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ʇʈɽɼʀʉʃʆɺʀɽ 

ʍʦʜʢʦʩʪʴʶ ʩʫʜʥʘ ʥʘʟʳʚʘʝʪʩʷ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʩʪʫʧʘʪʝʣʴʥʦ ʧʝʨʝʤʝ-

ʱʘʪʴʩʷ ʚ ʚʦʜʝ ʩ ʟʘʜʘʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʨʠʣʦʞʝʥʥʦʡ ʢ ʢʦʨʧʫʩʫ 

ʜʚʠʞʫʱʝʡ ʩʠʣʳ, ʩʦʟʜʘʚʘʝʤʦʡ ʩʧʝʮʠʘʣʴʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ʠʣʠ ʤʝʭʘʥʠʟʤʦʤ, 

ʥʘʟʳʚʘʝʤʳʤ ʜʚʠʞʠʪʝʣʝʤ. 

ʋʯʝʥʠʝ ʦ ʭʦʜʢʦʩʪʠ ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʜʚʝ ʯʘʩʪʠ: 

- ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʦʜʳ ʜʚʠʞʝʥʠʶ ʩʫʜʥʘ; 

- ʩʫʜʦʚʳʝ ʜʚʠʞʠʪʝʣʠ. 

ɺ ʧʝʨʚʦʡ ʯʘʩʪʠ ʠʟʫʯʘʶʪʩʷ ʟʘʢʦʥʳ ʠ ʭʘʨʘʢʪʝʨ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʟʘʙʦʨʪʥʦʡ 

ʚʦʜʳ ʠ ʩʫʜʥʘ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʧʦʣʫʯʘʝʤʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʨʝʰʘʝʪʩʷ ʚʦʧʨʦʩ ʦ 

ʚʳʙʦʨʝ ʬʦʨʤʳ ʠ ʨʘʟʤʝʨʦʚ ʢʦʨʧʫʩʘ ʚ ʝʛʦ ʧʦʜʚʦʜʥʦʡ ʯʘʩʪʠ, ʧʨʠ ʢʦʪʦʨʳʭ ʟʘ-

ʜʘʥʥʦʡ ʩʢʦʨʦʩʪʠ ʦʪʚʝʯʘʝʪ ʥʘʠʤʝʥʴʰʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʚʠʞʝʥʠʶ. 

ɺʦ ʚʪʦʨʦʡ ʯʘʩʪʠ ʠʟʫʯʘʶʪʩʷ ʚʦʧʨʦʩʳ ʜʝʡʩʪʚʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʢʦʥʩʪʨʫʢʮʠʡ 

ʩʫʜʦʚʳʭ ʜʚʠʞʠʪʝʣʝʡ, ʩʦʟʜʘʶʱʠʭ ʩʠʣʫ, ʠʜʫʱʫʶ ʥʘ ʧʨʝʦʜʦʣʝʥʠʝ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʷ ʚʦʜʳ ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ ʨʘʚʥʦʤʝʨʥʦʝ ʧʨʷʤʦʣʠʥʝʡʥʦʝ ʜʚʠʞʝʥʠʝ. 

ɿʥʘʥʠʝ ʜʚʠʞʫʱʝʡ ʩʠʣʳ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʠʪʴ ʝʱʝ ʚ ʧʨʦʮʝʩʩʝ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʫʜʥʘ ʪʫ ʧʦʪʨʝʙʥʫʶ ʤʦʱʥʦʩʪʴ ʛʣʘʚʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʢʦʪʦʨʘʷ 

ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʟʘʜʘʥʥʦʡ ʩʢʦʨʦʩʪʠ ʭʦʜʘ. ʇʨʠ ʵʪʦʤ ʧʨʘʚʠʣʴʥʳʡ 

ʚʳʙʦʨ ʪʠʧʘ, ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʨʘʟʤʝʨʦʚ ʩʫʜʦʚʦʛʦ ʜʚʠʞʠʪʝʣʷ, ʩʦʝʜʠʥʝʥʥʦʛʦ ʩ 

ʛʣʘʚʥʳʤ ʜʚʠʛʘʪʝʣʝʤ, ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʷʶʱʠʤ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʦ ʭʦʜʢʦʩʪʠ 

ʩʫʜʥʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʛʠʜʨʦʨʝʘʢ-

ʪʠʚʥʳʝ ʜʚʠʞʠʪʝʣʠ, ʜʝʡʩʪʚʠʝ ʢʦʪʦʨʳʭ ʦʩʥʦʚʘʥʦ ʥʘ ʟʘʭʚʘʪʳʚʘʥʠʠ ʤʘʩʩ ʚʦʜʳ ʠ 

ʧʦʩʣʝʜʫʶʱʝʤ ʠʭ ʦʪʙʨʘʩʳʚʘʥʠʠ ʚ ʩʪʦʨʦʥʫ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʥʘʧʨʘʚʣʝʥʠʶ 

ʜʚʠʞʝʥʠʷ ʩʫʜʥʘ. 

ʉʨʝʜʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʪʠʧʦʚ ʜʚʠʞʠʪʝʣʝʡ, ʧʨʠʤʝʥʷʝʤʳʭ ʥʘ ʚʦʜʦʠʟʤʝ-

ʱʘʶʱʠʭ ʤʦʨʩʢʠʭ ʩʫʜʘʭ, ʧʝʨʚʝʥʩʪʚʦ ʟʘ ʛʨʝʙʥʳʤʠ ʚʠʥʪʘʤʠ. ʐʠʨʦʢʦʝ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʠʝ ʠʤ ʦʙʝʩʧʝʯʠʣʠ ʪʘʢʠʝ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʢʘʯʝʩʪʚʘ, ʢʘʢ ʧʨʦʩʪʦʪʘ ʢʦʥʩʪ-

ʨʫʢʮʠʠ, ʩʨʘʚʥʠʪʝʣʴʥʦ ʧʨʦʩʪʘʷ ʪʝʭʥʦʣʦʛʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ, ʚʳʩʦʢʘʷ 

ʥʘʜʝʞʥʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ, ʧʨʦʩʪʦʪʘ ʧʝʨʝʜʘʯʠ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʦʪ ʛʣʘʚ-

ʥʦʛʦ ʜʚʠʛʘʪʝʣʷ, ʚʳʩʦʢʠʡ ʂʇɼ ʠ ʤʘʣʦʝ ʚʣʠʷʥʠʝ ʥʘ ʠʭ ʨʘʙʦʪʫ ʤʦʨʩʢʦʛʦ ʚʦʣʥʝ-

ʥʠʷ. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʷʚʣʷʝʪʩʷ ʢʦʥʩʪʨʫʢʮʠʷ ʛʨʝʙʥʳʭ ʚʠʥʪʦʚ ʬʠʢ-

ʩʠʨʦʚʘʥʥʦʛʦ ʰʘʛʘ (ɺʌʐ) ʢʘʢ ʮʝʣʴʥʦʣʠʪʳʭ, ʪʘʢ ʠ ʩʦ ʩʲʝʤʥʳʤʠ ʣʦʧʘʩʪʷʤʠ. 

ʆʜʥʘʢʦ ɺʌʐ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʦʤʠʥʘʣʴʥʫʶ ʤʦʱʥʦʩʪʴ ʛʣʘʚʥʦʛʦ ʜʚʠ-

ʛʘʪʝʣʷ ʪʦʣʴʢʦ ʣʠʰʴ ʥʘ ʦʜʥʦʤ ʨʝʞʠʤʝ ʝʛʦ ʨʘʙʦʪʳ. 

ʄʥʦʛʦʨʝʞʠʤʥʳʤ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʥʘʛʨʫʞʘʶʱʠʤ ʤʝʭʘʥʠʟʤʦʤ ʷʚʣʷʝʪʩʷ 

ʢʦʥʩʪʨʫʢʮʠʷ ʚʠʥʪʘ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʰʘʛʘ (ɺʈʐ). 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʨʦʩʪʘ ʨʘʟʤʝʨʦʚ ʠ ʵʥʝʨʛʦʚʦʦʨʫʞʝʥʥʦʩʪʠ ʤʦʨʩʢʠʭ 

ʩʫʜʦʚ, ʩʢʦʨʦʩʪʠ ʠʭ ʭʦʜʘ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʦʙʦʩʪʨʠʣʠ ʧʨʦʙʣʝʤʫ ʩʦʟʜʘʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʠ ʜʦʣʛʦʚʝʯʥʦʛʦ ʜʚʠʞʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. 
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ʇʝʨʩʧʝʢʪʠʚʥʳʤʠ ʢʘʢ ʜʣʷ ʙʳʩʪʨʦʭʦʜʥʳʭ, ʪʘʢ ʠ ʜʣʷ ʢʨʫʧʥʦʪʦʥʥʘʞʥʳʭ ʩʫ-

ʜʦʚ ʷʚʣʷʶʪʩʷ ʢʦʤʧʣʝʢʩʳ ʩ ʛʨʝʙʥʳʤʠ ʚʠʥʪʘʤʠ, ʧʦʤʝʱʝʥʥʳʤʠ ʚ ʩʧʝʮʠʘʣʴʥʳʝ 

ʢʦʣʴʮʝʚʳʝ ʥʘʧʨʘʚʣʷʶʱʠʝ ʥʘʩʘʜʢʠ. 

ʅʘ ʙʫʢʩʠʨʘʭ, ʧʘʨʦʤʘʭ, ʧʣʘʚʢʨʘʥʘʭ, ʧʦʞʘʨʥʳʭ ʠ ʜʨʫʛʠʭ ʩʫʜʘʭ, ʜʣʷ ʢʦʪʦ-

ʨʳʭ ʭʘʨʘʢʪʝʨʥʳ ʧʦʚʳʰʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʤʘʥʝʚʨʝʥʥʳʤ ʢʘʯʝʩʪʚʘʤ, ʰʠʨʦʢʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʢʨʳʣʴʯʘʪʳʝ (ʨʦʪʦʨʥʳʝ) ʜʚʠʞʠʪʝʣʠ. ʕʪʠ ʤʝ-

ʭʘʥʠʟʤʳ, ʦʙʲʝʜʠʥʷʶʱʠʝ ʚ ʩʝʙʝ ʪʘʢʞʝ ʬʫʥʢʮʠʠ ʨʫʣʷ, ʧʦʟʚʦʣʷʶʪ ʙʝʟ ʠʟʤʝʥʝ-

ʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʪʴ ʨʝʚʝʨʩ, ʧʦʚʦʨʦʪ, ʮʠʨʢʫ-

ʣʷʮʠʶ, ʜʚʠʞʝʥʠʝ ʣʘʛʦʤ. 

ɹʣʠʟʢʘ ʢ ʨʝʰʝʥʠʶ ʟʘʚʝʪʥʘʷ ʤʝʯʪʘ ʢʦʨʘʙʣʝʩʪʨʦʠʪʝʣʝʡ ʩʦʟʜʘʪʴ ʩʫʜʥʦ, 

ʠʤʝʶʱʝʝ ʙʦʣʴʰʫʶ ʩʢʦʨʦʩʪʴ ʭʦʜʘ ʠ ʙʝʩʰʫʤʥʦʝ ʜʚʠʞʝʥʠʝ. ʉʪʨʝʤʣʝʥʠʝ ʨʝ-

ʰʠʪʴ ʵʪʫ ʟʘʜʘʯʫ ʧʨʠʚʝʣʦ ʢ ʨʘʟʨʘʙʦʪʢʝ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʦʡ ʩʫʜʦʚʦʡ ʵʥʝʨʛʝ-

ʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ ʩ ʙʝʟʚʠʥʪʦʚʳʤ ʜʚʠʞʠʪʝʣʝʤ, ʦʩʫʱʝʩʪʚʣʷʶʱʝʡ ʧʨʷʤʦʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ. ʊʘʢʘʷ ʧʨʦʧʫʣʴʩʠʚʥʘʷ ʫʩ-

ʪʘʥʦʚʢʘ, ʥʘʟʳʚʘʝʤʘʷ ʤʘʛʥʠʪʦʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ, ʦʙʲʝʜʠʥʷʝʪ ʬʫʥʢʮʠʠ ʛʨʝʙ-

ʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʠ ʜʚʠʞʠʪʝʣʷ, ʘ ʫʩʢʦʨʝʥʠʝ ʧʦʪʦʢʘ ʠ ʦʪʙʨʘʩʳʚʘʥʠʝ ʤʘʩʩ 

ʚʦʜʳ ʚ ʩʪʦʨʦʥʫ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʥʘʧʨʘʚʣʝʥʠʶ ʜʚʠʞʝʥʠʷ ʩʫʜʥʘ, ʧʨʦʠʟʚʦ-

ʜʠʪʩʷ ʜʝʡʩʪʚʠʝʤ ʩʠʣ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 7 

 

 

 

 

 

 

 

 

 

 

ʏʘʩʪʴ I 

ʉʆʇʈʆʊʀɺʃɽʅʀɽ ɺʆɼʓ ɼɺʀɾɽʅʀʖ ʉʋɼʅɸ 

ʆʜʥʦʚʠʥʪʦʚʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʩʫʭʦʛʨʫʟʥʳʝ 

ʩʫʜʘ ʠ ʣʝʩʦʚʦʟʳ; ʢʦʥʪʝʡʥʝʨʥʳʝ, ʪʨʝʡʣʝʨʥʳʝ ʩʫʜʘ ʠ ʣʠʭʪʝʨʦʚʦʟʳ; 

ʩʨʝʜʥʝʪʦʥʥʘʞʥʳʝ ʪʘʥʢʝʨʳ ʠ ʨʫʜʦʚʦʟʳ; ʜʦʙʳʚʘʶʱʠʝ, 

ʦʙʨʘʙʘʪʳʚʘʶʱʠʝ ʠ ʧʨʠʝʤʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʫʜʘ ʬʣʦʪʘ 

ʨʳʙʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ; ʢʨʫʧʥʦʪʦʥʥʘʞʥʳʝ ʥʝʬʪʝʪʘʥʢʝʨʳ ʠ 

ʙʘʣʢʢʵʨʠʝʨʳ; ʣʝʜʦʢʦʣʲʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʫʜʘ; ʙʫʢʩʠʨʳ ʠ ʩʧʘʩʘʪʝʣʠ; 

ʣʝʜʦʢʦʣʳ; ʜʚʫʭʚʠʥʪʦʚʳʝ ʧʘʩʩʘʞʠʨʩʢʠʝ ʠ ʛʨʫʟʦʧʘʩʩʘʞʠʨʩʢʠʝ ʩʫʜʘ 
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1.1. ʆɹʑʀɽ ʇʆʃʆɾɽʅʀʗ 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʚʦʜʳ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʫʶ ʩʠʣʫ, ʧʨʝ-

ʧʷʪʩʪʚʫʶʱʫʶ ʧʦʩʪʫʧʘʪʝʣʴʥʦʤʫ ʜʚʠʞʝʥʠʶ ʩʫʜʥʘ. ɺʝʣʠʯʠʥʘ ʵʪʦʡ ʩʠʣʳ ʟʘʚʠ-

ʩʠʪ ʦʪ ʚʷʟʢʦʩʪʠ, ʧʣʦʪʥʦʩʪʠ, ʚʝʩʦʤʦʩʪʠ ʚʦʜʳ ʠ ʦʤʳʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʨʧʫ-

ʩʘ. 

ʉʚʦʡʩʪʚʦ ʚʷʟʢʦʩʪʠ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ ʩʫʱʝʩʪ-

ʚʫʶʪ ʩʠʣʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʥʘʟʳʚʘʝʤʳʝ ʚʥʫʪʨʝʥʥʠʤ ʪʨʝʥʠʝʤ. ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʚʥʝʰʥʝʛʦ ʪʨʝʥʠʷ, ʢʦʪʦʨʦʝ ʚʦʟʥʠʢʘʝʪ ʚ ʤʝʩʪʘʭ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʢʦʥʪʘʢʪʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʚʝʨʜʳʭ ʪʝʣ, ʚʥʫʪʨʝʥʥʝʝ ʠʤʝʝʪ ʤʝʩʪʦ ʚʥʫʪʨʠ ʦʙʲʝʤʘ ʜʚʠʞʫʱʝ-

ʛʦʩʷ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ ʠʣʠ ʛʘʟʘ ʤʝʞʜʫ ʠʭ ʩʣʦʷʤʠ, ʠʤʝʶʱʠʤʠ ʨʘʟʣʠʯʥʳʝ ʩʢʦ-

ʨʦʩʪʠ. 

ɺʷʟʢʦʩʪʴ ʚʦʜʳ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʩʯʝʪʦʚ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ ʭʘ-

ʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ v (ʚ ʤ2 /ʩ). 

ʈʘʩʯʝʪʥʦʝ ʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʣʷ ʩʦʣʝʥʦʡ ʤʦʨʩʢʦʡ ʚʦʜʳ 

ʧʨʠʥʠʤʘʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ t =4Áʉ ʨʘʚʥʳʤ v = 1,61 Å 10-10 ʤ2 /ʩ. 

ʇʣʦʪʥʦʩʪʴ ʚʦʜʳ, ʪ.ʝ. ʢʦʣʠʯʝʩʪʚʦ ʝʝ ʤʘʩʩʳ ʚ ʝʜʠʥʠʮʝ ʦʙʲʝʤʘ, ʧʨʠ ʨʘʩ-

ʯʝʪʘʭ ʭʦʜʢʦʩʪʠ ʤʦʨʩʢʠʭ ʩʫʜʦʚ ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʦʡ ʨ = 1025 ʢʛ/ʤ3. 

ɺʝʩʦʤʦʩʪʴ ʚʦʜʳ, ʪ.ʝ. ʩʠʣʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʝʝ ʥʘ ʩʫʜʥʦ ʚ ʟʝʤʥʦʤ ʧʦʣʝ ʪʷ-

ʞʝʩʪʠ (ʛʨʘʚʠʪʘʮʠʠ), ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʜʝʣʴʥʳʤ ʚʝʩʦʤ: ɔ = p-g(ʚ ʢʅ/ʤ3), 

ʛʜʝ g = 9,81 ʤ/ʩ2 - ʫʩʢʦʨʝʥʠʝ ʩʠʣʳ ʪʷʞʝʩʪʠ. 

ɼʣʷ ʫʷʩʥʝʥʠʷ ʧʨʠʨʦʜʳ ʩʠʣʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʦʜʳ ʨʘʩʩʤʦʪʨʠʤ ʵʣʝʤʝʥ- 

ʪʘʨʥʫʶ ʧʣʦʱʘʜʢʫ dɋ ʥʘ ʧʦʜʚʦʜʥʦʡ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ɋ, ʤ3, ʢʦʨʧʫʩʘ 

ʩʫʜʥʘ, ʥʘʟʳʚʘʝʤʦʡ ʩʤʦʯʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ (ʨʠʩ. 1.1). 

 

 

ʈʠʩ. 1.1. ʉʠʣʳ ʠ ʤʦʤʝʥʪʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʜʚʠʞʫʱʝʝʩʷ ʩʫʜʥʦ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʫʜʥʘ ʩ ʟʘʙʦʨʪʥʦʡ ʚʦʜʦʡ ʥʘ ʩʤʦʯʝʥʥʦʡ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʚʦʟʥʠʢʘʶʪ ʥʝʧʨʝʨʳʚʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʩʠʣʳ, ʢʦʪʦʨʳʝ ʚ ʢʘʞʜʦʡ ʝʝ 

ʪʦʯʢʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʝʢʪʦʨʘʤʠ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ Ű ʠ ʥʦʨʤʘʣʴʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ ʨ. ʇʝʨʚʳʝ ʩʦʩʪʘʚʣʷʶʪ ʵʣʝʤʝʥʪʘʨʥʫʶ ʩʠʣʫ ʪʨʝʥʠʷ Ű Å dɋ, ʚʪʦʨʳʝ - 

ʩʠʣʫ ʜʘʚʣʝʥʠʷ ʨ Å dɋ . 
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ɺ ʩʦʩʪʦʷʥʠʠ ʧʦʢʦʷ ʩʫʜʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʛʠʜʨʦʩʪʘʪʠʯʝ-

ʩʢʠʭ ʩʠʣ ʜʘʚʣʝʥʠʷ ʚʦʜʳ ʚʟʘʠʤʥʦ ʫʨʘʚʥʦʚʝʰʠʚʘʶʪʩʷ, ʘ ʚʝʨʪʠʢʘʣʴʥʳʝ ʧʨʠʚʦ-

ʜʷʪʩʷ ʢ ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʝʡ - ʩʠʣʝ ʧʣʘʚʫʯʝʩʪʠ pgÐ ʠ ʫʨʘʚʥʦʚʝʰʠʚʘʶʪʩʷ ʩʠʣʦʡ 

ʚʝʩʘ ʩʫʜʥʘ gAæ. 

ɺʦʟʥʠʢʘʶʱʠʝ ʚ ʧʨʦʮʝʩʩʝ ʧʨʷʤʦʣʠʥʝʡʥʦʛʦ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ 

ʩʫʜʥʘ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʠʣʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʫʤʤʫ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʠʣ. ʀʥʪʝʛʨʠʨʦʚʘʥʠʝ ʠʭ ʧʦ ʚʩʝʡ ʩʤʦʯʝʥʥʦʡ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʢʦʨʧʫʩʘ ʤʦʞʝʪ ʙʳʪʴ ʩʚʝʜʝʥʦ ʢ ʦʜʥʦʡ ʩʠʣʝ F, ʧʨʠʣʦʞʝʥʥʦʡ ʚ ʮʝʥʪʨʝ 

ʉ ʧʦʜʚʦʜʥʦʛʦ ʦʙʲʝʤʘ, ʠ ʦʜʥʦʤʫ ʤʦʤʝʥʪʫ ʄ, ʜʝʡʩʪʚʫʶʱʝʤʫ ʚ ʜʠʘʤʝʪʨʘʣʴʥʦʡ 

ʧʣʦʩʢʦʩʪʠ ʚ ʩʠʣʫ ʩʠʤʤʝʪʨʠʠ ʩʫʜʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʝ. 

ɻʦʨʠʟʦʥʪʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ R ʩʠʣʳ F ʧʘʨʘʣʣʝʣʴʥʘ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ 

V ʠ ʥʘʧʨʘʚʣʝʥʘ ʚ ʩʪʦʨʦʥʫ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʵʪʦʡ ʩʢʦʨʦʩʪʠ. ʉʠʣʘ R ʷʚʣʷʝʪʩʷ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʚʦʜʳ ʜʚʠʞʝʥʠʶ ʩʫʜʥʘ. 

ɺʝʨʪʠʢʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ɸ ʩʪʨʝʤʠʪʩʷ ʧʦʛʨʫʟʠʪʴ (ʠʣʠ ʧʨʠʧʦʜʥʷʪʴ) 

ʩʫʜʥʦ ʠ ʫʨʘʚʥʦʚʝʰʠʚʘʝʪʩʷ ʥʝʜʦʩʪʘʪʢʦʤ ʠʣʠ ʠʟʙʳʪʢʦʤ ʩʠʣʳ ʧʣʘʚʫʯʝʩʪʠ. 

ʄʦʤʝʥʪ ʄ ʩʪʨʝʤʠʪʩʷ ʩʦʟʜʘʪʴ ʜʠʬʬʝʨʝʥʪ ʥʘ ʢʦʨʤʫ ʠʣʠ ʥʘ ʥʦʩ ʠ ʫʨʘʚʥʦ-

ʚʝʰʠʚʘʝʪʩʷ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʤ ʤʦʤʝʥʪʦʤ, ʚʦʟʥʠʢʘʶʱʠʤ ʧʨʠ ʜʠʬʬʝʨʝʥʪʝ. 

ʋ ʥʘʜʚʦʜʥʳʭ ʚʦʜʦʠʟʤʝʱʘʶʱʠʭ ʩʫʜʦʚ ʚʝʨʪʠʢʘʣʴʥʘʷ ʩʠʣʘ ʠ ʜʠʬʬʝʨʝʥ-

ʪʫʶʱʠʡ ʤʦʤʝʥʪ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʠʣʘʤʠ ʧʣʘʚʫʯʝʩʪʠ ʤʘʣʳ ʠ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘ-

ʜʘʯʠ ʦ ʩʦʧʨʦʪʠʚʣʝʥʠʠ ʜʚʠʞʝʥʠʶ ʧʨʠʥʠʤʘʝʪʩʷ, ʯʪʦ ʥʘ ʭʦʜʫ ʧʦʣʦʞʝʥʠʝ ʩʫʜʥʘ 

ʦʩʪʘʝʪʩʷ ʪʘʢʠʤ ʞʝ, ʯʪʦ ʠ ʚ ʧʦʢʦʝ. 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʧʦʜʚʦʜʥʳʭ ʩʫʜʦʚ ʧʨʠ ʠʭ ʜʚʠʞʝʥʠʠ ʧʦʜ ʚʦʜʦʡ, ʪʦ ʩʠʣʘ ɸ ʠ 

ʤʦʤʝʥʪ ʄ ʩʦʟʜʘʶʪʩʷ ʠ ʠʟʤʝʥʷʶʪʩʷ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʧʫʪʝʤ, ʤʝʥʷʷ ʧʦʣʦʞʝʥʠʝ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʨʫʣʝʡ. 

ʊʘʢ ʢʘʢ ʚʦʜʦʠʟʤʝʱʘʶʱʠʝ ʩʫʜʘ ʜʚʠʞʫʪʩʷ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʚʦʟʜʫʰʥʦʡ 

ʩʨʝʜʳ ʠ ʚʦʜʳ, ʪʦ ʠʭ ʧʦʣʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʚʦʜʳ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʦʟʜʫʭʘ. 

ʆʜʥʘʢʦ ʩ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʧʣʦʪʥʦʩʪʴ ʚʦʜʳ ʚ 813 ʨʘʟ ʙʦʣʴʰʝ ʧʣʦʪʥʦʩʪʠ 

ʚʦʟʜʫʭʘ (ʨʚ = 1025 ʢʛ/ʤ
3; ʨʚʦʟʜ = 1,26 ʢʛ/ʤ3), ʘ ʝʝ ʚʷʟʢʦʩʪʴ ʪʘʢʞʝ ʚʦ ʤʥʦʛʦ ʨʘʟ 

ʙʦʣʴʰʝ, ʪʦ ʚʦʟʜʫʰʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʠ ʦʙʳʯʥʳʭ ʥʦʨʤʘʣʴʥʳʭ ʧʦʛʦʜʥʳʭ 

ʫʩʣʦʚʠʷʭ ʜʘʞʝ ʜʣʷ ʙʳʩʪʨʦʭʦʜʥʳʭ ʚʦʜʦʠʟʤʝʱʘʶʱʠʭ ʩʫʜʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʤʘʣʦ 

ʠ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝʝ 5 % ʦʪ ʧʦʣʥʦʛʦ ʠ ʧʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʩʧʝʮʠʘʣʴʥʦ ʥʝ ʨʘʩ-

ʩʯʠʪʳʚʘʝʪʩʷ. 

ʊʘʢ ʢʘʢ ʩʠʣʫ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʦʜʳ ʜʚʠʞʝʥʠʶ ʥʘʪʫʨʥʦʛʦ ʩʫʜʥʘ ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʧʫʪʝʤ ʠʟʤʝʨʝʥʠʷ ʜʠʥʘʤʦʤʝʪʨʦʤ, ʚʢʣʶʯʝʥʥʳʤ ʚ ʙʫʢʩʠʨʥʳʡ ʢʘʥʘʪ 

ʧʨʠ ʙʫʢʩʠʨʦʚʢʝ ʝʛʦ ʩʦ ʩʥʷʪʳʤ ʜʚʠʞʠʪʝʣʝʤ, ʪʦ ʝʝ ʥʘʟʳʚʘʶʪ ʙʫʢʩʠʨʦʚʦʯʥʳʤ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ R. 
ɼʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʨʘʚʥʦʤʝʨʥʦʛʦ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʩʫʜʥʘ ʥʝʦʙ-

ʭʦʜʠʤʦ ʧʨʝʦʜʦʣʝʪʴ ʩʠʣʫ ʙʫʢʩʠʨʦʚʦʯʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʫʪʝʤ ʧʨʠʣʦʞʝʥʠʷ 

ʨʘʚʥʦʡ ʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʥʘʧʨʘʚʣʝʥʥʦʡ ʪʦʣʢʘʶʱʝʡ ʩʠʣʳ, ʩʦʟʜʘʚʘʝʤʦʡ ʜʚʠ-

ʞʠʪʝʣʝʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʩʫʜʥʘ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʩʦ-
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ʚʝʨʰʘʝʪʩʷ ʨʘʙʦʪʘ, ʢʦʪʦʨʘʷ ʚʚʠʜʫ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʜʚʠʞʝʥʠʷ ʦʮʝʥʠ- 

ʚʘʝʪʩʷ ʨʘʩʭʦʜʦʤ ʵʥʝʨʛʠʠ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ, ʪ.ʝ. ʤʦʱʥʦʩʪʴʶ, ʟʘʪʨʘʯʠʚʘʝʤʦʡ 

ʥʘ ʧʨʦʜʚʠʞʝʥʠʝ ʩʫʜʥʘ. 

ʆʙʳʯʥʦ ʦʥʘ ʠʤʝʥʫʝʪʩʷ ʙʫʢʩʠʨʦʚʦʯʥʦʡ, ʠʣʠ ʵʬʬʝʢʪʠʚʥʦʡ, ʤʦʱʥʦʩʪʴʶ, 

ʪ.ʝ. ʤʦʱʥʦʩʪʴʶ, ʢʦʪʦʨʫʶ ʥʝʦʙʭʦʜʠʤʦ ʟʘʪʨʘʪʠʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʜʚʠʞʝ-

ʥʠʝ ʩʫʜʥʘ ʩ ʟʘʜʘʥʥʦʡ ʩʢʦʨʦʩʪʴʶ. ʉʦʛʣʘʩʥʦ ʦʧʨʝʜʝʣʝʥʠʶ ʧʦʥʷʪʠʷ ʤʦʱʥʦʩʪʠ 

ʦʥʘ ʨʘʚʥʘ ʧʨʦʠʟʚʝʜʝʥʠʶ ʜʚʠʞʫʱʝʡ ʩʠʣʳ ʈʝ - R, ʢʅ, ʥʘ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ V, 

ʤ/ʩ (ʚ ʢɺʪ): 

VRN Ö=d  

1.2. ʂɸʈʊʀʅɸ ʆɹʊɽʂɸʅʀʗ ɺʆɼʆʁ ʂʆʈʇʋʉɸ 

ɼɺʀɾʋʑɽɻʆʉʗ ʉʋɼʅɸ 

ɺ ʧʨʦʮʝʩʩʝ ʩʚʦʝʛʦ ʜʚʠʞʝʥʠʷ ʩʫʜʥʦ ʚʦʟʤʫʱʘʝʪ ʤʘʩʩʳ ʚʦʜʳ, ʧʨʠʣʝʛʘʶʱʠʝ 

ʢ ʥʘʨʫʞʥʦʡ ʦʙʰʠʚʢʝ ʢʦʨʧʫʩʘ. ʕʪʦ ʚʦʟʤʫʱʝʥʠʝ ʚʠʟʫʘʣʴʥʦ ʥʘʙʣʶʜʘʝʪʩʷ ʢʘʢ 

ʪʨʠ ʥʘʣʦʞʝʥʥʳʝ ʜʨʫʛ ʥʘ ʜʨʫʛʘ ʩʠʩʪʝʤʳ ʜʚʠʞʝʥʠʷ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʟʘ-

ʥʠʤʘʝʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʦʙʣʘʩʪʴ ʠ ʦʙʣʘʜʘʝʪ ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʥʝʝ ʩʪʨʦʝʥʠʝʤ. 

ʅʘʠʙʦʣʝʝ ʯʝʪʢʦ ʥʘʙʣʶʜʘʶʪʩʷ ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʨʠ ʜʚʠʞʝʥʠʠ ʚʦʣʥʳ, ʢʦ-

ʪʦʨʳʝ ʚ ʦʪʣʠʯʠʝ ʦʪ ʚʝʪʨʦʚʳʭ ʤʦʨʩʢʠʭ ʥʘʟʳʚʘʶʪʩʷ ʢʦʨʘʙʝʣʴʥʳʤʠ ʚʦʣʥʘʤʠ. 

ʆʙʳʯʥʦ ʦʙʨʘʟʫʝʪʩʷ ʜʚʝ ʠʭ ʛʨʫʧʧʳ: ʥʦʩʦʚʘʷ ʠ ʢʦʨʤʦʚʘʷ (ʨʠʩ. 1.2). ʇʝʨʚʘʷ ʟʘ-

ʨʦʞʜʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʧʦʟʘʜʠ ʬʦʨʰʪʝʚʥʷ, ʘ ʚʪʦʨʘʷ - ʚʧʝʨʝʜʠ ʘʭʪʝʨʰʪʝʚʥʷ. 

ʂʘʞʜʘʷ ʛʨʫʧʧʘ ʩʦʩʪʦʠʪ ʠʟ ʩʠʩʪʝʤʳ ʨʘʩʭʦʜʷʱʠʭʩʷ ʠ ʧʦʧʝʨʝʯʥʳʭ 

 

ʈʠʩ. 1.2. ɺʦʣʥʦʚʳʝ ʩʠʩʪʝʤʳ, ʩʦʟʜʘʚʘʝʤʳʝ ʜʚʠʞʫʱʠʤʩʷ ʩʫʜʥʦʤ: 

1 ï ʨʘʩʭʦʜʷʱʠʝʩʷ; 2 ï ʧʦʧʝʨʝʯʥʳʝ ʚʦʣʥʳ 
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ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 1.2, ʨʘʩʭʦʜʷʱʠʝʩʷ ʚʦʣʥʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʨʘʩʧʦʣʦ-

ʞʝʥʥʳʝ ʚ ʵʰʝʣʦʥʥʦʤ ʧʦʨʷʜʢʝ ʨʷʜʳ ʢʦʨʦʪʢʠʭ ʚʦʣʥ, ʩʠʤʤʝʪʨʠʯʥʦ ʨʘʩʧʦʣʦ-

ʞʝʥʥʳʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʠʘʤʝʪʨʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʠ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩ ʥʝʡ ʦʩʪ-

ʨʳʝ ʫʛʣʳ. 

ʇʦʧʝʨʝʯʥʳʝ ʚʦʣʥʳ ʦʙʨʘʟʫʶʪ ʩ ʜʠʘʤʝʪʨʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʴʶ ʫʛʦʣ 90Á. 

ʇʨʠ ʤʘʣʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʨʘʩʭʦʜʷʱʠʝʩʷ 

ʚʦʣʥʳ, ʘ ʧʨʠ ʙʦʣʴʰʦʡ - ʧʦʧʝʨʝʯʥʳʝ. 

ɼʚʠʞʝʥʠʝ ʚʦʜʳ, ʩʦʩʪʘʚʣʷʶʱʝʝ ʚʪʦʨʫʶ ʩʠʩʪʝʤʫ, ʥʘʙʣʶʜʘʝʪʩʷ ʤʝʥʝʝ ʯʝʪ-

ʢʦ ʠ ʣʠʰʴ ʧʨʠ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʷʭ. ʆʥʦ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʘ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʫʟʢʠʡ ʝʝ ʩʣʦʡ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʠʣʝʛʘʶʱʠʡ ʢ ʥʘʨʫʞʥʦʡ ʦʙ-

ʰʠʚʢʝ ʢʦʨʧʫʩʘ ʠ ʥʘʟʳʚʘʝʤʳʡ ʧʦʛʨʘʥʠʯʥʳʤ ʩʣʦʝʤ. 

ɽʩʣʠ ʩʫʜʥʦ ʚ ʧʦʜʚʦʜʥʦʡ ʝʛʦ ʯʘʩʪʠ ʠʤʝʝʪ ʫʜʣʠʥʝʥʥʫʶ ʬʦʨʤʫ ʠ ʧʣʘʚʥʳʝ 

ʦʯʝʨʪʘʥʠʷ (ʨʠʩ. 1.3), ʪʦ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʧʦ ʙʦʨʪʘʤ ʧʦʛʨʘʥʠʯʥʳʝ ʩʣʦʠ ʧʨʦʩʪʠ-

ʨʘʶʪʩʷ ʜʦ ʢʦʨʤʦʚʦʡ ʦʢʦʥʝʯʥʦʩʪʠ, ʟʘ ʢʦʪʦʨʦʡ ʦʥʠ ʩʣʠʚʘʶʪʩʷ ʠ ʦʙʨʘʟʫʶʪ ʩʨʘʚ-

ʥʠʪʝʣʴʥʦ ʫʟʢʫʶ ʧʦʣʦʩʫ ʚʦʜʳ, ʜʚʠʞʫʱʫʶʩʷ ʧʦʩʪʫʧʘʪʝʣʴʥʦ ʧʦ ʠʥʝʨʮʠʠ ʟʘ ʩʫʜ-

ʥʦʤ. 

 

ʈʠʩ. 1.3. ʇʦʛʨʘʥʠʯʥʳʡ ʩʣʦʡ ʠ ʧʦʧʫʪʥʳʡ ʧʦʪʦʢ ʧʨʠ ʧʣʘʚʥʳʭ ʦʯʝʨʪʘʥʠʷʭ ʢʦʨʧʫʩʘ ʩʫʜʥʘ 

ʆʙʳʯʥʦ ʪʘʢʦʝ ʜʚʠʞʝʥʠʝ ʦʩʣʦʞʥʝʥʦ ʧʦʧʝʨʝʯʥʳʤ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ, ʢʦ-

ʪʦʨʦʝ ʠʤʝʝʪ ʚʠʜ ʜʚʦʡʥʦʛʦ ʨʷʜʘ ʯʝʨʝʜʫʶʱʠʭʩʷ ʦʪʜʝʣʴʥʳʭ ʚʠʭʨʝʡ. 

ʅʘʙʣʶʜʘʝʤʘʷ ʧʦʣʦʩʘ ʜʚʠʞʫʱʝʡʩʷ ʟʘ ʩʫʜʥʦʤ ʚʦʜʳ ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ ʧʦ-

ʧʫʪʥʦʛʦ ʧʦʪʦʢʘ. 

ɽʩʣʠ ʩʫʜʥʦ ʠʤʝʝʪ ʪʫʧʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʥʦʩʦʚʦʡ ʦʢʦʥʝʯʥʦʩʪʠ ʠ ʦʛʨʘʥʠʯʝʥʦ 

ʧʦʣʥʦʡ, ʨʝʟʢʦ ʦʯʝʨʯʝʥʥʦʡ ʢʦʨʤʦʡ, ʪʦ ʧʦʧʫʪʥʳʡ ʧʦʪʦʢ ʧʨʠʦʙʨʝʪʘʝʪ ʩʦʚʝʨ-

ʰʝʥʥʦ ʠʥʫʶ, ʦʩʦʙʫʶ ʩʠʩʪʝʤʫ ʜʚʠʞʝʥʠʷ (ʨʠʩ. 1.4). 

ʕʪʘ ʪʨʝʪʴʷ ʩʠʩʪʝʤʘ ʩʦʩʪʘʚʣʷʝʪ ʜʚʠʞʝʥʠʝ, ʢʦʪʦʨʦʝ ʟʘʥʠʤʘʝʪ ʜʦʚʦʣʴʥʦ ʰʠ-

ʨʦʢʫʶ ʧʦʣʦʩʫ, ʥʘʯʠʥʘʶʱʫʶʩʷ ʚ ʪʦʤ ʤʝʩʪʝ ʢʦʨʧʫʩʘ, ʛʜʝ ʦʥ ʥʘʯʠʥʘʝʪ ʨʝʟʢʦ 

ʩʫʞʘʪʴʩʷ ʚ ʢʦʨʤʫ. 

ʇʨʠ ʦʙʱʝʤ ʧʦʩʪʫʧʘʪʝʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʜʚʠʞʝʥʠʷ ʧʦʪʦʢʘ ʟʘ ʩʫʜʥʦʤ ʚ 

ʥʝʤ ʩ ʙʦʣʴʰʦʡ ʷʩʥʦʩʪʴʶ ʥʘʙʣʶʜʘʶʪʩʷ ʢʨʫʧʥʳʝ ʦʪʜʝʣʴʥʳʝ ʚʠʭʨʠ, ʦʨʛʘʥʠʟʦ-

ʚʘʥʥʳʝ ʚ ʜʦʩʪʘʪʦʯʥʦ ʧʨʘʚʠʣʴʥʳʝ ʨʷʜʳ. 

ʍʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʵʪʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚʥʝʰʥʷʷ ʛʨʘʥʠʮʘ ʧʦʛʨʘ-

ʥʠʯʥʦʛʦ ʩʣʦʷ ʥʝ ʜʦʭʦʜʠʪ ʜʦ ʢʦʨʤʦʚʦʡ ʦʢʦʥʝʯʥʦʩʪʠ, ʘ ʚ ʤʝʩʪʝ ʨʝʟʢʦʛʦ ʩʫʞʝʥʠʷ 

ʢʦʨʧʫʩʘ ʦʪʜʝʣʷʝʪʩʷ ʦʪ ʥʝʛʦ (ʦʪʨʳʚʘʝʪʩʷ) ʠ ʩʪʘʥʦʚʠʪʩʷ ʚʥʝʰʥʝʡ ʛʨʘʥʠʮʝʡ ʰʠ-

ʨʦʢʦʡ ʧʦʣʦʩʳ ʟʘʚʠʭʨʝʥʥʦʛʦ ʧʦʧʫʪʥʦʛʦ ʧʦʪʦʢʘ. 
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ʈʠʩ. 1.4. ʇʦʛʨʘʥʠʯʥʳʡ ʩʣʦʡ ʠ ʧʦʧʫʪʥʳʡ ʧʦʪʦʢ ʧʨʠ ʙʦʣʴʰʦʡ ʧʦʣʥʦʪʝ ʢʦʨʧʫʩʘ ʩʫʜʥʘ 

ʗʚʣʝʥʠʝ ʦʪʨʳʚʘ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʚʦʟʥʠʢʘʝʪ ʥʝ ʪʦʣʴʢʦ ʚ ʢʦʨʤʦʚʦʡ ʯʘ-
ʩʪʠ ʩʫʜʥʘ, ʥʦ ʠ ʚ ʮʝʣʦʤ ʨʷʜʝ ʜʨʫʛʠʭ ʩʣʫʯʘʝʚ ʤʝʩʪʥʦʛʦ ʥʘʨʫʰʝʥʠʷ ʧʣʘʚʥʦʩʪʠ 
ʦʯʝʨʪʘʥʠʡ ʦʪʜʝʣʴʥʳʭ ʚʳʩʪʫʧʘʶʱʠʭ ʟʘ ʥʘʨʫʞʥʫʶ ʦʙʰʠʚʢʫ ʢʦʨʧʫʩʘ ʯʘʩʪʝʡ 

(ʢʨʦʥʰʪʝʡʥʦʚ ʛʨʝʙʥʳʭ ʚʘʣʦʚ, ʩʪʫʧʠʮ ʛʨʝʙʥʳʭ ʚʠʥʪʦʚ, ʨʫʣʝʡ, ʪʨʫʙʦʢ ʣʘʛʦʚ ʠ 
ʧʨ.). 

ʀʟʫʯʝʥʠʝ ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʳ ʜʚʠʞʝʥʠʷ ʢʘʞʜʦʡ ʠʟ ʪʨʝʭ ʩʠʩʪʝʤ: ʚʦʣ-

ʥʦʦʙʨʘʟʦʚʘʥʠʷ, ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʠ ʟʘʚʠʭʨʝʥʥʦʛʦ ʧʦʧʫʪʥʦʛʦ ʧʦʪʦʢʘ ʟʘ ʤʝ-

ʩʪʦʤ ʦʪʨʳʚʘ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ, - ʘ ʪʘʢʞʝ ʠʟʫʯʝʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʧʨʠʯʠʥ ʠ ʫʩ-

ʣʦʚʠʡ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʩʚʷʟʴʶ ʩ ʩʠʣʘʤʠ ʚʦʟʜʝʡʩʪʚʠʷ ʚʦʜʳ ʥʘ 

ʜʚʠʞʫʱʝʝʩʷ ʩʫʜʥʦ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʡ ʧʨʘʚʠʣʴʥʦʛʦ ʧʦʥʠʤʘʥʠʷ ʠ ʧʦʩʣʝ-

ʜʫʶʱʝʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥʳ ʩʠʣʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʦʜʳ ʜʚʠʞʝʥʠʶ. 

1.3. ʌʀɿʀʏɽʉʂɸʗ ʇʈʀʈʆɼɸ ɺʓɿɺɸʅʅʓʍ ɼɺʀɾɽʅʀʁ ɺʆɼʓ. 

ʉʆʉʊɸɺʃʗʖʑʀɽ ʉʆʇʈʆʊʀɺʃɽʅʀʗ ɼɺʀɾɽʅʀʖ ʉʋɼʅɸ 

ʇʨʠʯʠʥʘ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʨʘʙʝʣʴʥʳʭ ʚʦʣʥ ʢʨʦʝʪʩʷ ʚ ʜʝʡʩʪʚʠʠ ʩʠʣ ʛʨʘʚʠ-

ʪʘʮʠʠ, ʪ.ʝ. ʚ ʧʨʦʷʚʣʝʥʠʠ ʩʚʦʡʩʪʚʘ ʚʝʩʦʤʦʩʪʠ ʚʦʜʳ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʢʦʷ ʩʫʜʥʘ ʜʘʚʣʝʥʠʝ ʥʘ ʩʚʦʙʦʜʥʫʶ ʧʦ-

ʚʝʨʭʥʦʩʪʴ ʚʦʜʳ ʧʦʩʪʦʷʥʥʦ ʠ ʨʘʚʥʦ ʘʪʤʦʩʬʝʨʥʦʤʫ ʨʘ (ʨʠʩ. 1.5). 

 

ʈʠʩ. 1.5. ʂ ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʨʘʙʝʣʴʥʳʭ ʚʦʣʥ 
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ɺ ʧʨʦʮʝʩʩʝ ʜʚʠʞʝʥʠʷ ʩʫʜʥʘ ʥʘʙʝʛʘʶʱʠʡ ʧʦʪʦʢ ʚʦʜʳ ʧʨʠ ʝʛʦ ʚʩʪʨʝʯʝ ʩ 

ʥʦʩʦʚʦʡ ʦʢʦʥʝʯʥʦʩʪʴʶ ʧʨʠʪʦʨʤʘʞʠʚʘʝʪʩʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʩʢʦ-

ʨʦʩʪʠ ʧʦʪʦʢʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʚ 

ʜʚʠʞʫʱʝʤʩʷ ʧʦʪʦʢʝ (ʟʘʢʦʥ ɹʝʨʥʫʣʣʠ) ʜʘʚʣʝʥʠʝ ʚ ʵʪʦʤ ʨʘʡʦʥʝ ʚʦʟʨʘʩʪʘʝʪ, ʘ 

ʪʘʢ ʢʘʢ ʩʚʦʙʦʜʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʠʟ-ʟʘ ʤʘʣʦʩʪʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʥʝ ʧʨʝ-

ʧʷʪʩʪʚʫʝʪ ʚʝʨʪʠʢʘʣʴʥʳʤ ʧʝʨʝʤʝʱʝʥʠʷʤ, ʪʦ ʤʘʩʩʳ ʚʦʜʳ ʟʜʝʩʴ ʧʦʜʥʠʤʫʪʩʷ 

ʚʚʝʨʭ. 

ɺ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʜʣʠʥʳ ʢʦʨʧʫʩʘ ʦʙʪʝʢʘʶʱʠʡ ʝʛʦ ʧʦʪʦʢ ʩʪʝʩʥʝʥ ʚʥʝʰʥʠ-

ʤʠ ʤʘʩʩʘʤʠ ʚʦʜʳ ʠ ʚ ʩʠʣʫ ʥʝʨʘʟʨʳʚʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʫʚʝʣʠ-

ʯʠʪʩʷ, ʘ ʜʘʚʣʝʥʠʝ ʫʤʝʥʴʰʠʪʩʷ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʩʚʦʙʦʜʥʳʡ ʫʨʦʚʝʥʴ ʚʦʜʳ ʧʦ-

ʥʠʟʠʪʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ. 

ɺ ʨʘʡʦʥʝ ʢʦʨʤʦʚʦʡ ʦʢʦʥʝʯʥʦʩʪʠ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʦʧʷʪʴ ʫʤʝʥʴʰʠʪʩʷ, ʘ 

ʜʘʚʣʝʥʠʝ ʚʦʟʨʘʩʪʘʝʪ, ʯʪʦ ʚʳʟʦʚʝʪ ʧʦʚʳʰʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʫʨʦʚʥʷ ʚʦʜʳ. 

ʀʩʢʨʠʚʣʝʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʚʦʜʳ ʥʝ ʙʫʜʝʪ ʦʩʪʘʚʘʪʴʩʷ ʥʝʠʟʤʝʥʥʦʡ, ʧʦʪʦ-

ʤʫ ʯʪʦ ʥʘ ʯʘʩʪʠʮʳ ʚʦʜʳ, ʚʳʚʝʜʝʥʥʳʝ ʠʟ ʩʦʩʪʦʷʥʠʷ ʩʪʘʪʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ, 

ʜʝʡʩʪʚʫʶʪ ʩʠʣʳ ʪʷʞʝʩʪʠ ʠ ʠʥʝʨʮʠʠ, ʠ ʦʥʠ ʥʘʯʠʥʘʶʪ ʩʦʚʝʨʰʘʪʴ ʢʦʣʝʙʘʪʝʣʴ-

ʥʳʝ ʜʚʠʞʝʥʠʷ, ʥʘʙʣʶʜʘʝʤʳʝ ʚ ʚʠʜʝ ʚʦʣʥ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʧʦ ʭʦʜʫ ʜʚʠ-

ʞʝʥʠʷ ʩʫʜʥʘ. 

ʅʘ ʩʦʟʜʘʥʠʝ ʢʦʨʘʙʝʣʴʥʳʭ ʚʦʣʥ ʪʨʘʪʠʪʩʷ ʯʘʩʪʴ ʵʥʝʨʛʠʠ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ 

ʧʝʨʝʤʝʱʝʥʠʷ ʩʫʜʥʘ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʘʙʦʪʫ ʚʦʣʥʦʚʦʛʦ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʷ Rw. 

ʇʨʠʯʠʥʘ ʥʘʙʣʶʜʘʝʤʦʛʦ ʜʚʠʞʝʥʠʷ ʚʦʜʳ ʚ ʚʠʜʝ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʢʨʦʝʪ-

ʩʷ ʚ ʧʨʦʷʚʣʝʥʠʠ ʝʝ ʩʚʦʡʩʪʚʘ ʚʷʟʢʦʩʪʠ, ʩʫʪʴ ʢʦʪʦʨʦʛʦ ʦʙʲʷʩʥʝʥʘ ʚ ʧ. 1.1. 

ʇʨʠ ʧʦʩʪʫʧʘʪʝʣʴʥʦʤ ʧʝʨʝʤʝʱʝʥʠʠ ʩʫʜʥʘ ʯʘʩʪʠʮʳ ʩʣʦʷ ʚʦʜʳ, ʧʨʠʣʝ-

ʛʘʶʱʠʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʥʘʨʫʞʥʦʡ ʦʙʰʠʚʢʝ ʢʦʨʧʫʩʘ, ʧʨʠʣʠʧʘʶʪ ʢ ʥʝʡ ʠ 

ʦʩʪʘʥʘʚʣʠʚʘʶʪʩʷ. ʉʣʝʜʫʶʱʠʡ ʩʣʦʡ ʤʝʜʣʝʥʥʦ ʩʢʦʣʴʟʠʪ ʚʜʦʣʴ ʧʨʠʣʠʧʰʝʛʦ. 

ʇʦʩʣʝʜʫʶʱʠʡ ʟʘ ʚʪʦʨʳʤ ʩʣʦʝʤ ʜʚʠʞʝʪʩʷ ʙʳʩʪʨʝʝ. ʀ, ʥʘʢʦʥʝʮ, ʥʘ ʥʝʢʦʪʦʨʦʤ 

ʫʜʘʣʝʥʠʠ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʨʧʫʩʘ ʩʣʦʠ ʚʦʜʳ ʫʞʝ ʜʚʠʞʫʪʩʷ ʩ ʧʦʣʥʦʡ ʩʢʦʨʦ-

ʩʪʴʶ ʚʥʝʰʥʝʛʦ ʧʦʪʦʢʘ. 

ʇʦʣʥʳʡ ʩʣʦʡ ʚʦʜʳ, ʚ ʢʦʪʦʨʦʤ ʩʢʦʨʦʩʪʠ ʝʛʦ ʪʝʯʝʥʠʷ ʠʟʤʝʥʷʶʪʩʷ ʦʪ ʥʫ-

ʣʝʚʦʡ ʫ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʨʧʫʩʘ ʩʫʜʥʘ ʜʦ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʥʘ ʥʝʢʦʪʦʨʦʤ ʫʜʘʣʝ-

ʥʠʠ ʦʪ ʥʝʝ (ʪʦʯʥʝʝ, ʜʦ ʪʦʯʢʠ, ʛʜʝ ʩʢʦʨʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 99,5 % ʩʢʦʨʦʩʪʠ ʚʥʝʰ-

ʥʝʛʦ ʧʦʪʦʢʘ), ʠ ʷʚʣʷʝʪʩʷ ʧʦʛʨʘʥʠʯʥʳʤ ʩʣʦʝʤ. 

ɺ ʵʪʦʤ ʩʣʦʝ ʯʘʩʪʠʮʳ ʚʦʜʳ ʩ ʤʝʥʴʰʠʤʠ ʩʢʦʨʦʩʪʷʤʠ ʪʦʨʤʦʟʷʪ ʧʨʦʭʦʜʷʱʠʝ 

ʙʦʣʝʝ ʫʜʘʣʝʥʥʳʝ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʙʦʣʝʝ ʙʳʩʪʨʳʝ ʯʘʩʪʠʮʳ, ʘ ʪʝ, ʥʘʦʙʦʨʦʪ, 

ʧʳʪʘʶʪʩʷ ʪʷʥʫʪʴ ʟʘ ʩʦʙʦʡ ʙʦʣʝʝ ʤʝʜʣʝʥʥʳʝ. ʇʝʨʝʜʘʯʘ ʜʚʠʞʝʥʠʷ ʦʪ ʦʜʥʠʭ ʯʘ-

ʩʪʠʮ ʢ ʜʨʫʛʠʤ ʧʨʦʠʩʭʦʜʠʪ ʢʘʩʘʪʝʣʴʥʳʤʠ ʩʠʣʘʤʠ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʩʜʚʠʛʝ 

ʯʘʩʪʠʮ ʚ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ. ɸ ʪʘʢ ʢʘʢ ʵʪʠ ʩʠʣʳ ʥʘʧʨʘʚʣʝʥʳ ʚ ʩʪʦʨʦʥʫ, ʧʨʦʪʠ-

ʚʦʧʦʣʦʞʥʫʶ ʥʘʧʨʘʚʣʝʥʠʶ ʜʚʠʞʝʥʠʷ ʩʫʜʥʘ, ʪʦ ʠʭ ʩʫʤʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʠʣʫ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʨʝʥʠʷ R .̋ 

ʇʨʠʯʠʥʫ ʦʪʨʳʚʘ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʰʠʨʦʢʦʡ ʧʦʣʦʩʳ ʟʘ-

ʚʠʭʨʝʥʥʦʛʦ ʧʦʧʫʪʥʦʛʦ ʧʦʪʦʢʘ ʤʦʞʥʦ ʧʦʷʩʥʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ (ʨʠʩ. 1.6). 

ɼʣʷ ʫʜʦʙʩʪʚʘ ʨʘʩʩʫʞʜʝʥʠʡ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʦʙʨʘʱʝʥʥʦʝ ʜʚʠʞʝʥʠʝ, ʪ.ʝ. 

ʩʯʠʪʘʷ ʩʫʜʥʦ ʥʝʧʦʜʚʠʞʥʳʤ, ʘ ʧʦʪʦʢ - ʥʘʙʝʛʘʶʱʠʤ ʥʘ ʥʝʛʦ ʩʦ ʩʢʦʨʦʩʪʴʶ, ʨʘʚ-

ʥʦʡ ʩʢʦʨʦʩʪʠ ʩʫʜʥʘ. 
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ʈʠʩ. 1.6. ʕʧʶʨʳ ʩʢʦʨʦʩʪʝʡ ʚ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʚʠʭʨʝʚʦʛʦ ʩʣʝʜʘ 

ʇʦʪʦʢ ʚʦʜʳ, ʚʩʪʨʝʯʘʷ ʥʘ ʩʚʦʝʤ ʧʫʪʠ ʢʦʨʧʫʩ ʩʫʜʥʘ, ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʜʚʝ ʯʘ-

ʩʪʠ. ʇʨʠ ʵʪʦʤ ʢʘʞʜʘʷ ʠʟ ʥʠʭ ʩʞʠʤʘʝʪʩʷ ʚʥʝʰʥʠʤʠ, ʫʜʘʣʝʥʥʳʤʠ ʦʪ ʢʦʨʧʫʩʘ 

ʤʘʩʩʘʤʠ ʚʦʜʳ. ʅʘʠʙʦʣʴʰʝʝ ʩʞʘʪʠʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʩʨʝʜʥʝʡ, ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦʡ 

ʯʘʩʪʠ ʜʣʠʥʳ. ʉʦʛʣʘʩʥʦ ʟʘʢʦʥʫ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʚ ʜʚʠʞʫʱʠʭʩʷ ʧʦʪʦʢʘʭ ʠʟ-

ʟʘ ʩʞʘʪʠʷ ʥʝʨʘʟʨʳʚʥʦ ʜʚʠʞʫʱʝʛʦʩʷ ʧʦʪʦʢʘ ʝʛʦ ʩʢʦʨʦʩʪʴ ʚ ʵʪʦʤ ʨʘʡʦʥʝ ʙʫʜʝʪ 

ʥʘʠʙʦʣʴʰʝʡ, ʘ ʜʘʚʣʝʥʠʝ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘʠʤʝʥʴʰʠʤ (ʩʤ. ʵʧʶʨʫ I ʨʠʩ. 1.6). 

ʇʨʠ ʧʨʦʜʚʠʞʝʥʠʠ ʩʣʦʝʚ ʚʦʜʳ ʢ ʢʦʨʤʝ ʩʫʜʥʘ ʠʭ ʩʢʦʨʦʩʪʴ ʠʟ-ʟʘ ʪʨʝʥʠʷ ʧʘ-

ʜʘʝʪ, ʘ ʜʘʚʣʝʥʠʝ ʨʘʩʪʝʪ (ʩʤ. ʵʧʶʨʫ II  ʨʠʩ. 1.6). 

ʋ ʩʘʤʳʭ ʤʝʜʣʝʥʥʳʭ ʩʣʦʝʚ ʚʙʣʠʟʠ ʦʙʰʠʚʢʠ ʢʦʨʧʫʩʘ ʜʘʚʣʝʥʠʝ ʩʪʘʥʦʚʠʪʩʷ 

ʥʘʩʪʦʣʴʢʦ ʙʦʣʴʰʠʤ, ʯʪʦ ʦʥʠ, ʢʘʢ ʚʠʜʥʦ ʠʟ ʵʧʶʨʳ, ʧʦʣʥʦʩʪʴʶ ʦʩʪʘʥʘʚʣʠʚʘʶʪ-

ʩʷ, ʘ ʙʣʠʞʝ ʢ ʢʦʨʤʝ ʜʘʞʝ ʥʘʯʠʥʘʶʪ ʜʚʠʛʘʪʴʩʷ ʦʙʨʘʪʥʦ (ʩʤ. ʵʧʶʨʫ III  ʨʠʩ. 1.6), 

ʪ.ʝ. ʦʪ ʙʦʣʴʰʝʛʦ ʜʘʚʣʝʥʠʷ ʢ ʤʝʥʴʰʝʤʫ. ʊʘʢʦʝ ʚʩʪʨʝʯʥʦʝ ʜʚʠʞʝʥʠʝ ʚʳʟʳʚʘʝʪ 

ʦʪʨʳʚ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʨʧʫʩʘ. ʀʟ-ʟʘ ʪʦʨʤʦʞʝʥʠʷ ʩʣʦʝʚ 

ʚʦʜʳ ʚʙʣʠʟʠ ʥʘʨʫʞʥʦʡ ʦʙʰʠʚʢʠ ʙʦʣʝʝ ʫʜʘʣʝʥʥʳʝ ʦʪ ʥʝʝ ʩʣʦʠ ʫʩʪʨʝʤʣʷʶʪʩʷ ʢ 

ʢʦʨʧʫʩʫ ʠ ʫʚʣʝʢʘʶʪ ʧʦʛʨʘʥʠʯʥʳʡ ʩʣʦʡ ʚʦ ʚʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ. ɺ ʨʝ-

ʟʫʣʴʪʘʪʝ ʟʘʢʨʫʯʠʚʘʥʠʷ ʯʘʩʪʠʮ ʚʦʜʳ ʦʙʨʘʟʫʶʪʩʷ ʚʠʭʨʠ, ʢʦʪʦʨʳʝ ʦʪʨʳʚʘʶʪʩʷ 

ʦʪ ʤʝʩʪʘ ʩʚʦʝʛʦ ʟʘʨʦʞʜʝʥʠʷ ʠ ʫʥʦʩʷʪʩʷ ʧʦʪʦʢʦʤ. ʅʘ ʠʭ ʤʝʩʪʝ ʚʦʟʥʠʢʘʶʪ ʥʦ-

ʚʳʝ ʚʠʭʨʠ ʠ ʩʥʦʚʘ ʦʪʨʳʚʘʶʪʩʷ ʠ ʪ.ʜ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʟʘ ʢʦʨʤʦʡ ʩʫʜʥʘ ʦʙʨʘʟʫʝʪʩʷ 

ʰʠʨʦʢʠʡ ʚʠʭʨʝʚʦʡ ʩʣʝʜ. 

ʅʘ ʦʙʨʘʟʦʚʘʥʠʝ ʚʠʭʨʝʡ ʨʘʩʭʦʜʫʝʪʩʷ ʯʘʩʪʴ ʵʥʝʨʛʠʠ ʜʚʠʞʝʥʠʷ ʩʫʜʥʘ. ʕʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʝʤʫ ʧʨʠʭʦʜʠʪʩʷ ʧʨʝʦʜʦʣʝʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, 

ʢʦʪʦʨʦʝ ʚ ʩʠʣʫ ʩʚʦʝʡ ʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʧʦʣʫʯʠʣʦ ʥʘʟʚʘʥʠʝ ʚʠʭʨʝʚʦʛʦ, ʚʦ-

ʜʦʚʦʨʦʪʥʦʛʦ ʠʣʠ ʬʦʨʤʳ. 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʥʘʟʚʘʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʬʦʨʤʳ ʫʪʚʝʨʜʠʣʦʩʴ 

ʦʢʦʥʯʘʪʝʣʴʥʦ ʩ ʦʙʦʟʥʘʯʝʥʠʝʤ Rvp. 
ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʰʝ ʨʘʩʩʫʞʜʝʥʠʡ ʩʪʘʥʦʚʠʪʩʷ ʧʦʥʷʪʥʳʤ, ʯʪʦ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʝ ʬʦʨʤʳ, ʢʘʢ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʨʝʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʦ ʥʘʣʠʯʠʝʤ ʫ ʚʦʜʳ 

ʬʠʟʠʯʝʩʢʦʛʦ ʩʚʦʡʩʪʚʘ ʚʷʟʢʦʩʪʠ, ʪʘʢ ʢʘʢ ʦʥʦ ʛʝʥʝʪʠʯʝʩʢʠ ʩʚʷʟʘʥʦ ʩ ʧʦʛʨʘʥʠʯ-

ʥʳʤ ʩʣʦʝʤ ʠ ʮʝʣʠʢʦʤ ʟʘʚʠʩʠʪ ʦʪ ʦʙʨʘʟʦʚʘʥʠʷ ʚʠʭʨʝʡ ʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʨʘʟʜʝʣʘ 

ʚʥʫʪʨʠ ʜʚʠʞʫʱʠʭʩʷ ʤʘʩʩ ʚʦʜʳ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʣʠʯʠʝ ʚ ʬʦʨʤʘʭ ʚʳʟʚʘʥʥʳʭ ʜʚʠʞʝʥʠʡ ʚʦʜʳ ʠ ʚ ʩʘʤʦʡ 

ʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʝ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ, ʪ.ʝ. ʚ ʩʚʦʡʩʪʚʘʭ ʚʦʜʳ, ʧʦʨʦʞʜʘʶʱʠʭ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʚʠʞʝʥʠʶ, ʧʨʠʚʝʣʦ ʢ ʝʛʦ ʨʘʟʜʝʣʝʥʠʶ ʥʘ ʪʨʠ ʩʦʩʪʘʚʣʷʶʱʠʭ: 

R = Rf+Rvp+Rw, (1.1) 

ʪ.ʝ. ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʨʝʥʠʷ, ʬʦʨʤʳ ʠ ʚʦʣʥʦʚʦʝ. 

ʊʘʢʦʝ ʜʝʣʝʥʠʝ ʦʢʘʟʳʚʘʝʪʩʷ ʦʯʝʥʴ ʫʜʦʙʥʳʤ ʜʣʷ ʮʝʣʝʡ ʠʟʫʯʝʥʠʷ ʩʦʧʨʦʪʠʚ-

ʣʝʥʠʷ, ʪʘʢ ʢʘʢ ʵʥʝʨʛʠʷ, ʟʘʪʨʘʯʠʚʘʝʤʘʷ ʥʘ ʧʨʝʦʜʦʣʝʥʠʝ ʢʘʞʜʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ, 

ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʵʥʝʨʛʠʶ ʚʠʜʠʤʳʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ ʜʚʠʞʝʥʠʷ ʚʦʜʳ. 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʠ ʧʦʩʣʝʜʫʶʱʝʤ ʧʨʘʢʪʠʯʝʩʢʦʤ ʨʘʩʯʝʪʝ ʙʫʢʩʠʨʦʚʦʯʥʦʛʦ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʛʠʧʦʪʝʟʘ ʦ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʜʝʡʩʪʚʠʷ ʢʘʞʜʦʡ ʠʟ ʩʦ-

ʩʪʘʚʣʷʶʱʠʭ. ʉʦʛʣʘʩʥʦ ʵʪʦʡ ʛʠʧʦʪʝʟʝ ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʚʳʟʳʚʘʶʱʠʝ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʠʣʳ ʙʫʢʩʠʨʦʚʦʯʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝ-

ʥʠʷ, ʧʨʦʠʩʭʦʜʷʪ ʚʟʘʠʤʥʦ ʥʝʟʘʚʠʩʠʤʦ. 

ʆʜʥʘʢʦ ʦʙʣʘʩʪʠ, ʥʘ ʢʦʪʦʨʳʝ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʦʪʜʝʣʴʥʳʝ ʩʠʩʪʝʤʳ ʜʚʠ-

ʞʝʥʠʷ ʚʦʜʳ, ʥʝ ʪʦʣʴʢʦ ʩʦʧʨʠʢʘʩʘʶʪʩʷ, ʥʦ ʠ ʧʝʨʝʢʨʳʚʘʶʪ ʜʨʫʛ ʜʨʫʛʘ, ʚʩʣʝʜ-

ʩʪʚʠʝ ʯʝʛʦ ʤʝʞʜʫ ʵʪʠʤʠ ʦʙʣʘʩʪʷʤʠ ʧʨʦʠʩʭʦʜʠʪ ʥʝʠʟʙʝʞʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. 

ʇʦʵʪʦʤʫ ʦʪʜʝʣʴʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠʩʧʳʪʳʚʘʶʪ ʚʟʘʠʤʥʦʝ ʚʣʠ-

ʷʥʠʝ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ ʵʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ ʧʨʠ ʘʥʘʣʠʟʝ, ʘ ʪʘʢʞʝ 

ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʘʢʪʠʯʝʩʢʠʭ ʩʭʝʤ ʨʘʩʯʝʪʘ, ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʚʦʜʳ ʢʘʢ ʩʫʤʤʳ ʪʨʝʭ ʩʣʘʛʘʝʤʳʭ ʥʘʭʦʜʠʪ ʚʩʝʦʙʱʝʝ ʧʨʠʤʝʥʝʥʠʝ. 

ɼʦʚʦʣʴʥʦ ʯʘʩʪʦ ʦʢʘʟʳʚʘʝʪʩʷ ʫʜʦʙʥʳʤ ʠ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʦʙʲʝʜʠʥʠʪʴ 

ʚʦʣʥʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʬʦʨʤʳ, ʨʫʢʦʚʦʜʩʪʚʫʷʩʴ ʧʨʠ ʵʪʦʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʠʭ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʙʰʠʚʢʫ ʢʦʨʧʫʩʘ ʩʫʜʥʘ ʧʦ ʥʦʨʤʘʣʠ ʢ ʝʝ ʧʦ-

ʚʝʨʭʥʦʩʪʠ. ʀ ʪʦʛʜʘ ʙʫʢʩʠʨʦʚʦʯʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʨʘʟʜʝʣʝʥʥʦʝ ʧʦ ʭʘʨʘʢʪʝʨʫ 

ʧʨʠʣʦʞʝʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʣ (ʢʘʩʘʪʝʣʴʥʳʭ ʠ ʥʦʨʤʘʣʴʥʳʭ ʥʘʧʨʷʞʝ-

ʥʠʡ), ʨʘʚʥʦ 

R = Rf+Rr, (1.2) 

 

ʛʜʝ Rr - ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʘʚʣʝʥʠʷ, ʢʦʪʦʨʦʝ ʪʨʘʜʠʮʠʦʥʥʦ ʥʘʟʳʚʘʝʪʩʷ ʦʩʪʘ-

ʪʦʯʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʠ ʨʘʚʥʦ ʩʫʤʤʝ 

Rr=Rvp+Rw. (1.3) 

 

ɺ ʩʚʷʟʠ ʩ ʪʝʤ ʯʪʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʨʝʥʠʷ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʬʦʨʤʳ ʚʦʟʥʠ-

ʢʘʶʪ ʚʩʣʝʜʩʪʚʠʝ ʧʨʦʷʚʣʝʥʠʷ ʚʦʜʦʡ ʩʚʦʡʩʪʚʘ ʝʝ ʚʷʟʢʦʩʪʠ, ʠʭ ʠʥʦʛʜʘ ʦʙʲʝʜʠ-

ʥʷʶʪ ʠ ʥʘʟʳʚʘʶʪ ʚʷʟʢʦʩʪʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 

Rv=Rf+Rvp. (1.4) 

 

ʊʘʢʦʝ ʬʠʟʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʦʝ ʦʙʲʝʜʠʥʝʥʠʝ ʜʚʫʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʠʤʝʝʪ 

ʟʥʘʯʝʥʠʝ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʬʦʨʤʫʣ ʠ ʧʨʠʥʮʠʧʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 
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1.4. ʉʆʆʊʅʆʐɽʅʀɽ ʄɽɾɼʋ ʆʉʊɸɺʃʗʖʑʀʄʀ 

ʉʆʇʈʆʊʀɺʃɽʅʀʗ ɼɺʀɾɽʅʀʖ 

ɺʝʣʠʯʠʥʘ ʢʘʞʜʦʡ ʠʟ ʪʨʝʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʟʘʚʠʩʠʪ ʚ ʦʩ-
ʥʦʚʥʦʤ ʦʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʩʫʜʥʘ, ʝʛʦ ʬʦʨʤʳ ʚ ʧʦʜʚʦʜʥʦʡ ʯʘʩʪʠ ʠ ʣʠʥʝʡ-
ʥʳʭ ʨʘʟʤʝʨʦʚ. 

ʇʨʠʯʝʤ ʩʢʦʨʦʩʪʴ ʭʦʜʘ ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʝʪ ʩʦʦʪʥʦʰʝʥʠʝ 

ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ. 

ʅʘ ʨʠʩ. 1.7 ʧʨʠʚʝʜʝʥʳ ʩʨʝʜʥʠʝ ʜʦʣʝʚʳʝ ʟʥʘʯʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʨʝʥʠʷ ʠ 

ʦʩʪʘʪʦʯʥʦʛʦ, ʚʢʣʶʯʘʶʱʝʛʦ ʚ ʩʝʙʷ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʬʦʨʤʳ ʠ ʚʦʣʥʦʚʦʝ, ʚ ʦʙʱʝʤ 

ʙʘʣʘʥʩʝ ʙʫʢʩʠʨʦʚʦʯʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʫʜʦʚ ʪʨʘʜʠʮʠʦʥʥʳʭ ʬʦʨʤ ʨʘʟʣʠʯʥʦʡ 

ʙʳʩʪʨʦʭʦʜʥʦʩʪʠ, ʟʘ ʤʝʨʫ ʢʦʪʦʨʦʡ ʧʨʠʥʷʪʘ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʚ ʬʦʨʤʝ 

ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ ʯʠʩʣʘ ʌʨʫʜʘ: 

gLVFr /= ,  

ʛʜʝ L - ʨʘʩʯʝʪʥʘʷ ʜʣʠʥʘ ʩʫʜʥʘ, a g - ʫʩʢʦʨʝʥʠʝ ʩʠʣʳ ʪʷʞʝʩʪʠ. 

 
ʈʠʩ. 1.7. ʉʨʝʜʥʠʝ ʜʦʣʝʚʳʝ ʟʥʘʯʝʥʠʷ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʷ  

ʜʚʠʞʝʥʠʶ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʭʦʜʘ 

ʀʟ ʨʠʩʫʥʢʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʫ ʪʠʭʦʭʦʜʥʳʭ ʩʫʜʦʚ (Fr = 0,1...0,25) ʦʩʥʦʚʥʫʶ 

ʨʦʣʴ ʠʛʨʘʝʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʨʝʥʠʷ, ʢʦʪʦʨʦʝ ʜʦʩʪʠʛʘʝʪ å 75 % ʦʪ ʧʦʣʥʦʛʦ. ʇʦ 

ʤʝʨʝ ʨʦʩʪʘ ʩʢʦʨʦʩʪʠ ʭʦʜʘ ʜʦʤʠʥʠʨʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʝʪ ʦʩʪʘʪʦʯʥʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ. ɸ ʪʘʢ ʢʘʢ ʚʦʣʥʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚ ʥʝʤ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʷ ʬʦʨʤʳ, ʚʦʟʨʘʩʪʘʝʪ ʧʨʠʤʝʨʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʯʝʪʚʝʨʪʦʡ ʠ ʙʦʣʝʝ 

ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʩʢʦʨʦʩʪʠ ʭʦʜʘ, ʪʦ ʧʨʠ ʚʳʩʦʢʠʭ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʩʢʦʨʦʩʪʷʭ (Fr 

Ó 0,35) ʦʥʦ ʫʞʝ ʠʛʨʘʝʪ ʛʣʘʚʥʫʶ ʨʦʣʴ ʚ ʙʫʢʩʠʨʦʚʦʯʥʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ. 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʨʦʣʴ ʦʪʜʝʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚ ʚʝʣʠʯʠʥʝ ʙʫʢʩʠʨʦʚʦʯʥʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʦʨʤʳ ʢʦʨʧʫʩʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1.8 [1]. 
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ʈʠʩ. 1.8. ʉʦʩʪʘʚʣʷʶʱʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ  

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʦʨʤʳ ʢʦʨʧʫʩʘ 

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʬʦʨʤʫ ʧʦʜʚʦʜʥʦʡ ʧʦ-

ʚʝʨʭʥʦʩʪʠ, ʧʨʠʥʷʪ ʢʦʵʬʬʠʮʠʝʥʪ ʦʙʱʝʡ ʧʦʣʥʦʪʳ ʚʦʜʦʠʟʤʝʱʝʥʠʷ 

CB=V/LBd, 

ʪʘʢ ʢʘʢ ʦʥ ʧʦʢʘʟʳʚʘʝʪ, ʢʘʢʫʶ ʯʘʩʪʴ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ ʩ 

ʛʣʘʚʥʳʤʠ ʨʘʟʤʝʨʝʥʠʷʤʠ ʩʫʜʥʘ L, ɺ, d ʟʘʥʠʤʘʝʪ ʧʦʜʚʦʜʥʳʡ ʦʙʲʝʤ ʩʫʜʥʘÐ, ʤ3. 

ʇʨʠʚʝʜʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ ʜʘʥʥʳʝ ʦʪʥʦʩʷʪʩʷ ʢ ʨʝʞʠʤʫ ʧʦʣʥʦʛʦ ʭʦʜʘ ʢʘʢ 

ʪʠʭʦʭʦʜʥʳʭ (ʉʚ Ó0,80), ʪʘʢ ʠ ʩʨʝʜʥʝʩʢʦʨʦʩʪʥʳʭ (ʉʚ å0,70), ʠ ʙʳʩʪʨʦʭʦʜʥʳʭ 

(ʉʚ =0,55...0,60) ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʫʜʦʚ. 

ʂʘʢ ʚʠʜʥʦ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʨʝʥʠʷ ʜʣʷ ʚʩʝʭ ʪʠʧʦʚ ʩʫʜʦʚ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 

ʧʦʩʪʦʷʥʥʦ ʠ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 60 % ʦʪ ʧʦʣʥʦʛʦ. ʆʩʪʘʪʦʯʥʦʝ ʞʝ 

Rr = Rvp + Rw 

ʭʦʪʷ ʠ ʧʦʩʪʦʷʥʥʦ, ʦʜʥʘʢʦ ʩʦʦʪʥʦʰʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʥʝʤ ʜʣʷ ʨʘʟʥʳʭ 

ʪʠʧʦʚ ʩʫʜʦʚ ʨʘʟʣʠʯʥʦ. 

ʎʝʥʥʦʩʪʴ ʛʨʘʬʠʢʦʚ ʨʠʩ. 1.8 ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʦʥʠ ʧʦʟʚʦʣʷʶʪ ʩʫʜʠʪʴ, ʥʘ 

ʢʘʢʠʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʙʫʢʩʠʨʦʚʦʯʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʚʦʟʜʝʡʩʪ-

ʚʦʚʘʪʴ ʧʨʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʦʙʚʦʜʦʚ ʢʦʨʧʫʩʘ ʩʫʜʥʘ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʝʢʪʠʨʦ-

ʚʘʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʛʦ ʪʠʧʘ. ʇʨʠ ʵʪʦʤ ʷʩʥʦ ʚʠʜʥʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʝʤ ʛʝʦ-

ʤʝʪʨʠʠ ʧʦʜʚʦʜʥʦʡ ʯʘʩʪʠ ʩʫʜʥʘ ʟʘʜʘʥʥʳʭ ʨʘʟʤʝʨʝʥʠʡ ʠ ʚʦʜʦʠʟʤʝʱʝʥʠʷ ʥʝʣʴʟʷ 

ʨʘʩʩʯʠʪʳʚʘʪʴ ʥʘ ʩʢʦʣʴʢʦ-ʥʠʙʫʜʴ ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʪʨʝʥʠʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʛʣʘʚʥʦʝ ʚʥʠʤʘʥʠʝ ʧʨʠ ʦʪʨʘʙʦʪʢʝ ʵʣʝʤʝʥʪʦʚ ʪʝʦ-

ʨʝʪʠʯʝʩʢʦʛʦ ʯʝʨʪʝʞʘ ʜʦʣʞʥʦ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʩʥʠʞʝʥʠʝ ʦʩʪʘʪʦʯʥʦʛʦ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʷ. 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʨʠʩʫʥʢʘ, ʫ ʙʳʩʪʨʦʭʦʜʥʳʭ ʩʫʜʦʚ ʥʝʦʙʭʦʜʠʤʦ ʩʪʨʝʤʠʪʴʩʷ ʢ 

ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʤʫ ʩʥʠʞʝʥʠʶ ʚʦʣʥʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʘ ʫ ʧʦʣʥʳʭ 

ʪʠʭʦʭʦʜʥʳʭ ʠ ʩʨʝʜʥʝʩʢʦʨʦʩʪʥʳʭ ʩʫʜʦʚ ʦʩʥʦʚʥʳʝ ʫʩʠʣʠʷ ʩʣʝʜʫʝʪ ʥʘʧʨʘʚʣʷʪʴ 

ʥʘ ʫʤʝʥʴʰʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʬʦʨʤʳ. 
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1.5. ʇʆʅʗʊʀɽ ʆ ʄʆɼɽʃʀʈʆɺɸʅʀʀ ʀ ʄʆɼɽʃʔʅʓʍ 

ʀʉʇʓʊɸʅʀʗʍ 

ʉʣʦʞʥʘʷ ʬʠʟʠʯʝʩʢʘʷ ʧʨʠʨʦʜʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʦʜʳ ʜʚʠ-

ʞʝʥʠʶ ʩʫʜʥʘ ʠ ʩʣʦʞʥʦʩʪʴ ʬʦʨʤʳ ʢʦʨʧʫʩʘ ʚ ʝʛʦ ʧʦʜʚʦʜʥʦʡ ʯʘʩʪʠ ʟʘʪʨʫʜʥʷʶʪ 

ʦʮʝʥʢʫ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʩʨʘʚʥʠʪʝʣʴʥʦ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʨʘʟʚʠʪʠʷ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʤʝ-

ʪʦʜʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʧʦʣʦʞʝʥʠʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ, ʦʥʠ ʦʢʘʟʳʚʘ-

ʶʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʳʤʠ ʜʣʷ ʧʦʣʥʦʛʦ ʨʝʰʝʥʠʷ ʥʘʩʫʱʥʳʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ 

ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʭʦʜʢʦʩʪʠ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʝʢʪʦʚ ʜʣʷ ʧʦʩʪʨʦʡʢʠ 

ʩʫʜʦʚ ʠʣʠ ʝʝ ʦʮʝʥʢʠ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʇʦʵʪʦʤʫ ʩʧʦʩʦʙʳ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ 

ʩʫʜʦʚ ʩ ʣʶʙʦʡ ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʦʨʤʦʡ ʦʙʚʦʜʦʚ ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ 

ʤʦʜʝʣʷʤʠ ʚ ʦʧʳʪʦʚʳʭ ʙʘʩʩʝʡʥʘʭ. 

ʅʦ ʪʘʢʠʝ ʠʩʧʳʪʘʥʠʷ ʧʨʠʚʦʜʷʪ ʢ ʮʝʣʠ ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʠʤʝʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦ ʩʦʧʨʦʪʠʚʣʝʥʠʶ ʤʦʜʝʣʠ ʚʳʯʠʩʣʠʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘʪʫʨʥʦʛʦ 

ʩʫʜʥʘ. 

ʕʪʫ ʚʦʟʤʦʞʥʦʩʪʴ ʜʘʝʪ ʟʘʢʦʥ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʜʦʙʠʷ. 

ʉʦʛʣʘʩʥʦ ʵʪʦʤʫ ʟʘʢʦʥʫ ʧʦʪʦʢʠ ʞʠʜʢʦʩʪʠ, ʦʙʪʝʢʘʶʱʠʝ ʛʝʦʤʝʪʨʠʯʝ-

ʩʢʠ ʧʦʜʦʙʥʳʝ ʪʝʣʘ, ʷʚʣʷʶʪʩʷ ʜʠʥʘʤʠʯʝʩʢʠ ʧʦʜʦʙʥʳʤʠ, ʝʩʣʠ ʚ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʭ ʪʦʯʢʘʭ ʩʦʙʣʶʜʘʝʪʩʷ ʨʘʚʝʥʩʪʚʦ ʙʝʟʨʘʟʤʝʨʥʳʭ ʛʠʜʨʦʜʠʥʘʤʠʯʝ-

ʩʢʠʭ ʩʠʣ, ʘ ʪʘʢʞʝ ʩʦʭʨʘʥʷʶʪʩʷ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʢʪʦʨʦʚ ʩʢʦʨʦʩʪʝʡ ʠ ʛʠʜ-

ʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʣ. 

ʇʦʩʣʝʜʥʝʝ ʧʦʣʦʞʝʥʠʝ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʢʘʨʪʠʥʘ ʦʙʪʝʢʘʥʠʷ, ʦʙʨʘʟʦʚʘʥʠʝ 

ʚʠʭʨʝʡ ʠ ʚʦʣʥʦʦʙʨʘʟʦʚʘʥʠʝ ʚ ʪʘʢʠʭ ʧʦʪʦʢʘʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʧʦʜʦʙʥʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʠʙʦʣʝʝ ʪʦʯʥʦʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʦʟ-

ʤʦʞʥʦ ʧʨʠ ʧʦʣʥʦʤ ʧʦʜʦʙʠʠ ʬʦʨʤʳ ʢʦʨʧʫʩʘ ʠ ʢʘʨʪʠʥʳ ʦʙʪʝʢʘʥʠʷ ʚʦʜʦʡ ʤʦ-

ʜʝʣʠ ʠ ʥʘʪʫʨʥʦʛʦ ʩʫʜʥʘ. 

ɻʝʦʤʝʪʨʠʯʝʩʢʦʝ ʧʦʜʦʙʠʝ ʬʦʨʤ ʢʦʨʧʫʩʦʚ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʟʤʝʨʦʚ 

ʧʦʪʦʢʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʘʩʰʪʘʙʦʤ ʧʦʜʦʙʠʷ 

ʥʤ LLm /=  

ʛʜʝ L - ʨʘʩʯʝʪʥʘʷ ʜʣʠʥʘ; ʘ ʠʥʜʝʢʩʳ ʤ ʠ ʥ ʦʪʥʦʩʷʪʩʷ ʢ ʤʦʜʝʣʠ ʠ ʥʘʪʫʨʥʦʤʫ 

ʩʫʜʥʫ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʊʘʢ ʢʘʢ ʚ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʦʜʳ ʧʨʠ ʧʨʷʤʦʣʠʥʝʡʥʦʤ ʧʦ-

ʩʪʫʧʘʪʝʣʴʥʦʤ ʜʚʠʞʝʥʠʠ ʫʯʘʩʪʚʫʶʪ ʣʠʰʴ ʩʠʣʳ ʚʷʟʢʦʩʪʠ ʠ ʩʠʣʳ ʪʷʞʝʩʪʠ, ʪʦ 

ʘʥʘʣʠʟ ʫʨʘʚʥʝʥʠʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʜʣʷ ʪʘʢʠʭ ʫʩʣʦʚʠʡ ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ, 

ʯʪʦ ʜʠʥʘʤʠʯʝʩʢʦʝ ʧʦʜʦʙʠʝ ʧʨʦʮʝʩʩʦʚ ʙʫʜʝʪ ʦʙʝʩʧʝʯʝʥʦ, ʝʩʣʠ ʜʣʠʥʳ L, ʩʢʦ-

ʨʦʩʪʠ V, ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ t ʠ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʚʷʟʢʦʩʪʠ v ʫ ʞʠʜʢʦʩʪʝʡ, ʚ 

ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʜʚʠʞʝʥʠʝ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʩʣʝʜʫʶʱʠʤ 

ʪʨʝʤ ʙʝʟʨʘʟʤʝʨʥʳʤ ʩʦʦʪʥʦʰʝʥʠʷʤ - ʢʨʠʪʝʨʠʷʤ ʧʦʜʦʙʠʷ: 

ʥʥʤʤ gLVgLV // = , (1.5) 

ʛʜʝ g = 9,81 ʤ/ʩ2 - ʫʩʢʦʨʝʥʠʝ ʩʠʣʳ ʪʷʞʝʩʪʠ. 
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n// ʥʥʤʤʤ LVVLV = ; (1.6) 

ʥʥʥʤʤʤ tVLtVL // = . (1.7) 

ɺʳʨʘʞʝʥʠʝ 

L gVFr /=  

ʥʘʟʳʚʘʝʪʩʷ ʯʠʩʣʦʤ ʌʨʫʜʘ. ʆʥʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʦʦʪʥʦʰʝʥʠʝ ʠʥʝʨʮʠʦʥ-

ʥʳʭ ʩʠʣ ʠ ʩʠʣ ʪʷʞʝʩʪʠ ʚ ʧʦʪʦʢʘʭ ʞʠʜʢʦʩʪʠ. ʉʦʙʣʶʜʝʥʠʝ ʨʘʚʝʥʩʪʚʘ (1.5) ʦʙʝʩ-

ʧʝʯʠʚʘʝʪ ʧʦʜʦʙʠʝ ʢʘʨʪʠʥ ʚʦʣʥʦʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠ ʜʚʠʞʝʥʠʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʧʦ-

ʜʦʙʥʳʭ ʦʙʲʝʢʪʦʚ. 

ɺʳʨʘʞʝʥʠʝ 

Re = VL/v 

ʥʘʟʳʚʘʝʪʩʷ ʯʠʩʣʦʤ ʈʝʡʥʦʣʲʜʩʘ. ʆʥʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʦʦʪʥʦʰʝʥʠʝ ʠʥʝʨ-

ʮʠʦʥʥʳʭ ʩʠʣ ʠ ʩʠʣ ʚʷʟʢʦʩʪʠ ʚ ʧʦʪʦʢʘʭ ʞʠʜʢʦʩʪʠ. ʉʦʙʣʶʜʝʥʠʝ ʨʘʚʝʥʩʪʚʘ (1.6) 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʜʦʙʠʝ ʩʪʨʫʢʪʫʨ ʧʦʛʨʘʥʠʯʥʳʭ ʩʣʦʝʚ ʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦ-

ʧʫʪʥʳʭ ʧʦʪʦʢʦʚ ʧʨʠ ʜʚʠʞʝʥʠʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʧʦʜʦʙʥʳʭ ʦʙʲʝʢʪʦʚ. 

ɺʳʨʘʞʝʥʠʝ 

Sh = L/Vt 

ʥʘʟʳʚʘʝʪʩʷ ʯʠʩʣʦʤ ʉʪʨʫʭʘʣʷ. ʆʥʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʧʦʜʦʙʠʝ ʧʦʪʦʢʦʚ, 

ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʳʭ ʠʟʤʝʥʷʝʪʩʷ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ t. ʇʨʠ ʜʚʠʞʝʥʠʠ ʦʙʲʝʢʪʦʚ 

ʙʝʟ ʫʩʢʦʨʝʥʠʷ ʯʠʩʣʦ ʉʪʨʫʭʘʣʷ ʥʝ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʷʶʱʠʤ ʢʨʠʪʝʨʠʝʤ ʠ ʥʝ 

ʫʯʠʪʳʚʘʝʪʩʷ ʧʨʠ ʠʟʫʯʝʥʠʠ ʚʦʧʨʦʩʦʚ ʭʦʜʢʦʩʪʠ ʩʫʜʦʚ, ʪʘʢ ʢʘʢ ʠʭ ʜʚʠʞʝʥʠʝ 

ʩʯʠʪʘʝʪʩʷ ʨʘʚʥʦʤʝʨʥʳʤ. 

ʋ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʧʦʜʦʙʥʳʭ ʦʙʲʝʢʪʦʚ, ʦʜʠʥʘʢʦʚʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʧʦʪʦʢʫ ʦʙʪʝʢʘʶʱʠʭ ʠʭ ʞʠʜʢʦʩʪʝʡ, ʩʦʙʣʶʜʘʝʪʩʷ ʪʘʢʞʝ ʨʘʚʝʥʩʪ-

ʚʦ ʙʝʟʨʘʟʤʝʨʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ɕ ʩʠʣ ʩʦʧʨʦʪʠʚʣʝʥʠʷ R 

 ɕ = ̋ (Fr;Re), 

ʬʦʨʤʫʣʘ ʜʣʷ ʢʦʪʦʨʦʛʦ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʟʘʢʦʥʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʜʦʙʠʷ, 

ʠʤʝʝʪ ʚʠʜ 

                                
W

=
25,0 pV

R
z                                               (1.8) 

ʛʜʝ ʨ - ʧʣʦʪʥʦʩʪʴ ʞʠʜʢʦʩʪʠ; ɋ - ʩʤʦʯʝʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʜʚʠʞʫʱʝʛʦʩʷ 

ʦʙʲʝʢʪʘ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ɕ ʤ = ɕ ʥ 

ʠʤʝʝʤ 

ʥʥʥ

ʥ

ʤʤʤ
Vp

R

Vp

R

W
=

W
22

5,05,0
. 

ʆʪʩʶʜʘ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʚʠʞʝʥʠʶ ʥʘʪʫʨʥʦʛʦ ʩʫʜʥʘ 

( ) ( )
2

2222 1
//

m
VpVpRVpVpRR ʤʤʥʥʤʤʤʤʥʥʥʤʥ =WW= , 

 
ʛʜʝ m - ʤʘʩʰʪʘʙ ʤʦʜʝʣʠ. 
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ʇʨʠ ʠʩʧʳʪʘʥʠʠ ʤʦʜʝʣʠ ʚ ʤʦʨʩʢʦʡ ʚʦʜʝ ʨʤ = ʨʥ. ʊʦʛʜʘ 

 

 

 

ʇʨʠʯʝʤ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʩʢʦʨʦʩʪʷʤʠ ʤʦʜʝʣʠ ʠ ʥʘʪʫʨʥʦʛʦ ʩʫʜʥʘ ʥʝʦʙ-

ʭʦʜʠʤʦ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʠʟ ʫʩʣʦʚʠʷ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʨʘʚʝʥʩʪʚ 

ʢʨʠʪʝʨʠʝʚ ʧʦʜʦʙʠʷ: 
Frʤ=Frʥ ,              Reʤ=Reʥ.        

ɺʳʷʩʥʠʤ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʪʘʢʦʛʦ ʫʩʣʦʚʠʷ. ʇʦʜʩʪʘʚʠʚ ʜʣʷ ʯʠʩʝʣ 

ʌʨʫʜʘ ʠ ʈʝʡʥʦʣʴʜʩʘ ʠʭ ʚʳʨʘʞʝʥʠʷ (1.5), (1.6), ʧʦʣʫʯʠʤ 

                                       

                                 ,     ʠʣʠ           (1.9) 

                                                                             ;        (1.9)    

                              

 

 

                                                                                       , ʠʣʠ                                  ;       (1.10)               

                                                                                                 

ʀʟ ʚʳʨʘʞʝʥʠʡ (1.9) ʠ (1.10) ʧʦʣʫʯʘʝʤ ʫʩʣʦʚʠʝ ʧʦʣʥʦʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 
ʧʦʜʦʙʠʷ ʦʙʪʝʢʘʥʠʷ ʩʫʜʥʘ ʠ ʝʛʦ ʤʦʜʝʣʠ 

                                                             
3/2)/(/

ʤ
v

ʥ
v

ʤ
L

ʥ
L =                                            (1.11) 

ʊʘʢ ʢʘʢ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʨʦʤʝ ʤʦʨʩʢʦʡ ʠ ʧʨʝʩʥʦʡ ʚʦʜʳ, ʢʠʥʝʤʘʪʠʯʝ-

ʩʢʠʝ ʚʷʟʢʦʩʪʠ ʢʦʪʦʨʳʭ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʳ, ʥʝʚʦʟʤʦʞʥʦ ʥʘʡʪʠ ʢʘʢʫʶ-

ʣʠʙʦ ʠʥʫʶ ʞʠʜʢʦʩʪʴ, ʫʜʦʙʥʫʶ ʚ ʦʙʨʘʱʝʥʠʠ, ʥʝ ʩʣʠʰʢʦʤ ʜʦʨʦʛʫʶ ʠ ʚ ʙʦʣʴ-

ʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ, ʪʦ vʥ/vʤå1. ɿʥʘʯʠʪ, ʜʣʠʥʫ ʤʦʜʝʣʠ ʩʣʝʜʫʝʪ ʧʨʠʥʠʤʘʪʴ 

ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʥʦʡ ʜʣʠʥʝ ʩʫʜʥʘ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʫʜʦʚʣʝʪʚʦʨʝʥʠʠ ʦʙʦʠʭ ʪʨʝʙʦʚʘʥʠʡ, 

ʪ.ʝ. ʧʨʠ ʧʦʣʥʦʤ ʜʠʥʘʤʠʯʝʩʢʦʤ ʧʦʜʦʙʠʠ, ʥʝʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʤʝʥʴ-

ʰʝʥʥʳʭ ʨʘʟʤʝʨʦʚ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ʛʣʘʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʤʦʜʝʣʴʥʳʭ ʠʩʧʳʪʘ-

ʥʠʡ. 

ʈʘʩʩʤʦʪʨʠʤ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʙʣʶʜʝʥʠʷ ʧʦʜʦʙʠʷ ʦʪʜʝʣʴʥʦ ʜʣʷ ʩʠʣ ʚʷʟʢʦ-

ʩʪʠ ʠ ʩʠʣ ʪʷʞʝʩʪʠ. 

ɼʣʷ ʧʝʨʚʦʡ ʛʨʫʧʧʳ ʩʠʣ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʫʩʣʦʚʠʝ (1.6), ʠʟ ʢʦʪʦʨʦʛʦ 

ʩʣʝʜʫʝʪ 

 

 

 

ʂʘʢ ʚʠʜʥʦ, ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʚ ʚʦʜʝ ʤʦʜʝʣʴ ʜʦʣʞʥʘ ʜʚʠʛʘʪʴʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ, 

ʚ ʜʝʩʷʪʢʠ ʨʘʟ ʧʨʝʚʳʰʘʶʱʫʶ ʩʢʦʨʦʩʪʴ ʭʦʜʘ ʩʫʜʥʘ, ʯʪʦ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, 

ʦʯʝʥʴ ʪʨʫʜʥʦ ʚʳʧʦʣʥʠʪʴ, ʘ ʩ ʜʨʫʛʦʡ - ʧʨʠ ʩʪʦʣʴ ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʠ ʤʝʥʷʝʪʩʷ 

ʚʩʷ ʢʘʨʪʠʥʘ ʦʙʪʝʢʘʥʠʷ ʤʦʜʝʣʠ ʚʦʜʦʡ. 

ʇʨʠ ʜʝʡʩʪʚʠʠ ʩʠʣ ʪʷʞʝʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʫʩʣʦʚʠʝ (1.5), ʦʪʢʫʜʘ 

2
1

2

2

mʤV

ʥV
ʤRʥR Ö=

ʥgL
ʥV

ʤgL
ʤV
=

2/1

ö
ö
ö

÷

õ

æ
æ
æ

ç

å
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ʤ
L

ʥ
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ʤ
V

ʥ
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ʥ
v

ʥ
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ʥ

V

ʤ
v

ʤ
L
ʤ
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ʥ
L

ʤ
L

ʥ
V

ʤ
V /= . (1.12) 

ʕʪʦ ʫʩʣʦʚʠʝ ʚʳʧʦʣʥʠʪʴ ʚʧʦʣʥʝ ʚʦʟʤʦʞʥʦ, ʝʩʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʦʣ-

ʥʦʝ (ʙʫʢʩʠʨʦʚʦʯʥʦʝ) ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʦʩʪʦʠʪ ʣʠʰʴ ʠʟ ʜʚʫʭ ʯʘʩʪʝʡ, ʧʝʨʚʘʷ ʠʟ 

ʢʦʪʦʨʳʭ ʦʙʫʩʣʦʚʣʝʥʘ ʜʝʡʩʪʚʠʝʤ ʪʦʣʴʢʦ ʢʘʩʘʪʝʣʴʥʳʭ ʢ ʦʙʰʠʚʢʝ ʢʦʨʧʫʩʘ ʩʠʣ, ʘ 

ʚʪʦʨʘʷ - ʥʦʨʤʘʣʴʥʳʭ ʢ ʥʝʡ ʩʠʣ ʜʘʚʣʝʥʠʷ, ʪ.ʝ. ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʷʤ (1.2), (1.3). 

ʊʘʢʫʶ ʛʠʧʦʪʝʟʫ ʦ ʨʘʟʜʝʣʝʥʠʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ ʥʘ ʩʦʧʨʦʪʠʚʣʝ-
ʥʠʝ ʪʨʝʥʠʷ ʠ ʦʩʪʘʪʦʯʥʦʝ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʧʨʝʜʣʦʞʠʣ 
ʝʱʝ ʚ XIX  ʩʪʦʣʝʪʠʠ ʘʥʛʣʠʡʩʢʠʡ ʠʥʞʝʥʝʨ ɺʠʣʴʷʤ ʌʨʫʜ. 
ʈʝʘʣʠʟʘʮʠʷ ʛʠʧʦʪʝʟʳ ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʨʝʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʨʘʩʯʝʪʥʳʤ ʧʫʪʝʤ, ʪ.ʝ. ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭ ʠʣʠ ʠʥʳʭ 
ʬʦʨʤʫʣ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʌʨʫʜ ʥʘʰʝʣ ʧʫʪʴ ʜʣʷ ʨʝʰʝʥʠʷ ʢʘʟʘʚʰʝʡʩʷ ʥʝʨʘʟʨʝʰʠ-

ʤʦʡ ʟʘʜʘʯʠ ʠ ʦʪʢʨʳʣ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʧʨʦʚʝʜʝʥʠʷ 
ʤʦʜʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʝʨʝʩʯʝʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝ-
ʥʠʶ ʤʦʜʝʣʝʡ ʥʘ ʥʘʪʫʨʥʳʝ ʩʫʜʘ. 

ʋʪʦʯʥʝʥʥʘʷ ʚ ʜʝʪʘʣʷʭ ʛʠʧʦʪʝʟʘ ʌʨʫʜʘ ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʜʦʣʞʘʝʪ 
ʦʩʪʘʚʘʪʴʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʘʥʘʣʠʟʘ ʤʦʜʝʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ ʩʫʜʦʚ. 

1.6. ʉʄʆʏɽʅʅɸʗ ʇʆɺɽʈʍʅʆʉʊʔ ʂʆʈʇʋʉɸ ʉʋɼʅɸ ʀ ɽɽ 

ʇʃʆʑɸɼʔ 

ʇʦ ʦʧʨʝʜʝʣʝʥʠʶ - ʵʪʦ ʧʦʚʝʨʭʥʦʩʪʴ ʥʘʨʫʞʥʦʡ ʦʙʰʠʚʢʠ ʚ ʧʦʜʚʦʜʥʦʡ ʯʘʩ-

ʪʠ ʢʦʨʧʫʩʘ. 

ʌʦʨʤʫʣʳ ʜʣʷ ʨʘʩʯʝʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ ʧʦʢʘʟʳʚʘʶʪ (ʩʤ., ʥʘ-

ʧʨʠʤʝʨ, (1.8), ʯʪʦ ʦʥʦ ʠʟʤʝʥʷʝʪʩʷ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʩʤʦʯʝʥʥʦʡ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ɋ. ʇʦʵʪʦʤʫ ʪʦʯʥʦʩʪʴ ʨʘʩʯʝʪʘ ʝʝ ʧʣʦʱʘʜʠ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʧʨʘ-

ʚʠʣʴʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʯʠʩʣʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʩʠʣʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. 

ʊʘʢ ʢʘʢ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʬʦʨʤʳ ʩʫʜʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʮʝ-

ʣʦʤ ʠʣʠ ʚ ʚʠʜʝ ʫʨʘʚʥʝʥʠʡ ʝʝ ʦʨʜʠʥʘʪ ʩʚʷʟʘʥʦ ʩ ʦʛʨʦʤʥʳʤʠ ʪʨʫʜʥʦʩʪʷʤʠ, ʪʦ 

ʧʨʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʘʭ ʚʝʣʠʯʠʥʳ ʇ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʧʨʠ-

ʙʣʠʞʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ. 

ɼʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ ʧʣʦʱʘʜʴ ʩʤʦʯʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ ʛʦ-

ʣʦʛʦ ʢʦʨʧʫʩʘ, ʪ.ʝ. ʙʝʟ ʫʯʝʪʘ ʪʘʢʠʭ ʚʳʩʪʫʧʘʶʱʠʭ ʯʘʩʪʝʡ, ʢʘʢ ʢʨʦʥʰʪʝʡʥʳ ʠ 

ʚʳʢʨʫʞʢʠ ʛʨʝʙʥʳʭ ʚʘʣʦʚ, ʨʫʣʝʡ, ʩʢʫʣʦʚʳʭ ʢʠʣʝʡ ʠ ʧʨ., ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʪʝʦ-

ʨʝʪʠʯʝʩʢʦʤʫ ʯʝʨʪʝʞʫ, ʧʦʩʪʨʦʝʥʥʦʤʫ ʧʨʠ ʨʘʚʥʦʦʪʩʪʦʷʱʠʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ 

ʰʧʘʥʛʦʫʪʘʭ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʦʨʤʫʣʳ ʪʨʘʧʝʮʠʡ 

ä ùú
ø

éê
è

=

--=W
n

i
n
ll

i
l

n

L

0

2/)
0

(2 , (1.13) 

ʛʜʝ L - ʨʘʩʯʝʪʥʘʷ ʜʣʠʥʘ ʩʫʜʥʘ; n = 20 - ʯʠʩʣʦ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʰʧʘʥʛʦʫʪʦʚ; 

l i - ʧʦʣʫʜʣʠʥʘ ʩʧʨʷʤʣʝʥʥʦʛʦ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʰʧʘʥʛʦʫʪʘ. 

ʅʘ ʥʘʯʘʣʴʥʳʭ ʩʪʘʜʠʷʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠʣʠ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʟʣʠʯʥʦʛʦ 

ʨʦʜʘ ʦʮʝʥʦʯʥʳʭ ʨʘʩʯʝʪʦʚ ʭʦʜʢʦʩʪʠ, ʪ.ʝ. ʢʦʛʜʘ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʯʝʨʪʝʞ ʥʝʠʟʚʝʩ-
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ʪʝʥ ʠʣʠ ʦʪʩʫʪʩʪʚʫʝʪ, ʜʣʷ ʨʘʩʯʝʪʘ ʧʣʦʱʘʜʠ ʩʤʦʯʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʧʦʣʴʟʫ-

ʶʪʩʷ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʧʨʠʙʣʠʞʝʥʥʳʝ ʬʦʨʤʫʣʳ. 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʨʘʟʨʘʙʦʪʘʥʦ ʠ ʧʨʝʜʣʦʞʝʥʦ ʩʚʳʰʝ ʜʚʫʭ ʜʝʩʷʪʢʦʚ 
ʪʘʢʠʭ ʬʦʨʤʫʣ. ʇʨʠʯʝʤ ʥʘʠʙʦʣʴʰʝʝ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʠʤʝʝʪ ʜʚʫʯʣʝʥʥʳʡ ʚʠʜ. 
ʏʘʱʝ ʜʨʫʛʠʭ ʠʩʧʦʣʴʟʫʶʪʩʷ: 

- ʬʦʨʤʫʣʘ ɺ.ɸ. ʉʝʤʝʢʠ, ʧʨʠʛʦʜʥʘʷ ʜʣʷ ʩʨʝʜʥʝʩʢʦʨʦʩʪʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʩʫʜʦʚ ʩ ʙʦʣʴʰʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʣʥʦʪʳ 
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CLd )274.0(37.12 ; (1.14) 

- ʬʦʨʤʫʣʘ ʄʫʤʬʦʨʜʘ ʩ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʉ.ʇ. ʄʫʨʘʛʠʥʘ, ʥʘʠʙʦʣʝʝ 

ʧʨʠʛʦʜʥʘʷ ʜʣʷ ʙʳʩʪʨʦʭʦʜʥʳʭ ʩʫʜʦʚ 
  

   

                                                                                                                                                     

                                                                                                                (1.15) 

- ʬʦʨʤʫʣʘ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʘʷ ɺʘʛʝʥʠʥʛʝʥʩʢʠʤ ʦʧʳʪʦʚʳʤ ʙʘʩʩʝʡʥʦʤ ʜʣʷ 
ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʫʜʦʚ 
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å +ÐÖÐ=W L5,03/14,33/1 ; (1.16) 

- ʬʦʨʤʫʣʘ ɺ.ɸ. ɽʨʦʰʠʥʘ, ʨʝʢʦʤʝʥʜʫʝʤʘʷ ʜʣʷ ʧʨʦʤʳʩʣʦʚʳʭ ʩʫʜʦʚ 

 

                                                                              

 

                                                                                                                 (1.17)  

- ʬʦʨʤʫʣʘ ɼʝʥʥʠ-ʄʫʤʬʦʨʜʘ, ʧʨʠʛʦʜʥʘʷ ʜʣʷ ʨʳʙʦʜʦʙʳʚʘʶʱʠʭ ʩʫʜʦʚ 
ʚʩʝʭ ʪʠʧʦʚ 
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CLd 12,145,1                               (1.18) 

ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʬʦʨʤʫʣʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʪʦʯʥʦʩʪʴ ʨʘʩʯʝʪʘ ʚʝʣʠʯʠʥʳ 

ʧʣʦʱʘʜʠ ʚ ʧʨʝʜʝʣʘʭ ʦʪʢʣʦʥʝʥʠʡ ʥʝ ʙʦʣʝʝ 2...4 % ʦʪ ʟʥʘʯʝʥʠʡ, ʦʧʨʝʜʝʣʷʝʤʳʭ 

ʧʦ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ ʯʝʨʪʝʞʫ. 

ʂ ʟʥʘʯʝʥʠʷʤ ʧʣʦʱʘʜʠ, ʚʳʯʠʩʣʝʥʥʳʤ ʧʦ ʧʨʠʚʝʜʝʥʥʳʤ ʚʳʰʝ ʬʦʨʤʫʣʘʤ 

(1.13ð1.18) ,ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʘʚʠʪʴ ʧʣʦʱʘʜʴ ʚʳʩʪʫʧʘʶʱʠʭ ʯʘʩʪʝʡ ʚ ʚʠʜʝ ʧʦ-

ʧʨʘʚʢʠ, ʫʚʝʣʠʯʠʚʘʶʱʝʡ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘ 1,5...7 % ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʠʭ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʨʘʟʤʝʨʦʚ. 

1.7. ʆʇʈɽɼɽʃɽʅʀɽ ʉʆʇʈʆʊʀɺʃɽʅʀʗ ʊʈɽʅʀʗ 

ʈʘʩʯʝʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʨʝʥʠʷ ʚʦʟʤʦʞʝʥ ʜʚʫʤʷ ʧʫʪʷʤʠ. 

ʇʝʨʚʳʡ ʧʫʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʝʦʨʝʪʠʯʝʩʢʦʤ ʨʘʩʯʝʪʝ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷ-

ʞʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʠ ʜʘʚʣʝʥʠʡ ʚ ʧʦʛʨʘʥʠʯʥʦʤ 
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ʩʣʦʝ ʠ ʧʦʩʣʝʜʫʶʱʝʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʠ ʠʭ ʧʦ ʚʩʝʡ ʩʤʦʯʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʨ-

ʧʫʩʘ ʩʫʜʥʘ. ʅʦ ʵʪʦ ʩʜʝʣʘʪʴ ʦʯʝʥʴ ʩʣʦʞʥʦ ʠ ʪʨʫʜʥʦ ʠ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʘʩʯʝ-

ʪʦʚ ʥʝʧʨʠʝʤʣʝʤʦ. 
ɺʪʦʨʦʡ ʧʫʪʴ ʩʦʩʪʦʠʪ ʚ ʨʘʩʯʝʪʝ ʙʝʟʨʘʟʤʝʨʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ɕf,  

ʚʭʦʜʷʱʝʛʦ ʚ ʯʘʩʪʥʫʶ ʬʦʨʤʫʣʫ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʨʝʥʠʷ Rf. 

ʉʦʛʣʘʩʥʦ ʟʘʚʠʩʠʤʦʩʪʠ (1.8) 

 

 

 

ʉʣʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʵʪʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʢʘʩʘ-

ʪʝʣʴʥʳʝ ʠ ʥʦʨʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʨʫʞʥʦʡ 
ʦʙʰʠʚʢʠ ʢʦʨʧʫʩʘ ʚ ʧʨʦʮʝʩʩʝ ʜʚʠʞʝʥʠʷ ʩʫʜʥʘ, ʜʝʡʩʪʚʫʶʪ ʦʜʥʦʚʨʝʤʝʥʥʦ. 

ɼʣʷ ʠʩʢʣʶʯʝʥʠʷ ʥʦʨʤʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʘʥʛʣʠʡʩʢʠʡ ʢʦʨʘʙʝʣʴʥʳʡ ʠʥ-
ʞʝʥʝʨ ɺʠʣʴʷʤ ʌʨʫʜ ʚ 1871 ʛ. ʧʨʝʜʣʦʞʠʣ ʦʧʨʝʜʝʣʷʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʨʝʥʠʷ 
ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʧʫʪʝʤ ʙʫʢʩʠʨʦʚʢʠ ʧʦʛʨʫʞʝʥʥʳʭ ʧʦʜ 
ʩʚʦʙʦʜʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʚʦʜʳ ʜʣʠʥʥʳʭ ʪʦʥʢʠʭ ʜʦʩʦʢ, ʫ ʢʦʪʦʨʳʭ ʠʟ-ʟʘ ʠʭ ʤʘ-
ʣʦʡ ʪʦʣʱʠʥʳ ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʢʣʶʯʘʶʪʩʷ ʩʠʣʳ ʜʘʚʣʝʥʠʷ ʠ ʦʩʪʘʶʪʩʷ ʪʦʣʴʢʦ 
ʩʠʣʳ ʪʨʝʥʠʷ (ʨʠʩ. 1.9). 

 

ʈʠʩ. 1.9. ʉʭʝʤʘ ʙʫʢʩʠʨʦʚʢʠ ʪʦʥʢʦʡ ʜʦʩʢʠ         

ʇʦʟʞʝ, ʥʘ ʦʩʥʦʚʝ ʦʧʳʪʦʚ ʌʨʫʜʘ ʧʦ ʙʫʢʩʠʨʦʚʢʝ ʜʦʩʦʢ ʙʳʣʦ ʚʚʝʜʝʥʦ ʧʦ-
ʥʷʪʠʝ ʦʙ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʪʦʥʢʦʡ ʧʣʦʩʢʦʡ, ʪʝʭʥʠʯʝʩʢʠ ʛʣʘʜʢʦʡ ʧʣʘʩʪʠʥʝ. 

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʪʘʢʘʷ ʧʣʘʩʪʠʥʘ ʠʤʝʝʪ ʜʣʠʥʫ, ʨʘʚʥʫʶ ʜʣʠʥʝ ʩʫʜʥʘ ʧʦ ʜʝʡ-
ʩʪʚʫʶʱʫʶ ʛʨʫʟʦʚʫʶ ʚʘʪʝʨʣʠʥʠʶ; ʩʤʦʯʝʥʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʦʜʠʥʘʢʦʚʫʶ ʩʦ 
ʩʤʦʯʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʢʦʨʧʫʩʘ ʩʫʜʥʘ; ʠ ʩʢʦʨʦʩʪʴ ʙʫʢʩʠʨʦʚʢʠ ʢʦʪʦʨʦʡ 
ʨʘʚʥʘ ʩʢʦʨʦʩʪʠ ʭʦʜʘ ʩʫʜʥʘ. 

ʊʝʨʤʠʥ ʪʝʭʥʠʯʝʩʢʠ ʛʣʘʜʢʘʷ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʩʪʝʧʝʥʴ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦ-
ʚʝʨʭʥʦʩʪʠ ʜʦʩʢʠ ʪʘʢʘʷ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʝʝ ʜʘʣʴʥʝʡʰʝʝ ʩʛʣʘʞʠʚʘʥʠʝ ʫʞʝ ʥʝ 
ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʷ ʥʘ ʠʟʤʝʥʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ. 

ʅʘ ʦʩʥʦʚʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘ-

ʥʠʡ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ ʚ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ, ʚʳʧʦʣʥʝʥʥʳʭ ʚ ʨʘʟʥʳʭ ʩʪʨʘʥʘʭ 

ʪʘʢʠʤʠ ʠʟʚʝʩʪʥʳʤʠ ʫʯʝʥʳʤʠ, ʢʘʢ ʂʘʨʤʘʥ, ʇʨʘʥʜʪʣʴ, ʈʝʡʥʦʣʴʜʝ, ʐʸʥʭʝʨʨ, 

ɻʝʙʝʨʩ ʠ ʜʨ., ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʦʙʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʢʦʵʬʬʠ-

ʮʠʝʥʪʘ ʪʨʝʥʠʷ ɕf0 ʪʝʭʥʠʯʝʩʢʠ ʛʣʘʜʢʠʭ ʧʣʘʩʪʠʥ ʚ ʪʫʨʙʫʣʝʥʪʥʦʤ ʨʝʞʠʤʝ ʦʙ-

ʪʝʢʘʥʠʷ ʠʭ ʚʦʜʦʡ ʬʫʥʢʮʠʝʡ ʦʪ ʯʠʩʝʣ ʈʝʡʥʦʣʴʜʩʘ. 

ʆʙʦʙʱʝʥʥʳʝ ʠʥʪʝʨʧʦʣʷʮʠʦʥʥʳʝ ʬʦʨʤʫʣʳ, ʯʘʱʝ ʜʨʫʛʠʭ ʠʩʧʦʣʴʟʫʝʤʳʝ 

ʚ ʩʫʜʦʩʪʨʦʝʥʠʠ ʈʌ ʠ ʥʘʟʳʚʘʝʤʳʝ ʵʩʪʨʘʧʦʣʷʪʦʨʘʤʠ ʪʨʝʥʠʷ, ʠʤʝʶʪ ʩʣʝʜʫ-
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ʶʱʠʡ ʚʠʜ: 

         ɕʘ0=0,455/(lgRe)2.58 - ʬʦʨʤʫʣʘ ʇʨʘʥʜʪʣʷ-ʐʣʠʭʪʠʥʛʘ;                  (1-19) 

         ɕʘ0= 0.075 /(lgRe- 2)2 - ʄʘʜʨʠʜʩʢʘʷ ʬʦʨʤʫʣʘ.                                    (1.20) 

 
ɺʪʦʨʘʷ ʬʦʨʤʫʣʘ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʘʷ ɺʦʩʴʤʦʡ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥ-

ʮʠʝʡ ʦʧʳʪʦʚʳʭ ʙʘʩʩʝʡʥʦʚ 1958 ʛ. ʚ ʄʘʜʨʠʜʝ, ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʩʪʘʥʦʚʠʪʩʷ 
ʚʩʝ ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʡ. 

ʈʝʰʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʝʡ (1.19), (1.20) ʧʨʠʚʦʜʷʪʩʷ ʚ ʩʧʨʘʚʦʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ 

ʯʘʱʝ ʚʩʝʛʦ ʚ ʛʨʘʬʠʯʝʩʢʦʡ ʬʦʨʤʝ. ʅʘ ʨʠʩ. 1.10 ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ         

ɕʘ0= f(Re) ʧʦʩʪʨʦʝʥʥʳʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʚʳʯʠʩʣʝʥʠʡ ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ (1.19). 

 
ʈʠʩ. 1.10. ʂʦʵʬʬʠʮʠʝʥʪʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʨʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠ ʛʣʘʜʢʠʭ ʧʣʘʩʪʠʥ 

 

ɿʘʤʝʥʘ ʢʦʨʧʫʩʘ ʩʫʜʥʘ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʝʤʫ ʧʣʘʩʪʠʥʦʡ ʥʝ ʫʯʠʪʳʚʘʝʪ, ʚʦ-

ʧʝʨʚʳʭ, ʢʨʠʚʠʟʥʳ ʩʫʜʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ, ʚʦ-ʚʪʦʨʳʭ, ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʦʪʣʠʯʠʷ 

ʩʪʝʧʝʥʠ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʰʠʚʢʠ ʢʦʨʧʫʩʘ ʚ ʧʦʜʚʦʜʥʦʡ ʝʛʦ ʯʘʩʪʠ 

ʦʪ ʧʨʠʥʷʪʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʭʥʠʯʝʩʢʠ ʛʣʘʜʢʦʡ ʧʣʘʩʪʠʥʳ. 

ʂʨʠʚʦʣʠʥʝʡʥʦʩʪʴ ʩʫʜʦʚʳʭ ʦʙʚʦʜʦʚ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʨʘʩʩʪʦʷʥʠʝ, 

ʧʨʦʭʦʜʠʤʦʝ ʯʘʩʪʠʮʘʤʠ ʚʦʜʳ ʦʪ ʥʦʩʘ ʜʦ ʢʦʨʤʳ, ʦʢʘʟʳʚʘʝʪʩʷ ʙʦʣʴʰʝ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʝʛʦ ʨʘʩʩʪʦʷʥʠʷ ʜʣʷ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʧʣʘʩʪʠʥʳ. ʂʨʦʤʝ ʪʦʛʦ, ʢʨʠʚʦʣʠ-

ʥʝʡʥʦʩʪʴ ʩʦʟʜʘʝʪ ʧʨʦʜʦʣʴʥʳʡ ʠ ʧʦʧʝʨʝʯʥʳʡ ʧʝʨʝʧʘʜ ʩʢʦʨʦʩʪʝʡ ʦʙʪʝʢʘʶʱʝʛʦ 

ʧʦʪʦʢʘ ʥʘ ʚʥʝʰʥʝʡ ʛʨʘʥʠʮʝ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ. ʆʙʘ ʵʪʠ ʬʘʢʪʦʨʳ ʧʨʠʚʦʜʷʪ ʢ 

ʠʟʤʝʥʝʥʠʶ ʤʝʩʪʥʳʭ ʩʠʣ ʪʨʝʥʠʷ, ʢʦʪʦʨʦʝ ʦʮʝʥʠʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʪʘʢ ʥʘʟʳ-

ʚʘʝʤʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʣʠʷʥʠʷ ʢʨʠʚʠʟʥʳ ʥʘ ʪʨʝʥʠʝ ʂ. 

ɽʛʦ ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ, ʢʘʢ ʧʦʢʘʟʳʚʘʶʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʠʩ-



 25 

ʧʳʪʘʥʠʷ ʤʦʜʝʣʝʡ ʩʫʜʦʚ ʚ ʦʧʳʪʦʚʳʭ ʙʘʩʩʝʡʥʘʭ, ʠʟʤʝʥʷʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 

ʂ= 1,02... 1,08 ʧʨʠ ʚʘʨʠʘʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ ʩʫʜʦʚ ʚ ʜʠʘʧʘʟʦʥʝ 
L/B = 10...6. 
ʐʝʨʦʭʦʚʘʪʦʩʪʴ ʢʦʨʧʫʩʘ ʣʶʙʦʛʦ ʤʦʨʩʢʦʛʦ ʩʫʜʥʘ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʦʢʨʳʪʠʝ 

ʚʳʨʘʚʥʠʚʘʶʱʝʛʦ ʛʨʫʥʪʦʚʦʛʦ ʩʣʦʷ ʠ ʦʢʨʘʩʢʫ ʝʛʦ ʧʦʜʚʦʜʥʦʡ ʯʘʩʪʠ ʯʝʪʳʨʴʤʷ 
ʩʣʦʷʤʠ ʘʥʪʠʢʦʨʨʦʟʠʡʥʦʡ ʢʨʘʩʢʠ ʠ ʜʚʫʤʷ ʩʣʦʷʤʠ ʧʨʦʪʠʚʦʦʙʨʘʩʪʘʶʱʝʡ ʵʤʘʣʠ, 
ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʝʱʝ ʚ ʧʝʨʠʦʜ ʜʦʩʪʨʦʡʢʠ ʥʘ ʧʣʘʚʫ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʘʞʜʳʝ 
ʩʫʪʢʠ ʩʪʦʷʥʢʠ ʥʘ ʜʦʩʪʨʦʡʢʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʨʝʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 0,25 %, ʘ 
ʚ ʧʝʨʠʦʜ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʦʮʝʩʩʳ ʢʦʨʨʦʟʠʠ ʠ ʦʙʨʘʩʪʘʥʠʷ ʢʦʨʧʫʩʘ ʧʨʦʜʦʣʞʘʶʪ 
ʨʘʟʚʠʚʘʪʴʩʷ, ʠ ʝʩʣʠ ʩʫʜʥʦ ʥʝ ʩʪʘʚʠʪʴ ʚ ʜʦʢ ʜʣʷ ʦʯʠʩʪʢʠ ʠ ʚʦʟʦʙʥʦʚʣʝʥʠʷ ʧʦ-
ʢʨʘʩʢʠ ʧʦʜʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʪʦ ʧʦʪʝʨʷ ʩʢʦʨʦʩʪʠ ʭʦʜʘ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 25.. 

.30 % ʦʪ ʧʦʩʪʨʦʝʯʥʦʡ. 

ʆʪʣʠʯʠʝ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʩʤʦʯʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʫʜʥʘ ʦʪ ʰʝʨʦʭʦʚʘʪʦʩʪʠ 

ʪʝʭʥʠʯʝʩʢʠ ʛʣʘʜʢʦʡ ʧʣʘʩʪʠʥʳ ʚ ʧʨʘʢʪʠʯʝʩʢʠʭ ʩʭʝʤʘʭ ʨʘʩʯʝʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʫʯʠʪʳʚʘʝʪʩʷ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʩʧʝʮʠʘʣʴʥʦʡ ʜʦʙʘʚʢʠ - ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʢʦʵʬ-

ʬʠʮʠʝʥʪʘ ɕʧ, ʠʤʝʥʫʝʤʦʛʦ ʫʩʣʦʚʥʦ ʥʘʜʙʘʚʢʦʡ ʥʘ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʥʘʨʫʞʥʦʡ 

ʦʙʰʠʚʢʠ. ɺ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʝ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʪʘʢʦʡ ʥʘʜʙʘʚʢʠ ʧʨʠ-

ʥʠʤʘʶʪʩʷ ʜʣʷ ʩʚʝʞʝʦʢʨʘʰʝʥʥʦʛʦ ʢʦʨʧʫʩʘ ɕʧ*103: 

- ʜʣʷ ʧʘʩʩʘʞʠʨʩʢʠʭ ʩʫʜʦʚ - 0,2.. .0,4; 

- ʜʣʷ ʩʫʭʦʛʨʫʟʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʫʜʦʚ - 0,3.. .0,5; 

- ʜʣʷ ʢʨʫʧʥʳʭ ʪʘʥʢʝʨʦʚ ʠ ʙʘʣʢʢʵʨʠʝʨʦʚ ð 0,1.. .0,2; 

- ʜʣʷ ʨʳʙʦʜʦʙʳʚʘʶʱʠʭ ʩʫʜʦʚ - 0,3.. .0,6. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʫʯʝʪʦʤ ʢʨʠʚʠʟʥʳ ʩʫʜʦʚʳʭ ʦʙʚʦʜʦʚ ʠ ʥʘʜʙʘʚʢʠ ʥʘ ʰʝ-

ʨʦʭʦʚʘʪʦʩʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʨʝʥʠʷ ʩʫʜʥʘ ʣʶʙʳʭ ʨʘʟʤʝʨʦʚ ʠ ʣʶʙʦʛʦ ʪʠʧʘ ʦʧ-

ʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

Rf=(ɕf10*K + ɕʧ)pV2ɋ/2. (1.21) 

1.8. ʇʆʅʗʊʀɽ ʆɹ ʆʇʓʊʆɺʓʍ ɹɸʉʉɽʁʅɸʍ ʀ ʄʆɼɽʃʗʍ 

ɼʃʗ ʇʈʆɺɽɼɽʅʀʗ ʀʉʇʓʊɸʅʀʁ ɺ ʅʀʍ 

ɺ ʧ. 1.5 ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʩʝ ʧʨʘʢʪʠʯʝʩʢʠʝ ʩʭʝʤʳ ʠ ʩʧʦʩʦʙʳ ʦʧʨʝʜʝʣʝʥʠʷ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ ʩʫʜʦʚ ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʠʭ ʤʦʜʝʣʷʤʠ 

ʚ ʦʧʳʪʦʚʳʭ ʙʘʩʩʝʡʥʘʭ. 

ʆʧʳʪʦʚʳʝ (ʠʣʠ ʠʩʧʳʪʘʪʝʣʴʥʳʝ) ʙʘʩʩʝʡʥʳ ʧʦ ʤʝʪʦʜʫ ʨʘʙʦʪʳ ʚ ʥʠʭ ʧʦʜ-

ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʜʚʘ ʪʠʧʘ: 

- ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ; 

- ʜʠʥʘʤʦʤʝʪʨʠʯʝʩʢʠʝ. 

ʆʩʥʦʚʥʦʝ ʠʭ ʨʘʟʣʠʯʠʝ - ʚ ʩʧʦʩʦʙʝ ʧʨʠʚʝʜʝʥʠʷ ʤʦʜʝʣʠ ʚ ʜʚʠʞʝʥʠʝ. ɺ ʧʝʨ-

ʚʦʤ ʩʣʫʯʘʝ - ʧʨʠ ʧʦʤʦʱʠ ʛʨʫʟʘ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʤʦʜʝʣʴʶ ʥʠʪʴʶ ʠ ʦʧʫʩ-

ʢʘʶʱʝʛʦʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ ʪʷʞʝʩʪʠ. ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʤʦʜʝʣʴ ʚʝʜʝʪʩʷ 

ʧʨʠʥʫʜʠʪʝʣʴʥʦ ʩʧʝʮʠʘʣʴʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ. 
ʂʨʦʤʝ ʪʦʛʦ, ʚ ʜʠʥʘʤʦʤʝʪʨʠʯʝʩʢʠʭ ʙʘʩʩʝʡʥʘʭ ʟʘʜʘʝʪʩʷ ʩʢʦʨʦʩʪʴ ʤʦʜʝʣʠ, ʘ 

ʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠʟʤʝʨʷʝʪʩʷ. ɺ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʞʝ ʥʘʦʙʦʨʦʪ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ 
ʟʘʜʘʝʪʩʷ ʚʝʩʦʤ ʛʨʫʟʘ, ʘ ʩʢʦʨʦʩʪʴ ʠʟʤʝʨʷʝʪʩʷ. 
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ɹʘʩʩʝʡʥʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʙʝʪʦʥʠʨʦʚʘʥʥʳʝ ʢʘʥʘʣʳ ʩ ʚʦʜʦʡ, ʫʩʪʨʦ-

ʝʥʥʳʝ ʚʥʫʪʨʠ ʩʧʝʮʠʘʣʴʥʳʭ ʣʘʙʦʨʘʪʦʨʠʡ (ʨʠʩ. 1.11). ʇʨʠ ʵʪʦʤ ʛʨʘʚʠʪʘʮʠʦʥ-
ʥʳʝ ʙʘʩʩʝʡʥʳ ʠʤʝʶʪ ʜʣʠʥʫ ʜʦ 50 ʤ, ʰʠʨʠʥʫ ʜʦ 6 ʤ ʠ ʛʣʫʙʠʥʫ ʜʦ 3,5 ʤ, ʘ ʜʠ-
ʥʘʤʦʤʝʪʨʠʯʝʩʢʠʝ - ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʦ 1200 ʤ, 16 ʤ ʠ 8 ʤ. 

 

ʈʠʩ. 1.11. ɺʥʫʪʨʝʥʥʠʡ ʚʠʜ ʙʘʩʩʝʡʥʘ ʜʠʥʘʤʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʧʘ: 

1-ʝ ʥʝʚʦʟʤʫʱʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʚʦʜʳ; 2-ʝ ʧʦʚʝʨʭʥʦʩʪʴʶ, 

ʧʦʢʨʳʪʦʡ ʠʩʢʫʩʩʪʚʝʥʥʦ ʩʦʟʜʘʥʥʳʤʠ ʚʦʣʥʘʤʠ 

ʆʙʦʨʫʜʦʚʘʥʠʝ ʙʘʩʩʝʡʥʘ ʩʦʩʪʦʠʪ ʠʟ ʩʨʝʜʩʪʚ ʩʦʟʜʘʥʠʷ ʠ ʧʦʜʜʝʨʞʘʥʠʷ ʧʦ-

ʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʤʦʜʝʣʠ ʚʜʦʣʴ ʢʘʥʘʣʘ ʠ ʥʝʦʙʭʦʜʠʤʦʡ ʠʟʤʝʨʠʪʝʣʴʥʦ-

ʨʝʛʠʩʪʨʠʨʫʶʱʝʡ ʘʧʧʘʨʘʪʫʨʳ. 

ʉʧʦʩʦʙ ʙʫʢʩʠʨʦʚʢʠ ʤʦʜʝʣʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʣʠʥʦʡ ʙʘʩʩʝʡʥʘ. ʊʘʢ, ʚ ʙʘʩ-

ʩʝʡʥʘʭ ʜʣʠʥʦʡ ʧʨʠʤʝʨʥʦ ʦʪ 100 ʤ ʜʦ 1200 ʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʘʤʦʭʦʜʥʘʷ ʙʫʢʩʠ-

ʨʦʚʦʯʥʘʷ ʪʝʣʝʞʢʘ ʩ ʞʝʩʪʢʦ ʧʨʠʢʨʝʧʣʝʥʥʦʡ ʢ ʥʝʡ ʤʦʜʝʣʴʶ, ʢʦʪʦʨʘʷ ʜʚʠʞʝʪʩʷ 

ʧʦ ʨʝʣʴʩʘʤ, ʧʨʦʣʦʞʝʥʥʳʤ ʚʜʦʣʴ ʙʦʨʪʦʚ ʙʘʩʩʝʡʥʘ, ʩʦ ʩʢʦʨʦʩʪʴʶ ʜʦ 15 ʤ/ʩ ʠ 

ʧʨʠʚʦʜʠʪʩʷ ʚ ʜʚʠʞʝʥʠʝ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ (ʨʠʩ. 1.12). 
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ʈʠʩ. 1.12. ɹʫʢʩʠʨʦʚʦʯʥʘʷ ʪʝʣʝʞʢʘ ʙʦʣʴʰʦʛʦ ʙʘʩʩʝʡʥʘ: 

1 - ʤʦʜʝʣ ɹ

ʅʘ ʪʝʣʝʞʢʝ ʩʤʦʥʪʠʨʦʚʘʥʘ ʚʩʷ ʠʟʤʝʨʠʪʝʣʴʥʦ-ʨʝʛʠʩʪʨʠʨʫʶʱʘʷ ʘʧʧʘʨʘʪʫ-

ʨʘ, ʘ ʪʘʢʞʝ ʥʘʭʦʜʠʪʩʷ ʙʨʠʛʘʜʘ ʵʢʩʧʝʨʠʤʝʥʪʘʪʦʨʦʚ.  

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʜʚʠʞʝʥʠʶ ʤʦʜʝʣʠ ʧʨʠ ʧʨʦʙʝʛʘʭ ʩ ʨʘʟʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ 

ʩʦʚʤʝʩʪʥʦ ʩ ʪʝʣʝʞʢʦʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʠʥʘʤʦʤʝʪʨʦʤ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘ-

ʥʝʥʥʦʡ ʷʚʣʷʝʪʩʷ ʝʛʦ ʢʦʥʩʪʨʫʢʮʠʷ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʧʨʠʥʮʠʧʝ ʨʳʯʘʞʥʳʭ ʚʝʩʦʚ, 

ʧʦʟʚʦʣʷʶʱʘʷ ʠʟʤʝʨʷʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʚʠʞʝʥʠʶ ʤʦʜʝʣʠ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 

0,05...0,10 ʅ (ʨʠʩ. 1.13). 

 
ʈʠʩ. 1.13. ʉʭʝʤʘ ʨʳʯʘʞʥʦʛʦ ʜʠʥʘʤʦʤʝʪʨʘ:  

1 - ʤʦʜʝʣʴ; 2 - ʙʫʢʩʠʨʦʚʦʯʥʳʡ ʫʛʦʣʴʥʠʢ; 3 - ʧʣʘʚʘʶʱʘʷ ʙʘʣʢʘ, ʩʚʷʟʘʥʥʘʷ ʩ ʥʠʞʥʠʤ ʨʳ-

ʯʘʛʦʤ ʜʠʥʘʤʦʤʝʪʨʘ; 4 - ʨʘʤʘ ʜʠʥʘʤʦʤʝʪʨʘ; 5 - ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʜʝʤʧʬʝʨ; 6 - ʯʘʰʢʘ 

ʨʳʯʘʞʥʳʭ ʚʝʩʦʚ; 7 - ʛʠʙʢʠʝ ʟʚʝʥʴʷ; 8 - ʧʣʝʯʦ ʩʘʤʦʧʠʩʮʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ; 9 - ʦʪʤʝʪʢʘ 

ʚʨʝʤʝʥʠ ʥʘ ʙʘʨʘʙʘʥʝ; 10 - ʧʨʠʚʦʜ ʢ ʚʝʜʫʱʝʤʫ ʢʦʣʝʩʫ ʪʝʣʝʞʢʠ  

 

ʇʨʦʮʝʩʩ ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʦʙʳʯʥʦ ʘʚʪʦ-
ʤʘʪʠʟʠʨʦʚʘʥ. ɼʣʷ ʵʪʦʡ ʮʝʣʠ ʥʘ ʙʫʢʩʠʨʦʚʦʯʥʦʡ ʪʝʣʝʞʢʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 
ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʘʷ ʕɺʄ, ʧʦʟʚʦʣʷʶʱʘʷ ʥʝ ʪʦʣʴʢʦ ʧʦʣʫʯʘʪʴ ʠʟʤʝʨʷʝʤʳʝ 
ʚʝʣʠʯʠʥʳ, ʥʦ ʠ ʩʨʘʟʫ ʦʩʫʱʝʩʪʚʣʷʪʴ ʠʭ ʧʝʨʝʩʯʝʪ ʥʘ ʥʘʪʫʨʥʦʝ ʩʫʜʥʦ. 
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ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʧʳʪʦʚʳʤ ʙʘʩʩʝʡʥʦʤ 

ʥʘʟʳʚʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʩʘʤʘ ʫʩʪʘʥʦʚʢʘ ʩ ʢʘʥʘʣʦʤ, ʥʦ ʠ ʥʘʟʚʘʥʠʝ ʫʯʨʝʞʜʝʥʠʷ, 

ʢʦʪʦʨʦʤʫ ʧʨʠʥʘʜʣʝʞʠʪ ʙʘʩʩʝʡʥ. ʆʥʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʨʘʩʧʦʣʘʛʘʝʪ ʮʝʣʳʤ ʢʦʤ-

ʧʣʝʢʩʦʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʨʝʜʩʪʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʨʦʚʦʜʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʥʝ ʪʦʣʴʢʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ ʥʘʜʚʦʜʥʳʭ ʚʦʜʦʠʟʤʝʱʘʶʱʠʭ ʩʫʜʦʚ, ʥʦ ʠ 

ʧʦʜʚʦʜʥʳʭ ʣʦʜʦʢ, ʩʫʜʦʚ ʥʘ ʧʦʜʚʦʜʥʳʭ ʢʨʳʣʴʷʭ, ʚʦʟʜʫʰʥʦʡ ʧʦʜʫʰʢʝ, ʘ ʪʘʢʞʝ 

ʨʘʙʦʪʳ ʩʫʜʦʚʳʭ ʜʚʠʞʠʪʝʣʝʡ ʢʘʢ ʚ ʩʚʦʙʦʜʥʦʡ ʚʦʜʝ, ʪʘʢ ʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʦʨ-

ʧʫʩʘ ʩʫʜʥʘ, ʢʘʯʢʠ ʩʫʜʦʚ, ʠʭ ʜʚʠʞʝʥʠʷ ʥʘ ʚʦʣʥʝʥʠʠ, ʚ ʫʟʢʠʭ ʧʨʦʭʦʜʘʭ ʠ ʩʫʜʦ-

ʭʦʜʥʳʭ ʢʘʥʘʣʘʭ. 

ʇʦʤʠʤʦ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʠʩʧʳʪʘʪʝʣʴʥʳʭ ʙʘʩʩʝʡʥʦʚ, ʚ ʢʦʪʦʨʳʭ ʤʦʜʝʣʠ-

ʨʫʝʪʩʷ ʧʨʷʤʦʝ ʜʚʠʞʝʥʠʝ ʩʫʜʥʘ, ʧʝʨʝʤʝʱʘʶʱʝʛʦʩʷ ʚ ʥʝʧʦʜʚʠʞʥʦʡ ʞʠʜʢʦ-

ʩʪʠ, ʚ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠʥʮʠʧ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠ 

ʦʙʨʘʱʝʥʥʦʤ ʜʚʠʞʝʥʠʠ, ʪ.ʝ. ʦʙʪʝʢʘʥʠʠ ʧʦʪʦʢʦʤ ʞʠʜʢʦʩʪʠ ʥʝʧʦʜʚʠʞʥʦʡ ʤʦ-

ʜʝʣʠ. ʆʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʛʠʜʨʦʢʘʥʘʣʘʭ ʠ ʛʠʜʨʦʣʦʪʢʘʭ, ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠ 

ʢʘʚʠʪʘʮʠʦʥʥʳʭ ʪʨʫʙʘʭ. 

ʀʩʧʳʪʘʥʠʷ ʚ ʛʠʜʨʦʣʦʪʢʘʭ ʠ ʢʘʥʘʣʘʭ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʠʟʚʦʜʠʪʴ ʥʘ-

ʙʣʶʜʝʥʠʷ ʠ ʠʟʤʝʨʝʥʠʷ ʥʘ ʥʝʧʦʜʚʠʞʥʦʡ ʤʦʜʝʣʠ ʚ ʪʝʯʝʥʠʝ ʥʝʦʛʨʘʥʠʯʝʥʥʦʛʦ 

ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ, ʘ ʪʘʢʞʝ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʤʦʜʝʣʴ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘ ʠ ʤʝʥʷʪʴ ʝʛʦ ʫʩʣʦʚʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʪʘʢʠʭ ʠʩʧʳʪʘʥʠʷʭ ʥʝʪ ʥʝʦʙʭʦ-

ʜʠʤʦʩʪʠ ʜʝʣʘʪʴ ʧʝʨʝʨʳʚʳ ʜʣʷ ʫʩʧʦʢʦʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ. 

ɺ ʢʘʚʠʪʘʮʠʦʥʥʳʭ ʪʨʫʙʘʭ ʠʩʩʣʝʜʫʝʪʩʷ ʚʣʠʷʥʠʝ ʢʘʚʠʪʘʮʠʠ ʥʘ ʩʦʧʨʦʪʠʚʣʝ-

ʥʠʝ ʜʚʠʞʝʥʠʶ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʇʨʠ ʵʪʦʤ 

ʩʦʙʣʶʜʘʝʪʩʷ ʫʩʣʦʚʠʝ ʩʦʭʨʘʥʝʥʠʷ ʧʦʩʪʦʷʥʩʪʚʘ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʚʦʟʜʫʭʦʩʦʜʝʨ-

ʞʘʥʠʷ ʚ ʚʦʜʝ ʪʨʫʙʳ ʠ ʥʘʪʫʨʥʦʛʦ ʦʙʲʝʢʪʘ. 

ɺ ʢʦʥʩʪʨʫʢʮʠʠ ʟʘʤʢʥʫʪʳʭ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʢʘʚʠʪʘʮʠʦʥʥʳʭ ʪʨʫʙ 

ʠʤʝʝʪʩʷ ʤʥʦʛʦ ʦʙʱʝʛʦ. 

ʄʦʜʝʣʠ ʧʦ ʩʚʦʠʤ ʨʘʟʤʝʨʘʤ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʚ ʣʶʙʦʤ ʦʧʳʪʦʚʦʤ ʙʘʩʩʝʡʥʝ 

ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʠʩʭʦʜʷ ʠʟ ʩʦʙʣʶʜʝʥʠʷ ʨʷʜʘ ʦʧʨʝʜʝʣʝʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ. ʅʘʠ-

ʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟ ʥʠʭ: 

- ʨʘʟʤʝʨʳ ʤʦʜʝʣʠ ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʥʘʠʙʦʣʴʰʫʶ ʪʨʝʙʫʝʤʫʶ ʩʢʦ-

ʨʦʩʪʴ ʠʩʧʳʪʘʥʠʷ, ʩʦʛʣʘʩʦʚʘʥʥʫʶ ʩ ʤʝʭʘʥʠʯʝʩʢʠ ʦʩʫʱʝʩʪʚʠʤʦʡ ʚ ʙʘʩʩʝʡʥʝ; 

- ʜʦʣʞʥʦ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʦ ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʧʦʜʦʙʠʝ ʛʨʘʥʠʮ ʚʦʜʦʝʤʦʚ, ʚ 

ʢʦʪʦʨʳʭ ʜʚʠʞʝʪʩʷ ʥʘʪʫʨʥʦʝ ʩʫʜʥʦ ʠ ʝʛʦ ʤʦʜʝʣʴ, ʪ.ʝ. ʜʦʣʞʥʦ ʙʳʪʴ ʠʩʢʣʶʯʝʥʦ 

ʠʩʢʘʞʘʶʱʝʝ ʚʣʠʷʥʠʝ ʛʨʘʥʠʮ ʙʘʩʩʝʡʥʘ; 

- ʜʦʣʞʥʦ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʦ ʪʫʨʙʫʣʝʥʪʥʦʝ ʪʝʯʝʥʠʝ ʚʦʜʳ ʚ ʧʦʛʨʘʥʠʯʥʦʤ 

ʩʣʦʝ ʤʦʜʝʣʠ ʚ ʧʨʦʮʝʩʩʝ ʝʝ ʠʩʧʳʪʘʥʠʷ. 

ʇʝʨʚʳʝ ʜʚʘ ʪʨʝʙʦʚʘʥʠʷ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʝ ʥʘʠʙʦʣʴʰʠʝ ʨʘʟʤʝʨʳ ʤʦʜʝʣʠ, 

ʚʳʧʦʣʥʷʶʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʣʝʛʢʦ, ʦʩʦʙʝʥʥʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʠʩʧʳʪʘʥʠʷ ʧʨʦʚʦ-

ʜʷʪʩʷ ʚ ʙʦʣʴʰʠʭ ʙʘʩʩʝʡʥʘʭ. 
ʆʙʳʯʥʦ ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʩʪʘʥʜʘʨʪʥʘʷ ʤʦʜʝʣʴ ʠʤʝʝʪ ʜʣʠʥʫ 6 ʤ (21 ʬʫʪ) 

ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʥʘ ʪʠʭʦʡ ʚʦʜʝ ʠ 3.. .4 ʤ ʧʨʠ ʜʚʠʞʝʥʠʠ ʥʘ ʚʦʣʥʝʥʠʠ. 

ɽʜʠʥʩʪʚʝʥʥʳʤ ʧʫʪʝʤ ʚʳʧʦʣʥʝʥʠʷ ʪʨʝʪʴʝʛʦ ʪʨʝʙʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʠʩʢʫʩ-
ʩʪʚʝʥʥʘʷ ʪʫʨʙʫʣʠʟʘʮʠʷ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ. ʆʥʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʢʦʡ 
ʧʦ ʧʝʨʠʤʝʪʨʫ ʦʜʥʦʛʦ ʠʟ ʥʦʩʦʚʳʭ ʰʧʘʥʛʦʫʪʦʚ ʤʦʜʝʣʠ ʧʨʦʚʦʣʦʢʠ ʜʠʘʤʝʪʨʦʤ 1 
...2 ʤʤ. 
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ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʦʜʝʣʝʡ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 
ʧʘʨʘʬʠʥ ʩ ʧʨʠʤʝʩʴʶ ʥʘʪʫʨʘʣʴʥʦʛʦ ʚʦʩʢʘ. ʊʘʢʦʡ ʩʦʩʪʘʚ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʝʱʝ ʚ 
1900 ʛ. ʚ ʇʝʪʝʨʙʫʨʛʩʢʦʤ ʦʧʳʪʦʚʦʤ ʙʘʩʩʝʡʥʝ ʠ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʰʠʨʦʢʦ 
ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʧʨʘʢʪʠʢʝ ʨʘʙʦʪʳ ʙʘʩʩʝʡʥʦʚ ʚʩʝʛʦ ʤʠʨʘ. ʆʥ ʦʙʝʩʧʝʯʠʚʘʝʪ 
ʚʝʩʴʤʘ ʣʝʛʢʫʶ ʦʙʨʘʙʦʪʢʫ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʜʦʚʝʜʝʥʠʝ ʝʝ ʜʦ ʚʳʩʦʢʦʡ 
ʩʪʝʧʝʥʠ ʛʣʘʜʢʦʩʪʠ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʤʦʜʝʣʴ, ʧʨʠʝʤʣʝʤʫʶ ʧʦ ʝʝ 
ʤʘʩʩʝ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʠʟʛʦʪʦʚʣʝʥʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʦʜʛʦʪʦʚʢʫ ʜʝ-
ʨʝʚʷʥʥʦʛʦ ʢʘʨʢʘʩʘ-ʩʢʝʣʴʪʦʥʘ (ʨʠʩ. 1.14), ʢʦʪʦʨʳʡ ʦʢʣʝʠʚʘʝʪʩʷ ʧʣʦʪʥʦʡ ʤʘʪʝ-
ʨʠʝʡ ʠʣʠ ʪʦʣʩʪʦʡ ʙʫʤʘʛʦʡ ʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʩʪʦʣʝ. ɼʘʣʝʝ 

ʧʦ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʨʢʘʩʘ ʩʪʨʦʠʪʩʷ ʜʝʨʝʚʷʥʥʘʷ ʣʠʪʝʡʥʘʷ ʬʦʨʤʘ. ɺ 
ʠʟʛʦʪʦʚʣʝʥʥʫʶ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʬʦʨʤʫ ʟʘʣʠʚʘʝʪʩʷ ʨʘʩʧʣʘʚʣʝʥʥʘʷ ʧʘʨʘʬʠʥʦ-
ʚʦʩʢʦʚʘʷ ʩʤʝʩʴ. 

 

ʈʠʩ. 1.14. ɼʝʨʝʚʷʥʥʳʡ ʢʘʨʢʘʩ ʤʦʜʝʣʠ 

ʇʦʩʣʝ ʦʩʪʳʚʘʥʠʷ ʠ ʦʩʚʦʙʦʞʜʝʥʠʷ ʦʪ ʬʦʨʤʳ ʧʘʨʘʬʠʥʦʚʘʷ ʙʦʣʚʘʥʢʘ ʧʦ-

ʩʪʫʧʘʝʪ ʚ ʦʙʨʘʙʦʪʢʫ ʥʘ ʢʦʧʠʨʦʚʘʣʴʥʦ-ʬʨʝʟʝʨʥʴʰ ʩʪʘʥʦʢ, ʛʜʝ ʤʦʜʝʣʴ ʬʦʨʤʠ-

ʨʫʝʪʩʷ ʚ ʧʣʦʩʢʦʩʪʷʭ ʚʘʪʝʨʣʠʥʠʡ. 

ʇʦʩʣʝʜʥʠʤ ʵʪʘʧʦʤ ʷʚʣʷʝʪʩʷ ʨʫʯʥʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʠʟʛʦ-

ʪʦʚʣʝʥʥʳʤ ʰʘʙʣʦʥʘʤ ʰʧʘʥʛʦʫʪʦʚ ʠ ʥʘʥʝʩʝʥʠʝ ʛʨʫʟʦʚʦʡ ʚʘʪʝʨʣʠʥʠʠ. 

ɺʳʩʪʫʧʘʶʱʠʝ ʯʘʩʪʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʜʝʣʘʶʪ ʜʝʨʝʚʷʥʥʳʤʠ, ʧʦ-

ʢʨʳʪʳʤʠ ʩʥʘʨʫʞʠ ʧʘʨʘʬʠʥʦʤ. 

ʇʦʩʣʝ ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʦʜʝʣʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʝ ʤʘʩʩʘ, ʘ ʛʨʫʟʦʚʘʷ ʚʘʪʝʨʣʠ-

ʥʠʷ ʩʦʚʤʝʱʘʝʪʩʷ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʚʦʜʳ ʙʘʣʣʘʩʪʥʳʤʠ ʛʨʫʟʘʤʠ, ʟʘʢʨʝʧʣʷʝʤʳʤʠ 

ʚʥʫʪʨʠ ʤʦʜʝʣʠ. 
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1.9. ʇʆʅʗʊʀɽ ʆ ʉʀʉʊɽʄɸʊʀʏɽʉʂʀʍ ʀʉʇʓʊɸʅʀʗʍ 

ʉɽʈʀʁ ʄʆɼɽʃɽʁ ʉʋɼʆɺ, ʀʍ ʆɹʈɸɹʆʊʂɽ ʀ 
ʇʈɽɼʉʊɸɺʃɽʅʀɽ ʈɽɿʋʃʔʊɸʊʆɺ 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ 

ʢ ʧʦʩʪʨʦʡʢʝ ʩʫʜʥʘ ʧʫʪʝʤ ʧʝʨʝʩʯʝʪʘ ʜʘʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʝʛʦ ʤʦʜʝʣʠ ʚʦʟʤʦʞʥʘ 

ʪʦʣʴʢʦ ʣʠʰʴ ʧʦʩʣʝ ʜʝʪʘʣʴʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʯʝʨʪʝʞʘ. 

ʅʦ ʥʘ ʧʝʨʚʦʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʝʢʪʘ, ʢʦʛʜʘ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʦʮʝʥʢʘ ʭʦʜʢʦʩʪʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʘʭ ʬʦʨʤʳ ʢʦʨʧʫʩʘ ʩʫʜʥʘ ʜʣʷ ʦʪʙʦʨʘ 

ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʦʡ ʢ ʪʨʝʙʦʚʘʥʠʷʤ ʟʘʜʘʥʠʷ ʥʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʫʢʘʟʘʥʥʳʡ ʚʳ-

ʰʝ ʩʧʦʩʦʙ ʥʝʚʦʟʤʦʞʝʥ. 

ʇʦʵʪʦʤʫ ʢʨʘʡʥʝ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʥʝ ʩʣʠʰʢʦʤ ʛʨʦʤʦʟʜʢʠʝ ʠ ʜʦʩʪʘʪʦʯʥʦ 

ʪʦʯʥʳʝ ʧʨʠʙʣʠʞʝʥʥʳʝ ʩʧʦʩʦʙʳ ʦʧʨʝʜʝʣʝʥʠʷ ʙʫʢʩʠʨʦʚʦʯʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʨʝʰʘʪʴ ʟʘʜʘʯʫ ʩ ʧʦʤʦʱʴʶ ʥʝʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʵʣʝʤʝʥʪʦʚ ʠ ʙʝʟ-

ʨʘʟʤʝʨʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʬʦʨʤʫ ʧʦʜʚʦʜʥʦʡ ʯʘʩʪʠ ʢʦʨʧʫ-

ʩʘ. 

ʅʦ ʩʣʦʞʥʦʩʪʴ ʦʯʝʨʪʘʥʠʡ ʠ ʨʘʟʥʦʦʙʨʘʟʠʝ ʬʦʨʤ ʦʙʚʦʜʦʚ ʩʫʜʦʚ ʨʘʟʥʳʭ ʪʠ-

ʧʦʚ ʠ ʥʘʟʥʘʯʝʥʠʡ ʥʝ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʝʜʠʥʳʡ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʩʧʦʩʦʙ, ʧʨʠ-

ʛʦʜʥʳʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʣʶʙʦʛʦ ʩʫʜʥʘ ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʜʦ-

ʩʪʘʪʦʯʥʫʶ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʮʝʣʝʡ ʪʦʯʥʦʩʪʴ. 

ʅʘʠʙʦʣʴʰʫʶ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʩʧʦʩʦʙʳ, ʨʘʟʨʘʙʦʪʘʥ-

ʥʳʝ ʥʘ ʦʩʥʦʚʝ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʩʝʨʠʡ ʤʦʜʝʣʝʡ 

ʩʫʜʦʚ, ʚʳʧʦʣʥʝʥʥʳʭ ʧʨʠ ʧʦʣʥʦʤ ʩʦʦʪʚʝʪʩʪʚʠʠ ʨʝʞʠʤʦʚ ʦʙʪʝʢʘʥʠʷ ʚʦʜʦʡ ʤʦ-

ʜʝʣʠ ʠ ʥʘʪʫʨʥʦʛʦ ʩʫʜʥʘ. 

ʋʢʘʟʘʥʥʦʝ ʧʦʥʷʪʠʝ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʠʩʧʳʪʘʥʠʷʤ ʧʦʜʚʝʨʛʘʝʪʩʷ ʛʨʫʧʧʘ ʤʦ-

ʜʝʣʝʡ, ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʪʦʣʴʢʦ ʣʠʰʴ ʦʜʥʠʤ, ʧʣʘʥʦʤʝʨʥʦ ʦʪ 

ʤʦʜʝʣʠ ʢ ʤʦʜʝʣʠ ʤʝʥʷʶʱʠʤʩʷ ʧʘʨʘʤʝʪʨʦʤ, ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʦʣʥʦʪʳ ʠʣʠ ʦʪ-

ʥʦʰʝʥʠʝʤ ʛʣʘʚʥʳʭ ʨʘʟʤʝʨʝʥʠʡ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʦʩ-

ʪʘʶʪʩʷ ʥʝʠʟʤʝʥʥʳʤʠ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʩʝʨʠʡ ʤʦʜʝʣʝʡ ʚʳʜʝʣʷʶʪʩʷ ʥʝʩʢʦʣʴʢʦ 

ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʚʣʠʷʥʠʝ ʢʦʪʦʨʳʭ ʥʘ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʚʠʞʝʥʠʶ ʥʘʠʙʦʣʝʝ 

ʩʫʱʝʩʪʚʝʥʥʦ. ʊʘʢʠʭ, ʥʘʧʨʠʤʝʨ, ʢʘʢ ʢʦʵʬʬʠʮʠʝʥʪ ʦʙʱʝʡ ʧʦʣʥʦʪʳ ʉʚ, ʦʪʥʦ-

ʰʝʥʠʷ ʛʣʘʚʥʳʭ ʨʘʟʤʝʨʝʥʠʡ L/B, B/d, ʬʦʨʤʘ ʦʙʚʦʜʦʚ ʥʦʩʦʚʦʡ ʦʢʦʥʝʯʥʦʩʪʠ. 

ɺʣʠʷʥʠʝ ʞʝ ʦʩʪʘʣʴʥʳʭ ʧʦʣʘʛʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʠ ʦʥʠ ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ, 

ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʥʦʪʳ ʤʠʜʝʣʴ-ʰʧʘʥʛʦʫʪʘ ɓ ʨʘʜʠʫʩ ʟʘʢʨʫʛʣʝ-

ʥʠʷ ʩʢʫʣʳ, ʧʦʜʲʝʤ ʜʥʠʱʘ ʢ ʙʦʨʪʘʤ ʠ ʜʨ. 

ʀʩʧʳʪʘʥʠʷ ʢʘʞʜʦʡ ʤʦʜʝʣʠ ʠʟ ʧʦʜʛʦʪʦʚʣʝʥʥʦʡ ʢ ʠʩʧʳʪʘʥʠʷʤ ʩʝʨʠʠ ʧʨʦ-

ʠʟʚʦʜʷʪʩʷ ʧʨʠʤʝʨʥʦ ʚ ʪʘʢʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ: 

1. ɿʘʜʘʝʪʩʷ ʨʷʜ ʟʥʘʯʝʥʠʡ ʩʢʦʨʦʩʪʠ ʙʫʢʩʠʨʦʚʢʠ ʠʟ ʫʩʣʦʚʠʷ ʨʘʚʝʥʩʪʚʘ ʯʠ-

ʩʝʣ ʌʨʫʜʘ FrM = FrH ʤʦʜʝʣʠ ʠ ʥʘʪʫʨʥʦʛʦ ʩʫʜʥʘ, ʦʪʢʫʜʘ 

ʥ
L

ʤ
L

ʥ
V

ʤ
V /Ö= . 

2. ʇʨʠ ʢʘʞʜʦʤ ʧʨʦʙʝʛʝ ʤʦʜʝʣʠ ʚ ʙʘʩʩʝʡʥʝ ʧʨʦʠʟʚʦʜʷʪʩʷ ʟʘʤʝʨʳ ʝʝ ʩʢʦ-

ʨʦʩʪʠ Vʤ ʠ ʧʦʣʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ RM. 

3. ʇʦʜʩʯʠʪʳʚʘʶʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʦʜʝʣʠ 
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ɕʤ=Rʤ/0,5pʤV
2
ʤɋʤ. 

4. ʇʦʜʩʯʠʪʳʚʘʶʪʩʷ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʜʣʷ ʤʦʜʝʣʠ 

ReM = VMLM/vM. 

5. ʇʦ ʬʦʨʤʫʣʘʤ (1.19) ʠʣʠ (1.20) ʥʘʭʦʜʷʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʨʝʥʠʷ ʵʢʚʠ-

ʚʘʣʝʥʪʥʦʡ ʪʝʭʥʠʯʝʩʢʠ ʛʣʘʜʢʦʡ ʧʣʦʩʢʦʡ ʧʣʘʩʪʠʥʳ 

ɕfo=f(ReM). 

6. ʆʧʨʝʜʝʣʷʶʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʳ ʦʩʪʘʪʦʯʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʣʷ ʤʦʜʝʣʠ 

ɕrʤ = ɕʤ -  ɕfOM , 

ʢʦʪʦʨʳʝ ʠʟ-ʟʘ ʧʦʜʦʙʠʷ ʩʠʣ ʛʨʘʚʠʪʘʮʠʠ, ʪ.ʝ. ʧʨʠ Frʤ = Frʥ , ʨʘʚʥʳ ɕrʥ  

ʥʘʪʫʨʥʦʛʦ ʩʫʜʥʘ ɕrʤ = ɕrʥ . 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʫʢʩʠʨʦʚʦʯʥʳʭ ʠʩʧʳʪʘʥʠʡ ʤʦʜʝʣʝʡ ʧʨʝʜʩʪʘʚ-

ʣʷʶʪʩʷ ʚ ʚʠʜʝ ʜʠʘʛʨʘʤʤ ʟʘʚʠʩʠʤʦʩʪʝʡ ʪʠʧʘ 

ɕr=f(CB;Fr), 

ɕr=f(L/B;Fr) 

ʠ ʠʤ ʧʦʜʦʙʥʳʭ. 

ʀʥʪʝʥʩʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʠʥʜʫʩʪʨʠʠ ʩʫʜʦʩʪʨʦʝʥʠʷ ʠ ʩʫʜʦʭʦʜʩʪʚʘ ʚʦ ʚʪʦʨʦʡ 

ʧʦʣʦʚʠʥʝ XX ʩʪʦʣʝʪʠʷ ʧʦʙʫʜʠʣʦ ʤʥʦʛʠʝ ʨʘʟʚʠʪʳʝ ʩʪʨʘʥʳ ʢ ʧʦʩʪʨʦʡʢʝ ʢʨʫʧ-

ʥʳʭ ʦʧʳʪʦʚʳʭ ʙʘʩʩʝʡʥʦʚ ʠ ʧʨʦʚʝʜʝʥʠʶ ʚ ʥʠʭ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ 

ʩʝʨʠʡ ʤʦʜʝʣʝʡ ʩʫʜʦʚ ʩʘʤʳʭ ʨʘʟʥʳʭ ʪʠʧʦʚ ʠ ʥʘʟʥʘʯʝʥʠʡ. 

ɺ ʉʉʉʈ ʚ ʧʝʨʠʦʜ ʩ 1955 ʛ. ʧʦ 1982 ʛ. ʚʳʧʦʣʥʝʥʳ ʠʩʧʳʪʘʥʠʷ ʩʝʨʠʡ ʤʦʜʝ-

ʣʝʡ ʩʫʜʦʚ ʩʣʝʜʫʶʱʠʭ ʪʠʧʦʚ [1], [12]: 

1) ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʦʜʥʦʚʠʥʪʦʚʳʝ ʩʫʭʦʛʨʫʟʥʳʝ ʩʫʜʘ, ʩʨʝʜʥʝʪʦʥʥʘʞʥʳʝ 

ʪʘʥʢʝʨʳ ʠ ʨʫʜʦʚʦʟʳ, 1955-1958 ʛʛ.; 

2) ʜʚʫʭʚʠʥʪʦʚʳʝ ʧʘʩʩʘʞʠʨʩʢʠʝ ʠ ʛʨʫʟʦʧʘʩʩʘʞʠʨʩʢʠʝ ʩʫʜʘ, 1962 ʛ.; 

3) ʢʨʫʧʥʦʪʦʥʥʘʞʥʳʝ ʪʘʥʢʝʨʳ ʠ ʨʫʜʦʚʦʟʳ ʩ ʙʦʣʴʰʠʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ 

ʦʙʱʝʡ ʧʦʣʥʦʪʳ, 1969 ʛ.; 

4) ʙʳʩʪʨʦʭʦʜʥʳʝ ʠ ʩʨʝʜʥʝʩʢʦʨʦʩʪʥʳʝ ʩʫʭʦʛʨʫʟʥʳʝ, ʢʦʥʪʝʡʥʝʨʥʳʝ ʠ 

ʪʨʝʡʣʝʨʥʳʝ ʩʫʜʘ, 1972 ʛ.; 

5) ʩʨʝʜʥʝʪʦʥʥʘʞʥʳʝ ʠ ʤʘʣʳʝ ʨʳʙʦʧʨʦʤʳʩʣʦʚʳʝ ʩʫʜʘ, 1972-1975 ʛʛ.; 

6) ʜʚʫʭʟʘʣʴʥʳʝ ʙʦʣʴʰʝʛʨʫʟʥʳʝ ʩʫʜʘ ʚʥʫʪʨʝʥʥʝʛʦ ʠ ʩʤʝʰʘʥʥʦʛʦ ʧʣʘʚʘ-

ʥʠʷ, 1982ʛ. 

1.10. ʇʈɸʂʊʀʏɽʉʂʀɽ ʄɽʊʆɼʓ ʀ ʉʍɽʄʓ ʈɸʉʏɽʊɸ 

ɹʋʂʉʀʈʆɺʆʏʅʆɻʆ ʉʆʇʈʆʊʀɺʃɽʅʀʗ ʀ ɹʋʂʉʀʈʆɺʆʏʅʆʁ 

ʄʆʑʅʆʉʊʀ ʉʋɼʆɺ ʈɸɿʅʓʍ ʊʀʇʆɺ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʦʜʳ ʜʚʠʞʝʥʠʶ ʩʫʜʥʘ, ʥʝ ʧʨʠʙʝʛʘʷ ʢ 

ʧʨʦʚʝʜʝʥʠʶ ʠʩʧʳʪʘʥʠʡ ʝʛʦ ʤʦʜʝʣʠ, ʩʫʱʝʩʪʚʫʝʪ ʪʨʠ ʛʨʫʧʧʳ ʤʝʪʦʜʦʚ: 

- ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ ʨʘʩʯʝʪ ʙʫʢʩʠʨʦʚʦʯʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠʣʠ ʙʫʢʩʠ-

ʨʦʚʦʯʥʦʡ ʤʦʱʥʦʩʪʠ; 

- ʧʝʨʝʩʯʝʪ ʙʫʢʩʠʨʦʚʦʯʥʦʡ ʤʦʱʥʦʩʪʠ ʧʦ ʜʘʥʥʳʤ ʧʨʦʪʦʪʠʧʘ; 
- ʨʘʩʯʝʪ ʦʩʪʘʪʦʯʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦ ʜʠʘʛʨʘʤʤʘʤ ʠ ʛʨʘʬʠʢʘʤ, ʧʦʩʪʨʦ-

ʝʥʥʳʤ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʙʫʢʩʠʨʦʚʦʯʥʳʭ ʠʩʧʳʪʘʥʠʡ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʩʝʨʠʡ ʤʦ-
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ʜʝʣʝʡ. 

ɼʣʷ ʧʝʨʚʠʯʥʦʡ ʦʮʝʥʢʠ ʥʝʦʙʭʦʜʠʤʦʡ ʤʦʱʥʦʩʪʠ ʛʣʘʚʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʰʠ-
ʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘʭʦʜʠʪ ʬʦʨʤʫʣʘ ʘʜʤʠʨʘʣʪʝʡʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

Ne=V3
s*æ

2/3/Ce,                                              (1.22) 

ʘ ʪʘʢʞʝ ʬʦʨʤʫʣʘ ʧʨʦʬʝʩʩʦʨʘ ɺ.ɺ. ɼʘʚʳʜʦʚʘ 

Ne=V s
 3,25

*æ
0,5/C1,                                         (1.23) 

ʛʜʝ Vs - ʩʢʦʨʦʩʪʴ ʩʫʜʥʘ, ʫʟ; æ - ʚʦʜʦʠʟʤʝʱʝʥʠʝ ʩʫʜʥʘ, ʪ; ʉʝ ʠ ʉ1 - 

ʙʝʟʨʘʟʤʝʨʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ. 

ʌʦʨʤʫʣʘ ʘʜʤʠʨʘʣʪʝʡʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʘʢʞʝ ʜʣʷ ʦʧʨʝ-

ʜʝʣʝʥʠʷ ʙʫʢʩʠʨʦʚʦʯʥʦʡ ʤʦʱʥʦʩʪʠ ʧʦ ʧʨʦʪʦʪʠʧʫ. ʇʨʠ ʵʪʦʤ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, 

ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪʳ ʉʝ, ʧʨʦʧʫʣʴʩʠʚʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ɖ ʠ ʯʠʩʣʘ ʌʨʫʜʘ Fr 

ʩʫʜʥʘ-ʧʨʦʪʦʪʠʧʘ ʠ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʩʫʜʥʘ ʨʘʚʥʳ. ʉ ʫʯʝʪʦʤ ʵʪʦʛʦ ʟʘʤʝʯʘʥʠʷ 

ʙʫʢʩʠʨʦʚʦʯʥʘʷ ʤʦʱʥʦʩʪʴ ʜʣʷ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʩʫʜʥʘ ʙʫʜʝʪ ʨʘʚʥʘ 

 

 

                                   

                                                            (1.24)                                              

ɽʩʣʠ ʚ ʵʪʦʡ ʬʦʨʤʫʣʝ ʟʘʤʝʥʠʪʴ ʩʢʦʨʦʩʪʴ ʧʨʦʪʦʪʠʧʘ ʠʟ ʫʩʣʦʚʠʷ ʨʘʚʝʥʩʪʚʘ 

ʯʠʩʝʣ ʌʨʫʜʘ, ʪʦ 

                                        

                                                                                                                                    

ʘ ʩ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʜʣʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʧʦʜʦʙʥʳʭ ʩʫʜʦʚ 

(L/Lnp)
3=æ/ænp, ʪʦ ʬʦʨ-

ʤʫʣʫ (1.24) ʤʦʞʥʦ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʢ ʚʠʜʫ 

Nŭ=Nŭnp(æ/ænp)
7/6. (1.25) 

ʇʨʠ ʨʘʩʯʝʪʝ ʙʫʢʩʠʨʦʚʦʯʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ 

ʨʘʟʜʝʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʪʘʪʦʯʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʙʱʘʷ ʬʦʨʤʫʣʘ ʜʣʷ ʚʳ-

ʯʠʩʣʝʥʠʡ ʠʤʝʝʪ ʚʠʜ 

R = Rf + Rr = Q,5pV2ɋ(ɕfQ *ʂ + ɕʧ)+ 0,5ʨV2ɋɕʛ = 

= 0,5pV2ɋ(ɕfo*K + ɕʧ+ɕr). (1.26) 

ʂʦʵʬʬʠʮʠʝʥʪʳ ɕf0; ʂ; ɕn ʦʧʨʝʜʝʣʷʶʪʩʷ ʦʜʥʦʪʠʧʥʦ ʜʣʷ ʚʩʝʭ ʪʠʧʦʚ ʠ 

ʨʘʟʤʝʨʦʚ ʩʫʜʦʚ. ʆʧʨʝʜʝʣʝʥʠʝ ʞʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʩʪʘʪʦʯʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝ-

ʥʠʷ ɕr ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʪʜʝʣʴʥʦ ʜʣʷ ʢʘʞʜʦʡ ʛʨʫʧʧʳ ʩʭʦʞʠʭ ʤʝʞʜʫ ʩʦʙʦʡ ʪʠʧʦʚ 

ʩʫʜʦʚ. 

ʇʨʠ ʧʨʘʚʠʣʴʥʦʤ ʚʳʙʦʨʝ ʩʧʦʩʦʙʘ ʨʘʩʯʝʪʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʧʨʠʙʣʠʞʝʥʥʦʤ 

ʦʧʨʝʜʝʣʝʥʠʠ ʦʩʪʘʪʦʯʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʫʜʘʝʪʩʷ ʜʦʩʪʠʯʴ ʥʘʠʙʦʣʴʰʝʡ ʚʦʟ-

ʤʦʞʥʦʡ ʪʦʯʥʦʩʪʠ. 
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1.10.1. ʈʘʩʯʝʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ ʠ ʙʫʢʩʠʨʦʚʦʯʥʦʡ ʤʦʱʥʦʩʪʠ 

ʙʳʩʪʨʦʭʦʜʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʫʜʦʚ (ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʩʫʭʦʛʨʫʟʥʳʭ, 

ʢʦʥʪʝʡʥʝʨʥʳʭ, ʪʨʝʡʣʝʨʥʳʭ ʠ ʣʠʭʪʝʨʦʚʦʟʦʚ) 

ʕʪʠ ʩʫʜʘ ʠʤʝʶʪ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʙʱʝʡ ʧʦʣʥʦʪʳ ʚʦʜʦ-

ʠʟʤʝʱʝʥʠʷ (ʉʚ = 0,55...0,65) ʠ ʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʦʪʥʦʰʝʥʠʡ ʛʣʘʚʥʳʭ ʨʘʟ- 

ʤʝʨʝʥʠʡ (L/B = 6,0...7,5); (B/d == 2...5). 

ɺʦʟʨʘʩʪʘʥʠʝ ʩʢʦʨʦʩʪʠ ʭʦʜʘ ʜʦ Vs = 25 ʫʟ ʠ ʙʦʣʝʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʦʚʳ-

ʰʝʥʥʳʤ ʚʦʣʥʦʦʙʨʘʟʦʚʘʥʠʝʤ ʠ ʨʘʟʚʠʪʠʝʤ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʠ 

(ʥʘʣʦʞʝʥʠʷ ʧʦʧʝʨʝʯʥʳʭ ʢʦʨʘʙʝʣʴʥʳʭ ʚʦʣʥ ʥʦʩʦʚʦʡ ʠ ʢʦʨʤʦʚʦʡ ʛʨʫʧʧ), ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʤʫ ʚʦʟʨʘʩʪʘʥʠʶ ʚʦʣʥʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʢʦʪʦʨʦʝ ʩʪʘʥʦ-

ʚʠʪʩʷ ʜʦʤʠʥʠʨʫʶʱʠʤ ʚ ʦʙʱʝʤ ʙʘʣʘʥʩʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ ʠ, ʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦ, ʦʩʥʦʚʥʳʤ ʠʟ ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʨʠ ʧʦʠʩʢʝ ʧʫʪʝʡ ʚʦʟʜʝʡʩʪʚʠʷ ʩ ʮʝʣʴʶ 

ʫʤʝʥʴʰʝʥʠʷ ʧʦʣʥʦʛʦ, ʪ.ʝ. ʙʫʢʩʠʨʦʚʦʯʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. 

ʇʨʘʢʪʠʯʝʩʢʠ ʥʝʡʪʨʘʣʠʟʘʮʠʷ ʚʦʣʥʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʨʠʤʝʥʝʥʠʝʤ ʩʧʝʮʠʘʣʴʥʳʭ ʠʥʪʝʨʬʝʨʠʨʫʶʱʠʭ ʙʫʣʴʙʦʦʙʨʘʟʥʳʭ ʥʘʜʝʣʦʢ, ʫʩʪ-

ʨʘʠʚʘʝʤʳʭ ʚ ʧʦʜʚʦʜʥʦʡ ʯʘʩʪʠ ʥʦʩʦʚʦʡ ʦʢʦʥʝʯʥʦʩʪʠ ʩʫʜʥʘ. ɺʳʙʦʨ ʠʭ ʬʦʨʤʳ, 

ʨʘʟʤʝʨʦʚ ʠ ʤʝʩʪʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʥʘ ʢʦʨʧʫʩʝ ʧʦ ʦʩʘʜʢʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʵʤʧʠʨʠʯʝ-

ʩʢʠʤ ʠʣʠ, ʚ ʣʫʯʰʝʤ ʩʣʫʯʘʝ, ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʤ ʧʫʪʝʤ ʧʨʠ ʦʙʷʟʘʪʝʣʴʥʦʤ ʩʦʯʝ-

ʪʘʥʠʠ ʩ ʧʣʘʚʥʳʤ ʟʘʦʩʪʨʝʥʠʝʤ ʥʦʩʦʚʳʭ ʚʝʪʚʝʡ ʛʨʫʟʦʚʦʡ ʚʘʪʝʨʣʠʥʠʠ (ʨʠʩ. 

1.15). 

 
ʈʠʩ. 1.15. ɹʫʣʴʙʦʚʘʷ ʬʦʨʤʘ ʥʦʩʘ 

 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʠʭ ʨʘʟʤʝʨʘʭ ʙʫʣʴʙʘ ʚ ʩʦ-

ʯʝʪʘʥʠʠ ʩ ʤʘʣʦʡ ʧʦʣʥʦʪʦʡ ʢʦʨʧʫʩʘ ʩʫʜʥʘ ʪʨʫʜʥʦ ʦʙʝʩʧʝʯʠʪʴ ʦʜʠʥʘʢʦʚʫʶ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʴ ʥʝʡʪʨʘʣʠʟʘʪʦʨʦʚ ʧʨʠ ʭʦʜʝ ʚ ʛʨʫʟʫ ʠ ʚ ʙʘʣʣʘʩʪʝ. 

ʆʙʚʦʜʳ ʢʦʨʤʦʚʦʡ ʦʢʦʥʝʯʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʳʭ ʙʳʩʪʨʦʭʦʜʥʳʭ ʩʫʜʦʚ ʦʙʳʯ-
ʥʦ ʟʘʚʝʨʰʘʶʪʩʷ ʪʨʘʥʮʝʤ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʪʘʢʠʭ ʢʦʨʤʦʚʳʭ ʦʙʨʘ-
ʟʦʚʘʥʠʡ ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, ʯʪʦ ʥʘ ʪʨʘʥʮʘʭ ʢʨʝʧʷʪʩʷ ʢʦʥʩʪʨʫʢʮʠʠ, ʩ ʧʦʤʦʱʴʶ 
ʢʦʪʦʨʳʭ ʚʳʧʦʣʥʷʶʪʩʷ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʜʣʷ ʵʪʠʭ ʩʫʜʦʚ ʦʧʝʨʘʮʠʠ, ʪʘʢʠʝ, ʢʘʢ 
ʧʨʠʝʤ ʠ ʚʳʛʨʫʟʢʘ ʢʦʣʝʩʥʦʡ ʪʝʭʥʠʢʠ, ʣʠʭʪʝʨʦʚ, ʙʘʨʞ ʠ ʧʨ. 
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ʅʘ ʭʦʜʫ ʢʦʨʤʘ ʧʦʛʨʫʞʘʝʪʩʷ ʚ ʚʦʜʫ ʠʟ-ʟʘ ʧʦʷʚʣʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʭʦʜʦ-

ʚʦʛʦ ʜʠʬʬʝʨʝʥʪʘ, ʠʥʪʝʥʩʠʚʥʦʛʦ ʚʦʣʥʦʦʙʨʘʟʦʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʦʤʳʚʘʝʤʘʷ ʚʦ-
ʜʦʡ ʧʣʦʱʘʜʴ ʪʨʘʥʮʘ ʟʘʤʝʪʥʦ ʚʦʟʨʘʩʪʘʝʪ. ʇʦʩʢʦʣʴʢʫ ʦʙʪʝʢʘʥʠʝ ʝʛʦ ʦʩʪʨʳʭ ʩʦ-
ʯʣʝʥʝʥʠʡ ʩ ʙʦʨʪʘʤʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʦʪʨʳʚʦʤ ʧʦʛʨʘʥʠʯʥʦʛʦ 
ʩʣʦʷ ʠ ʠʥʪʝʥʩʠʚʥʳʤ ʚʠʭʨʝʦʙʨʘʟʦʚʘʥʠʝʤ, ʪʦ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 
ʬʦʨʤʳ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʝʛʦ ʫʤʝʥʴʰʝʥʠʷ ʜʦʣʞʥʦ ʫʜʝʣʷʪʴʩʷ ʦʩʦʙʦʝ ʚʥʠ-
ʤʘʥʠʝ ʚʳʙʦʨʫ ʨʘʟʤʝʨʦʚ, ʬʦʨʤʳ ʠ ʨʘʩʧʦʣʦʞʝʥʠʶ ʪʨʘʥʮʘ ʧʦ ʚʳʩʦʪʝ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʢʘ ʝʱʝ ʦʪʩʫʪʩʪʚʫʶʪ ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʳʝ ʜʘʥʥʳʝ, 
ʧʦʟʚʦʣʷʶʱʠʝ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʦ ʨʝʰʠʪʴ ʵʪʫ ʟʘʜʘʯʫ ʜʣʷ ʢʘʞʜʦʛʦ ʢʦʥʢʨʝʪʥʦ 
ʚʟʷʪʦʛʦ ʩʫʜʥʘ. 
ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ ʩʢʦ-

ʨʦʩʪʥʳʭ ʩʫʜʦʚ ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʩʝʨʠʡʥʳʭ ʠʩʧʳʪʘʥʠʡ ʠʭ ʤʦʜʝʣʝʡ, ʦʙʚʦʜʳ ʢʦʪʦ-
ʨʳʭ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 1.16, ʢʦʵʬʬʠʮʠʝʥʪ ʦʩʪʘʪʦʯʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʧʨʝ-
ʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

ɕr = ɕr0(CB;Fr)*KL/B - KB/d,  (1.27) 

ʛʜʝ ɕʛ0 - f(CB ;Fr) - ʙʘʟʦʚʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʦʩʪʘʪʦʯʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, 

ʩʥʠʤʘʝʤʳʡ ʩ ʛʨʘʬʠʢʦʚ ʨʠʩ. 1.17  ʠʣʠ [2J ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʦʨʤʳ ʥʦʩʦʚʦʡ 

ʦʢʦʥʝʯʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʫʜʥʘ; 

 

 
( )
( )64,5/

/
/

=
=

BʜʣʷL

BʛʦLʜʣʷʟʘʜʘʥʥʦ
ʂ

r

r
BL

z

z
- ʢʦʵʬʬʠʮʠʝʥʪ ʚʣʠʷʥʠʷ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʟʘʜʘʥʥʦ-

ʛʦ L/ɺ ʠ ʩʪʘʥʜʘʨʪʥʦʛʦ L/ɺ = 5,64, ʦʧʨʝʜʝʣʷʝʤʳʡ ʧʦ ʛʨʘʬʠʢʘʤ ʨʠʩ. 1.18, 

1.19; 

KB/d = f(B/d;Fr) - ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʤʦʛʦ B/d ʦʪ ʩʪʘʥʜʘʨʪʥʦʛʦ B/d = 3,5 ʠ ʦʧʨʝʜʝʣʷʝʤʳʡ ʧʦ ʛʨʘʬʠʢʫ ʨʠʩ. 

1.20. 

ʆʙʳʯʥʦ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʚʠʜʝ ʢʨʠʚʳʭ R = f(Vs) 

ʠ Nŭ = f(Vs) . ɼʣʷ ʵʪʦʛʦ ʨʘʩʯʝʪ ʚʝʜʝʪʩʷ ʚ ʪʘʙʣʠʯʥʦʡ ʬʦʨʤʝ (ʪʘʙʣ. 1.1), ʟʘʜʘʚʘʷ 

ʥʝʩʢʦʣʴʢʦ ʟʥʘʯʝʥʠʡ ʩʢʦʨʦʩʪʠ ʭʦʜʘ ʩʫʜʥʘ (ʦʙʳʯʥʦ ʧʷʪʴ) ʚ ʧʨʝʜʝʣʘʭ 0,8... 1,2 ʦʪ 

ʟʘʜʘʥʥʦʡ ʠʣʠ ʦʞʠʜʘʝʤʦʡ. 
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ʈʠʩ. 1.16. ʊʝʦʨʝʪʠʯʝʩʢʠʡ ʢʦʨʧʫʩ, ʬʦʨ- ʠ ʘʭʪʝʨʰʪʝʚʝʥʴ ʩʝʨʠʠ 

ʤʦʜʝʣʝʡ ʙʳʩʪʨʦʭʦʜʥʳʭ ʩʫʜʦʚ: 1 - V-ʦʙʨʘʟʥʳʡ ʚʘʨʠʘʥʪ ʥʦʩʦʚʦʡ ʦʢʦʥʝʯʥʦʩʪʠ; 

2 - ʙʫʣʴʙʦʦʙʨʘʟʥʳʡ ʚʘʨʠʘʥʪ ʥʦʩʦʚʦʡ ʦʢʦʥʝʯʥʦʩʪʠ 
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ʈʠʩ. 1.17. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ɕr0  - f(CB;Fr) 

1 - ʜʣʷ ʩʫʜʦʚ ʩ V-ʦʙʨʘʟʥʦʡ ʥʦʩʦʚʦʡ ʦʢʦʥʝʯʥʦʩʪʴʶ; 2 - ʜʣʷ ʩʫʜʦʚ ʩ ʙʫʣʴʙʦʦʙʨʘʟʥʦʡ ʥʦʩʦʚʦʡ 

ʦʢʦʥʝʯʥʦʩʪʴʶ 
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ʈʠʩ. 1.18. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ɕr0 = f(L/ B;Fr) ʜʣʷ ʩʫʜʦʚ ʩ V-ʦʙʨʘʟʥʦʡ ʥʦʩʦʚʦʡ ʦʢʦ-

ʥʝʯʥʦʩʪʴʶ 

 

ʈʠʩ. 1.19. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ɕr0 = f(L/B;Fr) ʜʣʷ ʩʫʜʦʚ ʩ ʙʫʣʴʙʦʦʙʨʘʟʥʦʡ ʥʦʩʦʚʦʡ 

ʦʢʦʥʝʯʥʦʩʪʴʶ 
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ʊʘʙʣʠʮʘ 1.1 

ʈʘʩʯʝʪ ʙʫʢʩʠʨʦʚʦʯʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʙʫʢʩʠʨʦʚʦʯʥʦʡ ʤʦʱʥʦʩʪʠ  

ʙʳʩʪʨʦʭʦʜʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʫʜʦʚ 

 

ʇʦʩʪʦʷʥʥʳʝ ʠ ʠʩʭʦʜʥʳʝ ʚʝʣʠʯʠʥʳ 

ʨ=1 ,025 ʪ/ʤ3 

g=9,81 ʤ/ʩ2 

V=1,61*10-6  ʤ2/ʩ 

L=     ʤ 

ɺ=     ʤ  

d=      ʤ  

æ=      ʪ 

L/B= 

B/d= 

ʉʚ = æ/ ʨ*L*d 

ɋ =              ʤ2 (ʩʤ. ʧ. 1.6.) ʂ = 

ɕn*103 
}ʩʤ. ʧ. 
1.7. 

 ̄

ʧ/ʧ 

ʈʘʩʯʝʪʥʳʝ ʚʝ-

ʣʠʯʠʥʳ 

ʆʙʦʟʥʘʯʝʥʠʷ ʠ 

ʬʦʨʤʫʣʳ 

ɽʜʠʥʠʮʳ 

ʠʟʤʝʨʝʥʠʷ 

ʏʠʩʣʦʚʳʝ 

ʟʥʘʯʝʥʠʷ 

ʇʨʠʤʝʯʘʥʠʝ 

1 ʉʢʦʨʦʩʪʴ ʭʦʜʘ VSi ʫʟ VS1éVS5 ɿʘʜʘʝʤʩʷ 

2 ʉʢʦʨʦʩʪʴ ʭʦʜʘ V i=0,514* VSi ʤ/ʩ   

3 ʂʚʘʜʨʘʪ ʩʢʦʨʦ-

ʩʪʠ 

V2
i ʤ2/ʩ2   

4 ʏʠʩʣʦ ʌʨʫʜʘ gL
i

VFr /=  -   

5 ɹʘʟʦʚʳʡ ʢʦʵʬ-

ʬʠʮʠʝʥʪ ʦʩʪʘ-

ʪʦʯʥʦʛʦ  

ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ɕr0=f(CB;Fr)*103 -   

6 ʂʦʵʬʬʠʮʠʝʥʪ 

ʚʣʠʷʥʠʷ L/B 
)64,5/(

)/.(

/ =
=

BʜʣʷL
r

BLʜʣʷʟʘʜ
r

BL
K

z

z
 

-  ʇʦ ʢʨʠʚʳʤ 

ʨʠʩ.  

1.18, 1.19 

7 ʂʦʵʬʬʠʮʠʝʥʪ  

ʚʣʠʷʥʠʷ B/d 

KB/d=f(B/d;Fr) -  ʇʦ ʢʨʠʚʳʤ  

ʨʠʩ. 1.20 

8 ʂʦʵʬʬʠʮʠʝʥʪ  

ʦʩʪʘʪʦʯʥʦʛʦ  

ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ɕr*103=[5]* [6]* [7] -   

9 ʏʠʩʣʦ ʈʝʡ-

ʥʦʣʴʜʩʘ 

Re=ViL/v -   

10 ʂʦʵʬʬʠʮʠʝʥʪ 

ʪʨʝʥʠʷ ʛʣʘʜʢʦʡ 

ʧʣʘʩʪʠʥʳ 

ɕf0*103=f(Re) -  ʇʦ ʢʨʠʚʳʤ  

ʨʠʩ. 1.10 

11 ʂʦʵʬʬʠʮʠʝʥʪ  

ʙʫʢʩʠʨʦʚʦʯʥʦʛʦ  

ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ɕ*103=[8]+ [10]* K+ɕn*103 -   

12 ɹʫʢʩʠʨʦʚʦʯʥʦʝ  

ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

R=0,5*p*ɋ* [11]* [3]* 103 ʢʅ   

13 ɹʫʢʩʠʨʦʚʦʯʥʘʷ 

ʤʦʱʥʦʩʪʴ 

Nŭ=[12]* [2] ʢɺʪ   

 

1.10.2. ʈʘʩʯʝʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ ʠ ʙʫʢʩʠʨʦʚʦʯʥʦʡ ʤʦʱʥʦʩʪʠ 

ʦʜʥʦʚʠʥʪʦʚʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʫʜʦʚ ʩ ʫʤʝʨʝʥʥʦʡ ʧʦʣʥʦʪʦʡ ʦʙʚʦʜʦʚ 

ʢʦʨʧʫʩʘ (ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʩʫʭʦʛʨʫʟʥʳʝ, ʩʨʝʜʥʝʪʦʥʥʘʞʥʳʝ ʪʘʥʢʝʨʳ ʠ 

ʨʫʜʦʚʦʟʳ, ʣʝʩʦʚʦʟʳ, ʦʙʨʘʙʘʪʳʚʘʶʱʠʝ ʠ ʧʨʠʝʤʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʫʜʘ 
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ʬʣʦʪʘ ʨʳʙʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ) 

ʌʦʨʤʘ ʦʙʚʦʜʦʚ ʢʦʨʧʫʩʘ ʩʝʨʠʡ ʤʦʜʝʣʝʡ ʪʘʢʠʭ ʩʫʜʦʚ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 
1.21 ʯʝʨʪʝʞʘʤʠ ʢʦʨʧʫʩʘ, ʰʪʝʚʥʝʡ, ʥʦʩʦʚʳʤʠ U (ʘ) ʠ V-ʦʙʨʘʟʥʳʤʠ (ʙ) ʰʧʘʥ-
ʛʦʫʪʘʤʠ ʠ ʢʨʝʡʩʝʨʩʢʦʡ ʢʦʨʤʦʡ. 

 

ʈʠʩ. 1.21. ʆʙʚʦʜʳ ʤʦʨʩʢʦʛʦ ʩʫʜʥʘ ʩ ʫʤʝʨʝʥʥʦʡ ʧʦʣʥʦʪʦʡ ʢʦʨʧʫʩʘ 

 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ ʙʫʢʩʠʨʦʚʦʯʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʵʪʠʭ ʩʝʨʠʡ ʤʦʜʝʣʝʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʦʩʪʘʪʦʯʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

 

 

                       (1.28) 

ɼʠʘʛʨʘʤʤʳ ʠ ʛʨʘʬʠʢʠ, ʧʦ ʢʦʪʦʨʳʤ ʥʘʭʦʜʷʪʩʷ ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʩʦ-

ʤʥʦʞʠʪʝʣʝʡ ʵʪʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ, ʧʨʠʚʝʜʝʥʳ ʥʠʞʝ ʥʘ ʨʠʩ. 1.22... 1.27 ʠ ʟʘʠʤ-

ʩʪʚʦʚʘʥʳ ʠʟ [12]. 

ɹʘʟʦʚʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʦʩʪʘʪʦʯʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ɕr0=f(CB;Fr) ʩʥʠʤʘʝʪʩʷ 

ʩ ʢʨʠʚʳʭ ʨʠʩ. 1.22. 
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ʈʠʩ. 1.22. ʂʨʠʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ɕr0=f(CB;Fr) ʠ ʩʪʘʥʜʘʨʪʥʳʭ 

 ʟʥʘʯʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʣʠʥʳ ɣ0=f(CB ) 

 

 

 

ʂʦʵʬʬʠʮʠʝʥʪ Kɣ=aɣ /aɣ0 (ʨʠʩ. 1.23) ʚʳʯʠʩʣʷʝʪʩʷ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʟʥʘʯʝʥʠʡ 

ʘɣ =f(ɣ;Fr) ʜʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʣʠʥʳ  3 // pL D=y  ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʫʜʥʘ ʢ 

ʘʫ/0 = f(ɣ 0;Fr) ʜʣʷ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʩʪʘʥʜʘʨʪʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʣʠʥʳ ɣ 0, 



 42 

ʦʧʨʝʜʝʣʷʝʤʦʡ ʧʦ ʢʨʠʚʦʡ ɣ 0=f(CB) (ʩʤ. ʨʠʩ. 1.22). 

 
ʈʠʩ. 1.23. ʂʨʠʚʳʝ ʟʘʚʠʩʠʤʦʩʪʝʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʣʠʷʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʣʠʥʳ 

3 // pL D=y ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʫʜʥʘ ʘɣ =f(ɣ;Fr) ʠ  

ʩʪʘʥʜʘʨʪʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʣʠʥʳ ɣ 0=f(CB) ʨʠʩ. 1.22 - ʘʫ/0 = f(ɣ 0;Fr) 

 

ʇʨʦʠʟʚʝʜʝʥʠʝ KB/d - aB/d ʫʯʠʪʚrʘʝʪ ʚʣʠʷʥʠʝ ʦʪʣʠʯʠʷ ʨʘʩʯʝʪʥʦʛʦ ʟʥʘʯʝʥʠʷ 

B/d ʦʪ ʧʨʠʥʷʪʦʛʦ ʚ ʩʝʨʠʠ ʠʩʧʳʪʘʥʥʳʭ ʤʦʜʝʣʝʡ ʠ ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʧʦ ʢʨʠʚʳʤ 

(ʨʠʩ. 1.24). 

ʂʦʵʬʬʠʮʠʝʥʪ 
ʩʍ

ʂ  ʫʯʠʪʳʚʘʝʪ ʚʣʠʷʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʮʝʥʪʨʘ 

ʚʝʣʠʯʠʥʳ Lʍʍ ʉʉ /=  ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʫʜʥʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤʠ 

)(Frf
ʉ
ʍ = , ʧʨʠʚʝʜʝʥʥʳʤʠ ʥʘ ʨʠʩ. 1.25... 1.27. 

ʇʦʩʢʦʣʴʢʫ ʦʙʳʯʥʦ ʨʘʩʯʝʪʳ ʚʳʧʦʣʥʷʶʪʩʷ ʠ ʦʬʦʨʤʣʷʶʪʩʷ ʚ ʚʠʜʝ ʢʨʠʚʳʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ R = f(vs] ʠ Nŭ =f(Vs], ʪʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʚʳʯʠʩ-

ʣʝʥʠʷ ʚʳʧʦʣʥʠʪʴ ʚ ʪʘʙʣʠʯʥʦʡ ʬʦʨʤʝ (ʪʘʙʣ. 1.2) ʜʣʷ 4...5 ʟʥʘʯʝʥʠʡ ʩʢʦʨʦʩʪʠ 

ʭʦʜʘ, ʯʪʦ ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ ʠ ʛʘʨʘʥʪʠʨʫʝʪ ʦʪ ʚʦʟʤʦʞʥʳʭ ʦʰʠʙʦʢ ʚ ʧʨʦʮʝʩʩʝ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʳʯʠʩʣʝʥʠʡ. 
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ʈʠʩ. 1.24. ʂʨʠʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʣʠʷʥʠʷ ʂʚ/ d ʠ ʘʚ/d ʦʪ ɺ/d ʠ Fr 

 
ʈʠʩ. 1.25. ʂʨʠʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʣʠʷʥʠʷ );( Fr

C
Xf

cX
K =  

ʧʨʠ ʉʚ = 0,60 
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ʈʠʩ. 1.26. ʂʨʠʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʣʠʷʥʠʷ );( Fr

C
Xf

cX
K =  

ʧʨʠ ʉʚ = 0,70 

 
ʈʠʩ. 1.27. ʂʨʠʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʣʠʷʥʠʷ );( Fr

C
Xf

cX
K =   

ʧʨʠ ʉʚ = 0,80 
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ʊʘʙʣʠʮʘ 1.2 

ʈʘʩʯʝʪ ʙʫʢʩʠʨʦʚʦʯʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʙʫʢʩʠʨʦʚʦʯʥʦʡ ʤʦʱʥʦʩʪʠ ʦʜʥʦ-

ʚʠʥʪʦʚʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʫʜʦʚ ʩ ʫʤʝʨʝʥʥʦʡ ʧʦʣʥʦʪʦʡ ʦʙʚʦʜʦʚ 

 
ʇʦʩʪʦʷʥʥʳʝ ʠ ʠʩʭʦʜʥʳʝ ʚʝʣʠʯʠʥʳ 

ʨ=1 ,025 ʪ/ʤ3 

g=9,81 ʤ/ʩ2 

V=1,61*10-6  ʤ2/ʩ 

L=     ʤ 

ɺ=     ʤ  

d=      ʤ  

æ=      ʪ 

ʍʩ=    ʤ 

L/B= 

B/d= 

ʉʚ = æ/ ʨ*L*d 

3 // pL D=y  

Lʍʍ ʉʉ /=  

ɋ =              ʤ2 (ʩʤ. ʧ. 1.6.) 

ʂ = 

ɕn*103 
}ʩʤ. ʧ. 1.7. 

 ̄

ʧ/ʧ 

ʈʘʩʯʝʪʥʳʝ  

ʚʝʣʠʯʠʥʳ 

ʆʙʦʟʥʘʯʝʥʠʷ ʠ 

ʬʦʨʤʫʣʳ 

ɽʜʠʥʠʮʳ 

ʠʟʤʝʨʝʥʠʷ 

ʏʠʩʣʦʚʳʝ 

ʟʥʘʯʝʥʠʷ 

ʇʨʠʤʝʯʘʥʠʝ 

1 ʉʢʦʨʦʩʪʴ ʭʦʜʘ VSi ʫʟ VS1éVS5 ɿʘʜʘʝʤʩʷ 

2 ʉʢʦʨʦʩʪʴ ʭʦʜʘ V i=0,514* VSi ʤ/ʩ   

3 ʂʚʘʜʨʘʪ  

ʩʢʦʨʦʩʪʠ 

V2
i ʤ2/ʩ2   

4 ʏʠʩʣʦ ʌʨʫʜʘ gL
i

VFr /=  -   

5 ɹʘʟʦʚʳʡ ʢʦʵʬ-

ʬʠʮʠʝʥʪ ʦʩʪʘ-

ʪʦʯʥʦʛʦ  

ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ɕr0=f(CB;Fr)*103 -   

6 ʇʦʧʨʘʚʦʯʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ 

ʂɣ=ʘɣ/ʘɣ0 -  ʇʦ ʢʨʠʚʳʤ 

ʨʠʩ.  

1.23 

7 ʇʦʧʨʘʚʢʘ ʥʘ   

ʚʣʠʷʥʠʝ B/d 

KB/d*ʘB/d=f(B/d;Fr) -  ʇʦ ʢʨʠʚʳʤ  

ʨʠʩ. 1.24 

8 ʇʦʧʨʘʚʢʘ ʥʘ ʧʦ-

ʣʦʞʝʥʠʝ ʮʝʥʪʨʘ 

ʚʝʣʠʯʠʥʳ ʍʩ 

);( Fr
C

Xf
cX

K =  -  ʇʦ ʢʨʠʚʳʤ  

ʨʠʩ. 1.25-

1.27 

9 ʂʦʵʬʬʠʮʠʝʥʪ 

ʦʩʪʘʪʦʯʥʦʛʦ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʷ  

ɕʢ*103=[5]* [6]*[7]* [8] -   

10 ʏʠʩʣʦ  

ʈʝʡʥʦʣʴʜʩʘ 

Re=ViL/v -   

11 ʂʦʵʬʬʠʮʠʝʥʪ 

ʪʨʝʥʠʷ ʛʣʘʜʢʦʡ 

ʧʣʘʩʪʠʥʳ 

ɕf0*103=f(Re) -  ʇʦ ʢʨʠʚʳʤ  

ʨʠʩ. 1.10 

12 ʂʦʵʬʬʠʮʠʝʥʪ  

ʙʫʢʩʠʨʦʚʦʯʥʦʛʦ  

ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ɕ*103=[8]+ [10]* K+ɕn*103 -   

13 ɹʫʢʩʠʨʦʚʦʯʥʦʝ  

ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

R=0,5*p*ɋ* [11]* [3]* 103 ʢʅ   

14 ɹʫʢʩʠʨʦʚʦʯʥʘʷ 

ʤʦʱʥʦʩʪʴ 

Nŭ=[12]* [2] ʢɺʪ   
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1.10.3. ʈʘʩʯʝʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ ʠ ʙʫʢʩʠʨʦʚʦʯʥʦʡ  

ʤʦʱʥʦʩʪʠ ʜʚʫʭʚʠʥʪʦʚʳʭ ʧʘʩʩʘʞʠʨʩʢʠʭ ʠ ʛʨʫʟʦʧʘʩʩʘʞʠʨʩʢʠʭ ʩʫʜʦʚ 

ʕʪʠ ʩʫʜʘ, ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʯʝʨʪʝʞ ʢʦʨʧʫʩʘ ʢʦʪʦʨʳʭ ʜʣʷ ʦʜʥʦʡ ʠʟ ʤʦʜʝʣʝʡ 

ʩʝʨʠʠ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ. 1.28, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʩʤʝʱʝʥʠʝʤ ʮʝʥ-

ʪʨʘ ʚʝʣʠʯʠʥʳ ʍʩ ʚ ʢʦʨʤʫ ʦʪ ʤʠʜʝʣʷ ʠ ʙʦʣʴʰʠʤʠ ʦʪʥʦʰʝʥʠʷʤʠ B/d. 

 
ʈʠʩ. 1.28. ʊʝʦʨʝʪʠʯʝʩʢʠʡ ʯʝʨʪʝʞ ʢʦʨʧʫʩʘ ʤʦʜʝʣʠ ʩʝʨʠʠ  

  ʜʚʫʭʚʠʥʪʦʚʳʭ ʩʫʜʦʚ (ʉʚ = 0,60, Xc/L = -0,02) 

 

ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʩʪʘʪʦʯʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʫʜʦʚ ʵʪʦʛʦ ʪʠ-

ʧʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʘʚʠʩʠʤʦʩʪʠ 

ɕr=ɕro(CB;Fr)-KL/B.KB/d, (1.29) 

ʚ ʢʦʪʦʨʦʡ ʙʘʟʦʚʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʦʩʪʘʪʦʯʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ  

ɕr0 = f(CB;Fr) ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʜʠʘʛʨʘʤʤʝ ʨʠʩ. 1.29. 

ʇʦʧʨʘʚʢʘ ʥʘ ʚʣʠʷʥʠʝ L/B 

 

 

 

ʧʨʠʥʠʤʘʝʪʩʷ ʧʦ ʢʨʠʚʳʤ ʨʠʩ. 1.30. 

ʇʦʧʨʘʚʢʘ ʂʚ/d ʥʘ ʚʣʠʷʥʠʝ B/d =f(Fr] ʩʥʠʤʘʝʪʩʷ ʩ ʛʨʘʬʠʢʦʚ ʨʠʩ. 1.31. 

ɼʣʷ ʚʳʷʩʥʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ ʠ 

ʙʫʢʩʠʨʦʚʦʯʥʦʡ ʤʦʱʥʦʩʪʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʩʫʜʥʘ ʩʪʨʦʷʪʩʷ 

ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ R = f(Vs) ʠ Nŭ (Vs) ʚ ʨʝʘʣʴʥʦʤ ʜʠʘʧʘʟʦʥʝ ʩʢʦʨʦʩʪʝʡ ʭʦʜʘ 

ʦʪ 0,8 ʜʦ 1,2 ʟʘʜʘʥʥʦʡ ʠʣʠ ʦʞʠʜʘʝʤʦʡ ʩ ʠʥʪʝʨʚʘʣʦʤ 1 ʫʟ. ʅʝʦʙʭʦʜʠʤʳʝ ʚʳ-

ʯʠʩʣʝʥʠʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʝʩʪʠ ʚ ʪʘʙʣʠʯʥʦʡ ʬʦʨʤʝ, ʘʥʘʣʦʛʠʯʥʦʡ ʪʘʙʣ. 1.3. 

)3,7/(

)/(

/ =
=

BʜʣʷL
r

ʩʫʜʥʘBʟʟʘʜʘʥʥʦʛʜʣʷL
r

BL
K

z

z
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ʈʠʩ. 1.29. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʩʪʘʪʦʯʥʦʛʦ  

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ɕr0 = f(CB;Fr] ʜʚʫʭʚʠʥʪʦʚʳʭ ʩʫʜʦʚ: 

1-Xc/L = -0,03; 2 - Xc/L = - 0,02 
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ʊʘʙʣʠʮʘ 1.3 

ʈʘʩʯʝʪ ʙʫʢʩʠʨʦʚʦʯʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʙʫʢʩʠʨʦʚʦʯʥʦʡ  

ʤʦʱʥʦʩʪʠ ʜʚʫʭʚʠʥʪʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʫʜʥʘ 

 

ʇʦʩʪʦʷʥʥʳʝ ʠ ʠʩʭʦʜʥʳʝ ʚʝʣʠʯʠʥʳ 

ʨ=1 ,025 ʪ/ʤ3 

g=9,81 ʤ/ʩ2 

V=1,61*10-6  ʤ2/ʩ 

L=     ʤ 

ɺ=     ʤ  

d=      ʤ  

æ=      ʪ 

ʍʩ=    ʤ 

L/B= 

B/d= 

ʉʚ = æ/ ʨ*L*d 

ɋ =              ʤ2 (ʩʤ. ʧ. 1.6.) 

Lʍʍ ʉʉ /=  
ʂ = 

ɕn*103 
}ʩʤ. ʧ. 
1.7. 

 ̄

ʧ/ʧ 

ʈʘʩʯʝʪʥʳʝ  

ʚʝʣʠʯʠʥʳ 

ʆʙʦʟʥʘʯʝʥʠʷ ʠ 

ʬʦʨʤʫʣʳ 

ɽʜʠʥʠʮʳ 

ʠʟʤʝʨʝʥʠʷ 

ʏʠʩʣʦʚʳʝ 

ʟʥʘʯʝʥʠʷ 

ʇʨʠʤʝʯʘʥʠʝ 

1 ʉʢʦʨʦʩʪʴ ʭʦʜʘ VSi ʫʟ VS1éVS5 ɿʘʜʘʝʤʩʷ 

2 ʉʢʦʨʦʩʪʴ ʭʦʜʘ V i=0,514* VSi ʤ/ʩ   

3 ʂʚʘʜʨʘʪ  

ʩʢʦʨʦʩʪʠ 

V2
i ʤ2/ʩ2   

4 ʏʠʩʣʦ ʌʨʫʜʘ gL
i

VFr /=  -   

5 ɹʘʟʦʚʳʡ ʢʦʵʬ-

ʬʠʮʠʝʥʪ ʦʩʪʘ-

ʪʦʯʥʦʛʦ  

ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ɕr0=f(CB;Fr)*103 -   

6 ʂʦʵʬʬʠʮʠʝʥʪ 

ʚʣʠʷʥʠʷ L/B 
)3,7/(

.)/(

/ =

=
=

BʜʣʷL
r

ʟʘʜBL
r

BL
K

z

z
 

-  ʇʦ ʢʨʠʚʳʤ 

ʨʠʩ.  

1.30 

7 ʇʦʧʨʘʚʢʘ ʥʘ   

ʚʣʠʷʥʠʝ B/d 

KB/d*ʘB/d=f(B/d;Fr) -  ʇʦ ʢʨʠʚʳʤ  

ʨʠʩ. 1.24 

8 ʂʦʵʬʬʠʮʠʝʥʪ 

ʦʩʪʘʪʦʯʥʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ  

ɕʢ*103=[5]* [6]*[7]* [8] -   

9 ʏʠʩʣʦ  

ʈʝʡʥʦʣʴʜʩʘ 

Re=ViL/v -   

10 ʂʦʵʬʬʠʮʠʝʥʪ 

ʪʨʝʥʠʷ ʛʣʘʜʢʦʡ 

ʧʣʘʩʪʠʥʳ 

ɕf0*103=f(Re) -  ʇʦ ʢʨʠʚʳʤ  

ʨʠʩ. 1.10 

11 ʂʦʵʬʬʠʮʠʝʥʪ  

ʙʫʢʩʠʨʦʚʦʯʥʦʛʦ  

ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ɕ*103=[8]+ [10]* K+ɕn*103 -   

12 ɹʫʢʩʠʨʦʚʦʯʥʦʝ  

ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

R=0,5*p*ɋ* [11]* [3]* 103 ʢʅ   

13 ɹʫʢʩʠʨʦʚʦʯʥʘʷ 

ʤʦʱʥʦʩʪʴ 

Nŭ=[12]* [2] ʢɺʪ   

 

 

 

1.10.4. ʈʘʩʯʝʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ ʠ ʙʫʢʩʠʨʦʚʦʯʥʦʡ 

ʤʦʱʥʦʩʪʠ ʢʨʫʧʥʦʪʦʥʥʘʞʥʳʭ ʛʨʫʟʦʚʳʭ ʩʫʜʦʚ  
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(ʥʝʬʪʝʪʘʥʢʝʨʳ, ʥʘʚʘʣʦʯʥʠʢʠ-ʙʘʣʢʢʵʨʠʝʨʳ) 

ʕʪʠ ʩʫʜʘ ʥʘʯʘʣʠ ʩʪʨʦʠʪʴ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ. ʀʭ ʩʢʦʨʦʩʪʠ ʧʨʘʢʪʠʯʝ-

ʩʢʠ ʥʝʠʟʤʝʥʥʳ ʠ ʩʦʩʪʘʚʣʷʶʪ Vs å16 ʫʟ. ʆʥʠ ʠʤʝʶʪ ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʫʶ ʪʝʥ-

ʜʝʥʮʠʶ ʢ ʥʝʫʢʣʦʥʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʪʦʥʥʘʞʘ, ʢʦʪʦʨʦʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʦʩʪʦʤ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʙʱʝʡ ʧʦʣʥʦʪʳ ʚʦʜʦʠʟʤʝʱʝʥʠʷ ʜʦ ʉʚ =0,82...0,85. ɹʦʣʝʝ ʚʳʩʦ-

ʢʠʝ ʟʥʘʯʝʥʠʷ ʦʢʘʟʳʚʘʶʪʩʷ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʳʤʠ ʠʟ-ʟʘ ʨʝʟʢʦʛʦ ʩʢʘʯʢʘ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ. ʇʦʵʪʦʤʫ ʫʚʝʣʠʯʝʥʠʝ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ 

ʦʛʨʘʥʠʯʝʥʠʡ ʧʦ ʦʩʘʜʢʝ ʚʩʣʝʜʩʪʚʠʝ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʠ ʛʣʫʙʠʥ ʚ ʧʦʨʪʘʭ, ʧʨʦʣʠ-

ʚʘʭ ʠ ʧʨʦʭʦʜʘʭ ʜʦʩʪʠʛʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʰʠʨʠʥʳ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʩʥʠ-

ʞʝʥʠʠ ʫʜʣʠʥʝʥʠʷ ʜʦ L/ɺ = 5,8...6,3 , ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʠ ʜʦ L/ɺ = 5,0. 

ʋʤʝʥʴʰʝʥʠʝ L/ ɺ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʣʫʯʰʝʥʠʶ ʧʦʚʦʨʦʪʣʠʚʦʩʪʠ, ʧʨʠʚʦʜʠʪ ʢ 

ʚʳʠʛʨʳʰʫ ʚ ʧʦʩʪʨʦʝʯʥʦʡ ʩʪʦʠʤʦʩʪʠ ʠ ʢ ʩʥʠʞʝʥʠʶ ʤʘʩʩʳ ʢʦʨʧʫʩʘ. 

ʋ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʫʜʦʚ ʜʝʬʦʨʤʘʮʠʷ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ ʚ 

ʧʨʦʮʝʩʩʝ ʜʚʠʞʝʥʠʷ ʥʦʩʠʪ ʤʝʩʪʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʘ ʚ ʨʘʡʦʥʝ, 

ʧʨʠʣʝʛʘʶʱʝʤ ʢ ʬʦʨʰʪʝʚʥʶ. ʇʦʷʚʣʷʶʱʘʷʩʷ ʧʨʠ ʵʪʦʤ ʤʦʱʥʘʷ ʧʦʜʧʦʨʥʘʷ 

ʚʦʣʥʘ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʦʙʳʯʥʳʭ ʧʦʧʝʨʝʯʥʳʭ ʢʦʨʘʙʝʣʴʥʳʭ ʚʦʣʥ, ʚʦʟʥʠʢʘʶʱʠʭ ʫ 

ʩʫʜʦʚ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʬʦʨʤʘʤʠ ʦʙʚʦʜʦʚ. ʈʘʟʨʫʰʘʷʩʴ, ʵʪʘ ʚʦʣʥʘ ʦʙʨʘʟʫʝʪ ʟʘ 

ʩʦʙʦʡ ʚʠʭʨʝʚʦʡ ʩʣʝʜ, ʥʘ ʩʦʟʜʘʥʠʝ ʠ ʧʦʜʜʝʨʞʘʥʠʝ ʢʦʪʦʨʦʛʦ ʟʘʪʨʘʯʠʚʘʝʪʩʷ 

ʦʧʨʝʜʝʣʝʥʥʘʷ ʯʘʩʪʴ ʵʥʝʨʛʠʠ, ʯʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʧʦʷʚʣʝʥʠʝ ʥʦʚʦʡ ʩʦʩʪʘʚʣʷʶ-

ʱʝʡ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ - ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʘʟʨʫʰʝʥʥʦʡ ʚʦʣʥʳ (ʨʠʩ. 

1.32). 

 

 
ʈʠʩ. 1.32. ʈʘʟʨʫʰʝʥʠʝ ʥʦʩʦʚʦʡ ʚʦʣʥʳ ʧʨʠ ʜʚʠʞʝʥʠʠ ʩʫʜʥʘ 

 
 
 
 
ɽʛʦ ʚʝʣʠʯʠʥʘ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 10... 15% ʦʪ ʧʦʣʥʦʛʦ (ʙʫʢʩʠʨʦʚʦʯʥʦʛʦ) ʩʦ-
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ʧʨʦʪʠʚʣʝʥʠʷ ʠ ʚʤʝʩʪʝ ʩ ʚʦʣʥʦʚʳʤ, ʜʦʣʷ ʢʦʪʦʨʦʛʦ ʜʦʚʦʣʴʥʦ ʚʝʣʠʢʘ, ʧʦʣʥʦʩʪʴʶ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʝʦʤʝʪʨʠʝʡ ʥʦʩʦʚʦʡ ʦʢʦʥʝʯʥʦʩʪʠ. 
ɼʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ ʥʝʦʙʳʯʥʳʝ ʜʣʷ ʩʨʝʜʥʝʩʢʦʨʦʩʪʥʳʭ ʩʫʜʦʚ ʬʦʨʤʳ 

ʥʦʩʘ ʥʘ ʢʨʫʧʥʦʪʦʥʥʘʞʥʳʭ ʩʫʜʘʭ ʩʪʘʣʠ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʪʴ ʩʘʤʳʝ ʨʘʟʥʳʝ 
ʬʦʨʤʳ, ʫʤʝʥʴʰʘʶʱʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʨʦʥʪʘ ʧʦʜʧʦʨʥʦʡ ʚʦʣʥʳ ʠ ʪʝʤ ʩʘʤʳʤ 
ʧʦʟʚʦʣʷʶʱʠʝ ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʵʥʝʨʛʠʠ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʚʠʭʨʝʚʦʛʦ ʩʣʝʜʘ. 
ʍʦʪʷ ʬʦʨʤʳ ʠ ʦʪʜʝʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʥʦʩʦʚʳʭ ʦʙʚʦʜʦʚ ʫ ʩʦʚʨʝʤʝʥʥʳʭ 

ʧʦʣʥʳʭ ʩʫʜʦʚ ʜʦʚʦʣʴʥʦ ʨʘʟʥʦʦʙʨʘʟʥʳ, ʥʦ ʚʩʝ ʠʭ ʤʦʞʥʦ ʧʦʜʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ 
ʪʠʧʘ (ʨʠʩ. 1.33). 

ɻʨʘʥʠʮʳ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʘʞʜʦʡ ʠʟ ʬʦʨʤ ʥʦʩʦʚʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʟʘʚʠʩʷʪ 
ʦʪ ʚʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʙʱʝʡ ʧʦʣʥʦʪʳ ʢʦʨʧʫʩʘ ʉʚ, ʝʛʦ ʫʜʣʠʥʝʥʠʷ L/ ɺ 

ʠ ʧʦʣʦʞʝʥʠʷ ʮʝʥʪʨʘ ʚʝʣʠʯʠʥʳ ʍʩ ʚʜʦʣʴ ʜʣʠʥʳ ʩʫʜʥʘ. 

ɺ ʢʦʨʤʦʚʦʡ ʦʢʦʥʝʯʥʦʩʪʠ ʩʫʜʦʚ ʩ ʙʦʣʴʰʦʡ ʧʦʣʥʦʪʦʡ ʢʦʨʧʫʩʘ ʧʨʠ ʦʙʪʝ-

ʢʘʥʠʠ ʝʝ ʚʦʜʦʡ ʥʘʙʣʶʜʘʝʪʩʷ ʚʦʟʨʘʩʪʘʥʠʝ ʜʘʚʣʝʥʠʷ ʠ ʩʦʟʜʘʶʪʩʷ ʫʩʣʦʚʠʷ, ʩʧʦ-

ʩʦʙʩʪʚʫʶʱʠʝ ʦʙʨʘʟʦʚʘʥʠʶ ʩʢʫʣʦʚʳʭ ʚʠʭʨʝʡ ʚ ʤʝʩʪʝ ʧʝʨʝʭʦʜʘ ʮʠʣʠʥʜʨʠʯʝ-

ʩʢʦʡ ʚʩʪʘʚʢʠ ʢ ʢʦʨʤʦʚʦʤʫ ʟʘʦʩʪʨʝʥʠʶ, ʘ ʪʘʢʞʝ ʦʪʨʳʚʫ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ. 

ʇʨʠ ʚʳʙʦʨʝ ʬʦʨʤʳ ʢʦʨʤʳ ʦʜʥʦʚʨʝʤʝʥʥʦ ʨʝʰʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʟʘʜʘʯ: ʜʦ-

ʩʪʠʞʝʥʠʝ ʚʦʟʤʦʞʥʦʛʦ ʤʘʢʩʠʤʫʤʘ ʩʥʠʞʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ, ʫʣʫʯ-

ʰʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʚʠʞʠʪʝʣʷ ʩ ʢʦʨʧʫʩʦʤ ʩʫʜʥʘ, ʫʤʝʥʴʰʝʥʠʝ ʥʝʦʜ-

ʥʦʨʦʜʥʦʩʪʠ ʧʦʪʦʢʘ ʚʦʜʳ ʚ ʜʠʩʢʝ ʛʨʝʙʥʦʛʦ ʚʠʥʪʘ, ʦʙʝʩʧʝʯʝʥʠʝ ʫʜʦʚʣʝʪʚʦʨʠ-

ʪʝʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʧʨʘʚʣʷʝʤʦʩʪʠ. 

ʆʜʥʘʢʦ ʦʩʥʦʚʥʳʤ ʢʨʠʪʝʨʠʝʤ ʚʳʙʦʨʘ ʜʦ ʩʠʭ ʧʦʨ ʷʚʣʷʝʪʩʷ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʜʚʠʞʝʥʠʶ. ʀ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʦʜʥʦʚʘʣʴʥʳʭ ʧʦʣʥʳʭ ʩʫʜʘʭ ʯʘʱʝ ʜʨʫʛʠʭ 

ʧʨʠʤʝʥʷʶʪʩʷ ʢʦʨʤʳ ʩ ʫʤʝʨʝʥʥʳʤʠ U- ʠ V-ʦʙʨʘʟʥʳʤʠ ʬʦʨʤʘʤʠ (ʨʠʩ. 1.34) ʠ 

ʦʯʝʨʪʘʥʠʷʤʠ ʰʪʝʚʥʝʡ (ʨʠʩ. 1.33). 

ʈʠʩ. 1.33. ʆʯʝʨʪʘʥʠʷ ʰʪʝʚʥʝʡ ʢʨʫʧʥʦʪʦʥʥʘʞʥʳʭ ʪʘʥʢʝʨʦʚ ʠ ʨʫʜʦʚʦʟʦʚ: 

1 - ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʥʦʩ; 2 - ʙʫʣʴʙʦʚʳʡ ʥʦʩ; 3 - ʪʘʨʘʥʥʦ-ʢʦʥʠʯʝʩʢʠʡ ʥʦʩ; 

4 - U- ʠ V-ʦʙʨʘʟʥʳʝ ʢʦʨʤʳ; 5 - ʩʠʛʘʨʦʦʙʨʘʟʥʘʷ ʢʦʨʤʘ 
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ʅʘʠʙʦʣʝʝ ʢʨʫʧʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʚ ʦʙʣʘʩʪʠ 

ʠʟʫʯʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ ʢʨʫʧʥʦʪʦʥʥʘʞʥʳʭ ʩʫʜʦʚ ʷʚʣʷʶʪʩʷ ʩʠʩ-

ʪʝʤʘʪʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʩʝʨʠʡ ʤʦʜʝʣʝʡ ʚ ʊʦʢʠʡʩʢʦʤ ʠʥʩʪʠʪʫʪʝ ʩʫʜʦʩʪʨʦʝʥʠʷ 

ʠ ʚ ʦʧʳʪʦʚʦʤ ʙʘʩʩʝʡʥʝ ʎʅʀʀ ʠʤ. ɸ.ʅ. ʂʨʳʣʦʚʘ. 

ɺ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʩʝʨʠʠ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʶ ʨʘʟ-

ʣʠʯʥʳʭ ʬʦʨʤ ʥʦʩʦʚʦʡ ʠ ʢʦʨʤʦʚʦʡ ʦʢʦʥʝʯʥʦʩʪʝʡ (ʩʤ. ʨʠʩ. 1.33, 1.34). ʇʨʠ 

ʵʪʦʤ ʦʢʘʟʘʣʦʩʴ, ʯʪʦ V-ʦʙʨʘʟʥʳʝ ʥʦʩʦʚʳʝ ʦʙʚʦʜʳ ʥʘ ʩʫʜʘʭ ʩ ʉʚ > 0,80 ʤʘʣʦ 

ʧʝʨʩʧʝʢʪʠʚʥʳ. 

ʇʨʘʢʪʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʩʪʘʪʦʯʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʤʦʛʦ ʪʠʧʘ ʩʫʜʦʚ ʜʣʷ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʬʦʨʤ ʦʙʚʦʜʦʚ ʦʧʨʝʜʝʣʷ-

ʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

ɕr = ɕr0 (L/B;Fr,CB)*KB/d*kxc *KA.                                                         (1.30) 

 

ɹʘʟʦʚʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʦʩʪʘʪʦʯʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ fr ʩʥʠʤʘʝʪʩʷ ʩ ʜʠʘ-

ʛʨʘʤʤ ʨʠʩ. 1.35 -1.37 ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʬʦʨʤʳ ʥʦʩʦʚʦʡ ʦʢʦʥʝʯʥʦʩʪʠ ʩ ʣʠ-

ʥʝʡʥʦʡ ʠʥʪʝʨʧʦʣʷʮʠʝʡ ʧʦ ʉʚʦʪ 0,80 ʜʦ 0,85. 

 
 

ʈʠʩ. 1.35. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ɕr0  =(L/B;Fr) ʧʨʠ ʉʚ = 0,825  

(ʜʣʷ ʩʫʜʦʚ ʩ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʥʦʩʦʚʦʡ ʦʢʦʥʝʯʥʦʩʪʴʶ) 

 

ʂʦʵʬʬʠʮʠʝʥʪ ʂʚ/d = f(B/d;Fr), ʫʯʠʪʳʚʘʶʱʠʡ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʨʘʩʯʝʪʥʦʛʦ ʠ 

ʩʪʘʥʜʘʨʪʥʦʛʦ B/d = 2,7, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʛʨʘʬʠʢʫ ʨʠʩ. 1.38. 

ʂʦʵʬʬʠʮʠʝʥʪ ʚʣʠʷʥʠʷ ʧʦʣʦʞʝʥʠʷ ʮʝʥʪʨʘ ʚʝʣʠʯʠʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʠʜʝʣʷ 
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ʇʨʠ ʵʪʦʤ 
ʉʍ

ʘ , ʜʣʷ ʙʫʣʴʙʦʚʳʭ ʥʦʩʦʚʳʭ ʦʙʚʦʜʦʚ ʩʥʠʤʘʝʪʩʷ ʩ ʢʨʠʚʳʭ ʨʠʩ. 1.39, 

ʘ ʜʣʷ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʠ ʪʘʨʘʥʥʦ-ʢʦʥʠʯʝʩʢʠʭ - ʩ ʨʠʩ. 1.40. 

 

 
 

ʈʠʩ. 1.36. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ɕ r0(L/ ɺ\ Fr) ʧʨʠ ʉ ʚ =0,825 

 (ʜʣʷ ʩʫʜʦʚ ʩ ʙʫʣʴʙʦʦʙʨʘʟʥʦʡ ʥʦʩʦʚʦʡ ʦʢʦʥʝʯʥʦʩʪʴʶ) 

 

 
 

ʈʠʩ. 1.37. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ɕr0 (L/ B;Fr) ʧʨʠ ʉʚ = 0,825  

(ʜʣʷ ʩʫʜʦʚ ʩ ʪʘʨʘʥʥʦ-ʢʦʥʠʯʝʩʢʦʡ ʥʦʩʦʚʦʡ ʦʢʦʥʝʯʥʦʩʪʴʶ) 
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ʈʠʩ. 1.38. ʂʦʵʬʬʠʮʠʝʥʪ ʚʣʠʷʥʠʷ ʦʪʥʦʰʝʥʠʷ B/d ʟʘʜʘʥʥʦʛʦ ʩʫʜʥʘ  

ʦʪ ʩʪʘʥʜʘʨʪʥʦʛʦ B/d = 2,7 

 

 
 

ʈʠʩ. 1.39. ʂʦʵʬʬʠʮʠʝʥʪ ʚʣʠʷʥʠʷ ʧʦʣʦʞʝʥʠʷ ʮʝʥʪʨʘ ʚʝʣʠʯʠʥʳ ʍʩ 

ʩ ʙʫʣʴʙʦʦʙʨʘʟʥʦʡ ʥʦʩʦʚʦʡ ʦʢʦʥʝʯʥʦʩʪʴʶ ʠ ʟʘʦʩʪʨʝʥʥʦʡ ɻɺʃ 
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ʈʠʩ. 1.40. ʂʦʵʬʬʠʮʠʝʥʪ ʚʣʠʷʥʠʷ ʧʦʣʦʞʝʥʠʷ ʮʝʥʪʨʘ ʚʝʣʠʯʠʥʳ ʍʩ  

ʜʣʷ ʥʦʩʦʚʦʡ ʦʢʦʥʝʯʥʦʩʪʠ ʩ ʧʨʠʪʫʧʣʝʥʠʝʤ ɻɺʃ      

 

ʂʦʵʬʬʠʮʠʝʥʪ ʂɸ ʫʯʠʪʳʚʘʝʪ ʨʘʟʣʠʯʠʷ ʚ ʬʦʨʤʝ ʢʦʨʤʦʚʳʭ ʦʙʚʦʜʦʚ ʩʫʜʥʘ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ U-ʦʙʨʘʟʥʦʡ - ʙʘʟʦʚʦʡ. ɽʛʦ ʟʥʘʯʝʥʠʷ ʥʘʭʦʜʷʪʩʷ ʧʦ ʪʘʙʣ. 1.4. 

 

ʊʘʙʣʠʮʘ 1.4 

 

ʇʦʧʨʘʚʦʯʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʂɸ ʥʘ ʚʣʠʷʥʠʝ 

ʬʦʨʤʳ ʢʦʨʤʦʚʳʭ ʦʙʚʦʜʦʚ 
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ʉʭʝʤʘ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴ-

ʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ R(VS) ʠ N6(VS) ʚ ʨʝʘʣʴʥʦʤ ʜʠʘʧʘʟʦʥʝ ʩʢʦʨʦʩʪʝʡ ʭʦʜʘ 10... 17 

ʫʟ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1.5. 

ʊʘʙʣʠʮʘ 1.5 

 

ʈʘʩʯʝʪ ʙʫʢʩʠʨʦʚʦʯʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʙʫʢʩʠʨʦʚʦʯʥʦʡ 

ʤʦʱʥʦʩʪʠ ʢʨʫʧʥʦʪʦʥʥʘʞʥʳʭ ʪʘʥʢʝʨʦʚ ʠ ʨʫʜʦʚʦʟʦʚ 
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1.10.5. ʈʘʩʯʝʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ ʠ ʙʫʢʩʠʨʦʚʦʯʥʦʡ  

ʤʦʱʥʦʩʪʠ ʣʝʜʦʢʦʣʴʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʫʜʦʚ 

 

ʆʩʦʙʝʥʥʦʩʪʠ ʨʘʩʯʝʪʘ ʭʦʜʢʦʩʪʠ ʣʝʜʦʢʦʣʴʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʫʜʦʚ (ʃʊʉ) 

ʦʙʲʷʩʥʷʶʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʪʣʠʯʠʝʤ ʬʦʨʤʳ ʠʭ ʢʦʨʧʫʩʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʨ-

ʧʫʩʘʤʠ ʦʙʳʯʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʫʜʦʚ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʦʙʫʩʣʦʚʠʣʦ ʥʝʦʙ-

ʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʜʣʷ ʨʘʩʯʝʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ ʃʊʉ ʫʟʢʦ-

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʤʝʪʦʜʘ, ʦʩʥʦʚʦʡ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥ-

ʥʳʭ ʧʨʦʪʦʪʠʧʘ - ʩʫʜʥʘ, ʧʦʢʘʟʘʚʰʝʛʦ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘʠʣʫʯʰʠʝ ʭʦ-

ʜʦʚʳʝ ʠ ʣʝʜʦʚʳʝ ʢʘʯʝʩʪʚʘ. 

ʆʧʳʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʃʊʉ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʥʠ ʧʨʦʭʦʜʷʪ ʙʦʣʴʰʠʝ ʨʘʩ-

ʩʪʦʷʥʠʷ ʧʦ ʯʠʩʪʦʡ ʚʦʜʝ ʜʣʷ ʜʦʩʪʘʚʢʠ ʛʨʫʟʦʚ, ʧʘʩʩʘʞʠʨʦʚ ʠ ʵʢʩʧʝʜʠʮʠʦʥʥʦʛʦ 

ʧʝʨʩʦʥʘʣʘ ʢ ʣʝʜʦʚʦʤʫ ʙʘʩʩʝʡʥʫ, ʘ ʟʘʪʝʤ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʨʘʙʦʪʘʶʪ ʚ ʣʝʜʦʚʳʭ 

ʫʩʣʦʚʠʷʭ, ʩʚʦʡʩʪʚʝʥʥʳʭ ʠʭ ʣʝʜʦʚʦʤʫ ʢʣʘʩʩʫ, ʪ.ʝ. ʧʣʘʚʘʶʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʚ 

ʩʧʣʦʰʥʦʤ ʣʝʜʷʥʦʤ ʧʦʣʝ ʪʦʣʱʠʥʦʡ ʜʦ 0,5 ʤ ʠ ʚ ʢʨʫʧʥʦʙʠʪʦʤ ʣʴʜʫ ʘʨʢʪʠʯʝʩʢʠʭ 

ʠ ʘʥʪʘʨʢʪʠʯʝʩʢʠʭ ʤʦʨʝʡ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ, ʘ ʪʘʢʞʝ 

ʜʚʠʞʫʪʩʷ ʟʘ ʣʝʜʦʢʦʣʦʤ. 

ʉ ʫʯʝʪʦʤ ʩʢʘʟʘʥʥʦʛʦ ʚʳʰʝ ʦ ʩʦʦʪʥʦʰʝʥʠʠ ʚ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʃʊʉ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʠʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠʭ ʜʚʠʞʝʥʠʶ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʯʝʪʥʦʛʦ ʧʨʠʥʠʤʘʝʪʩʷ 

ʥʘʠʙʦʣʝʝ ʜʣʠʪʝʣʴʥʳʡ ʨʝʞʠʤ, ʪ.ʝ. ʩʚʦʙʦʜʥʳʡ ʭʦʜ ʥʘ ʯʠʩʪʦʡ ʚʦʜʝ. 

ʇʨʠ ʵʪʦʤ ʫʩʣʦʚʠʠ ʙʫʢʩʠʨʦʚʦʯʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨ-

ʤʫʣʝ 

 

                               (1.31) 

 

ʛʜʝ ɋ, - ʧʣʦʱʘʜʴ ʩʤʦʯʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʨʧʫʩʘ ʩʫʜʥʘ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʥʦ 

ʬʦʨʤʫʣʝ (1.14); 

ɕf0 - ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʨʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠ ʛʣʘʜʢʦʡ ʧʣʘʩʪʠʥʳ, ʩʥʠʤʘ-

ʝʤʳʡ ʩ ʢʨʠʚʳʭ ʨʠʩ. 1.10; 

ɕʧʨr - ʢʦʵʬʬʠʮʠʝʥʪ ʦʩʪʘʪʦʯʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʦʪʦʪʠʧʘ, ʩʥʠʤʘʝʤʳʡ ʩ 

ʢʨʠʚʦʡ ʨʠʩ. 1.41; 

ʂű ,  Kɣ; KB/d - ʧʦʧʨʘʚʦʯʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʫʯʠʪʳʚʘʶʱʠʝ ʚʣʠʷʥʠʝ 

ʧʘʨʘʤʝʪʨʦʚ d/B;p/ȹ/L=ɣ;d/C=ű 3
B

ʬʦʨʤʳ ʢʦʨʧʫʩʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʫʜ-

ʥʘ ʥʘ ʚʝʣʠʯʠʥʫ ʦʩʪʘʪʦʯʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʦʧʨʝʜʝʣʷʝʤʳʝ ʠʟ ʩʦʦʪʥʦʰʝʥʠʡ: 

 

                                                         
(1.32) 

 

ɼʣʷ ʧʨʦʪʦʪʠʧʘ (ʨʠʩ. 1.41): űʧʨ =0,7; ɣʧʨ -5,33; (B/d)np =2,42. 
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ʂʦʵʬʬʠʮʠʝʥʪʳ ʍű   ʠ ʍɣ ʜʣ ̫ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʫʜʥʘ ʠ ʩʫʜʥʘ - ʧʨʦʪʦʪʠʧʘ 

ʩʥʠʤʘʶʪʩʷ ʩ ʢʨʠʚʳʭ ʨʠʩ. 1.42, ʛʜʝ ʦʥʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʬʫʥʢʮʠʡ 

 

)Fr;ɣ(f=ʠX)Fr;ű(f=ʍ
ɣű

 

 

 
 

ʈʠʩ. 1.41. ʂʨʠʚʘʷ ʠʟʤʝʥʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʩʪʘʪʦʯʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ɕʧʨr= f(Fr) ʩʫʜʥʘ-ʧʨʦʪʦʪʠʧʘ, ʠʤʝʶʱʝʛʦ: 

ʉɺʧʨ =0,654; űʧʨ = 07; ɣʧʨ =5,33; (B/d)ʧʨ=2,42 

 

 

ɺʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʚʳʯʠʩʣʝʥʠʷ ʧʦ ʬʦʨʤʫʣʝ (1.31) ʚʳʧʦʣʥʷʶʪʩʷ ʚ ʬʦʨʤʝ 

ʪʘʙʣ. 1.6. 
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ʈʠʩ. 1.42. ɺʣʠʷʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʬʦʨʤʳ ʢʦʨʧʫʩʘ d/B;p/ȹ/L=ɣ;d/C=ű 3
B

 

ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ ʦʩʪʘʪʦʯʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 
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ʊʘʙʣʠʮʘ 1.6 

ʈʘʩʯʝʪ ʙʫʢʩʠʨʦʚʦʯʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʙʫʢʩʠʨʦʚʦʯʥʦʡ 

ʤʦʱʥʦʩʪʠ ʣʝʜʦʢʦʣʳʶ-ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʫʜʥʘ 
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣ. 1.6 

 
 

1.10.6. ʈʘʩʯʝʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ ʠ ʙʫʢʩʠʨʦʚʦʯʥʦʡ  

ʤʦʱʥʦʩʪʠ ʜʦʙʳʚʘʶʱʠʭ ʩʫʜʦʚ ʬʣʦʪʘ ʨʳʙʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

 

ɼʣʷ ʜʦʙʳʚʘʶʱʠʭ ʩʫʜʦʚ ʭʘʨʘʢʪʝʨʥʳ ʤʘʣʘʷ ʧʦʣʥʦʪʘ ʢʦʨʧʫʩʘ ʠ ʥʝʙʦʣʴʰʠʝ 

ʫʜʣʠʥʝʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷʤʠ ʧʦʚʳʰʝʥʥʦʡ ʤʘʥʝʚʨʝʥʥʦʩʪʠ. 

ʋ ʧʦʜʘʚʣʷʶʱʝʛʦ ʯʠʩʣʘ ʩʫʜʦʚ ʵʪʦʛʦ ʢʣʘʩʩʘ ʦʙʚʦʜʳ ʢʦʨʤʦʚʦʡ ʦʢʦʥʝʯʥʦʩʪʠ 

ʟʘʚʝʨʰʘʶʪʩʷ ʪʨʘʥʮʝʤ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʢʦʪʦʨʦʛʦ ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʨʫʜʠʡ ʣʦʚʘ ʠ ʦʙʨʘʙʦʪʢʠ ʫʣʦʚʘ. ʅʘ ʭʦ-

ʜʫ ʢʦʨʤʘ ʧʦʛʨʫʞʘʝʪʩʷ ʚ ʚʦʜʫ ʚʩʣʝʜʩʪʚʠʝ ʧʦʷʚʣʝʥʠʷ ʭʦʜʦʚʦʛʦ ʜʠʬʬʝʨʝʥʪʘ ʠ 

ʠʥʪʝʥʩʠʚʥʦʛʦ ʚʦʣʥʦʦʙʨʘʟʦʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʦʤʳʚʘʝʤʘʷ ʚʦʜʦʡ ʧʣʦʱʘʜʴ ʪʨʘʥʮʘ 

ʟʘʤʝʪʥʦ ʚʦʟʨʘʩʪʘʝʪ. ɸ ʧʦʩʢʦʣʴʢʫ ʦʙʪʝʢʘʥʠʝ ʝʛʦ ʦʩʪʨʳʭ ʩʦʯʣʝʥʝʥʠʡ ʩ ʙʦʨʪʘʤʠ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʦʪʨʳʚʦʤ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʠ ʠʥʪʝʥʩʠʚʥʳʤ 

ʚʠʭʨʝʦʙʨʘʟʦʚʘʥʠʝʤ, ʪʦ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʬʦʨʤʳ. ɼʣʷ ʝʛʦ 

ʫʤʝʥʴʰʝʥʠʷ ʧʨʠʭʦʜʠʪʩʷ ʦʙʨʘʱʘʪʴ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʥʘ ʚʳʙʦʨ ʬʦʨʤʳ, ʨʘʟʤʝ-

ʨʦʚ ʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʪʨʘʥʮʘ ʧʦ ʚʳʩʦʪʝ. 

ʉʫʱʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʣʠʥʝʡʥʳʭ ʨʘʟʤʝʨʦʚ ʢʦʨʧʫʩʦʚ ʜʦʙʳʚʘʶʱʠʭ ʩʫʜʦʚ 

ʠ ʧʘʨʘʤʝʪʨʦʚ ʠʭ ʬʦʨʤʳ ʦʙʫʩʣʦʚʠʣʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʜʣʷ ʥʠʭ ʫʟʢʦʩ-

ʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩʧʦʩʦʙʦʚ ʨʘʩʯʝʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ. 

ʅʘʠʙʦʣʴʰʠʭ ʫʩʧʝʭʦʚ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʜʦʙʠʣʩʷ ʢʦʣʣʝʢʪʠʚ, ʚʦʟʛʣʘʚ-

ʣʷʝʤʳʡ ɽʨʦʰʠʥʳʤ ɺ.ɸ. [5], [6], [7]. ʀʤ ʨʘʟʨʘʙʦʪʘʥʘ ʝʜʠʥʘʷ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ ʜʣʷ ʙʦʣʴʰʠʭ, ʩʨʝʜʥʠʭ ʠ ʤʘʣʳʭ ʜʦʙʳʚʘʶʱʠʭ ʩʫʜʦʚ 

ʧʦ ʩʭʝʤʝ ʨʘʟʜʝʣʝʥʠʷ ʙʫʢʩʠʨʦʚʦʯʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘ ʩʦʩʪʘʚʣʷʶʱʠʝ: ʪʨʝʥʠʷ 

ʠ ʦʩʪʘʪʦʯʥʦʛʦ 

 

                  
(133) 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʠ ʩʝʨʠʠ ʤʦʜʝʣʝʡ ʩ ʠʟ-

ʤʝʥʷʶʱʠʤʠʩʷ ʧʘʨʘʤʝʪʨʘʤʠ: L/X=X;ɓ/C=ű;ɓ;d/B;B/L
CCB

- ʧʦʩʪʨʦʝʥʳ ʦʜ-

ʥʦʪʠʧʥʳʝ ʩʝʨʠʠ ʨʘʩʯʝʪʥʳʭ ʜʠʘʛʨʘʤʤ, ʧʨʠʚʝʜʝʥʥʳʭ ʥʘ ʨʠʩ. 1.43,  1.45, ʧʦʟʚʦ-

ʣʷʶʱʠʭ ʚʳʧʦʣʥʠʪʴ ʨʘʩʯʝʪʳ ʙʫʢʩʠʨʦʚʦʯʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʦʙʳʚʘʶʱʠʭ ʩʫ-

ʜʦʚ ʧʦ ʩʭʝʤʝ, ʧʨʠʚʝʜʝʥʥʦʡ ʚ ʪʘʙʣ. 1.7. 
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