
 

ʄɯʅɯʉʊɽʈʉʊɺʆ ʆʉɺɯʊʀ ɯ ʅɸʋʂʀ ʋʂʈɸɰʅʀ 

ʅɸʎɯʆʅɸʃʔʅʀʁ ʋʅɯɺɽʈʉʀʊɽʊ çʃʔɺɯɺʉʔʂɸ ʇʆʃɯʊɽʍʅɯʂɸè 

 

ʅʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ 

 

 

ɻɯʃɽɺʀʏ ɺʆʃʆɼʀʄʀʈ ɺɸʉʀʃʔʆɺʀʏ 

 

ʋɼʂ 656.051 

 

ʇɯɼɺʀʑɽʅʅʗ ɽʌɽʂʊʀɺʅʆʉʊɯ ʈʆɹʆʊʀ ʈɽɻʋʃʔʆɺɸʅʀʍ ʇɽʈɽʍʈɽʉʊʔ ɿ 

ɾʆʈʉʊʂʀʄʀ ʉɺɯʊʃʆʌʆʈʅʀʄʀ ʎʀʂʃɸʄʀ 

 

 

05.22.01 ï ʪʨʘʥʩʧʦʨʪʥʽ ʩʠʩʪʝʤʠ 

 

ɼʠʩʝʨʪʘʮʽʷ 

ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ  

ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ 

 

 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ 

ʌʦʨʥʘʣʴʯʠʢ ɭʚʛʝʥ ʖʣʽʘʥʦʚʠʯ 

ʜʦʢʪʦʨ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 

 

ɯʜʝʥʪʠʯʥʽʩʪʴ ʫʩʽʭ ʧʨʠʤʽʨʥʠʢʽʚ ʜʠʩʝʨʪʘʮʽʾ 

ɿʘʩʚʽʜʯʫʶ 

ɺʯʝʥʠʡ ʩʝʢʨʝʪʘʨ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʾ ʚʯʝʥʦʾ ʨʘʜʠ ɼ 26.059.02 

_________________________ ɺ.ɯ. ʂʘʩʴʢʽʚ 
 

ʃʴʚʽʚ ï 2016 



2 

ɿʄɯʉʊ 

 

ʉʂʆʈʆʏɽʅʅʗ ʊɸ ʋʄʆɺʅɯ ʇʆɿʅɸʏɽʅʅʗééééééééééééé.. 5 

ɺʉʊʋʇééééééééééééééééééééééééééééé... 6 

ʈʆɿɼɯʃ 1. ɸʅɸʃɯɿ ʄɽʊʆɼɯɺ ʆʇʊʀʄɯɿɸʎɯɰ ʊʈʀɺɸʃʆʉʊɯ ʇʈʆɰɿɼʋ 

ʈɽɻʋʃʔʆɺɸʅʀʍ ʇɽʈɽʍʈɽʉʊʔ ééééééééé.ééééé 11 

 1.1 ʄʝʪʦʜʠ ʪʘ ʤʦʜʝʣʽ ʨʦʟʨʘʭʫʥʢʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʪʨʠʤʦʢ ʥʘ ʨʝʛʫʣʴʦʚʘʥʠʭ 

ʧʝʨʝʭʨʝʩʪʷʭ éééééééééé.éééééééééééééé.. 11 

 1.2 ʄʝʪʦʜʠ ʪʘ ʤʦʜʝʣʽ ʨʦʟʨʘʭʫʥʢʫ ʧʦʪʦʢʫ ʥʘʩʠʯʝʥʥʷ éééééé.............. 22 

 1.3 ʄʦʜʝʣʽ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʟʚʝʜʝʥʥʷ ʥʘ ʨʝʛʫʣʴʦʚʘʥʠʭ 

ʧʝʨʝʭʨʝʩʪʷʭ éééééééééééééééééééééééé... 28 

 1.4 ʄʦʜʝʣʶʚʘʥʥʷ ʨʫʭʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʪʦʢʽʚ ʯʝʨʝʟ ʨʝʛʫʣʴʦʚʘʥʽ 

ʧʝʨʝʭʨʝʩʪʷ éééééééééééééééééééééé...éé.. 32 

 1.5 ʄʝʪʦʜʦʣʦʛʽʷ ʫʧʨʘʚʣʽʥʥʷ ʜʦʨʦʞʥʽʤ ʨʫʭʦʤ ʫ ʤʽʩʪʘʭ éééééé...é... 36 

 1.6 ɺʠʩʥʦʚʢʠ ʟ ʨʦʟʜʽʣʫ éééééééééééééééééééé...é 39 

ʈʆɿɼɯʃ 2. ʆɹˆʈʋʅʊʋɺɸʅʅʗ ʊɽʆʈɽʊʀʏʅʆɰ ʄʆɼɽʃɯ ɼʆʉʃɯɼɾɽʅʅʗ 

ʊʈɸʅʉʇʆʈʊʅʀʍ ɿɸʊʈʀʄʆʂ ʊɸ ʇʆʊʆʂɯɺ ʅɸʉʀʏɽʅʅʗ éé. 40 

 2.1 ɸʥʘʣʽʟ ʪʠʧʽʚ ʨʝʛʫʣʴʦʚʘʥʠʭ ʧʝʨʝʭʨʝʩʪʴ ʪʘ ʚʠʙʽʨ ʩʝʨʝʜ ʥʠʭ ʟ ʞʦʨʩʪʢʠʤʠ 

ʩʚʽʪʣʦʬʦʨʥʠʤʠ ʮʠʢʣʘʤʠ ééééééééééééééééééé.. 40 

 2.2 ɺʠʙʽʨ ʚʧʣʠʚʦʚʠʭ ʯʠʥʥʠʢʽʚ ééééééééééééééé.............. 46 

 2.3 ʌʦʨʤʫʚʘʥʥʷ ʪʝʦʨʝʪʠʯʥʦʾ ʤʦʜʝʣʽ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʪʦʢʽʚ ʥʘʩʠʯʝʥʥʷ .. 54 

 2.4 ɺʠʩʥʦʚʢʠ ʟ ʨʦʟʜʽʣʫ ééééééééééééééééééé...éé 61 

ʈʆɿɼɯʃ 3. ʄɽʊʆɼʀʂɸ ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅʀʍ ʊɸ ʊɽʆʈɽʊʀʏʅʀʍ 

ɼʆʉʃɯɼɾɽʅʔ éééééééééééééééééééééé 62 

 3.1 ʄʝʪʦʜʠʢʘ ʚʠʢʦʥʘʥʥʷ ʥʘʪʫʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘ ɺɼʄ ʤʽʩʪʘ ʪʘ 

ʦʧʨʘʮʶʚʘʥʥʷ ʾʭ ʨʝʟʫʣʴʪʘʪʽʚ ééééééééééééééééé.... 62 

  3.1.1 ʈʝʟʫʣʴʪʘʪʠ ʦʙʩʪʝʞʝʥʥʷ ʤʽʩʴʢʦʾ ɺɼʄ éééééé...................... 62 

  3.1.2 ʄʝʪʦʜʠʢʘ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʛʽʥʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ɸʊɿ ʟ ʨʽʟʥʠʤʠ 

ʢʫʤʫʣʷʪʠʚʥʠʤʠ ʧʨʦʙʽʛʘʤʠ ééééééééééééééé... 79 

     



3 

 3.2 ʄʝʪʦʜʠʢʘ ʚʠʢʦʥʘʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʩʝʨʝʜʦʚʠʱ ̔VISSIM ééééééééééé............... 89 

 3.3 ɺʠʩʥʦʚʢʠ ʟ ʨʦʟʜʽʣʫ ééééééééééééééééééééé... 94 

ʈʆɿɼɯʃ 4. ʆɹˆʈʋʅʊʋɺɸʅʅʗ ʆʇʊʀʄɸʃʔʅʀʍ ʇɸʈɸʄɽʊʈɯɺ 

ɯʅʊɽʅʉʀɺʅʆʉʊɯ ʇʈʆɰɿɼʋ ʈɽɻʋʃʔʆɺɸʅʀʍ ʇɽʈɽʍʈɽʉʊʔ é. 95 

 4.1 ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʚʧʣʠʚʫ ʥʝʨʽʚʥʦʩʪʝʡ ʜʦʨʦʞʥʽʭ ʧʦʢʨʠʪʴ ʥʘ 

ʧʦʪʦʢʠ ʥʘʩʠʯʝʥʥʷ éééééééééééééééééééééé. 95 

 4.2 ʆʧʪʠʤʘʣʴʥʽ ʚʘʨʽʘʥʪʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʨʦʾʟʜʫ ʨʝʛʫʣʴʦʚʘʥʠʭ ʧʝʨʝʭʨʝʩʪʴ .. 102 

 4.3 ʈʦʟʨʘʭʫʥʦʢ ʝʢʦʥʦʤʽʯʥʦʛʦ ʝʬʝʢʪʫ ʚʽʜ ʦʧʪʠʤʽʟʘʮʽʾ ʪʨʠʚʘʣʦʩʪʽ 

ʩʚʽʪʣʦʬʦʨʥʦʛʦ ʮʠʢʣʫ ééééééééééééééééééééé 114 

 4.4 ɺʠʩʥʦʚʢʠ ʟ ʨʦʟʜʽʣʫ ééééééééééééééééééééé... 119 

ɿɸɻɸʃʔʅɯ ɺʀʉʅʆɺʂʀ éééééééééééééééééééééé. 

ʉʇʀʉʆʂ ɺʀʂʆʈʀʉʊɸʅʀʍ ɼɾɽʈɽʃ ééééééééééééééé... 

121 

123 

ɼʦʜʘʪʦʢ ɸ. ʇʝʨʝʣʽʢ ʨʝʛʫʣʴʦʚʘʥʠʭ ʧʝʨʝʭʨʝʩʪʴ ʟ ʞʦʨʩʪʢʠʤʠ ʩʚʽʪʣʦʬʦʨʥʠʤʠ 

ʮʠʢʣʘʤʠ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʽʚʥʦʩʪʽ ʾʭ ʧʦʢʨʠʪʴé................................................ 138 

ɼʦʜʘʪʦʢ ɹ. ʈʝʟʫʣʴʪʘʪʠ ʥʘʪʫʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʘʨʘʤʝʪʨʽʚ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʧʦʪʦʢʽʚ, ʷʢʽ ʧʨʦʾʞʜʞʘʶʪʴ ʨʝʛʫʣʴʦʚʘʥʽ ʧʝʨʝʭʨʝʩʪʷ ʟ ʞʦʨʩʪʢʠʤʠ 

ʩʚʽʪʣʦʬʦʨʥʠʤʠ ʮʠʢʣʘʤʠ éééééééééééééééééééé......... 140 

ɼʦʜʘʪʦʢ ɺ. ʈʝʟʫʣʴʪʘʪʠ ʥʘʪʫʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʠʥʘʤʽʢʠ ʧʨʦʾʟʜʫ ʨʝʛʫʣʴʦʚʘʥʠʭ 

ʧʝʨʝʭʨʝʩʪʴ ʘʚʪʦʙʫʩʘʤʠ LAZ-A183D1 ʟ ʨʽʟʥʠʤʠ ʢʫʤʫʣʷʪʠʚʥʠʤʠ ʧʨʦʙʽʛʘʤʠ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʠʣʘʜʫ SPRINT SG-2 éé.......................................................... 142 

ɼʦʜʘʪʦʢ ɻ. ɿʤʽʥʘ ʪʨʠʚʘʣʦʩʪʝʡ ʩʝʨʝʜʥʽʭ ʟʘʪʨʠʤʦʢ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʫ 

ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʧʦʪʦʮʽ ʧʝʨʝʜ ʨʝʛʫʣʴʦʚʘʥʠʤʠ ʧʝʨʝʭʨʝʩʪʷʤʠ ééééééé... 145 

ɼʦʜʘʪʦʢ ɼ. ɿʘʪʨʠʤʢʠ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʨʦʾʟʜʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʪʦʢʽʚ ʯʝʨʝʟ ʽʟʦʣʴʦʚʘʥʽ ʨʝʛʫʣʴʦʚʘʥʽ ʧʝʨʝʭʨʝʩʪʷéé... 161 

ɼʦʜʘʪʦʢ ɽ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʨʝʛʫʣʴʦʚʘʥʠʭ ʧʝʨʝʭʨʝʩʪʴ ʟʘ ʧʦʢʘʟʥʠʢʦʤ 

ʩʢʦʨʦʯʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʩʫʤʘʨʥʦʾ ʟʘʪʨʠʤʢʠ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ééé......... 163 

ɼʦʜʘʪʦʢ ɾ. ʇʝʨʝʣʽʢ ʨʝʛʫʣʴʦʚʘʥʠʭ ʧʝʨʝʭʨʝʩʪʴ ʤʽʩʪʘ ʃʴʚʦʚʘ, ʥʘ ʷʢʠʭ ʤʦʞʥʘ 

ʦʧʪʠʤʽʟʫʚʘʪʠ ʪʨʠʚʘʣʽʩʪʴ ʩʚʽʪʣʦʬʦʨʥʦʛʦ ʮʠʢʣʫ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʨʦʟʨʦʙʣʝʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʢʝʨʫʚʘʥʥʷ ééééééééééééééééé... 164 



4 

ɼʦʜʘʪʦʢ ʀ. ɸʢʪ ʧʨʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʫ 

ʃʂʇ çʃʴʚʽʚʘʚʪʦʜʦʨèéééééééééééééé..éééé..ééééé 167 

ɼʦʜʘʪʦʢ ʂ. ɸʢʪ ʧʨʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʫ 

ɼʇ ɼɯʇʄ çʄʽʩʪʦʧʨʦʝʢʪèéééééééééééééé..éééé..ééé 168 

ɼʦʜʘʪʦʢ ʃ. ɸʢʪ ʧʨʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʥʘʚʯʘʣʴʥʠʡ 

ʧʨʦʮʝʩ ʅʋ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè ééééééééééééééééé.. 169 

 



5 

ʉʂʆʈʆʏɽʅʅʗ ʊɸ ʋʄʆɺʅɯ ʇʆɿʅɸʏɽʅʅʗ 

 

ɺɼʄ ï ʚʫʣʠʯʥʦ-ʜʦʨʦʞʥʷ ʤʝʨʝʞʘ; 

ʆɼʈ ï ʦʨʛʘʥʽʟʘʮʽʷ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ; 

ʇɿ ï ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ; 

ʇʅ ï ʧʦʪʽʢ ʥʘʩʠʯʝʥʥʷ; 

ʇʏ ï ʧʨʦʾʟʥʘ ʯʘʩʪʠʥʘ; 

ʈɼʇ ï ʨʽʚʥʽʩʪʴ ʜʦʨʦʞʥʴʦʛʦ ʧʦʢʨʠʪʪʷ; 

ʈʇ ï ʨʝʛʫʣʴʦʚʘʥʝ ʧʝʨʝʭʨʝʩʪʷ; 

ʈʐ ï ʨʦʟʛʽʥʥʘ ʰʚʠʜʢʽʩʪʴ; 

ʉʌʈ ï ʩʚʽʪʣʦʬʦʨʥʝ ʨʝʛʫʣʶʚʘʥʥʷ; 

ʉʌʎ ï ʩʚʽʪʣʦʬʦʨʥʠʡ ʮʠʢʣ; 

ʊɿ ï ʪʨʘʥʩʧʦʨʪʥʠʡ ʟʘʩʽʙ; 

ʊʇ ï ʪʨʘʥʩʧʦʨʪʥʠʡ ʧʦʪʽʢ; 

ʎʇɻ ï ʮʠʣʽʥʜʨʦ-ʧʦʨʰʥʝʚʘ ʛʨʫʧʘ. 

 

 

Nʟʚ ï ʟʚʝʜʝʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʊʇ; 

.ʢ ʟʥ
ʈ  ï ʟʥʠʞʝʥʥʷ ʪʷʛʦʚʦʾ ʩʠʣʠ ʥʘ ʚʝʜʫʯʠʭ ʢʦʣʝʩʘʭ ʊɿ; 

Ni ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʊʇ ʥʘ ʥʘʧʨʷʤʢʫ ;̔ 

Kʟʚ ï ʢʦʝʬʽʮʽʻʥʪ ʟʚʝʜʝʥʥʷ; 

S ï ʧʦʪʽʢ ʥʘʩʠʯʝʥʥʷ; 

Vʨ ï ʨʦʟʛʽʥʥʘ ʰʚʠʜʢʽʩʪʴ; 

ʭ ï ʩʪʫʧʽʥʴ ʥʘʩʠʯʝʥʥʷ ʥʘʧʨʷʤʢʫ ʨʫʭʫ; 

d ï ʪʨʘʥʩʧʦʨʪʥʘ ʟʘʪʨʠʤʢʘ; 

Tʮ ï ʪʨʠʚʘʣʽʩʪʴ ʉʌʎ; 

.ʥ ʧ
K  ï ʯʘʩʪʢʘ ʊɿ ʟ ʥʝʛʘʪʠʚʥʠʤ ʧʦʪʝʥʮʽʘʣʦʤ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ. 
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ɺʉʊʋʇ 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. ʈʽʟʢʝ ʟʨʦʩʪʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ï ʊɿ 

(ʘʚʪʦʤʦʙʽʣʽ ʪʘ ʘʚʪʦʙʫʩʠ), ʦʩʦʙʣʠʚʦ ʘʚʪʦʤʦʙʽʣʽʚ, ʥʘ ɺɼʄ ʥʘʰʦʾ ʢʨʘʾʥʠ, ʷʢʝ 

ʚʽʜʙʫʣʦʩʷ ʟʘ ʦʩʪʘʥʥʻ ʜʝʩʷʪʠʣʽʪʪʷ, ʧʨʠʟʚʝʣʦ ʜʦ ʧʦʷʚʠ ʥʠʟʢʠ ʧʨʦʙʣʝʤ, ʧʦʚôʷʟʘʥʠʭ ʟ 

ʦʨʛʘʥʽʟʘʮʽʻʶ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ. ʆʩʦʙʣʠʚʦ ʚʽʜʯʫʪʥʽ ʥʘʩʣʽʜʢʠ ʘʚʪʦʤʦʙʽʣʽʟʘʮʽʾ ʚ 

ʤʽʩʪʘʭ ʟ ʨʘʜʽʘʣʴʥʦ-ʢʽʣʴʮʝʚʦʶ ʩʭʝʤʦʶ ɺɼʄ (ʽʩʪʦʨʠʯʥʘ ʟʘʙʫʜʦʚʘ). ɯʥʪʝʥʩʠʚʥʝ 

ʥʘʧʦʚʥʝʥʥʷ ʊɿ ʚʫʣʠʮʴ ʽ ʜʦʨʽʛ ʟ ʥʝʟʤʽʥʥʠʤʠ ʛʝʦʤʝʪʨʠʯʥʦ-ʧʣʘʥʫʚʘʣʴʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʠʟʚʝʣʦ ʜʦ ʫʪʚʦʨʝʥʥʷ ʟʘʪʦʨʽʚ ʽ ʚʽʜʧʦʚʽʜʥʦ ʟʘʪʨʠʤʦʢ ʾʭ ʧʝʨʝʜ 

ʧʝʨʝʭʨʝʩʪʷʤʠ (ʟʦʢʨʝʤʘ ʨʝʛʫʣʴʦʚʘʥʠʤʠ) ʯʝʨʝʟ ʥʘʷʚʥʽʩʪʴ ʯʠʥʥʠʢʽʚ, ʷʢʽ ʟʜʽʡʩʥʶʶʪʴ 

ʽʩʪʦʪʥʠʡ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʧʨʦʮʝʩ ʨʫʭʫ, ʥʝʚʠʧʨʘʚʜʘʥʦ ʩʧʦʚʽʣʴʥʶʶʯʠ ʡʦʛʦ. 

ʅʝʚʨʘʭʫʚʘʥʥʷ ʮʴʦʛʦ ʙʫʣʦ ʙ ʭʠʙʥʠʤ. 

ʈʽʩʪ ʨʽʚʥʷ ʘʚʪʦʤʦʙʽʣʽʟʘʮʽʾ ʟʫʤʦʚʠʚ ʧʦʷʚʫ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʊɿ ʟ ʚʠʩʦʢʠʤʠ 

ʰʚʠʜʢʽʩʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ɸʣʝ ʧʦʨʷʜ ʟ ʥʠʤʠ ʫ ʊʇ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʘʚʪʦʤʦʙʽʣʽ 

ʟ ʥʠʟʴʢʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʪʷʛʦʚʦʾ ʪʘ ʛʘʣʴʤʦʚʦʾ ʜʠʥʘʤʽʯʥʦʩʪʽ (ʤʘʨʰʨʫʪʥʽ ʘʚʪʦʙʫʩʠ, 

ʚʘʥʪʘʞʥʽ ʘʚʪʦʤʦʙʽʣʽ ʞʠʪʣʦʚʦ-ʢʦʤʫʥʘʣʴʥʠʭ ʛʦʩʧʦʜʘʨʩʪʚ ʽ, ʷʢʽ ʦʙʩʣʫʛʦʚʫʶʪʴ 

ʙʫʜʽʚʝʣʴʥʽ ʤʘʡʜʘʥʯʠʢʠ, ʜʦʨʦʞʥʶ ʰʣʷʭʦʚʫ ʩʣʫʞʙʫ ʽ ʪʘʢʽ ʽʥʰʽ) ʟ ʬʽʟʠʯʥʦ ʪʘ 

ʤʦʨʘʣʴʥʦ ʟʘʩʪʘʨʽʣʠʤ ʨʫʭʦʤʠʤ ʩʢʣʘʜʦʤ. 

ʅʘʡʙʽʣʴʰʽ ʧʨʦʙʣʝʤʠ ʚ ʜʦʨʦʞʥʴʦʤʫ ʨʫʩʽ ʤʦʞʥʘ ʩʧʦʩʪʝʨʽʛʘʪʠ ʥʘ ʨʝʛʫʣʴʦʚʘʥʠʭ 

ʧʝʨʝʭʨʝʩʪʷʭ. ɯʩʥʫʶʯʽ ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʫ ʩʚʽʪʣʦʬʦʨʥʠʭ ʮʠʢʣʽʚ, ʨʦʟʨʦʙʣʷʣʠʩʷ 

ʜʣʷ ʽʜʝʘʣʴʥʠʭ ʫʤʦʚ ʨʫʭʫ ʽ ʚʦʥʠ ʥʝ ʫ ʧʦʚʥʽʡ ʤʽʨʽ ʚʨʘʭʦʚʫʶʪʴ: ʩʪʘʥ  ̔ʷʢʽʩʪʴ 

ʜʦʨʦʞʥʽʭ ʧʦʢʨʠʪʴ (ʧʨʠʨʦʜʥʠʡ ʟʥʦʩ ʽ ʧʦʰʢʦʜʞʝʥʥʷ ʾʭ, ʙʨʫʢʽʚʢʘ, ʷʢʘ ʯʘʩʪʦ 

ʥʝʷʢʽʩʥʦ ʚʠʢʣʘʜʝʥʘ; ʥʘʷʚʥʽʩʪʴ ʪʨʘʤʚʘʡʥʠʭ ʢʦʣʽʡ, ʛʦʣʦʚʢʠ ʨʝʡʦʢ ʷʢʠʭ ʚʠʩʪʫʧʘʶʪʴ 

ʥʘʜ ʨʽʚʥʝʤ ʧʦʢʨʠʪʪʷ); ʩʢʣʘʜ ʊʇ (ʧʦʨʷʜ ʟ ʣʝʛʢʦʚʠʤʠ ʘʚʪʦʤʦʙʽʣʷʤʠ ʨʫʭʘʻʪʴʩʷ 

ʚʝʣʠʢʘ ʯʘʩʪʢʘ ʘʚʪʦʙʫʩʽʚ ʽ ʚʘʥʪʘʞʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ, ʫ ʪ.ʯ. ʟʥʦʰʝʥʠʭ ʟ ʥʠʟʴʢʠʤʠ 

ʜʠʥʘʤʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ); ʥʝʟʥʘʯʥʽ ʚʽʜʩʪʘʥʽ ʤʽʞ ʧʝʨʝʭʨʝʩʪʷʤʠ 

(ʫʩʢʣʘʜʥʶʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʚʣʘʰʪʫʚʘʥʥʷ ʢʦʦʨʜʠʥʦʚʘʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ); 

ʚʽʜʩʫʪʥʽʩʪʴ ʨʽʚʥʦʟʥʘʯʥʦʾ ʧʘʨʘʣʝʣʴʥʦʾ ʚʫʣʠʮʽ (ʫʥʝʤʦʞʣʠʚʣʶʻ ʚʣʘʰʪʫʚʘʥʥʷ 

ʦʜʥʦʩʪʦʨʦʥʥʴʦʛʦ ʨʫʭʫ). ɺʩʝ ʮʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʟʘʪʦʨʽʚ, ʥʝʧʨʦʜʫʢʪʠʚʥʠʭ 

ʟʘʪʨʠʤʦʢ, ʟʥʘʯʥʠʭ ʯʝʨʛ, ʪʨʘʥʩʧʦʨʪʥʦʾ ʚʪʦʤʠ ʧʘʩʘʞʠʨʽʚ ʪʘ ʚʦʜʽʾʚ, ʟʘʛʘʟʦʚʘʥʦʩʪʽ ʚ 

ʟʦʥʽ ʧʝʨʝʭʨʝʩʪʴ. 
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ʆʪʞʝ, ʧʦʪʨʽʙʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʧʝʨʝʣʽʯʝʥʽ ʯʠʥʥʠʢʠ ʫ ʨʦʟʨʘʭʫʥʢʘʭ ʩʚʽʪʣʦʬʦʨʥʠʭ 

ʮʠʢʣʽʚ. ʉʧʠʨʘʶʯʠʩʴ ʥʘ ʮʝ ʽ ʚʠʥʠʢʣʘ ʧʦʪʨʝʙʘ ʫ ʨʦʟʚôʷʟʘʥʥʽ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʦʾ 

ʟʘʜʘʯʽ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʽʟʦʣʴʦʚʘʥʠʭ ʨʝʛʫʣʴʦʚʘʥʠʭ ʧʝʨʝʭʨʝʩʪʴ ʟ 

ʞʦʨʩʪʢʠʤ ʩʚʽʪʣʦʬʦʨʥʠʤ ʮʠʢʣʦʤ ʥʘ ʦʩʥʦʚʽ ʤʽʥʽʤʽʟʘʮʽʾ ʟʘʪʨʠʤʦʢ ʊɿ, ʧʦʚôʷʟʘʥʠʭ ʟ 

ʧʨʦʾʟʜʦʤ ʨʝʛʫʣʴʦʚʘʥʠʭ ʧʝʨʝʭʨʝʩʪʴ, ʷʢʘ ʥʘ ʩʴʦʛʦʜʥʽ ʻ ʘʢʪʫʘʣʴʥʦʶ. 

ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. ʈʦʙʦʪʘ 

ʚʠʢʦʥʘʥʘ ʫ ʨʘʤʢʘʭ ʥʘʫʢʦʚʦʛʦ ʥʘʧʨʷʤʢʫ ʢʘʬʝʜʨʠ çʊʨʘʥʩʧʦʨʪʥʽ ʪʝʭʥʦʣʦʛʽʾè ʅʋ 

çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè ʪʘ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʾ ʨʦʙʦʪʠ çʆʧʪʠʤʽʟʘʮʽʷ ʧʘʨʘʤʝʪʨʽʚ 

ʚʫʣʠʯʥʦ-ʜʦʨʦʞʥʴʦʾ ʤʝʨʝʞʽ ʽ ʧʽʰʦʭʽʜʥʦ-ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʪʦʢʽʚ ʪʘ ʦʨʛʘʥʽʟʘʮʽʾ 

ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʧʝʨʝʚʝʟʝʥʴè (ʥʦʤʝʨ ʜʝʨʞʘʚʥʦʾ ʨʝʻʩʪʨʘʮʽʾ 0113U0013448), 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʊʨʘʥʩʧʦʨʪʥʦʾ ʩʪʨʘʪʝʛʽʾ ʋʢʨʘʾʥʠ ʥʘ ʧʝʨʽʦʜ ʜʦ 2020 ʨʦʢʫ (ʩʭʚʘʣʝʥʦʾ 

ʨʦʟʧʦʨʷʜʞʝʥʥʷʤ ʂʘʙʽʥʝʪʫ ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ ʚʽʜ 20.10.2010 ʨ., ˉ2174-ʨ) ʪʘ 

ʂʦʥʮʝʧʮʽʾ ʜʝʨʞʘʚʥʦʾ ʮʽʣʴʦʚʦʾ ʧʨʦʛʨʘʤʠ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʙʝʟʧʝʢʠ ʜʦʨʦʞʥʴʦʛʦ 

ʨʫʭʫ ʚ ʋʢʨʘʾʥʽ ʥʘ ʧʝʨʽʦʜ ʜʦ 2016 ʨʦʢʫ (ʩʭʚʘʣʝʥʘ ʇʦʩʪʘʥʦʚʦʶ ʂʘʙʽʥʝʪʫ ʄʽʥʽʩʪʨʽʚ 

ʋʢʨʘʾʥʠ ʚʽʜ 25.03.2013 ʨ., ˉ294). 

ʄʝʪʘ ʽ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʨʦʙʦʪʠ ʽʟʦʣʴʦʚʘʥʠʭ ʨʝʛʫʣʴʦʚʘʥʠʭ ʧʝʨʝʭʨʝʩʪʴ ʟ ʞʦʨʩʪʢʠʤ ʩʚʽʪʣʦʬʦʨʥʠʤ ʮʠʢʣʦʤ 

ʤʽʥʽʤʽʟʘʮʽʻʶ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʪʨʠʤʦʢ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʢʣʘʜʫ ʪʘ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʽ ʜʦʨʦʞʥʽʭ ʧʦʢʨʠʪʴ. 

ɿʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ: 

- ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʤʝʪʦʜʽʚ ʽ ʤʦʜʝʣʝʡ ʟ ʚʠʟʥʘʯʝʥʥʷ ʧʦʪʦʢʽʚ ʥʘʩʠʯʝʥʥʷ ʽ 

ʟʘʪʨʠʤʦʢ, ʧʦʚôʷʟʘʥʠʭ ʟ ʧʨʦʾʟʜʦʤ ʧʝʨʝʭʨʝʩʪʴ; 

- ʧʨʦʚʝʩʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʚʫʣʠʯʥʦ-ʜʦʨʦʞʥʽʡ ʤʝʨʝʞʽ 

ʤʽʩʪʘ, ʱʦʜʦ ʚʩʪʘʥʦʚʣʝʥʥʷ ʬʘʢʪʠʯʥʠʭ ʟʥʘʯʝʥʴ ʤʠʪʪʻʚʠʭ ʰʚʠʜʢʦʩʪʝʡ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʽʥʪʝʥʩʠʚʥʦʩʪʝʡ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʪʦʢʽʚ, ʟʘʪʨʠʤʦʢ ʚ 

ʟʦʥʽ ʧʝʨʝʭʨʝʩʪʷ ʟ ʦʮʽʥʢʦʶ ʨʽʚʥʦʩʪʽ ʜʦʨʦʞʥʽʭ ʧʦʢʨʠʪʴ, ʨʦʟʛʽʥʥʠʭ 

ʰʚʠʜʢʦʩʪʝʡ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʟ ʨʽʟʥʠʤʠ ʢʫʤʫʣʷʪʠʚʥʠʤʠ ʧʨʦʙʽʛʘʤʠ; 

- ʚʜʦʩʢʦʥʘʣʠʪʠ ʘʣʛʦʨʠʪʤʠ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʟʚʝʜʝʥʥʷ ʜʦ ʣʝʛʢʦʚʦʛʦ 

ʘʚʪʦʤʦʙʽʣʷ ʪʘ ʨʦʟʨʘʭʫʥʢʫ ʧʦʪʦʢʽʚ ʥʘʩʠʯʝʥʥʷ; 

- ʨʦʟʨʦʙʠʪʠ ʘʣʛʦʨʠʪʤʠ ʧʨʦʾʟʜʫ ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʧʦʪʦʢʘʤʠ ʨʽʟʥʠʭ 

ʽʥʪʝʥʩʠʚʥʦʩʪʝʡ ʍ-ʧʦʜʽʙʥʠʭ ʽʟʦʣʴʦʚʘʥʠʭ ʨʝʛʫʣʴʦʚʘʥʠʭ ʧʝʨʝʭʨʝʩʪʴ 
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ʞʦʨʩʪʢʠʤʠ ʩʚʽʪʣʦʬʦʨʥʠʤʠ ʮʠʢʣʘʤʠ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʟʘʪʨʠʤʦʢ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʟʘʩʦʙʽʚ; 

- ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠʢʠ ʚʠʟʥʘʯʝʥʥʷ ʟʘʪʨʠʤʦʢ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʧʨʠ 

ʧʨʦʾʟʜʽ ʨʝʛʫʣʴʦʚʘʥʠʭ ʧʝʨʝʭʨʝʩʪʴ ʟ ʞʦʨʩʪʢʠʤ ʩʚʽʪʣʦʬʦʨʥʠʤ ʮʠʢʣʦʤ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʜʦʨʦʞʥʽʭ ʫʤʦʚ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʧʨʦʮʝʩ ʧʨʦʾʟʜʫ ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʧʦʪʦʢʘʤʠ ʽʟʦʣʴʦʚʘʥʠʭ 

ʨʝʛʫʣʴʦʚʘʥʠʭ ʧʝʨʝʭʨʝʩʪʴ ʟ ʞʦʨʩʪʢʠʤ ʩʚʽʪʣʦʬʦʨʥʠʤ ʮʠʢʣʦʤ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʟʤʽʥ ʪʨʠʚʘʣʦʩʪʽ ʟʘʪʨʠʤʦʢ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʯʝʨʛ ʧʝʨʝʜ ʽʟʦʣʴʦʚʘʥʠʤʠ ʨʝʛʫʣʴʦʚʘʥʠʤʠ ʧʝʨʝʭʨʝʩʪʷʤʠ, 

ʧʦʪʦʢʽʚ ʥʘʩʠʯʝʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʘ ʩʪʨʫʢʪʫʨʠ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʧʦʪʦʢʽʚ, ʩʪʫʧʝʥʷ ʟʥʦʰʝʥʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʪʘ ʧʨʦʾʟʥʦʾ ʯʘʩʪʠʥʠ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʜʠ: ʪʝʦʨʽʾ ʡʤʦʚʽʨʥʦʩʪʝʡ ʪʘ ʤʘʪʝʤʘʪʠʯʥʦʾ 

ʩʪʘʪʠʩʪʠʢʠ; ʥʘʪʫʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʫʣʠʯʥʦ-ʜʦʨʦʞʥʴʦʾ ʤʝʨʝʞʽ ʤʽʩʪʘ ʪʘ ʨʦʙʦʪʠ 

ʨʝʛʫʣʴʦʚʘʥʠʭ ʧʝʨʝʭʨʝʩʪʴ; ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʨʽʚʥʦʩʪʽ ʜʦʨʦʞʥʽʭ 

ʧʦʢʨʠʪʴ ʪʘ ʨʦʟʛʽʥʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ; ʽʤʽʪʘʮʽʡʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ VISSIM ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʨʝʛʫʣʴʦʚʘʥʠʭ ʧʝʨʝʭʨʝʩʪʴ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ 

ʩʚʽʪʣʦʬʦʨʥʠʭ ʦʙôʻʢʪʽʚ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ: 

- ʚʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤ ʨʦʟʨʘʭʫʥʢʫ ʧʦʪʦʢʽʚ ʥʘʩʠʯʝʥʥʷ, ʷʢʠʡ ʥʘ 

ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʠʭ, ʚʨʘʭʦʚʫʻ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʽʚʥʦʩʪʽ ʜʦʨʦʞʥʴʦʛʦ 

ʧʦʢʨʠʪʪʷ ʚ ʟʦʥʽ ʧʝʨʝʭʨʝʩʪʷ ʽ ʜʘʻ ʟʤʦʛʫ ʦʜʝʨʞʘʪʠ ʩʢʦʨʦʯʝʥʥʷ ʟʘʪʨʠʤʦʢ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʥʘ ʧʝʨʝʭʨʝʩʪʽ ʜʦ 14 %; 

- ʚʜʦʩʢʦʥʘʣʝʥʦ ʘʣʛʦʨʠʪʤ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʟʚʝʜʝʥʥʷ ʜʦ 

ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ (ʣʝʛʢʦʚʦʛʦ) ʘʚʪʦʤʦʙʽʣʷ ʧʨʠ ʦʙˇʨʫʥʪʫʚʘʥʥʽ ʪʨʠʚʘʣʦʩʪʽ 

ʩʚʽʪʣʦʬʦʨʥʦʛʦ ʮʠʢʣʫ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʟʘʩʦʙʽʚ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʽʟʦʣʴʦʚʘʥʠʭ 

ʨʝʛʫʣʴʦʚʘʥʠʭ ʧʝʨʝʭʨʝʩʪʴ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʈʦʟʨʦʙʣʝʥʠʡ ʧʽʜʭʽʜ ʜʦ 

ʨʦʟʨʘʭʫʥʢʫ ʧʦʪʦʢʽʚ ʥʘʩʠʯʝʥʥʷ ʜʦʟʚʦʣʷʻ ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʥʘ ʟʙʽʨ ʧʦʯʘʪʢʦʚʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʜʦʟʚʽʣʴʥʠʭ ʩʠʛʥʘʣʽʚ ʫ ʩʚʽʪʣʦʬʦʨʥʦʤʫ ʮʠʢʣʽ. ʄʝʪʦʜʠʢʘ 
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ʦʮʽʥʶʚʘʥʥʷ ʥʝʛʘʪʠʚʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʚʨʘʭʦʚʫʚʘʪʠʤʝ ʚ 

ʦʧʪʠʤʽʟʦʚʘʥʠʭ ʩʚʽʪʣʦʬʦʨʥʠʭ ʮʠʢʣʘʭ ʥʝ ʪʽʣʴʢʠ ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʜʠʥʘʤʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʦʢʨʝʤʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʘʣʝ ʡ ʮʽʣʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʪʦʢʫ, ʱʦ 

ʧʨʦʾʞʜʞʘʻ ʨʝʛʫʣʴʦʚʘʥʝ ʧʝʨʝʭʨʝʩʪʷ, ʷʢʝ ʤʦʞʝ ʤʘʪʠ ʧʦʥʘʜʥʦʨʤʘʪʠʚʥʽ ʥʝʨʽʚʥʦʩʪʽ 

ʜʦʨʦʞʥʽʭ ʧʦʢʨʠʪʴ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʨʦʟʨʘʭʫʥʢʫ ʜʦʟʚʽʣʴʥʠʭ 

ʩʠʛʥʘʣʽʚ ʫ ʩʚʽʪʣʦʬʦʨʥʦʤʫ ʮʠʢʣʽ ʜʘʩʪʴ ʟʤʦʛʫ ʟʤʝʥʰʠʪʠ ʪʨʠʚʘʣʦʩʪʽ ʟʘʪʨʠʤʦʢ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ (ʩʝʨʝʜʥʽʭ ʽ ʩʫʤʘʨʥʠʭ) ʧʝʨʝʜ ʧʝʨʝʭʨʝʩʪʷʤ ʥʘ ʤʘʛʽʩʪʨʘʣʴʥʦʤʫ 

ʥʘʧʨʷʤʢʫ. 

ʈʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʟʘʪʨʠʤʦʢ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʧʨʠ ʧʨʦʾʟʜʽ 

ʨʝʛʫʣʴʦʚʘʥʠʭ ʧʝʨʝʭʨʝʩʪʴ ʟ ʞʦʨʩʪʢʠʤ ʩʚʽʪʣʦʬʦʨʥʠʤ ʮʠʢʣʦʤ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʜʦʨʦʞʥʽʭ ʫʤʦʚ ʚʧʨʦʚʘʜʞʝʥʘ ʫ ʃʂʇ çʃʴʚʽʚʘʚʪʦʜʦʨè ʪʘ ɼʇ ɼɯʇʄ çʄʽʩʪʦʧʨʦʝʢʪè. 

ʄʝʪʦʜʠʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʾʟʜʫ ʧʝʨʝʭʨʝʩʪʴ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ VISSIM ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʥʘʚʯʘʣʴʥʦʤʫ 

ʧʨʦʮʝʩʽ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ 

ʤʘʛʽʩʪʨʽʚ ʩʧʝʮʽʘʣʴʥʦʩʪʽ çʆʨʛʘʥʽʟʘʮʽʷ ʽ ʨʝʛʫʣʶʚʘʥʥʷ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫè. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ʊʝʦʨʝʪʠʯʥʽ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʜʦʩʣʽʜʞʝʥʴ, ʷʢʽ ʚʠʥʦʩʷʪʴʩʷ ʥʘ ʟʘʭʠʩʪ, ʦʪʨʠʤʘʥʦ ʘʚʪʦʨʦʤ ʩʘʤʦʩʪʽʡʥʦ [24]. ʋ 

ʩʧʽʣʴʥʠʭ ʧʫʙʣʽʢʘʮʽʷʭ ʘʚʪʦʨʦʤ ʚʩʪʘʥʦʚʣʝʥʦ ʚʧʣʠʚ ʩʪʫʧʝʥʷ ʟʥʦʰʝʥʦʩʪʽ ʜʝʪʘʣʝʡ 

ʮʠʣʽʥʜʨʦ-ʧʦʨʰʥʝʚʦʾ ʛʨʫʧʠ ʥʘ ʨʦʟʛʽʥʥʫ ʰʚʠʜʢʽʩʪʴ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ [103, 105, 

106], ʘ ʪʘʢʦʞ ʥʝʨʽʚʥʦʩʪʝʡ ʜʦʨʦʞʥʽʭ ʧʦʢʨʠʪʴ ʥʘ ʪʨʠʚʘʣʽʩʪʴ ʧʨʦʾʟʜʫ ʧʝʨʝʭʨʝʩʪʴ 

[102, 112, 115] ʚʠʢʦʥʘʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ ʨʝʛʫʣʴʦʚʘʥʦʛʦ ʧʝʨʝʭʨʝʩʪʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ VISSIM ʪʘ ʦʧʨʘʮʴʦʚʘʥʦ ʨʝʟʫʣʴʪʘʪʠ 

ʜʦʩʣʽʜʞʝʥʴ [107, 125] ʡ ʚʠʟʥʘʯʝʥʦ ʦʧʪʠʤʘʣʴʥʽ ʟʘ ʤʽʥʽʤʽʟʘʮʽʻʶ ʪʨʠʚʘʣʦʩʪʽ 

ʟʘʪʨʠʤʦʢ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʩʚʽʪʣʦʬʦʨʥʽ ʮʠʢʣʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʪʨʫʢʪʫʨʠ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʪʦʢʽʚ, ʩʪʫʧʝʥʷ ʟʥʦʰʝʥʦʩʪʽ ʜʚʠʛʫʥʽʚ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʪʘ 

ʥʝʨʽʚʥʦʩʪʝʡ ʜʦʨʦʞʥʽʭ ʧʦʢʨʠʪʴ [124]. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʜʠʩʝʨʪʘʮʽʾ 

ʜʦʧʦʚʽʜʘʣʠʩʴ ʪʘ ʦʙʛʦʚʦʨʶʚʘʣʠʩʴ ʥʘ: ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ 

ʢʦʥʬʝʨʝʥʮʽʾ çʃʦʛʽʩʪʠʢʘ ʧʨʦʤʠʩʣʦʚʠʭ ʨʝʛʽʦʥʽʚè (ʤ. ɼʦʥʝʮʴʢ, ɼɸɸʊ, 2010 ʨ.); ʥʘ 

VIII ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʋʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ ʛʦʨʦʜʦʚ. 
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ʋʧʨʘʚʣʝʥʠʝ ʧʨʦʝʢʪʘʤʠ ʠ ʧʨʦʛʨʘʤʤʘʤʠ ʛʦʨʦʜʩʢʦʛʦ ʠ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷè 

(ʤ. ʍʘʨʢʽʚ, ʍʅɸʄɻ, 2010 ʨ.); ʥʘ ɯ ʄʽʞʥʘʨʦʜʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ 

ɽʄʊ-2010 (ʤ. ʃʴʚʽʚ, ʅʋ çʃʇè, 2010 ʨ.); ʥʘ 10-ʤʫ ʤʽʞʥʘʨʦʜʥʦʤʫ ʩʠʤʧʦʟʽʫʤʽ 

ʫʢʨʘʾʥʩʴʢʠʭ ʽʥʞʝʥʝʨʽʚ-ʤʝʭʘʥʽʢʽʚ ʫ ʃʴʚʦʚʽ (ʤ. ʃʴʚʽʚ, ʅʋ çʃʇè, 2011 ʨ.); ʥʘ 

ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʊʨʘʥʩʧʦʨʪʥʳʝ ʧʨʦʙʣʝʤʳ 

ʢʨʫʧʥʝʡʰʠʭ ʛʦʨʦʜʦʚè (ʤ. ʍʘʨʢʽʚ, ʍʅɸʄɻ, 2012 ʨ.); ʥʘ ʍX ɺʩʝʫʢʨʘʾʥʩʴʢʽʡ 

ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ ʽ ʩʧʝʮʽʘʣʽʩʪʽʚ çɸʢʪʫʘʣʴʥʽ 

ʧʨʦʙʣʝʤʠ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʩʫʩʧʽʣʴʩʪʚʘè (ʤ. ʂʨʝʤʝʥʯʫʢ, ʂʨʅʋ 

ʽʤ. ʄ. ʆʩʪʨʦʛʨʘʜʩʴʢʦʛʦ, 2013 ʨ.); ʥʘ 4-ʾ ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ 

ʢʦʥʬʝʨʝʥʮʽʾ çʊʝʦʨʽʷ ʪʘ ʧʨʘʢʪʠʢʘ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʚʠʛʦʪʦʚʣʝʥʥʷ ʽ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʘʰʠʥʦʙʫʜʽʚʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡè (ʤ. ʃʴʚʽʚ, ʅʋ çʃʇè , 2014 ʨ.); ʥʘ 

LXXɯ ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʧʨʦʬʝʩʦʨʩʴʢʦ-ʚʠʢʣʘʜʘʮʴʢʦʛʦ ʩʢʣʘʜʫ, ʘʩʧʽʨʘʥʪʽʚ, 

ʩʪʫʜʝʥʪʽʚ ʪʘ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ ʚʽʜʦʢʨʝʤʣʝʥʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʧʽʜʨʦʟʜʽʣʽʚ ʫʥʽʚʝʨʩʠʪʝʪʫ 

(ʤ. ʂʠʾʚ, ʅʊʋ, 2015 ʨ.); ʥʘ ɺʩʝʫʢʨʘʾʥʩʴʢʽʡ ʥʘʫʢʦʚʦ-ʪʝʦʨʝʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ 

çʇʨʦʙʣʝʤʠ ʟ ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʧʦʪʦʢʘʤʠ ʽ ʥʘʧʨʷʤʠ ʾʭ ʨʦʟʚôʷʟʘʥʥʷè (ʤ. ʃʴʚʽʚ, 

ʅʋ çʃʇè, 2015 ʨ.). 

ʇʫʙʣʽʢʘʮʽʾ. ɿʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʾ ʦʧʫʙʣʽʢʦʚʘʥʦ 9 ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ, ʟ ʥʠʭ ʜʚʽ 

ʩʪʘʪʪʽ ʫ ʟʘʢʦʨʜʦʥʥʠʭ ʞʫʨʥʘʣʘʭ, ʷʢʽ ʚʭʦʜʷʪʴ ʫ ʥʘʫʢʦʤʝʪʨʠʯʥʫ ʙʘʟʫ Scopus ʪʘ 

Copernikus, 7 ʩʪʘʪʝʡ ʫ ʬʘʭʦʚʠʭ ʥʘʫʢʦʚʠʭ ʚʠʜʘʥʥʷʭ ʋʢʨʘʾʥʠ (ʦʜʥʘ ʦʜʥʦʦʩʽʙʥʦ), ʘ 

ʪʘʢʦʞ 7 ʪʝʟ ʜʦʧʦʚʽʜʝʡ. 
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ʈʆɿɼɯʃ 1 

ɸʅɸʃɯɿ ʄɽʊʆɼɯɺ ʆʇʊʀʄɯɿɸʎɯɰ ʊʈʀɺɸʃʆʉʊɯ ʇʈʆɰɿɼʋ 

ʈɽɻʋʃʔʆɺɸʅʀʍ ʇɽʈɽʍʈɽʉʊʔ 

 

1.1 ʄʝʪʦʜʠ ʪʘ ʤʦʜʝʣʽ ʨʦʟʨʘʭʫʥʢʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʪʨʠʤʦʢ ʥʘ ʨʝʛʫʣʴʦʚʘʥʠʭ 

ʧʝʨʝʭʨʝʩʪʷʭ 

 

ʆʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʚʞʠʚʘʥʠʭ ʢʨʠʪʝʨʽʾʚ ʚ ʦʧʪʠʤʽʟʘʮʽʾ ʩʚʽʪʣʦʬʦʨʥʦʛʦ 

ʨʝʛʫʣʶʚʘʥʥʷ ʻ ʩʝʨʝʜʥʷ ʟʘʪʨʠʤʢʠ ʊɿ ʧʝʨʝʜ ʧʝʨʝʭʨʝʩʪʷʤ [10, 33, 42, 48, 62, 70, 76, 

83]. ʎʝ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʪʠʤ, ʱʦ ʚʦʥʘ ʤʘʻ ʯʽʪʢʠʡ ʬʽʟʠʯʥʠʡ ʟʤʽʩʪ, ʚʽʜʥʦʩʥʦ ʧʨʦʩʪʦ 

ʚʠʤʽʨʶʻʪʴʩʷ ʽ ʣʝʛʢʦ ʦʮʽʥʶʻʪʴʩʷ ʚ ʛʨʦʰʦʚʦʤʫ ʚʠʤʽʨʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʨʦʟʨʘʭʫʚʘʪʠ 

ʝʢʦʥʦʤʽʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʟʘʭʦʜʽʚ [40, 76]. ʊʘʢʦʞ ʪʨʘʥʩʧʦʨʪʥʘ 

ʟʘʪʨʠʤʢʘ ʻ ʦʩʥʦʚʥʠʤ ʧʦʢʘʟʥʠʢʦʤ, ʷʢʠʡ ʚʭʦʜʠʪʴ ʚ ʧʦʥʷʪʪʷ ʨʽʚʥʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ 

ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠ ʦʮʽʥʮʽ ʥʝʦʙʭʽʜʥʦʾ ʜʦʚʞʠʥʠ ʩʤʫʛʠ ʨʫʭʫ ʧʝʨʝʜ 

ʧʝʨʝʭʨʝʩʪʷʤ, ʧʦʪʨʝʙʠ ʧʘʣʴʥʦʛʦ ʪʘ ʚʠʢʠʜʽʚ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʛʘʟʽʚ [62]. 

ʇʽʜ ʪʨʘʥʩʧʦʨʪʥʦʶ ʟʘʪʨʠʤʢʦʶ ʥʘ ʨʝʛʫʣʴʦʚʘʥʦʤʫ ʧʝʨʝʭʨʝʩʪʽ ʨʦʟʫʤʽʶʪʴ 

ʟʘʪʨʠʤʢʫ, ʷʢʘ ʚʠʥʠʢʘʻ ʚ ʨʝʟʫʣʴʪʘʪʽ ʟʥʠʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʊɿ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʠʛʥʘʣʽʚ ʩʚʽʪʣʦʬʦʨʘ. ɿʥʘʯʝʥʥʷ ʟʘʪʨʠʤʢʠ, ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ ʨʽʟʥʠʮʽ ʤʽʞ 

ʬʘʢʪʠʯʥʠʤ ʯʘʩʦʤ ʧʨʦʾʟʜʫ ʧʝʨʝʭʨʝʩʪʷ ʪʘ ʯʘʩʦʤ ʧʨʦʾʟʜʫ ʮʴʦʛʦ ʞ ʧʝʨʝʩʽʯʝʥʥʷ ʫ 

ʚʽʣʴʥʠʭ ʫʤʦʚʘʭ ʙʝʟ ʜʽʾ ʩʚʽʪʣʦʬʦʨʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ (ʨʠʩ. 1.1) [60, 62]. 
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ʈʠʩʫʥʦʢ 1.1 ï ɺʠʟʥʘʯʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʾ ʟʘʪʨʠʤʢʠ ʥʘ ʨʝʛʫʣʴʦʚʘʥʦʤʫ ʧʝʨʝʭʨʝʩʪʽ 
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ʅʘ ʧʨʘʢʪʠʮʽ ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʾ ʟʘʪʨʠʤʢʠ (d) 

ʦʜʥʦʛʦ ʊɿ ʧʝʨʝʜ ʧʝʨʝʭʨʝʩʪʷʤ. ʇʨʠ ʩʧʨʦʱʝʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʬʦʨʤʫʣʫ, ʷʢʘ ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʧʨʠʧʫʱʝʥʽ, ʱʦ ʩʝʨʝʜʥʷ ʪʨʠʚʘʣʽʩʪʴ 

ʟʘʪʨʠʤʢʠ ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ ʧʦʣʦʚʠʥʽ ʧʝʨʽʦʜʫ ʧʨʦʪʷʛʦʤ ʷʢʦʛʦ ʟʘʙʦʨʦʥʝʥʦ ʨʫʭ [42, 

57, 81], ʪʦʙʪʦ: 

 

2

ʮ ʟ
T t

d
-

= ,                                                     (1.1) 

 

ʜʝ 
ʮT  ï ʪʨʠʚʘʣʽʩʪʴ ʩʚʽʪʣʦʬʦʨʥʦʛʦ ʮʠʢʣʫ, ʩ; 

ʟt  ï ʪʨʠʚʘʣʽʩʪʴ ʜʦʟʚʽʣʴʥʦʛʦ ʩʠʛʥʘʣʫ ʩʚʽʪʣʦʬʦʨʘ, ʩ. 

ʌʦʨʤʫʣʘ ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʧʨʠʧʫʱʝʥʽ, ʱʦ ʟʘʪʨʠʤʢʘ ʘʚʪʦʤʦʙʽʣʷ, ʷʢʠʡ ʧʨʠʙʫʚ ʜʦ 

ʧʝʨʝʭʨʝʩʪʷ ʥʘ ʧʦʯʘʪʢʫ ʟʘʙʦʨʦʥʝʥʦʛʦ ʩʠʛʥʘʣʫ ʙʫʜʝ ʨʽʚʥʘ ʪʨʠʚʘʣʦʩʪʽ ʮʴʦʛʦ ʩʠʛʥʘʣʫ, 

ʘ ʷʢʱʦ ʚ ʢʽʥʮʽ, ʪʦ ʜʦʨʽʚʥʶʚʘʪʠʤʝ ʥʫʣʶ. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ (1.1) ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʫ ʚʠʧʘʜʢʫ ʨʽʚʥʦʤʽʨʥʦʛʦ ʧʨʠʙʫʪʪʷ ʊɿ ʜʦ ʧʝʨʝʭʨʝʩʪʷ. ʊʘʢʝ 

ʤʦʞʣʠʚʦ ʣʠʰʝ ʧʨʠ ʱʽʣʴʥʠʭ ʊʇ [57]. 

ʆʜʥʘʢ, ʢʦʣʠ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʽʟʦʣʴʦʚʘʥʽ ʨʝʛʫʣʴʦʚʘʥʽ ʧʝʨʝʭʨʝʩʪʷ, ʪʦ ʧʨʠʙʫʪʪʷ 

ʊɿ ʜʦ ʥʠʭ ʻ ʚʠʧʘʜʢʦʚʠʤ ʧʨʦʮʝʩʦʤ. ʌʦʨʤʫʣʘ, ʷʢʘ ʚʨʘʭʦʚʫʻ ʚʠʧʘʜʢʦʚʠʡ ʭʘʨʘʢʪʝʨ 

ʊʇ, ʚʧʝʨʰʝ ʟʘʧʨʦʧʦʥʫʚʘʚ ʘʥʛʣʽʡʩʴʢʠʡ ʚʯʝʥʠʡ ɺʝʙʩʪʝʨ [40, 49, 56-58, 62, 65, 76, 

80, 102, 119, 123, 133]: 
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,                        (1.2) 

 

ʜʝ l ï ʚʽʜʥʦʰʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʟʝʣʝʥʦʛʦ ʩʠʛʥʘʣʫ ʜʦ ʪʨʠʚʘʣʦʩʪʽ ʮʠʢʣʫ; 

ʭ ï ʩʪʫʧʽʥʴ ʥʘʩʠʯʝʥʥʷ ʥʘʧʨʷʤʢʫ ʨʫʭʫ; 

N  ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʨʫʭʫ ʊɿ ʚ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʥʘʧʨʷʤʢʫ, ʦʜ/ʩ. 

ʇʝʨʰʘ ʩʢʣʘʜʦʚʘ ʬʦʨʤʫʣʠ ʧʨʝʜʩʪʘʚʣʷʻ ʟʘʪʨʠʤʢʫ ʧʨʠ ʨʝʛʫʣʷʨʥʦʤʫ ʧʨʠʙʫʪʪʽ 

ʘʚʪʦʤʦʙʽʣʽʚ ʜʦ ʧʝʨʝʭʨʝʩʪʷ, ʜʨʫʛʘ ï ʚʠʧʘʜʢʦʚʽʩʪʴ ʜʘʥʦʛʦ ʧʨʦʮʝʩʫ ʽ ʧʫʘʩʩʦʥʽʚʩʴʢʠʡ 

ʭʘʨʘʢʪʝʨ ʧʨʠʙʫʪʪʷ ʊɿ, ʪʨʝʪʷ ʩʢʣʘʜʦʚʘ ï ʮʝ ʝʤʧʽʨʠʯʥʘ ʧʦʧʨʘʚʢʘ, ʷʢʘ ʧʽʜʚʠʱʫʻ 
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ʪʦʯʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʫ ʩʝʨʝʜʥʴʦʾ ʟʘʪʨʠʤʢʠ ʽ ʧʨʠʙʣʠʟʥʦ ʜʦʨʽʚʥʶʻ 10% ʚʽʜ ʟʥʘʯʝʥʥʷ 

ʦʪʨʠʤʘʥʦʛʦ ʟʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ (1.2) [56-58, 62, 123, 133]. 

ʅʘ ʧʨʘʢʪʠʮʽ ʜʫʞʝ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʧʨʦʱʝʥʠʡ ʚʘʨʽʘʥʪ ʬʦʨʤʫʣʠ 

ɺʝʙʩʪʝʨʘ [18, 20, 42, 49, 57, 62, 73, 109, 112, 133], ʦʜʥʘʢ, ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ 

ʢʦʤʧôʶʪʝʨʥʦʾ ʪʝʭʥʽʢʠ ʢʨʘʱʝ ʙʨʘʪʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (1.2), ʚʦʥʘ ʜʘʻ ʙʽʣʴʰ ʪʦʯʥʽ 

ʨʝʟʫʣʴʪʘʪʠ [57]. 

ʌʦʨʤʫʣʘ ɺʝʙʩʪʝʨʘ ʣʷʛʣʘ ʚ ʦʩʥʦʚʫ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʤʝʪʦʶ ʷʢʦʛʦ ʙʫʣʦ 

ʟʥʘʭʦʜʞʝʥʥʷ ʟʥʘʯʝʥʴ ʮʠʢʣʫ ʨʝʛʫʣʶʚʘʥʥʷ, ʷʢʽ ʙ ʤʽʥʽʤʽʟʫʚʘʣʠ ʩʫʤʘʨʥʫ ʪʨʘʥʩʧʦʨʪʥʫ 

ʟʘʪʨʠʤʢʫ. ʆʜʥʠʤ ʟ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʷʚʠʣʘʩʷ ʟʘʣʝʞʥʽʩʪʴ ʩʝʨʝʜʥʴʦʾ ʟʘʪʨʠʤʢʠ d 

ʫʤʦʚʥʦʛʦ ʘʚʪʦʤʦʙʽʣʷ ʙʽʣʷ ʨʷʜʫ ʪʠʧʦʚʠʭ ʧʝʨʝʭʨʝʩʪʴ ʚʽʜ ʪʨʠʚʘʣʦʩʪʽ ʩʚʽʪʣʦʬʦʨʥʦʛʦ 

ʮʠʢʣʫ. ʎʶ ʟʘʣʝʞʥʽʩʪʴ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 1.2 [76]. ɸʥʘʣʦʛʽʯʥʽ ʛʨʘʬʽʢʠ ʟʘʣʝʞʥʦʩʪʝʡ 

ʤʽʞ ʮʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʥʘʚʝʜʝʥʽ ʪʘʢʦʞ ʚ ʨʦʙʦʪʘʭ [3, 62, 65, 127]. 
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ʈʠʩʫʥʦʢ 1.2 ï ɿʘʣʝʞʥʽʩʪʴ ʩʝʨʝʜʥʴʦʾ ʟʘʪʨʠʤʢʠ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ  

ʚʽʜ ʪʨʠʚʘʣʦʩʪʽ ʩʚʽʪʣʦʬʦʨʥʦʛʦ ʮʠʢʣʫ 

 

ɿ ʥʘʚʝʜʝʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʚʠʧʣʠʚʘʶʪʴ ʥʘʩʪʫʧʥʽ ʢʣʶʯʦʚʽ ʚʠʩʥʦʚʢʠ [76]: 

- ʟʘʪʨʠʤʢʘ ʤʘʻ ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʚ ʪʦʯʮʽ ʊ0, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʦʧʪʠʤʘʣʴʥʦʤʫ 

ʮʠʢʣʫ ʩʚʽʪʣʦʬʦʨʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ; 

- ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʪʨʠʚʘʣʦʩʪʽ ʮʠʢʣʫ ʚʽʜʥʦʩʥʦ ʊ0 ʟʘʪʨʠʤʢʘ ʟʨʦʩʪʘʻ; 
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- ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʪʨʠʚʘʣʦʩʪʽ ʮʠʢʣʫ ʚʽʜʥʦʩʥʦ ʊ0 ʟʘʪʨʠʤʢʘ ʪʘʢʦʞ ʟʨʦʩʪʘʻ; 

- ʫ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 0,75ʊ0 ʜʦ 1,5ʊ0 ʟʘʪʨʠʤʢʘ ʧʝʨʝʚʠʱʫʻ ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 

dmin ʥʝ ʙʽʣʴʰʝ ʥʽʞ ʥʘ 10-15%. 

ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʽ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʘʪʨʠʤʦʢ ʪʘ 

ʰʚʠʜʢʦʩʪʝʡ ʨʫʭʫ ʪʨʘʥʩʧʦʨʪʫ, ʚʠʢʦʥʘʥʠʭ ɺʘʩʠʣʴʻʚʦʶ ɻ.ʖ. ʥʘ ʤʘʛʽʩʪʨʘʣʴʥʽʡ ɺɼʄ 

ʤʽʩʪ ʂʠʻʚʘ, ɻʦʨʣʽʚʢʠ ʽ ʂʨʘʤʘʪʦʨʩʴʢʘ ʜʦʟʚʦʣʠʣʠ ʦʪʨʠʤʘʪʠ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ 

ʩʝʨʝʜʥʴʦʶ ʟʘʪʨʠʤʢʦʶ ʊɿ ʪʘ ʪʨʠʚʘʣʽʩʪʶ ʩʚʽʪʣʦʬʦʨʥʦʛʦ ʮʠʢʣʫ [13]: 

 

0,38 9,94
ʮ

d ʊ= - .                                               (1.3) 

 

ʆʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ɺʝʙʩʪʝʨʽʚʩʴʢʦʾ ʤʝʪʦʜʠʢʠ ʻ ʥʝʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʾʾ ʧʨʠ ʱʽʣʴʥʠʭ ʊʇ, ʢʦʣʠ ʩʪʫʧʽʥʴ ʥʘʩʠʯʝʥʥʷ ʥʘʧʨʷʤʢʫ ʨʫʭʫ 1ʭ², ʪʦʤʫ ʱʦ ʚ ʪʘʢʠʭ 

ʚʠʧʘʜʢʘʭ ʚʦʥʘ ʜʘʻ ʥʝʩʢʽʥʯʝʥʥʽ ʟʥʘʯʝʥʥʷ ʟʘʪʨʠʤʢʠ. ʉʪʫʧʽʥʴ ʥʘʩʠʯʝʥʥʷ ʥʘʧʨʷʤʢʫ 

ʨʫʭʫ ʷʚʣʷʻ ʩʦʙʦʶ ʚʽʜʥʦʰʝʥʥʷ ʩʝʨʝʜʥʴʦʾ ʢʽʣʴʢʦʩʪʽ ʊɿ, ʷʢʽ ʧʨʠʙʫʣʠ ʜʦ ʧʝʨʝʭʨʝʩʪʷ 

ʟʘ ʮʠʢʣ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʊɿ, ʷʢʽ ʧʨʦʾʭʘʣʠ ʧʝʨʝʭʨʝʩʪʷ ʟʘ ʯʘʩ ʛʦʨʽʥʥʷ 

ʟʝʣʝʥʦʛʦ ʩʠʛʥʘʣʫ ʩʚʽʪʣʦʬʦʨʘ [56, 57] ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 

ʮ

ʟ

Nʊ
x

St
= ,                                                       (1.4) 

 

ʜʝ S ï ʧʦʪʽʢ ʥʘʩʠʯʝʥʥʷ, ʦʜ/ʩ. 

ʇʨʦʪʝ, ʥʝʚʽʜʦʤʦ ʧʨʠ ʷʢʦʤʫ ʟʥʘʯʝʥʥʽ ʭ ʬʦʨʤʫʣʘ (1.2) ʧʝʨʝʩʪʘ ̒ ʜʘʚʘʪʠ 

ʘʜʝʢʚʘʪʥʽ ʨʝʟʫʣʴʪʘʪʠ. ɺ ʣʽʪʝʨʘʪʫʨʽ ʪʘʢʦʞ ʥʝʤʘʻ ʦʜʥʦʟʥʘʯʥʦʾ ʚʽʜʧʦʚʽʜʽ ʥʘ ʮʝ 

ʟʘʧʠʪʘʥʥʷ. ʊʘʢ, ʚ ʨʦʙʦʪʽ [9] ʩʢʘʟʘʥʦ, ʱʦ ʚʦʥʘ ʝʬʝʢʪʠʚʥʦ ʧʨʘʮʶʻ ʧʨʠ 0,8ʭ¢ , ʽʥʰʽ 

ʥʘʫʢʦʚʮʽ [57] ʚʽʜʟʥʘʯʘʶʪʴ, ʱʦ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʝʚʥʦʛʦ ʨʝʟʝʨʚʫ ʧʨʦʧʫʩʢʥʦʾ 

ʟʜʘʪʥʦʩʪʽ ʥʝʦʙʭʽʜʥʦ, ʱʦʙ 0,85 0,9ʭ= -  (ʥʝ ʙʽʣʴʰʝ). ɹʽʣʦʨʫʩʴʢʽ ʚʯʝʥʽ ʚ ʩʚʦʾʭ 

ʨʦʙʦʪʘʭ [21, 34, 50] ʚʢʘʟʫʶʪʴ ʥʘ ʟʥʘʯʝʥʥʷ 0,93ʭ¢  (ʥʦʨʤʘʪʠʚʥʦ ʜʦʧʫʩʪʠʤʝ 

ʟʥʘʯʝʥʥʷ), ʧʽʩʣʷ ʷʢʦʛʦ ʙʫʜʫʪʴ ʩʧʦʩʪʝʨʽʛʘʪʠʩʷ ʧʝʨʝʥʘʩʠʯʝʥʽ ʮʠʢʣʠ ʽ ʨʦʟʧʦʯʥʝ 

ʫʪʚʦʨʶʚʘʪʠʩʷ ʟʘʪʦʨ. ʍʦʯʘ, ʮʽ ʞ ʥʘʫʢʦʚʮʽ ʚ ʧʦʧʝʨʝʜʥʽʭ ʩʚʦʾʭ ʨʦʙʦʪʘʭ [18] ʥʘʚʦʜʠʣʠ 
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ʟʥʘʯʝʥʥʷ 0,95ʭ¢ . ɸ ʚ ʨʦʙʦʪʘʭ [3, 56], ʜʝ ʧʨʦʪʘʙʫʣʴʦʚʘʥʦ ʟʥʘʯʝʥʥʷ ʜʝʷʢʠʭ 

ʚʝʣʠʯʠʥ ʬʦʨʤʫʣʠ (1.2), ʥʘʚʦʜʠʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 0,98ʭ= . 

ɺʜʦʩʢʦʥʘʣʝʥʥʷʤ ʬʦʨʤʫʣʠ ɺʝʙʩʪʝʨʘ ʟʘʡʤʘʚʩʷ ʄʽʣʣʝʨ. ɺʽʥ ʟʘʧʨʦʧʦʥʫʚʘʚ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʾ ʟʘʪʨʠʤʢʠ ʥʘ ʨʝʛʫʣʴʦʚʘʥʦʤʫ ʧʝʨʝʭʨʝʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʬʦʨʤʫʣʫ [10, 40, 83, 128]: 

 

( )
( )
( )
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2 1

1
2 1
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ʮ
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d Sʊ ɯ
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- -ç ÷
,                   (1.5) 

 

ʜʝ I ï ʢʦʝʬʽʮʽʻʥʪ ʚʘʨʽʘʮʽʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʦʪʦʢʫ (ʜʦʨʽʚʥʶʻ ʚʽʜʥʦʰʝʥʥʶ 

ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʜʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʩʧʦʜʽʚʘʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʊɿ, ʱʦ ʧʨʠʙʫʚʘʶʪʴ ʟʘ ʮʠʢʣ ʜʦ ʧʝʨʝʭʨʝʩʪʷ) [10, 40, 41, 128]. 

ʆʩʥʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ ʮʽʻʾ ʬʦʨʤʫʣʠ ʻ ʪʝ, ʱʦ ʾʾ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʪʨʠʤʦʢ ʧʨʠ ʨʽʟʥʠʭ ʟʘ ʭʘʨʘʢʪʝʨʦʤ ʧʨʠʙʫʪʪʷ ʊʇ. ʊʘʢ, 

ʷʢʱʦ ʊʇ ʧʽʜʧʦʨʷʜʢʦʚʫʻʪʴʩʷ ʟʘʢʦʥʫ ʇʫʘʩʩʦʥʘ 1ɯ=, ʷʢʱʦ ʞ ʧʦʪʽʢ ʻ 

ʜʝʪʝʨʤʽʥʦʚʘʥʠʤ ï 0ɯ= , ʫ ʚʠʧʘʜʢʫ ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ï 0 1ɯ< < [40, 41]. 

ʊʝʞ ʩʘʤʝ ʩʪʦʩʫʻʪʴʩʷ ʽ ʬʦʨʤʫʣʠ ʅʶʝʣʣʘ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟ ʮʽʻʶ ʞ 

ʤʝʪʦʶ ʽ ʪʘʢʦʞ ʤʽʩʪʠʪʴ ʢʦʝʬʽʮʽʻʥʪ ʚʘʨʽʘʮʽʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʦʪʦʢʫ [40, 130]: 
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,            (1.6) 

 

ʜʝ tʯ ï ʪʨʠʚʘʣʽʩʪʴ ʟʘʙʦʨʦʥʥʦʛʦ ʩʠʛʥʘʣʫ ʩʚʽʪʣʦʬʦʨʘ, ʩ; 

y ï ʬʘʟʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʜʘʥʦʾ ʬʘʟʠ (ʨʽʚʥʠʡ ʚʽʜʥʦʰʝʥʥʶ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʊʇ ʜʦ 

ʧʦʪʦʢʫ ʥʘʩʠʯʝʥʥʷ); 

()ʅm  ï ʽʥʪʝʛʨʘʣʴʥʘ ʟʘʣʝʞʥʽʩʪʴ ɺʽʥʝʨʘ-ʍʦʧʬʘ [10, 40, 83], ʧʦʚôʷʟʘʥʘ ʟ 

ʩʠʥʪʝʟʦʤ ʦʧʪʠʤʘʣʴʥʦʾ ʧʝʨʝʜʘʪʦʯʥʦʾ ʬʫʥʢʮʽʾ ʢʘʥʘʣʫ çʽʥʪʝʥʩʠʚʥʽʩʪʴ-ʟʘʪʨʠʤʢʘè 

ʟʘ ʢʨʠʪʝʨʽʻʤ ʤʽʥʽʤʫʤʫ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʾ ʧʦʭʠʙʢʠ [40]. 
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ʄʦʜʝʣʽ ɺʝʙʩʪʝʨʘ, ʄʽʣʣʝʨʘ, ʅʶʝʣʣʘ ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʪʘʢʽ ʧʘʨʘʤʝʪʨʠ, ʷʢ 

ʪʨʠʚʘʣʽʩʪʴ ʧʽʢʦʚʦʛʦ ʧʝʨʽʦʜʫ ʘʙʦ ʚʝʣʠʯʠʥʠ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʽ ʪʦʤʫ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ ʚʠʩʦʢʠʭ ʟʥʘʯʝʥʥʷʭ ʩʪʫʧʝʥʷ ʥʘʩʠʯʝʥʥʷ ʬʘʟʠ ʪʘ ʬʘʟʦʚʦʛʦ 

ʢʦʝʬʽʮʽʻʥʪʘ [119]. 

ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʨʫʭʫ ʊʇ, ʦʩʦʙʣʠʚʦ ʚ çʯʘʩ-ʧʽʢè, ʧʝʨʝʜ 

ʨʝʛʫʣʴʦʚʘʥʠʤʠ ʧʝʨʝʭʨʝʩʪʷʤʠ ʟ ʤʘʛʽʩʪʨʘʣʴʥʠʤʠ ʚʫʣʠʮʷʤʠ ʧʦʯʠʥʘʶʪʴ 

ʫʪʚʦʨʶʚʘʪʠʩʷ ʯʝʨʛʠ ʊɿ. ʅʘʩʪʫʧʘʻ ʤʦʤʝʥʪ ʢʦʣʠ ʧʨʦʪʷʛʦʤ ʜʦʩʠʪʴ ʪʨʠʚʘʣʦʛʦ 

ʧʝʨʽʦʜʫ ʯʘʩʫ ʧʨʠʩʫʪʥʽ ʧʝʨʝʥʘʩʠʯʝʥʽ ʩʚʽʪʣʦʬʦʨʥʽ ʮʠʢʣʠ (1ʭ²). ɺ ʪʘʢʦʤʫ ʨʘʟʽ, ʚʯʝʥʽ 

ʟ ɹʽʣʦʨʫʩʴʢʦʛʦ ʅʊʋ [18, 20, 21, 34, 50, 85, 119] ʧʨʦʧʦʥʫʶʪʴ ʧʠʪʦʤʫ ʪʨʘʥʩʧʦʨʪʥʫ 

ʟʘʪʨʠʤʢʫ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʟʘ ʬʦʨʤʫʣʦʶ ɹʨʽʣʦʥʘ ʽ ɺʫ: 
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ʜʝ N0 ï ʩʝʨʝʜʥʷ ʜʦʚʞʠʥʘ ʯʝʨʛʠ ʧʝʨʝʜ ʧʝʨʝʭʨʝʩʪʷʤ ʫ çʯʘʩ-ʧʽʢè, ʘʚʪ. 

ɰʾ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʢʦʨʠʩʪʫʶʯʠʩʴ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ: 

ʧʨʠ 1,14ʭ< : 
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ʧʨʠ 1,14ʭ² : 
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,                    (1.9) 

 

ʜʝ T0 ï ʪʨʠʚʘʣʽʩʪʴ ʧʽʢʦʚʦʛʦ ʧʝʨʽʦʜʫ (ʚʠʟʥʘʯʘʻʪʴʩʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ), ʛʦʜ/ʜʦʙʫ; 

x0ï ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ x, ʚʠʱʝ ʷʢʦʛʦ ʙʫʜʫʪʴ ʩʧʦʩʪʝʨʽʛʘʪʠʩʷ ʧʝʨʝʥʘʩʠʯʝʥʽ 

ʮʠʢʣʠ: 
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ɯʥʰʽ ʽʥʦʟʝʤʥʽ ʜʦʩʣʽʜʥʠʢʠ [132] ʩʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʟʘʪʨʠʤʢʘ ʦʜʥʽʻʾ 

ʪʨʘʥʩʧʦʨʪʥʦʾ ʦʜʠʥʠʮʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʨʠʚʘʣʦʩʪʽ ʯʝʨʚʦʥʦʛʦ ʩʠʛʥʘʣʫ, ʽʥʪʝʨʚʘʣʽʚ 

ʧʨʠʙʫʪʪʷ ʊɿ ʽ ʯʘʩʫ ʧʨʠʚʝʜʝʥʥʷ ʚ ʨʫʭ ʯʝʨʛʠ ʪʘ ʧʨʦʧʦʥʫʶʪʴ ʬʦʨʤʫʣʫ [42, 68]: 
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ʜʝ y ï ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʯʘʩʦʚʦʛʦ ʽʥʪʝʨʚʘʣʫ ʧʨʠʙʫʪʪʷ ʊɿ ʜʦ ʩʪʦʧ-ʣʽʥʽʾ, ʩ; 

1,2,...,i n=  ï ʧʦʨʷʜʢʦʚʠʡ ʥʦʤʝʨ ʊɿ ʚ ʯʝʨʟʽ; 

Dx ï ʽʥʪʝʨʚʘʣ ʯʘʩʫ ʚʽʜʧʨʘʚʣʝʥʥʷ ʘʚʪʦʤʦʙʽʣʽʚ ʧʨʠ ʚʠʾʟʜʽ ʥʘ ʧʝʨʝʭʨʝʩʪʷ (ʜʣʷ 

ʣʝʛʢʦʚʠʭ ʘʚʪʦʤʦʙʽʣʽʚ 2,1xD = ), ʩ [68]. 

ʈʦʩʽʡʩʴʢʠʡ ʚʯʝʥʠʡ ʇʦʣʷʢʦʚ ɸ.ɸ. ʟʘʧʨʦʧʦʥʫʚʘʚ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʾ 

ʪʨʠʚʘʣʦʩʪʽ ʟʘʪʨʠʤʢʠ ʊɿ ʚ ʟʦʥʽ ʧʝʨʝʭʨʝʩʪʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʧ̔ʚʚʽʜʥʦʰʝʥʥʷ, ʷʢʝ 

ʚʨʘʭʦʚʫʻ ʨʫʭ ʚʩʽʭ ʘʚʪʦʤʦʙʽʣʽʚ (ʚʢʣʶʯʥʦ ʽ ʪʠʭ, ʱʦ ʧʨʦʾʭʘʣʠ ʙʝʟ ʟʫʧʠʥʢʠ) [81]: 
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ʜʝ 
ʯ ʞt -  ï ʩʫʤʘʨʥʘ ʪʨʠʚʘʣʽʩʪʴ ʩʠʛʥʘʣʽʚ (ʯʝʨʚʦʥʦʛʦ ʪʘ ʜʚʦʭ ʞʦʚʪʠʭ), ʷʢʽ 

ʟʘʙʦʨʦʥʷʶʪʴ ʨʫʭ ʚ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʥʘʧʨʷʤʢʫ, ʩ; 

p  ï ʩʝʨʝʜʥʽʡ ʽʥʪʝʨʚʘʣ ʤʽʞ ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ ʟʚʝʜʝʥʠʤʠ ʊɿ, ʷʢʽ ʧʽʜʭʦʜʷʪʴ ʜʦ 

ʧʝʨʝʭʨʝʩʪʷ ʧʦ ʦʜʥʽʡ ʩʤʫʟʽ ʨʫʭʫ ʧʨʦʾʞʜʞʦʾ ʯʘʩʪʠʥʠ ʜʣʷ ʮʴʦʛʦ ʞ ʥʘʧʨʷʤʢʫ, ʩ; 

q  ï ʩʝʨʝʜʥʽʡ ʽʥʪʝʨʚʘʣ ʤʽʞ ʘʚʪʦʤʦʙʽʣʷʤʠ, ʷʢʽ ʚʠʾʞʜʞʘʶʪʴ ʥʘ ʧʝʨʝʭʨʝʩʪʷ, ʩ. 

ɺʨʘʭʦʚʫʶʯʠ ʧʝʨʝʜʫʤʦʚʠ, ʟʘʢʣʘʜʝʥʽ ʚ ʬʦʨʤʫʣʫ (1.12), ɾʠʚʦʛʣʷʜʦʚ ɺ.ɻ. ʚ 

ʩʚʦʾʡ ʨʦʙʦʪʽ [42] ʧʨʦʧʦʥʫʻ ʜʝʱʦ ʚʜʦʩʢʦʥʘʣʝʥʫ ʝʤʧʽʨʠʯʥʫ ʬʦʨʤʫʣʫ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʟʘʪʨʠʤʢʠ ʊɿ ʙʽʣʷ ʩʪʦʧ-ʣʽʥʽʾ ʨʝʛʫʣʴʦʚʘʥʠʭ ʧʝʨʝʭʨʝʩʪʴ. 
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ʆʜʥʘ ʟ ʧʝʨʰʠʭ ʬʦʨʤʫʣ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʪʨʘʥʩʧʦʨʪʥʦʾ ʟʘʪʨʠʤʢʠ, ʷʢʘ ʥʘʡʙʽʣʴʰ 

ʪʦʯʥʦ ʚʨʘʭʦʚʫʚʘʣʘ ʫʤʦʚʠ ʨʫʭʫ ʥʘ ʨʝʛʫʣʴʦʚʘʥʦʤʫ ʧʝʨʝʭʨʝʩʪʽ, ʙʫʣʘ ʥʘʚʝʜʝʥʘ ʚ 

ʘʤʝʨʠʢʘʥʩʴʢʽʡ ʽʥʩʪʨʫʢʮʽʾ ʟ ʧʨʦʧʫʩʢʥʦ ʾʟʜʘʪʥʦʩʪʽ ʜʦʨʽʛ (HCM 1994 ï Highway 

Capacity Manual) [58, 62, 132]: 
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ʜʝ 
1d  ï ʟʘʪʨʠʤʢʘ, ʷʢʘ ʚʨʘʭʦʚʫʻ ʨʽʚʥʦʤʽʨʥʝ ʧʨʠʙʫʪʪʷ ʊɿ ʜʦ ʧʝʨʝʭʨʝʩʪʷ, ʩ/ʟʚ. ʦʜ.; 

DF  ï ʢʦʨʠʛʫʶʯʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʧʨʦʛʨʝʩʽʶ ʊʇ ʽ ʨʝʞʠʤ 

ʩʚʽʪʣʦʬʦʨʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ (ʜʣʷ ʞʦʨʩʪʢʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ 1DF= ); 

2d  ï ʜʦʜʘʪʢʦʚʘ ʟʘʪʨʠʤʢʘ, ʷʢʘ ʚʨʘʭʦʚʫʻ ʚʠʧʘʜʢʦʚʠʡ ʭʘʨʘʢʪʝʨ ʧʨʠʙʫʪʪʷ ʊɿ, ʧʨʠ 

ʮʴʦʤʫ, ʜʦʧʫʩʢʘʻʪʴʩʷ, ʱʦ ʚʝʣʠʯʠʥʘ ʧʦʯʘʪʢʦʚʦʾ ʯʝʨʛʠ ʨʽʚʥʘ ʥʫʣʶ, ʩ/ʟʚ. ʦʜ.; 

m ï ʜʦʜʘʪʢʦʚʠʡ ʢʘʣʽʙʨʫʶʯʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʪʠʧ ʧʨʠʙʫʪʪʷ ʽ 

ʫʪʚʦʨʝʥʥʷ ʧʘʯʦʢ ʚ ʊʇ (ʜʣʷ ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʠʙʫʪʪʷ 16m= ); 

P  ï ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʩʤʫʛʠ ʨʫʭʫ, ʟʚ. ʦʜ./ʛʦʜ. 

ʇʘʨʘʤʝʪʨ d1 ʧʦʜʽʙʥʠʡ ʜʦ ʧʝʨʰʦʾ ʯʘʩʪʠʥʠ ʬʦʨʤʫʣʠ (1.2) ʽ ʯʘʩʪʦ ʟʫʩʪʨʽʯʘʻʪʴʩʷ 

ʚ ʨʦʟʨʘʭʫʥʢʘʭ ʟʘʪʨʠʤʦʢ ʧʨʠ ʫʤʦʚʽ ʨʽʚʥʦʤʽʨʥʦʛʦ ʧʨʠʙʫʪʪʷ ʦʜʥʦʨʽʜʥʦʛʦ ʊʇ. 

ɺʽʜʤʽʪʠʤʦ, ʱʦ ʮʝʡ ʧʘʨʘʤʝʪʨ ʢʦʨʝʢʪʥʠʡ ʣʠʰʝ ʢʦʣʠ ʨʽʚʝʥʴ ʟʘʚʘʥʪʘʞʝʥʥʷ (ʩʪʫʧʽʥʴ 

ʥʘʩʠʯʝʥʥʷ) ʤʝʥʰʝ ʦʜʠʥʠʮʽ (x<1). ɼʨʫʛʠʡ ʧʘʨʘʤʝʪʨ d2 ʘʥʘʣʦʛʽʯʥʠʡ ʜʨʫʛʽʡ ʯʘʩʪʠʥʽ 

ʬʦʨʤʫʣʠ ɺʝʙʩʪʝʨʘ ʽ ʚʨʘʭʦʚʫʻ ʟʘʪʨʠʤʢʠ ʧʦʚôʷʟʘʥʽ ʟ ʚʠʧʘʜʢʦʚʠʤ ʭʘʨʘʢʪʝʨʦʤ 

ʧʨʠʙʫʪʪʷ ʊɿ. 

ʑʝ ʦʜʥʘ ʬʦʨʤʫʣʘ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠ ʚʠʟʥʘʯʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʾ 

ʟʘʪʨʠʤʢʠ, ʥʘʚʝʜʝʥʘ ʚ ʢʘʥʘʜʩʴʢʽʡ ʽʥʩʪʨʫʢʮʽʾ ʟ ʧʨʦʧʫʩʢʥʦ ʾʟʜʘʪʥʦʩʪʽ ʨʝʛʫʣʴʦʚʘʥʠʭ 
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ʧʝʨʝʭʨʝʩʪʴ (CCG 1995 ï Canadian Capacity Guide for Signalized Intersections) [58, 

62, 132]. ʋ ʥʘʚʝʜʝʥʽʡ ʽʥʩʪʨʫʢʮʽʾ ʤʦʜʝʣʽ ʥʝ ʚʽʜʨʽʟʥʷʶʪʴ ʩʪʦʧ-ʟʘʪʨʠʤʢʠ (ʩʪʦʧ-

ʟʘʪʨʠʤʢʘ ï ʟʘʪʨʠʤʢʘ ʊɿ ʧʨʠ ʟʥʠʞʝʥʥʽ ʡʦʛʦ ʰʚʠʜʢʦʩʪʽ ʤʝʥʰʝ 5ʢʤ/ʛʦʜ) ʚʽʜ 

ʟʘʛʘʣʴʥʠʭ ʟʘʪʨʠʤʦʢ, ʪʦʜʽ ʢʦʣʠ ʚ ʅʉʄ 1994 ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ 76% ʚʩʽʭ ʟʘʪʨʠʤʦʢ 

ʩʢʣʘʜʘʶʪʴ ʩʘʤʝ ʩʪʦʧ-ʟʘʪʨʠʤʢʠ. ʊʦʤʫ ʚ CCG 1995 ʥʘʷʚʥʽ ʝʤʧʽʨʠʯʥʽ ʢʦʝʬʽʮʽʻʥʪʠ, 

ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʟʽ ʟʘʛʘʣʴʥʠʭ ʟʘʪʨʠʤʦʢ ʚʠʜʽʣʠʪʠ ʩʪʦʧ-ʟʘʪʨʠʤʢʠ [58]. ʆʮʽʥʢʘ 

ʩʪʘʨʪʦʚʠʭ ʚʪʨʘʪ ʯʘʩʫ ʘʢʪʫʘʣʴʥʘ ʫ ʚʠʧʘʜʢʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʨʦʪʢʠʭ ʬʘʟ. ɿʥʘʯʝʥʥʷ 

ʚʪʨʘʯʝʥʦʛʦ ʯʘʩʫ ʧʨʠ ʩʪʘʨʪʽ ʧʦ ʜʘʥʠʭ ʨʽʟʥʠʭ ʘʚʪʦʨʽʚ ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 0,8 ʩ 

ʜʦ 4,5 ʩ. ʊʘʢʠʡ ʰʠʨʦʢʠʡ ʜʽʘʧʘʟʦʥ ʟʥʘʯʝʥʴ ʩʚʽʜʯʠʪʴ ʧʨʦ ʨʽʟʥʽ ʫʤʦʚʠ ʨʫʭʫ ʥʘ 

ʨʝʛʫʣʴʦʚʘʥʠʭ ʧʝʨʝʭʨʝʩʪʷʭ ʚ ʪʠʭ ʢʨʘʾʥʘʭ, ʜʝ ʧʨʦʚʦʜʠʣʠʩʷ ʜʦʩʣʽʜʞʝʥʥʷ [62]. 

ɺ ʩʧʝʮʽʘʣʴʥʽʡ ʣʽʪʝʨʘʪʫʨʽ ʚʽʜʤʽʯʘʻʪʴʩʷ, ʱʦ ʤʦʜʝʣʴ CCG 1995 ʘʥʘʣʦʛʽʯʥʘ ʜʦ 

ʤʦʜʝʣʽ ʅʉʄ 1994. ʇʨʦʪʝ, ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʤʦʜʝʣʽ ʢʘʥʘʜʩʴʢʦʾ ʽʥʩʪʨʫʢʮʽʾ 

ʦʮʽʥʶʶʪʴ ʟʘʛʘʣʴʥʽ ʟʘʪʨʠʤʢʠ, ʪʦʜʽ ʷʢ (1.14) ʽ (1.15) ï ʩʪʦʧ-ʟʘʪʨʠʤʢʠ. ʂʨʽʤ ʮʴʦʛʦ, ʚ 

ʅʉʄ 1994 ʊʇ ʚʨʘʭʦʚʫʻʪʴʩʷ ʚ ʥʘʪʫʨʘʣʴʥʠʭ ʧʦʢʘʟʥʠʢʘʭ (ʘʚʪ./ʛʦʜ), ʚ ʪʦʡ ʯʘʩ ʷʢ ʚ 

CCG 1995 ʚ ʟʚʝʜʝʥʠʭ (ʟʚ. ʦʜ./ʛʦʜ), ʽ ʪʘʢʦʞ ʚ ʮʠʭ ʽʥʩʪʨʫʢʮʽʷʭ ʧʦ ʨʽʟʥʦʤʫ 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʧʦʪʽʢ ʥʘʩʠʯʝʥʥʷ (ʚ ʅʉʄ 1994 ʡʦʛʦ ʟʥʘʯʝʥʥʷ ʚ ʩʝʨʝʜʥʴʦʤʫ ʥʘ 5 % 

ʚʠʱʝ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ CCG 1995) [60]. 

ʂʨʽʤ ʮʴʦʛʦ ʽʩʥʫʶʪʴ ʘʤʝʨʠʢʘʥʩʴʢʽ ʽʥʩʪʨʫʢʮʽʾ ʱʦʜʦ ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʧʫʩʢʥʦ ʾ

ʟʜʘʪʥʦʩʪʽ ʅʉʄ 2000 ʽ ʚʦʥʠ ʥʘʡʪʦʯʥʽʰʝ ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʫʯʘʩʥʽʡ ʤʝʪʦʜʠʮʽ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʽ ʦʮʽʥʢʠ ʨʝʛʫʣʴʦʚʘʥʠʭ ʧʝʨʝʭʨʝʩʪʴ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʡ ʚʠʟʥʘʯʝʥʥʷ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʪʨʠʤʦʢ [2, 58, 61, 62, 127,]. ʅʘʚʝʜʝʥʘ ʪʫʪ ʤʦʜʝʣʴ ʧʦʜʽʙʥʘ ʜʦ 

ʤʦʜʝʣʽ CCG 1995. ɺʽʜʤʽʥʥʽʩʪʴ ʩʪʘʥʦʚʣʷʪʴ: ʥʘʷʚʥʽʩʪʴ ʜʦʜʘʪʢʦʚʦʾ ʟʤʽʥʥʦʾ d3, 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʽʟʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʟʥʘʯʝʥʥʷ ʧʦʪʦʢʫ ʟʘʤʽʩʪʴ 

ʟʚʝʜʝʥʠʭ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʽʦʜʫ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʚ ʛʦʜʠʥʘʭ, ʘ ʥʝ ʚ ʭʚʠʣʠʥʘʭ [58]. 

ʂʦʝʬʽʮʽʻʥʪ ʧʨʦʛʨʝʩʽʾ PF  ʧʦʚʠʥʝʥ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʚʩʽʭ ʢʦʦʨʜʠʥʦʚʘʥʠʭ 

ʛʨʫʧ ʨʫʭʫ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʘʜʘʧʪʠʚʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ. ɺ ʧʝʨʰʫ ʯʝʨʛʫ ʮʝʡ 

ʢʦʝʬʽʮʽʻʥʪ ʚʧʣʠʚʘʻ ʥʘ ʟʥʘʯʝʥʥʷ ʩʪʘʥʜʘʨʪʥʦʾ ʟʘʪʨʠʤʢʠ, ʪʦʤʫ ʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʣʠʰʝ ʚ ʾʾ ʨʦʟʨʘʭʫʥʢʫ. ʇʦʧʨʘʚʦʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʜʣʷ ʜʦʜʘʪʢʦʚʦʾ ʟʘʪʨʠʤʢʠ k 

ʚʨʘʭʦʚʫʻ ʚʧʣʠʚ ʪʠʧʫ ʢʦʥʪʨʦʣʝʨʘ ʩʠʩʪʝʤʠ ʘʜʘʧʪʠʚʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʥʘ ʚʝʣʠʯʠʥʫ 

ʜʦʜʘʪʢʦʚʦʾ ʟʘʪʨʠʤʢʠ. ɼʣʷ ʞʦʨʩʪʢʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨ 0,5k= , ʱʦ ʧʦʚôʷʟʘʥʦ 
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ʟ ʧʨʦʮʝʩʦʤ ʥʘʢʦʧʠʯʝʥʥʷ ʯʝʨʛʠ ʟ ʚʠʧʘʜʢʦʚʠʤ ʧʨʠʙʫʪʪʷʤ ʊɿ ʽ ʧʦʩʪʽʡʥʠʤ ʯʘʩʦʤ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʂʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʚʽʜʜʘʣʝʥʽʩʪʴ ʧʦʧʝʨʝʜʥʴʦʛʦ ʧʝʨʝʭʨʝʩʪʷ 

I  ʜʣʷ ʜʦʜʘʪʢʦʚʦʾ ʟʘʪʨʠʤʢʠ ʚʨʘʭʦʚʫʻ ʝʬʝʢʪ çʬʽʣʴʪʨʘʮʽʾè ʊʇ, ʱʦ ʧʨʠʙʫʚʘʻ ʚʽʜ 

ʧʦʧʝʨʝʜʥʴʦʛʦ (ʧʦ ʥʘʧʨʷʤʢʫ ʨʫʭʫ) ʧʝʨʝʭʨʝʩʪʷ. ʋ ʚʠʧʘʜʢʫ ʽʟʦʣʴʦʚʘʥʦʛʦ ʧʝʨʝʭʨʝʩʪʷ 

ï 1,0I =  (ʟʘ ʫʤʦʚʠ, ʱʦ ʧʦʧʝʨʝʜʥʽʡ ʩʚʽʪʣʦʬʦʨ ʨʦʟʪʘʰʦʚʘʥʠʡ ʥʘ ʚʽʜʩʪʘʥʽ 1,6ʢʤ ʽ 

ʙʽʣʴʰʝ ʚʽʜ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ). ʋ ʨʘʟʽ, ʢʦʣʠ ʚʩʽ ʘʚʪʦʤʦʙʽʣʽ ʥʝ ʚʩʪʠʛʣʠ ʨʦʟôʾʭʘʪʠʩʷ ʟʘ 

ʯʘʩ ʛʦʨʽʥʥʷ ʟʝʣʝʥʦʛʦ ʩʠʛʥʘʣʫ, ʚʠʥʠʢʘʻ ʜʦʜʘʪʢʦʚʘ ʟʘʪʨʠʤʢʘ d3. ʊʦʤʫ ʱʦ, ʧʨʠ 

ʥʘʩʪʫʧʥʦʤʫ ʚʚʤ̔ʢʥʝʥʥʽ ʜʦʟʚʽʣʴʥʦʛʦ ʩʠʛʥʘʣʫ, ʥʝʦʙʭʽʜʥʠʡ ʧʝʚʥʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ 

ʜʣʷ ʨʦʟôʾʟʜʫ ʧʦʧʝʨʝʜʥʴʦʾ ʯʝʨʛʠ. ʋ ʚʠʧʘʜʢʫ ʚʽʜʩʫʪʥʦʩʪʽ ʧʦʯʘʪʢʦʚʦʾ ʯʝʨʛʠ ʟʥʘʯʝʥʥʷ 

ʜʦʜʘʪʢʦʚʦʾ ʟʘʪʨʠʤʢʠ ʜʦʨʽʚʥʶʻ ʥʫʣʶ [62, 127]. 

ʅʝʦʙʭʽʜʥʦ ʪʘʢʦʞ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʽʩʥʫʻ ʙʘʛʘʪʦ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʧʨʦʛʨʘʤ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʊʇ, ʷʢʽ ʜʘʶʪʴ ʟʤʦʛʫ ʦʪʨʠʤʘʪʠ 

ʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʽʭ ʟʘʪʨʠʤʦʢ ʊɿ ʧʝʨʝʜ ʧʝʨʝʭʨʝʩʪʷʤ ʟʘʣʝʞʥʦ ʚʽʜ ʚʭʽʜʥʠʭ 

ʧʦʯʘʪʢʦʚʠʭ ʜʘʥʠʭ. ʊʘʢ ʫ ʨʦʙʦʪʽ [58] ʟʜʽʡʩʥʝʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʟʥʘʯʝʥʴ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʪʨʠʤʦʢ, ʦʪʨʠʤʘʥʠʭ ʟ ʜʦʧʦʤʦʛʦʶ ʘʥʘʣʽʪʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʟʘ 

ɺʝʙʩʪʝʨʦʤ, ʅʉʄ 1994, CCG 1995, ʅʉʄ 2000 ʪʘ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʨʫʭʫ 

ʊʇ ʯʝʨʝʟ ʽʟʦʣʴʦʚʘʥʽ ʨʝʛʫʣʴʦʚʘʥʽ ʧʝʨʝʭʨʝʩʪʷ ʟ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ 

VISSIM, AIMSUN, SYNCHRO ʪʘ SIMTRAFFIC. 

ʇʦʯʘʪʢʦʚʽ ʜʘʥʽ, ʷʢʽ ʙʨʘʣʠʩʷ ʫ ʨʦʟʨʘʭʫʥʦʢ ʧʦ ʘʥʘʣʽʪʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʷʭ ʪʘ 

ʟʘʢʣʘʜʘʣʠʩʴ ʚ ʧʨʦʛʨʘʤʠ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʪʘʢʽ: ʢʽʣʴʢʽʩʪʴ ʩʤʫʛ ʨʫʭʫ ʥʘ 

ʧʝʨʝʭʨʝʩʪʽ ï 1ʭ1, ʧʦʪʽʢ ʥʘʩʠʯʝʥʥʷ ï 1800 ʟʚ. ʦʜ./ʛʦʜ, ʜʚʦʭʬʘʟʥʠʡ ʩʚʽʪʣʦʬʦʨʥʠʡ 

ʮʠʢʣ ( 30 2 30 2 64
ʮ ʟ ʞ ʯ ʞ
ʊ t t t t= + + + = + + + = ʩ), ʊʇ ʩʢʣʘʜʘʻʪʴʩʷ ʣʠʰʝ ʟ ʣʝʛʢʦʚʠʭ 

ʊɿ. ʋ ʨʦʙʦʪʽ [58] ʥʘʚʝʜʝʥʦ ʧʦʨʽʚʥʷʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʦʪʨʠʤʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʤʦʜʝʣʶʚʘʥʥʷ (ʪʘʙʣ. 1.1) ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʤʝʪʦʜʦʤ (ʪʘʙʣ. 1.2). 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʘʥʘʣʽʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʅʉʄ 2000, CCG 

1995 ʪʘ ʬʦʨʤʫʣʠ ɺʝʙʩʪʝʨʘ ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʧʨʠ ʤʘʣʦʥʘʩʠʯʝʥʦʤʫ ʊʇ 

ʟʘʪʨʠʤʢʠ ʤʘʶʪʴ ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ. ʅʘʧʨʠʢʣʘʜ, ʧʨʠ ʩʪʫʧʝʥʽ 

ʥʘʩʠʯʝʥʥʷ 0,2ʭ¢  ʨʦʟʢʠʜ ʟʥʘʯʝʥʴ ʥʝ ʧʝʨʝʚʠʱʫʻ 2,5 %, ʘ ʧʨʠ 0,4ʭ¢  ï ʥʝ ʙʽʣʴʰʝ 

6 %. ʈʘʟʦʤ ʟ ʪʠʤ, ʟʘʪʨʠʤʢʠ ʧʦ ʤʝʪʦʜʠʮʽ ʅʉʄ 1994 ʟʘʥʠʞʝʥʽ, ʦʩʦʙʣʠʚʦ ʧʨʠ 

ʩʪʫʧʝʥʽ ʥʘʩʠʯʝʥʥʷ 1,0ʭ² , ʘ ʬʦʨʤʫʣʘ ɺʝʙʩʪʝʨʘ ʚʟʘʛʘʣʽ ʧʝʨʝʩʪʘʻ ʧʨʘʮʶʚʘʪʠ. 
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ʊʘʙʣʠʮʷ 1.1 ï ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʨʦʟʨʘʭʫʥʢʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʪʨʠʤʦʢ ʟʘ 

ʧʨʦʛʨʘʤʘʤʠ ʤʽʢʨʦʤʦʜʝʣʶʚʘʥʥʷ 

ʇʨʦʛʨʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ 
ʉʪʫʧʽʥʴ ʥʘʩʠʯʝʥʥʷ ʥʘʧʨʷʤʢʫ ʨʫʭʫ ʭ 

0,1 0,2 0,3 0,4 0,5 0,6 0,7 

VISSIM 10,9 11,2 11,4 11,7 13,8 10,3 15,5 

AIMSUN 7,4 8,4 11,2 11,3 15,7 15,5 17,8 

SYNCHRO 10,0 10,8 11,8 12,9 14,4 16,3 18,9 

SIMTRAFFIC 9,6 8,6 11,1 12,1 13,1 15,2 18,9 

ʇʨʦʛʨʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ 
ʉʪʫʧʽʥʴ ʥʘʩʠʯʝʥʥʷ ʥʘʧʨʷʤʢʫ ʨʫʭʫ ʭ 

0,8 0,9 1,0 1,1 1,2 1,3 1,4 

VISSIM 14,2 14,8 17,7 20,9 28,4 52,9 86,8 

AIMSUN 16,7 19,7 25,7 30,5 102,2 165,2 199,0 

SYNCHRO 23,8 32,5 50,8 82,4 121,8 164,6 207,0 

SIMTRAFFIC 26,0 30,2 92,3 449,0 675,0 1046 1264 

 

ʊʘʙʣʠʮʷ 1.2 ï ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʨʦʟʨʘʭʫʥʢʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʪʨʠʤʦʢ ʟʘ 

ʘʥʘʣʽʪʠʯʥʠʤʠ ʤʦʜʝʣʷʤʠ 

ɸʥʘʣʽʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ 
ʉʪʫʧʽʥʴ ʥʘʩʠʯʝʥʥʷ ʥʘʧʨʷʤʢʫ ʨʫʭʫ ʭ 

0,1 0,2 0,3 0,4 0,5 0,6 0,7 

ɺʝʙʩʪʝʨ 9,7 10,4 11,3 12,5 13,8 15,7 18,4 

ʅʉʄ 1994 9,6 10,2 10,9 11,8 12,8 14,1 15,8 

CCG 1995 9,7 10,4 11,3 12,5 13,8 15,7 18,3 

ʅʉʄ 2000 7,2 7,6 8,0 8,6 9,3 10,4 12,0 

ɸʥʘʣʽʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ 
ʉʪʫʧʽʥʴ ʥʘʩʠʯʝʥʥʷ ʥʘʧʨʷʤʢʫ ʨʫʭʫ ʭ 

0,8 0,9 1,0 1,1 1,2 1,3 1,4 

ɺʝʙʩʪʝʨ 22,9 35,0 Ð - - - - 

ʅʉʄ 1994 18,6 24,4 48,6 121,0 200,0 294,0 379,0 

CCG 1995 22,6 32,0 61,5 128,0 206,0 299,0 383,0 

ʅʉʄ 2000 14,8 20,9 37,1 73,0 126,0 207,0 300,0 
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ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʧʨʦʛʨʘʤ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘʢʦʞ ʧʽʜʪʚʝʨʜʞʫʻ ʥʘʡʙʽʣʴʰʝ 

ʨʦʟʭʦʜʞʝʥʥʷ ʟʥʘʯʝʥʴ ʟʘʪʨʠʤʦʢ ʧʨʠ ʫʤʦʚʽ ʢʦʣʠ 1,0ʭ² , ʘ ʧʨʠ ʤʘʣʦʤʫ ʟʥʘʯʝʥʥʽ 

ʩʪʫʧʝʥʷ ʥʘʩʠʯʝʥʥʷ ʥʘʧʨʷʤʢʫ ʨʫʭʫ ʚʦʥʠ ʟʘʣʠʰʘʶʪʴʩʷ ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʠʤʠ. ʋ 

ʟʚôʷʟʢʫ ʟ ʮʠʤ ʥʝʦʙʭʽʜʥʦ ʙʫʣʦ [58] ʚʠʚʯʠʪʠ ʽ ʧʦʨʽʚʥʷʪʠ ʧʨʦʛʨʘʤʠ ʪʘ ʘʣʛʦʨʠʪʤʠ 

ʦʮʽʥʢʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʽʟʦʣʴʦʚʘʥʠʭ ʨʝʛʫʣʴʦʚʘʥʠʭ ʧʝʨʝʭʨʝʩʪʴ ʧʨʠ ʫʤʦʚʽ ʚʠʩʦʢʦʛʦ 

ʟʥʘʯʝʥʥʷ ʩʪʫʧʝʥʷ ʥʘʩʠʯʝʥʥʷ ʥʘʧʨʷʤʢʫ ʨʫʭʫ. 

 

1.2 ʄʝʪʦʜʠ ʪʘ ʤʦʜʝʣʽ ʨʦʟʨʘʭʫʥʢʫ ʧʦʪʦʢʫ ʥʘʩʠʯʝʥʥʷ 

 

ɺʠʟʥʘʯʘʣʴʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʧʽʜ ʯʘʩ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʘʥʘʣʽʟʫ ʨʦʙʦʪʠ 

ʨʝʛʫʣʴʦʚʘʥʦʛʦ ʧʝʨʝʭʨʝʩʪʷ ʻ ʧʦʪʽʢ ʥʘʩʠʯʝʥʥʷ ï ʮʝ ʤʘʢʩʠʤʘʣʴʥʠʡ ʧʦʪʽʢ ʊɿ ʟ ʯʝʨʛʠ 

ʙʝʟʢʽʥʝʯʥʦʾ ʜʦʚʞʠʥʠ ʧʝʨʝʜ ʩʪʦʧ-ʣʽʥʽʻʶ, ʷʢʽ ʨʫʰʘʶʪʴ ʥʘ ʜʦʟʚʽʣʴʥʠʡ ʩʠʛʥʘʣ 

ʩʚʽʪʣʦʬʦʨʘ ʽ ʧʨʦʾʞʜʞʘʶʪʴ ʧʝʨʝʭʨʝʩʪʷ ʫʧʨʦʜʦʚʞ ʮʴʦʛʦ ʩʠʛʥʘʣʫ. ɺʽʥ ʚʽʜʦʙʨʘʞʘʻ 

ʚʧʣʠʚ ʧʝʨʝʨʠʚʘʥʥʷ ʊʇ ʧʨʠ ʩʚʽʪʣʦʬʦʨʥʦʤʫ ʢʝʨʫʚʘʥʥʽ ʥʘ ʡʦʛʦ ʧʦʚʝʜʽʥʢʫ [107, 132]. 

ʅʘ ʩʴʦʛʦʜʥʽ ʽʩʥʫʻ ʥʠʟʢʘ ʬʦʨʤʫʣʶʚʘʥʴ ʧʦʥʷʪʪʷ ʧʦʪʦʢʫ ʥʘʩʠʯʝʥʥʷ [108], ʦʢʨʝʤʽ ʟ 

ʷʢʠʭ ʟʚʝʜʝʥʦ ʫ ʪʘʙʣ. 1.3. 

 

ʊʘʙʣʠʮʷ 1.3 ï ʌʦʨʤʫʣʶʚʘʥʥʷ ʧʦʥʷʪʪʷ çʧʦʪʽʢ ʥʘʩʠʯʝʥʥʷè ʟʘ ʨʽʟʥʠʤʠ 

ʘʚʪʦʨʘʤʠ 

ʌʦʨʤʫʣʶʚʘʥʥʷ ɸʚʪʦʨ (-ʠ) 
ʈʽʢ 

ʧʫʙʣʽʢʘʮʽʾ 
ʃʽʪʝʨʘʪʫʨʘ 

1 2 3 4 

ʋʩʪʘʣʝʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʨʫʭʫ ʊɿ ʯʝʨʝʟ ʩʪʦʧ-

ʣʽʥʽʶ ʽʟ ʯʝʨʛʠ ʟʥʘʯʥʦʾ ʜʦʚʞʠʥʠ 
ɺʝʙʩʪʝʨ 1966 [133] 

ʇʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʩʤʫʛʠ ʨʫʭʫ ʟʘ 

ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʨʫʭʫ ʟʽ ʰʚʠʜʢʽʩʪʶ 15 ʢʤ/ʛʦʜ 

ʃʘʥʮʙʝʨʛ, 

ʉʪʘʚʥʠʯʠʡ 

ʪʘ ʽʥʰʽ 

1980 [88] 

ʉʝʨʝʜʥʷ ʟʘ ʯʘʩ ʛʦʨʽʥʥʷ ʟʝʣʝʥʦʛʦ ʩʠʛʥʘʣʫ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʨʦʟôʾʟʜʫ ʊɿ ʯʝʨʝʟ ʩʪʦʧ-ʣʽʥʽʶ 

ʧʨʠ ʨʦʟʩʤʦʢʪʫʚʘʥʥʽ ʜʦʩʪʘʪʥʴʦ ʜʦʚʛʦʾ ʯʝʨʛʠ 

ɺʨʫʙʝʣʴ 1988 [19] 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣʠʮʽ 1.3 

1 2 3 4 

ʄʘʢʩʠʤʘʣʴʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʨʦʟôʾʟʜʫ ʯʝʨʛʠ 

ʧʨʠ ʧʦʚʥʽʩʪʶ ʥʘʩʠʯʝʥʽʡ ʬʘʟʽ 
ʂʨʝʤʝʥʝʮ 2005 [57] 

ɯʥʪʝʥʩʠʚʥʽʩʪʴ, ʟ ʷʢʦʶ ʊɿ, ʱʦ ʩʪʦʷʣʠ ʫ ʯʝʨʟʽ 

ʚʧʨʦʜʦʚʞ ʟʘʙʦʨʦʥʥʦʛʦ ʩʠʛʥʘʣʫ, 

ʧʝʨʝʪʠʥʘʶʪʴ ʩʪʦʧ-ʣʽʥʽʶ ʚʧʨʦʜʦʚʞ 

ʜʦʟʚʽʣʴʥʦʛʦ ʩʠʛʥʘʣʫ 

Teply, 

Allingham, 

Richardson, 

Stephenson 

2008 [132] 

 

ɼʣʷ ʥʘʛʣʷʜʥʦʛʦ ʨʦʟʫʤʽʥʥʷ ʧʦʥʷʪʪʷ ʇʅ, ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ɺʝʙʩʪʝʨʦʤ, 

ʨʦʟʛʣʷʥʝʤʦ ʛʨʘʬʽʢ ʨʦʟôʾʟʜʫ ʥʝʩʢʽʥʯʝʥʥʦʾ ʯʝʨʛʠ ʊɿ ʯʝʨʝʟ ʩʪʦʧ-ʣʽʥʽʶ ʧʽʩʣʷ 

ʫʚʽʤʢʥʝʥʥʷ ʟʝʣʝʥʦʛʦ ʩʠʛʥʘʣʫ ʩʚʽʪʣʦʬʦʨʘ (ʨʠʩ. 1.3) [32, 59, 62, 67, 101, 133]. 

 

ʏʘʩ, ʩ
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ʯʘʩ
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ʯʘʩ

ɯʥʪʝʥʩʠʚʥ̔ʩʪɹ , 

ʘʚʪ./ʩ

ʇʦʪ̔ʢ ʥʘʩʠʯʝʥʥ̫, S

tʞtʟ

tʧ t2t1

tʟ(ʝ)

 

ʈʠʩʫʥʦʢ 1.3 ï ɿʘʣʝʞʥʽʩʪʴ çʽʥʪʝʥʩʠʚʥʽʩʪʴ-ʯʘʩè ʜʣʷ ʧʽʜʭʦʜʫ ʜʦ ʨʝʛʫʣʴʦʚʘʥʦʛʦ 

ʧʝʨʝʭʨʝʩʪʷ ʫ ʨʦʙʦʪʘʭ ɺʝʙʩʪʝʨʘ 

 

ʗʢ ʚʠʜʥʦ ʟ ʛʨʘʬʽʢʘ, ʧʽʩʣʷ ʚʤʠʢʘʥʥʷ ʟʝʣʝʥʦʛʦ ʩʠʛʥʘʣʫ ʩʚʽʪʣʦʬʦʨʘ ʊɿ 

ʥʝʦʙʭʽʜʥʠʡ ʧʝʚʥʠʡ ʯʘʩ t1 ʜʣʷ ʪʦʛʦ, ʱʦʙ ʨʫʰʠʪʠ ʟ ʤʽʩʮʷ ʽ ʨʦʟʚʠʥʫʪʠ ʥʝʦʙʭʽʜʥʫ 

ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ. ɼʘʣʴʰʝ ʧʨʦʪʷʛʦʤ ʜʝʢʽʣʴʢʦʭ ʩʝʢʫʥʜ ʯʝʨʛʘ ʊɿ ʨʫʭʘʻʪʴʩʷ ʟ 

ʧʦʩʪʽʡʥʦʶ ʤʘʢʩʠʤʘʣʴʥʦʶ ʽʥʪʝʥʩʠʚʥʽʩʪʶ, ʷʢʫ ʧʨʠʡʥʷʪʦ ʚʚʘʞʘʪʠ ʧʦʪʦʢʦʤ 
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ʥʘʩʠʯʝʥʥʷ S [67]. ʇʽʜ ʯʘʩ ʫʚʽʤʢʥʝʥʥʷ ʞʦʚʪʦʛʦ ʩʠʛʥʘʣʫ ʜʝʢʦʪʨʽ ʚʦʜʽʾ ʧʨʠʡʤʘʶʪʴ 

ʨʽʰʝʥʥʷ ʟʫʧʠʥʠʪʠʩʷ ʚ ʪʦʡ ʯʘʩ ʢʦʣʠ ʽʥʰʽ ʧʨʦʜʦʚʞʫʶʪʴ ʨʫʭ. ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ 

ʤʦʞʥʘ ʟʘʤʽʥʠʪʠ ʜʽʡʩʥʫ ʪʨʠʚʘʣʽʩʪʴ ʟʝʣʝʥʦʛʦ tʟ ʪʘ ʞʦʚʪʦʛʦ ʩʠʛʥʘʣʽʚ tʞ ʥʘ 

çʝʬʝʢʪʠʚʥʫ ʪʨʠʚʘʣʽʩʪʴ ʟʝʣʝʥʦʛʦ ʩʠʛʥʘʣʫè tʟ(ʝ), ʧʨʦʪʷʛʦʤ ʷʢʦʾ ʟʜʽʡʩʥʶʻʪʴʩʷ ʨʫʭ ʊɿ 

ʟ ʽʥʪʝʥʩʠʚʥʽʩʪʶ, ʷʢʘ ʜʦʨʽʚʥʶʻ ʧʦʪʦʢʫ ʥʘʩʠʯʝʥʥʷ, ʽ ʥʘ çʚʪʨʘʯʝʥʠʡ ʯʘʩè, ʧʨʦʪʷʛʦʤ 

ʷʢʦʛʦ ʨʫʭ ʧʦʚʥʽʩʪʶ ʚʽʜʩʫʪʥʽʡ [59, 62]. 

ʅʘ ʩʴʦʛʦʜʥʽ ʽʩʥʫʻ ʙʘʛʘʪʦ ʤʝʪʦʜʠʢ ʨʦʟʨʘʭʫʥʢʫ ʧʦʪʦʢʫ ʥʘʩʠʯʝʥʥʷ. ʋ ʨʽʟʥʠʭ 

ʢʨʘʾʥʘʭ ʥʘʫʢʦʚʮʽ ʨʦʟʨʦʙʣʷʶʪʴ ʩʚʦʾ ʧʽʜʭʦʜʠ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʮʴʦʛʦ ʧʦʢʘʟʥʠʢʘ ʘʙʦ 

ʟʘʡʤʘʶʪʴʩʷ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʚʞʝ ʽʩʥʫʶʯʠʭ. ʅʘʡʪʦʯʥʽʰʝ ʇʅ ʤʦʞʥʘ ʚʠʤʽʨʷʪʠ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʦʙôʻʢʪʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʥʘ ʥʴʦʛʦ ʚʧʣʠʚʘʶʪʴ ʥʠʟʢʘ 

ʯʠʥʥʠʢʽʚ (ʛʝʦʤʝʪʨʠʯʥʦ-ʧʣʘʥʫʚʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʧʝʨʝʭʨʝʩʪʷ, ʫʤʦʚʠ ʨʫʭʫ, ʩʭʝʤʘ 

ʧʦʬʘʟʥʦʛʦ ʨʦʟôʾʟʜʫ ʪʦʱʦ). ʇʨʦʪʝ ʚʩʽ ʚʽʜʦʤʽ ʤʝʪʦʜʠʢʠ ʚʠʤʽʨʶʚʘʥʥʷ ʇʅ ʚʠʤʘʛʘʶʪʴ 

ʟʥʘʯʥʠʭ ʟʘʪʨʘʪ ʯʘʩʫ [57, 62, 127, 132]. ʊʦʤʫ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʯʠ ʚʜʦʩʢʦʥʘʣʝʥʥʽ 

ʨʝʞʠʤʫ ʨʝʛʫʣʶʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʟʥʘʯʝʥʥʷ ʽʜʝʘʣʴʥʦʛʦ ʇʅ ʪʘ ʢʦʝʬʽʮʽʻʥʪʠ 

ʢʦʨʠʛʫʚʘʥʥʷ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʤʽʩʮʝʚʽ ʫʤʦʚʠ. ɯʜʝʘʣʴʥʠʤ ʇʅ ʚʚʘʞʘʻʪʴʩʷ ʧʦʪʽʢ, ʷʢʠʡ 

ʽʩʥʫʻ ʟʘ ʪʘʢʠʭ ʫʤʦʚ: ʰʠʨʠʥʘ ʩʤʫʛʠ 3,6 ʤ, ʫʭʠʣ ʧʽʜʭʦʜʫ ʜʦ ʧʝʨʝʭʨʝʩʪʷ ï 0ă, ʩʫʭʝ 

ʧʦʢʨʠʪʪʷ, ʚʽʜʩʫʪʥʽʩʪʴ ʧʝʨʝʰʢʦʜ, ʱʦ ʩʪʚʦʨʶʶʪʴʩʷ ʚʫʣʠʯʥʠʤʠ ʩʪʦʷʥʢʘʤʠ, 

ʟʫʧʠʥʢʘʤʠ ʛʨʦʤʘʜʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ, ʚʽʜʩʫʪʥʽʩʪʴ ʢʦʥʬʣʽʢʪʫʶʯʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ, 

ʚʝʣʦʩʠʧʝʜʥʠʭ ʪʘ ʧʽʰʦʭʽʜʥʠʭ ʧʦʪʦʢʽʚ, ʚʽʜʩʫʪʥʽʩʪʴ ʫ ʧʦʪʦʮʽ ʚʘʥʪʘʞʥʠʭ ʊɿ ʪʘ 

ʘʚʪʦʙʫʩʽʚ [127, 132]. 

ʏʠʥʥʘ ʚʽʪʯʠʟʥʷʥʘ ʤʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ ʇʅ ʻ ʜʦʩʪʘʪʥʴʦ ʧʨʦʩʪʦʶ [28, 57, 67]. 

ɿʘ ʮʽʻʶ ʤʝʪʦʜʠʢʦʶ, ʙʘʟʦʚʝ ʟʥʘʯʝʥʥʷ ʇʅ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʰʠʨʠʥʠ ʇʏ 

ʟʘ ʬʦʨʤʫʣʦʶ: 

 

525 ʧʯS ɺ= ,                                                 (1.16) 

 

ʜʝ ɺʧʯ ï ʰʠʨʠʥʘ ʇʏ ʧʝʚʥʦʛʦ ʥʘʧʨʷʤʢʫ ʫ ʚʽʜʧʦʚʽʜʥʽʡ ʬʘʟʽ, ʤ. 

ʌʦʨʤʫʣʫ (1.16) ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʧʨʠ 5,4 18,0ʧʯʤ ɺ ʤ¢ ¢ . ʋ ʚʠʧʘʜʢʫ 

ʤʝʥʰʦʾ ʰʠʨʠʥʠ ʧʨʦʾʞʜʞʦʾ ʯʘʩʪʠʥʠ ʧʦʪʽʢ ʥʘʩʠʯʝʥʥʷ ʧʨʠʡʤʘʶʪʴ ʟʛʽʜʥʦ ʪʘʙʣ. 1.4 

[28, 57, 67]. 
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ʊʘʙʣʠʮʷ 1.4 ï ɿʥʘʯʝʥʥʷ ʧʦʪʦʢʫ ʥʘʩʠʯʝʥʥʷ ʟʘʣʝʞʥʦ ʚʽʜ ʰʠʨʠʥʠ ʇʏ 

ʐʠʨʠʥʘ ʧʨʦʾʞʜʞʦʾ ʯʘʩʪʠʥʠ, ʤ 3,00 3,50 3,75 4,20 4,80 5,10 

ʇʦʪʽʢ ʥʘʩʠʯʝʥʥʷ, ʘʚʪ./ʛʦʜ 1850 1920 1970 2075 2475 2700 

 

ʋ ʨʘʟʽ ʥʘʷʚʥʦʩʪʽ ʧʦʟʜʦʚʞʥʴʦʛʦ ʫʭʠʣʫ, ʨʘʜʽʫʩʽʚ ʟʘʦʢʨʫʛʣʝʥʴ ʪʘ ʨʦʟʧʦʜʽʣʫ ʊɿ ʟʘ 

ʥʘʧʨʷʤʢʘʤʠ ʨʫʭʫ ʇʅ ʢʦʨʠʛʫʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʠʤʠ ʧʦʧʨʘʚʦʯʥʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ. 

ɯʥʰʽ ʧʘʨʘʤʝʪʨʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʫʤʦʚʠ ʨʫʭʫ (ʥʘʷʚʥʽʩʪʴ ʧʽʰʦʭʦʜʽʚ, ʚʫʣʠʯʥʦʾ 

ʩʪʦʷʥʢʠ, ʫʤʦʚʠ ʦʩʚʽʪʣʝʥʥʷ, ʪʠʧ ʽ ʩʪʘʥ ʧʦʢʨʠʪʪʷ ʪʦʱʦ), ʚʨʘʭʦʚʫʶʪʴʩʷ ʦʜʥʠʤ 

ʜʦʜʘʪʢʦʚʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ [57]. 

ʂʘʥʘʜʩʴʢʘ ʤʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ ʇʅ ʧʝʨʝʜʙʘʯʘʻ ʚʠʟʥʘʯʝʥʥʷ ʾʾ ʙʘʟʦʚʦʛʦ 

ʟʥʘʯʝʥʥʷ ʦʢʨʝʤʦ ʜʣʷ ʢʦʞʥʦʾ ʤʽʩʮʝʚʦʩʪʽ (ʰʪʘʪʫ) [132]. ʅʘʚʝʜʝʥʽ ʦʨʽʻʥʪʦʚʥʽ 

ʟʥʘʯʝʥʥʷ ʢʦʣʠʚʘʶʪʴʩʷ ʚʽʜ 1665 ʘʚʪ./ʛʦʜ (ʌʨʝʜʝʨʽʢʪʦʥ) ʜʦ 2100 ʘʚʪ./ʛʦʜ (ʂʘʣʛʘʨʽ). 

ɼʣʷ ʧʝʨʝʭʨʝʩʪʷ, ʛʝʦʤʝʪʨʠʯʥʦ-ʧʣʘʥʫʚʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʷʢʦʛʦ ʥʝ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʽʜʝʘʣʴʥʠʤ, ʇʅ ʤʦʞʝ ʙʫʪʠ ʩʢʦʨʠʛʦʚʘʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʜʧʦʚʽʜʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ. 

ʂʦʝʬʽʮʽʻʥʪʠ ʢʦʨʠʛʫʚʘʥʥʷ ʚʽʜʦʙʨʘʞʘʶʪʴ ʚʧʣʠʚ ʛʝʦʤʝʪʨʠʯʥʦ-ʧʣʘʥʫʚʘʣʴʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʧʝʨʝʭʨʝʩʪʷ (ʰʠʨʠʥʠ ʩʤʫʛ ʨʫʭʫ, ʧʦʟʜʦʚʞʥʴʦʛʦ ʫʭʠʣʫ, ʨʘʜʽʫʩʫ 

ʧʦʚʦʨʦʪʫ, ʜʦʚʞʠʥʠ ʜʦʜʘʪʢʦʚʠʭ ʩʤʫʛ ʧʝʨʝʜ ʽ ʟʘ ʧʝʨʝʭʨʝʩʪʷʤ), ʫʤʦʚ ʨʫʭʫ (ʟʫʧʠʥʢʠ 

ʛʨʦʤʘʜʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ, ʚʫʣʠʯʥʽ ʩʪʦʷʥʢʠ, ʧʽʰʦʭʦʜʠ) ʪʘ ʧʘʨʘʤʝʪʨʽʚ ʨʝʛʫʣʶʚʘʥʥʷ 

(ʪʨʠʚʘʣʽʩʪʴ ʜʦʟʚʽʣʴʥʦʛʦ ʽʥʪʝʨʚʘʣʫ ʪʘ ʩʭʝʤʘ ʧʦʬʘʟʥʦʛʦ ʨʦʟôʾʟʜʫ). 

ʉʢʦʨʠʛʦʚʘʥʠʡ ʇʅ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʬʫʥʢʮʽ ʾʢʦʨʠʛʫʚʘʥʥʷ ʧʦʪʦʢʫ 

ʥʘʩʠʯʝʥʥʷ( )k
f F , ʘʨʛʫʤʝʥʪʘʤʠ ʷʢʦʾ ʻ ʚʽʜʧʦʚʽʜʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʢʦʨʠʛʫʚʘʥʥʷ [132]: 

 

( )0 k
S S f F= ,                                                  (1.17) 

 

ʜʝ 
0S  ï ʙʘʟʦʚʝ ʟʥʘʯʝʥʥʷ ʧʦʪʦʢʫ ʥʘʩʠʯʝʥʥʷ, ʦʜ/ʛʦʜ. 

ʂʨʽʤ ʧʝʨʝʣʽʯʝʥʠʭ ʯʠʥʥʠʢʽʚ, ʫ ʮʽʡ ʤʝʪʦʜʠʮʽ ʦʢʨʝʤʦ ʚʨʘʭʦʚʫʻʪʴʩʷ ʚʧʣʠʚ 

ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ, ʩʪʘʥʫ ʧʨʦʾʟʥʦʾ ʯʘʩʪʠʥʠ ʪʘ ʪʠʧʫ ʪʝʨʠʪʦʨʽʾ [132]. 

ɸʤʝʨʠʢʘʥʩʴʢʘ ʤʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ ʇʅ ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʦʥʷʪʪʷ ʽʜʝʘʣʴʥʦʛʦ 

ʧʦʪʦʢʫ ʥʘʩʠʯʝʥʥʷ, ʷʢʠʡ ʜʦʨʽʚʥʶ  ̒1900 ʘʚʪ./ʛʦʜ ʜʣʷ ʦʜʥʽʻʾ ʩʤʫʛʠ ʨʫʭʫ [32, 61, 62, 
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127]. ʌʘʢʪʠʯʥʠʡ ʇʅ, ʩʢʦʨʠʛʦʚʘʥʠʡ ʜʣʷ ʤʽʩʮʝʚʠʭ ʫʤʦʚ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʦʶ: 

 

0 w HV g p bb a LU LT RT Lpb Rpb
S S nf f f f f f f f f f f= ,                           (1.18) 

 

ʜʝ 
0S  ï ʽʜʝʘʣʴʥʠʡ ʧʦʪ̔ʢ ʥʘʩʠʯʝʥʥʷ, ʘʚʪ./ʛʦʜ; 

n ï ʢʽʣʴʢʽʩʪʴ ʩʤʫʛ ʨʫʭʫ, ʰʪ.; 

...
w Rpb

f f  ï ʢʦʝʬʽʮʽʻʥʪʠ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʚʽʜʧʦʚʽʜʥʦ: ʰʠʨʠʥʫ ʩʤʫʛʠ ʨʫʭʫ; ʩʢʣʘʜ 

ʧʦʪʦʢʫ; ʫʭʠʣ ʥʘ ʧʽʜʭʦʜʽ ʜʦ ʧʝʨʝʭʨʝʩʪʷ; ʧʘʨʢʫʚʘʥʥʷ; ʧʝʨʝʰʢʦʜʠ, ʱʦ 

ʩʪʚʦʨʶʶʪʴʩʷ ʟʫʧʠʥʢʘʤʠ ʛʨʦʤʘʜʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ; ʪʠʧ ʪʝʨʠʪʦʨʽʾ; 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʤʫʛ ʨʫʭʫ; ʣʽʚʽ ʪʘ ʧʨʘʚʽ ʧʦʚʦʨʦʪʠ; ʧʽʰʦʭʽʜʥʠʡ ʨʫʭ ʧʨʠ ʣʽʚʦʤʫ 

ʧʦʚʦʨʦʪʽ; ʧʽʰʦʭʽʜʥʠʡ ʪʘ ʚʝʣʦʩʠʧʝʜʥʠʡ ʨʫʭ ʧʨʠ ʧʨʘʚʦʤʫ ʧʦʚʦʨʦʪʽ. 

ʇʝʨʝʣʽʯʝʥʽ ʤʝʪʦʜʠʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʦʥʷʪʪʷ ʽʜʝʘʣʴʥʦʛʦ ʇʅ. ʇʨʠ ʮʴʦʤʫ 

ʡʦʛʦ ʟʥʘʯʝʥʥʷ ʻ ʚ ʤʝʞʘʭ 1700-2100 ʘʚʪ./ʛʦʜ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʯʘʩʦʚʠʤ ʽʥʪʝʨʚʘʣʘʤ 

ʤʽʞ ʊɿ 1,7-2,1 ʩ. ʅʘʷʚʥʽʩʪʴ ʪʘʢʠʭ ʽʥʪʝʨʚʘʣʽʚ ʟʘ ʤʘʢʩʠʤʘʣʴʥʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʨʫʭʫ 

ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʂʝʨʦʛʣʫ, ʂʘʣʫʞʩʴʢʦʛʦ ʪʘ ʃʦʙʘʥʦʚʘ [64, 77]. 

ɿʥʘʯʝʥʥʷ ʧʦʪʦʢʫ ʥʘʩʠʯʝʥʥʷ 1800-2560 ʘʚʪ./ʛʦʜ ʧʽʜʪʚʝʨʜʞʫʶʪʴʩʷ ʥʘʪʫʨʥʠʤʠ 

ʜʦʩʣʽʜʞʝʥʥʷʤʠ Akcelik ʪʘ Besley [120]. 

ʇʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ ʇʅ ʟʚʦʜʠʚʩʷ ʜʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʚʞʝ 

ʽʩʥʫʶʯʠʭ ʧʽʜʭʦʜʽʚ. ʊʘʢ, ʫ ʨʦʙʦʪʘʭ [28, 101, 117] ʥʘʫʢʦʚʮʽ ʟʘʡʤʘʣʠʩʷ ʜʦʩʣʽʜʞʝʥʥʷʤ 

ʚʧʣʠʚʫ ʨʘʜʽʫʩʘ ʧʦʚʦʨʦʪʫ ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ ʊɿ ʥʘ ʧʦʪʽʢ ʥʘʩʠʯʝʥʥʷ. ʈʝʟʫʣʴʪʘʪʠ ʮʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʩʚʽʜʯʘʪʴ, ʱʦ ʧʨʠ ʨʘʜʽʫʩʽ ʧʦʚʦʨʦʪʫ 40ʤ ʽ ʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ ʧʦʪʦʢʫ 

ʥʘʩʠʯʝʥʥʷ ʧʨʠʨʽʚʥʶʻʪʴʩʷ ʜʦ ʧʨʷʤʦʣʽʥʽʡʥʦʛʦ ʨʫʭʫ [117], ʘ ʧʨʠ ʯʘʩʪʮʽ ʧʦʚʦʨʦʪʥʠʭ 

ʧʦʪʦʢʽʚ ʥʘ ʧʝʨʝʭʨʝʩʪʽ 60-70% ʟʥʘʯʝʥʥʷ ʇʅ ʤʦʞʝ ʟʥʠʞʫʚʘʪʠʩʷ ʫ 1,5-2,0 ʨʘʟʠ [101]. 

ʋ ʨʦʙʦʪʽ [16] ʥʘʚʝʜʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʇʅ ʧʨʷʤʦʛʦ ʥʘʧʨʷʤʢʫ ʨʫʭʫ ʚʽʜ ʰʠʨʠʥʠ 

ʧʨʦʾʞʜʞʦʶ ʯʘʩʪʠʥʠ ʪʘ ʯʘʩʪʢʠ ʚʘʥʪʘʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʫ ʧʦʪʦʮʽ. ʈʦʟʨʦʙʣʝʥʘ 

ʤʦʜʝʣʴ ʜʦʟʚʦʣʷʻ ʥʘ 10 % ʫʪʦʯʥʠʪʠ ʨʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ ʇʅ ʧʦʨʽʚʥʷʥʦ ʟ 

ʢʣʘʩʠʯʥʦʶ ʤʝʪʦʜʠʢʦʶ. 
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ʋʢʨʘʾʥʩʴʢʽ ʚʯʝʥʽ ʚʨʘʭʫʚʫʶʪʴ ʩʢʣʘʜ ʊʇ [67] ʪʘ ʢʣʘʩ ʣʝʛʢʦʚʦʛʦ ʘʚʪʦʤʦʙʽʣʷ, 

ʷʢʠʡ ʧʝʨʝʚʘʞʘʻ ʚ ʥʴʦʤʫ [8], ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʇʅ. ʆʜʥʘʢ, ʪʘʢʝ ʧʨʠʧʫʱʝʥʥʷ ʻ ʥʝ 

ʟʦʚʩʽʤ ʧʨʘʚʠʣʴʥʠʤ, ʦʩʢʽʣʴʢʠ ʇʅ ʻ ʧʦʢʘʟʥʠʢʦʤ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻ ɺɼʄ, ʘ ʥʝ ʊʇ. 

ɹʽʣʴʰ ʚʘʛʦʤʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʨʦʙʦʪʠ [8] ʻ ʪʝ, ʱʦ ʚ ʥʽʡ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʨʘʭʦʚʫʚʘʪʠ 

ʡʤʦʚʽʨʥʽʩʪʴ ʧʦʷʚʠ ʧʝʚʥʦʛʦ ʚʠʜʫ ʊɿ ʫ ʊʇ. ɸʣʝ, ʥʘ ʥʘʰʫ ʜʫʤʢʫ, ʮʝ ʥʝʦʙʭʽʜʥʦ ʧʨʠ 

ʨʦʟʨʘʭʫʥʢʫ ʟʚʝʜʝʥʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ, ʘ ʥʝ ʟʥʘʯʝʥʥʷ ʇʅ. 

ʇʦʪʨʽʙʥʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʞʦʜʥʘ ʟ ʥʘʚʝʜʝʥʠʭ ʤʝʪʦʜʠʢ ʨʦʟʨʘʭʫʥʢʫ ʇʅ ʥʝ 

ʚʨʘʭʦʚʫʻ ʩʪʘʥ ʜʦʨʦʞʥʴʦʛʦ ʧʦʢʨʠʪʪʷ ʥʘ ʧʝʨʝʭʨʝʩʪʽ ʪʘ ʚ ʦʢʦʣʽ ʥʴʦʛʦ. ʇʨʦʪʝ, ʥʘ 

ʧʨʘʢʪʠʮʽ ʯʘʩʪʦ ʪʨʘʧʣʷʶʪʴʩʷ ʫʤʦʚʠ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʟʥʘʯʝʥʥʷ ʇʅ: ʟʯʝʧʣʝʥʥʷ 

ʰʠʥ ʊɿ ʟ ʜʦʨʦʛʦʶ, ʥʘʷʚʥʽʩʪʴ ʧʝʨʝʰʢʦʜ ʥʘ ʇʏ (ʥʝʨʽʚʥʦʩʪʽ, ʚʠʙʦʾʥʠ, ʪʨʘʤʚʘʡʥʽ 

ʨʝʡʢʠ ʪʦʱʦ), ʧʽʜʡʦʤʠ ʘʙʦ ʩʧʫʩʢʠ, ʙʝʟʢʦʥʬʣʽʢʪʥʽ ʘʙʦ ʢʦʥʬʣʽʢʪʥʽ ʧʦʚʦʨʦʪʠ. 

ʇʨʦ ʪʝ, ʱʦ ʮʽ ʯʠʥʥʠʢʠ ʧʦʪʨʽʙʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ ʦʧʪʠʤʽʟʘʮʽʾ ʪʨʠʚʘʣʦʩʪʽ 

ʩʚʽʪʣʦʬʦʨʥʠʭ ʮʠʢʣʽʚ ʩʚʽʜʯʠʪʴ ʥʘʷʚʥʽʩʪʴ ʥʘʫʢʦʚʠʭ ʧʫʙʣʽʢʘʮʽʡ, ʫ ʷʢʠʭ ʚʢʘʟʫʻʪʴʩʷ ʥʘ 

ʪʘʢʫ ʧʦʪʨʝʙʫ [19, 35]. ʋ ʨʦʙʦʪʽ [35] ʧʦʢʘʟʘʥʦ, ʱʦ ʧʽʜ ʯʘʩ ʧʝʨʝʪʠʥʫ ʪʨʘʤʚʘʡʥʠʭ 

ʢʦʣʽʡ ʥʘ ʧʝʨʝʭʨʝʩʪʽ ʟ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʠʤ ʧʦʢʨʠʪʪʷʤ ʫ ʥʝʟʘʜʦʚʽʣʴʥʦʤʫ ʩʪʘʥʽ ʚʦʜʽʾ 

ʟʥʠʞʫʶʪʴ ʰʚʠʜʢʽʩʪʴ ʜʦ 20-30 ʢʤ/ʛʦʜ. ʇʨʠ ʮʴʦʤʫ ʇʅ, ʧʦʨʽʚʥʷʥʦ ʟ ʧʝʨʝʭʨʝʩʪʷʤ ʟ 

ˇʫʤʦʚʦʢʦʨʜʦʚʠʤ ʧʦʢʨʠʪʪʷʤ ʪʨʘʤʚʘʡʥʦʛʦ ʧʝʨʝʾʟʜʫ, ʟʥʠʞʫʻʪʴʩʷ ʥʘ 15 %. ʋ 

ʨʦʟʨʦʙʣʝʥʽʡ ʤʦʜʝʣʽ ʧʨʦʾʟʜʫ ʨʝʛʫʣʴʦʚʘʥʦʛʦ ʧʝʨʝʭʨʝʩʪʷ ʚʨʘʭʦʚʫʻʪʴʩʷ ʪʘʢʦʞ 

ʩʪʨʫʢʪʫʨʘ ʊʇ ʪʘ ʘʚʪʦʤʦʙʽʣʽ ʨʽʟʥʠʭ ʪʠʧʽʚ (ʣʝʛʢʦʚʽ, ʚʘʥʪʘʞʥʽ, ʘʚʪʦʙʫʩʠ). ʄʦʜʝʣʴ 

ʧʦʙʫʜʦʚʘʥʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʝʨʡʦʟʥʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ ʪʘ ʢʣʽʪʠʥʢʦʚʠʭ 

ʘʚʪʦʤʘʪʽʚ, ʱʦ ʦʙʤʝʞʫʻ ʩʬʝʨʫ ʾʾ ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʪʫʞʥʦʾ 

ʢʦʤʧôʶʪʝʨʥʦʾ ʪʝʭʥʽʢʠ ʪʘ ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. 

ʅʘʫʢʦʚʮʽ ʟ ɹʽʣʦʨʫʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʢʦʥʢʨʝʪʥʽʰʝ 

ʨʦʟʛʣʷʜʘʶʪʴ ʚʧʣʠʚ ʨʽʚʥʦʩʪʽ ʇʏ ʥʘ ʟʥʘʯʝʥʥʷ ʇʅ [18-19]. ʋ ʤʝʪʦʜʠʢʫ ʨʦʟʨʘʭʫʥʢʫ 

ʦʩʪʘʪʥʴʦʛʦ, ʷʢʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʚʽʪʯʠʟʥʷʥʦʾ, ʚʦʥʠ ʚʥʝʩʣʠ ʢʦʝʬʽʮʽʻʥʪ ʫʤʦʚ ʨʫʭʫ 

Kʫʥ, ʱʦ ʻ ʜʦʙʫʪʢʦʤ ʪʨʴʦʭ ʯʘʩʪʢʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ: ʟʯʝʧʣʝʥʥʷ 

ʢʦʣʝʩʘ ʊɿ ʟ ʧʦʚʝʨʭʥʝʶ ʜʦʨʦʛʠ, Kʫʥ1; ʥʘʷʚʥʽʩʪʴ ʧʝʨʝʰʢʦʜ ʥʘ ʇʏ ï ʥʝʨʽʚʥʦʩʪʽ, 

ʚʠʙʦʾʥʠ, ʪʨʘʤʚʘʡʥʽ ʘʙʦ ʟʘʣʽʟʥʠʯʥʽ ʨʝʡʢʠ ʪʦʱʦ, Kʫʥ2; ʧʽʜʡʦʤʠ ʪʘ ʩʧʫʩʢʠ, Kʫʥ3. 

ɿʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ Kʫʥ2, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʥʝʨʽʚʥʦʩʪʽ ʥʘ ʇʏ, ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 1.5. 
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ʊʘʙʣʠʮʷ 1.5 ï ɿʥʘʯʝʥʥʷ ʯʘʩʪʢʦʚʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʫʤʦʚ ʨʫʭʫ Kʫʥ2, ʷʢʠʡ ʚʨʘʭʦʚʫʻ 

ʥʝʨʽʚʥʦʩʪʽ ʥʘ ʇʏ 

ʆʮʽʥʦʯʥʠʡ 

ʧʘʨʘʤʝʪʨ 
ʈʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ 

ʅʝʨʽʚʥʦʩʪʽ ʥʘ ʇʏ 

ʊʠʧ ʥʝʨʽʚʥʦʩʪʝʡ  h, ʤʤ 10-20 20-50 50-100 >100 

ʧʦʦʜʠʥʦʢʽ  Kʫʥ2 1,0 1,2 1,5 2,0 

ʪʘʢʽ, ʱʦ 

ʧʦʚʪʦʨʶʶʪʴʩʷ 
Kʫʥ2 1,05 1,3 1,6 2,1 

 

ʅʘʚʝʜʝʥʽ ʜʘʥʽ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʫ ʨʦʟʨʘʭʫʥʢʘʭ ʇʅ ʥʝʨʽʚʥʦʩʪʽ ʇʏ ʨʦʟʛʣʷʜʘʶʪʴʩʷ 

ʫ ʤʝʞʘʭ ʚʽʜ 10 ʜʦ ʙʽʣʴʰʝ ʥʽʞ 100 ʤʤ. ʗʢʱʦ ʚʦʥʠ ʧʦʦʜʠʥʦʢʽ, ʪʦ ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ 

ʚʨʘʭʦʚʫʻ ʮʽ ʥʝʨʽʚʥʦʩʪʽ ʤʦʞʝ ʥʘʙʫʚʘʪʠ ʟʥʘʯʝʥʴ 1,0-2,0; ʪʘʢʽ ʥʝʨʽʚʥʦʩʪʽ, ʱʦ 

ʧʦʚʪʦʨʶʶʪʴʩʷ ï ʟʥʘʯʝʥʥʷ ʮʴʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʣʝʞʠʪʴ ʚ ʤʝʞʘʭ ʚʽʜ 1,05 ʜʦ 2,1. 

 

1.3 ʄʦʜʝʣʽ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʟʚʝʜʝʥʥʷ ʥʘ ʨʝʛʫʣʴʦʚʘʥʠʭ 

ʧʝʨʝʭʨʝʩʪʷʭ 

 

ʑʝ ʦʜʥʠʤ, ʥʝ ʤʝʥʰ ʚʘʞʣʠʚʠʤ, ʧʦʢʘʟʥʠʢʦʤ, ʷʢʠʡ ʚʭʦʜʠʪʴ ʫ ʨʦʟʨʘʭʫʥʦʢ 

ʬʘʟʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ, ʘ ʦʪʞʝ ʽ ʪʨʠʚʘʣʦʩʪʽ ʟʝʣʝʥʦʛʦ ʩʠʛʥʘʣʫ ʜʣʷ ʧʝʚʥʦʛʦ ʥʘʧʨʷʤʢʫ 

ʻ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʨʫʭʫ. ɺ ʨʦʙʦʪʘʭ [19, 75] ʟʘʟʥʘʯʝʥʦ, ʱʦ ʚʦʥʘ ʻ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʤ 

ʧʦʢʘʟʥʠʢʦʤ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ, ʙʝʟ ʷʢʦʛʦ ʥʝ ʤʦʞʥʘ ʦʙʽʡʪʠʩʴ ʥʘ ʞʦʜʥʽʡ ʩʪʘʜʽʾ ʨʦʙʽʪ. 

ʇʽʜ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʨʫʭʫ ʨʦʟʫʤʽʶʪʴ ʢʽʣʴʢʽʩʪʴ ʊɿ, ʱʦ ʧʨʦʡʰʣʘ ʯʝʨʝʟ ʧʦʧʝʨʝʯʥʠʡ 

ʧʝʨʝʨʽʟ ʜʦʨʦʛʠ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ [3, 19, 52, 65, 68, 76, 81, 84, 116]. 

ʆʜʥʘʢ, ʫ ʩʢʣʘʜʽ ʊʇ ʨʫʭʘʶʪʴʩʷ ʊɿ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʨʦʟʤʽʨʽʚ ʽ ʪʦʤʫ ʚʦʥʠ ʙʫʜʫʪʴ 

ʧʦ ʽʥʘʢʰʦʤʫ ʚʧʣʠʚʘʪʠ ʥʘ ʽʥʰʠʭ ʫʯʘʩʥʠʢʽʚ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ. ʏʝʨʝʟ ʮʝ ʫ ʙʽʣʴʰʦʩʪʽ 

ʽʥʞʝʥʝʨʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʦʧʝʨʫʶʪʴ ʥʝ ʬʽʟʠʯʥʠʤ ʟʥʘʯʝʥʥʷʤ ʽʥʪʝʥʩʠʚʥʦʩʪʽ, ʘ 

ʟʚʝʜʝʥʠʤ ʜʦ ʫʤʦʚʥʦʛʦ ʣʝʛʢʦʚʦʛʦ ʘʚʪʦʤʦʙʽʣʷ (ʧʨʘʚʜʘ, ʥʝ ʚʽʜʦʤʦ, ʜʦ ʷʢʦʛʦ ï ʟ 

ʷʢʠʤʠ ʛʘʙʘʨʠʪʘʤʠ, ʦʙôʻʤʘʤʠ ʮʠʣʽʥʜʨʽʚ ʜʚʠʛʫʥʽʚ ʪʦʱʦ) ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʜʧʦʚʽʜʥʠʭ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʟʚʝʜʝʥʥʷ Kʟʚ. ʇʨʠʯʦʤʫ ʚ ʨʽʟʥʠʭ ʢʨʘʾʥʘʭ ʟʚʝʜʝʥʥʷ ʟʜʽʡʩʥʶʶʪʴ ʟʘ 

ʨʽʟʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ. ʊʘʢ ʫ ʉʐɸ ʚʝʩʴ ʊʇ ʜʽʣʷʪʴ ʥʘ ʜʚʽ ʢʘʪʝʛʦʨʽʾ ï ʣʝʛʢʦʚʽ ʪʘ 
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ʚʘʥʪʘʞʥʽ ʊɿ, ʚ ɸʚʩʪʨʘʣʽʾ ʦʜʠʥ ʽ ʪʦʡ ʩʘʤʠʡ ʚʘʥʪʘʞʥʠʡ ʊɿ ʤʦʞʝ ʤʘʪʠ ʪʨʠ 

ʢʦʝʬʽʮʽʻʥʪʠ ʟʚʝʜʝʥʥʷ (ʷʢʱʦ ʚʽʥ ʨʫʭʘʻʪʴʩʷ ʪʨʘʥʟʠʪʦʤ ï Kʟʚ=1,85, ʧʨʠ ʟʜʽʡʩʥʝʥʥʽ 

ʙʝʟʢʦʥʬʣʽʢʪʥʦʛʦ ʧʦʚʦʨʦʪʫ Kʟʚ=2,4 ʪʘ Kʟʚ=3,9 ï ʧʨʠ ʢʦʥʬʣʽʢʪʥʦʤʫ ʧʦʚʦʨʦʪʽ), ʫ 

ɺʝʣʠʢʦʙʨʠʪʘʥʽʾ ʚʘʥʪʘʞʥʽ ʊɿ ʤʘʣʦʾ ʚʘʥʪʘʞʥʦʩʪʽ ʧʨʠʨʽʚʥʶʶʪʴ ʜʦ ʣʝʛʢʦʚʠʭ 

(Kʟʚ=1,0), ʚʝʣʠʢʦʾ ï Kʟʚ=1,75, ʘʚʪʦʙʫʩʠ ï Kʟʚ=2,25 ʽ ʪʨʘʤʚʘʾ ï Kʟʚ=2,5 [19]. 

ʅʘ ʩʴʦʛʦʜʥʽ ʽʩʥʫʻ ʙʘʛʘʪʦ ʧʽʜʭʦʜʽʚ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʟʚʝʜʝʥʥʷ, ʩʝʨʝʜ 

ʷʢʠʭ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʪʘʢʽ: ʪʽ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ ʜʦʩʣʽʜʞʝʥʥʷʭ ʊʇ ʥʘ ʧʝʨʝʛʦʥʘʭ 

ʤʽʞ ʧʝʨʝʭʨʝʩʪʷʤʠ ʽ ʪʽ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ ʨʦʟʨʘʭʫʥʢʘʭ ʩʚʽʪʣʦʬʦʨʥʠʭ ʮʠʢʣʽʚ 

ʨʝʛʫʣʴʦʚʘʥʠʭ ʧʝʨʝʭʨʝʩʪʴ ʟ ʨʽʟʥʠʤʠ ʪʠʧʘʤʠ ʧʝʨʝʪʠʥʽʚ ʚʫʣʠʮʴ [62]. ʏʠʩʣʦʚʽ 

ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʟʚʝʜʝʥʥʷ ʧʨʠʡʥʷʪʽ ʚ ʋʢʨʘʾʥʽ ʥʘʚʦʜʷʪʴʩʷ ʫ ɼɹʅ 2.3-4-2007 

çɸʚʪʦʤʦʙʽʣʴʥʽ ʜʦʨʦʛʠè [4], ʘ ʜʣʷ ʪʨʦʣʝʡʙʫʩʽʚ ʫ ɼɹʅ ɺ. 2.3-5-2001 çɺʫʣʠʮʽ ʪʘ 

ʜʦʨʦʛʠ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚè [22]. ʎʽ ʥʦʨʤʘʪʠʚʥʽ ʘʢʪʠ ʥʝ ʧʝʨʝʜʙʘʯʘʶʪʴ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʟʚʝʜʝʥʥʷ ʜʣʷ ʨʽʟʥʠʭ ʫʤʦʚ ʨʫʭʫ, ʘ ʣʠʰʝ ʧʦʩʪʽʡʥʽ ʟʥʘʯʝʥʥʷ ʜʣʷ ʨʽʟʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʜʦʨʦʞʥʽʭ ʤʝʨʝʞ. ɺ ʾʭ ʦʩʥʦʚʽ ʣʝʞʠʪʴ ʚʽʜʥʦʰʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʛʘʙʘʨʠʪʽʚ ʊɿ ʧʨʠ 

ʨʫʩʽ ʥʘ ʧʨʦʛʦʥʘʭ. ɿʥʘʯʝʥʥʷ ʮʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʙʫʣʠ ʚʠʚʝʜʝʥʽ ʱʝ 30 ʨʦʢʽʚ ʪʦʤʫ ʽ 

ʪʦʤʫ ʥʝ ʤʦʞʫʪʴ ʘʜʝʢʚʘʪʥʦ ʚʽʜʦʙʨʘʞʘʪʠ ʨʝʘʣʽʾ ʩʫʯʘʩʥʠʭ ʫʤʦʚ ʨʫʭʫ. ɹʘʛʘʪʦ ʚʯʝʥʠʭ 

[19, 27, 31, 61, 62, 124] ʩʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʚʦʥʠ ʻ ʥʝʧʨʠʡʥʷʪʥʠʤʠ, ʢʦʣʠ ʽʜʝʪʴʩʷ ʧʨʦ 

ʨʦʟʨʘʭʫʥʦʢ ʧʘʨʘʤʝʪʨʽʚ ʩʚʽʪʣʦʬʦʨʥʦʾ ʩʠʛʥʘʣʽʟʘʮʽʾ. 

ʇʦʯʠʥʘʶʯʠ ʟ 60-ʭ ʨʦʢʽʚ ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ 

ʜʦʩʣʽʜʞʝʥʴ ʩʧʨʷʤʦʚʘʥʠʭ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʨʽʟʥʠʭ ʪʠʧʽʚ ʊɿ ʥʘ ʧʨʦʧʫʩʢʥʫ 

ʟʜʘʪʥʽʩʪʴ ʨʝʛʫʣʴʦʚʘʥʦʛʦ ʧʝʨʝʭʨʝʩʪʷ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ ʫ ʩʚʦʾʡ ʨʦʙʦʪʽ [133] ɺʝʙʩʪʝʨ 

ʦʮʽʥʶʚʘʚ ʢʦʝʬʽʮʽʻʥʪʠ ʟʚʝʜʝʥʥʷ (personal car equivalents) ʜʣʷ ʘʚʪʦʤʦʙʽʣʽʚ ʚʝʣʠʢʦʾ ʽ 

ʩʝʨʝʜʥʴʦʾ ʚʘʥʪʘʞʥʦʩʪʽ. ɿʘʛʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʟʚʝʜʝʥʥʷ ʚ ʡʦʛʦ 

ʨʦʟʨʘʭʫʥʢʘʭ ʙʫʣʦ 1,75 [1, 60, 62]. 

ʄʽʣʣʝʨ [129] ʦʪʨʠʤʘʚ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʟʚʝʜʝʥʥʷ ʜʣʷ ʪʠʭ ʩʘʤʠʭ ʪʠʧʽʚ 

ʘʚʪʦʤʦʙʽʣʽʚ ʨʽʚʥʝ 1,85. ʇʨʠ ʮʴʦʤʫ, ʡʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʙʘʟʫʚʘʣʠʩʷ ʥʘ ʚʠʟʥʘʯʝʥʥʽ 

ʜʦʜʘʪʢʦʚʦʛʦ ʯʘʩʫ, ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ ʊɿ ʜʘʥʦʛʦ ʪʠʧʫ, ʷʢʠʡ ʜʦʣʘʻ ʧʝʨʝʭʨʝʩʪʷ, 

ʧʦʨʽʚʥʷʥʦ ʟ ʣʝʛʢʦʚʠʤʠ ʘʚʪʦʤʦʙʽʣʷʤʠ [1, 60, 62]. 

ɹʨʝʥʩʪʦʥ ʚʠʟʥʘʯʠʚ ʚʝʣʠʯʠʥʫ ʢʦʝʬʽʮʽʻʥʪʘ ʟʚʝʜʝʥʥʷ ʜʣʷ ʚʘʥʪʘʞʥʠʭ 

ʘʚʪʦʤʦʙʽʣʽʚ ʷʢ 1,74 [121]. ʋ ʧ̔ʟʥʽʰʽʡ ʩʚʦʾʡ ʨʦʙʦʪʽ ɹʨʝʥʩʪʦʥ ʚʠʟʥʘʯʘʻ ʚʝʣʠʯʠʥʫ 
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ʢʦʝʬʽʮʽʻʥʪʽʚ ʟʚʝʜʝʥʥʷ ʤʝʪʦʜʦʤ ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ, ʜʦʩʣʽʜʞʫʶʯʠ ʨʫʭ ʊʇ ʣʠʰʝ 

ʧʨʷʤʦ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʥʴʦʛʦ ʢʦʝʬʽʮʽʻʥʪʠ ʟʚʝʜʝʥʥʷ ʜʦʨʽʚʥʶʶʪʴ 1,35 ʜʣʷ 

ʘʚʪʦʤʦʙʽʣʽʚ ʩʝʨʝʜʥʴʦʾ ʚʘʥʪʘʞʥʦʩʪʽ ʪʘ 1,68 ï ʚʝʣʠʢʦʾ [1, 60, 62]. 

ɺʦʜʥʦʯʘʩ ʜʦʩʣʽʜʥʠʢʠ ɺʨʫʙʝʣʴ ʖ.ɸ. (ʈʝʩʧʫʙʣʽʢʘ ɹʽʣʦʨʫʩʴ) [19] ʪʘ ʉʦʩʽʥ ʗ. 

(ʈʝʩʧʫʙʣʽʢʘ ʇʦʣʴʱʘ) [131], ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʘʙʩʦʣʶʪʥʦ ʨʽʟʥʽ ʪʝʦʨʝʪʠʯʥʽ 

ʧʝʨʝʜʫʤʦʚʠ ʪʘ ʤʝʪʦʜʠʢʠ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ, ʦʪʨʠʤʘʣʠ ʤʘʡʞʝ ʦʜʥʘʢʦʚʽ 

ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʟʚʝʜʝʥʥʷ [1, 60, 62], ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ɼɹʅʽʚʩʴʢʠʭ, 

ʟʦʢʨʝʤʘ ʱʦʜʦ ʤʦʪʦʮʠʢʣʽʚ ʪʘ ʚʘʥʪʘʞʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ (ʫ ʥʠʭ 0,6-1,6, ɼɹʅ 0,5-2,0), 

ʱʦʜʦ ʘʚʪʦʙʫʩʽʚ ï ʪʨʦʣʝʡʙʫʩʽʚ, ʚʽʜʧʦʚʽʜʥʦ ï 1,7-2,0 ʪʘ 3,0 (ʜʣʷ ʪʨʦʣʝʡʙʫʩʽʚ ʥʝ 

ʧʝʨʝʜʙʘʯʝʥʦ) [106]. 

ʈʦʟʛʣʷʥʝʤʦ ʜʦʢʣʘʜʥʽʰʝ ʤʦʜʝʣʽ ʨʦʟʨʘʭʫʥʢʫ ʢʦʝʬʽʮʽʻʥʪʽʚ ʟʚʝʜʝʥʥʷ, 

ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʉʦʩʽʥʠʤ ʗ. ʪʘ ɺʨʫʙʝʣʝʤ ʖ.ɸ. ʉʦʩʽʥ ʗ. [131] ʚʠʟʥʘʯʘʚ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʨʫʭʫ ʫ ʟʚʝʜʝʥʠʭ ʜʦ ʣʝʛʢʦʚʦʛʦ ʘʚʪʦʤʦʙʽʣʷ ʦʜʠʥʠʮʷʭ ʟʘ ʚʽʜʥʦʰʝʥʥʷʤ 

ʩʫʤʘʨʥʦʾ ʟʘʪʨʠʤʢʠ ʊʇ D ʜʦ ʩʝʨʝʜʥʴʦʾ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʟʘʪʨʠʤʢʠ ʧʦʪʦʢʫ, ʷʢʠʡ 

ʩʢʣʘʜʘʚʩʷ ʣʠʰʝ ʟ ʣʝʛʢʦʚʠʭ ʘʚʪʦʤʦʙʽʣʽʚ dʣʝʛ [31, 60]: 
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ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ (1.19) ʨʦʟʛʣʷʜʘʻʪʴʩʷ, ʷʢ ʣʽʥʽʡʥʘ ʬʫʥʢʮʽʷ [31, 60]: 
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ʜʝ ni ï ʢʽʣʴʢʽʩʪʴ ʊɿ -̔ʛʦ ʪʠʧʫ ʚ ʧʦʪʦʮʽ, ʰʪ.; 

Ki ï ʢʦʝʬʽʮʽʻʥʪ ʟʚʝʜʝʥʥʷ -̔ʛʦ ʪʠʧʫ ʊɿ ʜʦ ʣʝʛʢʦʚʦʛʦ ʘʚʪʦʤʦʙʽʣʷ (ʪʘʙʣ. 1.6). 

ɺʨʫʙʝʣʴ ʖ.ɸ. ʚʠʟʥʘʯʠʚ ʢʦʝʬʽʮʽʻʥʪʠ ʟʚʝʜʝʥʥʷ ʽʥʰʠʤ ʤʝʪʦʜʦʤ [19]. ɺʽʥ 

ʨʦʟʛʣʷʜʘʚ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʽʥʪʝʨʚʘʣʽʚ ʤʽʞ ʊɿ -̔ʛʦ ʪʠʧʫ ti ʧʨʠ ʨʦʟôʾʟʜʽ ʯʝʨʛʠ ʥʘ 

ʟʝʣʝʥʠʡ ʩʠʛʥʘʣ ʩʚʽʪʣʦʬʦʨʘ ʜʦ ʪʘʢʠʭ ʞʝ ʽʥʪʝʨʚʘʣʽʚ ʧʨʠ ʨʦʟôʾʟʜʽ ʯʝʨʛʠ, ʷʢʘ 

ʩʢʣʘʜʘʣʘʩʷ ʣʠʰʝ ʟ ʣʝʛʢʦʚʠʭ ʘʚʪʦʤʦʙʽʣʽʚ tʣʝʛ [19, 31, 51, 60]. 
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ʊʘʙʣʠʮʷ 1.6 ï ʂʦʝʬʽʮʽʻʥʪʠ ʟʚʝʜʝʥʥʷ ʜʦ ʣʝʛʢʦʚʦʛʦ ʘʚʪʦʤʦʙʽʣʷ 

ʊʠʧ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʟʘʩʦʙʫ 

ʂʦʝʬʽʮʽʻʥʪʠ ʟʚʝʜʝʥʥʷ ʜʦ ʣʝʛʢʦʚʦʛʦ ʘʚʪʦʤʦʙʽʣʷ 

ʟʘ ʜʘʥʠʤʠ ʨʽʟʥʠʭ ʘʚʪʦʨʽʚ 

ɺʝʙʩʪʝʨ ɹʨʝʥʩʪʦʥ ʉʦʩʽʥ ɺʨʫʙʝʣʴ 
ɼɹʅ ɺ.2.3-

4:2007 

ʄʦʪʦʮʠʢʣʠ 0,33 0,15 0,6 0,7 0,5-0,75 

ɺʘʥʪʘʞʥʽ ʊɿ 

ʚʘʥʪʘʞʥʽʩʪʶ: 
 

ʜʦ 2 ʪ - - - - 1,5 

ʚʽʜ 2 ʜʦ 6 ʪ 1,75 1,35 1,6 1,4 2 

ʙʽʣʴʰʝ 6 ʪ 1,75 1,68 - - 2,5-3,5 

ɸʚʪʦʧʦʾʟʜʠ - - 2,8 2,3 3,5-6,0 

ɸʚʪʦʙʫʩʠ 2,25 1,65 1,7 2,0 3,0 

ʊʨʦʣʝʡʙʫʩʠ - - - 2,0 - 

ɿʯʣʝʥʦʚʘʥʽ ʘʚʪʦʙʫʩʠ 

(ʪʨʦʣʝʡʙʫʩʠ) 
- - 2,8 2,6 - 

 

ɸʥʘʣʽʟʫʶʯʠ ʥʘʚʝʜʝʥʽ ʜʘʥʽ ʫ ʪʘʙʣ. 1.6, ʥʝʦʙʭʽʜʥʦ ʟʘʟʥʘʯʠʪʠ ʚʽʜʤʽʥʥʽʩʪʴ 

ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʽʚ ʟʚʝʜʝʥʥʷ, ʦʪʨʠʤʘʥʠʭ ʨʽʟʥʠʤʠ ʘʚʪʦʨʘʤʠ ʚʽʜ ɼɹʅ̔ʚʩʴʢʠʭ. ʎʝ 

ʱʝ ʨʘʟ ʟʘʩʚʽʜʯʫʻ ʧʦʪʨʝʙʫ ʫ ʚʠʢʦʨʠʩʪʘʥʥ ̔ʩʧʝʮʽʘʣʴʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʟʚʝʜʝʥʥʷ ʧʨʠ 

ʨʦʟʨʘʭʫʥʢʫ ʩʚʽʪʣʦʬʦʨʥʠʭ ʮʠʢʣʽʚ. 

ʉʫʯʘʩʥʽ ʥʘʫʢʦʚʮʽ ʧʨʦʧʦʥʫʶʪʴ ʩʚʦʾ, ʚʽʜʧʦʚʽʜʥʠʤ ʯʠʥʦʤ ʦʙˇʨʫʥʪʦʚʘʥʽ, 

ʢʦʝʬʽʮʽʻʥʪʠ ʟʚʝʜʝʥʥʷ, ʷʢʽ, ʥʘ ʾʭ ʜʫʤʢʫ, ʥʘʡʙʽʣʴʰ ʘʜʝʢʚʘʪʥʦ ʚʽʜʦʙʨʘʞʘʶʪʴ 

ʪʝʧʝʨʽʰʥʽ ʪʨʘʥʩʧʦʨʪʥʽ ʧʦʪʦʢʠ. ʇʨʦʪʝ ʚʦʥʠ ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʟʤʽʥ ʪʷʛʦʚʠʭ ʽ 

ʛʘʣʴʤʽʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʊɿ ʨʽʟʥʠʭ ʪʠʧʽʚ ʪʘ ʪʝʨʤʽʥʽʚ ʾʭ ʩʣʫʞʙʠ. 

ʉʧʨʦʙʫ ʚʨʘʭʫʚʘʪʠ ʪʝʭʥʽʢʦ-ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʊɿ ʫ ʚʠʟʥʘʯʝʥʽ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʟʚʝʜʝʥʥʷ ʜʦ ʣʝʛʢʦʚʦʛʦ ʘʚʪʦʤʦʙʽʣʷ ʥʘʚʝʜʝʥʦ ʫ [91], ʦʜʥʘʢ ʮʷ ʤʝʪʦʜʠʢʘ 

ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʧʨʦʛʦʥʽʚ ʜʦʨʽʛ, ʘ ʥʝ ʜʦ ʨʝʛʫʣʴʦʚʘʥʠʭ ʧʝʨʝʭʨʝʩʪʴ. 
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1.4 ʄʦʜʝʣʶʚʘʥʥʷ ʨʫʭʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʪʦʢʽʚ ʯʝʨʝʟ ʨʝʛʫʣʴʦʚʘʥʽ 

ʧʝʨʝʭʨʝʩʪʷ 

 

ɿʘʨʘʟ ʽʩʥʫʻ ʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘʜʟʚʠʯʘʡʥʦ ʙʘʛʘʪʦ ʤʝʪʦʜʽʚ ʤʦʜʝʣʶʚʘʥʥʷ 

ʨʫʭʫ ʊʇ. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʶ ʟʘʜʘʯ, ʷʢʽ ʨʦʟʚôʷʟʫʶʪʴʩʷ ʟ ʾʭ ʜʦʧʦʤʦʛʦʶ. 

ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʫ ʤʦʜʝʣʷʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʽ ʧʽʜʭʦʜʠ, ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ 

ʤʘʪʝʤʘʪʠʯʥʠʤ ʘʧʘʨʘʪʦʤ ʟʘʣʝʞʥʦ ʚʽʜ ʩʪʫʧʝʥʷ ʜʝʪʘʣʽʟʘʮʽʾ ʦʧʠʩʫ ʧʨʦʮʝʩʫ ʨʫʭʫ [39, 

53]. ʏʝʨʝʟ ʮʝ ʽ ʥʝʤʘʻ ʻʜʠʥʦʾ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʤʦʜʝʣʝʡ [92]. ʊʦʤʫ, ʨʽʟʥʽ ʚʯʝʥʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʣʘʩʥʠʡ ʧʦʜʽʣ [5, 15, 23, 29, 53, 

79, 92-94, 97, 118], ʷʢʠʡ ʜʣʷ ʢʦʥʢʨʝʪʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʻ ʥʘʡʙʽʣʴʰ ʧʨʠʡʥʷʪʥʠʤ. 

ɯʩʪʦʨʠʯʥʦ ʚ ʤʦʜʝʣʶʚʘʥʥʽ ʊʇ ʩʢʣʘʣʦʩʷ ʜʚʘ ʦʩʥʦʚʥʠʭ ʧʽʜʭʦʜʠ: ʜʝʪʝʨʤʽʥʦʚʘʥʠʡ 

ʪʘ ʡʤʦʚʽʨʥʽʩʥʠʡ (ʩʪʦʭʘʩʪʠʯʥʠʡ) [23, 92, 93]. ʋ ʜʝʪʝʨʤʽʥʦʚʘʥʠʭ ʤʦʜʝʣʷʭ 

ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʧʝʚʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʊʇ, ʘ ʚ 

ʩʪʦʭʘʩʪʠʯʥʠʭ ʚʨʘʭʦʚʫʶʪʴ ʡʦʛʦ ʚʠʧʘʜʢʦʚʠʡ ʭʘʨʘʢʪʝʨ [93]. 

ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʷʢʱʦ ʨʦʟʛʣʷʜʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʪʦʯʢʠ ʟʦʨʫ ʢʦʥʢʨʝʪʠʟʘʮʽʾ 

ʦʧʠʩʫ ʚʟʘʻʤʦʜʽʾ ʊɿ ʫ ʊʇ, ʪʦ ʚʠʜʽʣʷʶʪʴ ʪʨʠ ʢʣʘʩʠ ʤʦʜʝʣʝʡ [5, 39]. ʄʘʢʨʦʩʢʦʧʽʯʥʽ 

ʤʦʜʝʣʽ ʦʧʠʩʫʶʪʴ ʨʫʭ ʊɿ ʟʘ ʘʥʘʣʦʛʽʻʶ ʟ ʨʫʭʦʤ ʨʽʜʠʥʠ, ʪʦʤʫ ʽʥʢʦʣʠ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘʟʚʘ ʛʽʜʨʦʜʠʥʘʤʽʯʥʽ ʤʦʜʝʣʽ. ɰʭ ʧʝʨʝʚʘʛʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ 

ʚʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʩʠʩʪʝʤʦʶ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ. ʋ 

ʤʘʢʨʦʤʦʜʝʣʶʚʘʥʥʽ ʦʧʠʩʫʻʪʴʩʷ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʽʥʪʝʥʩʠʚʥʽʩʪʶ, ʰʚʠʜʢʽʩʪʶ ʽ 

ʱʽʣʴʥʽʩʪʶ. ʋ ʤʽʢʨʦʩʢʦʧʽʯʥʠʭ ʤʦʜʝʣʷʭ ʜʦʢʣʘʜʥʦ ʦʧʠʩʫʻʪʴʩʷ ʧʦʚʝʜʽʥʢʘ ʪʘ 

ʚʟʘʻʤʦʜʽʷ ʤʽʞ ʘʚʪʦʤʦʙʽʣʷʤʠ, ʟ ʷʢʠʭ ʩʢʣʘʜʘʻʪʴʩʷ ʊʇ [5, 14, 39, 77, 92, 93, 118]. 

ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʨʝʘʣʴʥʽʰʠʡ ʦʧʠʩ ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʽʚ, ʦʜʥʘʢ ʜʣʷ ʾʭ 

ʨʦʟʨʘʭʫʥʢʫ ʧʦʪʨʽʙʥʘ ʧʦʪʫʞʥʘ ʢʦʤʧôʶʪʝʨʥʘ ʪʝʭʥʽʢʘ [39, 92, 118]. ɼʦ 

ʤʽʢʨʦʩʢʦʧʽʯʥʠʭ ʪʘʢʦʞ ʚʽʜʥʦʩʷʪʴʩʷ ʤʦʜʝʣʽ, ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʢʣʽʪʠʥʢʦʚʠʭ ʘʚʪʦʤʘʪʘʭ 

[5]. ʇʨʦʤʽʞʥʠʤ ʨʽʚʥʝʤ ʤʽʞ ʤʘʢʨʦʩʢʦʧʽʯʥʠʤʠ ʪʘ ʤʽʢʨʦʩʢʦʧʽʯʥʠʤʠ ʤʦʜʝʣʷʤʠ ʻ 

ʤʝʟʦʩʢʦʧʽʯʥʽ (ʢʽʥʝʪʠʯʥʽ). ɺ ʥʠʭ ʦʧʠʩʫʶʪʴʩʷ ʦʢʨʝʤʽ ʊɿ, ʘʣʝ ʙʝʟ ʚʟʘʻʤʦʜʽʾ ʤʽʞ 

ʥʠʤʠ. ɰʭ ʟʘʩʪʦʩʦʚʫʶʪʴ ʪʦʜʽ, ʢʦʣʠ ʧʦʪʨʽʙʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʤʽʢʨʦʤʦʜʝʣʶʚʘʥʥʷ, ʘʣʝ 

ʥʝʤʦʞʣʠʚʦ ʜʣʷ ʟʥʘʯʥʠʭ ʨʦʟʤʽʨʽʚ ʪʨʘʥʩʧʦʨʪʥʦʾ ʤʝʨʝʞʽ [5, 39]. 
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ʆʯʝʚʠʜʥʦ, ʱʦ ʤʦʜʝʣʽ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʦʧʠʩʫ ʧʨʦʮʝʩʫ ʨʫʭʫ ʊɿ ʯʝʨʝʟ 

ʨʝʛʫʣʴʦʚʘʥʽ ʧʝʨʝʭʨʝʩʪʷ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʤʽʢʨʦʩʢʦʧʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ɼʦ ʚʽʜʦʤʠʭ 

ʤʦʜʝʣʝʡ ʪʘʢʦʛʦ ʪʠʧʫ ʚʽʜʥʦʩʷʪʴʩʷ: ʤʦʜʝʣʴ ʩʣʽʜʫʚʘʥʥʷ ʟʘ ʣʽʜʝʨʦʤ [5, 14, 92, 118]; 

ʤʦʜʝʣʴ ʦʧʪʠʤʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ [5]; ʤʦʜʝʣʴ ʨʦʟʫʤʥʦʛʦ ʚʦʜʽʷ [5, 6]; ʢʣʽʪʠʥʢʦʚʽ 

ʘʚʪʦʤʘʪʠ [5, 78, 92]. 

ʊʽʤʦʬʝʻʚʘ ʽ ɿʘʚʘʣʽʱʠʥ ʨʦʟʛʣʷʜʘʶʪʴ ʧʝʨʝʭʨʝʩʪʷ ʟ ʨʫʭʦʤ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ 

ʚ ʦʜʠʥ ʙʽʢ, ʷʢ ʦʜʥʦʢʘʥʘʣʴʥʫ ʤʦʜʝʣʴ ʩʠʩʪʝʤ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟ 

ʦʙʤʝʞʝʥʦʶ ʯʝʨʛʦʶ [99]. ʅʘ ʦʩʥʦʚʽ ʪʝʦʨʽʾ ʣʘʥʮʶʛʽʚ ʄʘʨʢʦʚʘ ʩʢʣʘʜʘʶʪʴʩʷ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʨʽʚʥʷʥʥʷ ʂʦʣʤʦʛʦʨʦʚʘ, ʷʢʽ ʨʦʟʚôʷʟʫʶʪʴʩʷ ʟ ʜʦʧʦʤʦʛʦʶ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ MathCad. ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʡʤʦʚʽʨʥʦʩʪʽ 

ʩʪʘʥʽʚ ʩʠʩʪʝʤʠ ʪʘ ʩʝʨʝʜʥʷ ʜʦʚʞʠʥʘ ʯʝʨʛʠ ʧʝʨʝʜ ʧʝʨʝʭʨʝʩʪʷʤ ʤʦʞʫʪʴ ʦʧʠʩʫʚʘʪʠʩʷ 

ʧʝʨʽʦʜʠʯʥʠʤʠ ʬʫʥʢʮʽʷʤʠ. ɿʦʢʨʝʤʘ, ʩʝʨʝʜʥʷ ʜʦʚʞʠʥʘ ʯʝʨʛʠ ʊɿ ʧʝʨʝʜ ʧʝʨʝʭʨʝʩʪʷʤ 

ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʧʝʨʽʦʜʠʯʥʦʾ ʬʫʥʢʮʽʾ ʽ ʩʪʘʙʽʣʽʟʫʻʪʴʩʷ, ʢʦʣʠ ʯʝʨʛʘ 3-8 ʘʚʪʦʤʦʙʽʣʽʚ. 

ʋ ʮʽʡ ʞʝ ʩʪʘʪʪʽ ʚʢʘʟʫʻʪʴʩʷ ʧʨʦ ʥʝʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʘʥʘʣʽʪʠʯʥʠʤ ʤʝʪʦʜʦʤ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʧʝʨʝʭʨʝʩʪʷ.  

ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʚʠʟʥʘʯʝʥʦ ʢʨʠʪʝʨʽʾ ʨʦʙʦʪʠ ʧʝʨʝʭʨʝʩʪʷ: 

- ʩʝʨʝʜʥʷ ʜʦʚʞʠʥʘ ʯʝʨʛʠ ʧʝʨʝʜ ʚʢʣʶʯʝʥʥʷʤ ʟʝʣʝʥʦʛʦ ʩʠʛʥʘʣʫ; 

- ʡʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʥʘ ʧʦʯʘʪʦʢ ʟʘʙʦʨʦʥʥʦʛʦ ʩʠʛʥʘʣʫ ʥʘ ʧʝʨʝʭʨʝʩʪʽ ʥʝʤʘʻ 

ʊɿ; 

- ʡʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʜʦʚʞʠʥʘ ʯʝʨʛʠ ʧʝʨʝʜ ʚʢʣʶʯʝʥʥʷʤ ʟʝʣʝʥʦʛʦ ʩʠʛʥʘʣʫ 

ʙʫʜʝ ʙʽʣʴʰʦʶ ʚʽʜ ʥʘʧʝʨʝʜ ʟʘʜʘʥʦʛʦ ʟʥʘʯʝʥʥʷ. 

ʈʦʙʦʪʫ ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʜʦʩʣʽʜʞʫʚʘʣʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʘʣʝʞʥʦʩʪʽ ʧʦʢʘʟʥʠʢʽʚ ʾʾ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚʽʜ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʭʽʜʥʦʛʦ ʧʦʪʦʢʫ ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʨʦʾʟʜʫ 

ʧʝʨʝʭʨʝʩʪʷ. 

ʂʨʽʤ ʦʜʥʦʩʤʫʛʦʚʦʛʦ ʨʫʭʫ, ʨʦʟʛʣʷʜʘʣʘʩʴ ʉʄʆ ʜʣʷ ʧʨʦʾʟʜʫ ʧʝʨʝʭʨʝʩʪʷ ʟ ʜʚʦʭ 

ʩʤʫʛ [99]. ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʩʪʘʥʦʚʣʝʥʘ ʟʘʣʝʞʥʽʩʪʴ ʪʨʠʚʘʣʦʩʪʽ ʧʨʦʾʟʜʫ ʧʝʨʝʭʨʝʩʪʷ ʚʽʜ 

ʤʦʤʝʥʪʫ ʯʘʩʫ, ʢʦʣʠ ʚʢʣʶʯʝʥʠʡ ʟʝʣʝʥʠʡ ʩʠʛʥʘʣ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʜʦʩʪʘʪʥʴʦ 

ʛʣʠʙʦʢʠʡ ʘʥʘʣʽʟ ʽ ʘʜʝʢʚʘʪʥʝ ʧʦʜʘʥʥʷ ʨʦʙʦʪʠ ʧʝʨʝʭʨʝʩʪʷ, ʦʧʪʠʤʘʣʴʥʠʭ ʨʝʞʠʤʽʚ 

ʡʦʛʦ ʨʦʙʦʪʠ ʪʘ ʟʘʪʨʠʤʦʢ ʊɿ ʚ ʯʝʨʟʽ ʧʝʨʝʜ ʧʝʨʝʭʨʝʩʪʷʤ, ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ 
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ʨʘʮʽʦʥʘʣʴʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʤʽʞ ʪʨʠʚʘʣʽʩʪʶ ʦʢʨʝʤʠʭ ʩʠʛʥʘʣʽʚ ʩʚʽʪʣʦʬʦʨʥʦʛʦ 

ʮʠʢʣʫ ʥʝ ʥʘʚʝʜʝʥʦ. 

ʋ ʧʽʟʥʽʰʽʡ ʩʪʘʪʪʽ [43] ʮʽ ʞ ʘʚʪʦʨʠ ʨʦʟʛʣʷʜʘʶʪʴ ʨʦʙʦʪʫ ʧʝʨʝʭʨʝʩʪʷ, ʷʢ ʉʄʆ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʨʫʭʫ ʊɿ ʟʘ ʨʽʟʥʠʤʠ ʥʘʧʨʷʤʢʘʤʠ. ɺʩʪʘʥʦʚʣʝʥʽ ʟʘʣʝʞʥʦʩʪʽ ʩʝʨʝʜʥʴʦʾ 

ʢʽʣʴʢʦʩʪʽ ʊɿ, ʷʢʽ ʩʪʦʷʪʴ ʜʣʷ ʨʫʭʫ ʟʘ ʨʽʟʥʠʤʠ ʥʘʧʨʷʤʘʤʠ. ʉʪʘʮʽʦʥʘʨʥʠʡ ʨʝʞʠʤ 

ʨʦʙʦʪʠ ʧʝʨʝʭʨʝʩʪʷ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʤʝʞ ʡʦʛʦ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʘʪʨʠʯʥʝ ʦʙʯʠʩʣʝʥʥʷ ʚʝʢʪʦʨ-

ʬʫʥʢʮʽʡ. ɿʘ ʢʨʠʪʝʨʽʡ ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʩʫʤʘʨʥʘ ʩʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ ʊɿ, 

ʷʢʽ ʦʯʽʢʫʶʪʴ ʧʨʦʾʟʜʫ ʧʝʨʝʭʨʝʩʪʷ. 

ʂʨʽʤ ʮʴʦʛʦ, ʦʢʨʝʤʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʩʠʪʫʘʮʽʷ, ʢʦʣʠ ʫ ʤʦʤʝʥʪ ʚʢʣʶʯʝʥʥʷ 

ʟʝʣʝʥʦʛʦ ʩʠʛʥʘʣʫ ʪʨʠʚʘʣʽʩʪʴ ʧʨʦʾʟʜʫ ʧʝʨʝʭʨʝʩʪʷ ʥʝ ʻ ʧʦʩʪʽʡʥʦʶ ʽ ʟʤʝʥʰʫʻʪʴʩʷ ʚ 

ʤʽʨʫ ʟʙʽʣʴʰʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʚʽʜ ʤʦʤʝʥʪʫ ʚʢʣʶʯʝʥʥʷ ʮʴʦʛʦ ʩʠʛʥʘʣʫ (ʚʽʜʧʦʚʽʜʘʻ 

ʜʽʡʩʥʦʩʪʽ ʫ ʟʚôʷʟʢʫ ʟ ʨʦʩʪʦʤ ʰʚʠʜʢʦʩʪʽ ʊɿ, ʷʢʽ ʧʽʜôʾʞʜʞʘʶʪʴ ʜʦ ʩʪʦʧ-ʣʽʥʽʾ). 

ɿʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ ʧʨʦ ʪʝ, ʱʦ ʟʘʣʝʞʥʽʩʪʴ ʩʝʨʝʜʥʴʦʾ ʪʨʠʚʘʣʦʩʪʽ ʧʨʦʾʟʜʫ ʧʝʨʝʭʨʝʩʪʷ 

ʚʽʜ ʪʨʠʚʘʣʦʩʪʽ ʟʝʣʝʥʦʛʦ ʩʠʛʥʘʣʫ ʘʧʨʦʢʩʠʤʫʻʪʴʩʷ ʬʫʥʢʮʽʻʶ () ktt a beq -= + . ʅʘ 

ʧʽʜʩʪʘʚʽ ʮʴʦʛʦ ʟʥʘʡʜʝʥʽ ʦʧʪʠʤʘʣʴʥʽ ʪʨʠʚʘʣʦʩʪʽ ʩʚʽʪʣʦʬʦʨʥʦʛʦ ʮʠʢʣʫ ʟʘʣʝʞʥʦ ʚʽʜ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʜʭʦʜʞʝʥʥʷ ʊɿ ʜʦ ʧʝʨʝʭʨʝʩʪʷ: ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʭʽʜʥʠʭ ʧʦʪʦʢʽʚ 

(ʘʚʪ./ʩ) l ï 0,2; 0,25; 0,3; 0,35. ɺʽʜʧʦʚʽʜʥʦ ʜʣʷ ʥʠʭ ʦʧʪʠʤʘʣʴʥʘ ʪʨʠʚʘʣʽʩʪʴ ʮʠʢʣʫ 

(ʩ) ʮT  ï 46; 68; 86; 104. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʢʦʥʢʨʝʪʥʽ çʦʧʪʠʤʘʣʴʥʽè ʨʝʟʫʣʴʪʘʪʠ ʦʪʨʠʤʘʥʽ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʛʣʠʙʣʝʥʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ ʪʝʦʨʽʾ ʉʄʆ, ʘʚʪʦʨʠ ʥʝ 

ʨʦʟʛʣʷʜʘʶʪʴ ʩʪʘʨʪʦʚʠʭ ʟʘʪʨʠʤʦʢ ʜʣʷ ʨʽʟʥʠʭ ʚʠʜʽʚ ʊɿ (ʚʘʥʪʘʞʥʽ, ʣʝʛʢʦʚʽ, 

ʘʚʪʦʙʫʩʠ), ʚʘʨʽʘʮʽʾ ʰʚʠʜʢʦʩʪʝʡ ʧʨʦʾʟʜʫ ʧʝʨʝʭʨʝʩʪʷ ʥʠʤʠ, ʟʘʣʝʞʥʦ ʚʽʜ ʾʭ ʪʷʛʦʚʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʧʦʚôʷʟʘʥʽ ʟ ʨʽʟʥʠʤʠ ʪʝʭʥʽʯʥʠʤʠ ʩʪʘʥʘʤʠ ʊɿ), ʘ ʪʘʢʦʞ ʟ ʨʽʟʥʠʤʠ 

ʪʠʧʘʤʠ ʽ ʪʝʭʥʽʯʥʠʤ ʩʪʘʥʦʤ ʜʦʨʦʞʥʽʭ ʧʦʢʨʠʪʴ. ʂʨʽʤ ʮʴʦʛʦ, ʥʝ ʨʦʟʛʣʷʜʘʻʪʴʩʷ 

ʪʨʠʚʘʣʽʩʪʴ ʧʨʦʩʪʦʶ ʚ ʯʝʨʟʽ ʧʝʨʝʜ ʧʝʨʝʭʨʝʩʪʷʤ. ɺʨʘʭʫʚʘʥʥʷ ʫʩʴʦʛʦ ʧʝʨʝʣʽʯʝʥʦʛʦ 

ʙʝʟʫʤʦʚʥʦ ʤʘʪʠʤʝ ʚʧʣʠʚ ʥʘ ʨʝʟʫʣʴʪʘʪʠ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʾʟʜʫ ʧʝʨʝʭʨʝʩʪʷ ʪʘ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʪʨʠʚʘʣʦʩʪʝʡ ʩʚʽʪʣʦʬʦʨʥʠʭ ʮʠʢʣʽʚ. 
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ʑʝ ʦʜʥʠʤ ʦʨʠʛʽʥʘʣʴʥʠʤ ʧʽʜʭʦʜʦʤ ʚ ʤʦʜʝʣʶʚʘʥʥʽ ʧʨʦʾʟʜʫ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʧʦʪʦʢʫ ʯʝʨʝʟ ʧʝʨʝʭʨʝʩʪʷ ʻ ʪʘʢʠʡ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻ ʩʪʦʭʘʩʪʠʯʥʽ ʪʨʘʥʩʧʦʨʪʥʽ 

ʢʣʽʪʠʥʢʦʚʽ ʘʚʪʦʤʘʪʠ [35]. ɺʽʥ ʚʨʘʭʦʚʫʻ ʩʪʘʥ ʜʦʨʦʞʥʴʦʛʦ ʧʦʢʨʠʪʪʷ ʪʘ ʣʦʢʘʣʴʥʽ 

ʰʚʠʜʢʽʩʥʽ ʦʙʤʝʞʝʥʥʷ, ʷʢ ʫ ʟʚôʷʟʢʫ ʟ ʥʝʨʽʚʥʦʩʪʷʤʠ ʧʦʢʨʠʪʴ, ʪʘʢ ʽ ʦʙʤʝʞʝʥʥʷʤʠ 

ʟʥʘʢʘʤʠ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ. ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʙʘʛʘʪʦʩʤʫʛʦʚʠʡ ʨʫʭ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

çʧʨʘʚʠʣʘ ʧʦʚʽʣʴʥʦʛʦ ʩʪʘʨʪʫ ʽ ʧʨʦʩʪʦʨʦʚʦʛʦ ʚʠʧʝʨʝʜʞʝʥʥʷè. ʈʝʞʠʤ ʧʨʠʩʢʦʨʝʥʥʷ, 

ʛʘʣʴʤʫʚʘʥʥʷ, ʧʝʨʝʚʠʱʝʥʥʷ ʰʚʠʜʢʦʩʪʽ, ʚʠʧʘʜʢʦʚʽ ʚʧʣʠʚʠ, ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ 

ʚʠʧʘʜʢʦʚʽ ʧʨʦʮʝʩʠ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʤʝʞʘʤʠ ʟʥʘʯʝʥʴ ʾʭ ʡʤʦʚʽʨʥʦʩʪʝʡ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʦʾʟʜʫ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʪʦʢʫ ʟ ʪʘʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʯʝʨʝʟ 

ʨʝʛʫʣʴʦʚʘʥʽ ʧʝʨʝʭʨʝʩʪʷ ʚʠʢʦʥʘʥʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ çʧʨʘʚʠʣ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʩʠʛʥʘʣʠ 

ʩʚʽʪʣʦʬʦʨʘè ʪʘ ʡʤʦʚʽʨʥʦʩʪʽ ʧʦʷʚʠ ʧʽʰʦʭʦʜʽʚ ʽ ʪʨʠʚʘʣʦʩʪʽ ʾʭ ʧʝʨʝʭʦʜʫ. 

ʉʝʨʝʜ ʽʥʰʠʭ ʧʫʙʣʽʢʘʮʽʡ, ʧʨʠʩʚʷʯʝʥʠʭ ʤʦʜʝʣʶʚʘʥʥʶ ʧʨʦʾʟʜʫ ʧʝʨʝʭʨʝʩʪʴ, 

ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ [63], ʚ ʷʢʽʡ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʨʝʛʫʣʴʦʚʘʥʝ ʧʝʨʝʭʨʝʩʪʷ ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʚʧʣʠʚ ʯʝʨʛʠ ʧʝʨʝʜ ʩʚʽʪʣʦʬʦʨʦʤ ʥʘ ʡʦʛʦ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ ʽ ʥʘ ʪʨʠʚʘʣʽʩʪʴ 

ʧʨʦʾʟʜʫ ʟʘʣʝʞʥʦ ʚʽʜ ʜʦʚʞʠʥʠ ʯʝʨʛʠ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʧʨʦʾʭʘʪʠ ʟʘ 

ʪʨʠʚʘʣʽʩʪʴ ʛʦʨʽʥʥʷ ʜʦʟʚʽʣʴʥʦʛʦ ʩʠʛʥʘʣʫ. ʇʨʠ ʮʴʦʤʫ, ʙʝʨʝʪʴʩʷ ʜʦ ʫʚʘʛʠ ʚʧʣʠʚ 

ʧʦʪʫʞʥʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʚʪʦʤʦʙʽʣʽʚ ʪʘ ʪʠʧʫ ʽ ʷʢʦʩʪʽ ʜʦʨʦʞʥʽʭ ʧʦʢʨʠʪʴ. ɺʧʣʠʚ 

ʧʦʪʫʞʥʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʜʠʥʘʤʽʢʫ ʧʨʦʾʟʜʫ ʦʮʽʥʶʶʪʴ ʚʝʣʠʯʠʥʦʶ ʩʝʨʝʜʥʴʦʛʦ 

ʧʨʠʩʢʦʨʝʥʥʷ. ʇʽʩʣʷ ʮʴʦʛʦ ʚʠʟʥʘʯʘʶʪʴ ʪʨʠʚʘʣʽʩʪʴ, ʥʝʦʙʭʽʜʥʫ ʜʣʷ ʧʨʦʾʟʜʫ 

ʧʝʨʝʭʨʝʩʪʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʣʦʞʝʥʥʷ ʘʚʪʦʤʦʙʽʣʷ ʧʝʨʝʜ ʥʠʤ [63]: 

 

( ) maxʤ ʩʪ ʽj

ʧʨ

ʩʨ

l l n
t

j

+D
= ,                                       (1.21) 

 

ʜʝ ʤl  ï ʜʦʚʞʠʥʘ ʧʝʨʝʭʨʝʩʪʷ, ʤ; 

ʩʪlD  ï ʚʽʜʩʪʘʥʴ ʤʽʞ ʘʚʪʦʤʦʙʽʣʷʤʠ ʚ ʯʝʨʟʽ, ʤ; 

maxʽjn  ï ʤʘʢʩʠʤʘʣʴʥʘ ʜʦʚʞʠʥʘ ʯʝʨʛʠ ʊɿ ʧʝʨʝʜ ʧʝʨʝʭʨʝʩʪʷʤ, ʤ; 

ʩʨj  ï ʩʝʨʝʜʥʻ ʧʨʠʩʢʦʨʝʥʥʷ ʊɿ, ʤ/ʩ
2
. 
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ɿʘʣʝʞʥʦʩʪʽ ʢʽʣʴʢʦʩʪʽ ʪʠʭʦʭʽʜʥʠʭ ʪʘ ʰʚʠʜʢʦʭʽʜʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʷʢʽ 

ʧʨʦʾʞʜʞʘʶʪʴ ʧʝʨʝʭʨʝʩʪʷ, ʚʽʜ ʜʦʚʞʠʥʠ ʯʝʨʛʠ ʧʝʨʝʜ ʥʠʤ ï ʥʝʣʽʥʽʡʥʽ. ʆʜʥʘʢ, ʫ 

ʨʦʙʦʪʽ [63] ʧʨʠʡʥʷʪʦ ʣʽʥʽʡʥʫ ʘʧʨʦʢʩʠʤʘʮʽʶ (ʨʦʟʙʽʞʥʽʩʪʴ 15 %). 

ʅʝʟʨʦʟʫʤʽʣʦ ʦʜʥʘʢ, ʷʢʠʤ ʯʠʥʦʤ ʚʨʘʭʦʚʘʥʘ, ʢʨʽʤ ʜʠʥʘʤʽʯʥʦʩʪʝʡ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʟʘʩʦʙʽʚ, ʨʽʚʥʽʩʪʴ ʜʦʨʦʞʥʽʭ ʧʦʢʨʠʪʴ, ʷʢ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʧʝʨʝʭʨʝʩʪʽ, ʪʘʢ ʽ ʥʘ 

ʧʽʜʭʦʜʘʭ ʽ ʧʽʩʣʷ ʥʴʦʛʦ, ʷʢʘ ʚʧʣʠʚʘʪʠʤʝ ʪʘʢʦʞ ʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʨʦʾʟʜʫ ʪʘ ʜʦʚʞʠʥʠ 

ʯʝʨʛ ʧʝʨʝʜ ʧʝʨʝʭʨʝʩʪʷʤ. 

 

1.5 ʄʝʪʦʜʦʣʦʛʽʷ ʫʧʨʘʚʣʽʥʥʷ ʜʦʨʦʞʥʽʤ ʨʫʭʦʤ ʫ ʤʽʩʪʘʭ 

 

ɿʘ ʧʨʠʡʥʷʪʦʶ çʢʣʘʩʠʯʥʦʶè ʩʭʝʤʦʶ ʤʝʪʦʜʦʣʦʛʽʾ ʫʧʨʘʚʣʽʥʥʷ ʜʦʨʦʞʥʽʤ ʨʫʭʦʤ 

ʫ ʤʽʩʪʘʭ ʚʟʘʻʤʦʜʽʷ ʤʽʞ ʜʦʨʦʞʥʽʤʠ ʫʤʦʚʘʤʠ ʪʘ ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʧʦʪʦʢʘʤʠ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ, ʷʢ ʢʽʙʝʨʥʝʪʠʯʥʘ ʩʠʩʪʝʤʘ [96]. ɽʬʝʢʪʠʚʥʽʩʪʴ ʫʧʨʘʚʣʽʥʥʷ ʜʦʨʦʞʥʽʤ 

ʨʫʭʦʤ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʟ ʧʦʟʠʮʽʾ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ 

ɺɼʄ, ʦʧʪʠʤʽʟʘʮʽʾ ʾʾ ʟʘ ʤʽʥʽʤʫʤʦʤ ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʠʭ ʚʠʪʨʘʪ, ʟʘ ʧʦʢʘʟʥʠʢʦʤ 

ʙʝʟʧʝʢʠ ʨʫʭʫ ʪʘ ʟʘ ʧʦʢʘʟʥʠʢʦʤ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ. ʋ ʮʴʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʚʠʜʽʣʷʻʪʴʩʷ 

ʩʠʩʪʝʤʘ çʪʨʘʥʩʧʦʨʪʥʠʡ ʧʦʪʽʢ ï ʘʚʪʦʤʦʙʽʣʴ ï ʧʝʨʝʭʨʝʩʪʷè, ʫ ʷʢʽʡ, ʦʩʥʦʚʥʠʤʠ 

ʝʣʝʤʝʥʪʘʤʠ ʻ ʧʝʨʝʭʨʝʩʪʷ, ʪʨʘʥʩʧʦʨʪʥʠʡ ʧʦʪʽʢ ʪʘ ʘʚʪʦʤʦʙʽʣʴ (ʨʠʩ. 1.4). 

 

ʇʝʨʝʭʨʝʩʪ̫

ʊʨʘʥʩʧʦʨʪʥʠʡ ʧʦʪ̔ʢ

ɸʚʪʦʤʦʙ̔ʣɹ, ʡʦʛʦ ʢʫʤʫʣ̫ʪʠʚʥʠʡ ʧʨʦʙ̔ʛ

ɯʟʦʣɹʦʚʘʥʝ, ʨʝʛʫʣɹʦʚʘʥʝ 

ʟ ʞʦʨʩʪʢʠʤ 

ʩʚ̔ʪʣʦʬʦʨʥʠʤ ʮʠʢʣʦʤ

ɻʝʦʤʝʪʨʠʯʥ̔ 

ʝʣʝʤʝʥʪʠ

ʊʠʧ ʜʦʨʦʞʥɹʦʛʦ 

ʧʦʢʨʠʪʪ̫ ʪʘ ʩʪʘʥ 

ʧʨʦʾʞʜʞʦʾ ʯʘʩʪʠʥʠ

ʄʘʩʘ ʘʚʪʦʤʦʙ̔ʣ̫, ʡʦʛʦ ʨʦʟʛ̔ʥʥʘ hʚʠʜʢ̔ʩʪɹɿʘʪʨʠʤʢʠ, ʯʝʨʛʠ

 

ʈʠʩʫʥʦʢ 1.4 ï ʉʠʩʪʝʤʘ çʪʨʘʥʩʧʦʨʪʥʠʡ ʧʦʪʽʢ ï ʘʚʪʦʤʦʙʽʣʴ ï ʧʝʨʝʭʨʝʩʪʷè 
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ɭ ʨʷʜ ʧʫʙʣʽʢʘʮʽʡ [10, 38, 44, 47, 49, 69], ʷʢʽ ʥʝ ʧʦʚʥʽʩʪʶ ʨʦʟʢʨʠʚʘʶʪʴ ʩʫʪʴ 

ʫʧʨʘʚʣʽʥʥʷ ʜʦʨʦʞʥʽʤ ʨʫʭʦʤ. ʅʘ ʮʝ ʟʚʝʨʪʘʻ ʫʚʘʛʫ ɾʠʚʦʛʣʷʜʦʚ ɺ.ɻ. [42]. 

ʋʧʨʘʚʣʽʥʥʷ ʜʦʨʦʞʥʽʤ ʨʫʭʦʤ, ʷʢ ʚʽʜʦʤʦ, ʥʘʜʟʚʠʯʘʡʥʦ ʩʢʣʘʜʥʠʡ ʧʨʦʮʝʩ, ʪʠʤ 

ʙʽʣʴʰʝ, ʷʢʱʦ ʡʜʝʪʴʩʷ ʧʨʦ ʪʘʢʝ ʫʧʨʘʚʣʽʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʧʦʪʦʢʘʤʠ ʫ ʚʝʣʠʢʠʭ 

ʤʽʩʪʘʭ. ʅʘʡʙʽʣʴʰ ʧʨʦʙʣʝʤʘʪʠʯʥʦʶ ʽ ʜʦ ʢʽʥʮʷ ʥʝ ʨʦʟʚôʷʟʘʥʦʶ ʻ ʧʨʦʙʣʝʤʘ 

ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʾʟʜʦʤ ʽʥʪʝʥʩʠʚʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʪʦʢʽʚ ʯʝʨʝʟ ʨʝʛʫʣʴʦʚʘʥʽ 

ʧʝʨʝʭʨʝʩʪʷ. ʅʘ ʩʴʦʛʦʜʥʽ ʽʩʥʫʻ ʙʝʟʣʽʯ ʥʘʫʢʦʚʠʭ ʧʫʙʣʽʢʘʮʽʡ [9, 17, 54, 71, 74, 82], ʘ 

ʪʘʢʦʞ ʚʽʜʧʦʚʽʜʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ (VISSIM, PARAMICS, AIMSUN, 

SISTM, SIDRA, FLEXSYT, DRACULA ʪʘ ʽʥʰʽ), ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʷʢʠʭ 

ʥʘʤʘʛʘʶʪʴʩʷ ʦʧʪʠʤʽʟʫʚʘʪʠ ʮʝʡ ʧʨʦʮʝʩ. 

ʗʢʱʦ ʫʟʘʛʘʣʴʥʠʪʠ ʫʩʝ, ʪʦ ʤʦʞʥʘ ʚʝʩʪʠ ʤʦʚʫ ʧʨʦ ʬʦʨʤʫʚʘʥʥʷ ʥʘ ʩʴʦʛʦʜʥʽ 

ʤʝʪʦʜʦʣʦʛʽʾ ʫ ʜʦʩʣʽʜʞʝʥʥʷʭ ʧʨʦʾʟʜʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʪʦʢʽʚ ʯʝʨʝʟ ʨʝʛʫʣʴʦʚʘʥʽ 

ʧʝʨʝʭʨʝʩʪʷ. ʆʩʥʦʚʫ ʾʾ ʩʪʘʥʦʚʣʷʪʴ, ʥʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʥʘʪʫʨʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʾʭ ʨʝʟʫʣʴʪʘʪʠ, ʱʦʜʦ ʩʪʨʫʢʪʫʨ ʧʦʪʦʢʽʚ, ʽʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʨʦʾʟʜʫ 

ʧʝʨʝʭʨʝʩʪʴ, ʟʘʪʨʠʤʦʢ ʧʝʨʝʜ ʧʝʨʝʭʨʝʩʪʷʤʠ ʪʘ ʜʦʚʞʠʥ ʯʝʨʛ, ʜʣʷ ʨʽʟʥʠʭ ʪʠʧʽʚ (ʟʘ 

ʛʝʦʤʝʪʨʽʻʶ ʪʘ ʨʷʜʥʽʩʪʶ) ʧʝʨʝʭʨʝʩʪʴ. ʄʘʡʞʝ ʫ ʚʩʽʭ ʜʦʩʣʽʜʞʝʥʥʷʭ, ʜʝ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʪʘ ʧʨʦʛʨʘʤʥʽ ʧʨʦʜʫʢʪʠ, ʚʠʪʨʠʤʫʻʪʴʩʷ 

ʮʷ ʦʩʥʦʚʘ. ʗʢʱʦ ʮʷ ʦʩʥʦʚʘ ʙʝʨʝʪʴʩʷ ʟʘ ʚʽʜʧʨʘʚʥʫ ʪʦʯʢʫ, ʪʦ ʥʘʩʪʫʧʥʠʤ ʫ 

ʤʝʪʦʜʦʣʦʛʽʾ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʙʠʨʘʻʪʴʩʷ (ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʬʽʟʠʯʥʦʾ ʩʫʪʽ) ʚʽʜʧʦʚʽʜʥʠʡ 

ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ, ʷʢʠʡ ʘʜʝʢʚʘʪʥʦ ʚʽʜʦʙʨʘʞʘʻ ʦʩʦʙʣʠʚʦʩʪʽ ʡʦʛʦ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. 

ɿ ʨʦʟʚʠʪʢʦʤ ʢʦʤʧôʶʪʝʨʥʦʾ ʪʝʭʥʽʢʠ ʽ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʾʟʜʫ ʧʝʨʝʭʨʝʩʪʴ, ʩʪʘʣʦ ʤʦʞʣʠʚʠʤ ʰʚʠʜʢʦ ʦʪʨʠʤʘʪʠ ʾʭ, ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʥʘ ʧʨʦʾʟʜ ʧʝʨʝʭʨʝʩʪʴ ʥʘʡʨʽʟʥʦʤʘʥʽʪʥʽʰʠʭ ʯʠʥʥʠʢʽʚ, ʚ ʪʦʤʫ 

ʯʠʩʣʽ ʽ ʮʠʭ, ʜʽʘʧʘʟʦʥ ʯʠʩʣʦʚʠʭ ʟʥʘʯʝʥʴ ʷʢʠʭ ʟʽʙʨʘʥʦ ʥʘʪʫʨʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʜʘʶʪʴ ʟʤʦʛʫ ʦʙˇʨʫʥʪʫʚʘʪʠ ʪʨʠʚʘʣʦʩʪʽ 

ʩʚʽʪʣʦʬʦʨʥʠʭ ʮʠʢʣʽʚ ʟʘ ʚʽʜʧʦʚʽʜʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ: ʤʽʥʽʤʽʟʘʮʽʷ ʟʘʪʨʠʤʦʢ ʧʝʨʝʜ 

ʧʝʨʝʭʨʝʩʪʷʤ, ʦʙʤʝʞʝʥʥʷ ʜʦʚʞʠʥʠ ʯʝʨʛʠ, ʧʦʪʽʢ ʥʘʩʠʯʝʥʥʷ, ʝʢʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ 

ʧʝʨʝʜ ʪʘ ʚ ʟʦʥʽ ʧʝʨʝʭʨʝʩʪʷ. 
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ɿʘʩʣʫʛʦʚʫʶʪʴ ʫʚʘʛʠ, ʟ ʮʴʦʛʦ ʧʨʠʚʦʜʫ, ʨʦʙʦʪʠ [54, 74]. ɿʘ ʮʽʣʴʦʚʫ ʬʫʥʢʮʽ ʁʫ 

ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʾʟʜʫ ʨʝʛʫʣʴʦʚʘʥʠʭ ʧʝʨʝʭʨʝʩʪʴ, ʂʦʣʝʩʥʽʢʦʚʠʤ ʆ.ɭ. 

ʦʙˇʨʫʥʪʦʚʘʥʦ ʬʫʥʢʮʽʦʥʘʣ [54, 74]: 
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ʜʝ ijZ  ʽ kjR  ï ʩʫʤʘʨʥʽ ʟʘʪʨʠʤʢʠ ʊɿ ʟʘ ʦʜʠʥ ʮʠʢʣ ʨʝʛʫʣʶʚʘʥʥʷ ʥʘ ʧʨʦʛʦʥʽ ʟ 

ʚʽʜʩʪʘʥʥʶ ijl  ʫ ʧʨʷʤʦʤʫ ʥʘʧʨʷʤʢʫ, ʘ kjl  ʫ ʟʚʦʨʦʪʥʦʤʫ ʥʘʧʨʷʤʢʫ, ʩ; 

0,mtD  ï ʟʩʫʚ ʮʠʢʣʫ ʨʝʛʫʣʶʚʘʥʥʷ ʢʦʞʥʦʛʦ ʩʚʽʪʣʦʬʦʨʘ, ʩʪʦʩʦʚʥʦ ʦʙʨʘʥʦʛʦ 

ʥʫʣʴʦʚʦʛʦ, { }0,0 mt T¢D <, ʩ; 

ʊʮ ï ʪʨʠʚʘʣʽʩʪʴ ʮʠʢʣʫ ʨʝʛʫʣʶʚʘʥʥʷ, ʩ; 

tʞ, tʟ ï ʪʨʠʚʘʣʽʩʪʴ ʬʘʟ ʞʦʚʪʦʛʦ ʪʘ ʟʝʣʝʥʦʛʦ ʩʠʛʥʘʣʽʚ ʚʽʜʧʦʚʽʜʥʦ, ʩ; 

V ï ʦʙʤʝʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʘʙʦ ʨʝʢʦʤʝʥʜʦʚʘʥʘ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ, ʢʤ/ʛʦʜ; 

ʈ ï ʯʠʩʣʦ ʨʷʜʽʚ ʜʣʷ ʨʫʭʫ ʪʨʘʥʩʧʦʨʪʫ; 

ʄ ï ʤʥʦʞʠʥʘ ʥʦʤʝʨʽʚ ʩʚʽʪʣʦʬʦʨʥʠʭ ʦʙôʻʢʪʽʚ ʥʘ ʤʘʛʽʩʪʨʘʣʽ. 

ɺʠʢʦʨʠʩʪʘʥʠʡ ʬʫʥʢʮʽʦʥʘʣ ʻ ʙʘʛʘʪʦʝʢʩʪʨʝʤʘʣʴʥʠʤ ʟ ʥʝʯʫʪʣʠʚʽʩʪʶ ʜʦ ʟʤʽʥ 

ʧʘʨʘʤʝʪʨʽʚ ʫʧʨʘʚʣʽʥʥʷ [74]. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʘʚʪʦʨ ʟʘʩʪʦʩʫʚʘʚ ʤʝʪʦʜ ʄʦʥʪʝ-ʂʘʨʣʦ 

ʪʘ ʛʝʥʝʪʠʯʥʽ ʘʣʛʦʨʠʪʤʠ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʷʢʠʭ ʦʪʨʠʤʘʚ ʘʜʝʢʚʘʪʥʽʰʽ ʨʝʟʫʣʴʪʘʪʠ ʚ 

ʫʧʨʘʚʣʽʥʥʽ ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʧʦʪʦʢʘʤʠ, ʷʢʽ ʧʨʦʾʞʜʞʘʶʪʴ ʨʝʛʫʣʴʦʚʘʥʝ ʧʝʨʝʭʨʝʩʪʷ. 

ʋ ʧʽʟʥʽʰʽʡ ʩʚʦʾʡ ʨʦʙʦʪʽ [55] ʂʦʣʝʩʥʽʢʦʚ ʆ.ɭ. ʚʨʘʭʦʚʫʻ ʚʠʧʘʜʢʦʚʠʡ ʭʘʨʘʢʪʝʨ 

ʬʦʨʤʫʚʘʥʥʷ ʊʇ ʪʘ ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʊɿ ʽ ʚʠʟʥʘʯʘʻ ʰʚʠʜʢʽʩʪʴ, ʯʘʩ ʪʘ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʝʨʰʦʛʦ ʘʚʪʦʤʦʙʽʣʷ ʧʽʩʣʷ ʚʤʠʢʘʥʥʷ ʟʝʣʝʥʦʛʦ ʩʠʛʥʘʣʫ. ʇʨʦʾʟʜ 

ʘʚʪʦʤʦʙʽʣʽʚ ʯʝʨʝʟ ʧʝʨʝʭʨʝʩʪʷ ʚʨʘʭʦʚʫʻ ʽ ʙʝʟʧʝʯʥʫ ʚʽʜʩʪʘʥʴ ʤʽʞ ʥʠʤʠ. ʅʘ ʧʽʜʩʪʘʚʽ 

ʮʠʭ ʤʦʜʝʣʝʡ ʚʠʟʥʘʯʝʥʦ ʨʘʮʽʦʥʘʣʴʥʫ ʪʨʠʚʘʣʽʩʪʴ ʬʘʟ ʩʚʽʪʣʦʬʦʨʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ. 

ʋ ʥʘʚʝʜʝʥʠʭ ʤʦʜʝʣʷʭ ʙʝʨʫʪʴʩʷ ʜʦ ʫʚʘʛʠ ʨʦʟʛʽʥʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʽʟʥʠʭ ʣʝʛʢʦʚʠʭ 

ʘʚʪʦʤʦʙʽʣʽʚ, ʦʜʥʘʢ ʚʦʥʠ ʧʨʠʡʥʷʪʽ ʜʣʷ ʧʨʦʛʦʥʽʚ, ʘ ʥʝ ʜʣʷ ʧʝʨʝʭʨʝʩʪʴ. 
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1.6 ɺʠʩʥʦʚʢʠ ʟ ʨʦʟʜʽʣʫ 

 

1. ʉʝʨʝʜ ʧʨʦʘʥʘʣʽʟʦʚʘʥʠʭ ʥʘʫʢʦʚʠʭ ʟʜʦʙʫʪʢʽʚ ʚʽʪʯʠʟʥʷʥʠʭ ʪʘ 

ʟʘʢʦʨʜʦʥʥʠʭ ʜʦʩʣʽʜʥʠʢʽʚ ʫ ʮʘʨʠʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʨʦʾʟʜʫ ʊʇ ʯʝʨʝʟ 

ʨʝʛʫʣʴʦʚʘʥʽ ʽʟʦʣʴʦʚʘʥʽ ʧʝʨʝʭʨʝʩʪʷ ʟ ʚʠʟʥʘʯʝʥʥʷʤ ʢʨʠʪʝʨʽʶ ʝʬʝʢʪʠʚʥʦʩʪʽ ʾʭ ʨʦʙʦʪʠ 

ʥʝ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʢʦʤʧʣʝʢʩʥʠʡ ʚʧʣʠʚ ʥʘ ʪʨʠʚʘʣʽʩʪʴ ʟʘʪʨʠʤʦʢ ʊɿ ʪʘʢʠʭ ʚʘʞʣʠʚʠʭ 

ʜʣʷ ʩʝʨʝʜʥʽʭ ʪʘ ʚʝʣʠʢʠʭ ʤʽʩʪ ʯʠʥʥʠʢʽʚ ʷʢ ʩʪʫʧʽʥʴ ʟʥʦʰʝʥʦʩʪʽ ʧʘʨʢʽʚ ʊɿ (ʨʽʩʪ 

ʢʫʤʫʣʷʪʠʚʥʠʭ ʧʨʦʙʽʛʽʚ), ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʾʭ ʨʦʟʛʽʥʥʽ ʰʚʠʜʢʦʩʪʽ, ʪʘ ʨʽʚʥʩ̔ʪɹ ʇʏ. 

2. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʘʪʠʤʫʪʴ ʧʨʷʤʠʡ ʚʧʣʠʚ ʥʘ ʇʅ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʥʘ 

ʪʨʠʚʘʣʦʩʪʽ ʟʘʪʨʠʤʦʢ ʊɿ, ʷʢʽ ʚʠʟʥʘʯʘʪʠʤʫʪʴʩʷ ʽ ʤʽʥʽʤʽʟʫʚʘʪʠʤʫʪʴʩʷ ʜʣʷ 

ʤʘʛʽʩʪʨʘʣʴʥʠʭ ʊʇ ʡ ʚʠʩʪʫʧʘʪʠʤʫʪʴ ʷʢ ʚʠʟʥʘʯʘʣʴʥʠʡ ʢʨʠʪʝʨʽʡ ʫ ʧʽʜʚʠʱʝʥʥʽ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʽʟʦʣʴʦʚʘʥʠʭ ʨʝʛʫʣʴʦʚʘʥʠʭ ʧʝʨʝʭʨʝʩʪʴ ʟ ʞʦʨʩʪʢʠʤ ʮʠʢʣʦʤ 

ʨʝʛʫʣʶʚʘʥʥʷ ʨʫʭʫ.  



40 

ʈʆɿɼɯʃ 2 

ʆɹˆʈʋʅʊʋɺɸʅʅʗ ʊɽʆʈɽʊʀʏʅʆɰ ʄʆɼɽʃɯ ɼʆʉʃɯɼɾɽʅʅʗ 

ʊʈɸʅʉʇʆʈʊʅʀʍ ɿɸʊʈʀʄʆʂ ʊɸ ʇʆʊʆʂɯɺ ʅɸʉʀʏɽʅʅʗ 

 

2.1 ɸʥʘʣʽʟ ʪʠʧʽʚ ʨʝʛʫʣʴʦʚʘʥʠʭ ʧʝʨʝʭʨʝʩʪʴ ʪʘ ʚʠʙʽʨ ʩʝʨʝʜ ʥʠʭ ʟ ʞʦʨʩʪʢʠʤʠ 

ʩʚʽʪʣʦʬʦʨʥʠʤʠ ʮʠʢʣʘʤʠ 

 

ʅʘ ʤʘʛʽʩʪʨʘʣʴʥʠʭ ʚʫʣʠʮʷʭ ʚ ʯʘʩ çʧʽʢè ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʟʥʘʯʥʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʨʫʭʫ. ʋ ʩʢʣʘʜʽ ʊʇ ʤʦʞʫʪʴ ʙʫʪʠ ʪʠʭʦʭʽʜʥʽ ʊɿ ʟ ʥʠʟʴʢʠʤʠ ʪʝʭʥʽʯʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʱʦ, ʟ ʪʦʯʢʠ ʟʦʨʫ ʦʧʪʠʤʽʟʘʮʽʾ ʨʝʞʠʤʽʚ ʧʨʦʾʟʜʫ ʧʝʨʝʭʨʝʩʪʴ, 

ʫʩʢʣʘʜʥʶʻ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʟʘʜʘʯ. ʋʩʝ ʮʝ 

ʟʫʤʦʚʣʶʻ ʧʦʪʨʝʙʫ ʚʠʢʦʥʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʧʨʝʜʤʝʪ ʚʠʟʥʘʯʝʥʥʷ ʟʘʪʨʠʤʦʢ ʊɿ 

ʧʝʨʝʜ ʧʝʨʝʭʨʝʩʪʷʤʠ, ʧʽʜʚʠʱʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʾʭ ʧʨʦʾʟʜʽʚ ʽ ʥʘ ʧʽʜʩʪʘʚʽ ʡʦʛʦ 

ʨʝʟʫʣʴʪʘʪʽʚ ï ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʨʝʛʫʣʶʚʘʥʥʷ ʧʨʦʾʟʜʫ ʧʝʨʝʭʨʝʩʪʴ, 

ʫʟʛʦʜʞʝʥʥʷ ʾʭ ʨʦʙʦʪʠ ʥʘ ʚʩʽʡ ʜʦʚʞʠʥʽ ʤʘʛʽʩʪʨʘʣʴʥʠʭ ʚʫʣʠʮʴ [102]. 

ɺ ʦʩʪʘʥʥʻ ʜʝʩʷʪʠʣʽʪʪʷ, ʧʨʦʙʣʝʤʘʤʠ ʨʝʛʫʣʶʚʘʥʥʷ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ 

ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ ʟʘʡʤʘʣʦʩʷ ʙʘʛʘʪʦ ʚʽʪʯʠʟʥʷʥʠʭ ʪʘ ʟʘʢʦʨʜʦʥʥʠʭ ʚʯʝʥʠʭ. ʆʩʥʦʚʥʠʤ 

ʢʨʠʪʝʨʽʻʤ ʧʨʠʡʤʘʻʪʴʩʷ ʤʘʢʩʠʤʫʤ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʧʝʨʝʭʨʝʩʪʴ ʟʘ ʨʘʭʫʥʦʢ 

ʟʤʝʥʰʝʥʥʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʨʽʟʥʠʭ ʯʠʥʥʠʢʽʚ. ʊʘʢ, ʚ [90] ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ 

ʦʜʥʽʻʾ ʩʤʫʛʠ ʨʫʭʫ ʥʘ ʨʝʛʫʣʴʦʚʘʥʦʤʫ ʧʝʨʝʭʨʝʩʪʽ ʚʠʟʥʘʯʘʶʪʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʪʨʠʚʘʣʦʩʪʽ ʟʝʣʝʥʦʾ ʬʘʟʠ ʩʚʽʪʣʦʬʦʨʘ, ʽʥʪʝʨʚʘʣʫ ʯʘʩʫ ʤʽʞ ʚʤʠʢʘʥʥʷʤ ʟʝʣʝʥʦʛʦ 

ʩʠʛʥʘʣʫ ʩʚʽʪʣʦʬʦʨʘ ʪʘ ʧʨʦʾʟʜʫ çʩʪʦʧ-ʣʽʥʽʾè ʧʝʨʰʠʤ ʘʚʪʦʤʦʙʽʣʝʤ, ʩʝʨʝʜʥʴʦʛʦ 

ʯʘʩʦʚʦʛʦ ʽʥʪʝʨʚʘʣʫ ʤʽʞ ʘʚʪʦʤʦʙʽʣʷʤʠ ʧʨʠ ʧʨʦʾʟʜʽ çʩʪʦʧ-ʣʽʥʽʾè, ʘ ʪʘʢʦʞ ʪʨʠʚʘʣʦʩʪʽ 

ʮʠʢʣʫ ʨʝʛʫʣʶʚʘʥʥʷ. ɿʘʜʣʷ ʩʧʨʦʱʝʥʥʷ ʘʚʪʦʨ ʧʨʠʡʤʘʻ, ʱʦ ʚʩʽ ʘʚʪʦʤʦʙʽʣʽ ʧʽʩʣʷ 

ʚʤʠʢʘʥʥʷ ʟʝʣʝʥʦʛʦ ʩʠʛʥʘʣʫ ʩʚʽʪʣʦʬʦʨʘ, ʧʨʦʾʜʫʪʴ ʧʝʨʝʭʨʝʩʪʷ ʟ ʦʜʥʘʢʦʚʦʶ 

ʰʚʠʜʢʽʩʪʶ ʽ ʨʽʚʥʠʤʠ ʧʨʦʤʽʞʢʘʤʠ ʯʘʩʫ ʤʽʞ ʥʠʤʠ. ɺʽʜʦʤʦ, ʱʦ ʮʴʦʛʦ ʤʦʞʥʘ 

ʜʦʩʷʛʥʫʪʠ ʣʠʰʝ ʧʨʠ ʢʦʦʨʜʠʥʦʚʘʥʦʤʫ ʫʧʨʘʚʣʽʥʥʽ ʜʦʨʦʞʥʽʤ ʨʫʭʦʤ ʘʙʦ ʥʘ 

ʧʝʨʝʭʨʝʩʪʷʭ ʟ ʥʝʟʥʘʯʥʦʶ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʪʦʢʫ [102]. 

ʗʢʱʦ ʯʝʨʝʟ ʧʝʨʝʭʨʝʩʪʷ ʨʘʟʦʤ ʟ ʘʚʪʦʤʦʙʽʣʷʤʠ ʨʫʭʘʶʪʴʩʷ ʪʨʘʤʚʘʾ, ʪʦ 

ʨʦʟʨʘʭʫʥʦʢ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʦʜʥʽʻʾ ʩʤʫʛʠ ʚʠʢʦʥʫʻʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 
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ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʾʭ ʨʫʭʫ ʪʘ ʧʨʠʰʚʠʜʰʝʥʴ ʽ ʾʭ ʜʦʚʞʠʥʠ [11]. ʊʫʪ ʥʝ ʚʢʘʟʫʻʪʴʩʷ ʧʨʦ 

ʤʽʩʮʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʨʘʤʚʘʷ ʫ ʯʝʨʟʽ ʧʝʨʝʜ ʨʝʛʫʣʴʦʚʘʥʠʤ ʧʝʨʝʭʨʝʩʪʷʤ, ʥʝ 

ʚʨʘʭʦʚʫʻʪʴʩʷ ʩʪʘʥ ʜʦʨʦʞʥʴʦʛʦ ʧʦʢʨʠʪʪʷ ʽ ʢʦʣʽʡ ʥʘ ʧʝʨʝʭʨʝʩʪʽ ʪʘ ʚʠʧʘʜʢʦʚʠʡ 

ʭʘʨʘʢʪʝʨ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʪʦʢʫ [11]. 

ʋ ʥʘʚʝʜʝʥʠʭ ʟʘʣʝʞʥʦʩʪʷʭ, ʚʨʘʭʦʚʫʻʪʴʩʷ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ 

ʚʧʣʠʚʦʚʠʭ ʯʠʥʥʠʢʽʚ, ʩʝʨʝʜ ʷʢʠʭ ʚʠʟʥʘʯʘʣʴʥʽ: ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʩʤʫʛʠ ʨʫʭʫ, 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʨʫʭʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʾʭ ʰʚʠʜʢʽʩʪʴ, ʪʨʠʚʘʣʽʩʪʴ ʟʝʣʝʥʦʾ ʬʘʟʠ 

ʩʚʽʪʣʦʬʦʨʘ. ʆʜʥʘʢ, ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ ʡʤʦʚʽʨʥʽʩʥʘ ʧʨʠʨʦʜʘ ʪʘʢʠʭ ʯʠʥʥʠʢʽʚ ʷʢ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʪʘ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʦʢʨʝʤʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʫ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʧʦʪʦʢʘʭ, ʟʫʤʦʚʣʝʥʘ ʾʭ ʪʝʭʥʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʪʘʢʠʤʠ ʞ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʪʠʧʽʚ ʪʘ ʷʢʦʩʪʽ ʜʦʨʦʞʥʽʭ ʧʦʢʨʠʪʴ, ʤʽʩʮʝʤ ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʠʭʦʭʽʜʥʠʭ ʪʘ 

ʰʚʠʜʢʦʭʽʜʥʠʭ ʟʘʩʦʙʽʚ ʫ ʯʝʨʟʽ ʧʝʨʝʜ ʩʚʽʪʣʦʬʦʨʦʤ, ʜʦʚʞʠʥʘʤʠ ʧʨʦʛʦʥʽʚ ʤʽʞ ʥʠʤʠ. 

ɺʠʭʦʜʷʯʠ ʟ ʘʥʘʣʽʟʫ ʜʦʩʣʽʜʞʝʥʴ, ʘʢʪʫʘʣʴʥʦʶ ʟʘʣʠʰʘʻʪʴʩʷ ʧʨʦʙʣʝʤʘ ʫʪʚʦʨʝʥʥʷ 

ʯʝʨʛ ʧʝʨʝʜ ʨʝʛʫʣʴʦʚʘʥʠʤʠ ʧʝʨʝʭʨʝʩʪʷʤʠ ʟ ʥʝʛʘʪʠʚʥʠʤʠ ʥʘʩʣʽʜʢʘʤʠ: ʥʝʟʚʦʨʦʪʥʠʤʠ 

ʚʪʨʘʪʘʤʠ ʯʘʩʫ ʧʝʨʝʚʽʟʥʠʢʘʤʠ ʪʘ ʧʘʩʘʞʠʨʘʤʠ, ʧʝʨʝʚʠʪʨʘʪʘʤʠ ʧʘʣʠʚʘ, ʧʦʛʽʨʰʘʥʥʷʤ 

ʝʢʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘʮʽʾ. ʋ ʨʦʟʚôʷʟʘʥʥʽ ʾʾ ʚʘʞʣʠʚʦ ʚʨʘʭʦʚʫʚʘʪʠ ʚʧʣʠʚ ʫʩʽʭ ʤʦʞʣʠʚʠʭ 

ʯʠʥʥʠʢʽʚ: ʩʪʨʫʢʪʫʨʠ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʪʦʢʽʚ; ʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʢʨʝʤʠʭ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ (ʘʚʪʦʤʦʙʽʣʴ, ʘʚʪʦʙʫʩ, ʪʨʘʤʚʘʡ, ʪʨʦʣʝʡʙʫʩ); ʾʭ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʧʝʨʝʜ çʩʪʦʧ-ʣʽʥʽʻʶè ʽ ʥʘʧʨʷʤʢʠ ʨʫʭʫ; ʜʦʚʞʠʥʠ ʯʝʨʛ ʧʝʨʝʜ ʧʝʨʝʭʨʝʩʪʷʤʠ; ʜʦʚʞʠʥʠ 

ʧʨʦʛʦʥʽʚ ʤʽʞ ʧʝʨʝʭʨʝʩʪʷʤʠ; ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʚʫʣʠʮʴ (ʰʠʨʠʥʘ, ʢʽʣʴʢʽʩʪʴ 

ʨʷʜʽʚ, ʫʭʠʣ); ʩʪʘʥ ʪʘ ʷʢʽʩʪʴ ʾʭ ʧʦʢʨʠʪʴ; ʪʝʭʥʽʯʥʽ ʟʘʩʦʙʠ ʽ ʤʝʪʦʜʠ ʨʝʛʫʣʶʚʘʥʥʷ 

ʧʨʦʾʟʜʫ ʧʝʨʝʭʨʝʩʪʴ; ʨʝʞʠʤʠ ʾʭ ʨʦʙʦʪʠ. ʈʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʟ ʦʧʪʠʤʽʟʘʮʽʾ 

ʪʨʠʚʘʣʦʩʪʝʡ ʧʨʦʾʟʜʫ ʨʝʛʫʣʴʦʚʘʥʠʭ ʧʝʨʝʭʨʝʩʪʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʫʢʫʧʥʦʾ ʜʽʾ ʫʩʽʭ 

ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʯʠʥʥʠʢʽʚ ʧʦʚʠʥʥʦ ʧʦʯʠʥʘʪʠʩʷ ʟ ʤʘʛʽʩʪʨʘʣʴʥʠʭ ʚʫʣʠʮʴ, ʨʝʟʫʣʴʪʘʪʠ 

ʷʢʠʭ ʧʦʚʠʥʥʽ ʩʪʘʪʠ ʧʦʯʘʪʢʦʚʦʶ ʙʘʟʦʶ ʜʣʷ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʨʝʞʠʤʽʚ ʩʚʽʪʣʦʬʦʨʥʠʭ 

ʦʙôʻʢʪʽʚ (ʜʣʷ ʽʩʪʦʨʠʯʥʦʾ ʯʘʩʪʠʥʠ ʤʽʩʪʘ), ʘ ʪʘʢʦʞ, ʚ ʪʦʤʫ ʯʠʩʣʽ, ʽ ʨʝʢʦʥʩʪʨʫʢʮʽʾ 

ɺɼʄ (ʜʣʷ ʥʦʚʦʙʫʜʦʚ) [102]. 

ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʧʦʪʨʽʙʥʦ ʙʫʣʦ ʜʦʩʣʽʜʠʪʠ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʪʦʢʽʚ 

ʥʘ ʤʘʛʽʩʪʨʘʣʴʥʠʭ ʚʫʣʠʮʷʭ ʤ. ʃʴʚʦʚʘ, ʷʢʽ ʧʨʦʭʦʜʷʪʴ ʯʝʨʝʟ ʮʝʥʪʨʘʣʴʥʫ ʪʘ 

ʧʝʨʠʬʝʨʽʡʥʫ ʯʘʩʪʠʥʠ, ʟʦʢʨʝʤʘ ʥʘ ʜʽʣʷʥʢʘʭ ʾʭ ʧʝʨʝʭʨʝʩʪʴ, ʦʩʥʘʱʝʥʠʭ 
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ʩʚʽʪʣʦʬʦʨʥʠʤ ʨʝʛʫʣʶʚʘʥʥʷʤ. ʈʦʟʛʣʷʜʘʣʠʩʴ ʜʚʘ ʨʝʛʫʣʴʦʚʘʥʽ ʧʝʨʝʭʨʝʩʪʷ 

ʤʘʛʽʩʪʨʘʣʴʥʠʭ ʚʫʣʠʮʴ ʉʪʨʠʡʩʴʢʦʾ ʪʘ ɺʦʣʦʜʠʤʠʨʘ ɺʝʣʠʢʦʛʦ, ʘ ʪʘʢʦʞ ʚʫʣʠʮʽ 

ʨʘʡʦʥʥʦʛʦ ʟʥʘʯʝʥʥʷ (ʚʫʣ. ʉʘʜʦʚʘ) ʟ ʤʘʛʽʩʪʨʘʣʴʥʦʶ ʚʫʣʠʮʝʶ ʂʫʣʴʧʘʨʢʽʚʩʴʢʘ [102]. 

ʇʝʨʰʝ ʪʘ ʜʨʫʛʝ ʧʝʨʝʭʨʝʩʪʷ ʟ ʜʚʦʨʷʜʥʠʤ ʜʚʦʩʪʦʨʦʥʥʽʤ ʨʫʭʦʤ ʪʘ ʟ 

ʪʨʦʣʝʡʙʫʩʥʠʤʠ ʣʽʥʽʷʤʠ ʧʦ ʚʫʣʠʮʷʭ ʉʪʨʠʡʩʴʢʽʡ ʽ ʂʫʣʴʧʘʨʢʽʚʩʴʢʽʡ. ʈʫʭ ʯʝʨʝʟ ʮʽ 

ʧʝʨʝʭʨʝʩʪʷ ʨʝʛʫʣʶʻʪʴʩʷ ʩʚʽʪʣʦʬʦʨʘʤʠ ʟ ʜʦʜʘʪʢʦʚʠʤʠ ʩʝʢʮʽʷʤʠ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʫ 

ʞʦʨʩʪʢʦʤʫ ʨʝʞʠʤʽ. ɼʦʨʦʞʥʽ ʧʦʢʨʠʪʪʷ ï ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʽ ʟ ʦʯʝʚʠʜʥʠʤʠ ʜʝʬʝʢʪʘʤʠ 

ʫ ʚʠʛʣʷʜʽ ʤʽʩʮʝʚʠʭ ʥʝʨʽʚʥʦʩʪʝʡ ʪʘ ʚʠʙʦʾʥ [102]. 

ʅʘ ʧʝʨʝʭʨʝʩʪʽ ʚʫʣ. ʉʪʨʠʡʩʴʢʘ ï ɺʦʣʦʜʠʤʠʨʘ ɺʝʣʠʢʦʛʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʤʠʪʪʻʚʽ ʰʚʠʜʢʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʣʝʞʘʪʴ ʚ ʤʝʞʘʭ ʚʽʜ 10 ʜʦ 70 ʢʤ/ʛʦʜ. ʊʘʢ ̔

ʚʝʣʠʢ ̔ ʤʝʞʽ ʰʚʠʜʢʦʩʪʝʡ ʟʫʤʦʚʣʝʥ ̔ ʨʽʟʥʠʤʠ ʜʠʥʘʤʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʥʝʷʢʽʩʥʠʤ ʩʪʘʥʦʤ ʜʦʨʦʞʥʴʦʛʦ ʦʜʷʛʫ, ʘ ʪʘʢʦʞ 

ʧʩʠʭʦʬʽʟʽʦʣʦʛʽʯʥʠʤ ʩʪʘʥʦʤ ʚʦʜʽʾʚ, ʜʦʩʚʽʜʦʤ ʾʭ ʧʨʘʮʽ. ʈʦʟʧʦʜʽʣ ʯʘʩʦʚʠʭ ʽʥʪʝʨʚʘʣʽʚ 

ʤʽʞ ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʟʘʩʦʙʘʤʠ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʪʘʢʦʞ ʟʥʘʯʥʠʤ ʨʦʟʢʠʜʦʤ ï ʚʽʜ 

0,99 ʜʦ 43,36 ʩ (ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʪʦʢʽʚ; ʨʽʟʥʽ 

ʜʠʥʘʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʷʢʽ ʨʫʭʘʶʪʴʩʷ ʚ ʦʜʥʦʤʫ ʨʷʜʫ; 

ʥʘʷʚʥʽʩʪʴ ʩʚʽʪʣʦʬʦʨʥʠʭ ʦʙôʻʢʪʽʚ, ʷʢʽ ʬʦʨʤʫʶʪʴ ʧʘʯʢʦʧʦʜʽʙʥʠʡ ʭʘʨʘʢʪʝʨ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʪʦʢʫ). ʗʢ ʤʠʪʪʻʚʽ ʰʚʠʜʢʦʩʪʽ, ʪʘʢ ʽ ʽʥʪʝʨʚʘʣʠ ʤʽʞ ʘʚʪʦʤʦʙʽʣʷʤʠ 

ʟʘ ʩʚʦʻʶ ʧʨʠʨʦʜʦʶ ʻ ʚʠʧʘʜʢʦʚʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʽ ʪʦʤʫ ʧʦʚʠʥʥʽ ʦʧʨʘʮʴʦʚʫʚʘʪʠʩʷ ʥʘ 

ʧʨʝʜʤʝʪ ʚʠʟʥʘʯʝʥʥʷ ʯʠʩʣʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʾʭ ʨʦʟʧʦʜʽʣʽʚ, ʫʟʛʦʜʞʝʥʥʷ ʟ 

ʚʽʜʧʦʚʽʜʥʠʤʠ ʟʘʢʦʥʘʤʠ. ʆʩʪʘʥʥʽ ʙʫʜʫʪʴ ʢʣʘʩʪʠʩʷ ʚ ʦʩʥʦʚʫ ʽʤʽʪʘʮʽʡʥʠʭ ʤʦʜʝʣʝʡ 

ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʙʦʪʠ ʨʝʛʫʣʴʦʚʘʥʠʭ ʧʝʨʝʭʨʝʩʪʴ [102]. 

ɻʽʩʪʦʛʨʘʤʠ ʪʘ ʪʝʦʨʝʪʠʯʥʽ ʢʨʠʚʽ ʨʦʟʧʦʜʽʣʽʚ ʤʠʪʪʻʚʠʭ ʰʚʠʜʢʦʩʪʝʡ (ʟʛʽʜʥʦ ʟ 

ʥʦʨʤʘʣʴʥʠʤ ʟʘʢʦʥʦʤ) ʪʘ ʽʥʪʝʨʚʘʣʽʚ ʤʽʞ ʘʚʪʦʤʦʙʽʣʷʤʠ ʜʣʷ ʧʝʨʝʭʨʝʩʪʷ 

ʚʫʣ. ʉʪʨʠʡʩʴʢʘ ï ɺʦʣʦʜʠʤʠʨʘ ɺʝʣʠʢʦʛʦ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 2.1. ʗʢ ʚʠʜʥʦ ʟ ʨʠʩʫʥʢʘ, 

ʨʦʟʧʦʜʽʣ ʯʘʩʦʚʠʭ ʽʥʪʝʨʚʘʣʽʚ ʤʘʻ ʩʢʣʘʜʥʽʰʠʡ ʭʘʨʘʢʪʝʨ ʽ ʟ ʥʝʜʦʩʪʘʪʥʽʤ ʩʪʫʧʝʥʝʤ 

ʫʟʛʦʜʞʝʥʦʩʪʽ ʟ ʝʢʩʧʦʥʝʥʮʽʡʥʠʤ ʟʘʢʦʥʦʤ. 

ʏʠʩʣʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʦʟʧʦʜʽʣʽʚ ʮʠʭ ʚʝʣʠʯʠʥ: ʤʠʪʪʻʚʘ ʰʚʠʜʢʽʩʪʴ ï 

ʤʘʪʝʤʘʪʠʯʥʝ ʩʧʦʜʽʚʘʥʥʷ ( ) 35,44ʢʤ/ʛʦʜM V = ; ʩʝʨʝʜʥʻ ʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ 

( ) 10,28ʢʤ/ʛʦʜV =s ; ʢʦʝʬʽʮʽʻʥʪ ʚʘʨʽʘʮʽʾ 29,01 %V =n ; ʯʘʩʦʚʽ ʽʥʪʝʨʚʘʣʠ ï 
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ʤʘʪʝʤʘʪʠʯʥʝ ʩʧʦʜʽʚʘʥʥʷ ( ) 5,24ʩM t = ; ʩʝʨʝʜʥʻ ʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ 

( ) 5,93 ct =s ; ʢʦʝʬʽʮʽʻʥʪ ʚʘʨʽʘʮʽʾ 113,17 %t =n  (ʪʘʙʣ. 2.1). 
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ʐʚʠʜʢ̔ʩʪɹ , ʢʤ/ʛʦʜ

 

ʈʠʩʫʥʦʢ 2.1 ï ɻʽʩʪʦʛʨʘʤʠ  ̔ʪʝʦʨʝʪʠʯʥʽ ʢʨʠʚʽ ʨʦʟʧʦʜʽʣʽʚ ʤʠʪʪʻʚʠʭ ʰʚʠʜʢʦʩʪʝʡ (ʘ) 

ʪʘ ʯʘʩʦʚʠʭ ʽʥʪʝʨʚʘʣʽʚ ʤʽʞ ʘʚʪʦʤʦʙʽʣʷʤʠ (ʙ) ʥʘ ʧʝʨʝʭʨʝʩʪʽ 

ʚʫʣ. ʉʪʨʠʡʩʴʢʘ ï ɺʦʣʦʜʠʤʠʨʘ ɺʝʣʠʢʦʛʦ 

 

ʈʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ [102], ʱʦ ʥʘ ʧʝʨʝʭʨʝʩʪʽ 

ʚʫʣ. ʂʫʣʴʧʘʨʢʽʚʩʴʢʘ ï ʉʘʜʦʚʘ ʤʠʪʪʻʚʽ ʰʚʠʜʢʦʩʪʽ ʣʝʞʘʪʴ ʚ ʤʝʞʘʭ 6-46 ʢʤ/ʛʦʜ. ʊʘʢʽ 

ʥʝʚʠʩʦʢʽ ʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʝʡ ʟʫʤʦʚʣʝʥʽ ʥʠʟʴʢʦʶ ʷʢʽʩʪʶ ʜʦʨʦʞʥʴʦʛʦ ʧʦʢʨʠʪʪʷ ʪʘ 
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ʥʘʷʚʥʽʩʪʶ ʫ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʧʦʪʦʮʽ ʚʝʣʠʢʦʾ ʯʘʩʪʢʠ ʪʠʭʦʭʽʜʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʟʘʩʦʙʽʚ. ʈʦʟʢʠʜ ʟʥʘʯʝʥʴ ʯʘʩʦʚʠʭ ʽʥʪʝʨʚʘʣʽʚ ʤʽʞ ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʟʘʩʦʙʘʤʠ ʣʝʞʠʪʴ ʚ 

ʤʝʞʘʭ ʚʽʜ 0,65 ʜʦ 9,01 ʩ. ʎʽ ʨʦʟʙʽʞʥʦʩʪʽ ʧʦʷʩʥʶʶʪʴʩʷ ʪʠʤ, ʱʦ ʛʨʫʧʠ ʘʚʪʦʤʦʙʽʣʽʚ, 

ʩʬʦʨʤʦʚʘʥʽ ʷʢ ʯʝʨʛʘ ʧʝʨʝʜ ʩʚʽʪʣʦʬʦʨʘʤʠ, ʥʝ ʚʩʪʠʛʘʶʪʴ ʨʦʟʧʘʩʪʠʩʷ, ʯʝʨʝʟ ʥʝʟʥʘʯʥʽ 

ʚʽʜʩʪʘʥʽ ʤʽʞ ʧʝʨʝʭʨʝʩʪʷʤʠ (450-600 ʤ). ɻʽʩʪʦʛʨʘʤʠ ʽ ʪʝʦʨʝʪʠʯʥʽ ʢʨʠʚʽ ʨʦʟʧʦʜʽʣʽʚ 

ʤʠʪʪʻʚʠʭ ʰʚʠʜʢʦʩʪʝʡ ʪʘ ʽʥʪʝʨʚʘʣʽʚ ʤʽʞ ʘʚʪʦʤʦʙʽʣʷʤʠ ʧʽʜʧʦʨʷʜʢʦʚʘʥʽ 

ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʦʚʽ (ʨʠʩ. 2.2). 
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ʈʠʩʫʥʦʢ 2.2 ï ɻʽʩʪʦʛʨʘʤʠ  ̔ʪʝʦʨʝʪʠʯʥʽ ʢʨʠʚʽ ʨʦʟʧʦʜʽʣʽʚ ʤʠʪʪʻʚʠʭ ʰʚʠʜʢʦʩʪʝʡ (ʘ) 

ʪʘ ʯʘʩʦʚʠʭ ʽʥʪʝʨʚʘʣʽʚ ʤʽʞ ʘʚʪʦʤʦʙʽʣʷʤʠ (ʙ) ʥʘ ʧʝʨʝʭʨʝʩʪʽ 

ʚʫʣ. ʂʫʣʴʧʘʨʢʽʚʩʴʢʘ ï ʉʘʜʦʚʘ 
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ʏʠʩʣʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʦʟʧʦʜʽʣʽʚ ʮʠʭ ʚʝʣʠʯʠʥ: ʤʠʪʪʻʚʘ ʰʚʠʜʢʽʩʪʴ ï 

ʤʘʪʝʤʘʪʠʯʥʝ ʩʧʦʜʽʚʘʥʥʷ ( ) 17,77ʢʤ/ʛʦʜM V = ; ʩʝʨʝʜʥʻ ʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ 

( ) 5,78ʢʤ/ʛʦʜV =s ; ʢʦʝʬʽʮʽʻʥʪ ʚʘʨʽʘʮʽʾ 32,53 %V =n ; ʯʘʩʦʚʽ ʽʥʪʝʨʚʘʣʠ ï 

ʤʘʪʝʤʘʪʠʯʥʝ ʩʧʦʜʽʚʘʥʥʷ ( ) 3,01ʩM t = ; ʩʝʨʝʜʥʻ ʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ 

( ) 1,22 ct =s ; ʢʦʝʬʽʮʽʻʥʪ ʚʘʨʽʘʮʽʾ 40,53 %t =n  (ʪʘʙʣ. 2.1). 

 

ʊʘʙʣʠʮʷ 2.1 ï ʇʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʤʠʪʪʻʚʠʭ ʰʚʠʜʢʦʩʪʝʡ ʪʘ 

ʯʘʩʦʚʠʭ ʽʥʪʝʨʚʘʣʽʚ ʤʽʞ ʘʚʪʦʤʦʙʽʣʷʤʠ ʥʘ ʧʝʨʝʭʨʝʩʪʷʭ 

ʇʝʨʝʭʨʝʩʪʷ 

ʂʽʣʴʢʽʩʪʴ 

ʚʠʤʽʨʶʚʘʥʴ 

ʰʚʠʜʢʦʩʪʽ 

(ʽʥʪʝʨʚʘʣʽʚ) 

ʏʠʩʣʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʦʟʧʦʜʽʣʽʚ 

ʐʚʠʜʢʽʩʪʴ ɯʥʪʝʨʚʘʣʠ 

M(V), 

ʢʤ/ʛʦʜ 

ů(V), 

ʢʤ/ʛʦʜ 

ɜV, 

% 

M(t), 

ʩ 

ů(t), 

ʩ 

ɜt, 

% 

ʚʫʣ. ʉʪʨʠʡʩʴʢʘ ï 

ɺʦʣʦʜʠʤʠʨʘ ɺʝʣʠʢʦʛʦ 
385 (484) 35,44 10,28 29,01 5,24 5,93 113,17 

ʚʫʣ. ʂʫʣʴʧʘʨʢʽʚʩʴʢʘ 

ï ʉʘʜʦʚʘ 
608 (494) 17,77 5,78 32,53 3,01 1,22 40,53 

 

ʅʘʚʝʜʝʥʝ ʧʦʢʘʟʫʻ, ʱʦ ʯʘʩʦʚʽ ʽʥʪʝʨʚʘʣʠ ʤʽʞ ʘʚʪʦʤʦʙʽʣʷʤʠ ʪʘ ʾʭ ʰʚʠʜʢʦʩʪʽ 

ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʥʝʨʽʚʥʦʤʽʨʥʦ, ʨʝʛʫʣʶʚʘʥʥʷ ʧʨʦʾʟʜʫ ʧʝʨʝʭʨʝʩʪʴ ʞʦʨʩʪʢʝ, ʱʦ 

ʟʫʤʦʚʣʶʻ ʫʪʚʦʨʝʥʥʷ ʯʝʨʛ ʟ 20-30 ʘʚʪʦʤʦʙʽʣʽʚ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʽ ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʽʚ 

ʟʘʪʨʠʤʦʢ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʥʘʚʝʜʝʥʽ ʜʣʷ ʢʦʥʢʨʝʪʥʠʭ ʤʽʩʪ, ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʜʽʾ 

ʥʘ ʧʨʦʮʝʩʠ ʧʨʦʾʟʜʫ ʧʝʨʝʭʨʝʩʪʴ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʯʠʥʥʠʢʽʚ ʽ ʪʦʤʫ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ 

ʧʨʠʡʥʷʪʽ ʷʢ ʨʦʙʦʯʽ. ʈʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʩʢʦʨʦʯʝʥʥʷ ʯʝʨʛ ʪʘ ʚʪʨʘʪ ʨʦʙʦʯʦʛʦ ʯʘʩʫ 

ʧʝʨʝʚʽʟʥʠʢʘʤʠ, ʷʢʽ ʧʨʦʾʞʜʞʘʶʪʴ ʨʝʛʫʣʴʦʚʘʥʽ ʧʝʨʝʭʨʝʩʪʷ ʧʦʚʠʥʥʦ ʨʝʘʣʽʟʦʚʫʚʘʪʠʩʷ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ, ʫ 

ʧʝʨʰʫ ʯʝʨʛʫ, ʨʝʟʫʣʴʪʘʪʽʚ ʦʧʨʘʮʶʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʧʨʦ ʤʠʪʪʻʚʽ 

ʰʚʠʜʢʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʪʘ ʯʘʩʦʚʽ ʽʥʪʝʨʚʘʣʠ ʤʽʞ ʥʠʤʠ. ʆʩʪʘʥʥʽ ʞ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʽʥʰʠʭ ʯʠʥʥʠʢʽʚ ï ʜʠʥʘʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʚ 

ʪ. ʯ. ʧʦʚôʷʟʘʥʠʭ ʟ ʾʭ ʚʽʢʦʚʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ, ʪʠʧʽʚ ʪʘ ʷʢʦʩʪʽ ʜʦʨʦʞʥʽʭ ʧʦʢʨʠʪʴ, 
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ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʝʨʝʭʨʝʩʪʴ, ʟʘʩʦʙʽʚ ʪʘ ʨʝʞʠʤʽʚ ʨʝʛʫʣʶʚʘʥʥʷ ʨʫʭʫ ʧʦ 

ʥʠʭ [102]. 

ʅʘ ʧʽʜʩʪʘʚʽ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʧʨʦ ʨʦʙʦʪʫ ʨʝʛʫʣʴʦʚʘʥʠʭ ʧʝʨʝʭʨʝʩʪʴ ʟ ʞʦʨʩʪʢʠʤʠ 

ʩʚʽʪʣʦʬʦʨʥʠʤʠ ʮʠʢʣʘʤʠ, ʾʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʪʠʧʽʚ ʪʘ ʷʢʦʩʪʽ ʧʦʢʨʠʪʴ, 

ʚʠʙʨʘʥʦ 21 ʧʝʨʝʭʨʝʩʪʷ, ʷʢʽ, ʢʨʽʤ ʮʴʦʛʦ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʝʣʠʢʠʤ ʨʦʟʢʠʜʦʤ 

ʰʚʠʜʢʦʩʪʽ (11,02-23,74 ʢʤ/ʛʦʜ) ʪʘ ʪʨʠʚʘʣʦʩʪʽ ʧʨʦʾʟʜʫ (5,75-11,43 ʩ) (ɼʦʜʘʪʢʠ ɸ ʽ 

ɹ). 

 

2.2 ɺʠʙʽʨ ʚʧʣʠʚʦʚʠʭ ʯʠʥʥʠʢʽʚ 

 

ɺʽʜʦʤʦ, ʱʦ ʥʘ ʩʪʫʧʽʥʴ ʥʘʩʠʯʝʥʥʷ ʊʇ, ʧʨʷʤʠʤ ʯʠʥʦʤ ʚʧʣʠʚʘʻ ʟʤʽʥʥʘ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʨʦʾʟʜʫ ʧʝʨʝʭʨʝʩʪʷ [57, 62]. ʇʨʠ ʮʴʦʤʫ ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʜʣʷ 

ʯʠʥʥʦʛʦ ʧʝʨʝʭʨʝʩʪʷ ʟʘʣʠʰʘʻʪʴʩʷ ʧʦʩʪʽʡʥʦʶ. ʆʩʢʽʣʴʢʠ ʜʣʷ ʧʝʨʝʭʨʝʩʪʴ ʟ ʞʦʨʩʪʢʠʤ 

ʮʠʢʣʦʤ ʨʝʛʫʣʶʚʘʥʥʷ ʊʇ ʨʫʭʘʶʪʴʩʷ ʽʟ ʟʤʽʥʥʠʤʠ ʽʥʪʝʥʩʠʚʥʦʩʪʷʤʠ, ʘ ʧʨʦʧʫʩʢʥʘ 

ʟʜʘʪʥʽʩʪʴ ʾʭ ʧʦʩʪʽʡʥʘ, ʪʦ ʟʘʪʨʠʤʢʠ ʘʚʪʦʤʦʙʽʣʽʚ ʧʝʨʝʜ ʥʠʤʠ ʙʫʜʫʪʴ ʪʘʢʦʞ ʟʤʽʥʥʠʤʠ 

ʽ ʚ ʦʢʨʝʤʠʭ ʩʠʪʫʘʮʽʷʭ ʤʦʞʫʪʴ ʟʫʤʦʚʣʶʚʘʪʠ ʟʘʪʦʨʠ ʥʘ ʚʫʣʠʯʥʦ-ʜʦʨʦʞʥʽʡ ʤʝʨʝʞʽ. 

ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʚʘʞʣʠʚʦ ʜʦʩʣʽʜʠʪʠ ʚʧʣʠʚ ʥʘ ʩʪʫʧʽʥʴ ʥʘʩʠʯʝʥʥʷ ʊʇ, ʷʢʠʡ 

ʧʨʦʾʞʜʞʘʻ ʧʝʨʝʭʨʝʩʪʷ, ʫʩʽʭ ʤʦʞʣʠʚʠʭ ʯʠʥʥʠʢʽʚ. 

ʉʝʨʝʜ ʥʠʭ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʪʘʢʽ ʦʩʥʦʚʥ ̔[105]: 

- ʧʦ-ʧʝʨʰʝ, ʧʦʪʨʽʙʥʦ ʨʦʟʛʣʷʜʘʪʠ ʬʦʨʤʘʣʴʥʦ ʥʝ ʣʠʰʝ ʩʢʣʘʜ ʊʇ, ʷʢʠʡ ʟʘʚʞʜʠ 

ʥʝʦʜʥʘʢʦʚʠʡ, ʽ ʟʚʦʜʠʪʠ ʡʦʛʦ ʜʦ ʣʝʛʢʦʚʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʘʣʝ ʡ 

ʦʙʦʚôʷʟʢʦʚʦ ʦʮʽʥʶʚʘʪʠ ʽʤʦʚʽʨʥʽʩʪʴ ʧʦʷʚʠ ʫ ʥʴʦʤʫ ʪʘʢʠʭ ʊɿ, ʷʢʽ 

ʟʥʠʞʫʚʘʪʠʤʫʪʴ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʨʦʾʟʜʫ. ʄʦʚʘ ʽʜʝ ʧʨʦ ʚʘʥʪʘʞʥʽ ʘʚʪʦʤʦʙʽʣʽ ʪʘ 

ʘʚʪʦʙʫʩʠ. ʂʦʝʬʽʮʽʻʥʪʠ ʟʚʝʜʝʥʥʷ ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʽʤʦʚʽʨʥʽʩʥʦʾ ʧʨʠʨʦʜʠ 

ʥʘʷʚʥʦʩʪʽ ʫ ʊʇ ʪʠʭ ʯʠ ʽʥʰʠʭ ʊɿ; 

- ʧʦ-ʜʨʫʛʝ, ʩʝʨʝʜ ʚʘʥʪʘʞʥʠʭ ʊɿ ʪʘ ʘʚʪʦʙʫʩʽʚ ʫ ʊʇ ʥʝ ʫʩʽ ʚʦʥʠ ʟ ʦʜʥʘʢʦʚʠʤ 

ʪʝʭʥʽʯʥʠʤ ʩʪʘʥʦʤ. ʊʫʪ ʽʜʝʪʴʩʷ ʧʨʦ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʣʠʰʝ ʪʠʭ ʘʛʨʝʛʘʪʽʚ, ʷʢʽ 

ʚʠʟʥʘʯʘʶʪʴ ʪʷʛʦʚʦ-ʰʚʠʜʢʽʩʥʽ ʪʘ ʛʘʣʴʤʽʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʚʪʦʤʦʙʽʣʷ. ʎʝ, 

ʫ ʧʝʨʰʫ ʯʝʨʛʫ, ʟʥʦʰʝʥʽʩʪʴ ʜʚʠʛʫʥʽʚ, ʟʦʢʨʝʤʘ ʜʝʪʘʣʝʡ ʮʠʣʽʥʜʨʦ-ʧʦʨʰʥʝʚʦʾ 

ʛʨʫʧʠ ʪʘ ʛʘʣʴʤʽʚʥʦʾ ʩʠʩʪʝʤʠ. ʇʦʷʚʘ ʪʘʢʠʭ ʥʝʦʜʥʦʨʽʜʥʠʭ ʟʘ ʪʝʭʥʽʯʥʠʤ 
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ʩʪʘʥʦʤ ʚʘʥʪʘʞʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʽ ʘʚʪʦʙʫʩʽʚ ʫ ʊʇ ʧʝʨʝʜ ʧʝʨʝʭʨʝʩʪʷʤ 

(ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ ʧʝʨʝʜ ʩʪʦʧ-ʣʽʥʽʻʶ, ʷʢʽ ʨʫʰʘʶʪʴ ʧʝʨʰʠʤʠ ʥʘ ʟʝʣʝʥʠʡ 

ʩʠʛʥʘʣ ʩʚʽʪʣʦʬʦʨʘ) ʪʘʢʦʞ ʤʘʻ ʽʤʦʚʽʨʥʽʩʥʠʡ ʭʘʨʘʢʪʝʨ [106]; 

- ʧʦ-ʪʨʝʪʻ, ʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʨʦʾʟʜʫ ʧʝʨʝʭʨʝʩʪʴ ʚʧʣʠʚʘʶʪʴ ʪʠʧ ʽ ʷʢʽʩʪʴ ʾʭ 

ʜʦʨʦʞʥʽʭ ʧʦʢʨʠʪʴ ʪʘ ʚ ʦʢʦʣʽ ʧʨʠʤʠʢʘʥʴ ʜʦ ʥʠʭ (20-30 ʤ ʧʝʨʝʜ ʽ 5-10 ʤ 

ʧʽʩʣʷ). ɺʽʜʦʤʦ, ʱʦ ʮʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝ ʧʦʩʪʽʡʥʽ (ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʧʦʩʪʽʡʥʦʩʪʽ ʩʚʽʪʣʦʬʦʨʥʠʭ ʮʠʢʣʽʚ) ʽ ʤʦʞʫʪʴ ʚ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ ʽʩʪʦʪʥʦ 

ʚʧʣʠʚʘʪʠ ʥʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʨʦʾʟʜʫ. ɺʧʣʠʚʘʶʪʴ ʥʝ ʣʠʰʝ ʣʦʢʘʣʴʥʽ ʥʝʨʽʚʥʦʩʪʽ 

ʧʦʢʨʠʪʴ ʫ ʚʠʛʣʷʜʽ ʷʤʦʢ, ʚʠʩʪʫʧʽʚ ʛʦʣʦʚʦʢ ʪʨʘʤʚʘʡʥʠʭ ʨʝʡʦʢ, ʘʣʝ ʡ 

ʜʝʬʦʨʤʦʚʘʥʽ ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʟʘʩʦʙʘʤʠ ʨʽʟʥʦʾ ʭʚʠʣʷʩʪʦʩʪʽ (ʦʩʦʙʣʠʚʦ ʫ 

ʣ̔ ʪʥʽʡ ʧʝʨʽʦʜ) ʜʽʣʷʥʢʠ ʥʘ ʧʝʨʝʭʨʝʩʪʽ ʯʠ ʧʝʨʝʜ ʘʙʦ ʧʽʩʣʷ ʥʴʦʛʦ. 

ɺʚʘʞʘʻʤʦ, ʱʦ ʚʽʜʦʤʽ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʩʪʫʧʝʥʷ ʥʘʩʠʯʝʥʥʷ ʊʇ, 

ʷʢʠʡ ʧʨʦʾʞʜʞʘʻ ʨʝʛʫʣʴʦʚʘʥʝ ʧʝʨʝʭʨʝʩʪʷ, ʧʦʚʠʥʥʽ ʫʪʦʯʥʷʪʠʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʽʤʦʚʽʨʥʽʩʥʦʾ ʧʨʠʨʦʜʠ ʧʦʷʚʠ ʫ ʊʇ ʪʠʭʦʭʽʜʥʠʭ ʡ ʟ ʨʽʟʥʠʤ ʪʝʭʥʽʯʥʠʤ ʩʪʘʥʦʤ ʊɿ, ʘ 

ʪʘʢʦʞ ʷʢʽʩʥʦʛʦ ʩʪʘʥʫ ʜʦʨʦʞʥʽʭ ʧʦʢʨʠʪʴ ʧʝʨʝʭʨʝʩʪʴ ʽ ʧʨʠʤʠʢʘʶʯʠʭ ʜʦ ʥʴʦʛʦ 

ʧʨʦʾʞʜʞʠʭ ʯʘʩʪʠʥ [105]. 

ɺʠʙʽʨʢʦʚʠʤ ʘʥʘʣʽʟʦʤ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ ʧʨʦ ʥʘʷʚʥʽ ʘʚʪʦʙʫʩʠ, ʷʢʽ 

ʦʙʩʣʫʛʦʚʫʶʪʴ ʤʽʩʴʢʽ ʤʘʨʰʨʫʪʠ ʫ ʃʴʚʦʚʽ (ɸʊʇ ˉ1, çʋʩʧʽʭ ɹʄè, çʄʽʨʘ ʽ ʂè, 

çʌʽʘʢʨ-ʃʴʚʽʚè ʪʘ ɸʊʇ-14630), ʚʠʷʚʣʝʥʦ ʾʭ ʯʠʩʝʣʴʥʽʩʪʴ ï 785 ʦʜ. ʏʠʩʝʣʴʥʽʩʪʴ 

ʚʘʥʪʘʞʥʠʭ ʊɿ (ɻɸɿ-3307 ʪʘ ʽʥ.) ɸʊʇ ʃʴʚʽʚʩʴʢʦʛʦ ʭʣʽʙʟʘʚʦʜʫ ˉ 1, ʷʢʽ 

ʦʙʩʣʫʛʦʚʫʶʪʴ ʤʽʩʴʢʠʭ ʩʧʦʞʠʚʘʯʽʚ ʩʪʘʥʦʚʠʪʴ 109 ʦʜ. ɺʝʩʴ ʾʭ ʚʽʢʦʚʠʡ ʜʽʘʧʘʟʦʥ 

ʨʦʟʙʠʪʦ ʥʘ 4 ʛʨʫʧʠ: 1-3 ʨʦʢʠ ï 2%; 4-6 ï 11%; 7-10 ï 66%; ʙʽʣʴʰʝ 10 ʨʦʢʽʚ ï 21% 

(ʪʘʙʣ. 2.2). ʉʝʨʝʜ ʦʩʪʘʥʥʴʦʾ ʛʨʫʧʠ ʻ ʪʘʢʽ ʘʚʪʦʙʫʩʠ ʽ ʚʘʥʪʘʞʥʽ ʘʚʪʦʤʦʙʽʣʽ, ʫ ʷʢʠʭ 

ʪʝʨʤʽʥ ʩʣʫʞʙʠ ʧʝʨʝʚʠʱʫʻ 20 ʨʦʢʽʚ (32 ʦʜ.). ʅʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʪʝʨʤʽʥʽʚ 

ʩʣʫʞʙʠ ʭʘʨʘʢʪʝʨʠʟʫʻ ʢʦʝʬʽʮʽʻʥʪ ʚʘʨʽʘʮʽʾ, 40,2%n= . ʏʠʩʣʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʨʦʟʧʦʜʽʣʫ (ʨʠʩ. 2.3): ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ 9,23
c

T =  ʨʦʢʽʚ; ʜʠʩʧʝʨʩʽʷ ( ) 13,79ʩDʊ =  

ʨʦʢʽʚ; ʩʝʨʝʜʥʻ ʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ( ) 3,71ʩʊs =  ʨʦʢʠ. 
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ʊʘʙʣʠʮʷ 2.2 ï ʈʦʟʧʦʜʽʣ ʢʽʣʴʢʦʩʪʽ ʊɿ ʫ ʃʴʚʽʚʩʴʢʠʭ ɸʊʇ ʟʘ ʚʽʢʦʚʠʤʠ ʛʨʫʧʘʤʠ 

ɺʽʢʦʚʘ ʛʨʫʧʘ ʊɿ ʅʘʟʚʘ ɸʊʇ ʂʽʣʴʢʽʩʪʴ ʊɿ, ʦʜ. 

1 2 3 

ʚʽʜ 1-ʛʦ ʜʦ 3-ʭ ʨʦʢʽʚ 

ʃʂ ɸʊʇ ˉ1 18 

ʋʩʧʽʭ ɹʄ - 

ʄʽʨʘ ʽ ʂ - 

ʌʽʘʢʨ-ʃʴʚʽʚ - 

ɸʊʇ-14630 - 

ɸʊʇ ʃʴʚʽʚʩʴʢʦʛʦ ʭʣʽʙʟʘʚʦʜʫ ˉ1 - 

ʚʽʜ 4-ʭ ʜʦ 6-ʪʠ ʨʦʢʽʚ 

ʃʂ ɸʊʇ ˉ1 38 

ʋʩʧʽʭ ɹʄ 3 

ʄʽʨʘ ʽ ʂ 5 

ʌʽʘʢʨ-ʃʴʚʽʚ 17 

ɸʊʇ-14630 11 

ɸʊʇ ʃʴʚʽʚʩʴʢʦʛʦ ʭʣʽʙʟʘʚʦʜʫ ˉ1 27 

ʚʽʜ 7-ʤʠ ʜʦ 10-ʪʠ ʨʦʢʽʚ 

ʃʂ ɸʊʇ ˉ1 112 

ʋʩʧʽʭ ɹʄ 114 

ʄʽʨʘ ʽ ʂ 118 

ʌʽʘʢʨ-ʃʴʚʽʚ 114 

ɸʊʇ-14630 116 

ɸʊʇ ʃʴʚʽʚʩʴʢʦʛʦ ʭʣʽʙʟʘʚʦʜʫ ˉ1 16 

ʙʽʣʴʰʝ 10-ʪʠ ʨʦʢʽʚ 

ʃʂ ɸʊʇ ˉ1 54 

ʋʩʧʽʭ ɹʄ 15 

ʄʽʨʘ ʽ ʂ 19 

ʌʽʘʢʨ-ʃʴʚʽʚ 24 

ɸʊʇ-14630 7 

ɸʊʇ ʃʴʚʽʚʩʴʢʦʛʦ ʭʣʽʙʟʘʚʦʜʫ ˉ1 66 

ɿʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʘʚʪʦʙʫʩʽʚ ʪʘ ʚʘʥʪʘʞʥʠʭ ʊɿ 894 
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ʆʯʝʚʠʜʥʦ, ʱʦ, ʯʠʤ ʟ ʙʽʣʴʰʠʤ ʪʝʨʤʽʥʦʤ ʩʣʫʞʙʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʘʚʪʦʤʦʙʽʣʽ, ʪʠʤ ʥʠʞʯʽ ʾʭ ʪʝʭʥʽʢʦ-ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʎʝ ʧʦʟʥʘʯʘʻʪʴʩʷ, 

ʚ ʜʘʥʦʤʫ ʨʘʟʽ, ʥʘ ʟʥʠʞʝʥʥʽ ʜʠʥʘʤʽʢʠ ʧʨʦʾʟʜʫ ʧʝʨʝʭʨʝʩʪʷ. ʆʩʢʽʣʴʢʠ ʜʽʘʛʥʦʩʪʫʚʘʪʠ 

ʢʦʞʝʥ ʘʚʪʦʙʫʩ ʥʘ ʧʨʝʜʤʝʪ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʡʦʛʦ ʪʷʛʦʚʦ-ʰʚʠʜʢʽʩʥʠʭ ʯʠ 

ʛʘʣʴʤʽʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʝʤʘʻ ʤʦʞʣʠʚʦʩʪʽ ʡ, ʟʨʝʰʪʦʶ, ʫ ʮʴʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ï 

ʥʝ ʪʘʢ ʚʘʞʣʠʚʦ, ʚʠʢʦʨʠʩʪʘʻʤʦ ʟ ʮʽʻʶ ʤʝʪʦʶ ʚʽʢʦʚʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ [105]. 

ʗʢʱʦ ʩʧʨʠʡʤʘʪʠ ʪʚʝʨʜʞʝʥʥʷ, ʱʦ ʯʠʤ ʙʽʣʴʰʠʤ ʻ ʚʽʢ ʘʚʪʦʤʦʙʽʣʷ 

(ʢʫʤʫʣʷʪʠʚʥʠʡ ʧʨʦʙʽʛ), ʪʠʤ ʚʽʥ ʤʝʥʰ ʥʘʜʽʡʥʠʡ ʽ ʚʦʣʦʜʽʻ ʧʦʥʠʞʝʥʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤʠ ʪʷʛʦʚʦʾ (ʚ ʪ. ʯ. ʨʦʟʛʽʥʥʦʾ) ʜʠʥʘʤʽʯʥʦʩʪʽ ʷʢ ʘʢʩʽʦʤʫ, ʪʦ ʪʘʢʽ ʘʚʪʦʤʦʙʽʣʽ 

ʥʘʟʠʚʘʪʠʤʝʤʦ ʘʚʪʦʤʦʙʽʣʷʤʠ ʟ ʥʝʛʘʪʠʚʥʠʤ ʧʦʪʝʥʮʽʘʣʦʤ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ. 

ɺʠʟʥʘʯʠʤʦ ʾʭ ʯʘʩʪʢʫ 
.ʥ ʧ

K  ʫ ʢʦʞʥʽʡ ʚʽʢʦʚʽʡ ʛʨʫʧʽ ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ 
ʘʚʪ

N : 

 

1 3 10

. (1 3) . ( 10)
,...,- >

- >
= =

ʥ ʧ ʥ ʧ

ʘʚʪ ʘʚʪ

N N
K K

N N
,                                     (2.1) 

 

ʜʝ 
1 3 10

,...,
- >

N N  ï ʯʠʩʝʣʴʥʽʩʪʴ ʘʚʪʦʤʦʙʽʣʽʚ ʫ ʚʽʜʧʦʚʽʜʥʠʭ ʚʽʢʦʚʠʭ ʛʨʫʧʘʭ. 

 

 

ʈʠʩʫʥʦʢ 2.3 ï ʈʦʟʧʦʜʽʣ ʪʝʨʤʽʥʽʚ ʩʣʫʞʙʠ ʧʘʨʢʫ ʘʚʪʦʙʫʩʽʚ (785 ʦʜ.) ʃʴʚʽʚʩʴʢʠʭ ɸʊʇ 

ʽ ʚʘʥʪʘʞʥʠʭ ʊɿ (109 ʦʜ.) ʭʣʽʙʟʘʚʦʜʫ ˉ1 
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ɼʣʷ ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ 4-ʭ ʚʽʢʦʚʠʭ ʛʨʫʧ ʘʚʪʦʙʫʩʽʚ ʧʦʢʘʟʥʠʢʠ ʥʝʛʘʪʠʚʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ ʪʘʢʽ: 
. (1 3)

0,091
-
=

ʥ ʧ
K ; 

. (4 6)
0,383

-
=

ʥ ʧ
K ; 

. (7 10)
0,474

-
=

ʥ ʧ
K ; 

. ( 10)
0,052

>
=

ʥ ʧ
K . ʎʝ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʥʘʡʙʽʣʴʰʘ ʯʘʩʪʢʘ ʟʥʦʰʝʥʦʛʦ ʧʘʨʢʫ ʧʨʠʧʘʜʘʻ ʥʘ ʘʚʪʦʙʫʩʠ ʟ 

ʪʝʨʤʽʥʘʤʠ ʩʣʫʞʙʠ ʚʽʜ 7 ʜʦ 10 ʨʦʢʽʚ. ʆʩʢʽʣʴʢʠ ʟʥʦʰʝʥʽʩʪʴ ʾʭ ʚʧʣʠʚʘʻ ʥʘ ʜʠʥʘʤʽʢʫ 

ʧʨʦʾʟʜʫ ʧʝʨʝʭʨʝʩʪʴ, ʟʥʠʞʫʶʯʠ ʜʠʥʘʤʽʢʫ ʊʇ, ʪʦ ʩʪʫʧʽʥʴ ʟʥʠʞʝʥʥʷ ʪʷʛʦʚʦ-

ʰʚʠʜʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʯʝʨʝʟ 
.ʥ ʧ

K : 

 

.
1= +

ʟʥ ʥ ʧ
K K .                                                  (2.2) 

 

ʊʦʙʪʦ ʢʦʝʬʽʮʽʻʥʪ ʟʥʠʞʝʥʥʷ ʜʠʥʘʤʽʢʠ ʧʨʦʾʟʜʫ ʧʝʨʝʭʨʝʩʪʴ ʘʚʪʦʙʫʩʘʤʠ 

ʪʨʠʚʘʣʦʛʦ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ, ʧʦʨʽʚʥʷʥʦ ʟ ʥʦʚʠʤʠ, ʙʫʜʝ ʦʙôʻʢʪʠʚʥʦ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ 

ʪʨʘʥʩʧʦʨʪʥʠʡ ʧʦʪʽʢ ʨʽʟʥʦʪʠʧʥʠʭ ʊɿ, ʷʢʽ ʧʨʦʾʞʜʞʘʶʪʴ ʧʝʨʝʭʨʝʩʪʷ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ, 

ʧʦʪʨʽʙʥʦ ʟʚʦʜʠʪʠ ʪʨʘʥʩʧʦʨʪʥʠʡ ʧʦʪʽʢ ʥʝ ʣʠʰʝ ʜʦ ʣʝʛʢʦʚʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʯʝʨʝʟ 

ʢʦʝʬʽʮʽʻʥʪʠ ʟʚʝʜʝʥʥʷ 
ʟʚ

K , ʘʣʝ ʡ ʚʨʘʭʦʚʫʚʘʪʠ ʩʪʫʧʽʥʴ ʬʽʟʠʯʥʦʛʦ ʟʥʦʩʫ ʫʯʘʩʥʠʢʽʚ 

ʨʫʭʫ. ʊʦʤʫ: 

 

. . .ʟʚ ʣ ʟʥ ʣ ʚ ʚ ʟʥʚ ʘʚʪʙ ʘʚʪʙ ʟʥ ʘʚʪʙ
N N K N K K N K K= + + ,                           (2.3) 

 

ʜʝ 
ʣ

N , 
ʚ

N , 
ʘʚʪʙ

N  ï ʩʝʨʝʜʥʽ ʢʽʣʴʢʦʩʪʽ ʘʚʪʦʤʦʙʽʣʽʚ, ʚʽʜʧʦʚʽʜʥʦ ʣʝʛʢʦʚʠʭ, 

ʚʘʥʪʘʞʥʠʭ ʪʘ ʘʚʪʦʙʫʩʽʚ, ʷʢʽ ʧʨʦʾʞʜʞʘʶʪʴ ʧʝʨʝʭʨʝʩʪʷ ʟʘ ʯʘʩ ʛʦʨʽʥʥʷ ʟʝʣʝʥʦʛʦ 

ʩʠʛʥʘʣʫ; 

.ʟʥ ʣ
K , 

.ʟʥ ʚ
K , 

.ʟʥ ʘʚʪʙ
K  ï ʢʦʝʬʽʮʽʻʥʪʠ ʟʥʠʞʝʥʥʷ ʪʷʛʦʚʦ-ʰʚʠʜʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʫʯʘʩʥʠʢʽʚ ʨʫʭʫ;  

ʚ
K , 

ʘʚʪʙ
K  ï ʢʦʝʬʽʮʽʻʥʪʠ ʟʚʝʜʝʥʥʷ ʜʦ ʣʝʛʢʦʚʦʛʦ ʘʚʪʦʤʦʙʽʣʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʊɿ, 

ʷʢʽ ʜʦʣʘʶʪʴ ʧʝʨʝʭʨʝʩʪʷ (ʟʘ ʆ.ɻ. ʃʝʚʘʰʝʚʠʤ 1,480=
ʚ

K , 1,367
ʘʚʪʙ

K =  ï ʚʦʥʠ 

ʚʨʘʭʦʚʫʶʪʴ ʣʠʰʝ ʜʠʥʘʤʽʯʥʽ ʛʘʙʘʨʠʪʠ ʊɿ [61, 62]). 

ʗʢʱʦ ʚʨʘʭʫʚʘʪʠ ʯʘʩʪʢʫ ʦʩʦʙʣʠʚʦ ʟʥʦʰʝʥʠʭ ʣʝʛʢʦʚʠʭ ʊɿ, ʧʦʯʠʥʘʶʯʠ ʟ 

ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ, ʙʽʣʴʰʦʛʦ 10-ʪʠ ʨʦʢʽʚ, ʜʣʷ ʷʢʦʾ 
.

1,167=
ʟʥ ʣ

K , ʪʦ ʮʷ ʬʦʨʤʫʣʘ ʥʘʙʫʜʝ 

ʚʠʛʣʷʜʫ: 
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1,167 2,258 2,086
ʟʚ ʣ ʚ ʘʚʪʙ

N N N N= + + .                               (2.4) 

 

ʅʘʚʝʜʝʥʽ ʯʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ 
.ʟʥ ʘʚʪʙ

K  ʚʨʘʭʦʚʘʥʽ ʣʠʰʝ ʜʣʷ ʘʚʪʦʙʫʩʽʚ ʚʽʢʦʤ ʚʽʜ 7 ʽ 

ʙʽʣʴʰʝ ʨʦʢʽʚ (
. .(7 10) .( 10)

1,526
ʟʥ ʘʚʪʙ ʟʥ ʟʥ

K K K
- >

= + = ) ʪʘ ʨʦʟʨʘʭʦʚʘʥʽ ʜʣʷ ʚʘʥʪʘʞʥʠʭ ʊɿ 

(ɻɸɿ-3307), ʷʢʽ, ʥʘʧʨʠʢʣʘʜ, ʚ ʘʚʪʦʤʦʙʽʣʴʥʦʤʫ ʧʘʨʢʫ ʭʣʽʙʟʘʚʦʜʫ ˉ1 ʤ. ʃʴʚʦʚʘ 

( 173=
ʘʚʪ

N  ʦʜ.: 
. (1 3)

0,091
-
=

ʥ ʧ
K ; 

. (4 6)
0,383

ʥ ʧ
K

-
= ; 

. (7 10)
0,503

-
=

ʥ ʧ
K ; 

. ( 10)
0,023

ʥ ʧ
K

>
= ; 

. . (7 10) . ( 10)
1 1,526

- >
= + + =

ʟʥʚ ʥ ʧ ʥ ʧ
K K K ). 

ʅʘʷʚʥʽʩʪʴ ʫ ʊʇ ʨʽʟʥʠʭ ʪʠʧʽʚ ʊɿ ʟ ʨʽʟʥʠʤ ʪʝʭʥʽʯʥʠʤ ʩʪʘʥʦʤ (ʚʽʢʦʤ) ʢʦʞʥʦʛʦ 

ʚʥʦʩʠʪʴ ʢʦʨʝʢʪʠʚʠ ʱʦʜʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʨʦʾʟʜʫ ʥʠʤʠ ʧʝʨʝʭʨʝʩʪʴ, ʘ, ʦʪʞʝ, ʽ ʱʦʜʦ 

ʧʦʪʦʢʽʚ ʥʘʩʠʯʝʥʥʷ. ʎʝ ʤʦʞʥʘ ʧʨʦʽʣʶʩʪʨʫʚʘʪʠ ʥʘ ʧʨʠʢʣʘʜʽ ʧʨʦʾʟʜʫ ʧʝʨʝʭʨʝʩʪʷ 

ʤʘʛʽʩʪʨʘʣʴʥʦʾ ʚʫʣ. ɸʥʪʦʥʦʚʠʯʘ ʟ ʚʫʣ. ɹʘʥʜʝʨʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʫʚʘʣʦʩʴ 

ʫʧʨʦʜʦʚʞ 20 ʭʚ. ʫ ʚʝʯʽʨʥʽʡ ʯʘʩ-ʧʽʢ. ʋ ʧʨʷʤʦʤʫ, ʥʘʡʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʦʤʫ ʥʘʧʨʷʤʢʫ, 

ʟʘ 18 ʩʚʽʪʣʦʬʦʨʥʠʭ ʮʠʢʣʽʚ ʟ ʪʨʠʚʘʣʽʩʪʶ ʛʦʨʽʥʥʷ ʟʝʣʝʥʦʛʦ ʩʠʛʥʘʣʫ 30 ʩ, ʫ ʢʦʞʥʦʤʫ 

ʟ ʥʠʭ, ʧʨʦʾʭʘʣʦ 361 ʦʜ. ʊɿ. ʌʽʢʩʫʚʘʣʘʩʴ ʢʽʣʴʢʽʩʪʴ ʾʭ ʟʘ ʪʠʧʘʤʠ ʽ ʚʠʟʥʘʯʘʣʘʩʴ 

ʩʧʦʯʘʪʢʫ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʨʦʾʟʜʫ ʫ ʬʽʟʠʯʥʠʭ ʦʜʠʥʠʮʷʭ ʜʣʷ ʢʦʞʥʦʛʦ ʮʠʢʣʫ. ʆʧʽʩʣʷ, 

ʪʘʢʠʡ ʞʝ ʧʦʢʘʟʥʠʢ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʽʚ ʟʚʝʜʝʥʥʷ ʟʘ ʆ.ɻ. ʃʝʚʘʰʝʚʠʤ [61, 

62] ʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʫʯʘʩʥʠʢʽʚ ʨʫʭʫ (ʪʘʙʣ. 2.3). 

ʆʪʨʠʤʘʥʦ ʽ ʚʽʜʧʦʚʽʜʥʽ ʛʨʘʬʽʢʠ (ʨʠʩ. 2.4). ʅʘʚʝʜʝʥʝ ʧʦʢʘʟʫʻ, ʱʦ, ʷʢʱʦ ʫ ʊʇ 

ʣʠʰʝ ʣʝʛʢʦʚʽ ʊɿ ʽ ʟʚʝʜʝʥʴ ʥʝ ʧʦʪʨʽʙʥʦ ʚʠʢʦʥʫʚʘʪʠ, ʪʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʊʇ ʟʘ 

ʬʽʟʠʯʥʠʤʠ ʦʜʠʥʠʮʷʤʠ ʩʧʽʚʧʘʜʘʻ ʟʽ ʟʚʝʜʝʥʦʶ (ʫ 5-ʤʫ ʮʠʢʣʽ). ʆʙʠʜʚʘ ʛʨʘʬʽʢʠ 

ʟʚʝʜʝʥʠʭ ʽʥʪʝʥʩʠʚʥʦʩʪʝʡ ʨʦʟʤʽʱʝʥʽ ʚʠʱʝ ʟʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʬʽʟʠʯʥʠʭ ʦʜʠʥʠʮʴ. ʎʝ 

ʥʝ ʩʫʧʝʨʝʯʠʪʴ ʬʽʟʠʯʥʦʤʫ ʟʤʽʩʪʫ: ʟʘ ʦʜʥʘʢʦʚʫ ʪʨʠʚʘʣʽʩʪʴ ʛʦʨʽʥʥʷ ʟʝʣʝʥʦʛʦ ʩʠʛʥʘʣʫ 

ʩʚʽʪʣʦʬʦʨʘ ʤʦʛʣʘ ʙ ʧʨʦʾʭʘʪʠ ʧʝʨʝʭʨʝʩʪʷ ʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ ʣʝʛʢʦʚʠʭ ʊɿ ʫ ʊʇ, ʥʽʞ, 

ʷʢʱʦ ʫ ʥʴʦʤʫ ʥʘʷʚʥʽ ʚʘʥʪʘʞʥʽ ʊɿ ʪʘ ʘʚʪʦʙʫʩʠ ʟ ʥʠʞʯʠʤʠ ʪʷʛʦʚʦ-ʰʚʠʜʢʽʩʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ɯ ʱʝ ʙʽʣʴʰʘ (ʢʨʠʚʘ 3), ʷʢʱʦ ʮʽ ʞ ʊɿ ʟ ʚʽʜʧʦʚʽʜʥʦ ʟʥʦʰʝʥʠʤʠ 

ʘʛʨʝʛʘʪʘʤʠ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʮʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ɺʽʜʦʤʦ ʪʘʢʦʞ, ʱʦ ʢʦʝʬʽʮʽʻʥʪʠ ʟʚʝʜʝʥʥʷ 
ʚ

K , 
ʘʚʪʙ

K  ʟʘ ʩʚʦʻʶ ʩʫʪʪʶ ʧʦʩʪʽʡʥʽ 

ʚʝʣʠʯʠʥʠ ʽ ʧʨʦʥʦʨʤʦʚʘʥʽ ʘʙʦ ʟʘ ɼɹʅ-ʦʤ [4], ʘʙʦ ʞ ʟʘ ʆ.ɻ. ʃʝʚʘʰʝʚʠʤ [61, 62], ʘ ʦʪ 

ʢʽʣʴʢʽʩʪʴ ʚʽʜʧʦʚʽʜʥʠʭ ʊɿ ʫ ʊʇ ʫʧʨʦʜʦʚʞ ʯʘʩʽʚ-ʧʽʢ ʥʦʩʠʪʴ ʚʠʧʘʜʢʦʚʠʡ ʭʘʨʘʢʪʝʨ. ʋ 
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ʧʨʦʝʢʪʫʚʘʥʥʽ ʥʦʚʠʭ ʨʝʛʫʣʴʦʚʘʥʠʭ ʧʝʨʝʭʨʝʩʪʴ ʩʢʣʘʜ ʊʇ ʧʨʠʡʤʘʶʪʴ ʧʦʩʪʽʡʥʠʤ ʜʣʷ 

ʮʠʭ ʧʽʢʦʚʠʭ ʧʝʨʽʦʜʽʚ. ʆʜʥʘʢ, ʥʝ ʚʽʜʦʤʦ, ʜʣʷ ʷʢʠʭ ʜʥʽʚ ʪʠʞʥʷ ʽ ʩʝʟʦʥʫ ʮʽ ʧʝʨʽʦʜʠ 

ʚʠʙʨʘʥʽ. ʗʢʱʦ ʚʠʥʠʢʘʶʪʴ ʪʘʢʽ ʟʘʧʠʪʘʥʥʷ, ʪʦ ʟʥʘʶʯʠ ʩʪʦʭʘʩʪʠʯʥʫ ʧʨʠʨʦʜʫ 

ʥʘʷʚʥʦʩʪʽ ʫ ʊʇ ʨʽʟʥʠʭ ʪʠʧʽʚ ʊɿ, ʧʦʪʨʽʙʥʦ ʦʧʝʨʫʚʘʪʠ ʽʤʦʚʽʨʥʽʩʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ï 

ʡʤʦʚʽʨʥʦʩʪʷʤʠ ʥʘʷʚʥʦʩʪʽ ʫ ʊʇ ʚʽʜʧʦʚʽʜʥʦʛʦ ʪʠʧʫ ʊɿ [105]. 

 

ʊʘʙʣʠʮʷ 2.3 ï ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʾʟʜʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ 

ʧʝʨʝʭʨʝʩʪʷ ʚʫʣ. ɸʥʪʦʥʦʚʠʯʘ ï ɹʘʥʜʝʨʠ 

ˉ
 
ʩ
ʚ
ʽ
ʪ
ʣ

ʦ
ʬ
ʦ
ʨ
ʥ
ʦ
ʛ
ʦ

 ʮ
ʠ
ʢ
ʣ
ʫ

 

ʂʽʣʴʢʽʩʪʴ ʊɿ, ʷʢʽ ʧʨʦʾʞʜʞʘʶʪʴ ʧʝʨʝʭʨʝʩʪʷ ʫ ʢʦʞʥʦʤʫ ʩʚʽʪʣʦʬʦʨʥʦʤʫ 

ʮʠʢʣʽ ( 68=
ʎ
ʊ ʩ, 30=

ɿ
t ʩ): 

ʟʘ ʚʠʜʘʤʠ 

ʬʽʟʠʯʥʽ 

ʦʜʠʥʠʮʽ 

ʟʚʝʜʝʥʠʭ ʜʦ ʣʝʛʢʦʚʦʛʦ 

ʘʚʪʦʤʦʙʽʣʷ 

ʣʝʛʢʦʚʽ ʚʘʥʪʘʞʥʽ ʘʚʪʦʙʫʩʠ 
ʟʘ 

ʆ.ɻ. ʃʝʚʘʰʝʚʠʤ 

ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ 

ʪʝʭʥʽʯʥʦʛʦ 

ʩʪʘʥʫ 

1 2 3 4 5 6 7 

1 18 0 3 21 22,1 27,26 

2 19 1 2 22 23,2 28,60 

3 18 0 3 21 22,1 27,26 

4 17 0 3 20 21,1 26,10 

5 22 0 0 22 22,0 25,67 

6 13 0 3 16 17,1 21,43 

7 18 0 2 20 20,7 25,18 

8 17 0 2 19 19,7 24,01 

9 18 0 2 20 20,7 25,18 

10 15 0 3 18 19,1 23,76 

11 15 0 4 19 20,5 25,85 

12 17 0 4 21 22,5 28,18 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣʠʮʽ 2.3 

1 2 3 4 5 6 7 

13 21 1 1 23 23,8 28,85 

14 13 0 4 17 18,5 23,52 

15 21 1 2 24 25,2 30,94 

16 17 0 2 19 19,7 24,01 

17 9 1 6 16 18,7 25,28 

18 22 0 1 23 23,4 27,76 

 

ʉʚ̔ʪʣʦʬʦʨʥ̔ ʮʠʢʣʠ

ʂ̔
ʣɹ
ʢ̔
ʩʪɹ
 ʊ
ɿ
, 
ʢ̫̔
 

ʧ
ʨ
ʦʾ
ʞ
ʜ
ʞ
ʘʁ
ʪɹ
 ʧ
ʝʨ
ʝʭ
ʨ
ʝʩ
ʪ̫

, 
ʦ
ʜ
.

15,0

17,0

19,0

21,0

23,0

25,0

27,0

29,0

31,0

33,0

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

1

2

3

 

ʈʠʩʫʥʦʢ 2.4 ï ʈʦʟʧʦʜʽʣ ʢʽʣʴʢʦʩʪʽ ʊɿ, ʷʢʽ ʧʨʦʾʞʜʞʘʶʪʴ ʧʝʨʝʭʨʝʩʪʷ ʟʘ ʚʽʜʧʦʚʽʜʥʽ 

ʩʚʽʪʣʦʬʦʨʥʽ ʮʠʢʣʠ: 1 ï ʬʽʟʠʯʥʽ ʦʜʠʥʠʮʽ ʊɿ; 2 ï ʟʚʝʜʝʥʽ ʜʦ ʣʝʛʢʦʚʦʛʦ ʘʚʪʦʤʦʙʽʣʷ 

ʦʜʠʥʠʮʽ ʊɿ (ʟʘ ʆ.ɻ. ʃʝʚʘʰʝʚʠʤ); 3 ï ʟʚʝʜʝʥʽ ʜʦ ʣʝʛʢʦʚʦʛʦ ʘʚʪʦʤʦʙʽʣʷ ʦʜʠʥʠʮʽ ʊɿ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʾʭ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ 

 

ʅʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʨʠʙʫʪʪʷ ʊɿ ʜʦ ʧʝʨʝʭʨʝʩʪʷ ʪʘ ʧʨʦʾʟʜʫ ʡʦʛʦ ʤʘʶʪʴ ʚʧʣʠʚ ʥʝ 

ʪʽʣʴʢʠ ʩʢʣʘʜ ʊʇ, ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʡʦʛʦ ʩʢʣʘʜʦʚʠʭ, ʽʤʦʚʽʨʥʽʩʥʘ ʧʨʠʨʦʜʘ ʥʘʷʚʥʦʩʪʽ ʫ 

ʊʇ ʮʠʭ ʩʢʣʘʜʦʚʠʭ, ʘʣʝ ʡ ʪʠʧ ʪʘ ʷʢʽʩʪʴ ʜʦʨʦʞʥʽʭ ʧʦʢʨʠʪʴ. ʅʦʨʤʘʣʴʥʠʤʠ ʫʤʦʚʘʤʠ 

ʨʫʭʫ ʚʚʘʞʘʶʪʴʩʷ ʪʘʢʽ, ʢʦʣʠ ʢʦʝʬʽʮʽʻʥʪ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʰʚʠʜʢʦʩʪʽ 

ʨʫʭʫ 
.

0,75²
ʨ ʰ

K  ʜʣʷ ʩʫʤʘʨʥʦʾ ʥʝʨʽʚʥʦʩʪʽ ʧʦʢʨʠʪʴ ʟʘ ʧʦʰʪʦʚʭʦʤʽʨʦʤ 300- 

400 ʩʤ/ʢʤ. ʗʢʱʦ ʮʽ ʥʝʨʽʚʥʦʩʪʽ ʫ ʤʝʞʘʭ 400-600 ʩʤ/ʢʤ ï ʫʤʦʚʠ ʨʫʭʫ ʚʘʞʢʽ, ʷʢʱʦ ʞ 
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ʚʦʥʠ >650 ʩʤ/ʢʤ ï ʮʝ ʜʫʞʝ ʚʘʞʢʽ ʫʤʦʚʠ [12, 36]. ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘʚʝʜʝʥʦʛʦ 

ʤʦʞʥʘ ʦʮʽʥʶʚʘʪʠ ʫʤʦʚʠ ʨʫʭʫ ʊɿ ʥʘ ʜʦʨʦʛʘʭ ʽ ʥʘ ʧʨʦʛʦʥʘʭ ʤʽʞ ʧʝʨʝʭʨʝʩʪʷʤʠ. ʅʘ 

ʟʛʘʜʫʚʘʥʦʤʫ ʚʠʱʝ ʧʝʨʝʭʨʝʩʪʽ ʪʘ ʚ ʦʢʦʣʽ ʥʴʦʛʦ ʣʦʢʘʣʴʥʽ ʥʝʨʽʚʥʦʩʪʽ ʚʠʤʽʨʶʚʘʣʠ 3-

ʤʝʪʨʦʚʦʶ ʨʝʡʢʦʶ, ʟʦʢʨʝʤʘ: ʧʽʜʭʽʜ ʟ ʚʫʣ. ɸʥʪʦʥʦʚʠʯʘ ʜʦ ʧʝʨʝʭʨʝʩʪʷ ʟ ʚʫʣ. ɹʘʥʜʝʨʠ 

ʟ ʘʩʬʘʣʴʪʥʠʤ ʧʦʢʨʠʪʪʷʤ, ʚʫʣ. ɹʘʥʜʝʨʠ ï ʙʨʫʢʽʚʢʘ ʽ ʟ ʪʨʘʤʚʘʡʥʠʤʠ ʢʦʣʽʷʤʠ. ɿʘ 

ʥʘʧʨʷʤʦʤ ʨʫʭʫ ʮʴʦʛʦ ʤʘʛʽʩʪʨʘʣʴʥʦʛʦ ʧʦʪʦʢʫ ʚʠʩʪʫʧʠ ʛʦʣʦʚʦʢ ʨʝʡʦʢ ʩʷʛʘʶʪʴ 

30-50 ʤʤ, ʤʽʩʮʝʚʽ ʥʝʨʽʚʥʦʩʪʽ ʥʘ ʚʠʾʟʜʽ ʟ ʧʝʨʝʭʨʝʩʪʷ, ʛʣʠʙʠʥʦʶ 70-80 ʤʤ ʽ ʟʘʡʤʘʶʪʴ 

ʧʣʦʱʫ 400ʭ1200 ʤʤ. ʊʘʢʽ ʜʝʬʝʢʪʠ ʩʧʦʚʽʣʴʥʶʶʪʴ ʰʚʠʜʢʽʩʪʴ ʊʇ ʟʥʠʞʫʶʯʠ ʧʦʪʽʢ 

ʥʘʩʠʯʝʥʥʷ ʥʘ ʧʝʨʝʭʨʝʩʪʽ. ʗʢʱʦ ʙ ʨʽʚʥʽʩʪʴ ʧʦʢʨʠʪʪʷ ʧʽʜ 3-ʤʝʪʨʦʚʦʶ ʨʝʡʢʦʶ ʙʫʣʘ ʫ 

ʤʝʞʘʭ ʜʦ 5 ʤʤ, ʪʦ ʪʘʢʠʡ ʩʪʘʥ ʡʦʛʦ ʚʚʘʞʘʚʩʷ ʙ ʝʪʘʣʦʥʥʠʤ [98] ʽ ʜʣʷ ʥʴʦʛʦ 

.
0,75²

ʨ ʰ
K , ʡ ʪʦʜʽ ʬʘʢʪʠʯʥʘ ʰʚʠʜʢʽʩʪʴ ʊɿ ʚʽʜʧʦʚʽʜʘʣʘ ʙ ʨʦʟʨʘʭʫʥʢʦʚʽʡ. ʎʝ ʟʥʘʯʥʦ 

ʩʧʨʦʱʫʚʘʣʦ ʙ ʤʝʪʦʜʠʢʫ ʚʠʟʥʘʯʝʥʥʷ ʧʦʪʦʢʫ ʥʘʩʠʯʝʥʥʷ, ʪʨʠʚʘʣʦʩʪʽ ʩʚʽʪʣʦʬʦʨʥʦʛʦ 

ʮʠʢʣʫ ʽ ʟʘʪʨʠʤʦʢ ʊʇ [105]. 

ɺʠʢʣʘʜʝʥʝ ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʚ ʦʧʪʠʤʽʟʘʮʽʾ ʪʨʠʚʘʣʦʩʪʝʡ ʩʚʽʪʣʦʬʦʨʥʠʭ ʮʠʢʣʽʚ 

ʞʦʨʩʪʢʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʪʘ ʪʨʠʚʘʣʦʩʪʝʡ ʟʘʪʨʠʤʦʢ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʪʦʢʽʚ ʧʝʨʝʜ 

ʧʝʨʝʭʨʝʩʪʷʤʠ ʧʦʪʨʽʙʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʚʧʣʠʚʠ ʧʝʨʝʣʽʯʝʥʠʭ ʯʠʥʥʠʢʽʚ [105]. 

 

2.3 ʌʦʨʤʫʚʘʥʥʷ ʪʝʦʨʝʪʠʯʥʦʾ ʤʦʜʝʣʽ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʪʦʢʽʚ ʥʘʩʠʯʝʥʥʷ 

 

ʅʘʡʪʦʯʥʽʰʝ ʧʦʪʽʢ ʥʘʩʠʯʝʥʥʷ ʤʦʞʥʘ ʚʠʤʽʨʷʪʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʦʙôʻʢʪʽ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʥʘ ʥʴʦʛʦ ʚʧʣʠʚʘ ̒ʙʘʛʘʪʦ ʨʽʟʥʠʭ ʯʠʥʥʠʢʽʚ (ʛʝʦʤʝʪʨʠʯʥʦ-

ʧʣʘʥʫʚʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʧʝʨʝʭʨʝʩʪʷ, ʫʤʦʚʠ ʨʫʭʫ, ʩʭʝʤʘ ʧʦʬʘʟʥʦʛʦ ʨʦʟôʾʟʜʫ ʪʦʱʦ). 

ɯʩʥʫʶʪʴ ʨʽʟʥʽ ʤʝʪʦʜʠʢʠ ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʪʦʢʫ ʥʘʩʠʯʝʥʥʷ ʧʽʜ ʯʘʩ ʥʘʪʫʨʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ, ʧʨʦʪʝ ʚʦʥʠ ʚʠʤʘʛʘʶʪʴ ʟʥʘʯʥʠʭ ʟʘʪʨʘʪ ʯʘʩʫ, ʢʨʽʤ ʮʴʦʛʦ, ʾʭ ʥʝʤʦʞʣʠʚʦ 

ʚʠʢʦʥʘʪʠ ʜʣʷ ʧʝʨʝʭʨʝʩʪʴ, ʱʦ ʧʨʦʝʢʪʫʶʪʴʩʷ [57, 62, 125, 127, 132]. ʊʦʤʫ ʧʨʠ 

ʧʨʦʝʢʪʫʚʘʥʥʽ ʨʝʞʠʤʫ ʨʝʛʫʣʶʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʟʥʘʯʝʥʥʷ ʽʜʝʘʣʴʥʦʛʦ ʧʦʪʦʢʫ 

ʥʘʩʠʯʝʥʥʷ ʪʘ ʢʦʝʬʽʮʽʻʥʪʠ ʢʦʨʠʛʫʚʘʥʥʷ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʤʽʩʮʝʚʽ ʫʤʦʚʠ. ɯʜʝʘʣʴʥʠʤ 

ʧʦʪʦʢʦʤ ʥʘʩʠʯʝʥʥʷ ʚʚʘʞʘʻʪʴʩʷ ʧʦʪʽʢ, ʷʢʠʡ ʽʩʥʫʻ ʟʘ ʪʘʢʠʭ ʫʤʦʚ: ʰʠʨʠʥʘ ʩʤʫʛʠ 3,6 

ʤ, ʫʭʠʣ ʧʽʜʭʦʜʫ ʜʦ ʧʝʨʝʭʨʝʩʪʷ ï 0ă, ʩʫʭʝ ʧʦʢʨʠʪʪʷ, ʚʽʜʩʫʪʥʽʩʪʴ ʧʝʨʝʰʢʦʜ, ʱʦ 

ʩʪʚʦʨʶʶʪʴʩʷ ʚʫʣʠʯʥʠʤʠ ʩʪʦʷʥʢʘʤʠ, ʟʫʧʠʥʢʘʤʠ ʛʨʦʤʘʜʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ, 
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ʚʽʜʩʫʪʥʽʩʪʴ ʢʦʥʬʣʽʢʪʫʶʯʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ, ʚʝʣʦʩʠʧʝʜʥʠʭ ʪʘ ʧʽʰʦʭʽʜʥʠʭ ʧʦʪʦʢʽʚ, 

ʚʽʜʩʫʪʥʽʩʪʴ ʫ ʧʦʪʦʮʽ ʚʘʥʪʘʞʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʪʘ ʘʚʪʦʙʫʩʽʚ [107, 125, 127, 132]. 

ɿ ʫʩʽʭ ʧʨʦʘʥʘʣʽʟʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʤʦʜʝʣʝʡ ʫ ʜʦʩʣʽʜʞʝʥʥʷʭ ʧʦʪʦʢʽʚ ʥʘʩʠʯʝʥʥʷ 

(ʥʘʚʝʜʝʥʦ ʫ ʧ. 1.2) ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʚʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʦʥʷʪʪʷ 

ʽʜʝʘʣʴʥʦʛʦ ʧʦʪʦʢʫ ʥʘʩʠʯʝʥʥʷ. ɺʽʪʯʠʟʥʷʥʘ ʤʝʪʦʜʠʢʘ ʚʠʟʥʘʯʘʻ ʡʦʛʦ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ 

ʰʠʨʠʥʠ ʩʤʫʛʠ ʨʫʭʫ, ʢʘʥʘʜʩʴʢʘ ʧʨʦʧʦʥʫʻ ʚʠʟʥʘʯʘʪʠ ʡʦʛʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʤʽʩʮʽ 

ʧʨʦʝʢʪʫʚʘʥʥʷ, ʘʤʝʨʠʢʘʥʩʴʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʬʽʢʩʦʚʘʥʝ ʟʥʘʯʝʥʥʷ. ʇʨʠ ʮʴʦʤʫ 

ʟʥʘʯʝʥʥʷ ʧʦʪʦʢʫ ʥʘʩʠʯʝʥʥʷ ʟʘ ʚʩʽʤʘ ʤʝʪʦʜʠʢʘʤʠ ʻ ʚ ʤʝʞʘʭ 1700-2100 ʘʚʪ./ʛʦʜ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʯʘʩʦʚʠʤ ʽʥʪʝʨʚʘʣʘʤ ʤʽʞ ʘʚʪʦʤʦʙʽʣʷʤʠ 1,7-2,1 ʩ. ʅʘʷʚʥʽʩʪʴ ʪʘʢʠʭ 

ʽʥʪʝʨʚʘʣʽʚ ʟʘ ʤʘʢʩʠʤʘʣʴʥʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʨʫʭʫ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʜʦʩʣʽʜʞʝʥʥʷʤʠ 

ʂʝʨʦʛʣʫ, ʂʘʣʫʞʩʴʢʦʛʦ ʪʘ ʃʦʙʘʥʦʚʘ [64, 77]. 

ʇʦʪʽʢ ʥʘʩʠʯʝʥʥʷ ʟʘ ʩʚʦʻʶ ʩʫʪʪʶ ʻ ʪʨʘʥʩʧʦʨʪʥʠʤ ʧʦʪʦʢʦʤ, ʱʦ ʽʩʥʫʻ, ʢʦʣʠ 

ʧʨʦʾʟʥʘ ʯʘʩʪʠʥʘ (ʩʤʫʛʘ ʨʫʭʫ) ʬʫʥʢʮʽʦʥʫʻ ʚ ʫʤʦʚʘʭ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ. 

ʊʝʦʨʝʪʠʯʥʫ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ ʩʤʫʛʠ ʨʫʭʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʩʧʨʦʱʝʥʠʭ ʜʠʥʘʤʽʯʥʠʭ ʤʦʜʝʣʝʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʝʨʝʜʥʴʦʾ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʧʦʪʦʢʫ 

v  ʪʘ ʟʥʘʯʝʥʥʷʤ ʙʝʟʧʝʯʥʦʾ ʚʽʜʩʪʘʥʽ ʤʽʞ ʘʚʪʦʤʦʙʽʣʷʤʠ, ʱʦ ʨʫʭʘʶʪʴʩʷ ʦʜʠʥ ʟʘ 

ʦʜʥʠʤ L  [64]: 
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ɿʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʰʦʾ ʛʨʫʧʠ ʩʧʨʦʱʝʥʠʭ ʜʠʥʘʤʽʯʥʠʭ ʤʦʜʝʣʝʡ, ʚ ʷʢʽʡ 

ʟʘʢʣʘʜʝʥʦ ʣʽʥʽʡʥʫ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜʩʪʘʥʽ ʤʽʞ ʘʚʪʦʤʦʙʽʣʷʤʠ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ (ʪʘʙʣ. 

2.4), ʟʥʘʯʝʥʥʷ ʪʝʦʨʝʪʠʯʥʦʾ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʜʦʩʷʛʘʻ 4500 ʘʚʪ./ʛʦʜ [64]. ʇʨʦʪʝ 

ʧʨʘʢʪʠʯʥʦ ʪʘʢʘ ʩʠʪʫʘʮʽʷ ʥʝ ʚʠʥʠʢʘʻ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʨʫʛʦʾ ʛʨʫʧʠ ʜʠʥʘʤʽʯʥʠʭ ʤʦʜʝʣʝʡ, ʚ ʷʢʠʭ ʚʨʘʭʦʚʫʻʪʴʩʷ ʥʝ 

ʪʽʣʴʢʠ ʪʨʠʚʘʣʽʩʪʴ ʨʝʘʢʮʽʾ ʚʦʜʽʷ, ʘʣʝ ʽ ʛʘʣʴʤʽʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʟʘʜʥʴʦʛʦ ʘʚʪʦʤʦʙʽʣʷ, 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʪʝʦʨʝʪʠʯʥʦʾ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʜʦ 2700 ʘʚʪ./ʛʦʜ [64]. 

ʎʝ ʟʥʘʯʝʥʥʷ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʰʚʠʜʢʦʩʪʽ 55 ʢʤ/ʛʦʜ. 
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ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʨʝʪʴʦʾ ʛʨʫʧʠ ʜʠʥʘʤʽʯʥʠʭ ʤʦʜʝʣʝʡ, ʚ ʷʢʠʭ ʚʨʘʭʦʚʫʻʪʴʩʷ 

ʪʨʠʚʘʣʽʩʪʴ ʨʝʘʢʮʽʾ ʚʦʜʽʷ, ʛʘʣʴʤʽʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʟʘʜʥʴʦʛʦ ʪʘ ʧʝʨʝʜʥʴʦʛʦ ʘʚʪʦʤʦʙʽʣʽʚ 

ʪʘ ʢʦʝʬʽʮʽʻʥʪ ʟʯʝʧʣʝʥʥʷ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʪʝʦʨʝʪʠʯʥʦʾ ʧʨʦʧʫʩʢʥʦʾ 

ʟʜʘʪʥʦʩʪʽ ʜʦ 1875 ʘʚʪ./ʛʦʜ, ʷʢʝ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʰʚʠʜʢʦʩʪʽ 45 ʢʤ/ʛʦʜ [64]. 

ʇʦʷʚʘ ʚ ʧʦʪʦʮʽ ʘʚʪʦʤʦʙʽʣʽʚ ʟ ʢʨʘʱʠʤʠ ʜʠʥʘʤʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʟʫʤʦʚʣʶʻ 

ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ. ʐʚʠʜʢʽʩʪʴ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʨʦʧʫʩʢʥʽʡ ʟʜʘʪʥʦʩʪʽ, 

ʩʪʘʥʦʚʠʪʴ 60 ʢʤ/ʛʦʜ. ʉʧʦʩʪʝʨʝʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʫ ʱʽʣʴʥʠʭ ʧʦʪʦʢʘʭ ʤʦʜʘʣʴʥʝ 

ʟʥʘʯʝʥʥʷ ʽʥʪʝʨʚʘʣʫ ʤʽʞ ʘʚʪʦʤʦʙʽʣʷʤʠ ʤʦʞʝ ʩʪʘʥʦʚʠʪʠ 1,5 ʩ. ʇʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ 

ʧʨʠ ʮʴʦʤʫ ʤʦʞʝ ʜʦʩʷʛʘʪʠ 2400 ʘʚʪ./ʛʦʜ. ʎʝ ʻ ʤʘʢʩʠʤʘʣʴʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ, ʱʦ ʤʦʞʝ 

ʽʩʥʫʚʘʪʠ ʟʘ ʤʽʥʽʤʘʣʴʥʠʭ ʯʘʩʦʚʠʭ ʽʥʪʝʨʚʘʣʽʚ ʫ ʧʦʪʦʮʽ. ʇʨʦʪʝ ʥʘ ʧʨʘʢʪʠʮʽ ʪʘʢʘ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʜʦʩʷʛʘʻʪʴʩʷ ʨʽʜʢʦ, ʦʩʢʽʣʴʢʠ ʚʠʤʘʛʘʻ ʚʽʜ ʚʦʜʽʷ ʟʥʘʯʥʦʛʦ ʝʤʦʮʽʡʥʦʛʦ 

ʥʘʧʨʫʞʝʥʥʷ. 

 

ʊʘʙʣʠʮʷ 2.4 ï ʈʽʚʥʷʥʥʷ ʩʧʨʦʱʝʥʠʭ ʜʠʥʘʤʽʯʥʠʭ ʤʦʜʝʣʝʡ [64] 

ɻʨʫʧʘ ʩʧʨʦʱʝʥʠʭ 

ʜʠʥʘʤʽʯʥʠʭ ʤʦʜʝʣʝʡ 
ɿʘʣʝʞʥʽʩʪʴ çʽʥʪʝʥʩʠʚʥʽʩʪʴ-ʰʚʠʜʢʽʩʪʴè 
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vï ʩʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ, ʢʤ/ʛʦʜ; la ï ʜʦʚʞʠʥʘ ʘʚʪʦʤʦʙʽʣʷ, ʤ; lp ï ʰʣʷʭ, ʷʢʠʡ 

ʧʨʦʭʦʜʠʪʴ ʊɿ ʟʘ ʯʘʩ ʨʝʘʢʮʽʾ ʚʦʜʽʷ, ʤ; lʙ ï ʚʽʜʩʪʘʥʴ ʙʝʟʧʝʢʠ, ʤ; lʛ1 ï ʛʘʣʴʤʽʚʥʠʡ 

ʰʣʷʭ ʧʝʨʝʜʥʴʦʛʦ ʊɿ, ʤ; lʛ2 ï ʛʘʣʴʤʽʚʥʠʡ ʰʣʷʭ ʊɿ, ʤ 

 

ɼʣʷ ʽʜʝʘʣʽʟʦʚʘʥʦ ʾʤʦʜʝʣʽ, ʚ ʷʢʽʡ ʚʽʜʩʪʘʥʴ ʤʽʞ ʘʚʪʦʤʦʙʽʣʷʤʠ ʻ ʩʪʘʣʦʶ ʽ ʚʦʥʘ ʥʝ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʰʚʠʜʢʦʩʪʽ (ʧʨʠʡʥʷʪʦ ʽʥʪʝʨʚʘʣ ʤʽʞ ʘʚʪʦʤʦʙʽʣʷʤʠ, ʨʽʚʥʠʡ 30 ʤ). ʎʷ 

ʤʦʜʝʣʴ ʤʦʞʝ ʚʽʜʧʦʚʽʜʘʪʠ ʚʠʧʘʜʢʫ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʝʤ [64]. 
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ɿʨʦʩʪʘʥʥʷ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʟʘ ʨʽʚʥʦʤʽʨʥʦʛʦ ʨʫʭʫ 

ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʪʘʢʦʞ ʜʘʥʠʤʠ, ʥʘʚʝʜʝʥʠʤʠ ʚ [95]. 

ʏʠʥʥʠʢʠ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʦʪʽʢ ʥʘʩʠʯʝʥʥʷ, ʚʧʣʠʚʘʶʪʴ ʪʘʢʦʞ ʽ ʥʘ ʟʤʽʥʫ 

ʰʚʠʜʢʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʪʦʢʫ [100]. ɸʣʝ ʞʦʜʥʘ ʟ ʨʦʟʛʣʷʥʫʪʠʭ ʤʝʪʦʜʠʢ 

ʨʦʟʨʘʭʫʥʢʫ ʧʦʪʦʢʫ ʥʘʩʠʯʝʥʥʷ ʥʝ ʚʨʘʭʦʚʫʻ ʰʚʠʜʢʦʩʪʽ ʧʨʦʾʟʜʫ ʧʝʨʝʭʨʝʩʪʷ. ʍʦʯʘ ʚ 

ʨʦʙʦʪʽ [86] ʩʪʚʝʨʜʞʫʻʪʴʩʷ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʘʚʪʦʤʦʙʽʣʽʚ, ʷʢʽ ʤʦʞʫʪʴ 

ʧʨʦʾʭʘʪʠ ʧʦ ʩʤʫʟʽ ʨʫʭʫ ʟʘ ʦʜʠʥ ʮʠʢʣ ʟʘ ʟʘʜʘʥʦʾ ʪʨʠʚʘʣʦʩʪʽ ʜʦʟʚʽʣʴʥʦʛʦ ʩʠʛʥʘʣʫ, 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʧʨʦʾʟʜʫ ʧʝʨʝʭʨʝʩʪʷ ʪʘ ʯʘʩʦʚʠʭ ʽʥʪʝʨʚʘʣʽʚ ʤʽʞ 

ʘʚʪʦʤʦʙʽʣʷʤʠ [107, 125]. 

ʅʘʡʪʦʯʥʽʰʝ ʟʥʘʯʝʥʥʷ ʇʅ ʤʦʞʥʘ ʚʠʤʽʨʷʪʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʦʙôʻʢʪʽ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʧʨʦʪʝ ʮʝ ʚʠʤʘʛʘʻ ʟʥʘʯʥʠʭ ʚʠʪʨʘʪ ʯʘʩʫ. ʊʦʤʫ ʧʽʜ ʯʘʩ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʨʝʞʠʤʫ ʨʝʛʫʣʶʚʘʥʥʷ ʥʘ ʧʝʨʝʭʨʝʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʟʥʘʯʝʥʥʷ ʽʜʝʘʣʴʥʦʛʦ ʧʦʪʦʢʫ 

ʥʘʩʠʯʝʥʥʷ ʪʘ ʢʦʝʬʽʮʽʻʥʪʠ ʢʦʨʠʛʫʚʘʥʥʷ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʤʽʩʮʝʚʽ ʫʤʦʚʠ 

(ʛʝʦʤʝʪʨʠʯʥʦ-ʧʣʘʥʫʚʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʧʝʨʝʭʨʝʩʪʷ, ʫʤʦʚʠ ʨʫʭʫ, ʩʭʝʤʘ ʧʦʬʘʟʥʦʛʦ 

ʨʦʟôʾʟʜʫ ʪʦʱʦ) [57, 62, 127]. 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʥʘ ʟʥʘʯʝʥʥʷ ʇʅ ʚʧʣʠʚʘ̒ ʟʤʽʥʘ ʰʚʠʜʢʦʩʪʽ ʊʇ [100], ʪʦ ʫ 

ʨʦʙʦʪʽ [107] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʾ ʷʢ ʚʝʣʠʯʠʥʫ, ʥʘ ʷʢʫ ʚʧʣʠʚʘʶʪʴ 

ʛʝʦʤʝʪʨʠʯʥʦ-ʧʣʘʥʫʚʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʨʝʭʨʝʩʪʷ, ʩʪʘʥ ʜʦʨʦʞʥʴʦʛʦ ʧʦʢʨʠʪʪʷ, 

ʫʤʦʚʠ ʨʫʭʫ ʥʘ ʥʴʦʤʫ, ʩʢʣʘʜ ʧʦʪʦʢʫ, ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʊɿ ʪʦʱʦ. ʅʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʪʦʢʫ ʥʘʩʠʯʝʥʥʷ ʟʘʣʝʞʥʦ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʧʨʦʾʟʜʫ ʧʝʨʝʭʨʝʩʪʷ ʟʘ 

ʨʽʟʥʠʭ ʚʠʧʘʜʢʽʚ ʾʾ ʦʙʤʝʞʝʥʥʷ [107, 125]. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʦʪʢ̔ ʥʘʩʠʯʝʥʥʷ ʟ ʦʙʤʝʞʝʥʥʷʤ ʰʚʠʜʢʦʩʪʽ ʥʘ ʧʝʨʝʭʨʝʩʪʽ ʽ 

ʧʽʩʣʷ ʥʴʦʛʦ ʻ ʜʝʱʦ ʥʠʞʯʠʤ, ʥʽʞ ʟʘ ʦʙʤʝʞʝʥʥʷ ʣʠʰʝ ʚ ʟʦʥʽ ʧʝʨʝʭʨʝʩʪʷ (ʜʦʚʞʠʥʘ 

ʧʝʨʝʭʨʝʩʪʷ ʚ ʮʴʦʤʫ ʨʘʟʽ 20 ʤ). ʎʝ ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʜʦʚʞʠʥʠ ʟʦʥʠ 

ʦʙʤʝʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʪʘʢʦʞ ʟʥʠʞʫʻ ʧʦʪʽʢ ʥʘʩʠʯʝʥʥʷ. ʊʦʤʫ ʧʨʦʚʦʜʠʣʠʩʴ 

ʜʦʜʘʪʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʪʦʢʫ ʥʘʩʠʯʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ 

VISSIM ʟʘ ʤʝʪʦʜʠʢʦʶ, ʥʘʚʝʜʝʥʦʶ ʚ [107, 125]. ʇʨʠ ʮʴʦʤʫ ʟʥʘʯʝʥʥʷ ʦʙʤʝʞʝʥʥʷ 

ʰʚʠʜʢʦʩʪʽ ʟʤʽʥʶʚʘʣʠ ʚʽʜ 10 ʢʤ/ʛʦʜ ʜʦ 55 ʢʤ/ʛʦʜ ʟ ʽʥʪʝʨʚʘʣʦʤ 5 ʢʤ/ʛʦʜ, ʘ ʜʦʚʞʠʥʫ 

ʟʦʥʠ ʦʙʤʝʞʝʥʥʷ ï ʚʽʜ 5 ʤ ʜʦ 50 ʤ (ʟʦʥʘ ʜʦʚʞʠʥʦʶ 5 ʤ ʽʤʽʪʫʻ, ʥʘʧʨʠʢʣʘʜ, ʧʨʦʾʟʜ 

ʥʝʨʽʚʥʦʩʪʝʡ ʯʠ ʚʠʙʦʾʥ ʥʘ ʧʦʢʨʠʪʪʽ ʘʙʦ ʤʘʣʽ ʨʘʜʽʫʩʠ ʟʘʦʢʨʫʛʣʝʥʴ ʜʣʷ 
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ʧʨʘʚʦʧʦʚʦʨʦʪʥʠʭ ʧʦʪʦʢʽʚ) [107, 125]. ɿʚʘʞʘʶʯʠ ʥʘ ʚʠʢʣʘʜʝʥʝ, ʜʦʩʣʽʜʞʫʚʘʚʩʷ 

ʚʧʣʠʚ ʰʚʠʜʢʦʩʪʽ ʧʨʦʾʟʜʫ ʧʝʨʝʭʨʝʩʪʷ ʥʘ ʧʦʪʢ̔ ʥʘʩʠʯʝʥʥʷ. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʪʦʢʫ ʥʘʩʠʯʝʥʥʷ ʦʙʨʘʥʦ ʧʨʦʛʨʘʤʥʠʡ ʧʨʦʜʫʢʪ VISSIM, 

ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʤʽʢʨʦʩʢʦʧʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʨʫʭʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʽʤʽʪʘʮʽʾ ʫ ʩʝʨʝʜʦʚʠʱʽ VISSIM ʻ ʘʥʽʤʘʮʽʷ ʾʭ ʨʫʭʫ ʟ ʧʦʜʘʣʴʰʠʤ 

ʚʠʟʥʘʯʝʥʥʷʤ ʨʽʟʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʪʘʢʠʭ ʷʢ ʨʦʟʧʦʜʽʣ ʪʨʠʚʘʣʦʩʪʽ ʨʫʭʫ ʪʘ ʯʘʩʫ 

ʦʯʽʢʫʚʘʥʥʷ, ʜʦʚʞʠʥʠ ʟʘʪʦʨʽʚ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʢʨʝʤʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʪʦʱʦ [87]. 

ʆʩʢʽʣʴʢʠ ʧʦʪʽʢ ʥʘʩʠʯʝʥʥʷ ʫʪʚʦʨʶʻʪʴʩʷ ʧʨʠ ʨʦʟôʾʟʜʽ ʯʝʨʛʠ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʟʘʩʦʙʽʚ ʥʘ ʜʦʟʚʽʣʴʥʠʡ ʩʠʛʥʘʣ ʩʚʽʪʣʦʬʦʨʘ ʽ ʡʦʛʦ ʚʠʟʥʘʯʘʶʪʴ ʚ ʧʝʨʝʨʽʟʽ ʩʪʦʧ-ʣʽʥʽʾ 

ʜʣʷ ʦʜʥʽʻʾ ʩʤʫʛʠ ʨʫʭʫ, ʪʦ ʜʣʷ ʡʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʮʽʣʴʥʦ ʩʪʚʦʨʠʪʠ ʤʦʜʝʣʴ ʩʤʫʛʠ 

ʨʫʭʫ ʽʟ ʩʪʦʧ-ʣʽʥʽʻʶ (ʩʚʽʪʣʦʬʦʨʦʤ) ʪʘ ʜʽʣʷʥʢʦʶ ʦʙʤʝʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ (ʨʠʩ.2.5) 

[107, 125]. 

ʅʘ ʧʝʨʝʭʨʝʩʪʷʭ ʻ ʨʽʟʥʽ ʚʠʧʘʜʢʠ ʦʙʤʝʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ (ʪʫʪ ʦʙʤʝʞʝʥʥʷ 

ʰʚʠʜʢʦʩʪʽ ʦʟʥʘʯʘʻ ʪʘʢʫ ʰʚʠʜʢʽʩʪʴ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ, ʷʢʦʾ ʚʽʥ ʚʠʤʫʰʝʥʠʡ 

ʜʦʪʨʠʤʫʚʘʪʠʩʴ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʨʫʭʫ). ɿʦʢʨʝʤʘ, ʰʚʠʜʢʽʩʪʴ ʤʦʞʝ ʙʫʪʠ 

ʦʙʤʝʞʝʥʘ ʣʠʰʝ ʚ ʟʦʥʽ ʧʝʨʝʭʨʝʩʪʷ (ʨʠʩ. 2.5, ʘ). ʊʘʢʝ ʦʙʤʝʞʝʥʥʷ ʤʦʞʝ ʚʠʥʠʢʘʪʠ 

ʚʥʘʩʣʽʜʦʢ ʟʤʽʥʠ ʪʠʧʫ ʧʦʢʨʠʪʪʷ, ʥʝʟʘʜʦʚʽʣʴʥʦʛʦ ʩʪʘʥʫ ʧʨʦʾʟʥʦʾ ʯʘʩʪʠʥʠ, ʟʥʠʞʝʥʥʷ 

ʰʚʠʜʢʦʩʪʽ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʤʘʥʝʚʨʫ ʪʦʱʦ. ʐʚʠʜʢʽʩʪʴ ʪʘʢʦʞ ʤʦʞʝ ʦʙʤʝʞʫʚʘʪʠʩʴ ʷʢ 

ʚ ʤʝʞʘʭ ʧʝʨʝʭʨʝʩʪʷ, ʪʘʢ ʽ ʧʦʟʘ ʥʠʤ, ʥʘʧʨʠʢʣʘʜ, ʢʦʣʠ ʪʠʧ ʧʦʢʨʠʪʪʷ ʘʙʦ ʩʪʘʥ 

ʧʨʦʾʟʥʦʾ ʯʘʩʪʠʥʠ ʧʦʛʽʨʰʫʻʪʴʩʷ, ʧʦʯʠʥʘʶʯʠ ʚʽʜ ʧʝʨʝʭʨʝʩʪʷ (ʨʠʩ. 2.5, ʙ). 

ʆʙʤʝʞʝʥʥʷ ʤʦʞʝ ʚʠʥʠʢʘʪʠ ʪʘʢʦʞ ʣʠʰʝ ʟʘ (ʨʠʩ. 2.5, ʚ) ʘʙʦ ʣʠʰʝ ʜʦ ʧʝʨʝʭʨʝʩʪʷ 

(ʨʠʩ. 2.5, ʛ), ʘ ʪʘʢʦʞ ʤʦʞʝ ʙʫʪʠ ʧʦʩʪʽʡʥʠʤ (ʨʠʩ. 2.5, ʜ). ɯʜʝʘʣʴʥʠʤ ʻ ʚʠʧʘʜʦʢ, ʢʦʣʠ 

ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʥʘ ʧʽʜʭʦʜʘʭ ʜʦ ʧʝʨʝʭʨʝʩʪʷ, ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʥʴʦʤʫ ʽ ʧʦʟʘ ʥʠʤ 

ʦʙʤʝʞʫʻʪʴʩʷ ʣʠʰʝ ʜʠʥʘʤʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʨʽʚʥʝʤ ʾʭ 

ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʘʙʦ ʇʨʘʚʠʣʘʤʠ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ (ʨʠʩ. 2.5, ʝ) [107, 110, 125]. 

ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʧʨʦʾʟʜʫ ʊʇ ʯʝʨʝʟ ʧʝʨʝʭʨʝʩʪʷ ʟ ʨʽʟʥʠʤʠ ʦʙʤʝʞʝʥʥʷʤʠ 

ʰʚʠʜʢʦʩʪʽ ʚʠʢʦʥʫʚʘʣʦʩʴ ʫ ʩʝʨʝʜʦʚʠʱʽ VISSIM. ɼʣʷ ʮʴʦʛʦ ʧʦʙʫʜʦʚʘʥʦ 

ʦʜʥʦʩʤʫʛʦʚʠʡ ʚʽʜʨʽʟʦʢ ʜʦʚʞʠʥʦʶ 800 ʤ ʪʘ ʟʘʜʘʥʦ ʚʭʽʜʥʠʡ ʪʨʘʥʩʧʦʨʪʥʠʡ ʧʦʪʽʢ 

ʽʥʪʝʥʩʠʚʥʽʩʪʶ 2500 ʘʚʪ./ʛʦʜ., ʱʦ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʻ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ ʩʤʫʛʠ 
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ʨʫʭʫ. ʉʢʣʘʜ ʧʦʪʦʢʫ ʪʘ ʙʘʞʘʥʫ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʜʣʷ ʢʦʞʥʦʛʦ ʪʠʧʫ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʟʘʩʦʙʽʚ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 2.5 [107, 125]. 

 

ʇʝʨʝʭʨʝʩʪ̫ʉʪʦʧ-ʣ̔ʥ̫̔

ʘ)

ʙ)

ʚ)

ɼ̔ʣ̫ʥʢʘ ʟ ʦʙʤʝʞʝʥʦʁ 

ʚhʠʜʢ̔ʩʪʁ  ʨʫʭʫ

ʛ)

ʜ)

ʝ)

ʊʠʧ ɸ

ʊʠʧ ɹ

ʊʠʧ ɺ

ʊʠʧ ɻ

ʊʠʧ ɼ

 

ʈʠʩʫʥʦʢ 2.5 ï ʄʦʞʣʠʚʽ ʚʠʧʘʜʢʠ ʦʙʤʝʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ 

 

ʊʘʙʣʠʮʷ 2.5 ï ʇʘʨʘʤʝʪʨʠ ʚʭʽʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʪʦʢʫ 

ʊʠʧ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʏʘʩʪʢʘ ʫ ʧʦʪʦʮʽ, % 
ɹʘʞʘʥʘ ʰʚʠʜʢʽʩʪʴ 

ʨʫʭʫ, ʢʤ/ʛʦʜ 

ʃʝʛʢʦʚʠʡ ʘʚʪʦʤʦʙʽʣʴ 75 60 

ɺʘʥʪʘʞʥʠʡ ʘʚʪʦʤʦʙʽʣʴ 15 50 

ɸʚʪʦʙʫʩ 10 45 

 

ʇʽʩʣʷ ʦʧʨʘʮʶʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʦʪʨʠʤʘʥʦ ʧʦʪʢ̔ ʥʘʩʠʯʝʥʥʷ 

ʟʘʣʝʞʥʦ ʚʽʜ ʟʥʘʯʝʥʥʷ ʦʙʤʝʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʪʘ ʜʦʚʞʠʥʠ ʜʽʣʷʥʢʠ ʦʙʤʝʞʝʥʥʷ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʰʚʠʜʢʽʩʪʴ ʚʧʣʠʚʘʻ ʥʘ ʧʦʪʢ̔ ʥʘʩʠʯʝʥʥʷ ʥʝʧʨʷʤʦʣʽʥʽʡʥʦ, ʘ 



60 

ʜʦʚʞʠʥʘ ʜʽʣʷʥʢʠ ʦʙʤʝʞʝʥʥʷ ï ʧʨʷʤʦʣʽʥʽʡʥʦ. ɼʣʷ ʚʨʘʭʫʚʘʥʥʷ ʦʜʥʦʯʘʩʥʦʛʦ ʚʧʣʠʚʫ 

ʦʙʦʭ ʯʠʥʥʠʢʽʚ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʟʘʣʝʞʥʽʩʪʴ, ʚʧʣʠʚ ʰʚʠʜʢʦʩʪʽ ʫ ʷʢʽʡ ʩʪʝʧʝʥʝʚʠʡ, ʘ 

ʜʦʚʞʠʥʠ ʜʽʣʷʥʢʠ ʦʙʤʝʞʝʥʥʷ ï ʣʽʥʽʡʥʠʡ [72, 125]: 

 

 ( ) 1,08, 17200 0,8635 2417S v L v L-=- - + , (2.6) 

 

ʜʝ v  ï ʰʚʠʜʢʽʩʪʴ ʧʨʦʾʟʜʫ ʧʝʨʝʭʨʝʩʪʷ, ʢʤ/ʛʦʜ;  

L  ï ʜʦʚʞʠʥʘ ʧʝʨʝʭʨʝʩʪʷ (ʜʽʣʷʥʢʠ ʟʥʠʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ), ʤ. 

ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʘʜʝʢʚʘʪʥʦʩʪʽ ʤʦʜʝʣʽ (2.6) ʨʦʟʨʘʭʦʚʘʥʦ ʚʽʜʭʠʣʝʥʥʷ ʜʘʥʠʭ, 

ʦʪʨʠʤʘʥʠʭ ʟ ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʷʤ, ʚʽʜ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʚ ʨʝʟʫʣʴʪʘʪʽ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʨʦʮʝʩʫ ʧʨʦʾʟʜʫ ʧʝʨʝʭʨʝʩʪʷ ʚ ʩʝʨʝʜʦʚʠʱʽ VISSIM. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʯʠʩʣʦʚʽ 

ʨʦʟʙʽʞʥʦʩʪʽ ʤʽʞ ʮʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʽ ʚ ʦʢʦʣʽ ʥʫʣʷ ʽ ʥʝ 

ʧʝʨʝʚʠʱʫʶʪʴ 200 ʘʚʪ./ʛʦʜ (10% ʚʽʜ ʨʦʟʨʘʭʦʚʘʥʠʭ ʟʥʘʯʝʥʴ), ʱʦ ʚʢʘʟʫʻ ʥʘ 

ʘʜʝʢʚʘʪʥʽʩʪʴ ʤʦʜʝʣʽ. ʂʚʘʜʨʘʪ ʟʤʽʰʘʥʦʾ ʢʦʨʝʣʷʮʽʾ ʜʣʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʦʜʝʣʽ 

ʩʪʘʥʦʚʠʪʴ 
2R =0,968. ʇʦʚʝʨʭʥʶ ʚʽʜʛʫʢʫ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2.6. 
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ʚhʠʜʢʦʩʪ̔, ʢʤ/ʛʦʜ

ɼʦʚʞʠʥʘ ʜ̔ʣ̫ʥʢʠ 

ʦʙʤʝʞʝʥʥ̫ hʚʠʜʢʦʩʪ̔, ʤ  

ʈʠʩʫʥʦʢ 2.6 ï ɿʘʣʝʞʥʽʩʪʴ ʧʦʪʦʢʫ ʥʘʩʠʯʝʥʥʷ ʚʽʜ ʟʥʘʯʝʥʥʷ ʦʙʤʝʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʪʘ 

ʜʦʚʞʠʥʠ ʜʽʣʷʥʢʠ ʦʙʤʝʞʝʥʥʷ 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʦʪʨʠʤʘʥʘ ʟʘʣʝʞʥʽʩʪʴ ʧʦʪʦʢʫ ʥʘʩʠʯʝʥʥʷ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʧʨʦʾʟʜʫ 

ʨʝʛʫʣʴʦʚʘʥʦʛʦ ʧʝʨʝʭʨʝʩʪʷ ʪʘ ʡʦʛʦ ʜʦʚʞʠʥʠ ʻ ʘʜʝʢʚʘʪʥʦʶ ʪʘ ʤʦʞʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʫ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ. ʆʯʝʚʠʜʥʦ, ʱʦ ʾʾ ʤʦʞʥʘ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʣʠʰʝ ʜʣʷ ʽʩʥʫʶʯʠʭ ʧʝʨʝʭʨʝʩʪʴ, ʘ ʥʝ ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʥʦʚʠʭ. 

ʆʜʥʘʢ, ʧʦʨʽʚʥʷʥʦ ʟ ʚʽʜʦʤʠʤʠ ʤʝʪʦʜʘʤʠ ʨʦʟʨʘʭʫʥʢʫ, ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʦʜʝʣʴ ʻ 

ʟʨʫʯʥʽʰʦʶ, ʦʩʢʽʣʴʢʠ ʚʠʤʘʛʘʻ ʚʠʟʥʘʯʝʥʥʷ ʟʥʘʯʝʥʴ ʣʠʰʝ ʜʚʦʭ ʧʘʨʘʤʝʪʨʽʚ. ɺ ʮʝʡ ʞʝ 

ʯʘʩ ʚʦʥʘ ʥʝʷʚʥʦ ʚʨʘʭʦʚʫʻ ʚʧʣʠʚ ʪʘʢʠʭ ʯʠʥʥʠʢʽʚ ʷʢ ʛʝʦʤʝʪʨʠʯʥʦ-ʧʣʘʥʫʚʘʣʴʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʨʝʭʨʝʩʪʷ, ʫʤʦʚʠ ʨʫʭʫ ʪʘ ʫʤʦʚʠ ʨʝʛʫʣʶʚʘʥʥʷ. 

 

2.4 ɺʠʩʥʦʚʢʠ ʟ ʨʦʟʜʽʣʫ 

 

1. ʅʘ ʧʽʜʩʪʘʚʽ ʘʥʘʣʽʟʫ ʚʧʣʠʚʫ ʥʘ ʨʦʙʦʪʫ ʽʟʦʣʴʦʚʘʥʠʭ ʨʝʛʫʣʴʦʚʘʥʠʭ 

ʧʝʨʝʭʨʝʩʪʴ ʨʽʟʥʦʩʪʨʫʢʪʫʨʥʠʭ ʊʇ, ʷʢʽ ʰʪʫʯʥʦ ʟʚʦʜʷʪʴʩʷ ʜʦ ʤʦʥʦʩʪʨʫʢʪʫʨʥʠʭ ʯʝʨʝʟ 

ʚʽʜʧʦʚʽʜʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʟʚʝʜʝʥʥʷ, ʱʦ ʥʝʘʜʝʢʚʘʪʥʦ ʚʽʜʦʙʨʘʞʘʻ ʬʘʢʪʠʯʥʫ 

ʦʩʦʙʣʠʚʽʩʪʴ ʧʨʦʾʟʜʫ ʾʭ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʠʡ ʧʽʜʭʽʜ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʮʴʦʛʦ 

ʢʦʝʬʽʮʽʻʥʪʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʪʫʧʝʥʷ ʬʽʟʠʯʥʦʛʦ ʟʥʦʩʫ ʊɿ, ʾʭ ʩʪʘʨʽʥʥʷ (ʮʝ 

ʧʦʟʥʘʯʘʻʪʴʩʷ ʥʘ ʟʥʠʞʝʥʥʽ ʨʦʟʛʽʥʥʠʭ ʰʚʠʜʢʦʩʪʝʡ) ʪʘ ʽʤʦʚʽʨʥʦʩʪʽ ʧʦʷʚʠ ʪʘʢʠʭ ʊɿ ʫ 

ʊʇ. ʐʚʠʜʢʽʩʪʴ ʧʨʦʾʟʜʫ ʟʥʠʞʫʶʪʴ ʽ ʥʝʨʽʚʥʦʩʪʽ ʜʦʨʦʞʥʽʭ ʧʦʢʨʠʪʴ ʷʢ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʥʘ ʧʝʨʝʭʨʝʩʪʷʭ, ʪʘʢ ʽ ʚ ʦʢʦʣʽ ʾʭ. 

2. ɿʥʘʡʜʝʥʘ ʧʨʷʤʦʧʨʦʧʦʨʮʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ ʟʥʠʞʝʥʥʷ ʨʦʟʛʽʥʥʠʭ 

ʰʚʠʜʢʦʩʪʝʡ ʊɿ, ʷʢʽ ʧʨʦʾʞʜʞʘʶʪʴ ʧʝʨʝʭʨʝʩʪʷ, ʚʽʜ ʾʭ ʢʫʤʫʣʷʪʠʚʥʠʭ ʧʨʦʙʽʛʽʚ. 

ʄʘʪʝʤʘʪʠʯʥʽ ʩʧʦʜʽʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʧʨʦʾʟʜʫ ʊɿ ʧʝʨʝʭʨʝʩʪʴ ʟ ʨʽʟʥʠʤʠ ʜʝʬʝʢʪʘʤʠ 

ʜʦʨʦʞʥʽʭ ʧʦʢʨʠʪʴ ʽ ʧʝʨʝʭʨʝʩʪʴ ʟ ʥʦʨʤʘʪʠʚʥʠʤʠ ʨʽʚʥʦʩʪʷʤʠ ʽʩʪʦʪʥʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ 

ʤʽʞ ʩʦʙʦʶ ï ʜʣʷ ʧʝʨʰʠʭ 5,69 ʢʤ/ʛʦʜ., ʜʣʷ ʜʨʫʛʠʭ 17,15 ʢʤ/ʛʦʜ. 

3. ʋ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ VISSIM ʟʤʦʜʝʣʴʦʚʘʥʦ ʧʨʦʮʝʩ ʧʨʦʾʟʜʫ 

ʧʝʨʝʭʨʝʩʪʴ ʟ ʨʽʟʥʠʤʠ ʨʦʟʤʽʱʝʥʥʷʤʠ ʥʝʨʽʚʥʦʩʪʝʡ ʜʦʨʦʞʥʽʭ ʧʦʢʨʠʪʴ (ʥʘ ʽ ʚ ʦʢʦʣʽ 

ʾʭ) ʊʇ ʟ ʨʽʟʥʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʪʘ ʜʠʥʘʤʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʊɿ ʽ ʟʥʘʡʜʝʥʘ 

ʟʘʣʝʞʥʽʩʪʴ ʇʅ ʚʽʜ ʚʧʣʠʚʫ ʮʠʭ ʯʠʥʥʠʢʽʚ. ʇʦʪʽʢ ʥʘʩʠʯʝʥʥʷ ʚʟʷʪʠʡ ʫ ʧʦʜʘʣʴʰʠʭ 

ʜʦʩʣʽʜʞʝʥʥʷʭ ʧʨʦʮʝʩʫ ʧʨʦʾʟʜʫ ʊʇ ʽʟʦʣʴʦʚʘʥʠʭ ʨʝʛʫʣʴʦʚʘʥʠʭ ʧʝʨʝʭʨʝʩʪʴ ʟʘ 

ʛʦʣʦʚʥʠʡ ʢʨʠʪʝʨʽʡ ʫ ʚʠʟʥʘʯʝʥʥʽ ʟʘʪʨʠʤʦʢ ʊɿ, ʢ̫ʽ ʧʨʦʾʞʜʞʘʶʪʴ ʪʘʢʽ ʧʝʨʝʭʨʝʩʪʷ. 
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ʈʆɿɼɯʃ 3 

ʄɽʊʆɼʀʂɸ ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅʀʍ ʊɸ ʊɽʆʈɽʊʀʏʅʀʍ ɼʆʉʃɯɼɾɽʅʔ 

 

3.1 ʄʝʪʦʜʠʢʘ ʚʠʢʦʥʘʥʥʷ ʥʘʪʫʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘ ɺɼʄ ʤʽʩʪʘ ʪʘ 

ʦʧʨʘʮʶʚʘʥʥʷ ʾʭ ʨʝʟʫʣʴʪʘʪʽʚ 

 

3.1.1 ʈʝʟʫʣʴʪʘʪʠ ʦʙʩʪʝʞʝʥʥʷ ʤʽʩʴʢʦʾ ɺɼʄ 

 

ʈʽʚʝʥʴ ʘʚʪʦʤʦʙʽʣʽʟʘʮʽʾ ʚ ʜʝʨʞʘʚʽ ʤʘʻ ʩʪʘʙʽʣʴʥʫ ʪʝʥʜʝʥʮʽʶ ʜʦ ʟʨʦʩʪʘʥʥʷ. ɿʘʨʘʟ 

ʚʽʥ ʩʪʘʥʦʚʠʪʴ 172 ʘʚʪʦʤʦʙʽʣʽ ʥʘ 1000 ʞʠʪʝʣʽʚ, ʭʦʯʘ ʚ ʤʽʩʪʘʭ ʮʝʡ ʧʦʢʘʟʥʠʢ ʟʥʘʯʥʦ 

ʚʠʱʠʡ. ʈʽʟʢʝ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʊɿ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʚʫʣʠʯʥʦ-

ʜʦʨʦʞʥʴʦʾ ʤʝʨʝʞʽ, ʷʢʘ ʘʜʝʢʚʘʪʥʠʤ ʯʠʥʦʤ ʥʝ ʚʜʦʩʢʦʥʘʣʶʻʪʴʩʷ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʝʨʝʜ 

ʧʝʨʝʭʨʝʩʪʷʤʠ (ʨʝʛʫʣʴʦʚʘʥʠʤʠ ʽ ʥʝʨʝʛʫʣʴʦʚʘʥʠʤʠ) ʫ ʯʘʩʠ çʧʽʢè ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ 

ʥʘʢʦʧʠʯʝʥʥʷ ʯʝʨʛ ʘʚʪʦʤʦʙʽʣʽʚ, ʷʢʽ ʩʫʧʨʦʚʦʜʞʫʶʪʴ ʚʠʜʦʚʞʝʥʥʷ ʪʨʠʚʘʣʦʩʪʝʡ ʾʭ 

ʧʨʦʾʟʜʫ ʽ, ʷʢ ʨʝʟʫʣʴʪʘʪ ï ʚʽʜʧʦʚʽʜʥʽ ʟʙʠʪʢʠ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʨʠʟʠʢʠ ʫ ʧʝʨʝʚʽʟʥʠʢʽʚ. 

ʊʦʤʫ ʘʢʪʫʘʣʴʥʠʤ ʟʘʣʠʰʘʻʪʴʩʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʨʦʮʝʩʠ 

ʧʨʦʾʟʜʫ ʧʝʨʝʭʨʝʩʪʴ, ʟ ʤʝʪʦʶ ʾʭ ʩʪʘʙʽʣʽʟʘʮʽʾ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʨʝʞʠʤʽʚ 

ʧʨʦʾʟʜʫ ʧʝʨʝʭʨʝʩʪʴ [111, 112]. 

ɺʠʟʥʘʯʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʾ ʟʘʪʨʠʤʢʠ ʫʯʘʩʥʠʢʽʚ ʨʫʭʫ, ʷʢʽ ʧʨʦʾʞʜʞʘʶʪʴ ʯʝʨʝʟ 

ʨʝʛʫʣʴʦʚʘʥʽ ʧʝʨʝʭʨʝʩʪʷ ʟʜʽʡʩʥʶʶʪʴ ʟʘ ʬʦʨʤʫʣʦʶ ɺʝʙʩʪʝʨʘ. ʊʘʢʠʡ ʧʽʜʭʽʜ 

ʧʦʙʫʜʦʚʘʥʠʡ, ʦʜʥʘʢ, ʥʘ ʧʨʠʧʫʱʝʥʥʽ, ʱʦ ʧʝʨʝʭʨʝʩʪʷ ʻ ʽʟʦʣʴʦʚʘʥʠʤ (ʥʝʤʘʻ ʟʚôʷʟʢʫ 

ʽʟ ʩʫʩʽʜʥʽʤʠ ʧʝʨʝʭʨʝʩʪʷʤʠ ʟʘ ʥʘʧʨʷʤʦʤ ʨʫʭʫ ʧʦʪʦʢʫ) ʡ ʦʙôʻʢʪʠʚʥʦ ʦʮʽʥʠʪʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʟʘʩʦʙʽʚ ʨʝʛʫʣʶʚʘʥʥʷ ʛʨʫʧʠ ʧʝʨʝʭʨʝʩʪʴ ʥʝʤʦʞʣʠʚʦ [112]. 

ɸʥʘʣʽʟʫʚʘʣʠʩʴ ʚʠʟʥʘʯʘʣʴʥʽ ʧʦʢʘʟʥʠʢʠ (ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʊʇ, ʜʦʚʞʠʥʠ ʯʝʨʛ ʧʝʨʝʜ 

ʧʝʨʝʭʨʝʩʪʷʤ), ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʪʨʠʚʘʣʽʩʪʴ ʧʨʦʾʟʜʫ ʨʝʛʫʣʴʦʚʘʥʠʭ ʪʘ 

ʥʝʨʝʛʫʣʴʦʚʘʥʠʭ ʧʝʨʝʭʨʝʩʪʴ ʟʘ ʽʩʪʦʪʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʥʝʾ ʩʪʨʫʢʪʫʨʠ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʧʦʪʦʢʽʚ, ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʪʘ ʜʦʨʦʞʥʽʭ ʧʦʢʨʠʪʴ, ʢʚʘʣʽʬʽʢʘʮʽʾ 

ʚʦʜʽʾʚ [112]. 

ʄʘʛʽʩʪʨʘʣʴʥʽ ʚʫʣʠʮʽ ʤʽʩʪ ʚʽʜʟʥʘʯʘʶʪʴʩʷ ʟʥʘʯʥʠʤʠ ʽʥʪʝʥʩʠʚʥʦʩʪʷʤʠ ʨʫʭʫ ʊʇ, 

ʷʢʽ ʟʘʣʝʞʥʦ ʚʽʜ ʾʭ ʩʪʨʫʢʪʫʨʠ, ʚʽʜ ʯʘʩʫ ʜʦʙʠ, ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʊɿ ʽ ʜʦʨʦʞʥʽʭ 
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ʧʦʢʨʠʪʴ, ʥʘʷʚʥʦʩʪʽ ʧʫʥʢʪʽʚ ʧʨʠʪʷʛʘʥʥʷ ʥʘʩʝʣʝʥʥʷ ʪʘ ʢʚʘʣʽʬʽʢʘʮʽʾ ʚʦʜʽʾʚ ʤʦʞʫʪʴ 

ʟʤʽʥʶʚʘʪʠʩʷ ʫ ʟʥʘʯʥʠʭ ʤʝʞʘʭ. ʂʦʤʧʣʝʢʩʥʝ ʧʦʨʽʚʥʷʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʟʤʽʥ ʟʘʪʨʘʪ 

ʯʘʩʫ ʥʘ ʧʨʦʾʟʜ ʨʝʛʫʣʴʦʚʘʥʠʭ ʽ ʥʝʨʝʛʫʣʴʦʚʘʥʠʭ ʧʝʨʝʭʨʝʩʪʴ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʘʜʝʢʚʘʪʥʦ ʦʮʽʥʠʪʠ ʥʘʧʨʷʤʠ ʪʘ ʤʦʞʣʠʚʦʩʪʽ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ɺɼʄ, ʟʘʩʦʙʽʚ ʪʘ 

ʨʝʞʠʤʽʚ ʨʝʛʫʣʶʚʘʥʥʷ, ʟʘʣʠʰʘʶʯʠ ʥʝʟʤʽʥʥʠʤʠ ʩʪʨʫʢʪʫʨʫ ʊʇ ʪʘ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ 

ʊɿ, ʢʚʘʣʽʬʽʢʘʮʽʶ ʚʦʜʽʡʩʴʢʦʛʦ ʧʝʨʩʦʥʘʣʫ. ʂʨʽʤ ʮʴʦʛʦ, ʩʪʘʻ ʤʦʞʣʠʚʠʤ ʟôʷʩʫʚʘʥʥʷ, 

ʱʦ ʻ ʜʽʡʩʥʦ ʪʨʘʥʩʧʦʨʪʥʦʶ ʟʘʪʨʠʤʢʦʶ, ʘ ʱʦ ʪʝʭʥʦʣʦʛʽʯʥʠʤ (ʦʙʦʚôʷʟʢʦʚʠʤ) ʯʘʩʦʤ 

(ʪʨʠʚʘʣʽʩʪʶ) ʧʨʦʾʟʜʫ ʧʝʨʝʭʨʝʩʪʴ [112]. 

ʉʧʦʯʘʪʢʫ ʜʦʩʣʽʜʞʫʚʘʣʠʩʴ ʯʠʥʥʠʢʠ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʨʦʾʟʜʫ 

ʦʜʥʘʢʦʚʠʭ ʊ-ʧʦʜʽʙʥʠʭ ʧʝʨʝʭʨʝʩʪʴ (ʥʘ ʧʨʠʢʣʘʜʽ ʥʝʨʝʛʫʣʴʦʚʘʥʦʛʦ ʧʝʨʝʭʨʝʩʪʷ ï 

ʚʫʣ. ɻʦʨʦʜʦʮʴʢʘ ï ɹʘʥʜʝʨʠ ʪʘ ʨʝʛʫʣʴʦʚʘʥʦʛʦ ï ʚʫʣ. ʉʪʨʠʡʩʴʢʘ ï ʉʘʭʘʨʦʚʘ 

ʤ. ʃʴʚʦʚʘ) (ʨʠʩ. 3.1). ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʾʟʜʫ ʮʠʭ ʧʝʨʝʭʨʝʩʪʴ ʥʘʚʝʜʝʥʽ 

(ʪʘʙʣ. 3.1, 3.2) ʜʣʷ ʧʨʠʢʣʘʜʫ ʜʣʷ ʦʜʥʦʛʦ ʜʥʷ (ʯʝʪʚʝʨ, ʟ 13:00 ʜʦ 14:00 ʛʦʜ.). ʅʘ ʮʝʡ 

ʯʘʩ ʧʨʠʧʘʜʘʻ ʦʙʽʜʥʷ ʛʦʜʠʥʘ çʧʽʢè, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʝʟʥʘʯʥʠʤ ʟʙʽʣʴʰʝʥʥʷʤ 

ʽʥʪʝʥʩʠʚʥʦʩʪʝʡ ʨʫʭʫ. ʉʧʦʩʪʝʨʝʞʝʥʥʷʤʠ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ 

ʣʝʛʢʦʚʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʫ ʊʇ ʻ ʽʥʦʟʝʤʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʟ ʚʠʩʦʢʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ 

ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʥʝʟʥʘʯʥʠʤʠ ʪʝʨʤʽʥʘʤʠ ʩʣʫʞʙʠ. ʆʜʥʘʢ, ʫ ʮʠʭ ʊʇ ʻ ʪʘʢʽ 

ʫʯʘʩʥʠʢʠ ʨʫʭʫ (ʚʘʥʪʘʞʥʽ ʘʚʪʦʤʦʙʽʣʽ ï 19%, ʘʚʪʦʙʫʩʠ ï 26%, ʪʨʦʣʝʡʙʫʩʠ ï 1%), 

ʜʣʷ ʷʢʠʭ ʥʘʟʚʘʥʽ ʧʦʢʘʟʥʠʢʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚ ʛʽʨʰʫ ʩʪʦʨʦʥʫ. 

ʗʢʱʦ ʙʨʘʪʠ ʜʦ ʫʚʘʛʠ ʫʤʦʚʥʦ, ʱʦ ʫʩʽ ʫʯʘʩʥʠʢʠ ʨʫʭʫ ʦʜʥʘʢʦʚʦʛʦ ʨʦʢʫ ʚʠʧʫʩʢʫ 

ʽ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ, ʪʦ ʟʘ ʜʠʥʘʤʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚʦʥʠ ʨʽʟʥʽ. ʈʽʟʥʠʮʶ ʫ 

ʥʠʭ ʧʽʜʩʠʣʶʶʪʴ ʜʦʜʘʪʢʦʚʦ ʩʪʫʧʽʥʴ ʥʘʧʦʚʥʝʥʦʩʪʽ ʩʘʣʦʥʽʚ ʧʘʩʘʞʠʨʘʤʠ ʯʠ 

ʚʘʥʪʘʞʥʠʭ ʧʣʘʪʬʦʨʤ ʚʘʥʪʘʞʘʤʠ. ʋʩʽ ʮʽ ʪʨʘʥʩʧʦʨʪʥʽ ʟʘʩʦʙʠ ʨʫʭʘʶʪʴʩʷ ʩʧʽʣʴʥʦ ʚ 

ʦʜʥʦʤʫ ʽ ʪʦʤʫ ʞ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʧʦʪʦʮʽ ʽ, ʦʯʝʚʠʜʥʦ, ʱʦ ʪʨʠʚʘʣʽʩʪʴ ʧʨʦʾʟʜʫ ʥʠʤʠ 

ʧʝʨʝʭʨʝʩʪʴ ʙʫʜʝ ʨʽʟʥʦʶ. ɺʦʥʘ, ʢʨʽʤ ʮʴʦʛʦ, ʙʫʜʝ ʚʠʜʦʚʞʫʚʘʪʠʩʴ ʽ ʯʝʨʝʟ ʨʽʟʥʽ ʪʠʧʠ 

ʜʦʨʦʞʥʽʭ ʧʦʢʨʠʪʴ (ʥʝʨʝʛʫʣʴʦʚʘʥʝ ʧʝʨʝʭʨʝʩʪʷ ʙʨʫʢʽʚʯʘʩʪʝ, ʨʝʛʫʣʴʦʚʘʥʝ ï 

ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʝ) ʾʭ ʷʢʽʩʪʴ (ʧʝʨʰʝ ʽʟ ʟʥʘʯʥʠʤʠ ʥʝʨʽʚʥʦʩʪʷʤʠ, ʚʠʩʪʫʧʘʤʠ ʛʦʣʦʚʦʢ 

ʪʨʘʤʚʘʡʥʠʭ ʢʦʣʽʡ, ʜʨʫʛʝ ï ʟ ʤʽʩʮʝʚʠʤʠ ʚʠʙʦʾʥʘʤʠ ʪʘ ʭʚʠʣʷʩʪʦʩʪʷʤʠ). ʋ ʟʚôʷʟʢʫ ʟ 

ʮʠʤ ʮʝ ʚʧʣʠʥʫʣʦ ʯʘʩʪʢʦʚʦ ʥʘ ʤʝʥʰʫ ʟʚʝʜʝʥʫ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʨʦʾʟʜʫ 



64 

ʥʝʨʝʛʫʣʴʦʚʘʥʦʛʦ ʙʨʫʢʽʚʯʘʩʪʦʛʦ ʧʝʨʝʭʨʝʩʪʷ (1422 ʘʚʪ./ʛʦʜ), ʧʦʨʽʚʥʷʥʦ ʟ 

ʨʝʛʫʣʴʦʚʘʥʠʤ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʠʤ (3862 ʘʚʪ./ʛʦʜ) [112]. 

ɺʘʨʪʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʫ ʮʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʪʦʢʘʭ, ʢʨʽʤ ʨʽʟʥʠʭ ʚʠʜʽʚ 

ʫʯʘʩʥʠʢʽʚ ʨʫʭʫ, ʻ ʱʝ ʨʽʟʥʦʾ ʢʚʘʣʽʬʽʢʘʮʽʾ ʚʦʜʽʾ. ʋʩʝ ʧʝʨʝʣʽʯʝʥʝ ʚʽʜʦʙʨʘʞʫʻʪʴʩʷ 

ʢʽʣʴʢʽʩʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʬʘʢʪʠʯʥʠʭ ʽʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʨʦʾʟʜʫ ʧʝʨʝʭʨʝʩʪʴ (ʜʠʚ. 

ʪʘʙʣ. 3.1, 3.2) ʪʘ ʟʽʙʨʘʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʥʷʤʠ ʜʘʥʠʭ ʱʦʜʦ ʢʽʣʴʢʦʩʪʝʡ ʘʚʪʦʤʦʙʽʣʽʚ, 

ʷʢʽ ʧʽʜôʾʞʜʞʘʶʪʴ ʜʦ ʧʝʨʝʭʨʝʩʪʷ, ʧʨʦʾʞʜʞʘʶʪʴ ʡʦʛʦ ʯʠ ʦʯʽʢʫʶʪʴ ʧʨʦʾʟʜʫ ʫ ʯʝʨʟʽ 

(ʪʘʙʣ. 3.3) [112]. 
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ʈʠʩʫʥʦʢ 3.1 ï ʉʭʝʤʠ ʥʝʨʝʛʫʣʴʦʚʘʥʦʛʦ (ʘ) ʪʘ ʨʝʛʫʣʴʦʚʘʥʦʛʦ (ʙ) ʧʝʨʝʭʨʝʩʪʴ



 

ʊʘʙʣʠʮʷ 3.1 ï ʉʢʣʘʜ ʊʇ ʪʘ ʧʨʦʾʟʜ ʥʠʤ ʥʝʨʝʛʫʣʴʦʚʘʥʦʛʦ ʧʝʨʝʭʨʝʩʪʷ  

ɺʠʜ ʊɿ 

ʉʝʨʝʜʥʷ ʬʘʢʪʠʯʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʨʦʾʟʜʫ 

ʧʝʨʝʭʨʝʩʪʷ ʟʘ ʥʘʧʨʷʤʢʦʤ, ʘʚʪ./ʛʦʜ 
ɺʽʜʩʦʪʦʢ ʫʯʘʩʥʠʢʽʚ ʨʫʭʫ ʟʘ ʚʠʜʘʤʠ, % 

ʉʝʨʝʜʥʷ ʟʚʝʜʝʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʨʦʾʟʜʫ 

ʧʝʨʝʭʨʝʩʪʷ ʟʘ ʥʘʧʨʷʤʢʦʤ, ʘʚʪ./ʛʦʜ 

ˉ1 ˉ2 ˉ3 ˉ4 ˉ5 ˉ6 ˉ1 ˉ2 ˉ3 ˉ4 ˉ5 ˉ6 ˉ1 ˉ2 ˉ3 ˉ4 ˉ5 ˉ6 

ʣʝʛʢʦʚʽ 123 108 174 42 144 162 50 75 64 65 70 90 123 108 174 42 144 162 

ʚʘʥ. 2ʪ 18 12 21 3 18 6 7 8 8 5 9 3 27 18 32 5 27 9 

ʚʘʥ. 5ʪ 27 6 12 - 6 - 11 4 4 - 3 - 54 12 24 - 12 - 

ʚʘʥ. 8ʪ 15 3 6 - - 3 6 2 2 - - 2 38 8 15 - - 8 

ʚʘʥ.14ʪ 9 - - - - - 4 - - - - - 32 - - - - - 

ʘʚʪʦʙ. 45 15 51 6 24 9 18 11 19 9 12 5 90 30 102 12 48 18 

ʪʨʘʤʚ. 10 - 10 14 14 - 4 - 3 21 6 - 10 - 10 14 14 - 

ɺʩʴʦʛʦ 247 144 274 65 206 180 100 100 100 100 100 100 374 176 357 73 245 197 

ʉʫʤʘʨʥʘ ʩʝʨʝʜʥʷ ʟʚʝʜʝʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʪʦʢʫ ʥʘ ʧʝʨʝʭʨʝʩʪʽ 1422 

 

ʊʘʙʣʠʮʷ 3.2 ï ʉʢʣʘʜ ʊʇ ʪʘ ʧʨʦʾʟʜ ʥʠʤ ʨʝʛʫʣʴʦʚʘʥʦʛʦ ʧʝʨʝʭʨʝʩʪʷ 

ɺʠʜ ʊɿ 

ʉʝʨʝʜʥʷ ʬʘʢʪʠʯʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʨʦʾʟʜʫ 

ʧʝʨʝʭʨʝʩʪʷ ʟʘ ʥʘʧʨʷʤʢʦʤ, ʘʚʪ./ʛʦʜ 
ɺʽʜʩʦʪʦʢ ʫʯʘʩʥʠʢʽʚ ʨʫʭʫ ʟʘ ʚʠʜʘʤʠ, % 

ʉʝʨʝʜʥʷ ʟʚʝʜʝʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʨʦʾʟʜʫ 

ʧʝʨʝʭʨʝʩʪʷ ʟʘ ʥʘʧʨʷʤʢʦʤ, ʘʚʪ./ʛʦʜ 

ˉ1 ˉ2 ˉ3 ˉ4 ˉ5 ˉ6 ˉ1 ˉ2 ˉ3 ˉ4 ˉ5 ˉ6 ˉ1 ˉ2 ˉ3 ˉ4 ˉ5 ˉ6 

ʣʝʛʢʦʚʽ 328 491 437 164 164 219 54 75 53 100 75 57 328 491 437 164 164 219 

ʚʘʥ. 2ʪ 55 - 110 - 55 - 9 - 13 - 25 - 83 - 165 - 83 - 

ʚʘʥ. 5ʪ - - 55 - - 55 - - 7 - - 14 - - 110 - - 110 

ʚʘʥ. 8ʪ - 55 - - - - - 8 - - - - - 138 - - - - 

ʚʘʥ.14ʪ - - - - - - - - - - - - - - - - - - 

ʘʚʪʦʙ. 219 110 219 - - 110 36 17 26 - - 29 438 220 438 - - 220 

ʪʨʘʤʚ. 9 - 9 - - - 1 - 1 - - - 27 - 27 - - - 

ɺʩʴʦʛʦ 611 656 830 164 219 384 100 100 100 100 100 100 876 849 1177 164 247 549 

ʉʫʤʘʨʥʘ ʩʝʨʝʜʥʷ ʟʚʝʜʝʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʪʦʢʫ ʥʘ ʧʝʨʝʭʨʝʩʪʽ 3862 



 

ʊʘʙʣʠʮʷ 3.3 ï ʈʦʟʧʦʜʽʣ ʢʽʣʴʢʦʩʪʽ ʘʚʪʦʤʦʙʽʣʽʚ, ʷʢʽ ʧʨʦʾʞʜʞʘʶʪʴ ʧʝʨʝʭʨʝʩʪʷ 

ʅʦʤʝʨ 

ʧʦʪʦʢʫ 

ʈʝʛʫʣʴʦʚʘʥʝ ʧʝʨʝʭʨʝʩʪʷ 
ʅʝʨʝʛʫʣʴʦʚʘʥʝ 

ʧʝʨʝʭʨʝʩʪʷ 

ʂʽʣʴʢʽʩʪʴ ʘʚʪʦʤʦʙʽʣʽʚ, ʱʦ 

ʧʽʜôʾʞʜʞʘʶʪʴ ʜʦ 

ʧʝʨʝʭʨʝʩʪʷ ʟʘ ʯʘʩ 

ʫʚʽʤʢʥʝʥʥʷ ʟʘʙʦʨʦʥʥʦʛʦ 

ʩʠʛʥʘʣʫ, ʘʚʪ./ʮʠʢʣ 

ʂʽʣʴʢʽʩʪʴ ʘʚʪʦʤʦʙʽʣʽʚ ʫ 

ʧʦʪʦʮʽ, ʱʦ ʧʝʨʝʪʠʥʘʶʪʴ 

çʩʪʦʧ-ʣʽʥʽʶè ʟʘ ʯʘʩ 

ʫʚʽʤʢʥʝʥʦʛʦ ʟʝʣʝʥʦʛʦ 

ʩʠʛʥʘʣʫ, ʘʚʪ./ʮʠʢʣ 

ʂʽʣʴʢʽʩʪʴ 

ʘʚʪʦʤʦʙʽʣʽʚ ʚ 

ʯʝʨʟʽ, ʘʚʪ./ʛʦʜ 

1 

ʣʝʛʢʦʚʽ ï 10; ʚʘʥʪʘʞʥʽ ï 6; 

ʘʚʪʦʙʫʩʠ ï 7; ʪʨʦʣʝʡʙʫʩʠ - 

1 

ʣʝʛʢʦʚʽ ï 6; ʚʘʥʪʘʞʥʽ ï 1; 

ʘʚʪʦʙʫʩʠ ï 2 
- 

2 
ʣʝʛʢʦʚʽ ï 14; ʚʘʥʪʘʞʥʽ ï 3; 

ʘʚʪʦʙʫʩʠ ï 2 

ʣʝʛʢʦʚʽ ï 9; ʚʘʥʪʘʞʥʽ ï 1; 

ʘʚʪʦʙʫʩʠ ï 2 

ʣʝʛʢʦʚʽ ï 36; 

ʚʘʥʪʘʞʥʽ ï 12; 

ʘʚʪʦʙʫʩʠ ï 12 

3 

ʣʝʛʢʦʚʽ ï 13; ʚʘʥʪʘʞʥʽ ï 7; 

ʘʚʪʦʙʫʩʠ ï 8; ʪʨʦʣʝʡʙʫʩʠ 

ï 1 

ʣʝʛʢʦʚʽ ï 8; ʚʘʥʪʘʞʥʽ ï 3; 

ʘʚʪʦʙʫʩʠ ï 4 
- 

4 ʣʝʛʢʦʚʽ ï 5; ʚʘʥʪʘʞʥʽ ï 2 ʣʝʛʢʦʚʽ ï 3 - 

5 ʣʝʛʢʦʚʽ ï 3; ʚʘʥʪʘʞʥʽ ï 1 ʣʝʛʢʦʚʽ ï 3; ʚʘʥʪʘʞʥʽ ï 1 

ʣʝʛʢʦʚʽ ï 36; 

ʚʘʥʪʘʞʥʽ ï 30; 

ʘʚʪʦʙʫʩʠ ï 6 

6 
ʣʝʛʢʦʚʽ ï 6; ʚʘʥʪʘʞʥʽ ï 5; 

ʘʚʪʦʙʫʩʠ ï 1 

ʣʝʛʢʦʚʽ ï 4; ʚʘʥʪʘʞʥʽ ï 1 

 

ʚʘʥʪʘʞʥʽ ï 6; 

ʘʚʪʦʙʫʩʠ ï 6 

ɺʩʴʦʛʦ 94 48 144 

 

ʗʢʱʦ ʚʨʘʭʫʚʘʪʠ, ʱʦ ʪʨʠʚʘʣʽʩʪʴ ʩʚʽʪʣʦʬʦʨʥʦʛʦ ʮʠʢʣʫ ʩʪʘʥʦʚʠʪʴ 66 ʩ, ʪʦ ʟʘ 

ʟʚʝʜʝʥʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʦʪʦʢʫ 3862 ʘʚʪ./ʛʦʜ, ʟʘ ʯʘʩ ʛʦʨʽʥʥʷ ʟʘʙʦʨʦʥʝʥʦʛʦ ʩʠʛʥʘʣʫ 

ʟ ʪʨʴʦʭ ʩʪʦʨʽʥ ʧʝʨʝʭʨʝʩʪʷ ʧʽʜôʾʞʜʞʘʻ 94 ʘʚʪʦʤʦʙʽʣʽ. ʊʦʙʪʦ ʫ ʢʦʞʥʦʤʫ ʨʷʜʽ ʡʦʛʦ 

ʤʦʞʝ ʥʘʛʨʦʤʘʜʞʫʚʘʪʠʩʷ ʚ ʩʝʨʝʜʥʴʦʤʫ ʧʦ 15 ʦʜʠʥʠʮʴ. ɸ ʫʧʨʦʜʦʚʞ ʛʦʜʠʥʠ, ʷʢʘ ʤʘʻ 

54 ʮʠʢʣʠ, ʫʤʦʚʥʘ ʩʫʤʘʨʥʘ (ʟʘ ʫʩʽʤʘ ʥʘʧʨʷʤʘʤʠ) ʜʦʚʞʠʥʘ ʯʝʨʛʠ ʤʦʞʝ ʩʪʘʥʦʚʠʪʠ 
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810 ʦʜʠʥʠʮʴ. ʋ ʪʦʡ ʞʝ ʯʘʩ ʫʤʦʚʥʘ ʩʫʤʘʨʥʘ (ʟʘ ʫʩʽʤʘ ʥʘʧʨʷʤʘʤʠ) ʢʽʣʴʢʽʩʪʴ 

ʘʚʪʦʤʦʙʽʣʽʚ ʫ ʯʝʨʟʽ ʧʝʨʝʜ ʥʝʨʝʛʫʣʴʦʚʘʥʠʤ ʧʝʨʝʭʨʝʩʪʷʤ ʫʧʨʦʜʦʚʞ ʛʦʜʠʥʠ ï 144 

ʦʜʠʥʠʮʽ. ɿʚʘʞʘʶʯʠ ʥʘ ʧʦʨʽʚʥʷʣʴʥʫ ʟʚʝʜʝʥʫ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʨʦʾʟʜʫ ʧʝʨʝʭʨʝʩʪʴ 

(3862/1422=2,72 ʨʘʟʠ), ʫʤʦʚʥʽ ʛʦʜʠʥʥʽ ʜʦʚʞʠʥʠ ʯʝʨʛ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ ʫ 

5,63 ʨʘʟʠ (810/144). ʆʪʞʝ, ʚʽʜʧʦʚʽʜʥʦʾ ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ ʤʽʞ ʽʥʪʝʥʩʠʚʥʦʩʪʷʤʠ 

ʧʨʦʾʟʜʫ ʨʝʛʫʣʴʦʚʘʥʠʭ ʪʘ ʥʝʨʝʛʫʣʴʦʚʘʥʠʭ ʧʝʨʝʭʨʝʩʪʴ ʽ ʜʦʚʞʠʥ ʯʝʨʛ ʘʚʪʦʤʦʙʽʣʽʚ 

ʧʝʨʝʜ ʥʠʤʠ ʥʝʤʘʻ. ʎʴʦʤʫ, ʟʚʽʩʥʦ, çʩʧʨʠʷʶʪʴè ʷʢ ʨʽʟʥʽ ʪʠʧʠ ʧʝʨʝʭʨʝʩʪʴ, ʨʽʟʥʽ 

ʩʪʨʫʢʪʫʨʠ ʊʇ ʪʘ ʚʧʣʠʚʠ ʦʟʥʘʯʝʥʠʭ ʚʠʱʝ ʯʠʥʥʠʢʽʚ [112]. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʟʘʩʚʽʜʯʫʶʪʴ ʧʨʦ ʧʦʪʨʝʙʫ ʫ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ 

(ʧʦʨʽʚʥʷʥʦ ʟ ʚʠʢʦʥʘʥʠʤʠ ʽʥʰʠʤʠ ʘʚʪʦʨʘʤʠ) ʦʩʦʙʣʠʚʦʩʪʝʡ ʯʘʩʦʚʠʭ ʽʥʪʝʨʚʘʣʽʚ 

ʧʨʦʾʟʜʫ ʧʝʨʝʭʨʝʩʪʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʘʢʠʭ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʠʭ ʚʘʞʣʠʚʠʭ ʯʠʥʥʠʢʽʚ ʷʢ 

ʩʪʨʫʢʪʫʨʘ ʊʇ, ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʾʭ ʩʢʣʘʜʦʚʠʭ  ̔ʜʦʨʦʞʥʽʭ ʧʦʢʨʠʪʴ [112]. 

ʈ̔ ʩʪ ʘʚʪʦʤʦʙʽʣʽʟʘʮʽʾ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʨʦʙʣʝʤ, ʧʦʚôʷʟʘʥʠʭ ʟ ʦʨʛʘʥʽʟʘʮʽʻʶ 

ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ, ʷʢʽ, ʚ ʦʩʥʦʚʥʦʤʫ, ʚʠʥʠʢʘʶʪʴ ʫ ʚʫʟʣʦʚʠʭ ʧʫʥʢʪʘʭ ʚʫʣʠʯʥʦ-

ʜʦʨʦʞʥʴʦʾ ʤʝʨʝʞʽ ï ʧʝʨʝʭʨʝʩʪʷʭ. ʆʜʥʽʻʶ ʟ ʚʘʞʣʠʚʠʭ ʧʨʦʙʣʝʤ ʻ ʚʪʨʘʪʠ ʯʘʩʫ ʯʝʨʝʟ 

ʟʘʪʨʠʤʢʠ ʟ ʧʨʦʾʟʜʦʤ ʧʝʨʝʭʨʝʩʪʴ (çʪʨʘʥʩʧʦʨʪʥʽ ʟʘʪʨʠʤʢʠè) [109]. ʋ ʥʠʟʮʽ 

ʧʨʦʘʥʘʣʽʟʦʚʘʥʠʭ ʜʞʝʨʝʣ ʪʨʘʥʩʧʦʨʪʥʽ ʟʘʪʨʠʤʢʠ ʪʨʘʢʪʫʶʪʴʩʷ ʧʦ-ʨʽʟʥʦʤʫ. 

ɺʘʞʣʠʚʠʤ ʻ ʟôʷʩʫʚʘʥʥʷ ʩʫʪʪʽ ʟʘʪʨʠʤʢʠ: ʷʢʽ ʩʘʤʝ ʚʪʨʘʪʠ ʯʘʩʫ ʧʽʜʧʘʜʘʶʪʴ ʧʽʜ ʮʝ 

ʧʦʥʷʪʪʷ, ʷʢʽ ʯʠʥʥʠʢʠ ʚʧʣʠʚʘʶʪʴ ʥʘ ʾʾ ʚʝʣʠʯʠʥʫ ʽ ʷʢ ʚʦʥʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʘʥʘʣʽʪʠʯʥʦ. 

ʆʙʤʝʞʫʻʤʦʩʴ ʪʫʪ ʨʦʟʛʣʷʜʦʤ ʪʨʘʥʩʧʦʨʪʥʦʾ ʟʘʪʨʠʤʢʠ ʫ ʟʦʥʽ ʨʝʛʫʣʴʦʚʘʥʠʭ 

ʧʝʨʝʭʨʝʩʪʴ, ʜʝ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʨʫʭʫ ʧʦ ʦʙʦʭ ʜʦʨʦʛʘʭ ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʽ ʽ ʚʪʨʘʪʠ 

ʯʘʩʫ ʫʯʘʩʥʠʢʽʚ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ ʙʫʜʫʪʴ ʟʘʣʝʞʘʪʠ, ʚ ʦʩʥʦʚʥʦʤʫ, ʚʽʜ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʨʦʙʦʪʠ ʩʚʽʪʣʦʬʦʨʘ ʪʘ ʽʥʰʠʭ ʚʘʞʣʠʚʠʭ ʯʠʥʥʠʢʽʚ [109]. 

ʉʫʯʘʩʥʠʡ ʩʪʘʥ ɺɼʄ ʤʽʩʪ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ (ʦʩʦʙʣʠʚʦ ʫ ʚʝʩʥʷʥʠʡ ʧʝʨʽʦʜ) 

ʟʥʘʯʥʦʶ ʢʽʣʴʢʽʩʪʶ ʣʦʢʘʣʴʥʠʭ ʜʝʬʝʢʪʽʚ, ʷʤʦʢ, ʥʝʨʽʚʥʦʩʪʝʡ, ʚʠʩʪʫʧʽʚ. ʗʢʱʦ ʽʜʝʪʴʩʷ 

ʧʨʦ ʧʝʨʝʭʨʝʩʪʷ ʟ ʪʘʢʠʤʠ ʜʝʬʝʢʪʘʤʠ, ʪʦ ʚʦʥʠ ʟʫʤʦʚʣʶʶʪʴ ʽʩʪʦʪʥʝ ʟʥʠʞʝʥʥʷ 

ʰʚʠʜʢʦʩʪʽ ʾʭ ʧʨʦʾʟʜʫ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʥʘʢʦʧʠʯʫʶʪʴʩʷ ʥʝʦʙˇʨʫʥʪʦʚʘʥʽ ʯʝʨʛʠ, ʷʢʽ 

ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʯʘʩʦʚʠʭ ʚʪʨʘʪ ʧʝʨʝʚʽʟʥʠʢʽʚ ʽ ʧʘʩʘʞʠʨʽʚ ʪʘ ʟʘʛʘʟʦʚʘʥʦʩʪʽ ʧʦʚʽʪʨʷ ʚ 

ʟʦʥʽ ʧʝʨʝʭʨʝʩʪʴ [104]. 
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ʈʦʟʨʘʭʫʥʢʘʤʠ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʤʠ ʚʩʪʘʥʦʚʣʝʥʦ ʟʤʽʥʫ ʧʦʢʘʟʥʠʢʽʚ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʊʇ [103, 104, 106, 107], ʷʢʠʡ ʧʨʦʾʞʜʞʘʻ ʧʝʨʝʭʨʝʩʪʷ ʟ ʨʽʟʥʠʤʠ 

ʜʦʨʦʞʥʽʤʠ ʧʦʢʨʠʪʪʷʤʠ ʪʘ ʾʭ ʷʢʽʩʪʶ, ʘ ʪʘʢʦʞ ʟʤʽʥʫ ʧʦʢʘʟʥʠʢʽʚ ʪʷʛʦʚʦʾ 

ʜʠʥʘʤʽʯʥʦʩʪʽ (ʨʦʟʛʽʥʥʦʾ ʰʚʠʜʢʦʩʪʽ) ʊɿ ʟʘʣʝʞʥʦ ʚʽʜ ʩʪʫʧʝʥʷ ʟʥʦʰʝʥʦʩʪʽ ʾʭ 

ʜʚʠʛʫʥʽʚ. ʎʽ ʯʠʥʥʠʢʠ, ʟʘʣʝʞʥʦ ʚʽʜ ʾʭ ʧʦʻʜʥʘʥʴ ʙʝʟʧʦʩʝʨʝʜʥʽʤ ʯʠʥʦʤ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʟʥʠʞʝʥʥʷ ʧʦʪʦʢʽʚ ʥʘʩʠʯʝʥʥʷ (ʇʅ) ʥʘ ʨʝʛʫʣʴʦʚʘʥʠʭ ʧʝʨʝʭʨʝʩʪʷʭ. ɿ ʤʝʪʦʶ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʘʷʚʥʦʩʪʽ ʨʝʛʫʣʴʦʚʘʥʠʭ ʧʝʨʝʭʨʝʩʪʴ, ʥʘ ʷʢʠʭ ʤʦʞʝ ʩʧʦʩʪʝʨʽʛʘʪʠʩʷ 

ʪʘʢʠʡ ʚʧʣʠʚ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʫʩʽ ʨʝʛʫʣʴʦʚʘʥʽ ʧʝʨʝʭʨʝʩʪʷ ʤ. ʃʴʚʦʚʘ ʥʘ ʧʨʝʜʤʝʪ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʧʣʠʚʫ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʾʭ ʫ ʧʣʘʥʽ ʪʘ ʩʪʘʥʫ ʜʦʨʦʞʥʽʭ 

ʧʦʢʨʠʪʴ, ʘ ʪʘʢʦʞ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʩʚʽʪʣʦʬʦʨʥʠʭ ʦʙôʻʢʪʽʚ [115]. 

ʋ ʤʽʩʪʽ, ʟ ʟʘʛʘʣʴʥʦʶ ʧʨʦʪʷʞʥʽʩʪʶ ɺɼʄ 580 ʢʤ, ʥʘʨʘʭʦʚʫʻʪʴʩʷ 137 

ʨʝʛʫʣʴʦʚʘʥʠʭ ʧʝʨʝʭʨʝʩʪʴ. ɿ ʥʠʭ 23 ʤʘʶʪʴ ʘʜʘʧʪʠʚʥʽ ʩʚʽʪʣʦʬʦʨʥʽ ʮʠʢʣʠ (16,8 %), ʘ 

11 ʧʝʨʝʭʨʝʩʪʴ (ʥʘ ʪʨʴʦʭ ʤʘʛʽʩʪʨʘʣʴʥʠʭ ʚʫʣʠʮʷʭ) ʢʦʦʨʜʠʥʦʚʘʥʽ ʚ ʨʝʞʠʤ ̔çʟʝʣʝʥʦʾ 

ʭʚʠʣʽè. ʎʽ ʧʝʨʝʭʨʝʩʪʷ ʫ ʜʦʩʣʽʜʞʝʥʽ ʥʝ ʙʨʘʣʠʩʴ ʜʦ ʫʚʘʛʠ, ʦʩʢʽʣʴʢʠ ʟʤʽʥʘ ʪʨʠʚʘʣʦʩʪʽ 

ʩʚʽʪʣʦʬʦʨʥʦʛʦ ʮʠʢʣʫ ʚʽʜʙʫʚʘʻʪʴʩʷ, ʟʘʣʝʞʥʦ ʚʽʜ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʊʇ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʨʘʥʽʰʥʽʭ ʽ ʚʝʯʽʨʥʽʭ ʧʽʢʽʚ. ʎʠʤ ʤʽʥʽʤʽʟʫʶʪʴʩʷ ʯʝʨʛʠ ʊɿ ʧʝʨʝʜ ʧʝʨʝʭʨʝʩʪʷʤʠ [115]. 

ʇʝʨʝʭʨʝʩʪʷ ʟʽ ʞʦʨʩʪʢʠʤ ʮʠʢʣʦʤ ʨʝʛʫʣʶʚʘʥʥʷ ʮʴʦʛʦ ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴ ʽ ʧʝʨʝʜ 

ʥʠʤʠ ʩʪʚʦʨʶʶʪʴʩʷ, ʦʩʦʙʣʠʚʦ ʫ ʧʽʢʦʚʽ ʧʝʨʽʦʜʠ, ʥʘʜʤʽʨʥʽ ʟʘʪʨʠʤʢʠ ʪʘ ʯʝʨʛʠ ʫ ʨʫʩʽ 

ʊʇ. ʆʜʥʘʢ, ʯʠ ʥʘ ʧʝʨʝʭʨʝʩʪʷʭ ʟ ʘʜʘʧʪʠʚʥʠʤ ʯʠ ʟʽ ʞʦʨʩʪʢʠʤ ʨʝʛʫʣʶʚʘʥʥʷʤ, ʻ ʪʘʢʽ 

ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʪʘ ʩʪʘʥʠ ʧʦʢʨʠʪʴ, ʷʢʽ ʩʧʨʠʷʶʪʴ ʟʥʠʞʝʥʥʶ ʇʅ. ʂʨʽʤ ʮʴʦʛʦ, 

ʯʝʨʝʟ ʪʘʢʽ ʧʝʨʝʭʨʝʩʪʷ ʧʨʦʾʞʜʞʘʶʪʴ ʊʇ ʽʟ ʩʪʨʫʢʪʫʨʦʶ, ʫ ʷʢʽʡ ʟʥʘʯʥʘ ʯʘʩʪʢʘ 

ʤʘʨʰʨʫʪʥʠʭ ʘʚʪʦʙʫʩʽʚ ʽ ʚʘʥʪʘʞʥʠʭ ʊɿ (ʦʩʦʙʣʠʚʦ ʟʽ ʟʥʦʰʝʥʠʤʠ ʜʚʠʛʫʥʘʤʠ), ʱʦ 

ʪʘʢʦʞ ʜʦʣʫʯʘʶʪʴʩʷ ʜʦ ʟʥʠʞʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʨʦʾʟʜʫ ʧʝʨʝʭʨʝʩʪʴ [115]. 

ʆʩʢʽʣʴʢʠ ʥʘʡʩʢʣʘʜʥʽʰʽ ʩʠʪʫʘʮʽʾ ʟ ʧʨʦʾʟʜʦʤ ʧʝʨʝʭʨʝʩʪʴ ʟ ʞʦʨʩʪʢʠʤ ʮʠʢʣʦʤ 

ʨʝʛʫʣʶʚʘʥʥʷ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʩʘʤʝ ʥʘ ʥʠʭ, ʪʦ ʚ ʮʴʦʤʫ ʜʦʩʣʽʜʞʝʥʽ ʙʨʘʣʠʩʴ ʜʦ 

ʫʚʘʛʠ ʩʘʤʝ ʚʦʥʠ. ʉʝʨʝʜ ʥʠʭ ʦʩʦʙʣʠʚʦʾ ʫʚʘʛʠ ʟʘʩʣʫʛʦʚʫʶʪʴ ʪʽ, ʷʢʽ ʤʘʶʪʴ ʦʩʥʦʚʥʠʡ 

ʤʘʛʽʩʪʨʘʣʴʥʠʡ ʧʦʪʽʢ ʟ ʚʠʩʦʢʦʶ ʽʥʪʝʥʩʠʚʥʽʩʪʶ. ɼʦʩʣʽʜʞʫʚʘʣʠʩʴ ʜʦʚʞʠʥʠ ʪʘʢʠʭ 

ʧʝʨʝʭʨʝʩʪʴ ʚ ʤʘʛʽʩʪʨʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ, ʰʠʨʠʥʠ ʫʩʽʭ ʚʫʣʠʮʴ, ʷʢʽ ʫʪʚʦʨʶʶʪʴ ʮʽ 

ʧʝʨʝʭʨʝʩʪʷ, ʪʠʧʠ ʪʘ ʨʽʚʥʦʩʪʽ ʜʦʨʦʞʥʽʭ ʧʦʢʨʠʪʴ, ʥʘʷʚʥʽʩʪʴ ʪʨʦʣʝʡʙʫʩʥʠʭ ʣʽʥʽʡ ʪʘ 

ʪʨʘʤʚʘʡʥʠʭ ʢʦʣʽʡ.  
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ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʪʘʢʦʞ ʜʣʷ ʮʠʭ ʧʝʨʝʭʨʝʩʪʴ ʩʪʨʫʢʪʫʨʫ ʊʇ, ʥʘʧʨʠʢʣʘʜ, 

ʤʘʛʽʩʪʨʘʣʴʥʠʡ ʧʦʪʽʢ ʜʣʷ ʧʝʨʝʭʨʝʩʪʷ ʚʫʣ. ʉʪʨʠʡʩʴʢʘ ï ʌʨʘʥʢʘ ʩʪʘʥʦʚʠʪʴ 

1046 ʦʜ./ʛʦʜ. ʈʦʟʛʽʥʥʽ ʰʚʠʜʢʦʩʪʽ, ʚʠʤʽʨʷʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʠʣʘʜʫ SPRINT SG-2 

[46], ʩʪʘʥʦʚʠʣʠ 11,02 ʢʤ/ʛʦʜ [103]. ʊʨʠʚʘʣʽʩʪʴ ʩʚʽʪʣʦʬʦʨʥʦʛʦ ʮʠʢʣʫ ï 70 ʩ. 

ʅʘʪʫʨʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ, ʟ ʟʘʣʫʯʝʥʥʷʤ ʜʦʩʣʽʜʥʠʢʽʚ ʪʘ ʚʽʜʝʦʟʡʦʤʢʠ, ʜʣʷ ʮʴʦʛʦ ʞ 

ʧʝʨʝʭʨʝʩʪʷ ʚʠʷʚʣʝʥʦ ʚʽʜʧʦʚʽʜʥʽ ʯʝʨʛʠ ʊɿ (ʢʦʥʢʨʝʪʥʽ ʜʘʥʽ ʜʣʷ ʨʘʥʢʦʚʦʛʦ ʽ 

ʚʝʯʽʨʥʴʦʛʦ çʯʘʩ-ʧʽʢè) [115]. 

ɼʣʷ ʧʝʨʝʭʨʝʩʪʷ ʚʫʣ. ʉʪʨʠʡʩʴʢʘ ï ʌʨʘʥʢʘ ʪʨʠʚʘʣʽʩʪʴ ʮʠʢʣʫ ʩʪʘʥʦʚʠʪʴ 70 ʩ; 

ʝʬʝʢʪʠʚʥʘ ʯʘʩʪʢʘ ʚ ʮʠʢʣʽ ʨʝʛʫʣʶʚʘʥʥʷ ï 36 ʩ; ʩʪʫʧʽʥʴ ʥʘʩʠʯʝʥʥʷ ʬʘʟʠ ï 0,76; 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʨʫʭʫ ï 1046 ʟʚ. ʘʚʪ./ʛʦʜ. ʆʪʞʝ, ʨʦʟʨʘʭʫʥʢʦʚʘ ʪʨʠʚʘʣʽʩʪʴ ʟʘʪʨʠʤʢʠ ï 

15,97 ʩ. ʌʘʢʪʠʯʥʘ ʩʝʨʝʜʥʷ ʪʨʠʚʘʣʽʩʪʴ ʟʘʪʨʠʤʢʠ, ʦʪʨʠʤʘʥʘ  ʥʘʪʫʨʥʠʤʠ 

ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʥʘ ʮʴʦʤʫ ʞ ʧʝʨʝʭʨʝʩʪʽ, ʩʪʘʥʦʚʠʣʘ 28,3 ʩ [115]. 

ɸʥʘʣʦʛʽʯʥʠʤ ʯʠʥʦʤ ʙʫʣʠ ʨʦʟʨʘʭʦʚʘʥʽ ʟʘʪʨʠʤʢʠ ʜʣʷ ʽʥʰʠʭ ʧʝʨʝʭʨʝʩʪʴ, ʢʨʽʤ 

ʪʠʭ, ʥʘ ʷʢʠʭ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʊʇ ʧʝʨʝʚʠʱʫʚʘʣʘ 1200 ʦʜ./ʛʦʜ. ʅʘ ʟʘʪʨʠʤʢʠ ʽʩʪʦʪʥʦ 

ʚʧʣʠʚʘʣʠ ʨʦʟʪʘʰʫʚʘʥʥʷ ʨʽʟʥʠʭ ʊɿ ʧʝʨʝʜ ʩʪʦʧ-ʣʽʥʽʻʶ: ʷʢʱʦ ʧʝʨʰʠʤ ʙʫʚ 

ʚʘʥʪʘʞʥʠʡ ʘʚʪʦʤʦʙʽʣʴ ʘʙʦ ʘʚʪʦʙʫʩ, ʬʘʢʪʠʯʥʽ ʟʥʘʯʝʥʥʷ ʟʘʪʨʠʤʦʢ ʙʫʣʠ ʟʥʘʯʥʦ 

ʙʽʣʴʰʠʤʠ, ʥʽʞ ʨʦʟʨʘʭʫʥʢʦʚʽ, ʱʦ ʟʫʤʦʚʣʝʥʦ ʥʠʟʴʢʠʤʠ ʾʭ ʨʦʟʛʽʥʥʠʤʠ ʰʚʠʜʢʦʩʪʷʤʠ, 

ʧʦʨʽʚʥʷʥʦ ʟ ʣʝʛʢʦʚʠʤʠ ʘʚʪʦʤʦʙʽʣʷʤʠ. ʎʶ ʦʩʦʙʣʠʚʽʩʪʴ ʚʩʪʘʥʦʚʣʶʚʘʣʠ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʠʣʘʜʫ SPRINT SG-2 [46], ʷʢʠʡ ʙʫʚ ʟʤʦʥʪʦʚʘʥʠʡ ʫ ʩʘʣʦʥʽ 

ʤʘʨʰʨʫʪʥʠʭ ʘʚʪʦʙʫʩʽʚ LAZ-A183D1. ɼʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʫʚʘʣʠʩʴ ʫ ʣʽʪʥʽ ʚʝʯʽʨʥʽ 

ʧʽʢʦʚʽ ʧʝʨʽʦʜʠ ʥʘ ʧʝʨʰʠʭ ʜʚʦʭ ʧʝʨʝʭʨʝʩʪʷʭ (ʪʘʙʣ. 3.4). 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʦʙʩʪʝʞʝʥʥʷ ʪʝʭʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʧʝʨʝʭʨʝʩʪʴ ɺɼʄ ʤʽʩʪʘ ʪʘ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʨʦʾʟʜʫ ʧʦ ʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʪʦʢʽʚ 

ʨʽʟʥʦʾ ʩʪʨʫʢʪʫʨʠ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʢʦʨʠʩʪʫʚʘʪʠʩʷ ʚ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ 

ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʨʦʟʨʘʭʫʥʢʫ ʧʦʢʘʟʥʠʢʽʚ ʾʭ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʥʝʜʦʮʽʣʴʥʦ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʥʝ ʫ ʜʦʩʪʘʪʥʽʡ ʤʽʨʽ ʚʽʜʪʚʦʨʶʶʪʴ 

ʨʝʘʣʴʥʽ ʩʠʪʫʘʮʽʾ. ʅʝʚʨʘʭʫʚʘʥʥʷ ʫ ʮʠʭ ʤʝʪʦʜʘʭ ʪʠʧʽʚ ʪʘ ʩʪʘʥʽʚ ʜʦʨʦʞʥʽʭ ʧʦʢʨʠʪʴ, 

ʩʪʨʫʢʪʫʨʠ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʪʦʢʽʚ ʪʘ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʚ ʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʦʪʨʠʤʘʥʥʷ ʟʘʥʠʞʝʥʦʾ ʪʨʠʚʘʣʦʩʪʽ ʛʦʨʽʥʥʷ ʜʦʟʚʽʣʴʥʦʛʦ ʩʠʛʥʘʣʫ ʥʘ 

ʤʘʛʽʩʪʨʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ ʽ ʷʢ ʨʝʟʫʣʴʪʘʪ ï ʟʨʦʩʪʘʥʥʷ ʟʘʪʨʠʤʦʢ ʊɿ ʫ ʥʴʦʤʫ. ʎʶ 
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ʪʨʠʚʘʣʽʩʪʴ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʜʣʷ ʨʽʟʥʠʭ ʚʘʨʽʘʥʪʽʚ ʧʦʻʜʥʘʥʴ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ 

ʜʦʨʦʞʥʽʭ ʧʦʢʨʠʪʴ ʪʘ ʨʽʚʥʽʚ ʟʥʦʰʝʥʦʩʪʽ ʊɿ ʽ ʩʪʨʫʢʪʫʨ ʧʦʪʦʢʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʩʫʯʘʩʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ VISSIM [115]. 

 

ʊʘʙʣʠʮʷ 3.4 ï ʊʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʧʨʦʾʟʜʫ ʧʝʨʝʭʨʝʩʪʴ 

ʅʘʟʚʘ ʧʝʨʝʭʨʝʩʪʷ 
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ʢʤ/ʛʦʜ ʩ 

1 2 3 4 5 6 

ʚʫʣ. ʉʪʨʠʡʩʴʢʘ ï 

ʌʨʘʥʢʘ 
70 (36) 1046 

ʃ ï 88%, ɺ ï 8%, 

ɸ ï 2%, ʊ ï 1%, 

ʊʨ ï 1% 

11,02 9,57 

ʚʫʣ. ʉʪʨʠʡʩʴʢʘ ï 

ʉʘʭʘʨʦʚʘ 
63 (26) 1344 

ʃ ï 80%, ɺ ï 16%, 

ɸ ï 3%, ʊʨ ï 1% 
18,64 9,06 

ʚʫʣ. ɻʝʨʦʾʚ ʋʇɸ ï 

ɹʘʥʜʝʨʠ 
56 (32) 936 

ʃ ï 81%, ɺ ï 11%, 

ɸ ï 5%, ʊ ï 2%, 

ʊʨ ï 1% 

12,57 9,02 

ʚʫʣ. ɸʥʪʦʥʦʚʠʯʘ ï 

ɹʘʥʜʝʨʠ 
59 (28) 1066 

ʃ ï 87%, ɺ ï 6%, 

ɸ ï 5%, ʊ ï 1%, 

ʊʨ ï 1% 

16,17 8,08 

ʚʫʣ. ɸʥʪʦʥʦʚʠʯʘ ï 

ɿʘʣʽʟʥʷʢʘ 
43 (28) 954 

ʃ ï 87%, ɺ ï 6%, 

ɸ ï 6%, ʊʨ ï 1% 
15,74 5,33 

ʚʫʣ. ʇʘʩʽʯʥʘ ï 

ɺʘʰʠʥʛʪʦʥʘ 
70 (37) 1234 

ʃ ï 81%, ɺ ï 13%, 

ɸ ï 6% 
19,66 9,63 

ʚʫʣ. ɺʘʨʰʘʚʩʴʢʘ ï 

ʊʫʥʝʣʴʥʘ 
56 (17) 1520 

ʃ ï 59%, ɺ ï 39%, 

ɸ ï 2% 
20,20 10,37 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣʠʮʽ 3.4 

1 2 3 4 5 6 

ʚʫʣ. ʃʠʧʠʥʩʴʢʦʛʦ ï 

ɿʘʤʘʨʩʪʠʥʽʚʩʴʢʘ 
70 (40) 2232 

ʃ ï 66%, ɺ ï 20%, 

ɸ ï 13%, ʊ ï 1% 
22,22 8,62 

ʚʫʣ. ʄʘʟʝʧʠ ï 

ʄʠʢʦʣʘʡʯʫʢʘ 
56 (32) 1610 

ʃ ï 63%, ɺ ï 24%, 

ɸ ï 11%, ʊʨ ï 2% 
16,11 9,05 

ʚʫʣ. ʐʝʚʯʝʥʢʘ ï 

ʃʝʚʘʥʜʽʚʩʴʢʘ 
64 (20) 1154 

ʃ ï 65%, ɺ ï 22%, 

ɸ ï 13%, ʊ ï 1% 
12,47 11,43 

ʇʨʠʤʽʪʢʘ: ʩʢʣʘʜ ʊʇ: ʃ ï ʣʝʛʢʦʚʽ ʘʚʪʦʤʦʙʽʣʽ, ɺ ï ʚʘʥʪʘʞʥʽ ʘʚʪʦʤʦʙʽʣʽ, ɸ ï ʘʚʪʦʙʫʩʠ, 

ʊ ï ʪʨʘʤʚʘʾ, ʊʨ ï ʪʨʦʣʝʡʙʫʩʠ 

 

ʈʝʟʫʣʴʪʘʪʠ ʦʪʨʠʤʘʥʦ ʚʠʤʽʨʶʚʘʥʥʷʤ ʨʦʟʛʽʥʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʘʚʪʦʙʫʩʽʚ Vp ʟ 

ʨʽʟʥʠʤʠ ʢʫʤʫʣʷʪʠʚʥʠʤʠ ʧʨʦʙʽʛʘʤʠ (125,8-161,2 ʪʠʩ. ʢʤ) ʫʧʨʦʜʦʚʞ 5 ʩʝʢʫʥʜ ʨʫʭʫ 

ʯʝʨʝʟ ʧʝʨʝʭʨʝʩʪʷ. ɺʩʪʘʥʦʚʣʝʥʘ ʣʽʥʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ ʮʠʭ ʰʚʠʜʢʦʩʪʝʡ ʚʽʜ ʪʨʠʚʘʣʦʩʪʽ 

ʧʨʦʾʟʜʫ tp [103]: 

 

3,5711 0,2205= +
p p

V t .                                           (3.1) 

 

ʋ ʨʦʟʨʘʭʫʥʢʘʭ ʪʨʠʚʘʣʦʩʪʽ ʞʦʨʩʪʢʠʭ ʩʚʽʪʣʦʬʦʨʥʠʭ ʮʠʢʣʽʚ ʧʨʠʡʤʘʶʪʴ ʫʤʦʚʠ 

ʽʜʝʘʣʴʥʦʾ ʨʽʚʥʦʩʪʽ ʜʦʨʦʞʥʽʭ ʧʦʢʨʠʪʴ ʽ ʨʽʚʥʦʤʽʨʥʦʩʪʽ ʧʨʦʾʟʜʫ ʧʝʨʝʭʨʝʩʪʴ. ʆʜʥʘʢ, 

ʚʽʜʦʤʦ, ʱʦ ʨʝʛʫʣʴʦʚʘʥʽ (ʥʝʨʝʛʫʣʴʦʚʘʥʽ) ʧʝʨʝʭʨʝʩʪʷ, ʦʩʦʙʣʠʚʦ ʟ ʪʨʘʤʚʘʡʥʠʤʠ 

ʢʦʣʽʷʤʠ, ʥʝ ʟʘʚʞʜʠ ʟʘ ʧʦʢʘʟʥʠʢʦʤ ʨʽʚʥʦʩʪʽ ʧʦʢʨʠʪʴ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʤʦʛʘʤ [104]. 

ʆʙʩʪʝʞʝʥʥʷʤ ʧʝʨʝʭʨʝʩʪʴ ʤʘʛʽʩʪʨʘʣʴʥʦʾ ʚʫʣ. ʃʠʧʠʥʩʴʢʦʛʦ, ʟʦʢʨʝʤʘ ʟ 

ʚʫʣ. ɿʘʤʘʨʩʪʠʥʽʚʩʴʢʘ ʪʘ ʚʫʣ. ʇʨʦʤʠʩʣʦʚʘ (ʚʽʜʩʪʘʥʴ ʤʽʞ ʥʠʤʠ 1,5 ʢʤ) ʚʠʷʚʣʝʥʦ, ʱʦ 

ʧʝʨʰʝ ʧʝʨʝʭʨʝʩʪʷ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʚʢʨʘʡ ʥʝʟʘʜʦʚʽʣʴʥʦʤʫ ʩʪʘʥʽ: ʛʦʣʦʚʢʠ ʪʨʘʤʚʘʡʥʠʭ 

ʨʝʡʦʢ ʚ ʦʢʨʝʤʠʭ ʤʽʩʮʷʭ ʚʠʩʪʫʧʘʶʪʴ ʥʘ 8-10 ʩʤ ʥʘʜ ʇʏ, ʥʘʷʚʥʘ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ 

ʚʠʙʦʾʥ ʟ ʟʘʛʣʠʙʣʝʥʥʷʤʠ 5-12 ʩʤ. ʇʦʢʘʟʥʠʢʠ ʨʽʚʥʦʩʪʽ ʜʨʫʛʦʛʦ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʥʦʨʤʘʪʠʚʘʤ. ʋ ʟʚôʷʟʢʫ ʟ ʥʘʚʝʜʝʥʠʤ, ʩʪʘʚʠʣʦʩʴ ʟʘʚʜʘʥʥʷ, ʜʦʩʣʽʜʠʪʠ ʰʚʠʜʢʦʩʪʽ 

ʧʨʦʾʟʜʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʪʦʢʽʚ ʧʦ ʮʽʡ ʤʘʛʽʩʪʨʘʣʽ ʚ ʟʦʥʽ ʥʘʟʚʘʥʠʭ ʧʝʨʝʭʨʝʩʪʴ [104]. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʰʚʠʜʢʽʩʪʴ ʧʨʦʾʟʜʫ ʪʨʘʥʩʧʦʨʪʥʠʤʠ 

ʟʘʩʦʙʘʤʠ ʧʝʨʝʭʨʝʩʪʴ ʟ ʷʢʽʩʥʠʤ ʜʦʨʦʞʥʽʤ ʧʦʢʨʠʪʪʷʤ ʫ 3 ʨʘʟʠ ʧʝʨʝʚʠʱʫʻ ʰʚʠʜʢʽʩʪʴ 



72 

ʧʨʦʾʟʜʫ ʧʝʨʝʭʨʝʩʪʷ ʟ ʜʝʬʝʢʪʘʤʠ ʧʦʢʨʠʪʪʷ. ʋ ʜʘʥʦʤʫ ʨʘʟʽ ʤʦʞʥʘ ʛʦʚʦʨʠʪʠ ʧʨʦ ʪʝ, 

ʱʦ ʥʝ ʩʢʣʘʜ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʪʦʢʫ ʚʧʣʠʚʘʻ ʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʨʦʾʟʜʫ ʡʦʛʦ ʯʝʨʝʟ 

çʜʝʬʝʢʪʥʝè ʧʝʨʝʭʨʝʩʪʷ, ʘ ʩʪʫʧʽʥʴ ʨʽʚʥʦʩʪʽ ʧʦʢʨʠʪʪʷ. ʋ ʟʚôʷʟʢʫ ʟ ʥʝʨʽʚʥʦʩʪʷʤʠ 

ʧʨʦʾʟʥʦʾ ʯʘʩʪʠʥʠ ʯʝʨʛʘ ʘʚʪʦʤʦʙʽʣʽʚ, ʷʢʘ ʫʪʚʦʨʠʣʘʩʷ ʟʘ ʯʘʩ ʛʦʨʽʥʥʷ ʯʝʨʚʦʥʦʛʦ 

ʩʠʛʥʘʣʫ ʥʝ ʚʩʪʠʛʘʻ ʨʦʟôʾʭʘʪʠʩʷ ʥʘ ʧʝʨʝʭʨʝʩʪʽ ʚʫʣ. ʃʠʧʠʥʩʴʢʦʛʦ ï ɿʘʤʘʨʩʪʠʥʽʚʩʴʢʘ, 

ʭʦʯʘ ʪʨʠʚʘʣʽʩʪʴ ʜʦʟʚʽʣʴʥʦʛʦ ʩʠʛʥʘʣʫ ʜʦʩʪʘʪʥʷ, 30
ɿ

t = ʩ. ɺʦʥʘ ʻ ʜʦʩʪʘʪʥʴʦʶ, 

ʦʩʢʽʣʴʢʠ ʟʘ ʪʘʢʦʛʦ ʩʘʤʦʛʦ ʩʢʣʘʜʫ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʪʦʢʫ ʥʘ ʧʝʨʝʭʨʝʩʪʽ 

ʚʫʣ. ʃʠʧʠʥʩʴʢʦʛʦ ï ʇʨʦʤʠʩʣʦʚʘ ʽ ʤʘʡʞʝ ʦʜʥʘʢʦʚʦʾ ʪʨʠʚʘʣʦʩʪʽ ʛʦʨʽʥʥʷ ʟʝʣʝʥʦʛʦ 

ʩʠʛʥʘʣʫ (34
ɿ

t = ʩ), ʫʩʷ ʯʝʨʛʘ ʚʩʪʠʛʘʻ ʨʦʟôʾʭʘʪʠʩʷ [104]. 

ʃʴʚʽʚʩʴʢʘ ʤʽʩʴʢʘ ʚʫʣʠʯʥʦ-ʜʦʨʦʞʥʷ ʤʝʨʝʞʘ ʥʘʨʘʭʦʚʫʻ 18442 ʧʝʨʝʭʨʝʩʪʷ, ʟ 

ʷʢʠʭ 112 ʨʝʛʫʣʴʦʚʘʥʠʭ, ʚ ʪʦʤʫ ʯʠʩʣʽ 70 ï ʥʘ ʤʘʛʽʩʪʨʘʣʴʥʠʭ ʚʫʣʠʮʷʭ. ʋʩʽ ʚʦʥʠ 

ʦʩʥʘʱʝʥʽ, ʚ ʦʩʥʦʚʥʦʤʫ, ʪʨʠʩʝʢʮʽʡʥʠʤʠ ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʩʚʽʪʣʦʬʦʨʘʤʠ ʙʝʟ, ʘʙʦ ʟ 

ʩʝʢʮʽʷʤʠ ʜʦʜʘʪʢʦʚʠʭ ʩʠʛʥʘʣʽʚ. ɹʽʣʴʰʽʩʪʴ ʨʝʛʫʣʴʦʚʘʥʠʭ ʧʝʨʝʭʨʝʩʪʴ ʤʘʶʪʴ ʽ 

ʧʽʰʦʭʽʜʥʽ ʩʚʽʪʣʦʬʦʨʠ. ʇʝʨʝʭʨʝʩʪʷ ʟ ʤʘʛʽʩʪʨʘʣʴʥʠʤʠ ʚʫʣʠʮʷʤʠ ʫ ʤʝʞʘʭ ʽʩʪʦʨʠʯʥʦʾ 

ʯʘʩʪʠʥʠ ʤʽʩʪʘ ʤʘʶʪʴ ʷʢ ʘʩʬʘʣʴʪʥʽ, ʘʩʬʘʣʴʪʦ-ʙʝʪʦʥʥʽ ʧʦʢʨʠʪʪʷ, ʪʘʢ ʽ ʙʨʫʢʽʚʯʘʩʪʽ, 

ʘʚʪʦʤʦʙʽʣʴʥʽ ʧʦʪʦʢʠ ʥʘ ʥʠʭ ʧʝʨʝʪʠʥʘʶʪʴʩʷ ʟ 8-ʤʠ ʪʨʘʤʚʘʡʥʠʤʠ ʪʘ ʟ 2-ʤʘ 

ʪʨʦʣʝʡʙʫʩʥʠʤʠ ʣʽʥʽʷʤʠ. ʋ ʤʝʞʘʭ ʚʥʫʪʨʽʰʥʴʦʛʦ ʢʽʣʴʮʷ, ʧʣʦʱʝʶ 0,92 ʢʤ
2
, ʷʢʝ 

ʦʭʦʧʣʶʻ ʚ ʪ. ʯ. ʽʩʪʦʨʠʯʥʫ ʯʘʩʪʠʥʫ, ʻ 14 ʨʝʛʫʣʴʦʚʘʥʠʭ ʧʝʨʝʭʨʝʩʪʴ ʟ ʘʩʬʘʣʴʪʥʠʤʠ ʽ 

ʘʩʬʘʣʴʪʦ-ʙʝʪʦʥʥʠʤʠ ʧʦʢʨʠʪʪʷʤʠ (5) ʪʘ ʟ ʧʝʨʝʪʠʥʦʤ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʧʦʪʦʢʽʚ ʟ 

ʪʨʘʤʚʘʡʥʠʤʠ (8) ʽ ʪʨʦʣʝʡʙʫʩʥʠʤʠ (1) ʣʽʥʽʷʤʠ. ɿʦʚʥʽʰʥʻ ʢʽʣʴʮʝ ʦʭʦʧʣʶʻ ʦʙʠʜʚʽ 

ʟʦʥʠ ʽ ʟʘʡʤʘʻ ʧʣʦʱʫ 8,86 ʢʤ
2
 ʪʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʘ ʘʥʘʣʦʛʽʻʶ ʪʘʢʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤʠ: 61 ʨʝʛʫʣʴʦʚʘʥʝ ʧʝʨʝʭʨʝʩʪʷ; 26 ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʧʦʢʨʠʪʪʷʤʠ; 25 ʟ 

ʪʨʘʤʚʘʡʥʠʤʠ ʪʘ 26 ʪʨʦʣʝʡʙʫʩʥʠʤʠ ʣʽʥʽʷʤʠ [114]. 

ʉʫʯʘʩʥʠʡ ʩʪʘʥ ʚʫʣʠʯʥʦ-ʜʦʨʦʞʥʴʦʾ ʤʝʨʝʞʽ ʤʽʩʪ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ (ʦʩʦʙʣʠʚʦ ʫ 

ʚʝʩʥʷʥʠʡ ʧʝʨʽʦʜ) ʟʥʘʯʥʦʶ ʢʽʣʴʢʽʩʪʶ ʣʦʢʘʣʴʥʠʭ ʜʝʬʝʢʪʽʚ, ʷʤʦʢ, ʥʝʨʽʚʥʦʩʪʝʡ, 

ʚʠʩʪʫʧʽʚ. ʗʢʱʦ ʽʜʝʪʴʩʷ ʧʨʦ ʧʝʨʝʭʨʝʩʪʷ ʟ ʪʘʢʠʤʠ ʜʝʬʝʢʪʘʤʠ, ʪʦ ʚʦʥʠ ʟʫʤʦʚʣʶʶʪʴ 

ʽʩʪʦʪʥʝ ʟʥʠʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʾʭ ʧʨʦʾʟʜʫ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʥʘʢʦʧʠʯʫʶʪʴʩʷ 

ʥʝʦʙˇʨʫʥʪʦʚʘʥʽ ʯʝʨʛʠ, ʷʢʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʯʘʩʦʚʠʭ ʚʪʨʘʪ ʧʝʨʝʚʽʟʥʠʢʽʚ ʽ ʧʘʩʘʞʠʨʽʚ ʪʘ 

ʟʘʛʘʟʦʚʘʥʦʩʪʽ ʧʦʚʽʪʨʷ ʚ ʟʦʥʽ ʧʝʨʝʭʨʝʩʪʴ [104]. 
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ʅʘ ʧʽʜʩʪʘʚʽ ʜʦʢʣʘʜʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 10 ʟ 95 ʽʟʦʣʴʦʚʘʥʠʭ ʨʝʛʫʣʴʦʚʘʥʠʭ 

ʧʝʨʝʭʨʝʩʪʴ, ʷʢʽ ʻ ʦʩʦʙʣʠʚʦ ʧʨʦʙʣʝʤʥʠʤʠ, ʚʩʪʘʥʦʚʣʝʥʦ (ʪʘʙʣ. 3.5), ʱʦ ʩʝʨʝʜ ʫʩʽʭ 

ʧʝʨʰʠʭ ʧʝʨʝʚʘʞʘʶʪʴ ʍ-ʧʦʜʽʙʥʽ ʟ ʜʦʚʞʠʥʘʤʠ ʚ ʥʘʧʨʷʤʢʫ ʤʘʛʽʩʪʨʘʣʴʥʦʛʦ ʧʦʪʦʢʫ 

ʚʽʜ 23,3 ʜʦ 58,1 ʤ. ʐʠʨʠʥʠ ʚʫʣʠʮʴ ʤʘʛʽʩʪʨʘʣʴʥʦʛʦ ʧʦʪʦʢʫ ʣʝʞʘʪʴ ʚ ʤʝʞʘʭ ʚʽʜ 7,2 

ʜʦ 17,8 ʤ; ʧʝʨʝʚʘʞʘʶʪʴ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʽ ʧʦʢʨʠʪʪʷ. ʄʘʢʩʠʤʘʣʴʥʽ ʥʝʨʽʚʥʦʩʪʽ 

ʜʦʨʦʞʥʴʦʛʦ ʧʦʢʨʠʪʪʷ, ʚʠʤʽʨʷʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 3-ʤʝʪʨʦʚʦʾ ʨʝʡʢʠ [37], ʣʝʞʘʪʴ ʚ 

ʤʝʞʘʭ ʚʽʜ 10 ʜʦ 60 ʤʤ [115]. ɼʦʨʦʞʥʽ ʧʦʢʨʠʪʪʷ ʚ ʤʝʞʘʭ ʧʝʨʝʭʨʝʩʪʴ ʫ 

ʥʝʟʘʜʦʚʽʣʴʥʦʤʫ ʩʪʘʥʽ ï ʥʝʨʽʚʥʦʩʪʽ, ʚʠʤʽʨʷʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 3-ʤʝʪʨʦʚʦʾ ʨʝʡʢʠ 

[37], ʣʝʞʘʪʴ ʚ ʤʝʞʘʭ ʚʽʜ 10 ʜʦ 60 ʤʤ [115], ʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʤʽʩʮʝʚʠʭ ʚʠʙʦʾʥ, 

ʚʠʩʪʫʧʠ ʛʦʣʦʚʦʢ ʨʝʡʦʢ ʥʘʜ ʨʽʚʥʝʤ ʧʦʢʨʠʪʴ ʚʽʜ 12 ʜʦ 45 ʤʤ. ɿʛʽʜʥʦ ʟ ɼʉʊʋ 3587-

97 [7], ʥʝ ʜʦʧʫʩʢʘʶʪʴʩʷ ʚʠʩʪʫʧʠ ʛʦʣʦʚʦʢ ʨʝʡʦʢ ʪʨʘʤʚʘʡʥʠʭ ʢʦʣʽʡ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʚ 

ʤʝʞʘʭ ʧʨʦʾʞʜʞʦʾ ʯʘʩʪʠʥʠ, ʚʽʜʥʦʩʥʦ ʧʦʚʝʨʭʥʽ ʜʦʨʦʞʥʴʦʛʦ ʧʦʢʨʠʪʪʷ ʙʽʣʴʰʝ, ʥʽʞ ʥʘ 

2 ʩʤ. ʆʮʽʥʢʫ ʥʝʨʽʚʥʦʩʪʝʡ ʜʦʨʦʞʥʽʭ ʧʦʢʨʠʪʴ ʥʘ ʧʝʨʝʭʨʝʩʪʷʭ ʽ ʚ ʦʢʦʣʽ ʥʠʭ 

ʟʜʽʡʩʥʶʚʘʣʠ ʥʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘʪʫʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʘ ʚʽʜʦʤʦʶ ʤʝʪʦʜʠʢʦʶ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ 3-ʤʝʪʨʦʚʦʾ ʨʝʡʢʠ ʟ ʪʦʯʥʽʩʪʶ ʜʦ 5 ʤʤ. 

ʆʙʩʪʝʞʝʥʥʷʤ ʨʽʚʥʦʩʪʽ ʨʽʟʥʠʭ ʪʠʧʽʚ ʜʦʨʦʞʥʽʭ ʧʦʢʨʠʪʴ ʥʘ ʮʠʭ ʧʝʨʝʭʨʝʩʪʷʭ, 

ʚʠʷʚʣʝʥʦ (ʦʩʦʙʣʠʚʦ ʜʣʷ ʪʠʭ, ʷʢʽ ʫʪʚʦʨʶʶʪʴʩʷ ʤʘʛʽʩʪʨʘʣʴʥʠʤʠ ʚʫʣʠʮʷʤʠ, ʥʘ ʷʢʠʭ 

ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʝ ʧʦʢʨʠʪʪʷ, ʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʧʝʨʝʭʨʝʩʪʽ ʟ ʙʨʫʢʽʚʯʘʩʪʠʤ ʚʝʣʠʢʫ 

ʢʽʣʴʢʽʩʪʴ ʚʠʙʦʾʥ ʪʘ ʥʘʧʣʠʚʽʚ. ɼʦ ʮʠʭ ʜʝʬʝʢʪʽʚ ʜʦʜʘʶʪʴʩʷ ʟʥʘʯʥʽ ʚʠʩʪʫʧʠ ʛʦʣʦʚʦʢ 

ʨʝʡʦʢ ʪʨʘʤʚʘʡʥʠʭ ʢʦʣʽʡ (ʨʠʩ. 3.2) [115]. 

 

ʘ) ʙ)

 

ʈʠʩʫʥʦʢ 3.2 ï ʇʨʠʢʣʘʜʠ ʜʝʬʝʢʪʽʚ ʜʦʨʦʞʥʽʭ ʧʦʢʨʠʪʴ ʽ ʚʠʩʪʫʧʽʚ ʛʦʣʦʚʦʢ 

ʪʨʘʤʚʘʡʥʠʭ ʢʦʣʽʡ ʥʘ ʧʝʨʝʭʨʝʩʪʷʭ ʤ. ʃʴʚʦʚʘ 
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ʊʘʙʣʠʮʷ 3.5 ï ʊʝʭʥʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʧʝʨʝʭʨʝʩʪʴ (ʛʝʦʤʝʪʨʽʷ, ʪʠʧʠ ʪʘ ʨʽʚʥʽʩʪʴ ʧʦʢʨʠʪʴ) 

ʅʘʟʚʘ ʧʝʨʝʭʨʝʩʪʷ 
ʄʘʛʽʩʪʨʘʣʴʥʘ 

ʚʫʣʠʮʷ 

ɻʝʦʤʝʪʨʽʷ ʧʝʨʝʭʨʝʩʪʷ 
ʊʠʧ ʧʦʢʨʠʪʪʷ 

ʇʏ ʤʘʛʽʩʪʨʘʣ. 

ʥʘʧʨʷʤʢʫ 

ʜʦ, ʥʘ ʪʘ ʧʽʩʣʷ 

ʧʝʨʝʭʨʝʩʪʷ 

ʅʘʷʚʥʽʩʪʴ 

ʪʨʘʤʚʘʡʥ. 

ʢʦʣʽʡ 

(ʪʨʦʣʝʡʙ. 

ʣʽʥʽʡ) ʥʘ 

ʧʝʨʝʭʨʝʩʪʽ 

ʈʽʚʥʽʩʪʴ ʜʦʨʦʞʥʴʦʛʦ 

ʧʦʢʨʠʪʪʷ ʟʘ 3-ʤʝʪʨʦʚʦʶ 

ʨʝʡʢʦʶ, ʤʤ 
ʜʦʚʞʠʥʘ 

ʧʝʨʝʭʨʝʩʪʷ 

ʚ ʤʘʛʽʩʪʨʘʣ. 

ʥʘʧʨʷʤ., ʤ 

ʰʠʨʠʥʘ 

ʚʫʣʠʮʽ 

ʤʘʛʽʩʪʨʘʣ. 

ʥʘʧʨʷʤ., ʤ 
ʬʘʢʪʠʯʥʘ 

ʥʦʨʤʘʪʠʚ 

[98] 

1 2 3 4 5 6 7 8 

ʚʫʣ. ʉʪʨʠʡʩʴʢʘ ï 

ʌʨʘʥʢʘ 
ʚʫʣ. ʉʪʨʠʡʩʴʢʘ 29,30 10,60 ʙ ï ʙ ï ʘ/ʙ + (+) 30* 10 

ʚʫʣ. ʉʪʨʠʡʩʴʢʘ ï 

ʉʘʭʘʨʦʚʘ 
ʚʫʣ. ʉʪʨʠʡʩʴʢʘ 46,90 17,80 ʘ/ʙ ï ʘ/ʙ ï ʘ/ʙ - (+) 10 10 

ʚʫʣ. ɻʝʨʦʾʚ ʋʇɸ 

ï ɹʘʥʜʝʨʠ 
ʚʫʣ. ɻʝʨʦʾʚ ʋʇɸ 31,50 7,60 ʘ/ʙ ï ʙ ï ʘ/ʙ + (+) 50* 10 

ʚʫʣ. ɸʥʪʦʥʦʚʠʯʘ 

ï ɹʘʥʜʝʨʠ 
ʚʫʣ. ɸʥʪʦʥʦʚʠʯʘ 36,30 7,20 ʘ/ʙ ï ʙ ï ʘ/ʙ + (+) 50* 10 

ʚʫʣ. ɸʥʪʦʥʦʚʠʯʘ 

ï ɿʘʣʽʟʥʷʢʘ 
ʚʫʣ. ɸʥʪʦʥʦʚʠʯʘ 23,30 7,20 ʘ/ʙ ï ʘ/ʙ ï ʘ/ʙ - (+) 30 10 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣʠʮʽ 3.5 

1 2 3 4 5 6 7 8 

ʚʫʣ. ʇʘʩʽʯʥʘ ï 

ɺʘʰʠʥʛʪʦʥʘ 
ʚʫʣ. ʇʘʩʽʯʥʘ 52,60 16,90 ʘ/ʙ ï ʘ/ʙ ï ʘ/ʙ - (-) 20 10 

ʚʫʣ. ɺʘʨʰʘʚʩʴʢʘ 

ï ʊʫʥʝʣʴʥʘ 
ʚʫʣ. ɺʘʨʰʘʚʩʴʢʘ 58,10 15,20 ʘ/ʙ ï ʘ/ʙ ï ʘ/ʙ - (-) 30 10 

ʚʫʣ. ʃʠʧʠʥʩʴʢʦʛʦ 

ï ɿʘʤʘʨʩʪʠʥʽʚʩʴʢʘ 
ʚʫʣ. ʃʠʧʠʥʩʴʢʦʛʦ 53,20 15,90 ʘ/ʙ ï ʘ/ʙ ï ʘ/ʙ + (-) 10 10 

ʚʫʣ. ʄʘʟʝʧʠ ï 

ʄʠʢʦʣʘʡʯʫʢʘ 
ʚʫʣ. ʄʘʟʝʧʠ 40,50 10,80 ʘ/ʙ ï ʘ/ʙ ï ʘ/ʙ - (+) 20 10 

ʚʫʣ. ʐʝʚʯʝʥʢʘ ï 

ʃʝʚʘʥʜʽʚʩʴʢʘ 
ʚʫʣ. ʐʝʚʯʝʥʢʘ 39,60 12,00 ʙ ï ʙ ï ʙ + (-) 60* 10 

ʇʨʠʤʽʪʢʘ: ʪʠʧ ʜʦʨʦʞʥʴʦʛʦ ʧʦʢʨʠʪʪʷ: ʘ/ʙ ï ʘʩʬʘʣʴʪʦʙʝʪʦʥ, ʙ ï ʙʨʫʢʽʚʢʘ; * ï ʚʠʩʪʫʧʠ ʨʝʡʦʢ ʥʘʜ ʨʽʚʥʝʤ ʜʦʨʦʞʥʴʦʛʦ 

ʧʦʢʨʠʪʪʷ (ʥʦʨʤʘʪʠʚ ï 20 ʤʤ [7]; ʬʘʢʪʠʯʥʦ ʚ ʩʝʨʝʜʥʴʦʤʫ ï50 ʤʤ). 
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ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʪʦʢʽʚ ʥʘ ʤʘʛʽʩʪʨʘʣʴʥʠʭ ʥʘʧʨʷʤʢʘʭ ï 

1200 ʘʚʪ./ʛʦʜ. ʟ ʪʘʢʠʤ ʩʢʣʘʜʦʤ (ʦʧʦʩʝʨʝʜʢʦʚʘʥʽ ʟʥʘʯʝʥʥʷ): ʚʘʥʪʘʞʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ 

ï 10%, ʣʝʛʢʦʚʠʭ ï 65%, ʘʚʪʦʙʫʩʠ ï 20%, ʪʨʦʣʝʡʙʫʩʠ ï 5%. 

ʇʦʧʝʨʝʜʥʽʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʨʝʛʫʣʴʦʚʘʥʽ (ʥʝʨʝʛʫʣʴʦʚʘʥʽ) 

ʧʝʨʝʭʨʝʩʪʷ, ʦʩʦʙʣʠʚʦ ʟ ʪʨʘʤʚʘʡʥʠʤʠ ʢʦʣʽʷʤʠ, ʥʝ ʟʘʚʞʜʠ ʟʘ ʧʦʢʘʟʥʠʢʦʤ ʨʽʚʥʦʩʪʽ 

ʧʦʢʨʠʪʴ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʤʦʛʘʤ.  

ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʽʜʝʦʟʡʦʤʢʠ ʥʘ ʧʝʨʝʭʨʝʩʪʷʭ ʤʘʛʽʩʪʨʘʣʴʥʦʾ 

ʚʫʣ. ʃʠʧʠʥʩʴʢʦʛʦ ʟ ʚʫʣ. ɿʘʤʘʨʩʪʠʥʽʚʩʴʢʘ ʪʘ ʚʫʣ. ʇʨʦʤʠʩʣʦʚʘ ʬʽʢʩʫʚʘʣʠʩʴ ʫʤʦʚʠ 

ʨʫʭʫ ʥʘ ʮʠʭ ʧʝʨʝʭʨʝʩʪʷʭ. ɸʥʘʣʽʟʦʤ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʚʩʪʘʥʦʚʣʝʥʦ ʩʪʨʫʢʪʫʨʫ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʪʦʢʫ ʪʘ ʰʚʠʜʢʦʩʪʽ ʧʨʦʾʟʜʫ ʧʝʨʝʭʨʝʩʪʴ. ʅʘ ʧʝʨʝʭʨʝʩʪʽ 

ʚʫʣ. ʃʠʧʠʥʩʴʢʦʛʦ ï ɿʘʤʘʨʩʪʠʥʽʚʩʴʢʘ ʪʨʘʥʩʧʦʨʪʥʠʡ ʧʦʪʽʢ ʩʢʣʘʜʘʚʩʷ ʟ 75% ï 

ʣʝʛʢʦʚʠʭ ʘʚʪʦʤʦʙʽʣʽʚ, 16% ï ʘʚʪʦʙʫʩʽʚ, 9% ï ʚʘʥʪʘʞʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ. ʐʚʠʜʢʦʩʪʽ 

ʨʫʭʫ ʣʝʛʢʦʚʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʥʘ ʮʴʦʤʫ ʧʝʨʝʭʨʝʩʪʽ ʙʫʣʠ ʚ ʤʝʞʘʭ 3-10 ʢʤ/ʛʦʜ, 

ʘʚʪʦʙʫʩʽʚ 3-8 ʢʤ/ʛʦʜ ʽ ʚʘʥʪʘʞʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ 3-6 ʢʤ/ʛʦʜ. ʊʘʢʽ ʥʝʟʥʘʯʥʽ ʰʚʠʜʢʦʩʪʽ 

ʧʨʦʾʟʜʫ ʧʝʨʝʭʨʝʩʪʴ ʧʦʷʩʥʶʶʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʜʝʬʝʢʪʽʚ ʜʦʨʦʞʥʴʦʛʦ ʧʦʢʨʠʪʪʷ [104]. 

ʇʝʨʝʭʨʝʩʪʷ ʚʫʣ. ʃʠʧʠʥʩʴʢʦʛʦ ï ʇʨʦʤʠʩʣʦʚʘ ʤʘʻ ʘʥʘʣʦʛʽʯʥʽ ʧʣʘʥʫʚʘʣʴʥʽ 

ʨʽʰʝʥʥʷ (ʢʽʣʴʢʽʩʪʴ ʩʤʫʛ ʨʫʭʫ, ʥʘʷʚʥʽʩʪʴ ʪʨʘʤʚʘʡʥʦʾ ʢʦʣʽʾ). ʏʝʨʝʟ ʥʴʦʛʦ ʧʨʦʾʞʜʞʘʻ 

ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʠʡ ʟ ʧʦʧʝʨʝʜʥʽʤ ʧʝʨʝʭʨʝʩʪʷʤ ʩʢʣʘʜ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʪʦʢʫ: 

81% ï ʣʝʛʢʦʚʠʭ ʘʚʪʦʤʦʙʽʣʽʚ, 14% ï ʘʚʪʦʙʫʩʽʚ ʪʘ 5% ï ʚʘʥʪʘʞʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ. 

ʇʨʦʪʝ ʰʚʠʜʢʦʩʪʽ ʧʨʦʾʟʜʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʪʫʪ ʟʥʘʯʥʦ ʚʠʱʽ: 12-33 ʢʤ/ʛʦʜ ï 

ʣʝʛʢʦʚʽ ʘʚʪʦʤʦʙʽʣʽ; 11-23 ʢʤ/ʛʦʜ ï ʘʚʪʦʙʫʩʠ; 9-15 ʢʤ/ʛʦʜ ï ʚʘʥʪʘʞʥʽ ʘʚʪʦʤʦʙʽʣʽ. 

ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʠʢʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʧʨʘʮʶʚʘʥʥʷ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ 

ʟʥʘʡʜʝʥʦ ʯʠʩʣʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʦʟʧʦʜʽʣʫ ʰʚʠʜʢʦʩʪʽ ʧʨʦʾʟʜʫ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʧʦʪʦʢʫ ʧʦ ʮʠʭ ʧʝʨʝʭʨʝʩʪʷʭ (ʤʘʪʝʤʘʪʠʯʥʝ ʩʧʦʜʽʚʘʥʥʷ, ʜʠʩʧʝʨʩʽʶ ʪʘ ʩʝʨʝʜʥʻ 

ʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ). ɼʣʷ ʧʝʨʝʭʨʝʩʪʷ ʚʫʣ. ʃʠʧʠʥʩʴʢʦʛʦ ï ɿʘʤʘʨʩʪʠʥʽʚʩʴʢʘ: 

ʤʘʪʝʤʘʪʠʯʥʝ ʩʧʦʜʽʚʘʥʥʷ ï ( ) 5,48ʢʤ/ʛʦʜʄ V= , ʜʠʩʧʝʨʩʽʷ ï ( ) 2,36ʢʤ/ʛʦʜD V = , 

ʩʝʨʝʜʥʻ ʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ï ( ) 1,54ʢʤ/ʛʦʜV =s . ɼʣʷ ʧʝʨʝʭʨʝʩʪʷ 

ʚʫʣ. ʃʠʧʠʥʩʴʢʦʛʦ ï ʇʨʦʤʠʩʣʦʚʘ: ʤʘʪʝʤʘʪʠʯʥʝ ʩʧʦʜʽʚʘʥʥʷ ï ( ) 16,61ʢʤ/ʛʦʜʄ V= , 

ʜʠʩʧʝʨʩʽʷ ï ( ) 21,14ʢʤ/ʛʦʜD V = , ʩʝʨʝʜʥʻ ʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ï 
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( ) 4,59ʢʤ/ʛʦʜV =s . ɻʽʩʪʦʛʨʘʤʠ ʽ ʪʝʦʨʝʪʠʯʥʽ ʢʨʠʚʽ ʰʚʠʜʢʦʩʪʝʡ ʧʨʦʾʟʜʫ ʦʙʦʭ 

ʧʝʨʝʭʨʝʩʪʴ ʧʽʜʧʦʨʷʜʢʦʚʘʥʽ ʛʘʤʤʘ-ʨʦʟʧʦʜʽʣʫ (ʨʠʩ. 3.3). ɿʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʟʛʦʜʠ ɢ
2
 

ʩʪʘʥʦʚʠʪʴ: ʜʣʷ ʧʝʨʝʭʨʝʩʪʷ ʚʫʣ. ʃʠʧʠʥʩʴʢʦʛʦ ï ɿʘʤʘʨʩʪʠʥʽʚʩʴʢʘ ï 2 3,74=c , 

ʚʫʣ. ʃʠʧʠʥʩʴʢʦʛʦ ï ʇʨʦʤʠʩʣʦʚʘ ï 2 1,42=c . ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʠʡ 

ʨʽʚʝʥʴ ʫʟʛʦʜʞʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʦʟʧʦʜʽʣʽʚ ʟ ʪʝʦʨʝʪʠʯʥʠʤ ʛʘʤʤʘ-

ʨʦʟʧʦʜʽʣʦʤ, ʜʣʷ ʧʝʨʰʦʛʦ ( )2 0,29ʈ =c   ̔ ( )2 0,84ʈ =c  ʜʣʷ ʜʨʫʛʦʛʦ. 

 

ʘ)

ʙ)

 

ʈʠʩʫʥʦʢ 3.3 ï ɻʽʩʪʦʛʨʘʤʠ ʽ ʪʝʦʨʝʪʠʯʥʽ ʢʨʠʚʽ ʨʦʟʧʦʜʽʣʽʚ ʰʚʠʜʢʦʩʪʝʡ ʧʨʦʾʟʜʫ 

ʧʝʨʝʭʨʝʩʪʴ ʚʫʣ. ʃʠʧʠʥʩʴʢʦʛʦ ï ɿʘʤʘʨʩʪʠʥʽʚʩʴʢʘ (ʘ) ʪʘ 

ʚʫʣ. ʃʠʧʠʥʩʴʢʦʛʦ ï ʇʨʦʤʠʩʣʦʚʘ (ʙ) 
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ʊʫʪ ʤʦʞʥʘ ʛʦʚʦʨʠʪʠ ʧʨʦ ʪʝ, ʱʦ ʥʝ ʩʢʣʘʜ ʊʇ ʚʧʣʠʚʘʻ ʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʨʦʾʟʜʫ 

ʡʦʛʦ ʯʝʨʝʟ çʜʝʬʝʢʪʥʝè ʧʝʨʝʭʨʝʩʪʷ, ʘ ʩʪʫʧʽʥʴ ʨʽʚʥʦʩʪʽ ʧʦʢʨʠʪʪʷ. ʋ ʟʚôʷʟʢʫ ʟ 

ʥʝʨʽʚʥʦʩʪʷʤʠ ʇʏ ʯʝʨʛʘ ʊɿ, ʷʢʘ ʫʪʚʦʨʠʣʘʩʷ ʟʘ ʯʘʩ ʛʦʨʽʥʥʷ ʯʝʨʚʦʥʦʛʦ ʩʠʛʥʘʣʫ ʥʝ 

ʚʩʪʠʛʘʻ ʨʦʟôʾʭʘʪʠʩʷ ʥʘ ʧʝʨʝʭʨʝʩʪʽ ʚʫʣ. ʃʠʧʠʥʩʴʢʦʛʦ ï ɿʘʤʘʨʩʪʠʥʽʚʩʴʢʘ, ʭʦʯʘ 

ʪʨʠʚʘʣʽʩʪʴ ʜʦʟʚʽʣʴʥʦʛʦ ʩʠʛʥʘʣʫ ʜʦʩʪʘʪʥʷ, 30
ɿ

t = ʩ. ɺʦʥʘ ʻ ʜʦʩʪʘʪʥʴʦʶ, ʦʩʢʽʣʴʢʠ ʟʘ 

ʪʘʢʦʛʦ ʩʘʤʦʛʦ ʩʢʣʘʜʫ ʊʇ ʥʘ ʮʴʦʤʫ ʧʝʨʝʭʨʝʩʪʽ ʽ ʤʘʡʞʝ ʦʜʥʘʢʦʚʦʾ ʪʨʠʚʘʣʦʩʪʽ 

ʛʦʨʽʥʥʷ ʟʝʣʝʥʦʛʦ ʩʠʛʥʘʣʫ (34
ɿ

t = ʩ), ʫʩʷ ʯʝʨʛʘ ʚʩʪʠʛʘʻ ʨʦʟôʾʭʘʪʠʩʷ [104]. 

ʑʦʜʦ ʟʤʽʥʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʪʦʢʽʚ, ʪʦ ʥʘʧʨʠʢʣʘʜ, 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʾʭ ʥʘ ʤʘʛʽʩʪʨʘʣʴʥʽʡ ʚʫʣʠʮʽ ʉʪʨʠʡʩʴʢʘ ʫ ʟʦʥʽ ʧʝʨʝʭʨʝʩʪʷ ʟ 

ʚʫʣ. ɺʦʣʦʜʠʤʠʨʘ ɺʝʣʠʢʦʛʦ ʟʨʦʩʣʘ ʟʘ 30 ʨʦʢʽʚ ʜʣʷ ʨʽʟʥʠʭ ʥʘʧʨʷʤʽʚ: ʘ) ʫ ʧʨʷʤʦʤʫ 

ʜʦ ʚʫʣ. ʅʘʫʢʦʚʦʾ ï ʫ 3,56 ʨʘʟʽʚ (312 ʘʚʪ./ʛʦʜ ʫ 1980 ʨʦʮʽ ʽ 1110 ʘʚʪ./ʛʦʜ ʫ 2010 

ʨʦʮʽ); ʙ) ʟ ʮʴʦʛʦ ʞ ʥʘʧʨʷʤʫ ʧʦʚʦʨʦʪ ʧʨʘʚʦʨʫʯ ʥʘ ʚʫʣ. ɺʦʣʦʜʠʤʠʨʘ ɺʝʣʠʢʦʛʦ ï ʚ 

1,66 ʨʘʟʽʚ (ʚʽʜʧʦʚʽʜʥʦ 390 ʪʘ 648); ʚ) ʫ ʧʨʷʤʦʤʫ ʚʽʜ ʚʫʣ. ʅʘʫʢʦʚʦʾ ʜʦ 

ʚʫʣ. ʃʘʟʘʨʝʥʢʘ ï ʚ 1,48 ʨʘʟʽʚ (542 ʪʘ 800); ʛ) ʟ ʚʫʣ. ɺʦʣʦʜʠʤʠʨʘ ɺʝʣʠʢʦʛʦ ʧʦʚʦʨʦʪ 

ʧʨʘʚʦʨʫʯ ʥʘ ʚʫʣ. ʉʪʨʠʡʩʴʢʫ ï ʫ 7,37 ʨʘʟʽʚ (60 ʪʘ 442); ʜ) ʟ ʮʽʻʾ ʞ ʚʫʣʠʮʽ ʧʦʚʦʨʦʪ 

ʧʨʘʚʦʨʫʯ ï ʚ 11,73 ʨʘʟʽʚ (45 ʪʘ 528). ʉʫʤʘʨʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʊʇ ʚ ʦʙʦʭ ʥʘʧʨʷʤʘʭ 

ʥʘ ʮʽʡ ʤʘʛʽʩʪʨʘʣʴʥʽʡ ʚʫʣʠʮʽ ʟʨʦʩʣʘ ʫ 2,06 ʨʘʟʽʚ (622 ʪʘ 1279) [114]. 

ɿ ʤʝʪʦʶ ʤʽʥʽʤʽʟʘʮʽʾ ʯʝʨʛ ʧʝʨʝʜ ʧʝʨʝʭʨʝʩʪʷʤʠ ʚʽʜʧʦʚʽʜʥʠʤ ʯʠʥʦʤ 

ʦʙʨ̌ʫʥʪʦʚʫʶʪʴʩʷ ʪʨʠʚʘʣʦʩʪʽ ʩʚʽʪʣʦʬʦʨʥʠʭ ʮʠʢʣʽʚ. ʆʜʥʠʤ ʽʟ ʚʠʟʥʘʯʘʣʴʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ, ʷʢʠʡ ʚʭʦʜʠʪʴ ʫ ʬʦʨʤʫʣʫ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʪʨʠʚʘʣʦʩʪʽ ʩʚʽʪʣʦʬʦʨʥʦʛʦ 

ʮʠʢʣʫ ʻ ʟʚʝʜʝʥʘ ʜʦ ʣʝʛʢʦʚʦʛʦ ʘʚʪʦʤʦʙʽʣʷ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʊʇ [103]. ʂʦʝʬʽʮʽʻʥʪʠ 

ʟʚʝʜʝʥʥʷ ʚʨʘʭʦʚʫʶʪʴ ʣʠʰʝ ʜʠʥʘʤʽʯʥʠʡ ʛʘʙʘʨʠʪ [31, 62], ʧʨʦʪʝ ʦʜʥʘʢʦʚʽ ʟʘ 

ʨʦʟʤʽʨʘʤʠ ʽ ʨʽʟʥʽ ʟʘ ʚʠʜʘʤʠ ʪʘ ʤʘʨʢʘʤʠ ʊɿ ʤʦʞʫʪʴ ʤʘʪʠ ʽ ʨʽʟʥʫ ʚʽʜʧʦʚʽʜʥʫ ʪʷʛʦʚʫ 

ʜʠʥʘʤʽʯʥʽʩʪʴ, ʷʢʘ, ʢʨʽʤ ʮʴʦʛʦ, ʙʫʜʝ ʨʽʟʥʦʶ ʽ ʟ ʧʨʠʚôʷʟʢʦʶ ʜʦ ʾʭ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ. 

ʅʘ ʦʩʪʘʥʥʽʡ, ʷʢ ʚʽʜʦʤʦ, ʚʧʣʠʚʘʻ ʢʫʤʫʣʷʪʠʚʥʠʡ ʧʨʦʙʽʛ (ʪʝʨʤʽʥ ʩʣʫʞʙʠ) ʊɿ [106]. ɿ 

ʨʦʩʪʦʤ ʡʦʛʦ ʨʽʚʝʥʴ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʟʥʠʞʫʻʪʴʩʷ ʽ, ʟʨʝʰʪʦʶ, ʧʦʛʽʨʰʫʶʪʴʩʷ 

ʩʪʘʨʪʦʚʽ ʪʘ ʨʦʟʛʽʥʥʽ ʧʦʢʘʟʥʠʢʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʰʚʠʜʢʽʩʪʴ ʧʨʦʾʟʜʫ ʧʝʨʝʭʨʝʩʪʴ. 

ʗʢʱʦ, ʢʨʽʤ ʮʴʦʛʦ, ʚʨʘʭʦʚʫʚʘʪʠ ʥʝʷʢʽʩʥʽ ʜʦʨʦʞʥʽ ʧʦʢʨʠʪʪʷ ʫ ʟʦʥʽ ʧʝʨʝʭʨʝʩʪʴ, ʪʦ, 

ʦʯʝʚʠʜʥʦ, ʜʽʶ ʮʠʭ ʯʠʥʥʠʢʽʚ ʧʦʪʨʽʙʥʦ ʫʚʦʜʠʪʠ ʫ ʧʨʦʛʨʘʤʫ ʨʦʟʨʘʭʫʥʢʽʚ ʜʣʷ 

ʢʦʨʝʢʪʫʚʘʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʩʚʽʪʣʦʬʦʨʥʠʭ ʮʠʢʣʽʚ. 
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3.1.2 ʄʝʪʦʜʠʢʘ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʛʽʥʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʊɿ ʟ ʨʽʟʥʠʤʠ 

ʢʫʤʫʣʷʪʠʚʥʠʤʠ ʧʨʦʙʽʛʘʤʠ 

 

ʅʘʫʢʦʚʮʽ ʟ ɼʦʥʅʊʋ ʚʽʜʤʽʯʘʶʪʴ [67], ʱʦ ʧʨʠ ʨʦʟôʾʟʜʽ ʯʝʨʛʠ ʦʙʤʝʞʝʥʥʷʤ ʚ 

ʨʫʩʽ ʜʣʷ ʧʝʨʰʦʛʦ ʘʚʪʦʤʦʙʽʣʷ ʻ ʡʦʛʦ ʪʷʛʦʚʦ-ʰʚʠʜʢʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɼʣʷ ʫʩʽʭ 

ʽʥʰʠʭ ʦʙʤʝʞʝʥʥʷʤʠ ʻ ʣʠʰʝ ʽʥʪʝʨʚʘʣ ʙʝʟʧʝʢʠ ʜʦ ʊɿ, ʱʦ ʨʫʭʘʻʪʴʩʷ ʧʦʧʝʨʝʜʫ. ʋ 

ʨʦʙʦʪʽ [19] ʚʢʘʟʫʻʪʴʩʷ, ʱʦ ʥʘ ʧʦʪʽʢ ʥʘʩʠʯʝʥʥʷ ʚʧʣʠʚʘʻ ʨʦʟʪʘʰʫʚʘʥʥʷ ʊɿ ʧʝʨʝʜ 

ʩʪʦʧ-ʣʽʥʽʻʶ (ʩʧʦʯʘʪʢʫ ʚʘʥʪʘʞʥʠʡ, ʘ ʧʦʪʽʤ ʣʝʛʢʦʚʠʡ ʘʙʦ ʥʘʚʧʘʢʠ). ʇʨʦ ʪʝ, ʱʦ ʚ 

ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʟʨʘʭʫʥʢʫ ʩʚʽʪʣʦʬʦʨʥʠʭ ʮʠʢʣʽʚ ʧʦʪʨʽʙʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ 

ʊɿ ʩʢʘʟʘʥʦ ʚ [27], ʫ ʷʢʽʡ ʨʝʛʫʣʴʦʚʘʥʝ ʧʝʨʝʭʨʝʩʪʷ ʧʦʜʘʻʪʴʩʷ ʦʜʥʦʢʘʥʘʣʴʥʦʶ 

ʩʠʩʪʝʤʦʶ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʆʜʥʘʢ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʪʨʠʚʘʣʦʩʪʽ 

ʨʫʭʫ ʊɿ ʯʝʨʝʟ ʧʝʨʝʭʨʝʩʪʷ ʦʪʨʠʤʘʥʽ ʣʠʰʝ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʡʦʛʦ ʛʘʙʘʨʠʪʥʠʭ ʨʦʟʤʽʨʽʚ 

ʽ ʪʷʛʦʚʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ [103]. 

ʅʘ ʦʩʥʦʚʽ ʚʠʢʣʘʜʝʥʦʛʦ ʚ ʧʦʧʝʨʝʜʥʽʭ ʧʽʜʨʦʟʜʽʣʘʭ ʤʦʞʥʘ ʢʦʥʩʪʘʪʫʚʘʪʠ, ʱʦ ʥʝ 

ʚʩʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʯʠʥʥʠʢʠ ʥʘʣʝʞʥʠʤ ʯʠʥʦʤ ʚʽʜʦʙʨʘʞʘʶʪʴ ʦʩʦʙʣʠʚʽʩʪʴ ʚʧʣʠʚʫ ʚ 

ʢʦʥʢʨʝʪʥʠʭ ʨʝʘʣʴʥʠʭ ʩʠʪʫʘʮʽʷʭ ʧʨʦʾʟʜʫ ʊʇ ʨʝʛʫʣʴʦʚʘʥʠʭ ʧʝʨʝʭʨʝʩʪʴ. ʂʨʽʤ ʮʴʦʛʦ, 

ʷʢ ʧʦʢʘʟʫʻ ʩʫʯʘʩʥʘ ʧʨʘʢʪʠʢʘ, ʥʝ ʤʦʞʥʘ ʥʝʭʪʫʚʘʪʠ ʪʘʢʠʤʠ ʯʠʥʥʠʢʘʤʠ, ʷʢ: ʨʽʚʥʽʩʪʴ 

ʜʦʨʦʞʥʴʦʛʦ ʧʦʢʨʠʪʪʷ, ʷʢ ʥʘ ʧʝʨʝʭʨʝʩʪʽ, ʪʘʢ ʽ ʥʘ ʧʨʦʛʦʥʘʭ; ʜʠʥʘʤʽʯʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʨʽʟʥʠʭ ʪʠʧʽʚ ʊɿ ʪʘ ʾʭ ʪʝʭʥʽʯʥʠʤ ʩʪʘʥʦʤ; ʯʘʩʪʢʠ ʮʠʭ ʊɿ ʫ ʯʝʨʛʘʭ 

ʧʝʨʝʜ ʧʝʨʝʭʨʝʩʪʷʤʠ. ʋ ʟʚôʷʟʢʫ ʟ ʦʩʪʘʥʥʽʤ, ʚʚʘʞʘʻʤʦ ʥʝ ʢʦʨʝʢʪʥʠʤ ʟʚʝʜʝʥʥʷ ʊʇ 

ʨʽʟʥʦʾ ʩʪʨʫʢʪʫʨʠ ʜʦ ʧʦʪʦʢʫ ʣʝʛʢʦʚʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʯʝʨʝʟ ʢʦʝʬʽʮʽʻʥʪʠ ʟʚʝʜʝʥʥʷ. 

ɯʩʥʫʶʯʠʡ ʧʽʜʭʽʜ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʽʚ ʟʚʝʜʝʥʥʷ ʜʘʻ ʥʝʘʜʝʢʚʘʪʥʫ ʦʮʽʥʢʫ 

ʟʘʪʨʠʤʦʢ ʫ ʧʨʦʾʟʜʽ ʧʝʨʝʭʨʝʩʪʴ, ʜʦʚʞʠʥ ʯʝʨʛ ʧʝʨʝʜ ʥʠʤʠ, ʱʦ ʚʽʜʙʠʚʘʻʪʴʩʷ ʥʘ 

ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ ʪʨʠʚʘʣʦʩʪʽ ʩʚʽʪʣʦʬʦʨʥʠʭ ʮʠʢʣʽʚ ʨʝʘʣʴʥʠʤ ʩʠʪʫʘʮʽʷʤ. 

ʅʝ ʟʚʘʞʘʶʯʠ ʥʘ ʦʪʨʠʤʘʥʽ, ʪʘʢ ʟʚʘʥʽ, ʦʩʪʘʪʦʯʥʽ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʟʚʝʜʝʥʥʷ ʜʦ ʣʝʛʢʦʚʦʛʦ ʘʚʪʦʤʦʙʽʣʷ ʜʣʷ ʊʇ, ʷʢʠʡ ʧʨʦʾʞʜʞʘʻ ʨʝʛʫʣʴʦʚʘʥʝ 

ʧʝʨʝʭʨʝʩʪʷ, ʟʘʣʠʰʘʻʪʴʩʷ ʚʽʜʢʨʠʪʠʤ ʧʠʪʘʥʥʷ, ʜʣʷ ʘʚʪʦʤʦʙʽʣʽʚ, ʟ ʷʢʠʤ ʪʝʭʥʽʯʥʠʤ 

ʩʪʘʥʦʤ ʚʠʟʥʘʯʝʥʽ ʮʽ ʢʦʝʬʽʮʽʻʥʪʠ. ɸʜʞʝ ʜʠʥʘʤʽʯʥʽ ʛʘʙʘʨʠʪʠ ʾʭ ʥʝ ʧʦʩʪʽʡʥʽ (ʙʝʟ 

ʚʨʘʭʫʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ) ï ʧʦʛʽʨʰʫʻʪʴʩʷ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʽ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʟʥʠʞʫʶʪʴʩʷ ʧʦʢʘʟʥʠʢʠ ʪʷʛʦʚʦʾ ʪʘ ʛʘʣʴʤʽʚʥʦʾ ʜʠʥʘʤʽʯʥʦʩʪʽ. ʆʪʞʝ, ʘʢʪʫʘʣʽʟʫʻʪʴʩʷ 
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ʧʦʪʨʝʙʘ ʫ ʨʦʟʚôʷʟʘʥʥʽ ʟʘʜʘʯʽ ʱʦʜʦ ʚʩʪʘʥʦʚʣʝʥʥʷ ʪʘʢʦʛʦ ʚʧʣʠʚʫ, ʥʘ ʧʨʠʢʣʘʜʽ 

ʪʷʛʦʚʦʾ ʜʠʥʘʤʽʯʥʦʩʪʽ ʚʘʥʪʘʞʥʠʭ ʊɿ. 

ɺʽʜʯʫʪʥʝ ʧʦʛʽʨʰʘʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʪʷʛʦʚʦʾ ʜʠʥʘʤʽʯʥʦʩʪʽ ʟ ʨʦʩʪʦʤ 

ʢʫʤʫʣʷʪʠʚʥʠʭ ʧʨʦʙʽʛʽʚ ʫ ʟʥʘʯʥʽʡ ʤʽʨʽ ʭʘʨʘʢʪʝʨʥʝ ʜʣʷ ʚʘʥʪʘʞʥʠʭ ʊɿ ʽ ʘʚʪʦʙʫʩʽʚ 

(ʦʩʦʙʣʠʚʦ ʟʘʚʘʥʪʘʞʝʥʠʭ) ʯʝʨʝʟ ʥʝʩʚʦʻʯʘʩʥʝ ʚʠʢʦʥʘʥʥʷ ʨʝʤʦʥʪʽʚ, ʫ ʧʝʨʰʫ ʯʝʨʛʫ 

ʜʚʠʛʫʥʽʚ. ʎʝ, ʟʦʢʨʝʤʘ, ʩʪʦʩʫʻʪʴʩʷ ʨʝʤʦʥʪʫ ʜʝʪʘʣʝʡ ʮʠʣʽʥʜʨʦ-ʧʦʨʰʥʝʚʦʾ ʛʨʫʧʠ, 

ʷʢʦʶ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʷʢʽʩʥʝ ʧʨʦʭʦʜʞʝʥʥʷ ʨʦʙʦʯʠʭ ʧʨʦʮʝʩʽʚ ʟʛʦʨʷʥʥʷ ʧʘʣʠʚʥʦʾ 

ʩʫʤʽʰʽ ʪʘ ʦʪʨʠʤʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʜʚʠʛʫʥʽʚ. ʗʢʱʦ ʮʽ ʜʝʪʘʣʽ ʟʥʦʰʝʥʽ, ʪʦ 

ʜʚʠʛʫʥ ʥʝ ʚʠʜʘʻ ʥʦʤʽʥʘʣʴʥʦʾ ʝʬʝʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ 

ʟʥʠʞʫʪʁʴʩʷ ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ ʥʘ ʢʦʣʽʥʯʘʩʪʦʤʫ ʚʘʣʫ ʪʘ ʪʷʛʦʚʽ ʟʫʩʠʣʣʷ ʥʘ ʚʝʜʫʯʠʭ 

ʢʦʣʝʩʘʭ ʊɿ. ʎʝ ʧʦʛʽʨʰʫʻ ʡʦʛʦ ʜʠʥʘʤʽʢʫ, ʚʠʜʦʚʞʫʻ ʧʨʦʮʝʩ ʩʪʘʨʪʫ ʧʨʠ ʫʚʽʤʢʥʝʥʥʽ 

ʜʦʟʚʽʣʴʥʦʛʦ ʩʠʛʥʘʣʫ ʩʚʽʪʣʦʬʦʨʘ, ʟʤʝʥʰʫʻ ʰʚʠʜʢʽʩʪʴ ʧʨʦʾʟʜʫ ʧʝʨʝʭʨʝʩʪʷ. 

ʅʝʭʘʡ ʟʥʘʯʝʥʥʷ ʪʠʩʢʫ ʫ ʮʠʣʽʥʜʨʘʭ ʥʦʚʦʛʦ ʜʚʠʛʫʥʘ ɿʄɿ-53 ʘʚʪʦʤʦʙʽʣʷ 

ɻɸɿ-53ɸ ʥʘ ʪʘʢʪʽ ʩʪʠʩʢʫ ʥʘ ʧʽʜʭʦʜʽ ʧʦʨʰʥʷ ʜʦ ʚ.ʤ.ʪ. ʫ ʤʠʪʴ, ʢʦʣʠ ʟʘʡʥʷʣʘʩʷ 

ʧʘʣʠʚʥʘ ʩʫʤʽʰ, ʩʪʘʥʦʚʠʪʴ 2,2
ʩ
ʨ ʄʇʘ= . ɸʚʪʦʤʦʙʽʣʴ ʪʘʢʦʾ ʞ ʤʘʨʢʠ, ʷʢʠʡ 

ʧʨʦʩʣʫʞʠʚ, ʥʘʧʨʠʢʣʘʜ, 5 ʨʦʢʽʚ (ʥʘ ʦʜʦʤʝʪʨʽ 250 ʪʠʩ.ʢʤ), ʟʽ ʟʥʦʰʝʥʠʤʠ ʨʦʙʦʯʠʤʠ 

ʧʦʚʝʨʭʥʷʤʠ ʛʽʣʴʟ ʮʠʣʽʥʜʨʽʚ, ʙʦʢʦʚʠʭ ʧʦʚʝʨʭʦʥʴ ʧʦʨʰʥʽʚ ʪʘ ʢʦʤʧʨʝʩʽʡʥʠʭ ʢʽʣʝʮʴ 

(ʚ ʪ.ʯ. ʟʥʠʟʠʣʘʩʴ ʽ ʾʭ ʧʨʫʞʥʽʩʪʴ), ʚʠʤʽʨʷʥʘ ʢʦʤʧʨʝʩʽʷ ʥʘ ʮʴʦʤʫ ʞ ʪʘʢʪʽ 

.
1,8

ʩ ʚ
ʨ ʄʇʘ= . ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʟʤʽʥʠ ʚ ʨʝʟʫʣʴʪʘʪʽ ʟʥʦʩʽʚ ʩʝʨʝʜʥʴʦʛʦ ʽʥʜʠʢʘʪʦʨʥʦʛʦ 

ʪʠʩʢʫ 0,85ʨ̔ ʄʇʘ=  ʪʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʩʪʽʡʥʦʩʪʽ ʪʠʩʢʫ ʤʝʭʘʥʽʯʥʠʭ ʚʪʨʘʪ 

0,17
ʤ
ʨ ʄʇʘ=  (ʦʩʢʽʣʴʢʠ ʰʚʠʜʢʽʩʪʴ ʧʦʨʰʥʽʚ ʥʝʟʤʽʥʥʘ), ʦʪʨʠʤʫʻʤʦ ʝʬʝʢʪʠʚʥʠʡ 

ʪʠʩʢ ʫ ʜʚʠʛʫʥʘ ʟʽ ʟʥʦʰʝʥʠʤʠ ʜʝʪʘʣʷʤʠ ʎʇɻ: 

 

0,85 0,17 0,68
ʝ ʽ ʤ
ʨ ʨ ʨ ʄʇʘ= - = - = .                              (3.2) 

 

ʋ ʪʘʢʦʤʫ ʨʘʟʽ ʟʥʦʰʝʥʠʡ ʯʦʪʠʨʠʪʘʢʪʥʠʡ (4=t ) ʙʝʥʟʠʥʦʚʠʡ ʜʚʠʛʫʥ 

ʚʘʥʪʘʞʥʦʛʦ ʘʚʪʦʤʦʙʽʣʷ ʟ ʨʦʙʦʯʠʤ ʦʙôʻʤʦʤ ʮʠʣʽʥʜʨʽʚ 
34,25

h
V ʜʤ=  ʪʘ ʟ 

ʤʘʢʩʠʤʘʣʴʥʦʶ ʯʘʩʪʦʪʦʶ ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʫ 
13200ʧ ʭʚ-= , ʨʦʟʚʠʚʘʪʠʤʝ 

ʪʘʢʫ ʝʬʝʢʪʠʚʥʫ ʧʦʪʫʞʥʽʩʪʴ [30, 106]: 
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ʂʨʫʪʥʠʡ ʤʦʤʝʥʪ ʥʘ ʚʘʣʫ ʮʴʦʛʦ ʜʚʠʛʫʥʘ ʩʪʘʥʦʚʠʪʠʤʝ [30, 106]: 
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ʋ ʪʦʡ ʞʝ ʯʘʩ, ʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʫ ʥʦʚʦʛʦ (ʥʝʟʥʦʰʝʥʦʛʦ) ʜʚʠʛʫʥʘ 

2,2
ʩ
ʨ ʄʇʘ= , ʟ ʽʥʜʠʢʘʪʦʨʥʠʤ ʪʠʩʢʦʤ 1,0ʨ̔ ʄʇʘ= , ʜʣʷ ʷʢʦʛʦ ʝʬʝʢʪʠʚʥʠʡ ʪʠʩʢ 

0,83
ʝ
ʨ ʄʇʘ= , ʡʦʛʦ ʝʬʝʢʪʠʚʥʘ ʧʦʪʫʞʥʽʩʪʴ ʪʘ ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ ʩʪʘʥʦʚʣʷʪʴ 

ʚʽʜʧʦʚʽʜʥʦ, 94,07
ʝ

N ʢɺʪ=  ʪʘ 280,86
ʢʨ
ʄ ʅʤ= . 

ʆʪʞʝ, ʟʥʠʞʝʥʥʷ ʢʦʤʧʨʝʩʽʾ ʫ ʮʠʣʽʥʜʨʘʭ ʟʥʦʰʝʥʦʛʦ ʜʚʠʛʫʥʘ ʥʘ 18% 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʘʜʽʥʥʷ ʡʦʛʦ ʧʦʪʫʞʥʦʩʪʽ ʥʘ 22,38ʢɺʪ ʪʘ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʥʘ 

ʚʘʣʫ ʥʘ 66,82ʅʤ. 

ɼʠʥʘʤʽʢʫ ʘʚʪʦʤʦʙʽʣʷ ʭʘʨʘʢʪʝʨʠʟʫʻ ʪʷʛʦʚʘ ʩʠʣʘ ʥʘ ʚʝʜʫʯʠʭ ʢʦʣʝʩʘʭ. ɺʽʜʦʤʦ, 

ʱʦ 
ʢʨ
ʄ  ʻ ʦʩʥʦʚʥʠʤ ʫ ʚʠʟʥʘʯʝʥʥʽ ʨʦʟʛʽʥʥʦʛʦ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ (ʦʩʢʽʣʴʢʠ ʟʥʘʯʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʘ ʧʨʠʩʪʦʩʫʚʘʥʥʷ ʜʚʠʛʫʥʘ ʜʦ ʟʤʽʥʠ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʫ 

ʥʝʽʩʪʦʪʥʝ ï 0,85-0,90), ʡʦʛʦ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʪʘʢʠʤ 
.ʢʨ ʨ

ʄ , ʷʢʠʡ ʧʝʨʝʜʘʻʪʴʩʷ ʯʝʨʝʟ 

ʪʨʘʥʩʤʽʩʽʶ ʜʦ ʚʝʜʫʯʠʭ ʢʦʣʽʩ ʘʚʪʦʤʦʙʽʣʷ. ʆʯʝʚʠʜʥʦ, ʱʦ ʟʥʠʞʝʥʥʷ ʨʦʟʛʽʥʥʦʛʦ 

ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʥʘ ʚʘʣʫ ʟʥʦʰʝʥʦʛʦ ʜʚʠʛʫʥʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʪʷʛʦʚʦʾ 

ʩʠʣʠ ʥʘ ʚʝʜʫʯʠʭ ʢʦʣʝʩʘʭ ʷʢʘ ʚʠʟʥʘʯʠʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ [30, 106]: 
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ʜʝ ,
ʢ ʦ
ʽ  ̔ï ʧʝʨʝʜʘʪʥʽ ʯʠʩʣʘ ʚʽʜʧʦʚʽʜʥʦ ʢʦʨʦʙʢʠ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʝʡ ʪʘ ʛʦʣʦʚʥʦʾ 

ʧʝʨʝʜʘʯʽ;  

h
ʪʨ

 ï ʂʂɼ ʪʨʘʥʩʤʽʩʽʾ, h =
ʪʨ

0,80-0,95; 
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ʢ
r  ï ʨʘʜʽʫʩ ʢʦʯʝʥʥʷ ʢʦʣʝʩʘ; ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʜʦʙʫʪʦʢ ʢʦʝʬʽʮʽʻʥʪʘ ʜʝʬʦʨʤʘʮʽʾ 

ʰʠʥ ʥʘ ʚʽʣʴʥʠʡ ʨʘʜʽʫʩ ʢʦʣʝʩʘ, l=
ʢ ʘ ʦ

r r . 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʽʜʧʦʚʽʜʥʠʭ ʧʦʨʽʚʥʷʣʴʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʪʷʛʦʚʦʾ ʩʠʣʠ ʥʘ ʚʝʜʫʯʠʭ 

ʢʦʣʝʩʘʭ ʜʣʷ ʘʚʪʦʤʦʙʽʣʽʚ ʟ ʥʦʚʠʤ ʪʘ ʟʥʦʰʝʥʠʤ ʜʚʠʛʫʥʦʤ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚ 

ʦʩʪʘʥʥʽʭ ʚʦʥʘ ʟʤʝʥʰʠʣʘʩʷ ʥʘ 5332,75ʅ ʟ 22414,79=
ʢ
ʈ ʅ ʜʦ 

.
17082,04=

ʢ ʟʥ
ʈ ʅ. 

ʆʪʨʠʤʘʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʧʦʢʘʟʥʠʢʠ ʟʥʠʞʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ 

ʟʥʦʰʝʥʦʛʦ ʜʚʠʛʫʥʘ ʧʽʜʪʚʝʨʜʞʫʶʪʴʩʷ ʨʘʥʽʰʝ ʚʠʢʦʥʘʥʠʤʠ ʧʽʜ ʢʝʨʽʚʥʠʮʪʚʦʤ 

ʧʨʦʬ. ʄ.ɯ. ɯʚʘʱʝʥʢʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʥʘ 

ʧʨʠʢʣʘʜʽ ʚʘʥʪʘʞʥʠʭ ʊɿ [45] ʪʘ ʧʦʨʽʚʥʷʥʦ ʥʝʜʘʚʥʽʤʠ ʱʦʜʦ ʜʚʠʛʫʥʽʚ ʣʝʛʢʦʚʠʭ 

ʘʚʪʦʤʦʙʽʣʽʚ [66]. ʋ ʧʝʨʰʽʡ ʧʫʙʣʽʢʘʮʽʾ ʚʩʪʘʥʦʚʣʝʥʦ [45], ʱʦ ʥʦʚʽ ʜʚʠʛʫʥʠ 

ʚʘʥʪʘʞʥʠʭ ʊɿ ʥʘ ʧʦʯʘʪʢʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʨʦʟʚʠʚʘʣʠ ʧʦʪʫʞʥʽʩʪʴ 70,56 ʢɺʪ, ʘ ʢʦʣʠ 

ʢʫʤʫʣʷʪʠʚʥʠʡ ʧʨʦʙʽʛ ʜʦʩʷʛ 119860 ʢʤ ʧʦʪʫʞʥʽʩʪʴ ʟʤʝʥʰʠʣʘʩʴ ʜʦ 51,80 ʢɺʪ (ʥʘ 

27%). ʇʨʠ ʮʴʦʤʫ ʨʘʜʽʘʣʴʥʠʡ ʟʥʦʩ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʮʠʣʽʥʜʨʽʚ ʥʘ ʚʽʜʩʪʘʥʽ 10 ʤʤ 

ʚʽʜ ʧʣʦʱʠʥʠ ʨʦʟôʻʤʫ ʙʣʦʢʘ ʟ ʛʦʣʦʚʢʦʶ ʩʪʘʥʦʚʠʚ 0,21 ʤʤ. ɼʣʷ ʮʠʭ ʞʝ ʜʚʠʛʫʥʽʚ 

ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ ʥʘ ʢʦʣʽʥʯʘʩʪʦʤʫ ʚʘʣʫ ʟʥʠʟʠʚʩʷ ʥʘ 24,5%.  

ɼʣʷ ʜʚʠʛʫʥʽʚ ʣʝʛʢʦʚʠʭ ʊɿ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʽʢʨʦʤʝʪʨʘʞʥʠʭ ʩʪʘʪʠʩʪʠʢ ʟʥʦʰʝʥʠʭ 

ʛʽʣʴʟ ʮʠʣʽʥʜʨʽʚ ʪʘ ʧʦʨʰʥʝʚʠʭ ʢʽʣʝʮʴ ʚʩʪʘʥʦʚʣʝʥʦ (ʫ ʤʝʞʘʭ ʧʨʦʙʽʛʽʚ ʚʽʜ 20 ʜʦ 210 

ʪʠʩ. ʢʤ) [66], ʱʦ ʢʦʞʥʽ 0,01ʤʤ ʟʙʽʣʴʰʝʥʥʷ ʜʽʘʤʝʪʨʘ ʮʠʣʽʥʜʨʘ (ʟʘ ʨʘʭʫʥʦʢ ʟʥʦʩʫ 

ʡʦʛʦ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ) ʟʙʽʣʴʰʫʻ ʟʘʟʦʨ ʫ ʟʘʤʢʫ ʧʦʨʰʥʝʚʠʭ ʢʽʣʝʮʴ ʥʘ 0,0314 ʤʤ. 

ɿʦʢʨʝʤʘ, ʥʘʧʨʠʢʣʘʜ, ʥʘ ʧʨʦʙʽʛʫ ʊɿ 100-120 ʪʠʩ. ʢʤ ʟʥʦʩ ʮʠʣʽʥʜʨʽʚ ʩʪʘʥʦʚʠʪʴ 0,05 

ʤʤ, ʫ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʟʘʟʦʨ ʫ ʟʘʤʢʫ ʟʨʽʩ ʜʦ 0,16 ʤʤ. ʈʽʩʪ ʟʘʟʦʨʫ ʧʦʷʩʥʶʻʪʴʩʷ 

ʟʤʽʥʦʶ ʨʘʜʽʘʣʴʥʦʾ ʪʦʚʱʠʥʠ ʢʽʣʝʮʴ ʫ ʨʝʟʫʣʴʪʘʪʽ ʟʥʦʰʫʚʘʥʥʷ ʾʭ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ 

ʪʘ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʮʠʣʽʥʜʨʽʚ. ʅʘ ʧʨʦʙʽʛʫ ʊɿ 140-160 ʪʠʩ. ʢʤ ʟʘʟʦʨʠ  ʫ ʟʘʤʢʘʭ 

ʧʦʨʰʥʝʚʠʭ ʢʽʣʝʮʴ ʤʦʞʫʪʴ ʩʷʛʘʪʠ 2,0-3,0 ʤʤ, ʧʦʨʽʚʥʷʥʦ ʟ ʟʘʟʦʨʘʤʠ ʥʦʚʠʭ ʜʚʠʛʫʥʽʚ 

0,20-0,35 ʤʤ. ʋʩʝ ʮʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʥʘ 9% (358,7 ʜʦ 

53,42 ʢɺʪ) ʪʘ ʢʦʤʧʨʝʩʽʾ ʫ ʮʠʣʽʥʜʨʘʭ ï ʥʘ 6% (31,25 ʜʦ 1,18 ʄʇʘ). 

ɿʘ ʫʩʽʤʘ ʥʘʚʝʜʝʥʠʤʠ ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʟʥʦʩ ʜʝʪʘʣʝʡ ʎʇɻ ʜʚʠʛʫʥʽʚ ʤʘʻ ʽʩʪʦʪʥʠʡ ʚʧʣʠʚ ʥʘ 

ʟʥʠʞʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʪʷʛʦʚʦʾ ʜʠʥʘʤʽʯʥʦʩʪʽ ʊɿ, ʟʦʢʨʝʤʘ, ʥʘ ʾʭ ʨʦʟʛʽʥʥʽ ʰʚʠʜʢʦʩʪʽ. 

ʎʝʡ ʬʘʢʪ ʚʧʣʠʚʘʪʠʤʝ ʥʘ ʜʠʥʘʤʽʢʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʪʦʢʽʚ, ʫ ʪ.ʯ. ʥʘ ʜʠʥʘʤʽʢʫ 
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ʧʨʦʾʟʜʫ ʨʝʛʫʣʴʦʚʘʥʠʭ ʧʝʨʝʭʨʝʩʪʴ ʦʩʢʽʣʴʢʠ ʫ ʩʪʨʫʢʪʫʨʽ ʙʫʜʴ-ʷʢʦʛʦ ʊʇ ʻ ʘʚʪʦʤʦʙʽʣʽ 

ʟ ʨʽʟʥʠʤʠ ʢʫʤʫʣʷʪʠʚʥʠʤʠ ʧʨʦʙʽʛʘʤʠ. 

ɺʠʢʣʘʜʝʥʝ ʟʘʩʚʽʜʯʫ,̒ ʱʦ ʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʥʘ ʧʨʠʢʣʘʜʽ ʪʷʛʦʚʦʾ 

ʜʠʥʘʤʽʯʥʦʩʪʽ) ʘʚʪʦʤʦʙʽʣʷ ʥʘʧʨʷʤʫ ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʡʦʛʦ ʜʚʠʛʫʥʘ, 

ʟʦʢʨʝʤʘ ʚʽʜ ʩʪʫʧʝʥʷ ʟʥʦʩʫ ʜʝʪʘʣʝʡ ʎʇɻ. ɿʨʦʩʪʘʥʥʷ ʾʭ ʟʥʦʩʫ ʩʫʧʨʦʚʦʜʞʫʻ ʚʪʨʘʪʫ 

ʢʦʤʧʨʝʩʽʾ, ʟʥʠʞʝʥʥʷ ʽʥʜʠʢʘʪʦʨʥʦʛʦ ʪʠʩʢʫ, ʧʦʪʫʞʥʦʩʪʽ ʜʚʠʛʫʥʘ ʪʘ ʢʨʫʪʥʦʛʦ 

ʤʦʤʝʥʪʫ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ ʡ, ʟʨʝʰʪʦʶ, ʪʷʛʦʚʦʾ ʩʠʣʠ ʥʘ ʚʝʜʫʯʠʭ ʢʦʣʝʩʘʭ. 

ʆʯʝʚʠʜʥʦ, ʱʦ ʦʩʪʘʥʥʻ ʚʧʣʠʚʘʻ ʥʝ ʪʽʣʴʢʠ ʥʘ ʜʠʥʘʤʽʢʫ ʨʫʭʫ ʊʇ ʥʘ ʧʝʨʝʛʦʥʘʭ ʤʽʞ 

ʧʝʨʝʭʨʝʩʪʷʤʠ, ʘʣʝ ʡ ʥʘ ʪʨʠʚʘʣʽʩʪʴ ʧʨʦʾʟʜʫ ʾʭ. ʎʝʡ ʚʧʣʠʚ ʧʨʦʷʚʣʷʻʪʴʩʷ ʦʩʦʙʣʠʚʦ ʫ 

ʩʠʪʫʘʮʽʾ, ʢʦʣʠ ʪʘʢʠʡ ʚʘʥʪʘʞʥʠʡ ʊɿ ʩʪʦʾʪʴ ʧʝʨʝʜ ʩʪʦʧ-ʣʽʥʽʻʶ ʧʝʨʰʠʤ. ʇʨʠ ʨʫʰʘʥʥʽ 

ʥʘ ʟʝʣʝʥʠʡ ʩʠʛʥʘʣ ʩʚʽʪʣʦʬʦʨʘ, ʯʝʨʝʟ ʧʦʛʽʨʰʝʥʫ ʪʷʛʦʚʫ ʜʠʥʘʤʽʢʫ ʚʽʥ 

ʩʧʦʚʽʣʴʥʶʚʘʪʠʤʝ ʧʨʦʾʟʜ ʧʝʨʝʭʨʝʩʪʷ ʽʥʰʠʤʠ ʫʯʘʩʥʠʢʘʤʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʪʦʢʫ. 

ʆʪʞʝ, ʫ ʨʦʟʨʘʭʫʥʢʘʭ ʪʨʠʚʘʣʦʩʪʽ ʩʚʽʪʣʦʬʦʨʥʠʭ ʮʠʢʣʽʚ ʧʦʪʨʽʙʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʥʝ 

ʣʠʰʝ ʢʦʝʬʽʮʽʻʥʪʠ ʟʚʝʜʝʥʥʷ ʨʽʟʥʠʭ ʚʠʜʽʚ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʜʦ ʣʝʛʢʦʚʦʛʦ 

ʘʚʪʦʤʦʙʽʣʷ ʟʘ ʜʠʥʘʤʽʯʥʠʤ ʛʘʙʘʨʠʪʦʤ, ʘʣʝ ʡ ʟʘ ʜʠʥʘʤʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʷʢʽ 

ʧʦʚôʷʟʘʥʽ ʟ ʪʝʨʤʽʥʘʤʠ ʩʣʫʞʙʠ ʾʭ (ʦʩʦʙʣʠʚʦ ʚʘʥʪʘʞʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ, ʘʚʪʦʙʫʩʽʚ), 

ʨʽʩʪ ʷʢʠʭ ʟʥʠʞʫʻ ʜʠʥʘʤʽʢʫ ʧʨʦʾʟʜʫ ʧʝʨʝʭʨʝʩʪʴ. ɼʦʨʝʯʥʦ ʜʦʜʘʪʠ ʜʦ ʮʴʦʛʦ, ʱʦ ʥʘ 

ʜʠʥʘʤʽʢʫ ʧʨʦʾʟʜʫ ʪʘʢʦʞ ʤʘʻ ʚʧʣʠʚ ʧʦʟʜʦʚʞʥʷ ʨʽʚʥʽʩʪʴ ʾʭ ʧʦʢʨʠʪʴ. 

ɺʽʜʯʫʪʥʝ ʧʦʛʽʨʰʘʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʪʷʛʦʚʦʾ ʜʠʥʘʤʽʯʥʦʩʪʽ ʟ ʨʦʩʪʦʤ 

ʢʫʤʫʣʷʪʠʚʥʠʭ ʧʨʦʙʽʛʽʚ ʫ ʟʥʘʯʥʽʡ ʤʽʨʽ ʭʘʨʘʢʪʝʨʥʝ ʜʣʷ ʚʘʥʪʘʞʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʽ 

ʘʚʪʦʙʫʩʽʚ (ʦʩʦʙʣʠʚʦ ʟʘʚʘʥʪʘʞʝʥʠʭ) ʯʝʨʝʟ ʥʝʩʚʦʻʯʘʩʥʝ ʚʠʢʦʥʘʥʥʷ ʨʝʤʦʥʪʽʚ, ʫ 

ʧʝʨʰʫ ʯʝʨʛʫ ʜʚʠʛʫʥʽʚ [113]. ʎʝ, ʟʦʢʨʝʤʘ, ʩʪʦʩʫʻʪʴʩʷ ʨʝʤʦʥʪʫ ʜʝʪʘʣʝʡ ʎʇɻ, ʷʢʦʶ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʷʢʽʩʥʝ ʧʨʦʭʦʜʞʝʥʥʷ ʨʦʙʦʯʠʭ ʧʨʦʮʝʩʽʚ ʟʛʦʨʷʥʥʷ ʧʘʣʠʚʥʦʾ ʩʫʤʽʰʽ ʪʘ 

ʦʪʨʠʤʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʜʚʠʛʫʥʽʚ. ʗʢʱʦ ʮʽ ʜʝʪʘʣʽ ʟʥʦʰʝʥʽ, ʪʦ ʜʚʠʛʫʥ ʥʝ 

ʚʠʜʘʻ ʥʦʤʽʥʘʣʴʥʦʾ ʝʬʝʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʟʥʠʞʫʻʪʴʩʷ ʢʨʫʪʥʠʡ 

ʤʦʤʝʥʪ ʥʘ ʢʦʣʽʥʯʘʩʪʦʤʫ ʚʘʣʫ ʪʘ ʪʷʛʦʚʽ ʟʫʩʠʣʣʷ ʥʘ ʚʝʜʫʯʠʭ ʢʦʣʝʩʘʭ ʊɿ. ʎʝ ʟʥʠʞʫʻ 

ʡʦʛʦ ʜʠʥʘʤʽʢʫ, ʚʠʜʦʚʞʫʻ ʧʨʦʮʝʩ ʩʪʘʨʪʫ ʧʨʠ ʫʚʽʤʢʥʝʥʥʽ ʜʦʟʚʽʣʴʥʦʛʦ ʩʠʛʥʘʣʫ 

ʩʚʽʪʣʦʬʦʨʘ, ʟʤʝʥʰʫʻ ʰʚʠʜʢʽʩʪʴ ʧʨʦʾʟʜʫ ʧʝʨʝʭʨʝʩʪʷ [103]. 

ɿ ʤʝʪʦʶ ʧʝʨʝʚʽʨʢʠ ʽ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʜʘʥʠʭ, ʚʠʢʦʥʫʚʘʣʠʩʴ 

ʥʘʪʫʨʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʥʘʤʽʯʥʦʩʪʽ ʊɿ (ʥʘ ʧʨʠʢʣʘʜʽ ʨʝʡʩʦʚʠʭ ʘʚʪʦʙʫʩʽʚ LAZ-
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ɸ183D1 ʥʘ ʚʽʜʧʦʚʽʜʥʠʭ ʤʘʨʰʨʫʪʘʭ) ʟ ʨʽʟʥʠʤʠ ʢʫʤʫʣʷʪʠʚʥʠʤʠ ʧʨʦʙʽʛʘʤʠ ʥʘ 

ʚʫʣʠʯʥʦ-ʜʦʨʦʞʥʽʡ ʤʝʨʝʞʽ ʤ. ʃʴʚʦʚʘ. ɼʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʫʚʘʣʠʩʴ ʫ ʜʝʥʥʫ ʩʦʥʷʯʥʫ 

ʧʦʨʫ ʜʦʙʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʠʣʘʜʫ SPRINT SG-2, ̫ʢʠʡ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʟʥʘʯʠʪʠ ʧʨʠʰʚʠʜʰʝʥʥʷ ʽ ʩʧʦʚʽʣʴʥʝʥʥʷ, ʰʚʠʜʢʽʩʪʴ, ʰʣʷʭ ʪʘ ʯʘʩ ʨʫʭʫ [46]. ɿ 

ʜʦʧʦʤʦʛʦʶ ʮʴʦʛʦ ʧʨʠʣʘʜʫ ʨʝʻʩʪʨʫʚʘʣʠʩʷ ʩʪʘʨʪʦʚʽ ʤʦʞʣʠʚʦʩʪʽ (ʨʦʟʛʽʥʥʽ 

ʰʚʠʜʢʦʩʪʽ) ʘʚʪʦʙʫʩʽʚ ʟ ʨʽʟʥʠʤʠ ʢʫʤʫʣʷʪʠʚʥʠʤʠ ʧʨʦʙʽʛʘʤʠ. ɿʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ 

ʧʝʨʝʭʨʝʩʪʴ ʨʽʟʥʠʭ ʪʠʧʽʚ, ʧʦ ʷʢʠʭ ʧʨʦʾʞʜʞʘʣʠ ʨʝʡʩʦʚʽ ʤʘʨʰʨʫʪʥʽ ʘʚʪʦʙʫʩʠ, 

ʩʪʘʥʦʚʠʣʘ 11 (ʪʘʙʣ. 3.6). ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʚʠʙʠʨʘʣʠʩʷ ʘʚʪʦʙʫʩʠ ʦʜʥʘʢʦʚʠʭ ʤʘʨʦʢ 

(LAZ-ɸ183D1) ʟ ʪʘʢʠʤʠ ʢʫʤʫʣʷʪʠʚʥʠʤʠ ʧʨʦʙʽʛʘʤʠ: 125,8, 153,3 ʽ 

161,2 ʪʠʩ. ʢʤ. ɾʦʜʝʥ ʟ ʘʚʪʦʙʫʩʽʚ ʪʘ ʾʭ ʜʚʠʛʫʥʽʚ ʥʝ ʧʨʦʭʦʜʠʣʠ ʢʘʧʽʪʘʣʴʥʦʛʦ 

ʨʝʤʦʥʪʫ. ʅʘʧʦʚʥʝʥʽʩʪʴ ʩʘʣʦʥʽʚ ʧʘʩʘʞʠʨʘʤʠ ʥʘ ʤʘʨʰʨʫʪʘʭ ʙʫʣʘ ʧʨʠʙʣʠʟʥʦ 

ʦʜʥʘʢʦʚʦʶ ï 80 % (ʨʦʟʙʽʞʥʽʩʪʴ Ñ5 ʦʩʽʙ). ʋ ʜʦʩʣʽʜʞʝʥʥʷʭ ʙʨʘʣʠ ʫʯʘʩʪʴ ʚʦʜʽʾ ʟʽ 

ʩʪʘʞʝʤ ʚʦʜʽʥʥʷ 8-10 ʨʦʢʽʚ. ɿʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʨʝʡʩʽʚ ï 12 [103]. 

 

ʊʘʙʣʠʮʷ 3.6 ï ʊʝʭʥʽʯʥ ̔ʧʘʨʘʤʝʪʨʠ ʧʝʨʝʭʨʝʩʪʴ, ʧʦ ʷʢʠʭ ʧʨʦʾʞʜʞʘʣʠ ʘʚʪʦʙʫʩʠ 

LAZ-ɸ183D1 ʧʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʴ 

ˉ 

ʟ/ʣ 
ʅʘʟʚʘ ʧʝʨʝʭʨʝʩʪʷ 

ʊʠʧ ʧʦʢʨʠʪʪʷ 

ʇʏ ʫ ʥʘʧʨʷʤʢʫ 

ʨʫʭʫ ʘʚʪʦʙʫʩʘ 

(ʜʦ, ʥʘ ʪʘ ʧʽʩʣʷ 

ʧʝʨʝʭʨʝʩʪʷ) 

ʅʘʷʚʥʽʩʪʴ 

ʪʨʘʤʚʘʡʥʠʭ 

ʢʦʣʽʡ ʥʘ 

ʧʝʨʝʭʨʝʩʪʽ 

ʂʽʣʴʢʽʩʪʴ 

ʩʤʫʛ ʥʘ 

ʧʝʨʝʭʨʝʩʪʽ ʚ 

ʥʘʧʨʷʤʢʫ 

ʨʫʭʫ 

ʘʚʪʦʙʫʩʘ 

ʅʘʷʚʥʽʩʪʴ 

ʚʠʜʽʣʝʥʦʾ 

ʩʤʫʛʠ ʜʣʷ 

ʨʫʭʫ 

ʘʚʪʦʙʫʩʘ ʥʘ 

ʧʝʨʝʭʨʝʩʪʽ 

1 2 3 4 5 6 

1 
ʧʨʦʩʧ. ʉʚʦʙʦʜʠ ï 

ʧʨʦʩʧ. ʏʦʨʥʦʚʦʣʘ 
ʘ/ʙ ï ʙ ï ʙ + 4 - 

2 
ʧʨʦʩʧ. ʉʚʦʙʦʜʠ ï 

ʚʫʣ. ɻʥʘʪʶʢʘ 
ʙ ï ʙ ï ʙ - 3 + 

3 
ʧʨʦʩʧ. ʉʚʦʙʦʜʠ ï 

ʚʫʣ. ɼʦʨʦʰʝʥʢʘ 
ʙ ï ʙ ï ʙ + 3 + 

4 
ʧʨʦʩʧ. ʉʚʦʙʦʜʠ ï 

ʚʫʣ. ʂʦʧʝʨʥʠʢʘ 
ʙ ï ʙ ï ʙ - 3 + 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣʠʮʽ 3.6 

1 2 3 4 5 6 

5 
ʚʫʣ. ʂʥʷʟʷ ʈʦʤʘʥʘ 

ï ʚʫʣ. ʌʨʘʥʢʘ 
ʙ ï ʙ ï ʙ + 1 - 

6 
ʚʫʣ. ʉʪʨʠʡʩʴʢʘ ï 

ʚʫʣ. ʌʨʘʥʢʘ 
ʘ/ʙ ï ʙ ï ʙ + 1 - 

7 
ʚʫʣ. ʉʪʨʠʡʩʴʢʘ ï 

ʚʫʣ. ʉʘʭʘʨʦʚʘ 
ʘ/ʙ ï ʘ/ʙ ï ʘ/ʙ - 2 - 

8 
ʚʫʣ. ʉʪʨʠʡʩʴʢʘ ï 

ʚʫʣ. ʏʤʦʣʠ 
ʘ/ʙ ï ʘ/ʙ ï ʘ/ʙ - 2 - 

9 
ʚʫʣ. ʉʪʨʠʡʩʴʢʘ ï 

ʚʫʣ. ɺ. ɺʝʣʠʢʦʛʦ 
ʘ/ʙ ï ʘ/ʙ ï ʘ/ʙ - 2 - 

10 
ʚʫʣ. ʉʪʨʠʡʩʴʢʘ ï 

ʚʫʣ. ʅʘʫʢʦʚʘ 
ʘ/ʙ ï ʘ/ʙ ï ʘ/ʙ - 3 - 

11 
ʚʫʣ. ʉʪʨʠʡʩʴʢʘ ï 

ʚʫʣ. ʄʘʢʩʠʤʦʚʠʯʘ 
ʘ/ʙ ï ʘ/ʙ ï ʘ/ʙ - 3 - 

ʇʨʠʤʽʪʢʘ: ʪʠʧ ʜʦʨʦʞʥʴʦʛʦ ʧʦʢʨʠʪʪʷ: ʘ/ʙ ï ʘʩʬʘʣʴʪʦʙʝʪʦʥ, ʙ ï ʙʨʫʢʽʚʢʘ; ʥʘʷʚʥʽʩʪʴ 

ʪʨʘʤʚʘʡʥʠʭ ʢʦʣʽʡ (ʚʠʜʽʣʝʥʦʾ ʩʤʫʛʠ ʜʣʷ ʨʫʭʫ ʘʚʪʦʙʫʩʽʚ): ç+è ï ʥʘʷʚʥʘ, ç-è ï 

ʚʽʜʩʫʪʥʷ. 

 

ʇʨʠʣʘʜ SPRINT SG-2 ʜʘʚ ʟʤʦʛʫ ʨʝʻʩʪʨʫʚʘʪʠ ʨʦʟʛʽʥʥʽ ʰʚʠʜʢʦʩʪʽ ʘʚʪʦʙʫʩʽʚ, 

ʷʢʽ ʩʪʦʷʣʠ ʧʝʨʰʠʤʠ ʧʝʨʝʜ ʩʪʦʧ-ʣʽʥʽʻʶ ʧʝʨʝʭʨʝʩʪʷ, ʪʘʢ ʽ ʚ ʽʥʰʠʭ ʤʽʩʮʷʭ ʯʝʨʛʠ. 

ʇʦʢʘʟʥʠʢʠ ʨʦʟʛʽʥʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʨʝʻʩʪʨʫʚʘʣʠʩʷ ʥʘ ʧʨʠʣʘʜʽ ʚʧʨʦʜʦʚʞ ʧʝʨʰʠʭ 5 ʩ. 

ʨʫʭʫ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʘʥʦ ʪʘʢʽ ʨʦʟʛʽʥʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʧʨʦʾʟʜʫ 

ʧʝʨʝʭʨʝʩʪʷ ʚʫʣ. ʉʪʨʠʡʩʴʢʘ ï ʅʘʫʢʦʚʘ ʨʝʡʩʦʚʠʤʠ ʘʚʪʦʙʫʩʘʤʠ ʤʘʨʰʨʫʪʫ ˉ 3ʘ ʟ 

ʚʢʘʟʘʥʠʤʠ ʚʠʱʝ ʢʫʤʫʣʷʪʠʚʥʠʤʠ ʧʨʦʙʽʛʘʤʠ (ʨʠʩ. 3.4) [103]. 

ɿ ʥʘʚʝʜʝʥʦʛʦ ʚʠʜʥʦ, ʱʦ ʘʚʪʦʙʫʩʠ ʟ ʢʫʤʫʣʷʪʠʚʥʠʤ ʧʨʦʙʽʛʦʤ 161,2 ʪʠʩ. ʢʤ 

ʨʦʟʚʠʚʘʶʪʴ ʩʪʘʨʪʦʚʫ ʰʚʠʜʢʽʩʪʴ ʧʨʦʪʷʛʦʤ 5 ʩ 17,79 ʢʤ/ʛʦʜ, ʘ ʟ ʤʝʥʰʠʤ 

(125,8 ʪʠʩ. ʢʤ) ʟʘ ʮʝʡ ʞʝ ʯʘʩ 24,08 ʢʤ/ʛʦʜ. ʊʦʙʪʦ ʧʨʠʨʽʩʪ ʢʫʤʫʣʷʪʠʚʥʦʛʦ ʧʨʦʙʽʛʫ ʥʘ 

35,4 ʪʠʩ. ʢʤ ʟʫʤʦʚʠʚ ʟʥʠʞʝʥʥʷ ʨʦʟʛʽʥʥʦʾ ʰʚʠʜʢʦʩʪʽ ʥʘ 26,1 %. 
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ʆʧʨʘʮʶʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʩʪʘʪʠʩʪʠʢ ʨʦʟʛʽʥʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʮʠʭ ʘʚʪʦʙʫʩʽʚ ʧʦ 

ʫʩʽʭ ʨʝʰʪʘ 11 ʧʝʨʝʭʨʝʩʪʷʭ ʧʽʜʪʚʝʨʜʠʣʠ ʘʥʘʣʦʛʽʯʥʫ, ʜʦ ʥʘʚʝʜʝʥʦʛʦ ʧʨʠʢʣʘʜʫ, 

ʪʝʥʜʝʥʮʽʶ ʟʥʠʞʝʥʥʷ ʪʷʛʦʚʦ-ʰʚʠʜʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ (ʨʠʩ.3.5). 
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ʈʠʩʫʥʦʢ 3.4 ï ɺʧʣʠʚ ʢʫʤʫʣʷʪʠʚʥʦʛʦ ʧʨʦʙʽʛʫ ʘʚʪʦʙʫʩʽʚ (ʫ ʪʠʩ. ʢʤ) ʥʘ ʾʭ ʨʦʟʛʽʥʥʫ 

ʰʚʠʜʢʽʩʪʴ ʥʘ ʧʝʨʝʭʨʝʩʪʽ ʚʫʣ. ʉʪʨʠʡʩʴʢʘ ï ʅʘʫʢʦʚʘ (ʧʝʨʰʽ ʧʝʨʝʜ ʩʪʦʧ-ʣʽʥʽʻʶ) 
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ʈʠʩʫʥʦʢ 3.5 ï ɺʧʣʠʚ ʢʫʤʫʣʷʪʠʚʥʦʛʦ ʧʨʦʙʽʛʫ ʘʚʪʦʙʫʩʽʚ (ʫ ʪʠʩ. ʢʤ) ʥʘ ʾʭ ʨʦʟʛʽʥʥʫ 

ʰʚʠʜʢʽʩʪʴ (ʦʧʦʩʝʨʝʜʢʦʚʘʥʽ ʜʘʥʽ) ʧʽʜ ʯʘʩ ʧʨʦʾʟʜʫ ʫʩʽʭ 11 ʧʝʨʝʭʨʝʩʪʴ (ʧʝʨʰʽ ʪʘ ʚ 

ʽʥʰʠʭ ʤʽʩʮʷʭ ʯʝʨʛʠ ʧʝʨʝʜ ʩʪʦʧ ʣʽʥʽʻʶ) 

 

ʈʝʟʫʣʴʪʘʪʠ ʦʧʨʘʮʶʚʘʥʥʷ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʨʦʟʛʽʥʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʘʚʪʦʙʫʩʽʚ 

ʧʽʜ ʯʘʩ ʧʨʦʾʟʜʫ ʧʝʨʰʦʛʦ ʧʝʨʝʭʨʝʩʪʷ ʪʘ ʨʝʰʪʘ 11 ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ 

ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣ. 3.7. ʇʨʠʢʣʘʜ ʟʘʧʠʩʫ (ʥʘ ʧʨʠʣʘʜʽ SPRINT SG-2) ʧʨʠʩʢʦʨʝʥʥʷ ʽ 

ʰʚʠʜʢʦʩʪʽ ʘʚʪʦʙʫʩʽʚ LAZ-A183D1, ʷʢʽ ʧʨʦʾʞʜʞʘʶʪʴ ʧʝʨʝʭʨʝʩʪʷ ʚʫʣ. ʉʪʨʠʡʩʴʢʘ ï 
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ʅʘʫʢʦʚʘ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.6. ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʾʟʜʫ ʽʥʰʦʛʦ ʨʝʛʫʣʴʦʚʘʥʦʛʦ ʧʝʨʝʭʨʝʩʪʷ 

ʚʫʣ. ʉʪʨʠʡʩʴʢʘ ï ʉʘʭʘʨʦʚʘ ï ʫ ɼʦʜʘʪʢʫ ɺ. 

ʗʢʱʦ ʨʦʟʨʘʭʫʥʢʘʤʠ ʫ [68] ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʟʥʠʞʝʥʥʷ ʪʷʛʦʚʠʭ ʩʠʣ ʥʘ 

ʚʝʜʫʯʠʭ ʢʦʣʝʩʘʭ ʚʽʜ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ ʊɿ ʚ ʤʝʞʘʭ 23,8 %, ʪʦ ʨʝʟʫʣʴʪʘʪʠ ʥʘʪʫʨʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʛʽʥʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʽʜ ʢʫʤʫʣʷʪʠʚʥʦʛʦ ʧʨʦʙʽʛʫ (ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ) 

ʧʦʢʘʟʫʶʪʴ ʟʥʠʞʝʥʥʷ ʾʭ ʥʘ 26,1 %. ʎʝ ʟʘʩʚʽʜʯʫʻ ʧʨʷʤʠʡ ʚʟʘʻʤʦʟʚô̫ ʟʦʢ ʤʽʞ 

ʪʝʨʤʽʥʘʤʠ ʩʣʫʞʙʠ ʊɿ (ʢʫʤʫʣʷʪʠʚʥʠʤʠ ʧʨʦʙʽʛʘʤʠ) ʪʘ ʜʠʥʘʤʽʢʦʶ ʨʫʭʫ (ʨʦʟʛʽʥʥʠʤʠ 

ʰʚʠʜʢʦʩʪʷʤʠ), ʷʢʠʡ ʟʫʤʦʚʣʝʥʠʡ ʟʥʠʞʝʥʥʷʤ ʨʽʚʥʷ ʾʭ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ [103]. 

 

ʊʘʙʣʠʮʷ 3.7 ï ʉʝʨʝʜʥʷ ʧʦʩʝʢʫʥʜʥʘ ʨʦʟʛʽʥʥʘ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʘʚʪʦʙʫʩʽʚ ʥʘ 

ʧʝʨʝʭʨʝʩʪʷʭ 

ʂʫʤʫʣʷʪʠʚ- 

ʥʠʡ ʧʨʦʙʽʛ 

ʘʚʪʦʙʫʩʘ, 

ʪʠʩ. ʢʤ 

ʐʚʠʜʢʽʩʪʴ ʨʫʭʫ ʧʦ ʩʝʢʫʥʜʘʭ, 
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ʥʘ ʧʝʨʝʭʨʝʩʪʽ ʚʫʣ. ʉʪʨʠʡʩʴʢʘ ï ʅʘʫʢʦʚʘ 

125,8 5,43 10,22 15,16 20,65 24,08 4,8857 0,3757
p p

V t= +  0,9970 3.6 

153,3 4,72 9,00 12,73 16,64 19,49 3,9126 0,6486
p p

V t= +  0,9945 3.7 

161,2 3,73 7,93 11,11 14,56 17,79 3,5606 0,2852
p p

V t= +  0,9978 3.8 

ʥʘ ʫʩʽʭ 11 ʨʝʰʪʘ ʧʝʨʝʭʨʝʩʪʷʭ 

125,8 3,77 7,45 11,26 14,78 17,63 3,5711 0,2205
p p

V t= +  0,9980 3.9 

153,3 3,60 6,87 9,81 12,20 14,17 2,8454 0,6614
p p

V t= +  0,9886 3.10 

161,2 3,14 6,48 9,51 11,82 13,97 2,8263 0,4210
p p

V t= +  0,9924 3.11 

 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʥʠʞʝʥʥʷ ʥʘ 26,1 % 

ʨʦʟʛʽʥʥʠʭ (ʩʪʘʨʪʦʚʠʭ) ʰʚʠʜʢʦʩʪʝʡ ʧʨʦʾʟʜʫ ʘʚʪʦʙʫʩʽʚ ʯʝʨʝʟ ʧʝʨʝʭʨʝʩʪʷ ʟ ʨʽʟʥʠʤʠ 

ʢʫʤʫʣʷʪʠʚʥʠʤʠ ʧʨʦʙʽʛʘʤʠ (125,8 ʪʠʩ. ʢʤ ʪʘ 161,2 ʪʠʩ. ʢʤ) ʧʽʜʪʚʝʨʜʞʫʶʪʴ 

ʧʦʧʝʨʝʜʥʴʦ ʚʩʪʘʥʦʚʣʝʥʽ ʨʦʟʨʘʭʫʥʢʘʤʠ [106] ʟʥʠʞʝʥʥʷ ʥʘ 24,8 % ʪʷʛʦʚʠʭ ʩʠʣ ʥʘ 

ʚʝʜʫʯʠʭ ʢʦʣʝʩʘʭ ʊɿ ʟʽ ʟʥʦʰʝʥʠʤʠ ʜʝʪʘʣʷʤʠ ɼɺɿ. ʎʝ ʟʫʤʦʚʣʶʻ ʧʦʪʨʝʙʫ 
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ʚʨʘʭʫʚʘʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʊɿ ʟ ʨʽʟʥʠʤ ʪʝʭʥʽʯʥʠʤ ʩʪʘʥʦʤ ʫ ʨʦʟʨʘʭʫʥʢʘʭ 

ʧʦʪʦʢʽʚ ʥʘʩʠʯʝʥʥʷ ʪʘ ʪʨʠʚʘʣʦʩʪʽ ʩʚʽʪʣʦʬʦʨʥʠʭ ʮʠʢʣʽʚ [113], ʷʢʽ ʘʜʝʢʚʘʪʥʽʰʝ 

ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠʤʫʪʴ ʜʠʥʘʤʽʢʫ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʪʦʢʫ ʚ ʮʽʣʦʤʫ, ʽ, ʚ ʨʝʟʫʣʴʪʘʪʽ, 

ʜʘʩʪʴ ʟʤʦʛʫ ʟʥʠʟʠʪʠ ʚʝʣʠʯʠʥʠ ʯʝʨʛ ʪʘ ʪʨʠʚʘʣʦʩʪʽ ʟʘʪʨʠʤʦʢ ʧʝʨʝʜ ʧʝʨʝʭʨʝʩʪʷʤʠ. 

 

 

 

ʈʠʩʫʥʦʢ 3.6 ï ɿʘʧʠʩ ʧʨʠʩʢʦʨʝʥʥʷ ʽ ʰʚʠʜʢʦʩʪʽ ʘʚʪʦʙʫʩʘ LAZ-A183D1 ʥʘ ʧʨʠʣʘʜʽ 

SPRINT SG-2, ʷʢʠʡ ʧʨʦʾʞʜʞʘʻ ʧʝʨʝʭʨʝʩʪʷ ʚʫʣ. ʉʪʨʠʡʩʴʢʘ ï ʅʘʫʢʦʚʘ 


