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ɸʅʅʆʊɸʎʀʗ 

 

ɼʠʧʣʦʤʥʘʷ ʨʘʙʦʪʘ ʥʘ ʪʝʤʫ: çʄʦʜʝʨʥʠʟʘʮʠʷ ʜʨʦʙʠʣʴʥʦ-ʩʦʨʪʠʨʦʚʦʯʥʦʛʦ ʟʘʚʦʜʘè, 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʜʣʷ ʠʪʦʛʦʚʦʡ ʘʪʪʝʩʪʘʮʠʠ ʘʚʪʦʨʘ ʠ ʧʨʠʩʚʦʝʥʠʷ ʘʢʘʜʝʤʠʯʝʩʢʦʡ ʩʪʝʧʝʥʠ 

ʙʘʢʘʣʘʚʨʘ. 

ɻʣʘʚʘ 1 ʩʦʜʝʨʞʠʪ ʦʧʠʩʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʜʨʦʙʣʝʥʠʷ ʠ ʩʦʨʪʠʨʦʚʢʠ 

ʤʘʪʝʨʠʘʣʘ ʥʘ ʬʨʘʢʮʠʠ, ʧʦʜʙʦʨ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʨʘʩʯʝʪ ʛʨʫʟʦʧʦʪʦʢʦʚ. 

ɺʦ ʚʪʦʨʦʡ ʛʣʘʚʝ ʦʧʠʩʘʥʳ ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ, ʢʦʥʩʪʨʫʢʮʠʷ ʠ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ 

ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʢʦʥʫʩʥʦʡ ʜʨʦʙʠʣʢʠ. 

ɺ ʪʨʝʪʴʝʡ ʛʣʘʚʝ ʦʧʠʩʘʥʳ ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʢʦʥʩʪʨʫʢʮʠʷ ʠ ʝʸ ʥʘʜʝʞʥʦʩʪʴ, 

ʨʝʤʦʥʪ, ʤʦʥʪʘʞ ʠ ʩʤʘʟʢʘ. 

ʇʦʷʩʥʠʪʝʣʴʥʘʷ ʟʘʧʠʩʢʘ ʠʟʣʦʞʝʥʘ ʥʘ 50 ʩʪʨʘʥʠʮʘʭ, ʛʨʘʬʠʯʝʩʢʘʷ ʯʘʩʪʴ ʩʦʜʝʨʞʠʪ 6 

ʣʠʩʪʦʚ ʬʦʨʤʘʪʘ ɸ1. 
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ɸʅɼɸʊʇɸ 

 

çʋʘʪʫ-ʩײʨʳʧʪʘʫ ʟʘʫʳʪʳʥ ʞʘסשʳʨʪʫè ʪʘץʳʨʳʙʳʥʜʘסʳ ʜʠʧʣʦʤʜʳץ ʞײʤʳʩ ʘʚʪʦʨʜʳש 

 .ʘʡʳʥʜʘʣʫʳʥʘ ʙʝʨʽʣʝʜʽסʪʘ שʙʘʢʘʣʘʚʨʠʘʪʪʳ ץʦʨʳʪʳʥʜʳ ʘʪʪʝʩʪʘʮʠʷʩʳʥʘ ʞᴅʥʝ ʘʢʘʜʝʤʠʷʣʳץ

1-ʪʘʨʘʫ ʤʘʪʝʨʠʘʣʜʳ ʬʨʘʢʮʠʷʣʘʨסʘ ײʩʘץʪʘʫ ʞᴅʥʝ ʩײʨʳʧʪʘʫʜʳש ʪʝʭʥʦʣʦʛʠʷʣʳץ 

ʧʨʦʮʝʩʽʥʽש ʩʠʧʘʪʪʘʤʘʩʳʥ, ʞʘʙʜʳץʪʘʨʜʳ ʽʨʽʢʪʝʫʜʽ ʞᴅʥʝ ʞװʢ ʘסʳʥʜʘʨʳʥ ʝʩʝʧʪʝʫʜʽ ץʘʤʪʠʜʳ. 

ɽʢʽʥʰʽ ʪʘʨʘʫʜʘ ʞײʤʳʩ ʧʨʠʥʮʠʧʽ ʩʠʧʘʪʪʘʣʘʜʳ, ʜʠʟʘʡʥʳ ʞᴅʥʝ ʢʦʥʫʩʪʳץ ץʳʨסʳʰʪʳש 

ʥʝʛʽʟʛʽ ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʝʩʝʧʪʝʡʜʽ. 

 ,ʩʝʥʽʤʜʽʣʽʛʽ שʤʳʩ ʽʩʪʝʫ ʧʨʠʥʮʠʧʽ ʞᴅʥʝ ʦʥʳײʞ שʨʳʣʳʤʥʳײץ ʰʽʥʰʽ ʪʘʨʘʫʜʘת

ʞᴇʥʜʝʫ, ʦʨʥʘʪʫ ʞᴅʥʝ ʤʘʡʣʘʫ ʩʠʧʘʪʪʘʣʘʜʳ. 

ʊװʩʽʥʜʽʨʤʝ ʞʘʟʙʘʩʳ 50 ʙʝʪʪʝʥ ʪײʨʘʜʳ, ʛʨʘʬʠʢʘʣʳץ ʙᴇʣʽʤʽʥʜʝ A1 ʬʦʨʤʘʪʳʥʜʘסʳ 6 

ʧʘʨʘץ ʙʘʨ. 
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ABSTRACT 

 

The diploma project on the theme "Modernization of the crushing and 

screening plant", is submitted for the final certification of the author and 

assignment of an academic bachelor's degree. 

Chapter 1 contains a description of the technological process of crushing and 

sorting the material into fractions, the selection of equipment and the calculation of 

cargo flows. 

The second chapter describes the principle of operation, design and 

calculates the main parameters of a cone crusher. 

The third chapter describes the principle of operation of the structure and its 

reliability, repair, installation and lubrication. 

The explanatory note is presented on 50 pages, the graphic part contains 6 

sheets of A1 format. 
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ɺɺɽɼɽʅʀɽ 

 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʚʠʜʘ ʚʳʧʫʩʢʘʝʤʦʡ 

ʧʨʦʜʫʢʮʠʠ ʧʨʝʜʧʨʠʷʪʠʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʥʝʨʫʜʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠʤʝʶʪ ʱʝʙʝʥʦʯʥʳʤʠ, ʛʨʘʚʠʡʥʦ-ʧʝʩʯʘʥʳʤʠ ʠ ʧʝʩʯʘʥʳʤʠ 

ʟʘʚʦʜʘʤʠ. ɿʘʚʦʜʳ ʩʦʦʨʫʞʘʶʪ ʫ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʝʨʫʜʥʦʛʦ ʩʳʨʴʷ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʙʣʠʟʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ (ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʠ 

ʚʦʜʥʳʭ ʧʫʪʝʡ ʩʦʦʙʱʝʥʠʷ) ʧʨʠ ʪʦʤ ʫʩʣʦʚʠʠ, ʯʪʦ ʧʦ ʜʘʥʥʳʤ ʛʝʦʣʦʛʠʯʝʩʢʦʡ 

ʨʘʟʚʝʜʢʠ ʟʘʧʘʩ ʩʳʨʴʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʙʦʪʫ ʟʘʚʦʜʘ ʟʘʜʘʥʥʦʡ ʤʦʱʥʦʩʪʠ 

ʤʠʥʠʤʫʤ 25 ʣʝʪ.  

ʅʘ ʜʨʦʙʠʣʴʥʦ-ʩʦʨʪʠʨʦʚʦʯʥʦʤ ʟʘʚʦʜʝ ʤʘʪʝʨʠʘʣ ʠʟʤʝʣʴʯʘʝʪʩʷ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʚ ʥʝʩʢʦʣʴʢʦ ʩʪʘʜʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʜʨʦʙʠʣʴʥʳʭ ʤʘʰʠʥ, 

ʢʦʪʦʨʳʝ ʚʳʙʠʨʘʶʪ ʩ ʫʯʝʪʦʤ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠʩʭʦʜʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ. 

ʇʨʝʜʧʨʠʷʪʠʷ ʥʝʨʫʜʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʩʣʦʞʥʳʡ ʢʦʤʧʣʝʢʩ ʩʣʫʞʙ ʠ ʜʣʷ ʠʭ ʩʦʦʨʫʞʝʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʪʨʝʙʫʶʪʩʷ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʤʘʰʠʥʳ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ. 

ʏʪʦʙʳ ʧʦʣʫʯʝʥʥʫʶ ʚ ʢʘʨʴʝʨʝ ʧʦʨʦʜʫ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ, ʪʨʝʙʫʝʪʩʷ 

ʚʳʧʦʣʥʠʪʴ ʩʣʦʞʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʚʢʣʶʯʘʶʱʠʡ ʜʨʦʙʣʝʥʠʝ, 

ʩʦʨʪʠʨʦʚʘʥʠʝ, ʤʦʡʢʫ, ʦʙʝʟʚʦʞʠʚʘʥʠʝ, ʧʨʠʯʝʤ ʢʘʢ ʚʠʜ ʧʨʦʮʝʩʩʘ, ʪʘʢ ʠ 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʝʛʦ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʥʘʟʥʘʯʘʶʪ ʠʩʭʦʜʷ ʠʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʠʩʭʦʜʥʦʡ ʧʦʨʦʜʳ, ʪʨʝʙʦʚʘʥʠʡ ʢ ʛʦʪʦʚʦʤʫ ʧʨʦʜʫʢʪʫ ʠ ʟʘʜʘʥʥʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ. ʇʦʩʣʝ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʛʦʪʦʚʳʡ ʧʨʦʜʫʢʪ  

ʩʢʣʘʜʠʨʫʶʪ, ʘ ʟʘʪʝʤ ʦʪʛʨʫʞʘʶʪ ʧʦʪʨʝʙʠʪʝʣʶ. 

ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʚʠʜʳ ʨʘʙʦʪ ʪʨʝʙʫʶʪ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʤʘʰʠʥ, ʧʨʠʯʝʤ ʵʪʠ ʤʘʰʠʥʳ ʜʦʣʞʥʳ ʨʘʙʦʪʘʪʴ ʚ ʝʜʠʥʦʤ 

ʢʦʤʧʣʝʢʩʝ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʤ ʧʨʘʚʠʣʴʥʫʶ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʤʘʰʠʥʘʤʠ ʠ 

ʧʦʟʚʦʣʷʶʱʝʤ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʤʝʭʘʥʠʟʠʨʦʚʘʪʴ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ. 

ʇʨʘʚʠʣʴʥʦ ʚʳʙʨʘʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʫʶ ʧʨʦʜʫʢʮʠʶ ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʴʥʳʭ ʟʘʪʨʘʪʘʭ, 

ʪ.ʝ. ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʩʪʦʠʤʦʩʪʴ ʛʦʪʦʚʦʡ 

ʧʨʦʜʫʢʮʠʠ. 
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1. ʆʙʱʘʷ ʯʘʩʪʴ 

 

1.1 ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʜʨʦʙʣʝʥʠʷ 

 

ʈʫʜʘ ʠ ʰʣʘʢʠ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ 100ʪʦʥʥʳʭ ʛʦʥʜʦʣʘʭ 

ʧʨʠʙʳʚʘʶʪ ʩ ʨʫʜʥʠʢʘ ʠ ʰʣʘʢʦʦʪʚʘʣʘ ʥʘ ʩʪʘʥʮʠʶ çʆʙʦʛʘʪʠʪʝʣʴʥʘʷè ʦʪʢʫʜʘ 

ʧʦʜʘʶʪʩʷ ʚ ʦʪʜʝʣʝʥʠʝ ʜʨʦʙʣʝʥʠʷ. 

ʂʨʫʧʥʦʝ ʜʨʦʙʣʝʥʠʝ 

ʈʫʜʘ ʠ ʰʣʘʢʠ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʧʦʜʘʥʥʳʝ ʥʘ ʢʨʫʧʥʦʝ 

ʜʨʦʙʣʝʥʠʝ, ʨʘʟʛʨʫʞʘʶʪʩʷ ʜʚʫʤʷ ʨʦʪʦʨʥʳʤʠ ʚʘʛʦʥʦʦʧʨʦʢʠʜʳʚʘʪʝʣʷʤʠ, 

ʨʘʙʦʪʘʶʱʠʤʠ ʧʦʦʯʝʨʝʜʥʦ. 

ɺʘʛʦʥʦʦʧʨʦʢʠʜʳʚʘʪʝʣʠ ʨʦʪʘʮʠʦʥʥʦʛʦ ʪʠʧʘ ʟʘʚʦʜʘ ʋɿʊʄ ʩ ʜʠʘʤʝʪʨʦʤ 

ʨʦʪʦʨʘ 8000 ʤʤ ʠ ʜʣʠʥʥʦʡ ʧʣʘʪʬʦʨʤʳ 16000 ʤʤ, ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴʶ 158 ʪʦʥʥ. 

ɻʦʥʜʦʣʳ ʫʜʝʨʞʠʚʘʶʪʩʷ ʚ ʚʘʛʦʥʦʦʧʨʦʢʠʜʳʚʘʪʝʣʷʭ ʚ ʥʘʢʣʦʥʥʦʤ 

ʧʦʣʦʞʝʥʠʠ ʧʨʠ ʧʦʤʦʱʠ 4ʭ ʧʘʨ ʟʘʞʠʤʦʚ. 

ʅʘ ʧʦʣʥʳʡ ʮʠʢʣ ʦʙʨʘʙʦʪʢʠ ʦʜʥʦʡ ʛʨʫʞʝʥʦʡ ʛʦʥʜʦʣʳ ï ʚʳʪʘʣʢʠʚʘʥʠʷ 

ʧʦʨʦʞʥʝʡ ʛʦʥʜʦʣʳ ʩ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʫʩʪʘʥʦʚʢʦʡ ʛʨʫʞʝʥʥʦʡ, ʦʧʨʦʢʠʜʳʚʘʥʠʷ 

ʠ ʚʦʟʚʨʘʪʦʤ ʚʘʛʦʥʦʦʧʨʦʢʠʜʳʚʘʪʝʣʷ ʚ ʥʦʨʤʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ, ʟʘʪʨʘʯʠʚʘʝʪʩʷ 2 

ʤʠʥʫʪʳ. 

ʈʘʟʛʨʫʞʘʝʤʘʷ ʨʫʜʘ ʩʢʘʪʳʚʘʝʪʩʷ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʙʨʘʟʦʚʘʥʥʳʤʠ 

ʙʳʚʰʠʤʠ ʢʦʣʦʩʥʠʢʦʚʳʤʠ ʛʨʦʭʦʪʘʤʠ, ʫʛʦʣ ʥʘʢʣʦʥʘ ʢʦʪʦʨʳʭ 42ʦ ʠ ʧʦʧʘʜʘʝʪ ʚ 

ʢʦʥʫʩʥʫʶ ʜʨʦʙʠʣʢʫ ʂʂɼ ï1500/180 ɻʈʑ, ʛʜʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʨʫʧʥʦʝ 

ʜʨʦʙʣʝʥʠʝ. 

ʆʪʜʝʣʝʥʠʝ ʢʨʫʧʥʦʛʦ ʜʨʦʙʣʝʥʠʷ ʮʝʣʠʢʦʤ ʫʛʣʫʙʣʝʥʦ ʚ ʟʝʤʣʶ, ʯʝʤ 

ʠʟʙʝʛʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʜʦʙʘʚʦʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʧʦʜʘʯʠ 

ʚʘʛʦʥʦʚ ʥʘ ʧʨʠʝʤʥʫʶ ʧʣʦʱʘʜʢʫ ʦʪʜʝʣʝʥʠʷ. 

ɼʨʦʙʠʣʢʘ ʫʩʪʘʥʦʚʣʝʥʘ ʥʘ ʛʣʫʙʠʥʝ 23,6 ʤʝʪʨʘ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ. 

ɿʘʛʨʫʟʦʯʥʘʷ ʧʘʩʪʴ ʜʨʦʙʠʣʢʠ 1500 ʤʤ, ʨʘʟʛʨʫʟʦʯʥʘʷ ʱʝʣʴ 180 ʤʤ. 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʢʨʫʧʥʦʩʪʴ ʚ ʧʠʪʘʥʠʠ ʜʦʧʫʩʢʘʝʪʩʷ ʜʦ 1300 ʤʤ ʚ ʥʘʠʙʦʣʴʰʝʤ 

ʠʟʤʝʨʝʥʠʠ. 

ʂʨʫʧʥʦʩʪʴ ʨʫʜʳ ʧʦʩʣʝ ʢʨʫʧʥʦʛʦ ʜʨʦʙʣʝʥʠʷ 0-350 ʤʤ. ʈʘʙʦʯʘʷ ʱʝʣʴ 

ʜʨʦʙʠʣʢʠ 180 ʤʤ. 

ʇʨʦʝʢʪʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʜʨʦʙʠʣʢʠ 1150 ʤ3/ʯʘʩ. 

ʂʦʥʫʩ ʜʨʦʙʠʣʢʠ ʜʝʣʘʝʪ 80 ʢʘʯʘʥʠʡ ʚ ʤʠʥʫʪʫ. 

ʈʘʟʛʨʫʟʢʘ ʨʫʜʳ ʧʦʩʣʝ ʜʨʦʙʠʣʢʠ - ʜʚʫʭʩʪʦʨʦʥʥʷʷ ʥʘ ʧʣʘʩʪʠʥʯʘʪʳʝ 

ʧʠʪʘʪʝʣʠ ʪʷʞʝʣʦʛʦ ʪʠʧʘ ʩ ʰʠʨʠʥʦʡ ʧʦʣʦʪʥʘ 1800ʤʤ ʠ ʜʣʠʥʥʦʡ 15000ʤʤ. 

ʉʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʧʦʣʦʪʥʘ ï 0,16ʤ/ʩʝʢ. 

ʅʘ ʧʠʪʘʪʝʣʷʭ ʫʩʪʘʥʦʚʣʝʥʳ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ ʪʠʧʘ ɸʆ ʤʦʱʥʦʩʪʴʶ 40 

ʢɺʪ, ʯʠʩʣʦ ʦʙʦʨʦʪʦʚ 1000ʤʠʥ, ʥʘʧʨʷʞʝʥʠʝʤ 500ʚʪ. ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʢʘʞʜʦʛʦ ʧʠʪʘʪʝʣʷ ʜʦ 1000ʪ/ʯʘʩ. 

ʉ ʧʠʪʘʪʝʣʝʡ ʪʷʞʝʣʦʛʦ ʪʠʧʘ ʨʫʜʘ ʧʦʩʪʫʧʘʝʪ ʚ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʙʫʥʢʝʨ ʩ 

ʜʚʫʭ - ʩʪʦʨʦʥʥʠʤ ʨʘʟʤʝʱʝʥʠʝʤ ʨʫʜʳ ʝʤʢʦʩʪʴʶ 100ʪʦʥʥ, ʠʟ ʢʦʪʦʨʦʛʦ ʨʫʜʘ 

ʧʦʩʪʫʧʘʝʪ ʥʘ ʧʠʪʘʪʝʣʠ ʣʝʛʢʦʛʦ ʪʠʧʘ, ʨʘʩʧʣʦʞʝʥʥʳʝ ʧʦ ʜʚʘ ʥʘ ʢʘʞʜʦʡ 
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ʩʪʦʨʦʥʝ. ʉʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʧʦʣʦʪʥʘ 0,105 ʤ/ʩʝʢ. ʇʣʘʩʪʠʥʯʘʪʳʝ ʧʠʪʘʪʝʣʠ 

ʩʣʫʞʘʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʠʪʘʪʝʣʷʤʠ ʜʣʷ ʩʣʝʜʫʶʱʠʭ ʟʘ ʥʠʤ ʣʝʥʪʦʯʥʳʤ 

ʪʨʘʥʩʧʦʨʪʝʨʘʤ, ʫʥʦʩʷʱʠʭ ʨʫʜʫ ʧʦ ʥʘʢʣʦʥʥʦʡ ʧʦʜʟʝʤʥʦʡ ʛʘʣʝʨʝʝ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʢ ʧʝʨʝʛʨʫʟʦʯʥʦʤʫ ʫʟʣʫ. 

ʈʝʞʠʤ ʨʘʙʦʪʳ ʢʨʫʧʥʦʛʦ ʜʨʦʙʣʝʥʠʷ 

ɿʘʛʨʫʟʢʘ ʨʫʜʳ ʚ ʜʨʦʙʠʣʢʫ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʪʦʣʴʢʦ ʠʟ ʦʜʥʦʡ 

ʛʦʥʜʦʣʳ. ʇʦʩʣʝʜʫʶʱʘʷ ʨʘʟʛʨʫʟʢʘ ʛʦʥʜʦʣʳ ʤʦʞʝʪ ʙʳʪʴ ʩʜʝʣʘʥʘ ʧʦʩʣʝ 

ʦʙʥʘʞʝʥʠʷ ʚʝʨʭʥʝʛʦ ʧʦʷʩʘ ʜʨʦʙʠʣʢʠ. 

ɿʘʤʝʨʳ ʨʘʙʦʯʝʡ ʱʝʣʠ ʜʨʦʙʠʣʢʠ ʂʂɼ ï1500/180 ɻʈʑ ʧʨʦʠʟʚʦʜʷʪʩʷ 

ʦʜʠʥ ʨʘʟ ʚ ʜʝʩʷʪʴ ʜʥʝʡ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʨʘʙʦʯʝʡ ʱʝʣʠ ʜʦ 200 ʤʤ 

ʦʙʩʣʫʞʠʚʘʶʱʠʡ ʧʝʨʩʦʥʘʣ ʧʦʜʥʠʤʘʝʪ ʜʨʦʙʷʱʠʡ ʢʦʥʫʩ ʜʦ ʱʝʣʠ 180 ʤʤ. 

ʉʤʝʥʘ ʜʨʦʙʷʱʝʛʦ ʢʦʥʫʩʘ ʯʝʨʝʟ ʢʘʞʜʳʝ ʪʨʠ ʤʝʩʷʮʘ. 

ʉʨʝʜʥʝʝ ʜʨʦʙʣʝʥʠʝ 

ʂʨʫʧʥʦʜʨʦʙʣʝʥʘʷ ʨʫʜʘ ʠʟ ʦʪʜʝʣʝʥʠʷ ʜʨʦʙʣʝʥʠʷ ʧʨʠʥʠʤʘʝʪʩʷ ʥʘ 

ʯʝʣʥʦʯʥʳʝ ʪʨʘʥʩʧʦʨʪʝʨʳ ˉ4-4ʘ, ʢʦʪʦʨʳʝ ʨʘʩʧʨʝʜʝʣʷʶʪ ʝʝ ʨʘʚʥʦʤʝʨʥʦ ʧʦ 

ʚʩʝʡ ʜʣʠʥʝ ʙʫʥʢʝʨʦʚ ʢʦʨʧʫʩʘ ʩʨʝʜʥʝʛʦ ʜʨʦʙʣʝʥʠʷ, ʝʤʢʦʩʪʴ ʢʦʪʦʨʳʭ 1400 

ʪʦʥʥ. 

ɹʫʥʢʝʨʘ ʟʘʧʨʦʝʢʪʠʨʦʚʘʥʳ ʩʝʜʣʦʚʠʜʥʦʛʦ ʪʠʧʘ (ʜʚʫʭʩʢʘʪʥʳʝ) ʩʦ 

ʩʚʦʙʦʜʥʳʤ ʚʳʧʫʩʢʦʤ ʨʫʜʳ ʯʝʨʝʟ ʚʳʧʫʩʢʥʫʶ ʱʝʣʴ ʩ ʚʳʩʦʪʦʡ 1,5 ʤ, ʢ ʢʦʪʦʨʦʡ 

ʧʨʠʤʳʢʘʶʪ ʢʘʨʤʘʥʳ, ʟʘʢʘʥʯʠʚʘʶʱʠʝʩʷ ʧʨʠʝʤʥʳʤʠ ʚʦʨʦʥʢʘʤʠ. ʇʦʜʚʠʞʥʳʤ 

ʜʥʦʤ ʚʦʨʦʥʦʢ ʩʣʫʞʘʪ ʧʣʘʩʪʠʥʯʘʪʳʝ ʧʠʪʘʪʝʣʠ ʰʠʨʠʥʦʡ ʧʦʣʦʪʥʘ 1200 ʤʤ ʠ 

ʜʣʠʥʥʦʡ 4000 ʤʤ. ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʠʪʘʪʝʣʝʡ ʜʦ 410 ʪ/ʯʘʩ, ʩʢʦʨʦʩʪʴ 

ʧʝʨʝʜʚʠʞʝʥʠʷ ʜʦ 3,2 ʤ/ʤʠʥ. 

ɼʚʫʭʩʢʘʪʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʙʫʥʢʝʨʘ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʨʘʟʛʨʫʟʢʫ 

ʨʫʜʳ ʚ ʦʙʝ ʩʪʦʨʦʥʳ, ʯʪʦ ʠ ʦʧʨʝʜʝʣʠʣʦ ʨʘʟʤʝʱʝʥʠʝ ʜʨʦʙʠʣʴʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦ ʜʚʫʤ ʩʪʦʨʦʥʘʤ ʦʪ ʙʫʥʢʝʨʘ, ʧʦ 4 ʥʠʪʢʠ ʩ ʢʘʞʜʦʡ ʩʪʦʨʦʥʳ. 

ʂʘʞʜʘʷ ʥʠʪʢʘ ʩʦʩʪʦʠʪ ʠʟ ʧʣʘʩʪʠʥʯʘʪʦʛʦ ʧʠʪʘʪʝʣʷ, ʜʨʦʙʠʣʢʠ ʩʨʝʜʥʝʛʦ 

ʜʨʦʙʣʝʥʠʷ, ʪʨʘʥʩʧʦʨʪʝʨʘ, ʧʦʜʘʶʱʝʛʦ ʜʨʦʙʣʝʥʳʡ ʧʨʦʜʫʢʪ ʥʘ ʛʨʦʭʦʪ, 

ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʛʨʦʭʦʪʘ ʠ ʜʨʦʙʠʣʢʠ ʤʝʣʢʦʛʦ ʜʨʦʙʣʝʥʠʷ. 

ʇʣʘʩʪʠʥʯʘʪʳʝ ʧʠʪʘʪʝʣʠ ʧʦʜʘʶʪ ʨʫʜʫ ʥʘ ʜʨʦʙʠʣʢʠ ʩʨʝʜʥʝʛʦ ʜʨʦʙʣʝʥʠʷ. 

ʅʘ ʧʠʪʘʪʝʣʷʭ ʫʩʪʘʥʦʚʣʝʥʳ 2ʭ ʩʢʦʨʦʩʪʥʳʝ ʜʚʠʛʘʪʝʣʠ ʩ ʯʠʩʣʦʤ ʦʙʦʨʦʪʦʚ 

1000 ï 750 ʚ ʤʠʥʫʪʫ. ʇʠʪʘʪʝʣʠ ʨʘʙʦʪʘʶʪ ʧʨʠ ʨʘʙʦʪʝ ʜʚʠʛʘʪʝʣʷ ʚ 1000 ʦʙ/ʤʠʥ. 

ʉʨʝʜʥʝʝ ʜʨʦʙʣʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ 5ʪʠ ʢʦʥʫʩʥʳʭ ʜʨʦʙʠʣʢʘʭ ʂʉɼ- 

2200 ɻʨ ʠ 3ʭ ʂʉɼ -2200 ʊ, ʜʠʘʤʝʪʨ ʦʩʥʦʚʘʥʠʷ ʜʨʦʙʷʱʝʛʦ ʢʦʥʫʩʘ ï2200 ʤʤ, 

ʫʩʠʣʠʝ ʧʨʠʞʘʪʠʷ 400ʪʦʥʥ, ʯʠʩʣʦ ʢʘʯʘʥʠʡ - 200 ʚ ʤʠʥʫʪʫ. 

ʎʠʢʣ ʜʨʦʙʣʝʥʠʷ - ʦʪʢʨʳʪʳʡ, ʙʝʟ ʢʦʥʪʨʦʣʴʥʦʛʦ ʛʨʦʭʦʯʝʥʠʷ. ɼʨʦʙʠʣʢʠ 

ʧʨʠʚʦʜʷʪʩʷ ʚ ʜʚʠʞʝʥʠʝ ʦʪ ʜʚʠʛʘʪʝʣʷ ʪʠʧʘ ɸɿɼ-13-52-12 , ʤʦʱʥʦʩʪʴʶ 250 

ʢɺʪ. ʈʘʟʛʨʫʟʦʯʥʘʷ ʱʝʣʴ ʤʝʞʜʫ ʧʦʜʚʠʞʥʦʡ ʠ ʥʝ ʧʦʜʚʠʞʥʦʡ ʙʨʦʥʷʤʠ 22-27 

ʤʤ. 

ʂʨʫʧʥʦʩʪʴ ʨʫʜʳ, ʧʦʩʪʫʧʘʶʱʝʡ ʥʘ ʩʨʝʜʥʝʝ ʜʨʦʙʣʝʥʠʝ -80-0 ʤʤ. ʉʪʝʧʝʥʴ 

ʩʦʢʨʘʱʝʥʠʷ - 4,4. 

ʇʦʩʣʝ ʩʨʝʜʥʝʛʦ ʜʨʦʙʣʝʥʠʷ ʨʫʜʘ ʪʨʘʥʩʧʦʨʪʝʨʦʤ, ʰʠʨʠʥʦʡ ï800 ʤʤ ʠ 

ʜʣʠʥʦʡ 12500 ʤʤ ʧʦʜʘʝʪʩʷ ʥʘ ʛʨʦʭʦʯʝʥʠʝ, ʥʘ ʠʥʝʨʮʠʦʥʥʳʡ 

ʩʘʤʦʮʝʥʪʨʠʨʫʶʱʠʡʩʷ ʛʨʦʭʦʪ ʨʘʟʤʝʨʦʤ 3500 ʭ 1500 ʤʤ. ɸʤʧʣʠʪʫʜʘ 



12 

 

ʢʦʣʝʙʘʥʠʷ ʛʨʦʭʦʪʘ ï 6 ʤʤ. ʋʛʦʣ ʥʘʢʣʦʥʘ ʧʨʦʩʝʠʚʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 15ʦ, 5ʦ. 

ʅʘ ʛʨʦʭʦʪʘʭ ʫʩʪʘʥʦʚʣʝʥʳ ʛʫʤʤʠʨʦʚʘʥʥʳʝ ʩʲʝʤʥʳʝ ʨʝʰʝʪʢʠ ʩ ʨʘʟʤʝʨʘʤʠ 

ʦʪʚʝʨʩʪʠʡ ï20 ʤʤ. 

ʇʨʠʚʦʜ ʛʨʦʭʦʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʪ ʜʚʠʛʘʪʝʣʝʡ ʤʦʱʥʦʩʪʴʶ 14 ʢɺʪ, 

ʯʝʨʝʟ ʩʧʝʮʠʘʣʴʥʦʝ ʚʠʙʨʠʨʫʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ ʩʦ ʩʤʝʱʝʥʥʳʤʠ ʦʩʷʤʠ, 

ʩʦʦʙʱʘʶʱʠʤʠ ʛʨʦʭʦʪʫ 1500 ʢʦʣʝʙʘʥʠʡ ʚ ʤʠʥʫʪʫ. ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʛʨʦʭʦʪʘ ʧʦ ʧʠʪʘʥʠʶ ï350 ʪ/ʯʘʩ. 

ʄʠʥʫʩʦʚʦʡ ʤʘʪʝʨʠʘʣ ʛʨʦʭʦʪʘ ʢʨʫʧʥʦʩʪʴʶ ʤʠʥʫʩ 20 ʤʤ, ʯʝʨʝʟ ʪʝʯʢʫ 

ʧʦʧʘʜʘʝʪ ʥʘ ʪʨʘʥʩʧʦʨʪʝʨ ˉ 12 ʜʣʷ ʧʝʨʝʜʘʯʠ ʝʛʦ ʚ ʙʫʥʢʝʨ ʛʣʘʚʥʦʛʦ ʢʦʨʧʫʩʘ, ʘ 

ʧʣʶʩʦʚʦʡ ʤʘʪʝʨʠʘʣ ʛʨʦʭʦʪʘ ʢʨʫʧʥʦʩʪʴʶ ʧʣʶʩ 20ʤʤ ʧʦʩʪʫʧʘʝʪ ʚ ʜʨʦʙʠʣʢʠ 

ʤʝʣʢʦʛʦ ʜʨʦʙʣʝʥʠʷ. 

 

1.2 ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʢʦʥʫʩʥʳʭ ʜʨʦʙʠʣʦʢ 

 

ʂʦʥʫʩʥʳʝ ʜʨʦʙʠʣʢʠ ʢʨʫʧʥʦʛʦ ʜʨʦʙʣʝʥʠʷ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʢʨʫʧʥʦʛʦ 

ʜʨʦʙʣʝʥʠʷ ʨʫʜ, ʥʝʨʫʜʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʠ ʧʦʜʦʙʥʳʭ ʠʤ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʠʟʛʦʪʦʚʣʷʶʪʩʷ ʜʚʫʭ ʪʠʧʦʚ: 

ʂʂɼ ï ʢʦʥʫʩʥʳʝ ʜʨʦʙʠʣʢʠ ʜʣʷ ʢʨʫʧʥʦʛʦ ʜʨʦʙʣʝʥʠʷ; 

ʂʈɼ ï ʢʦʥʫʩʥʳʝ ʨʝʜʫʢʮʠʦʥʥʳʝ (ʧʦʜʜʨʘʙʣʠʚʘʶʱʠʝ) ʜʨʦʙʠʣʢʠ, ʜʣʷ 

ʚʪʦʨʠʯʥʦʛʦ ʢʨʫʧʥʦʛʦ ʜʨʦʙʣʝʥʠʷ (ʜʣʷ ʚʪʦʨʦʡ ʩʪʘʜʠʠ ʚ ʯʝʪʳʨʝʭʩʪʘʜʠʘʣʴʥʳʭ 

ʩʭʝʤʘʭ ʜʨʦʙʣʝʥʠʷ). 

ɺ ʧʨʠʥʮʠʧʝ ʵʪʠ ʜʚʘ ʪʠʧʘ ʜʨʦʙʠʣʦʢ ʦʪʣʠʯʘʶʪʩʷ ʧʨʦʬʠʣʝʤ ʜʨʦʙʷʱʝʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ: ʫ ʜʨʦʙʠʣʦʢ ʂʂɼ ʧʨʦʬʠʣʴ ʢʨʫʪʦʡ ʢʦʥʠʯʝʩʢʦʡ ʬʦʨʤʳ ʩ 

ʥʝʙʦʣʴʰʦʡ ʢʨʠʚʦʣʠʥʝʡʥʦʩʪʴʶ ʚ ʟʦʥʝ ʨʘʟʛʨʫʟʦʯʥʦʡ ʱʝʣʠ, ʫ ʜʨʦʙʠʣʦʢ ʂʈɼ 

ʧʨʦʬʠʣʴ ʢʨʠʚʦʣʠʥʝʡʥʳʡ ʠ ʙʦʣʝʝ ʧʦʣʦʛʠʡ. 

ʈʘʟʤʝʨ ʢʦʥʫʩʥʦʡ ʜʨʦʙʠʣʢʠ ʜʣʷ ʢʨʫʧʥʦʛʦ ʜʨʦʙʣʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʰʠʨʠʥʦʡ ʟʘʛʨʫʟʦʯʥʦʛʦ ʦʪʚʝʨʩʪʠʷ ʠ ʥʦʤʠʥʘʣʴʥʦʡ ʰʠʨʠʥʦʡ ʨʘʟʛʨʫʟʦʯʥʦʡ 

ʱʝʣʠ ʥʘ ʦʪʢʨʳʪʦʡ ʩʪʦʨʦʥʝ (ʚ ʬʘʟʝ ʨʘʩʢʨʳʪʠʷ ʧʨʦʬʠʣʝʡ) ʠ ʚ ʚʠʜʝ ʦʪʥʦʰʝʥʠʷ 

ʚʭʦʜʠʪ ʚ ʪʠʧʦʨʘʟʤʝʨ ʜʨʦʙʠʣʢʠ (ʥʘʧʨʠʤʝʨ, ʂʂɼ-1500/180). 

ɼʨʦʙʠʣʢʠ ʂʂɼ ʚʳʧʫʩʢʘʶʪʩʷ ʩ ʤʝʭʘʥʠʯʝʩʢʠʤ ʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ 

ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʨʘʟʛʨʫʟʦʯʥʦʡ ʱʝʣʠ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʜʨʦʙʠʣʢʠ ʂʂɼ-

1500/300, ʚʳʧʫʩʢʘʝʤʦʡ ʪʦʣʴʢʦ ʩ ʤʝʭʘʥʠʯʝʩʢʠʤ ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʨʘʟʛʨʫʟʦʯʥʦʡ 

ʱʝʣʠ. 

ɼʨʦʙʠʣʢʠ ʂʈɼ ʚʳʧʫʩʢʘʶʪʩʷ ʪʦʣʴʢʦ ʩ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ 

ʨʘʟʛʨʫʟʦʯʥʦʡ ʱʝʣʠ. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʢʦʥʩʪʨʫʢʮʠʠ ʜʨʦʙʠʣʦʢ ʩ ʤʝʭʘʥʠʟʤʦʤ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʱʝʣʠ ʷʚʣʷʶʪʩʷ ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ 

ʠʟʤʝʥʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʧʦʜʚʠʞʥʦʛʦ ʢʦʥʫʩʘ ʧʦ ʚʳʩʦʪʝ ʙʝʟ ʦʩʪʘʥʦʚʢʠ ʜʨʦʙʠʣʢʠ, 

ʠ ʦʜʥʦʜʚʠʛʘʪʝʣʴʥʳʡ ʧʨʠʚʦʜ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʨʘʟʤʝʨʘ ʜʨʦʙʠʣʢʠ. ʄʝʭʘʥʠʟʤ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʨʘʟʛʨʫʟʦʯʥʦʡ ʱʝʣʠ ʷʚʣʷʝʪʩʷ ʦʙʱʠʤ 

ʜʣʷ ʚʩʝʭ ʢʦʥʫʩʥʳʭ ʜʨʦʙʠʣʦʢ ʠ ʨʘʩʧʦʣʦʞʝʥ ʧʦʜ ʚʘʣʦʤ ʜʨʦʙʷʱʝʛʦ ʢʦʥʫʩʘ. 

ʋʨʘʣʴʩʢʠʤ ʟʘʚʦʜʦʤ ʪʷʞʝʣʦʛʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʩʦʟʜʘʥʳ ʦʧʳʪʥʳʝ 

ʦʙʨʘʟʮʳ ʜʨʦʙʠʣʦʢ ʢʨʫʧʥʦʛʦ ʜʨʦʙʣʝʥʠʷ, ʫ ʢʦʪʦʨʳʭ ʤʝʭʘʥʠʟʤ ʛʠʜʨʦʩʠʩʪʝʤʳ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʨʘʟʛʨʫʟʦʯʥʦʡ ʱʝʣʠ ʨʘʩʧʦʣʦʞʝʥ ʚ ʟʦʥʝ ʚʝʨʭʥʝʛʦ ʧʦʜʚʝʩʘ 
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ʧʦʜʚʠʞʥʦʛʦ ʢʦʥʫʩʘ ʥʘ ʪʨʘʚʝʨʩʝ. ʈʘʩʧʦʣʦʞʝʥʠʝ ʛʠʜʨʦʮʠʣʠʥʜʨʘ ʚ ʚʝʨʭʥʝʡ 

ʯʘʩʪʠ ʜʨʦʙʠʣʢʠ ʫʧʨʦʱʘʝʪ ʢʦʥʩʪʨʫʢʮʠʶ ʤʝʭʘʥʠʟʤʘ ʛʠʜʨʦʧʦʜʲʝʤʘ, ʠʩʢʣʶʯʘʝʪ 

ʫʟʝʣ ʧʝʩʪʘ ʠ ʫʣʫʯʰʘʝʪ ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʨʦʙʠʣʢʠ. 

ɼʨʦʙʠʣʢʠ ʩ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʨʘʟʛʨʫʟʦʯʥʦʡ ʱʝʣʠ ʠʤʝʶʪ 

ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ: ʩʨʘʚʥʠʪʝʣʴʥʦ ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʥʘʜʝʞʥʫʶ 

ʟʘʱʠʪʫ ʜʝʪʘʣʝʡ ʜʨʦʙʠʣʢʠ ʦʪ ʧʦʣʦʤʦʢ ʧʨʠ ʧʦʧʘʜʘʥʠʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʧʨʝʜʤʝʪʦʚ ʠʣʠ ʜʨʫʛʠʭ ʥʝʜʨʦʙʠʤʳʭ ʪʝʣ, ʚʦʟʤʦʞʥʦʩʪʴ ʣʝʛʢʦ ʠ ʙʳʩʪʨʦ 

ʨʝʛʫʣʠʨʦʚʘʪʴ ʰʠʨʠʥʫ ʨʘʟʛʨʫʟʦʯʥʦʡ ʱʝʣʠ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ, ʥʝ 

ʦʩʪʘʥʘʚʣʠʚʘʷ ʘʛʨʝʛʘʪʘ. 

 

1.3 ʋʩʪʨʦʡʩʪʚʦ ʠ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʜʨʦʙʠʣʢʠ 

 

ʈʘʙʦʯʠʤ ʦʨʛʘʥʦʤ ʢʦʥʫʩʥʳʭ ʜʨʦʙʠʣʦʢ ʩʣʫʞʠʪ ʧʦʜʚʠʞʥʳʡ ʜʨʦʙʷʱʠʡ 

ʢʦʥʫʩ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚʥʫʪʨʠ ʥʝʧʦʜʚʠʞʥʦʛʦ ʢʦʥʫʩʘ (ʯʘʰʠ), ʧʨʠʚʦʜʠʤʦʡ ʚ 

ʜʚʠʞʝʥʠʝ ʦʪ ʢʦʥʠʯʝʩʢʦʡ ʟʫʙʯʘʪʦʡ ʧʝʨʝʜʘʯʠ ʯʝʨʝʟ ʤʘʩʩʠʚʥʳʡ 

ʵʢʩʮʝʥʪʨʠʢʦʚʳʡ ʩʪʘʢʘʥ. 

 

 
1-ʥʠʞʥʷʷ ʯʘʩʪʴ ʢʦʨʧʫʩʘ (ʩʪʘʥʠʥʘ); 2-ʩʨʝʜʥʷʷ ʯʘʩʪʴ ʢʦʨʧʫʩʘ; 3-ʚʝʨʭʥʷʷ 

ʯʘʩʪʴ ʢʦʨʧʫʩʘ; 4-ʵʢʩʮʝʥʪʨʠʢ; 5-ʧʦʜʚʠʞʥʳʡ ʢʦʥʫʩ; 6-ʚʘʣ ʧʨʠʚʦʜʘ; 7-

ʮʝʥʪʨʘʣʴʥʳʡ ʩʪʘʢʘʥ; 8-ʙʘʙʙʠʪʦʚʘʷ ʟʘʣʠʚʢʘ; 9-ʙʦʣʴʰʘʷ ʢʦʥʠʯʝʩʢʘʷ ʰʝʩʪʝʨʥʷ; 

10-ʜʝʪʘʣʠ ʧʳʣʝʫʧʣʦʪʥʝʥʠʷ; 11-ʬʫʪʝʨʦʚʢʘ ʧʦʜʚʠʞʥʦʛʦ ʢʦʥʫʩʘ; 12-ʬʫʪʝʨʦʚʢʘ 

ʧʦʜʚʠʞʥʦʛʦ ʢʦʥʫʩʘ; 13-ʪʨʘʚʝʨʩʘ; 14-ʬʫʪʝʨʦʚʢʘ ʪʨʘʚʝʨʩʳ; 15-ʧʦʜʚʠʞʥʘʷ 

ʚʪʫʣʢʘ; 16-ʢʦʣʧʘʢ; 17-ʛʘʡʢʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʨʘʟʛʨʫʟʦʯʥʦʡ ʱʝʣʠ; 18-

ʥʝʧʦʜʚʠʞʥʘʷ ʚʪʫʣʢʘ; 19-ʦʧʦʨʥʳʡ ʧʦʜʰʠʧʥʠʢ; 20-ʰʢʠʚ ʧʨʠʚʦʜʘ; 21-

ʬʫʪʝʨʦʚʢʘ ʧʨʠʚʦʜʘ; 22-ʧʘʪʨʫʙʦʢ ʧʳʣʝʫʧʣʦʪʥʝʥʠʷ; 23-ʫʧʦʨ ʵʢʩʮʝʥʪʨʠʢʘ; 24-

ʛʣʘʚʥʳʡ ʚʘʣ; 25-ʤʘʣʘʷ ʢʦʥʠʯʝʩʢʘʷ ʰʝʩʪʝʨʥʷ; 26-ʤʫʬʪʘ; 27-ʟʘʱʠʪʥʘʷ ʚʪʫʣʢʘ; 

28-ʦʙʦʡʤʘ 

ʈʠʩʫʥʦʢ 1 ʂʦʥʫʩʥʘʷ ʜʨʦʙʠʣʢʘ ʂʂɼ-1500/180 
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ʊʨʫʱʠʝʩʷ ʧʦʚʝʨʭʥʦʩʪʠ ï ʧʦʜʰʠʧʥʠʢʦʚʘʷ ʩʠʩʪʝʤʘ ʠ ʮʠʨʢʫʣʷʮʠʦʥʥʘʷ 

ʩʤʘʟʢʘ ï ʧʨʝʜʦʭʨʘʥʷʶʪʩʷ ʦʪ ʧʳʣʠ ʠ ʤʝʣʢʠʭ ʢʫʩʦʯʢʦʚ ʨʫʜʳ ʧʳʣʝʚʳʤ 

ʫʧʣʦʪʥʝʥʠʝʤ, ʢʦʪʦʨʦʝ ʥʝ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʧʳʣʠ ʠ ʨʫʜʝ ʧʨʦʥʠʢʥʫʪʴ ʚ ʟʘʟʦʨ 

ʤʝʞʜʫ ʢʦʥʫʩʦʤ ʠ ʧʘʪʨʫʙʢʦʤ ʧʳʣʝʫʧʣʦʪʥʝʥʠʷ. 

ʊʨʫʱʠʝʩʷ ʜʝʪʘʣʠ ʫʟʣʘ ʧʦʜʚʝʩʢʠ ʧʦʜʚʠʞʥʦʛʦ ʢʦʥʫʩʘ ʟʘʱʠʱʘʶʪʩʷ ʦʪ 

ʧʳʣʠ ʢʦʣʧʘʢʦʤ 16 ʠ ʦʙʠʣʠʝʤ ʛʫʩʪʦʡ ʩʤʘʟʢʠ, ʢʦʪʦʨʫʶ ʥʝʦʙʭʦʜʠʤʦ ʤʝʥʷʪʴ ʧʨʠ 

ʚʩʝʭ ʚʠʜʘʭ ʨʝʤʦʥʪʦʚ. 

ʂʦʥʩʪʨʫʢʮʠʷ ʧʨʠʤʝʥʷʝʤʳʭ ʧʳʣʝʫʧʣʦʪʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʩʣʘʙʳʤ ʤʝʩʪʦʤ ʚ 

ʜʨʦʙʠʣʢʝ, ʦʩʦʙʝʥʥʦ ʢʦʛʜʘ ʜʨʦʙʠʪʩʷ ʛʦʨʥʘʷ ʤʘʩʩʘ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʥʝʢʦʪʦʨʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʛʣʠʥʳ. ʅʝʦʙʭʦʜʠʤʦ ʩʣʝʜʠʪʴ, ʯʪʦʙʳ ʧʦʣʦʩʪʴ ʥʠʞʝ ʜʨʦʙʷʱʝʛʦ 

ʢʦʥʫʩʘ ʚʩʝʛʜʘ ʙʳʣʘ ʩʚʦʙʦʜʥʦʡ ʦʪ ʧʨʦʜʫʢʪʦʚ ʜʨʦʙʣʝʥʠʷ. 

ʅʘʨʫʰʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʧʳʣʝʫʧʣʦʪʥʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʟʘʙʠʚʢʠ ʧʦʜʢʦʥʫʩʥʦʡ ʧʦʣʦʩʪʠ, ʯʪʦ ʦʙʳʯʥʦ ʚʝʜʝʪ ʢ ʧʦʜʥʠʤʘʥʠʶ ʢʦʣʴʮʘ 

ʫʧʣʦʪʥʝʥʠʷ ʠ ʧʨʥʠʢʥʦʚʝʥʠʶ ʯʝʨʝʟ ʦʙʨʘʟʦʚʘʚʰʫʶʩʷ ʱʝʣʴ ʧʳʣʠ ʚ ʤʘʩʣʦ. 

ʂʦʥʫʩʥʳʝ ʜʨʦʙʠʣʢʠ ʢʨʫʧʥʦʛʦ ʜʨʦʙʣʝʥʠʷ ʠʤʝʶʪ ʤʘʣʳʝ 

ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʳ ʚʘʣʘ ʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʘʣʦʝ ʯʠʩʣʦ ʦʙʦʨʦʪʦʚ ʝʛʦ, ʧʦʵʪʦʤʫ 

ʟʘʧʘʩ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʫ ʥʠʭ ʥʝʙʦʣʴʰʦʡ ʠ ʦʥʠ ʣʝʛʢʦ ʦʩʪʘʥʘʚʣʠʚʘʶʪʩʷ 

ʧʨʠ ʧʦʧʘʜʘʥʠʠ ʚ ʨʘʙʦʯʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʨʝʜʤʝʪʦʚ ʠʣʠ ʜʨʫʛʠʭ 

ʥʝʜʨʦʙʠʤʳʭ ʪʝʣ. ʇʨʠ ʵʪʦʤ ʚʝʩʤɹʘ ʚʘʞʥʦ, ʯʪʦʙʳ ʦʪʢʣʶʯʘʶʱʘʷ ʵʥʝʨʛʠʶ 

ʘʧʧʘʨʘʪʫʨʘ ʙʳʩʪʨʦ ʩʨʘʙʘʪʳʚʘʣʘ. ʆʜʥʘʢʦ ʟʘʱʠʪʘ ʫʟʣʦʚ ʦʪ ʧʝʨʝʛʨʫʟʢʠ ʚʩʝ ʞʝ 

ʥʝʦʙʭʦʜʠʤʘ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʩʨʝʜʩʪʚʦʤ ʟʘʱʠʪʳ ʜʨʦʙʠʣʢʠ ʦʪ 

ʧʝʨʝʛʨʫʟʢʠ ʷʚʣʷʶʪʩʷ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʳʝ ʚʘʣʠʢʠ, ʢʦʪʦʨʳʝ ʩʦʝʜʠʥʷʶʪ ʰʢʠʚ ʩ 

ʧʨʠʚʦʜʥʳʤ ʚʘʣʦʤ. ʆʙʳʯʥʦ ʚʘʣʠʢʠ ʨʘʩʩʯʠʪʘʥʳ ʥʘ ʜʚʦʡʥʫʶ ʧʝʨʝʛʨʫʟʢʫ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ. ʇʨʝʜʦʭʨʘʥʠʪʝʣʴʥʳʝ ʚʘʣʠʢʠ ʩʣʝʜʫʝʪ ʠʟʛʦʪʦʚʣʷʪʴ ʩʦʛʣʘʩʥʦ 

ʨʘʩʯʝʪʘʤ, ʪʘʢ ʢʘʢ ʥʝʩʦʙʣʶʜʝʥʠʝ ʵʪʦʛʦ ʧʨʘʚʠʣʘ ʦʙʷʟʘʪʝʣʴʥʦ ʧʨʠʚʝʜʝʪ ʢ 

ʢʨʫʧʥʦʡ ʘʚʘʨʠʠ ʠ ʚʳʥʫʞʜʝʥʥʦʤʫ ʜʣʠʪʝʣʴʥʦʤʫ ʧʨʦʩʪʦʶ ʘʛʨʝʛʘʪʘ. ʏʘʱʝ ʚʩʝʛʦ 

ʚ ʵʪʠʭ ʩʣʫʯʘʷʭ ʚʳʣʘʤʳʚʘʶʪʩʷ ʟʫʙʴʷ ʰʝʩʪʝʨʝʥ. 

ɺ ʭʦʨʦʰʦ ʦʪʨʝʛʫʣʠʨʦʚʘʥʥʦʡ ʜʨʦʙʠʣʢʝ ʧʦʜʚʠʞʥʳʡ ʢʦʥʫʩ ʥʘ ʭʦʣʦʩʪʦʤ 

ʭʦʜʫ ʚʨʘʱʘʝʪʩʷ ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ, ʘ ʧʨʠ ʜʨʦʙʣʝʥʠʠ ʛʦʨʥʦʡ ʤʘʩʩʳ ï ʧʨʦʪʠʚ 

ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ. ʊʘʢʦʝ ʚʨʘʱʝʥʠʝ ʢʦʥʫʩʘ ʦʙʫʩʣʦʚʣʝʥʦ ʩʠʣʦʡ ʪʨʝʥʠʷ, 

ʚʦʟʥʠʢʘʶʱʝʡ ʤʝʞʜʫ ʢʦʥʫʩʦʤ ʠ ʜʨʦʙʠʤʦʡ ʛʦʨʥʦʡ ʤʘʩʩʦʡ. ʅʦʨʤʘʣʴʥʦ 

ʧʦʜʚʠʞʥʳʡ ʢʦʥʫʩ ʩʦʚʝʨʰʘʝʪ ʚʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʚʦʢʨʫʛ ʩʚʦʝʡ ʦʩʠ ʩʦ 

ʩʢʦʨʦʩʪʴʶ ʦʢʦʣʦ 10 ʦʙ/ʤʠʥ, ʯʪʦ ʦʙʳʯʥʦ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 5% ʩʢʦʨʦʩʪʠ 

ʚʨʘʱʝʥʠʷ ʵʢʩʮʝʥʪʨʠʢʘ. 
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2. ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ 

 

2.1 ʅʘʟʥʘʯʝʥʠʝ ʦʧʝʨʘʮʠʡ ʜʨʦʙʣʝʥʠʷ 

 

ɼʨʦʙʣʝʥʠʝ ï ʧʨʦʮʝʩʩ ʫʤʝʥʴʰʝʥʠʷ ʨʘʟʤʝʨʦʚ ʢʫʩʢʦʚ (ʟʝʨʝʥ) ʧʦʣʝʟʥʳʭ 

ʠʩʢʦʧʘʝʤʳʭ ʧʫʪʝʤ ʨʘʟʨʫʰʝʥʠʷ ʠʭ ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʠʭ ʩʠʣ, ʧʨʝʦʜʦʣʝʚʘʶʱʠʭ 

ʚʥʫʪʨʝʥʥʠʝ ʩʠʣʳ ʩʮʝʧʣʝʥʠʷ, ʩʚʷʟʳʚʘʶʱʠʝ ʤʝʞʜʫ ʩʦʙʦʡ ʯʘʩʪʠʮʳ ʪʚʝʨʜʦʛʦ 

ʚʝɦ ʝʩʪʚʘ. 

ʉʪʝʧʝʥʴ ʜʨʦʙʣʝʥʠʷ ï ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʦʮʝʩʩʘ, 

ʧʦʢʘʟʚrʘʶʱʘʷ, ʚʦ ʩʢʦʣʴʢʦ ʨʘʟ ʫʤʝʥʴʰʠʣʩʷ ʨʘʟʤʝʨ ʢʫʩʢʦʚ ʠʣʠ ʟʝʨʝʥ 

ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʜʨʦʙʣʝʥʠʠ. 

ʉʪʝʧʝʥʴ ʜʨʦʙʣʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʩʨʝʜʥʠʭ ʜʠʘʤʝʪʨʦʚ, 

ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʩ ʫʯʝʪʦʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʨʫʧʥʦʩʪʠ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ 

ʧʨʦʜʫʢʪʘ ʜʨʦʙʣʝʥʠʷ: 

 

,
ñð

ñð

d

D
i =

 
 

ʛʜʝ Dʩʨ- ʩʨʝʜʥʠʡ ʜʠʘʤʝʪʨ ʢʫʩʢʦʚ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ; 

dʩʨ- ʩʨʝʜʥʠʡ ʜʠʘʤʝʪʨ ʢʫʩʢʦʚ ʜʨʦʙʣʝʥʦʛʦ ʧʨʦʜʫʢʪʘ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʨʫʧʥʦʩʪʠ ʜʨʦʙʠʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʜʨʦʙʣʝʥʦʛʦ 

ʧʨʦʜʫʢʪʘ ʩʪʘʜʠʠ ʜʨʦʙʣʝʥʠʷ ʠʤʝʶʪ ʦʩʦʙʳʝ ʥʘʟʚʘʥʠʷ: ʧʝʨʚʘʷ ʩʪʘʜʠʷ ï ʢʨʫʧʥʦʝ 

ʜʨʦʙʣʝʥʠʝ (ʦʪ 1500-300 ʜʦ 350-100 ʤʤ); ʚʪʦʨʘʷ ʩʪʘʜʠʷ ï ʩʨʝʜʥʝʝ ʜʨʦʙʣʝʥʠʝ 

(ʦʪ 350-100 ʜʦ 100-40 ʤʤ); ʪʨʝʪʴʷ ʩʪʘʜʠʷ ï ʤʝʣʢʦʝ ʜʨʦʙʣʝʥʠʝ (ʦʪ 100-40 ʜʦ 

30-5 ʤʤ). 

ʇʦʩʣʝʜʫʶʱʘʷ ʦʧʝʨʘʮʠʷ, ʚ ʢʦʪʦʨʫʶ ʧʦʩʪʫʧʘʝʪ ʤʘʪʝʨʠʘʣ ʧʦʩʣʝ ʩʨʝʜʥʝʛʦ 

ʠ ʤʝʣʢʦʛʦ ʜʨʦʙʣʝʥʠʷ (ʢʫʩʢʠ ʨʘʟʤʝʨʦʤ ʤʝʥʴʰʝ 50 ʤʤ), ʥʘʟʳʚʘʝʪʩʷ 

ʠʟʤʝʣʴʯʝʥʠʝʤ. 

ʉʪʝʧʝʥʴ ʜʨʦʙʣʝʥʠʷ, ʜʦʩʪʠʛʘʝʤʘʷ ʚ ʢʘʞʜʦʡ ʦʪʜʝʣʴʥʦʡ ʩʪʘʜʠʠ, 

ʥʘʟʳʚʘʝʪʩʷ ʯʘʩʪʥʦʡ, ʘ ʚʦ ʚʩʝʭ ʩʪʘʜʠʷʭ ï ʦʙʱʝʡ ʩʪʝʧʝʥʴʶ ʜʨʦʙʣʝʥʠʷ. ʆʙʱʘʷ 

ʩʪʝʧʝʥʴ ʜʨʦʙʣʝʥʠʷ ʨʘʚʥʘ ʧʨʦʠʟʚʝʜʝʥʠʶ ʯʘʩʪʥʳʭ ʩʪʝʧʝʥʝʡ ʜʨʦʙʣʝʥʠʷ. 

ʉʦʛʣʘʩʥʦ ʦʧʨʝʜʝʣʝʥʠʶ, ʯʘʩʪʥʳʝ ʩʪʝʧʝʥʠ ʜʨʦʙʣʝʥʠʷ: 

 

ʜʣʷ 1-ʡ ʩʪʘʜʠʠ1

max

1
d

D
r =

; 

ʜʣʷ 2-ʡ ʩʪʘʜʠʠ2

1
2

d

d
r =

; 

ʜʣʷ n-ʡ ʩʪʘʜʠʠmax

1

d

d
r n

n
-=

, 

 

ʛʜʝ Dmax ï ʨʘʟʤʝʨ ʤʘʢʩʠʤʘʣʴʥʳʭ ʢʫʩʢʦʚ, ʧʦʩʪʫʧʘʶʱʠʭ ʚ 1-ʶ ʩʪʘʜʠʶ; 
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d1 ï ʨʘʟʤʝʨ ʤʘʢʩʠʤʘʣʴʥʳʭ ʢʫʩʢʦʚ ʚ ʧʨʦʜʫʢʪʝ 1-ʡ ʩʪʘʜʠʠ, ʪ.ʝ. ʚ 

ʠʩʭʦʜʥʦʤ ʤʘʪʝʨʠʘʣʝ, ʧʦʩʪʫʧʘʶʱʝʤ ʚʦ 2-ʶ ʩʪʘʜʠʶ; 

d2 - ʨʘʟʤʝʨ ʤʘʢʩʠʤʘʣʴʥʳʭ ʢʫʩʢʦʚ ʚ ʧʨʦʜʫʢʪʝ 2-ʡ ʩʪʘʜʠʠ; 

dn-1 ï ʨʘʟʤʝʨ ʤʘʢʩʠʤʘʣʴʥʳʭ ʢʫʩʢʦʚ ʚ ʧʨʦʜʫʢʪʝ (n-1)-ʡ ʩʪʘʜʠʠ, ʪ.ʝ. ʚ 

ʤʘʪʝʨʠʘʣʝ, ʧʦʩʪʫʧʘʶʱʝʤ ʚ ʧʦʩʣʝʜʥʶʶ, n-ʶ ʩʪʘʜʠʶ; 

dmax - ʨʘʟʤʝʨ ʤʘʢʩʠʤʘʣʴʥʳʭ ʢʫʩʢʦʚ ʚ ʧʨʦʜʫʢʪʝ n-ʡ ʩʪʘʜʠʠ, ʪ.ʝ. ʚ 

ʦʢʦʥʯʘʪʝʣʴʥʦʤ ʧʨʦʜʫʢʪʝ. 

ɺʟʷʚ ʧʨʦʠʟʚʝʜʝʥʠʷ ʯʘʩʪʥʳʭ ʩʪʝʧʝʥʝʡ ʜʨʦʙʣʝʥʠʷ 

 

max

1

2

1

1

max

21 ......
d

d

d

d

d

D
rrr n

n

-=

, 

 

ʧʦʣʫʯʠʤ ʦʙʱʫʶ ʩʪʝʧʝʥʴ ʜʨʦʙʣʝʥʠʷ 

 

max

max

21 ...
d

D
rrri n ==

. 

 

2.2 ɿʘʢʦʥʳ ʜʨʦʙʣʝʥʠʷ 

 

ʇʦʜ ʟʘʢʦʥʘʤʠ ʜʨʦʙʣʝʥʠʷ ʧʦʥʠʤʘʶʪ ʟʘʚʠʩʠʤʦʩʪʴ ʨʘʙʦʪʳ, ʟʘʪʨʘʯʝʥʥʦʡ 

ʥʘ ʜʨʦʙʣʝʥʠʝ, ʦʪ ʨʝʟʫʣʴʪʘʪʘ ʜʨʦʙʣʝʥʠʷ, ʪ.ʝ. ʦʪ ʢʨʫʧʥʦʩʪʠ ʧʨʦʜʫʢʪʘ. 

ʆʙʦʙʱʝʥʥʦ ʨʘʙʦʪʫ ʜʨʦʙʣʝʥʠʷ ʦʜʥʦʛʦ ʢʫʩʢʘ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʝʧʝʥʴʶ 

ʜʨʦʙʣʝʥʠʷ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

 
m

PDkÀ= , 

 

ʛʜʝ m ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʦʪ 2 ʜʦ 3. 

ʈʘʙʦʪʫ ʜʨʦʙʣʝʥʠʷ Q ʪʦʥʥ ʤʘʪʝʨʠʘʣʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ N ʢʫʩʢʦʚ 

ʦʜʠʥʘʢʦʚʦʛʦ ʨʘʟʤʝʨʘ, ʧʨʠ ʩʪʝʧʝʥʠ ʜʨʦʙʣʝʥʠʷ i ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʫʣʦʡ () 

ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ 

 

QDk
D

Q
DkNDkÀ mm

P

m

PQ

3

13

-===
d , 

 

ɻʜʝ N ï ʯʠʩʣʦ ʢʫʩʢʦʚ ʚ Q ʪʦʥʥʘʭ ʤʘʪʝʨʠʘʣʘ; 

ŭ ï ʧʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ, ʪ/ʤ3; 

d
Pk

k =1

 
 

2.3 ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʜʨʦʙʠʣʢʠ 

 

ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʧʨʠʥʠʤʘʝʤ, ʯʪʦ ʦʩʠ ʧʦʜʚʠʞʥʦʛʦ ʠ ʥʝʧʦʜʚʠʞʥʦʛʦ 

ʢʦʥʫʩʦʚ ʧʘʨʘʣʣʝʣʴʥʳ ʤʝʞʜʫ ʩʦʙʦʡ. 
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ʕʪʦ ʜʦʧʫʱʝʥʠʝ ʧʨʠʝʤʣʝʤʦ, ʪʘʢ ʢʘʢ ʫʛʦʣ ʛʠʨʘʮʠʡ ʢʦʥʫʩʘ ʥʝʟʥʘʯʠʪʝʣʝʥ. 

ʋʛʦʣ ʟʘʭʚʘʪʘ ʜʨʦʙʠʣʢʠ ʨʘʚʝʥ ʩʫʤʤʝ ʫʛʣʦʚ ʦʙʦʠʭ ʢʦʥʫʩʦʚ ʪ.ʝ. 

 

Ŭ = Ŭ1+ Ŭ2. 

ɺʳʨʘʟʠʤ ʧʨʝʜʝʣʴʥʫʶ ʚʝʣʠʯʠʥʫ ʫʛʣʘ ʟʘʭʚʘʪʘ 

 

Ŭ = Ŭ1+ Ŭ2 Ò 2ű, 

 

ʛʜʝ ű ï ʫʛʦʣ ʪʨʝʥʠʷ ʨʫʜʳ ʦ ʜʨʦʙʷʱʠʝ ʧʦʚʝʨʭʥʦʩʪʠ; ʫʛʦʣ ʟʘʭʚʘʪʘ ʦʙʳʯʥʦ 

ʧʨʠʤʝʥʷʶʪ ʚ ʧʨʝʜʝʣʘʭ 21-23Á. 

ʇʫʪʴ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ ʧʨʦʜʫʢʪʘ ʠʟ ʨʘʟʛʨʫʟʦʯʥʦʡ ʱʝʣʠ 

h= 450g/n2 = S/tg Ŭ. 

ɺʝʣʠʯʠʥʘ ʭʦʜʘ ʜʨʦʙʷʱʝʛʦ ʢʦʥʫʩʘ ʚ ʧʣʦʩʢʦʩʪʠ ʨʘʟʛʨʫʟʦʯʥʦʛʦ ʦʪʚʝʨʩʪʠʷ 

ʙʫʜʝʪ ʨʘʚʥʘ ʜʚʫʤ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘʤ ʢʘʯʘʥʠʡ ʢʦʥʫʩʘ ʚ ʪʦʤ ʞʝ ʩʝʯʝʥʠʠ ŭ=2r. 

ʄʘʩʩʦʚʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʜʨʦʙʠʣʢʠ 

 

dk
B

BBB
Q

12

2.78.1955.420 23

+

-+
=

 
 

ʠʣʠ ʧʨʠʙʣʠʞʝʥʥʦ 

 

)(12210 2 dkBBQ += , ʪ/ʯ,       (1) 

 

ɻʜʝ k ï ʢʦʬɻʬʠʮʠʝʥʪ ʨʘʟʨʳʭʣʝʥʠʷ 0,3-0,5; 

ɺ ï ʰʠʨʠʥʘ ʧʨʠʝʤʥʦʛʦ ʦʪʚʝʨʩʪʠʷ. 

 

÷òQ /139702.35.0
15.12

5.12.75.18.1955.15.420 23

=Ö
+Ö

Ö-Ö+Ö
=

 
 

2.4 ʈʘʩʯʝʪ ʤʦʱʥʦʩʪʠ ʧʨʠʚʦʜʘ 

 

ʂʦʥʫʩʥʘʷ ʜʨʦʙʠʣʢʘ ʢʨʫʧʥʦʛʦ ʜʨʦʙʣʝʥʠʷ ʂʂɼ-1500/180 ʠʤʝʝʪ 

ʧʨʠʚʦʜʥʦʡ ʚʘʣ, ʚʨʘʱʘʶʱʠʡʩʷ ʦʪ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʯʝʨʝʟ ʢʣʠʥʦʨʝʤʝʥʥʫʶ 

ʧʝʨʝʜʘʯʫ, ʠ ʧʝʨʝʜʘʶɦʠʡ ʚʨʘʱʝʥʠʝ ʯʝʨʝʟ ʢʦʥʠʯʝʩʢʫʶ ʟʫʙʯʘʪʫʶ ʧʝʨʝʜʘʯʫ 

ʵʢʩʮʝʥʪʨʠʢʫ. 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ: 

ʘ) ʢʣʠʥʦʨʝʤʝʥʥʘʷ ʧʝʨʝʜʘʯʘ 

ʜʠʘʤʝʪʨ ʚʝʜʫʱʝʛʦ ʰʢʠʚʘ d1=765ʤʤ 

ʜʠʘʤʝʪʨ ʚʝʜʦʤʦʛʦ ʰʢʠʚʘ d2=1600ʤʤ 

ʙ) ʟʘʢʨʳʪʘʷ ʟʫʙʯʘʪʘʷ ʢʦʥʠʯʝʩʢʘʷ ʧʝʨʝʜʘʯʘ: 

ʯʠʩʣʦ ʟʫʙʴʝʚ ʰʝʩʪʝʨʥʠ Z1=26 

ʯʠʩʣʦ ʟʫʙʴʝʚ ʢʦʣʝʩʘ Z2=67 

ʚ) ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʪʠʧʘ ɸʂ3-13-52-10 
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ʤʦʱʥʦʩʪʴ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʈ1=400ʢɺʪ 

ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʧ1=590ʦʙ/ʤʠʥ 

 

 
ʈʠʩʫʥʦʢ 2 ʂʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʨʠʚʦʜʘ 

 

1.ʆʧʨʝʜʝʣʠʪʴ ʫʛʣʦʚʫʶ ʩʢʦʨʦʩʪʴ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ 

 

ɤ1= ʩʨʘʜ
ʧ

/75,61
30

59014,3

30

1 =
Ö

=
p

       (2) 

2. ʆʧʨʝʜʝʣʠʪʴ ʧʝʨʝʜʘʪʦʯʥʦʝ ʦʪʥʦʰʝʥʠʝ ʧʨʠʚʦʜʘ: 

ʧʝʨʝʜʘʪʦʯʥʦʝ ʦʪʥʦʰʝʥʠʝ ʢʣʠʥʦʨʝʤʝʥʥʦʡ ʧʝʨʝʜʘʯʠ 

 

ip.n.= 09,2
765

1600

1

2 ==
d

d
        (3) 

 

ʧʝʨʝʜʘʪʦʯʥʦʝ ʦʪʥʦʰʝʥʠʝ ʢʦʥʝʯʥʳʭ ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯʠ 

 

iʢʧ=Z2/Z1=67/26=2,57        (4) 

 

ʆʙʱʝʝ ʧʝʨʝʜʘʪʦʯʥʦʝ ʦʪʥʦʰʝʥʠʝ ʧʨʠʚʦʜʘ 

 

i=ipnĀikn=2,09Ā2,57=5,37       (5) 

 

3. ʆʧʨʝʜʝʣʠʪʴ ʯʘʩʪʦʪʫ ʚʨʘʱʝʥʠʷ ʚʝʜʦʤʦʛʦ ʚʘʣʘ çʉè 

 

ʧ3= ʤʠʥʦʙ
i

ʧ
/110

37.5

5901 ==        (6) 

 

ʊʦʛʜʘ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʘʣʘ çʉè 
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ɤ3= ʩʨʘʜ
ʧ

/5,11
30

11014,3

30

3 =
Ö

=
p

       (7) 

 

ʠʣʠ 

ɤ3= ʩʨʘʜ
i

/5,11
37,5

75,611 ==
w

       (8) 

 

4. ʆʧʨʝʜʝʣʷʝʤ ʚʨʘʱʘʶʱʠʝ ʤʦʤʝʥʪʳ ʥʘ ʚʝʜʫʱʝʤ ʠ ʚʝʜʦʤʦʤ ʚʘʣʘʭ çɸè 

ʠ çʉè 

ʊ1= ʅʤ
ʈ

6478
75,61

10400 3

1

1 =
Ö

=
w

       (9) 

ʊ3=ʊ1Āi=6478Ā5,37=34786ʅʤ       (10) 

 

5. ʆʧʨʝʜʝʣʷʝʤ ʤʦʱʥʦʩʪʴ ʧʨʠʚʦʜʘ 

 

ʈ3=ʊ3Āɤ3=34786Ā11,5=400,039Ā103ɺʪ=400ʢɺʪ    (11) 

 

ʄʦʱʥʦʩʪʴ ʧʨʠʚʦʜʘ ʜʦʣʞʥʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʨʘʚʝʥʩʪʚʫ 

ʈ3Òʈ1; ʪʦ ʝʩʪʴ ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ 400ʢɺʪ 

 

 

2.5 ʈʘʩʯʝʪ ʢʣʠʥʦʨʝʤʝʥʥʦʡ ʧʝʨʝʜʘʯʠ 

 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʨʘʩʯʝʪʘ: ʧʝʨʝʜʘʚʘʝʤʘʷ ʤʦʱʥʦʩʪʴ 

ʈʪʨ=444,5ʢɺʪ 

ʏʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʚʝʜʫʱʝʛʦ ʰʢʠʚʘ ʧʜʚ=590ʦʙ/ʤʠʥ, ʧʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ 

i=2,09, ʩʢʦʣʴʞʝʥʠʷ ʨʝʤʥʷ ɝ=0,015 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʤʝʥʴʰʝʛʦ ʰʢʠʚʘ ʠ ʧʝʨʝʜʘʚʘʝʤʦʝ 

ʤʦɦʥʦʩʪʠ ʧʨʠʥʠʤʘʝʤ ʩʝʯʝʥʠʷ ʢʣʠʥʦʚʦʛʦ ʨʝʤʥʷ ɼ 

ɺʨʘʱʘʶʱʠʡ ʤʦʤʝʥʪ 

 

ʊ= ʅʤʅʤ
ʈ

ʜʚ

72004,7198
75,61

105,444 3

º=
Ö

=
w

     (12) 

 

ɼʠʘʤʝʪʨ ʤʝʥʴʰʝʛʦ ʰʢʠʚʘ 

 

d1å(34· ) ʤʤʊ 77258009,193)43(107200)43( 3 33 ·ºÖ·ºÖ·=   (13) 

 

ʉʦʛʣʘʩʥʦ ʧʦ ʪʘʙʣʠʮʝ ʩ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʜʠʘʤʝʪʨ ʰʢʠʚʘ ʜʣʷ ʨʝʤʥʝʡ 

ʩʝʯʝʥʠʷ ɼ ʥʝ ʜʦʣʞʝʥ ʙʳʪʴ ʤʝʥʝʝ 560ʤʤ, ʧʨʠʥʠʤʘʝʤ d1=765ʤʤ. 

ɼʠʘʤʝʪʨ ʙʦʣʴʰʝʛʦ ʰʢʠʚʘ 

 

d2=ipd1(1-ɝ)=2,09Ā765(1-0,0115)=1575ʤʤ.     (14) 
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ʇʨʠʥʠʤʘʝʤ d2=1600ʤʤ 

ʋʪʦʯʥʷʝʤ ʧʝʨʝʜʘʪʦʯʥʦʝ ʦʪʥʦʰʝʥʠʝ 

 

ip= 12,2
)015,01(765

1600

)1(1

2 =
-

=
-xd

d
      (15) 

 

ʇʨʠ ʵʪʦʤ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʘʣʘ ʙʫʜʝʪ 

 

ɤʚ= ʩʨʘʜ
i p

ʜʚ /13,29
12,2

75,61
==

w
       (16) 

 

ʈʘʩʭʦʞʜʝʥʠʝ ʩ ʪʝʤ, ʯʪʦ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʧʦ ʧʝʨʚʦʥʘʯʘʣʴʥʦʤʫ ʨʘʩʯʝʪʫ, 

 

%,98,1%100
72,29

13,2972,29
=Ö

-

       (17) 

 

ʏʪʦ ʤʝʥʝʝ ʜʦʧʫʩʢʘʝʤʦʛʦ ʥʘ Ñ3%. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʢʦʥʯʘʪʝʣʴʥʦ ʧʨʠʥʠʤʘʝʤ ʜʠʘʤʝʪʨʳ ʰʢʠʚʦʚ d1=765ʤʤ 

ʠ d2=1600ʤʤ 

ʄʝʞʦʩʝʚʦʝ ʨʘʩʩʪʦʷʥʠʝ ʘʨ 

 

ʘmin=0,55(d1+d2)+T0=0,55(765+1600)+23,5=1324,25ʤʤ  (18) 

amax=d1+d2=765+1600=2365ʤʤ      (19) 

 

ʛʜʝ ʊ0=23,5ʤʤ (ʚʳʩʦʪʘ ʩʝʯʝʥʠʷ ʨʝʤʥʷ ʧʦ ʪʘʙʣʠʮʝ) 

ʇʨʠʥʠʤʘʝʤ ʘʨ=2300ʤʤ. 

ʈʘʩʯʝʪʥʘʷ ʜʣʠʥʘ ʨʝʤʥʷ 

 

L=2ʘp+0,5ˊ(d1+d2)+ =
Ö

-
++Ö+Ö=

-

23004

)7651600(
)1600765(14,35,023002

4

)( 22

21

P

dd

a
 

=4600+3713,05+75,78=8388,83ʤʤ      (20) 

 

ʇʨʠʥʠʤʘʝʤ ʙʣʠʞʘʡʰʝʝ ʟʥʘʯʝʥʠʝ ʧʦ ʩʪʘʥʜʘʨʪʫ L=8500ʤʤ 

ʋʪʦʯʥʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʤʝʞʦʩʝʚʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʘʨ ʩ ʫʯʝʪʦʤ ʩʪʘʥʜʘʨʪʥʦʡ 

ʜʣʠʥʳ ʨʝʤʥʷ L 

 

Ŭʨ=0,25[(L-w)+ ywL 2)( 2-- ] 

ʛʜʝ 

w=0,5ˊ(d1+d2)=0,5Ā3,14(765+1600)=3713,05ʤʤ    (21) 

ʫ=(d2-d1)2=(1600-765)2=69,72Ā104ʤʤ     (22) 
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ʘʨ=0,25[(8500+3713,05)+42 1072,692)05,37138500( ÖÖ-- ]=0,25[4786,95+46

39]=2356,48ʤʤ          (23) 

 

ʇʨʠ ʤʦʥʪʘʞʝ ʧʝʨʝʜʘʯʠ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʫʤʝʥʴʰʝʥʠʷ ʤʝʞʦʩʝʚʦʛʦ ʨʘʩʩʪʦʷʥʠʝ ʥʘ 0,01L=0,01Ā8500=85ʤʤ ʜʣʷ 

ʦʙʣʝʛʯʝʥʠʷ ʥʘʜʝʚʘʥʠʷ ʨʝʤʥʝʡ ʥʘ ʰʢʠʚʳ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʫʚʝʣʠʯʝʥʠʷ ʝʛʦ ʥʘ 

0,025L=0,025Ā8500=212,5ʤʤ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʥʘʪʷʞʝʥʠʷ ʨʝʤʥʝʡ. 

ʋʛʦʣ ʦʙʭʚʘʪʘ ʤʝʥʴʰʝʛʦ ʰʢʠʚʘ 

 

Ŭ1=1800-57

0012 160
5.2356

7651600
57180 =

-
Ö-=

-

pà

dd

    (24) 

 

ʂʦʵʬʬʠʮʠʝʥʪ ʨʝʞʠʤʘ ʨʘʙʦʪʳ, ʫʯʠʪʳʚʘʶʱʠʡ ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʧʝʨʝʜʘʯʠ ʧʦ ʪʘʙʣʠʮʝ ʜʣʷ ʧʨʠʚʦʜʘ ʢ ʜʨʦʙʠʣʢʝ ʉʨ=1,7 

ʂʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʚʣʠʷʥʠʝ ʜʣʠʥʳ ʨʝʤʥʷ ʧʦ ʪʘʙʣʠʮʝ ʜʣʷ 

ʨʝʤʥʷ ʩʝʯʝʥʠʷ ɼ ʧʨʠ ʜʣʠʥʝ L=8500ʤʤ ʢʦʵʬʬʠʮʠʝʥʪ ʉL=1,03 

ʂʦʵʬʬʠʮʠʝʥʪ ʫʯʠʪʳʚʘʶʱʠʡ ʚʣʠʷʥʠʝ ʫʛʣʘ ʦʙʭʚʘʪʘ: ʧʨʠ Ŭ1=1600 

ʢʦʵʬʬʠʮʠʝʥʪ ʉ2=0,95 

ʂʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʯʠʩʣʦ ʨʝʤʥʝʡ ʚ ʧʝʨʝʜʘʯʝ ʧʨʝʜʧʦʣʦʛʘʷ, 

ʯʪʦ ʯʠʩʣʦ ʨʝʤʥʝʡ ʚ ʧʝʨʝʜʘʯʝ ʩʚʳʰʝ 6, ʧʨʠʤʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʉZ=0,85. 

ʏʠʩʣʦ ʨʝʤʥʝʡ ʚ ʧʝʨʝʜʘʯʝ 

 

Z=
,

0 ZL

P

CCCP

PC

a  

 

ʛʜʝ ʈ0ʤʦʱʥʦʩʪʴ, ʧʝʨʝʜʘʚʘʝʤʘʷ ʦʜʥʠʤ ʢʣʠʥʦʚʳʤ ʨʝʤʥʝʤ, ʢɺʪ; 

ɼʣʷ ʨʝʤʥʷ ʩʝʯʝʥʠʷ ɼ ʧʨʠ ʜʣʠʥʝ L=7100ʤʤ ʨʘʙʦʪʝ ʥʘ ʰʢʠʚʝ d1=710ʤʤ 

ʠ iÓ3 ʤʦʱʥʦʩʪʴ ʈ0=39,15ʢɺʪ (ʪʦ, ʯʪʦ ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʨʝʤʝʥʴ ʠʤʝʝʪ ʜʨʫʛʫʶ 

ʜʣʠʥʫ L=8500ʤʤ, ʫʯʠʪʳʚʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʉL); 

 

Z=
25,21

85,095,003,115,39

7,15,444
=

ÖÖÖ

Ö

       (25) 

 

ʇʨʠʥʠʤʘʝʤ Z=20. 

ʅʘʪʷʞʝʥʠʷ ʚʝʪʚʠ ʢʣʠʥʦʚʦʛʦ ʨʝʤʥʷ 

 

F0=
,

850 2v
ZvC

ÑÐÑ LÐ q
a

+

 

 

ʛʜʝ ʩʢʦʨʦʩʪʴ 

 
ʩʤv /6,231076575,615,0 3 =ÖÖÖ= -

       (26) 



22 

 

 

ᴆ - ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʚʣʠʷʥʠʝ ʮʝʥʪʨʦʙʝʞʥʳʭ ʤʣ, ʜʣʷ ʨʝʤʥʷ 

ʩʝʯʝʥʠʷ ɼ ʢʦʵʬʬʠʮʠʝʥʪ ᴆ=0,9
2

2

ʤ

ʩʅÖ

 

ʊʦʛʜʘ 

 

F0= ʅ7,1933264,501
4,448

5,642302
6,239,0

95,06,2320

7,15,444850 2 =+=Ö+
ÖÖ

ÖÖ
   (27) 

 

ɼʘʚʣʝʥʠʝ ʥʘ ʚʘʣʳ 

 

Fʚ=2F0Zsin H7617380sin207,19332 01 =ÖÖ=
a

a
     (28) 

 

ʐʠʨʠʥʘ ʰʢʠʚʦʚ ɺʰ 

ɺʰ(Z-1)e+2ä; 

ʛʜʝ ʝ=41,5ʤʤ; ä=29,0ʤʤ. 

 

ɺʰ=(20-1)Ā41,5+2Ā29=846,5ʤʤ      (29) 

 

ʇʨʠʥʠʤʘʝʤ ɺʰ=900ʤʤ 

ʈʘʙʦʯʠʡ ʨʝʩʫʨʩ ʧʝʨʝʜʘʯʠ, ʯ 

 

ʅ0=
HCC

nd

LNʦʦ
Ö-

1

11

8

max11

60

)/(

p

ss
; 

 

ʆʥ ʜʦʣʞʝʥ ʙʳʪʴ ʥʝ ʤʝʥʴʰʝ 1000ʯ=[ʅ] 

Nʦʮ- ʙʘʟʦʚʘʷ ʯʠʩʣʦ ʮʠʢʣʦʚ=2,5Ā106 

ů-1-ʧʨʝʜʝʣ ʚʳʥʦʩʣʠʚʦʩʪʠ=7Mʇʘ 

ʉʥ=1 

ʉi=1,5-- 5,03 i ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʚʣʠʷʥʠʝ ʧʝʨʝʜʘʪʦʯʥʦʛʦ 

ʦʪʥʦh ʝʥʠʷ=1,4 

ůmax - ʤʘʢʩʠʤʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʩʝʯʝʥʠʠ ʨʝʤʥʷ 

ůmax=ů1+ůʠ+ův, 

ʛʜʝ ʥʘʧʨʷʞʝʥʠʝ ʦʪ ʨʘʩʪʷʞʝʥʠʷ 

 

ů=
,

1

dʚ
F  

 

ʛʜʝ F1- ʥʘʪʷʞʝʥʠʝ ʚʝʜʫʱʝʡ ʚʝʪʚʠ 

 

F1=F0+0,5Ft, 
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ʛʜʝ F0 ï ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʥʘʪʷʞʝʥʠʝ 

F0=ů0ʚů, 

ʛʜʝ ů0-ʥʘʧʨʷʞʝʥʠʝ ʦʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʪʷʞʝʥʠʷ=1,8ʄʇʘ; 

ʚ ʠ ů- ʰʠʨʠʥʘ ʠ ʪʦʣʱʠʥʘ ʨʝʤʥʷ=900 ʠ 23,5ʤʤ. 

ʊʦʛʜʘ 

 

F0=1,8Ā900Ā23,5=38070ʅ       (30) 

Ft=
Hʈ 75,18834

6,23
105,444

3

=Ö=
u       (31) 

ʊʦʛʜʘ 

F1=38070+0,5Ā18834,75=47487,4ʅ      (32) 

ů1=
ʄʇʘ24,2

21150
4,47487 =

       (33) 

 

ʅʘʪʷʞʝʥʠʝ ʦʪ ʠʟʛʠʙʘ ʨʝʤʥʷ 

 

ůʠ=
,

1d
ɽʠ
s

 ʛʜʝ ɽʠ=100ʄʇʘ200·       (34) 

ůʠ=100
07,3

765

5,23
=

         (35) 

ʅʘʪʷʞʝʥʠʝ ʦʪ ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʠʣʳ 

 

ův=ʨv2Ā10-6, 

 

ʛʜʝ ʨ- ʧʣʦʪʥʦʩʪʴ ʨʝʤʥʷ=11001200· ʢʛ/ʤ3 

ův=1200Ā10-6=0,66ʄʇʘ 

ʇʦʣʫʯʘʝʤ 

 

ůmax=2,24+3,07+0,66=5,97ʄʇʘ      (36) 

ʊʦʛʜʘ 

ʅ0= 5,122414,1
59076514,360

)
97,5

7(8500105,2 86

=ÖÖ
ÖÖÖ

ÖÖ
>[ʅ]     (37) 

 

ʋʩʣʦʚʠʝ ʚʳʧʦʣʥʝʥʦ. 

 

2.6 ʈʘʩʯʝʪ ʢʦʥʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʠ 

 

ʄʘʪʝʨʠʘʣ ʰʝʩʪʝʨʥʠ: 

ʉʪʘʣʴ 34ʍʅʄ, ʪʝʨʤʦʦʙʨʘʙʦʪʢʘ- ʦʙʲʝʤʥʘʷ ʟʘʢʘʣʢʘ ʜʦ ʪʚʝʨʜʦʩʪʠ ʅRC 

50; ʜʣʷ ʢʦʣʝʩʘ- ʩʪʘʣʴ 35ʍʅʃ, ʪʝʨʤʦʦʙʨʘʙʦʪʢʘ ï ʦʙʲʝʤʥʘʷ ʟʘʢʘʣʢʘ ʜʦ 

ʪʚʝʨʜʦʩʪʠ ʅRC 45. ɼʦʧʫʩʢʘʝʤʳʝ ʢʦʥʪʘʢʪʥʳʝ ʥʘʧʨʷʞʝʥʠʷ 
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[ůʥ]=[ ]
,lim

H

HLbÍ

S

Ês

 

 

ʛʜʝ ůHlimb- ʧʨʝʜʝʣ ʢʦʥʪʘʢʪʥʦʡ ʚʳʥʦʩʣʠʚʦʩʪʠ ʧʨʠ ʙʘʟʦʚʦʤ ʯʠʩʣʝ 

ʮʠʢʣʦʚ ʜʣʷ ʚʳʙʨʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

 

ůHlimb=18 ʅRC+150=18Ā50+150=1050ʄʇʘ    (38) 

KʅL - ʢʦʵʬʬʠʮʠʝʥʪ ʜʦʣʛʦʚʝʯʥʦʩʪʠ =1 

[Sʅ] - ʢʦʵʬʬʠʮʠʝʥʪ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ ʦʙʲʝʤʥʦʡ ʟʘʢʘʣʢʝ =1.2 

ɼʦʧʫʩʢʘʝʤʦʝ ʢʦʥʪʘʢʪʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʜʣʷ ʰʝʩʪʝʨʥʠ 

 

[ůH1]=(18Ŀ50+150)Ŀ1/1.2 = 875 ʄʇʘ     (39) 

 

ɼʦʧʫʩʢʘʝʤʦʝ ʢʦʥʪʘʢʪʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʜʣʷ ʢʦʣʝʩʘ 

 

[ůH2]=(18Ŀ45+150)Ŀ1/1.2 = 800 ʄʇʘ     (40) 

 

ʂʦʵʬʬʠʮʠʝʥʪ KHɓ ʧʨʠ ʢʦʥʩʦʣʴʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ ʰʝʩʪʝʨʥʠ ï KHɓ = 

1,35 

ʂʦʵʬʬʠʮʠʝʥʪ ʰʠʨʠʥʳ ʚʝʥʮʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʚʥʝʰʥʝʤʫʢʦʥʫʩʥʦʤʫ 

ʨʘʩʩʪʦʷʥʠʶ ɣbRe= 0.285 (ʨʝʢʦʤʝʥʜʘʮʠʠ ɻʆʉʊ 12289-76) 

ɺʥʝʰʥʝʝ ʢʦʥʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ Re 

 

Re= 0,5me Z12 +Z22= 0,5Ŀ30Ŀã672+262=1078,02ʤʤ   (41) 

 

ɺʥʝʰʥʠʡ ʜʝʣʠʪʝʣʴʥʳʡ ʜʠʘʤʝʪʨ ʰʝʩʪʝʨʥʠ 

 

de=meZ1=30Ŀ26=780ʤʤ        (42) 

 

Cʨʝʜʥʠʡ ʜʝʣʠʪʝʣʴʥʳʡ ʜʠʘʤʝʪʨ ʰʝʩʪʝʨʥʠ 

 

d1=2Ŀ(Re- 0,5b)ĿsinŬ1=2(1078,02 ï0,5Ŀ220)sin21Á12'33''=697ʤʤ (43) 

 

ʉʨʝʜʥʠʡ ʦʢʨʫʞʥʦʡ ʤʦʜʫʣʴ 

 

m =d1/Z1= 697/26= 26,8ʤʤ       (44) 

ɼʦʧʫʩʢʘʝʤʦʝ ʥʘʧʨʷʞʝʥʠʝ ʧʨʠ ʧʨʦʚʝʨʢʝ ʟʫʙʴʝʚ ʥʘ ʚʳʥʦʩʣʠʚʦʩʪʴ ʧʦ 

ʥʘʧʨʷʞʝʥʠʷʤ ʠʟʛʠʙʘ 

 

[ůF] = ůÁF limb/ [sF] 

 

ʇʦ ʪʘʙʣʠʮʝ 39 [7] ʜʣʷ ʩʪʘʣʠ 34ʍʅʄ ʧʨʠ ʦʙʲʝʤʥʦʡ ʟʘʢʘʣʢʝ ʧʨʝʜʝʣ 

ʚʳʥʦʩʣʠʚʦʩʪʠ 

 



25 

 

ůÁF limb = 500ʄʇʘ 

 

ʂʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ 

 

[sF]=[sF]' Ŀ [sF]'' 

 

ʇʦ ʪʘʙʣʠʮʝ 39 [7] [sF]' = 1.8; 

ʜʣʷ ʧʦʢʦʚʦʢ ʠ ʰʪʘʤʧʦʚʦʢ 

[sF]'' = 1 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ 

 

[sF] = 1,8 Ŀ 1= 0,8         (45) 

 

ɼʦʧʫʩʢʘʝʤʳʝ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ ʨʘʩʯʝʪʝ ʟʫʙʴʝʚ ʥʘ ʚʳʥʦʩʣʠʚʦʩʪʴ ʜʣʷ 

ʰʝʩʪʝʨʥʠ ʠ ʢʦʣʝʩʘ 

 

[ůF] = 500/1,8 = 278ʄʇʘ       (46) 

 

ʅʘʭʦʜʠʤ ʦʪʥʦʰʝʥʠʝ 

 

[ůF]/ YF1; [ůF]/ YF2 

ʛʜʝ YF1 ʠ YF2 - ʢʦʵʬʬʠʮʠʝʥʪ ʬʦʨʤʳ ʟʫʙʘ ʚʳʙʠʨʘʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʯʠʩʣʘ ʟʫʙʴʝʚ 

 

Zɜ1 = Z 1/cosŬ1=26 /cos21Á12'33''=28     (47) 

Zɜ1 =Z2/cosŬ1=67/cos68Á52'41'' =183     (48) 

 

ʇʨʠ ʵʪʦʤ YF1 =3,85 ʠ YF2 =3,6 (ʩʤ. ʩ.42 [7] ). 

ʊʦʛʜʘ 

 

[ůF]/ YF1= 278/ 3,85 = 72,2ʄʇʘ      (49) 

[ůF]/ YF2 = 278/ 3,60 = 77,5ʄʇʘ      (50) 

 

ɼʘʣʴʥʝʡʰʠʡ ʨʘʩʯʝʪ ʚʝʜʝʤ ʜʣʷ ʟʫʙʴʝʚ ʰʝʩʪʝʨʥʠ, ʪ.ʢ. ʜʣʷ ʥʝʝ ʥʘʡʜʝʥʥʦʝ 

ʦʪʥʦʰʝʥʠʝ ʤʝʥʴʰʝ. 

ʇʨʦʚʝʨʢʘ ʟʫʙʘ ʥʘ ʚʳʥʦʩʣʠʚʦʩʪʴ 

 

ʫF2=
;

ïF

FFt

âò

YkF

V  

 

ʛʜʝ KF- ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʛʨʫʟʢʠ (ʩʤ. ʩ. 42[7]) 

 

ʂF=ʂFʚʂFɜ=1,275Ā1,45Ā1,85=3,420      (51) 
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ɠF= 0,85 

YF= 3,85 

 

ʄʇʘ142
6,5011

712250

8,2622085,0

85,385,110100 3

==
ÖÖ

ÖÖÖ

<278Mʇʘ    (52) 

 

ʋʩʣʦʚʠʝ ʧʨʦʯʥʦʩʪʠ ʚʳʧʦʣʥʝʥʦ. 
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3. ʅʘʜʝʞʥʦʩʪʴ, ʨʝʤʦʥʪ, ʤʦʥʪʘʞ ʠ ʩʤʘʟʢʘ 

 

3.1 ʄʦʥʪʘʞ ʜʨʦʙʠʣʢʠ 

 

ʇʝʨʝʜ ʤʦʥʪʘʞʦʤ ʜʨʦʙʠʣʢʫ ʩʣʝʜʫʝʪ ʧʦʜʚʝʨʛʥʫʪʴ ʨʝʚʠʟʠʠ, ʧʨʠ ʢʦʪʦʨʦʡ 

ʚʩʝ ʫʟʣʳ ʠ ʜʝʪʘʣʠ ʦʯʠʱʘʶʪ ʦʪ ʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ, ʨʞʘʚʯʠʥʳ ʠ ʧʳʣʠ, 

ʧʦʧʘʚʰʝʡ ʥʘ ʥʠʭ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʠ ʠ ʭʨʘʥʝʥʠʠ. ɺʩʝ ʨʘʙʦʯʠʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʨʝʟʴʙʳ ʚʥʠʤʘʪʝʣʴʥʦ ʦʩʤʘʪʨʠʚʘʶʪ ʠ ʫʩʪʨʘʥʷʶʪ ʚʦʟʤʦʞʥʳʝ 

ʧʦʚʨʝʞʜʝʥʠʷ. 

ʇʨʠ ʩʙʦʨʢʝ ʜʨʦʙʠʣʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʯʣʝʥʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʤʘʟʘʪʴ: ʥʝʧʦʜʚʠʞʥʳʝ - ʛʫʩʪʦʡ ʤʘʟʴʶ, ʪʨʫʱʠʝʩʷ ï ʞʠʜʢʠʤ 

ʤʘʩʣʦʤ. 

ʇʨʠʤʝʥʝʥʠʝ ʧʨʠ ʩʙʦʨʢʝ ʫʟʣʦʚ ʛʨʷʟʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʦʙʪʠʨʦʯʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʟʘʛʨʷʟʥʝʥʥʦʛʦ ʤʘʩʣʘ ʥʝ ʜʦʧʫʩʢʘʝʪʩʷ. 

ɺʩʝ ʜʨʦʙʠʣʢʠ ʧʝʨʝʜ ʦʪʧʨʘʚʢʦʡ ʟʘʢʘʟʯʠʢʫ ʧʦʜʚʝʨʛʘʶʪʩʷ ʢʦʥʪʨʦʣʴʥʦʡ 

ʩʙʦʨʢʝ ʠ ʧʨʦʭʦʜʷʪ ʟʘʚʦʜʩʢʫʶ ʦʙʢʘʪʢʫ, ʧʦʵʪʦʤʫ ʧʦʜʛʦʥʢʘ ʜʝʪʘʣʝʡ ʧʨʠ 

ʤʦʥʪʘʞʝ ʥʝ ʪʨʝʙʫʝʪʩʷ. ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʚʩʝ 

ʨʝʛʫʣʠʨʦʚʦʯʥʳʝ ʧʨʦʢʣʘʜʢʠ, ʢʦʪʦʨʳʝ ʧʨʠʤʝʥʷʣʠʩʴ ʥʘ ʟʘʚʦʜʝ ʧʨʠ 

ʢʦʥʪʨʦʣʴʥʦʡ ʩʙʦʨʢʝ, ʩʪʘʚʠʣʠʩʴ ʥʘ ʩʚʦʝ ʤʝʩʪʦ ʧʨʠ ʤʦʥʪʘʞʝ. ɼʝʪʘʣʠ ʠ ʫʟʣʳ 

ʢʦʥʫʩʥʳʭ ʜʨʦʙʠʣʦʢ ʪʷʞʝʣʳʝ, ʧʦʵʪʦʤʫ ʜʣʷ ʤʦʥʪʘʞʥʳʭ ʨʘʙʦʪ ʩʣʝʜʫʝʪ 

ʧʨʠʤʝʥʷʪʴ ʢʨʘʥʳ, ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴ ʢʦʪʦʨʳʭ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʜʲʝʤ ʠʣʠ 

ʧʝʨʝʤʝʱʝʥʠʝ ʥʘʠʙʦʣʝʝ ʪʷʞʝʣʳʭ ʯʘʩʪʝʡ. 

ʄʦʥʪʘʞ ʢʦʨʧʫʩʘ ʜʨʦʙʠʣʢʠ ʥʘʯʠʥʘʝʪʩʷ ʩ ʫʩʪʘʥʦʚʢʠ ʩʪʘʥʠʥʳ ʩ 

ʬʫʥʜʘʤʝʥʪʥʦʡ ʧʣʠʪʦʡ. 

ɺʝʨʪʠʢʘʣʴʥʦʩʪʴ ʩʪʘʥʠʥʳ ʧʨʦʚʝʨʷʝʪʩʷ ʧʦ ʦʩʠ ʦʪʚʝʨʩʪʠʷ ʚʥʫʪʨʝʥʥʝʛʦ 

ʩʪʘʢʘʥʘ (ʧʦ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʚʪʫʣʢʝ) ʠ ʧʦʣʦʞʝʥʠʶ ʚʝʨʭʥʝʛʦ ʬʣʘʥʮʘ. ʄʝʞʜʫ 

ʬʫʥʜʘʤʝʥʪʦʤ ʠ ʧʦʜʦʰʚʦʡ ʬʫʥʜʘʤʝʥʪʥʦʡ ʧʣʠʪʳ ʦʩʪʘʚʣʷʶʪ ʟʘʟʦʨ 30-50 ʤʤ 

ʜʣʷ ʮʝʤʝʥʪʥʦʡ ʟʘʣʠʚʢʠ. ʉʪʘʥʠʥʘ ʚʳʚʝʨʷʝʪʩʷ ʥʘ ʩʪʘʣʴʥʳʭ ʢʣʠʥʴʷʭ ʰʠʨʠʥʦʡ 

100 ʤʤ. ʇʦʩʣʝ ʟʘʪʚʝʨʜʝʥʠʷ ʧʦʜʣʠʚʥʦʛʦ ʩʣʦʷ ʢʣʠʥʴʷ ʫʙʠʨʘʶʪ, ʘ ʧʫʩʪʦʪʳ 

ʟʘʣʠʚʘʶʪ ʮʝʤʝʥʪʥʳʤ ʨʘʩʪʚʦʨʦʤ. ʇʝʨʝʜ ʫʜʘʣʝʥʠʝʤ ʢʣʠʥʴʝʚ ʬʫʥʜʘʤʝʥʪʥʳʝ 

ʙʦʣʪʳ ʟʘʪʷʛʠʚʘʶʪ. 

ʅʝ ʩʣʝʜʫʝʪ ʧʦʣʥʦʩʪʴʶ ʟʘʣʠʚʘʪʴ ʨʘʩʪʚʦʨʦʤ ʢʦʣʦʜʮʳ ʬʫʥʜʘʤʝʥʪʥʳʭ 

ʙʦʣʪʦʚ, ʪʘʢ ʢʘʢ ʵʪʦ ʚʳʟʦʚʝʪ ʙʦʣʴʰʠʝ ʟʘʪʨʫʜʥʝʥʠʷ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʤʝʥʳ 

ʙʦʣʪʦʚ, ʥʘʧʨʠʤʝʨ ʧʨʠ ʠʭ ʦʙʨʳʚʝ, ʠʣʠ ʧʦʨʯʝ ʨʝʟʴʙʳ. 

ʈʝʢʦʤʝʥʜʫʝʤʳʡ ʩʧʦʩʦʙ ʟʘʧʦʣʥʝʥʠʷ ʢʦʣʦʜʮʝʚ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 2. 

ɼʦʧʫʩʢʘʝʪʩʷ ʠʥʦʛʜʘ ʫʩʪʘʥʦʚʢʘ ʬʫʥʜʘʤʝʥʪʥʳʭ ʙʦʣʪʦʚ ʚʥʫʪʨʠ ʪʨʫʙʳ ʩ 

ʚʥʫʪʨʝʥʥʠʤ ʜʠʘʤʝʪʨʦʤ, ʚ 1,5 ï 2 ʨʘʟʘ ʙʦʣʴʰʠʤ, ʯʝʤ ʜʠʘʤʝʪʨ ʙʦʣʪʘ, ʠ 

ʟʘʧʦʣʥʝʥʠʝ ʣʠʰʴ ʧʨʦʩʪʨʘʥʩʪʚʘ ʤʝʞʜʫ ʪʨʫʙʦʡ ʠ ʩʪʝʥʢʘʤʠ ʢʦʣʦʜʮʝʚ, ʦʩʪʘʚʣʷʷ 

ʩʘʤʠ ʙʦʣʪʳ ʩʚʦʙʦʜʥʳʤʠ. 

ʕʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʝʩʢʦʣʴʢʦ ʦʪʢʣʦʥʠʪʴ ʙʦʣʪʳ ʧʨʠ ʦʰʠʙʢʘʭ ʚ 

ʤʝʞʮʝʥʪʨʦʚʳʭ ʨʘʩʩʪʦʷʥʠʷʭ. ʅʠʰʠ ʬʫʥʜʘʤʝʥʪʥʳʭ ʧʣʠʪ ʨʝʢʦʤʝʥʜʫʝʪʩʷ 

ʦʩʪʘʚʣʷʪʴ ʦʪʢʨʪrʳʤʠ, ʥʝ ʟʘʣʠʚʘʪʴ ʠʭ ʮʝʣʠʢʦʤ. 

ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʚʳʚʝʨʢʠ ʩʪʘʥʠʥʳ ʩʦʙʠʨʘʶʪ ʦʩʪʘʣʴʥʳʝ ʯʘʩʪʠ ʢʦʨʧʫʩʘ 

ʜʨʦʙʠʣʢʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʢʦʣʴʮʘʤʠ. ʂʘʞʜʦʝ ʢʦʣʴʮʦ ʚʳʚʝʨʷʶʪ ʩ ʧʦʤʦʱʴʶ 
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ʫʨʦʚʥʷ ʧʦ ʦʙʨʘʙʦʪʘʥʥʦʤʫ ʚʝʨʭʥʝʤʫ ʬʣʘʥʮʫ. ɿʘʪʷʞʢʫ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʙʦʣʪʦʚ 

ʩʣʝʜʫʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʪʘʢ, ʯʪʦʙʳ ʟʘʟʦʨ ʤʝʞʜʫ ʬʣʘʥʮʘʤʠ ʩʦʭʨʘʥʷʣʩʷ 

ʦʜʠʥʘʢʦʚʳʤ ʧʦ ʚʩʝʡ ʦʢʨʫʞʥʦʩʪʠ ʥʘ ʚʨʝʤʷ ʟʘʪʷʞʢʠ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʜʪʷʞʢʫ 

ʧʨʦʠʟʚʦʜʷʪ ʧʦʩʣʝ ʩʙʦʨʢʠ ʚʩʝʡ ʜʨʦʙʠʣʢʠ ʠ ʠʩʧʳʪʘʥʠʷ ʝʝ ʧʦʜ ʥʘʛʨʫʟʢʦʡ. 

ʆʩʪʘʪʦʯʥʳʡ ʟʘʟʦʨ ʤʝʞʜʫ ʬʣʘʥʮʘʤʠ ʜʦʣʞʝʥ ʙʳʪʴ ʚ ʧʨʝʜʝʣʘʭ 8 ï 12 ʤʤ. ʇʦʩʣʝ 

ʦʢʦʥʯʘʪʝʣʴʥʦʡ ʟʘʪʷʞʢʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʩʚʝʨʣʠʪʴ ʚ ʙʦʣʪʘʭ ʦʪʚʝʨʩʪʠʷ ʧʦʜ 

ʰʧʣʠʥʪʳ ʠ ʟʘʰʧʣʠʥʪʦʚʘʪʴ ʛʘʡʢʠ. 

ʇʦʣʦʞʝʥʠʝ ʪʨʘʚʝʨʩʳ ʩʣʝʜʫʝʪ ʧʨʦʚʝʨʷʪʴ ʧʦ ʟʘʟʦʨʫ ʤʝʞʜʫ ʬʣʘʥʮʝʤ 

ʚʝʨʭʥʝʛʦ ʧʦʷʩʘ ʠ ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʪʨʘʚʝʨʩʳ: ʟʘʟʦʨ ʧʦ ʚʩʝʡ 

ʦʢʨʫʞʥʦʩʪʠ ʜʦʣʞʝʥ ʙʳʪʴ ʦʜʠʥʘʢʦʚ. 

 

 
1 ï ʩʫʭʦʡ ʧʝʩʦʢ, 2 ï ʮʝʤʝʥʪʥʘʷ ʟʘʣʠʚʢʘ 

ʈʠʩʫʥʦʢ 3 ʉʭʝʤʘ ʢʦʣʦʜʮʘ ʧʦʜ ʬʫʥʜʘʤʝʥʪʥʳʡ ʙʦʣʪ 

 

ʄʦʥʪʘʞ ʵʢʩʮʝʥʪʨʠʢʘ ʠ ʧʨʠʚʦʜʥʦʛʦ ʚʘʣʘ. 

ʇʦʩʣʝ ʧʨʦʚʝʨʢʠ ʧʦʣʦʞʝʥʠʷ ʦʧʦʨʥʳʭ ʰʘʡʙ ʦʧʫʩʢʘʶʪ ʵʢʩʮʝʥʪʨʠʢ ʩ 

ʙʦʣʴʰʦʡ ʢʦʥʠʯʝʩʢʦʡ ʰʝʩʪʝʨʥʝʡ. ɿʘʪʝʤ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʧʨʠʚʦʜʥʦʡ ʚʘʣ ʠ 

ʚʳʚʝʨʷʶʪ ʧʨʘʚʠʣʥɹʦʩʪʴ ʟʫʙʯʘʪʦʛʦ ʟʘʮʝʧʣʝʥʠʷ: ʨʘʜʠʘʣʴʥʳʡ ʠ ʙʦʢʦʚʦʡ ʟʘʟʦʨʳ, 

ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʠʥʩʪʨʫʢʮʠʠ ʟʘʚʦʜʘ. 

ʋ ʜʨʦʙʠʣʦʢ ʩ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʙʦʣʴʰʦʡ ʢʦʥʠʯʝʩʢʦʡ ʰʝʩʪʝʨʥʠ ʥʘ 

ʥʠʞʥʝʤ ʢʦʥʮʝ ʵʢʩʮʝʥʪʨʠʢʘ ʧʦʩʣʝʜʥʠʡ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʜʨʦʙʠʣʢʫ ʩʥʠʟʫ 

ʩʦʚʤʝʩʪʥʦ ʩ ʫʧʦʨʥʳʤʠ ʰʘʡʙʘʤʠ, ʥʠʞʥʝʡ ʢʨʳʰʢʦʡ ʠ ʧʨʦʢʣʘʜʢʘʤʠ ʧʦʜ 

ʥʠʞʥʝʡ ʰʘʡʙʦʡ. ʇʦʜʲʝʤ ʜʝʪʘʣʝʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ 

ʧʦʜʲʝʤʥʠʢʦʤ. 

ʇʦʚʨʝʞʜʝʥʠʝ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʵʢʩʮʝʥʪʨʠʢʘ ʠ ʢʦʥʠʯʝʩʢʠʭ 

ʰʝʩʪʝʨʝʥ ʥʝ ʜʦʧʫʩʢʘʝʪʩʷ, ʘ ʚʤʷʪʠʥʳ ʠʣʠ ʟʘʜʠʨʳ ʦʪ ʩʣʫʯʘʡʥʳʭ ʫʜʘʨʦʚ 

ʜʦʣʞʥʳ ʙʳʪʴ ʟʘʱʠʱʝʥʳ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʥʘʞʜʘʯʥʦʡ ʙʫʤʘʛʠ ʠʣʠ ʙʨʫʩʢʦʚ. 

ʄʦʥʪʘʞ ʧʦʜʚʠʞʥʦʛʦ ʢʦʥʫʩʘ. ʇʦʜʚʠʞʥʳʡ ʢʦʥʫʩ ʠ ʪʨʘʚʝʨʩʫ ʤʦʞʥʦ 

ʩʪʘʚʠʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʨʘʟʜʝʣʴʥʦ. ʇʨʠ ʧʝʨʚʦʤ (ʥʦʚʦʤ) ʤʦʥʪʘʞʝ ʣʫʯʰʝ 

ʨʘʟʜʝʣʴʥʦ, ʧʨʠ ʧʦʩʣʝʜʫʶʱʠʭ ʨʝʤʦʥʪʥʳʭ ʦʧʝʨʘʮʠʷʭ ʦʜʥʦʚʨʝʤʝʥʥʦ. 

ɺ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʢʦʥʫʩ ʤʦʥʪʠʨʫʝʪʩʷ ʙʝʟ ʪʨʘʚʝʨʩʳ, ʜʣʷ ʧʦʜʲʝʤʘ ʠ 

ʦʧʫʩʢʘʥʠʷ ʝʛʦ ʩʣʝʜʫʝʪ ʧʦʣʴʟʦʚʘʪʴʩʷ ʩʧʝʮʠʘʣʴʥʳʤ ʨʳʤ-ʙʦʣʪʦʤ, 

ʧʦʩʪʘʚʣʷʝʤʳʤ ʚʤʝʩʪʝ ʩ ʜʨʦʙʠʣʢʦʡ. 
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ʇʨʠ ʧʦʜʲʝʤʝ ʧʦʜʚʠʞʥʦʛʦ ʢʦʥʫʩʘ ʠ ʪʨʘʚʝʨʩʳ ʚ ʩʦʙʨʘʥʥʦʤ ʚʠʜʝ 

ʪʘʢʝʣʘʞʥʳʝ ʢʘʥʘʪʳ ʢʨʝʧʷʪ ʢ ʧʦʧʝʨʝʯʥʳʤ ʨʝʙʨʘʤ ʪʨʘʚʝʨʩʳ. 

ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʧʨʠ ʫʩʪʘʥʦʚʢʝ ʧʦʜʚʠʞʥʦʛʦ ʢʦʥʫʩʘ ʥʘ ʤʝʩʪʦ ʥʝʣʴʟʷ 

ʜʦʧʫʩʢʘʪʴ, ʯʪʦʙʳ ʩʬʝʨʠʯʝʩʢʘʷ ʰʘʡʙʘ 2 ʧʳʣʝʚʦʛʦ ʫʧʣʦʪʥʝʥʠʷ ʣʦʞʠʣʘʩʴ ʥʘ 

ʚʝʨʭʥʠʡ ʪʦʨʝʮ ʧʘʪʨʫʙʢʘ ʧʳʣʝʫʧʣʦʪʥʝʥʠʷ 5 (ʩʤ. ʈʠʩʫʥʦʢ4), ʪʘʢ ʢʘʢ ʵʪʦ ʤʦʞʝʪ 

ʚʳʟʚʘʪʴ ʟʘʚʠʩʘʥʠʝ ʢʦʥʫʩʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʦʟʤʦʞʥʳʤ ʝʛʦ ʧʘʜʝʥʠʝʤ. 

ʋʧʦʨʥʦʝ ʢʦʣʴʮʦ 4 ʜʦʣʞʥʦ ʧʨʠʣʝʛʘʪʴ ʢ ʚʪʫʣʢʝ ʵʢʩʮʝʥʪʨʠʢʘ 5 ʚʩʝʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ (ʈʠʩʫʥʦʢ5). 

 

 
ʈʠʩʫʥʦʢ 4 ʇʳʣʝʫʧʣʦʪʥʝʥʠʝ ʢʦʥʫʩʥʦʡ ʜʨʦʙʠʣʢʠ ʢʨʫʧʥʦʛʦ ʜʨʦʙʣʝʥʠʷ 

 

ʋʧʦʨʥʦʝ ʢʦʣʴʮʦ 4 ʧʨʝʜʦʪʚʨʘʱʘʝʪ çʚʩʧʣʳʚʘʥʠʝè ʵʢʩʮʝʥʪʨʠʢʘ ʧʨʠ 

ʨʝʟʢʦʤ ʚʦʟʨʘʩʪʘʥʠʠ ʜʘʚʣʝʥʠʷ ʤʘʩʣʘ ʠʣʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʝʩʪʥʦʛʦ ʥʘʨʫʰʝʥʠʷ 

ʛʝʦʤʝʪʨʠʠ ʙʘʙʙʠʪʦʚʦʡ ʟʘʣʠʚʢʠ (ʥʘʪʷʛ) ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʥʝʜʨʦʙʠʤʦʛʦ ʪʝʣʘ. 

ɺʦ ʠʟʙʝʞʘʥʠʝ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʥʝʣʴʟʷ ʜʦʧʫʩʢʘʪʴ ʦʩʤʦʪʨʘ ʠʣʠ 

ʨʝʤʦʥʪʘ ʜʝʪʘʣʝʡ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʧʨʠʧʦʜʥʷʪʦʤ ʩʦʩʪʦʷʥʠʠ. 

ʡ ʜʨʦʙʠʣʢʘ ʘʤʦʨʪʠʟʘʮʠʷ ʨʝʤʦʥʪ 

 
1 ð ʢʦʣʴʮʦ ʦʧʦʨʥʦʝ ʚʝʨʭʥʝʝ; 2 ð ʢʦʣʴʮʦ ʩʨʝʜʥʝʝ; 3 ð ʥʠʞʥʝʝ ʢʦʣʴʮʦ 

ʥʝʧʦʜʚʠʞʥʦʝ; 4 ð ʫʧʦʨʥʦʝ ʢʦʣʴʮʦ; 5 ð ʚʪʫʣʢʘ ʵʢʩʮʝʥʪʨʠʢʘ; 6 ð 

ʮʝʥʪʨʘʣʴʥʳʡ ʩʪʘʢʘʥ; 7ðʙʦʣʴʰʘʷ ʰʝʩʪʝʨʥʷ; 8 ð ʤʘʣʘʷ ʰʝʩʪʝʨʥʷ; 22ð 

ʧʘʪʨʫʙʦʢ ʧʳʣʝʫʧʣʦʪʥʝʥʠʷ 

ʈʠʩʫʥʦʢ 5. ɺʝʨʭʥʷʷ ʦʧʦʨʘ ʵʢʩʮʝʥʪʨʠʢʘ ʢʦʥʫʩʥʦʡ ʜʨʦʙʠʣʢʠ ʢʨʫʧʥʦʛʦ 

ʜʨʦʙʣʝʥʠʷ 

 

ʅʘʧʨʘʚʣʝʥʠʝ ʧʦʪʦʢʘ ʛʦʨʥʦʡ ʤʘʩʩʳ. 

ɼʣʷ ʜʨʦʙʠʣʦʢ ʢʨʫʧʥʦʛʦ ʜʨʦʙʣʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʪʦʢʘ ʛʦʨʥʦʡ ʤʘʩʩʳ 

ʠʤʝʝʪ ʚʝʩʴʤʘ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ. ʇʨʘʚʠʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʜʨʦʙʠʣʢʠ ʢʨʫʧʥʦʛʦ 
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ʜʨʦʙʣʝʥʠʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʘʧʨʘʚʣʝʥʠʶ ʟʘʛʨʫʟʢʠ ʜʨʦʙʠʣʢʠ ʨʫʜʦʡ ʧʦʢʘʟʘʥʘ 

ʥʘ ʨʠʩʫʥʢʝ 6 

 

 
1 - ʪʨʘʚʝʨʩʘ; 2 ð ʧʘʪʨʫʙʦʢ ʧʨʠʚʦʜʘ; 3 ð ʨʘʟʛʨʫʟʦʯʥʳʡ ʣʦʪʦʢ; ʘ, ʙ ð 

ʦʜʥʦʩʪʦʨʦʥʥʷʷ ʨʘʟʛʨʫʟʢʘ ʜʨʦʙʣʝʥʦʛʦ ʧʨʦʜʫʢʪʘ; ʚ ð ʜʚʫʩʪʦʨʦʥʥʷʷ ʨʘʟʛʨʫʟʢʘ 

ʜʨʦʙʣʝʥʦʛʦ ʧʨʦʜʫʢʪʘ 

ʈʠʩʫʥʦʢ 6. ʈʝʢʦʤʝʥʜʫʝʤʳʝ ʩʭʝʤʳ ʫʩʪʘʥʦʚʢʠ ʪʨʘʚʝʨʩʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʦʪʦʢʘ ʨʫʜʳ, ʧʠʪʘʶʱʝʛʦ ʢʦʥʫʩʥʳʝ ʜʨʦʙʠʣʢʠ ʢʨʫʧʥʦʛʦ ʜʨʦʙʣʝʥʠʷ 

 

ʉʭʝʤʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʪʨʘʚʝʨʩʘ ʨʘʟʜʝʣʷʝʪ ʧʦʪʦʢ ʛʦʨʥʦʡ ʤʘʩʩʳ ʥʘ ʜʚʘ 

ʧʦʪʦʢʘ, ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʣʶʙʦʛʦ ʪʠʧʘ ʢʦʥʫʩʥʦʡ ʜʨʦʙʠʣʢʠ ʢʨʫʧʥʦʛʦ 

ʜʨʦʙʣʝʥʠʷ, ʪʘʢ ʢʘʢ ʩʧʦʩʦʙʩʪʚʫʝʪ ʣʫʯʰʝʤʫ ʟʘʧʦʣʥʝʥʠʶ ʨʘʙʦʯʝʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʵʪʠʤ ʩʦʟʜʘʝʪ ʥʦʨʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ ʜʨʦʙʠʣʢʠ. ʇʨʠ 

ʠʥʦʡ ʩʭʝʤʝ ʫʩʪʘʥʦʚʢʠ ʪʨʘʚʝʨʩʳ ʟʘʛʨʫʟʢʘ ʜʨʦʙʠʣʢʠ ʙʫʜʝʪ ʥʝʧʨʘʚʠʣʴʥʦʡ, 

ʨʘʙʦʯʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʙʫʜʝʪ ʟʘʧʦʣʥʷʪʴʩʷ ʪʦʣʴʢʦ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʜʨʫʛʘʷ 

ʩʪʦʨʦʥʘ ʨʘʙʦʯʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʙʫʜʝʪ ʩʚʦʙʦʜʥʦʡ, ʚ ʨʝʟʫʣʪɹʘʪʝ ʯʝʛʦ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʜʨʦʙʠʣʢʠ ʩʥʠʟʠʪʩʷ. ʇʨʠ ʵʪʦʤ ʠʟʥʦʩ ʬʫʪʝʨʦʚʢʠ ʯʘh ʠ 

ʙʫʜʝʪ ʥʝʨʘʚʥʦʤʝʨʥʳʤ: ʚ ʟʘʛʨʫʞʝʥʥʦʡ ʯʘʩʪʠ ʬʫʪʝʨʦʚʢʘ ʙʫʜʝʪ ʙʳʩʪʨʦ 

ʠʟʥʘʰʠʚʘʪʴʩʷ, ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʩʪʦʨʦʥʝ - ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʜʣʝʥʥʝʝ, ʯʪʦ 

ʦʪʨʠʮʘʪʝʣʴʥʦ ʧʦʚʣʠʷʝʪ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʢʦʥʜʠʮʠʦʥʥʦʩʪʴ (ʧʦ 

ʢʨʫʧʥʦʩʪʠ) ʧʨʦʜʫʢʪʘ ʜʨʦʙʣʝʥʠʷ. ʂʨʫʧʥʦʩʪʴ ʜʨʦʙʣʝʥʦʡ ʨʫʜʳ ʙʫʜʝʪ ʙʳʩʪʨʦ ʠ 

ʥʝʧʨʝʨʳʚʥʦ ʚʦʟʨʘʩʪʘʪʴ. ʀʟ-ʟʘ ʦʜʥʦʩʪʦʨʦʥʥʝʛʦ ʠʟʥʦʩʘ ʬʫʪʝʨʦʚʢʠ ʯʘʰʠ 

ʚʦʟʨʘʩʪʫʪ ʧʨʦʩʪʦʠ ʜʨʦʙʠʣʢʠ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʟʘʤʝʥʝ ʬʫʪʝʨʦʚʦʯʥʳʭ ʧʣʠʪ. 

ɼʣʷ ʜʨʦʙʠʣʦʢ ʩ ʙʦʢʦʚʦʡ ʨʘʟʛʨʫʟʢʦʡ ʜʨʦʙʣʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ʠʤʝʝʪ 

ʟʥʘʯʝʥʠʝ ʠ ʧʦʣʦʞʝʥʠʝ ʧʨʠʚʦʜʥʦʛʦ ʚʘʣʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʘʟʛʨʫʟʦʯʥʦʤʫ 

ʣʦʪʢʫ. 

ɼʣʷ ʜʨʦʙʠʣʦʢ ʩ ʦʜʥʦʩʪʦʨʦʥʥʝʡ ʙʦʢʦʚʦʡ ʨʘʟʛʨʫʟʢʦʡ ʫʩʪʘʥʦʚʢʘ ʪʨʘʚʝʨʩʳ 

ʚʳʧʦʣʥʷʝʪʩʷ ʪʘʢ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 6, ʘ, ʙ. ʉʭʝʤʘ ʩʙʦʨʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʟʘʢʘʟʯʠʢʦʤ ʠʣʠ ʧʨʦʝʢʪʥʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ. ɼʣʷ ʜʨʦʙʠʣʦʢ ʩ ʜʚʫʭʩʪʦʨʦʥʥʝʡ 

ʙʦʢʦʚʦʡ ʨʘʟʛʨʫʟʢʦʡ ʩʭʝʤʘ ʩʙʦʨʢʠ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 6,ʚ. 

ʇʦ ʪʨʝʙʦʚʘʥʠʶ ʟʘʢʘʟʯʠʢʘ ʪʨʘʚʝʨʩʘ ʤʦʞʝʪ ʙʳʪʴ ʧʦʚʝʨʥʫʪʘ ʥʘ 90Á. 

ɼʣʷ ʜʨʦʙʠʣʦʢ ʩ ʦʜʥʦʩʪʦʨʦʥʥʝʡ ʠʣʠ ʜʫʭ ʩʪʦʨʦʥʥʝʡ ʙʦʢʦʚʦʡ ʨʘʟʛʨʫʟʢʦʡ 

ʚʘʞʥʦ, ʯʪʦʙʳ ʧʨʠʚʦʜʥʦʡ ʚʘʣ ʨʘʩʧʦʣʘʛʘʣʩʷ ʢ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʘʟʛʨʫʟʦʯʥʦʤʫ 

ʣʦʪʢʫ ʨʘʟʚʝʨʥʫʪʳʤ ʥʘ 90Á. 

ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʜʨʦʙʠʣʢʠ ʢʨʫʧʥʦʛʦ ʜʨʦʙʣʝʥʠʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʧʦʪʦʢʫ ʛʦʨʥʦʡ ʤʘʩʩʳ ʜʦʣʞʥʘ ʫʯʠʪʳʚʘʪʴʩʷ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʬʫʥʜʘʤʝʥʪʘ, 

ʦʩʦʙʝʥʥʦ ʜʣʷ ʜʨʦʙʠʣʦʢ ʩ ʙʦʢʦʚʦʡ ʨʘʟʛʨʫʟʢʦʡ. 
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ʌʫʥʜʘʤʝʥʪ ʩʣʝʜʫʝʪ ʧʨʦʝʢʪʠʨʦʚʘʪʴ ʪʘʢ, ʯʪʦʙʳ ʧʦʪʦʢ ʛʦʨʥʦʡ ʤʘʩʩʳ 

ʨʘʟʜʝʣʷʣʩʷ ʪʨʘʚʝʨʩʦʡ ʥʘ ʜʚʝ ʨʘʚʥʳʝ ʯʘʩʪʠ; ʪʘʢʘʷ ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʠʩʢʣʶʯʘʝʪ 

ʟʘʧʦʣʥʝʥʠʝ ʪʦʣʴʢʦ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʜʨʦʙʠʣʢʠ. 

 

3.2 ʅʘʜʝʞʥʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ 

 

ʅʘʜʝʞʥʦʩʪʴ ʜʨʦʙʠʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ï ʩʚʦʡʩʪʚʦ ʦʙʲʝʢʪʘ ʩʦʭʨʘʥʷʪʴ 

ʚʦ ʚʨʝʤʝʥʠ ʚ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʧʨʝʜʝʣʘʭ ʟʥʘʯʝʥʠʷ ʚʩʝʭ ʧʘʨʘʤʝʪʨʦʚ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʚʳʧʦʣʥʷʪʴ ʪʨʝʙʫʝʤʳʝ ʬʫʥʢʮʠʠ ʚ ʟʘʜʘʥʥʳʭ 

ʨʝʞʠʤʘʭ ʠ ʫʩʣʦʚʠʷʭ ʧʨʠʤʝʥʝʥʠʷ, ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʨʝʤʦʥʪʦʚ, 

ʭʨʘʥʝʥʠʷ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ. ʅʘʜʝʞʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʳʤ ʩʚʦʡʩʪʚʦʤ, 

ʢʦʪʦʨʦʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʟʥʘʯʝʥʠʷ ʦʙʲʝʢʪʘ ʠ ʫʩʣʦʚʠʡ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ 

ʩʦʩʪʦʠʪ ʠʟ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʩʦʯʝʪʘʥʠʷ ʩʚʦʡʩʪʚ: ʙʝʟʦʪʢʘʟʥʦʩʪʠ, ʜʦʣʛʦʚʝʯʥʦʩʪʠ, 

ʨʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʠ ʠ ʩʦʭʨʘʥʝ̫ʤʦʩʪʠ. 

ɹʝʟʦʪʢʘʟʥʦʩʪʴ ï ʩʚʦʡʩʪʚʦ ʦʙʲʝʢʪʘ ʥʝʧʨʝʨʳʚʥʦ ʩʦʭʨʘʥʷʪʴ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʚ ʪʝʯʝʥʠʠ ʥʝʢʦʪʦʨʦʛʦ ʚʨʝʤʝʥʠ ʠʣʠ ʥʝʢʦʪʦʨʦʡ ʥʘʨʘʙʦʪʢʠ. 

ʉʚʦʡʩʪʚʦ ʙʝʟʦʪʢʘʟʥʦʩʪʠ ʘʙʩʦʣʶʪʥʦ ʥʝʦʙʭʦʜʠʤʦ ʢʘʞʜʦʤʫ ʠʟʜʝʣʠʶ. 

ɼʦʣʛʦʚʝʯʥʦʩʪʴ ï ʩʚʦʡʩʪʚʦ ʦʙʲʝʢʪʘ ʩʦʭʨʘʥʷʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʜʦ 

ʥʘʩʪʫʧʣʝʥʠʷ ʧʨʝʜʝʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʠ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʩʠʩʪʝʤʝ ʊʆʠʈ. 

ʜʦʣʛʦʚʝʯʥʦʩʪʴ ï ʧʦʢʘʟʘʪʝʣʴ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ʤʘʰʠʥʳ, ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ ʧʨʦʨʘʙʦʪʘʪʴ ʪʘʢ ʜʦʣʛʦ, ʯʪʦʙʳ ʝʝ ʧʨʠʦʙʨʝʪʝʥʠʝ 

ʙʳʣʦ ʵʢʦʥʦʤʠʯʝʩʢʠ ʦʧʨʘʚʜʘʥʥʳʤ. 

ʈʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʴ ï ʩʚʦʡʩʪʚʦ ʦʙʲʝʢʪʘ, ʟʘʢʣʶʯʘʶʱʝʝʩʷ ʚ 

ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʠ ʢ ʧʨʝʜʫʧʨʝʞʜʝʥʠʶ ʠ ʦʙʥʘʨʫʞʝʥʠʶ ʧʨʠʯʠʥ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʪʢʘʟʦʚ, ʧʦʚʨʝʞʜʝʥʠʡ ʠ ʧʦʜʜʝʨʞʘʥʠʶ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʫʪʝʤ ʧʨʦʚʝʜʝʥʠʷ ʊʆʠʈ. 

ʉʦʭʨʘʥʷʝʤʦʩʪʴ ï ʩʚʦʡʩʪʚʦ ʦʙʲʝʢʪʘ ʩʦʭʨʘʥʷʪʴ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ 

ʙʝʟʦʪʢʘʟʥʦʩʪʠ, ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʠ ʨʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʠ ʚ ʪʝʯʝʥʠʝ ʠ ʧʦʩʣʝ 

ʭʨʘʥʝʥʠʷ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ. ʉʨʦʢ ʩʦʭʨʘʥʷʝʤʦʩʪʠ ï ʢʘʣʝʥʜʘʨʥʘʷ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʭʨʘʥʝʥʠʷ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʘ, ʚ ʪʝʯʝʥʠʝ ʠ 

ʧʦʩʣʝ ʢʦʪʦʨʦʡ ʩʦʭʨʘʥʷʶʪʩʷ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʙʝʟʦʪʢʘʟʥʦʩʪʠ ʠ 

ʨʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʠ ʚ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʧʨʝʜʝʣʘʭ. ʀʩʧʨʘʚʥʦʝ ʩʦʩʪʦʷʥʠʝ ï 

ʩʦʩʪʦʷʥʠʝ ʦʙʲʝʢʪʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʥ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʩʝʤ ʪʨʝʙʦʚʘʥʠʷʤ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ (ʅʊɼ) ʠ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʝʡ (ʂɼ). ʅʝʠʩʧʨʘʚʥʦʝ ʩʦʩʪʦʷʥʠʝ ï ʩʦʩʪʦʷʥʠʝ ʦʙʲʝʢʪʘ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʦʥ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʭʦʪʷ ʙʳ ʦʜʥʦʤʫ ʠʟ ʪʨʝʙʦʚʘʥʠʡ ʅʊɼ ʠ ʂɼ. 

ʈʘʙʦʪʦʩʧʦʩʦʙʥʦʝ ʩʦʩʪʦʷʥʠʝ ï ʩʦʩʪʦʷʥʠʝ ʦʙʲʝʢʪʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʟʥʘʯʝʥʠʷ 

ʚʩʝʭ ʧʘʨʘʤʝʪʨʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʚʳʧʦʣʥʷʪʴ ʟʘʜʘʥʥʳʝ 

ʬʫʥʢʮʠʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ʅʊɼ ʠ ʂɼ. ʅʝʨʘʙʦʪʦʩʧʦʩʦʙʥʦʝ 

ʩʦʩʪʦʷʥʠʝ - ʩʦʩʪʦʷʥʠʝ ʦʙʲʝʢʪʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʟʥʘʯʝʥʠʝ ʭʦʪʷ ʙʳ ʦʜʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʩʧʦʩʦʙʥʦʩʪʴ ʚʳʧʦʣʥʷʪʴ ʟʘʜʘʥʥʳʝ ʬʫʥʢʮʠʠ, ʥʝ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʅʊɼ ʠ ʂɼ. 

ʇʨʝʜʝʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ï ʩʦʩʪʦʷʥʠʝ ʦʙʲʝʢʪʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʝʛʦ 

ʜʘʣʴʥʝʡʰʝʝ ʧʨʠʤʝʥʝʥʠʝ ʧʦ ʥʘʟʥʘʯʝʥʠʶ ʥʝʜʦʧʫʩʪʠʤʦ ʠʣʠ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ, 
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ʣʠʙʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʝʛʦ ʠʩʧʨʘʚʥʦʛʦ ʠʣʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʥʝʚʦʟʤʦʞʥʦ ʠʣʠ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ. 

ʇʦʚʨʝʞʜʝʥʠʝ ï ʩʦʙʳʪʠʝ, ʟʘʢʣʶʯʘʶʱʝʝʩʷ ʚ ʥʘʨʫʰʝʥʠʠ ʠʩʧʨʘʚʥʦʛʦ 

ʩʦʩʪʦʥ̫ʠʷ ʦʙʲʝʢʪʘ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

ʆʪʢʘʟ ï ʩʦʙʳʪʠʝ, ʟʘʢʣʶʯʘʶʱʝʝʩʷ ʚ ʥʘʨʫʰʝʥʠʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʘ. ʆʪʢʘʟʳ, ʧʨʠʯʠʥʦʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ 

ʥʘʨʫʰʝʥʠʝ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʧʨʘʚʠʣ ʠ ʥʦʨʤ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʧʨʠ ʦʮʝʥʢʝ 

ʥʘʜʝʞʥʦʩʪʠ ʦʙʲʝʢʪʘ ʥʝ ʫʯʠʪʚrʘʶʪʩʷ. 

ʇʦʢʘʟʘʪʝʣʴ ʥʘʜʝʞʥʦʩʪʠ ï ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʜʥʦʛʦ ʠʣʠ 

ʥʝʩʢʦʣʴʢʠʭ ʩʚʦʡʩʪʚ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʥʘʜʝʞʥʦʩʪʴ ʦʙʲʝʢʪʘ. ɽʜʠʥʠʯʥʳʡ 

ʧʦʢʘʟʘʪʝʣʴ ʥʘʜʝʞʥʦʩʪʠ ï ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʦʜʥʦ ʠʟ ʩʚʦʡʩʪʚ, ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʥʘʜʝʞʥʦʩʪʴ ʦʙʲʝʢʪʘ. ʂʦʤʧʣʝʢʩʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʥʘʜʝʞʥʦʩʪʠ ï ʧʦʢʘʟʘʪʝʣʴ 

ʥʘʜʝʞʥʦʩʪʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʥʝʩʢʦʣʴʢʦ ʩʚʦʡʩʪʚ, ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʥʘʜʝʞʥʦʩʪʴ ʦʙʲʝʢʪʘ. ʅʘʨʘʙʦʪʢʘ ʜʦ ʦʪʢʘʟʘ ï ʥʘʨʘʙʦʪʢʘ ʦʙʲʝʢʪʘ ʦʪ ʥʘʯʘʣʘ ʝʛʦ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʝʨʚʦʛʦ ʦʪʢʘʟʘ. 

ʊʝʭʥʠʯʝʩʢʠʡ ʨʝʩʫʨʩ ï ʥʘʨʘʙʦʪʢʘ ʦʙʲʝʢʪʘ ʦʪ ʥʘʯʘʣʘ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʠʣʠ ʝʝ ʚʦʟʦʙʥʦʚʣʝʥʠʷ ʧʦʩʣʝ ʨʝʤʦʥʪʘ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʠʜʘ ʜʦ ʧʝʨʝʭʦʜʘ ʚ 

ʧʨʝʜʝʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ. ʉʨʦʢ ʩʣʫʞʙʳ ï ʢʘʣʝʥʜʘʨʥʘʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʪ 

ʥʘʯʘʣʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʲʝʢʪʘ ʠʣʠ ʦʪ ʝʝ ʚʦʟʦʙʥʦʚʣʝʥʠʷ ʧʦʩʣʝ ʨʝʤʦʥʪʘ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʠʜʘ ʜʦ ʧʝʨʝʭʦʜʘ ʚ ʧʨʝʜʝʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ. 

ʈʘʟʣʠʯʘʶʪ ʠʜʝʘʣʴʥʫʶ, ʙʘʟʦʚʫʶ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʫʶ ʥʘʜʝʞʥʦʩʪʴ. 

ʀʜʝʘʣʥɹʘʷ ï ʵʪʦ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʘʷ ʥʘʜʝʞʥʦʩʪʴ, ʜʦʩʪʠʛʘʝʤʘʷ ʧʫʪʝʤ 

ʩʦʟʜʘʥʠʷ ʩʦʚʝʨʰʝʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʦʙʲʝʢʪʘ ʧʨʠ ʘʙʩʦʣʶʪʥʦ ʪʦʯʥʦʤ ʫʯʝʪʝ 

ʚʩʝʭ ʫʩʣʦʚʠʡ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɹʘʟʦʚʘʷ ï ʵʪʦ ʥʘʜʝʞʥʦʩʪʴ, 

ʬʘʢʪʠʯʝʩʢʠ ʜʦʩʪʠʛʘʝʤʘʷ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ, ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ, 

ʠʟʛʦʪʦʚʣʝʥʠʠ ʠ ʤʦʥʪʘʞʝ ʦʙʲʝʢʪʘ. ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʘʷ ï ʜʝʡʩʪʚʠʪʝʣʴʥʘʷ 

ʥʘʜʝʞʥʦʩʪʴ ʦʙʲʝʢʪʘ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʢʘʢ 

ʢʘʯʝʩʪʚʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ, ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʤʦʥʪʘʞʘ 

ʦʙʲʝʢʪʘ, ʪʘʢ ʠ ʫʩʣʦʚʠʷʤʠ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ 

ʨʝʤʦʥʪʘ. 

ɿʥʘʯʝʥʠʝ ʢʘʞʜʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʥʘʜʝʞʥʦʩʪʠ ʜʦʣʞʥʦ ʙʳʪʴ ʩʦʛʣʘʩʦʚʘʥʦ ʩ 

ʩʦʦʪʥʦʰʝʥʠʷʤʠ ʧʘʩʧʦʨʪʥʳʭ ʠ ʬʘʢʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʤʘʰʠʥʳ ï ʨʝʞʠʤʦʤ ʝʝ 

ʟʘʛʨʫʟʢʠ ʠ ʫʩʣʦʚʠʷʤʠ ʨʘʙʦʪʳ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʥʝʜʦʛʨʫʟʢʝ ʠ ʧʝʨʝʛʨʫʟʢʝ 

ʤʘʰʠʥʳ, ʧʨʠ ʤʝʥʴʰʝʡ ʠʣʠ ʙʦʣʴʰʝʡ ʩʢʦʨʦʩʪʠ ʝʝ ʜʚʠʞʝʥʠʷ ʧʦʢʘʟʘʪʝʣʠ 

ʥʘʜʝʞʥʦʩʪʠ ʙʫʜʫʪ ʨʘʟʣʠʯʥʳʤʠ. ʕʪʦ ʦʯʝʥʴ ʚʘʞʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʥʠʤʘʪʴ ʚʦ ʚʥʠʤʘʥʠʝ ʧʨʠ ʘʥʘʣʠʟʝ ʪʝʭ ʠʣʠ ʠʥʳʭ ʘʙʩʦʣʶʪʥʳʭ 

ʟʥʘʯʝʥʠʡ ʧʦʢʘʟʘʪʝʣʝʡ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʦʙʨʘʙʦʪʢʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ. 

 

3.3 ʕʢʩʧʣʫʘʪʘʮʠʷ ʠ ʨʝʤʦʥʪ ʢʦʥʫʩʥʦʡ ʜʨʦʙʠʣʢʠ 

 

ʅʦʨʤʘʣʴʥʘʷ ʨʘʙʦʪʘ ʜʨʦʙʠʣʢʠ ʢʨʫʧʥʦʛʦ ʜʨʦʙʣʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ 

ʦʙʝʩʧʝʯʝʥʘ ʪʦʣʴʢʦ ʭʦʨʦʰʝʡ ʥʘʩʪʨʦʡʢʦʡ ʩʦʧʨʷʞʝʥʥʳʭ ʫʟʣʦʚ ʠ ʜʝʪʘʣʝʡ. 

ʈʝʛʫʣʠʨʦʚʢʘ ʧʨʦʚʝʨʝ̫ʪʩʷ ʚʨʘʱʝʥʠʝʤ ʧʨʠʚʦʜʘ ʚʨʫʯʥʫʶ, ʧʨʠ ʵʪʦʤ ʵʢʩʮʝʥʪʨʠʢ 



33 

 

ʠ ʧʨʠʚʦʜʥʦʡ ʚʘʣ ʣʝʛʢʦ ʚʨʘʱʘʶʪʩʷ, ʘ ʜʨʦʙʷʱʠʡ ʢʦʥʫʩ ʦʩʪʘʝʪʩʷ ʥʝʧʦʜʚʠʞʥʳʤ. 

ʇʨʠ ʨʘʙʦʪʝ ʜʨʦʙʠʣʢʠ ʙʝʟ ʥʘʛʨʫʟʢʠ ʚʨʘʱʝʥʠʝ ʢʦʥʫʩʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʩʦʙʩʪʚʝʥʥʦʡ ʦʩʠ ʜʦʣʞʥʦ ʙʳʪʴ ʚ ʧʨʝʜʝʣʘʭ ʥʝ ʙʦʣʝʝ 3-4 ʦʙ/ʤʠʥ. ʄʘʩʣʦ ʥʘ 

ʩʣʠʚʝ ʜʦʣʞʥʦ ʦʩʪʘʚʘʪʴʩʷ ʯʠʩʪʳʤ ʙʝʟ ʩʪʘʣʴʥʦʡ, ʙʨʦʥʟʦʚʦʡ ʠʣʠ ʙʘʙʙʠʪʦʚʦʡ 

ʩʪʨʫʞʢʠ ʠ ʠʤʝʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʥʝ ʚʳʰʝ 50Áʉ. 

ʇʝʨʝʜ ʧʫʩʢʦʤ ʢʦʥʫʩʥʦʡ ʜʨʦʙʠʣʢʠ ʥʝʦʙʭʦʜʠʤʦ ʚʢʣʶʯʠʪʴ ʩʠʩʪʝʤʳ 

ʞʠʜʢʦʡ ʠ ʛʫʩʪʦʡ ʩʤʘʟʢʠ, ʫʙʝʜʠʪʴʩʷ ʚ ʠʭ ʥʦʨʤʘʣʴʥʦʡ ʨʘʙʦʪʝ, ʧʨʦʚʝʨʠʪʴ 

ʪʝʤʧʝʨʘʪʫʨʫ ʤʘʩʣʘ, ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʥʠʞʝ +25Áʉ, ʟʘʪʝʤ ʧʨʦʚʝʨʠʪʴ 

ʠʩʧʨʘʚʥʦʩʪʴ ʠ ʧʦʢʘʟʘʥʠʷ ʜʨʫʛʠʭ ʧʨʠʙʦʨʦʚ ʠ, ʪʦʣʴʢʦ ʫʙʝʜʠʚʰʠʩʴ ʚ 

ʥʦʨʤʘʣʴʥʦʡ ʨʘʙʦʪʝ ʩʠʩʪʝʤʳ ʩʤʘʟʢʠ, ʤʦʞʥʦ ʚʢʣʶʯʘʪʴ ʜʨʦʙʠʣʢʫ. 

ɿʘʛʨʫʟʢʘ ʜʨʦʙʠʣʢʠ ʛʦʨʥʦʡ ʤʘʩʩʦʡ ʥʘʯʠʥʘʝʪʩʷ ʧʦʩʣʝ ʨʘʙʦʪʳ ʝʝ 

ʚʭʦʣʦʩʪʫʶ ʚ ʪʝʯʝʥʠʝ 2-3 ʤʠʥ. 

ʇʨʠ ʟʘʧʫʩʢʝ ʜʨʦʙʠʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʦʩʣʝʜʥʠʤ ʚʢʣʶʯʘʝʪʩʷ ʧʠʪʘʪʝʣʴ 

ʨʫʜʳ. 

ɺʝʨʭʥʠʡ ʧʦʜʚʝʩ ʧʦʜʚʠʞʥʦʛʦ ʢʦʥʫʩʘ. 

ʋʟʝʣ ʧʦʜʚʝʩʘ ʜʨʦʙʷʱʝʛʦ ʢʦʥʫʩʘ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʦʪʚʝʪʩʪʚʝʥʥʳʤ 

ʫʩʪʨʦʡʩʪʚʦʤ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʚʦʝʦʙʨʘʟʥʳʡ ʧʦʜʰʠʧʥʠʢ, ʚ ʢʦʪʦʨʦʤ 

ʨʘʙʦʯʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʢʘʪʷʪʩʷ ʠ ʩʢʦʣʴʟʷʪ ʤʝʞʜʫ ʩʦʙʦʡ. 

ɺʘʞʥʳʤ ʫʩʣʦʚʠʝʤ ʥʦʨʤʘʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʨʦʙʠʣʢʠ ʷʚʣʷʝʪʩʷ 

ʥʘʜʝʞʥʘʷ ʨʘʙʦʪʘ ʫʟʣʘ ʧʦʜʚʝʩʘ ʧʦʜʚʠʞʥʦʛʦ ʢʦʥʫʩʘ, ʢʦʪʦʨʘʷ ʚʦʟʤʦʞʥʘ ʧʨʠ 

ʧʨʘʚʠʣʴʥʦʡ ʝʛʦ ʩʙʦʨʢʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʅʘ ʨʠʩʫʥʢʝ 7 ʧʦʢʘʟʘʥ ʫʟʝʣ ʧʦʜʚʝʩʘ ʧʦʜʚʠʞʥʦʛʦ ʢʦʥʫʩʘ ʜʨʦʙʠʣʢʠ ʂʂɼ-

1500/180. ʊʨʫʱʠʝʩʷ ʜʝʪʘʣʠ 4, 5, 7, 8, 9 ʠ 11 ʫʟʣʘ ʧʦʜʚʝʩʘ ʚ ʫʩʣʦʚʠʷʭ 

ʦʙʦʛʘʪʠʪʝʣʥɹʦʡ ʬʘʙʨʠʢʠ ʩʜʝʣʘʪʴ ʠ ʟʘʤʝʥʠʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ, 

ʧʦʵʪʦʤʫ ʦʥʠ ʜʦʣʞʥʳ ʙʳʪʴ ʠʟʛʦʪʦʚʣʝʥʳ ʠʟ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʡ ʩʪʘʣʠ ʤʘʨʢʠ 

9X2 ʠʣʠ ʐʍ15ʉɻʄ ʠ ʪʝʨʤʠʯʝʩʢʠ ʦʙʨʘʙʦʪʘʥʳ ʜʦ ʪʚʝʨʜʦʩʪʠ HRC 48ð53. 

ʈʘʙʦʯʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʰʣʠʬʦʚʘʥʳ. 

ʅʝʧʘʨʘʣʣʝʣʴʥʦʩʪʴ ʠ ʢʦʨʦʙʣʝʥʠʝ ʙʘʟʦʚʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʜʦʧʫʩʢʘʶʪʩʷ, 

ʥʝ ʙʦʣʝʝ 0,05 ʤʤ. 

ʇʨʦʚʦʨʘʯʠʚʘʥʠʝ ʚʪʫʣʦʢ 5, 9 ʠ ʰʘʡʙʳ 8 ʚʦ ʚʨʝʤʷ ʨʘʙʦʪʳ ʩʦʚʝʨʰʝʥʥʦ 

ʥʝʜʦʧʫʩʪʠʤʦ; ʝʩʣʠ ʪʘʢʦʝ ʷʚʣʝʥʠʝ ʟʘʤʝʯʝʥʦ, ʪʦ ʜʨʦʙʠʣʢʫ ʩʣʝʜʫʝʪ ʥʝʤʝʜʣʝʥʥʦ 

ʦʩʪʘʥʦʚʠʪʴ ʥʘ ʨʝʤʦʥʪ ʠ ʟʘʤʝʥʠʪʴ ʚʝʩʴ ʫʟʝʣ ʧʦʜʚʝʩʘ ʧʦʜʚʠʞʥʦʛʦ ʢʦʥʫʩʘ. 

ʆʩʤʦʪʨ ʠ ʦʯʠʩʪʢʫ ʩ ʧʨʦʤʳʚʢʦʡ ʜʝʪʘʣʝʡ ʧʦʜʚʝʩʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʦʣʝʟʥʦ 

ʧʨʦʠʟʚʦʜʠʪʴ ʥʝ ʪʦʣʴʢʦ ʚʦ ʚʨʝʤʷ ʧʣʘʥʦʚʳʭ ʨʝʤʦʥʪʦʚ, ʥʦ ʠ ʧʨʠ ʢʘʞʜʦʤ 

ʧʦʜʭʦʜʷʱʝʤ ʩʣʫʯʘʝ, ʪʘʢ ʢʘʢ ʧʳʣʝʫʧʣʦʪʥʝʥʠʝ ʵʪʦʛʦ ʫʟʣʘ ʚʝʩʴʤʘ ʥʝʥʘʜʝʞʥʦ.  

ʅʘʜʝʞʥʦʩʪʴ ʧʳʣʝʫʧʣʦʪʥʝʥʠʷ ʤʦʞʥʦ ʧʦʚʳʩʠʪʴ, ʦʙʨʘʙʦʪʘʚ ʥʘ ʩʪʘʥʢʝ 

ʩʦʧʨʷʛʘʝʤʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʣʧʘʢʘ ʠ ʩʪʫʧʠʮʳ ʪʨʘʚʝʨʩʳ (ʤʘʪʝʨʠʘʣ ʢʦʣʧʘʢʘ ð 

ʩʪʘʣʴʥʘʷ ʦʪʣʠʚʢʘ ʤʘʨʢʠ 35ʃ). 

ɺ ʢʦʣʧʘʢʝ ʯʘʩʪʦ ʧʦʷʚʣʷʶʪʩʷ ʩʢʚʦʟʥʳʝ ʪʨʝʱʠʥʳ, ʟʘʚʘʨʠʚʘʪʴ ʢʦʪʦʨʳʝ ʥʝ 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ. ʇʨʠ ʧʦʷʚʣʝʥʠʠ ʠʭ ʢʦʣʧʘʢ ʩʣʝʜʫʝʪ ʟʘʤʝʥʠʪʴ. 

ʈʘʟʨʝʟʥʘʷ ʛʘʡʢʘ 11 (ʨʠʩʫʥʦʢ 7) ʜʦʣʞʥʘ ʙʳʪʴ ʦʙʷʟʘʪʝʣʴʥʦ ʟʘʢʨʝʧʣʝʥʘ 

ʰʧʦʥʢʦʡ - ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʚʦʟʤʦʞʥʦ ʩʘʤʦʦʪʚʠʥʯʠʚʘʥʠʝ ʛʘʡʢʠ, 

ʧʨʠʚʦʜʷʱʝʝ ʢ ʫʚʝʣʠʯʝʥʠʶ ʰʠʨʠʥʳ ʨʘʟʛʨʫʟʦʯʥʦʡ ʱʝʣʠ. 
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1-ʦʪʞʠʤʥʦʡ ʙʦʣʪ; 2-ʚʠʥʪ; 3,4-ʰʘʡʙʳ; 5-ʥʝʧʦʜʚʠʞʥʘʷ ʚʪʫʣʢʘ; 6-ʧʦʜʚʦʜ 

ʩʤʘʟʢʠ;7-ʢʦʥʫʩʥʘʷ ʚʪʫʣʢʘ; 8-ʰʘʡʙʘ; 9-ʚʥʫʪʨʝʥʥʷʷ ʥʠʞʥʷʷ ʚʪʫʣʢʘ; 10-ʦʙʦʡʤʘ; 

11-ʨʘʟʨʝʟʥʘʷ ʛʘʡʢʘ; 12-ʢʣʠʥʦʚʘʷ ʰʧʦʥʢʘ 

ʈʠʩʫʥʦʢ 7 ʇʦʜʚʝʩ ʧʦʜʚʠʞʥʦʛʦ ʢʦʥʫʩʘ ʜʨʦʙʠʣʢʠ ʂʂɼ-1500/180 

 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʚʝʨʭʥʠʡ ʧʦʜʚʝʩ ʧʦʜʚʠʞʥʦʛʦ ʢʦʥʫʩʘ ʚʦʩʧʨʠʥʠʤʘʝʪ 

ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʠ ʚʝʨʪʠʢʘʣʴʥʫʶ ʩʦʩʪʘʚʣʷʶʱʠʝ ʫʩʠʣʠʷ ʜʨʦʙʣʝʥʠʷ. 

ʆʩʦʙʝʥʥʦ ʙʦʣʴh ʠʝ ʫʩʠʣʠʷ ʚʦʟʥʠʢʘʶʪ ʚ ʤʦʤʝʥʪ ʧʦʧʘʜʘʥʠʷ ʚ ʜʨʦʙʠʣʢʫ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʨʝʜʤʝʪʦʚ ʠʣʠ ʜʨʫʛʠʭ ʥʝʜʨʦʙʠʤʳʭ ʪʝʣ. 

ʕʪʠ ʫʩʠʣʠʷ ʧʝʨʝʜʘʶʪʩʷ ʥʘ ʪʨʘʚʝʨʩʫ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʚ ʥʝʡ ʤʦʛʫʪ 

ʧʦʷʚʠʪʴʩʷ ʪʨʝʱʠʥʳ, ʯʝʨʝʟ ʢʦʪʦʨʳʝ ʧʦʧʘʜʘʝʪ ʧʳʣʴ ʢ ʪʨʫʱʠʤʩʷ ʧʦʚʝʨʭʥʦʩʪʷʤ. 

ʅʘ ʨʠʩʫʥʢʝ 8 ʧʦʢʘʟʘʥʘ ʪʨʘʚʝʨʩʘ, ʫ ʢʦʪʦʨʦʡ ʧʦʷʚʠʣʠʩʴ ʪʨʝʱʠʥʳ ʚ ʪʝʣʝ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʩʪʘʢʘʥʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʧʘʜʘʥʠʷ ʚ ʜʨʦʙʠʣʢʫ ʟʚʝʥʘ ʛʫʩʝʥʠʮʳ ʦʪ 

ʵʢʩʢʘʚʘʪʦʨʘ ʕʂɻ-4, 6. 

 

 
ʈʠʩʫʥʦʢ8 ʊʨʝʱʠʥʳ ʚ ʪʝʣʝ ʮʝʥʪʨʘʣʴʥʦʛʦ ʩʪʘʢʘʥʘ ʪʨʘʚʝʨʩʳ ʜʨʦʙʠʣʢʠ 

ʂʂɼ-1500/180 

 

ɺʝʨʭʥʠʡ ʧʦʜʚʝʩ ʧʦʜʚʠʞʥʦʛʦ ʢʦʥʫʩʘ ʜʨʦʙʠʣʦʢ ʩ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ 

ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʱʝʣʠ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʦʙʳʯʥʦʛʦ ʧʦʜʚʝʩʘ ʪʝʤ, ʯʪʦ ʚ ʥʝʤ 

ʧʦʩʪʘʚʣʝʥʘ ʩʧʝʮʠʘʣʴʥʘʷ ʨʘʩʧʦʨʥʘʷ ʚʪʫʣʢʘ (ʨʠʩʫʥʦʢ 9). ʇʨʠ ʧʦʤʦʱʠ ʵʪʦʡ 

ʚʪʫʣʢʠ ʜʝʪʘʣʠ ʚʝʨʭʥʝʛʦ ʧʦʜʚʝʩʘ ʦʧʠʨʘʶʪʩʷ ʥʘ ʛʣʘʚʥʳʡ ʚʘʣ. ʇʨʠ ʦʙʳʯʥʦʤ 

ʧʦʜʚʝʰʠʚʘʥʠʠ ʧʦʜʚʠʞʥʦʛʦ ʢʦʥʫʩʘ ʥʘ ʪʨʘʚʝʨʩʝ, ʢʦʛʜʘ ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ ʦʧʦʨʘ 

ʙʝʟʜʝʡʩʪʚʫʝʪ, ʨʘʩʧʦʨʥʘʷ ʚʪʫʣʢʘ ʥʝ ʩʪʘʚʠʪʩʷ, ʘ ʚʳʩʪʫʧʳ ʦʙʦʡʤʳ ʚʚʦʜʷʪʩʷ ʚ 

ʧʘʟʳ, ʠʤʝʶʱʠʝʩʷ ʥʘ ʚʪʫʣʢʝ ʪʨʘʚʝʨʩʳ. ʂʨʦʤʝ ʵʪʦʛʦ, ʫ ʚʝʨʭʥʝʛʦ ʧʦʜʚʝʩʘ 

ʧʦʜʚʠʞʥʦʛʦ ʢʦʥʫʩʘ ʜʨʦʙʠʣʦʢ ʩ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʱʝʣʠ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʫʩʪʘʥʦʚʢʘ ʚʥʫʪʨʝʥʥʝʡ ʧʦʜʚʠʞʥʦʡ ʚʪʫʣʢʠ ʤʝʞʜʫ ʛʣʘʚʥʳʤ 
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ʚʘʣʦʤ ʠ ʢʦʥʫʩʥʦʡ ʚʪʫʣʢʦʡ. ʋ ʜʨʦʙʠʣʦʢ ʧʦʩʣʝʜʥʝʛʦ ʚʳʧʫʩʢʘ ʙʨʦʥʟʦʚʘʷ ʚʪʫʣʢʘ 

7 ʩʪʘʚʠʪʩʷ ʩʚʦʙʦʜʥʦ. ɿʘʟʦʨ ʤʝʞʜʫ ʚʪʫʣʢʦʡ ʠ ʛʣʘʚʥʳʤ ʚʘʣʦʤ ʜʦʣʞʝʥ ʙʳʪʴ ʚ 

ʧʨʝʜʝʣʘʭ 0,41ð0,61 ʤʤ. 

ʇʦʷʚʣʝʥʠʝ çʩʢʨʠʧʘè ʚ ʫʟʣʝ ʧʦʜʚʝʩʘ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʜʦʩʪʘʪʦʯʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʩʤʘʟʢʠ, ʧʦʚʨʝʞʜʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʝʡ ʠʣʠ ʥʘ ʠʟʤʝʥʝʥʠʝ 

ʫʩʪʘʥʦʚʦʯʥʳʭ ʤʦʥʪʘʞʥʳʭ ʨʘʟʤʝʨʦʚ. ɺʳʷʚʣʝʥʥʳʝ ʥʘʨʫʰʝʥʠʷ ʜʦʣʞʥʳ ʙʳʪʴ 

ʥʝʤʝʜʣʝʥʥʦ ʫʩʪʨʘʥʝʥʳ. 

ʈʝʛʫʣʠʨʦʚʢʘ ʨʘʟʛʨʫʟʦʯʥʦʡ ʱʝʣʠ. ɺ ʚʝʨʭʥʝʤ ʧʦʜʚʝʩʝ ʧʦʜʚʠʞʥʦʛʦ 

ʢʦʥʫʩʘ ʨʘʩʧʦʣʦʞʝʥ ʤʝʭʘʥʠʟʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʨʘʟʛʨʫʟʦʯʥʦʡ ʱʝʣʠ. ɻʣʘʚʥʦʡ ʝʛʦ 

ʜʝʪʘʣʴʶ ʷʚʣʷʝʪʩʷ ʨʘʟʨʝʟʥʘʷ ʛʘʡʢʘ (ʩʤ. ʨʠʩʫʥʦʢ 9). ʅʘ ʧʨʘʢʪʠʢʝ ʨʘʟʛʨʫʟʦʯʥʫʶ 

ʱʝʣʴ ʚʩʝʛʜʘ ʧʨʠʭʦʜʠʪʩʷ ʫʤʝʥʴʰʘʪʴ, ʪʘʢ ʢʘʢ ʱʝʣʴ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦ ʤʝʨʝ 

ʠʟʥʦʩʘ ʬʫʪʝʨʦʚʢʠ ʢʘʢ ʧʦʜʚʠʞʥʦʛʦ, ʪʘʢ ʠ ʥʝʧʦʜʚʠʞʥʦʛʦ ʢʦʥʫʩʦʚ. 

ʆʩʫʱʝʩʪʚʣʷʝʪʩʷ ʵʪʦ ʧʦʜʲʝʤʦʤ ʧʦʜʚʠʞʥʦʛʦ ʢʦʥʫʩʘ. 

ʇʨʦʮʝʩʩ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʰʠʨʠʥʳ ʨʘʟʛʨʫʟʦʯʥʦʡ ʱʝʣʠ ʚ ʩʪʦʨʦʥʫ 

ʫʤʝʥʴʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ: 

ʩʥʠʤʘʶʪ ʢʦʣʧʘʢ (ʩʤ. ʨʠʩʫʥʦʢ 9) ʠ ʚʩʝ ʩʤʘʟʳʚʘʝʤʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ 

ʭʦʨʦʰʦ ʟʘʢʨʳʚʘʶʪ ʯʠʩʪʳʤʠ ʪʨʷʧʢʘʤʠ, ʯʪʦʙʳ ʚ ʫʟʝʣ ʧʦʜʚʝʩʢʠ ʥʝ ʧʦʧʘʣʘ 

ʛʨʷʟʴ; 

ʚ ʚʝʨʭʥʠʡ ʪʦʨʝʮ ʛʣʘʚʥʦʛʦ ʚʘʣʘ ʚʚʝʨʪʳʚʘʶʪ ʨʳʤ-ʙʦʣʪ 15 (ʨʠʩʫʥʦʢ 10) ʥʘ 

ʚʩʶ ʛʣʫʙʠʥʫ ʥʘʨʝʟʢʠ; 

ʩʪʨʦʧʦʚʢʘ ʢʦʥʫʩʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʜʥʠʤ ʪʨʦʩʦʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʜʠʘʤʝʪʨʘ, ʧʦʩʣʝ ʯʝʛʦ ʢʦʥʫʩ ʧʨʠʧʦʜʥʠʤʘʶʪ ʢʨʘʥʦʤ ʚʚʝʨʭ ʩ ʟʘʧʘʩʦʤ (ʥʘ 8ð10 

ʤʤ) ʧʨʦʪʠʚ ʥʝʦʙʭʦʜʠʤʦʡ ʧʦ ʨʘʩʯʝʪʫ ʚʳʩʦʪʳ ʧʦʜʲʝʤʘ. ʇʨʠ ʨʘʩʯʝʪʝ ʚʳʩʦʪʳ 

ʧʦʜʲʝʤʘ ʢʦʥʫʩʘ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʙʨʦʥʷ ʢʦʥʫʩʘ ʙʦʣʴʰʠʥʩʪʚʘ 

ʜʨʦʙʠʣʦʢ ʠʤʝʝʪ ʫʢʣʦʥ ʦʙʨʘʟʫʶʱʝʡ, ʨʘʚʥʳʡ 1:6, ʧʦʵʪʦʤʫ ʢʘʞʜʳʝ 6 ʤʤ 

ʧʦʜʲʝʤʘ ʢʦʥʫʩʘ ʫʤʝʥʴʰʘʶʪ ʰʠʨʠʥʫ ʱʝʣʠ ʥʘ 1 ʤʤ. 

 
1 - ʢʦʣʧʘʢ; 2 - ʢʣʠʥʦʚʘʷ ʰʧʦʥʢʘ; 3 - ʦʪʞʠʤʥʦʡ ʙʦʣʪ: 4 - ʨʘʟʨʝʟʥʘʷ ʛʘʡʢʘ; 

5 - ʦʙʦʡʤʘ; 6 - ʨʘʩʧʦʨʥʘʷ ʚʪʫʣʢʘ; 7 - ʚʥʫʪʨʝʥʥʷʷ ʧʦʜʚʠʞʥʘʷ ʚʪʫʣʢʘ; 8 - 

ʢʦʥʫʩʥʘʷ ʚʪʫʣʢʘ; 9 - ʥʝʧʦʜʚʠʞʥʘʷ ʚʪʫʣʢʘ; 10 - ʧʦʜʚʦʜ ʩʢʘʟʢʠ; 11 - ʰʘʡʙʘ; 12- 

ʧʦʜʚʝʩʢʘ ʪʨʘʚʝʨʩʳ 

ʈʠʩʫʥʦʢ 9. ʇʦʜʚʝʩ ʧʦʜʚʠʞʥʦʛʦ ʢʦʥʫʩʘ ʜʨʦʙʠʣʢʠ ʂʈɼ-1500/180 
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ʉ ʧʦʤʦʱʴʶ ʦʪʞʠʤʥʳʭ ʙʦʣʪʦʚ (ʩʤ. ʨʠʩʫʥʢʝ 9) ʦʙʦʡʤʫ, ʦʭʚʘʪʳʚʘʶʱʫʶ 

ʛʘʡʢʫ, ʦʩʘʞʠʚʘʶʪ ʚʥʠʟ, ʟʘʪʝʤ ʚʳʙʠʚʘʶʪ ʢʣʠʥʦʚʫʶ ʰʧʦʥʢʫ, ʫʜʝʨʞʠʚʘʶʱʫʶ 

ʛʘʡʢʫ ʦʪ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʧʦʚʝʨʪʳʚʘʥʠʷ ʚʦ ʚʨʝʤʷ ʨʘʙʦʪʳ ʜʨʦʙʠʣʢʠ. ʇʦʩʣʝ 

ʵʪʦʛʦ ʩʧʝʮʠʘʣʴʥʳʤ ʢʣʶʯʦʤ, ʧʦʣʫʯʝʥʥʳʤ ʩ ʜʨʦʙʠʣʢʦʡ, ʟʘʚʝʨʪʚrʘʶʪ 

ʨʘʟʨʝʟʥʫʶ ʛʘʡʢʫ. 

ʆʙʳʯʥʦ ʟʘ ʦʜʠʥ ʦʙʦʨʦʪ ʨʘʟʨʝʟʥʦʡ ʛʘʡʢʠ ʧʦʜʚʠʞʥʳʡ ʢʦʥʫʩ 

ʧʦʜʥʠʤʘʝʪʩʷ ʥʘ 20 ʤʤ, ʘ ʰʠʨʠʥʘ ʨʘʟʛʨʫʟʦʯʥʦʡ ʱʝʣʠ ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ 3,3 ʤʤ. 

ʇʦʩʣʝ ʟʘʪʷʞʢʠ ʛʘʡʢʠ ʧʦʜʚʠʞʥʳʡ ʢʦʥʫʩ ʦʧʫʩʢʘʶʪ ʥʘ ʤʝʩʪʦ, ʦʢʦʥʯʘʪʝʣʴʥʦ 

ʧʨʦʚʝʨʷʶʪ ʰʠʨʠʥʫ ʨʘʟʛʨʫʟʦʯʥʦʡ ʱʝʣʠ ʠ ʟʘʙʠʚʘʶʪ ʢʣʠʥʦʚʫʶ ʰʧʦʥʢʫ. 

ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʧʨʝʜʫʩʤʦʪʨʝʥʦ, ʯʪʦʙʳ ʧʨʠ ʚʩʝʭ ʥʦʚʳʭ ʜʝʪʘʣʷʭ 

ʩʦʚʧʘʜʝʥʠʝ ʫʨʦʚʥʝʡ ʧʦ ʚʳʩʦʪʝ ʛʘʡʢʠ ʠ ʛʣʘʚʥʦʛʦ ʚʘʣʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʙʳ 

ʥʦʤʠʥʘʣʴʥʦʤʫ ʨʘʟʤʝʨʫ ʨʘʟʛʨʫʟʦʯʥʦʡ ʱʝʣʠ. 

ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʱʝʣʴ ʦʪʨʝʛʫʣʠʨʦʚʘʥʘ, ʚʩʝ ʩʦʝʜʠʥʝʥʠʷ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʚ ʦʙʨʘʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ʅʘ ʧʦʩʣʝʜʥʝʤ ʵʪʘʧʝ 

ʧʨʦʪʠʨʘʶʪ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʝʡ ʦʪ ʚʦʟʤʦʞʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʠ ʧʦʩʣʝ ʵʪʦʛʦ ʩ 

ʧʦʤʦʱʴʶ ʩʪʘʥʮʠʠ ʧʦʜʘʶʪ ʛʫʩʪʫʶ ʩʤʘʟʢʫ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʤʘʟʴ ʥʝ ʧʦʢʘʞʝʪʩʷ 

ʤʝʞʜʫ ʨʘʙʦʯʠʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʜʝʪʘʣʝʡ ʚʝʨʭʥʝʛʦ ʧʦʜʚʝʩʘ. ʇʦʩʣʝʜʥʠʤ 

ʩʪʘʚʷʪ ʥʘ ʤʝʩʪʦ ʢʦʣʧʘʢ. 

ʇʦʜʚʠʞʥʳʡ ʢʦʥʫʩ. ʇʦʜʚʠʞʥʳʡ ʢʦʥʫʩ (ʩʤ. ʨʠʩʫʥʦʢ 10) ʩʦʩʪʦʠʪ ʠʟ: ʚʘʣʘ 

1, ʢʦʨʧʫʩʘ ʢʦʥʫʩʘ 5, ʬʫʪʝʨʦʚʢʠ ʢʦʥʫʩʘ (6, 9, 10), ʧʳʣʝʫʧʣʦʪʥʝʥʠʷ (3, 7, 8). 

ʇʨʠ ʥʦʨʤʘʣʴʥʦʡ ʨʘʙʦʪʝ ʛʣʘʚʥʳʡ ʚʘʣ ʩʦʚʝʨʰʘʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʢʘʯʘʥʠʷ ʚ 

ʨʘʟʥʳʝ ʩʪʦʨʦʥʳ ʠ ʚʨʘʱʘʝʪʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ, ʥʝ ʧʨʝʚʳʰʘʶʱʝʡ 2 ʦʙ/ʤʠʥ. 

ʅʘʠʙʦʣʝʝ ʙʳʩʪʨʦ ʠʟʥʘʰʠʚʘʶʪʩʷ ʥʠʞʥʷʷ ʬʫʪʝʨʦʚʢʘ ʢʦʥʫʩʘ ʠ ʨʝʟʠʥʦʚʳʡ 

ʨʫʢʘʚ 2. 

 

 
1-ʚʘʣ; 2-ʨʫʢʘʚ; 3-ʢʨʳʰʢʘ ʧʳʣʝʫʧʣʦʪʥʝʥʠʷ; 4-ʙʦʣʪ ʄ24ʭ90; 5-ʢʦʨʧʫʩ 

ʢʦʥʫʩʘ; 6-ʥʠʞʥʝʝ ʢʦʣʴʮʦ ʙʨʦʥʠ; 7-ʩʬʝʨʠʯʝʩʢʘʷ ʰʘʡʙʘ; 8-ʩʬʝʨʠʯʝʩʢʦʝ 

ʢʦʣʴʮʦ; 9-ʩʨʝʜʥʝʝ ʢʦʣʴʮʦ ʙʨʦʥʠ; 10-ʚʝʨʭʥʝʝ ʢʦʣʴʮʦ ʙʨʦʥʠ; 11-ʢʦʥʫʩʥʘʷ 

ʚʪʫʣʢʘ; 12-ʦʙʦʡʤʘ; 13-ʨʘʟʨʝʟʥʘʷ ʛʘʡʢʘ; 14-ʰʧʦʥʢʘ; 15-ʨʳʤ-ʙʦʣʪ; 16-ʮʠʥʢʦʚʘʷ 

ʟʘʣʠʚʢʘ; 22-ʧʘʪʨʫʙʦʢ ʧʳʣʝʫʧʣʦʪʥʝʥʥʷ; 17-ʛʘʡʢʘ 

ʈʠʩʫʥʦʢ10 ʇʦʜʚʠʞʥʳʡ ʢʦʥʫʩ ʜʨʦʙʠʣʢʠ ʂʂɼ-1500/180 ʠ ʝʛʦ ʩʪʨʦʧʦʚʢʘ 

ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ 
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ɺʦ ʚʨʝʤʷ ʨʘʙʦʪʳ ʥʝʦʙʭʦʜʠʤʦ ʩʣʝʜʠʪʴ ʟʘ ʥʘʪʷʞʢʦʡ ʛʘʡʢʠ 17, ʪʘʢ ʢʘʢ 

ʦʩʣʘʙʣʝʥʠʝ ʝʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʳʩʪʨʦʤʫ ʨʘʟʨʫʰʝʥʠʶ (ʚʳʢʨʦʰʠʚʘʥʠʶ) 

ʮʠʥʢʦʚʦʡ ʟʘʣʠʚʢʠ ʠ ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʦʣʦʤʢʝ ʜʝʪʘʣʝʡ. ʆʩʣʘʙʣʝʥʠʝ ʛʘʡʢʠ 17 

ʤʦʞʥʦ ʣʝʛʢʦ ʟʘʤʝʪʠʪʴ ʧʦ ʟʚʫʢʫ: ʩʣʳʰʝʥ ʛʣʫʭʦʡ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʟʚʫʢ ʥʘ 

ʭʦʣʦʩʪʦʤ ʭʦʜʫ ʠ ʩʠʣʴʥʳʝ ʫʜʘʨʳ ʧʨʠ ʜʨʦʙʣʝʥʠʠ ʤʘʪʝʨʠʘʣʘ. 

ʅʘ ʨʠʩʫʥʢʝ 11 ʧʦʢʘʟʘʥʳ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʢʨʝʧʣʝʥʠʷ ʬʫʪʝʨʦʚʢʠ 

ʧʦʜʚʠʞʥʦʛʦ ʢʦʥʫʩʘ ʜʨʦʙʠʣʦʢ ʢʨʫʧʥʦʛʦ ʜʨʦʙʣʝʥʠʷ. 

ʉʪʦʧʦʨʥʳʝ ʙʦʣʪʳ ʜʦʣʞʥʳ ʙʳʪʴ ʩʦʝʜʠʥʝʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʧʨʦʚʦʣʦʢʦʡ 

ʜʠʘʤʝʪʨʦʤ ʥʝ ʤʝʥʝʝ 2 ʤʤ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʩʪʦʧʦʨʥʦʝ ʢʦʣʮɹʦ ʥʝ ʚʨʘʱʘʣʦʩʴ ʚʤʝʩʪʝ ʩ ʛʘʡʢʦʡ, ʥʘ 

ʚʥʫʪʨʝʥʥʝʡ ʩʪʦʨʦʥʝ ʝʛʦ ʠʤʝʶʪʩʷ ʟʫʙʮʳ ɸ, ʢʦʪʦʨʳʝ ʚʭʦʜʷʪ ʚ ʧʘʟʳ, 

ʠʤʝʶʱʠʝʩʷ ʥʘ ʚʘʣʫ ʢʦʥʫʩʘ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʨʘʙʦʪʳ ʢʦʥʫʩʘ 

ʵʢʩʧʝʨʠʤʝʥʪʠʨʫʝʪʩʷ ʢʨʝʧʣʝʥʠʝ ʬʫʪʝʨʦʚʢʠ ʜʚʫʤʷ ʛʘʡʢʘʤʠ ʩ ʨʘʟʣʠʯʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʝʟʴʙʳ. 

ɺʘʣ ʧʦʜʚʠʞʥʦʛʦ ʢʦʥʫʩʘ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʚʘʞʥʦʡ ʜʝʪʘʣʴʶ ʠ ʧʦʵʪʦʤʫ 

ʜʦʣʞʝʥ ʠʟʛʦʪʦʚʣʷʪʴʩʷ ʠʟ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʡ ʩʪʘʣʠ, ʦʙʳʯʥʦ ʝʛʦ ʜʝʣʘʶʪ ʠʟ 

ʩʪʘʣʠ 40. ʆʙʨʘʙʦʪʢʫ ʥʝʦʙʭʦʜʠʤʦ ʜʝʣʘʪʴ ʘʢʢʫʨʘʪʥʦ, ʚʳʧʦʣʥʷʷ ʥʝʦʙʭʦʜʠʤʳʝ 

ʛʘʣʪʝʣʠ ʚ ʤʝʩʪʘʭ ʠʟʤʝʥʝʥʠʷ ʩʝʯʝʥʠʡ. 

ʂʦʣʴʮʝʚʳʝ ʟʘʜʠʨʳ ʥʝ ʜʦʧʫʩʢʘʶʪʩʷ. ʄʝʪʘʣʣ ʚʘʣʘ ʜʦʣʞʝʥ ʙʳʪʴ 

ʧʦʜʚʝʨʛʥʫʪ ʥʘ ʟʘʚʦʜʝ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʡ ʧʨʦʚʝʨʢʝ. ʆʙʥʘʨʫʞʝʥʥʳʝ ʨʘʢʦʚʠʥʳ, 

ʪʨʝʱʠʥʳ ʠʣʠ ʰʣʘʢʦʚʳʝ ʚʢʣʶʯʝʥʠʷ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʚʳʙʨʘʢʦʚʢʠ. 

ɺʘʣ ʧʦʜʚʠʞʥʦʛʦ ʢʦʥʫʩʘ ʠʩʧʳʪʳʚʘʝʪ ʢʦʣʦʩʩʘʣʴʥʫʶ ʥʘʛʨʫʟʢʫ, 

ʧʝʨʝʤʝʥʥʫʶ ʧʦ ʟʥʘʢʫ, ʠ ʣʦʤʘʝʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʪ ʫʩʠʣʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ 

ʜʨʦʙʠʣʢʝ ʧʨʠ ʧʦʧʘʜʘʥʠʠ ʥʝʜʨʦʙʠʤʳʭ ʪʝʣ. 

 
ʘ - ʫ ʜʨʦʙʠʣʦʢ ʧʝʨʚʳʭ ʚʳʧʫʩʢʦʚ; ʙ - ʫ ʜʨʦʙʠʣʦʢ ʧʦʩʣʝʜʥʠʭ ʚʳʧʫʩʢʦʚ; 1-

ʛʘʡʢʘ; 2-ʚʦʡʣʦʯʥʦʝ ʫʧʣʦʪʥʝʥʠʝ; 3-ʩʪʦʧʦʨʥʦʝ ʢʦʣʴʮʦ; 4-ʤʦʥʪʘʞʥʦʝ ʦʪʚʝʨʩʪʠʝ; 

5-ʙʦʣʪ; 6-ʟʘʣʠʚʢʘ ʮʠʥʢʦʚʳʤ ʩʧʣʘʚʦʤ; 7-ʬʫʪʝʨʦʚʢʘ ʢʦʥʫʩʘ; 8-ʢʦʨʧʫʩ ʢʦʥʫʩʘ; 

9-ʚʘʣ ʢʦʥʫʩʘ 

ʈʠʩʫʥʦʢ11 ʉʧʦʩʦʙʳ ʢʨʝʧʣʝʥʠʷ ʬʫʪʝʨʦʚʢʠ ʧʦʜʚʠʞʥʦʛʦ ʢʦʥʫʩʘ 

 

ʂʦʨʧʫʩ ʜʨʦʙʠʣʢʠ. ɽʛʦ ʠʟʛʦʪʦʚʣʷʶʪ ʠʟ ʫʛʣʝʨʦʜʠʩʪʦʛʦ ʩʪʘʣʴʥʦʛʦ ʣʠʪʴʷ. 

ɺʝʩ ʢʦʨʧʫʩʘ ʚ ʩʙʦʨʝ ʩ ʪʨʘʚʝʨʩʦʡ ʠ ʬʫʪʝʨʦʚʢʦʡ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 75% ʚʝʩʘ 

ʜʨʦʙʠʣʢʠ. ʊʨʘʚʝʨʩʫ ʜʨʦʙʠʣʦʢ ʯʘʱʝ ʚʩʝʛʦ ʠʟʛʦʪʦʚʣʷʶʪ ʩʲʝʤʥʦʡ ʩ ʙʦʣʪʦʚʳʤ 

ʧʨʠʩʦʝʜʠʥʝʥʠʝʤ ʢ ʩʪʘʥʠʥʝ. ʂʦʨʧʫʩ ʢʨʫʧʥʳʭ ʜʨʦʙʠʣʦʢ (ɺ>900 ʤʤ) ʧʦ 

ʫʩʣʦʚʠʷʤ ʪʨʘʥʩʧʦʨʪʘʙʝʣʴʥʦʩʪʠ ʠ ʪʝʭʥʦʣʦʛʠʠ ʣʠʪʴʷ ʩʦʙʠʨʘʶʪ ʠʟ ʯʝʪʳʨʝʭ 
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ʯʘʩʪʝʡ: ʩʪʘʥʠʥʳ, ʚʝʨʭʥʝʛʦ ʠ ʥʠʞʥʝʛʦ ʢʦʣʝʮ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʢʦʨʧʫʩʘ 

(ʥʝʧʦʜʚʠʞʥʳʡ ʢʦʥʫʩ) ʠ ʚʝʨʭʥʝʛʦ ʢʦʣʴʮʘ ʩ ʪʨʘʚʝʨʩʦʡ. 

ʉʦʝʜʠʥʝʥʠʷ ʜʝʪʘʣʝʡ ʩʪʘʥʠʥʳ ʩʦʩʪʦʷʪ ʠʟ ʢʦʥʫʩʥʳʭ ʟʘʪʦʯʝʢ ʛʣʫʙʠʥʦʡ ʜʦ 

120 ʤʤ ʠ ʧʣʦʩʢʠʭ ʬʣʘʥʮʝʚ, ʩʦʝʜʠʥʷʝʤʳʭ ʪʦʯʝʥʳʤʠ ʙʦʣʪʘʤʠ. ɼʣʷ ʙʦʣʝʝ 

ʧʣʦʪʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʯʘʩʪʝʡ ʩʪʘʥʠʥʳ ʩʦʝʜʠʥʠʪʝʣʴʥʳʝ ʙʦʣʪʳ ʧʝʨʝʜ 

ʫʩʪʘʥʦʚʢʦʡ ʥʘʛʨʝʚʘʶʪ ʜʦ 100ð120Áʉ ʠ ʧʣʦʪʥʦ ʟʘʪʷʛʠʚʘʶʪ. ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ 

ʙʦʣʪʦʚ ʧʨʦʠʩʭʦʜʠʪ ʠʭ ʣʠʥʝʡʥʦʝ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʝ ʩʞʘʪʠʝ, ʯʝʤ ʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʷ ʬʣʘʥʮʝʚ ʩʦʝʜʠʥʷʝʤʳʭ 

ʯʘʩʪʝʡ ʢʦʨʧʫʩʘ. 

ʀʟʛʦʪʦʚʣʝʥʠʝ ʢʦʥʠʯʝʩʢʠʭ ʟʘʪʦʯʝʢ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʪʨʫʜʦʝʤʢʦʡ 

ʦʧʝʨʘʮʠʝʡ, ʥʦ ʟʘʪʦ ʦʥʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʘʠʙʦʣʝʝ ʥʘʜʝʞʥʦʝ, ʪʦʯʥʦʝ ʠ ʧʣʦʪʥʦʝ 

ʩʦʧʨʞ̫ʝʥʠʝ ʯʘʩʪʝʡ. ɹʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʟʘʪʦʯʝʢ ʯʘʩʪʠ ʩʪʘʥʠʥʳ ʩʪʨʦʛʦ 

ʮʝʥʪʨʠʨʫʁ ʪʩʷ ʠ ʣʝʛʢʦ ʚʦʩʧʨʠʥʠʤʘʶʪ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʫʩʠʣʠʷ ʧʨʠ ʜʨʦʙʣʝʥʠʠ. 

ɿʘʪʦʯʢʠ ʚʳʧʦʣʥʷʶʪ ʩʦ ʩʚʦʙʦʜʥʳʤʠ ʜʦʧʫʩʢʘʤʠ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʤʦʥʦʣʠʪʥʦʩʪʠ ʯʘʩʪʝʡ ʢʦʨʧʫʩʘ ʜʨʦʙʠʣʦʢ ʂʂɼ-1200 ʠ 

ʂʂɼ-1500 ʮʝʥʪʨʠʨʫʶʱʠʝ ʰʪʠʬʪʳ ʜʦʣʞʥʳ ʙʳʪʴ ʧʦʩʪʘʚʣʝʥʳ ʚ ʛʥʝʟʜʘ 

ʩʦʛʣʘʩʥʦ ʟʘʚʦʜʩʢʦʡ ʤʘʨʢʠʨʦʚʢʝ. ʉʨʝʜʥʷʷ ʯʘʩʪʴ ʢʦʨʧʫʩʘ ʜʦʣʞʥʘ 

ʫʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʩ ʧʨʦʚʝʨʢʦʡ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʩʪʴ ʚʝʨʭʥʝʡ ʧʣʦʩʢʦʩʪʠ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʦʧʫʩʢʦʤ 0,1 ʤʤ ʥʘ 1 ʤ ʜʣʠʥʳ ʵʪʦʡ ʧʣʦʩʢʦʩʪʠ. 

ʇʨʠ ʧʨʘʚʠʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʦʨʧʫʩ ʩʣʫʞʠʪ 25ð30 ʣʝʪ. ʆʩʥʦʚʥʳʝ 

ʧʨʠʯʠʥʳ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʛʦ ʠʟʥʦʩʘ ʢʦʨʧʫʩʘ: ʠʩʪʠʨʘʥʠʝ ʥʝʬʫʪʝʨʦʚʘʥʥʳʭ 

ʩʪʝʥʦʢ ʧʦʪʦʢʦʤ ʨʫʜʳ, ʚʳʭʦʜʷʱʠʤ ʠʟ ʜʨʦʙʠʣʢʠ; ʧʦʧʘʜʘʥʠʝ ʚ ʜʨʦʙʠʣʢʫ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʨʝʜʤʝʪʦʚ ʠʣʠ ʜʨʫʛʠʭ ʥʝʜʨʦʙʠʤʳʭ ʪʝʣ. 

ʉʪʘʥʠʥʘ ʙʳʩʪʨʝʝ ʜʨʫʛʠʭ ʯʘʩʪʝʡ ʢʦʨʧʫʩʘ ʚʳʭʦʜʠʪ ʠʟ ʩʪʨʦʷ. ʅʘ ʨʠʩʫʥʢʝ 

11 ʧʦʢʘʟʘʥʘ ʩʪʘʥʠʥʘ ʜʨʦʙʠʣʢʠ ʂʂɼ-1500/180, ʧʦʣʫʯʠʚʰʘʷ ʧʦʚʨʝʞʜʝʥʠʝ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʦʧʘʜʘʥʠʷ ʚ ʜʨʦʙʠʣʢʫ ʟʚʝʥʘ ʛʫʩʝʥʠʮʳ ʦʪ ʵʢʩʢʘʚʘʪʦʨʘ ʕʂɻ-4,6. 

 

 
ʈʠʩʫʥʦʢ 12 ʉʪʘʥʠʥʘ ʜʨʦʙʠʣʢʠ ʂʂɼ-1500/180 

 

ʀʟ-ʟʘ ʚʦʟʥʠʢʰʠʭ ʧʝʨʝʥʘʧʨʷʞʝʥʠʡ ʩʪʝʥʢʘ ʩʪʘʣʴʥʦʡ ʩʪʘʥʠʥʳ ʪʦʣʱʠʥʦʡ 

120 ʤʤ ʨʷʜʦʤ ʩ ʨʝʙʨʦʤ ʞʝʩʪʢʦʩʪʠ (ʨʠʩʫʥʢʝ 13) ʣʦʧʥʫʣʘ ʚ ʜʚʫʭ ʤʝʩʪʘʭ, 

ʧʨʠʯʝʤ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʠʟʣʦʤʦʤ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʚʘʣʘ ʧʦ ʩʝʯʝʥʠʶ ʜʠʘʤʝʪʨʦʤ 

1060 ʤʤ ʠ ʪʨʘʚʝʨʩʳ. 

ʈʝʤʦʥʪ ʩʪʘʥʠʥʳ ʧʨʦʚʦʜʠʣʠ ʙʝʟ ʩʥʷʪʠʷ ʝʝ ʩ ʬʫʥʜʘʤʝʥʪʘ ʟʘʩʚʝʨʣʦʚʢʦʡ 

ʪʨʝʱʠʥ ʥʘ ʚʩʶ ʪʦʣʱʠʥʫ ʩʪʝʥʢʠ ʠ ʧʨʠʚʘʨʢʦʡ ʢ ʩʪʘʥʠʥʝ ʩʧʝʮʠʘʣʴʥʦ 

ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʢʨʝʩʪʦʦʙʨʘʟʥʦʡ ʙʘʣʢʠ ʥʘ ʤʝʩʪʝ ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʝɦ ʠʥʳ. 
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ʈʝʤʦʥʪʥʳʝ ʨʘʙʦʪʳ ʚʝʣʠ ʧʦ ʪʝʭʥʦʣʦʛʠʠ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩ ʫʯʘʩʪʠʝʤ 

ʨʘʙʦʪʥʠʢʦʚ ʋʨʘʣʴʩʢʦʛʦ ʟʘʚʦʜʘ ʪʷʞʝʣʦʛʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ. 

ʄʝʩʪʦ ʫʩʪʘʥʦʚʢʠ ʚʩʝʭ ʨʝʙʝʨ ʙʘʣʢʠ ʧʨʦʯʥʦʩʪʠ ʨʘʟʤʝʯʘʣʠ ʥʘ ʩʪʘʥʠʥʝ. 

ʇʦʚʝʨʭʥʦʩʪʴ ʩʪʘʥʠʥʳ ʟʘʯʠʱʘʣʘʩʴ ʟʫʙʠʣʦʤ ʜʣʷ ʙʦʣʝʝ ʧʣʦʪʥʦʛʦ ʧʨʠʣʝʛʘʥʠʷ 

ʩʚʘʨʠʚʘʝʤʳʭ ʜʝʪʘʣʝʡ. ʄʝʩʪʥʳʝ ʥʝʧʨʠʣʝʛʘʥʠʷ ʥʝ ʧʨʝʚʳʰʘʣʠ 3 ʤʤ. ʉʚʘʨʢʘ 

ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʵʣʝʢʪʨʦʜʘʤʠ ʜʠʘʤʝʪʨʦʤ 6 ʤʤ ʧʨʠ ʩʠʣʝ ʪʦʢʘ 200ð220 ʘ. 

 

 
1-ʚʥʫʪʨʝʥʥʷʷ ʩʪʦʨʦʥʘ ʩʪʘʥʠʥʳ; 2-ʚʳʭʦʜ ʪʨʝʱʠʥʳ ʥʘ ʚʥʫʪʨʝʥʥʶʶ 

ʧʦʚʝʨʭʥʦʩʪʴ ʩʪʘʥʠʥʳ; 3-ʥʘʨʫʞʥʘʷ ʩʪʦʨʦʥʘ ʩʪʘʥʠʥʳ; 4-ʚʳʭʦʜ ʪʨʝʱʠʥʳ ʥʘ 

ʥʘʨʫʞʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʩʪʘʥʠʥʳ; 5-ʚʳʭʦʜ ʪʨʝʱʠʥʳ ʥʘ ʚʥʫʪʨʝʥʥʶʶ 

ʧʦʚʝʨʭʥʦʩʪʴ ʩʪʘʥʠʥʳ 

ʈʠʩʫʥʦʢ13 ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʨʝʱʠʥ ʩʪʘʥʠʥʳ ʜʨʦʙʠʣʢʠ ʂʂɼ-1500/180 

 

ʇʨʠʚʦʜ. ʇʝʨʝʜʘʯʘ ʚʨʘʱʝʥʠʷ ʵʢʩʮʝʥʪʨʠʢʫ ʫ ʢʦʥʫʩʥʳʭ ʜʨʦʙʠʣʦʢ 

ʢʨʫʧʥʦʛʦ ʜʨʦʙʣʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʦʜʥʦʛʦ (ʂʂɼ-500/75, ʂʂɼ-

900/140, ʂʂɼ ʩ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʨʘʟʛʨʫʟʦʯʥʦʡ ʱʝʣʠ ʠ ʚʩʝ 

ʨʝʜʫʢʮʠʦʥʥʳʝ ʜʨʦʙʠʣʢʠ) ʠʣʠ ʜʚʫʭ (ʂʂɼ-1200/150 ʠ ʂʂɼ-1500ɹ ʠ ʂʂɼ-

1500ɸ) ʧʨʠʚʦʜʥʳʭ ʚʘʣʦʚ. ʅʘ ʨʠʩʫʥʢʝ 14 ʧʦʢʘʟʘʥ ʧʨʠʚʦʜ ʢʦʥʫʩʥʦʡ ʜʨʦʙʠʣʢʠ 

ʂʂɼ-1500ɹ. ɼʝʪʘʣʠ ʧʨʠʚʦʜʥʳʭ ʚʘʣʦʚ ʚʟʘʠʤʦʟʘʤʝʥʷʝʤʳʝ. ʇʨʠʚʦʜʥʳʝ ʚʘʣʳ 

ʫʢʣʘʜʳʚʘʶʪ ʥʘ ʧʦʜʰʠʧʥʠʢʘʭ ʩʢʦʣʴʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʠʟʛʦʪʦʚʣʷʶʪ ʠʟ ʙʨʦʥʟʳ 

ʤʘʨʢʠ ɹʨ.ʆʉ8-12. 

ʇʨʠ ʪʦʢʘʨʥʦʡ ʦʙʨʘʙʦʪʢʝ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʥʝʢʦʥʮʝʥʪʨʠʯʥʦʩʪʴ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʚʢʣʘʜʳʰʘ ʥʝ 

ʜʦʣʞʥʘ ʙʳʪʴ ʙʦʣʝʝ 0,05 ʤʤ. 

ʆʙʣʘʩʪʴ ʜʘʚʣʝʥʠʷ ʰʝʡʢʠ ʚʘʣʘ ʥʘ ʧʦʜʰʠʧʥʠʢ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ 

120Á. ɽʩʣʠ ʚʳʨʘʙʦʪʢʘ ʥʘ ʚʢʣʘʜʳʰʝ ʜʦʩʪʠʛʣʘ ʵʪʦʛʦ ʫʛʣʘ, ʥʘʩʪʫʧʘʝʪ ʧʨʝʜʝʣ 

ʥʘʨʫʰʝʥʠʷ ʨʝʞʠʤʘ ʞʠʜʢʦʩʪʥʦʛʦ ʪʨʝʥʠʷ, ʪʘʢ ʢʘʢ ʫʩʣʦʚʠʷ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ 

ʤʘʩʣʥ̫ʦʛʦ ʢʣʠʥʘ ʧʦʩʪʝʧʝʥʥʦ ʥʘʯʠʥʘʶʪ ʫʭʫʜʰʘʪʴʩʷ ʠ ʧʨʠ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʝ 

ʥʘʩʪʫʧʠʪ ʤʦʤʝʥʪ ʩʫʭʦʛʦ ʪʨʝʥʠʷ. 

ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʩʦʯʣʝʥʝʥʠʡ ʜʨʦʙʠʣʴʥʳʭ ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ ʥʘ 

ʧʨʘʢʪʠʢʝ ʜʦʧʫʩʢʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʧʝʨʚʦʥʘʯʘʣʴʥʳʭ (ʟʘʚʦʜʩʢʠʭ) ʟʘʟʦʨʦʚ ʚ 2ð3 

ʨʘʟʘ. ʆʜʥʘʢʦ ʵʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʪʦʣʴʢʦ ʩʫʛʫʙʦ 

ʦʨʠʝʥʪʠʨʦʚʦʯʥʦ. ʆʧʨʝʜʝʣʠʪʴ ʜʦʧʫʩʪʠʤʦʝ ʨʘʩʰʠʨʝʥʠʝ ʟʘʟʦʨʦʚ ʚ 
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ʧʦʜʰʠʧʥʠʢʘʭ (ʜʦʧʫʩʪʠʤʦʝ ʠʟʤʝʥʝʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʳ) ʤʦʞʥʦ ʪʦʣʴʢʦ 

ʥʘ ʦʩʥʦʚʝ ʨʘʩʯʝʪʦʚ ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʧʨʦʚʝʨʢʠ. ʇʨʠ ʧʦʚʳʰʝʥʥʳʭ ʟʘʟʦʨʘʭ ʚ 

ʧʦʜʰʠʧʥʠʢʘʭ ʚʷʟʢʦʩʪʴ ʩʤʘʟʦʯʥʦʛʦ ʤʘʩʣʘ ʜʦʣʞʥʘ ʙʳʪʴ ʙʦʣʴʰʝ. 

ɺʘʣ ʧʨʠʚʦʜʘ (ʨʠʩʫʥʦʢ 14) ʧʦʤʝʱʘʝʪʩʷ ʚ ʩʪʘʣʴʥʦʡ ʢʦʨʧʫʩ ʠ 

ʤʦʥʪʠʨʫʝʪʩʷ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʧʘʪʨʫʙʢʝ ʥʠʞʥʝʡ ʯʘʩʪʠ ʩʪʘʥʠʥʳ. ʅʘ ʦʜʥʦʤ 

ʢʦʥʮʝ ʚʘʣʘ ʰʧʦʥʢʦʡ ʟʘʢʨʝʧʣʝʥʘ ʤʘʣʘʷ ʢʦʥʠʯʝʩʢʘʷ ʰʝʩʪʝʨʥʷ, ʚʭʦʜʷʱʘʷ ʚ 

ʟʘʮʝʧʣʝʥʠʝ ʩ ʙʦʣʴʰʦʡ ʢʦʥʠʯʝʩʢʦʡ ʰʝʩʪʝʨʥʝʡ, ʟʘʢʨʝʧʣʝʥʥʦʡ ʥʘ ʵʢʩʮʝʥʪʨʠʢʝ. 

ɺʪʦʨʦʡ ʢʦʥʝʮ ʚʘʣʘ ʩʦʝʜʠʥʷʝʪʩʷ ʤʫʬʪʦʡ ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʚʘʣʦʤ, ʥʝʩʫʱʠʤ 

ʧʨʠʚʦʜʥʦʡ ʪʝʢʩʪʨʦʧʥʳʡ ʰʢʠʚ. ʇʨʦʤʝʞʫʪʦʯʥʳʡ ʚʘʣ ʤʦʥʪʠʨʫʝʪʩʷ ʥʘ 

ʨʦʣʠʢʦʚʳʭ ʧʦʜʰʠʧʥʠʢʘʭ, ʧʦʤʝʱʝʥʥʳʭ ʚ ʦʧʦʨʘʭ. ʋ ʜʨʦʙʠʣʦʢ ʂʂɼ-500 

ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʚʘʣʘ ʥʝʪ. 

ʂʦʥʠʯʝʩʢʠʝ ʰʝʩʪʝʨʥʠ, ʨʘʙʦʪʘʶʱʠʝ ʚ ʤʘʩʣʷʥʦʡ ʚʘʥʥʝ, ʟʘʱʠʱʝʥʳ ʦʪ 

ʧʳʣʠ ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʥʘʜ ʥʠʤʠ ʧʘʪʨʫʙʢʦʤ ʧʳʣʝʫʧʣʦʪʥʝʥʠʷ. ɺ ʩʦʧʨʷʞʝʥʠʠ 

ʢʦʨʧʫʩʘ ʚʘʣʘ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʘʪʨʫʙʢʘ ʩʪʘʥʠʥʳ ʩʪʘʚʷʪ ʨʝʛʫʣʠʨʦʚʦʯʥʳʝ 

ʧʨʦʢʣʘʜʢʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʦʩʝʚʦʛʦ ʟʘʟʦʨʘ ʧʨʠʚʦʜʥʦʛʦ ʚʘʣʘ ʚ ʧʨʝʜʝʣʘʭ 0,5-0,8 

ʤʤ. ʈʝʛʫʣʠʨʦʚʦʯʥʳʡ ʟʘʟʦʨ ʜʦʣʞʝʥ ʙʳʪʴ ʨʘʚʝʥ 5-8 ʤʤ. 

ʆʪʢʣʦʥʝʥʠʝ ʦʪ ʩʦʦʩʥʦʩʪʠ ʧʨʠʚʦʜʥʦʛʦ ʚʘʣʘ ʠ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʚʘʣʘ, 

ʩʦʝʜʠʥʝʥʥʳʭ ʤʫʬʪʦʡ, ʜʦʧʫʩʢʘʝʪʩʷ ʜʦ 0,15 ʤʤ, ʧʨʝʜʝʣʴʥʳʡ ʧʝʨʝʢʦʩ ʵʪʠʭ 

ʚʘʣʦʚ - ʜʦ 1 ʤʤ ʥʘ 1 ʤ ʜʣʠʥʳ. ʅʘ ʈʠʩʫʥʦʢ 15 ʧʦʢʘʟʘʥ ʥʘʨʫʞʥʳʡ ʫʧʦʨ, 

ʬʠʢʩʠʨʫʶʱʠʡ ʦʩʝʚʦʡ ʟʘʟʦʨ ʠ ʤʘʩʣʦʫʧʣʦʪʥʝʥʠʝ (ʫʟʝʣ 1). 

ɹʦʣʴʰʘʷ ʢʦʥʠʯʝʩʢʘʷ ʰʝʩʪʝʨʥʷ 1 (ʈʠʩʫʥʦʢ 16) ʠʟʛʦʪʦʚʣʷʝʪʩʷ ʜʣʷ 

ʜʨʦʙʠʣʦʢ ʂʂɼ-500, ʂʂɼ-900 ʠ ʂʂɼ-1200 ʠʟ ʦʪʣʠʚʢʠ ʫʛʣʝʨʦʜʠʩʪʦʡ ʩʪʘʣʠ 

35ʃ; ʜʣʷ ʜʨʦʙʠʣʦʢ ʂʂɼ-1500ɹ ʠ ʂʂɼ-1500ɸ - ʠʟ ʦʪʣʠʚʢʠ ʣʝʛʠʨʦʚʘʥʥʦʡ 

ʩʪʘʣʠ ɿʆʍʄʃ. 

 

 
1-ʙʦʣʴʰʘʷ ʢʦʥʠʯʝʩʢʘʷ ʰʝʩʪʝʨʥʷ; 2-ʦʧʦʨʥʳʡ ʧʦʜʰʠʧʥʠʢ; 3-ʧʘʪʨʫʙʦʢ 

ʧʳʣʝʫʧʣʦʪʥʝʥʠʷ; 4-ʵʢʩʮʝʥʪʨʠʢ; 5-ʙʘʙʙʠʪʦʚʘʷ ʟʘʣʠʚʢʘ; 6-ʚʪʫʣʢʘ ʩʪʘʢʘʥʘ; 7-

ʤʘʣʘʷ ʢʦʥʠʯʝʩʢʘʷ ʰʝʩʪʝʨʥʷ; 8, 10-ʦʧʦʨʳ ʧʨʠʚʦʜʘ; 9- ʰʢʠʚ ʧʨʠʚʦʜʘ; 11- 

ʤʫʬʪʘ ʩʮʝʧʣʝʥʠʷ; 12-ʚʘʣ ʧʨʠʚʦʜʘ; 13, 16-ʚʪʫʣʢʠ ʧʨʠʚʦʜʥʦʛʦ ʚʘʣʘ; 14-ʢʦʨʧʫʩ 

ʧʨʠʚʦʜʥʦʛʦ ʚʘʣʘ; 15-ʨʝʛʫʣʠʨʦʚʦʯʥʳʡ ʟʘʟʦʨ (5ð8 ʤʤ) 

ʈʠʩʫʥʦʢ 14 ɼʚʫʭʜʚʠʛʘʪʝʣʴʥʳʡ ʧʨʠʚʦʜ ʢʦʥʫʩʥʦʡ ʜʨʦʙʠʣʢʠ ʢʨʫʧʥʦʛʦ 

ʜʨʦʙʣʝʥʠʷ 

 

ʄʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʙʦʣʴʰʠʭ ʢʦʥʠʯʝʩʢʠʭ ʰʝʩʪʝʨʝʥ ʜʦʣʞʥʘ 

ʧʨʦʠʩʭʦʜʠʪʴ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʷʭ: 
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ʙʠʝʥʠʝ ʥʘʨʫʞʥʦʛʦ ʢʦʥʫʩʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʧʦʩʘʜʦʯʥʦʛʦ ʦʪʚʝʨʩʪʠʷ ʥʝ 

ʙʦʣʝʝ 0,2 ʤʤ; 

ʪʦʨʮʦʚʦʝ ʙʠʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ɽ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʩʘʜʦʯʥʦʛʦ ʦʪʚʝʨʩʪʠʷ 

ʥʝ ʙʦʣʝʝ 0,1 ʤʤ; 

ʨʘʜʠʘʣʴʥʦʝ ʙʠʝʥʠʝ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ɸ ʩʨʝʟʘʥʥʦʛʦ ʪʦʨʮʘ ʟʫʙʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʧʦʩʘʜʦʯʥʦʛʦ ʦʪʚʝʨʩʪʠʷ ʥʝ ʙʦʣʝʝ 0,2 ʤʤ; 

ʧʝʨʝʢʦʩ ʰʧʦʥʦʯʥʦʛʦ ʧʘʟʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʧʦʩʘʜʦʯʥʦʛʦ ʦʪʚʝʨʩʪʠʷ ʥʝ 

ʙʦʣʝʝ ʆɼ ʤʤ ʥʘ ʜʣʠʥʝ ʧʘʟʘ; 

ʩʤʝʱʝʥʠʝ ʦʪʚʝʨʩʪʠʡ ʜʣʷ ʙʦʣʪʦʚ ʢʨʝʧʣʝʥʠʷ ʦʧʦʨʥʦʛʦ ʢʦʣʴʮʘ ʦʪ ʠʭ 

ʥʦʤʠʥʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʠ ʫʚʦʜ ʩʚʝʨʣʘ ʜʦʧʫʩʢʘʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 1 ʤʤ. 

ʄʘʣʘʷ ʢʦʥʠʯʝʩʢʘʷ ʰʝʩʪʝʨʥʷ ʠʟʛʦʪʦʚʣʷʝʪʩʷ ʜʣʷ ʜʨʦʙʠʣʦʢ ʂʂɼ-500, 

ʂʂɼ-900 ʠ ʂʂɼ-1200 ʠʟ ʩʪʘʣʴʥʦʡ ʧʦʢʦʚʢʠ 35ʍʅɺ, ʜʣʷ ʜʨʦʙʠʣʦʢ ʂʂɼ-1500ɹ 

ʠ ʂʂɼ-1500ɸ ð ʠʟ ʩʪʘʣʴʥʦʡ ʧʦʢʦʚʢʠ 34ʍʅʄ. 

 

 
 

ʈʠʩʫʥʦʢ 15 ʋʧʣʦʪʥʝʥʠʝ ʧʨʠʚʦʜʥʦʛʦ ʚʘʣʘ ʜʨʦʙʠʣʢʠ 

 

 
ʈʠʩʫʥʦʢ 16 ɿʫʙʯʘʪʦʝ ʟʘʮʝʧʣʝʥʠʝ ʜʨʦʙʠʣʢʠ 
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ʕʪʘ ʰʝʩʪʝʨʥʷ ʧʦʩʣʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʜʦʣʞʥʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ 

ʫʩʣʦʚʠ̫ ʤ: ʙʠʝʥʠʝ ʧʦ ʥʘʨʫʞʥʦʤʫ ʜʠʘʤʝʪʨʫ ʦʙʪʦʯʝʥʥʦʡ ʟʘʛʦʪʦʚʢʠ ʥʝ ʙʦʣʝʝ 

0,12 ʤʤ, ʘ ʪʦʨʮʦʚʦʝ ʙʠʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ɹ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʧʦʩʘʜʦʯʥʦʛʦ 

ʦʪʚʝʨʩʪʠʷ ʥʝ ʙʦʣʝʝ 0,1 ʤʤ. 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʧʦʚʝʨʭʥʦʩʪʴ ɹ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʪʦʨʮʦʚʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʚʪʫʣʢʠ 16 (ʩʤ. ʨʠʩʫʥʢʝ 16), ʦʙʨʘʟʫʷ ʫʧʦʨʥʳʡ ʧʦʜʰʠʧʥʠʢ, 

ʧʦʵʪʦʤʫ ʪʨʫʱʠʝʩʷ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦʣʞʥʳ ʙʳʪʴ ʭʦʨʦʰʦ ʧʦʜʦʛʥʘʥʳ. 

ʊʚʝʨʜʦʩʪʴ ʟʫʙʘ ʫ ʰʝʩʪʝʨʥʠ ʧʦʩʣʝ ʟʘʢʘʣʢʠ ʠ ʦʪʧʫʩʢʘ db= 3,9ð4,2 

(ʜʠʘʤʝʪʨ ʦʪʧʝʯʘʪʢʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʅɺ 210ð238). ʅʘʩʪʨʦʡʢʘ ʟʫʙʯʘʪʦʛʦ 

ʟʘʮʝʧʣʝʥʠʷ ʜʨʦʙʠʣʦʢ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʫʩʣʦʚʠʝʤ ʥʦʨʤʘʣʴʥʦʡ ʠ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʡ ʠʭ ʨʘʙʦʪʳ ʙʝʟ ʨʝʤʦʥʪʦʚ. 

ʂʘʯʝʩʪʚʦ ʥʘʩʪʨʦʡʢʠ ʢʦʥʠʯʝʩʢʠʭ ʟʫʙʯʘʪʳʭ ʧʘʨ ʦʧʨʝʜʝʣʷʝʪʩʷ: 

ʧʨʘʚʠʣʴʥʦʩʪʴʶ ʧʝʨʝʩʝʯʝʥʠʷ ʦʩʝʡ ʚʘʣʦʚ ʧʝʨʝʜʘʯʠ, ʪʦʯʥʦʩʪʴʶ ʫʛʣʘ ʤʝʞʜʫ 

ʦʩʷʤʠ ʢʦʣʝʩ, ʧʨʘʚʠʣʴʥʦʩʪʴʶ ʢʘʩʘʥʠʷ ʟʫʙʴʝʚ ʠ ʚʝʣʠʯʠʥʦʡ ʙʦʢʦʚʦʛʦ ʠ 

ʨʘʜʠʘʣʴʥʦʛʦ ʟʘʟʦʨʦʚ. 

ʆʪʢʣʦʥʝʥʠʷ ʦʩʝʡ (ʚʝʣʠʯʠʥʘ ʙ) ʢʦʥʠʯʝʩʢʠʭ ʢʦʣʝʩ (ʩʤ. ʨʠʩʫʥʦʢ 16) 

ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʦʜʫʣʷ. ʇʦ ʪʦʯʥʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ 

ʦʢʨʫʞʥʦʡ ʩʢʦʨʦʩʪʠ (ʩʚʳʰʝ 6 ʤ/ʩʝʢ) ʟʫʙʯʘʪʳʝ ʢʦʣʝʩʘ ʜʨʦʙʠʣʦʢ ʦʪʥʦʩʷʪʩʷ ʢʦ 

II  ʢʣʘʩʩʫ. ɼʣʷ II  ʢʣʘʩʩʘ ʪʦʯʥʦʩʪʠ ʦʪʢʣʦʥʝʥʠʝ ʦʩʝʡ ʜʦʧʫʩʢʘʝʪʩʷ: ŭ= (0,03ð

0,015)ʪ, ʛʜʝ ʪ ð ʤʦʜʫʣʴ ʟʘʮʝʧʣʝʥʠʷ ʰʝʩʪʝʨʝʥ. 

ʏʝʤ ʙʦʣʴʰʝ ʤʦʜʫʣʴ, ʪʝʤ ʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ ʯʠʩʣʦʚʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʩʣʝʜʫʝʪ ʧʨʠʥʠʤʘʪʴ. 

ʇʨʠ ʧʨʦʚʝʨʢʝ ʟʘʮʝʧʣʝʥʠʷ ʰʝʩʪʝʨʝʥ ʤʝʪʦʜʦʤ ʠʩʧʳʪʘʥʠʷ çʥʘ ʢʨʘʩʢʫè 

ʧʦʩʣʝ ʧʨʦʚʝʨʪʳʚʘʥʠʷ ʧʝʨʝʜʘʯʠ, ʢʦʛʜʘ ʙʦʣʴʰʦʝ ʢʦʣʝʩʦ ʩʜʝʣʘʣʦ 4ð5 

ʦʙʦʨʦʪʦʚ, ʜʣʷ II  ʢʣʘʩʩʘ ʪʦʯʥʦʩʪʠ ʙʦʢʦʚʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʟʫʙʴʝʚ ʙʦʣʴʰʦʛʦ 

ʢʦʣʝʩʘ ʜʦʣʞʥʳ ʧʦʢʨʳʚʘʪʴʩʷ ʢʨʘʩʢʦʡ ʥʝ ʤʝʥʝʝ ʯʝʤ ʥʘ 1/2 ʜʣʠʥʳ ʟʫʙʘ, ʧʷʪʥʘ 

ʢʨʘʩʢʠ ʜʦʣʞʥʳ ʧʦʢʨʳʪʴ ʩʨʝʜʥʶʶ ʯʘʩʪʴ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʫʙʴʝʚ ʠ ʥʝ 

ʤʝʥʝʝ 60% ʚʳʩʦʪʳ ʟʫʙʴʝʚ ʙʦʣʴʰʦʛʦ ʢʦʣʝʩʘ. 

ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʝʛʫʣʠʨʦʚʢʘ ʟʘʟʦʨʦʚ ʟʫʙʯʘʪʦʡ ʢʦʥʠʯʝʩʢʦʡ 

ʧʝʨʝʜʘʯʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʦʢʣʘʜʦʢ, ʫʢʣʘʜʳʚʘʝʤʳʭ ʧʦʜ ʬʣʘʥʝʮ 

ʢʦʨʧʫʩʘ ʧʨʠʚʦʜʘ (ʚ ʟʘʟʦʨ 15, ʨʠʩʫʥʦʢ 15), ʘ ʜʣʷ ʜʨʦʙʠʣʦʢ ʩ ʥʠʞʥʠʤ 

ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʙʦʣʴʰʦʡ ʰʝʩʪʝʨʥʠ ð ʧʦʜ ʥʠʞʥʶʶ ʰʘʡʙʫ ʵʢʩʮʝʥʪʨʠʢʘ. 

ʆʙʳʯʥʦ ʜʣʷ ʢʦʥʠʯʝʩʢʠʭ ʰʝʩʪʝʨʝʥ ʜʨʦʙʠʣʦʢ ʛʣʫʙʠʥʘ ʠʟʥʦʩʘ ʟʫʙʴʝʚ 

ʜʦʧʫʩʢʘʝʪʩʷ ʜʦ 12ð15% ʪʦʣʱʠʥʳ ʟʫʙʘ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʦʜʫʣʷ. 

ɼʦʧʫʩʪʠʤʳʡ ʠʟʥʦʩ ʦʧʨʝʜʝʣʷʝʪʩʷ: æ= (0,19ð0,24)m, ʛʜʝ m ð ʤʦʜʫʣʴ 

ʟʘʮʝʧʣʝʥʠʷ ʰʝʩʪʝʨʝʥ. 

ɺʦ ʚʨʝʤʷ ʨʘʙʦʪʳ ʧʦʜ ʥʘʛʨʫʟʢʦʡ ʦʪ ʭʦʨʦʰʦ ʦʪʨʝʛʫʣʠʨʦʚʘʥʥʦʡ 

ʢʦʥʠʯʝʩʢʦʡ ʧʘʨʳ ʩʣʳʰʝʥ ʪʠʭʠʡ ʨʦʚʥʳʡ ʰʫʤ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʠʟʥʦʩ ʟʫʙʴʝʚ 

ʰʝʩʪʝʨʝʥ ʤʠʥʠʤʘʣʴʥʳʡ. ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʙʦʣʴʰʠʭ ʧʝʨʝʛʨʫʟʦʢ (ʧʦʧʘʜʘʥʠʝ ʚ 

ʨʘʙʦʯʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʜʨʦʙʠʣʢʠ ʥʝʜʨʦʙʠʤʳʭ ʪʝʣ) ʭʦʨʦʰʦ ʦʪʨʝʛʫʣʠʨʦʚʘʥʥʘʷ 

ʢʦʥʠʯʝʩʢʘʷ ʧʘʨʘ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ 3ð5 ʣʝʪ. 

ɺʘʣʳ ʧʨʠʚʦʜʘ ʜʠʘʤʝʪʨʦʤ ʜʦ 190 ʤʤ ʦʙʳʯʥʦ ʠʟʛʦʪʦʚʣʷʶʪʩʷ ʠʟ ʧʨʦʢʘʪʘ. 

ɼʣʷ ʢʨʫʧʥʳʭ ʜʨʦʙʠʣʦʢ, ʚʘʣʳ ʢʦʪʦʨʳʭ ʜʦʩʪʠʛʘʶʪ ʚ ʦʪʜʝʣʴʥʳʭ ʩʝʯʝʥʠʷʭ ʜʦ 
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280 ʤʤ, ʟʘʛʦʪʦʚʢʘʤʠ ʷʚʣʷʶʪʩʷ ʧʦʢʦʚʢʠ ʠʟ ʩʣʠʪʢʦʚ. ʂʦʚʘʥʳʝ ʟʘʛʦʪʦʚʢʠ ʠʤʝʶʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʠʝ ʧʨʠʧʫʩʢʠ ʥʘ ʦʙʨʘʙʦʪʢʫ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʰʪʘʤʧʦʚʢʘʤʠ. 

ʇʦʩʣʝ ʢʦʚʢʠ ʟʘʛʦʪʦʚʢʠ ʚʘʣʦʚ ʧʦʜʚʝʨʛʘʶʪ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝð 

ʦʪʞʠʛʫ ʠʣʠ ʥʦʨʤʘʣʠʟʘʮʠʠ, ʯʝʤ ʚʳʨʘʚʥʠʚʘʶʪ ʩʪʨʫʢʪʫʨʫ ʤʝʪʘʣʣʘ ʧʦ ʚʩʝʤʫ 

ʦʙʲʝʤʫ ʠ ʧʦʚʳh ʘʶʪ ʝʛʦ ʧʣʘʩʪʠʯʥʦʩʪʴ. ʇʨʘʚʢʫ ʟʘʛʦʪʦʚʦʢ ʚʘʣʦʚ ʩʣʝʜʫʝʪ 

ʜʝʣʘʪʴ ʚ ʛʦʨʷʯʝʤ ʩʦʩʪʦʷʥʠʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʪʞʠʛʦʤ ʜʦ ʠʭ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ. ʅʘʠʙʦʣʴʰʝʤʫ ʠʟʥʦʩʫ ʧʦʜʚʝʨʛʘʶʪʩʷ ʰʝʡʢʠ ʚʘʣʦʚ, ʨʘʙʦʪʘʶʱʠʭ 

ʧʨʠ ʥʝʨʘʚʥʦʤʝʨʥʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʝ ʠ ʧʨʠ ʯʘʩʪʳʭ ʧʝʨʝʨʳʚʘʭ ʚ ʨʘʙʦʪʝ. 

ʇʨʠ ʧʦʥʠʞʝʥʥʳʭ ʦʙʦʨʦʪʘʭ, ʧʫʩʢʝ ʠ ʦʩʪʘʥʦʚʢʝ ʜʨʦʙʠʣʢʠ ʧʨʦʠʩʭʦʜʠʪ 

ʥʘʠʙʦʣʴh ʠʡ ʠʟʥʦʩ ʧʦʜʰʠʧʥʠʢʦʚ ʠ ʰʝʝʢ ʚʘʣʘ. 

ɺʝʩʴʤʘ ʚʘʞʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ ʨʘʟʥʳʭ 

ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʜʨʦʙʠʣʦʢ ʧʨʦʚʝʜʝʥʳ ʄ. ɺ. ɽʛʦʨʦʚʳʤ. 

ʇʨʦʠʟʚʝʜʝʥʥʳʡ ʠʤ ʘʥʘʣʠʟ ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʧʫʩʢʘ ʢʦʥʫʩʥʳʭ ʜʨʦʙʠʣʦʢ ʢʨʫʧʥʦʛʦ ʜʨʦʙʣʝʥʠʷ, ʧʦʢʘʟʘʣ: 

ʧʫʩʢʠ ʜʨʦʙʠʣʢʠ ʂʂɼ-1500 ʚʭʦʣʦʩʪʫʶ ʠ ʩ ʨʫʜʦʡ ʧʦ ʚʦʟʥʠʢʘʶʱʠʤ 

ʥʘʛʨʫʟʢʘʤ ʤʘʣʦ ʦʪʣʠʯʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʵʪʠ ʥʘʛʨʫʟʢʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳ; 

ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʟʘʟʦʨʦʚ ʚ ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯʘʭ ʜʠʥʘʤʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ ʚ 

ʧʨʠʚʦʜʝ ʜʨʦʙʠʣʢʠ ʚʦʟʨʘʩʪʘʶʪ, ʧʦʵʪʦʤʫ ʧʨʠʤʝʥʝʥʠʝ ʟʫʙʯʘʪʳʭ ʤʫʬʪ ʥʘ 

ʧʨʠʚʦʜʥʦʤ ʚʘʣʫ ʢʘʢ ʩʦʯʣʝʥʝʥʠʝ, ʧʦʚʳʰʘʶɦ ʝʝ ʩʫʤʤʘʨʥʳʡ ʟʘʟʦʨ ʚ ʧʨʠʚʦʜʝ, 

ʥʝʞʝʣʘʪʝʣʴʥʦ. 

ɽʩʣʠ ʜʨʦʙʠʣʢʘ ʥʦʨʤʘʣʴʥʦ ʟʘʧʫʩʢʘʝʪʩʷ, ʧʦʜ ʟʘʚʘʣʦʤ, ʪʦ ʩʥʠʞʝʥʠʝ 

ʟʘʟʦʨʦʚ ʚ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʭ ʧʨʠʚʦʜʘ ʫʭʫʜʰʘʝʪ ʧʫʩʢʦʚʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ 

ʤʘʰʠʥʳ. ʆʜʥʘʢʦ ʟʘʚʘʣ ʧʨʝʦʜʦʣʝʚʘʝʪʩʷ ʥʝ ʧʝʨʚʦʥʘʯʘʣʴʥʳʤ ʫʩʠʣʠʝʤ ʧʫʩʢʘ, ʘ 

ʥʝʩʢʦʣʴʢʦ ʤʝʥʴʰʝʡ (ʩʥʠʟʠʚʰʝʡʩʷ) ʥʘʛʨʫʟʢʦʡ ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦ ʚʨʝʤʝʥʠ 

ʧʦʯʪʠ ʧʦʣʦʚʠʥʝ ʦʙʦʨʦʪʘ ʵʢʩʮʝʥʪʨʠʢʘ. 

ʅʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʜʨʦʙʣʝʥʠʷ, ʥʝʩʠʥʭʨʦʥʥʦʩʪʴ ʨʘʙʦʪʳ 

ʧʨʠʚʦʜʦʚ ʚ ʧʨʦʮʝʩʩʝ ʜʨʦʙʣʝʥʠʷ ʠ ʥʘʣʠʯʠʝ ʜʨʫʛʠʭ ʧʦʜʦʙʥʳʭ ʬʘʢʪʦʨʦʚ 

ʩʦʟʜʘʶʪ ʫʩʣʦʚʠʷ ʜʣʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʟʘʟʦʨʦʦʙʨʘʟʦʚʘʥʠʷ. ʂʠʥʝʤʘʪʠʯʝʩʢʠʝ 

ʧʘʨʳ ʥʝ ʧʦʣʫʯʘʶʪ ʨʘʚʥʦʤʝʨʥʦʡ ʥʘʪʷʞʢʠ ʠ ʚʭʦʜ ʚ ʟʘʮʝʧʣʝʥʠʝ ʟʫʙʴʝʚ 

ʢʦʥʠʯʝʩʢʠʭ ʰʝʩʪʝʨʝʥ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʜʘʨʘʤʠ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʜʠʥʘʤʠʯʝʩʢʠʝ 

ʥʘʛʨʫʟʢʠ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʶʪ, ʧʨʝʚʳʰʘʷ ʩʨʝʜʥʶʶ ʥʘʛʨʫʟʢʫ ʜʨʦʙʣʝʥʠʷ 

ʆʩʥʦʚʥʦʡ ʟʘʧʘʩ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʧʨʠ ʨʘʙʦʪʝ ʩʦʟʜʘʶʪ ʰʢʠʚʳ. 

ʉʪʫʢ ʚ ʢʦʥʠʯʝʩʢʦʡ ʟʫʙʯʘʪʦʡ ʧʝʨʝʜʘʯʝ ʤʦʞʝʪ ʙʳʪʴ ʪʦʣʴʢʦ ʧʦ ʧʨʠʯʠʥʝ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʨʘʜʠʘʣʴʥʦʛʦ ʟʘʟʦʨʘ ʚ ʟʘʮʝʧʣʝʥʠʠ ʠʣʠ ʫʚʝʣʠʯʝʥʠʷ 

ʦʩʝʚʦʛʦ ʟʘʟʦʨʘ ʧʨʠʚʦʜʥʦʛʦ ʚʘʣʘ. ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʩʪʫʢʘ ʩʣʝʜʫʝʪ 

ʦʪʨʝʛʫʣʠʨʦʚʘʪʴ ʟʘʟʦʨʳ ʜʦ ʚʝʣʠʯʠʥʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʨʝʙʦʚʘʥʠʷʤ 

ʠʥʩʪʨʫʢʮʠʠ. 

ʇʨʠ ʙʳʩʪʨʦʤ ʠʟʥʦʩʝ ʧʘʣʴʮʝʚ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʤʫʬʪ ʥʝʦʙʭʦʜʠʤʦ 

ʦʪʨʝʛʫʣʠʨʦʚʘʪʴ ʩʦʦʩʥʦʩʪʴ ʚʘʣʦʚ. 

ʇʨʠ ʧʝʨʝʢʦʩʝ ʦʩʝʡ ʚʝʜʫʱʝʛʦ ʠ ʚʝʜʦʤʦʛʦ ʰʢʠʚʦʚ ʠʣʠ ʩʤʝʱʝʥʠʠ ʢʘʥʘʚʦʢ 

ʦʜʥʦʛʦ ʰʢʠʚʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʨʫʛʦʤʫ ʥʘʨʫʰʘʝʪʩʷ ʥʦʨʤʘʣʴʥʘʷ ʨʘʙʦʪʘ 

ʪʝʢʩʪʨʦʧʥʦʡ ʧʝʨʝʜʘʯʠ, ʢʣʠʥʦʚʳʝ ʨʝʤʥʠ ʙʫʜʫʪ ʙʳʩʪʨʦ ʩʨʘʙʘʪʳʚʘʪʴʩʷ ʠ ʤʦʛʫʪ 

ʩʦʩʢʘʢʠʚʘʪʴ. ʊʝʢʩʪʨʦʧʥʳʝ ʨʝʤʥʠ, ʭʦʨʦʰʦ ʧʦʜʦʙʨʘʥʥʳʝ ʧʦ ʜʣʠʥʝ, ʧʨʠ 

ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʥʝʩʢʦʣʴʢʦ ʣʝʪ. 
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ʀʟʚʝʩʪʥʳ ʩʣʫʯʘʠ, ʢʦʛʜʘ ʢʣʠʥʦʚʳʝ ʨʝʤʥʠ ʥʘ ʜʨʦʙʠʣʢʝ ʂʂɼ-1500 ʧʨʠ 

ʜʚʫʩʤʝʥʥʦʡ ʨʘʙʦʪʝ ʥʝ ʟʘʤʝʥʷʣʠ 6 ʣʝʪ. ʅʝʣʴʟʷ ʜʦʧʫʩʢʘʪʴ ʯʪʦʙʳ ʢʣʠʥʦʚʳʡ 

ʨʝʤʝʥʴ ʧʨʠ ʨʘʙʦʪʝ ʢʘʩʘʣʩʷ ʚʥʫʪʨʝʥʥʝʡ ʩʪʦʨʦʥʦʡ ʢʣʠʥʘ ʜʥʘ ʨʫʯʴʷ ʧʨʠʚʦʜʥʦʛʦ 

ʰʢʠʚʘ. 

ʇʨʝʜʦʭʨʘʥʠʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʢʦʥʫʩʥʳʭ ʜʨʦʙʠʣʦʢ ʢʨʫʧʥʦʛʦ 

ʜʨʦʙʣʝʥʠʷ. 

ɺʩʝ ʢʦʥʫʩʥʳʝ ʜʨʦʙʠʣʢʠ ʢʨʫʧʥʦʛʦ ʜʨʦʙʣʝʥʠʷ ʩʥʘʙʞʝʥʳ 

ʧʨʝʜʦʭʨʘʥʠʪʝʣʥɹʳʤ ʫʩʪʨʦʡʩʪʚʦʤ, ʦʪʢʣʶʯʘʶʱʠʤ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʛʣʘʚʥʦʛʦ 

ʧʨʠʚʦʜʘ ʧʨʠ ʧʝʨʝʛʨʫʟʢʝ ʠʣʠ ʧʦʧʘʜʘʥʠʠ ʚ ʨʘʙʦʯʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʜʨʦʙʠʣʢʠ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʨʝʜʤʝʪʦʚ ʠʣʠ ʜʨʫʛʠʭ ʥʝʜʨʦʙʠʤʳʭ ʪʝʣ. 

ʇʨʝʜʦʭʨʘʥʠʪʝʣʴʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ʩʣʫʞʘʪ ʯʝʪʳʨʝ ʚʘʣʠʢʘ, ʩʦʝʜʠʥʷʶʱʠʝ 

ʢʣʠʥʦʨʝʤʝʥʥʳʡ ʰʢʠʚ ʩ ʧʨʠʚʦʜʥʳʤ ʚʘʣʦʤ. ʇʨʝʜʦʭʨʘʥʠʪʝʣʴʥʳʝ ʚʘʣʠʢʠ ʚ 

ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʧʦʜʨʝʟʘʥʳ (ʦʩʣʘʙʣʝʥʳ ʧʦ ʩʝʯʝʥʠʶ), ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʦʥʠ ʧʨʠ 

ʧʝʨʝʛʨʫʟʢʝ ʜʨʦʙʠʣʢʠ ʩʨʝʟʘʶʪʩʷ ʚ ʦʩʣʘʙʣʝʥʥʦʤ ʩʝʯʝʥʠʠ, ʧʨʝʜʦʪʚʨʘʱʘʷ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ ʧʦʣʦʤʢʫ ʜʝʪʘʣʝʡ ʜʨʦʙʠʣʢʠ 

ɺʘʣʠʢʠ ʠʟʛʦʪʦʚʣʷʶʪ ʠʟ ʦʜʥʦʡ ʤʘʨʢʠ ʩʪʘʣʠ, ʨʘʩʩʯʠʪʳʚʘʶʪ ʠ ʧʨʦʚʝʨʷʶʪ 

ʦʧʳʪʥʳʤ ʧʫʪʝʤ. ʇʨʠ ʟʘʤʝʥʝ ʩʨʝʟʘʥʥʳʭ ʚʘʣʠʢʦʚ ʧʨʦʚʝʨʷʶʪ ʚʪʫʣʢʠ ʠ ʧʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʟʘʤʝʥʷʶʪ ʥʦʚʳʤʠ, ʪʘʢ ʢʘʢ ʦʥʠ ʤʦʛʫʪ ʙʳʩʪʨʦ ʠʟʥʘʰʠʚʘʪʴʩʷ, 

ʝʩʣʠ ʜʝʞʫʨʥʳʡ ʧʝʨʩʦʥʘʣ ʥʝ ʚʦ ʚʨʝʤʷ ʦʪʢʣʶʯʠʪ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʛʣʘʚʥʦʛʦ 

ʜʚʠʛʘʪʝʣʷ. 

ɺʘʣʠʢʠ ʦʙʳʯʥʦ ʨʘʩʩʯʠʪʳʚʘʶʪ ʥʘ ʜʚʦʡʥʫʶ ʧʝʨʝʛʨʫʟʢʫ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʛʣʘʚʥʦʛʦ ʧʨʠʚʦʜʘ. 

ʕʢʩʮʝʥʪʨʠʢ ʩ ʙʦʣʴʰʦʡ ʢʦʥʠʯʝʩʢʦʡ ʰʝʩʪʝʨʥʝʡ 2 (ʨʠʩʫʥʦʢ 17) ʷʚʣʷʝʪʩʷ 

ʥʘʠʙʦʣʝʝ ʥʘʛʨʫʞʝʥʥʳʤ ʫʟʣʦʤ ʜʨʦʙʠʣʢʠ. 

 

 
ʈʠʩʫʥʦʢ 17 ʉʪʘʢʘʥ (ʵʢʩʮʝʥʪʨʠʢ) ʩ ʰʝʩʪʝʨʥʝʡ 

 

ʂʦʨʧʫʩ ʵʢʩʮʝʥʪʨʠʢʘ ʦʪʣʠʚʘʶʪ ʠʟ ʩʪʘʣʠ 35ʃ-1; ʦʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ ʚʪʫʣʢʫ 1 ʩ ʵʢʩʮʝʥʪʨʠʯʥʦ (ʧʦʜ ʫʛʣʦʤ) ʨʘʩʪʦʯʝʥʥʳʤ 

ʚʥʫʪʨʝʥʥʠʤ ʦʪʚʝʨʩʪʠʝʤ ʜʣʷ ʥʠʞʥʝʛʦ ʢʦʥʮʘ ʚʘʣʘ ʜʨʦʙʷʱʝʛʦ ʢʦʥʫʩʘ. ʈʘʙʦʯʠʝ 
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ʧʦʚʝʨʭʥʦʩʪʠ ʵʢʩʮʝʥʪʨʠʢʘ ʟʘʣʠʚʘʁ ʪ ʙʘʙʙʠʪʦʤ ʤʘʨʢʠ ɹ-16 (ʜʨʦʙʠʣʦʢ ʂʂɼ-500 

ʠ ʂʂɼ-900) ʠ ɹ-83 (ʜʨʦʙʠʣʦʢ ʂʂɼ-1200 ʠ ʂʂɼ-1500). 

ɺʥʫʪʨʝʥʥʶʶ ʧʦʚʝʨʭʥʦʩʪʴ ʟʘʣʠʚʘʶʪ ʮʝʣʠʢʦʤ, ʘ ʥʘʨʫʞʥʫʶ ð ʥʘ 3/4 

ʦʢʨʫʞʥʦʩʪʠ ʚ ʫʪʦʣʱʝʥʥʦʡ ʯʘʩʪʠ, ʚʦʩʧʨʠʥʠʤʘʶʱʝʡ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ 

ʩʦʩʪʘʚʣʷʶʱʫʶ ʜʨʦʙʷʱʝʛʦ ʫʩʠʣʠʷ. ʋʯʠʪʳʚʘʷ ʙʦʣʴʰʫʶ ʥʘʛʨʫʟʢʫ, ʫʜʘʨʳ, 

ʩʦʪʨʷʩʝʥʠʷ ʠ ʥʝʜʦʩʪʫʧʥʦʩʪʴ ʵʢʩʮʝʥʪʨʠʢʘ ʜʣʷ ʦʩʤʦʪʨʘ, ʙʘʙʙʠʪʦʚʫʶ ʟʘʣʠʚʢʫ 3 

ʠ 4 ʩʣʝʜʫʝʪ ʚʳʧʦʣʥʷʪʴ ʨʘʙʦʯʠʤ ʚʳʩʦʢʦʡ ʢʚʘʣʠʬʠʢʘʮʠʠ. ɼʣʷ ʫʜʝʨʞʘʥʠʷ 

ʙʘʙʙʠʪʦʚʦʡ ʟʘʣʠʚʢʠ ʧʦ ʚʥʫʪʨʝʥʥʠʤ ʩʪʝʥʢʘʤ ʚʳʪʘʯʠʚʘʶʪ ʢʦʣʴʮʝʚʳʝ ʧʘʟʳ 

ʬʦʨʤʳ ʣʘʩʪʦʯʢʠʥʘ ʭʚʦʩʪʘ ʩ ʰʘʛʦʤ 150ð170 ʤʤ. ʇʦ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʨʦʩʪʨʘʛʠʚʘʶʪ ʧʨʦʜʦʣʴʥʳʝ ʧʘʟʳ ʪʘʢʠʭ ʞʝ ʨʘʟʤʝʨʦʚ ʩ ʫʛʣʦʚʳʤ ʰʘʛʦʤ 20-24Á. 

ʆʧʦʨʘ ʵʢʩʮʝʥʪʨʠʢʘ. ɺʝʩ ʵʢʩʮʝʥʪʨʠʢʘ ʠ ʚʝʨʪʠʢʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ 

ʦʢʨʫʞʥʦʛʦ ʫʩʠʣʠʷ ʢʦʥʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʠ ʚʦʩʧʨʠʥʠʤʘʶʪʩʷ ʦʧʦʨʥʳʤ 

ʧʦʜʰʠʧʥʠʢʦʤ. 

ʆʧʦʨʘ ʵʢʩʮʝʥʪʨʠʢʘ ʫ ʜʨʦʙʠʣʦʢ ʧʦʩʣʝʜʥʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʦʤʝʱʝʥʘ ʚ 

ʚʝʨʭʥʝʡ ʝʛʦ ʯʘʩʪʠ ʧʦʜ ʢʦʥʠʯʝʩʢʦʡ ʰʝʩʪʝʨʥʝʡ. ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʦʧʦʨʘ 

ʵʢʩʮʝʥʪʨʠʢʘ ʧʦ ʫʩʪʨʦʡʩʪʚʫ ʦʯʝʥʴ ʧʨʦʩʪʘ ʠ ʠʤʝʝʪ ʪʨʠ ʢʦʣʴʮʘ. ɺʝʨʭʥʝʝ ʢʦʣʴʮʦ 

ʟʘʢʨʝʧʣʝʥʦ ʢ ʙʦʣʴʰʦʡ ʢʦʥʠʯʝʩʢʦʡ ʰʝʩʪʝʨʥʝ ʙʦʣʪʦʤ ʠ ʚʨʘʱʘʝʪʩʷ ʚʤʝʩʪʝ ʩ 

ʥʝʡ. ʅʠʞʥʝʝ ʢʦʣʴʮʦ ʧʨʠʢʨʝʧʣʝʥʦ ʢ ʮʝʥʪʨʘʣʴʥʦʤʫ ʩʪʘʢʘʥʫ ʩʪʘʥʠʥʳ ʠ 

ʷʚʣʷʝʪʩʷ ʥʝʧʦʜʚʠʞʥʦʡ ʯʘʩʪʴʶ ʦʧʦʨʳ. ʉʨʝʜʥʝʝ ʢʦʣʴʮʦ ʩʚʦʙʦʜʥʦ ʩʢʦʣʴʟʠʪ. 

ʇʘʪʨʫʙʦʢ ʧʳʣʝʫʧʣʦʪʥʝʥʠʷ (ʨʠʩʫʥʦʢ 18) ʩʥʘʙʞʝʥ ʫʧʦʨʥʳʤ ʢʦʣʴʮʦʤ, 

ʢʦʪʦʨʦʝ ʧʨʝʧʷʪʩʪʚʫʝʪ ʧʦʜʥʷʪʠʶ (çʚʩʧʣʳʚʘʥʠʶè) ʵʢʩʮʝʥʪʨʠʢʘ ʚʚʝʨʭ ʧʦʜ 

ʜʘʚʣʝʥʠʝʤ ʩʤʘʟʢʠ, ʦʩʦʙʝʥʥʦ ʙʦʣʴʰʠʤ ʧʨʠ ʟʘʢʣʠʥʠʚʘʥʠʠ ʜʨʦʙʷʱʝʛʦ ʢʦʥʫʩʘ. 

ʂʨʦʤʝ ʵʪʦʛʦ, ʝʩʣʠ ʧʦ ʢʘʢʦʡ-ʣʠʙʦ ʧʨʠʯʠʥʝ ʚʦ ʚʨʝʤʷ ʨʘʙʦʪʳ ʵʢʩʮʝʥʪʨʠʢ 

ʧʦʜʥʠʤʘʝʪʩʷ ʚʚʝʨʭ (ʯʘʱʝ ʚʩʝʛʦ ʵʪʦ ʙʳʚʘʝʪ ʧʨʠ ʧʝʨʝʛʨʫʟʢʝ ʜʨʦʙʠʣʢʠ, 

ʧʦʧʘʜʘʥʠʠ ʥʝʜʨʦʙʠʤ ʦʛʦ ʧʨʝʜʤʝʪʘ ʠʣʠ ʥʘʨʫʰʝʥʠʠ ʛʝʦʤʝʪʨʠʠ ʙʘʙʙʠʪʦʚʦʡ 

ʟʘʣʠʚʢʠ, ʵʢʩʮʝʥʪʨʠʢ ʥʘʯʠʥʘʝʪ ʩʢʦʣʴʟʠʪʴ ʧʦ ʥʝʧʦʜʚʠʞʥʦʤʫ ʫʧʦʨʥʦʤʫ ʢʦʣʴʮʫ, 

ʥʝ ʧʨʠʯʠʥʷʷ ʧʦʚʨʝʞʜʝʥʠʡ ʜʨʫʛʠʤ ʜʝʪʘʣʷʤ. ʊʘʢ ʢʘʢ ʪʨʝʥʠʝ ʵʢʩʮʝʥʪʨʠʢʘ ʦʙ 

ʫʧʦʨʥʦʝ ʢʦʣʴʮʦ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʝ ʠ ʨʝʜʢʦʝ, ʪʦ ʦʧʦʨʘ ʜʦʧʫʩʢʘʝʪ ʪʨʝʥʠʝ ʩʪʘʣʴ 

ʧʦ ʩʪʘʣʠ. ʄʥʦʛʦʣʝʪʥʷʷ ʧʨʘʢʪʠʢʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʦʥʫʩʥʳʭ ʜʨʦʙʠʣʦʢ ʢʨʫʧʥʦʛʦ 

ʜʨʦʙʣʝʥʠʷ ʧʦʜʪʚʝʨʜʠʣʘ ʧʨʘʚʠʣʴʥʦʩʪʴ ʪʘʢʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ. 

 

 
 

ʈʠʩʫʥʦʢ 18 ʇʳʣʝʫʧʣʦʪʥʝʥʠʝ ʢʦʥʫʩʥʦʡ ʜʨʦʙʠʣʢʠ ʢʨʫʧʥʦʛʦ ʜʨʦʙʣʝʥʠʷ 
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ʋ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʜʨʦʙʠʣʦʢ ʩ ʙʦʢʦʚʦʡ ʨʘʟʛʨʫʟʢʦʡ (ʧʝʨʚʳʭ ʚʳʧʫʩʢʦʚ) 

ʦʧʦʨʘ ʵʢʩʮʝʥʪʨʠʢʘ ʨʘʩʧʦʣʦʞʝʥʘ ʚʥʠʟʫ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʚʳʧʦʣʥʝʥʘ 

ʩʢʦʣʴʟʷʱʝʡ. ʆʥʘ ʪʘʢʞʝ ʥʘʜʝʞʥʘ ʚ ʨʘʙʦʪʝ, ʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʝ ʧʦʣʫʯʠʣʘ ʚ 

ʩʚʷʟʠ ʩ ʧʝʨʝʚʦʜʦʤ ʜʨʦʙʠʣʦʢ ʥʘ ʮʝʥʪʨʘʣʴʥʫʶ ʨʘʟʛʨʫʟʢʫ. 

ʇʳʣʝʫʧʣʦʪʥʝʥʠʝ. ʇʨʠʚʦʜʥʦʡ ʤʝʭʘʥʠʟʤ ʜʨʦʙʠʣʦʢ ʥʘʜʝʞʥʦ ʟʘʱʠʱʝʥ ʦʪ 

ʧʦʧʘʜʘʥʠʷ ʚ ʥʝʛʦ ʧʳʣʠ ʠ ʦʪ ʚʦʟʤʦʞʥʦʡ ʫʪʝʯʢʠ ʤʘʩʣʘ. ʏʪʦʙʳ ʚʥʫʪʨʴ 

ʵʢʩʮʝʥʪʨʠʢʘ ʥʝ ʧʨʦʥʠʢʘʣʘ ʧʳʣʴ ʠ ʯʘʩʪʠʮʳ ʜʨʦʙʣʝʥʦʡ ʨʫʜʳ, ʥʘʜ 

ʵʢʩʮʝʥʪʨʠʢʦʤ ʚ ʪʝʣʝ ʢʦʨʧʫʩʘ ʧʦʜʚʠʞʥʦʛʦ ʢʦʥʫʩʘ (ʨʠʩʫʥʦʢ 18) ʫʩʪʘʥʘʚʣʠʚʘʶʪ 

ʫʧʣʦʪʥʝʥʠʝ ʩ ʧʣʘʚʘʶʱʝʡ ʩʬʝʨʠʯʝʩʢʦʡ ʰʘʡʙʦʡ 2, ʚ ʧʘʟ ʢʦʪʦʨʦʛʦ ʚʩʪʘʚʣʝʥ 

ʰʣʘʥʛ 4. ʐʣʘʥʛ, ʧʣʦʪʥʦ ʦʭʚʘʪʳʚʘʷ ʧʘʪʨʫʙʦʢ ʧʳʣʝʫʧʣʦʪʥʝʥʠʷ 5 ʠ ʪʘʢʞʝ 

ʧʣʦʪʥʦ ʧʨʠʣʝʛʘʷ ʢ ʩʪʝʥʢʘʤ ʧʘʟʘ, ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩʦ ʩʬʝʨʠʯʝʩʢʦʡ ʰʘʡʙʦʡ 2 

ʚʳʧʦʣʥʷʝʪ ʦʩʥʦʚʥʫʶ ʨʦʣʴ ʫʧʣʦʪʥʠʪʝʣʷ. 

ʉʬʝʨʠʯʝʩʢʦʝ ʢʦʣʴʮʦ 1, ʩʬʝʨʠʯʝʩʢʘʷ ʰʘʡʙʘ 2 ʠ ʢʨʳʰʢʘ 3 ʠʟʛʦʪʦʚʣʷʶʪʩʷ 

ʠʟ ʩʪʘʣʠ 40. ʈʘʟʥʦʩʪʝʥʥʦʩʪʴ ʦʜʠʥʘʢʦʚʳʭ ʩʝʯʝʥʠʡ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ 0,1 

ʤʤ. ʊʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʜʝʪʘʣʝʡ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴ ʠʭ ʪʚʝʨʜʦʩʪʴ ʚ 

ʧʨʝʜʝʣʘʭ HRC 48ð53. ʂʦʨʦʙʣʝʥʠʝ ʥʘ ʚʩʶ ʜʣʠʥʫ ʜʠʘʤʝʪʨʘ ʥʝ ʜʦʣʞʥʦ 

ʧʨʝʚʳʰʘʪʴ 0,1 ʤʤ. ʉʬʝʨʠʯʝʩʢʠʝ ʢʦʣʴʮʦ ʠ ʰʘʡʙʘ ʧʳʣʝʫʧʣʦʪʥʝʥʠʷ ʧʦʩʪʦʷʥʥʦ 

ʧʨʠʞʠʤʘʶʪʩʷ ʜʨʫʛ ʢ ʜʨʫʛʫ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʝʩʘ. ʎʝʥʪʨ 

ʩʬʝʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʰʘʡʙʳ ʠ ʢʦʣʴʮʘ ʩʦʚʧʘʜʘʝʪ ʩ ʪʦʯʢʦʡ ʧʦʜʚʝʩʘ 

ʛʣʘʚʥʦʛʦ ʚʘʣʘ. 

ʇʝʨʝʜ ʩʙʦʨʢʦʡ ʚʩʝ ʜʝʪʘʣʠ ʧʳʣʝʫʧʣʦʪʥʝʥʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʭʦʨʦʰʦ 

ʧʨʦʤʳʪʳ ʠ ʩʤʘʟʘʥʳ ʛʫʩʪʦʡ ʩʤʘʟʢʦʡ. ʈʝʟʠʥʦʚʳʡ ʰʣʘʥʛ 4 ʧʝʨʝʜ ʦʙʨʝʟʢʦʡ 

ʢʦʥʮʦʚ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʧʝʨʝʪʴ ʚ ʢʘʥʘʚʢʝ ʩʬʝʨʠʯʝʩʢʦʡ ʰʘʡʙʳ 2 ʜʦ 

ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʩ ʚʥʫʪʨʝʥʥʝʡ ʩʪʝʥʢʦʡ, ʚʥʫʪʨʝʥʥʶʶ ʨʝʟʠʥʦʪʢʘʥʝʚʫʶ ʪʨʫʙʢʫ 

ʚʩʪʘʚʠʪʴ ʧʣʦʪʥʦ ʠ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʥʘʤʦʪʘʪʴ ʥʘ ʥʝʝ ʠʟʦʣʷʮʠʦʥʥʫʶ ʣʝʥʪʫ. 

ʇʨʠ ʩʙʦʨʢʝ ʧʦʣʦʩʪʴ ʅ ʥʝʦʙʭʦʜʠʤʦ ʟʘʧʦʣʥʠʪʴ ʛʫʩʪʦʡ ʩʤʘʟʢʦʡ. ɺ 

ʢʘʯʝʩʪʚʝ ʩʤʘʟʢʠ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʠʤʝʥʷʪʴ ʎʀɸʊʀʄ-203 ʠʣʠ 1ð13 ʚ ʩʤʝʩʠ 

ʩ ʧʦʨʦʰʢʦʤ ʜʠʩʫʣʴʬʠʜʘ ʤʦʣʠʙʜʝʥʘ (MoS2). ʕʪʘ ʩʤʘʟʢʘ ʜʦʣʛʦ ʩʦʭʨʘʥʷʝʪ ʩʚʦʠ 

ʧʝʨʚʦʥʘʯʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʠ ʭʦʨʦʰʦ ʧʨʝʜʦʭʨʘʥʷʝʪ ʜʝʪʘʣʠ ʦʪ ʢʦʨʨʦʟʠʠ ʧʨʠ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʡ ʦʩʪʘʥʦʚʢʝ. 

ʇʦʨʦʰʦʢ ʜʠʩʫʣʴʬʠʜʘ ʤʦʣʠʙʜʝʥʘ (M0S2) ʣʫʯʰʝ ʜʨʫʛʠʭ ʩʤʘʟʦʢ 

ʧʨʝʜʦʭʨʘʥʷʝʪ ʪʨʫʱʠʝʩʷ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʝʡ ʫʧʣʦʪʥʝʥʠʷ, ʜʘʞʝ ʝʩʣʠ ʚ 

ʩʦʯʣʝʥʝʥʠʝ ʧʦʧʘʣʘ ʧʳʣʴ ʠʟ ʨʘʙʦʯʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʜʨʦʙʠʣʢʠ. ʆʩʤʦʪʨ ʠ ʧʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʝʤʦʥʪ ʜʝʪʘʣʝʡ ʧʳʣʝʫʧʣʦʪʥʝʥʠʷ ʧʨʦʚʦʜʷʪʩʷ ʧʨʠ ʢʘʞʜʦʡ 

ʚʳʝʤʢʝ ʢʦʥʫʩʘ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʧʨʦʤʳʚʢʘ ʠ ʟʘʤʝʥʘ ʩʤʘʟʢʠ. 

ʉʪʘʣʴʥʳʝ ʜʝʪʘʣʠ ʧʳʣʝʫʧʣʦʪʥʝʥʠʷ ʥʝ ʦʪʥʦʩʷʪʩʷ ʢ 

ʙʳʩʪʨʦʠʟʥʘʰʠʚʘʶʱʠʤʩʷ ʠ ʚ ʟʘʧʘʩʝ ʤʦʞʥʦ ʠʭ ʥʝ ʜʝʨʞʘʪʴ. 

ʈʝʟʠʥʦʚʳʡ ʰʣʘʥʛ ʠʟʥʘʰʠʚʘʝʪʩʷ ʙʳʩʪʨʦ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʯʘʩʪʳʭ ʩʣʫʯʘʷʭ 

ʧʦʜʧʨʝʩʩʦʚʢʠ ʢʦʥʫʩʘ ʨʫʜʦʡ (ʧʦʜʲʝʤ ʢʦʥʫʩʘ). 

 

3.4 ʉʤʘʟʢʘ 

 

ɼʣʷ ʩʤʘʟʢʠ ʪʨʫʱʠʭʩʷ ʜʝʪʘʣʝʡ ʠ ʫʟʣʦʚ ʢʦʥʫʩʥʳʭ ʜʨʦʙʠʣʦʢ ʢʨʫʧʥʦʛʦ 

ʜʨʦʙʣʝʥʠʷ ʧʨʠʤʝʥʷʝʪʩʷ ʞʠʜʢʘʷ ʠ ʢʦʥʩʠʩʪʝʥʪʥʘʷ ʩʤʘʟʢʘ. 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʨʦʙʠʣʢʠ ʢʨʫʧʥʦʛʦ ʜʨʦʙʣʝʥʠʷ ʢʦʤʧʣʝʢʪʫʶʪʩʷ 

ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʞʠʜʢʦʡ ʩʤʘʟʢʠ. ʎʝʥʪʨʘʣʠʟʦʚʘʥʥʘʷ 

ʮʠʨʢʫʣʷʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʞʠʜʢʦʡ ʩʤʘʟʢʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʧʨʝʨʳʚʥʫʶ ʧʦʜʘʯʫ 

ʦʯʠʱʝʥʥʦʛʦ ʚ ʬʠʣʴʪʨʝ ʠ ʦʭʣʘʞʜʝʥʥʦʛʦ ʠʣʠ ʧʦʜʦʛʨʝʪʦʛʦ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ, ʤʘʩʣʘ ʢ ʚʪʫʣʢʝ ʵʢʩʮʝʥʪʨʠʢʘ, ʧʦʜʧʷʪʥʠʢʫ, ʢʦʥʠʯʝʩʢʦʡ 

ʟʫʙʯʘʪʦʡ ʧʝʨʝʜʘʯʝ, ʧʦʜh ʠʧʥʠʢʘʤ ʧʨʠʚʦʜʥʦʛʦ ʚʘʣʘ ʠ ʜʨʫʛʠʤ ʪʨʫʱʠʤʩʷ 

ʤʝʩʪʘʤ ʩʦʧʨʷʞʝʥʠʷ ʜʝʪʘʣʝʡ. 

ɼʣʷ ʢʦʥʪʨʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ʠ ʤʘʩʣʘ ʩʪʘʥʮʠʠ ʞʠʜʢʦʡ ʩʤʘʟʢʠ 

ʩʥʘʙʞʝʥʳ ʵʣʝʢʪʨʦʪʝʨʤʦʤʝʪʨʘʤʠ ʠ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʣʦʛʦʤʝʪʨʘʤʠ. ɺ 

ʦʪʩʪʦʡʥʠʢʝ ʚʤʦʥʪʠʨʦʚʘʥʳ ʵʣʝʢʪʨʦʥʘʛʨʝʚʘʪʝʣʠ. 

ʅʘ ʥʘʛʥʝʪʘʪʝʣʴʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʤʘʩʣʘ ʠ ʚʦʜʳ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ 

ʤʘʥʦʤʝʪʨʳ. 

 

 
1ð13 ð ʨʘʙʦʯʠʝ ʚʝʥʪʠʣʠ; 14 ð ʚʝʥʪʠʣʴ ʟʘʧʦʣʥʝʥʠʷ ʦʪʩʪʦʡʥʠʢʘ 

ʯʠʩʪʳʤ 

ʈʠʩʫʥʦʢ 19 ʉʭʝʤʘ ʩʤʘʟʦʯʥʦʡ ʩʪʘʥʮʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 125 ʣ/ʤʠʥ 

ʜʣʷ ʦʜʥʦʡ ʜʨʦʙʠʣʢʠ 

 

ʅʘ ʨʠʩʫʥʢʝ 19 ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʩʤʘʟʦʯʥʦʡ ʩʪʘʥʮʠʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 125 ʣ/ʤʠʥ, ʧʨʠʤʝʥʷʝʤʘʷ ʜʣʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʩʤʘʟʢʠ 

ʢʨʫʧʥʳʭ ʜʨʦʙʠʣʦʢ. 

ʉʤʘʟʦʯʥʦʝ ʤʘʩʣʦ ʜʦʣʞʥʦ ʦʙʝʩʧʝʯʠʚʘʪʴ ʞʠʜʢʦʝ ʪʨʝʥʠʝ ʧʨʠ ʨʘʙʦʪʝ ʫʟʣʘ, 

ʩʦʭʨʘʥʷʪʴ ʩʪʘʙʠʣʴʥʦʩʪʴ, ʪ.ʝ. ʥʝʠʟʤʝʥʷʝʤʦʩʪʴ ʦʩʥʦʚʥʳʭ ʩʚʦʡʩʪʚ ʚ ʫʩʣʦʚʠʷʭ 

ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʨʘʙʦʪʳ, ʙʳʪʴ ʭʠʤʠʯʝʩʢʠ ʥʝʡʪʨʘʣʴʥʳʤ ʢ ʤʘʪʝʨʠʘʣʫ ʪʨʫʱʠʭʩʷ 

ʜʝʪʘʣʝʡ. 

ɼʣʷ ʜʨʦʙʠʣʴʥʳʭ ʤʘʰʠʥ ʚʳʙʦʨ ʤʠʥʝʨʘʣʴʥʳʭ ʤʘʩʝʣ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ 

ʚʷʟʢʦʩʪʠ ʤʘʩʣʘ, ʧʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʨʫʢʦʚʦʜʩʪʚʦʚʘʪʴʩʷ ʩʣʝʜʫʶʱʠʤ: 
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- ʯʝʤ ʙʦʣʴʰʝ ʫʜʝʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʪʨʫʱʠʭʩʷ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʪʝʤ ʙʦʣʴʰʝ 

ʜʦʣʞʥʘ ʙʳʪʴ ʚʷʟʢʦʩʪʴ; 

- ʜʣʷ ʩʤʘʟʢʠ ʩʠʣʴʥʦ ʠʟʥʦʰʝʥʥʳʭ ʠʣʠ ʥʦʚʳʭ ʜʝʪʘʣʝʡ ʩʣʝʜʫʝʪ ʧʨʠʤʝʥʷʪʴ 

ʤʘʩʣʘ ʩ ʙʦʣʴʰʝʡ ʚʷʟʢʦʩʪʴʶ; 

- ʯʝʤ ʙʦʣʴʰʝ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʪʨʫʱʠʭʩʷ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʪʝʤ ʤʝʥʴʰʝ 

ʜʦʣʞʥʘ ʙʳʪʴ ʚʷʟʢʦʩʪʴ ʤʘʩʣʘ. 

ʇʨʠ ʭʦʨʦʰʦ ʩʤʦʥʪʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʝ ʩʤʘʟʢʠ ʠ ʩʦʙʣʶʜʝʥʠʠ ʧʨʘʚʠʣ 

ʪʝʭʥʠʯʝʩʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʨʦʙʠʣʦʢ ʩʨʦʢ ʩʣʫʞʙʳ ʤʘʩʣʘ ʩʦʩʪʘʚʣʷʝʪ 5-6 

ʤʝʩʷʮʝʚ. 
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ɺʓɺʆɼʓ 

 

ʉʧʨʦʝʢʪʠʨʦʚʘʥʥʘʷ ʢʦʥʫʩʥʘʷ ʜʨʦʙʠʣʢʘ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʩʤʝʥʫ 

ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʜʰʠʧʥʠʢʘ ʩʢʦʣʴʞʝʥʠʷ ʥʘ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʩ ʨʝʟʠʥʦʡ, 

ʯʪʦ ʧʦʚʳʩʠʪ ʩʨʦʢ ʩʣʫʞʙʳ ʵʢʩʮʝʥʪʨʠʢʦʚʦʡ ʚʪʫʣʢʠ, ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʩʠʣʳ 

ʪʨʝʥʠʷ, ʠʩʪʠʨʘʥʠʝ, ʠ ʫʚʝʣʠʯʝʥʠʝ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʧʦʜʰʠʧʥʠʢʘ. 

ʉʧʨʦʝʢʪʠʨʦʚʘʥʥʳʡ ʪʘʨʝʣʴʯʘʪʳʡ ʧʠʪʘʪʝʣʴ ʩʥʘʙʞʝʥ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ 

ʚʦʟʙʫʞʜʘʶʱʠʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʬʦʨʤʘ ʪʘʨʝʣʢʠ ʠʤʝʝʪ ʬʦʨʤʫ ʢʦʥʫʩʘ, ʙʣʘʛʦʜʘʨʷ 

ʯʝʤʫ ʤʘʪʝʨʠʘʣ ʙʫʜʝʪ ʙʳʩʪʨʝʝ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʪʴʩʷ ʠ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ ʦʪ 

ʜʦʟʠʨʦʚʘʪʴʩʷ ʜʣʷ ʧʦʪʨʝʙʠʪʝʣʷ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʝʪʘ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʚʥʝʜʨʝʥʠʝ ʧʨʦʝʢʪʘ ʧʦ 

ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʧʦʣʫʯʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ ʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʟʘʪʨʘʪ ʥʘ 

ʧʦʪʨʝʙʣʷʝʤʦʶ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ, ʥʘ ʩʤʝʥʫ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʥʘ ʢʘʯʝʩʪʚʦ 

ʧʦʣʫʯʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ. 
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