥʦʡ ʯʘʩʪʠ ʩʪʝʙʣʷ ʧʨʠ ʧʨʦʜʦʣʴʥʦʤ 

ʦʪʛʠʙʝ ʨʘʚʥʘ: 

2

max

2

max
lHLl +=                            (1.16) 

ɼʠʘʛʨʘʤʤʘ ʦʪʛʠʙʦʚ ʩʪʝʙʣʝʡ 

ɼʠʘʛʨʘʤʤʫ ʦʪʛʠʙʦʚ ʩʪʝʙʣʝʡ ʦʙʳʯʥʦ ʩʪʨʦʷʪ ʜʣʷ 

ʩʪʝʙʣʝʡ ʨʘʩʪʝʥʠʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʦʜʥʦʤ ʨʷʜʢʝ ʫ 

ʢʨʦʤʢʠ ʧʘʣʴʮʘ ʧʦ ʭʦʜʫ ʤʘʰʠʥʳ (ʨʠʩ. 1.22). ʇʨʝʜʚʘ-

ʨʠʪʝʣʴʥʦ ʩʪʨʦʷʪ ʛʨʘʬʠʢ ʧʨʦʙʝʛʘ ʘʢʪʠʚʥʦʛʦ ʣʝʟʚʠʷ. 

ɿʘʪʝʤ ʩʪʨʦʷʪ ʧʨʷʤʦʫʛʦʣʴʥʳʡ ʪʨʝʫʛʦʣʴʥʠʢ abc ʩ ʢʘʪʝ-

ʪʘʤʠ ʘʩ = ˊr ʠ bʩ = h. ʇʦʣʦʞʝʥʠʝ ʛʠʧʦʪʝʥʫʟʳ ʧʦʢʘ-

ʞʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʧʝʨʝʯʥʦʛʦ ʦʪʛʠʙʘ ʨʘʩʪʝʥʠʡ, qmax- 

ʧʦʧʝʨʝʯʥʳʡ ʦʪʛʠʙ. ʉʪʝʙʣʠ ʨʷʜʢʘ ʥʘ ʫʯʘʩʪʢʘʭ ɸɺ ʠ 

ɼɽ ʩʨʝʞʫʪʩʷ ʫ ʣʝʟʚʠʷ ʧʘʣʴʮʘ 1 ʧʨʠ ʜʚʠʞʝʥʠʠ ʩʝʛ-

ʤʝʥʪʘ ʚʣʝʚʦ. ɺʳʩʦʪʘ ʩʪʝʨʥʠ ʥʘ ʵʪʠʭ ʫʯʘʩʪʢʘʭ ʧʦʩʣʝ 

ʧʨʦʭʦʜʘ ʩʨʝʟʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʙʫʜʝʪ ʨʘʚʥʘ ʚʳʩʦʪʝ 

ʫʩʪʘʥʦʚʢʠ ʫʩʪʨʦʡʩʪʚʘ ʥʘʜ ʟʝʤʣʝʡ ʅʩʪ. 

ʉʪʝʙʣʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʫʯʘʩʪʢʝ ɺʉ, ʜʚʠʞʝʥʠ-

ʝʤ ʣʝʟʚʠʷ ʩʝʛʤʝʥʪʘ ʚ ʧʨʘʚʦ ʙʫʜʫʪ ʦʪʢʣʦʥʷʪʴʩʷ ʢ 
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ʈʠʩʫʥʦʢ 1.22 ɻʨʘʬʠʢ ʦʪʛʠʙʦʚ ʩʪʝʙʣʝʡ ʧʨʠ ʩʨʝʟʝ 

ʧʘʣʴʮʫ 2 ʠ ʩʨʝʟʘʪʴʩʷ ʫ ʝʛʦ ʢʨʦʤʢʠ ʩ ʧʦʧʝʨʝʯʥʳʤ ʦʪ-

ʛʠʙʦʤ qmax. ʈʘʩʪʝʥʠʷ ʥʘ ʫʯʘʩʪʢʝ ʉɼ ʙʫʜʫʪ ʦʪʢʣʦʥʷʪʴ-

ʩʷ ʚʜʦʣʴ ʭʦʜʘ ʤʘʰʠʥʳ ʠ ʩʨʝʟʘʪʴʩʷ ʚ ʪʦʯʢʝ ɼ ʜʚʠʞʝ-

ʥʠʝʤ ʣʝʟʚʠʷ ʩʝʛʤʝʥʪʘ ʚʣʝʚʦ. 

ʅʘʠʙʦʣʴʰʠʡ ʧʨʦʜʦʣʴʥʳʡ ʦʪʛʠʙ lmax ʨʘʚʝʥ ʦʪʨʝʟ-

ʢʫ ʉɼ ʜʣʷ ʩʪʝʙʣʷ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʪʦʯʢʝ ʉ, ʥʘʠ-

ʤʝʥʴʰʠʡ lmin = 0 (ʜʣʷ ʩʪʝʙʣʷ ʚ ʪʦʯʢʝ ɼ). 
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ɼʣʠʥʘ ʩʪʝʨʥʠ ʨʘʚʥʘ: 

2

max

2

max
lHL ʩʪl +=                               (1.17) 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 1.22, lʪax  ʥʝʚʝʣʠʢʦ. ʆʩʥʦʚ-

ʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʧʦʧʝʨʝʯʥʳʡ ʦʪʛʠʙ. 

ʈʘʙʦʪʘ ʩʨʝʟʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʥʠʟʢʦʛʦ ʨʝʟʘʥʠʷ 

ʙʦʣʴʰʝ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠ-

ʷʤ, ʥʝʞʝʣʠ ʘʧʧʘʨʘʪ ʥʦʨʤʘʣʴʥʦʛʦ ʨʝʟʘʥʠʷ. ʈʘʙʦʪʘ 

ʩʨʝʟʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʢʦʤʙʘʡʥʦʚ ʦʪʣʠʯʘʝʪʩʷ ʙʦʣʝʝ 

ʚʳʩʦʢʦʡ ʠʭ ʫʩʪʘʥʦʚʢʦʡ ʥʘʜ ʟʝʤʣʝʡ (ʅ = 15 ʩʤ) ʠ ʧʦ-

ʚʳʰʝʥʥʳʤ ʟʥʘʯʝʥʠʝʤ (h = 120 ʤʤ). 

ʇʨʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʦʪʛʠʙʘʭ ʩʪʝʙʣʝʡ ʚʦʟʥʠʢʘʝʪ 

ʦʧʘʩʥʦʩʪʴ ʚʳʩʢʘʣʴʟʳʚʘʥʠʷ ʠʭ ʠʟ ʨʘʩʪʚʦʨʘ ʨʝʞʫʱʝʡ 

ʧʘʨʳ. ʇʦʵʪʦʤʫ ʜʣʷ ʘʧʧʘʨʘʪʦʚ ʥʦʨʤʘʣʴʥʦʛʦ ʨʝʟʘʥʠʷ 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ, ʯʪʦʙʳ lmaxåqmax. 

ʇʣʦʱʘʜʠ ʧʦʜʘʯʠ ʠ ʥʘʛʨʫʟʢʠ ʥʘ ʣʝʟʚʠʝ ʩʝʛʤʝʥʪʘ  

ʇʣʦʱʘʜʴ ʧʦʜʘʯʠ Fn - ʵʪʦ ʪʘ ʧʣʦʱʘʜʴ ʧʦʣʷ ʩʦ 

ʩʪʝʙʣʷʤʠ, ʥʘ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʠʭ ʩʨʝʟ ʦʜʥʠʤ ʩʝʛ-

ʤʝʥʪʦʤ ʟʘ ʦʜʠʥ ʭʦʜ ʥʦʞʘ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʦʱʘʜʠ ʧʦʜʘʯʠ ʚʥʘʯʘʣʝ ʧʦ-

ʩʪʨʦʠʤ ʛʨʘʬʠʢ ʧʨʦʙʝʛʘ (ʨʠʩ. 1.23). ʅʘ ʟʘʰʪʨʠʭʦʚʘʥ-

ʥʦʡ ʧʣʦʱʘʜʢʝ ʩʪʝʙʣʠ ʫʞʝ ʙʳʣʠ ʩʨʝʟʘʥʳ ʣʝʟʚʠʝʤ ɸɺ 

ʧʨʠ ʭʦʜʝ ʥʦʞʘ ʚʣʝʚʦ. 

ʇʣʦʱʘʜʴ ʧʦʜʘʯʠ Fʧ ʧʦ ʬʦʨʤʝ ʤʦʞʝʪ ʙʳʪʴ ʚ ʚʠʜʝ 

ʬʠʛʫʨʳ, ʦʛʨʘʥʠʯʝʥʥʦʡ ʪʦʯʢʘʤʠ 1-2-3-4-5-6-7-8-1. 

ʕʪʘ ʬʠʛʫʨʘ ʦʛʨʘʥʠʯʝʥʘ ʢʦʩʠʥʫʩʦʠʜʥʦʡ ʠ ʧʨʷʤʦʡ ʣʠ-

ʥʠʷʤʠ. 
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ʊʘʢ ʢʘʢ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʠ ʧʝʨʝʥʦʩʥʦʝ ʜʚʠʞʝʥʠʝ 

ʥʦʞʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʨʘʚʥʝʥʠʷʤʠ 

X=r(1-cosɤt)=r(1-cosű), 

p

j

p

w
Ö=Ö= h

t
hY  

ʪo ʧʣʦʱʘʜʴ ʧʦʜʘʯʠ ʙʫʜʝʪ: 

( ) [ ]p
pp

jj
p

j
p

j 2

0

2

0

2

0

1sincos1 -=-== ññ
hr

d
h

rxdxFʧ
 

.ShFn Ö=  

ʊʦʛʜʘ ʜʣʷ ʘʧʧʘʨʘʪʦʚ ʥʦʨʤʘʣʴʥʦʛʦ ʨʝʟʘʥʠʷ 

Fʧ =hS = ht0 =ht ð ʦʜʥʦʧʨʦʙʝʞʥʳʡ; 

Fʧ= hS = 2hl0 = 2ht - ʜʚʫʭʧʨʦʙʝʞʥʳʡ.         (1.19) 

ʇʣʦʱʘʜʴ ʥʘʛʨʫʟʢʠ ʥʘ ʣʝʟʚʠʝ ʩʝʛʤʝʥʪʘ - ʵʪʦ ʪʘ 

ʥʘʠʙʦʣʴʰʘʷ ʯʘʩʪʴ ʧʣʦʱʘʜʠ ʧʦʜʘʯʠ, ʥʘ ʢʦʪʦʨʦʡ ʩʝʛ-

ʤʝʥʪ ʩʨʝʟʘʝʪ ʨʘʩʪʝʥʠʷ ʟʘ ʦʜʠʥ ʭʦʜ ʥʦʞʘ ʫ ʦʜʥʦʛʦ ʠʟ 

ʧʘʣʴʮʝʚ.  

ʇʣʦʱʘʜʴ ʥʘʛʨʫʟʢʠ Fʧ ʥʘ ʣʝʟʚʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʠ-

ʧʦʤ ʫʩʪʨʦʡʩʪʚʘ ʠ ʨʘʚʥʘ: 

Fʥ=KȚFn.                                     (1.20) 

ɼʣʷ ʫʩʪʨʦʡʩʪʚ ʥʦʨʤʘʣʴʥʦʛʦ ʨʝʟʘʥʠʷ Fʥ = Fʧ ʠ ʂ = 

1, ʪ.ʢ. ʚʩʝ ʩʪʝʙʣʠ ʩʨʝʟʘʶʪʩʷ ʟʘ ʦʜʠʥ ʭʦʜ ʥʦʞʘ ʫ ʦʜʥʦ-

ʛʦ ʧʘʣʴʮʘ. ɼʣʷ ʫʩʪʨʦʡʩʪʚ ʩ ʜʚʦʡʥʳʤ ʧʨʦʙʝʛʦʤ ʥʦʞʘ: 

ʫ ʧʝʨʚʦʛʦ ʧʘʣʴʮʘ Fʥô = 0,32 Fʥ 



 52 

ʫ ʚʪʦʨʦʛʦ ʧʘʣʴʮʘ Fʥñ =  0,18Fn. 

 

 

ʈʠʩʫʥʦʢ 1.23 ʂ ʦʧʨʝʜʝʣʝʥʠʶ Fʧ ʠ Fʥ 

ʋ ʪʘʢʠʭ ʫʩʪʨʦʡʩʪʚ ʥʘʛʨʫʟʢʘ ʤʝʥʴʰʝ ʠ Fʥ = 0,32. 

ʍʘʨʘʢʪʝʨ ʨʝʟʘʥʠʷ ʩʪʝʙʣʝʡ ʠ ʫʩʣʦʚʠʷ ʠʭ ʟʘ-

ʱʝʤʣʝʥʠʷ 

ʅʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʨʘʙʦʪʳ 

ʩʨʝʟʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʚʦʟʜʘʶʪʩʷ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦ-

ʛʜʘ ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʘʥʠʝ ʩʦ ʩʢʦʣʴʞʝʥʠʝʤ, ʭʘʨʘʢʪʝʨ 

ʨʝʟʘʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʥʦʞʘ Vʥ, 
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ʤʘʰʠʥʳ Vʤ, ʠ ʬʦʨʤʳ ʩʝʛʤʝʥʪʘ, ʫʛʣʘ Ŭ (ʨʠʩ. 1.24).  

ʀʟ ʨʠʩʫʥʢʘ 1.24 ʩʣʝʜʫʝʪ: 

Vʥó= rȚɤ sinɤ t sin Ŭ, 

VH" =  r ɤ sinɤ t cos Ŭ, 

VM' =VʤcosŬ, 

VM"   = Vʤ sinŬ. 

ʍʘʨʘʢʪʝʨ ʨʝʟʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʝ-

ʟʫʣʴʪʠʨʫʶʱʝʡ ʩʢʦʨʦʩʪʠ Vp (ʨʠʩ. 1.24). ɽʝ ʧʨʦʝʢʮʠʷ 

ʥʘ ʥʘʧʨʘʚʣʝʥʠʝ ʣʝʟʚʠʷ ʥʦʞʘ ʨʘʚʥʘ 

       Vʣ=VH '- VM' = r ɤ sinɤtȚsin Ŭ -VM ïcosŬ. 

ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʢʦʣʴʞʝʥʠʷ ʣʝʟʚʠʷ ʧʦ ʩʪʝʙ-

ʣʶ ʧʨʠʥʠʤʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʩʢʦʣʴʞʝʥʠʷ: 

ge tg
V

V

p

n ==                                        (1.21) 

ʛʜʝ ɔ-ʫʛʦʣ ʤʝʞʜʫ ʥʦʨʤʘʣʴʶ ʢ ʣʝʟʚʠʶ ʠ ʘʙʩʦʣʶʪʥʦʡ 

ʩʢʦʨʦʩʪʴʶ Vp.  

ʝʩʣʠ, ɤt = 90Á, ʪʦ ʚʦʟʤʦʞʥʳ ʩʣʝʜʫʶʱʠʝ ʪʨʠ ʚʘ-

ʨʠʘʥʪʘ: 

1) ,cossin aaw Ö<Ö ʤVr   
w

a
r

V
tg ʤ<  

2) ,cossin aaw Ö<Ö ʤVr   
w

a
r

V
tg ʤ=  
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ʈʠʩʫʥʦʢ 1.24 ʋʩʪʘʥʦʚʣʝʥʠʝ ʭʘʨʘʢʪʝʨʘ ʨʝʟʘʥʠʷ 

 

ʈʠʩʫʥʦʢ 1.25 ʆʧʨʝʜʝʣʝʥʠʝ ʫʩʣʦʚʠʷ ʟʘʱʝʤʣʝʥʠʷ ʩʪʝʙʣʝʡ ʚ 

ʨʝʞʫʱʝʡ ʧʘʨʝ 

3) ,cossin aaw Ö<Ö ʤVr   
w

a
r

V
tg ʤ>  
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4) ʋʩʣʦʚʠʝ, ʢʦʛʜʘ 
w

a
r

V
tg ʤ=

 
ʭʘʨʘʢʪʝʨʠʟʫʝʪ 

ʦʪʩʫʪʩʪʚʠʝ ʩʢʦʣʴʞʝʥʠʷ ʣʝʟʚʠʷ ʧʦ ʩʪʝʙʣʶ. 

ʇʨʠ ʜʨʫʛʠʭ ʫʛʣʘʭ ʧʦʚʦʨʦʪʘ ʢʨʠʚʦʰʠʧʘ ɤt ʩʢʦ-

ʨʦʩʪʴ Vʣ ʤʦʞʝʪ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʘ ʢ ʚʝʨʭʥʝʤʫ ʦʩʥʦʚʘ-

ʥʠʶ ʩʝʛʤʝʥʪʘ. ʇʨʠ ʵʪʦʤ ʥʦʞ ʩʪʨʝʤʠʪʩʷ ʚʳʪʦʣʢʥʫʪɹ  

ʩʪʝʙʝʣʴ ʠʟ ʨʘʩʪʚʦʨʘ ʨʝʞʫʱʝʡ ʧʘʨʳ. ʅʘʠʙʦʣʝʝ ʙʣʘʛʦ-

ʧʨʠʷʪʥʦʝ ʫʩʣʦʚʠʝ ʜʣʷ ʩʨʝʟʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʚʳʨʘ-

ʞʝʥʦ ʟʘʚʠʩʠʤʦʩʪʴʶ (1.21). ʉʢʦʨʦʩʪʴ Vʣ ʟʘ ʧʦʣʥʳʡ 

ʭʦʜ ʥʦʞʘ ʤʝʥʷʝʪ ʟʥʘʢ ʜʚʘ ʨʘʟʘ, ʧʦʵʪʦʤʫ ʩʥʘʯʘʣʘ ʩʪʝ-

ʙʝʣʴ ʧʨʦʩʢʘʣʴʟʳʚʘʝʪ ʢ ʥʠʞʥʝʤʫ ʦʩʥʦʚʘʥʠʶ ʩʝʛʤʝʥ-

ʪʘ, ʟʘʪʝʤ ʢ ʚʝʨʭʥʝʤʫ ʠ ʥʘʦʙʦʨʦʪ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʪʝʙʣʠ 

ʧʦ ʚʩʝʡ ʜʣʠʥʝ ʣʝʟʚʠʷ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʨʘʚʥʦʤʝʨʥʦ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʣʦʚʠʝ (1.21) ʦʧʪʠʤʘʣʴʥʦ ʜʣʷ ʨʘʙʦ-

ʪʳ ʥʦʞʘ ʚ ʪʦʪ ʧʝʨʠʦʜ, ʢʦʛʜʘ ʦʥ ʥʘʢʣʦʥʷʝʪʷʝʪ ʠ ʧʦʜ-

ʚʦʜʠʪ ʩʪʝʙʣʠ ʢ ʧʨʦʪʠʚʦʨʝʞʫʱʝʡ ʧʣʘʩʪʠʥʝ. 

ɼʣʷ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʩʨʝʟʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʦʪʥʦ-

ʰʝʥʠʝ 
wr

Vʤ  ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 0,45õ0,6. ʇʨʝʚʳʰʝ-

ʥʠʝ ʵʪʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʧʨʠʚʦʜʠʪ ʢ ʥʝʯʠʩʪʦʤʫ ʩʨʝʟʫ 

ʩʪʝʙʣʝʡ. ʆʪʥʦʰʝʥʠʝ 
wr

Vʤ  ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʛ-

ʣʦʤ Ŭ ʥʘʢʣʦʥʘ  ʣʝʟʚʠʷ ʩʝʛʤʝʥʪʘ. ɼʣʷ ʞʘʪʦʢ ʠ ʢʦʩʠʣʦʢ  

Ŭ = 29Á, ʜʣʷ ʥʘʩʝʯʝʥʥʳʭ ʩʝʛʤʝʥʪʦʚ Ŭ = 35õ45
0
. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʨʝʟʘ ʩʪʝʙʣʝʡ 

ʥʝʦʙʭʦʜʠʤʦ ʫʩʣʦʚʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʙʫʜʝʪ ʦʪʩʫʪʩʪʚʦ-

ʚʘʪʴ ʚʳʪʘʣʢʠʚʘʥʠʝ ʩʪʝʙʣʝʡ ʠʟ ʨʘʩʪʚʦʨʘ ʨʝʞʫʱʝʡ ʧʘ-

ʨʳ: ʩʝʛʤʝʥʪ - ʧʨʦʪʠʚʦʨʝʞʫʱʘʷ ʧʣʘʩʪʠʥʘ (ʨʠʩ. 1.25). 

ʇʨʝʜʝʣʴʥʳʡ ʫʛʦʣ ɣ = Ŭ + ɓ ʨʘʩʪʚʦʨʘ ʨʝʞʫʱʝʡ 
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ʧʘʨʳ, ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʚʳʩʢʘʣʴʟʳʚʘʥʠʝ ʩʪʝʙʣʷ, ʥʘʟʳ-

ʚʘʝʪʩʷ ʫʛʣʦʤ ʟʘʱʝʤʣʝʥʠʷ. 

ɺʚʝʜʝʤ ʦʙʦʟʥʘʯʝʥʠʷ: N1 ʠ N2 - ʥʦʨʤʘʣʴʥʳʝ ʨʝʘʢ-

ʮʠʠ ʥʘ ʩʪʝʙʝʣʴ ʩʦ ʩʪʦʨʦʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʣʝʟʚʠʷ 

ʩʝʛʤʝʥʪʘ ʠ ʧʨʦʪʠʚʦʨʝʞʫʱʝʡ ʧʣʘʩʪʠʥʳ; ű1 ʠ ű2 - ʫʛʣʳ 

ʪʨʝʥʠʷ ʩʪʝʙʣʝʡ ʩ ʣʝʟʚʠʝʤ ʩʝʛʤʝʥʪʘ ʠ ʧʨʦʪʠʚʦʨʝʞʫ-

ʱʝʡ ʧʣʘʩʪʠʥʳ. 

ɺʦʟʥʠʢʘʶʱʠʝ ʩʠʣʳ ʪʨʝʥʠʷ ʤʝʞʜʫ ʩʪʝʙʣʝʤ ʠ ʣʝʟ-

ʚʠʷʤʠ ʨʝʞʫʱʝʡ ʧʘʨʳ ʨʘʚʥʳ: 

F1=N1* tg ű 1;       F2=N2*tg ű 2.   

ʇʨʠ ʧʨʠʥʷʪʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ XOY (ʨʠʩ. 

1.25) ʫʩʣʦʚʠʝ ʨʘʚʥʦʚʝʩʠʷ ʩʪʝʙʣʷ ʙʫʜʝʪ ʨʘʚʥʦ: 

0cossin 121 =Ö--Ö=ä yy FFNʍ  

ä =Ö-Ö-= 0cossin 112 yy NFNY          (1.22) 

ʏʪʦʙʳ ʩʪʝʙʝʣʴ ʥʝ ʚʳʪʘʣʢʠʚʘʣʩʷ, ʥʝʦʙʭʦʜʠʤʦ ʩʦ-

ʙʣʶʜʘʪʴ ʫʩʣʦʚʠʝ  

yy cossin 112 Ö-Ö² FNF   

ʠʣʠ      N2Țtgű2ÓN1Țsinɣ ïN1Țtgű1Țcos ɣ. 

ʀʟ ʚʪʦʨʦʛʦ ʫʨʘʚʥʝʥʠʷ (1.22) ʚʳʨʘʟʠʤ N2 ʠ ʧʦʜ-

ʩʪʘʚʠʤ ʝʛʦ ʚ ʧʦʩʣʝʜʥʝʝ ʚʳʨʘʞʝʥʠʝ, ʧʦʩʣʝ ʧʨʝʦʙʨʘʟʦ-

ʚʘʥʠʡ ʧʦʣʫʯʠʤ: 

tgɣÒtg(ű1+ ű 2), 
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ʦʪʩʶʜʘ                       ɣ Òű 1+ ű 2,                           (1.23) 

ʀʪʘʢ, ʫʩʣʦʚʠʝ ʟʘʱʝʤʣʝʥʠʷ ʩʪʝʙʣʝʡ ʚ ʨʘʩʪʚʦʨʝ 

ʨʝʞʫʱʝʡ ʧʘʨʳ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ: 

ɣ= 21 jjba +¢+                           (1.24) 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʣʘʞʥʦʩʪʠ ʩʪʝʙʣʝʡ ʩʫʤʤʘ ʫʛ-

ʣʦʚ ʪʨʝʥʠʷ ʜʣʷ ʧʰʝʥʠʮʳ ʨʘʚʥʘ 20-35Á, ʜʣʷ ʪʨʘʚ - 25-

60Á. ɽʩʣʠ ʩʝʛʤʝʥʪʳ ʩ ʥʘʩʝʯʢʦʡ, ʪʦ •1 + •2 ʥʘ 30-50 % 

ʙʦʣʴʰʝ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʫʛʦʣ ʨʘʩʪʚʦʨʘ ʨʝʞʫʱʝʡ ʧʘʨʳ 

ʩʣʝʜʫʝʪ ʙʨʘʪʴ 30-45Á. 

ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʧʨʦʠʟʦʡʜʝʪ ʟʘʱʝʤʣʝʥʠʝ ʩʪʝʙʣʷ, 

ʦʥ ʥʘʯʥʝʪ ʧʝʨʝʤʝʱʘʪʴʩʷ ʚʤʝʩʪʝ ʩ ʤʘʰʠʥʦʡ, ʠ ʢʘʯʝ-

ʩʪʚʦ ʩʨʝʟʘ ʝʛʦ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʢʦ-

ʨʦʩʪʠ ʥʦʞʘ. 

1.1.6 ʆʩʥʦʚʳ ʪʝʦʨʠʠ ʩʨʝʟʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʜʣʷ 

ʩʢʘʰʠʚʘʥʠʷ ʪʦʣʩʪʦʩʪʝʙʝʣʴʥʳʭ ʢʫʣʴʪʫʨ 

ʆʩʦʙʝʥʥʦʩʪʠ ʨʘʙʦʪʳ 

ʆʩʦʙʝʥʥʦʩʪʠ ʨʘʙʦʪʳ ʩʨʝʟʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ, ʧʨʠ 

ʩʢʘʰʠʚʘʥʠʠ ʪʦʣʩʪʦʩʪʝʙʝʣʴʥʳʭ ʢʫʣʴʪʫʨ ʦʙʫʩʣʦʚʣʝʥʳ 

ʠʭ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ɹʦʣʴʰʦʡ ʜʠʘʤʝʪʨ ʩʪʝʙʣʝʡ ʢʫʢʫʨʫʟʳ, ʧʦʜʩʦʣʥʝʯ-

ʥʠʢʘ, ʪʨʦʩʪʥʠʢʘ ʠ ʪ.ʜ. (40-60 ʤʤ) ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴ-

ʥʦʛʦ ʫʩʠʣʠʷ ʠ ʚʨʝʤʝʥʠ ʥʘ ʧʝʨʝʨʝʟʘʥʠʝ. ɾʝʩʪʢʦʩʪʴ 

ʩʪʝʨʥʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʫʩʠʣʠʡ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʩʨʝʟʘʶʱʠʡ ʘʧʧʘʨʘʪ ʚ ʚʝʨ-
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ʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ. ɺʩʝ ʵʪʠ ʬʘʢʪʦʨʳ ʷʚʣʷʶʪʩʷ ʩʦ-

ʧʫʪʩʪʚʫʶʱʠʤʠ ʠ ʫʩʫʛʫʙʣʷʶʱʠʤʠ ʫʩʣʦʚʠʷ ʩʨʝʟʘʥʠʷ. 

ʋʩʣʦʚʥʦ ʩʨʝʟʘʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʪʦʣʩʪʦʩʪʝ-

ʙʝʣʴʥʳʭ ʢʫʣʴʪʫʨ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʛʨʫʧʧʳ:   

1) ʩʝʛʤʝʥʪʥʳʝ; 2) ʜʠʩʢʦʚʳʝ; 3) ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ. 

ʉʨʝʟʘʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ ʧʝʨʚʦʡ ʛʨʫʧʧʳ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ, ʧʨʠʤʝʥʷʪʁʩʷ ʚ ʦʩʥʦʚʥʦʤ ʜʣʷ 

ʩʢʘʰʠʚʘʥʠʷ ʩʪʝʙʣʝʡ ʢʫʢʫʨʫʟʳ. ʉʨʝʟʘʶʱʠʝ  ʫʩʪʨʦʡ-

ʩʪʚʘ ʚʪʦʨʦʡ ʠ ʪʨʝʪʴʝʡ ʛʨʫʧʧ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʩʢʘ-

ʰʠʚʘʥʠʷ ʠ ʧʝʨʝʨʝʟʘʥʠʷ ʩʪʝʙʣʝʡ ʪʨʦʩʪʥʠʢʘ ʠ ʜʨʫʛʠʭ 

ʢʫʣʴʪʫʨ. 

ʈʝʟʘʥʠʝ ʪʦʣʩʪʦʩʪʝʙʝʣʴʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥ-

ʥʳʭ ʢʫʣʴʪʫʨ ʩʝʛʤʝʥʪʥʳʤ ʩʨʝʟʘʶʱʠʤ ʫʩʪʨʦʡʩʪʚʦʤ 

ɽʩʣʠ ʨʘʩʩʤʦʪʨʝʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʝʨʝʨʝʟʘʝʤʦʛʦ 

ʩʪʝʙʣʷ ʩʦ ʩʨʝʟʘʶʱʠʤ ʫʩʪʨʦʡʩʪʚʦʤ ʩʝʛʤʝʥʪʥʦʛʦ ʪʠʧʘ 

(ʨʠʩ. 1.26) ʚ ʧʨʦʮʝʩʩʝ ʜʚʠʞʝʥʠʷ ʢʦʤʙʘʡʥʘ  ʩʢʦʨʦ-

ʩʪʴʶ VK, ʪʦ ʥʝʪʨʫʜʥʦ ʫʚʠʜʝʪʴ, ʯʪʦ ʟʘ ʚʨʝʤʷ ʧʝʨʝʨʝ-

ʟʘʥʠʷ ʩʪʝʙʣ ̫ʧʨʦʡʜʝʪ ʧʫʪʴ 

Sʢ=vʢȚtʨ. 

ʕʪʦ ʚʨʝʤʷ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʦ ʪʘʢ: 

acosÖ
=

p

p
V

d
t  

ʛʜʝ d- ʜʠʘʤʝʪʨ ʩʪʝʙʣʷ, ʤʤ; 

Vʨ- ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʨʝʟʘʥʠʷ, ʤ/ʩ; 

Ŭ -ʫʛʦʣ ʥʘʢʣʦʥʘ ʣʝʟʚʠʷ ʩʝʛʤʝʥʪʘ ʢ ʥʘʧʨʘʚʣʝʥʠʶ 

ʜʚʠʞʝʥʠʷ ʢʦʤʙʘʡʥʘ, ʛʨʘʜ. 
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ʉʢʦʨʦʩʪʴ ʨʝʟʘʥʠʷ - ʚʝʣʠʯʠʥʘ ʧʝʨʝʤʝʥʥʘʷ. ʉʨʝʜ-

ʥʷʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʨʝʟʘʥʠʷ ʨʦʚʥʘ: 

30

nS
Vp

Ö
=  

ʛʜʝ n-ʯʠʩʣʦ ʦʙʦʨʦʪʦʚ ʢʨʠʚʦʰʠʧʘ ʚ ʤʠʥʫʪʫ; 

S - ʭʦʜ ʩʝʛʤʝʥʪʘ ʟʘ İ ʦʙʦʨʦʪʘ ʢʨʠʚʦʰʠʧʘ, ʤʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʫʪʴ Sʢ, ʧʨʦʡʜʝʥʥʳʡ ʢʦʤʙʘʡʥʦʤ 

ʟʘ ʚʨʝʤʷ ʧʝʨʝʨʝʟʘʥʠʷ ʩʪʝʙʣʷ ʚʳʨʘʟʠʪʩʷ ʪʘʢ: 

acos**

30

nS

d
VS kk =                                (1.27) 

ɽʩʣʠ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʚʟʷʪʴ ʧʘʨʘʤʝʪʨʳ ʩʨʝ-

ʟʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʢʦʤʙʘʡʥʘ ʂʉ-1,8, ʪ.ʝ.: 

Vʢ = 1500 ʤʤ/ʩ; S = 90 ʤʤ; n = 460 ʩ
-1
, ‌ = 38Á ʠ 

ʦʧʨʝʜʝʣʠʪʴ ʧʫʪʴ, ʧʨʦʭʦʜʠʤʳʡ ʢʦʤʙʘʡʥʦʤ ʟʘ ʚʨʝʤʷ 

ʧʝʨʝʨʝʟʘʥʠʷ ʩʪʝʙʣʷ (ʧʨʠ dʩʪ=30 ʤʤ), ʪʦ ʧʦʣʫʯʠʤ: 

5,41
785,046090

3030
1500 =

ÖÖ

Ö
Ö=kS  

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʩʪʝʙʝʣʴ ʚ ʥʘʯʘʣʝ ʩʨʝʟʘʥʠʷ ʥʘ-

ʢʣʦʥʝʥ ʚ ʩʪʦʨʦʥʫ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʜʚʠʞʝʥʠʶ 

ʢʦʤʙʘʡʥʘ (ʧʦʣʦʞʝʥʠʝ 1, ʨʠʩ. 1.26). ʊʦʛʜʘ ʚ ʧʨʦʮʝʩʩʝ 

ʝʛʦ ʧʝʨʝʨʝʟʘʥʠʷ ʩʨʝʟʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ, ʫʚʣʝʢʘʷ ʩʪʝ-

ʙʝʣʴ, ʥʘʢʣʦʥʷʝʪ ʝʛʦ ʚʧʝʨʝʜ (ʧʦʣʦʞʝʥʠʝ 2). 

ʉʨʝʟʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ, ʜʚʠʛʘʷʩʴ ʧʘʨʘʣʣʝʣʴʥʦ 

ʧʦʯʚʝ ʥʘ ʚʳʩʦʪʝ h, ʧʝʨʝʤʝʱʘʝʪʩʷ ʠʟ ʪʦʯʢʠ ɸ ʚ ʪʦʯʢʫ 
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ɸ1, ʩʝʯʝʥʠʝ ʞʝ ʩʪʝʙʣʷ ʙʫʜʝʪ ʩʪʨʝʤʠʪʴʩʷ ʜʚʠʛʘʪʴʩʷ ʧʦ 

ʜʫʛʝ ɸɸ1
'
 (ʪʨʘʝʢʪʦʨʠʷ ʪ. ɸ). 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʦʛʦ ʩʚʷʟʘʥʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ 

ʩʪʝʙʝʣʴ, ʧʦʯʚʘ ʠ ʩʨʝʟʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ ʜʦʣʞʥʳ ʜʝ-

ʬʦʨʤʠʨʦʚʘʪʴʩʷ, ʯʪʦʙʳ ʣʠʢʚʠʜʠʨʦʚʘʪʴ ʧʨʠʨʦʩʪ ȹh 

ʚʳʩʦʪʳ ʩʪʝʙʣʷ ʧʦ ʚʝʨʪʠʢʘʣʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʝʛʦ ʧʦʚʦ-

ʨʦʪʘ. 

 

 

ʈʠʩʫʥʦʢ 1.26 ʉʨʝʟʘʥʠʝ ʪʦʣʩʪʦʩʪʝʙʝʣʴʥʳʭ ʢʫʣʴ-

ʪʫʨ ʩʝʛʤʝʥʪʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ 

 

ʈʠʩʫʥʦʢ 1.27 ʉʨʝʟʘʥʠʝ ʪʦʣʩʪʦʩʪʝʙʝʣʴʥʳʭ ʢʫʣʴʪʫʨ 
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ɺ ʜʨʫʛʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʩʨʝʟʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ 

ʚʩʪʨʝʯʘʝʪ ʚ ʥʘʯʘʣʝ ʨʝʟʘʥʠʷ ʧʨʷʤʦʩʪʦʷʱʠʡ ʩʪʝʙʝʣʴ 

(ʧʦʣʦʞʝʥʠʝ 2), ʧʦʩʣʝʜʥʠʡ ʚ ʧʨʦʮʝʩʩʝ ʩʨʝʟʘʥʠʷ ʥʘ-

ʢʣʦʥʷʝʪʩʷ ʚ ʧʦʣʦʞʝʥʠʝ 3. ʇʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ 

ʫʤʝʥʴʰʝʥʠʝ ʚʳʩʦʪʳ ʩʪʝʙʣʷ ʧʦ ʚʝʨʪʠʢʘʣʠ ʥʘ ʚʝʣʠʯʠ-

ʥʫ ȹh' ʠ ʥʘ ʚʩʝ ʩʚʷʟʘʥʥʳʝ ʵʣʝʤʝʥʪʳ (ʩʝʛʤʝʥʪ, ʩʪʝ-

ʙʝʣʴ ʠ ʧʦʯʚʘ) ʜʝʡʩʪʚʫʶʪ ʩʠʣʳ ʦʙʨʘʪʥʦʛʦ ʥʘʧʨʘʚʣʝ-

ʥʠʷ. 

 

ʈʠʩʫʥʦʢ 1.28 ʂ ʦʩʚʦʙʦʞʜʝʥʠʶ ʧʘʨʘʤʝʪʨʦʚ ʞʘʪʦʢ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥʳ ȹh ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝ-

ʨʘ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʨʠʩʫʥʢʦʤ 1.26, ʧʦʣʘʛʘʷ, ʯʪʦ  ɸɸ1- 

ʧʫʪʴ ʢʦʤʙʘʡʥʘ, ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʢʦʪʦʨʦʛʦ ʧʝʨʝʨʝʟʘʝʪ-

ʩʷ ʩʪʝʙʝʣʴ. ʀʟ ȹʆɸɸ1: 

hShh k -+=D 22  
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ʠʣʠ, ʧʦʜʩʪʘʚʣʷʷ ʚ ʵʪʫ ʬʦʨʤʫʣʫ ʟʥʘʯʝʥʠʷ Sʂ, ʧʦʣʫʯʠʤ: 

h
nS

d
Vhh k -ö

÷

õ
æ
ç

å

ÖÖ
Ö+=D

2

2

cos

30

a
  

ʇʦʜʩʪʘʚʠʤ ʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ Sʢ= 41,5 ʤʤ,  

h = 100 ʤʤ: 

91005.41100 22 =-+=Dh  

ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ, ʪ.ʝ. ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʚʳʩʦʪʳ 

ʩʪʝʙʣʷ ʧʦ ʚʝʨʪʠʢʘʣʠ, ȹhô ʠʤʝʝʪ ʪʘʢʫʶ ʞʝ ʚʝʣʠʯʠʥʫ, 

ʥʦ ʩ ʦʙʨʘʪʥʳʤ ʟʥʘʢʦʤ. 

ɼʣʷ ʨʘʙʦʪʳ ʩʨʝʟʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠʤʝʝʪ ʚʘʞʥʦʝ 

ʟʥʘʯʝʥʠʝ ʜʝʬʦʨʤʘʮʠʷ ʩʝʛʤʝʥʪʘ (ʠʟʛʠʙ) ʧʦʜ ʚʣʠʷʥʠʝʤ 

ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʠʣ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʥʳʭ 

ʥʘʤʠ ʷʚʣʝʥʠʷʭ, ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʩʪʝʙʝʣʴ ʧʝʨʝ-

ʤʝʱʘʝʪʩʷ ʠʟ ʧʦʣʦʞʝʥʠʷ 1 ʚ ʧʦʣʦʞʝʥʠʝ 2, ʥʘ ʩʝʛʤʝʥʪ 

ʜʝʡʩʪʚʫʝʪ ʩʠʣʘ P1, ʥʘʧʨʘʚʣʝʥʥʘʷ  ʚʚʝʨʭ. ɺʦ ʚʪʦʨʦʤ 

ʩʣʫʯʘʝ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʩʪʝʙʣʷ ʠʟ ʧʦʣʦʞʝʥʠʷ 2 ʚ 

ʧʦʣʦʞʝʥʠʝ 3 ʥʘ ʩʝʛʤʝʥʪ ʜʝʡʩʪʚʫʝʪ ʩʠʣʘ ʈ2, ʥʘʧʨʘʚ-

ʣʝʥʥʘʷ ʚʥʠʟ. 

ʇʨʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʵʪʠʭ ʩʠʣ 

ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʥʠ ʣʝʞʘʪ ʚ ʧʨʝʜʝʣʘʭ: P1=60-

70 ʢʛ - ʩʠʣʘ ʚʜʘʚʣʠʚʘʥʠʷ ʩʪʝʙʣʷ ʚ ʧʦʯʚʫ, ʈ2 = 90-100 

ʢʛ - ʩʠʣʘ ʚʳʜʝʨʛʠʚʘʥʠʷ ʩʪʝʙʣʷ ʠʟ ʧʦʯʚʳ. 

ɺ ʨʘʙʦʪʝ ʩʝʛʤʝʥʪ ʥʘʭʦʜʠʪʩʷ ʧʦʜ ʥʝʧʨʝʨʳʚʥʳʤ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʫʩʠʣʠʡ, ʤʝʥʷʶʱʠʭ ʥʘʧʨʘʚʣʝʥʠʝ ʠ ʚʝ-

ʣʠʯʠʥʫ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ. ɺʩʣʝʜʩʪʚʠʝ ʪɻʦʛʦ 
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ʦʩʥʦʚʥʳʤ ʚʠʜʦʤ ʦʧʘʩʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʩʝʛʤʝʥʪʦʚ 

ʧʨʠ ʩʢʘʰʠʚʘʥʠʠ ʪʦʣʩʪʦʩʪʝʙʝʣʴʥʳʭ ʢʫʣʴʪʫʨ ʷʚʣʷʝʪʩʷ 

ʠʭ ʠʟʛʠʙ. 

ʇʦʤʠʤʦ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʚ ʚʝʨ-

ʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʥʘ ʩʝʛʤʝʥʪ ʜʝʡʩʪʚʫʶʪ ʩʠʣʳ ʚ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ. ʕʪʦ ʩʠʣʳ ʨʝʘʢʮʠʠ ʩʨʝʟʘ 

(ʨʠʩ. 1.27). ʈʝʘʢʮʠʶ Q ʦʪ ʧʝʨʝʨʝʟʘʝʤʦʛʦ ʩʪʝʙʣʷ 

ʤʦʞʥʦ ʨʘʟʣʦʞʠʪʴ ʥʘ ʩʦʩʪʘʚʣʷʶʱʠʝ: 

Q1 ʥʦʨʤʘʣʴʥʫʶ ʢ ʣʝʟʚʠʶ ʩʝʛʤʝʥʪʘ, Q2 - ʚʜʦʣʴ 

ʣʝʟʚʠʷ. 

ʉʠʣʘ Q2 ʟʘʚʠʩʠʪ ʦʪ ʫʛʣʘ Ŭ ʠ ʚʳʟʳʚʘʝʪ ʚ ʧʨʦʮʝʩʩʝ 

ʨʝʟʘʥʠʷ ʩʢʦʣʴʞʝʥʠʝ ʩʪʝʙʣʷ ʧʦ ʣʝʟʚʠʶ, ʯʪʦ ʩʥʠʞʘʝʪ 

ʫʩʠʣʠʝ ʨʝʟʘʥʠʷ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʫʛʣʘ Ŭ Q2  ʫʚʝʣʠʯʠ-

ʚʘʝʪʩʷ, ʪ.ʢ. Q2 = Q sinŬ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʙʫʜʝʪ ʫʤʝʥʴ-

ʰʘʪʴʩʷ ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʧʨʦʮʝʩʩʘ ʨʝʟʘʥʠʷ, ʯʪʦ ʦʩʦʙʝʥ-

ʥʦ ʚʘʞʥʦ ʧʨʠ ʨʝʟʘʥʠʠ ʪʦʣʩʪʦʩʪʝʙʝʣʴʥʳʭ ʢʫʣʴʪʫʨ. 

ʆʜʥʘʢʦ ʩʠʣʘ Q2 ʥʘʧʨʘʚʣʝʥʘ ʥʘʨʫʞʫ ʠʟ ʨʝʞʫʱʝʡ ʧʘ-

ʨʳ, ʪ.ʝ. ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʤ ʝʝ ʟʥʘʯʝʥʠʠ ʩʪʝʙʝʣʴ ʥʘʯ-

ʥʝʪ ʚʳʩʢʘʣʴʟʳʚʘʪʴ ʠʟ ʨʘʩʪʚʦʨʘ ʨʝʞʫʱʝʡ ʧʘʨʳ. 

ʆʙʳʯʥʦ ʩʯʠʪʘʶʪ, ʯʪʦ ʧʨʝʜʝʣʦʤ ʫʚʝʣʠʯʝʥʠʷ ʫʛʣʘ Ŭ 

ʷʚʣʷʝʪʩʷ ʫʛʦʣ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʙʱʠʡ ʫʛʦʣ ʤʝʞʜʫ ʢʨʦʤ-

ʢʦʡ ʩʝʛʤʝʥʪʘ ʠ ʚʢʣʘʜʳʰʘ (ʫʛʦʣ ʟʘʱʝʤʣʝʥʠʷ) ʦʢʘʞʝʪ-

ʩʷ ʨʘʚʥʳʤ ʩʫʤʤʝ ʫʛʣʦʚ ʪʨʝʥʠʷ ʩʪʝʙʣʷ ʦʙ ʵʪʠ ʢʨʦʤʢʠ: 

ɣ=Ŭ+ɓ=ű1+ű2                         (1.30) 

ʧʨʠ ɣ<ű1+ű2 ʩʪʝʙʝʣʴ ʫʜʝʨʞʠʚʘʝʪʩʷ ʚ ʨʘʩʪʚʦʨʝ 

çʩʝʛʤʝʥʪ-ʚʢʣʘʜʳʰè; 

ʧʨʠ ɣ>ű1+ű2 ʩʪʝʙʝʣʴ ʚʳʩʢʘʣʴʟʳʚʘʝʪ. 

ʆʜʥʘʢʦ ʥʫʞʥʦ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʩʧʝʮʠʬʠʯʥʳʤ 
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ʜʣʷ ʩʨʝʟʘʥʠʷ ʪʦʣʩʪʳʭ ʩʪʝʙʣʝʡ ʷʚʣʷʝʪʩʷ ʚʦʟʥʠʢʥʦʚʝ-

ʥʠʝ ʟʥʘʯʠʪʝʣʴʥʳʭ ʩʠʣ, ʫʜʝʨʞʠʚʘʶʱʠʭ ʩʪʝʙʣʠ ʚ ʨʘʩ-

ʪʚʦʨʝ ʨʝʞʫʱʝʡ ʧʘʨʳ. ʕʪʠ ʩʠʣʳ ʚʦʟʥʠʢʘʶʪ ʚʩʣʝʜʩʪ-

ʚʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʪʝʙʣʝʡ ʧʨʦʜʦʣʴʥʦʤʫ ʠʟʛʠʙʫ, ʚʳ-

ʟʚʘʥʥʦʤʫ ʬʨʦʥʪʘʣʴʥʳʤ ʜʚʠʞʝʥʠʝʤ ʞʘʪʢʠ ɺʝʣʠʯʠʥʘ 

ʞʝ ʩʠʣʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʪʛʠʙʫ ʟʘʚʠʩʠʪ ʦʪ ʜʠʘʤʝʪʨʘ 

ʠ ʚʣʘʞʥʦʩʪʠ ʩʪʝʙʣʷ ʠ ʩʦʩʪʦʷʥʠʷ ʧʦʯʚʳ. 

ʋʯʠʪʳʚʘʷ ʵʪʦ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚ ʩʨʝʟʘʶʱʠʭ ʫʩʪ-

ʨʦʡʩʪʚʘʭ ʜʣʷ ʪʦʣʩʪʦʩʪʝʙʝʣʴʥʳʭ ʢʫʣʴʪʫʨ ʧʨʠʥʠʤʘʶʪ 

ʫʛʣʳ ʟʘʱʝʤʣʝʥʠʷ ʥʝʩʢʦʣʴʢʦ ʙʦʣʴʰʝ (ʥʘ 10-15 %), 

ʯʝʤ ʚ ʘʧʧʘʨʘʪʘʭ ʟʝʨʥʦʚʳʭ ʞʘʪʦʢ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʟʘ 

ʩʯʝʪ ʩʢʦʣʴʞʝʥʠʷ ʫʣʫʯʰʘʶʪʩʷ ʫʩʣʦʚʠʷ ʨʝʟʘʥʠʷ. 

ʂʨʠʪʠʯʝʩʢʠʡ ʫʛʦʣ ʟʘʱʝʤʣʝʥʠʷ, ʪ.ʝ. ʫʛʦʣ, ʚʳʰʝ 

ʢʦʪʦʨʦʛʦ ʩʥʠʞʘʝʪ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʨʝʞʫʱʝʡ ʧʘʨʳ, 

ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʩʦʩʪʦʷʥʠʷ ʨʝʞʫ-

ʱʠʭ ʢʨʦʤʦʢ. ɼʦʩʪʘʪʦʯʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʦʩʪʨʦʪʳ ʣʝʟʚʠʡ ʢʨʠʪʠʯʝʩʢʠʡ ʫʛʦʣ ʟʘʱʝʤʣʝʥʠʷ ʠʟ-

ʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 20-80Á. 

ʆʙʦʩʥʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʨʝʞʫʱʝʡ ʧʘʨʳ ʨʫʯʴ-

ʝʚʳʭ ʞʘʪʦʢ ʢʦʤʙʘʡʥʦʚ 

ʈʘʩʯʝʪʥʳʤ ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʣʝʟʚʠʷʤʠ ʧʨʦʪʠ-

ʚʦʨʝʞʫʱʠʭ ʧʣʘʩʪʠʥ ʷʚʣʷʝʪʩʷ ʨʘʩʩʪʦʷʥʠʝ t1 ʫ ʦʩʥʦʚʘ-

ʥʠʷ ʩʝʛʤʝʥʪʘ (ʨʠʩ. 1.28), ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʶʪ ʠʩʭʦʜʷ 

ʠʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʭʦʜʘ ʚ ʥʝʛʦ ʜʠʘʤʝʪʨʘ ʩʪʝʙʣʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʨʘʩʯʝʪʥʦʛʦ ʜʠʘʤʝʪʨʘ ʧʨʠʥʠʤʘʶʪ ʤʘʢ-

ʩʠʤʘʣʴʥʳʡ ʜʠʘʤʝʪʨ dmax  ʩʪʝʙʣʷ. 

ʀʟ ʨʠʩʫʥʢʘ 1.28 ʩʣʝʜʫʝʪ: 
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gcos
max

1

d
t =                                    (1.31) 

ʛʜʝ ɔ ï ʫʛʦʣ  ʥʘʢʣʦʥʘ ʩʪʝʙʣʷ. 

ʈʘʩʪʚʦʨ ʧʨʦʪʠʚʦʨʝʞʫʱʝʡ ʧʣʘʩʪʠʥʳ t2. ɽʩʣʠ ʨʘʩ-

ʪʝʥʠʷ ʦʪʢʣʦʥʝʥʳ ʦʪ ʣʠʥʠʡ ʨʷʜʢʘ ʥʘ ʚʝʣʠʯʠʥʫ 
2

2t , ʪʦ 

ʟʘʭʚʘʪ ʩʪʝʙʣʝʡ ʙʫʜʝʪ ʦʙʝʩʧʝʯʝʥ: 

4

cos
2

22 t
H

H

+

=g                                (1.32) 

ʇʨʠʤʝʨ:  dmax 
=
 50 ʤʤ, H = 100 ʤʤ, t2 = 200 ʤʤ.  

ʇo ʬʦʨʤʫʣʘʤ (1.32) ʠ (1.31) ʧʦʣʫʯʠʤ: 

Cos
 
y = 0,7;t1 = 71 ʤʤ.   

ʇʨʘʢʪʠʯʝʩʢʠ t1 = 70/90 ʤʤ. 

ɺʝʣʠʯʠʥʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʦʪʛʠʙʘ 

ʩʪʝʙʣʷ ʜʠʘʤʝʪʨʦʤ  dmin ʨʦʚʥʘ: 

( )
2

min21 dtt
q

-+
=                             (1.33) 

ʛʜʝ dmin = 8 ʤʤ ʠ q = 131,5 ʤʤ. 

16522 =+= qHl  , ʪ.ʝ. ʥʘ 65 ʤʤ ʙʦʣʴʰʝ ʅ. 

ʕʪʦ ʟʥʘʯʠʪʝʣʴʥʘʷ ʚʳʩʦʪʘ, ʫʚʝʣʠʯʠʚʘʶʱʘʷ ʧʦʪʝ-

ʨʠ. ʇʦʪʦʤʫ ʧʨʠ ʚʦʟʜʝʣʳʚʘʥʠʠ ʪʦʣʩʪʦʩʪʝʙʝʣʴʥʳʭ 

ʢʫʣʴʪʫʨ ʩʪʨʝʤʷʪʩʷ ʫʤʝʥʴʰʠʪʴ ʨʘʟʙʨʦʩ ʩʪʝʙʣʝʡ ʦʪʥʦ-

ʩʠʪʝʣʴʥʦ ʣʠʥʠʠ ʨʷʜʢʘ, ʘ ʚ ʢʦʥʩʪʨʫʢʮʠʷʭ ʨʝʞʫʱʠʭ 

ʘʧʧʘʨʘʪʦʚ ʥʝ ʟʘʚʳʰʘʪʴ ʟʥʘʯʝʥʠʝ t2. 
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ʈʝʟʘʥʠʝ ʪʦʣʩʪʦʩʪʝʙʝʣʴʥʳʭ ʢʫʣʴʪʫʨ ʜʠʩʢʦʚʦ-

ʨʦʪʦʨʥʳʤ ʩʨʝʟʘʶʱʠʤ ʫʩʪʨʦʡʩʪʚʦʤ 

ʆʧʳʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʝʛʤʝʥʪʥʳʭ ʨʝʞʫʱʠʭ ʘʧʧʘ-

ʨʘʪʦʚ ʥʘ ʫʙʦʨʢʝ ʪʦʣʩʪʦʩʪʝʙʝʣʴʥʳʭ ʢʫʣʴʪʫʨ ʩʚʠʜʝ-

ʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʩʦʚʝʨʰʝʥʩʪʚʝ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʨʘʙʦʯʝ-

ʛʦ ʦʨʛʘʥʘ. ʅʝʜʦʩʪʘʪʢʠ ʢʦʥʩʪʨʫʢʮʠʠ ʩʝʛʤʝʥʪʥʳʭ ʨʝ-

ʞʫʱʠʭ  ʘʧʧʘʨʘʪʦʚ ʜʦʩʪʘʪʦʯʥʦ ʦʩʚʝʱʝʥʳ ʚ ʣʠʪʝʨʘʪʫ-

ʨʝ [3, 4, 7, 17, 22]. ʉʣʝʜʫʝʪ ʪʦʣʴʢʦ  ʜʦʙʘʚʠʪʴ, ʯʪʦ ʧʨʠ 

ʫʙʦʨʢʝ ʪʦʣʩʪʦʩʪʝʙʝʣʴʥʳʭ ʢʫʣʴʪʫʨ ʚʦʟʥʠʢʘʶʪ ʜʦʧʦʣ-

ʥʠʪʝʣʴʥʳʝ ʥʝʨʘʚʥʦʤʝʨʥʳʝ ʥʘʛʨʫʟʢʠ ʥʘ ʩʝʛʤʝʥʪʳ 

ʩʨʝʟʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʣʦʭʦʝ ʢʘʯʝʩʪʚʦ 

ʩʨʝʟʘ ʩʪʝʙʣʝʡ, ʯʘʩʪʳʝ ʧʦʣʦʤʢʠ ʩʝʛʤʝʥʪʦʚ, ʫʚʝʣʠʯʝ-

ʥʠʝ ʵʥʝʨʛʦʝʤʢʦʩʪʠ. ɹʦʣʴʰʠʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʥʝʜʦʩ-

ʪʘʪʢʠ ʩʨʝʟʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʚʳʟʚʘʣʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʩʦʟʜʘʥʠʷ ʜʠʩʢʦʚʦʛʦ (ʨʦʪʘʮʠʦʥʥʦʛʦ) ʘʧʧʘʨʘʪʘ. ʅʝ-

ʩʤʦʪʨʷ ʥʘ ʥʝʢʦʪʦʨʳʝ ʥʝʜʦʩʪʘʪʢʠ (ʩʣʦʞʥʦʩʪʴ ʧʨʠʚʦʜʘ 

ʠ ʜʨ.), ʨʦʪʘʮʠʦʥʥʳʝ ʨʝʞʫʱʠʝ ʘʧʧʘʨʘʪʳ ʚ ʧʦʩʣʝʜʥʝʝ 

ʚʨʝʤʷ ʥʘʭʦʜʷʪ ʚʩʝ ʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ. 

ʈʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʚʦʧʨʦʩʳ ʪʝʦʨʠʠ ʨʝʟʘʥʠʷ 

ʜʠʩʢʦʚʳʤ ʘʧʧʘʨʘʪʦʤ (ʨʠʩ. 1.29). 

ɺʝʣʠʯʠʥʫ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʘʙʩʦʣʶʪʥʦʡ ʩʢʦʨʦʩʪʠ 

ʣʶʙʦʡ ʪʦʯʢʠ ʣʝʟʚʠʷ ʜʠʩʢʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʛʨʘʬʠ-

ʯʝʩʢʠ, ʝʩʣʠ ʟʘʜʘʪʴʩʷ ʚʝʣʠʯʠʥʦʡ 

ʤV

U
=l                                          (1-34) 

ʛʜʝ U - ʦʢʨʫʞʥʘʷ ʩʢʦʨʦʩʪʴ ʜʠʩʢʘ, ʤ/ʩ; 

Vʤ- ʧʦʩʪʫʧʘʪʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʤʘʰʠʥʳ, ʢʤ/ʯ. 
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ʄʛʥʦʚʝʥʥʳʡ ʮʝʥʪʨ ʚʨʘʱʝʥʠʷ ˊ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ 

ʦʩʝʚʦʡ ʣʠʥʠʠ ʜʠʩʢʦʚ OO1 ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʦˊ=r:́ 

lww
p p

r

r

rVV
ro ʤʤ ====

*

*
  ʪ.ʢ.

V

U
=l

       (1.35)
 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

.
p

l
r

r
=   

 

 

ʈʠʩʫʥʦʢ 1.29 ʂ ʦʧʨʝʜʝʣʝʥʠʶ ʫʩʣʦʚʠʷ ʩʨʝʟʘʥʠʷ 

ʏʝʤ ʙʦʣʴʰʝ ɚ, ʪʝʤ ʙʣʠʞʝ ʢ ʮʝʥʪʨʫ 0 ʨʘʩʧʦʣʘʛʘʝʪ-

ʩʷ ʤʛʥʦʚʝʥʥr ʡ ʮʝʥʪʨ .́ ʉʢʦʨʦʩʪʴ ʪʦʯʢʠ ɸ ʙʫʜʝʪ 

ʨʘʚʥʘ: 

Va=raȚɤ                                  (1.36) 

ʛʜʝ rʘ - ʤʛʥʦʚʝʥʥʳʡ ʨʘʜʠʫʩ ʚʨʘʱʝʥʠʷ. 

ɽʩʣʠ ʧʨʠʥʷʪʴ ʤʘʩʰʪʘʙ ʩʢʦʨʦʩʪʠ Õv=ɤ, ʪʦ -́ʩ, -́d, 

ˊ -ʝ, ˊ -f ʠ ʪ.ʜ. ʙʫʜʫʪ ʠʟʦʙʨʘʞʘʪʴ ʚʝʢʪʦʨʳ ʩʢʦʨʦʩʪʝʡ 
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ʵʪʠʭ ʪʦʯʝʢ, ʥʦ ʧʦʚʝʨʥʫʪʳʝ ʥʘ 90
0
 ʧʨʦʪʠʚ ʚʨʘʱʝʥʠʷ 

ʜʠʩʢʘ. 

ʀʟ ʨʠʩʫʥʢʘ 1.29 ʚʠʜʥʦ, ʯʪʦ 

Vmax = ˊȚM', Vmin=  ́M 

ɺʝʣʠʯʠʥʫ ʩʢʦʨʦʩʪʠ ʣʶʙʦʡ ʪʦʯʢʠ ʣʝʟʚʠʷ ʜʠʩʢʘ 

ʤʦʞʥʦ ʧʦʜʩʯʠʪʘʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠ ʠʟ ʪʨʝʫʛʦʣʴʥʠʢʘ 

ʆȚˊȚɸ: 

,cos21cos2 222 dll
w

dpp Ö-+=ÖÖ-+= ʤ
ɸ

V
rrrrr  

ʅʦ ,wÖ=aʘ rV  

.cos21 2 dllw Ö-+Ö=Ö= ʤaa VrV  

ʀʟ ʨʠʩʫʥʢʘ 1.29 

,)cos(cossin ppt dlda rrrVV Ö-=Ö-=Ö=  

.sincos da pÖ=Ö= rVVn  

ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʥʦʞʘ 

ʨʘʚʝʥ: 

,
sin

cos

sin

)cos(

d

dl

d

dl
at

p

pt -
=

Ö

Ö-
===

r

r

V

V
tg

n

 

.
sin

cos

d

dl
t

-
=  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʦʵʬʬʠʮʠʝʥʪ Ű ʟʘʚʠʩʠʪ ʦʪ ʧʦʣʦ-

ʞʝʥʠʷ ʪʦʯʢʠ ʥʘ ʣʝʟʚʠʠ ʜʠʩʢʘ (ʫʛʦʣ ŭ) ʠ ʚʝʣʠʯʠʥʳ ɚ. 

ɽʩʣʠ ɚ =1 ʠ ŭ = 0 ʠʣʠ ɚ ld arccos1 =< ʠ , ʪʦ Ű=0 
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ɽʩʣʠ ɚ>1 ʠ Ű>1, ʪʦʛʜʘ Űmin= 12-l  ʠ ŭ=arccos
l

1
. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʥʘʷ ʧʦʣʦʞʝʥʠʝ ʤʛʥʦʚʝʥʥʦʛʦ 

ʮʝʥʪʨʘ ʚʨʘʱʝʥʠʷ  ́ʤʦʞʥʦ ʣʝʛʢʦ ʦʧʨʝʜʝʣʠʪʴ ʥʘʧʨʘʚ-

ʣʝʥʠʝ ʠ ʚʝʣʠʯʠʥʫ ʘʙʩʦʣʶʪʥʦʡ ʩʢʦʨʦʩʪʠ ʣʶʙʦʡ ʪʦʯʢʠ 

ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ ʜʠʩʢʘ. 

ɽʩʣʠ ʘʙʩʦʣʶʪʥʘʷ ʩʢʦʨʦʩʪʴ ʪʦʯʢʠ ʣʝʟʚʠʷ ʜʠʩʢʘ Va 

ʥʘʭʦʜʠʪʩʷ ʚʥʝ ʫʛʣʘ ʪʨʝʥʠʷ ű, ʤʝʞʜʫ ʩʪʝʙʣʝʤ ʠ ʜʠʩ-

ʢʦʤ, ʦʪʣʦʞʝʥʥʦʛʦ ʦʪ ʥʦʨʤʘʣʠ ʚ ʵʪʦʡ ʪʦʯʢʝ, ʪʦ ʚ ʵʪʦʡ 

ʪʦʯʢʝ ʣʝʟʚʠʷ ʙʫʜʝʪ ʩʢʦʣʴʞʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʠ ʥʘʯʥʝʪʩʷ 

ʧʨʦʮʝʩʩ ʨʝʟʘʥʠʷ. ɽʩʣʠ ʩʢʦʨʦʩʪʴ Va ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝ-

ʜʝʣʘʭ ʫʛʣʘ ű, ʪʦ ʩʪʝʙʝʣʴ ʙʫʜʝʪ ʩʤʠʥʘʪʴʩʷ ʙʝʟ ʧʝʨʝʨʝ-

ʟʘʥʠʷ. ʀʤʝʷ ʵʪʦ ʚ ʚʠʜʫ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʘʥʘʣʠʟ ʣʶʙʦ-

ʛʦ ʨʝʞʫʱʝʛʦ ʜʠʩʢʘ ʥʘ ʥʘʣʠʯʠʝ ʧʨʦʮʝʩʩʘ ʩʨʝʟʘʥʠʷ 

ʩʪʝʙʣʝʡ. 

ʉʨʝʟʘʥʠʝ ʪʦʣʩʪʦʩʪʝʙʝʣʴʥʳʭ ʢʫʣʴʪʫʨ ʢʦʤʙʠ-

ʥʠʨʦʚʘʥʥʳʤ ʜʠʩʢʦʚʦ-ʩʝʛʤʝʥʪʥʴʠʤ ʩʨʝʟʘʶʱʠʤ 

ʫʩʪʨʦʡʩʪʚʦʤ 

ʂʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʩʨʝʟʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ 

ʪʦʣʩʪʦʩʪʝʙʝʣʴʥʳʭ ʢʫʣʴʪʫʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʠʩʢ 

(ʠʣʠ ʜʚʘ) ʩ ʫʢʨʝʧʣʝʥʥʳʤʠ ʥʘ ʥʝʤ ʩʝʛʤʝʥʪʘʤʠ. ʇʨʠ 

ʚʨʘʱʝʥʠʠ ʜʠʩʢʘ ʣʝʟʚʠʝ ʩʝʛʤʝʥʪʘ ʚʩʪʨʝʯʘʝʪ ʩʪʝʙʝʣʴ 

ʨʘʩʪʝʥʠʷ ʠ ʥʘ ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʠ ʧʝʨʝʨʝʟʘʝʪ ʝʛʦ. ʊʘ-

ʢʠʝ ʘʧʧʘʨʘʪʳ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʙʝʟ ʦʧʦʨʥʦʛʦ ʩʨʝʟʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʪʠ ʘʧʧʘʨʘʪʳ ʥʘʭʦʜʷʪ ʚʩʝ ʙʦʣʴ-

ʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ. 

ʅʘ ʨʠʩʫʥʢʝ 1.30 ʧʨʝʜʩʪʘʚʣʝʥ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ 

ʜʠʩʢ ʨʝʞʫʱʝʛʦ ʘʧʧʘʨʘʪʘ. ɺʦ ʚʨʝʤʷ ʨʘʙʦʪʳ ʜʠʩʢ ʩ 
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ʩʝʛʤʝʥʪʘʤʠ ʚʨʘʱʘʝʪʩʷ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, 

ʘ ʤʘʰʠʥʘ ʧʝʨʝʤʝʱʘʝʪʩʷ ʧʦʩʪʫʧʘʪʝʣʴʥʦ ʩʣʝʚʘ ʥʘʧʨʘ-

ʚʦ ʚ ʥʘʧʨʘʚʣʝʥʠʷ ʦʩʠ X. ʂʘʞʜʘʷ ʪʦʯʢʘ ʣʝʟʚʠʷ ʩʝʛ-

ʤʝʥʪʘ ʧʨʠ ʵʪʦʤ ʩʣʦʞʥʦʤ ʜʚʠʞʝʥʠʠ ʦʧʠʩʳʚʘʝʪ ʮʠʢ-

ʣʦʠʜʫ (ʪʨʦʭʦʠʜʫ). 

 

ʈʠʩʫʥʦʢ 1.30 ʉʭʝʤʘ ʨʘʙʦʪʳ ʜʠʩʢʦʚʦ-ʩʝʛʤʝʥʪʥʦʛʦ ʩʨʝ-

ʟʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʇʨʠʥʠʤʘʷ ʚʩʶ ʜʣʠʥʫ ʣʝʟʚʠʷ ʘʘ1 ʟʘ ʘʢʪʠʚʥʳʡ 

ʵʣʝʤʝʥʪ ʩʝʛʤʝʥʪʘ, ʧʦʣʫʯʠʤ ʧʣʦʱʘʜʢʫ, ʦʛʨʘʥʠʯʝʥʥʫʶ 

ʜʚʫʤʷ ʪʨʦʭʦʠʜʘʤʠ 1 ʩʦ ʩʨʝʟʘʥʥʳʤʠ ʨʘʩʪʝʥʠʷʤʠ. ʀʟ 

ʨʠʩʫʥʢʘ 1.30 ʚʠʜʥʦ, ʯʪʦ ʩʦʩʝʜʥʠʡ ʩʝʛʤʝʥʪ ʩ ʣʝʟʚʠʝʤ 

ʚʚ1; ʩʨʝʞʝʪ ʨʘʩʪʝʥʠʷ ʥʘ ʧʣʦʱʘʜʢʝ, ʦʛʨʘʥʠʯʝʥʥʦʡ 

ʪʨʦʭʦʠʜʘʤʠ 2. 

ɺʝʨʭʥʷʷ ʟʘʰʪʨʠʭʦʚʘʥʥʘʷ ʧʣʦʱʘʜʢʘ, ʦʛʨʘʥʠʯʝʥ-

ʥʘʷ ʪʨʦʭʦʠʜʘʤʠ ʦʙʦʠʭ ʩʝʛʤʝʥʪʦʚ, ʦʧʨʝʜʝʣʷʝʪ ʧʣʦ-
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ʱʘʜʴ ʭʦʣʦʩʪʦʡ ʨʘʙʦʪʳ ʚʪʦʨʦʛʦ ʩʝʛʤʝʥʪʘ, ʪʘʢ ʢʘʢ ʨʘʩ-

ʪʝʥʠʷ, ʢʦʪʦʨʳʝ ʩʪʦʷʣʠ ʥʘ ʵʪʦʡ ʧʣʦʱʘʜʢʝ, ʙʳʣʠ ʩʨʝ-

ʟʘʥʳ ʧʝʨʚʳʤ ʩʝʛʤʝʥʪʦʤ. 

Ha ʨʠʩʫʥʢʝ 1.30 ʪʘʢʞʝ ʧʦʢʘʟʘʥʘ ʧʣʦʱʘʜʢʘ (ʟʘ-

ʰʪʨʠʭʦʚʘʥʥʘʷ ʢʨʝʩʪʦʦʙʨʘʟʥʦ), ʦʛʨʘʥʠʯʝʥʥʘʷ ʪʨʦ-

ʭʦʠʜʘʤʠ 1 ʠ 2, ʥʘ ʢʦʪʦʨʦʡ ʨʘʩʪʝʥʠʷ ʥʝ ʙʫʜʫʪ ʩʨʝʟʘ-

ʥʳ. 

ʅʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʜʣʷ ʪʦʯʢʠ ‌:  

Xʘ' =Vʤt + RȚsinɤt,  

Yʘ' = RȚcosɤt.                                (1.41) 

ʛʜʝ VM ð ʩʢʦʨʦʩʪʴ ʤʘʰʠʥʳ. 

ʋʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʜʣʷ ʪʦʯʢʠ ʚ: 

ʍʚ' =Vʤt + R*sin(ɓ + ɤt),  

Yʚ' =R*cos(ɓ + ɤt ).                             (1.42) 

ʅʝʩʢʦʰʝʥʥʦʡ ʧʣʦʱʘʜʢʠ ʥʝ ʙʫʜʝʪ, ʝʩʣʠ 

X ʚ'-Xa" =h=l*cosa ,                             (1.43) 

ʛʜʝ l - ʜʣʠʥʘ ʘʢʪʠʚʥʦʡ ʢʨʦʤʢʠ ʣʝʟʚʠʷ; 

h - ʚʳʩʦʪʘ ʩʝʛʤʝʥʪʘ; 

Ŭ- ʫʛʦʣ ʧʦʩʪʘʥʦʚʢʠ ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ ʩʝʛʤʝʥʪʘ. 

ʃʝʟʚʠʝ ʘʘ1 ʧʨʦʡʜʝʪ ʯʝʨʝʟ ʦʩʴ X ʧʨʠ ʫʛʣʝ ʧʦʚʦʨʦ-

ʪʘ ʜʠʩʢʘ 
2

p
w=t . ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʨʝʤʷ ʧʦʚʦʨʦʪʘ ʜʠʩ-

ʢʘ ʥʘ ʯʝʪʚʝʨʪʴ ʦʢʨʫʞʥʦʩʪʠ ʩʦʩʪʘʚʠʪ: 
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T=
w

p

2
                                    (1.44) 

ʇʦʜʩʪʘʚʣʷʷ ʵʪʦ ʚʳʨʘʞʝʥʠʝ ʚ ʫʨʘʚʥʝʥʠʝ (1.43), 

ʧʦʣʫʯʠʤ: 

R
V

X ʄ

a
+

Ö
=
w

p

2
'  

ɺʪʦʨʦʡ ʩʝʛʤʝʥʪ ʚʚ1 ʧʨʦʡʜʝʪ ʯʝʨʝʟ ʦʩʴ X ʧʨʠ ʫʛʣʝ 

ʧʦʚʦʨʦʪʘ: 

.
2

5
2

2

' bpbp
p

w -=-+=t                    (1.46) 

ʆʧʨʝʜʝʣʷʷ ʠʟ ʧʦʩʣʝʜʥʝʛʦ (1.46) ʚʳʨʘʞʝʥʠʷ  t'  ʠ 

ʧʦʜʩʪʘʚʣʷʷ ʝʛʦ ʚ ʫʨʘʚʥʝʥʠʝ (1.43), ʧʦʣʫʯʠʤ: 

R
V

X ʄ

ɺʵ
+ö
÷

õ
æ
ç

å
-= bp

w 2

5
                       (1.47) 

ʇʦʜʩʪʘʚʣʷʷ ʚʝʣʠʯʠʥʳ ʍʘ". ʠ XB" ʚ ʫʨʘʚʥʝʥʠʝ 

(1.43), ʧʦʣʫʯʠʤ: 

,
2

cos

2 bp

a

bpw -

Ö
=

Ö
Ö

lhVʤ  

ʦʪʢʫʜʘ 

)2( bpw -=
h

Vʄ  

ɽʩʣʠ ʥʘ ʜʠʩʢʝ ʫʢʨʝʧʠʪʴ ʯʝʪʳʨʝ ʩʝʛʤʝʥʪʘ, ʪʦ ʦʥʠ 

ʦʙʨʘʟʫʶʪ ʧʨʷʤʦʡ ʫʛʦʣ, ʘ ʫʛʦʣ pb
2

3
=  ʠ ʪʦʛʜʘ 

,
2

p
w Ö=

h

Vʄ  

ʦʪʢʫʜʘ 

,
15

2 nhh
Vʤ

Ö
=

Ö
=
p

w
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ʠʣʠ 

,
15

2 n

VV
h ʤʤ =

Ö
=
w

p
 

ʕʪʠ ʫʨʘʚʥʝʥʠʷ ʩʚʷʟʳʚʘʶʪ ʤʝʞʜʫ ʩʦʙʦʡ ʪʨʠ ʧʘ-

ʨʘʤʝʪʨʘ (h, n ʠ VM) ʤʘʰʠʥʳ. 

ʇʦʣʴʟʫʷʩʴ ʜʘʥʥʳʤ ʫʨʘʚʥʝʥʠʝʤ, ʤʦʞʥʦ ʧʦ ʣʶʙʳʤ 

ʜʚʫʤ ʧʘʨʘʤʝʪʨʘʤ ʦʧʨʝʜʝʣʠʪʴ ʪʨʝʪʠʡ. 

ɺʨʝʤʷ t ʧʫʪʠ ʩʝʛʤʝʥʪʘ ʧʨʠ ʧʦʚʦʨʦʪʝ ʜʠʩʢʘ ʥʘ 

ʫʛʦʣ  ́(ʧʨʠ ʯʝʪʳʨʝʭ ʩʝʛʤʝʥʪʘʭ) ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝ-

ʥʦ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

,
4

2

0V

R
t

Ö
=
p

 

ʛʜʝ V0 - ʦʢʨʫʞʥʘʷ ʩʢʦʨʦʩʪʴ, ʤ/ʩ. 

ɿʘ ʵʪʦ ʚʨʝʤʷ ʤʘʰʠʥʘ ʧʨʦʡʜʝʪ ʧʫʪʴ 

VʤȚt=lȚcosŬ, 
ʦʪʢʫʜʘ 

,
cos

ʤV

l
t

aÖ
=                              (1.53) 

ʏʪʦʙʳ ʣʝʟʚʠʝ ʨʘʙʦʪʘʣʦ ʚʩʝʡ ʩʚʦʝʡ ʜʣʠʥʦʡ, ʥʝʦʙ-

ʭʦʜʠʤʦ ʩʦʙʣʶʜʘʪʴ ʫʩʣʦʚʠʝ 

,
cos

4

2

0 ʤV

l

V

R ap Ö
²

Ö
                            (1.54) 

ʦʪʢʫʜʘ 

,
cos4

20

a

p

Ö

Ö
²

l

R

V

V

ʤ

                               (1.55) 

ʅʘʧʨʠʤʝʨ, ʧʨʠ R = 0,3 ʤ, l = 0,05 ʤ ʠ a = 30Á ʠʤʝ-

ʝʤ ,110 ²
ʤV

V
 ʧʨʠ ʤʝʥʴʰʠʭ ʦʪʥʦʰʝʥʠʷʭ ʦʩʪʘʶʪʩʷ ʥʝ-

ʧʨʦʢʦʩʳ. 
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1.2 ʄʆʊʆɺʀʃɸ ʋɹʆʈʆʏʅʓʍ ʄɸʐʀʅ 

1.2.1 ʅʘʟʥʘʯʝʥʠʝ ʠ ʪʠʧʳ ʤʦʪʦʚʠʣ 

ʄʦʪʦʚʠʣʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʞʘʪʢʘʭ ʫʙʦʨʦʯʥʳʭ ʤʘ-

ʰʠʥ ʢʘʢ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʡ ʦʨʛʘʥ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʡ 

ʙʦʣʝʝ ʧʦʣʥʦʤʫ ʧʦʜʨʝʟʘʥʠʶ ʩʪʝʙʣʝʡ ʩʨʝʟʘʶʱʠʤ ʫʩʪ-

ʨʦʡʩʪʚʦʤ ʠ ʦʩʫʱʝʩʪʚʣʷʶʱʠʡ ʧʝʨʝʜʘʯʫ ʩʨʝʟʘʥʥʳʭ 

ʩʪʝʙʣʝʡ ʥʘ ʪʨʘʥʩʧʦʨʪʝʨ ʠʣʠ ʰʥʝʢ ʞʘʪʢʠ. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʤʦʪʦʚʠʣʘ ʦʙʲʷʩʥʷʝʪʩʷ 

ʪʝʤ, ʯʪʦ ʨʝʞʫʱʠʡ ʘʧʧʘʨʘʪ ʜʘʚʠʪ ʥʘ ʩʪʝʙʣʠ ʠ ʦʪʢʣʦ-

ʥʷʝʪ ʠʭ ʚʧʝʨʝʜ. ʇʦʵʪʦʤʫ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ, ʯʪʦ ʩʪʝʙʣʠ 

ʧʨʦʡʜʫʪ ʧʦʜ ʩʨʝʟʘʶʱʠʤ ʫʩʪʨʦʡʩʪʚʦʤ ʠ ʦʩʪʘʥʫʪʩʷ ʥʝ 

ʩʨʝʟʘʥʥʳʤʠ ʠʣʠ ʞʝ ʧʦʩʣʝ ʩʨʝʟʘʥʠʷ ʫʧʘʜʫʪ ʚʧʝʨʝʜ ʥʘ 

ʟʝʤʣʶ. ʇʨʠ ʨʝʜʢʦʤ ʭʣʝʙʦʩʪʦʝ ʩʪʝʙʣʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ 

ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʠ ʧʦʜ 

ʚʣʠʷʥʠʝʤ ʪʦʣʯʢʦʚ ʩʦ ʩʪʦʨʦʥʳ ʧʦʜʨʝʟʘʶʱʝʛʦ ʠʭ ʥʦ-

ʞʘ ʤʦʛʫʪ ʩʚʘʣʠʚʘʪʴʩʷ ʚ ʙʝʩʧʦʨʷʜʢʝ ʥʘ ʧʘʣʴʮʝʚʳʡ 

ʙʨʫʩ, ʪʨʘʥʩʧʦʨʪʝʨ, ʟʘʛʨʦʤʦʞʜʘʪʴ ʥʦʞ, ʟʘʪʨʫʜʥʷʷ ʝʛʦ 

ʨʘʙʦʪʫ. ʕʪʦ ʟʘʪʨʫʜʥʷʝʪ ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʘʣʢʘ 

ʧʨʠ ʨʘʟʜʝʣʴʥʦʡ ʫʙʦʨʢʝ ʠ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʦʪʨʠʮʘ-

ʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʢʘʯʝʩʪʚʦ ʨʘʙʦʪʳ ʤʦʣʦʪʠʣʴʥʦʛʦ ʫʩʪ-

ʨʦʡʩʪʚʘ ʢʦʤʙʘʡʥʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʘʚʠʣʴʥʦ ʨʘʙʦʪʘʶʱʝʝ ʤʦʪʦʚʠʣʦ 

ʜʦʣʞʥʦ ʧʦʜʭʚʘʪʳʚʘʪʴ (ʦʪʜʝʣʷʪʴ) ʩʪʝʙʣʠ ʟʘʨʘʥʝʝ, 

ʧʦʜʚʦʜʠʪʴ ʠʭ ʢ ʥʦʞʫ, ʧʦʜʜʝʨʞʠʚʘʪʴ ʚʦ ʚʨʝʤʷ ʩʨʝʟʘ-

ʥʠʷ ʠ ʫʢʣʘʜʳʚʘʪʴ ʩʨʝʟʘʥʥʳʝ ʩʪʝʙʣʠ ʥʘ ʪʨʘʥʩʧʦʨʪʝʨ 

(ʠʣʠ ʧʦʜ ʰʥʝʢ). 

ʇʨʘʢʪʠʯʝʩʢʠ ʤʦʪʦʚʠʣʦ ʠʟ-ʟʘ ʥʝʩʦʛʣʘʩʦʚʘʥʥʦʡ ʨʘ-

ʙʦʪʳ ʩʦ ʩʨʝʟʘʶʱʠʤ ʫʩʪʨʦʡʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ 
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ʙʦʣʴʰʠʭ ʧʦʪʝʨʴ: ʥʝʩʨʝʟʘʥʥʳʤʠ ʩʪʝʙʣʷʤʠ, ʩʨʝʟʘʥʥʳ-

ʤʠ ʠ ʫʧʘʚʰʠʤʠ ʥʘ ʟʝʤʣʶ, ʚʳʤʦʣʦʯʝʥʥʳʤʠ ʧʣʘʥʢʦʡ 

ʤʦʪʦʚʠʣʘ ʠʟ ʢʦʣʦʩʘ, ʩʚʦʙʦʜʥʳʤ ʟʝʨʥʦʤ. 

ʇʦ ʫʩʪʨʦʡʩʪʚʫ ʠ ʜʝʡʩʪʚʠʶ ʤʦʪʦʚʠʣʘ ʙʳʚʘʶʪ ʩ ʨʘ-

ʜʠʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʧʣʘʥʢʘʤʠ (ʞʝʩʪʢʦ-

ʧʣʘʥʯʘʪʦʝ), ʵʢʩʮʝʥʪʨʠʢʦʚʦʝ (ʧʘʨʘʣʣʝʣʦʛʨʘʤʤʥʦʝ) ʠ 

ʢʦʧʠʨʫʶʱʝʝ. 

ʄʦʪʦʚʠʣʦ ʩ ʨʘʜʠʘʣʴʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʧʣʘʥʦʢ 

(ʨʠʩ. 1.31ʘ) ʩʦʩʪʦʠʪ ʠʟ ʚʘʣʘ 4, ʥʘ ʢʦʪʦʨʦʤ ʟʘʢʨʝʧʣʝ-

ʥʳ ʢʨʝʩʪʦʚʠʥʳ 3, ʞʝʩʪʢʦ ʩʦʝʜʠʥʝʥʥʳʝ ʣʫʯʘʤʠ 2 ʩ 

ʧʣʘʥʢʘʤʠ 1. ɼʣʷ ʧʨʠʜʘʥʠʷ ʞʝʩʪʢʦʩʪʠ ʣʫʯʠ ʩʦʝʜʠʥʝ-

ʥʳ ʩʪʷʞʢʘʤʠ 5. ʇʨʠ ʚʨʘʱʝʥʠʠ ʚʘʣʘ ʧʣʘʥʢʠ ʤʦʪʦʚʠʣʘ 

ʩʦʚʝʨʰʘʶʪ ʚʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ. 

ʊʘʢʠʝ ʤʦʪʦʚʠʣʘ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʨʘʙʦʪʘʶʪ 

ʪʦʣʴʢʦ ʧʨʠ ʫʙʦʨʢʝ ʧʨʷʤʦʩʪʦʷʱʝʛʦ ʭʣʝʙʘ, ʧʨʠ ʫʙʦʨʢʝ 

ʧʦʣʝʛʣʳʭ ʭʣʝʙʦʚ ʧʣʘʥʢʠ ʤʦʪʦʚʠʣʘ ʥʝ ʦʯʠʱʘʶʪ ʩʨʝ-

ʟʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ ʦʪ ʩʨʝʟʘʥʥʳʭ ʩʪʝʙʣʝʡ ʠ ʦʥʠ ʧʘ-

ʜʘʶʪ ʥʘ ʟʝʤʣʶ. ʂʨʦʤʝ ʵʪʦʛʦ, ʤʝʞʜʫ ʪʨʘʝʢʪʦʨʠʝʡ 

ʢʦʥʮʘ ʧʣʘʥʢʠ ʤʦʪʦʚʠʣʘ ʠ ʚʠʪʢʦʤ ʰʥʝʢʘ ʞʘʪʢʠ ʦʙʨʘ-

ʟʫʝʪʩʷ ʥʝʢʦʪʦʨʘʷ ʟʦʥʘ, ʚ ʢʦʪʦʨʦʡ ʩʢʘʧʣʠʚʘʶʪʩʷ ʩʪʝʙ-

ʣʠ. ɸ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʨʘʚʥʦʤʝʨʥʦʤʫ ʧʠʪʘʥʠʶ ʤʦ-

ʣʦʪʠʣʢʠ. 

ʕʢʩʮʝʥʪʨʠʢʦʚʦʝ (ʧʘʨʘʣʣʝʣʦʛʨʘʤʤʥʦʝ) ʤʦʪʦʚʠʣʦ 

(ʨʠʩ. 1.31 ʙ) ʩʦʩʪʦʠʪ ʠʟ ʚʘʣʘ 4, ʣʫʯʝʡ 2, ʦʙʦʡʤʳ 2 ʠ 

ʪʨʫʙ 8 ʩ ʧʨʫʞʠʥʥʳʤʠ ʧʘʣʴʮʘʤʠ 9. ʊʨʫʙʳ ʫʩʪʘʥʦʚʣʝ-

ʥʳ ʚ ʧʦʜʰʠʧʥʠʢʘʭ ʣʫʯʝʡ ʠ ʢʨʠʚʦʰʠʧʦʤ ʰʘʨʥʠʨʥʦ 

ʩʚʷʟʘʥʳ ʩ ʣʫʯʘʤʠ 10 ʢʦʣʴʮʝʚʦʡ ʦʙʦʡʤʳ. 

ʃʫʯʠ 2 ʚʨʘʱʘʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʰʘʨʥʠʨʘ ɸ, ʣʫʯʠ 

10 ï ʦʪʥʦʩʠʪʝʣʴʥʦ ʰʘʨʥʠʨʘ ɼ. 
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ʈʠʩʫʥʦʢ 1.31 ʉʭʝʤʳ ʤʦʪʦʚʠʣ: ʘ ï ʞʸʩʪʢʦ-

ʧʣʘʥʯʘʪʦʝ; ʙ ï ʵʢʩʮʝʥʪʨʠʢʦʚʦʝ; ʚ ï ʢʦʧʠʨʫʶʱʝʝ; 1 ï 

ʧʣʘʥʢʘ; 2 ï ʣʫʯ; 3 ï ʢʨʝʩʪʦʚʠʥʘ; 4 ï ʚʘʣ; 5 ʩʪʷʞʢʘ; 6 ï 

ʰʥʝʢ; 7 ï ʩʨʝʟʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ; 8 ï ʪʨʫʙʘ; 9 - ʧʨʫ-

ʞʠʥʥʳʝ ʧʘʣʴʮʳ; 10 ï ʣʫʯʠ; 11 ï ʢʦʣʴʮʝʚʘʷ ʦʙʦʡʤʘ; 

12 ï ʧʦʚʦʜʦʢ 
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ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʰʘʨʥʠʨʘʤʠ ɸ ʠ ɼ ʨʘʚʥʦ ʜʣʠʥʝ 

ʯʘʩʪʠ ʟʚʝʥʘ ɺʉ, ʘ ʜʣʠʥʘ ɸɺ ʨʘʚʥʘ ʨʘʩʩʪʦʷʥʠʶ ɼʉ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʣʫʯʠ 2 ʠ 10, ʢʨʠʚʦʰʠʧ ɺʉ ʪʨʫʙʳ ʠ 

ʥʝʧʦʜʚʠʞʥʦʝ ʟʚʝʥʦ ɸɼ ʦʙʨʘʟʫʶʪ ʧʘʨʘʣʣʝʣʦʛʨʘʤʥʳʡ 

ʤʝʭʘʥʠʟʤ ɸɺʉɼ. ʇʨʠ ʚʨʘʱʝʥʠʠ ʚʘʣʘ 4 ʩʦʭʨʘʥʷʝʪʩʷ 

ʧʘʨʘʣʣʝʣʴʥʦʩʪʴ ʟʚʝʥʴʝʚ ɸɺ ʠ ɼʉ ʠ ɸɼ || ɺʉ. ʊʘʢ, ʝʩ-

ʣʠ ʟʚʝʥʦ ɸɼ ʥʝ ʠʟʤʝʥʷʝʪ ʩʚʦʝʛʦ ʧʦʣʦʞʝʥʠʷ, ʪʦ ʟʚʝʥʦ 

ɺʉ ʚ ʧʨʦʮʝʩʩʝ ʜʚʠʞʝʥʠʷ ʦʩʪʘʝʪʩʷ ʧʘʨʘʣʣʝʣʴʥʳʤ ʩʘ-

ʤʦʤʫ ʩʝʙʝ, ʪ.ʝ. ʩʦʚʝʨʰʘʝʪ ʢʨʫʛʦʚʦʝ ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ 

ʜʚʠʞʝʥʠʝ. ʊʘʢ ʞʝ ʜʚʠʞʫʪʩʷ ʧʘʣʴʮʳ ʠ ʧʣʘʥʢʠ, ʞʝʩʪʢʦ 

ʩʦʝʜʠʥʝʥʥʳʝ ʩʦ ʟʚʝʥʦʤ ɺʉ. 

ʋʛʦʣ ʥʘʢʣʦʥʘ ʧʘʣʴʮʝʚ Ŭ ʤʦʞʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʠʟ-

ʤʝʥʝʥʠʝʤ ʧʦʣʦʞʝʥʠʷ ʦʩʠ ɼ, ʯʝʤ ʜʦʩʪʠʛʘʝʪʩʷ ʦʧʪʠ-

ʤʘʣʴʥʘʷ ʥʘʩʪʨʦʡʢʘ ʤʦʪʦʚʠʣʘ ʚ ʨʘʙʦʪʝ ʧʨʠ ʨʘʟʥʦʤ ʩʦ-

ʩʪʦʷʥʠʠ ʩʪʝʙʣʝʩʪʦʷ. 

ʕʢʩʮʝʥʪʨʠʢʦʚʦʝ ʤʦʪʦʚʠʣʦ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ 

ʨʘʙʦʪʘʝʪ ʢʘʢ ʥʘ ʧʨʷʤʦʩʪʦʷʱʝʤ, ʪʘʢ ʠ ʥʘ ʧʦʣʝʛʣʦʤ 

ʩʪʝʙʣʝʩʪʦʝ. ʆʜʥʘʢʦ ʧʨʠ ʫʙʦʨʢʝ ʢʦʨʦʪʢʦʩʪʝʙʝʣʴʥʳʭ 

ʢʫʣʴʪʫʨ ʦʥʦ ʧʣʦʭʦ ʧʦʜʘʝʪ ʩʪʝʙʣʠ ʢ ʰʥʝʢʫ. 

ʂʦʧʠʨʫʶʱʝʝ ʤʦʪʦʚʠʣʦ (ʨʠʩ. 1.31 ʚ) ʩʥʘʙʞʝʥʦ 

ʣʫʯʘʤʠ ʩ ʧʦʚʦʜʢʘʤʠ 12. ʇʦʚʦʜʢʠ ʧʝʨʝʢʘʪʳʚʘʶʪʩʷ ʧʦ 

ʙʝʛʦʚʦʡ ʜʦʨʦʞʢʝ ʘʚʩ, ʟʘ ʩʯʝʪ ʯʝʛʦ ʪʦʯʢʠ ʧʣʘʥʦʢ, ʟʘ-

ʢʨʝʧʣʝʥʥʳʭ ʥʘ ʣʫʯʘʭ, ʧʝʨʝʤʝʱʘʶʪʩʷ ʧʦ ʪʨʘʝʢʪʦʨʠ-

ʷʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʙʣʠʟʢʦ ʢ ʩʨʝʟʘʶʱʝʤʫ ʫʩʪʨʦʡʩʪ-

ʚʫ 7 ʠ ʰʥʝʢʫ 6. ʕʪʠʤ ʩʦʟʜʘʝʪʩʷ ʨʘʚʥʦʤʝʨʥʦʝ ʧʠʪʘʥʠʝ 

ʧʦʩʣʝʜʫʶʱʠʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʤʘʰʠʥʳ. 

ʊʘʢʠʤʠ ʤʦʪʦʚʠʣʘʤʠ ʦʙʦʨʫʜʫʶʪ ʞʘʪʢʠ ʜʣʷ ʫʙʦʨ-

ʢʠ ʢʦʨʦʪʢʦʩʪʝʙʝʣʴʥʳʭ ʩʦʨʪʦʚ ʟʝʨʥʦʚʳʭ ʢʦʣʦʩʦʚʳʭ, 

ʙʦʙʦʚʳʭ, ʢʨʫʧʷʥʳʭ ʠ ʜʨʫʛʠʭ ʢʫʣʴʪʫʨ. 



 78 

1.2.2 ʂʠʥʝʤʘʪʠʢʘ ʤʦʪʦʚʠʣʘ 

ʊʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʧʣʘʥʢʠ ʤʦʪʦʚʠʣʘ 

ʇʣʘʥʢʘ ʤʦʪʦʚʠʣʘ ʩʦʚʝʨʰʘʝʪ ʩʣʦʞʥʦʝ ʜʚʠʞʝʥʠʝ, 

ʧʝʨʝʥʦʩʥʦʝ ʚʤʝʩʪʝ ʩ ʤʘʰʠʥʦʡ ʩʦ ʩʢʦʨʦʩʪʴʶ VM ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ w ʚʦʢʨʫʛ ʦʩʠ 

ʤʦʪʦʚʠʣʘ ʆ. ʇʨʠ ʵʪʦʤ ʦʢʨʫʞʥʘʷ ʩʢʦʨʦʩʪʴ 

U = ɤR,  

ʛʜʝ R - ʨʘʜʠʫʩ ʤʦʪʦʚʠʣʘ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʩʢʦʨʦʩʪʝʡ Vʤ ʠ U 

ʘʙʩʦʣʶʪʥʘʷ ʪʨʘʝʢʪʦʨʠʷ ʪʦʯʢʠ ʧʣʘʥʢʠ ʤʦʪʦʚʠʣʘ ʤʦ-

ʞʝʪ ʠʤʝʪʴ ʚʠʜ ʫʢʦʨʦʯʝʥʥʦʡ ʠʣʠ ʫʜʣʠʥʝʥʥʦʡ ʮʠʢ-

ʣʦʠʜʳ (ʨʠʩ. 1.32). 

ɽʩʣʠ ʦʪʥʦʰʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ,1==
ʄV

U
l  ʪʦ ʘʙʩʦ-

ʣʶʪʥʘʷ ʪʨʘʝʢʪʦʨʠʷ ʪʦʯʢʠ ʧʣʘʥʢʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ 

ʚʠʜʝ ʫʢʦʨʦʯʝʥʥʦʡ ʮʠʢʣʦʠʜʳ. ʇʨʠ ʪʘʢʦʤ ʨʝʞʠʤʝ ʨʘ-

ʙʦʪʳ ʤʦʪʦʚʠʣʘ ʘʙʩʦʣʶʪʥʘʷ ʩʢʦʨʦʩʪʴ ʪʦʯʢʠ ʧʣʘʥʢʠ 

ʤʦʪʦʚʠʣʘ ʚ ʢʨʘʡʥʝʤ ʥʠʞʥʝʤ ʧʦʣʦʞʝʥʠʠ ʨʘʚʥʘ ʥʫʣʶ. 

ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʚ ʤʦʤʝʥʪ ʩʨʝʟʘʥʠʷ ʩʪʝʙʣʝʡ ʤʦʪʦʚʠʣʦ 

ʥʘ ʥʠʭ ʥʝ ʚʦʟʜʝʡʩʪʚʫʝʪ, ʠ ʵʪʠʤ ʦʙʲʷʩʥʷʶʪʩʷ ʙʦʣʴ-

ʰʠʝ ʧʦʪʝʨʠ ʩʪʝʙʣʝʡ. 

ɽʩʣʠ ɚ < 1, ʪʦ ʘʙʩʦʣʶʪʥʘʷ ʪʨʘʝʢʪʦʨʠʷ ʪʦʯʢʠ 

ʧʣʘʥʢʠ ʤʦʪʦʚʠʣʘ - ʫʜʣʠʥʝʥʥʘʷ ʮʠʢʣʦʠʜʘ, ʢʦʛʜʘ ʩʢʦ-

ʨʦʩʪʴ ʧʣʘʥʢʠ ʚ ʤʦʤʝʥʪ ʩʨʝʟʘ ʥʘʧʨʘʚʣʝʥʘ ʚʧʝʨʝʜ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʶ ʜʚʠʞʝʥʠʷ ʤʘʰʠʥʳ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ 

ʩʨʝʟʘʝʤʳʝ ʩʪʝʙʣʠ ʧʣʘʥʢʦʡ ʤʦʪʦʚʠʣʘ ʦʪʢʣʦʥʷʶʪʩʷ ʦʪ 

ʩʨʝʟʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠ ʪʝʨʷʶʪʩʷ. 
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ɽʩʣʠ ɚ > 1, ʪʦ ʘʙʩʦʣʶʪʥʘʷ ʪʨʘʝʢʪʦʨʠʷ ʪʦʯʢʠ 

ʧʣʘʥʢʠ ʚʳʛʣʷʜʠʪ ʚ ʚʠʜʝ ʮʠʢʣʦʠʜʳ (ʪʨʦʭʦʠʜʳ), ʦʙʨʘ-

ʟʫʷ ʚ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʧʝʪʣʶ ʪʨʦʭʦʠʜʳ. ʉʢʦʨʦʩʪʠ 

ʧʣʘʥʢʠ ʚ ʦʙʣʘʩʪʠ ʧʝʪʣʠ ʥʘʧʨʘʚʣʝʥʳ ʪʘʢ, ʯʪʦ ʩʧʦʩʦʙ-

ʩʪʚʫʶʪ ʧʨʦʮʝʩʩʫ ʩʨʝʟʘʥʠʷ (ʨʠʩ. 1.32). 

 

ʈʠʩʫʥʦʢ 1.32 ʊʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ ʧʣʘʥʢʠ ʤʦʪʦ-

ʚʠʣʘ 

 
ʈʠʩʫʥʦʢ 1.33 ʂʠʥʝʤʘʪʠʢʘ ʤʦʪʦʚʠʣʘ 
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ʋʨʘʚʥʝʥʠʝ ʪʨʦʭʦʠʜʳ ʧʦʣʫʯʠʤ, ʝʩʣʠ ʚʳʙʝʨʝʤ ʥʘ-

ʯʘʣʦ ʢʦʦʨʜʠʥʘʪ ʚ ʪʦʯʢʝ ʆ, ʥʘʧʨʘʚʠʤ ʦʩʴ X ʚ ʩʪʦʨʦʥʫ 

ʜʚʠʞʝʥʠʷ ʤʘʰʠʥʳ, ʘ ʦʩʴ Y ʚʥʠʟ (ʨʠʩ. 1.33). 

ɿʘ ʚʨʝʤʷ t ʮʝʥʪʨ ʤʦʪʦʚʠʣʘ ʆ ʧʝʨʝʤʝʩʪʠʪʩʷ ʚ ʧʦ-

ʣʦʞʝʥʠʝ ʆ1 ʥʘ ʚʝʣʠʯʠʥʫ ʧʫʪʠ VʤĿt, ʢʦʥʝʮ ʧʣʘʥʢʠ ʤʦ-

ʪʦʚʠʣʘ ʧʦʚʝʨʥʝʪʩʷ ʥʘ ʫʛʦʣ ű = ɤt ʠ ʟʘʡʤʝʪ ʧʦʣʦʞʝ-

ʥʠʝ A2. ʊʦʛʜʘ ʪʝʢʫʱʠʝ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ɸ ʙʫʜʫʪ: 

X = R*cosű + VʤȚt, 

Y = RȚsin ű.                                (1.56) 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ  
w

j
=t    ʠ   

R

U
=w  

ʪʦʛʜʘ 

U

R
t

j
=  

ʩʣʝʜʦʚʘʪʝʣʴʥʦ 

U

R
RX

j
j+Ö= cos  

ʠʣʠ 

)(cos
U

V
RX

jj+=  

ɽʩʣʠ ʦʙʦʟʥʘʯʠʪʴ ʧʦʢʘʟʘʪʝʣʴ ʢʠʥʝʤʘʪʠʯʝʩʢʦʛʦ 

ʨʝʞʠʤʘ ʨʘʙʦʪʳ  ɚ= ,
ʤV

U
 ʪʦ ʦʢʦʥʯʘʪʝʣʴʥʦ: 

,(cos
l

j
j+=RX                         (1.57) 

,sinjRY= . 
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ʉʢʦʨʦʩʪʠ ʪʦʯʝʢ ʧʣʘʥʢʠ ʤʦʪʦʚʠʣʘ ʠ ʠʭ ʘʥʘʣʠʟ 

ʉʢʦʨʦʩʪʴ ʪʦʯʝʢ ʧʣʘʥʢʠ ʤʦʪʦʚʠʣʘ ʚ ʩʠʩʪʝʤʝ ʦʩʝʡ 

ʍʆʋ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, ʧʨʦʜʠʬʬʝʨʝʥʮʠʨʦʚʘʚ ʚʳʨʘ-

ʞʝʥʠʷ (1.57) 

dt

d
RU x

j
j

l
)sin

1
( -= , 

,cos
dt

d
RU y

j
jÖ=  

ʀʤʝʷ ʚ ʚʠʜʫ, ʯʪʦ ,
dt

dj
 ʧʦʣʫʯʠʤ: 

,sinjUVUx -=  

,cosjÖ=UU y
                          (1.58) 

ʉʢʦʨʦʩʪʴ ʘʙʩʦʣʶʪʥʦʛʦ ʜʚʠʞʝʥʠʷ ʪʦʯʝʢ ʢʦʥʮʘ 

ʧʣʘʥʢʠ ʤʦʪʦʚʠʣʘ ʙʫʜʝʪ ʨʘʚʥʘ: 

22

yxʘʙʩ UUV +=  

ɿʘʤʝʥʷʷ Ux ʠ Uy ʠʭ ʟʥʘʯʝʥʠʷʤʠ ʠʟ ʚʳʨʘʞʝʥʠʷ 

(1.58), ʧʦʣʫʯʠʤ: 
2sin21 ljl +-=VVʘʙʩ , ʤ/ʩ            (1.59) 

ɺ ʪʦʯʢʘʭ ɸ ʠ ɽ ʘʙʩʦʣʶʪʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʧʣʘʥʢʠ 

ʤʦʪʦʚʠʣʘ (ʨʠʩ. 1.34) ʩʢʦʨʦʩʪʠ ʧʣʘʥʦʢ ʦʜʠʥʘʢʦʚʳʝ ʧʦ 

ʚʝʣʠʯʠʥʝ, ʥʦ ʥʘʧʨʘʚʣʝʥʳ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʚʥʠʟ (ʥʘ 

ʧʦʛʨʫʞʝʥʠʝ ʧʣʘʥʢʠ ʚ ʩʪʝʙʣʠ), ʚʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ 

ʚʚʝʨʭ (ʚʳʭʦʜ ʠʟ ʩʪʝʙʣʝʡ). 

ʆʪʨʝʟʦʢ ɸ,ɽ, - ʩʘʤʘʷ ʰʠʨʦʢʘʷ ʯʘʩʪʴ ʧʝʪʣʠ ʪʨʦ-

ʭʦʠʜʳ. ʇʦʣʝʟʥʘʷ ʨʘʙʦʪʘ ʧʣʘʥʢʠ ʤʦʪʦʚʠʣʘ ʩʦʚʝʨʰʘ-

ʝʪʩʷ ʥʘ ʫʯʘʩʪʢʝ ɸ1ɽ1. ʐʠʨʠʥʫ ʧʝʪʣʠ ʤʦʞʥʦ ʫʚʝʣʠ-
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ʯʠʪʴ ʟʘ ʩʯʝʪ ʫʜʣʠʥʝʥʠʷ ʨʘʜʠʫʩʘ R ʠʣʠ ʫʚʝʣʠʯʝʥʠʷ ɚ. 

 

ʈʠʩʫʥʦʢ 1.34 ɸʥʘʣʠʟ ʩʢʦʨʦʩʪʝʡ ʪʦʯʝʢ ʧʣʘʥʢʠ ʤʦ-

ʪʦʚʠʣʘ 

ʆʜʥʘʢʦ R ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʩʦʦʙ-

ʨʘʞʝʥʠʷʤʠ. ʋʚʝʣʠʯʝʥʠʝ ɚ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ 

ʧʦʚʳʰʝʥʠʷ ɤ, ʥʦ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʷʤ (ʚʳʤʦʣʦ-

ʯʝʥʥʳʤ ʧʣʘʥʢʦʡ) ʟʝʨʥʘ ʠʟ ʢʦʣʦʩʘ. ʇʨʘʢʪʠʯʝʩʢʠ ɚ = 

1,4õ2,5. 

ʇʨʦʙʣʝʤʘ ʧʦʚʳʰʝʥʠʷ ʨʘʙʦʯʠʭ ʩʢʦʨʦʩʪʝʡ ʞʘʪ-

ʚʝʥʥʳʭ ʤʘʰʠʥ ʪʨʝʙʫʝʪ ʩʥʠʞʝʥʠʷ ʯʠʩʣʘ ʧʣʘʥʦʢ ʤʦ-

ʪʦʚʠʣʘ ʠʣʠ ʩʦʟʜʘʥʠʷ ʙʝʟʤʦʪʦʚʠʣʴʥʦʡ ʞʘʪʢʠ. 
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ɺʳʙʦʨ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʤʦʪʦʚʠʣʘ 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʘʢ ʚʦʟʜʝʡʩʪʚʫʝʪ 

ʧʣʘʥʢʘ ʤʦʪʦʚʠʣʘ ʥʘ ʩʪʝʙʣʠ ʦʪ ʤʦʤʝʥʪʘ ʝʝ ʚʭʦʜʘ ʚ 

ʩʪʝʙʣʝʩʪʦʡ ʚ ʧʨʦʮʝʩʩʝ ʩʨʝʟʘ ʩʪʝʙʣʝʡ ʩʨʝʟʘʶʱʠʤ ʫʩʪ-

ʨʦʡʩʪʚʦʤ ʠ ʟʘʪʝʤ ʚʳʭʦʜʘ ʠʟ ʩʪʝʙʣʝʩʪʦʷ ʠ ʫʢʣʘʜʢʠ 

ʩʨʝʟʘʥʥʳʭ ʩʪʝʙʣʝʡ ʥʘ ʪʨʘʥʩʧʦʨʪʝʨ ʞʘʪʢʠ. 

ʅʘ ʨʠʩ. 1.34 ʠʟʦʙʨʘʞʝʥʘ ʦʢʨʫʞʥʦʩʪʴ - ʦʪʥʦʩʠ-

ʪʝʣʴʥʘʷ ʪʨʘʝʢʪʦʨʠʷ ʧʣʘʥʢʠ ʤʦʪʦʚʠʣʘ ʠ ʧʝʪʣʷ ʪʨʦ-

ʭʦʠʜʳ - ʘʙʩʦʣʶʪʥʘʷ ʪʨʘʝʢʪʦʨʠʷ. 

ʆʧʨʝʜʝʣʠʤ ʘʙʩʦʣʶʪʥʳʝ ʩʢʦʨʦʩʪʠ ʥʘʠʙʦʣʝʝ ʭʘ-

ʨʘʢʪʝʨʥʳʭ ʪʦʯʝʢ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʪʨʘʝʢʪʦʨʠʝʡ 

ABCDE. ɽʩʣʠ ʩʢʦʨʦʩʪʴ Va ʚ ʵʪʠʭ ʪʦʯʢʘʭ ʚʳʭʦʜʠʪ ʟʘ 

ʧʨʝʜʝʣʳ ʫʛʣʦʚ ʪʨʝʥʠʷ ʤʝʞʜʫ ʚʝʨʰʠʥʦʡ ʧʣʘʥʢʠ ʠ 

ʩʪʝʙʣʝʤ, ʪʦ ʧʣʘʥʢʘ ʩʢʦʣʴʟʠʪ ʧʦ ʩʪʝʙʣʝʩʪʦʶ. ɺ ʪʦʤ 

ʩʣʫʯʘʝ, ʢʦʛʜʘ Va ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʫʛʣʘ ʪʨʝʥʠʷ ʬ, 

ʧʣʘʥʢʘ ʟʘʭʚʘʪʳʚʘʝʪ ʩʪʝʙʣʠ, ʫʚʣʝʢʘʷ ʠʭ. 

ʀʤʝʷ ʚ ʚʠʜʫ ʵʪʦ ʫʩʣʦʚʠʝ, ʧʨʦʚʝʜʝʤ ʘʥʘʣʠʟ ʨʘʙʦ-

ʯʠʭ ʟʦʥ ʤʦʪʦʚʠʣʘ. ɼʥʷ ʵʪʦʛʦ ʨʘʜʠʫʩʦʤ r = RȚsinŬ, ʛʜʝ  

ű - ʫʛʦʣ ʪʨʝʥʠʷ ʩʪʝʙʣʷ ʦ ʧʣʘʥʢʫ, ʧʨʦʚʝʜʝʤ ʠʟ ʮʝʥʪʨʘ 

0 ʦʢʨʫʞʥʦʩʪʴ. ʏʝʨʝʟ ʤʛʥʦʚʝʥʥʳʡ ʮʝʥʪʨ ʈ ʚʨʘʱʝʥʠʷ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʦʪ ʆ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 
l

R
,  ʧʨʦʚʦʜʠʤ 

ʢʘʩʘʪʝʣʴʥʳʝ ʢ ʦʢʨʫʞʥʦʩʪʠ ʨʘʜʠʫʩʘ ʛ - DK ʠ ɺʄ, ʢʦ-

ʪʦʨʳʝ ʨʘʟʜʝʣʠʣʠ ʦʢʨʫʞʥʦʩʪʴ ʥʘ 4 ʟʦʥʳ ʪʨʝʥʠʷ ʠ 

ʩʢʦʣʴʞʝʥʠʷ ʧʣʘʥʢʠ ʧʦ ʩʪʝʙʣʷʤ. 
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ɺ ʪʦʯʢʝ ɸ' ʧʝʪʣʠ ʪʨʦʭʦʠʜʳ ʧʣʘʥʢʘ ʚʭʦʜʠʪ ʚ ʩʪʝʙ-

ʣʠ ʠ ʥʘʯʠʥʘʝʪ ʧʦʛʨʫʞʘʪʴʩʷ ʚ ʥʠʭ ʩʦ ʩʢʦʨʦʩʪʴʶ Vʘʙʩ, 

ʥʘʧʨʘʚʣʝʥʥʦʡ ʚʝʨʪʠʢʘʣʴʥʦ ʚʥʠʟ ʠ ʨʘʚʥʦʡ: 

Vʘ
A
=pȚA ɤ. 

ʇʝʨʝʥʝʩʝʤ ʚʩʝ ʭʘʨʘʢʪʝʨʥʳʝ ʪʦʯʢʠ ʩ ʦʢʨʫʞʥʦʩʪʠ 

ʥʘ ʪʨʦʭʦʠʜʫ. ʀʟ ʨʠʩʫʥʢʘ 1.34 ʚʠʜʥʦ, ʯʪʦ, ʥʘʯʠʥʘʷ ʩ 

ʪʦʯʢʠ ɸ' ʜʦ ʪʦʯʢʠ ɺ', ʧʣʘʥʢʘ, ʚʭʦʜʷ ʚ ʩʪʝʙʣʠ, ʥʘʯʠʥʘ-

ʝʪ ʠʭ ʧʦʜʛʠʙʘʪʴ ʢ ʨʝʞʫʱʝʤʫ ʘʧʧʘʨʘʪʫ. ʉʢʦʨʦʩʪʴ 

ʧʣʘʥʢʠ (ʘʙʩʦʣʶʪʥʘʷ) ʚʩʝ ʚʨʝʤʷ ʙʫʜʝʪ ʥʘʧʨʘʚʣʝʥʘ ʢ 

ʨʝʞʫʱʝʤʫ ʘʧʧʘʨʘʪʫ, ʚʝʣʠʯʠʥʘ ʝʝ ʙʫʜʝʪ ʤʝʥʷʪʴʩʷ. ʅʘ 

ʫʯʘʩʪʢʝ ɸ'ɺ' ʪʨʘʝʢʪʦʨʠʠ ʧʣʘʥʢʠ ʧʨʦʠʩʭʦʜʠʪ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦʝ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʝ ʧʣʘʥʢʠ ʧʦ ʩʪʝʙʣʷʤ ʚʥʠʟ. ɺ 

ʪʦʯʢʝ ɺ' ʪʨʦʭʦʠʜʳ ʧʣʘʥʢʘ ʫʞʝ ʥʝ ʩʢʦʣʴʟʠʪ ʧʦ ʩʪʝʙ-

ʣʷʤ, ʘ ʧʨʠʛʠʙʘʝʪ ʠʭ ʢ ʨʝʞʫʱʝʤʫ ʘʧʧʘʨʘʪʫ, ʠ ʪʘʢʦʝ 

ʜʝʡʩʪʚʠʝ ʧʨʦʜʦʣʞʘʝʪʩʷ ʜʦ ʪʦʯʢʠ D'. ʆʪ ʪʦʯʢʠ D' ʜʦ 

ʪʦʯʢʠ ɽ' ʥʘʯʠʥʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʝ 

ʧʣʘʥʢʠ ʧʦ ʩʪʝʙʣʷʤ ʚʚʝʨʭ. ɺʝʢʪʦʨʳ ʩʢʦʨʦʩʪʝʡ ʦʪ Vʘ
ɸ
 

ʜʦ Vʘ
ɺ
 , ʣʝʞʘʪ ʚʥʝ ʧʨʝʜʝʣʦʚ ʫʛʣʘ ʪʨʝʥʠʷ ű. 

ɺʝʢʪʦʨʳ ʩʢʦʨʦʩʪʝʡ ʦʪ Vʘ
ɺ
 ʠ Vʘ

D
 ʣʝʞʘʪ ʚ ʧʨʝʜʝʣʘʭ 

ʫʛʣʘ ʪʨʝʥʠʷ ű (ʧʣʘʥʢʠ ʧʦ ʩʪʝʙʣʷʤ). ɺ ʧʨʝʜʝʣʘʭ ʟʦʥʳ 

ʦʪ ʪʦʯʢʠ ɼ' ʜʦ ʪʦʯʢʠ ɽ' ʘʙʩʦʣʶʪʥʳʝ ʩʢʦʨʦʩʪʠ ʚʩʝʭ 

ʪʦʯʝʢ ʪʘʢʞʝ ʥʘʭʦʜʷʪʩʷ ʚʥʝ ʫʛʣʦʚ ʪʨʝʥʠʷ ű ʠ ʧʦʵʪʦʤʫ 

ʚ ʵʪʦʡ ʟʦʥʝ ʠʤʝʝʪ ʤʝʩʪʦ ʩʢʦʣʴʞʝʥʠʝ ʧʣʘʥʢʠ ʧʦ ʩʪʝʙ-

ʣʷʤ. ʊʘʢ ʢʘʢ ʚ ʵʪʦʡ ʟʦʥʝ ʧʣʘʥʢʠ ʚʳʭʦʜʷʪ ʠʟ ʭʣʝʙʥʦʡ 

ʤʘʩʩʳ, ʪʦ ʪʘʢʦʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʮʝʣʝʩʦʦʙʨʘʟʝʥ. 
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1.2.3 ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʦʪʦʚʠʣʘ ʩʦ ʩʪʝʙʣʝʤ 

ʉʪʝʧʝʥʴ ʚʦʟʜʝʡʩʪʚʠʷ ʧʣʘʥʢʠ ʤʦʪʦʚʠʣʘ ʥʘ 

ʩʪʝʙʝʣʴ 

ʂʘʞʜʘʷ ʧʣʘʥʢʘ ʤʦʪʦʚʠʣʘ ʥʘʯʠʥʘʝʪ ʜʝʡʩʪʚʦʚʘʪʴ 

ʥʘ ʩʪʝʙʝʣʴ (ʨʠʩ. 1.35) ʚ ʪʦʯʢʝ ɸ, ʜʣʷ ʢʦʪʦʨʦʡ Ux = 0, 

ʠ ʥʘʢʣʦʥʷʪʴ ʝʛʦ, ʧʦʢʘ ʜʚʠʞʝʪʩʷ ʧʦ ʮʠʢʣʦʠʜʝ ɸɺ. ɺ 

ʪʦʯʢʝ ɺ, ʥʘʭʦʜʷʱʝʡʩʷ ʥʘʜ ʩʨʝʟʘʶʱʠʤ ʫʩʪʨʦʡʩʪʚʦʤ, 

ʧʣʘʥʢʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʨʝʟʘʥʥʳʤ ʟʜʝʩʴ ʩʪʝʙʣʷʤ 

ʥʘʯʠʥʘʝʪ ʧʝʨʝʤʝʱʘʪʴʩʷ ʧʦ ʜʫʛʝ ʨʘʜʠʫʩʦʤ R, ʦʯʠʱʘʷ 

ʧʨʠ ʵʪʦʤ ʩʨʝʟʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ. 

ʆʧʨʝʜʝʣʠʤ ʦʪʨʝʟʦʢ ʧʫʪʠ ȹʍ, ʥʘ ʢʦʪʦʨʦʤ ʧʣʘʥʢʘ 

ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʨʝʜʢʦ ʩʪʦʷʱʠʝ ʩʪʝʙʣʠ ʠ ʧʦʜʚʦʜʠʪ ʠʭ 

ʢ ʥʦʞʫ: 

ȹʍ = ʍʘ-Xʚ.                            (1.60) 

ʂʦʦʨʜʠʥʘʪʳ ʍʘ ʠ XʚĂ ʩʦʛʣʘʩʥʦ (1.56) ʨʘʚʥʳ: 

Xa=Vʤ tʘ.+Rcos ɤta, 

Xʚ=Vʤ - tʚ+Rcos ɤtʚ,                 (1.61) 

ʫʯʠʪʳʚʘʷ, ʯʪʦ 

;ta wj=    ;
1

sin
l

j=a    ,

1
arcsin

w
l=ɺt  

;
2

1 ʚʚ twj
p

j =+=       ;
2

1

w

j

w

p
==ʚt

 

,sin 1
R

C
=j              .arcsin1

R

C
=j  
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ʇʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʦʣʫʯʠʤ: 

1
1

(arcsin 2-+= l
ll

R
Xa , 

,)arcsin
2

( C
R

ʉR
Xʚ -+=

p

l
 

ʇʨʠ ʉ=0 

,
2

1
1

(arcsin 2 p
l

ll
+-+=D

R
X  

 

ʈʠʩʫʥʦʢ 1.35 ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʦʟ-

ʜʝʡʩʪʚʠʷ ʤʦʪʦʚʠʣʘ ʥʘ ʩʪʝʙʣʠ 
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ɼʣʷ ʤʦʪʦʚʠʣʘ, ʠʤʝʶʱʝʛʦ Z ʧʣʘʥʦʢ, ʦʪʨʝʟʦʢ ʧʫʪʠ, 

ʥʘ ʢʦʪʦʨʦʤ ʦʥʠ ʚʦʟʜʝʡʩʪʚʫʶʪ ʚ ʪʝʯʝʥʠʝ ʦʜʥʦʛʦ ʦʙʦ-

ʨʦʪʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʙʫʜʝʪ ʨʘʚʝʥ Z ȹʍ. 

ʉʪʝʧʝʥʴ ʚʦʟʜʝʡʩʪʚʠʷ ʧʣʘʥʢʠ ʤʦʪʦʚʠʣʘ ʥʘ ʩʪʝʙʣʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʪʥʦʰʝʥʠʝʤ ʧʫʪʠ, ʥʘ ʢʦʪʦʨʦʤ ʧʣʘʥʢʠ 

ʟʘʭʚʘʪʳʚʘʶʪ ʠ ʥʘʢʣʦʥʷʶʪ ʩʪʝʙʣʠ ʢʦ ʚʩʝʤʫ ʧʫʪʠ, 

ʧʨʦʡʜʝʥʥʦʤʫ ʤʘʰʠʥʦʡ ʟʘ ʪʦ ʞʝ ʚʨʝʤʷ. ʕʪʦ ʦʪʥʦʰʝ-

ʥʠʝ ʥʘʟʳʚʘʶʪ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʚʦʟʜʝʡʩʪʚʠʷ ʤʦʪʦʚʠʣʘ 

ʥʘ ʩʪʝʙʣʠ. 

ʆʪʥʦʩʷ ʵʪʦ ʢʦ ʚʨʝʤʝʥʠ ʦʜʥʦʛʦ ʦʙʦʨʦʪʘ ʤʦʪʦʚʠʣʘ 

ʩ ʫʯʝʪʦʤ, ʯʪʦ ,
1

2
l

pRS=  ʟʘʧʠʰʝʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʢʦ-

ʵʬʬʠʮʠʝʥʪʘ ʚʦʟʜʝʡʩʪʚʠʷ ʤʦʪʦʚʠʣʘ n ʢʦʛʜʘ ʝʛʦ ʚʳʥʦʩ 

ʉ = 0: 

),
2

1
1

(arcsin
2

2 p
l

lp
h +-+=

Z
                (1.64) 

ʆʙʳʯʥʦ ɚ = 0,2õ0,8. ʏʪʦʙʳ ʫʚʝʣʠʯʠʪʴ ʢʦʵʬʬʠʮʠ-

ʝʥʪ n, ʩʣʝʜʫʝʪ ʫʚʝʣʠʯʠʪʴ ʯʠʩʣʦ ʧʣʘʥʦʢ Z, ʚʳʥʦʩ ʤʦ-

ʪʦʚʠʣʘ ʉ, ʘ ʪʘʢ ʞʝ ʚʝʣʠʯʠʥʫ ɚ. ʉ ʚʦʟʨʘʩʪʘʥʠʝʤ ʢ, ʥʘ-

ʧʨʠʤʝʨ, ʦʪ 1,3 ʜʦ 2,1 ʢʦʵʬʬʠʮʠʝʥʪ ʚʦʟʜʝʡʩʪʚʠʷ ʫʚʝ-

ʣʠʯʠʚʘʝʪʩʷ ʙʦʣʝʝ, ʯʝʤ ʚ 4 ʨʘʟʘ. 

ʉ ʚʦʟʨʘʩʪʘʥʠʝʤ ʩʢʦʨʦʩʪʠ ʞʘʪʢʠ ʚʦʟʜʝʡʩʪʚʠʝ ʤʦ-

ʪʦʚʠʣʘ ʥʘ ʩʪʝʙʣʠ ʥʝʦʙʭʦʜʠʤʦ ʫʤʝʥʴʰʘʪʴ. ʇʦ ʨʝʢʦ-

ʤʝʥʜʘʮʠʷʤ ɺʀʉʍʆʄʘ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ 

ʜʚʠʞʝʥʠʷ ʞʘʪʢʠ ʦʪ 0,65 ʜʦ 2,0 ʤ/ʩ ʩʣʝʜʫʝʪ ʫʤʝʥʴ-

ʰʠʪʴ ɚ ʦʪ 1,7 ʜʦ 1,1. 

ʂʠʥʝʤʘʪʠʯʝʩʢʠʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʤʦʪʦʚʠʣʘ ʩʣʝʜʫʝʪ 

ʚʳʙʠʨʘʪʴ ʩ ʫʯʝʪʦʤ ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʡ, ʦʙʝʩʧʝʯʠʚʘʷ 

ʤʠʥʠʤʫʤ ʧʦʪʝʨʴ ʢʦʣʦʩʴʝʚ ʠ ʟʝʨʥʘ ʟʘ ʞʘʪʢʦʡ ʧʨʠ 

ʜʝʡʩʪʚʠʠ ʧʣʘʥʦʢ ʥʘ ʩʪʝʙʣʠ. 
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ʋʩʪʘʥʦʚʢʘ ʚʘʣʘ ʤʦʪʦʚʠʣʘ ʧʦ ʚʳʩʦʪʝ ʠ ʚʳʥʦʩ 

ʝʛʦ 

ʇʨʘʚʠʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʥʦʝ ʧʦ ʚʳʩʦʪʝ ʤʦʪʦʚʠʣʦ 

ʜʦʣʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʚʳʧʦʣʥʝʥʠʝ ʜʚʫʭ ʪʨʝʙʦʚʘʥʠʡ: ʥʝ 

ʦʪʢʣʦʥʷʪʴ ʩʪʝʙʣʠ ʚ ʩʪʦʨʦʥʫ ʜʚʠʞʝʥʠʷ ʤʘʰʠʥʳ ʠ ʥʝ 

ʧʝʨʝʚʘʣʠʚʘʪʴ ʠʭ ʯʝʨʝʟ ʧʣʘʥʢʠ. 

ʏʪʦʙʳ ʧʣʘʥʢʘ ʧʦʜʚʦʜʠʣʘ ʩʪʝʙʣʠ ʢ ʥʦʞʫ, ʦʥʘ 

ʜʦʣʞʥʘ ʥʘ ʫʯʘʩʪʢʝ A1-ɸʟ (ʨʠʩ. 1.33) ʜʚʠʛʘʪʴʩʷ ʥʘ-

ʚʩʪʨʝʯʫ ʝʤʫ. ɻʦʨʠʟʦʥʪʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʦʢʨʫʞ-

ʥʦʡ ʩʢʦʨʦʩʪʠ Ux ʙʫʜʝʪ ʥʘʧʨʘʚʣʝʥʘ ʧʨʠ ʵʪʦʤ ʚ ʩʪʦʨʦ-

ʥʫ, ʦʙʨʘʪʥʫʶ ʜʚʠʞʝʥʠʶ ʤʘʰʠʥʳ. ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʧʝʨʚʦʛʦ ʪʨʝʙʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʚ ʤʦʤʝʥʪ 

ʚʭʦʞʜʝʥʠʷ ʚ ʭʣʝʙʥʫʶ ʤʘʩʩʫ ʩʢʦʨʦʩʪʴ ʧʣʘʥʢʠ Ux = 0. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʪʦʚʠʣʦ ʧʦ ʚʳʩʦʪʝ ʥʘʜʦ ʫʩʪʘʥʘʚʣʠ-

ʚʘʪʴ ʪʘʢ, ʯʪʦʙʳ ʪʦʯʢʘ ɸ1 ʥʘʭʦʜʠʣʘʩʴ ʥʘ ʫʨʦʚʥʝ ʚʳʩʦ-

ʪʳ ʩʪʝʙʣʝʩʪʦʷ lʩʪ 

ɺʳʩʦʪʘ ʫʩʪʘʥʦʚʢʠ ʦʩʠ ʤʦʪʦʚʠʣʘ ʥʘʜ ʣʠʥʠʝʡ ʥʦʞʘ 

ʠʟ ʨʠʩʫʥʢʘ 1.33 ʨʘʚʥʘ: 

,ʩʨʩʪ h
R

lH -+=
l

                          (1.65) 

ɺʳʧʦʣʥʝʥʠʝ ʚʪʦʨʦʛʦ ʪʨʝʙʦʚʘʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʪʘʢʠʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʤʦʪʦʚʠʣʘ ʧʦ ʚʳʩʦʪʝ, ʯʪʦʙʳ 

ʮʝʥʪʨ ʪʷʞʝʩʪʠ ʩʪʝʙʣʷ ʚ ʤʦʤʝʥʪ ʝʛʦ ʩʨʝʟʘ ʥʘʭʦʜʠʣʩʷ 

ʥʠʞʝ ʧʣʘʥʢʠ ʤʦʪʦʚʠʣʘ. 

ɺʳʥʦʩ ʚʘʣʘ ʤʦʪʦʚʠʣʘ ʚʧʝʨʝʜ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʨʝ-

ʟʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʤʦʪʦʚʠʣʘ ʧʦ ʧʦ-

ʣʝʟʥʦʩʪʠ ʜʝʡʩʪʚʠʡ, ʢʘʯʝʩʪʚʫ ʦʯʠʩʪʢʠ ʩʨʝʟʘʶʱʝʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʠ ʧʦʜʘʯʝ ʩʪʝʙʣʷ ʢ ʰʥʝʢʫ. ʈʘʟʤʝʨ ʚʳʥʦʩʘ 
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ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʥʢʨʝʪʥʳʤʠ ʫʩʣʦʚʠʷʤʠ, ʭʘʨʘʢʪʝ-

ʨʠʟʫʶʱʠʤʠ ʫʙʠʨʘʝʤʳʡ ʭʣʝʙʦʩʪʦʡ. 

ʇʨʠ ʫʙʦʨʢʝ ʢʦʨʦʪʢʦʩʪʝʙʝʣʴʥʳʭ ʭʣʝʙʦʚ ʚʘʣ ʤʦʪʦ-

ʚʠʣʘ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʪʘʢ, ʯʪʦʙʳ ʪʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ 

ʧʣʘʥʢʠ ʨʘʩʧʦʣʘʛʘʣʘʩʴ ʚʦʟʤʦʞʥʦ ʙʣʠʞʝ ʢ ʩʨʝʟʘʶʱʝ-

ʤʫ ʫʩʪʨʦʡʩʪʚʫ. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʣʫʯʰʫʶ ʝʛʦ ʦʯʠʩʪ-

ʢʫ ʠ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʫʶ ʧʦʜʘʯʫ ʩʨʝʟʘʥʥʳʭ ʩʪʝʙʣʝʡ ʢ 

ʰʥʝʢʫ. 

ʇʨʠ ʫʙʦʨʢʝ ʧʦʣʝʛʣʳʭ ʭʣʝʙʦʚ ʚʳʥʦʩ ʚʘʣʘ ʫʚʝʣʠ-

ʯʠʚʘʶʪ ʠ ʤʦʪʦʚʠʣʦ ʦʧʫʩʢʘʶʪ ʥʠʞʝ, ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʧʦʚʳʰʘʷ ʩʦʦʪʥʦʰʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ɚ. 

1.2.4 ʅʘʢʣʦʥ ʧʘʣʴʮʝʚ ʧʘʨʘʣʣʝʣʦʛʨʘʤʤʥʦʛʦ 

ʤʦʪʦʚʠʣʘ 

ʇʘʨʘʣʣʝʣʦʛʨʘʤʤʥʳʝ ʤʦʪʦʚʠʣʘ ʜʣʷ ʫʙʦʨʢʠ ʧʦʣʝʛ-

ʣʭr ʭʣʝʙʦʚ ʧʦʟʚʦʣʷʶʪ ʜʦʙʠʪʴʩʷ ʪʘʢʦʡ ʫʩʪʘʥʦʚʢʠ ʥʘ-

ʢʣʦʥʘ ʧʘʣʴʮʝʚ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʜʲʝʤ ʠ ʧʦʜ-

ʚʦʜ ʩʪʝʙʣʝʡ ʢ ʩʨʝʟʘʶʱʝʤʫ ʫʩʪʨʦʡʩʪʚʫ. 

ʋʛʦʣ ɓ ʥʘʢʣʦʥʘ ʧʘʣʴʮʝʚ ɼɸ (ʨʠʩ. 1 36) ʧʦʜʙʠʨʘ-

ʶʪ ʪʘʢʠʤ, ʯʪʦʙʳ ʩʪʝʙʣʠ ʩʢʦʣʴʟʠʣʠ ʧʦ ʧʘʣʴʮʘʤ ʧʨʠ 

ʠʭ ʚʭʦʜʝ ʚ ʭʣʝʙʦʩʪʦʡ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ 

ʫʛʦʣ Ŭ ʤʝʞʜʫ ʥʦʨʤʘʣʴʶ N ʠ ʦʢʨʫʞʥʦʡ ʩʢʦʨʦʩʪʴʶ U 

ʪʦʯʢʠ ɸ ʙʳʣ ʙʦʣʴʰʝ ʫʛʣʘ ʪʨʝʥʠʷ ű ʩʪʝʙʣʷ ʦ ʧʘʣʝʮ, 

ʪ.ʝ. Ŭ> ű. 

ʀʟ ʨʠʩ. 1.36 ʩʣʝʜʫʝʪ, ʯʪʦ ʫʛʦʣ 

Ŭ = 90Á+ɓ-ɔ, 

ʅʘʡʜʝʤ ʟʥʘʯʝʥʠʝ ʫʛʣʘ ɚ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ  
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ʛʜʝ  Ux =Vʤ - sin ɤt    ʠ   Uy =U cos ɤt. 

ʇʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʦʣʫʯʠʤ: 
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ʈʠʩʫʥʦʢ 1.36 ʆʧʨʝʜʝʣʝʥʠʝ ʫʛʣʘ ʥʘʢʣʦʥʘ ʧʘʣʴ-

ʮʝʚ ʤʦʪʦʚʠʣʘ 

ʊʦʛʜʘ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ: 

,
cos

sin1
90

t

t
arctgo

wl

wl
b

Ö

Ö-
-+  

ʊʘʢ ʢʘʢ ʜʣʷ ʪʦʯʢʠ ɸ ,
1

sin
l

w=t  ʪʦ ʫʛʦʣ ʥʘʢʣʦʥʘ 

ʧʘʣʴʮʝʚ ʜʦʣʞʝʥ ʙʳʪʴ 

jb -¢° o90                          (1.68) 
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1.3 ʄʆʃʆʊʀʃʔʅʓɽ ʋʉʊʈʆʁʉʊɺɸ 

1.3.1 ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʫʣʴʪʫʨ, 

ʚʣʠʷʶʱʠʝ ʥʘ ʦʙʤʦʣʦʪ 

ʄʦʣʦʪʠʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʚʳ-

ʜʝʣʝʥʠʷ ʟʝʨʥʘ ʠʟ ʢʦʣʦʩʘ ʨʘʩʪʝʥʠʷ, ʧʦʯʘʪʢʘ, ʙʦʙʦʚ ʠ 

ʜʨ. ʇʨʦʮʝʩʩ ʦʙʤʦʣʦʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʩʣʦʞ-

ʥʦʛʦ ʚʠʜʘ ʜʝʬʦʨʤʘʮʠʠ ʨʘʩʪʝʥʠʷ. ʊʘʢ, ʦʙʤʦʣʦʪ ʟʝʨ-

ʥʦʚʳʭ ʢʦʣʦʩʦʚʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʫʜʘʨʘ ʧʦ 

ʢʦʣʦʩʫ ʠ ʝʛʦ ʧʝʨʝʪʠʨʘʥʠʷ ʧʨʠ ʧʨʦʪʘʩʢʠʚʘʥʠʠ ʭʣʝʙ-

ʥʦʡ ʤʘʩʩʳ ʚ ʨʘʙʦʯʝʡ ʟʦʥʝ. 

ʇʨʦʯʥʦʩʪʴ ʩʚʷʟʠ ʟʝʨʥʘ ʩ ʢʦʣʦʩʦʤ ʟʥʘʯʠʪʝʣʴʥʘ ʠ 

ʥʝʨʘʚʥʦʤʝʨʥʘ ʧʦ ʝʛʦ ʜʣʠʥʝ ʠ ʟʘʚʠʩʠʪ ʦʪ ʚʠʜʘ ʢʫʣʴ-

ʪʫʨʳ, ʩʪʘʜʠʠ ʩʧʝʣʦʩʪʠ ʠ ʚʣʘʞʥʦʩʪʠ. 

ʇʨʠ ʤʝʭʘʥʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʢʦʣʦʩ ʠ ʦʙʤʦ-

ʣʦʪʝ ʟʝʨʥʦʚʳʭ ʩʣʝʜʫʝʪ ʪʘʢʞʝ ʫʯʠʪʳʚʘʪʴ ʧʨʦʯʥʦʩʪʴ 

ʩʪʝʙʣʝʡ ʨʘʩʪʝʥʠʷ ʠ ʩʘʤʦʛʦ ʟʝʨʥʘ. ʏʨʝʟʤʝʨʥʳʝ ʫʩʠʣʠʷ 

ʫʜʘʨʘ ʧʦ ʟʝʨʥʫ ʧʨʠʚʦʜʷʪ ʢ ʝʛʦ ʜʨʦʙʣʝʥʠʶ. ʇʨʦʯ-

ʥʦʩʪʴ ʟʝʨʥʘ ʟʘʚʠʩʠʪ ʦʪ ʝʛʦ ʬʦʨʤʳ, ʨʘʟʤʝʨʦʚ, ʚʝʩʘ, 

ʚʣʘʞʥʦʩʪʠ ʠ ʜʨʫʛʠʭ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʩʫʭʦʝ ʟʝʨʥʦ ʣʝʛʢʦ ʨʘʟʨʫʰʘʝʪʩʷ ʧʨʠ 

ʩʢʦʨʦʩʪʠ ʫʜʘʨʘ 24 ʤ/ʩ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʰʠʨʦʢʦ ʠʩʩʣʝʜʦʚʘʥʳ ʠ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʚ ʩʧʨʘʚʦʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʩʚʝʜʝʥʠʷ ʦ ʬʠʟʠ-

ʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ 

ʟʝʨʥʘ ʨʘʟʣʠʯʥʳʭ ʨʘʩʪʝʥʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʣʠʯ-

ʥʳʭ ʬʘʢʪʦʨʦʚ. ʅʘʧʨʠʤʝʨ, ʨʘʙʦʪʘ, ʟʘʪʨʘʯʝʥʥʘʷ ʥʘ 
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ʨʘʟʨʫʰʝʥʠʝ ʩʚʷʟʝʡ ʟʝʨʥʘ ʩ ʢʦʣʦʩʦʤ ʨʞʠ ʠ ʧʰʝʥʠʮʳ, 

ʩʦʩʪʘʚʣʷʝʪ 0,6õ3 ɼʞ, 3 ʜʣʷ ʷʯʤʝʥʷ 1,2õ9,6 ɼʞ. 

ʇʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʦʣʦʪʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʩʦ-

ʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠʣʠ ʩʦʟʜʘʥʠʠ ʥʦ-

ʚʳʭ ʩʣʝʜʫʝʪ ʧʨʝʞʜʝ ʚʩʝʛʦ ʦʧʠʨʘʪʴʩʷ ʥʘ ʥʘʣʠʯʠʝ ʩʦ-

ʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʠʟʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, 

ʠʤʝʶʱʠʭ ʟʥʘʯʝʥʠʝ ʚ ʜʘʥʥʦʤ ʧʨʦʮʝʩʩʝ ʦʙʤʦʣʦʪʘ. 

ɺʳʤʦʣʦʪ ʟʝʨʥʘ ʭʣʝʙʥʳʭ ʟʣʘʢʦʚ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠ-

ʩʠʪ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʤʘʩʩʳ ʟʝʨʥʘ ʠ ʩʦʣʦʤʠʩʪʦʡ ʯʘʩʪʠ 

ʨʘʩʪʝʥʠʡ, ʧʦʜʘʥʥʳʭ ʥʘ ʦʙʤʦʣʦʪ. 

ɼʣʷ ʦʮʝʥʢʠ ʩʦʦʪʥʦʰʝʥʠʷ ʟʝʨʥʘ ʩʦʣʦʤʠʩʪʦʡ ʯʘʩʪʠ 

ʨʘʩʪʠʪʝʣʴʥʦʡ ʤʘʩʩʳ ʧʨʠʥʠʤʘʶʪ ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʣʦ-

ʤʠʩʪʦʩʪʠ ɓ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʠʟ ʚʳʨʘʞʝʥʠʷ 

ʩʟ

c

mm

m

+
=b , 

ʛʜʝ mʩ - ʤʘʩʩʘ ʩʦʣʦʤʠʩʪʦʡ ʯʘʩʪʠ ʨʘʩʪʝʥʠʡ;  

 mʟ - ʤʘʩʩʘ ʟʝʨʥʘ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʩʦʣʦʤʠʩʪʦʩʪʠ ʫʙʠʨʘʝʤʳʭ ʭʣʝʙʦʚ 

ʠʟʤʝʥʷʝʪʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ: ʦʥ ʙʦʣʴʰʝ ʫ ʜʣʠʥ-

ʥʦʩʪʝʙʝʣʴʥʳʭ ʤʘʣʦʫʨʦʞʘʡʥʳʭ ʢʫʣʴʪʫʨ ʠ ʤʝʥʴʰʝ ʫ 

ʢʦʨʦʪʢʦʩʪʝʙʝʣʴʥʳʭ ʭʣʝʙʦʚ ʩ ʙʦʣʴʰʦʡ ʫʨʦʞʘʡʥʦʩʪʴʶ 

ʟʝʨʥʘ. ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ɓ ʜʣʷ ʧʰʝʥʠʮʳ ʩʦʩʪʘʚʣʷʶʪ 

0,5õ0,6, ʘ ʜʣʷ ʨʞʠ 0,65õ0,75. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ 

ʤʦʣʦʪʠʣʦʢ ʜʣʷ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ ʠ ʦʮʝʥʢʝ ʠʭ ʨʘʙʦʪʳ 

ʩʣʝʜʫʝʪ ʧʨʠʥʠʤʘʪʴ ɓ0 = 0,6, ʪ.ʝ. 

5.1

1
=

c

ʟ

m

m
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1.3.2 ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʤʦʣʦʪʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ 

ʠ ʠʭ ʨʘʙʦʯʠʡ ʧʨʦʮʝʩʩ 

ʀʟʚʝʩʪʥʳʝ ʤʦʣʦʪʠʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʤʦʞʥʦ ʢʣʘʩ-

ʩʠʬʠʮʠʨʦʚʘʪʴ ʧʦ ʩʭʝʤʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩ. 1.37. 

ɺ ʦʩʥʦʚʫ ʪʘʢʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦʣʦʞʝʥʳ ʪʨʠ ʧʨʠ-

ʟʥʘʢʘ - ʢʦʥʩʪʨʫʢʮʠʷ ʤʦʣʦʪʠʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʢʦʣʠʯʝ-

ʩʪʚʦ ʙʘʨʘʙʘʥʦʚ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʜʘʯʠ ʨʘʩʪʠʪʝʣʴʥʦʡ 

ʤʘʩʩʳ ʥʘ ʦʙʤʦʣʦʪ. 

ʈʠʩʫʥʦʢ 1.7 ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʤʦʣʦʪʠʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ  

ʄʦʣʦʪʠʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ 

ʇʦ ʢʦʥʩʪʨʫʢ-

ʮʠʠ ʨʘʙʦʯʝʛʦ 

ʤʦʣʦʪʠʣʴʥʦʛʦ 

ʵʣʝʤʝʥʪʘ  

ʇʦ ʢʦʣʠʯʝʩʪ-

ʚʫ ʤʦʣʦʪʠʣʴ-

ʥʳʭ ʙʘʨʘʙʘ-

ʥʦʚ 

ʇʦ ʥʘʧʨʘʚʣʝʥʠʶ 

ʧʦʜʘʯʠ ʥʘ ʦʙʤʦ-

ʣʦʪ ʨʘʩʪʠʪʝʣʴʥʦʡ 

ʤʘʩʩʳ  

ʙʠʣʴʥʳʝ ʧʦʧʝʨʝʯʥʳʝ ʦʜʥʦʙʘʨʘʙʘʥʥʳʝ 

ʰʪʠʬʪʦʚʳʝ ʧʦʧʝʨʝʯʥʦ- 

ʩʤʝʱʸʥʥʳʝ 

ʜʚʫʭ 

ʙʘʨʘʙʘʥʥʳʝ 

ʧʣʘʥʝʪʘʨʥʳʝ 
ʧʨʦʜʦʣʴʥʳʝ 
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ʇʦ ʢʦʥʩʪʨʫʢʮʠʠ ʨʘʙʦʯʝʛʦ ʤʦʣʦʪʠʣʴʥʦʛʦ ʵʣʝʤʝʥ-

ʪʘ ʤʦʣʦʪʠʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ 

ʙʠʣʴʥʳʝ, ʰʪʠʬʪʦʚʳʝ, ʧʣʘʥʝʪʘʨʥʳʝ ʠ ʢʦʤʙʠʥʠʨʦʚʘʥ-

ʥʳʝ. 

ɹʠʣʴʥʳʝ ʤʦʣʦʪʠʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʩʦʩʪʦʷʪ ʠʟ 

ʚʨʘʱʘʶʱʝʛʦʩʷ ʙʘʨʘʙʘʥʘ 1 ʠ ʥʝʧʦʜʚʠʞʥʦʛʦ ʧʦʜʙʘʨʘ-

ʙʘʥʴʷ 5 (ʨʠʩ. 1.38 ʙ, ʚ). ʄʦʣʦʪʠʣʴʥʳʡ ʙʘʨʘʙʘʥ ʠʤʝʝʪ 

ʚʘʣ 7, ʰʪʘʤʧʦʚʘʥʥʳʝ ʜʠʩʢʠ, ʧʦʜʙʠʯʥʠʢʠ, ʧʨʠʢʨʝʧ-

ʣʷʝʤʳʝ ʢ ʢʘʞʜʦʤʫ ʜʠʩʢʫ, ʠ ʙʠʯʠ 9, ʢʦʪʦʨʳʝ ʠʤʝʶʪ 

ʨʝʙʨʠʩʪʫʶ ʨʘʙʦʯʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. ʅʘ ʙʘʨʘʙʘʥʝ ʫʩʪʘ-

ʥʦʚʣʝʥʦ ʯʝʪʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʙʠʣ ʩ ʧʦʧʝʨʝʤʝʥʥʳʤ  

ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʝʙʝʨ ʚʣʝʚʦ, ʟʘʪʝʤ ʚʧʨʘʚʦ. ʊʘʢʦʝ ʨʘʩ-

ʧʦʣʦʞʝʥʠʝ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʷʝʪ ʦʙʤʦʣʘʯʠʚʘʝ-

ʤʫʶ ʤʘʩʩʫ ʠ ʫʤʝʥʴʰʘʝʪ ʦʩʝʚʦʝ ʜʘʚʣʝʥʠʝ ʥʘ ʧʦʜʰʠʧ-

ʥʠʢʠ ʚʘʣʘ. 

ʇʦʜʙʘʨʘʙʘʥʴʝ 5 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʝʰʝʪʢʫ 6, 

ʦʭʚʘʪʳʚʘʶʱʫʶ ʧʦ ʜʫʛʝ ʦʢʨʫʞʥʦʩʪʠ ʙʘʨʘʙʘʥ (146Á). 

ʈʝʰʝʪʢʘ ʧʦʜʙʘʨʘʙʘʥʴʷ ʦʙʨʘʟʦʚʘʥʘ ʧʦʧʝʨʝʯʥʳʤʠ 

ʧʣʘʥʢʘʤʠ, ʚ ʢʦʪʦʨʳʝ ʚʩʪʘʚʣʝʥʳ ʧʨʦʜʦʣʴʥʳʝ ʧʨʫʪʢʠ 

ʜʠʘʤʝʪʨʦʤ 5 ʤʤ ʠ ʰʘʛʦʤ 14 ʤʤ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʦʙʤʦʣʦʪʘ ʭʣʝʙʥʦʡ 

ʤʘʩʩʳ (ʧʦ ʀ.ʌ. ɺʘʩʠʣʝʥʢʦ) ʧʨʦʪʝʢʘʝʪ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ. 

ɹʠʯʠ ʫʜʘʨʷʶʪ ʧʦ ʩʪʝʙʣʷʤ, ʫʚʣʝʢʘʷ ʠʭ ʢ ʧʦʜʙʘ-

ʨʘʙʘʥʴʶ. ʆʙʛʦʥʷʷ ʩʣʦʡ ʩʪʝʙʣʝʡ, ʥʘʭʦʜʷʱʠʭʩʷ ʤʝʞʜʫ 

ʙʘʨʘʙʘʥʦʤ ʠ ʧʦʜʙʘʨʘʙʘʥʴʝʤ, ʙʠʯ ʧʨʦʭʦʜʠʪ ʧʦ ʥʝʤʫ, 

ʩʜʚʠʛʘʷ ʝʛʦ ʧʝʨʝʜ ʩʦʙʦʡ. ʂʘʞʜʳʡ ʩʣʦʡ ʩʪʝʙʣʝʡ, ʨʘʩ-

ʧʦʣʦʞʝʥʥʳʡ ʚʳʰʝ, ʫʚʣʝʢʘʝʪ ʟʘ ʩʦʙʦʡ ʩʠʣʘʤʠ ʪʨʝʥʠʷ 

ʩʣʦʡ, ʣʝʞʘʱʠʡ ʥʠʞʝ. ɺʝʨʭʥʠʝ ʩʪʝʙʣʠ ʧʨʦʩʢʘʣʴʟʳʚʘ-

ʶʪ ʧʦ ʥʠʞʥʠʤ. ʅʘʠʙʦʣʴʰʝʝ ʧʨʝʧʷʪʩʪʚʠʝ ʜʚʠʞʝʥʠʶ 



 95 

 

ʈʠʩʫʥʦʢ 1.38 ʄʦʣʦʪʠʣʴʥʳʝ ʫʩʪʘʥʦʚʢʠ 



 96 

ʚʩʪʨʝʯʘʝʪ ʩʘʤʳʡ ʥʠʞʥʠʡ ʩʣʦʡ, ʢʦʪʦʨʳʡ ʜʚʠʞʝʪʩʷ ʧʦ 

ʨʝʙʨʠʩʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʙʘʨʘʙʘʥʴʷ. ʋʜʘʨʳ ʙʠʯʝʡ 

ʠ ʩʢʦʣʴʞʝʥʠʝ ʠʭ ʧʦ ʩʪʝʙʣʷʤ, ʩʢʦʣʴʞʝʥʠʠʝʩʪʝʙʣʝʡ 

ʦʜʠʥ ʧʦ ʜʨʫʛʦʤʫ ʠ ʧʦ ʨʝʙʨʠʩʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʙʘ-

ʨʘʙʘʥʴʷ ʧʨʠʚʦʜʷʪ ʢ ʚʳʤʦʣʘʯʠʚʘʥʠʶ ʟʝʨʝʥ ʠʟ ʢʦʣʦʩʴ-

ʝʚ ʠ ʩʤʷʪʠʶ, ʨʘʟʨʳʚʫ, ʧʝʨʝʪʠʨʘʥʠʶ ʩʦʣʦʤʳ. ɼʝʬʦʨ-

ʤʘʮʠʷ ʩʪʝʙʣʝʡ ʥʝʟʥʘʯʠʪʝʣʴʥʘ. 

ɺ ʧʨʦʮʝʩʩʝ ʪʘʢʦʛʦ ʩʣʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ ʭʣʝʙʥʦʡ 

ʤʘʩʩʳ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʨʠ ʦʩʥʦʚʥʳʭ ʬʘʟʳ ʦʙʤʦʣʦ-

ʪʘ: 

ʇʝʨʚʘʷ - ʦʙʤʦʣʦʪ ʥʘ ʚʭʦʜʝ ʭʣʝʙʥʦʡ ʤʘʩʩʳ ʚ ʤʦ-

ʣʦʪʠʣʴʥʳʡ ʟʘʟʦʨ ʧʨʠ ʦʜʥʦʢʨʘʪʥʦʤ ʫʜʘʨʝ ʙʠʯʘ. 

ɺʪʦʨʘʷ - ʦʙʤʦʣʦʪ ʟʘ ʩʯʝʪ ʤʥʦʛʦʢʨʘʪʥʳʭ ʫʜʘʨʦʚ 

ʙʠʯʝʡ ʧʦ ʢʦʣʦʩʫ, ʢʦʛʜʘ ʚʳʜʝʣʝʥʠʝ ʟʝʨʥʘ ʧʨʦʠʩʭʦʜʠʪ 

ʟʘ ʩʯʝʪ ʫʩʪʘʣʦʩʪʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʩʚʷʟʠ, ʟʝʨʥʘ ʩ ʢʦ-

ʣʦʩʦʤ. 

ʊʨʝʪʴʷ - ʦʙʤʦʣʦʪ ʟʘ ʩʯʝʪ ʧʝʨʝʪʠʨʘʥʠʷ (ʨʘʟʨʫʰʝ-

ʥʠʷ) ʢʦʣʦʩʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘʨʫʰʘʶʪʩʷ ʙʦʣʝʝ ʧʨʦʯ-

ʥʳʝ ʩʚʷʟʠ ʩ ʢʦʣʦʩʦʤ. 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʦʙʤʦʣʦʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʩʳ-

ʧʘʥʠʝ ʚʳʤʦʣʦʯʝʥʥʦʛʦ ʟʝʨʥʘ ʠ ʤʝʣʢʠʭ ʯʘʩʪʝʡ ʩʪʝʙʣʷ 

ʠ ʢʦʣʦʩʘ ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʷ ʨʝʰʝʪʯʘʪʦʛʦ ʧʦʜʙʘʨʘʙʘʥʴʷ. 

ʂ ʜʦʩʪʦʠʥʩʪʚʘʤ ʙʠʣʴʥʦʛʦ ʤʦʣʦʪʠʣʴʥʦʛʦ ʫʩʪʨʦʡ-

ʩʪʚʘ ʦʪʥʦʩʷʪʩʷ: ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʜʨʦʙʣʝʥʠʝ ʩʦʣʦʤʳ ʠ 

ʟʝʨʥʘ, ʥʝʙʦʣʴʰʦʝ ʧʦʩʪʫʧʣʝʥʠʝ ʤʝʣʢʦʛʦ ʚʦʨʦʭʘ ʥʘ 

ʦʯʠʩʪʢʫ, ʯʪʦ ʦʙʣʝʛʯʘʝʪ ʝʝ ʨʘʙʦʪʫ, ʚʦʟʤʦʞʥʦʩʪʴ ʦʙ-

ʤʦʣʦʪʘ ʪʝʭʥʠʯʝʩʢʠʭ ʢʫʣʴʪʫʨ ʠ ʩʝʤʝʥʥʠʢʦʚ ʪʨʘʚ, 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ ʢʘʯʝʩʪʚʦ ʦʙʤʦʣʦʪʘ ʧʨʠ ʥʝʩʪʘ-

ʙʠʣʴʥʦʡ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ. 

ʅʝʜʦʩʪʘʪʢʠ - ʫʭʫʜʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʦʙʤʦʣʦʪʘ ʠ 
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ʫʚʝʣʠʯʝʥʠʝ ʧʦʪʝʨʴ ʧʨʠ ʦʙʤʦʣʦʪʝ ʜʣʠʥʥʦʩʪʝʙʝʣʴʥʳʭ  

ʭʣʝʙʦʚ ʠ ʭʣʝʙʦʚ ʧʦʚʳʰʝʥʥʦʡ ʚʣʘʞʥʦʩʪʠ, ʩʨʘʚʥʠ-

ʪʝʣʴʥʦ ʥʝʚʳʩʦʢʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. 

ʐʪʠʬʪʦʚʳʝ ʤʦʣʦʪʠʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʩʦʩʪʦʷʪ 

ʠʟ ʚʨʘʱʘʶʱʝʛʦʩʷ ʙʘʨʘʙʘʥʘ ʠ ʥʝʧʦʜʚʠʞʥʦʛʦ ʧʦʜʙʘ-

ʨʘʙʘʥʴʷ (ʨʠʩ. 1.38 ʘ). ʇʦ ʢʨʘʷʤ ʚʘʣʘ ʙʘʨʘʙʘʥʘ ʫʩʪʘ-

ʥʦʚʣʝʥʳ ʜʚʘ ʜʠʩʢʘ, ʪʨʝʪʠʡ ʩʨʝʜʥʠʡ ʜʠʩʢ ʥʝ ʠʤʝʝʪ 

ʦʧʦʨʳ ʥʘ ʚʘʣʫ. ɺ ʢʚʘʜʨʘʪʥʳʝ ʦʪʚʝʨʩʪʠʷ ʩʪʘʣʴʥʳʭ 

ʧʣʘʥʦʢ ʚʩʪʘʚʣʝʥʳ ʰʪʠʬʪʳ 4. ʇʦʜʙʘʨʘʙʘʥʴʝ 5 ʠʤʝʝʪ 

ʪʨʠ ʯʫʛʫʥʥʳʝ ʩʝʢʮʠʠ ʩʦ ʰʪʠʬʪʘʤʠ, ʚʳʧʦʣʥʝʥʥʳʝ ʧʦ 

ʬʦʨʤʝ ʜʫʛʠ ʦʢʨʫʞʥʦʩʪʠ. 

ʐʪʠʬʪʳ ʥʘ ʙʘʨʘʙʘʥʝ ʨʘʩʧʦʣʦʞʝʥʳ ʧʦ ʚʠʥʪʦʚʦʡ 

ʣʠʥʠʠ, ʨʘʟʣʠʯʘʶʪ 2-, 3-, 4-, 5- ʠ 6- ʭʦʜʦʚʳʝ ʙʘʨʘʙʘ-

ʥʳ. ʏʠʩʣʦ ʧʣʘʥʦʢ ʠ ʯʠʩʣʦ ʭʦʜʦʚ ʦʙʷʟʘʪʝʣʴʥʦ ʜʝʣʘʝʪ-

ʩʷ ʢʨʘʪʥʳʤ. ʈʘʙʦʯʘʷ ʯʘʩʪʴ ʰʪʠʬʪʘ ʧʦʜʚʝʨʛʘʝʪʩʷ ʟʘ-

ʢʘʣʢʝ. ʐʪʠʬʪʳ ʨʘʩʧʦʣʘʛʘʶʪ ʥʘ ʧʦʜʙʘʨʘʙʘʥʴʝ, ʪʘʢ 

ʯʪʦʙʳ ʤʝʞʜʫ ʰʪʠʬʪʘʤʠ ʙʘʨʘʙʘʥʘ ʠ ʧʦʜʙʘʨʘʙʘʥʴʝʤ 

ʟʘʟʦʨ ʙʳʣ ʙʦʣʴʰʝ ʰʠʨʠʥʳ ʟʝʨʥʘ ʦʙʤʦʣʘʯʠʚʘʝʤʦʡ 

ʢʫʣʴʪʫʨʳ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʦʙʤʦʣʦʪʘ ʰʪʠʬʪʦʚʳʤ 

ʙʘʨʘʙʘʥʦʤ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: ʰʪʠʬʪʳ ʙʘʨʘ-

ʙʘʥʘ ʫʜʘʨʷʶʪ ʠ ʟʘʭʚʘʪʳʚʘʶʪ ʩʪʝʙʣʠ, ʠ ʩʦʦʙʱʘʶʪ ʠʤ 

ʩʢʦʨʦʩʪʴ, ʙʣʠʟʢʫʶ ʢ ʦʢʨʫʞʥʦʡ ʩʢʦʨʦʩʪʠ ʙʘʨʘʙʘʥʘ; 

ʢʦʣʦʩʴʷ ʫʜʘʨʷʶʪʩʷ ʦ ʰʪʠʬʪʳ ʧʦʜʙʘʨʘʙʘʥʴʷ, ʧʨʦʪʘʩ-

ʢʠʚʘʶʪʩʷ ʚ ʧʨʦʤʝʞʫʪʢʠ ʤʝʞʜʫ ʠʭ ʙʦʢʦʚʳʤʠ ʧʦʚʝʨʭ-

ʥʦʩʪʷʤʠ. ʇʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʚʳʜʝʣʝʥʠʝ ʟʝʨʥʘ, 

ʩʤʷʪʠʝ ʠ ʨʘʟʨʳʚ ʩʪʝʙʣʝʡ. 

ʍʦʨʦʰʘʷ ʟʘʭʚʘʪʳʚʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʰʪʠʬʪʦʚʦ-

ʛʦ ʤʦʣʦʪʠʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʦʚʳʰʘʝʪ ʝʛʦ ʧʨʦʠʟʚʦ-
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ʜʠʪʝʣʴʥʦʩʪʴ, ʫʣʫʯʰʘʝʪ ʦʙʤʦʣʦʪ ʚʣʘʞʥʳʭ ʠ ʟʘʩʦʨʝʥ-

ʥʳʭ ʭʣʝʙʦʚ, ʦʜʥʘʢʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʜʨʦʙʣʝʥʠʝ ʩʦʣʦʤʳ 

ʟʘʛʨʫʞʘʝʪ ʦʯʠʩʪʢʫ ʠ ʟʘʪʨʫʜʥʷʝʪ ʚʳʜʝʣʝʥʠʝ ʟʝʨʥʘ. 

ʅʘ ʭʦʜ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʪʘʢʦʛʦ ʤʦʣʦʪʠʣʴʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʪʘʢʞʝ ʚʦʟʜʫʰʥʳʝ ʧʦ-

ʪʦʢʠ, ʩʦʟʜʘʚʘʝʤʳʝ ʙʘʨʘʙʘʥʦʤ. ʅʦ ʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʦʩʪʘʶʪʩʷ ʧʦʢʘ ʥʝʚʳʷʩʥʝʥʥʳʤʠ. 

ʇʣʘʥʝʪʘʨʥʳʝ ʤʦʣʦʪʠʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʥʘʭʦʜʷʪ-

ʩʷ ʚ ʩʪʘʜʠʠ ʚʥʝʜʨʝʥʠʷ ʚ ʩʦʚʨʝʤʝʥʥʳʝ ʟʝʨʥʦʫʙʦʨʦʯ-

ʥʳʝ ʤʘʰʠʥʳ. ʆʥʠ ʩʦʩʪʦʷʪ ʠʟ ʤʥʦʛʦʚʘʣʴʮʦʚʦʛʦ ʚʨʘ-

ʱʘʶʱʝʛʦʩʷ ʙʘʨʘʙʘʥʘ ʠ ʚʘʣʴʮʦʚʦʡ (ʨʝʰʝʪʯʘʪʦʡ) ʜʝʢʠ 

(ʨʠʩ. 1.39). 

ʅʘ ʩʪʫʧʠʮʘʭ ʙʘʨʘʙʘʥʘ ʰʘʨʥʠʨʥʦ ʫʩʪʘʥʘʚʣʠʚʘʶʪ-

ʩʷ 5-9 ʚʘʣʴʮʦʚ ʤʘʣʦʛʦ ʜʠʘʤʝʪʨʘ (80-100 ʤʤ). ʂʘʞʜʳʡ 

ʚʘʣʝʮ ʠʤʝʝʪ ʧʨʠʥʫʜʠʪʝʣʴʥʳʡ ʧʨʠʚʦʜ ʯʝʨʝʟ ʧʣʘʥʝ-

ʪʘʨʥʫʶ ʠʣʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʫʶ ʧʝʨʝʜʘʯʫ. ʅʘʧʨʘʚ-

ʣʝʥʠʝ ʚʨʘʱʝʥʠʷ ʙʘʨʘʙʘʥʘ ʠ ʚʘʣʴʮʦʚ ʩʦʚʧʘʜʘʝʪ. ʂʘʞ-

ʜʳʡ ʚʘʣʝʮ ʥʝʩʝʪ ʥʘ ʩʚʦʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝʩʢʦʣʴʢʦ ʙʠ-

ʯʝʡ ʠʣʠ ʰʪʠʬʪʦʚ. 

ʇʦʜʙʘʨʘʙʘʥʴʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʝ - ʨʝʰʝʪʯʘʪʦ-

ʚʘʣʴʮʦʚʦʝ. ɺʘʣʴʮʳ ʤʦʛʫʪ ʙʳʪʴ ʩʚʦʙʦʜʥʦ ʚʨʘʱʘʶ-

ʱʠʤʠʩʷ ʠʣʠ ʠʤʝʪʴ ʩʚʦʡ ʤʝʭʘʥʠʟʤ ʧʨʠʚʦʜʘ - ʚʨʘ-

ʱʘʪʴʩʷ ʧʨʠʥʫʜʠʪʝʣʴʥʦ. 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʪʘʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʩʪʝʙʣʝʚʘʷ 

ʤʘʩʩʘ ʧʦʧʘʜʘʝʪ ʚ ʨʘʙʦʯʠʡ ʟʘʟʦʨ, ʧʦʜʭʚʘʪʳʚʘʝʪʩʷ ʙʠ-

ʯʘʤʠ (ʰʪʠʬʪʘʤʠ) ʚʘʣʴʮʦʚ ʠ ʧʨʦʪʘʩʢʠʚʘʝʪʩʷ ʩ ʤʥʦʛʦ-

ʢʨʘʪʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʘʣʴʮʦʚ ʥʘ ʩʪʝʙʣʠ. ɺʘʣʴʮʳ 

ʧʦʜʙʘʨʘʙʘʥʴʷ ʷʚʣʷʶʪʩʷ ʧʦʜʚʠʞʥʦʡ ʦʧʦʨʦʡ ʧʨʠ ʦʙ-

ʤʦʣʦʪʝ. ʆʙʤʦʣʦʪ ʟʜʝʩʴ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʜʝʬʦʨʤʘ-
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ʮʠʠ ʧʝʨʝʪʠʨʘʥʠʷ ʠ ʫʜʘʨʘ ʧʦ ʤʘʩʩʝ, ʪʘʢʦʝ ʫʩʪʨʦʡʩʪʚʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʘʯʝʩʪʚʝʥʥʳʡ ʦʙʤʦʣʦʪ ʟʝʨʥʦʚʳʭ ʢʦʣʦ-

ʩʦʚʳʭ ʠ ʨʠʩʘ ʧʨʠ ʚʳʩʦʢʦʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʫʩʪʨʦʡʩʪʚʘ (12-16 ʢʛ/ʩ). 

ʇʦ  ʢʦʣʠʯʝʩʪʚʫ  ʤʦʣʦʪʠʣʴʥʳʭ  ʙʘʨʘʙʘʥʦʚ  ʤʦʣʦ-

ʪʠʣʴʥʳʝ  ʫʩʪʨʦʡʩʪʚʘ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʥʘ ʦʜʥʦ - ʠ 

ʜʚʫʭʙʘʨʘʙʘʥʥʳʝ. 

ʆʜʥʦʙʘʨʘʙʘʥʥʳʝ (ʨʠʩ. 1.38 ʘ, ʙ). ɺ ʧʨʦʮʝʩʩʝ ʦʙ-

ʤʦʣʦʪʘ ʫʯʘʩʪʚʫʝʪ ʦʜʠʥ ʙʘʨʘʙʘʥ ʠ ʦʜʥʦ ʧʦʜʙʘʨʘʙʘʷʴʝ. 

ʊʘʢʠʝ ʫʩʪʨʦʡʩʪʚʘ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʳ ʚ ʧʨʝʜʳʜʫʱʝʤ 

ʨʘʟʜʝʣʝ. 

ɼʚʫʭʙʘʨʘʙʘʥʥʳʝ (ʨʠʩ. 1.38 ʚ, ʛ). ɺ ʧʨʦʮʝʩʩʝ ʦʙ-

ʤʦʣʦʪʘ ʫʯʘʩʪʚʫʶʪ ʜʚʘ ʙʘʨʘʙʘʥʘ ʠ ʜʚʘ ʧʦʜʙʘʨʘʙʘʥʴʷ. 

ʊʘʢʠʝ ʤʦʣʦʪʠʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʩʫʱʝʩʪʚʫʶʪ ʩ ʧʨʦ-

ʤʝʞʫʪʦʯʥʳʤ ʙʠʪʝʨʦʤ, ʧʦʜʘʶʱʠʤ ʤʘʩʩʫ ʧʦʜ ʩʝʙʷ 

(ʨʠʩ. 1.38 ʚ) ʠ ʯʝʨʝʟ ʩʝʙʷ (ʨʠʩ. 1.38 ʛ). 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʩʭʝʤʝ ʩ ʧʦʚʦʨʦʪʦʤ ʧʦʪʦʢʘ ʯʝ-

ʨʝʟ ʩʝʙʷ ʜʦʩʪʠʛʘʝʪʩʷ ʣʫʯʰʘʷ ʩʝʧʘʨʘʮʠʷ ʟʝʨʥʘ ʠ 

ʙʦʣʴʰʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʤʦʣʦʪʠʣʢʠ. ɺ ʵʪʦʡ 

ʩʭʝʤʝ ʤʝʥʴʰʝ ʜʨʦʙʠʪʩʷ ʟʝʨʥʦ. ʆʜʥʘʢʦ ʪʘʢʠʝ ʫʩʪʨʦʡ-

ʩʪʚʘ ʥʝ ʚʩʝʛʜʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʫʩʪʦʡʯʠʚʳʡ ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʠʡ ʧʨʦʮʝʩʩ. ʇʦʵʪʦʤʫ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʤʙʘʡʥʘʭ 

ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʩʪʘʥʦʚʢʠ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ 

ʙʠʪʝʨʘ ʧʦ ʪʦʡ ʠʣʠ ʜʨʫʛʦʡ ʩʭʝʤʝ. 

ʇʨʠ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʧʦʜʘʯʠ ʤʘʩʩʳ ʧʨʝʠʤʫʱʝʩʪʚʦ 

ʜʚʫʭʙʘʨʘʙʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʦʥ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʩʝʢʫʥʜʥʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴ-

ʥʦʩʪʴ ʢʦʤʙʘʡʥʘ ʥʘ 10-12 %. ɺ ʪʘʢʦʤ ʫʩʪʨʦʡʩʪʚʝ ʧʝʨ-

ʚʳʡ ʙʘʨʘʙʘʥ ʨʘʩʪʷʛʠʚʘʝʪ ʩʪʝʙʣʝʚʫʶ ʤʘʩʩʫ, ʚʳʨʘʚʥʠ-
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ʚʘʝʪ ʥʘʛʨʫʟʢʫ ʥʘ ʚʪʦʨʦʡ ʙʘʨʘʙʘʥ ʠ ʧʦʟʚʦʣʷʝʪ ʚʝʩʪʠ 

ʦʙʤʦʣʦʪ ʚ ʧʝʨʚʦʤ ʙʘʨʘʙʘʥʝ ʧʨʠ ʤʝʥʴʰʠʭ ʦʙʦʨʦʪʘʭ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʟʝʨʥʘ ʦʙʤʦʣʘʯʠʚʘʝʪ-

ʩʷ ʚ ʤʷʛʢʦʤ ʨʝʞʠʤʝ - ʩ ʤʝʥʴʰʠʤ ʜʨʦʙʣʝʥʠʝʤ ʟʝʨʥʘ. 

ʅʝʜʦʩʪʘʪʢʠ ʜʚʫʭʙʘʨʘʙʘʥʥʳʭ ʫʩʪʨʦʡʩʪʚ: ʧʨʠ ʦʙ-

ʤʦʣʦʪʝ ʚʣʘʞʥʳʭ ʠ ʦʩʦʙʝʥʥʦ ʟʘʩʦʨʝʥʥʳʭ ʭʣʝʙʦʚ ʚʦʟ-

ʤʦʞʥʦ ʟʘʣʠʧʘʥʠʝ ʨʝʰʝʪʯʘʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʢʠ, ʩʝ-

ʧʘʨʘʮʠʷ ʟʝʨʥʘ ʚ ʤʦʣʦʪʠʣʴʥʦʤ ʫʩʪʨʦʡʩʪʚʝ ʨʝʟʢʦ ʩʥʠ-

ʞʘʝʪʩʷ. ʕʪʦ ʷʚʣʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʢʣʘʚʠʰ-

ʥʳʡ ʩʝʧʘʨʘʪʦʨ, ʠʤʝʶʱʠʡ ʤʝʥʴʰʫʶ ʜʣʠʥʫ, ʧʝʨʝʛʨʫ-

ʞʘʝʪʩʷ. ʂʨʦʤʝ ʪʦʛʦ, ʩʣʦʞʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʦʛʨʘʥʠ-

ʯʠʚʘʝʪ ʠʭ ʧʨʠʤʝʥʝʥʠʝ. 

ʇʦ ʥʘʧʨʘʚʣʝʥʠʶ ʧʦʜʘʯʠ ʨʘʩʪʠʪʝʣʴʥʦʡ ʤʘʩʩʳ ʥʘ 

ʦʙʤʦʣʦʪ ʤʦʣʦʪʠʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪ-

ʩʷ ʥʘ ʧʦʜʘʶʱʠʝ ʧʦʧʝʨʝʯʥʦ ʙʘʨʘʙʘʥʫ, ʩʦ ʩʤʝʱʝʥʥʦʡ 

ʧʦʧʝʨʝʯʥʦʡ ʧʦʜʘʯʝʡ ʠ ʩ ʧʨʦʜʦʣʴʥʦʡ ʧʦʜʘʯʝʡ. 

 

 

ʈʠʩʫʥʦʢ 1.39 ʇʣʘʥʝʪʘʨʥʦʝ ʤʥʦʛʦʚʘʣʴʮʝʚʦʝ ʤʦʣʦʪʠʣʴʥʦʝ 

ʫʩʪʨʦʡʩʪʚʦ 
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ʇʦʧʝʨʝʯʥʦ-ʧʦʜʘʶʱʠʝ ʤʦʣʦʪʠʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ 

ʧʦʢʘ ʥʘʰʣʠ ʤʘʢʩʠʤʘʣʴʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʩʦʚʨʝ-

ʤʝʥʥʳʭ ʢʦʤʙʘʡʥʘʭ (ʨʠʩ. 1.38). ɺ ʥʠʭ ʩʪʝʙʣʝʚʘʷ ʤʘʩʩʘ 

ʧʦʜʘʝʪʩʷ ʥʘ ʦʙʤʦʣʦʪ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʦʩʠ ʤʦʣʦ-

ʪʠʣʴʥʦʛʦ ʙʘʨʘʙʘʥʘ. ʄʦʣʦʪʠʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʩ ʧʦʧʝ-

ʨʝʯʥʦ-ʩʤʝʱʝʥʥʦʡ ʧʦʜʘʯʝʡ ʩʪʝʙʣʝʡ ʥʘ ʦʙʤʦʣʦʪ (ʨʠʩ. 

1.40) ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʦʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ 

ʠ ʢʘʯʝʩʪʚʦʤ ʦʙʤʦʣʦʪʘ, ʪʘʢʦʝ ʫʩʪʨʦʡʩʪʚʦ ʛʦʪʦʚʠʪʩʷ ʢ 

ʫʩʪʘʥʦʚʢʝ ʥʘ ʨʠʩʦʫʙʦʨʦʯʥʳʡ ʢʦʤʙʘʡʥ çʂʫʙʘʥʴè. 

ʆʥʦ ʦʪʣʠʯʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʩʪʝʙʣʝʚʘʷ ʤʘʩʩʘ, ʧʦʩʪʫʧʠʚ-

ʰʘʷ ʥʘ ʦʙʤʦʣʦʪ, ʩʦʩʨʝʜʦʪʘʯʠʚʘʝʪʩʷ ʫ ʦʜʥʦʛʦ ʢʨʘʷ 

(ʚʳʭʦʜʥʦʛʦ ʦʢʥʘ) ʤʦʣʦʪʠʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʨʘʩʧʦ-

ʣʦʞʝʥʥʦʛʦ ʧʦʧʝʨʝʢ ʢʦʤʙʘʡʥʘ. ʄʦʣʦʪʠʣʴʥʳʡ ʙʘʨʘʙʘʥ 

ʠʤʝʝʪ ʜʝʢʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʧʦ ʚʠʥʪʦʚʦʡ ʣʠʥʠʠ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʙʤʦʣʦʪ ʠ ʧʝʨʝʤʝʱʝʥʠʝ ʤʘʩʩʳ ʚ ʧʨʦ-

ʪʠʚʦʧʦʣʦʞʥʫʶ ʩʪʦʨʦʥʫ ʫʩʪʨʦʡʩʪʚʘ ʠ ʚʳʭʦʜ ʩʦʣʦʤʳ 

ʚ ʚʳʭʦʜʥʦʝ ʦʢʥʦ. 

 

ʈʠʩʫʥʦʢ 1.40 ʇʦʧʝʨʝʯʥʦ-ʩʤʝʱʸʥʥʦʝ ʤʦʣʦʪʠʣʴʥʦʝ ʫʩʪ-

ʨʦʡʩʪʚʦ 



 102 

ɺ ʧʨʦʮʝʩʩʝ ʧʝʨʝʤʝʱʝʥʠʷ ʩʪʝʙʣʝʚʦʡ ʤʘʩʩʳ ʨʦʪʦʨ 

ʩ ʚʠʥʪʦʚʳʤ ʙʠʯʦʤ ʦʩʫʱʝʩʪʚʣʷʝʪ ʝʝ ʦʙʤʦʣʦʪ ʠ ʩʝʧʘ-

ʨʘʮʠʶ ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʷ ʢʦʨʧʫʩʘ ʤʦʣʦʪʠʣʴʥʦʛʦ ʫʩʪ-

ʨʦʡʩʪʚʘ. 

ʉʦʟʜʘʥʦ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʝ ʤʦʣʦʪʠʣʴʥʦʝ 

ʫʩʪʨʦʡʩʪʚʦ ʩ ʧʨʦʜʦʣʴʥʦʡ ʧʦʜʘʯʝʡ ʩʪʝʙʣʝʚʦʡ ʤʘʩʩʳ. 

ɺ ʥʝʤ ʚʳʤʦʣʦʪ ʠ ʩʝʧʘʨʘʮʠʶ ʟʝʨʥʘ ʠʟ ʩʦʣʦʤʳ ʚʳʧʦʣ-

ʥʷʝʪ ʨʦʪʦʨ (ʨʠʩ. 1.41), ʦʩʴ ʚʨʘʱʝʥʠʷ ʢʦʪʦʨʦʛʦ ʧʘʨʘʣ-

ʣʝʣʴʥʘ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ ʤʦʣʦʪʠʣʢʠ. ʈʦʪʦʨ ʩʦʩʪʦʠʪ ʠʟ 

ʧʨʠʝʤʥʦʡ, ʤʦʣʦʪʠʣʴʥʦʡ ʠ ʩʝʧʘʨʠʨʫʶʱʝʡ ʯʘʩʪʝʡ, ʦʪ-

ʣʠʯʘʶʱʠʭʩʷ ʢʦʥʩʪʨʫʢʮʠʝʡ ʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʢʦ-

ʪʦʨʳʤʠ ʨʦʪʦʨ ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʧʦʪʦʢ ʩʪʝʙʣʝʡ. 

ʈʦʪʦʨ 4 ʟʘʢʣʶʯʝʥ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʢʦʞʫʭ, ʩʦ-

ʩʪʘʚʣʝʥʥʳʡ ʠʟ ʦʙʤʦʣʘʯʠʚʘʶʱʝʡ ʜʝʢʠ 2, ʩʝʧʘʨʠʨʫʶ-

ʱʠʭ ʨʝʰʝʪʦʢ 3, ʚʠʥʪʦʚʳʭ ʥʘʧʨʘʚʣʷʶʱʠʭ, ʚʭʦʜʥʦʛʦ 

ʠ ʚʳʭʦʜʥʦʛʦ ʦʢʦʥ. 

 
ʈʠʩʫʥʦʢ 1.41 ʈʦʪʦʨʥʦʝ ʤʦʣʦʪʠʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ 
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ʈʘʩʪʠʪʝʣʴʥʘʷ ʤʘʩʩʘ ʧʦʜʘʝʪʩʷ ʥʘʢʣʦʥʥʳʤ ʪʨʘʥʩ-

ʧʦʨʪʝʨʦʤ ʚ ʧʨʠʝʤʥʫʶ ʯʘʩʪʴ, ʟʘʭʚʘʪʳʚʘʝʪʩʷ ʣʦʧʘʩʪʷ-

ʤʠ 1 ʠ ʧʦʜʘʝʪʩʷ ʢ ʙʠʯʘʤ. ɹʠʯʠ, ʫʜʘʨʷʷ ʧʦ ʢʦʣʦʩʢʘʤ, 

ʚʳʤʦʣʘʯʠʚʘʶʪ ʟʝʨʥʦ ʠ ʫʚʣʝʢʘʶʪ ʤʘʩʩʫ ʚʦ ʚʨʘʱʝʥʠʝ. 

ʋʜʘʨʷʷʩʴ ʦ ʚʠʥʪʦʚʳʝ ʥʘʧʨʘʚʣʷʶʱʠʝ, ʤʘʩʩʘ ʧʝʨʝʤʝ-

ʱʘʝʪʩʷ ʦʪ ʚʭʦʜʘ ʢ ʚʳʭʦʜʫ. ɿʝʨʥʦ ʠ ʤʝʣʢʠʝ ʧʨʠʤʝʩʠ 

ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʷ ʨʝʰʝʪʦʢ ʠ ʧʦʜʘʶʪʩʷ ʥʘ 

ʦʯʠʩʪʢʫ. 

1.3.3 ʇʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʇʦʩʪʫʧʘʶʱʘʷ ʚ ʤʦʣʦʪʠʣʴʥʳʡ ʟʘʟʦʨ ʭʣʝʙʥʘʷ ʤʘʩ-

ʩʘ, ʩ ʥʘʨʘʩʪʘʶʱʝʡ ʩʢʦʨʦʩʪʴʶ (20-30 ʤ/ʩ) ʫʥʦʩʠʪʩʷ 

ʙʠʯʘʤʠ ʠ ʥʝ ʧʨʝʧʷʪʩʪʚʫʝʪ ʧʦʜʘʯʝ ʩʣʝʜʫʶʱʝʡ ʧʦʨ-

ʮʠʠ. ʇʦʵʪʦʤʫ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʙʫʜʝʤ ʦʧʨʝ-

ʜʝʣʷʪʴ ʜʣʷ ʫʩʣʦʚʠʷ ʚʭʦʜʘ ʭʣʝʙʥʦʡ ʤʘʩʩʳ, ʪ.ʝ. ʧʦʜʘ-

ʯʠ: 

,.. lUq ʤʭÖÖD= rh                        (1.70) 

ʛʜʝ q - ʧʦʜʘʯʘ, ʢʛ/ʩ; 

ȹ- ʪʦʣʱʠʥʘ ʧʦʪʦʢʘ ʤʘʩʩʳ ʥʘ ʚʳʭʦʜʝ, ʤ;  

l - ʜʣʠʥʘ ʙʘʨʘʙʘʥʘ, ʤ; 

ɖ - ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʠʥʳ;  

ɟ - ʧʣʦʪʥʦʩʪʴ ʭʣʝʙʥʦʡ ʤʘʩʩʳ, ʢʛ/ʤ; 

Uʭ.ʤ. - ʩʢʦʨʦʩʪʴ ʭʣʝʙʥʦʡ ʤʘʩʩʳ ʥʘ ʚʭʦʜʝ, ʤ/ʩ. 

ɿʘʙʠʚʘʥʠʝ ʤʦʣʦʪʠʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʥʝ ʧʨʦʠʟʦʡ-

ʜʝʪ, ʝʩʣʠ ʙʠʯ ʩʦʦʙʱʠʪ ʧʨʠʭʦʜʷʱʝʡʩʷ ʥʘ ʝʛʦ ʜʦʣʶ 

ʭʣʝʙʥʦʡ ʤʘʩʩʝ m ʠʤʧʫʣʴʩ ʩʠʣʳ ʈȚȹt, ʨʘʚʥʳʡ ʠʣʠ 

ʙʦʣʴʰʠʡ ʢʦʣʠʯʝʩʪʚʫ ʜʚʠʞʝʥʠʷ mȚUʭʤ  ʢʦʪʦʨʦʝ ʠʤʝʣʘ 

ʵʪʘ ʧʦʨʮʠʷ ʚ ʩʚʦʝʤ ʜʚʠʞʝʥʠʠ ʜʦ ʚʭʦʜʘ ʚ ʤʦʣʦʪʠʣʴ-
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ʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʪ.ʝ. 

..ʤʭUmtP Ö²DÖ                           (1.71) 

ʇʦʨʮʠʷ ʭʣʝʙʥʦʡ ʤʘʩʩʳ ʚ ʤʦʣʦʪʠʣʴʥʦʤ ʟʘʟʦʨʝ 

ʧʦʜʚʝʨʛʘʝʪʩʷ ʜʝʡʩʪʚʠʶ ʥʦʨʤʘʣʴʥʦʡ ʩʠʣʳ ʩʞʘʪʠʷ N 

(ʨʠʩ. 1.42) , ʩʠʣʳ ʪʨʝʥʠʷ f1N, ʚʦʟʥʠʢʘʶʱʝʡ ʚ ʟʦʥʝ 

ʢʦʥʪʘʢʪʘ ʤʝʞʜʫ ʙʠʯʦʤ ʠ ʭʣʝʙʥʦʡ ʤʘʩʩʦʡ (ʦʥʘ ʥʘ-

ʧʨʘʚʣʝʥʘ ʧʦ ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʙʘʨʘʙʘʥʫ ʚ ʩʪʦʨʦʥʫ ʝʛʦ 

ʚʨʘʱʝʥʠʷ), ʘ ʪʘʢʞʝ ʩʠʣʳ ʪʨʝʥʠʷ f2N, ʚʦʟʥʠʢʘʶʱʝʡ ʚ 

ʟʦʥʝ ʢʦʥʪʘʢʪʘ ʤʝʞʜʫ ʧʦʨʮʠʝʡ ʭʣʝʙʥʦʡ ʤʘʩʩʳ ʠ 

ʧʣʘʥʢʦʡ ʧʦʜʙʘʨʘʙʘʥʴʷ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʚ ʩʪʦʨʦʥʫ, 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʜʚʠʞʝʥʠʶ ʭʣʝʙʥʦʡ ʤʘʩʩʳ. 

 
ʈʠʩʫʥʦʢ 1.42 ʉʠʣʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʧʦʨʮʠʶ ʭʣʝʙʥʦʡ 

ʤʘʩʩʳ ʚ ʤʦʣʦʪʠʣʴʥʦʤ ʟʘʟʦʨʝ 

ɺʚʠʜʫ ʤʘʣʦʛʦ ʟʘʟʦʨʘ ʤʦʤʝʥʪʘʤʠ ʦʪ ʵʪʠʭ ʜʚʫʭ ʩʠʣ 

ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. 
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ʀʪʘʢ, ʠʤʧʫʣʴʩ, ʩʦʦʙʱʘʝʤʳʡ ʙʘʨʘʙʘʥʦʤ ʭʣʝʙʥʦʡ 

ʤʘʩʩʝ: 

..21 )( ʤʭUmtNfNftP Ö²D-=DÖ           (1.72) 

ʛʜʝ 
ʚV

ʚ
t =D  - ʚʨʝʤʷ ʫʜʘʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʙʠʯʘ ʥʘ 

ʧʦʨʮʠʶ, ʩ; 

ʚ - ʨʘʙʦʯʘʷ ʰʠʨʠʥʘ ʙʠʯʘ, ʤ;  

Vʙ - ʦʢʨʫʞʥʘʷ ʩʢʦʨʦʩʪʴ ʙʘʨʘʙʘʥʘ, ʤ/ʩ; 

 F1 ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʭʣʝʙʥʦʡ ʤʘʩʩʳ ʦ ʙʠʯ; 

 F2- ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʭʣʝʙʥʦʡ ʤʘʩʩʳ ʦ ʜʝʢʫ. 

ʄʘʩʩʘ ʭʣʝʙʥʦʡ ʧʦʨʮʠʠ, ʧʦʩʪʫʧʘʶʱʝʡ ʚ ʤʦʣʦ-

ʪʠʣʴʥʳʡ ʘʧʧʘʨʘʪ, ʢʛ: 

,
g

tq
m

Ö
=                          (1.73) 

ʛʜʝ t - ʚʨʝʤʷ ʤʝʞʜʫ ʧʨʦʭʦʞʜʝʥʠʝʤ ʜʚʫʭ ʩʦʩʝʜʥʠʭ 

ʙʠʯʝʡ, ʩ; 

g - ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ, ʤ/ʩ
2
.  

ʆʜʥʘʢʦ 

,
ʙVM

D
t

Ö

Ö
=
p

 

ʛʜʝ  D - ʜʠʘʤʝʪʨ ʙʘʨʘʙʘʥʘ, ʤ; 

 ʄ - ʯʠʩʣʦ ʙʠʯʝʡ ʥʘ ʙʘʨʘʙʘʥʝ, ʰʪ,  

ʪʦʛʜʘ 

.)( ..
21

ʙ

ʤʭ

ʙ VMq

UDq

V

ʚ
ffN

ÖÖ

ÖÖÖ
²-
p

                (1.75) 

ʀʟ ʬʦʨʤʫʣʳ (1.70) ʦʧʨʝʜʝʣʠʤ UX.M.: 
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l

q
U ʤʭ

ÖÖÖD
=

rh
..

                                     (1.76) 

ʠ ʧʦʜʩʪʘʚʠʤ ʚ ʧʦʩʣʝʜʥʝʝ ʚʳʨʘʞʝʥʠʝ (1.75): 

.)(
2

21
Mgl

Dq
ʚffN

ÖÖÖÖÖD

ÖÖ
²-

rh

p
                       (1.77) 

ʦʪʢʫʜʘ ʧʦʜʘʯʘ: 

D

MlgʚffN
q

Ö

ÖÖÖÖÖDÖÖ-
=

p

rh)( 21  

ɽʩʣʠ ʚʚʝʩʪʠ ʧʦʥʷʪʠʝ ʦ ʩʪʝʧʝʥʠ ʩʞʘʪʠʷ ʭʣʝʙʥʦʡ 

ʤʘʩʩʳ ʚ ʤʦʣʦʪʠʣʴʥʦʤ ʟʘʟʦʨʝ, ʪʦ 
d

D
=ʚ  ʥʝ ʜʦʣʞʥʘ 

ʧʨʝʚʳʰʘʪʴ ʢʨʠʪʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ, ʯʪʦʙʳ ʥʝ ʙʳʣʦ 

ʟʘʙʠʚʘʥʠʡ (ʜʣʷ ʧʰʝʥʠʮʳ ( ɓ = 6/7 ). 

ʉ ʫʯʝʪʦʤ rbÖ=D  ʧʦʣʫʯʠʤ: 

D

MlgʚffN
q

Ö

ÖÖÖÖÖÖÖÖ-
=

p

rhdb)( 21                  (1.79) 

1.3.4 ʆʩʥʦʚʥʦʝ ʫʨʘʚʥʝʥʠʝ ʨʘʙʦʪʳ ʤʦʣʦʪʠʣʴʥʦ-

ʛʦ ʙʘʨʘʙʘʥʘ ʠ ʝʛʦ ʘʥʘʣʠʟ 

ʈʘʩʩʤʦʪʨʠʤ ʨʘʙʦʪʫ ʤʦʣʦʪʠʣʴʥʦʛʦ ʙʘʨʘʙʘʥʘ ʨʘ-

ʜʠʫʩʦʤ r, ʚʨʘʱʘʶʱʝʛʦʩʷ ʩ ʥʝʢʦʪʦʨʦʡ ʧʦʩʪʦʷʥʥʦʡ 

ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ ɤ ʠ ʨʘʚʥʦʤʝʨʥʦ ʟʘʛʨʫʞʘʝʤʦʛʦ 

ʭʣʝʙʥʦʡ ʤʘʩʩʦʡ m' (ʢʛ/ʩ). 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʦʨʠʝʡ ɺ.ʇ. ɻʦʨʷʯʢʠʥʘ ʵʥʝʨ-

ʛʠʷ, ʧʨʠʚʝʜʝʥʥʘʷ ʢ ʤʦʣʦʪʠʣʴʥʦʤʫ ʫʩʪʨʦʡʩʪʚʫ, ʨʘʩ-

ʭʦʜʫʝʪʩʷ ʥʘ ʧʨʝʦʜʦʣʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʜʚʫʭ ʦʩ-

ʥʦʚʥʳʭ ʢʘʪʝʛʦʨʠʡ: 

1. ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʪʨʝʥʠʶ ʚ ʧʦʜʰʠʧʥʠʢʘʭ ʠ ʧʝ-
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ʨʝʜʘʪʦʯʥʳʭ ʤʝʭʘʥʠʟʤʘʭ, ʘ ʪʘʢʞʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʦʟ-

ʜʫʭʫ; 

2. ʉʦʧʨʦʪʠʚʣʝʥʠʝ, ʩʚʷʟʘʥʥʦʝ ʩ ʧʨʦʮʝʩʩʦʤ ʦʙʤʦ-

ʣʦʪʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʠʟʤʝʥʷʝʪʩʷ ʩʦʩʪʦʷʥʠʝ 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʄʦʱʥʦʩʪʴ N, ʟʘʪʨʘʯʠʚʘʝʤʘʷ ʥʘ ʚʨʘʱʝʥʠʝ ʙʘʨʘ-

ʙʘʥʘ, ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʜʚʫʭ ʩʦʩʪʘʚʣʷʶʱʠʭ /13/: 

N=N1
xx

+N2
p
x,                                    (1.80) 

ʛʜʝ N
xx

 - ʤʦʱʥʦʩʪʴ, ʟʘʪʨʘʯʠʚʘʝʤʘʷ ʥʘ ʧʝʨʚʫʶ ʢʘʪʝʛʦ-

ʨʠʶ ʩʦʧʨʦʪʠʚʣʝʥʠʡ; 

 N2
p
x - ʤʦʱʥʦʩʪʴ, ʟʘʪʨʘʯʠʚʘʝʤʘʷ ʥʘ ʚʪʦʨʫʶ ʢʘʪʝ-

ʛʦʨʠʶ ʩʦʧʨʦʪʠʚʣʝʥʠʡ. 

ɺʝʣʠʯʠʥʘ N1 ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʤʦʱʥʦʩʪʠ, ʟʘʪʨʘʯʠ-

ʚʘʝʤʳʝ ʥʘ ʧʨʝʦʜʦʣʝʥʠʝ ʪʨʝʥʠʷ (ʧʨʠʥʠʤʘʝʪʩʷ ʧʨʦ-

ʧʦʨʮʠʦʥʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ) ʠ ʧʨʝʦʜʦʣʝʥʠʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʦʟʜʫʭʘ (ʧʨʠʥʠʤʘʝʪʩʷ ʧʨʦʧʦʨʮʠʦ-

ʥʘʣʴʥʦʡ ʢʫʙʫ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʙʘʨʘʙʘʥʘ): 

N1
xx

 =ɸ ɤ + ɺ ɤ
3
,                               (1.81) 

ʛʜʝ ɸ - ʢʦʵʬʬʠʮʠʝʥʪ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʤʦʤʝʥʪ 

ʩʠʣ ʪʨʝʥʠʷ; 

 ɺ - ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ, ʟʘʚʠʩʷ-

ʱʠʡ ʦʪ ʧʣʦʪʥʦʩʪʠ ʚʦʟʜʫʭʘ, ʬʦʨʤʳ ʠ ʨʘʟʤʝʨʦʚ ʚʨʘ-

ʱʘʶʱʠʭʩʷ ʯʘʩʪʝʡ ʙʘʨʘʙʘʥʘ.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ N2 ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʜʝʡ-

ʩʪʚʠʝ ʙʘʨʘʙʘʥʘ ʥʘ ʭʣʝʙʥʫʶ ʤʘʩʩʫ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʫʜʘʨʘʤʠ ʠ ʧʨʦʪʷʛʠʚʘʥʠʝʤ ʝʝ ʚ ʨʘʙʦʯʝʡ ʱʝʣʠ. ʋʜʘʨʳ 

ʧʦ ʭʣʝʙʥʦʡ ʤʘʩʩʝ ʩʣʝʜʫʶʪ ʯʝʨʝʟ ʢʦʨʦʪʢʠʝ ʧʨʦʤʝ-

ʞʫʪʢʠ ʚʨʝʤʝʥʠ (0,0045-0,0075 ʩ). 

ʇʦʣʥʦʝ ʦʢʨʫʞʥʦʝ ʫʩʠʣʠʝ ʈ ʥʘ ʙʠʯʘʭ ʠʣʠ ʰʪʠʬ-
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ʪʘʭ ʙʘʨʘʙʘʥʘ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʩʠʣʳ ʈ1, ʧʦʪʨʝʙʥʦʡ ʥʘ 

ʫʜʘʨ, ʠ ʩʠʣʳ ʈ2, ʧʦʪʨʝʙʥʦʡ ʥʘ ʧʨʝʦʜʦʣʝʥʠʝ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʷ ʧʨʦʪʷʛʠʚʘʥʠʶ ʤʘʩʩʳ ʩʢʚʦʟʴ ʨʘʙʦʯʫʶ ʱʝʣʴ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʝʛʦʩʷ ʧʝʨʝʪʠʨʘʥʠʝʤ ʩʪʝʙʣʝʡ: 

ʈ = ʈ1+ʈ2.                                 (1.82) 

ɺʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʟʘʢʦʥʦʤ ʦʙ ʠʟʤʝʥʝʥʠʠ ʢʦʣʠ-

ʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ (ʠʤʧʫʣʴʩʘ), ʦʧʨʝʜʝʣʠʤ ʩʠʣʫ ʠ ʤʦ-

ʤʝʥʪ ʫʜʘʨʘ. 

ʆʙʦʟʥʘʯʠʤ ʚʨʝʤʷ ʫʜʘʨʘ ʯʝʨʝʟ ȹt. ʊʦʛʜʘ ʧʨʠ ʨʘʚ-

ʥʦʤʝʨʥʦʡ ʧʦʜʘʯʝ ʟʘʭʚʘʯʝʥʥʘʷ ʤʘʩʩʘ ʟʘ ʚʨʝʤʷ ʦʜʥʦʛʦ 

ʫʜʘʨʘ ʦʜʥʠʤ ʙʠʯʦʤ ʙʫʜʝʪ: 

ȹm = m'Țȹt.                                  (1.83) 

ʊʘʢ ʢʘʢ ʩʦʣʦʤʘ ʦʙʣʘʜʘʝʪ ʩʣʘʙʦʡ ʫʧʨʫʛʦʩʪʴʶ, ʧʦ-

ʩʣʝ ʫʜʘʨʘ ʦʥʘ ʧʨʠʦʙʨʝʪʘʝʪ ʩʢʦʨʦʩʪʴ V ʟʘʭʚʘʪʠʚʰʝʛʦ 

ʝʝ ʙʠʯʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʫʶ ʩʦʙʦʡ ʦʢʨʫʞʥʫʶ ʩʢʦʨʦʩʪʴ 

ʙʘʨʘʙʘʥʘ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʦʣʠʯʝʩʪʚʦ ʜʚʠʞʝʥʠʷ, ʢʦʪʦʨʦʝ 

ʧʨʠʦʙʨʝʪʘʝʪ ʩʦʣʦʤʘ ʤʘʩʩʦʡ ȹm, ʙʫʜʝʪ ʨʘʚʥʦ ȹmȚV. 

ʇʦ ʧʨʠʨʘʱʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʟʥʘʯʝʥʠʝ ʠʤʧʫʣʴʩʘ ʩʠʣʳ ʠʟ ʨʘʚʝʥʩʪʚʘ 

)( 01 VVmtP -D=D , 

ʊʘʢ ʢʘʢ Vo = 0, ʪʦ ʩʠʣʘ ʫʜʘʨʘ 

VmV
t

m
P Ö=Ö
D

D
= '

1 ,                              (1.84) 

ʤʦʤʝʥʪ ʩʠʣʳ ʫʜʘʨʘ 

wÖÖ=Ö= 2'

1 rmrPM ,                              (1.85) 
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ʉʠʣʘ ʈ2 ʧʦ ɺ.ʇ. ɻʦʨʷʯʢʠʥʫ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ 

ʧʦʣʥʦʤʫ ʦʢʨʫʞʥʦʤʫ ʫʩʠʣʠʶ ʈ, ʪ.ʝ. 

PfP Ö=2 ,                                          (1.86) 

ʛʜʝ f - ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʪʠʨʘʥʠʷ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʪʠʨʘʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʩʪʨʫʢ-

ʪʠʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʙʘʨʘʙʘʥʘ ʠ ʧʦʜʙʘʨʘʙʘʥʴʷ, ʬʠ-

ʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʙʤʦʣʘʯʠʚʘʝʤʦʛʦ ʧʨʦ-

ʜʫʢʪʘ ʠ ʧʦʜʘʯʠ. ɽʛʦ ʧʨʠʥʠʤʘʶʪ ʨʘʚʥʳʤ 0,60õ0,75 - 

ʜʣʷ ʙʠʣʴʥʳʭ ʠ 0,7õ0,8 - ʜʣʷ ʰʪʠʬʪʦʚʳʭ. 

ʉ ʫʯʝʪʦʤ ʟʥʘʯʝʥʠʡ P1 ʠ ʈ2 ʟʘʚʠʩʠʤʦʩʪʴ (1.82) ʙʫ-

ʜʝʪ ʠʤʝʪʴ ʚʠʜ: 

f

Vm
P

-

Ö
=

1

'

                                  (1.87) 

ʋʤʥʦʞʠʚ ʦʙʝ ʯʘʩʪʠ ʵʪʦʛʦ ʨʘʚʝʥʩʪʚʘ ʥʘ V, ʧʦʣʫ-

ʯʠʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʤʦʱʥʦʩʪʠ N2: 

f

Vm
N

-

Ö
=

1

2'

2                                 (1.88) 

ʇʨʦʮʝʩʩ ʨʘʙʦʪʳ ʤʦʣʦʪʠʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʭʘʨʘʢ-

ʪʝʨʠʟʫʝʪʩʷ ʪʨʝʤʷ ʵʣʝʤʝʥʪʘʤʠ: 

1 - ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴʶ ʜʚʠʛʘʪʝʣʷ ʢʘʢ ʠʩʪʦʯʥʠʢʘ 

ʵʥʝʨʛʠʠ; 

2 - ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴʶ ʙʘʨʘʙʘʥʘ; 

3 - ʩʦʧʨʦʪʠʚʣʝʥʠʷʤʠ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘ-

ʣʘ. 

ʄʝʭʘʥʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ, ʧʝʨʝʜʘʚʘʝʤʘʷ ʜʚʠʛʘʪʝʣʝʤ 

ʙʘʨʘʙʘʥʫ, ʧʦʛʣʦʱʘʝʪʩʷ ʫʩʢʦʨʝʥʠʝʤ ʜʚʠʞʝʥʠʷ ʧʦ-

ʩʣʝʜʥʝʛʦ, ʢʦʪʦʨʦʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʛʣʦʱʘʝʪʩʷ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʝʤ ʭʣʝʙʥʦʡ ʤʘʩʩʳ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʧʨʠ ʨʘʚ-
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ʥʦʤʝʨʥʦʡ ʧʦʜʘʯʝ ʠ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝʞʠʤʝ ʚʤʝʩʪʦ 

ʚʦʟʤʦʞʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʜʚʠʞʝʥʠʷ ʙʘʨʘʙʘʥʘ ʧʨʦʠʩʭʦ-

ʜʠʪ ʝʛʦ ʨʘʚʥʦʤʝʨʥʦʝ ʜʚʠʞʝʥʠʝ. 

ɽʩʣʠ ʨʘʩʭʦʜʫʝʤʘʷ ʤʦʱʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ ʨʘʚʥʘ 

ʧʦʣʥʦʡ ʤʦʱʥʦʩʪʠ, ʧʦʪʨʝʙʥʦʡ ʥʘ ʧʨʠʚʦʜ ʙʘʨʘʙʘʥʘ ʚ 

ʧʝʨʠʦʜ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ, ʪ.ʝ. ʢʦʛʜʘ ʥʝʪ ʧʦʜʘʯʠ ʭʣʝʙ-

ʥʦʡ ʤʘʩʩʳ, ʨʘʟʥʦʩʪʴ N ï N1 ʫʡʜʝʪ ʥʘ ʧʦʚʳʰʝʥʠʝ ʩʢʦ-

ʨʦʩʪʠ ʙʘʨʘʙʘʥʘ: 

21 N
dt

d
JNN ÖÖ=- w
w

,                      (1.89) 

ʛʜʝ -
dt

dw
 ʩʦʦʙʱʘʝʤʦʝ ʙʘʨʘʙʘʥʫ ʫʛʣʦʚʦʝ ʫʩʢʦʨʝʥʠʝ, 

ʨʘʜ/ʩ
2
; 

J - ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʙʘʨʘʙʘʥʘ, ʢʛĿʤ
2
. 

ʆʩʥʦʚʥʦʝ ʫʨʘʚʥʝʥʠʝ ʤʦʣʦʪʠʣʴʥʦʛʦ ʙʘʨʘʙʘʥʘ, 

ʩʚʷʟʳʚʘʶʱʝʝ ʤʝʞʜʫ ʩʦʙʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʚʠʛʘʪʝ-

ʣʷ N, ʙʘʨʘʙʘʥʘ Y ʠ ʭʣʝʙʥʦʡ ʤʘʩʩʳ m', ʤʦʞʥʦ ʟʘʧʠ-

ʩʘʪʴ, ʫʯʠʪʳʚʘʷ, ʯʪʦ N1 ʩʦʩʪʘʚʣʷʝʪ 5 % ʦʪ N, ʠ ʧʨʠ-

ʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʨʘʚʝʥʩʪʚʦ (1.88) ʠ (1.89): 

f

Vm

dt

d
JN

-

Ö
=ÖÖ=

1

2'

w
w

                  (1.90) 

ɸʥʘʣʠʟʠʨʫʷ ʦʩʥʦʚʥʦʝ ʫʨʘʚʥʝʥʠʝ ʤʦʣʦʪʠʣʴʥʦʛʦ 

ʙʘʨʘʙʘʥʘ (1.90), ʤʦʞʥʦ ʚʳʷʚʠʪʴ ʭʘʨʘʢʪʝʨʥʳʝ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʧʦ ʨʝʞʠʤʫ ʝʛʦ ʨʘʙʦʪʳ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʠ ʟʘʪʨʘʪʘʤ ʵʥʝʨʛʠʠ ʥʘ ʝʜʠʥʠʮʫ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘ-

ʪʝʨʠʘʣʘ. 

ʄʦʱʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ N, ʧʦʜʚʝʜʝʥʥʘʷ ʢ ʙʘʨʘʙʘʥʫ, 
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ʙʝʟ ʧʦʜʘʯʠ ʭʣʝʙʥʦʡ ʤʘʩʩʳ ʙʫʜʝʪ ʨʘʩʭʦʜʦʚʘʪʴʩʷ ʥʘ 

ʫʩʢʦʨʝʥʠʝ ʝʛʦ ʜʚʠʞʝʥʠʷ: 

w

w

Ö
=

J

N

dt

d
,                           (1.91)  

 
ʈʠʩʫʥʦʢ 1.43 ʀʟʤʝʥʝʥʠʝ ʫʛʣʦʚʦʛʦ ʫʩʢʦʨʝʥʠʷ ʙʘʨʘʙʘʥʘ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʛʦ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ 

ɺʦʟʤʦʞʥʦʝ ʫʩʢʦʨʝʥʠʝ ʙʘʨʘʙʘʥʘ ʙʫʜʝʪ ʪʝʤ ʙʦʣʴ-

ʰʝ, ʯʝʤ ʙʦʣʴʰʝ ʤʦʱʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ ʠ ʤʝʥʴʰʝ ʤʦ-

ʤʝʥʪ ʠʥʝʨʮʠʠ ʠ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ. 

ʇʨʠ ʧʦʩʪʦʷʥʥʳʭ N ʠ J ʫʛʣʦʚʦʝ ʫʩʢʦʨʝʥʠʝ ʙʘʨʘ-

ʙʘʥʘ (ʧʨʠʭʦʜ ʫʩʢʦʨʝʥʠʷ) ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʧʦʚʳʰʝʥʠʝʤ 

ʝʛʦ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ (ʢʨʠʚʘʷ 1 ʨʠʩ. 1.43). 

ʇʨʠ ʟʘʛʨʫʟʢʝ ʙʘʨʘʙʘʥʘ ʭʣʝʙʥʦʡ ʤʘʩʩʦʡ ʫʤʝʥʴʰʝ-

ʥʠʝ ʵʪʦʛʦ ʫʩʢʦʨʝʥʠʷ (ʨʘʩʭʦʜ ʫʩʢʦʨʝʥʠʷ) ʙʫʜʝʪ ʦʧʨʝ-

ʜʝʣʷʪʴʩʷ ʟʘʚʠʩʠʤʦʩʪʴʶ 
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ʊʦʯʢʘ ʧʝʨʝʩʝʯʝʥʠʷ ʛʠʧʝʨʙʦʣʳ 1 ʠ ʧʨʷʤʦʡ 2 ʦʧ-

ʨʝʜʝʣʷʝʪ ʟʥʘʯʝʥʠʝ ɤʢʨ, ʧʨʠ ʢʦʪʦʨʦʡ ʜʚʠʛʘʪʝʣʴ ʨʘʙʦ-

ʪʘʝʪ ʩ ʧʦʣʥʦʡ ʥʘʛʨʫʟʢʦʡ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʣʶʙʦʝ ʫʚʝ-

ʣʠʯʝʥʠʝ ʧʦʜʘʯʠ ʭʣʝʙʥʦʡ ʤʘʩʩʳ ʧʨʠʚʝʜʝʪ ʢ ʩʥʠʞʝ-

ʥʠʶ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʙʘʨʘʙʘʥʘ ʠ ʫʭʫʜʰʝʥʠʶ ʢʘʯʝ-

ʩʪʚʘ ʦʙʤʦʣʦʪʘ. 

ʇʦʵʪʦʤʫ ʤʦʱʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ ʜʦʣʞʥʘ ʙʳʪʴ ʪʘʢʦʡ, 

ʯʪʦʙʳ ʩʢʦʨʦʩʪʴ ɤʢʨ ʙʳʣʘ ʙʦʣʴʰʝ ɤʨʘʙ, ʪʨʝʙʫʶʱʝʡʩʷ 

ʥʘ ʦʙʤʦʣʦʪ. 

ɿʥʘʯʝʥʠʝ ɤʢʨ ʥʘʭʦʜʠʪʩʷ ʠʟ ʦʩʥʦʚʥʦʛʦ ʫʨʘʚʥʝʥʠʷ 

ʙʘʨʘʙʘʥʘ: 
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1.3.5 ɸʥʘʣʠʟ ʨʘʙʦʪʳ ʤʦʣʦʪʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ 

ʇʨʠ ʩʚʦʝʡ ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʥʠʟʢʦʡ 

ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʤʦʣʦʪʠʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʜʦʣʞʥʳ 

ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ 

(ʥʝʜʦʤʦʣʦʪ ʠ ʜʨʦʙʣʝʥʠʝ ʤʝʥʝʝ 1 %). 

ʅʘ ʨʠʩʫʥʢʝ 1.44 ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʨʠʚʳʝ ʠʟʤʝʥʝʥʠʷ 

ʥʝʜʦʤʦʣʦʪʘ 1, ʜʨʦʙʣʝʥʠʷ 2 ʠ ʧʨʦʩʝʠʚʘʥʠʷ 3 ʟʝʨʥʘ 

ʯʝʨʝʟ ʜʝʢʫ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ Vʙ - ʚʝʣʠʯʠʥʳ ʟʘʟʦʨʦʚ ʠ 

ʧʦʜʘʯʠ ʭʣʝʙʥʦʡ ʤʘʩʩʳ [13]. 

ʉʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʭʣʝʙʥʦʡ ʤʘʩʩʳ ʚ ʧʨʦʩʪʨʘʥʩʪ-

ʚʝ ʤʝʞʜʫ ʙʘʨʘʙʘʥʦʤ ʠ ʧʦʜʙʘʨʘʙʘʥʴʝʤ ʤʝʥʴʰʝ, ʯʝʤ 

ʩʢʦʨʦʩʪʴ ʙʠʯʝʡ ʠ ʰʪʠʬʪʦʚ. ʇʦʵʪʦʤʫ ʭʣʝʙʥʘʷ ʤʘʩʩʘ 

ʧʦʜʚʝʨʛʘʝʪʩʷ ʤʥʦʛʦʢʨʘʪʥʳʤ ʫʜʘʨʘʤ ʠ ʧʝʨʝʪʠʨʘʶʱʝ-

ʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʙʠʯʝʡ ʠ ʰʪʠʬʪʦʚ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʚʳʤʦʣʘʯʠʚʘʥʠʶ ʟʝʨʥʘ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʚʳʤʦʣʦʪʘ ʟʘ-
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ʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ ʠ ʯʠʩʣʘ ʫʜʘʨʦʚ ʙʠʯʝʡ, ʘ ʪʘʢʞʝ ʦʪ 

ʚʝʣʠʯʠʥʳ ʟʘʟʦʨʦʚ, ʧʦʵʪʦʤʫ ʦʧʪʠʤʘʣʴʥʳʡ ʨʝʞʠʤ ʨʘ-

ʙʦʪʳ ʤʦʣʦʪʠʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʨʝʛʫ-

ʣʠʨʦʚʢʦʡ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʙʘʨʘʙʘʥʘ ʠ ʟʘʟʦʨʘ ʤʝʞ-

ʜʫ ʙʠʯʦʤ ʠ ʧʣʘʥʢʘʤʠ ʧʦʜʙʘʨʘʙʘʥʴʷ, ʘ ʜʣʷ ʰʪʠʬʪʦ-

ʚʳʭ ʤʦʣʦʪʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ - ʨʝʛʫʣʠʨʦʚʢʦʡ ʯʘʩʪʦʪʳ 

ʚʨʘʱʝʥʠʷ ʠ ʙʦʢʦʚʦʛʦ ʟʘʟʦʨʘ ʤʝʞʜʫ ʰʪʠʬʪʦʤ ʙʘʨʘʙʘ-

ʥʘ ʠ ʧʦʜʙʘʨʘʙʘʥʴʝʤ. 

ʏʘʩʪʦʪʫ ʚʨʘʱʝʥʠʷ ʙʘʨʘʙʘʥʘ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʚ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʦʪ ʫʙʠʨʘʝʤʦʡ ʢʫʣʴʪʫʨʳ, ʩʦʨʪʘ, ʩʪʝʧʝʥʠ 

ʟʨʝʣʦʩʪʠ, ʚʣʘʞʥʦʩʪʠ ʠ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ, ʨʝʛʫʣʠʨʫʶʪ 

ʯʘʩʪʦʪʫ ʚʨʘʱʝʥʠʷ ʙʘʨʘʙʘʥʘ ʦʩʪʦʨʦʞʥʦ, ʪʘʢ ʢʘʢ ʧʨʠ 

ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʯʘʩʪʦʪʝ ʚʦʟʨʘʩʪʘʝʪ ʥʝʜʦʤʦʣʦʪ, ʘ ʧʨʠ 

ʧʦʚʳʰʝʥʥʦʡ - ʜʨʦʙʣʝʥʠʝ ʠ ʤʠʢʨʦʧʦʚʨʝʞʜʝʥʠʷ ʟʝʨ-

ʥʘ, ʘ ʪʘʢʞʝ ʯʨʝʟʤʝʨʥʦ ʠʟʤʝʣʴʯʘʝʪʩʷ ʩʦʣʦʤʘ. ɼʣʷ ʢʘ-

ʞʜʦʡ ʢʫʣʴʪʫʨʳ ʨʝʛʫʣʠʨʦʚʢʘ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʙʘʨʘ-

ʙʘʥʘ ʜʦʧʦʣʥʷʝʪ ʨʝʛʫʣʠʨʦʚʢʫ ʟʘʟʦʨʦʚ, ʢʦʪʦʨʘʷ ʷʚʣʷ-

ʝʪʩʷ ʦʩʥʦʚʥʦʡ ʜʣʷ ʤʦʣʦʪʠʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. 

ɿʘʟʦʨʳ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʪʘʢʦʡ ʚʝʣʠʯʠʥʳ, ʯʪʦʙʳ 

ʦʙʝʩʧʝʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʳʡ ʚʳʤʦʣʦʪ ʠ ʤʠʥʠʤʘʣʴʥʦʝ 

ʜʨʦʙʣʝʥʠʝ ʟʝʨʥʘ. ʇʨʠ ʥʝʙʦʣʴʰʦʤ ʟʘʟʦʨʝ ʠʥʪʝʥʩʠʚ-

ʥʦʩʪʴ ʦʙʤʦʣʦʪʘ ʤʝʥʴʰʝ, ʦʜʥʘʢʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦ-

ʚʨʝʞʜʝʥʠʝ ʟʝʨʥʘ ʠ ʩʠʣʴʥʝʝ ʠʟʤʝʣʴʯʘʝʪʩʷ ʩʦʣʦʤʘ 

(ʨʠʩ. 1.44 ʙ), ʯʪʦ ʫʭʫʜʰʘʝʪ ʢʘʯʝʩʪʚʦ ʨʘʙʦʪʳ ʦʯʠʩʪʢʠ. 

ʇʨʠ ʧʦʷʚʣʝʥʠʠ ʥʝʜʦʤʦʣʦʪʘ ʟʘʟʦʨʳ ʧʦʩʪʝʧʝʥʥʦ 

ʫʤʝʥʴʰʘʶʪ, ʧʦʢʘ ʥʝ ʜʦʙʴʶʪʩʷ ʧʦʣʥʦʛʦ ʚʳʤʦʣʦʪʘ. 

ʇʨʠ ʵʪʦʤ ʩʣʝʜʷʪ ʟʘ ʜʨʦʙʣʝʥʠʝʤ ʟʝʨʥʘ. ɽʩʣʠ ʜʨʦʙʣʝ-

ʥʠʝ ʚʦʟʨʦʩʣʦ, ʫʚʝʣʠʯʠʚʘʶʪ ʟʘʟʦʨʳ ʜʦ ʧʦʷʚʣʝʥʠʷ 

ʧʨʠʟʥʘʢʦʚ ʥʝʜʦʤʦʣʦʪʘ. ɽʩʣʠ ʪʘʢʠʤ ʧʨʠʝʤʦʤ ʥʝ ʫʜʘ-

ʣʦʩʴ ʫʤʝʥʴʰʠʪʴ ʧʦʚʨʝʞʜʘʝʤʦʩʪʴ ʟʝʨʥʘ, ʩʥʠʞʘʶʪ 
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ʯʘʩʪʦʪʫ ʚʨʘʱʝʥʠʷ ʙʘʨʘʙʘʥʘ, ʟʘʟʦʨʳ ʫʚʝʣʠʯʠʚʘʶʪ, ʘ 

ʯʘʩʪʦʪʫ ʚʨʘʱʝʥʠʷ ʙʘʨʘʙʘʥʘ ʩʥʠʞʘʶʪ ʧʨʠ ʫʙʦʨʢʝ  

 

ʈʠʩʫʥʦʢ 1.44 ʀʟʤʝʥʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʙʦʪʳ ʤʦʣʦʪʠʣɹ-

ʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʛʦ ʨʝʛʫʣʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪ-

ʨʦʚ: 1 ï ʥʝʜʦʤʦʣʦʪ; 2 ï ʜʨʦʙʣʸʥʥʦʝ ʟʝʨʥʦ; 3 ï ʧʨʦʩʝʠʚʘʥʠʝ 

ʟʝʨʥʘ ʩʢʚʦʟʴ ʜʝʢʫ 

ʣʝʛʢʦ ʦʙʤʦʣʘʯʠʚʘʝʤʳʭ ʢʫʣʴʪʫʨ. ʇʨʠ ʵʪʦʤ ʩʣʝʜʷʪ ʟʘ 
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ʪʝʤ, ʯʪʦʙʳ ʥʝ ʙʳʣʦ ʥʝʜʦʤʦʣʦʪʘ. ʅʘ ʫʙʦʨʢʝ ʪʨʫʜʥʦ 

ʦʙʤʦʣʘʯʠʚʘʝʤʳʭ, ʚʣʘʞʥʳʭ ʠ ʟʘʩʦʨʝʥʥʳʭ ʭʣʝʙʦʚ ʟʘ-

ʟʦʨʳ ʫʤʝʥʴʰʘʶʪ, ʘ ʯʘʩʪʦʪʫ ʚʨʘʱʝʥʠʷ ʙʘʨʘʙʘʥʘ ʫʚʝ-

ʣʠʯʠʚʘʶʪ ʜʦ ʪʘʢʦʡ ʩʪʝʧʝʥʠ, ʯʪʦʙʳ ʥʝ ʙʳʣʦ ʧʦʚʨʝʞ-

ʜʝʥʠʷ ʟʝʨʥʘ. 

ʂʘʯʝʩʪʚʦ ʨʘʙʦʪʳ ʤʦʣʦʪʠʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʟʘʚʠ-

ʩʠʪ ʦʪ ʧʦʜʘʯʠ ʭʣʝʙʥʦʡ ʤʘʩʩʳ (ʨʠʩ. 1.44 ʚ). ʋʚʝʣʠʯʝ-

ʥʠʝ ʧʦʜʘʯʠ ʚʳʰʝ ʦʧʪʠʤʘʣʴʥʦʡ ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʤʫ 

ʚʦʟʨʘʩʪʘʥʠʶ ʥʝʜʦʤʦʣʦʪʘ ʠ ʙʦʣʴʰʠʤ ʧʦʪʝʨʷʤ ʩʚʦ-

ʙʦʜʥʦʛʦ ʟʝʨʥʘ, ʪʘʢ ʢʘʢ ʧʨʠ ʧʝʨʝʛʨʫʟʢʝ ʥʘ ʩʦʣʦʤʦʪʨʷʩ 

ʧʦʩʪʫʧʘʝʪ ʙʦʣʴʰʝ ʟʝʨʥʘ. ʇʦʵʪʦʤʫ ʨʘʙʦʪʘʪʴ ʩ ʧʝʨʝ-

ʛʨʫʟʢʦʡ ʥʝʣʴʟʷ. 

ʇʦʩʪʦʷʥʥʫʶ ʟʘʛʨʫʟʢʫ ʤʦʣʦʪʠʣʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʫʶ ʦʧʪʠʤʘʣʴʥʦʡ ʧʦʜʘʯʝ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʘʚʪʦʤʘʪʠʯʝ-

ʩʢʠʡ ʨʝʛʫʣʷʪʦʨ ʟʘʛʨʫʟʢʠ ʤʦʣʦʪʠʣʢʠ ɸʈɿʄ. ʅʘ ʫʯʘ-

ʩʪʢʘʭ ʩ ʚʳʩʦʢʠʤ ʠ ʛʫʩʪʳʤ ʭʣʝʙʦʩʪʦʝʤ (ʪʦʣʩʪʳʤ ʚʘʣ-

ʢʦʤ) ɸʈɿʄ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʥʠʞʘʝʪ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝ-

ʥʠʷ ʢʦʤʙʘʡʥʘ, ʘ ʥʘ ʫʯʘʩʪʢʘʭ ʩ ʥʠʟʢʠʤʠ, ʠʟʨʝʞʝʥʥʳ-

ʤʠ ʭʣʝʙʘʤʠ (ʪʦʥʢʠʤ ʚʘʣʢʦʤ) - ʧʦʚʳʰʘʝʪ. 

1.3.6 ɺʳʙʦʨ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʢʦʤʙʘʡʥʘ 

ʈʘʙʦʯʘʷ ʩʢʦʨʦʩʪʴ ʢʦʤʙʘʡʥʘ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʤʦʣʦʪʠʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ [21]. 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʤʦʣʦʪʠʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʧʨʠʙʣʠʞʝʥʥʦ ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʬʦʨʤʫʣʝ 

360
ʢʞ VɸB

q
ÖÖ

=                          (1.94) 

ʛʜʝ ɺʞ - ʰʠʨʠʥʘ ʟʘʭʚʘʪʘ ʞʘʪʢʠ ʢʦʤʙʘʡʥʘ, ʤ; 
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ɸ - ʫʨʦʞʘʡʥʦʩʪʴ ʫʙʠʨʘʝʤʦʛʦ ʧʦʣʷ, ʮ/ʛʘ; 

Vʢ - ʨʘʙʦʯʘʷ ʩʢʦʨʦʩʪʴ ʢʦʤʙʘʡʥʘ, ʢʤ/ʯ. 

ʉʦʩʪʦʷʥʠʝ ʭʣʝʙʦʩʪʦʷ ʠ ʦʩʦʙʝʥʥʦ ʝʛʦ ʫʨʦʞʘʡ-

ʥʦʩʪʴ ʜʘʞʝ ʥʘ ʦʜʥʦʤ ʫʯʘʩʪʢʝ ʤʦʞʝʪ ʩʠʣʴʥʦ ʨʘʟʥʠʪʴ-

ʩʷ. ʕʪʦ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ: ʨʝʣʴʝʬʘ ʧʦʣʷ, 

ʚʣʘʞʥʦʩʪʠ, ʢʘʯʝʩʪʚʘ ʧʦʩʝʚʘ ʠ ʜʨ. ʇʦʵʪʦʤʫ ʚʦ ʚʨʝʤʷ 

ʨʘʙʦʪʳ ʢʦʤʙʘʡʥʘ ʵʪʦ ʥʘʜʦ ʫʯʠʪʳʚʘʪʴ ʠ ʩʚʦʝʚʨʝʤʝʥ-

ʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʩʢʦʨʦʩʪʴ ʝʛʦ ʜʚʠʞʝʥʠʷ. 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʝʩʣʠ ʢʦʤʙʘʡʥ ʜʚʠʞʝʪʩʷ ʩʦ ʩʢʦʨʦ-

ʩʪʴʶ 5 ʢʤ/ʯ ʠ ʫʨʦʞʘʡʥʦʩʪʴ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʡ ʟʘʛʦʥʢʠ 

ʤʝʥʷʝʪʩʷ ʦʪ 25 ʜʦ 35 ʮ/ʛʘ, ʪʦ ʧʨʠ ʰʠʨʠʥʝ ʟʘʭʚʘʪʘ 

ʞʘʪʢʠ ɺʞ = 6 ʤ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʤʦʣʦʪʠʣʢʠ ʤʝ-

ʥʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ: 

1,2
360

5256
min =

ÖÖ
=q  ʢʛ/ʩ 

3
360

5356'

max =
ÖÖ

=q  ʢʛ/ʩ 

ɼʠʘʧʘʟʦʥ ʦʧʪʠʤʘʣʴʥʳʭ ʥʘʛʨʫʟʦʢ: 

5,1
'

min

max ==
q

q
e  

ɸ ʚʝʨʦʷʪʥʳʭ 3ºe . 

ʆʪʩʶʜʘ ʠ ʚʳʪʝʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ 

ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʢʦʤʙʘʡʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʦ-

ʩʪʦʷʥʠʝʤ ʫʙʠʨʘʝʤʦʡ ʢʫʣʴʪʫʨʳ ʠ ʝʝ ʫʨʦʞʘʡʥʦʩʪʴʶ. 

ɺʳʨʘʟʠʤ ʠʟ ʬʦʨʤʫʣʳ (1.94) ʩʢʦʨʦʩʪʴ, ʧʦʣʫʯʠʤ: 
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ɸɺ

q
V

ʞ

ʢ
Ö

Ö
=

360
 ʢʤ/ʯ                      (1.95) 

ʇʦʜʩʪʘʚʣʷʷ ʢʦʥʢʨʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʚ ʬʦʨʤʫʣʫ 

(1.95), ʧʦʣʫʯʠʤ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ Vʢ = f(A), ʧʦ ʢʦ-

ʪʦʨʦʤʫ ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʨʘʙʦʯʫʶ ʩʢʦʨʦʩʪʴ ʢʦʤʙʘʡʥʘ 

(ʨʠʩ. 1.45). 

 

ʈʠʩʫʥʦʢ 1.45 ɻʨʘʬʠʢ ʧʦʜʙʦʨʘ ʩʢʦʨʦʩʪʠ ʢʦʤʙʘʡʥʘ ʚ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʦʪ ʫʨʦʞʘʡʥʦʩʪʠ ʫʙʠʨʘʝʤʦʛʦ ʧʦʣʷ 

1.3.7 ʋʨʘʚʥʦʚʝʰʠʚʘʥʠʝ ʤʦʣʦʪʠʣʴʥʦʛʦ ʙʘʨʘʙʘ-

ʥʘ 

ʆʙʷʟʘʪʝʣʴʥʳʤ ʫʩʣʦʚʠʝʤ ʫʩʪʘʥʦʚʢʠ ʤʦʣʦʪʠʣʴʥʦʛʦ 

ʙʘʨʘʙʘʥʘ ʥʘ ʢʦʤʙʘʡʥ ʧʦʩʣʝ ʨʝʤʦʥʪʘ ʷʚʣʷʝʪʩʷ ʝʛʦ 

ʩʪʘʪʠʯʝʩʢʘʷ ʠ ʜʠʥʘʤʠʯʝʩʢʘʷ ʙʘʣʘʥʩʠʨʦʚʢʘ. 

ʉʪʘʪʠʯʝʩʢʘʷ ʥʝʫʨʘʚʥʦʚʝʰʝʥʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ 
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ʪʝʤ, ʯʪʦ ʮʝʥʪʨ ʪʷʞʝʩʪʠ 0 ʙʘʨʘʙʘʥʘ ʩʤʝʱʝʥ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʦʩʠ ʚʨʘʱʝʥʠʷ ɸɺ ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʉ (ʨʠʩ. 1.46). 

ʇʨʠ ʵʪʦʤ ʚʦ ʚʨʝʤʷ ʚʨʘʱʝʥʠʷ ʙʘʨʘʙʘʥʘ ʚʦʟʥʠʢʘʝʪ 

ʮʝʥʪʨʦʙʝʞʥʘʷ ʩʠʣʘ ʈ, ʫʭʫʜʰʘʶʱʘʷ ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ 

ʧʦʜʰʠʧʥʠʢʦʚ ʠ ʚʳʟʳʚʘʶʱʘʷ ʚʠʙʨʘʮʠʶ ʢʦʤʙʘʡʥʘ: 

ʈ = mȚɤ
2
ʩ,                                 (1.96) 

ʛʜʝ ʪ - ʤʘʩʩʘ ʙʘʨʘʙʘʥʘ; 

ɤ - ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ. 

 

ʈʠʩʫʥʦʢ 1.46 ʋʨʘʚʥʦʚʝʰʠʚʘʥʠʝ ʙʘʨʘʙʘʥʘ 

ʉʪʘʪʠʩʪʠʯʝʩʢʫʶ ʥʝʫʨʘʚʥʦʚʝʰʝʥʥʦʩʪʴ ʤʦʞʥʦ 

ʫʩʪʘʥʦʚʠʪʴ, ʝʩʣʠ ʧʨʠ ʧʨʦʚʦʨʘʯʠʚʘʥʠʠ ʙʘʨʘʙʘʥʘ ʥʘ 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʨʠʟʤʘʭ ʠʣʠ ʚ ʧʦʜʰʠʧʥʠʢʘʭ ʦʥ ʢʘʞ-

ʜʳʡ ʨʘʟ ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʧʦʣʦʞʝ-

ʥʠʠ. 

ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʪʘʢʦʡ ʥʝʫʨʘʚʥʦʚʝʰʝʥʥʦʩʪʠ ʥʝ-

ʦʙʭʦʜʠʤʦ ʟʘʢʨʝʧʠʪʴ ʥʘ ʙʘʨʘʙʘʥʝ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʉʦ 

ʦʪ ʦʩʠ ʚʨʘʱʝʥʠʷ ʛʨʫʟ ʤʘʩʩʦʡ m0. ʢʦʪʦʨʫʶ ʥʘʭʦʜʷʪ ʠʟ 

ʫʩʣʦʚʠʷ 

mgc = m0gc0.                         (1.97) 
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ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʮʝʥʪʨ ʪʷʞʝʩʪʠ ʙʘʨʘʙʘʥʘ ʨʘʩʧʦʣʘ-

ʛʘʝʪʩʷ ʥʘ ʦʩʠ ʚʨʘʱʝʥʠʷ ʠ ʜʦʩʪʠʛʘʝʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ 

ʫʨʘʚʥʦʚʝʰʝʥʥʦʩʪʴ. 

ɼʠʥʘʤʠʯʝʩʢʘʷ ʥʝʫʨʘʚʥʦʚʝʰʝʥʥʦʩʪʴ ʙʘʨʘʙʘʥʘ 

ʧʦʣʫʯʘʝʪʩʷ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʛʨʫʟ ʤʘʩʩʦʡ ʪʦ ʨʘʩʧʦʣʦ-

ʞʝʥ ʥʝ ʥʘ ʣʠʥʠʠ ʜʝʡʩʪʚʠʷ ʩʠʣʳ ʈ, ʘ ʚ ʩʪʦʨʦʥʝ ʦʪ ʥʝʝ. 

ʇʨʠ ʵʪʦʤ ʚʦʟʥʠʢʘʝʪ ʧʘʨʘ ʩʠʣ ʈ ʠ ʈ0 ʩ ʧʣʝʯʦʤ l: 

ʈ = mɤ
2
ʩ = m0ɤ

2
ʩ0 =ʈ0.                  (1.98) 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʧʨʠ ʚʨʘʱʝʥʠʠ ʥʘ ʙʘʨʘʙʘʥ ʜʝʡ-

ʩʪʚʫʝʪ ʤʦʤʝʥʪ ʄ = ʈ0Țl, ʩʪʨʝʤʷʱʠʡʩʷ ʧʦʚʝʨʥʫʪʴ ʝʛʦ 

ʚ ʧʣʦʩʢʦʩʪʠ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʦʩʴ ʚʨʘʱʝʥʠʷ. 

ɼʠʥʘʤʠʯʝʩʢʫʶ ʥʝʫʨʘʚʥʦʚʝʰʝʥʥʦʩʪʴ ʫʩʪʨʘʥʷʶʪ 

ʥʘ ʩʧʝʮʠʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʟʘʧʠʩʴ 

ʢʦʣʝʙʘʥʠʡ ʦʧʦʨʥʳʭ ʧʦʜʰʠʧʥʠʢʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʣ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʚʦʟʤʫ-

ʱʘʶʱʝʡ ʩʠʣʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʘʨʘʙʘʥʘ. ʅʘ ʦʩʥʦʚʘʥʠʠ 

ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʜʙʠʨʘʶʪ ʤʘʩʩʫ ʠ ʤʝʩʪʦʨʘʩʧʦ-

ʣʦʞʝʥʠʝ ʙʘʣʘʥʩʠʨʦʚʦʯʥʦʛʦ ʛʨʫʟʘ. 

ʂʦʛʜʘ ʫʨʘʚʥʦʚʝʰʠʚʘʶʱʠʡ ʛʨʫʟ ʤʘʩʩʦʡ m0 ʥʘʭʦ-

ʜʠʪʩʷ ʥʘ ʣʠʥʠʠ ʜʝʡʩʪʚʠʷ ʩʠʣʳ ʈ, ʙʘʨʘʙʘʥ ʩʪʘʪʠʯʝʩʢʠ 

ʠ ʜʠʥʘʤʠʯʝʩʢʠ ʫʨʘʚʥʦʚʝʰʝʥ. 
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1.4 ʉʆʃʆʄʆʊʈʗʉʓ 

1.4.1 ʊʠʧʳ ʩʦʣʦʤʦʪʨʷʩʦʚ ʠ ʠʭ ʨʘʙʦʯʠʡ ʧʨʦʮʝʩʩ 

ɻʨʫʙʳʡ ʚʦʨʦʭ, ʧʦʩʪʫʧʠʚʰʠʡ ʠʟ ʤʦʣʦʪʠʣʴʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʩʦʣʦʤʦʪʨʷʩ, ʩʦʩʪʦʠʪ ʠʟ ʢʨʫʧʥʦʡ ʩʦʣʦ-

ʤʳ, ʧʦʣʦʚʳ, ʩʙʦʠʥʳ ʠ ʟʝʨʥʘ, ʥʝ ʧʨʦʰʝʜʰʝʛʦ ʯʝʨʝʟ 

ʨʝʰʝʪʢʫ ʧʦʜʙʘʨʘʙʘʥʴʷ. 

ʉʦʣʦʤʦʪʨʷʩ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʠʟ ʚʦ-

ʨʦʭʘ ʢʨʫʧʥʦʡ ʩʦʣʦʤʳ, ʙʝʟ ʟʝʨʥʘ. 

ʀʟʚʝʩʪʥʳ ʩʣʝʜʫʶʱʠʝ ʪʠʧʳ ʩʦʣʦʤʦʪʨʷʩʦʚ: ʢʦʥ-

ʚʝʡʝʨʥʦ-ʨʦʪʦʨʥʳʝ, ʧʣʘʪʬʦʨʤʝʥʥʳʝ, ʢʣʘʚʠʰʥʳʝ ʠ 

ʜʨʫʛʠʝ; ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʢʣʘ-

ʚʠʰʥʳʝ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʥʘʠʙʦʣʴʰʝʡ ʵʬʬʝʢʪʠʚʥʦ-

ʩʪʴʶ, ʧʨʦʩʪʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ʠ ʤʘʣʳʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʧʦʜʚʠʞʥʳʭ ʜʝʪʘʣʝʡ (ʨʠʩ. 1.47). 

 

ʈʠʩʫʥʦʢ 1.47 ʂʣʘʚʠʰʥʳʡ ʜʚʫʭʚʘʣʴʥʳʡ ʩʦʣʦʤʦʪʨʷʩ 

ʇʨʦʮʝʩʩ ʚʳʜʝʣʝʥʠʷ ʟʝʨʥʘ ʠʟ ʩʣʦʷ ʩʦʣʦʤʳ ʦʜʠʥʘ-

ʢʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʩʦʣʦʤʦʪʨʷʩʦʚ, ʘ ʠʤʝʥʥʦ: 

ʩʥʘʯʘʣʘ ʟʝʨʥʦ ʧʨʦʩʝʠʚʘʝʪʩʷ ʯʝʨʝʟ ʥʝʧʨʝʨʳʚʥʦ ʠʟʤʝ-

ʥʷʶʱʫʶʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʨʝʰʝʪʢʫ ʩʦʣʦʤʳ, ʘ ʟʘ-

ʪʝʤ ʯʝʨʝʟ ʨʝʰʝʪʢʫ ʩʦʣʦʤʦʪʨʷʩʘ. ʉʦʣʦʤʦʪʨʷʩʳ ʨʘʟ-

ʣʠʯʥʳʭ ʪʠʧʦʚ ʦʪʣʠʯʘʶʪʩʷ ʣʠʰʴ ʩʧʦʩʦʙʘʤʠ ʦʙʨʘʟʦ-
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ʚʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʨʝʰʝʪʢʠ ʩʦʣʦʤʳ ʠ ʭʘʨʘʢʪʝ-

ʨʦʤ ʝʝ ʜʚʠʞʝʥʠʷ. 

ʅʘʠʙʦʣʝʝ ʪʨʫʜʥʳʤ ʤʦʤʝʥʪʦʤ ʚ ʚʳʜʝʣʝʥʠʠ ʟʝʨʥʘ 

ʷʚʣʷʝʪʩʷ ʝʛʦ ʧʨʦʭʦʜ ʯʝʨʝʟ ʨʝʰʝʪʢʫ ʩʦʣʦʤʳ. 

ɿʝʨʥʦ ʙʫʜʝʪ ʠʩʧʳʪʳʚʘʪʴ ʤʝʥʴʰʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʙʳʩʪʨʝʝ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʨʝʰʝʪʢʫ 

ʩʦʣʦʤʳ, ʝʩʣʠ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʪʝʙʣʷʤʠ ʙʫʜʝʪ 

ʙʦʣʴʰʝ. 

ɿʘ ʦʜʠʥ ʦʙʦʨʦʪ ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ ʢʨʠʚʦʰʠʧʘ ʩʦ-

ʣʦʤʦʪʨʷʩʘ ʩʦʟʜʘʝʪʩʷ ʫʩʣʦʚʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʩʣʦʡ ʩʦ-

ʣʦʤʳ ʜʝʣʘʝʪʩʷ ʤʝʥʝʝ ʧʣʦʪʥʳʤ, ʪ.ʝ. ʚʳʧʦʣʥʷʝʪʩʷ ʥʝ-

ʦʙʭʦʜʠʤʦʝ ʪʨʝʙʦʚʘʥʠʝ ʜʣʷ ʧʨʦʭʦʜʘ ʟʝʨʥʘ ʯʝʨʝʟ ʨʝ-

ʰʝʪʢʫ ʩʦʣʦʤʳ. ʂʘʢ ʧʦʢʘʟʘʣʘ ʩʢʦʨʦʩʪʥʘʷ ʢʠʥʦʩʲʝʤʢʘ 

ʨʘʙʦʪʳ ʢʣʘʚʠʰʥʦʛʦ ʩʦʣʦʤʦʪʨʷʩʘ, ʧʨʠ ʜʚʠʞʝʥʠʠ ʢʣʘ-

ʚʠʰ ʚʚʝʨʭ ʩʥʘʯʘʣʘ ʩʣʦʡ ʩʦʣʦʤʳ ʩʞʠʤʘʝʪʩʷ, ʘ ʟʘʪʝʤ, 

ʢʦʛʜʘ ʢʣʘʚʠʰʘ ʟʘʤʝʜʣʷʝʪ ʜʚʠʞʝʥʠʝ, ʦʥ ʦʪʨʳʚʘʝʪʩʷ 

ʦʪ ʝʝ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʩʦʚʝʨʰʘʝʪ ʩʚʦʙʦʜʥʦʝ ʧʘʜʝʥʠʝ. 

ʇʨʠ ʵʪʦʤ ʩʣʦʡ ʩʦʣʦʤʳ ʨʘʟʨʫʰʘʝʪʩʷ, ʨʘʩʪʷʛʠʚʘʝʪʩʷ, 

ʟʝʨʥʦ ʣʝʛʯʝ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʩʦʣʦʤʫ, ʜʦʩʪʠʛʘʝʪ ʨʝ-

ʰʝʪʢʠ ʩʦʣʦʤʦʪʨʷʩʘ ʠ ʧʨʦʩʝʠʚʘʝʪʩʷ. ɼʘʣʝʝ ʢʣʘʚʠʰʘ 

ʜʚʠʞʝʪʩʷ ʚʥʠʟ. ɺ ʵʪʦ ʚʨʝʤʷ ʟʝʨʥʦ ʠ ʯʘʩʪʠʮʳ ʩʦʣʦʤʳ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʧʘʨʫʩʥʦʩʪʠ ʠ ʯʘʩʪʠʯʥʦ ʧʦ 

ʨʘʟʤʝʨʘʤ. ʇʨʠ ʩʣʝʜʫʶʱʝʤ ʜʚʠʞʝʥʠʠ ʢʣʘʚʠʰʠ ʩʥʠʟʫ 

ʚʚʝʨʭ ʟʝʨʥʦ ʠ ʜʨʫʛʠʝ ʤʝʣʢʠʝ ʯʘʩʪʠʮʳ ʨʘʥʴʰʝ ʚʩʪʨʝ-

ʯʘʶʪ ʨʝʰʝʪʢʫ ʵʪʦʡ ʢʣʘʚʠʰʠ ʠ ʚ ʤʦʤʝʥʪ ʚʟʦʠʤʦʜʝʡ-

ʩʪʚʠʷ ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ ʥʝʝ. ʇʦ ʚʩʝʡ ʜʣʠʥʝ ʜʚʫʭʚʘʣʴ-

ʥʦʛʦ ʢʣʘʚʠʰʥʦʛʦ ʩʦʣʦʤʦʪʨʷʩʘ ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ ʤʥʦ-

ʛʦʢʨʘʪʥʦ ʧʦʚʪʦʨʷʝʪʩʷ, ʦʙʤʦʣʦʯʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʧʦʜ-

ʙʨʘʩʳʚʘʝʪʩʷ, ʘ ʟʘʪʝʤ ʧʘʜʘʝʪ, ʠ ʟʘ ʵʪʦ ʚʨʝʤʷ ʧʝʨʝʤʝ-

ʱʘʝʪʩʷ ʧʦ ʩʦʣʦʤʦʪʨʷʩʫ ʢ ʚʳʭʦʜʫ ʠʟ ʤʦʣʦʪʠʣʢʠ. 
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ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ, ʯʝʤ ʤʝʥʴʰʝ ʯʘʩʪʦ-

ʪʘ ʚʨʘʱʝʥʠʷ ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ ʩʦʣʦʤʦʪʨʷʩʘ, ʪʝʤ ʚʳ-

ʰʝ ʧʨʦʩʝʠʚʘʝʤʦʩʪʴ ʟʝʨʥʘ. ʆʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʫʤʝʥʴ-

ʰʘʝʪʩʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʩʦʣʦʤʳ ʢ ʚʳʭʦʜʫ ʠʟ 

ʤʦʣʦʪʠʣʢʠ, ʠ, ʚʦʟʤʦʞʥʦ ʝʝ ʟʘʙʠʚʘʥʠʝ ʩʦʣʦʤʦʡ. ʇʨʠ 

ʧʦʚʳʰʝʥʠʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ 

ʩʢʦʨʦʩʪʴ ʩʦʣʦʤʳ ʚʜʦʣʴ ʢʣʘʚʠʰ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʥʦ 

ʫʭʫʜʰʘʝʪʩʷ ʩʝʧʘʨʘʮʠʷ. 

ɸʛʨʦʪʝʭʥʠʯʝʩʢʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʜʦʧʫʩʢʘʶʪʩʷ 

ʧʦʪʝʨʠ ʥʘ ʩʦʣʦʤʦʪʨʷʩʝ ʜʦ 0,5 % ʟʝʨʥʘ, ʧʦʩʪʫʧʘʶʱʝ-

ʛʦ ʚ ʢʦʤʙʘʡʥ. 

ʉʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʚʦʨʦʭʘ ʧʦ ʩʦʣʦʤʦʪʨʷʩʫ ʤʦʞ-

ʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʩ ʧʦʤʦʱʴʶ ʬʘʨʪʫʢʦʚ ʠʟ ʧʦʣʦʪʥʘ 

ʠʣʠ ʣʠʩʪʦʚʦʡ ʩʪʘʣʠ, ʢʦʪʦʨʳʝ ʧʦʜʚʝʰʠʚʘʶʪ ʥʘʜ ʢʣʘ-

ʚʠʰʘʤʠ ʪʘʢ, ʯʪʦ ʦʥʠ ʤʦʛʫʪ ʟʘʜʝʨʞʠʚʘʪʴ ʩʦʣʦʤʫ ʠ 

ʟʘʤʝʜʣʷʪʴ ʝʝ ʜʚʠʞʝʥʠʝ. 

ʀʟ ʚʩʝʭ ʪʠʧʦʚ ʩʦʣʦʤʦʪʨʷʩʦʚ ʜʚʫʭʚʘʣʴʥʳʡ ʢʣʘ-

ʚʠʰʥʳʡ ʦʪʣʠʯʘʝʪʩʷ ʙʦʣʴʰʦʡ ʵʥʝʨʛʠʝʡ ʨʳʭʣʝʥʠʷ 

ʩʣʦʷ ʧʨʦʜʫʢʪʘ ʦʙʤʦʣʦʪʘ, ʜʦʧʫʩʢʘʝʪ ʪʦʣʩʪʳʡ ʩʣʦʡ ʩʦ-

ʣʦʤʳ ʥʘ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʨʘʙʦʪʘʝʪ ʩ ʙʦʣʴʰʠʤʠ ʥʘ-

ʛʨʫʟʢʘʤʠ. 

1.4.2 ʋʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʢʣʘʚʠʰʥʦʛʦ ʩʦʣʦ-

ʤʦʪʨʷʩʘ 

ʇʫʩʪʴ ʨʘʙʦʯʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʢʣʘʚʠʰʠ ʧʘʨʘʣʣʝʣʴʥʘ 

ʮʝʥʪʨʦʚʦʡ ʣʠʥʠʠ ʠ ʥʘʢʣʦʥʝʥʘ ʢ ʛʦʨʠʟʦʥʪʫ ʧʦʜ ʫʛʣʦʤ 

Ŭ (ʨʠʩ. 1.48). ʋʩʣʦʚʠʤʩʷ ʩʥʘʯʘʣʘ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʜʚʠ-

ʞʝʥʠʷ ʢʣʘʚʠʰʠ. ʕʪʦ ʜʚʠʞʝʥʠʝ - ʢʨʫʛʦʚʦʝ, ʧʦʩʪʫʧʘ-

ʪʝʣʴʥʦʝ, ʧʦʵʪʦʤʫ ʣʶʙʘʷ ʪʦʯʢʘ ʄ, ʩʚʷʟʘʥʥʘʷ ʩ ʢʣʘʚʠ-

ʝhʡ, ʜʚʠʞʝʪʩʷ ʦʜʠʥʘʢʦʚʦ, ʪʨʘʝʢʪʦʨʠʷ ʵʪʦʛʦ ʜʚʠʞʝ-
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ʥʠʷ ʷʚʣʷʝʪʩʷ ʦʢʨʫʞʥʦʩʪʴʶ, ʨʘʜʠʫʩ ʢʦʪʦʨʦʡ  r ʨʘʚʝʥ 

ʨʘʜʠʫʩʫ ʦʢʨʫʞʥʦʩʪʠ, ʦʧʠʩʳʚʘʝʤʦʡ ʮʝʥʪʨʦʤ ʰʝʡʢʠ 

ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ ʩʦʣʦʤʦʪʨʷʩʘ. 

 

ʈʠʩʫʥʦʢ 1.48 ʂʠʥʝʤʘʪʠʢʘ ʩʦʣʦʤʦʪʨʷʩʘ 

ʇʦʤʝʩʪʠʤ ʥʘʯʘʣʦ ʢʦʦʨʜʠʥʘʪ ʚ ʮʝʥʪʨʝ 0 ʫʢʘʟʘʥ-

ʥʦʡ ʦʢʨʫʞʥʦʩʪʠ; ʦʩʴ OY ʥʘʧʨʘʚʠʤ ʚʣʝʚʦ ʧʘʨʘʣʣʝʣʴ-

ʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʘʚʠʰʠ, ʪ.ʝ. ʧʦʜ ʫʛʣʦʤ ʝʝ ʢ ʛʦʨʠ-

ʟʦʥʪʫ, ʘ ʦʩʴ ʆʍ - ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʢ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʣʘʚʠʰʠ (ʨʠʩ. 1.48). ʆʪʩʯʝʪ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʢʦʣʝʥʯʘ-

ʪʦʛʦ ʚʘʣʘ ʙʫʜʝʤ ʧʨʦʠʟʚʦʜʠʪʴ ʦʪ ʦʩʠ ʆʋ ʚ ʥʘʧʨʘʚʣʝ-

ʥʠʠ ʝʛʦ ʚʨʘʱʝʥʠʷ. ɽʩʣʠ ɤ - ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝ-

ʥʠʷ ʚʘʣʘ, ʪʦ ʚ ʢʘʢʦʡ-ʥʠʙʫʜʴ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t ʫʛʦʣ 

ɤt ʦʧʨʝʜʝʣʠʪ ʧʦʣʦʞʝʥʠʝ ʢʣʘʚʠʰʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 

ʥʝʢʦʪʦʨʦʡ ʪʦʯʢʝ ʄ. ʂʦʦʨʜʠʥʘʪʳ ʵʪʦʡ ʪʦʯʢʠ ʙʫʜʫʪ 

ʨʘʚʥʳ: 
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X = rȚsinɤt, Y = rȚcoɤt.               (1.98) 

ʋʨʘʚʥʝʥʠʝ (1.98) ʦʧʨʝʜʝʣʷʝʪ ʧʦʣʦʞʝʥʠʝ ʢʣʘʚʠʰʠ 

ʜʣʷ ʣʶʙʦʛʦ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ. 

ɺ ʧʷʪʠʢʣʘʚʠʰʥʦʤ ʩʦʣʦʤʦʪʨʷʩʝ ʜʚʠʞʝʥʠʝ ʢʣʘʚʠʰ 

ʦʜʥʦʡ ʛʨʫʧʧʳ ʦʧʝʨʝʞʘʝʪ ʜʚʠʞʝʥʠʝ ʜʨʫʛʦʡ ʥʘ 180Á, 

ʧʦʵʪʦʤʫ ʜʣʷ ʦʙʝʠʭ ʛʨʫʧʧ ʫʨʘʚʥʝʥʠʝ (1.98) ʤʦʞʥʦ 

ʥʘʧʠʩʘʪʴ ʪʘʢ: 

X = ÑrȚsinɤt, Y = Ñ rȚcosɤt.                  (1.99) 

ɿʜʝʩʴ ʚʝʨʭʥʠʡ ʟʥʘʢ ʦʪʥʦʩʠʪʩʷ ʢ ʜʚʠʞʝʥʠʶ ʢʣʘ-

ʚʠʰ 1-ʡ ʛʨʫʧʧʳ, ʘ ʥʠʞʥʠʡ 2-ʡ ʛʨʫʧʧʳ. 

ʉʢʦʨʦʩʪʴ ʠ ʫʩʢʦʨʝʥʠʝ ʢʣʘʚʠʰ ʧʦʣʫʯʘʶʪʩʷ ʚ ʨʝ-

ʟʫʣʴʪʘʪʝ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʷ (1.99): 

tr
dt

dx
Vx ww cosÖ°== ,   tr

dt

dʫ
Vʫ ww sinÖ°== ,  (1.100) 

tr
dt

dV
J x

x ww sin2Ö°== , tr
dt

dV
J

ʫ

ʫ ww cos2Ö°== .   (1.101) 

ʋʩʣʦʚʠʤʩʷ ʚ ʜʘʣʴʥʝʡʰʝʤ ʢʠʥʝʤʘʪʠʯʝʩʢʠʡ ʨʝʞʠʤ 

ʩʦʣʦʤʦʪʨʷʩʘ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʧʦʢʘʟʘʪʝʣʝʤ ,
2

g

r
K
w
=  

ʧʨʝʜʩʪʘʚʣʷʶʱʠʤ ʦʪʥʦʰʝʥʠʝ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʫʩ-

ʢʦʨʝʥʠʷ ʢʣʘʚʠʰ ʢ ʫʩʢʦʨʝʥʠʶ ʩʠʣʳ ʪʷʞʝʩʪʠ. 

1.4.3 ɺʩʪʨʷʭʠʚʘʥʠʝ ʚʦʨʦʭʘ ʥʘ ʩʦʣʦʤʦʪʨʷʩʝ 

ʆʜʥʠʤ ʠʟ ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʢʘʯʝʩʪʚʝʥ-

ʥʫʶ ʨʘʙʦʪʫ ʩʦʣʦʤʦʪʨʷʩʘ, ʷʚʣʷʝʪʩʷ ʦʪʨʳʚ ʩʦʣʦʤʳ ʚʦ 

ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ ʦʪ ʜʚʠʞʫʱʝʡʩʷ ʢʣʘʚʠʰʠ. ɽʩʣʠ ʦʙʦ-

ʟʥʘʯʠʤ ɤt1 - ʫʛʦʣ ʦʪʨʳʚʘ ʩʦʣʦʤʳ ʦʪ ʢʣʘʚʠʰʠ (ʨʠʩ. 

1.49), ʪʦ ʦʪʨʳʚ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ, ʢʦʛʜʘ ʧʨʦʝʢʮʠʷ 
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ʩʠʣʳ mɤ
2
r ʥʘ ʥʦʨʤʘʣʴ ʢ ʢʣʘʚʠʰʝ NN ʙʫʜʝʪ ʙʦʣʴʰʝ 

ʧʨʦʝʢʮʠʠ mgȚcosŬ ʥʘ ʪʫ ʞʝ ʥʦʨʤʘʣʴ. 

 

ʈʠʩʫʥʦʢ 1.49 ʆʧʨʝʜʝʣʝʥʠʝ ʫʩʣʦʚʠʷ ʦʪʨʳʚʘ ʚʦʨʦʭʘ ʦʪ ʩʦ-

ʣʦʤʦʪʨʷʩʘ 

ʋʩʣʦʚʠʝ ʦʪʨʳʚʘ ʚʦʨʦʭʘ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʣʦʤʦ-

ʪʨʷʩʘ: 

mɤ
2
rȚsinɤt1ÓmgȚcosŬ.                    (1.102) 

ʅʘʯʘʣʦ ʦʪʨʳʚʘ ʚʦʨʦʭʘ ʦʪ ʩʦʣʦʤʦʪʨʷʩʘ ʦʧʨʝʜʝ-

ʣʠʪʩʷ ʫʛʣʦʤ ʥʘʯʘʣʘ ʦʪʨʳʚʘ: 

a
w

w cosarcsin
21
r

g
t =                      (1.103) 

ʀʤʝʷ ʚ ʚʠʜʫ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʣʦʤʦʪʨʷʩʘ 

g

r
K

2w
= , 

ʦʢʦʥʯʘʪʝʣʴʥʦ ʫʛʦʣ ʦʪʨʳʚʘ ʙʫʜʝʪ: 
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K
t

a
w

cos
arcsin1=                      (1.104) 

ɼʣʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʩʦʣʦʤʦʪʨʷʩʘ (ʨʠʩ. 1.50 ʘ), 

ʢʦʛʜʘ Ŭ = 0: 

K
t

1
arcsin1=w  

 

ʈʠʩʫʥʦʢ 1.50 ʆʧʨʝʜʝʣʝʥʠʝ ʫʩʣʦʚʠʷ ʦʪʨʳʚʘ 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʫʛʣʘ Ŭ ʫʤʝʥʴʰʘʝʪʩʷ ʫʛʦʣ ʦʪʨʳʚʘ  

ɤt1, ʪ.ʝ. ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʦʪʨʳʚ ʚʦʨʦʭʘ ʦʪ ʩʦʣʦʤʦʪʨʷʩʘ 

ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʨʘʥʴʰʝ.  

ɽʩʣʠ ʂ < 1, ʪʦ mɤ
2
Țr < mg - ʦʪʨʳʚʘ ʥʝʪ 

ʝʩʣʠ ʂ > 1, ʪʦ mɤ
2
 r > mg - ʦʪʨʳʚ ʝʩʪʴ. 
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ɼʣʷ ʥʘʢʣʦʥʥʦʛʦ ʩʦʣʦʤʦʪʨʷʩʘ, ʢʦʛʜʘ Ŭ  0 (ʨʠʩ. 

1.50 ʙ), ʫʩʣʦʚʠʝ ʦʪʨʳʚʘ ʚʦʨʦʭʘ ʙʫʜʝʪ 

mɤ
2
rȚsinɤt1 ÓmgȚcosŬ,                    (1.105) 

ʦʪʩʶʜʘ 

a
w

cos
2

=
Ö

g

r
,                           (1.106) 

ɽʩʣʠ ʂ Ò cosŬ - ʦʪʨʳʚʘ ʥʝʪ, 

ʝʩʣʠ ʂ Ó cosŬ - ʦʪʨʳʚ ʝʩʪʴ. 

1.4.4 ʉʢʦʣʴʞʝʥʠʝ ʚʦʨʦʭʘ ʧʦ ʩʦʣʦʤʦʪʨʷʩʫ 

ʆʙʷʟʘʪʝʣʴʥʳʤ ʫʩʣʦʚʠʝʤ ʨʘʙʦʪʳ ʩʦʣʦʤʦʪʨʷʩʘ ʷʚ-
ʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʢʦʣʴʞʝʥʠʝ ʚʦʨʦʭʘ ʧʦ ʩʦʣʦʤʦ-
ʪʨʷʩʫ. ʅʘ ʨʠʩʫʥʢʝ 1.51 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʩʠʣ, ʜʝʡ-
ʩʪʚʫʶʱʠʭ ʥʘ ʪʦʯʢʫ ʚʦʨʦʭʘ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʝʝ 
ʩʢʦʣʴʞʝʥʠʠ ʧʦ ʩʦʣʦʤʦʪʨʷʩʫ [4]. 
ʀʟ ʨʠʩʫʥʢʘ 1.51 ʫʩʣʦʚʠʝ ʩʢʦʣʴʞʝʥʠʷ ʚʦʨʦʭʘ ʧʦ 

ʩʦʣʦʤʦʪʨʷʩʫ: 

Ftrm >ÖÖÖ 2

2 cosww . 

ɽʩʣʠ F = fȚN, ʪʦ 

N=mg-mȚɤ2ȚrȚsinɤt2. 

mɤ
2
 rȚcosɤt2 > f(mȚg-mȚɤ

2 
rȚsinɤt2)           (1.107) 

ʈʝʰʠʚ ʚʳʨʘʞʝʥʠʝ (1.107), ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ 
ʫʛʦʣ ɤt2, ʧʨʠ ʢʦʪʦʨʦʤ ʥʘʯʠʥʘʝʪʩʷ ʠʣʠ ʟʘʢʘʥʯʠʚʘʝʪʩʷ 
ʩʢʦʣʴʞʝʥʠʝ ʚʦʨʦʭʘ ʧʦ ʩʦʣʦʤʦʪʨʷʩʫ. 
ʌʘʟʳ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʩʢʦʣʴʞʝʥʠʷ ʚʦʨʦʭʘ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1.52. 
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ʈʠʩʫʥʦʢ 1.51 ʆʧʨʝʜʝʣʝʥʠʝ ʫʩʣʦʚʠʡ ʩʢʦʣʴʞʝʥʠʷ ʚʦʨʦʭʘ ʧʦ 

ʩʦʣʦʤʦʪʨʷʩʫ 

 

     

ʈʠʩʫʥʦʢ 1.52 ʌʘʟʳ ʩʢʦʣʴʞʝʥʠʷ ʚʦʨʦʭʘ ʧʦ ʩʦʣʦʤʦʪʨʷʩʫ:   

ʘ ï ʜʣʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʩʦʣʦʤʦʪʨʷʩʘ; ʙ ï ʜʣʷ ʥʘʢʣʦʥʥʦʛʦ ʩʦ-

ʣʦʤʦʪʨʷʩʘ. 

 
ʈʠʩʫʥʦʢ 1.53 ʆʩʥʦʚʥʳʝ ʨʘʟʤʝʨʳ ʩʦʣʦʤʦʪʨʷʩʘ: ʘ ï ʧʘʨʘʤʝʪʨʳ 

ʩʦʣʦʤʦʪʨʷʩʘ; ʙ ï ʪʨʘʝʢʪʦʨʠʷ ʧʦʣʸʪʘ ʯʘʩʪʠʮʳ ʚʦʨʦʭʘ 
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1.4.5 ʆʙʦʩʥʦʚʘʥʠʝ ʦʩʥʦʚʥʳʭ ʨʘʟʤʝʨʦʚ ʩʦʣʦʤʦ-

ʪʨʷʩʘ 

ʆʩʥʦʚʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʩʦʣʦʤʦʪʨʷʩʘ ʷʚʣʷʶʪʩʷ ʝʛʦ 

ʜʣʠʥʘ ʠ ʰʠʨʠʥʘ (ʨʠʩ. 1.53): 

1) ʄʦʣʦʪʠʣʴʥʳʡ ʙʘʨʘʙʘʥ ʙʠʣʴʥʳʡ: 

Bc =Lʙ, 

2) ʄʦʣʦʪʠʣʴʥʳʡ ʙʘʨʘʙʘʥ ʰʪʠʬʪʦʚʳʡ: 

Bc=1,4ȚLʙ, 

ʛʜʝ Lʙ - ʜʣʠʥʘ ʙʘʨʘʙʘʥʘ. 

ʇʦ ʰʠʨʠʥʝ ʩʦʣʦʤʦʪʨʷʩʘ ɺʩ ʧʨʦʚʝʨʷʶʪ ʪʦʣʱʠʥʫ 

ʩʣʦʷ ʚʦʨʦʭʘ ʥʘ ʩʦʣʦʤʦʪʨʷʩʝ ɺʩ (180õ220 ʤʤ). 

1) ʉʝʢʫʥʜʥʳʡ ʦʙʲʝʤ ʚʦʨʦʭʘ ʥʘ ʩʦʣʦʤʦʪʨʷʩʝ: 

q = BcHVcp,                           (1.108) 

ʛʜʝ Vcp - ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʚʦʨʦʭʘ. 

2) ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʦʣʦʤʦʪʨʷʩʘ: 

Q = BcHVcpȚɔ,                     (1.109) 

ʛʜʝ ɔ - ʦʙʲʝʤʥʘ ̫ʤʘʩʩʘ ( ɔ = 20õ25 ʢʛ/ʤ
3
). 

ɼʣʷ ʥʦʨʤʘʣʴʥʦʡ ʨʘʙʦʪʳ ʤʦʣʦʪʠʣʢʠ ʥʝʦʙʭʦʜʠʤʦ, 

ʯʪʦʙʳ 

Q=Qʙʘʨ 

ɺʳʩʦʪʘ ʩʣʦʷ ʚʦʨʦʭʘ ʥʘ ʩʦʣʦʤʦʪʨʷʩʝ: 
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gÖÖ
=

.ʩʨc VB

Q
H , 

Vʩʨ=ɣNʛʦʨ.                       (1.110) 

ʛʜʝ ɣ - ʧʦʧʨʘʚʦʯʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʦʟʜʫʭʘ, ɣ = 0,8. 

Vcp = ɤr, 

Vʩʨ.=ɤȚrȚsinɤt1. 

ɼʣʠʥʫ ʩʦʣʦʤʦʪʨʷʩʘ ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʯʠʩʣʫ ʚʩʪʨʷ-

ʭʠʚʘʥʠʡ. ʆʙʳʯʥʦ ʧʨʠʥʠʤʘʶʪ nʥ = 30õ50. 

S - ʜʘʣʴʥʦʩʪʴ ʧʦʣʝʪʘ ʚʦʨʦʭʘ: 

S=VcpȚtn. 

ʛʜʝ tn- ʚʨʝʤʷ ʧʦʣʝʪʘ. 

Lc - ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ: 

Lc=nʚS = nʚVcptn=nʚVʛʦʨɣtn=nʚɣrɤsinɤt1tʧ, 

Lʩʨ.=nʚɣrɤsinɤt1tʧ, ʤ.                      (1.111) 

 

 

 

 

 



 131 

1.5 ʉʀʉʊɽʄɸ ʆʏʀʉʊʂʀ ɿɽʈʅɸ  

1.5.1 ʋʩʪʨʦʡʩʪʚʦ ʠ ʨʘʙʦʯʠʡ ʧʨʦʮʝʩʩ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʤʦʣʦʪʠʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʟʝʨʥʦʫʙʦʨʦʯʥʦʛʦ ʢʦʤʙʘʡʥʘ ʧʦʣʫʯʘʝʪʩʷ ʩʤʝʩʴ, ʩʦ-

ʩʪʦʷʱʘʷ ʠʟ ʟʝʨʥʘ, ʩʦʣʦʤʳ, ʢʨʫʧʥʦʡ ʠ ʤʝʣʢʦʡ ʧʦʣʦ-

ʚʳ, ʩʝʤʷʥ ʩʦʨʥʷʢʦʚ. ʕʪʘ ʩʤʝʩʴ, ʥʘʟʳʚʘʝʤʘʷ ʛʨʫʙʳʤ 

ʚʦʨʦʭʦʤ, ʨʘʟʜʝʣʷʷʩʴ ʥʘ ʜʚʝ ʯʘʩʪʠ, ʧʝʨʝʤʝʱʘʝʪʩʷ ʥʘ 

ʩʦʣʦʤʦʪʨʷʩ ʠ ʧʨʦʚʘʣʠʚʘʝʪʩʷ ʩʢʚʦʟʴ ʨʝʰʝʪʯʘʪʦʝ ʧʦʜ-

ʙʘʨʘʙʘʥʴʝ. ʅʘ ʦʯʠʩʪʢʫ ʧʦʩʪʫʧʘʝʪ ʚʦʨʦʭ, ʧʨʦʩʳʧʘʶ-

ʱʠʡʩʷ ʯʝʨʝʟ ʨʝʰʝʪʢʠ ʧʦʜʙʘʨʘʙʘʥʴʷ ʠ ʩʦʣʦʤʦʪʨʷʩʘ. 

ʇʝʨʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʩʦʜʝʨʞʠʪ ʜʦ 90 % ʟʝʨʥʘ, ʦʩ-

ʪʘʣʴʥʦʝ - ʧʦʣʦʚʘ ʠ ʧʝʨʝʙʠʪʘʷ ʩʦʣʦʤʘ; ʚʪʦʨʦʝ - ʚʦʨʦʭ 

ʩʦʜʝʨʞʠʪ ʜʦ 50 % ʩʦʣʦʤʠʩʪʳʭ ʧʨʠʤʝʩʝʡ. 

ʇʨʠ ʦʯʠʩʪʢʝ ʟʝʨʥʦ ʠʟ ʧʦʩʪʫʧʠʚʰʝʛʦ ʚʦʨʦʭʘ 

ʜʦʣʞʥʦ ʚʳʜʝʣʷʪʴʩʷ ʚ ʯʠʩʪʦʤ ʚʠʜʝ. 

ʉʦʩʪʘʚ ʚʦʨʦʭʘ, ʧʦʩʪʫʧʠʚʰʝʛʦ ʥʘ ʦʯʠʩʪʢʫ, ʥʝ ʧʦ-

ʩʪʦʷʥʝʥ, ʦʥ ʤʝʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʜʘʯʠ, ʩʦʣʦ-

ʤʠʩʪʦʩʪʠ, ʚʣʘʞʥʦʩʪʠ ʦʙʤʦʣʘʯʠʚʘʝʤʦʡ ʭʣʝʙʥʦʡ ʤʘʩ-

ʩʳ, ʘ ʪʘʢʞʝ ʦʪ ʢʦʥʩʪʨʫʢʮʠʠ ʤʦʣʦʪʠʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪ-

ʚʘ ʠ ʩʦʣʦʤʦʪʨʷʩʘ. ʇʦʵʪʦʤʫ ʟʘʜʘʯʘ ʦʯʠʩʪʢʠ ʚʦʨʦʭʘ 

ʩʣʦʞʥʘʷ ʠ ʪʨʝʙʫʝʪ ʧʦʩʪʦʷʥʥʦʡ ʨʝʛʫʣʠʨʦʚʢʠ ʠ ʢʦʥ-

ʪʨʦʣʷ. 

ʆʯʠʩʪʢʘ ʢʦʤʙʘʡʥʘ ʩʦʩʪʦʠʪ ʠʟ ʪʨʘʥʩʧʦʨʪʥʦʡ ʜʦʩ-

ʢʠ 1 (ʨʠʩ. 1.54), ʚʝʨʭʥʝʛʦ ʩʪʘʥʘ ʩ ʫʜʣʠʥʠʪʝʣʝʤ 4 ʠ 

ʚʝʨʭʥʠʤ ʨʝʰʝʪʦʤ 2, ʥʠʞʥʝʛʦ ʩʪʘʥʘ ʩ ʥʠʞʥʠʤ ʨʝʰʝ-

ʪʦʤ 3, ʚʝʥʪʠʣʷʪʦʨʘ 5 ʠ ʤʝʭʘʥʠʟʤʘ ʧʨʠʚʦʜʘ 6. 

ɿʝʨʥʦ ʠ ʤʝʣʢʠʡ ʚʦʨʦʭ, ʧʨʦʩʳʧʘʚʰʠʝʩʷ ʩʢʚʦʟʴ 

ʨʝʰʝʪʦ ʧʦʜʙʘʨʘʙʘʥʴʷ, ʧʘʣʴʯʠʢʦʚʦʡ ʨʝʰʝʪʢʠ ʠ ʯʝ-
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ʰʫʡʯʘʪʦʡ ʨʝʰʝʪʢʠ ʩʦʣʦʤʦʪʨʷʩʘ, ʧʦʩʪʫʧʘʶʪ ʥʘ 

ʪʨʘʥʩʧʦʨʪʥʫʶ ʜʦʩʢʫ 1, ʢʦʪʦʨʘʷ ʧʦʜʘʝʪ ʤʘʩʩʫ ʥʘ 

ʚʝʨʭʥʝʝ ʨʝʰʝʪʦ. 

 

ʈʠʩʫʥʦʢ 1.54 ʉʭʝʤʘ ʦʯʠʩʪʢʠ ʟʝʨʥʦʫʙʦʨʦʯʥʦʛʦ ʢʦʤʙʘʡʥʘ:  

1 ï ʪʨʘʥʩʧʦʨʪʥʘʷ ʜʦʩʢʘ; 2 ï ʚʝʨʭʥʝʝ ʨʝʰʝʪʦ; 3 ï ʥʠʞʥʝʝ ʨʝʰʝ-

ʪʦ; 4 ï ʫʜʣʠʥʠʪʝʣʴ; 5 ï ʚʝʥʪʠʣʷʪʦʨ; 6 ï ʤʝʭʘʥʠʟʤ ʧʨʠʚʦʜʘ; 7 ï 

ʟʝʨʥʦʚʦʡ ʰʥʝʢ; 8 - ʧʘʣʴʮʳ 

ʊʨʘʥʩʧʦʨʪʥʘʷ ʜʦʩʢʘ ʰʘʨʥʠʨʥʦ ʩʦʝʜʠʥʝʥʘ ʩ ʚʝʨʭ-

ʥʠʤ ʨʝʰʝʪʥʳʤ ʩʪʘʥʦʤ, ʧʝʨʝʜʥʷʷ ʯʘʩʪʴ ʝʝ ʧʦʜʚʝʰʝʥʘ 

ʧʨʠ ʧʦʤʦʱʠ ʜʝʨʝʚʷʥʥʳʭ ʧʦʜʚʝʩʦʢ ʢ ʨʘʤʝ ʤʦʣʦʪʠʣ-

ʢʠ. ʅʘ ʩʪʫʧʝʥʯʘʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦʩʢʠ ʟʘʢʨʝʧʣʝʥʳ 

ʧʨʦʜʦʣʴʥʳʝ ʛʨʝʙʝʥʢʠ, ʨʘʟʜʝʣʷʶʱʠʝ ʜʦʩʢʫ, ʥʘ ʥʝ-

ʩʢʦʣʴʢʦ ʯʘʩʪʝʡ. ɻʨʝʙʝʥʢʠ ʧʨʝʜʦʪʚʨʘʱʘʶʪ ʩʜʚʠʛ ʚʦ-

ʨʦʭʘ ʢ ʦʜʥʦʡ ʩʪʦʨʦʥʝ ʪʨʘʥʩʧʦʨʪʥʦʡ ʜʦʩʢʠ ʧʨʠ ʧʦʧʝ-

ʨʝʯʥʦʤ ʥʘʢʣʦʥʝ ʢʦʤʙʘʡʥʘ. 

ʂ ʢʨʘʡʥʝʤʫ ʧʦʧʝʨʝʯʥʦʤʫ ʙʨʫʩʫ ʪʨʘʥʩʧʦʨʪʥʦʡ 

ʜʦʩʢʠ ʧʨʠʢʨʝʧʣʝʥʘ ʧʘʣʴʮʝʚʘʷ ʨʝʰʝʪʢʘ ʠʟ ʜʣʠʥʥʳʭ 

ʩʪʘʣʴʥʳʭ ʰʪʘʤʧʦʚʘʥʥʳʭ ʧʘʣʴʮʝʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ 

ʥʘʜ ʧʝʨʝʜʥʝʡ ʯʘʩʪʴʶ ʚʝʨʭʥʝʛʦ ʨʝʰʝʪʘ. ɺʝʨʭʥʠʡ ʨʝ-

ʰʝʪʥʳʡ ʩʪʘʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʜʦʣʞʝʥʠʝ 
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ʪʨʘʥʩʧʦʨʪʥʦʡ ʜʦʩʢʠ. ʇʝʨʝʜʥʠʡ ʢʨʘʡ ʝʛʦ ʧʦʜʚʝʰʝʥ ʢ 

ʢʦʨʧʫʩʫ ʤʦʣʦʪʠʣʢʠ ʰʘʨʥʠʨʥʦ ʥʘ ʜʚʫʭ ʨʳʯʘʛʘʭ, ʟʘʜ-

ʥʠʡ - ʥʘ ʜʚʫʭ ʧʦʜʚʝʩʢʘʭ, ʨʝʰʝʪʥʳʡ ʩʪʘʥ ʥʠʞʥʝʛʦ 

ʨʝʰʝʪʘ 3 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʢʦʨʦʙ ʩ 

ʜʥʦʤ. ʆʥ ʧʦʜʚʝʰʝʥ ʢ ʢʦʨʧʫʩʫ ʤʦʣʦʪʠʣʢʠ ʥʘ ʜʚʫʭ 

ʧʝʨʝʜʥʠʭ ʨʳʯʘʛʘʭ ʠ ʜʚʫʭ ʟʘʜʥʠʭ. 

ʊʨʘʥʩʧʦʨʪʥʘʷ ʜʦʩʢʘ ʠ ʨʝʰʝʪʥʳʡ ʩʪʘʥ ʧʨʠʚʦʜʷʪʩʷ 

ʚ ʢʦʣʝʙʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʰʘʪʫʥʦʤ 6, ʩʦʝʜʠʥʝʥʥʳʤ 

ʩ ʢʦʣʝʙʘʪʝʣʴʥʳʤ ʚʘʣʦʤ ʠ ʜʚʫʧʣʝʯʠʤ ʨʳʯʘʛʦʤ. 

ɺ ʨʝʰʝʪʥʳʭ ʩʪʘʥʘʭ ʨʘʟʤʝʱʝʥʳ ʚʝʨʭʥʝʝ 2 ʠ ʥʠʞ-

ʥʝʝ 3 ʞʘʣʶʟʠʡʥʳʝ ʨʝʰʝʪʘ. ʆʥʠ ʩʦʩʪʦʷʪ ʠʟ ʨʘʤʦʢ, 

ʩʦʙʨʘʥʥʳʭ ʠʟ ʧʨʦʜʦʣʴʥʳʭ ʠ ʧʦʧʝʨʝʯʥʳʭ ʧʣʘʥʦʢ, ʥʘ 

ʢʦʪʦʨʳʭ ʩʤʦʥʪʠʨʦʚʘʥʳ ʞʘʣʶʟʠ - ʧʣʘʥʢʠ ʩ ʟʫʙʮʘʤʠ. 

ʅʘʢʣʦʥ ʞʘʣʶʟʠ ʤʦʞʥʦ ʠʟʤʝʥʷʪʴ ʦʪ 0 ʜʦ 45Á ʧʨʠ ʧʦ-

ʤʦʱʠ ʨʝʛʫʣʠʨʫʶʱʝʛʦ ʤʝʭʘʥʠʟʤʘ. ɺʝʨʭʥʝʝ ʞʘʣʶ-

ʟʠʡʥʦʝ ʨʝʰʝʪʦ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ ʚʳʜʝʣʝʥʠʷ 

ʢʨʫʧʥʳʭ ʯʘʩʪʝʡ ʚʦʨʦʭʘ, ʠʤʝʝʪ ʞʘʣʶʟʠ ʙʦʣʴʰʠʭ ʨʘʟ-

ʤʝʨʦʚ, ʯʝʤ ʥʠʞʥʝʝ. 

ʈʝʰʝʪʥʳʡ ʩʪʘʥ ʥʠʞʥʝʛʦ ʨʝʰʝʪʘ ʢʦʣʝʙʣʝʪʩʷ ʚ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩ ʤʝʥʴʰʝʡ ʘʤʧʣʠʪʫ-

ʜʦʡ, ʯʝʤ ʪʨʘʥʩʧʦʨʪʥʘʷ ʜʦʩʢʘ ʠ ʚʝʨʭʥʠʡ ʨʝʰʝʪʥʳʡ 

ʩʪʘʥ. ʋʛʦʣ ʥʘʢʣʦʥʘ ʥʠʞʥʝʛʦ ʨʝʰʝʪʘ 3 ʤʦʞʥʦ ʨʝʛʫʣʠ-

ʨʦʚʘʪʴ ʧʝʨʝʩʪʘʥʦʚʢʦʡ ʝʛʦ ʚ ʩʪʘʥʝ, ʚ ʙʦʢʦʚʠʥʝ ʢʦʪʦ-

ʨʦʛʦ ʠʤʝʝʪʩʷ ʧʷʪʴ ʨʝʛʫʣʠʨʦʚʦʯʥʳʭ ʦʪʚʝʨʩʪʠʡ. ʆʩ-

ʤʘʪʨʠʚʘʪʴ ʠ ʦʯʠʱʘʪʴ ʨʝʰʝʪʘ ʤʦʞʥʦ ʯʝʨʝʟ ʦʢʥʘ ʚ 

ʙʦʨʪʘʭ ʢʦʨʧʫʩʘ ʨʝʰʝʪʥʦʛʦ ʩʪʘʥʘ, ʟʘʢʨʳʚʘʝʤʳʝ ʟʘ-

ʩʣʦʥʢʘʤʠ. 

ʂ ʟʘʜʥʝʡ ʩʪʝʥʢʝ ʚʝʨʭʥʝʛʦ ʨʝʰʝʪʘ ʰʘʨʥʠʨʥʦ ʧʨʠ-

ʩʦʝʜʠʥʝʥ ʫʜʣʠʥʠʪʝʣʴ 4, ʫʩʪʨʦʝʥʥʳʡ ʘʥʘʣʦʛʠʯʥʦ ʞʘ-

ʣʶʟʠʡʥʦʤʫ ʨʝʰʝʪʫ. ɺ ʨʘʤʢʝ ʫʜʣʠʥʠʪʝʣʷ ʩʤʦʥʪʠʨʦ-
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ʚʘʥʳ ʧʣʘʩʪʠʥʳ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʧʦʚʦʨʘʯʠʚʘʪʴ, ʨʝʛʫ-

ʣʠʨʫʷ ʠʭ ʥʘʢʣʦʥ, ʢʨʦʤʝ ʪʦʛʦ, ʤʦʞʥʦ ʠʟʤʝʥʷʪʴ ʫʛʦʥ 

ʥʘʢʣʦʥʘ ʫʜʣʠʥʠʪʝʣʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 8 ʜʦ 30Á. 

ʆʙʘ ʨʝʰʝʪʘ ʠ ʫʜʣʠʥʠʪʝʣʴ ʠʥʪʝʥʩʠʚʥʦ ʧʨʦʜʫʚʘ-

ʶʪʩʷ ʚʦʟʜʫʰʥʳʤ ʧʦʪʦʢʦʤ, ʩʦʟʜʘʚʘʝʤʳʤ ʧʷʪʠʣʦʧʘʩʪ-

ʥʳʤ ʚʝʥʪʠʣʷʪʦʨʦʤ 5. ɺʦʟʜʫʭ, ʚʩʘʩʳʚʘʝʤʳʡ ʚʝʥʪʠʣʷ-

ʪʦʨʦʤ ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʷ ʚ ʙʦʢʦʚʠʥʘʭ ʢʦʞʫʭʘ, ʧʦʜʘʝʪʩʷ 

ʧʦ ʥʘʢʣʦʥʥʦʤʫ ʨʘʩʪʨʫʙʫ ʧʦʜ ʨʝʰʝʪʘ ʦʯʠʩʪʢʠ. ɺ ʢʦʤ-

ʙʘʡʥʘʭ ʩʢʦʨʦʩʪʴ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʧʨʠ ʨʘʙʦʪʘʶʱʝʡ 

ʤʦʣʦʪʠʣʢʝ ʨʝʛʫʣʠʨʫʶʪ ʠʟʤʝʥʝʥʠʝʤ ʯʘʩʪʦʪʳ ʚʨʘʱʝ-

ʥʠʷ ʚʘʣʘ ʚʝʥʪʠʣʷʪʦʨʘ ʧʨʠ ʧʦʤʦʱʠ ʚʘʨʠʘʪʦʨʘ ʚ ʧʨʝ-

ʜʝʣʘʭ ʦʪ 430 ʜʦ 725 ʦʙ/ʤʠʥ. 

ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʢʦʣʝʙʘʥʠʡ ʥʘ ʪʨʘʥʩʧʦʨʪʥʦʡ ʜʦʩʢʝ 

ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʩʣʦʝʥʠʝ ʚʦʨʦʭʘ: ʟʝʨʥʦ ʠ ʙʦʣʝʝ ʪʷʞʝ-

ʣʳʝ ʧʨʠʤʝʩʠ ʦʧʫʩʢʘʶʪʩʷ, ʘ ʣʝʛʢʠʝ ʠ ʢʨʫʧʥʳʝ ʩʦʣʦ-

ʤʠʩʪʳʝ ʚʩʧʣʳʚʘʶʪ. ɺ ʪʘʢʦʤ ʩʦʩʪʦʷʥʠʷ ʚʦʨʦʭ ʧʦʩʪʫ-

ʧʘʝʪ ʥʘ ʧʘʣʴʮʝʚʫʶ ʨʝʰʝʪʢʫ, ʛʜʝ ʢʨʫʧʥʳʝ ʧʨʠʤʝʩʠ 

ʟʘʜʝʨʞʠʚʘʶʪʩʷ, ʘ ʤʝʣʢʘʷ ʬʨʘʢʮʠʷ ʧʘʜʘʝʪ ʥʘ ʥʘʯʘʣʦ 

ʚʝʨʭʥʝʛʦ ʨʝʰʝʪʘ 2. ʂʨʫʧʥʘʷ ʬʨʘʢʮʠʷ, ʧʦʜʜʝʨʞʠʚʘʝ-

ʤʘʷ ʚʦʟʜʫʰʥʳʤ ʧʦʪʦʢʦʤ, ʩʭʦʜʠʪ ʩ ʧʘʣʴʮʝʚʦʡ ʨʝʰʝʪ-

ʢʠ ʥʘ ʩʝʨʝʜʠʥʫ ʨʝʰʝʪʘ. ʈʘʟʛʨʫʞʘʷ ʧʝʨʝʜʥʶʶ ʯʘʩʪʴ 

ʚʝʨʭʥʝʛʦ ʨʝʰʝʪʘ ʦʯʠʩʪʢʠ, ʧʘʣʴʮʝʚʘʷ ʨʝʰʝʪʢʘ ʦʙʝʩ-

ʧʝʯʠʚʘʝʪ ʨʘʚʥʦʤʝʨʥʫʶ ʟʘʛʨʫʟʢʫ ʨʝʰʝʪʘ. ʇʦʵʪʦʤʫ 

ʦʩʥʦʚʥʘʷ ʤʘʩʩʘ ʟʝʨʥʘ ʠ ʤʝʣʢʠʭ ʧʨʠʤʝʩʝʡ ʧʨʦʩʝʠʚʘ-

ʝʪʩʷ ʚ ʥʘʯʘʣʝ ʚʝʨʭʥʝʛʦ, ʘ ʟʘʪʝʤ ʠ ʥʠʞʥʝʛʦ ʨʝʰʝʪʘ. 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʚʦʟʜʫʰʥʘʷ ʩʪʨʫʷ ʚʳʜʫʚʘʝʪ ʚʩʝ ʣʝʛʢʠʝ 

ʯʘʩʪʠʮʳ, ʢʦʪʦʨʳʝ ʧʦʧʘʜʘʶʪ ʢ ʧʦʣʦʚʦʥʘʙʠʚʘʪʝʣʶ. 

ʏʠʩʪʦʝ ʟʝʨʥʦ ʧʦʧʘʜʘʝʪ ʥʘ ʜʥʦ ʨʝʰʝʪʥʦʛʦ ʩʪʘʥʘ, ʩ ʥʝ-

ʛʦ - ʚ ʢʦʞʫʭ ʥʠʞʥʝʛʦ ʟʝʨʥʦʚʦʛʦ ʰʥʝʢʘ, ʜʘʣʝʝ ʵʣʝʚʘ-

ʪʦʨʦʤ ʜʦʩʪʘʚʣʷʝʪʩʷ ʚ ʙʫʥʢʝʨ. 
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ɺ ʢʦʥʮʝ ʚʝʨʭʥʝʛʦ ʨʝʰʝʪʘ ʠ ʥʘ ʫʜʣʠʥʠʪʝʣʝ 4 ʧʨʦ-

ʠʩʭʦʜʠʪ ʫʣʘʚʣʠʚʘʥʠʝ ʨʘʟʦʨʚʘʥʥʳʭ ʠ ʥʝʦʙʤʦʣʦʯʝʥ-

ʥʳʭ ʢʦʣʦʩʴʝʚ, ʢʦʪʦʨʳʝ ʚʤʝʩʪʝ ʩ ʢʨʫʧʥʳʤʠ ʧʨʠʤʝʩʷ-

ʤʠ, ʩʭʦʜʷʱʠʤʠ ʩ ʥʠʞʥʝʛʦ ʨʝʰʝʪʘ, ʧʦʧʘʜʘʶʪ ʚ ʢʦʞʫʭ 

ʢʦʣʦʩʦʚʦʛʦ ʰʥʝʢʘ. ʅʝʦʙʤʦʣʦʯʝʥʥʳʝ ʢʦʣʦʩʴʷ ʜʦʩʪʘʚ-

ʣʷʶʪʩʷ ʵʣʝʚʘʪʦʨʦʤ ʢ ʜʦʤʦʣʘʯʠʚʘʶʱʝʤʫ ʫʩʪʨʦʡʩʪʚʫ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʠ ʩʦʩʪʘʚʘ ʟʝʨʥʦʚʦʛʦ 

ʚʦʨʦʭʘ ʨʝʞʠʤ ʨʘʙʦʪʳ ʦʯʠʩʪʢʠ ʠʟʤʝʥʷʶʪ ʨʝʛʫʣʠʨʦʚ-

ʢʦʡ ʚʝʥʪʠʣʷʪʦʨʘ, ʧʦʚʦʨʦʪʦʤ ʞʘʣʶʟʠ ʨʝʰʝʪ ʠ ʫʜʣʠ-

ʥʠʪʝʣʷ, ʠʟʤʝʥʝʥʠʝʤ ʫʛʣʘ ʥʘʢʣʦʥʘ ʫʜʣʠʥʠʪʝʣʷ ʠ ʥʠʞ-

ʥʝʛʦ ʨʝʰʝʪʘ, ʧʦʣʦʞʝʥʠʷ ʱʠʪʢʘ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʦʧ-

ʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʘ ʧʦʣʴʟʫʶʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʝ-

ʩʢʦʣʴʢʠʤʠ ʨʝʛʫʣʠʨʦʚʢʘʤʠ. 

ɽʩʣʠ ʚʦʟʜʫʰʥʳʡ ʧʦʪʦʢ ʫʥʦʩʠʪ ʟʝʨʥʦ ʚ ʢʦʧʥʠ-

ʪʝʣʴ, ʩʢʦʨʦʩʪʴ ʚʦʟʜʫʭʘ ʫʤʝʥʴʰʘʶʪ, ʝʩʣʠ ʞʝ ʚ ʙʫʥʢʝʨ 

ʧʦʩʪʫʧʘʶʪ ʣʝʛʢʠʝ ʧʨʠʤʝʩʠ - ʫʚʝʣʠʯʠʚʘʶʪ. ɼʣʷ ʫʙʦʨ-

ʢʠ ʚʳʩʦʢʦʫʨʦʞʘʡʥʳʭ ʭʣʝʙʦʚ, ʠʤʝʶʱʠʭ ʧʦʣʥʦʚʝʩʥʦʝ 

ʟʝʨʥʦ, ʯʘʩʪʦʪʫ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ʚʝʥʪʠʣʷʪʦʨʘ ʜʦʚʦʜʷʪ 

ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʡ. ʇʨʠ ʫʙʦʨʢʝ ʤʝʣʢʦʩʝʤʷʥʥʳʭ ʢʫʣʴ-

ʪʫʨ ʠ ʤʘʣʦʫʨʦʞʘʡʥʳʭ ʭʣʝʙʦʚ ʯʘʩʪʦʪʫ ʚʨʘʱʝʥʠʷ ʚʝʥ-

ʪʠʣʷʪʦʨʘ ʩʥʠʞʘʶʪ ʥʘʩʪʦʣʴʢʦ, ʯʪʦʙʳ ʠʩʢʣʶʯʠʪʴ ʚʳ-

ʥʦʩ ʟʝʨʥʘ ʚʦʟʜʫʰʥʳʤ ʧʦʪʦʢʦʤ. 

ɿʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʙʦʪʫ ʚʦʟʜʫʰʥʦʛʦ ʧʦ-

ʪʦʢʘ ʦʢʘʟʳʚʘʝʪ ʧʦʣʦʞʝʥʠʝ ʱʠʪʢʘ ʢʦʣʦʩʦʚʦʛʦ ʰʥʝʢʘ. 

ʇʨʠ ʫʩʪʘʥʦʚʢʝ ʝʛʦ ʚ ʢʨʘʡʥʝʝ ʚʝʨʭʥʝʝ ʧʦʣʦʞʝʥʠʝ 

ʚʝʨʭʥʝʝ ʨʝʰʝʪʦ ʠ ʫʜʣʠʥʠʪʝʣʴ ʠʥʪʝʥʩʠʚʥʦ ʦʙʜʫʚʘʶʪ-

ʩʷ ʚʦʟʜʫʰʥʳʤ ʧʦʪʦʢʦʤ, ʥʦ ʚʦʟʤʦʞʝʥ ʚʳʥʦʩ ʟʝʨʥʘ 

ʚʦʟʜʫʭʦʤ. ʇʨʠ ʥʠʞʥʝʤ ʧʦʣʦʞʝʥʠʠ ʱʠʪʢʘ ʨʝʰʝʪʦ 

ʧʣʦʭʦ ʦʙʜʫʚʘʝʪʩʷ ʠ ʩʣʦʡ ʨʳʭʣʠʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ, ʯʪʦ 

ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʷʤ ʠ ʧʝʨʝʛʨʫʟʢʝ ʢʦʣʦʩʦʚʦʛʦ 
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ʰʥʝʢʘ ʧʨʠʤʝʩʷʤʠ. 

ʆʪʢʨʳʪʠʝ ʞʘʣʶʟʠ ʚʝʨʭʥʝʛʦ ʨʝʰʝʪʘ ʨʝʛʫʣʠʨʫʶʪ 

ʪʘʢ, ʯʪʦʙʳ ʟʝʨʥʦ ʠʟ ʚʦʨʦʭʘ ʚʳʜʝʣʷʣʦʩʴ ʥʘ ʧʝʨʝʜʥʝʡ 

ʯʘʩʪʠ ʨʝʰʝʪʘ, ʥʝ ʧʨʝʚʳʰʘʶʱʝʡ ʜʚʫʭ ʪʨʝʪʝʡ ʝʛʦ 

ʜʣʠʥʳ. ʇʨʠ ʫʙʦʨʢʝ ʩʫʭʠʭ, ʥʝʟʘʩʦʨʝʥʥʳʭ ʭʣʝʙʦʚ ʞʘ-

ʣʶʟʠ ʦʪʢʨʳʚʘʶʪ ʠ ʫʚʝʣʠʯʠʚʘʶʪ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ 

ʢʦʤʙʘʡʥʘ. 

ʉʪʝʧʝʥʴ ʦʪʢʨʳʪʠʷ ʞʘʣʶʟʠ ʥʠʞʥʝʛʦ ʨʝʰʝʪʘ ʠ ʫʩ-

ʪʘʥʦʚʢʫ ʝʛʦ ʚ ʨʝʰʝʪʥʦʤ ʩʪʘʥʝ ʚʳʙʠʨʘʶʪ ʩ ʪʘʢʠʤ 

ʨʘʩʯʝʪʦʤ, ʯʪʦʙʳ ʩʭʦʜ ʟʝʨʥʘ ʚ ʢʦʞʫʭ ʢʦʣʦʩʦʚʦʛʦ 

ʰʥʝʢʘ ʙʳʣ ʥʦʤʠʥʘʣʴʥʳʡ, ʘ ʚ ʙʫʥʢʝʨ ʧʨʠ ʵʪʦʤ ʧʦ-

ʩʪʫʧʘʣʦ ʯʠʩʪʦʝ ʟʝʨʥʦ. ʇʨʠ ʥʝʜʦʩʪʘʪʦʯʥʦʤ ʦʪʢʨʳʪʠʠ 

ʞʘʣʶʟʠ ʚ ʞʝʣʦʙ ʢʦʣʦʩʦʚʦʛʦ ʰʥʝʢʘ ʩʭʦʜʠʪ ʤʥʦʛʦ 

ʟʝʨʥʘ, ʧʨʠ ʧʦʚʪʦʨʥʦʤ ʦʙʤʦʣʦʪʝ ʫʚʝʣʠʯʠʚʘʶʪʩʷ 

ʜʨʦʙʣʝʥʠʝ ʟʝʨʥʘ ʠ ʧʦʪʝʨʠ ʝʛʦ ʩ ʩʦʣʦʤʦʡ. ʇʨʠ ʯʨʝʟ-

ʤʝʨʥʦʤ ʦʪʢʨʳʪʠʠ ʞʘʣʶʟʠ ʥʠʞʥʝʛʦ ʨʝʰʝʪʘ ʚ ʙʫʥʢʝʨ 

ʧʦʩʪʫʧʘʝʪ ʟʘʩʦʨʝʥʥʦʝ ʟʝʨʥʦ. ʈʝʛʫʣʠʨʦʚʢʫ ʞʘʣʶʟʠ 

ʥʘʯʠʥʘʶʪ ʩ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʦʪʢʨʳʪʠʷ, ʧʦʩʪʝʧʝʥʥʦ 

ʫʤʝʥʴʰʘʷ ʝʛʦ ʜʦ ʧʦʷʚʣʝʥʠʷ ʧʨʠʟʥʘʢʦʚ ʩʭʦʜʘ ʟʝʨʥʘ ʚ 

ʞʝʣʦʙ ʢʦʣʦʩʦʚʦʛʦ ʰʥʝʢʘ. 

ʅʘʢʣʦʥ ʫʜʣʠʥʠʪʝʣʷ 4 ʠ ʦʪʢʨʳʪʠʝ ʝʛʦ ʧʣʘʩʪʠʥ 

ʫʚʝʣʠʯʠʚʘʶʪ ʧʨʠ ʧʦʷʚʣʝʥʠʠ ʧʦʪʝʨʴ ʟʝʨʥʘ ʠ ʥʝʦʙʤʦ-

ʣʦʯʝʥʥʳʭ ʢʦʣʦʩʴʝʚ. 

ʅʘʢʣʦʥ ʥʠʞʥʝʛʦ ʨʝʰʝʪʘ ʠʟʤʝʥʷʶʪ ʣʠʰʴ ʚ ʪʦʤ 

ʩʣʫʯʘʝ, ʝʩʣʠ ʚʩʝʤʠ ʜʨʫʛʠʤʠ ʨʝʛʫʣʠʨʦʚʢʘʤʠ ʥʝ ʫʜʘ-

ʣʦʩʴ ʫʩʪʨʘʥʠʪʴ ʩʭʦʜ ʟʝʨʥʘ ʚ ʞʝʣʦʙ ʢʦʣʦʩʦʚʦʛʦ ʰʥʝ-

ʢʘ. ɼʣʷ ʵʪʦʛʦ ʟʘʜʥʠʡ ʢʦʥʝʮ ʨʝʰʝʪʘ ʥʝʤʥʦʛʦ ʧʦʜʥʠ-

ʤʘʶʪ. ʆʙʳʯʥʦ ʥʠʞʥʝʝ ʨʝʰʝʪʦ ʟʘʢʨʝʧʣʷʶʪ ʚ ʩʨʝʜʥʠʭ 

ʦʪʚʝʨʩʪʠʷʭ ʧʘʟʦʚ. 
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1.5.2 ʂʠʥʝʤʘʪʠʢʘ ʧʣʦʩʢʦʛʦ ʨʝʰʝʪʘ 

ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʪʦʨʦʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦ-

ʮʝʩʩʘ ʨʘʙʦʪʳ ʚʩʷʢʦʛʦ ʨʝʰʝʪʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, 

ʯʪʦʙʳ ʨʘʟʜʝʣʠʪʴ ʦʙʨʘʙʘʪʳʚʘʝʤʳʡ ʤʘʪʝʨʠʘʣ ʥʘ ʜʚʝ 

ʯʘʩʪʠ ʧʦ ʨʘʟʤʝʨʘʤ. ʆʜʥʠ ʯʘʩʪʠʮʳ, ʨʘʟʤʝʨʳ ʢʦʪʦʨʳʭ 

ʤʝʥʴʰʝ ʨʘʟʤʝʨʦʚ ʦʪʚʝʨʩʪʠʡ ʨʝʰʝʪʘ, ʜʦʣʞʥʳ ʧʨʦʡʪʠ 

ʯʝʨʝʟ ʵʪʠ ʦʪʚʝʨʩʪʠʷ (ʟʝʨʥʦ), ʜʨʫʛʠʝ ʯʘʩʪʠʮʳ ʨʘʟʤʝ-

ʨʦʤ ʙʦʣʴʰʝ, ʯʝʤ ʜʠʘʤʝʪʨ ʦʪʚʝʨʩʪʠʡ, ʜʦʣʞʥʳ ʜʚʠ-

ʛʘʪʴʩʷ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʰʝʪʘ ʥʘ ʩʭʦʜ. 

ʈʝʰʝʪʘ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʧʦʜ ʦʧʨʝʜʝʣʝʥʥʳʤ ʫʛ-

ʣʦʤ ʢ ʛʦʨʠʟʦʥʪʫ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʥʝʧʨʝʨʳʚʥʦʝ 

ʜʚʠʞʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʧʦ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʰʝ-

ʪʘ, ʢʦʪʦʨʦʝ ʧʨʠʚʦʜʠʪʩʷ ʚ ʢʦʣʝʙʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ 

ʧʨʠ ʧʦʤʦʱʠ ʢʨʠʚʦʰʠʧʥʦ-ʰʘʪʫʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʨʝʰʝʪ ʟʘʚʠʩʠʪ ʦʪ: 

1) ʥʘʧʨʘʚʣʝʥʠʷ ʢʦʣʝʙʘʥʠʡ, 

2) ʫʛʣʘ ʥʘʢʣʦʥʘ ʢ ʛʦʨʠʟʦʥʪʫ, 

3) ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʧʦ ʨʝʰʝʪʫ, 

4) ʘʤʧʣʠʪʫʜʳ ʠ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ, 

5) ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʠ ʪ.ʜ. 

ʇʦʵʪʦʤʫ, ʯʪʦʙʳ ʫʧʨʘʚʣʷʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ 

ʧʨʦʮʝʩʩʦʤ ʨʘʙʦʪʳ ʨʝʰʝʪ, ʥʘʜʦ ʟʥʘʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʚʣʠʷʥʠʷ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝ-

ʥʠʷ ʤʘʪʝʨʠʘʣʘ ʧʦ ʨʝʰʝʪʫ. ʊʘʢ ʢʘʢ l  hʧʦ ʩʨʘʚʥʝʥʠʶ ʩ  

r ʚʝʣʠʯʠʥʘ ʙʦʣʴʰʘʷ, ʪʦ ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʨʝʰʝʪʦ 

ʩʦʚʝʨʰʘʝʪ ʛʘʨʤʦʥʠʯʝʩʢʦʝ ʢʦʣʝʙʘʥʠʝ ʚʜʦʣʴ ʧʨʷʤʦʡ 

ʆɸ' (ʨʠʩ. 1.55 ʘ). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʣʶʙʘʷ ʪʦʯʢʘ ʨʝʰʝʪʘ 

ʙʫʜʝʪ ʜʚʠʛʘʪʴʩʷ ʧʦ ʟʘʢʦʥʫ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʟʘʢʦ-

ʥʫ ʜʚʠʞʝʥʠʷ ʧʨʦʝʢʮʠʠ ʪʦʯʢʠ ɺ' ʢʨʠʚʦʰʠʧʘ ʥʘ ʦʩʠ 
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ʆʍ. 

ʅʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʷ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʢʦʣʝʙʘʪʝʣʴ-

ʥʦʝ ʜʚʠʞʝʥʠʝ ʛʨʦʭʦʪʘ [13, 17]: 

ʧʝʨʝʤʝʱʝʥʠʝ - X = - rȚcosɤt                         (1.112) 

ʩʢʦʨʦʩʪʴ - Vx = 
dt

dx
 = ɤrȚsinɤt,                       (1.113) 

ʫʩʢʦʨʝʥʠʝ - j = tr
dt

xd
J ww cos2

2

2

Ö==                 (1.114) 

 

ʈʠʩʫʥʦʢ 1.55 ʂʠʥʝʤʘʪʠʢʘ ʧʣʦʩʢʦʛʦ ʨʝʰʝʪʘ: ʘ ï ʧʦʜʚʝʩʢʘ 

ʨʝʰʝʪʘ ʠ ʝʛʦ ʧʨʠʚʦʜʘ; ʙ ï ʵʣʝʤʝʥʪʳ ʢʠʥʝʤʘʪʠʢʠ 
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1.5.3 ɼʚʠʞʝʥʠʝ ʚʦʨʦʭʘ ʧʦ ʧʣʦʩʢʦʤʫ ʨʝʰʝʪʫ 

ʋʩʣʦʚʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʧʦ ʨʝʰʝʪʫ, ʦʧʨʝʜʝʣʷ-

ʶʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʯʘʩʪʠʮʫ 

ʤʘʪʝʨʠʘʣʘ, ʥʘʭʦʜʷʱʫʶʩʷ ʥʘ ʨʝʰʝʪʝ (ʨʠʩ. 1.55 ʙ). 

ʀʟ ʫʨʘʚʥʝʥʠʷ (1.114) ʚʠʜʥʦ, ʯʪʦ ʩʠʣʘ ʠʥʝʨʮʠʠ 

ʠʟʤʝʥʷʝʪʩʷ ʧʦ ʢʦʩʠʥʫʩʦʠʜʝ, ʪ.ʝ. ʥʘ ʦʜʠʥ ʦʙʦʨʦʪ ʢʨʠ-

ʚʦʰʠʧʘ ʩʠʣʘ ʠʥʝʨʮʠʠ ʙʫʜʝʪ ʧʨʠʥʠʤʘʪʴ ʪʦ ʧʦʣʦʞʠ-

ʪʝʣʴʥʦʝ, ʪʦ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʷ. ʇʨʠ ʧʦʣʦʞʠ-

ʪʝʣʴʥʦʤ ʩʚʦʝʤ ʟʥʘʯʝʥʠʠ ʩʠʣʘ ʠʥʝʨʮʠʠ ʩʪʨʝʤʠʪʩʷ 

ʩʜʚʠʥʫʪʴ ʯʘʩʪʠʮʫ ʚʦʨʦʭʘ ʚʥʠʟ ʧʦ ʨʝʰʝʪʫ, ʧʨʠ ʦʪʨʠ-

ʮʘʪʝʣʴʥʦʤ - ʚʚʝʨʭ. ʕʪʦ ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ: 

Jmax=Ñrɤ
2  

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʤʘ-

ʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ 

ʘ) ʜʚʠʞʝʥʠʝ ʚʥʠʟ ʧʦ ʨʝʰʝʪʫ (ʨʠʩ. 1.56 ʘ): 

ʥe - ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʚʦʨʦʭʘ ʚʥʠʟ ʧʦ 

ʨʝʰʝʪʫ; 

td

d ʥ

Ö

Öe
 - ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ; 

2

2

td

d ʥ

Ö

Öe
 - ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ; 

m
td

d ʥÖ
Ö

Ö
2

2 e
 - ʚʝʢʪʦʨ ʩʠʣʳ ʠʥʝʨʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ 

ʧʝʨʝʤʝʱʝʥʠʷ. 

ʀʟ ʨʠʩʫʥʢʘ 1.56 ʘ ʩʣʝʜʫʝʪ:  
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)sin()cos(cos
2

2

ajbajj
e

-Ö---Ö=Ö
Ö

Ö
mgJ

td

d ʥ    (1.115) 

 

ʈʠʩʫʥʦʢ 1.56 ɼʚʠʞʝʥʠʝ ʚʦʨʦʭʘ ʧʦ ʨʝʰʝʪʫ: ʘ ï ʜʚʠʞʝʥʠʝ 

ʚʦʨʦʭʘ ʚ ʥʠʟ ʧʦ ʨʝʰʝʪʫ; ʙ ï ʜʚʠʞʝʥʠʝ ʚʦʨʦʭʘ ʚʚʝʨʭ ʧʦ ʨʝʰʝʪʫ 

ʈʘʟʜʝʣʠʤ ʦʙʝ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʷ ʥʘ cos(ű-Ŭ-ɓ), ʫʯʠ-

ʪʳʚʘʷ, ʯʪʦ 

J = mű
2
rȚcosɤt: 



 141 

A=
--

-

baj

aj

cos(

)sin(
;        

sbaj

j 1

cos(

cos
=

--
 

ʠ ʧʦʣʫʯʠʤ: 

gAtr
dt

d ʥ -ÖÖ=Ö ww
e

s
cos

1 2

2

2

,      (1.116) 

ʙ) ɼʚʠʞʝʥʠʝ ʚʚʝʨʭ ʧʦ ʨʝʰʝʪʫ (ʨʠʩ. 1.56 ʙ) 

    Ůʚ ï ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʚʦʨʦʭʘ ʚʚʝʨʭ; 

   -
dt

d ʚe  ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ; 

  -
2

2

dt

d ʚe ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ. 

ʀʟ ʨʠʩ. 1.56 ʙ ʩʣʝʜʫʝʪ: 

)sin()cos(cos
2

2

ajbaj
e

j +ÖÖ-++Ö=ÖÖ gmJ
dt

d
m ʚ . 

ʈʘʟʜʝʣʠʤ ʦʙʝ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʷ ʥʘ cos(ű+Ŭ+ɓ) 

B=
++

+

)cos(

)sin(

baj

aj
     

sbaj

j 1

)cos(

cos
=

++
, 

ʠ ʧʦʣʫʯʠʤ 

Bgtr
dt

d ʚ Ö-ÖÖ=Ö ww
e

s
cos

1 2

2

2

.          (1.117) 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʤʝʝʤ ʨʘʚʥʦʤʝʨʥʦ-ʧʝʨʝʤʝʥʥʦʝ 

ʜʚʠʞʝʥʠʝ. 

ʇʨʝʜʩʪʘʚʠʤ ʚʩʝ ʵʪʦ ʛʨʘʬʠʯʝʩʢʠ (ʨʠʩ. 1.57). 

ʀʥʪʝʛʨʠʨʫʷ ʫʨʘʚʥʝʥʠʷ (1.116) ʠ (1.117), ʩʯʠʪʘʷ 

ʥʘʯʘʣʦ ʩʢʦʣʴʞʝʥʠʷ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ ʚ n1 ʠ n2 

(ʨʠʩ. 1.57) (ʠʥʪʝʛʨʘʣʳ ʙʝʨʝʤ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0 ʜʦ t), 

ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝ-
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ʥʠʷ ʟʝʨʥʘ ʚʥʠʟ ʠ ʚʚʝʨʭ ʧʦ ʨʝʰʝʪʫ: 

tɸgtr
dt

d ʥ ÖÖ-ÖÖ= ww
e

sin                 (1.118) 

tBgtr
dt

d ʥ ÖÖ-ÖÖ= ww
e

sin                 (1.119) 

ɻʨʘʬʠʯʝʩʢʠ ʧʨʘʚʳʝ ʯʘʩʪʠ ʵʪʠʭ ʫʨʘʚʥʝʥʠʡ ʧʨʝʜ-

ʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʨʘʟʥʦʩʪʠ ʦʨʜʠʥʘʪ ʤʝʞʜʫ ʩʠʥʫʩʦʠʜʦʡ 

ʩʢʦʨʦʩʪʠ ʛʨʦʭʦʪʘ ʠ ʧʨʷʤʳʤʠ, ʧʨʦʚʝʜʝʥʥʳʤʠ ʠʟ ʪʦ-

ʯʝʢ n'1 ʠ n'2 ʪ.ʝ. ʢʘʩʘʪʝʣʴʥʳʤʠ ʢ ʩʠʥʫʩʦʠʜʝ. ʅʘʢʣʦʥʳ 

ʧʨʷʤʳʭ  n'2 ʢ ʠ n'2 p ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: 

gA = tg ɔ; gB = tg ɗ. 

ʇʦʜ ʫʛʣʘʤʠ ɔ ʠ ɗ ʧʨʦʚʦʜʠʤ ʧʨʷʤʳʝ ʧ'1 ʢ ʠ n'2 p. 

 

ʈʠʩʫʥʦʢ 1.57 ɻʨʘʬʠʢʠ ʩʢʦʨʦʩʪʝʡ ʠ ʫʩʢʦʨʝʥʠʡ ʨʝʰʝʪʘ 
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ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʚʦʨʦʭʘ 

ɼʣʷ ʝʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʥʫʞʥʦ ʚʥʦʚʴ ʧʨʦʠʥʪʝʛʨʠʨʦ-

ʚʘʪʴ ʫʨʘʚʥʝʥʠʷ (1.118) ʠ (1.119). ʅʦ ʧʨʦʱʝ ʵʪʦ ʤʦʞ-

ʥʦ ʩʜʝʣʘʪʴ, ʧʦʣʴʟʫʷʩʴ ʨʠʩʫʥʢʦʤ 1.57. 

 
ʈʠʩʫʥʦʢ 1.58 ʈʝʞʠʤʳ ʨʘʙʦʪʳ ʛʨʦʭʦʪʘ 

Sʥ=Fʥmvmc - ʧʝʨʝʤʝʱʝʥʠʝ ʚʥʠʟ, ʤ; 

Sʚ =Fʚ mv mt - ʧʝʨʝʤʝʱʝʥʠʝ ʚʚʝʨʭ, ʤ. 

Fʥ ʠ Fʚ - ʧʣʦʱʘʜʠ ʥʘ ʛʨʘʬʠʢʝ (ʨʠʩ. 1.57), ʦʛʨʘʥʠ-

ʯʝʥʥʳʝ ʢʨʠʚʳʤʠ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʝʨʝʥʦʩʥʦʛʦ ʠ 

ʘʙʩʦʣʶʪʥʦʛʦ ʜʚʠʞʝʥʠʡ. ʉʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝ-
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ʱʝʥʠʷ ʚʦʨʦʭʘ ʧʦ ʛʨʦʭʦʪʫ ʨʘʚʥʘ: 

ʥ

ʚʥ
ʩʨ

ʊ

SS
V

-
=. , 

ʛʜʝ 
w

p2
=ʥT  - ʧʝʨʠʦʜ ʜʚʠʞʝʥʠʷ, 

Sʥ ï Sʚ - ʧʝʨʝʤʝʱʝʥʠʝ ʚʦʨʦʭʘ ʟʘ ʦʜʥʦ ʢʦʣʝʙʘʥʠʝ, 

ʤ. 

ʋʩʪʦʡʯʠʚʳʡ ʠ ʥʝʫʩʪʦʡʯʠʚʳʡ ʨʝʞʠʤʳ ʨʘʙʦʪʳ 

ʛʨʦʭʦʪʘ 

ʈʝʞʠʤ ʨʘʙʦʪʳ ʛʨʦʭʦʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʦʤʝʥʪʦʤ 

"ʧʨʠʟʝʤʣʝʥʠʷ" ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ ʥʘ ʛʨʦʭʦʪ (ʨʠʩ. 

1.58). ʈʝʞʠʤ ʥʝʫʩʪʦʡʯʠʚʳʡ, ʢʦʛʜʘ tʥ>tʚ. 

ʇʦʢʘ ʤʘʪʝʨʠʘʣʴʥʘʷ ʪʦʯʢʘ ʥʝ ʟʘʚʝʨʰʠʪ ʩʚʦʝʛʦ 

ʜʚʠʞʝʥʠʷ ʚʥʠʟ, ʦʥʘ ʥʝ ʩʪʘʥʝʪ ʜʚʠʛʘʪʴʩʷ ʚʚʝʨʭ. ʕʪʦʪ 

ʥʝʫʩʪʦʡʯʠʚʳʡ ʨʝʞʠʤ ʧʝʨʝʭʦʜʠʪ ʚ ʫʩʪʦʡʯʠʚʳʡ ʯʝʨʝʟ 

ʥʝʩʢʦʣʴʢʦ ʚʟʤʘʭʦʚ. 

ʋʩʣʦʚʠʝ ʦʪʨʳʚʘ ʚʦʨʦʭʘ ʦʪ ʛʨʦʭʦʪʘ 

ʂʨʦʤʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʤʘʪʝʨʠʘʣʴʥʘʷ 

ʪʦʯʢʘ ʤʦʞʝʪ ʙʳʪʴ ʠ ʧʦʜʙʨʦʰʝʥʘ ʚʚʝʨʭ (ʨʠʩ. 1.59 ʘ), 

ʧʨʠ ʵʪʦʤ: 

abaww cos)sin(cos2 Ö>-ÖÖ mgtrm  

ʦʪʩʶʜʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʫʛʦʣ ʥʘʯʘʣʘ ʦʪʨʳʚʘ ʚʦʨʦ-

ʭʘ ʦʪ ʨʝʰʝʪʘ. ʆʯʝʚʠʜʥʦ, ʥʫʞʥʦ ʙʨʘʪʴ cosɤt=1 (ʤʘʢ-

ʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ): 
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)sin(

cos2

ba

a
w

-

Ö
=

g
rʢʨ  

ʂʨʠʪʠʯʝʩʢʘʷ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʛʨʦʭʦʪʘ ʙʫʜʝʪ 

ʨʘʚʥʘ: 

)sin(

cos

ba

a
w

-
Ö=

r

g
ʢʨ , 

ʏʘʩʪʥʳʝ ʩʣʫʯʘʠ (ʨʠʩ. 59 ʙ, ʚ). 

1) ,0=b         aw ctg
r

g
ʢʨ Ö= ,  

 

ʈʠʩʫʥʦʢ 1.59 ʆʪʨʳʚ ʦʪ ʛʨʦʭʦʪʘ: ʘ ï ʧʦʜʙʨʦʩ ʚʚʝʨʭ; ʙ - ʯʘ-

ʩʪʥʳʡ ʩʣʫʯʘʡ, ɓ=0; ʚ ï ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ, ɓ=360-Ŭ. 
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2) ʂʦʣʝʙʘʥʠʝ ʨʝʰʝʪʘ ʚ ʧʣʦʩʢʦʩʪʠ ʩʘʤʦʛʦ ʨʝʰʝʪʘ. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʪʨʳʚʘ ʚʦʨʦʭʘ ʦʪ ʨʝʰʝʪʘ ʥʝ ʙʫʜʝʪ, ʪ.ʢ. 

ʧʨʦʝʢʮʠʠ ʩʠʣ ʥʘ NN ʨʘʚʥʳ ʥʫʣʶ: 

 ɓ = 360Á- Ŭ;   ɤʢʨ= . 

ʆʧʨʝʜʝʣʝʥʠʝ ʯʠʩʣʘ ʦʙʦʨʦʪʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʧʣʦʩʢʦʛʦ ʨʝʰʝʪʘ 

ʆʧʨʝʜʝʣʠʤ ʯʠʩʣʦ ʦʙʦʨʦʪʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦ-

ʚʠʡ ʨʘʙʦʪʳ ʨʝʰʝʪʘ ʠ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦ ʥʝʤʫ ʤʘʪʝʨʠʘ-

ʣʘ (ʨʠʩ. 1.60). 

I ʨʝʞʠʤ: Agr Ö<Ö2

1w  - ʩʢʦʣʴʞʝʥʠʷ ʥʝʪ ʥʠ ʚʚʝʨʭ, 

ʥʠ ʚʥʠʟ; 

r

AgÖ
<1w  - ʵʪʦ ʤʠʥʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʦʙʦʨʦʪʦʚ.  

II  ʨʝʞʠʤ: 
r

gB

r

gA
<< 2w  ʜʣʷ ʩʢʘʪʥʳʭ ʜʦʩʦʢ, 

ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʜʚʠʞʝʥʠʝ ʪʦʣʴʢʦ ʚʥʠʟ. 

III  ʨʝʞʠʤ: 
r

gA
<3w . 

 

ʈʠʩʫʥʦʢ 1.60 ʈʝʞʠʤ ʨʘʙʦʪʳ ʧʣʦʩʢʦʛʦ ʨʝʰʝʪʘ 
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1.5.4 ɼʚʠʞʝʥʠʝ ʚʦʨʦʭʘ ʧʦ ʧʣʦʩʢʦʤʫ ʨʝʰʝʪʫ ʩ 

ʫʯʝʪʦʤ ʦʪʚʝʨʩʪʠʡ ʚ ʨʝʰʝʪʝ 

ʇʨʠ ʫʩʣʦʚʠʠ ʩʢʦʣʴʞʝʥʠʷ ʟʝʨʥʘ ʚʥʠʟ ʧʦ ʨʝʰʝʪʫ 

ʆʙʦʟʥʘʯʠʤ: D -ʜʠʘʤʝʪʨ ʦʪʚʝʨʩʪʠʷ ʚ ʨʝʰʝʪʝ 

(ʨʠʩ.1.61), d ï ʜʠʘʤʝʪʨ ʟʝʨʥʘ, D < d; sinɗ=
d

D
  

 

ʈʠʩʫʥʦʢ 1.61 ɼʚʠʞʝʥʠʝ ʟʝʨʥʘ ʧʦ ʨʝʰʝʪʫ 

ʅʘʧʨʘʚʣʝʥʠʝ J ʧʨʦʚʦʜʠʤ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʧʨʝʜʳ-

ʜʫʱʠʭ ʤʘʪʝʨʠʘʣʘʭ, ʧʦʜ ʫʛʣʦʤ ɓ ʢ ʛʦʨʠʟʦʥʪʫ. 

ʋʩʣʦʚʠʝ ʜʚʠʞʝʥʠʷ ʟʝʨʥʘ ʚʥʠʟ ʧʦ ʨʝʰʝʪʫ: 

(M1)A>(Mmg)A. 

ʇʨʦʚʦʜʠʤ ʧʨʷʤʫʶ ‍‍Ṷ r ʠ ʧʨʦʝʢʪʠʨʫʝʤ ʥʘ ʥʝʝ 

ʩʠʣʳ J ʠ mg, ʪʦʛʜʘ ʫʨʘʚʥʝʥʠʝ ʤʦʤʝʥʪʦʚ ʦʪʥʦʩʠʪʝʣʴ-

ʥʦ ʪʦʯʢʠ ɸ: 

rmgrJ Ö-Ö>Ö--Ö )sin()cos( aqbaq , 

;cos2 trmJ ww Ö=      ;2

max rmJ w=      .1cos =tw  

);sin()cos(cos2 aqbaqww -Ö>--ÖÖ gtr  
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;
)cos(

)sin(2

baq

aq
w

--

-Ö
>

g
r     ,

)cos(

)sin(
ɼ=

--

-

baq

aq
 

ʪʦ ʝʩʪʴ  

r

gɼ
=w , 

1 ʩʣʫʯʘʡ: ʝʩʣʠ ɓ = 0, ʪʦ ɼ = tg(ɗ - Ŭ); 

2 ʩʣʫʯʘʠ: ʝʩʣʠ ɓ = 360
0
 - Ŭ, ʪʦ ɼ = ,

sin

)sin(

q

aq-
 

ʇʨʠ ʫʩʣʦʚʠʠ ʜʚʠʞʝʥʠʷ ʟʝʨʥʘ ʚʚʝʨʭ ʧʦ ʨʝʰʝʪʫ, 

ʨʘʩʩʫʞʜʘʷ ʘʥʘʣʦʛʠʯʥʦ ʧʨʝʜʳʜʫʱʝʤʫ ʩʣʫʯʘʶ, ʙʫʜʝʤ 

ʠʤʝʪʴ: 

(ʄJ)ʚ>(ʄmg)ʚ, 

,2

2 gEr >w  

ʛʜʝ ,
)cos(

)sin(

baq

qa

++

+
=ɽ    

1 ʩʣʫʯʘʡ: ɓ = 0,  ɽ = tg(Ŭ + ɗ); 

2 ʩʣʫʯʘʡ: ɓ = 360Á- Ŭ,   E= .
sin

)sin(

q

aq-
 

ɼʚʠʞʝʥʠʝ ʟʝʨʥʘ ʥʘ ʧʨʦʭʦʜ ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʷ ʨʝ-

ʰʝʪʘ 

ɺʦʟʴʤʝʤ ʢʨʘʡʥʠʡ ʩʣʫʯʘʡ, ʧʨʠ ʢʦʪʦʨʦʤ ʝʱʝ ʚʦʟ-

ʤʦʞʝʥ ʧʨʦʭʦʜ ʟʝʨʥʘ ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʷ ʨʝʰʝʪʘ (ʨʠʩ. 

16.2). 

ʊʘʢ ʢʘʢ Ŭ = 3õ5Á, ʪʦ ʚʝʣʠʯʠʥʘ rsinŬ = 0. ɼʣʷ ʫʧ-

ʨʦʱʝʥʠʷ ʨʘʩʯʝʪʦʚ ʩʯʠʪʘʝʤ, ʯʪʦ cosŬ = 1. ɺ ʤʦʤʝʥʪ 

ʦʪʨʳʚʘ ʟʝʨʥʘ ʦʪ ʛʨʘʥʠ ʦʪʚʝʨʩʪʠʷ ʩʢʦʨʦʩʪʴ ʟʝʨʥʘ ʙʳ-
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ʣʘ V, ʪʦʛʜʘ 

X=Vt = DȚcosŬ - r,                        (1.122) 

Y= 
2

2gt
 = DȚsinŬ + r,                      (1.123) 

ʦʪʩʶʜʘ 

,
)sin(2

g

rD
t

+Ö
=

a
 ʩ. 

ʇʦʜʩʪʘʚʠʚ ʟʥʘʯʝʥʠʝ t ʚ ʫʨʘʚʥʝʥʠʝ (1.122), ʧʦʣʫ-

ʯʠʤ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʢʨʠʪʠʯʝʩʢʫʶ ʩʢʦʨʦʩʪʴ, ʤ/ʩ: 

)sin(2
)cos(

)sin(2

cos
.

rD

g
rD

g

rD

rD

t

X
Vʢʨ

+Ö
-Ö=

+Ö

-Ö
==

a
a

a

a .(1.124) 

 
ʈʠʩʫʥʦʢ 1.62 ɼʚʠʞʝʥʠʝ ʟʝʨʥʘ ʥʘ ʧʨʦʭʦʜ ʨʝʰʝʪʘ  
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ʇʨʠ ʵʪʦʡ ʩʢʦʨʦʩʪʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʜʚʠʞʝʥʠʝ ʟʝʨʥʘ 

ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʝ ʨʝʰʝʪʘ ʧʨʠ ʩʢʦʣʴʞʝʥʠʠ ʚʥʠʟ. 

1.5.5 ʆʙʦʩʥʦʚʘʥʠʝ ʨʘʟʤʝʨʦʚ ʧʣʦʩʢʠʭ ʨʝʰʝʪ 

ɺʝʨʦʷʪʥʦʩʪʴ ʧʨʦʩʝʠʚʘʥʠʷ ʟʝʨʥʘ (ʦʪʥʦʩʠʪʝʣʴʥʘʷ 

ʩʪʝʧʝʥʴ ʧʨʦʩʝʠʚʘʥʠʷ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʘʢ: 

,
F

f
=m  

ʛʜʝ f - ʧʣʦʱʘʜʴ ʚʩʝʭ ʦʪʚʝʨʩʪʠʡ ʨʝʰʝʪʘ, ʤ
2
; 

 F - ʧʦʣʥʘʷ ʧʣʦʱʘʜʴ ʨʝʰʝʪʘ, ʤ
2
. 

ɼʣʷ ʧʨʦʚʦʣʦʯʥʳʭ ʨʝʰʝʪ Õ = 0,62õ0,84, ʜʣʷ ʧʨʦ-

ʙʠʚʥʳʭ ʨʝʰʝʪ Õ = 0,44õ0,49. 

ʇʦʣʥʦʪʘ ʨʘʟʜʝʣʝʥʠʷ ʥʘ ʨʝʰʝʪʘʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦ-

ʣʠʯʝʩʪʚʦʤ ʧʨʦʩʝʠʚʘʝʤʦʛʦ ʟʝʨʥʘ Ů: 

,
Qʉ

ʈ

Ö
=e  

ʛʜʝ Q - ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʤʘʰʠʥʳ, ʢʛ/ʩ; 

ʉ - ʢʦʵʬʬʠʮʠʝʥʪ, ʧʦʢʘʟʳʚʘʶʱʠʡ ʩʦʜʝʨʞʘʥʠʝ ʩʝ-

ʤʷʥ ʤʝʣʢʦʡ ʬʨʘʢʮʠʠ ʚ ʠʩʭʦʜʥʦʤ ʤʘʪʝʨʠʘʣʝ;  

ʈ - ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʨʝʰʝʪʘ ʥʘ ʩʭʦʜ, ʢʛ/ʩ; 

Ů - ʚ ʦʩʥʦʚʥʦʤ ʟʘʚʠʩʠʪ ʦʪ ʜʣʠʥʳ ʨʝʰʝʪʘ.  

ɼʣʠʥʘ ʨʝʰʝʪʘ: 

,)( ʚʚʥ nSSl -=  

ʛʜʝ  nʚ - ʢʦʣʠʯʝʩʪʚʦ ʥʝʦʙʭʦʜʠʤʳʭ ʢʦʣʝʙʘʥʠʡ ʨʝʰʝʪʘ 

ʜʣ̫ ʧʦʣʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʚʦʨʦʭʘ (nB = 60 õ80). 

ʐʠʨʠʥʘ ʨʝʰʝʪʘ: 
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,31
.

·=
ʨʝʰɺ

l
 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʣʦʩʢʠʭ ʨʝʰʝʪ: 

G= ʨ + q, ʢʛ/ʯ, 

ʛʜʝ ʨ - ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʨʝʰʝʪʘ ʥʘ ʩʭʦʜ, ʢʛ/ʩ; 

q - ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʨʝʰʝʪʘ ʥʘ ʧʨʦʭʦʜ, ʢʛ/ʩ. 

P=BȚHȚVcpȚɔ3, 

ʛʜʝ ɺ - ʰʠʨʠʥʘ ʨʝʰʝʪʘ, ʤ; 

ʅ = 2ȹ - ʪʦʣʱʠʥʘ ʨʝʰʝʪʘ, ʤ. 

,.
T

SS
V ʚʥ
ʩʨ

-
=  

ʛʜʝ Vcp - ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʟʝʨʥʘ ʧʦ ʨʝ-

ʰʝʪʫ, ʤ/ʩ;  

ɔ - ʦʙʲʝʤʥʘ ̫ʤʘʩʩʘ ʟʝʨʥʘ, ʢʛ/ʤ
3
;  

n - ʯʠʩʣʦ ʦʪʚʝʨʩʪʠʡ ʚ ʨʝʰʝʪʝ, ʰʪ;  

ɟ - ʤʘʩʩʘ 1000 ʟʝʨʝʥ, ʢʛ; 

t - ʚʨʝʤʷ ʧʨʦʭʦʜʘ ʟʝʨʥʘ ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʝ, ʩ; 

h - ʪʦʣʱʠʥʘ ʨʝʰʝʪʘ, ʤ. 

h
g

h
t 45,0

2
==  
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2. ʄɸʐʀʅʓ ɼʃʗ ʆʏʀʉʊʂʀ ʀ ʉʆʈʊʀʈʆ-

ɺɸʅʀʗ ɿɽʈʅɸ 

2.1 ɿʘʜʘʯʠ ʦʙʨʘʙʦʪʢʠ ʟʝʨʥʘ ʠ ʘʛʨʦʪʨʝʙʦʚʘʥʠʷ 

ɺʦʨʦʭ, ʧʦʩʪʫʧʠʚʰʠʡ ʦʪ ʢʦʤʙʘʡʥʘ, ʩʦʩʪʦʠʪ ʠʟ 

ʟʝʨʥʘ, ʩʙʦʠʥʳ, ʧʦʣʦʚʳ, ʩʝʤʷʥ ʧʦʩʪʦʨʦʥʥʠʭ ʢʫʣʴʪʫʨ, 

ʯʘʩʪʠʮ ʧʦʯʚʳ ʠ ʜʨ. ʧʨʠʤʝʩʝʡ. ʊʘʢʘʷ ʟʝʨʥʦʚʘʷ ʩʤʝʩʴ 

ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʠ - ʦʯʠʩʪʢʠ, ʩʦʨʪʠʨʦ-

ʚʘʥʠʷ ʠ ʩʫʰʢʠ. 

ʆʯʠʩʪʢʘ - ʫʜʘʣʝʥʠʝ ʧʦʩʪʦʨʦʥʥʠʭ ʧʨʠʤʝʩʝʡ ʠ ʧʦ-

ʣʫʯʝʥʠʝ ʟʝʨʥʘ ʚ ʯʠʩʪʦʤ ʚʠʜʝ. 

ʉʦʨʪʠʨʦʚʘʥʠʝ - ʨʘʟʜʝʣʝʥʠʝ ʦʯʠʱʝʥʥʦʛʦ ʚʦʨʦʭʘ 

ʥʘ ʩʦʨʪʘ. 

ʉʫʰʢʘ - ʫʜʘʣʝʥʠʝ ʠʟʣʠʰʥʝʡ ʚʣʘʛʠ ʠʟ ʟʝʨʥʘ. 

ɺʣʘʞʥʦʩʪʴ ʟʝʨʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʥʠʞʘʶʪ ʜʦ 10 %. 

ʆʙʨʘʙʦʪʘʥʥʦʝ ʥʘ ʟʝʨʥʦʦʯʠʩʪʠʪʝʣʴʥʳʭ ʠ ʩʦʨʪʠʨʦ-

ʚʘʣʴʥʳʭ ʤʘʰʠʥʘʭ ʟʝʨʥʦ ʜʦʣʞʥʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ 

ʪʨʝʙʦʚʘʥʠʷʤ ʩʪʘʥʜʘʨʪʦʚ. 

ɺʣʘʞʥʦʩʪʴ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʛʦ ʟʝʨʥʘ ʥʝ ʜʦʣʞʥʘ 

ʧʨʝʚʳʰʘʪʴ 16-19 %, ʩʦʜʝʨʞʘʥʠʝ ʩʦʨʥʳʭ ʧʨʠʤʝʩʝʡ 

ʜʣʷ ʧʰʝʥʠʮʳ ʠ ʨʞʠ ʜʦʧʫʩʢʘʝʪʩʷ ʥʝ ʙʦʣʝʝ 5 %, ʜʣʷ 

ʧʨʦʯʠʭ ʟʝʨʥʦʚʳʭ - 8 %, ʜʣʷ ʨʠʩʘ - 10 %, ʩʦʜʝʨʞʘʥʠʝ 

ʟʝʨʥʦʚʳʭ ʧʨʠʤʝʩʝʡ ʥʝ ʙʦʣʝʝ 15 %. ɿʝʨʥʦ ʜʦʣʞʥʦ 

ʠʤʝʪʴ ʥʦʨʤʘʣʴʥʳʡ ʟʘʧʘʭ ʠ ʮʚʝʪ, ʟʘʨʘʞʝʥʥʦʩʪʴ ʘʤ-

ʙʘʨʥʳʤʠ ʚʨʝʜʠʪʝʣʷʤʠ ʥʝ ʜʦʧʫʩʢʘʝʪʩʷ. 

ʉʦʨʪʦʚʘʷ ʯʠʩʪʦʪʘ ʩʝʤʷʥ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ I ʠ II 

ʢʣʘʩʩʘ ʜʦʣʞʥʘ ʙʳʪʴ 98-99 %, ʚʩʭʦʞʝʩʪʴ 90-95 % (ʜʣʷ 

ʪʚʝʨʜʦʡ ʧʰʝʥʠʮʳ II ʢʣʘʩʩʘ ʜʦʧʫʩʢʘʝʪʩʷ ʥʝ ʤʝʥʝʝ 87 

%), ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʫʰʝʥʥʳʭ ʩʝʤʷʥ 0,5-1 %, ʚʣʘʞ-
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ʥʦʩʪʴ ʩʝʤʷʥ 14-17%. 

2.2 ʌʠʟʠʢʦ-ʤʝʭʝʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʟʝʨʥʘ ʠ 

ʩʧʦʩʦʙʳ ʝʛʦ ʦʯʠʩʪʢʠ ʠ ʩʦʨʪʠʨʦʚʘʥʠʷ 

ɽʩʣʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʯʘʩʪʝʡ ʟʝʨ-

ʥʦʚʦʡ ʩʤʝʩʠ ʨʘʟʥʷʪʩʷ, ʠʭ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ. 

ʇʨʦʮʝʩʩ ʦʯʠʩʪʢʠ ʠ ʩʦʨʪʠʨʦʚʘʥʠʷ ʟʝʨʥʘ ʦʩʥʦʚʘʥ 

ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʨʘʟʤʝ-

ʨʦʚ ʟʝʨʝʥ, ʧʣʦʪʥʦʩʪʠ, ʩʦʩʪʦʷʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ, ʨʘʟʣʠ-

ʯʠʡ ʬʦʨʤʳ, ʮʚʝʪʘ ʠ ʜʨ. ɿʝʨʥʦʦʯʠʩʪʠʪʝʣʴʥʳʝ ʠ ʩʦʨ-

ʪʠʨʦʚʘʣʴʥʳʝ ʤʘʰʠʥʳ ʩʥʘʙʞʝʥʳ ʫʩʪʨʦʡʩʪʚʘʤʠ, ʜʝʡ-

ʩʪʚʫʶʱʠʤʠ ʧʦ ʧʨʠʥʮʠʧʫ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʜʥʦʛʦ ʠʣʠ 

ʥʝʩʢʦʣʴʢʠʭ ʧʨʠʟʥʘʢʦʚ ʠ ʩʚʦʡʩʪʚ ʟʝʨʥʘ ʠ ʜʨʫʛʠʭ ʩʦ-

ʩʪʘʚʣʷʶɦʠʭ ʩʤʝʩʠ. 

2.2.1 ʈʘʟʜʝʣʝʥʠʝ ʩʝʤʷʥ ʧʦ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʡ 

ʩʚʦʡʩʪʚʘʤ 

ʇʝʨʝʤʝʱʘʷʩʴ ʚ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʝ, ʣʶʙʦʝ ʪʝʣʦ 

ʧʨʝʦʜʦʣʝʚʘʝʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʦʟʜʫʭʘ, ʟʘʚʠʩʷʱʝʝ ʦʪ 

ʨʘʟʤʝʨʦʚ, ʬʦʨʤʳ, ʤʘʩʩʳ ʪʝʣʘ ʠ ʝʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚ 

ʚʦʟʜʫʰʥʦʤ ʧʦʪʦʢʝ. ʏʝʤ ʙʦʣʴʰʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʦʟ-

ʜʫʭʘ, ʪʝʤ ʤʝʜʣʝʥʥʝʝ ʜʚʠʞʝʪʩʷ ʩʚʦʙʦʜʥʦ ʧʘʜʘʶʱʝʝ 

ʪʝʣʦ ʠ ʪʝʤ ʧʦʟʞʝ ʦʥʦ ʫʧʘʜʝʪ, ʥʘ ʵʪʦʤ ʧʨʠʥʮʠʧʝ ʦʩ-

ʥʦʚʘʥ ʧʨʦʮʝʩʩ ʚʳʜʝʣʝʥʠʷ ʧʨʠʤʝʩʝʡ ʠ ʨʘʟʜʝʣʝʥʠʷ 

ʟʝʨʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʠ ʚʝʨʪʠʢʘʣʴʥʳʤ ʚʦʟʜʫʰʥʳʤʠ 

ʧʦʪʦʢʘʤʠ. 

ʆʙʳʯʥʦ ʨʘʟʜʝʣʷʝʤʫʶ ʟʝʨʥʦʚʫʶ ʩʤʝʩʴ ʚʚʦʜʷʪ ʚ 
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ʚʦʟʜʫʰʥʳʡ ʧʦʪʦʢ, ʩʦʟʜʘʚʘʝʤʳʡ ʚʝʥʪʠʣʷʪʦʨʦʤ, ʠʣʠ 

ʧʦʜʙʨʘʩʳʚʘʶʪ, ʟʘʩʪʘʚʣʷʷ ʜʚʠʛʘʪʴʩʷ ʚ ʚʦʟʜʫʭʝ. 

ʅʘ ʧʦʤʝʱʝʥʥʦʝ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʚʦʟʜʫʰʥʦʤ ʧʦ-

ʪʦʢʝ ʪʝʣʦ (ʨʠʩ. 2.1) ʜʝʡʩʪʚʫʝʪ ʩʠʣʘ ʪʷʞʝʩʪʠ Q ʠ ʩʠʣʘ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʦʟʜʫʰʥʦʤʫ ʧʦʪʦʢʫ R. ɽʩʣʠ Q > R, ʪʦ 

ʪʝʣʦ ʧʘʜʘʝʪ. ʇʨʠ R > Q ʪʝʣʦ ʜʚʠʞʝʪʩʷ ʚʚʝʨʭ. ɽʩʣʠ Q 

= R, ʪʦ ʪʝʣʦ ʥʘʭʦʜʠʪʩʷ ʚʦ ʚʟʚʝʰʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. 

 

ʈʠʩʫʥʦʢ 2.1 ɺʝʨʪʠʢʘʣʴʥʳʡ ʚʦʟʜʫʰʥʳʡ ʧʦʪʦʢ 

ʉʢʦʨʦʩʪʴ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʪʝʣʦ ʥʘʭʦʜʠʪʩʷ ʚʦ ʚʟʚʝʰʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, 

ʥʘʟʳʚʘʶʪ ʩʢʦʨʦʩʪʴʶ ʚʠʪʘʥʠʷ ʠʣʠ ʢʨʠʪʠʯʝʩʢʦʡ ʩʢʦ-

ʨʦʩʪʴʶ ʜʘʥʥʦʛʦ ʪʝʣʘ (VKp). ɿʥʘʯʝʥʠʝ Vʢʨ ʤʦʞʥʦ ʦʧ-

ʨʝʜʝʣʠʪʴ ʧʦ ʬʦʨʤʫʣʝ 
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ὠὑὖ=
ή

ὑ̐
                                   (2.1) 

ʛʜʝ ʂʧ - ʢʦʵʬʬʠʮʠʝʥʪ ʧʘʨʫʩʥʦʩʪʠ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʧʘʨʫʩʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʘʵʨʦʜʠ-

ʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʝʤʷʥ. ʉʠʣʘ R (ʨʠʩ. 2.1) ʨʘʚʥʘ: 

R = KC 

‎

Ἧ
Ὂὠ2,    Ὄ,                                        (2.2) 

ʛʜʝ ʂʦ - ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ; 

 ‎ ï ʧʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ; 

g - ʫʩʢʦʨʝʥʠʝ ʩʠʣʳ ʪʷʞʝʩʪʠ, ʤ/ʩ
2
; 

F - ʤʠʜʝʣʝʚʦ ʩʝʯʝʥʠʝ ʪʝʣʘ, ʤ; 

V - ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ, ʤ/ʩ. 

ʋʩʢʦʨʝʥʠʝ, ʢʦʪʦʨʦʝ ʩʦʦʙʱʘʝʪ ʩʠʣʘ R ʯʘʩʪʠʮʝ 

ʤʘʩʩʦʡ m, ʚʳʨʘʞʘʝʪʩʷ ʬʦʨʤʫʣʦʡ 

J=
Ὑ

ά
=
ὑ‎Ὂ

άg
ὠ2 = ὑ̐ὠ2, /̍  ̒          (2.3) 

ɺʝʣʠʯʠʥʘ ʂʧ = 
ὑ‎Ὂ

άg
 ʠ ʝʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʧʘʨʫʩʥʦ-

ʩʪʠ. 

ʇʨʠʨʦʜʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʘʨʫʩʥʦʩʪʠ ʦʯʝʥʴ ʩʣʦʞ-

ʥʘ. ʇʦʵʪʦʤʫ ʥʘ ʧʨʘʢʪʠʢʝ ʯʘʱʝ ʧʦʣʴʟʫʶʪʩʷ ʢʨʠʪʠʯʝ-

ʩʢʦʡ ʩʢʦʨʦʩʪʴʶ ʚʠʪʘʥʠʷ VKp. ʕʪʫ ʩʢʦʨʦʩʪʴ ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʧʫʪʝʤ ʥʘ ʧʘʨʫʩʥʦʤ 

ʢʣʘʩʩʠʬʠʢʘʪʦʨʝ ʠʣʠ ʚ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʨʫʙʝ. 

ʂʨʠʪʠʯʝʩʢʠʝ ʩʢʦʨʦʩʪʠ ʩʝʤʷʥ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ ʥʘ-
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ʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 8 ʜʦ 17 ʤ/ʩ. 

ʂʨʠʪʠʯʝʩʢʘʷ ʩʢʦʨʦʩʪʴ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʧʘʨʫʩʥʦ-

ʩʪʠ ʜʣʷ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʪʝʣʘ ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ 

ʥʝʧʦʩʪʦʷʥʥʳ, ʪ.ʢ. ʟʘʚʠʩʷʪ ʦʪ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʪʝʣʘ, ʥʘ ʢʦʪʦʨʫʶ ʜʝʡʩʪʚʫʝʪ ʧʦʪʦʢ ʚʦʟʜʫʭʘ (ʤʠʜʝʣʝʚʦ 

ʩʝʯʝʥʠʝ). ʇʣʦʱʘʜʴ ʞʝ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʣʘ ʟʘʚʠʩʠʪ ʦʪ 

ʝʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚʦʟ-

ʜʫʰʥʦʛʦ ʧʦʪʦʢʘ. ʇʦʵʪʦʤʫ ʚʦʟʜʫʰʥʳʡ ʧʦʪʦʢ ʧʨʝ-

ʠʤʫʱʝʩʪʚʝʥʥʦ ʠʩʧʦʣʴʟʫʶʪ ʥʝ ʜʣʷ ʩʦʨʪʠʨʦʚʘʥʠʷ, ʘ 

ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʠʟ ʟʝʨʥʘ ʢʫʩʦʯʢʦʚ ʩʦʣʦʤʳ, ʧʦʣʦʚʳ, 

ʧʳʣʠ, ʜʣʷ ʦʩʚʦʙʦʞʜʝʥʠʷ ʟʝʨʥʘ ʦʪ ʩʝʤʷʥ ʩʦʨʥʷʢʦʚ ʠ 

ʦʪ ʥʝʧʦʣʥʦʮʝʥʥʦʛʦ ʠ ʣʝʛʢʦʛʦ ʟʝʨʥʘ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʚ ʩ.-ʭ. ʤʘʰʠ-

ʥʘʭ ʧʨʠʤʝʥʷʶʪ ʮʝʥʪʨʦʙʝʞʥʳʝ, ʦʩʝʚʳʝ ʠ ʜʠʘʤʝʪ-

ʨʘʣʴʥʳʝ ʚʝʥʪʠʣʷʪʦʨʳ. 

ʂʨʳʣʘʯ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ (ʨʠʩ. 2.2 ʘ) 

ʚʨʘʱʘʝʪʩʷ ʚ ʢʦʞʫʭʝ 1 ʩ ʦʢʥʦʤ 3 ʚ ʦʜʥʦʡ ʠʣʠ ʜʚʫʭ 

ʩʪʝʥʢʘʭ ʣʦʧʘʩʪʠ ʢʨʳʣʘʯʘ 2 ʚʳʪʘʣʢʠʚʘʶʪ ʟʘʭʚʘ-

ʯʝʥʥʳʡ ʚʦʟʜʫʭ ʚ ʥʘʛʥʝʪʘʪʝʣʴʥʫʶ ʪʨʫʙʫ 4. ɺ ʢʦʞʫʭʝ 

ʩʦʟʜʘʝʪʩʷ ʨʘʟʨʷʞʝʥʠʝ, ʧʦʵʪʦʤʫ ʚʦʟʜʫʭ ʧʦʩʪʫʧʘʝʪ ʚ 

ʥʝʛʦ ʯʝʨʝʟ ʦʢʥʘ 3, ʨʝʛʫʣʠʨʫʝʤʳʝ ʟʘʩʣʦʥʢʘʤʠ. 

ʎʝʥʪʨʦʙʝʞʥʳʡ ʥʘʛʥʝʪʘʪʝʣʴʥʳʡ ʚʝʥʪʠʣʷʪʦʨ (ʨʠʩ. 

2.2 ʘ, ʙ) ʩʦʟʜʘʝʪ ʚ ʥʘʛʥʝʪʘʪʝʣʴʥʦʡ ʪʨʫʙʝ 4 ʜʘʚʣʝʥʠʝ 

ʚʳʝh ʘʪʤʦʩʬʝʨʥʦʛʦ. ɺʩʘʩʳʚʘʶʱʠʡ ʚʝʥʪʠʣʷʪʦʨ (ʨʠʩ. 

2.2 ʚ) ʟʘʩʘʩʳʚʘʝʪ ʚʦʟʜʫʭ ʠʟ ʚʦʟʜʫʰʥʦʛʦ ʢʘʥʘʣʘ ʠ ʚ 

ʧʦʩʣʝʜʥʝʤ ʩʦʟʜʘʝʪʩʷ ʨʘʟʨʷʞʝʥʠʝ. 

ʉʢʦʨʦʩʪʴ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʨʝʛʫʣʠʨʫʶʪ ʦʪʢʨʳ-

ʪʠʝʤ ʚʭʦʜʥʳʭ ʦʢʦʥ ʢʦʞʫʭʘ ʠ ʠʟʤʝʥʝʥʠʝʤ ʯʘʩʪʦʪʳ 

ʚʨʘʱʝʥʠʷ ʢʨʳʣʘʯʘ. 

ʅʘʢʣʦʥʥʳʡ ʚʦʟʜʫʰʥʳʡ ʧʦʪʦʢ ʨʘʟʜʝʣʷʝʪ ʩʤʝʩʴ 
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ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

 

 

 
ʈʠʩʫʥʦʢ 2.2 ʉʭʝʤʘ ʜʝʡʩʪʚʠʷ ʚʝʥʪʠʣʷʪʦʨʦʚ ʟʝʨʥʦʦʯʠʩʪʠ-

ʪʝʣʴʥʳʭ ʤʘʰʠʥ 

ʘ ï ʮʝʥʪʨʦʙʝʞʥʦ-ʥʘʛʥʝʪʘʪʝʣʴʥʳʡ ʚʝʥʪʠʣʷʪʦʨ; 

ʙ ï ʩʭʝʤʘ ʨʘʟʜʝʣʝʥʠʷ ʩʤʝʩʠ ʮʝʥʪʨʦʙʝʞʥʳʤ ʨʝʛʫʣʷʪʦʨʦʤ;  

ʚ ï ʚʩʘʩʳʚʘʶʱʘʷ ʩʠʩʪʝʤʘ; ʛ ï ʦʩʝʚʦʡ ʚʝʥʪʠʣʷʪʦʨ. 

ɿʝʨʥʦʚʘʷ ʩʤʝʩʴ, ʨʘʚʥʦʤʝʨʥʦ ʚʳʩʳʧʘʶʱʘʷʩʷ ʠʟ 

ʧʠʪʘʪʝʣʴʥʦʛʦ ʢʦʚʰʘ 5, ʧʦʧʘʜʘʝʪ ʧʦʜ ʜʝʡʩʪʚʠʝ ʥʘ-

ʢʣʦʥʥʦʛʦ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ. ɺʦʟʜʫʰʥʘʷ ʩʪʨʫʷ ʤʘʣʦ 

ʦʪʢʣʦʥʷʝʪ ʪʷʞʝʣʦʝ ʟʝʨʥʦ, ʠ ʦʥʦ ʧʦʧʘʜʘʝʪ ʚ ʧʝʨʚʦʝ 
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ʦʪʜʝʣʝʥʠʝ ʢʦʨʦʙʘ. ʃʝʛʢʠʝ ʧʨʠʤʝʩʠ ʫʥʦʩʷʪʩʷ ʚʦʟʜʫʰ-

ʥʳʤ ʧʦʪʦʢʦʤ ʜʘʣʴʰʝ. 

ʏʪʦʙʳ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʦʩʭʦʜʷʱʠʡ ʧʦʪʦʢ ʚʦʟʜʫʭʘ 

(ʨʠʩ. 2.2 ʚ), ʟʝʨʥʦ ʧʦʜʘʶʪ ʥʘ ʩʝʪʢʫ 7 ʣʠʙʦ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦ ʚ ʚʦʟʜʫʰʥʳʡ ʢʘʥʘʣ. ʉʢʦʨʦʩʪʴ ʚʦʟʜʫʰʥʦʛʦ 

ʧʦʪʦʢʘ ʨʝʛʫʣʠʨʫʶʪ ʪʘʢ, ʯʪʦʙʳ ʟʝʨʥʦ ʦʩʪʘʣʦʩʴ ʥʘ ʩʝʪ-

ʢʝ, ʘ ʣʝʛʢʠʝ ʧʨʠʤʝʩʠ ʧʦʩʪʫʧʘʣʠ ʚ ʦʩʘʜʦʯʥʫʶ ʢʘʤʝʨʫ 

6. ʇʦʩʢʦʣʴʢʫ ʧʣʦʱʘʜʴ ʦʩʘʜʦʯʥʦʡ ʢʘʤʝʨʳ ʙʦʣʴʰʝ 

ʧʣʦʱʘʜʠ ʚʦʟʜʫʰʥʦʛʦ ʢʘʥʘʣʘ, ʪʦ ʩʢʦʨʦʩʪʴ ʚʦʟʜʫʭʘ ʚ 

ʦʩʘʜʦʯʥʦʡ ʢʘʤʝʨʝ ʫʤʝʥʴʰʘʝʪʩʷ. ʇʦʵʪʦʤʫ ʧʨʠʤʝʩʠ 

ʦʩʝʜʘʶʪ ʠ ʚʳʩʳʧʘʶʪʩʷ ʯʝʨʝʟ ʣʦʪʦʢ 8. 

ʆʩʝʚʳʤʠ ʚʝʥʪʠʣʷʪʦʨʘʤʠ ʦʩʥʘʱʘʶʪ ʪʘʢʞʝ ʦʧʨʳ-

ʩʢʠʚʘʪʝʣʠ, ʦʧʳʣʠʚʘʪʝʣʠ, ʘʛʨʝʛʘʪʳ ʜʣʷ ʜʦʩʫʰʠʚʘʥʠʷ 

ʠ ʚʝʥʪʠʣʠʨʦʚʘʥʠʷ ʩʝʥʘ ʠ ʟʝʨʥʘ. 

ɼʠʘʤʝʪʨʘʣʴʥʳʡ ʚʝʥʪʠʣʷʪʦʨ (ʨʠʩ. 2.2 ʛ) ʩʦʩʪʘʚʣʝʥ 

ʠʟ ʤʥʦʛʦʣʦʧʘʩʪʥʦʛʦ ʢʦʣʝʩʘ ʙʘʨʘʙʘʥʥʦʛʦ ʪʠʧʘ 9 ʠ ʢʦ-

ʞʫʭʘ 10. ʂʦʣʝʩʦ, ʟʘʢʨʳʪʦʝ ʩ ʪʦʨʮʦʚ, ʠʤʝʝʪ ʢʨʠʚʦʣʠ-

ʥʝʡʥʳʝ ʟʘʛʥʫʪʳʝ ʚʧʝʨʝʜ ʧʦ ʜʚʠʞʝʥʠʶ ʣʦʧʘʩʪʠ, ʦʙ-

ʨʘʟʫʶʱʠʝ ʨʝʰʝʪʢʫ. ɺʭʦʜʥʦʝ ʦʢʥʦ ʨʘʩʧʦʣʦʞʝʥʦ ʧʨʦ-

ʪʠʚ ʚʳʭʦʜʥʦʡ ʪʨʫʙʳ. ɺʦʟʜʫʭ ʟʘʩʘʩʳʚʘʝʪʩʷ ʯʝʨʝʟ ʦʢ-

ʥʦ ʧʦ ʚʩʝʡ ʜʣʠʥʝ ʢʦʣʝʩʘ, ʜʚʘʞʜʳ ʧʨʦʭʦʜʠʪ ʩʢʚʦʟʴ 

ʨʝʰʝʪʢʫ ʢʦʣʝʩʘ ʠ ʥʘʛʥʝʪʘʝʪʩʷ ʚ ʪʨʫʙʫ 4. ɼʠʘʤʝʪ-

ʨʘʣʴʥʳʡ ʚʝʥʪʠʣʷʪʦʨ ʨʘʙʦʪʘʝʪ ʩ ʥʝʙʦʣʴʰʦʡ ʯʘʩʪʦʪʦʡ 

ʚʨʘʱʝʥʠʷ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʚʠʙʨʘʮʠʠ ʠ 

ʰʫʤʘ. ʆʥ ʩʦʟʜʘʝʪ ʨʘʚʥʦʤʝʨʥʳʡ ʚʦʟʜʫʰʥʳʡ ʧʦʪʦʢ ʧʦ 

ʰʠʨʠʥʝ ʢʘʥʘʣʘ. 
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2.2.2 ʈʘʟʜʝʣʝʥʠʝ ʩʝʤʷʥ ʧʦ ʨʘʟʤʝʨʘʤ 

ʃʶʙʦʝ ʩʝʤʷ ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ ʠʤʝʝʪ ʜʣʠʥʫ 1, 

ʰʠʨʠʥʫ ʚ ʠ ʪʦʣʱʠʥʫ ʘ. ʇʦ ʩʚʦʠʤ ʨʘʟʤʝʨʘʤ ʩʝʤʝʥʘ 

ʢʘʞʜʦʡ ʢʫʣʴʪʫʨʳ ʨʝʟʢʦ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. 

ʅʘ ʵʪʦʤ ʩʚʦʡʩʪʚʝ ʦʩʥʦʚʘʥ ʧʨʠʥʮʠʧ ʩʦʨʪʠʨʦʚʘʥʠʷ 

ʟʝʨʥʘ ʥʘ ʬʨʘʢʮʠʠ ʠ ʝʛʦ ʦʯʠʩʪʢʠ ʦʪ ʧʨʠʤʝʩʝʡ. 

ʇʘʨʘʤʝʪʨʳ ʩʦʩʪʘʚʣʷʶʱʠʭ ʟʝʨʥʦʚʦʡ ʩʤʝʩʠ ʠʟʤʝ-

ʥʷʶʪʩʷ ʦʪ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦ-

ʛʦ. ʀʟʤʝʥʝʥʠʝ ʨʘʟʤʝʨʦʚ ʩʝʤʷʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʘ-

ʨʠʘʮʠʦʥʥʳʤʠ ʨʷʜʘʤʠ ʠʣʠ ʚʘʨʠʘʮʠʦʥʥʳʤʠ ʢʨʠʚʳʤʠ 

(ʨʠʩ. 2.3). 

 

ʈʠʩʫʥʦʢ 2.3 ɺʘʨʠʘʮʠʦʥʥʘʷ ʢʨʠʚʘʷ 

ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ ʚʘʨʠʘʮʠʦʥʥʳʡ ʨʷʜ ʠʣʠ ʧʦʩʪʨʦ-

ʠʪʴ ʚʘʨʠʘʮʠʦʥʥʫʶ ʢʨʠʚʫʶ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʝʩʪʠ 

ʠʟʤʝʨʝʥʠʷ ʣʠʥʝʡʥʳʭ ʨʘʟʤʝʨʦʚ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʩʝʤʷʥ (500-1000 ʰʪ.) ʧʦ ʘ, ʚ, l. 
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ʋʩʪʘʥʦʚʠʚ ʥʘʠʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ ʜʣʠʥʳ ʟʝʨʥʘ  

ὰmin ʠ ʥʘʠʙʦʣʴʰʝʝ  ὰmax (ʪʦʣʱʠʥʫ ʘ ʠ ʰʠʨʠʥʫ ʚ), ʚʳ-

ʙʠʨʘʝʤ ʯʠʩʣʦ ʢʣʘʩʩʦʚ m ʠ ʧʦʩʣʝ ʵʪʦʛʦ ʥʘʭʦʜʠʤ ʚʝ-

ʣʠʯʠʥʫ ʢʣʘʩʩʦʚʦʛʦ ʧʨʦʤʝʞʫʪʢʘ: 

‗=
ὰάὭὲ ὰάὥὼ 

ά
,                 (2.4) 

ʋʩʪʘʥʘʚʣʠʚʘʝʤ ʛʨʘʥʠʮʳ ʢʣʘʩʩʦʚ: 

 ʫ ʧʝʨʚʦʛʦ ʢʣʘʩʩʘ: ʥʠʞʥʷʷ ʛʨʘʥʠʮʘ l1Òlmin, 

                             ʚʝʨʭʥʷʷ ʛʨʘʥʠʮʘ l2=l1+ɚ; 

ʫ ʚʪʦʨʦʛʦ ʢʣʘʩʩʘ: ʥʠʞʥʷʷ ʛʨʘʥʠʮʘ l2=l1+ɚ; 

                              ʚʝʨʭʥʷʷ ʛʨʘʥʠʮʘ  l2=l2+ɚ; 

ʂʦʣʠʯʝʩʪʚʦ ʟʝʨʝʥ n ʚ ʢʘʞʜʦʤ ʢʣʘʩʩʝ ʚʳʨʘʞʘʝʤ ʚ 

ʧʨʦʮʝʥʪʘʭ ʈ ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʟʤʝʨʝʥʥʳʭ ʟʝ-

ʨʝʥ N ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʣʫʯʘʝʤ ʚʘʨʠʘʮʠʦʥʥʳʡ ʨʷʜ: 

P1=
ὲ1

ὔ
100%;   ὴ2 =

ὲ2

ὔ
100%,ȣ., ὖά =

ὲά

ὔ
100% 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʚʘʨʠʘʮʠʦʥʥʦʡ ʢʨʠʚʦʡ ʦʪʢʣʘʜʳ-

ʚʘʝʤ ʥʘ ʦʩʠ ʘʙʩʮʠʩʩ ʣʠʥʝʡʥʳʝ ʨʘʟʤʝʨʳ ʩʝʤʷʥ, ʘ ʧʦ 

ʦʩʠ ʦʨʜʠʥʘʪ - ʢʦʣʠʯʝʩʪʚʦ ʟʝʨʝʥ ʚ ʧʨʦʮʝʥʪʘʭ. ʂʦʣʠ-

ʯʝʩʪʚʦ ʩʝʤʷʥ ʚ ʢʣʘʩʩʘʭ ʠ ʚʘʨʠʘʮʠʦʥʥʘʷ ʢʨʠʚʘʷ ʠʟʤʝ-

ʥʷʶʪʩʷ ʩ ʠʟʤʝʥʝʥʠʝʤ ʯʠʩʣʘ ʢʣʘʩʩʦʚ ʠ ʚʝʣʠʯʠʥʳ 

ʢʣʘʩʩʦʚʦʛʦ ʧʨʦʤʝʞʫʪʢʘ (ʨʠʩ. 2.3). 

ʉʦʧʦʩʪʘʚʣʷʪʴ ʤʦʞʥʦ ʪʦʣʴʢʦ ʚʘʨʠʘʮʠʦʥʥʳʝ ʢʨʠ-

ʚʳʝ, ʫ ʢʦʪʦʨʳʭ ʦʜʠʥʘʢʦʚʳʝ ʚʝʣʠʯʠʥʳ ʢʣʘʩʩʦʚʳʭ 

ʧʨʦʤʝʞʫʪʢʦʚ ‗. 
ɺʘʨʠʘʮʠʦʥʥʳʡ ʨʷʜ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʨʝʜʥʷʷ ʚʝʣʠ-

ʯʠʥʘ ʄ ʠ ʩʨʝʜʥʝʝ ʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ  „: 
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ὓ=
ὲ1ὰ―2ὧὴ+ὲ2ὰ―2ὧὴ+Ễ+ὲάὰ―άὧὧ

ὔ
 = 

=
ВὲὭ―ὧὴ

ὔ
=
ВὖὭ―Ὥὧὧ
ὔ

                         (2.6) 

„=
В‌2ὲ

ὔ
                                          (2.7) 

ʛʜʝ ‌- ʦʪʢʣʦʥʝʥʠʝ ʟʥʘʯʝʥʠʷ l ʦʪ ʩʨʝʜʥʝʡ ʄ. 

ɽʩʣʠ ʚʘʨʠʘʮʠʦʥʥʳʝ ʢʨʠʚʳʝ ʠʟʤʝʥʯʠʚʦʩʪʠ ʬʠʟʠ-

ʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʩʤʝʩʠ ʥʝ ʧʝʨʝʩʝʢʘʶʪʩʷ, ʵʪʫ ʩʤʝʩʴ ʤʦʞʥʦ ʧʦʣʥʦʩʪʴʶ 

ʨʘʟʜʝʣʠʪʴ (ʨʠʩ. 2.4 ʘ). 

 
ʈʠʩʫʥʦʢ 2.4 ɺʘʨʠʘʮʠʦʥʥʳʝ ʢʨʠʚʳʝ: ʘ ï ʧʦʣʥʦʝ ʨʘʟʜʝʣʝ-

ʥʠʝ; ʙ ï ʯʘʩʪʠʯʥʦʝ ʨʘʟʜʝʣʝʥʠʝ; ʚ ï ʧʦʣʥʦʝ ʥʝʨʘʟʜʝʣʝʥʠʝ. 

ʇʨʠ ʯʘʩʪʠʯʥʦʤ ʧʝʨʝʩʝʯʝʥʠʠ ʜʚʫʭ ʢʨʠʚʳʭ (ʨʠʩ. 

2.4 ʙ) ʚʦʟʤʦʞʥʦ ʥʝʧʦʣʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʩʤʝʩʠ. ɽʩʣʠ 

ʢʨʠʚʳʝ ʧʝʨʝʢʨʳʚʘʶʪ ʦʜʥʘ ʜʨʫʛʫʶ ʧʦʣʥʦʩʪʴʶ (ʨʠʩ. 

2.4 ʚ), ʪʦ ʨʘʟʜʝʣʝʥʠʝ ʧʦ ʚʳʙʨʘʥʥʦʤʫ ʧʨʠʟʥʘʢʫ (ʥʘ-

ʧʨʠʤʝʨ, ʧʦ ʜʣʠʥʝ l) ʥʝʚʦʟʤʦʞʥʦ ʠ ʥʝʦʙʭʦʜʠʤʦ ʧʦ-
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ʜʦʙʨʘʪʴ ʜʨʫʛʦʡ ʧʨʠʥʮʠʧ ʨʘʟʜʝʣʝʥʠʷ (ʥʘʧʨʠʤʝʨ, ʧʦ 

ʪʦʣʱʠʥʝ ʘ ʠʣʠ ʘʵʨʦʜʠʥʘʤʠʢʝ). 

ʇʦ ʪʦʣʱʠʥʝ ʠ ʰʠʨʠʥʝ ʟʝʨʥʦ ʨʘʟʜʝʣʷʶʪ ʥʘ ʨʝʰʝ-

ʪʘʭ, ʥʘ ʥʠʭ ʞʝ ʦʪʜʝʣʷʶʪ ʦʪ ʟʝʨʥʘ ʢʨʫʧʥʳʝ ʠ ʤʝʣʢʠʝ 

ʧʨʠʤʝʩʠ. 

ʈʝʰʝʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʣʠʩʪ ʩ 

ʦʪʚʝʨʩʪʠʷʤʠ ʦʜʠʥʘʢʦʚʦʛʦ ʨʘʟʤʝʨʘ - ʧʨʦʜʦʣʛʦʚʘʪʳʤʠ, 

ʢʨʫʛʣʳʤʠ ʠ ʪʨʝʫʛʦʣʴʥʳʤʠ. 

ʉʢʚʦʟʴ ʧʨʦʜʦʣʛʦʚʘʪʦʝ ʦʪʚʝʨʩʪʠʝ (ʨʠʩ. 2.5 ʙ) ʤʦ-

ʞʝʪ ʧʨʦʡʪʠ ʪʦʣʴʢʦ ʪʘʢʦʝ ʟʝʨʥʦ, ʪʦʣʱʠʥʘ ʘ, ʢʦʪʦʨʦʛʦ 

ʤʝʥʴʰʝ ʰʠʨʠʥʳ ʱʝʣʠ ʦʪʚʝʨʩʪʠʷ. ʇʨʠ ʵʪʦʤ ʜʣʠʥʘ 

ʟʝʨʥʘ ʥʝ ʠʤʝʝʪ ʟʥʘʯʝʥʠʷ, ʦʥʘ ʚʩʝʛʜʘ ʟʥʘʯʠʪʝʣʴʥʦ 

ʤʝʥʴʰʝ ʜʣʠʥʳ ʧʨʦʜʦʣʛʦʚʘʪʦʛʦ ʦʪʚʝʨʩʪʠʷ. ʊʘʢ ʢʘʢ 

ʰʠʨʠʥʘ ʟʝʨʥʘ ʚʩʝʛʜʘ ʙʦʣʴʰʝ ʪʦʣʱʠʥʳ, ʪʦ ʟʝʨʥʦ, ʢʦ-

ʪʦʨʦʝ ʥʝ ʧʨʦʭʦʜʠʪ ʩʢʚʦʟʴ ʧʨʦʜʦʣʛʦʚʘʪʦʝ ʦʪʚʝʨʩʪʠʝ 

ʧʦ ʪʦʣʱʠʥʝ, ʯʝʤ ʙʦʣʝʝ ʥʝ ʧʨʦʡʜʝʪ ʧʦ ʰʠʨʠʥʝ. ʉʣʝ-

ʜʦʚʘʪʝʣʴʥʦ, ʨʘʟʜʝʣʝʥʠʝ ʩʝʤʷʥ ʧʦ ʪʦʣʱʠʥʝ ʚʦʟʤʦʞʥʦ 

ʪʦʣʴʢʦ ʥʘ ʨʝʰʝʪʝ ʩ ʧʨʦʜʦʣʛʦʚʘʪʳʤʠ ʦʪʚʝʨʩʪʠʷʤʠ. 

 

ʈʠʩʫʥʦʢ 2.5 ʈʘʟʜʝʣʝʥʠʝ ʩʝʤʷʥ ʥʘ ʨʝʰʸʪʘʭ: ʘ ï ʧʘʨʘʤʝʪʨʳ 

ʟʝʨʥʘ; ʙ ï ʨʝhʝʪʦ ʩ ʧʨʦʜʦʣʛʦʚʘʪʳʤʠ ʦʪʚʝʨʩʪʠʷʤʠ; ʚ ï ʨʝʰʝʪʦ 

ʩ ʢʨʫʛʣʳʤʠ ʦʪʚʝʨʩʪʠʷʤʠ. 
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ʉʢʚʦʟʴ ʢʨʫʛʣʦʝ ʦʪʚʝʨʩʪʠʝ (ʨʠʩ. 2.5 ʚ) ʟʝʨʥʦ ʤʦ-

ʞʝʪ ʧʨʦʡʪʠ ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʝʛʦ ʰʠʨʠʥʘ ʚ 

ʤʝʥʴʰʝ ʜʠʘʤʝʪʨʘ ʦʪʚʝʨʩʪʠʷ. ɼʣʠʥʘ ʠ ʪʦʣʱʠʥʘ ʟʝʨʥʘ 

ʥʝ ʧʨʝʧʷʪʩʪʚʫʶʪ ʝʛʦ ʧʨʦʭʦʜʫ ʩʢʚʦʟʴ ʢʨʫʛʣʦʝ ʦʪʚʝʨ-

ʩʪʠʝ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʘʟʜʝʣʝʥʠʝ ʩʝʤʷʥ ʧʦ ʰʠʨʠʥʝ 

ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʥʘ ʨʝʰʝʪʝ ʩ ʢʨʫʛʣʳʤʠ ʦʪʚʝʨʩʪʠʷ-

ʤʠ. 

ɼʣʷ ʨʘʟʜʝʣʝʥʠʷ ʟʝʨʥʘ ʧʦ ʜʣʠʥʝ ʩʣʫʞʠʪ ʮʠʣʠʥʜ-

ʨʠʯʝʩʢʠʡ ʪʨʠʝʨ - ʚʨʘɦʘʶʱʠʡʩʷ ʩʪʘʣʴʥʦʡ ʮʠʣʠʥʜʨ 1 

(ʨʠʩ. 2.6) ʩ ʷʯʝʡʢʘʤʠ ʚʥʫʪʨʠ. ʄʝʣʢʠʝ ʠ ʢʦʨʦʪʢʠʝ 

ʟʝʨʥʘ ʧʦʣʥʦʩʪʴʶ ʧʦʛʨʫʞʘʶʪʩʷ ʚ ʷʯʝʡʢʠ, ʜʣʠʥʥʳʝ - 

ʯʘʩʪʠʯʥʦ. ʇʨʠ ʧʦʚʦʨʦʪʝ ʮʠʣʠʥʜʨʘ ʠʟ ʷʯʝʝʢ ʩʥʘʯʘʣʘ 

ʚʳʧʘʜʘʶʪ ʜʣʠʥʥʳʝ ʟʝʨʥʘ, ʧʦʩʣʝ ʧʦʜʲʝʤʘ ʠ ʧʦʚʦʨʦʪʘ 

ʷʯʝʡʢʠ ʩ ʟʝʨʥʦʤ - ʢʦʨʦʪʢʠʝ (ʨʠʩ. 2.6). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʥʮʠʧ ʨʘʟʜʝʣʝʥʠʷ ʟʝʨʝʥ ʧʦ 

ʜʣʠʥʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʜʣʠʥʥʳʝ ʟʝʨʥʘ ʧʨʠ ʧʦ-

ʚʦʨʦʪʝ ʮʠʣʠʥʜʨʘ ʚʳʧʘʜʘʶʪ ʠʟ ʷʯʝʝʢ ʨʘʥʴʰʝ ʯʝʤ ʢʦ-

ʨʦʪʢʠʝ. 

ʊʨʠʝʨ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʜʣʠʥʥʳʭ ʧʨʠʤʝʩʝʡ (ʦʚ-

ʩʶʞʥʳʡ) ʩʥʘʙʞʝʥ ʢʨʫʧʥʳʤʠ ʷʯʝʡʢʘʤʠ (ʨʠʩ. 2.6 ʘ), 

ʪʨʠʝʨ ʜʣʷ ʚʳʜʝʣʝʥʠʷ, ʢʦʨʦʪʢʠʭ ʧʨʠʤʝʩʝʡ (ʢʫ-

ʢʦʣʴʥʳʡ) - ʤʝʣʢʠʤʠ (ʨʠʩ. 2.6 ʙ). ɺ ʷʯʝʡʢʫ ʦʚʩʶʞʥʦ-

ʛʦ ʪʨʠʝʨʘ ʟʘʧʘʜʘʶʪ ʩʝʤʝʥʘ ʦʩʥʦʚʥʦʡ ʢʫʣʴʪʫʨʳ, ʢʫ-

ʢʦʣʴʥʦʛʦ - ʢʦʨʦʪʢʠʝ ʧʨʠʤʝʩʠ. 

ɺʩʣʝʜʩʪʚʠʝ ʚʨʘʱʝʥʠʷ ʪʨʠʝʨʥʦʛʦ ʮʠʣʠʥʜʨʘ ʜʣʠʥ-

ʥʳʝ ʩʝʤʝʥʘ ʧʝʨʝʤʝʱʘʶʪʩʷ ʧʦ ʝʛʦ ʜʥʫ ʢ ʚʳʭʦʜʫ ʠʟ 

ʮʠʣʠʥʜʨʘ, ʤʝʣʢʠʝ ʟʝʨʥʘ ʧʦʜʥʠʤʘʶʪʩʷ ʚʳʰʝ ʢʨʘʷ ʥʝ-

ʧʦʜʚʠʞʥʦʛʦ ʞʝʣʦʙʘ 2 ʠ ʚʳʧʘʜʘʶʪ ʠʟ ʷʯʝʝʢ ʚ ʞʝʣʦʙ, 

ʠʟ ʢʦʪʦʨʦʛʦ ʫʜʘʣʷʶʪʩʷ ʰʥʝʢʦʤ 3. 
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ʏʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʪʨʠʝʨʥʦʛʦ ʮʠʣʠʥʜʨʘ ʜʦʣʞʥʘ 

ʙʳʪʴ ʪʘʢʦʡ, ʯʪʦʙʳ ʚʩʝ ʟʝʨʥʘ ʚʳʧʘʜʘʣʠ ʠʟ ʷʯʝʝʢ. ɽʩʣʠ 

ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʮʠʣʠʥʜʨʘ ʚʳʰʝ ʢʨʠʪʠʯʝʩʢʦʡ, ʪʦ 

ʮʝʥʪʨʦʙʝʞʥʘʷ ʩʠʣʘ J ʧʨʠʞʤʝʪ ʟʝʨʥʦ ʢ ʷʯʝʡʢʝ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʯʘʩʪʴ ʟʝʨʥʘ ʙʫʜʝʪ ʚʨʘʱʘʪʴʩʷ ʚʤʝʩʪʝ ʩ ʷʯʝʡʢʘ-

ʤʠ ʠ ʨʘʟʜʝʣʝʥʠʝ ʟʝʨʥʘ ʥʘ ʬʨʘʢʮʠʠ ʙʫʜʝʪ ʥʝʪʦʯʥʳʤ. 

 

 

ɼʣʷ ʥʦʨʤʘʣʴʥʦʡ ʨʘʙʦʪʳ ʪʨʠʝʨʘ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦ-

ʙʳ ʮʝʥʪʨʦʙʝʞʥʘʷ ʩʠʣʘ ʙʳʣʘ ʚʩʝʛʜʘ ʤʝʥʴʰʝ ʚʝʩʘ ʟʝʨ-

ʥʘ, ʪ.ʝ. 

m‫
2
r <mg,        ‫

2
r<g. 

 ɺ ʩʣʫʯʘʝ ʧʨʝʜʝʣʴʥʳʭ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ ʪʨʠʝʨʘ ʧʦ-

ʣʫʯʝʥʥʦʝ ʚʳʨʘʞʝʥʠʝ ʧʨʠʤʝʪ ʚʠʜ: 

‫
2
r=g 
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ʋʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʮʠʣʠʥʜʨʘ ʨʘʚʥʘ: 

=‫
“ὲ

30
, 

ʧʦʵʪʦʤʫ, ʧʦʜʩʪʘʚʠʚ ʵʪʦ ʟʥʘʯʝʥʠʝ ʚ ʚʳʨʘʞʝʥʠʝ ʜʣʷ 

ʧʨʝʜʝʣʴʥʳʭ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ ʪʨʠʝʨʘ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ʬʦʨʤʫʣʫ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʯʘʩʪʦʪʳ 

ʚʨʘʱʝʥʠʷ ʮʠʣʠʥʜʨʘ: 

nmax=
30

“

g

ὶ
, c

-1 

ʇʨʘʢʪʠʯʝʩʢʠ ʯʘʩʪʦʪʫ ʚʨʘʱʝʥʠʷ ʮʠʣʠʥʜʨʘ ʤʦʞʥʦ 

ʧʨʠʥʷʪʴ ʨʘʚʥʦʡ 0,8 nmax. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʦʨʤʘʣʴʥʘʷ 

ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʪʨʠʝʨʥʦʛʦ ʮʠʣʠʥʜʨʘ ʨʘʚʥʘ: 

n=0,8
30

“

9,8

ὶ
, c

-1 

ʆʙʳʯʥʦ ʪʨʠʝʨʥʳʡ ʮʠʣʠʥʜʨ ʚʨʘʱʘʝʪʩʷ ʩ ʯʘʩʪʦʪʦʡ 

43õ50 ʩ
-1
. 

2.2.3 ʈʘʟʜʝʣʝʥʠʝ ʩʝʤʷʥ ʧʦ ʩʦʩʪʦʷʥʠʶ ʧʦʚʝʨʭ-

ʥʦʩʪʠ, ʬʦʨʤʝ ʠ ʜʨʫʛʠʤ ʧʨʠʟʥʘʢʘʤ 

ʉʝʤʝʥʘ ʨʘʟʣʠʯʥʳʭ ʢʫʣʴʪʫʨ ʠʤʝʶʪ ʨʘʟʣʠʯʥʫʶ ʧʦ-

ʚʝʨʭʥʦʩʪʴ (ʛʣʘʜʢʫʶ, ʰʝʨʦʭʦʚʘʪʫʶ, ʧʦʨʠʩʪʫʶ, ʙʫʛʨʠ-

ʩʪʫʶ, ʧʦʢʨʳʪʫʶ ʧʣʝʥʢʘʤʠ, ʧʫʰʢʦʤ) ʠ ʬʦʨʤʫ (ʜʣʠʥ-

ʥʳʝ, ʰʘʨʦʦʙʨʘʟʥʳʝ, ʪʨʝʭʛʨʘʥʥʳʝ). ʇʦʵʪʦʤʫ ʢʦʵʬʬʠ-

ʮʠʝʥʪ ʪʨʝʥʠʷ ʧʨʠ ʜʚʠʞʝʥʠʠ ʪʘʢʠʭ ʩʝʤʷʥ ʧʦ ʥʘʢʣʦʥ-

ʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʘʢʞʝ ʨʘʟʣʠʯʝʥ. ʉ ʫʯʝʪʦʤ ʵʪʠʭ ʨʘʟ-

ʣʠʯʠʡ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʩʝʤʷʥ ʩʦʟʜʘʥʳ ʫʩʪʨʦʡʩʪʚʘ, 
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ʠʤʝʶʱʠʝ ʥʘʢʣʦʥʥʳʝ ʬʨʠʢʮʠʦʥʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ: 

ʛʦʨʢʠ, ʚʠʥʪʦʚʳʝ ʩʝʧʘʨʘʪʦʨʳ, ʬʨʠʢʮʠʦʥʥʳʝ ʪʨʠʝʨʳ. 

ʆʙʳʯʥʦ ʚ ʢʘʯʝʩʪʚʝ ʬʨʠʢʮʠʦʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʨʠʤʝʥʷʶʪ ʥʘʢʣʦʥʥʦʝ ʰʝʨʦʭʦʚʘʪʦʝ ʧʦʣʦʪʥʦ (ʨʠʩ. 

2.7), ʜʚʠʞʫʱʝʝʩʷ ʨʘʚʥʦʤʝʨʥʦ ʚʚʝʨʭ. ɽʩʣʠ ʥʘ ʵʪʦ ʧʦ-

ʣʦʪʥʦ ʧʦʜʘʚʘʪʴ ʟʝʨʥʦʚʫʶ ʩʤʝʩʴ, ʪʦ ʯʘʩʪʠʮʳ ʩ ʤʘʣʳʤ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʨʝʥʠʷ, ʩʣʘʙʦ ʩʮʝʧʣʷʶʱʠʝʩʷ ʩ ʧʦ-

ʣʦʪʥʦʤ, ʩʢʘʪʷʪʩʷ ʚʥʠʟ. ʏʘʩʪʠʮʳ, ʩʠʣʴʥʝʝ ʩʮʝʧʣʷʶ-

ʱʠʝʩʷ ʩ ʧʦʣʦʪʥʦʤ, ʫʥʦʩʷʪʩʷ ʚʚʝʨʭ. 

 

ʊʘʢʠʤ ʧʫʪʝʤ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʦʚʩʶʛ ʠʟ ʦʚʩʘ, ʦʪ-

ʜʝʣʠʪʴ ʢʣʫʙʦʯʢʠ ʩʝʤʷʥ ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ ʦʪ ʢʣʫʙʦʯ-

ʢʦʚ ʩʦ ʩʪʝʙʝʣʴʢʘʤʠ, ʦʯʠʩʪʠʪʴ ʩʝʤʝʥʘ ʣʴʥʘ ʠ  ʢʣʝʚʝʨʘ. 

ʅʘ ʯʘʩʪʠʮʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʥʘ ʧʦʣʦʪʥʝ, ʜʝʡʩʪʚʫʶʪ 

ʩʠʣʘ ʪʷʞʝʩʪʠ mg, ʥʦʨʤʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ N=gcos‌   ʠ 

ʩʠʣʘ ʪʨʝʥʠʷ F: 



 167 

F = Fn = tg•mgcos‌,  H. 

ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ mgsin‌ ʯʘʩʪʠʮʘ  ʙʫʜʝʪ 

ʩʢʦʣʴʟʠʪʴ ʚʥʠʟ, ʯʝʤʫ ʧʨʝʧʷʪʩʪʚʫʝʪ ʩʠʣʘ ʪʨʝʥʠʷ mg 

tg•cos‌. 

ɽʩʣʠ mgtg•cos ‌>mgsin‌, ʪʦ ʯʘʩʪʠʮʘ ʙʫʜʝʪ ʧʦʜ-

ʥʠʤʘʪʴʩʷ ʧʦʣʦʪʥʦʤ ʚʚʝʨʭ ʠ ʥʘʦʙʦʨʦʪ. ɿʥʘʯʠʪ, ʧʦʜʲ-

ʝʤ ʯʘʩʪʠʮʳ ʚʦʟʤʦʞʝʥ, ʝʩʣʠ • > ʘ. 

ʀʩʧʦʣʴʟʫʶʪ ʪʘʢʞʝ ʩʧʦʩʦʙʥʦʩʪʴ ʰʝʨʦʭʦʚʘʪʳʭ ʩʝ-

ʤʷʥ ʫʜʝʨʞʠʚʘʪʴ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʧʦʨʦʰʦʢ ʤʝʣʢʦʛʦ 

ʧʦʤʦʣʘ. ɼʣʷ ʵʪʦʛʦ ʩʝʤʝʥʘ ʩʤʝʰʠʚʘʶʪ ʩ ʧʦʨʦʰʢʦʤ, 

ʩʦʜʝʨʞʘʱʠʤ ʞʝʣʝʟʦ, ʠ ʧʨʦʧʫʩʢʘʶʪ ʯʝʨʝʟ ʵʣʝʢʪʨʦ-

ʤʘʛʥʠʪʥʫʶ ʦʯʠʩʪʠʪʝʣʴʥʫʶ ʤʘʰʠʥʫ, ʤʘʛʥʠʪʥʳʡ ʙʘ-

ʨʘʙʘʥ ʢʦʪʦʨʦʡ ʧʨʠʪʷʛʠʚʘʝʪ ʧʦʨʦʰʦʢ ʠ ʚʤʝʩʪʝ ʩ ʥʠʤ 

ʰʝʨʦʭʦʚʘʪʳʝ ʩʝʤʝʥʘ. 

ɼʣʠʥʥʳʝ ʠ ʢʨʫʛʣʳʝ ʩʝʤʝʥʘ ʤʦʞʥʦ ʦʪʜʝʣʠʪʴ ʜʨʫʛ 

ʦʪ ʜʨʫʛʘ ʫʩʪʨʦʡʩʪʚʦʤ ʩ ʚʠʥʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ 

(ʟʤʝʡʢʘ). ʉʝʤʝʥʘ ʚʳʩʳʧʘʶʪ ʥʝʙʦʣʴʰʦʡ ʨʘʚʥʦʤʝʨʥʦʡ 

ʩʪʨʫʝʡ ʥʘ ʚʝʨʭʥʶʶ ʯʘʩʪʴ ʚʠʥʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ɼʣʠʥʥʳʝ ʟʝʨʥʘ (ʥʘʧʨʠʤʝʨ, ʦʚʝʩ) ʚʩʣʝʜʩʪʚʠʝ ʟʥʘʯʠ-

ʪʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʢʦʣʴʟʷʪ ʧʦ ʚʠʥʪʦʚʦʡ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʠ ʩʭʦʜʷʪ ʩ ʥʠʞʥʝʛʦ ʚʠʪʢʘ ʚ ʣʦʪʦʢ. ʂʨʫʛ-

ʣʳʝ ʟʝʨʥʘ (ʚʠʢʘ, ʢʫʢʦʣʴ) ʠʟ-ʟʘ ʤʝʥʴʰʝʛʦ ʩʦʧʨʦʪʠʚ-

ʣʝʥʠʷ ʜʚʠʞʫʪʩʷ ʙʳʩʪʨʝʝ, ʩʢʘʪʳʚʘʶʪʩʷ ʢ ʥʘʨʫʞʥʦʤʫ 

ʢʨʘʶ ʚʠʥʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʘʜʘʶʪ ʟʘ ʝʝ ʧʨʝʜʝʣʳ. 

ʉʝʤʝʥʘ ʨʘʟʜʝʣʷʶʪ ʪʘʢʞʝ ʥʘ ʨʝʰʝʪʘʭ ʩ ʬʠʛʫʨʥʳ-

ʤʠ ʦʪʚʝʨʩʪʠʷʤʠ. ʉʝʤʝʥʘ ʩʦʨʥʷʢʦʚ ʪʨʝʭʛʨʘʥʥʦʡ ʬʦʨ-

ʤʳ ʚʳʜʝʣʷʶʪ ʥʘ ʨʝʰʝʪʝ ʩ ʪʨʝʫʛʦʣʴʥʳʤʠ ʦʪ-

ʚʝʨʩʪʠʷʤʠ. 

ɼʣʷ ʨʘʟʜʝʣʝʥʠʷ ʧʦ ʮʚʝʪʫ ʠʩʧʦʣʴʟʫʶʪ ʬʦʪʦʵʣʝ-

ʤʝʥʪ: ʩʚʝʪʣʳʝ ʟʝʨʥʘ ʚʦʟʙʫʞʜʘʶʪ ʚ ʬʦʪʦʵʣʝʤʝʥʪʝ 
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ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ, ʦʪʢʨʳʚʘʶʱʠʡ ʢʣʘʧʘʥ ʥʘ ʧʫʪʠ 

ʩʝʤʷʥ. ʊʘʢ ʨʘʟʜʝʣʷʶʪ ʩʝʤʝʥʘ ʬʘʩʦʣʠ ʙʝʣʳʝ ʠ ʪʝʤ-

ʥʳʝ. 

2.3 ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʨʘʟʜʝʣʝʥʠʷ ʟʝʨʥʘ 

ʨʝʰʝʪʦʤ 

ʇʨʠʥʮʠʧ ʨʘʟʜʝʣʝʥʠʷ ʩʤʝʩʠ ʨʝʰʝʪʦʤ ʥʘ ʩʦʩʪʘʚ-

ʥʳʝ ʯʘʩʪʠ ʦʩʥʦʚʘʥ ʥʘ ʪʦʤ, ʯʪʦ ʩʢʚʦʟʴ ʦʪʚʝʨʩʪʠʷ ʨʝ-

ʰʝʪʘ ʧʨʦʭʦʜʷʪ ʪʦʣʴʢʦ ʟʝʨʥʘ, ʨʘʟʤʝʨ ʢʦʪʦʨʳʭ ʤʝʥʴʰʝ 

ʨʘʟʤʝʨʘ ʦʪʚʝʨʩʪʠʡ. ɹʦʣʝʝ ʢʨʫʧʥʳʝ ʟʝʨʥʘ ʩʭʦʜʷʪ ʩ 

ʨʝʰʝʪʘ. ɿʝʨʥʦ ʠ ʧʨʠʤʝʩʠ, ʢʦʪʦʨʳʝ ʧʨʦʰʣʠ ʩʢʚʦʟʴ 

ʦʪʚʝʨʩʪʠʷ, ʥʘʟʳʚʘʶʪ ʧʨʦʭʦʜʦʤ; ʟʝʨʥʦ ʠ ʧʨʠʤʝʩʠ, ʢʦ-

ʪʦʨʳʝ ʩʦʰʣʠ ʩ ʨʝʰʝʪʘ - ʩʭʦʜʦʤ. ʌʨʘʢʮʠʠ, ʧʦʣʫʯʝʥ-

ʥʳʝ ʧʨʠ ʨʘʟʜʝʣʝʥʠʠ ʩʤʝʩʠ, ʥʘʟʳʚʘʶʪ ʚʳʭʦʜʦʤ, ʘ ʟʘ-

ʩʦʨʠʪʝʣʠ (ʢʫʩʦʯʢʠ ʢʦʣʦʩʴʝʚ, ʩʪʝʙʣʠ, ʩʝʤʝʥʘ ʩʦʨʥʷ-

ʢʦʚ, ʥʝʢʦʥʜʠʮʠʦʥʥʦʝ ʟʝʨʥʦ ʠ ʜʨʫʛʠʝ ʧʨʠʤʝʩʠ) - ʦʪ-

ʭʦʜʦʤ. 

ɺ ʟʝʨʥʦʦʯʠʩʪʠʪʝʣʴʥʳʭ ʤʘʰʠʥʘʭ ʠʩʧʦʣʴʟʫʶʪ 

ʧʨʦʙʠʚʥʳʝ ʨʝʰʝʪʘ ʩ ʧʨʦʜʦʣʛʦʚʘʪʳʤʠ ʠʣʠ ʢʨʫʛʣʳʤʠ 

ʦʪʚʝʨʩʪʠʷʤʠ, ʨʝʰʝʪʦ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚ ʨʝʰʝʪʥʦʤ ʩʪʘ-

ʥʝ, ʢʦʪʦʨʳʡ ʧʦʜʚʝʰʠʚʘʶʪ ʥʘ ʧʨʫʞʠʥʷʱʠʭ ʠʣʠ ʰʘʨ-

ʥʠʨʥʳʭ ʧʦʜʚʝʩʢʘʭ ʠ ʧʨʠʚʦʜʷʪ ʚ ʢʦʣʝʙʘʪʝʣʴʥʦʝ ʜʚʠ-

ʞʝʥʠʝ ʦʪ ʵʢʩʮʝʥʪʨʠʢʘ, ʢʨʠʚʦʰʠʧʘ ʠʣʠ ʢʦʣʝʥʯʘʪʦʛʦ 

ʚʘʣʘ. 

ʇʦʚʝʨʭʥʦʩʪʴ ʨʝʰʝʪʘ ʜʦʣʞʥʳ ʙʳʪʴ ʨʦʚʥʦʡ, ʯʪʦʙʳ 

ʟʝʨʥʦ ʥʝ ʩʭʦʜʠʣʦ ʩ ʫʚʝʣʠʯʝʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʩ ʚʳʧʫʢ-

ʣʦʩʪʝʡ ʠ ʥʝ ʟʘʜʝʨʞʠʚʘʣʦʩʴ ʚʦ ʚʧʘʜʠʥʘʭ. ʈʝʞʠʤ ʨʘ-

ʙʦʪʳ ʨʝʰʝʪʘ ʩʣʝʜʫʝʪ ʚʳʙʨʘʪʴ ʪʘʢ, ʯʪʦʙʳ ʟʝʨʥʘ ʚ ʨʘʟ-

ʣʠʯʥʳʭ ʧʦʣʦʞʝʥʠʷʭ ʚʩʪʨʝʯʘʷʩʴ ʩ ʦʪʚʝʨʩʪʠʷʤʠ, ʧʨʦ-
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ʭʦʜʠʣʠ ʚ ʥʠʭ, ʜʣʷ ʯʝʛʦ ʟʝʨʥʦʚʘʷ ʩʤʝʩʴ ʜʦʣʞʥʘ ʨʘʚ-

ʥʦʤʝʨʥʦ ʧʝʨʝʤʝʱʘʪʴʩʷ ʧʦ ʨʝʰʝʪʫ ʪʦʥʢʠʤ ʩʣʦʝʤ. 

ʋʛʦʣ ʥʘʢʣʦʥʘ ʧʦʜʙʠʨʘʶʪ ʪʘʢ, ʯʪʦʙʳ ʩ ʥʝʧʦʜʚʠʞ-

ʥʦʛʦ ʨʝʰʝʪʘ ʩʤʝʩʴ ʥʝ ʩʭʦʜʠʣʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ 

ʪʷʞʝʩʪʠ. ɺʦ ʚʨʝʤʷ ʨʘʙʦʪʳ ʩʤʝʩʴ ʜʦʣʞʥʘ ʧʝʨʝ-

ʤʝʱʘʪʴʩʷ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʰʝʪʘ. ʕʪʦ ʥʝʦʙʭʦʜʠʤʦ 

ʜʣʷ ʧʨʦʭʦʜʘ ʟʝʨʥʘ ʩʢʚʦʟʴ ʨʝʰʝʪʦ ʠ ʜʣʷ ʩʭʦʜʘ ʦʩʪʘʚ-

ʰʝʛʦʩʷ ʟʝʨʥʘ. ɼʣʷ ʵʪʦʛʦ ʨʝʰʝʪʦ ʧʨʠʚʦʜʷʪ ʚ ʢʦʣʝʙʘ-

ʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʥʘʢʣʦʥʘ (ʧʨʦʜʦʣʴ-

ʥʳʝ ʢʦʣʝʙʘʥʠʷ) ʠʣʠ ʧʦʧʝʨʝʢ (ʧʦʧʝʨʝʯʥʳʝ ʢʦʣʝʙʘ-

ʥʠʷ). 

ʏʘʩʪʦʪʫ ʢʦʣʝʙʘʥʠʡ ʚʳʙʠʨʘʶʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʷ, ʫʛʣʘ ʥʘʢʣʦʥʘ ʨʝʰʝʪʘ ʠ ʢʦʵʬ-

ʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʩʤʝʩʠ. ɽʩʣʠ ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ ʥʝ-

ʜʦʩʪʘʪʦʯʥʘ, ʪʦ ʩʤʝʩʴ ʜʚʠʞʝʪʩʷ ʚʤʝʩʪʝ ʩ ʨʝʰʝʪʦʤ; ʝʩ-

ʣʠ ʯʨʝʟʤʝʨʥʦ ʫʚʝʣʠʯʝʥʘ, ʪʦ ʯʘʩʪʴ ʟʝʨʥʘ ʥʝ ʫʩʧʝʚʘʝʪ 

ʧʨʦʡʪʠ ʩʢʚʦʟʴ ʦʪʚʝʨʩʪʠʷ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʢʘʯʝʩʪʚʦ 

ʨʘʟʜʝʣʝʥʠʷ ʩʤʝʩʠ ʩʥʠʞʘʝʪʩʷ, ʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʨʝʰʝʪʘ ʧʘʜʘʝʪ. 

2.4 ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʠ ʩʠʩʪʝʤʘ ʤʘʰʠʥ 

ʇʦ ʥʘʟʥʘʯʝʥʠʶ ʟʝʨʥʦʦʯʠʩʪʠʪʝʣʴʥʳʝ ʤʘʰʠʥʳ 

ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʛʨʫʧʧʳ: ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ ʠ 

ʩʧʝʮʠʘʣʴʥʳʝ. ʄʘʰʠʥʳ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ ʧʨʝʜʥʘ-

ʟʥʘʯʝʥʳ ʜʣʷ ʧʝʨʚʠʯʥʦʡ ʠ ʚʪʦʨʠʯʥʦʡ ʦʯʠʩʪʢʠ ʠ ʩʦʨ-

ʪʠʨʦʚʘʥʠʷ ʩʝʤʷʥ ʟʝʨʥʦʚʳʭ, ʪʝʭʥʠʯʝʩʢʠʭ, ʙʦʙʦʚʳʭ 

ʢʫʣʴʪʫʨ ʠ ʪʨʘʚ. ʄʘʰʠʥʳ ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠ ʩʧʝʮʠʘʣʴʥʦʡ 

ʜʦʨʘʙʦʪʢʠ ʟʝʨʥʘ. 
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ʇʦ ʧʨʠʥʮʠʧʫ ʜʝʡʩʪʚʠʷ ʠ ʩʦʩʪʘʚʫ ʨʘʙʦʯʠʭ ʦʨʛʘ-

ʥʦʚ ʤʘʰʠʥʳ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ ʙʳʚʘʶʪ ʯʝʪʳʨʝʭ ʪʠ-

ʧʦʚ: ʚʦʟʜʫʰʥʳʝ, ʚʦʟʜʫʰʥʦ-ʨʝʰʝʪʥʳʝ, ʪʨʠʝʨʥʳʝ ʠ 

ʚʦʟʜʫʰʥʦ-ʨʝʰʝʪʥʦ-ʪʨʠʝʨʥʳʝ. 

ɺʦʟʜʫʰʥʦ-ʨʝʰʝʪʥʳʝ ʤʘʰʠʥʳ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ ʠ ʯʘʩʪʠʯʥʦʛʦ ʩʦʨʪʠʨʦʚʘ-

ʥʠʷ ʟʝʨʥʘ ʧʦʩʣʝ ʦʙʤʦʣʦʪʘ ʢʦʤʙʘʡʥʘʤʠ ʠ ʤʦʣʦʪʠʣʢʘ-

ʤʠ. 

ʆʩʥʦʚʥʳʝ ʨʘʙʦʯʠʝ ʦʨʛʘʥʳ ʪʘʢʠʭ ʤʘʰʠʥ - ʨʝʰʝʪ-

ʥʘʷ ʠ ʚʦʟʜʫʰʥʘʷ ʯʘʩʪʠ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥʠ ʩʥʘʙʞʝʥʳ 

ʫʩʪʨʦʡʩʪʚʘʤʠ ʜʣʷ ʟʘʛʨʫʟʢʠ. 

ɺʦʟʜʫʰʥʦ-ʨʝʰʝʪʥʦ-ʪʨʠʝʨʥʳʝ - ʩʣʦʞʥʳʝ ʤʘʰʠ-

ʥʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʦʯʠʩʪʢʠ ʠ ʩʦʨʪʠʨʦʚʘʥʠʷ 

ʩʝʤʷʥ ʟʝʨʥʦʚʳʭ, ʟʝʨʥʦʙʦʙʦʚʳʭ, ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʜʨʫ-

ʛʠʭ ʢʫʣʴʪʫʨ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʧʦʩʝʚʘ ʠ ʧʨʦʜʦʚʦʣʴ-

ʩʪʚʝʥʥʳʭ ʮʝʣʝʡ. ʆʩʥʦʚʥʳʝ ʨʘʙʦʯʠʝ ʦʨʛʘʥʳ ʪʘʢʠʭ 

ʤʘʰʠʥ - ʪʨʠʝʨʳ ʠ ʚʦʟʜʫʭʦʦʯʠʩʪʠʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪ-

ʚʘ, ʘ ʪʘʢʞʝ ʩʠʩʪʝʤʘ ʟʘʛʨʫʟʢʠ ʠ ʚʳʛʨʫʟʢʠ ʩʝʤʷʥ. 

ʇʦ ʩʧʦʩʦʙʫ ʧʝʨʝʜʚʠʞʝʥʠʷ ʦʥʠ ʙʳʚʘʶʪ ʩʪʘʮʠʦ-

ʥʘʨʥʳʤʠ ʠʣʠ ʧʝʨʝʜʚʠʞʥʳʤʠ. ʇʦʩʣʝʜʥʠʝ ʤʦʛʫʪ 

ʠʤʝʪʴ ʩʦʙʩʪʚʝʥʥʳʡ ʜʚʠʛʘʪʝʣʴ, ʪʦʛʜʘ ʠʭ ʥʘʟʳʚʘʶʪ 

ʩʘʤʦʧʝʨʝʜʚʠʞʥʳʤʠ. 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚʦʟʜʫʰʥʳʭ ʟʝʨʥʦʦʯʠʩʪʠ-

ʪʝʣʴʥʳʭ ʤʘʰʠʥ ʩʦʩʪʘʚʣʷʝʪ 10-20 ʪ/ʯ, ʚʦʟʜʫʰʥʦ-

ʨʝʰʝʪʥʳʭ - 1,25-20 ʪ/ʯ, ʪʨʠʝʨʥʳʭ - 1,25-10 ʪ/ʯ, ʚʦʟ-

ʜʫʰʥʦ-ʨʝʰʝʪʥʦ-ʪʨʠʝʨʥʳʭ - 3,75 ʪ/ʯ. ʄʝʥʴʰʠʝ ʟʥʘ-

ʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʙʨʘʙʦʪʢʝ ʩʝʤʝʥʥʦʛʦ ʤʘʪʝʨʠʘ-

ʣʘ, ʙʦʣʴʰʠʝ - ʦʙʨʘʙʦʪʢʝ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʛʦ ʟʝʨʥʘ ʠ 

ʧʝʨʚʠʯʥʦʡ ʦʯʠʩʪʢʝ ʩʝʤʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 
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ɼʣʷ ʨʘʟʣʠʯʥʳʭ ʟʦʥ ʩʦʟʜʘʥʳ ʢʦʤʧʣʝʢʩʳ ʤʘʰʠʥ ʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʟʝʨʥʦʦʯʠʩʪʠʪʝʣʴʥʳʭ ʠ ʟʝʨʥʦʦʯʠʩʪʠ-

ʪʝʣʴʥʦ-ʩʫʰʠʣʴʥʳʭ ʧʫʥʢʪʦʚ ʨʘʟʣʠʯʥʦʡ ʧʨʦʠʟ-

ʚʦʜʠʪʝʣʴʥʦʩʪʠ. ʕʪʦ ʢʦʤʧʣʝʢʩʳ ʤʘʰʠʥ ʠ ʦʙʦʨʫʜʦʚʘ-

ʥʠʷ ʜʣʷ ʩʪʘʮʠʦʥʘʨʥʳʭ ʘʛʨʝʛʘʪʦʚ ʪʠʧʘ ɸɿʉ ʠ ɿɸɺ ʠ 

ʩʪʘʮʠʦʥʘʨʥʳʭ ʟʝʨʥʦʦʯʠʩʪʠʪʝʣʴʥʦ-ʩʫʰʠʣʴʥʳʭ ʧʫʥʢ-

ʪʦʚ ʪʠʧʘ ʂɿʉ, ʘ ʪʘʢʞʝ ʩʝʤʷʦʯʠʩʪʠʪʝʣʴʥʳʝ ʧʨʠʩʪʘʚ-

ʢʠ, ʥʦʨʠʠ, ʪʨʠʝʨʥʳʝ ʙʣʦʢʠ, ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʤʘʰʠʥʳ 

ʠ ʪ.ʜ. 
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3. ʄɸʐʀʅʓ ɼʃʗ ʋɹʆʈʂʀ ʂʋʂʋʈʋɿʓ ʅɸ 

ɿɽʈʅʆ  

3.1 ʉʧʦʩʦʙʳ ʫʙʦʨʢʠ ʠ ʘʛʨʦʪʨʝʙʦʚʘʥʠʷ 

ʇʨʠ ʫʙʦʨʢʝ ʢʫʢʫʨʫʟʳ ʥʘ ʟʝʨʥʦ ʩʪʨʝʤʷʪʩʷ ʩʦʙʨʘʪʴ 

ʥʝ ʪʦʣʴʢʦ ʧʦʯʘʪʢʠ ʩ ʟʝʨʥʦʤ, ʥʦ ʠ ʣʠʩʪʦʩʪʝʙʝʣʴʥʫʶ 

ʤʘʩʩʫ. 

ʉʦʟʨʝʚʰʝʝ ʨʘʩʪʝʥʠʝ ʠʤʝʝʪ ʦʙʣʠʩʪʚʝʥʥʳʡ ʩʪʝʙʝʣʴ 

ʚʳʩʦʪʦʡ ʦʪ 1,5 ʜʦ 4 ʤ ʩ ʦʜʥʠʤ - ʪʨʝʤʷ ʧʦʯʘʪʢʘʤʠ. 

ɿʝʨʥʘ ʢʫʢʫʨʫʟʳ ʢʫʯʥʦ ʨʘʟʤʝʱʝʥʳ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʦʯʘʪʢʦʚ, ʧʨʦʯʥʦ ʩʚʷʟʘʥʳ ʩ ʝʛʦ ʩʪʝʨʞʥʝʤ ʠ ʧʦʢʨʳʪʳ 

ʤʥʦʛʦʩʣʦʡʥʦʡ ʦʙʝʨʪʢʦʡ, ʧʦʯʘʪʢʠ ʥʠʟʢʦʨʦʩʣʳʭ ʩʦʨ-

ʪʦʚ ʢʫʢʫʨʫʟʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 25-45 ʩʤ 

ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʷ, ʚʳʩʦʢʦʨʦʩʣʳʭ - ʩʚʳʰʝ 60 ʩʤ. 

ʈʘʩʧʦʣʦʞʝʥʠʝ ʧʦʯʘʪʢʦʚ ʥʘ ʚʳʩʦʪʝ ʤʝʥʝʝ 30 ʩʤ' 

ʟʘʪʨʫʜʥʷʝʪ ʫʙʦʨʢʫ ʠ ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʷʤ. ɼʣʷ ʤʘ-

ʰʠʥʥʦʡ ʫʙʦʨʢʠ ʥʘ ʟʝʨʥʦ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʩʢʦ-

ʨʦʩʧʝʣʳʝ, ʥʝʧʦʣʝʛʘʶʱʠʝ ʩʦʨʪʘ ʢʫʢʫʨʫʟʳ, ʠʤʝʶʱʠʝ 

ʧʨʦʯʥʳʝ ʩʪʝʙʣʠ ʠ ʥʝʙʦʣʴʰʫʶ ʣʠʩʪʦʚʫʶ ʤʘʩʩʫ, 

ʜʨʫʞʥʦ ʩʦʟʨʝʚʘʶʱʠʝ ʧʨʷʤʦʩʪʦʷʯʠʝ ʧʦʯʘʪʢʠ ʩ ʥʝ-

ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʣʝʛʢʦ ʦʪʜʝʣʷʶʱʠʤʠʩʷ ʦʙʝʨʪʢʘʤʠ. 

ʂʫʢʫʨʫʟʫ ʥʘ ʟʝʨʥʦ ʫʙʠʨʘʶʪ ʚ ʚʠʜʝ ʧʦʯʘʪʢʦʚ ʠʣʠ 

ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʦʙʤʦʣʦʪʦʤ ʧʦʩʣʝʜʥʠʭ. ʇʝʨʚʳʡ 

ʩʧʦʩʦʙ ʚʢʣʶʯʘʝʪ ʩʨʝʟʘʥʠʝ ʨʘʩʪʝʥʠʡ, ʦʪʜʝʣʝʥʠʝ ʧʦ-

ʯʘʪʢʦʚ, ʠʟʤʝʣʴʯʝʥʠʝ ʩʪʝʙʣʝʡ, ʦʯʠʩʪʢʫ ʧʦʯʘʪʢʦʚ ʦʪ 

ʦʙʝʨʪʦʢ, ʩʫʰʢʫ ʠ ʦʙʤʦʣʦʪ ʥʘ ʩʪʘʮʠʦʥʘʨʝ. ɼʣʷ ʵʪʦʛʦ 

ʧʨʠʤʝʥʷʶʪ ʢʫʢʫʨʫʟʦʫʙʦʨʦʯʥʳʝ ʢʦʤʙʘʡʥʳ, ʦʯʠʩʪʠ-

ʪʝʣʠ ʧʦʯʘʪʢʦʚ, ʤʦʣʦʪʠʣʢʠ, ʩʪʘʮʠʦʥʘʨʥʳʝ ʧʫʥʢʪʳ ʧʦ-
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ʩʣʝʫʙʦʨʦʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʭʨʘʥʝʥʠʷ ʢʫʢʫʨʫʟʳ. 

ʇʨʠ ʫʙʦʨʢʝ ʧʦ ʚʪʦʨʦʤʫ ʩʧʦʩʦʙʫ ʩʨʝʟʘʶʪ ʨʘʩʪʝ-

ʥʠʷ, ʦʙʤʦʣʘʯʠʚʘʶʪ ʧʦʯʘʪʢʠ ʠ ʠʟʤʝʣʴʯʘʶʪ ʩʪʝʙʣʠ 

ʧʝʨʝʦʙʦʨʫʜʦʚʘʥʥʳʤʠ ʟʝʨʥʦʫʙʦʨʦʯʥʳʤʠ ʢʦʤ-

ʙʘʡʥʘʤʠ, ʘ ʦʯʠʱʘʶʪ ʠ ʩʫʰʘʪ ʟʝʨʥʦ ʥʘ ʩʪʘʮʠʦʥʘʨʝ. 

ʋʙʦʨʢʫ ʢʫʢʫʨʫʟʳ ʥʘ ʟʝʨʥʦ ʥʘʯʠʥʘʶʪ ʚ ʢʦʥʮʝ 

ʚʦʩʢʦʚʦʡ ʩʧʝʣʦʩʪʠ ʠ ʟʘʢʘʥʯʠʚʘʶʪ ʚ ʪʝʯʝʥʠʝ 10-15 

ʜʥʝʡ. ʅʘ ʩʝʤʝʥʘ ʢʫʢʫʨʫʟʫ ʫʙʠʨʘʶʪ ʚ ʥʘʯʘʣʝ ʬʘʟʳ 

ʧʦʣʥʦʡ ʩʧʝʣʦʩʪʠ. ʋʙʠʨʘʪʴ ʢʫʢʫʨʫʟʫ ʩ ʦʜʥʦʚʨʝʤʝʥ-

ʥʳʤ ʦʙʤʦʣʦʪʦʤ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʠ ʚʣʘʞʥʦʩʪʠ ʟʝʨʥʘ 

ʥʝ ʙʦʣʝʝ 26-30 %. 

ɺʳʩʦʪʫ ʩʨʝʟʘ ʚ ʧʨʝʜʝʣʘʭ 10-15 ʩʤ ʫʩʪʘʥʘʚʣʠʚʘʶʪ 

ʩ ʫʯʝʪʦʤ ʚʳʩʦʪʳ ʨʘʩʧʦʣʦʞʝʥʠʷ ʥʠʞʥʠʭ ʧʦʯʘʪʢʦʚ ʠ 

ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʘʛʨʝʛʘʪʘ. ʏʨʝʟʤʝʨʥʦ ʚʳʩʦʢʠʡ 

ʩʨʝʟ ʟʘʪʨʫʜʥʷʝʪ ʧʦʩʣʝʫʙʦʨʦʯʥʫʶ ʦʙʨʘʙʦʪʢʫ ʧʦʯʚʳ. 

ʇʨʠ ʫʙʦʨʢʝ ʢʫʢʫʨʫʟʳ ʚ ʧʦʯʘʪʢʘʭ ʚ ʚʦʨʦʭʝ ʜʦʣʞ-

ʥʦ ʙʳʪʴ ʥʝ ʤʝʥʝʝ 95 % ʦʯʠʱʝʥʥʳʭ ʧʦʯʘʪʢʦʚ, ʘ ʯʠʩ-

ʪʦʪʘ ʚʦʨʦʭʘ - ʥʝ ʤʝʥʝʝ 99 %. 

ʇʦʚʨʝʞʜʝʥʥʳʭ ʧʦʯʘʪʢʦʚ ʩʨʝʜʠ ʫʙʨʘʥʥʳʭ ʩ ʛʠʙ-

ʨʠʜʥʳʭ ʫʯʘʩʪʢʦʚ ʜʦʣʞʥʦ ʙʳʪʴ ʥʝ ʙʦʣʝʝ 5 %. ʇʦʯʘʪ-

ʢʠ ʦʪʮʦʚʩʢʠʭ ʠ ʤʘʪʝʨʠʥʩʢʠʭ ʬʦʨʤ ʥʝʣʴʟʷ ʩʤʝʰʠ-

ʚʘʪʴ. 

ʇʨʠ ʫʙʦʨʢʝ ʢʫʢʫʨʫʟʳ ʩ ʦʙʤʦʣʦʪʦʤ ʧʦʪʝʨʠ ʩʚʦ-

ʙʦʜʥʦʛʦ ʟʝʨʥʘ ʟʘ ʢʦʤʙʘʡʥʦʤ ʥʝ ʜʦʣʞʥʳ ʧʨʝʚʳʰʘʪʴ 

0,7 %, ʥʘʣʠʯʠʝ ʟʝʨʥʘ ʚ ʩʠʣʦʩʥʦʡ ʤʘʩʩʝ -0,8 %, ʥʝʜʦ-

ʤʦʣʦʪ - ʥʝ ʙʦʣʝʝ 1,2 %, ʘ ʜʨʦʙʣʝʥʠʝ - 2,5 %. ʉʦʜʝʨ-

ʞʘʥʠʝ ʢʫʩʦʯʢʦʚ ʩʪʝʙʣʝʡ ʚ ʚʦʨʦʭʝ ʟʝʨʥʘ ʜʦʧʫʩʢʘʝʪʩʷ 

ʥʝ ʙʦʣʝʝ 4 %. 
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3.2 ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʢʫʢʫʨʫʟʦʫʙʦ-

ʨʦʯʥʳʭ ʤʘʰʠʥ 

ʆʪʜʝʣʝʥʠʝ ʧʦʯʘʪʢʦʚ ʦʪ ʩʪʝʙʣʝʡ ʚ ʢʫʢʫʨʫʟʦʫʙʦ-

ʨʦʯʥʳʭ ʤʘʰʠʥʘʭ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʯʘʪʢʦʦʪʜʝʣʷʶʱʠ-

ʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ, ʦʙʳʯʥʦ ʩʦʩʪʦʷʱʠʤʠ ʠʟ ʜʚʫʭ ʚʨʘ-

ʱʘʶʱʠʭʩʷ ʥʘʚʩʪʨʝʯʫ ʜʨʫʛ ʜʨʫʛʫ ʚʘʣʴʮʦʚ, ʢʦʪʦʨʳʝ, 

ʧʨʦʪʷʛʠʚʘʷ ʩʪʝʙʣʠ, ʦʪʜʝʣʷʶʪ ʦʪ ʥʠʭ ʧʦʯʘʪʢʠ. 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʦʪ-

ʜʝʣʝʥʠʷ ʧʦʯʘʪʢʦʚ ʦʪ ʩʪʝʙʣʝʡ ʚʘʣʴʮʳ ʧʦʯʘʪʢʦʦʪʜʝ-

ʣʷʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʜʦʣʞʥʳ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʩʣʝ-

ʜʫʶʱʠʤ ʪʨʝʙʦʚʘʥʠʷʤ: 

1.  ʆʙʝʩʧʝʯʠʚʘʪʴ ʥʘʜʝʞʥʳʡ ʟʘʭʚʘʪ ʩʪʝʙʣʝʡ ʢʫʢʫ-

ʨʫʟʳ ʨʘʟʣʠʯʥʦʛʦ ʜʠʘʤʝʪʨʘ. 

2.  ʇʨʦʪʷʛʠʚʘʪʴ ʩʪʝʙʣʠ ʩ ʫʩʠʣʠʝʤ, ʧʨʝʚʳʰʘʶʱʠʤ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʘʟʨʳʚʫ ʧʣʦʜʦʥʦʞʢʠ. 

3.-ʆʪʜʝʣʷʪʴ ʦʪ ʩʪʝʙʣʝʡ ʧʦʯʘʪʢʠ ʙʝʟ ʠʭ ʧʦʚʨʝʞʜʝ-

ʥʠʡ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ ʢʦʤ-

ʙʘʡʥʦʚ ʩʪʝʙʣʠ ʤʦʛʫʪ ʧʦʜʘʚʘʪʴʩʷ ʚ ʚʘʣʴʮʳ ʤʝʪʝʣʢʦʡ 

ʠʣʠ ʢʦʤʣʝʤ. ʂʨʦʤʝ ʪʦʛʦ, ʚʩʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʦʯʘʪ-

ʢʦʦʪʜʝʣʷʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʚ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʦʪ ʩʭʝʤʳ ʥʘ ʜʚʝ ʛʨʫʧʧʳ: ʫʩʪʨʦʡʩʪʚʘ, ʫ ʢʦʪʦ-

ʨʳʭ ʦʪʜʝʣʝʥʠʝ ʧʦʯʘʪʢʘ ʦʪ ʩʪʝʙʣʷ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ 

ʩʠʣ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʧʨʦʢʘʪʳʚʘʥʠʠ ʩʪʝʙʣʷ ʚʘʣʴʮʘ-

ʤʠ ʠʣʠ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʩʪʝʙʣʠ ʜʨʫʛʦʛʦ ʨʘʙʦʯʝʛʦ 

ʦʨʛʘʥʘ. ʇʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠʥʫʜʠʪʝʣʴʥʦʝ ʧʨʦ-

ʪʷʛʠʚʘʥʠʝ ʩʪʝʙʣʝʡ ʯʝʨʝʟ ʚʘʣʴʮʳ. 
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3.3 ʆʩʥʦʚʳ ʪʝʦʨʠʠ ʧʦʯʘʪʢʦʦʪʨʳʚʦʯʥʳʭ ʚʘʣʴ-

ʮʦʚ 

3.3.1 ʋʩʣʦʚʠʝ ʟʘʭʚʘʪʘ ʩʪʝʙʣʷ ʚʘʣʴʮʘʤʠ 

ʇʨʦʮʝʩʩ ʧʨʦʢʘʪʳʚʘʥʠʷ ʩʪʝʙʣʷ ʚʘʣʴʮʘʤʠ ʤʦʞʥʦ 

ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʦʧʝʨʘʮʠʠ: ʟʘʭʚʘʪ ʩʪʝʙʣʝʡ ʠ ʠʭ ʧʨʦ-

ʢʘʪʳʚʘʥʠʝ ʧʦʩʣʝ ʦʪʨʳʚʘ ʧʦʯʘʪʢʦʚ. ʈʘʩʩʤʦʪʨʠʤ ʫʩʣʦ-

ʚʠʝ ʟʘʭʚʘʪʘ ʩʪʝʙʣʷ ʚʘʣʴʮʘʤʠ [17]. 

ʉʪʝʙʝʣʴ (ʨʠʩ. 3.1), ʧʦʧʘʜʘʷ ʚʦ ʚʨʘʱʘʶʱʠʝʩʷ 

ʚʘʣʴʮʳ ʩ ʥʝʢʦʪʦʨʦʡ ʩʠʣʦʡ Q, ʚʦʩʧʨʠʥʠʤʘʝʪ ʩʦ ʩʪʦ-

ʨʦʥʳ ʢʘʞʜʦʛʦ ʚʘʣʴʮʘ ʩʠʣʫ ʨʝʘʢʮʠʠ Nc, ʥʘʧʨʘʚ-

ʣʝʥʥʫʶ ʚ ʪʦʯʢʫ ɸ ʢʦʥʪʘʢʪʘ ʩʪʝʙʣʷ ʩ ʚʘʣʴʮʘʤʠ. ʇʦʜ 

ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ Nc ʚʦʟʥʠʢʘʝʪ ʢʘʩʘʪʝʣʴʥʘʷ ʩʠʣʘ ʊʩ = 

Ncf. ʈʘʟʣʦʞʠʚ ʩʠʣʳ Nc ʠ ʊʩ ʥʘ ʚʝʨʪʠʢʘʣʴʥʳʝ ʠ ʛʦʨʠ-

ʟʦʥʪʘʣʴʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ, ʣʝʛʢʦ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʩʠ-

ʣʳ Ny ʠ ʊʫ ʩʞʠʤʘʶʪ ʩʪʝʙʝʣʴ ʩ  dc ʜʦ ʚʝʣʠʯʠʥʳ ʟʘʟʦʨʘ 

h ʤʝʞʜʫ ʚʘʣʴʮʘʤʠ. 

 
ʈʠʩʫʥʦʢ 3.1 ɿʘʭʚʘʪ ʩʪʝʙʣʷ ʚʘʣʴʮʘʤʠ 
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ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ Nx 

=NCsin‌c ʩʪʝʙʝʣʴ ʚʳʪʘʣʢʠʚʘʝʪʩʷ ʠʟ ʦʪʨʳʚʦʯʥʳʭ 

ʚʘʣʴʮʦʚ, ʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ ʊ = ʊccosŬc ʟʘʪʷʛʠʚʘ-

ʝʪʩʷ ʚ ʟʘʟʦʨ ʤʝʞʜʫ ʥʠʤʠ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʟʘʪʷʛʠʚʘʥʠʷ ʩʪʝʙʣʷ ʤʝʞʜʫ 

ʚʘʣʴʮʘʤʠ ʥʝʦʙʭʦʜʠʤʦ ʫʩʣʦʚʠʝ: 

Tx>Nx.                              (3.1) 

ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʟʘʪʷʛʠʚʘʥʠʝ ʩʪʝʙʣʷ ʚʘʣʴʮʘʤʠ 

ʚʦʟʤʦʞʥʦ ʧʨʠ ʫʩʣʦʚʠʠ: 

Ncfcos‌c >NC sin‌c, 

ʛʜʝ f - ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʤʝʞʜʫ ʩʪʝʙʣʝʤ ʠ ʧʦʚʝʨʭ-

ʥʦʩʪʴʶ ʚʘʣʴʮʘ, ʦʪʩʶʜʘ 

f>tg‌c, 

ʥʦ 

f = tg •, 

ʛʜʝ  • - ʫʛʦʣ ʪʨʝʥʠʷ ʤʝʞʜʫ ʩʪʝʙʣʝʤ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʚʘʣʴʮʦʚ. 

ʊʦʛʜʘ 

tg•>tg‌c 

ʠʣʠ 

•> ‌c                                  (3.2) 

ʀʪʘʢ, ʜʣʷ ʟʘʪʷʛʠʚʘʥʠʷ ʩʪʝʙʣʷ ʚʘʣʴʮʘʤʠ ʥʝʦʙʭʦ-

ʜʠʤʦ, ʯʪʦʙʳ ʫʛʦʣ ʪʨʝʥʠʷ • ʙʳʣ ʙʦʣʴʰʝ ʫʛʣʘ ʟʘʭʚʘʪʘ 

‌ʩ ʩʪʝʙʣʷ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʩʠʣʫ ʠʩʪʠʨʘʥʠʷ ʠ ʩʥʷʪʠʷ ʪʦʨ-
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ʮʦʚʦʡ ʢʨʦʤʢʠ ʩʪʝʙʣʷ ʧʨʠ ʟʘʭʚʘʪʝ ʝʛʦ ʚʘʣʴʮʘʤʠ ʜʝʡ-

ʩʪʚʠʪʝʣʴʥʳʡ ʫʛʦʣ ʟʘʭʚʘʪʘ ʤʝʥʴʰʝ ʫʛʣʘ ʪʨʝʥʠʷ: 

• ‌1 (0,8-0,9)‌ʩ. 

ʋʛʦʣ ʟʘʭʚʘʪʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ 

dc =D + h-D cos‌c, 

ʦʪʩʶʜʘ 

‌c=arcos1 +
Ὤ Ὠὧ

Ὀ
                         (3.3) 

3.3.2 ʆʙʦʩʥʦʚʘʥʠʝ ʜʠʘʤʝʪʨʘ ʚʘʣʴʮʦʚ 

ɽʩʣʠ ʩʪʝʙʣʠ ʠ ʚʘʣʴʮʳ ʧʦʜʘʶʪʩʷ ʩʚʦʙʦʜʥʦʡ ʤʝ-

ʪʝʣʢʦʡ ʪʦ ɻ̒̋ > ‌ὓ ʪʘʢ ʢʘʢ dʩʪ > dʤ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʧʨʠ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʨʘʟʤʝʨʘʭ ʚʘʣʴʮʦʚ ʠʭ ʟʘʭʚʘ-

ʪʳʚʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠ ʧʦʜʘʯʝ ʩʪʝʙʣʝʡ ʤʝʪʝʣʢʦʡ 

ʙʦʣʴʰʝ, ʯʝʤ ʧʨʠ ʧʦʜʘʯʝ ʢʦʤʣʝʚʦʡ ʯʘʩʪʴʶ. ɿʥʘʯʠʪ 

ʧʨʠ ʧʦʜʘʯʝ ʩʪʝʙʣʝʡ ʚ ʚʘʣʴʮʳ ʤʝʪʝʣʢʦʡ ʤʦʞʥʦ 

ʫʤʝʥʴʰʠʪʴ ʜʠʘʤʝʪʨʳ ʚʘʣʴʮʦʚ /17/: 
dc h

2
=

D

2
(1 cosɻc) 

ɽʩʣʠ ʪʝʧʝʨʴ ʜʦʧʫʩʪʠʪʴ, ʯʪʦ  ‌ʩ=•, ʪ.ʝ. tg‌c =f ʠ   

ʫʯʝʩʪʴ, ʯʪʦ 

ʩos ‌c=
1

1+ὸg2ɻc
, ʪʦ ʧʦʣʫʯʠʤ: 

D=
ὨὅὝ Ὤ

1
1

1+Ὢ2

,ὓ                                      (3.4) 

ʆʧʳʪʘʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʪʝʙʣʠ ʧʨʠ ʦʙʞʘʪʠʠ 
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ʠʭ ʙʦʣʝʝ ʯʝʤ ʥʘ 10% ʨʘʟʨʫʰʘʶʪʩʷ. ɸ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʧʝʨʝʛʨʫʟʢʝ ʠ ʟʘʙʠʚʘʥʠʶ ʚʘʣʴʮʦʚ. ʇʦʵʪʦʤʫ ʧʨʠ ʨʘʩ-

ʯʝʪʝ ʜʠʘʤʝʪʨʦʚ ʠ ʨʘʙʦʯʝʛʦ ʟʘʟʦʨʘ ʤʝʞʜʫ ʥʠʤʠ ʥʝʦʙ-

ʭʦʜʠʤʦ ʧʨʠʥʠʤʘʪʴ: 

Ὠὅὖ Ὤ

Ὠὅὖ
0,7 

ʛʜʝ dcp- ʩʨʝʜʥʠʡ ʜʠʘʤʝʪʨ ʩʪʝʙʣʷ, ʤ, 

ʊʦʛʜʘ 

D=0,7
Ὠὧὴ

1
1

1+Ὢ2

,                         (3.5) 

3.3.3 ʋʩʣʦʚʠʝ ʦʪʨʳʚʘ ʧʦʯʘʪʢʘ ʚʘʣʴʮʘʤʠ 

ʈʘʩʩʤʦʪʨʠʤ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʦʪʜʝʣʝʥʠʷ ʧʦ-

ʯʘʪʢʦʚ ʦʪ ʩʪʝʙʣʝʡ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʦʪʜʝʣʝʥʠʝ ʧʨʦ-

ʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʩʠʣ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʧʨʦʪʷʛʠʚʘʥʠʠ 

ʩʪʝʙʣʝʡ ʚʘʣʴʮʘʤʠ. 

ɺ ʨʘʙʦʯʝʤ ʨʫʩʣʝ ʦʪʨʳʚʦʯʥʳʭ ʚʘʣʴʮʦʚ ʧʦʯʘʪʦʢ 

ʧʦʜʚʝʨʛʘʝʪʩʷ ʜʝʡʩʪʚʠʶ ʪʝʭ ʞʝ ʩʠʣ, ʯʪʦ ʠ ʩʪʝʙʝʣʴ 

(ʨʠʩ. 3.2). ɺ ʤʦʤʝʥʪ ʢʦʥʪʘʢʪʘ ʧʦʯʘʪʢʘ ʩ ʚʘʣʴʮʘʤʠ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʧʨʦʪʷʛʠʚʘʶʱʝʡ ʩʠʣʳ ʚʦʟʥʠʢʘʶʪ ʥʦʨ-

ʤʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʚʘʣʴʮʦʚ ʥʘ ʧʦʯʘʪʦʢ Nn ʠ ʩʠʣʘ ʪʨʝ-

ʥʠʷ ʧʦʯʘʪʢʘ ʦ ʚʘʣʴʮʳ ʊʧ. ʆʪʜʝʣʝʥʠʝ ʧʦʯʘʪʢʘ ʧʨʦ-

ʠʟʦʡʜʝʪ ʪʦʛʜʘ, ʢʦʛʜʘ ʚʝʨʪʠʢʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ R 

ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʠʭ ʩʠʣ ʙʫʜʝʪ ʠʤʝʪʴ ʥʘʧʨʘʚʣʝʥʠʝ, 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʝ ʜʚʠʞʝʥʠʶ ʩʪʝʙʣʷ, ʠ ʧʨʝʚʳʰʘʪʴ 

ʫʩʠʣʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʣʦʜʦʥʦʞʢʠ ʨʘʟʨʳʚʫ ʠʣʠ ʠʟ-

ʣʦʤʫ F, ʪ.ʝ. 
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2R1  F                                  (3.6) 

ɺ ʧʝʨʠʦʜ ʪʝʭʥʠʯʝʩʢʦʡ ʩʧʝʣʦʩʪʠ ʢʫʢʫʨʫʟʳ ʨʘʟ-

ʨʳʚʥʦʝ ʫʩʠʣʠʝ ʧʣʦʜʦʥʦʞʢʠ ʜʦʩʪʠʛʘʝʪ 100 ʢʛ. ʕʪʦ 

ʫʩʣʦʚʠʝ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ‌̐ > •̐  

ʛʜʝ ‌ʧ - ʫʛʦʣ ʟʘʭʚʘʪʘ ʧʦʯʘʪʢʘ ʚʘʣʴʮʘʤʠ; 

•ʧ - ʫʛʦʣ ʪʨʝʥʠʷ ʧʦʯʘʪʢʘ ʦ ʚʘʣʴʮʳ. 

 

ʈʠʩʫʥʦʢ 3.2 ʆʪʨʳʚ ʧʦʯʘʪʢʘ ʚʘʣʴʮʘʤʠ 

ʅʘʨʫʰʝʥʠʝ ʵʪʦʛʦ ʫʩʣʦʚʠʷ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʥʝ 

ʪʦʣʴʢʦ ʢ ʟʘʙʠʚʘʥʠʶ ʧʦʯʘʪʢʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʘʣʴʮʦʚ, 

ʥʦ ʠ ʢ ʟʘʪʘʩʢʠʚʘʥʠʶ ʧʦʯʘʪʢʦʚ ʚ ʨʘʙʦʯʫʶ ʱʝʣʴ. ɺʝ-

ʣʠʯʠʥʘ Ri ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʪʘʢ: 
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Ὑ1 =
ὖ̐ ̑zsin (‌̐ •̐ )

cos ‌̐ ὸὫ‌̐ ὸὫ•̐ ὧέί•̐
,Ὄ                   (3.7) 

ʛʜʝ Pʧʨ - ʩʠʣʘ, ʩ ʢʦʪʦʨʦʡ ʩʪʝʙʝʣʴ ʧʨʦʪʘʩʢʠʚʘʝʪʩʷ ʤʝ-

ʞʜʫ ʚʘʣʴʮʘʤʠ, ʅ, 

ʈʣʨ =ʊʩcos ‌c Nc sin‌c.                     (3.8) 

ʀʟ ʚʳʨʘʞʝʥʠʷ (3.7) ʚʠʜʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʩʠʣʳ 

R1 ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʚ ʦʩʥʦʚʥʦʤ ʟʘ ʩʯʝʪ ʠʟʤʝ-

ʥʝʥʠʷ ʧʨʦʪʷʛʠʚʘʶʱʝʛʦ ʫʩʠʣʠʷ ʈʧʨ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦ-

ʜʠʤʦ ʠʤʝʪʴ ʚ ʚʠʜʫ ʩʣʝʜʫʶʱʝʝ: 

- ʜʠʘʤʝʪʨ ʠ ʧʦʚʝʨʭʥʦʩʪʴ ʚʘʣʴʮʦʚ, ʟʘʟʦʨ ʤʝʞʜʫ 

ʚʘʣʴʮʘʤʠ ʠ ʦʢʨʫʞʥʘʷ ʩʢʦʨʦʩʪʴ ʠʭ ʷʚʣʷʶʪʩʷ ʚʝʣʠʯʠ-

ʥʘʤʠ ʧʦʩʪʦʷʥʥʳʤʠ; 

- ʫʚʝʣʠʯʝʥʠʝ ʫʛʣʘ ‌ʧ ʦʛʨʘʥʠʯʝʥʦ dʧʦʯ; 

- ʫʤʝʥʴʰʝʥʠʝ ʫʛʣʘ •ʧ ʟʘʚʠʩʠʪ ʦʪ ʚʣʘʞʥʦʩʪʠ ʧʦ-

ʯʘʪʢʦʚ; 

- ʫʚʝʣʠʯʝʥʠʝ ʞʝ ʩʠʣʳ ʈʧʨ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ 

ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʩʠʣʳ ʩʮʝʧʣʝʥʠʷ ʩʪʝʙʣʷ ʩ ʚʘʣʴʮʘ-

ʤʠ, ʩʥʘʙʞʝʥʥʳʤʠ ʚʳʩʪʫʧʘʤʠ. ʆʜʥʘʢʦ ʫʚʝʣʠʯʝʥʠʝ 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʩʮʝʧʣʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʫʰʝʥʠʶ 

ʫʩʣʦʚʠʷ Ŭʧ >űʧ. ʧʦʪɻʦʤʫ ʚ ʫʩʪʨʦʡʩʪʚʘʭ ʩ ʘʢʪʠʚʥʳʤʠ 
ʚʘʣʴʮʘʤʠ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʟʘʮʝʧʣʝʥʠʷ ʠ ʟʘʪʷʛʠʚʘʥʠʷ 

ʧʦʯʘʪʢʦʚ, ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʤʠʥʠʤʘʣʴʥʳʡ ʟʘʟʦʨ 

ʤʝʞʜʫ ʚʘʣʴʮʘʤʠ, ʥʦ ʵʪʦ ʫʭʫʜʰʘʝʪ ʠʭ ʟʘʭʚʘʪʳʚʘʶ-

ʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʥʝ ʚʩʝʛʜʘ ʧʨʘʢʪʠʯʝʩʢʠ ʚʳʧʦʣʥʠ-

ʤʦ. ʇʦʚʳʰʝʥʠʝ ʞʝ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʫʩʪ-

ʨʦʡʩʪʚ ʜʣʷ ʦʪʨʳʚʘ ʧʦʯʘʪʢʦʚ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ 

ʧʫʪʝʤ ʫʤʝʥʴʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʚʘʣʴʮʦʚ ʟʘ ʩʯʝʪ ʚʚʝ-

ʜʝʥʠʷ ʧʨʠʥʫʜʠʪʝʣʴʥʦʛʦ ʧʦʜʚʦʜʘ ʩʪʝʙʣʝʡ ʢ ʚʘʣʴʮʘʤ 
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(ʢʦʤʙʘʡʥ ʪʠʧʘ çʍʝʨʩʦʥʝʮè). ɺ ʵʪʠʭ ʢʦʤʙʘʡʥʘʭ ʩʨʝ-

ʟʘʥʥʳʡ ʩʪʝʙʝʣʴ ʜʦʣʞʝʥ ʧʨʦʡʪʠ ʧʫʪʴ ʜʦ ʦʪʨʳʚʦʯʥʳʭ 

ʚʘʣʴʮʦʚ ʠ ʯʘʩʪʠʯʥʦ ʧʨʦʢʘʪʠʪʴʩʷ ʚʘʣʴʮʘʤʠ ʜʦ ʧʦʜʭʦ-

ʜʘ ʢʦʤʙʘʡʥʘ ʢ ʩʣʝʜʫʶʱʝʤʫ ʩʪʝʙʣʶ (ʨʠʩ. 3.3). ʕʪʦ 

ʫʩʣʦʚʠʝ ʄʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴʶ 

■

╥̗
+
■

╥̃
=
◄

╥̍
                            (3.9) 

 

ʈʠʩʫʥʦʢ 3.3 ʇʨʦʮʝʩʩ ʧʦʜʘʯʠ ʩʪʝʙʣʷ ʢ ʦʪʨʳʚʦʯʥʳʤ ʚʘʣʴʮʘʤ 

ʛʜʝ l1 - ʧʫʪʴ, ʧʨʦʭʦʜʠʤʳʡ ʩʪʝʙʣʝʤ ʦʪ ʤʦʤʝʥʪʘ ʩʨʝʟʘ 

ʜʦ ʝʛʦ ʟʘʭʚʘʪʘ ʚʘʣʴʮʘʤʠ, ʤʤ; 

l2 - ʧʫʪʴ ʧʨʦʢʘʪʳʚʘʝʤʦʛʦ ʩʪʝʙʣʷ, ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʠʡ ʦʩʪʘʚʰʝʡʩʷ ʯʘʩʪʠ ʩʪʝʙʣʷ ʧʝʨʝʜ ʨʝʞʫʱʠʤ ʫʩʪ-

ʨʦʡʩʪʚʦʤ, ʤʤ;  

t - ʰʘʛ ʨʘʩʪʝʥʠʡ ʚ ʨʷʜʢʝ, ʤʤ; 

Vʮ - ʩʢʦʨʦʩʪʴ ʧʦʜʘʶʱʝʡ ʮʝʧʠ, ʤ/ʩ;  

Vʚ - ʦʢʨʫʞʥʘʷ ʩʢʦʨʦʩʪʴ ʚʘʣʴʮʦʚ, ʤ/ʩ;  

Vʤ - ʧʦʩʪʫʧʘʪʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʤʘʰʠʥʳ, ʤ/ʩ. 
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3.3.4 ʄʦʱʥʦʩʪʴ, ʧʦʪʨʝʙʣʷʝʤʘʷ ʥʘ ʨʘʙʦʪʫ 

ʚʘʣʴʮʦʚ 

ʅʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʨʘʙʦʪʳ ʧʦʯʘʪʢʦʦʪʜʝʣʷʶʰʝʛʦ 

ʘʧʧʘʨʘʪʘ ʤʦʱʥʦʩʪʴ ʨʘʚʥʘ: 

ɸ=ɸʧʨ.ʩʪ+ɸʦʪʨ.ʧʦʯ+ɸʭʭ, ʢɺʪ 

ʘ) ʄʦʱʥʦʩʪʴ, ʟʘʪʨʘʯʠʚʘʝʤʘʷ ʥʘ ʧʨʦʢʘʪʳʚʘʥʠʝ 

ʩʪʝʙʣʝʡ (ʨʠʩ. 3.2): 

ɸʧʨ.ʩʪ=2ʄʢʨ̠‫ ,  ʢɺʪ,                   (3.11) 

ʛʜʝ ʄʢʨ - ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʥʘ ʚʘʣʴʮʘʭ, ʅ ʤ;   

ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʘʣʴʮʦʚ, ʩ - ‫ 
-1
;  

ʂ - ʢʦʣʠʯʝʩʪʚʦ ʩʪʝʙʣʝʡ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʘʭʦʜʷ-

ʱʠʭʩʷ ʚ ʨʘʙʦʯʝʡ ʟʦʥʝ, ʰʪ.  

ʂʨʫʪʷʱʠʡ ʤʦʤʝʥʪ: 

ʄʢʨ=ʊʩr =T
Ὀ

2
,ʅĿʤ,                             (3.12) 

ʛʜʝ ʊʩ - ʪʘʥʛʝʥʮʠʘʣʴʥʘʷ ʩʠʣʘ ʥʘ ʚʘʣʴʮʘʭ ʚ ʧʨʦʮʝʩʩʝ 

ʦʪʨʳʚʘ, ʅ;  

r - ʨʘʜʠʫʩ ʚʘʣʴʮʘ, ʤ. 

ʉʧʨʦʝʮʠʨʦʚʘʚ ʩʠʣʳ Nc ʠ ʊʩ ʥʘ ʚʝʨʪʠʢʘʣʴʥʫʶ ʦʩʴ 

ʧʦʯʘʪʢʦʦʪʜʝʣʷʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʧʦʣʫʯʠʤ: 

2Nʩ sin‌0 -2ʊʩ *ʩʦs‌0 =Pʧʨ, 

2N0*sin‌c-2f*Nʩ*cos‌c=Pʧʨ, 

2Nʩ (sin‌ʩ ïfcos‌ʩ) = Pʧʨ, 
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Nc=
ὖ̐ ̑zὊὧ

2(sin ‌ὧ Ὢzcos‌ὧ)
,Ὄ.                    (3.13) 

ʀʤʝʷ ʚ ʚʠʜʫ, ʯʪʦ  Tc=Nc* fc ʧʦʣʫʯʠʤ: 

Tc=
ὖ̐ ̑zὪὧ

2(sin ‌ὧ Ὢzcos‌ὧ)
,Ὄ                          (3.14) 

ʂʦʣʠʯʝʩʪʚʦ ʩʪʝʙʣʝʡ,  ʦʜʥʦʚʨʝʤʝʥʥʦ  ʥʘʭʦʜʷʱʠʭ-

ʩʷ  ʚ ʨʘʙʦʯʝʡ ʟʦʥʝ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʬʦʨʤʫʣʝ: 

ʂ = 
ὒὩ

ὠ̒ ̓
,                                      (3.15) 

ʛʜʝ L - ʨʘʙʦʯʘʷ ʜʣʠʥʘ ʚʘʣʴʮʦʚ, ʤ; 

e - ʢʦʣʠʯʝʩʪʚʦ ʩʪʝʙʣʝʡ, ʧʨʦʭʦʜʷʱʠʭ ʯʝʨʝʟ ʚʘʣʴʮʳ 

ʚ ʩʝʢʫʥʜʫ, ʰʪ;  

Vʩʪ - ʩʢʦʨʦʩʪʴ ʩʪʝʙʣʝʡ, ʤ/ʩ. 

ʂʦʣʠʯʝʩʪʚʦ ʩʪʝʙʣʝʡ, ʧʨʦʭʦʜʷʱʠʭ ʯʝʨʝʟ ʚʘʣʴʮʳ ʚ 

ʩʝʢʫʥʜʫ, ʦʧʨʝʜʝʣʠʤ ʠʟ ʚʳʨʘʞʝʥʠʷ: 

e=
άὄὠὓ

3600
                                      (3.16) 

ʛʜʝ m - ʢʦʣʠʯʝʩʪʚʦ ʩʪʝʙʣʝʡ ʥʘ 1 ʛʘ, ʰʪ; 

ɺ - ʨʘʙʦʯʘʷ ʰʠʨʠʥʘ ʟʘʭʚʘʪʘ ʤʘʰʠʥʳ, ʤ; 

Vʤ - ʨʘʙʦʯʘʷ ʩʢʦʨʦʩʪʴ ʢʦʤʙʘʡʥʘ, ʤ/ʩ. 

ʇʦʜʩʪʘʚʠʚ ʚʳʨʘʞʝʥʠʝ (3.16) ʚ ʬʦʨʤʫʣʫ (3.15), 

ʦʢʦʥʯʘʪʝʣʴʥʦ ʧʦʣʫʯʠʤ: 

˗=
ὒz ά ὄz ὠzὓ

3600 ὠzὅὝ
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ʇʦʜʩʪʘʚʠʚ ʟʥʘʯʝʥʠʝ ʚʳʨʘʞʝʥʠʡ (3.11), (3.14), 

(3.17) ʚ ʬʦʨʤʫʣʫ (3.11), ʧʦʣʫʯʠʤ ʚʳʨʘʞʝʥʠʝ, ʦʧʨʝ-

ʜʝʣʷʶʱʝʝ ʤʦʱʥʦʩʪʴ ʥʘ ʧʨʦʢʘʪʳʚʘʥʠʝ ʩʪʝʙʣʝʡ ʚʘʣʴ-

ʮʘʤʠ: 

Aʧʨ.ʩʪ=
˝̐ ̑zὪ̒ “̓Ὀὲὒὄά‗

216000 (sin ‌2 Ὢcos‌ὧ)
,   ̋ ˏ̓,       (3.18) 

ʛʜʝ ‗=
ὠὓ

ὠὅὓ
 

ʙ) ʄʦʱʥʦʩʪʴ, ʟʘʪʨʘʯʠʚʘʝʤʘʷ ʥʘ ʦʪʨʳʚ ʧʦʯʘʪʢʦʚ 

ʦʪ ʩʪʝʙʣʝʡ: 

ɸʦʪʨ.ʧʦʯ=2ʄʢʨ.‫ʂ,  ʢɺʪ 

ʉʧʨʦʝʮʠʨʦʚʘʚ ʩʠʣʳ Nn ʠ ʊʧ ʥʘ ʚʝʨʪʠʢʘʣʴʥʫʶ ʦʩʴ 

(ʨʠʩ. 3.2), ʧʦʣʫʯʠʤ:  

2Nnsin ‌n-2Tncos‌n=Pʦʪʨ                    (3.19) 

ʈʘʩʩʫʞʜʘʷ ʘʥʘʣʦʛʠʯʥʦ ʧʝʨʚʦʤʫ ʩʣʫʯʘʶ, ʦʢʦʥʯʘ-

ʪʝʣʴʥʦ ʥʘʧʠʰʝʤ ʚʨrʘʞʝʥʠʝ, ʦʧʨʝʜʝʣʷʶʱʝʝ ʥʝʦʙʭʦ-

ʜʠʤʫʶ ʤʦʱʥʦʩʪʴ ʥʘ ʦʪʨʳʚ ʧʦʯʘʪʢʦʚ ʚʘʣʴʮʘʤʠ: 

ɸʦʪʨ.ʧʦʯ=
˝̏ ̓Ὢ̑ὲ“Ὀὲὒὄά‗

216000 (sin ‌ὲ Ὢὲcos‌ὲ)
,    ̋ ˏ̓      (3.20) 

ʇʦʜʩʪʘʚʠʚ ʚʳʨʘʞʝʥʠʷ (3.20) ʠ (3.18) ʚ ʬʦʨʤʫʣʫ 

(3.10) ʠ ʧʨʝʦʙʨʘʟʫʷ, ʦʢʦʥʯʘʪʝʣʴʥʦ ʧʦʣʫʯʠʤ ʬʦʨʤʫʣʫ, 

ʦʧʨʝʜʝʣʷʶʱʫʶ ʦʙʱʫʶ ʤʦʱʥʦʩʪʴ, ʟʘʪʨʘʯʠʚʘʝʤʫʶ ʥʘ 

ʨʘʙʦʪʫ ʧʦʯʘʪʢʦʦʪʜʝʣʷʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ: 

ɸ=
“Ὀὲὒὄά‗

216000
(Pʧʨfc+Pʦʪʨfn)+Axx,    ʢɺʪ          (3.21) 



 185 

3.4 ʇʨʠʥʮʠʧ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ ʧʦʯʘʪʢʦʚ 

ʦʪ ʦʙʝʨʪʦʢ 

ʇʦʯʘʪʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʫʙʦʨʢʝ ʢʫʢʫʨʫʟʳ ʥʝ 

ʦʯʠʱʝʥʥʳʝ ʦʪ ʧʦʢʨʦʚʥʳʭ ʣʠʩʪʴʝʚ (ʦʙʝʨʪʦʢ), ʚʩʣʝʜ-

ʩʪʚʠʝ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʘʵʨʘʮʠʠ ʠ ʩʧʦʩʦʙʥʦʩʪʠ ʦʙʝʨʪʦʢ 

ʙʳʩʪʨʦ ʚʧʠʪʳʚʘʪʴ ʚʣʘʛʫ ʧʦʢʨʳʚʘʶʪʩʷ ʧʣʝʩʝʥʴʶ, ʠ 

ʟʝʨʥʦ ʧʦʨʪʠʪʩʷ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʢʫʢʫʨʫʟʦʫʙʦʨʦʯʥʳʝ ʤʘʰʠʥʳ ʦʯʠʩʪ-

ʢʫ ʧʦʯʘʪʢʦʚ ʧʨʦʠʟʚʦʜʷʪ ʥʝʜʦʩʪʘʪʦʯʥʦ ʢʘʯʝʩʪʚʝʥʥʦ, ʘ 

ʦʯʠʩʪʠʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʣʦʞʥʷʶʪ 

ʢʦʥʩʪʨʫʢʮʠʶ ʫʙʦʨʦʯʥʳʭ ʤʘʰʠʥ. ʈʫʯʥʘʷ ʞʝ ʦʯʠʩʪʢʘ 

ʷʚʣʷʝʪʩʷ ʪʨʫʜʦʝʤʢʦʡ ʦʧʝʨʘʮʠʝʡ, ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ 

ʢʦʪʦʨʦʡ ʟʘʪʨʘʯʠʚʘʝʪʩʷ ʦʢʦʣʦ 55 ʯʝʣ-ʯ ʧʨʠ ʫʨʦʞʘʡ-

ʥʦʩʪʠ 30-40 ʮ/ʛʘ. ʇʦʵʪʦʤʫ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘ-

ʭʦʜʷʪ ʤʘʰʠʥʳ ʜʣʷ ʩʪʘʮʠʦʥʘʨʥʦʡ ʦʯʠʩʪʢʠ ʧʦʯʘʪʢʦʚ - 

ʧʦʯʘʪʢʦʦʯʠʩʪʠʪʝʣʠ. 

ʆʩʥʦʚʥʳʤ ʨʘʙʦʯʠʤ ʦʨʛʘʥʦʤ ʧʦʯʘʪʢʦʦʯʠʩʪʠʪʝʣʝʡ 

ʷʚʣʷʶʪʩʷ ʚʘʣʴʮʳ. ʆʥʠ ʚʳʧʦʣʥʷʶʪ ʜʚʝ ʦʧʝʨʘʮʠʠ: ʧʝ-

ʨʝʤʝʱʘʶʪ ʧʦʯʘʪʢʠ ʠ ʩʥʠʤʘʶʪ ʩ ʥʠʭ ʦʙʝʨʪʢʠ. ʇʨʠ 

ʵʪʦʤ ʚʝʩʴʤʘ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʧʨʠʞʠʤʥʳʝ 

ʫʩʪʨʦʡʩʪʚʘ. ʉʦʟʜʘʚʘʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʥʘ 

ʧʦʯʘʪʢʠ, ʦʥʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʣʫʯʰʝʤʫ ʟʘʭʚʘʪʫ ʦʙʝʨʪ-

ʢʠ ʠ ʤʦʛʫʪ ʠʟʤʝʥʷʪʴ ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦʯʘʪʢʦʚ 

ʧʦ ʚʘʣʴʮʘʤ. ʍʦʪʷ ʦʧʝʨʘʮʠʠ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦʯʘʪʢʦʚ ʠ 

ʫʜʘʣʝʥʠʷ ʩ ʥʠʭ ʦʙʝʨʪʦʢ ʚʳʧʦʣʥʷʶʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ, 

ʦʥʠ ʨʘʟʣʠʯʥʳ ʧʦ ʩʚʦʝʡ ʬʠʟʠʯʝʩʢʦʡ ʩʫʱʥʦʩʪʠ. ʇʝʨ-

ʚʘʷ   ʦʧʨʝʜʝʣʷʝʪ   ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʦʯʘʪʢʦʦʯʠ-

ʩʪʠʪʝʣʷ ʢʘʢ ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʘ ʚʪʦʨʘʷ 

- ʩʦʚʝʨʰʝʥʩʪʚʦ ʧʨʦʮʝʩʩʘ ʦʯʠʩʪʢʠ ʧʨʠ ʟʘʜʘʥʥʦʡ ʧʨʦ-
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ʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. 

ʆʯʠʩʪʢʘ ʩ ʧʦʤʦʱʴʶ ʚʘʣʴʮʦʚ ʙʳʣʘ ʧʨʠʤʝʥʝʥʘ 

ʝʱʝ ʚ ʢʦʥʮʝ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ. ʋ ʚʳʧʫʩʢʘʝʤʳʭ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ ʧʦʯʘʪʢʦʦʯʠʩʪʠʪʝʣʝʡ ʆʇ-4ɹ, ʆʇ-

5 ʠ ʜʨʫʛʠʭ ʧʦʢʘ ʝʱʝ ʥʠʟʢʦʝ ʢʘʯʝʩʪʚʦ ʦʯʠʩʪʢʠ ʠ ʚʳ-

ʩʦʢʘʷ ʩʪʝʧʝʥʴ ʧʦʚʨʝʞʜʘʝʤʦʩʪʠ ʟʝʨʥʘ ʠ ʧʦʯʘʪʢʦʚ. 

3.5 ʆʩʥʦʚʳ ʪʝʦʨʠʠ ʧʦʯʘʪʢʦʦʯʠʩʪʠʪʝʣʴʥʳʭ 

ʚʘʣʴʮʦʚ 

3.5.1 ʋʩʣʦʚʠʷ ʟʘʭʚʘʪʘ ʣʠʩʪʴʝʚ ʦʙʝʨʪʢʠ 

ɼʣʷ ʧʨʠʤʝʨʘ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʦʪʨʝʪʴ ʧʨʦʩʪʦʡ 

ʩʣʫʯʘʡ ʜʚʠʞʝʥʠʷ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʪʝʣʘ ʧʦ ʜʚʫʤ 

ʚʨʘʱʘʶʱʠʤʩʷ ʚʘʣʴʮʘʤ. ɺʦʟʴʤʝʤ ʚʘʣʴʮʳ ʦʜʥʦʛʦ 

ʜʠʘʤʝʪʨʘ ʠ ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʫʛʣʦʚʳʤʠ ʩʢʦʨʦʩʪʷʤʠ, 

ʨʘʙʦʯʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʛʣʘʜʢʠʝ, ʚʳʧʦʣʥʝʥʥʳʝ ʠʟ ʦʜ-

ʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʤʘʪʝʨʠʘʣʘ, ʧʨʠʞʠʤʥʳʭ ʫʩʪʨʦʡʩʪʚ ʥʝʪ 

(ʨʠʩ. 3.4). 

ɽʩʣʠ ʧʦʣʦʞʠʪʴ ʥʝʦʯʠʱʝʥʥʳʡ ʧʦʯʘʪʦʢ ʥʘ ʚʨʘ-

ʱʘʶʱʠʝʩʷ ʥʘʚʩʪʨʝʯʫ ʜʨʫʛ ʜʨʫʛʫ ʠ ʧʦʩʪʘʚʣʝʥʥʳʝ ʧʦʜ 

ʥʝʢʦʪʦʨʳʤ ʫʛʣʦʤ ʢ ʛʦʨʠʟʦʥʪʫ ʚʘʣʴʮʳ, ʪʦ ʚʩʣʝʜʩʪʚʠʝ 

ʠʭ ʚʨʘʱʝʥʠʷ ʠ ʜʝʡʩʪʚʠʷ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʝʩʘ ʧʦʯʘʪʦʢ 

ʙʫʜʝʪ ʜʚʠʛʘʪʴʩʷ ʧʦ ʦʙʨʘʟʫʶʱʠʤ ʧʦʚʝʨʭʥʦʩʪʠ ʚʘʣʴ-

ʮʦʚ. ʇʨʠ ʵʪʦʤ ʥʘ ʦʙʨʘʟʫʶʱʠʭ, ʧʦ ʢʦʪʦʨʳʤ ʧʨʦʠʩʭʦ-

ʜʠʪ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʝ ʥʝʦʯʠʱʝʥʥʳʭ ʧʦʯʘʪʢʦʚ ʩ ʚʘʣʴ-

ʮʘʤʠ, ʚʦʟʥʠʢʘʶʪ ʢʘʩʘʪʝʣʴʥʳʝ ʩʠʣʳ ʊ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʣʠʩʪʴʷ ʦʙʝʨʪʢʠ ʦʪʜʝʣʷʶʪʩʷ ʦʪ ʧʦʯʘʪʢʦʚ ʠ ʧʨʦʪʷʛʠ-

ʚʘʶʪʩʷ ʤʝʞʜʫ ʚʘʣʴʮʘʤʠ. ʇʦʯʘʪʦʢ, ʠʤʝʶʱʠʡ ʙʦʣʴ-

ʰʦʡ ʜʠʘʤʝʪʨ, ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʟʘʪʷʥʫʪ ʤʝʞʜʫ ʚʘʣʴʮʘ-
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ʤʠ ʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ ʪʷʛʠ ʠʣʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʩʧʝʮʠʘʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʚ ʦʯʠʱʝʥʥʦʤ ʚʠʜʝ ʩʧʦʣʟʘʝʪ 

ʚʥʠʟ. ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ ʚʝʩʘ ʧʦʯʘʪʢʘ Q ʩʦ ʩʪʦʨʦ-

ʥʳ ʚʘʣʴʮʦʚ ʥʘ ʧʦʯʘʪʦʢ ʜʝʡʩʪʚʫʶʪ ʥʦʨʤʘʣʴʥʳʝ ʜʘʚ-

ʣʝʥʠʷ N, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ ʠ ʚʦʟʥʠʢʘʶʪ ʢʘʩʘ-

ʪʝʣʴʥʳʝ ʫʩʠʣʠʷ ʊ: 

T = fĿN,   H, 

ʛʜʝ f - ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʚʘʣʴʮʦʚ ʦ ʣʠʩʪʴʷ ʧʦʯʘʪ-

ʢʘ. 

ɼʣʷ ʟʘʭʚʘʪʘ ʣʠʩʪʴʝʚ ʚʘʣʴʮʘʤʠ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦ-

ʙʳ ʢʦʵʬʬʠʮʠʝʥʪ f, ʧʦ ʩʚʦʝʡ ʚʝʣʠʯʠʥʝ ʙʳʣ ʙʦʣʴʰʝ f1 

- ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʣʠʩʪʴʝʚ ʦʙʝʨʪʢʠ ʧʦ ʟʝʨʥʫ ʧʦ-

ʯʘʪʢʘ, ʘ ʪʘʢʞʝ ʙʦʣʴʰʝ f2 ð ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ 

ʤʝʞʜʫ ʣʠʩʪʴʷʤʠ ʦʙʝʨʪʢʠ. ʇʦ ʜʘʥʥʳʤ ɺʀʉʍʆʄʘ, f1= 

0,29; f2 = 0,35 ʠ ʩʠʣʘ ʦʪʨʳʚʘ ʣʠʩʪʴʝʚ ʦʪ  ʧʦʯʘʪʢʘ ʈmʘʭ 

= 4,1õ4,6 ʢʛ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʟʘʭʚʘʪʘ ʠ ʦʪʨʳʚʘ ʣʠʩʪʴʝʚ ʦʪ 

ʧʦʯʘʪʢʘ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʦʯʠʩʪʠʪʝʣʴʥʳʝ ʚʘʣʴʮʳ 

ʠʤʝʣʠ ʧʦʚʝʨʭʥʦʩʪʴ ʩ f 0,35 ʠ ʊʧʨ ʈmax, ʛʜʝ Tʧʨ - ʩʠ-

ʣʘ, ʩ ʢʦʪʦʨʦʡ ʧʨʦʪʘʩʢʠʚʘʶʪʩʷ ʣʠʩʪʴʷ ʦʙʝʨʪʢʠ; ʈʰʘʭ - 

ʩʠʣʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʪʨʳʚʫ ʣʠʩʪʴʝʚ ʦʪ ʧʦʯʘʪʢʘ. 

ʏʪʦʙʳ ʥʝ ʧʨʦʠʩʭʦʜʠʣʦ ʟʘʪʷʛʠʚʘʥʠʷ ʧʦʯʘʪʢʘ ʤʝʞ-

ʜʫ ʚʘʣʴʮʘʤʠ, ʜʦʣʞʥʦ ʩʦʙʣʶʜʘʪʴʩʷ ʫʩʣʦʚʠʝ: 

NĿf cos‌<NĿsin‌  

ʠʣʠ 

f<tg ‌.                                     (3.22) 

ɺ ʧʨʝʜʝʣʴʥʦʤ ʩʣʫʯʘʝ f = tg‌. 
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3.5.2 ʆʙʦʩʥʦʚʘʥʠʝ ʜʠʘʤʝʪʨʘ ʦʯʠʩʪʠʪʝʣʴʥʳʭ 

ʚʘʣʴʮʦʚ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʜʠʘʤʝʪʨʘ ʦʯʠ-

ʩʪʠʪʝʣʴʥʳʭ ʚʘʣʴʮʦʚ, ʇʨʠ ʢʦʪʦʨʦʤ ʥʝ ʙʫʜʝʪ ʧʨʦʠʩʭʦ-

ʜʠʪʴ ʟʘʪʷʛʠʚʘʥʠʷ ʧʦʯʘʪʢʘ, ʨʘʩʩʤʦʪʨʠʤ ʪʨʝʫʛʦʣʴʥʠʢ 

ʆɸ02 (ʨʠʩ. 3.4 ʘ): 

ʩos ‌=
ὕὃ

ὕὕ2
=

Ὠὄ

Ὠὄz Ὠὲ
 

ɽʩʣʠ ʜʠʘʤʝʪʨ ʧʦʯʘʪʢʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʪʦ cos  ‌ 

ʫʤʝʥʴʰʘʝʪʩʷ, ʟʥʘʯʠʪ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʠʘʤʝʪʨʘ 

ʚʘʣʴʮʦʚ ʩʣʝʜʫʝʪ ʧʨʠʥʠʤʘʪʴ ʚʝʣʠʯʠʥʫ ʫʛʣʘ  ‌ ʩʦʦʩʪ-

ʚʫʶʱʫʶ ʤʠʥʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ ʜʠʘʤʝʪʨʘ ʧʦʯʘʪ-

ʢʘ: 

Ὠὄ=
cos‌

1 cos‌
Ὠὲ, ὓ, 

 

ʈʠʩʫʥʦʢ 3.4 ʈʘʙʦʪʘ ʦʯʠʩʪʠʪʝʣʴʥʳʭ ʚʘʣʴʮʦʚ: ʘ ï ʩʭʝʤʘ 

ʦʯʠʩʪʢʠ; ʙ ï ʩʭʝʤʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ ʧʦʯʘʪʢʦʚ 
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ɽʩʣʠ dʚ ʦʧʨʝʜʝʣʷʪʴ ʧʦ ʤʠʥʠʤʘʣʴʥʦʤʫ dn, ʪʦ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʚʪʷʛʠʚʘʥʠʷ ʧʦʯʘʪʢʘ ʤʝʞʜʫ ʚʘʣʴʮʘʤʠ ʠʩ-

ʢʣʶʯʘʝʪʩʷ. 

ʆʙʦʟʥʘʯʠʤ: 

ʂ=
cos‌

1 cos‌
, 

ʊʦʛʜʘ 

DB=KĿdn(min), M.                     (3.25) 

ʇʦ ʜʘʥʥʳʤ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʨʠ 

ʩʨʝʜʥʝʡ ʫʨʦʞʘʡʥʦʩʪʠ ʜʠʘʤʝʪʨ ʧʦʯʘʪʢʘ ʢʦʣʝʙʣʝʪʩʷ ʚ 

ʧʨʝʜʝʣʘʭ 25-55 ʤʤ. 

ʋ ʩʫʱʝʩʪʚʫʶʱʠʭ ʦʯʠʩʪʠʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʜʠʘ-

ʤʝʪʨ ʚʘʣʴʮʦʚ 

Dʚ =0,68-0,103 ʤ. 

3.5.3 ʋʩʣʦʚʠʷ, ʚʣʠʷʶʱʠʝ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴ-

ʥʦʩʪʴ ʧʦʯʘʪʢʦʦʯʠʩʪʠʪʝʣʷ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩ-

ʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʦʯʠʩʪʢʠ ʧʦʯʘʪʢʦʚ ʢʫʢʫʨʫʟʳ ʦʪ 

ʦʙʝʨʪʦʢ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʷʪʴ ʧʘʨʫ ʚʘʣʴʮʦʚ, ʫʩ-

ʪʘʥʦʚʣʝʥʥʳʭ ʩʦ ʩʤʝʱʝʥʠʝʤ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦ-

ʩʪʠ ʥʘ 40 ʤʤ. ʇʨʠʯʝʤ, ʚʝʨʭʥʠʡ ʚʘʣʝʮ - ʛʣʘʜʢʠʡ ʦʙʨʝ-

ʟʠʥʝʥʥʳʡ, ʥʠʞʥʠʡ, ʚʦʩʧʨʠʥʠʤʘʶʱʠʡ ʦʩʥʦʚʥʦʝ ʜʘʚ-

ʣʝʥʠʝ ʧʨʠ ʦʙʨʳʚʝ ʣʠʩʪʴʝʚ, - ʩʪʘʣʴʥʦʡ ʠʜʠ ʯʫʛʫʥʥʳʡ 

ʩ ʰʠʥʘʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʯʘʪʦʢ ʜʦʣʞʝʥ ʩʦʚʝʨʰʘʪʴ 

ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʧʘʨʘʣʣʝʣʴʥʦ ʦʩʠ ʚʘʣʴʮʦʚ ʠ 

ʚʨʘʱʘʪʝʣʴʥʦʝ - ʚʦʢʨʫʛ ʩʚʦʝʡ ʦʩʠ. ʇʦʩʪʫʧʘʪʝʣʴʥʦʝ 
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ʜʚʠʞʝʥʠʝ ʧʦʯʘʪʢʦʚ ʚʜʦʣʴ ʦʩʠ ʚʘʣʴʮʦʚ ʜʦʩʪʠʛʘʝʪʩʷ 

ʫʩʪʘʥʦʚʢʦʡ ʧʦʩʣʝʜʥʠʭ ʧʦʜ ʫʛʣʦʤ ʢ ʛʦʨʠʟʦʥʪʫ (ʨʠʩ. 

3.4 ʙ). ʈʘʟʣʦʞʠʤ ʩʠʣʫ ʤʘʩʩʳ ʧʦʯʘʪʢʘ Q ʥʘ ʩʦʩʪʘʚ-

ʣʷʶʱʠʝ Q1 ʠ Q2. 

ʇʦʯʘʪʦʢ ʙʫʜʝʪ ʜʚʠʛʘʪʴʩʷ ʚʜʦʣʴ ʦʩʠ ʚʘʣʴʮʦʚ ʚ ʪʦʤ 

ʩʣʫʯʘʝ, ʝʩʣʠ ʩʠʣʘ Q2 ʙʫʜʝʪ ʙʦʣʴʰʝ ʩʠʣ ʪʨʝʥʠʷ ʧʦʯʘʪ-

ʢʘ ʦ ʚʘʣʴʮʳ. 

ʏʪʦʙʳ ʧʦʯʘʪʦʢ ʤʦʛ ʚʨʘʱʘʪʴʩʷ ʚʦʢʨʫʛ ʩʚʦʝʡ ʦʩʠ ʠ 

ʧʝʨʝʤʝʱʘʪʴʩʷ ʚʜʦʣʴ ʥʝʝ, ʦʯʠʩʪʠʪʝʣʴʥʳʝ ʚʘʣʴʮʳ ʫʩ-

ʪʘʥʘʚʣʠʚʘʶʪʩʷ ʩ ʥʝʢʦʪʦʨʳʤ ʩʤʝʱʝʥʠʝʤ h ʧʦʜ ʫʛʣʦʤ  

‎. ʇʨʠ ʪʘʢʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ ʚʘʣʴʮʦʚ ʥʦʨʤʘʣʴʥʳʝ 

ʜʘʚʣʝʥʠʷ Q1
"
 ʠ Q1

'
 ʦʪ ʤʘʩʩʳ ʧʦʯʘʪʢʘ ʥʘ ʢʘʞʜʳʡ ʠʟ 

ʚʘʣʴʮʦʚ ʙʫʜʫʪ ʨʘʟʣʠʯʥʳ ʧʦ ʚʝʣʠʯʠʥʝ. ʉʠʣʳ  Q1
"
 ʠ Q1

'
  

ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ ʪʨʝʫʛʦʣʴʥʠʢʘ ʆɸʉ (ʨʠʩ. 3.5): 

ὗ"1

sinὃὕὅ
=

ὗᴂ1
sinὕὅὃ

=
ὗ

sinὕὃὅ
 

ʋʛʣʳ 

OCA=90
0
-(‌+ ‎) 

OAC=2‌ 

AOC=90
0
-(‌+ ‎) 

ὗ"1

ίὭὲ900 ‌ ‎
=

ὗᴂ1
ίὭὲ900 ‌ ‎

=
ὗ

sin 2‌
 

ʆʪʢʫʜʘ 

ὗ"1 = ὗ1

cos(‌ ‎)

sin 2‌
; ὗᴂ1 = ὗ1

ὧέί‍ czos(‌+ ‎)

sin 2‌
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ʅʦ ʪʘʢ ʢʘʢ 

Q1=QĿcos‍ 

ʊʦ 

ὗ"1 = ὗ1

ὧέί‍cos(‌ ‎)

sin 2‌
 ̉  ὗᴂ1 = ὗ1

ὧέί‍cos(‌+ ‎)

sin 2‌
 

ɿʥʘʷ ʩʠʣʳ ὗ"1  ʠ ὗᴂ1, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠ ʩʠʣʳ 

ʪʨʝʥʠʷ ʤʝʞʜʫ ʜʚʠʞʫʱʠʤʠʩʷ ʧʦʯʘʪʢʘʤʠ ʠ ʚʘʣʴʮʘʤʠ. 

ʗʩʥʦ, ʯʪʦ ʩʠʣʳ ʪʨʝʥʠʷ ʙʫʜʫʪ ʥʘʧʨʘʚʣʝʥʳ ʚ ʩʪʦʨʦʥʫ, 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʜʚʠʞʝʥʠʶ ʧʦʯʘʪʢʘ. ʉʠʣʳ ʵʪʠ ʙʫ-

ʜʫʪ ʨʘʟʣʠʯʥ  rʧʦ ʚʝʣʠʯʠʥʝ, ʪ.ʢ. ʚʘʣʴʮʳ ʩʤʝʱʝʥʳ ʦʪ-

ʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ ʥʘ ʚʝʣʠʯʠʥʫ h. ɼʣʷ ʧʨʦʩʪʦʪʳ 

ʨʘʩʯʝʪʘ ʧʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʨʝʥʠʷ 

ʧʦʯʘʪʢʘ ʩ ʢʘʞʜʳʤ ʚʘʣʴʮʦʤ ʦʜʠʥʘʢʦʚʳ, ʘ ʪ.ʢ. ʚʘʣʴʮʳ 

ʩʤʝʱʝʥʳ, ʪʦ ὗ"1   ὗᴂ1 , ʟʥʘʯʠʪ ʠ ʩʠʣʳ ʪʨʝʥʠʷ F1" > 

F1'. ʉʠʣʳ ʪʨʝʥʠʷ F1" ʠ F1', ʩʪʨʝʤʷʪʩʷ ʧʦʯʘʪʦʢ ʜʠʘ-

ʤʝʪʨʦʤ dn ʚʨʘʱʘʪʴ ʚ ʨʘʟʥʳʝ ʩʪʦʨʦʥʳ ʩ ʤʦʤʝʥʪʘʤʠ: 

M1"=F1"
Ὠὲ

2
 ̉Mᴂ1 = Ὂᴂ1

Ὠὲ

2
 

ʄʀɿʄ=ʄ1"-ʄ1'=(F1"-F1')
Ὠὲ

2
,Ὄᶻ̇               (3.27) 

ʇʨʠ ʵʪʦʤ, ʯʝʤ ʙʦʣʴʰʝ ʚʝʣʠʯʠʥʘ h, ʪʝʤ ʙʦʣʴʰʝ 

ʨʘʟʥʦʩʪʴ F1"- F1', ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʝʤ ʙʦʣʴʰʝ ʤʦ-

ʤʝʥʪ, ʚʨʘʱʘʶʱʠʡ ʧʦʯʘʪʢʠ, ʚʦʢʨʫʛ ʠʭ ʦʩʠ. 
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3.5.4 ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʦʯʘʪʢʦʦʯʠʱʘʶʱʝ-

ʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʂʘʢ ʤʳ ʫʞʝ ʦʪʤʝʯʘʣʠ, ʦʧʝʨʘʮʠʷ ʧʝʨʝʤʝʱʝʥʠʷ 

ʧʦʯʘʪʢʘ ʧʦ ʚʘʣʴʮʘʤ, ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʦʧʨʝʜʝʣʷʝʪ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʦʯʘʪʢʦʦʯʠʩʪʠʪʝʣʷ ʢʘʢ ʪʨʘʥʩ-

ʧʦʨʪʠʨʫʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ. ɼʣʷ ʙʦʣʝʝ ʥʘʜʝʞʥʦʛʦ ʟʘ-

ʭʚʘʪʘ ʣʠʩʪʴʝʚ ʦʙʝʨʪʢʠ ʧʦʯʘʪʢʠ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʧʦʣʘ-

ʛʘʪʴ ʚʜʦʣʴ ʚʘʣʴʮʦʚ ʩʣʦʝʤ ʚ ʦʜʠʥ ʨʷʜ. ɽʩʣʠ ʧʦʜʘʯʘ 

ʧʦʯʘʪʢʦʚ ʠʜʝʘʣʴʥʘʷ, ʪʦ ʦʥʠ ʜʚʠʞʫʪʩʷ ʩʣʦʝʤ ʦʜʠʥ ʟʘ 

ʜʨʫʛʠʤ ʙʝʟ ʧʨʦʤʝʞʫʪʢʦʚ. ʌʦʨʤʫʣʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴ-

ʥʦʩʪʠ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ: 

ʇ=
3600ᶻ̋ άz ὠz̋

―z̒
 , ʢʛ/ʩ                      (3.28) 

ʛʜʝ ʈ - ʩʨʝʜʥʷʷ ʤʘʩʩʘ ʧʦʯʘʪʢʘ, ʢʛ;  

m - ʯʠʩʣʦ ʨʫʩʝʣ (ʧʘʨ ʚʘʣʴʮʦʚ);  

Vx - ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦʯʘʪʢʦʚ ʧʦ ʚʘʣʴʮʘʤ, 

ʤ/ʩ; 

l - ʩʨʝʜʥʷʷ ʜʣʠʥʘ ʧʦʯʘʪʢʘ, ʤ. 

ʀʟ ʵʪʦʡ ʬʦʨʤʫʣʳ ʚʠʜʥʦ, ʯʪʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʧʦʯʘʪʢʦʦʯʠʩʪʠʪʝʣʷ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʯʠʩʣʫ 

ʨʫʩʝʣ m, ʦʪʥʦʰʝʥʠʶ ʩʨʝʜʥʝʡ ʤʘʩʩʳ ʧʦʯʘʪʢʘ ʢ ʝʛʦ 

ʜʣʠʥʝ l ʠ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʧʦʯʘʪʢʦʚ Vx. ʇʨʠ ʧʨʦʝʢ-

ʪʠʨʦʚʘʥʠʠ ʧʦʯʘʪʢʦʦʯʠʩʪʠʪʝʣʷ ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʨʦʠʟ-

ʚʦʜʠʪʝʣʴʥʦʩʪʠ ʤʦʞʥʦ ʟʘʜʘʪʴʩʷ ʚʝʣʠʯʠʥʦʡ ʪ. ʆʪʥʦ-

ʰʝʥʠʝ ʉ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʨʪʦʤ ʢʫʢʫʨʫʟʳ ʠ ʚʣʘʞʥʦ-

ʩʪʴʶ ʧʦʯʘʪʢʦʚ, ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʦʨʪʦʚ ʢʫʢʫʨʫʟʘ ʠ ʝʝ 

ʛʠʙʨʠʜʦʚ ʟʥʘʯʝʥʠʷ ʉ ʢʦʣʝʙʣʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 1-1,5. 

ɹʦʣʝʝ ʩʣʦʞʥʳʤ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʘ 

Vʭ. ɼʦʩʪʘʪʦʯʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʩʢʦʨʦʩʪʴ Vx ʟʘʚʠʩʠʪ ʦʪ 
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ʫʛʣʘ ʥʘʢʣʦʥʘ ʚʘʣʴʮʦʚ ʢ ʛʦʨʠʟʦʥʪʫ, ʯʠʩʣ ̫ʦʙʦʨʦʪʦʚ ʠ 

ʜʠʘʤʝʪʨʘ ʧʦʯʘʪʢʦʚ. ʏʪʦʙʳ ʫʷʩʥʠʪʴ ʤʝʭʘʥʠʢʫ ʧʝʨʝ-

ʤʝʱʝʥʠʷ ʧʦʯʘʪʢʘ ʧʦ ʚʘʣʴʮʘʤ, ʥʝʦʙʭʦʜʠʤʦ ʘʥʘʣʠʪʠ-

ʯʝʩʢʠ ʩʚʷʟʘʪʴ ʩʢʦʨʦʩʪʴ ʩ ʬʘʢʪʦʨʘʤʠ, ʢʦʪʦʨʳʝ ʝʝ ʦʧ-

ʨʝʜʝʣʷʶʪ.  
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4 ʄɸʐʀʅʓ ɼʃʗ ʋɹʆʈʂʀ ʉɸʍɸʈʅʆʁ 

ʉɺɽʂʃʓ 

4.1 ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʘʭʘʨʥʦʡ 

ʩʚʝʢʣʳ, ʠʤʝʶʱʠʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʫʙʦʨʢʝ 

ɺ ʧʝʨʠʦʜ ʧʦʣʥʦʡ ʩʧʝʣʦʩʪʠ ʦʩʥʦʚʥʘʷ ʤʘʩʩʘ ʩʘʭʘʨʘ 

ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʚ ʢʦʨʥʝ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʷ-

ʝʪʩʷ ʪʝʭʥʠʯʝʩʢʦʡ ʜʣʠʥʦʡ. ʅʠʞʥʷʷ ʯʘʩʪʴ ʢʦʨʥʷ ʫʭʦ-

ʜʠʪ ʛʣʫʙʦʢʦ ʚ ʧʦʯʚʫ ʥʘ ʛʣʫʙʠʥʫ ʙʦʣʝʝ ʦʜʥʦʛʦ ʤʝʪʨʘ. 

ʇʨʠ ʚʳʢʘʧʳʚʘʥʠʠ ʦʙʨʳʚʘʝʪʩʷ ʥʘ ʜʠʘʤʝʪʨʝ 8-10 ʤʤ ʠ 

ʦʩʪʘʝʪʩʷ ʚ ʧʦʯʚʝ. ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʢʦʨʥʷ ʨʘʩʧʦʣʦʞʝ-

ʥʘ ʙʦʪʚʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ 10-30 ʢʨʫʧʥʳʭ ʣʠʩʪʴʝʚ [2]. 

ʇʦʣʦʞʝʥʠʝ ʢʦʨʥʷ ʚ ʧʦʯʚʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʰʠʨʠʥʦʡ 

ʤʝʞʜʫʨʷʜʴʷ, ʰʘʛʦʤ ʨʘʩʩʪʘʥʦʚʢʠ ʚ ʨʷʜʫ ʠ ʧʦʣʦʞʝʥʠ-

ʝʤ ʢʦʨʥʷ ʧʦ ʚʳʩʦʪʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʨʦʚʥʷ ʧʦʯʚʳ. 

ɺʝʣʠʯʠʥʘ ʤʝʞʜʫʨʷʜʴʷ ʨʘʩʪʝʥʠʡ ʦʙʫʩʣʘʚʣʠʚʘʝʪ 

ʛʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ ʤʘʰʠʥʳ, ʨʘʟʤʝʱʝʥʠʝ ʠ ʨʘʟʤʝʨʳ 

ʦʪʜʝʣʴʥʳʭ ʝʝ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʠ ʚʣʠʷʝʪ ʥʘ ʧʨʦʭʦʜʠ-

ʤʦʩʪʴ ʘʛʨʝʛʘʪʘ ʧʦ ʩʚʝʢʣʦʚʠʯʥʦʤʫ ʧʦʣʶ. ʐʘʛ ʨʘʟʤʝ-

ʱʝʥʠʷ ʠ ʚʳʩʦʪʘ  ʚʳʣʝʪʘ ʢʦʨʥʝʡ ʚʣʠʷʶʪ ʥʘ ʧʘʨʘʤʝʪ-

ʨʳ ʠ ʨʝʞʠʤ ʨʘʙʦʪʳ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ, ʚʳʜʝʨʛʠʚʘʶ-

ʱʠʭ ʢʦʨʥʠ ʠ ʦʙʨʝʟʘʶʱʠʭ ʙʦʪʚʫ. 

ɺʝʨʭʥʠʡ ʫʨʦʚʝʥʴ ʢʦʨʥʷ ʤʦʞʝʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʢʘʢ 

ʥʠʞʝ (ʜʦ 30 ʤʤ) ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ, ʪʘʢ ʠ ʚʳʰʝ ʝʛʦ 

(ʜʦ 80 ʤʤ ʠ ʙʦʣʝʝ). 

ʄʘʩʩʘ ʢʦʨʥʷ ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ 

ʝʛʦ ʨʘʟʤʝʨʘʤʠ ʠ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ - 

ʦʪ 0,2 ʜʦ 5 ʢʛ [2]. ʆʩʦʙʦ ʚʘʞʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʩʘʭʘʨ-

ʥʦʡ ʩʚʝʢʣʳ ʚʦ ʚʨʝʤʷ ʝʝ ʫʙʦʨʢʠ ʷʚʣʷʶʪʩʷ ʫʩʠʣʠʝ ʩʚʷ-
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ʟʠ ʢʦʨʥʷ ʩ ʧʦʯʚʦʡ, ʧʨʦʯʥʦʩʪʴ ʙʦʪʚʳ ʠ ʚʨʝʤʝʥʥʦʝ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʝ ʢʦʨʥʷ ʠʟʛʠʙʫ. ʇʝʨʚʳʝ ʜʚʘ ʩʚʦʡʩʪʚʘ 

ʠʤʝʶʪ ʟʥʘʯʝʥʠʝ ʧʨʠ ʨʘʩʯʝʪʝ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ, ʢʦʪʦ-

ʨʳʤʠ ʢʦʨʥʠ ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ ʠʟʚʣʝʢʘʶʪʩʷ ʠʟ ʧʦʯʚʳ. 

ʋʩʠʣʠʝ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʠʟ ʧʦʯʚʳ ʥʝ-

ʧʦʜʢʦʧʘʥʥʦʛʦ ʢʦʨʥʷ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʙʦʣʴʰʝ 

ʠʣʠ ʨʘʚʥʦ ʫʩʠʣʠʶ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʨʳʚ 

ʙʦʪʚʳ. ʇʨʘʢʪʠʢʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʟʘ ʙʦʪʚʫ ʠʟ ʧʦʯʚʳ 

ʤʦʞʥʦ ʠʟʚʣʝʯʴ ʪʦʣʴʢʦ 40-50 % ʥʝʧʦʜʢʦʧʘʥʥʳʭ ʢʦʨ-

ʥʝʡ, ʘ ʚ ʦʩʪʘʣʴʥʳʭ ʩʣʫʯʘʷʭ ʙʦʪʚʘ ʦʙʨʳʚʘʝʪʩʷ. ʇʦʜ-

ʢʘʧʳʚʘʥʠʝ ʢʦʨʥʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʨʘʟʨʳʭʣʷʝʪʩʷ ʧʦʯʚʘ ʠ 

ʦʙʨʳʚʘʶʪʩʷ ʙʦʢʦʚʳʝ ʢʦʨʝʰʢʠ ʠ ʭʚʦʩʪʠʢ, ʨʝʟʢʦ ʩʥʠ-

ʞʘʝʪ ʫʩʠʣʠʝ ʠʟʚʣʝʯʝʥʠʷ ʝʛʦ ʠʟ ʧʦʯʚʳ. ʉʠʣʴʥʳʝ ʧʦ-

ʚʨʝʞʜʝʥʠʷ ʢʦʨʥʠ ʧʦʣʫʶʪ ʧʨʠ ʧʘʜʝʥʠʠ ʩ ʚʳʩʦʪʳ ʙʦ-

ʣʝʝ 1,5 ʤ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʢʦʨʦʩʪʠ ʩʦʫʜʘʨʝʥʠʷ 5,4 

ʤ/ʩ [1]. 

4.2 ʉʧʦʩʦʙʳ ʫʙʦʨʢʠ ʠ ʘʛʨʦʪʨʝʙʦʚʘʥʠʷ 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʫʙʦʨʢʠ ʩʘʭʘʨʥʦʡ ʩʚʝʢ-

ʣʳ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʦʧʝʨʘʮʠʠ [9]: 

- ʧʦʜʢʘʧʳʚʘʥʠʝ ʢʦʨʥʝʡ; 

- ʠʟʚʣʝʯʝʥʠʝ (ʪʝʨʝʙʣʝʥʠʝ) ʢʦʨʥʝʡ ʠʟ ʧʦʯʚʳ; 

- ʦʙʨʝʟʢʘ ʢʦʨʦʥʢʠ; 

- ʦʯʠʩʪʢʘ ʢʦʨʥʝʡ; 

- ʧʦʛʨʫʟʦʯʥʦ-ʟʘʛʨʫʟʦʯʥʳʝ ʨʘʙʦʪʳ   

ʉʫʱʝʩʪʚʫʝʪ ʯʝʪʳʨʝ ʩʧʦʩʦʙʘ ʫʙʦʨʢʠ ʩʘʭʘʨʥʦʡ 

ʩʚʝʢʣʳ: ʨʫʯʥʦʡ, ʢʦʤʙʘʡʥʦʚʳʡ, ʧʦʪʦʯʥʳʡ ʠ ʧʝʨʝʚʘ-

ʣʦʯʥʳʡ. 
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ʈʫʯʥʦʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʠʩʧʦʣʴʟʫʝʤʳʝ 

ʩʧʝʮʠʘʣʴʥʳʝ ʩʚʝʢʣʦʫʙʦʨʦʯʥʳʝ ʦʨʫʜʠʷ - ʩʚʝʢʣʦʧʦʜʲ-

ʝʤʥʠʢʠ ʥʘʨʫʰʘʶʪ ʩʚʷʟʴ ʢʦʨʥʷ ʩ ʧʦʯʚʦʡ, ʘ ʦʩʪʘʣʴʥʳʝ 

ʦʧʝʨʘʮʠʠ ʚʳʧʦʣʥʷʶʪ ʚʨʫʯʥʫʶ. ʕʪʦʪ ʩʧʦʩʦʙ ʥʘʠʙʦ-

ʣʝʝ ʪʨʫʜʦʝʤʢʠʡ ʠ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʠʩʢʣʶʯʠʪʝʣʴʥʳʭ 

ʩʣʫʯʘʷʭ. 

ʂʦʤʙʘʡʥʦʚʳʡ ʩʧʦʩʦʙ ʫʙʦʨʢʠ. ʆʩʥʦʚʥʳʝ ʦʧʝʨʘ-

ʮʠʠ (ʠʟʚʣʝʯʝʥʠʝ ʢʦʨʥʷ ʠʟ ʧʦʯʚʳ, ʦʙʨʝʟʢʘ ʢʦʨʦʥʢʠ ʠ 

ʯʘʩʪʠʯʥʘʷ ʦʯʠʩʪʢʘ ʢʦʨʥʝʡ) ʧʨʦʠʟʚʦʜʷʪʩʷ ʤʘʰʠʥʦʡ - 

ʢʦʤʙʘʡʥʦʤ. ʇʝʨʝʜ ʦʪʧʨʘʚʢʦʡ ʥʘ ʩʘʭʘʨʥʳʡ ʟʘʚʦʜ ʠʣʠ 

ʚ ʭʨʘʥʠʣʠʱʝ ʢʦʨʥʠ ʥʝʦʙʭʦʜʠʤʦ ʜʦʦʯʠʩʪʠʪʴ. ɼʦʦʯʠ-

ʩʪʢʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚʨʫʯʥʫʶ ʠʣʠ ʧʦʛʨʫʟʯʠʢʦʤ-

ʦʯʠʩʪʠʪʝʣʝʤ, ʥʝʜʦʩʪʘʪʦʢ ʩʧʦʩʦʙʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, 

ʯʪʦ ʢʦʨʥʠ ʩʚʝʢʣʳ ʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ ʥʘ ʧʦʣʝ ʚ ʥʝʫʢ-

ʨʳʪʳʭ ʢʫʯʘʭ ʠʣʠ ʚʘʣʢʘʭ ʥʝʩʢʦʣʴʢʦ ʜʥʝʡ. 

ʇʦʪʦʯʥʳʡ ʩʧʦʩʦʙ. ʇʨʠ ʵʪʦʤ ʩʧʦʩʦʙʝ ʢʦʨʥʠ ʠ 

ʙʦʪʚʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʝʢʣʦʫʙʦʨʦʯʥʦʡ ʤʘʰʠʥʦʡ 

ʟʘʛʨʫʞʘʶʪʩʷ ʚ ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦ ʠ ʥʘʧʨʘʚ-

ʣʷʶʪʩʷ ʩʨʘʟʫ ʞʝ ʢ ʤʝʩʪʫ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʣʠ ʭʨʘ-

ʥʝʥʠʷ. ʕʪʦ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʩʧʦʩʦʙ. ʆʥ 

ʥʘʠʤʝʥʝʝ ʪʨʫʜʦʝʤʦʢ ʠ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʩʪʠ 

ʫʙʦʨʢʫ ʚ ʢʨʘʪʯʘʡʰʠʝ ʩʨʦʢʠ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʧʦʪʝ-

ʨʷʤʠ. 

ʈʘʟʣʠʯʘʶʪ ʦʜʥʦ- ʠ ʜʚʫʭʬʘʟʥʳʡ (ʨʘʟʜʝʣʴʥʳʡ) ʧʦ-

ʪʦʯʥʳʡ ʩʧʦʩʦʙʳ. ʇʨʠ ʦʜʥʦʬʘʟʥʦʤ ʦʩʥʦʚʥʦʡ ʤʘʰʠ-

ʥʦʡ ʷʚʣʷʝʪʩʷ ʢʦʤʙʘʡʥ, ʦʙʦʨʫʜʦʚʘʥʥʳʡ ʤʝʭʘʥʠʟʤʘʤʠ 

ʜʣʷ ʦʯʠʩʪʢʠ ʢʦʨʥʝʡ ʠ ʧʦʛʨʫʟʢʠ ʠʭ ʚ ʪʨʘʥʩʧʦʨʪʥʳʝ 

ʩʨʝʜʩʪʚʘ. ʂʘʢ ʧʨʘʚʠʣʦ, ʵʪʠ ʢʦʤʙʘʡʥʳ ʩʥʘʙʞʝʥʳ ʧʨʠ-

ʮʝʧʥʳʤʠ ʪʝʣʝʞʢʘʤʠ ʜʣʷ ʩʙʦʨʘ ʙʦʪʚʳ. ɼʚʫʭʬʘʟʥʘʷ 
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ʧʦʪʦʯʥʘʷ ʫʙʦʨʢʘ ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ 

ʧʨʠʤʝʥʝʥʠʝ ʜʚʫʭ ʚʠʜʦʚ ʤʘʰʠʥ: ʦʪʜʝʣʴʥʦ ʜʣʷ ʫʙʦʨʢʠ 

ʙʦʪʚʳ ʠ ʦʪʜʝʣʴʥʦ ʜʣʷ ʚʳʢʘʧʳʚʘʥʠʷ ʠ ʦʯʠʩʪʢʠ ʢʦʨ-

ʥʝʡ. ʉʥʘʯʘʣʘ ʙʦʪʚʦʫʙʦʨʦʯʥʘʷ ʤʘʰʠʥʘ ʩʨʝʟʘʝʪ ʙʦʪʚʫ 

ʥʘ ʢʦʨʥʶ ʠ ʛʨʫʟʠʪ ʝʝ ʚ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ, ʟʘʪʝʤ 

ʜʨʫʛʘʷ ʤʘʰʠʥʘ ʚʳʢʘʧʳʚʘʝʪ, ʦʯʠʱʘʝʪ ʠ ʟʘʛʨʫʞʘʝʪ 

ʢʦʨʥʠ ʩʚʝʢʣʳ ʚ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ. 

ʇʝʨʝʚʘʣʦʯʥʳʡ ʩʧʦʩʦʙ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦ-

ʤʝʞʫʪʦʯʥʳʡ ʚʘʨʠʘʥʪ ʤʝʞʜʫ ʢʦʤʙʘʡʥʦʚʳʤ ʠ ʧʦʪʦʯ-

ʥʳʤ ʩʧʦʩʦʙʘʤʠ ʫʙʦʨʢʠ ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ. ʉʫʪʴ ʝʛʦ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʪ ʢʦʤʙʘʡʥʘ ʠʣʠ ʢʦʨʥʝʚʳʢʘ-

ʧʳʚʘʶʱʝʡ ʤʘʰʠʥʳ ʢʦʨʥʠ ʚʳʚʦʟʷʪ ʥʝ ʥʘ ʧʨʠʝʤʥʳʝ 

ʧʫʥʢʪʳ, ʘ ʥʘ ʩʧʝʮʠʘʣʴʥʦ ʚʳʜʝʣʝʥʥʳʝ ʧʣʦʱʘʜʢʠ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʝʜʘʣʝʢʦ ʦʪ ʫʙʠʨʘʝʤʦʛʦ ʧʦʣʷ ʠ 

ʫʜʦʙʥʳʝ ʜʣʷ ʧʦʜʲʝʟʜʘ ʪʨʘʥʩʧʦʨʪʘ. ʅʘ ʵʪʠʭ ʧʣʦʱʘʜ-

ʢʘʭ ʢʦʨʥʠ ʩʢʣʘʜʳʚʘʶʪ ʚ ʙʫʨʪʳ, ʘ ʦʪʪʫʜʘ ʧʦ ʤʝʨʝ ʥʝ-

ʦʙʭʦʜʠʤʦʩʪʠ ʢʦʨʥʠ ʦʪʧʨʘʚʣʷʶʪ ʥʘ ʧʨʠʝʤʥʳʝ ʧʫʥʢ-

ʪʳ, ʛʜʝ ʠʭ ʟʘʙʠʨʘʶʪ ʩʧʝʮʠʘʣʴʥʳʤʠ ʧʦʛʨʫʟʯʠʢʘʤʠ-

ʦʯʠʩʪʠʪʝʣʷʤʠ. ʇʨʝʠʤʫʱʝʩʪʚʦ ʩʧʦʩʦʙʘ - ʧʨʠ ʤʠʥʠ-

ʤʘʣʴʥʦʡ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʪʨʘʥʩʧʦʨʪʝ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʙʳʩʪʨʦ ʦʩʚʦʙʦʜʠʪʴ ʧʦʣʝ ʜʣʷ ʧʦʩʣʝʫʙʦʨʦʯʥʦʡ ʦʙʨʘ-

ʙʦʪʢʠ ʧʦʯʚʳ. 

ʂ ʤʘʰʠʥʘʤ ʜʣʷ ʫʙʦʨʢʠ ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ ʧʨʝʜʲ-

ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ: 

- ʦʙʱʠʝ ʧʦʪʝʨʠ ʢʦʨʥʝʡ ʥʝ ʜʦʣʞʥʳ ʧʨʝʚʳʰʘʪʴ 1,5 

%, ʧʦʪʝʨʠ ʙʦʪʚʳ- 8%; 

- ʟʘʩʦʨʝʥʥʦʩʪʴ ʢʦʨʥʝʡ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ      

10 %,  ʚ ʪʦʤ ʯʠʩʣʝ ʟʘʩʦʨʝʥʥʦʩʪʴ ʯʝʨʝʰʢʘʤʠ ʠ ʙʦʪʚʦʡ 

1,5 %; 
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-  ʦʪʭʦʜʳ ʩʘʭʘʨʦʥʦʩʥʦʡ ʤʘʩʩʳ ʢʦʨʥʷ ʩʦ ʩʨʝʟʘʥ-

ʥʳʤʠ ʢʦʨʦʥʢʘʤʠ ʥʝ ʜʦʣʞʥʳ ʧʨʝʚʳʰʘʪʴ 5 %; 

- ʧʦʚʨʝʞʜʝʥʥʳʝ ʢʦʨʥʠ ʤʦʛʫʪ ʩʦʩʪʘʚʣʷʪʴ ʥʝ ʙʦʣʝʝ 

8 % ʦʙʱʝʡ ʤʘʩʩʳ; 

-  ʥʝ ʜʦʧʫʩʢʘʝʪʩʷ ʟʘʛʨʷʟʥʝʥʠʝ ʩʦʙʨʘʥʥʦʡ ʙʦʪʚʳ 

ʟʝʤʣʝʡ ʙʦʣʝʝ ʯʝʤ 0,5 % ʦʪ ʦʙʱʝʡ ʤʘʩʩʳ. 

4.3 ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦ-

ʮʝʩʩ ʨʘʙʦʪʳ ʩʚʝʢʣʦʫʙʦʨʦʯʥʳʭ ʤʘʰʠʥ 

ʅʘ ʨʠʩʫʥʢʝ 4.1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʢʣʘʩʩʠʬʠʢʘ-

ʮʠʠ ʩʚʝʢʣʦʫʙʦʨʦʯʥʳʭ ʤʘʰʠʥ. 

ʉʚʝʢʣʦʧʦʜʲʝʤʥʠʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʘʚʝʩ-

ʥʳʝ ʦʨʫʜʠʷ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʧʦʜʢʘʧʳʚʘʥʠʷ 

ʩʚʝʢʣʳ ʩ ʛʨʷʜʢʠ, ʨʘʙʦʯʠʤ ʦʨʛʘʥʦʤ ʷʚʣʷʝʪʩʷ ʇʦʜʢʘ-

ʧʳʚʘʶʱʘʷ ʣʘʧʘ (ʠʣʠ ʥʦʞ), ʢʦʪʦʨʘʷ ʟʘʛʣʫʙʣʷʝʪʩʷ ʚ 

ʧʦʯʚʫ ʜʦ 28 ʩʤ. ʆʥʘ ʧʦʜʨʝʟʘʝʪ ʠʣʠ ʩʢʘʣʳʚʘʝʪ ʢʦʨʝʥʴ 

ʫ ʭʚʦʩʪʠʢʘ, ʨʳʭʣʠʪ ʧʦʯʚʫ ʠ ʩʤʝʱʘʝʪ ʢʦʨʝʥʴ  ʚʚʝʨʭ ʠ 

ʚ ʩʪʦʨʦʥʫ. 

 
ʈʠʩʫʥʦʢ 4.1 ʉʭʝʤʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩʚʝʢʣʦʫʙʦʨʦʯʥʳʭ 

ʤʘʰʠʥ 

ʉʚʝʢʣʦʫʙʦʨʦʯʥʳʝ ʤʘʰʠʥʳ 

 

ʉʚʝʢʣʦ- 

ʧʦʜʲʸʤʥʠʢʠ 

 

ʂʦʤ- 

ʙʘʡʥʳ 

ɹʦʪʚʦ- 

ʫʙʦʨʦʯ-

ʥʳʝ 

ʤʘʰʠʥʳ 

ʂʦʨʥʝ- 

ʫʙʦʨʦʯʥʳʝ 

ʤʘʰʠʥʳ 

ʇʦʛʨʫʟʯʠʢʠ ʦʯʠʩʪʠʪʝʣʠ 
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ʂʦʤʙʘʡʥʳ ʜʣʷ ʫʙʦʨʢʠ ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ ʙʳʚʘʶʪ 

ʜʚʫʭ ʪʠʧʦʚ: ʪʝʨʝʙʠʣʴʥʳʝ  ʠ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʩʨʝ-

ʟʦʤ ʙʦʪʚʳ ʥʘ ʢʦʨʥʶ. ʂʦʤʙʘʡʥʳ ʪʝʨʝʙʠʣʴʥʦʛʦ ʪʠʧʘ 

ʙʦʪʚʦʧʦʜʴʝʤʥʠʢʦʤ ʥʘʧʨʘʚʣʷʶʪ ʙʦʪʚʫ ʫʟʢʠʤ ʧʫʯʢʦʤ 

ʢ ʪʝʨʝʙʠʣʴʥʦʤʫ ʫʩʪʨʦʡʩʪʚʫ, ʧʦʜʢʘʧʳʚʘʶʱʘʷ ʣʘʧʘ 

ʥʘʨʫʰʘʝʪ ʩʚʷʟʴ ʢʦʨʥʷ ʩ ʧʦʯʚʦʡ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ 

ʪʝʨʝʙʠʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʟʘʭʚʘʪʳʚʘʝʪ ʩʚʝʢʣʫ ʟʘ ʙʦʪʚʫ 

ʠ ʠʟʚʣʝʢʘʝʪ ʝʝ ʠʟ ʧʦʯʚʳ. ɺʳʨʘʚʥʠʚʘʪʝʣʴ ʦʨʠʝʥʪʠʨʫ-

ʝʪ ʩʚʝʢʣʫ ʥʘ ʟʘʜʘʥʥʫʶ ʚʳʩʦʪʫ ʩʨʝʟʘ ʢʦʨʦʥʢʠ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʜʠʩʢʦʚʦʛʦ ʥʦʞʘ, ʢʦʪʦʨʳʡ ʩʨʝʟʘʝʪ ʢʦʨʦʥʢʫ, 

ʩʙʨʘʩʳʚʘʝʪ ʝʝ ʥʘ ʵʣʝʚʘʪʦʨ ʙʦʪʚʳ, ʦʪʢʫʜʘ ʙʦʪʚʘ ʧʦ-

ʩʪʫʧʘʝʪ ʚ ʧʨʠʮʝʧ. ʇʦʩʣʝ ʦʙʨʦʢʠ ʪʨʘʥʩʧʦʨʪʝʨ ʧʦʜʘʝʪ 

ʢʦʨʥʠ ʥʘ ʦʯʠʩʪʠʪʝʣʴ ʠ ʜʘʣʝʝ ʚ ʨʷʜʦʤ ʠʜʫʱʠʡ ʪʨʘʥʩ-

ʧʦʨʪ. 

ʂʦʤʙʘʡʥ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʩʨʝʟʦʤ ʙʦʪʚʳ ʥʘ 

ʢʦʨʥʶ ʦʪʜʝʣʷʝʪ ʦʪ ʢʦʨʥʷ ʢʦʨʦʥʢʫ, ʢʦʪʦʨʘʷ ʧʦ ʪʨʘʥʩ-

ʧʦʨʪʝʨʘʤ ʧʦʩʪʫʧʘʝʪ ʚ ʧʨʠʮʝʧ. ʂʦʨʝʥʴ ʩʚʝʢʣʳ ʚʤʝʩʪʝ 

ʩ ʥʝʢʦʪʦʨʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʦʯʚʳ ʠʟʚʣʝʢʘʝʪʩʷ ʠʟ 

ʛʨʷʜʢʠ ʢʦʧʘʯʘʤʠ ʠ ʙʠʪʝʨʦʤ ʧʦʜʘʝʪʩʷ ʥʘ ʢʫʣʘʯʢʦʚʳʡ 

ʪʨʘʥʩʧʦʨʪʝʨ-ʦʯʠʩʪʠʪʝʣʴ, ʥʘ ʢʦʪʦʨʦʤ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʩʝʧʘʨʘʮʠʷ ʧʦʯʚʳ. ʂʦʨʥʠ ʧʦʩʪʫʧʘʶʪ ʥʘ ʰʥʝʢʦʚʳʡ 

ʦʯʠʩʪʠʪʝʣʴ, ʛʜʝ ʫʜʘʣʷʝʪʩʷ ʧʦʯʚʘ ʠ ʦʩʪʘʚʰʘʷʩʷ ʙʦʪʚʘ. 

ʕʣʝʚʘʪʦʨ ʢʦʨʥʝʡ ʧʦʜʘʝʪ ʠʭ ʚ ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʢʦʤʙʘʡʥʳ ʦʙʦʨʫʜʦʚʘʥʳ ʛʠʜʨʦʤʝ-

ʭʘʥʠʯʝʩʢʠʤʠ ʘʚʪʦʤʘʪʘʤʠ ʜʣʷ ʦʨʠʝʥʪʘʮʠʠ ʤʘʰʠʥʳ 

ʧʦ ʨʷʜʢʫ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʢʘʯʝʩʪʚʝʥʥʦʡ ʫʙʦʨʢʠ 

ʩʚʝʢʣʳ. 

ɹʦʪʚʦʫʙʦʨʦʯʥʳʝ ʤʘʰʠʥʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʨʝ-

ʟʘʶʪ ʙʦʪʚʫ ʥʘ ʢʦʨʥʶ. 
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ʂʦʨʥʝʫʙʦʨʦʯʥʳʝ ʤʘʰʠʥʳ (ʨʠʩ. 4.2) ʩʦʙʠʨʘʶʪ 

ʢʦʨʥʠ ʩʨʘʟʫ ʩ ʰʝʩʪʠ ʨʷʜʢʦʚ. ʉʤʝʥʥʘʷ ʧʨʦʠʟʚʦʜʠ-

ʪʝʣʴʥʦʩʪʴ 0,7-1,26 ʛʘ/ʯ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ 

ʪʘʢʦʡ ʤʘʰʠʥʳ ʩʣʝʜʫʶʱʠʡ: ʢʦʨʥʠ ʠʟʚʣʝʢʘʶʪʩʷ ʠʟ 

ʧʦʯʚʳ ʜʠʩʢʦʚʳʤʠ ʢʦʧʘʯʘʤʠ ʠ ʧʨʦʭʦʜʷʪ ʧʦ ʘʢʪʠʚʥʦ-

ʤʫ ʰʥʝʢʦʚʦʤʫ ʦʯʠʩʪʠʪʝʣʶ. ɿʜʝʩʴ ʧʦʪʦʢ ʢʦʨʥʝʡ ʩʫ-

ʞʘʝʪʩʷ ʠ ʧʦʩʪʫʧʘʝʪ ʥʘ ʵʣʝʚʘʪʦʨ, ʘ ʟʘʪʝʤ ʥʘ ʨʝʚʝʨʩʠʚ-

ʥʳʡ ʣʝʥʪʦʯʥʳʡ ʪʨʘʥʩʧʦʨʪʝʨ. ʉ ʪʨʘʥʩʧʦʨʪʝʨʘ ʚ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʟʘʩʦʨʝʥʥʦʩʪʠ ʧʦʯʚʝʥʥʳʤʠ ʢʦʤ-

ʢʘʤʠ ʢʦʨʥʠ ʧʦʩʪʫʧʘʶʪ ʠʣʠ ʥʘ ʢʫʣʘʯʢʦʚʳʡ ʪʨʘʥʩʧʦʨ-

ʪʝʨ-ʢʦʤʢʦʜʨʦʙʠʪʝʣʴ ʠʣʠ ʧʨʷʤʦ ʥʘ ʚʳʛʨʫʟʥʦʡ ʵʣʝʚʘ-

ʪʦʨ ʠ ʟʘʪʝʤ ʚ ʢʫʟʦʚ. 

 

ʈʠʩʫʥʦʢ 4.2 ʈʘʙʦʪʘ ʢʦʧʘʯʘ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʥʦʚʥʳʤʠ ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ 

ʩʚʝʢʣʦʫʙʦʨʦʯʥʳʭ ʤʘʰʠʥ ʷʚʣʷʶʪʩʷ ʧʦʜʢʘʧʳʚʘʶʱʠʝ 
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ʨʘʙʦʯʠʝ ʦʨʛʘʥʳ, ʪʝʨʝʙʠʣʴʥʳʝ ʠ ʙʦʪʚʦʩʨʝʟʘʶʱʠʝ 

ʫʩʪʨʦʡʩʪʚʘ. 

4.4 ʆʩʥʦʚʳ ʪʝʦʨʠʠ ʠ ʨʘʩʯʝʪʘ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ 

4.4.1 ʇʦʜʢʘʧʳʚʘʶʱʠʝ ʨʘʙʦʯʠʝ ʦʨʛʘʥʳ. 

ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʧʦʜʢʘʧʳʚʘʶʱʠʝ ʨʘʙʦʯʠʝ ʦʨʛʘ-

ʥʳ ʦʩʥʦʚʘʥʳ ʥʘ ʧʨʠʥʮʠʧʝ ʧʝʨʝʜʘʯʠ ʫʩʠʣʠʡ ʥʘ ʢʦ-

ʨʝʥʴ ʯʝʨʝʟ ʜʝʬʦʨʤʠʨʫʝʤʫʶ ʧʦʯʚʫ [17]. ʂʦʧʘʶʱʠʝ 

ʨʘʙʦʯʠʝ ʦʨʛʘʥʳ ʩʚʝʢʣʦʫʙʦʨʦʯʥʳʭ ʤʘʰʠʥ ʤʦʞʥʦ 

ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ: ʦʨʛʘʥʳ, ʚʳʞʠ-

ʤʘʶʱʠʝ ʢʦʨʥʠ ʠʟ ʧʦʯʚʳ (ʢʦʧʘʯʠ); ʦʨʛʘʥʳ, ʇʦʜʢʘʧʳ-

ʚʘʶʱʠʝ ʢʦʨʥʠ (ʣʘʧʳ). 

ʂʦʧʘʯʠ ʠʤʝʶʪ ʜʚʝ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʠʣʠ ʧʣʦʩʢʠʝ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦʩʪʘʚʣʝʥʥʳʝ ʧʦʜ ʫʛʣʦʤ ʨʘʩʪʚʦʨʘ  

(ʨʠʩ. 4.2) ʢ ʥʘʧʨʘʚʣʝʥʠʶ ʜʚʠʞʝʥʠʷ ʠ   ʢ ʛʦʨʠʟʦʥʪʫ. 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʩʞʘʪʠʷ ʧʦʯʚʳ ʠ ʝʝ ʧʦʜʲʝʤ ʦʧʨʝʜʝ-

ʣʷʶʪʩʷ ʫʛʣʦʤ ʨʘʩʪʚʦʨʘ ɔ ʠ ʫʛʣʦʤ ʥʘʢʣʦʥʘ ʨʘʙʦʯʝʡ 

ʧʣʦʩʢʦʩʪʠ ʢʦʧʘʯʘ . 

ʆʧʪʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʫʛʣʘ  ʜʦʣʞʥʘ ʙʳʪʴ ʚ 

ʧʨʝʜʝʣʘʭ 10-20Á. ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʫʛʣʘ ʚʳʟʳ-

ʚʘʝʪ ʟʘʢʣʠʥʠʚʘʥʠʝ ʢʦʨʥʝʡ. 

ʋʛʦʣ  ʦʙʳʯʥʦ ʥʝʙʦʣʴʰʦʡ (9-14Á). ʊʝʦʨʝʪʠʯʝ-

ʩʢʠ ʝʛʦ ʥʘʜʦ ʜʝʣʘʪʴ ʤʝʥʴʰʝ ʤʠʥʠʤʘʣʴʥʦʛʦ ʫʛʣʘ ʪʨʝ-

ʥʠʷ  , ʠʥʘʯʝ ʢʦʨʝʥʴ ʙʫʜʝʪ ʩʜʚʠʛʘʪʴʩʷ ʚʧʝʨʝʜ ʧʦ ʭʦ-

ʜʫ ʤʘʰʠʥʳ. ɺ ʨʘʙʦʯʝʡ ʯʘʩʪʠ ʢʦʧʘʯʘ ʧʨʠ ʧʣʦʩʢʠʭ ʨʘ-

ʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʫʛʦʣ   ʦʙʳʯʥʦ ʨʘʚʝʥ 56-62Á. ɺ 

ʣʠʪʳʭ ʢʦʧʘʯʘʭ ʦʧʪʠʤʘʣʴʥʳʡ ʫʛʦʣ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝ-
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ʜʝʣʘʭ 75-85Á. 

ʂʦʧʘʯʠ ʨʘʙʦʪʘʶʪ ʩ ʟʘʛʣʫʙʣʝʥʠʝʤ 100-130 ʤʤ. 

ɼʣʷ ʦʙʣʝʛʯʝʥʠʷ ʨʘʙʦʪʳ ʢʦʧʘʯʝʡ ʧʝʨʝʜ ʥʠʤʠ ʩʪʘʚʷʪ 

ʜʠʩʢʦʚʳʝ ʥʦʞʠ, ʢʦʪʦʨʳʝ ʦʛʨʘʥʠʯʠʚʘʶʪ ʟʦʥʫ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʠʷ ʜʝʬʦʨʤʘʮʠʠ ʚ ʩʪʦʨʦʥʫ ʦʪ ʨʷʜʢʘ, ʥʘʧʨʘʚ-

ʣʷʶʪ ʧʦʣʦʩʫ ʧʦʯʚʳ ʚʤʝʩʪʝ ʩ ʢʦʨʥʷʤʠ ʤʝʞʜʫ ʣʝʤʝ-

ʭʘʤʠ ʢʦʧʘʯʘ, ʩʧʦʩʦʙʩʪʚʫʶʪ ʚʳʞʠʤʘʥʠʶ ʢʦʨʥʝʡ ʣʝ-

ʤʝʭʘʤʠ, ʩʦʟʜʘʚʘʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʩʞʘʪʠʝ ʩʣʦʷ ʧʦʯʚʳ 

ʚʦʢʨʫʛ ʢʦʨʥʷ. 

ʃʘʧʘ ʠʤʝʝʪ ʠʟʦʛʥʫʪʫʶ ʨʘʙʦʯʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʧʦ-

ʜʦʙʥʫʶ ʧʦ ʬʦʨʤʝ ʢʦʨʧʫʩʫ ʧʣʫʛʘ, ʥʦ ʩ ʤʝʥʝʝ ʨʘʟʚʠ-

ʪʦʡ ʦʙʦʨʘʯʠʚʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ. ʈʘʙʦʪʘ ʣʘʧʳ 

ʩʚʦʜʠʪʩʷ ʢ ʩʞʘʪʠʶ ʥʘ ʥʝʢʦʪʦʨʦʤ ʨʘʩʩʪʦʷʥʠʠ ʧʦʯʚʳ 

ʠ ʢ ʧʝʨʝʤʝʱʝʥʠʶ ʝʝ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʥʦʨʤʘʣʴʥʦʤ ʢ 

ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʣʘʧʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʞʘʪʠʷ ʠ 

ʧʝʨʝʤʝʱʝʥʠʷ ʧʦʯʚʳ ʥʘʨʫʰʘʝʪʩʷ ʩʚʷʟʴ ʩʚʝʢʣʳ ʩ ʧʦʯ-

ʚʦʡ. ɿʘʛʣʫʙʣʝʥʠʝ  ʣʘʧ ʨʘʚʥʦ 18-23 ʩʤ. 

4.4.2 ʊʝʨʝʙʠʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ 

ɺ ʩʚʝʢʣʦʫʙʦʨʦʯʥʳʭ ʤʘʰʠʥʘʭ ʧʨʦʮʝʩʩ ʪʝʨʝʙʣʝʥʠʷ 

- ʟʘʭʚʘʪʳʚʘʥʠʝ ʢʦʨʥʝʡ  ʟa ʙʦʪʚʫ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʙʝʩʢʦʥʝʯʥʦʡ ʣʝʥʪʳ, ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʧʦʜ 

ʫʛʣʦʤ ʘ ʢ ʛʦʨʠʟʦʥʪʫ ʠ ʜʚʠʞʫʱʝʡʩʷ ʚʚʝʨʭ ʧʨʦʪʠʚ ʭʦ-

ʜʘ ʤʘʰʠʥʳ. ʊʘʢʫʶ ʢʦʥʩʪʨʫʢʮʠʶ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʫ-

ʜʝʤ ʥʘʟʳʚʘʪʴ ʪʝʨʝʙʠʣʴʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ. ʃʝʥʪʘ ʪʝʨʝ-

ʙʠʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʤʦʞʝʪ ʙʳʪʴ ʦʙʦʨʫʜʦʚʘʥʘ ʟʘʭʚʘ-

ʪʳʚʘʶʱʠʤʠ ʣʘʧʘʤʠ, ʥʘʢʣʘʜʢʘʤʠ, ʟʫʙʮʘʤʠ ʠ ʜʨ. 

ʅʘ ʨʠʩʫʥʢʝ 4.3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʪʝʨʝʙʠʣʴʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʠ ʧʦʢʘʟʘʥʦ  ʨʘʟʤʝʱʝʥʠʝ ʩʢʦʨʦʩʪʝʡ. 
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ʈʠʩʫʥʦʢ 4.2 ʉʭʝʤʘ ʩʢʦʨʦʩʪʝʡ ʪʝʨʝʙʠʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʊʨʘʝʢʪʦʨʠʷ ʠ ʘʙʩʦʣʶʪʥʘʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ 

ʢʦʨʥʷ, ʟʘʭʚʘʯʝʥʥʦʛʦ ʪʝʨʝʙʠʣʴʥʦʡ ʣʘʧʦʡ, ʟʘʚʠʩʷʪ ʦʪ 

ʧʦʩʪʫʧʘʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʤʘʰʠʥʳ Vʤ, ʣʠʥʝʡʥʦʡ 

ʩʢʦʨʦʩʪʠ ʪʝʨʝʙʠʣʴʥʳʭ ʣʝʥʪ Vʪ, ʫʛʣʘ ʥʘʢʣʦʥʘ ʣʝʥʪ ʢ 

ʛʦʨʠʟʦʥʪʫ . 

ɸʙʩʦʣʶʪʥʘʷ ʩʢʦʨʦʩʪʴ ʢʦʨʥʷ (ʨʠʩ. 4.3): 

Vʘ =   , ʤ/ʩ.             (4/1) 

ʋʛʦʣ ʥʘʢʣʦʥʘ ʘʙʩʦʣʶʪʥʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ 

ʢʦʨʥʷ ʢ ʛʦʨʠʟʦʥʪʫ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʝʡ ʟʘʚʠʩʠ-

ʤʦʩʪʴʶ: 

ctg =                       (4.2) 
ɼʣʷ ʦʙʣʝʛʯʝʥʠʷ ʧʨʦʮʝʩʩʘ ʪʝʨʝʙʣʝʥʠʷ ʵʪʘ ʩʢʦ-
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ʨʦʩʪʴ ʜʦʣʞʥʘ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʘ ʚʝʨʪʠʢʘʣʴʥʦ, ʪ.ʝ. ʫʛʦʣ 

ʫ = 90Á. ʊʦʛʜʘ 

Vʪ cos =Vʤ, 

ʦʪʢʫʜʘ ʩʢʦʨʦʩʪʴ ʪʝʨʝʙʠʣʴʥʦʡ ʣʝʥʪʳ ʩ ʫʯʝʪʦʤ ʝʝ 

ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ 

Vʪ=            (4.3) 

ʛʜʝ  q -  ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ, ʨʘʚʥʳʡ     

5õ6 %.  

ʉʠʣʘ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʢʦʨʥʷ ʠʟ ʧʦʯ-

ʚʳ ʈʢ, ʩʣʘʛʘʝʪʩʷ ʠʟ ʩʠʣʳ ʩʮʝʧʣʝʥʠʷ ʢʦʨʥʷ ʩ ʧʦʯʚʦʡ 

Q, ʤʘʩʩʳ ʢʦʨʥʷ QK ʠ ʤʘʩʩʳ ʧʦʯʚʳ, ʦʩʪʘʚʰʝʡʩʷ ʥʘ 

ʢʦʨʥʝ Q3 (ʨʘʚʥʦʛʦ ʚ ʩʨʝʜʥʝʤ 0,4 QK): 

Pʂ=Q + 0ʂ+Qɿ,    H.                      (4.4) 

ʇʨʠ ʨʘʩʯʝʪʘʭ ʧʨʠʥʠʤʘʶʪ ʈʢ = 150-250 ʅ. ʈʘʟʣʦ-

ʞʠʚ ʩʠʣʫ ʈʢ ʥʘ ʩʦʩʪʘʚʣʷʶʱʠʝ, ʧʦʣʫʯʠʤ ʩʠʣʫ ʈ2, ʩʪʷ-

ʛʠʚʘʶʱʫʶ ʮʝʧʴ ʠʣʠ ʣʝʥʪʫ ʩ ʨʦʣʠʢʦʤ,  ʠ ʩʠʣʫ ʈ2 ʨʘʟ-
ʨʳʚʘʶʱʫʶ ʪʝʨʝʙʠʣʴʥʫʶ ʮʝʧʴ ʠʣʠ ʣʝʥʪʫ ʚ ʨʘʙʦʪʝ: 

P1=PʢcosŬ;       P2 =Pʢ sinŬ. 

ʂʦʣʠʯʝʩʪʚʦ ʢʦʨʥʝʡ, ʥʘʭʦʜʷʱʠʭʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʚ ʧʨʦʮʝʩʩʝ ʪʝʨʝʙʣʝʥʠʷ, ʟʘʚʠʩʠʪ ʦʪ ʛʫʩʪʦʪʳ ʩʚʝʢʣʳ ʚ 

ʨʷʜʢʝ, ʜʣʠʥʳ ʢʦʨʥʝʡ ʠ ʩʦʦʪʥʦʰʝʥʠʷ ʩʢʦʨʦʩʪʝʡ Vʤ ʠ 
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Vʪ. ʇʨʠ ʚʝʨʪʠʢʘʣʴʥʦʤ ʪʝʨʝʙʣʝʥʠʠ ʠ ʜʣʠʥʝ ʢʦʨʥʷ l, 

ʧʫʪʴ ʪʝʨʝʙʣʝʥʠʷ (ʧʦ ʣʝʥʪʝ): 

S=   ʄ                                            (4.5)  

a ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʢʦʨʥʷʤʠ ʥʘ ʣʝʥʪʝ l1 c ʨʘʩ-

ʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʥʠʤʠ ʚ ʧʦʯʚʝ  ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʩʣʝʜʫʶʱʝʡ ʟʘʚʠʩʠʤʦʩʪʴʶ: 

 
ʆʙʳʯʥʦ ʦʜʥʦʚʨʝʤʝʥʥʦʤʫ ʪʝʨʝʙʣʝʥʠʶ ʧʦʜʚʝʨʛʘ-

ʶʪʩʷ ʦʪ ʦʜʥʦʛʦ ʜʦ ʪʨʝʭ ʢʦʨʥʝʡ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʨʘʟ-

ʥʦʡ ʩʪʘʜʠʠ ʪʝʨʝʙʣʝʥʠʷ. ʂʦʣʠʯʝʩʪʚʦ ʢʦʨʥʝʡ, ʥʘʭʦʜʷ-

ʱʠʭʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʧʨʦʮʝʩʩʝ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ, 

ʜʦʚʦʣʴʥʦ ʚʝʣʠʢʦ ʠ ʟʘʚʠʩʠʪ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʥʠ-

ʤʠ ʥʘ ʣʝʥʪʝ l1, ʘ ʪʘʢʞʝ ʦʪ ʜʣʠʥʳ ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʝʡ 

ʯʘʩʪʠ ʪʝʨʝʙʠʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. ɺʝʨʪʠʢʘʣʴʥʘʷ ʩʠʣʘ, 

ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʣʝʥʪʫ ʪʝʨʝʙʠʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʧʦ-

ʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʠʟʚʣʝʯʝʥʠʷ ʢʦʨʥʝʡ  ʠʟ ʧʦʯʚʳ (ʩʠʣʘ, 

ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ): 

Pʪ=(Qʢ-Q3)nʢ,  H, 

ʛʜʝ nʢ - ʯʠʩʣʦ ʢʦʨʥʝʡ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʪʨʘʥʩʧʦʨʪʠʨʫʝ-

ʤʳʭ ʩʝʢʮʠʡ. ʉʦʩʪʘʚʣʷʶʱʠʝ ʩʠʣʳ ʈʪ: 

ʈ1'= Pʪ cos   ʠ  ʈ2' = Pʪ sin .  

ʆʙʱʝʝ ʫʩʠʣʠʝ ʪʝʨʝʙʠʣʴʥʦʡ ʩʝʢʮʠʠ ʩʢʣʘʜʳʚʘʝʪʩʷ 
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ʠʟ ʩʠʣ ʈ2  ʠ ʈ2' ʠ ʩʠʣ ʪʨʝʥʠʷ, ʩʦʟʜʘʚʘʝʤʳʭ ʩʠʣʘʤʠ ʈ1  

ʠ ʈ1ô, ʠ ʟʘʚʠʩʠʪ ʦʪ ʯʠʩʣʘ ʢʦʨʥʝʡ, ʥʘʭʦʜʷʱʠʝʩʷ ʦʜʥʦ-

ʚʨʝʤʝʥʥʦ ʚ ʩʪʘʜʠʠ ʪʝʨʝʙʣʝʥʠʷ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ. 

ɽʩʣʠ ʥʘ ʚʩʶ ʩʝʢʮʠʶ ʟʘʪʨʘʯʠʚʘʝʪʩʷ ʫʩʠʣʠʝ ʈ, ʪʦ 

ʟʘʪʨʘʪʳ ʤʦʱʥʦʩʪʠ ʪʝʨʝʙʠʣʴʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ, 

ʠʤʝʶʱʠʤ n ʩʝʢʮʠʡ, ʙʫʜʫʪ: 

N=    ʢɺʪ                          (4.8) 

ʛʜʝ  - ʂʇɼ ʪʝʨʝʙʠʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʝʨʝʙʠʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ: 

W=                               (4.9) 

ʛʜʝ ʚ - ʰʠʨʠʥʘ ʤʝʞʜʫʨʷʜʴʷ, ʤ;  

  - ʦʪʥʦʰʝʥʠʝ ʚʝʩʘ ʙʦʪʚʳ ʢ ʚʝʩʫ ʢʦʨʥʝʡ;  

 qʙ - ʦʙʲʝʤʥʳʡ ʚʝʩ ʙʦʪʚʳ, ʮ/ʤ
3
;  

ʂʣ - ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʦʣʥʝʥʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʢʘʥʘʣʘ 

ʪʝʨʝʙʠʣʴʥʳʭ ʣʘʧ ʙʦʪʚʦʡ.  

4.4.3 ʉʨʝʟʘʶʱʠʝ ʠ ʢʦʧʠʨʫʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ 

ʋ ʩʚʝʢʣʦʫʙʦʨʦʯʥʳʭ ʤʘʰʠʥ, ʩʨʝʟʘʶʱʠʭ ʙʦʪʚʫ ʜʦ 

ʠʟʚʣʝʯʝʥʠʷ ʢʦʨʥʷ ʠʟ ʧʦʯʚʳ, ʨʝʞʫʱʠʝ ʫʩʪʨʦʡʩʪʚʘ ʩʦ-

ʩʪʦʷʪ ʠʟ ʥʦʞʘ ʠ ʢʦʧʠʨʘ. ɹʦʪʚʘ ʤʦʞʝʪ ʩʨʝʟʘʪʴʩʷ ʚʨʘ-

ʱʘʶʱʠʤʩʷ (ʘʢʪʠʚʥʳʤ) ʜʠʩʢʦʚʳʤ, ʢʦʥʠʯʝʩʢʠʤ ʠʣʠ 

ʧʘʩʩʠʚʥʳʤ ʧʣʦʩʢʠʤ ʥʦʞʦʤ. 
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ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʠʭ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 

ʜʚʝ ʛʨʫʧʧʳ: ʩʢʦʣʴʟʷʱʠʝ - ʩ ʧʦʩʪʦʷʥʥʳʤ ʫʛʣʦʤ ʥʘ-

ʢʣʦʥʘ ʠ ʢʘʯʘʶʱʠʝʩʷ - ʩ ʧʝʨʝʤʝʥʥʳʤ ʫʛʣʦʤ ʥʘʢʣʦʥʘ 

ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ. 

ʆʩʥʦʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʚʣʠʷʶʱʠʤʠ ʥʘ ʢʘʯʝʩʪʚʦ 

ʩʨʝʟʘ ʢʦʨʥʷ, ʷʚʣʷʶʪʩʷ ʦʢʨʫʞʥʘʷ ʠ ʧʦʩʪʫʧʘʪʝʣʴʥʘʷ 

ʩʢʦʨʦʩʪʠ ʥʦʞʘ, ʨʘʟʤʝʨʳ ʜʠʩʢʘ ʠʣʠ ʥʦʞʘ, ʬʦʨʤʘ, ʥʘ-

ʢʣʦʥ, ʜʠʘʤʝʪʨ ʢʦʨʥʷ, ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʢʦʨʥʷʤʠ ʠ 

ʚʳʩʦʪʘ ʛʦʣʦʚʢʠ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʦʯʚʳ. 

ɼʠʘʤʝʪʨ ʜʠʩʢʦʚʦʛʦ ʥʦʞʘ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʰʠʨʠ-

ʥʦʡ ʤʝʞʜʫʨʷʜʴʷ, ʧʦʪʦʤʫ ʯʪʦ ʩʨʝʟ ʧʨʠ ʥʘʢʣʦʥʥʦʤ 

ʜʠʩʢʝ ʤʦʞʝʪ ʙʳʪʴ ʨʦʚʥʳʤ ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ 

ʜʠʩʢ ʨʝʞʝʪ ʢʦʨʝʥʴ ʧʨʦʪʠʚ ʝʛʦ ʦʩʠ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫ-

ʯʘʝ ʢʦʨʥʠ ʙʫʜʫ! ʩʨʝʟʘʪʴʩʷ ʢʦʩʦ. ɼʠʘʤʝʪʨ ʜʠʩʢʘ ʞʝʣʘ-

ʪʝʣʴʥʦ ʜʝʣʘʪʴ ʚʦʟʤʦʞʥʦ ʙʦʣʴʰʝ. 

ɼʣʷ ʤʥʦʛʦʨʷʜʥʳʭ ʤʘʰʠʥ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʧʨʦ-

ʩʚʝʪ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʜʠʩʢʘʤʠ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʥʠ 

ʤʦʛʣʠ ʧʝʨʝʤʝʱʘʪʴʩʷ ʧʦ ʚʳʩʦʪʝ. ɺʝʣʠʯʠʥʘ ʧʨʦʩʚʝʪʘ 

ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʩʬʝʨʠʯʝʩʢʠʤʠ ʜʠʩʢʘʤʠ ʦʧʨʝʜʝʣʷ-

ʝʪʩʷ ʪʝʤ, ʯʪʦ ʙʦʪʚʘ ʠʟ ʥʠʟʢʦʨʝʞʫʱʝʛʦ ʜʠʩʢʘ ʥʝ 

ʜʦʣʞʥʘ ʧʦʧʘʜʘʪʴ ʧʦʜ ʚʳʩʦʢʦʨʝʞʫʱʠʡ. ɺʝʣʠʯʠʥʘ 

ʧʨʦʩʚʝʪʘ ʤʝʞʜʫ ʜʠʩʢʦʤ ʚ ʤʥʦʛʦʨʝʟʥʳʭ ʤʘʰʠʥʘʭ ʥʘ-

ʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 45-60 ʤʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ 

ʤʝʞʜʫʨʷʜʴʷ 450 ʤʤ ʜʠʘʤʝʪʨ ʜʠʩʢʦʚʦʛʦ ʥʦʞʘ ʜʦʣʞʝʥ 

ʙʳʪʴ ʚ ʧʨʝʜʝʣʘʭ 385-400 ʤʤ. ʂʨʦʤʝ ʵʪʦʛʦ, ʩʣʝʜʫʝʪ 

ʫʯʠʪʳʚʘʪʴ ʰʠʨʠʥʫ ʨʘʙʦʯʝʡ ʯʘʩʪʠ ʥʦʞʘ, ʢʦʪʦʨʘʷ 

ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʤʝʥʝʝ ʜʠʘʤʝʪʨʘ ʢʦʨʥʷ (100 ʤʤ). 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝ-

ʭʦʜʘ ʧʣʦʩʢʦʛʦ ʜʠʩʢʘ ʚʳʩʦʢʦʛʦ ʢʦʨʥʷ ʥʘ ʙʦʣʝʝ ʥʠʟ-

ʢʠʡ, ʦʥ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘʢʣʦʥʥʦ ʧʦʜ ʫʛʣʦʤ Ŭ ʢ ʛʦ-
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ʨʠʟʦʥʪʫ (ʨʠʩ. 4.4 ʘ). 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ 

ʢʦʨʥʷʤʠ ʚ ʨʷʜʢʝ ʚʝʣʠʯʠʥʘ ʵʪʦʛʦ ʫʛʣʘ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʧʦ ʬʦʨʤʫʣʝ 

tg  

ʛʜʝ h1 ʠ h2 - ʚʳʩʦʪʘ ʩʦʩʝʜʥʠʭ ʩʨʝʟʘʝʤʳʭ ʛʦʣʦʚʦʢ ʢʦʨ-

ʥʝʡ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴ ʁʧʦʯʚʳ;  

l - ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʢʦʨʥʷʤʠ;  

d1 ʠ d2 - ʜʠʘʤʝʪʨʳ ʩʨʝʟʘʥʥʳʭ ʛʦʣʦʚʦʢ ʢʦʨʥʝʡ.  

ʋʛʦʣ Ŭ ʫ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʘʰʠʥ ʠʟʤʝʥʷʝʪʩʷ ʚ 

ʧʨʝʜʝʣʘʭ 12-35Á. ʇʨʠ ʤʝʥʴʰʠʭ ʟʥʘʯʝʥʠʷʭ Ŭ ʧʦʣʫʯʘ-

ʝʪʩʷ ʣʫʯʰʠʡ ʩʨʝʟ, ʘ ʧʨʠ ʙʦʣʴʰʠʭ ʫʣʫʯʰʘʶʪ ʫʩʣʦʚʠʷ 

ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʥʦʞʘ ʢ ʨʘʟʣʠʯʥʳʤ ʧʦʣʦʞʝʥʠʷʤ ʛʦ-

ʣʦʚʦʢ ʢʦʨʥʷ. 

ʊʦʣʱʠʥʘ ʜʠʩʢʦʚʳʭ ʥʦʞʝʡ 2-4 ʤʤ, ʘ ʫʛʦʣ ʟʘʪʦʯʢʠ 

6-20Á. ʃʝʟʚʠʷ ʜʠʩʢʘ ʟʘʪʘʯʠʚʘʶʪʩʷ ʩʥʠʟʫ. ʀʟ ʫʩʣʦʚʠʷ 

ʩʨʝʟʘ ʛʦʣʦʚʦʢ ʢʦʨʥʝʡ, ʫʛʦʣ ʫʩʪʘʥʦʚʢʠ ʥʠʞʥʝʡ ʢʨʦʤ-

ʢʠ ʥʦʞʘ ʜʦʣʞʝʥ ʙʳʪʴ ʚ ʧʨʝʜʝʣʘʭ 0-3Á. 

ʇʦ ʜʘʥʥʳʤ ʘʢʘʜʝʤʠʢʘ ɸ.ɸ. ɺʘʩʠʣʝʥʢʦ, ʦʧʪʠ-

ʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʦʢʨʫʞʥʦʡ ʩʢʦʨʦʩʪʠ ʜʠʩʢʘ ʩʦʩʪʘʚ-

ʣʷʝʪ - 10-12 ʤ/ʩ, ʧʨʠ ʧʦʩʪʫʧʘʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʤʘ-

ʰʠʥʳ - 0,95-1,35 ʤ/ʩ. ɻʦʣʦʚʢʘ ʢʦʨʥʷ ʩʨʝʟʘʝʪʩʷ ʢʘʢ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʩʢʦʣʴʟʷʱʝʛʦ, ʪʘʢ ʠ ʧʨʷʤʦʛʦ ʨʝʟʘʥʠʷ, ʢʦ-

ʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝ-

ʥʠʷ ʤʘʰʠʥʳ ʠ ʜʠʩʢʘ. 

ɺ ʤʥʦʛʦʨʝʟʥʳʭ ʤʘʰʠʥʘʭ ʜʠʩʢʠ ʚʨʘʱʘʶʪʩʷ ʢ ʩʝ-

ʨʝʜʠʥʝ. ɽʩʣʠ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʨʷʜʢʘʤʠ ʩʚʝʢʣʳ ʥʝ-
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ʩʢʦʣʴʢʦ ʙʦʣʴʰʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʜʠʩʢʘʤʠ, ʪʦ ʧʦ-

ʚʝʨʭʥʦʩʪʴ ʩʨʝʟʘ ʢʦʨʥʷ ʣʫʯʰʝ, ʯʝʤ ʧʨʠ ʮʝʥʪʨʘʣʴʥʦʤ 

ʨʘʩʧʦʣʦʞʝʥʠʠ ʢʦʨʥʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʝʞʫʱʠʭ ʜʠʩ-

ʢʦʚ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ ʜʠʩʢʦʚ ʜʦʣʞʥʦ 

ʙʳʪʴ ʥʘ 10-16 ʤʤ ʤʝʥʴʰʝ ʰʠʨʠʥʳ ʤʝʞʜʫʨʷʜʴʷ. 

 

ʈʠʩʫʥʦʢ 4.4 ʆʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʩʨʝʟʘʶʱʝʛʦ ʠ ʢʦ-

ʧʠʨʫʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚ: ʘ ï ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ; ʙ ï ʩʭʝʤʘ ʜʝʡʩʪ-

ʚʫʶʱʠʭ ʩʠʣ 

ɼʣʷ ʩʨʝʟʘʥʠʷ ʙʦʪʚʳ ʧʨʠʤʝʥʷʶʪʩʷ ʫʩʪʨʦʡʩʪʚʘ ʩ 

ʧʣʦʩʢʠʤʠ ʥʝʚʨʘʱʘʶʱʠʤʠʩʷ ʥʦʞʘʤʠ, ʢʦʥʩʪʨʫʢʮʠʷ 
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ʢʦʪʦʨʳʭ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʦʱʝ, ʥʦ ʧʨʠ ʵʪʦʤ ʩʫʱʝʩʪ-

ʚʝʥʥʦ ʫʩʣʦʞʥʷʝʪʩʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʝ ʙʦʪʚʳ. ʇʣʦ-

ʩʢʠʝ ʥʦʞʠ ʨʘʙʦʪʘʶʪ ʢʘʯʝʩʪʚʝʥʥʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ 

ʦʥʠ ʫʩʪʘʥʦʚʣʝʥʳ ʧʦʜ ʫʛʣʦʤ 45Á ʠ ʙʦʣʝʝ ʢ ʥʘʧʨʘʚʣʝ-

ʥʠʶ ʜʚʠʞʝʥʠʷ ʠ ʨʘʙʦʪʘʶʪ ʩʦʚʤʝʩʪʥʦ ʩ ʚʨʘʱʘʶʱʠ-

ʤʠʩʷ ʢʦʧʘʯʘʤʠ. 

ɺʳʩʦʪʘ ʩʨʝʟʘ ʛʦʣʦʚʢʠ ʢʦʨʥʷ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʢʦ-

ʧʠʨʦʤ, ʢʦʪʦʨʳʡ ʢʠʥʝʤʘʪʠʯʝʩʢʠ ʩʚʷʟʘʥ ʩʦ ʩʨʝʟʘʶ-

ʱʠʤ ʫʩʪʨʦʡʩʪʚʦʤ. ʂʦʧʠʨʳ ʩʚʝʢʣʦʫʙʦʨʦʯʥʴʭ ʤʘʰʠʥ 

ʤʦʛʫʪ ʙʳʪʴ ʧʘʩʩʠʚʥʳʝ (ʩʢʦʣʴʟʷʱʠʝ ʧʦ ʛʦʣʦʚʢʘʤ 

ʢʦʨʥʝʡ) ʠ ʘʢʪʠʚʥʳʝ: (ʩ ʧʨʠʥʫʜʠʪʝʣʴʥʳʤ ʚʨʘʱʝʥʠ-

ʝʤ), ʧʝʨʝʢʘʪʳʚʘʶʱʠʝʩʷ ʧʦ ʛʦʣʦʚʢʘʤ ʢʦʨʥʝʡ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʨʝʥʠʷ ʧʘʩʩʠʚʥʦʛʦ ʢʦʧʠʨʘ ʦ ʛʦʣʦʚʢʠ 

ʢʦʨʥʝʡ ʚʦʟʥʠʢʘʶ ʙʦʢʦʚʳʝ ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ 

ʢʦʨʝʥʴ. ɺʝʣʠʯʠʥʘ ʩʠʣʳ ʈ (ʨʠʩ. 4.4 ʙ), ʜʝʡʩʪʚʫʶʱʝʡ 

ʥʘ ʢʦʨʝʥʴ, ʨʘʚʥʘ: 

P=              (4.11) 

ʛʜʝ Q - ʚʝʩ ʩʨʝʟʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʅ; 

-ʫʛʦʣ ʥʘʢʣʦʥʘ ʧʝʨʝʜʥʝʡ ʯʘʩʪʠ ʢʦʧʠʨʘ, ʛʨʘʜ  

  - ʫʛʦʣ ʪʨʝʥʠʷ ʢʦʧʠʨʘ ʦ ʧʦʯʚʫ, ʛʨʘʜ . 

ɻʦʨʠʟʦʥʪʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʠʣʳ ʈʛ ʫʚʝʣʠʯʠ-

ʚʘʝʪ ʪʷʛʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʘʰʠʥʳ ʠ ʩʦʟʜʘʝʪ ʤʦ-

ʤʝʥʪ, ʚʳʚʦʨʘʯʠʚʘʶʱʠʡ ʢʦʨʝʥʴ ʠʟ ʧʦʯʚʳ. ɺʝʣʠʯʠʥʘ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʠʣʳ ʈʛ ʥʝ ʜʦʣʞʥʘ 

ʧʨʝʚʳʰʘʪʴ 250-300 ʅ. 

ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʩʠʣʳ ʈ, ʥʝʦʙʭʦʜʠʤʦ ʫʤʝʥʴʰʠʪʴ 

ʫʛʦʣ ʪʨʝʥʠʷ  , ʪʘʢʞʝ ʦʙʣʝʛʯʠʪʴ ʩʨʝʟʘʶʱʝʝ ʫʩʪʨʦʡ-

ʩʪʚʦ. 



 211 

ɿʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʫʛʣʦʤ ʥʘʢʣʦʥʘ ʯʘʩʪʠ ʢʦʧʠʨʘ 

(ʨʠʩ 4.4 ʘ), ʨʘʟʤʝʨʘʤʠ ʢʦʨʥʝʡ ʠ ʠʭ ʚʟʘʠʤʥʳʤ ʨʘʩʧʦ-

ʣʦʞʝʥʠʝʤ ʚʳʨʘʞʘʝʪʩʷ ʬʦʨʤʫʣʦʡ 

tg                          (4.12) 

ʛʜʝ h - ʨʘʟʥʦʩʪʴ ʚʳʩʦʪ ʢʦʨʥʝʡ, ʤʤ; 

ʘ - ʜʣʠʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʯʘʩʪʠ ʢʦʧʠʨʘ (ʘ = 50 

ʤʤ). 

ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ  ʢʦʧʠʨʫʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʭʘ-

ʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʠʥʠʤʘʣʴʥʳʤ ʜʦʧʫʩʪʠʤʳʤ ʨʘʩʩʪʦʷ-

ʥʠʝʤ l ʤʝʞʜʫ ʢʦʨʥʷʤʠ ʚ ʨʷʜʢʝ. ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

ʢʦʧʠʨʫʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʤʦʞʝʪ ʙʳʪʴ ʧʦʚʳʰʝʥʘ 

ʧʨʠʤʝʥʝʥʠʝʤ ʥʘʛʨʫʞʘʶʱʝʡ ʧʨʫʞʠʥʳ. 

4.4.4 ʋʩʪʨʦʡʩʪʚʦ ʜʣʷ ʦʯʠʩʪʢʠ ʢʦʨʥʝʡ 

ɺʳʪʝʨʝʙʣʝʥʥʳʝ ʠ ʦʙʨʝʟʘʥʥʳʝ ʢʦʨʥʠ ʪʨʝʙʫʶʪ 

ʦʯʠʩʪʢʠ ʦʪ ʥʘʣʠʧʰʝʡ ʧʦʯʚʳ ʠ ʦʩʪʘʪʢʦʚ ʥʝʩʨʝʟʘʥʥʦʡ 

ʙʦʪʚʳ. ɼʣʷ ʵʪʦʡ ʮʝʣʠ ʥʘ ʩʚʝʢʣʦʫʙʦʨʦʯʥʳʭ ʢʦʤʙʘʡ-

ʥʘʭ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʪʨʘʥʩʧʦʨʪʝʨʳ-ʦʯʠʩʪʠʪʝʣʠ 

ʰʥʝʢʦʚʦʛʦ, ʙʘʨʘʙʘʥʥʦʛʦ ʠ ʢʫʣʘʯʢʦʚʦʛʦ ʪʠʧʦʚ. 

ʐʥʝʢʦʚʳʡ ʦʯʠʩʪʠʪʝʣʴ-ʧʦʛʨʫʟʯʠʢ (ʨʠʩ. 4.5) ʧʨʝʜ-

ʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʚʘ ʧʘʨʘʣʣʝʣʴʥʳʭ ʰʥʝʢʘ, ʫʩʪʘʥʦʚ-

ʣʝʥʥʳʭ ʩ ʥʝʙʦʣʴʰʠʤ ʟʘʟʦʨʦʤ ʠ ʚʨʘʱʘʶʱʠʭʩʷ ʥʘ 

ʚʩʪʨʝʯʫ ʜʨʫʛ ʜʨʫʛʫ. ʅʘʭʦʜʷʱʠʡʩʷ ʥʘ ʥʠʭ ʢʦʨʝʥʴ 

ʚʨʘʱʘʝʪʩʷ ʚʦʢʨʫʛ ʩʚʦʝʡ ʦʩʠ ʠ ʧʝʨʝʤʝʱʘʝʪʩʷ ʧʘʨʘʣ-

ʣʝʣʴʥʦ ʦʩʠ ʰʥʝʢʘ. ʇʨʠ ʵʪʦʤ ʰʥʝʢʠ ʘʢʪʠʚʥʦ ʟʘ-
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ʱʠʧʳʚʘʶʪ ʯʘʩʪʠʮʳ ʧʦʯʚʳ ʠ ʙʦʪʚʳ ʠ ʟʘʪʘʩʢʠʚʘʶʪ ʠʭ 

ʚ ʟʘʟʦʨ, ʩʙʨʘʩʳʚʘʷ ʚʥʠʟ 

 

ʈʠʩʫʥʦʢ 4.5 ʕʣʝʤʝʥʪ ʰʥʝʢʦʚʦʛʦ ʦʯʠʩʪʠʪʝʣʷ-ʪʨʘʥʩʧʦʨʪʝʨʘ 

ʇʨʠ ʨʘʙʦʪʝ ʦʯʠʩʪʠʪʝʣʷ-ʧʦʛʨʫʟʯʠʢʘ ʢʦʨʥʠ ʩʚʝʢʣʳ 

ʥʝ ʜʦʣʞʥʳ ʟʘʢʣʠʥʠʚʘʪʴʩʷ ʤʝʞʜʫ ʰʥʝʢʘʤʠ. ʇʨʝʜʝʣʴ-

ʥʦʝ ʟʥʘʯʝʥʠʝ ʜʠʘʤʝʪʨʘ ʰʥʝʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨ-

ʤʫʣʝ 

Dm   ʤ                  (4.13) 

ʛʜʝ dʢ - ʥʘʠʙʦʣʴʰʠʡ ʜʠʘʤʝʪʨ ʢʦʨʥʷ; 

  - ʫʛʦʣ ʪʨʝʥʠʷ ʢʦʨʥʷ ʦ ʧʦʚʝʨʭʥʦʩʪʴ ʰʥʝʢʘ;  

ʚ - ʟʘʟʦʨ ʤʝʞʜʫ ʮʠʣʠʥʜʨʘʤʠ ʰʥʝʢʦʚ (ʚ = 14 ʤʤ).  

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʧʨʦʜʦʣʴʥʦʝ ʜʚʠʞʝ-

ʥʠʝ ʢʦʨʥʝʡ, ʥʝʦʙʭʦʜʠʤʦ ʩʦʙʣʶʜʝʥʠʝ ʫʩʣʦʚʠʷ 

                     (4.14) 

ʛʜʝ IK, - ʜʣʠʥʘ ʢʦʨʥʷ, ʤʤ; 
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tm ï ʰʘʛ ʥʘʚʠʚʢʠ ʰʥʝʢʘ, ʤʤ; 

h ï ʚʳʩʦʪʘ ʨʝʙʦʨʜʳ ʰʥʝʢʘ, ʤʤ. 

ʆʩʝʚʘʷ ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʢʦʨʥʝʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ 

ʥʘ ʰʥʝʢʘʭ: 

V = Vʤ K ,  ʤ/ʩ,           (4.15) 

ʛʜʝ ʂ ï ʢʦʣʠʯʝʩʪʚʦ ʢʦʨʥʝʡ, ʧʦʩʪʫʧʘʶʱʠʭ ʥʘ ʰʥʝʢʠ ʩ 

ʦʜʥʦʛʦ ʧʦʛʦʥʥʦʛʦ ʤʝʪʨʘ ʧʫʪʠ ʢʦʤʙʘʡʥʘ, ʰʪ; 

l6 ï ʜʣʠʥʘ ʦʩʪʘʚʰʝʡʩʷ ʥʝʩʨʝʟʘʥʥʦʡ ʯʘʩʪʠ ʙʦʪʚʳ, 

ʤʤ; 

ɸ ï ʢʦʣʠʯʝʩʪʚʦ ʢʦʨʥʝʡ, ʧʦʩʪʫʧʠʚʰʠʭ 213ʯʠʝɦ-

ʥʤrʠ ʦʪ ʙʦʪʚʳ,    

ɹʘʨʘʙʘʥʥʳʝ ʦʯʠʩʪʠʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʙʳʚʘʶʪ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʠ ʢʦʥʠʯʝʩʢʦʡ ʬʦʨʤʳ. ʇʝʨʝʢʘʪʳ-

ʚʘʶʱʠʝʩʷ ʚʦ ʚʨʘʱʘʶʱʝʤʩʷ ʙʘʨʘʙʘʥʝ ʢʦʨʥʠ ʦʩ-

ʚʦʙʦʞʜʘʶʪʩʷ ʦʪ ʧʨʠʤʝʩʝʡ ʠ ʠʤʝʶʪ ʦʩʝʚʦʝ ʧʦʩʪʫʧʘ-

ʪʝʣʴʥʦʝ ʧʝʨʝʤʝʱʝʥʠʠ ʢʦʪʦʨʦʝ ʚʦʟʤʦʞʥʦ ʜʦ ʪʝʭ ʧʦʨ, 

ʧʦʢʘ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʙʘʨʘʙʘʥʘ ʥʝ ʧʨʝʚʳʰʘʝʪ ʩʣʝ-

ʜʫʶʱʝʛʦ ʟʥʘʯʝʥʠʷ: 

max= , c
-1
                     (4.16) 

ʛʜʝ ʂ ï ʨʘʜʠʫʩ ʙʘʨʘʙʘʥʘ, ʤ; 

 - ʫʛʦʣ ʪʨʝʥʠʷ ʢʦʨʥʝʡ ʦ ʙʘʨʘʙʘʥ, ʛʨʘʜ.  

ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʢʦʨʥʝʡ ʧʦ ʙʘʨʘʙʘʥʫ 

ʧʨʝʢʨʘʪʠʪʩʷ, ʢʦʛʜʘ ʧʦʢʘʟʘʪʝʣʴ ʢʠʥʝʤʘʪʠʯʝʩʢʦʛʦ ʨʝ-

ʞʠʤʘ ʙʘʨʘʙʘʥʘ ʜʦʩʪʠʛʥʝʪ ʟʥʘʯʝʥʠʷ 
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‫2Ὑ

Ὣ
= 1 

ʇʨʠ ʵʪʦʤ ʢʨʠʪʠʯʝʩʢʘʷ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝ-

ʥʠʷ ʙʘʨʘʙʘʥʘ ʙʫʜʝʪ 

̋‫ =̑
Ὣ

Ὑ
,   ʩ-1                                    (4.17) 

ʇʨʝʜʝʣʴʥʳʡ ʫʛʦʣ ʧʦʜʲʝʤʘ ʢʦʨʥʝʡ ʚʥʫʪʨʠ ʙʘʨʘ-

ʙʘʥʘ 

               (4.18) 

ʛʜʝ  1 - ʫʛʦʣ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʪʢʦʩʘ ʢʦʨʥʝʡ. 

ɺʝʣʠʯʠʥʘ ʧʝʨʝʤʝʱʝʥʠʷ ʢʦʨʥʝʡ ʚʜʦʣʴ ʙʘʨʘʙʘʥʘ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣa ɓ ʥʘʢʣʦʥʘ ʙʘʨʘʙʘʥʘ ʢ ʛʦʨʠʟʦʥʪʫ 

ʨʘʚʥʘ: 

S = R(l-cosŬ)tg ,̡  ʤ                     (4.19) 
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5 ʄɸʐʀʅʓ ɼʃʗ ʋɹʆʈʂʀ ʂɸʈʊʆʌɽʃʗ 

5.1 ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʣʫʙʥʝʡ ʠ ʧʦʯ-

ʚʝʥʥʳʭ ʢʦʤʢʦʚ 

ɺ ʧʨʦʮʝʩʩʝ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʡ ʫʙʦʨʢʠ ʢʘʨʪʦʬʝʣʷ 

ʚʘʞʥʝʡʰʝʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʦʪʜʝʣʝʥʠʝ ʢʣʫʙʥʝʡ ʦʪ 

ʧʦʯʚʝʥʥʳʭ ʢʦʤʢʦʚ. ʈʘʙʦʯʠʝ ʦʨʛʘʥʳ ʢʘʨʪʦ-

ʬʝʣʝʫʙʦʨʦʯʥʳʭ ʤʘʰʠʥ ʨʘʟʜʝʣʷʶʪ ʢʘʨʪʦʬʝʣʴʥʳʡ ʚʦ-

ʨʦʭ ʚ ʦʩʥʦʚʥʦʤ ʧʦ ʨʘʟʣʠʯʠʶ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘ-

ʤʝʪʨʦʚ ʠ ʬʨʠʢʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʢʣʫʙʥʝʡ ʠ ʢʦʤʢʦʚ 

ʧʦʯʚʳ [2]. 

ʄʘʩʩʘ ʠ ʨʘʟʤʝʨ ʢʣʫʙʥʝʡ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʷʤʦʡ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʦʪ ʫʨʦʞʘʷ: ʯʝʤ ʚʳʰʝ ʫʨʦʞʘʡ, ʪʝʤ ʢʨʫʧ-

ʥʝʝ ʢʣʫʙʥʠ. 

ɿʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʦʙʲʝʤʦʤ, ʤʘʩʩʦʡ ʠ ʨʘʟʤʝʨʘ-

ʤʠ ʢʣʫʙʥʝʡ ʢʘʨʪʦʬʝʣʷ ʧʦ  ɺ.ʇ. ɻʦʨʷʯʢʠʥʫ ʚʳʨʘʞʘ-

ʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ [21; 22]: 

Vʢ =‐ʦĿʘĿʚĿʩ,  ʤ/ʩ,                         (5.1) 

ʛʜʝ Vʢ - ʦʙʲʝʤ ʢʣʫʙʥʷ; 

ʘ, ʚ, ʩ - ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʰʠʨʠʥʘ, ʜʣʠʥʘ ʠ ʪʦʣʱʠʥʘ 

ʢʣʫʙʥʷ;  

‐0 - ʢʦʵʬʬʠʮʠʝʥʪ (Ů0 = 4/3). 

ʄʘʩʩʘ ʢʣʫʙʥʷ 

Q = ‐ʢ ʘ ʚ ʩ,  ʢʛ,                   (5.2) 

ʛʜʝ ‐ʢ - ʢʦʵʬʬʠʮʠʝʥʪ, ʨʘʚʥʳʡ 0,56õ0,65. 

ʆʙʲʝʤʥʘʷ ʤʘʩʩʘ ʢʣʫʙʥʝʡ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 
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0,5õ0,7 ʪ/ʤ
3
; ʧʣʦʪʥʦʩʪʴ 1,04õ1,09 ʛ/ʩʤ

2
. ʂʦʵʬʬʠʮʠ-

ʝʥʪ ʪʨʝʥʠʷ ʢʘʯʝʥʠʷ ʢʣʫʙʥʷ ʧʦ ʢʣʫʙʥʷʤ ʩʦʩʪʘʚʣʷʝʪ 

0,5õ0,6; ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ - 0,8. 

ʈʘʟʨʫʰʝʥʠʝ ʢʣʫʙʥʝʡ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʞʠʤʘʶʱʝʡ 

ʩʪʘʪʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ  ʟʘʚʠʩʠʪ ʦʪ ʩʦʨʪʘ ʢʘʨʪʦʬʝʣʷ ʠ 

ʥʘʧʨʘʚʣʝʥʠʷ ʩʠʣʳ (ʚʜʦʣʴ ʨʘʟʤʝʨʘ: ʰʠʨʠʥʳ, ʜʣʠʥʳ, 

ʪʦʣʱʠʥʳ). ʉʨʝʜʥʝʝ ʫʩʠʣʠʝ ʨʘʟʜʘʚʣʠʚʘʥʠʷ ʢʦʣʝʙʣʝʪ-

ʩʷ ʚ ʧʨʝʜʝʣʘʭ 511õ987 ʅ. 

ʇʨʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʝ ʧʦʚʨʝʞʜʝʥʠʝ ʢʣʫʙ-

ʥʝʡ ʟʘʚʠʩʠʪ ʦʪ ʤʘʪʝʨʠʘʣʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʩʢʦʨʦʩʪʠ 

ʫʜʘʨʘ. ʇʨʝʜʝʣʴʥʳʝ ʩʢʦʨʦʩʪʠ ʧʨʠ ʫʜʘʨʝ ʨʘʚʥʳ: ʦ ʤʝ-

ʪʘʣʣʠʯʝʩʢʫʶ ʨʝʰʝʪʢʫ 1,4õ1,7 ʤ/ʩ, ʦ ʛʣʘʜʢʫʶ ʤʝʪʘʣ-

ʣʠʯʝʩʢʫʶ ʧʦʚʝʨʭʥʦʩʪʴ 2,2-3,1, ʦ ʩʫʧʝʩʯʘʥʫʶ ʧʦʯʚʫ 

6,2 ʤ/ʩ. 

ʈʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʩʝʧʘʨʠʨʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʚ 

ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʩʦʩʪʦʷʥʠʷ ʧʦʯʚʳ. ʅʘʠ-

ʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩ ʩʝʧʘʨʘʮʠʠ ʦʢʘʟʳʚʘʶʪ 

ʤʝʭʘʥʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠ ʚʣʘʞʥʦʩʪʴ ʥʦʯʚʳ, ʦʪ ʢʦʪʦʨʳʭ 

ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʟʘʚʠʩʷʪ ʪʘʢʠʝ ʦʧʨʝʜʝʣʷʶʱʠʝ ʧʦʢʘʟʘ-

ʪʝʣʠ, ʢʘʢ ʧʣʘʩʪʠʯʥʦʩʪʴ, ʣʠʧʢʦʩʪʴ, ʧʨʦʯʥʦʩʪʴ ʢʦʤʢʦʚ 

ʧʦʯʚʳ ʠ ʜʨ. 

ʇʦʯʚʳ ʨʘʟʣʠʯʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥ ʩʫʱʝʩʪ-

ʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʩʚʦʠʤ ʩʚʦʡʩʪʚʘʤ. ɺʣʘʞʥʦʩʪʴ 

ʦʢʘʟʳʚʘʝʪ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʯʥʦʩʪʴ ʠ ʣʠʧʢʦʩʪʴ 

ʧʦʯʚʳ. 

ʇʨʦʯʥʦʩʪʴ ʧʦʯʚʝʥʥʳʭ ʢʦʤʢʦʚ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʷ-

ʤʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʨʘʟʤʝʨʘ ʨʘʟʨʫʰʝʥʠʝ ʧʨʠ ʩʞʘ-

ʪʠʠ ʤʝʣʢʠʭ ʢʦʤʢʦʚ (20õ30 ʤʤ) ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʜʝʡ-

ʩʪʚʠʠ ʩʠʣʳ 40-50 ʅ, ʢʨʫʧʥʳʭ ʢʦʤʢʦʚ (70õ80 ʤʤ) - 

120õ200 ʅ. 
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ɺ ʩʨʝʜʥʝʤ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʢʘʯʝʥʠʷ ʦʜʠʥʦʯ-

ʥʳʭ ʢʦʤʢʦʚ ʧʦ ʨʝʟʠʥʝ ʨʘʚʝʥ 0,5; ʧʨʠ ʛʨʫʧʧʦʚʦʤ ʩʢʘ-

ʪʳʚʘʥʠʠ 0,40õ0,62, ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʢʘʯʝʥʠʷ 

ʧʦʯʚʝʥʥʳʭ ʢʦʤʢʦʚ ʧʦ ʩʪʘʣʠ - 0,5. 

5.2 ʉʧʦʩʦʙʳ ʫʙʦʨʢʠ ʢʘʨʪʦʬʝʣʷ ʠ ʘʛʨʦʪʨʝʙʦʚʘ-

ʥʠʷ 

ʂʣʫʙʥʠ ʢʘʨʪʦʬʝʣʷ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʧʦʯʚʝ ʛʥʝʟ-

ʜʘʤʠ. ʄʘʰʠʥʘ ʚʳʢʘʧʳʚʘʝʪ ʠʭ ʚʤʝʩʪʝ ʩ ʧʦʯʚʦʡ, ʟʘʪʝʤ 

ʨʘʟʤʝʣʴʯʘʝʪ ʧʦʯʚʫ ʠ ʦʪʩʝʠʚʘʝʪ ʩʧʝʮʠʘʣʴʥʳʤ ʩʝʧʘʨʘ-

ʪʦʨʦʤ [24]. 

ʕʪʦʪ ʧʨʦʮʝʩʩ ʟʘʪʨʫʜʥʝʥ ʪʝʤ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ 

ʢʣʫʙʥʝʡ ʚ ʧʣʘʩʪʝ ʧʦʯʚʳ ʩʦʩʪʘʚʣʷʝʪ ʧʦ ʤʘʩʩʝ 1õ3 %. 

ʏʪʦʙʳ ʚʳʜʝʣʠʪʴ 4õ6 ʢʛ ʢʣʫʙʥʝʡ, ʜʚʫʭʨʷʜʥʘʷ ʤʘʰʠʥʘ 

ʜʦʣʞʥʘ ʨʘʟʤʝʣʴʯʠʪʴ ʠ ʦʪʩʝʷʪʴ ʟʘ ʩʝʢʫʥʜʫ ʜʦ 200 ʢʛ 

ʧʦʯʚʳ. ʂʨʦʤʝ ʪʦʛʦ, ʩʪʝʧʝʥʴ ʚʦʟʤʦʞʥʦʛʦ ʨʘʟʤʝʣʴʯʝ-

ʥʠʷ ʧʣʘʩʪʘ ʧʦʯʚʳ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʪʩʝʠʚʘʥʠʷ ʝʝ 

ʯʘʩʪʠʮ ʦʛʨʘʥʠʯʝʥʘ ʧʨʦʯʥʦʩʪʴʶ ʢʣʫʙʥʝʡ, ʢʦʪʦʨʘʷ 

ʯʘʩʪʦ ʙʳʚʘʝʪ ʤʝʥʴʰʝ ʧʨʦʯʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʧʦʯʚʝʥ-

ʥʳʭ ʢʦʤʢʦʚ. ʅʘ ʨʘʙʦʪʫ ʤʘʰʠʥ ʚʣʠʷʶʪ ʪʘʢʞʝ ʨʘʟʤʝ-

ʨʳ, ʤʘʩʩʘ ʠ ʬʦʨʤʘ ʙʦʪʚʳ ʠ ʢʣʫʙʥʝʡ. ʏʨʝʟʤʝʨʥʦ ʨʘʟ-

ʚʠʪʘʷ ʙʦʪʚʘ ʟʘʪʨʫʜʥʷʝʪ ʫʙʦʨʢʫ. ʂʣʫʙʥʠ ʩ ʥʝʧʨʦʯʥʦʡ 

ʥʝʞʥʦʡ ʢʦʞʠʮʝʡ, ʦʩʦʙʝʥʥʦ ʢʨʫʧʥʳʝ, ʤʘʩʩʦʡ ʙʦʣʝʝ 

200 ʛ ʣʝʛʢʦ ʧʦʚʨʝʞʜʘʶʪʩʷ ʦʪ ʩʦʫʜʘʨʝʥʠʡ ʦ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ, ʙʫʥʢʝʨʦʚ ʠ ʤʝʞʜʫ ʩʦʙʦʡ. 

ʇʨʦʜʦʣʛʦʚʘʪʳʝ ʢʣʫʙʥʠ ʩʠʣʴʥʝʝ ʧʦʚʨʝʞʜʘʶʪʩʷ, ʯʝʤ 

ʢʨʫʛʣʳʝ. ʆʢʨʫʛʣʳʝ ʣʝʛʢʦ ʩʢʘʪʳʚʘʶʪʩʷ ʩ ʩʝʧʘʨʠ-

ʨʫʶʱʠʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʠ ʭʦʨʦʰʦ ʦʪʜʝʣʷʶʪʩʷ ʦʪ 

ʧʦʯʚʳ. ʇʦʵʪʦʤʫ ʜʣʷ ʫʩʧʝʰʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʤʘʰʠʥ-
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ʥʦʡ ʫʙʦʨʢʠ ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʠʚʘʪʴʩʷ ʧʨʠ ʚʦʟʜʝʣʳʚʘ-

ʥʠʠ ʚʳʚʝʜʝʥʠʠ ʥʦʚʳʭ ʩʦʨʪʦʚ ʢʘʨʪʦʬʝʣʷ, ʯʪʦʙʳ ʨʘʩ-

ʪʝʥʠʷ ʦʙʨʘʟʦʚʳʚʘʣʠ ʢʦʤʧʘʢʪʥʳʝ ʛʥʝʟʜʘ, ʥʝʨʘʩʢʠʜʠ-

ʩʪʳʡ ʢʫʩʪ ʙʦʪʚʳ, ʠʤʝʣʠ ʚʳʨʦʚʥʝʥʥʳʝ ʢʣʫʙʥʠ ʦʢʨʫʛ-

ʣʦʡ ʬʦʨʤʳ ʩ ʧʨʦʯʥʦʡ ʢʦʞʠʮʝʡ ʠ ʤʷʢʦʪʴʶ ʤʘʩʩʦʡ 80-

200 ʛ. 

ʂʘʨʪʦʬʝʣʴ ʫʙʠʨʘʶʪ ʢʦʧʘʪʝʣʷʤʠ ʠ ʢʦʤʙʘʡʥʘʤʠ: 

ʧʨʷʤʳʤ ʢʦʤʙʘʡʥʠʨʦʚʘʥʠʝʤ, ʨʘʟʜʝʣʴʥʳʤ ʠ ʢʦʤʙʠʥʠ-

ʨʦʚʘʥʥʳʤ ʩʧʦʩʦʙʘʤʠ. 

ʂʘʨʪʦʬʝʣʝʢʦʧʘʪʝʣʷʤʠ ʠʟʚʣʝʢʘʶʪ ʢʣʫʙʥʠ ʠʟ ʧʦʯ-

ʚʳ ʠ ʫʢʣʘʜʳʚʘʶʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʣʷ ʚ ʚʘʣʦʢ. ʇʦʜ-

ʙʠʨʘʶʪ ʢʣʫʙʥʠ ʚʨʫʯʥʫʶ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʙʦʣʴʰʠʤʠ ʟʘ-

ʪʨʘʪʘʤʠ ʪʨʫʜʘ, ʚʦʟʨʘʩʪʘʶʱʠʤʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʫʨʦ-

ʞʘʷ. 

ʇʨʠ ʧʨʷʤʦʤ ʢʦʤʙʘʡʥʠʨʦʚʘʥʠʠ ʢʦʤʙʘʡʥ ʚʳʢʘʧʳ-

ʚʘʝʪ ʢʣʫʙʥʠ, ʦʪʜʝʣʷʚ ʠʭ ʦʪ ʧʦʯʚʳ ʠ ʙʦʪʚʳ, ʩʦʙʠʨʘʝʪ 

ʚ ʙʫʥʢʝʨ ʠ ʚʳʛʨʫʞʘʝʪ ʚ ʪʨʘʥʩʧʦʨʪ. ʉʦʙʨʘʥʥʳʡ ʢʘʨ-

ʪʦʬʝʣʴ ʦʪʚʦʟʷʪ ʥʘ ʢʘʨʪʦʬʝʣʝʩʦʨʪʠʨʦʚʘʣʴʥʳʝ ʧʫʥʢ-

ʪʳ. 

ʇʨʠ ʨʘʟʜʝʣʴʥʦʤ ʩʧʦʩʦʙʝ ʢʣʫʙʥʠ ʠʟ ʜʚʫʭ, ʯʝʪʳ-

ʨʝʭ, ʰʝʩʪʠ ʨʷʜʢʦʚ ʚʳʢʘʧʳʚʘʶʪ ʢʦʧʘʪʝʣʝʤ ʠ ʫʢʣʘʜʳ-

ʚʘʶʪ ʚ ʦʙʱʠʡ ʚʘʣʦʢ, ʟʘʪʝʤ ʧʨʦʩʦʭʰʠʡ ʚʘʣʦʢ ʧʦʜʙʠ-

ʨʘʶʪ ʢʦʤʙʘʡʥʦʤ. ʂʦʣʠʯʝʩʪʚʦ ʨʷʜʢʦʚ, ʫʢʣʘʜʳʚʘʝʤʳʭ 

ʚ ʚʘʣʦʢ, ʚʳʙʠʨʘʶʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʨʦʞʘʷ. 

ʇʨʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʤ ʩʧʦʩʦʙʝ ʢʣʫʙʥʠ ʚʳʢʘʧʳ-

ʚʘʶʪ ʢʦʧʘʪʝʣʝʤ ʠʟ ʜʚʫʭ (ʩʭʝʤʘ 2+2) ʠʣʠ ʯʝʪʳʨʝʭ 

ʨʷʜʢʦʚ (ʩʭʝʤʘ 2 + 4) ʠ ʫʢʣʘʜʳʚʘʶʪ ʤʝʞʜʫ ʜʚʫʤʷ ʥʝ-

ʫʙʨʘʥʥʳʤʠ ʨʷʜʢʘʤʠ. ʇʦʩʣʝ ʧʦʜʩʫʰʢʠ ʚʘʣʢʘ ʚ ʪʝʯʝ-

ʥʠʝ 2-4 ʯʘʩʘ ʢʦʤʙʘʡʥʦʤ ʧʦʜʢʘʧʳʚʘʶʪ ʥʝʫʙʨʘʥʥʳʝ 

ʨʷʜʢʠ ʢʘʨʪʦʬʝʣʷ ʠ ʦʜʥʦʚʨʝʤʝʥʥʘ ʧʦʜʙʠʨʘʶʪ ʚʘʣʦʢ. 
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ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʢʦʤʙʘʡʥʦʚ ʧʨʠ ʨʘʟʜʝʣʴʥʦʤ 

ʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʤ ʩʧʦʩʦʙʘʭ ʧʦʚʳʰʘʝʪʩʷ, ʢʣʫʙʥʠ 

ʣʫʯʰʝ ʦʪʜʝʣʷʶʪʩʷ ʦʪ ʧʦʯʚʳ, ʯʪʦ ʪʨʝʙʫʝʪ ʤʝʥʴʰʠʭ 

ʟʘʪʨʘʪ ʪʨʫʜʘ ʥʘ ʠʭ ʜʦʦʯʠʩʪʢʫ. ʇʦʪʨʝʙʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʢʦʤʙʘʡʥʦʚ ʩʦʢʨʘʱʘʝʪʩʷ ʚ 1,5-2 ʨʘʟʘ. ʂʘʨʪʦʬʝʣʝʫʙʦ-

ʨʦʯʥʳʝ ʢʦʤʙʘʡʥʳ ʜʦʣʞʥʳ ʩʦʙʠʨʘʪʴ ʚ ʙʫʥʢʝʨ ʠʣʠ 

ʧʦʜʘʚʘʪʴ ʚ ʪʘʨʫ ʥʝ ʤʝʥʝʝ 95 % ʢʣʫʙʥʝʡ, ʢʦʣʠʯʝʩʪʚʦ 

ʧʦʚʨʝʞʜʝʥʥʳʭ ʢʣʫʙʥʝʡ ʥʝ ʜʦʣʞʥʦ ʧʨʝʚʳʰʘʪʴ 5 %. 

ʇʦʪʝʨʷ ʢʣʫʙʥʝʡ ʚʝʩʦʤ ʙʦʣʝʝ 15 ʛ ʜʦʧʫʩʢʘʝʪʩʷ ʥʝ ʙʦ-

ʣʝʝ 3%. 

ɼʣʷ ʧʦʪʦʯʥʦʡ ʫʙʦʨʢʠ ʠ ʧʦʩʣʝʫʙʦʨʦʯʥʦʡ ʦʙʨʘ-

ʙʦʪʢʠ ʢʘʨʪʦʬʝʣʷ ʧʨʠʤʝʥʷʶʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʢʦʤ-

ʧʣʝʢʩʳ ʤʘʰʠʥ, ʚʢʣʶʯʘʶʱʠʝ ʢʦʧʘʪʝʣʠ, ʢʦʤʙʘʡʥʳ, 

ʩʦʨʪʠʨʦʚʘʣʴʥʳʝ ʤʘʰʠʥʳ ʠ ʧʫʥʢʪʳ. ɹʦʪʚʫ ʫʙʠʨʘʶʪ 

ʨʦʪʘʮʠʦʥʥʦʡ ʢʦʩʠʣʢʦʡ-ʠʟʤʝʣʴʯʠʪʝʣʝʤ ʂʀʈ-1,5ɹ, 

ʦʙʦʨʫʜʦʚʘʥʥʦʡ ʙʫʥʢʝʨʦʤ. 

5.3 ʊʝʭʥʦʣʦʛʠʷ ʠ ʦʨʛʘʥʠʟʘʮʠʷ ʫʙʦʨʦʯʥʳʭ ʨʘ-

ʙʦʪ 

ʂʘʨʪʦʬʝʣʴ ʩʪʨʝʤʷʪʩʷ ʫʙʨʘʪʴ ʚ ʣʫʯʰʠʝ ʘʛʨʦʪʝʭ-

ʥʠʯʝʩʢʠʝ ʩʨʦʢʠ, ʙʝʟ ʧʦʪʝʨʴ ʠ ʧʦʣʫʯʠʪʴ ʥʝʧʦʚʨʝʞ-

ʜʝʥʥʳʝ ʢʣʫʙʥʠ, ʦʯʠʱʝʥʥʳʝ ʦʪ ʙʦʪʚʳ ʠ ʧʦʯʚʳ [24]. 

ʋʙʦʨʢʫ ʥʘʯʠʥʘʶʪ ʧʦʩʣʝ ʥʘʩʪʫʧʣʝʥʠʷ ʙʠʦʣʦʛʠʯʝ-

ʩʢʦʡ ʟʨʝʣʦʩʪʠ ʢʣʫʙʥʝʡ ʟʘʢʘʥʯʠʚʘʶʪ ʜʦ ʥʘʩʪʫʧʣʝʥʠʷ 

ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ: ʚ ʵʪʦʪ ʧʝʨʠʦʜ ʢʣʫʙʥʠ  ʤʝʥʴʰʝ 

ʧʦʚʨʝʞʜʘʶʪʩʷ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʫʙʦʨʢʠ ʟʘʚʠʩʠʪ 

ʦʪ ʚʳʙʦʨʘ ʩʧʦʩʦʙʘ ʫʙʦʨʢʠ, ʩʠʩʪʝʤʳ ʤʘʰʠʥ ʠ ʦʨʛʘʥʠ-

ʟʘʮʠʠ ʠʭ ʨʘʙʦʪʳ. 

ʂʦʧʘʪʝʣʷʤʠ ʢʘʨʪʦʬʝʣʴ ʫʙʠʨʘʶʪ ʥʘ ʩʨʝʜʥʠʭ ʧʝʨʝ-
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ʫʚʣʘʞʥʝʥʥʳʭ ʠ ʪʷʞʝʣʳx ʧʦʯʚʘʭ, ʥʘ ʩʢʣʦʥʘʭ ʙʦʣʝʝ 

30Á, ʥʘ ʥʝʙʦʣʴʰʠʭ ʧʦʣʷʭ ʩ ʫʨʦʞʘʡʥʦʩʪʴʶ ʥʝ ʤʝʥʝʝ 

100 ʮ/ʛʘ. ʂʦʧʘʪʝʣʷʤʠ ʫʙʠʨʘʶʪ ʢʘʨʪʦʬʝʣʴ ʠ ʥʘ ʩʝ-

ʤʝʥʥʳʭ ʫʯʘʩʪʢʘʭ. ɿʘ I - 2 ʜʥʷ ʜʦ ʚʳʢʘʧʳʚʘʥʠʷ ʢʣʫʙ-

ʥʝʡ ʯʨʝʟʤʝʨʥʦ ʨʘʟʚʠʪʫʶ ʙʦʪʚʫ ʩʢʘʰʠʚʘʶʪ ʢʦʩʠʣʢʦʡ-

ʠʟʤʝʣʴʯʠʪʝʣʝʤ ʂʀʈ-1,5ɹ. ɹʦʪʚʫ, ʧʦʨʘʞʝʥʥʫʶ ʬʠ-

ʪʦʬʪʦʨʦʡ, ʫʙʠʨʘʶʪ ʟʘ 7-10 ʜʥʝʡ ʜʦ ʫʙʦʨʢʠ ʢʣʫʙʥʝʡ ʠ 

ʫʥʠʯʪʦʞʘʶʪ. ʆʩʥʦʚʥʦʡ ʩʧʦʩʦʙ ʜʚʠʞʝʥʠʷ ʢʦʧʘʪʝʣʝʡ - 

ʯʝʣʥʦʯʥʳʡ. ʅʘ ʪʷʞʝʣʳʭ ʧʦʯʚʘʭ ʠ ʥʘ ʩʢʣʦʥʘʭ ʨʘʙʦ-

ʪʘʁʪ ʩ ʧʨʦʧʫʩʢʦʤ ʜʚʫʭ ʨʷʜʢʦʚ. ʇʦʩʣʝʜʥʠʝ ʚʳʢʘʧʳ-

ʚʘʶʪ ʧʦʩʣʝ ʩʙʦʨʘ ʢʣʫʙʥʝʡ. 

ʇʝʨʝʜ ʫʙʦʨʢʦʡ ʚʳʢʘʧʳʚʘʶʪ ʥʝ ʤʝʥʝʝ 10 ʛʥʝʟʜ ʠ 

ʟʘʤʝʨʷʶʪ ʛʣʫʙʠʥʫ ʟʘʣʝʛʘʥʠʷ ʢʣʫʙʥʝʡ: ʣʝʤʝʭʘ ʟʘ-

ʛʣʫʙʣʷʶʪ ʥʘ 2-3 ʩʤ ʥʠʞʝ ʟʘʣʝʛʘʥʠʷ ʢʣʫʙʥʝʡ. ʂʣʫʙʥʠ, 

ʚʳʢʦʧʘʥʥʳʝ ʢʦʧʘʪʝʣʝʤ, ʩʦʙʠʨʘʶʪ ʚ ʪʦʧ ʞʝ ʜʝʥʴ, ʚr -

ʜʝʣʠʚ ʜʣʷ ʵʪʦʛʦ  ʜʦʩʪʘʪʦʯʥʦ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʠ 

ʨʘʙʦʯʠʭ. 

ʂʦʤʙʘʡʥʳ ʫʙʠʨʘʶʪ ʢʘʨʪʦʬʝʣʴ ʥʘ ʣʝʛʢʠʭ ʠ ʩʨʝʜ-

ʥʠʭ ʧʦʯʚʘʭ. ɼʣʷ ʵʪʦʛʦ ʚʳʙʠʨʘʶʪ ʧʦʣʷ, ʯʠʩʪʳʝ ʦʪ 

ʩʦʨʥʷʢʦʚ, ʩ ʫʨʦʞʘʝʤ ʥʝ ʤʝʥʝʝ 100 ʪ/ʛʘ. 

ʇʦʣʝ ʨʘʟʙʠʚʘʶʪ ʥʘ ʫʯʘʩʪʢʠ (ʚʢʣʶʯʘʶʱʠʝ 64 

ʨʷʜʢʘ), ʘ ʫʯʘʩʪʢʠ ï ʥʘ ʟʘʛʦʥʳ  (ʧʦ 16 ʨʷʜʢʦʚ). ʅʘ 

ʢʦʥʮʘʭ ʫʯʘʩʪʢʦʚ ʦʙʦʟʥʘʯʘʶʪ ʧʦʚʦʨʦʪʥʳʝ ʧʦʣʦʩʳ 

ʰʠʨʠʥʦʡ 12-14 ʤ ʠ ʫʙʠʨʘʶʪ ʩ ʥʠʭ ʢʘʨʪʦʬʝʣʴ ʢʦʧʘʪʝ-

ʣʝʤ. ʂʦʤʙʘʡʥ ʨʘʙʦʪʘʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʜʚʫʭ ʟʘʛʦ-

ʥʘʭ: ʚ ʦʜʥʫ ʩʪʦʨʦʥʫ ʫʙʠʨʘʝʪ ʨʷʜʢʠ ʧʝʨʚʦʛʦ ʟʘʛʦʥʘ, 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ - ʪʨʝʪʴʝʛʦ, ʘ ʟʘʪʝʤ ʚʪʦʨʦʛʦ ʠ ʯʝʪ-

ʚʝʨʪʦʛʦ ʟʘʛʦʥʘ, ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʢʦʤʙʘʡʥʘ ʚʳ-

ʙʠʨʘʶʪ ʪʘʢʠʤ, ʯʪʦʙʳ ʫʙʨʘʥʥʦʝ ʧʦʣʝ ʚʩʝʛʜʘ ʥʘʭʦʜʠ-

ʣʦʩʴ ʩ ʧʨʘʚʦʡ ʩʪʦʨʦʥʳ ʢʦʤʙʘʡʥʘ. 



 221 

ʅʘ ʧʦʣʷʭ ʧʣʦʱʘʜʴʶ ʩʚʳʰʝ 40 ʛʘ ʧʨʠʤʝʥʷʶʪ 

ʛʨʫʧʧʦʚʫʶ ʨʘʙʦʪʫ ʢʦʤʙʘʡʥʦʚ. ʋʯʘʩʪʢʠ ʜʦʣʞʥʳ ʧʨʠ-

ʤʳʢʘʪʴ ʦʜʠʥ ʢ ʜʨʫʛʦʤʫ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘ-

ʮʠʦʥʘʣʴʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ. 

ʈʘʟʜʝʣʴʥʳʡ ʩʧʦʩʦʙ ʫʙʦʨʢʠ ʧʨʠʤʝʥʷʶʪ ʥʘ ʧʝʨʝ-

ʫʚʣʘʞʥʝʥʥʳʭ ʧʦʯʚʘʭ,  ʢʦʛʜʘ ʧʨʠ ʧʨʷʤʦʤ ʢʦʤʙʘʡʥʠ-

ʨʦʚʘʥʠʠ ʤʦʞʥʦ ʨʘʙʦʪʘʪʴ ʥʘ ʩʢʦʨʦʩʪʠ ʥʝ ʙʦʣʝʝ 2 

ʢʤ/ʯ. ʇʨʠ ʫʨʦʞʘʡʥʦʩʪʠ ʜʦ 15 ʪ/ʛʘ ʢʣʫʙʥʠ ʫʢʣʘʜʳʚʘ-

ʶʪ ʚ ʚʘʣʦʢ ʠʟ ʰʝʩʪʠ ʨʷʜʢʦʚ, ʩʚʳʰʝ 15 ʪ/ʛʘ - ʠʟ ʯʝʪʳ-

ʨʝʭ. ɼʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʚʘʣʢʘ ʠʟ ʯʝʪʳʨʝʭ ʨʷʜʢʦʚ ʢʦʧʘ-

ʪʝʣʴ ʜʚʠʞʝʪʩʷ ʟʘʛʦʥʥʳʤ ʩʧʦʩʦʙʦʤ, ʠʟ ʰʝʩʪʠ ʨʷʜʢʦʚ - 

ʯʝʣʥʦʯʥʳʤ. 

ʂʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʩʧʦʩʦʙ ʫʙʦʨʢʠ ʧʨʠʤʝʥʷʶʪ ʥʘ 

ʣʝʛʢʠʭ ʠ ʩʨʝʜʥʠʭ ʧʦʯʚʘʭ ʧʨʠ ʣʶʙʳʭ ʧʦʛʦʜʥʳʭ ʫʩʣʦ-

ʚʠʷʭ ʩ ʪʝʤ, ʯʪʦʙʳ ʩʥʠʟʠʪʴ ʧʦʚʨʝʞʜʝʥʠʝ ʢʣʫʙʥʝʡ ʠ 

ʩʦʢʨʘʪʠʪʴ ʯʠʩʣʦ ʧʨʦʭʦʜʦʚ ʢʦʤʙʘʡʥʘ ʧʦ ʧʦʣʶ. ʇʨʠ 

ʫʨʦʞʘʡʥʦʩʪʠ ʢʣʫʙʥʝʡ ʜʦ 20 ʪ/ʛʘ ʨʘʙʦʪʘʶʪ ʧʦ ʩʭʝʤʝ 2 

+ 2, ʤʝʥʝʝ 20 ʪ/ʛʘ - ʧʦ ʩʭʝʤʝ 2 + 4. ɼʣʷ ʦʙʨʘʟʦʚʘʥʠʷ 

ʚʘʣʢʘ ʠʟ ʜʚʫʭ ʨʷʜʢʦʚ ʢʦʧʘʪʝʣʴ ʜʚʠʞʝʪʩʷ ʚʢʨʫʛʦʚʫʶ, 

ʠʟ ʯʝʪʳʨʝʭ ʨʷʜʢʦʚ - ʯʝʣʥʦʯʥʳʤ ʩʧʦʩʦʙʦʤ ʩ ʧʨʦʧʫʩ-

ʢʦʤ ʜʚʫʭ ʨʷʜʢʦʚ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʧʨʦʭʦʜʘʤʠ. 

ʂʦʤʙʘʡʥ-ʧʦʜʙʦʨʱʠʢ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʨʘʙʦʪʘʝʪ 

ʟʘʛʦʥʥʳʤ ʩʧʦʩʦʙʦʤ. ʇʝʨʠʦʜʠʯʝʩʢʠ ʦʮʝʥʠʚʘʶʪ ʢʘʯʝ-

ʩʪʚʦ ʨʘʙʦʪʳ ʢʘʨʪʦʬʝʣʝʫʙʦʨʦʯʥʳʭ ʤʘʰʠʥ, ʦʧʨʝʜʝʣʷʷ 

ʧʦʣʥʦʪʫ ʠʟʚʣʝʯʝʥʠʷ ʢʣʫʙʥʝʡ ʠʟ ʧʦʯʚʳ (ʥʝ ʤʝʥʝʝ 97 

%) ʠ ʠʭ ʩʙʦʨʘ (ʥʝ ʤʝʥʝʝ 95 %), ʯʠʩʪʦʪʫ ʢʣʫʙʥʝʡ ʚ ʪʘ-

ʨʝ ʠ ʩʪʝʧʝʥʴ ʠʭ ʧʦʚʨʝʞʜʝʥʠʷ. ɼʣʷ ʩʥʠʞʝʥʠʷ ʧʦʚʨʝ-

ʞʜʝʥʠʷ ʩʪʨʝʤʷʪʩʷ ʩʦʢʨʘʪʠʪʴ ʯʠʩʣʦ ʧʝʨʝʛʨʫʟʦʢ: ʧʝʨʝ-

ʚʦʟʷʪ ʢʘʨʪʦʬʝʣʴ ʚ ʢʦʥʪʝʡʥʝʨʘʭ. 

ʅʘʠʙʦʣʝʝ ʧʨʦʠʟʚʦʜʠʪʝʣʝʥ ʠ ʵʢʦʥʦʤʠʯʝʥ ʧʦʪʦʯ-



 222 

ʥʳʡ ʩʧʦʩʦʙ ʫʙʦʨʢʠ, ʧʦʟʚʦʣʷʶʱʠʡ ʤʘʢʩʠʤʘʣʴʥʦ ʤʝ-

ʭʘʥʠʟʠʨʦʚʘʪʴ ʚʩʝ ʦʧʝʨʘʮʠʠ ʚ ʝʜʠʥʦʤ ʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʦʤ ʧʦʪʦʢʝ. ʇʨʠ ʧʦʪʦʯʥʦʤ ʩʧʦʩʦʙʝ ʫʙʦʨʢʠ 

ʢʣʫʙʥʠ ʠʟ ʢʦʤʙʘʡʥʘ ʚʳʛʨʫʞʘʶʪ ʚ ʪʨʘʥʩʧʦʨʪʥʳʝ 

ʩʨʝʜʩʪʚʘ, ʦʪʚʦʟʷʪ ʥʘ ʢʘʨʪʦʬʝʣʝʩʦʨʪʠʨʦʚʘʣʴʥʳʡ 

ʧʫʥʢʪ ʠ ʚʳʛʨʫʞʘʶʪ ʚ ʧʨʠʝʤʥʳʡ ʙʫʥʢʝʨ, ʧʝʨʝʜʚʠʞ-

ʥʦʡ ʧʫʥʢʪ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʚ ʧʦʣʝ ʥʝʜʘʣʝʢʦ ʦʪ ʫʯʘʩʪ-

ʢʘ, ʩ ʢʦʪʦʨʦʛʦ ʫʙʠʨʘʶʪ ʢʘʨʪʦʬʝʣʴ. ʇʦ ʤʝʨʝ ʫʙʦʨʢʠ 

ʢʘʨʪʦʬʝʣʷ ʧʫʥʢʪ ʧʝʨʝʜʚʠʛʘʶʪ ʚ ʩʪʦʨʦʥʫ ʨʘʙʦʪʳ 

ʢʦʤʙʘʡʥʦʚ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʱʘʝʪ ʟʘʪʨʘʪʳ ʥʘ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʝ ʢʘʨʪʦʬʝʣʷ ʢ ʧʫʥʢʪʫ. 

ʉʪʘʮʠʦʥʘʨʥʳʝ ʧʫʥʢʪʳ ʩʪʨʦʷʪ ʚʙʣʠʟʠ ʭʨʘʥʠʣʠʱ ʠ 

ʦʙʦʨʫʜʫʶʪ ʚʝʥʪʠʣʠʨʫʝʤʳʤʠ ʧʣʦʱʘʜʢʘʤʠ ʜʣʷ ʧʨʠʝ-

ʤʘ ʠ ʚʨʝʤʝʥʥʦʛʦ ʭʨʘʥʝʥʠʷ ʢʘʨʪʦʬʝʣʷ, ʩʠʩʪʝʤʦʡ 

ʪʨʘʥʩʧʦʨʪʝʨʦʚ ʜʣʷ ʟʘʛʨʫʟʢʠ ʢʣʫʙʥʝʡ ʚ ʭʨʘʥʠʣʠʱʝ. 

ʉʪʘʮʠʦʥʘʨʥʳʝ ʧʫʥʢʪʳ ʠʩʧʦʣʴʟʫʶʪ ʪʘʢʞʝ ʜʣʷ ʧʨʝʜ-

ʧʦʩʘʜʦʯʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʩʝʤʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

5.4 ʇʦʜʢʘʧʳʚʘʶʱʠʝ ʨʘʙʦʯʠʝ ʦʨʛʘʥʳ 

ʇʦʜʢʘʧʳʚʘʶʱʠʝ ʨʘʙʦʯʠʝ ʦʨʛʘʥʳ ʧʨʝʜʥʘʟʥʘʯʝʥʳ 

ʜʣʷ ʧʦʜʢʘʧʳʚʘʥʠʷ ʨʷʜʢʦʚ ʢʘʨʪʦʬʝʣʷ ʠ ʧʝʨʝʜʘʯʠ ʥʘ 

ʩʝʧʘʨʠʨʫʶʱʠʝ ʦʨʛʘʥʳ. ɺʤʝʩʪʝ ʩ ʢʣʫʙʥʷʤʠ ʥʘ ʨʘʙʦ-

ʯʠʝ ʦʨʛʘʥʳ ʧʦʩʪʫʧʘʝʪ ʩ ʦʜʥʦʛʦ ʧʦʛʦʥʥʦʛʦ ʤʝʪʨʘ ʦʢʦ-

ʣʦ 200 ʢʛ ʧʦʯʚʳ (ʫ ʜʚʫʭʨʷʜʥʳʭ ʤʘʰʠʥ). 

ɺ ʢʘʯʝʩʪʚʝ ʧʦʜʢʘʧʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʠʩ-

ʧʦʣʴʟʫʶʪʩʷ ʣʝʤʝʭʠ ʜʚʫʭ ʚʠʜʦʚ - ʥʝʧʦʜʚʠʞʥʳʝ ʦʪʥʦ-

ʩʠʪʝʣʴʥʦ ʤʘʰʠʥʳ (ʧʘʩʩʠʚʥʳʝ) ʠ ʩʦʚʝʨʰʘʶʱʠʝ ʦʪ-

ʥʦʩʠʪʝʣʴʥʦ ʤʘʰʠʥʳ ʢʦʣʝʙʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ - ʚʠʙ-

ʨʘʮʠʦʥʥʳʝ ʠʣʠ ʘʢʪʠʚʥʳʝ ʣʝʤʝʭʠ, ʘ ʪʘʢʞʝ ʰʚʳʨʷʣʴ-
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ʥʳʝ ʤʝʭʘʥʠʟʤʳ. 

ʇʘʩʩʠʚʥʳʡ ʣʝʤʝʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʣʦʩʢʠʡ 

ʢʣʠʥ, ʧʦʩʪʘʚʣʝʥʥʳʡ ʧʦʜ ʫʛʣʦʤ ʘ ʢ ʛʦʨʠʟʦʥʪʫ (ʨʠʩ. 

5.1). 

ʕʪʦʪ ʫʛʦʣ ʜʦʣʞʝʥ ʙʳʪʴ ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ ʤʘʣʳʤ 

ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʩʛʨʫʞʠʚʘʥʠʷ ʧʣʘʩʪʘ ʠ ʫʤʝʥʴʰʝʥʠʷ 

ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʅʦ, ʚ ʪʦ ʞʝ ʚʨʝʤʷ, ʝʛʦ ʚʝ-

ʣʠʯʠʥʘ ʩʚʷʟʘʥʘ ʩ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʟʘʜʘʚʘʝʤʦʡ ʚʳʩʦʪʦʡ 

ʟʘʜʥʝʛʦ ʦʙʨʝʟʘ ʣʝʤʝʭʘ h ʠ ʜʣʠʥʦʡ ʣʝʤʝʭʘ l0: 

ὰ̏=
Ὤ

ίὭὲ‌̏
, 

 

ʈʠʩʫʥʦʢ 5.1 ʉʭʝʤʘ ʧʘʩʩʠʚʥʦʛʦ ʣʝʤʝʭʘ 

ʆʧʳʪʥʳʤ ʧʫʪʝʤ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʯʝʤ ʙʦʣʴʰʝ 

ʫʛʦʣ Ŭʦ, ʪʝʤ ʣʫʯʰʝ ʩʘʤʦʦʯʠʩʪʢʘ ʣʝʟʚʠʡ ʣʝʤʝʭʘ ʦʪ 

ʙʦʪʚʳ ʠ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪ ʥʘʣʠʧʰʝʡ ʟʝʤʣʠ. ɺ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʣʝʤʝʭʦʚ ʚʝʣʠʯʠʥʘ ʫʛʣʘ 
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Ŭ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 15-20Á. 

ɺʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʧʝʨʝʜʚʠʞʝʥʠʝ ʧʣʘʩʪʘ ʧʦ ʣʝʤʝʭʫ 

ʩʠʣʴʥʦ ʟʘʪʨʫʜʥʷʝʪʩʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ, ʦʙʚʦʣʘʢʠ-

ʚʘʶʱʝʡ ʣʝʟʚʠʝ, ʩ ʮʝʣʴʶ ʩʘʤʦʦʯʠʩʪʢʠ ʫʛʦʣ ʨʘʩʪʚʦʨʘ 

ʣʝʟʚʠʡ ʣʝʤʝʭʘ ‎ʦ ʧʦʜʙʠʨʘʶʪ ʪʘʢ, ʯʪʦʙʳ ʥʘʚʠʩʘʶʱʠʝ 

ʥʘ ʣʝʟʚʠʝ ʩʦʨʥʷʢʠ ʠ ʙʦʪʚʘ ʤʦʛʣʠ ʩʧʦʣʟʘʪʴ ʚ ʩʪʦʨʦʥʫ. 

ʋʩʠʣʠʝ ʈ ʦʪ ʜʝʡʩʪʚʠʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʥʘ ʣʝʟʚʠʝ 

ʣʝʤʝʭʘ ʧʨʠ ʝʛʦ ʜʚʠʞʝʥʠʠ (ʨʠʩ. 5.1) ʨʘʟʣʦʞʠʤ ʥʘ ʢʘ-

ʩʘʪʝʣʴʥʦʝ ʈ1 ʠ ʥʦʨʤʘʣʴʥʦʝ ʈ2: 

P1=Pcos
‎0

2
,Ὄ. 

P2=Psin
‎0

2
, H 

ɺʦʟʥʠʢʘʶʱʘʷ ʦʪ ʜʝʡʩʪʚʠʷ ʩʠʣʳ ʈ2 ʩʠʣʘ ʪʨʝʥʠʷ F 

ʥʘʧʨʘʚʣʝʥʘ ʚ ʩʪʦʨʦʥʫ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʩʠʣʝ P1. 

ɼʚʠʞʝʥʠʝ ʙʦʪʚʳ ʠ ʩʦʨʥʷʢʦʚ ʧʦ ʣʝʟʚʠʶ ʚʦʟʤʦʞʥʦ 

ʣʠʰʴ, ʢʦʛʜʘ P1 > F ʠʣʠ 

Pcos 
‎0

2
>Psin

‎0

2
 

f ctg
♬

                                   (5-2) 

ʊʘʢ ʢʘʢ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ 

f = tg •, 

ʪʦ 

tg• <ctg
♬

 

ʠʣʠ 

•<90
0
- 
♬

                            (5-3) 

ʋʛʦʣ ʪʨʝʥʠʷ ʙʦʪʚʳ ʧʦ ʩʪʘʣʠ  •  57Á, ʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦ, 
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57
0
<90

0
-
♬

 

‗0

2
< 330 

ʆʜʥʘʢʦ ʚʤʝʩʪʦ ‎ʦ 
=
 66Á ʚ ʩʫʱʝʩʪʚʫʶʱʠʭ ʢʦʥʩʪ-

ʨʫʢʮʠʷʭ ʢʘʨʪʦʬʝʣʝʫʙʦʨʦʯʥʳʭ ʤʘʰʠʥ ʧʨʠʥʠʤʘʝʪʩʷ  

ɚʦ = 80Á ʠ ʙʦʣʝʝ ʚ ʫʱʝʨʙ ʩʘʤʦʦʯʠʱʝʥʠʶ. ʉ ʫʤʝʥʴ-

ʰʝʥʠʝʤ ɚʦ ʚʦʟʨʘʩʪʘʝʪ ʜʣʠʥʘ ʣʝʤʝʭʘ ὰo, ʯʪʦ ʦʪʨʠʮʘ-

ʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʩʧʦʣʟʘʥʠʝ ʧʣʘʩʪʘ ʧʦ ʝʛʦ ʧʦʚʝʨʭʥʦ-

ʩʪʠ. 

ɸʢʪʠʚʥʳʤ ʣʝʤʝʭʦʤ ʩʣʫʞʠʪ ʧʝʨʝʜʥʷʷ ʢʨʦʤʢʘ 

ʢʘʯʘʶʱʝʛʦʩʷ ʛʨʦʭʦʪʘ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʧʨʠʚʦʜ ʦʪ ʢʨʠ-

ʚʦʰʠʧʥʦʛʦ ʚʘʣʘ, ʜʝʣʘʶʱʝʛʦ 450-650 ʦʙ/ʤʠʥ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʝʛʦ ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ ʩʦʩʪʘʚʣʷʝʪ 7,5-11 ɻʮ, 

ʘʤʧʣʠʪʫʜʘ -20-30 ʤʤ. ʃʝʤʝʭ ʫʢʨʝʧʣʝʥ ʥʘ ʧʝʨʝʜʥʝʡ 

ʢʨʦʤʢʝ ʛʨʦʭʦʪʘ ʠ ʩʦʚʝʨʰʘʝʪ ʚʤʝʩʪʝ ʩ ʥʠʤ ʢʦʣʝʙʘ-

ʪʝʣʴʥʳʝ ʜʚʠʞʝʥʠʷ. ʇʣʦʩʢʦʩʪʴ ʛʨʦʭʦʪʘ ʨʘʩʧʦʣʦʞʝʥʘ 

ʧʦʜ ʫʛʣʦʤ ɺ ʢ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ (ʨʠʩ. 5.2). 

ɻʨʦʭʦʪ ʫʢʨʝʧʣʝʥ ʥʘ ʧʦʜʚʝʩʢʘʭ ɸɺ ʠ ʉɼ, ʢʦʪʦʨʳʝ 

ʠʤʝʶʪ ʨʘʚʥʳʝ ʜʣʠʥʳ ʠ ʧʘʨʘʣʣʝʣʴʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ. 

ɼʚʠʞʝʥʠʝ ʝʤʫ ʧʝʨʝʜʘʝʪʩʷ ʦʪ ʢʨʠʚʦʰʠʧʘ OF ʰʘʪʫ-

ʥʦʤ FE. ʊʘʢ ʢʘʢ ʤʝʭʘʥʠʟʤ ʧʦʜʚʝʩʢʠ ʛʨʦʭʦʪʘ ʧʘʨʘʣ-

ʣʝʣʦʛʨʘʤʥʳʡ, ʪʦ ʦʥ ʜʚʠʛʘʝʪʩʷ ʧʦʩʪʫʧʘʪʝʣʴʥʦ, ʠ ʚʩʝ 

ʪʦʯʢʠ ʝʛʦ ʜʚʠʞʫʪʩʷ ʧʦ ʦʜʠʥʘʢʦʚʳʤ ʜʫʛʘʤ ʦʢʨʫʞʥʦ-

ʩʪʠ ʩ ʨʘʜʠʫʩʦʤ, ʨʘʚʥʳʤ ʜʣʠʥʝ ʧʦʜʚʝʩʦʢ. 

ʉʢʣʘʜʳʚʘʷ ʧʝʨʝʤʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʪʦʯʢʠ L ʣʝʤʝʭʘ 

ʚ ʝʝ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʠ ʧʝʨʝʥʦʩʥʦʤ ʜʚʠʞʝʥʠʠ ʩʦ ʩʢʦ-

ʨʦʩʪʴʶ VM, ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʪʨʘʝʢʪʦʨʠʶ ʪʦʯʢʠ L. 
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ɼʣʷ ʵʪʦʛʦ ʥʘʜʦ ʨʘʟʤʝʩʪʠʪʴ ʧʦ ʚʨʝʤʝʥʠ ʜʫʛʫ ʦʢʨʫʞ-

ʥʦʩʪʠ, ʧʦ ʢʦʪʦʨʦʡ ʜʚʠʞʝʪʩʷ L, ʨʘʟʜʝʣʠʚ ʦʢʨʫʞʥʦʩʪʴ 

ʜʚʠʞʝʥʠʷ ʢʨʠʚʦʰʠʧʘ OF ʥʘ ʧʨʦʠʟʚʦʣʴʥʦʝ ʯʠʩʣʦ 

ʨʘʚʥʳʭ ʯʘʩʪʝʡ ʠ ʥʘʡʜʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʝʡ ʧʦʣʦʞʝ-

ʥʠʝ. 

 

ʈʠʩʫʥʦʢ 5.2 ʂʠʥʝʤʘʪʠʢʘ ʢʘʯʘʶʱʝʛʦʩʷ ʛʨʦʭʦʪʘ 

ɿʘʪʝʤ ʥʘʜʦ ʦʧʨʝʜʝʣʠʪʴ ʜʣʠʥʫ ʧʫʪʠ So, ʧʨʦʭʦʜʠ-

ʤʦʛʦ ʤʘʰʠʥʦʡ ʟʘ ʚʨʝʤʷ ʦʜʥʦʛʦ ʦʙʦʨʦʪʘ ʢʨʠʚʦʰʠʧʘ: 

So=Vʤt=Vʤ
2“

‫
 

ʛʜʝ Vʤ - ʩʢʦʨʦʩʪʴ ʤʘʰʠʥʳ; 

.ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʢʨʠʚʦʰʠʧʘ - ‫ 

ʈʘʟʜʝʣʠʚ ʧʫʪʴ So ʥʘ ʪʦ ʞʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʚʥʳʭ 
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ʯʘʩʪʝʡ, ʥʘ ʢʘʢʦʝ ʙʳʣʘ ʨʘʟʜʝʣʝʥʘ ʦʢʨʫʞʥʦʩʪʴ ʜʚʠʞʝ-

ʥʠʷ ʢʨʠʚʦʰʠʧʘ, ʥʘʜʦ ʦʪ ʢʘʞʜʦʛʦ ʧʦʣʦʞʝʥʠʷ ʪʦʯʢʠ L 

ʥʘ ʜʫʛʝ ʦʢʨʫʞʥʦʩʪʠ ʦʪʢʣʘʜʳʚʘʪʴ ʪʦʯʢʠ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦ: ʦʪ ʧʝʨʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʦʜʥʫ ʯʘʩʪʴ, ʦʪ ʚʪʦʨʦʛʦ 

- ʜʚʝ ʠ ʪ.ʜ. ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʩʢʦʨʦʩʪʠ ʣʝʤʝʭʘ, ʠ ʧʨʦʚʝʩ-

ʪʠ ʯʝʨʝʟ ʧʦʣʫʯʝʥʥʳʝ ʪʦʯʢʠ ʧʣʘʚʥʫʶ ʢʨʠʚʫʶ. 

ʆʩʥʦʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʢʘʯʘʶʱʝʛʦʩʷ ʛʨʦʭʦʪʘ - 

ʵʪʦ ʦʯʠʱʝʥʠʝ ʣʝʟʚʠʷ ʦʪ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʦʚ. 

ʂʨʦʤʝ ʵʪʦʛʦ ʪʘʢʦʡ ʣʝʤʝʭ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʜʙʨʘ-

ʩʳʚʘʥʠʝ ʧʦʯʚʳ. ʇʦʩʣʝ ʧʦʜʙʨʘʩʳʚʘʥʠʷ ʥʝʠʟʙʝʞʥʦ 

ʧʘʜʝʥʠʝ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ ʫʜʘʨʘʤ, ʨʘʟʨʫʰʘʶʱʝʡ 

ʧʣʘʩʪ ʧʦʯʚʳ, ʧʦʩʪʫʧʠʚʰʠʡ ʥʘ ʣʝʤʝʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʨʫʰʝʥʠʝ ʧʣʘʩʪʘ, ʦʙʣʝʛʯʘʶʱʝʝ ʧʨʦ-

ʩʝʠʚʘʥʠʝ ʧʦʯʚʳ ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʷ ʛʨʦʭʦʪʘ ʠ ʦʪʜʝʣʝʥʠʝ 

ʢʣʫʙʥʝʡ. 

5.5 ʈʘʙʦʯʠʝ ʦʨʛʘʥʳ ʜʣʷ ʩʝʧʘʨʘʮʠʠ ʧʦʯʚʳ 

ɼʣʷ ʩʝʧʘʨʘʮʠʠ ʧʦʯʚʳ ʧʨʠʤʝʥʷʶʪʩʷ ʛʣʘʚʥʳʤ ʦʙ-

ʨʘʟʦʤ ʜʚʘ ʚʠʜʘ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ: ʧʨʫʪʢʦʚʳʝ ʵʣʝʚʘʪʦ-

ʨʳ ʠ ʛʨʦʭʦʪʳ. ʆʥʠ ʪʘʢʞʝ ʪʨʘʥʩʧʦʨʪʠʨʫʶʪ ʤʘʩʩʫ ʢ 

ʜʨʫʛʠʤ ʨʘʙʦʯʠʤ ʦʨʛʘʥʘʤ. 

ʇʨʫʪʢʦʚʳʝ ʵʣʝʚʘʪʦʨʳ ʩʦʩʪʦʷʪ ʠʟ ʧʨʫʪʢʦʚ, ʩʦʝʜʠ-

ʥʝʥʥʳʭ ʢʨʶʯʢʘʤʠ, ʮʝʧʷʤʠ ʠʣʠ ʧʨʦʨʝʟʠʥʝʥʥʳʤʠ 

ʨʝʤʥʷʤʠ. ɼʣʷ ʣʫʯʰʝʛʦ ʧʨʦʩʝʠʚʘʥʠʷ ʧʦʯʚʳ ʨʘʙʦʯʘʷ 

ʚʝʪʚʴ ʵʣʝʚʘʪʦʨʘ ʚʩʪʨʷʭʠʚʘʝʪʩʷ ʵʣʣʠʧʪʠʯʝʩʢʠʤʠ ʟʚʝʟ-

ʜʦʯʢʘʤʠ. ɺ ʤʦʤʝʥʪ ʚʩʪʨʷʭʠʚʘʥʠʷ ʟʚʝʥʴʷ ʧʦʣʦʪʥʘ 

ʵʣʝʚʘʪʦʨʘ ʜʚʠʞʫʪʩʷ ʧʦ ʦʢʨʫʞʥʦʩʪʠ (ʨʠʩ. 5.3), ʚʩʣʝʜ-

ʩʪʚʠʝ ʯʝʛʦ ʥʘ ʤʘʩʩʫ ʧʦʯʚʳ ʜʝʡʩʪʚʫʝʪ ʮʝʥʪʨʦʙʝʞʥʘʷ 

ʩʠʣʘ ʈ. 
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ɽʩʣʠ ʚʝʨʪʠʢʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʈn ʵʪʦʡ ʩʠʣʳ 

ʙʫʜʝʪ ʙʦʣʴʰʝ ʚʝʩʘ Q ʧʣʘʩʪʘ, ʪʦ ʧʣʘʩʪ ʙʫʜʝʪ ʧʦʜʙʨʘ-

ʩʳʚʘʪʴʩʷ ʥʘʜ ʧʦʣʦʪʥʦʤ ʵʣʝʚʘʪʦʨʘ, ʪʘʢ ʢʘʢ: 

 

ʈʠʩʫʥʦʢ 5.3 ʈʘʙʦʪʘ ʚʩʪʨʷʭʠʚʘʪʝʣʷ ʵʣʝʚʘʪʦʨʘ 

Pn=
ὖ

cos‌
=
ὗ

Ὣ

‫2ὶ

cos‌
,                     (5.4) 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʚʩʪʨʷʭʠʚʘʥʠʷ ʧʦʯʚʳ ʩ ʦʪʨʳ-

ʚʦʤ ʦʪ ʵʣʝʚʘʪʦʨʘ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ 

╠

▌

‫2ὶ

cos‌
< ὗ 

ʪʦ ʝʩʪʴ 

‫2ὶ

Ὣ
=

“ὲ

30
2Ŀ
ὶ

Ὣ
> ὧέί‌ 
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ʦʪʢʫʜʘ 

n>30
cos‌

ὶ
,ὧ-1

                           (5.5) 

ʂʘʯʝʩʪʚʦ ʨʘʙʦʪʳ ʧʨʫʪʢʦʚʦʛʦ ʵʣʝʚʘʪʦʨʘ ʟʘʚʠʩʠʪ 

ʪʘʢʞʝ ʦʪ ʪʦʣʱʠʥʳ ʩʣʦʷ ʧʦʯʚʳ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʥʘ ʵʣʝ-

ʚʘʪʦʨʝ. ʇʨʠ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʤʘʰʠʥʳ 

ʪʦʣʱʠʥʘ ʩʣʦʷ ʧʦʯʚʳ ʥʘʭʦʜʠʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʦʣʦʪʥʘ ʵʣʝʚʘʪʦʨʘ: ʯʝʤ ʙʦʣʴʰʝ 

ʵʪʘ ʩʢʦʨʦʩʪʴ, ʪʝʤ ʚʳʰʝ ʩʝʧʘʨʠʨʫʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʵʣʝʚʘʪʦʨʘ, ʥʦ ʪʝʤ ʤʝʥʴʰʝ ʚʨʝʤʷ ʥʘʭʦʞʜʝʥʠʷ  ʧʦʯʚʳ 

ʥʘ ʵʣʝʚʘʪʦʨʝ. ʆʧʪʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʧʦ-

ʣʦʪʥʘ ʵʣʝʚʘʪʦʨʘ ʟʘʚʠʩʠʪ ʦʪ ʩʦʩʪʦʷʥʠʷ ʧʦʯʚʳ ʠ ʥʘ 

ʪʷʞʝʣʳʭ ʧʦʯʚʘʭ ʨʘʚʥʘ 2 ʤ/ʩ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʫʩʪʨʘ-

ʥʝʥʠʷ ʩʛʨʫʞʠʚʘʥʠʷ ʧʦʜʢʘʧʳʚʘʝʤʦʛʦ ʧʣʘʩʪʘ ʩʢʦʨʦʩʪʴ 

ʵʣʝʚʘʪʦʨʘ ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʤʝʥʝʝ, ʯʝʤ ʚ 1,3-1,6 ʨʘʟʘ 

ʙʦʣʴʰʝ ʩʢʦʨʦʩʪʠ ʤʘʰʠʥʳ. 

ɻʨʦʭʦʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʣʝʙʣʶʱʝʝʩʷ ʨʝʰʝ-

ʪʦ, ʥʘ ʢʦʪʦʨʦʤ ʩʝʧʘʨʠʨʫʝʤʘʷ ʤʘʩʩʘ ʧʨʠʚʦʜʠʪʩʷ ʚ ʦʪ-

ʥʦʩʠʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ. ʄʝʣʢʠʝ ʬʨʘʢʮʠʠ ʧʨʦʩʳʧʘ-

ʶʪʩʷ ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʷ ʨʝʰʝʪʘ, ʘ ʢʨʫʧʥʳʝ ʠʜʫʪ ʩʭʦʜʦʤ 

ʩ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʝʰʝʪʘ. ɻʨʦʭʦʪʳ ʢʘʨʪʦʬʝʣʝʫʙʦʨʦʯ-

ʥʳʭ ʤʘʰʠʥ ʨʘʙʦʪʘʶʪ ʧʦ ʪʘʢʦʡ ʞʝ ʩʭʝʤʝ, ʯʪʦ ʠ ʢʦ-

ʣʝʙʣʶʱʠʝʩʷ ʣʝʤʝʭʠ, ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʚ ʧʨʝʜʳʜʫʱʝʤ 

ʨʘʟʜʝʣʝ. ʆʩʥʦʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ 

ʨʘʙʦʪʫ ʛʨʦʭʦʪʘ, ʷʚʣʷʶʪʩʷ: ʫʛʦʣ ʧʦʜʲʝʤʘ ʨʝʰʝʪʘ ‍, 

ʫʛʦʣ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʢʦʣʝʙʘʥʠʡ ‏, ʨʘʜʠʫʩ ʢʨʠʚʦʰʠ-

ʧʘ r ʠ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʧ ʚʘʣʘ ʢʨʠʚʦʰʠʧʘ ʚ ʤʠʥʫʪʫ. 

ɼʣʷ ʣʫʯʰʝʡ ʩʝʧʘʨʘʮʠʠ ʜʚʠʞʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʥʘ 

ʛʨʦʭʦʪʝ ʜʦʣʞʥʦ ʧʨʦʠʩʭʦʜʠʪʴ ʩ ʦʪʨʳʚʦʤ ʯʘʩʪʠʮ ʦʪ 
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ʧʦʚʝʨʭʥʦʩʪʠ. ʆʯʝʚʠʜʥʦ, ʝʩʣʠ ʚʨʝʤʷ ʩʚʦʙʦʜʥʦʛʦ ʧʦ-

ʣʝʪʘ ʯʘʩʪʠʮʳ ʙʫʜʝʪ ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ ʦʜʥʦʛʦ ʢʦʣʝʙʘ-

ʥʠʷ ʛʨʦʭʦʪʘ, ʪʦ ʚʦʟʥʠʢʥʫʪ ʭʦʣʦʩʪʳʝ ʢʦʣʝʙʘʥʠʷ. ʕʪʦ 

ʥʝʞʝʣʘʪʝʣʴʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ. ɺʨʝʤʷ ʦʜʥʦʛʦ ʢʦʣʝ-

ʙʘʥʠʷ ʊ ʜʦʣʞʥʦ ʙʳʪʴ ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ ʩʚʦʙʦʜʥʦʛʦ 

ʧʦʣʝʪʘ ʯʘʩʪʠʮʳ t, ʪʦ ʝʩʪʴ ʜʦʣʞʥʦ ʩʦʙʣʶʜʘʪʴʩʷ ʫʩʣʦ-

ʚʠʝ 

T t.                               (5.6) 

ɼʣʷ ʨʘʟʨʫʰʝʥʠʷ ʠ ʦʪʜʝʣʝʥʠʷ ʧʦʯʚʝʥʥʳʭ ʢʦʤʢʦʚ 

ʚ ʩʝʧʘʨʠʨʫʶʱʠʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʘʭ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ 

ʚʨʘʱʘʶʱʠʝʩʷ ʧʥʝʚʤʘʪʠʯʝʩʢʠʝ ʙʘʣʣʦʥʳ. ɺ ʵʪʠʭ ʙʘʣ-

ʣʦʥʘʭ ʩʦʟʜʘʝʪʩʷ ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ 0,1õ0,3 ʘʪʤ ʠ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʨʘʟʜʘʚʣʠʚʘʶʪʩʷ ʢʦʤʢʠ ʧʨʦʯʥʦʩʪʴʶ ʥʝ 

ʙʦʣʝʝ 15-20 ʢʛ. 
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6 ʄɽʍɸʅʀɿɸʎʀʗ ʋɹʆʈʂʀ ʆɺʆʑɽʁ 

6.1 ʄʝʭʘʥʠʟʘʮʠʷ ʫʙʦʨʢʠ ʪʦʤʘʪʦʚ 

6.1.1 ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʪʦʤʘʪʦʚ 

ʠ ʘʛʨʦʪʨʝʙʦʚʘʥʠʷ ʢ ʫʙʦʨʢʝ 

ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʪʦʤʘʪʦʚ ʠʟʫʯʝʥʳ 

ʜʦʩʪʘʪʦʯʥʦ. ʈʘʩʩʤʦʪʨʠʤ ʪʦʣʴʢʦ ʪʝ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ 

ʟʥʘʯʝʥʠʝ ʚ ʧʨʦʮʝʩʩʝ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʡ ʫʙʦʨʢʠ [2, 

20]. 

ɼʣʷ ʤʘʰʠʥʥʦʡ ʫʙʦʨʢʠ ʧʨʠʤʝʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ 

ʩʭʝʤʳ ʨʘʟʤʝʱʝʥʠʷ ʨʘʩʪʝʥʠʡ ʥʘ ʧʦʣʝ: 90 ʭ 50; 100 ʭ 

40; 120 ʭ 60 ʩʤ. 

ʆʪʢʣʦʥʝʥʠʝ ʦʩʥʦʚʘʥʠʡ ʨʘʩʪʝʥʠʷ ʦʪ ʦʩʠ ʨʷʜʢʘ ʚ 

ʧʝʨʠʦʜ ʫʙʦʨʢʠ ʩʦʩʪʘʚʣʷʝʪ +10 ʩʤ, ʰʠʨʠʥʘ ʢʨʦʥʳ 

ʢʫʩʪʘ 40-90 ʩʤ, ʩʨʝʜʥʷʷ ʚʳʩʦʪʘ ʢʫʩʪʦʚ 30-50 ʩʤ. ʂ 

ʤʦʤʝʥʪʫ ʫʙʦʨʢʠ ʢʦʣʠʯʝʩʪʚʦ ʧʣʦʜʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ 

ʚ ʟʦʥʝ 0-100 ʤʤ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʷ, ʩʦʩʪʘʚʣʷʝʪ 65-

90 %, ʥʘ ʟʝʤʣʝ ʣʝʞʠʪ ʜʦ 15 % ʧʣʦʜʦʚ. ʄʘʩʩʘ ʨʘʩʪʝ-

ʥʠʡ ʩ ʧʣʦʜʘʤʠ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 0,5 ʜʦ 4,0 ʢʛ, ʤʘʩʩʘ 

ʧʣʦʜʦʚ ʥʘ ʢʫʩʪʝ - ʦʪ 0,2 ʜʦ 2,8 ʢʛ [6]. ɼʣʷ ʤʘhʠʥʥʦʡ 

ʫʙʦʨʢʠ ʧʨʠʤʝʥʷʶʪ ʩʦʨʪʘ ʩ ʤʝʣʢʠʤʠ ʠ ʩʨʝʜʥʠʤʠ ʧʣʦ-

ʜʘʤʠ (ʜʠʘʤʝʪʨ ʧʣʦʜʘ 20 - 60 ʤʤ). 

ʆʙʱʠʝ ʧʦʪʝʨʠ ʩʪʘʥʜʘʨʪʥʳʭ ʪʦʤʘʪʦʚ ʟʘ ʢʦʤʙʘʡ-

ʥʦʤ ʥʝ ʜʦʣʞʥʳ ʧʨʝʚʳʰʘʪʴ 10 %, ʚ ʪʦʤ ʯʠʩʣʝ ʧʣʦʜʦʚ 

ʩ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʧʦʚʨʝʞʜʝʥʠʷʤʠ ʠ ʟʘʩʦʨʝʥʥʳʭ ʚ ʚʦ-

ʨʦʭʝ - ʥʝ ʙʦʣʝʝ 5 %. ʇʦʯʚʝʥʥʳʭ ʧʨʠʤʝʩʝʡ ʚ ʚʦʨʦʭʝ 

ʜʦʣʞʥʦ ʙʳʪʴ ʥʝ ʙʦʣʝʝ 5 %, ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʦʚ ʠ 

ʧʨʦʯʠʭ ʧʨʠʤʝʩʝʡ - ʥʝ ʙʦʣʝʝ 0,5 %. 
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ɼʣʷ ʢʦʤʙʘʡʥʦʚʦʡ ʦʜʥʦʨʘʟʦʚʦʡ ʫʙʦʨʢʠ ʧʨʠʛʦʜʥʳ 

ʪʦʣʴʢʦ ʪʝ ʩʦʨʪʘ ʪʦʤʘʪʦʚ, ʢʦʪʦʨʳʝ ʦʪʚʝʯʘʶʪ ʩʣʝʜʫʶ-

ʱʠʤ ʦʩʥʦʚʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ: 

- ʚʳʩʦʢʘʷ ʫʨʦʞʘʡʥʦʩʪʴ ʠ ʜʨʫʞʥʦʩʪʴ ʩʦʟʨʝʚʘʥʠʷ 

ʧʣʦʜʦʚ; 

- ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʣʦʜʦʚ ʢ ʩʪʘʪʠʯʝʩʢʠʤ ʠ ʜʠʥʘʤʠ-

ʯʝʩʢʠʤ ʥʘʛʨʫʟʢʘʤ; 

- ʦʙʝʩʧʝʯʝʥʥʦʩʪʴ ʦʪʨʳʚʘ ʧʣʦʜʦʚ ʦʪ ʨʘʩʪʝʥʠʡ ʙʝʟ 

ʧʣʦʜʦʥʦʞʢʠ; 

- ʥʘʣʠʯʠʝ ʢʦʤʧʘʢʪʥʦʛʦ ʥʝʧʦʣʝʛʘʝʤʦʛʦ ʢʫʩʪʘ; 

- ʚʳʩʦʢʠʝ ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʣʦʜʦʚ; 

- ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʣʦʜʦʚ ʢ ʧʝʨʝʟʨʝʚʘʥʠʶ. 

ʂ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʪʦʤʘʪʦʚ, ʠʤʝʶ-

ʱʠʤ ʟʥʘʯʝʥʠʝ ʜʣʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʫʙʦʨʢʠ, ʦʪʥʦʩʷʪʩʷ 

ʪʘʢʠʝ, ʢʘʢ ʧʦʚʨʝʞʜʘʝʤʦʩʪʴ ʧʣʦʜʘ (ʧʨʦʯʥʦʩʪʥʳʝ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ), ʫʩʠʣʠʝ ʦʪʨʳʚʘ ʧʣʦʜʘ ʦʪ ʧʣʦʜʦʥʦʞʢʠ, 

ʧʨʦʯʥʦʩʪʴ ʩʚʷʟʠ ʢʫʩʪʘ ʩ ʧʦʯʚʦʡ, ʫʩʠʣʠʝ ʨʘʟʨʳʚʘ 

ʩʪʝʙʣʷ, ʧʦʣʝʛʘʝʤʦʩʪʴ ʢʫʩʪʘ, ʜʨʫʞʥʦʩʪʴ ʩʦʟʨʝʚʘʥʠʷ 

ʧʣʦʜʦʚ, ʪʨʘʥʩʧʦʨʪʘʙʝʣʴʥʦʩʪʴ ʠ ʣʸʞʢʦʩʪʴ, ʩʧʝʢʪʨʘʣʴ-

ʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʜʨʫʛʠʝ. 

ʇʦʚʨʝʞʜʘʝʤʦʩʪʴ ʧʣʦʜʦʚ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ 

ʧʨʦʯʥʦʩʪʠ ʧʣʦʜʘ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʧʨʦʯʥʦʩʪʴʶ ʢʦʞʠ-

ʮʳ, ʝʝ ʵʣʘʩʪʠʯʥʦʩʪʴʶ ʠ ʧʣʦʪʥʦʩʪʴʶ ʤʷʢʦʪʠ. ʇʣʦʜʳ ʩ 

ʧʨʦʯʥʦʡ ʢʦʞʠʮʝʡ ʠʤʝʶʪ ʤʝʣʢʦʢʣʝʪʦʯʥʫʶ ʩʪʨʫʢʪʫʨʫ 

ʤʷʢʦʪʠ ʠ ʪʦʣʩʪʳʝ ʦʙʦʣʦʯʢʠ ʢʣʝʪʦʢ. ʇʨʦʯʥʦʩʪʴ ʧʣʦ-

ʜʦʚ ʟʘʚʠʩʠʪ ʪʘʢʞʝ ʦʪ ʪʝʭʥʦʣʦʛʠʡ ʠ ʫʩʣʦʚʠʡ ʚʦʟʜʝʣʳ-

ʚʘʥʠʷ, ʪʘʢ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʧʦʣʠʚʦʚ, ʦʥʘ 

ʫʤʝʥʴʰʘʝʪʩʷ. ʇʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʧʣʦʜʦʚ ʦʙʳʯʥʦ 

ʦʮʝʥʠʚʘʶʪʩʷ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢʦʞʠʮʳ ʠ ʤʷʢʦʪʠ ʢ 
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ʧʨʦʢʦʣʫ. 

ɺ ʦʚʦʱʝʚʦʜʯʝʩʢʠʭ ʭʦʟʷʡʩʪʚʘʭ ʂʫʙʘʥʠ ʚʳʨʘʱʠ-

ʚʘʶʪ ʪʦʤʘʪʳ ʤʘʰʠʥʥʳʭ ʩʦʨʪʦʚ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʠ ʟʘ-

ʨʫʙʝʞʥʦʡ ʩʝʣʝʢʮʠʠ. ʆʥʠ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʪʦʤʘʪʦʚ 

ʩʪʦʣʦʚʳʭ ʩʦʨʪʦʚ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ 

ʧʨʦʯʥʦʩʪʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʣʦʜʦʚ. ʊʘʢ, ʧʨʠ ʜʦ-

ʧʫʩʪʠʤʦʤ ʧʦʚʨʝʞʜʝʥʠʠ ʪʦʤʘʪʦʚ ʚ 5 % ʢʨʠʪʠʯʝʩʢʠʤʠ 

ʚʳʩʦʪʘʤʠ ʧʘʜʝʥʠʷ ʥʘ ʜʝʨʝʚʷʥʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʪʦʤʘ-

ʪʦʚ ʤʘʰʠʥʥʳʭ ʩʦʨʪʦʚ ɺʌ-145-ɽ-ɹ ʠ ʄʘʰʠʥʥʳʡ 1 

ʙʫʜʫʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 330 ʠ 580 ʤʤ, ʘ ʜʣʷ ʩʪʦʣʦʚʳʭ 

ʪʦʤʘʪʦʚ ʩʦʨʪʘ ɺʦʣʛʦʛʨʘʜʩʢʠʡ 5/95 - ʚʩʝʛʦ 160 ʤʤ 

(ʨʠʩ. 6.1). 

 

ʈʠʩʫʥʦʢ 6.1 ʀʟʤʝʥʝʥʠʷ ʧʦʚʨʝʞʜʘʝʤʦʩʪʠ ʟʨʝʣʳʭ ʧʣʦ-

ʜʦʚ ʪʦʤʘʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʩʦʪʳ ʧʘʜʝʥʠʷ 

1 ï ʩʦʨʪ ɺʦʣʛʦʛʨʘʜʩʢʠʡ 5/95; 2 ï ʩʦʨʪ ɺʌ ï 14-ɽ-ɹ; 3 ï ʩʦʨʪ 

ʄʘʰʠʥʥʳʡ 
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ʉʫʱʝʩʪʚʫʶʪ ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʩʦʨʪʘ ʪʦʤʘʪʦʚ, ʢʦʪʦ-

ʨʳʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʠ ʢ ʤʘʰʠʥʥʳʤ, ʠ 

ʢ ʩʪʦʣʦʚʳʤ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʤʘʰʠʥʥʦʡ ʫʙʦʨʢʠ ʧʣʦ-

ʜʦʚ ʪʘʢʠʭ ʩʦʨʪʦʚ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʟʘ 10-15 ʜʥʝʡ ʜʦ 

ʥʘʯʘʣʘ ʤʘʩʩʦʚʦʡ ʫʙʦʨʢʠ ʧʣʘʥʪʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʦʙ-

ʨʘʙʘʪʳʚʘʪʴ ʧʨʝʧʘʨʘʪʦʤ ɻʠʜʨʝʣ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʚʳ-

ʟʚʘʪʴ ʤʘʩʩʦʚʦʝ ʩʦʟʨʝʚʘʥʠʝ. ʂ ʪʘʢʠʤ ʩʦʨʪʘʤ ʦʪʥʦʩʷʪ-

ʩʷ: ʅʦʚʠʯʦʢ, ʄʦʙʠʣʴ (ʖʛʦʩʣʘʚʠʷ), ɺʠʥʝʪʘ. ʊʦʤʘʪʳ 

ʩʦʨʪʘ ɺʠʥʝʪʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʫʨʦʞʘʡʥʦʩʪʴ ʜʦ 700-900 

ʮ/ʛʘ. 

ʋʩʠʣʠʝ ʦʪʨʳʚʘ ʧʣʦʜʘ ʦʪ ʧʣʦʜʦʥʦʞʢʠ ʜʦʣʞʥʦ 

ʙʳʪʴ ʥʝ ʤʝʥʝʝ 7 ʅ ʠ ʥʝ ʙʦʣʝʝ 20 ʅ. ʋ ʩʦʨʪʦʚ ʪʦʤʘ-

ʪʦʚ, ʧʣʦʜʳ ʢʦʪʦʨʳʭ ʦʪʜʝʣʷʶʪʩʷ ʣʝʛʯʝ, ʥʘʙʣʶʜʘʝʪʩʷ 

ʦʩʳʧʘʥʠʝ ʠʭ ʥʘ ʟʝʤʣʶ ʚ ʤʦʤʝʥʪ ʧʦʜʨʝʟʘʥʠʷ ʨʘʩʪʝ-

ʥʠʡ, ʧʦʵʪʦʤʫ ʧʦʪʝʨʠ ʩʫʱʝʩʪʚʝʥʥʳ. ɼʣʷ ʩʦʨʪʦʚ ʪʦʤʘ-

ʪʦʚ, ʫ ʢʦʪʦʨʳʭ ʪʨʝʙʫʝʤʦʝ ʫʩʠʣʠʝ ʥʘ ʦʪʨʳʚ ʧʣʦʜʘ ʩʦ-

ʩʪʘʚʣʷʝʪ 20 ʅ ʠ ʙʦʣʝʝ, ʥʝʦʙʭʦʜʠʤʦ ʚʩʪʨʷʭʠʚʘʶʱʝʝ 

ʫʩʪʨʦʡʩʪʚʦ ʩ ʙʦʣʴʰʝʡ ʯʘʩʪʦʪʦʡ ʠ ʘʤʧʣʠʪʫʜʦʡ ʢʦʣʝ-

ʙʘʥʠʷ, ʯʪʦ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʧʦʚʨʝʞʜʝʥʠʝ ʧʣʦʜʦʚ. 

ʇʦʣʝʛʘʝʤʦʩʪʴ ʢʫʩʪʦʚ ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʦʤ ʧʨʠ ʤʘʰʠʥʥʦʡ 

ʫʙʦʨʢʝ. ʉʦʨʪʦʚ ʪʦʤʘʪʦʚ ʩʦ ʰʪʘʤʙʦʚʳʤʠ ʢʫʩʪʘʤʠ ʧʦ-

ʢʘ ʥʝʜʦʩʪʘʪʦʯʥʦ. ʆʙʳʯʥʦ ʧʦʣʝʛʘʝʤʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 

40-45 %, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʧʦ ʘʛʨʦʪʨʝʙʦʚʘʥʠʷʤ ʦʥʘ 

ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʙʦʣʝʝ 20-25 %. ʉʪʝʧʝʥʴ ʧʦ-

ʣʝʛʘʝʤʦʩʪʠ ʨʘʩʪʝʥʠʡ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ, 

ʪʘʢʠʭ ʢʘʢ ʠʭ ʩʦʨʪ, ʩʪʘʜʠʷ ʩʧʝʣʦʩʪʠ, ʚʝʣʠʯʠʥʘ ʢʫʩʪʘ ʠ 

ʜʨʫʛʠʭ. ʇʦʪʝʨʠ ʥʘ ʧʦʣʝ ʟʘ ʤʘʰʠʥʦʡ ʧʨʷʤʦ ʟʘʚʠʩʷʪ ʦʪ 

ʩʪʝʧʝʥʠ ʧʦʣʝʛʘʝʤʦʩʪʠ ʨʘʩʪʝʥʠʡ. ʇʨʠ ʣʶʙʦʡ ʪʝʭʥʦ-
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ʣʦʛʠʠ ʫʙʦʨʢʠ ʵʪʦ ʷʚʣʝʥʠʝ ʦʪʨʠʮʘʪʝʣʴʥʦʝ. ʀ ʠʤʝʥʥʦ 

ʧʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʨʝʞʫʱʠʝ ʫʩʪʨʦʡʩʪʚʘ ʚʩʝʭ ʫʙʦʨʦʯ-

ʥʳʭ ʤʘʰʠʥ ʫʩʪʘʥʦʚʣʝʥʳ ʥʠʞʝ ʫʨʦʚʥʷ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʦʣʷ, ʯʪʦ ʨʝʟʢʦ ʫʚʝʣʠʯʠʚʘʝʪ ʵʥʝʨʛʝʪʠʢʫ ʤʘʰʠʥʳ ʚ 

ʮʝʣʦʤ. 

ʅʘ ʜʨʫʞʥʦʩʪʴ ʩʦʟʨʝʚʘʥʠʷ ʧʣʦʜʦʚ ʚʣʠʷʶʪ ʦʩʦ-

ʙʝʥʥʦʩʪʠ ʩʦʨʪʘ ʠ ʘʛʨʦʪʝʭʥʠʢʘ ʚʦʟʜʝʣʳʚʘʥʠʷ, ʘ ʪʘʢʞʝ 

ʚʳʨʘʚʥʝʥʥʦʩʪʴ ʩʝʤʷʥ ʠʣʠ ʨʘʩʩʘʜʳ, ʨʘʚʥʦʤʝʨʥʦʩʪʴ 

ʫʚʣʘʞʥʝʥʠʷ ʠ ʚʥʝʩʝʥʠʷ ʫʜʦʙʨʝʥʠʡ, ʦʜʥʦʨʦʜʥʦʩʪʴ 

ʧʦʯʚʳ ʧʦ ʤʝʭʘʥʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦʩʪʴ 

ʧʨʦʚʝʜʝʥʠʷ ʚʩʝʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ. 

ɼʨʫʞʥʦʩʪʴ ʩʦʟʨʝʚʘʥʠʷ - ʵʪʦ ʧʦʢʘʟʘʪʝʣʴ ʨʘʚʥʦ-

ʤʝʨʥʦʩʪʠ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʡ. ʀʤʝʥʥʦ ʦʥ ʭʘʨʘʢʪʝʨʠ-

ʟʫʝʪ ʧʨʠʛʦʜʥʦʩʪʴ ʩʦʨʪʘ ʢ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʡ ʪʝʭʥʦ-

ʣʦʛʠʠ ʦʜʥʦʨʘʟʦʚʦʡ ʫʙʦʨʢʠ. 

ʊʨʘʥʩʧʦʨʪʘʙʝʣʴʥʦʩʪʴ ʪʦʤʘʪʦʚ, ʪ. ʝ. ʠʭ ʩʧʦ-

ʩʦʙʥʦʩʪʴ ʩʦʭʨʘʥʷʪʴʩʷ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʟʘ-

ʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʩʦʨʪʦʚʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʥʦ ʠ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʪ ʢʘʯʝʩʪʚʘ ʫʙʦʨʢʠ, ʫʧʘʢʦʚʢʠ 

ʠ ʧʝʨʝʚʦʟʢʠ ʧʣʦʜʦʚ. 

6.1.2 ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʠ ʘʥʘʣʠʟ ʩʧʦʩʦʙʦʚ ʠ 

ʩʨʝʜʩʪʚ ʤʝʭʘʥʠʟʘʮʠʠ ʫʙʦʨʢʠ ʪʦʤʘʪʦʚ 

ʊʦʤʘʪʳ ʦʪʥʦʩʷʪʩʷ ʢ ʧʘʩʣʝʥʦʚʳʤ ʦʚʦʱʘʤ, ʧʣʦʜʳ 

ʢʦʪʦʨʳʭ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʩʦʟʨʝʚʘʶʪ ʥʝ ʦʜ-

ʥʦʚʨʝʤʝʥʥʦ. ʉʫʱʝʩʪʚʫʝʪ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʩʧʦʩʦʙ ʚʳ-

ʨʘʚʥʠʚʘʥʠʷ ʩʪʘʜʠʠ ʩʧʝʣʦʩʪʠ ʚʩʝʡ ʤʘʩʩʳ ʧʣʦʜʦʚ ʤʝ-

ʪʦʜʦʤ ʦʧʳʣʠʚʘʥʠʷ ʧʣʘʥʪʘʮʠʠ ʩʧʝʮʠʘʣʴʥʳʤ ʧʦʨʦʰ-
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ʢʦʤ. ʇʨʠ ʪʘʢʦʤ ʩʧʦʩʦʙʝ ʫʙʦʨʢʠ ʩʫʱʝʩʪʚʝʥʥʦ - ʥʘ 30-

40 % ʩʥʠʞʘʝʪʩʷ ʫʨʦʞʘʡʥʦʩʪʴ ʧʣʘʥʪʘʮʠʠ ʠ ʧʣʦʜʳ 

ʧʨʠʛʦʜʥʳ ʪʦʣʴʢʦ ʥʘ ʧʝʨʝʨʘʙʦʪʢʫ. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʩʧʦʩʦʙʳ ʫʙʦʨʢʠ ʪʦʤʘʪʦʚ ʢʣʘʩʩʠ-

ʬʠʮʠʨʦʚʘʥʳ ʥʘʤʠ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʫʙʦʨʦʢ ʟʘ ʚʝʛʝʪʘ-

ʮʠʦʥʥʳʡ ʧʝʨʠʦʜ ʥʘ ʦʜʥʦʨʘʟʦʚʳʡ ʠ ʤʥʦʛʦʨʘʟʦʚʳʡ 

(ʨʠʩ. 6.2). 

 

ʈʠʩʫʥʦʢ 6.2 ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʩʧʦʩʦʙʦʚ ʫʙʦʨʢʠ ʪʦʤʘʪʦʚ 

ʆʜʥʦʨʘʟʦʚʘʷ ʫʙʦʨʢʘ ʪʦʤʘʪʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʝʜʠ-

ʥʦʚʨʝʤʝʥʥʦʤ ʩʲʝʤʝ ʚʩʝʭ ʧʣʦʜʦʚ ʩ ʨʘʩʪʝʥʠʷ. ʇʨʠ 

ʵʪʦʤ ʢʫʩʪ ʤʦʞʝʪ ʙʳʪʴ ʩʨʝʟʘʥ ʠʣʠ ʦʩʪʘʚʣʝʥ ʥʘ ʧʦʣʝ. 

ʊʘʢʦʡ ʩʧʦʩʦʙ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʦʙ-

ʨʘʙʦʪʢʫ ʧʣʘʥʪʘʮʠʠ ʧʦ ʩʧʝʮʠʘʣʴʥʦʡ ʤʝʪʦʜʠʢʝ, ʦʙʝʩ-

ʧʝʯʠʚʘʶʱʝʡ ʙʳʩʪʨʦʝ ʚʳʨʘʚʥʠʚʘʥʠʝ ʚʩʝʭ ʧʣʦʜʦʚ ʧʦ 

ʩʧʝʣʦʩʪʠ. ʆʙʳʯʥʦ ʦʜʥʦʨʘʟʦʚʫʶ ʫʙʦʨʢʫ ʪʦʤʘʪʦʚ 

 

ʉʧʦʩʦʙʳ ʫʙʦʨʢʠ  ʪʦʤʘʪʦʚ 

ʆʜʥʦʨʘʟʦʚʳʡ 

ʄʝʭʘʥʠʟʠʨʦʚʘʥʥʳʡ 

ʄʥʦʛʦʨʘʟʦʚʳʡ

 ʡ 

ʄʝʭʘʥʠʟʠʨʦʚʘʥʥʳʡ 

ʏʘʩʪʠʯʥʦ- 

ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʳʡ 

ʈʫʯʥʦʡ 

ʆʯʠʩʪʢʘ  ʠ 

ʩʦʨʪʠʨʦʚʢʘ 

ʧʣʦʜʦʚ 

ʇʣʦʜʳ ʥʘ 

ʧʝʨʝʨʘʙʦʪʢʫ 

ʇʣʦʜʳ ʚ ʪʦʨʛʦʚʫʶ 

ʉʝʪʴ  
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ʦʩʫʱʝʩʪʚʣʷʶʪ ʩ ʧʦʤʦʱʴʶ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ. 

ʄʘʰʠʥʘ ʩʦʙʠʨʘʝʪ ʩ ʢʫʩʪʦʚ ʚʩʝ ʧʣʦʜʳ, ʪʨʘʥʩʧʦʨʪʥʳʝ 

ʩʨʝʜʩʪʚʘ ʧʝʨʝʤʝʱʘʶʪ ʠʭ ʥʘ ʦʯʠʩʪʠʪʝʣʴʥʦ-

ʩʦʨʪʠʨʦʚʘʣʴʥʳʡ ʧʫʥʢʪ, ʘ ʦʪʪʫʜʘ - ʥʘ ʧʝʨʝʨʘʙʦʪʢʫ 

ʠʣʠ ʚ ʪʦʨʛʦʚʫʶ ʩʝʪʴ. 

ɺ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʘʰʠʥʘʭ ʜʣʷ ʦʜʥʦʨʘʟʦʚʦʛʦ 

ʩʙʦʨʘ ʧʣʦʜʦʚ ʧʨʦʮʝʩʩ ʧʣʦʜʦʦʪʜʝʣʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷ-

ʝʪʩʷ ʟʘ ʩʯʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʨʘ-

ʙʦʯʝʛʦ ʦʨʛʘʥʘ ʥʘ ʧʣʦʜ ʠʣʠ ʟʘ ʩʯʝʪ ʩʠʣ ʠʥʝʨʮʠʠ. ɺ 

ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʧʣʦʜʳ ʦʪʜʝʣʷʶʪʩʷ ʧʫʪʝʤ ʦʯʝʩʳʚʘʥʠʷ 

ʩ ʢʫʩʪʘ ʛʨʝʙʝʥʢʘʤʠ, ʩʧʠʨʘʣʷʤʠ, ʚʘʣʴʮʘʤʠ ʠ ʜʨʫʛʠʤʠ 

ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ. ɺʦ ʚʪʦʨʦʤ - ʟʘ ʩʯʝʪ ʪʝʨʝʙʣʝʥʠʷ 

(ʚʩʪʨʷʭʠʚʘʥʠʷ). 

ʆʜʥʦʡ ʠʟ ʧʝʨʚʳʭ ʩʝʨʠʡʥʳʭ ʤʘʰʠʥ ʜʣʷ ʦʜʥʦʨʘʟʦ-

ʚʦʡ ʫʙʦʨʢʠ ʪʦʤʘʪʦʚ ʙʳʣʘ ʤʘʰʠʥʘ ʉʂʊ-2 ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ ʄʦʣʜʦʚʳ. ʕʪʘ ʤʘʰʠʥʘ ʦʙʝʩʧʝʯʠʚʘʣʘ ʧʣʦʜʦʦʪ-

ʜʝʣʝʥʠʝ ʟʘ ʩʯʝʪ ʚʩʪʨʷʭʠʚʘʥʠʷ-ʪʝʨʝʙʣʝʥʠʷ ʢʫʩʪʦʚ 

ʨʘʩʪʝʥʠʷ. ʂʦʤʙʘʡʥ ʉʂʊ-2 ʩʘʤʦʭʦʜʥʳʡ, ʧʨʝʜʥʘʟʥʘ-

ʯʝʥ ʜʣʷ ʩʙʦʨʘ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʦʟʨʝʚʘʶʱʠʭ ʧʣʦʜʦʚ 

ʢʦʥʩʝʨʚʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʠ ʜʣʷ ʧʦʩʣʝʜʥʝʛʦ ʩʙʦʨʘ (ʟʘ-

ʯʠʩʪʢʠ) ʪʦʤʘʪʦʚ ʩʪʦʣʦʚʳʭ ʩʦʨʪʦʚ. 

ʂʦʤʙʘʡʥ ʨʘʙʦʪʘʝʪ ʩʦʚʤʝʩʪʥʦ ʩ ʪʨʘʥʩʧʦʨʪʥʦʡ ʪʝ-

ʣʝʞʢʦʡ ʇʊ-3,5, ʂʉʇ-6, ʇʇɺ-3 ʠ ʢʦʣʩyʥʳʤʠ ʪʨʘʢʪʦ-

ʨʘʤʠ ʪʠʧʘ çɹʝʣʘʨʫʩʴè. 

ʉʘʤʦʭʦʜʥʳʡ ʪʦʤʘʪʦʫʙʦʨʦʯʥʳʡ ʢʦʤʙʘʡʥ ʉʂʊ-2 

(ʨʠʩ. 6.3) ʩʦʩʪʦʠʪ ʠʟ ʞʘʪʚʝʥʥʦʧʨʠʝʤʥʦʡ ʯʘʩʪʠ 1, 

ʧʣʦʜʦʦʪʜʝʣʷʶʱʝʡ ʛʨʫʧʧʳ 2, ʩʠʩʪʝʤʳ ʜʣʷ ʩʙʦʨʘ ʟʝ-

ʣʝʥʳʭ ʧʣʦʜʦʚ 3, ʩʪʦʣʘ ʩʦʨʪʠʨʦʚʦʯʥʦʛʦ 4, ʩʪʦʣʘ ʧʝʨʝ-

ʙʦʨʦʯʥʦʛʦ 5, ʰʘʩʩʠ 6. 

ʂʦʤʙʘʡʥʦʤ ʫʧʨʘʚʣʷʝʪ ʦʜʠʥ ʦʧʝʨʘʪʦʨ, ʨʘʩʧʦʣʘ-
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ʛʘʶʱʠʡʩʷ ʥʘ ʧʣʦʱʘʜʢʝ ʫʧʨʘʚʣʝʥʠʷ. ʅʘ ʨʘʙʦʯʠʭ 

ʧʣʦʱʘʜʢʘʭ ʩʦʨʪʠʨʦʚʦʯʥʦʛʦ ʠ ʧʝʨʝʙʦʨʦʯʥʦʛʦ ʩʪʦʣʦʚ 

ʜʦʣʞʥʳ ʥʘʭʦʜʠʪʴʩʷ ʜʦ 20 ʯʝʣʦʚʝʢ ʧʝʨʝʙʦʨʱʠʢʦʚ. 

ʂʦʤʙʘʡʥ ʫʙʠʨʘʝʪ ʜʚʝ ʩʪʨʦʯʢʠ ʨʷʜʢʘ ʨʘʩʪʝʥʠʡ, ʪ.ʝ. 

ʦʜʥʫ ʣʝʥʪʫ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ ʣʝʥʪ ʩʦ-

ʩʪʘʚʣʷʝʪ 1,4-1,6 ʤ. 

 

ʈʠʩʫʥʦʢ 6.3 ɸʛʨʝʛʘʪ ʜʣʷ ʫʙʦʨʢʠ ʪʦʤʘʪʦʚ 

ʇʨʠ ʜʚʠʞʝʥʠʠ ʢʦʤʙʘʡʥʘ ʧʦ ʧʦʣʶ ʧʦʜʨʝʟʘʶʱʝʝ 

ʫʩʪʨʦʡʩʪʚʦ ʧʦʜʨʝʟʘʝʪ ʠ ʧʦʜʙʠʨʘʝʪ ʚʝʨʭʥʠʡ ʩʣʦʡ 

ʧʦʯʚʳ ʩ ʢʫʩʪʘʤʠ, ʦʩʳʧʘʚʰʠʤʠʩʷ ʧʣʦʜʘʤʠ ʠ ʩ ʧʦʤʦ-

ʱʴʶ ʩʲʝʤʥʠʢʦʚ ʧʝʨʝʜʘʝʪ ʵʪʫ ʤʘʩʩʫ ʥʘ ʵʣʝʚʘʪʦʨ, ʢʦ-

ʪʦʨʳʡ ʥʘʧʨʘʚʣʷʝʪ ʝʝ ʥʘ ʧʝʨʝʥʦʩʥʦʡ ʪʨʘʥʩʧʦʨʪʝʨ. 

ɿʜʝʩʴ ʤʘʩʩʘ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʜʚʘ ʧʦʪʦʢʘ. 

ʇʝʨʚʳʡ ʧʦʪʦʢ - ʟʝʤʣʷ ʠ ʦʩʪʘʚʰʠʝʩʷ ʨʘʥʝʝ ʧʣʦʜʳ 



 239 

- ʧʨʦʚʘʣʠʚʘʝʪʩʷ ʯʝʨʝʟ ʱʝʣʴ ʤʝʞʜʫ ʧʝʨʝʥʦʩʥʳʤ 

ʪʨʘʥʩʧʦʨʪʝʨʦʤ ʠ ʵʣʝʚʘʪʦʨʦʤ ʥʘ ʚʳʥʦʩʥʦʡ ʪʨʘʥʩʧʦʨ-

ʪʝʨ, ʢʦʪʦʨʳʡ ʧʝʨʝʜʘʝʪ ʚʦʨʦʭ ʥʘ ʪʨʘʥʩʧʦʨʪʝʨ ʧʝʨʝʙʦ-

ʨʦʯʥʦʛʦ ʩʪʦʣʘ. 

ʇʝʨʝʙʦʨʱʠʢʠ, ʥʘʭʦʜʷʱʠʝʩʷ ʥʘ ʧʣʦʱʘʜʢʝ ʦʙʩʣʫ-

ʞʠʚʘʥʠʷ ʧʝʨʝʙʦʨʦʯʥʦʛʦ ʩʪʦʣʘ ʩ ʣʝʚʦʡ ʩʪʦʨʦʥʳ ʢʦʤ-

ʙʘʡʥʘ, ʚʳʙʠʨʘʶʪ ʠʟ ʜʚʠʞʫʱʝʛʦʩʷ ʧʦʪʦʢʘ ʚʦʨʦʭʘ 

ʢʦʥʜʠʮʠʦʥʥʳʝ ʧʣʦʜʳ ʠ ʫʢʣʘʜʳʚʘʶʪ ʠʭ ʥʘ ʪʨʘʥʩʧʦʨ-

ʪʝʨ ʧʣʦʜʦʚ, ʢʦʪʦʨʳʡ ʧʝʨʝʜʘʝʪ ʵʪʠ ʧʣʦʜʳ ʥʘ ʪʨʘʥʩ-

ʧʦʨʪʝʨ ʩʦʨʪʠʨʦʚʘʣʴʥʦʛʦ ʩʪʦʣʘ, ʘ ʙʦʪʚʘ ʩʙʨʘʩʳʚʘʝʪʩʷ 

ʢʣʘʚʠʰʘʤʠ ʥʘ ʫʙʨʘʥʥʳʡ ʫʯʘʩʪʦʢ ʧʦʣʷ. 

ɺʪʦʨʦʡ ʧʦʪʦʢ - ʩʨʝʟʘʥʥʳʝ ʢʫʩʪʳ ʪʦʤʘʪʦʚ ʩ ʟʘʢʨʝ-

ʧʣʝʥʥʳʤʠ ʥʘ ʥʠʭ ʧʣʦʜʘʤʠ - ʩ ʧʝʨʝʥʦʩʥʦʛʦ ʪʨʘʥʩʧʦʨ-

ʪʝʨʘ ʧʦʩʪʫʧʘʝʪ ʥʘ ʢʣʘʚʠʰʥʳʡ ʧʣʦʜʦʦʪʜʝʣʠʪʝʣʴ. 

ʆʪʦʨʚʘʥʥʳʝ ʧʣʦʜʳ ʧʦʧʘʜʘʶʪ ʥʘ ʪʨʘʥʩʧʦʨʪʝʨ ʧʣʦʜʦʚ 

ʠ ʧʦʜʘʶʪʩʷ ʠʤ ʥʘ ʪʨʘʥʩʧʦʨʪʝʨ ʩʦʨʪʠʨʦʚʘʣʴʥʦʛʦ ʩʪʦ-

ʣʘ, ʘ ʙʦʪʚʘ ʩʙʨʘʩʳʚʘʝʪʩʷ ʢʣʘʚʠʰʘʤʠ ʥʘ ʫʙʨʘʥʥʳʡ 

ʫʯʘʩʪʦʢ ʧʦʣʷ. ʃʝʛʢʠʝ ʧʨʠʤʝʩʠ ʠʟ ʧʦʪʦʢʘ ʧʣʦʜʦʚ ʫʜʘ-

ʣʷʶʪʩʷ ʚʝʥʪʠʣʷʪʦʨʦʤ. 

ʂʦʥʜʠʮʠʦʥʥʳʝ ʟʝʣʝʥʳʝ ʧʣʦʜʳ ʚʳʙʨʘʩʳʚʘʶʪʩʷ ʠʟ 

ʧʦʪʦʢʘ ʚʨʫʯʥʫʶ ʠ ʪʨʘʥʩʧʦʨʪʝʨʦʤ ʟʝʣʝʥʳʭ ʧʣʦʜʦʚ, ʘ 

ʟʘʪʝʤ ʵʣʝʚʘʪʦʨʦʤ ʧʦʜʘʶʪʩʷ ʚ ʙʫʥʢʝʨ ʟʝʣʝʥʳʭ ʧʣʦ-

ʜʦʚ. ʂʦʥʜʠʮʠʦʥʥʳʝ ʟʨʝʣʳʝ ʧʣʦʜʳ ʚʳʛʨʫʟʥʳʤ ʪʨʘʥʩ-

ʧʦʨʪʝʨʦʤ ʟʘʛʨʫʞʘʶʪʩʷ ʚ ʢʦʥʪʝʡʥʝʨʳ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ 

ʥʘ ʧʨʠʮʝʧʝ ʨʷʜʦʤ ʠʜʫʱʝʛʦ ʪʨʘʥʩʧʦʨʪʘ. 

ʂʦʤʙʘʡʥ ʉʂʊ-2 ʧʨʦʩʪ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʪʝʭʥʠʯʝ-

ʩʢʦʤ ʦʙʩʣʫʞʠʚʘʥʠʠ ʠ ʨʝʤʦʥʪʝ, ʤʦʜʝʨʥʠʟʠʨʦʚʘʥ ʚ 

ʉʂʊ-20. 

ʂʦʤʙʘʡʥ ʠʤʝʝʪ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ. 

ʆʩʥʦʚʥʦʡ ʥʝʜʦʩʪʘʪʦʢ - ʵʛʦ ʪʦ, ʯʪʦ ʢʦʤʙʘʡʥ ʥʝ 
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ʠʩʢʣʶʯʘʝʪ ʨʫʯʥʦʡ ʪʨʫʜ: ʥʘ ʥʝʤ ʥʘʭʦʜʷʪʩʷ ʦʜʥʦʚʨʝ-

ʤʝʥʥʦ ʜʦ 20 ʧʝʨʝʙʦʨʱʠʢʦʚ ʧʣʦʜʦʚ. ʂʦʤʙʘʡʥ ʠʤʝʝʪ 

ʦʜʥʫ ʚʝʜʫʱʫʶ ʦʩʴ - ʟʘʜʥʶʶ, ʧʨʠ ʫʢʣʦʥʝ ʙʦʣʝʝ ʯʝʤ 3 

ʛʨʘʜʫʩʘ ʧʣʦʜʳ ʪʦʤʘʪʦʚ ʩʢʘʪʳʚʘʶʪʩʷ ʩ ʧʝʨʝʙʦʨʥʦʛʦ ʠ 

ʩʦʨʪʠʨʦʚʘʣʴʥʦʛʦ ʩʪʦʣʘ. ʆʯʝʥʴ ʙʦʣʴʰʘʷ ʰʠʨʠʥʘ ʧʦ-

ʚʦʨʦʪʥʦʡ ʧʦʣʦʩʳ - 24 ʤ. ʅʝʪ ʟʘʱʠʪʥʳʭ ʪʝʥʪʦʚ ʜʣʷ 

ʨʘʙʦʯʠʭ. ʂʦʣʝʷ ʢʦʤʙʘʡʥʘ ʥʝ ʧʦʟʚʦʣʷʝʪ ʫʙʠʨʘʪʴ ʧʝʨ-

ʚʳʡ ʧʨʦʭʦʜ, ʧʝʨʚʘʷ ʣʝʥʪʘ ʨʘʩʪʝʥʠʡ ʫʙʠʨʘʝʪʩʷ ʚʨʫʯ-

ʥʫʶ. ɺʳʛʨʫʟʥʦʡ ʪʨʘʥʩʧʦʨʪʝʨ ʥʝ ʠʤʝʝʪ ʨʝʛʫʣʠʨʦʚʦʢ 

ʧʦ ʚʳʩʦʪʝ, ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʮʝʧʥʳʭ ʠ ʨʝʤʝʥʥʳʭ 

ʧʝʨʝʜʘʯ ʠ ʪ.ʜ. 

ɺ ʉʐɸ ʠʟʛʦʪʦʚʣʝʥʘ ʪʦʤʘʪʦʫʙʦʨʦʯʥʘʷ ʤʘʰʠʥʘ 

ʇʠʢ ʈʘʡʪ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʦʜʥʦʨʘʟʦʚʦʛʦ ʩʙʦʨʘ 

ʧʣʦʜʦʚ ʩ ʧʦʜʨʝʟʘʥʠʝʤ ʢʫʩʪʦʚ (ʨʠʩ. 6.4). ʕʪʘ ʤʘʰʠʥʘ 

ʩʪʘʣʘ ʧʨʦʪʦʪʠʧʦʤ ʚʩʝʭ ʧʦʩʣʝʜʫʶʱʠʭ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʳʭ ʪʦʤʘʪʦʫʙʦʨʦʯʥʳʭ ʤʘʰʠʥ. ʆʩʥʦʚʥʳʤʠ ʵʣʝ-

ʤʝʥʪʘʤʠ ʤʘʰʠʥʳ ʙʳʣʠ ʧʦʜʨʝʟʘʶʱʠʝ ʘʧʧʘʨʘʪʳ, ʧʦʜ-

ʙʦʨʱʠʢʠ, ʧʣʦʜʦʦʪʜʝʣʠʪʝʣʴ ʚʩʪʨʷʭʠʚʘʶʱʝʛʦ ʪʠʧʘ ʠ 

ʩʦʨʪʠʨʦʚʘʣʴʥʦ-ʚʳʛʨʫʟʥʦʡ ʪʨʘʥʩʧʦʨʪʝʨ. ʂʦʤʙʘʡʥ ʷʚ-

ʣʷʝʪʩʷ ʧʨʠʮʝʧʥʳʤ ʠ ʘʛʨʝʛʘʪʠʨʫʝʪʩʷ ʩ ʪʨʘʢʪʦʨʘʤʠ ʪʷ-

ʛʦʚʦʛʦ ʢʣʘʩʩʘ 1,4 ʢʅ. ɺʩʝ ʧʦʜʚʠʞʥʳʝ ʯʘʩʪʠ ʢʦʤʙʘʡ-

ʥʘ ʠʤʝʶʪ ʛʠʜʨʦʧʨʠʚʦʜ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʢʦʤʙʘʡ-

ʥʘ 20-30 ʪ/ʯ. 

ʂʦʤʙʘʡʥ ʠʤʝʝʪ ʜʚʦʡʥʳʝ ʱʝʪʢʠ ʜʣʷ ʦʪʜʝʣʝʥʠʷ 

ʪʦʤʘʪʦʚ, ʩʦʚʨʝʤʝʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʩʦʨʪʠʨʦʚʢʠ 

ʪʦʤʘʪʦʚ ʧʦ ʮʚʝʪʫ, ʛʠʜʨʦʧʦʜʚʝʩʢʫ ʨʝʞʫʱʝʛʦ ʘʧʧʘʨʘ-

ʪʘ, ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʦʪʜʝʣʝʥʠʷ ʤʫʩʦʨʘ, ʧʨʝʜʫʩʤʦʪʨʝʥʦ 

ʵʣʝʢʪʨʦʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʫʜʘʣʝʥʠʷ ʢʘʤʥʝʡ ʠ 

ʪʚʝʨʜʳʭ ʢʦʤʢʦʚ ʟʝʤʣʠ. 

ɺ ʉʐɸ ʪʦʤʘʪʦʫʙʦʨʦʯʥʳʝ ʤʘʰʠʥʳ ʚʳʧʫʩʢʘʶʪ 
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ʩʝʤʴ ʬʠʨʤ, ʠʟ ʥʠʭ ʪʨʠ ʤʘʰʠʥʳ ʩʘʤʦʭʦʜʥʳʝ: Fʄʉ 

BLACKWEL-der, Button-Fohn Son. 

ʉʦʟʜʘʥ ʩʘʤʦʭʦʜʥʳʡ ʪʦʤʘʪʦʫʙʦʨʦʯʥʳʡ ʢʦʤʙʘʡʥ 

ʬʠʨʤʳ BLACKWEL-der (ʤʦʜʝʣʴ 700) ʩ ʜʚʠʛʘʪʝʣʝʤ  

ʤʦʱʥʦʩʪʴʶ 66 ʢɺʪ. ʈʘʙʦʯʘʷ ʩʢʦʨʦʩʪʴ ʜʦ 4,5 ʢʤ/ʯ. 

ʂʦʤʙʘʡʥ ʦʙʩʣʫʞʠʚʘʶʪ 20 ʨʘʙʦʯʠʭ. 

ʌʠʨʤʘ Fʄʉ (ʉʐA-)  ʚʳʧʫʩʢʘʝʪ ʪʦʤʘʪʦʫʙʦʨʦʯ-

ʥʳʝ ʤʘʰʠʥʳ ʩʣʝʜʫʶʱʠʭ ʤʦʜʝʣʝʡ: ʌʄʉ- 5000. 

5600ʊ, ʌʄʉ-5600ʊɽ ʠ ʜʨʫʛʠʝ. ʀʭ ʚʳʧʫʩʢ ʥʘʯʘʪ ʩ 

1989 ʛʦʜʘ. 

 

ʈʠʩʫʥʦʢ 6.4 ʉʭʝʤʘ ʧʨʠʮʝʧʥʦʛʦ ʪʦʤʘʪʦʫʙʦʨʦʯʥʦʛʦ ʢʦʤ-

ʙʘʡʥʘ ʇʠʢ ʈʘʡʪ (ʉʐɸ) 

ʊʦʤʘʪʦʫʙʦʨʦʯʥʳʝ  ʢʦʤʙʘʡʥʳ ʌʄʉ - ʵʪʦ ʩʘʤʦ-

ʜʚʠʞʫʱʠʝʩʷ ʤʘʰʠʥʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʦʜʥʦʨʘ-

ʟʦʚʦʛʦ ʩʙʦʨʘ ʧʣʦʜʦʚ, ʩʥʷʪʳʭ ʩʦ ʩʨʝʟʘʥʥʳʭ ʢʫʩʪʦʚ 

ʪʦʤʘʪʦʚ ʤʘʰʠʥʥʳʭ ʧʣʦʜʦʚ. 

ɺ ʢʦʤʙʘʡʥʝ ʌʄʉ-560OT ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʩʦʨʪʠ-
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ʨʦʚʢʘ ʪʦʤʘʪʦʚ ʚʨʫʯʥʫʶ. ɺ ʤʦʜʝʣʠ ʌʄʉ-5600ʊE 

ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʜʚʝ ʵʣʝʢʪʨʦʥʥʳʝ ʮʚʝʪʦʩʦʨʪʠʨʦʚʘʣʴ-

ʥʳʝ ʫʩʪʘʥʦʚʢʠ (ʩ ʢʘʞʜʦʡ ʩʪʦʨʦʥʳ), ʘ ʪʘʢʞʝ ʦʪʚʝʜʝʥʦ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʜʣʷ ʩʦʨʪʠʨʦʚʢʠ ʪʦʤʘʪʦʚ ʚʨʫʯʥʫʶ. ɺ 

ʦʙʝʠʭ ʤʦʜʝʣʷʭ ʧʨʠʤʝʥʝʥ ʧʨʠʚʦʜ ʥʘ ʯʝʪʳʨʝ ʢʦʣʝʩʘ ʠ 

ʫʩʪʘʥʦʚʣʝʥʦ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʢʘʞʜʦʝ ʢʦʣʝʩʦ ʜʣʷ ʦʙʝʩ-

ʧʝʯʝʥʠʷ ʣʫʯʰʝʡ ʪʷʛʠ ʤʘʰʠʥʳ ʠ ʤʘʥʝʚʨʝʥʥʦʩʪʠ. 

ʇʨʠ ʜʚʠʞʝʥʠʠ ʢʦʤʙʘʡʥʦʚ ʌʄʉ ʧʦ ʚʳʨʦʚʥʝʥʥʦ-

ʤʫ ʧʦʣʶ ʩ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʩʦʨʥʷʢʦʚ ʢʫʩʪʳ 

ʨʘʩʪʝʥʠʡ ʬʦʨʤʠʨʫʶʪʩʷ, ʩʨʝʟʘʶʪʩʷ ʨʝʞʫʱʠʤ ʘʧʧʘʨʘ-

ʪʦʤ ʠ ʧʦʧʘʜʘʶʪ ʚ ʩʝʢʮʠʶ ʟʘʭʚʘʪʘ 1 (ʨʠʩ. 6.5). ʉ ʧʦ-

ʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʳʭ ʣʦʧʘʪʦʢ ʩʝʢʮʠʠ ʟʘʭʚʘʪʘ ʩʨʝʟʘʥ-

ʥʳʝ ʨʘʩʪʝʥʠʷ ʧʦʜʘʶʪ ʥʘ ʮʝʧʥʦʡ ʪʨʘʥʩʧʦʨʪʝʨ ʭʝʜʝʨʘ 

2. ʅʘʜ ʮʝʧɹ ʶ ʭʝʜʝʨʘ ʫʩʪʘʥʦʚʣʝʥʘ ʨʝʛʫʣʠʨʦʚʦʯʥʘʷ 

ʮʝʧʴ 3 ʩ ʧʣʘʩʪʠʢʦʚʳʤʠ ʧʘʣʴʮʘʤʠ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʩʪ-

ʚʫʶʪ ʧʝʨʝʤʝʱʝʥʠʶ ʩʨʝʟʘʥʥʦʡ ʤʘʩʩʳ ʧʦ ʪʨʘʥʩʧʦʨʪʝ-

ʨʫ ʭʝʜʝʨʘ ʚʚʝʨʭ ʢ ʧʣʦʜʦʦʪʜʝʣʠʪʝʣʶ. 

ɺ ʧʨʦʮʝʩʩʝ ʧʝʨʝʤʝʱʝʥʠʷ   ʧʦ ʮʝʧʥʦʤʫ ʭʝʜʝʨʫ ʥʝ-

ʙʦʣʴʰʠʝ ʢʘʤʥʠ, ʢʦʤʴʷ ʠ ʤʝʣʢʠʝ ʯʘʩʪʠʮʳ ʧʦʯʚʳ ʧʨʦ-

ʚʘʣʠʚʘʶʪʩʷ ʠ ʧʘʜʘʶʪ ʥʘ ʟʝʤʣʶ. ʉʨʝʟʘʥʥʘʷ ʤʘʩʩʘ ʟʘ-

ʪʝʤ ʧʦʜʘʝʪʩʷ ʥʘ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʪʨʘʥʩʧʦʨʪʝʨ 4. 

ɿʜʝʩʴ ʦʪʜʝʣʴʥʳʝ ʦʪʦʨʚʘʥʥʳʝ ʧʣʦʜʳ ʠ ʙʦʣʝʝ ʢʨʫʧʥʳʝ 

ʢʦʤʴʷ ʟʝʤʣʠ ʧʦʧʘʜʘʶʪ ʥʘ ʧʦʧʝʨʝʯʥʳʝ ʪʨʘʥʩʧʦʨʪʝʨʳ 

7. ʕʪʠ ʪʨʘʥʩʧʦʨʪʝʨʳ  ʥʘʭʦʜʷʪʩʷ ʧʦʜ ʱʝʣʴʶ ʜʣʷ ʚʳ-

ʭʦʜʘ ʟʝʤʣʠ ʠ ʠʤʝʶʪ ʪʘʢʦʡ ʥʘʢʣʦʥ ʥʘʟʘʜ, ʯʪʦ ʪʦʤʘʪʳ 

ʩʢʘʪʳʚʘʶʪʩʷ ʧʦ ʥʠʤ ʢ ʥʠʞʥʝʡ ʯʘʩʪʠ ʪʨʘʥʩʧʦʨʪʝʨʘ, ʘ 

ʢʦʤʴʷ ʟʝʤʣʠ ʧʨʠ ʜʚʠʞʝʥʠʠ ʣʝʥʪʳ ʚʚʝʨʭ ʟʘʭʚʘʪʳʚʘ-

ʶʪʩʷ, ʧʝʨʝʤʝʱʘʶʪʩʷ ʚʧʝʨʝʜ-ʚʚʝʨʭ ʠ ʩʙʨʘʩʳʚʘʶʪʩʷ 

ʥʘ ʧʦʣʝ. ʕʪʠ ʪʨʘʥʩʧʦʨʪʝʨʳ ʨʘʩʧʦʣʦʞʝʥʳ ʧʦ ʦʙʝ ʩʪʦ-

ʨʦʥʳ, ʢʦʤʙʘʡʥʘ. ʊʦʤʘʪʳ ʩʢʘʪʳʚʘʶʪʩʷ ʩ ʪʨʘʥʩʧʦʨʪʝ-
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ʨʦʚ 7 ʠ ʧʦʧʘʜʘʶʪ ʥʘ ʩʦʨʪʠʨʦʚʘʣʴʥʫʶ ʣʠʥʠʶ 8. 

ɹʦʪʚʘ ʩ ʥʝʦʪʦʨʚʘʥʥʳʤʠ ʧʣʦʜʘʤʠ ʩ ʧʨʦʤʝʞʫʪʦʯ-

ʥʦʛʦ ʪʨʘʥʩʧʦʨʪʝʨʘ ʧʦʧʘʜʘʝʪ ʥʘ ʚʠʙʨʘʮʠʦʥʥʳʡ ʧʣʦ-

ʜʦʦʪʜʝʣʷʶʱʠʡ ʘʧʧʘʨʘʪ 9. ɿʜʝʩʴ ʧʨʦʠʩʭʦʜʠʪ ʦʢʦʥʯʘ-

ʪʝʣʴʥʦʝ ʦʪʜʝʣʝʥʠʝ ʧʣʦʜʦʚ ʦʪ ʨʘʩʪʝʥʠʡ ʟʘ ʩʯʝʪ ʜʝ-

ʬʦʨʤʘʮʠʠ ʪʝʨʝʙʣʝʥʠʷ ʢʫʩʪʦʚ. 

ɹʦʪʚʘ ʠ ʦʪʜʝʣʝʥʥʳʝ  ʧʣʦʜʳ ʧʝʨʝʤʝʱʘʶʪʩʷ ʧʦ 

ʪʨʘʥʩʧʦʨʪʝʨʫ ʙʦʪʚʳ 10 ʠ ʨʘʟʜʝʣʷʶʪʩʷ. ʇʣʦʜʳ ʧʨʦʚʘ-

ʣʠʚʘʶʪʩʷ ʩʢʚʦʟʴ ʧʨʫʪʴʷ ʪʨʘʥʩʧʦʨʪʝʨʘ ʠ ʧʦʧʘʜʘʶʪ ʥʘ 

ʚʠʙʨʘʮʠʦʥʥʦ-ʦʯʠʩʪʠʪʝʣʴʥʳʡ ʫʟʝʣ 11, ʘ ʟʘʪʝʤ ʧʝʨʝ-

ʤʝɦʘʶʪʩʷ ʥʘ ʧʦʧʝʨʝʯʥʳʡ ʪʨʘʥʩʧʦʨʪʝʨ ʪʦʤʘʪʦʚ 12; 

ʢʦʪʦʨʳʤ ʧʦʜʘʶʪʩʷ ʥʘ ʩʦʨʪʠʨʦʚʘʣʴʥʳʝ ʣʝʥʪʳ 8, ʨʘʩ-

ʧʦʣʦʞʝʥʥʳʝ ʧʦ ʦʙʝ ʩʪʦʨʦʥʳ ʢʦʤʙʘʡʥʘ. ɹʦʪʚʘ ʞʝ 

ʪʨʘʥʩʧʦʨʪʝʨʦʤ ʩʙʨʘʩʳʚʘʝʪʩʷ ʥʘ ʟʝʤʣʶ. 

 

ʈʠʩʫʥʦʢ 6.5 ʉʭʝʤʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʪʦʠʘʪʦ-

ʫʙʦʨʦʯʥʦʛʦ ʢʦʤʙʘʡʥʘ ʌʄʉ-5600ʊ 



 244 

ɺ ʢʦʤʙʘʡʥʘʭ ʌʄʉ ʠʤʝʝʪʩʷ ʜʚʝ ʟʦʥʳ ʨʫʯʥʦʡ ʦʯʠ-

ʩʪʢʠ ʠ ʩʦʨʪʠʨʦʚʢʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʧʦ ʦʙʝ ʩʪʦʨʦʥʳ 

ʤʘhʠʥʳ. ʈʘʙʦʯʠʝ-ʩʦʨʪʠʨʦʚʘʣʴʱʠʢʠ, ʧʦ 10 ʯʝʣʦʚʝʢ 

ʥʘ ʢʘʞʜʦʡ ʩʪʦʨʦʥʝ, ʩʪʦʷʪ ʥʘ ʧʣʘʪʬʦʨʤʘʭ 14 ʠ ʦʪʙʨʘ-

ʩʳʚʘʶʪ ʥʝʢʦʥʜʠʮʠʦʥʥʳʝ ʧʣʦʜʳ ʠ ʢʦʤʴʷ ʟʝʤʣʠ. 

ɺ ʢʦʤʙʘʡʥʝ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʧʥʝʚʤʘʪʠʯʝʩʢʘʷ ʦʯʠ-

ʩʪʢʘ ʦʪʜʝʣʝʥʥʳʭ ʪʦʤʘʪʦʚ ʩ ʧʦʤʦʱʴʶ ʵʢʩʛʘʫʩʪʝʨʦʚ 

15. ɺʳʛʨʫʟʢʘ ʢʦʥʜʠʮʠʦʥʥʳʭ ʧʣʦʜʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʪʨʘʥʩʧʦʨʪʝʨʦʤ 17 ʚ ʨʷʜʦʤ ʠʜʫʱʠʡ ʪʨʘʥʩʧʦʨʪ. 

ʇʦʤʘʢ - ʩʘʤʦʭʦʜʥʳʡ ʪʦʤʘʪʦʫʙʦʨʦʯʥʳʡ ʢʦʤʙʘʡʥ 

ʠʪʘʣʴʷʥʩʢʦʡ ʬʠʨʤʳ ʇʦʤʘʢ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʦʜʥʦ-

ʨʘʟʦʚʦʛʦ ʩʙʦʨʘ ʪʦʤʘʪʦʚ (ʨʠʩ. 6.6). 

 

ʈʠʩʫʥʦʢ 6.6 ʉʘʤʦʭʦʜʥʳʡ ʪʦʤʘʪʦʫʙʦʨʦʯʥʳʡ ʢʦʤʙʘʡʥ ʇʦ-

ʤʘʢ (ʀʪʘʣʠʷ) 
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ʂʦʤʙʘʡʥ ʩʦʩʪʦʠʪ ʠʟ ʞʘʪʚʝʥʥʦ-ʧʨʠʝʤʥʦʡ ʯʘʩʪʠ, 

ʧʨʦʜʦʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʝʨʘ, ʧʣʦʜʦʦʪʜʝʣʠʪʝʣʷ, ʪʨʘʥʩ-

ʧʦʨʪʝʨʘ ʦʪʜʝʣʝʥʥʳʭ ʧʣʦʜʦʚ, ʪʨʘʥʩʧʦʨʪʝʨʘ ʦʯʠʱʝʥ-

ʥʳʭ ʧʣʦʜʦʚ, ʜʚʫʭ ʜʦʟʠʨʫʶʱʠʭ ʪʨʘʥʩʧʦʨʪʝʨʦʚ, ʩʦʨ-

ʪʠʨʦʚʘʣʴʥʦʛʦ ʩʪʦʣʘ ʠ ʚʳʛʨʫʟʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʝʨʘ. 

ʇʨʠ ʜʚʠʞʝʥʠʠ ʤʘʰʠʥʳ ʧʦ ʧʦʣʶ ʧʨʠʝʤʥʦ-

ʞʘʪʚʝʥʥʘʷ ʯʘʩʪʴ 1 (ʨʠʩ. 6.7), ʧʦʜʭʚʘʪʳʚʘʷ ʩʨʝʟʘʥʥʳʝ 

ʢʫʩʪʳ ʪʦʤʘʪʦʚ ʧʘʣʴʮʝʧʦʜʙʨʘʩʳʚʘʶʱʠʤ ʫʩʪʨʦʡʩʪʚʦʤ 

ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤ ʪʨʘʥʩʧʦʨʪʝʨʦʤ, ʧʦʜʘʝʪ ʥʘ ʧʨʦ-

ʜʦʣʴʥʳʡ ʪʨʘʥʩʧʦʨʪʝʨ ʚʩʶ ʤʘʩʩʫ ʢʫʩʪʦʚ ʪʦʤʘʪʦʚ. ʅʘ 

ʧʨʦʜʦʣʴʥʦʤ ʪʨʘʥʩʧʦʨʪʝʨʝ 2 ʧʨʦʠʩʭʦʜʠʪ ʯʘʩʪʠʯʥʦʝ 

ʦʪʩʝʠʚʘʥʠʝ ʢʦʤʢʦʚ ʧʦʯʚʳ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʚʝʩʴ ʚʦʨʦʭ 

ʧʦʜʘʝʪʩʷ ʥʘ ʧʣʦʜʦʦʪʜʝʣʠʪʝʣʠ 3, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʦʪ-

ʜʝʣʝʥʠʝ ʧʣʦʜʦʚ ʦʪ ʩʪʝʙʣʝʡ ʨʘʩʪʝʥʠʡ. ʇʣʦʜʳ ʦʩʳʧʘ-

ʶʪʩʷ ʥʘ ʪʨʘʥʩʧʦʨʪʝʨ ʦʪʜʝʣʝʥʥʳʭ ʧʣʦʜʦʚ 4. ɺʩʝ 

ʪʨʘʥʩʧʦʨʪʝʨʳ, ʢʨʦʤʝ ʜʦʟʠʨʫʶʱʝʛʦ, ʠʤʝʶʪ ʧʨʫʪʢʦ-

ʚʫʶ ʢʦʥʩʪʨʫʢʮʠʶ, ʧʦʟʚʦʣʷʶʱʫʶ ʦʪʜʝʣʷʪʴ ʧʣʦʜʳ ʦʪ 

ʢʦʤʴʝʚ ʟʝʤʣʠ ʠ ʢʘʤʥʝʡ. ɺ ʢʦʥʮʝ ʪʨʘʥʩʧʦʨʪʝʨʘ ʦʪ-

ʜʝʣʝʥʥʳʭ ʧʣʦʜʦʚ ʫʩʪʘʥʦʚʣʝʥ ʧʨʦʜʫʚʦʯʥʳʡ ʚʝʥʪʠʣʷ-

ʪʦʨ, ʢʦʪʦʨʳʡ ʦʯʠʱʘʝʪ ʚʦʨʦʭ ʦʪ ʩʫʭʠʭ ʣʠʩʪʴʝʚ ʠ ʜʨʫ-

ʛʠʭ ʣʝʛʢʠʭ ʧʨʠʤʝʩʝʡ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʦʯʠʱʝʥʥʳʝ ʧʣʦʜʳ ʧʦʧʘʜʘʶʪ ʥʘ 

ʜʦʟʠʨʫʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ, ʪʨʘʥʩʧʦʨʪʝʨʳ 6 ʠ ʩʦʨʪʠʨʦ-

ʚʘʣʴʥʳʡ ʩʪʦʣ 7. ʈʘʙʦʯʠʝ-ʩʦʨʪʠʨʦʚʱʠʢʠ ʚ ʢʦʣʠʯʝʩʪʚʝ 

5-6 ʯʝʣʦʚʝʢ ʦʪʜʝʣʷʶʪ ʥʝ ʦʪʜʝʣʠʚʰʠʝʩʷ ʧʣʦʜʳ ʦʪ 

ʩʪʝʙʣʝʡ, ʧʣʦʜʦʥʦʞʢʠ - ʦʪ ʧʣʦʜʦʚ, ʧʣʦʜʳ - ʦʪ ʢʦʤʴʝʚ 

ʠ ʢʘʤʥʝʡ. ʇʦʩʣʝ ʩʦʨʪʠʨʦʚʦʯʥʦʛʦ ʩʪʦʣʘ ʪʦʤʘʪʳ ʧʦ-

ʜʘʶʪʩʷ ʢ ʚʳʛʨʫʟʥʦʤʫ ʧʦʧʝʨʝʯʥʦʤʫ ʪʨʘʥʩʧʦʨʪʝʨʫ 8, 

ʢʦʪʦʨʳʡ ʪʨʘʥʩʧʦʨʪʠʨʫʝʪ ʧʣʦʜʳ ʚ ʨʷʜʦʤ ʠʜʫʱʠʡ  
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ʈʠʩʫʥʦʢ 6.7 ʉʭʝʤʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʢʦʤʙʘʡʥʘ 

ʇʦʤʘʢ 

ʪʨʘʥʩʧʦʨʪ. 

ɼʦʩʪʦʠʥʩʪʚʦʤ ʵʪʦʛʦ ʢʦʤʙʘʡʥʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥ 

ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʧʨʦʭʦʜʠʤʦʩʪʴ, ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʥʘ 

ʢʦʩʦʛʦʨʘʭ, ʠʤʝʝʪ ʭʦʨʦʰʫʶ ʤʘʥʝʚʨʝʥʥʦʩʪʴ, ʪ.ʢ. ʧʝ-

ʨʝʜʥʠʝ ʠ ʟʘʜʥʠʝ ʢʦʣʝʩʘ ʧʦʚʦʨʦʪʥʳʝ, ʠ ʙʦʣʴʰʫʶ ʧʨʦ-

ʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. 

ʂʨʦʤʝ ʚʳʰʝʦʧʠʩʘʥʥʳʭ ʤʘʰʠʥ ʦʜʥʦʨʘʟʦʚʦʛʦ 

ʩʙʦʨʘ ʧʣʦʜʦʚ ʪʦʤʘʪʦʚ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʛʦ ʥʘʫʯʥʳʭ ʠ 

ʠʥʞʝʥʝʨʥʳʭ ʨʘʟʨʘʙʦʪʦʢ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʧʨʝʜ-

ʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ. 

ɺ ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʠʩʧʳʪʘʥʘ ʤʘ-

ʰʠʥʘ ʜʣʷ ʦʜʥʦʨʘʟʦʚʦʡ ʫʙʦʨʢʠ ʪʦʤʘʪʦʚ (ʨʠʩ. 6.8). 

ʄʘʰʠʥʘ ʩʥʘʙʞʝʥʘ ʚʠʙʨʦʪʨʘʥʩʧʦʨʪʝʨʦʤ 9, ʥʘ ʢʦ-

ʪʦʨʦʤ ʯʘʩʪʴ ʪʦʤʘʪʦʚ ʦʪʜʝʣʷʝʪʩʷ ʦʪ ʩʪʝʙʣʝʡ. ʊʨʘʥʩ-

ʧʦʨʪʝʨ ʧʦʜʘʝʪ ʩʨʝʟʘʥʥʳʝ ʨʘʩʪʝʥʠʷ ʢ ʧʘʨʝ ʚʘʣʠʢʦʚ, 

ʚʨʘʱʘʶʱʠʭʩʷ ʚʩʪʨʝʯʥʦ, ʛʜʝ ʠ ʧʨʦʠʩʭʦʜʠʪ ʦʢʦʥʯʘ-

ʪʝʣʴʥʦʝ ʦʪʜʝʣʝʥʠʝ ʧʣʦʜʦʚ ʦʪ ʩʪʝʙʣʝʡ. 
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ʈʠʩʫʥʦʢ 6.8 ʄʘʰʠʥʘ ʜʣʷ ʫʙʦʨʢʠ ʪʦʤʘʪʦʚ (ɺʝʣʠʢʦʙʨʠʪʘ-

ʥʠʷ) 

ʇʣʦʜʦʦʪʜʝʣʷʶʱʠʝ ʚʘʣʠʢʠ 6, 8,10 ʨʘʩʧʦʣʘʛʘʶʪʩʷ 

ʥʘʜ ʪʨʘʥʩʧʦʨʪʝʨʦʤ. ɼʣʷ ʧʦʜʲʝʤʘ ʢʫʩʪʦʚ ʤʘʰʠʥʘ 

ʠʤʝʝʪ ʩʪʝʙʣʝʧʦʜʲʝʤʥʠʢ 5, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʧʝʨʝʜ 

ʪʨʘʥʩʧʦʨʪʝʨʦʚ. ʂʫʩʪʳ ʪʦʤʘʪʦʚ ʩʨʝʟʘʶʪʩʷ ʨʝʞʫʱʠʤ 

ʘʧʧʘʨʘʪʦʤ 2, ʧʝʨʝʜʘʶʪʩʷ ʥʘ ʧʝʨʬʦʨʠʨʦʚʘʥʥʳʡ 

ʪʨʘʥʩʧʦʨʪʝʨ 3, ʧʦʜʲʝʤʥʠʢ 5 ʠ ʮʝʧʥʫʶ ʨʝʰʝʪʢʫ 4 ʢ 

ʚʠʙʨʦʪʨʘʥʩʧʦʨʪʝʨʫ 9. ɼʣʷ ʫʜʘʣʝʥʠʷ ʣʝʛʢʠʭ ʧʨʠʤʝʩʝʡ 

ʧʣʦʜʳ ʧʨʦʜʫʚʘʶʪʩʷ ʚʦʟʜʫʭʦʤ ʦʪ ʚʝʥʪʠʣʷʪʦʨʘ 11 ʠ 

ʜʘʣʝʝ ʚʳʛʨʫʟʥʳʤ ʪʨʘʥʩʧʦʨʪʝʨʦʤ 12 ʧʦʜʘʶʪʩʷ ʚ ʨʷ-

ʜʦʤ ʠʜʫʱʠʡ ʪʨʘʥʩʧʦʨʪ. 

ɺʦ ʌʨʘʥʮʠʠ ʩʦʟʜʘʥʘ ʤʘʰʠʥʘ ʜʣʷ ʦʜʥʦʨʘʟʦʚʦʡ 

ʫʙʦʨʢʠ ʪʦʤʘʪʦʚ (ʨʠʩ. 6.9). ʆʥʘ ʩʦʩʪʦʠʪ ʠʟ ʨʘʟʨʝʟʘʶ-

ʱʝʛʦ ʜʠʩʢʘ 1, ʢʦʧʠʨʫʶʱʝʛʦ ʧʘʣʴʯʠʢʦʚʦʛʦ ʢʦʣʝʩʘ 2, 

ʨʝʞʫʱʝʛʦ ʘʧʧʘʨʘʪʘ 3, ʜʚʫʭ ʧʨʫʪʢʦʚʳʭ ʪʨʘʥʩʧʦʨʪʝʨʦʚ 

7 ʠ 8 ʠ ʚʳʛʨʫʟʥʦʛʦ 9. ʇʨʠ ʜʚʠʞʝʥʠʠ ʤʘʰʠʥʳ ʧʦ ʧʦ-

ʣʶ ʜʠʩʢ 1 ʨʘʟʨʝʟʘʝʪ ʥʝ ʩʨʝʟʘʥʥʫʶ ʤʘʩʩʫ ʨʘʩʪʝʥʠʡ 
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ʪʦʤʘʪʦʚ, ʩʨʝʟʘʝʪ ʩʪʝʙʣʠ ʩ ʧʣʦʜʘʤʠ ʠ ʧʦʜʘʝʪ ʥʘ ʪʨʘʥʩ-

ʧʦʨʪʝʨʳ 4 ʠ 5, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʦʪʜʝʣʝʥʠʝ ʧʦʯʚʳ ʠ 

ʢʘʤʥʝʡ. 

 
ʇʣʦʜʦʦʪʜʝʣʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʤʝ-

ʱʝʥʠʷ ʤʝʞʜʫ ʜʚʫʤʷ ʧʨʫʪʢʦʚʳʤʠ ʪʨʘʥʩʧʦʨʪʝʨʘʤʠ 7 ʠ 

8. ʆʪʜʝʣʝʥʥʘʷ ʤʘʩʩʘ ʧʣʦʜʦʚ ʧʦʧʘʜʘʝʪ ʥʘ ʚʳʛʨʫʟʥʦʡ 

ʪʨʘʥʩʧʦʨʪʝʨ 9, ʢʦʪʦʨʳʡ ʧʝʨʝʤʝʱʘʝʪ ʧʣʦʜʳ ʚ ʨʷʜʦʤ 

ʠʜʫʱʠʡ ʪʨʘʥʩʧʦʨʪ. 

ʄʥʦʛʦʨʘʟʦʚʘʷ ʫʙʦʨʢʘ ʪʦʤʘʪʦʚ 

ʊʦʤʘʪʳ - ʧʘʩʣʝʥʦʚʘʷ ʦʚʦʱʥʘʷ ʢʫʣʴʪʫʨʘ, ʧʣʦʜʦ-

ʥʦʩʷʱʘʷ ʥʘ ʂʫʙʘʥʠ ʚ ʪʝʯʝʥʠʝ 4-5 ʤʝʩʷʮʝʚ, ʜʦʩʪʠʛʘʝʪ 

ʚʳʩʦʢʠʭ ʫʨʦʞʘʝʚ. ɺ ʧʨʦʮʝʩʩʝ ʚʝʛʝʪʘʮʠʠ ʧʣʦʜʳ ʨʘʩ-

ʪʫʪ ʠ ʧʦ ʤʝʨʝ ʩʦʟʨʝʚʘʥʠʷ ʠʭ ʥʝʦʙʭʦʜʠʤʦ ʩʨʳʚʘʪʴ. 

ʊʘʢʦʡ ʚʠʜ ʫʙʦʨʢʠ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʤʥʦʛʦʢʨʘʪʥʦʤ 

ʩʙʦʨʝ ʩʧʝʣʳʭ ʧʣʦʜʦʚ ʩ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʧʦʣʷ ʧʦ ʤʝ-

ʨʝ ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ, ʥʘʟʳʚʘʝʪʩʷ ʤʥʦʛʦʨʘʟʦʚʳʤ. ʕʪʦ 

ʥʘʠʙʦʣʝʝ ʝʩʪʝʩʪʚʝʥʥʳʡ, ʮʝʣʝʩʦʦʙʨʘʟʥʳʡ, ʩʧʦʩʦʙ 

ʫʙʦʨʢʠ. ʆʥ ʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʝʥ ʠ ʜʘʝʪ ʤʘʢʩʠʤʘʣʴ-

ʥʳʡ ʩʙʦʨ ʫʨʦʞʘʷ. ʊʘʢʦʡ ʩʧʦʩʦʙ ʫʙʦʨʢʠ, ʦʩʦʙʝʥʥʦ 
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ʩʪʦʣʦʚʳʭ ʩʦʨʪʦʚ ʪʦʤʘʪʦʚ, ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʚʠ-

ʜʝ ʨʫʯʥʦʛʦ ʪʨʫʜʘ ʠʣʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʨʝʜʩʪʚ ʯʘʩ-

ʪʠʯʥʦʡ ʤʝʭʘʥʠʟʘʮʠʠ. ʕʪʠ ʩʨʝʜʩʪʚʘ ʥʝʩʢʦʣʴʢʦ ʦʙʣʝʛ-

ʯʘʶʪ ʨʫʯʥʦʡ ʪʨʫʜ ʩʙʦʨʱʠʢʦʚ, ʥʦ ʥʝ ʠʩʢʣʶʯʘʶʪ ʝʛʦ, 

ʧʦʵʪʦʤʫ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʪʘʢʠʭ ʦʚʦʱʝʡ ʦʩʪʘʝʪʩʷ ʚʳʩʦ-

ʢʦʡ. ɺʝʜʫʪʩʷ ʨʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʩʨʝʜʩʪʚ ʤʝʭʘʥʠʟʘ-

ʮʠʠ ʤʥʦʛʦʨʘʟʦʚʦʡ ʫʙʦʨʢʠ ʪʦʤʘʪʦʚ. 

ʏʘʩʪʠʯʥʦ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʘʷ ʤʥʦʛʦʨʘʟʦʚʘʷ 

ʫʙʦʨʢʘ ʧʣʦʜʦʚ ʪʦʤʘʪʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʫʯʥʦʤ ʩʙʦʨʝ 

ʧʣʦʜʦʚ ʚ ʧʦʜʨʫʯʥʳʝ ʩʨʝʜʩʪʚʘ (ʚʝʜʨʘ, ʢʦʨʟʠʥʳ) ʠ ʧʝ-

ʨʝʩʳʧʘʥʠʠ ʩʦʙʨʘʥʥʳʭ ʧʣʦʜʦʚ ʚ ʪʨʘʥʩʧʦʨʪʝʨʳ ʠ 

ʧʣʘʪʬʦʨʤʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʧʦʣʝ. 

ʊʦʤʘʪʳ ʩʪʦʣʦʚʳʭ ʩʦʨʪʦʚ ʦʪʥʦʩʷʪʩʷ ʢ ʥʝʦʜʥʦʚʨʝ-

ʤʝʥʥʦ ʩʦʟʨʝʚʘʶʱʠʤ ʦʚʦʱʘʤ. ʅʘ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ 

ʧʣʦʱʘʜʠ ʧʨʦʚʦʜʷʪ ʦʪ 3-ʭ ʜʦ 11-ʪʠ ʩʙʦʨʦʚ ʩ ʠʥ-

ʪʝʨʚʘʣʦʤ 5-10 ʜʥʝʡ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʘʞʥʦʩʪʴ ʩʦ-

ʢʨʘʱʝʥʠʷ ʦʙʲʝʤʘ ʨʫʯʥʦʛʦ ʪʨʫʜʘ ʧʨʠ ʩʙʦʨʝ ʫʨʦʞʘʷ. 

ʈʫʯʥʦʡ ʩʧʦʩʦʙ ʫʙʦʨʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʨʝʜʩʪʚ 

ʯʘʩʪʠʯʥʦʡ ʤʝʭʘʥʠʟʘʮʠʠ ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʧʣʘʪʬʦʨʤʳ ʇʆʋ-2, ʩʪʦʣʦʚʦʡ ʧʣʘʪʬʦʨʤʳ, ʧʣʘʪʬʦʨ-

ʤʳ ʪʨʘʢʪʦʨʥʦʡ ʇʊ-3,5 ʠ ʰʠʨʦʢʦʟʘʭʚʘʪʥʳʭ ʪʨʘʥʩ-

ʧʦʨʪʝʨʦʚ ʊʇʐ-25. 

ʇʣʘʪʬʦʨʤʘ ʦʚʦʱʥʘʷ ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʧʨʠʮʝʧʥʘʷ 

ʇʆʋ-2 ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʫʙʦʨʢʠ ʥʝʦʜʥʦʚʨʝʤʝʥʥʦ 

ʩʦʟʨʝʚʘʶʱʠʭ ʧʣʦʜʦʚ (ʨʠʩ. 6.10). ʆʥʘ ʚʢʣʶʯʘʝʪ ʦʜ-

ʥʦʦʩʥʳʡ ʧʨʠʮʝʧ ʩ ʩʘʤʦʦʧʨʦʢʠʜʳʚʘʶʱʠʤʩʷ ʢʫʟʦʚʦʤ. 

ɼʣʷ ʫʙʦʨʢʠ ʪʦʤʘʪʦʚ ʧʣʘʪʬʦʨʤʫ ʦʙʦʨʫʜʫʶʪ ʙʦʢʦʚʳ-

ʤʠ ʧʣʦʱʘʜʢʘʤʠ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʨʘʙʦʪʳ ʧʣʘʪʬʦʨʤʳ ʟʘ-

ʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ. ʅʘ ʧʣʦʱʘʜʢʝ ʫʩʪʘʥʘʚʣʠʚʘ-
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ʶʪ ʧʫʩʪʳʝ ʷʱʠʢʠ. ɸʛʨʝʛʘʪ ʧʝʨʝʜʚʠʛʘʝʪʩʷ ʧʦ ʩʭʝʤʝ: 

ʦʩʪʘʥʦʚʢʘ-ʜʚʠʞʝʥʠʝ, ʦʩʪʘʥʦʚʢʘ-ʜʚʠʞʝʥʠʝ. ɿʘ ʚʨʝʤʷ 

ʧʨʦʩʪʦʷ ʘʛʨʝʛʘʪʘ ʩʙʦʨʱʠʢʠ, ʠʜʫʱʠʝ ʟʘ ʧʣʘʪʬʦʨʤʦʡ, 

ʩʦʙʠʨʘʶʪ ʧʣʦʜʳ ʚ ʚʝʜʨʘ ʠ, ʧʦʜʦʡʜʷ ʢ ʧʣʘʪʬʦʨʤʝ, ʧʝ-

ʨʝʩʳʧʘʶʪ ʠʭ ʚ ʷʱʠʢʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʫ ʟʘʜʥʝʛʦ 

ʢʨʘʷ ʩʪʝʣʣʘʞʝʡ. ʇʦʩʣʝ ʵʪʦʛʦ ʘʛʨʝʛʘʪ ʧʝʨʝʜʚʠʛʘʝʪʩʷ 

ʥʘ ʨʘʩʩʪʦʷʥʠʝ, ʜʦʩʪʘʪʦʯʥʦʝ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʙʦʨʱʠ-

ʢʠ ʩʤʦʛʣʠ ʧʦʜʦʡʪʠ ʢ ʥʝʤʫ, ʚʥʦʚʴ ʟʘʧʦʣʥʠʚ ʚʝʜʨʘ 

ʧʣʦʜʘʤʠ. ɼʚʦʝ ʨʘʙʦʯʠʭ ʥʘ ʧʣʘʪʬʦʨʤʝ ʟʘʤʝʥʷʶʪ ʟʘ-

ʧʦʣʥʝʥʥʳʝ ʷʱʠʢʠ ʧʫʩʪʳʤʠ. ʅʘ ʧʦʚʦʨʦʪʥʦʡ ʧʦʣʦʩʝ ʩ 

ʧʣʘʪʬʦʨʤʳ ʩʥʠʤʘʶʪ ʟʘʧʦʣʥʝʥʥʳʝ ʧʣʦʜʘʤʠ ʷʱʠʢʠ ʠ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʧʫʩʪʳʝ. 

 

ʂʦʣʠʯʝʩʪʚʦ ʩʙʦʨʱʠʢʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʨʘʙʦʪʫ 

ʧʣʘʪʬʦʨʤʳ ʇʆʋ-2, ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʙʦʯʝʡ ʰʠʨʠʥʦʡ 

ʟʘʭʚʘʪʘ ʠ ʩʭʝʤʦʡ ʧʦʩʘʜʢʠ ʨʘʩʪʝʥʠʡ. 
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ʇʣʘʪʬʦʨʤʘ ʪʨʘʢʪʦʨʥʘʷ ʇʊ-3,5 ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ 

ʫʙʦʨʢʠ ʧʣʦʜʦʚ ʚ ʩʧʝʮʠʘʣʴʥʳʝ ʢʦʥʪʝʡʥʝʨʳ. ʆʥʘ ʧʝ-

ʨʝʚʦʟʠʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʝʤʴ ʢʦʥʪʝʡʥʝʨʦʚ ʨʘʟʤʝʨʘʤʠ 

1243 ʭ 1000 ʭ 744 ʤʤ ʢʘʞʜʳʡ. ɺʤʝʩʪʠʤʦʩʪʴ ʢʦʥʪʝʡ-

ʥʝʨʦʚ ʧʦ 0,67 ʤ
3
 (400-500 ʢʛ ʧʣʦʜʦʚ), ʚʥʫʪʨʝʥʥʷʷ ʚʳ-

ʩʦʪʘ ʦʪ ʜʥʠʱʘ - 600 ʤʤ (ʨʠʩ. 6.11). 

 

ʂʦʣʠʯʝʩʪʚʦ ʩʙʦʨʱʠʢʦʚ, ʦʙʩʣʫʞʠʚʘʶʱʠʭ ʧʣʘʪ-

ʬʦʨʤʫ ʇʊ-3,5, ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʙʦʯʝʡ ʰʠʨʠʥʦʡ ʟʘ-

ʭʚʘʪʘ ʠ ʩʭʝʤʦʡ ʧʦʩʘʜʢʠ. ɽʜʠʥʩʪʚʝʥʥʦʝ ʫʩʣʦʚʠʝ, ʢʦ-

ʪʦʨʦʝ ʥʫʞʥʦ ʩʦʙʣʶʜʘʪʴ, - ʢʨʘʪʥʦʩʪʴ ʰʠʨʠʥʳ ʟʘʭʚʘʪʘ 

ʰʠʨʠʥʝ ʟʘʛʦʥʘ. ʆʧʳʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʦʚʦʱʝʚʦʜʯʝ-

ʩʢʠʭ ʭʦʟʷʡʩʪʚʘʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʰʠʨʠʥʘ ʟʘʭʚʘʪʘ ʥʝ 

ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ 10-11 ʣʝʥʪ. ʉʧʦʩʦʙ ʜʚʠʞʝʥʠʷ ʘʛ-

ʨʝʛʘʪʘ - ʯʝʣʥʦʯʥʳʡ. 

ʇʨʠʤʝʥʝʥʠʝ ʢʦʥʪʝʡʥʝʨʦʚ ʥʘ ʫʙʦʨʢʝ ʪʦʤʘʪʦʚ ʫʧ-

ʨʦʱʘʝʪ ʜʦʩʪʘʚʢʫ ʩʦʙʨʘʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʩ ʧʦʣʷ ʥʘ 

ʧʫʥʢʪ ʪʦʚʘʨʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ. ʇʨʠ ʵʪʦʤ ʧʨʠʤʝʥʷʶʪ 

ʜʚʘ ʩʧʦʩʦʙʘ: 1) - ʢʦʥʪʝʡʥʝʨ ʪʨʘʥʩʧʦʨʪʠʨʫʶʪ ʢ ʧʫʥʢ-
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ʪʫ ʥʘ ʧʣʘʪʬʦʨʤʘʭ ʇʊ-3,5; 2) - ʢʦʥʪʝʡʥʝʨʳ, ʟʘʧʦʣ-

ʥʝʥʥʳʝ ʧʣʦʜʘʤʠ, ʚʳʛʨʫʞʘʶʪ ʥʘ ʥʘʢʦʧʠʪʝʣʴʥʫʶ 

ʧʣʘʪʬʦʨʤʫ, ʘ ʟʘʪʝʤ ʛʨʫʟʷʪ ʚ ʧʨʠʮʝʧ ʠʣʠ ʘʚʪʦʤʦʙʠʣʴ 

ʠ ʜʦʩʪʘʚʣʷʶʪ ʥʘ ʧʫʥʢʪ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʨʘʥʩʧʦʨʪʝʨʦʚ ʥʘ ʫʙʦʨʢʝ ʪʦʤʘʪʦʚ 

ʧʦʟʚʦʣʷʝʪ ʠʩʢʣʶʯʠʪʴ ʟʘʪʨʘʪʳ ʚʨʝʤʝʥʠ ʥʘ ʧʝʨʝʝʟʜʳ ʩ 

ʧʦʣʦʩʳ ʥʘ ʧʦʣʦʩʫ ʫʙʦʨʦʯʥʦʛʦ ʘʛʨʝʛʘʪʘ. 

ɺ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʩʧʦʩʦʙʘʭ ʫʙʦʨʢʠ ʠʩʢʣʶʯʘʶʪʩʷ 

ʨʫʯʥʳʝ ʧʦʛʨʫʟʦʯʥʳʝ ʦʧʝʨʘʮʠʠ, ʦʜʥʘʢʦ, ʛʣʘʚʥʘʷ ʦʧʝ-

ʨʘʮʠʷ - ʩʙʦʨ ʧʣʦʜʦʚ - ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʨʫʯʥʫʶ. ʇʦ-

ʵʪʦʤʫ ʥʘʨʷʜʫ ʩ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʩʨʝʜʩʪʚ ʯʘʩʪʠʯ-

ʥʦʡ ʤʝʭʘʥʠʟʘʮʠʠ ʩʦʟʜʘʶʪʩʷ ʩʨʝʜʩʪʚʘ ʤʘʰʠʥʥʦʡ 

ʫʙʦʨʢʠ ʧʣʦʜʦʚ. 

ʄʘʰʠʥʳ ʜʣʷ ʤʥʦʛʦʨʘʟʦʚʦʡ ʫʙʦʨʢʠ ʪʦʤʘʪʦʚ ʜʦ 

ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʩʝʨʠʡʥʦ ʥʝ ʚʳʧʫʩʢʘʶʪʩʷ. ʈʘʙʦ-

ʪʘ ʧʦ ʩʦʟʜʘʥʠʶ ʪʘʢʠʭ ʤʘʰʠʥ ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ ʚʚʠ-

ʜʫ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʰʠʨʦʢʦ ʨʘʟʚʝʨ-

ʥʫʪʘ. 

ɺ ɸʥʛʣʠʠ ʩʦʟʜʘʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʤʘʰʠʥʘ 

ʜʣʷ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʩʙʦʨʘ ʪʦʤʘʪʦʚ ʩ ʢʫʩʪʦʚ ʨʘʩʪʝʥʠʷ 

(ʨʠʩ. 6.12). 
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ʆʜʥʘ ʠʟ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʤʘʰʠʥ, ʨʘʙʦʪʘʶʱʠʭ ʧʦ 

ʧʨʠʥʮʠʧʫ ʩʙʦʨʘ ʧʣʦʜʦʚ ʥʘ ʢʦʨʥʶ, ʩʦʟʜʘʥʘ ʥʘ ʖʞʥʦ-

ʋʢʨʘʠʥʩʢʦʡ ʤʘʰʠʥʦʠʩʧʳʪʘʪʝʣʴʥʦʡ ʩʪʘʥʮʠʠ. ʆʩʥʦʚ-

ʥʳʤ ʨʘʙʦʯʠʤ ʦʨʛʘʥʦʤ ʵʪʦʡ ʤʘʰʠʥʳ ʷʚʣʷʝʪʩʷ ʚʠʥʪʦ-

ʚʘʷ ʩʧʠʨʘʣʴ ʠʟ ʩʪʘʣʴʥʦʡ ʧʨʦʚʦʣʦʢʠ ʜʠʘʤʝʪʨʦʤ 12-14 

ʤʤ, ʥʘʚʠʪʘʷ ʥʘ ʮʠʣʠʥʜʨ ʠʣʠ ʢʦʥʫʩ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ 

ʫʛʣʦʤ ʧʦʜʲʝʤʘ ʠ ʰʘʛʦʤ (ʨʠʩ. 6.13). ɺʝʨʭʥʠʤ ʦʩʥʦʚʘ-

ʥʠʝʤ ʩʧʠʨʘʣʴ ʞʝʩʪʢʦ ʢʨʝʧʠʪʩʷ ʢ ʜʠʩʢʫ, ʧʦʣʫʦʩʴ ʢʦ-

ʪʦʨʦʛʦ ʧʦʤʝʱʘʝʪʩʷ ʚ ʫʧʦʨʥʦʤ ʧʦʜʰʠʧʥʠʢʝ, ʫʩʪʘʥʦʚ-

ʣʝʥʥʦʤ ʚ ʨʘʤʝ ʩʘʤʦʭʦʜʥʦʛʦ ʰʘʩʩʠ. ɼʠʩʢ ʠ ʩʧʠʨʘʣʴ 

ʧʦʣʫʯʘʶʪ ʚʨʘʱʝʥʠʝ ʦʪ ɺʆʄ ʪʨʘʢʪʦʨʘ. 

 

ʅʘ ʰʘʩʩʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʜʚʝ ʩʧʠʨʘʣʠ, ʢʘʞʜʘʷ 

ʠʟ ʥʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʢʫʩʪʘʤʠ ʪʦʤʘʪʦʚ ʚ ʩʚʦʝʤ 

ʨʷʜʢʝ, ʧʦʵʪʦʤʫ ʧʣʦʜʳ ʦʙʨʳʚʘʶʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ 


