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ɺ ʩʙʦʨʥʠʢʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʝʟʠʩʳ ʜʦʢʣʘʜʦʚ, ʚ ʢʦʪʦʨʳʭ ʠʟʣʦʞʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ, ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ ʚʦʧʨʦʩʘʤ 

ʢʦʩʤʠʯʝʩʢʦʡ ʠ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ, ʜʨʫʛʠʭ ʥʘʫʢʦʸʤʢʠʭ ʦʪʨʘʩʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʘ ʪʘʢʞʝ 

ʚ ʦʙʣʘʩʪʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʩʦʮʠʘʣʴʥʦ-ʛʫʤʘʥʠʪʘʨʥʳʭ ʥʘʫʢ. 

ʀʟʜʘʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʢʦʥʬʝʨʝʥʮʠʠ ʦʩʫʱʝʩʪʚʣʝʥʦ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʧʨʦʝʢʪ ˉ 17-38-10297 ʤʦʣ_ʛ) ʠ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ ʇʨʦʛʨʘʤʤʳ ʧʦʚʳʰʝʥʠʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʉʘʤʘʨʩʢʦʛʦ 

ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ. 

 

ʇʈʆɻʈɸʄʄʅʓʁ  ʂʆʄʀʊɽʊ 

ʇʨʝʜʩʝʜʘʪʝʣʴ - ʨʝʢʪʦʨ ʉʘʤʘʨʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʯʣʝʥ-ʢʦʨʨʝʩʧʦʥʜʝʥʪ ʈɸʅ  ʐʘʭʤʘʪʦʚ ɽ.ɺ.  

ʏʣʝʥʳ ʢʦʤʠʪʝʪʘ:   

ï ʚʠʮʝ-ʛʫʙʝʨʥʘʪʦʨ ï ʤʠʥʠʩʪʨ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ, ʠʥʚʝʩʪʠʮʠʡ ʠ ʪʦʨʛʦʚʣʠ 

ʉʘʤʘʨʩʢʦʡ ʦʙʣʘʩʪʠ 

 ʂʦʙʝʥʢʦ ɸ.ɺ. 

ï ʟʘʤʝʩʪʠʪʝʣʴ ʧʨʝʜʩʝʜʘʪʝʣʷ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʉʘʤʘʨʩʢʦʡ ʦʙʣʘʩʪʠ - ʤʠʥʠʩʪʨ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʪʝʭʥʦʣʦʛʠʡ ʉʘʤʘʨʩʢʦʡ ʦʙʣʘʩʪʠ 

 ɹʝʟʨʫʢʦʚ ʉ.ɸ. 

ï ʤʠʥʠʩʪʨ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʉʘʤʘʨʩʢʦʡ ʦʙʣʘʩʪʠ  ʇʳʣʸʚ ɺ.ɸ. 

ï ʛʝʥʝʨʘʣʴʥʳʡ ʜʠʨʝʢʪʦʨ ɸʆ çʈʂʎ çʇʨʦʛʨʝʩʩè  ʂʠʨʠʣʠʥ ɸ.ʅ. 

ï ʟʘʤʝʩʪʠʪʝʣʴ ʛʝʥʝʨʘʣʴʥʦʛʦ ʜʠʨʝʢʪʦʨʘ ɸʆ çʆɼʂè- ʫʧʨʘʚʣʷʶʱʠʡ ʜʠʨʝʢʪʦʨ 

ʇɸʆ çʂʫʟʥʝʮʦʚè 

 ʇʘʚʣʠʥʠʯ ʉ.ʇ. 

ï ʧʨʝʟʠʜʝʥʪ ʉʘʤʘʨʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʘʢʘʜʝʤʠʢ ʈɸʅ  ʉʦʡʬʝʨ ɺ.ɸ. 

ï ʧʨʝʜʩʝʜʘʪʝʣʴ ʉʘʤʘʨʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ, ʘʢʘʜʝʤʠʢ ʈɸʅ  ʐʦʨʠʥ ɺ.ʇ. 

ï ʛʝʥʝʨʘʣʴʥʳʡ ʜʠʨʝʢʪʦʨ ɺʩʝʨʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ 

ʘʚʠʘʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ɺʀɸʄ), ʘʢʘʜʝʤʠʢ ʈɸʅ 

 ʂʘʙʣʦʚ ɽ.ʅ. 

   

ʆʈɻɸʅʀɿɸʎʀʆʅʅʓʁ ʂʆʄʀʊɽʊ 
ʇʨʝʜʩʝʜʘʪʝʣʴ ï ʧʝʨʚʳʡ ʧʨʦʨʝʢʪʦʨ-ʧʨʦʨʝʢʪʦʨ ʧʦ ʥʘʫʢʝ ʠ ʠʥʥʦʚʘʮʠʷʤ, 

ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

 ʇʨʦʢʦʬʴʝʚ ɸ.ɹ. 

ɿʘʤ. ʧʨʝʜʩʝʜʘʪʝʣʷ ï ʥʘʯʘʣʴʥʠʢ ʫʧʨʘʚʣʝʥʠʷ ʧʦʜʛʦʪʦʚʢʠ ʥʘʫʯʥʳʭ ʢʘʜʨʦʚ, 

ʢʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʜʦʮʝʥʪ 

 ʐʣʝʝʥʢʦʚ ʄ.ɸ. 

ʏʣʝʥʳ ʦʨʛʢʦʤʠʪʝʪʘ:   

ï ʜʠʨʝʢʪʦʨ ʠʥʩʪʠʪʫʪʘ ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ  ʀʰʢʦʚ ʉ.ɸ. 

ï ʜʠʨʝʢʪʦʨ ʠʥʩʪʠʪʫʪʘ ʜʚʠʛʘʪʝʣʝʡ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ, 

 ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

 ɽʨʤʘʢʦʚ ɸ.ʀ. 

ï ʜʠʨʝʢʪʦʨ ʠʥʩʪʠʪʫʪʘ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ  ɽʣʝʥʝʚ ɺ.ɼ. 

ï ʜʠʨʝʢʪʦʨ ʝʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʦʛʦ ʠʥʩʪʠʪʫʪʘ, ʜ-ʨ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ  ɿʘʚʝʨʰʠʥʩʢʠʡ ʀ.ʇ. 

ï ʜʠʨʝʢʪʦʨ ʠʥʩʪʠʪʫʪʘ ʵʢʦʥʦʤʠʢʠ ʠ ʫʧʨʘʚʣʝʥʠʷ, ʜ-ʨ ɻʢʦʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ  ɹʦʛʘʪʳʨʸʚ ɺ.ɼ. 

ï ʜʠʨʝʢʪʦʨ ʠʥʩʪʠʪʫʪʘ ʠʥʬʦʨʤʘʪʠʢʠ, ʤʘʪʝʤʘʪʠʢʠ ʠ ʵʣʝʢʪʨʦʥʠʢʠ, 

 ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

 ʉʝʨʛʝʝʚ ɺ.ɺ. 

ï ʜʠʨʝʢʪʦʨ ʩʦʮʠʘʣʴʥʦ-ʛʫʤʘʥʠʪʘʨʥʦʛʦ ʠʥʩʪʠʪʫʪʘ, ʢʘʥʜ. ʬʠʣʦʩ. ʥʘʫʢ  ʂʫʟʥʝʮʦʚ ɺ.ɸ. 

ï ʜʝʢʘʥ ʶʨʠʜʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ, ʜ-ʨ ʶʨʠʜ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ  ɹʝʟʚʝʨʭʦʚ ɸ.ɻ. 

ï ʜʠʨʝʢʪʦʨ ʉʘʤʘʨʩʢʦʛʦ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʛʦ ʣʠʮʝʷ, 

ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

 ɸʨʭʠʧʦʚ ɺ.ɺ. 

ï ʥʘʯʘʣʴʥʠʢ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʯʘʩʪʠ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ  ɻʘʨʝʝʚ ɸ.ʄ. 

ï ʧʨʝʜʩʝʜʘʪʝʣʴ ʩʦʚʝʪʘ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ  ɻʦʨʙʫʥʦʚʘ ʀ.ɺ. 

ï ʧʦʤʦʱʥʠʢ ʧʨʦʨʝʢʪʦʨʘ, ʩʝʢʨʝʪʘʨʴ ʦʨʛʢʦʤʠʪʝʪʘ  ɺʝʨʭʦʚʩʢʘʷ ʊ.ɺ. 

http://ru.wikipedia.org/wiki/%D0%92%D1%81%D0%B5%D1%80%D0%BE%D1%81%D1%81%D0%B8%D0%B9%D1%81%D0%BA%D0%B8%D0%B9_%D0%B8%D0%BD%D1%81%D1%82%D0%B8%D1%82%D1%83%D1%82_%D0%B0%D0%B2%D0%B8%D0%B0%D1%86%D0%B8%D0%BE%D0%BD%D0%BD%D1%8B%D1%85_%D0%BC%D0%B0%D1%82%D0%B5%D1%80%D0%B8%D0%B0%D0%BB%D0%BE%D0%B2
http://ru.wikipedia.org/wiki/%D0%92%D1%81%D0%B5%D1%80%D0%BE%D1%81%D1%81%D0%B8%D0%B9%D1%81%D0%BA%D0%B8%D0%B9_%D0%B8%D0%BD%D1%81%D1%82%D0%B8%D1%82%D1%83%D1%82_%D0%B0%D0%B2%D0%B8%D0%B0%D1%86%D0%B8%D0%BE%D0%BD%D0%BD%D1%8B%D1%85_%D0%BC%D0%B0%D1%82%D0%B5%D1%80%D0%B8%D0%B0%D0%BB%D0%BE%D0%B2
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ʋɼʂ 535.31 

ʈɸɿʈɸɹʆʊʂɸ ʄɽʊʆɼɸ ʈɸʉʏɪʊɸ ʇʈɽʃʆʄʃʗʖʑʀʍ 

ʕʂʉʊʈʋɼʀʈʆɺɸʅʅʓʍ ʕʃɽʄɽʅʊʆɺ ʉɺɽʊʆɼʀʆɼʆɺ 

ɸʥʜʨʝʝʚʘ ʂ. ɺ., ɸʥʜʨʝʝʚ ɽ. ʉ., ʄʦʠʩʝʝʚ ʄ. ɸ., ɼʦʩʢʦʣʦʚʠʯ ʃ. ʃ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ʇʨʦʙʣʝʤʘ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ, ʧʦʣʫʯʠʚʰʘʷ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ, 

ʧʨʠʚʝʣʘ ʢ ʨʦʩʪʫ ʧʦʧʫʣʷʨʥʦʩʪʠ ʩʚʝʪʦʜʠʦʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ. ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʩʚʝʪʦʜʠʦʜʦʚ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʩʚʝʪʦʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚʘʭ ʠʩʧʦʣʴʟʫʶʪ 

ʚʪʦʨʠʯʥʫʶ ʦʧʪʠʢʫ ð ʧʨʝʣʦʤʣʷʶʱʠʝ ʠʣʠ ʦʪʨʘʞʘʶʱʠʝ ʦʧʪʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ, 

ʧʝʨʝʥʘʧʨʘʚʣʷʶʱʠʝ ʠʟʣʫʯʝʥʠʷ ʩʚʝʪʦʜʠʦʜʘ ʚ ʟʘʜʘʥʥʫʶ ʦʙʣʘʩʪʴ [1].  

ʆʜʥʠʤʠ ʠʟ ʦʩʥʦʚʥʳʭ ʩʬʝʨ ʩʚʝʪʦʪʝʭʥʠʢʠ, ʚ ʢʦʪʦʨʳʭ ʧʨʠʤʝʥʷʝʪʩʷ ʩʚʝʪʦʜʠʦʜʥʘʷ 

ʦʧʪʠʢʘ, ʷʚʣʷʝʪʩʷ ʧʨʦʤʳʰʣʝʥʥʦʝ, ʩʢʣʘʜʩʢʦʝ ʠ ʤʘʛʘʟʠʥʥʦʝ ʦʩʚʝʱʝʥʠʝ. ɺ ʧʦʩʣʝʜʥʝʝ 

ʚʨʝʤʷ ʚ ʵʪʠʭ ʦʙʣʘʩʪʷʭ ʩʚʝʪʦʪʝʭʥʠʢʠ ʙʦʣʴʰʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʦʧʪʠʯʝʩʢʠʝ 

ʵʣʝʤʝʥʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʫʪʝʤ ʵʢʩʪʨʫʟʠʠ. ʕʢʩʪʨʫʟʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʪʝʭʥʦʣʦʛʠʶ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʟʜʝʣʠʡ ʧʫʪʸʤ ʧʨʦʜʘʚʣʠʚʘʥʠʷ ʚʳʩʦʢʦʚʷʟʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʯʝʨʝʟ 

ʬʦʨʤʫʶʱʠʡ ʠʥʩʪʨʫʤʝʥʪ, ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʠʟʜʝʣʠʷ ʩ ʧʦʧʝʨʝʯʥʳʤ ʩʝʯʝʥʠʝʤ ʥʫʞʥʦʡ 

ʬʦʨʤʳ [2]. ʅʝ ʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʵʢʩʪʨʫʜʠʨʦʚʘʥʥʳʭ ʦʧʪʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʥʘ ʨʳʥʢʝ ʦʩʚʝʪʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʚ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʠ ʠʟʚʝʩʪʥʳʭ ʘʚʪʦʨʘʤ 

ʨʘʙʦʪʘʭ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʙʳʣʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʠ ʦʜʥʦʛʦ ʤʝʪʦʜʘ ʨʘʩʯʸʪʘ ʪʘʢʠʭ ʦʧʪʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚʧʝʨʚʳʝ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʡ 

ʤʝʪʦʜ ʨʘʩʯʝʪʘ ʵʢʩʪʨʫʜʠʨʦʚʘʥʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʩ ʜʚʫʤʷ ʧʨʝʣʦʤʣʷʶʱʠʤʠ 

ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʫʯʠʪʳʚʘʶʱʠʡ ʧʨʦʪʷʞʝʥʥʳʡ ʭʘʨʘʢʪʝʨ ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ. ʄʝʪʦʜ ʩʦʩʪʦʠʪ 

ʠʟ ʜʚʫʭ ʯʘʩʪʝʡ ʨʘʩʯʸʪ ʥʘʯʘʣʴʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʪʦʯʝʯʥʦʛʦ 

ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ, ʠ ʜʘʣʴʥʝʡʰʝʡ ʦʧʪʠʤʠʟʘʮʠʠ, ʫʯʠʪʳʚʘʶʱʝʡ ʧʨʦʪʷʞʝʥʥʳʡ ʭʘʨʘʢʪʝʨ 

ʠʩʪʦʯʥʠʢʘ. ɿʘʜʘʯʫ ʨʘʩʯʝʪʘ ʵʢʩʪʨʫʜʠʨʦʚʘʥʥʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʧʨʠʙʣʠʞʝʥʠʠ 

ʪʦʯʝʯʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ ʙʳʣʘ ʩʚʝʜʝʥʘ ʢ ʯʠʩʣʝʥʥʦʤʫ ʨʝʰʝʥʠʶ ʪʨʝʭ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʧʝʨʚʦʛʦ ʨʦʜʘ [3]. ɺ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʠ ʥʝʚʷʟʢʠ ʧʨʠ 

ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʤ ʨʘʩʯʸʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʝ 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ (ʆʉʂʆ) ʬʦʨʤʠʨʫʝʤʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ ʧʦʧʝʨʝʯʥʦʡ ʧʣʦʩʢʦʩʪʠ ʦʪ ʪʨʝʙʫʝʤʦʛʦ. 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ d chtlt 

Matlab. ʉ ʧʦʤʦʱʴʶ ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ ʤʝʪʦʜʘ ʙʳʣ ʨʘʩʩʯʠʪʘʥ ʵʢʩʪʨʫʜʠʨʦʚʘʥʥʳʡ 

ʦʧʪʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪ, ʬʦʨʤʠʨʫʶʱʠʡ ʨʘʚʥʦʤʝʨʥʳʡ ʧʨʦʬʠʣʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩ ʫʛʣʦʚʳʤ 

ʨʘʟʤʝʨʦʤ 120Á ʧʨʠ ʧʨʦʪʷʞʝʥʥʦʤ ʠʩʪʦʯʥʠʢʝ ʠʟʣʫʯʝʥʠʷ ʩ ʨʘʟʤʝʨʦʤ 3Ĭ3 ʤʤ, ʠʟʣʫʯʘʶʱʠʤ 

ʩʚʝʪ ʧʦ ʟʘʢʦʥʫ ʣʘʤʙʝʨʪʘ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʠʚʝʜʝʥʳ ʧʨʦʬʠʣʴ ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ 

ʵʣʝʤʝʥʪʘ ʠ ʬʦʨʤʠʨʫʝʤʘʷ ʠʤ ʜʠʘʛʨʘʤʤʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ. ʉʚʝʪʦʚʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʦʧʪʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ ʩʦʩʪʘʚʣʷʝʪ ð 90,8 %, ʘ ʆʉʂʆ ʬʦʨʤʠʨʫʝʤʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʪ 

ʨʘʚʥʦʤʝʨʥʦʛʦ ʥʝ ʧʨʝʚʳʰʘʝʪ 2,1 %. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʚʳʩʦʢʫʶ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ. 
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ʘ)   

ʙ)  

ʈʠʩ. 1. ʘ) ʇʨʦʬʠʣʴ ʵʢʩʪʨʫʜʠʨʦʚʘʥʥʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ; 

ʙ) ʜʠʘʛʨʘʤʤʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ, ʬʦʨʤʠʨʫʝʤʘʷ ʨʘʩʩʯʠʪʘʥʥʳʤ ʦʧʪʠʯʝʩʢʠʤ ʵʣʝʤʝʥʪʦʤ  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʟʘ ʩʯʸʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʝʢʪ ˉ 17-47-630164 ʨ_ʘ. 
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Įɸʢʪʶʙʠʥʩʢʠʡ ʨʝʛʠʦʥʘʣʴʥʳʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʂ. ɾʫʙʘʥʦʚʘ 

In the context of globalization, the development of information technologies leads to 

the formation of new ways of using the Internet. At the present stage of the development of 

society, when the goal of education is to create the conditions for maximum development of 

the personal potential of each trainee, social services Web 2.0, the main features of which are 

interactivity and socialization, can contribute to the optimization of the teaching process. The 

advantage of Web 2.0 is the ability to attract all students to participate in the educational 

process, not only as consumers of educational content but also as its active creators. Web 2.0. 

Technologies contribute to the fact that the center of the pedagogical process is a student who 

becomes more autonomous in terms of managing the learning process and more active in 

creating educational information and interacting with other participants in the learning 

process. 

LearningApps.org is a Web 2.0 application to support learning and the teaching 

process through interactive modules. Existing modules can be directly included in the content 

of training, and they can be modified or created online. The goal is also a collection of 

interactive blocks and the ability to make them public. Such blocks (the so-called applications 

or exercises) have their value, namely, interactivity. 

 
Fig. 1. Working environment Learningapps.org 

The Learningapps.org service is designed to support the learning process through 

interactive applications. Learningapps.org allows you to create and use online tasks of various 

types online: quizzes, inserting omissions into text, crossword puzzles and games with letters 

for composing words, puzzles, pick up a pair and much more. 

The service is interesting not only use different templates, various types of intelligent 

interactive tasks, but the fact that you can create an account for their students. [1] 

LearningApps.org presents a variety of ways to use interactive applications in the 

organization of educational and cognitive activities. Practical acquaintance with resources 

LearningApps.org greatly expands students' ideas about the possibilities of using ICT in the 

learning process, and the need for independent development of educational applications 

actualizes their psychological, pedagogical and subject knowledge, providing a connection 

between theory and practice. In addition, the use of the web service LearningApps.org in the 

process of studying the pedagogical disciplines forms a bank of training applications that can 

be used by students during the passage of pedagogical practice. [3] 
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Web 2.0 opens up wide opportunities for educational practice: the use of free 

electronic resources that can be used for educational purposes; Independent creation of 

network content; Interpersonal interactions of subjects of the educational process. 

The templates are grouped according to a functional feature: 

Å Choice - exercises to choose the right answers; 

Å Distribution - tasks for establishing compliance; 

Å Sequence - to determine the correct sequence; 

Å Filling - exercises in which you must insert the correct answers in the right places; 

Å Online games - exercise-competitions, in which the student competes with a 

computer or other students. 

After creating the task, you can immediately publish it or save it for personal use. [1] 

In this article, we want to show some examples of programs created in Apps.org 

through the use of an interactive whiteboard and used interactive applications from this site. 

The purpose of the created programs served to attract the attention of students and motivating 

them to compete were created interactive games like "Horse Racing" and "Crossword" based 

on online tasks. [2] 

 
 

Fig. 2. Horse Racing                                            Fig. 3. Crossword 

 

The advantages of the Learningapps.org program are various improvements in the 

efficiency and performance of students in the subject, which leads to enthusiasm and 

involvement in the learning process. This contributes to the progressive development, thereby 

increasing the interest in the subject. 

In conclusion, we note that the effective use of elements of new technology in the 

classroom for the development of cognitive activity of students leads to their activity and 

creativity in the learning process. This develops interest in the subject and increases the 

potential for self-confidence. In other words, the introduction of new technologies into the 

educational environment contributes to an increase in the quality of education, by improving 

the performance of each student. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʀʉʇʆʃʔɿʆɺɸʅʀʗ ʈɽʁʊʀʅɻʆɺʆɻʆ 

ɸʃɻʆʈʀʊʄɸ ɼʃʗ ʅɽʏɪʊʂʀʍ ʅɽʁʈʆʅʅʓʍ ʉɽʊɽʁ ʉ ʅɽʉʂʆʃʔʂʀʄʀ 

ɺʓʍʆɼɸʄʀ 

ɹʘʨʘʥʦʚʘ ʆ. ʉ., ʉʦʣʜʘʪʦʚʘ ʆ. ʇ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ 

ɿʘʜʘʯʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʘʜʘʯʫ ʦʪʥʝʩʝʥʠʷ ʦʙʨʘʟʮʘ ʢ ʦʜʥʦʤʫ ʠʟ 

ʥʝʩʢʦʣʴʢʠʭ ʤʥʦʞʝʩʪʚ. ʀʟ-ʟʘ ʦʛʨʦʤʥʦʛʦ ʦʙʲʝʤʘ ʜʘʥʥʳʭ ʯʘʩʪʦ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. ʆʜʥʠʤ ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ. ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʦʜʝʣʠ ʥʝʯʝʪʢʠʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʩ ʦʜʥʠʤ ʠʣʠ ʥʝʩʢʦʣʴʢʠʤʠ ʚʳʭʦʜʘʤʠ.  

ɺ ʧʨʝʜʣʘʛʘʝʤʦʡ ʨʘʙʦʪʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʫʯʝʥʠʷ ʠ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʜʣʷ ʥʝʯʝʪʢʠʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ɺʘʥʛʘ-ʄʝʥʜʝʣʷ ʠ TSK ʩ ʦʜʥʠʤ ʚʳʭʦʜʦʤ, 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʡʪʠʥʛʦʚʦʛʦ ʘʣʛʦʨʠʪʤʘ ʛʝʥʝʨʘʮʠʠ ʙʘʟ ʥʝʯʸʪʢʠʭ 

ʧʨʘʚʠʣ. ʆʙʫʯʝʥʠʝ ʥʝʯʸʪʢʠʭ ʩʝʪʝʡ ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ ʧʦʤʦʱʠ ʘʣʛʦʨʠʪʤʘ ʥʘʠʩʢʦʨʝʡʰʝʛʦ 

ʩʧʫʩʢʘ [1]. ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʧʦʣʘʛʘʶʪ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʡʪʠʥʛʦʚʦʛʦ ʘʣʛʦʨʠʪʤʘ ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʩ 

ʥʝʩʢʦʣʴʢʠʤʠ ʚʳʭʦʜʘʤʠ. 

ʄʦʜʠʬʠʢʘʮʠʷ ʩʝʪʝʡ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʩʣʝʜʫʶʱʠʝ ʠʟʤʝʥʝʥʠʷ:  

1. ɺʚʦʜʠʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ (ʪʨʝʪʠʡ) ʩʣʦʡ ʥʝʡʨʦʥʦʚ. ʆʥ ʨʝʘʣʠʟʫʝʪ 

ʦʧʝʨʘʮʠʶ ʠʤʧʣʠʢʘʮʠʠ ʚ ʬʦʨʤʝ ʧʨʦʠʟʚʝʜʝʥʠʷ. ʕʪʦ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ ʩʣʦʡ, 

ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ ʧʦʜʙʠʨʘʶʪʩʷ ʧʘʨʘʤʝʪʨʳ vis- ʚʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ. 

2. ʏʝʪʚʸʨʪʳʡ  ʩʣʦʡ  ʦʩʫʱʝʩʪʚʣʷʝʪ  ʘʛʨʝʛʠʨʦʚʘʥʠʝ M ʧʨʘʚʠʣ ʚʳʚʦʜʘ (ʧʝʨʚʳʡ  
ʠ  ʚʪʦʨʦʡ  ʥʝʡʨʦʥ)  ʠ  ʛʝʥʝʨʘʮʠʶ  ʥʦʨʤʘʣʠʟʫʶʱʝʛʦ  ʩʠʛʥʘʣʘ (ʪʨʝʪʠʡ 

ʥʝʡʨʦʥ). ʏʠʩʣʦ ʘʛʨʝʛʠʨʫʶʱʠʭ ʥʝʡʨʦʥʦʚ ʚ ʜʘʥʥʦʤ ʩʣʦʝ ʨʘʚʥʦ ʯʠʩʣʫ 

ʚʳʭʦʜʦʚ ʩʝʪʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʪʘʥʜʘʨʪʥʦʡ ʤʦʜʝʣʠ, ʵʪʦ ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ 

ʩʣʦʡ. 

3. ʇʷʪʳʡ (ʚʳʭʦʜʥʦʡ) ʩʣʦʡ ʩʦʩʪʦʠʪ ʠʟ ʩʪʦʣʴʢʠʭ ʞʝ ʥʝʡʨʦʥʦʚ, ʩʢʦʣʴʢʦ 
ʢʣʘʩʩʦʚ ʩʦʜʝʨʞʠʪʩʷ ʚ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʥʘʯʝʥʠʷ, 

ʚʳʚʦʜʠʤʳʝ ʢʘʞʜʳʤ ʠʟ ʵʪʠʭ ʥʝʡʨʦʥʦʚ, ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ 

ʪʦʤʫ ʠʣʠ ʠʥʦʤʫ ʢʣʘʩʩʫ [2]. 

ʉʭʝʤʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʩʝʪʠ ɺʘʥʛʘ-ʄʝʥʜʝʣʷ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

ʀʩʭʦʜʷ ʠʟ ʧʨʠʚʝʜʝʥʥʦʛʦ ʦʧʠʩʘʥʠʷ, ʟʥʘʯʝʥʠʝ, ʧʦʣʫʯʘʝʤʦʝ ʥʘ ʚʳʭʦʜʝ ʪʘʢʦʡ ʩʝʪʠ ʚ 

ʩʣʫʯʘʝ ʩʝʪʠ ɺʘʥʛʘ-ʄʝʥʜʝʣʷ, ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʦ ʚ ʚʠʜʝ ʩʣʝʜʫʶʱʝʛʦ ʚʳʨʘʞʝʥʠʷ: 
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ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʘ ʩʝʪʠ ɺʘʥʛʘ-ʄʝʥʜʝʣʷ ʩ ʚʳʭʦʜʘʤʠ 

 

ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʩʨʘʚʥʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʫʯʝʥʠʷ ʠ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʥʝʯʝʪʢʠʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ɺʘʥʛʘ-ʄʝʥʜʝʣʷ ʠ TSK ʚ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʤ 

ʠ ʠʩʭʦʜʥʦʤ ʚʠʜʝ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ ʠʩʩʣʝʜʦʚʘʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʉʂʆ ʠ ʧʦʛʨʝʰʥʦʩʪʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʜʣʷ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʠ ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʩʝʪʠ ʦʪ ʨʘʟʤʝʨʥʦʩʪʠ 

ʚʝʢʪʦʨʘ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ ʠ ʢʦʣʠʯʝʩʪʚʘ ʢʣʘʩʩʦʚ.  

ʊʝʩʪʳ ʙʫʜʫʪ ʧʨʦʚʦʜʠʪʴʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʙʦʨʦʚ ʤʦʜʝʣʴʥʳʭ ʜʘʥʥʳʭ, 

ʦʧʠʩʳʚʘʶʱʠʭ ʚʠʜʳ ʠʨʠʩʦʚ ʠ ʚʠʥ, ʚʟʷʪʳʭ ʠʟ ʙʘʟʳ UCI MachineLearningRepository.  

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ʉʦʣʜʘʪʦʚʘ, ʆ. ʇ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʡʪʠʥʛʦʚʦʛʦ ʘʣʛʦʨʠʪʤʘ ʛʝʥʝʨʘʮʠʠ 

ʙʘʟʳ ʧʨʘʚʠʣ ʜʣʷ ʥʝʯʝʪʢʠʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ[ʊʝʢʩʪ] / ʆ. ʇ. ʉʦʣʜʘʪʦʚʘ, ʆ. ʉ. ɹʘʨʘʥʦʚʘ // 

ʇʝʨʩʧʝʢʪʠʚʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ (ʇʀʊ 2017): ʪʨʫʜʳ ʄʝʞʜʫʥʘʨʦʜʥʦʡ 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ / ʧʦʜ ʨʝʜ. ʉ.ɸ. ʇʨʦʭʦʨʦʚʘ. ï ʉʘʤʘʨʘ: ʀʟʜʘʪʝʣʴʩʪʚʦ 

ʉʘʤʘʨʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ ʈɸʅ, 2017. ï ʉ. 394-397 

2. http://virtual6.ssau.ru/Moodle/file.php/701/Neironnye_produkcionnye_nechjotkie_seti.pdf 
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ʋɼʂ 004.896, 004.942 

ʂʆʃʆʈʀɿɸʎʀʗ ʀɿʆɹʈɸɾɽʅʀʁ ʉ ʇʈʀʄɽʅɽʅʀɽʄ ʅɽʁʈʆʅʅʆʁ ʉɽʊʀ 

ʂʆʍʆʅɽʅɸ 

ɹʝʨʙʘʩʦʚ ʆ. ɼ., ʃʸʟʠʥʘ ʀ. ɺ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʠʩʭʦʜʠʪ ʥʝʧʨʝʨʳʚʥʦʝ ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʩʰʠʨʝʥʠʶ ʦʙʣʘʩʪʝʡ ʠʭ 

ʧʨʠʤʝʥʝʥʠʷ ʠ ʧʦʩʪʝʧʝʥʥʦʤʫ ʟʘʤʝʱʝʥʠʶ ʧʦʜʭʦʜʘʤʠ ʩ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʳʯʥʳʭ 

ʘʣʛʦʨʠʪʤʦʚ ʠ ʪʨʫʜʦʝʤʢʠʭ ʨʫʯʥʳʭ ʤʝʪʦʜʦʚ ʚ ʟʘʜʘʯʘʭ, ʛʜʝ ʨʝʰʝʥʠʝ ʩ ʧʦʤʦʱʴʶ 

ʢʣʘʩʩʠʯʝʩʢʠʭ ʤʝʪʦʜʠʢ ʩʚʷʟʘʥʦ ʩ ʙʦʣʴʰʠʤʠ ʚʨʝʤʝʥʥʳʤʠ ʠ ʬʠʥʘʥʩʦʚʳʤʠ ʟʘʪʨʘʪʘʤʠ, 

ʨʝʩʫʨʩʦʝʤʢʦʩʪʴʶ ʠ ʩʣʦʞʥʦʩʪʴʶ. 

ʆʜʥʦʡ ʠʟ ʪʘʢʠʭ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠʟʦʙʨʘʞʝʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ 

ʛʨʘʜʘʮʠʷʭ ʩʝʨʦʛʦ, ʚ ʮʚʝʪʥʳʝ, ʢʦʪʦʨʘʷ ʯʘʱʝ ʚʩʝʛʦ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʢʦʣʦʨʠʟʘʮʠʠ ʩʪʘʨʳʭ 

ʬʦʪʦʛʨʘʬʠʡ ʠ ʬʠʣʴʤʦʚ. ɿʘʜʘʯʫ ʢʦʣʦʨʠʟʘʮʠʠ ʤʦʞʥʦ ʨʝʰʘʪʴ ʧʦʜʭʦʜʘʤʠ, 

ʠʩʧʦʣʴʟʫʶʱʠʤʠʩʷ ʧʨʠ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʜʘʥʥʳʭ, ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 

ʂʦʭʦʥʝʥʘ.  

ʅʝʡʨʦʥʥʳʝ ʩʝʪʠ ʂʦʭʦʥʝʥʘ ʪʠʧʠʯʥʳʡ ʧʨʠʤʝʨ ʥʝʡʨʦʩʝʪʝʚʦʡ ʘʨʭʠʪʝʢʪʫʨʳ, 

ʦʙʫʯʘʶʱʝʡʩʷ ʙʝʟ ʫʯʠʪʝʣʷ. ʆʥʘ ʩʦʩʪʦʠʪ ʚʩʝʛʦ ʠʟ 2 ʩʣʦʸʚ: ʚʭʦʜʥʦʛʦ ʩʣʦʷ ʠ ʩʣʦʷ 

ʂʦʭʦʥʝʥʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ n ʘʜʘʧʪʠʚʥʳʭ ʣʠʥʝʡʥʳʭ ʩʫʤʤʘʪʦʨʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ 

ʠʤʝʝʪ m ʚʭʦʜʦʚ ʠ ʧʦʣʫʯʘʝʪ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʚʝʢʪʦʨ ʚʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ ὼ ὼȟȣὼ . ʅʘ 

ʚʳʭʦʜʝ j-ʛʦ ʥʝʡʨʦʥʘ ʧʦʣʫʯʘʝʤ ʩʠʛʥʘʣ ώ ‫ В ‫ ὼ (ʨʠʩʫʥʦʢ 1). 

¶ ‫  - ʚʝʩʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ i -ʛʦ ʚʭʦʜʘ j-ʛʦ ʥʝʡʨʦʥʘ; 

¶ i - ʥʦʤʝʨ ʚʭʦʜʘ; 

¶ j - ʥʦʤʝʨ ʥʝʡʨʦʥʘ; 

¶ ‫  - ʧʦʨʦʛʦʚʳʡ ʢʦʵʬʬʠʮʠʝʥʪ. 

ɺ ʢʣʘʩʩʠʯʝʩʢʦʤ ʘʣʛʦʨʠʪʤʝ ʂʦʭʦʥʝʥʘ ʩʝʪʴ ʠʥʠʮʠʘʣʠʟʠʨʫʝʪʩʷ ʧʫʪʝʤ 

ʧʨʠʧʠʩʳʚʘʥʠʷ ʥʝʡʨʦʥʘʤ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʦʟʠʮʠʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʩʚʷʟʳʚʘʥʠʷ ʠʭ ʩ 

ʩʦʩʝʜʷʤʠ ʥʘ ʧʦʩʪʦʷʥʥʦʡ ʦʩʥʦʚʝ. ʇʨʠ ʧʦʜʘʯʝ ʥʘ ʚʭʦʜʳ ʩʝʪʠ ʦʙʫʯʘʶʱʝʛʦ ʧʨʠʤʝʨʘ 

ʪʝʢʫʱʝʡ ʵʧʦʭʠ ʦʙʫʯʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʯʝʪ ʝʚʢʣʠʜʦʚʳʭ ʨʘʩʩʪʦʷʥʠʡ ʦʪ ʚʭʦʜʥʦʛʦ 

ʚʝʢʪʦʨʘ ʜʦ ʮʝʥʪʨʦʚ ʚʩʝʭ ʢʣʘʩʪʝʨʦʚ ʧʦ ʬʦʨʤʫʣʝ: 

ὶ  ὼ  ύ   

ɿʘʪʝʤ ʧʦ ʥʘʠʤʝʥʴʰʝʤʫ ʠʟ ʟʥʘʯʝʥʠʡ Ὑ ʚʳʙʠʨʘʝʪʩʷ ʥʝʡʨʦʥ-ʧʦʙʝʜʠʪʝʣʴ, ʚʝʢʪʦʨ 

ʚʝʩʦʚ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʙʣʠʞʘʡʰʠʤ ʢ ʚʝʢʪʦʨʫ ʚʭʦʜʥʳʭ ʟʥʘʯʝʥʠʡ. ɼʣʷ ʧʦʙʝʜʠʚʰʝʛʦ 

ʥʝʡʨʦʥʘ ʚʳʧʦʣʥʷʝʪʩʷ ʢʦʨʨʝʢʮʠʷ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩ ʫʯʝʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʩʢʦʨʦʩʪʠ ʦʙʫʯʝʥʠʷ ὺ: 

ύ  ύ ὺὼ ύ   

ɺ ʤʦʤʝʥʪ ʚʳʙʦʨʘ ʧʦʙʝʜʠʪʝʣʷ ʫʪʦʯʥʷʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʝʛʦ ʚʝʩʘ, ʥʦ ʠ ʚʝʩʘ ʝʛʦ 

ʩʦʩʝʜʝʡ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʙʣʠʞʘʡʰʝʡ ʦʢʨʝʩʪʥʦʩʪʠ [1]. 

ʎʠʢʣ ʦʙʫʯʝʥʠʷ ʧʦʚʪʦʨʷʝʪʩʷ ʜʦ ʚʳʧʦʣʥʝʥʠʷ ʦʜʥʦʛʦ ʠʟ ʫʩʣʦʚʠʡ: 

¶ ʀʩʯʝʨʧʘʥʦ ʟʘʜʘʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʧʦʭ ʦʙʫʯʝʥʠʷ. 
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¶ ʅʝ ʧʨʦʠʩʭʦʜʠʣʦ ʠʟʤʝʥʝʥʠʷ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʥʘ 

ʚʝʣʠʯʠʥʫ ʨʘʚʥʫʶ ʠʣʠ ʙʦʣʴʰʫʶ ʟʘʜʘʥʥʦʡ. 

¶ ʇʨʝʚʳʰʝʥʦ ʟʘʜʘʥʥʦʝ ʧʨʝʜʝʣʴʥʦʝ ʚʨʝʤʷ ʦʙʫʯʝʥʠʷ. 

 
ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʘ ʩʝʪʠ ʂʦʭʦʥʝʥʘ 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ - ʨʝʘʣʠʟʦʚʘʪʴ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʫʶ ʩʠʩʪʝʤʫ ʜʣʷ 

ʢʦʣʦʨʠʟʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʛʨʘʜʘʮʠʷʭ ʩʝʨʦʛʦ, ʩ ʧʦʤʦʱʴʶ ʥʝʡʨʦʥʥʦʡ 

ʩʝʪʠ ʂʦʭʦʥʝʥʘ. ɺ ʩʠʩʪʝʤʝ ʨʝʘʣʠʟʦʚʘʥʦ ʨʘʟʜʝʣʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʩʝʛʤʝʥʪʳ, ʩ ʮʝʣʴʶ 

ʫʧʨʦʱʝʥʠʷ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ ʠ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʦʙʨʘʙʦʪʢʠ, ʠ ʧʝʨʝʚʦʜ 

ʧʦʣʥʦʮʚʝʪʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʚ ʧʦʣʫʪʦʥʦʚʳʝ (ʨʠʩʫʥʦʢ 2). 

 
ʈʠʩ. 2. ɻʣʘʚʥʦʝ ʦʢʥʦ ʩʠʩʪʝʤʳ ʢʦʣʦʨʠʟʘʮʠʠ 

ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʠ ʪʠʧ ʩʦʩʝʜʩʪʚʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʥʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ 

ʩʠʩʪʝʤʳ. 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ʆʩʦʚʩʢʠʡ, ʉ. ʅʝʡʨʦʥʥʳʝ ʩʝʪʠ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ [ʊʝʢʩʪ] / ʇʝʨ. ʩ ʧʦʣʴʩʢʦʛʦ 

ʀ.ɼ. ʈʫʜʠʥʩʢʦʛʦ. ï ʄ.: ʌʠʥʘʥʩʳ ʠ ʩʪʘʪʠʩʪʠʢʘ, 2002. ï 233 ʩ.: ʠʣ. 
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ʋɼʂ 009.4 

ʈɸɿʈɸɹʆʊʂɸ ʇʃɸɻʀʅɸ çITSGIS. ɼʀʉʃʆʂɸʎʀʗ 

ɼʆʉʊʆʇʈʀʄɽʏɸʊɽʃʔʅʆʉʊɽʁè 

ɹʠʢʝʣʜʠʢʳʟʳ ɸ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ 

ɻʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ (ɻʀʉ) ʜʘʚʥʦ ʫʞʝ ʩʪʘʣʠ ʩʧʦʩʦʙʦʤ, ʧʦʟʚʦʣʷʶʱʠʤ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʠʩʢʘʪʴ, ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠ ʨʝʜʘʢʪʠʨʦʚʘʪʴ ʢʘʢ ʮʠʬʨʦʚʫʶ ʢʘʨʪʫ ʤʝʩʪʥʦʩʪʠ, 

ʪʘʢ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʦʙʲʝʢʪʘʭ. ʉʨʝʜʠ ɻʀʉ ʰʠʨʦʢʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ 

ʦʙʨʝʪʘʶʪ ʪʘʢʠʝ, ʚ ʢʦʪʦʨʳʭ ʠʤʝʶʪʩʷ ʢʘʨʪʳ ʩ ʜʦʩʪʦʧʨʠʤʝʯʘʪʝʣʴʥʦʩʪʷʤʠ, ʢʦʪʦʨʳʝ 

ʠʥʪʝʨʝʩʥʳ ʥʝ ʪʦʣʴʢʦ ʪʫʨʠʩʪʘʤ, ʥʦ ʠ ʞʠʪʝʣʷʤ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ. 

ʉʘʤʘʨʘ ï ʵʪʦ ʛʦʨʦʜ ʩ ʙʦʛʘʪʦʡ ʠʩʪʦʨʠʝʡ ʠ ʢʣʘʩʩʠʯʝʩʢʦʡ ʨʫʩʩʢʦʡ ʘʨʭʠʪʝʢʪʫʨʦʡ, 

ʛʜʝ ʥʘ ʬʦʥʝ ʟʝʣʝʥʳʭ ʭʦʣʤʦʚ ʠ ʚʝʣʠʯʝʩʪʚʝʥʥʦʡ ʨʝʢʠ ɺʦʣʛʠ ʩʦʯʝʪʘʶʪʩʷ ʟʦʣʦʪʳʝ ʢʫʧʦʣʘ 

ʭʨʘʤʦʚ ʠ ʩʚʝʨʢʘʶʱʠʝ ʬʘʩʘʜʳ ʩʦʚʨʝʤʝʥʥʳʭ ʟʜʘʥʠʡ. ɺ ʛʦʨʦʜʝ ʩ 400-ʣʝʪʥʝʡ ʠʩʪʦʨʠʝʡ 

ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʘʤʷʪʥʠʢʦʚ, ʟʜʘʥʠʡ XVIII-XIX ʚʝʢʦʚ, ʘ ʪʘʢʞʝ 

ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʟʥʘʯʠʪʝʣʴʥʳʭ ʩʦʙʳʪʠʡ XX ʚʝʢʘ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩʨʝʜʠ 

ʜʦʩʪʦʧʨʠʤʝʯʘʪʝʣʴʥʦʩʪʝʡ ʉʘʤʘʨʳ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʭʨʘʤʳ ʠ ʩʦʙʦʨʳ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʥʝ 

ʪʦʣʴʢʦ ʚʘʞʥʳʤʠ ʨʝʣʠʛʠʦʟʥʳʤʠ ʧʘʤʷʪʥʠʢʘʤʠ, ʥʦ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʙʨʘʟʮʳ 

ʣʫʯʰʝʡ ʨʦʩʩʠʡʩʢʦʡ ʘʨʭʠʪʝʢʪʫʨʳ XIX ʚʝʢʘ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʝʨʝʜ ʘʚʪʦʨʦʤ ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ï ʨʘʟʨʘʙʦʪʘʪʴ ʧʣʘʛʠʥ 

çɼʠʩʣʦʢʘʮʠʷ ʜʦʩʪʦʧʨʠʤʝʯʘʪʝʣʴʥʦʩʪʝʡè, ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ ʙʳʪʴ ʠʥʪʝʛʨʠʨʦʚʘʥ ʚ ɻʀʉ 

ITSGIS [1], ʚ ʢʦʪʦʨʦʤ ʤʦʞʥʦ ʙʫʜʝʪ ʜʦʙʘʚʣʷʪʴ ʛʝʦʦʙʲʝʢʪʳ ʥʘ ʵʣʝʢʪʨʦʥʥʫʶ ʢʘʨʪʫ ʛʦʨʦʜʘ 

ʉʘʤʘʨʳ ʠ ʧʦʣʫʯʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʥʠʭ. ɺʩʝ ʛʝʦʦʙʲʝʢʪʳ (ʜʦʩʪʦʧʨʠʤʝʯʘʪʝʣʴʥʦʩʪʠ) ʚ 

ʩʠʩʪʝʤʝ ʙʫʜʫʪ ʨʘʟʜʝʣʝʥʳ ʥʘ ʢʘʪʝʛʦʨʠʠ: ʧʘʤʷʪʥʠʢʠ (ʩʢʫʣʴʧʪʫʨʥʳʝ, ʨʝʣʠʛʠʦʟʥʳʝ 

(ʮʝʨʢʚʠ, ʩʦʙʦʨʳ ʠ ʤʦʥʘʩʪʳʨʠ), ʘ ʪʘʢʞʝ ʧʘʤʷʪʥʠʢʠ ʟʦʜʯʝʩʪʚʘ, ʠʤʝʶʱʠʝ ʘʨʭʠʪʝʢʪʫʨʥʫʶ 

ʮʝʥʥʦʩʪʴ ʠʣʠ ʥʘʭʦʜʷʱʠʝʩʷ ʧʦʜ ʦʭʨʘʥʦʡ ʛʦʩʫʜʘʨʩʪʚʘ), ʤʫʟʝʠ, ʚʳʩʪʘʚʦʯʥʳʝ ʮʝʥʪʨʳ ʠ 

ʨʘʟʣʠʯʥʳʝ ʛʘʣʝʨʝʠ. ʈʘʟʨʘʙʦʪʢʘ ʚʝʜʝʪʩʷ ʧʦ ʟʘʢʘʟʫ ʆʆʆ çʅʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ 

ʮʝʥʪʨ çʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʠʩʪʝʤʳè. 

ɻʀʉ ITSGIS ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʘʩʧʨʝʜʝʣʝʥʥʦʝ ʢʣʠʝʥʪ-ʩʝʨʚʝʨʥʦʝ ʧʨʠʣʦʞʝʥʠʝ 

ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʥʦʛʦʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʨʝʞʠʤ ʜʦʩʪʫʧʘ ʢ ʝʝ ʩʝʨʚʠʩʘʤ. ɺʩʷ ʠʥʬʦʨʤʘʮʠʷ 

ʭʨʘʥʠʪʩʷ ʚ ʙʘʟʝ ʜʘʥʥʳʭ, ʨʘʟʤʝʱʝʥʥʦʡ ʥʘ ʚʳʜʝʣʝʥʥʦʤ ʩʝʨʚʝʨʝ. ʈʘʙʦʪʘʪʴ ʩ ʧʣʘʛʠʥʦʤ 

çɼʠʩʣʦʢʘʮʠʷ ʜʦʩʪʦʧʨʠʤʝʯʘʪʝʣʴʥʦʩʪʝʡè ʩʤʦʛʫʪ ʘʜʤʠʥʠʩʪʨʘʪʦʨ ʠʣʠ ʛʦʩʪʴ.  

ɸʜʤʠʥʠʩʪʨʘʪʦʨʫ ʙʫʜʫʪ ʜʦʩʪʫʧʥʳ ʩʣʝʜʫʶʱʠʝ ʬʫʥʢʮʠʠ: 

¶ ɼʦʙʘʚʣʝʥʠʝ ʛʝʦʦʙʲʝʢʪʦʚ ʥʘ ʵʣʝʢʪʨʦʥʥʫʶ ʢʘʨʪʫ ʛʦʨʦʜʘ ʠ ʚʚʦʜ ʠʥʬʦʨʤʘʮʠʠ ʦ ʥʠʭ 
(ʥʘʟʚʘʥʠʝ, ʬʦʪʦʛʨʘʬʠʷ, ʘʜʨʝʩ, ʛʦʜ ʧʦʩʪʨʦʡʢʠ, ʩʚʝʜʝʥʠʷ ʦʙ ʘʚʪʦʨʘʭ ʧʨʦʝʢʪʘ, 

ʨʝʞʠʤ ʨʘʙʦʪʳ (ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ), ʢʦʥʪʘʢʪʥʳʝ ʜʘʥʥʳʝ ʦʨʛʘʥʠʟʘʮʠʠ, 

ʦʪʚʝʯʘʶʱʝʡ ʟʘ ʨʘʙʦʪʫ ʩ ʦʙʲʝʢʪʦʤ, ʠ ʪ.ʧ.); 

¶ ʀʟʤʝʥʝʥʠʝ ʩʚʝʜʝʥʠʡ ʦ ʛʝʦʦʙʲʝʢʪʝ; 

¶ ʋʜʘʣʝʥʠʝ ʛʝʦʦʙʲʝʢʪʘ. 

ɻʦʩʪʴ (ʧʦʩʝʪʠʪʝʣʴ ʩʘʡʪʘ) ʜʦʣʞʝʥ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʨʘʪʴ ʢʘʪʝʛʦʨʠʶ 

ʛʝʦʦʙʲʝʢʪʦʚ ʠ ʥʫʞʥʳʡ ʝʤʫ ʦʙʲʝʢʪ (ʜʦʩʪʦʧʨʠʤʝʯʘʪʝʣʴʥʦʩʪʴ). ʇʨʠ ʚʳʙʦʨʝ ʛʝʦʦʙʲʝʢʪʘ 

ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʚʳʜʘʪʴ ʧʦʣʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʥʝʤ. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ʆʧʠʩʘʥʠʝ ʧʨʦʛʨʘʤʤʳ ITSGIS [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. URL: http://itsgis.ru/ (ʜʘʪʘ 

ʦʙʨʘʱʝʥʠʷ: 13.06.2017). 
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ʈɸɿʈɸɹʆʊʂɸ ʊɽʍʅʆʃʆɻʀʀ ɺʓɹʆʈɸ ʀʅʌʆʈʄɸʊʀɺʅʆʁ ʆʂʈɽʉʊʅʆʉʊʀ 

 ɼʃʗ ʉɽɻʄɽʅʊɸʎʀʀ ʀɿʆɹʈɸɾɽʅʀʁ ɻʃɸɿʅʆɻʆ ɼʅɸ 

ɹʠʨʶʢʦʚʘ ɽ. ɺ., ʇʘʨʠʥʛʝʨ ʈ. ɸ., ʀʣʴʷʩʦʚʘ ʅ. ʖ., ʂʫʧʨʠʷʥʦʚ ɸ. ɺ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʥʦʚʳʡ ʩʧʦʩʦʙ ʚʳʙʦʨʘ ʠʥʬʦʨʤʘʪʠʚʥʦʡ ʦʢʨʝʩʪʥʦʩʪʠ ʜʣʷ 

ʦʧʠʩʘʥʠʷ ʭʘʨʘʢʪʝʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʟʦʙʨʘʞʝʥʠʡ ʛʣʘʟʥʦʛʦ ʜʥʘ. 

ʆʧʠʩʘʥʠʝ ʦʩʥʦʚʥʳʭ ʵʪʘʧʦʚ ʪʝʭʥʦʣʦʛʠʠ ʚʳʙʦʨʘ ʠʥʬʦʨʤʘʪʠʚʥʦʡ ʦʢʨʝʩʪʥʦʩʪʠ 

ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʩʣʝʜʫʶʱʝʛʦ ʘʣʛʦʨʠʪʤʘ: 

1. ɺʳʙʠʨʘʝʤ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ: ʥʘʙʦʨ ʧʨʠʟʥʘʢʦʚ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʦ ʦʢʨʝʩʪʥʦʩʪʠ 
ʠ ʠʟʦʙʨʘʞʝʥʠʷ ʛʣʘʟʥʦʛʦ ʜʥʘ. 

2. ʇʨʦʠʟʚʦʜʠʤ ʨʘʩʯʸʪ ʧʨʠʟʥʘʢʦʚ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ [1]. ʌʦʨʤʠʨʫʝʤ 

ʠʩʭʦʜʥʫʶ ʚʳʙʦʨʢʫ. 

3. ʈʘʩʩʯʠʪʳʚʘʝʤ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʢʨʠʪʝʨʠʠ ʨʘʟʜʝʣʠʤʦʩʪʠ ʜʣʷ ʢʘʞʜʦʛʦ 

ʧʨʠʟʥʘʢʘ [2]. ʇʨʦʚʦʜʠʤ ʦʮʝʥʢʫ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ ʧʨʠʟʥʘʢʦʚ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʟʥʘʯʝʥʠʠ 

ʢʨʠʪʝʨʠʷ [3]. 

4. ʀʩʢʣʶʯʘʝʤ ʠʟ ʠʩʭʦʜʥʦʡ ʚʳʙʦʨʢʠ ʧʨʠʟʥʘʢʠ ʩ ʥʠʟʢʠʤ ʟʥʘʯʝʥʠʝʤ ʢʨʠʪʝʨʠʷ 

ʨʘʟʜʝʣʠʤʦʩʪʠ. 

5. ʀʩʢʣʶʯʘʝʤ ʠʟ ʦʢʨʝʩʪʥʦʩʪʠ ʧʠʢʩʝʣʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʥʝʠʥʬʦʨʤʘʪʠʚʥʳʤ 
ʧʨʠʟʥʘʢʘʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʪʘʚʰʠʝʩʷ ʧʠʢʩʝʣʳ ʩʦʩʪʘʚʣʷʶʪ ʠʥʬʦʨʤʘʪʠʚʥʫʶ ʦʢʨʝʩʪʥʦʩʪʴ.  

ɼʣʷ ʚʳʙʨʘʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʛʣʘʟʥʦʛʦ ʜʥʘ ʧʦʣʫʯʠʣʘʩʴ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ 

ʦʢʨʝʩʪʥʦʩʪʴ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

ʈʠʩ. 1. ʀʩʭʦʜʥʘʷ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ ʦʢʨʝʩʪʥʦʩʪʴ. 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. Ilyasova N. Yu. Regions of interest in a fundus image selection technique using the 

discriminative analysis methods / N. Yu. Ilyasova, A. V. Kupriyanov, R. A. Paringer// 

Lecture Notes in Artificial Intelligence (Subseries of Lecture Notes in Computer Science), 

Germany: Springer Verlag. ï 2016. ï Vol. 9972 LNCS. ï PP. 408-417. DOI: 10.1007/978-3-

319-46418-3_36 

2. ʌʫʢʫʥʘʛʘ, ʂ. ɺʚʝʜʝʥʠʝ ʚ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʪʝʦʨʠʶ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʦʚ / ʂ. 

ʌʫʢʫʥʘʛʘ // ʄʦʩʢʚʘ: ʅʘʫʢʘ. ï 1979. ï 270 ʩ. 

4. Biryukova, E. Development of the effective set of features construction technology for 

texture image classes discrimination / E. Biryukova, R. Paringer, A. V. Kupriyanov // CEUR 

Workshop Proceedings. ï  2016. ï Vol.1638. ï PP. 263-269 DOI: 10.18287/1613-0073-2016-

1638-357-363.  
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ʈɸɿʈɸɹʆʊʂɸ ʆʇʊʀʏɽʉʂʀʍ ʕʃɽʄɽʅʊʆɺ ʉɺɽʊʆɼʀʆɼʆɺ  

ʉ ʅɽʉʂʆʃʔʂʀʄʀ ʈɸɹʆʏʀʄʀ ʇʆɺɽʈʍʅʆʉʊʗʄʀ  

ɼʃʗ ɿɸɼɸʏ ɼʆʈʆɾʅʆɻʆ ʆʉɺɽʑɽʅʀʗ 

ɹʳʟʦʚ ɽ. ɺ., ʂʨʘʚʯʝʥʢʦ ʉ. ɺ., ʄʦʠʩʝʝʚ ʄ. ɸ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ 

ʀʥʩʪʠʪʫʪ ʩʠʩʪʝʤ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ ʈɸʅ ï ʬʠʣʠʘʣ ʌʅʀʎ çʂʨʠʩʪʘʣʣʦʛʨʘʬʠʷ ʠ 

ʬʦʪʦʥʠʢʘè, ʉʘʤʘʨʘ 

ʈʘʟʨʘʙʦʪʢʘ ʚʪʦʨʠʯʥʦʡ ʦʧʪʠʢʠ ʩʚʝʪʦʜʠʦʜʦʚ ʜʣʷ ʜʦʨʦʞʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʢʨʘʡʥʝ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ. ʆʧʪʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʝʸ ʨʝʰʝʥʠʷ, 

ʜʦʣʞʥʳ ʠʤʝʪʴ ʤʘʢʩʠʤʘʣʴʥʫʶ ʩʚʝʪʦʚʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʳʩʦʢʫʶ 

ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʦʩʚʝʱʸʥʥʦʩʪʠ ʠ ʷʨʢʦʩʪʠ ʥʘ ʜʦʨʦʞʥʦʤ ʧʦʣʦʪʥʝ, ʘ ʪʘʢʞʝ ʫʜʦʚʣʝʪʚʦʨʷʪʴ 

ʤʥʦʛʠʤ ʜʨʫʛʠʤ ʩʧʝʮʠʬʠʯʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʠʬʠʢʘʮʠʠ ʤʝʪʦʜʘ ʩʦʛʣʘʩʦʚʘʥʥʳʭ ʢʚʘʜʨʠʢ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴ 

ʦʧʪʠʯʝʩʢʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʩʚʦʙʦʜʥʦʡ ʬʦʨʤʳ, ʩ ʟʘʧʘʩʦʤ ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʤ ʜʘʥʥʳʤ 

ʪʨʝʙʦʚʘʥʠʷʤ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʦʚ ʨʘʩʩʯʠʪʘʥʦ ʜʚʘ ʦʧʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʘ ʜʣʷ ʨʘʟʥʳʭ 

ʪʠʧʦʚ ʜʦʨʦʛ. ʈʘʩʩʯʠʪʘʥʥʳʝ ʵʣʝʤʝʥʪʳ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʤʝʪʦʜʦʤ ʣʠʪʴʷ ʧʦʜ ʜʘʚʣʝʥʠʝʤ, 

ʧʦʩʣʝ ʯʝʛʦ ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʥʘ ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʤ ʩʪʝʥʜʝ. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʬʦʨʤʠʨʫʝʤʦʝ ʩʚʝʪʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʪʨʝʙʦʚʘʥʠʷʤ 

ʩʘʤʦʛʦ ʚʳʩʦʢʦʛʦ ʢʣʘʩʩʘ ME1 ʩʪʘʥʜʘʨʪʘ EN 13201. ʇʦʣʫʯʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʨʘʩʧʦʣʦʞʝʥʠʡ ʦʩʚʝʪʠʪʝʣʴʥʳʭ ʦʧʦʨ: ʦʪʥʦʰʝʥʠʝ 

ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʦʧʦʨʘʤʠ ʢ ʠʭ ʚʳʩʦʪʝ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʦʪ 2.5 ʜʦ 3.6. 

ɽʜʠʥʠʯʥʳʝ ʦʧʪʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʧʨʘʢʪʠʯʝʩʢʠʝ ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʟʘʜʘʯʘʭ 

ʜʦʨʦʞʥʦʛʦ ʦʩʚʝʱʝʥʠʷ, ʪʘʢ ʢʘʢ ʧʨʠʤʝʥʝʥʠʝ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʤʘʩʩʠʚʦʚ ʣʠʥʟ 

(ʤʫʣʴʪʠʣʠʥʟ) ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʜʝʰʸʚʳʤ, ʥʘʜʸʞʥʳʤ ʠ ʵʬʬʝʢʪʠʚʥʳʤ. ʇʦʜ ʤʫʣʴʪʠʣʠʥʟʦʡ 

ʧʦʥʠʤʘʝʪʩʷ ʧʣʘʩʪʠʢʦʚʦʝ ʦʩʥʦʚʘʥʠʝ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʦʧʪʠʯʝʩʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʚʥʫʪʨʠ 

ʥʝʛʦ. ʊʘʢʦʡ ʤʘʩʩʠʚ ʦʙʳʯʥʦ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʧʝʯʘʪʥʫʶ ʧʣʘʪʫ ʩ 

ʤʘʩʩʠʚʦʤ ʩʚʝʪʦʜʠʦʜʦʚ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ, ʢʘʞʜʦʤʫ ʩʚʝʪʦʜʠʦʜʫ ʥʘ ʧʣʘʪʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʩʚʦʠ ʧʨʝʣʦʤʣʷʶʱʠʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʫʶʪ ʟʘʜʘʥʥʦʝ ʩʚʝʪʦʚʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ. 

ʈʘʩʯʸʪ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʧʪʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ ʙʫʜʝʤ ʚʳʧʦʣʥʷʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʜʣʷ ʢʘʞʜʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʫʯʠʤ ʩʥʘʯʘʣʘ ʢʫʩʦʯʥʦ-ʛʣʘʜʢʦʝ ʨʝʰʝʥʠʝ ʠʟ ʫʩʣʦʚʠʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʠʩʢʨʝʪʥʦʛʦ ʩʚʝʪʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʛʦ 

ʥʝʧʨʝʨʳʚʥʫʶ ʜʠʘʛʨʘʤʤʫ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ, ʘ ʟʘʪʝʤ ʩʛʣʘʜʠʤ ʧʦʣʫʯʝʥʥʦʝ ʨʝʰʝʥʠʝ 

NURBS-ʩʧʣʘʡʥʦʤ. ʌʦʨʤʘ ʪʘʢʦʡ ʢʫʩʦʯʥʦ-ʛʣʘʜʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʥʘʙʦʨʦʤ ʧʘʨʘʤʝʪʨʦʚ ʩʝʛʤʝʥʪʦʚ. ɼʣʷ ʨʘʩʯʸʪʘ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜ, ʧʨʝʜʣʦʞʝʥʥʳʡ ɺ. ʆʣʠʢʝʨʦʤ ʚ ʨʘʙʦʪʘʭ [1,2]. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, 

ʧʦʩʪʨʦʝʥʠʝ ʚʥʫʪʨʝʥʥʝʡ ʢʫʩʦʯʥʦ-ʛʣʘʜʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʬʦʨʤʠʨʫʶʱʝʡ ʟʘʜʘʥʥʦʝ 

ʜʠʩʢʨʝʪʥʦʝ ʩʚʝʪʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʩʚʦʜʠʪʩʷ ʢ ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʜʝʡʩʪʚʠʡ: 

1. ʀʥʠʮʠʘʣʠʟʘʮʠʷ ʚʝʢʪʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʥʘʯʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ. 

2. ʈʘʩʯʸʪ ʬʦʨʤʠʨʫʝʤʦʛʦ ʜʠʩʢʨʝʪʥʦʛʦ ʩʚʝʪʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. 

3. ɺʳʯʠʩʣʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʦʰʠʙʢʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʜʘʥʥʦʡ ʜʠʩʢʨʝʪʥʦʡ 

ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ. ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʪʝʢʫʱʘʷ ʦʰʠʙʢʘ ʧʨʝʚʦʩʭʦʜʠʪ ʟʘʜʘʥʥʫʶ 

ʪʦʯʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʠʩʢʨʝʪʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʚʳʧʦʣʥʷʝʪʩʷ ʧʝʨʝʭʦʜ ʢ ʰʘʛʫ 4, 

ʠʥʘʯʝ ʨʘʩʯʸʪ ʢʫʩʦʯʥʦ-ʛʣʘʜʢʦʡ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʯʠʪʘʝʪʩʷ ʟʘʚʝʨʰʸʥʥʳʤ. 
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4. ʂʦʨʨʝʢʮʠʷ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʠ ʧʝʨʝʭʦʜ ʢ ʰʘʛʫ 2. ʆʪʤʝʪʠʤ, ʯʪʦ ʚ 

ʨʘʙʦʪʘʭ [1,2] ʧʨʝʜʣʦʞʝʥ ʧʨʦʩʪʦʡ ʩʧʦʩʦʙ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʧʘʨʘʤʝʪʨʦʚ ʩʝʛʤʝʥʪʦʚ, ʢʦʪʦʨʳʡ 

ʛʘʨʘʥʪʠʨʫʝʪ ʛʣʦʙʘʣʴʥʫʶ ʩʭʦʜʠʤʦʩʪʴ ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ. 

ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʟʨʘʙʦʪʘʪʴ ʜʚʝ ʤʫʣʴʪʠʣʠʥʟʳ: ʧʝʨʚʘʷ ʜʣʷ 

ʦʩʚʝʱʝʥʠʷ ʩ ʤʘʯʪ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʦʩʝʨʝʜʠʥʝ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ, ʚʪʦʨʦʡ ʜʣʷ ʩʪʦʣʙʦʚ, 

ʥʘʭʦʜʷʱʠʭʩʷ ʧʦ ʜʚʫʤ ʩʪʦʨʦʥʘʤ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ. ʆʙʘ ʦʧʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʘ ʜʦʣʞʥʳ 

ʬʦʨʤʠʨʦʚʘʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʩʪʘʥʜʘʨʪʫ EN 13201 ʜʣʷ ʜʦʨʦʛ ʢʣʘʩʩʘ 

ME1 [3]. 

ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʤʫʣʴʪʠʣʠʥʟʘ ʩʦʩʪʦʠʪ ʠʟ ʦʜʠʥʘʢʦʚʳʭ ʦʧʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, 

ʬʦʨʤʠʨʫʶʱʠʭ ʦʜʥʫ ʠ ʪʫ ʞʝ ʜʠʘʛʨʘʤʤʫ. ɼʣʷ ʢʘʞʜʦʛʦ ʧʨʠʤʝʨʘ ʚ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʧʦʜʦʙʨʘʥʘ ʩʚʦʷ ʜʠʘʛʨʘʤʤʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ, ʧʦʩʣʝ ʯʝʛʦ ʨʘʩʩʯʠʪʘʥ ʦʧʪʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪ, 

ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʩʧʨʦʝʢʪʠʨʦʚʘʥʘ ʤʫʣʴʪʠʣʠʥʟʘ. 

ɼʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʫʣʴʪʠʣʠʥʟ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʪʝʭʥʦʣʦʛʠʷ ʠʥʞʝʢʮʠʦʥʥʦʛʦ ʣʠʪʴʷ 

ʧʦʜ ʜʘʚʣʝʥʠʝʤ. ɼʣʷ ʣʫʯʰʝʛʦ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʘʨʘʤʝʪʨʳ 

ʣʠʪʴʷ ʙʳʣʠ ʧʨʦʦʧʪʠʤʠʟʠʨʦʚʘʥʳ: ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʩʧʣʘʚʘ 270Áʉ, ʧʨʝʩʩ-ʬʦʨʤʳ - 60Áʉ, 

ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʨʘʩʧʣʘʚʘ - 50 ʩʤį/ʩ, ʚʨʝʤʷ ʚʳʜʝʨʞʢʠ ʧʦʜ ʜʘʚʣʝʥʠʝʤ 15 ʩ. ɸʙʩʦʣʶʪʥʘʷ 

ʪʦʯʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʦʩʪʘʚʠʣʘ 25 ʤʠʢʨʦʥ. 

ʉʚʝʪʦʚʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʬʦʨʤʠʨʫʝʤʳʝ ʠʟʛʦʪʦʚʣʝʥʥʳʤʠ ʤʫʣʴʪʠʣʠʥʟʘʤʠ, ʙʳʣʠ 

ʠʟʤʝʨʝʥʳ ʥʘ ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʤ ʩʪʝʥʜʝ, ʩʚʝʪʦʜʠʦʜ - Osram OSLON Square. ʇʦʣʫʯʝʥʥʳʝ 

ʢʨʠʚʳʝ ʩʠʣʳ ʩʚʝʪʘ (ʂʉʉ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 1, 2. ʆʪʥʦʩʠʪʝʣʴʥʦʝ 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʬʦʨʤʠʨʫʝʤʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʦʪ ʟʘʜʘʥʥʳʭ ʥʝ 

ʧʨʝʚʳʩʠʣʦ 8%. 

  
ʈʠʩ. 1 ʂʨʠʚʳʝ ʩʠʣʳ ʩʚʝʪʘ, ʬʦʨʤʠʨʫʝʤʳʝ 

ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʤʫʣʴʪʠʣʠʥʟʦʡ ʜʣʷ 

ʯʝʪʳʨʝʭʧʦʣʦʩʥʦʡ ʜʦʨʦʛʠ 

ʈʠʩ. 2 ʂʨʠʚʳʝ ʩʠʣʳ ʩʚʝʪʘ, ʬʦʨʤʠʨʫʝʤʳʝ 

ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʤʫʣʴʪʠʣʠʥʟʦʡ ʜʣʷ 

ʰʝʩʪʠʧʦʣʦʩʥʦʡ ʜʦʨʦʛʠ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʟʘ ʩʯʸʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʝʢʪ ˉ 17-47-630164 ʨ_ʘ. 
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ʋɼʂ 629.78 

ʈɸɿʈɸɹʆʊʂɸ ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʆʁ ʉʀʉʊɽʄʓ ʇʋɹʃʀʂɸʎʀʀ 

ʉʅʀʄʂʆɺ ɹʇʃɸ ʉɽʃʔʉʂʆʍʆɿʗʁʉʊɺɽʅʅʓʍ ʇʆʃɽʁ ʅɸ ɻɽʆʉɽʈɺɽʈɽ 

ɻʘʣʠʮʢʘʷ ɸ. ɺ., ʉʠʤʦʥʦʚʘ ɽ. ɺ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ 

ʆʜʥʦʡ ʠʟ ʚʘʞʥʳʭ ʟʘʜʘʯ ʧʨʠ ʩʦʟʜʘʥʠʠ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʝʨʚʠʩʦʚ ʧʦʜʜʝʨʞʢʠ 

ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʷʚʣʷʝʪʩʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʟʘʛʨʫʟʢʠ ʠ ʦʙʨʘʙʦʪʢʠ ʩʥʠʤʢʦʚ ʩ/ʭ ʧʦʣʝʡ, 

ʧʦʣʫʯʘʝʤʳʭ ʩ ɹʇʃɸ. ʉʲʝʤʢʫ ʢʘʞʜʦʛʦ ʧʦʣʷ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʥʝ ʨʝʞʝ 1 ʨʘʟʘ ʚ 

ʤʝʩʷʮ, ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʤʦʥʠʪʦʨʠʥʛʘ ʥʘ ʦʩʥʦʚʝ ʘʢʪʫʘʣʴʥʳʭ ʜʘʥʥʳʭ. ɺ ʩʨʝʜʥʝʤ ʧʨʠ 

ʩʲʝʤʢʝ ʦʜʥʦʛʦ ʧʦʣʷ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʦʢʦʣʦ 100 ʩʥʠʤʢʦʚ. ʈʫʯʥʦʡ ʧʨʦʮʝʩʩ ʧʨʠʚʷʟʢʠ ʠ 

ʨʘʟʤʝʱʝʥʠʷ ʜʘʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʥʠʤʢʦʚ ʷʚʣʷʝʪʩʷ ʪʨʫʜʦʝʤʢʠʤ. ʇʨʦʮʝʩʩ ʧʫʙʣʠʢʘʮʠʠ 

ʩʥʠʤʢʦʚ ʫʩʣʦʚʥʦ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʘ ʵʪʘʧʘ.  

ʇʝʨʚʳʡ ʵʪʘʧ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʨʪʦʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʠʝ ï ʤʘʪʝʤʘʪʠʯʝʩʢʠ 

ʩʪʨʦʛʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠʩʭʦʜʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ (ʩʥʠʤʢʘ) ʚ ʦʨʪʦʛʦʥʘʣʴʥʫʶ ʧʨʦʝʢʮʠʶ ʠ 

ʫʩʪʨʘʥʝʥʠʝ ʠʩʢʘʞʝʥʠʡ, ʚʳʟʚʘʥʥʳʭ ʨʝʣʴʝʬʦʤ, ʫʩʣʦʚʠʷʤʠ ʩʲʝʤʢʠ ʠ ʪʠʧʦʤ ʢʘʤʝʨʳ [0]. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʤ ʩʥʠʤʦʢ ʚ ʬʦʨʤʘʪʝ GeoTiff, ʧʨʠʚʷʟʘʥʥʳʡ ʢ ʛʝʦʛʨʘʬʠʯʝʩʢʠʤ 

ʢʦʦʨʜʠʥʘʪʘʤ. ʃʠʰʴ ʥʝʤʥʦʛʠʝ ʧʘʢʝʪʳ ʧʨʦʛʨʘʤʤ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʚʩʝʛʦ ʢʦʤʧʣʝʢʩʘ ʨʘʙʦʪ, ʥʘʧʨʠʤʝʨ, ʟʘʨʫʙʝʞʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ 

ERDAS Imagine, ʧʦʟʚʦʣʷʶʱʠʡ ʨʝʰʘʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʟʘʜʘʯ ʧʦ ʦʙʨʘʙʦʪʢʝ ʠ ʘʥʘʣʠʟʫ 

ʜʘʥʥʳʭ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ (ɼɿɿ) [0]. ʆʜʥʘʢʦ ʚʩʝ ʵʪʠ ʩʠʩʪʝʤʳ 

ʦʪʥʦʩʷʪʩʷ ʢ ʫʞʝ ʛʦʪʦʚʦʤʫ ʧʨʦʛʨʘʤʤʥʦʤʫ ʦʙʝʩʧʝʯʝʥʠʶ, ʷʚʣʷʶʪʩʷ ʧʣʘʪʥʳʤʠ, ʠʭ ʥʝʣʴʟʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʠʥʪʝʨʘʢʪʠʚʥʦʤ ʨʝʞʠʤʝ (ʯʝʨʝʟ ʢʦʥʩʦʣʴʥʫʶ ʩʪʨʦʢʫ). ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʤʥʦʛʠʝ ʠʟ ʥʠʭ ʠʩʧʦʣʴʟʫʶʪ GDAL ï ʙʝʩʧʣʘʪʥʫʶ ʙʠʙʣʠʦʪʝʢʫ ʜʣʷ ʨʘʙʦʪʳ ʩ 

ʛʝʦʛʨʘʬʠʯʝʩʢʠʤʠ ʬʦʨʤʘʪʘʤʠ ʜʘʥʥʳʭ, ʚʘʞʥʳʤ ʜʦʩʪʦʠʥʩʪʚʦʤ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʥʝ ʪʦʣʴʢʦ ʯʝʨʝʟ ʢʦʤʘʥʜʥʫʶ ʩʪʨʦʢʫ, ʥʦ ʠ ʥʘʣʠʯʠʝ ʦʙʝʨʪʦʢ ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʚ ʧʨʦʛʨʘʤʤʘʭ, ʥʘʧʠʩʘʥʥʳʭ ʥʘ ʷʟʳʢʘʭ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ. ʀʟʫʯʝʥʠʝ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʙʠʙʣʠʦʪʝʢʠ GDAL ʠ ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ ʝʶ ʬʦʨʤʘʪʦʚ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʦʥʘ 

ʠʤʝʝʪ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʬʫʥʢʮʠʠ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʦʨʪʦʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʠʷ ʩ ʫʯʝʪʦʤ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ ɼɿɿ. 

ʅʘʙʦʨʳ ʜʘʥʥʳʭ GDAL ʠʤʝʶʪ ʜʚʘ ʩʧʦʩʦʙʘ ʦʧʠʩʘʥʠʷ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ 

ʨʘʩʪʨʦʚʳʤʠ ʧʦʟʠʮʠʷʤʠ ʚ ʧʠʢʩʝʣʷʭ ʠ ʛʝʦʛʨʘʬʠʯʝʩʢʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ. ʇʝʨʚʳʤ ʠ 

ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʤ ʷʚʣʷʝʪʩʷ ʘʬʬʠʥʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ. ʕʪʦʪ ʤʝʪʦʜ 

ʦʧʪʠʤʘʣʝʥ, ʪʘʢ ʢʘʢ ʚ ʥʝʤ ʥʝ ʟʘʜʝʡʩʪʚʦʚʘʥʦ ʥʠʢʘʢʠʭ ʧʝʨʝʤʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʚʣʠʷʶʱʠʭ 

ʥʘ ʧʦʛʨʝʰʥʦʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ.  

ɼʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ (1). 

]GT[Yline+]GT[Xpixel+]GT[=Ygeo

]GT[Yline+]GT[Xpixel+]GT[=Xgeo
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ÖÖ

ÖÖ
  (1) 

ʉʪʦʠʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʥʘʧʨʘʚʣʝʥʠʠ ʥʘ ʩʝʚʝʨ GT[2], GT[4] ʨʘʚʥʳ ʥʫʣʶ. 

ʂʦʵʬʬʠʮʠʝʥʪʳ GT[1], GT[5] ʦʙʦʟʥʘʯʘʶʪ ʰʠʨʠʥʫ ʠ ʚʳʩʦʪʫ ʧʠʢʩʝʣʷ ʚ ʧʨʦʝʢʮʠʠ, GT[0], 

GT[3] ï ʧʦʣʦʞʝʥʠʝ ʚʝʨʭʥʝʛʦ ʣʝʚʦʛʦ ʫʛʣʘ ʚʝʨʭʥʝʛʦ ʣʝʚʦʛʦ ʧʠʢʩʝʣʷ [0].  

ɺʘʞʥʦʡ ʯʘʩʪʴʶ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ, ʚ ʢʦʪʦʨʦʡ 

ʧʨʝʜʦʩʪʘʚʣʷʶʪʩʷ ʜʘʥʥʳʝ, ʠ ʧʨʦʝʢʮʠʷ, ʥʘ ʢʦʪʦʨʫʶ ʦʥʘ ʦʪʦʙʨʘʞʘʝʪʩʷ. 

ʉʠʩʪʝʤʘ ʩʧʫʪʥʠʢʦʚʦʡ ʥʘʚʠʛʘʮʠʠ GPS ʩʦʦʙʱʘʝʪ ʢʦʦʨʜʠʥʘʪʳ ʚ ʩʠʩʪʝʤʝ 

ʵʣʣʠʧʩʦʠʜʘ WGS84 (ɼʦʣʛʦʪʘ/ʐʠʨʦʪʘ). ʉʘʤʘʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʘʷ ʠ ʧʨʦʩʪʘʷ ʧʨʦʝʢʮʠʷ ï 

çɻʝʦʛʨʘʬʠʯʝʩʢʘʷè. ʆʥʘ ʥʦʩʠʪ ʢʦʜ ESPG:4326. 
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ɺʪʦʨʦʡ ʵʪʘʧ ï ʵʪʦ ʨʘʟʤʝʱʝʥʠʝ ʩʥʠʤʢʦʚ ʥʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʛʝʦʩʝʨʚʝʨʘʭ. ɺ 

ʢʘʯʝʩʪʚʝ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʩʝʨʚʝʨʘ ʙʳʣ ʚʳʙʨʘʥ GeoServer ï ʵʪʦ ʩʝʨʚʝʨ ʩ ʦʪʢʨʳʪʳʤ 

ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʠʩʪʦʯʥʠʢʘʤʠ ʜʘʥʥʳʭ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ (ɻʀʉ) ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʜʦʩʪʫʧʘ ʢ ʪʘʢʠʤ ʜʘʥʥʳʤ ʩ ʧʦʤʦʱʴʶ 

Web-ʩʝʨʚʠʩʦʚ Web Feature Service (WFS) ʠ Web Map Service (WMS). ʆʥ ʚʢʣʶʯʘʝʪ 

ʙʦʛʘʪʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʠʥʪʝʨʬʝʡʩ REST API ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʜʘʥʥʳʤʠ ʩʣʦʞʥʳʭ Web-

ʧʨʠʣʦʞʝʥʠʡ ʚʦ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʙʝʟ ʨʫʯʥʦʛʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʠ ʭʦʨʦʰʦ ʠʥʪʝʛʨʠʨʫʝʪʩʷ 

ʩ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ OpenLayers [0]. 

ʈʘʙʦʪʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: 

1. ʅʘ ʚʭʦʜ ʩʠʩʪʝʤʳ ʧʦʩʪʫʧʘʝʪ ʧʘʧʢʘ, ʩʦʜʝʨʞʘʱʘʷ ʨʘʩʪʨʦʚʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʠ 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʪʝʢʩʪʦʚʳʝ ʬʘʡʣʳ ʩ ʥʘʙʦʨʦʤ ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʝʢ GCP (ʜʦʣʛʦʪʘ, 

ʰʠʨʦʪʘ, ʢʦʦʨʜʠʥʘʪʘ ʍ ʚ ʧʠʢʩʝʣʷʭ, ʢʦʦʨʜʠʥʘʪʘ Y ʚ ʧʠʢʩʝʣʷʭ).  

2. ɼʣʷ ʢʘʞʜʦʛʦ ʩʥʠʤʢʘ ʩʦʟʜʘʝʪʩʷ ʥʦʚʳʡ ʥʘʙʦʨ ʜʘʥʥʳʭ ʧʫʪʝʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 
ʠʩʭʦʜʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʬʦʨʤʘʪ GeoTIFF. 

3. ʇʦʣʫʯʝʥʥʦʤʫ ʥʘʙʦʨʫ ʜʘʥʥʳʭ ʥʘʟʥʘʯʘʶʪʩʷ ʢʦʥʪʨʦʣʴʥʳʝ ʪʦʯʢʠ, ʩʯʠʪʘʥʥʳʝ ʠʟ 
ʪʝʢʩʪʦʚʦʛʦ ʬʘʡʣʘ, ʠ ʧʨʦʝʢʮʠʷ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʚ ʬʦʨʤʘʪʝ WKT. 

4. ʆʧʨʝʜʝʣʷʝʪʩʷ ʤʘʩʩʠʚ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʘʬʬʠʥʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦ 

ʢʦʥʪʨʦʣʴʥʳʤ ʪʦʯʢʘʤ, ʢʦʪʦʨʳʡ ʥʘʟʥʘʯʘʝʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʤʫ ʠʟʦʙʨʘʞʝʥʠʶ. 

5. ʇʦʣʫʯʝʥʥʳʡ ʩʥʠʤʦʢ ʚ ʬʦʨʤʘʪʝ GeoTIFF ʨʘʟʤʝʱʘʝʪʩʷ ʥʘ ʛʝʦʩʝʨʚʝʨʝ ʯʝʨʝʟ 

REST API. 

ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ɻʀʉ ʤʦʥʠʪʦʨʠʥʛʘ ʩ/ʭ ʧʦʣʝʡ ʚ ʈʦʩʪʦʚʩʢʦʡ 

ʦʙʣʘʩʪʠ (ʨʠʩʫʥʦʢ 1). 

 

 
ʈʠʩ.1. ɻʀʉ ʤʦʥʠʪʦʨʠʥʛʘ ʩ/ʭ ʧʦʣʝʡ ʚ ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ʉʣʦʚʘʨʴ ʪʝʨʤʠʥʦʚ [ʊʝʢʩʪ] // ɻʝʦʤʘʪʠʢʘ. ï 2009. - ˉ2. ʉ. 120. 

2. ʉʫʪʳʨʠʥʘ, ɽ. ʅ. ɼʠʩʪʘʥʮʠʦʥʥʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ ɿʝʤʣʠ [ʊʝʢʩʪ]/ ɽ. ʅ. ʉʫʪʳʨʠʥʘ. ï 

ʀʨʢʫʪʢʩ: ʀɻʋ, 2013 - 165ʩ. 

3. GDAL Data Model [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï http://www.gdal.org/gdal_datamodel.html 

4. ʅʘʯʘʣʦ ʨʘʙʦʪʳ ʩ GeoServer [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï  

http://gis-lab.info/qa/geoserver-begin.html   
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ʋɼʂ 004.65 

ʈɸɿʈɸɹʆʊʂɸ ɹɽʅʏʄɸʈʂɸ ʌʈɽʁʄɺʆʈʂʆɺ ɼʃʗ ʈɸɹʆʊʓ ʉ ɹʆʃʔʐʀʄ 

ʆɹʒɽʄʆʄ ʇʈʆʉʊʈɸʅʉʊɺɽʅʅʓʍ ɼɸʅʅʓʍ 

ɻʘʨʘʝʚʘ ɸ. ɸ., ʂʘʙʠʨʦʚ ɸ. ɼ., ʊʠʭʦʥʦʚʘ ʆ. ɺ. 

ʂʘʟʘʥʩʢʠʡ ʅʘʮʠʦʥʘʣʴʥʳʡ ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʝʭʥʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʊʫʧʦʣʝʚʘ 

ʉʝʛʦʜʥʷ ʦʙʨʘʙʦʪʢʘ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ ʚ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʩʠʩʪʝʤʘʭ ʠʛʨʘʝʪ ʢʨʠʪʠʯʝʩʢʫʶ ʨʦʣʴ ʚʦ ʤʥʦʛʠʭ ʩʬʝʨʘʭ ʥʘʰʝʡ ʞʠʟʥʠ. 

ɹʦʣʴʰʠʝ ʜʘʥʥʳʝ ʯʘʩʪʦ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʳ ʠ ʜʣʷ ʠʭ ʦʙʨʘʙʦʪʢʠ ʪʨʝʙʫʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ 

ʘʣʛʦʨʠʪʤʳ. ʆʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ 

ʘʥʘʣʠʟ. ʀʩʪʦʯʥʠʢʦʤ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʯʘʩʪʦ ʷʚʣʷʝʪʩʷ ʛʝʦʛʨʘʬʠʯʝʩʢʘʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʙʝʥʯʤʘʨʢ ʜʣʷ ʦʮʝʥʢʠ ʬʨʝʡʤʚʦʨʢʦʚ, 

ʨʘʙʦʪʘʶʱʠʭ ʩ ʪʘʢʠʤʠ ʜʘʥʥʳʤʠ. ʊʘʢʞʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʪʨʝʭ 

ʬʨʝʡʤʚʦʨʢʦʚ, GeoSpark, STARK, SpecialSpark, ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ 

ʙʝʥʯʤʘʨʢʘ. ɺ ʭʦʜʝ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʙʝʥʯʤʘʨʢ ʜʚʫʭ ʪʠʧʦʚ: 

ʤʘʢʨʦʙʝʥʯʤʘʨʢ ʠ ʤʠʢʨʦʙʝʥʯʤʘʨʢ. 

ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʥʘʰʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʪʝʩʪʠʨʦʚʘʥʠʝ ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʝʜʠʢʘʪʦʚ ʥʘ ʨʘʟʣʠʯʥʳʭ ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ʉʨʘʚʥʝʥʠʝ ʙʫʜʝʪ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʠ 

ʧʦʤʦʱʠ ʤʦʜʝʣʠ DE-9IM[1]. ʕʪʦ ʤʦʜʝʣʴ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʠʧʦʚ 

ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ ʦʪʥʦʰʝʥʠʡ (ʧʝʨʝʩʝʯʝʥʠʝ, ʨʘʚʝʥʩʪʚʦ ʠ ʜʨ.).  

ʆʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʩʨʘʚʥʝʥʠʷ ʜʘʥʥʳʭ ʬʨʝʡʤʚʦʨʢʦʚ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʠ 

ʧʦʜʜʝʨʞʠʚʘʶʪ ʥʝ ʚʩʝ ʦʧʝʨʘʮʠʠ ʚʳʙʨʘʥʥʦʡ ʤʦʜʝʣʠ. ʕʪʦ ʧʦʚʣʠʷʣʦ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʩʮʝʥʘʨʠʝʚ ʜʣʷ ʤʠʢʨʦʙʝʥʯʤʘʨʢʘ ʠ ʤʘʢʨʦʙʝʥʯʤʘʨʢʘ, ʪʘʢ ʢʘʢ ʥʝʚʦʟʤʦʞʥʦ ʙʳʣʦ ʧʨʦʚʝʩʪʠ 

ʩʨʘʚʥʝʥʠʝ ʧʦ ʚʩʝʤ ʧʫʥʢʪʘʤ DE-9IM. 

ʈʘʙʦʪʘ ʧʨʦʛʨʘʤʤʳ ʚʳʧʦʣʥʷʣʘʩʴ ʥʘ ʢʣʘʩʪʝʨʝ, ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ ʠʟ 16 ʤʘʰʠʥ (CPU 

2.90 ɻɻʮ, 4 ʷʜʨʘ, ʦʧʝʨʘʪʠʚʥʘʷ ʧʘʤʷʪʴ 16 ɻʙ DDR3). ɼʘʥʥʳʝ ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ 

ʧʨʦʛʨʘʤʤʳ ʩʦʩʪʦʷʪ ʠʟ ʥʘʙʦʨʘ ʪʦʯʝʢ ʠ ʧʦʣʠʛʦʥʦʚ, ʠʤʝʶʱʠʭ ʥʦʨʤʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ. 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʥʘʙʦʨʳ ʜʘʥʥʳʭ, ʩʦʩʪʦʷʱʠʭ ʠʟ 

10000 (494KB), 50000 (2511KB), 100000 (5033KB), 250000 (13MB) ʪʦʯʝʢ, ʠ ʩʦʩʪʦʷʱʠʭ 

ʠʟ 10000 (19 MB), 50000 (96 MB), 100000 (192 MB), 250000 (480 MB) ʧʦʣʠʛʦʥʦʚ.  

ʌʨʝʡʤʚʦʨʢʠ ʩʨʘʚʥʠʚʘʣʠʩʴ ʧʦ ʨʘʟʥʳʤ ʧʘʨʘʤʝʪʨʘʤ. ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥ 

ʨʝʟʫʣʴʪʘʪ ʚʳʧʦʣʥʝʥʠʷ ʤʘʢʨʦʙʝʥʯʤʘʨʢʘ. 

 
ʈʠʩ.1. ʈʝʟʫʣʴʪʘʪ ʤʘʢʨʦʙʝʥʯʤʘʨʢʘ  
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 ʅʘ ʈʠʩ. 2 ʧʨʠʚʝʜʸʥ ʩʨʘʚʥʝʥʠʝ ʚʳʧʦʣʥʝʥʠʷ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʤʦʜʝʣʠ ʦʪʥʦʰʝʥʠʡ ʠʟ 

DE-9IM ʥʘ ʥʘʙʦʨʝ ʜʘʥʥʳʭ ʨʘʟʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʜʣʷ ʬʨʝʡʤʚʦʨʢʘ STARK. 

 
ʈʠʩ.2. ʈʝʟʫʣʴʪʘʪ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʠ ʬʠʣʴʪʨ ʜʣʷ ʬʨʝʡʤʚʦʨʢʘ STARK 

  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʥʘʰʝʡ ʨʘʙʦʪʳ, STARK ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤ 

ʬʨʝʡʤʚʦʨʢʦʤ ʜʣʷ ʨʘʙʦʪʳ ʩ ʙʦʣʴʰʠʤʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ ʜʘʥʥʳʤʠ. SpatialSpark ʥʝ 

ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʙʳʩʪʨʦʛʦ ʠʥʜʝʢʩʠʨʦʚʘʥʠʷ, ʧʦʵʪʦʤʫ ʚʦʟʥʠʢʘʶʪ ʧʨʦʙʣʝʤʳ ʩ 

ʨʘʟʨʘʙʦʪʢʦʡ.  ʋ GeoSpark  ʝʩʪʴ ʥʝʩʢʦʣʴʢʦ ʚʠʜʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʠʥʜʝʢʩʠʨʦʚʘʥʠʷ , ʥʦ 

ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʦʪʥʦʰʝʥʠʡ ʦʛʨʘʥʠʯʝʥʦ. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 
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2. Stefan Hagedorn, Philipp Goetze, Kai-Uwe Sattler; Big Spatial Data Processing 

Frameworks: Feature and Performance Evaluation EDBT, To appear, 2017. 
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ʋɼʂ 004.9, 004.4 

ʈɸɿʈɸɹʆʊʂɸ ʄʆɹʀʃʔʅʆɻʆ ʇʈʀʃʆɾɽʅʀʗ ʅɸ ʇʃɸʊʌʆʈʄɽ WINDOWS 

MOBILE ɼʃʗ ʇɽʈʉʆʅɸʃʔʅʆɻʆ ɺʀɼɽʆʅɸɹʃʖɼɽʅʀʗ 

ɻʦʣʠʛʨʦʚ ɸ. ɺ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ 

ʉʦʚʨʝʤʝʥʥʳʝ ʤʦʙʠʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʰʠʨʦʢʠʡ ʨʷʜ ʨʘʟʥʦʦʙʨʘʟʥʳʭ 

ʚʦʟʤʦʞʥʦʩʪʝʡ, ʦʪ ʨʘʟʚʣʝʯʝʥʠʡ ʜʦ ʦʬʠʩʥʳʭ ʧʨʠʣʦʞʝʥʠʡ. ʆʜʥʘʢʦ, ʧʨʠ ʚʩʸʤ ʵʪʦʤ 

ʨʘʟʥʦʦʙʨʘʟʠʠ, ʪʝʤʘ ʣʠʯʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʟʘʪʨʦʥʫʪʘ. ʅʘʧʨʠʤʝʨ, ʩʫʱʝʩʪʚʫʶʱʠʝ 

ʧʨʠʣʦʞʝʥʠʷ ʣʠʯʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚʠʟʫʘʣʴʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ, ʭʦʪʷ ʧʝʨʝʜʘʯʘ ʚʠʜʝʦʨʷʜʘ ʫʞʝ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʥʝ ʷʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʦʡ ʜʘʞʝ 

ʧʨʠ ʥʠʟʢʦʡ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʯʝʨʝʟ ʤʦʙʠʣʴʥʳʡ ʠʥʪʝʨʥʝʪ. ʊʘʢʠʝ ʧʨʠʣʦʞʝʥʠʷ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʪʦʣʴʢʦ ʧʝʨʝʜʘʯʫ ʢʦʦʨʜʠʥʘʪ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʷ ʫʩʪʨʦʡʩʪʚʘ, ʯʪʦ, ʭʦʪʴ ʠ 

ʜʘʸʪ ʨʝʟʫʣʴʪʘʪ, ʥʝ ʚʩʝʛʜʘ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʳʤ. 

ɺ ʩʚʷʟʠ ʩ ʘʢʪʫʘʣʴʥʦʩʪʴʶ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʘʚʪʦʨʦʤ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ 

ʨʘʟʨʘʙʦʪʘʪʴ ʩʠʩʪʝʤʫ, ʢʦʪʦʨʘʷ ʤʦʛʣʘ ʙʳ ʧʝʨʝʜʘʚʘʪʴ ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʢʘʤʝʨʳ, 

ʧʦʜʢʣʶʯʝʥʥʦʡ ʢ ʤʦʙʠʣʴʥʦʤʫ ʫʩʪʨʦʡʩʪʚʫ.  

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʩʠʩʪʝʤʘ ʠʤʝʝʪ ʜʚʫʭʟʚʝʥʥʫʶ ʘʨʭʠʪʝʢʪʫʨʫ çʢʣʠʝʥʪ-ʩʝʨʚʝʨè. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʪʘʢʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʥʘʜ ʪʨʝʭʟʚʝʥʥʦʡ ʠ ʤʥʦʛʦʟʚʝʥʥʦʡ ʚ ʪʦʤ, ʯʪʦ ʦʥʘ 

ʧʨʦʱʝ ʚ ʨʝʘʣʠʟʘʮʠʠ, ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʝ ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʝ, ʘ ʪʘʢʞʝ 

ʩʥʠʞʘʝʪ ʧʦʪʨʝʙʣʷʝʤʳʡ ʩʝʪʝʚʦʡ ʪʨʘʬʠʢ. ʉʝʨʚʝʨ ʙʫʜʝʪ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʫʩʣʫʛʠ ʭʨʘʥʝʥʠʷ 

ʧʦʣʫʯʝʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʘ ʨʦʣʴ ʢʣʠʝʥʪʘ ʙʫʜʝʪ ʠʩʧʦʣʥʷʪʴ ʧʨʠʣʦʞʝʥʠʝ ʥʘ ʤʦʙʠʣʴʥʦʤ 

ʫʩʪʨʦʡʩʪʚʝ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʢʦʪʦʨʦʝ ʩ ʟʘʜʘʥʥʦʡ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ ʙʫʜʝʪ ʧʝʨʝʩʳʣʘʪʴ 

ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʩʝʨʚʝʨ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʫʜʝʪ ʨʝʘʣʠʟʦʚʘʥʘ ʪʝʭʥʦʣʦʛʠʷ çʪʦʣʩʪʦʛʦ 

ʢʣʠʝʥʪʘè. ʊʘʢ ʢʘʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʧʦʩʪʦʷʥʥʦʤ ʚʠʜʝʦʨʷʜʝ ʥʝʪ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʝʨʝʜʘʯʫ ʩʪʘʪʠʯʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʩ ʥʝʢʦʡ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ. ɼʣʷ ʪʘʢʠʭ ʮʝʣʝʡ ʚʧʦʣʥʝ 

ʧʦʜʭʦʜʠʪ ʧʨʦʪʦʢʦʣ TFTP (Trivial File Transfer Protocol) [1]. 

ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1. ɺ ʥʝʝ ʚʭʦʜʷʪ ʩʣʝʜʫʶʱʠʝ 

ʧʦʜʩʠʩʪʝʤʳ: 

1. ʇʦʜʩʠʩʪʝʤʘ ʧʨʦʚʝʜʝʥʠʷ ʩʲʝʤʢʠ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʥʷʪʠʷ 

ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʧʨʦʚʝʜʝʥʠʷ ʩʲʝʤʢʠ ʩ ʧʦʤʦʱʴʶ ʚʳʙʨʘʥʥʦʡ ʢʘʤʝʨʳ, ʧʦʜʢʣʶʯʝʥʥʦʡ ʢ 

ʤʦʙʠʣʴʥʦʤʫ ʫʩʪʨʦʡʩʪʚʫ; 

2. ʇʦʜʩʠʩʪʝʤʘ ʥʘʩʪʨʦʝʢ, ʚ ʢʦʪʦʨʫʶ ʚʭʦʜʷʪ: 

¶ ʧʦʜʩʠʩʪʝʤʘ ʥʘʩʪʨʦʡʢʠ ʨʘʙʦʪʳ ʩ ʩʝʨʚʝʨʦʤ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʨʝʜʘʢʪʠʨʦʚʘʪʴ ʠʣʠ 

ʚʳʙʨʘʪʴ ʠʟ ʠʤʝʶʱʠʭʩʷ ʚ ʩʠʩʪʝʤʝ IP-ʘʜʨʝʩʦʚ ʩʝʨʚʝʨʦʚ ʜʣʷ ʨʘʙʦʪʳ ʩ ʧʨʠʣʦʞʝʥʠʝʤ; 

¶ ʧʦʜʩʠʩʪʝʤʘ ʥʘʩʪʨʦʡʢʠ ʩʢʦʨʦʩʪʠ ʩʲʝʤʢʠ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʚʳʙʨʘʪʴ 

ʥʝʦʙʭʦʜʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʘʜʨʦʚ ʟʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ ʚ ʨʘʟʫʤʥʳʭ 

ʟʥʘʯʝʥʠʷʭ; 

¶ ʧʦʜʩʠʩʪʝʤʘ ʥʘʩʪʨʦʡʢʠ ʮʚʝʪʥʦʩʪʠ ʠʟʦʙʨʘʞʝʥʠʷ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʚʢʣʶʯʠʪʴ 
ʧʨʠʤʝʥʝʥʠʝ ʮʚʝʪʦʚʦʛʦ ʬʠʣʴʪʨʘ ʢ ʧʦʣʫʯʝʥʥʦʤʫ ʠʟʦʙʨʘʞʝʥʠʶ; 

3. ʉʧʨʘʚʦʯʥʘʷ ʧʦʜʩʠʩʪʝʤʘ, ʢʦʪʦʨʘʷ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʚʳʚʦʜʘ ʩʧʨʘʚʦʯʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʠʩʪʝʤʝ, ʨʘʟʨʘʙʦʪʯʠʢʝ, ʘ ʪʘʢʞʝ ʨʫʢʦʚʦʜʩʪʚʘ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩʠʩʪʝʤʦʡ. 

ʄʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʜʣʷ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ ʨʘʙʦʪʘʝʪ ʧʦʜ 

ʫʧʨʘʚʣʝʥʠʝʤ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ Windows 10 Mobile ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʩʪʝʡʰʝʡ 

ʥʝʜʦʨʦʛʦʡ ʮʠʬʨʦʚʦʡ ʢʘʤʝʨʳ. ʅʘʯʘʣʴʥʳʡ ʵʢʨʘʥ ʧʨʠʣʦʞʝʥʠʷ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ. 2. 
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ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ 

 
ʈʠʩ. 2. ʅʘʯʘʣʴʥʳʡ ʵʢʨʘʥ ʧʨʠʣʦʞʝʥʠʷ 

ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʧʨʠʣʦʞʝʥʠʝ çCamOnè ʤʦʞʥʦ ʨʘʩʧʨʦʩʪʨʘʥʠʪʴ ʧʫʪʝʤ ʨʘʟʤʝʱʝʥʠʷ 

ʝʛʦ ʚ ʦʥʣʘʡʥ-ʤʘʛʘʟʠʥʝ ʤʦʙʠʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ Microsoft ï Windows Store. ʆʥʦ ʙʫʜʝʪ 

ʧʦʣʝʟʥʦ ʰʠʨʦʢʦʤʫ ʢʨʫʛʫ ʧʦʪʨʝʙʠʪʝʣʝʡ ʚ ʩʣʝʜʩʪʚʠʠ ʝʛʦ ʜʦʩʪʫʧʥʦʩʪʠ ʠ ʧʨʦʩʪʦʪʳ, ʚ 

ʯʘʩʪʥʦʩʪʠ ʨʦʜʠʪʝʣʷʤ, ʟʘʙʦʪʷʱʠʤʩʷ ʦ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʚʦʝʛʦ ʨʝʙʝʥʢʘ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ 

ʧʨʷʤʦʛʦ ʚʠʟʫʘʣʴʥʦʛʦ ʢʦʥʪʘʢʪʘ, ʧʨʝʩʪʘʨʝʣʳʤ ʣʶʜʷʤ, ʪʘʢ ʢʘʢ ʚ ʩʣʫʯʘʝ ʯʨʝʟʚʳʯʘʡʥʦʛʦ 

ʧʨʦʠʩʰʝʩʪʚʠʷ, ʩʚʷʟʘʥʥʦʛʦ, ʥʘʧʨʠʤʝʨ, ʩʦ ʟʜʦʨʦʚʴʝʤ, ʤʦʞʥʦ ʧʝʨʝʜʘʪʴ ʠʥʬʦʨʤʘʮʠʶ 

ʨʦʜʩʪʚʝʥʥʠʢʘʤ, ʦʨʛʘʥʠʟʘʮʠʷʤ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʤ ʫʩʣʫʛʠ ʦʭʨʘʥʳ ʣʠʯʥʦʩʪʠ. 
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1. ʇʨʦʪʦʢʦʣ TFTP [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] // ɺʠʢʠʧʝʜʠʷ: ʵʣʝʢʪʨʦʥ. ʵʥʮʠʢʣʦʧʝʜʠʷ. 2001-

2017. URL: https://ru.wikipedia.org/wiki/TFTP (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 23.05.2017).  
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ɸɺʊʆʄɸʊʀɿɸʎʀʗ ɼɽʗʊɽʃʔʅʆʉʊʀ ʇʈɽɼʇʈʀʗʊʀʗ 

ʇʈʀ ʈɸɹʆʊɽ ʉ ɽɻʆ ʂʃʀɽʅʊɸʄʀ 

ɻʦʣʦʚ ɸ. ʉ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ 

ʅʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʡ ʧʨʠ ʨʘʙʦʪʝ ʩ ʠʭ ʢʣʠʝʥʪʘʤʠ 

ʷʚʣʷʶʪʩʷ ʧʣʘʥʠʨʦʚʘʥʠʝ ʠ ʫʯʝʪ ʫʩʣʫʛ, ʢʦʪʦʨʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʦʢʘʟʳʚʘʶʪ ʩʚʦʠʤ ʢʣʠʝʥʪʘʤ. 

ɿʘʯʘʩʪʫʶ ʦʨʛʘʥʠʟʘʮʠʠ ʦʢʘʟʳʚʘʶʪ ʵʪʠ ʫʩʣʫʛʠ ʢʦʤʧʣʝʢʩʥʦ, ʬʦʨʤʠʨʫʷ ʧʨʦʝʢʪʳ. 

ʋʧʨʘʚʣʝʥʠʝ ʧʨʦʝʢʪʘʤʠ ʠʤʝʝʪ ʩʚʦʶ ʩʧʝʮʠʬʠʢʫ ʠ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʦʧʳʪʘ ʤʝʥʝʜʞʝʨʘ 

ʧʨʦʝʢʪʘ ʠ ʢʦʤʘʥʜʳ ʧʨʦʝʢʪʘ, ʥʦ ʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʪ ʧʦʜʜʝʨʞʢʠ ʧʨʦʝʢʪʘ ʚʥʫʪʨʠ 

ʢʦʤʧʘʥʠʠ, ʨʝʘʣʠʟʫʶʱʝʡ ʧʨʦʝʢʪ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ. ʆʥʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʜʜʝʨʞʢʫ ʩʦʙʣʶʜʝʥʠʷ ʢʦʨʧʦʨʘʪʠʚʥʦʛʦ ʩʪʘʥʜʘʨʪʘ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʚʣʠʷʥʠʷ ʥʘ ʨʝʘʣʠʟʘʮʠʶ ʧʨʦʝʢʪʘ ʚ ʭʦʜʝ 

ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ, ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʫʯʘʩʪʥʠʢʦʚ 

ʧʨʦʝʢʪʘ.  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʝʨʝʜ ʘʚʪʦʨʦʤ ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ï ʩʧʨʦʝʢʪʠʨʦʚʘʪʴ [1] ʠ 

ʨʝʘʣʠʟʦʚʘʪʴ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʫʶ ʩʠʩʪʝʤʫ ʫʯʝʪʘ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʧʨʝʜʧʨʠʷʪʠʷ ʆʆʆ ʎʀʊ çʇʘʨʫʩ-ɺʦʣʛʘè ʧʨʠ ʨʘʙʦʪʝ ʩ ʝʛʦ ʢʣʠʝʥʪʘʤʠ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ 

ʚʝʩʪʠ ʧʨʦʝʢʪ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʡ ʝʛʦ ʞʠʟʥʠ. 

ʈʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʩʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ: 

1) ʧʣʘʥʠʨʦʚʘʪʴ ʚʩʪʨʝʯʠ ʩ ʢʣʠʝʥʪʘʤʠ, ʘ ʪʘʢʞʝ ʭʨʘʥʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʦʰʝʜʰʠʭ 
ʚʩʪʨʝʯʘʭ ʠ ʠʭ ʨʝʟʫʣʴʪʘʪʘʭ ʚ ʙʘʟʝ ʜʘʥʥʳʭ; 

2) ʭʨʘʥʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʣʠʮʝʥʟʠʦʥʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ ʢʣʠʝʥʪʘ, ʘ ʪʘʢʞʝ 

ʩʧʝʮʠʬʠʢʘʮʠʠ ʝʛʦ ʣʠʮʝʥʟʠʠ; 

3) ʭʨʘʥʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʜʦʛʦʚʦʨʘʭ ʩ ʢʣʠʝʥʪʘʤʠ, ʘ ʪʘʢʞʝ ʧʣʘʥʠʨʦʚʘʪʴ 

ʠʩʧʦʣʥʝʥʠʝ ʫʩʣʫʛ ʧʦ ʵʪʠʤ ʜʦʛʦʚʦʨʘʤ ʠ ʦʪʩʣʝʞʠʚʘʪʴ ʧʨʦʛʨʝʩʩ ʠʭ ʠʩʧʦʣʥʝʥʠʷ (ʨʠʩ. 1); 

 
ʈʠʩ.1. ʕʢʨʘʥʥʘʷ ʬʦʨʤʘ çɼʦʛʦʚʦʨ ʠ ʧʣʘʥʠʨʦʚʘʥʠʝ ʠʩʧʦʣʥʝʥʠʷ ʫʩʣʫʛè 

4) ʭʨʘʥʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʦʢʘʟʘʥʥʳʭ ʩʦʪʨʫʜʥʠʢʘʤʠ ʧʨʝʜʧʨʠʷʪʠʷ ʫʩʣʫʛʘʭ ʠ ʠʭ 
ʥʘʧʨʘʚʣʝʥʠʷʭ (ʨʠʩ. 2); 



ʉʝʢʮʠʷ 9. ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʘʥʘʣʠʟ ʜʘʥʥʳʭ 

23 

 
ʈʠʩ. 2. ʕʢʨʘʥʥʘʷ ʬʦʨʤʘ çʋʯʝʪ ʦʢʘʟʘʥʥʳʭ ʫʩʣʫʛè 

5) ʧʨʦʠʟʚʦʜʠʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʨʘʩʯʝʪʳ ʠ ʬʦʨʤʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʦʪʯʝʪʳ ʧʦ 

ʟʘʧʨʦʩʫ ʧʦʣʴʟʦʚʘʪʝʣʝʡ (ʨʠʩ. 3). 

 
ʈʠʩ. 3. ʕʢʨʘʥʥʘʷ ʬʦʨʤʘ çɻʝʥʝʨʘʮʠʷ ʘʢʪʦʚ ʜʣʷ ʢʣʠʝʥʪʘè 

ʉʠʩʪʝʤʘ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ C# ʚ 

ʩʨʝʜʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Microsoft Visual Studio 2015, ʚ ʢʘʯʝʩʪʚʝ ʉʋɹɼ ʚʳʙʨʘʥʘ 

PostgreSQL. 

ʇʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʦʙʝʩʧʝʯʠʪ: 

- ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʝ ʭʨʘʥʝʥʠʝ ʚʩʝʡ ʠʥʬʦʨʤʘʮʠʠ, 

- ʢʦʥʪʨʦʣʴ ʠʩʧʦʣʥʝʥʠʷ ʩʦʩʪʘʚʣʝʥʥʦʛʦ ʧʣʘʥʘ, 

- ʘʥʘʣʠʟ ʭʦʜʘ ʨʘʙʦʪ ʠ ʩʚʦʝʚʨʝʤʝʥʥʫʶ ʝʛʦ ʢʦʨʨʝʢʪʠʨʦʚʢʫ, 

- ʧʦʜʜʝʨʞʢʫ ʩʦʙʣʶʜʝʥʠʷ ʢʦʨʧʦʨʘʪʠʚʥʦʛʦ ʩʪʘʥʜʘʨʪʘ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ, 

- ʧʦʚʳʩʠʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʦʚ. 
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1. ɻʦʣʦʚ ɸ. ʉ. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʫʯʝʪʘ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ ʧʦ ʨʘʙʦʪʝ ʩ ʝʛʦ ʢʣʠʝʥʪʘʤʠ// ʇʝʨʩʧʝʢʪʠʚʥʳʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ (ʇʀʊ-2017): ʩʙ. ʥʘʫʯ. ʪʨ. ʤʝʞʜ. ʥʘʫʯʥʦ-ʪʝʭʥ. ʢʦʥʬ.; [ʧʦʜ 

ʨʝʜ. ʉ. ɸ. ʇʨʦʭʦʨʦʚʘ]. ʉʘʤʘʨʘ: ʀʟʜ-ʚʦ ʉʅʎ ʈɸʅ, 2017.  ʉ.72-76. 

  



ʉʝʢʮʠʷ 9. ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʘʥʘʣʠʟ ʜʘʥʥʳʭ 

24 

ʋɼʂ 004.932.2 

ʆʊɹʆʈ ʇʈʀɿʅɸʂʆɺ ɼʃʗ ʂʃɸʉʉʀʌʀʂɸʎʀʀ ʀɿʆɹʈɸɾɽʅʀʁ,  

ʇʆʃʋʏɽʅʅʓʍ ʇʈʀ ɼʀʉʊɸʅʎʀʆʅʅʆʄ ɿʆʅɼʀʈʆɺɸʅʀʀ ɿɽʄʃʀ 

ɻʦʥʯʘʨʦʚʘ ɽ. ʌ.
1
, ɻʘʡʜʝʣʴ ɸ. ɺ.

1,2
 

1
ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ  

2
ʀʥʩʪʠʪʫʪ ʩʠʩʪʝʤ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ ʈɸʅ, ʛ. ʉʘʤʘʨʘ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʝʰʘʝʪʩʷ ʟʘʜʘʯʘ ʚʳʷʚʣʝʥʠʷ ʛʨʫʧʧʳ ʥʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʭ 

ʧʨʠʟʥʘʢʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʠʟʦʙʨʘʞʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ 

ʜʠʩʪʘʥʮʠʦʥʥʦʤ ʟʦʥʜʠʨʦʚʘʥʠʠ ɿʝʤʣʠ (ɼɿɿ). ɹʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʜʚʝ ʛʨʫʧʧʳ ʧʨʠʟʥʘʢʦʚ: 

ʛʠʩʪʦʛʨʘʤʤʥʳʝ ʠ ʪʝʢʩʪʫʨʥʳʝ. ʆʪʙʦʨ ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʧʨʠʟʥʘʢʦʚ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʩ 

ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʜʠʩʢʨʠʤʠʥʘʥʪʥʦʤ ʘʥʘʣʠʟʝ ʠ ʞʘʜʥʦʤ ʜʦʙʘʚʣʝʥʠʠ 

ʧʨʠʟʥʘʢʦʚ. ɼʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʚʣʠʷʥʠʷ ʦʪʦʙʨʘʥʥʳʭ ʧʨʠʟʥʘʢʦʚ ʥʘ ʨʘʟʜʝʣʠʤʦʩʪʴ ʢʣʘʩʩʦʚ 

ʙʳʣʘ ʧʨʦʠʟʚʝʜʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʦʙʲʝʢʪʦʚ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʙʣʠʞʘʡʰʝʛʦ ʩʦʩʝʜʘ. 

ʀʟʦʙʨʘʞʝʥʠʷ, ʜʣʷ ʢʦʪʦʨʳʭ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʧʨʠʟʥʘʢʠ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟ ʦʪʢʨʳʪʦʡ ʙʘʟʳ 

ʜʘʥʥʳʭ UC Merced Land Use Dataset, ʢʦʪʦʨʘʷ ʩʦʜʝʨʞʠʪ ʠʟʦʙʨʘʞʝʥʠʷ ʨʘʟʤʝʨʥʦʩʪʴʶ 

256Ĭ256 ʦʪʩʯʝʪʦʚ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʨʘʟʣʠʯʥʳʤ ʢʣʘʩʩʘʤ: ʧʦʣʝ, ʣʝʩ, ʧʣʷʞ ʠ ʜʨʫʛʠʝ. 

ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʠʟʥʘʢʦʚ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʙʳʣʘ ʨʘʩʩʯʠʪʘʥʘ 

ʤʘʪʨʠʮʘ ʷʨʢʦʩʪʠ Ὅ , ʛʜʝ ὓ ὔ ï ʨʘʟʤʝʨ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʧʠʢʩʝʣʷʭ: 

Ὅάȟὲ
Ὑάȟὲ Ὃάȟὲ ὄάȟὲ

σ
ȟά ρȟὓȟὲ ρȟὔȟ 

ʛʜʝ ὙȟὋȟὄ ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʨʘʩʥʦʡ, ʟʝʣʝʥʦʡ ʠ ʩʠʥʝʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʦʪʩʯʝʪʘ ʩ 

ʢʦʦʨʜʠʥʘʪʘʤʠ άȟὲ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʀʟʦʙʨʘʞʝʥʠʝ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʨʝʘʣʠʟʘʮʠʝʡ ʜʚʫʤʝʨʥʦʛʦ ʩʣʫʯʘʡʥʦʛʦ ʧʨʦʮʝʩʩʘ, 

ʪʦʛʜʘ ʦʮʝʥʢʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʘʥʥʦʛʦ 

ʠʟʦʙʨʘʞʝʥʠʷ. ɹʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʥʘʯʘʣʴʥʳʝ (’) ʠ ʮʝʥʪʨʘʣʴʥʳʝ ʤʦʤʝʥʪʳ (‘), ʢʦʪʦʨʳʝ 
ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʬʦʨʤʫʣʘʤʠ: 

’
ρ

ὓὔ
Ὅ ὭȟὮȟ ‘

ρ

ὓὔ
ὍὭȟὮ ’ Ȣ 

ɹʳʣʦ ʨʘʩʩʯʠʪʘʥʦ 8 ʛʠʩʪʦʛʨʘʤʤʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ: ὍӶȟὍӶȟὍӶȟὍӶ (ʩʨʝʜʥʷʷ 
ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʣʫʪʦʥʦʚʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚ ʢʨʘʩʥʦʤ, ʟʝʣʝʥʦʤ ʠ 

ʩʠʥʝʤ ʢʘʥʘʣʘʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ί ’ (ʩʨʝʜʥʷʷ ʵʥʝʨʛʠʷ), „ Ѝ‘ 

(ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ), ‎  (ʢʦʵʬʬʠʮʠʝʥʪ ʘʩʠʤʤʝʪʨʠʠ) ʠ ‎ σ 

(ʢʦʵʬʬʠʮʠʝʥʪ ʵʢʩʮʝʩʩʘ).  

ʊʝʢʩʪʫʨʘ ʠʟʦʙʨʘʞʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʘ ʩ ʧʦʤʦʱʴʶ  ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʦʡ 

ʬʫʥʢʮʠʠ [1], ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʦʪʩʯʝʪʘʤʠ ʠʟʦʙʨʘʞʝʥʠʷ, ʢʦʪʦʨʫʶ 

ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: Ὑάȟὲ ȿȿ ȿ ȿ
В В ȟ ȟ

В В ȟ
. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʟʥʘʢʦʚ ʙʳʣʦ ʨʘʩʩʯʠʪʘʥʦ ʫʩʨʝʜʥʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʯʝʪʳʨʝʭ ʦʪʩʯʝʪʦʚ 

ʜʣʷ ʜʚʫʭ ʨʘʩʩʪʦʷʥʠʡ: ὶ Ὑπȟρ Ὑπȟρ Ὑρȟπ Ὑ ρȟπ  ʠ ὶ Ὑπȟυ

Ὑπȟυ Ὑυȟπ Ὑ υȟπ Ȣ 

ʊʘʢʞʝ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʪʝʢʩʪʫʨʥʳʝ ʧʨʠʟʥʘʢʠ ʍʘʨʘʣʠʢʘ [2]. ɹʳʣʠ ʧʦʩʪʨʦʝʥʳ 

ʤʘʪʨʠʮʳ ʩʤʝʞʥʦʩʪʠ ʜʣʷ ʚʦʩʴʤʠ ʧʘʨ ʨʘʩʩʪʦʷʥʠʡ ὶȟὶ : ρȟπȟπȟρȟ ρȟρȟ ςȟπȟ
πȟς ̉ ςȟς. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʦʨʦʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 
ʫʩʨʝʜʥʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʤʘʪʨʠʮ. ʀʟ ʢʘʞʜʦʡ ʤʘʪʨʠʮʳ ʙʳʣʦ ʨʘʩʩʯʠʪʘʥʦ ʯʝʪʳʨʝ ʦʩʥʦʚʥʳʭ 
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ʧʨʠʟʥʘʢʘ: ὪὪ  ï ʚʪʦʨʦʡ ʫʛʣʦʚʦʡ ʤʦʤʝʥʪ, ὪὪ  ï ʢʦʥʪʨʘʩʪʥʦʩʪʴ, ὪὪ  ï 

ʢʦʨʨʝʣʷʮʠʷ ʠ ὪὪ  ï ʵʥʪʨʦʧʠʷ. 

ʆʪʙʦʨ ʧʨʠʟʥʘʢʦʚ ʧʨʦʠʟʚʦʜʠʣʩʷ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʜʠʩʢʨʠʤʠʥʘʥʪʥʦʛʦ ʘʥʘʣʠʟʘ. 

ʇʫʩʪʴ ʠʤʝʝʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʨʠʟʥʘʢʦʚ  ṖὙ, ʛʜʝ ὑ ï ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʟʥʘʢʦʚ, ʢʘʞʜʳʡ 

ʚʝʢʪʦʨ ʧʨʠʟʥʘʢʦʚ ὼ ʦʪʥʦʩʠʪʩʷ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʢʣʘʩʩʫ ˡὼ . ɿʘʜʘʯʝʡ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʷʚʣʷʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʦʧʝʨʘʪʦʨʘ l ὼ , ʢʦʪʦʨʳʡ, ʩʧʦʩʦʙʝʥ ʧʝʨʝʚʝʩʪʠ 

ʦʙʲʝʢʪ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʚ ʝʛʦ ʢʣʘʩʩ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʦʧʝʨʘʪʦʨʘ ˡὼ  ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʠʥʬʦʨʤʘʮʠʷ ʠʟ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ ὟṖ , ʜʣʷ ʦʙʲʝʢʪʦʚ ʢʦʪʦʨʦʡ ʢʣʘʩʩ ʠʟʚʝʩʪʝʥ. 

ɺ ʤʝʪʦʜʝ ʜʠʩʢʨʠʤʠʥʘʥʪʥʦʛʦ ʘʥʘʣʠʟʘ [3] ʚʳʙʠʨʘʝʪʩʷ ʥʘʙʦʨ ʧʨʠʟʥʘʢʦʚ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʤʘʢʩʠʤʫʤ ʢʨʠʪʝʨʠʷ ὐὗ
В

, ʛʜʝ ὗ ï ʪʝʢʫʱʠʡ ʥʘʙʦʨ 

ʧʨʠʟʥʘʢʦʚ; Ὑ ï ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʤʘʪʨʠʮʘ ʩʤʝʩʠ ʨʘʩʧʨʝʜʝʣʝʥʠʡ; Ὑ ï ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ 

ʤʘʪʨʠʮʘ ʚʥʫʪʨʠ j-ʛʦ ʢʣʘʩʩʘ; ὖ   ï ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʦʙʲʝʢʪʘ ʠʟ ʢʣʘʩʩʘ  ; ὒ ï 

ʢʦʣʠʯʝʩʪʚʦ ʢʣʘʩʩʦʚ. 

ʇʨʠ ʞʘʜʥʦʤ ʦʪʙʦʨʝ ʧʨʠʟʥʘʢʦʚ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʚ ʧʨʠʟʥʘʢʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ 

ʜʦʙʘʚʣʷʣʩʷ ʦʜʠʥ ʠʟ ʨʘʥʝʝ ʥʝ ʜʦʙʘʚʣʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ, ʠ ʨʘʩʩʯʠʪʳʚʘʣʩʷ ʢʨʠʪʝʨʠʡ 

ʜʠʩʢʨʠʤʠʥʘʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ὐὗ. ɺ ʛʨʫʧʧʫ ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʧʨʠʟʥʘʢʦʚ ʜʦʙʘʚʣʷʣʩʷ ʪʦʪ 
ʧʨʠʟʥʘʢ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʣ ʤʘʢʩʠʤʫʤ ʢʨʠʪʝʨʠʷ. ɼʣʷ ʟʘʜʘʥʥʦʡ ʩʠʩʪʝʤʳ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ   ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʦʯʥʦʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʮʝʥʠʚʘʣʘʩʴ ʧʦ ʬʦʨʤʫʣʝ: 

‐
ᶰ ȿl ˡ

ȿȿ
, Ὧ ρὟȟ Ὗ ï ʢʦʥʪʨʦʣʴʥʘʷ ʚʳʙʦʨʢʘ [4]. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʧʨʦʚʝʨʢʠ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ 500 

ʠʟʦʙʨʘʞʝʥʠʡ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ UC Merced Land Use, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʧʷʪʠ ʨʘʟʥʳʤ 

ʢʣʘʩʩʘʤ (ʧʣʷʞ, ʜʦʤʘ, ʧʦʣʝ, ʣʝʩ, ʩʘʤʦʣʝʪ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʜʘʥʥʳʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 1: 

 

ʊʘʙʣʠʮʘ 1. ɻʨʫʧʧʳ ʠʟ ʧʝʨʚʳʭ 9 ʧʨʠʟʥʘʢʦʚ ʠ ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʦʯʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 
ʇʨʠʟʥʘʢʠ ‐ ʇʨʠʟʥʘʢʠ ‐ 
„, ί 0,36 „, ί, ὍӶ, ὍӶ, ὍӶ, ὍӶ 0,23 

„, ί, ὍӶ 0,21 „, ί, ὍӶ, ὍӶ, ὍӶ, ὍӶ, Ὢ  0,19 

„, ί, ὍӶ, ὍӶ 0,30 „, ί, ὍӶ, ὍӶ, ὍӶ, ὍӶ, Ὢ , Ὢ  0,18 

„, ί, ὍӶ, ὍӶ,  ὍӶ 0,27 „, ί, ὍӶ, ὍӶ, ὍӶ, ὍӶ, Ὢ , Ὢ , Ὢ 0,15 

ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʥʘʠʤʝʥʴʰʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʦʯʥʦʡ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʚ ʛʨʫʧʧʝ ʠʟ 9 ʧʨʠʟʥʘʢʦʚ, ʚ ʢʦʪʦʨʫʶ ʚʭʦʜʷʪ ʩʨʝʜʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʉʂʆ, ʘ ʪʘʢʞʝ ʪʨʠ ʪʝʢʩʪʫʨʥʳʭ ʧʨʠʟʥʘʢʘ ʍʘʨʘʣʠʢʘ. 

ɻʨʫʧʧʘ ʠʟ ʜʝʚʷʪʠ ʣʫʯʰʠʭ ʧʨʠʟʥʘʢʦʚ ʧʦʟʚʦʣʷʝʪ ʚʝʨʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ 85% 

ʠʟʦʙʨʘʞʝʥʠʡ. ʄʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚ ʛʨʫʧʧʝ ʠʟ 7-8 ʧʨʠʟʥʘʢʦʚ ʜʦʣʷ ʥʝʚʝʨʥʦ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʥʳʭ ʦʙʲʝʢʪʦʚ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʣʫʯʰʝʡ ʛʨʫʧʧʝ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʦʪʙʦʨʘ ʧʨʠʟʥʘʢʦʚ ʧʦʟʚʦʣʠʣ ʩʥʠʟʠʪʴ ʨʘʟʤʝʨʥʦʩʪʴ 

ʧʨʠʟʥʘʢʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʜʚʘ ʨʘʟʘ ʜʣʷ ʧʨʝʜʣʦʞʝʥʥʳʭ ʧʷʪʠ ʢʣʘʩʩʦʚ ʠʟʦʙʨʘʞʝʥʠʡ. 
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ʆʉʆɹɽʅʅʆʉʊʀ ʈɸʉʏɽʊɸ ʄʋʃʔʊʀʌʈɸʂʊɸʃʔʅʆʁ ʇɸʈɸʄɽʊʈʀɿɸʎʀʀ 

ʅɽʆɼʅʆʈʆɼʅʓʍ ʉʊʈʋʂʊʋʈ ʄɸʊɽʈʀɸʃʆɺ ʇʆ ʀɿʆɹʈɸɾɽʅʀʖ 

ɻʨʠʙʦʚʘ ɽ. ʉ., ʇʘʣʘʤʘʨʴ ʀ. ʅ. 

ʈʳʙʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʚʠʘʮʠʦʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʇ. ɸ. ʉʦʣʦʚʴʝʚʘ, ʛ. ʈʳʙʠʥʩʢ 

ʆʜʥʘ ʠʟ ʟʘʜʘʯ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ï ʵʪʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʠʩʘʥʠʝ ʩʣʦʞʥʳʭ, ʥʘ 

ʧʝʨʚʳʡ ʚʟʛʣʷʜ ʭʘʦʪʠʯʥʳʭ, ʩʪʨʫʢʪʫʨ. ʕʪʦ ʤʦʛʫʪ ʙʳʪʴ ʠʟʦʙʨʘʞʝʥʠʷ ʟʝʨʝʥ, ʧʦʨ, ʪʦʯʝʯʥʳʭ 

ʜʝʬʝʢʪʦʚ, ʩʪʨʫʢʪʫʨʳ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɼʣʷ ʨʘʟʣʠʯʝʥʠʷ ʧʦʭʦʞʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʠ 

ʚʳʷʚʣʝʥʠʷ ʩʢʨʳʪʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʪʨʫʢʪʫʨʘʭ ʚʚʦʜʷʪʩʷ ʥʘʙʦʨʳ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʪʨʫʢʪʫʨ ʤʘʪʝʨʠʘʣʦʚ. ʅʦ ʩʘʤʘʷ ʚʘʞʥʘʷ ʟʘʜʘʯʘ ï ʵʪʦ ʫʩʪʘʥʦʚʣʝʥʠʝ ʩʚʷʟʠ 

ʤʝʞʜʫ ʨʝʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʤʘʪʝʨʠʘʣʘ ʠ ʝʛʦ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʠʩʘʥʠʝ ʩʪʨʫʢʪʫʨ.  

ʆʜʠʥ ʠʟ ʚʘʨʠʘʥʪʦʚ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʦʨʠʠ ʬʨʘʢʪʘʣʦʚ. 

ʌʨʘʢʪʘʣ (ʣʘʪ. fractus ï ʜʨʦʙʣʸʥʳʡ, ʩʣʦʤʘʥʥʳʡ, ʨʘʟʙʠʪʳʡ) ï ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʥʦʞʝʩʪʚʦ, 

ʦʙʣʘʜʘʶʱʝʝ ʩʚʦʡʩʪʚʦʤ ʩʘʤʦʧʦʜʦʙʠʷ. ʉʘʤʦʧʦʜʦʙʥʳʡ ʦʙʲʝʢʪ ï ʵʪʦ ʦʙʲʝʢʪ, ʚ ʪʦʯʥʦʩʪʠ 

ʠʣʠ ʧʨʠʙʣʠʞʸʥʥʦ ʩʦʚʧʘʜʘʶʱʠʡ ʩ ʯʘʩʪʴʶ ʩʝʙʷ ʩʘʤʦʛʦ (ʪʦ ʝʩʪʴ ʮʝʣʦʝ ʠʤʝʝʪ ʪʫ ʞʝ 

ʬʦʨʤʫ, ʯʪʦ ʠ ʦʜʥʘ ʠʣʠ ʙʦʣʝʝ ʯʘʩʪʝʡ). ʄʥʦʛʠʝ ʦʙʲʝʢʪʳ ʨʝʘʣʴʥʦʛʦ ʤʠʨʘ (ʙʝʨʝʛʦʚʳʝ 

ʣʠʥʠʠ, ʝʩʪʝʩʪʚʝʥʥʳʡ ʣʘʥʜʰʘʬʪ, ʨʘʩʪʝʥʠʷ ʠ ʜʝʨʝʚʴʷ) ʦʙʣʘʜʘʶʪ ʩʚʦʡʩʪʚʦʤ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʩʘʤʦʧʦʜʦʙʠʷ. ʇʨʦʱʝ ʛʦʚʦʨʷ, ʝʩʣʠ ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʥʝʙʦʣʴʰʦʡ 

ʬʨʘʛʤʝʥʪ ʨʝʛʫʣʷʨʥʦʡ ʬʠʛʫʨʳ ʚ ʦʯʝʥʴ ʢʨʫʧʥʦʤ ʤʘʩʰʪʘʙʝ, ʪʦ ʦʥ ʙʫʜʝʪ ʧʦʭʦʞ ʥʘ 

ʬʨʘʛʤʝʥʪ ʧʨʷʤʦʡ. ɼʣʷ ʬʨʘʢʪʘʣʘ ʫʚʝʣʠʯʝʥʠʝ ʤʘʩʰʪʘʙʘ ʥʝ ʚʝʜʸʪ ʢ ʫʧʨʦʱʝʥʠʶ 

ʩʪʨʫʢʪʫʨʳ, ʪʦ ʝʩʪʴ ʥʘ ʚʩʝʭ ʰʢʘʣʘʭ ʤʳ ʫʚʠʜʠʤ ʦʜʠʥʘʢʦʚʦ ʩʣʦʞʥʫʶ ʢʘʨʪʠʥʫ. ɹ. ɹ. 

ʄʘʥʜʝʣʴʙʨʦʪ ʦʪʢʨʳʣ ʦʙʱʫʶ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʧʨʠʨʦʜʥʳʭ ʦʙʲʝʢʪʦʚ, ʧʨʦʷʚʣʷʶʱʫʶʩʷ ʚ 

ʩʘʤʦʧʦʜʦʙʠʠ ʠʭ ʩʪʨʦʝʥʠʷ, ʯʪʦ ʧʦʤʦʛʘʝʪ ʦʧʠʩʳʚʘʪʴ ʚʥʝʰʥʝ ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʝ 

ʩʪʨʫʢʪʫʨʳ [1]. ɺ ʦʩʥʦʚʥʦʤ ʬʨʘʢʪʘʣʳ ʜʝʣʷʪ ʥʘ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ, ʘʣʛʝʙʨʘʠʯʝʩʢʠʝ ʠ 

ʩʪʦʭʘʩʪʠʯʝʩʢʠʝ. ʇʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʩʪʦʭʘʩʪʠʯʝʩʢʠʝ ʬʨʘʢʪʘʣʳ ʤʦʛʫʪ 

ʥʘʟʳʚʘʪʴʩʷ ʤʫʣʴʪʠʬʨʘʢʪʘʣʳ. ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʤʫʣʴʪʠʬʨʘʢʪʘʣ ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ 

ʥʝʩʢʦʣʴʢʦ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʬʨʘʢʪʘʣʦʚ. 

ʉʪʨʫʢʪʫʨʘ ʤʘʪʝʨʠʘʣʦʚ, ʦʙʨʘʟʦʚʘʥʥʘʷ ʵʣʝʤʝʥʪʘʤʠ ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ, ʷʚʣʷʝʪʩʷ 

ʥʝʦʜʥʦʨʦʜʥʦʡ. ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨ 

ʤʘʪʝʨʠʘʣʦʚ, ʠʤʝʶʱʠʭ ʩʣʫʯʘʡʥʫʶ ʧʨʠʨʦʜʫ, ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ 

ʤʫʣʴʪʠʬʨʘʢʪʘʣʦʚ, ʦʧʠʩʳʚʘʶʱʠʭ ʩʦʚʦʢʫʧʥʦʩʪʴ ʨʘʟʥʦʨʦʜʥʳʭ ʩʪʨʫʢʪʫʨ. 

ɼʣʷ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʬʨʘʢʪʘʣʦʚ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʩʯʝʪʳ ʨʘʟʤʝʨʥʦʩʪʠ 

ʄʠʥʢʦʚʩʢʦʛʦ ʜʣʷ ʩʝʛʤʝʥʪʠʨʦʚʘʥʥʳʭ ʠ ʙʠʥʘʨʠʟʦʚʘʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʚʠʟʫʘʣʴʥʦʝ 

ʦʪʦʙʨʘʞʝʥʠʝ ʧʣʦʪʥʦʩʪʝʡ ʮʚʝʪʘ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ. ʀʟʦʙʨʘʞʝʥʠʝ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ 

ʢʚʘʜʨʘʪʥʳʝ ʢʣʘʩʪʝʨʳ, ʧʦʩʣʝ ʯʝʛʦ ʚ ʢʘʞʜʦʤ ʠʟ ʥʠʭ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʣʦʪʥʦʩʪʴ 

ʠʟʦʙʨʘʞʝʥʠʷ. ʂʘʞʜʳʡ ʢʣʘʩʪʝʨ ʦʢʨʘʰʠʚʘʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʝʛʦ ʧʣʦʪʥʦʩʪʠ, ʧʦʩʣʝ ʯʝʛʦ, 

ʩʪʘʥʦʚʷʪʩʷ ʚʠʟʫʘʣʴʥʦ ʨʘʟʣʠʯʠʤʳ ʨʘʟʣʠʯʥʳʝ ʩʪʨʫʢʪʫʨʳ. ʆʙʣʘʩʪʠ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ 

ʬʨʘʢʪʘʣʴʥʫʶ ʧʨʠʨʦʜʫ, ʮʝʣʠʢʦʤ ʦʢʨʘʰʠʚʘʶʪʩʷ ʚ ʦʜʠʥ ʮʚʝʪ. ʈʘʟʥʦʨʦʜʥʳʝ ʚʢʣʶʯʝʥʠʷ ʚ 

ʩʪʨʫʢʪʫʨʫ  ʙʫʜʫʪ ʠʤʝʪʴ ʮʚʝʪ, ʦʪʣʠʯʥʳʡ ʦʪ ʦʢʨʫʞʘʶʱʝʡ ʦʙʣʘʩʪʠ. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʧʨʦʛʨʘʤʤʳ [2] ʯʘʱʝ ʚʩʝʛʦ ʨʘʙʦʪʘʶʪ ʪʦʣʴʢʦ ʩ ʙʠʥʘʨʥʳʤʠ 

ʠʟʦʙʨʘʞʝʥʠʷʤʠ ʠʣʠ ʩ ʪʝʢʩʪʦʤ ʚ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ (ʥʘʧʨʠʤʝʨ, ʟʘʚʠʩʠʤʦʩʪʴ 

ʫʨʦʚʥʷ ʩʠʛʥʘʣʘ ʦʪ ʚʨʝʤʝʥʠ). ʇʝʨʝʜ ʥʘʤʠ ʩʪʦʠʪ ʟʘʜʘʯʘ ʩʦʚʝʨʰʝʥʥʦ ʜʨʫʛʦʛʦ ʨʦʜʘ ï 

ʘʥʘʣʠʟ  ʠʟʦʙʨʘʞʝʥʠʡ, ʢʦʪʦʨʳʝ ʜʘʣʝʢʠ ʦʪ ʜʚʫʭʤʝʨʥʳʭ ʛʨʘʬʠʢʦʚ. ʕʪʦ ʤʦʛʫʪ ʙʳʪʴ 

ʠʟʦʙʨʘʞʝʥʠʷ ʤʠʢʨʦ- ʠ ʤʘʢʨʦʩʪʨʫʢʪʫʨ ʤʘʪʝʨʠʘʣʦʚ, ʣʘʥʜʰʘʬʪʦʚ, ʨʝʣʴʝʬʦʚ, ʪʢʘʥʝʡ 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʠ ʞʠʚʦʪʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʤʠʥʝʨʘʣʦʚ ʠ ʪ. ʧ. ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʩʧʦʩʦʙʳ 

ʨʘʩʯʝʪʘ ʧʦʢʘʟʘʪʝʣʝʡ ʩʠʛʥʘʣʦʚ ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʤʘʣʦʧʨʠʤʝʥʠʤʳ (ʠʣʠ ʥʝʧʨʠʤʝʥʠʤʳ 
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ʩʦʚʩʝʤ) ʚ ʪʦʤ ʚʠʜʝ, ʚ ʢʦʪʦʨʦʤ ʦʥʠ ʨʘʙʦʪʘʶʪ ʚ ʠʟʚʝʩʪʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʘʭ 

(Fractan, Multifrac). ʂʨʦʤʝ ʪʦʛʦ, ʠʟʦʙʨʘʞʝʥʠʷ ʙʳʚʘʶʪ: ʙʠʥʘʨʥʳʝ ï ʩʦʩʪʦʷʱʠʝ ʪʦʣʴʢʦ ʠʟ 

ʜʚʫʭ ʮʚʝʪʦʚ (ʥʝʦʙʷʟʘʪʝʣʴʥʦ ʯʝʨʥʳʡ ʠ ʙʝʣʳʡ), ʩʝʛʤʝʥʪʠʨʦʚʘʥʥʳʤʠ ï ʵʪʦ ʫʧʨʦʱʝʥʥʦʝ 

(ʮʚʝʪʥʦʝ ʠʣʠ ʯʝʨʥʦ-ʙʝʣʦʝ) ʠʟʦʙʨʘʞʝʥʠʝ, ʩʝʨʳʤʠ (ʩʦʜʝʨʞʘʱʠʝ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʦʪʪʝʥʢʠ 

ʧʦ ʘʭʨʦʤʘʪʠʯʝʩʢʦʡ ʦʩʠ) ʠ ʮʚʝʪʥʳʤʠ, ʯʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʫʩʣʦʞʥʷʝʪ ʟʘʜʘʯʫ ʘʥʘʣʠʟʘ. ɺ 

ʠʟʦʙʨʘʞʝʥʠʠ ʤʦʛʫʪ ʙʳʪʴ ʦʧʪʠʯʝʩʢʠʝ, ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ, ʮʚʝʪʦʚʳʝ ʠʩʢʘʞʝʥʠʷ. 

ɼʣʷ ʢʦʥʢʨʝʪʥʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʩʫʱʝʩʪʚʫʶʪ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ ʚ ʦʧʠʩʘʥʠʠ 

ʩʚʦʡʩʪʚ ʩʪʨʫʢʪʫʨʥʳʭ ʦʙʲʝʢʪʦʚ ʧʦ ʠʟʦʙʨʘʞʝʥʠʶ ʠ ʥʝʦʙʭʦʜʠʤʳʡ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ. 

ʇʨʦʛʨʘʤʤʘ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʦʧʠʩʳʚʘʪʴ ʩʣʦʞʥʳʝ ʥʝʦʜʥʦʨʦʜʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʜʦʣʞʥʘ 

ʩʣʫʞʠʪʴ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʩʧʝʮʠʘʣʠʩʪʘ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ. ɼʣʷ ʫʩʧʝʰʥʦʡ ʨʘʙʦʪʳ ʚ 

ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʤʥʦʞʝʩʪʚʦ ʪʝʩʪʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʠʟʦʙʨʘʞʝʥʠʷʤʠ, ʯʪʦʙʳ ʢʘʢ ʤʦʞʥʦ ʪʦʯʥʝʝ ʩʚʷʟʘʪʴ ʩʣʦʚʝʩʥʦʝ ʦʧʠʩʘʥʠʝ ʠʟʦʙʨʘʞʝʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʩ ʧʦʣʫʯʝʥʥʳʤʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ʇʨʦʛʨʘʤʤʘ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ, ʤʦʞʝʪ ʨʘʩʩʯʠʪʘʪʴ ʨʘʟʤʝʨʥʦʩʪʴ 

ʄʠʥʢʦʚʩʢʦʛʦ ʜʣʷ ʩʝʛʤʝʥʪʠʨʦʚʘʥʥʳʭ ʠ ʙʠʥʘʨʠʟʦʚʘʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʧʘʨʘʤʝʪʨ ʍʸʨʩʪʘ 

[3] (ʧʘʨʘʤʝʪʨ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʪʝʧʝʥʴ ʠʟʨʝʟʘʥʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʛʨʘʬʠʢʘ). ɺ ʧʨʦʛʨʘʤʤʝ 

ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʠʟʦʙʨʘʞʝʥʠʷ: ʙʠʥʘʨʠʟʘʮʠʷ ʩ ʚʳʙʨʘʥʥʳʤ ʧʦʨʦʛʦʤ 

(ʜʣʷ ʣʶʙʦʛʦ ʪʠʧʘ ʠʟʦʙʨʘʞʝʥʠʡ), ʩʝʛʤʝʥʪʘʮʠʷ (ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʛʠʩʪʦʛʨʘʤʤʝ 

ʠʟʦʙʨʘʞʝʥʠʷ), ʦʙʝʩʮʚʝʯʠʚʘʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ. ɼʣʷ ʫʜʦʙʩʪʚʘ ʨʘʙʦʪʳ ʚ ʧʨʦʛʨʘʤʤʝ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʬʫʥʢʮʠʠ: ʚʠʟʫʘʣʴʥʦʛʦ ʚʳʜʝʣʝʥʠʷ ʮʚʝʪʦʚʦʡ ʦʙʣʘʩʪʠ ʜʣʷ ʨʘʙʦʪʳ, 

ʥʘʩʪʨʦʡʢʘ ʨʘʟʤʝʨʘ ʢʣʘʩʪʝʨʦʚ, ʚʠʟʫʘʣʴʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʧʣʦʪʥʦʩʪʝʡ ʮʚʝʪʘ ʚ ʢʣʘʩʪʝʨʘʭ, 

ʟʘʧʠʩʴ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʬʘʡʣ (ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʧʦʣʫʯʝʥʥʳʭ ʛʨʘʬʠʢʦʚ), ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʦʪʯʝʪʘ ʦ ʧʨʦʮʝʩʩʝ ʘʥʘʣʠʟʘ ʩʪʨʫʢʪʫʨʳ. 

ʀʥʪʝʨʝʩʥʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʠʤʝʝʪ ʘʥʘʣʠʟ ʩʪʨʦʝʥʠʷ ʩʨʝʟʘ ʢʦʩʪʝʡ (ʠʣʠ 

ʨʝʥʪʛʝʥʦʛʨʘʤʤʳ) [4]. ɻʫʙʯʘʪʘʷ ʢʦʩʪʴ ï ʵʪʦ ʦʜʥʘ ʠʟ ʩʪʨʫʢʪʫʨ, ʢʦʪʦʨʘʷ ʥʝ ʧʦʜʜʘʝʪʩʷ  

ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʩ ʧʦʤʦʱʴʶ ʧʨʦʩʪʳʭ ʬʦʨʤ, ʢʦʩʪʴ ʠʤʝʝʪ ʩʣʦʞʥʫʶ ʩʪʨʫʢʪʫʨʫ ʷʯʝʝʢ ʠ 

ʚʝʪʚʣʝʥʠʡ. ɺ ʜʘʥʥʦʤ ʧʨʠʤʝʨʝ ʩʪʦʠʪ ʟʘʜʘʯʘ ʩʦʦʪʥʝʩʪʠ ʧʨʦʯʥʦʩʪʴ ʢʦʩʪʥʦʡ ʪʢʘʥʠ ʠ 

ʧʣʦʪʥʦʩʪʴ, ʧʦʩʢʦʣʴʢʫ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʚʘʨʠʘʥʪʦʚ ʧʨʦʯʥʦʩʪʠ ʪʢʘʥʠ ʧʨʠ 

ʦʜʠʥʘʢʦʚʦʡ ʧʣʦʪʥʦʩʪʠ. ɻʣʘʚʥʘʷ ʠʜʝʷ ʘʥʘʣʠʟʘ ʢʦʩʪʥʦʡ ʪʢʘʥʠ ʥʝ ʩʦʜʝʨʞʘʥʠʝ 

ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ ʚ ʩʪʨʫʢʪʫʨʝ, ʘ ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʯʪʦ ʠ ʦʧʨʝʜʝʣʷʝʪ 

ʧʨʦʯʥʦʩʪʴ ʢʦʩʪʠ. ʌʨʘʢʪʘʣʴʥʘʷ ʨʘʟʤʝʨʥʦʩʪʴ ʫʯʘʩʪʢʦʚ ʢʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʩ 

ʧʨʦʯʥʦʩʪʴʶ.  

ʇʦ ʤʝʨʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨ ʙʫʜʝʪ ʷʩʥʦ, ʢʘʢʠʝ ʝʱʝ ʤʝʪʦʜʳ 

ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʨʘʙʦʪʝ. ɺʦʟʤʦʞʥʦ, ʙʫʜʝʪ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʠʪʴ ʨʘʩʧʦʟʥʘʚʘʥʠʝ 

ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʟʦʙʨʘʞʝʥʠʷ.  
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ɻʫʞʝʥʢʦ ɸ. ʉ., ɼʘʥʠʣʝʥʢʦ ɸ. ʅ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ 

ʈʝʛʨʝʩʩʠʦʥʥʳʡ ʘʥʘʣʠʟ [1] ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ ʥʘʰʝʡ ʞʠʟʥʠ: ʦʪ ʦʮʝʥʢʠ 

ʠʥʞʝʥʝʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʜʦ ʠʟʫʯʝʥʠʷ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ. ʉʪʘʥʜʘʨʪʥʳʝ 

ʧʘʢʝʪʳ ʜʣʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ ʠ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ. ʆʜʥʘʢʦ, ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʢʨʫʧʥʳʤ ʠʥʞʝʥʝʨʥʳʤ ʢʦʤʧʘʥʠʷʤ 

ʥʝʦʙʭʦʜʠʤ ʫʜʘʣʝʥʥʳʡ ʜʦʩʪʫʧ ʢ ʇʆ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʯʝʪʦʚ ʠʟ ʣʶʙʦʡ ʪʦʯʢʠ ʤʠʨʘ, ʘ 

ʪʘʢʞʝ ʪʦʯʥʦʩʪʴ ʠ ʩʢʦʨʦʩʪʴ ʘʣʛʦʨʠʪʤʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʩʦʟʜʘʥʠʝ web-ʧʨʠʣʦʞʝʥʠʷ, 

ʩʧʦʩʦʙʥʦʛʦ ʨʝʰʘʪʴ ʟʘʜʘʯʫ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ, ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ. 

ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʘʚʪʦʨʘʤʠ web-ʧʨʠʣʦʞʝʥʠʝ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ, ʧʨʦʠʟʚʦʜʷʱʝʡ 

ʧʦʜʙʦʨ ʨʘʮʠʦʥʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʠʥʦʤʦʚ ʥʘ ʩʝʨʚʝʨʝ, ʧʦʟʚʦʣʷʝʪ ʚ ʫʜʦʙʥʦʤ ʠ 

ʧʨʦʩʪʦʤ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʬʦʨʤʘʪʝ ʧʨʦʠʟʚʦʜʠʪʴ ʘʥʘʣʠʟ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ.  

ʉʠʩʪʝʤʘ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʚʠʜʝ ʢʣʠʝʥʪ-ʩʝʨʚʝʨʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ (ʨʠʩ.1), ʯʪʦʙʳ 

ʦʙʝʩʧʝʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʨʘʙʦʪʘʪʴ ʩʦ ʚʩʝʭ ʨʘʙʦʯʠʭ ʩʪʘʥʮʠʡ. ɼʣʷ  

ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʩʝʨʚʝʨʫ ʨʝʛʠʩʪʨʘʮʠʷ ʥʝ ʥʫʞʥʘ. ʈʝʘʣʠʟʦʚʘʥʥʳʡ ʘʩʧʠʨʘʥʪʦʤ 

ʐʪʫʪʛʘʨʪʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ɾʜʘʥʦʚʳʤ ʀ.ɸ. ʘʣʛʦʨʠʪʤ ʧʦʜʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʠʥʦʤʘ 

ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʝ ʬʘʡʣʳ  ʧʦʣʥʦʩʪʴʶ ʭʨʘʥʷʪʩʷ ʥʘ ʫʜʘʣʝʥʥʦʤ ʩʝʨʚʝʨʝ. 

ʇʦʣɹʟʦʚʘʪʝʣʶ ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʬʘʡʣ, ʦʪʢʫʜʘ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʟʘʛʨʫʟʢʘ 

ʪʝʩʪʦʚʳʭ ʜʘʥʥʳʭ, ʟʘʪʝʤ ʚʳʙʨʘʪʴ  ʚʦʟʤʦʞʥʳʝ ʩʪʝʧʝʥʠ ʧʦʣʠʥʦʤʘ (ʥʘʧʨʠʤʝʨ, ʦʪ -2 ʜʦ 2), 

ʫʢʘʟʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʠʥʦʤʦʚ, ʪʨʝʙʫʝʤʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ, ʠ ʚʦʟʤʦʞʥʳʝ ʢʦʤʙʠʥʘʮʠʠ 

ʯʣʝʥʦʚ ʧʦʣʠʥʦʤʘ (ʥʘʧʨʠʤʝʨ, ʧʝʨʝʤʥʦʞʝʥʠʝ).  

 
ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ 

ɿʘʪʝʤ ʥʘ ʩʝʨʚʝʨʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʜʙʦʨ ʧʦʣʠʥʦʤʘ ʢ ʤʘʩʩʠʚʫ ʜʘʥʥʳʭ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʢʘʟʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʇʦʣʴʟʦʚʘʪʝʣʶ ʥʘ ʵʢʨʘʥ ʚʳʚʦʜʠʪʩʷ ʛʨʘʬʠʢ, 
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ʦʪʦʙʨʘʞʘʶʱʠʡ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ, ʧʦʣʠʥʦʤʳ ʠ ʧʦʛʨʝʰʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʷ.  ʊʘʢʞʝ ʦʥ 

ʤʦʞʝʪ ʩʦʭʨʘʥʠʪʴ ʦʪʯʝʪ ʦ ʧʨʦʜʝʣʘʥʥʳʭ ʚʳʯʠʩʣʝʥʠʷʭ ʚ ʬʦʨʤʘʪʝ *pdf (ʨʠʩ.2). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʥʦʝ web-ʧʨʠʣʦʞʝʥʠʝ ʚʳʧʦʣʥʷʝʪ ʩʣʝʜʫʶʱʠʝ 

ʬʫʥʢʮʠʠ: 

- ʟʘʛʨʫʟʢʘ ʪʝʩʪʦʚʳʭ ʜʘʥʥʳʭ ʬʦʨʤʘʪʦʚ: xls, csv, txt; 

-  ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʦʨʘ ʯʠʩʣʘ ʯʣʝʥʦʚ ʧʦʣʠʥʦʤʘ ʚ ʜʠʘʣʦʛʦʚʦʤ ʠ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ;  

- ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʦʚ ʚ ʜʚʫʤʝʨʥʦʡ ʧʨʦʝʢʮʠʠ;  

- ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʩʤʦʪʨʘ ʦʪʜʝʣʴʥʳʭ ʪʦʯʝʢ ʠ ʧʦʣʠʥʦʤʦʚ;  

ʥʘʭʦʞʜʝʥʠʝ ʧʦʛʨʝʰʥʦʩʪʠ ʚʳʯʠʩʣʝʥʠʷ: ʩʠʛʤʘ, ʜʚʘ ʩʠʛʤʘ ʠ ʪ.ʜ;  

- ʩʦʟʜʘʥʠʝ ʦʪʯʸʪʘ ʚ pdf-ʬʦʨʤʘʪʝ, ʩʦʜʝʨʞʘʱʝʛʦ ʩʣʝʜʫʶʱʠʝ ʜʘʥʥʳʝ: ʛʨʘʬʠʢʠ, 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʣʠʥʦʤʘ ʠ ʧʦʛʨʝʰʥʦʩʪʴ. 

ʇʨʦʛʨʘʤʤʘ ʥʘʧʠʩʘʥʘ ʥʘ ʷʟʳʢʝ R ʚ ʩʨʝʜʝ RStudio 2015 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʧʘʢʝʪʘ Shiny app. 

 

ʈʠʩ. 2. ɻʣʘʚʥʘʷ ʵʢʨʘʥʥʘʷ ʬʦʨʤʘ web-ʧʨʠʣʦʞʝʥʠʷ 

ɼʘʥʥʦʝ web-ʧʨʠʣʦʞʝʥʠʝ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʩʧʳʪʘʥʠʡ ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʚ ʦʜʥʦʡ ʠʟ ʢʦʤʧʘʥʠʡ ʐʪʫʪʛʘʨʪʘ.  ʆʥʦ ʪʘʢʞʝ 

ʤʦʞʝʪ ʩʪʘʪʴ ʥʝʟʘʤʝʥʠʤʳʤ ʩʝʨʚʠʩʦʤ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʦʣʴʰʠʭ ʤʘʩʩʠʚʦʚ ʜʘʥʥʳʭ 

ʧʫʪʝʤ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ʇʨʦʢʦʬʴʝʚ, ɸ. ɹ., ʐʘʭʤʘʪʦʚ, ɽ. ɺ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʫʧʨʘʚʣʝʥʠʷ ʩʣʦʞʥʳʤʠ ʩʠʩʪʝʤʘʤʠ [ʊʝʢʩʪ]/ ɸ. ɹ. ʇʨʦʢʦʬʴʝʚ, 

ɽ. ɺ. ʐʘʭʤʘʪʦʚ.ï ʉʘʤʘʨʘ: ʉɻɸʋ, 2005. ï 23 ʩ. 
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ʋɼʂ 681.6 

ɸʅɸʃʀɿ ʎʀʌʈʆɺʓʍ ʊɽʍʅʆʃʆɻʀʁ ɼʃʗ ʇɽʏɸʊʀ ʄɸʃʆʊʀʈɸɾʅʆʁ 

ʄʅʆɻʆʂʈɸʉʆʏʅʆʁ ʇʈʆɼʋʂʎʀʀ 

ɻʫʥʴʢʠʥʘ ɽ. ɺ., ʗʢʦʚʣʝʚʘ ʊ. ɸ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ 

ʆʩʥʦʚʥʳʝ ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʧʦ ʩʧʦʩʦʙʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʩ ʟʘʧʝʯʘʪʳʚʘʝʤʳʤ ʤʘʪʝʨʠʘʣʦʤ ʠ ʜʝʣʷʪʩʷ ʥʘ ʢʦʥʪʘʢʪʥʳʝ, ʙʝʩʢʦʥʪʘʢʪʥʳʝ. ɺ ʧʝʨʚʫʶ 

ʛʨʫʧʧʫ (ʢʦʥʪʘʢʪʥʳʝ) ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʵʣʝʢʪʨʦʛʨʘʬʠʷ (ʵʣʝʢʪʨʦʬʦʪʦʛʨʘʬʠʷ ʠ ʠʦʥʦʛʨʘʬʠʷ), 

ʤʘʛʥʠʪʦʛʨʘʬʠʷ, OCE' Direct Imaging ʠ ʵʣʢʦʛʨʘʬʠʷ [1]. 

ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʨʳʥʢʘ ʮʠʬʨʦʚʳʭ ʧʝʯʘʪʥʳʭ ʤʘʰʠʥ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ 

ʧʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʤʦʜʝʣʝʡ ʮʠʬʨʦʚʳʭ ʧʝʯʘʪʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ 

ʜʣʷ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʡ (ʪʠʨʘʞʥʦʡ) ʧʝʯʘʪʠ ʧʨʦʜʫʢʮʠʠ, ʙʘʟʠʨʫʶʪʩʷ ʥʘ 

ʵʣʝʢʪʨʦʬʦʪʦʛʨʘʬʠʠ (ʩ ʩʫʭʠʤ ʪʦʥʝʨʦʤ) ʠ ʥʘ ʝʝ ʘʣʴʪʝʨʥʘʪʠʚʥʦʤ ʩʧʦʩʦʙʝ - HP Indigo press 

(ʵʣʝʢʪʨʦʬʦʪʦʛʨʘʬʠʷ ʩ ʞʠʜʢʠʤ ʪʦʥʝʨʦʤ). [2] 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʢʘʯʝʩʪʚʘ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʭ ʦʪʪʠʩʢʦʚ ʧʦ ʪʝʭʥʦʣʦʛʠʷʤ 

ʵʣʝʢʪʨʦʬʦʪʦʛʨʘʬʠʠ ʩ ʩʫʭʠʤ ʠ ʞʠʜʢʠʤ ʪʦʥʝʨʦʤ ʨʘʩʩʤʦʪʨʠʤ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ 

ʦʪʧʝʯʘʪʢʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʎʇʄ HP Indigo 3500 ʠ Xerox DocuColor 250. 

HP Indigo press 3500 ð ʮʠʬʨʦʚʘʷ ʦʬʩʝʪʥʘʷ ʤʘʰʠʥʘ ʚʪʦʨʦʛʦ ʧʦʢʦʣʝʥʠʷ (Series 2) 

ʜʣʷ ʧʝʯʘʪʠ ʢʘʢ ʤʘʣʳʭ, ʪʘʢ ʩʨʝʜʥʠʭ ʠ ʙʦʣʴʰʠʭ ʪʠʨʘʞʝʡ ʢʨʘʩʦʯʥʦʩʪʴʶ ʜʦ 7+7. 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ï ʜʦ 2000 ʦʪʪʠʩʢʦʚ ʬʦʨʤʘʪʘ ɸ3+ (4+0) ʚ ʯʘʩ. ʕʪʦ ʦʙʦʨʫʜʦʚʘʥʠʝ 

ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʡ ʧʝʯʘʪʠ ʣʠʩʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ ʥʘ ʰʠʨʦʢʦʤ 

ʩʧʝʢʪʨʝ ʤʘʪʝʨʠʘʣʦʚ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʝʨʩʦʥʘʣʠʟʘʮʠʠ, ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʜʙʦʨʢʠ ʦʪʪʠʩʢʦʚ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʤʝʩʝʚʳʭ ʠ ʩʧʝʮʠʘʣʴʥʳʭ ʢʨʘʩʦʢ.  

Xerox DocuColor 250 ʦʩʥʦʚʘʥ ʥʘ ʤʥʦʛʦʮʠʣʠʥʜʨʦʚʦʤ ʚʘʨʠʘʥʪʝ ʮʠʬʨʦʚʦʡ ʧʝʯʘʪʠ, 

ʧʦʩʪʨʦʝʥʥʦʤ ʥʘ ʦʩʥʦʚʝ ʮʚʝʪʥʦʡ ʣʘʟʝʨʥʦʡ ʦʜʥʦʧʨʦʭʦʜʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʦ 

ʫʩʢʦʨʷʝʪ ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʮʚʝʪʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ, ʪʘʢ ʢʘʢ ʥʝ ʪʨʝʙʫʝʪʩʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʥʘ ʟʘʭʚʘʪ ʠ ʦʩʚʦʙʦʞʜʝʥʠʝ ʙʫʤʘʛʠ ʮʠʣʠʥʜʨʦʤ ʧʝʨʝʥʦʩʘ ʠ ʚʨʝʤʷ 

ʥʘ ʧʨʦʤʝʞʫʪʦʯʥʫʶ ʦʯʠʩʪʢʫ ʬʦʪʦʨʝʮʝʧʪʦʨʘ.  

ɼʣʷ ʧʝʯʘʪʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʝʣʦʚʘʥʥʘʷ ʤʘʪʦʚʘʷ ʙʫʤʘʛʘ ʤʘʩʩʦʡ 65, 105, 150, 

260,300 ʛ/ʤĮ, ʪʘʢ ʞʝ ʧʝʯʘʪʴ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʥʘ ʢʘʨʪʦʥʝ ʤʘʩʩʦʡ 260 ʛ/ʤĮ ʠ ʥʘ ʬʘʢʪʫʨʥʦʡ 

ʙʫʤʘʛʝ çʃʝʥè. 

ɸʥʘʣʠʟʠʨʫʷ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʜʝʣʘʝʤ ʚʳʚʦʜ, ʯʪʦ ʥʘʠʙʦʣʴʰʠʡ 

ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʢʘʯʝʩʪʚʘ (ʪ.ʝ. ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʙʣʠʞʝʥʥʳʡ ʵʪʘʣʦʥʥʦʤʫ 

ʢʦʵʬʬʠʮʠʝʥʪʫ ʨʘʚʥʦʤʫ 1) ʦʢʘʟʘʣʩʷ ʫ ʦʪʧʝʯʘʪʢʦʚ ʩʜʝʣʘʥʥʳʭ ʥʘ ʙʫʤʘʛʝ ʤʘʩʩʦʡ 105 ʛ/ʤĮ; 

300 ʛ/ʤĮ ʠ ʥʘ ʢʘʨʪʦʥʝ ʤʘʩʩʦʡ 260 ʛ/ʤĮ. ʊʘʢ ʢʘʢ ʧʦʪʨʝʙʠʪʝʣʴ ʟʘʠʥʪʝʨʝʩʦʚʘʥ ʚ 

ʥʘʠʤʝʥʴʰʝʤ ʨʘʩʩʪʠʩʢʠʚʘʥʠʠ, ʪ.ʝ. ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʤ ʧʘʨʘʤʝʪʨʝ ʧʝʨʝʜʘʯʠ ʧʦʣʫʪʦʥʦʚ. 

ʇʨʠ ʘʥʘʣʠʟʝ ʛʨʘʬʠʢʦʚ ʛʨʘʜʘʮʠʦʥʥʳʭ ʧʝʨʝʜʘʯ ʠʩʩʣʝʜʫʝʤʳʭ ʚʠʜʦʚ ʙʫʤʘʛ ʧʦʢʘʟʘʥʥʳʭ ʥʘ 

ʨʠʩʫʥʢʝ 3 ʤʳ ʚʠʜʠʤ ʣʠʥʝʡʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʨʦʩʪʘ ʚʝʣʠʯʠʥʳ ʨʘʩʪʠʩʢʠʚʘʥʠʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʘʩʩʳ ʟʘʧʝʯʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʊʦ ʝʩʪʴ ʤʘʢʩʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ 

ʨʘʩʪʠʩʢʠʚʘʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʫ ʬʘʢʪʫʨʥʦʡ ʙʫʤʘʛʠ çʃʝʥè, ʘ ʥʘ ʚʪʦʨʦʤ ʤʝʩʪʝ ʧʦ ʚʝʣʠʯʠʥʝ 

ʨʘʩʪʠʩʢʠʚʘʥʠʷ ʩʪʦʠʪ ʦʪʧʝʯʘʪʦʢ ʩʜʝʣʘʥʥʳʡ ʥʘ ʙʫʤʘʛʝ ʤʘʩʩʦʡ 300 ʛ/ʤĮ. 

ɸʥʘʣʠʟʠʨʫʷ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʜʝʣʘʝʤ ʚʳʚʦʜ, ʯʪʦ ʥʘʠʙʦʣʴʰʠʡ 

ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʢʘʯʝʩʪʚʘ ʦʢʘʟʘʣʩʷ ʫ ʦʪʧʝʯʘʪʢʦʚ, ʩʜʝʣʘʥʥʳʭ ʥʘ ʙʫʤʘʛʝ ʤʘʩʩʦʡ 

170 (ʛʣʷʥ.); 300 (ʛʣʷʥ.) ʛ/ʤĮ. ʇʨʠ ʘʥʘʣʠʟʝ ʛʨʘʬʠʢʦʚ ʛʨʘʜʘʮʠʦʥʥʳʭ ʧʝʨʝʜʘʯ ʠʩʩʣʝʜʫʝʤʳʭ 

ʚʠʜʦʚ ʙʫʤʘʛ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʦʪʧʝʯʘʪʦʢ, ʧʦʣʫʯʝʥʥʳʡ ʥʘ ʛʣʷʥʮʝʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʠʤʝʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʝʥʴʰʝʝ ʨʘʩʪʠʩʢʠʚʘʥʠʝ, ʯʝʤ ʦʪʧʝʯʘʪʦʢ ʧʦʣʫʯʝʥʥʳʡ ʥʘ ʤʘʪʦʚʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ.  
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ʇʨʦʚʝʜʷ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʧʦʢʘʟʘʪʝʣʷ ʢʘʯʝʩʪʚʘ ʠ ʛʨʘʜʘʮʠʦʥʥʦʡ ʧʝʨʝʜʘʯʠ ʦʪʧʝʯʘʪʢʘ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, 

ʯʪʦ ʠʟ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʦʪʧʝʯʘʪʢʦʚ ʎʇʄ HP Indigo 3500 ʩʘʤʳʡ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʡ 

ʦʪʧʝʯʘʪʦʢ ʦʢʘʟʘʣʩʷ ʩʜʝʣʘʥʥʳʤ ʥʘ ʙʫʤʘʛʝ ʤʘʩʩʦʡ 170 ʛ/ʤĮ.  

ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʢʘʯʝʩʪʚʘ ʥʘʠʣʫʯʰʠʭ ʦʪʧʝʯʘʪʢʦʚ ʩ ʚʳʙʨʘʥʥʳʭ ʮʠʬʨʦʚʳʭ 

ʧʝʯʘʪʥʳʭ ʤʘʰʠʥ, ʥʘʠʙʦʣʴʰʠʤ ʢʦʤʧʣʝʢʩʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʦʙʣʘʜʘʝʪ ʦʪʪʠʩʢ ʩ ʎʇʄ HP 

Indigo 3500 ʥʘ ʤʝʣʦʚʘʥʥʦʡ ʛʣʷʥʮʝʚʦʡ ʙʫʤʘʛʝ ʤʘʩʩʦʡ 170 ʛ/ʤĮ, ʢʦʪʦʨʳʡ ʨʘʚʝʥ 1,11. ʇʨʠ 

ʩʨʘʚʥʝʥʠʠ ʛʨʘʬʠʢʦʚ ʛʨʘʜʘʮʠʦʥʥʦʡ ʧʝʨʝʜʘʯʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 5, ʩʪʦʠʪ 

ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʨʘʩʩʪʠʩʢʠʚʘʥʠʷ ʚ ʪʝʥʷʭ ʫ ʦʪʧʝʯʘʪʢʘ ʩʜʝʣʘʥʥʦʛʦ ʥʘ ʎʇʄ HP 

Indigo 3500 ʤʝʥʴʰʝ ʯʝʤ ʫ Xerox, ʘ ʚ ʩʚʝʪʘʭ ʚʠʜʠʤ ʯʪʦ ʚʝʣʠʯʠʥʘ ʨʘʩʩʪʠʩʢʠʚʘʥʠʷ ʫ ʎʇʄ 

Xerox DocuColor 250 ʯʫʪʴ ʤʝʥʴʰʝ ʯʝʤ ʫ HP. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʢʘʯʝʩʪʚʘ ʎʇʄ ʠ ʛʨʘʜʘʮʠʦʥʥʦʡ ʧʝʨʝʜʘʯʠ ʩʜʝʣʘʝʤ ʚʳʚʦʜ, ʯʪʦ 

ʢʘʯʝʩʪʚʦ ʧʝʯʘʪʠ ʫ ʎʇʄ HP Indigo 3500 ʦʢʘʟʘʣʦʩʴ ʚʳʰʝ, ʯʝʤ ʫ ʎʇʄ Xerox DocuColor 

250. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ 

1. ʍʘʨʠʥ, ʆ. ʕʣʝʢʪʨʦʬʦʪʦʛʨʘʬʠʷ ʜʣʷ ʮʠʬʨʦʚʦʡ ʧʝʯʘʪʠ [ʊʝʢʩʪ]: ʫʯʝʙʥʠʢ ʜʣʷ ʚʫʟʦʚ/ ʆ. 

ʍʘʨʠʥ, ʕ. ʉʫʚʝʡʟʜʠʩ. - ʄ: ʄɻʋʇ, 2002. - 342 ʩ. 

2. ʍʦʚʘʨʜ ʌ. ʆʩʥʦʚʳ ʮʠʬʨʦʚʦʡ ʧʝʯʘʪʠ [ʊʝʢʩʪ]: ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ/ ʌʝʥʪʦʥ ʍʦʚʘʨʜ ʄ. / 

ʇʝʨ. ʩ ʘʥʛʣ. ʄʠʭʘʠʣʘ ɹʨʝʜʠʩʘ. - ʄ.: ʀʟʜ-ʚʦ ʄɻʋʇ, 2004, -144 ʩ. 
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ʋɼʂ 004.021 

ɺʓʏʀʉʃɽʅʀɽ ʆɹʑɽɻʆ ʉʊɸʅɼɸʈʊʅʆɻʆ ʉɽɻʄɽʅʊɸ ʕʂɻ-ʉʀɻʅɸʃɸ ɼʃʗ 

ɼʀɸɻʅʆʉʊʀʂʀ ʉɽʈɼɽʏʅʆ-ʉʆʉʋɼʀʉʊʓʍ ɿɸɹʆʃɽɺɸʅʀʁ 

ɼʘʚʳʜʦʚ ʅ. ʉ., ʍʨʘʤʦʚ ɸ. ɻ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʥʦʚʳʡ ʤʝʪʦʜ ʧʨʠʚʝʜʝʥʠʷ ʩʠʛʥʘʣʘ ʢ ʧʨʠʝʤʣʝʤʦʤʫ 

ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʚʠʜʫ, ʢʦʪʦʨʳʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳʯʠʩʣʝʥʠʠ ʦʙʱʝʛʦ ʩʝʛʤʝʥʪʘ ʜʣʷ ʚʩʝʛʦ 

ʩʠʛʥʘʣʘ. ɺʳʯʠʩʣʝʥʠʝ ʦʙʱʝʛʦ ʩʝʛʤʝʥʪʘ ʦʩʥʦʚʘʥʦ ʥʘ ʧʨʠʚʝʜʝʥʠʠ ʢʘʞʜʦʛʦ ʩʝʛʤʝʥʪʘ ʢ 

ʩʪʘʥʜʘʨʪʥʦʤʫ ʚʠʜʫ ʠ ʫʩʨʝʜʥʝʥʠʠ ʧʦʣʫʯʝʥʥʦʛʦ ʥʘʙʦʨʘ. 

ʇʝʨʚʳʤ ʰʘʛʦʤ ʚ ʧʨʠʚʝʜʝʥʠʠ ʩʝʛʤʝʥʪʘ ʢ ʩʪʘʥʜʘʨʪʥʦʤʫ ʚʠʜʫ ʷʚʣʷʝʪʩʷ 

ʥʦʨʤʘʣʠʟʘʮʠʷ ʘʤʧʣʠʪʫʜʳ ʠ ʝʸ ʧʝʨʝʥʦʩ ʚ ʠʥʪʝʨʚʘʣ ʦʪ ʥʫʣʷ ʜʦ ʝʜʠʥʠʮʳ. ʀʟʥʘʯʘʣʴʥʦ 

ʩʝʛʤʝʥʪ ʩʠʛʥʘʣʘ ʠʤʝʝʪ ʤʘʢʩʠʤʫʤ ʠ ʤʠʥʠʤʫʤ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʦʪ ʪʨʝʙʫʝʤʳʭ ʠ 

ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʠʥʪʝʨʚʘʣʝ [-1;1]. ɼʣʷ ʩʜʚʠʛʘ ʩʝʛʤʝʥʪʘ ʪʨʝʙʫʝʪʩʷ ʚʳʯʝʩʪʴ ʤʠʥʠʤʘʣʴʥʦʝ 

ʝʛʦ ʟʥʘʯʝʥʠʝ ʠʟ ʢʘʞʜʦʛʦ ʦʪʩʯʸʪʘ ʩʠʛʥʘʣʘ: 

Ὢ Ὢ ÍÉÎὪ ȟ Ὥ ρȟὔȟ 

ʛʜʝ N ï ʢʦʣʠʯʝʩʪʚʦ ʦʪʯʸʪʦʚ ʚ j-ʦʤ ʩʝʛʤʝʥʪʝ, Ὢ ï ʚʝʢʪʦʨ ʠʩʭʦʜʥʳʭ ʟʥʘʯʝʥʠʡ ʩʝʛʤʝʥʪʘ, 

ÍÉÎὪ  ï ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʚ j-ʦʛʦ ʩʝʛʤʝʥʪʘ, Ὢï ʩʤʝʱʸʥʥʳʡ  j-ʳʡ ʩʝʛʤʝʥʪ. 

ɼʘʣʝʝ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʤʘʢʩʠʤʫʤ ʩʝʛʤʝʥʪʘ ʥʝ ʧʨʝʚʳʰʘʣ ʝʜʠʥʠʮʳ, ʪʨʝʙʫʝʪʩʷ 

ʧʦʜʝʣʠʪʴ ʧʦʣʫʯʝʥʥʳʡ ʩʤʝʱʸʥʥʳʡ ʩʝʛʤʝʥʪ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʩʝʛʤʝʥʪʘ ʧʦʩʣʝ 

ʩʤʝʱʝʥʠʷ: 

Ὢ  
 

 ȟὭ ρȟὔȟ 

ʛʜʝ N ï ʢʦʣʠʯʝʩʪʚʦ ʦʪʯʸʪʦʚ ʚ j-ʦʤ ʩʤʝʱʸʥʥʦʤ ʩʝʛʤʝʥʪʝ, Ὢ ï ʚʝʢʪʦʨ ʠʩʭʦʜʥʳʭ ʟʥʘʯʝʥʠʡ 

ʩʤʝʱʸʥʥʦʛʦ ʩʝʛʤʝʥʪʘ, άὥὼὪ  ï ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʩʤʝʱʸʥʥʦʛʦ j-ʦʛʦ ʩʝʛʤʝʥʪʘ, 

Ὢï ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʡ j-ʳʡ ʩʝʛʤʝʥʪ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ, ʙʫʜʝʪ ʧʦʣʫʯʝʥ ʩʠʛʥʘʣ ʩ ʘʤʧʣʠʪʫʜʦʡ, ʥʘʭʦʜʷʱʠʡʩʷ ʚ ʛʨʘʥʠʮʘʭ ʦʪ 

ʥʫʣʷ ʜʦ ʝʜʠʥʠʮʳ. 

ʋ ʢʘʞʜʦʛʦ ʠʟ ʩʝʛʤʝʥʪʦʚ ʩʠʛʥʘʣʘ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʥʳʝ ʜʣʠʥʳ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʥʘ 

ʥʝʙʦʣʴʰʫʶ ʥʝʠʟʚʝʩʪʥʫʶ ʚʝʣʠʯʠʥʫ. ʇʦʜʦʙʥʘʷ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ ʩ ʢʦʣʠʯʝʩʪʚʦʤ 

ʦʪʩʯʸʪʦʚ ʚ ʩʝʛʤʝʥʪʝ ʷʚʣʷʝʪʩʷ ʧʨʝʧʷʪʩʪʚʠʝʤ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʚʳʯʠʩʣʝʥʠʝʤ ʦʙʱʝʛʦ 

ʩʝʛʤʝʥʪʘ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʨʠʚʝʩʪʠ ʚʩʝ ʜʣʠʥʳ ʩʝʛʤʝʥʪʦʚ ʩʠʛʥʘʣʘ ʢ ʝʜʠʥʦʤʫ ʟʥʘʯʝʥʠʶ, 

ʪʨʝʙʫʝʪʩʷ ʧʨʦʚʝʩʪʠ ʠʥʪʝʨʧʦʣʷʮʠʶ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ. ʀʩʭʦʜʥʳʡ ʬʨʘʛʤʝʥʪ ʷʚʣʷʝʪʩʷ 

ʥʘʙʦʨʦʤ ʪʦʯʝʢ, ʪʘʢʞʝ ʢʘʢ ʠ ʠʥʪʝʨʧʦʣʠʨʦʚʘʥʥʳʡ, ʦʜʥʘʢʦ ʦʙʨʘʙʦʪʘʥʥʳʡ ʬʨʘʛʤʝʥʪ ʙʫʜʝʪ 

ʩʦʜʝʨʞʘʪʴ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ ʚ ʪʦʤ ʞʝ ʜʠʘʧʘʟʦʥʝ. ʇʝʨʝʜ 

ʧʨʠʤʝʥʝʥʠʝʤ ʠʥʪʝʨʧʦʣʷʮʠʠ, ʠʩʭʦʜʥʳʡ ʩʝʛʤʝʥʪ ʙʳʣ ʩʤʝʱʸʥ ʢ ʥʫʣʶ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ 

ʘʙʩʮʠʩʩ ʧʫʪʸʤ ʚʳʯʠʪʘʥʠʷ ʧʝʨʚʦʛʦ ʟʥʘʯʝʥʠʷ ʚʨʝʤʝʥʥʦʡ ʢʦʦʨʜʠʥʘʪʳ, ʧʦʩʣʝ ʠʟʚʣʝʯʝʥʠʷ 

ʠʟ ʩʠʛʥʘʣʘ. ɺ ʭʦʜʝ ʠʥʪʝʨʧʦʣʷʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʟʥʘʯʝʥʠʷ ʥʦʚʳʭ ʪʦʯʝʢ ʥʘʯʠʥʘʷ ʩʦ 

ʚʪʦʨʦʛʦ ʠ ʟʘʢʘʥʯʠʚʘʷ ʧʨʝʜʧʦʩʣʝʜʥʠʤ, ʪʘʢ ʢʘʢ ʢʨʘʡʥʠʝ ʟʥʘʯʝʥʠʷ ʜʦʣʞʥʳ ʩʦʚʧʘʜʘʪʴ ʩ 

ʠʟʚʝʩʪʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʩʝʛʤʝʥʪʘ. ɼʘʣʝʝ, ʚ ʩʣʫʯʘʝ ʧʦʧʘʜʘʥʠʷ ʪʦʯʢʠ ʤʝʞʜʫ ʜʚʫʤʷ 

ʪʦʯʢʘʤʠ ʠʩʭʦʜʥʦʛʦ ʠʥʪʝʨʚʘʣʘ, ʤʝʞʜʫ ʵʪʠʤʠ ʜʚʫʤʷ ʪʦʯʢʘʤʠ ʧʨʦʚʦʜʠʪʩʷ ʧʨʷʤʘʷ, ʥʘ 

ʧʝʨʝʩʝʯʝʥʠʠ ʩ ʢʦʪʦʨʦʡ ʥʘʭʦʜʠʪʩʷ ʟʥʘʯʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʚ ʥʦʚʦʡ ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʪʦʯʢʝ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʥʪʝʨʧʦʣʷʮʠʠ ʙʫʜʝʪ ʧʦʣʫʯʝʥ ʩʝʛʤʝʥʪ ʩ ʪʨʝʙʫʝʤʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʪʦʯʝʢ. 

ʇʦʩʣʝʜʥʠʤ ʰʘʛʦʤ ʚ ʧʨʠʚʝʜʝʥʠʠ ʩʝʛʤʝʥʪʘ ʢ ʩʪʘʥʜʘʨʪʥʦʤʫ ʚʠʜʫ ʷʚʣʷʝʪʩʷ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʚʩʝʛʦ ʩʠʛʥʘʣʘ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʨʘʚʥʦʡ ʝʜʠʥʠʮʝ ʥʘ 

ʦʙʦʠʭ ʢʦʥʮʘʭ ʩʝʛʤʝʥʪʘ. ɼʣʷ ʚʝʨʥʦʛʦ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ, ʪʨʝʙʫʝʪʩʷ, ʥʘʯʠʥʘʷ ʩ ʤʝʥʴʰʝʛʦ 
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ʢʦʥʮʘ, ʫʤʥʦʞʘʪʴ ʢʘʞʜʳʡ ʠʟ ʦʪʩʯʸʪʦʚ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʦʪʩʯʸʪʫ. 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʚʳʯʠʩʣʷʶʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 

ὥ  
ρ

ÍÉÎ ὪȟὪ

ρ  
ρ

ÍÉÎ ὪȟὪ

ὔ
Ὥȟ Ὥ ρȟὔȟ 

ʛʜʝ N ï ʢʦʣʠʯʝʩʪʚʦ ʦʪʯʸʪʦʚ ʚ j-ʦʤ ʩʝʛʤʝʥʪʝ, ÍÉÎ ὪȟὪ   ï ʤʠʥʠʤʘʣʴʥʦʝ ʠʟ ʟʥʘʯʝʥʠʡ 

ʘʤʧʣʠʪʫʜʳ ʥʘ ʣʝʚʦʤ ʠ ʧʨʘʚʦʤ ʢʦʥʮʘʭ ʩʝʛʤʝʥʪʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʩʝʭ ʧʨʦʜʝʣʘʥʥʳʭ ʰʘʛʦʚ ʙʫʜʝʪ ʧʦʣʫʯʝʥ ʩʝʛʤʝʥʪ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʠʜʘ. 

ɼʘʣʝʝ ʪʨʝʙʫʝʪʩʷ ʧʦʚʪʦʨʠʪʴ ʰʘʛʠ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʩʝʛʤʝʥʪʦʚ ʚʳʙʨʘʥʥʦʛʦ ʦʪʚʝʜʝʥʠʷ ʕʂɻ-

ʩʠʛʥʘʣʘ. ʇʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʢʘʞʜʦʛʦ ʩʝʛʤʝʥʪʘ ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʫʩʨʝʜʥʝʥʠʝ ʜʣʷ 

ʚʳʯʠʩʣʝʥʠʷ ʦʙʱʝʛʦ ʩʪʘʥʜʘʨʪʥʦʛʦ ʩʝʛʤʝʥʪʘ ʩʠʛʥʘʣʘ. ʊʝʧʝʨʴ ʵʪʦ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ, 

ʪʘʢ ʢʘʢ ʜʣʠʥʳ ʚʩʝʭ ʩʝʛʤʝʥʪʦʚ ʦʜʠʥʘʢʦʚʳ, ʘ ʘʤʧʣʠʪʫʜʳ ʥʘʭʦʜʷʪʩʷ ʚ ʪʨʝʙʫʝʤʦʤ 

ʠʥʪʝʨʚʘʣʝ [0;1]. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʝʩʣʠ ʥʘʣʦʞʠʪʴ ʚʩʝ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʥʳʝ ʩʝʛʤʝʥʪʳ, ʪʦ 

ʦʙʱʠʡ ʩʝʛʤʝʥʪ, ʧʦʣʫʯʝʥʥʳʡ ʧʦʩʣʝ ʫʩʨʝʜʥʝʥʠʷ, ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʣʠʥʠʝʡ ʪʨʝʥʜʘ ʚʩʝʭ 

ʩʝʛʤʝʥʪʦʚ (ʨʠʩ. 3). 

 
ʈʠʩ. 1. ʆʙʱʠʡ ʩʪʘʥʜʘʨʪʥʳʡ ʩʝʛʤʝʥʪ ʕʂɻ-ʩʠʛʥʘʣʘ 

ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʩʬʦʨʤʠʨʦʚʘʥʳ ʤʦʜʝʣʴ ʦʙʱʝʛʦ ʩʪʘʥʜʘʨʪʥʦʛʦ ʩʝʛʤʝʥʪʘ ʠ 

ʤʝʪʦʜ ʝʛʦ ʚʳʯʠʩʣʝʥʠʷ. ɺ ʜʘʣʴʥʝʡʰʝʤ, ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʦʛʦ ʚʠʜʘ ʩʝʛʤʝʥʪʘ ʙʫʜʫʪ 

ʩʬʦʨʤʠʨʦʚʘʥʳ ʤʝʪʦʜʳ ʦʙʥʘʨʫʞʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʡ ʠ ʧʨʘʚʠʣʘ ʨʘʙʦʪʳ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ. ɺ 

ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʧʦʣʫʯʝʥʦ, ʯʪʦ ʦʙʱʠʝ ʩʪʘʥʜʘʨʪʥʳʝ ʩʝʛʤʝʥʪʳ ʟʜʦʨʦʚʳʭ 

ʧʘʮʠʝʥʪʦʚ ʠ ʧʘʮʠʝʥʪʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʚʠʜʘʤʠ ʟʘʙʦʣʝʚʘʥʠʡ ʨʘʟʣʠʯʘʶʪʩʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʩʬʦʨʤʠʨʦʚʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʘʚʠʣʘ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʩʭʦʜʩʪʚʘ ʩ ʪʝʤ ʠʣʠ ʠʥʳʤ 

ʚʠʜʦʤ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʠʣʠ ʩʭʦʜʩʪʚʘ ʩ ʩʝʛʤʝʥʪʘʤʠ ʟʜʦʨʦʚʳʭ 

ʧʘʮʠʝʥʪʦʚ. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. Fedotov, A. A. Effective QRS-Detector Based on Hilbert Transform and Adaptive 

Thresholding / A. A. Fedotov, A. S. Akulova, S. A. Akulov // IFMBE Proceedings. ï 2016. - 

Vol 57. ï P. 140-144. 

2. ʉʘʤʘʨʩʢʠʡ, ɸ. ɸ. ʏʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ [ʊʝʢʩʪ]: ʫʯʝʙ. ʜʣʷ ʚʫʟʦʚ / ɸ. ɸ. ʉʘʤʘʨʩʢʠʡ, 

ɸ. ɺ. ɻʫʣʠʥ. ï ʄ.: ʅʘʫʢʘ. ï 1989. ï 432 ʩ. 

3. Gersten, A. The RR interval spectrum, the ECG signal and aliasing  / A. Gersten, O. 

Gersten, A. Ronen, Y. Cassuto. - Ben-Gurion University of the Negev. ï 1999. ï 17 p. 

  



ʉʝʢʮʠʷ 9. ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʘʥʘʣʠʟ ʜʘʥʥʳʭ 

35 

ʋɼʂ 519.7 

DYNAMICS OF ELASTIC MEDIA WITH THE DIFFR ACTION  

OF SPHERICAL W AVES 

ɼʘʫʠʪ ɼ.ĭ, ʉʪʘʨʠʥʦʚʘ ʆ. ʃ.Į, ɸʣʠʧʦʚʘ ɹ. ʅ.ĭ 

ĭInternational Information Technology University, Almaty, Kazakhstan 

Įʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ 

Consider the distribution of elastic waves in an infinite space with a spherical cavity; 

These waves are due to the pressure ὴὸ ὴὩ , applied to the surface R = ʘ. 

In the region R Ó ʘ, longitudinal spherical waves are appear. The displacement vector 

u is reduced to one radial component, the displacements depend only on the variables R and t. 

The solution of this problem will be sought in the form of a potential ʌ (R, t) 

satisfying equation 

ʌ2ȟÔ πȢ   (1) 

The solution of this equation can be represented as a divergent wave         

ʌ2ȟÔ Ὡ ,    (2) 

which satisfies the radiation condition as R Ÿ Ð. We define the constant A from the 

boundary condition 

„ ὥȟὸ ὴὩ .     (3) 

such that „ ς‘ ‗ ς‘
ʌ ʌ

, 

then, consider the boundary condition (3), we define the constant 

ὃ
Ⱦ

     (4) 

The function ʌ is also defined by (2). Now it is easy to determine the displacement ό  

and other components of the stress state: 

ό
ʌ

,         „ „
ʌ ʌ

.                                 (5) 

Therefore,            ό ὙὩ ,       Ὧ          (6) 

 

Parameters of granite: Density: ɟ=2.6*103 kg/m3, Lame parameters: ɚ=2.99*104 

MPa,  ɛ= 3.185*104 MPa. Other parameters: Frequency of wave: ɤ=0.5 sec-1, Radius of 

cavern: a=15 m. Variables: Initial pressure: p0. Distance from spherical cavern to ground 

surface (in the same direction as the radius): R. Time: t 

By putting some parameters of granite such as Lame parameters and density, we get 

some results of displacement and stress at each point in medium. 

Figure 1 and Figure 2 are graphs of displacement and stress tensors at initial pressure 

p0 = 20 MPa and time t = 0. 
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Fig. 1. Graph of displacement depends on R 

 
Fig. 2. Changing of stress by angles • dna ‮  

 

As we see at Figure 2 displacement at t=0 expanentially decline from 2.5mm to 

approxiamately 0 mm, it means that at distance 115m from center of cavern the displacements 

of every point in granite rock is insignificantlly.  

To sum up, we prove that spherical gas storage cavern with radius 15m, at depth 115m 

in granite rock, allows to store gas at high pressure as 20 MPa with insignificant deformations 

of medium. Usually, at a depth of 200 m it is possible to store gas at 2 MPa for aquifers and    

4 MPa for salt caverns. This technology is planned to store gas at 15 to 30 MPa. The reasons 

for these differences are related to the basic principles of the storage concepts. The 

surrounding rock mass carries the gas pressure load and thus acts as pressure absorber. The 

rock mass is deformed by the gas pressure load, causing the cavern to expand.  
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Fig. 1. Rayleigh waves 

Perturbations on a surface bounding an elastic half-space can cause the propagation of 

waves due to the fact that their amplitude reaches a maximum on the surface and that they 

decay rapidly with depth. These waves are of great importance in seismology. Consider the 

elastic half-space ʭ1  0 and assume that the surface wave arrives in the direction of the ʭ2 

axis. This kind of wave can arise if the perturbation causing it does not depend on the variable 

x3. The independence of the surface wave from the variable x3 is the reason that u3 = 0 and 

‐ ‐ ‐ Here we are dealing with a skew deformed state. 

The motion recorded in three-dimensional problems with the help of the potentials ű 

and ɣ in the form 

ό • ‭ ‪ ,  ὭȟὮȟὯ ρȟςȟσȟ    (1) 

will take the following form in the two-dimensional problem:  

ό • ‪ , ό • ‪ ,     (2) 

where ű and ɣ are scalar potentials. 

 The Lame equation is simplified: 

Ǐ• πȟ Ǐ π;     (3) 

here 

  Ǐ ᶯ ‬, ᶯ ‬ ‬, ‌ ρȟςȢ  

The solution of the wave equations will be sought in the form  

• ūὼ ÅØÐ Ὥ‫ὸ Ὧὼ ,  ‪ Ɋὼ ÅØÐ Ὥ‫ὸ Ὧὼ ;               (4) 

hence it is seen that the harmonic wave is in time and propagate in the x2 axis. The phase 

velocity, as yet unknown, is. Substituting (4) into (3), we obtain from the latter the ordinary 

differential equations ὧ ‫ȾὯ 

’ɮ π, ’ɰ π, where   ’ Ὧ Ⱦ. (5) 

From the general solutions of equations (5) we choose only those that correspond to a 

decrease in the amplitude of the wave with depth:  

ū ὃὩ , Ɋ ὄὩ ,  ’ π ‌ ρȟςȢ  (6) 

Adopted here the postulate of extinction waves with depth leads to the assertion 

’ ‌ ρȟς that the values must be real and positive.  

 „ πȟὼȟὸ π, „ πȟὼȟὸ π, „ πȟὼȟὸ πȢ  (7)  
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The latter condition is identically satisfied by the assumption of independence of the 

deformations of the variable x3.as 

„ ς‘‐ ‗‐ , „ ς‘‐ , ‐ ‬ό ‬ό,                (8) 

Then substituting the relations (2) into (8), we obtain 

„ ς‘‬• ‗ɳ • ς‘‬‬‪, „ ‘ς‬‬• Ћ‪  Ћ‪Ȣ      (9) 

Substituting in (9) the expressions 

• ὃὩὼὴ’ὼ Ὥ‫ὸ Ὧὼ , ‪ ὄὩὼὴ’ὼ Ὥ‫ὸ Ὧὼ  

From the compatibility condition for this system of homogeneous linear equations, 

 ‗’ Ὧ ς‘’ Ὧ ’ τ‘’’Ὧ πȢ  (10)  

This solution,  

ςὯ τὺὺὯ πȟ     or   ς – τρ Ⱦ–‮ ρ – Ⱦ     (11) 

We need to add a few words about the velocity of the Rayleigh waves. We know that 

ὧ ὧ ὧ and that in an unbounded space, longitudinal waves call changes in volume, and 

transverse waves - change in shape. The resistance change of the medium volume much larger 

than change in shape. Therefore, the phase velocity of longitudinal waves is greater than the 

phase velocity of transverse waves. Surface waves propagate near the boundary of the 

medium in the region of discontinuity of material constants between the elastic medium and 

the atmosphere. Near the boundary, the resistance of the medium to the propagation of waves 

is the least, the medium is more pliable. Therefore, the velocity of surface waves is less than 

the velocity of spatial (longitudinal and transverse) waves.  

Surface waves are also of great importance in ultrasonic studies and in flaw detection 

in the study of surface defects of a structure.  

The discovery of surface waves by Rayleigh theoretically and later their finding 

experimentally is an excellent example of the effectiveness and fruitfulness of theoretical 

studies. 
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ʇʈʆɽʂʊʀʈʆɺɸʅʀɽ ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʆʁ ʉʀʉʊɽʄʓ ʇʆʉʊʈʆɽʅʀʗ 

ʇɸʉʇʆʈʊɸ  ɹɽɿʆʇɸʉʅʆʉʊʀ ʆɹʈɸɿʆɺɸʊɽʃʔʅʆɻʆ ʋʏʈɽɾɼɽʅʀʗ 

ɽʨʞʘʥ ɸ. ɽ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʪʘʥʦʚʠʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ ʫʩʣʦʚʠʝʤ ʠ ʦʜʥʠʤ ʠʟ 

ʢʨʠʪʝʨʠʝʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ (ʆʋ) [1]. 

ʇʘʩʧʦʨʪ ʙʝʟʦʧʘʩʥʦʩʪʠ (ʘʥʪʠʪʝʨʨʦʨʠʩʪʠʯʝʩʢʦʡ ʟʘʱʠʱʝʥʥʦʩʪʠ) ï ʦʜʠʥ ʠʟ ʜʦʢʫʤʝʥʪʦʚ, 

ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʡ ʜʝʷʪʝʣʴʥʦʩʪʴ ʆʋ, ʚ ʥʝʤ ʜʦʣʞʥʳ ʙʳʪʴ ʦʪʨʘʞʝʥʳ: ʦʩʦʙʝʥʥʦʩʪʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʨʘʟʤʝʱʝʥʠʷ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʫʯʨʝʞʜʝʥʠʷ; ʩʭʝʤʘ ʨʘʟʤʝʱʝʥʠʷ 

ʧʦʤʝʱʝʥʠʡ ʫʯʨʝʞʜʝʥʠʷ ʠ ʝʛʦ ʩʘʤʦʛʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʦʨʦʞʥʦʡ ʩʝʪʠ, ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʢʦʤʤʫʥʠʢʘʮʠʡ, ʦʧʘʩʥʳʭ ʦʙʲʝʢʪʦʚ, ʜʨʫʛʠʭ ʟʜʘʥʠʡ ʠ ʦʙʲʝʢʪʦʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ; ʦʙʱʠʝ 

ʩʚʝʜʝʥʠʷ ʦ ʧʝʨʩʦʥʘʣʝ ʠ ʦʙʫʯʘʝʤʳʭ; ʩʠʣʳ ʠ ʩʨʝʜʩʪʚʘ ʦʭʨʘʥʳ ʠ ʠʭ ʜʝʡʩʪʚʠʷ ʚ ʩʣʫʯʘʝ 

ʫʛʨʦʟʳ ʪʝʨʨʦʨʠʩʪʠʯʝʩʢʦʛʦ ʘʢʪʘ ʠʣʠ ʜʨʫʛʠʭ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ ʠ ʪ.ʜ. 

ʇʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʢʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʧʦʩʪʨʦʝʥʠʷ ʧʘʩʧʦʨʪʦʚ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʆʋ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʦʙʝʩʧʝʯʠʪ ʧʦʜʜʝʨʞʢʫ ʩʦʙʣʶʜʝʥʠʷ ʩʪʘʥʜʘʨʪʦʚ ʧʘʩʧʦʨʪʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʠʟʤʝʥʝʥʠʷ ʚ ʩʣʫʯʘʝ ʠʟʤʝʥʝʥʠʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʆʋ. 

ʈʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʢʣʠʝʥʪ-ʩʝʨʚʝʨʥʦʝ 

ʧʨʠʣʦʞʝʥʠʝ ʩ ʨʘʟʛʨʘʥʠʯʝʥʠʝʤ ʧʨʘʚ ʜʦʩʪʫʧʘ, ʥʘ  ʩʝʨʚʝʨʥʦʡ ʯʘʩʪʠ ʜʦʣʞʥʳ ʭʨʘʥʠʪʴʩʷ ʚʩʝ 

ʜʘʥʥʳʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʚʠʜʝ ʙʘʟʳ ʜʘʥʥʳʭ ʠ ʬʘʡʣʦʚ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʙʦʪʳ. 

ʂʣʠʝʥʪʩʢʘʷ ʯʘʩʪʴ ʩʠʩʪʝʤʳ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴ ʜʦʩʪʫʧ ʢ ʬʫʥʢʮʠʷʤ ʩʠʩʪʝʤʳ, 

ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʨʦʣʷʤʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ɺ ʩʠʩʪʝʤʝ ʜʦʣʞʥʳ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ ʜʚʝ ʨʦʣʠ: 

ʘʜʤʠʥʠʩʪʨʘʪʦʨ ʠ ʨʘʙʦʪʥʠʢ ʆʋ. ʆʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʜʦʣʞʥʘ ʚʝʩʪʠʩʴ ʥʘ ʢʣʠʝʥʪʩʢʦʡ ʯʘʩʪʠ 

ʩʠʩʪʝʤʳ, ʪʦ ʝʩʪʴ ʜʦʣʞʥʳ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʘ ʪʝʭʥʦʣʦʛʠʷ çʪʦʣʩʪʳʡ ʢʣʠʝʥʪè. 

ʇʦʩʪʨʦʝʥʠʝ ʧʘʩʧʦʨʪʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʦʣʞʥʦ ʙʳʪʴ ʧʨʠʚʷʟʘʥʦ ʢ ʢʘʨʪʝ ʤʝʩʪʥʦʩʪʠ, 

ʧʦʵʪʦʤʫ ʧʦʣʴʟʦʚʘʪʝʣʴ ʩʥʘʯʘʣʘ ʜʦʣʞʝʥ ʚʳʙʨʘʪʴ ʵʣʝʢʪʨʦʥʥʫʶ ʢʘʨʪʫ ʤʝʩʪʥʦʩʪʠ (ʛʦʨʦʜʘ, 

ʧʦʩʝʣʢʘ ʠ ʪ.ʧ.) ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ (ʢʘʨʪʘ ʤʝʩʪʥʦʩʪʠ ʙʫʜʝʪ ʭʨʘʥʠʪʴʩʷ ʚ ʬʦʨʤʘʪʝ *.vkb), ʘ 

ʟʘʪʝʤ ʦʧʨʝʜʝʣʠʪʴ ʛʨʘʥʠʮʳ ʪʝʨʨʠʪʦʨʠʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ. ʇʦʩʣʝ ʵʪʦʛʦ 

ʧʦʣʴʟʦʚʘʪʝʣʴ ʜʦʣʞʝʥ ʨʘʟʤʝʩʪʠʪʴ ʜʦʨʦʞʥʳʝ ʟʥʘʢʠ ʚʦʢʨʫʛ ʵʪʦʡ ʪʝʨʨʠʪʦʨʠʠ, ʦʧʨʝʜʝʣʠʪʴ 

ʨʘʟʤʝʪʢʫ ʜʦʨʦʛ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʩʪʘʚʠʪʴ ʩʚʝʪʦʬʦʨʳ, ʦʧʨʝʜʝʣʠʪʴ ʤʘʨʰʨʫʪʳ 

ʜʚʠʞʝʥʠʷ ʣʶʜʝʡ, ʘ ʪʘʢʞʝ ʛʦʨʦʜʩʢʦʛʦ ʠ/ʠʣʠ ʣʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. ɼʣʷ ʵʪʦʛʦ ʚ ʩʠʩʪʝʤʝ 

ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʚʳʙʦʨʘ ʩʣʦʝʚ ʜʦʙʘʚʣʝʥʠʷ ʟʥʘʢʦʚ, ʨʘʟʤʝʪʢʠ, 

ʩʚʝʪʦʬʦʨʦʚ. 

ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʝ ʨʘʙʦʪʳ ʧʦʣʴʟʦʚʘʪʝʣʴ ʜʦʣʞʝʥ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʭʨʘʥʠʪʴ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʘʩʧʦʨʪʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʙʘʟʫ ʜʘʥʥʳʭ. ɺ ʩʠʩʪʝʤʝ ʪʘʢ ʞʝ ʜʦʣʞʥʘ ʙʳʪʴ 

ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʚʳʛʨʫʟʢʘ ʧʘʩʧʦʨʪʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʬʘʡʣ ʬʦʨʤʘʪʘ 

AutoCAD, ʛʜʝ ʧʦʣʴʟʦʚʘʪʝʣʴ ʩʤʦʞʝʪ ʦʪʨʝʜʘʢʪʠʨʦʚʘʪʴ ʧʦʣʫʯʝʥʥʳʡ ʧʘʩʧʦʨʪ 

ʙʝʟʦʧʘʩʥʦʩʪʠ, ʧʨʠʚʝʩʪʠ ʝʛʦ ʢ ʪʨʝʙʫʝʤʦʤʫ ʚʠʜʫ ʠ ʨʘʩʧʝʯʘʪʘʪʴ ʥʘ ʙʫʤʘʞʥʦʤ ʥʦʩʠʪʝʣʝ. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

 

1. ʆʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. 

URL: http://universalinternetlibrary.ru/book/ 36326/ogl.shtml (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 12.05.2017). 

  



ʉʝʢʮʠʷ 9. ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʘʥʘʣʠʟ ʜʘʥʥʳʭ 

40 

ʋɼʂ 004.056 

ʇʈʆɹʃɽʄʓ ʌʆʈʄʀʈʆɺɸʅʀʗ ʆʊʂʈʓʊʓʍ ɼɸʅʅʓʍ  

ɺ ʈɸʄʂɸʍ ʈɽɸʃʀɿɸʎʀʀ ʇʈʀʅʎʀʇʆɺ ʆʊʂʈʓʊʆɻʆ ʇʈɸɺʀʊɽʃʔʉʊɺɸ 

ɿʘʙʦʨʥʠʢʦʚ ɸ. ɽ., ʂʦʨʦʣʸʚʘ ɽ. ʅ. 

ʉʘʤʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʉʘʤʘʨʘ 

ʈʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ ʥʘʮʠʦʥʘʣʴʥʦʡ ʩʠʩʪʝʤʳ çʆʪʢʨʳʪʦʝ ʧʨʘʚʠʪʝʣʴʩʪʚʦè 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʝʛʦʜʥʷ ʩʨʘʟʫ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ, ʚʘʞʥʝʡʰʠʤ ʠʟ ʢʦʪʦʨʳʭ 

ʷʚʣʷʝʪʩʷ ʧʨʦʝʢʪ çʆʪʢʨʳʪʳʝ ʜʘʥʥʳʝè, ʧʨʝʜʧʦʣʘʛʘʶʱʠʡ ʨʘʟʤʝʱʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ, 

ʢʘʩʘʶʱʝʡʩʷ ʨʘʙʦʪʳ ʦʨʛʘʥʦʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʠ ʤʫʥʠʮʠʧʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚ 

ʦʪʢʨʳʪʦʤ ʜʦʩʪʫʧʝ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʦʩʚʝʜʦʤʣʝʥʥʦʩʪʠ ʛʨʘʞʜʘʥ ʦ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʦʨʛʘʥʦʚ ʚʣʘʩʪʠ. ʈʘʟʤʝʱʝʥʠʝ ʦʪʢʨʳʪʳʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʧʦʚʳʰʝʥʠʶ ʧʨʦʟʨʘʯʥʦʩʪʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʨʛʘʥʦʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʚʣʘʩʪʠ ʠ ʦʨʛʘʥʦʚ 

ʤʝʩʪʥʦʛʦ ʩʘʤʦʫʧʨʘʚʣʝʥʠʷ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʱʝʩʪʚʘ, 

ʜʚʠʞʝʥʠʶ ʢ ʨʝʘʣʠʟʘʮʠʠ ʚ ʈʦʩʩʠʠ ʧʨʠʥʮʠʧʦʚ çʵʣʝʢʪʨʦʥʥʦʡ ʜʝʤʦʢʨʘʪʠʠè ʠ çʦʪʢʨʳʪʦʛʦ 

ʧʨʘʚʠʪʝʣʴʩʪʚʘè. ʇʨʝʜʦʩʪʘʚʣʝʥʠʝ ʩʚʝʜʝʥʠʡ ʚ ʬʦʨʤʝ ʦʪʢʨʳʪʳʭ ʜʘʥʥʳʭ ʧʦʟʚʦʣʠʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʥʝ ʪʦʣʴʢʦ ʚ 

ʩʬʝʨʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʠ ʤʫʥʠʮʠʧʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʥʦ ʠ ʦʙʱʝʩʪʚʝʥʥʳʭ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʘ ʪʘʢʞʝ ʠʥʪʝʨʥʝʪ-ʩʝʨʚʠʩʦʚ, ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʙʠʟʥʝʩ-

ʩʦʦʙʱʝʩʪʚʦʤ. ɼʣʷ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤʳ, ʚ ʢʦʪʦʨʦʡ ʧʦʪʨʝʙʠʪʝʣʠ ʠʩʧʦʣʴʟʫʶʪ ʚʝʩʴ 

ʧʦʪʝʥʮʠʘʣ ʦʪʢʨʳʪʳʭ ʜʘʥʥʳʭ, ʘ ʛʦʩʫʜʘʨʩʪʚʦ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʩʦʮʠʘʣʴʥʳʡ ʟʘʢʘʟ ʥʘ ʠʭ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ, ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʧʨʠʦʨʠʪʝʪʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʦʨʛʘʥʦʚ ʚʣʘʩʪʠ ʧʦ 

ʨʘʩʢʨʳʪʠʶ ʠʥʬʦʨʤʘʮʠʠ. ʇʦʩʢʦʣʴʢʫ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʞʝ ʥʘʢʦʧʣʝʥʳ ʙʦʣʴʰʠʝ 

ʦʙʲʝʤʳ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʦʪʢʨʳʪʳʭ ʜʘʥʥʳʭ, ʠʭ ʮʝʥʥʳʝ ʥʘʙʦʨʳ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ ʦʧʦʟʜʘʥʠʝʤ. ʇʨʠʦʨʠʪʝʪ ʨʘʩʢʨʳʪʠʷ ʜʘʥʥʳʭ ʜʦʣʞʝʥ ʫʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʠʢʦʡ, ʫʯʠʪʳʚʘʶʱʝʡ ʪʘʢʠʝ ʬʘʢʪʦʨʳ, ʢʘʢ: ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴ ʠ 

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ; ʩʪʦʠʤʦʩʪʴ ʨʘʩʢʨʳʪʠʷ ʠ ʧʦʜʜʝʨʞʢʠ ʘʢʪʫʘʣʴʥʦʩʪʠ; ʩʨʦʢʠ ʚʦʟʤʦʞʥʦʛʦ 

ʦʧʫʙʣʠʢʦʚʘʥʠʷ. 

ʈʝʘʣʠʟʘʮʠʷ ʧʨʦʝʢʪʘ çʆʪʢʨʳʪʳʝ ʜʘʥʥʳʝè ʥʘʯʘʣʘʩʴ ʝʱʝ ʟʘʜʦʣʛʦ ʜʦ ʚʳʭʦʜʘ 

ʌʝʜʝʨʘʣʴʥʦʛʦ ʟʘʢʦʥʘ ʦʪ 7 ʠʶʥʷ 2013 ʛ. ˉ 112-ʌɿ. ʇʨʦʝʢʪ ʠʟʥʘʯʘʣʴʥʦ ʩʦʧʨʦʚʦʞʜʘʣʩʷ 

ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʨʦʙʣʝʤ, ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʠʟ ʢʦʪʦʨʳʭ ʜʦ ʩʠʭ ʧʦʨ ʦʩʪʘʸʪʩʷ 

ʥʝʨʝʰʝʥʥʦʡ. ʕʪʠ ʫʟʢʠʝ ʤʝʩʪʘ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʩʚʷʟʘʥʳ ʩ ʥʝʩʦʚʝʨʰʝʥʩʪʚʦʤ 

ʨʦʩʩʠʡʩʢʦʛʦ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʚ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʮʠʠ ʠ ʥʝʛʦʪʦʚʥʦʩʪʴʶ ʢʘʢ ʩʠʩʪʝʤʳ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʠ ʤʫʥʠʮʠʧʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʪʘʢ ʠ ʦʙʱʝʩʪʚʘ ʢ ʪʘʢʠʤ ʤʘʩʰʪʘʙʥʳʤ 

ʧʨʦʝʢʪʘʤ. ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ ʚ 

ʦʙʣʘʩʪʠ ʦʪʢʨʳʪʳʭ ʜʘʥʥʳʭ ʠ ʚʦʟʤʦʞʥʳʝ ʧʦʜʭʦʜʳ ʢ ʠʭ ʨʝʰʝʥʠʶ:  

1) ʅʝʘʢʪʫʘʣʴʥʦʩʪʴ ʠ ʥʠʟʢʘʷ ʧʦʣʴʟʘ ʦʪ ʩʫʱʝʩʪʚʫʶʱʠʭ ʥʘʙʦʨʦʚ ʦʪʢʨʳʪʳʭ ʜʘʥʥʳʭ; 

2) ʅʝʜʦʩʪʘʪʦʯʥʘʷ ʨʘʟʙʦʨʯʠʚʦʩʪʴ ʠʥʬʦʨʤʘʮʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ ʚʠʜʝ ʦʪʢʨʳʪʳʭ ʜʘʥʥʳʭ; 

3) ɺʨʝʤʝʥʥʳʝ ʟʘʜʝʨʞʢʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʦʪʢʨʳʪʳʭ ʜʘʥʥʳʭ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʪʦʨʳʭ 

ʥʝʦʙʭʦʜʠʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʟʘʧʨʦʩ; 

4) ʉʣʦʞʥʦʩʪʴ ʧʦʠʩʢʘ ʥʝʦʙʭʦʜʠʤʦʛʦ ʥʘʙʦʨʘ ʜʘʥʥʳʭ;  

5) ʅʘʣʠʯʠʝ ʥʝʦʙʭʦʜʠʤʳʭ ʜʦʢʫʤʝʥʪʦʚ ʪʦʣʴʢʦ ʚ ʙʫʤʘʞʥʦʤ, ʦʪʩʢʘʥʠʨʦʚʘʥʥʦʤ ʠʣʠ ʜʨʫʛʦʤ 

ʥʝʩʪʘʥʜʘʨʪʥʦʤ ʠ ʥʝʦʪʬʦʨʤʘʪʠʨʦʚʘʥʥʦʤ ʚʠʜʝ;  

6) ʉʦʢʨʳʪʠʝ ʚʘʞʥʦʡ ʠʥʬʦʨʤʘʮʠʠ; 

7) ʇʨʦʙʣʝʤʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ; 

8) ʅʝʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ ʨʘʙʦʪʝ ʩ ʦʪʢʨʳʪʳʤʠ ʜʘʥʥʳʤʠ; 

9) ʆʪʩʫʪʩʪʚʠʝ ʠʩʯʝʨʧʳʚʘʶʱʠʭ ʤʝʪʦʜʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʦ ʨʘʙʦʪʝ ʩ 

ʥʘʙʦʨʘʤʠ ʦʪʢʨʳʪʳʭ ʜʘʥʥʳʭ;  

10) ʅʠʟʢʘʷ ʩʪʝʧʝʥʴ ʫʯʘʩʪʠʷ ʛʨʘʞʜʘʥ ʚ ʨʘʟʚʠʪʠʠ ʧʨʦʝʢʪʘ.  



ʉʝʢʮʠʷ 9. ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʘʥʘʣʠʟ ʜʘʥʥʳʭ 

41 

ʋɼʂ 519.7 

COMPUTER MODELING OF  PROCESS OF REFLECTION OF PLANE WAVE 

FROM RIGID WALL IN T HE ELASTIC MEDIA  

ʀʩʢʝʞʘʥʦʚ ʀ. ɸ.ĭ, ʉʪʘʨʠʥʦʚʘ ʆ. ʃ.Į, ɸʣʠʧʦʚʘ ɹ. ʅ.ĭ 

ĭInternational Information Technology University, Almaty, Kazakhstan 

Įʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ 

Computer simulation is one of effective methods of studying complex systems. 

Computer models are easier and more convenient to explore because of their ability to pursue 

the so-called computational experiments, in cases where real experiments are difficult due to 

financial or physical barriers, or may give unpredictable results. Logic and formalization of 

computer models allow to identify the main factors that determine the properties of the 

studied object or to investigate the response of the simulated physical system to changes of its 

parameters and initial conditions. 

The use of fiber optic links in the development of computing devices allows not only 

to provide higher technical characteristics of computer systems, but also to provide a high 

level of security (the absence of radiation into the external environment, the high technical 

complexity of cutting into the communication line, the ability to encode information that is 

resistant to decoding by codes and provides the required data transfer rate. 

When a plane electromagnetic wave is incident on the interface between two media 

the reflected wave appears and in other cases a refracted wave appears. 

The plane of incidence is a plane passing through between the media and the direction 

of incidence of the wave. 

The vector of the electric field strength of a plane wave is perpendicular to the 

propagation direction of the wave, and can be oriented arbitrarily with respect to the plane of 

incidence. However, we can confine ourselves to two orientations of the vector. The vector is 

perpendicular to the plane of incidence of the wave. is called a parallel polarization. This 

consideration of the electromagnetic wave is obvious, because A wave with any orientation of 

the vector can always be represented as a superposition of two waves, one of which is 

normally polarized, and the other is parallel to the polarized one. 

The first is essentially the cause, the second consequence, while the first concept of 

sound is objective, the second is subjective. In the first case, the sound is really a flow of 

energy. Sound can change the environment through which it passes, and itself changes it. In 

the second case, by sound we mean the sensations that a listener has when a sound wave is 

transmitted through the hearing aid to the brain. Sensing a sound, a person can experience 

different feelings. The most diverse emotions cause in us that type of sounds, which we call 

music. Sounds form the basis of speech, which serves as the main means of communication in 

human society. And, finally, there is such a form of sound as noise. The analysis of sound 

from the position of subjective perception is more complicated than with an objective 

evaluation. 

When a sound wave reaches a point in space, particles of matter that before did not 

perform ordered movements begin to oscillate. Any moving body, including a vibrating body, 

is capable of doing work, it means that it has energy. Consequently, the propagation of a 

sound wave is accompanied by the propagation of energy. The source of this energy is a 

vibrating body, which emits energy into the surrounding space (matter). 

Human hearing organs are able to sense oscillations with a frequency of 15 Hz to 20 

kHz. Mechanical vibrations with the indicated frequencies are called sound or acoustic 

(acoustics - the doctrine of sound). The sound is a wave oscillatory process, occurring in an 
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elastic medium and causing an auditory sensation. However, the susceptibility of a person to 

sounds is selective, so we are talking about audible and inaudible sounds. The totality of those 

and others in general resembles the spectrum of sun rays, in which there is a visible area - 

from red to violet and  invisible to human eyes are infrared and ultraviolet waves. To find out 

what the loudness of the sound depends on, let's return to the experience. To one branch of the 

tuning fork, a small ball hanging on the thread is brought close to each other, and on the other, 

they are struck with a hammer. Both branches of the tuning fork come into oscillatory motion. 

A soft sound is heard. The ball bounces off from the vibrating branch a short distance. Then 

the tuning fork is muffled and struck again, but much stronger than the first time. Now the 

tuning fork sounds louder, and the ball bounces to a greater distance, which indicates a greater 

amplitude of vibrations of the branches. This and many other experiments allow us to 

conclude that the loudness of the sound depends on the amplitude of the oscillations: the 

larger the amplitude of the oscillations, the louder the sound. In the considered experiment, 

the frequencies of oscillations of both sounds - quiet and loud - are the same, since their 

source is the same tuning fork. But if we compared the sounds of different frequencies, then 

in addition to the amplitude of the oscillations, we would have to take into account one more 

factor that affects the loudness. The fact is that the sensitivity of the human ear to sounds of 

different frequencies is different. At the same amplitudes as the more loud, we perceive 

sounds whose frequencies lie in the range from 1000 Hz to 5000 Hz. Therefore, for example, 

a high female voice with a frequency of 1000 Hz will be sound louder than a low masculine 

with a frequency of 200 Hz to human, even if the amplitudes of oscillations of the vocal cords 

in both cases are the same. The volume of sound depends also on its duration and on the 

individual characteristics of the listener. The volume of sound is a subjective quality of the 

auditory sensation, which makes it possible to arrange all sounds on a scale from quiet to 

loud. 
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ʅɸʊʋʈʅʆɽ ʄɸʂɽʊʀʈʆɺɸʅʀɽ ʀ ʈɺ-ɺɽʈʀʌʀʂɸʎʀʗ 

ʈɸʉʇʈɽɼɽʃɪʅʅʆɻʆ ʇʈʀʃʆɾɽʅʀʗ ʈɽɸʃʔʅʆɻʆ ɺʈɽʄɽʅʀ 

ɺ ʃʆʂɸʃʔʅʆʁ ʉɽʊʀ ʇʆɼ ʋʇʈɸɺʃɽʅʀɽʄ ʆʉʈɺ QNX NEUTRINO  

ʂʘʚʢʦʚ ʈ. ɸ., ɹʘʣʘʥʜʠʥ ɸ. ɺ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ 

ʇʨʠʣʦʞʝʥʠʷ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ (ʇʈɺ) ʦʩʫʱʝʩʪʚʣʷʶʪ ʚʳʯʠʩʣʝʥʠʷ ʥʘʜ ʜʘʥʥʳʤʠ, 

ʠʟʤʝʥʷʶʱʠʤʠʩʷ ʚʦ ʚʨʝʤʝʥʠ [1]. ɼʘʥʥʳʝ ʧʦʩʪʫʧʘʶʪ ʚ ʧʨʠʣʦʞʝʥʠʝ ʦʪ çʠʩʪʦʯʥʠʢʦʚè ʚ 

ʚʠʜʝ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʦʪʦʢʦʚ ʜʘʪʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ [2], ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʧʘʨʘʣʣʝʣʴʥʳʤʠ 

ʧʨʦʮʝʩʩʘʤʠ, ʘ ʨʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ ʚ ʚʠʜʝ ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʳʭʦʜʥʳʭ ʪʨʝʥʜʦʚ 

ʜʦʩʪʘʚʣʷʶʪʩʷ çʧʦʪʨʝʙʠʪʝʣʷʤè. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʚʩʝ ʧʨʦʮʝʜʫʨʳ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʩʝʛʜʘ ʚʳʧʦʣʥʷʣʠʩʴ ʥʘʜ ʜʘʪʠʨʦʚʘʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ, 

ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʥʳʤʠ ʩ ʪʝʢʫʱʠʤ ʤʦʤʝʥʪʦʤ ʚʨʝʤʝʥʠ. ʕʪʘ ʟʘʜʘʯʘ, ʧʨʠ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʇʈɺ, ʵʬʬʝʢʪʠʚʥʦ ʨʝʰʘʝʪʩʷ ʧʫʪʸʤ ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʘʨʘʣʣʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʪʦʢʦʚ ʜʘʥʥʳʭ ʜʠʘʛʨʘʤʤ ʘʩʠʥʭʨʦʥʥʳʭ 

ʪʝʤʧʦʨʘʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ (ɸʊɺ-ʜʠʘʛʨʘʤʤ) [3], ʧʦʩʣʝʜʫʶʱʝʛʦ ʥʘʪʫʨʥʦʛʦ 

ʤʘʢʝʪʠʨʦʚʘʥʠʷ [4] ʠ ʧʦʣʫʯʝʥʠʷ ʠʩʧʦʣʥʷʝʤʦʛʦ ʢʦʜʘ ʇʈɺ ʜʣʷ ʨʘʙʦʪʳ ʚ ʟʘʜʘʥʥʦʡ 

ʠʩʧʦʣʥʠʪʝʣʴʥʦʡ ʩʨʝʜʝ. ʆʪʣʠʯʠʝ ʥʘʪʫʨʥʦʛʦ ʤʘʢʝʪʘ ʇʈɺ ʦʪ ʇʈɺ, ʜʦʚʝʜʸʥʥʦʛʦ ʜʦ 

ʰʪʘʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʚ ʪʦʤ, ʯʪʦ ʚ ʤʘʢʝʪʝ ʥʘ ʤʝʩʪʝ ʨʝʘʣʴʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʧʨʦʮʝʜʫʨ ʧʨʠʢʣʘʜʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ çʧʨʦʮʝʜʫʨʳ-ʟʘʛʣʫʰʢʠè, 

ʢʦʪʦʨʳʝ ʠʤʠʪʠʨʫʶʪ ʧʦʪʨʝʙʣʝʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʧʨʦʮʝʩʩʦʨʘ ʧʨʠʢʣʘʜʥʳʤʠ 

ʧʨʦʮʝʜʫʨʘʤʠ, ʛʝʥʝʨʘʮʠʶ ʠʣʠ ʧʦʛʣʦʱʝʥʠʝ ʜʘʪʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ çʚʥʝʰʥʝʡ ʩʨʝʜʦʡè. 

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʥʘ ʨʘʥʥʝʡ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʚʦʜʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʳ 

ʩ ʥʘʪʫʨʥʳʤ ʤʘʢʝʪʦʤ ʇʈɺ ʜʣʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʝʛʦ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ 

ʥʘʜʸʞʥʦʩʪʠ ʧʨʠʥʠʤʘʪʴ ʠ ʦʙʨʘʙʘʪʳʚʘʪʴ ʧʦʪʦʢʠ ʜʘʪʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʚ ʨʝʞʠʤʝ 

ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ï ʈɺ-ʚʝʨʠʬʠʢʘʮʠʷ ʇʈɺ. 

ɺ ʨʘʙʦʪʝ ʥʘ ʧʨʠʤʝʨʝ ʩʦʟʜʘʥʠʷ ʘʙʩʪʨʘʢʪʥʦʛʦ ʨʘʩʧʨʝʜʝʣʸʥʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ 

ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʦʧʠʩʳʚʘʝʪʩʷ ʠ ʠʣʣʶʩʪʨʠʨʫʝʪʩʷ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʠ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʘʷ ʧʨʦʛʨʘʤʤʥʘʷ ʩʠʩʪʝʤʘ ʤʘʢʝʪʠʨʦʚʘʥʠʷ ʇʈɺ, ʥʘʯʠʥʘʶʱʘʷʩʷ ʩ 

ɸʊɺ-ʜʠʘʛʨʘʤʤʳ, ʧʦʩʣʝʜʫʶʱʠʤ ʧʦʣʫʯʝʥʠʝʤ ʠʩʧʦʣʥʷʝʤʦʛʦ ʢʦʜʘ, ʟʘʛʨʫʟʢʦʡ ʠ ʟʘʧʫʩʢʦʤ 

ʤʘʢʝʪʘ ʇʈɺ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʚ ʣʦʢʘʣʴʥʫʶ ʩʝʪʴ ʠ ʟʘʢʘʥʯʠʚʘʶʱʘʷʩʷ ʈɺ-ʚʝʨʠʬʠʢʘʮʠʝʡ 

ʤʘʢʝʪʘ ʇʈɺ ʚ ʠʩʧʦʣʥʠʪʝʣʴʥʦʡ ʩʨʝʜʝ. ɺ ʢʘʯʝʩʪʚʝ ʩʨʝʜʳ ʨʘʟʨʘʙʦʪʢʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʡ 

ʩʠʩʪʝʤʳ ʤʘʢʝʪʠʨʦʚʘʥʠʷ ʇʈɺ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʣʘʪʬʦʨʤʘ ʨʘʟʨʘʙʦʪʢʠ QNX SDP (Software 

Development Platform) [5]. ɺ ʢʘʯʝʩʪʚʝ ʠʩʧʦʣʥʠʪʝʣʴʥʦʡ ʩʨʝʜʳ ʜʣʷ ʟʘʧʫʩʢʘ ʥʘʪʫʨʥʦʛʦ 

ʤʘʢʝʪʘ ʨʘʩʧʨʝʜʝʣʸʥʥʦʛʦ ʇʈɺ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚʠʨʪʫʘʣʴʥʘʷ ʣʦʢʘʣʴʥʘʷ ʩʝʪʴ, ʩʦʟʜʘʥʥʘʷ ʥʘ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʤ ʢʦʤʧʴʶʪʝʨʝ ʩ ʆʉ Windows, ʫʟʣʘʤʠ ʢʦʪʦʨʦʡ ʷʚʣʷʶʪʩʷ ʚʠʨʪʫʘʣʴʥʳʝ 

ʤʘʰʠʥʳ VMware [6] ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʆʉʈɺ QNX Neutrino [7]. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʤʘʢʝʪʠʨʦʚʘʥʠʷ ʧʦʨʦʞʜʘʝʪ 

ʠʩʧʦʣʥʷʝʤʳʡ ʢʦʜ ʥʘʪʫʨʥʦʛʦ ʤʘʢʝʪʘ ʨʘʩʧʨʝʜʝʣʸʥʥʦʛʦ ʇʈɺ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʠ 

ʟʘʛʨʫʟʢʝ ʚ ʫʟʣʳ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ. ʇʨʦʮʝʜʫʨʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʡ ʩʠʩʪʝʤʦʡ 

ʤʘʢʝʪʠʨʦʚʘʥʠʷ ʠʩʧʦʣʥʷʝʤʦʛʦ ʢʦʜʘ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘʪʫʨʥʦʛʦ ʤʘʢʝʪʘ, ʟʘʛʨʫʟʢʠ ʠʭ ʚ 

ʣʦʢʘʣʴʥʫʶ ʩʝʪʴ ʠ ʟʘʧʫʩʢʘ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪʩʷ ʥʘ ʟʘʜʘʥʥʦʡ 

ɸʊɺ-ʜʠʘʛʨʘʤʤʝ, ʤʦʜʝʣʠʨʫʶʱʝʡ ʧʘʨʘʣʣʝʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ ʧʦʪʦʢʦʚ ʜʘʥʥʳʭ ʘʙʩʪʨʘʢʪʥʦʡ 

ʇʈɺ. ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʤʘʢʝʪʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʩʨʝʜʩʪʚʘ ʆʉʈɺ QNX Neutrino, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ: 

- ʟʘʧʫʩʢʘ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʫʟʣʘʭ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ; 

- ʟʘʧʫʩʢʘ ʥʠʪʝʡ (thread); 
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- ʩʦʟʜʘʥʠʷ ʨʘʟʜʝʣʷʝʤʦʡ ʧʨʦʮʝʩʩʘʤʠ ʛʣʦʙʘʣʴʥʦʡ ʠʤʝʥʦʚʘʥʥʦʡ ʧʘʤʷʪʠ; 

- ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʚ ʧʨʦʮʝʩʩʘʭ ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʥʘʜ ʨʘʟʜʝʣʷʝʤʳʤʠ 
ʜʘʥʥʳʤʠ; 

- ʩʦʟʜʘʥʠʷ ʚ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ ʛʣʦʙʘʣʴʥʳʭ ʠʤʝʥʦʚʘʥʥʳʭ ʢʘʥʘʣʦʚ ʜʣʷ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ ʤʝʞʜʫ ʫʜʘʣʸʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʧʦʩʨʝʜʩʪʚʦʤ ʤʝʭʘʥʠʟʤʘ ʩʦʦʙʱʝʥʠʡ; 

- ʧʣʘʥʠʨʦʚʘʥʠʷ ʨʘʙʦʪʳ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

ʇʨʠ ʟʘʛʨʫʟʢʝ ʢʦʤʧʦʥʝʥʪʦʚ ʇʈɺ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʤʘʢʝʪʠʨʦʚʘʥʠʷ 

ʬʦʨʤʠʨʫʝʪ ʚ ʫʟʣʘʭ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ ʩʦʙʩʪʚʝʥʥʫʶ ʩʣʫʞʙʫ ʩʠʩʪʝʤʥʳʭ ʯʘʩʦʚ ʝʜʠʥʦʛʦ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʨʘʩʧʨʝʜʝʣʸʥʥʳʤʠ ʧʨʦʛʨʘʤʤʥʳʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʤʘʢʝʪʘ ʇʈɺ ʜʣʷ ʢʦʥʪʨʦʣʷ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʩ ʨʝʘʣʴʥʳʤ ʚʨʝʤʝʥʝʤ 

ʟʥʘʯʝʥʠʡ ʜʘʪʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʜʫʨʘʭ, ʠ 

ʜʘʪʠʨʦʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʯʠʩʣʝʥʠʡ. ʇʨʦʮʝʜʫʨʘ ʟʘʛʨʫʟʢʠ ʨʘʟʨʘʙʦʪʘʥʘ ʪʘʢ, ʯʪʦ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʬʦʨʤʠʨʫʝʤʳʝ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʡ ʩʠʩʪʝʤʦʡ ʠ ʟʘʛʨʫʞʘʝʤʳʝ ʚ 

ʣʦʢʘʣʴʥʫʶ ʩʝʪʴ ʢʦʤʧʦʥʝʥʪʳ ʠʩʧʦʣʥʷʝʤʦʛʦ ʢʦʜʘ ʤʘʢʝʪʘ ʇʈɺ ʩʨʘʟʫ ʟʘʧʫʩʢʘʶʪʩʷ ʥʘ 

ʚʳʧʦʣʥʝʥʠʝ, ʥʝ ʜʦʞʠʜʘʷʩʴ ʟʘʛʨʫʟʢʠ ʚʩʝʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʥʘʯʘʣʘ ʰʪʘʪʥʦʡ ʨʘʙʦʪʳ ʇʈɺ. 

ʕʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʝʪ ʧʨʦʮʝʜʫʨʫ ʟʘʛʨʫʟʢʠ ʠ ʟʘʧʫʩʢʘ ʨʘʩʧʨʝʜʝʣʸʥʥʦʡ ʇʈɺ ʚ 

ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ. 

ʈɺ-ʚʝʨʠʬʠʢʘʮʠʷ ʇʈɺ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ. ɺ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ ʤʘʢʝʪ 

ʇʈɺ ʠʤʠʪʠʨʫʝʪ ʪʝʤʧʦʨʘʣʴʥʳʝ ʚʳʯʠʩʣʝʥʠʷ ʠ ʧʦʣʫʯʝʥʠʝ ʜʘʪʠʨʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʡ, 

ʩʦʧʨʦʚʦʞʜʘʝʤʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʚʘʣʠʜʥʦʩʪʠ [2]. ɽʩʣʠ ʜʘʪʠʨʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʘʣʴʥʦʤʫ ʚʨʝʤʝʥʠ, ʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʣʠʜʥʦʩʪʠ ʨʘʚʝʥ 1. ɺ ʧʨʦʪʠʚʥʦʤ 

ʩʣʫʯʘʝ ʦʥ ʤʝʥʴʰʝ 1, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʩʧʦʩʦʙʥʦʩʪʠ ʚʳʧʦʣʥʷʪʴ ʚʩʝ ʚʳʯʠʩʣʝʥʠʷ ʚ 

ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʕʪʦ ʷʚʣʷʝʪʩʷ ʧʦʚʦʜʦʤ ʜʣʷ ʣʦʢʘʣʠʟʘʮʠʠ ʧʨʠʯʠʥ ʧʦʷʚʣʝʥʠʷ 

ʥʝʚʘʣʠʜʥʳʭ ʜʘʥʥʳʭ ʠ ʠʭ ʫʩʪʨʘʥʝʥʠʷ ʧʫʪʸʤ ʤʦʜʠʬʠʢʘʮʠʠ ʧʨʦʛʨʘʤʤʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʤʘʢʝʪʘ ʩ ʮʝʣʴʶ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʠʩʧʦʣʥʠʪʝʣʴʥʦʡ ʩʨʝʜʳ 

ʤʝʞʜʫ ʧʨʦʛʨʘʤʤʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʤʘʢʝʪʘ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʚʳʷʚʣʝʥʥʳʭ çʫʟʢʠʭ ʤʝʩʪè. 
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6. ɺʠʨʪʫʘʣʴʥʘʷ ʤʘʰʠʥʘ VMware Workstation [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]// ʀʥʪʝʨʥʝʪ ʠ 

ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʚʩʝʭ: [ʩʘʡʪ]. URL:http: //vellisa.ru (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 01.06.2017). 

7. ʂʸʨʪʝʥ ʈ. ɺʚʝʜʝʥʠʝ ʚ QNX Neutrino 2. ʈʫʢʦʚʦʜʩʪʚʦ ʜʣʷ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʧʨʠʣʦʞʝʥʠʡ 

ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ [ʊʝʢʩʪ].- ʉʇʙ.: ɹʍɺ-ʇʝʨʪʝʨʙʫʨʛ, 2005.- 400ʩ. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ɸʃɻʆʈʀʊʄʆɺ ɻɽʅɽʈɸʎʀʀ ʅɽʏɽʊʂʀʍ ʇʈɸɺʀʃ ɼʃʗ 

ʉɽʊʀ ʊɸɻɸʂʀ-ʉʋɻɽʅʆ-ʂɸʅɻɸ 

ʂʘʟʘʥʮʝʚʘ ʀ. ʉ., ʉʦʣʜʘʪʦʚʘ ʆ. ʇ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʛʝʥʝʨʘʮʠʠ ʥʝʯʝʪʢʠʭ ʧʨʘʚʠʣ ʠ 

ʨʘʟʨʘʙʦʪʢʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʥʝʯʝʪʢʦʡ 

ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʊʘʢʘʛʠ-ʉʫʛʝʥʦ-ʂʘʥʛʘ. 

ɸʣʛʦʨʠʪʤʳ ʛʝʥʝʨʘʮʠʠ ʥʝʯʸʪʢʠʭ ʧʨʘʚʠʣ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʳʭ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʦʙʫʯʝʥʠʝ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʜʝʣʷʪʩʷ ʥʘ ʘʣʛʦʨʠʪʤʳ, ʯʝʪʢʦ ʧʨʠʚʷʟʘʥʥʳʝ ʢ ʥʝʡʨʦʥʥʦʡ 

ʩʝʪʠ, ʜʣʷ ʢʦʪʦʨʦʡ ʦʥʠ ʨʘʟʨʘʙʘʪʳʚʘʣʠʩʴ, ʠ ʘʣʛʦʨʠʪʤʳ, ʥʝ ʠʤʝʶʱʠʝ ʢʦʥʢʨʝʪʥʦʡ 

ʧʨʠʚʷʟʢʠ. ɹʘʟʘ ʧʨʘʚʠʣ, ʬʦʨʤʠʨʫʝʤʘʷ ʵʪʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ, ʜʦʣʞʥʘ ʫʜʦʚʣʝʪʚʦʨʷʪʴ 

ʪʨʝʙʦʚʘʥʠʷʤ ʥʝʧʨʦʪʠʚʦʨʝʯʠʚʦʩʪʠ, ʧʦʣʥʦʪʳ ʠ ʥʝʠʟʙʳʪʦʯʥʦʩʪʠ. 

ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʛʝʥʝʨʘʮʠʠ ʥʝʯʝʪʢʠʭ ʧʨʘʚʠʣ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʟʘʜʘʯʠ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʷʚʣʷʝʪʩʷ ʘʣʛʦʨʠʪʤ ɸʙʝ-ʃʵʥʘ, ʢʦʪʦʨʳʡ ʠʟʚʣʝʢʘʝʪ ʥʝʯʝʪʢʠʝ ʧʨʘʚʠʣʘ ʠʟ 

ʚʭʦʜʥʦʡ ʚʳʙʦʨʢʠ [1,2]. ɸʣʛʦʨʠʪʤ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʨʝʢʫʨʩʠʚʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʦʙʣʘʩʪʝʡ 

ʘʢʪʠʚʠʟʘʮʠʠ ʠ ʟʘʧʨʝʱʝʥʠʷ (ʨʠʩ. 1), ʪʝʤ ʩʘʤʳʤ ʤʠʥʠʤʠʟʠʨʫʷ ʢʦʣʠʯʝʩʪʚʦ ʥʝʯʝʪʢʠʭ 

ʧʨʘʚʠʣ ʧʫʪʝʤ ʠʩʢʣʶʯʝʥʠʷ ʧʨʦʪʠʚʦʨʝʯʠʚʳʭ ʧʨʘʚʠʣ. 

 
ʈʠʩ. 1. ʈʝʢʫʨʩʠʚʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʦʙʣʘʩʪʝʡ ʘʢʪʠʚʠʟʘʮʠʠ ʠ ʟʘʧʨʝʱʝʥʠʷ 

 

ʇʦʣʫʯʝʥʥʳʝ ʥʝʯʸʪʢʠʝ ʧʨʘʚʠʣʘ ʥʘʧʨʘʚʣʷʶʪʩʷ ʚ ʥʝʯʸʪʢʫʶ ʥʝʡʨʦʥʥʫʶ ʩʝʪʴ 

ʊʘʢʘʛʠ-ʉʫʛʝʥʦ-ʂʘʥʛʘ (ʨʠʩ. 2), ʢʦʪʦʨʘʷ ʦʩʥʦʚʘʥʘ ʥʘ ʩʠʩʪʝʤʝ ʥʝʯʸʪʢʦʛʦ ʚʳʚʦʜʘ ʊʘʢʘʛʠ-

ʉʫʛʵʥʦ-ʂʘʥʛʘ.  

ɺʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʩʝʪʠ ʊʘʢʘʛʠ-ʉʫʛʝʥʦ-ʂʘʥʛʘ  ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʬʦʨʤʫʣʦʡ [2]: 

ώὼ  
ρ

В Б ‘ ὼ
‘ ὼ ὴ ὴὼ  
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ʈʠʩ. 2. ʉʪʨʫʢʪʫʨʘ ʥʝʯʸʪʢʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʊʘʛʘʢʠ-ʉʫʛʝʥʦ-ʂʘʥʛʘ 

 

ɺ ʨʘʙʦʪʝ ʩʝʪʴ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ 

ʠʟ ʙʘʟʳ UCI Machine Learning Repository: ʠʨʠʩʳ ʌʠʰʝʨʘ ʠ ʚʠʥʘ. ʅʘʙʦʨʳ ʜʘʥʥʳʭ 

ʜʝʣʷʪʩʷ ʥʘ ʦʙʫʯʘʶʱʫʶ ʠ ʪʝʩʪʦʚʫʶ ʚʳʙʦʨʢʠ, ʢʦʪʦʨʳʝ ʧʦʜʘʶʪʩʷ ʥʘ ʚʭʦʜ ʩʝʪʠ. 

ɻʝʥʝʨʘʮʠʷ ʥʝʯʸʪʢʠʭ ʧʨʘʚʠʣ ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʘ ɸʙʝ-ʃʵʥʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʤʝʥʴʰʝʥʠʶ 

ʧʦʛʨʝʰʥʦʩʪʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. Abe S. A metod for fuzzy rule extraction directly from numerical data and its application to 

pattem classification [Text] / S. Abe, M.-S. Lan, IEEE Transaction on Fuzzy Systems, 1995, 

V3, No 1 - R.18-28. 

2. ɹʦʨʠʩʦʚ ɺ. ɺ., ʂʨʫʛʣʦʚ ɺ. ɺ., ʌʝʜʫʣʦʚ ɸ. ʉ. ʅʝʯʸʪʢʠʝ ʤʦʜʝʣʠ ʠ ʩʝʪʠ. ï ʄ.: 

ɻʦʨʷʯʘʷ ʣʠʥʠʷ ï ʊʝʣʝʢʦʤ, 2007. -284 ʩ.: ʠʣ.  
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ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʀ ʇʈʆɽʂʊʀʈʆɺɸʅʀɽ ɸɺʊʆʅʆʄʅʓʍ ʉʀʉʊɽʄ ɼʃʗ 

ʇʆɼɼɽʈɾʂʀ ʆʉʅʆɺʅʓʍ ʀʉʉʃɽɼʆɺɸʊɽʃʔʉʂʀʍ ʉʀʃ 

ʂʣʘʫʟʝʨ ɸ. ɸ., ɽʞʦʚ ɼ. ɸ. 

ʉʘʤʘʨʩʢʠʡ ʨʝʛʠʦʥʘʣʴʥʳʡ ʮʝʥʪʨ ʜʣʷ ʦʜʘʨʝʥʥʳʭ ʜʝʪʝʡ, ʛ. ʉʘʤʘʨʘ 

ʇʨʠ ʧʦʩʪʘʥʦʚʢʝ ʠ ʨʝʰʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ ʯʝʣʦʚʝʢʫ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ 

ʚʘʣʠʜʥʳʝ ʤʝʪʦʜʠʢʠ. ʊʨʫʜʥʦʩʪʠ ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ ʚ ʥʝʦʞʠʜʘʥʥʳʭ ʩʠʪʫʘʮʠʷʭ. ʀʤʝʥʥʦ ʚ 

ʪʘʢʠʭ ʩʠʪʫʘʮʠʷʭ ʯʝʣʦʚʝʢʫ ʪʨʫʜʥʝʝ ʚʩʝʛʦ ʧʨʠʥʠʤʘʪʴ ʧʨʘʚʠʣʴʥʳʝ ʨʝʰʝʥʠʷ. ʇʦʜ 

ʧʨʘʚʠʣʴʥʳʤ ʨʝʰʝʥʠʝʤ ʦʙʳʯʥʦ ʧʨʠʥʠʤʘʝʪʩʷ ʨʝʰʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʨʠ ʜʦʧʫʩʪʠʤʳʭ 

ʤʠʥʠʤʘʣʴʥʳʭ ʟʘʪʨʘʪʘʭ ʜʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʡ ʨʝʟʫʣʴʪʘʪ. ʏʝʣʦʚʝʢ ʜʦʣʞʝʥ ʙʳʪʴ 

ʬʣʝʛʤʘʪʠʯʥʳʤ ʜʣʷ ʧʨʠʥʷʪʠʷ ʧʨʘʚʠʣʴʥʦʛʦ ʨʝʰʝʥʠʷ. ʄʥʦʞʝʩʪʚʦ ʬʘʢʪʦʨʦʚ ʚʣʠʷʝʪ ʥʘ 

ʧʩʠʭʠʢʫ ʯʝʣʦʚʝʢʘ, ʧʦʵʪʦʤʫ ʣʶʜʷʤ ʪʨʫʜʥʦ ʜʦʩʪʠʯʴ ʜʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

ʏʝʣʦʚʝʯʝʩʢʠʡ ʤʦʟʛ ʷʚʣʷʝʪʩʷ ʤʦʱʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ, ʧʨʠ ʧʨʘʚʠʣʴʥʦʡ 

ʪʨʝʥʠʨʦʚʢʝ. ɽʛʦ ʛʣʘʚʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ - ʨʝʰʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ. ʏʝʣʦʚʝʢ ʤʦʞʝʪ 

ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʠ ʨʝʰʠʪʴ ʪʝʢʫʱʫʶ ʟʘʜʘʯʫ. ɼʣʷ ʨʝʰʝʥʠʷ ʰʘʙʣʦʥʥʳʭ ʟʘʜʘʯ ʯʝʣʦʚʝʢ 

ʠʩʧʦʣʴʟʫʝʪ ʨʝʬʣʝʢʩʳ. ʇʨʠ ʘʜʘʧʪʠʨʦʚʘʥʠʠ ʠ ʚʳʧʦʣʥʝʥʠʠ ʦʜʠʥʘʢʦʚʳʭ ʟʘʜʘʯ ʫ ʯʝʣʦʚʝʢʘ 

ʚr ʨʘʙʘʪʳʚʘʶʪʩʷ ʨʝʬʣʝʢʩʳ, ʧʨʠ ʧʦʤʦʱʠ ʢʦʪʦʨʳʭ ʤʦʟʛ ʯʝʣʦʚʝʢʘ ʩʨʘʟʫ ʦʪʚʝʯʘʝʪ ʥʘ 

ʨʘʟʜʨʘʞʘʶʱʠʡ ʬʘʢʪʦʨ. ʄʥʦʞʝʩʪʚʦ ʧʘʨʘʤʝʪʨʦʚ ʚʣʠʷʝʪ ʥʘ ʨʝʟʫʣʴʪʘʪ, ʧʦʵʪʦʤʫ ʯʝʣʦʚʝʢʫ 

ʪʨʫʜʥʦ ʫʯʝʩʪʴ ʚʩʝ ʜʘʥʥʳʝ. 

ʂʦʥʪʨʦʣʣʝʨʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʟʘʜʘʯʘʭ, ʢʦʪʦʨʳʝ ʥʝ ʪʨʝʙʫʶʪ ʧʦʩʪʦʷʥʥʦʡ 

ʘʜʘʧʪʘʮʠʠ ʧʦʜ ʪʝʢʫʱʠʝ ʜʘʥʥʳʝ. ʂʦʥʪʨʦʣʣʝʨʳ ʵʬʬʝʢʪʠʚʥʳ ʚ ʨʝʰʝʥʠʠ ʰʘʙʣʦʥʥʳʭ 

ʟʘʜʘʯ, ʧʘʨʘʤʝʪʨʳ ʢʦʪʦʨʳʭ ʠʟʚʝʩʪʥʳ ʠ ʥʝ ʪʨʝʙʫʶʪ ʧʦʩʪʦʷʥʥʦʛʦ ʦʙʥʦʚʣʝʥʠʷ. ʀʭ 

ʧʨʠʤʝʥʝʥʠʝ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ ʚ ʪʨʠʚʠʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʠʟ-ʟʘ ʵʪʦʡ ʦʩʦʙʝʥʥʦʩʪʠ 

ʜʘʥʥʳʭ ʠʟʦʙʨʝʪʝʥʠʡ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʢʦʥʪʨʦʣʣʝʨʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʚʳʧʦʣʥʷʪʴ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʤʠʣʣʠʘʨʜ ʧʨʦʩʪʳʭ ʦʧʝʨʘʮʠʡ. 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʘʜʘʧʪʠʨʦʚʘʪʴ ʘʣʛʦʨʠʪʤ ʧʦʜ ʟʘʜʘʯʠ, ʜʣʷ ʢʦʪʦʨʦʡ ʟʘʨʘʥʝʝ ʥʝ 

ʠʟʚʝʩʪʥʳ ʧʘʨʘʤʝʪʨʳ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʜʘʥʥʳʭ. ɼʣʷ ʠʭ ʦʙʨʘʙʦʪʢʠ 

ʠʩʧʦʣʴʟʫʶʪ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ. ʀʟʥʘʯʘʣʴʥʦ ʦʥʠ ʥʘʰʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʬʝʨʝ. ɹʘʥʢʠ ʠʩʧʦʣʴʟʫʶʪ ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʫʶʪ 

ʠʟ ʧʨʝʜʳʜʫʱʠʭ ʦʧʝʨʘʮʠʡ, ʜʣʷ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. ʅʝʡʨʦʥʥʳʝ ʩʝʪʠ ʤʦʛʫʪ ʧʦ 

ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʤ ʜʘʥʥʳʤ ʧʨʝʜʫʛʘʜʘʪʴ ʨʝʟʫʣʴʪʘʪ. ʂ ʧʨʠʤʝʨʫ, ʪʘʢʦʡ ʘʣʛʦʨʠʪʤ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʜʦʙʨʝʥʠʷ ʢʨʝʜʠʪʘ ʛʨʘʞʜʘʥʘʤ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʛʣʘʚʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʢʦʥʪʨʦʣʣʝʨʦʚ ʠ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ 

ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʘʜʘʧʪʘʮʠʠ ʧʦʜ 

ʥʝʦʙʭʦʜʠʤʳʝ ʫʩʣʦʚʠʷ. ʇʨʠ ʦʙʲʝʜʠʥʝʥʠʠ ʜʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʥʠʤʘʪʴ ʧʨʘʚʠʣʴʥʳʝ ʨʝʰʝʥʠʷ ʚ ʥʝʦʧʨʝʜʝʣʝʥʥʳʭ 

ʩʧʦʥʪʘʥʥʳʭ ʩʠʪʫʘʮʠʷʭ. ʄʘʰʠʥʘ, ʫʧʨʘʚʣʷʝʤʘʷ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʠʥʪʝʣʣʝʢʪʦʤ, ʩʤʦʞʝʪ 

ʦʧʨʝʜʝʣʠʪʴ, ʢʫʜʘ ʧʦʡʜʝʪ ʧʝʰʝʭʦʜ ʚ ʥʝʧʨʝʜʚʠʜʝʥʥʦʡ ʩʠʪʫʘʮʠʠ. 

ɺ ʦʩʥʦʚʥʦʤ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʙʝʩʧʠʣʦʪʥʳʤʠ ʘʧʧʘʨʘʪʘʤʠ. ʅʦ, ʧʨʠ 

ʜʘʣʴʥʝʡʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʣʶʜʴʤʠ, ʚʦʟʥʠʢʘʶʪ ʩʠʪʫʘʮʠʠ, ʚ ʢʦʪʦʨʳʭ ʣʶʜʠ ʥʝ ʤʦʛʫʪ 

ʧʨʘʚʠʣʴʥʦ ʦʧʨʝʜʝʣʠʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʤʝʪʦʜʳ. ʂ ʧʨʠʤʝʨʫ, ʜʣʷ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, 

ʧʦʩʪʫʧʘʶʱʠʭ ʩ ʥʘʙʣʶʜʘʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʠ ʚʳʷʚʣʝʥʠʷ ʟʥʘʯʠʤʳʭ ʜʘʥʥʳʭ ʥʝʦʙʭʦʜʠʤʦ 

ʧʦʪʨʘʪʠʪʴ ʚʨʝʤʝʥʠ ʩʦʨʘʟʤʝʨʥʦ ʩ ʨʘʟʤʝʨʦʤ ʪʝʢʫʱʠʭ ʜʘʥʥʳʭ ʧʝʨʝʚʝʜʝʥʥʳʭ ʚʦʚʨʝʤʷ. 

ʊʝʭʥʦʣʦʛʠʷ, ʢʦʪʦʨʘʷ ʦʧʠʩʳʚʘʝʪʩʷ, ʧʦʟʚʦʣʷʝʪ ʧʨʦʜʝʣʘʪʴ ʜʘʥʥʳʝ ʦʧʝʨʘʮʠʠ, ʥʝ ʠʩʧʦʣʴʟʫʷ 

ʯʝʣʦʚʝʢʦ-ʯʘʩʳ. ʆʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ ʩʦʩʪʦʠʪ ʚʦ ʚʨʝʤʝʥʠ ʦʙʫʯʝʥʠʷ ʜʘʥʥʳʭ ʩʠʩʪʝʤ ʠ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʟʘʪʨʘʯʝʥʥʳʭ ʨʝʩʫʨʩʘʭ. ʇʨʠ ʦʙʫʯʝʥʠʠ ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ ʦʰʠʙʢʘ 

ʧʝʨʝʦʙʫʯʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʡ ʙʫʜʝʪ ʧʨʘʚʠʣʴʥʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴʩʷ ʪʦʣʴʢʦ ʜʘʥʥʳʝ ʠʟ 

ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ. 
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ʋɼʂ 004.021 

ʈɸɿʈɸɹʆʊʂɸ ɸʃɻʆʈʀʊʄɸ ʌʆʈʄʀʈʆɺɸʅʀʗ ʅɸʏɸʃʔʅʓʍ 

ʇʈʀɹʃʀɾɽʅʀʁ ʂʆʅʌʆʈʄɸʎʀʁ ɸʊʆʄʆɺ ʂʃɸʉʊɽʈʆɺ ʄʆʈʉɸ  

ʅɸ ʆʉʅʆɺɽ ɻɽʆʄɽʊʈʀʏɽʉʂʀ ʆɹʆʉʅʆɺɸʅʅʆɻʆ ʄɽʊʆɼɸ 

ʂʣʠʤʘʰʦʚʘ ɻ. ʇ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ 

ʎʝʣʴ ʨʘʙʦʪʳ: ʨʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʯʘʣʴʥʳʭ ʧʨʠʙʣʠʞʝʥʠʡ 

ʢʦʥʬʦʨʤʘʮʠʡ ʘʪʦʤʦʚ ʢʣʘʩʪʝʨʦʚ ʄʦʨʩʘ ʥʘ ʦʩʥʦʚʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʦʛʦ ʤʝʪʦʜʘ 

ʉʦʛʣʘʩʥʦ ʧʦʩʣʝʜʥʝʡ ʪʦʯʢʝ ʟʨʝʥʠʷ, ʢʣʘʩʪʝʨ ï ʵʪʦ ʩʠʩʪʝʤʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ 

ʢʦʥʝʯʥʦʛʦ ʤʥʦʞʝʩʪʚʘ ʦʜʠʥʘʢʦʚʳʭ ʯʘʩʪʠʮ (ʘʪʦʤʦʚ, ʤʦʣʝʢʫʣ, ʠʦʥʦʚ), ʦʙʳʯʥʦ ʩʚʷʟʘʥʥʳʭ 

ʤʝʞʜʫ ʩʦʙʦʡ. ʂʣʘʩʪʝʨʳ ʩʪʘʣʠ ʚʦʩʧʨʠʥʠʤʘʪʴʩʷ ʢʘʢ ʝʜʠʥʳʡ ʬʠʟʠʯʝʩʢʠʡ ʦʙʲʝʢʪ, ʥʘʯʠʥʘʷ 

ʩ 80-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʴʷ, ʥʦ ʠ ʩʝʛʦʜʥʷ ʠʭ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʠ 

ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʂʣʘʩʪʝʨʳ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚʩʸ ʯʘʱʝ ʦʙʨʘʱʘʶʪ ʥʘ ʩʝʙʷ 

ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʠ ʫʯʸʥʳʭ, ʪʘʢ ʢʘʢ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʨʦʩ 

ʠʥʪʝʨʝʩ ʢ ʤʝʪʦʜʘʤ ʧʦʣʫʯʝʥʠʷ ʩʚʝʨʭʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ (ʥʘʥʦʯʘʩʪʠʮ) [1]. 

ʀʟʫʯʝʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ ʩʘʤʠʭ ʥʘʥʦʯʘʩʪʠʮ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ 

ʦʙʨʘʟʦʚʘʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʠ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʦʚ ʧʦʟʚʦʣʷʝʪ 

ʧʨʠʜʘʚʘʪʴ ʤʘʪʝʨʠʘʣʘʤ ʥʦʚʳʝ, ʦʯʝʥʴ ʥʝʦʞʠʜʘʥʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ, ʤʘʛʥʠʪʥʳʝ ʠ 

ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ [2]. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʪʨʫʢʪʫʨʥʦʤ ʫʩʪʨʦʡʩʪʚʝ 

ʘʪʦʤʥʳʭ ʢʣʘʩʪʝʨʦʚ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʯʝʣʦʚʝʯʝʩʢʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ, ʥʘʧʨʠʤʝʨ, ʚ ʤʝʜʠʮʠʥʝ, ʢʘʪʘʣʠʟʝ, ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʤʝʪʘʣʣʦʚ (ʟʦʣʦʪʦ, 

ʥʠʢʝʣʴ, ʤʝʜʴ), ʠʟʫʯʝʥʠʠ ʧʨʦʙʣʝʤʳ ʩʚʦʨʘʯʠʚʘʥʠʷ ʙʝʣʢʘ, ʧʦʥʠʤʘʥʠʠ ʧʨʦʮʝʩʩʦʚ 

ʢʦʥʜʝʥʩʘʮʠʠ ʧʘʨʦʚ ʚʦʜʳ ʚ ʦʙʣʘʢʘʭ ʠ ʪ.ʜ. [3]. 

ʇʨʠ ʨʘʙʦʪʝ ʩ ʢʣʘʩʪʝʨʘʤʠ ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʦʙʥʘʨʫʞʝʥʠʝ ʪʘʢʦʡ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʠʥʳʤʠ ʩʣʦʚʘʤʠ ʢʦʥʬʦʨʤʘʮʠʠ, ʧʨʠ ʢʦʪʦʨʦʡ ʢʣʘʩʪʝʨ 

ʦʙʣʘʜʘʝʪ ʤʠʥʠʤʘʣʴʥʦʡ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʝʡ. ʂʦʥʬʦʨʤʘʮʠʷ, ʧʨʠ ʢʦʪʦʨʦʡ 

ʜʦʩʪʠʛʘʝʪʩʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʤʠʥʠʤʫʤ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʢʣʘʩʪʝʨʘ, ʥʘʟʳʚʘʝʪʩʷ 

ʦʧʪʠʤʘʣʴʥʦʡ. 

ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ çʞʸʩʪʢʠʤè ʢʣʘʩʪʝʨʘʤ, ʢʦʪʦʨʳʝ ʠʟ-ʟʘ ʩʚʦʝʡ ʩʣʦʞʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʫʯʝʥʳ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʤʷʛʢʠʭ. ʕʣʝʤʝʥʪʳ çʤʷʛʢʦʛʦè ʢʣʘʩʪʝʨʘ 

ʚʤʠʥʘʶʪʩʷ ʜʨʫʛ ʚ ʜʨʫʛʘ ʢʘʢ ʧʣʘʩʪʠʣʠʥʦʚʳʝ ʰʘʨʠʢʠ. ʕʣʝʤʝʥʪʳ çʞʸʩʪʢʦʛʦè ʢʣʘʩʪʝʨʘ 

ʝʜʚʘ ʩʦʧʨʠʢʘʩʘʶʪʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ʏʝʤ ʤʝʥʴʰʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʞʸʩʪʢʦʩʪʠ, ʪʝʤ 

ʤʷʛʯʝ ʢʣʘʩʪʝʨ. 

ʆʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʭ ʤʦʜʝʣʝʡ ʢʣʘʩʪʝʨʘ ʷʚʣʷʝʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ 

çʢʣʘʩʪʝʨ ʄʦʨʩʘè. ʕʪʘ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʦʧʠʩʳʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʦʚ ʠ ʥʘʭʦʜʠʪʴ ʩʨʝʜʠ ʥʠʭ ʦʧʪʠʤʘʣʴʥʳʝ, ʠʤʝʶʱʠʝ ʤʠʥʠʤʘʣʴʥʫʶ 

ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʵʥʝʨʛʠʶ ʤʝʞʘʪʦʤʥʳʭ ʩʚʷʟʝʡ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʠʩʢ 

ʦʧʪʠʤʘʣʴʥʳʭ ʢʦʥʬʦʨʤʘʮʠʡ ʢʣʘʩʪʝʨʦʚ ʄʦʨʩʘ ʷʚʣʷʝʪʩʷ ʪʨʫʜʥʦʡ ʟʘʜʘʯʝʡ, ʢʦʪʦʨʘʷ 

ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ ʧʦʜʭʦʜʠʪ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʦʚʳʭ ʘʣʛʦʨʠʪʤʦʚ. 

ʇʦʩʪʘʚʣʝʥʥʘʷ ʟʘʜʘʯʘ, ʢʘʢ ʠ ʣʶʙʘʷ ʟʘʜʘʯʘ ʛʣʦʙʘʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ, ʥʝʩʸʪ ʚ ʩʝʙʝ 

çʧʨʦʢʣʷʪʴʝ ʨʘʟʤʝʨʥʦʩʪʠè. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʥʠ ʦʜʥʦʛʦ ʥʝ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʝʸ ʨʝʰʝʥʠʷ. ʀ ʥʝʩʤʦʪʨʷ ʥʘ ʚʦʟʤʦʞʥʦʩʪʠ, ʢʦʪʦʨʳʝ 

ʦʪʢʨʳʚʘʶʪ ʢʣʘʩʪʝʨʳ, ʚ ʈʦʩʩʠʠ ʵʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʟʚʠʪʦ ʩʣʘʙʦ. ʅʝ ʩʫʱʝʩʪʚʫʝʪ ʜʘʞʝ 

ʨʦʩʩʠʡʩʢʠʭ ʙʘʟ ʜʘʥʥʳʭ ʩ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʢʣʘʩʪʝʨʘʭ (ʟʘʨʫʙʝʞʥʳʝ ʙʘʟʳ ʜʘʥʥʳʭ [4, 5]). 

ʕʪʦ ʪʦʣʴʢʦ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʧʦʩʪʘʚʣʝʥʥʘʷ ʧʝʨʝʜʦ ʤʥʦʡ ʟʘʜʘʯʘ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ 

ʧʨʦʙʣʝʤʦʡ ʩʦʚʨʝʤʝʥʥʦʡ ʤʠʨʦʚʦʡ ʥʘʫʢʠ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʨʦʩʩʠʡʩʢʦʡ. 
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ɼʣʷ ʪʘʢʦʡ ʧʨʦʙʣʝʤʳ ʢʘʢ ʙʦʣʴʰʘʷ ʨʘʟʤʝʨʥʦʩʪʴ ʢʣʘʩʪʝʨʦʚ ʫʯʸʥʳʤʠ ʙʳʣʦ ʥʘʡʜʝʥʦ 

ʥʝʩʢʦʣʴʢʦ ʩʧʦʩʦʙʦʚ ʨʝʰʝʥʠʷ. ʅʘʠʙʦʣʴʰʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʟʘʩʣʫʞʠʣʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠ-

ʦʙʦʩʥʦʚʘʥʥʳʝ ʤʝʪʦʜʳ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʫʜʦʙʥʦʡ ʨʘʙʦʪʳ ʩ ʢʣʘʩʪʝʨʘʤʠ ʙʳʣʘ ʩʧʨʦʝʢʪʠʨʦʚʘʥʘ ʠ 

ʨʝʘʣʠʟʦʚʘʥʘ ʩʧʝʮʠʘʣʴʥʘʷ ʩʠʩʪʝʤʘ. ɺʘʞʥʦ, ʯʪʦ ʘʣʛʦʨʠʪʤʳ ʜʣʷ ʧʦʜʩʠʩʪʝʤʳ ʨʘʙʦʪʳ ʩ 

ʢʣʘʩʪʝʨʘʤʠ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʢʘʬʝʜʨʦʡ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʩʪʝʤ ʉʘʤʘʨʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ [3]. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʙʳʣ ʚʳʙʨʘʥ ʤʦʱʥʳʡ ʠʥʩʪʨʫʤʝʥʪ 

ʪʝʭʥʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ MATLAB, ʘ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʧʨʘʚʦʯʥʦʡ ʧʦʜʩʠʩʪʝʤʳ ï 

ʩʪʘʥʜʘʨʪʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʩʦʟʜʘʥʠʷ web-ʧʨʠʣʦʞʝʥʠʷ: HTML, CSS, JavaScript. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʠʩʪʝʤʘ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʫʜʦʙʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʨʘʙʦʪʳ 

ʩ ʢʣʘʩʪʝʨʘʤʠ ʠ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʰʠʨʝʥʠʷ. ʊʘʢ, ʤʳ ʤʦʞʝʤ ʜʦʙʘʚʣʷʪʴ ʥʦʚʦʝ 

ʧʦʥʷʪʠʝ ʚ ʩʣʦʚʘʨʴ ʪʝʨʤʠʥʦʚ, ʩʪʘʪʴʶ ʠʣʠ ʧʝʨʝʚʦʜ ʚ ʙʘʥʢ ʩʪʘʪʝʡ, ʜʦʧʦʣʥʷʪʴ 

ʩʫʱʝʩʪʚʫʶʱʠʡ ʬʫʥʢʮʠʦʥʘʣ ʥʦʚʳʤʠ ʤʦʜʫʣʷʤʠ ʠ ʪʘʢ ʜʘʣʝʝ. 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʥʘʜ ʢʣʘʩʪʝʨʘʤʠ ʄʦʨʩʘ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʪʘʙʣʠʮʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ 

ʨʦʩʪʘ ʢʣʘʩʪʝʨʦʚ, ʢʦʪʦʨʘʷ ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦ 234 ʢʣʘʩʪʝʨʘʭ. ɺ ʭʦʜʝ ʘʥʘʣʠʟʘ 

ʧʦʣʫʯʝʥʥʳʭ ʪʘʙʣʠʮ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ: 

¶ ʕʪʘʣʦʥʥʳʝ ʩʣʦʠ ʢʣʘʩʪʝʨʦʚ. 

¶ çʄʘʛʠʯʝʩʢʠʝ ʯʠʩʣʘè. 

¶ ʂʦʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʳʤʠ ʦʙʣʘʜʘʶʪ çʞʸʩʪʢʠʝ ʢʣʘʩʪʝʨʳè. 

¶ ʇʫʪʠ ʥʘʨʘʱʠʚʘʥʠʷ ʢʣʘʩʪʝʨʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʫʞʝ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ, 

ʠʪʦʛʘʤʠ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʪʝʟʠʩʳ ʜʦʢʣʘʜʦʚ: ʥʘ 67 ʤʦʣʦʜʸʞʥʦʡ 

ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʉʘʤʘʨʩʢʦʛʦ ʋʥʠʚʝʨʩʠʪʝʪʘ ʠ ʥʘ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʇʝʨʩʧʝʢʪʠʚʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠè 2017 (ʚ 

ʥʦʤʠʥʘʮʠʠ çʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡè). 

ʊʘʢʞʝ ʨʘʙʦʪʘ ʙʳʣʘ ʚʳʩʦʢʦ ʦʮʝʥʝʥʘ ʥʘ ʨʝʛʠʦʥʘʣʴʥʦʤ ʵʪʘʧʝ ʠ ʫʩʧʝʰʥʦ ʧʨʦʰʣʘ 

ʤʦʜʝʨʘʮʠʶ ʥʘ ʬʝʜʝʨʘʣʴʥʦʤ ʫʨʦʚʥʝ ɺʩʝʨʦʩʩʠʡʩʢʦʛʦ ʢʦʥʢʫʨʩʘ ʧʨʦʨʳʚʥʳʭ ʧʨʦʝʢʪʦʚ çIT-

ʧʨʦʨʳʚè ʚ ʥʦʤʠʥʘʮʠʠ çIT ʚ ʦʙʨʘʟʦʚʘʥʠʠè. 

ʇʨʦʝʢʪ ʧʨʦʰʸʣ ʦʪʙʦʨ ʥʘ 5-ʳʡ ʶʙʠʣʝʡʥʳʡ ʄʦʣʦʜʝʞʥʳʡ ʬʦʨʫʤ çʀɺʦʣʛʘ 2017è ʚ 

ʥʦʤʠʥʘʮʠʠ çʀʥʥʦʚʘʮʠʠ ʠ ʪʝʭʥʠʯʝʩʢʦʝ ʪʚʦʨʯʝʩʪʚʦè. 
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ʆɹʃɸʏʅʆɽ ʇʈʀʃʆɾɽʅʀɽ ɼʃʗ ɸʅɸʃʀɿɸ ʉʇɽʂʊʈʆɺ 

ʈɸʄɸʅʆɺʉʂʆɻʆ ʈɸʉʉɽʗʅʀʗ 

ʂʣʶʯʘʨʦʚʘ ʂ. ʉ., ɼʘʥʠʣʝʥʢʦ ɸ. ʅ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ 

ȶɆɒɆɓɔɈɗɐɆɥ ɗɕɋɐɘɖɔɗɐɔɕɎɥ ð ɣɚɚɋɐɘɎɈɓɡɏ ɒɋɘɔɊ ɛɎɒɎɝɋɗɐɔɉɔ ɆɓɆɑɎɍɆ, 
ɎɍəɝɋɓɎɥ ɗɔɗɘɆɈɆ Ɏ ɗɘɖɔɋɓɎɥ ɈɋɟɋɗɘɈ. ȷɔɘɖəɊɓɎɐɎ ɐɆɚɋɊɖɡ ɑɆɍɋɖɓɡɛ Ɏ 
ɇɎɔɘɋɛɓɎɝɋɗɐɎɛ ɗɎɗɘɋɒ ȷɆɒɆɖɗɐɔɉɔ əɓɎɈɋɖɗɎɘɋɘɆ ɍɆɓɎɒɆɤɘɗɥ ɎɗɗɑɋɊɔɈɆɓɎɋɒ 
ȶɆɒɆɓɔɈɗɐɎɛ ɗɕɋɐɘɖɔɈ ɐɔɌɎ ɗ ɜɋɑɢɤ ɗɔɍɊɆɓɎɥ ɊɎɆɉɓɔɗɘɎɝɋɗɐɔɉɔ ɒɋɘɔɊɆ Ɋɑɥ 
ɔɓɐɔɑɔɉɎɝɋɗɐɎɛ ɍɆɇɔɑɋɈɆɓɎɏ. Ȫɑɥ ɖɆɇɔɘɡ ɗ ɕɔɑəɝɋɓɓɡɒɎ ɊɆɓɓɡɒɎ ɓɋɔɇɛɔɊɎɒ 
əɊɔɇɓɡɏ Ɏɓɗɘɖəɒɋɓɘ, ɊɆɤɟɎɏ ɈɔɍɒɔɌɓɔɗɘɢ ɗ ɑɤɇɔɉɔ əɗɘɖɔɏɗɘɈɆ ɗ ɈɡɛɔɊɔɒ Ɉ 
Ɏɓɘɋɖɓɋɘ ɕɔɑəɝɎɘɢ ɈɔɍɒɔɌɓɔɗɘɢ əɊɆɑɋɓɓɔ ɛɖɆɓɎɘɢ Ɏ ɔɇɖɆɇɆɘɡɈɆɘɢ ɊɆɓɓɡɋ. 
ʇʦʵʪʦʤʫ ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʢʠ ʪʘʢʦʛʦ ʦʙʣʘʯʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʩʧʝʢʪʨʦʚ 

ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ. 

ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʘʚʪʦʨʘʤʠ ʧʨʠʣʦʞʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ: 

- ʚʝʩʪʠ ʧʨʦʝʢʪʳ; 

- ʟʘʛʨʫʞʘʪʴ ʬʘʡʣʳ ʥʘ ʩʝʨʚʝʨ; 

- ʩʦʩʪʘʚʣʷʪʴ ʘʣʛʦʨʠʪʤʳ ʦʙʨʘʙʦʪʢʠ ʠʟ ʧʨʝʜʣʦʞʝʥʥʳʭ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ; 

- ʟʘʜʘʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʤʝʪʦʜʦʚ; 

- ʩʦʭʨʘʥʷʪʴ ʨʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ ʚ ʦʪʜʝʣʴʥʳʝ ʬʘʡʣʳ. 

 

 
ʈʠʩ. 1. ʉʪʨʘʥʠʮʘ ʩʦ ʩʧʠʩʢʦʤ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʪʝʢʫʱʠʤ ʘʣʛʦʨʠʪʤʦʤ ʟʘʜʘʯʠ 

 

ɿʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʡ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʩʦʟʜʘʚʘʪʴ ʧʨʦʝʢʪʳ, ʢʦʪʦʨʳʝ 

ʚʧʦʩʣʝʜʩʪʚʠʠ ʨʘʟʙʠʚʘʶʪʩʷ ʥʘ ʦʪʜʝʣʴʥʳʝ ʟʘʜʘʯʠ (ʨʠʩ. 1). ɺʥʫʪʨʠ ʟʘʜʘʯʠ ʧʨʦʚʦʜʷʪʩʷ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʩʨʝʜʩʪʚʦʤ ʩʦʟʜʘʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʠʟ ʢʦʤʙʠʥʘʮʠʠ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʠ 

ʟʘʜʘʥʠʷ ʠʤ ʧʘʨʘʤʝʪʨʦʚ. ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʷʚʣʷʝʪʩʷ Vancouver 

Raman Algorithm [1], ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʫʜʘʣʠʪʴ ʬʣʫʦʨʝʩʮʝʥʪʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ 
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ʈʘʤʘʥʦʚʩʢʠʭ ʩʧʝʢʪʨʦʚ ʢʦʞʠ. ʉʠʩʪʝʤʘ ʪʘʢ ʞʝ ʠʤʝʝʪ ʚʠʟʫʘʣʴʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ 

ʧʦʣʫʯʠʚʰʠʭʩʷ ʩʧʝʢʪʨʦʚ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʦʙʨʘʙʦʪʢʠ ʘʣʛʦʨʠʪʤʦʤ ʠ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʢʘʯʘʪʴ ʧʦʣʫʯʠʚʰʠʝʩʷ ʨʝʟʫʣʴʪʘʪʳ (ʨʠʩ. 2). 

ʇʨʠʣʦʞʝʥʠʝ ʠʤʝʝʪ ʢʣʠʝʥʪ-ʩʝʨʚʝʨʥʫʶ ʘʨʭʠʪʝʢʪʫʨʫ (ʨʠʩ. 3).  

 

 
ʈʠʩ. 2. ʈʝʟʫʣʴʪʘʪ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘ ʰʘʛʝ ʚʳʙʦʨʘ ʜʠʘʧʘʟʦʥʘ 

 

ʈʠʩ. 3. ɸʨʭʠʪʝʢʪʫʨʘ ʧʨʠʣʦʞʝʥʠʷ  

ʇʨʠʣʦʞʝʥʠʝ ʨʘʟʨʘʙʘʪʳʚʘʣʘʩʴ c ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Javascript ʠ Java ʚ ʩʨʝʜʘʭ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Visual Studio Code ʠ Intellij IDEA.  

ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʘ ʢʘʬʝʜʨʝ ʣʘʟʝʨʥʳʭ ʠ 

ʙʠʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʉʘʤʘʨʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ.ʇ. ʂʦʨʦʣʸʚʘ. ʆʥʘ ʧʦʤʦʞʝʪ ʫʜʘʣʝʥʥʦ ʭʨʘʥʠʪʴ ʠ ʦʙʨʘʙʘʪʳʚʘʪʴ 

ʩʧʝʢʪʨʘʣʴʥʳʝ ʜʘʥʥʳʝ ʩ ʣʶʙʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʠʤʝʶʱʝʛʦ ʚʳʭʦʜ ʚ ʠʥʪʝʨʥʝʪ. 

 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. Jianhua Zhao, Automated Autofluorescence Background Subtraction Algorithm for 

Biomedical Raman Spectroscopy [Text] / Jianhua Zhao, Harvey Lui, David I. Mclean. ï 

2007 ï BC Research Center, Vancouver, Canada. ï P. 1225-1232. 
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ʂʃɸʉʉʀʌʀʂɸʎʀʗ ʏɽʊʂʀʄʀ ʀ ʅɽʏɽʊʂʀʄʀ ʅɽʁʈʆʅʅʓʄʀ ʉɽʊʗʄʀ 

ʂʦʤʘʨʦʚ ɼ. ɸ., ʃʸʟʠʥ ʀ. ɸ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ 

ʂʣʘʩʩʠʯʝʩʢʘʷ ʟʘʜʘʯʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʥʝʢʦʪʦʨʦʛʦ ʥʘʙʦʨʘ ʜʘʥʥʳʭ ʠʥʦʛʜʘ 

ʩʪʘʥʦʚʠʪʩʷ ʥʝʨʝʰʘʝʤʦʡ ʩ ʟʘʜʘʥʥʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʨʘʚʥʝʥʠʝ 

ʧʦʛʨʝʰʥʦʩʪʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʯʝʪʢʠʤʠ ʠ ʥʝʯʝʪʢʠʤʠ ʥʝʡʨʦʥʥʳʤʠ ʩʝʪʷʤʠ. ʂʨʠʪʝʨʠʝʤ 

ʧʨʘʚʠʣʴʥʦʩʪʠ ʦʢʦʥʯʘʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʷʚʣʷʝʪʩʷ ʧʦʛʨʝʰʥʦʩʪʴ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, 

ʚʳʯʠʩʣʝʥʥʘʷ ʧʦ ʪʝʩʪʦʚʦʡ ʚʳʙʦʨʢʝ. 

ɺ ʢʘʯʝʩʪʚʝ ʯʝʪʢʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʚ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʣʘʩʩʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ʤʥʦʛʦʩʣʦʡʥʦʛʦ ʧʝʨʩʝʧʪʨʦʥʘ [1]. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʥʝʯʝʪʢʠʤʠ ʩʝʪʷʤʠ ʠʩʧʦʣʴʟʫʝʤ ʩʝʪʴ ɺʘʥʛʘ-ʄʝʥʜʝʣʷ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ ʄʘʤʜʘʥʠ-ɿʘʜʝ [2]. 

ɺ ʩʝʪʠ ɺʘʥʛʘ-ʄʝʥʜʝʣʷ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʚʳʨʘʞʝʥʠʷ: 

y(X) = sum[i=1:M](ci*w i)/sum[i=1:M](wi) 

= sum[i=1:M](c i*prod[j=1:N](mu ij(xj)))/sum[i=1:M](prod[j=1:N](mu ij(xj))), 

ʛʜʝ ci ï ʚʝʩʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ, muij() ï ʬʫʥʢʮʠʷ ɻʘʫʩʩʘ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʮʝʥʪʨʘ cij, 

ʰʠʨʠʥʳ sij ʠ ʬʦʨʤʳ bij (ʬʫʥʢʮʠʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢ ʥʝʯʝʪʢʦʤʫ ʤʥʦʞʝʩʪʚʫ). 

ʄʦʜʝʣʠ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ ʧʦʟʚʦʣʷʶʪ ʦʧʠʩʘʪʴ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʤʥʦʛʦʤʝʨʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʢʘʢ ʥʝʣʠʥʝʡʥʫʶ ʬʫʥʢʮʠʶ ʚʭʦʜʥʳʭ ʧʝʨʝʤʝʥʥʳʭ xi, i=1, 2, é, N ʠ ʧʘʨʘʤʝʪʨʦʚ 

ʥʝʯʝʪʢʦʡ ʩʠʩʪʝʤʳ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʘʛʨʝʛʘʪʦʨʘ ʦʧʝʨʘʪʦʨʘ 

ʘʣʛʝʙʨʘʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʜʝʬʘʟʠʬʠʢʘʮʠʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʨʝʜʥʝʛʦ 

ʮʝʥʪʨʘ. ɺ ʤʦʜʝʣʠ ʄʘʤʜʘʥʠ-ɿʘʜʝ ʢʘʞʜʦʝ ʠʟ M ʧʨʘʚʠʣ ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʨʦʚʥʝʤ ʘʢʪʠʚʘʮʠʠ 

ʫʩʣʦʚʠʷ 

‘ώ ‘ ὼ  

ʛʜʝ yi ï ʟʥʘʯʝʥʠʝ y, ʧʨʠ ʢʦʪʦʨʦʤ ʟʥʘʯʝʥʠʝ Õ(yi) ʤʘʢʩʠʤʘʣʴʥʦ. ʇʫʩʪʴ yi ï ʮʝʥʪʨ Ci 

ʥʝʯʝʪʢʦʛʦ ʤʥʦʞʝʩʪʚʘ ʟʘʢʣʶʯʝʥʠʷ i-ʛʦ ʧʨʘʚʠʣʘ ʚʳʚʦʜʘ. ʊʦʛʜʘ ʜʝʬʘʟʠʬʠʢʘʮʠʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʨʝʜʥʝʛʦ ʮʝʥʪʨʘ ʜʘʝʪ 

ώ ὅ ‘ ὼ Ⱦ ‘ ὼ  

ʇʨʠʚʝʜʝʥʥʳʝ ʬʦʨʤʫʣʳ ʤʦʜʝʣʠ ʄʘʤʜʘʥʠ-ɿʘʜʝ ʠʤʝʶʪ ʤʦʜʫʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ, 

ʢʦʪʦʨʘʷ ʠʜʝʘʣʴʥʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʩʠʩʪʝʤʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚ ʚʠʜʝ ʤʥʦʛʦʩʣʦʡʥʦʡ 

ʩʪʨʫʢʪʫʨʳ, ʥʘʧʦʤʠʥʘʶʱʝʡ ʩʪʨʫʢʪʫʨʫ ʢʣʘʩʩʠʯʝʩʢʠʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. ʊʘʢʠʝ ʩʝʪʠ ʤʳ 

ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʥʝʯʝʪʢʠʤʠ ʥʝʡʨʦʥʥʳʤʠ ʩʝʪʷʤʠ. 

ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʧʦʛʨʝʰʥʦʩʪʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʨʝʰʝʪʦʢ 

ʯʝʪʢʠʤʠ ʠ ʥʝʯʝʪʢʠʤʠ ʥʝʡʨʦʥʥʳʤʠ ʩʝʪʷʤʠ ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʪʘʢʠʭ ʢ 

ʢʣʘʩʩʫ ʢʣʘʩʩʠʬʠʮʠʨʫʝʤʳʭ ʥʝʯʝʪʢʠʤʠ ʥʝʡʨʦʥʥʳʤʠ ʩʝʪʷʤʠ. ʅʝʯʝʪʢʠʝ ʩʝʪʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʧʦʢʘʟʘʣʠ ʤʝʥʴʰʫʶ ʧʦʛʨʝʰʥʦʩʪʴ, ʟʥʘʯʠʪ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʜʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ʆʩʦʚʩʢʠʡ, ʉ. ʅʝʡʨʦʥʥʳʝ ʩʝʪʠ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ [ʊʝʢʩʪ] / ʇʝʨ. ʩ ʧʦʣʴʩʢʦʛʦ 

ʀ.ɼ. ʈʫʜʠʥʩʢʦʛʦ. ï ʄ.: ʌʠʥʘʥʩʳ ʠ ʩʪʘʪʠʩʪʠʢʘ, 2002. ï 344 ʩ.: ʠʣ. 

2. Kosko, Bart, Neural Networks and Fuzzy Systems: A Dynamical Systems Approach to 

Machine Intelligence. Englewood Cliffs, NJ: Prentice Hall, 1992. ï 449 ʩ. 
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ʈɸɿʈɸɹʆʊʂɸ ʄɽʊʆɼʆɺ ʂʃɸʉʉʀʌʀʂɸʎʀʀ ʊɽʂʉʊʋʈʅʓʍ 

ʀɿʆɹʈɸɾɽʅʀʁ ʅɸ ʆʉʅʆɺɽ ʊɽʍʅʆʃʆɻʀʀ ɺʓʗɺʃɽʅʀʗ 

ʀʅʌʆʈʄɸʊʀɺʅʓʍ ʉɽɻʄɽʅʊʆɺ 

ʂʨʘʚʮʦʚʘ ʅ. ʉ.
1
, ʇʘʨʠʥʛʝʨ ʈ. ɸ.

1,2
., ʂʫʧʨʠʷʥʦʚ ɸ. ɺ.

1,2
 

1
ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 
2
ʀʥʩʪʠʪʫʪ ʩʠʩʪʝʤ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʛ. ʉʘʤʘʨʘ, 

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠʟʥʘʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʧʫʪʸʤ ʚʳʯʠʩʣʝʥʠʷ ʦʙʱʝʡ 

ʵʥʝʨʛʠʠ ʥʘ ʚʳʙʨʘʥʥʳʭ ʦʙʣʘʩʪʷʭ ʠʟʦʙʨʘʞʝʥʠʷ ʩʧʝʢʪʨʘ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʩʧʝʢʪʨʘ ʩʦʜʝʨʞʠʪ 

ʠʥʬʦʨʤʘʮʠʶ ʥʝ ʧʨʠʛʦʜʥʫʶ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʭʦʜʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʠʟʥʘʢʦʚ ʥʫʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʬʫʥʢʮʠʶ ʠʩʭʦʜʥʦʛʦ 

ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʙʣʘʩʪʠ ʠ ʝʸ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ F(u, v). ʊʦʛʜʘ 

ʚʝʣʠʯʠʥʘ |F(u, v)|
2
 ʦʧʨʝʜʝʣʷʝʪ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʩʧʝʢʪʨ ʠʟʦʙʨʘʞʝʥʠʷ [1].  

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʟʥʘʢʦʚ ʧʨʠʤʝʥʷʶʪʩʷ ʟʥʘʯʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʧʫʪʸʤ ʚʳʯʠʩʣʝʥʠʷ 

ʦʙʱʝʡ ʵʥʝʨʛʠʠ ʥʘ ʚʳʙʨʘʥʥʦʡ ʦʙʣʘʩʪʠ ʠʟʦʙʨʘʞʝʥʠʷ ʩʧʝʢʪʨʘ. ʊʘʢ ʢʘʢ ʠʟʦʙʨʘʞʝʥʠʝ 

ʩʧʝʢʪʨʘ ʩʠʤʤʝʪʨʠʯʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ, ʪʦ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʧʨʠʟʥʘʢʦʚ ʙʫʜʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʪʦʣʴʢʦ ʧʦʣʦʚʠʥʘ ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʩʧʝʢʪʨʘ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʧʠʩʘʥ ʩʧʦʩʦʙ ʚʳʜʝʣʝʥʠʷ ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʩʝʛʤʝʥʪʦʚ ʥʘ 

ʠʟʦʙʨʘʞʝʥʠʷʭ ʩʧʝʢʪʨʘ. ʆʮʝʥʢʘ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ ʩʝʛʤʝʥʪʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʨʠʪʝʨʠʝʚ ʨʘʟʜʝʣʠʤʦʩʪʠ ʘʣʛʦʨʠʪʤʘ ʜʠʩʢʨʠʤʠʥʘʥʪʥʦʛʦ ʘʥʘʣʠʟʘ. 

ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʦʚʳʭ ʧʨʠʟʥʘʢʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʨʝʰʝʥʠʝ ʢʦʥʢʨʝʪʥʦʡ 

ʟʘʜʘʯʠ, ʭʦʨʦʰʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʠ ʩʝʙʷ ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʘʣʛʦʨʠʪʤʝ 

ʜʠʩʢʨʠʤʠʥʘʥʪʥʦʛʦ ʘʥʘʣʠʟʘ. ɼʘʥʥʳʝ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʧʦʚʳʩʠʪʴ ʜʦʩʪʦʚʝʨʥʦʩʪʴ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʜʘʥʥʳʭ. 

ɼʠʩʢʨʠʤʠʥʘʥʪʥʳʡ ʘʥʘʣʠʟ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ 

ʧʨʠʟʥʘʢʘʤʠ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʫʤʝʥʴʰʝʥʠʷ ʨʘʟʤʝʨʦʚ ʥʘʙʦʨʘ ʧʨʠʟʥʘʢʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʘʣʛʦʨʠʪʤʘ ʧʦʟʚʦʣʷʝʪ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʩʦʭʨʘʥʠʪʴ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʥʘʙʦʨʘ ʧʨʠʟʥʘʢʦʚ 

ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʘ ʩ ʜʨʫʛʦʡ ʫʤʝʥʴʰʠʪʴ ʯʠʩʣʦ ʧʨʠʟʥʘʢʦʚ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʦʣʝʝ ʧʨʦʩʪʳʝ ʤʝʪʦʜʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʩʥʠʞʘʝʪ ʟʥʘʯʝʥʠʝ 

ʦʰʠʙʢʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ [2-3]. 

ʇʨʠ ʘʥʘʣʠʟʝ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʙʦʣʴʰʘʷ 

ʯʘʩʪʴ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʧʝʨʚʳʡ ʵʪʘʧ ʚʳʯʠʩʣʝʥʠʷ ʧʨʠʟʥʘʢʦʚ. 

ʂʘʢ ʙʳʣʦ ʩʢʘʟʘʥʦ ʨʘʥʝʝ, ʥʘʠʙʦʣʴʰʠʝ ʚʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ ʧʨʠ ʨʘʙʦʪʝ ʘʣʛʦʨʠʪʤʘ 

ʧʨʠʭʦʜʷʪʩʷ ʥ ʵʪʘʧ ʚʳʯʠʩʣʝʥʠʷ ʧʨʠʟʥʘʢʦʚ. ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʥʫʞʥʦ ʧʨʦʠʟʚʝʩʪʠ 

ʧʨʝʜʦʙʨʘʙʦʪʢʫ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ, ʩʬʦʨʤʠʨʦʚʘʪʴ ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʩʧʝʢʪʨʘ ʜʣʷ ʢʘʞʜʦʛʦ ʦʙʫʯʘʶʱʝʛʦ ʠʟʦʙʨʘʞʝʥʠʷ, ʥʘʣʦʞʠʪʴ ʧʨʝʜʣʦʞʝʥʥʦʝ ʚ ʧʫʥʢʪʝ 1.1 

ʨʘʟʙʠʝʥʠʝ ʠ ʨʘʩʩʯʠʪʘʪʴ ʟʥʘʯʝʥʠʝ ʧʨʠʟʥʘʢʦʚ. ʂʦʣʠʯʝʩʪʚʦ ʨʘʩʯʸʪʦʚ ʤʦʞʥʦ ʩʦʢʨʘʪʠʪʴ, 

ʝʩʣʠ ʧʨʠʥʷʪʴ ʚʦ ʚʥʠʤʘʥʠʝ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʠʟʦʙʨʘʞʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʩʧʝʢʪʨʘ 

ʩʠʤʤʝʪʨʠʯʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʠʟʦʙʨʘʞʝʥʠʷ, ʧʦʵʪʦʤʫ ʨʘʩʯʸʪ ʧʨʠʟʥʘʢʦʚ ʤʦʞʥʦ ʠ 

ʥʫʞʥʦ ʧʨʦʠʟʚʦʜʠʪʴ ʪʦʣʴʢʦ ʥʘ ʧʦʣʦʚʠʥʝ ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʩʧʝʢʪʨʘ. ɼʣʷ 

ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ, ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥʦ 

ʨʘʟʜʝʣʝʥʠʝ ʧʦ ʟʘʜʘʯʘʤ. ʊʘʢ ʢʘʢ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ ʥʝ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʭʥʦʣʦʛʠʶ 

MPI, ʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʜʘʯ ʧʦ ʧʦʪʦʢʘʤ, ʧʦʵʪʦʤʫ ʥʘʤ ʥʝʚʘʞʥʦ ʢʘʢ ʠʤʝʥʥʦ ʥʫʞʥʦ 

ʜʝʣʠʪʴ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʟʘʜʘʯʠ. ʅʘ ʢʘʞʜʳʡ ʧʦʪʦʢ ʧʦʜʘʸʪʩʷ ʦʪʜʝʣʴʥʳʡ ʵʣʝʤʝʥʪ ʩʝʛʤʝʥʪ 

ʠʟʦʙʨʘʞʝʥʠʷ, ʚʳʯʠʩʣʝʥʥʳʡ ʥʘ ʦʩʥʦʚʝ ʥʘʣʦʞʝʥʥʦʛʦ ʨʘʟʙʠʝʥʠʷ. ʉʨʘʟʫ ʞʝ ʧʦʩʣʝ 

ʦʢʦʥʯʘʥʠʷ ʨʘʙʦʪʳ ʧʦʪʦʢʘ ʩ ʜʘʥʥʳʤ ʵʣʝʤʝʥʪʦʤ, ʥʘ ʥʝʛʦ ʧʝʨʝʜʘʸʪʩʷ ʩʣʝʜʫʶʱʘʷ ʟʘʜʘʯʘ. 
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ʇʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʡ ʩʭʝʤʳ ʨʘʟʙʠʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ 

ʚʳʧʦʣʥʝʥʠʷ ʧʝʨʚʦʛʦ ʵʪʘʧʘ ʘʣʛʦʨʠʪʤʘ. ʅʘ ʥʘʠʙʦʣʝʝ ʨʝʩʫʨʩʦʸʤʢʦʤ ʵʪʘʧʝ ʜʘʥʥʳʡ ʩʧʦʩʦʙ 

ʨʘʟʜʝʣʝʥʠʷ ʟʘʜʘʯ ʥʘ ʧʦʪʦʢʠ ʧʦʟʚʦʣʠʣ ʧʦʣʫʯʠʪʴ ʫʩʢʦʨʝʥʠʝ ʚ ʪʨʠ ʨʘʟʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʯʝʪʳʨʸʭ ʧʦʪʦʢʦʚ.  

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʡ 

ʢʨʠʩʪʘʣʣʦʛʨʘʤʤ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʣʦʢʘʣʴʥʳʭ ʧʨʠʟʥʘʢʦʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʩʧʝʢʪʨʘ. ɼʣʷ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ 3 ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡ. ɺ ʢʘʯʝʩʪʚʝ 

ʤʝʪʨʠʢʠ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʚ ʝʚʢʣʠʜʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʅʘʠʤʝʥʴʰʘʷ ʦʰʠʙʢʘ ʟʥʘʯʝʥʠʝʤ 

6 % ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʧʨʠ ʩʝʛʤʝʥʪʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʩʧʝʢʪʨʘ 

ʠʩʭʦʜʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ 4 ʩʝʢʪʦʨʘ ʠ 8 ʢʦʣʝʮ. ɼʘʣʝʝ ʙʳʣ ʥʘʡʜʝʥ ʠʥʬʦʨʤʘʪʠʚʥʳʡ 

ʥʘʙʦʨ ʧʨʠʟʥʘʢʦʚ, ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʪʦʨʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʘʣʛʦʨʠʪʤʝ ʜʠʩʢʨʠʤʠʥʘʥʪʥʦʛʦ ʘʥʘʣʠʟʘ. ʇʨʠʤʝʥʝʥʠʝ ʠʥʬʦʨʤʘʪʠʚʥʦʛʦ 

ʥʘʙʦʨʘ ʧʨʠʟʥʘʢʦʚ ʩʥʠʟʠʣʦ ʟʥʘʯʝʥʠʝ ʦʰʠʙʢʠ ʜʦ 4 %. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ 

ʈʌ ʚ ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ ʤʝʨʦʧʨʠʷʪʠʡ ʇʨʦʛʨʘʤʤʳ ʧʦʚʳʰʝʥʠʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ 

ʉɻɸʋ ʩʨʝʜʠ ʚʝʜʫʱʠʭ ʤʠʨʦʚʳʭ ʥʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʮʝʥʪʨʦʚ ʥʘ 2013ï2020 ʛʦʜʳ; 

ʛʨʘʥʪʦʚ ʈʌʌʀ ˉ 15-29-03823, ˉ 15-29-07077, ˉ 16-41-630761; ˉ 16-29-11698; 

ʧʨʦʛʨʘʤʤʳ ˉ 6 ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʆʅʀʊ ʈɸʅ çɹʠʦʠʥʬʦʨʤʘʪʠʢʘ, 
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ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʚʩʝ ʯʘʱʝ ʧʨʠʭʦʜʠʪʩʷ ʩʣʳʰʘʪʴ ʦ ʨʘʩʧʦʟʥʘʚʘʥʠʠ 

ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʧʨʠʤʝʥʝʥʠʠ ʢ ʵʪʦʡ ʟʘʜʘʯʝ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʆʜʠʥ  ʠʟ 

ʢʣʘʩʩʠʯʝʩʢʠʭ ʩʧʦʩʦʙʦʚ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʚʝʨʪʦʯʥʳʭ ʥʝʡʨʦʥʥʳʭ 

ʩʝʪʝʡ. ʉʪʨʫʢʪʫʨʘ ʢʣʘʩʩʠʯʝʩʢʦʡ ʩʚʸʨʪʦʯʥʦʡ ʩʝʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. ʉʚʸʨʪʦʯʥʘʷ 

ʩʝʪʴ ʩʦʩʪʦʠʪ ʠʟ ʚʭʦʜʥʦʛʦ ʠ ʚʳʭʦʜʥʦʛʦ ʩʣʦʷ ʠ ʩʢʨʳʪʳʭ ʩʣʦʸʚ ʩʚʸʨʪʢʠ ʠ ʧʦʜʚʳʙʦʨʢʠ, 

ʦʜʥʘʢʦ ʚʦʧʨʦʩ ʦ ʢʦʣʠʯʝʩʪʚʝ ʩʢʨʳʪʳʭ ʩʣʦʸʚ ʚ ʩʚʸʨʪʦʯʥʳʭ ʩʝʪʷʭ ʦʩʪʘʝʪʩʷ ʦʪʢʨʳʪʳʤ, ʪʦ 

ʝʩʪʴ ʦʩʪʘʸʪʩʷ ʦʪʢʨʳʪʳʤ ʚʦʧʨʦʩ ʦʙ ʦʧʪʠʤʘʣʴʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ ʪʘʢʦʡ ʩʝʪʠ, ʧʨʠ ʢʦʪʦʨʦʡ 

ʧʦʛʨʝʰʥʦʩʪʴ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʙʫʜʝʪ ʤʠʥʠʤʘʣʴʥʘ.  

 

 
ʈʠʩ. 1. ɸʨʭʠʪʝʢʪʫʨʘ ʩʚʝʨʪʦʯʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 

 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʪʘʢʦʡ ʧʦʜʙʦʨ ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʧʘʨʘʤʝʪʨʦʚ ʩʝʪʠ, ʢʦʪʦʨʳʝ 

ʦʙʝʩʧʝʯʘʪ ʤʠʥʠʤʘʣʴʥʫʶ ʧʦʛʨʝʰʥʦʩʪʴ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʪʝʩʪʦʚʦʛʦ ʧʦʜʤʥʦʞʝʩʪʚʘ ʜʘʥʥʳʭ, 

ʥʝ ʫʯʘʩʪʚʦʚʘʚʰʠʭ ʚ ʦʙʫʯʝʥʠʠ. ʂʨʠʪʝʨʠʝʤ ʧʨʘʚʠʣʴʥʦʩʪʠ ʦʢʦʥʯʘʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʷʚʣʷʝʪʩʷ ʧʦʛʨʝʰʥʦʩʪʴ ʦʙʦʙʱʝʥʠʷ, ʚʳʯʠʩʣʝʥʥʘʷ ʧʦ ʪʝʩʪʦʚʦʡ ʚʳʙʦʨʢʝ. 

ʏʪʦʙʳ ʦʛʨʘʥʠʯʠʪʴ ʧʦʣʥʳʡ ʧʝʨʝʙʦʨ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʘʨʭʠʪʝʢʪʫʨ, ʦʙʨʘʪʠʤʩʷ ʢ 

ʤʝʨʝ ɺʘʧʥʠʢʘ-ʏʝʨʚʦʥʝʥʢʠʩʘ: 

ς ὔ Ὤ ςὓρ ὰὫὒ, [1] 

ʛʜʝ h ï ʩʘʤʘ ʤʝʨʘ ɺʘʧʥʠʢʘ-ʏʝʨʚʦʥʝʥʢʠʩʘ, 

K ï ʢʦʣʠʯʝʩʪʚʦ ʥʝʡʨʦʥʦʚ ʚ ʩʢʨʳʪʳʭ ʩʣʦʷʭ,  

N ï ʨʘʟʤʝʨʥʦʩʪʴ ʚʭʦʜʥʦʛʦ ʚʝʢʪʦʨʘ, 

M ï ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʚʝʩʦʚ ʩʝʪʠ, 

L ï ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʥʝʡʨʦʥʦʚ ʩʝʪʠ. 

ʄʝʨʘ ɺʘʧʥʠʢʘ-ʏʝʨʚʦʥʝʥʢʠʩʘ (VC-ʠʟʤʝʨʝʥʠʝ) ʦʪʨʘʞʘʝʪ ʫʨʦʚʝʥʴ ʩʣʦʞʥʦʩʪʠ ʩʝʪʠ 

ʠ ʪʝʩʥʦ ʩʚʷʟʘʥʘ ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʥʝʡ ʚʝʩʦʚ. ʏʝʤ ʙʦʣʴʰʝ ʯʠʩʣʦ ʨʘʟʣʠʯʥʳʭ 

ʚʝʩʦʚ, ʪʝʤ ʙʦʣʴʰʝ ʩʣʦʞʥʦʩʪʴ ʩʝʪʠ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʟʥʘʯʝʥʠʝ VC-ʠʟʤʝʨʝʥʠʷ. 

ʆʧʨʝʜʝʣʠʚ ʛʨʘʥʠʮʳ ʥʘʭʦʞʜʝʥʠʷ ʤʝʨʳ ɺʘʧʥʠʢʘ-ʏʝʨʚʦʥʝʥʢʠʩʘ ʜʣʷ ʢʘʞʜʦʡ ʠʟ 
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ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʝʪʝʡ, ʫʩʪʘʥʦʚʠʤ, ʚʭʦʜʠʪ ʣʠ ʢʘʞʜʘʷ ʠʟ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʘʨʭʠʪʝʢʪʫʨ 

ʚ ʜʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ, ʟʘʜʘʥʥʳʡ ʜʦʧʫʱʝʥʠʝʤ.  

ʉʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʧʦʛʨʝʰʥʦʩʪʴ ʦʙʦʙʱʝʥʠʷ E ʟʘʚʠʩʠʪ ʦʪ ʫʨʦʚʥʷ 

ʧʦʛʨʝʰʥʦʩʪʠ ʦʙʫʯʝʥʠʷ H ʠ ʦʪ ʜʦʚʝʨʠʪʝʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʦʪʥʦʰʝʥʠʝʤ: 

Ὁ Ὄ ‐, [1] 

ʛʜʝ ‐ ȟὌ  ï ʜʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ, P ï ʦʙʲʝʤ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ, h ï ʤʝʨʘ 

ɺʘʧʥʠʢʘ-ʏʝʨʚʦʥʝʥʢʠʩʘ. 

ɽʩʣʠ ʤʝʨʘ ʜʣʷ ʘʨʭʠʪʝʢʪʫʨʳ ʩʝʪʠ ʚʭʦʜʠʪ ʚ ʜʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ ʠ 

ʧʨʦʛʥʦʟʠʨʫʝʤʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʦʙʦʙʱʝʥʠʷ ʥʝ ʥʠʞʝ ʟʘʜʘʥʥʦʡ, ʪʘʢʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʤʦʞʝʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʫʢʦʧʠʩʥʳʭ ʮʠʬʨ. ʉ ʧʦʤʦʱʴʶ ʪʝʩʪʠʨʦʚʘʥʠʷ 

ʚʩʝʭ ʧʦʜʦʙʥʳʭ ʩʝʪʝʡ ʤʦʞʥʦ ʧʦʜʦʙʨʘʪʴ ʦʧʪʠʤʘʣʴʥʫʶ ʘʨʭʠʪʝʢʪʫʨʫ ʜʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ 

ʟʘʜʘʯʠ. 

ʊʝʩʪʠʨʦʚʘʥʠʝ ʠ ʦʙʫʯʝʥʠʝ ʩʚʸʨʪʦʯʥʳʭ ʩʝʪʝʡ ʜʣʷ ʧʨʦʩʪʦʪʳ ʧʨʠ ʵʪʦʤ ʧʨʦʚʦʜʠʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʙʠʙʣʠʦʪʝʢʠ Lasagne ʷʟʳʢʘ Python [2]. ʕʪʘ ʙʠʙʣʠʦʪʝʢʘ ʧʦʟʚʦʣʷʝʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʦʜʙʦʨ ʘʨʭʠʪʝʢʪʫʨʳ ʩʝʪʠ, ʥʝ ʧʨʠʙʝʛʘʷ ʢ ʛʨʦʤʦʟʜʢʠʤ ʤʥʦʛʦʩʪʨʦʯʥʳʤ 

ʘʣʛʦʨʠʪʤʘʤ, ʧʨʠ ʵʪʦʤ ʚʥʫʪʨʠ ʨʝʘʣʠʟʘʮʠʠ ʙʠʙʣʠʦʪʝʢʠ ʠʤʝʝʪʩʷ ʩʣʦʞʥʘʷ ʦʧʪʠʤʠʟʘʮʠʷ, 

ʫʩʢʦʨʷʶʱʘʷ ʚʳʯʠʩʣʝʥʠʷ ʟʘ ʩʯʝʪ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʷ ʚʳʯʠʩʣʝʥʠʡ ʤʝʞʜʫ ʷʜʨʘʤʠ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʠ ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʦʨʦʚ. ɹʠʙʣʠʦʪʝʢʘ ʧʦʟʚʦʣʷʝʪ ʧʦʩʪʨʦʠʪʴ ʩʝʪʴ 

ʣʶʙʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʟʘ ʤʠʥʠʤʘʣʴʥʦʝ ʯʝʣʦʚʝʯʝʩʢʦʝ ʠ ʤʘʰʠʥʥʦʝ ʚʨʝʤʷ. 

ɼʣʷ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʧʨʦʚʦʜʠʪʩʷ ʧʝʨʝʙʦʨ ʠʟ ʚʩʝʭ ʧʦʜʭʦʜʷʱʠʭ 

ʩʝʪʝʡ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʧʘʨʘʤʝʪʨʘʤ: ʢʦʣʠʯʝʩʪʚʦ ʩʣʦʝʚ, ʠʭ ʩʦʩʪʘʚ, ʨʘʟʤʝʨ ʠ ʧʦʨʷʜʦʢ. ɿʘʪʝʤ 

ʥʘ ʥʘʠʣʫʯʰʝʡ ʥʘʡʜʝʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ ʥʘʭʦʜʷʪʩʷ ʣʫʯʰʠʝ ʬʫʥʢʮʠʷ ʘʢʪʠʚʘʮʠʠ ʠ ʩʧʦʩʦʙ 

ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʚʝʩʦʚ ʩʝʪʠ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʙʘʟʘ 

ʨʫʢʦʧʠʩʥʳʭ ʮʠʬʨ MNIST [3,4], ʩʦʜʝʨʞʘʱʘʷ 60 000 ʦʙʫʯʘʶʱʠʭ ʠ 10 000 ʪʝʩʪʦʚʳʭ 

ʠʟʦʙʨʘʞʝʥʠʡ ʚ ʨʘʟʤʝʯʝʥʥʦʡ ʙʘʟʝ. ʇʨʦʚʝʜʝʥʠʝ ʘʥʘʣʠʟʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʫʢʦʧʠʩʥʳʭ ʮʠʬʨ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʘʨʭʠʪʝʢʪʫʨʳ ʩʚʸʨʪʦʯʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʤʝʨʳ ɺʘʧʥʠʢʘ-ʏʝʨʚʦʥʝʥʢʠʩʘ ʵʬʬʝʢʪʠʚʥʦ ʩʧʨʘʚʣʷʝʪʩʷ ʩ ʦʪʩʝʯʝʥʠʝʤ ʤʘʣʦʵʬʬʝʢʪʠʚʥʳʭ 

ʘʨʭʠʪʝʢʪʫʨ, ʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʨʘʟʨʘʙʦʪʢʝ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ʆʩʦʚʩʢʠʡ, ʉ. ʅʝʡʨʦʥʥʳʝ ʩʝʪʠ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ [ʊʝʢʩʪ] / ʇʝʨ. ʩ ʧʦʣʴʩʢʦʛʦ 

ʀ.ɼ. ʈʫʜʠʥʩʢʦʛʦ. ï ʄ.: ʌʠʥʘʥʩʳ ʠ ʩʪʘʪʠʩʪʠʢʘ, 2002. ï 344 ʩ.: ʠʣ. 

2. Lasagne, Python library ï https://lasagne.readthedocs.io.  

3. LeCun, Y. The MNIST database of handwritten digits  ïhttp://yann.lecun.com/exdb/mnist. 

4. Stanford. The MnistHelper functions ï

http://ufldl.stanford.edu/wiki/index.php/Using_the_MNIST_Dataset.  
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ʋɼʂ 004 

ʀʉʉʃɽɼʆɺɸʅʀɽ ɺʃʀʗʅʀʗ ɸʃɻʆʈʀʊʄʆɺ ʆɹʋʏɽʅʀʗ 

ʄʅʆɻʆʉʃʆʁʅʆɻʆ ʇɽʈʉɽʇʊʈʆʅɸ ʅɸ ʂɸʏɽʉʊɺʆ ʂʃɸʉʉʀʌʀʂɸʎʀʀ 

ʂʫʟʴʤʠʥ ʀ. ɺ., ʉʦʣʜʘʪʦʚʘ ʆ. ʇ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ɿʘʜʘʯʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʘʜʘʯʫ ʦʪʥʝʩʝʥʠʷ ʦʙʨʘʟʮʘ ʢ ʦʜʥʦʤʫ ʠʟ 

ʥʝʩʢʦʣʴʢʠʭ ʧʦʧʘʨʥʦ ʥʝ ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʤʥʦʞʝʩʪʚ. ʇʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʥʝʦʙʭʦʜʠʤʦ ʦʪʥʝʩʪʠ ʠʤʝʶʱʠʝʩʷ ʩʪʘʪʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ ʢ ʦʧʨʝʜʝʣʝʥʥʳʤ ʢʣʘʩʩʘʤ. ɺʦʟʤʦ

ʞʥʦ ʥʝʩʢʦʣʴʢʦ ʩʧʦʩʦʙʦʚ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʷʚʣʷʝʪʩʷ 

ʩʧʦʩʦʙ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʙʨʘʟʝʮ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʝʢʪʦʨʦʤ. ʂʦʤʧʦʥʝʥʪʳ ʵʪʦʛʦ ʚʝʢʪʦʨʘ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʨʘʟʣʠʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʨʘʟʮʘ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ ʧʨʠʥʷʪʠʝ 

ʨʝʰʝʥʠʷ ʦ ʪʦʤ, ʢ ʢʘʢʦʤʫ ʢʣʘʩʩʫ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʜʘʥʥʳʡ ʦʙʨʘʟʝʮ. ʉʝʪʠ ʩ ʧʨʷʤʦʡ ʩʚʷʟʴʶ 
ʷʚʣʷʶʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʩʨʝʜʩʪʚʦʤ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʬʫʥʢʮʠʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. ʊʘʢʞʝ ʜʣʷ ʪʘʢʠʭ ʪʠʧʦʚ ʟʘʜʘʯ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʘʷʩʷ ʩʝʪʴ ʂʦʭʦʥʝʥʘ, ʦʪʣʠʯʠʪʝʣʴʥʘʷ ʯʝʨʪʘ ʢʦʪʦʨʦʡ 

ʩʦʩʪʦʠʪ ʚ ʦʪʩʫʪʩʪʚʠʠ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ. 

ɺ ʮʝʣʷʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʪʠʧʦʚ ʩʝʪʝʡ ʠ ʘʣʛʦʨʠʪʤʦʚ ʠʭ ʦʙʫʯʝʥʠʷ ʥʘ 

ʧʦʛʨʝʰʥʦʩʪʴ ʦʙʫʯʝʥʠʷ ʩʝʪʠ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʠʩʪʝʤʘ, ʨʝʘʣʠʟʫʶʱʘʷ ʤʥʦʛʦʩʣʦʡʥʳʡ 

ʧʝʨʩʝʧʪʨʦʥ ʥʘ ʷʟʳʢʝ Python ʠ ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʝʪʴ ʂʦʭʦʥʝʥʘ ʙʠʙʣʠʦʪʝʢʠ SOMPY ʜʣʷ 

Python. ɼʣʷ ʦʙʫʯʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥ ʤʘʩʩʠʚ ʩʣʫʯʘʡʥʳʭ ʟʥʘʯʝʥʠʡ, ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʚ 

ʜʚʫʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚʦʢʨʫʛ ʥʘʯʘʣʘ ʦʩʠ ʢʦʦʨʜʠʥʘʪ. 

 
ʈʠʩ.1. ɺʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʦʙʫʯʝʥʠʷ ʩʝʪʠ 

ʀʩʩʣʝʜʦʚʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ (ʉʂʆ) ʦʪ ʚʠʜʘ ʩʝʪʠ 

ʠ ʦʙʫʯʝʥʠʷ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʧʘʨʘʤʝʪʨʘʭ ʦʙʫʯʝʥʠʷ: ʤʥʦʛʦʩʣʦʡʥʳʡ ʧʝʨʩʝʧʪʨʦʥ, 

ʠʤʝʶʱʠʡ 200 ʚʭʦʜʥʳʭ ʥʝʡʨʦʥʦʚ, 1000 ʥʝʡʨʦʥʦʚ ʚ ʩʢʨʳʪʦʤ ʩʣʦʝ ʠ 1 ʥʝʡʨʦʥʦʤ ʚ 
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ʚʳʭʦʜʥʦʤ, ʢʚʘʜʨʘʪʥʘʷ ʩʝʪʴ ʂʦʭʦʥʝʥʘ ʨʘʟʤʝʨʥʦʩʪʠ 20 ʥʝʡʨʦʥʦʚ, ʩ ʪʦʥʢʦʡ ʥʘʩʪʨʦʡʢʠ 

ʩʝʪʠ ʠ ʛʨʫʙʦʡ ʥʘʩʪʨʦʡʢʠ ʩʝʪʠ. 

 
ʈʠʩ.2. ɿʘʚʠʩʠʤʦʩʪʴ ʉʂʆ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʵʧʦʭ ʜʣʷ ʩʝʪʠ ʂʦʭʦʥʝʥʘ 

ʈʠʩ.3. ɿʘʚʠʩʠʤʦʩʪʴ ʉʂʆ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʵʧʦʭ ʜʣʷ ʤʥʦʛʦʩʣʦʡʥʦʛʦ ʧʝʨʩʝʧʪʨʦʥʘ 

 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʚ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʜʘʥʥʳʭ ʣʫʯʰʝ ʩʧʨʘʚʣʷʝʪʩʷ ʩʝʪʴ 

ʂʦʭʦʥʝʥʘ. ʉʂʆ ʦʙʫʯʝʥʠʷ ʤʥʦʛʦʩʣʦʡʥʦʛʦ ʧʝʨʩʝʧʪʨʦʥʘ ʠ ʢʦʣʠʯʝʩʪʚʦ ʵʧʦʭ ʜʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʤʠʥʠʤʫʤʘ ʵʪʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʧʨʝʚʳʰʘʶʪ ʘʥʘʣʦʛʠʯʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʜʣʷ ʩʝʪʠ 

ʂʦʭʦʥʝʥʘ. ʂʨʦʤʝ ʪʦʛʦ, ʯʪʦʙʳ ʜʦʩʪʠʯʴ ʧʦʭʦʞʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘ ʤʥʦʛʦʩʣʦʡʥʦʤ 

ʧʝʨʩʝʧʪʨʦʥʝ, ʪʨʝʙʫʝʪʩʷ ʚʚʝʩʪʠ ʝʱʸ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ. 
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ʉʀʅʊɽɿ ʂʆʄɹʀʅʀʈʆɺɸʅʅʆɻʆ ʎʀʌʈʆɺʆɻʆ ʌʀʃʔʊʈɸ ɼɸʊʏʀʂɸ 

ʏɸʉʊʆʊʓ ɺʈɸʑɽʅʀʗ ʕʃɽʂʊʈʆʇʈʀɺʆɼɸ 

ʂʫʤʘʨʠʥ ɸ. ɸ., ʂʫʟʥʝʮʦʚ ɸ. ɺ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ɺʦ ʤʥʦʛʠʭ ʩʦʚʨʝʤʝʥʥʳʭ ʤʘʣʦʨʘʟʤʝʨʥʳʭ ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʜʚʠʛʘʪʝʣʷʭ (ʄɻʊɼ) 

ʧʨʠʤʝʥʷʶʪʩʷ ʪʦʧʣʠʚʥʳʝ ʥʘʩʦʩʳ, ʧʨʠʚʦʜʠʤʳʝ ʚ ʜʚʠʞʝʥʠʝ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʤ. ɼʣʷ 

ʩʪʝʥʜʦʚʳʭ ʠʩʧʳʪʘʥʠʡ ʪʦʧʣʠʚʥʦʡ ʩʠʩʪʝʤʳ ʪʨʝʙʫʝʪʩʷ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʯʘʩʪʦʪʫ ʚʨʘʱʝʥʠʷ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʥʘʩʦʩʘ-ʜʦʟʘʪʦʨʘ. ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʯʘʩʪʦʪʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʘʪʯʠʢʠ 

ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ (ɼʏɺ), ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʱʝʣʝʚʳʭ ʠʣʠ ʦʪʨʘʞʘʪʝʣʴʥʳʭ ʦʧʪʨʦʥʘʭ. 

ʉʠʛʥʘʣ ɼʏɺ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʦʚ ʩ ʯʘʩʪʦʪʦʡ ʨʘʚʥʦʡ ʠʣʠ 

ʢʨʘʪʥʦʡ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʧʨʠʚʦʜʘ. ʇʨʦʙʣʝʤʘ ʚ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ ʩ ɼʏɺ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʠʩʫʪʩʪʚʫʶʪ ʣʦʞʥʳʝ ʠʤʧʫʣʴʩʳ ʠʣʠ ʧʨʦʧʫʩʢʠ ʠʤʧʫʣʴʩʦʚ. 

ʃʦʞʥʦʝ ʩʨʘʙʘʪʳʚʘʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʜʚʫʭ ʧʨʦʤʝʞʫʪʢʦʚ ʚʨʝʤʝʥʠ ʚʤʝʩʪʦ 

ʦʞʠʜʘʝʤʦʛʦ ʦʜʥʦʛʦ, ʢʦʪʦʨʳʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʙʦʣʴʰʠʝ ʯʘʩʪʦʪʳ. ʇʨʦʧʫʩʢ ʠʤʧʫʣʴʩʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʠʥ ʚʨʝʤʝʥʥʦʡ ʧʨʦʤʝʞʫʪʦʢ ʚʤʝʩʪʦ ʜʚʫʭ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʣʦʡ 

ʯʘʩʪʦʪʝ.  

ɺ ʩʠʩʪʝʤʝ, ʜʣʷ ʢʦʪʦʨʦʡ ʨʘʟʨʘʙʘʪʳʚʘʣʩʷ ʬʠʣʴʪʨ, ʜʘʥʥʳʝ ʩ ɼʏɺ ʷʚʣʷʶʪʩʷ 

ʜʠʩʢʨʝʪʥʳʤʠ, ʧʦʵʪʦʤʫ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʝʥʠʝ ʮʠʬʨʦʚʦʛʦ ʬʠʣʴʪʨʘ. ɺ ʩʠʩʪʝʤʝ ʚʚʦʜʘ 

ʄʂ ʥʘʩʪʨʘʠʚʘʝʪʩʷ ʪʨʠʛʛʝʨ ʥʘ ʚʦʟʨʘʩʪʘʶʱʠʡ ʠʣʠ ʥʠʩʧʘʜʘʶʱʠʡ ʬʨʦʥʪ ʩʠʛʥʘʣʘ. ʂʨʦʤʝ 

ʪʦʛʦ, ʢʦʥʬʠʛʫʨʠʨʫʝʪʩʷ ʪʘʡʤʝʨ, ʯʘʩʪʦʪʘ ʢʦʪʦʨʦʛʦ ʜʦʣʞʥʘ ʙʳʪʴ ʭʦʪʷ ʙʳ ʥʘ ʧʦʨʷʜʦʢ ʚʳʰʝ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʯʘʩʪʦʪʳ ʧʦʣʫʯʘʝʤʦʛʦ ʩʠʛʥʘʣʘ. ʇʨʠ ʵʪʦʤ ʧʝʨʝʧʦʣʥʝʥʠʝ ʩʯʝʪʯʠʢʘ ʜʦʣʞʥʦ 

ʧʨʦʠʩʭʦʜʠʪʴ ʟʘ ʚʨʝʤʷ ʙʦʣʴʰʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʩʠʛʥʘʣʘ, ʯʪʦʙʳ ʥʝ ʫʩʣʦʞʥʷʪʴ 

ʚʳʯʠʩʣʝʥʠʷ ʧʦʜʩʯʝʪʦʤ ʧʝʨʝʧʦʣʥʝʥʠʡ ʪʘʡʤʝʨʘ. ʇʦ ʧʦʷʚʣʝʥʠʶ ʚʦʟʨʘʩʪʘʶʱʝʛʦ ʬʨʦʥʪʘ 

ʧʨʦʠʩʭʦʜʠʪ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʩʦʭʨʘʥʝʥʠʝ ʩʯʝʪʯʠʢʘ ʪʘʡʤʝʨʘ ʚ ʩʧʝʮʠʘʣʴʥʦʤ ʨʝʛʠʩʪʨʝ, ʘ 

ʟʘʪʝʤ ʧʨʦʠʩʭʦʜʠʪ ʧʨʝʨʳʚʘʥʠʝ. ɺ ʦʙʨʘʙʦʪʯʠʢʝ ʧʨʝʨʳʚʘʥʠʷ ʟʥʘʯʝʥʠʝ ʨʝʛʠʩʪʨʘ 

ʩʦʭʨʘʥʷʝʪʩʷ. ʄʘʩʩʠʚ ʧʘʤʷʪʠ, ʚʳʜʝʣʝʥʥʳʡ ʧʦʜ ʭʨʘʥʝʥʠʝ ʜʘʥʥʳʭ ʠʤʝʝʪ ʢʦʥʝʯʥʫʶ ʜʣʠʥʫ, 

ʧʦʵʪʦʤʫ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʣʴʮʝʚʘʷ ʟʘʧʠʩʴ: ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʢʦʥʮʘ ʤʘʩʩʠʚʘ ʟʘʧʠʩʴ 

ʥʘʯʠʥʘʝʪʩʷ ʩ ʥʘʯʘʣʘ, ʪ.ʝ. ʚʤʝʩʪʦ ʧʨʝʜʳʜʫʱʠʭ ʜʘʥʥʳʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʤʦʤʝʥʪ, ʢʦʛʜʘ ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʫʯʠʪʴ ʟʥʘʯʝʥʠʝ ʯʘʩʪʦʪʳ 

ʚʨʘʱʝʥʠʷ ʚ ʢʦʣʴʮʝʚʦʤ ʤʘʩʩʠʚʝ ʩʦʜʝʨʞʘʪʩʷ ʜʘʥʥʳʝ ʪʘʡʤʝʨʘ. ɺʝʣʠʯʠʥʘ, ʦʙʨʘʪʥʘʷ 

ʨʘʟʥʠʮʝ ʩʦʩʝʜʥʠʭ ʟʥʘʯʝʥʠʡ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʯʘʩʪʦʪʫ ʚʨʘʱʝʥʠʷ. ɺʦʟʤʦʞʥʳ ʜʚʘ 

ʧʦʜʭʦʜʘ: ʚʳʯʠʩʣʝʥʠʝ ʯʘʩʪʦʪʳ ʧʦ ʧʦʩʣʝʜʥʠʤ ʜʚʫʤ ʟʥʘʯʝʥʠʷʤ ʚ ʤʘʩʩʠʚʝ ʠʣʠ ʫʩʨʝʜʥʝʥʠʝ 

ʟʥʘʯʝʥʠʡ ʧʦ ʚʩʝʤ ʧʘʨʘʤ ʚ ʥʝʢʦʪʦʨʦʤ ʧʨʦʤʝʞʫʪʢʝ. ʇʝʨʚʳʡ ʧʦʜʭʦʜ ʦʙʣʘʜʘʝʪ ʧʣʦʭʦʡ 

ʪʦʯʥʦʩʪʴʶ ʠʟ-ʟʘ ʜʠʩʢʨʝʪʥʦʩʪʠ ʜʘʥʥʳʭ. ʂʨʦʤʝ ʪʦʛʦ, ʪʦʯʥʦʩʪʴ ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʩʣʫʯʘʝ, 

ʝʩʣʠ ʠʤʝʶʪʩʷ ʣʦʞʥʳʝ ʩʨʘʙʘʪʳʚʘʥʠʷ ʜʘʪʯʠʢʘ ʠʣʠ ʧʨʦʧʫʱʝʥʥʳʝ ʠʤʧʫʣʴʩʳ. ɺʦ ʚʪʦʨʦʤ 

ʧʦʜʭʦʜʝ ʫʤʝʥʴʰʘʝʪʩʷ ʧʦʛʨʝʰʥʦʩʪʴ, ʚʥʦʩʠʤʘʷ ʢʦʥʝʯʥʳʤ ʰʘʛʦʤ ʜʠʩʢʨʝʪʠʟʘʮʠʠ, ʥʦ 

ʦʩʪʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʣʦʞʥʳʭ ʠʤʧʫʣʴʩʦʚ ʠʣʠ ʠʭ ʧʨʦʧʫʩʢʦʚ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʘ 

ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʬʠʣʴʪʨʘʮʠʷ. 

ʇʨʘʢʪʠʢʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʯʠʩʣʦ ʪʘʢʠʭ ʦʰʠʙʦʢ ʤʝʥʴʰʝ ʦʙʱʝʛʦ ʯʠʩʣʘ ʠʤʧʫʣʴʩʦʚ. 

ʀʤʧʫʣʴʩʥʳʝ ʧʦʤʝʭʠ ʯʘʩʪʦ ʬʠʣʴʪʨʫʶʪ ʩ ʧʦʤʦʱʴʶ ʤʝʜʠʘʥʥʦʛʦ ʬʠʣʴʪʨʘ. ɺ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʪʦʯʥʦʩʪʴ ʦʜʠʥʦʯʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʥʝʜʦʩʪʘʪʦʯʥʦʡ. ʇʦʵʪʦʤʫ 

ʤʝʜʠʘʥʥʳʡ ʬʠʣʴʪʨ ʚ ʯʠʩʪʦʤ ʚʠʜʝ ʥʝ ʧʦʜʭʦʜʠʪ. ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʪʦʯʥʦʩʪʠ 

ʧʨʠʤʝʥʷʝʪʩʷ ʩʢʦʣʴʟʷʱʠʡ ʬʠʣʴʪʨ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʧʦʣʫʯʘʪʴ 

ʩʨʝʜʥʝʝ ʥʘ ʤʥʦʞʝʩʪʚʝ, ʥʝ ʩʦʜʝʨʞʘʱʝʤ ʟʘʰʫʤʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ. 
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ʆɹʈɸɹʆʊʂɸ ʀɿʆɹʈɸɾɽʅʀʗ ɼʃʗ ʆʎɽʅʂʀ ɼɽʌʆʈʄɸʎʀʀ  

ʂʆʄʇʆɿʀʎʀʆʅʅʆɻʆ ʄɸʊɽʈʀɸʃɸ ʄɽʊʆɼʆʄ ɼɽʃʀʊɽʃʔʅʓʍ ʉɽʊʆʂ 

ʃʝʚʘʰʦʚ ʉ. ɺ., ʇʘʣʘʤʘʨʴ ʀ. ʅ. 

ʈʳʙʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʚʠʘʮʠʦʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʇ. ɸ. ʉʦʣʦʚʴʝʚʘ, ʛ. ʈʳʙʠʥʩʢ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʝʜʫʪʩʷ ʘʢʪʠʚʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʟʘʜʘʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʇʝʨʩʧʝʢʪʠʚʥʳʤʠ ʩʯʠʪʘʶʪʩʷ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʢʦʪʦʨʳʝ ʫʩʠʣʠʚʘʶʪʩʷ ʚʦʣʦʢʥʘʤʠ ʠʣʠ ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʳʤʠ 

ʪʚʝʨʜʳʤʠ ʯʘʩʪʠʮʘʤʠ. ʂʦʤʙʠʥʘʮʠʷ ʨʘʟʥʦʨʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩ ʥʦʚʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʦʪʩʫʪʩʪʚʫʶʱʠʤʠ ʚ ʠʩʭʦʜʥʳʭ 

ʤʘʪʝʨʠʘʣʘʭ. ʉʦʟʜʘʥʠʝ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ ʠ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʙʦʪʢʠ ʢʦʤʧʦʟʠʪʦʚ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʚ ʧʨʦʮʝʩʩʝ 

ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ. 

ʂʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʤʝʪʘʣʣʦʚ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮʳ 

ʠʩʧʦʣʴʟʫʶʪ ʘʣʶʤʠʥʠʡ, ʥʠʢʝʣʴ ʠ ʪ. ʜ. ʅʘʧʦʣʥʠʪʝʣʝʤ ʤʦʛʫʪ ʙʳʪʴ ʪʫʛʦʧʣʘʚʢʠʝ, ʥʝ 

ʨʘʩʪʚʦʨʷʶʱʠʝʩʷ ʚ ʦʩʥʦʚʥʦʤ ʤʝʪʘʣʣʝ, ʯʘʩʪʠʮʳ ʨʘʟʣʠʯʥʦʡ ʜʠʩʧʝʨʩʥʦʩʪʠ. ʇʨʠ ʦʙʨʘʙʦʪʢʝ 

ʜʘʚʣʝʥʠʝʤ ʩʦʩʪʘʚʣʷʶʱʠʝ ʢʦʤʧʦʟʠʪ ʤʝʪʘʣʣʳ ʜʝʬʦʨʤʠʨʫʶʪʩʷ ʧʦ-ʨʘʟʥʦʤʫ. ɼʣʷ ʦʮʝʥʢʠ 

ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʜʝʣʠʪʝʣʴʥʳʭ ʩʝʪʦʢ [1]. 

ʀʟʦʙʨʘʞʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʦ ʠ ʧʦʩʣʝ ʦʩʘʜʢʠ 

ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1. 

    
ʘ)                                                      ʙ) 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ: ʘ) ï ʜʦ ʦʩʘʜʢʠ, ʙ) ï ʧʦʩʣʝ 

ʦʩʘʜʢʠ 

 

ɼʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʦʮʝʥʢʠ ʜʝʬʦʨʤʘʮʠʠ ʧʦ ʠʟʦʙʨʘʞʝʥʠʶ ʥʝʦʙʭʦʜʠʤʦ 

ʚʳʧʦʣʥʠʪʴ ʝʛʦ ʦʙʨʘʙʦʪʢʫ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʙʳʣʠ ʙʣʠʟʢʠ ʢ 

ʵʢʩʧʝʨʪʥʳʤ ʟʥʘʯʝʥʠʷʤ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʠʟʦʙʨʘʞʝʥʠʡ ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʦʟʠʪʘ ʷʚʣʷʝʪʩʷ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʩʪʨʫʢʪʫʨʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʠ ʧʨʦʙʣʝʤʘ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʜʦ 

ʠ ʧʦʩʣʝ ʦʩʘʜʢʠ ʦʙʨʘʟʮʘ. ʀʟʚʝʩʪʥʳʝ ʤʝʪʦʜʳ ʩʝʛʤʝʥʪʘʮʠʠ [2, 3] ʪʨʝʙʫʶʪ ʢʦʤʧʣʝʢʩʥʦʡ 

ʥʘʩʪʨʦʡʢʠ ʜʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ. 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʩʝʛʤʝʥʪʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ 

ʦʩʥʦʚʝ ʘʜʘʧʪʠʚʥʦʡ ʷʨʢʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʪʝʢʩʪʫʨʥʦʡ ʩʝʛʤʝʥʪʘʮʠʠ ʠ ʫʤʝʥʴʰʝʥʠʷ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʩʝʛʤʝʥʪʦʚ ʟʘ ʩʯʝʪ ʘʥʘʣʠʟʘ ʛʠʧʦʪʝʟ. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 
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ʇɽʏɸʊʔ ɼʀʉʂʆʅʊʅʓʍ ʇʃɸʉʊʀʂʆɺʓʍ ʂɸʈʊ 

ʃʫʢʠʝʥʢʦ ʄ. ɺ., ʗʢʦʚʣʝʚʘ ʊ. ɸ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ʉʝʛʦʜʥʷ ʠʟʛʦʪʦʚʣʝʥʠʝ ʧʣʘʩʪʠʢʦʚʳʭ ʢʘʨʪ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ 

ʨʝʞʠʤʝ. ʇʨʦʭʦʜʠʪ ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ  ʚ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ: 

1. ʇʝʯʘʪʴ ʥʘ ʣʠʩʪʘʭ ʩʧʝʮʠʘʣʴʥʦʛʦ ʧʣʘʩʪʠʢʘ 0,3 ʤʤ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʰʝʥʠʷ: 

ʦʙʳʯʥʳʤʠ ʩʪʨʫʡʥʳʤʠ ʧʨʠʥʪʝʨʘʤʠ (ʣʶʙʦʡ ʤʘʨʢʠ), ʦʬʩʝʪʦʤ ʠʣʠ ʰʝʣʢʦʪʨʘʬʘʨʝʪʦʤ); 

2.  ʉʧʝʢʘʥʠʝ ʜʚʫʭ ʣʠʩʪʦʚ ʧʣʘʩʪʠʢʘ (ʣʠʮʦ+ʦʙʦʨʦʪ) ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʟʘʱʠʪʥʳʤ 

ʣʘʤʠʥʠʨʦʚʘʥʠʝʤ ʪʦʥʢʦʡ ʧʣʝʥʢʦʡ (ʣʠʮʦ+ʦʙʦʨʦʪ) ʚ ʩʧʝʮʠʘʣʴʥʦʤ ʪʝʨʤʦ ʧʨʝʩʩ-

ʣʘʤʠʥʘʪʦʨʝ; 

3. ɺʳʨʫʙʢʘ ʛʦʪʦʚʳʭ ʢʘʨʪʦʯʝʢ ʠʟ ʣʠʩʪʦʚʦʛʦ ʧʣʘʩʪʠʢʘ;  

4. ʇʝʨʩʦʥʘʣʠʟʘʮʠʷ - ʵʤʙʦʩʩʠʨʦʚʘʥʠʝ, ʢʦʜʠʨʦʚʘʥʠʝ, ʥʘʥʝʩʝʥʠʝ ʰʪʨʠʭ-ʢʦʜʘ ʠ 

ʧʨʦʯʝʝ; 

5. ʋʧʘʢʦʚʢʘ - ʚ ʧʨʦʟʨʘʯʥʳʡ ʧʣʘʩʪʠʢʦʚʳʡ ʧʘʢʝʪʠʢ (ʚʨʫʯʥʫʶ) ʠʣʠ ʚ ʧʨʦʟʨʘʯʥʫʶ 

ʧʣʘʩʪʠʢʦʚʫʶ ʣʝʥʪʫ ʩ ʧʝʨʬʦʨʘʮʠʝʡ ʤʝʞʜʫ ʢʘʨʪʘʤʠ ʠ ʧʝʨʬʦʨʘʮʠʝʡ ʣʠʥʠʠ ʦʪʨʳʚʘ ʢʘʨʪ 

(ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʣʠʥʠʷ). 

1. ʆʙʱʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʠʟʛʦʪʦʚʣʝʥʠʶ ʧʣʘʩʪʠʢʦʚʳʭ ʢʘʨʪ: 

1. ʌʘʡʣʳ ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʚ ʬʦʨʤʘʪʝ ʚʝʢʪʦʨʥʳʭ ʧʨʦʛʨʘʤʤ: Adobe 

Illustrator ʠʣʠ Corel Draw. 

2.  ɺʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʩʪʨʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʩ ʨʘʟʨʝʰʝʥʠʝʤ ʥʝ 

ʤʝʥʝʝ 300 dpi. 

3. ɺʩʝ ʰʨʠʬʪʳ ʜʦʣʞʥʳ ʙʳʪʴ ʢʦʥʚʝʨʪʠʨʦʚʘʥʳ ʚ ʢʨʠʚʳʝ 

4. ʈʘʟʤʝʨ ʠʟʦʙʨʘʞʝʥʠʷ ʜʦʣʞʝʥ ʙʳʪʴ 90*57ʤʤ, ʪ.ʝ. ʙʦʣʴʰʝ ʬʦʨʤʘʪʘ ʧʣʘʩʪʠʢʦʚʦʡ 

ʢʘʨʪʳ (86ʤʤ ʥʘ 54ʤʤ).[1] 

2. ʕʪʘʧʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʣʘʩʪʠʢʦʚʳʭ ʢʘʨʪ: 

¶ ʧʦʜʛʦʪʦʚʢʘ ʤʘʢʝʪʘ; 

¶ ʧʝʯʘʪʴ. 

ɼʣʷ ʧʝʯʘʪʠ ʥʘ ʧʣʘʩʪʠʢʝ ʠʩʧʦʣʴʟʫʶʪ ʬʦʣʠʦ ʢʨʘʩʢʠ, ʩʧʝʮʠʘʣʴʥʦ ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ 

ʜʣʷ ʥʘʥʝʩʝʥʠʷ ʥʘ ʦʩʥʦʚʫ. ʉʘʤʳʡ ʧʦʧʫʣʷʨʥʳʡ ʩʧʦʩʦʙ ʥʘʥʝʩʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ 

ʧʣʘʩʪʠʢ - ʦʬʩʝʪʥʘʷ ʧʝʯʘʪʴ. ʂʨʘʩʢʘ ʥʘʥʦʩʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʣʦʩʢʠʭ ʬʦʨʤ ʚ ʥʝʩʢʦʣʴʢʦ 

ʧʨʦʛʦʥʦʚ. ɼʣʷ ʩʫʰʢʠ ʥʘʥʝʩʝʥʥʦʡ ʢʨʘʩʢʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ ʩʫʰʠʣʴʥʳʝ 

ʢʘʤʝʨʳ ʩ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʤ ʩʚʝʪʦʤ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʜʣʷ 

ʧʣʘʩʪʠʢʦʚʳʭ ʢʘʨʪ ï ʧʦʣʠʚʠʥʠʣʭʣʦʨʠʜ (ʇɺʍ). 

3. ʇʝʨʩʦʥʘʣʠʟʘʮʠʷ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ 

ʄʘʛʥʠʪʥʘʷ ʧʦʣʦʩʘ - ʥʦʩʠʪʝʣʴ ʠʥʬʦʨʤʘʮʠʠ. ʇʦ ʩʠʣʝ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʨʘʟʣʠʯʘʶʪ 

ʤʘʛʥʠʪʥʳʝ ʧʦʣʦʩʳ HiCo (High Coercitive - ʚʳʩʦʢʦʢʦʵʨʮʠʪʠʚʥʳʝ = 2750 ʵʨʩʪʝʜ) ʠ LoCo 

(Low Coercitive - ʥʠʟʢʦʢʦʵʨʮʝʪʠʚʥʳʝ = 300 ʵʨʩʪʝʜ).  ʇʣʘʩʪʠʢʦʚʳʝ ʢʘʨʪʳ ʩ ʤʘʛʥʠʪʥʦʡ 

ʧʦʣʦʩʦʡ HiCo ʙʦʣʝʝ ʥʘʜʝʞʥʳ ʠ ʜʦʣʛʦʚʝʯʥʳ, ʪʘʢ ʢʘʢ ʠʥʬʦʨʤʘʮʠʷ ʥʘ ʥʠʭ ʤʝʥʝʝ 

ʧʦʜʚʝʨʞʝʥʘ ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʶ ʧʦʜ ʚʣʠʷʥʠʝʤ ʚʥʝʰʥʠʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ, ʯʝʤ ʥʘ 

ʧʦʣʦʩʘʭ LoCo.  

ʕʤʙʦʩʩʠʨʦʚʘʥʠʝ - ʥʘʥʝʩʝʥʠʝ ʩʠʤʚʦʣʴʥʦ-ʮʠʬʨʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʤʝʪʦʜʦʤ 

ʪʠʩʥʝʥʠʷ, ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʦʢʨʘʩʢʦʡ (ʦʧʝʨʘʮʠʷ ʪʦʧʠʨʦʚʘʥʠʷ) ʨʝʣʴʝʬʥʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʟʦʣʦʪʳʤ, ʩʝʨʝʙʨʷʥʳʤ, ʯʝʨʥʳʤ ʠ ʜʨʫʛʠʤʠ ʮʚʝʪʘʤʠ.  

ʐʪʨʠʭ-ʢʦʜ - ʟʘʢʦʜʠʨʦʚʘʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ, ʢʦʪʦʨʘʷ ʥʘʥʦʩʠʪʩʷ ʚ ʚʠʜʝ ʰʪʨʠʭʦʚ. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʰʪʨʠʭ-ʢʦʜʘ: Code 128, Code 39 (3 ʠʟ 9), EAN-13, Interleaved 2 

of 5 (ʠʣʠ ITF), ʘ ʪʘʢʞʝ Codabar, EAN-8, EAN-128, UPC, Code 93, ʨʘʩʰʠʨʝʥʥʳʝ Code 39 

ʠ Code 93[2]. 

http://cardprom.ru/category/oborudovanie-dlja-izgotovlenija-plastikovyh-kart/
http://cardprom.ru/category/upakovka-dlja-kart/
http://inforprint.ru/
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4. ʉʧʦʩʦʙʳ ʧʝʯʘʪʠ ʥʘ ʧʣʘʩʪʠʢʦʚʳʭ ʢʘʨʪʦʯʢʘʭ: 

¶ ʆʬʩʝʪʥʘʷ - ʢʨʘʩʢʘ ʩ ʧʝʯʘʪʥʦʡ ʬʦʨʤʳ ʧʝʨʝʜʘʝʪʩʷ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʥʘ 

ʧʨʦʤʝʞʫʪʦʯʥʫʶ ʵʣʘʩʪʠʯʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʨʝʟʠʥʦʚʦʛʦ ʧʦʣʦʪʥʘ, ʘ ʠʟ ʥʝʝ - ʥʘ 

ʧʝʯʘʪʥʳʡ ʤʘʪʝʨʠʘʣ 

¶ ʉʫʭʘʷ ʦʬʩʝʪʥʘʷ - ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʨʝʣʴʝʬʥʳʭ ʬʦʨʤ ʯʝʨʝʟ ʧʨʦʤʝʞʫʪʦʯʥʫʶ 

ʵʣʘʩʪʠʯʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. 

¶ ʐʝʣʢʦʪʨʘʬʘʨʝʪʥʘ ̫- ʥʘʥʝʩʝʥʠʝ ʪʝʢʩʪʘ ʠ ʛʨʘʬʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʧʨʠ ʧʦʤʦʱʠ 

ʧʝʯʘʪʥʦʡ ʬʦʨʤʳ, ʯʝʨʝʟ ʢʦʪʦʨʫʶ ʢʨʘʩʢʘ ʧʨʦʥʠʢʘʝʪ ʥʘ ʧʝʯʘʪʥʳʡ ʤʘʪʝʨʠʘʣ. 

¶ ʊʝʨʤʦʧʨʠʥʪʝʨʥʘʷ - ʥʘʥʝʩʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʕʪʦʪ ʚʠʜ ʧʝʯʘʪʠ ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥ ʜʣʷ ʥʘʥʝʩʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʘʷ ʠʟʤʝʥʷʝʪʩʷ (pin, login). 

¶ ʃʘʟʝʨʥʘʷ - ʠʟʦʙʨʘʞʝʥʠʝ ʥʘʥʦʩʠʪʩʷ ʣʘʟʝʨʥʳʤ ʣʫʯʦʤ ʥʘ ʩʚʝʪʦʯʫʚʩʪʚʠʪʝʣʴʥʦʡ 

ʙʘʨʘʙʘʥʝ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʠ "ʥʘʣʠʧʘʥʠʝ" ʪʦʥʝʨʘ 

(ʧʦʨʦʰʢʘ) ʥʘ ʙʘʨʘʙʘʥ, ʧʦʩʣʝ ʯʝʛʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʝʨʝʥʦʩ ʧʦʨʦʰʢʘ ʥʘ ʧʝʯʘʪʥʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʬʠʢʩʘʮʠʶ ʠʟʦʙʨʘʞʝʥʠʷ.  

4.1. ʉʫʙʣʠʤʘʮʠʦʥʥʘʷ ʧʝʯʘʪʴ 

ʂʘʢ ʧʨʘʚʠʣʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʥʘʥʝʩʝʥʠʷ ʧʝʨʩʦʥʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ (ʥʦʤʝʨ, 

ʪʝʢʩʪ ʠ ʪ.ʜ.). ʊʘʢʞʝ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʧʝʯʘʪʠ ʟʦʣʦʪʦʤ ʠʣʠ ʩʝʨʝʙʨʦʤ, ʢʦʛʜʘ ʵʪʦ 

ʥʝʚʦʟʤʦʞʥʦ ʩʜʝʣʘʪʴ ʤʝʪʦʜʦʤ ʪʠʩʥʝʥʠʝʤ.[3] 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ  

1. ʈʫʙʠʥʰʪʝʡʥ ʊ. ɹ. ʇʣʘʩʪʠʢʦʚʳʝ ʢʘʨʪʳ [ʊʝʢʩʪ]/ ʊ. ɹ. ʈʫʙʠʥʰʪʝʡʥ, ʆ. ɺ. ʄʠʨʦʰʢʠʥʘ - 

ʄ.: ʅʘʫʢʘ, 2005. - 416 ʩ. 

2. ɹʘʙʝʥʢʦ ʃ. ʂ. ʉʦʚʨʝʤʝʥʥʳʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʧʣʘʩʪʠʢʦʚʳʝ ʢʘʨʪʳ [ʊʝʢʩʪ]/ 

ʃ. ʂ. ɹʘʙʝʥʢʦ, ʆ. ɹ. ʄʘʢʘʨʝʚʠʯ ï ʄ.:ʩʧʨʘʚʦʯʥʘʷ ʠʥʬʦʨʤʘʮʠʷ, 2005. ï 420 ʩ. 

3. ɹʳʩʪʨʦʚ ʆ. ʄ. ʆʬʩʝʪʥʘʷ ʧʝʯʘʪʴ [ʊʝʢʩʪ]/ ʆ. ʄ. ɹʳʩʪʨʦʚ, ʂ. ʉ. ʋʰʘʢʦʚ ï ʄ.: ʅʘʫʢʘ, 

2003. ï 200 ʩ. 
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ʋɼʂ 004.6, 65.012 

ʈɸɿʈɸɹʆʊʂɸ ʄɽʊʆɼɸ ɸʅɸʃʀɿɸ ʇʆɺɽɼɽʅʏɽʉʂʆʁ ɸʂʊʀɺʅʆʉʊʀ 

ʂʃʀɽʅʊɸ 

ʄʘʪʨʦʭʠʥʘ ɸ. ɸ., ɹʝʣʦʫʩʦʚ ɸ. ɸ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʙʣʝʤʘ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʡ ʩ ʢʣʠʝʥʪʘʤʠ 

ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʘʢʪʫʘʣʴʥʦʡ. ʇʨʘʚʠʣʴʥʦ ʧʦʩʪʨʦʝʥʥʳʝ ʦʪʥʦʰʝʥʠʷ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʧʦʜʭʦʜʝ ʢ ʢʘʞʜʦʤʫ ʧʦʪʨʝʙʠʪʝʣʶ, ʧʦʤʦʛʘʶʪ ʧʨʠʚʣʝʯʴ ʥʦʚʳʭ ʢʣʠʝʥʪʦʚ 

ʠ ʫʜʝʨʞʘʪʴ ʩʪʘʨʳʭ. ɸʥʘʣʠʟ ʧʦʚʝʜʝʥʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢʣʠʝʥʪʦʚ ʥʝʦʙʭʦʜʠʤ ʢʦʤʧʘʥʠʷʤ 

ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʚʳʷʩʥʠʪʴ, ʢʫʜʘ ʥʘʧʨʘʚʠʪʴ ʩʠʣʳ ʠ ʢʘʢ ʩʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʩʪʨʘʪʝʛʠʶ ʩʚʦʝʡ 

ʨʘʙʦʪʳ ʩ ʢʣʠʝʥʪʘʤʠ. 

ʄʝʪʦʜʳ ʘʥʘʣʠʟʘ ʢʣʠʝʥʪʘ ʙʳʚʘʶʪ ʜʚʫʭ ʚʠʜʦʚ:  

1. ʆʧʠʩʘʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ï ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʰʣʦʡ ʠ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʩ 

ʢʣʠʝʥʪʦʤ ʜʣʷ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʧʦʣʥʦʛʦ ʦʧʠʩʘʥʠʷ ʠʩʪʦʨʠʠ, ʤʦʜʝʣʝʡ ʧʦʚʝʜʝʥʠʷ ʠ 

ʜʝʡʩʪʚʠʡ ʢʣʠʝʥʪʘ. ʊʘʢʦʡ ʘʥʘʣʠʟ ʩʦʩʪʘʚʣʷʝʪ ʦʩʥʦʚʫ ʜʣʷ ʧʨʝʜʩʢʘʟʘʪʝʣʴʥʦʡ ʘʥʘʣʠʪʠʢʠ. 

2. ʇʨʦʛʥʦʟʥʳʡ ʘʥʘʣʠʟ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʙʫʜʫʱʝʛʦ ʧʦʚʝʜʝʥʠʷ 

ʢʣʠʝʥʪʘ ʥʘ ʦʩʥʦʚʝ ʝʛʦ ʧʦʚʝʜʝʥʠʷ.  

ʂ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʤ ʤʝʪʦʜʘʤ ʦʧʠʩʘʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʦʪʥʦʩʷʪʩʷ: ABC-ʘʥʘʣʠʟ, 

XYZ-ʘʥʘʣʠʟ ʠ RFM-ʘʥʘʣʠʟ [1]. 

ɸɺʉ-ʘʥʘʣʠʟ ʦʩʥʦʚʘʥ ʥʘ ʨʘʟʜʝʣʝʥʠʠ ʢʣʠʝʥʪʦʚ ʧʦ ʢʘʪʝʛʦʨʠʷʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʨʘʟʤʝʨʘ ʠʭ ʦʙʦʨʦʪʘ, ʧʨʠʙʳʣʠ ʠʣʠ ʣʶʙʦʛʦ ʜʨʫʛʦʛʦ ʧʦʢʘʟʘʪʝʣʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʦʛʦ 

ʘʥʘʣʠʟʘ ʢʘʞʜʦʤʫ ʢʣʠʝʥʪʫ ʧʨʠʩʚʘʠʚʘʝʪʩʷ ʧʨʠʦʨʠʪʝʪ (ɸ, ɺ ʠʣʠ ʉ), ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ 

ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʙʶʜʞʝʪʳ ʥʘ ʝʛʦ ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʩʝʨʚʠʩ. 

XYZ-ʘʥʘʣʠʟ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʝʩʪʠ ʨʘʟʜʝʣʝʥʠʝ ʨʝʩʫʨʩʦʚ ʢʦʤʧʘʥʠʠ ʥʘ ʛʨʫʧʧʳ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʘ ʠʭ ʧʦʪʨʝʙʣʝʥʠʷ ʠ ʪʦʯʥʦʩʪʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠʟʤʝʥʝʥʠʡ ʚ ʠʭ 

ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʪʝʯʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʠ. 

RFM-ʘʥʘʣʠʟ ʧʨʝʜʧʦʣʘʛʘʝʪ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʢʣʠʝʥʪʦʚ ʧʦ ʣʦʷʣʴʥʦʩʪʠ. ɼʘʥʥʳʡ 

ʤʝʪʦʜ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʧʦʚʝʜʝʥʠʷ ʢʣʠʝʥʪʘ ʥʘ ʦʩʥʦʚʝ ʝʛʦ 

ʧʨʦʰʣʳʭ ʜʝʡʩʪʚʠʡ. RFM-ʘʥʘʣʠʟ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʪʨʝʭ ʩʦʩʪʘʚʣʷʶʱʠʭ: 

- Recency (ʜʘʚʥʦʩʪʴ ʩʜʝʣʢʠ) ï ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʚʨʘʱʝʥʠʷ ʢʣʠʝʥʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʚʨʝʤʝʥʠ ʝʛʦ ʧʦʩʣʝʜʥʝʡ ʘʢʪʠʚʥʦʩʪʠ. 

- Frequency (ʢʦʣʠʯʝʩʪʚʦ ʩʜʝʣʦʢ) ï ʯʘʩʪʦʪʘ ʜʝʡʩʪʚʠʡ, ʩʦʚʝʨʰʝʥʥʳʭ ʢʣʠʝʥʪʦʤ ʟʘ 

ʦʧʨʝʜʝʣʝʥʥʦʝ ʚʨʝʤʷ. ʏʝʤ ʙʦʣʴʰʝ ʜʝʡʩʪʚʠʡ ʩʦʚʝʨʰʠʣ ʢʣʠʝʥʪ, ʪʝʤ ʙʦʣʴʰʝ ʚʝʨʦʷʪʥʦʩʪʴ 

ʪʦʛʦ, ʯʪʦ ʦʥ ʠʭ ʧʦʚʪʦʨʠʪ ʚ ʙʫʜʫʱʝʤ. 

- Monetary (ʩʫʤʤʘ ʩʜʝʣʦʢ) ï ʜʝʥʴʛʠ, ʢʦʪʦʨʳʝ ʧʦʪʨʘʪʠʣ ʢʣʠʝʥʪ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ 

ʯʝʤ ʙʦʣʴʰʝ ʜʝʥʝʛ ʧʦʪʨʘʪʠʣ ʢʣʠʝʥʪ, ʪʝʤ ʚʝʨʦʷʪʥʝʝ, ʯʪʦ ʦʥ ʧʦʚʪʦʨʥʦ ʦʙʨʘʪʠʪʩʷ ʚ 

ʦʨʛʘʥʠʟʘʮʠʶ [2]. 

ʃʶʙʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʥʝ ʚ ʩʠʣʘʭ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʚʩʝʭ ʩʚʦʠʭ ʢʣʠʝʥʪʦʚ. ɽʩʣʠ  

ʢʦʤʧʘʥʠʷ ʙʫʜʝʪ ʚʳʧʦʣʥʷʪʴ ʣʶʙʳʝ ʧʦʞʝʣʘʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ, ʪʦ ʚ ʩʢʦʨʦʤ ʚʨʝʤʝʥʠ ʦʥʘ 

ʧʦʪʝʨʷʝʪ ʢʦʥʪʨʦʣʴ ʥʘʜ ʩʠʪʫʘʮʠʝʡ ʠ ʤʦʞʝʪ ʧʦʥʝʩʪʠ ʫʙʳʪʢʠ. ʇʦʵʪʦʤʫ ʚʩʝ ʤʝʪʦʜʳ 

ʘʥʘʣʠʟʘ ʧʦʚʝʜʝʥʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʚʳʷʚʣʝʥʠʝ ʥʘʠʙʦʣʝʝ ʧʨʠʙʳʣʴʥʳʭ 

ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʢʣʠʝʥʪʦʚ ʠ ʥʘ ʨʘʟʚʠʪʠʝ ʦʪʥʦʰʝʥʠʡ ʩ ʥʠʤʠ.  

 ɸʥʘʣʠʟ ʧʦʚʝʜʝʥʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢʣʠʝʥʪʘ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʤʧʘʥʠʷʤ 

ʩʚʦʝʚʨʝʤʝʥʥʦ ʧʨʦʚʦʜʠʪʴ ʤʘʨʢʝʪʠʥʛʦʚʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʫʜʝʨʞʘʥʠʶ ʢʣʠʝʥʪʦʚ. ʆʥ 

ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʮʝʥʥʦʩʪʴ ʢʣʠʝʥʪʦʚ ʚ ʜʦʣʛʦʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ ʠ ʚʳʜʝʣʠʪʴ 

ʛʨʫʧʧʫ ʢʣʠʝʥʪʦʚ, ʥʘʠʙʦʣʝʝ ʩʢʣʦʥʥʳʭ ʢ ʧʦʢʫʧʢʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ [1]. 
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ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʛʨʫʧʧ ʢʣʠʝʥʪʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʝʭʥʦʣʦʛʠʠ 

ʩʝʛʤʝʥʪʠʨʦʚʘʥʠʷ. ɼʘʥʥʘʷ ʧʨʦʮʝʜʫʨʘ ʦʩʥʦʚʘʥʘ ʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦʢʫʧʘʪʝʣʝʡ ʧʦ 

ʩʭʦʞʝʤʫ ʧʦʚʝʜʝʥʠʶ ʠʣʠ ʧʦʭʦʞʝʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʩʪʠʤʫʣʘʤ. 

ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʙʲʝʢʪʠʚʥʳʝ ʢʨʠʪʝʨʠʠ ʜʣʷ ʚʳʙʦʨʘ ʩʝʛʤʝʥʪʘ, 

ʥʘʧʨʠʤʝʨ, ʚʦʟʨʘʩʪ, ʧʦʣ ʠʣʠ ʜʦʭʦʜ. ʅʦ ʪʘʢʦʝ ʨʘʟʜʝʣʝʥʠʝ ʥʘ ʛʨʫʧʧʳ ʥʝ ʦʪʨʘʞʘʝʪ 

ʩʣʦʞʠʚʰʫʶʩʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʶ ʢʣʠʝʥʪʦʚ, ʧʦʵʪʦʤʫ ʙʦʣʝʝ ʪʦʯʥʦʝ ʩʝʛʤʝʥʪʠʨʦʚʘʥʠʝ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʝ ʥʘ ʦʙʲʝʢʪʠʚʥʳʭ, ʘ ʥʘ ʩʫʙʲʝʢʪʠʚʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʢʣʠʝʥʪʦʚ [3]. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʚʘʞʥʦ ʧʨʘʚʠʣʴʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʨʠʪʝʨʠʠ ʜʣʷ ʦʮʝʥʢʠ ʜʘʥʥʳʭ. ʕʪʦ 

ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ ʦʜʠʥ ʧʨʦʩʪʦʡ ʢʨʠʪʝʨʠʡ (ʥʘʧʨʠʤʝʨ, ʧʨʠʙʳʣʴ), ʪʘʢ ʠ ʦʙʦʙʱʝʥʥʳʡ 

ʧʦʢʘʟʘʪʝʣʴ. ʀʤʝʥʥʦ ʦʪ ʚʳʙʦʨʘ ʢʨʠʪʝʨʠʝʚ ʜʣʷ ʩʝʛʤʝʥʪʠʨʦʚʘʥʠʷ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ 

ʧʨʘʢʪʠʯʝʩʢʘʷ ʧʦʣʝʟʥʦʩʪʴ ʚʳʚʦʜʦʚ, ʩʜʝʣʘʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʪʦʛʦʚʦʛʦ ʘʥʘʣʠʟʘ. 

ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʪʘʢʦʛʦ ʤʝʪʦʜʘ 

ʧʦʚʝʜʝʥʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢʣʠʝʥʪʘ, ʢʦʪʦʨʳʡ ʙʳ ʦʙʲʝʜʠʥʷʣ ʚ ʩʝʙʝ ʧʨʝʠʤʫʱʝʩʪʚʘ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʠ ʫʩʪʨʘʥʷʣ ʠʭ ʥʝʜʦʩʪʘʪʢʠ. 
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ʋɼʂ 004 

ʀʅʉʊʈʋʄɽʅʊɸʃʔʅʓʁ ʂʆʄʇʃɽʂʉ ʇʈʆɽʂʊʀʈʆɺɸʅʀʗ ʉʀʉʊɽʄ ʋɺɼ 

ʄʝʨʢʫʣʦʚ ʗ. ʆ., ʈʦʜʠʦʥʦʚ ɺ. ɼ. 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

ɺ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʧʣʦʪʥʦʩʪʠ ʚʦʟʜʫʰʥʦʛʦ ʜʚʠʞʝʥʠʷ ʦʜʥʦʡ ʠʟ 

ʛʣʘʚʥʳʭ ʟʘʜʘʯ ʩʣʫʞʙʳ ʋɺɼ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʋɺɼ ʩʪʘʥʦʚʠʪʩʷ 

ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʧʦʣʦʞʝʥʠʷ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ ʚ ʚʦʟʜʫʭʝ, ʘ ʪʘʢʞʝ 

ʦʙʩʣʫʞʠʚʘʶʱʝʡ ʪʝʭʥʠʢʠ ʠ ʧʝʨʩʦʥʘʣʘ ʥʘ ʟʝʤʣʝ. ʉʦʛʣʘʩʥʦ ʜʦʢʫʤʝʥʪʫ ICAO Doc 9830 

AN/452 ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʚʦʜʷʪʩʷ ʧʦʧʳʪʢʠ ʨʝʘʣʠʟʘʮʠʠ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʩʠʩʪʝʤʳ 

ʢʦʥʪʨʦʣʷ ʟʘ ʥʘʟʝʤʥʳʤ ʜʚʠʞʝʥʠʝʤ A-SMGCS[1]. ɺ ʦʪʣʠʯʠʠ ʦʪ ʢʣʘʩʩʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

ʈʃʉ ʆʃʇ (ʣʦʢʘʪʦʨʦʚ ʢʦʥʪʨʦʣʷ ʥʘʟʝʤʥʦʛʦ ʜʚʠʞʝʥʠʷ SMR), ʜʣʷ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ 

ʧʨʦʜʫʢʪʘ ʧʨʠʤʝʥʷʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʫʣʴʪʨʘʟʚʫʢʦʚʳʝ ʜʘʪʯʠʢʠ ʠ ʦʧʪʠʯʝʩʢʠʝ 

ʜʘʪʯʠʢʠ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ, ʥʦ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʥʘʛʨʫʟʢʫ ʥʘ 

ʀʋʉ ʠ ʪʨʝʙʫʝʪ ʦʪ ʥʝʝ ʙʦʣʴʰʠʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʦʱʥʦʩʪʝʡ ʚ ʩʚʷʟʠ ʩ ʫʚʝʣʠʯʝʥʥʦʡ 

ʯʘʩʪʦʪʦʡ ʦʧʨʦʩʘ ʜʘʪʯʠʢʦʚ ʠ ʫʚʝʣʠʯʝʥʥʳʤ ʠʭ ʢʦʣʠʯʝʩʪʚʦʤ. ʀʤʝʥʥʦ ʥʘ ʧʨʠʤʝʨʝ ʵʪʦʡ 

ʩʠʩʪʝʤʳ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥʘ ʪʝʭʥʦʣʦʛʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ɸʉ ʋɺɼ ʩ ʩʠʩʪʝʤʦʡ 

ʥʘʙʣʶʜʝʥʠʷ ʩ ʮʝʣʴʶ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʦʙʲʝʢʪʦʚ ʥʘ ʣʝʪʥʦʤ ʧʦʣʝ. 

ɹʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʝ ʦʙʥʦʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ɸʉ ʋɺɼ ʠʤʝʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʦʙʲʝʢʪʘ ʚ ʠʟʚʝʩʪʥʳʭ ʧʨʝʜʝʣʘʭ ʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ʪʝʥʜʝʥʮʠʠ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʜʚʠʞʝʥʠʷ ʥʘ ʩʣʝʜʫʶʱʠʡ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʷ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʨʝʜʳʜʫʱʠʭ ʠʟʤʝʨʝʥʠʡ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ 

ʧʨʝʜʧʦʣʘʛʘʝʤʦʝ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʦʙʲʝʢʪʘ ʚ ʩʣʝʜʫʶʱʠʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. ʀ ʯʝʤ ʙʦʣʴʰʝ 

ʚʳʙʦʨʢʘ ʘʢʪʫʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʤʝʩʪʦʧʦʣʦʞʝʥʠʡ ʠ ʯʝʤ ʯʘʱʝ ʦʥʘ ʧʦʧʦʣʥʷʝʪʩʷ, ʪʝʤ 

ʪʦʯʥʝʝ ʚʧʦʩʣʝʜʩʪʚʠʠ ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʩʯʝʪʥʦʛʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʚ ʩʣʝʜʫʶʱʠʡ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ ʠ ʨʘʩʯʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʦʥʬʣʠʢʪʥʦʡ ʩʠʪʫʘʮʠʠ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʛʦ ʦʯʝʚʠʜʥʳʤ ʜʝʡʩʪʚʠʝʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ SQL ʩʝʨʚʝʨʘ 

ʩ ʮʝʣʴʶ ʩʦʭʨʘʥʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʚʩʝʭ ʦʙʲʝʢʪʦʚ ʚ ʪʝʯʝʥʠʝ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʧʨʦʤʝʞʫʪʢʘ 

ʚʨʝʤʝʥʠ ʚ ʦʙʣʘʩʪʠ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ɸʉ ʋɺɼ, ʥʝ ʨʘʟʜʝʣʷʷ ʠʥʬʦʨʤʘʮʠʶ ʥʘ ʦʪʜʝʣʴʥʳʝ 

ʟʦʥʳ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʜʠʩʧʝʪʯʝʨʦʤ, ʯʪʦʙʳ ʥʝ ʥʘʨʫʰʘʪʴ ʮʝʣʦʩʪʥʦʩʪʴ ʩʠʩʪʝʤʳ. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ. ʈʫʢʦʚʦʜʩʪʚʦ ʧʦ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʤ ʩʠʩʪʝʤʘʤ ʫʧʨʘʚʣʝʥʠʷ ʥʘʟʝʤʥʳʤ ʜʚʠʞʝʥʠʝʤ ʠ ʢʦʥʪʨʦʣʷ ʟʘ ʥʠʤʠ 

(A-SMGCS), ʠʟʜʘʥʠʝ ʧʝʨʚʦʝ, 2004ʛ.  

2. ɸʨʪʝʤʦʚ ʉ. ʇ. ʇʨʦʙʣʝʤʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʟʜʘʥʠʡ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ.  // ɺ 

ʢʥ.: ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʫʧʨʘʚʣʷʶʱʠʝ ʩʠʩʪʝʤʳ // ʄʝʞʚʫʟʦʚʩʢʠʡ ʩʙʦʨʥʠʢ ʥʘʫʯʥʳʭ 

ʪʨʫʜʦʚ. ï ʇʝʨʤʴ: ʇʊɻʋ,  ʅʀʀʋʄʉ, 1999 

  



ʉʝʢʮʠʷ 9. ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʘʥʘʣʠʟ ʜʘʥʥʳʭ 

67 

ʋɼʂ 004.056 

DDOS ATTACKS AND THEIR FORECASTING  

Milanin A. V., Smolkov M. I, Tolstova T. V. 

Samara National Research University, Samara 

DDoS (Distributed Denial of Service) attacks have recently attracted a lot of attention 

among researchers, IT professionals and public at large as they constitute a menace for 

corporate sites, e-commerce, banking services, etc. and therefore are able to cause enormous 

financial losses by precluding peopleôs access and exchange important information [1]. 

The underlying principle of DDoS attacks is bringing down networks, Web-based 

applications and services by overwhelming them with too much data acting from multiple 

different sources. They are designed to target any aspect of business including disabling a 

specific computer, service or an entire network; impairing the work of alarms, printers, 

phones or laptops; hitting system resources like bandwidth, disk space, processor time or 

routing information; executing malware that affects processors and triggers errors in computer 

microcodes; exploiting operating system vulnerabilities to drain system resources; and 

crashing the operating system [2]. 

DDoS attacks can be broadly divided into three categories: 

1. Application Layer attacks: They target HTTP in an attempt to exhaust the resource 

limits of internet services. Examples include Zero-day DDoS attacks and attacks geared 

towards OpenBSD and Apache vulnerabilities. 

2. Protocol attacks: The cyber-criminal conducts the attack with the aim to saturate 

service resources of the targets or of firewalls, load balancers, and other intermediate 

communication equipment. It exploits network protocol to abuse the victimôs resources. 

Examples include Smurf attacks and SYN Floods. 

3. Volume based attacks: The aim is to saturate the victimôs bandwidth. Examples 

include ICMP flood and other spoofed-packet traffic floods. 

There has been extensive research on preventing DDoS attacks and mitigating their 

affects [1, 3]. The authors suggest such techniques as disabling unused services, installing the 

latest security patches, disabling IP broadcast, using firewalls, and IP hopping. However no 

specific solution for preventing the attacks completely has been found so far. 

 

 
 

Fig.1. History and future of DDoS attacks 

 

On the X axis - Time intervals for which was measured the average volume of attacks 

in bytes per second ï Y axis. 
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One of the ways to minimize the damage could be forecasting the contingency using 

statistics which can be found at Digital Attack Map ï a live data visualization of DDoS 

attacks around the globe which surfaces anonymous attack traffic data to let users explore 

historic trends and find reports of outbreaks happening on a given day [4]. Using this tool 

makes it possible to predict future tends of attacks. Figure 1 shows that the highest peak was 

in 2013 both in terms of volume and protocol, whereas future outrage (though not so 

dramatic) can be expected in 2019. 
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ʄʠʭʘʡʣʦʚ ɼ. ʉ., ɹʝʣʦʫʩʦʚ ɸ. ɸ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ɺ ʧʨʦʮʝʩʩʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʯʝʥʴ ʚʘʞʥʦ ʩʦʙʣʶʜʘʪʴ ʚʩʝ ʧʨʘʚʠʣʘ ʠ 

ʩʣʝʜʠʪʴ ʟʘ ʨʘʙʦʯʠʤ ʩʦʩʪʦʷʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʨʦʚʦʜʠʪʴ ʚʦʚʨʝʤʷ ʪʝʭʥʠʯʝʩʢʦʝ 

ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʨʝʤʦʥʪ. ɼʝʣʘʪʴ ʵʪʦ ʥʘʜʦ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʷ ʨʝʩʫʨʩʳ ʠ ʩ 

ʤʘʢʩʠʤʘʣʴʥʳʤ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ. ʆʜʥʘʢʦ ʨʝʩʫʨʩʳ ʚʩʝʛʜʘ ʦʛʨʘʥʠʯʝʥʳ, ʧʦʵʪʦʤʫ 

ʥʫʞʥʦ ʢʦʨʨʝʢʪʥʦ ʠ ʵʬʬʝʢʪʠʚʥʦ ʧʣʘʥʠʨʦʚʘʪʴ ʠ ʩʦʩʪʘʚʣʷʪʴ ʨʘʩʧʠʩʘʥʠʷ ʨʘʙʦʪ. ɿʘʜʘʯʘ 

ʧʦʩʪʨʦʝʥʠʷ ʨʘʩʧʠʩʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: ʠʤʝʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʣʘʥʠʨʫʝʤʳʝ ʚʨʝʤʝʥʥʳʝ ʦʪʨʝʟʢʠ, ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʧʨʝʜʝʣʠʪʴ 

ʨʝʤʦʥʪʥʳʝ ʨʘʙʦʪʳ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʟʘʜʘʥʥʳʡ ʢʨʠʪʝʨʠʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʥʠʤʘʣ 

ʦʧʪʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ, ʫʯʠʪʳʚʘʷ ʚʩʝ ʧʨʝʜʧʠʩʘʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ. 

ʕʪʘ ʟʘʜʘʯʘ ʦʯʝʥʴ ʚʘʞʥʘ, ʧʦʩʢʦʣʴʢʫ ʢʦʨʨʝʢʪʥʦ ʩʦʩʪʘʚʣʝʥʥʦʝ ʨʘʩʧʠʩʘʥʠʝ 

ʧʦʟʚʦʣʠʪ: 

- ʩʣʝʜʠʪʴ ʟʘ ʩʦʩʪʦʷʥʠʝ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

- ʠʟʙʝʞʘʪʴ ʩʠʣʴʥʦʛʦ ʠʟʥʦʩʘ ʠ ʩʝʨʴʝʟʥʳʭ ʧʦʣʦʤʦʢ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

- ʩʥʠʟʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʤʦʞʥʳʭ ʘʚʘʨʠʡ ʠ ʩʙʦʝʚ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ; 

- ʧʨʦʜʣʠʪʴ ʚʨʝʤʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʘʢʦʛʦ ʚʠʜʘ ʨʘʩʧʠʩʘʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʧʝʮʠʘʣʴʥʦ 

ʨʘʟʨʘʙʦʪʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʘ ʨʦʩʩʠʡʩʢʦʤ ʨʳʥʢʝ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʘʢʦʛʦ ʇʆ, ʢ ʧʨʠʤʝʨʫ: ʩʠʩʪʝʤʳ CʄʄS 

(Computerized Maintenance Management Systems), ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʦʩʥʦʚʥʳʤʠ ʬʦʥʜʘʤʠ EAM (Enterprise Asset Management), ʤʦʜʫʣʠ ʊʆʠʈ ʚ 

ERPʩʠʩʪʝʤʘʭ (Enterprise Resource Planning) ʠ ʪʘʢ ʜʘʣʝʝ. 

ɺ ʪʝʢʫʱʝʡ ʨʘʙʦʪʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ, ʘ ʠʤʝʥʥʦ, 

ʧʦʥʷʪʴ, ʢʘʢ ʩʦʩʪʘʚʣʷʝʪʩʷ ʨʘʩʧʠʩʘʥʠʝ ʧʦ ʪʝʭʥʠʯʝʩʢʦʤʫ ʦʙʩʣʫʞʠʚʘʥʠʶ ʠ ʨʝʤʦʥʪʫ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʢʘʢʠʝ ʢʣʶʯʝʚʳʝ ʢʨʠʪʝʨʠʠ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢʦʡ ʚʠʜ ʨʝʤʦʥʪʘ 

ʠʩʧʦʣʴʟʦʚʘʪʴ, ʢʘʢ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʚʝʜʝʥʠʷ ʞʫʨʥʘʣʘ 

ʇʇʈ, ʘ ʪʘʢʞʝ ʨʝʰʠʪʴ ʧʦʩʪʘʚʣʝʥʥʫʶ ʟʘʜʘʯʫ ʧʦʩʪʨʦʝʥʠʷ ʨʘʩʧʠʩʘʥʠʷ. 
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ʋɼʂ 004 

ʈɸɿʈɸɹʆʊʂɸ ʄɽʊʆɼɸ ʉʆɿɼɸʅʀʗ ʇʈɽɼʄɽʊʅʆ-

ʆʈʀɽʅʊʀʈʆɺɸʅʅʆʁ ʆʅʊʆʃʆɻʀʀ ʆɹʆʈʋɼʆɺɸʅʀʗ ʄɸʃʓʍ 

ʂʆʉʄʀʏɽʉʂʀʍ ɸʇʇɸʈɸʊʆɺ ɼʃʗ ʆʈɻɸʅʀɿɸʎʀʀ 

ʀʅʊɽʃʃɽʂʊʋɸʃʔʅʆɻʆ ʇʈʆʎɽʉʉɸ ʇʈɽɼʆʉʊɸɺʃɽʅʀʗ ʋʉʃʋɻ 

ʄʠʰʫʪʠʥ ɼ. ɽ., ʉʠʤʦʥʦʚʘ ɽ. ɺ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ʕʬʬʝʢʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʨʝʩʫʨʩʘʤʠ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʢʦʩʤʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʧʨʦʙʣʝʤʫ, ʪʨʝʙʫʶʱʫʶ ʨʝʰʝʥʠʷ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʠ 

ʚʟʘʠʤʦʩʦʛʣʘʩʦʚʘʥʥʳʭ ʟʘʜʘʯ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʪ, ʧʣʘʥʠʨʦʚʘʥʠʷ, ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʢʦʥʪʨʦʣʷ 

ʠʩʧʦʣʥʝʥʠʷ ʧʣʘʥʦʚ. ʇʨʠ ʵʪʦʤ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʩʧʨʦʩʘ ʠ ʧʨʝʜʣʦʞʝʥʠʷ, ʩʣʦʞʥʦʩʪʴ 

ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ ʠ ʜʠʥʘʤʠʢʘ ʧʨʦʠʩʭʦʜʷʱʠʭ ʠʟʤʝʥʝʥʠʡ ʚ ʭʦʜʝ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ 

ʢʦʩʤʠʯʝʩʢʠʭ ʫʩʣʫʛ ʠ ʩʝʨʚʠʩʦʚ ʧʦʩʪʝʧʝʥʥʦ ʧʨʠʚʦʜʷʪ ʢ ʦʪʢʘʟʫ ʦʪ ʢʣʘʩʩʠʯʝʩʢʠʭ 

ʧʨʠʥʮʠʧʦʚ ʤʝʥʝʜʞʤʝʥʪʘ ʠ ʧʦʧʳʪʢʘʤ ʧʦʠʩʢʘ ʥʦʚʳʭ ʧʨʠʥʮʠʧʦʚ ʫʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʧʦʟʚʦʣʷʣʠ ʙʳ ʚ ʵʪʠʭ ʪʨʫʜʥʳʭ ʫʩʣʦʚʠʷʭ ʜʦʙʠʚʘʪʴʩʷ ʣʫʯʰʠʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʨʠʯʝʤ ʜʝʣʘʪʴ 

ʵʪʦ ʚ ʙʦʣʝʝ ʢʦʨʦʪʢʠʝ ʩʨʦʢʠ ʠ ʟʘ ʤʝʥʴʰʠʝ ʜʝʥʴʛʠ. 

ʆʜʠʥ ʠʟ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʚ ʩʬʝʨʝ ʫʧʨʘʚʣʝʥʠʷ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ ʩʚʷʟʘʥ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʤʫʣʴʪʠʘʛʝʥʪʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʦʥʪʦʣʦʛʠʡ. ʆʥʪʦʣʦʛʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʙʘʟʳ ʟʥʘʥʠʡ ʦʙ ʦʩʥʦʚʥʳʭ ʧʦʥʷʪʠʷʭ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʠ ʩʚʷʟʷʭ 

ʤʝʞʜʫ ʥʠʤʠ, ʵʪʠʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʝʜʠʥʩʪʚʦ ʪʝʨʤʠʥʦʣʦʛʠʠ ʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʰʠʨʝʥʠʷ ʟʥʘʥʠʡ ʩʠʩʪʝʤʳ ʚ ʩʣʫʯʘʝ ʧʦʷʚʣʝʥʠʷ ʥʦʚʳʭ ʢʦʥʮʝʧʪʦʚ ʠ 

ʩʚʷʟʝʡ, ʘ ʪʘʢʞʝ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʬʦʨʤʘʣʴʥʦ ʩʧʝʮʠʬʠʮʠʨʦʚʘʪʴ ʩʠʪʫʘʮʠʠ ʚ 

ʨʝʘʣʴʥʦʩʪʠ. 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ ʦʥʪʦʣʦʛʠʡ, ʦʜʥʠʤ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʧʨʠʢʣʘʜʥʘʷ 

ʦʥʪʦʣʦʛʠʷ. ʅʘʟʥʘʯʝʥʠʝ ʪʘʢʦʡ ʦʥʪʦʣʦʛʠʠ ʩʦʩʪʦʠʪ ʚ ʩʦʟʜʘʥʠʠ ʢʦʥʮʝʧʪʫʘʣʴʥʦʡ ʤʦʜʝʣʠ, 

ʠʩʧʦʣʴʟʫʝʤʦʡ ʧʨʠ ʨʝʰʝʥʠʠ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ ʠʣʠ ʧʨʠ ʨʘʙʦʪʝ ʥʝʢʦʪʦʨʦʛʦ ʧʨʠʣʦʞʝʥʠʷ. 

ʇʨʠʢʣʘʜʥʳʝ ʦʥʪʦʣʦʛʠʠ ʦʧʠʩʳʚʘʶʪ ʧʦʥʷʪʠʷ, ʢʦʪʦʨʳʝ ʟʘʚʠʩʷʪ ʢʘʢ ʦʪ ʦʥʪʦʣʦʛʠʠ ʟʘʜʘʯ, 

ʪʘʢ ʠ ʦʪ ʦʥʪʦʣʦʛʠʠ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ [1]. 

ɹʳʣ ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʩʦʟʜʘʥʠʷ ʧʨʠʢʣʘʜʥʦʡ ʦʥʪʦʣʦʛʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʤʘʣʳʭ 

ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʥʘ ʦʩʥʦʚʝ ʧʨʠʢʣʘʜʥʦʡ ʦʥʪʦʣʦʛʠʠ ʩʝʥʩʦʨʦʚ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ 

ʨʘʙʦʯʝʡ ʛʨʫʧʧʦʡ W3C Semantic Sensor Network Incubator Group (W3C SSN), ʢʦʪʦʨʘʷ 

ʧʨʝʜʣʦʞʠʣʘ ʦʙʱʫʶ ʠ ʥʝʟʘʚʠʩʠʤʫʶ ʦʪ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʤʦʜʝʣʴ, ʦʥʪʦʣʦʛʠʶ SSN, 

ʩʦʚʤʝʩʪʠʤʫʶ ʩʦ ʩʪʘʥʜʘʨʪʘʤʠ Open Geospatial Consortium (OGC) ʚ ʯʘʩʪʠ ʩʝʥʩʦʨʦʚ ʠ ʠʭ 

ʧʦʢʘʟʘʥʠʡ [2]. ʆʥʪʦʣʦʛʠʷ SSN ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʚʦʡʩʪʚ ʵʣʝʤʝʥʪʦʚ ʨʝʘʣʴʥʦʛʦ ʤʠʨʘ. ʅʘʧʨʠʤʝʨ, ʦʥʘ ʤʦʞʝʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʦʧʠʩʘʥʠʷ ʧʨʠʥʮʠʧʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʝʥʩʦʨʦʚ ʠ ʦʙʨʘʙʦʪʢʠ 

ʠʤʠ ʚʥʝʰʥʠʭ ʚʦʟʙʫʞʜʝʥʠʡ ʠʣʠ ʩʠʛʥʘʣʦʚ. ʅʘ ʙʘʟʝ ʦʥʪʦʣʦʛʠʠ SSN ʩʦʩʪʘʚʣʝʥʘ ʤʦʜʝʣʴ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ ʜʣʷ ʦʧʠʩʘʥʠʷ ʪʘʢʪʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʄʂɸ, ʘ ʪʘʢʞʝ ʫʩʣʫʛ, ʢʦʪʦʨʳʝ ʤʦʞʝʪ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʦʙʦʨʫʜʦʚʘʥʠʝ. ʆʥʪʦʣʦʛʠʯʝʩʢʘʷ 

ʤʦʜʝʣʴ ʦʧʠʩʘʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʄʂɸ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

ʉʪʨʫʢʪʫʨʘ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʦʧʠʩʳʚʘʝʪʩʷ ʯʝʨʝʟ ʷʟʳʢ OWL, ʦʧʨʝʜʝʣʷʶʱʠʡ ʧʦʥʷʪʠʷ 

ʢʣʘʩʩ (Class), ʦʪʥʦʰʝʥʠʝ (Property), ʠʥʜʠʚʠʜ (Individ). ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʷʤʦʫʛʦʣʴʥʠʢʘʤʠ 

ʦʙʦʟʥʘʯʝʥʳ ʢʣʘʩʩʳ, ʘ ʩʪʨʝʣʢʘʤʠ ï ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʥʠʤʠ. 
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ʈʠʩ. 1. ʆʥʪʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʦʧʠʩʘʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʄʂɸ 

ʉlass: ʋʩʣʫʛʘ ʦʧʠʩʳʚʘʝʪ ʩʪʨʫʢʪʫʨʫ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʜʥʦʡ ʫʩʣʫʛʠ.  ʋʩʣʫʛʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʥʪʝʢʩʪ, ʚʢʣʶʯʘʶʱʠʡ ʦʧʠʩʘʥʠʝ ʦʙʲʝʢʪʘ ʠʥʪʝʨʝʩʘ, ʝʛʦ ʩʚʦʡʩʪʚʘ, 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʦ ʩʚʦʡʩʪʚʘʭ ʠ ʧʨʦʮʝʜʫʨʫ ʥʘʙʣʶʜʝʥʠʷ 

ʠʥʪʝʨʝʩʫʶʱʝʛʦ ʩʚʦʡʩʪʚʘ. ɺ ʨʘʤʢʘʭ ʚʳʧʦʣʥʝʥʠʷ ʦʜʥʦʡ ʫʩʣʫʛʠ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʜʘʥʥʳʝ 

ʦ ʝʜʠʥʩʪʚʝʥʥʦʤ ʩʚʦʡʩʪʚʝ ʦʙʲʝʢʪʘ ʠʥʪʝʨʝʩʘ. ʇʨʝʜʦʩʪʘʚʣʝʥʠʝ ʫʩʣʫʛ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʦʙʲʝʢʪʦʚ ʠʥʪʝʨʝʩʘ ʠʣʠ ʧʦʣʫʯʝʥʠʷ ʟʥʘʯʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʩʚʦʡʩʪʚ ʦʜʥʦʛʦ ʦʙʲʝʢʪʘ ʜʦʣʞʥʦ 

ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʚʠʜʝ ʩʦʩʪʘʚʥʦʛʦ ʩʚʦʡʩʪʚʘ, ʣʠʙʦ ʩʦʩʪʘʚʥʦʛʦ ʦʙʲʝʢʪʘ.  

ʉlass: ʆʙʦʨʫʜʦʚʘʥʠʝ ʦʧʠʩʳʚʘʝʪ ʩʪʨʫʢʪʫʨʫ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʢʦʥʢʨʝʪʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. ʆʙʦʨʫʜʦʚʘʥʠʝ ï ʵʪʦ ʣʶʙʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʩʧʦʩʦʙʥʦʝ ʦʙʝʩʧʝʯʠʪʴ ʧʨʦʮʝʩʩ 

ʥʘʙʣʶʜʝʥʠʷ ʠʥʪʝʨʝʩʫʶʱʝʛʦ ʩʚʦʡʩʪʚʘ ʦʙʲʝʢʪʘ.   

ʉlass: ʇʨʦʮʝʩʩ ʥʘʙʣʶʜʝʥʠʷ ʚ ʤʦʜʝʣʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʫʩʣʫʛ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʄʂɸ 

ʦʧʠʩʳʚʘʝʪ ʧʨʦʮʝʜʫʨʫ ʧʦʣʫʯʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʨʝʟʫʣʴʪʘʪʘ ʚ ʧʨʦʮʝʩʩʝ ʥʘʙʣʶʜʝʥʠʷ ʟʘ 

ʚʳʙʨʘʥʥʳʤ ʩʚʦʡʩʪʚʦʤ ʦʙʲʝʢʪʘ ʠʥʪʝʨʝʩʘ. ʕʢʟʝʤʧʣʷʨʳ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʜʦʣʞʥʳ 

ʦʧʠʩʳʚʘʪʴ ʧʨʦʮʝʜʫʨʫ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚʳʙʨʘʥʥʦʛʦ ʩʚʦʡʩʪʚʘ 

ʦʙʲʝʢʪʘ ʠʥʪʝʨʝʩʘ ʢ ʚʠʜʫ, ʧʨʠʛʦʜʥʦʤʫ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʠ ʧʝʨʝʜʘʯʠ ʢʦʤʧʴʶʪʝʨʥʳʤ 

ʩʧʦʩʦʙʦʤ. 

ʉlass: ʆʙʲʝʢʪ ʠʥʪʝʨʝʩʘ ʦʧʠʩʳʚʘʝʪ ʷʚʣʝʥʠʝ ʚ ʨʝʘʣʴʥʦʤ ʤʠʨʝ, ʠʥʬʦʨʤʘʮʠʷ ʦ 

ʩʚʦʡʩʪʚʘʭ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ʉlass: ʉʚʦʡʩʪʚʦ ʦʙʲʝʢʪʘ ʦʧʠʩʳʚʘʝʪ ʩʚʦʡʩʪʚʘ ʦʙʲʝʢʪʘ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ 

ʩ ʧʦʤʦʱʴʶ ʦʙʦʨʫʜʦʚʘʥʠʷ ʢʦʥʢʨʝʪʥʦʛʦ ʪʠʧʘ. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

Vet, P. E. The Plinius ontology of ceramic materials / P. E. Vet, P. H. Speel, N. J. I. Mars // 

Proc. Of ECAI94's workshop on comparison of impl. ontologies. ï Amsterdam: Springer-

Verlag, 1994. ï Pp. 187-205. 

W3C Semantic Sensor Network Incubator Group. Semantic Sensor Network Ontology 

[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://www.w3.org/2005/Incubator/ssn/ssnx/ssn  



ʉʝʢʮʠʷ 9. ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʘʥʘʣʠʟ ʜʘʥʥʳʭ 

72 

ʋɼʂ 004.896, 004.942 

ʀɿʋʏɽʅʀɽ ɺʆɿʄʆɾʅʆʉʊɽʁ ʉɽʊʀ ʍʆʇʌʀʃɼɸ ʇʈʀ ʈɽʐɽʅʀʀ 

ɿɸɼɸʏʀ ʈɸʉʇʆɿʅɸɺɸʅʀʗ ʈʋʂʆʇʀʉʅʓʍ ʉʀʄɺʆʃʆɺ 

ʄʦʨʦʟʦʚ ʀ. ʉ., ʃʸʟʠʥʘ ʀ. ɺ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ʆʮʠʬʨʦʚʢʘ ʪʝʢʩʪʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʯʘʩʪʳʭ ʟʘʜʘʯ ʧʨʠ ʨʘʙʦʪʝ ʩ ʜʦʢʫʤʝʥʪʘʤʠ. ʅʦ 

ʯʘʩʪʦ ʧʦʜ ʨʫʢʦʡ ʥʝ ʦʢʘʟʳʚʘʝʪʩʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʩʢʘʥʠʨʦʚʘʥʠʷ, ʫʩʣʦʚʠʷ ʧʨʠ ʢʦʪʦʨʳʭ ʧʨʦʠʟʚʦʜʠʪʩʷ ʬʦʪʦʩʥʠʤʦʢ, ʜʘʣʝʢʠ ʦʪ ʠʜʝʘʣʴʥʳʭ. 

ʇʦʵʪʦʤʫ ʩʠʤʚʦʣʳ ʪʝʢʩʪʘ ʤʦʛʫʪ ʙʳʪʴ ʩʠʣʴʥʦ ʠʩʢʘʞʝʥʳ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʠʭ 

ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʠ ʟʘʜʘʝʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʨʘʩʧʦʟʥʘʶʱʝʡ ʩʠʩʪʝʤʝ ʠ 

ʠʩʧʦʣʴʟʫʝʤʳʤ ʤʝʪʦʜʘʤ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʩʩʦʮʠʘʪʠʚʥʳʭ ʩʝʪʝʡ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ 

ʧʦʣʫʯʠʣʦ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʥʝʦʙʭʦʜʠʤʳʡ ʬʫʥʢʮʠʦʥʘʣ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʷʜʘ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʶ ʠ ʨʘʩʧʦʟʥʘʚʘʥʠʶ ʩʠʤʚʦʣʦʚ, ʠ ʩʙʦʨʫ ʥʝʦʙʭʦʜʠʤʦʡ ʩʪʘʪʠʩʪʠʢʠ ʦʙ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʩʝʪʠ ʍʦʧʬʠʣʜʘ, ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʘʭ ʠʩʢʘʞʝʥʠʷ ʩʠʤʚʦʣʘ. 

ɼʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʩʠʤʚʦʣʘ ʠʟʦʙʨʘʞʝʥʠʝ ʙʫʜʝʪ ʩʝʛʤʝʥʪʠʨʦʚʘʥʦ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʚʳʙʨʘʥʥʦʡ ʨʘʟʤʝʨʥʦʩʪʴʶ ʩʝʪʠ, ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʦ ʚ ʤʦʥʦʭʨʦʤʥʦʝ, ʯʪʦ ʦʙʝʩʧʝʯʠʪ 

ʫʜʦʙʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʭʦʜʥʦʛʦ ʚʝʢʪʦʨʘ ʩʝʪʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʘʣʛʦʨʠʪʤʘ ʨʝʘʣʠʟʘʮʠʠ ʩʝʪʠ ʍʦʧʬʠʣʜʘ, ʚ ʨʘʙʦʪʝ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥ 

ʘʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʷ ʤʘʪʨʠʮʳ ʚʝʩʦʚ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʤʝʪʦʜʘʭ ʧʩʝʚʜʦʠʥʚʝʨʩʠʠ, ʢʘʢ ʦʜʠʥ 

ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ. ʄʘʪʨʠʮʘ ʚʝʩʦʚ ʜʣʷ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ[1]: 

7 8z 8 8z 8z , 

ʛʜʝ W ï ʤʘʪʨʠʮʘ ʚʝʩʦʚ ʩʝʪʠ ʨʘʟʤʝʨʥʦʩʪʴʶ N x N, ʘ X ï ʧʨʷʤʦʫʛʦʣʴʥʘʷ ʤʘʪʨʠʮʘ 

ʨʘʟʤʝʨʥʦʩʪʴʶ N x p, ʩʦʩʪʘʚʣʝʥʥʘʷ ʠʟ p ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʦʙʫʯʘʶʱʠʭ ʚʝʢʪʦʨʦʚ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʨʘʟʦʚ ʨʘʟʤʝʨʥʦʩʪʴ ʩʝʪʠ ʙʫʜʝʪ 

ʚʳʙʨʘʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʫʣʦʡ[2]: 

-
ᶻ

, 

ʛʜʝ M ï ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʭʨʘʥʠʤʳʭ ʦʙʨʘʟʦʚ, N ï ʢʦʣʠʯʝʩʪʚʦ ʥʝʡʨʦʥʦʚ ʚ ʩʝʪʠ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʪʝʩʪʠʨʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩʠʩʪʝʤʳ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

ʚ ʨʝʘʣʠʟʘʮʠʠ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʩʝʪʴ ʍʦʧʬʠʣʜʘ ʧʨʦʷʚʣʷʝʪ ʩʝʙʷ ʜʦʩʪʘʪʦʯʥʦ 

ʵʬʬʝʢʪʠʚʥʦ. 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ʆʩʦʚʩʢʠʡ, ʉ. ʅʝʡʨʦʥʥʳʝ ʩʝʪʠ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ [ʊʝʢʩʪ]/ ʇʝʨ. ʩ ʧʦʣʴʩʢʦʛʦ 

ʀ.ɼ. ʈʫʜʠʥʩʢʦʛʦ ï ʄ.: ʌʠʥʘʥʩʳ ʠ ʩʪʘʪʠʩʪʠʢʘ, 2002. ï 344 ʩ.: ʠʣ. 

2. ʍʘʡʢʠʥ, ʉ. ʅʝʡʨʦʥʥʳʝ ʩʝʪʠ: ʧʦʣʥʳʡ ʢʫʨʩ, 2e ʠʟʜʘʥʠʝ [ʊʝʢʩʪ]/ ʉ. ʍʘʡʢʠʥ ï ʄ.: 

ʀʟʜʘʪʝʣʴʩʢʠʡ ʜʦʤ "ɺʠʣʴʷʤʩ", 2006 ï 1104 ʩ. 
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ʇʆʉʊʈʆɽʅʀɽ ʀ ʀʉʉʃɽɼʆɺɸʅʀɽ ʇʈʆʉʊʈɸʅʉʊɺɽʅʅʆɻʆ ʉʇɽʂʊʈɸ 

ʉɸʄʆʇʆɼʆɹʅʓʍ ʉʊʈʋʂʊʋʈ 

ʄʦʩʩʦʫʣʠʥʘ ʆ. ɸ., ʍʦʥʠʥʘ ʉ. ʅ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ʅʝʢʦʪʦʨʳʝ ʧʨʠʨʦʜʥʳʝ ʷʚʣʝʥʠʷ ʠ ʤʘʪʝʨʠʘʣʳ ʠʤʝʶʪ ʦʪʣʠʯʠʪʝʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʩʘʤʦʧʦʜʦʙʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ [1-2]. ʆʜʥʠʤ ʠʟ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʚʠʜʦʚ 

ʩʘʤʦʧʦʜʦʙʥʳʭ ʩʪʨʫʢʪʫʨ ʷʚʣʷʶʪʩʷ ʬʨʘʢʪʘʣʳ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʬʠʛʫʨʫ [3-4]. ʆʥʘ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʜʝʣʝʥʘ ʥʘ ʥʝʩʢʦʣʴʢʦ ʯʘʩʪʠ, ʢʘʞʜʘʷ ʠʟ 

ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʫʤʝʥʴʰʝʥʥʦʡ ʢʦʧʠʝʡ ʮʝʣʦʡ [1]. ʕʪʦ ʩʚʦʡʩʪʚʘ ʠ ʷʚʣʷʝʪʩʷ 

ʩʘʤʦʧʦʜʦʙʠʝʤ. 

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʝʪ ʧʦʩʪʨʦʝʥʠʝ ʬʨʘʢʪʘʣʦʚ, ʩ ʧʦʤʦʱʴʶ ʥʠʭ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʦʚ ʯʝʨʝʟ 

ʥʝʦʜʥʦʨʦʜʥʫʶ ʠʣʠ ʩʣʫʯʘʡʥʫʶ ʩʨʝʜʫ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʫʜʝʪ ʠʩʩʣʝʜʦʚʘʪʴʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʩʧʝʢʪʨ ʦʪ 

ʩʘʤʦʧʦʜʦʙʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩ ʥʝʩʪʘʥʜʘʨʪʥʳʤ ʧʦʩʪʨʦʝʥʠʝʤ. 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʭ ʜʚʫʤʝʨʥʳʭ ʬʨʘʢʪʘʣʦʚ ʷʚʣʷʝʪʩʷ ʢʦʚʸʨ 

ʉʝʨʧʠʥʩʢʦʛʦ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʝʜʠʥʠʯʥʳʡ ʦʪʨʝʟʦʢ ʠ ʦʙʨʘʟʫʶʱʠʡ ʵʣʝʤʝʥʪ, 

ʜʝʣʷʱʠʡ ʝʛʦ ʥʘ ʪʨʠ ʨʘʟʥʳʝ ʯʘʩʪʠ, ʦʜʥʫ ʠʟ ʢʦʪʦʨʳʭ ʦʪʙʨʘʩʳʚʘʝʪ. ɸʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʝ 

ʧʦʚʪʦʨʷʝʪʩʷ ʜʦ ʟʘʜʘʥʥʦʛʦ ʫʨʦʚʥʷ [5]. 

Ὁ Ὁȟ 
(

1) 

ʛʜʝ Ὁ πȟρ πȟρ ï ʝʜʠʥʠʯʥʳʡ ʦʪʨʝʟʦʢ, ʘ ʦʙʨʘʟʫʶʱʠʡ ʵʣʝʤʝʥʪ ʚʳʛʣʷʜʠʪ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

Ὁ πȟὥ ᷾ὦȟρ πȟὥ ᷾ὦȟρ ȟ 
(

2) 

ʛʜʝ ὥ, ὦ, ὥ ʠ ὦ ï ʧʘʨʘʤʝʪʨʳ ʬʨʘʢʪʘʣʘ, ʟʘʜʘʚʘʝʤʳʝ ʚ ʜʠʘʧʘʟʦʥʝ πȟρ, ʧʨʠʯʝʤ ὥ
 ὦ, ὥ  ὦ ρ, ὥ ὦ ʠ ὥ ὦ ρ. 

ʆʜʥʘʢʦ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʝʨʘʚʥʦʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʇʦʵʪʦʤʫ ʚʦʟʴʤʝʤ ʚ 

ʢʘʯʝʩʪʚʝ ʧʘʨʘʤʝʪʨʦʚ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ 

ὥ , ὦ , ὥ  , ὦ . 
(

3) 

ɼʣʷ ʘʥʘʣʠʟʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʩʧʝʢʪʨʘ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ ʚʦʩʧʦʣʴʟʫʝʤʩʷ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʌʫʨʴʝ [5-6]: 

Ὂό ᴑὪὼ ὪὼὩὼὴς“ὭὼόὨὼȟ 
(

4) 

ʛʜʝ Ὢὼ ï ʚʭʦʜʥʘʷ ʬʫʥʢʮʠʷ, Ὂό ï ʧʦʣʫʯʝʥʥʘʷ ʚʳʭʦʜʥʘʷ ʬʫʥʢʮʠʷ, ᴑϽ ï ʦʧʝʨʘʪʦʨ 
ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 1, ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ (3) ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ, ʪʦ ʝʩʪʴ ʤʳ ʤʦʞʝʤ ʧʦʣʫʯʠʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʩʧʝʢʪʨ ʦʪ 

ʬʨʘʢʪʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʤʘʩʰʪʘʙʘʤʠ ʥʘ ʨʘʟʥʳʭ ʦʩʷʭ. 
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ʊʘʙʣʠʮʘ 1. ʀʟʤʝʥʝʥʠʝ ʩʧʝʢʪʨʘ ʩ ʨʦʩʪʦʤ ʠʪʝʨʘʮʠʡ 

 
ʀʪʝʨʘʮʠʷ ʌʨʘʢʪʘʣ ʉʧʝʢʪʨ 

3 

  

4 

  

5 
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ʄʦʰʠʥʘ ʆ. ɺ., ɻʦʨʜʝʝʚʘ ʆ. ɸ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ɿʘʜʘʯʘ ʩʝʤʘʥʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʪʝʢʩʪʦʚ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʷʚʣʷʝʪʩʷ 

ʚʦʩʪʨʝʙʦʚʘʥʥʦʡ ʠ ʙʳʩʪʨʦʨʘʟʚʠʚʘʶʱʝʡʩʷ ʦʙʣʘʩʪʴʶ. ʉʝʤʘʥʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʪʝʢʩʪʦʚ, ʦʧʨʝʜʝʣʝʥʠʶ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʘ ʪʘʢʞʝ 

ʧʨʦʚʝʨʢʝ ʪʝʢʩʪʘ ʥʘ ʥʘʣʠʯʠʝ ʟʘʠʤʩʪʚʦʚʘʥʠʡ (ʧʣʘʛʠʘʪ). 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʦʙʣʝʤʘ ʧʣʘʛʠʘʪʘ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ. ʀ ʜʣʷ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʦ ʦʙʥʘʨʫʞʝʥʠʶ ʧʣʘʛʠʘʪʘ ʧʨʠʤʝʥʷʶʪ ʩʠʩʪʝʤʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ 

ʧʨʦʮʝʥʪ ʟʘʠʤʩʪʚʦʚʘʥʠʷ ʪʝʢʩʪʦʚ. ʉʨʝʜʠ ʩʠʩʪʝʤ ʧʨʦʚʝʨʢʠ ʥʘ ʧʣʘʛʠʘʪ ʚʳʜʝʣʷʶʪ 

ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ: çʦʥʣʘʡʥʦʚʳʝè ʩʠʩʪʝʤʳ ʧʦʠʩʢʘ ʦʨʠʛʠʥʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚ ʩʝʪʠ 

ʀʥʪʝʨʥʝʪ, çʦʬʬʣʘʡʥʦʚʳʝè ʩʠʩʪʝʤʳ ʧʦʠʩʢʘ ʜʫʙʣʠʢʘʪʦʚ ʚ ʧʨʝʜʝʣʘʭ ʣʦʢʘʣʴʥʳʭ 

ʢʦʣʣʝʢʮʠʡ, ʘ ʪʘʢʞʝ ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʧʦʠʩʢʘ ʜʫʙʣʠʢʘʪʦʚ ʥʘ ʦʩʥʦʚʘʥʠʠ ʪʝʢʩʪʦʚ 

ʩʦʙʩʪʚʝʥʥʦʡ ʢʦʣʣʝʢʮʠʠ [1]. 

ɺ ʦʩʥʦʚʝ ʚʩʝʭ ʤʝʪʦʜʦʚ ʣʝʞʘʪ ʵʬʬʝʢʪʠʚʥʳʝ ʯʠʩʣʝʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʧʦʠʩʢʘ ʠ 

ʦʙʥʘʨʫʞʝʥʠʷ ʟʘʠʤʩʪʚʦʚʘʥʠʡ. ɻʣʘʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʤʥʦʛʠʭ ʠʟ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

ʧʦʠʩʢʘ ʧʣʘʛʠʘʪʘ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʜʝʪʘʣʴʥʦʛʦ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʩʝʤʘʥʪʠʯʝʩʢʦʛʦ, ʩʧʦʩʦʙʩʪʚʫʶʱʝʛʦ ʨʝʰʝʥʠʶ ʧʨʦʙʣʝʤʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʠʩʭʦʜʥʦʛʦ ʪʝʢʩʪʘ (ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ). 

ʊʝʭʥʦʣʦʛʠʠ ʩʝʤʘʥʪʠʯʝʩʢʦʛʦ ʧʦʠʩʢʘ ʧʣʘʛʠʘʪʘ ʧʨʝʜʧʦʣʘʛʘʶʪ ʚʳʷʚʣʝʥʠʝ 

ʩʤʳʩʣʦʚʳʭ ʟʘʠʤʩʪʚʦʚʘʥʠʡ, ʘʥʘʣʠʟ ʪʝʢʩʪʦʚ (ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʡ, ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʡ, 

ʩʝʤʘʥʪʠʢʦ-ʩʠʥʪʘʢʩʠʯʝʩʢʠʡ). ʉʨʝʜʠ ʜʦʩʪʦʠʥʩʪʚ ʩʝʤʘʥʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʚʳʜʝʣʷʶʪ ʝʛʦ 

ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʩʠʣʴʥʦʤʫ ʧʝʨʝʬʨʘʟʠʨʦʚʘʥʠʶ ʧʨʦʚʝʨʷʝʤʦʛʦ ʪʝʢʩʪʘ. 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ï ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʠ ʩʠʩʪʝʤ 

ʩʝʤʘʥʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʪʝʢʩʪʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʧʨʘʚʦʤʝʨʥʳʭ 

ʟʘʠʤʩʪʚʦʚʘʥʠʡ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʤʦʜʝʣʠ ʩʝʤʘʥʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, 

ʧʨʝʜʧʦʣʘʛʘʶʱʠʝ ʦʧʨʝʜʝʣʝʥʠʝ ʩʫʱʥʦʩʪʝʡ ʠʩʭʦʜʥʦʛʦ ʪʝʢʩʪʘ, ʩʚʦʡʩʪʚ ʠ ʦʪʥʦʰʝʥʠʡ 

ʤʝʞʜʫ ʥʠʤʠ [2]. ɹʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʠ ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʯʘʩʪʠ ʥʝʢʦʪʦʨʳʝ 

ʦʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʠ ʘʣʛʦʨʠʪʤʳ ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʧʨʦʚʝʨʢʠ ʥʘ ʧʣʘʛʠʘʪ, ʘ ʪʘʢʞʝ ʚ ʭʦʜʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ (ʠʩʩʣʝʜʦʚʘʥʠʡ). 
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COMPUTER MODELING OF  DYNAMICS OF ELASTIC HALF -SPACE BY 

REFLECTION OF PLANE WAVE FROM THE UNLOAD ED SURFACE 

ʄʫʢʠʰ ɾ.ĭ, ʉʪʘʨʠʥʦʚʘ ʆ. ʃ.Į, ɸʣʠʧʦʚʘ ɹ. ʅ.ĭ 

ĭInternational Information Technology University, Almaty, Kazakhstan 

Įʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ 

Characteristic of earthquakes is the occurrence in the Earth's crust under the influence 

of tectonic stresses of deep cracks. In this case, a sudden drop in stresses on the crack occurs, 

generating nonstationary elastic waves, which, diffracting on the earth's surface, generate 

surface waves, destructive for land installations. Here is developed a mathematical model for 

studying such phenomena to solve non-stationary problems in elastic media is one of the most 

convenient in applications of methods is the method of characteristics using the ideas of the 

method splitting. In the present work this method is developed for the solution of contact 

problems of the interaction of elastic bodies with angular points in conditions of plane 

deformation. An explicit difference scheme based on the method of characteristics with the 

idea of splitting into spatial coordinates. We obtain resolving difference equations for internal, 

boundary, angular, singular, and contact points of conjugation of a strip and a half-plane. For 

modeling of the process of stress relief on a crack uses singular generalized functions. 

Numerical experiments were carried out to determine the stress-strain.  

 
Fig. 1. Incidence and reflection of longitudinal P and transverse SV waves 

The main problem in the study of waves is the clarification of the law of change in 

time and space of physical quantities. In the case of elastic waves, such a quantity may, for 

example, is an offset of small sections of the environment relative to their equilibrium 

positions. The dependence on spatial coordinates and time is called the wave equation. 

 Mathematical model of this thesis consists of several wave equations. As thesis about 

a plane wave, we used the equations of movement. 

                                                 Ὠ Ὠ ʌ π                                  (1.1) 

                                                 Ὠ Ὠ ꜞ π                                  (1.2) 

Ὠ- is a derivative from Ø, Ὠ- is a derivative from Ø, Ὠ- is a derivative from time of 

the wave propagation, ὧ- is a velocity of longitudinal wave, ὧ- is a velocity of transverse 

wave. 

The solution of the equations we can take that form: 

                                                ʌ Ὃ ὼ Ὡ                                  (1.3) 

and 

                                                       ꜞ Ὃ ὼ Ὡ                                 (1.4) 
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c ï is a velocity of the wave propagation, t ï is a time of the wave propagation,  ʌ and 

 ꜞare potentials which describe the propagation of waves. They can be represented as: 

       ʌ ὃÅØÐὭὯὼ Ӓὼ ὧὸ ὄÅØÐ ὭὯὼ Ӓὼ ὧὸ       (1.5) 

        ḕ ὃÅØÐὭὯὼ Ӓὼ ὧὸ ὄÅØÐ ὭὯὼ Ӓὼ ὧὸ       (1.6) 

Here ὃ, ὃ, ὄȟὄ  are constants which are included in the boundary equation, Ӓ- is 

a velocity of a falling wave, Ӓ  is a velocity of a wave reflection. 

For the solution of the mathematical model, we can use the Tensor of stress: 

                                        „ ςÕὨό ‗Ὠό Ὠό                          (1.7) 

                                         „ ÕὨό Ὠό                                       (1.8) 

  „ ȟ „  Stress Tensor,  όȟό  is a displacement to the coordinates ὼ andὼ, 

Õ is the shear modulus, ‗  Lameôs first parameter, 

Substituting in ό, ό 

                                   ό Ὠʌ Ὠḕ                                            (1.9) 

                                           ό Ὠʌ Ὠḕ                                          (1.10) 

We can write the tensor stress in this form: 

   „ ςÕὨʌ ὨὨḕ ‗​ʌ                         (1.11) 

„ ÕςὨὨʌ Ὠḕ Ὠḕ                           (1.12) 

​  is gradient. 

There are also boundary conditions: 

                                                    „ ὼȟπȟὸ π                                           (1.13) 

                                              „ ὼȟπȟὸ π                                           (1.14) 

Let us consider the case of propagation of P-waves. In this case, we should put 

in ɸ π; it means that the incident wave is a P wave.  

Now we have the solution of all 4 components in order to plot the propagation of a 

plane wave reflecting from the free surface. 
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ʅʠʢʫʣʠʥʘ ɸ. ɺ., ʍʚʦʩʪʦʚ ɸ. ʀ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ʆʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʬʦʨʤ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʫʯʝʥʠʷ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʝʨʩʦʥʘʣʘ ɻʕʉ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʪʨʝʥʘʞʝʨʦʚ, ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʫʶʪ 

ʥʘʚʳʢʠ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ ʢʘʢ ʚ ʥʦʨʤʘʣʴʥʳʭ ʨʝʞʠʤʘʭ 

ʵʢʩʧʣʫʘʪʘʮʠʠ, ʪʘʢ ʠ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʷʭ. ʇʨʦʛʨʘʤʤʥʳʡ ʪʨʝʥʘʞʝʨ ʤʦʞʝʪ ʤʘʢʩʠʤʘʣʴʥʦ 

ʨʝʘʣʠʩʪʠʯʥʦ ʚʦʩʩʦʟʜʘʪʴ ʭʦʜ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʚʢʣʶʯʘʷ ʠʥʜʠʢʘʮʠʶ, 

ʙʣʦʢʠʨʦʚʢʠ, ʣʦʛʠʢʫ ʨʘʙʦʪʳ ʨʝʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʦʵʪʦʤʫ ʝʛʦ ʨʘʟʨʘʙʦʪʢʘ ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

ɸʚʪʦʨʳ ʫʯʘʩʪʚʫʶʪ ʚ ʨʘʟʨʘʙʦʪʢʝ ʪʨʝʥʘʞʝʨʘ ʜʣʷ ʵʤʫʣʷʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ɻʕʉ ʠ ʨʘʙʦʪʳ ʦʙʱʝʩʪʘʥʮʠʦʥʥʳʭ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʨʘʟʨʘʙʘʪʳʚʘʶʪ ʤʦʜʝʣʴ ʛʠʜʨʦʘʛʨʝʛʘʪʘ (ɻɸ), ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʪ ʠʤʠʪʠʨʦʚʘʪʴ 

ʚʩʝ ʨʝʞʠʤʳ ʝʛʦ ʨʘʙʦʪʳ ʠ ʠʟʤʝʥʷʪʴ ʟʥʘʯʝʥʠʷ ʝʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ 

ʠʥʪʝʨʚʘʣʘʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʝʘʣʴʥʳʤ [1]. 

ʂʘʞʜʦʤʫ ʨʝʞʠʤʫ ʨʘʙʦʪʳ ɻɸ ʠʣʠ ʚʦʟʤʦʞʥʦʡ ʘʚʘʨʠʡʥʦʡ ʩʠʪʫʘʮʠʠ (ʧʫʩʢ/ʦʩʪʘʥʦʚ 

ɻɸ; ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʤʦʪʢʠ ʩʪʘʪʦʨʘ ʛʝʥʝʨʘʪʦʨʘ; ʜʝʡʩʪʚʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʟʘʱʠʪ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʥʘ ʦʩʪʘʥʦʚ ɻɸ ʠ ʪ.ʧ.) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʮʝʥʘʨʠʡ ʦʙʫʯʝʥʠʷ 

ʪʨʝʥʘʞʝʨʘ, ʩʦʜʝʨʞʘʱʠʡ: 

1) ʠʤʠʪʠʨʫʝʤʳʝ ʧʘʨʘʤʝʪʨʳ; 

2) ʜʦʧʫʩʪʠʤʳʝ ʠʥʪʝʨʚʘʣʳ ʠʭ ʠʟʤʝʥʝʥʠʷ; 

3) ʩʦʙʳʪʠʷ, ʧʨʠʚʷʟʘʥʥʳʝ ʢʦ ʚʨʝʤʝʥʠ. 

ɸʚʪʦʨʳ ʧʨʝʜʣʘʛʘʶʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʦʩʪʨʦʝʥʠʝ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ɻɸ ʢʘʢ 

ʟʘʜʘʯʫ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʝʛʨʝʩʩʠʠ. ʇʫʩʪʴ ʟʘʜʘʥʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʦʙʲʝʢʪʦʚ X ʠ ʤʥʦʞʝʩʪʚʦ 

ʚʦʟʤʦʞʥʳʭ ʦʪʚʝʪʦʚ Y. ʉʫʱʝʩʪʚʫʝʪ ʥʝʠʟʚʝʩʪʥʘʷ ʮʝʣʝʚʘʷ ʟʘʚʠʩʠʤʦʩʪʴ , 

ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʦʡ ʠʟʚʝʩʪʥʳ ʪʦʣʴʢʦ ʥʘ ʦʙʲʝʢʪʘʭ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ , 

. ʊʨʝʙʫʝʪʩʷ ʧʦʩʪʨʦʠʪʴ ʘʣʛʦʨʠʪʤ (ʬʫʥʢʮʠʶ ʨʝʛʨʝʩʩʠʠ) a: X Ÿ Y, 

ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʡ ʮʝʣʝʚʫʶ ʟʘʚʠʩʠʤʦʩʪʴ y* [2]. 

ʇʨʠ ʚʳʙʦʨʝ ʤʝʪʦʜʘ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʩʣʝʜʫʶʱʠʝ 

ʬʘʢʪʦʨʳ: 

¶ ʟʘʜʘʯʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ɻɸ ʪʨʝʙʫʝʪ ʘʥʘʣʠʟʘ ʝʩʪʝʩʪʚʝʥʥʦʡ 
ʠʥʬʦʨʤʘʮʠʠ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ: ʦʢʦʣʦ 250-ʪʠ ʧʘʨʘʤʝʪʨʦʚ, ʠʟʤʝʥʝʥʠʷ ʢʦʪʦʨʳʭ 

ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʤʠʣʣʠʩʝʢʫʥʜ; 

¶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ɻɸ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʩʣʦʞʥʳʤʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʟʘʚʠʩʠʤʦʩʪʷʤʠ; 

¶ ʩʦ ʚʨʝʤʝʥʝʤ ʧʨʦʠʩʭʦʜʠʪ ʠʟʥʦʩ ʦʙʦʨʫʜʦʚʘʥʠʷ ɻɸ ʠ ʝʩʪʝʩʪʚʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʝʛʦ 
ʧʘʨʘʤʝʪʨʦʚ.  

ɺ ʢʘʯʝʩʪʚʝ ʩʧʦʩʦʙʘ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʝʛʨʝʩʩʠʠ ʙʳʣ ʚʳʙʨʘʥ 

ʤʝʭʘʥʠʟʤ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ (ʀʅʉ), ʪʘʢ ʢʘʢ: 

¶ ʀʅʉ ʩʧʦʩʦʙʥʳ ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʩʣʦʞʥʳʡ ʚʠʜ ʩʚʷʟʝʡ ʤʝʞʜʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ɻɸ; 

¶ ʚ ʧʨʦʮʝʩʩʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʜʝʣʴ ʩ ʀʅʉ ʩʧʦʩʦʙʥʘ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʠʟʤʝʥʝʥʠʷ, 
ʧʨʦʠʩʭʦʜʷʱʠʝ ʩ ɻɸ, ʠ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʘʚʪʦʤʘʪʠʯʝʩʢʠ; 
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¶ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʚʠʜʝ ʧʨʦʛʨʘʤʤʥʳʭ ʙʠʙʣʠʦʪʝʢ 

ʵʬʬʝʢʪʠʚʥʳʝ ʘʣʛʦʨʠʪʤʳ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʩʝʪʝʡ. 

ʅʘʙʦʨ ʦʙʫʯʘʶʱʠʭ ʜʘʥʥʳʭ ʜʣʷ ʀʅʉ ʬʦʨʤʠʨʫʝʪʩʷ ʧʦ ʠʩʪʦʨʠʯʝʩʢʠʤ ʪʨʝʥʜʘʤ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ɻɸ ɻʕʉ. ɼʣʷ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʩʝʪʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʦʙʨʘʪʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʰʠʙʢʠ.  

ʇʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʝʡ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ɻɸ ʷʚʣʷʝʪʩʷ ʤʦʜʫʣʴ ʨʘʙʦʪʳ ʩ 

ʥʝʡʨʦʥʥʳʤʠ ʩʝʪʷʤʠ (ʨʠʩ. 1).  

 
ʈʠʩ. 1. ʕʢʨʘʥʥʘʷ ʬʦʨʤʘ ʤʦʜʫʣʷ ʨʘʙʦʪʳ ʩ ʥʝʡʨʦʥʥʳʤʠ ʩʝʪʷʤʠ 

ɺ ʵʪʦʤ ʤʦʜʫʣʝ ʜʣʷ ʢʘʞʜʦʛʦ ʩʮʝʥʘʨʠʷ ʧʦ n ʚʭʦʜʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʩʪʨʦʠʪʩʷ n 

ʪʨʝʭʩʣʦʡʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʩ ʧʨʷʤʦʡ ʧʝʨʝʜʘʯʝʡ ʩʠʛʥʘʣʘ, ʪ.ʝ. ʤʦʜʝʣʠʨʫʝʪʩʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʢʘʞʜʦʛʦ ʠʟ n ʧʘʨʘʤʝʪʨʦʚ ʦʪ ʦʩʪʘʣʴʥʳʭ (n-1) ʧʘʨʘʤʝʪʨʦʚ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʤʦʜʫʣʴ ʧʦʜʜʝʨʞʠʚʘʝʪ ʚʳʧʦʣʥʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʬʫʥʢʮʠʡ: 

¶ ʯʪʝʥʠʝ ʠʩʪʦʨʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ ʤʦʜʝʣʠʨʫʝʤʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠʟ 
ʬʘʡʣʦʚ; 

¶ ʧʦʜʛʦʪʦʚʢʘ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ ʜʣʷ ʥʝʡʨʦʩʝʪʠ; 

¶ ʦʙʫʯʝʥʠʝ ʥʝʡʨʦʩʝʪʠ; 

¶ ʧʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʠ ʜʣʷ ʠʤʠʪʘʮʠʠ ʟʥʘʯʝʥʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ɻɸ; 

¶ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ; 

¶ ʧʦʩʪʨʦʝʥʠʝ ʣʠʥʠʡ ʪʨʝʥʜʦʚ ʠʩʭʦʜʥʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʠ ʟʥʘʯʝʥʠʡ, 

ʨʘʩʩʯʠʪʘʥʥʳʭ ʥʝʡʨʦʩʝʪʴʶ; 

¶ ʩʦʭʨʘʥʝʥʠʝ ʠ ʟʘʛʨʫʟʢʘ ʥʝʡʨʦʩʝʪʝʡ ʚ ʩʠʩʪʝʤʫ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʤʦʜʫʣʴ ʚ ʩʦʩʪʘʚʝ ʪʨʝʥʘʞʝʨʘ ʦʧʝʨʘʪʠʚʥʦʛʦ 

ʧʝʨʩʦʥʘʣʘ ʧʦʟʚʦʣʠʪ ʜʣʷ ʢʘʞʜʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ɻɸ ɻʕʉ ʩʪʨʦʠʪʴ ʤʦʜʝʣʴ, ʦʪʨʘʞʘʶʱʫʶ 

ʠʟʤʝʥʝʥʠʷ ʝʛʦ ʧʘʨʘʤʝʪʨʦʚ, ʠ ʧʨʦʚʦʜʠʪʴ ʦʙʫʯʝʥʠʝ ʥʘ ʦʩʥʦʚʝ ʵʪʦʡ ʤʦʜʝʣʠ. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1.ʊʝʭʥʠʯʝʩʢʦʝ ʟʘʜʘʥʠʝ ʥʘ ʪʨʝʥʘʞʝʨ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʦʧʝʨʘʪʠʚʥʦʛʦ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʛʦ 

ʧʝʨʩʦʥʘʣʘ ʉʘʷʥʦ-ʐʫʰʝʥʩʢʦʡ ɻʕʉ ʠʤʝʥʠ ʇ. ʉ. ʅʝʧʦʨʦʞʥʝʛʦ [ʊʝʢʩʪ]. ï ʨ.ʧ. 

ʏʝʨʝʤʫʰʢʠ, 2016. ï 21 ʩ. 

2. ɺʦʨʦʥʮʦʚ ʂ. ɺ. ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʙʫʯʝʥʠʷ ʧʦ ʧʨʝʮʝʜʝʥʪʘʤ [ʕʣʝʢʪʨʦʥʥʳʡ 

ʨʝʩʫʨʩ]. URL: http://www.machinelearning.ru/wiki/index.php?title=ʄʘʰʠʥʥʦʝ_ʦʙʫʯʝʥʠʝ 

_%28ʢʫʨʩ_ʣʝʢʮʠʡ%2C_ʂ.ɺ.ɺʦʨʦʥʮʦʚ%29 (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 30.04.2017). 
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LE SYSTEME AUTOMATISE çJEU DE DACTYLOGRAPHIEè 

ʆʩʠʧʦʚ ɺ. ɸ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

La dactylographie est l'action de saisir un texte sur un clavier. Celui qui pratique la 

dactylographie, en tant que loisir ou m®tier, est un dactylographe. 

Un clavier dôordinateur est une interface homme-machine munie de touches 

permettant ¨ l'utilisateur d'entrer dans l'ordinateur une s®quence de donn®es, notamment 

textuelle. La disposition AZERTY est une disposition sp®cifique des caract¯res de lôalphabet 

latin n®cessaires aux francophones sur les touches de clavier d'ordinateur. LôAZERTY, 

analogue aux dispositions QWERTY anglaise et QWERTZ germanique, est utilis®e avec ses 

propres variantes nationales en France et en Belgique.  

Presque tous les gens qui enseignent fran­ais en Russie ont un probl¯me d'impression 

sur le clavier. Dans nos magasins nous pouvons trouver seulement les clavier avec la 

disposition anglaise QWERTY ou la disposition russe ʁʎʋʂɽʅ. Je confonds les lettres Q & 

A, car leur emplacement est diff®rent dans la disposition QWERTY et dans la disposition 

AZERTY. je suis cr®® le programme qui aide ̈ taper plus vite en francais et ¨ am®liorer vos 

connaissances de la langue fran­aise. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. La dactylographie en 8 semaines. Christiane Zimmerer, Francine Villeneuve, 11 juillet 

2000 
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ʈɸɿʈɸɹʆʊʂɸ ʇʆɼʉʀʉʊɽʄʓ ɺɽɼɽʅʀʗ ɾʋʈʅɸʃʆɺ ʇʈʆɻʈɸʄʄʅʆ-

ɸʇʇɸʈɸʊʅʆɻʆ ʂʆʄʇʃɽʂʉɸ çʇʆɼʒɽʄè 

ʇʝʥʟʠʥ ʂ. ɺ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ɽʜʠʥʘʷ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ (ɽʕʉ) ʈʦʩʩʠʠ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʢʨʫʧʥʝʡʰʠʭ ʚ 

ʤʠʨʝ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʧʨʘʚʣʝʥʠʝ ʝʡ ï ʪʝʭʥʠʯʝʩʢʠ ʩʣʦʞʥʘʷ ʟʘʜʘʯʘ. ɺ 

ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ ɽʕʉ ʈʦʩʩʠʠ ʚʭʦʜʠʪ ʦʢʦʣʦ 700 ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ 

ʤʦʱʥʦʩʪʴʶ ʩʚʳʰʝ 5 ʄɺʪ, ʥʘ ʢʦʪʦʨʳʭ ʝʞʝʜʥʝʚʥʦ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʩʦʪʥʠ ʪʳʩʷʯ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʪʨʝʙʫʶʱʠʭ ʦʧʝʨʘʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʷ. ʋʧʨʘʚʣʝʥʠʝ ɽʕʉ 

ʈʦʩʩʠʠ ʝʜʠʥʦʣʠʯʥʦ ʦʩʫʱʝʩʪʚʣʷʝʪ çʉʠʩʪʝʤʥʳʡ ʦʧʝʨʘʪʦʨ ɽʜʠʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳè (ʉʆ ɽʕʉ). ɺ ʮʝʣʷʭ ʦʙʝʩʧʝʯʝʥʠʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʦʥ ʠʤʝʝʪ 

ʠʝʨʘʨʭʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʜʠʩʧʝʪʯʝʨʩʢʠʭ ʮʝʥʪʨʦʚ (ɼʎ), ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʧʦʣʫʯʝʥʠʝ 

ʠʥʬʦʨʤʘʮʠʠ ʩ ʦʙʲʝʢʪʦʚ ʵʥʝʨʛʝʪʠʢʠ ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʝʸ ʧʝʨʝʜʘʯʫ ʥʘ ʫʨʦʚʝʥʴ 

ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ (ʀɸ). 

ɿʘ ʩʙʦʨ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʩʪʫʧʘʶʱʝʡ ʩ ʜʠʩʧʝʪʯʝʨʩʢʠʭ ʮʝʥʪʨʦʚ, ʠ 

ʦʨʛʘʥʠʟʘʮʠʠ ʝʸ ʭʨʘʥʝʥʠʷ ʥʘ ʫʨʦʚʥʝ ʀɸ ʦʪʚʝʯʘʝʪ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʡ ʢʦʤʧʣʝʢʩ 

(ʇɸʂ) çʇʦʜʲʝʤè, ʚ ʨʘʟʨʘʙʦʪʢʝ ʢʦʪʦʨʦʛʦ ʧʨʠʥʠʤʘʣ ʫʯʘʩʪʠʝ ʘʚʪʦʨ. ʇɸʂ çʇʦʜʲʝʤè 

ʨʝʘʣʠʟʦʚʘʥ ʥʘ ʙʘʟʝ ʪʨʝʭʟʚʝʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ çʢʣʠʝʥʪ ï ʩʝʨʚʝʨ ʧʨʠʣʦʞʝʥʠʡ ï ʙʘʟʘ 

ʜʘʥʥʳʭè. ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʢʦʤʧʣʝʢʩʘ.  

 
ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʇɸʂ çʇʦʜʲʸʤè 

ʇʦʜʩʠʩʪʝʤʘ ʞʫʨʥʘʣʠʨʦʚʘʥʠʷ ʦʪʩʣʝʞʠʚʘʝʪ ʠʟʤʝʥʝʥʠʷ ʚ ʩʦʩʪʦʷʥʠʠ ʨʘʙʦʪʳ 

ʩʠʩʪʝʤʳ ʠ ʬʠʢʩʠʨʫʝʪ ʠʭ ʚ ʙʘʟʝ ʜʘʥʥʳʭ (ɹɼ), ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʦʧʝʨʘʪʠʚʥʦʩʪʴ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʠʩʪʝʤʳ, ʪʘʢ ʢʘʢ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʧʨʦʩʤʦʪʨʝʪʴ ʚʩʝ ʠʟʤʝʥʝʥʠʷ, 

ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʩʠʩʪʝʤʝ, ʘ ʪʘʢʞʝ ʫʟʥʘʪʴ ʠʭ ʠʥʠʮʠʘʪʦʨʦʚ. 

ɺ ʩʠʩʪʝʤʝ ʚʝʜʫʪʩʷ ʪʨʠ ʪʠʧʘ ʞʫʨʥʘʣʦʚ: ʞʫʨʥʘʣ ʟʘʧʨʦʩʦʚ, ʞʫʨʥʘʣ ʠʟʤʝʥʝʥʠʡ ʠ 

ʩʠʩʪʝʤʥʳʡ ʞʫʨʥʘʣ. ɾʫʨʥʘʣ ʟʘʧʨʦʩʦʚ ʧʦʟʚʦʣʷʝʪ ʦʪʩʣʝʞʠʚʘʪʴ ʪʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ 
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ʚʳʧʦʣʥʝʥʠʷ ʟʘʧʨʦʩʦʚ ʜʘʥʥʳʭ ɼʎ. ɺ ʞʫʨʥʘʣʝ ʠʟʤʝʥʝʥʠʡ ʬʠʢʩʠʨʫʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦʙʦ 

ʚʩʝʭ ʠʟʤʝʥʝʥʠʷʭ, ʚʥʦʩʠʤʳʭ ʚ ʩʧʨʘʚʦʯʥʠʢʠ ʩʠʩʪʝʤʳ ʠ ʝʸ ʥʘʩʪʨʦʡʢʠ. ʉʠʩʪʝʤʥʳʡ ʞʫʨʥʘʣ 

ʬʠʢʩʠʨʫʝʪ ʚʘʞʥʳʝ ʩʦʙʳʪʠʷ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʩʠʩʪʝʤʝ, ʥʘʧʨʠʤʝʨ, ʦʰʠʙʢʠ. 

ʇʨʦʩʤʦʪʨ ʞʫʨʥʘʣʦʚ ʜʦʩʪʫʧʝʥ ʯʝʨʝʟ Web-ʠʥʪʝʨʬʝʡʩ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ 

ʘʜʤʠʥʠʩʪʨʘʪʦʨʘʤ. ɾʫʨʥʘʣ ʟʘʧʨʦʩʦʚ ʪʘʢʞʝ ʜʦʩʪʫʧʝʥ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘʤ ʬʠʣʠʘʣʦʚ. 

ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʘʥʠʮʘ ʜʣʷ ʧʨʦʩʤʦʪʨʘ ʞʫʨʥʘʣʘ ʠʟʤʝʥʝʥʠʡ. ɿʜʝʩʴ 

ʧʦʣʴʟʦʚʘʪʝʣʶ ʧʦʤʠʤʦ ʧʦʩʪʨʘʥʠʯʥʦʛʦ ʧʨʦʩʤʦʪʨʘ ʞʫʨʥʘʣʘ ʜʦʩʪʫʧʥʳ: ʟʘʛʨʫʟʢʘ ʞʫʨʥʘʣʘ 

ʥʘ ʢʦʤʧʴʶʪʝʨ ʥʘʞʘʪʠʝʤ ʥʘ ʢʥʦʧʢʫ çʕʢʩʧʦʨʪè; ʬʠʣʴʪʨʘʮʠʷ ʚʳʚʦʜʠʤʳʭ ʥʘ ʵʢʨʘʥ 

ʟʘʧʠʩʝʡ ʞʫʨʥʘʣʘ ʧʦʩʨʝʜʩʪʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʘʥʝʣʠ ʬʠʣʴʪʨʘʮʠʠ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘʜ 

ʞʫʨʥʘʣʦʤ; ʫʧʨʘʚʣʝʥʠʝ ʩʪʨʘʥʠʮʘʤʠ, ʚʢʣʶʯʘʶʱʝʝ ʟʘʜʘʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʟʘʧʠʩʝʡ ʥʘ 

ʩʪʨʘʥʠʮʝ ʞʫʨʥʘʣʘ ʠ ʧʝʨʝʤʝʱʝʥʠʝ ʤʝʞʜʫ ʩʪʨʘʥʠʮʘʤʠ. ɸʥʘʣʦʛʠʯʥʫʶ ʩʪʨʫʢʪʫʨʫ ʠʤʝʶʪ 

ʩʪʨʘʥʠʮʳ ʜʣʷ ʧʨʦʩʤʦʪʨʘ ʞʫʨʥʘʣʘ ʟʘʧʨʦʩʦʚ ʠ ʩʠʩʪʝʤʥʦʛʦ ʞʫʨʥʘʣʘ. 

 
ʈʠʩ. 2. ʉʪʨʘʥʠʮʘ ʧʨʦʩʤʦʪʨʘ ʞʫʨʥʘʣʘ ʠʟʤʝʥʝʥʠʡ 

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʨʘʟʨʘʙʦʪʘʥʦ ʜʣʷ IBM-ʩʦʚʤʝʩʪʠʤʳʭ ʢʦʤʧʴʶʪʝʨʦʚ, 

ʨʘʙʦʪʘʶʱʠʭ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ Windows 7 Professional, ʚ ʩʨʝʜʝ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Microsoft Visual Studio 2015 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ 

ASP.NET, ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʉ# ʠ TypeScript. ɺ ʢʘʯʝʩʪʚʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʙʘʟʘʤʠ ʜʘʥʥʳʭ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ Microsoft SQL Server 2014. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ɽʜʠʥʘʷ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʈʦʩʩʠʠ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. URL: http://so-ups.ru/ 

(ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 15.05.2017). 
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ʋʏɽʊ ʂʃʀɽʅʊʆɺ ʄɽɼʀʎʀʅʉʂʆʁ ʉʊʈɸʍʆɺʆʁ ʂʆʄʇɸʅʀʀ 

ʇʝʥʟʠʥʘ ɽ. ʂ., ʃʸʟʠʥ ʀ. ɸ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʜʣʷ ʩʪʨʘʭʦʚʳʭ ʢʦʤʧʘʥʠʡ ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤʠ ʥʘ 

ʨʳʥʢʝ IT ʷʚʣʷʶʪʩʷ ʧʨʠʣʦʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʘʚʪʦʤʘʪʠʟʠʨʫʶʪ ʧʨʦʮʝʩʩʳ ʧʦʣʫʯʝʥʠʷ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ʊʘʢʠʝ ʩʠʩʪʝʤʳ ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘʟʳʚʘʶʪʩʷ ʥʘ ʫʧʨʘʚʣʝʥʠʠ 

ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘʤʠ ʠ ʦʭʚʘʪʳʚʘʶʪ ʚʩʝ ʥʘʧʨʘʚʣʝʥʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʪʨʘʭʦʚʦʡ ʢʦʤʧʘʥʠʠ. 

ʉʦʟʜʘʥʠʝ ʪʘʢʦʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʦʣʝʝ 

ʫʜʦʙʥʦʡ ʨʘʙʦʪʳ ʩ ʢʣʠʝʥʪʘʤʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʩʝ ʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʧʦʣʫʯʘʶʪ WEB-ʧʨʠʣʦʞʝʥʠʷ ʠʟ-ʟʘ ʧʨʦʩʪʦʪʳ ʚ ʫʩʪʘʥʦʚʢʝ, ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʢʦʣʠʯʝʩʪʚʘ 

ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ. ʅʘʣʠʯʠʝ ʧʦʜʦʙʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ 

ʥʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ, ʯʪʦʙʳ ʨʘʙʦʪʘ ʧʦ ʘʥʘʣʠʟʫ ʠ ʦʙʨʘʙʦʪʢʝ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʜʘʥʥʳʭ ʦ 

ʢʣʠʝʥʪʘʭ ʚʳʧʦʣʥʷʣʘʩʴ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʫʯʝʪʘ ʢʣʠʝʥʪʦʚ 

ʤʝʜʠʮʠʥʩʢʦʡ ʩʪʨʘʭʦʚʦʡ ʢʦʤʧʘʥʠʠ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʝʡ ʫʜʦʙʥʳʝ ʩʨʝʜʩʪʚʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʣʠʝʥʪʘʭ ʠ ʤʝʜʠʮʠʥʩʢʠʭ ʫʯʨʝʞʜʝʥʠʷʭ, ʧʨʦʩʤʦʪʨʘ ʠʩʪʦʨʠʠ ʦʙʨʘʱʝʥʠʷ ʚ 

ʤʝʜʠʮʠʥʩʢʠʝ ʫʯʨʝʞʜʝʥʠʷ, ʩʧʠʩʢʘ ʞʘʣʦʙ, ʧʦʩʪʘʚʣʝʥʥʳʭ ʜʠʘʛʥʦʟʦʚ ʠ ʚʳʧʠʩʘʥʥʳʭ 

ʨʝʮʝʧʪʦʚ ʠ ʦʙʱʫʶ ʩʫʤʤʫ ʟʘʪʨʘʯʝʥʥʳʭ ʥʘ ʣʝʯʝʥʠʝ ʩʨʝʜʩʪʚ. 

ɼʣʷ ʧʨʦʩʤʦʪʨʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʣʠʝʥʪʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʚʠʜʦʚ 

ʵʢʨʘʥʥʳʭ ʬʦʨʤ: 

- ʛʣʘʚʥʘʷ ʩʪʨʘʥʠʮʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʠʟ ʩʝʙʷ ʪʘʙʣʠʮʫ, ʚ ʢʦʪʦʨʦʡ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʦʩʥʦʚʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʢʣʠʝʥʪʝ (ʧʘʩʧʦʨʪʥʳʝ ʜʘʥʥʳʝ, ʩʪʨʘʭʦʚʦʡ 

ʥʦʤʝʨ, ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʱʝʥʠʡ ʚ ʤʝʜʫʯʨʝʞʜʝʥʠʷ ʠ ʪ.ʜ.); 

- ʩʪʨʘʥʠʮʘ, ʦʪʦʙʨʘʞʘʶʱʘʷ ʠʥʬʦʨʤʘʮʠʶ ʦ ʢʦʥʢʨʝʪʥʦʤ ʢʣʠʝʥʪʝ, ʥʘ ʢʦʪʦʨʫʶ 

ʚʳʚʦʜʠʪʩʷ ʠʩʪʦʨʠʷ ʧʦʩʝʱʝʥʠʷ ʤʝʜʠʮʠʥʩʢʠʭ ʫʯʨʝʞʜʝʥʠʡ, ʧʦʜʨʦʙʥʘʷ ʠʥʬʦʨʤʘʮʠʷ 

ʦ ʞʘʣʦʙʘʭ, ʧʦʩʪʘʚʣʝʥʥʳʭ ʜʠʘʛʥʦʟʘʭ, ʚʳʧʠʩʘʥʥʳʭ ʨʝʮʝʧʪʘʭ ʠ ʦʢʘʟʘʥʥʳʭ ʫʩʣʫʛʘʭ, ʘ 

ʪʘʢʞʝ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʟʘʪʨʘʪʳ ʥʘ ʣʝʯʝʥʠʝ ʠ ʧʨʦʮʝʥʪ ʨʠʩʢʘ ʧʦʚʪʦʨʥʦʛʦ ʦʙʨʘʱʝʥʠʷ 

ʚ ʢʣʠʥʠʢʫ. 

ɼʣʷ ʧʨʦʩʤʦʪʨʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʤʝʜʠʮʠʥʩʢʠʭ ʫʯʨʝʞʜʝʥʠʷʭ ʪʘʢʞʝ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʜʚʘ ʘʥʘʣʦʛʠʯʥʳʭ ʚʠʜʘ ʵʢʨʘʥʥʳʭ ʬʦʨʤ. 

ʇʨʠʥʮʠʧʠʘʣʴʥʳʤ ʦʪʣʠʯʠʝʤ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʦʪ ʤʥʦʞʝʩʪʚʘ ʘʥʘʣʦʛʦʚ ʥʘ ʨʳʥʢʝ 

ʷʚʣʷʝʪʩʷ ʧʨʠʥʮʠʧ ʧʦʣʥʦʡ ʟʘʛʨʫʟʢʠ ʠʥʬʦʨʤʘʮʠʠ ʚ ʙʨʘʫʟʝʨ ʢʣʠʝʥʪʘ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʥʠʞʘʝʪ ʧʦʩʣʝʜʫʶʱʝʝ ʚʨʝʤʷ ʦʙʨʘʱʝʥʠʷ ʢ ʜʘʥʥʳʤ ʠ ʥʘʛʨʫʟʢʫ ʥʘ ʩʝʨʚʝʨ ʚ ʫʩʣʦʚʠʷʭ ʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʧʦʩʪʘʚʠʣ 

ʤʥʦʞʝʩʪʚʦ ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʝʨʝʜʘʯʝʡ ʠ ʭʨʘʥʝʥʠʝʤ ʦʛʨʦʤʥʦʛʦ 

ʦʙʲʝʤʘ ʜʘʥʥʳʭ ʥʘ ʢʣʠʝʥʪʝ. ʇʦʵʪʦʤʫ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʨʘʙʦʪʢʠ ʨʝʰʘʣʠʩʴ ʚʦʧʨʦʩʳ 

ʤʠʥʠʤʠʟʘʮʠʠ ʧʘʤʷʪʠ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʷ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ, ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʦʙʱʝʡ 

ʩʢʦʨʦʩʪʠ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʩʠʩʪʝʤʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʰʠʨʦʢʠʡ ʥʘʙʦʨ ʩʨʝʜʩʪʚ ʜʣʷ ʙʳʩʪʨʦʛʦ ʧʦʠʩʢʘ, ʧʨʦʩʤʦʪʨʘ ʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʦ ʢʣʠʝʥʪʘʭ ʠ 

ʤʝʜʠʮʠʥʩʢʠʭ ʫʯʨʝʞʜʝʥʠʷʭ, ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʘʷ ʨʘʙʦʪʫ ʩʪʨʘʭʦʚʦʡ ʢʦʤʧʘʥʠʠ. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. Bretet, A. Spring MVC Cookbook [ʊʝʢʩʪ]/ A. Bretet.ï Packt Publishing, 2016. ï 466c. 
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ʄʆɼɽʈʅʀɿɸʎʀʗ  ʇʆɼʉʀʉʊɽʄʓ ʋʇʈɸɺʃɽʅʀʗ ɺʀʈʊʋɸʃʔʅʓʄ 

ʇʈʆʉʊʈɸʅʉʊɺʆʄ ɺ ɼʀʉʊɸʅʎʀʆʅʅʆʁ ʆɹʋʏɸʖʑɽʁ  

ʉʀʉʊɽʄɽ ç3DUCATIONè 

ʇʠʣʴʛʠʥʠʥ ʀ. ʄ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ç3Ducationè ï ʵʪʦ ʜʠʩʪʘʥʮʠʦʥʥʘʷ ʦʙʫʯʘʶʱʘʷ ʩʠʩʪʝʤʘ, ʨʘʟʨʘʙʘʪʳʚʘʝʤʘʷ 

ʩʪʫʜʝʥʪʘʤʠ ʬʘʢʫʣʴʪʝʪʘ ʠʥʬʦʨʤʘʪʠʢʠ ʉʘʤʘʨʩʢʦʛʦ ʋʥʠʚʝʨʩʠʪʝʪʘ ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ 

ʧʦʜʛʦʪʦʚʢʠ ʰʢʦʣʴʥʠʢʦʚ ʩʪʘʨʰʠʭ ʢʣʘʩʩʦʚ ʢ ɽɻʕ ʧʦ ʨʘʟʣʠʯʥʳʤ ʧʨʝʜʤʝʪʘʤ. ʆʥʘ 

ʚʳʧʦʣʥʝʥʘ ʚ ʚʠʜʝ ʪʨʸʭʤʝʨʥʦʡ ʠʛʨʳ ʩ ʧʨʠʩʫʱʠʤʠ ʚʠʜʝʦ-ʠʛʨʘʤ ʦʩʦʙʝʥʥʦʩʪʷʤʠ, ʪʘʢʠʤʠ 

ʢʘʢ ʠʛʨʦʚʳʝ ʜʦʩʪʠʞʝʥʠʷ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʠʥʪʝʨʝʩ ʢ ʧʨʦʭʦʞʜʝʥʠʶ ʫ ʦʙʫʯʘʶʱʠʭʩʷ. 

ʂʣʠʝʥʪʩʢʘʷ ʯʘʩʪʴ ʩʠʩʪʝʤʳ ʩʦʟʜʘʥʘ ʥʘ ʠʛʨʦʚʦʤ ʜʚʠʞʢʝ Unity, ʜʦʩʪʫʧ ʢ 

ʚʠʨʪʫʘʣʴʥʦʤʫ ʤʠʨʫ ʜʦ ʧʦʩʣʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʯʝʨʝʟ ʙʨʘʫʟʝʨ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʣʘʛʠʥʘ UnityWebPlayer (ʘ ʪʘʢʞʝ ʯʝʨʝʟ ʤʦʙʠʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, 

ʨʘʙʦʪʘʶʱʠʝ ʥʘ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ iOS ʠ Android). ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʦʪ API, ʩ 

ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʧʣʘʛʠʥ ʠʥʪʝʛʨʠʨʦʚʘʣʩʷ ʚ ʙʨʘʫʟʝʨʳ, ʨʘʟʨʘʙʦʪʯʠʢʠ ʧʦʩʣʝʜʥʠʭ 

ʦʪʢʘʟʘʣʠʩʴ, ʩʦʟʜʘʪʝʣʠ ʜʚʠʞʢʘ Unity ʨʝʰʠʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ WebGL ï ʧʨʦʛʨʘʤʤʥʫʶ 

ʙʠʙʣʠʦʪʝʢʫ ʜʣʷ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ JavaScript, ʧʦʟʚʦʣʷʶʱʫʶ ʩʦʟʜʘʚʘʪʴ ʥʘ 

JavaScript ʠʥʪʝʨʘʢʪʠʚʥʫʶ 3D-ʛʨʘʬʠʢʫ [1]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʩʪʘʣʘ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʘ 

ʤʦʜʠʬʠʢʘʮʠʠ ʢʣʠʝʥʪʩʢʦʡ ʯʘʩʪʠ ʩʠʩʪʝʤʳ, ʯʪʦʙʳ ʦʥʘ ʤʦʛʣʘ ʟʘʧʫʩʢʘʪʴʩʷ ʚ ʣʶʙʦʤ 

ʙʨʘʫʟʝʨʝ. 

ɺʠʨʪʫʘʣʴʥʳʡ ʤʠʨ ʩʠʩʪʝʤʳ ʛʝʥʝʨʠʨʫʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʢʫʨʩʘ, ʢʦʪʦʨʳʡ ʦʙʫʯʘʶʱʠʡʩʷ 

ʚʳʙʠʨʘʝʪ ʚ ʥʘʯʘʣʝ ʩʝʘʥʩʘ ʠʛʨʳ. ʉʪʨʫʢʪʫʨʘ ʢʫʨʩʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʝʨʝʚʦ, ʢʦʨʥʝʤ 

ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʩʘʤ ʢʫʨʩ, ʦʥ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʥʝʩʢʦʣʴʢʦ ʪʝʤ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ 

ʩʦʜʝʨʞʠʪ ʣʝʢʮʠʠ ʠ ʟʘʜʘʥʠʷ. ɺʠʨʪʫʘʣʴʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʯʘʩʪʝʡ: 

ʩʪʘʪʠʯʝʩʢʦʡ ï ʛʣʘʚʥʳʡ ʭʦʣʣ, ʚ ʢʦʪʦʨʦʤ ʚʳʙʠʨʘʝʪʩʷ ʢʫʨʩ, ʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ï ʵʪʦ 

ʦʩʪʘʣʴʥʘʷ ʯʘʩʪʴ ʚʠʨʪʫʘʣʴʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʢʦʪʦʨʘʷ ʩʦʟʜʘʸʪʩʷ ʠʟ ʯʘʩʪʝʡ-ʰʘʙʣʦʥʦʚ 

ʢʦʤʥʘʪ ʚ ʧʨʦʮʝʩʩʝ ʟʘʛʨʫʟʢʠ ʚʩʝʛʦ ʢʫʨʩʘ. ʇʨʠ ʩʦʟʜʘʥʠʠ ʚʠʨʪʫʘʣʴʥʦʛʦ ʤʠʨʘ ʚ ʩʠʩʪʝʤʫ 

ʟʘʛʨʫʞʘʣʠʩʴ ʚʩʝ ʜʘʥʥʳʝ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʥʝ ʙʳʪʴ ʚʦʩʪʨʝʙʦʚʘʥʳ ʚ ʪʝʯʝʥʠʝ ʦʜʥʦʛʦ ʩʝʘʥʩʘ 

ʧʦʣʴʟʦʚʘʪʝʣʷ.  

ʀʟ-ʟʘ ʪʦʛʦ ʯʪʦ ʢʫʨʩ ʤʦʞʝʪ ʙʳʪʴ ʙʦʣʴʰʠʤ ʠ ʠʟ-ʟʘ ʧʝʨʝʭʦʜʘ ʥʘ WebGL (ʪʘʢ ʢʘʢ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʠ ʥʝ ʦʯʝʥʴ ʚʳʩʦʢʘ), ʘʚʪʦʨʦʤ ʙʳʣʦ ʨʝʰʝʥʦ ʦʪʢʘʟʘʪʴʩʷ ʦʪ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʟʜʘʥʠʷ ʤʠʨʘ, ʚʟʘʤʝʥ ʩʦʟʜʘʪʴ ʘʚʪʦʥʦʤʥʳʝ ʢʦʤʥʘʪʳ ʜʣʷ ʢʫʨʩʘ, ʪʝʤʳ ʠ 

ʢʘʞʜʦʛʦ ʚʠʜʘ ʟʘʜʘʥʠʡ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʧʦʜʛʨʫʞʘʪʴʩʷ ʚ ʩʠʩʪʝʤʫ ʪʦʣʴʢʦ ʚ ʤʦʤʝʥʪ ʠʭ 

ʚʳʙʦʨʘ. ʊʝʧʝʨʴ ʚ ʢʦʤʥʘʪʝ ʢʫʨʩʘ ʥʘʭʦʜʠʪʩʷ ʪʝʨʤʠʥʘʣ, ʥʘ ʢʦʪʦʨʦʤ ʤʦʞʥʦ ʚʳʙʨʘʪʴ 

ʠʥʪʝʨʝʩʫʶʱʫʶ ʪʝʤʫ, ʠ ʪʦʣʴʢʦ ʦʜʠʥ ʧʦʨʪʘʣ, ʚʝʜʫʱʠʡ ʚ ʢʦʤʥʘʪʫ ʪʝʤʳ. ʂʦʤʥʘʪʘ ʪʝʤʳ 

ʠʤʝʝʪ ʘʥʘʣʦʛʠʯʥʳʡ ʚʠʜ, ʚ  ʥʝʡ  ʚʳʙʠʨʘʶʪʩʷ ʟʘʜʘʥʠʝ ʠʣʠ ʣʝʢʮʠʷ. 

ʇʦʜʩʠʩʪʝʤʘ ʙʳʣʘ ʠʥʪʝʛʨʠʨʦʚʘʥʘ ʚ ʦʙʱʫʶ ʩʪʨʫʢʪʫʨʫ ʜʠʩʪʘʥʮʠʦʥʥʦʡ ʦʙʫʯʘʶʱʝʡ 

ʩʠʩʪʝʤʳ, ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʝʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ. 

ʈʘʟʨʘʙʦʪʢʘ ʚʝʣʘʩʴ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʉ# ʚ ʩʨʝʜʝ Visual Studio 2015 ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ASP.NET MVC Framework 4, ʜʚʠʞʢʘ Unity3D 5.5.1, 3D-

ʨʝʜʘʢʪʦʨʘ Blender 2.78. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. WebGL [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] // ɺʠʢʠʧʝʜʠʷ: ʵʣʝʢʪʨʦʥ. ʵʥʮʠʢʣʦʧʝʜʠʷ. 2001-2017. 

URL: https://ru.wikipedia.org/wiki/WebGL (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 20.05.2017). 

  

https://ru.wikipedia.org/wiki/JavaScript
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʄɽʊʆɼʆɺ ʉʊɸʊʀʉʊʀʏɽʉʂʆɻʆ ɸʅɸʃʀɿɸ ɼʃʗ ʇʆʀʉʂɸ 

ɸʅʆʄɸʃʀʁ ɺ ʉɽʊɽɺʆʄ ʊʈɸʌʀʂɽ 

ʇʣʘʪʦʥʦʚʘ ɸ. ɺ., ɹʝʣʦʫʩʦʚ ɸ. ɸ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ʆʙʥʘʨʫʞʝʥʠʝ ʘʥʦʤʘʣʠʡ ʦʪʥʦʩʠʪʩʷ ʢ ʟʘʜʘʯʝ ʧʦʠʩʢʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚ ʜʘʥʥʳʭ, 

ʢʦʪʦʨʳʝ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʞʠʜʘʝʤʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. ɺ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ 

ʧʨʠʤʝʥʝʥʠʷ ʵʪʠ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʯʘʩʪʦ ʥʘʟʳʚʘʶʪ ʘʥʦʤʘʣʠʷʤʠ, ʚʳʙʨʦʩʘʤʠ, 

ʠʩʢʣʶʯʝʥʠʷʤʠ, ʘʙʝʨʨʘʮʠʷʤʠ, ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʠʣʠ ʰʫʤʦʤ. 

ʉʝʪʝʚʦʡ ʪʨʘʬʠʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʛʨʦʤʥʳʡ ʦʙʲʝʤ ʜʘʥʥʳʭ, ʧʝʨʝʜʘʚʘʝʤʳʭ 

ʯʝʨʝʟ ʢʦʤʧʴʶʪʝʨʥʫʶ ʩʝʪʴ ʟʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ. ɸʥʦʤʘʣʠʷʤʠ ʷʚʣʷʶʪʩʷ 

ʥʝʦʙʳʯʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʪʨʘʬʠʢʝ ʩʝʪʠ. ʊʘʢʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʷʚʣʷʶʪʩʷ ʨʝʟʢʠʝ 

ʠʟʤʝʥʝʥʠʷ ʦʙʲʝʤʘ ʪʨʘʬʠʢʘ, ʟʘʤʝʥʳ IP - ʘʜʨʝʩʘ ʠʩʪʦʯʥʠʢʘ, ʘʜʨʝʩʘ ʥʘʟʥʘʯʝʥʠʷ, ʥʦʤʝʨʦʚ 

ʧʦʨʪʦʚ ʠ ʧʨʦʯʝʝ [1]. 

ʇʨʠʯʠʥʘʤʠ ʘʥʦʤʘʣʠʡ ʤʦʛʫʪ ʩʣʫʞʠʪʴ: 

- ʜʝʷʪʝʣʴʥʦʩʪʴ ʟʣʦʫʤʳʰʣʝʥʥʠʢʦʚ; 

- ʥʝʢʦʤʧʝʪʝʥʪʥʦʩʪʴ ʠ ʦʰʠʙʢʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ; 

- ʥʝʠʩʧʨʘʚʥʦʩʪʴ ʘʧʧʘʨʘʪʫʨʳ;  

- ʧʦʚʨʝʞʜʝʥʠʝ ʢʘʥʘʣʦʚ ʩʚʷʟʠ;  

ï ʜʝʬʝʢʪʳ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 

ʉʠʩʪʝʤʘ ʜʦʣʞʥʘ ʙʳʪʴ ʚ ʩʦʩʪʦʷʥʠʠ ʦʙʥʘʨʫʞʠʪʴ ʚʨʝʜʦʥʦʩʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʝʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʤʦʞʥʦ ʙʳʣʦ ʧʨʝʜʧʨʠʥʷʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʜʝʡʩʪʚʠʷ ʧʦ ʝʝ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ. ʊʘʢʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʫʚʝʣʠʯʠʚʘʶʱʠʤʩʷ 

ʪʝʤʧʦʤ ʨʦʩʪʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʫʱʝʨʙʘ, ʧʨʠʯʠʥʝʥʥʦʛʦ ʫʤʳʰʣʝʥʥʦ 

ʠʣʠ ʥʝʫʤʳʰʣʝʥʥʦ ʘʪʘʢʘʤʠ, ʦʰʠʙʢʘʤʠ, ʜʝʬʝʢʪʘʤʠ ʠ ʧʨʦʯʠʤ [2]. ɸʥʘʣʠʟ ʩʝʪʝʚʦʛʦ 

ʪʨʘʬʠʢʘ ʜʦʣʞʝʥ ʧʨʦʭʦʜʠʪʴ ʪʦʯʥʦ ʠ ʙʳʩʪʨʦ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʯʪʦʙʳ 

ʦʙʝʩʧʝʯʠʪʴ ʤʛʥʦʚʝʥʥʫʶ ʨʝʘʢʮʠʶ ʥʘ ʢʘʢʠʝ-ʣʠʙʦ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʚ ʩʝʪʠ. ʇʨʘʚʠʣʴʥʘʷ 

ʦʨʛʘʥʠʟʘʮʠʷ ʨʘʙʦʪʳ ʩ ʪʨʘʬʠʢʦʤ ʧʦʤʦʛʘʝʪ ʚ ʧʦʜʜʝʨʞʢʝ ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʜʘʥʥʦʡ 

ʩʝʪʠ. 

ʀʩʩʣʝʜʦʚʘʣʠʩʴ ʤʝʪʦʜ k-means ʠ ʪʝʭʥʦʣʦʛʠʷ ʛʠʙʨʠʜʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʩʦʙʳʪʠʡ. 

ʄʝʪʦʜ k-means ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʧʨʦʩʪʳʭ ʘʣʛʦʨʠʪʤʦʚ 

ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʦʙʫʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʨʝʰʘʶʪ ʧʨʦʙʣʝʤʫ ʢʣʘʩʪʝʨʠʟʘʮʠʠ. ʄʝʪʦʜ 

ʢʣʘʩʩʠʬʠʮʠʨʫʝʪ ʠ ʛʨʫʧʧʠʨʫʝʪ ʦʙʲʝʢʪʳ ʚ K ʛʨʫʧʧ. ɻʨʫʧʧʠʨʦʚʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ 

ʤʠʥʠʤʠʟʘʮʠʠ ʩʫʤʤʳ ʢʚʘʜʨʘʪʦʚ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʜʘʥʥʳʤʠ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ 

ʮʝʥʪʨʦʤ ʢʣʘʩʪʝʨʘ. 

ʊʝʭʥʦʣʦʛʠʷ ʛʠʙʨʠʜʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʩʦʙʳʪʠʡ ʩʦʩʪʦʠʪ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ 

ʠʟʚʣʝʯʝʥʠʠ ʟʥʘʥʠʡ ʠʟ ʩʦʚʦʢʫʧʥʦʩʪʠ ʜʘʥʥʳʭ ʧʫʪʝʤ ʦʙʥʘʨʫʞʝʥʠʷ ʚʳʩʦʢʦʚʝʨʦʷʪʥʳʭ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠ ʧʦʩʣʝʜʫʶʱʠʤ ʦʙʥʘʨʫʞʝʥʠʝʤ ʥʘʨʫʰʝʥʠʡ ʵʪʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ. 

ɺʳʩʦʢʦʚʝʨʦʷʪʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʦʧʨʝʜʝʣʷʶʪ ʥʦʨʤʘʣʴʥʦʝ ʪʝʯʝʥʠʝ ʩʦʙʳʪʠʡ, ʘ 

ʥʘʨʫʰʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ï ʘʥʦʤʘʣʴʥʦʝ: ʘʪʘʢʫ, ʞʫʣʴʥʠʯʝʩʢʦʝ ʠʣʠ ʚʨʝʜʦʥʦʩʥʦʝ 

ʪʝʯʝʥʠʝ ʩʦʙʳʪʠʡ. ɺʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʵʪʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʙʥʘʨʫʞʝʥʠʷ ʥʦʚʳʭ, ʥʝ ʚʩʪʨʝʯʘʚʰʠʭʩʷ ʨʘʥʝʝ ʘʪʘʢ. ɼʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʥʦʚʳʭ ʘʪʘʢ ʥʝ 

ʪʨʝʙʫʝʪʩʷ ʥʘʣʠʯʠʷ ʦʙʫʯʘʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ, ʪ. ʝ. ʥʘʣʠʯʠʷ ʫʞʝ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 

ʥʘʙʦʨʘ ʘʪʘʢ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʨʦʜʘ, ʢʘʢ ʵʪʦ ʪʨʝʙʫʝʪʩʷ ʜʣʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ [3]. 
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ɺ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʠʩʢʫʩʩʪʚʝʥʥʦ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʫʪʠʣʠʪʳ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʪʨʘʬʠʢʘ Cat 

KARAT ʩʝʪʝʚʳʝ ʪʨʘʬʠʢʠ ʠ ʥʘʙʦʨ ʜʘʥʥʳʭ KDD Cup 1999 Data. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʜʚʫʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʤʝʪʦʜʦʚ ʜʣʷ 

ʠʩʢʫʩʩʪʚʝʥʥʦ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʪʨʘʬʠʢʦʚ ʦʪʣʠʯʘʶʪʩʷ ʩʠʣʴʥʝʝ, ʯʝʤ ʜʣʷ ʨʝʘʣʴʥʳʭ. 

ʂʘʞʜʳʡ ʠʟ ʧʷʪʠ ʪʨʘʬʠʢʦʚ ʩʦʜʝʨʞʘʣ ʠʥʬʦʨʤʘʮʠʶ ʦ 10000 ʧʘʢʝʪʦʚ. ɺ ʪʘʙʣʠʮʝ 1 

ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ʊʘʙʣʠʮʘ 1. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʅʦʤʝʨ 

ʵʢʩʧʝʨʠʤʝʥʪʘ 

ɺʩʝʛʦ 

ʧʘʢʝʪʦʚ 

ɺʩʝʛʦ 

ʘʥʦʤʘʣʴʥʳʭ 

ʧʘʢʝʪʦʚ 

ʄʝʪʦʜ 

ʂʦʣʠʯʝʩʪʚʦ 

ʥʘʡʜʝʥʥʳʭ 

ʘʥʦʤʘʣʴʥʳʭ 

ʧʘʢʝʪʦʚ 

ʂʦʣʠʯʝʩʪʚʦ 

ʥʘʡʜʝʥʥʳʭ 

ʘʥʦʤʘʣʴʥʳʭ 

ʧʘʢʝʪʦʚ, % 

1 

10000 

496 
k-means 342 69 

ɻʂʉ 496 100 

2 1834 
k-means 1830 99,8 

ɻʂʉ 1834 100 

3 5026 
k-means 4987 99,2 

ɻʂʉ 5034 100,2 

4 6321 
k-means 6212 98,3 

ɻʂʉ 6261 99,1 

5 9940 
k-means 9945 100,05 

ɻʂʉ 9895 99,6 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʩʪʦʠʪ ʩʢʘʟʘʪʴ, ʯʪʦ ʦʙʘ ʤʝʪʦʜʘ ʧʨʝʢʨʘʩʥʦ ʩʧʨʘʚʠʣʠʩʴ ʩ 

ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʝʡ, ʥʝʩʤʦʪʨʷ ʥʘ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʩʝʚʜʦʘʥʦʤʘʣʠʡ, ʚʦʟʥʠʢʰʠʭ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʤʝʪʦʜʘ k-means. 

ʄʝʪʦʜ k-means ʧʦʢʘʟʘʣ ʧʣʦʭʦʡ ʨʝʟʫʣʴʪʘʪ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʩ ʥʝʙʦʣʴʰʠʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʘʥʦʤʘʣʴʥʳʭ ʧʘʢʝʪʦʚ, ʥʝ ʥʘʡʜʷ 31% ʘʥʦʤʘʣʠʡ. ʊʝʭʥʦʣʦʛʠʷ ʛʠʙʨʠʜʥʦʡ 

ʢʦʨʨʝʣʷʮʠʠ ʩʦʙʳʪʠʡ ʧʦʢʘʟʘʣʘ ʭʦʨʦʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʚʦ ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʥʘʡʜʷ ʦʢʦʣʦ 

100% ʘʥʦʤʘʣʠʡ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ 

Spark Streaming ʦʙʘ ʤʝʪʦʜʘ ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʨʘʙʦʪʳ. 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ʆʣʘʜʴʢʦ ɺ. ʉ. ʇʨʠʯʠʥʳ ʠ ʠʩʪʦʯʥʠʢʠ ʩʝʪʝʚʳʭ ʘʥʦʤʘʣʠʡ [ʊʝʢʩʪ]/ ɺ. ʉ. ʆʣʘʜʴʢʦ, 

ʉ. ʖ. ʄʠʢʦʚʘ, ʄ. ɸ. ʅʝʩʪʝʨʝʥʢʦ, ɽ. ɸ. ʉʘʜʦʚʥʠʢ. ð ʄ.: ʄʦʣʦʜʦʡ ʫʯʝʥʳʡ, 2015. ð 160 

ʩ. 

2. ʆʪʯʸʪ ʦʙ ʫʪʝʯʢʘʭ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ 2015 ʛʦʜʫ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. 

ð URL: http://www.zecurion.ru/press/analytics/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 5.05.2016). 

3. ɺʠʪʷʝʚ ɽ.ɽ. ʆʙʥʘʨʫʞʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʘʥʦʤʘʣʴʥʳʭ ʩʦʙʳʪʠʡ ʚ 

ʧʦʪʦʢʝ ʜʘʥʥʳʭ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ [ʊʝʢʩʪ] / ɽ. ɽ. ɺʠʪʷʝʚ, ɹ. ʗ. ʂʦʚʘʣʝʨʯʫʢ, 

ɸ. ʄ. ʌʝʜʦʪʦʚ, ɺ. ɹ. ɹʘʨʘʭʥʠʥ, ɼ. ʉ. ɼʫʨʜʠʥ, ʉ. ɼ. ɹʝʣʦʚ, ɸ. ɺ. ɼʝʤʠʥ. // ɺʝʩʪʥʠʢ 

ʅʦʚʦʩʠʙʠʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ð ʅʦʚʦʩʠʙʠʨʩʢ, 2008. ð ʊ.6, ʚʳʧ.2. 

ð ʉ.57-68. 
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ɺʓɹʆʈ ʄɸʊɽʄɸʊʀʏɽʉʂʀʍ ʄʆɼɽʃɽʁ ɺʈɽʄɽʅʅʓʍ ʈʗɼʆɺ 

ɼʃʗ ʈɸʉʇʆɿʅɸɺɸʅʀʗ ʅɽʐʊɸʊʅʆʁ ʉʀʊʋɸʎʀʀ 

ʅɸ ɹʆʈʊʋ ʂʆʉʄʀʏɽʉʂʆɻʆ ʂʆʈɸɹʃʗ 

ʇʨʦʮʝʥʢʦ ɼ. ɸ., ʉʠʤʦʥʦʚʘ ɽ. ɺ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʝʜʫʪʩʷ ʨʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ 

ʢʦʥʪʨʦʣʷ ʩʦʩʪʦʷʥʠʷ (ɸʉʂ) ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ çʇʨʦʛʨʝʩʩè ʠ çʉʦʶʟè ʚʦ ʚʨʝʤʷ 

ʧʦʣʸʪʘ ʥʘ ʄʂʉ. ʎʝʣʴʶ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʥʘʜʸʞʥʦʩʪʠ ʨʘʙʦʪʳ ʢʘʢ 

ʦʪʜʝʣʴʥʳʭ ʙʦʨʪʦʚʳʭ ʩʠʩʪʝʤ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ, ʪʘʢ ʠ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʨʘʤʢʘʭ 

ʩʣʝʜʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʝ ʧʦʣʸʪʘ ʟʘ ʩʯʸʪ ʦʧʝʨʘʪʠʚʥʦʛʦ ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ ʠʟʤʝʥʝʥʠʷ 

ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʢʦʨʘʙʣʷ ʚ ʩʣʫʯʘʝ ʥʝʰʪʘʪʥʳʭ ʩʠʪʫʘʮʠʡ. ʅʝʰʪʘʪʥʦʡ ʥʘʟʳʚʘʶʪ 

ʩʠʪʫʘʮʠʶ ʥʘ ʢʦʨʘʙʣʝ, ʧʨʠ ʢʦʪʦʨʦʡ ʦʜʥʘ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʩʠʩʪʝʤ ʚʳʭʦʜʷʪ ʟʘ ʛʨʘʥʠʮʳ 

ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ ʩʚʦʠʭ ʪʝʣʝʤʝʪʨʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ. ɼʣʷ ʢʘʞʜʦʡ ʠʟʚʝʩʪʥʦʡ 

ʥʝʰʪʘʪʥʦʡ ʩʠʪʫʘʮʠʠ ʩʫʱʝʩʪʚʫʝʪ ʩʚʦʡ ʩʧʠʩʦʢ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʝʸ ʧʘʨʠʨʦʚʘʥʠʶ [1]. 

ʆʜʥʦʡ ʠʟ ʟʘʜʘʯ ʜʣʷ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʷʚʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʰʪʘʪʥʦʡ ʤʦʜʝʣʠ 

ʧʦʚʝʜʝʥʠʷ ʟʥʘʯʝʥʠʡ ʪʝʣʝʤʝʪʨʠʯʝʩʢʠʭ ʠʥʜʝʢʩʦʚ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ ʚ ʨʝʞʠʤʝ 

ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʘ ʪʘʢʞʝ ʢʨʘʪʢʦʩʨʦʯʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ 

ʪʝʥʜʝʥʮʠʡ ʢ ʥʝʰʪʘʪʥʳʤ ʩʠʪʫʘʮʠʷʤ ʥʘ ʙʦʨʪʫ ʢʦʨʘʙʣʷ. ʉʠʩʪʝʤʘ ɸʉʂ ʩʧʨʦʝʢʪʠʨʦʚʘʥʘ ʧʦ 

ʤʦʜʫʣʴʥʦʤʫ ʧʨʠʥʮʠʧʫ, ʛʜʝ ʟʘ ʢʘʞʜʫʶ ʢʨʫʧʥʫʶ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʦʪʚʝʯʘʝʪ ʩʚʦʡ 

ʧʨʦʛʨʘʤʤʥʳʡ ʤʦʜʫʣʴ. ʊʘʢ, ʟʘ ʨʘʙʦʪʫ ʩ ʪʝʣʝʤʝʪʨʠʝʡ ʦʪʚʝʯʘʝʪ ʤʦʜʫʣʴ ʘʥʘʣʠʟʘ ʠ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʰʪʘʪʥʦʡ ʨʘʙʦʪʳ. 

ʆʧʠʩʘʥʠʝ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʤʘʥʪʠʯʝʩʢʠʭ 

ʩʝʪʝʡ (ʦʥʪʦʣʦʛʠʡ), ʧʦʩʪʨʦʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʙʘʟʠʩʘ ɸʨʠʩʪʦʪʝʣʷ. ɺ 

ʦʩʥʦʚʝ ʦʥʪʦʣʦʛʠʠ ï ʤʦʜʝʣʴ ʤʠʨʘ, ʩʦʜʝʨʞʘʱʘʷ ʥʝ ʪʦʣʴʢʦ ʜʝʢʣʘʨʘʪʠʚʥʳʝ, ʥʦ ʠ 

ʧʨʦʮʝʜʫʨʥʳʝ ʟʥʘʥʠʷ ʚʤʝʩʪʝ ʩʦ ʩʮʝʥʘʨʠʷʤʠ ʜʝʡʩʪʚʠʡ ʩʫʙʲʝʢʪʦʚ ʥʘʜ ʦʙʲʝʢʪʘʤʠ ʤʠʨʘ [2]. 

ʂʦʥʮʝʧʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʝʪʴʶ ʠʟ ʧʦʥʷʪʠʡ, 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʬʠʟʠʯʝʩʢʠʝ ʫʟʣʳ ʢʦʨʘʙʣʷ (çɻʨʫʟʦʚʦʡ ʦʪʩʝʢè, çʉʝʢʮʠʷ ʂɼʋè), 

ʧʨʦʛʨʘʤʤʫ ʧʦʣʸʪʘ (çɺʳʚʝʜʝʥʠʝè, çɼʘʣʴʥʝʝ ʩʙʣʠʞʝʥʠʝè), ʪʝʣʝʤʝʪʨʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ 

(çɼʐɹè, çʜʘʚʣʝʥʠʝè), ʥʝʰʪʘʪʥʳʝ ʩʠʪʫʘʮʠʠ (çʅʝʦʪʢʨʳʪʠʝ ʢʣʘʧʘʥʘ ʧʦʩʣʝ ʚʳʚʝʜʝʥʠʷè), 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʘʨʠʨʦʚʘʥʠʶ (çʇʨʝʢʨʘʪʠʪʴ ʜʠʥʘʤʠʯʝʩʢʫʶ ʦʧʝʨʘʮʠʶè), ʘ ʪʘʢʞʝ 

ʤʥʦʞʝʩʪʚʦʤ ʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʥʠʤʠ (çʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶè, çʚʣʠʷʝʪ ʥʘè, çʠʟʤʝʨʷʝʤʳʡ 

ʧʘʨʘʤʝʪʨè). 

ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʧʦʣʸʪʘ, ʨʘʟʙʠʪʦʛʦ ʥʘ ʦʧʨʝʜʝʣʸʥʥʳʝ ʫʯʘʩʪʢʠ, ʥʘ ʚʩʝʭ ʫʟʣʘʭ 

ʢʦʨʘʙʣʷ ʚʝʜʸʪʩʷ ʤʦʥʠʪʦʨʠʥʛ ʟʥʘʯʝʥʠʡ ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʪʳ 

(ʜʘʚʣʝʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʳ, ʩʦʩʪʦʷʥʠʷ ʢʣʘʧʘʥʦʚ ʠ ʪ. ʧ.) ʚ ʚʠʜʝ ʩʙʦʨʘ ʪ. ʥ. ʪʝʣʝʤʝʪʨʠʯʝʩʢʠʭ 

ʢʘʜʨʦʚ. ʂʘʞʜʳʡ ʢʘʜʨ ʩʦʜʝʨʞʠʪ ʛʨʫʧʧʫ ʪʝʣʝʤʝʪʨʠʯʝʩʢʠʭ ʠʥʜʝʢʩʦʚ, ʦʧʠʩʳʚʘʶʱʠʭ ʪʦʪ 

ʠʣʠ ʠʥʦʡ ʧʘʨʘʤʝʪʨ ʩ ʜʘʪʯʠʢʘ ʥʘ ʫʟʣʝ. ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʰʪʘʪʥʦʡ ʤʦʜʝʣʠ ʤʦʜʫʣʴ 

ʘʥʘʣʠʟʘ, ʧʦʣʫʯʠʚ ʜʘʥʥʳʝ ʪʝʣʝʤʝʪʨʠʠ, ʧʦʤʠʤʦ ʟʘʥʝʩʝʥʠʷ ʬʘʢʪʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ 

ʠʥʜʝʢʩʦʚ ʚ ʙʘʟʫ ʟʥʘʥʠʡ ʜʦʣʞʝʥ ʩʬʦʨʤʠʨʦʚʘʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ (ʚ ʩʣʫʯʘʝ ʝʩʣʠ 

ʠʥʜʝʢʩ ʦʧʠʩʳʚʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ) ʧʦʚʝʜʝʥʠʷ ʢʘʞʜʦʛʦ ʠʥʜʝʢʩʘ ʚ 

ʨʘʤʢʘʭ ʢʦʥʢʨʝʪʥʦʛʦ ʵʪʘʧʘ ʧʦʣʸʪʘ ʜʣʷ ʢʨʘʪʢʦʩʨʦʯʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ 

ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʚʳʷʚʣʝʥʠʷ ʪʝʥʜʝʥʮʠʠ ʢ ʥʝʰʪʘʪʥʦʡ ʨʘʙʦʪʝ ʫʟʣʦʚ ʢʦʨʘʙʣʷ ʜʣʷ ʙʫʜʫʱʠʭ 

ʧʦʣʸʪʦʚ.  ʂʦʣʠʯʝʩʪʚʝʥʥʳʤʠ ʠʟʤʝʨʷʝʤʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚʦ ʚʨʝʤʷ ʨʘʙʦʪʳ ʙʦʨʪʦʚʳʭ 

ʩʠʩʪʝʤ ʷʚʣʷʶʪʩʷ ʜʘʚʣʝʥʠʝ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʟʣʠʯʥʳʭ ʫʟʣʦʚ, ʥʘʧʨʠʤʝʨ, ʜʘʚʣʝʥʠʝ ʚ ʰʘʨ-

ʙʘʣʣʦʥʝ (ɼʐɹ), ʪʝʤʧʝʨʘʪʫʨʘ ʪʨʫʙʦʧʨʦʚʦʜʘ ʦʢʠʩʣʠʪʝʣʷ ʠ ʪ. ʜ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥ 
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ʦʨʠʝʥʪʠʨʦʚʦʯʥʳʡ ʛʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚ ʰʘʨ-ʙʘʣʣʦʥʝ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 

ʥʝʩʢʦʣʴʢʠʭ ʵʪʘʧʦʚ ʧʦʣʸʪʘ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ. 

 
ʈʠʩ. 1. ʇʨʠʤʝʨ ʛʨʘʬʠʢʘ ʰʪʘʪʥʳʭ ʟʥʘʯʝʥʠʡ ʜʘʚʣʝʥʠʷ ʚ ʰʘʨ-ʙʘʣʣʦʥʝ 

ʅʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʨʘʟʨʘʙʦʪʘʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ 

ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ, ʫʯʠʪʳʚʘʶʱʠʭ ʢʘʢ ʨʘʟʣʠʯʥʳʝ ʘʩʧʝʢʪʳ ʨʷʜʘ (ʪʨʝʥʜ, ʮʠʢʣʠʯʥʦʩʪʴ, 

ʩʝʟʦʥʥʦʩʪʴ), ʪʘʢ ʠ ʤʝʪʦʜʳ ʬʦʨʤʠʨʦʚʘʥʠʷ (ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ, ʩʪʨʫʢʪʫʨʥʳʝ). ɺ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʙʫʜʫʱʠʤʠ ʠ 

ʬʘʢʪʠʯʝʩʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʟʘʜʘʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠ, ʘ ʚ ʩʪʨʫʢʪʫʨʥʳʭ 

ʤʦʜʝʣʷʭ ʵʪʦ ʜʝʣʘʝʪʩʷ ʩʪʨʫʢʪʫʨʥʦ [3]. 

ʆʩʥʦʚʥʳʤʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ 

ʷʚʣʷʶʪʩʷ: ʤʝʪʦʜ ʚʳʜʝʣʝʥʠʷ ʪʨʝʥʜʘ (ʚʨʝʤʝʥʥʦʛʦ ʩʛʣʘʞʠʚʘʥʠʷ), ʨʝʛʨʝʩʩʠʦʥʥʳʡ, 

ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʳʡ, ʘʜʘʧʪʠʚʥʳʡ (ʩʢʦʣʴʟʷʱʠʭ ʩʨʝʜʥʠʭ), ʤʝʪʦʜ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ, ʩʠʥʛʫʣʷʨʥʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ, ʯʠʩʣʝʥʥʦʛʦ ʨʘʟʤʥʦʞʝʥʠʷ ʚʳʙʦʨʦʢ ʠ 

ʥʝʡʨʦʩʝʪʝʚʦʡ [4]. ʂʘʞʜʳʡ ʠʟ ʤʝʪʦʜʦʚ ʠʤʝʝʪ ʩʚʦʠ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ, ʦʜʥʘʢʦ ʚ 

ʫʩʣʦʚʠʷʭ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ɸʉʂ ʬʦʨʤʠʨʫʝʪʩʷ ʨʷʜ ʢʨʠʪʝʨʠʝʚ, ʩʫʞʘʶʱʠʭ ʤʥʦʞʝʩʪʚʦ 

ʜʦʩʪʫʧʥʳʭ ʤʦʜʝʣʝʡ. 

ʇʦʩʢʦʣʴʢʫ ʤʦʜʫʣʶ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʘʟʳ ʟʥʘʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʚʘʪʴ 

ʦʥʪʦʣʦʛʠʶ ʰʪʘʪʥʦʛʦ ʧʨʦʚʝʜʝʥʠʷ ʧʦʣʸʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʥʪʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʘʥʘʣʠʟʘ, ʚʘʞʥʳʤ ʢʨʠʪʝʨʠʝʤ ʷʚʣʷʝʪʩʷ ʢʦʥʚʝʨʪʠʨʫʝʤʦʩʪʴ ʚʳʙʨʘʥʥʦʡ ʤʦʜʝʣʠ ʚ ʪʝʨʤʠʥʳ 

ʦʥʪʦʣʦʛʠʠ, ʪʦ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦ ʧʦʣʫʯʝʥʥʦʡ ʤʦʜʝʣʠ ʩʬʦʨʤʠʨʦʚʘʪʴ ʦʥʪʦʣʦʛʠʯʝʩʢʠʝ 

ʧʦʥʷʪʠʷ. ʊʘʢ ʢʘʢ ʪʝʣʝʤʝʪʨʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʦʜʘʸʪʩʷ ʚ ʨʝʞʠʤʝ, ʙʣʠʟʢʦʤ ʢ 

ʨʝʘʣʴʥʦʤʫ ʚʨʝʤʝʥʠ, ʛʦʨʠʟʦʥʪ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʳʙʨʘʥʥʦʡ ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ 

ʥʝʙʦʣʴʰʠʤ ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʣʴʪʨʘʢʨʘʪʢʦʩʨʦʯʥʦʤʫ ʫʨʦʚʥʶ: ʦʪ ʦʜʥʦʛʦ ʜʦ ʥʝʩʢʦʣʴʢʠʭ 

ʯʘʩʦʚ [3]. 

ʅʝʡʨʦʩʝʪʝʚʳʝ ʤʦʜʝʣʠ ʩʧʦʩʦʙʥʳ ʫʩʧʝʰʥʦ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʥʝʣʠʥʝʡʥʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʙʫʜʫʱʠʤʠ ʠ ʬʘʢʪʠʯʝʩʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʨʦʮʝʩʩʘ, ʦʜʥʘʢʦ ʚ ʥʠʭ 

ʦʪʩʫʪʩʪʚʫʝʪ ʧʨʦʟʨʘʯʥʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʠ ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʙʫʯʘʶʱʝʡ 

ʚʳʙʦʨʢʝ ʠ ʘʣʛʦʨʠʪʤʫ ʦʙʫʯʝʥʠʷ.  

ɸʜʘʧʪʠʚʥʳʝ ʤʦʜʝʣʠ, ʙʘʟʠʨʫʶʱʠʝʩʷ ʥʘ ʦʙʲʝʜʠʥʝʥʠʠ ʤʝʪʦʜʘ ʩʢʦʣʴʟʷʱʝʛʦ 

ʩʨʝʜʥʝʛʦ ʠ ʘʚʪʦʨʝʛʨʝʩʩʠʠ, ʘ ʪʘʢʞʝ ʧʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʛʣʘʞʠʚʘʥʠʷ ʠʤʝʶʪ ʙʦʣʝʝ 

ʧʨʦʟʨʘʯʥʫʶ ʩʪʨʫʢʪʫʨʫ. ʆʥʠ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʭ ʤʦʜʝʣʝʡ 

ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ, ʘ ʪʘʢʞʝ ʧʦʜʭʦʜʷʪ ʜʣʷ ʢʨʘʪʢʦʩʨʦʯʥʳʭ ʧʨʦʛʥʦʟʦʚ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʙʦʣʝʝ 
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ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʜʣʷ ʚʳʙʦʨʘ ʚ ʨʘʤʢʘʭ ʩʠʩʪʝʤʳ ɸʉʂ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ 

ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ. 
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ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʣʠʥʠʠ; ʢʦʣʝʙʘʥʠʷ ʙʠʨʞʝʚʳʭ ʮʝʥ, ʢʦʪʠʨʦʚʦʢ, 

ʚʘʣʶʪʥʳʭ ʢʫʨʩʦʚ; ʢʦʣʝʙʘʥʠʷ ʩʨʝʜʥʝ-ʩʝʟʦʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʢʦʣʠʯʝʩʪʚʘ ʦʩʘʜʢʦʚ ʠ ʪ.ʜ. 

ɺ ʧʨʦʮʝʩʩʘʭ ʧʦʜʦʙʥʦʛʦ ʪʠʧʘ ʚʳʭʦʜ, ʢʘʢ ʧʨʘʚʠʣʦ, ʬʦʨʤʠʨʫʝʪʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʤʥʦʞʝʩʪʚʘ ʩʢʣʘʜʳʚʘʶʱʠʭʩʷ ʩʣʫʯʘʡʥʳʭ ʬʘʢʪʦʨʦʚ, ʠ, ʚ ʩʠʣʫ ʮʝʥʪʨʘʣʴʥʦʡ ʧʨʝʜʝʣʴʥʦʡ 

ʪʝʦʨʝʤʳ, ʩʣʝʜʦʚʘʣʦ ʙʳ ʦʞʠʜʘʪʴ ʥʦʨʤʘʣʴʥʦʩʪʴ ʚʳʭʦʜʥʦʛʦ ʨʘʩʩʝʷʥʠʷ. ʆʜʥʘʢʦ, ʚ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʨʘʩʩʝʷʥʠʝ ʟʘʯʘʩʪʫʶ ʦʙʥʘʨʫʞʠʚʘʝʪ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʥʦʨʤʘʣʴʥʦʩʪʠ, 

ʢʦʪʦʨʳʝ ʥʝʚʦʟʤʦʞʥʦ ʩʧʠʩʘʪʴ ʥʘ ʩʣʫʯʘʡʥʳʝ ʢʦʣʝʙʘʥʠʷ ʚʳʙʦʨʦʯʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ, ʪʦ 

ʝʩʪʴ ʟʥʘʯʠʤʳʝ [1]. ʇʨʠ ʵʪʦʤ ʥʝʢʦʪʦʨʳʝ ʥʝʪʨʠʚʠʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ  ʩ 

ʧʦʤʦʱʴʶ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʧʦʜʭʦʜʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʧʦʥʷʪʠʠ ʧʣʦʪʥʦʩʪʠ ʤʛʥʦʚʝʥʥʦʛʦ 

ʨʘʩʩʝʷʥʠʷ ʠ ʝʛʦ ʧʘʨʘʤʝʪʨʠʟʘʠʠ. ʉʫʪʴ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʙʦʙʱʝʥʠʠ 

ʧʦʥʷʪʠʷ ʩʫʧʝʨʧʦʟʠʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʥʘ ʩʣʫʯʘʡ ʙʝʩʢʦʥʝʯʥʦʛʦ ʯʠʩʣʘ ʢʦʤʧʦʥʝʥʪ ʩ 

ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʳʤʠ ʫʜʝʣʴʥʳʤʠ ʜʦʣʷʤʠ, ʯʪʦ ʧʦʨʦʞʜʘʝʪ ʟʘʢʦʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, 

ʘʜʝʢʚʘʪʥʳʝ ʥʘʙʣʶʜʘʝʤʳʤ, ʘ ʧʨʠʯʠʥʳ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʥʦʨʤʘʣʴʥʦʩʪʠ ʝʩʪʝʩʪʚʝʥʥʳʤ 

ʦʙʨʘʟʦʤ ʠʥʪʝʨʧʨʝʪʠʨʫʶʪʩʷ ʚ ʪʝʨʤʠʥʘʭ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ 

ʧʦʤʦʱʴʶ ʥʘʛʣʷʜʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʘʥʘʣʦʛʠʠ, ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʚʦʟʥʠʢʘʝʪ ʧʦʥʷʪʠʝ 

ʤʛʥʦʚʝʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ: 
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ʇʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ  ʥʘ ʚʭʦʜʝ ʨʘʟʣʘʜʢʠ dm =X
 ʯʠʩʣʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʳʭʦʜʘ 

ʧʦʣʫʯʘʝʤ ʚ ʚʠʜʝ ʩʫʤʤʳ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʧʨʦʛʨʝʩʩʠʠ: ( ) ( )22 11,1 hh YY -=+= sdm . 

ʏʘʩʪʠʯʥʘʷ ʢʦʤʧʝʥʩʘʮʠʷ ʨʘʟʣʘʜʢʠ ( )hhYX +=- 1dmm  ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ 

ʜʠʩʧʝʨʩʠʠ ( )2222 1 hhXY -=-ss . ʇʨʠ 1=h ʧʨʦʠʩʭʦʜʠʪ ʧʦʪʝʨʷ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʠ ʚʦʟʥʠʢʘʝʪ 

ʟʘʜʘʯʘ ʦʧʪʠʤʠʟʘʮʠʠ ʩʭʝʤʳ ʧʦ ʧʘʨʘʤʝʪʨʫ h. ɿʘ ʢʨʠʪʝʨʠʡ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʧʨʠʥʷʪʴ ʤʠʥʠʤʫʤ  ʚʝʨʦʷʪʥʦʩʪʠ ʚʳʭʦʜʘ ʟʘ ʛʨʘʥʠʮʳ ʩʪʘʥʜʘʨʪʥʦʛʦ s6  ʠʥʪʝʨʚʘʣʘ. 

ʆʙʦʟʥʘʯʠʚ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʤʝʱʝʥʠʝ ʮʝʥʪʨʘ sde= , ʦʮʝʥʢʫ ʧʦʩʣʝ ʵʣʝʤʝʥʪʘʨʥʳʭ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʦʣʫʯʠʤ ʚ ʚʠʜʝ: 
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ʈʠʩ.1. ʆʮʝʥʢʘ ʚʝʨʦʷʪʥʦʩʪʠ ʙʨʘʢʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ h  ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʩʤʝʱʝʥʠʷ dʚ 
ʜʦʣʷʭ  

 

s: 1, 2.5, 5. 

ɺʠʜ ʟʘʚʠʩʠʤʦʩʪʠ (3) ʧʦʢʘʟʘʥ ʥʘ ʈʠʩ.1. ɺ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʩʭʝʤʝ ʫʧʨʘʚʣʷʶʱʠʡ 

ʩʠʛʥʘʣ ʬʦʨʤʠʨʫʝʪʩʷ ʧʦ ʦʜʥʦʤʫ ʦʪʩʯʝʪʫ ʚʳʭʦʜʥʦʛʦ. ʉʪʘʪʠʩʪʠʯʝʩʢʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ 

ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʫʧʨʘʚʣʷʶʱʝʛʦ ʩʠʛʥʘʣʘ ʧʦ ʩʢʦʣʴʟʷʱʝʤʫ ʩʨʝʜʥʝʤʫ 2²m  

ʦʪʩʯʝʪʦʚ ʚʳʭʦʜʥʦʛʦ. ʇʨʠ ʵʪʦʤ  ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʝʨʝʜʘʯʠ 1=h  ʥʘʭʦʜʠʪʩʷ ʚ 

ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʠ ʩʧʨʘʚʝʜʣʠʚʳ ʩʦʦʪʥʦʰʝʥʠʷ: 
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ʈʠʩ.2. ɻʠʩʪʦʛʨʘʤʤʘ  ʧʨʦʮʝʩʩʘ ʩ ʫʩʢʦʨʝʥʥʳʤ ʪʨʝʥʜʦʤ ʩʨʝʜʥʝʛʦ, 

ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʧʦ ʩʭʝʤʝ ʩʢʦʣʴʟʷʱʝʛʦ ʩʨʝʜʥʝʛʦ ʩ 2,5 == hm . 
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ʈʠʩ.3.ɻʠʩʪʦʛʨʘʤʤʘ ʧʨʦʮʝʩʩʘ ʩ ʦʩʮʠʣʣʠʨʫʶʱʠʤ ʪʨʝʥʜʦʤ ʩʨʝʜʥʝʛʦ, 

ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʧʦ ʩʭʝʤʝ ʩʢʦʣʴʟʷʱʝʛʦ ʩʨʝʜʥʝʛʦ ʩ 2,5 == hm . 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ɺ. ʌʝʣʣʝʨ. ɺʝʜʝʥʠʝ ʚ ʪʝʦʨʠʶ ʚʝʨʦʷʪʥʥʦʩʪʝʡ ʠ ʝʸ ʧʨʠʣʦʞʝʥʠʷ ʪ.1, ʄ. ʄʠʨ, 1984ʛ. 

2. ɸ. ʅ. ʇʣʦʪʥʠʢʦʚ. ʕʣʝʤʝʥʪʘʨʥʦʘʷ ʪʝʦʨʠʷ ʘʥʘʣʠʟʘ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ. ʃɸʅʔ, ʉ-ʇʙ., 2016ʛ. 
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ʋɼʂ 004.9 

ʆɹɽʉʇɽʏɽʅʀɽ ʇʈʆʀɿɺʆɼʉʊɺɸ ʇʆ ɼɽʃɸʄ  

ʆɹ ɸɼʄʀʅʀʉʊʈɸʊʀɺʅʓʍ ʇʈɸɺʆʅɸʈʋʐɽʅʀʗʍ  

ɺ ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʆʁ ʀʅʌʆʈʄɸʎʀʆʅʅʆʁ ʉʀʉʊɽʄɽ 

ʈʦʤʘʥʦʚʘ ɽ. ɸ., ɻʦʣʦʚʥʠʥ ʆ. ʂ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ʏʠʩʣʦ ʩʦʚʝʨʰʘʝʤʳʭ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʧʨʘʚʦʥʘʨʫʰʝʥʠʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ 

ʢʘʞʜʳʤ ʛʦʜʦʤ [1, 2]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʩʚʦʠʭ ʦʙʷʟʘʥʥʦʩʪʝʡ ʦʨʛʘʥʠʟʘʮʠʠ, 

ʚʳʧʦʣʥʷʶʱʠʝ ʫʯʝʪ ʜʝʣ ʦʙ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʧʨʘʚʦʥʘʨʫʰʝʥʠʷʭ, ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ 

ʪʘʢʠʤʠ ʧʨʦʙʣʝʤʘʤʠ, ʢʘʢ [3]: 

 ʚʳʩʦʢʘʷ ʟʘʛʨʫʞʝʥʥʦʩʪʴ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚʩʣʝʜʩʪʚʠʝ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʜʝʣ ʧʦ 
ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʤ ʧʨʘʚʦʥʘʨʫʰʝʥʠʷʤ; 

 ʩʦʩʪʘʚʣʝʥʠʝ ʧʝʨʚʠʯʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʧʦ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʤ ʜʝʣʘʤ 

ʚʨʫʯʥʫʶ; 

 ʪʨʫʜʥʦʩʪʠ ʧʨʠ ʦʪʩʣʝʞʠʚʘʥʠʠ ʧʨʦʮʝʩʩʫʘʣʴʥʳʭ ʩʨʦʢʦʚ; 

 ʦʪʩʫʪʩʪʚʠʝ ʝʜʠʥʦʡ ʙʘʟʳ ʧʦ ʜʝʣʘʤ ʦʙ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʧʨʘʚʦʥʘʨʫʰʝʥʠʷʭ; 

 ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ ʧʦ ʜʝʣʘʤ ʥʘ ʦʩʥʦʚʝ ʦʧʳʪʘ ʣʠʮʘ, ʢʦʪʦʨʦʝ ʚʳʥʦʩʠʪ 

ʨʝʰʝʥʠʝ. 

ʉ ʮʝʣʴʶ ʨʝʰʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʧʨʦʙʣʝʤ ʨʘʟʨʘʙʦʪʘʥʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʚʝʜʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦ ʜʝʣʘʤ ʦʙ 

ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʧʨʘʚʦʥʘʨʫʰʝʥʠʷʭ [4]. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʚʝʜʝʥʠʷ 

ʢʘʨʪʦʪʝʢʠ ʜʝʣ ʦʙ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʧʨʘʚʦʥʘʨʫʰʝʥʠʷʭ ʠ ʧʦʠʩʢʘ ʜʝʣ ʧʦ ʢʘʨʪʦʪʝʢʝ ʩ 

ʫʯʝʪʦʤ ʩʦʩʪʘʚʥʳʭ ʢʨʠʪʝʨʠʝʚ ʬʠʣʴʪʨʘʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʘʣʝʥʜʘʨʷ ʟʘʜʘʯ 

ʜʣʷ ʢʘʞʜʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʦʩʫʱʝʩʪʚʣʷʝʪ ʢʦʥʪʨʦʣʴ ʧʨʦʮʝʩʩʫʘʣʴʥʳʭ ʩʨʦʢʦʚ ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʝʦʙʭʦʜʠʤʳʭ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʦʢʫʤʝʥʪʦʚ. 

ʇʦʣʴʟʦʚʘʪʝʣʠ ʚ ʩʠʩʪʝʤʝ ʤʦʛʫʪ ʠʤʝʪʴ ʦʜʥʫ ʠʟ ʩʣʝʜʫʶʱʠʭ ʨʦʣʝʡ: ʘʜʤʠʥʠʩʪʨʘʪʦʨ, 

ʥʘʯʘʣʴʥʠʢ ʦʪʜʝʣʘ, ʩʧʝʮʠʘʣʠʩʪ (ʨʠʩ.1). 

 
ʈʠʩ.1. ɼʠʘʛʨʘʤʤʘ ʚʘʨʠʘʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʩʪʝʤʳ 

ɺ ʬʫʥʢʮʠʠ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ ʚʭʦʜʷʪ ʚʝʜʝʥʠʝ ʩʧʠʩʢʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʫʧʨʘʚʣʝʥʠʝ 

ʰʘʙʣʦʥʘʤʠ ʬʦʨʤʠʨʫʝʤʳʭ ʜʦʢʫʤʝʥʪʦʚ ʠ ʚʝʜʝʥʠʝ ʩʧʨʘʚʦʯʥʠʢʦʚ ʩʠʩʪʝʤʳ. ʌʫʥʢʮʠʦʥʘʣ, 
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ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʡ ʩʧʝʮʠʘʣʠʩʪʫ, ʚʢʣʶʯʘʝʪ ʚʝʜʝʥʠʝ ʜʝʣ ʦʙ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ 

ʧʨʘʚʦʥʘʨʫʰʝʥʠʷʭ ʠ ʫʧʨʘʚʣʝʥʠʝ ʢʘʣʝʥʜʘʨʝʤ ʟʘʜʘʯ. ʅʘʯʘʣʴʥʠʢ ʦʪʜʝʣʘ ʠʤʝʝʪ 

ʚʦʟʤʦʞʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪʯʝʪʦʚ, ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʧʦ ʜʝʣʘʤ ʠ ʦʩʫʱʝʩʪʚʣʷʝʪ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʜʘʯ ʧʦ ʩʧʝʮʠʘʣʠʩʪʘʤ. 

ɺ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩʠʩʪʝʤʝ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ 

ʨʝʘʣʠʟʦʚʘʥʘ ʥʘ ʦʩʥʦʚʝ ʧʨʝʮʝʜʝʥʪʥʦʛʦ ʧʦʜʭʦʜʘ CBR ï ʧʦʠʩʢʘ ʦʧʠʩʘʥʠʷ ʧʨʝʮʝʜʝʥʪʦʚ 

ʨʝʰʝʥʠʷ ʧʦʜʦʙʥʳʭ ʟʘʜʘʯ ʚ ʙʘʟʘʭ ʟʥʘʥʠʡ [5-7]. ʇʨʝʮʝʜʝʥʪ ʚ ʩʠʩʪʝʤʝ ʦʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ 

ʧʘʪʪʝʨʥʘ, ʢʦʪʦʨʳʡ ʦʪʨʘʞʘʝʪ ʭʘʨʘʢʪʝʨʥʳʝ ʩʚʦʡʩʪʚʘ ʟʘʜʘʯʠ ʧʦʠʩʢʘ ʨʝʰʝʥʠʷ ʧʦ ʜʝʣʫ ʦʙ 

ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʤ ʧʨʘʚʦʥʘʨʫʰʝʥʠʠ. ʇʘʪʪʝʨʥʳ ʥʘʭʦʜʷʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʚ ʦʪʥʦʰʝʥʠʷʭ 

ʘʩʩʦʮʠʘʮʠʠ, ʦʙʦʙʱʝʥʠʷ ʠ ʟʘʚʠʩʠʤʦʩʪʠ. 

ʇʘʪʪʝʨʥ P ʚ ʩʠʩʪʝʤʝ ʦʧʠʩʳʚʘʝʪʩʷ ʪʝʪʨʘʜʦʡ  <N, G, S, R>, ʛʜʝ: 

N ï ʫʥʠʢʘʣʴʥʦʝ ʠʤʷ ʧʘʪʪʝʨʥʘ; 

G ï ʟʘʜʘʯʘ ʠ ʫʩʣʦʚʠʷ ʧʨʠʤʝʥʝʥʠʷ ʧʘʪʪʝʨʥʘ; 

S ï ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ; 

R ï ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʤʝʥʝʥʠʷ ʧʘʪʪʝʨʥʘ. 

ʉʠʩʪʝʤʘ ʨʘʟʨʘʙʦʪʘʥʘ ʚ ʩʨʝʜʝ Visual Studio 2015 ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʉ# 

ʜʣʷ ʧʣʘʪʬʦʨʤʳ .NET 4. ɹʘʟʘ ʜʘʥʥʳʭ ʩʠʩʪʝʤʳ ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ 

ʜʘʥʥʳʭ MySQL. 

ʆʞʠʜʘʝʪʩʷ, ʯʪʦ ʟʘ ʩʯʝʪ ʩʦʢʨʘʱʝʥʠʷ ʚʨʝʤʝʥʠ ʧʦʜʛʦʪʦʚʢʠ ʜʦʢʫʤʝʥʪʦʚ ʠ 

ʠʩʢʣʶʯʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʦʰʠʙʦʢ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʧʦʟʚʦʣʠʪ 

ʫʚʝʣʠʯʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʨʛʘʥʦʚ, ʫʧʦʣʥʦʤʦʯʝʥʥʳʭ ʚʦʟʙʫʞʜʘʪʴ ʠ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʜʝʣʘ ʦʙ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʧʨʘʚʦʥʘʨʫʰʝʥʠʷʭ. 
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DISTRIBUTION OF CYLI NDRICAL WAVES IN THE  ELASTIC MEDIA  

Cʝʡʪʠʤ ʅ.ĭ, ʉʪʘʨʠʥʦʚʘ ʆ. ʃ.Į, ɸʣʠʧʦʚʘ ɹ. ʅ.ĭ 

ĭInternational Information Technology University, Almaty, Kazakhstan 

Įʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ 

Let in an infinite space there is a cylindrical cavity of radius ὥ. We choose a 

coordinate system so that the ᾀ axis coincides with the axis of the cylinder. Let the harmonic 

load ὴὶȟὸ  ὴὩ  act on the boundary ὶ ὥ of the elastic region ὶ ὥ, where ὸ ï time.  

 
Fig. 1. Cylindrical cavity 

 

Cylindrical waves caused by this load are described by equation 

  ‬ ūὶȟὸ  π         ὶ  ὼ  ὼ   (1) 

To the equation (1) we add the boundary condition 

„   ὴὩ .     (2) 

A solution of equation (1), satisfying the boundary condition (2) and the radiation 

condition at infinity, is the 

ʌὶȟὸ ὃὌ ὯὶὩ ȟ   Ὧ  ȟ   (3)  

Where Ὄ  is the Hankel function of first kind or Bessel functions of the third kind 

and equals to     Ὄ Ὧὶ ὐὯὶ ὭὣὯὶ, 
here ὐ, ὣ are Bessel function of first and second kind, respectively.  

 Noticing that 

„ ς‘
ʌ
 

ʌ
,    (4) 

We obtain from the boundary condition (2): 

ὃ  Ȣ   (5) 

So the function ūὶȟὸ is thus defined. And we can calculate the displacements and 

stresses with the help of it: 

ό  
ʌ
ȟ     (6) 

„ ς‘
ʌ
 

ʌ
ȟ    (7) 

 „
ʌ
 

ʌ
,    (8) 
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 „ ‗ɳ ʌȢ                                          (9) 

we get, that  

ό  
ʌ
 ὯὃὩ ὐὯὶ ὭὣὯὶ,   (10) 

„ ς‘
‬ʌ

‬ὶ
 
‗

ὧ

‬ʌ

‬ὸ
 

 ς‘Ὧ Ὥ  ɀ ‫ὃὌ ὯὶὩ ,           (11) 

„
ʌ
 

ʌ
 ὯὃὩ ὐὯὶ ὭὣὯὶɀ ‫ὃὌ ὯὶὩ    (12) 

 

Then we realize all of these formulas of displacements and stresses in the MatLab. 

 
Fig. 2. Displacement of wave at the 

moment t=10 

 

 
Fig. 3. Tension „  at the moment t = 10 

sec 

 

On the this graph we can see how changed tension on the each point along the radius. 

In conclusion, we calculate tensor displacement and stress for several medium, such as 

sandstone, granite and steel. To solve this problem, the numerical calculations were made by 

using Matlab environment. 
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ʋɼʂ 519.7 

COMPUTER MODELING OF  DYNAMICS OF ELASTIC HALF -SPACE 

Cʝʢʝʥʦʚ ʂ.ĭ, ʉʪʘʨʠʥʦʚʘ ʆ. ʃ.Į, ɸʣʠʧʦʚʘ ɹ. ʅ.ĭ 

ĭInternational Information Technology University, Almaty, Kazakhstan 

Įʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ 

In the modeling of seismic waves, solutions of Lamb problems are useful. Lambs 

pioneering work contained most of the elements that are important for analytical studies on 

modeling the propagation of seismic waves in an elastic medium. This method is useful in 

military like testing atomic bombs on the surface or in simulations of disasters such as: fallen 

of asteroids or accidents in weapon warehouses. The sequence of consequence after 

concentrate pressure (asteroid) to elastic body(soil). The sequence of events in the formation 

of the model of falling asteroid to elastic body: a - the initial position of the spherical 

impactor and the layered target, b - 23 seconds after the impact, the crater's transition cavity 

reaches a maximum depth of about 19 km, at 115 seconds after the impact, the collapse of the 

transition cavity due to subsidence of the sides) leads to the formation of a "transitional hill" 

with a height of up to 5 km, the deep rocks beneath the crater rise above the level of their 

initial occurrence, r - 200 seconds after the impact, the "transition hill" spreads in the field 

while the rocks in the depths stopped due to the restoration of the normal value of internal 

friction, the velocity of near-surface spreading reaches 200 m / s, d - 300 seconds after the 

impact, the motion is close to stopping, e - 400 seconds after impact, the crater acquires a 

stable final form. 

In our cases, instead of the soil was chosen bulk soils with a density of 1500 kg/m
3
 

was chosen as an elastic medium. Parameters Lame are equal to ɚ=1,561.10
4
 ʄPʘ, ɛ= 

1,0935.10
4 
ʄPʘ. In our situations the velocity of Longitudinal wave (cp=500m/s) and 

Transversal wave is equal to (cs=270m/s). 

Consider the following problem related to a flat deformed state. Suppose that in the ʭ3 

= 0, bounding an elastic half-space x3Ó0, there is a load ʈ(ʭ1,t) = e
iɤt

p(x1)=P0. This load 

causes a stressed and deformed state in the half-space, longitudinal and transverse waves 

appear. It is required to solve the wave equations 

‬  ‬  ‬ ū  πȟ                ‬  ‬  ‬ ‪ π (1) 

with boundary conditions   

„ ὼȟπȟὸ  e
iɤt

p(x1),  „ ὼȟπȟὸ π          (2) 

Here we have assumed that the load p(x1)e
iɤt

 acts perpendicularly to the plane 

bounding the elastic half-space in the positive direction of the axis x3. Potentials ʌ and ‪ are 

related to displacements and stresses by the following relations 

ό  ‬ū  ‬‪ȟ            ό  ‬ū  ‬‪ȟ   (3) 

„  ‘ς‬‬ū  ‬‪  ‬‪ȟ 

„  ς‘‬ū  ‬‬‪  ūȢ    (4) 

The wave equations (1) can be solved by applying the integral Fourier transform. It is 

easy to verify that equations (1) are satisfied by integral expressions 

ū  
Ѝ
᷿ ὃ‌Ὡ Ὡ Ὠ‌ȟ
Ð

Ð
    (5) 

‪  
Ѝ
᷿ ὃ‌Ὡ Ὡ Ὠ‌ȟ
Ð

Ð
    (6) 

’ ‌ Ὧ Ⱦȟ ɛ = 1, 2. 

Substituting formulas (5) and (6) into expressions for displacements (4), we obtain 
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ό
Ὡ

Ѝς“
Ὥ‌ὃὩ  ’ὄ

Ð

Ð

Ὡ Ὡ Ὠ‌ȟ 

ό
Ѝ
᷿  ’ὃ
Ð

Ð
Ὡ Ὥ‌ὄὩ Ὡ Ὠ‌Ȣ  (7) 

Substituting formulas (5) and (6) into formulas (4) and using the boundary conditions 

(2), we obtain a system of two equations 

ςὭ‌’ὃ ς‌  Ὧ ὄ πȟ   (2‌  Ὧ ὃ ςὭ‌’ὄ  ȟ  

 (8) 

where 

ὴ‌  
ρ

Ѝς“
ὴὼ

Ð

Ð

Ὡ ὨὼȢ 

From the solution of the system of equations (8) we have 

ὃ  ὴ‌ȟ ὄ   ὴ‌ȟ   (9) 

where ὔ‌  ς‌ Ὧ τ‌’’Ȣ 
Substituting (9) into relations (7), we obtain in the ʭ3 =  0 the following expressions: 

ό ὼȟπȟὸ  
Ὡ

‘Ѝς“

‌ὴ‌

ὔ‌
ς‌ Ὧ ς’’ Ὡ Ὠ‌ȟ

Ð

Ð

 

ό ὼȟπȟὸ
Ѝ
᷿
Ð

Ð
’Ὡ Ὠ‌Ȣ   (10) 

Finally, we simulated our tasks in Matlab media and get results to real life situations. 

A study of the dynamic behavior of a two-dimensional model of an elastic medium under the 

influence of a vertical concentrated load on a half-space (the Lamb problem) has shown that 

the presence of viscosity leads to a decrease in high-frequency slowly damped oscillations 

behind the Rayleigh wave front which are absent on real seismograms. The obtained result 

indicates the need to take into account the viscosity of the interlayers in the elastic model of 

rocks when calculating seismic waves.  
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ʉɹʆʈ ʀ ʆɹʈɸɹʆʊʂɸ ɼɸʅʅʓʍ ʉ ʈɸʉʇʈɽɼɽʃɽʅʅʓʍ ʆɹʒɽʂʊʆɺ 

ʊɽʍʅʀʏɽʉʂʆʁ ʀʅʌʈɸʉʊʈʋʂʊʋʈʓ 

ʊʨʝʪʴʷʢʦʚʘ ʅ. ʉ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ʈʘʩʧʨʝʜʝʣʸʥʥʘʷ ʩʠʩʪʝʤʘ ï ʩʠʩʪʝʤʘ, ʜʣʷ ʢʦʪʦʨʦʡ ʦʪʥʦʰʝʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʡ 

ʵʣʝʤʝʥʪʦʚ (ʠʣʠ ʛʨʫʧʧ ʵʣʝʤʝʥʪʦʚ) ʠʛʨʘʶʪ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʘʥʘʣʠʟʘ ʠ ʩʠʥʪʝʟʘ 

ʩʠʩʪʝʤʳ. 

ʇʨʝʜʩʪʘʚʠʤ ʨʘʩʧʨʝʜʝʣʝʥʥʫʶ ʘʨʭʠʪʝʢʪʫʨʫ ʩʠʩʪʝʤʳ ʚ ʚʠʜʝ ʛʨʘʬʘ, ʫʟʣʘʤʠ 

ʢʦʪʦʨʦʛʦ ʤʦʛʫʪ ʙʳʪʴ ʧʨʦʛʨʘʤʤʥʳʝ ʠʣʠ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʢʦʪʦʨʳʝ 

ʩʧʦʩʦʙʥʳ ʦʙʤʝʥʠʚʘʪʴʩʷ ʠʥʬʦʨʤʘʮʠʝʡ ʤʝʞʜʫ ʩʦʙʦʡ.  

ɻʨʘʬ (ʥʝʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʛʨʘʬ) G ï ʵʪʦ ʫʧʦʨʷʜʦʯʝʥʥʘʷ ʧʘʨʘ G:=(V,E), ʛʜʝ V ï 

ʥʝʧʫʩʪʦʝ ʤʥʦʞʝʩʪʚʦ ʚʝʨʰʠʥ (ʫʟʣʦʚ), ʘ ɽ ï ʤʥʦʞʝʩʪʚʦ ʧʘʨ (ʚ ʩʣʫʯʘʝ ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʛʦ 

ʛʨʘʬʘ ï ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʭ) ʚʝʨʰʠʥ, ʥʘʟʳʚʘʝʤʳʭ ʨʸʙʨʘʤʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʠʤ ʩʝʪʴ ʥʝʬʪʝʧʨʦʚʦʜʦʚ. ʇʨʝʜʩʪʘʚʠʤ ʝʝ ʚ ʚʠʜʝ 

ʥʝʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʘ. ʉʙʦʨ ʠ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʤʥʦʞʝʩʪʚʘ ʜʘʪʯʠʢʦʚ (ʩʝʥʩʦʨʦʚ). ʈʘʩʩʤʦʪʨʠʤ ʜʚʘ ʩʣʫʯʘʷ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʜʘʪʯʠʢʠ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʚʝʨʰʠʥʘʭ ʛʨʘʬʘ ʠ ʷʚʣʷʶʪʩʷ ʥʝʧʦʜʚʠʞʥʳʤʠ, ʘ ʚʦ 

ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʜʘʪʯʠʢʠ ʤʦʛʫʪ ʧʝʨʝʤʝʱʘʪʴʩʷ ʧʦ ʛʨʘʬʫ. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʚ ʩʠʩʪʝʤʝ 

ʚʦʟʥʠʢʘʶʪ ʩʦʙʳʪʠʷ (ʚʥʝʰʪʘʪʥʳʝ ʩʠʪʫʘʮʠʠ), ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʦʙʨʘʙʦʪʘʪʴ. 

ʎʝʣʴ: ʉʨʘʚʥʠʪʴ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʩʦʙʳʪʠʡ ʚ ʩʣʫʯʘʝ ʥʝʧʦʜʚʠʞʥʳʭ 

ʜʘʪʯʠʢʦʚ, ʨʘʩʧʦʣʘʛʘʶʱʠʭʩʷ ʚ ʫʟʣʘʭ ʛʨʘʬʘ ʠ ʧʦʜʚʠʞʥʳʭ ʜʘʪʯʠʢʦʚ. 

ʇʫʩʪʴ ʩʫʱʝʩʪʚʫʝʪ ʥʘʙʦʨ ʜʘʪʯʠʢʦʚ di, i=1..N. ʆʧʝʨʘʮʠʷ ʠʟʤʝʨʝʥʠʷ ʟʥʘʯʝʥʠʷ 

ʧʘʨʘʤʝʪʨʘ: 

Åȟȟȟ ÄȟÇȟÓȟÖȟȟȟȟÔȟȟȟ , 

ʛʜʝ Ç ï ʨʘʩʧʦʣʦʞʝʥʠʝ ʫʩʪʨʦʡʩʪʚʘ ʚ ʤʦʤʝʥʪ ʠʟʤʝʨʝʥʠʷ; 

Ó ï ʠʟʤʝʨʷʝʤʳʡ ʧʘʨʘʤʝʪʨ; 

Ôȟȟȟ ï ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʠ ʠʟʤʝʨʝʥʠʷ 

Öȟȟȟ ï ʧʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʠʟʤʝʨʷʝʤʦʡ ʚʝʣʠʯʠʥʳ. 

ɿʘʜʘʯʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʚʠʜʝ ʧʘʪʪʝʨʥʘ Ð ʠ ʬʫʥʢʮʠʠ: 

ʒȟȟȟȟ ʒÅȟȟȟȟÐ . 

ʇʘʪʪʝʨʥ Ð ʦʧʠʩʳʚʘʝʪ ʥʘʙʦʨ ʟʥʘʯʝʥʠʡ Öȟȟȟ, ʢʦʪʦʨʳʝ ʠʟʤʝʨʷʝʤʘʷ ʚʝʣʠʯʠʥʘ Ó 

ʧʨʠʥʠʤʘʝʪ ʚ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ Ôȟȟȟ. ʇʨʠ ʵʪʦʤ ʚʳʩʦʢ ʨʠʩʢ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚʥʝʰʪʘʪʥʦʡ 

ʩʠʪʫʘʮʠʠ. ɼʣʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚʥʝʰʪʘʪʥʳʭ ʩʠʪʫʘʮʠʡ ʥʫʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʩʦʙʳʪʠʷ 

ʠʟʤʝʨʝʥʠʷ Åȟȟȟ: 

В̋ В В В В В Åȟȟȟ Ͻʒȟȟȟ ȟϽɿÔȟȟȟ Ôȟȟȟ ɝÔ ᴼ

. , 

ʛʜʝ ɝÔ ï ʠʥʪʝʨʚʘʣ ʜʦʧʫʩʪʠʤʦʡ ʟʘʜʝʨʞʢʠ ʠʣʠ ʦʧʝʨʝʞʝʥʠʷ ʠʟʤʝʨʝʥʠʷ; 

.  ï ʢʦʣʠʯʝʩʪʚʦ ʩʦʙʳʪʠʡ. 

ɸʣʛʦʨʠʪʤ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʘʣʠʟʫʝʪʩʷ ʤʝʪʦʜʦʤ ʧʦʢʦʦʨʜʠʥʘʪʥʦʛʦ ʩʧʫʩʢʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚ ʩʠʩʪʝʤʝ ʩ ʧʦʜʚʠʞʥʳʤʠ ʜʘʪʯʠʢʘʤʠ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ 

ʩʦʙʳʪʠʡ ʚʳʰʝ, ʯʝʤ ʩʦ ʩʪʘʪʠʯʝʩʢʠʤʠ ʜʘʪʯʠʢʘʤʠ. 
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ʀʥʬʦʨʤʘʮʠʦʥʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʠ ʫʧʨʘʚʣʷʶʱʠʝ ʩʠʩʪʝʤʳ, 2016. ï ˉ 5. ï ʩ. 56 ï 64 

2.ʄʠʥʘʝʚ ɸ. ɸ., ʂʫʧʝʨ ɼ. ɺ., ʀʚʘʱʝʥʢʦ ɸ. ɺ. ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʧʦ ʨʝʘʣʠʟʘʮʠʠ 

ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʤʝʜʠʮʠʥʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʥʘ ʙʘʟʝ ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ [ʊʝʢʩʪ] / ʀʟʚʝʩʪʠʷ 

ʉʘʤʘʨʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ ʈɸʅ, ʪ. 18. ï ˉ 4(4), 2016. ï ʩ. 786 ï 792 

3.ʀʚʘʱʝʥʢʦ ɸ. ɺ., ʂʫʧʝʨ ɼ. ɺ. ʄʥʦʛʦʩʣʦʡʥʘʷ ʤʦʜʝʣʴ ʧʦʜʚʠʞʥʦʡ ʩʝʥʩʦʨʥʦʡ ʩʝʪʠ 

[ʊʝʢʩʪ] / ʀʥʪʝʣʣʝʢʪ. ʀʥʥʦʚʘʮʠʠ. ʀʥʚʝʩʪʠʮʠʠ, 2016. ï ˉ 9. ï ʩ. 119 ï 122 
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ʌʆʈʄʀʈʆɺɸʅʀɽ ʇʈʀɿʅɸʂʆɺʆɻʆ ʇʈʆʉʊʈɸʅʉʊɺɸ ɼʃʗ 

ʀɼɽʅʊʀʌʀʂɸʎʀʀ ʆɹʃɸʉʊɽʁ ʀʅʊɽʈɽʉɸ ʀɿʆɹʈɸɾɽʅʀʁ ɻʃɸɿʅʆɻʆ 

ɼʅɸ ʅɸ ʆʉʅʆɺɽ ɸʅɸʃʀɿɸ ʎɺɽʊʆɺʆɻʆ ʇʈʆʉʊʈɸʅʉʊɺɸ RGB 

ʋʰʘʢʦʚʘ ʅ. ʉ, ʇʘʨʠʥʛʝʨ ʈ. ɸ., ʂʫʧʨʠʷʥʦʚ ɸ. ɺ., ʀʣʴʷʩʦʚʘ ʅ. ʖ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʝʭʥʦʣʦʛʠʷ ʦʪʙʦʨʘ ʧʨʠʟʥʘʢʦʚ ʜʣʷ ʣʦʢʘʣʠʟʘʮʠʠ ʦʙʲʝʢʪʦʚ 
ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʭ ʛʣʘʟʥʦʛʦ ʜʥʘ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʮʚʝʪʦʚʳʭ ʧʦʜʧʨʦʩʪʨʘʥʩʪʚ, 
ʧʦʟʚʦʣʷʶʱʘʷ ʧʨʦʚʦʜʠʪʴ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʘʥʘʣʠʟ ʧʨʠʟʥʘʢʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 
ʚʳʜʝʣʝʥʠʷ ʦʙʣʘʩʪʝʡ ʠʥʪʝʨʝʩʘ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʦʧʝʨʘʮʠʠ ʣʘʟʝʨʥʦʡ ʢʦʘʛʫʣʷʮʠʠ (ʨʠʩ.1). ɺ 
ʨʘʤʢʘʭ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʨʘʩʯʸʪ ʧʨʠʟʥʘʢʦʚ ʪʝʢʩʪʫʨʳ ʦʩʫʱʝʩʪʚʣʷʣʩʷ 
ʧʨʦʛʨʘʤʤʦʡ çMaZdaè [1,2]. ʅʘʨʷʜʫ ʩ ʦʙʱʠʤ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʪʘʢʞʝ ʧʦʧʘʨʥʳʡ ʩʧʦʩʦʙ 
ʦʪʙʦʨʘ ʧʨʠʟʥʘʢʦʚ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʚʳʙʦʨʝ ʧʨʠʟʥʘʢʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʥʘʠʙʦʣʴʰʠʤ 
ʟʥʘʯʝʥʠʝʤ ʢʨʠʪʝʨʠʷ ʨʘʟʜʝʣʠʤʦʩʪʠ ʧʨʠ ʨʘʟʣʠʯʝʥʠʠ ʢʘʞʜʦʡ ʧʘʨʳ ʢʣʘʩʩʦʚ ʠ 
ʧʦʩʣʝʜʫʶʱʝʤ ʠʭ ʦʙʲʝʜʠʥʝʥʠʠ ʚ ʝʜʠʥʳʡ ʥʘʙʦʨ. ɼʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ 
ʥʘʙʦʨʦʚ, ʧʨʦʚʦʜʠʣʦʩʴ ʚʳʯʠʩʣʝʥʠʝ ʦʰʠʙʢʠ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʜʣʷ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ 
ʨʘʟʤʝʨʦʚ ʦʢʥʘ ʬʨʘʛʤʝʥʪʘʮʠʠ. ʂʣʘʩʪʝʨʠʟʘʮʠʷ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʤʝʪʦʜʦʤ ʂ-ʩʨʝʜʥʠʭ, ʘ ʚ 
ʢʘʯʝʩʪʚʝ ʤʝʨʳ ʩʭʦʜʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʨʘʩʩʪʦʷʥʠʝ ʄʘʭʘʣʘʥʦʙʠʩʘ [3]. 

 

ʈʠʩ. 1. ʊʝʭʥʦʣʦʛʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʧʨʠʟʥʘʢʦʚ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʦʙʣʘʩʪʝʡ ʠʥʪʝʨʝʩʘ ʠʟʦʙʨʘʞʝʥʠʡ ʛʣʘʟʥʦʛʦ ʜʥʘ. 

ɹʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 132600 ʬʨʘʛʤʝʥʪʦʚ 

ʠʟʦʙʨʘʞʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʨʘʟʣʠʯʥʳʝ ʢʣʘʩʩʳ ʧʘʪʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ 

ʛʣʘʟʥʦʛʦ ʜʥʘ ʚ ʨʘʟʣʠʯʥʳʭ ʮʚʝʪʦʚʳʭ ʧʦʜʧʨʦʩʪʨʘʥʩʪʚʘʭ. ʎʝʣʴ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ï 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʨʠʟʥʘʢʦʚ ʧʨʠ ʨʝʰʝʥʠʠ ʢʦʥʢʨʝʪʥʦʡ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʟʘʜʘʯʠ. ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʠʣʘ ʥʝ ʪʦʣʴʢʦ ʚʳʜʝʣʠʪʴ 

ʠʥʬʦʨʤʘʪʠʚʥʳʝ ʧʨʠʟʥʘʢʠ ʚ ʢʦʥʢʨʝʪʥʳʭ ʮʚʝʪʦʚʳʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ, ʥʦ ʠ ʦʧʨʝʜʝʣʠʪʴ 

ʵʬʬʝʢʪʠʚʥʳʡ ʧʨʠʟʥʘʢ ʜʣʷ ʨʘʟʣʠʯʠʷ ʜʚʫʭ ʦʧʨʝʜʝʣʸʥʥʳʭ ʢʣʘʩʩʦʚ ʧʨʠ ʢʦʥʢʨʝʪʥʦʤ 

ʟʥʘʯʝʥʠʠ ʦʢʥʘ ʬʨʘʛʤʝʥʪʘʮʠʠ, ʙʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʨʘʟʣʠʯʥʳʭ ʧʨʘʚʠʣ ʦʪʙʦʨʘ 

ʧʨʠʟʥʘʢʦʚ. ʊʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʠʣʘ ʥʘʡʪʠ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʧʨʠʟʥʘʢ, ʧʦʟʚʦʣʷʶʱʠʡ 

ʨʘʟʜʝʣʷʪʴ ʜʚʘ ʢʦʥʢʨʝʪʥʳʭ ʠʩʭʦʜʥʳʭ ʢʣʘʩʩʘ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʦʰʠʙʢʦʡ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʚʦ 

ʚʩʝʭ ʮʚʝʪʦʚʳʭ ʧʦʜʧʨʦʩʪʨʘʥʩʪʚʘʭ, ʘ ʪʘʢʞʝ ʧʨʠʟʥʘʢ, ʠʥʬʦʨʤʘʪʠʚʥʳʡ ʣʠʰʴ ʚ ʦʜʥʦʤ 
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ʮʚʝʪʦʚʦʤ ʧʦʜʧʨʦʩʪʨʘʥʩʪʚʝ, ʥʦ ʧʦʟʚʦʣʷʶʱʠʡ ʨʘʟʜʝʣʷʪʴ ʙʦʣʴʰʠʥʩʪʚʦ ʢʣʘʩʩʦʚ ʤʝʞʜʫ 

ʩʦʙʦʡ. ɺʳʷʚʣʝʥʦ ʥʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʦʝ ʮʚʝʪʦʚʦʝ ʧʦʜʧʨʦʩʪʨʘʥʩʪʚʦ. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 
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 2. Piotr M. SzczypiŒski, Michağ Strzelecki, Andrzej Materka, Artur Klepaczko: MaZdaðA 

software package for image texture analysis, Computer Methods and Programs in 

Biomedicine, Volume 94, Issue 1, 66-76, (2009) 
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ʅʘʫʢʘ, 1979. - 270 ʩ. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʀʉʇʆʃʔɿʆɺɸʅʀʗ ɻʀɹʈʀɼʅʆʁ 

ʉɽʊʀ ʂʆʍʆʅɽʅɸ ɼʃʗ ʈɽʐɽʅʀʗ ɿɸɼɸʏʀ ʂʃɸʉʉʀʌʀʂɸʎʀʀ 

ʌʝʜʦʪʦʚ ɼ. ɸ., ʉʦʣʜʘʪʦʚʘ ʆ. ʇ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʤʦʜʝʣʝʡ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʧʝʨʩʝʧʪʨʦʥʥʦʛʦ ʪʠʧʘ - ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʤʥʦʛʦʩʣʦʡʥʦʛʦ 

ʧʝʨʩʝʧʪʨʦʥʘ ʠ ʛʠʙʨʠʜʥʦʡ ʩʝʪʠ ʂʦʭʦʥʝʥʘ, ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. 

ɿʘʜʘʯʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʦʩʪʨʦʝʥʠʝ ʘʣʛʦʨʠʪʤʘ, ʩʧʦʩʦʙʥʦʛʦ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʧʨʦʠʟʚʦʣʴʥʳʡ ʦʙʲʝʢʪ ʠʟ ʠʩʭʦʜʥʦʛʦ ʤʥʦʞʝʩʪʚʘ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʜʣʷ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʥʦʛʦʩʣʦʡʥʳʡ ʧʝʨʩʝʧʪʨʦʥ, ʦʩʥʦʚʥʳʤʠ 

ʜʦʩʪʦʠʥʩʪʚʘʤʠ ʢʦʪʦʨʦʛʦ ʷʚʣʷʶʪʩʷ ʧʨʦʩʪʦʪʘ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ, ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʝ 

ʧʦʣʫʯʝʥʠʝ ʦʪʚʝʪʘ ʧʦʩʣʝ ʧʨʦʭʦʜʘ ʜʘʥʥʳʭ ʧʦ ʩʣʦʷʤ, ʭʦʨʦʰʦ ʘʧʨʦʙʠʨʦʚʘʥʥʳʝ ʠ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʝʤʳʝ ʘʣʛʦʨʠʪʤʳ ʦʙʫʯʝʥʠʷ, ʩʧʦʩʦʙʥʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʬʫʥʢʮʠʠ ʣʶʙʦʡ 

ʩʣʦʞʥʦʩʪʠ. ʆʙʫʯʝʥʠʝ ʤʥʦʛʦʩʣʦʡʥʦʛʦ ʧʝʨʩʝʧʪʨʦʥʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʘʣʛʦʨʠʪʤʫ 

ʦʙʨʘʪʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʰʠʙʢʠ. ʇʨʠ ʦʙʫʯʝʥʠʠ ʩʝʪʠ ʜʘʥʥʳʤ ʘʣʛʦʨʠʪʤʦʤ ʩʪʘʚʠʪʩʷ 

ʟʘʜʘʯʘ ʤʠʥʠʤʠʟʘʮʠʠ ʬʫʥʢʮʠʠ ʦʰʠʙʢʠ ʚ ʚʠʜʝ ʢʚʘʜʨʘʪʠʯʥʦʡ ʩʫʤʤʳ ʨʘʟʥʦʩʪʝʡ ʤʝʞʜʫ 

ʬʘʢʪʠʯʝʩʢʠʤ ʠ ʦʞʠʜʘʝʤʳʤ ʟʥʘʯʝʥʠʷʤʠ ʚʳʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ. ʌʦʨʤʫʣʘ ʚʳʯʠʩʣʝʥʠʷ 

ʬʫʥʢʮʠʠ ʦʰʠʙʢʠ ʦʙʫʯʝʥʠʷ ʤʥʦʛʦʩʣʦʡʥʦʛʦ ʧʝʨʩʝʧʪʨʦʥʘ ʜʣʷ P ʦʙʫʯʘʶʱʠʭ ʚʳʙʦʨʦʢ: 

Ὁύ  
ρ

ς
ώ Ὠ  

ɺ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ ʩʝʪʠ ʧʨʦʠʩʭʦʜʠʪ ʫʪʦʯʥʝʥʠʝ ʚʝʩʦʚ ʢʘʞʜʦʛʦ ʥʝʡʨʦʥʘ. ʎʝʣʴʶ 

ʦʙʫʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʚʝʩʦʚ ʥʝʡʨʦʥʦʚ ʢʘʞʜʦʛʦ ʩʣʦʷ ʩʝʪʠ, ʯʪʦʙʳ ʧʨʠ ʟʘʜʘʥʥʦʤ 

ʚʭʦʜʥʦʤ ʚʝʢʪʦʨʝ ʧʦʣʫʯʠʪʴ ʥʘ ʚʳʭʦʜʝ ʟʥʘʯʝʥʠʷ ʩʠʛʥʘʣʦʚ ώ, ʩʦʚʧʘʜʘʶʱʝʝ ʩ ʪʨʝʙʫʝʤʦʡ 
ʪʦʯʥʦʩʪʴʶ ʩ ʦʞʠʜʘʝʤʳʤʠ ʟʥʘʯʝʥʠʷʤʠ Ὠ, ʧʨʠ ί ρȟςȟȣȟὓ. 

ɺʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʤʥʦʛʦʩʣʦʡʥʦʛʦ ʧʝʨʩʝʧʪʨʦʥʘ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʬʦʨʤʫʣʦʡ:  

ώ Ὢ ύ ὺ Ὢ ύ Ὢ ύ ὼ  

ʇʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʢʣʘʩʪʝʨʠʟʘʮʠʷ 

ʚʳʙʦʨʢʠ ʚʭʦʜʥʳʭ ʚʝʢʪʦʨʦʚ ʩ ʧʦʤʦʱʴʶ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʂʦʭʦʥʝʥʘ, ʢʦʪʦʨʘʷ ʩʦʝʜʠʥʷʝʪʩʷ 

ʩ ʤʥʦʛʦʩʣʦʡʥʳʤ ʧʝʨʩʝʧʪʨʦʥʦʤ. ʅʝʡʨʦʥʳ ʚ ʩʝʪʠ ʂʦʭʦʥʝʥʘ ʠʟʙʠʨʘʪʝʣʴʥʦ ʥʘʩʪʨʘʠʚʘʶʪʩʷ 

ʥʘ ʨʘʟʣʠʯʥʳʝ ʚʭʦʜʥʳʝ ʚʝʢʪʦʨʳ ʠʣʠ ʢʣʘʩʩʳ ʚʭʦʜʥʳʭ ʚʝʢʪʦʨʦʚ, ʧʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ 

ʝʩʪʝʩʪʚʝʥʥʦʝ ʨʘʩʩʣʦʝʥʠʝ ʥʝʡʨʦʥʦʚ ʥʘ ʨʘʟʣʠʯʥʳʝ ʛʨʫʧʧʳ. ʆʙʳʯʥʦ ʚ ʩʝʪʠ ʂʦʭʦʥʝʥʘ 

ʥʝʡʨʦʥʳ ʧʦʤʝʱʘʶʪʩʷ ʚ ʫʟʣʘʭ ʦʜʥʦ- ʠʣʠ ʜʚʫʭʤʝʨʥʦʡ  ʨʝʰʝʪʢʠ. 

ʆʙʫʯʝʥʠʝ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʂʦʭʦʥʝʥʘ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʘʣʛʦʨʠʪʤʫ WTA (Winner 

Takes All  ï ʧʦʙʝʜʠʪʝʣʴ ʧʦʣʫʯʘʝʪ ʚʩʝ). ʎʝʣʴ ʦʙʫʯʝʥʠʷ ʩʦʩʪʦʠʪ ʚ ʫʧʦʨʷʜʦʯʠʚʘʥʠʠ 

ʥʝʡʨʦʥʦʚ, ʢʦʪʦʨʦʝ ʤʠʥʠʤʠʟʠʨʫʝʪ ʦʪʢʣʦʥʝʥʠʝ ʚʝʢʪʦʨʘ ʚʝʩʦʚ ʦʪ ʚʭʦʜʥʦʛʦ ʚʝʢʪʦʨʘ ὼ. ʇʨʠ 
ὴ ʚʭʦʜʥʳʭ ʚʝʢʪʦʨʘʭ ʵʪʘ ʧʦʛʨʝʰʥʦʩʪʴ ʚ ʝʚʢʣʠʜʦʚʦʡ ʤʝʪʨʠʢʝ ʚʳʨʘʞʘʝʪʩʷ ʚ ʚʠʜʝ: 

Ὁ
ρ

ς
ὼ ύ  

ʛʜʝ ύ  ï ʵʪʦ ʚʝʩʘ ʥʝʡʨʦʥʘ-ʧʦʙʝʜʠʪʝʣʷ ʧʨʠ ʧʨʝʜʲʷʚʣʝʥʠʠ ʚʝʢʪʦʨʘ ὼ. 

ʇʦʩʣʝ ʧʨʝʜʲʷʚʣʝʥʠʷ ʚʝʢʪʦʨʘ ὼ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʘʢʪʠʚʥʦʩʪʴ ʢʘʞʜʦʛʦ ʥʝʡʨʦʥʘ 
ʩʝʪʠ. ʇʦʙʝʜʠʪʝʣʝʤ ʩʯʠʪʘʝʪʩʷ ʥʝʡʨʦʥ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʝʚʢʣʠʜʦʚʳʤ ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ 
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ʚʭʦʜʥʳʤ ʚʝʢʪʦʨʦʤ ʠ ʚʝʢʪʦʨʦʤ ʚʝʩʦʚ ʥʝʡʨʦʥʘ. ɺʝʩʘ ʥʝʡʨʦʥʘ-ʧʦʙʝʜʠʪʝʣʷ ʫʪʦʯʥʷʶʪʩʷ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʚʝʢʪʦʨʘ ὼ ʧʦ ʧʨʘʚʠʣʫ: 

ύ ὸ ρ ύ ὸ –ὼ ύ ὸ  
ɺʝʩʘ ʦʩʪʘʣʴʥʳʭ ʥʝʡʨʦʥʦʚ ʫʪʦʯʥʝʥʠʶ ʥʝ ʧʦʜʣʝʞʘʪ. 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ 

ʩʠʩʪʝʤʘ, ʤʦʜʝʣʠʨʫʶʱʘʷ ʨʘʙʦʪʫ  ʤʥʦʛʦʩʣʦʡʥʦʛʦ ʧʝʨʩʝʧʪʨʦʥʘ ʠ ʛʠʙʨʠʜʥʦʡ ʩʝʪʠ 

ʂʦʭʦʥʝʥʘ. ʊʝʩʪʠʨʦʚʘʥʠʝ ʤʦʜʝʣʝʡ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʟʘʜʘʯʘʭ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠʨʠʩʦʚ ʌʠʰʝʨʘ, ʠʪʘʣʴʷʥʩʢʠʭ ʚʠʥ  ʠ ʟʘʙʦʣʝʚʘʥʠʡ ʩʝʨʜʮʘ [1].  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 1-3. 

ʊʘʙʣʠʮʘ 1. ʈʝʟʫʣʴʪʘʪʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠʨʠʩʦʚ 
ʊʠʧ ʩʝʪʠ ʈʘʟʤʝʨ 

ʚʳʙʦʨʢʠ 

ʏʠʩʣʦ 

ʥʝʡʨʦʥʦʚ 

ʉʂʆ 

ʧʦʛʨʝʰʥʦʩʪʠ 

ʦʙʫʯʝʥʠʷ 

ʆʰʠʙʢʘ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʄʥʦʛʦʩʣʦʡʥʳʡ 

ʧʝʨʩʝʧʪʨʦʥ 

150 43 0,174 0,017 

ɻʠʙʨʠʜʥʘʷ 

ʩʝʪʴ ʂʦʭʦʥʝʥʘ 

150 68 0,046 0 

ʊʘʙʣʠʮʘ 2. ʈʝʟʫʣʴʪʘʪʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚʠʥ 
ʊʠʧ ʩʝʪʠ ʈʘʟʤʝʨ 

ʚʳʙʦʨʢʠ 

ʏʠʩʣʦ 

ʥʝʡʨʦʥʦʚ 

ʉʂʆ 

ʧʦʛʨʝʰʥʦʩʪʠ 

ʦʙʫʯʝʥʠʷ 

ʆʰʠʙʢʘ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʄʥʦʛʦʩʣʦʡʥʳʡ 

ʧʝʨʩʝʧʪʨʦʥ 

178 43 0,086 0,138 

ɻʠʙʨʠʜʥʘʷ ʩʝʪʴ 

ʂʦʭʦʥʝʥʘ 

178 239 0,026 0,034 

ʊʘʙʣʠʮʘ 3. ʈʝʟʫʣʴʪʘʪʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʟʘʙʦʣʝʚʘʥʠʡ ʩʝʨʜʮʘ 
ʊʠʧ ʩʝʪʠ ʈʘʟʤʝʨ 

ʚʳʙʦʨʢʠ 

ʏʠʩʣʦ 

ʥʝʡʨʦʥʦʚ 

ʉʂʆ 

ʧʦʛʨʝʰʥʦʩʪʠ 

ʦʙʫʯʝʥʠʷ 

ʆʰʠʙʢʘ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʄʥʦʛʦʩʣʦʡʥʳʡ 

ʧʝʨʩʝʧʪʨʦʥ 

270 42 0,365 0,167 

ɻʠʙʨʠʜʥʘʷ ʩʝʪʴ 

ʂʦʭʦʥʝʥʘ 

270 238 0,230 0,053 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. UCI Machine Learning Repository [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ïhttp://archive.ics.uci.edu/ml 

(ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 28.04.2017). 
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ʋɼʂ 629.78 

ʀʅʊɽʈʅɽʊ ɺɽʑɽʁ 

ʍʘʤʟʠʥ ɺ. ɸ., ʄʘʨʪʳʥʦʚʘ ʆ. ʅ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʩʪʨʝʤʣʝʥʠʠ ʤʘʢʩʠʤʠʟʘʮʠʠ ʜʦʭʦʜʦʚ ʠʥʜʫʩʪʨʠʘʣʴʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ ʙʳʣ ʨʦʞʜʝʥ ʢʦʥʮʝʧʪ ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ. ɼʘʥʥʳʡ ʢʦʥʮʝʧʪ ʥʝʠʟʙʝʞʥʦ ʚʝʜʝʪ 

ʢ ʯʝʪʚʝʨʪʦʡ ʧʨʦʤʳʰʣʝʥʥʦʡ ʨʝʚʦʣʶʮʠʠ, ʢʣʶʯʝʚʦʡ ʘʩʧʝʢʪ ʢʦʪʦʨʦʡ ð ʠʥʪʝʛʨʘʮʠʷ 

ʢʠʙʝʨʬʠʟʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ. ʋʩʧʝʰʥʦ ʚʥʝʜʨʝʥʥʳʡ ʤʠʨʦʚʳʤʠ ʣʠʜʝʨʘʤʠ 

ʠʥʜʫʩʪʨʠʠ, ʠʥʪʝʨʥʝʪ ʚʝʱʝʡ, ʚʤʝʩʪʝ ʩ ʢʦʥʮʝʧʮʠʝʡ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ, ʚʥʦʩʠʪ ʙʦʣʴʰʦʡ 

ʚʢʣʘʜ ʚ ʦʧʪʠʤʠʟʘʮʠʶ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ, ʘʥʘʣʠʟʠʨʫʷ ʩʣʘʙʦ ʩʚʷʟʘʥʥʳʝ ʤʝʞʜʫ ʩʦʙʦʡ 

ʜʘʥʥʳʝ ʠ ʧʦʤʦʛʘʷ ʘʥʘʣʠʪʠʢʘʤ ʚʳʙʠʨʘʪʴ ʧʨʘʚʠʣʴʥʳʡ ʢʫʨʩ ʨʘʟʚʠʪʠʷ ʧʨʝʜʧʨʠʷʪʠʷ. 

ʇʦʤʠʤʦ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ, ʠʥʪʝʨʥʝʪ ʚʝʱʝʡ ʠʤʝʝʪ ʛʣʦʙʘʣʴʥʳʝ ʧʨʦʷʚʣʝʥʠʷ 

ʚ ʦʢʨʫʞʘʶʱʝʡ ʣʶʜʝʡ ʨʝʘʣʴʥʦʩʪʠ. ʆʩʚʦʙʦʞʜʝʥʠʝ ʯʝʣʦʚʝʢʘ ʦʪ ʤʦʥʦʪʦʥʥʳʭ ʠ ʨʫʪʠʥʥʳʭ 

ʧʦʚʩʝʜʥʝʚʥʳʭ ʟʘʜʘʯ, ʚʝʜʝʪ ʢ ʧʦʚʳʰʝʥʠʶ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʣʷ ʪʚʦʨʯʝʩʢʦʡ ʠ 

ʚʳʩʦʢʦʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʨʘʙʦʪʳ. ɻʣʦʙʘʣʴʥʘʷ ʫʥʠʢʘʣʴʥʘʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʩʦʟʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʧʦʜʩʪʨʦʡʢʠ ʦʢʨʫʞʘʶʱʝʛʦ ʤʠʨʘ. 

ʆʜʥʘʢʦ ʠʥʪʝʨʥʝʪ ʚʝʱʝʡ, ʢʘʢ ʠ ʩʘʤʘ ʯʝʪʚʝʨʪʘʷ ʧʨʦʤʳʰʣʝʥʥʘʷ ʨʝʚʦʣʶʮʠʷ, 

ʷʚʣʷʷʩʴ ʙʝʟʫʩʣʦʚʥʦ ʚʘʞʥʳʤ ʩʦʙʳʪʠʝʤ, ʥʝʩʝʪ ʚ ʩʝʙʝ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʩʪʦʨʦʥʳ, ʪʘʢʠʝ 

ʢʘʢ ʨʠʩʢʠ ʧʦʚʳʰʝʥʠʷ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʚ ʦʙʱʝʩʪʚʝ, ʩʦʮʠʘʣʴʥʦʛʦ ʨʘʩʩʣʦʝʥʠʷ ʠ 

ʨʘʩʰʘʪʳʚʘʥʠʷ ʧʦʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 
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ʇʆɼʉʀʉʊɽʄɸ ʌʆʈʄʀʈʆɺɸʅʀʗ ʇʃɸʅɸ-ɻʈɸʌʀʂɸ ʈɽʄʆʅʊʆɺ 

ʆɹʆʈʋɼʆɺɸʅʀʗ ʉ ʋʏɽʊʆʄ ʆɻʈɸʅʀʏɽʅʀʁ 

ʍʚʦʩʪʦʚ ɸ. ʀ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʠ (ɻʕʉ) ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʢʦʤʧʣʝʢʩʥʘʷ 

ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ çʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʨʝʜʘ ɻʕʉè, ʢʦʪʦʨʘʷ ʨʝʰʘʝʪ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʟʘʜʘʯ, ʪʘʢʠʭ ʢʘʢ: ʬʦʨʤʠʨʦʚʘʥʠʝ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʤʦʥʠʪʦʨʠʥʛ ʧʘʨʘʤʝʪʨʦʚ, 

ʠʤʧʦʨʪ ʜʘʥʥʳʭ ʠʟ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ 

ʧʨʦʮʝʩʩʘʤʠ, ʫʯʝʪ ʥʘʨʘʙʦʪʢʠ ʦʙʦʨʫʜʦʚʘʥʠʷ.  

ʇʦʜʩʠʩʪʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʘʥʘ-ʛʨʘʬʠʢʘ ʨʝʤʦʥʪʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʘ 

ʢʘʢ ʯʘʩʪʴ ʝʜʠʥʦʡ ʢʦʤʧʣʝʢʩʥʦʡ ɸʉʋ ʊʇ ɻʕʉ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ 

ʧʦʜʜʝʨʞʢʫ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʪʜʝʣʘ ʧʨʝʜʧʨʠʷʪʠʷ, ʢʦʪʦʨʳʝ 

ʦʪʚʝʯʘʶʪ ʟʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʛʨʘʬʠʢʦʚ ʨʝʤʦʥʪʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʨʘʟʙʠʝʥʠʝ ʧʣʘʥʘ ʨʘʙʦʯʝʡ 

ʤʦʱʥʦʩʪʠ, ʧʦʣʫʯʝʥʥʦʛʦ ʦʪ ʉʠʩʪʝʤʥʦʛʦ ʦʧʝʨʘʪʦʨʘ ɽʜʠʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

ʈʦʩʩʠʠ. ɺ ʧʦʜʩʠʩʪʝʤʝ ʨʝʘʣʠʟʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʫʯʠʪʳʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʡ 

ʨʝʤʦʥʪ, ʥʦ ʠ ʚʥʝʰʪʘʪʥʳʝ ʩʠʪʫʘʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʛʠʜʨʦʘʛʨʝʛʘʪʦʚ ʧʨʠ ʧʦʢʨʳʪʠʠ ʟʘʜʘʥʠʷ ʧʦ 

ʨʘʙʦʯʝʡ ʤʦʱʥʦʩʪʠ, ʚʳʜʘʥʥʦʛʦ ʩʠʩʪʝʤʥʳʤ ʦʧʝʨʘʪʦʨʦʤ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʝ ʦʛʨʘʥʠʯʝʥʠʷ. 

ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʧʦʜʩʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. 

  
ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʧʦʜʩʠʩʪʝʤʳ 

ʇʦʜʩʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʣʠʝʥʪ-ʩʝʨʚʝʨʥʦʝ ʧʨʠʣʦʞʝʥʠʝ, ʥʘ ʩʪʦʨʦʥʝ 

ʢʣʠʝʥʪʘ ʨʘʩʧʦʣʦʞʝʥʳ ʧʦʜʩʠʩʪʝʤʳ ʚʠʟʫʘʣʠʟʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʤʦʜʫʣʝʡ ʩʠʩʪʝʤʳ. ʅʘ 



ʉʝʢʮʠʷ 9. ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʘʥʘʣʠʟ ʜʘʥʥʳʭ 

107 

ʩʝʨʚʝʨʥʦʡ ʩʪʦʨʦʥʝ ï ʧʦʜʩʠʩʪʝʤʳ, ʨʝʘʣʠʟʫʶʱʠʝ ʙʠʟʥʝʩ ʣʦʛʠʢʫ (ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʘʥʘ 

ʤʦʱʥʦʩʪʠ ʠ ʛʨʘʬʠʢʘ ʨʝʤʦʥʪʦʚ), ʢʦʪʦʨʳʝ ʧʦʣʫʯʘʶʪ ʜʘʥʥʳʝ ʠʟ ʧʦʜʩʠʩʪʝʤ ʦʪʯʝʪʦʚ, ʫʯʝʪʘ 

ʦʛʨʘʥʠʯʝʥʠʡ, ʩʧʨʘʚʦʯʥʠʢʦʚ, ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʣʫʯʘʶʪ ʜʘʥʥʳʝ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ 

ʧʨʠʣʦʞʝʥʠʷ ʠ ʠʟ ʮʝʥʪʨʘ ʩʙʦʨʘ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʢʦʤʧʣʝʢʩʥʦʡ ʩʠʩʪʝʤʳ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʧʦʜʩʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ ʬʦʨʤʠʨʦʚʘʪʴ ʛʨʘʬʠʢ ʨʝʤʦʥʪʦʚ ʦʩʥʦʚʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ɻʕʉ (ʨʠʩ. 2), ʫʯʠʪʳʚʘʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʪʠʧʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚʳʚʦʜʷ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʚʳʚʦʜʫ ʚ ʨʝʤʦʥʪ. 

 
ʈʠʩ. 2. ʕʢʨʘʥʥʘʷ ʬʦʨʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʨʘʬʠʢʘ ʨʝʤʦʥʪʦʚ 

 

ʇʦʩʣʝ ʩʦʟʜʘʥʠʷ ʛʨʘʬʠʢʘ ʨʝʤʦʥʪʦʚ ʩʪʘʥʦʚʠʪʩʷ ʜʦʩʪʫʧʝʥ ʧʨʦʩʤʦʪʨ ʠʪʦʛʦʚʦʛʦ 

ʦʪʯʝʪʘ (ʨʠʩ. 3), ʩʦʜʝʨʞʘʱʠʡ ʛʨʘʬʠʢ ʨʝʤʦʥʪʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ ɻʕʉ, ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 

ʝʤʫ ʨʘʟʙʠʝʥʠʝ ʧʣʘʥʘ ʨʘʙʦʯʝʡ ʤʦʱʥʦʩʪʠ ʟʘ ʚʳʙʨʘʥʥʳʡ ʢʘʣʝʥʜʘʨʥʳʡ ʧʝʨʠʦʜ. ʀʪʦʛʦʚʳʡ 

ʦʪʯʝʪ ʤʦʞʝʪ ʙʳʪʴ ʦʪʦʙʨʘʞʝʥ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʚʠʜʝ (ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʚʳʚʦʜʷʪʩʷ ʛʨʘʬʠʢʠ 

ʠʩʭʦʜʥʦʡ ʠ ʟʘʧʣʘʥʠʨʦʚʘʥʥʦʡ ʤʦʱʥʦʩʪʠ), ʵʢʩʧʦʨʪʠʨʦʚʘʥ ʜʣʷ ʧʝʯʘʪʠ, ʘ ʪʘʢʞʝ ʦʪʧʨʘʚʣʝʥ 

ʧʦ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʯʪʝ. 

 
ʈʠʩ. 3. ʇʨʠʤʝʨ ʠʪʦʛʦʚʦʛʦ ʦʪʯʝʪʘ 

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʨʘʟʨʘʙʦʪʘʥʦ ʚ ʩʨʝʜʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Microsoft 

Visual Studio 2015 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ASP.NET, ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

ʉ# ʠ TypeScript. ɺ ʢʘʯʝʩʪʚʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ ʜʘʥʥʳʭ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ 

Microsoft SQL Server 2012, ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ Oracle 11g r2. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. 17330282.27.140.015-2008. ɻʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʠ. ʆʨʛʘʥʠʟʘʮʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ. ʅʦʨʤʳ ʠ ʪʨʝʙʦʚʘʥʠʷ. ɺʚʝʜ. 2008-07-30. ʄ., 2008. 183 ʩ. 
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ʋɼʂ 535.43 

ɸʅɸʃʀɿ ɺʆʃʅʆɺʆɻʆ ʌʈʆʅʊɸ ʇʈʀ ʈɸʉʇʈʆʉʊʈɸʅɽʅʀʀ ɺ ʉɺʆɹʆɼʅʆʄ 

ʇʈʆʉʊʈɸʅʉʊɺɽ ʅɸ ʆʉʅʆɺɽ ʈɸɿʃʆɾɽʅʀʗ ʇʆ ʇʆʃʀʅʆʄɸʄ ʎɽʈʅʀʂɽ 

ʍʦʨʠʥ ʇ. ɸ., ʍʦʥʠʥʘ ʉ. ʅ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ (ɺʌ) ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʨʪʦʛʦʥʘʣʴʥʳʝ 

ʧʦʣʠʥʦʤʳ ʎʝʨʥʠʢʝ. ʂʦʵʬʬʠʮʠʝʥʪʳ ʨʘʟʣʦʞʝʥʠʷ ɺʌ ʧʦ ʧʦʣʠʥʦʤʘʤ ʎʝʨʥʠʢʝ ʧʦʟʚʦʣʷʶʪ 

ʦʧʨʝʜʝʣʠʪʴ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʫʶ ʦʰʠʙʢʫ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʠʜʝʘʣʴʥʦʛʦ ʬʨʦʥʪʘ. ɼʣʷ 

ʦʙʲʝʢʪʠʚʥʦʡ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʠʟʦʙʨʘʞʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪ ʬʫʥʢʮʠʶ ʨʘʩʩʝʷʥʠʷ ʪʦʯʢʠ 

(ʌʈʊ) [1]. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʦʢʘʟʘʥʦ, ʢʘʢ ʧʨʠ ʧʦʤʦʱʠ ʦʧʪʠʯʝʩʢʠʭ ʦʧʝʨʘʪʦʨʦʚ ʌʨʝʥʝʣʷ ʠ 

ʌʫʨʴʝ ɺʌ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʚ ʩʚʦʙʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʢʘʢ ʧʨʠ ʵʪʦʤ ʠʟʤʝʥʷʶʪʩʷ 

ʚʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʣʠʥʦʤʦʚ ʎʝʨʥʠʢʝ. ʂʨʦʤʝ ʪʦʛʦ, ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʩʭʦʜʥʦʛʦ ʧʦʣʷ ʧʦ ɺʌ, ʧʦʣʫʯʝʥʥʦʤʫ ʚ ʥʝʢʦʡ ʧʣʦʩʢʦʩʪʠ [2]. 

ʈʘʩʩʤʦʪʨʠʤ ʢʨʫʛʦʚʳʝ ʧʦʣʠʥʦʤʳ ʎʝʨʥʠʢʝ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʦʣʥʦʝ 

ʤʥʦʞʝʩʪʚʦ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʬʫʥʢʮʠʡ ʩ ʫʛʣʦʚʳʤʠ ʛʘʨʤʦʥʠʢʘʤʠ ʚ ʢʨʫʛʝ ʨʘʜʠʫʩʘ r0: 

 

ὤ ὶȟʒ Ὑ ὶ
ÃÏÓ άʒ
ÓÉÎ άʒ

, Ὑ ὶ
Ȧ

Ȧ Ȧ Ȧ
. (1) 

ɸʙʝʨʨʘʮʠʠ ɺʌ, ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʚ ʦʧʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ, ʦʙʳʯʥʦ ʦʧʠʩʳʚʘʶʪʩʷ ʚ 

ʪʝʨʤʠʥʘʭ ʬʫʥʢʮʠʡ ʎʝʨʥʠʢʝ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

  

 ὡ ὶȟʒ ÅØÐ Ὥʕὶȟʒ ,  ʕὶȟʒ В В ὅ ὤ ὶȟʒ .  (2) 

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʜʣʠʥʘ ʚʦʣʥʳ ʩʦʩʪʘʚʠʣʘ 0,00078 ʤʤ, ʘ ʨʘʜʠʫʩ ʘʧʝʨʪʫʨʳ 1 ʤʤ. 

ʇʫʩʪʴ ʟʘʜʘʥʥʦʝ ʧʦʣʝ ɣ0 ʷʚʣʷʝʪʩʷ ʩʫʧʝʨʧʦʟʠʮʠʝʡ ʪʨʸʭ ʙʘʟʠʩʥʳʭ ʬʫʥʢʮʠʡ ʧʦʣʠʥʦʤʦʚ 

ʎʝʨʥʠʢʝ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʚʝʩʦʚʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ C20=5; C31=10; C42=2,5.  

 

(ʘ) (ʙ) (ʚ) 

ʈʠʩ.1. ɸʤʧʣʠʪʫʜʘ ʠ ʬʘʟʘ: (ʘ) ï ʠʩʭʦʜʥʦʝ ʧʦʣʝ ɣ0, (ʙ) ï ɺʌ W0 (ʚ ʧʣ. z0=0), (ʚ) ï 

ʌʈʊ 

 

ʐʘʛ 1. ʈʘʩʧʨʦʩʪʨʘʥʠʤ ɺʌ ʥʘ ʨʘʩʩʪʦʷʥʠʝ z1=100 ʤʤ, z2=250 ʤʤ ʠ z3=1000 ʤʤ, ʘ 

ʟʘʪʝʤ ʨʘʟʣʦʞʠʤ ʝʛʦ ʧʦ ʇʦʣʠʥʦʤʘʤ ʎʝʨʥʠʢʝ ʠ ʧʦʧʨʦʙʫʝʤ ʚʦʩʩʪʘʥʦʚʠʪʴ ʠʩʭʦʜʥʦʝ ʧʦʣʝ 

ɣ0. 

ʐʘʛ 2. ɼʣʷ ʦʙʲʝʢʪʠʚʥʦʛʦ ʩʨʘʚʥʝʥʠʷ ʠʩʭʦʜʥʦʛʦ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʧʦʣʷ 

ʧʦʩʪʨʦʠʤ ʌʈʊ ʦʪ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʧʦʣʷ ʥʘ ʨʘʟʣʠʯʥʳʭ ʨʘʩʩʪʦʷʥʠʷʭ. ɼʣʷ ʭʦʨʦʰʝʡ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʦʤʥʦʞʠʤ ʢʦʵʬʬʠʮʠʝʥʪʳ ɺʌ W1, W2, W3 ʥʘ 100000. 

(ʘ) (ʙ) 
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(ʚ) (ʛ) 

(ʜ) (ʝ) 

ʈʠʩ.2. ɸʤʧʣʠʪʫʜʘ ʠ ʬʘʟʘ: (ʘ) ï W1 ʚ ʧʣ. z1, (ʙ) ï ʚʦʩʩʪ. ʧʦʣʝ ~ɣ1, 

(ʚ) ï W2 ʚ ʧʣ. z2, (ʛ) ï ʚʦʩʩʪ. ʧʦʣʝ ~ɣ2, (ʜ) ï W3 ʚ ʧʣ. z3, (ʝ) ï ʚʦʩʩʪ. ʧʦʣʝ ~ɣ3. 

 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʧʦʣʝ ɣ0 ʠ 

ʚʦʣʥʦʚʳʭ ʬʨʦʥʪʘʭ W0, W1, W2, W3, ʢʦʪʦʨʳʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʥʘ ʨʘʩʩʪʦʷʥʠʷ z0, z1, z2, ʠ z3 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʊʘʙʣʠʮʘ 1. ɿʥʘʯʝʥʠʷ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

 

 

 

 

 

 

 

 

 

 

 

 

(ʘ) (ʙ) (ʚ) 

ʈʠʩ.3. ɸʤʧʣ. ʠ ʬʘʟʘ ʌʈʊ ʦʪ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʧʦʣʷ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʥʘ z1, 

z2, ʠ z3 

 

ʇʦ ʜʘʥʥʳʤ ʠʟ ʪʘʙʣʠʮʳ 1 ʩʣʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʥʘʩʢʦʣʴʢʦ ʭʦʨʦʰʦ ʙʳʣʦ 

ʚʦʩʩʪʘʥʦʚʣʝʥʦ ʠʩʩʣʝʜʫʝʤʦʝ ʧʦʣʝ, ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ɺʌ ʥʘ ʨʘʟʥʳʝ ʨʘʩʩʪʦʷʥʠʷ. 

ʉʪʦʠʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʨʘʩʩʪʦʷʥʠʷ, ʘʤʧʣʠʪʫʜʘ ɺʌ ʥʘʯʠʥʘʝʪ 

ʩʦʚʧʘʜʘʪʴ ʩ ʌʈʊ (ʈʠʩ. 2 (ʜ)), ʘ ʘʤʧʣʠʪʫʜʘ ʠ ʬʘʟʘ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʧʦʣʷ ʚʩʸ ʙʦʣʴʰʝ 

ʩʪʘʥʦʚʠʪʩʷ ʧʦʭʦʞʘ ʥʘ ʘʤʧʣʠʪʫʜʫ ʠ ʬʘʟʫ ʠʩʭʦʜʥʦʛʦ ʧʦʣʷ (ʈʠʩ. 2 (ʝ)). ʇʦ ʢʘʨʪʠʥʘʤ ʌʈʊ 

ʚʠʜʥʦ, ʯʪʦ ʫʞʝ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 250 ʤʤ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʤʳ ʠʤʝʝʤ ʭʦʨʦʰʠʡ ʨʝʟʫʣʴʪʘʪ 

(ʈʠʩ. 3 (ʙ)). 
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ʉnm ɣ0 W0 W1 W2 W3 

ʉ11 

ʉ22 

ʉ20 

ʉ33 

ʉ31 

ʉ44 

ʉ42 

ʉ40 

0.016402  

0.009929  

4.998832  

0.016281  

9.997272  

0.020942  

2.497070  

0.020691 

0.304294  

0.264375  

0.093385  

0.327261  

0.647550  

0.288039  

0.383179  

0.543000 

0.000069  

0.000047  

0.000028  

0.000007  

0.000033  

0.000041  

0.000056  

0.000089 

0.000031  

0.000032  

0.000044  

0.000024  

0.000098  

0.000027  

0.000053  

0.000016 

0.000039  

0.000020  

0.000047  

0.000002  

0.000090  

0.000024  

0.000070  

0.000027 
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ʋɼʂ 004.896, 004.942 

ʇʈʆɻʅʆɿʀʈʆɺɸʅʀɽ ʉʈɽɼʅɽʉʋʊʆʏʅʆʁ ʊɽʄʇɽʈɸʊʋʈʓ ɺʆɿɼʋʍɸ 

ʅɽʁʈʆʅʅʆʁ ʉɽʊʔʖ ʊʀʇɸ ʄʅʆɻʆʉʃʆʁʅʓʁ ʇɽʈʉɽʇʊʈʆʅ 

ʍʫʜʦʙʝʨʜʠʥʘ ɽ. ʉ., ʃʸʟʠʥ ʀ. ɸ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ʀʩʢʫʩʩʪʚʝʥʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ 

ʥʝʡʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʦʟʛʘ. ɻʣʘʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʠ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʢʘʞʜʦʡ 

ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʦʙʫʯʝʥʠʶ, ʪʦ ʝʩʪʴ ʧʦʣʫʯʘʪʴ ʨʝʟʫʣʴʪʘʪ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʥʝ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʩʝʪʴ ʚʳʷʚʣʷʝʪ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʚʭʦʜʥʳʤʠ ʠ ʚʳʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ. ʆʥʘ 

ʩʦʚʝʨʰʝʥʩʪʚʫʝʪʩʷ, ʜʝʡʩʪʚʫʷ ʥʘ ʦʩʥʦʚʝ ʧʨʝʜʳʜʫʱʝʛʦ ʦʧʳʪʘ ʠ ʩ ʢʘʞʜʳʤ ʨʘʟʦʤ ʜʝʣʘʷ ʚʩʝ 

ʤʝʥʴʰʝ ʦʰʠʙʦʢ. ɺʳʧʦʣʥʝʥʠʝ ʩʝʪʴʶ ʬʫʥʢʮʠʡ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ 

ʛʨʫʧʧ: ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʠ ʠʥʪʝʨʧʦʣʷʮʠʠ; ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʙʨʘʟʦʚ; 

ʩʞʘʪʠʷ ʜʘʥʥʳʭ; ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ; ʠʜʝʥʪʠʬʠʢʘʮʠʠ; ʫʧʨʘʚʣʝʥʠʷ; ʘʩʩʦʮʠʘʮʠʠ [1]. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʨʝʜʥʝʩʫʪʦʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʥʘ ʦʩʥʦʚʝ ʤʥʦʛʦʩʣʦʡʥʦʛʦ 

ʧʝʨʩʝʧʪʨʦʥʘ (MLP). 

ʄʥʦʛʦʩʣʦʡʥʳʡ ʧʝʨʩʝʧʪʨʦʥ ʷʚʣʷʝʪʩʷ ʩʝʪʴʶ ʧʨʷʤʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʚ ʪʘʢʠʭ 

ʩʝʪʷʭ ʠʥʬʦʨʤʘʮʠʷ ʧʝʨʝʜʘʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʦʪ ʚʭʦʜʥʦʛʦ ʩʣʦʷ ʢ ʚʳʭʦʜʥʦʤʫ. 

ʇʝʨʩʝʧʪʨʦʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʝʪʴ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʩʣʦʝʚ ʥʝʡʨʦʥʦʚ. ʉʝʪʴ 

ʩʦʜʝʨʞʠʪ ʦʜʠʥ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʩʢʨʳʪʳʭ ʩʣʦʝʚ. ʂʘʞʜʳʡ ʥʝʡʨʦʥ ʠʤʝʝʪ ʥʝʣʠʥʝʡʥʫʶ 

ʬʫʥʢʮʠʶ ʘʢʪʠʚʘʮʠʠ, ʦʪʚʝʪʩʪʚʝʥʥʦʡ ʟʘ ʚʳʯʠʩʣʝʥʠʝ ʚʳʭʦʜʥʦʛʦ ʟʥʘʯʝʥʠʷ. 

ʌʫʥʢʮʠʦʥʘʣʴʥʳʤ ʫʟʣʦʤ ʤʝʞʜʫ ʜʚʫʤʷ ʥʝʡʨʦʥʘʤʠ ʷʚʣʷʝʪʩʷ ʩʠʥʘʧʩ. ʂʘʞʜʳʡ ʩʠʥʘʧʩ 

ʠʤʝʝʪ ʚʝʩ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ, ʥʘʩʢʦʣʴʢʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʚʭʦʜ ʥʝʡʨʦʥʘ ʚʣʠʷʝʪ ʥʘ 

ʝʛʦ ʩʦʩʪʦʷʥʠʝ.  

ʆʙʫʯʝʥʠʝ ʧʝʨʩʝʧʪʨʦʥʘ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʦʩʥʦʚʝ ʘʣʛʦʨʠʪʤʘ ʦʙʨʘʪʥʦʛʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʰʠʙʢʠ ï ʠʪʝʨʘʪʠʚʥʦʛʦ ʛʨʘʜʠʝʥʪʥʦʛʦ ʘʣʛʦʨʠʪʤʘ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʣʷ 

ʤʠʥʠʤʠʟʘʮʠʠ ʦʰʠʙʢʠ ʚʳʭʦʜʘ ʩʝʪʠ. ʆʰʠʙʢʘ ʧʨʦʛʥʦʟʘ ʨʘʚʥʘ ʨʘʟʥʦʩʪʠ ʩʠʛʥʘʣʘ ʥʘ ʚʳʭʦʜʝ 

ʩʝʪʠ ʠ ʵʪʘʣʦʥʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʚʭʦʜʥʳʤ ʜʘʥʥʳʤ [2]: 

Ὡ ώ Ὠ. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʢʣʘʩʩʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʤʥʦʛʦʩʣʦʡʥʦʛʦ 

ʧʝʨʩʝʧʪʨʦʥʘ ʩ ʦʜʥʠʤ ʩʢʨʳʪʳʤ ʩʣʦʝʤ. ɺ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʩʨʝʜʥʝʩʫʪʦʯʥʳʝ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘ ʫʢʘʟʘʥʥʳʡ ʧʝʨʠʦʜ. ʈʝʟʫʣʴʪʘʪʦʤ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʪʘʥʦʚʠʪʩʷ ʟʥʘʯʝʥʠʝ ʩʨʝʜʥʝʩʫʪʦʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʟʘʜʘʥʥʳʡ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ. ʈʦʣʴ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ï ʧʨʝʜʩʢʘʟʘʥʠʝ ʙʫʜʫʱʝʡ ʨʝʘʢʮʠʠ ʩʠʩʪʝʤʳ ʧʦ ʝʝ 

ʧʨʝʜʳʜʫʱʝʤʫ ʧʦʚʝʜʝʥʠʶ. 

ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʥʦ ʧʨʠʡʪʠ ʢ ʚʳʚʦʜʫ, ʯʪʦ 

ʤʥʦʛʦʩʣʦʡʥʳʡ ʧʝʨʩʝʧʪʨʦʥ ʤʦʞʝʪ ʫʩʧʝʰʥʦ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ. 
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ʂʆʄʇʃɽʂʉ ʇʈʆɻʈɸʄʄ ɼʃʗ ɸɺʊʆʄɸʊʀɿɸʎʀʀ ɼɽʗʊɽʃʔʅʆʉʊʀ 

çʉʆɺʄɽʉʊʅʓɽ ɿɸʂʋʇʂʀè 

ʐʘʙʦʣʢʠʥʘ ɽ. ʀ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ɺ ʥʘʰʝ ʚʨʝʤʷ ʦʯʝʥʴ ʧʦʧʫʣʷʨʝʥ ʧʨʠʥʮʠʧ ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʢʫʧʢʠ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʥʝʩʢʦʣʴʢʦ ʣʠʮ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʛʨʫʧʧʫ ʜʣʷ ʧʨʠʦʙʨʝʪʝʥʠʷ ʪʦʚʘʨʦʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʪ 

ʧʦʩʪʘʚʱʠʢʘ ʠʣʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʧʦ ʦʧʪʦʚʳʤ ʮʝʥʘʤ [1], ʪʘʢʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʟʘʢʫʧʢʠ ʠʤʝʝʪ 

ʥʘʟʚʘʥʠʝ çʉʦʚʤʝʩʪʥʳʝ ʟʘʢʫʧʢʠè. 

ɼʣʷ ʦʨʛʘʥʠʟʘʮʠʡ, ʢʦʪʦʨʳʝ ʥʘʯʠʥʘʶʪ ʟʘʥʠʤʘʪʴʩʷ ʩʦʚʤʝʩʪʥʳʤʠ ʟʘʢʫʧʢʘʤʠ, ʚʩʪʘʝʪ 

ʧʨʦʙʣʝʤʘ ʦʨʛʘʥʠʟʘʮʠʠ ʩʢʣʘʜʘ: ʦʪʣʠʯʠʪʝʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʦʚʤʝʩʪʥʳʭ ʟʘʢʫʧʦʢ ʜʝʣʘʶʪ 

ʣʠʙʦ ʥʝʚʦʟʤʦʞʥʳʤ ʧʨʠʤʝʥʝʥʠʝ ʰʠʨʦʢʦ ʜʦʩʪʫʧʥʳʭ ʠ ʧʦʧʫʣʷʨʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩʢʣʘʜʘ, ʣʠʙʦ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʣʦʵʬʬʝʢʪʠʚʥʦ ʠ ʨʝʩʫʨʩʦʟʘʪʨʘʪʥʦ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʘʚʪʦʨ ʨʘʟʨʘʙʦʪʘʣ ʢʦʤʧʣʝʢʩ ʧʨʦʛʨʘʤʤ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʜʝʷʪʝʣʴʥʦʩʪʠ çʉʦʚʤʝʩʪʥʳʝ ʟʘʢʫʧʢʠè ʚ ʯʘʩʪʠ ʨʘʟʤʝʱʝʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʟʘʢʘʟʘʤʠ. 

ʂʦʤʧʣʝʢʩ ʧʨʦʛʨʘʤʤ ʠʤʝʝʪ ʢʣʠʝʥʪ-ʩʝʨʚʝʨʥʫʶ ʘʨʭʠʪʝʢʪʫʨʫ, ʪʨʠ ʧʨʦʛʨʘʤʤʳ ʢʦʤʧʣʝʢʩʘ: 

Å çʆʨʛʘʥʠʟʘʮʠʷ ʩʢʣʘʜʘè, ʧʦʟʚʦʣʷʶʱʘʷ ʨʘʙʦʪʘʪʴ ʩ ʦʙʲʝʢʪʘʤʠ ʩʢʣʘʜʘ ʜʣʷ ʝʛʦ 
ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ; 

Å çʈʘʟʙʦʨ ʪʦʚʘʨʘè, ʧʦʟʚʦʣʷʶʱʘʷ ʨʘʟʦʙʨʘʪʴ ʧʨʠʰʝʜʰʠʡ ʛʨʫʟ ʧʦ ʟʘʢʘʟʘʤ ʦʪʜʝʣʴʥʳʭ 
ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʨʘʟʤʝʩʪʠʪʴ ʠʭ ʥʘ ʩʢʣʘʜʝ; 

Å çɺʳʜʘʯʘ ʪʦʚʘʨʘè, ʧʦʟʚʦʣʷʶʱʘʷ ʧʦ ʰʪʨʠʭ-ʢʦʜʫ ʚʳʜʘʪʴ ʟʘʢʘʟ ʧʦʢʫʧʘʪʝʣʶ, 

ʨʘʟʤʝʱʘʶʪʩʷ ʥʘ ʤʘʰʠʥʘʭ ʢʣʠʝʥʪʘ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʦʥʠ ʦʙʨʘʱʘʶʪʩʷ ʢ 

ʩʝʨʚʝʨʫ, ʛʜʝ ʨʘʟʤʝʱʝʥʘ ʙʘʟʘ ʜʘʥʥʳʭ (ʨʠʩ. 1). 

 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʢʦʤʧʣʝʢʩʘ ʧʨʦʛʨʘʤʤ 

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʨʘʟʨʘʙʦʪʘʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʷʟʳʢʘ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ C# ʚʝʨʩʠʠ 6.0. ʠ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʚ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ 

ʩʝʤʝʡʩʪʚʘ Windows 7/8/10 ʠ Windows Server 2000. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ʉʦʚʤʝʩʪʥʳʝ ʧʦʢʫʧʢʠ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] // ɺʠʢʠʧʝʜʠʷ: [ʩʘʡʪ]. URL: 

https://ru.wikipedia.org/wiki/ʉʦʚʤʝʩʪʥʳʝ_ʧʦʢʫʧʢʠ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 27.05.2017). 
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ɼʀʅɸʄʀʏɽʉʂʀʁ ʊɽʉʊ ɻʇʉʏ ʇʆ ʂʈʀʊɽʈʀʖ ʄɸʂʉʀʄɸʃʔʅʆɻʆ 

ʃʆʂɸʃʔʅʆɻʆ ʊʈɽʅɼɸ 

ʐʘʰʢʠʥʘ ɽ. ɸ., ʇʣʦʪʥʠʢʦʚ ɸ. ʅ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ɸʣʛʦʨʠʪʤʠʯʝʩʢʠʡ ʛʝʥʝʨʘʪʦʨ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ (ɸɻʇʉʏ) ʩʣʫʞʠʪ ʦʜʥʠʤ ʠʟ 

ʙʘʟʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʚʢʣʶʯʘʷ ʢʦʤʧʶʪʝʨʥʫʶ 

ʢʨʠʧʪʦʛʨʘʬʠʶ. ʇʨʠ ʵʪʦʤ, ʧʦʩʢʦʣʴʢʫ ʘʣʛʦʨʠʪʤʠʯʝʩʢʘʷ ʧʨʠʨʦʜʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦ 

ʥʝʩʦʚʤʝʩʪʠʤʘ ʩ ʠʩʪʠʥʥʦʡ ʩʣʫʯʘʡʥʦʩʪʴʶ [1,2], ʢʨʘʡʥʝ ʘʢʪʫʘʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʘ 

ʦʙʝʩʧʝʯʝʥʠʷ (ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢʦʥʪʨʦʣʷ) ʢʦʨʨʝʢʪʥʦʩʪʠ ʛʝʥʝʨʠʨʫʝʤʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ʇʨʦʙʣʝʤʘ ʩʣʫʯʘʡʥʦʩʪʠ ʪʘʢʞʝ ʘʢʪʫʘʣʴʥʘ ʜʣʷ ʤʥʦʛʠʭ ʧʨʠʣʦʞʝʥʠʡ 

ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ, ʚ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʘʥʘʣʠʟʘ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ [1,2]. ʆʜʥʠʤ ʠʟ 

ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʪʘʪʠʩʪʠʢʠ ʢʨʠʪʝʨʠʝʚ ʩʣʫʯʘʡʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʩʝʨʠʠ [1,2], 

ʚ ʯʘʩʪʥʦʩʪʠ, ʧʦʚʪʦʨʷʶʱʠʝʩʷ ʟʥʘʢʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʨʘʟʥʦʩʪʝʡ. ʇʦʩʣʝʜʥʠʝ ʚʳʛʣʷʜʷʪ 

ʢʘʢ ʣʦʢʘʣʴʥʳʡ ʤʦʥʦʪʦʥʥʳʡ ʪʨʝʥʜ. ʅʝ ʦʛʨʘʥʠʯʠʚʘʷ ʦʙʱʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ [1-3], 

ʨʘʩʩʤʦʪʨʠʤ ʚʳʙʦʨʢʫ ʠʟ ʩʦʚʦʢʫʧʥʦʩʪʠ ( )1,0R . ʆʙʦʟʥʘʯʘʷ 0  ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ʨʘʟʥʦʩʪʝʡ, 1 - ʧʦʣʦʞʠʪʝʣʴʥʳʝ, ʚʝʨʦʷʪʥʦʩʪʴ ʣʶʙʦʛʦ ʦʪʨʝʟʢʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʪʝʧʝʨʴ 

ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʠʪʩʷ ʯʝʨʝʟ ʧʦʚʪʦʨʥʳʡ ʠʥʪʝʛʨʘʣ ʚʠʜʘ 

{ } ñññññ
-

--

-

=
1

1

0

2

1

2

0

1

1

01 2

3

1

...01...01
x

x

x

n

x

nn

n

dxdxdxdxdxP

n

n

('(&%
, ʪ.ʝ. ()ñ=

1

0

dxxP nn j . ɺʝʨʦʷʪʥʦʩʪʠ{ } ()l
nn qlLP =<+  

ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʨʝʢʫʨʨʝʥʪʥʳʡ ʤʥʦʛʦʯʣʝʥ, ʧʦʨʷʜʢʘ 1-l : 

 

()() ()() () ()

î
î

í

î
î

ì

ë

===

++=

-

-

+-

-

- ñññ

xxx

dxdxxdxxx

l

l

l

l

l

ln

l

x xx

l

n

l

n

)()(

.........

)(

1

)(

2

2

2

2

0 00

1

jj

jjj

>

'&%
'&% ;    )1()( )()( xx l

n

l

n -=jj . (1) 

ɿʘʢʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 
+

nL ʠʤʝʝʪ ʚʠʜ { } { } () ( ) ()l
n

l

nnnn qqlvlLPlLP -===== +++ 1
. 

ʏʠʩʣʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʛʨʘʥʠʮʳ ʜʦʚʝʨʠʪʝʣʴʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʜʣʷ  { }-+= nnn LLL ,max  

ʧʦʩʯʠʪʘʥʥʳʝ ʩʦʛʣʘʩʥʦ (1) ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʫʜʚʦʝʥʠʝʤ, ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. [2]. 

ʀʩʧʦʣʴʟʫʷ ʠʥʪʝʛʨʘʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ, ʩʪʘʮʠʦʥʘʨʥʫʶ ʚʝʨʦʷʪʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ 
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ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ [3], (2) ʵʚʦʣʶʮʠʦʥʠʨʫʝʪ ʮʠʢʣʘʤʠ ʦʪ ʚʳʨʦʞʜʝʥʥʦʛʦ ʧʨʠ ʜʣʠʥʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ [ ]llln ln)!1()(1 -=  ʜʦ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʜʠʥʘʨʥʦʛʦ ʧʨʠ [ ]2ln!)(2 Ö=lln . 

ʇʨʠ ʫʩʪʘʥʦʚʣʝʥʠʠ ʟʘʢʦʥʘ ʙʦʣʴʰʠʭ ʯʠʩʝʣ  ʜʣʷ ʜʣʠʥʳ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʣʦʢʘʣʴʥʦʛʦ 

ʪʨʝʥʜʘ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʧʫʘʩʩʦʥʦʚʩʢʦʡ ʘʩʠʤʧʪʦʪʠʢʦʡ ʠ ʚʟʘʠʤʥʦʡ ʥʝʟʘʚʠʩʠʤʦʩʪʴʶ 

ʜʣʠʥʥʳʭ ʪʨʝʥʜʦʚʳʭ ʩʝʨʠʡ. ɼʣʷ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʳ ʧʦʣʫʯʠʤ: 
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    (3) 

ʇʦʜʩʪʘʚʠʚ ʚ (3) ()ln1  ʠ 1+l , ʧʦʣʫʯʘʝʤ ʦʮʝʥʢʫ 

{ } ( )( ) () 2ln~31)ln(1 llllllLP n +-<+> . 

ɼʘʥʥʳʡ ʨʷʜ ʩʭʦʜʠʪʩʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ( ) ( )1)ln(!1 -+¢ llln   ʛʨʘʥʠʮʘ 

ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ ʥʝ ʧʨʝʚʦʩʭʦʜʠʪ 1+l , ʪ.ʝ. 1
1
+¢lLn . ɼʣʷ ʥʠʞʥʝʡ ʛʨʘʥʠʮʳ ʧʦʣʫʯʠʤ 
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ʊʘʙʣʠʮʘ 1. ʏʠʩʣʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʛʨʘʥʠʮʳ 90%-ʭ ʜʦʚʝʨʠʪʝʣʴʥʳʭ 

ʠʥʪʝʨʚʘʣʦʚ ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʣʦʢʘʣʴʥʦʛʦ ʪʨʝʥʜʘ (ʚ ʩʢʦʙʢʘʭ ʜʘʥʳ ʛʨʘʥʠʮʳ 95%-ʭ 

ʜʦʚʝʨʠʪʝʣʴʥʳʭ ʠʥʪʝʨʚʘʣʦʚ). 

 

n  m s ʅɻ ɺɻ n  m s ʅɻ ɺɻ 

2 2.00 0.00 1 2 18 3.92 0.78  3 5(6) 

3 2.33 0.47 1 3 20 3.99 0.78  3 5(6)  

4 2.67 0.62 1 4 25 4.14 0.77  3 5(6) 

5 2.90 0.68 1 5 30 4.27 0.77  3  6 

6 3.08 0.70 2(1) 5(6) 40 4.45 0.76  3  6 

7 3.22 0.71 2 5(6) 50 4.58 0.76  4  6 

8 3.33 0.71 2 6 100 4.99 0.76  4 6(7) 

9 3.42 0.72 2 6(7) 200 5.39 0.73  4  7 

10 3.50 0.73 2 6(7) 300 5.61 0.72  5  7 

12 3.63 0.75 2 7 500 5.88 0.73  5  7 

14 3.74 0.76 2 7(8) 700 6.06 0,71  5 7(8) 

16 3.83 0.77 3(2) 7(8) 1000 6.25 0.69  5 7(8) 

 

ʇʦʜʩʪʘʚʣʷʷ ʚ (4) )(2 ln , ʧʦʣʫʯʘʝʤ ʦʮʝʥʢʫ ʚʝʨʦʷʪʥʦʩʪʠ ʚʳʭʦʜʘ ʟʘ ʥʠʞʥʶʶ 

ʛʨʘʥʠʮʫ 

{ } l

n lLlnnP -<> 2~,)(2 .  

ʆʙʲʝʜʠʥʷʷ ʦʙʝ ʦʮʝʥʢʠ, ʫʙʝʞʜʘʝʤʩʷ, ʯʪʦ ʧʨʠ 2, 21 +== llll  ʠʥʪʝʨʚʘʣʳ

( ) ( ) ( )1)2ln(!31)2ln(!1 +++<-<+ lllnl  ʧʦʢʨʳʚʘʶʪ ʚʩʝ ʤʥʦʞʝʩʪʚʦ N, ʧʝʨʝʩʝʢʘʷʩʴ 

ʤʝʞʜʫ ʩʦʙʦʡ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʦʛʣʘʩʥʦ ʧʝʨʚʦʡ ʣʝʤʤʝ ɹʦʨʝʣʷ - ʂʘʥʪʝʣʣʠ [1], ʤʥʦʞʝʩʪʚʦ 

ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʨʝʥʜʦʚʦʡ ʩʝʨʠʠ ʩʦʜʝʨʞʠʪ ʥʝ ʙʦʣʝʝ ʯʝʪʳʨʝʭ 

ʩʦʩʝʜʥʠʭ ʟʥʘʯʝʥʠʡ:{ }3)(,2)(,1)(),( +++Í nlnlnlnlLn . ʇʨʠ 112 +=ll   ʠʥʪʝʨʚʘʣʳ 

( ) ( )( )lllnl 1ln!21)2ln(!1 ++<-<+  ʥʝ ʧʫʩʪʳ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʥʫʪʨʠ ʢʘʞʜʦʛʦ ʪʘʢʦʛʦ 

ʠʥʪʝʨʚʘʣʘ ʤʥʦʞʝʩʪʚʦ ʩʦʢʨʘʱʘʝʪʩʷ ʜʦ ʪʨʝʭ: { }2)(,1)(),( ++Í nlnlnlLn . ʅʘ ʈʠʩ.1. ʧʦʢʘʟʘʥ 

ʦʪʨʝʟʦʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʩʣʫʯʘʡʥʦʛʦ ʙʣʫʞʜʘʥʠʷ 
+

nL  ʚ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʙʝʣʦʛʦ ʰʫʤʘ. ʅʠʞʥʷʷ ʠ ʚʝʨʭʥʷʷ ʛʨʘʥʠʮʳ nL  ʟʘʜʘʥʳ ʚ ʚʠʜʝ 

ʦʙʨʘʪʥʦʡ ʬʫʥʢʮʠʠ () ( )( )( )3!12ln11 ---+= lllln , () ()( )!12ln12 ++= lln . 
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ʈʠʩ.1. ʆʪʨʝʟʦʢ ʪʨʘʝʢʪʦʨʠʠ ʩʣʫʯʘʡʥʦʛʦ ʙʣʫʞʜʘʥʠʷ ʜʣʠʥʳ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʣʦʢʘʣʴʥʦʛʦ ʪʨʝʥʜʘ. 

 

 
ʈʠʩ.2. ʆʪʨʝʟʦʢ ʪʨʘʝʢʪʦʨʠʠ ʩʣʫʯʘʡʥʦʛʦ ʙʣʫʞʜʘʥʠʷ ʜʣʠʥʳ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʩʝʨʠʠ ʦʨʣʦʚ ʧʨʠ ʠʛʨʝ ʚ ʦʨʣʷʥʢʫ. 

 

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʨʘʟʜʝʣʝʥʠʠ ʮʝʧʠ ʢʦʜʠʨʦʚʘʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʨʘʟʥʦʩʪʝʡ  

ʥʘ ʯʝʪʥʫʶ ʠ ʥʝʯʝʪʥʫʶ ʧʦʜʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʙʨʘʟʫʶʪʩʷ ʜʚʝ ʙʠʪʦʚʳʭ ʮʝʧʠ, ʢʘʞʜʘʷ 

ʠʟ ʢʦʪʦʨʳʭ ʩʦʩʪʦʠʪ ʠʟ ʥʝʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʙʠʪʦʚ, ʪ.ʝ. ʩʦʚʧʘʜʘʝʪ ʩ ʦʨʣʷʥʢʦʡ. ʂʘʞʜʳʡ 

ʙʠʪ ʦʜʥʦʡ ʮʝʧʠ ʩʚʷʟʘʥ ʩ ʜʚʫʤʷ ʙʣʠʞʘʡʰʠʤʠ ʙʠʪʘʤʠ ʩʦʩʝʜʥʝʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʘʨʘʣʝʣʴʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʝʨʠʠ ʚ ʮʝʧʠ ʢʦʜʠʨʦʚʘʥʥʳʭ ʨʘʟʥʦʩʪʝʡ;, ʘ ʪʘʢ 

ʞʝ ʚ ʝʸ ʥʝʯʝʪʥʦʡ ʠ ʯʝʪʥʦʡ ʧʦʜʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ ʦʙʨʘʟʫʝʪ ʰʝʩʪʴ ʬʠʣʴʪʨʫʶʱʠʭ 

ʩʪʫʧʝʥʝʡ, ʧʦʚʳʰʘʷ ʪʝʤ ʩʘʤʳʤ ʥʘʜʝʞʥʦʩʪʴ ʪʝʩʪʘ.  

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ɺ. ʌʝʣʣʝʨ. ɺʝʜʝʥʠʝ ʚ ʪʝʦʨʠʶ ʚʝʨʦʷʪʥʥʦʩʪʝʡ ʠ ʝʸ ʧʨʠʣʦʞʝʥʠʷ ʪ.1, ʄ. ʄʠʨ, 1984ʛ. 

2. ɸ.ʅ.ʇʣʦʪʥʠʢʦʚ. ʕʣʝʤʝʥʪʘʨʥʦʘʷ ʪʝʦʨʠʷ ʘʥʘʣʠʟʘ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ. ʃɸʅʔ, ʉ-ʇʙ., 2016ʛ. 

3. ɸ.ʅ.ʇʣʦʪʥʠʢʦʚ. ʆʙʦʜʥʦʤ ʧʘʨʘʜʦʢʩʝ ʟʘʢʦʥʘ ʙʦʣʴʰʠʭ ʯʠʩʝʣ ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʳʭ ʩʝʨʠʡ 

ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʚʳʙʦʨʢʝ ʀʟʚʝʩʪʠʷ ʉʅʎ ʈɸʅ, 2008, ʚʳʧ.1, ʩ. 122-126. 
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ʋɼʂ 004.67 

ʇʈʀʄɽʅɽʅʀɽ ʊɽʍʅʆʃʆɻʀʀ CUDA ɼʃʗ ʈɸɿʈɸɹʆʊʂʀ ɺɽʂʊʆʈʅʆɻʆ 

ɸʃɻʆʈʀʊʄɸ ʇɸʈɸʄɽʊʈʀʏɽʉʂʆʁ ʀɼɽʅʊʀʌʀʂɸʎʀʀ 

ʂʈʀʉʊɸʃʃʀʏɽʉʂʀʍ ʈɽʐɪʊʆʂ 

1
ʐʠʨʦʢʘʥʝʚ ɸ. ʉ., 

1,2
ʂʠʨʰ ɼ. ɺ., 

1,2
ʂʫʧʨʠʷʥʦʚ ɸ. ɺ. 

1
ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 
2
ʀʥʩʪʠʪʫʪ ʩʠʩʪʝʤ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʛ. ʉʘʤʘʨʘ 

ɺ ʩʦʚʨʝʤʝʥʥʦʝ ʚʨʝʤʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʦ ʤʥʦʛʠʭ 

ʦʙʣʘʩʪʷʭ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚʝʱʝʩʪʚʘ ʩ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʷʚʣʷʶʪʩʷ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʩʩʣʝʜʦʚʘʥʥʳʤʠ. ʂ ʧʨʠʤʝʨʫ, ʞʠʜʢʠʝ ʢʨʠʩʪʘʣʣʳ ʧʦʩʪʝʧʝʥʥʦ ʚʥʝʜʨʷʶʪʩʷ 

ʚ ʦʧʪʠʯʝʩʢʠʝ ʫʩʪʨʦʡʩʪʚʘ, ʦʜʥʘʢʦ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʪʨʝʙʫʝʤʳʭ ʟʥʘʥʠʡ ʦ ʞʠʜʢʠʭ 

ʢʨʠʩʪʘʣʣʘʭ ʤʥʦʛʠʝ ʟʘʜʫʤʘʥʥʳʝ ʦʧʪʠʯʝʩʢʠʝ ʧʨʠʙʦʨʳ ʦʩʪʘʶʪʩʷ ʥʝʨʝʘʣʠʟʦʚʘʥʥʳʤʠ. 

ʆʮʝʥʠʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ï ʵʪʦ ʦʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʘʥʘʣʠʟʘ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨ. ʅʘʠʙʦʣʝʝ ʪʦʯʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʠʪʴ ʙʦʣʴʰʝ ʟʥʘʥʠʡ ʦ ʢʨʠʩʪʘʣʣʝ. ʇʦʵʪʦʤʫ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʙʦʣʝʝ ʪʦʯʥʳʝ ʤʝʪʦʜʳ 

ʠ ʘʣʛʦʨʠʪʤʳ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʷʯʝʡʢʠ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʫʜʦʙʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʵʣʝʤʝʥʪʘʨʥʫʶ ʷʯʝʡʢʫ ɹʨʘʚʝ [1]. ʇʨʦʯʠʝ ʵʣʝʤʝʥʪʘʨʥʳʝ ʷʯʝʡʢʠ ʚ ʦʧʨʝʜʝʣʸʥʥʳʭ ʟʘʜʘʯʘʭ 

ʟʘʤʝʥʷʶʪ ʷʯʝʡʢʫ ɹʨʘʚʝ ʚ ʦʩʥʦʚʥʦʤ ʚʩʣʝʜʩʪʚʠʝ ʥʘʣʠʯʠʷ ʫ ʨʝʰʸʪʢʠ ɹʨʘʚʝ ʧʨʦʙʣʝʤʳ 

ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʠ ʚʳʙʦʨʘ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ, ʢʦʪʦʨʘʷ ʦʪʩʫʪʩʪʚʫʝʪ ʚ ʦʩʪʘʣʴʥʳʭ 

ʤʦʜʝʣʷʭ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʚ ʧʨʝʜʳʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʘʣʛʦʨʠʪʤ [2], ʦʧʪʠʤʠʟʠʨʫʶʱʠʡ 

ʚʝʢʪʦʨʳ ʪʨʘʥʩʣʷʮʠʠ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ɹʨʘʚʝ, ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʣʛʦʨʠʪʤʘʤʠ, ʦʮʝʥʠʚʘʶʱʠʤʠ ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ, 

ʥʘʧʨʠʤʝʨ, ʪʘʢʠʭ ʢʘʢ ʤʝʪʦʜ ʥʘ ʦʩʥʦʚʝ ʦʮʝʥʠʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʷʯʝʡʢʠ ɹʨʘʚʝ [3] ʠ ʤʝʪʦʜ 

ʥʘ ʦʩʥʦʚʝ ʦʮʝʥʠʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʷʯʝʡʢʠ ɺʠʛʥʝʨʘ-ɿʝʡʪʮʘ [3]. ʆʜʥʘʢʦ ʨʘʟʨʘʙʦʪʘʥʥʳʡ 

ʘʣʛʦʨʠʪʤ ʦʙʣʘʜʘʝʪ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʴʶ, ʟʘʚʠʩʷʱʝʡ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʠʪʝʨʘʮʠʡ. 

ʇʨʠ ʚʳʩʦʢʦʤ ʯʠʩʣʝ ʠʪʝʨʘʮʠʡ ʘʣʛʦʨʠʪʤ ʚʳʧʦʣʥʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʜʣʝʥʥʝʝ, ʯʝʤ 

ʩʫʱʝʩʪʚʫʶʱʠʝ ʘʣʛʦʨʠʪʤʳ. ɺʩʣʝʜʩʪʚʠʝ ʜʘʥʥʦʛʦ ʥʝʜʦʩʪʘʪʢʘ ʧʨʝʜʣʦʞʝʥ ʚʝʢʪʦʨʥʳʡ 

ʘʣʛʦʨʠʪʤ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʦʧʪʠʤʠʟʘʮʠʠ ʚʝʢʪʦʨʦʚ ʪʨʘʥʩʣʷʮʠʠ ʛʨʘʜʠʝʥʪʥʳʤ ʤʝʪʦʜʦʤ ʩ 

ʧʦʩʪʦʷʥʥʳʤ ʰʘʛʦʤ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʚʝʢʪʦʨʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʪʝʭʥʦʣʦʛʠʷ 

CUDA. 

ɸʣʛʦʨʠʪʤ ʥʘ ʦʩʥʦʚʝ ʦʧʪʠʤʠʟʘʮʠʠ ʚʝʢʪʦʨʦʚ ʪʨʘʥʩʣʷʮʠʠ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ 

ɹʨʘʚʝ 

ʀʜʝʷ ʘʣʛʦʨʠʪʤʘ [2] ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʪʠʤʠʟʘʮʠʠ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ (1) ʚʝʢʪʦʨʘʤʠ 

ʪʨʘʥʩʣʷʮʠʠ 1p , 2p , 3p . ɼʣʷ ʚʚʝʜʸʥʥʳʭ ʦʙʦʟʥʘʯʝʥʠʡ ( )=
ʊ

l l l ln i j k  ʠ ( )1 2 3=P p p p  

ʛʨʘʜʠʝʥʪ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ (2). 

( )
2

1 2 3
, ,

1

min
=

= - + +ä
L

l
i j k

l

E x ip jp kp .(1) 

() ( )
1

2
L

ʊ

l l l

l

E P Pn x n
=

è ø
Ð = -é ù

ê ú
ä .(2) 

ʀʪʝʨʘʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʬʦʨʤʫ ( )1 l+ = - Ðn n nP P E P . 

ɺʝʢʪʦʨʥʳʡ ʘʣʛʦʨʠʪʤ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʨʝʰʸʪʢʠ ʥʘ ʦʩʥʦʚʝ ʛʨʘʜʠʝʥʪʥʦʛʦ ʤʝʪʦʜʘ ʩ ʧʦʩʪʦʷʥʥʳʤ ʰʘʛʦʤ. 

ʂʘʞʜʘʷ ʟʘʜʘʯʘ ʦʧʝʨʠʨʫʝʪ ʩ ʦʪʜʝʣʴʥʳʤ ʫʟʣʦʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʣʝʜʫʶʱʠʭ ʜʝʡʩʪʚʠʡ: ʚʳʯʠʩʣʝʥʠʝ ʚʝʢʪʦʨʘ ʠʥʜʝʢʩʦʚ 
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ln  ʙʣʠʞʘʡʰʝʛʦ ʫʟʣʘ ʢ 
lx; ʚʳʯʠʩʣʝʥʠʝ ʵʣʝʤʝʥʪʘ ()( )ʊ

l l l lE P Pn x nÐ = - . ʇʦʩʣʝ 

ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʚʩʝʭ ʟʘʜʘʯ ʪʨʝʙʫʝʪʩʷ ʚʳʯʠʩʣʠʪʴ ʠʪʦʛʦʚʳʡ ʨʝʟʫʣʴʪʘʪ, ʪʦ ʝʩʪʴ 

ʚʳʧʦʣʥʠʪʴ ʦʧʝʨʘʮʠʶ ʨʝʜʫʢʮʠʠ 

() ()
1

2
L

l

l

E P E P
=

è ø
Ð = Ðé ù

ê ú
ä  

ʇʘʨʘʣʣʝʣʴʥʘʷ ʦʧʝʨʘʮʠʷ ʨʝʜʫʢʮʠʠ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʧʦ ʩʭʝʤʝ çʈʘʟʜʝʣʷʡ ʠ 

ʚʣʘʩʪʚʫʡè ʩ ʫʩʪʨʘʥʝʥʠʝʤ ʢʦʥʬʣʠʢʪʦʚ ʧʦ ʙʘʥʢʘʤ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʨʘʩʧʨʝʜʝʣʸʥʥʦʡ 

ʧʘʤʷʪʴʶ. 

ʇʨʦʚʝʜʸʤ ʠʩʩʣʝʜʦʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʫʩʢʦʨʝʥʠʷ ʦʪ ʨʘʟʤʝʨʥʦʩʪʠ ʟʘʜʘʯʠ. ʇʦʜ 

ʨʘʟʤʝʨʥʦʩʪʴʶ ʟʘʜʘʯʠ ʙʫʜʝʤ ʧʦʥʠʤʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʫʟʣʦʚ ʧʦ ʦʜʥʦʡ ʠʟ ʦʩʝʡ ʪʨʸʭʤʝʨʥʦʡ 

ʨʝʰʸʪʢʠ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʚʠʜʝʦʢʘʨʪʝ GeForce NVidia M840 ʠ 

ʧʨʦʮʝʩʩʦʨʝ Intel Core i7-4710MQ. ɼʣʷ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʤʦʜʝʣʝʡ ʧʨʦʮʝʩʩʦʨʘ ʠ 

ʚʠʜʝʦʢʘʨʪʳ ʪʝʦʨʝʪʠʯʝʩʢʠ ʚʦʟʤʦʞʥʦ ʜʦʩʪʠʞʝʥʠʝ ʜʝʩʷʪʠʢʨʘʪʥʦʛʦ ʫʩʢʦʨʝʥʠʷ GPU 

ʦʪʥʦʩʠʪʝʣʴʥʦ CPU. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʢʦʨʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ 

ʚʝʢʪʦʨʥʦʛʦ ʘʣʛʦʨʠʪʤʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʦʧʪʠʤʠʟʘʮʠʠ ʚʝʢʪʦʨʦʚ ʪʨʘʥʩʣʷʮʠʠ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʨʘʟʤʝʨʥʦʩʪʷʭ ʟʘʜʘʯʠ. ʋʩʢʦʨʝʥʠʝ ʘʣʛʦʨʠʪʤʘ ʥʘʙʣʶʜʘʝʪʩʷ ʣʠʰʴ ʧʨʠ 

ʢʦʣʠʯʝʩʪʚʝ ʫʟʣʦʚ ʚʳʰʝ 700. ʀʟ-ʟʘ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ 

ʪʨʝʙʫʝʪʩʷ ʚʳʜʝʣʷʪʴ ʙʦʣʴʰʦʡ ʦʙʲʸʤ ʨʘʩʧʨʝʜʝʣʸʥʥʦʡ ʧʘʤʷʪʠ ʥʘ GPU, ʠʟ-ʟʘ ʯʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʜʝʣʷʝʤʦʡ ʧʘʤʷʪʠ ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʳʤ. 

 
ʈʠʩ. 1. ʀʩʩʣʝʜʦʚʘʥʠʝ ʫʩʢʦʨʝʥʠʷ 

ʇʨʠ ʙʦʣʴʰʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʙʳʣʦ ʜʦʩʪʠʛʥʫʪʦ ʧʦʯʪʠ 5-ʢʨʘʪʥʦʝ ʫʩʢʦʨʝʥʠʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʪʴ 

ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ. ɼʘʣʴʥʝʡʰʠʡ ʨʦʩʪ ʫʩʢʦʨʝʥʠʷ ʟʘ 

ʩʯʸʪ ʫʚʝʣʠʯʝʥʠʷ ʨʘʟʤʝʨʥʦʩʪʠ ʟʘʜʘʯʠ ʥʘ ʠʤʝʶʱʝʤʩʷ ʘʧʧʘʨʘʪʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ 

ʥʝʚʦʟʤʦʞʝʥ ʚ ʩʚʷʟʠ ʩ ʞʸʩʪʢʠʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʥʘ ʦʙʲʸʤ ʧʘʤʷʪʠ ʚʠʜʝʦʢʘʨʪʳ, ʧʦʵʪʦʤʫ 

ʪʨʝʙʫʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ. 

ʇʦʚʳʰʝʥʠʷ ʫʩʢʦʨʝʥʠʷ ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʧʨʠʸʤʦʚ, 

ʟʘʢʣʶʯʘʶʱʠʭʩʷ ʚ ʫʤʝʥʴʰʝʥʠʠ ʯʠʩʣʘ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ. 

ɺ ʙʫʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʚʝʢʪʦʨʥʦʛʦ ʘʣʛʦʨʠʪʤʘ, ʢʦʪʦʨʳʡ 

ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʩʧʨʝʜʝʣʸʥʥʫʶ ʧʘʤʷʪʴ ʵʬʬʝʢʪʠʚʥʝʝ, ʯʪʦ ʦʙʝʩʧʝʯʠʪ ʧʦʚʳʰʝʥʠʝ 

ʫʩʢʦʨʝʥʠʷ. 
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ʈɸɿʈɸɹʆʊʂɸ ʄʅʆɻʆʇʆʃʔɿʆɺɸʊɽʃʔʉʂʆɻʆ WEB-ʀʅʊɽʈʌɽʁʉɸ  ɼʃʗ 

ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʆɻʆ ʇʆʀʉʂɸ ʂʆʈʅɽʁ ʉʀʉʊɽʄ ʅɽʃʀʅɽʁʅʓʍ 

ʋʈɸɺʅɽʅʀʁ ɺ ʀʅʉʊʈʋʄɽʅʊɸʃʔʅʆʄ ʇɸʂɽʊɽ DJANGO 

ʐʠ ʢhʘʥʦʚʘ ʖ. ɸ., ɼʘʥʠʣʝʥʢʦ ɸ. ʅ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ʄʥʦʛʠʝ ʩʦʚʨʝʤʝʥʥʳʝ ʟʘʜʘʯʠ ʧʨʠʚʦʜʷʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʠʤʝʥʷʪʴ ʯʠʩʣʝʥʥʳʝ 

ʤʝʪʦʜʳ, ʚ ʯʘʩʪʥʦʩʪʠ ï ʨʝʰʘʪʴ ʩʠʩʪʝʤʳ ʥʝʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ. ɼʣʷ 

ʨʝʰʝʥʠʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʧʨʦʛʨʘʤʤ, ʜʦʩʪʫʧʥʳʭ ʢ ʫʩʪʘʥʦʚʢʝ ʥʘ 

ʢʦʤʧʴʶʪʝʨ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʠʩʧʦʣʴʟʫʶʱʠʭ ʩʪʘʥʜʘʨʪʥʳʝ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤ 

ʥʝʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ. 

ɹʦʣʴʰʠʤ ʥʝʜʦʩʪʘʪʢʦʤ ʪʘʢʠʭ ʧʨʦʛʨʘʤʤ ʷʚʣʷʝʪʩʷ ʠʭ ʜʦʨʦʛʦʚʠʟʥʘ ʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʥʘ ʢʘʞʜʳʡ ʢʦʤʧʴʶʪʝʨ, ʯʪʦ ʥʝʫʜʦʙʥʦ, ʥʘʧʨʠʤʝʨ, ʚ ʢʨʫʧʥʳʭ 

ʢʦʤʧʘʥʠʷʭ, ʟʘʥʠʤʘʶʱʠʭʩʷ ʠʥʞʝʥʝʨʥʳʤʠ ʨʘʩʯʝʪʘʤʠ. ɽʱʝ ʦʜʥʠʤ ʥʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ 

ʧʨʠʤʝʥʝʥʠʝ ʫʩʪʘʨʝʚʰʠʭ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʴʰʠʤ ʟʘʪʨʘʪʘʤ ʚʨʝʤʝʥʠ 

ʧʨʠ ʨʝʰʝʥʠʠ ʨʝʩʫʨʩʦʝʤʢʠʭ ʟʘʜʘʯ. ʇʦʵʪʦʤʫ ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʢʠ ʪʘʢʦʛʦ web-ʧʨʠʣʦʞʝʥʠʷ 

ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʩʧʝʢʪʨʦʚ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ. 

ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʘʚʪʦʨʦʤ ʧʨʠʣʦʞʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ: 

- ʨʝʰʘʪʴ ʩʠʩʪʝʤʳ ʥʝʣʠʥʝʡʥʳʡ ʫʨʘʚʥʝʥʠʡ, ʟʘʛʨʫʞʝʥʥʳʝ ʩ ʢʦʤʧʴʶʪʝʨʘ 

ʧʦʣʴʟʦʚʘʪʝʣʷ; 

- ʨʝʰʘʪʴ ʩʠʩʪʝʤʳ ʥʝʣʠʥʝʡʥʳʡ ʫʨʘʚʥʝʥʠʡ, ʚʚʝʜʝʥʥʳʝ ʚ ʩʠʩʪʝʤʫ ʚʨʫʯʥʫʶ; 

- ʩʦʭʨʘʥʷʪʴ ʨʝʰʝʥʠʷ ʥʘ ʩʝʨʚʝʨʝ; 

- ʩʢʘʯʠʚʘʪʴ ʨʝʰʝʥʠʷ ʚ ʬʦʨʤʘʪʝ pdf; 

- ʩʪʨʦʠʪʴ ʛʨʘʬʠʢʠ; 

- ʦʧʠʩʳʚʘʪʴ ʩʦʙʩʪʚʝʥʥʳʝ ʬʫʥʢʮʠʠ; 

- ʦʪʦʙʨʘʞʘʪʴ ʭʦʜ ʨʝʰʝʥʠʷ. 

ɿʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʡ ʧʦʣʴʟʦʚʘʪʝʣʴ ʠʤʝʝʪ ʜʦʩʪʫʧ ʢʦ ʚʩʝʤ ʬʫʥʢʮʠʷʤ ʩʠʩʪʝʤʳ, 

ʧʦʩʨʝʜʩʪʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʟʜʝʣʦʚ ʩʪʨʘʥʠʮʳ ʨʝʰʝʥʠʷ, ʢʦʪʦʨʘʷ 

ʨʘʟʙʠʪʘ ʥʘ 3 ʦʩʥʦʚʥʳʝ ʯʘʩʪʠ: ʦʙʣʘʩʪʴ ʚʚʦʜʘ ʫʨʘʚʥʝʥʠʡ, ʦʙʣʘʩʪʴ ʦʪʦʙʨʘʞʝʥʠʷ ʨʝʰʝʥʠʷ, 

ʦʙʣʘʩʪʴ ʨʘʙʦʪʳ ʩ ʬʘʡʣʦʚʦʡ ʩʠʩʪʝʤʦʡ. ɺ ʦʩʥʦʚʫ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʧʨʦʛʨʘʤʤʳ ʣʝʛ 

ʘʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤ ʥʝʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʘʩʧʠʨʘʥʪʦʤ 

ʰʪʫʪʛʘʨʪʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ɾʜʘʥʦʚʳʤ ʀ.ɸ., ʢʦʪʦʨʳʡ ʧʦ ʥʝʢʦʪʦʨʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ 

ʧʨʝʚʦʩʭʦʜʠʪ ʩʫʱʝʩʪʚʫʶʱʠʝ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ. ʈʝʰʝʥʠʷ ʩʠʩʪʝʤʳ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʤʘʪʨʠʯʥʦʤ ʚʠʜʝ (ʨʠʩ. 1). 

 

 
ʈʠʩ. 1. ʈʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʥʝʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʚʚʝʜʝʥʥʦʡ ʚʨʫʯʥʫʶ 
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ʈʠʩ. 2. ɸʨʭʠʪʝʢʪʫʨʘ ʧʨʠʣʦʞʝʥʠʷ  

ʇʨʠʣʦʞʝʥʠʝ ʨʘʟʨʘʙʘʪʳʚʘʣʘʩʴ c ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʨʝʡʤʚʦʨʢʘ Django, ʷʟʳʢʘ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ python 3.0, ʚ ʩʨʝʜʝ Notepad++.  

ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʐʪʫʜʛʘʨʪʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ 

ʜʣʷ ʨʘʩʯʝʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ. ʆʥʘ ʧʦʤʦʞʝʪ ʫʜʘʣʝʥʥʦ ʨʝʰʘʪʴ 

ʩʠʩʪʝʤʳ ʥʝʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩ ʣʶʙʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʠʤʝʶʱʝʛʦ ʚʳʭʦʜ ʚ ʠʥʪʝʨʥʝʪ. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1 ɺʝʨʞʙʠʮʢʠʡ ɺ. ʄ. ʏʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ (ʣʠʥʝʡʥʘʷ ʘʣʛʝʙʨʘ ʠ ʥʝʣʠʥʝʡʥʳʝ ʫʨʘʚʥʝʥʠʷ) 

[ʊʝʢʩʪ]/ ɺ. ʄ. ɺʝʨʞʙʠʮʢʠʡ ï ʄ.: ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ ʜʣʷ ʚʫʟʦʚ. - ʄ.: ɺʳʩʰ. ʰʢ., 2000. - 

266 ʩ. 

  



ʉʝʢʮʠʷ 9. ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʘʥʘʣʠʟ ʜʘʥʥʳʭ 

119 

ʋɼʂ 004.9 

ʈɸɿʈɸɹʆʊʂɸ ɸʃɻʆʈʀʊʄɸ ʇʆʉʊʈʆɽʅʀʗ ɼɽʈɽɺɸ ɺʓʀɻʈʓʐʅʆʁ 

ʉʊʈɸʊɽɻʀʀ ʀɻʈʓ ʉ ʇʆʃʅʆʁ ʀʅʌʆʈʄɸʎʀɽʁ 

ʐʫʤʩʢʘʷ ɽ. ɸ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ɽɻʕ ʧʦ ʠʥʬʦʨʤʘʪʠʢʝ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʯʘʩʪʝʡ. ʇʝʨʚʘʷ ʯʘʩʪʴ ʩʦʜʝʨʞʠʪ ʟʘʜʘʥʠʷ ʩ 

ʢʨʘʪʢʠʤ ʦʪʚʝʪʦʤ, ʚʪʦʨʘʷ - ʩ ʨʘʟʚʝʨʥʫʪʳʤ. ɿʘʜʘʥʠʷ ʚʪʦʨʦʡ ʯʘʩʪʠ ʧʨʦʚʝʨʷʶʪʩʷ 

ʵʢʩʧʝʨʪʘʤʠ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʦʩʦʙʳʤ ʢʨʠʪʝʨʠʷʤ. ʆʜʥʠʤ ʠʟ ʪʚʦʨʯʝʩʢʠʭ ʟʘʜʘʥʠʡ ʷʚʣʷʝʪʩʷ 

ʟʘʜʘʯʘ çʦ ʢʘʤʥʷʭè. ʅʘ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʧʨʦʛʨʘʤʤ, 

ʢʦʪʦʨʳʝ ʧʦʤʦʛʘʣʠ ʙʳ ʚʳʧʫʩʢʥʠʢʘʤ ʧʨʦʚʝʨʷʪʴ ʨʝʰʝʥʠʷ ʟʘʜʘʥʠʡ ʜʘʥʥʦʛʦ ʪʠʧʘ, ʧʨʠ ʵʪʦʤ 

ʦʥʠ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʪʦʣʴʢʦ ʦʪʚʝʪ ʙʝʟ ʢʘʢʦʛʦ-ʣʠʙʦ ʧʦʷʩʥʝʥʠʷ ʨʝʰʝʥʠʷ. ʕʪʦ ʫʩʣʦʞʥʷʝʪ 

ʧʦʜʛʦʪʦʚʢʫ ʫʯʘʱʠʭʩʷ ʢ ʵʢʟʘʤʝʥʫ ʠ ʦʮʝʥʢʫ ʩʦʙʩʪʚʝʥʥʳʭ ʩʧʦʩʦʙʥʦʩʪʝʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʩʪʘʥʦʚʠʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʢʠ ʘʣʛʦʨʠʪʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʦʩʪʨʦʝʥʠʷ 

ʜʝʨʝʚʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʠʛʨʳʰʥʦʡ ʩʪʨʘʪʝʛʠʠ ʠ ʨʝʘʣʠʟʘʮʠʠ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʤʦʜʫʣʷ, 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʚ ʩʨʝʜʫ LMS Moodle.  ʉ ʝʛʦ ʧʦʤʦʱʴʶ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʩʤʦʞʝʪ 

ʩʦʩʪʘʚʣʷʪʴ ʟʘʜʘʯʠ çʦ ʢʘʤʥʷʭè ʠ ʩʦʭʨʘʥʷʪʴ ʠʭ ʚ ʙʘʟʫ ʜʘʥʥʳʭ (ɹɼ), ʭʨʘʥʷʱʫʶʩʷ ʥʘ 

ʫʜʘʣʝʥʥʦʤ ʩʝʨʚʝʨʝ, ʘ ʦʙʫʯʘʝʤʳʡ ʩʤʦʞʝʪ ʨʝʰʘʪʴ ʟʘʜʘʥʠʷ çʦ ʢʘʤʥʷʭè ʚ ʨʝʞʠʤʝ online, 

ʤʦʜʫʣʴ ʦʙʝʩʧʝʯʠʪ ʜʠʥʘʤʠʯʝʩʢʫʶ ʚʠʟʫʘʣʠʟʘʮʠʶ ʧʨʦʮʝʩʩʘ ʨʝʰʝʥʠʷ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ 

ʧʨʦʚʝʨʢʫ ʨʝʰʝʥʠʷ ʩ ʫʯʝʪʦʤ ʢʨʠʪʝʨʠʝʚ ʦʮʝʥʢʠ. 

ɿʘʜʘʯʫ ʦ ʢʘʤʥʷʭ ʚ ʦʙʱʝʤ ʚʠʜʝ ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʋ 

ʜʚʫʭ ʠʛʨʦʢʦʚ ʝʩʪʴ n ʢʫʯ ʢʘʤʥʝʡ, ʚ ʢʘʞʜʦʡ ʠʟ ʢʦʪʦʨʳʭ k ʢʘʤʥʝʡ. ɿʘʜʘʥ ʥʘʙʦʨ ʚʦʟʤʦʞʥʳʭ 

ʦʧʝʨʘʮʠʡ ʥʘʜ ʢʘʤʥʷʤʠ ʠʟ ʦʜʥʦʡ ʢʫʯʠ ʟʘ ʦʜʠʥ ʭʦʜ (ʥʘʧʨʠʤʝʨ, ʜʦʙʘʚʠʪʴ ʦʜʠʥ ʢʘʤʝʥʴ ʚ 

ʢʫʯʫ, ʫʚʝʣʠʯʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʢʘʤʥʝʡ ʚ ʜʚʘ ʨʘʟʘ) ʠ ʫʩʣʦʚʠʝ ʟʘʚʝʨʰʝʥʠʷ ʠʛʨʳ. ɼʣʷ ʪʦʛʦ 

ʯʪʦʙʳ ʜʝʣʘʪʴ ʭʦʜʳ, ʫ ʢʘʞʜʦʛʦ ʠʛʨʦʢʘ ʝʩʪʴ ʥʝʦʛʨʘʥʠʯʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʘʤʥʝʡ. 

ɿʘʜʘʯʘ ʦ ʢʘʤʥʷʭ ʷʚʣʷʝʪʩʷ ʢʦʤʙʠʥʘʪʦʨʥʦʡ ʙʝʩʧʨʠʩʪʨʘʩʪʥʦʡ ʥʦʨʤʘʣʴʥʦʡ ʠʛʨʦʡ ʠ 

ʦʙʣʘʜʘʝʪ ʚʩʝʤʠ ʝʸ ʦʩʥʦʚʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ: 

- ʠʛʨʦʢʠ ʭʦʜʷʪ ʧʦ ʦʯʝʨʝʜʠ; 

- ʦʙʘ ʠʛʨʦʢʘ ʟʥʘʶʪ ʚʩʝ ʭʦʜʳ, ʩʜʝʣʘʥʥʳʝ ʚ ʠʛʨʝ; 

- ʠʛʨʘ ʟʘʢʘʥʯʠʚʘʝʪʩʷ, ʢʦʛʜʘ ʜʦʩʪʠʛʥʫʪʘ ʧʦʟʠʮʠʷ, ʚ ʢʦʪʦʨʦʡ ʥʝʪ ʚʦʟʤʦʞʥʳʭ ʭʦʜʦʚ 
ʜʣʷ ʠʛʨʦʢʘ, ʯʴʷ ʦʯʝʨʝʜʴ ʭʦʜʠʪʴ, ï ʚʦ ʚʩʝʭ ʪʘʢʠʭ ʧʦʟʠʮʠʷ ʦʧʨʝʜʝʣʝʥʦ, ʢʪʦ ʠʟ 

ʠʛʨʦʢʦʚ ʩʪʘʥʦʚʠʪʩʷ ʧʦʙʝʜʠʪʝʣʝʤ; 

- ʚʳʠʛʨʳʚʘʝʪ ʠʛʨʦʢ, ʩʜʝʣʘʚʰʠʡ ʧʦʩʣʝʜʥʠʡ ʭʦʜ. 

ʀʛʨʦʢ ʠʤʝʝʪ ʚʳʠʛʨʳʰʥʫʶ ʩʪʨʘʪʝʛʠʶ, ʝʩʣʠ ʦʥ ʤʦʞʝʪ ʚʳʠʛʨʘʪʴ ʧʨʠ ʣʶʙʳʭ ʭʦʜʘʭ 

ʧʨʦʪʠʚʥʠʢʘ. ʆʧʠʩʘʪʴ ʩʪʨʘʪʝʛʠʶ ʠʛʨʦʢʘ ï ʟʥʘʯʠʪ ʦʧʠʩʘʪʴ, ʢʘʢʦʡ ʭʦʜ ʦʥ ʜʦʣʞʝʥ ʩʜʝʣʘʪʴ 

ʚ ʣʶʙʦʡ ʩʠʪʫʘʮʠʠ, ʢʦʪʦʨʘʷ ʝʤʫ ʤʦʞʝʪ ʚʩʪʨʝʪʠʪʴʩʷ ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʠʛʨʝ ʧʨʦʪʠʚʥʠʢʘ. 

ʈʝʰʝʥʠʝʤ ʟʘʜʘʯʠ ʷʚʣʷʝʪʩʷ ʜʝʨʝʚʦ ʚʳʠʛʨʳʰʥʦʡ ʩʪʨʘʪʝʛʠʠ ʚ ʚʠʜʝ ʛʨʘʬʘ [1]. 

ʉʥʘʯʘʣʘ ʩʪʨʦʠʪʩʷ ʜʝʨʝʚʦ ʠʛʨʳ, ʚʢʣʶʯʘʶʱʝʝ ʚ ʩʝʙʷ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʭʦʜʳ 

ʠʛʨʦʢʦʚ. ɿʘʪʝʤ ʚʝʜʝʪʩʷ ʧʦʠʩʢ ʧʦʙʝʜʠʪʝʣʷ. ʀ ʚ ʠʪʦʛʝ, ʟʥʘʷ ʧʦʙʝʜʠʪʝʣʷ, ʤʦʞʥʦ ʦʪʩʝʯʴ 

ʣʠʰʥʠʝ ʚʝʪʢʠ ʨʝʰʝʥʠʷ. ʇʦʣʫʯʝʥʥʦʝ ʜʝʨʝʚʦ ʠ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʵʪʘʣʦʥʥʦʝ 

ʨʝʰʝʥʠʝ.  

ʇʝʨʚʘʷ ʯʘʩʪʴ ʘʣʛʦʨʠʪʤʘ ï ʧʦʩʪʨʦʝʥʠʝ ʜʝʨʝʚʘ ʠʛʨʳ. ʇʨʠʤʝʨ ʧʦʩʪʨʦʝʥʠʷ ʜʝʨʝʚʘ 

ʠʛʨʳ ʜʣʷ ʜʚʫʭ ʠʛʨʦʢʦʚ ʧʨʠʚʝʜʸʥ ʚ ʨʘʙʦʪʝ [2]. ʉʥʘʯʘʣʘ ʩʦʟʜʘʝʪʩʷ ʢʦʨʥʝʚʘʷ 

ʚʝʨʰʠʥʘ/ʩʦʩʪʦʷʥʠʝ, ʢʦʪʦʨʘʷ ʦʧʠʩʳʚʘʝʪ ʠʩʭʦʜʥʫʶ ʩʠʪʫʘʮʠʶ ï ʠʩʭʦʜʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʢʘʤʥʝʡ ʚʦ ʚʩʝʭ ʢʫʯʘʭ. ʇʦʤʝʩʪʠʚ ʝʝ ʚ ʦʯʝʨʝʜʴ, ʟʘʧʫʩʢʘʝʪʩʷ ʨʝʢʫʨʩʠʚʥʘʷ ʧʨʦʮʝʜʫʨʘ, 

ʩʦʩʪʦʷʱʘʷ ʠʟ ʩʣʝʜʫʶʱʠʭ ʰʘʛʦʚ:  

1) ʠʟʚʣʝʯʝʥʠʝ ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʠʟ ʦʯʝʨʝʜʠ,  
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2) ʧʨʦʚʝʨʢʘ ʥʘ ʪʦ, ʷʚʣʷʝʪʩʷ ʣʠ ʦʥʦ ʟʘʢʣʶʯʠʪʝʣʴʥʳʤ, ʪʦ ʝʩʪʴ ʩʫʤʤʘ ʚʩʝʭ ʢʘʤʥʝʡ ʚ 

ʢʫʯʘʭ ʧʨʝʚʳʰʘʝʪ ʠʣʠ ʨʘʚʥʘ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʟʥʘʯʝʥʠʶ.  

3) ʝʩʣʠ ʥʝʪ, ʪʦ ʩʦʟʜʘʶʪʩʷ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʩʦʩʪʦʷʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʞʝʪ ʧʦʣʫʯʠʪʴ 

ʩʣʝʜʫʶʱʠʡ ʠʛʨʦʢ, ʦʥʠ ʭʨʘʥʷʪʩʷ ʢʘʢ ʧʦʪʦʤʢʠ ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ.  

4) ʝʩʣʠ ʩʨʝʜʠ ʥʠʭ ʚʦʟʥʠʢʣʠ ʟʘʢʣʶʯʠʪʝʣʴʥʳʝ ʩʦʩʪʦʷʥʠʷ, ʙʫʜʫʪ ʦʩʪʘʚʣʝʥʳ ʪʦʣʴʢʦ 

ʦʥʠ, ʠʥʘʯʝ ʩʦʭʨʘʥʷʶʪʩʷ ʚʩʝ; ʩʦʭʨʘʥʝʥʥʳʝ ʩʦʩʪʦʷʥʠʷ ʧʦʤʝʱʘʶʪʩʷ ʚ ʦʯʝʨʝʜʴ.  

5) ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʪʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ ʙʳʣʦ ʚʳʠʛʨʳʰʥʳʤ, ʧʨʦʠʩʭʦʜʠʪ ʚʳʭʦʜ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʥʝ ʩʦʟʜʘʶʪʩʷ ʧʦʪʦʤʢʠ ʜʣʷ ʪʘʢʦʛʦ ʩʦʩʪʦʷʥʠʷ.  

ɺʪʦʨʘʷ ʯʘʩʪʴ ʦʩʥʦʚʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ï ʧʦʠʩʢ ʧʦʙʝʜʠʪʝʣʷ. ʇʦʙʝʜʠʪʝʣʴ ʠʣʠ 

ʦʙʣʘʜʘʪʝʣʴ ʚʳʠʛʨʳʰʥʦʡ ʩʪʨʘʪʝʛʠʠ ï ʵʪʦ ʪʘʢʦʡ ʠʛʨʦʢ, ʢʦʪʦʨʳʡ ʚʳʠʛʨʳʚʘʝʪ ʧʨʠ ʣʶʙʦʤ 

ʭʦʜʝ ʧʨʦʪʠʚʥʠʢʘ. ʇʨʦʮʝʜʫʨʘ ʧʦʠʩʢʘ ʩʣʝʜʫʶʱʘʷ: ʧʨʝʞʜʝ ʚʩʝʛʦ ʢʘʞʜʦʝ ʠʟ ʚʦʟʤʦʞʥʳʭ 

ʩʦʩʪʦʷʥʠʡ ʧʦʤʝʯʘʝʪʩʷ ʚʳʠʛʨʳʰʥʳʤ ʠʣʠ ʧʨʦʠʛʨʳʰʥʳʤ. ɺʳʠʛʨʳʰʥʦʝ ʩʦʩʪʦʷʥʠʝ ï 

ʟʘʢʣʶʯʠʪʝʣʴʥʦʝ ʠʣʠ ʪʘʢʦʝ, ʯʪʦ ʠʟ ʥʝʛʦ ʪʦʪ ʞʝ ʠʛʨʦʢ ʤʦʞʝʪ ʧʦʣʫʯʠʪʴ ʟʘʢʣʶʯʠʪʝʣʴʥʦʝ 

ʩʦʩʪʦʷʥʠʝ. ɼʣʷ ʵʪʦʛʦ ʟʘʧʫʩʢʘʝʪʩʷ ʨʝʢʫʨʩʠʚʥʘʷ ʧʨʦʮʝʜʫʨʘ ʠʟ ʚʩʝʭ ʩʦʩʪʦʷʥʠʡ, ʢʦʪʦʨʳʝ 

ʤʦʞʝʪ ʧʦʣʫʯʠʪʴ ʧʝʨʚʳʡ ʠʛʨʦʢ, ʧʨʦʩʤʘʪʨʠʚʘʶʪʩʷ ʚʩʝ ʩʣʝʜʫʶʱʠʝ ʟʘ ʥʠʤ ʩʦʩʪʦʷʥʠʷ, 

ʢʦʪʦʨʳʝ ʤʦʞʝʪ ʧʦʣʫʯʠʪʴ ʚʪʦʨʦʡ ʠʛʨʦʢ ʧʦʩʣʝ ʭʦʜʘ ʧʝʨʚʦʛʦ ʠʛʨʦʢʘ. ɽʩʣʠ ʩʨʝʜʠ ʥʠʭ ʝʩʪʴ 

ʭʦʪʷ ʙʳ ʦʜʥʦ ʚʳʠʛʨʳʰʥʦʝ, ʪʦ ʠʩʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʝʨʚʦʛʦ ʠʛʨʦʢʘ ʧʦʤʝʯʘʝʪʩʷ 

ʧʨʦʠʛʨʳʰʥʳʤ, ʠʥʘʯʝ, ʝʩʣʠ ʩʦʩʪʦʷʥʠʝ ʧʨʦʠʛʨʳʰʥʦʝ ʫʚʝʣʠʯʠʚʘʝʤ ʩʯʝʪʯʠʢ, ʝʩʣʠ ʞʝ 

ʩʦʩʪʦʷʥʠʝ ʝʱʝ ʥʝ ʙʳʣʦ ʧʦʤʝʯʝʥʦ, ʟʘʧʫʩʢʘʝʪʩʷ ʜʘʥʥʘʷ ʨʝʢʫʨʩʠʚʥʘʷ ʧʨʦʮʝʜʫʨʘ ʠ ʦʥʦ 

ʧʦʤʝʯʘʝʪʩʷ. ʉʥʦʚʘ ʧʨʦʚʝʨʷʝʪʩʷ ʝʛʦ ʟʥʘʯʝʥʠʝ ʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʝʛʦ ʢʦʨʥʝʚʦʝ 

ʩʦʩʪʦʷʥʠʝ ʧʦʤʝʯʘʝʪʩʷ ʚʳʠʛʨʳʰʥʳʤ ʠʣʠ ʧʨʦʠʛʨʳʰʥʳʤ. ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʧʨʦʩʤʦʪʨʘ 

ʚʩʝʭ ʩʣʝʜʫʶʱʠʭ ʚʦʟʤʦʞʥʳʭ ʩʦʩʪʦʷʥʠʡ (ʧʦʪʦʤʢʦʚ) ʠʟ ʪʝʢʫʱʝʛʦ ʧʨʦʚʝʨʷʝʪʩʷ ʟʥʘʯʝʥʠʝ 

ʩʯʝʪʯʠʢʘ, ʝʩʣʠ ʦʥʦ ʨʘʚʥʦ ʠʭ ʦʙʱʝʤʫ ʯʠʩʣʫ, ʢʦʨʥʝʚʦʝ ʩʦʩʪʦʷʥʠʝ ʧʦʤʝʯʘʝʪʩʷ 

ʚʳʠʛʨʳʰʥʳʤ, ʠʥʘʯʝ ï ʧʨʦʠʛʨʳʰʥʳʤ. ʇʦʩʣʝ ʚʳʭʦʜʘ ʠʟ ʨʝʢʫʨʩʠʚʥʦʡ ʧʨʦʮʝʜʫʨʳ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʦʚʝʨʢʘ ʟʥʘʯʝʥʠʡ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʩʦʩʪʦʷʥʠʡ ʧʝʨʚʦʛʦ ʠʛʨʦʢʘ ʧʨʠ 

ʩʦʚʝʨʰʝʥʠʠ ʠʤ ʩʚʦʝʛʦ ʧʝʨʚʦʛʦ ʭʦʜʘ. ɽʩʣʠ ʚʩʝ ʦʥʠ ʦʪʤʝʯʝʥʳ ʢʘʢ ʚʳʠʛʨʳʰʥʳʝ, 

ʨʝʟʫʣʴʪʘʪʦʤ ʙʫʜʝʪ ʧʦʙʝʜʘ ʧʝʨʚʦʛʦ ʠʛʨʦʢʘ, ʠʥʘʯʝ ï ʚʪʦʨʦʛʦ.  

ʊʨʝʪʴʷ ʯʘʩʪʴ ʘʣʛʦʨʠʪʤʘ ï ʦʪʩʝʯʝʥʠʝ ʣʠʰʥʠʭ ʚʝʪʦʢ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ 

ʦʪʙʨʘʩʳʚʘʥʠʷ ʚʝʪʦʢ, ʭʨʘʥʷʱʠʭ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʦʩʪʦʷʥʠʷʭ/ʭʦʜʘʭ ʚʳʠʛʨʘʚʰʝʛʦ ʠʛʨʦʢʘ, 

ʚʝʜʫʱʠʭ ʢ ʚʳʠʛʨʳʰʫ ʝʛʦ ʦʧʧʦʥʝʥʪʘ, ʢʦʪʦʨʳʝ ʥʝ ʤʦʛʣʠ ʧʨʦʠʟʦʡʪʠ, ʝʩʣʠ ʙʳ ʧʝʨʚʳʡ 

ʩʜʝʣʘʣ ʜʨʫʛʦʡ ʭʦʜ ʠʟ ʯʠʩʣʘ ʚʦʟʤʦʞʥʳʭ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʤʦʜʫʣʝ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʤ ʩʠʩʪʝʤʫ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʐʢʦʣʳ ʠʥʬʦʨʤʘʪʠʢʠ ʉɻɸʋ, ʧʦʩʪʨʦʝʥʥʦʡ ʥʘ ʙʘʟʝ  LMS 

Moodle, ʠ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʰʢʦʣʴʥʠʢʘʤʠ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ɽɻʕ ʧʦ ʠʥʬʦʨʤʘʪʠʢʝ. 
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ʋɼʂ 004.9 

ʇʈʀʄɽʅɽʅʀɽ ʇʆɼʉʀʉʊɽʄʓ ɺʀɿʋɸʃʀɿɸʎʀʀ ɹɸɿʆɺʓʍ ɸʃɻʆʈʀʊʄʆɺ 

ʆɹʈɸɹʆʊʂʀ ʄɸʉʉʀɺʆɺ ɼʃʗ ʆɹʋʏɽʅʀʗ ʐʂʆʃʔʅʀʂʆɺ 

ʗʥʙʦʨʠʩʦʚʘ ɸ. ʈ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʢʩʪʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ, 

ʣʠʪʝʨʘʪʫʨʳ (ʥʘʧʨʠʤʝʨ, [1]), ʦʧʠʩʳʚʘʶʱʝʡ ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʦʚ, ʥʦ ʦʥʘ ʥʝ 

ʷʚʣʷʝʪʩʷ ʩʪʦʣʴ ʞʝ ʧʨʦʩʪʦʡ ʠ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʦʡ ʜʣʷ ʰʢʦʣʴʥʠʢʘ, ʢʘʢ ʘʥʠʤʠʨʦʚʘʥʥʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ. ʇʦʵʪʦʤʫ ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʢʠ ʧʦʜʩʠʩʪʝʤʳ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʙʘʟʦʚʳʭ ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ ʤʘʩʩʠʚʦʚ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʘʚʪʦʨʦʤ ʧʦʜʩʠʩʪʝʤʘ  ʧʦʟʚʦʣʷʝʪ ʦʙʫʯʘʝʤʦʤʫ: 

- ʥʘʩʪʨʦʠʪʴ ʧʘʨʘʤʝʪʨʳ ʚʠʟʫʘʣʠʟʘʮʠʠ (ʨʠʩ. 1): 

ü ʚʳʙʨʘʪʴ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠʟ ʚʳʧʘʜʘʶʱʝʛʦ ʩʧʠʩʢʘ, 

ü ʟʘʜʘʪʴ ʩʢʦʨʦʩʪʴ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʧʦʣʟʫʥʢʘ, 

ü ʦʧʨʝʜʝʣʠʪʴ ʯʠʩʣʦ ʵʣʝʤʝʥʪʦʚ; 

ü ʟʘʜʘʪʴ ʟʥʘʯʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʤʘʩʩʠʚʘ (ʚʨʫʯʥʫʶ ʠʣʠ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ), 

- ʧʨʦʩʤʦʪʨʝʪʴ ʨʘʙʦʪʫ ʘʣʛʦʨʠʪʤʘ ʩ ʟʘʜʘʥʥʳʤʠ ʥʘʯʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ (ʨʠʩ. 2):  

ʩʣʝʚʘ ʦʥ ʤʦʞʝʪ ʚʠʜʝʪʴ ʨʘʙʦʪʫ ʘʣʛʦʨʠʪʤʘ ʥʘ ʤʘʩʩʠʚʝ, ʩʧʨʘʚʘ ï ʚ ʢʦʜʝ. 

 
ʈʠʩ. 1. ʉʪʨʘʥʠʮʘ ʥʘʩʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʦʚ ʚʠʟʫʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʘ 

ʅʘʞʘʪʠʝʤ ʥʘ ʦʜʥʫ ʠʟ ʪʨʝʭ ʢʥʦʧʦʢ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʦʙʣʘʩʪʠ ʚʠʟʫʘʣʠʟʘʮʠʠ 

ʘʣʛʦʨʠʪʤʘ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʠʥʠʮʠʠʨʦʚʘʪʴ ʥʘʯʘʣʦ ʥʝʧʨʝʨʳʚʥʦʛʦ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ 

ʘʣʛʦʨʠʪʤʘ ʩ ʟʘʜʘʥʥʦʡ ʩʢʦʨʦʩʪʴʶ, ʦʩʪʘʥʦʚʠʪʴ ʧʨʦʩʤʦʪʨ ʠʣʠ ʥʘʯʘʪʴ ʧʦʰʘʛʦʚʳʡ 

ʧʨʦʩʤʦʪʨ ʝʛʦ ʨʘʙʦʪʳ. ʊʘʢʞʝ ʚ ʧʦʜʩʠʩʪʝʤʝ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩʧʨʘʚʦʯʥʫʶ ʠʥʬʦʨʤʘʮʠʶ 

ʦʙ ʘʣʛʦʨʠʪʤʝ. ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʧʨʦʮʝʩʩʘ ʚʠʟʫʘʣʠʟʘʮʠʠ ʥʘ ʵʢʨʘʥʝ ʧʦʣʴʟʦʚʘʪʝʣʴ ʫʚʠʜʠʪ 

ʨʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ.  

ʇʦʜʩʠʩʪʝʤʘ ʚʠʟʫʘʣʠʟʘʮʠʠ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʠʥʪʝʛʨʠʨʦʚʘʥʘ ʚ ʩʠʩʪʝʤʫ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʐʢʦʣʳ ʀʥʬʦʨʤʘʪʠʢʠ ʉɻɸʋ, ʢʦʪʦʨʘʷ ʨʝʘʣʠʟʦʚʘʥʘ ʥʘ ʙʘʟʝ 

LMS Moodle ʠ ʠʤʝʝʪ ʢʣʘʩʩʠʯʝʩʢʫʶ ʪʨʝʭʟʚʝʥʥʫʶ ʘʨʭʠʪʝʢʪʫʨʫ (ʨʠʩ. 3): ʦʥʘ ʭʨʘʥʠʪʩʷ ʥʘ 

ʩʝʨʚʝʨʝ ʧʨʠʣʦʞʝʥʠʡ ʚ ʢʘʯʝʩʪʚʝ ʦʪʜʝʣʴʥʦʛʦ ʤʦʜʫʣʷ.  
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ʈʠʩ. 2. ʉʪʨʘʥʠʮʘ ʚʠʟʫʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʘ 

 
ʈʠʩ. 3. ɸʨʭʠʪʝʢʪʫʨʘ  ʩʠʩʪʝʤʳ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ  

ʇʦʜʩʠʩʪʝʤʘ ʨʘʟʨʘʙʘʪʳʚʘʣʘʩʴ  c ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Javascript, HTML ʠ CSS ʚ ʩʨʝʜʝ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Visual Studio Code.  

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʧʦʜʩʠʩʪʝʤʘ ʚʠʟʫʘʣʠʟʘʮʠʠ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʰʢʦʣʴʥʠʢʘʤʠ 

ʧʨʠ ʦʙʫʯʝʥʠʠ ʦʩʥʦʚʘʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʠʥʬʦʨʤʘʪʠʢʝ, ʘ ʪʘʢʞʝ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʠʭ ʢ 

ʩʜʘʯʝ ɽɻʕ ʧʦ ʠʥʬʦʨʤʘʪʠʢʝ ʧʨʠ ʨʝʰʝʥʠʠ ʪʚʦʨʯʝʩʢʠʭ ʟʘʜʘʯ. ɽʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘ ʧʨʘʢʪʠʢʝ 

ʧʦʤʦʞʝʪ ʥʘʯʠʥʘʶʱʠʤ ʧʨʦʛʨʘʤʤʠʩʪʘʤ ʜʝʪʘʣʴʥʦ ʠʟʫʯʠʪʴ ʨʘʙʦʪʫ ʘʣʛʦʨʠʪʤʦʚ ʠ 

ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʠʭ ʨʝʘʣʠʟʘʮʠʝʡ ʥʘ ʨʘʟʣʠʯʥʳʭ ʷʟʳʢʘʭ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ: Python, Pascal, 

C#. ʊʘʢʞʝ ʦʥʘ ʧʦʟʚʦʣʠʪ ʧʨʦʚʦʜʠʪʴ ʠʩʧʳʪʘʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʥʘ ʨʘʟʣʠʯʥʳʭ ʪʝʩʪʦʚʳʭ 

ʜʘʥʥʳʭ, ʯʪʦʙʳ ʦʮʝʥʠʪʴ ʠʭ ʘʣʛʦʨʠʪʤʠʯʝʩʢʫʶ ʩʣʦʞʥʦʩʪʴ ʠ ʚʨʝʤʷ ʨʘʙʦʪʳ.  

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ʂʥʫʪ ɼ. ʀʩʢʫʩʩʪʚʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʊʦʤ 3. ʉʦʨʪʠʨʦʚʢʘ ʠ ʧʦʠʩʢ. ʄ.: ʀʟʜʘʪʝʣʴʩʢʠʡ 

ʜʦʤ çɺʠʣʴʷʤʩè, 2013. 824 ʩ. 
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ʋɼʂ 004.896, 004.942 

ʈɸʉʇʆɿʅɸɺɸʅʀɽ ɾɽʉʊʆɺ ʉ ʇʆʄʆʑʔʖ ʅɽʁʈʆʅʅʓʍ ʉɽʊɽʁ 

ʗʨʳʛʠʥʘ ɽ. ɸ., ʃʸʟʠʥ ʀ. ɸ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ɸʜʘʧʪʘʮʠʷ ʛʣʫʭʦʥʝʤʳʭ ʣʶʜʝʡ ʢ ʞʠʟʥʠ ʚ ʦʙʱʝʩʪʚʝ ʚʩʝʛʜʘ ʷʚʣʷʣʘʩʴ ʘʢʪʫʘʣʴʥʦʡ 

ʧʨʦʙʣʝʤʦʡ. ʂ ʩʦʞʘʣʝʥʠʶ, ʥʝ ʤʥʦʛʠʝ ʩʧʦʩʦʙʥʳ ʧʦʥʷʪʴ ʨʝʯʴ ʯʝʣʦʚʝʢʘ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ 

ʚʦʟʤʦʞʥʦʩʪʷʤʠ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʚʠʟʫʘʣʴʥʳʝ ʤʝʪʦʜʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʞʝʩʪʦʚ ʚʩʝ ʝʱʝ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʳ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʨʝʘʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʷʭ. 

ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʘʣʬʘʚʠʪʘ 

ʘʥʛʣʠʡʩʢʦʛʦ ʷʟʳʢʘ ʩ ʧʦʤʦʱʴʶ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʥʘ ʚʭʦʜ ʢʦʪʦʨʦʡ ʧʦʜʘʶʪʩʷ ʟʥʘʯʝʥʠʷ ʩ 

ʜʘʪʯʠʢʦʚ ʙʨʘʩʣʝʪʘ Useeband 1.0, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʥʘ ʨʠʩʫʥʢʝ 1. 

 
ʈʠʩ. 1. ɹʨʘʩʣʝʪ Useeband 1.0 

ɹʨʘʩʣʝʪ ʠʤʝʝʪ 8 ʜʘʪʯʠʢʦʚ ʨʘʩʩʪʦʷʥʠʷ Proximity Sensor, ʩʧʦʩʦʙʥʳʭ ʨʘʩʧʦʟʥʘʚʘʪʴ 

ʨʘʩʩʪʦʷʥʠʷ ʦʪ 0,5 ʩʤ ʜʦ 10 ʩʤ. ɿʥʘʯʝʥʠʷ ʩ ʜʘʪʯʠʢʦʚ ʧʝʨʝʜʘʶʪʩʷ ʯʝʨʝʟ USB ʧʦʨʪ ʥʘ 

ʯʘʩʪʦʪʝ 10 ɻʮ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʯʠʩʣʦ ʠʟ ʜʠʘʧʘʟʦʥʘ 0-255. ɼʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʜʘʥʥʳʭ, ʩʯʠʪʘʥʥʳʭ ʩ ʜʘʪʯʠʢʦʚ, ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ MLP (ʤʥʦʛʦʩʣʦʡʥʳʡ 

ʧʝʨʩʝʧʪʨʦʥ) [1]. ʂʘʞʜʳʡ ʥʝʡʨʦʥ ʚ ʩʝʪʠ ʠʤʝʝʪ ʬʫʥʢʮʠʶ ʘʢʪʠʚʘʮʠʠ. ʌʫʥʢʮʠʷ ʘʢʪʠʚʘʮʠʠ 

ï ʬʫʥʢʮʠʷ, ʚʳʯʠʩʣʷʶʱʘʷ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʥʝʡʨʦʥʘ. ɺ ʢʘʯʝʩʪʚʝ 

ʘʨʛʫʤʝʥʪʘ ʧʨʠʥʠʤʘʝʪ ʩʠʛʥʘʣ, ʧʦʣʫʯʘʝʤʳʡ ʥʘ ʚʳʭʦʜʝ ʚʭʦʜʥʦʛʦ ʩʫʤʤʘʪʦʨʘ [2]. 

ɺ ʩʝʪʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʞʝʩʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʬʫʥʢʮʠʠ ʘʢʪʠʚʘʮʠʠ: 

- ʉʠʛʤʦʠʜʘʣʴʥʘʷ: ώ ; 

- ɹʠʧʦʣʷʨʥʘʷ ʩʠʛʤʦʠʜʘʣʴʥʘʷ (ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʡ ʪʘʥʛʝʥʩ): ώ ρ; 

- ʈʘʜʠʘʣʴʥʦ-ʙʘʟʠʩʥʘʷ: ώ Ὡ ; 

- ReLU: ώ ÍÁØ ‌ὼȟὼ; 

- Rectifier: ώ ÌÎ ρ Ὡ Ƞ 

- SoftMax: ώ
В

, ʛʜʝ j ï ʢʦʣʠʯʝʩʪʚʦ ʥʝʡʨʦʥʦʚ ʥʘ ʪʝʢʫʱʝʤ ʩʣʦʝ, ʘ i ï 

ʪʝʢʫʱʠʡ ʥʝʡʨʦʥ. 
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ɼʣʷ ʦʙʫʯʝʥʠʷ ʩʝʪʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʘʣʛʦʨʠʪʤ ʦʙʨʘʪʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʰʠʙʢʠ. 

ɸʣʛʦʨʠʪʤ ʦʙʨʘʪʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʰʠʙʢʠ: 

1. ʀʥʠʮʠʘʣʠʟʠʨʦʚʘʪʴ ʩʠʥʘʧʪʠʯʝʩʢʠʝ ʚʝʩʘ ʤʘʣʝʥʴʢʠʤʠ ʩʣʫʯʘʡʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ. 

2. ɺʳʙʨʘʪʴ ʦʯʝʨʝʜʥʫʶ ʦʙʫʯʘʶʱʫʶ ʧʘʨʫ ʠʟ ʦʙʫʯʘʶʱʝʛʦ ʤʥʦʞʝʩʪʚʘ; ʧʦʜʘʪʴ 

ʚʭʦʜʥʦʡ ʚʝʢʪʦʨ ʥʘ ʚʭʦʜ ʩʝʪʠ. 

3. ɺʳʯʠʩʣʠʪʴ ʚʳʭʦʜ ʩʝʪʠ. 

4. ɺʳʯʠʩʣʠʪʴ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʚʳʭʦʜʦʤ ʩʝʪʠ ʠ ʪʨʝʙʫʝʤʳʤ ʚʳʭʦʜʦʤ (ʮʝʣʝʚʳʤ 
ʚʝʢʪʦʨʦʤ ʦʙʫʯʘʶʱʝʡ ʧʘʨʳ): 

- ʜʣʷ ʚʳʭʦʜʥʦʛʦ ʩʣʦʷ: ‏ ὸ έ έέ ȟ  ʛʜʝ έ ï ʚʳʭʦʜ k-ʛʦ ʫʟʣʘ, ʘ 

ὸ ɀ ̞̜̓́̌̏̎̎̊ ̜̖̃̏̅ Ë ̄ ̏̔̈̌́ ;  

- ʜʣʷ ʚʩʝʭ ʩʣʦʝʚ, ʥʘʯʠʥʘʷ ʩ ʧʨʝʜʧʦʩʣʝʜʥʝʛʦ:   
‏ έέ В ‫ȟᶰ‏ . 

1. ʇʦʜʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʚʝʩʘ ʩʝʪʠ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʦʰʠʙʢʠ: 

 Ў‫ȟὲ –‌Ў‫ȟὲ ρ ρ  Ὥὲὴ, ʛʜʝ Ŭ ï ʢʦʵʬʬʠʮʠʝʥʪ ʠʥʝʨʮʠʘʣʴʥʦʩʪʠ‏‌

ʜʣʷ ʩʛʣʘʞʠʚʘʥʠʷ ʨʝʟʢʠʭ ʩʢʘʯʢʦʚ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ, 

ɖ ï ʢʦʵʬʬʠʮʠʝʥʪ, ʟʘʜʘʶʱʠʡ ʩʢʦʨʦʩʪʴ çʜʚʠʞʝʥʠʷè, ʘ Ὥὲὴ ï ʚʭʦʜ ʥʝʡʨʦʥʘ; 

‫ȟὲ ‫ȟὲ ρ Ў.‫ȟὲ 

2. ʇʦʚʪʦʨʷʪʴ ʰʘʛʠ ʩ 2 ʧʦ 5 ʜʣʷ ʢʘʞʜʦʛʦ ʚʝʢʪʦʨʘ ʦʙʫʯʘʶʱʝʛʦ ʤʥʦʞʝʩʪʚʘ ʜʦ ʪʝʭ ʧʦʨ, 
ʧʦʢʘ ʦʰʠʙʢʘ ʥʘ ʚʩʝʤ ʤʥʦʞʝʩʪʚʝ ʥʝ ʜʦʩʪʠʛʥʝʪ ʧʨʠʝʤʣʝʤʦʛʦ ʫʨʦʚʥʷ. 

ʋʩʣʦʚʠʝʤ ʦʩʪʘʥʦʚʘ ʦʙʫʯʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʩʣʝʜʫʶʱʝʝ: 

- ʚʳʧʦʣʥʝʥʦ ʥʝʦʙʭʦʜʠʤʦʝ ʯʠʩʣʦ ʠʪʝʨʘʮʠʡ; 

- ʜʦʩʪʠʛʥʫʪʦ ʥʝʦʙʭʦʜʠʤʦʝ ʟʥʘʯʝʥʠʝ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ (ʩʨʝʜʥʝʛʦ 

ʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ): Ὁ В ὸ έ ; 

- ʨʘʩʧʦʟʥʘʥʦ ʥʝʦʙʭʦʜʠʤʦʝ ʯʠʩʣʦ ʪʝʩʪʦʚ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʣʫʯʰʝʛʦ ʨʝʟʫʣʴʪʘʪʘ ʧʦʩʣʝ ʢʘʞʜʦʡ ʵʧʦʭʠ ʦʙʫʯʝʥʠʷ ʚʳʧʦʣʥʷʣʩʷ 

ʪʝʩʪ, ʧʦʩʣʝ ʯʝʛʦ ʟʥʘʯʝʥʠʝ çʰʘʛʘè ɖ ʫʤʝʥʴʰʘʣʦʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʣʝʜʫʶʱʠʤ 

ʚʳʨʘʞʝʥʠʝʤ: – –z ρ
Ϸ
, ʛʜʝ p ï ʧʨʦʮʝʥʪ ʚʝʨʥʦ ʨʘʩʧʦʟʥʘʥʥʳʭ ʩ ʪʝʩʪʦʚ. ʊʘʢ 

ʞʝ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʨʝʟʫʣʴʪʘʪʘ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʥʦʨʤʘʣʠʟʦʚʘʪʴ ʜʘʥʥʳʝ ʩ ʜʘʪʯʠʢʦʚ 

ʧʝʨʝʜ ʦʙʫʯʝʥʠʝʤ. 

ʄʠʥʠʤʫʤ ʧʦʛʨʝʰʥʦʩʪʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʙʳʣ ʧʦʣʫʯʝʥ ʜʣʷ ʩʝʪʠ ʩ 30 ʥʝʡʨʦʥʘʤʠ ʩ 

ʩʠʛʤʦʠʜʘʣʴʥʦʡ ʬʫʥʢʮʠʝʡ ʘʢʪʠʚʘʮʠʠ ʠ Ŭ=2 ʥʘ ʧʝʨʚʦʤ ʩʢʨʳʪʦʤ ʩʣʦʝ ʠ 30 ʥʝʡʨʦʥʘʤʠ ʩ 

ʬʫʥʢʮʠʝʡ ʘʢʪʠʚʘʮʠʠ SoftMax ʥʘ ʩʣʝʜʫʶʱʝʤ ʩʣʦʝ. ʅʘʯʘʣʴʥʘʷ çʩʢʦʨʦʩʪʴ ʦʙʫʯʝʥʠʷè 0,7. 

ɺ ʪʝʩʪʦʚʫʶ ʚʳʙʦʨʢʫ ʙʳʣʦ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʦʪʦʙʨʘʥʦ 20% ʠʟ 8000 ʦʙʨʘʟʦʚ. ʋʩʧʝʰʥʦ 

ʙʳʣʦ ʨʘʩʧʦʟʥʘʥʦ 79% ʦʙʨʘʟʦʚ. ʆʙʫʯʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ 

ʟʥʘʯʝʥʠʷ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ. ʇʨʦʮʝʥʪ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥ ʪʦʯʥʦʩʪʴʶ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʧʦʭʦʞʠʭ ʞʝʩʪʦʚ ʜʘʥʥʳʤ ʙʨʘʩʣʝʪʦʤ ʠ ʩʠʣʴʥʦʡ ʢʦʨʨʝʣʷʮʠʝʡ ʤʝʞʜʫ 

ʩʦʙʦʡ. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ʀʩʢʫʩʩʪʚʝʥʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï https://ru.wikipedia. org 

/wiki/ʀʩʢʫʩʩʪʚʝʥʥʘʷ_ʥʝʡʨʦʥʥʘʷ_ʩʝʪʴ 

2. ʌʫʥʢʮʠʠ ʘʢʪʠʚʘʮʠʠ ʚ ʥʝʡʨʦʥʥʳʭ ʩʝʪʷʭ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï 

http://www.aiportal.ru/articles/neural-networks/activation-function.html 
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ʋɼʂ 530.145 

ʏʀʉʃɽʅʅʓɽ ʄɽʊʆɼʓ ɺʓʏʀʉʃɽʅʀʗ ɺɽʈʆʗʊʅʆʉʊɽʁ ʂɺɸʅʊʆɺʓʍ 

ʇɽʈɽʍʆɼʆɺ, ʇʈɽɼʉʊɸɺʃɽʅʅʓʍ ʀʅʊɽɻʈɸʃɸʄʀ ʇʆ ʇʋʊʗʄ 

ɼʝʛʪʷʨʝʚʘ ʗ. ɺ., ɹʠʨʶʢʦʚ ɸ. ɸ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦ ʠʟʫʯʘʶʪʩʷ ʥʝʣʠʥʝʡʥʳʝ ʧʨʦʮʝʩʩʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʤʠʢʨʦʩʠʩʪʝʤ ʩ ʣʘʟʝʨʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʨʘʟʣʠʯʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʠ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ (ʚʦʟʙʫʞʜʝʥʠʝ ʠ ʜʠʩʩʦʮʠʘʮʠʷ ʤʦʣʝʢʫʣ, ʠʦʥʠʟʘʮʠʷ ʘʪʦʤʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʜʨ.). ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʠʩʩʣʝʜʦʚʘʪʴ ʚʝʨʦʷʪʥʦʩʪʠ 

ʧʝʨʝʭʦʜʦʚ ʚ ʤʥʦʛʦʫʨʦʚʥʝʚʳʭ ʢʚʘʥʪʦʚʳʭ ʩʠʩʪʝʤʘʭ ʚʥʝ ʨʘʤʦʢ ʪʝʦʨʠʠ ʚʦʟʤʫʱʝʥʠʡ ʠ 

ʧʨʠʙʣʠʞʝʥʠʡ, ʢʦʪʦʨʳʝ ʥʘʢʣʘʜʳʚʘʶʪ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʩʪʨʫʢʪʫʨʫ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ï 

ʢʘʢ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʪʘʢ ʠ ʧʦ ʬʦʨʤʝ ʠʤʧʫʣʴʩʦʚ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʨʘʟʚʠʚʘʝʪʩʷ ʪʝʦʨʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʢʚʘʥʪʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʠʥʪʝʛʨʘʣʘʤʠ ʧʦ ʪʨʘʝʢʪʦʨʠʷʤ ʦʪ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦʛʦ ʟʥʘʢʦʧʝʨʝʤʝʥʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ. 

ɺ ʨʘʙʦʪʘʭ [1-2] ʜʦʢʘʟʘʥʦ, ʯʪʦ ʚʝʨʦʷʪʥʦʩʪʴ ʢʚʘʥʪʦʚʦʛʦ ʧʝʨʝʭʦʜʘὖὲȟὸὲȟπ ʠʟ 

ʩʦʩʪʦʷʥʠʷ ȿὲἃ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ὸ π ʠ ʩʦʩʪʦʷʥʠʝ ὲὪʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ὸὪ ʤʦʞʝʪ 

ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʠʥʪʝʛʨʘʣʘ ʩ ʜʝʡʩʪʚʠʪʝʣʴʥʳʤ 

ʧʦʜʳʥʪʝʛʨʘʣʴʥʳʤ ʬʫʥʢʮʠʦʥʘʣʦʤ: 

ὖὲȟὸὲȟπ ὃ ȣ

ȣȣ

 

ὧέίὛὲȟὲȟ‚ȟά ȟ‒ȠȣȠὲ ȟ‚ ȟά ȟ‒ ȠȣȠὲȟ‚ȟ‒ Ὠ‚ȣὨ‚Ὠ‒ȣὨ‒ȟρ 

ʛʜʝ Ὓὲȟὲȟ‚ȟά ȟ‒ȠȣȠὲ ȟ‚ ȟά ȟ‒ ȠȣȠὲȟ‚ȟ‒  ï ʜʝʡʩʪʚʠʝ ʜʣʷ 

ʠʟʫʯʘʝʤʦʛʦ ʧʝʨʝʭʦʜʘ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ, ὲὭȟάὭï ʢʚʘʥʪʦʚʳʝ ʯʠʩʣʘ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʩʦʩʪʦʷʥʠʝ ʩʠʩʪʝʤʳ, ὃὲέὶά ï ʢʦʥʩʪʘʥʪʘ, ʩʦʭʨʘʥʷʶʱʘʷ ʥʦʨʤʠʨʦʚʦʯʥʦʝ 
ʫʩʣʦʚʠʝ В ὖὲὪȟὸὪὲȟπὲὪ ρȢ ɼʝʡʩʪʚʠʝὛ ʚ ʚʳʨʘʞʝʥʠʠ (1) ʢʦʥʢʨʝʪʠʟʠʨʫʝʪʩʷ ʜʣʷ 

ʢʘʞʜʦʡ ʢʦʥʢʨʝʪʥʦʡ ʠʩʩʣʝʜʫʝʤʦʡ ʢʚʘʥʪʦʚʦʡ ʩʠʩʪʝʤʳ ʠ ʩʧʝʮʠʬʠʢʠ ʝʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʟʘʜʘʥʥʳʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ. ʅʘ ʧʨʘʢʪʠʢʝ ʯʠʩʣʝʥʥʦʝ ʚʳʯʠʩʣʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʝʡ 

ʧʦ ʜʘʥʥʦʤʫ ʤʝʪʦʜʫ ʩʦʧʨʷʞʝʥʦ ʩ ʨʷʜʦʤ ʪʨʫʜʥʦʩʪʝʡ ʠʟ-ʟʘ ʙʦʣʴʰʦʡ ʨʘʟʤʝʨʥʦʩʪʠ 

ʚʭʦʜʷʱʠʭ ʚ ʚʳʨʘʞʝʥʠʝ ʠʥʪʝʛʨʘʣʦʚ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜ, ʧʦʟʚʦʣʷʶʱʠʡ 

ʚʳʯʠʩʣʷʪʴ ʚʝʨʦʷʪʥʦʩʪʠ ʢʚʘʥʪʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʧʦ ʬʦʨʤʫʣʝ (1) ʟʘ ʣʶʙʦʡ ʠʥʪʝʨʚʘʣ 

ʚʨʝʤʝʥʠ. 
ʇʨʦʛʨʘʤʤʘ ʯʠʩʣʝʥʥʦʛʦ ʚʳʯʠʩʣʝʥʠʷ ʠʥʪʝʛʨʘʣʘ (1) ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʨʝʢʫʨʨʝʥʪʥʳʭ 

ʩʦʦʪʥʦʰʝʥʠʷʭ ʜʣʷ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʬʫʥʢʮʠʡ ʚʝʨʦʷʪʥʦʩʪʝʡ ὖὧέίͯȟὖίὭὲͯ : 
ὖὧέίͯ ὲὯȟάὯȟὸὯȠὲȟπ
ὙὯρͮ ὧέίῳὛὲὯȟ‚ὯȟάὯȟ‒ὯȠὲὯρȟ‚ὯρȟάὯρȟ‒Ὧρ ὖὧέί

ͯ ὲὯρȟάὯρȟὸὯρȠὲȟπ

ὙὯρͮ ίὭὲῳὛὲὯȟ‚ὯȟάὯȟ‒ὯȠὲὯ ρȟ‚ὯρȟάὯρȟ‒Ὧ ρ ὖίὭὲ
ͯ ὲὯρȟάὯρȟὸὯ ρȠὲȟπ 

ʠ 
ὖίὭὲͯ ὲὯρȟάὯρȟὸὯ ρȠὲȟπ
ὙὯςͮ ίὭὲῳὛὲὯρȟ‚ὯρȟάὯρȟ‒ὯρȠὲὯςȟ‚ὯςȟάὯςȟ‒Ὧ ς ὖὧέί

ͯ ὲὯςȟάὯςȟὸὯςȠὲȟπ

ὙὯςͮ ὧέίῳὛὲὯρȟ‚ὯρȟάὯρȟ‒ὯρȠὲὯςȟ‚ὯςȟάὯςȟ‒Ὧς ὖίὭὲ
ͯ ὲὯςȟάὯςȟὸὯ ςȠὲȟπȟ 

 

ʛʜʝ ʯʝʨʝʟ ὙὯͮ ʦʙʦʟʥʘʯʝʥʳ ʦʧʝʨʘʪʦʨʳ 

ὙὯͮ Ὠ‚Ὧ

ρ

π
Ὠ‒Ὧ

ρ

π

ὔ

άὯ ρ

ὔ

ὲὯ ρ

Ȣ 
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ʌʫʥʢʮʠʠ ὖὧέίͯ ὲὯȟάὯȟὸὯȠὲȟπ ʧʨʠ ὲὯ άὯ ʷʚʣʷʶʪʩʷ ʚʝʨʦʷʪʥʦʩʪʷʤʠ ʢʚʘʥʪʦʚʦʛʦ 
ʧʝʨʝʭʦʜʘ ʠʟ ʩʦʩʪʦʷʥʠʷ ȿὲἃ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ὸ π ʠ ʩʦʩʪʦʷʥʠʝ ȿὲὯἃʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 
ὸὯ πȟ ʪʦ ʝʩʪʴ  

ὖὲȟὸȿὲȟπ ὖͯ ὲȟά ȟὸȠὲȟπ‏ Ȣ 

ɺ ʨʘʤʢʘʭ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ ʫʩʧʝʰʥʦ ʦʧʠʩʳʚʘʶʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ 

ʚʦʟʙʫʞʜʝʥʠʶ ʘʪʦʤʦʚ, ʤʦʣʝʢʫʣ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤʠ ʧʦʣʷʤʠ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʦ 

ʩʣʦʞʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʚʳʙʨʘʥʥʳʡ ʤʝʪʦʜ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʘʝʪ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʦʧʠʩʘʪʴ ʥʝʣʠʥʝʡʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʘʪʦʤʥʦʡ ʬʠʟʠʢʝ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ. ɼʦʩʪʦʠʥʩʪʚʦʤ 

ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʝʛʦ ʤʘʣʘʷ ʨʝʩʫʨʩʦʝʤʢʦʩʪʴ. 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. Ryazanov G.V. Quantum-mechanical probability as a sum over path // JETP. ï 1958. ï 

V.35, no.1. 

2. ɹʠʨʶʢʦʚ, ɸ. ɸ. ɺʳʯʠʩʣʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʝʡ ʧʝʨʝʭʦʜʦʚ ʢʚʘʥʪʦʚʦʡ ʩʠʩʪʝʤʳ ʧʫʪʝʤ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʚʝʱʝʩʪʚʝʥʥʳʭ ʬʫʥʢʮʠʦʥʘʣʦʚ / ɸ. ɸ. ɹʠʨʶʢʦʚ, ʄ. ɸ.ʐʣʝʝʥʢʦʚ // 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʬʠʟʠʢʘ. ï 2012. ï ʊ.13. ï ʉ. 8-42. 

3. ɹʠʨʶʢʦʚ, ɸ. ɸ. ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʝʡ ʢʚʘʥʪʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ 

ʠʥʪʝʛʨʘʣʦʤ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʡ / ɸ. ɸ. ɹʠʨʶʢʦʚ, ʄ. ɸ.ʐʣʝʝʥʢʦʚ 
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ʂʆʃʀʏɽʉʊɺɽʅʅʓʁ ɸʅɸʃʀɿ ɼʀʅɸʄʀʂʀ ʄɽʊɽʆʈʆʀɼɸ 

ʉ ʋʏɽʊʆʄ ɼɸɺʃɽʅʀʗ ʕʃɽʂʊʈʆʄɸɻʅʀʊʅʆɻʆ ʀɿʃʋʏɽʅʀʗ ʉʆʃʅʎɸ 

ʃʦʤʦʥʦʩʦʚʘ ɸ. ʉ. ,ʌʠʣʠʧʧʦʚ ʖ. ʇ. 

ʉʘʤʘʨʩʢʠʡ ʨʝʛʠʦʥʘʣʴʥʳʡ ʮʝʥʪʨ ʜʣʷ ʦʜʘʨʝʥʥʳʭ ʜʝʪʝʡ, ʛ. ʉʘʤʘʨʘ 

ʄʘʣʳʝ ʪʝʣʘ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ ï ʵʪʦ ʩʘʤʳʡ ʤʥʦʛʦʯʠʩʣʝʥʥʳʡ ʢʣʘʩʩ ʥʝʙʝʩʥʳʭ 

ʪʝʣ, ʥʘʩʝʣʷʶʱʠʭ ʵʪʫ ʩʠʩʪʝʤʫ. ʄʥʦʛʦʣʝʪʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ ʘʩʪʝʨʦʠʜʦʚ ʠ 

ʢʦʤʝʪ ʫʢʘʟʘʣʠ ʥʘ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʥʝʣʴʟʷ ʦʙʲʷʩʥʠʪʴ 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʤ ʧʨʠʪʷʞʝʥʠʝʤ ʜʘʥʥʳʭ ʪʝʣ ʜʨʫʛʠʤʠ ʠʟʚʝʩʪʥʳʤʠ ʪʝʣʘʤʠ ʉʦʣʥʝʯʥʦʡ 

ʩʠʩʪʝʤʳ. ʊʘʢʠʝ ʵʬʬʝʢʪʳ ʧʦʣʫʯʠʣʠ ʥʘʟʚʘʥʠʝ ʥʝʛʨʘʚʠʪʘʮʠʦʥʥʳʭ . 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʜʚʠʞʝʥʠʷ ʜʘʥʥʳʭ ʪʝʣ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ï ʦʜʥʘ ʠʟ ʩʘʤʳʭ ʛʣʘʚʥʳʭ 

ʟʘʜʘʯ ʥʝʙʝʩʥʦʡ ʤʝʭʘʥʠʢʠ. ʇʦʜʦʙʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʘʞʥʳ ʢʘʢ ʜʣʷ ʥʘʫʢʠ, ʪʘʢ ʠ ʜʣʷ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʥʫʞʜ ʯʝʣʦʚʝʯʝʩʪʚʘ ʧʦ ʩʣʝʜʫʶʱʠʤ ʧʨʠʯʠʥʘʤ: 
1. ʈʝʰʝʥʠʝ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʚʘʞʥʦ ʩ ʘʢʘʜʝʤʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ 
ʦʙʥʘʨʫʞʠʪʴ ʜʝʡʩʪʚʠʝ ʥʝʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʵʬʬʝʢʪʦʚ ʤʦʞʥʦ ʣʠʰʴ ʚ ʜʚʠʞʝʥʠʷʭ 

ʤʘʣʳʭ ʪʝʣ. 

2. ʅʝʢʦʪʦʨʳʝ ʘʩʪʝʨʦʠʜʳ ʠ ʢʦʤʝʪʳ ʤʦʛʫʪ ʩʙʣʠʞʘʪʴʩʷ ʩ ɿʝʤʣʝʡ ʠ, ʧʦʪʦʤʫ ʥʝʩʫʪ 
ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʚʩʝʛʦ ʞʠʚʦʛʦ ʥʘ ɿʝʤʣʝ. ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʩʪʦʣʢʥʦʚʝʥʠʷ ɿʝʤʣʠ ʩ ʧʦʜʦʙʥʳʤʠ ʪʝʣʘʤʠ ʠ ʩʦʭʨʘʥʝʥʠʷ ʞʠʟʥʠ ʯʝʣʦʚʝʯʝʩʪʚʘ 

ʥʝʦʙʭʦʜʠʤʦ ʪʦʯʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʠʭ ʦʨʙʠʪ ʠ ʚʳʩʦʢʦʪʦʯʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠʭ ʜʚʠʞʝʥʠʷ ʚ ʙʫʜʫʱʝʤ ʩ ʫʯʝʪʦʤ ʥʝʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʵʬʬʝʢʪʦʚ. 

ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʤ ʥʝʛʨʘʚʠʪʘʮʠʦʥʥʳʤ ʵʬʬʝʢʪʦʤ ʩʯʠʪʘʝʪʩʷ ʩʚʝʪʦʚʦʝ  ʜʘʚʣʝʥʠʝ. 

ʉ ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʟʤʝʨʦʚ ʤʘʣʳʭ ʪʝʣ ʨʦʣʴ ʩʚʝʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚʦʟʨʘʩʪʘʝʪ. ɺ ʨʘʙʦʪʘʭ 

ʩʦʪʨʫʜʥʠʢʘ ɸʆ çʈʂʎ çʇʨʦʛʨʝʩʩè ʉʥʝʪʢʦʚʦʡ ʖ. ɸ. ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʨʘʩʯʝʪ ʪʨʘʝʢʪʦʨʠʠ 

ʜʚʠʞʝʥʠʷ ʤʝʪʝʦʨʦʠʜʘ ʩ ʫʯʝʪʦʤ ʜʘʚʣʝʥʠʷ ʩʚʝʪʘ ʠ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ. ʆʜʥʘʢʦ, ʘʚʪʦʨ ʥʝ 

ʧʨʝʜʩʪʘʚʠʣ ʨʘʟʫʤʥʦʛʦ ʦʙʲʷʩʥʝʥʠʷ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ. 

ɻʣʘʚʥʦʡ ʮʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ: ʚʳʧʦʣʥʝʥʠʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ 

ʚʦʟʤʫʱʝʥʠʡ ʢʝʧʣʝʨʦʚʦʡ ʦʨʙʠʪʳ ʤʝʪʝʦʨʦʠʜʘ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʜʝʡʩʪʚʠʝʤ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʉʦʣʥʮʘ. 

ʆʩʥʦʚʥʳʤʠ ʟʘʜʘʯʘʤʠ ʨʘʙʦʪʳ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʧʦʣʦʞʝʥʠʷ:  
1) ʇʦʩʪʨʦʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʨʘʜʠʘʣʴʥʦʛʦ ʩʚʝʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ; 

2) ʈʝʰʝʥʠʝ ʦʙʦʙʱʝʥʥʦʡ ʟʘʜʘʯʠ ʂʝʧʣʝʨʘ; 

3) ʆʧʨʝʜʝʣʝʥʠʝ ʢʝʧʣʝʨʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʦʨʙʠʪʳ ʤʝʪʝʦʨʦʠʜʘ, ʢʘʢ ʬʫʥʢʮʠʡ 

ʬʘʢʪʦʨʘ ʩʚʝʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ. ʈʘʩʯʝʪ ʤʠʥʠʤʘʣʴʥʦʛʦ ʨʘʜʠʫʩʘ ʤʝʪʝʦʨʦʠʜʘ; 

4) ɺʳʧʦʣʥʝʥʠʝ ʯʠʩʣʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘ ʧʨʠʤʝʨʝ 

ʥʝʩʢʦʣʴʢʠʭ ʤʝʪʝʦʨʦʠʜʦʚ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʛʣʘʚʥʳʤ ʤʝʪʝʦʨʥʳʤ ʧʦʪʦʢʘʤ. 

ʆʩʥʦʚʥʳʤʠ ʤʝʪʦʜʘʤʠ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʷʚʣʷʶʪʩʷ: 1) ʤʝʪʦʜʳ 

ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ; 2) ʤʝʪʦʜʳ ʠʥʪʝʛʨʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʠʩʯʠʩʣʝʥʠʷ; 3) 

ʵʣʝʤʝʥʪʳ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ. 
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ɸɼʈʆʅʅʓɽ ɺʂʃɸɼʓ ʈɸʉʉɽʗʅʀʗ ʉɺɽʊɸ ʅɸ ʉɺɽʊɽ 

ɺ ʉɺɽʈʍʊʆʅʂʆʄ ʈɸʉʑɽʇʃɽʅʀʀ ʃɽɻʂʀʍ ʄʖʆʅʅʓʍ ɸʊʆʄʆɺ 

ʄʘʨʪʳʥʝʥʢʦ ʌ. ɸ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ʇʨʝʮʠʟʠʦʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʣʵʤʙʦʚʩʢʦʛʦ ʩʜʚʠʛʘ ʠ ʩʚʝʨʭʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ 

ʩʧʝʢʪʨʘ ʵʥʝʨʛʠʠ ʣʝʛʢʠʭ ʤʶʦʥʥʳʭ ʘʪʦʤʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʬʫʥʜʘʤʝʥʪʘʣʴʥʫʶ ʟʘʜʘʯʫ 

ʜʣ̫ ʧʨʦʚʝʨʢʠ ʩʪʘʥʜʘʨʪʥʦʡ ʤʦʜʝʣʠ ʠ ʫʩʪʘʥʦʚʣʝʥʠʷ ʪʦʯʥʳʭ ʟʥʘʯʝʥʠʡ ʝʝ ʧʘʨʘʤʝʪʨʦʚ, ʘ 

ʪʘʢʞʝ ʧʦʠʩʢʘ ʵʬʬʝʢʪʦʚ ʥʦʚʦʡ ʬʠʟʠʢʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʫʘʣʴʥʦʩʪʴ ʵʪʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʚʷʟʘʥʘ ʧʨʝʞʜʝ ʚʩʝʛʦ ʩ ʧʨʦʚʝʜʝʥʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ ʢʦʣʣʘʙʦʨʘʮʠʝʡ 

CREMA (Charge Radius Experiments with Muonic Atoms) [1] ʩ ʤʶʦʥʥʳʤ ʚʦʜʦʨʦʜʦʤ ʠ 

ʜʝʡʪʝʨʠʝʤ ʤʝʪʦʜʘʤʠ ʣʘʟʝʨʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʦʥʢʦʡ ʠ ʩʚʝʨʭʪʦʥʢʦʡ 

ʩʪʨʫʢʪʫʨʳ ʩʧʝʢʪʨʘ (ʉʊʉ) ʵʥʝʨʛʠʠ ʤʶʦʥʥʳʭ ʘʪʦʤʦʚ ʤʳ ʠʩʧʦʣʴʟʫʝʤ 

ʢʚʘʟʠʧʦʪʝʥʮʠʘʣʴʥʳʡ ʤʝʪʦʜ ʚ ʢʚʘʥʪʦʚʦʡ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʝ, ʚ ʢʦʪʦʨʦʤ ʩʚʷʟʘʥʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʤʶʦʥʘ ʠ ʧʨʦʪʦʥʘ ʦʧʠʩʳʚʘʝʪʩʷ ʚ ʣʠʜʠʨʫʶʱʝʤ ʧʦʨʷʜʢʝ ʧʦ ʧʦʩʪʦʷʥʥʦʡ ʪʦʥʢʦʡ 

ʩʪʨʫʢʪʫʨʳ (ʊʉ) ʫʨʘʚʥʝʥʠʝʤ ʐʨʝʜʠʥʛʝʨʘ ʩ ʢʫʣʦʥʦʚʩʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ [2ï4]. ʇʝʨʚʘʷ 

ʯʘʩʪʴ ʚʘʞʥʳʭ ʧʦʧʨʘʚʦʢ ʚ ʩʧʝʢʪʨʝ ʵʥʝʨʛʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʘʤʠʣʴʪʦʥʠʘʥʦʤ ɹʨʝʡʪʘ. 

ɹʝʩʢʦʥʝʯʥʳʡ ʨʷʜ ʪʝʦʨʠʠ ʚʦʟʤʫʱʝʥʠʡ ʜʣʷ ʦʧʝʨʘʪʦʨʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʘʩʪʠʮ ʩʦʜʝʨʞʠʪ 

ʚʢʣʘʜʳ ʨʘʟʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ʆʜʠʥ ʠʟ ʪʘʢʠʭ ʚʢʣʘʜʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʦʙʤʝʥʦʤ 

ʧʩʝʚʜʦʩʢʘʣʷʨʥʳʤ ʤʝʟʦʥʦʤ, ʠʩʩʣʝʜʫʝʪʩʷ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʜʚʫʭ ʚʠʨʪʫʘʣʴʥʳʭ ʬʦʪʦʥʦʚ ʚʦʟʤʦʞʥʦ ʨʦʞʜʝʥʠʝ ʧʩʝʚʜʦʩʢʘʣʷʨʥʦʛʦ ʤʝʟʦʥʘ, ʢʦʪʦʨʳʡ 

ʷʚʣʷʝʪʩʷ ʧʝʨʝʥʦʩʯʠʢʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʤʶʦʥʦʤ ʠ ʧʨʦʪʦʥʦʤ. ʕʬʬʝʢʪʠʚʥʘʷ 

ʚʝʨʰʠʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ  ʧʠ-ʤʝʟʦʥʘ (ʠʣʠ ʜʨʫʛʠʭ ʧʩʝʚʜʦʩʢʘʣʷʨʥʳʭ ʤʝʟʦʥʦʚ) ʠ 

ʚʠʨʪʫʘʣʴʥʳʭ ʬʦʪʦʥʦʚ ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʘ ʚ ʪʝʨʤʠʥʘʭ ʧʝʨʝʭʦʜʥʦʛʦ ʬʦʨʤʬʘʢʪʦʨʘ 

Ὂ ὯȟὯ  ʚ ʚʠʜʝ [5]: 

 ὠ ὯȟὯ Ὥ‐ Ὧ Ὧ Ὂ ὯȟὯ ȟ (1) 

ʛʜʝ Ὧ, Ὧ ï 4-ʠʤʧʫʣʴʩʳ ʚʠʨʪʫʘʣʴʥʳʭ ʬʦʪʦʥʦʚ. ʈʘʩʩʤʦʪʨʠʤ ʧʦʩʪʨʦʝʥʠʝ ʩʚʝʨʭʪʦʥʢʦʡ 

ʯʘʩʪʠ ʧʦʪʝʥʮʠʘʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʘʩʪʠʮ ʚ ʩʣʫʯʘʝ S-ʩʦʩʪʦʷʥʠʡ. ʄʳ ʠʩʧʦʣʴʟʫʝʤ 

ʧʨʦʝʢʮʠʦʥʥʳʝ ʦʧʝʨʘʪʦʨʳ ʥʘ ʩʦʩʪʦʷʥʠʷ ʜʚʫʭ ʯʘʩʪʠʮ ʩʦ ʩʧʠʥʦʤ S=0 ʠ S=1 [3]:  

  ͮ όπὺȅπ
Ѝ
‎ȟ       ͮ όπὺȅπ

Ѝ
‐ͮȟ (2) 

ɺʚʝʜʝʥʠʝ (2) ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʧʝʨʝʤʥʦʞʝʥʠʷ ʙʠʩʧʠʥʦʨʦʚ ɼʠʨʘʢʘ ʠ ʩʨʘʟʫ 

ʧʝʨʝʡʪʠ ʢ ʚʳʯʠʩʣʝʥʠʶ ʩʣʝʜʘ ʦʪ ʬʘʢʪʦʨʦʚ, ʩʪʦʷʱʠʭ ʚ ʯʠʩʣʠʪʝʣʝ ʘʤʧʣʠʪʫʜʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ:  

 ὔ Ὧὸ‐ 4Òήͮ ά ‎ ὴͮ Ὧͮ ά ‎ ὴͮ ά  ͮὴͮ ά ‎ ήͮ

ά  ͮ ȟ (3) 

ʛʜʝ ὴȟ ï 4-ʠʤʧʫʣʴʩʳ ʥʘʯʘʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ ʤʶʦʥʘ ʠ ʧʨʦʪʦʥʘ, ήȟ ï 4-ʠʤʧʫʣʴʩʳ 

ʢʦʥʝʯʥʳʭ ʩʦʩʪʦʷʥʠʡ ʤʶʦʥʘ ʠ ʧʨʦʪʦʥʘ, ὸ ὴ ή ï ʠʤʧʫʣʴʩ ʧʠʦʥʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʩʚʝʨʭʪʦʥʢʘʷ ʯʘʩʪʴ ʧʦʪʝʥʮʠʘʣʘ ʦʜʥʦʧʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʶʦʥʘ ʠ ʧʨʦʪʦʥʘ ʚ S-

ʩʦʩʪʦʷʥʠʠ ʧʨʠʤʝʪ ʚʠʜ:  

 ῳὠ ὴȟή ὃὸ ȟ (4) 

 
ὃὸ ᷿ ὨὯ Ὂ ὯȟὯ ὸ Ȣ

 (5) 

ɼʠʩʧʝʨʩʠʦʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʩ ʦʜʥʠʤ ʚʳʯʠʪʘʥʠʝʤ ʜʣʷ ὃὸ  ʠʤʝʝʪ ʚʠʜ:  
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 ЊÄÓ ȟ (6) 

ʄʥʠʤʘʷ ʯʘʩʪʴ ὃὸ , ʥʝʟʘʚʠʩʷʱʘʷ ʦʪ ʚʠʜʘ ʬʦʨʤʬʘʢʪʦʨʘ Ὂ ὯȟὯ ὸ , ʨʘʚʥʘ 

 )Í!ὸ ÌÎ ȟ (7) 

ʛʜʝ ‍ὸ ρ τά ὸϳ . ʇʝʨʝʭʦʜʷ ʟʘʪʝʤ ʚ (4) ʚ ʢʦʦʨʜʠʥʘʪʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩ 
ʧʦʤʦʱʴʶ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ, ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʠʡ ʧʦʪʝʥʮʠʘʣ ʦʜʥʦʧʠʦʥʥʦʛʦ 

ʦʙʤʝʥʘ:  

 

ὃπ ὶ‏ Ὡ

ῳὠ ὶ
 (8) 

 Њ )Í!ί ὶ‏ ά Ὡ ίὩЍ Ȣ 

ɺʳʯʠʩʣʷʷ ʤʘʪʨʠʯʥʳʝ ʵʣʝʤʝʥʪʳ ʩ ʚʦʣʥʦʚʳʤʠ ʬʫʥʢʮʠʷʤʠ ρὛ ʠ ςὛ ʩʦʩʪʦʷʥʠʡ, 
ʧʦʣʫʯʠʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʢʣʘʜʳ ʚ ʉʊʉ ʩʧʝʢʪʨʘ ʚ ʚʠʜʝ: 1S: -0.0017 ʤʵɺ, 2S: -0.0002 

ʤʵɺ. ʉ ʧʦʤʦʱʴʶ ʧʦʣʫʯʝʥʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʜʣʷ ʩʚʝʨʭʪʦʥʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʶʦʥʘ ʠ 

ʧʨʦʪʦʥʘ ʟʘ ʩʯʝʪ ʦʜʥʦʧʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʦʮʝʥʢʫ ʪʘʢʦʛʦ ʞʝ ʚʢʣʘʜʘ ʚ ʩʣʫʯʘʝ 

ʜʨʫʛʠʭ ʣʝʛʢʠʭ ʤʶʦʥʥʳʭ ʘʪʦʤʦʚ, ʥʘʧʨʠʤʝʨ ʤʶʦʥʥʦʛʦ ʜʝʡʪʝʨʠʷ. ʇʨʦʩʪʝʡʰʝʝ 

ʧʨʠʙʣʠʞʝʥʠʝ ʧʨʠ ʦʧʠʩʘʥʠʠ ʧʠʦʥ-ʜʝʡʪʨʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ 

ʜʝʡʪʨʦʥ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʩʦʩʪʦʷʥʠʝ ʜʚʫʭ ʧʦʯʪʠ ʩʚʦʙʦʜʥʳʭ ʥʫʢʣʦʥʦʚ, ʧʨʠʯʝʤ ʩʧʠʥʳ 

ʥʝʡʪʨʦʥʘ ʠ ʧʨʦʪʦʥʘ ʚ ʩʫʤʤʝ ʜʘʶʪ ʧʦʣʥʳʡ ʩʧʠʥ S=1 ʜʝʡʪʨʦʥʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʚʢʣʘʜ ʧʠʦʥ-ʥʝʡʪʨʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʩʚʝʨʭʪʦʥʢʫʶ 

ʩʪʨʫʢʪʫʨʫ ʤʶʦʥʥʦʛʦ ʜʝʡʪʝʨʠʷ ʪʘʢʦʡ ʞʝ, ʢʘʢ ʠ ʧʠʦʥ-ʧʨʦʪʦʥʥʦʛʦ, ʘ ʚʝʣʠʯʠʥʘ ʧʦʣʥʦʛʦ 

ʚʢʣʘʜʘ ʚ ʩʚʝʨʭʪʦʥʢʦʝ ʨʘʩʱʝʧʣʝʥʠʝ, ʥʘʧʨʠʤʝʨ, 2S-ʫʨʦʚʥʷ ʚʜʚʦʝ ʙʦʣʴʰʝ, ʪʦ ʝʩʪʴ ʠʤʝʝʪ 

ʟʥʘʯʝʥʠʝ (-0.0004) ʤʵɺ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʛʨʘʥʪ 16-02-00554). 
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ʂʆʃʀʏɽʉʊɺɽʅʅʓʁ ɸʅɸʃʀɿ ɼʀʅɸʄʀʂʀ 

ʂʆʄʇʆʅɽʅʊ ʉʀʉʊɽʄʓ KEPLER-38 

ʄʘʪʦʚ ʅ. ɺ., ʌʠʣʠʧʧʦʚ ʖ. ʇ. 

ʉʘʤʘʨʩʢʠʡ ʨʝʛʠʦʥʘʣʴʥʳʡ ʮʝʥʪʨ ʜʣʷ ʦʜʘʨʝʥʥʳʭ ʜʝʪʝʡ, ʛ. ʉʘʤʘʨʘ 

ɺ 2011 ʛʦʜʫ ʛʨʫʧʧʘ ʘʤʝʨʠʢʘʥʩʢʠʭ ʫʯʝʥʳʭ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʃ. ɼʦʡʣʘ ʦʙʲʷʚʠʣʘ 

ʦʙ ʦʪʢʨʳʪʠʠ ʥʝʦʙʳʯʥʦʡ ʵʢʟʦʧʣʘʥʝʪʳ Kepler-16b. ɽʸ ʥʝʦʙʳʯʥʦʩʪʴ ʚ ʪʦʤ, ʯʪʦ ʦʥʘ 

ʚʨʘʱʘʝʪʩʷ ʩʨʘʟʫ ʚʦʢʨʫʛ ʜʚʫʭ ʟʚʸʟʜ, ʠ ʥʘ ʝʸ ʥʝʙʝ ʚʦʩʭʦʜʷʪ ʠ ʟʘʭʦʜʷʪ ʜʚʘ ʩʚʝʪʠʣʘ. 

ɼʘʥʥʫʶ ʧʣʘʥʝʪʫ ʥʘʟʚʘʣʠ ʵʢʟʦʧʣʘʥʝʪʦʡ ï ʪʘʪʫʪʠʥʦʤ ï ʧʣʘʥʝʪʦʡ ʩ ʢʨʘʪʥʦʡ ʦʨʙʠʪʦʡ. ɺ 

ʥʦʷʙʨʝ 2012 ʛʦʜʘ ʛʨʫʧʧʘ ʘʤʝʨʠʢʘʥʩʢʠʭ ʘʩʪʨʦʬʠʟʠʢʦʚ ʚʦ ʛʣʘʚʝ ʩ ɺ. ɺʝʣʰʝʤ, ʦʢʦʥʯʠʚ 

ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʢʦʩʤʠʯʝʩʢʦʛʦ ʪʝʣʝʩʢʦʧʘ Kepler, ʟʘʷʚʠʣʘ ʦʙ ʦʪʢʨʳʪʠʠ ʥʦʚʳʭ 

ʪʘʪʫʠʥʦʚ Kepler-34b, Kepler-38b. ɺ ʯʘʩʪʥʦʩʪʠ, Kepler-38b ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʘʟʦʚʳʡ 

ʛʠʛʘʥʪ, ʧʦʜʦʙʥʳʡ ʖʧʠʪʝʨʫ. ʇʨʠ ʵʪʦʤ ʢʦʤʧʦʥʝʥʪʳ ʜʚʦʡʥʦʡ ʟʚʝʟʜʳ Kepler-38 ʧʦ ʩʚʦʠʤ 

ʬʠʟʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʦʯʝʥʴ ʙʣʠʟʢʠ ʢ ʉʦʣʥʮʫ, ʠ ʧʦʪʦʤʫ ʜʘʥʥʘʷ ʩʠʩʪʝʤʘ ʪʝʣ 

ʚʳʟʳʚʘʝʪ ʧʦʚʳʰʝʥʥʳʡ ʠʥʪʝʨʝʩ ʫ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ.  

Kepler-38b ʜʚʠʞʝʪʩʷ ʧʦ ʵʣʣʠʧʪʠʯʝʩʢʦʡ ʦʨʙʠʪʝ ʩ ʙʦʣʴʰʦʡ ʧʦʣʫʦʩʴʶ 0.60 ʘ.ʝ. ʠ ʩ 

ʧʝʨʠʦʜʦʤ 131.4 ʩʫʪ. Kepler-38 ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 2000 ʩʚ.ʣ. ʦʪ ɿʝʤʣʠ. 

ʕʢʟʦʧʣʘʥʝʪʘ, ʦʙʨʘʱʘʶʱʘʷʩʷ ʚʦʢʨʫʛ ʜʚʦʡʥʦʡ ʟʚʝʟʜʳ, ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ 

ʫʜʘʣʝʥʥʳʭ, ʠʟʚʝʩʪʥʳʭ ʫʯʝʥʳʤ.  

ʇʣʘʥʝʪʳ ʚ ʜʚʦʡʥʳʭ ʟʚʝʟʜʥʳʭ ʩʠʩʪʝʤʘʭ ʜʦʣʞʥʳ ʠʩʧʳʪʳʚʘʪʴ ʩʠʣʴʥʳʝ 

ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʠʟ-ʟʘ ʧʦʩʪʦʷʥʥʦʡ ʩʤʝʥʳ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʟʚʝʟʜʘʤʠ ʠ 

ʧʣʘʥʝʪʦʡ ʠ ʧʨʠʭʦʜʷʱʝʛʦ ʢ ʧʣʘʥʝʪʝ ʠʟʣʫʯʝʥʠʷ. ʇʦ ʩʣʦʚʘʤ ʫʯʝʥʳʭ, ʥʘ ʵʪʠʭ ʧʣʘʥʝʪʘʭ ʚʩʝ 

ʯʝʪʳʨʝ ʩʝʟʦʥʘ ʤʦʛʫʪ ʩʤʝʥʷʪʴ ʜʨʫʛ ʜʨʫʛʘ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʚ ʛʦʜ. ʕʪʠ ʢʦʣʝʙʘʥʠʷ ʟʘʜʘʶʪ 

ʫʥʠʢʘʣʴʥʳʡ ʪʠʧ ʢʣʠʤʘʪʘ, ʘʙʩʦʣʶʪʥʦ ʥʝʧʨʠʚʳʯʥʳʡ ʜʣʷ ʥʘʩ. 
ɺ ʩʚʷʟʠ ʩʦ ʩʢʘʟʘʥʥʳʤ ʛʣʘʚʥʦʡ ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ 

ʟʘʢʦʥʦʚ ʠ ʪʨʘʝʢʪʦʨʠʡ ʜʚʠʞʝʥʠʷ ʢʦʤʧʦʥʝʥʪ ʜʚʦʡʥʦʡ ʩʠʩʪʝʤʳ Kepler-38 ʠ ʧʣʘʥʝʪʳ-

ʪʘʪʫʠʥʘ Kepler-38b.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʨʝʰʝʥʳ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʟʘʜʘʯʠ:  

1. ʉʬʦʨʤʫʣʠʨʦʚʘʥʘ ʤʦʜʝʣʴ ʬʠʟʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʙʱʝʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ 

ʜʚʫʭ ʪʝʣ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʧʠʩʘʥʠʝ ʜʚʠʞʝʥʠʷ ʜʚʫʭ ʛʨʘʚʠʪʠʨʫʶʱʠʭ ʪʝʣ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʤʦʞʝʪ ʙʳʪʴ ʩʚʝʜʝʥʦ ʢ ʦʧʠʩʘʥʠʶ ʜʚʠʞʝʥʠʷ ʬʠʢʪʠʚʥʦʡ Õ-ʪʦʯʢʠ ʚ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ ʧʦʣʝ 

ʪʦʯʝʯʥʦʛʦ ʥʝʧʦʜʚʠʞʥʦʛʦ ʩʠʣʦʚʦʛʦ ʮʝʥʪʨʘ (ʟʘʜʘʯʘ ʂʝʧʣʝʨʘ).  

2. ʈʘʩʩʤʦʪʨʝʥʦ ʨʝʰʝʥʠʝ ʥʝʨʝʣʷʪʠʚʠʩʪʩʢʦʡ ʟʘʜʘʯʠ ʂʝʧʣʝʨʘ ʚ ʩʣʫʯʘʝ ʵʣʣʠʧʪʠʯʝʩʢʠʭ 

ʦʨʙʠʪ. 

3. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʭʘʥʠʢʠ ʅʴʶʪʦʥʘ ʚ ʨʘʤʢʘʭ ʦʛʨʘʥʠʯʝʥʥʦʡ ʧʣʦʩʢʦʡ ʟʘʜʘʯʠ ʪʨʝʭ 

ʪʝʣ ʧʦʩʪʨʦʝʥʘ ʟʘʤʢʥʫʪʘʷ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʧʣʘʥʝʪʳ ï ʪʘʪʫʠʥʘ. ɿʘʤʢʥʫʪʘʷ 

ʩʠʩʪʝʤʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʠ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʨʝʰʝʥʘ ʯʠʩʣʝʥʥʳʤ ʦʙʨʘʟʦʤ, 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ Mathematica. 
4. ɺʳʧʦʣʥʝʥ ʯʠʩʣʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʨʙʠʪʳ 

ʢʦʤʧʦʥʝʥʪ ʜʚʦʡʥʦʡ ʩʠʩʪʝʤʳ ʥʝ ʤʝʥʷʶʪʩʷ ʩʦ ʚʨʝʤʝʥʝʤ, ʦʨʙʠʪʘ ʵʢʟʦʧʣʘʥʝʪʳ Kepler-35b 

ʥʘʧʨʦʪʠʚ ï ʧʨʝʪʝʨʧʝʚʘʝʪ ʩʝʨʴʝʟʥʳʝ ʠʟʤʝʥʝʥʠʷ. ɺ ʩʠʣʫ ʧʝʨʠʦʜʠʯʝʩʢʠ ʠʟʤʝʥʷʶʱʝʛʦʩʷ 

ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ʙʠʥʘʨʥʦʡ ʩʠʩʪʝʤʳ, ʦʨʙʠʪʘ ʵʢʦʧʣʘʥʝʪʳ 

ʧʨʝʮʝʩʩʠʨʫʝʪ ʩ ʧʝʨʠʦʜʦʤ 21 ʛʦʜ, ʧʨʠ ʵʪʦʤ ʧʝʨʠʘʩʪʨ ʦʨʙʠʪʳ ʵʢʟʦʧʣʘʥʝʪʳ ʩʤʝʱʘʝʪʩʷ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʜʚʠʞʝʥʠʷ ʟʚʝʟʜ ʠ ʧʣʘʥʝʪʳ. 

ɸʚʪʦʨʘʤʠ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʚʳʧʦʣʥʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʮʝʥʘʨʠʝʚ 

ʵʚʦʣʶʮʠʠ ʦʨʙʠʪ Kepler-16b ʠ Kepler-38b. ɺ ʩʣʫʯʘʝ Kepler-16b ʥʘʙʣʶʜʘʝʪʩʷ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ ʝʝ ʦʨʙʠʪʳ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʧʝʨʠʦʜʠʯʝʩʢʠ 

ʠʟʤʝʥʷʶʱʠʤʩʷ ʛʨʘʚʠʪʘʮʠʦʥʥʳʤ ʧʦʣʝʤ ʩʠʩʪʝʤʳ ʠ ʙʦʣʴʰʠʤ ʨʘʟʣʠʯʠʝʤ ʤʘʩʩ ʢʦʤʧʦʥʝʥʪ 
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A ʠ B. ɺ ʩʣʫʯʘʝ Kepler-38b, ʜʘʥʥʳʡ ʵʬʬʝʢʪ ʤʝʥʝʝ ʷʨʢʦ ʚʳʨʘʞʝʥ, ʧʦʩʢʦʣʴʢʫ ʤʘʩʩʳ ʟʚʝʟʜ 

ʩʠʩʪʝʤʳ ʙʣʠʟʢʠ ʧʦ ʟʥʘʯʝʥʠʷʤ ʠ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪ ʠʭ ʦʨʙʠʪ ʤʝʥʴʰʝ ʯʝʤ ʚ ʩʣʫʯʘʝ Kepler-

16b. ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʨʘʝʢʪʦʨʠʠ ʠ ʟʘʢʦʥʳ ʜʚʠʞʝʥʠʷ ʚʩʝʭ ʪʝʣ ʩʠʩʪʝʤʳ ʚ 

ʛʨʘʬʠʯʝʩʢʦʡ ʬʦʨʤʝ. 
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ʋɼʂ 52 

ʆʇʈɽɼɽʃɽʅʀɽ ʅɽʂʆʊʆʈʓʍ ʉɺʆʁʉʊɺ çʊɽʉʅʓʍè ɹʀʅɸʈʅʓʍ ʉʀʉʊɽʄ 

ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ɼɸʅʅʓʍ ʅɸɹʃʖɼɽʅʀʁ 

ʀʍ ɻʈɸɺʀʊɸʎʀʆʅʅʓʍ ɺʆʃʅ 

ʇʦʧʦʚ ʅ. ɸ., ʌʠʣʠʧʧʦʚ ʖ. ʇ. 

ʉʘʤʘʨʩʢʠʡ ʨʝʛʠʦʥʘʣʴʥʳʡ ʮʝʥʪʨ ʜʣʷ ʦʜʘʨʝʥʥʳʭ ʜʝʪʝʡ, ʛ. ʉʘʤʘʨʘ 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʦʜʝʣʴ ʪʝʩʥʦʡ ʜʚʦʡʥʦʡ ʩʠʩʪʝʤʳ, ʙʘʟʠʨʫʶʱʘʷʩʷ ʢʘʢ ʥʘ 

ʨʝʟʫʣʴʪʘʪʘʭ, ʧʦʣʫʯʝʥʥʳʭ ʘʚʪʦʨʘʤʠ ʚ ʨʘʤʢʘʭ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ, ʪʘʢ ʠʟʚʝʩʪʥʳʝ 

ʨʝʣʷʪʠʚʠʩʪʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʪʝʦʨʠʠ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʣʥ. ɺ ʨʘʙʦʪʝ ʚʳʧʦʣʥʝʥ ʨʘʩʯʝʪ 

ʦʩʥʦʚʥʳʭ ʩʚʦʡʩʪʚ ʤʘʩʩʠʚʥʳʭ ʢʦʤʧʘʢʪʥʳʭ ʙʠʥʘʨʥʳʭ ʩʠʩʪʝʤ, ʷʚʣʷʶʱʠʭʩʷ ʤʦʱʥʳʤ 

ʠʩʪʦʯʥʠʢʦʤ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʣʥ. ɺ ʯʘʩʪʥʦʩʪʠ ʚ ʨʘʙʦʪʝ ʚʳʯʠʩʣʝʥʘ ʤʦʱʥʦʩʪʴ 

ʠʟʣʫʯʝʥʠʷ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʣʥ, ʦʧʨʝʜʝʣʝʥʳ ʧʝʨʠʦʜʳ ʠ ʯʘʩʪʦʪʳ ʦʙʨʘʱʝʥʠʷ ʩʠʩʪʝʤ, 

ʧʦʜʩʯʠʪʘʥʳ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʠʩʪʦʯʥʠʢʦʚ ʚʦʣʥ. ʅʘʢʦʥʝʮ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʘʩʩʳ ʠ ʨʘʜʠʫʩʳ 

ʯʝʨʥʳʭ ʜʳʨ. ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʥʥʳʝ ʙʳʣʠ ʦʯʝʥʴ ʩʭʦʞʠʤʠ ʩ 

ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ. ʅʘ ʦʩʥʦʚʝ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣ ʧʦʩʪʨʦʝʥ 

ʘʣʛʦʨʠʪʤ ʜʣʷ ʦʧʠʩʘʥʠʷ ʥʝʢʦʪʦʨʳʭ ʩʚʦʡʩʪʚ ʣʶʙʳʭ ʙʠʥʘʨʥʳʭ ʩʠʩʪʝʤ, ʷʚʣʷʶʱʠʭʩʷ 

ʠʩʪʦʯʥʠʢʦʤ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʣʥ. ʊʘʢʞʝ ʙʳʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ʦʧʠʩʳʚʘʶʱʘʷ ʧʨʦʮʝʩʩ ʩʣʠʷʥʠʷ ʜʚʫʭ ʛʨʘʚʠʪʠʨʫʶʱʠʭ ʤʘʩʩʠʚʥʳ ʪʝʣ ʠ ʠʟʣʫʯʝʥʠʝ ʠʤʠ 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʣʥ. 
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ʈɸɼʀɸʎʀʆʅʅʓɽ ʇʆʇʈɸɺʂʀ ʅɸ ʉʊʈʋʂʊʋʈʋ ʗɼʈɸ ʂ ɼɺʋʍʌʆʊʆʅʅʓʄ 

ʆɹʄɽʅʅʓʄ ɼʀɸɻʈɸʄʄɸʄ ɺ ʃʕʄɹʆɺʉʂʆʄ ʉɼɺʀɻɽ ʄʖʆʅʅʆɻʆ 
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ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ʀʟʫʯʝʥʠʝ ʧʨʦʩʪʝʡʰʠʭ ʘʪʦʤʥʳʭ ʩʠʩʪʝʤ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʜʚʫʭ ʩʚʷʟʘʥʥʳʭ ʯʘʩʪʠʮ, 

ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʬʠʟʠʢʝ. ʌʠʟʠʯʝʩʢʠʝ ʪʝʦʨʠʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ 

ʢ ʪʘʢʠʤ ʘʪʦʤʘʤ ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʳʭ ʧʨʠʙʣʠʞʝʥʠʡ, ʘ ʙʣʘʛʦʜʘʨʷ ʧʨʦʩʪʦʡ ʩʪʨʫʢʪʫʨʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ ʚʳʩʦʢʘ ʪʦʯʥʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. ʕʪʦ ʜʝʣʘʝʪ 

ʪʘʢʠʝ ʩʠʩʪʝʤʳ ʠʜʝʘʣʴʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʪʝʦʨʠʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɺ 

ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʢ ʪʦʥʢʦʡ ʠ ʩʚʝʨʭʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʝ ʫʨʦʚʥʝʡ 

ʧʨʦʩʪʝʡʰʠʭ ʘʪʦʤʥʳʭ ʩʠʩʪʝʤ ʩʚʷʟʘʥ ʩ ʣʝʛʢʠʤʠ ʤʶʦʥʥʳʤʠ ʘʪʦʤʘʤʠ ï ʤʶʦʥʥʳʤ 

ʚʦʜʦʨʦʜʦʤ, ʤʶʦʥʥʳʤ ʜʝʡʪʝʨʠʝʤ ʠ ʠʦʥʘʤʠ ʤʶʦʥʥʦʛʦ ʛʝʣʠʷ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ 

ʧʨʦʛʨʝʩʩʦʤ, ʜʦʩʪʠʛʥʫʪʳʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʢʦʣʣʘʙʦʨʘʮʠʝʡ CREMA (Charge Radius 

Experiment with Muonic Atoms) ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʪʘʢʠʭ ʘʪʦʤʦʚ [1-3]. ɺ ʵʪʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʚʘʞʥʘʷ ʟʘʜʘʯʘ ʧʦ ʫʪʦʯʥʝʥʠʶ ʟʥʘʯʝʥʠʡ ʟʘʨʷʜʦʚʳʭ 

ʨʘʜʠʫʩʦʚ ʷʜʝʨ. ʀʟʤʝʨʝʥʠʝ ʯʘʩʪʦʪʳ ʧʝʨʝʭʦʜʘ 2S-2P ʚ ʘʪʦʤʘʭ ʤʶʦʥʥʦʛʦ ʚʦʜʦʨʦʜʘ ʠ 

ʤʶʦʥʥʦʛʦ ʜʝʡʪʝʨʠʷ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʥʦʚʳʝ ʙʦʣʝʝ ʪʦʯʥʳʝ ʟʥʘʯʝʥʠʷ ʟʘʨʷʜʦʚʳʭ 

ʨʘʜʠʫʩʦʚ ʧʨʦʪʦʥʘ 0.84087(39) pr ʬʤ= [1,2] ʠ ʜʝʡʪʨʦʥʘ 2.12562(13) dr ʬʤ= [3]. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʩ ʤʶʦʥʥʳʤ ʚʦʜʦʨʦʜʦʤ ʠ ʤʶʦʥʥʳʤ ʜʝʡʪʝʨʠʝʤ ʧʦʢʘʟʘʣʠ ʥʘʣʠʯʠʝ 

ʩʝʨʴʝʟʥʦʛʦ ʨʘʩʭʦʞʜʝʥʠʷ ʤʝʞʜʫ ʥʦʚʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʟʘʨʷʜʦʚʳʭ 

ʨʘʜʠʫʩʦʚ ʠ ʟʥʘʯʝʥʠʷʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʵʣʝʢʪʨʦʥʥʳʤʠ ʘʪʦʤʘʤʠ. 

ʋʩʧʝʰʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ ʦʩʥʦʚʘʥʘ ʥʘ ʪʦʯʥʳʭ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʘʭ ʨʘʟʣʠʯʥʳʭ ʧʦʧʨʘʚʦʢ ʢ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʠʥʪʝʨʚʘʣʘʤ ʪʦʥʢʦʡ ʠ 

ʩʚʝʨʭʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ ʤʶʦʥʥʳʭ ʘʪʦʤʦʚ. ʇʦʨʷʜʦʢ ʥʝʢʦʪʦʨʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʚʢʣʘʜʦʚ ʚ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʫʨʦʚʥʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʥʘʯʝʥʠʷʤʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʬʠʟʠʯʝʩʢʠʭ 

ʢʦʥʩʪʘʥʪ. ʇʦʷʚʠʚʰʝʝʩʷ ʨʘʩʭʦʞʜʝʥʠʝ ʟʘʨʷʜʦʚʳʭ ʨʘʜʠʫʩʦʚ ʪʨʝʙʫʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ 

ʘʥʘʣʠʟʘ ʨʘʟʣʠʯʥʳʭ ʧʦʧʨʘʚʦʢ ʚ ʩʧʝʢʪʨʝ ʵʥʝʨʛʠʠ, ʥʝ ʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʦʮʝʥʦʯʥʘʷ 

ʚʝʣʠʯʠʥʘ ʥʝʢʦʪʦʨʳʭ ʚʢʣʘʜʦʚ ʤʘʣʘ. ʆʩʦʙʫʶ ʚʘʞʥʦʩʪʴ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʢʦʡ 

ʪʦʯʥʦʩʪʠ ʨʘʩʯʝʪʘ ʠʤʝʶʪ ʧʦʧʨʘʚʢʠ ʥʘ ʩʪʨʫʢʪʫʨʫ ʷʜʨʘ.  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʥʘʤʠ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʠ ʯʠʩʣʝʥʥʳʡ ʨʘʩʯʝʪ 

ʨʘʜʠʘʮʠʦʥʥʳʭ ʧʦʧʨʘʚʦʢ ʥʘ ʩʪʨʫʢʪʫʨʫ ʷʜʨʘ ʧʦʨʷʜʢʘ 
5( )Za a  ʚ ʣʵʤʙʦʚʩʢʦʤ ʩʜʚʠʛʝ S-

ʩʦʩʪʦʷʥʠʡ ʚ ʘʪʦʤʝ ʤʶʦʥʥʦʛʦ ʚʦʜʦʨʦʜʘ ʚ ʨʘʤʢʘʭ ʢʚʘʟʠʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʤʝʪʦʜʘ ʚ 

ʢʚʘʥʪʦʚʦʡ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʝ [4-6]. ɸʤʧʣʠʪʫʜʘ ʤʶʦʥ-ʧʨʦʪʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʧʨʷʤʳʤ ʜʚʫʭʬʦʪʦʥʥʳʤ ʦʙʤʝʥʥʳʤ ʜʠʘʛʨʘʤʤʘʤ ʩ ʨʘʜʠʘʮʠʦʥʥʳʤ 

ʬʦʪʦʥʦʤ ʚ ʤʶʦʥʥʦʡ ʣʠʥʠʠ, ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʝ: 
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a

p

-
è ø è ø= ³ G + Gê ú ê úñ (1) 

ʛʜʝ 1,2p  ʠ 1,2q  ï ʯʝʪʳʨʝʭʠʤʧʫʣʴʩʳ ʤʶʦʥʘ ʠ ʧʨʦʪʦʥʘ ʚ ʥʘʯʘʣʴʥʦʤ ʠ ʢʦʥʝʯʥʦʤ 

ʩʦʩʪʦʷʥʠʷʭ:  

1,2 1,2p qº , 

Lmn ï ʣʝʧʪʦʥʥʳʡ ʪʝʥʟʦʨ, ʠʤʝʶʱʠʡ ʢʦʥʢʨʝʪʥʳʡ ʚʠʜ ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 

ʥʘʤʠ ʨʘʜʠʘʮʠʦʥʥʳʭ ʧʦʧʨʘʚʦʢ. ɺʝʨʰʠʥʥʳʡ ʦʧʝʨʘʪʦʨ ʜʣʷ ʧʨʦʪʦʥʘ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 
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ɺʳʨʘʞʝʥʠʷ ʜʣʷ ʧʨʦʧʘʛʘʪʦʨʘ ʧʨʦʪʦʥʘ ʠ ʬʦʪʦʥʥʦʛʦ ʧʨʦʧʘʛʘʪʦʨʘ ʚ ʢʫʣʦʥʦʚʩʢʦʡ 

ʢʘʣʠʙʨʦʚʢʝ ʠʤʝʶʪ ʚʠʜ: 
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ʉ ʧʦʤʦʱʴʶ ʧʘʢʝʪʘ FeynCalc [7] ʤʳ ʧʨʦʚʝʣʠ ʥʝʟʘʚʠʩʠʤʦʝ ʧʦʩʪʨʦʝʥʠʝ ʣʝʧʪʦʥʥʦʛʦ 

ʪʝʥʟʦʨʘ ʜʣʷ ʧʦʧʨʘʚʢʠ ʥʘ ʩʦʙʩʪʚʝʥʥʫʶ ʵʥʝʨʛʠʶ, ʚʝʨʰʠʥʥʦʡ ʧʦʧʨʘʚʢʠ ʠ ʧʦʧʨʘʚʢʠ ʩ 

ʦʭʚʘʪʳʚʘʶʱʠʤ ʬʦʪʦʥʦʤ: 
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ʊʝʥʟʦʨʳ 
( )iFmn ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʷʚʥʦʤ ʚʠʜʝ ʚ [4]. ɼʣʷ ʨʘʜʠʘʮʠʦʥʥʳʭ ʬʦʪʦʥʦʚ ʤʳ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʘʣʠʙʨʦʚʢʫ ʌʨʠʜʘ-ʁʝʥʥʠ [8], ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʢʦʤʧʘʢʪʥʳʝ 

ʧʝʨʝʥʦʨʤʠʨʦʚʘʥʥʳʝ ʠʥʬʨʘʢʨʘʩʥʦ-ʢʦʥʝʯʥʳʝ ʠʥʪʝʛʨʘʣʴʥʳʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʤʘʩʩʦʚʦʛʦ 

ʦʧʝʨʘʪʦʨʘ ʤʶʦʥʘ, ʚʝʨʰʠʥʥʦʛʦ ʦʧʝʨʘʪʦʨʘ ʠ ʦʧʝʨʘʪʦʨʘ ʩ ʦʭʚʘʪʳʚʘʶʱʠʤ ʬʦʪʦʥʦʤ.  

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦ ʘʤʧʣʠʪʫʜʘʤ ʥʘʤʠ ʙʳʣʘ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʪʝʭʥʠʢʘ ʧʨʦʝʢʮʠʦʥʥʳʭ ʦʧʝʨʘʪʦʨʦʚ ʥʘ ʩʦʩʪʦʷʥʠʷ ʤʶʦʥ-ʧʨʦʪʦʥʥʦʡ ʧʘʨʳ ʩ 

ʦʧʨʝʜʝʣʝʥʥʳʤ ʩʧʠʥʦʤ 

1 2 0 5

1
( ) ( ) (1 ) ( )

2 2
u p v p g e gP= = +                  (7) 

ʠ ʠʟʚʝʩʪʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʜʣʷ ʣʵʤʙʦʚʩʢʦʛʦ ʩʜʚʠʛʘ S-ʫʨʦʚʥʝʡ ʚ ʤʶʦʥʥʦʤ ʚʦʜʦʨʦʜʝ: 

1

0

3
( ) ,

4

Ls hfsV V S V= +               (8) 

ʛʜʝ 
hfsV  ï ʩʚʝʨʭʪʦʥʢʘʷ ʯʘʩʪʴ ʢʚʘʟʠʧʦʪʝʥʮʠʘʣʘ, 

1

0( )V S  ï ʧʨʦʝʢʮʠʷ ʢʚʘʟʠʧʦʪʝʥʮʠʘʣʘ ʥʘ 

ʩʦʩʪʦʷʥʠʝ ʤʶʦʥ-ʧʨʦʪʦʥʥʦʡ ʧʘʨʳ ʩʦ ʩʧʠʥʦʤ 0. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ 

ʚʳʯʠʩʣʝʥʠʷ ʩʣʝʜʘ ʠ ʩʚʝʨʪʢʠ ʧʦ ʣʦʨʝʥʮʝʚʩʢʠʤ ʠʥʜʝʢʩʘʤ ʩʠʩʪʝʤʫ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʨʘʩʯʝʪʦʚ Form [9]. ʇʨʠ ʨʘʩʯʝʪʝ ʤʳ ʥʝ ʫʯʠʪʳʚʘʣʠ ʦʪʜʘʯʫ ʷʜʨʘ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʧʨʦʩʪʠʣʦ ʚʳʯʠʩʣʝʥʠʷ. ɹʝʟ ʫʯʝʪʘ ʵʬʬʝʢʪʦʚ ʦʪʜʘʯʠ ʜʣʷ ʟʥʘʤʝʥʘʪʝʣʝʡ ʧʨʦʪʦʥʥʳʭ 

ʧʨʦʧʘʛʘʪʦʨʦʚ ʠʟ ʧʨʷʤʦʡ ʠ ʧʝʨʝʢʨʝʩʪʥʦʡ ʜʚʫʭʬʦʪʦʥʥʳʭ ʦʙʤʝʥʥʳʭ ʜʠʘʛʨʘʤʤ ʠʤʝʝʤ 

ʩʦʦʪʥʦʰʝʥʠʝ:  
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ʠʟ-ʟʘ ʯʝʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʧʦ ʧʝʪʣʝʚʦʤʫ ʠʤʧʫʣʴʩʫ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʝʪʩʷ. ɺʩʝ 

ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʥʘʤʠ ʧʦʧʨʘʚʢʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʚʠʜʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠʥʪʝʛʨʘʣʴʥʳʭ 

ʚʳʨʘʞʝʥʠʡ. ʀʥʪʝʛʨʠʨʦʚʘʥʠʝ ʧʦ ʦʜʥʦʤʫ ʠʟ ʬʝʡʥʤʘʥʦʚʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʢʘʞʜʦʡ ʠʟ 

ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʧʦʧʨʘʚʦʢ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʘʥʘʣʠʪʠʯʝʩʢʠ, ʧʦ ʚʪʦʨʦʤʫ ʬʝʡʥʤʘʥʦʚʩʢʦʤʫ 

ʧʘʨʘʤʝʪʨʫ ʠ ʧʝʪʣʝʚʦʤʫ ʠʤʧʫʣʴʩʫ ï ʯʠʩʣʝʥʥʦ. ʇʨʠ ʚʳʯʠʩʣʝʥʠʠ ʚʝʨʰʠʥʥʦʡ ʧʦʧʨʘʚʢʠ 

ʤʳ ʫʯʠʪʳʚʘʣʠ ʠʪʝʨʘʮʠʦʥʥʳʡ ʯʣʝʥ ʢʚʘʟʠʧʦʪʝʥʮʠʘʣʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʨʘʜʠʘʮʠʦʥʥʳʭ ʧʦʧʨʘʚʦʢ ʥʘ ʩʪʨʫʢʪʫʨʫ 

ʷʜʨʘ ʢ ʜʚʫʭʬʦʪʦʥʥʳʤ ʦʙʤʝʥʥʳʤ ʜʠʘʛʨʘʤʤʘʤ ʚ ʣʵʤʙʦʚʩʢʦʤ ʩʜʚʠʛʝ S-ʩʦʩʪʦʷʥʠʡ 

ʤʶʦʥʥʦʛʦ ʚʦʜʦʨʦʜʘ ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʥʘʜʝʞʥʘʷ ʦʮʝʥʢʘ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʢʦʣʣʘʙʦʨʘʮʠʠ CREMA. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʛʨʘʥʪ 16-02-00554). 
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ʉɺɽʈʍʊʆʅʂɸʗ ʉʊʈʋʂʊʋʈɸ ʉʇɽʂʊʈɸ 

ʀʆʅʆɺ ʄʖʆʅʅʆɻʆ ʃʀʊʀʗ, ɹɽʈʀʃʃʀʗ ʀ ɹʆʈɸ 

ʉʫʭʦʨʫʢʦʚʘ ʆ. ʉ., ʂʨʫʪʦʚ ɸ. ɸ., ʄʘʨʪʳʥʝʥʢʦ ɸ. ʇ., ʄʘʨʪʳʥʝʥʢʦ ʌ. ɸ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ.ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ʇʨʝʮʠʟʠʦʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʚʝʨʭʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ (ʉʊʉ) ʩʧʝʢʪʨʘ ʵʥʝʨʛʠʠ 

ʣʝʛʢʠʭ ʤʶʦʥʥʳʭ ʘʪʦʤʦʚ ʷʚʣʷʝʪʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ. ʆʥʘ ʧʦʟʚʦʣʷʝʪ 

ʦʩʫʱʝʩʪʚʠʪʴ ʧʨʦʚʝʨʢʫ ʩʪʘʥʜʘʨʪʥʦʡ ʤʦʜʝʣʠ ʠ ʦʧʨʝʜʝʣʠʪʴ ʙʦʣʝʝ ʪʦʯʥʳʝ ʟʥʘʯʝʥʠʷ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʢʦʥʩʪʘʥʪ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʚʷʟʘʥʘ 

ʧʨʝʞʜʝ ʚʩʝʛʦ ʩ ʧʨʦʚʝʜʝʥʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ ʢʦʣʣʘʙʦʨʘʮʠʝʡ CREMA [1] ʩ ʤʶʦʥʥʳʤ 

ʚʦʜʦʨʦʜʦʤ ʠ ʜʝʡʪʝʨʠʝʤ ʤʝʪʦʜʘʤʠ ʣʘʟʝʨʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʚ ʢʦʪʦʨʳʭ ʙʳʣ ʠʟʤʝʨʝʥ 

ʣʵʤʙʦʚʩʢʠʡ ʩʜʚʠʛ ʫʨʦʚʥʝʡ 2S ʠ 2P, ʩʚʝʨʭʪʦʥʢʘʷ ʩʪʨʫʢʪʫʨʘ ʩʧʝʢʪʨʘ. ɼʣʷ ʨʘʩʯʝʪʘ ʉʊʉ 

ʤʶʦʥʥʳʭ ʠʦʥʦʚ ʤʳ ʠʩʧʦʣʴʟʫʝʤ ʢʚʘʟʠʧʦʪʝʥʮʠʘʣʴʥʳʡ ʤʝʪʦʜ ʚ ʢʚʘʥʪʦʚʦʡ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʝ, ʚ ʢʦʪʦʨʦʤ ʩʚʷʟʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʤʶʦʥʘ ʠ ʷʜʨʘ ʦʧʠʩʳʚʘʝʪʩʷ 

ʫʨʘʚʥʝʥʠʝʤ ʐʨʝʜʠʥʛʝʨʘ, ʘ ʩʘʤ ʧʦʪʝʥʮʠʘʣ ʩʪʨʦʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʘʤʧʣʠʪʫʜʳ ʨʘʩʩʝʷʥʠʷ 

ʚʥʝ ʤʘʩʩʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ [2ï4]. ʆʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʦʧʝʨʘʪʦʨ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʘʩʪʠʮ 

ʜʘʝʪ ʛʘʤʠʣʴʪʦʥʠʘʥ ɹʨʝʡʪʘ:  
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ɹʝʩʢʦʥʝʯʥʳʡ ʨʷʜ ʪʝʦʨʠʠ ʚʦʟʤʫʱʝʥʠʡ ʜʣʷ ʦʧʝʨʘʪʦʨʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʘʩʪʠʮ 

ʩʦʜʝʨʞʠʪ ʚʢʣʘʜʳ ʨʘʟʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ. 

ʈʝʣʷʪʠʚʠʩʪʩʢʠʝ ʧʦʧʨʘʚʢʠ 6 ʧʦʨʷʜʢʘ ʧʦ Ŭ, ʘ ʪʘʢʞʝ ʚʢʣʘʜ ʘʥʦʤʘʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʤʦʤʝʥʪʘ ʤʶʦʥʘ ʠʟʚʝʩʪʥʳ ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʚʠʜʝ. ɺʢʣʘʜ ʦʜʥʦʧʝʪʣʝʚʦʡ ʧʦʣʷʨʠʟʘʮʠʠ 

ʚʘʢʫʫʤʘ ʚ ʧʦʪʝʥʮʠʘʣ ʩʚʝʨʭʪʦʥʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ 

ʚʳʨʘʞʝʥʠʝʤ:  
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422 1)/(21=)( xxxxr +- . ʇʨʠ ʚʳʯʠʩʣʝʥʠʠ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ (4) ʧʦ ʚʦʣʥʦʚʳʤ 

ʬʫʥʢʮʠʷʤ ʩʚʷʟʘʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʠ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ ʯʘʩʪʠʮ, ʠ ʧʦ 

ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʧʘʨʘʤʝʪʨʫ ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʳ ʧʦʣʫʯʘʝʤ 

ʩʣʝʜʫʶʱʠʝ ʚʢʣʘʜʳ ʧʦʨʷʜʢʘ 
5a  ʚ ʉʊʉ ʫʨʦʚʥʝʡ (Wma e/=1 ):  
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ʄʳ ʧʦʜʨʦʙʥʦ ʧʨʝʜʩʪʘʚʠʣʠ ʨʝʟʫʣʴʪʘʪʳ (5)-(6), ʯʪʦʙʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ 

ʦʙʱʫʶ ʩʪʨʫʢʪʫʨʫ ʧʦʣʫʯʝʥʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚʳʧʦʣʥʝʥ 

ʪʘʢʞʝ ʨʘʩʯʝʪ ʜʚʫʭʧʝʪʣʝʚʳʭ ʵʬʬʝʢʪʦʚ ʧʦʣʷʨʠʟʘʮʠʠ ʚʘʢʫʫʤʘ ʚ ʧʝʨʚʦʤ ʠ ʚʪʦʨʦʤ 

ʧʦʨʷʜʢʘʭ ʪʝʦʨʠʠ ʚʦʟʤʫʱʝʥʠʡ. ɺʘʞʥʝʡʰʫʶ ʨʦʣʴ ʚ ʉʊʉ ʠʤʝʶʪ ʵʬʬʝʢʪʳ ʩʪʨʫʢʪʫʨʳ 

ʷʜʨʘ, ʧʦʢʘʟʘʥʥʳʝ ʥʘ ʨʠʩʫʥʢʘʭ ʘ, ʙ ʚ ʩʣʫʯʘʝ ʜʚʫʭʬʦʪʦʥʥʳʭ ʦʙʤʝʥʥʳʭ ʘʤʧʣʠʪʫʜ. 

 
ɼʣʷ ʠʭ ʨʘʩʯʝʪʘ, ʘ ʪʘʢʞʝ ʨʘʩʯʝʪʘ ʘʤʧʣʠʪʫʜ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʧʦʨʷʜʢʘ ʧʦ Ŭ, 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ ʧʨʦʝʢʮʠʦʥʥʳʭ ʦʧʝʨʘʪʦʨʦʚ [2-4]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ 

ʚʳʯʠʩʣʝʥʳ ʪʘʢʞʝ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʧʦʧʨʘʚʢʠ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤʠ 

ʵʬʬʝʢʪʘʤʠ ʧʦʣʷʨʠʟʘʮʠʠ ʚʘʢʫʫʤʘ, ʨʝʣʷʪʠʚʠʟʤʘ ʠ ʩʪʨʫʢʪʫʨʳ ʷʜʨʘ ʧʦʨʷʜʢʘ . 

ʀʩʩʣʝʜʦʚʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ ʚʢʣʘʜʦʚ ʦʪ ʟʘʨʷʜʘ ʷʜʨʘ Z ʠ ʧʦʣʫʯʝʥʳ ʧʦʣʥʳʝ 

ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʉʊʉ. 
ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʛʨʘʥʪ 16-02-00554). 
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ʈɸɿʈɸɹʆʊʂɸ ʄʅʆɻʆʋʈʆɺʅɽɺʆʁ ʉʀʉʊɽʄʓ ɸʅɸʃʀɿɸ 

ʆʊɺɸʃʆɺ ʂʆʂʉʆɺʆɻʆ ʇʈʆʀɿɺʆɼʉʊɺɸ 

ʂʦʥʦʥʝʥʢʦ ɸ. ɺ., ʈʝʜʴʢʠʥ ʅ. ɸ.  

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ʂʦʢʩʦʚʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʟʘʥʠʤʘʝʪ ʣʠʜʠʨʫʶʱʠʝ ʧʦʟʠʮʠʠ ʧʦ ʦʙʲʝʤʫ 

ʧʨʦʠʟʚʦʜʩʪʚʘ  ʩʨʝʜʠ ʚʩʝʭ ʦʪʨʘʩʣʝʡ ʯʝʨʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ (ʦʢʦʣʦ 800 ʤʣʥ. ʪ. ʚ ʛʦʜ) [1]. ʇʨʠ 

ʵʪʦʤ ʧʨʦʮʝʩʩʳ ʢʦʢʩʦʚʘʥʠʷ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʪʭʦʜʦʚ ï 

ʦʢʦʣʦ 6-7 ʤʣʥ. ʪ ʚ ʛʦʜ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʪʭʦʜʦʚ ʚ ʢʘʯʝʩʪʚʝ ʚʪʦʨʠʯʥʦʛʦ ʩʳʨʴʷ ʫʩʣʦʞʥʷʝʪʩʷ 

ʟʘ ʩʯʝʪ ʠʭ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʩʪʠ, ʚʳʩʦʢʦʡ ʟʦʣʴʥʦʩʪʠ ʠ ʚʣʘʞʥʦʩʪʠ [2]. ʊʘʢʞʝ ʦʪʭʦʜʳ ʩʣʦʞʥʦ 

ʫʪʠʣʠʟʠʨʦʚʘʪʴ, ʚ ʩʚʷʟʠ ʩ ʪʨʫʜʥʦʩʪʴʶ ʫʩʪʘʥʦʚʣʝʥʠʷ ʠʭ ʩʦʩʪʘʚʘ, ʧʦʵʪʦʤʫ ʠʭ ʩʚʘʣʠʚʘʶʪ ʚ 

ʦʛʨʦʤʥʳʝ ʦʪʚʘʣʳ, ʟʘʥʠʤʘʶʱʠʝ ʙʦʣʴʰʠʝ ʪʝʨʨʠʪʦʨʠʠ ʦʢʦʣʦ ʢʦʢʩʦʜʦʙʳʚʘʶʱʠʭ ʟʘʚʦʜʦʚ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʝʨʝʨʘʙʘʪʳʚʘʝʪʩʷ ʦʢʦʣʦ 35% ʦʪʚʘʣʦʚ. ʆʩʪʘʣʴʥʘʷ ʯʘʩʪʴ ʦʪʚʘʣʦʚ ʥʘʥʦʩʠʪ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʦʛʨʦʤʥʳʡ ʫʨʦʥ, ʟʘʛʨʷʟʥʷʷ ʛʨʫʥʪʦʚʳʝ ʚʦʜʳ ʠ ʧʦʯʚʫ, ʜʝʣʘʷ ʠʭ 

ʥʝʧʨʠʛʦʜʥʳʤʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʇʦʵʪʦʤʫ ʫʪʠʣʠʟʘʮʠʷ ʦʪʭʦʜʦʚ ʢʦʢʩʦʭʠʤʠʯʝʩʢʠʭ 

ʧʨʦʠʟʚʦʜʩʪʚ ʷʚʣʷʝʪʩʷ ʧʝʨʚʦʩʪʝʧʝʥʥʦʡ ʟʘʜʘʯʝʡ [3]. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʣʘʩʴ ʨʘʟʨʘʙʦʪʢʘ ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ ʩʠʩʪʝʤʳ ʘʥʘʣʠʟʘ ʦʪʚʘʣʦʚ 

ʢʦʢʩʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʧʦʟʚʦʣʷʶʱʝʡ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʢʦʤʧʦʥʝʥʪʳ ʦʪʭʦʜʦʚ ʠ 

ʧʦʜʦʙʨʘʪʴ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʠʭ ʫʪʠʣʠʟʘʮʠʠ. 

ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʙʨʘʟʮʘ ʦʪʚʘʣʘ ʢʦʢʩʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʨʘʟʜʝʣʝʥʠʝʤ ʦʙʨʘʟʮʘ ʤʝʪʦʜʦʤ ʧʨʦʩʪʦʡ ʨʘʟʛʦʥʢʠ ʥʘ ʣʝʛʢʦʣʝʪʫʯʠʝ ʠ 

ʪʷʞʝʣʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʢʦʪʦʨʳʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ 

ʢʘʯʝʩʪʚʝʥʥʳʭ ʨʝʘʢʮʠʡ. ʇʦʜʙʦʨ ʧʦʜʚʠʞʥʳʭ ʬʘʟ ʠ ʚʘʨʴʠʨʦʚʘʥʠʝ ʫʩʣʦʚʠʡ ʨʘʟʜʝʣʝʥʠʷ ʩ 

ʧʦʤʦʱʴʶ ʊʉʍ ʧʦʟʚʦʣʠʣ, ʠʩʧʦʣʴʟʫʷ ʢʦʣʦʥʦʯʥʫʶ ʞʠʜʢʦʩʪʥʫʶ ʭʨʦʤʘʪʦʛʨʘʬʠʶ, 

ʧʦʣʫʯʠʪʴ ʥʝʩʢʦʣʴʢʦ ʬʨʘʢʮʠʡ ʢʦʤʧʦʥʝʥʪʦʚ ʦʪʚʘʣʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʢʩʦʚʦʛʦ ʫʛʣʷ. 

ɼʘʣʴʥʝʡʰʘʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʩ ʧʦʤʦʱʴʶ ʀʂ-ʌʫʨʴʝ ʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ 

ʧʦʟʚʦʣʠʣʘ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʛʨʫʧʧʦʚʫʶ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʥʦʛʦʫʨʦʚʥʝʚʘʷ ʩʠʩʪʝʤʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʪʚʘʣʦʚ 

ʢʦʢʩʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʚʳʜʝʣʠʪʴ ʚ ʠʩʭʦʜʥʦʡ ʧʨʦʙʝ ʦʪʚʘʣʦʚ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʢʩʦʚʦʛʦ ʫʛʣʷ ʥʝʩʢʦʣʴʢʦ ʬʨʘʢʮʠʡ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʠʭ 

ʩ ʧʦʤʦʱʴʶ ʀʂ-ʌʫʨʴʝ ʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 
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ʉʀʅʊɽɿ ʅɸʅʆʏɸʉʊʀʎ ʎɽʃʃʖʃʆɿʓ  

ʀɿ ʉɺɽʂʃʆɺʀʏʅʆɻʆ ɾʆʄɸ 

ʂʨʘʩʠʣʴʥʠʢʦʚʘ ʃ. ɸ., ʈʝʜʴʢʠʥ ʅ. ɸ.  

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ɿʘʧʘʩʳ ʥʝʬʪʠ, ʛʘʟʘ ʠ ʜʨʫʛʠʭ ʨʝʩʫʨʩʦʚ ʦʛʨʘʥʠʯʝʥʳ, ʧʦʵʪʦʤʫ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ 

ʠʤʝʝʪ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʠ ʤʘʪʝʨʠʘʣʦʚ ʠʟ 

ʚʦʟʦʙʥʦʚʣʷʝʤʦʛʦ ʩʳʨʴʷ. ɺ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ ʫʥʠʢʘʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʩʳʨʴʷ ʤʦʛʫʪ ʩʣʫʞʠʪʴ 

ʦʪʭʦʜʳ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʜʨʝʚʝʩʠʥʳ ʠʣʠ ʜʨʫʛʦʛʦ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ, ʪʘʢ 

ʢʘʢ ʧʦʩʣʝ ʠʭ ʦʙʨʘʙʦʪʢʠ ʦʩʪʘʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʮʝʣʣʶʣʦʟʦʩʦʜʝʨʞʘʱʠʭ ʧʨʦʜʫʢʪʦʚ. ɺ 

ʨʘʙʦʪʝ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʚʝʢʦʣʴʥʳʡ ʞʦʤ, ʩʦʜʝʨʞʘʱʠʡ 45-47% ʮʝʣʣʶʣʦʟʳ ʦʪ ʩʫʭʦʡ 

ʤʘʩʩʳ, ʚ ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʮʝʣʣʶʣʦʟʳ. 

ɺ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʚʳʰʝʥʥʳʡ ʠʥʪʝʨʝʩ ʢ ʥʦʚʦʤʫ ʤʘʪʝʨʠʘʣʫ, 

ʥʘʟʳʚʘʝʤʦʤʫ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʮʝʣʣʶʣʦʟʦʡ (ʅʂʎ). ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʅʂʎ 

ʦʙʣʘʜʘʝʪ ʫʥʠʢʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʙʠʦʨʘʟʣʘʛʘʝʤʦʩʪʴ, ʩʨʦʜʩʪʚʦ ʢ 

ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʩʠʩʪʝʤʘʤ (ʞʠʜʢʦʩʪʷʤ), ʩʧʦʩʦʙʥʦʩʪʴ ʘʨʤʠʨʦʚʘʪʴ ʧʣʘʩʪʠʢʠ ʠ ʜʨʫʛʠʤʠ [1-2]. 

ɺ ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʙʦʨʘ ʫʩʣʦʚʠʡ ʧʦʣʫʯʝʥʠʷ 

ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʮʝʣʣʶʣʦʟʳ ʠʟ ʮʝʣʣʶʣʦʟʳ ʩʚʝʢʦʣʴʥʦʛʦ ʞʦʤʘ ʧʫʪʝʤ ʩʝʨʥʦʢʠʩʣʦʪʥʦʛʦ 

ʛʠʜʨʦʣʠʟʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. 

ʇʦʜʛʦʪʦʚʢʫ ʞʦʤʘ ʢ ʧʦʣʫʯʝʥʠʶ ʥʘʥʦʯʘʩʪʠʮ ʧʨʦʚʦʜʠʣʠ ʧʦʩʪʘʜʠʡʥʦʡ ʦʙʨʘʙʦʪʢʦʡ 

ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ ʜʣʷ ʛʠʜʨʦʣʠʟʘ ʧʝʢʪʠʥʦʚʳʭ ʚʝʱʝʩʪʚ ʠ ʛʝʤʠʮʝʣʣʶʣʦʟʳ, ʛʠʜʨʦʢʩʠʜʦʤ 

ʥʘʪʨʠʷ ʜʣʷ ʫʜʘʣʝʥʠʷ ʣʠʧʠʜʦʚ ʠ ʦʩʪʘʪʢʦʚ ʣʠʛʥʠʥʘ, ʘ ʟʘʪʝʤ ʧʨʦʚʦʜʠʣʠ ʦʙʝʩʮʚʝʯʠʚʘʥʠʝ ʩ 

ʧʦʤʦʱʴʶ ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ. 

ʆʯʠʱʝʥʥʳʡ ʠ ʦʪʙʝʣʝʥʥʳʡ ʞʦʤ ʠʟʤʝʣʴʯʘʣʠ ʠ ʧʦʜʚʝʨʛʘʣʠ ʩʝʨʥʦʢʠʩʣʦʪʥʦʤʫ 

ʛʠʜʨʦʣʠʟʫ ʚ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʚʘʥʥʝ ʧʨʠ ʥʝʙʦʣʴʰʦʤ ʥʘʛʨʝʚʘʥʠʠ. ʇʦʣʫʯʝʥʥʫʶ 

ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʮʝʣʣʶʣʦʟʫ ʦʯʠʱʘʣʠ ʜʠʘʣʠʟʦʤ, ʘ ʟʘʪʝʤ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ.  
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ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʊʆʅʂʆʉʃʆʁʅʆʁ ʍʈʆʄɸʊʆɻʈɸʌʀʀ  

ɺ ʂʆʅʊʈʆʃɽ ʈɽɸʂʎʀʁ ɸʃʔɼʆʃʔʅʆʁ ʂʆʅɼɽʅʉɸʎʀʀ  

ʀ ʂʆʅɼɽʅʉɸʎʀʀ ʂʅɽɺɽʅɸɻɽʃʗ ɺ ʇʈʀʉʋʊʉʊɺʀʀ  

ʊɽʃʃʋʈʆʈɻɸʅʀʏɽʉʂʀʍ ʂɸʊɸʃʀɿɸʊʆʈʆɺ 

ʂʫʩʘʢʠʥʘ ɸ. ʅ., ʈʝʜʴʢʠʥ ʅ. ɸ.  

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ʇʨʦʪʝʢʘʥʠʝ ʤʥʦʛʠʭ ʨʝʘʢʮʠʡ ʤʝʞʜʫ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʪʨʝʙʫʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʊʘʢ, ʜʣʷ ʘʣʴʜʦʣʴʥʦʡ ʢʦʥʜʝʥʩʘʮʠʠ (ʨʝʘʢʮʠʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʣʴʜʝʛʠʜʘ ʠʣʠ ʢʝʪʦʥʘ ʩ ʪʝʤ ʞʝ ʠʣʠ ʜʨʫʛʠʤ ʘʣʴʜʝʛʠʜʦʤ ʠʣʠ ʢʝʪʦʥʦʤ, 

ʧʨʠʚʦʜʷʱʘʷ ʢ ʦʙʨʘʟʦʚʘʥʠʶ Ŭ,ɓ-ʥʝʥʘʩʳʱʝʥʥʦʛʦ ʘʣʴʜʝʛʠʜʘ ʠʣʠ ʢʝʪʦʥʘ [1]) ʠʣʠ ʨʝʘʢʮʠʠ 

ʂʥʝʚʝʥʘʛʝʣʷ (ʢʦʥʜʝʥʩʘʮʠʠ ʘʣʴʜʝʛʠʜʦʚ ʠʣʠ ʢʝʪʦʥʦʚ ʩ ʩʦʝʜʠʥʝʥʠʷʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ 

ʘʢʪʠʚʥʫʶ ʤʝʪʠʣʝʥʦʚʫʶ ʛʨʫʧʧʫ  ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʠʟʚʦʜʥʳʭ ʵʪʠʣʝʥʘ [2]) ʦʙʳʯʥʦ 

ʠʩʧʦʣʴʟʫʶʪ ʢʠʩʣʦʪʥʳʝ ʠʣʠ ʦʩʥʦʚʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ. ʆʜʥʘʢʦ, ʚ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʨʝʘʢʮʠʠ ʷʚʣʷʶʪʩʷ ʦʙʨʘʪʠʤʳʤʠ ʠ ʧʨʦʪʝʢʘʶʪ ʜʘʣʝʢʦ ʥʝ ʜʣʷ ʚʩʝʭ 

ʩʫʙʩʪʨʘʪʦʚ ʠ ʨʝʘʛʝʥʪʦʚ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʣʣʫʨʦʨʛʘʥʠʯʝʩʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʡ 

ʘʣʴʜʦʣʴʥʦʡ ʢʦʥʜʝʥʩʘʮʠʠ ʠ ʢʦʥʜʝʥʩʘʮʠʠ ʂʥʝʚʝʥʘʛʝʣʷ ʤʦʛʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʝʰʝʥʠʶ 

ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʘʤʠ ʪʝʣʣʫʨʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʦʩʪʘʶʪʩʷ 

ʤʘʣʦʠʟʫʯʝʥʥʳʤʠ, ʧʦʵʪʦʤʫ ʪʨʝʙʫʶʪ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʧʦ ʠʭ ʧʦʣʫʯʝʥʠʶ, ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ, ʦʩʦʙʝʥʥʦ, ʤʝʪʦʜʦʚ ʠʭ ʘʥʘʣʠʟʘ [3.4]. 

ɺ ʨʘʙʦʪʝ ʙʳʣʦ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʥʝʩʧʝʮʠʬʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʧʦʜʚʠʞʥʳʭ ʬʘʟ (ʘʮʝʪʦʥʠʪʨʠʣ, ʤʝʪʘʥʦʣ) ʧʨʠ ʥʝʠʟʤʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʦʜʠʬʠʢʘʪʦʨʘ 

(ʪʨʠʬʪʦʨʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ) ʥʘ ʫʜʝʨʞʠʚʘʥʠʝ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ 

ʢʦʥʜʝʥʩʘʮʠʠ ʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʨʠ ʠʭ ʨʘʟʜʝʣʝʥʠʠ ʤʝʪʦʜʦʤ ʦʙʨʘʱʝʥʥʦ-ʬʘʟʦʚʦʡ 

ʪʦʥʢʦʩʣʦʡʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʝ ʨʘʟʜʝʣʝʥʠʝ 

ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʜʚʠʞʥʳʭ ʬʘʟ ʩʦʩʪʘʚʘ: 

ʘʮʝʪʦʥʠʪʨʠʣ ï ʚʦʜʘ ï ʊʌʋ (30:70:1); ʘʮʝʪʦʥʠʪʨʠʣ ï ʚʦʜʘ ï ʊʌʋ (50:50:1); ʘʮʝʪʦʥʠʪʨʠʣ ï 

ʚʦʜʘ ï ʊʌʋ (60:40:1); ʘʮʝʪʦʥʠʪʨʠʣ ï ʤʝʪʘʥʦʣ ï ʚʦʜʘ ï ʊʌʋ (20:30:50:1). 
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ʂʆʃʀʏɽʉʊɺɽʅʅʓʁ ɸʅɸʃʀɿ ʉʄɽʉɽʁ çɹɽʅɿʀʅ-ʄɸʉʃʆè 

ʄɽʊʆɼʆʄ ʀʂ-ʌʋʈʔɽ ʉʇɽʂʊʈʆʄɽʊʈʀʀ 

ʃʘʢʪʶʭʠʥ ʂ. ɸ., ʈʝʜʴʢʠʥ ʅ. ɸ.  

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ɼʦʙʘʚʣʝʥʠʝ ʤʘʩʣʘ ʚ ʙʝʥʟʠʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʤʘʣʦʤʦʱʥʳʭ ʜʚʠʛʘʪʝʣʷʭ, ʥʝ 

ʠʤʝʶʱʠʭ ʩʧʝʮʠʘʣʴʥʦʡ ʩʤʘʟʦʯʥʦʡ ʩʠʩʪʝʤʳ. ʊʘʢʠʝ ʜʚʠʛʘʪʝʣʠ ʨʘʙʦʪʘʶʪ ʚ ʨʫʯʥʦʤ 

ʩʪʨʦʠʪʝʣʴʥʦʤ ʠʥʩʪʨʫʤʝʥʪʝ, ʤʦʧʝʜʘʭ, ʩʪʦʷʪ ʥʘ ʣʝʛʢʠʭ ʤʦʪʦʨʥʳʭ ʣʦʜʢʘʭ ʠ ʢʘʪʝʨʘʭ. 

ʂʦʣʠʯʝʩʪʚʦ ʤʘʩʣʘ, ʜʦʙʘʚʣʷʝʤʦʝ ʚ ʙʝʥʟʠʥ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ ʠ ʥʝ ʜʦʣʞʥʦ 

ʚʳʭʦʜʠʪʴ ʟʘ ʛʨʘʥʠʮʳ ʜʦʧʫʩʪʠʤʦʛʦ ʠʥʪʝʨʚʘʣʘ. ɿʘʥʠʞʝʥʥʦʝ ʠʣʠ ʟʘʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʤʘʩʣʘ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʢʘʯʝʩʪʚʝʥʥʦʛʦ ʤʘʩʣʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʙʳʩʪʨʦʤʫ 

ʚʳʭʦʜʫ ʠʟ ʩʪʨʦʷ ʜʚʠʛʘʪʝʣʷ. ɺʳʷʚʣʝʥʠʝ ʧʨʠʯʠʥ ʧʦʣʦʤʦʢ ʜʚʠʛʘʪʝʣʝʡ ʪʨʝʙʫʝʪ 

ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʤʘʨʢʠ ʤʘʩʣʘ, ʜʦʙʘʚʣʝʥʥʦʛʦ ʢ ʙʝʥʟʠʥʫ. 

ʂʘʯʝʩʪʚʦ ʙʝʥʟʠʥʘ ʦʮʝʥʠʚʘʶʪ ʧʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʝʛʦ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ɻʆʉʊ ʈ 51105-97 [1], ʥʦ 

ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʪʘʢʞʝ ʛʘʟʦʚʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ [2], ʭʨʦʤʘʪʦ-ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ [3]. 

ʂʘʯʝʩʪʚʦ ʤʦʪʦʨʥʳʭ ʤʘʩʝʣ ʪʘʢʞʝ ʦʮʝʥʠʚʘʶʪ ʧʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʝʛʦ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ [4,5]. ʉʦʜʝʨʞʘʥʠʝ ʤʘʩʣʘ ʚ ʧʨʝʜʝʣʘʭ 3-7% ʟʥʘʯʠʪʝʣʴʥʦ ʠʟʤʝʥʷʝʪ ʩʦʩʪʘʚ ʠ 

ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʘʝʤʦʡ ʢʦʤʧʦʟʠʮʠʠ, ʧʦʵʪʦʤʫ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ, ʧʨʠʤʝʥʷʝʤʳʝ ʜʣʷ ʘʥʘʣʠʟʘ 

ʤʘʩʣʘ ʠ ʙʝʥʟʠʥʘ ʚ ʦʪʜʝʣʴʥʦʩʪʠ, ʦʢʘʟʳʚʘʶʪʩʷ ʥʝʧʨʠʛʦʜʥʳʤʠ ʜʣʷ ʠʩʩʣʝʜʫʝʤʦʡ ʩʤʝʩʠ. 

ɺ ʨʘʙʦʪʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʘʩʣʘ ʚ ʙʝʥʟʠʥʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʀʂ-ʌʫʨʴʝ ʩʧʝʢʪʨʦʤʝʪʨʠʠ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʞʠʜʢʦʩʪʥʦʡ ʨʘʟʙʦʨʥʦʡ ʢʶʚʝʪʳ ʜʣʷ ʟʘʧʠʩʠ ʩʧʝʢʪʨʦʚ ʚ 

ʨʝʞʠʤʝ ʧʨʦʧʫʩʢʘʥʠʷ ʠʟʣʫʯʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʩ ʤʝʥʴʰʝʡ ʦʰʠʙʢʦʡ, ʯʝʤ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʠʩʪʘʚʢʠ ʥʘʨʫʰʝʥʥʦʛʦ ʧʦʣʥʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʦʪʨʘʞʝʥʠʷ. 

ʈʘʩʩʤʦʪʨʝʥʳ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʜʫʠʨʦʚʦʯʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ, 

ʦʪʣʠʯʘʶʱʠʝʩʷ ʚʳʙʦʨʦʤ ʯʘʩʪʦʪʳ ʠʟʣʫʯʝʥʠʷ ʠ ʩʧʦʩʦʙʦʤ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʩʦʪʳ ʧʠʢʘ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʤʘʩʣʘ 1-10% ʦʰʠʙʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ 

ʤʘʩʣʘ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 5-10%. 
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ʇʆʃʋʏɽʅʀɽ ʉʆʈɹʎʀʆʅʅʓʍ ʄɸʊɽʈʀɸʃʆɺ ʅɸ ʆʉʅʆɺɽ 

ʄɽʊɸʃʃʆʈɽɿʀʅʓ ʀ ʀʉʉʃɽɼʆɺɸʅʀɽ ʀʍ ʉʆʈɹʎʀʆʅʅʓʍ ʉɺʆʁʉʊɺ 

ʃʝʙʝʜʝʚ ɸ. ʅ., ʂʘʨʩʫʥʢʠʥʘ ɸ. ʉ., ʅʦʚʠʢʦʚʘ ɽ. ɸ., ʇʣʘʪʦʥʦʚ ʀ. ɸ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ɸʥʘʣʠʟ ʟʘʛʨʷʟʥʝʥʠʡ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʤʠʢʨʦʧʨʠʤʝʩʝʡ ʦʪʥʦʩʷʪ ʢ 

ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʤ ʟʘʜʘʯʘʤ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ. ʊʨʫʜʥʦʩʪʴ ʜʘʥʥʦʛʦ ʘʥʘʣʠʟʘ 

ʦʙʫʩʣʦʚʣʝʥʳ ʚʦʟʤʦʞʥʦʩʪʴʶ ʥʘʭʦʞʜʝʥʠʷ ʚ ʧʨʦʙʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʦʢʩʠʯʥʳʭ 

ʧʨʠʤʝʩʝʡ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʪʦʨʳʭ ʥʘʭʦʜʷʪʩʷ ʥʘ ʫʨʦʚʥʝ ʤʠʢʨʦʧʨʠʤʝʩʝʡ. ʀʩʪʦʯʥʠʢʘʤʠ 

ʤʠʢʨʦʧʨʠʤʝʩʝʡ ʚ ʚʦʟʜʫʭʝ ʨʘʙʦʯʝʡ ʟʦʥʳ ʠ ʞʠʣʳʭ ʧʦʤʝʱʝʥʠʡ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʠʤʝʨʥʳʝ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʠʟʜʝʣʠʷ ʥʘ ʠʭ ʦʩʥʦʚʝ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʟʫʯʝʥʠʷ 

ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʠʟʜʝʣʠʡ ʚ ʙʳʪʫ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ 

ʦʧʨʝʜʝʣʝʥʠʝ ʧʣʘʩʪʠʬʠʢʘʪʦʨʦʚ ʚ ʚʦʟʜʫʭʝ ʥʘ ʫʨʦʚʥʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 0,1 - 0,5 ʤʛ/ʤ
3
. ʊʘʢʦʡ 

ʘʥʘʣʠʟ ʥʝʚʦʟʤʦʞʝʥ ʙʝʟ ʧʨʦʚʝʜʝʥʠʷ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʠʢʨʦʧʨʠʤʝʩʝʡ ʠʟ 

ʛʘʟʦʚʳʭ ʩʨʝʜ. ɼʣʷ ʵʪʠʭ ʮʝʣʝʡ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʦʨʙʝʥʪʳ ʨʘʟʣʠʯʥʦʡ 

ʧʨʠʨʦʜʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʚʳʩʦʢʠʤ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʩʣʦʷ 

ʩʦʨʙʝʥʪʘ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʪʨʫʜʥʦʩʪʠ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʧʫʩʢʘʥʠʷ ʙʦʣʴʰʠʭ ʦʙʲʸʤʦʚ 

ʚʦʟʜʫʭʘ, ʘ ʪʘʢʞʝ ʪʨʫʜʥʦʩʪʠ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʜʝʩʦʨʙʮʠʠ.  

ʎʝʣʴʶ ʥʘʰʝʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʟʫʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʤʝʪʘʣʣʦʨʝʟʠʥʳ ʚ ʢʘʯʝʩʪʚʝ ʩʦʨʙʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ 

ʤʠʢʨʦʧʨʠʤʝʩʝʡ ʤʘʣʦʣʝʪʫʯʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʩʨʘʚʥʝʥʠʝ ʩʦʨʙʮʠʦʥʥʳʭ 

ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʤʝʪʘʣʣʦʨʝʟʠʥʳ. 

ʄʝʪʘʣʣʦʨʝʟʠʥʘ ï ʙʣʦʯʥʳʡ ʤʘʪʝʨʠʘʣ ʩ ʚʘʨʴʠʨʫʝʤʦʡ ʧʦʨʦʟʥʦʩʪʴʶ, ʠʟʛʦʪʦʚʣʝʥʥʳʡ 

ʧʫʪʝʤ ʭʦʣʦʜʥʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʦʧʨʝʜʝʣʝʥʥʳʤ ʦʙʨʘʟʦʤ ʫʣʦʞʝʥʥʦʡ ʠ ʜʦʟʠʨʦʚʘʥʥʦʡ ʧʦ 

ʚʝʩʫ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʨʦʚʦʣʦʯʥʦʡ ʩʧʠʨʘʣʠ (ʤʘʪʝʨʠʘʣ ï ʩʪʘʣʴ ʤʘʨʢʠ ʍ18ʅ10). 

ɼʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʨʘʟʨʘʙʦʪʘʥ ʚ ʉʘʤʘʨʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʚ ʢʘʯʝʩʪʚʝ ʜʝʤʧʬʠʨʫʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ [1] ʠ ʢʘʢ ʥʦʩʠʪʝʣʴ ʜʣʷ ʤʠʢʨʦ- ʠ ʥʘʥʦʯʘʩʪʠʮ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ [2]. 
ʀʟʛʦʪʦʚʣʝʥʠʝ ʙʣʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʦʩʥʦʚʝ ʤʝʪʘʣʣʦʨʝʟʠʥʳ ʧʨʦʚʦʜʠʜʠ ʚ 

ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ: ʠʩʭʦʜʷ ʠʟ ʟʘʜʘʚʘʝʤʳʭ ʟʥʘʯʝʥʠʡ ʧʦʨʦʟʥʦʩʪʠ, ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʨʦʚʦʣʦʢʠ ʠ ʜʠʘʤʝʪʨʘ ʙʣʦʢʘ, ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʥʝʦʙʭʦʜʠʤʘʷ ʤʘʩʩʘ ʧʨʦʚʦʣʦʢʠ ʠ ʚʳʩʦʪʘ 

ʙʣʦʢʘ. ɼʘʣʝʝ, ʚʟʷʪʫʶ ʥʘʚʝʩʢʫ ʧʨʦʚʦʣʦʢʠ ʦʧʨʝʜʝʣʸʥʥʳʤ ʦʙʨʘʟʦʤ ʫʣʦʞʠʣʠ, ʩʧʨʝʩʩʦʚʘʣʠ 

ʠ ʧʨʦʤʳʣʠ ʠʟʦʧʨʦʧʘʥʦʣʦʤ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʚʘʥʥʳ. ʇʦʩʣʝ ʯʝʛʦ 

ʧʨʦʚʦʜʠʣʦʩʴ ʬʦʨʤʠʨʦʚʘʥʠʝ ʘʜʩʦʨʙʮʠʦʥʥʦʛʦ ʩʣʦʷ ʧʫʪʝʤ ʦʙʨʘʙʦʪʢʠ 20%-ʳʤ ʨʘʩʪʚʦʨʦʤ  

ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ ʠ ʜʘʣʴʥʝʡʰʠʤ ʦʢʩʠʜʠʨʦʚʘʥʠʝʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 350-700Áʉ. 

ɼʣʷ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ 5 ʦʙʨʘʟʮʦʚ ʤʝʪʘʣʣʦʨʝʟʠʥʳ ʩ ʨʘʟʣʠʯʥʦʡ 

ʦʙʨʘʙʦʪʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ: 1 ï ʙʝʟ ʦʙʨʘʙʦʪʢʠ; 2 ï ʦʙʨʘʙʦʪʘʥʥʘʷ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ; 

3 ï ʦʙʨʘʙʦʪʘʥʥʘʷ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ ʠ ʦʢʩʠʜʠʨʦʚʘʥʥʘʷ ʧʨʠ 350ʉ̄; 4 ï ʦʙʨʘʙʦʪʘʥʥʘʷ 

ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ ʠ ʦʢʩʠʜʠʨʦʚʘʥʥʘʷ ʧʨʠ 500ʉ̄; 5 ï ʦʙʨʘʙʦʪʘʥʥʘʷ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ ʠ 

ʦʢʩʠʜʠʨʦʚʘʥʥʘʷ ʧʨʠ 700ʉ̄. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʠ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʘʙʩʦʨʙʮʠʦʥʥʦʛʦ ʠ ʘʜʩʦʨʙʮʠʦʥʥʦʛʦ 

ʤʝʪʦʜʘ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʩʦʨʙʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʤʝʪʘʣʣʦʨʝʟʠʥʳ ʙʳʣʘ ʩʦʙʨʘʥʘ ʫʩʪʘʥʦʚʢʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʧʦʣʫʯʘʪʴ 

ʛʘʟʦʚʳʝ ʧʦʪʦʢʠ, ʩʦʜʝʨʞʘʱʠʝ ʤʠʢʨʦʧʨʠʤʝʩʠ ʜʠʦʢʪʠʣʬʪʘʣʘʪʘ (ɼʆʌ) ʚ ʚʦʟʜʫʭʝ. 

ʋʩʪʘʥʦʚʢʘ ʩʦʩʪʦʠʪ ʠʟ ʠʩʪʦʯʥʠʢʘ ɼʆʌ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʦʙʦʡ ʧʦʛʣʦʪʠʪʝʣʴ ʩ ʯʠʩʪʳʤ 

ʚʝʱʝʩʪʚʦʤ, ʧʦʤʝʱʝʥʥʳʡ ʚ ʪʝʨʤʦʩʪʘʪ, ʩʠʩʪʝʤʫ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ (ʧʨʝʜʩʪʘʚʣʷʶʱʫʶ 
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ʩʦʙʦʡ ʚ ʩʣʫʯʘʝ ʘʙʩʦʨʙʮʠʦʥʥʦʛʦ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʧʦʛʣʦʪʠʪʝʣʴ ʩ ʠʟʦʧʨʦʧʘʥʦʣʦʤ, ʘ ʚ 

ʩʣʫʯʘʝ ʘʜʩʦʨʙʮʠʦʥʥʦʛʦ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ï ʩʠʣʠʢʦʥʦʚʘʷ ʪʨʫʙʢʘ, ʚ ʢʦʪʦʨʫʶ 

ʧʦʤʝʱʘʝʪʩʷ ʩʦʨʙʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ) ʠ ʢʦʤʧʨʝʩʩʦʨʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ ʯʝʨʝʟ 

ʧʦʛʣʦʪʠʪʝʣʴ ʩ ɼʆʌ ʠ ʩʠʩʪʝʤʫ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ. ʂʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ 

ʵʢʩʪʨʘʢʪʦʚ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʛʘʟʦʚʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ 

ʘʙʩʦʣʶʪʥʦʡ ʛʨʘʜʫʠʨʦʚʢʠ.  

ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ɼʆʌ 

ʜʝʩʦʨʙʠʨʦʚʘʥʦ ʩ ʥʝʦʙʨʘʙʦʪʘʥʥʦʡ ʤʝʪʘʣʣʦʨʝʟʠʥʳ, ʚʚʠʜʫ ʦʪʩʫʪʩʪʚʠʷ ʚʳʩʦʢʦʨʘʟʚʠʪʦʛʦ 

ʘʜʩʦʨʙʮʠʦʥʥʦʛʦ ʩʣʦʷ. ʂʦʣʠʯʝʩʪʚʦ ɼʆʌ, ʜʝʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʩ ʦʢʩʠʜʠʨʦʚʘʥʥʳʭ 

ʦʙʨʘʟʮʦʚ, ʦʪʣʠʯʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʠ ʧʨʝʚʳʰʘʝʪ ʘʥʘʣʦʛʠʯʥʦʝ ʟʥʘʯʝʥʠʝ ʫ 

ʥʝʦʙʨʘʙʦʪʘʥʥʦʛʦ ʦʙʨʘʟʮʘ ʚ 7,5-10 ʨʘʟ. ʇʨʠ ʵʪʦʤ ʤʘʩʩʘ ɼʆʌ ʫ ʦʙʨʘʟʮʘ, ʦʙʨʘʙʦʪʘʥʥʦʛʦ 

ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ, ʥʦ ʥʝ ʦʢʩʠʜʠʨʦʚʘʥʥʦʛʦ, ʩʦʧʦʩʪʘʚʠʤʘ ʩ ʦʩʪʘʣʴʥʳʤʠ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ 

ʪʝʤ, ʯʪʦ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ, ʚʣʠʷʶʱʠʤ ʥʘ ʩʦʨʙʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʤʝʪʘʣʣʦʨʝʟʠʥʳ, 

ʷʚʣʷʝʪʩʷ ʧʣʦʱʘʜʴ  ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʥʝ ʝʝ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ. 

ɼʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʩʪʘʜʠʠ ʜʝʩʦʨʙʮʠʠ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʪʨʸʭʢʨʘʪʥʘʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʜʝʩʦʨʙʮʠʷ ʠʟʦʧʨʦʧʘʥʦʣʦʤ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʫʣʴʪʨʘʟʚʫʢʘ ʚ ʪʝʯʝʥʠʝ 

2 ʤʠʥʫʪ ʢʘʞʜʘʷ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʜʝʩʦʨʙʮʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝ 

ʢʦʣʠʯʝʩʪʚʘ ɼʆʌ, ʧʨʠʯʝʤ ʜʣʷ ʦʢʩʠʜʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʩʢʘʯʦʢ ʚ ʩʨʝʜʥʝʤ 

ʥʘ 10% ʤʝʞʜʫ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʩʪʘʜʠʝʡ, ʟʘʪʝʤ ʢʦʥʮʝʥʪʨʘʮʠʷ ɼʆʌ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʠʟʤʝʥʷʝʪʩʷ. ʋ ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ, ʥʦ ʥʝ ʦʢʩʠʜʠʨʦʚʘʥʥʦʛʦ ʦʙʨʘʟʮʘ ʩʢʘʯʦʢ 

ʥʘʙʣʶʜʘʝʪʩʷ ʤʝʞʜʫ ʚʪʦʨʦʡ ʠ ʪʨʝʪʴʝʡ ʜʝʩʦʨʙʮʠʝʡ. ʇʦʵʪʦʤʫ ʩ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʫʜʦʙʥʝʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʦʢʩʠʜʠʨʦʚʘʥʥʳʝ ʦʙʨʘʟʮʳ.  

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠ ʩʨʘʚʥʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʦʚ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʘʷ ʤʝʪʦʜʠʢʘ [3] ʦʧʨʝʜʝʣʝʥʠʷ ʜʠʦʢʪʠʣʬʪʘʣʘʪʘ ʩ 

ʘʙʩʦʨʙʮʠʦʥʥʳʤ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʟʦʧʨʦʧʘʥʦʣʘ ʜʘʝʪ ʷʚʥʦ 

ʟʘʥʠʞʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʜʩʦʨʙʮʠʦʥʥʳʤ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝʤ: 

ʦʧʨʝʜʝʣʝʥʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝʤ ʩʦʩʪʘʚʣʷʣʘ 0,4 ʤʛ/ʤ
3,
, ʚʦ ʚʪʦʨʦʤ ï 1,2-1,6 

ʤʛ/ʤ
3
. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʢʘʢ ʩ ʥʝʧʦʣʥʳʤ ʫʣʘʚʣʠʚʘʥʠʝʤ ʜʠʦʢʪʠʣʬʪʘʣʘʪʘ ʠʟ 

ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ, ʪʘʢ ʠ ʚʥʝʩʝʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʚ  ʘʥʘʣʠʟ ʟʘ ʩʯʝʪ 

ʫʧʘʨʠʚʘʥʠʷ ʵʢʩʪʨʘʢʪʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʦʨʙʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ 

ʦʩʥʦʚʝ ʄʈ ʤʦʛʫʪ ʙʳʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ɼʆʌ ʥʘ ʫʨʦʚʥʝ 0,5 ʤʛ/ʤ
3 
ʧʨʠ 

ʩʣʝʜʫʶʱʠʭ ʧʘʨʘʤʝʪʨʘʭ: ʫʩʣʦʚʠʷ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ï ʩʢʦʨʦʩʪʴ ʧʨʦʧʫʩʢʘʥʠʷ 

ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʚʦʟʜʫʭʘ ï 1 ʣ/ʤʠʥ; ʚʨʝʤʷ ʧʨʦʧʫʩʢʘʥʠʷ 20 ʤʠʥʫʪ; ʫʩʣʦʚʠʷ 

ʜʝʩʦʨʙʮʠʠ ï 2 ʤʣ ʠʟʦʧʨʦʧʘʥʦʣʘ, ʫʣʴʪʨʘʟʚʫʢ, ʜʣʠʪʝʣʴʥʦʩʪʴ ï 2 ʨʘʟʘ ʧʦ 2 ʤʠʥʫʪʳ. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ʀʛʦʣʢʠʥ, ɸ.ɸ. ʇʨʠʤʝʥʝʥʠʝ ʧʦʨʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ çʤʝʪʘʣʣʦʨʝʟʠʥʘè ʚ ʛʠʜʨʦʛʘʟʦʚʳʭ 

ʩʠʩʪʝʤʘʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʜʣʷ ʰʫʤʦʧʦʜʘʚʣʝʥʠʷ ʠ ʪʝʨʤʦʩʪʘʙʠʣʠʟʘʮʠʠ [ʊʝʢʩʪ] 

/ ʀʛʦʣʢʠʥ ɸ.ɸ., ʀʟʞʝʫʨʦʚ ɽ.ɸ., ʉʘʬʠʥ ɸ.ʀ., ʐʘʭʤʘʪʦʚ ɽ.ɺ. // ʉʫʜʦʩʪʨʦʝʥʠʝ. ï 2012. ï 

ˉ 5. ï ʉ. 46-48. 

2 ʊʫʧʠʢʦʚʘ ɽ.ʅ. ʇʣʘʪʠʥʦʚʳʝ ʤʝʪʘʣʣʳ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʦʩʠʪʝʣʷʭ - ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ 

ʩʠʩʪʝʤʳ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʠ ʛʠʜʨʦʛʝʥʠʟʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ [ʊʝʢʩʪ] / ɼʠʩʩʝʨʪʘʮʠʷ 

ʢʘʥʜ.ʭʠʤ. ʥʘʫʢ. ï ʉʘʤʘʨʘ, 2003. ï 175 ʩ. 

3 ʀʟʤʝʨʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʜʠʙʫʪʠʣʬʪʘʣʘʪʘ ʠ ʜʠʦʢʪʠʣʬʪʘʣʘʪʘ ʛʘʟʦʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʤ 

ʤʝʪʦʜʦʤ [ʊʝʢʩʪ] / ʂʦʥʪʨʦʣʴ ʚʦʟʜʫʭʘ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʧʦ ʧʝʨʝʨʘʙʦʪʢʝ ʧʣʘʩʪʤʘʩʩ. 

ʄʝʪʦʜʠʯʝʩʢʠʝ ʫʢʘʟʘʥʠʷ. ï ʄʦʩʢʚʘ, 1985. ï 152 ʩ. 
 

   



ʉʝʢʮʠʷ 11. ʌʠʟʠʯʝʩʢʘʷ, ʥʝʦʨʛʘʥʠʯʝʩʢʘʷ ʠ ʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ ʠ ʭʨʦʤʘʪʦʛʨʘʬʠʷ 

146 

ʋɼʂ 546.3 

ʉʀʅʊɽɿ, ʍʀʄʀʏɽʉʂɸʗ ʉʊʈʋʂʊʋʈɸ ʀ ʇʆɺɽɼɽʅʀɽ ɺ 

ɻʀɼʈʆʊɽʈʄɸʃʔʅʓʍ ʋʉʃʆɺʀʗʍ ʂʆʄʇʃɽʂʉʆɺ ʇʃɸʊʀʅʓ ʀ ʇɸʃʃɸɼʀʗ  

ʆɹʑɽʁ ʌʆʈʄʋʃʓ [ʄ(NH3)4]MoO4 

ʄʦʨʦʟʦʚ ʈ. ɸ., ʊʫʧʠʢʦʚʘ ɽ. ʅ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ɻʠʜʨʦʪʝʨʤʘʣʴʥʳʡ ʩʠʥʪʝʟ ʢʘʢ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʟʘʢʨʳʪʳʭ 

ʩʠʩʪʝʤʘʭ (ʘʚʪʦʢʣʘʚʘʭ) ʠʟ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ 100ÁC ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʧʦʨʦʰʢʦʚ ʤʝʪʘʣʣʦʚ ʦʙʳʯʥʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʝʘʢʮʠʠ ʪʝʨʤʦʣʠʟʘ ʨʘʟʣʠʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ-ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ. ʆʯʝʚʠʜʥʦ, 

ʯʪʦ ʩʚʦʡʩʪʚʘ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʟʘʜʘʶʪʩʷ ʩʦʩʪʘʚʦʤ ʠ ʩʪʨʫʢʪʫʨʦʡ ʠʩʭʦʜʥʦʛʦ ʚʝʱʝʩʪʚʘ. 

ʇʦʵʪʦʤʫ ʧʦʠʩʢ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʧʨʝʚʨʘʱʝʥʠʡ ʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ.  

ʎʝʣʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʘʥʘʣʠʟʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

[M(NH3)4]MoO4 (M = Pt, Pd) ʠ ʧʨʦʚʝʜʝʥʠʝ ʠʩʧʳʪʘʥʠʡ ʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. 

ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʩʦʣʠ [M(NH3)4]MoO4, ʛʜʝ M = Pt, Pd. ʂʦʤʧʣʝʢʩʳ 

ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʦʪʨʘʙʦʪʘʥʥʳʤ ʤʝʪʦʜʦʤ, ʩ ʧʦʤʦʱʴʶ ʨʝʘʢʮʠʠ ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʤʝʞʜʫ 

ʭʣʦʨʠʜʘʤʠ ʘʤʤʠʘʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʤʦʣʠʙʜʘʪʦʤ ʥʘʪʨʠʷ. 

ʈʝʘʢʮʠʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʧʨʦʚʦʜʠʣʠ ʚ ʘʚʪʦʢʣʘʚʝ ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ ʜʦ 190ÁC ʚ ʪʝʯʝʥʠʝ 180 ʤʠʥʫʪ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʢʨʳʪʠʷ ʚ ʥʝʢʦʪʦʨʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʚ ʘʚʪʦʢʣʘʚ ʚʥʦʩʠʣʠ ʧʣʘʩʪʠʥʢʠ ʠʟ ʩʠʪʘʣʣʘ.  

ʉ ʧʦʤʦʱʴʶ ʨʘʩʪʨʦʚʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ Tescan Vega ʩ ʵʥʝʨʛʦ-

ʜʠʩʧʝʨʩʠʦʥʥʳʤ ʤʠʢʨʦʘʥʘʣʠʟʘʪʦʨʦʤ Inga Energy ʙʳʣʠ ʠʟʫʯʝʥʳ ʤʦʨʬʦʣʦʛʠʷ ʠ 

ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ. ʆʧʨʝʜʝʣʝʥ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠʩʭʦʜʥʦʛʦ 

ʨʘʩʪʚʦʨʘ ʢʦʤʧʣʝʢʩʘ ʠ ʧʨʦʜʫʢʪʦʚ ʪʝʨʤʦʣʠʟʘ (ʬʠʣʴʪʨʘʪʘ ʠ ʪʚʝʨʜʦʡ ʬʘʟʳ) ʤʝʪʦʜʦʤ 

ʦʧʪʠʢʦ-ʵʤʠʩʩʠʦʥʥʦʡ ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʩ ʠʥʜʫʢʪʠʚʥʦ ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʦʡ ʥʘ PlasmaQuant 

PQ9000. 
ʇʨʦʜʫʢʪʳ ʨʘʟʣʦʞʝʥʠʷ [Pt(NH3)4]MoO4 ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʨʘʢʪʠʯʝʩʢʠ ʯʠʩʪʫʶ 

ʧʣʘʪʠʥʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʢʦʥʛʣʦʤʝʨʘʪʦʚ ʯʘʩʪʠʮ ʩʬʝʨʠʯʝʩʢʦʡ ʬʦʨʤʳ. ʉʦʜʝʨʞʘʥʠʝ 

ʤʦʣʠʙʜʝʥʘ ʚ ʧʨʦʜʫʢʪʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦ (1,5 ʚʝʩ.%). ɺ ʧʨʦʜʫʢʪʝ ʨʘʟʣʦʞʝʥʠʷ 

[Pt(NH3)4]ʄʦO4 ʥʘ ʩʠʪʘʣʣʝ ʧʦʤʠʤʦ ʩʬʝʨʠʯʝʩʢʠʭ ʯʘʩʪʠʮ ʧʣʘʪʠʥʳ ʥʘʙʣʶʜʘʣʠ 

ʦʙʨʘʟʦʚʘʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʦʢʪʘʵʜʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʨʘʟʤʝʨʦʤ ʧʦʨʷʜʢʘ 6 ʤʢʤ, ʩʦʩʪʦʷʱʠʭ ʠʟ 

ʤʦʣʠʙʜʝʥʘ, ʢʠʩʣʦʨʦʜʘ ʠ ʢʘʣʴʮʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʫʯʝʥʥʳʝ ʨʝʘʢʮʠʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʧʦʢʨʳʪʠʡ ʠʟ ʧʣʘʪʠʥʳ ʠʣʠ ʧʘʣʣʘʜʠʷ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʥʝʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚ ʤʦʣʠʙʜʝʥʘ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ.  

   



ʉʝʢʮʠʷ 11. ʌʠʟʠʯʝʩʢʘʷ, ʥʝʦʨʛʘʥʠʯʝʩʢʘʷ ʠ ʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ ʠ ʭʨʦʤʘʪʦʛʨʘʬʠʷ 
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ʋɼʂ 544.77 

ʇʆʃʋʏɽʅʀɽ ʋʃʔʊɸɼʀʉʇɽʈʉʅʓʍ ʉʀʉʊɽʄ ʄɽʊʆɼʆʄ 

ʉʋɹʂʈʀʊʀʏɽʉʂʆʁ ʕʂʉʊʈɸʂʎʀʀ ʀ ʆʇʈɽɼɽʃɽʅʀɽ ʀʍ ʌɸʂʊʆʈʆɺ 

ʋʉʊʆʁʏʀɺʆʉʊʀ 

ʇʘʚʣʦʚʘ ʃ. ɺ., ʇʣʘʪʦʥʦʚ ʀ. ɸ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ʕʢʩʪʨʘʢʪʳ ʠʟ ʨʘʩʪʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʩʨʝʜʝ ʩʫʙʢʨʠʪʠʯʝʩʢʦʡ ʚʦʜʳ, ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʢʦʣʣʦʠʜʥʳʝ ʨʘʩʪʚʦʨʳ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʚ ʚʦʜʝ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ. ɺ 

ʧʨʦʮʝʩʩʝ ʧʨʦʚʝʜʝʥʠʷ ʩʫʙʢʨʠʪʠʯʝʩʢʦʡ ʵʢʩʪʨʘʢʮʠʠ ʚ ʨʝʘʢʪʦʨʝ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʜʘʚʣʝʥʠʠ ʚʦʜʘ ʤʝʥʷʝʪ ʩʚʦʠ ʩʚʦʡʩʪʚʘ ʠ ʨʘʩʪʚʦʨʷʝʪ ʢʦʤʧʦʥʝʥʪʳ, 

ʥʝʨʘʩʪʚʦʨʠʤʳʝ ʚ ʥʝʡ ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʦʜʥʘʢʦ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʵʢʩʪʨʘʢʪʘ ʠ 

ʧʨʠʚʝʜʝʥʠʠ ʝʛʦ ʢ ʥʦʨʤʘʣʴʥʦʤʫ ʜʘʚʣʝʥʠʶ ʠʩʪʠʥʥʳʡ ʨʘʩʪʚʦʨ ʧʝʨʝʭʦʜʠʪ ʚ ʢʦʣʣʦʠʜ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʠʝ ʚʦʜʥʳʭ ʵʢʩʪʨʘʢʪʦʚ ʚ ʩʫʙʢʨʠʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʤʦʞʥʦ 

ʦʪʥʝʩʪʠ ʢ ʥʘʥʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʘʤ ʦʙʨʘʟʦʚʘʥʠʷ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤ. ɼʣʷ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʩʫʙʢʨʠʪʠʯʝʩʢʠʭ ʵʢʩʪʨʘʢʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʣʫʟʛʫ ʧʣʦʜʦʚ ʨʘʩʪʦʨʦʧʰʠ 

ʧʷʪʥʠʩʪʦʡ ï ʥʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʦʛʦ ʨʘʩʪʝʥʠʷ, ʦʙʣʘʜʘʶʱʝʛʦ ʛʝʧʘʧʨʦʪʝʢʪʦʨʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. ʕʢʩʪʨʘʢʮʠʶ ʩʫʙʢʨʠʪʠʯʝʩʢʦʡ ʚʦʜʦʡ ʧʨʦʚʦʜʠʣʠ ʧʨʠ t = 170ÁC ʜʘʚʣʝʥʠʠ 

5 ʄʧʘ ʚ ʜʠʥʘʤʠʯʝʩʢʦʤ ʨʝʞʠʤʝ. ɼʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʥʝ ʠʟʫʯʘʣʩʷ ʚʦʧʨʦʩ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʚ ʫʩʣʦʚʠʷʭ ʩʫʙʢʨʠʪʠʯʝʩʢʦʡ ʚʦʜʳ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤ 

ʨʘʩʪʦʨʦʧʰʠ ʧʷʪʥʠʩʪʦʡ. ʂʨʦʤʝ ʵʪʦʛʦ ʥʝʠʟʚʝʩʪʥʦ, ʢʘʢ ʧʦʚʝʜʝʪ ʩʝʙʷ ʢʦʣʣʦʠʜʥʳʡ ʨʘʩʪʚʦʨ 

ʧʨʠ ʩʤʝʰʠʚʘʥʠʠ, ʥʘʧʨʠʤʝʨ ʩ ʷʙʣʦʯʥʳʤ ʠʣʠ ʜʨʫʛʠʤ ʩʦʢʦʤ ʠʣʠ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʢ 

ʜʨʫʛʠʤ ʧʨʦʜʫʢʪʘʤ ʧʠʪʘʥʠʷ. 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʵʢʩʪʨʘʢʪʘ ʨʘʩʪʦʨʦʧʰʠ ʧʷʪʥʠʩʪʦʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʩʫʙʢʨʠʪʠʯʝʩʢʠʡ ʵʢʩʪʨʘʢʪ ʩʪʘʙʠʣʝʥ ʪʦʣʴʢʦ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ,  ʘ ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʢ ʘʛʨʝʛʘʮʠʠ ʯʘʩʪʠʮ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʢʦʨʦʩʪʴ ʘʛʨʝʛʘʮʠʠ ʜʘʥʥʦʡ 

ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʦʡ ʩʠʩʪʝʤʳ ʤʘʣʘ, ʢʦʣʣʦʠʜʥʳʡ ʨʘʩʪʚʦʨ ʥʝ ʧʨʝʪʝʨʧʝʚʘʝʪ ʠʟʤʝʥʝʥʠʡ ʚ 

ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʝʛʦ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʫʩʣʦʚʥʦ ʢʠʥʝʪʠʯʝʩʢʠ 

ʫʩʪʦʡʯʠʚʳʤ (ʤʝʪʘʩʪʘʙʠʣʴʥʳʤ). ʆʧʨʝʜʝʣʝʥʠʝ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʧʨʦʚʦʜʠʣʦʩʴ 

ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʚ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ ʧʦʣʝ, ʠʩʭʦʜʷ ʠʟ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ 

ʩʬʝʨʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʯʘʩʪʠʮ, ʘ ʪʘʢʞʝ ʩ ʧʦʤʦʱʴʶ ʦʧʪʠʯʝʩʢʦʛʦ 

ʤʠʢʨʦʩʢʦʧʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʣʣʦʠʜʥʘʷ ʩʠʩʪʝʤʘ ʩʫʙʢʨʠʪʠʯʝʩʢʦʛʦ ʵʢʩʪʨʘʢʪʘ 

ʨʘʩʪʦʨʦʧʰʠ ʧʷʪʥʠʩʪʦʡ ʷʚʣʷʝʪʩʷ ʧʦʣʠʜʠʩʧʝʨʩʥʦʡ. ʈʘʟʤʝʨ ʯʘʩʪʠʮ, ʨʘʩʩʯʠʪʘʥʥʳʡ ʧʦ 

ʫʨʘʚʥʝʥʠʶ ʉʪʦʢʩʘ, ʢʦʣʝʙʣʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 0,68õ10 ʤʢʤ.  
ɼʣʷ ʙʦʣʝʝ ʪʦʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʵʢʩʪʨʘʢʪʘ, ʘ ʪʘʢʞʝ ʠʟʫʯʝʥʠʷ 

ʠʟʤʝʥʝʥʠʷ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʘʜʠʠ ʧʨʦʮʝʩʩʘ, ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 

ʧʦʬʨʘʢʮʠʦʥʥʦʝ ʠʟʤʝʨʝʥʠʝ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ ʤʝʪʦʜʦʤ ʦʧʪʠʯʝʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʛʦʚʦʨʷʪ ʦ ʪʦʤ, ʯʪʦ ʜʠʩʧʝʨʩʥʦʩʪʴ ʩʠʩʪʝʤʳ ʤʝʥʷʝʪʩʷ ʚ ʪʝʯʝʥʠʝ 

ʧʨʦʮʝʩʩʘ ʵʢʩʪʨʘʢʮʠʠ, ʧʨʠ ʵʪʦʤ ʨʘʟʤʝʨʳ ʯʘʩʪʠʮ ʫʤʝʥʴʰʘʶʪʩʷ ʢ ʢʦʥʮʫ ʧʨʦʮʝʩʩʘ 

ʵʢʩʪʨʘʢʮʠʠ, ʘ ʪʘʢʞʝ ʩʫʞʘʝʪʩʷ ʜʠʘʧʘʟʦʥ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ, ʯʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ 

ʠʩʪʦʱʝʥʠʝʤ ʩʳʨʴʷ ʢ ʢʦʥʮʫ ʧʨʦʮʝʩʩʘ. 
ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʫʩʣʦʚʠʡ ʧʦʣʫʯʝʥʠʷ ʷʙʣʦʯʥʦʛʦ ʩʦʢʘ, ʦʙʦʛʘʱʝʥʥʦʛʦ 

ʵʢʩʪʨʘʢʪʦʤ ʨʘʩʪʦʨʦʧʰʠ ʧʷʪʥʠʩʪʦʡ, ʩʪʘʙʠʣʴʥʦʩʪʴ ʩʫʙʢʨʠʪʠʯʝʩʢʠʭ ʵʢʩʪʨʘʢʪʦʚ ʠʟʫʯʘʣʘʩʴ 

ʥʘ ʤʦʜʝʣʴʥʳʭ ʨʘʩʪʚʦʨʘʭ ʷʙʣʦʯʥʦʛʦ ʧʝʢʪʠʥʘ, ʩʘʭʘʨʘ ʠ ʷʥʪʘʨʥʦʡ ʢʠʩʣʦʪʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʠʭ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʨʝʘʣʴʥʦʤ ʷʙʣʦʯʥʦʡ ʩʦʢʝ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʢ 

ʤʦʜʝʣʴʥʦʤʫ ʨʘʩʪʚʦʨʫ ʷʙʣʦʯʥʦʛʦ ʩʦʢʘ ʩʫʙʢʨʠʪʠʯʝʩʢʦʛʦ ʵʢʩʪʨʘʢʪʘ ʨʘʩʪʦʨʦʧʰʠ 

ʧʷʪʥʠʩʪʦʡ, ʥʘʠʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʤʠ ʦʢʘʟʘʣʠʩʴ ʨʘʩʪʚʦʨʳ ʩ ʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʢʠʩʣʦʪʳ ʠ ʧʝʢʪʠʥʘ.   
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ʋɼʂ 543.42 

ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʀʂ-ʌʋʈʔɽ ʉʇɽʂʊʈʆʄɽʊʈʀʀ 

ɺ ʂʆʅʊʈʆʃɽ ʂɸʏɽʉʊɺɸ ʊɸɹʃɽʊʆʂ çɹʀʉʆʇʈʆʃʆʃè 

ʇʠʨʦʞʢʦʚ ʇ. ɸ., ʈʝʜʴʢʠʥ ʅ. ɸ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ʂʘʯʝʩʪʚʦ ʧʨʠʤʝʥʷʝʤʦʛʦ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪ ʝʛʦ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ. ʇʨʝʚʳʰʝʥʠʝ ʠ ʟʘʥʠʞʝʥʠʝ ʨʝʛʣʘʤʝʥʪʠʨʫʝʤʦʡ 

ʜʦʟʠʨʦʚʢʠ ʷʚʣʷʝʪʩʷ ʥʝʞʝʣʘʪʝʣʴʥʳʤ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʨʳʥʢʝ ʣʝʢʘʨʩʪʚʝʥʥʳʭ 

ʧʨʝʧʘʨʘʪʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʥʝʢʘʯʝʩʪʚʝʥʥʳʭ ʠ ʧʦʜʜʝʣʴʥʳʭ ʩʨʝʜʩʪʚ, 

ʧʨʠʯʝʤ ʬʘʣʴʩʠʬʠʮʠʨʫʶʪʩʷ ʥʘ ʪʦʣʴʢʦ ʜʦʨʦʛʦʩʪʦʷʱʠʝ ʣʝʢʘʨʩʪʚʘ, ʥʦ ʠ ʧʦʧʫʣʷʨʥʳʝ 

ʜʝʰʝʚʳʝ ʧʨʝʧʘʨʘʪʳ. 

ɸʥʘʣʠʟ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʨʝʛʣʘʤʝʥʪʠʨʫʝʪʩʷ ʬʘʨʤʘʢʦʧʝʡʥʳʤʠ 

ʩʪʘʪʴʷʤʠ, ʚʭʦʜʷʱʠʤʠ ʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʫʶ ʬʘʨʤʘʢʦʧʝʶ ʈʦʩʩʠʠ [1], ʘ ʪʘʢʞʝ ʯʘʩʪʥʳʤʠ 

ʬʘʨʤʘʢʦʧʝʡʥʳʤʠ ʩʪʘʪʴʷʤʠ ʠ ʬʘʨʤʘʢʦʧʝʡʥʳʤʠ ʩʪʘʪʴʷʤʠ ʧʨʝʜʧʨʠʷʪʠʡ. ɼʣʷ ʘʥʘʣʠʟʘ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ ʧʨʠʤʝʥʷʶʪ ʨʘʟʣʠʯʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ: ʛʨʘʚʠʤʝʪʨʠʷ, 

ʪʠʪʨʠʤʝʪʨʠʷ; ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ: ʦʧʪʠʯʝʩʢʠʝ (ʗʄʈ, ʇʄʈ, ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʷ), 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ (ʧʦʪʝʥʮʠʦʤʝʪʨʠʷ, ʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʦʝ ʪʠʪʨʦʚʘʥʠʝ, ʧʦʣʷʨʦʛʨʘʬʠʷ) 

ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ, ʭʨʦʤʘʪʦʛʨʘʬʠʷ, ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ, ʵʣʝʢʪʨʦʬʦʨʝʟ [2, 3]. 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʩʫʱʝʩʪʚʫʝʪ ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ ʧʨʠʤʝʨʦʚ ʧʨʠʤʝʥʝʥʠʷ ʀʂ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʚ ʘʥʘʣʠʟʝ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ [4, 5]. ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʤʝʪʦʜʘ 

ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʘʥʘʣʠʟʘ ʙʝʟ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ, ʨʘʟʨʫʰʝʥʠʷ ʦʙʨʘʟʮʘ, 

ʵʢʩʧʨʝʩʩʥʦʩʪʴ [6]. ʆʜʥʘʢʦ, ʨʘʥʝʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʙʠʩʦʧʨʦʣʦʣʘ ʬʫʤʘʨʘʪʘ ʚ 

ʪʘʙʣʝʪʠʨʦʚʘʥʥʳʭ ʬʦʨʤʘʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʵʪʦʪ ʤʝʪʦʜ ʥʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ. 

ɹʠʩʦʧʨʦʣʦʣ ʷʚʣʷʝʪʩʷ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʤ ʧʨʝʧʘʨʘʪʦʤ. ʆʥ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʩʥʠʞʝʥʠʶ ʘʨʪʝʨʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʥʦʨʤʘʣʠʟʫʝʪ ʨʘʙʦʪʫ ʩʝʨʜʮʘ, ʩʥʠʞʘʝʪ ʢʠʩʣʦʨʦʜʥʫʶ 

ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴ ʠ ʚʣʠʷʥʠʝ ʠʰʝʤʠʯʝʩʢʦʡ ʙʦʣʝʟʥʠ ʩʝʨʜʮʘ. ɹʠʩʦʧʨʦʣʦʣ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥ, ʯʪʦ ʜʝʣʘʝʪ ʨʘʟʨʘʙʦʪʢʫ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʝʛʦ ʘʥʘʣʠʟʘ ʘʢʪʫʘʣʴʥʳʤ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʠ ʚʘʣʠʜʘʮʠʠ ʤʝʪʦʜʠʢʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʙʠʩʦʧʨʦʣʦʣʘ ʬʫʤʘʨʘʪʘ ʚ ʪʘʙʣʝʪʠʨʦʚʘʥʥʳʭ ʧʨʝʧʘʨʘʪʘʭ 

çɹʠʩʦʧʨʦʣʦʣè ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʬʫʤʘʨʘʪʘ ʙʠʩʦʧʨʦʣʦʣʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ ʘʙʩʦʣʶʪʥʦʡ 

ʛʨʘʜʫʠʨʦʚʢʠ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʩʪʘʥʜʘʨʪʥʳʭ ʦʙʨʘʟʮʦʚ ʥʘʚʝʩʢʫ ʚʝʱʝʩʪʚʘ ʨʘʩʪʚʦʨʷʣʠ ʚ 

ʩʧʠʨʪʝ, ʦʪʙʠʨʘʣʠ ʥʝʦʙʭʦʜʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʠʢʨʦʧʠʧʝʪʢʦʡ, ʚʳʧʘʨʠʚʘʣʠ ʠ ʧʝʨʝʪʠʨʘʣʠ ʩ 

ʙʨʦʤʠʜʦʤ ʢʘʣʠʷ. ɼʝʡʩʪʚʫʶʱʝʝ ʚʝʱʝʩʪʚʦ ʠʟʚʣʝʢʘʣʠ ʠʟ ʪʘʙʣʝʪʦʢ ʩ ʧʦʤʦʱʴʶ ʵʢʩʪʨʘʢʮʠʠ 

ʵʪʠʣʦʚʳʤ ʩʧʠʨʪʦʤ, ʘ ʟʘʪʝʤ ʧʨʦʚʦʜʠʣʠ ʪʫ ʞʝ ʧʨʦʮʝʜʫʨʫ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ, ʯʪʦ ʠ ʜʣʷ 

ʩʪʘʥʜʘʨʪʦʚ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʚʘʣʠʜʘʮʠʠ ʤʝʪʦʜʠʢʠ ʚʘʨʴʠʨʦʚʘʣʠ ʫʩʣʦʚʠʷ ʵʢʩʪʨʘʢʮʠʠ 

ʧʨʝʧʘʨʘʪʘ ʠʟ ʪʘʙʣʝʪʦʢ (ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʚʨʝʤʷ ʨʘʩʪʚʦʨʝʥʠʷ, ʚʦʟʜʝʡʩʪʚʠʝ 

ʫʣʴʪʨʘʟʚʫʢʦʤ), ʩʧʦʩʦʙʳ ʟʘʧʠʩʠ ʀʂ ʩʧʝʢʪʨʦʚ, ʘ ʪʘʢʞʝ ʪʘʙʣʝʪʢʠ ʙʠʩʦʧʨʦʣʦʣʘ ʥʝʩʢʦʣʴʢʠʭ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʜʣʷ ʘʥʘʣʠʟʘ ʪʘʙʣʝʪʦʢ ʙʠʩʦʧʨʦʣʦʣʘ. 
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ɸɺʊʆʂʃɸɺʅʓʁ ʊɽʈʄʆʃʀɿ 

ʊɽʊʈɸʍʃʆʈʇʃɸʊʀʅɸʊ (II) ʊɽʊʈɸɸʄʄʀʅʇɸʃʃɸɼʀʗ (II) 

ʉʪʘʨʠʢʦʚʘ ʖ. ɺ., ɸʙʨʦʩʠʤʦʚʘ ɽ. ɸ., ʊʫʧʠʢʦʚʘ ɽ. ʅ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ɼʚʦʡʥʳʝ ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʣʠ (ɼʂʉ), ʩʦʜʝʨʞʘʱʠʝ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʢʦʤʧʣʝʢʩʥʳʡ 

ʢʘʪʠʦʥ ʦʜʥʦʛʦ ʤʝʪʘʣʣʘ ʠ ʢʦʤʧʣʝʢʩʥʳʡ ʘʥʠʦʥ ʜʨʫʛʦʛʦ ʤʝʪʘʣʣʘ, ʷʚʣʷʶʪʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ-ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤʠ ʨʘʟʣʠʯʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. ʆʩʥʦʚʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʦʥʠ ʥʘʭʦʜʷʪ ʢʘʢ ʢʘʪʘʣʠʟʘʪʦʨʳ ʨʘʟʣʠʯʥʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʤʘʛʥʠʪʥʳʝ, ʦʧʪʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʠ ʜʨ. ɼʚʦʡʥʳʝ ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʣʠ 

ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

ʎʝʣʴ ʨʘʙʦʪʳ ʩʦʩʪʦʷʣʘ ʚ ʠʟʫʯʝʥʠʠ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʡ ʜʚʦʡʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʪʝʪʨʘʭʣʦʨʦʧʣʘʪʠʥʘʪ (II) ʪʝʪʨʘʘʤʤʠʥʧʘʣʣʘʜʠʷ (II), ʧʨʦʪʝʢʘʶʱʝʛʦ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ 

ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʚ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʘʚʪʦʢʣʘʚʥʳʭ ʫʩʣʦʚʠʷʭ. 

ɼʚʦʡʥʦʡ ʢʦʤʧʣʝʢʩ ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʨʝʘʢʮʠʝʡ ʦʙʤʝʥʘ ʪʝʪʨʘʭʣʦʨʦʧʣʘʪʠʥʘʪʘ (II) 

ʢʘʣʠʷ ʠ ʭʣʦʨʠʜʘ ʪʝʪʨʘʘʤʤʠʥʧʘʣʣʘʜʠʷ (II). ʈʘʟʣʦʞʝʥʠʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

[Pd(NH3)4] [PtCl4] ʧʨʦʚʦʜʠʣʠ ʚ ʘʚʪʦʢʣʘʚʘʭ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 190Áʉ 

ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʚ ʪʝʯʝʥʠʝ 3 ʯʘʩʦʚ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʠʟ ʨʘʩʪʚʦʨʦʚ 

ʫʜʘʣʷʣʠ ʨʘʩʪʚʦʨʝʥʥʳʡ ʢʠʩʣʦʨʦʜ. 

ʀʩʭʦʜʥʳʡ ʢʦʤʧʣʝʢʩ ʠ ʧʨʦʜʫʢʪʳ ʝʛʦ ʨʘʟʣʦʞʝʥʠʷ ʙʳʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ 

ʤʝʪʦʜʘʤʠ ʨʘʩʪʨʦʚʦ-ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʩ EDX ʘʥʘʣʠʟʦʤ, ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, 

ʦʧʪʠʢʦ-ʵʤʠʩʩʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ ʩ ʠʥʜʫʢʪʠʚʥʦ ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʦʡ. ʊʘʢʞʝ 

ʦʧʨʝʜʝʣʠʣʠ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʜʘʥʥʦʡ ʢʦʤʧʣʝʢʩʥʦʡ ʩʦʣʠ. 

ʇʦ ʜʘʥʥʳʤ ʘʥʘʣʠʟʘ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʯʘʩʪʠʮʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʤʝʪʘʣʣʠʯʝʩʢʠʝ Pt ʠ Pd. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʵʪʠʭ ʤʝʪʘʣʣʦʚ ʚ ʨʘʟʥʳʭ ʪʦʯʢʘʭ ʧʦʚʝʨʭʥʦʩʪʠ 

ʥʝʨʘʚʥʦʤʝʨʥʦ. ʆʙʱʠʡ ʩʧʝʢʪʨ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ Pt ʚ 2 ʨʘʟʘ ʙʦʣʴʰʝ Pd. ʊʦʛʜʘ 

ʢʘʢ ʧʦ ʜʘʥʥʳʤ ʆʕʉ-ʀʉʇ ʤʝʪʘʣʣʳ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʧʦʣʥʦʩʪʴʶ. ɼʘʥʥʳʡ ʬʘʢʪ ʤʦʞʥʦ 

ʦʙʲʷʩʥʠʪʴ ʧʦʩʣʦʡʥʳʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʤʝʪʘʣʣʦʚ.   
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ʇʆʀʉʂ ʅʆɺʓʍ ʊɺɽʈɼʆʊɽʃʔʅʓʍ ʍʀʄʀʏɽʉʂʀʍ 

ʉɽʈɽɹʈʆʉʆɼɽʈɾɸʑʀʍ ʀʉʊʆʏʅʀʂʆɺ ʊʆʂɸ ʇʈʀ ʇʆʄʆʑʀ 

ɻɽʆʄɽʊʈʀʂʆ-ʊʆʇʆʃʆɻʀʏɽʉʂʆɻʆ ɸʅɸʃʀɿɸ 

ʊʠʤʦʬʝʝʚʘ ɽ. ɸ., ɹʣʘʪʦʚ ɺ. ɸ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʧʨʠʚʣʝʢʘʶʪ ʥʦʚʳʝ ʪʚʝʨʜʦʪʝʣʴʥʳʝ 

ʠʦʥʧʨʦʚʦʜʷʱʠʝ ʤʘʪʝʨʠʘʣʳ ʩ ʚʳʩʦʢʦʡ ʠʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ, ʥʘʟʳʚʘʶʱʠʝʩʷ 

ʩʫʧʝʨʠʦʥʥʳʤʠ ʧʨʦʚʦʜʥʠʢʘʤʠ ʠʣʠ ʪʚʸʨʜʳʤʠ ʵʣʝʢʪʨʦʣʠʪʘʤʠ (ʊʕʃ). ʉʝʡʯʘʩ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʣʠʪʠʝʚʳʭ ʊʕʃ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʟʥʘʯʠʪʝʣʴʥʳʤ ʫʜʦʨʦʞʘʥʠʝʤ ʵʪʦʛʦ 

ʱʝʣʦʯʥʦʛʦ ʤʝʪʘʣʣʘ, ʚʳʟʚʘʥʥʳʤ ʠʩʪʦʱʝʥʠʝʤ ʝʛʦ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ. ʀ ʥʦʚʦʡ ʟʘʜʘʯʝʡ 

ʜʣʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʩʪʘʥʦʚʠʪʩʷ ʧʦʠʩʢ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʢʘʪʠʦʥ-

ʧʨʦʚʦʜʷʱʠʭ ʊʕʃ (ʢ ʧʨʠʤʝʨʫ, ʥʘʪʨʠʡ-ʧʨʦʚʦʜʷʱʠʭ ʊʕʃ [1]), ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʵʣʝʢʪʨʦʥʠʢʝ, ʚ ʩʦʟʜʘʥʠʠ ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ ʠ ʵʣʝʢʪʨʦʣʸʪʦʚ, ʪʦʧʣʠʚʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʚ ʨʘʟʨʘʙʦʪʢʝ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʟʝʣʸʥʦʡ ʭʠʤʠʠ. ɺ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʧʦʠʩʢ ʥʦʚʳʭ ʊʕʃ ʩʨʝʜʠ ʩʝʨʝʙʨʦ- ʠ ʩʝʨʫ-, ʠʣʠ ʩʝʣʝʥʩʦʜʝʨʞʘʱʠʭ 

ʪʨʦʡʥʳʭ ʠ ʯʝʪʚʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙʳ ʩʪʘʪʴ ʦʜʥʦʡ ʠʟ ʫʜʘʯʥʳʭ ʟʘʤʝʥ 

ʣʠʪʠʝʚʳʭ ʊʕʃ. ʂʨʦʤʝ ʪʦʛʦ, ʯʠʩʪʳʡ ʩʫʣʴʬʠʜ ʩʝʨʝʙʨʘ (I) ʫʞʝ ʥʘʭʦʜʠʣ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʢʘʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪʘ ʊʕʃ, ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ [2]. ɼʣʷ Ag3SI ʙʳʣʦ 

ʥʘʡʜʝʥʦ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ ʧʨʦʚʦʜʠʤʦʩʪʠ [3], ʯʪʦ ʜʝʣʘʝʪ ʧʦʠʩʢ ʩʨʝʜʠ 

ʩʦʝʜʠʥʝʥʠʡ ʜʘʥʥʦʛʦ ʩʦʩʪʘʚʘ ʤʥʦʛʦʦʙʝʱʘʶʱʠʤ.  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʦʠʟʚʝʜʸʥ ʘʥʘʣʠʟ ʩʦʝʜʠʥʝʥʠʡ ʩʦʩʪʘʚʘ AgaS(Se)bXc 

AgdS(Se)eZfYg, ʛʜʝ ʍ, Y, Z ï ʣʶʙʦʡ ʭʠʤʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪ, ʢʨʦʤʝ ʚʦʜʦʨʦʜʘ, ʜʝʡʪʝʨʠʷ, 

ʢʠʩʣʦʨʦʜʘ, ʛʘʣʦʛʝʥʦʚ, ʱʝʣʦʯʥʳʭ ʠ ʱʝʣʦʯʥʦ-ʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ. ɼʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 

ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʠʟ ɹʘʟʳ ɼʘʥʥʳʭ ʅʝʦʨʛʘʥʠʯʝʩʢʠʭ ʉʦʝʜʠʥʝʥʠʡ (ɹɼʅʉ, ʚʝʨʩʠʷ 2016/1 

[4]). ɺ ʘʥʘʣʠʟʝ ʥʝ ʧʨʠʥʠʤʘʣʠʩʴ ʚʦ ʚʥʠʤʘʥʠʝ ʩʦʝʜʠʥʝʥʠʷ ʩʦ ʩʤʝʰʘʥʥʦʡ ʟʘʩʝʣʝʥʥʦʩʪʴʶ 

ʧʦʟʠʮʠʡ ʘʪʦʤʦʚ ʩʝʨʝʙʨʘ, ʪ.ʝ. ʦʙʣʘʜʘʶʱʠʝ ʩʤʝʰʘʥʥʦʡ ʠʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ.  

ʂ ʦʪʦʙʨʘʥʥʳʤ ʩʦʝʜʠʥʝʥʠʷʤ ʙʳʣ ʧʨʠʤʝʥʝʥ ʛʝʦʤʝʪʨʠʢʦ-ʪʦʧʦʣʦʛʠʯʝʩʢʠʡ ʧʦʜʭʦʜ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʤʝʪʦʜʝ ʨʘʟʙʠʝʥʠʷ ɺʦʨʦʥʦʛʦ-ɼʠʨʠʭʣʝ [5] ʠ ʜʘʶʱʠʡ ʩʠʩʪʝʤʫ ʧʫʩʪʦʪ ʠ 

ʢʘʥʘʣʦʚ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʢʘʨʪʫ ʤʠʛʨʘʮʠʠ, ʧʦ ʢʦʪʦʨʦʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʦʥʥʳʡ ʧʝʨʝʥʦʩ. 

ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʪʘʢʠʭ ʧʦʥʷʪʠʷʭ ʢʘʢ ʵʣʝʤʝʥʪʘʨʥʘʷ ʧʫʩʪʦʪʘ, ʠ 

ʵʣʝʤʝʥʪʘʨʥʳʡ ʢʘʥʘʣ. ʕʣʝʤʝʥʪʘʨʥʘʷ ʧʫʩʪʦʪʘ ï ʦʙʣʘʩʪʴ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, 

ʮʝʥʪʨʦʤ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʦʜʥʘ ʠʟ ʚʝʨʰʠʥ ʧʦʣʠʵʜʨʘ ɺʦʨʦʥʦʛʦ-ɼʠʨʠʭʣʝ (ʇɺɼ), ʘ 

ʦʪʨʝʟʦʢ, ʩʦʝʜʠʥʷʶʱʠʡ ʜʚʝ ʵʣʝʤʝʥʪʘʨʥʳʝ ʧʫʩʪʦʪʳ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʣʝʤʝʥʪʘʨʥʳʡ 

ʢʘʥʘʣ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʦʜʥʦʤʫ ʠʟ ʨʸʙʝʨ ʇɺɼ. ʅʝ ʚʩʝ ʵʣʝʤʝʥʪʘʨʥʳʝ ʧʫʩʪʦʪʳ ʠ ʢʘʥʘʣʳ 

ʷʚʣʷʶʪʩʷ ʟʥʘʯʠʤʳʤʠ, ʪ.ʝ. ʜʦʩʪʫʧʥʳʤʠ ʜʣʷ ʤʠʛʨʘʮʠʠ ʢʦʥʢʨʝʪʥʦʛʦ ʠʦʥʘ ï ʚ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʩʝʨʝʙʨʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʩʪʠ ʧʘʨʘʤʝʪʨʳ çʟʥʘʯʠʤʦʩʪʠè, ʢʦʪʦʨʳʤʠ 

ʷʚʣʷʶʪʩʷ ʨʘʜʠʫʩ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʢʘʥʘʣʘ (Rad) ʠ ʨʘʜʠʫʩ ʵʣʝʤʝʥʪʘʨʥʦʡ ʧʫʩʪʦʪʳ (Rsd) ʜʣʷ 

ʜʘʥʥʦʡ ʛʨʫʧʧʳ ʩʦʝʜʠʥʝʥʠʡ:  

Rad > 2.3 ¡; 

ɼʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ:  

Rad = ɔĬ(RAg+RS(Se)), 

ʛʜʝ Ὓ ï ʢʦʬɻʬʠʮʠʝʥʪ ʜʝʬʦʨʤʘʮʠʠ, ʫʯʠʪʳʚʘʶʱʠʡ ʚʦʟʤʦʞʥʫʶ ʧʦʣʷʨʠʟʘʮʠʶ 

(ʜʝʬʦʨʤʘʮʠʶ) ʠʦʥʦʚ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʠʭ ʯʝʨʝʟ ʢʘʥʘʣ, ʠ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʛʨʫʧʧʳ 
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ʩʦʝʜʠʥʝʥʠʡ ʦʥ ʧʨʠʥʷʪ ʨʘʚʥʳʤ 0.9; R ï ʨʘʜʠʫʩʳ ʧʦ ʉʣʝʡʪʝʨʫ ʜʣʷ ʘʪʦʤʦʚ ʩʝʨʝʙʨʘ, ʩʝʨʳ 

(ʩʝʣʝʥʘ).  

Rsd (ʨʘʜʠʫʩ ʵʣʝʤʝʥʪʘʨʥʦʡ ʧʫʩʪʦʪʳ/ʩʬʝʨʠʯʝʩʢʦʛʦ ʜʦʤʝʥʘ) > 0.16 ʥʤ; 

Rsd ï ʨʘʜʠʫʩ ʩʬʝʨʳ, ʦʙʲʸʤ ʢʦʪʦʨʦʡ ʵʢʚʠʚʘʣʝʥʪʝʥ ʦʙʲʸʤʫ ʧʫʩʪʦʪʳ, ʪ.ʝ. ʦʥ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʨʘʜʠʫʩʫ ʘʪʦʤʘ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʧʦʤʝʱʸʥ ʚ ʜʘʥʥʫʶ ʧʫʩʪʦʪʫ ʩ ʫʯʸʪʦʤ ʚʦʟʜʝʡʩʪʚʠʷ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʣʷ. ʅʘʭʦʞʜʝʥʠʝ ʫʢʘʟʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʸʤ 

ʢʘʣʠʙʨʦʚʢʠ ʧʦ ʫʞʝ ʠʟʚʝʩʪʥʳʤ ʊʕʃ ʜʘʥʥʦʛʦ ʩʦʩʪʘʚʘ. 

ʇʨʠ ʧʦʤʦʱʠ ʫʢʘʟʘʥʥʳʭ ʢʨʠʪʝʨʠʝʚ ʥʘʤʠ ʧʨʦʚʝʜʝʥ ʦʪʙʦʨ ʟʥʘʯʠʤʳʭ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʫʩʪʦʪ ʠ ʟʥʘʯʠʤʳʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʢʘʥʘʣʦʚ, ʬʦʨʤʠʨʫʶʱʠʭ ʦʧʨʝʜʝʣʸʥʥʫʶ 

ʢʘʨʪʫ ʤʠʛʨʘʮʠʠ (1D-, 2D- ʣʠʙʦ 3D-), ʥʘʣʠʯʠʝ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʠʤ 

ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʠʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʩʦʝʜʠʥʝʥʠʷ. ʆʧʨʝʜʝʣʝʥʠʝ ʨʘʟʤʝʨʥʦʩʪʝʡ ʢʘʨʪ 

ʤʠʛʨʘʮʠʠ ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʳ ADS, ʷʚʣʷʶʱʝʡʩʷ ʯʘʩʪʴʶ ʧʘʢʝʪʘ 

ToposPro [6].  

 
ʈʠʩ. 1. 1D ʧʫʪʴ ʤʠʛʨʘʮʠʠ ʚ ʩʪʨʫʢʪʫʨʝ AgMo3Se3 (ʚ ʚʠʜʝ ʮʝʧʦʯʝʢ), 2D ʧʫʪʴ ʤʠʛʨʘʮʠʠ ʚ 

ʩʪʨʫʢʪʫʨʝ Ag0.25NbS2 (ʚ ʚʠʜʝ ʩʣʦʸʚ), 3D ʧʫʪʴ ʤʠʛʨʘʮʠʠ ʚ ʩʪʨʫʢʪʫʨʝ Ag0.9Y0.9Zr1.1S4 (ʚ ʚʠʜʝ 

ʢʘʨʢʘʩʘ), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʚʳʷʚʣʝʥʦ 184 ʩʦʝʜʠʥʝʥʠʷ, ʛʝʦʤʝʪʨʠʷ 

ʢʦʪʦʨʳʭ ʜʦʧʫʩʢʘʝʪ ʩʚʦʙʦʜʥʫʶ ʤʠʛʨʘʮʠʶ ʢʘʪʠʦʥʦʚ ʩʝʨʝʙʨʘ. ʀʟ ʥʠʭ 154 ʩʦʝʜʠʥʝʥʠʷ 

ʷʚʣʷʶʪʩʷ ʫʞʝ ʠʟʚʝʩʪʥʳʤʠ ʊʕʃ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 23 ʩʝʨʫ- ʠ 7 ʩʝʣʝʥ-ʩʦʜʝʨʞʘʱʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʩʝʨʝʙʨʦʧʨʦʚʦʜʷʱʠʭ ʊʕʃ.  
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ʋɼʂ 546.06 

ʌɸɿʆɺʓɽ ʈɸɺʅʆɺɽʉʀʗ ɺ ʊʈɽʍʂʆʄʇʆʅɽʅʊʅʓʍ ʉʆʃɽɺʓʍ ʉʀʉʊɽʄɸʍ 

LiBr -Li 2CO3-Li 2SO4 ʠ LiF-Li 2CO3-Li 2SO4 

ʌʠʥʦʛʝʥʦʚ ɸ. ɸ., ʌʨʦʣʦʚ ɽ. ʀ. 

ʉʘʤʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʉʘʤʘʨʘ 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʦʩʴ ʠʟʫʯʝʥʠʝ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʳʭ ʩʦʣʝʚʳʭ ʩʠʩʪʝʤ 

LiF-Li 2CO3-Li 2SO4 ʠ LiBr-Li 2CO3-Li 2SO4 ʤʝʪʦʜʦʤ ɼʊɸ [1] ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʘʚʘ ʠ 

ʪʝʤʧʝʨʘʪʫʨ ʥʦʥʚʘʨʠʘʥʪʥʳʭ ʪʦʯʝʢ. ɺʩʝ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʝ ʩʠʩʪʝʤʳ: LiF-Li 2CO3, 

LiF-Li 2SO4, Li 2CO3-Li 2SO4, LiBr-Li 2SO4, LiBr -Li 2CO3 ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʨʘʥʝʝ [2-6]. 

ʇʝʨʝʜ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤ, ʙʳʣʠ ʧʨʦʚʝʨʝʥʳ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʣʘʚʣʝʥʠʷ ʠ ʩʦʩʪʘʚʳ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʭ ʵʚʪʝʢʪʠʢ, ʧʦ ʩʠʩʪʝʤʘʤ LiF-Li 2CO3, 

Li 2CO3-Li 2SO4, LiBr-Li 2CO3 ʥʘʙʣʶʜʘʣʠʩʴ ʨʘʩʭʦʞʜʝʥʠʷ ʩ ʜʘʥʥʳʤʠ ʣʠʪʝʨʘʪʫʨʳ ʠ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʢʘʟʘʥʥʳʭ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʘʚʪʦʨʘʤʠ. ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʥʘʭʦʞʜʝʥʠʷ ʩʦʩʪʘʚʦʚ 

ʠ ʪʝʤʧʝʨʘʪʫʨ ʪʨʦʡʥʳʭ ʥʦʥʚʘʨʠʘʥʪʥʳʭ (ʵʚʪʝʢʪʠʯʝʩʢʠʭ) ʪʦʯʝʢ ʚ ʩʠʩʪʝʤʘʭ 

LiF-Li 2CO3-Li 2SO4 ʠ LiBr-Li 2CO3-Li 2SO4 ʚʳʙʨʘʥʳ ʧʦʣʠʪʝʨʤʠʯʝʩʢʠʝ ʨʘʟʨʝʟʳ PL ʠ FZ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩ. 1, 2). 

 

 
ʈʠʩ. 1. ʊʨʝʫʛʦʣʴʥʠʢ ʩʦʩʪʘʚʦʚ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ ʩʠʩʪʝʤʳ LiF-Li2CO3-Li2SO4 ʩ 

ʥʘʥʝʩʝʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʦʛʨʘʥʝʥʠʷ ʠ ʧʦʣʠʪʝʨʤʠʯʝʩʢʠʤ ʨʘʟʨʝʟʦʤ PL 
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ʈʠʩ. 2. ʊʨʝʫʛʦʣʴʥʠʢ ʩʦʩʪʘʚʦʚ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ ʩʠʩʪʝʤʳ LiBr-Li2CO3-Li2SO4 ʩ 

ʥʘʥʝʩʝʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʦʛʨʘʥʝʥʠʷ ʠ ʧʦʣʠʪʝʨʤʠʯʝʩʢʠʤ ʨʘʟʨʝʟʦʤ FZ 
 

ʇʦʩʣʝ ʥʘʭʦʞʜʝʥʠʷ ʩʦʦʪʥʦʰʝʥʠʡ ʢʦʤʧʦʥʝʥʪʦʚ Li 2CO3:Li 2SO4 (ʜʣʷ ʩʠʩʪʝʤʳ 

LiF-Li 2CO3-Li 2SO4) ʠ LiBr:Li 2SO4 (ʜʣʷ ʩʠʩʪʝʤʳ LiBr-Li 2CO3-Li 2SO4) ʥʘ 

ʧʦʣʠʪʝʨʤʠʯʝʩʢʠʭ ʨʘʟʨʝʟʘʭ (ʪ.ʝ. ʦʧʨʝʜʝʣʝʥʳ ʥʘʧʨʘʚʣʝʥʠʷ ʥʘ ʵʚʪʝʢʪʠʢʠ) ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʯʝʨʝʟ ʵʪʠ ʪʦʯʢʠ 

( 1E  ʠ 2E ) ʠ ʠʩʩʣʝʜʦʚʘʥʳ ʥʦʥʚʘʨʠʘʥʪʥʳʝ ʨʘʟʨʝʟʳ 11LiF EE --  ʠ 2232COLi EE -- , 

ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʦʧʨʝʜʝʣʠʪʴ ʩʦʩʪʘʚʳ ʠʩʩʣʝʜʫʝʤʳʭ ʩʠʩʪʝʤ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʙʘʟʦʚʦʡ ʯʘʩʪʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʉʘʤɻʊʋ. 

ʇʨʦʝʢʪ ˉ 4.5534.2017/8.9. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 
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ʕʇʆʂʉʀɼʅʓʍ ʇʆʂʈʓʊʀʁ 

ʌʣʝʛʦʥʪʦʚʘ ɽ. ʖ., ʈʝʜʴʢʠʥ ʅ. ɸ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ʊʨʫʙʦʧʨʦʚʦʜʥʳʡ ʪʨʘʥʩʧʦʨʪ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʳʭ ʠ ʜʝʰʝʚʳʭ 

ʚʠʜʦʚ ʪʨʘʥʩʧʦʨʪʘ. ʇʦ ʪʨʫʙʦʧʨʦʚʦʜʘʤ ʧʝʨʝʢʘʯʠʚʘʝʪʩʷ ʛʘʟ, ʥʝʬʪʴ, ʥʝʬʪʝʧʨʦʜʫʢʪʳ ʠ 

ʧʨʦʜʫʢʪʳ ʭʠʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ. ɺʩʝ ʵʪʠ ʚʝʱʝʩʪʚʘ ʩʦʜʝʨʞʘʪ ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ, ʩʧʦʩʦʙʥʳʝ ʚʳʟʳʚʘʪʴ ʢʦʨʨʦʟʠʶ ʪʨʫʙ. ɼʣʷ ʟʘʱʠʪʳ ʦʪ ʢʦʨʨʦʟʠʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʪʨʫʙ ʥʘʥʦʩʷʪ ʧʦʣʠʵʪʠʣʝʥʦʚʳʝ, ʧʦʣʠʧʨʦʧʠʣʝʥʦʚʳʝ, ʵʧʦʢʩʠʜʥʳʝ ʠ ʜʨʫʛʠʝ 

ʚʠʜʳ ʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ [1]. ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʘʛʨʝʩʩʠʚʥʳʭ 

ʞʠʜʢʦʩʪʝʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʵʧʦʢʩʠʜʥʳʝ ʧʦʢʨʳʪʠʷ. ʕʧʦʢʩʠʜʥʳʝ ʧʦʢʨʳʪʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʦʪʚʝʨʞʜʝʥʥʳʝ ʪʨʝʭʤʝʨʥʳʝ ʩʝʪʯʘʪʳʝ ʧʦʣʠʤʝʨʳ, ʩʦʜʝʨʞʘʱʠʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʠ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʜʦʙʘʚʢʠ, ʧʨʠʜʘʶʱʠʝ ʧʦʢʨʳʪʠʶ ʧʦʚʳʰʝʥʥʫʶ ʩʪʦʡʢʦʩʪʴ ʢ ʚʦʟʜʝʡʩʪʚʠʶ 

ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʬʠʟʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ. 

ɺʦʟʜʝʡʩʪʚʠʝ ʘʛʨʝʩʩʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʳʭ 

ʧʨʦʜʫʢʪʘʭ, ʦʰʠʙʢʠ ʧʨʠ ʥʘʥʝʩʝʥʠʠ ʧʦʢʨʳʪʠʡ ʠʣʠ ʥʝʧʨʘʚʠʣʴʥʳʝ ʨʝʞʠʤʳ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʟʘʯʘʩʪʫʶ ʧʨʠʚʦʜʷʪ ʢ ʩʝʨʴʝʟʥʳʤ ʧʦʚʨʝʞʜʝʥʠʷʤ ʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ ʠ, 

ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢʦʨʨʦʟʠʠ ʪʨʫʙ ʠ ʠʭ ʨʘʟʨʫʰʝʥʠʶ [2]. ʂʘʞʜʘʷ ʪʘʢʘʷ ʘʚʘʨʠʷ ʚʝʜʝʪ ʢ ʫʪʝʯʢʝ 

ʦʧʘʩʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʟʘʛʨʷʟʥʝʥʠʶ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʨʘʟʨʫʰʝʥʠʷ ʧʦʢʨʳʪʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʤʧʣʝʢʩ ʤʝʨʦʧʨʠʷʪʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʥʘ ʦʮʝʥʢʫ 

ʢʘʯʝʩʪʚʘ ʧʦʢʨʳʪʠʡ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦʝ ʫʩʪʨʘʥʝʥʠʝ ʥʘʨʫʰʝʥʠʡ ʠʭ ʮʝʣʦʩʪʥʦʩʪʠ. ɼʘʥʥʳʡ 

ʢʦʤʧʣʝʢʩ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʢʘʢ ʠʩʧʳʪʘʥʠʷ ʥʘ ʩʪʘʜʠʠ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʷ (ʘʜʛʝʟʠʦʥʥʳʝ 

ʩʚʦʡʩʪʚʘ, ʧʦʨʠʩʪʦʩʪʴ, ʦʜʥʦʨʦʜʥʦʩʪʴ), ʪʘʢ ʠ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɺ ʩʣʫʯʘʝ ʨʘʟ 

ʨʫʰʝʥʠʷ ʧʦʢʨʳʪʠʷ ʜʦ ʠʩʪʝʯʝʥʠʷ ʩʨʦʢʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʩʪʨʦ ʩʪʦʠʪ ʚʦʧʨʦʩ ʦ ʚʳʷʚʣʝʥʠʠ 

ʧʨʠʯʠʥ, ʚʳʟʚʘʚʰʠʭ ʧʦʚʨʝʞʜʝʥʠʝ ʧʦʢʨʳʪʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ 

ʧʦʢʨʳʪʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʦʣʴʰʦʡ ʥʘʙʦʨ ʬʠʟʠʯʝʩʢʠʭ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

ʘʥʘʣʠʟʘ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʢ ʦʮʝʥʢʝ ʢʘʯʝʩʪʚʘ ʵʧʦʢʩʠʜʥʳʭ 

ʧʦʢʨʳʪʠʡ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ, ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʘ ʠʥʬʨʘʢʨʘʩʥʦʡ 

ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʌʫʨʴʝ (ʀʂ-ʌʫʨʴʝ ʩʧʝʢʪʨʦʤʝʪʨʠʠ) ʜʣʷ ʦʮʝʥʢʠ 

ʢʘʯʝʩʪʚʘ ʵʧʦʢʩʠʜʥʳʭ ʧʦʢʨʳʪʠʡ ʪʨʫʙʦʧʨʦʚʦʜʦʚ. 

ʅʘʤʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʨʝʰʝʥʠʝ ʩʣʝʜʫʶʱʠʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ:  

1. ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʧʦʢʨʳʪʠʡ ʧʦ ʠʭ ʀʂ ʩʧʝʢʪʨʘʤ; 

2. ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʩʤʝʩʝʡ; 

3. ʆʮʝʥʢʘ ʩʪʝʧʝʥʠ ʜʝʩʪʨʫʢʮʠʠ ʧʦʣʠʤʝʨʦʚ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʥʠʭ ʨʘʟʣʠʯʥʳʭ 

ʬʠʟʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ. 

ʈʝʰʝʥʠʝ ʵʪʠʭ ʟʘʜʘʯ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʀʂ-ʌʫʨʴʝ 

ʩʧʝʢʪʨʦʤʝʪʨʠʠ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʧʦʢʨʳʪʠʡ ʠʜʝʥʪʠʬʠʢʘʮʠʷ 

ʚʦʟʤʦʞʥʘ ʧʦ ʀʂ ʩʧʝʢʪʨʘʤ ʚ ʩʣʫʯʘʝ ʥʘʣʠʯʠʷ ʩʪʘʥʜʘʨʪʥʳʭ ʧʦʢʨʳʪʠʡ ʧʨʠ ʟʘʧʠʩʠ 

ʩʧʝʢʪʨʦʚ ʚ ʠʜʝʥʪʠʯʥʳʭ ʫʩʣʦʚʠʷʭ.  

ʇʦʣʫʯʝʥʳ ʩʝʨʠʠ ʧʦʢʨʳʪʠʡ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʳ ʕɼ-

20 ʠ ʦʪʚʝʨʜʠʪʝʣʝʡ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʦʪʥʦʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ 

ʩʠʛʥʘʣʦʚ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʳ ʠ ʦʪʚʝʨʜʠʪʝʣʝʡ ʚ ʀʂ ʩʧʝʢʪʨʘʭ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʠʭ 
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ʩʦʦʪʥʦʰʝʥʠʝ ʚ ʧʦʢʨʳʪʠʷʭ, ʥʘʥʝʩʝʥʥʳʭ ʥʘ ʚʥʫʪʨʝʥʥʶʶ ʧʦʚʝʨʭʥʦʩʪʴ ʪʨʫʙ 

ʵʢʩʧʣʫʘʪʠʨʫʶʱʠʭʩʷ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʇʦʜʦʙʨʘʥʳ ʫʩʣʦʚʠʷ ʧʦʣʫʯʝʥʠʷ ʩʪʘʥʜʘʨʪʥʳʭ ʦʙʨʘʟʮʦʚ ʧʦʢʨʳʪʠʡ, ʠʩʧʳʪʳʚʘʶʱʠʭ 

ʚʦʟʜʝʡʩʪʚʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʩʨʘʚʥʝʥʠʝ ʩʧʝʢʪʨʦʚ ʦʙʨʘʟʮʦʚ ʠʩʭʦʜʥʦʛʦ ʧʦʢʨʳʪʠʷ, ʧʨʠʛʦʪʦʚʣʝʥʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʠ 

ʧʦʢʨʳʪʠʡ, ʵʢʩʧʣʫʘʪʠʨʫʶʱʠʭʩʷ ʚ ʪʨʫʙʦʧʨʦʚʦʜʘʭ, ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʩʪʝʧʝʥʴ 

ʨʘʟʨʫʰʝʥʠʷ ʧʦʣʠʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ, ʚ ʧʦʩʣʝʜʩʪʚʠʠ, ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʨʠ 

ʦʮʝʥʢʠ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʜʣʝʥʠʷ ʩʨʦʢʘ ʩʣʫʞʙʳ ʵʧʦʢʩʠʜʥʳʭ ʧʦʢʨʳʪʠʡ. 
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ʉʝʢʮʠʷ 11. ʌʠʟʠʯʝʩʢʘʷ, ʥʝʦʨʛʘʥʠʯʝʩʢʘʷ ʠ ʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ ʠ ʭʨʦʤʘʪʦʛʨʘʬʠʷ 

157 

ʋɼʂ 544.47, 546.9 

ɺʃʀʗʅʀɽ ʄɸʊɽʈʀɸʃɸ ʅʆʉʀʊɽʃʗ ʅɸ ʉɺʆʁʉʊɺɸ ɹʀʄɽʊɸʃʃʀʏɽʉʂʀʍ 

ʂɸʊɸʃʀɿɸʊʆʈʆɺ ɻʆʈɽʅʀʗ ʋɻʃɽɺʆɼʆʈʆɼʆɺ 

ʍʘʙʘʨʦʚʘ ɼ. ʉ., ʊʫʧʠʢʦʚʘ ɽ. ʅ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ ʠ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʜʦʤʠʥʠʨʫʶʪ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ. ɹʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ ʛʝʪʝʨʦʛʝʥʥʳʤʠ 

ʧʨʦʮʝʩʩʘʤʠ, ʚ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʘʥʝʩʝʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ, ʩʦʜʝʨʞʘʱʠʝ 

ʧʣʘʪʠʥʦʚʳʝ ʤʝʪʘʣʣʳ. ʉʦʟʜʘʥʠʝ ʥʦʚʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʚr ʩʦʢʠʝ ʩʪʝʧʝʥʠ ʧʨʝʚʨʘʱʝʥʠʷ ʨʝʘʛʝʥʪʦʚ ʧʨʠ ʥʠʟʢʦʤ ʩʦʜʝʨʞʘʥʠʠ ʤʝʪʘʣʣʦʚ ʧʣʘʪʠʥʦʚʦʡ 

ʛʨʫʧʧʳ, ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. ʆʜʥʠʤ ʠʟ ʧʫʪʝʡ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʷʚʣʷʝʪʩʷ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘʥʝʩʝʥʥʳʭ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʧʦʜʣʦʞʢʠ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʬʘʟ, 

ʩʦʯʝʪʘʶʱʠʭ ʚ ʩʝʙʝ ʧʣʘʪʠʥʦʚʳʡ ʤʝʪʘʣʣ ʠ ʩʦʝʜʠʥʝʥʠʷ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ. ɼʣʷ 

ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʩʠʥʪʝʟʘ ʪʘʢʠʭ ʬʘʟ ʧʝʨʩʧʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʚʦʡʥʳʭ 

ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʣʝʡ (ɼʂʉ) ʚ ʢʘʯʝʩʪʚʝ ʩʦʝʜʠʥʝʥʠʡ-ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ. ʀʟʚʝʩʪʝʥ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʡ ʩʠʥʪʝʟ ʜʠʩʧʝʨʩʥʳʭ ʬʘʟ ʧʣʘʪʠʥʦʚʳʭ ʤʝʪʘʣʣʦʚ ʠʟ ʠʭ ʘʤʤʠʘʯʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ [1]. ʄʳ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʘʚʪʦʢʣʘʚʥʳʡ ʪʝʨʤʦʣʠʟ ʜʚʦʡʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

[Ni(NH3)6][PtCl4] ʠ [Co(NH3)5Cl[PtCl4], ʧʨʠʚʝʜʝʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ 

ʬʘʟ ʠʟ ʦʢʩʠʜʘ ʮʚʝʪʥʦʛʦ ʤʝʪʘʣʣʘ ʠ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʣʘʪʠʥʳ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʧʦʣʫʯʝʥʠʝ ʥʘʥʝʩʝʥʥʳʭ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʧʦʜʣʦʞʢʠ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʚʳʙʦʨ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʦʩʠʪʝʣʷ. 

ʀʩʧʦʣʴʟʫʝʤʳʝ ɼʂʉ ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʨʝʘʢʮʠʝʡ ʦʙʤʝʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʦʩʪʳʭ 

ʢʦʤʧʣʝʢʩʦʚ. ʆʩʘʞʜʝʥʠʝ ʬʘʟ ʦʩʫʱʝʩʪʚʣʷʣʠ ʠʟ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʢʦʤʧʣʝʢʩʦʚ ʩ ʨʅ 8-9 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 190Áʉ. ɺ ʨʘʩʪʚʦʨʳ ʪʘʢʞʝ ʧʦʤʝʱʘʣʠ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʥʦʩʠʪʝʣʴ. 

ʈʘʩʩʯʠʪʘʥʥʘʷ ʤʘʩʩʘ ʧʣʘʪʠʥʳ ʩʦʩʪʘʚʣʷʣʘ 0,1% ʦʪ ʤʘʩʩʳ ʥʦʩʠʪʝʣʷ. ɺ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʝʡ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʢʩʠʜʠʨʦʚʘʥʥʫʶ ʩʪʨʫʞʢʫ ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ (ʥʩ), ʦʢʩʠʜʠʨʦʚʘʥʥʳʝ 

ʭʠʤʠʯʝʩʢʠʤ ʧʫʪʝʤ ʛʨʘʥʫʣʳ ʘʣʶʤʠʥʠʷ (Al) ʠ ʦʢʩʠʜʠʨʦʚʘʥʥʳʡ ʙʣʦʯʥʳʡ ʤʘʪʝʨʠʘʣ ʩ 

ʚʘʨʴʠʨʫʝʤʦʡ ʧʦʨʦʟʥʦʩʪʴʶ çʄʝʪʘʣʣʦʨʝʟʠʥʘè ʠʟ ʥʠʭʨʦʤʘ (ʄʈ). 

ʇʦʣʫʯʝʥʥʳʝ ʥʘʥʝʩʝʥʥʳʝ ʬʘʟʳ ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʪʦʜʘʤʠ ʩʢʘʥʠʨʫʶʱʝʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʤʠʢʨʦʘʥʘʣʠʟʘ. 

ʇʨʦʜʫʢʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʬʦʨʤʠʨʦʚʘʚʰʠʝʩʷ ʨʘʥʝʝ ʯʘʩʪʠʮʳ ʦʢʩʠʜʦʚ ʮʚʝʪʥʦʛʦ 

ʤʝʪʘʣʣʘ, ʟʘʪʝʤ ʥʘ ʥʠʭ ʧʨʦʠʩʭʦʜʠʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʯʘʩʪʠʮ ʧʣʘʪʠʥʳ. 

ʈʘʟʤʝʨ ʯʘʩʪʠʮ ʩʦʩʪʘʚʣʷʝʪ ʥʝʩʢʦʣʴʢʦ ʤʢʤ. 

ʂʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʥʘʥʝʩʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ Pt/Co3ʆ4/Al, Pt/Co3ʆ4/ʥʩ, 

Pt/Co3ʆ4/ʄʈ, Pt/Niʆ/Al, Pt/Niʆ/ʥʩ ʠ Pt/Niʆ/ʄʈ ʠʩʩʣʝʜʦʚʘʣʠ ʚ ʨʝʘʢʮʠʠ ʜʦʞʠʛʘ ʧʨʦʧʘʥʘ 

ʚ ʧʨʦʪʦʯʥʦʤ ʨʝʘʢʪʦʨʝ ʩ ʛʘʟʦʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʤ ʘʥʘʣʠʟʦʤ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. 

ʆʧʨʝʜʝʣʷʣʠ ʩʪʝʧʝʥʴ ʧʨʝʚʨʘʱʝʥʠʷ ʧʨʦʧʘʥʘ ʧʨʠ 200-400 Áʉ. ʆʮʝʥʠʚʘʷ ʚʣʠʷʥʠʝ ʥʦʩʠʪʝʣʷ 

ʥʘ ʩʚʦʡʩʪʚʘ ʧʣʘʪʠʥʘ-ʥʠʢʝʣʝʚʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʦʪʤʝʪʠʤ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʷʚʣʷʝʪ ʢʘʪʘʣʠʟʘʪʦʨ ʥʘ ʥʦʩʠʪʝʣʝ çʤʝʪʘʣʣʦʨʝʟʠʥʘè. ʄʘʣʦʵʬʬʝʢʪʠʚʥʳ ʚ 

ʨʝʘʢʮʠʠ ʛʦʨʝʥʠʷ ʧʨʦʧʘʥʘ ʢʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʘʣʶʤʠʥʠʠ. ɸʥʘʣʦʛʠʯʥʘʷ ʢʘʨʪʠʥʘ 

ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʜʣʷ ʧʣʘʪʠʥʘ-ʢʦʙʘʣʴʪʦʚʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. 
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ʋɼʂ 543.424.2 

ʆʇʊʀʏɽʉʂʀɽ ʄɽʊʆɼʓ ʀʉʉʃɽɼʆɺɸʅʀʗ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʃɽʏɽʅʀʗ 

ʉʊɸʌʀʃʆʂʆʂʂʆɺʆʁ ʀʅʌɽʂʎʀʀ ɺ ʅɪɹʅʓʍ ʄʀʅɼɸʃʀʅɸʍ 

ɸʩʘʜʦʚʘ ɸ. ɸ., ʀʪʷʢʩʦʚ ʖ. ɼ., ʊʠʤʯʝʥʢʦ ɽ. ɺ., ʊʠʤʯʝʥʢʦ ʇ. ɽ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ɼʘʥʥʳʝ ʩʪʘʪʠʩʪʠʢʠ ɺʆɿ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʪʦʥʟʠʣʣʠʪʦʤ ʚ ʤʠʨʝ ʩʪʨʘʜʘʶʪ ʦʪ 

10 ʜʦ 15% ʚʟʨʦʩʣʳʭ ʠ ʦʢʦʣʦ 20-25% ʜʝʪʝʡ. ʆʪ 15 ʜʦ 45% ʩʣʫʯʘʝʚ ʧʨʠʭʦʜʠʪʩʷ ʥʘ 

ʙʘʢʪʝʨʠʘʣʴʥʳʡ ʪʦʥʟʠʣʣʠʪ, ʚʳʟʚʘʥʥʳʡ ɓ-ʛʝʤʦʣʠʪʠʯʝʩʢʠʤ ʩʪʨʝʧʪʦʢʦʢʢʦʤ ʛʨʫʧʧʳ ɸ [1]. 

ɺ ʉʘʤʘʨʩʢʦʡ ʦʙʣʘʩʪʠ ʧʦ ʜʘʥʥʳʤ ʤʝʜʠʮʠʥʩʢʠʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʦʨʛʘʥʠʟʘʮʠʡ 65% ʚʩʝʭ 

ʟʘʙʦʣʝʚʘʥʠʡ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʃʆʈ ʟʘʙʦʣʝʚʘʥʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʠʟ ʥʠʭ 

ʩʚʷʟʘʥʳ ʩ ʍʊ (ʭʨʦʥʠʯʝʩʢʠʤ ʪʦʥʟʠʣʣʠʪʦʤ). ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʤ ʙʘʢʪʝʨʠʘʣʴʥʳʤ 

ʚʦʟʙʫʜʠʪʝʣʝʤ ʦʩʪʨʦʛʦ ʪʦʥʟʠʣʣʠʪʘ (ʘʥʛʠʥʳ) ʷʚʣʷʝʪʩʷ ʛʝʤʦʣʠʪʠʯʝʩʢʠʡ ʩʪʨʝʧʪʦʢʦʢʢ 

ʛʨʫʧʧʳ. ɸ, ʨʝʞʝ ʦʩʪʨʳʡ ʪʦʥʟʠʣʣʠʪ ʚʳʟʳʚʘʶʪ ʚʠʨʫʩʳ ʠ ʜʨʫʛʠʝ ʩʪʨʝʧʪʦʢʦʢʢʠ, ʢʨʘʡʥʝ 

ʨʝʜʢʦ ï ʤʠʢʦʧʣʘʟʤʳ ʠ ʭʣʘʤʠʜʠʠ. ɺʦʟʙʫʜʠʪʝʣʴ ʧʝʨʝʜʘʝʪʩʷ ʚʦʟʜʫʰʥʦ-ʢʘʧʝʣʴʥʳʤ ʧʫʪʝʤ. 

ʀʩʪʦʯʥʠʢʘʤʠ ʠʥʬʝʢʮʠʠ ʷʚʣʷʶʪʩʷ ʙʦʣʴʥʳʝ, ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ï ʥʦʩʠʪʝʣʠ ʙʦʣʝʟʥʠ, 

ʫ ʢʦʪʦʨʳʭ ʥʝʪ ʷʚʥʳʭ ʩʠʤʧʪʦʤʦʚ. ʍʨʦʥʠʯʝʩʢʠʡ ʪʦʥʟʠʣʣʠʪ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝ 

ʥʝʦʜʥʦʢʨʘʪʥʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ ʘʥʛʠʥʦʡ, ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ ʣʝʯʝʥʠʷ. ʋʯʠʪʳʚʘʷ ʧʦʩʣʝʜʥʠʝ 

ʜʘʥʥʳʝ ʦ ʙʦʣʴʰʦʤ ʨʘʟʥʦʦʙʨʘʟʠʠ ʚʠʜʦʚ ʚʦʟʙʫʜʠʪʝʣʝʡ ʠ ʪʝʥʜʝʥʮʠʠ ʚʩʝ ʙʦʣʝʝ ʯʘʩʪʦʛʦ 

ʚʳʷʚʣʝʥʠʷ ʫʩʣʦʚʥʦïʧʘʪʦʛʝʥʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʩʪʘʥʦʚʠʪʩʷ ʘʢʪʫʘʣʴʥʳʤ 

ʦʧʨʝʜʝʣʝʥʠʝ ʤʠʢʨʦʬʣʦʨʳ ʛʣʦʪʢʠ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʝʝ ʢ ʘʥʪʠʙʠʦʪʠʢʘʤ. 

ʆʪʨʠʮʘʪʝʣʴʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʧʨʠ ʥʝʧʨʘʚʠʣʴʥʦʤ ʚʳʙʦʨʝ ʘʥʪʠʙʠʦʪʠʢʦʚ ʠ ʩʨʦʢʦʚ ʣʝʯʝʥʠʷ 

ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʩʦʭʨʘʥʝʥʠʠ ʚʦʟʙʫʜʠʪʝʣʝʡ ʚ ʦʯʘʛʝ ʚʦʩʧʘʣʝʥʠʷ ʠ ʧʦʷʚʣʝʥʠʠ ʨʝʟʠʩʪʝʥʪʥʦʡ 

ʬʣʦʨʳ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʭʨʦʥʠʟʘʮʠʝʡ ʦʩʪʨʦʛʦ ʧʨʦʮʝʩʩʘ [2].  

ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʜʚʝ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ɺ ʭʦʜʝ ʧʝʨʚʦʡ ʩʝʨʠʠ  ʠʩʩʣʝʜʦʚʘʥʦ 8 

ʦʙʨʘʟʮʦʚ ʨʘʟʣʠʯʥʳʭ ʰʪʘʤʧʦʚ ʩʪʘʬʠʣʦʢʦʢʢʘ ATCC ˉ25923 (ʛʨʫʧʧʘ I) ʠ ATCC ˉ35591 

(ʛʨʫʧʧʘ II) ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʩʣʶʥʝ ʧʘʮʠʝʥʪʦʚ ʠ ʬʠʟʨʘʩʪʚʦʨʝ. ʀʩʩʣʝʜʫʝʤʳʝ ʦʙʨʘʟʮʳ 

ʧʦʜʚʝʨʛʘʣʠʩʴ ʣʝʯʝʥʠʶ ʘʥʪʠʙʠʦʪʠʢʦʤ ɸʤʦʢʩʠʢʣʘʚ ʜʦʟʠʨʦʚʢʦʡ 500ʤʛ/10 ʤʣ. ɺ ʭʦʜʝ 

ʚʪʦʨʦʡ ʩʝʨʠʠ ʠʩʩʣʝʜʦʚʘʥʦ 12 ʦʙʨʘʟʮʦʚ ʦʜʥʦʛʦ ʰʪʘʤʤʘ ʩʪʘʬʠʣʦʢʦʢʢʘ ʥʘʭʦʜʷʱʠʭʩʷ ʚ 

ʩʣʶʥʝ ʧʘʮʠʝʥʪʦʚ ʠ ʬʠʟʨʘʩʪʚʦʨʝ. ʀʩʩʣʝʜʫʝʤʳʝ ʦʙʨʘʟʮʳ ʧʦʜʚʝʨʛʘʣʠʩʴ ʣʝʯʝʥʠʶ 

ʨʘʟʣʠʯʥʳʤʠ ʘʥʪʠʙʠʦʪʠʢʘʤʠ: ɸʤʦʢʩʠʢʣʘʚ ʜʦʟʠʨʦʚʢʦʡ 500ʤʛ/10 ʤʣ, ɸʤʦʢʩʠʮʠʣʣʠʥ 

ʜʦʟʠʨʦʚʢʦʡ 12ʤʢʛ/1 ʤʣ, ʂʣʘʚʫʣʘʥʦʚʘʷ ʢʠʩʣʦʪʘ ʜʦʟʠʨʦʚʢʦʡ 2ʤʢʛ/1 ʤʣ. 

ʉʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʟʫʯʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʩʪʝʥʜʘ, ʚʢʣʶʯʘʶʱʝʛʦ ʚ ʩʝʙʷ ʚʳʩʦʢʦʨʘʟʨʝʰʘʶʱʠʡ ʮʠʬʨʦʚʦʡ ʩʧʝʢʪʨʦʤʝʪʨ Andor 

Shamrock sr-303i ʩ ʚʩʪʨʦʝʥʥʦʡ ʦʭʣʘʞʜʘʝʤʦʡ ʢʘʤʝʨʦʡ DV420A-OE, ʚʦʣʦʢʦʥʥʦ-

ʦʧʪʠʯʝʩʢʠʡ ʟʦʥʜ ʜʣʷ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ RPB785, 

ʩʦʚʤʝʱʸʥʥʳʡ ʩ ʣʘʟʝʨʥʳʤ ʤʦʜʫʣʝʤ LuxxMaster LML-785.0RB-04 (ʩ ʨʝʛʫʣʠʨʫʝʤʦʡ 

ʤʦʱʥʦʩʪʴʶ ʜʦ 500 ʤɺʪ, ʜʣʠʥʘ ʚʦʣʥʳ 785 ʥʤ). ɺʳʜʝʣʝʥʠʝ ʂʈ ʩʧʝʢʪʨʘ ʥʘ ʬʦʥʝ 

ʘʚʪʦʬʣʫʦʨʝʩʮʝʥʮʠʠ ʧʨʦʚʦʜʠʣʦʩʴ ʤʝʪʦʜʦʤ ʧʦʣʠʥʦʤʠʘʣʴʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 

ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʠ ʚʳʯʠʪʘʥʠʷ ʝʸ ʠʟ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʩʧʝʢʪʨʦʚ. 

ʆʙʨʘʙʦʪʢʫ ʩʧʝʢʪʨʦʚ ʂʈ ʧʨʦʚʦʜʠʣʠ ʚ ʧʨʦʛʨʘʤʤʝ Wolfram Mathematica 9. ʀʩʩʣʝʜʫʝʤʳʡ 

ʩʧʝʢʪʨ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʦʯʠʱʘʣʠ ʦʪ ʰʫʤʦʚ ʩʛʣʘʞʠʚʘʶʱʠʤ ʤʝʜʠʘʥʥʳʤ ʬʠʣʴʪʨʦʤ (5 

ʪʦʯʝʢ). ʅʘ ʚʳʙʨʘʥʥʦʤ ʠʥʪʝʨʚʘʣʝ 400-2200 ʩʤ
-1

 ʧʨʠ ʧʦʤʦʱʠ ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ 

ʦʧʨʝʜʝʣʷʣʠ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʫʶ ʣʠʥʠʶ (ʧʦʣʠʥʦʤ ʧʷʪʦʡ ʩʪʝʧʝʥʠ) ʘʚʪʦʬʣʫʦʨʝʩʮʝʥʪʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ, ʘ ʟʘʪʝʤ ʚʳʯʠʪʘʣʠ ʵʪʫ ʩʦʩʪʘʚʣʷʶʱʫʶ, ʧʦʣʫʯʘʷ ʚʳʜʝʣʝʥʥʳʡ ʩʧʝʢʪʨ ʂʈ. 

ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʣʝʯʝʥʠʷ ʩʪʘʬʠʣʦʢʦʢʢʘ ʚ ʥʝʙʥʳʭ ʤʠʥʜʘʣʠʥʘʭ ʩ 

ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ (ʂʈ) ʠ ʢʦʥʬʦʢʘʣʴʥʦʡ 

ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. ʋʩʪʘʥʦʚʣʝʥʳ ʩʧʝʢʪʨʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʨʠ ʣʝʯʝʥʠʠ 
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ʥʸʙʥʳʭ ʤʠʥʜʘʣʠʥ ʘʥʪʠʙʠʦʪʠʢʦʤ ɸʤʦʢʩʠʢʣʘʚ. ʉ ʧʦʤʦʱʴʶ ʚʚʝʜʝʥʥʳʭ ʦʧʪʠʯʝʩʢʠʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʜʦʟʠʨʦʚʢʝ ʘʥʪʠʙʠʦʪʠʢʘ 500ʤʛ/10 ʤʣ ʠʩʯʝʟʘʶʪ ʣʠʥʠʠ 

ʥʘ ʚʦʣʥʦʚʳʭ ʯʠʩʣʘʭ 735 ʩʤ
-1

 ʠ 783 ʩʤ
-1
, 986 ʩʤ

-1
 ʠ 1635 ʩʤ

-1
, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʘʜʝʥʠʥʫ, 

ʮʠʪʦʟʠʥʫ, ʧʨʦʪʝʠʥʘʤ ʠ ʘʤʠʜʫ I, ʯʪʦ ʛʦʚʦʨʠʪ ʦʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʣʝʯʝʥʠʷ, ʪʘʢ ʞʝ 

ʧʦʩʪʨʦʝʥʳ ʜʚʫʤʝʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʢʘʟʳʚʘʶʱʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʣʝʯʝʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʜʪʚʝʨʞʜʝʥʳ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʤ ʘʥʘʣʠʟʦʤ. 
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ʋɼʂ 535.372 

ʉʇʆʉʆɹ ʂʆʄʇɽʅʉɸʎʀʀ ʇɸʈɸɿʀʊʅʆɻʆ ʀɿʃʋʏɽʅʀʗ 

ɸɹʉʆʈɹʎʀʆʅʅʓʍ ʉɺɽʊʆʌʀʃʔʊʈʆɺ ʇʈʀ ʈɽɻʀʉʊʈɸʎʀʀ ʉʇɽʂʊʈʆɺ 

ʌʃʋʆʈɽʉʎɽʅʎʀʀ ɹʀʆʃʆɻʀʏɽʉʂʀʍ ʆɹʒɽʂʊʆɺ 

ɹʘʭʪʠʥʦʚ ʇ. ʀ., ɺʘʩʠʣʴʢʠʥ ʄ. ʉ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ʇʨʠ ʨʝʛʠʩʪʨʘʮʠʠ ʩʧʝʢʪʨʦʚ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʙʠʦʦʙʲʝʢʪʦʚ ʯʘʩʪʦ ʚʦʟʥʠʢʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʚʝʪʦʬʠʣʴʪʨʦʚ ʜʣʷ ʦʪʩʝʯʝʥʠʷ ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ, 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʤʦʞʝʪ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ ʧʨʝʚʳʰʘʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ  

ʬʣʫʦʨʝʩʮʝʥʮʠʠ [1]. ʆʜʥʘʢʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ 

ʘʙʩʦʨʙʮʠʦʥʥʳʭ ʩʚʝʪʦʬʠʣʴʪʨʦʚ ʚʦʟʥʠʢʘʝʪ ʧʦʤʝʭʘ, ʩʚʷʟʘʥʥʘʷ ʩ ʠʭ ʩʦʙʩʪʚʝʥʥʦʡ 

ʬʣʫʦʨʝʩʮʝʥʮʠʝʡ [2]. ʋʤʝʥʴʰʝʥʠʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʩʚʝʪʦʬʠʣʴʪʨʦʚ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ 

ʧʫʪʝʤ ʫʩʣʦʞʥʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʩʭʝʤʳ ʨʝʛʠʩʪʨʠʨʫʶʱʝʡ ʘʧʧʘʨʘʪʫʨʳ, ʘ ʪʘʢʞʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʩʚʝʪʦʬʠʣʴʪʨʦʚ, ʢʦʪʦʨʳʝ ʥʝ ʬʣʫʦʨʝʩʮʠʨʫʶʪ [3,4]. 

ʅʝʜʦʩʪʘʪʢʦʤ ʧʦʜʦʙʥʳʭ ʨʝʰʝʥʠʡ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʘʪʨʘʪʳ ʥʘ ʨʘʟʨʘʙʦʪʢʫ 

ʢʦʥʩʪʨʫʢʮʠʠ ʩʪʝʥʜʘ ʠʣʠ ʧʨʠʦʙʨʝʪʝʥʠʝ ʙʦʣʝʝ ʜʦʨʦʛʠʭ ʩʚʝʪʦʬʠʣʴʪʨʦʚ. 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʤʝʪʦʜ ʢʦʤʧʝʥʩʘʮʠʠ ʧʘʨʘʟʠʪʥʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʬʠʣʴʪʨʦʚ 

ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʝʜʦʨʦʛʠʝ ʠ ʣʝʛʢʦʜʦʩʪʫʧʥʳʝ 

ʘʙʩʦʨʙʮʠʦʥʥʳʝ ʩʚʝʪʦʬʠʣʴʪʨʳ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʪʝʥʜʘ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ 

ʩʧʝʢʪʨʦʚ ʬʣʫʦʨʝʩʮʝʥʮʠʠ.  

 
ʈʠʩ. 1. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʪʝʥʜʘ 

1 ï ʂʶʚʝʪʘ ʩ ʙʠʦʦʙʲʝʢʪʦʤ; 2 ï ʉʚʝʪʦʬʠʣʴʪʨ; 3, 4 ï ɺʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʡ ʚʭʦʜ 

ʩʧʝʢʪʨʦʤʝʪʨʘ; 5 ï ʋʌ ʠʟʣʫʯʘʶʱʠʡ ʜʠʦʜ; 6 ï ʕʢʨʘʥ 
 

ʇʦʣʫʯʝʥʥʳʡ ʩ ʧʦʤʦʱʴʶ ʜʘʥʥʦʡ ʩʭʝʤʳ ʩʧʝʢʪʨ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʙʠʦʦʙʲʝʢʪʘ ISF(ɚ) 

ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ ʧʘʨʘʟʠʪʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ, ʦʙʨʘʟʫʶʱʫʶʩʷ ʚ ʩʚʝʪʦʬʠʣʴʪʨʝ 2. ɼʣʷ ʝʝ 

ʚʳʜʝʣʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʩʧʝʢʪʨ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʩʚʝʪʦʬʠʣʴʪʨʘ IF(ɚ), 

ʧʦʣʫʯʘʝʤʳʡ ʧʨʠ ʫʩʪʘʥʦʚʢʝ ʥʝ ʬʣʫʦʨʝʩʮʠʨʫʶʱʝʛʦ ʩʚʝʪʦʨʘʩʩʝʠʚʘʪʝʣʷ (ʤʘʪʠʨʦʚʘʥʥʦʡ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʣʘʩʪʠʥʳ) ʚʤʝʩʪʦ ʢʶʚʝʪʳ 1. ʅʦʨʤʠʨʦʚʢʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦ 

ʦʩʚʝʱʝʥʥʦʩʪʠ ʩʚʝʪʦʬʠʣʴʪʨʘ ʚʦʟʙʫʞʜʘʶʱʠʤ ʠʟʣʫʯʝʥʠʝʤ ʪʨʝʙʫʝʪ ʝʱʝ ʜʚʫʭ 
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ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʚʳʧʦʣʥʷʝʤʳʭ ʧʨʠ ʫʩʪʘʥʦʚʢʝ ʙʝʩʮʚʝʪʥʦʛʦ ʤʘʪʦʚʦʛʦ ʩʪʝʢʣʘ 

ʚʤʝʩʪʦ ʩʚʝʪʦʬʠʣʴʪʨʘ 2, ʧʨʠʯʝʤ ʙʣʘʛʦʜʘʨʷ ʫʟʢʦʧʦʣʦʩʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ (ʋʌ 

ʩʚʝʪʦʜʠʦʜʘ), ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʜʦʩʪʘʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʦʟʙʫʞʜʘʶʱʝʛʦ 

ʠʟʣʫʯʝʥʠʷ ʚ ʤʘʢʩʠʤʫʤʝ ʝʛʦ ʩʧʝʢʪʨʘ: ISD_max ʠ ID_max ï ʜʣʷ ʙʠʦʦʙʲʝʢʪʘ ʠ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ 

ʩʚʝʪʦʨʘʩʩʝʠʚʘʪʝʣʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʉ ʫʯʝʪʦʤ ʩʢʘʟʘʥʥʦʛʦ, çʦʯʠʱʝʥʥʳʡè ʦʪ ʧʘʨʘʟʠʪʥʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʩʚʝʪʦʬʠʣʴʪʨʘ 

ʩʧʝʢʪʨ ʙʠʦʦʙʲʝʢʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ: 

 
ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʢʦʤʧʝʥʩʘʮʠʠ ʧʘʨʘʟʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʩʚʝʪʦʬʠʣʴʪʨʘ ʚ ʩʧʝʢʪʨʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʟʝʣʝʥʳʭ ʚʦʜʦʨʦʩʣʝʡ ʨʦʜʘ Chlorocokk. ɺ 

ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʚʝʪʦʜʠʦʜʳ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 405 ʥʤ, 

ʧʨʠʤʝʥʷʣʩʷ ʘʙʩʦʨʙʮʠʦʥʥʳʡ ʩʚʝʪʦʬʠʣʴʪʨ ʠʟ ʩʪʝʢʣʘ ɾʉ12.  

 
ʈʠʩ. 2. ʌʣʫʦʨʝʩʮʝʥʮʠʷ ʙʠʦʦʙʲʝʢʪʦʚ ʠ ʩʚʝʪʦʬʠʣʴʪʨʦʚ 

- ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʙʠʦʦʙʲʝʢʪʘ (ʠʟʣʫʯʝʥʠʝ ʩʚʝʪʦʬʠʣʴʪʨʘ ʩʢʦʤʧʝʥʩʠʨʦʚʘʥʦ), - 

ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʙʠʦʦʙʲʝʢʪʘ ʙʝʟ ʫʯʝʪʘ ʢʦʤʧʝʥʩʘʮʠʠ, - ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʩʚʝʪʦʬʠʣʴʪʨʘ 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʛʨʘʬʠʢʦʚ, ʩʚʝʪʦʬʠʣʴʪʨ ɾʉ12 ʙʝʟ ʢʦʤʧʝʥʩʘʮʠʠ ʚʥʦʩʠʪ 

ʟʥʘʯʠʪʝʣʴʥʫʶ ʧʦʛʨʝʰʥʦʩʪʴ ʚ ʨʝʟʫʣʴʪʘʪ ʠʟʤʝʨʝʥʠʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʙʠʦʦʙʲʝʢʪʘ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʩʧʦʩʦʙ ʢʦʤʧʝʥʩʘʮʠʠ ʧʘʨʘʟʠʪʥʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʧʦʟʚʦʣʷʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʝʰʝʚʳʝ ʠ ʣʝʛʢʦʜʦʩʪʫʧʥʳʝ ʘʙʩʦʨʙʮʠʦʥʥʳʝ 

ʩʚʝʪʦʬʠʣʴʪʨʳ, ʥʝ ʫʩʣʦʞʥʷʷ ʧʨʠ ʵʪʦʤ ʢʦʥʩʪʨʫʢʮʠʶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʪʝʥʜʘ. 
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ʋɼʂ 535.372 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʉʇɽʂʊʈʆɺ ʌʃʋʆʈɽʉʎɽʅʎʀʀ 

ɿɽʃɽʅʓʍ ɺʆɼʆʈʆʉʃɽʁ ʉ ʎɽʃʔʖ ʇʆʃʋʏɽʅʀʗ 

ɼʆʇʆʃʅʀʊɽʃʔʅʆʁ ʀʅʌʆʈʄɸʎʀʀ ʆ ʉʆʉʊʆʗʅʀʀ ɹʀʆʆɹʒɽʂʊɸ 

ɺʘʩʠʣʴʢʠʥ ʄ. ʉ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ʇʨʠ ʚʳʙʦʨʝ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʥʘ ʙʦʨʪʫ ʥʘʥʦʩʧʫʪʥʠʢʘ ʚʦʟʥʠʢʣʘ ʟʘʜʘʯʘ ʧʦʣʫʯʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʩʦʩʪʦʷʥʠʠ ʙʠʦʦʙʲʝʢʪʘ. ʎʝʣʴʶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʣʩʷ ʚʳʙʦʨ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ ʦʙʝʩʧʝʯʠʪʴ ʧʨʝʜʩʢʘʟʫʝʤʦʝ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʦʙʲʝʢʪʘ ʚ ʫʩʣʦʚʠʷʭ ʙʠʦʤʦʜʫʣʷ ʥʘʥʦʩʧʫʪʥʠʢʘ. 

ɺʳʙʦʨ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʧʨʦʚʦʜʠʣʩʷ ʧʦ ʩʣʝʜʫʶʱʠʤ ʢʨʠʪʝʨʠʷʤ:  

1) ʚʳʩʦʢʘʷ ʠʣʠ ʧʦʣʥʘʷ ʥʝʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʙʠʦʦʙʲʝʢʪʘ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʚʥʝʰʥʠʭ 

ʬʘʢʪʦʨʦʚ (ʧʝʨʝʧʘʜʳ ʪʝʤʧʝʨʘʪʫʨʳ, ʜʘʚʣʝʥʠʷ, ʚʳʩʦʢʘʷ ʠ ʥʠʟʢʘʷ ʚʣʘʞʥʦʩʪʴ ʩʨʝʜʳ);  

2) ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʦʝ ʧʦʛʣʦʱʝʥʠʝ ʠ ʚʳʜʝʣʝʥʠʝ ʢʠʩʣʦʨʦʜʘ ʠ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ;  

3) ʣʝʛʢʦʜʦʩʪʫʧʥʦʩʪʴ;  

4) ʣʝʛʢʦ ʢʦʥʪʨʦʣʠʨʫʝʤʳʡ ʨʦʩʪ, ʨʘʟʚʠʪʠʝ ʠ ʨʝʧʨʦʜʫʢʮʠʷ. 

ʇʨʝʞʜʝ ʯʝʤ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʩʧʝʢʪʨʳ ʬʣʫʦʨʝʩʮʝʥʮʠʠ, ʥʝʦʙʭʦʜʠʤʦ ʦʪʚʝʪʠʪʴ ʥʘ 

ʩʣʝʜʫʶʱʠʡ ʚʦʧʨʦʩ: ñɼʘʝʪ ʣʠ ʨʝʛʠʩʪʨʘʮʠʷ ʩʧʝʢʪʨʦʚ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʦʩʪʦʷʥʠʠ ʠʩʩʣʝʜʫʝʤʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ?ò. ʀʥʘʯʝ ʛʦʚʦʨʷ, 

ʤʦʞʥʦ ʣʠ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʩʧʝʢʪʨʘʤ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʩʦʜʝʨʞʘʥʠʝ ʨʘʩʪʠʪʝʣʴʥʳʭ 

ʧʠʛʤʝʥʪʦʚ, ʢʦʩʚʝʥʥʦ ʩʫʜʠʪʴ ʦ ʩʦʩʪʦʷʥʠʠ ʦʙʲʝʢʪʘ,  

ɺ ʠʩʪʦʯʥʠʢʝ [1] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦ ʩʧʝʢʪʨʫ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʘ. ɺ ʠʩʪʦʯʥʠʢʝ [2] ʦʧʠʩʳʚʘʶʪʩʷ ʥʝʢʦʪʦʨʳʝ ʚʦʟʜʝʡʩʪʚʠʷ 

(ʚʥʝʰʥʠʝ ʬʘʢʪʦʨʳ), ʢʦʪʦʨʳʤ ʤʦʞʥʦ ʧʦʜʚʝʨʛʥʫʪʴ ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʦʙʲʝʢʪ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʝʛʦ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʵʪʠʭ ʬʘʢʪʦʨʦʚ. ɺ ʠʩʪʦʯʥʠʢʘʭ [3,4] 

ʦʧʠʩʳʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʫʯʝʥʠʷ ʧʦ ʩʧʝʢʪʨʘʤ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʬʦʪʦʩʠʥʪʝʟʘ ʟʝʣʝʥʳʭ 

ʣʠʩʪʴʝʚ ʨʘʩʪʝʥʠʡ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʚ ʠʩʪʦʯʥʠʢʘʭ [5] ʧʨʠʚʝʜʝʥʳ ʥʝʩʢʦʣʴʢʦ ʧʘʨʘʤʝʪʨʦʚ, ʧʦ 

ʢʦʪʦʨʳʤ ʤʦʞʥʦ ʢʦʩʚʝʥʥʦ ʩʫʜʠʪʴ ʦ ʩʦʩʪʦʷʥʠʠ ʚʳʩʰʠʭ ʨʘʩʪʝʥʠʡ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʰʝʦʧʠʩʘʥʥʳʤʠ 

ʢʨʠʪʝʨʠʷʤʠ ʚʳʙʨʘʥʳ ʟʝʣʝʥʳʝ ʚʦʜʦʨʦʩʣʠ ʨʦʜʘ ʭʣʦʨʝʣʣʘ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ. ʅʘ ʨʠʩʫʥʢʝ 1 

ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ. ʂʨʦʤʝ 

ʪʦʛʦ, ʧʦʢʘʟʘʥʳ ʛʨʘʬʠʢʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʙʠʦʦʙʲʝʢʪʘ ʧʦʩʣʝ 12-ʤʠʥʫʪʥʦʛʦ ʧʨʝʙʳʚʘʥʠʷ ʚ 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʤ ʙʦʢʩʝ. ʕʪʦ ʩʜʝʣʘʥʦ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʩʢʦʨʦʩʪʠ ʛʠʙʝʣʠ ʢʦʣʦʥʠʠ 

ʚʦʜʦʨʦʩʣʝʡ. ʈʝʛʠʩʪʨʘʮʠʷ ʩʧʝʢʪʨʦʚ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʧʨʦʚʦʜʠʣʘʩʴ 3 ʨʘʟʘ ʜʣʷ ʢʘʞʜʦʛʦ 

ʩʣʫʯʘʷ, ʚ ʛʨʘʬʘʭ ʩʧʨʘʚʘ ʥʘʧʠʩʘʥʳ ʜʘʪʳ ʨʝʛʠʩʪʨʘʮʠʠ. 
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ʈʠʩ. 1 ʌʣʫʦʨʝʩʮʝʥʮʠʷ ʭʣʦʨʝʣʣʳ ʙʝʟ ʚʦʟʜʝʡʩʪʚʠʷ ʫʣʴʪʨʘʬʠʦʣʝʪʘ(ʍʣN) 

ʠ ʩ ʚʦʟʜʝʡʩʪʚʠʝʤ ʫʣʴʪʨʘʬʠʦʣʝʪʘ (ʋʌ) 
ʇʦ ʛʨʘʬʠʢʘʤ ʚʠʜʥʦ, ʯʪʦ ʧʨʝʙʳʚʘʥʠʝ ʚ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʤ ʙʦʢʩʝ ʩʢʘʟʘʣʦʩʴ ʥʘ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ. ʌʣʫʦʨʝʩʮʝʥʮʠʷ ʙʠʦʦʙʲʝʢʪʦʚ ʪʘʢʞʝ ʟʘʚʠʩʠʪ ʦʪ ʩʪʝʧʝʥʠ 

ñʢʦʨʤʣʝʥʠʷò ʩʨʝʜʳ (ʢʦʥʮʝʥʪʨʘʮʠʠ ʫʜʦʙʨʝʥʠʡ) ʠ ʤʘʣʦ ʟʘʚʠʩʠʪ ʦʪ ʚʨʝʤʝʥʠ. 

ʇʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʤ ʩʧʝʢʪʨʘʤ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʤʦʞʥʦ ʢʦʩʚʝʥʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʘ ñʘò ʠ ñʙò ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʩʪʫʣʘʪʦʤ ɻʠʪʝʣʴʟʦʥʘ: 

ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʬʣʫʦʨʝʩʮʝʥʮʠʝʡ ʭʣʦʨʦʬʠʣʣʘ ʧʨʠ 740 ʥʤ ʠ ʚ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ 

ʦʪ 690 ʥʤ ʜʦ 700 ʥʤ, c ʚʝʨʦʷʪʥʦʩʪʴʶ ʚʳʰʝ 95% ʣʠʥʝʡʥʦ ʩʚʷʟʘʥʦ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 

ʭʣʦʨʦʬʠʣʣʘ ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʢʘʢ ʪʦʯʥʳʡ ʧʦʢʘʟʘʪʝʣʴ 

ʩʦʜʝʨʞʘʥʠʷ ʭʣʦʨʦʬʠʣʣʘ. ʊʘʢʞʝ ʤʦʞʥʦ ʠʟʫʯʘʪʴ ʬʦʪʦʩʠʥʪʝʟ ʙʠʦʦʙʲʝʢʪʘ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʬʬʝʢʪʘ ʂʘʫʪʩʢʦʛʦ ʠ ʩʣʝʜʠʪʴ ʟʘ ʩʦʩʪʦʷʥʠʝʤ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ ʧʦ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʤ ʩʧʝʢʪʨʘʤ ʬʣʫʦʨʝʩʮʝʥʮʠʠ. 
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ʋɼʂ 577 

ɸʅɸʃʀɿ ɺʆɿʄʆɾʅʆʉʊʀ ʇʈʀʄɽʅɽʅʀʗ AU-ʅɸʅʆʉɽʅʉʆʈʆɺ 

ɼʃʗ ɼʀɸɻʅʆʉʊʀʂʀ ʄɽʃɸʅʆʄʓ ɻʃɸɿɸ 

ɻʨʘʯʸʚʘ ɼ. ɺ., ʂʫʜʨʷʚʮʝʚ ʀ. ɸ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ʄʝʣʘʥʦʤʘ ʛʣʘʟʘ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʚʥʫʪʨʠʛʣʘʟʥʳʤ 

ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʤ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʝʤ, ʧʦʨʘʞʘʶʱʠʤ 5-7 ʯʝʣʦʚʝʢ ʥʘ ʤʠʣʣʠʦʥ ʚ ʛʦʜ. 

ɼʠʘʛʥʦʩʪʠʢʘ ʢʨʫʧʥʳʭ ʠ ʩʨʝʜʥʠʭ ʛʣʘʟʥʳʭ ʦʧʫʭʦʣʝʡ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʢʣʠʥʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ ʠ ʩʠʤʧʪʦʤʘʭ. ʇʨʦʙʣʝʤʦʡ ʦʩʪʘʝʪʩʷ ʚʳʷʚʣʝʥʠʝ ʥʝʙʦʣʴʰʠʭ ʤʝʣʘʥʦʮʠʪʘʨʥʳʭ 

ʧʨʦʣʠʬʝʨʘʮʠʡ [1]. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʥʘʨʫʞʝʥʠʷ ʢʣʝʪʦʢ ʫʚʝʘʣʴʥʦʡ ʤʝʣʘʥʦʤʳ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʘʥʦʯʘʩʪʠʮʳ ʟʦʣʦʪʘ. ʅʘ ʧʨʘʢʪʠʢʝ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣ 

ʧʨʦʮʝʩʩ ʩʠʥʪʝʟʘ Au-ʥʘʥʦʩʝʥʩʦʨʦʚ ʤʝʪʦʜʦʤ ʊʫʨʢʝʚʠʯʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʦʣʫʯʝʥʥʳʝ 

ʥʘʥʦʯʘʩʪʠʮʳ ʩʣʘʙʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʠʩʩʣʝʜʫʝʤʳʤʠ ʦʙʨʘʟʮʘʤʠ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʙʳʩʪʨʦʛʦ ʠ ʩʪʘʙʠʣʴʥʦʛʦ ʢʦʥʪʘʢʪʘ ʩ ɼʅʂ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘʤʠ ʧʨʝʜʣʦʞʝʥʘ ʤʦʜʠʬʠʢʘʮʠʷ 

ʥʘʥʦʯʘʩʪʠʮ ʟʦʣʦʪʘ ʟʘʱʠʪʥʦʡ ʜʠʪʠʦʣʘʥʦʚʦʡ ʛʨʫʧʧʦʡ. ʈʘʩʩʤʦʪʨʝʥ ʧʨʦʮʝʩʩ ʦʙʥʘʨʫʞʝʥʠʷ 

ʤʫʪʘʮʠʡ ʚ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘʭ ʩ ʧʦʤʦʱʴʶ ʧʦʣʫʯʝʥʥʳʭ ʥʘʥʦʩʝʥʩʦʨʦʚ. ʇʝʨʝʜ 

ʜʦʙʘʚʣʝʥʠʝʤ ʈʅʂ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʢ ʧʦʣʫʯʝʥʥʦʡ ʩʠʩʪʝʤʝ çʥʘʥʦʯʘʩʪʠʮʳ+ɼʅʂè ʢ 

ɼʅʂ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘʤ ʧʨʠʚʷʟʳʚʘʣʠ ʬʣʫʦʨʝʩʮʝʥʪʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ, ʪʘʢ ʢʘʢ ʪʦʣʴʢʦ 

ʧʦʩʣʝ ʵʪʦʛʦ ʚʦʟʤʦʞʥʦ çʨʘʩʢʨʳʪʠʝè ɼʅʂ, ʦʙʣʘʜʘʶʱʝʛʦ ʰʧʠʣʝʯʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ɺ ʪʘʢʦʡ 

ʢʦʥʬʦʨʤʘʮʠʠ ʬʣʫʦʨʝʩʮʝʥʪʥʘʷ ʤʝʪʢʘ ʥʘʭʦʜʠʣʘʩʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʙʣʠʟʢʘ ʢ ʷʜʨʫ 

ʯʘʩʪʠʮʳ, ʢʦʪʦʨʦʝ ʧʦʜʘʚʣʷʣʦ ʬʣʫʦʨʝʩʮʝʥʮʠʶ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʈʅʂ 

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘ ʰʧʠʣʝʯʥʘʷ ʩʪʨʫʢʪʫʨʘ ɼʅʂ ʨʘʩʢʨʳʚʘʣʘʩʴ, ʩʤʝʱʘʷ ʬʣʫʦʨʝʩʮʝʥʪʥʫʶ 

ʧʨʦʠʟʚʦʜʥʫʶ ʦʪ ʷʜʨʘ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʥʘʙʣʶʜʘʣʦʩʴ ʧʦʚʳʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʧʦʩʦʙʥʦʩʪʠ ʥʘʥʦʯʘʩʪʠʮ ʟʦʣʦʪʘ ʚʳʷʚʣʷʪʴ ʠʟʤʝʥʝʥʠʷ ʚ 

ʦʜʠʥʦʯʥʳʭ ʥʫʢʣʝʦʪʠʜʘʭ ʙʳʣʠ ʧʨʠʛʦʪʦʚʣʝʥʳ ʜʚʝ ʤʦʜʠʬʠʢʘʮʠʠ ʥʘʥʦʯʘʩʪʠʮ, 

ʩʦʝʜʠʥʝʥʥʳʭ ʩ ʤʫʪʘʥʪʥʳʤ ʠ ʥʝ ʤʫʪʘʥʪʥʳʤ ɼʅʂ ʠ ʨʘʩʧʦʟʥʘʶʱʠʭ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʈʅʂ 

ʤʫʪʘʥʪʥʦʛʦ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘ ʠ ʈʅʂ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʙʝʟ ʠʟʤʝʥʝʥʠʡ. ʉʠʥʪʝʟ 

ʥʝʦʙʭʦʜʠʤʳʭ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʘʤʠʜʦʬʦʩʬʠʪʥʳʤ ʤʝʪʦʜʦʤ ʩ ʧʦʤʦʱʴʶ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘʪʦʨʘ MerMade4 DNA and RNA Synthesizer. ʄʘʢʩʠʤʫʤ 

ʠʟʣʫʯʝʥʠʷ ʯʘʩʪʠʮʘʤʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʙʳʣ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 518 ʥʤ 

ʧʦʩʣʝ 20 ʤʠʥʫʪ ʚʳʜʝʨʞʠʚʘʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʩ ʈʅʂ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘʤʠ. ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ 

ʛʨʘʬʠʢ, ʥʘʥʦʯʘʩʪʠʮʳ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʤʫʪʘʮʠʠ, ʧʨʦʷʚʠʣʠ 

ʩʠʣʴʥʫʶ ʬʣʫʦʨʝʩʮʝʥʮʠʶ. ʅʘʧʨʦʪʠʚ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʜʝʨʞʠʚʘʥʠʷ ʯʘʩʪʠʮ ʩ ʥʦʨʤʘʣʴʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʙʳʣʦ ʟʘʤʝʯʝʥʦ ʩʣʘʙʦʝ ʚʦʟʨʘʩʪʘʥʠʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ. 
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ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʦʪ ʚʨʝʤʝʥʠ 

 

ʀʟʤʝʨʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩ ʧʦʤʦʱʴʶ 

ʦʙʦʨʫʜʦʚʘʥʠʷ Synergy H4 microplate reader. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ Au-ʥʘʥʦʩʝʥʩʦʨʳ ʧʦʟʚʦʣʷʶʪ ʦʙʥʘʨʫʞʠʚʘʪʴ ʤʫʪʘʮʠʠ 

ʚ ʢʣʝʪʢʘʭ ʛʣʘʟʥʦʡ ʤʝʣʘʥʦʤʳ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʥʝ ʤʝʥʝʝ 375 

ʥʘʥʦʤʦʣʴ. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ʉ.L. Shields, M. Furuta, A. Thangappan, S. Nagori, A. Mashayekhi, D.R. Lally, 

C. C. Kelly, D.S. Rudich, A.V. Nagori, O.A. Wakade, S.Mehta, L. Forte, A. Long, E.F. 

Dellacava, B.Kaplan, J.A. Shields. Metastasis of uveal melanoma millimeter-by-millimeter in 

8033 consecutive eyes. 2009, 127, 989-98. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʀʉʇʆʃʔɿʆɺɸʅʀʗ ʆʇʊʆɺʆʃʆʂʆʅʅʆʁ ʉʀʉʊɽʄʓ 

ɼʃʗ ʈɽɻʀʉʊʈɸʎʀʀ ʂʆʄɹʀʅɸʎʀʆʅʅʆɻʆ ʈɸʉʉɽʗʅʀʗ 

ʃʠʪʚʠʥʦʚʘ ʖ. ɽ., ɸʨʪʝʤʴʝʚ ɼ. ʅ., ɹʨʘʪʯʝʥʢʦ ʀ. ɸ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʣʠʷʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʧʪʦʚʦʣʦʢʦʥʥʳʭ 

ʩʠʩʪʝʤ ʥʘ ʨʝʛʠʩʪʨʠʨʫʝʤʳʡ ʩʠʛʥʘʣ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʦʪ ʦʙʨʘʟʮʘ. ʀʟʚʝʩʪʥʦ, 

ʯʪʦ ʥʘ ʨʝʛʠʩʪʨʠʨʫʝʤʳʡ ʩʠʛʥʘʣ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ ʦʧʪʦʚʦʣʦʢʥʘ, ʢʘʢ 

ʤʘʪʝʨʠʘʣ, ʧʨʠʤʝʩʠ, ʬʦʨʤʘ, ʜʣʠʥʘ, ʦʧʪʠʯʝʩʢʠʝ ʬʠʣʴʪʨʳ ʠ ʪ. ʧ.  

ʆʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʰʫʤʘ, ʩʚʦʡʩʪʚʝʥʥʳʤ ʦʧʪʦʚʦʣʦʢʥʫ, ʷʚʣʷʝʪʩʷ 

ʩʧʝʢʪʨʘʣʴʥʳʡ ʬʦʥ, ʛʝʥʝʨʠʨʫʝʤʦʛʦ ʚ ʧʨʦʮʝʩʩʝ ʜʦʩʪʘʚʢʠ ʩʠʛʥʘʣʘ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʵʪʦʛʦ 

ʬʦʥʦʚʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʧʦʨʷʜʢʠ ʚʳʰʝ ʩʠʛʥʘʣʘ ʦʪ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ. ʆʥ ʩʦʩʪʦʠʪ ʠʟ 

ʥʝʫʧʨʫʛʦ ʨʘʩʩʝʷʥʥʦʛʦ ʩʚʝʪʘ ʦʪ ʧʣʘʚʣʝʥʦʛʦ ʢʚʘʨʮʘ, ʧʨʠʤʝʩʝʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʚʦʣʦʢʦʥ ʦʧʨʝʜʝʣʝʥʥʦʡ ʯʠʩʣʦʚʦʡ ʘʧʝʨʪʫʨʳ, ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʧʨʠʤʝʩʝʡ ʠ 

ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʙʦʣʦʯʢʠ. ʃʘʟʝʨʥʦʝ ʠʟʣʫʯʝʥʠʝ ʚ ʚʦʣʦʢʥʘʭ ʜʦʩʪʘʚʢʠ ʚʦʟʙʫʞʜʘʝʪ 

ʠʥʪʝʥʩʠʚʥʳʡ ʬʦʥ ʚʦʣʦʢʦʥ, ʚʳʟʚʘʥʥʳʡ ʙʦʣʴʰʦʡ ʜʣʠʥʦʡ ʧʫʪʠ ʧʨʦʭʦʞʜʝʥʠʷ ʧʦ 

ʚʦʣʦʢʥʘʤ. ʕʪʦʪ ʩʧʝʢʪʨ ʨʘʩʩʝʠʚʘʝʪʩʷ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʠ ʩʦʙʠʨʘʝʪʩʷ ʚʤʝʩʪʝ ʩʦ 

ʩʧʝʢʪʨʦʤ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʪʢʘʥʠ ʩ ʧʦʤʦʱʴʶ ʩʦʙʠʨʘʶʱʠʭ ʚʦʣʦʢʦʥ. 

ʏʘʩʪʦ ʬʦʥ ʤʘʩʢʠʨʫʝʪ ʩʠʛʥʘʣ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʦʙʨʘʟʮʘ, ʢʦʪʦʨʳʡ 

ʛʝʥʝʨʠʨʫʝʪʩʷ ʚ ʪʦʥʢʦʤ ʩʣʦʝ. ʃʘʟʝʨʥʦʝ ʠʟʣʫʯʝʥʠʝ ʦʙʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʦʙʨʘʟʮʘ ʪʘʢʞʝ 

ʧʦʧʘʜʘʝʪ ʚ ʚʦʣʦʢʥʘ ʜʣʷ ʩʙʦʨʘ, ʩʦʟʜʘʚʘʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʬʦʥ ʚʦʣʦʢʦʥ, ʝʱʝ ʙʦʣʝʝ 

ʫʭʫʜʰʘʷ ʢʘʯʝʩʪʚʦ ʩʧʝʢʪʨʘ, ʜʦʩʪʠʛʘʶʱʝʛʦ ʜʝʪʝʢʪʦʨʘ. ʂʨʦʤʝ ʠʩʢʘʞʝʥʠʷ ʠʥʪʝʨʝʩʫʶʱʝʛʦ 

ʩʧʝʢʪʨʘ, ʠʥʪʝʥʩʠʚʥʳʡ ʬʦʥʦʚʳʡ ʰʫʤ ʜʦʙʘʚʣʷʝʪ ʜʨʦʙʦʚʦʡ ʰʫʤ ʢ ʩʠʛʥʘʣʫ. ʕʪʦʪ ʰʫʤ 

ʯʘʩʪʦ ʙʦʣʴʰʝ, ʯʝʤ ʧʦʣʦʩʳ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ 

ʠʟʙʘʚʣʝʥʠʝ ʦʪ ʰʫʤʘ ʩ ʧʦʤʦʱʴʶ ʦʧʪʠʯʝʩʢʠʭ ʬʠʣʴʪʨʦʚ. 

ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʥʳ ʩʧʝʢʪʨʳ ʦʧʪʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ. 

ɹʳʣʠ ʚʳʷʚʣʝʥʳ ʭʘʨʘʢʪʝʨʥʳʝ ʚʦʣʦʢʥʘʤ ʧʘʨʘʤʝʪʨʳ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʩʧʝʢʪʨʘ ʣʘʟʝʨʘ 

ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 785 ʥʤ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ. ɹʳʣʠ ʠʟʫʯʝʥʳ ʬʠʟʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ ʚʦʣʦʢʦʥ ʠ ʩʦʧʦʩʪʘʚʣʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ. 

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʦʧʪʦʚʦʣʦʢʦʥʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ 

ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ. ɹʳʣʠ ʚʳʩʢʘʟʘʥʳ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʩʧʦʩʦʙʘʭ ʚʦʟʤʦʞʥʦʛʦ 

ʫʣʫʯʰʝʥʠʠ ʢʘʯʝʩʪʚʘ ʨʝʛʠʩʪʨʠʨʫʝʤʦʛʦ ʩʠʛʥʘʣʘ. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʂʆʄɹʀʅɸʎʀʆʅʅʆɻʆ ʈɸʉʉɽʗʅʀʗ ɸʃʔɹʋʄʀʅɸ ɺ 

ʈɸɿʃʀʏʅʓʍ ʉʇɽʂʊʈɸʃʔʅʓʍ ɼʀɸʇɸɿʆʅɸʍ 

ʃʳʢʠʥʘ ɸ. ɸ., ɸʨʪʝʤʴʝʚ ɼ. ʅ., ɹʨʘʪʯʝʥʢʦ ʀ. ɸ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ɺ ʧʣʘʟʤʝ ʢʨʦʚʠ ʯʝʣʦʚʝʢʘ ʩʦʜʝʨʞʠʪʩʷ ʙʦʣʝʝ 100 ʨʘʟʣʠʯʥʳʭ ʙʝʣʢʦʚ ʢʨʦʚʠ, 

ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʨʘʟʣʠʯʥʳʝ ʬʫʥʢʮʠʠ ʠ ʤʦʣʝʢʫʣʷʨʥʫʶ ʩʪʨʫʢʪʫʨʫ. ʅʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʧʣʘʟʤʳ ʢʨʦʚʠ (ʜʦ 60%) ʷʚʣʷʝʪʩʷ ʘʣʴʙʫʤʠʥ, 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʦʪʦʨʦʛʦ ʚ ʥʦʨʤʝ ʩʦʩʪʘʚʣʷʝʪ 35-50 ʛ/ʣ. ʆʥ ʚʳʩʪʫʧʘʝʪ ʢʘʢ ʪʨʘʥʩʧʦʨʪʥʳʡ 

ʙʝʣʦʢ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʛʦʨʤʦʥʦʚ, ʩʚʦʙʦʜʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ, ʙʠʣʠʨʫʙʠʥʘ, ʧʦʜʜʝʨʞʠʚʘʝʪ 

ʢʦʣʣʦʠʜʥʦ-ʦʩʤʦʪʠʯʝʩʢʦʝ ʧʦʩʪʦʷʥʩʪʚʦ ʢʨʦʚʠ [1]. ʀʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʣʴʙʫʤʠʥʘ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʧʨʠʩʫʪʩʪʚʠʠ ʚʦʩʧʘʣʝʥʠʡ ʠʣʠ ʧʘʪʦʣʦʛʠʡ ʚ ʦʨʛʘʥʠʟʤʝ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʜʣʷ ʤʘʣʦʠʥʚʘʟʠʚʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʝʣʢʦʚʳʭ ʬʨʘʢʮʠʡ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ (ʂʈ), ʢʦʪʦʨʳʡ 

ʧʦʟʚʦʣʷʝʪ ʩʫʜʠʪʴ ʦ ʩʪʨʫʢʪʫʨʝ ʦʙʲʝʢʪʘ, ʥʝ ʧʦʚʨʝʞʜʘʷ ʝʛʦ. ɺʳʙʨʘʥʥʳʡ ʤʝʪʦʜ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʢʦʥʬʦʢʘʣʴʥʳʝ 

ʩʠʩʪʝʤʳ, ʤʠʢʨʦʦʙʲʝʢʪʠʚ) ʠ ʚʥʝʰʥʠʭ ʨʝʘʛʝʥʪʦʚ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʥʝʦʜʥʦʢʨʘʪʥʦ 

ʧʨʠʤʝʥʷʣʩʷ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʙʝʣʢʦʚ ʢʨʦʚʠ [2, 3]. 

ɼʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʩʧʝʢʪʨʦʚ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʧʨʠʤʝʥʷʣʠʩʴ 

ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʚʭʦʜʷʪ ʫʟʢʦʧʦʣʦʩʥʳʡ ʠʩʪʦʯʥʠʢ ʚʦʟʙʫʞʜʝʥʠʷ 

ï ʣʘʟʝʨ ʠ ʨʝʛʠʩʪʨʠʨʫʶʱʠʡ ʧʨʠʝʤʥʠʢ ï ʩʧʝʢʪʨʦʛʨʘʬ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʨʝʛʠʩʪʨʘʮʠʶ 

ʦʧʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʥʠʟʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. 

ʎʝʣɹ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ 

ʘʣʴʙʫʤʠʥʘ ʤʝʪʦʜʦʤ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʚ ʚʠʜʠʤʦʤ ʠ ʙʣʠʞʥʝʤ ʀʂ ʜʠʘʧʘʟʦʥʝ. ɺ 

ʵʢʩʧʝʨʠʤʝʥʪʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʨʝʧʘʨʘʪ ʜʣʷ ʤʝʜʠʮʠʥʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ï 10% ʨʘʩʪʚʦʨ 

ʘʣʴʙʫʤʠʥʘ ʯʝʣʦʚʝʯʝʩʢʦʛʦ (ʢʦʜ ʘʥʘʪʦʤʦ-ʪʝʨʘʧʝʚʪʠʯʝʩʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ɺ05ɸɸ01). ɹʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʬʦʨʤʘ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʝʛʠʩʪʨʠʨʫʝʤʦʛʦ ʩʠʛʥʘʣʘ 

(ʨʘʤʘʥʦʚʩʢʦʝ ʨʘʩʩʝʷʥʠʝ ʠ ʘʚʪʦʬʣʫʦʨʝʩʮʝʥʮʠʷ) ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʣʘʟʝʨʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʚʦʟʙʫʞʜʝʥʠʷ, ʚʠʜʠʤʦʛʦ ʠ ʙʣʠʞʥʝʛʦ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʜʠʘʧʘʟʦʥʘ. ʇʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʝʛʨʝʩʩʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʨʘʤʘʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʦʚ ʘʣʴʙʫʤʠʥʘ. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʍɸʈɸʂɽʈʀʉʊʀʂ ʇʆɺɽʈʍʅʆʉʊʅʆɻʆ ʉʃʆʗ 

ʈɽʌʃɽʂʊʆʈɸ LA B-ON-CHIP ʉʀʉʊɽʄʓ ɼʃʗ ʕʌʌɽʂʊʀɺʅʆʁ 

ʈɽɻʀʉʊʈɸʎʀʀ ʂʆʄɹʀʅɸʎʀʆʅʅʆɻʆ ʈɸʉʉɽʗʅʀʗ 

ʄʘʤʙʝʪʦʚʘ ʀ. ɹ., ɸʨʪʝʤʴʝʚ ɼ. ʅ., ɹʨʘʪʯʝʥʢʦ ʀ. ɸ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ʊʨʘʜʠʮʠʦʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ 

ʧʨʦʚʦʜʷʪʩʷ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʣʘʙʦʨʘʪʦʨʠʷʭ, ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʚ 

ʧʣʘʥʝ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚʨʝʤʝʥʠ ʠ ʨʫʯʥʦʛʦ ʦʪʙʦʨʘ ʧʨʦʙ ʚʝʱʝʩʪʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʠʥʪʝʨʝʩ 

ʜʣʷ ʤʝʜʠʮʠʥʳ, ʥʘʫʢʠ, ʬʘʨʤʘʮʝʚʪʠʢʠ ʠ ʪ.ʜ. ʇʦʵʪʦʤʫ ʨʘʩʪʝʪ ʪʝʥʜʝʥʮʠʷ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

lab-on-chip ʩʠʩʪʝʤʳ (LOC), ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʩʣʦʞʥʦʩʪʴ ʛʨʦʤʦʟʜʢʠʭ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʘʥʘʣʠʟʦʚ ʠ ʠʭ ʩʪʦʠʤʦʩʪʴ ʩ ʧʦʤʦʱʴʶ ʤʠʥʠʘʪʶʨʠʟʘʮʠʠ ʠ ʠʥʪʝʛʨʘʮʠʠ 

ʥʝʩʢʦʣʴʢʠʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʦʜʥʦʤ ʫʩʪʨʦʡʩʪʚʝ. ʈʝʘʣʠʟʘʮʠʷ LOC ʫʩʪʨʦʡʩʪʚ 

ʠʤʝʝʪ ʧʦʪʝʥʮʠʘʣ, ʯʪʦʙʳ ʧʨʝʦʜʦʣʝʪʴ ʦʛʨʘʥʠʯʝʥʠʷ ʪʨʘʜʠʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ ʩ ʬʦʥʦʚʳʤ ʩʠʛʥʘʣʦʤ ʦʪ ʧʦʜʣʦʞʢʠ. 

ʆʩʥʦʚʥʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʧʨʦʙʣʝʤʳ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ lab-on-chip ʩʠʩʪʝʤʳ 

ʩʚʷʟʘʥʳ ʩ ʢʘʯʝʩʪʚʦʤ ʨʝʛʠʩʪʨʠʨʫʝʤʦʛʦ ʩʠʛʥʘʣʘ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʝʛʦ ʩʙʦʨʘ ʩʠʩʪʝʤʦʡ. ʍʦʨʦʰʝʝ ʢʘʯʝʩʪʚʦ ʩʠʛʥʘʣʘ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʬʦʥʦʚʳʝ 

ʩʠʛʥʘʣʳ ʠ ʠʩʢʘʞʝʥʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʩʚʝʜʝʥʳ ʢ ʤʠʥʠʤʫʤʫ. ʇʦʩʢʦʣʴʢʫ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʦʯʝʥʴ ʤʘʣʘ, ʪʦ ʩʠʛʥʘʣ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʤʦʞʝʪ 

ʙʳʪʴ ʟʘʜʘʚʣʝʥ ʘʚʪʦʬʣʫʦʨʝʩʮʝʥʮʠʝʡ ʦʙʨʘʟʮʘ. ɼʣʷ ʨʝʰʝʥʠʷ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʧʨʦʙʣʝʤ 

ʩʫʱʝʩʪʚʫʶʪ ʨʘʟʥʳʝ ʧʦʜʭʦʜʳ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʣʠʞʥʝʡ ʠʥʬʨʘʢʨʘʩʥʦʡ ʜʣʠʥʳ ʚʦʣʥʳ 

ʚʦʟʙʫʞʜʝʥʠʷ (ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʬʣʫʦʨʝʩʮʝʥʮʠʶ), ʚʳʙʦʨ ʵʬʬʝʢʪʠʚʥʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʧʘʨʘʤʝʪʨʦʚ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ (ʬʦʨʤʳ ʨʝʬʣʝʢʪʦʨʘ, ʤʘʪʝʨʠʘʣʘ 

ʦʪʨʘʞʘʶʱʝʛʦ ʩʣʦʷ, ʝʛʦ ʪʦʣʱʠʥʳ ʜʣʷ ʣʫʯʰʝʡ ʣʦʢʘʣʠʟʘʮʠʠ ʠ ʨʝʛʠʩʪʨʘʮʠʠ ʩʚʝʪʦʚʦʛʦ 

ʧʦʪʦʢʘ), ʯʪʦ ʠ ʷʚʣʷʝʪʩʷ ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ [1]. 

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʤʝʪʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣ ʚʳʙʨʘʥ ʤʝʪʦʜ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʂʈ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ LOC ʩʠʩʪʝʤ. ʏʠʧʳ ʩ ʦʙʨʘʟʮʘʤʠ ʙʳʣʠ ʠʟʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʪʝʥʜʘ, ʨʝʘʣʠʟʫʶʱʠʡ ʜʘʥʥʳʡ ʤʝʪʦʜ, ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ ʠʟ: 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʣʘʟʝʨʘ LML -785.0RB-04, ʦʧʪʠʯʝʩʢʦʛʦ ʂʈ ʤʦʜʫʣʷ PBL 785, 

ʩʧʝʢʪʨʦʛʨʘʬʘ Shamrock SR-500i- D1-R ʩ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʮʠʬʨʦʚʦʡ ʢʘʤʝʨʦʡ ANDOR 

DU416A-LDC-DD ʠ ʢʦʤʧʴʶʪʝʨʘ. ʇʘʨʘʤʝʪʨʳ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʢʘʤʝʨʳ ʚʳʙʠʨʘʣʠʩʴ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʧʫʪʸʤ, ʩ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʧʘʨʘʙʦʣʠʯʝʩʢʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʟʚʦʣʷʶʪ 

ʦʪʨʘʞʘʪʴ ʣʫʯʠ ʧʘʨʘʣʣʝʣʴʥʦ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʬʦʢʘʣʴʥʦʡ ʪʦʯʢʠ ʥʘ ʦʙʨʘʟʮʝ. 

ʇʦʵʪʦʤʫ ʧʘʨʘʙʦʣʠʯʝʩʢʠʝ ʨʝʬʣʝʢʪʦʨʳ ʦʯʝʥʴ ʵʬʬʝʢʪʠʚʥʳ ʚ ʢʦʥʪʝʢʩʪʝ lab-on-chip 

ʩʠʩʪʝʤʳ [2]. ʊʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʬʣʝʢʪʦʨʘ ʥʘ ʥʠʞʥʝʤ ʩʣʦʝ LOC ʧʦʟʚʦʣʷʝʪ 

ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʙʦʨʘ ʨʘʩʩʝʷʥʥʦʛʦ ʩʚʝʪʘ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ, 

ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʩʦʟʜʘʥ ʚ ʪʦʯʢʝ ʬʦʢʫʩʠʨʦʚʢʠ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʩʪʨʫʢʮʠʝʡ, ʛʜʝ ʥʘ 

ʚʝʨʭʥʠʡ ʩʣʦʡ ʧʦʤʝʱʘʝʪʩʷ ʧʨʝʣʦʤʣʷʶʱʘʷ ʣʠʥʟʘ [3]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʧʝʢʪʨʳ ʚʝʱʝʩʪʚ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ LOC ʩʠʩʪʝʤ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʩʧʝʢʪʨʦʚ 

ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʠ ʘʚʪʦʬʣʫʦʨʝʩʮʝʥʮʠʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʘʭ 

ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʢʘʤʝʨʳ.  
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ɸʅɸʃʀɿ ʉʋʉʊɸɺʅʆʁ ɾʀɼʂʆʉʊʀ ʉ ʇʆʄʆʑʔʖ ʉʇɽʂʊʈʆʉʂʆʇʀʀ 

ʂʆʄɹʀʅɸʎʀʆʅʅʆɻʆ ʈɸʉʉɽʗʅʀʗ ɼʃʗ ɺʓʗɺʃɽʅʀʗ ʇɸʊʆʃʆɻʀʁ 

ʉʋʉʊɸɺɸ 

ʄʘʨʢʦʚʘ ʄ. ɼ.
1
, ʗʛʦʬʘʨʦʚʘ ɽ. ʌ.

1
, ɺʦʣʦʚʘ ʃ. ʊ.

2
, ɼʦʣʛʫʰʢʠʥ ɼ. ɸ.

2
, 

ʊʠʤʯʝʥʢʦ ɽ. ɺ.
1
, ʊʠʤʯʝʥʢʦ ʇ. ɽ.

1 

1
ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

2
ʉʘʤʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʉʘʤʘʨʘ 

ɼʣʷ ʧʨʘʚʠʣʴʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʟʘʙʦʣʝʚʘʥʠʡ ʩʫʩʪʘʚʦʚ ʘʥʘʣʠʟ ʉɾ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʜʠʘʛʥʦʟʘ ʠ ʧʨʘʚʠʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʣʝʯʝʥʠʷ ʧʘʮʠʝʥʪʘ. ʀʟʫʯʝʥʠʝ ʩʦʩʪʘʚʘ ʉɾ ʩʫʩʪʘʚʘ ʚ ʦʨʪʦʧʝʜʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ, ʢ 

ʩʦʞʘʣʝʥʠʶ, ʷʚʣʷʝʪʩʷ ʨʝʜʢʦʩʪʴʶ, ʫʩʪʫʧʘʷ ʧʨʠ ʪʝʭ ʞʝ ʜʝʩʪʨʫʢʪʠʚʥʦ-ʜʠʩʪʨʦʬʠʯʝʩʢʠʭ 

ʟʘʙʦʣʝʚʘʥʠʷʭ ʚʳʧʦʣʥʝʥʠʶ ʨʝʥʪʛʝʥʦʛʨʘʬʠʠ ʠ ʄʈʊ ʩʫʩʪʘʚʘ. ʍʦʪʷ ʧʨʠ ʵʪʠʭ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʥʝʨʝʜʢʦ ʚʳʷʚʣʷʶʪ ʫʞʝ ʛʨʫʙʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʢʦʩʥʦʡ ʠ 

ʭʨʷʱʝʚʦʡ ʪʢʘʥʠ, ʢʦʛʜʘ ʢʘʢ ʠʩʩʣʝʜʦʚʘʥʠʝ ʉɾ ʧʦʟʚʦʣʷʝʪ ʫʞʝ ʥʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭ 

ʟʘʙʦʣʝʚʘʥʠʷ ʧʦʜʪʚʝʨʜʠʪʴ ʥʘʯʘʣʦ ʠ ʭʘʨʘʢʪʝʨ ʜʝʩʪʨʫʢʪʠʚʥʦ-ʜʠʩʪʨʦʬʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 

[1]. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʙʨʘʟʮʦʚ ʩʠʥʦʚʠʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ ʩʫʩʪʘʚʘ, 

ʧʦʣʫʯʝʥʥʦʡ ʚ ʥʦʨʤʝ ʠ ʧʨʠ ʧʘʪʦʣʦʛʠʠ ʢʦʣʝʥʥʦʛʦ ʩʫʩʪʘʚʘ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʂʈ. 

ɿʘʙʦʨ ʉɾ ʧʨʦʚʦʜʠʣʠ ʦʜʥʦʨʘʟʦʚʳʤ ʰʧʨʠʮʝʤ ʧʫʪʝʤ ʧʫʥʢʮʠʠ ʩʫʩʪʘʚʘ ʣʠʙʦ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʘʨʪʨʦʪʦʤʠʠ ʠʣʠ ʘʨʪʨʦʩʢʦʧʠʠ ʧʨʠ ʪʱʘʪʝʣʴʥʦʤ 

ʛʝʤʦʩʪʘʟʝ. 

ʉʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʨʘʟʮʦʚ ʠʟʫʯʘʣʠ ʩ ʧʦʤʦʱʴʶ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʪʝʥʜʘ, ʚʢʣʶʯʘʶʱʝʛʦ ʚ ʩʝʙʷ ʚʳʩʦʢʦʨʘʟʨʝʰʘʶʱʠʡ ʮʠʬʨʦʚʦʡ 

ʩʧʝʢʪʨʦʤʝʪʨ Shamrock sr-303i ʩ ʚʩʪʨʦʝʥʥʦʡ ʦʭʣʘʞʜʘʝʤʦʡ ʢʘʤʝʨʦʡ DV420A-OE, 

ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʡ ʟʦʥʜ ʜʣʷ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ RPB785, 

ʩʦʚʤʝʱʸʥʥʳʡ ʩ ʣʘʟʝʨʥʳʤ ʤʦʜʫʣʝʤ LuxxMaster LML-785.0RB-04 (ʩ ʨʝʛʫʣʠʨʫʝʤʦʡ 

ʤʦʱʥʦʩʪʴʶ ʜʦ 500 ʤɺʪ, ʜʣʠʥʘ ʚʦʣʥʳ 785 ʥʤ). 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ 

ʩʧʝʢʪʨʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʉɾ. ʇʨʠ ʨʘʟʚʠʪʠʠ ʜʝʩʪʨʫʢʪʠʚʥʦ-ʜʠʩʪʨʦʬʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ 

ʚ ʩʠʥʦʚʠʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ ʧʦʨʘʞʝʥʥʦʛʦ ʩʫʩʪʘʚʘ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʦʙʱʝʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʙʝʣʢʦʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ ʚʦʣʥʦʚʳʭ ʯʠʩʣʘʭ: 1001 ʩʤ
-1

 ɼʳʭʘʪʝʣʴʥʦʝ ʢʦʣʴʮʦ 

ʬʝʥʠʣʘʣʘʥʠʥʘ), 1155 (ɻʠʘʣʫʨʦʥʦʚʘʷ ʢʠʩʣʦʪʘ (ʉ-ʆ, ʉ-ʉ)), 1206 ʩʤ, 1125 ʩʤ
-1

 (ʉ-ʉ, ʉ-ʆ-

C ʨʘʩʪʷʞʝʥʠʝ ʛʣʠʢʦʟʠʜʥʳʭ ʩʚʷʟʝʡ), 1250 ʩʤ
-1

 (ɸʤʠʜ III), 1442 ʩʤ
-1

 (CH2/CH3 

ʜʝʬʦʨʤʘʮʠʦʥʥʦʝ ʢʨʫʪʠʣʴʥʦʝ), ʘ ʪʘʢʞʝ 744 ʩʤ
-1

 (ɹʝʣʦʢ (ʉ-ʉ-ʆ)), 948 ʩʤ
-1

 (ɺʪʦʨʠʯʥʘʷ 

ʩʪʨʫʢʪʫʨʘ ʙʝʣʢʘ (N-Ca-C ʨʘʩʪʷʞʝʥʠʝ, Ŭ-ʩʧʠʨʘʣʴ)). 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ 

ʨʘʩʩʝʷʥʠʷ ʤʦʞʥʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʢʦʤʧʦʥʝʥʪʥʳʡ ʩʦʩʪʘʚ ʠʩʩʣʝʜʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʩʪʘʜʠʷʭ ʆɸ.  

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. .Felson DT, Neogi T. Osteoarthritis: Is it a disease of cartilage or of bone? 

Arthritis&Rheumatism. 2004. V.50(2). - 341ï344p. 
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LAB -ON-CHIP ʉʀʉʊɽʄʓ ɼʃʗ ʀʉʉʃɽɼʆɺɸʅʀʗ ʉʇɽʂʊʈɸʃʔʅʓʍ 

ʆʉʆɹɽʅʅʆʉʊɽʁ ɾʀɼʂʀʍ ɺɽʑɽʉʊɺ 

ʉʣʠʚʢʦʚʘ ʊ. ɺ., ɸʨʪʝʤʴʝʚ ɼ. ʅ., ɹʨʘʪʯʝʥʢʦ ʀ. ɸ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ʍʠʤʠʯʝʩʢʠʡ ʠ ʢʦʤʧʦʥʝʥʪʥʳʡ ʘʥʘʣʠʟ ʚʝʱʝʩʪʚ ʚ ʞʠʜʢʦʩʪʷʭ ʠʤʝʝʪ ʙʦʣʴʰʦʝ 

ʟʥʘʯʝʥʠʝ ʚ ʪʘʢʠʭ ʦʙʣʘʩʪʷʭ ʧʨʠʤʝʥʝʥʠʷ, ʢʘʢ ʤʝʜʠʮʠʥʘ, ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʘʷ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʠ ʪ.ʜ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʨʝʙʫʶʪʩʷ ʙʦʣʝʝ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʤʝʪʦʜʳ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʤʦʣʝʢʫʣ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʚ ʦʙʨʘʟʮʘʭ [1]. 

ʉʫʱʝʩʪʚʫʶʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ: ʭʠʤʠʯʝʩʢʠʡ ʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʡ. 

ʇʝʨʚʳʡ ʧʨʠʤʝʥʷʶʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʘʢʪʠʚʦʚ ʜʣʷ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ, ʯʪʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʘʥʘʣʠʟʘ. 

ʀʥʩʪʨʫʤʝʥʪʘʣʴʥʳʡ ʤʝʪʦʜ ʦʙʲʝʜʠʥʷʝʪ ʬʠʟʠʯʝʩʢʠʡ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʚʝʱʝʩʪʚʘ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʦʧʨʝʜʝʣʷʪʴ ʩʦʩʪʘʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʩʤʝʩʷʭ, ʙʝʟ ʠʭ ʨʘʟʜʝʣʝʥʠʷ ʠ ʙʝʟ ʚʳʜʝʣʝʥʠʷ 

ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʆʥʠ ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, ʘ ʪʘʢ ʞʝ ʪʨʝʙʫʶʪ 

ʤʘʣʦʝ ʚʨʝʤʷ ʜʣʷ ʘʥʘʣʠʟʘ [2]. ʉʘʤʦʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʛʨʫʧʧʦʡ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ 

ʤʝʪʦʜʘ ʷʚʣʷʶʪʩʷ ʦʧʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʚʝʱʝʩʪʚ, ʢʦʪʦʨʳʝ ʜʝʣʷʪʩʷ ʥʘ ʤʥʦʞʝʩʪʚʦ 

ʚʠʜʦʚ. ʅʦ ʥʝʢʦʪʦʨʳʝ ʠʟ ʵʪʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʷʚʣʷʶʪʩʷ ʨʘʟʨʫʰʘʶʱʠʤʠ, ʧʨʠʚʦʜʷʱʠʝ 

ʢ ʧʦʚʨʝʞʜʝʥʠʶ ʦʙʨʘʟʮʘ (ʬʣʫʦʨʝʩʮʝʥʪʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ), ʪʘʢʞʝ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʥʝʢʦʪʦʨʳʭ ʪʨʝʙʫʝʪʩʷ ʚʘʢʫʫʤ (ʵʣʝʢʪʨʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʨʘʩʪʨʦʚʳʡ ʵʣʝʢʪʨʦʥʥʳʡ 

ʤʠʢʨʦʩʢʦʧ) [3]. ʄʝʪʦʜ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ (ʂʈ), ʢʦʪʦʨʳʡ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʜʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʥʝ ʪʨʝʙʫʝʪ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ ʠ ʠʤʝʝʪ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ: 

ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʦʪ ʋʌ ʜʦ ʙʣʠʞʥʝʡ ʀʂ ʦʙʣʘʩʪʠ, ʦʯʝʥʴ ʥʠʟʢʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʩʧʝʢʪʨʘ ʚʦʜʳ ʠ ʩʪʝʢʣʘ (ʚ ʦʪʣʠʯʠʝ ʦʪ ʠʥʬʨʘʢʨʘʩʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ), ʪʘʢʞʝ ʥʝ 

ʪʨʝʙʫʝʪʩʷ ʚʘʢʫʫʤʠʨʦʚʘʥʠʝ ʠʣʠ ʦʩʫʰʢʘ ʢʶʚʝʪʥʦʛʦ ʦʪʜʝʣʝʥʠʷ ʜʣʷ ʦʙʨʘʟʮʦʚ [4]. ʇʨʠ 

ʵʪʦʤ ʩʫʱʝʩʪʚʫʝʪ ʧʨʦʙʣʝʤʘ ï ʥʠʟʢʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʂʈ ʩʠʛʥʘʣʘ ʠ ʧʝʨʝʢʨʳʪʠʝ ʧʠʢʦʚ 

ʩʧʝʢʪʨʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʪʨʝʙʫʝʪʩʷ ʚʳʜʝʣʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪ ʚʝʱʝʩʪʚʘ ʠ 

ʠʭ ʘʥʘʣʠʟ. ʆʜʥʠʤ ʠʟ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʚ ʜʘʥʥʦʤ ʘʥʘʣʠʟʝ ʷʚʣʷʶʪʩʷ ʩʠʩʪʝʤʳ lab-on-chip 

(LOC), ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʜʦʙʠʪʴʩʷ ʤʠʥʠʘʪʶʨʠʟʘʮʠʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʧʨʦʮʝʩʩʦʚ, 

ʚʳʨʘʞʘʶʱʝʡʩʷ ʚ ʩʥʠʞʝʥʠʠ ʦʙʲʝʤʦʚ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ (ʜʦ ʜʝʩʷʪʳʭ ʠ ʩʦʪʳʭ 

ʜʦʣʝʡ ʤʣ) ʠ ʬʦʥʦʚʳʭ ʧʦʤʝʭ [5]. ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʩʨʘʚʥʝʥʠʝ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʞʠʜʢʠʭ ʚʝʱʝʩʪʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ LOC ʩʠʩʪʝʤ, ʘ ʪʘʢ ʞʝ 

ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʛʝʦʤʝʪʨʠʠ ʦʧʪʠʯʝʩʢʦʡ ʩʭʝʤʳ ʥʘ ʨʝʛʠʩʪʨʠʨʫʝʤʳʡ ʩʠʛʥʘʣ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʤʝʪʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣ ʚʳʙʨʘʥ ʤʝʪʦʜ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʂʈ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ LOC ʩʠʩʪʝʤ. ʈʝʛʠʩʪʨʘʮʠʷ ʩʠʛʥʘʣʦʚ ʦʪ ʦʙʨʘʟʮʦʚ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ 

ʩ ʧʦʤʦʱʴʶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʪʝʥʜʘ, ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ ʠʟ: ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʛʦ 

ʣʘʟʝʨʘ LML -785.0RB-04, ʦʧʪʠʯʝʩʢʦʛʦ ʂʈ ʤʦʜʫʣʷ PBL 785, ʩʧʝʢʪʨʦʛʨʘʬʘ 

Shamrock SR-500i- D1-R ʩ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʮʠʬʨʦʚʦʡ ʢʘʤʝʨʦʡ ANDOR DU416A-

LDC-DD 

ʠ ʢʦʤʧʴʶʪʝʨʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʧʝʢʪʨʳ ʞʠʜʢʠʭ 

ʚʝʱʝʩʪʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ LOC ʩʠʩʪʝʤ ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʛʝʦʤʝʪʨʠʠ ʦʧʪʠʯʝʩʢʦʡ ʩʭʝʤʳ. 

ʇʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʩʧʝʢʪʨʦʚ ʦʪ ʨʘʩʧʦʣʦʞʝʥʠʷ LOC ʩʠʩʪʝʤ, 
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ʘ ʪʘʢʞʝ ʧʦʢʘʟʘʥʳ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʦʧʪʠʯʝʩʢʦʡ ʩʭʝʤʳ ʜʣʷ 

ʨʝʛʠʩʪʨʘʮʠʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʩʠʛʥʘʣʘ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ. 
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1
ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

2
ʉʘʤʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʉʘʤʘʨʘ 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʩʧʦʩʦʙʦʚ ʜʠʘʛʥʦʩʪʠʢʠ ʩʦʩʪʦʷʥʠʷ 

ʩʫʩʪʘʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ: ʢʦʤʧʴʶʪʝʨʥʘʷ ʪʦʤʦʛʨʘʬʠʷ, ʤʘʛʥʠʪʥʦ-ʨʝʟʦʥʘʥʩʥʘʷ ʪʦʤʦʛʨʘʬʠʷ; 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ; ʨʝʥʪʛʝʥʦʛʨʘʬʠʷ; ʙʠʦʧʩʠʷ ʭʨʷʱʘ [1]. ʆʙʱʠʤ ʥʝʜʦʩʪʘʪʢʦʤ 

ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʥʥʝʡ ʜʠʘʛʥʦʩʪʠʢʠ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ʩʫʩʪʘʚʥʦʛʦ ʭʨʷʱʘ, ʣʝʞʘʱʠʭ ʚ ʦʩʥʦʚʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʜʝʩʪʨʫʢʪʠʚʥʦ-ʜʠʩʪʨʦʬʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ʩʫʩʪʘʚʦʚ.  

ʄʘʪʝʨʠʘʣʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʠʩʴ ʩʫʩʪʘʚʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʞʬʘʣʘʥʛʦʚʳʭ 

ʩʫʩʪʘʚʦʚ ʧʘʣʴʮʝʚ ʢʠʩʪʝʡ ʚʟʨʦʩʣʳʭ ʩʪʘʨʰʝ 40 ʣʝʪ ʠ ʜʝʪʝʡ ʜʦ 1 ʛʦʜʘ. ʇʘʣʴʮʳ ʚʟʨʦʩʣʳʭ 

ʣʶʜʝʡ ʧʦʣʫʯʘʣʠ ʚ ʩʣʫʯʘʝ ʠʭ ʪʨʘʚʤʘʪʠʯʝʩʢʦʡ ʘʤʧʫʪʘʮʠʠ. ʇʘʣʴʮʳ ʜʝʪʝʡ ʧʨʠ ʠʭ 

ʫʜʘʣʝʥʠʠ ʚʦ ʚʨʝʤʷ ʦʧʝʨʘʮʠʠ ʧʦ ʧʦʚʦʜʫ ʧʦʣʠʜʘʢʪʠʣʠʠ. ɻʨʘʥʠʮʳ ʚʦʟʨʘʩʪʘ ʜʣʷ ʚʟʨʦʩʣʳʭ 

ʣʶʜʝʡ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʚ ʩʚʷʟʠ ʩ ʥʘʯʘʣʦʤ ʨʘʟʚʠʪʠʷ ʜʝʩʪʨʫʢʪʠʚʥʦ-ʜʠʩʪʨʦʬʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʩʫʩʪʘʚʥʦʤ ʛʠʘʣʠʥʦʚʦʤ ʭʨʷʱʝ. ɼʣʷ ʜʝʪʝʡ ï ʥʘʠʙʦʣʝʝ ʯʘʩʪʳʤ ʚʦʟʨʘʩʪʦʤ 

ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʠ ʧʦ ʧʦʚʦʜʫ ʧʦʣʠʜʘʢʪʠʣʠʠ. 
ʆʙʨʘʟʮʳ ʠʩʩʣʝʜʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʩʪʝʥʜʘ, ʨʝʘʣʠʟʫʶʱʝʛʦ ʤʝʪʦʜ ʉʂʈ. ʉʪʝʥʜ 

ʚʢʣʶʯʘʣ ʚ ʩʝʙʷ ʚʳʩʦʢʦʨʘʟʨʝʰʘʶʱʠʡ ʮʠʬʨʦʚʦʡ ʩʧʝʢʪʨʦʤʝʪʨ Shamrock sr-303i ʩʦ 

ʩʧʝʢʪʨʘʣʴʥʳʤ ʜʠʘʧʘʟʦʥʦʤ 200-1200 ʥʤ, ʩʦ ʚʩʪʨʦʝʥʥʦʡ ʦʭʣʘʞʜʘʝʤʦʡ ʢʘʤʝʨʦʡ DV420A-

OE, ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʡ ʟʦʥʜ RPB-785 ʜʣʷ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʂʈ, ʩʦʚʤʝʱʸʥʥʳʡ ʩ 

ʣʘʟʝʨʥʳʤ ʤʦʜʫʣʝʤ LuxxMaster LML-785.0RB-04 ʩ ʜʣʠʥʦʡ ʚʦʣʥʦʡ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

785 ʥʤ ʠ ʩ ʰʠʨʠʥʦʡ ʣʠʥʠʠ 0,2 ʥʤ [2]. 
ʇʦʢʘʟʘʥʳ ʨʘʟʣʠʯʠʷ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʚʝʨʭʥʦʩʪʠ ʩʫʩʪʘʚʥʦʛʦ ʭʨʷʱʘ, 

ʧʨʦʷʚʣʷʶʱʠʝʩʷ ʚ ʠʟʤʝʥʝʥʠʷʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʣʠʥʠʡ ʉ-ʉ ʢʦʣʝʙʘʥʠʡ ʧʨʦʪʝʠʥʦʚ 

(811 ʩʤ
-1
), ʉ-ʉ ʢʦʣʝʙʘʥʠʡ ʢʦʣʝʮ ʧʨʦʣʠʥʘ (853 ʩʤ

-1
), ʧʨʦʣʠʥ/ʛʠʜʨʦʢʩʠʧʨʦʣʠʥ (936 ʩʤ

-1
), 

ʉ-ʉ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʬʝʥʠʣʘʣʘʥʠʥʘ (1000 ʩʤ
-1
), ʢʦʣʝʙʘʥʠʡ ʩʫʣʴʬʘʪʦʚ ʚ 

ʛʣʠʢʦʟʘʤʠʥʦʛʣʠʢʘʥʘʭ (1059 ʩʤ
-1
), ʢʦʣʝʮ ʧʠʨʘʥʦʟʳ (1158 ʩʤ

-1
), ʘʤʠʜʘ III (1270 ʩʤ

-1
), 

ʛʣʠʢʦʟʘʤʠʥʦʛʣʠʢʘʥʦʚ (1376 ʩʤ
-1
). ɸ ʪʘʢʞʝ ʙʳʣʠ ʚʚʝʜʝʥʳ ʥʦʚʳʝ ʦʧʪʠʯʝʩʢʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʮʝʥʠʚʘʪʴ ʚʦʟʨʘʩʪʥʳʝ ʠʟʤʝʥʝʥʠʷ ʭʨʷʱʝʚʦʡ ʪʢʘʥʠ.  
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ʋɼʂ 535.36 

ʄɽʊʆɼ ʉʇɽʂʊʈʆʉʂʆʇʀʀ ʂʆʄɹʀʅɸʎʀʆʅʅʆɻʆ ʈɸʉʉɽʗʅʀʗ ɼʃʗ 

ʆʎɽʅʂʀ ʂʆʉʊʅʓʍ ɹʀʆʀʄʇʃɸʅʊɸʊʆɺ, ʀɿɻʆʊʆɺʃɽʅʅʓʍ ʇʆ 

ʊɽʍʅʆʃʆɻʀʀ çʃʀʆʇʃɸʉʊè ʀɿ ʂɸɼɸɺɽʈʅʆʁ ʀ ʇʈʀɾʀɿʅɽʅʅʆ 

ʈɽɿɽʎʀʈʆɺɸʅʅʆʁ ʂʆʉʊʅʆʁ ʊʂɸʅʀ 

ʌʨʦʣʦʚ ʆ. ʆ.
1
, ʄʝʱʝʨʷʢʦʚ ɺ. ɼ.

1
, ʊʠʤʯʝʥʢʦ ʇ. ɽ.

1
, ʊʠʤʯʝʥʢʦ ɽ. ɺ.

1
, 

ɺʦʣʦʚʘ ʃ. ʊ.
2
, ɼʦʣʛʫʰʢʠʥ ɼ. ɸ.

2
,  ɹʦʣʪʦʚʩʢʘʷ ɺ. ɺ.

1 

1
ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

2
ʉʘʤʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʉʘʤʘʨʘ 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʨʝʢʦʥʩʪʨʫʢʪʠʚʥʘʷ ʠ ʨʝʛʝʥʝʨʘʪʠʚʥʘʷ 

ʤʝʜʠʮʠʥʘ. ɺ ʪʨʘʚʤʘʪʦʣʦʛʠʠ, ʦʨʪʦʧʝʜʠʠ, ʩʪʦʤʘʪʦʣʦʛʠʠ, ʦʥʢʦʣʦʛʠʠ ʠ ʛʥʦʡʥʦʡ ʭʠʨʫʨʛʠʠ 

ʧʦʠʩʢ ʧʦʜʭʦʜʦʚ ʢ ʣʝʯʝʥʠʶ ʧʘʪʦʣʦʛʠʠ ʦʧʦʨʥʳʭ ʠ ʧʦʢʨʦʚʥʳʭ ʪʢʘʥʝʡ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʝ ʪʦʣʴʢʦ ʩʨʝʜʩʪʚʘ ʝʸ ʫʩʪʨʘʥʝʥʠʷ, ʥʦ ʠ ʩʦʭʨʘʥʝʥʠʝ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ 

ʬʦʨʤʳ, ʩʪʨʫʢʪʫʨʳ ʠ ʬʫʥʢʮʠʡ, ʨʘʟʨʫʰʝʥʥʳʭ ʪʨʘʚʤʘʤʠ ʠ ʙʦʣʝʟʥʷʤʠ ʢʦʩʪʝʡ [1]. 

ʆʙʝʩʧʝʯʝʥʠʝ ʧʦʣʥʦʡ ʨʝʛʝʥʝʨʘʮʠʠ ʢʦʩʪʥʦʡ ʪʢʘʥʠ ʚ ʦʙʣʘʩʪʠ ʜʝʬʝʢʪʥʳʭ ʫʯʘʩʪʢʦʚ ʢʦʩʪʠ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʥʘʢʦʧʣʝʥʥʳʝ ʟʥʘʥʠʷ ʚ ʵʪʦʤ ʚʦʧʨʦʩʝ ï ʦʜʥʘ ʠʟ ʦʩʪʨʝʡʰʠʭ ʧʨʦʙʣʝʤ 

ʩʦʚʨʝʤʝʥʥʦʡ ʤʝʜʠʮʠʥʳ. ʈʝʰʠʪʴ ʝʸ ʤʦʞʥʦ, ʩʦʟʜʘʚ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ 

ʨʝʛʝʥʝʨʘʪʦʨʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʟʦʥʘʭ ʝʸ ʨʝʟʦʨʙʮʠʠ. ʆʜʠʥ ʠʟ ʧʫʪʝʡ ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʢʦʩʪʥʦʧʣʘʩʪʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ [2]. ʉʨʝʜʠ ʥʠʭ ʘʣʣʦʛʝʥʥʳʝ ʠʤʧʣʘʥʪʘʪʳ ʠʟ ʪʢʘʥʝʡ 

ʯʝʣʦʚʝʢʘ ʷʚʣʷʶʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʜʣʷ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʧʦʚʨʝʞʜʝʥʠʡ 

ʦʧʦʨʥʦ-ʜʚʠʛʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ. ʇʨʠ ʠʭ ʧʨʠʤʝʥʝʥʠʠ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʘʫʪʦ- ʠ ʢʩʝʥʦʧʣʘʩʪʠʢʠ 

ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ, ʥʝ ʥʘʨʫʰʘʝʪʩʷ ʛʦʤʝʦʩʪʘʟ ʠ ʤʝʪʘʙʦʣʠʟʤ 

ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʪʢʘʥʝʡ ʠ ʬʫʥʢʮʠʠ ʩʠʩʪʝʤ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ ʨʝʮʠʧʠʝʥʪʘ [3]. 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ʚʳʧʦʣʥʷʝʤʳʭ ʚ ʨʝʛʠʦʥʝ ʦʧʝʨʘʮʠʡ ʵʥʜʦʧʨʦʪʝʟʠʨʦʚʘʥʠʷ 

ʪʘʟʦʙʝʜʨʝʥʥʳʭ ʩʫʩʪʘʚʦʚ ʧʦʷʚʠʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝʟʝʮʠʨʫʝʤʳʝ 

ʠʥʪʨʘʦʧʝʨʘʮʠʦʥʥʦ ʛʦʣʦʚʢʠ ʙʝʜʨʝʥʥʳʭ ʢʦʩʪʝʡ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʦʚʳʭ ʢʦʩʪʥʳʭ 

ʛʫʙʯʘʪʳʭ ʙʠʦʠʤʧʣʘʥʪʦʚ ʧʦ ʪʝʭʥʦʣʦʛʠʠ çʃʠʦʧʣʘʩʪè. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʧʨʦʚʝʜʝʥʠʝ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʢʦʤʧʦʥʝʥʪʥʦʛʦ 

ʩʦʩʪʘʚʘ ʧʦʚʝʨʭʥʦʩʪʝʡ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʠ ʜʝʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʢʦʩʪʥʳʭ 

ʙʠʦʠʤʧʣʘʥʪʦʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʧʦ ʪʝʭʥʦʣʦʛʠʠ çʃʠʦʧʣʘʩʪè ʠʟ ʢʘʜʘʚʝʨʥʦʡ ʠ 

ʧʨʠʞʠʟʥʝʥʥʦ ʨʝʟʝʮʠʨʦʚʘʥʥʦʡ ʛʫʙʯʘʪʦʡ ʢʦʩʪʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʳ ʦʙʨʘʟʮʳ ʙʠʦʠʤʧʣʘʥʪʦʚ 

ʛʫʙʯʘʪʦʡ ʢʦʩʪʠ ʚ ʬʦʨʤʝ ʢʫʙʘ ʨʘʟʤʝʨʘʤʠ 5*5*5 ʤʤ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʧʦ ʪʝʭʥʦʣʦʛʠʠ 

çʃʠʦʧʣʘʩʪèÈ (ʊʋ-9398-001-01963143-2004).  

ʆʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʠʦʠʤʧʣʘʥʪʦʚ ʙʳʣ ʚʳʙʨʘʥ ʤʝʪʦʜ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ, ʨʝʘʣʠʟʫʝʤʳʡ ʩ ʧʦʤʦʱʴʶ 

ʚʳʩʦʢʦʨʘʟʨʝʰʘʶʱʝʛʦ ʩʧʝʢʪʨʦʤʝʪʨʘ Shamrock sr-303i ʩʦ ʚʩʪʨʦʝʥʥʦʡ ʦʭʣʘʞʜʘʝʤʦʡ 

ʢʘʤʝʨʦʡ DV420A-OE, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʩʧʝʢʪʨʘʣʴʥʦʝ ʨʘʟʨʝʰʝʥʠʝ 0,15 ʥʤ, ʠ ʣʘʟʝʨʥʦʛʦ 

ʤʦʜʫʣʷ LuxxMaster LML -785.0RD-04. ɼʠʘʧʘʟʦʥ ʩʢʘʥʠʨʦʚʘʥʠʷ ʜʣʠʥ ʚʦʣʥ ʦʪ 190 ʥʤ ʜʦ 

1200 ʥʤ; ʨʘʟʨʝʰʝʥʠʝ ʢʘʤʝʨʳ 1024*255 ʧʠʢʩʝʣʝʡ, ʤʦʱʥʦʩʪʴ ʣʘʟʝʨʘ 50-500 ʤɺʪ. 

ʉʧʝʢʪʨʳ ʩʥʠʤʘʣʠʩʴ ʜʣʷ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ ʥʘ ʢʘʞʜʦʡ ʩʪʦʨʦʥʝ ʢʫʙʘ ʚ ʪʨʸʭ ʨʘʟʣʠʯʥʳʭ 

ʪʦʯʢʘʭ. ʇʦʛʨʝʰʥʦʩʪʴ ʤʝʪʦʜʘ ʥʝ ʧʨʝʚʳʰʘʣʘ 4%. ʆʙʨʘʙʦʪʢʘ ʩʧʝʢʪʨʦʚ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʚ 

ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ Wolfram Mathematica 9. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʘ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʩʧʝʢʪʨʘʣʴʥʘʷ ʦʮʝʥʢʘ ʢʦʤʧʦʥʝʥʪʥʦʛʦ 

ʩʦʩʪʘʚʘ ʧʦʚʝʨʭʥʦʩʪʝʡ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʠ ʜʝʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʢʦʩʪʥʳʭ 

ʙʠʦʠʤʧʣʘʥʪʦʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʧʦ ʪʝʭʥʦʣʦʛʠʠ çʃʠʦʧʣʘʩʪè ʠʟ ʢʘʜʘʚʝʨʥʦʡ ʪʢʘʥʠ ʠ 
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ʛʦʣʦʚʦʢ ʙʝʜʨʝʥʥʳʭ ʢʦʩʪʝʡ, ʨʝʟʝʮʠʨʦʚʘʥʥʳʭ ʚʦ ʚʨʝʤʷ ʦʧʝʨʘʮʠʠ ʵʥʜʦʧʨʦʪʝʟʠʨʦʚʘʥʠʷ 

ʪʘʟʦʙʝʜʨʝʥʥʦʛʦ ʩʫʩʪʘʚʘ. 

ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʨʘʟʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʦʣʫʯʝʥʠʷ ʛʫʙʯʘʪʦʡ ʢʦʩʪʠ ʜʦ ʠ ʧʦʩʣʝ 

ʜʝʤʠʥʝʨʘʣʠʟʘʮʠʠ ʟʥʘʯʠʤʳʭ ʦʪʣʠʯʠʡ ʥʝ ʚʳʷʚʣʝʥʦ, ʥʦ ʠʤʝʶʪʩʷ ʨʘʟʣʠʯʠʷ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʠʢʦʚ ʂʈ ʥʘ ʚʦʣʥʦʚʳʭ ʯʠʩʣʘʭ 1555 ʩʤ
-1

 ʠ 1665 ʩʤ
-1
, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʘʤʠʜʫ II ʠ ʘʤʠʜʫ I, ʘ ʪʘʢʞʝ ʚ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʠʢʦʚ ʂʈ ʥʘ ʚʦʣʥʦʚʳʭ ʯʠʩʣʘʭ 429 ʩʤ
-1
 

(ʈʆ4
3-

 (ɜ2) (P-O ʩʠʤʤʝʪʨʠʯʥʦʝ ʢʦʣʝʙʘʪʝʣʴʥʦʝ)), 1065 ʩʤ
-1

 (ʉO3
2-
 (ɜ1) ʟʘʤʝʱʝʥʠʝ B-ʪʠʧʘ 

(ʉ-ʆ ʧʣʦʩʢʦʩʪʥʦʝ ʚʘʣʝʥʪʥʦʝ), 850 ʩʤ
-1

 (ʙʝʥʟʦʣʴʥʦʝ ʢʦʣʴʮʦ ʧʨʦʣʠʥʘ), 1000 ʩʤ
-1

, 

(ʘʨʦʤʘʪʠʯʝʩʢʦʝ ʢʦʣʴʮʦ ʬʝʥʠʣʘʣʘʥʠʥʘ). 

ɺʚʝʜʝʥʳ ʦʧʪʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʠ ʧʨʦʚʝʜʸʥ ʜʚʫʤʝʨʥʳʡ ʘʥʘʣʠʟ, ʢʦʪʦʨʳʡ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʜʣʷ ʧʨʠʞʠʟʥʝʥʥʦ ʨʝʟʝʮʠʨʦʚʘʥʥʦʡ ʢʦʩʪʥʦʡ ʪʢʘʥʠ ʭʘʨʘʢʪʝʨʥʳ ʙʦʣʝʝ 

ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ I1068/I959 ʠ I1068/I1665, ʯʝʤ ʜʣʷ ʢʘʜʘʚʝʨʥʳʭ, ʘ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʘʨʙʦʥʘʪ ʘʧʘʪʠʪʘ B-ʪʠʧʘ ʉO3
2- 
(ɜ1), 

ʢʦʪʦʨʳʡ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʢʠʩʣʦʪʳ ʧʨʠ ʜʝʤʠʥʝʨʘʣʠʟʘʮʠʠ. 

ɺʚʝʜʸʥʥʳʝ ʦʧʪʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʟʚʦʣʠʣʠ ʧʦʜʪʚʝʨʜʠʪʴ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ 

ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʙʠʦʠʤʧʣʘʥʪʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʠʭ 

ʦʩʪʝʦʠʥʜʫʢʪʠʚʥʳʭ ʠ ʦʩʪʝʦʢʦʥʜʫʢʪʠʚʥʳʭ ʩʚʦʡʩʪʚ ʦʢʘʟʘʣʦʩʴ ʩʭʦʜʥʳʤ, ʢʘʢ ʚ 

ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʠ ʜʝʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʦʙʨʘʟʮʘʭ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʛʦʣʦʚʦʢ 

ʙʝʜʨʝʥʥʳʭ ʢʦʩʪʝʡ ʠʥʪʨʘʦʧʝʨʘʮʠʦʥʥʦ, ʪʘʢ ʠ ʦʙʨʘʟʮʘʭ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʢʘʜʘʚʝʨʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ. 
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ʐʘʣʢʦʚʩʢʘʷ ʇ. ʖ.
1
, ʊʨʘʧʝʟʥʠʢʦʚ ɼ. ʉ.

1
, ʊʠʤʯʝʥʢʦ ɽ. ɺ.

1
, ʊʠʤʯʝʥʢʦ ʇ. ɽ.

1
, 

ɺʦʣʦʚʘ ʃ. ʊ.
2
, ɼʦʣʛʫʰʢʠʥ ɼ. ɸ.

2 

1
ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

2
ʀʥʩʪʠʪʫʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʝʜʠʮʠʥʳ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʡ ʉʘʤʘʨʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʤʝʜʠʮʠʥʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʛ. ʉʘʤʘʨʘ 

ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʘʥʘʣʠʟʫ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦʚʝʨʭʥʦʩʪʠ  ʢʣʘʧʘʥʦʚ ʩʝʨʜʮʘ 

ʜʦ ʠ ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʠ ʠʭ ʜʝʮʝʣʣʶʣʷʨʠʟʘʮʠʠ. ʇʦʩʢʦʣʴʢʫ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʦʩʣʦʞʥʝʥʠʡ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʠʦʠʤʧʣʘʥʪʘʪʦʚ ʢʣʘʧʘʥʦʚ ʜʠʢʪʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʢʘʯʝʩʪʚʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʙʠʦʤʘʪʝʨʠʘʣʦʚ, ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʥʦʚʳʝ ʤʝʪʦʜʳ 

ʦʙʨʘʙʦʪʢʠ ʢʣʝʪʦʯʥʳʭ ʤʘʪʨʠʩʦʚ. ɼʝʮʝʣʣʶʣʷʨʠʟʘʮʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʤʝʪʦʜʦʚ ʪʢʘʥʝʚʦʡ ʠʥʞʝʥʝʨʠʠ ʢʣʘʧʘʥʦʚ ʩʝʨʜʮʘ. ɼʘʥʥʳʡ ʧʨʦʮʝʩʩ 

ʥʘʧʨʘʚʣʝʥ ʥʘ ʫʜʘʣʝʥʠʝ ʢʣʝʪʦʢ ʠʟ ʪʢʘʥʠ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʤʘʪʨʠʢʩʘ ʠ 

ʪʨʝʭʤʝʨʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʘ. ʈʷʜ ʘʚʪʦʨʦʚ ʩʯʠʪʘʝʪ, ʯʪʦ ʜʣʷ ʩʥʠʞʝʥʠʷ 

ʘʥʪʠʛʝʥʥʦʩʪʠ ʪʢʘʥʠ ʚʦ ʚʨʝʤʷ ʧʨʦʮʝʩʩʘ ʜʝʮʝʣʣʶʣʷʨʠʟʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʤʘʢʩʠʤʘʣʴʥʦ 

ʧʦʣʥʦʝ ʫʩʪʨʘʥʝʥʠʝ ʢʣʝʪʦʯʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʘ ʠʤʝʥʥʦ: ʤʝʤʙʨʘʥ ʠ ʩʚʷʟʘʥʥʳʭ ʩ ʥʝʡ 

ʤʝʤʙʨʘʥʥʳʭ ʙʝʣʢʦʚ, ʢʣʝʪʦʯʥʳʭ ʦʨʛʘʥʝʣʣ, ʷʜʝʨ ʠ ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʥʠʭ ʥʫʢʣʝʠʥʦʚʳʭ 

ʢʠʩʣʦʪ. 
ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʤʝʪʦʜʠʢʠ ʜʝʮʝʣʣʶʣʷʟʘʮʠʠ 

ʢʣʘʧʘʥʦʚ ʩʝʨʜʮʘ. ʊʘʢʞʝ ʦʪʩʫʪʩʪʚʫʶʪ ʦʙʱʝʧʨʠʟʥʘʥʥʳʝ ʩʧʦʩʦʙʳ ʢʦʥʪʨʦʣʷ ʝʸ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʠʩʧʦʣʴʟʫʶʪ ʛʠʩʪʦʣʦʛʠʯʝʩʢʠʝ, 

ʛʠʩʪʦʭʠʤʠʯʝʩʢʠʝ, ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʠ ʠʤʤʫʥʦʣʦʛʠʯʝʩʢʠʝ ʤʝʪʦʜʳ. ʆʩʥʦʚʥʳʤ ʠʭ 

ʥʝʜʦʩʪʘʪʢʦʤ, ʥʘʨʷʜʫ ʩ ʪʨʫʜʦʝʤʢʦʩʪʴʶ ʠ ʜʦʨʦʛʦʚʠʟʥʦʡ, ʷʚʣʷʝʪʩʷ ʜʝʩʪʨʫʢʮʠʷ 

ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʦʙʨʘʟʮʦʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʦʠʩʢ ʦʧʪʠʤʘʣʴʥʳʭ ʩʧʦʩʦʙʦʚ ʘʥʘʣʠʟʘ 

ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʢʣʘʧʘʥʦʚ ʩʝʨʜʮʘ ʚ ʧʨʦʮʝʩʩʝ  ʜʝʮʝʣʣʶʣʷʨʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ.  

ʎʝʣʴ ʨʘʙʦʪʳ: ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ 

(ʂʈ) ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʘʧʘʥʦʚ ʩʝʨʜʮʘ ʜʦ ʠ ʧʦʩʣʝ 

ʚʳʧʦʣʥʝʥʠʠ ʠʭ ʜʝʮʝʣʣʶʣʷʨʠʟʘʮʠʠ. 

ʉʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʨʘʟʮʦʚ ʠʟʫʯʘʣʠ ʩ ʧʦʤʦʱʴʶ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʪʝʥʜʘ, ʚʢʣʶʯʘʶʱʝʛʦ ʚ ʩʝʙʷ ʚʳʩʦʢʦʨʘʟʨʝʰʘʶʱʠʡ ʮʠʬʨʦʚʦʡ 

ʩʧʝʢʪʨʦʤʝʪʨ Shamrock sr-303i ʩ ʚʩʪʨʦʝʥʥʦʡ ʦʭʣʘʞʜʘʝʤʦʡ ʢʘʤʝʨʦʡ DV420A-OE, 

ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʡ ʟʦʥʜ ʜʣʷ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ RPB785, 

ʩʦʚʤʝʱʸʥʥʳʡ ʩ ʣʘʟʝʨʥʳʤ ʤʦʜʫʣʝʤ LuxxMaster LML-785.0RB-04 (ʩ ʨʝʛʫʣʠʨʫʝʤʦʡ 

ʤʦʱʥʦʩʪʴʶ ʜʦ 500 ʤɺʪ, ʜʣʠʥʦʡ ʚʦʣʥʳ 785 ʥʤ). ʄʦʱʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ 500 ʤɺʪ ʜʘʥʥʦʛʦ 

ʣʘʟʝʨʘ 6 ʚ ʧʨʝʜʝʣʘʭ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚʨʝʤʸʥ ʵʢʩʧʦʟʠʮʠʠ ʜʦ 300 ʩʝʢʫʥʜ ʥʝ ʚʳʟʳʚʘʝʪ 

ʜʝʩʪʨʫʢʪʠʚʥʳʭ ʠʟʤʝʥʝʥʠʡ ʦʙʨʘʟʮʦʚ. ɿʦʥʜ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʬʦʢʫʩʠʨʦʚʘʣ 

ʣʘʟʝʨʥʦʝ ʠʟʣʫʯʝʥʠʝ ʥʘ ʦʙʲʝʢʪʝ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 7,5 ʤʤ ʦʪ ʚʳʭʦʜʥʦʛʦ ʦʢʥʘ ʩ ʜʠʘʤʝʪʨʦʤ 

ʬʦʢʫʩʥʦʛʦ ʧʷʪʥʘ ʤʝʥʝʝ 0,2 ʤʤ ʠ ʩʦʙʠʨʘʣ ʠʟʣʫʯʝʥʠʝ [1]. 
ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʳ ʘʦʨʪʘʣʴʥʳʝ ʢʣʘʧʘʥʳ 

ʧʦʣʦʚʦʟʨʝʣʳʭ ʙʘʨʘʥʦʚ. ɼʝʮʝʣʣʶʣʷʨʠʟʘʮʠʶ ʢʣʘʧʘʥʦʚ ʧʨʦʚʦʜʠʣʠ ʩʦʛʣʘʩʥʦ ʧʨʦʪʦʢʦʣʘʤ 

[2,3] ʚ ʤʦʜʠʬʠʢʘʮʠʠ ʥʘ ʙʘʟʝ ʀʥʩʪʠʪʫʪʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʝʜʠʮʠʥʳ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʡ 

ʉʘʤɻʄʋ. ɺʳʜʝʣʷʣʠ ʵʪʘʧ 1 ʜʝʮʝʣʣʶʣʷʨʠʟʘʮʠʠ ʜʦ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʵʪʘʧ 2 
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ʧʦʩʣʝ ʥʝʸ. ʆʙʨʘʟʮʳ ʙʠʦʤʘʪʝʨʠʘʣʦʚ ʭʨʘʥʠʣʠ ʜʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʬʦʩʬʘʪʥʦ-ʩʦʣʝʚʦʤ 

ʨʘʩʪʚʦʨʝ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʘʥʪʠʙʠʦʪʠʢʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 4Áʉ. 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʘʦʨʪʘʣʴʥʳʭ ʢʣʘʧʘʥʦʚ ʜʦ ʠ ʚ ʧʨʦʮʝʩʩʝ ʠʭ 

ʜʝʮʝʣʣʶʣʷʨʠʟʘʮʠʠ ʩ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʂʈ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʞʝ ʧʦʩʣʝ 

ʧʝʨʚʦʛʦ ʵʪʘʧʘ ʜʝʮʝʣʣʶʣʷʨʠʟʘʮʠʠ ʧʨʦʠʩʭʦʜʠʣʦ ʫʤʝʥʴʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʥʘ 

ʚʦʣʥʦʚʳʭ ʯʠʩʣʘʭ 812 ʩʤ
-1
, 1062 ʩʤ

-1
 ʠ 1440, ʩʤ

-1
, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʦʩʬʦʜʠʵʬʠʨʥʦʡ 

ʩʚʷʟʠ ʈʅʂ; ʆSʆ
-3

 ʩʠʤʤʝʪʨʠʯʥʦʤʫ ʨʘʩʪʷʞʝʥʠʶ ʛʣʠʢʦʟʘʤʠʥʦʛʣʠʢʘʥʦʚ ʠ ʭʦʥʜʨʦʠʪʠʥ-6-

ʩʫʣʴʬʘʪʫ; ʧʨʦʪʝʠʥʘʤ, ʣʠʧʠʜʘʤ. ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʚʪʦʨʦʛʦ ʵʪʘʧʘ ʜʝʮʝʣʣʶʣʷʨʠʟʘʮʠʠ 

ʦʪʤʝʯʘʣʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʥʘ ʚʦʣʥʦʚʦʤ ʯʠʩʣʝ 1340 ʩʤ
-1

, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʜʝʬʦʨʤʘʮʠʠ ʙʝʣʢʦʚ ʠ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ (ɼʅʂ).  
ʇʨʠ ʚʚʝʜʝʥʠʠ ʦʧʪʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠ ʠʭ ʜʚʫʭʤʝʨʥʦʤ ʘʥʘʣʠʟʝ ʙʳʣʘ   

ʫʩʪʘʥʦʚʣʝʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʜʝʮʝʣʣʶʣʷʨʠʟʘʮʠʠ ʘʦʨʪʘʣʴʥʳʭ ʢʣʘʧʘʥʦʚ, ʢʦʪʦʨʘʷ 

ʢʦʩʚʝʥʥʦ ʧʨʦʷʚʣʷʣʘʩʴ ʩʥʠʞʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʚ  ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʣʠʧʠʜʦʚ, 

ʧʨʦʪʝʠʥʦʚ, ʛʣʠʢʦʟʘʤʠʥʦʛʣʠʢʘʥʦʚ. ʆʜʥʘʢʦ ʩʦʜʝʨʞʘʥʠʝ ɼʅʂ ʜʘʞʝ ʢ ʟʘʚʝʨʰʝʥʠʶ 

ʚʪʦʨʦʛʦ ʵʪʘʧʘ ʜʝʮʝʣʣʶʣʷʨʠʟʘʮʠʠ ʚ ʦʙʨʘʟʮʘʭ ʢʣʘʧʘʥʦʚ ʩʥʠʞʘʣʦʩʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. 
ʉ ʧʦʤʦʱʴʶ ʚʚʝʜʝʥʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʦʞʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ  

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʜʝʮʝʣʣʶʣʷʨʠʟʘʮʠʠ ʢʣʘʧʘʥʦʚ ʩʝʨʜʮʘ. 
 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ: 
1. Zaharov V.P., Timchenko E.V., Timchenko P.E., Zolotuhina A.D., Alembekov S.V. 

Alteration of hydrosphere optical properties by synthetic active compounds, Computer Optics, 

2011, 35 (2), pp. 238-242 

2. Lichtenberg A., Tudorache I., Cebotari S. et al. A Preclinical testing of tissue-engineered 

heart valves re-endothelialized under simulated physiological conditions. Circulation 2006; 

114(1 Suppl): I559-65. 
3. Lichtenberg A. et al. Biological scaffolds for heart valve tissue engineering. Methods Mol. 

Med., 2007, vol. 140, no. 2, pp. 309-317. 

  



ʉʝʢʮʠʷ 12. ɹʠʦʵʢʦʣʦʛʠʷ, ʙʠʦʭʠʤʠʷ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʠ 

179 

ʋɼʂ 629.78 

ɼɽʊɸʃʔʅʓʁ ʉʇɽʂʊʈɸʃʔʅʓʁ ɸʅɸʃʀɿ 

ɼɽʎɽʃʃʖʈʀɿʀʈʆɺɸʅʅʓʍ ʂʆɾʅʓʍ ʀʄʇʃɸʅʊɸʊʆɺ 

ʐʘʣʢʦʚʩʢʘʷ ʇ. ʖ.
1
, ʇʝʨʰʫʪʢʠʥʘ ʉ. ɺ.

1
, ɺʦʣʦʚʘ ʃ. ʊ.

2
, 

ʊʠʤʯʝʥʢʦ ʇ. ɽ.
1
, ʊʠʤʯʝʥʢʦ ɽ. ɺ.

1 

1
ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

2
ʀʥʩʪʠʪʫʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʝʜʠʮʠʥʳ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʡ ʉʘʤʘʨʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʤʝʜʠʮʠʥʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʛ. ʉʘʤʘʨʘ 

ʇʨʦʙʣʝʤʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʝʬʝʢʪʦʚ ʢʦʞʥʳʭ ʪʢʘʥʝʡ ʫ ʣʶʜʝʡ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ 

ʧʨʦʙʣʝʤ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʠʨʘ [1]. 

ʇʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʠʤʧʣʘʥʪʘʪʦʚ, ʪʢʘʥʠ ʧʦʜʚʝʨʛʘʶʪ ʦʙʨʘʙʦʪʢʝ ʤʝʪʦʜʦʤ 

ʜʝʮʝʣʣʶʣʷʨʠʟʘʮʠʠ. ɼʘʥʥʳʡ ʧʨʦʮʝʩʩ ʤʦʞʝʪ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʫʤʝʥʴʰʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ 

ʢʣʶʯʝʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʙʠʦʤʘʪʨʠʢʩʘ: ʛʣʠʢʦʟʘʤʠʥʦʛʣʠʢʘʥʦʚ (ɻɸɻ) ʠ ʧʨʦʪʝʠʥʦʚ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʥʘʪʠʚʥʳʤʠ ʦʙʨʘʟʮʘʤʠ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʫʭʫʜʰʝʥʠʶ ʠʥʪʝʛʨʘʮʠʠ ʧʨʠ 

ʝʛʦ ʠʤʧʣʘʥʪʘʮʠʠ.  

ʇʦʵʪʦʤʫ, ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʠʤʧʣʘʥʪʘʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʦʙʨʘʙʦʪʢʠ 

ʙʠʦʤʘʪʨʠʢʩʦʚ.  

ʂʦʞʘ ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʤ ʚʝʱʝʩʪʚʦʤ, ʧʦʵʪʦʤʫ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ 

ʧʦʣʥʳʭ ʜʘʥʥʳʭ ʦ ʬʘʢʪʦʨʘʭ, ʚʣʠʷʶʱʠʭ ʥʘ ʧʨʠʞʠʚʣʷʝʤʦʩʪʴ ʠʤʧʣʘʥʪʘʪʘ ʠ ʨʝʘʙʠʣʠʪʘʮʠʶ 

ʧʘʮʠʝʥʪʘ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʢʘʞʜʦʛʦ ʦʪʜʝʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʢʦʞʠ. 

ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʚʢʣʘʜʘ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚ ʩʧʝʢʪʨʘʭ 

ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ, ʧʨʠʤʝʥʷʶʪ ʜʝʢʦʥʚʦʣʶʮʠʶ ʩʧʝʢʪʨʘʣʴʥʦʡ ʣʠʥʠʠ. 

ɹʣʘʛʦʜʘʨʷ ʝʡ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʘʥʘʣʠʟ ʢʘʞʜʦʛʦ ʦʪʜʝʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, 

ʚʭʦʜʷʱʝʛʦ ʚ ʩʦʩʪʘʚ ʢʦʞʠ [2].  

ʆʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ, ʨʝʘʣʠʟʫʶʱʠʭ ʜʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ, ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʌʫʨʴʝ-

ʜʝʢʦʥʚʦʣʶʮʠʠ. ɼʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʤʦʞʝʪ ʙʳʪʴ ʪʘʢ ʞʝ ʦʩʫʱʝʩʪʚʣʝʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʝʪʦʜʘ ʚʳʩʰʠʭ ʧʨʦʠʟʚʦʜʥʳʭ. ɼʣʷ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʥʝ ʪʨʝʙʫʶʪʩʷ ʜʘʥʥʳʝ ʦ ʬʦʨʤʝ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʧʦʣʦʩʳ, ʢʘʢ ʚ ʌʫʨʴʝ-ʜʝʢʦʥʚʦʣʶʮʠʠ [3]. ʇʦʵʪʦʤʫ ʵʪʦʪ ʤʝʪʦʜ ʙʳʣ 

ʧʨʠʤʝʥʸʥ ʚ ʥʘʰʝʡ ʨʘʙʦʪʝ, ʢʘʢ ʦʧʪʠʤʘʣʴʥʳʡ (ʈʠʩʫʥʦʢ 1).  

ʎʝʣʴ ʨʘʙʦʪʳ ï ʧʨʠʤʝʥʠʪʴ ʩʧʝʢʪʨʦʩʢʦʧʠʶ ʂʈ ʜʣʷ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 

ʠʤʧʣʘʥʪʘʪʦʚ ʠʟ ʢʦʞʠ ʯʝʣʦʚʝʢʘ. 
ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʘʣʣʦʛʝʥʥʘʷ ʦʙʨʘʙʦʪʘʥʥʘʷ 

ʢʦʞʘ ʠ ʢʦʥʪʨʦʣʴʥʳʡ ʦʙʨʘʟʝʮ (ʥʝʦʙʨʘʙʦʪʘʥʥʘʷ ʢʦʞʘ ʯʝʣʦʚʝʢʘ). ʇʨʦʚʦʜʠʣʘʩʴ 

ʭʠʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʙʠʦʪʢʘʥʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʜʝʮʝʣʣʶʣʷʨʠʟʘʮʠʠ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ɻʝʥʨʠʭʘ-ɻʝʡʥʝ (ɻʝʨʤʘʥʠʷ) [4].  
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ʈʠʩ. 1. ʍʘʨʘʢʪʝʨʥʳʝ ʩʧʝʢʪʨʘʣʴʥʳʝ ʢʦʥʪʫʨʳ ʜʣʷ ʦʙʣʘʩʪʝʡ: 

(ʘ) 300-746 ʩʤ
-1
, (ʙ) 746-1356 ʩʤ

-1
, (ʚ) 1356-1789 ʩʤ

-1
, (ʛ) 1789-2199 ʩʤ

-1 
ʂʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʞʥʳʭ ʠʤʧʣʘʥʪʘʪʦʚ ʧʨʦʚʦʜʠʣʩʷ ʩ 

ʧʦʤʦʱʴʶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʪʝʥʜʘ, ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʚ ʩʪʘʪʴʝ [5]. ʇʦʛʨʝʰʥʦʩʪʴ 

ʤʝʪʦʜʘ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʦʩʪʘʚʠʣʘ <7% (ʧʦ ɻʆʉʊ 

8.207-76).  

ɺ ʧʨʦʮʝʩʩʝ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ. 

ɼʝʢʦʥʚʦʣʶʮʠʷ ʩʧʝʢʪʨʦʚ ʧʨʠ ʧʦʤʦʱʠ ʬʫʥʢʮʠʡ ɻʘʫʩʩʘ-ʃʦʨʝʥʮʘ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ 

ʢʦʤʧʦʥʝʥʪʥʳʡ ʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʩʧʝʢʪʨʦʚ ʂʈ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʧʝʢʪʨʦʚ 

ʥʘʠʙʦʣʴʰʠʤ ʠʥʪʝʨʝʩʦʤ ʦʙʣʘʜʘʶʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘ ʚʦʣʥʦʚʳʭ ʯʠʩʣʘʭ 1062 cʤ
-1

, 1645 

ʩʤ
-1
, 1260 ʩʤ

-1
, 814 ʩʤ

-1
, 1202 ʩʤ

-1
, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʥʘʯʠʤʳʤ ʜʣʷ ʢʘʯʝʩʪʚʘ 

ʠʤʧʣʘʥʪʘʪʘ ʢʦʤʧʦʥʝʥʪʘʤ: ʛʣʠʢʦʟʘʤʠʥʦʛʣʠʢʘʥʘʤ, ʘʤʠʜʫ I ʪʠʧʘ, ʘʤʠʜʫ III  ʪʠʧʘ, 

ʘʩʠʤʤʝʪʨʠʯʥʦʡ C-O-S ʩʚʷʟʠ ʚʠʙʨʘʮʠʠ ʛʣʠʢʦʟʘʤʠʥʦʛʣʠʢʘʥʦʚ, ʪʠʨʦʟʠʥʫ ʠ ʈʅʂ, 

ʛʠʜʨʦʢʠʧʨʦʣʠʥʫ. 

ʉʧʝʢʪʨʦʩʢʦʧʠʷ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ 

ʦʮʝʥʢʠ ʢʦʞʥʳʭ ʠʤʧʣʘʥʪʘʪʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ 

ʨʘʩʩʝʷʥʠʷ, ʜʦʢʘʟʘʣʠ ʧʨʠʤʝʥʠʤʦʩʪʴ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʜʣʷ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 

ʠʤʧʣʘʥʪʘʪʦʚ ʠʟ ʢʦʞʠ ʯʝʣʦʚʝʢʘ. 
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ʋɼʂ 535 

ʉʈɸɺʅʀʊɽʃʔʅʓʁ ɸʅɸʃʀɿ ʈɽɿʋʃʔʊɸʊʆɺ ɹʀʆʍʀʄʀʏɽʉʂʀʍ 

ʀʉʉʃɽɼʆɺɸʅʀʁ ʀ ʉʇɽʂʊʈɸʃʔʅʓʍ ʆʉʆɹɽʅʅʆʉʊɽʁ ɻʆʄɽʆʉʊɸɿɸ 

ɹʀʆɾʀɼʂʆʉʊɽʁ ʆʈɻɸʅʀɿʄɸ ʏɽʃʆɺɽʂɸ 

ʐʘʤʠʥʘ ʃ. ɸ., ɹʨʘʪʯʝʥʢʦ ʀ. ɸ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ʇʘʪʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʦʨʛʘʥʠʟʤʘ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʛʦʤʝʦʩʪʘʟʘ 

ʙʠʦʞʠʜʢʦʩʪʝʡ, ʧʦʵʪʦʤʫ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʥʘʣʠʟ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʫʨʠʥʳ, 

ʢʨʦʚʠ, ʩʣʶʥʳ ʠ ʜʨʫʛʠʭ ʙʠʦʞʠʜʢʦʩʪʝʡ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʪʘʢʠʭ ʧʘʪʦʣʦʛʠʡ, ʢʘʢ ʥʘʧʨʠʤʝʨ 

ʨʘʢ [1]. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʜʠʘʛʥʦʩʪʠʢʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʙʠʦʞʠʜʢʦʩʪʝʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʚʳʷʚʣʝʥʠʝ 

ʧʘʪʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ɹʠʦʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʧʦʟʚʦʣʷʶʪ ʢʦʣʠʯʝʩʪʚʝʥʥʦ 

ʦʮʝʥʠʪʴ ʫʨʦʚʝʥʴ ʦʧʨʝʜʝʣʝʥʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʤʠʥʝʨʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʬʝʨʤʝʥʪʦʚ 

ʠ ʛʦʨʤʦʥʦʚ ʠ ʚʳʷʚʠʪʴ ʠʭ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʥʦʨʤʳ [2]. ʂʘʯʝʩʪʚʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʫʨʦʚʥʷ 

ʧʦʢʘʟʘʪʝʣʝʡ, ʚʢʣʶʯʝʥʥʳʭ ʚ ʩʪʘʥʜʘʨʪʥʳʡ ʙʠʦʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʚʦʟʤʦʞʥʦ ʧʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʠʦʞʠʜʢʦʩʪʝʡ. ʄʝʪʦʜʳ ʨʘʤʘʥʦʚʩʢʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʈʉ) ʠ ʘʚʪʦʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ (ɸʌ) ʘʥʘʣʠʟʘ ʧʦʟʚʦʣʷʶʪ ʦʙʥʘʨʫʞʠʪʴ 

ʠʟʤʝʥʝʥʠʷ ʛʦʤʝʦʩʪʘʟʘ ʙʠʦʞʠʜʢʦʩʪʝʡ ʦʨʛʘʥʠʟʤʘ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʝ ʠ ʫʩʧʝʰʥʦ 

ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʢʣʠʥʠʯʝʩʢʦʡ ʤʝʜʠʮʠʥ.r ʇʦʵʪʦʤʫ ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʡ 

ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʧʝʢʪʨʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʨʦʚʠ ʠ ʫʨʠʥʳ ʧʘʮʠʝʥʪʦʚ ʩ 

ʦʥʢʦʧʘʪʦʣʦʛʠʷʤʠ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʢʨʠʪʝʨʠʝʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʩʫʜʠʪʴ ʦʙ ʠʟʤʝʥʝʥʠʠ 

ʛʦʤʝʦʩʪʘʟʘ ʠ ʥʘʣʠʯʠʠ ʦʥʢʦʧʘʪʦʣʦʛʠʡ, ʠ ʘʥʘʣʠʟ ʢʦʨʨʝʣʷʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʠʦʞʠʜʢʦʩʪʝʡ ʩ ʧʦʤʦʱʴʶ ʈʉ ʠ ɸʌ ʩʧʝʢʪʨʳ 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʚʳʩʦʢʦʨʘʟʨʝʰʘʶʱʠʤ ʮʠʬʨʦʚʳʤ ʩʧʝʢʪʨʦʤʝʪʨʦʤ Shamrock SR-500i-

 D1-R ʠ ʦʮʠʬʨʦʚʳʚʘʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʭʣʘʞʜʘʝʤʦʡ ʜʦ -65ÁC ʮʠʬʨʦʚʦʡ ʢʘʤʝʨʳ 

DU416A-LDC-DD ʬʠʨʤʳ ANDOR. ɺʦʟʙʫʞʜʝʥʠʝ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʩʧʝʢʪʨʦʚ 

ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʠʟʣʫʯʝʥʠʝʤ ʣʘʟʝʨʥʦʛʦ ʤʦʜʫʣʷ LuxxMaster Raman Boxx ʬʠʨʤʳ PD-LD 

(ʮʝʥʪʨʘʣʴʥʘʷ ʜʣʠʥʘ ʚʦʣʥʳ 785 ʥʤ). ʌʦʢʫʩʠʨʦʚʢʘ ʟʦʥʜʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ, ʟʘʭʚʘʪ ʠ 

ʬʠʣʴʪʨʘʮʠʷ ʩʠʛʥʘʣʘ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʤʘʥʦʚʩʢʦʛʦ ʧʨʦʙʥʠʢʘ RPB785 

ʬʠʨʤʳ InPhotonics [3]. 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʩʣʝʜʫʝʤʳʭ ʙʠʦʞʠʜʢʦʩʪʝʡ ʠʩʧʦʣʴʟʦʚʘʥʳ ʦʙʨʘʟʮʳ ʢʨʦʚʠ ʠ ʫʨʠʥʳ. 

ʇʨʦʚʝʜʝʥ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʡ ʦʪʙʦʨ ʧʨʦʙ ʢʨʦʚʠ ʠ ʫʨʠʥʳ ʫ ʧʘʮʠʝʥʪʦʚ ʉʘʤʘʨʩʢʦʛʦ 

ʦʙʣʘʩʪʥʦʛʦ ʢʣʠʥʠʯʝʩʢʦʛʦ ʦʥʢʦʣʦʛʠʯʝʩʢʦʛʦ ʜʠʩʧʘʥʩʝʨʘ. ʆʪʦʙʨʘʥʥʳʝ ʧʨʦʙʳ ʧʦʤʝʱʘʣʠʩʴ 

ʚ ʩʪʝʨʠʣʴʥʳʝ ʧʨʦʙʠʨʢʠ. ʄʝʞʜʫ ʦʪʙʦʨʦʤ ʧʨʦʙ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʝʡ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʠʦʞʠʜʢʦʩʪʠ ʭʨʘʥʠʣʠʩʴ ʚ ʭʦʣʦʜʠʣʴʥʠʢʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

+2 + 4ÁC. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʚʳʧʦʣʥʝʥʳ ʚ ʪʝʯʝʥʠʝ 60 ʯʘʩʦʚ ʩ 

ʤʦʤʝʥʪʘ ʦʪʙʦʨʘ ʧʨʦʙ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʝ ʙʳʣʠ ʚʢʣʶʯʝʥʳ ʧʘʮʠʝʥʪʳ ʉʘʤʘʨʩʢʦʛʦ 

ʦʙʣʘʩʪʥʦʛʦ ʢʣʠʥʠʯʝʩʢʦʛʦ ʦʥʢʦʣʦʛʠʯʝʩʢʦʛʦ ʜʠʩʧʘʥʩʝʨʘ ʩ ʜʦʙʨʦʢʘʯʝʩʪʚʝʥʥʳʤʠ ʠ 

ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʤʠ ʦʧʫʭʦʣʷʤʠ ʨʘʟʣʠʯʥʳʭ ʣʦʢʘʣʠʟʘʮʠʡ. 

ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʧʝʢʪʨʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʨʦʚʠ ʠ ʫʨʠʥʳ ʩ 

ʧʦʤʦʱʴʶ ʨʘʤʘʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʘʚʪʦʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ. ɸʥʘʣʠʟ 

ʭʘʨʘʢʪʝʨʥʳʭ ʩʧʝʢʪʨʦʚ ʧʦʟʚʦʣʠʣ ʫʩʪʘʥʦʚʠʪʴ ʠʥʬʦʨʤʘʪʠʚʥʳʝ ʩʧʝʢʪʨʘʣʴʥʳʝ ʧʦʣʦʩʳ 

ʪʘʢʠʝ, ʢʘʢ 1000-1015 ʩʤ
-1

 1525-1560 ʩʤ
-1

 1690-1705 ʩʤ
-1

 ʚ ʫʨʠʥʝ ʠ 790-820 ʩʤ
-1

, 1135-

1140 ʩʤ
-1

, 1640-1660 ʩʤ
-1
, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʘʤ, ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʢʦʪʦʨʳʭ 

ʩʚʷʟʘʥʳ ʠʟʤʝʥʝʥʠʷ ʚ ʛʦʤʝʦʩʪʘʟʝ ʙʠʦʞʠʜʢʦʩʪʝʡ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ 

ʩʦʩʪʦʷʥʠʷʭ. ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
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ʙʠʦʞʠʜʢʦʩʪʠ ʩʦ ʩʧʝʢʪʨʘʣʴʥʳʤʠ ʧʦʣʦʩʘʤʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤ, ʚʭʦʜʷʱʠʭ 

ʚ ʩʪʘʥʜʘʨʪʥʳʡ ʙʠʦʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ. ɺ ʮʝʣʦʤ, ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʡ ʧʦʜʭʦʜ ʢ ʘʥʘʣʠʟʫ 

ʙʠʦʞʠʜʢʦʩʪʝʡ ʤʦʞʝʪ ʩʪʘʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʤʝʪʦʜʘ ʤʠʥʠʤʘʣʴʥʦ ʠʥʚʘʟʠʚʥʦʛʦ 

ʩʢʨʠʥʠʥʛʘ ʨʘʟʣʠʯʥʳʭ ʧʘʪʦʣʦʛʠʡ. 
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DEVELOPMENT OF BILAT ERAL TRADE AGREEMENT S BETWEEN RUSSIAN 

FEDERATION AND BOLIVIA IN HIGH TECH SPHERE 

Aguilar Gutierrez R. H., Efimova E. A. 

Samara National Research University, Samara 

The economic growth of a country depends to a large extent on the development of 

technologies that adapt to the productive needs of a society. Bolivia, like most other countries 

in Latin America, are among the nations with the least technological advances. 

It is worth noting that the Plurinational State of Bolivia is a key part of its large 

reserves of gas, lithium, minerals and other natural resources that among other things is 

positioned in the heart of the South American continent that allows it to be a strategic country. 

Within the state policies, Bolivia seeks to develop technologically. To achieve this 

objective, Bolivia has been working on the triple axis, that is, state investment in 

technological complexes, the educational system, and productive diversification. In this sense, 

in recent years Bolivia has improved its economic solvency through the new Economic Model 

Community and Productive Social and has as a base public investment and strengthening of 

the domestic market, from this economic improvement bilateral relations with the Russian 

Federation were gradually progressing. 

Through a government program of construction of different and huge hydroelectric 

and thermoelectric plants, as well as small photovoltaic and wind power plants that contribute 

to the conservation of the environment. Currently, the Bolivian economy is the 14th largest 

economy in Latin America in terms of nominal gross domestic product (GDP).  

It should be noted that Russia's relations with Latin America and the Caribbean 

continued to rise in 2015, with a considerable increase in the intensity of bilateral political 

contacts, particularly at the highest level, and this allowed it to take advantage of sectors in 

which it has some comparative advantage, such as arms sales, nuclear power, aviation, oil, 

gas, mining and construction. 

It is for this reason that we intend to analyze the bilateral development between the 

Russian Federation and the Plurinational State of Bolivia in the sphere of high technology. 

The Bolivian government and the Russian state-owned company Rosatom signed two 

contracts for the construction and start-up of the nuclear research center for an approximate 

value of 300 million dollars, which in turn claims to be the largest in South America [1]. 

The Nuclear Research and Technology Center will allow Bolivia to proceed to 

mastering the nuclear technologies and its application in science, medicine, geology, 

agriculture and other areas. In particular, the Center will provide the opportunity to start 

production of radioisotopes in Bolivia for their wide use in diagnostics and treatment of 

cancerous diseases which makes the nuclear medicine more affordable for the population of 

Bolivia. The application of irradiation technologies for food and agricultural products 

treatment, pest and bacteria control will make it possible to increase the products storage 

period while creating conditions for the increase of national agricultural products export [2]. 

In addition to the construction of the Center and a research reactor, training will also 

be provided to specialists, laboratory equipment and supply organization as well as the supply 

of nuclear fuel. This will be the most advanced center in Latin America with the most 

advanced equipment. In addition to the development of the nuclear sciences, the Center will 

save hundreds of thousands of lives from various serious diseases. 

According to the announcement of the state oil company, the signing of agreements 

between Gazprom and the Bolivian government, it expects to achieve an investment of 3,693 

million dollars in the exploration tasks in new gas areas until 2020 [3]. 
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The agreements also include cooperation with Bolivia in the change of the diesel 

energy matrix for Liquefied Natural Gas (LNG), Compressed Natural Gas (CNG) and Diesel-

CNG, as well as in the planning of the hydrocarbon sector until 2040. 

Bolivia has in the Salar de Uyuni the largest lithium deposit in the world, with an area 

of 10,500 km2 of salt that is currently considered white oil because of its great importance in 

the technological sector. Metal is the necessary basis for making batteries for electric vehicles. 

It is also present in the indispensable batteries of cell phones and in laptops, it is also used in 

the production of glass and ceramics, in the treatment of bipolar disorder, in air conditioners, 

lubricants and other products. Bolivia will invest 925 million dollars until 2019 in the 

industrialization of lithium, which, at the moment has been built in Uyuni a small pilot plant 

to produce lithium carbonate in small quantities, with the purpose of gaining experience in the 

industry and then to enter to a phase of industrialization of the metal [4].  

Russia has modern technology in working with lithium, so the company Rostec 

intends to agree with Bolivia on the extraction, exploitation and industrialization of the ore to 

create batteries or other accumulators, while the Rosatom nuclear company can cooperate in 

the investigation of the Lithium as an alternative fuel. The agreements between the Russian 

companies with the Bolivian state in relation to the mineral still remain in negotiation being a 

great possibility for both parties the joint work. In 2015, the mining sector contributed with 

7% to the Gross Domestic Product (GDP) and represented 30% of the total exports of the 

Plurinational State of Bolivia. 

The Russian Federation aspires to become a "major player" and play a greater role in 

all areas and not only in the technological and strategic military sector. While Bolivia has a 

high commitment in energy development, that is, it advances in the opening of diverse 

economic fronts, for example mining, hydrocarbons, nuclear energy among others, a process 

that necessarily implies partnerships with other actors.  It is intended to have prospects for 

long-term joint work in many areas: oil, gas, liquefied natural gas, geological exploration, 

extraction, transport, science and research. The completion of this road map will enable the 

Bolivian State and the Russian Federation to further strengthen their economic and political 

positions. 
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IMPLEMENTATION AND A PPLICATION OF 3D PRI NTING IN THE FIELD  

 OF MECHANICS IN BOLI VIA  

Carpintero Jos® Carlos Prado, Kovelskiy Viktor 

Samara National Research University, Samara 

It has been considered convenient to take the technology of 3D printing and apply it in 

the mechanical field of Bolivia, which would allow us to make copies of the spare parts we 

need regardless of their level of complexity, and ensure that all copies will be done in detail, 

the manufacturing times will be reduced, there will be no reprocessing since the parts were 

previously modeled in CAD software in which the part can be examined in detail, if it is 

necessary to make a modification, it will be done by computer.  

Besides rapid prototyping, 3D printing is also used for rapid manufacturing. Rapid 

manufacturing is a new method of manufacturing where companies are using 3D printers for 

short run custom manufacturing. In this way of manufacturing the printed objects are not 

prototypes but the actual end user product. Here you can expect more availability of 

personally customized products. 3D printing has become in one solution in a lot of countries 

around the world, it is used in Biomedical Industry, Aerospace technology, in vehicles 

development and on present time is used to mass production of various products. This new 

kind of technology has change industry in last years, because of the plusses of it application, 

so it means that itËs applying in Bolivia will be useful for the society.  

Some advantages for this technological applying in Bolivia are: 

¶ Versatility, a single 3D printer is capable of making countless different products. 

Much of the current manufacture is made with machines that have limited function 

and if the product changes, the machine must also be readjusted or changed.  

¶ Flexibility and rapid prototyping. The limit is the imagination and the ability to 

represent your ideas in 3D. It allows to realize prototypes of products with facility, 

which can imply an improvement in the design of these. 

¶ Reduction of costs. Both in the production process and in the transportation process.  

¶ Production can be done from home. 

¶ One of the most attractive advantages is the possibility of making your own, objects, 

products etc. in a personalized and exclusive way. 

¶ A new industry and a new sector that create new jobs, and new forms of business. 
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A SOCIO-ECONOMICS COMPARISON  AND CONTRAST OF BOLI VIA BETWEEN 
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If we travel back in time, 80 to 100 years ago, we will see that Bolivia was facing 

social and economic problems. The discrimination, between indigenous and no indigenous 

people, meant that they were unable to study and couldnôt get a proper jobs oracquire land. In 

some cases, they were forced to hard work labouring jobs. In 1952, after the agrarian 

revolution, the land was deemed to belong to who works in it. But this didnôt resolve all the 

problems. Some years later, a period of dictatorship began in Bolivia. This period was very 

difficult for everyone and when the country became democratic, the governments tried to 

implement different reforms to reduce the educational and social gaps. Unfortunately, the 

result was not completely successful.  

On the other hand, what was happening with the economy? Bolivia is a Mediterranean 

countryin the centre of South America and is rich in natural resources, like as gas, wood, 

lithium and other minerals. But the country did not have the technology to extract and 

manufacture them. Who then were exploiting them? International companies. The biggest 

issue was that these companies didnôt pay for tonsô units of product. On the contrary, they had 

the legal right to use those lands for anunlimited period, which became years, and without any 

kind of control from the government and where Bolivia, and its people, were not receiving the 

right price. People were tired of past governments, they wanted to see something different, 

and when elections came in 2005 Evo Morales won because his proposal was different both 

social and economically, it was the communitarian economic model. 

The main objective of this communitarian economic social model is that everyone will 

have equal amount of opportunities. The State was looking forward to reducing the gaps 

between rich and poor and to allocate the resources in a more efficient way. For example, 

unlike past years, these days departments receive the monetary resources according to the 

population. In addition, this model looks for a friendly environment and economic growth. 

The community economic social model comes from indigenous people who lived in 

Bolivia before, especially Aymara, Quechua and Guarani, and who lived in the territory even 

before the discovery of the continent. These people had different forms of organization, 

production and planning based on the welfare of the entire community. They thought that the 

work was the energy that transform the resources into the satisfaction of their needs. 

These people didnôt have the notion of ñprivate propertyò that we have now. They 

shared their resources between all its members and with other communities too. If they had 

any extra or ñsurplusò resource they distributed it and even saved it for difficult situationsin 

the future or helped other communities. 

The actual model in Bolivia is written in the constitution as ñEconomic, social, 

communitarian and productiveò. It is social because it makes more emphasis on solving 

overriding social problems before individuals. It is communitarian because it seeks the 

common welfare and collective values and traditions of indigenous peoples. And it is 

productive because it looks forward to changing the historical mono exporter way of 

production to looking for the diversification of production. 

With this purpose, the government's plan stipulates that there are 4 strategic sectors: 

hydrocarbons, mining, electricity and environmental resources. From them Bolivia gets the 

major part of its GDP (Gross Domestic Product). From its revenues, the State is looking to 
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promote other sectors such as manufacture, agricultural, etc., to create new jobs and increase 

the income for the country. 

To conclude, this communitarian model is not just in Bolivia. On the contrary, it is 

emerging in other countries of South America like Ecuador. The state has divided the country 

in communities which have autonomy and decision authority over their own resources. In the 

main the State tries to balance the inequalities in, for example, access to education, health 

care, basic services and employment. 

And in terms of the exploration and exploitation of resources, even if the country 

fights to become more technological, the capacity of productioncanôt change overnight. 

Therefore, international companies continue to work in Bolivia, based on contracts that 

establish greater control and regulation. The State have ultimate control and responsibility 

trying to mimimise the potentialsocial and environmental impacts. 
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ʇʆɺʓʐɽʅʀɽ ʂʆʅʂʋʈɽʅʊʆʉʇʆʉʆɹʅʆʉʊʀ ʇʈʆɼʋʂʎʀʀ ʇʈɽɼʇʈʀʗʊʀʗ 

(ʅɸ ʇʈʀʄɽʈɽ SS20) 

ɸʣʘʡʮʝʚʘ ʄ. ʇ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ʊʦʨʛʦʚʘʷ ʤʘʨʢʘ SS20 ʙʳʣʘ ʩʦʟʜʘʥʘ ʚ ʩʝʨʝʜʠʥʝ 90-ʭ ʛʦʜʦʚ ʚ ʢʘʯʝʩʪʚʝ 

ʟʘʧʘʪʝʥʪʦʚʘʥʥʳʭ, ʦʨʠʛʠʥʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʘʚʪʦʟʘʧʯʘʩʪʝʡ ʜʣʷ ʭʦʜʦʚʦʡ ʯʘʩʪʠ ʠ 

ʧʦʜʚʝʩʢʠ ʘʚʪʦʤʦʙʠʣʝʡ ʩʝʨʠʠ ɺɸɿ.  

ɹʣʘʛʦʜʘʨʷ ʫʥʠʢʘʣʴʥʳʤ ʠʥʞʝʥʝʨʥʳʤ ʨʝʰʝʥʠʷʤ ʠ ʘʢʮʝʥʪʫ ʥʘ ʢʘʯʝʩʪʚʝ 

ʧʨʦʠʟʚʦʜʠʤʦʡ ʧʨʦʜʫʢʮʠʠ ʦʨʛʘʥʠʟʘʮʠʷ ʙʳʩʪʨʦ ʩʤʦʛʣʘ ʚʳʡʪʠ ʥʘ ʨʝʛʠʦʥʘʣʴʥʳʡ, ʘ ʟʘʪʝʤ 

ʠ ʥʘ ʚʩʝʨʦʩʩʠʡʩʢʠʡ ʨʳʥʦʢ. ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʢʘʯʝʩʪʚʦ ï ʵʪʦ ʠʤʷ, ʵʪʦ ʨʝʧʫʪʘʮʠʷ, ʵʪʦ 

ʘʚʪʦʨʠʪʝʪ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʨʳʥʢʝ.  

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʛʨʫʧʧʘ ʢʦʤʧʘʥʠʡ ʧʨʦʠʟʚʦʜʠʪ ʧʦʜ ʤʘʨʢʦʡ SS20 ʰʠʨʦʢʠʡ 

ʨʷʜ ʜʝʪʘʣʝʡ ʠ ʟʘʧʯʘʩʪʝʡ ʧʦʜʚʝʩʢʠ ʢʘʢ ʜʣʷ ʘʚʪʦʤʦʙʠʣʝʡ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʤʘʨʦʢ, ʪʘʢ ʠ ʜʣʷ 

ʠʥʦʩʪʨʘʥʥʳʭ ʙʨʝʥʜʦʚ.  

ɺ ʨʝʘʣʠʷʭ ʩʦʚʨʝʤʝʥʥʦʛʦ ʙʠʟʥʝʩʘ ʥʘ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʚʣʠʷʶʪ ʜʝʩʷʪʢʠ 

ʬʘʢʪʦʨʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʦʩʥʦʚʥʳʤʠ ʷʚʣʷʶʪʩʷ ʮʝʥʘ ʧʨʦʜʫʢʮʠʠ, ʝʝ ʢʘʯʝʩʪʚʦ ʠ ʝʝ 

ʫʥʠʢʘʣʴʥʦʩʪʴ. ʇʨʠ ʵʪʦʤ ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʠ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʭ 

ʟʘʧʨʦʩʦʚ, ʪʘʢʠʭ ʢʘʢ ʫʜʦʙʩʪʚʦ ʧʨʠʤʝʥʝʥʠʷ, ʥʘʜʝʞʥʦʩʪʴ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʩʨʦʢ 

ʵʢʩʧʣʫʘʪʘʮʠʠ, ʚʳʭʦʜʠʪ ʥʘ ʜʦʤʠʥʠʨʫʶʱʫʶ ʧʦʟʠʮʠʶ [1]. 

ʅʦʚʳʤ ʫʨʦʚʥʝʤ ʜʣʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʦʤʧʘʥʠʠ ʷʚʣʷʝʪʩʷ 

ʚʳʭʦʜ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʫʨʦʚʝʥʴ ï ʩʦʦʪʚʝʪʩʪʚʠʝ ʧʨʦʠʟʚʦʜʠʤʦʡ ʧʨʦʜʫʢʮʠʠ 

ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʩʪʘʥʜʘʨʪʘʤ ʢʘʯʝʩʪʚʘ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ.  

ʂʨʘʡʥʝ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʢʦʥʢʫʨʝʥʪʥʦʡ ʙʦʨʴʙʳ ʷʚʣʷʝʪʩʷ ʥʘʭʦʞʜʝʥʠʝ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʙʘʣʘʥʩʘ ʤʝʞʜʫ ʤʘʢʩʠʤʘʣʴʥʦ ʚʳʩʦʢʠʤ ʢʘʯʝʩʪʚʦʤ ʧʨʦʜʫʢʮʠʠ ʠ ʝʝ 

ʩʪʦʠʤʦʩʪʴʶ, ʪʘʢ ʢʘʢ ʠʤʝʥʥʦ ʩʪʦʠʤʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪ ʨʘʮʠʦʥʘʣʴʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʦʛʦ 

ʠʣʠ ʠʥʦʛʦ ʧʨʦʜʫʢʪʘ. ʇʦʜ ʵʢʦʥʦʤʠʯʝʩʢʠ ʦʧʪʠʤʘʣʴʥʳʤ ʢʘʯʝʩʪʚʦʤ ʧʦʥʠʤʘʝʪʩʷ 

ʩʦʦʪʥʦʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʠ ʟʘʪʨʘʪ, ʠʣʠ ʮʝʥʘ ʝʜʠʥʠʮʳ ʢʘʯʝʩʪʚʘ [2]. 

ʋʥʠʢʘʣʴʥʦʩʪʴ ʠʥʞʝʥʝʨʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʪʦʣʧʦʚ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʦʜʫʢʮʠʠ ʪʦʨʛʦʚʦʡ ʤʘʨʢʠ SS20.  ʃʶʙʦʝ ʠʥʞʝʥʝʨʥʦʝ ʨʝʰʝʥʠʝ 

ʠ ʥʦʚʦʚʚʝʜʝʥʠʝ ʧʨʦʭʦʜʠʪ ʜʣʠʪʝʣʴʥʳʡ ʠ ʣʦʞʥʳʡ ʧʝʨʠʦʜ ʠʩʧʳʪʘʥʠʡ ʠ ʪʝʩʪʦʚ ʚ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʫʩʣʦʚʠʷʭ ï ʜʣʷ ʵʪʦʛʦ ʥʘ ʙʘʟʝ ʠʥʞʝʥʝʨʥʦʛʦ ʦʪʜʝʣʘ SS20 ʩʦʟʜʘʥ ʦʪʜʝʣ 

ʠʩʧʳʪʘʥʠʡ ʩ ʦʛʨʦʤʥʦʡ ʣʘʙʦʨʘʪʦʨʠʝʡ ʠ ʦʪʜʝʣʴʥʳʤ ʠʩʧʳʪʘʪʝʣʴʥʳʤ ʧʦʣʠʛʦʥʦʤ. 

ʅʘʜʝʞʥʦʩʪʴ ʧʨʦʜʫʢʮʠʠ SS20 ʚʦʰʣʘ ʥʘ ʨʦʩʩʠʡʩʢʦʤ ʨʳʥʢʝ ʘʚʪʦʟʘʧʯʘʩʪʝʡ ʚ ʧʦʛʦʚʦʨʢʫ.  

ʇʨʦʠʟʚʦʜʠʪʝʣʴ ʧʨʦʜʫʢʮʠʠ SS20 ʩʪʨʝʤʷʪʩʷ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ,  ʢ ʤʠʥʠʤʠʟʘʮʠʠ 

ʮʝʥʳ ʧʦʪʨʝʙʣʝʥʠʷ ʪʦʚʘʨʘ, ʯʪʦ ʚʩʝʛʜʘ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʦʙʱʠʭ ʟʘʪʨʘʪ ʧʦʢʫʧʘʪʝʣʷ, 

ʪʘʢ ʢʘʢ ʢ ʢʘʯʝʩʪʚʫ ʠ ʥʘʜʝʞʥʦʩʪʠ ʩʚʦʝʡ ʧʨʦʜʫʢʮʠʠ ʦʨʛʘʥʠʟʘʮʠʷ ʧʨʝʜʲʷʚʣʷʝʪ 

ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʝ ʪʨʝʙʦʚʘʥʠʷ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʜʫʢʮʠʠ ʤʘʨʢʠ SS20 ʥʘʧʨʷʤʫʶ 

ʦʪʨʘʞʘʝʪ ʢʘʯʝʩʪʚʦ ʧʨʝʜʣʘʛʘʝʤʦʡ  ʧʨʦʜʫʢʮʠʠ. ɼʣʷ ʦʮʝʥʢʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ 

ʪʦʚʘʨʘ ʥʘ ʨʳʥʢʝ ʧʦʩʪʦʷʥʥʦ ʧʨʦʚʦʜʠʪʩʷ ʤʦʥʠʪʦʨʠʥʛ ʧʨʦʜʫʢʮʠʠ ʢʦʥʢʫʨʝʥʪʦʚ.  
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ɸʅɸʃʀɿ ɼʆʍʆɼʆɺ ʀ ʈɸʉʍʆɼʆɺ ʊʈɸʅʉʇʆʈʊʅʓʍ ʇʈɽɼʇʈʀʗʊʀʁ 

ɸʣʝʝʚʘ ʖ. ʆ., ɹʣʠʥʦʚʘ ɽ. ɸ 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʠʚʦʜʠʪʩʷ ʩʨʘʚʥʝʥʠʝ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʠʩʪʝʤ ʜʚʫʭ ʛʦʨʦʜʦʚ- 

ʉʘʤʘʨʳ (ʈʦʩʩʠʷ, ʉʘʤʘʨʩʢʘʷ ʦʙʣʘʩʪʴ) ʠ ʅʴʶ-ʁʦʨʢʘ (ʉʐɸ, ʰʪʘʪ ʅʴʶ-ʁʦʨʢ). ɻʣʘʚʥʦʡ 

ʟʘʜʘʯʝʡ ʩʪʦʠʪ ʚʳʷʩʥʝʥʠʝ ʧʨʠʯʠʥ ʫʙʳʪʢʦʚ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʚ ʛ. ʉʘʤʘʨʘ, ʟʘ 

ʩʯʝʪ ʩʨʘʚʥʝʥʠʷ ʩ ʵʪʘʣʦʥʥʦʡ ʢʦʤʧʘʥʠʝʡ, ʠ ʧʨʝʜʣʦʞʝʥʠʝ ʤʝʪʦʜʦʚ ʫʩʪʨʘʥʝʥʠʷ 

ʬʠʥʘʥʩʦʚʳʭ ʥʝʜʦʩʪʘʯ ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. ɺ ʨʘʙʦʪʝ ʚʳʧʦʣʥʝʥʦ ʩʣʝʜʫʶʱʝʝ:  

- ʦʧʠʩʘʥʳ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʠʩʪʝʤʳ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʛʦʨʦʜʦʚ;  

- ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʧʨʠʙʳʣʴʥʦʩʪʴ ʧʨʝʜʧʨʠʷʪʠʡ;  

- ʧʦʜʩʪʯʠʪʘʥʳ ʨʘʩʭʦʜʦʚ ʛʨʘʞʜʘʥ ʥʘ ʝʞʝʤʝʩʷʯʥʫʶ ʦʧʣʘʪʫ ʧʨʦʝʟʜʘ ʚ 

ʦʙʱʝʩʪʚʝʥʥʦʤ ʪʨʘʥʩʧʦʨʪʝ;  

- ʨʘʩʩʤʦʪʨʝʥʘ ʧʨʦʙʣʝʤʘ ʨʦʩʪʘ ʩʪʦʠʤʦʩʪʠ ʧʨʦʝʟʜʘ; 

- ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʢʦʤʧʘʥʠʡ 

ʤʝʞʜʫ ʩʦʙʦʡ, ʠ ʠʭ ʜʦʭʦʜʥʦʩʪʴ ʠ ʫʙʳʪʦʯʥʦʩʪʴ.  

ɺʳʷʚʣʝʥʦ, ʯʪʦ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʧʨʦʝʟʜʘ ʚ ʪʨʘʥʩʧʦʨʪʝ ʚ ʛ. ʉʘʤʘʨʘ ʩʦʩʪʘʚʣʷʝʪ ʚ 

ʩʨʝʜʥʝʤ 31 ʨʫʙʣʴ, ʘ ʥʘʩʝʣʝʥʠʝ ʧʣʘʪʠʪ 25 ʨʫʙʣʝʡ. ʇʦ ʤʥʝʥʠʶ ʛʦʨʦʜʩʢʠʭ ʚʣʘʩʪʝʡ, ʜʘʥʥʘʷ 

ʨʘʟʥʠʮʘ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʫʙʳʪʢʦʚ ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. ɺ 

ʩʣʝʜʩʪʚʠʠ ʵʪʦʛʦ, ʩʪʦʠʤʦʩʪʴ ʧʨʦʝʟʜʘ ʧʦʩʪʦʷʥʥʦ ʧʦʚʳʰʘʝʪʩʷ. ʆʜʥʘʢʦ ʅʴ-ʁʁʦʨʢ 

ʦʙʣʘʜʘʝʪ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʝʪʴʶ, ʧʨʠʤʝʨʥʦ ʚ 4 ʨʘʟʘ ʢʨʫʧʥʝʝ, ʯʝʤ 

ʉʘʤʘʨʩʢʘʷ, ʥʦ ʝʸ ʩʦʜʝʨʞʘʥʠʝ ʤʝʥʴʰʝ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʞʠʪʝʣʷʭ ʛʦʨʦʜʘ. ɼʘʣʝʝ, ʣʦʛʠʯʥʳʤ 

ʭʦʜʦʤ ʙʳʣʦ ʚʳʷʩʥʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʧʨʠʙʳʣʠ, ʧʦʣʫʯʝʥʥʦʡ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʚ ʛʦʜ, ʠ 

ʩʦʩʪʘʚʣʝʥʠʝ ʜʠʘʛʨʘʤʤ. ɺ ʧʨʦʮʝʥʪʥʦʡ ʬʦʨʤʝ ʚʠʜʥʦ: 

- ʩʢʦʣʴʢʦ ʚʳʜʝʣʷʝʪʩʷ ʥʘ ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ 

ʛʦʨʦʜʩʢʠʤʠ ʚʣʘʩʪʷʤʠ; 

-  ʢʘʢ ʚʣʠʷʝʪ ʥʘ ʜʦʭʦʜʳ ʧʨʝʜʧʨʠʷʪʠʡ ʥʘʣʠʯʠʝ ʵʣʝʢʪʨʦʥʥʦʡ ʩʠʩʪʝʤʳ ʦʧʣʘʪʳ 

ʧʨʦʝʟʜʘ; 

- ʢʘʢ ʚʣʠʷʝʪ ʩʧʦʩʦʙ ʦʧʣʘʪʳ ʧʨʦʝʟʜʘ ʟʘ ʥʘʣʠʯʥʳʡ ʨʘʩʯʝʪ. 

ʇʦʜʦʙʥʳʝ ʜʠʘʛʨʘʤʤʳ ʧʨʠʚʝʜʝʥʳ ʠ ʧʦ ʨʘʩʭʦʜʘʤ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. 
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ɺ ʟʘʢʣʶʯʝʥʠʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʠʙʣʠʟʠʪʴʩʷ ʢ ʵʪʘʣʦʥʥʦʡ ʩʠʩʪʝʤʝ, ʘ ʠʤʝʥʥʦ 

ʢ ʩʠʩʪʝʤʝ ʥʴ-ʁʡʦʨʢʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʡ ʢʦʤʧʘʥʠʠ MTA, ʘ ʪʘʢʞʝ ʨʘʩʩʤʦʪʨʝʪʴ ʚʦʧʨʦʩ 

ʦʙ ʫʚʝʣʠʯʝʥʠʠ ʩʫʙʩʠʜʠʨʦʚʘʥʠʷ ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. 
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ʇʈʆʎɽʉʉ ʉʊʈɸʊɽɻʀʏɽʉʂʆɻʆ ʄɽʅɽɼɾʄɽʅʊɸ ɺ ʂʆʄʄɽʈʏɽʉʂʆʁ 

ʌʀʈʄɽ 

ɸʬʠʥʦʛʝʥʪʦʚʘ ʄ. ɺ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʩʪʝʧʝʥʴ ʬʦʨʤʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʧʨʦʚʝʜʝʥʠʷ 

ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʤʝʥʝʜʞʤʝʥʪʘ ʚ ʢʦʤʤʝʨʯʝʩʢʠʭ ʦʨʛʘʥʠʟʘʮʠʷʭ. 

ʇʨʦʮʝʩʩ ʫʧʨʘʚʣʝʥʠʷ ʦʨʛʘʥʠʟʘʮʠʝʡ ʠʤʝʝʪ ʢʘʢ ʦʙʱʠʝ ʯʝʨʪʳ, ʪʘʢ ʠ ʩʚʦʠ 

ʫʥʠʢʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝʤ ʢʦʥʢʨʝʪʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ. ʊʦ 

ʞʝ ʩʘʤʦʝ ʦʪʥʦʩʠʪʩʷ ʠ ʢ ʧʨʦʮʝʩʩʫ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʤʝʥʝʜʞʤʝʥʪʘ, ʢʦʪʦʨʳʡ ʧʨʠ 

ʥʘʣʠʯʠʠ ʨʷʜʘ ʬʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʦʧʝʨʘʮʠʡ ʠʤʝʝʪ ʪʘʢʞʝ ʪʚʦʨʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʠ 

ʩʪʨʦʠʪʩʷ ʢʘʢ ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʪʘʢ ʠ ʥʘ ʠʥʪʫʠʮʠʠ ʨʫʢʦʚʦʜʠʪʝʣʝʡ [1]. 

ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʦʙʣʝʤ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʦʨʛʘʥʠʟʘʮʠʝʡ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʯʝʪʘʥʠʝ ʬʦʨʤʘʣʴʥʳʭ ʠ ʥʝʬʦʨʤʘʣʴʥʳʭ 

ʧʨʦʮʝʜʫʨ. 

ʉʘʤ ʧʨʦʮʝʩʩ ʚʳʨʘʙʦʪʢʠ ʩʪʨʘʪʝʛʠʠ ʷʚʣʷʝʪʩʷ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʯʝʪʢʦ 

ʘʣʛʦʨʠʪʤʠʟʠʨʦʚʘʥʥʳʤ, ʠʪʝʨʘʪʠʚʥʳʤ ʠ ʚʢʣʶʯʘʝʪ ʨʷʜ ʦʙʷʟʘʪʝʣʴʥʳʭ ʩʪʘʜʠʡ, ʥʘ 

ʢʦʪʦʨʳʭ ʧʨʦʚʦʜʷʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʦʮʝʜʫʨʳ. ʇʨʠ ʵʪʦʤ ʨʝʟʫʣʴʪʘʪʳ ʢʘʞʜʦʛʦ ʵʪʘʧʘ 

ʥʫʞʜʘʶʪʩʷ ʚ ʧʦʩʪʦʷʥʥʦʤ ʦʙʥʦʚʣʝʥʠʠ, ʧʦʵʪʦʤʫ ʧʨʦʮʝʜʫʨʳ ʧʨʦʮʝʩʩʘ ʤʦʛʫʪ ʧʨʦʪʝʢʘʪʴ 

ʧʘʨʘʣʣʝʣʴʥʦ, ʢʦʛʜʘ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʧʦʩʣʝʜʫʶʱʠʭ ʧʨʦʮʝʜʫʨ ʧʦʷʚʣʷʶʪʩʷ ʥʦʚʳʝ 

ʜʘʥʥʳʝ ʚ ʭʦʜʝ ʚʪʦʨʠʯʥʦʛʦ ʧʨʦʚʝʜʝʥʠʷ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʧʨʦʮʝʜʫʨ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ ʚ ʚʠʜʝ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʙʣʦʢ-ʩʭʝʤʳ, ʚ ʢʦʪʦʨʦʡ ʚʩʝ ʦʩʥʦʚʥʳʝ ʧʨʦʮʝʩʩ ʤʦʛʫʪ ʙʳʪʴ ʬʦʨʤʘʣʠʟʦʚʘʥʳ ʠ 

ʧʝʨʝʚʝʜʝʥʳ ʚ ʮʠʬʨʦʚʦʡ ʬʦʨʤʘʪ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʪʴ ʪʝʭʥʠʢʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʩʪʦʨʦʥʫ ʧʨʠʥʷʪʠʷ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚʦʟʥʠʢʘʶʪ ʩʣʦʞʥʦʩʪʠ ʩ ʬʦʨʤʘʣʠʟʘʮʠʝʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ 

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʨʫʢʦʚʦʜʷʱʠʤʠ ʨʘʙʦʪʥʠʢʘʤʠ ʚʚʠʜʫ ʩʣʦʞʥʦʩʪʠ ʬʦʨʤʘʣʴʥʦʡ ʦʮʝʥʢʠ 

ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʧʨʠʥʷʪʠʝ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. ɺ ʜʘʥʥʦʡ ʩʬʝʨʝ ʧʦ-

ʧʨʝʞʥʝʤʫ ʚʝʣʠʢʦ ʟʥʘʯʝʥʠʝ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʢʦʡ ʠʥʪʫʠʮʠʠ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʦʡ 

ʚʦʟʥʠʢʘʝʪ ʧʨʝʜʚʠʜʝʥʠʝ ʥʝ ʩʪʦʣʴʢʦ ʩʠʪʫʘʮʠʠ ʥʘ ʨʳʥʢʝ, ʩʢʦʣʴʢʦ ʪʝʥʜʝʥʮʠʡ ʝʝ 

ʨʘʟʚʠʪʠʷ ʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʪʘʪʴ ʧʨʦʚʦʜʥʠʢʦʤ ʜʘʥʥʦʡ ʪʝʥʜʝʥʮʠʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʟʘʭʚʘʪʦʤ ʨʳʥʢʘ ʣʠʙʦ ʨʦʞʜʝʥʠʝʤ ʥʦʚʦʛʦ ʨʳʥʢʘ ʠʣʠ ʥʦʚʦʛʦ ʧʨʦʜʫʢʪʘ.  

ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʈʦʩʩʠʠ ʨʷʜ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʧʦ-

ʧʨʝʞʥʝʤʫ ʧʨʠʭʦʜʠʪʩʷ ʧʨʠʥʠʤʘʪʴ ʚʝʜʫʱʠʤ ʩʧʝʮʠʘʣʠʩʪʘʤ ʧʨʝʜʧʨʠʷʪʠʡ, ʥʝ ʠʤʝʶʱʠʤ 

ʩʧʝʮʠʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʝ ʩʧʦʩʦʙʥʳʤ ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʬʦʨʤʘʣʠʟʦʚʘʪʴ ʧʨʦʮʝʩʩ ʠʭ ʧʨʠʥʷʪʠʷ [2] 

ʀʩʧʦʣʴʟʫʷ ʪʘʢʠʝ ʤʝʪʦʜʳ, ʢʘʢ ʦʧʨʦʩ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʦʙʣʘʩʪʠ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ, ʩʨʘʚʥʝʥʠʝ ʦʨʛʘʥʠʟʘʮʠʡ ʧʦ ʩʪʝʧʝʥʠ ʫʩʧʝʰʥʦʩʪʠ ʠʭ ʨʘʟʚʠʪʠʷ ʠ 

ʠʥʪʝʛʨʘʣʴʥʫʶ ʦʮʝʥʢʫ ʵʢʩʧʝʨʪʥʳʭ ʤʥʝʥʠʡ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʡ ʚʳʚʦʜ. ɺ 

ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʧʦʣʥʦʩʪʴʶ ʬʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʧʨʦʛʨʘʤʤ ʧʨʠʥʷʪʠʷ 

ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʚ ʜʘʥʥʦʤ ʧʨʦʮʝʩʩʝ ʚʘʞʥʝʡʰʫʶ ʨʦʣʴ ʧʦ-ʧʨʝʞʥʝʤʫ ʠʛʨʘʝʪ 

ʦʧʳʪ ʠ ʠʥʪʫʠʮʠʷ ʚʝʜʫʱʠʭ ʤʝʥʝʜʞʝʨʦʚ ʧʨʝʜʧʨʠʷʪʠʡ, ʢʦʪʦʨʳʝ ʥʝ ʧʦʜʜʘʶʪʩʷ 

ʬʦʨʤʘʣʴʥʦʤʫ ʦʧʠʩʘʥʠʶ ʠ ʘʣʛʦʨʠʪʤʠʟʘʮʠʠ. 

ɺʳʙʦʨ ʤʝʞʜʫ ʪʝʤʠ ʠʣʠ ʠʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʧʦʜʜʝʨʞʢʠ ʫʧʨʘʚʣʝʥʯʝʩʢʦʛʦ 

ʨʝʰʝʥʠʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʝʜʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʝʣʠʯʠʥʳ ʟʘʪʨʘʪ ʥʘ 

ʠʭ ʧʨʠʦʙʨʝʪʝʥʠʝ ʠ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʩʫʙʲʝʢʪʠʚʥʳʤ, ʧʦʩʢʦʣʴʢʫ ʩʘʤʠ ʜʘʥʥʳʝ 
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ʩʠʩʪʝʤʳ ʪʨʝʙʫʶʪ ʜʦʨʘʙʦʪʢʠ ʧʦʜ ʥʫʞʜʳ ʢʦʥʢʨʝʪʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ, ʚ ʢʦʪʦʨʦʡ 

ʧʣʘʥʠʨʫʝʪʩʷ ʠʭ ʧʨʠʤʝʥʝʥʠʝ. 
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ʋɼʂ 339.1 

ʆʉʆɹɽʅʅʆʉʊʀ ʈɸɿɺʀʊʀʗ ʈʆʉʉʀʁʉʂʆɻʆ ʉɽʊɽɺʆɻʆ ʈʀʊɽʁʃɸ 

ɹʘʪʨʘʯʝʥʢʦ ɽ. ʂ., ʂʘʨʧʦʚʠʯ ɺ. ʉ., ʉʘʚʠʥ ɸ. ɻ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʟʚʠʪʠʷ ʩʝʪʝʚʦʛʦ ʨʠʪʝʡʣʘ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʈʦʣʴ ʩʝʪʝʚʦʛʦ ʨʠʪʝʡʣʘ ʚ ʵʢʦʥʦʤʠʢʝ ʈʦʩʩʠʠ 

ʤʦʞʥʦ ʨʘʩʢʨʳʪʴ ʩ ʧʦʤʦʱʴʶ ʥʝʢʦʪʦʨʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ: 

¶ ɼʦʣʷ ʦʙʦʨʦʪʘ ʨʦʟʥʠʯʥʦʡ ʪʦʨʛʦʚʣʠ ʚ ɺɺʇ ʈʌ 

 

ʈʠʩ.1 ɼʦʣʷ ʦʙʦʨʦʪʘ ʨʦʟʥʠʯʥʦʡ ʪʦʨʛʦʚʣʠ ʚ ʚʘʣʦʚʦʤ ʚʥʫʪʨʝʥʥʝʤ ʧʨʦʜʫʢʪʝ 

ʈʌ ʚ 2000ï2016ʛʛ. 

¶ ʇʦʢʘʟʘʪʝʣʠ ʯʠʩʣʘ ʠ ʩʦʩʪʘʚʘ ʦʨʛʘʥʠʟʘʮʠʠ ʨʦʟʥʠʯʥʦʡ ʪʦʨʛʦʚʣʠ 

¶ ʆʙʦʨʦʪ ʨʦʟʥʠʯʥʦʡ ʪʦʨʛʦʚʣʠ 

¶ ʉʪʨʫʢʪʫʨʘ ʪʦʚʘʨʥʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ʥʘʩʝʣʝʥʠʷ ʈʌ 

 

 
 

ʈʠʩ.2 ʉʪʨʫʢʪʫʨʘ ʪʦʚʘʨʥʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ʥʘʩʝʣʝʥʠʷ ʈʌ ʟʘ 2016ʛ. (ʚ %) 

 

ʅʘ ʦʩʥʦʚʝ ʵʪʠʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ ʦ ʨʘʟʚʠʪʠʠ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ 

ʩʝʪʝʚʦʛʦ ʨʠʪʝʡʣʘ ʟʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ. 

ɺ ʩʝʛʦʜʥʷʰʥʝʡ ʩʣʦʞʥʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʥʝʣʴʟʷ ʥʝ ʨʘʩʩʤʦʪʨʝʪʴ 

ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʟʚʠʪʠʷ ʩʝʪʝʚʦʛʦ ʨʠʪʝʡʣʘ ʚ ʢʨʠʟʠʩ. 
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ʊʦʚʘʨʳ ʧʨʝʤʠʫʤ-ʢʣʘʩʩʘ ʩʪʘʥʦʚʷʪʩʷ ʤʝʥʝʝ ʜʦʩʪʫʧʥʳʤʠ ʙʦʣʴʰʠʥʩʪʚʫ ʥʘʩʝʣʝʥʠʶ 

ʠ ʚʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʤʘʛʘʟʠʥʳ, ʨʝʘʣʠʟʫʶʱʠʝ ʵʪʠ ʪʦʚʘʨʳ, ʥʝʩʫʪ ʫʙʳʪʢʠ. 

ɺʦ ʚʩʝʭ ʩʝʢʪʦʨʘʭ ʨʳʥʢʘ ʪʦʚʘʨʦʚ ʠ ʫʩʣʫʛ ʥʘʙʣʶʜʘʝʪʩʷ ʧʘʜʝʥʠʷ ʩʧʨʦʩʘ, ʦʩʦʙʝʥʥʦ 

ʥʘ ʪʦʚʘʨʳ ʥʝʧʝʨʚʦʡ ʥʝʦʙʭʦʜʠʤʦʩʪʠ. 

ʊʘʢʞʝ ʥʘ ʬʦʥʝ ʢʨʠʟʠʩʘ ʠʜʝʪ ʨʝʟʢʦʝ ʩʦʢʨʘʱʝʥʠʝ ʤʝʣʢʠʭ ʠ ʩʨʝʜʥʠʭ ʩʝʪʝʡ, ʪ.ʢ. ʦʥʠ 

ʥʝ ʚʳʜʝʨʞʠʚʘʶʪ ʢʦʥʢʫʨʝʥʮʠʶ ʩ ʢʨʫʧʥʳʤʠ ʨʠʪʝʡʣʝʨʘʤʠ, ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʥʘʭʦʜʷʪʩʷ ʚ ʩʪʘʙʠʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ ʠ ʫʚʝʣʠʯʠʚʘʶʪ ʢʦʣʠʯʝʩʪʚʦ ʤʘʛʘʟʠʥʦʚ. 

ʂʨʫʧʥʳʝ ʛʠʧʝʨʤʘʨʢʝʪʳ ʪʝʨʷʶʪ ʩʚʦʠʭ ʧʦʢʫʧʘʪʝʣʝʡ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʧʨʠʯʠʥʘʤ: 

¶ ɹʦʣʴʰʠʝ ʦʯʝʨʝʜʠ 

¶ ʆʛʨʦʤʥʳʝ ʪʝʨʨʠʪʦʨʠʠ 

¶ ʅʝʢʦʤʧʝʪʝʥʪʥʦʩʪʴ ʢʦʥʩʫʣʴʪʘʥʪʦʚ 

¶ ʇʦʧʫʣʷʨʥʦʩʪʴ ʠʥʪʝʨʥʝʪ-ʤʘʛʘʟʠʥʦʚ 

ʇʦʵʪʦʤʫ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʨʦʟʥʠʯʥʦʡ ʪʦʨʛʦʚʣʠ ʚʠʜʷʪ ʚ ʤʘʛʘʟʠʥʘʭ ʫ ʜʦʤʘ. 

ʇʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʪʘʢʠʭ ʤʘʛʘʟʠʥʦʚʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʭ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʠʚ ʩʨʝʜʥʝʤ ʠ 

ʥʠʟʢʦʤ ʮʝʥʦʚʳʭ ʩʝʛʤʝʥʪʘʭ. 

ʄʘʛʘʟʠʥʳ ʫ ʜʦʤʘ ʠʤʝʶʪ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʩʪʦʨʦʥʳ ʢʘʢ ʜʣʷ ʙʠʟʥʝʩʤʝʥʦʚ, ʪʘʢ ʠ ʜʣʷ 

ʧʦʪʨʝʙʠʪʝʣʝʡ. ʊʝʤ ʥʝ ʤʝʥʝʝ ʛʠʧʝʨʤʘʨʢʝʪʳ ʥʝ ʧʦʪʝʨʷʶʪ ʩʚʦʝʡ ʟʥʘʯʠʪʝʣʴʥʦʩʪʠ, ʪ.ʢ. ʦʥʠ 

ʧʨʝʜʣʘʛʘʶʪ ʙʦʣʝ ʰʠʨʦʢʠʡ ʚʳʙʦʨ ʨʘʟʣʠʯʥʳʭ ʪʦʚʘʨʦʚ ʠ ʫʩʣʫʛ. 

ʉʝʪʝʚʦʡ ʨʠʪʝʡʣ, ʧʨʦʷʚʣʷʶʱʠʡ ʫʩʪʦʡʯʠʚʳʝ ʪʝʤʧʳ ʨʘʟʚʠʪʠʷ, ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ 

ʟʚʝʥʦʤ ʚ ʩʬʝʨʝ ʪʦʚʘʨʦʚ ʠ ʫʩʣʫʛ. 
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ ɺɿɸʀʄʆɼɽʁʉʊɺʀʗ ʋʏɸʉʊʅʀʂʆɺ ʈʓʅʂɸ 

ʂʆʉʄʀʏɽʉʂʀʍ ʋʉʃʋɻ 

ɹʝʣʷʝʚʘ ɽ. ʂ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ʂʦʩʤʠʯʝʩʢʘʷ ʦʪʨʘʩʣʴ ʷʚʣʷʝʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʤʠʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ ʠ 

ʥʘʫʢʠ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʨʳʥʦʢ ʢʦʩʤʠʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʛʦʩʫʜʘʨʩʪʚʘ, ʥʦ ʠ ʜʣʷ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʩʝʢʪʦʨʘ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ ʚ ʨʘʟʣʠʯʥʳʭ ʩʝʛʤʝʥʪʘʭ ʜʘʥʥʦʛʦ ʨʳʥʢʘ ʧʦʷʚʣʷʝʪʩʷ ʙʦʣʴʰʝ ʫʯʘʩʪʥʠʢʦʚ, ʧʨʦʠʩʭʦʜʠʪ 

ʧʦʩʪʦʷʥʥʘʷ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ [1]. ʂʦʥʪʨʘʢʪʥʳʝ ʦʪʥʦʰʝʥʠʷ, 

ʩʦʟʜʘʚʘʝʤʳʝ ʫʯʘʩʪʥʠʢʘʤʠ ʨʳʥʢʘ ʢʦʩʤʠʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ, ʟʘʯʘʩʪʫʶ ʙʘʟʠʨʫʶʪʩʷ ʥʝ ʥʘ 

ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʮʝʥʘʭ, ʘ ʧʦʜʨʘʟʫʤʝʚʘʶʪ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʧʦʜʭʦʜ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʩʪʦʠʤʦʩʪʠ ʧʨʦʜʫʢʪʘ ʠʣʠ ʫʩʣʫʛʠ, ʢʦʪʦʨʳʡ ʟʘʚʠʩʠʪ ʦʪ ʥʫʞʜ ʢʣʠʝʥʪʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ, 

ʢʣʠʝʥʪʳ ʨʘʟʣʠʯʘʶʪʩʷ ʩʚʦʠʤ ʪʠʧʦʤ, ʢʦʪʦʨʳʡ, ʢ ʧʨʠʤʝʨʫ, ʤʦʞʝʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ 

ʮʝʥʥʦʩʪʴ ʪʦʚʘʨʘ ʜʣʷ ʥʠʭ. ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʮʝʥʦʚʦʡ ʧʦʣʠʪʠʢʠ ʩ 

ʫʯʝʪʦʤ ʪʠʧʦʚ ʘʛʝʥʪʦʚ ʷʚʣʷʶʪʩʷ ʤʦʜʝʣʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʪʝʦʨʠʠ ʢʦʥʪʨʘʢʪʦʚ. 

ʕʢʦʥʦʤʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʠʥʮʠʧʘʣʘ ʠ ʘʛʝʥʪʦʚ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʢʘʢ ʚ 

ʫʩʣʦʚʠʷʭ ʩʠʤʤʝʪʨʠʯʥʦʡ, ʪʘʢ ʠ ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ [2]. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʘʛʝʥʪ 

ʥʝ ʤʦʞʝʪ ʩʢʨʳʪʴ ʩʚʦʡ ʪʠʧ ʦʪ ʧʨʠʥʮʠʧʘʣʘ ʠ ʟʘʢʣʶʯʠʪʴ ʢʦʥʪʨʘʢʪ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ 

ʜʨʫʛʦʛʦ ʪʠʧʘ [3]. ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʧʨʠʥʮʠʧʘʣ ʥʝ ʦʙʣʘʜʘʝʪ ʦʧʨʝʜʝʣʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ 

(ʥʝ ʟʥʘʝʪ ʪʠʧ), ʢʦʪʦʨʘʷ ʜʦʩʪʫʧʥʘ ʪʦʣʴʢʦ ʘʛʝʥʪʫ. ɺ ʫʩʣʦʚʠʷʭ ʩʠʤʤʝʪʨʠʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʟʘʜʘʯʝʡ ʧʨʠʥʮʠʧʘʣʘ ʩʪʘʥʦʚʠʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʘʢʦʡ ʮʝʥʦʚʦʡ ʧʦʣʠʪʠʢʠ, ʢʦʪʦʨʘʷ ʙʳ 

ʫʯʠʪʳʚʘʣʘ ʪʠʧ ʘʛʝʥʪʘ ʠ ʤʘʢʩʠʤʠʟʠʨʦʚʘʣʘ ʧʨʠʙʳʣʴ ʧʨʠʥʮʠʧʘʣʘ [4, 5]. ɼʣʷ 

ʘʩʩʠʤʝʪʨʠʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʟʘʜʘʯʘ ʧʨʠʥʮʠʧʘʣʘ ʩʪʘʥʦʚʠʪʩʷ ʩʣʦʞʥʝʝ: ʚʳʷʚʠʪʴ ʪʠʧ 

ʘʛʝʥʪʘ ʠ ʧʨʝʜʣʦʞʠʪʴ ʪʘʢʦʡ ʦʧʪʠʤʘʣʴʥʳʡ ʢʦʥʪʨʘʢʪ, ʧʨʠ ʢʦʪʦʨʦʤ ʘʛʝʥʪʫ ʙʳʣʦ ʙʳ 

ʥʝʚʳʛʦʜʥʦ ʚʳʜʘʚʘʪʴ ʩʝʙʷ ʟʘ ʜʨʫʛʦʡ ʪʠʧ ʠ ʢʦʪʦʨʳʡ, ʝʩʪʝʩʪʚʝʥʥʦ, ʤʘʢʩʠʤʠʟʠʨʦʚʘʣ ʙʳ 

ʧʨʠʙʳʣʴ ʧʨʠʥʮʠʧʘʣʘ [6]. 

ɺ ʨʘʙʦʪʝ ʦʧʠʩʘʥʘ ʩʪʨʫʢʪʫʨʘ ʨʳʥʢʘ ʢʦʩʤʠʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ ʠ ʧʨʠʚʝʜʝʥʘ ʩʭʝʤʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʝʛʦ ʫʯʘʩʪʥʠʢʦʚ. ʈʘʩʩʤʦʪʨʝʥʳ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʦʧʪʠʤʘʣʴʥʦʡ ʮʝʥʦʚʦʡ ʧʦʣʠʪʠʢʠ ʜʣʷ ʬʠʨʤʳ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʝʡ ʩʧʫʪʥʠʢʦʚʳʝ ʫʩʣʫʛʠ, ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʦʚ ʧʦʪʨʝʙʠʪʝʣʝʡ ʠ ʮʝʥʳ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʦʡ ʮʝʥʪʨʦʤ, ʢʦʪʦʨʘʷ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʚʣʠʷʝʪ ʥʘ ʬʫʥʢʮʠʶ ʩʧʨʦʩʘ ʧʦʪʨʝʙʠʪʝʣʷ ʥʘ ʧʨʝʜʣʘʛʘʝʤʳʡ ʮʝʥʪʨʦʤ ʪʦʚʘʨ ʠʣʠ 

ʫʩʣʫʛʫ. ɿʘʜʘʯʘ ʨʘʩʩʤʦʪʨʝʥʘ ʚ ʫʩʣʦʚʠʷʭ ʩʠʤʤʝʪʨʠʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ɺ ʨʘʙʦʪʝ 

ʩʤʦʜʝʣʠʨʦʚʘʥʳ ʜʚʘ ʩʣʫʯʘʷ: ʝʩʣʠ ʧʨʠʥʮʠʧʘʣ ʟʥʘʝʪ ʪʠʧʳ ʧʦʪʨʝʙʠʪʝʣʝʡ, ʥʦ ʫʩʪʘʥʘʚʣʠʚʘʝʪ 

ʝʜʠʥʫʶ ʮʝʥʫ ʜʣʷ ʦʙʦʠʭ ʪʠʧʦʚ (ʩʣʫʯʘʡ ʥʝʜʠʩʢʨʠʤʠʥʠʨʫʶʱʝʛʦ ʤʦʥʦʧʦʣʠʩʪʘ), ʠ ʝʩʣʠ 

ʧʨʠʥʮʠʧʘʣ ʨʘʟʣʠʯʘʝʪ ʧʦʪʨʝʙʠʪʝʣʝʡ ʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʠʥʜʠʚʠʜʫʘʣʴʥʫʶ ʮʝʥʫ ʜʣʷ ʢʘʞʜʦʛʦ 

ʪʠʧʘ. ʉʬʦʨʤʫʣʠʨʦʚʘʥʥʳʝ ʤʦʜʝʣʠ ʫʯʠʪʳʚʘʶʪ ʩʧʝʮʠʬʠʢʫ ʨʳʥʢʘ ʢʦʩʤʠʯʝʩʢʠʭ ʫʩʣʫʛ ʠ 

ʤʘʢʩʠʤʠʟʠʨʫʶʪ ʧʨʠʙʳʣʴ ʬʠʨʤʳ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʝʡ ʩʧʫʪʥʠʢʦʚʳʝ ʫʩʣʫʛʠ. 
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ʋɼʂ 33 

ʇʈʀʄɽʈ ʕʂʆʅʆʄʀʏɽʉʂʆʁ ʇʆʉʊɸʅʆɺʂʀ ɿɸɼɸʏʀ ʀɻʈʓ  

ʉ ʇʈʀʈʆɼʆʁ ɺ ʊɽʆʈʀʀ ʀɻʈ 

ɹʝʥʛʠʥʘ ʇ. ʄ., ʂʦʪʝʥʢʦ ɸ. ʇ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʨʝʜʧʨʠʷʪʠʝ ʧʨʦʠʟʚʦʜʠʪ 3 ʚʠʜʘ ʦʙʫʚʠ: ʤʝʭʦʚʳʝ ʩʘʧʦʛʠ 

(A1), ʨʝʟʠʥʦʚʳʝ ʩʘʧʦʛʠ (A2) ʠ ʢʨʦʩʩʦʚʢʠ (A3). ʇʨʠʙʳʣʴ ʦʪ ʧʨʦʜʘʞ ʪʦʚʘʨʘ ʢʘʞʜʦʛʦ ʚʠʜʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʩʪʦʷʥʠʝʤ ʩʧʨʦʩʘ, ʥʘ ʢʦʪʦʨʳʡ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʶʪ 

ʧʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ, ʧʨʠʥʠʤʘʶʱʝʝ 3 ʬʦʨʤʳ: ʜʦʞʜʴ (B1), ʩʥʝʛ (B2) ʠ ʩʦʣʥʮʝ (B3). 

ɿʘʚʠʩʠʤʦʩʪʴ ʜʦʭʦʜʘ ʧʨʝʜʧʨʠʷʪʠʷ ʦʪ ʚʠʜʘ ʧʨʦʜʫʢʮʠʠ ʠ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʚ ʪʘʙʣʠʮʝ 1 (ʤʣʥ. ʨʫʙ): 

ʊʘʙʣʠʮʘ 1. ɿʘʚʠʩʠʤʦʩʪʴ ʜʦʭʦʜʘ ʧʨʝʜʧʨʠʷʪʠʷ 

ʊʦʚʘʨ ʇʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ 

 ɼʦʞʜʴ (B1) ʉʥʝʛ (B2) ʉʦʣʥʮʝ (B3) 

ʄʝʭʦʚʳʝ ʩʘʧʦʛʠ(A1) 6 9 4 

ʈʝʟʠʥʦʚʳʝ ʩʘʧʦʛʠ (A2) 10 6 2 

ʂʨʦʩʩʦʚʢʠ (A3) 1 2 8 

 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʝʜʧʨʠʷʪʠʝ ʩʪʨʝʤʠʪʩʷ ʧʨʦʜʘʪʴ ʧʨʦʠʟʚʝʜʝʥʥʫʶ ʧʨʦʜʫʢʮʠʶ ʠ 

ʧʦʣʫʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʳʡ ʛʘʨʘʥʪʠʨʦʚʘʥʥʳʡ ʜʦʭʦʜ, ʥʝ ʟʘʚʠʩʷʱʠʡ ʦʪ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ. 

ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʯʠʪʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʧʨʦʧʦʨʮʠʠ, ʚ ʢʦʪʦʨʳʭ ʬʠʨʤʝ ʩʣʝʜʫʝʪ 

ʧʨʦʠʟʚʦʜʠʪʴ ʩʚʦʶ ʧʨʦʜʫʢʮʠʶ. 

 ɼʘʥʥʘʷ ʟʘʜʘʯʘ ʤʦʞʝʪ ʙʳʪʴ ʩʚʝʜʝʥʘ ʢ ʘʥʪʘʛʦʥʠʩʪʠʯʝʩʢʦʡ ʠʛʨʝ: ʚ ʢʘʯʝʩʪʚʝ 

ʧʝʨʚʦʛʦ ʠʛʨʦʢʘ ʚʳʩʪʫʧʘʝʪ ʧʨʝʜʧʨʠʷʪʠʝ, ʘ ʚ ʢʘʯʝʩʪʚʝ ʚʪʦʨʦʛʦ ï ʧʨʠʨʦʜʘ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʨʠʨʦʜʘ ʤʦʞʝʪ ʚʝʩʪʠ ʩʝʙʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ 

ʚʳʛʦʜʫ ʬʠʨʤʳ, ʧʨʝʩʣʝʜʫʷ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʠʥʪʝʨʝʩʳ (ʵʪʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʜʦʭʦʜ ʬʠʨʤʳ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ 

ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʷʭ). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʬʠʨʤʘ ʠʤʝʝʪ ʚ ʩʚʦʸʤ ʨʘʩʧʦʨʷʞʝʥʠʠ ʪʨʠ ʯʠʩʪʳʝ 

ʩʪʨʘʪʝʛʠʠ, ʧʨʠ ʵʪʦʤ ʫ ʧʨʠʨʦʜʳ ʪʦʞʝ ʪʨʠ ʩʪʨʘʪʝʛʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʰʝʥʠʝ 

ʧʨʦʚʦʜʠʪʩʷ ʚ ʪʨʠ ʵʪʘʧʘ [1]. 

ɺʦ-ʧʝʨʚʳʭ, ʩʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ ʤʘʪʨʠʮʘ A ʥʝ ʠʤʝʝʪ ʜʦʤʠʥʠʨʫʝʤʳʭ ʩʪʨʘʪʝʛʠʡ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʧʨʦʩʪʠʪʴ ʝʝ ʥʝʣʴʟʷ. 

ɺʦ-ʚʪʦʨʳʭ,  ʧʨʦʠʟʚʝʜʝʥʘ ʧʨʦʚʝʨʢʘ, ʯʪʦ ʜʘʥʥʘʷ ʠʛʨʘ ʥʝ ʠʤʝʝʪ ʩʝʜʣʦʚʫʶ ʪʦʯʢʫ. 

ʇʦ ʠʪʦʛʘʤ ʧʨʝʜʳʜʫʱʠʭ ʧʫʥʢʪʦʚ ʨʝʰʝʥʠʝ ʠʛʨʳ ʥʝʦʙʭʦʜʠʤʦ ʠʩʢʘʪʴ ʚ ʩʤʝʰʘʥʥʳʭ 

ʩʪʨʘʪʝʛʠʷʭ. ʀʛʨʘ ʩʚʦʜʠʪʩʷ ʢ ʟʘʜʘʯʘʤ ʣʠʥʝʡʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

ɿʘʜʘʯʠ ʦʙʦʠʭ ʠʛʨʦʢʦʚ ʨʝʰʝʥʳ ʩʠʤʧʣʝʢʩ-ʤʝʪʦʜʦʤ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʚʳʙʦʨʝ ʦʧʪʠʤʘʣʴʥʦʡ ʩʪʨʘʪʝʛʠʠ ʚʳʧʫʩʢʘ ʧʨʦʜʫʢʮʠʠ [2]. 

ʈʘʩʩʤʦʪʨʝʥʳ ʘʣʴʪʝʨʥʘʪʠʚʳ ʚʳʙʦʨʘ ʝʜʠʥʩʪʚʝʥʥʦʡ ʦʧʪʠʤʘʣʴʥʦʡ ʩʪʨʘʪʝʛʠʠ ʩ 

ʧʦʤʦʱʴʶ ʩʣʝʜʫʶʱʠʭ ʢʨʠʪʝʨʠʝʚ:  

1.  ʂʨʠʪʝʨʠʡ ɺʘʣʴʜʘ 

2.  ʂʨʠʪʝʨʠʡ ʉʵʚʠʜʞʘ.  

3.  ʂʨʠʪʝʨʠʡ ɻʫʨʚʠʮʘ [3].  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʘʨʠʘʥʪ ʦʧʪʠʤʘʣʴʥʦʡ ʩʪʨʘʪʝʛʠʠ, ʧʦʣʫʯʝʥʥʳʡ ʧʨʠ ʧʦʤʦʱʠ 

ʢʨʠʪʝʨʠʝʚ, ʥʝ ʩʦʚʧʘʜʘʝʪ ʩ ʨʘʩʩʯʠʪʘʥʥʳʤ ʨʘʥʝʝ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʜʘʥʥʳʡ ʤʝʪʦʜ 

ʧʦʟʚʦʣʷʝʪ ʚʳʙʨʘʪʴ ʩʪʨʘʪʝʛʠʶ, ʧʦʜʨʘʟʫʤʝʚʘʶʱʫʶ ʧʨʦʠʟʚʦʜʩʪʚʦ ʪʦʣʴʢʦ ʦʜʥʦʛʦ ʪʦʚʘʨʘ ʩ 
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ʤʠʥʠʤʘʣʴʥʳʤʠ ʧʦʪʝʨʷʤʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʝʨʚʦʥʘʯʘʣʴʥʳʡ ʩʧʦʩʦʙ ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ 

ʨʘʩʯʝʪ ʦʧʪʠʤʘʣʴʥʦʡ ʧʨʦʧʦʨʮʠʠ ʤʝʞʜʫ ʚʩʝʤʠ ʛʨʫʧʧʘʤʠ ʧʨʦʠʟʚʦʜʠʤʳʭ ʪʦʚʘʨʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʟʘʯʘʩʪʫʶ ʧʨʠʭʦʜʠʪʩʷ ʜʝʣʘʪʴ ʚʳʙʦʨ ʩʨʝʜʠ 

ʤʥʦʞʝʩʪʚʘ ʚʘʨʠʘʥʪʦʚ. ʇʨʠʥʷʪʴ ʛʨʘʤʦʪʥʦʝ ʠ ʧʨʘʚʠʣʴʥʦʝ ʨʝʰʝʥʠʝ ʧʦʤʦʛʘʶʪ ʨʘʟʣʠʯʥʳʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʚʳʙʠʨʘʪʴ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʫʶ ʠ 

ʵʬʬʝʢʪʠʚʥʫʶ ʩʪʨʘʪʝʛʠʶ. 
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ʕʌʌɽʂʊʀɺʅʆʉʊʔ ʇʈʆɽʂʊʆɺ ʂɸʂ ʄʆɼʅʆʁ ʊɽʅɼɽʅʎʀʀ ɺ ʄʀʈɽ 

ɹʀɿʅɽʉɸ 

ɹʝʨʝʩʪʥʝʚʘ ɽ. ɸ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ʉʝʛʦʜʥʷ ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʝʢʪʘʤʠ ʧʨʠʟʥʘʥʦ ʢʘʢ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʠ 

ʤʦʜʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚ ʨʳʥʦʯʥʦʡ ʵʢʦʥʦʤʠʢʝ. ʋʧʨʘʚʣʝʥʠʝ ʧʨʦʝʢʪʘʤʠ ʩʦ ʩʚʦʠʤʠ 

ʤʝʪʦʜʘʤʠ ʠ ʩʨʝʜʩʪʚʘʤʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʧʨʦʝʢʪʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ.  

ʇʨʦʝʢʪʳ, ʟʘʢʘʥʯʠʚʘʶʱʠʝʩʷ ʫʩʧʝʭʦʤ, ʩʧʦʩʦʙʩʪʚʫʶʪ ʨʘʟʚʠʪʠʶ ʧʨʝʜʧʨʠʷʪʠʷ, ʠ 

ʵʪʦ ʩʦʜʝʡʩʪʚʠʝ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʣʠʯʥʳʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʧʨʦʝʢʪʘ. ɿʘ ʩʯʝʪ 

ʨʘʩʰʠʨʝʥʠʷ ʩʝʪʝʡ ʧʨʦʝʢʪʦʚ ʚʧʣʦʪʴ ʜʦ ʧʨʦʝʢʪʥʳʭ ʧʨʦʛʨʘʤʤ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ 

ʧʨʠʦʙʨʝʪʘʝʪ ʫʧʨʘʚʣʝʥʠʝ ʠʤʠ, ʧʦʵʪʦʤʫ ʩʪʨʘʪʝʛʠʯʝʩʢʘʷ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʦʨʛʘʥʠʟʘʮʠʡ, 

ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʤʝʪʦʜʦʣʦʛʠʶ ʠ ʠʥʩʪʨʫʤʝʥʪʳ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʧʨʘʚʣʝʥʠʝʤ ʧʨʦʝʢʪʘ [1]. 

ʀʩʪʦʨʠʝʡ ʙʠʟʥʝʩʘ ʷʚʣʷʝʪʩʷ ʠʩʪʦʨʠʷ ʫʩʧʝʰʥʳʭ ʧʨʦʝʢʪʦʚ. ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ 

ʢʦʥʢʫʨʝʥʮʠʷ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʙʠʟʥʝʩʝ ʚʝʜʝʪʩʷ ʩʢʦʨʝʝ ʥʘ ʫʨʦʚʥʝ ʧʨʦʝʢʪʦʚ, ʘ ʥʝ ʥʘ ʫʨʦʚʥʝ 

ʢʦʤʧʘʥʠʡ. ʋʩʧʝʰʥʦʩʪʴ ʢʦʤʧʘʥʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʯʝʩʪʚʦʤ ʠ ʧʨʠʙʳʣʴʥʦʩʪʴʶ ʧʨʦʝʢʪʦʚ 

[3]. 

ʂ ʚʦʧʨʦʩʫ ʦ ʩʦʚʨʝʤʝʥʥʦʤ ʫʧʨʘʚʣʝʥʠʠ ʧʨʦʝʢʪʦʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʪʦ, ʯʪʦ ʵʪʦ 

ʦʩʦʙʳʡ ʚʠʜ ʫʧʨʘʚʣʝʥʠʷ, ʧʨʠʤʝʥʷʶʱʠʡʩʷ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʢ ʫʧʨʘʚʣʝʥʠʶ 

ʧʨʦʤʳʰʣʝʥʥʳʤ ʦʙʲʝʢʪʦʤ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʝʢʪʘ 

[2]. ɺ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʵʪʦʛʦ ʥʘ ʧʨʘʢʪʠʢʝ ʨʝʟʫʣʴʪʘʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʝʢʪʥʦʝ 

ʫʧʨʘʚʣʝʥʠʝ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʨʦʩʩʠʡʩʢʦʛʦ ʤʝʥʝʜʞʤʝʥʪʘ [1].  

ʅʘ ʧʨʠʤʝʨʝ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʝʢʪ ʧʦ 

ʩʪʨʦʠʪʝʣʴʩʪʚʫ ʥʦʚʦʛʦ ʮʝʭʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʟʘʚʦʜʘ ʩ ʮʝʣʴʶ ʫʚʝʣʠʯʝʥʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ ʠ, ʚ ʜʘʣʴʥʝʡʰʝʤ, ʦʙʲʝʤʦʚ ʧʨʦʜʘʞ. ʊʘʢʦʡ ʮʝʭ ʙʫʜʝʪ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʚʳʧʫʩʢʫ ʦʩʥʦʚʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʩʦʟʜʘʚʘʪʴ ʫʩʣʦʚʠʷ ʜʣʷ ʥʦʨʤʘʣʴʥʦʡ 

ʨʘʙʦʪʳ ʦʩʥʦʚʥʳʭ ʮʝʭʦʚ, ʘ ʠʤʝʥʥʦ: ʦʩʥʘʱʘʪʴ ʠʭ ʠʥʩʪʨʫʤʝʥʪʦʤ, ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʝʡ, ʦʩʫʱʝʩʪʚʣʷʪʴ ʨʝʤʦʥʪ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʜʨʫʛʠʭ ʦʩʥʦʚʥʳʭ ʩʨʝʜʩʪʚ 

ʧʨʝʜʧʨʠʷʪʠʷ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʨʠʩʢʦʚʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʠ ʬʠʥʘʥʩʦʚʦʝ ʩʦʩʪʦʷʥʠʝ 

ʟʘʚʦʜʘ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʪʦ, ʯʪʦ ʧʨʝʜʧʨʠʷʪʠʝ ʚʳʩʪʫʧʘʝʪ ʥʘ ʨʳʥʢʝ ʢʘʢ ʩʪʘʙʠʣʴʥʦ 

ʟʘʢʨʝʧʠʚʰʝʝ ʩʚʦʠ ʧʦʟʠʮʠʠ. ʊʘʢʞʝ ʜʘʥʥʦʝ ʧʨʦʤʳʰʣʝʥʥʦʝ ʧʨʝʜʧʨʠʷʪʠʝ ʠʤʝʝʪ ʚʳʩʦʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ, ʪʘʢʠʝ ʢʘʢ: ʮʝʥʘ, ʢʘʯʝʩʪʚʦ, ʦʙʦʨʫʜʦʚʘʥʠʝ, ʘʩʩʦʨʪʠʤʝʥʪ. ʇʦʢʫʧʘʪʝʣʶ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʧʨʦʜʫʢʮʠʷ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʧʦ ʜʦʩʪʫʧʥʳʤ ʮʝʥʘʤ, ʧʦʪʦʤʫ ʯʪʦ ʫ 

ʧʨʝʜʧʨʠʷʪʠʷ ʣʦʷʣʴʥʘʷ ʮʝʥʦʚʘʷ ʧʦʣʠʪʠʢʘ, ʪʘʢ ʢʘʢ ʦʥʦ ʩʘʤʦ ʷʚʣʷʝʪʩʷ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ 

ʧʨʦʜʫʢʮʠʠ, ʘ ʥʝ ʧʝʨʝʢʫʧʘʝʪ ʝʝ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʝʜʧʨʠʷʪʠʝ ʥʝʦʜʥʦʢʨʘʪʥʦ ʧʨʠʤʝʥʷʝʪ 

ʧʨʦʝʢʪʳ ʚ ʩʚʦʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ.  

ɺ ʧʨʦʝʢʪʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʘʢʠʝ ʥʝʤʘʣʦʚʘʞʥʳʝ ʵʣʝʤʝʥʪʳ, ʢʘʢ ʜʝʨʝʚʦ ʮʝʣʝʡ, 

ʠʝʨʘʨʭʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʨʘʙʦʪ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʨʦʝʢʪʘ, ʤʘʪʨʠʮʘ 

ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ, ʠʩʪʦʯʥʠʢʠ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ, ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʝʢʪʘ. 

ɺ ʨʘʙʦʪʝ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʦʡ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʧʨʦʝʢʪ ʧʦ 

ʩʦʟʜʘʥʠʶ ʥʦʚʦʛʦ ʮʝʭʘ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʚʳʛʦʜʥʳʤ, ʪʘʢ ʢʘʢ ʩʚʷʟʴ ʤʝʞʜʫ ʫʩʧʝʭʦʤ ʠ 

ʧʨʦʝʢʪʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ʩʦʚʩʝʤ ʥʝ ʩʣʫʯʘʡʥʘ.  
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ʋɼʂ 629.78 

ʇʆɿɸʂɸɿʅʆɽ ʋʇʈɸɺʃɽʅʀɽ ɿɸʊʈɸʊɸʄʀ ɺ ʉʀʉʊɽʄɽ ɹɽʈɽɾʃʀɺʆɻʆ 

ʇʈʆʀɿɺʆɼʉʊɺɸ 

ɹʦʷʨʦʚʘ ʄ. ɸ. ʊʘʪʘʨʦʚʩʢʘʷ ʊ. ɽ. 

ʉʘʤʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʉʘʤʘʨʘ 

ʉʝʛʦʜʥʷ ʩʝʨʠʡʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʪʘʥʦʚʠʪʩʷ ʥʝʚʳʛʦʜʥʳʤ ʜʣʷ ʢʨʫʧʥʳʭ ʢʦʤʧʘʥʠʡ 

ʪʘʢʠʭ ʦʪʨʘʩʣʝʡ, ʢʘʢ ʵʥʝʨʛʝʪʠʢʘ, ʥʝʬʪʝʜʦʙʳʯʘ, ʪʷʞʝʣʦʝ ʤʘʰʠʥʦʩʪʨʦʝʥʠʝ. ʆʙʫʩʣʦʚʣʝʥʦ 

ʵʪʦ ʪʝʤ, ʯʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠʟʜʝʣʠʡ, ʥʘ ʢʦʪʦʨʳʝ ʥʝ ʧʦʩʪʫʧʘʣʦ ʟʘʢʘʟʘ, ʚʝʜʝʪ ʢ ʠʟʙʳʪʢʫ 

ʟʘʧʘʩʦʚ ʠ ʧʦʨʦʞʜʘʝʪ ʪʘʢʠʝ ʧʦʪʝʨʠ, ʢʘʢ ʠʟʣʠʰʝʢ ʨʘʙʦʯʝʡ ʩʠʣʳ ʠ ʩʢʣʘʜʩʢʠʭ ʧʦʤʝʱʝʥʠʡ, 

ʘ ʪʘʢʞʝ ʟʘʪʨʘʪʳ ʥʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ.[2] 

ʂ ʪʘʢʠʤ ʧʦʪʝʨʷʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ: ʦʞʠʜʘʥʠʝ (ʧʦʪʝʨʠ ʚʨʝʤʝʥʠ), ʙʝʩʧʦʣʝʟʥʫʶ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ ʠʣʠ ʧʝʨʝʤʝʱʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ ʠʣʠ 

ʧʝʨʝʤʝʱʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʩʦ ʩʢʣʘʜʘ ʥʘ ʩʢʣʘʜ, ʥʝʥʫʞʥʳʝ ʦʧʝʨʘʮʠʠ ʧʨʠ ʦʙʨʘʙʦʪʢʝ 

ʜʝʪʘʣʝʡ, ʣʠʰʥʠʝ ʜʚʠʞʝʥʠʷ ʩʦʪʨʫʜʥʠʢʦʚ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ, ʧʨʦʠʟʚʦʜʩʪʚʦ ʜʝʬʝʢʪʥʳʭ 

ʜʝʪʘʣʝʡ. 

ʀʟʣʠʰʝʢ ʩʳʨʴʷ, ʥʝʟʘʚʝʨʰʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʣʠ ʛʦʪʦʚʳʭ ʠʟʜʝʣʠʡ 

ʫʚʝʣʠʯʠʚʘʶʪ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʟʘʢʘʟʘ, ʩʥʠʞʘʶʪ ʛʦʜʥʦʩʪʴ ʧʨʦʜʫʢʮʠʠ, ʧʨʠʚʦʜʷʪ ʢ 

ʧʦʚʨʝʞʜʝʥʠʶ ʛʦʪʦʚʳʭ ʠʟʜʝʣʠʡ, ʟʘʪʨʘʪʘʤ ʥʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ ʠ ʭʨʘʥʝʥʠʝ, ʟʘʜʝʨʞʢʘʤ. 

ʀʟʙʳʪʦʢ ʟʘʧʘʩʦʚ ʤʝʰʘʝʪ ʚʳʷʚʣʝʥʠʶ ʪʘʢʠʭ ʧʨʦʙʣʝʤ, ʢʘʢ ʥʝʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʩʪʴ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʟʘʜʝʨʞʢʠ ʧʦʩʪʘʚʦʢ, ʜʝʬʝʢʪʳ, ʧʨʦʩʪʦʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʊʘʡʠʪʠ ʆʥʦ, ʷʧʦʥʩʢʠʡ ʠʥʞʝʥʝʨ ʠ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴ, ʩʯʠʪʘʣ ʦʩʥʦʚʥʳʤ ʚʠʜʦʤ 

ʧʦʪʝʨʴ ʧʝʨʝʧʨʦʠʟʚʦʜʩʪʚʦ, ʧʦʩʢʦʣʴʢʫ ʠʤʝʥʥʦ ʦʥʦ ʧʦʨʦʞʜʘʝʪ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʦʩʥʦʚʥʳʭ 

ʧʦʪʝʨʴ. ɽʩʣʠ ʢʦʤʧʘʥʠʷ ʠʟʛʦʪʘʚʣʠʚʘʝʪ ʙʦʣʴʰʝ ʠʟʜʝʣʠʡ, ʯʝʤ ʥʫʞʥʦ ʧʦʪʨʝʙʠʪʝʣʶ, ʪʦ ʵʪʦ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʝʜʝʪ ʢ ʠʟʙʳʪʦʯʥʳʤ ʟʘʧʘʩʘʤ. 

ʂʦʤʧʘʥʠʠ Boeing, General Electric, Caterpillar ʘʢʪʠʚʥʦ ʠ ʜʘʚʥʦ ʠʩʧʦʣʴʟʫʶʪ 

ʝʜʠʥʠʯʥʦʝ (ʧʦʟʘʢʘʟʥʦʝ) ʧʨʦʠʟʚʦʜʩʪʚʦ ʩ ʮʝʣʴʶ ʤʠʥʠʤʠʟʘʮʠʠ ʠʟʜʝʨʞʝʢ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ 

ʫʚʝʣʠʯʝʥʠʷ ʧʨʠʙʳʣʠ. çMercedesè ʟʘʥʠʤʘʝʪʩʷ ʚʳʧʫʩʢʦʤ ʩʝʨʠʡʥʦʡ ʧʨʦʜʫʢʮʠʠ ʪʦʣʴʢʦ ʥʘ 

ʪʝ ʤʦʜʝʣʠ ʤʘʰʠʥ, ʢʦʪʦʨʳʝ ʧʦʣʴʟʫʶʪʩʷ ʙʦʣʴʰʠʤ ʩʧʨʦʩʦʤ. ʄʘʰʠʥʳ ʧʨʝʤʠʫʤ-ʢʣʘʩʩʘ 

ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʪʦʣʴʢʦ ʧʦ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʟʘʢʘʟʘʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʩʪʝʧʝʥʠ ʩʦʢʨʘʪʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʪʘʢʦʛʦ ʠʟʜʝʣʠʷ. 

ʇʦʟʘʢʘʟʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠʣʠ ʧʦʟʘʢʘʟʥʳʡ ʤʝʪʦʜ ʫʯʝʪʘ ʟʘʪʨʘʪ ʠ ʢʘʣʴʢʫʣʠʨʦʚʘʥʠʷ 

ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʧʨʦʜʫʢʮʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ, ʝʩʣʠ ʝʜʠʥʠʮʘ ʧʨʦʜʫʢʮʠʠ ʠʟʛʦʪʘʚʣʠʚʘʝʪʩʷ ʚ 

ʨʘʤʢʘʭ ʦʜʥʦʛʦ ʟʘʢʘʟʘ (ʦʙʲʝʢʪʘ ʢʘʣʴʢʫʣʠʨʦʚʘʥʠʷ) ʠʣʠ ʦʪʜʝʣʴʥʳʭ ʧʘʨʪʠʡ, ʢʦʣʠʯʝʩʪʚʦ 

ʢʦʪʦʨʳʭ ʣʝʛʢʦ ʦʧʨʝʜʝʣʷʝʪʩʷ.[4] 

ɼʘʥʥʳʡ ʩʧʦʩʦʙ ʚʳʙʠʨʘʶʪ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʤʘʪʝʨʠʘʣʳ, ʩʳʨʴʝ, ʟʘʨʘʙʦʪʥʘʷ 

ʧʣʘʪʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʨʘʙʦʯʠʭ ʠ ʦʩʪʘʣʴʥʳʝ ʧʨʷʤʳʝ ʟʘʪʨʘʪʳ ʤʦʛʫʪ ʙʳʪʴ 

ʨʘʩʧʨʝʜʝʣʝʥʳ ʥʘ ʚʳʧʫʩʢ ʠʟʜʝʣʠʡ, ʚʳʧʦʣʥʝʥʠʝ ʨʘʙʦʪ (ʫʩʣʫʛ).[3] 

ʀʩʧʦʣʴʟʫʷ ʚ ʩʚʦʝʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʦʟʘʢʘʟʥʳʡ ʤʝʪʦʜ, ʢʦʤʧʘʥʠʠ ʙʦʣʝʝ ʪʦʯʥʦ 

ʦʧʨʝʜʝʣʷʶʪ ʟʘʪʨʘʪʳ ʥʘ ʢʦʥʢʨʝʪʥʳʡ ʟʘʢʘʟ ʠ ʮʝʥʫ, ʧʦʣʫʯʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʪʜʝʣʴʥʳʭ ʟʘʢʘʟʦʚ, ʚʳʷʚʠʪʴ ʥʘʠʙʦʣʝʝ ʧʨʠʙʳʣʴʥʳʝ ʟʘʢʘʟʳ ʚ 

ʘʥʘʣʦʛʠʯʥʳʭ ʟʘʢʘʟʘʭ, ʤʦʛʫʪ ʬʦʨʤʠʨʦʚʘʪʴ ʙʘʟʫ ʜʣʷ ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʟʘʪʨʘʪ ʠ ʦʪʧʫʩʢʥʳʭ ʮʝʥ ʧʦ ʙʫʜʫʱʠʤ ʟʘʢʘʟʘʤ.[5] 

ɺ ʨʘʤʢʘʭ ʧʦʟʘʢʘʟʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʘʢʞʝ ʪʨʝʙʫʝʪʩʷ ʠʩʢʣʶʯʠʪʴ ʧʦʪʝʨʠ ʨʝʩʫʨʩʦʚ 

ʠ ʚʨʝʤʝʥʠ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʧʨʦʜʫʢʮʠʠ. ʕʪʦʛʦ ʚʦʟʤʦʞʥʦ ʜʦʩʪʠʯʴ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

çʙʝʨʝʞʣʠʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘè. 

ʇʦʜ çʙʝʨʝʞʣʠʚʳʤ ʧʨʦʠʟʚʦʜʩʪʚʦʤè ʧʦʥʠʤʘʝʪʩʷ ʩʠʩʪʝʤʘ ʧʨʦʮʝʩʩʘ ʧʨʦʠʟʚʦʜʩʪʚʘ  

ʦʨʛʘʥʠʟʘʮʠʠ, ʧʦʟʚʦʣʷʶʱʘʷ ʧʨʦʠʟʚʝʩʪʠ ʙʦʣʴʰʠʡ ʦʙʲʝʤ ʧʨʦʜʫʢʮʠʠ (ʫʩʣʫʛ) ʧʨʠ ʤʝʥʴʰʠʭ 

ʫʩʠʣʠʷʭ, ʥʘ ʤʝʥʴʰʠʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʣʦʱʘʜʷʭ ʠ ʦʙʦʨʫʜʦʚʘʥʠʠ ʧʨʠ ʧʦʣʥʦʤ 

ʫʜʦʚʣʝʪʚʦʨʝʥʠʠ ʦʞʠʜʘʥʠʡ ʧʦʪʨʝʙʠʪʝʣʷ.[1] 
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ʂ ʠʥʩʪʨʫʤʝʥʪʘʤ ʙʝʨʝʞʣʠʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʩʠʩʪʝʤʫ çʂʘʡʜʟʝʥè 

(ʥʝʧʨʝʨʳʚʥʦʝ ʫʣʫʯʰʝʥʠʝ), ʢʦʪʦʨʘʷ ʦʭʚʘʪʳʚʘʝʪ ʪʘʢʠʝ ʘʩʧʝʢʪʳ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʢʘʢ 

ʦʙʝʩʧʝʯʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦʛʦ ʢʘʯʝʩʪʚʘ (ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʩʪʦʷʥʥʦ ʦʙʥʦʚʣʷʝʤʳʤʠ 

ʩʪʘʥʜʘʨʪʘʤʠ), ʩʥʠʞʝʥʠʝ ʟʘʪʨʘʪ, ʚʳʧʦʣʥʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʟʘʜʘʥʠʡ ʤʠʥʠʤʘʣʴʥʳʤʠ 

ʫʩʠʣʠʷʤʠ, ʩʦʙʣʶʜʝʥʠʝ ʜʠʩʮʠʧʣʠʥʳ ʚʳʧʫʩʢʘ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʠ ʢʘʯʝʩʪʚʫ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʥʘ 

ʨʘʙʦʯʝʤ ʤʝʩʪʝ, ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʦʡ ʧʨʦʜʫʢʮʠʠ, ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʦʝʢʪʦʚ ʩ ʫʯʝʪʦʤ 

ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʦʧʳʪʘ, ʚʳʷʚʣʝʥʠʝ ʨʝʟʝʨʚʦʚ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. 

ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʝʩʢʦʣʴʢʦ ʢʣʶʯʝʚʳʭ ʧʨʠʥʮʠʧʦʚ ʩʠʩʪʝʤʳ çʂʘʡʜʟʝʥè: 

ʫʜʦʚʣʝʪʚʦʨʝʥʠʝ ʧʦʪʨʝʙʥʦʩʪʠ ʧʦʪʨʝʙʠʪʝʣʝʡ ʢʘʯʝʩʪʚʝʥʥʳʤ ʧʨʦʜʫʢʪʦʤ, ʥʝʧʨʝʨʳʚʥʳʝ 

ʤʘʣʳʝ ʠʟʤʝʥʝʥʠʷ ʚʦ ʚʩʝʭ ʩʬʝʨʘʭ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʩʦʟʜʘʥʠʝ ʥʦʚʦʛʦ ʬʦʨʤʘʣʴʥʦʛʦ 

ʩʪʘʥʜʘʨʪʘ, ʚʳʥʝʩʝʥʠʝ ʧʨʦʙʣʝʤ ʥʘ ʦʪʢʨʳʪʦʝ ʦʙʩʫʞʜʝʥʠʝ, ʤʘʣʘʷ ʩʪʝʧʝʥʴ ʦʙʦʩʦʙʣʝʥʥʦʩʪʠ 

ʤʝʞʜʫ çʦʬʠʩʥʳʤʠè ʦʪʜʝʣʘʤʠ ʠ ʨʘʙʦʯʠʤʠ ʤʝʩʪʘʤʠ, ʩʦʟʜʘʥʠʝ ʨʘʙʦʯʠʭ ʢʦʤʘʥʜ, ʨʘʟʚʠʪʠʝ 

ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ - ʣʠʯʥʳʡ ʦʧʳʪ ʩʦʪʨʫʜʥʠʢʦʚ ʜʦʣʞʝʥ ʩʪʘʥʦʚʠʪʴʩʷ ʜʦʩʪʦʷʥʠʝʤ ʚʩʝʡ 

ʢʦʤʧʘʥʠʠ, ʨʘʟʚʠʪʠʝ ʩʘʤʦʜʠʩʮʠʧʣʠʥʳ, ʠʥʬʦʨʤʠʨʦʚʘʥʠʝ ʧʝʨʩʦʥʘʣʘ ʦ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʢʦʤʧʘʥʠʠ, ʧʝʨʝʜʘʯʘ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʦʙʲʸʤʘ ʧʦʣʥʦʤʦʯʠʡ ʢʘʞʜʦʤʫ ʩʦʪʨʫʜʥʠʢʫ, 

ʩʘʤʦʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ, ʩʪʘʥʜʘʨʪʠʟʘʮʠʷ. 

ʊʘʢʞʝ ʚ ʨʘʤʢʘʭ çʙʝʨʝʞʣʠʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘè ʢʦʤʧʘʥʠʠ ʧʨʠʤʝʥʷʶʪ ʪʝʭʥʦʣʦʛʠʶ 

çʇʷʪʴ çSè, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʩʪʝʤʫ ʨʘʮʠʦʥʘʣʠʟʘʮʠʠ ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ 

(ʩʦʨʪʠʨʦʚʢʘ, ʩʦʙʣʶʜʝʥʠʝ ʧʦʨʷʜʢʘ, ʩʦʜʝʨʞʘʥʠʝ ʚ ʯʠʩʪʦʪʝ, ʩʪʘʥʜʘʨʪʠʟʘʮʠʷ, 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ), ʰʝʩʪʴ ʩʠʛʤ (ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʢʦʤʧʘʥʠʠ 

ʧʦʩʨʝʜʩʪʚʦʤ ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʚʳʷʚʣʝʥʠʷ ʜʝʬʝʢʪʦʚ ʚ ʧʨʦʮʝʩʩʘʭ ʧʨʦʠʟʚʦʜʩʪʚʘ), 

ʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ - ʛʨʘʬʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʨʦʮʝʩʩʘ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʠ ʜʨʫʛʠʝ. 

ʂʘʞʜʘʷ ʤʝʪʦʜʠʢʘ (ʠʥʩʪʨʫʤʝʥʪ çʙʝʨʝʞʣʠʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘè) ʧʦʟʚʦʣʷʝʪ 

ʫʚʝʣʠʯʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʦʜʫʢʮʠʠ (ʫʩʣʫʛ) ʠ ʫʤʝʥʴʰʠʪʴ ʠʟʜʝʨʞʢʠ ʠ ʩʢʨʳʪʳʝ 

ʧʦʪʝʨʠ, ʢʦʪʦʨʳʝ ʚʣʝʢʫʪ ʟʘ ʩʦʙʦʡ ʙʦʣʴʰʠʝ ʟʘʪʨʘʪʳ ʠ ʫʤʝʥʴʰʘʶʪ ʧʨʠʙʳʣʴ ʧʨʝʜʧʨʠʷʪʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ çʙʝʨʝʞʣʠʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘè ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʨʝʩʫʨʩʳ ʢʘʢ ʪʨʫʜʦʚʳʝ, ʪʘʢ ʠ ʤʘʪʝʨʠʘʣʴʥʳʝ ʨʘʮʠʦʥʘʣʴʥʦ, ʯʪʦ ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʨʝʧʫʪʘʮʠʠ ʢʦʤʧʘʥʠʠ.[1] 
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ʃʆɻʀʉʊʀʏɽʉʂʀɽ ʇʆɼʍʆɼʓ ʇʈʀ ʋʇʈɸɺʃɽʅʀʀ ɼʆʉʊɸɺʂʆʁ ɻʈʋɿʆɺ 

ʊʈʋɹʆʇʈʆɺʆɼʅʓʄ ɺʀɼʆʄ ʊʈɸʅʉʇʆʈʊɸ 

ɹʨʘʝʚʘ ʊ. ʉ., ʇʨʦʩʚʠʨʢʠʥ ʅ. ʖ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ɼʦʩʪʘʚʢʘ ʛʨʫʟʦʚ ʷʚʣʷʝʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʣʦʛʠʩʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʇʦʵʪʦʤʫ ʧʝʨʝʜ ʩʦʚʨʝʤʝʥʥʳʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʛʜʘ ʩʪʦʠʪ ʟʘʜʘʯʘ 

ʫʧʨʘʚʣʝʥʠʷ ʜʦʩʪʘʚʢʦʡ ʛʨʫʟʦʚ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ ʜʠʥʘʤʠʯʥʦ ʨʘʟʚʠʚʘʶʱʠʤʩʷ 

ʚʠʜʦʤ ʪʨʘʥʩʧʦʨʪʘ ʷʚʣʷʝʪʩʷ ʪʨʫʙʦʧʨʦʚʦʜʥʳʡ. ʈʦʩʩʠʷ ʟʘʥʠʤʘʝʪ ʚʪʦʨʦʝ ʤʝʩʪʦ ʚ ʤʠʨʝ 

ʧʦʩʣʝ ʉʐɸ ʧʦ ʧʨʦʪʷʞʸʥʥʦʩʪʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʢʦʪʦʨʘʷ  ʩʦʩʪʘʚʣʷʝʪ 233 ʪʳʩ. ʢʤ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʛʘʟʦʧʨʦʚʦʜʦʚ ï 168 ʪʳʩ. ʢʤ, ʥʝʬʪʝʧʨʦʚʦʜʦʚ ï 49 ʪʳʩ. ʢʤ, ʥʝʬʪʝʧʨʦʜʫʢʪʦʧʨʦʚʦʜʦʚ 

ï 16 ʪʳʩ. ʢʤ.  

ɼʦʩʪʘʚʢʘ ʛʨʫʟʦʚ ʪʨʫʙʦʧʨʦʚʦʜʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ. 

ɼʘʥʥʳʡ ʚʠʜ ʪʨʘʥʩʧʦʨʪʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʦʙʣʘʜʘʝʪ 

ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ  ʘʚʪʦʤʘʪʠʟʘʮʠʝʡ ʦʧʝʨʘʮʠʡ ʠ ʠʤʝʝʪ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʫʶ 

ʩʝʙʝʩʪʦʠʤʦʩʪʴ. ʉʝʛʦʜʥʷ ʤʥʦʛʠʝ ʧʨʝʜʧʨʠʷʪʠʷ ʈʦʩʩʠʠ ʷʚʣʷʶʪʩʷ ʚʣʘʜʝʣʴʮʘʤʠ 

ʢʨʫʧʥʝʡʰʠʭ ʚ ʤʠʨʝ ʩʠʩʪʝʤʘʤʠ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ. ʅʘʧʨʠʤʝʨ, ʆɸʆ 

çʄʘʛʠʩʪʨʘʣʴʥʳʝ ʥʝʬʪʝʧʨʦʚʦʜʳ çɼʨʫʞʙʘè ʦʙʩʣʫʞʠʚʘʝʪ ʥʝʬʪʝʧʨʦʚʦʜ, ʢʦʪʦʨʳʡ ʙʝʨʸʪ 

ʩʚʦʸ ʥʘʯʘʣʦ ʩ ʙʝʨʝʛʦʚ ɺʦʣʛʠ ʧʦʜ ʉʘʤʘʨʦʡ ʠ ʧʨʦʣʝʛʘʝʪ ʯʝʨʝʟ ʜʝʚʷʪʴ ʦʙʣʘʩʪʝʡ ʠ ʪʨʠʜʮʘʪʴ 

ʜʚʘ ʨʘʡʦʥʘ ʈʦʩʩʠʠ.  

ɸʚʪʦʨʘʤʠ ʙʳʣʘ ʧʨʦʠʟʚʝʜʝʥʳ ʘʥʘʣʠʟ ʠ ʦʮʝʥʢʘ ʧʦʢʘʟʘʪʝʣʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʪʨʘʥʩʧʦʨʪʘ: ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʘʷ ʜʣʠʥʘ, ʛʫʩʪʦʪʘ ʩʝʪʠ, ʩʝʙʝʩʪʦʠʤʦʩʪʴ 

ʧʝʨʝʚʦʟʢʠ, ʫʜʝʣʴʥʳʝ ʢʘʧʠʪʘʣʴʥʳʝ ʚʣʦʞʝʥʠʷ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʫʜʘ.  

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

ʪʨʫʙʦʧʨʦʚʦʜʥʳʡ ʪʨʘʥʩʧʦʨʪ ʟʘʥʠʤʘʝʪ ʧʝʨʚʦʝ ʤʝʩʪʦ ʚ ʩʧʠʩʢʝ ʧʨʠʦʨʠʪʝʪʦʚ ʧʦ 

ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʧʝʨʝʚʦʟʢʠ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ. ʂʨʦʤʝ ʪʦʛʦ, ʘʚʪʦʨʘʤʠ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʧʝʨʝʤʝʥʥʳʝ ʠ ʧʦʩʪʦʷʥʥʳʝ ʟʘʪʨʘʪʳ ʧʨʠ ʧʝʨʝʚʦʟʢʝ ʦʜʥʦʡ ʪʦʥʥʳ ʛʨʫʟʘ 

ʨʘʟʣʠʯʥʳʤʠ ʚʠʜʘʤʠ ʪʨʘʥʩʧʦʨʪʘ. ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʪʨʫʙʦʧʨʦʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʦʙʣʘʜʘʝʪ ʩʘʤʳʤʠ ʥʠʟʢʠʤʠ ʩʫʤʤʘʨʥʳʤʠ ʟʘʪʨʘʪʘʤʠ ʥʘ 

ʧʝʨʝʚʦʟʢʫ ʛʨʫʟʘ. 

ʈʘʩʩʯʠʪʘʚ ʩʦʦʪʥʦʰʝʥʠʷ ʜʘʥʥʳʭ ʧʦ ʦʧʨʝʜʝʣʸʥʥʳʤ ʧʘʨʘʤʝʪʨʘʤ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʧʝʨʝʚʦʟʢʠ ʛʨʫʟʘ ʪʨʫʙʦʧʨʦʚʦʜʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ ʥʠʞʝ, ʯʝʤ ʧʝʨʝʚʦʟʢʘ 

ʤʦʨʩʢʠʤ ʚʠʜʦʤ ʪʨʘʥʩʧʦʨʪʘ ʙʦʣʝʝ ʯʝʤ ʚ 2 ʨʘʟʘ, ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʤ ï ʙʦʣʝʝ ʯʝʤ ʚ 4 ʨʘʟʘ, 

ʘ ʘʚʪʦʤʦʙʠʣʴʥʳʤ ï ʚ 64 ʨʘʟʘ. ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʯʠʥʳ ʥʠʟʢʦʡ ʩʝʙʝʩʪʦʠʤʦʩʪʠ  ʧʝʨʝʚʦʟʢʠ 

ʛʨʫʟʘ ʪʨʫʙʦʧʨʦʚʦʜʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ. 

ɺʦ-ʧʝʨʚʳʭ, ʦʙʲʸʤ ʪʨʘʥʩʧʦʨʪʥʳʭ ʨʘʙʦʪ ʤʝʥʝʝ ʜʣʠʪʝʣʴʥʳʡ, ʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ 

ʤʝʥʝʝ ʟʘʪʨʘʪʥʳʡ, ʯʝʤ ʧʨʠ ʣʶʙʦʤ ʜʨʫʛʦʤ ʚʠʜʝ ʪʨʘʥʩʧʦʨʪʘ, ʪʘʢ ʢʘʢ ʨʘʩʧʦʣʦʞʝʥʠʝ 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʥʘʤʥʦʛʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʥʘʧʨʘʚʣʝʥʠʡ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʩʝʪʠ ʠ 

ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ. ʀʤʝʥʥʦ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʢʣʘʜʳʚʘʪʴ ʪʨʫʙʦʧʨʦʚʦʜʳ ʧʦ 

ʢʨʘʪʯʘʡʰʝʤʫ ʨʘʩʩʪʦʷʥʠʶ ʤʝʞʜʫ ʧʫʥʢʪʘʤʠ ʦʪʧʨʘʚʣʝʥʠʷ ʠ ʥʘʟʥʘʯʝʥʠʷ. ɺʦ-ʚʪʦʨʳʭ, 

ʪʨʫʙʦʧʨʦʚʦʜʥʳʡ ʪʨʘʥʩʧʦʨʪ ʤʦʞʝʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʚ ʣʶʙʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ 

ʚ ʪʝʯʝʥʠʝ ʢʨʫʛʣʦʛʦ ʛʦʜʘ, ʯʪʦ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʪʴ ʛʨʫʟ ʩ ʧʦʩʪʦʷʥʥʦ 

ʟʘʜʘʥʥʳʤ ʦʙʲʸʤʦʤ. ɺ-ʪʨʝʪʴʠʭ, ʥʘ ʪʨʫʙʦʧʨʦʚʦʜʥʦʤ ʪʨʘʥʩʧʦʨʪʝ ʤʠʥʠʤʘʣʴʥʳ ʧʦʪʝʨʠ ʧʨʠ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ, ʤʝʥʴʰʝ ʨʘʩʭʦʜʫʝʪʩʷ ʪʦʧʣʠʚʘ ʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʧʦʩʪʦʷʥʥʳʝ ʟʘʪʨʘʪʳ ʥʠʞʝ, ʯʝʤ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʨʫʛʦʛʦ ʚʠʜʘ ʪʨʘʥʩʧʦʨʪʘ.  

ɺ ʠʪʦʛʝ ʦʪʤʝʪʠʤ, ʯʪʦ ʫ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʪʨʫʙʦʧʨʦʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʢʘʢ ʠ ʫ 

ʣʶʙʦʛʦ ʜʨʫʛʦʛʦ,  ʠʤʝʶʪʩʷ ʩʚʦʠ ʥʝʜʦʩʪʘʪʢʠ. ʂ ʥʠʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʩʣʦʞʥʦʩʪʴ ʧʨʦʢʣʘʜʢʠ 
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ʪʨʘʩʩʳ ʚ ʦʧʨʝʜʝʣʸʥʥʳʭ ʨʘʡʦʥʘʭ, ʫʟʢʘʷ ʩʧʝʮʠʘʣʠʟʘʮʠʷ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʨʫʙʦʧʨʦʚʦʜʦʚ 

ʪʦʣʴʢʦ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʂʨʦʤʝ ʪʦʛʦ ʢ ʥʝʜʦʩʪʘʪʢʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʦʛʨʘʥʠʯʝʥʥʳʡ 

ʦʙʲʸʤ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠʟ-ʟʘ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ. ʅʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʝʨʝʯʠʩʣʝʥʥʳʝ 

ʥʝʜʦʩʪʘʪʢʠ, ʧʨʝʠʤʫʱʝʩʪʚ ʫ  ʪʨʫʙʦʧʨʦʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ. ɺ 

ʨʘʩʯʸʪʝ ʥʘ ʦʜʥʫ ʪʦʥʥʫ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʛʨʫʟʘ  ʠʤʝʥʥʦ ʵʪʦʪ ʚʠʜ ʪʨʘʥʩʧʦʨʪʘ ʷʚʣʷʝʪʩʷ 

ʩʘʤʳʤ ʧʨʠʦʨʠʪʝʪʥʳʤ ʜʣʷ ʢʦʤʧʘʥʠʡ ʧʨʠ ʧʝʨʝʚʦʟʢʝ ʛʨʫʟʦʚ. 
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ɸʅɸʃʀɿ ʊɽʅɼɽʅʎʀʁ ʈɸɿɺʀʊʀʗ ʌʀʊʅɽʉ-ʀʅɼʋʉʊʈʀʀ ɺ ʉɸʄɸʈɽ 

ɹʫʨʛʘʥʦʚʘ ʆ. ɼ., ɹʫʣʘʪʦʚʘ ɽ. ɺ., ʉʘʚʠʥ ɸ. ɻ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ʕʢʩʪʝʥʩʠʚʥʳʡ ʨʦʩʪ ʩʧʨʦʩʘ ʥʘ ʬʠʪʥʝʩ-ʫʩʣʫʛʠ ʚ ʉʘʤʘʨʝ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ 

ʧʦʧʫʣʷʨʠʟʘʮʠʝʡ ʟʜʦʨʦʚʦʛʦ ʦʙʨʘʟʘ ʞʠʟʥʠ, ʬʠʟʠʯʝʩʢʦʡ ʢʨʘʩʦʪʳ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʷʚʣʷʶʪʩʷ ʩʪʠʤʫʣʦʤ ʜʣʷ ʘʢʪʠʚʠʟʘʮʠʠ ʤʘʨʢʝʪʠʥʛʦʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʡ 

ʩʧʦʨʪʠʚʥʳʭ ʫʩʣʫʛ.  

 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʨʳʥʦʢ ʬʠʪʥʝʩ-ʫʩʣʫʛ ʚ ʉʘʤʘʨʝ. 

 ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ:  

¶ ʠʟʫʯʠʪ ɹʨʳʥʦʢ ʬʠʪʥʝʩ-ʫʩʣʫʛ ʚ ʉʘʤʘʨʝ, ʚʳʷʚʠʪʴ ʪʝʥʜʝʥʮʠʠ ʝʛʦ ʨʘʟʚʠʪʠʷ;  

¶ ʠʟʫʯʠʪʴ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʝ ʧʨʝʜʧʦʯʪʝʥʠʷ ʚ ʩʬʝʨʝ ʬʠʪʥʝʩ-ʫʩʣʫʛ; 

¶ ʧʨʦʩʣʝʜʠʪʴ ʠʥʚʝʩʪʠʮʠʦʥʥʫʶ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʜʣʷ ʢʣʠʝʥʪʦʚ; 

¶ ʥʘ ʩʢʦʣʴʢʦ ʫʩʣʫʛʘ ʘʜʝʢʚʘʪʥʘ ʜʣʷ ʧʨʠʚʣʝʯʝʥʠʷ ʠʥʚʝʩʪʦʨʦʚ. 

 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʧʨʠʤʝʥʷʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ: ʩʙʦʨ 

ʚʪʦʨʠʯʥʦʡ ʠ ʧʝʨʚʠʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ (ʘʥʢʝʪʠʨʦʚʘʥʠʝ), SWOT-ʘʥʘʣʠʟ. ʊʘʢʞʝ 

ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʩʙʦʨ ʠ ʦʙʨʘʙʦʪʢʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʧʫʙʣʠʢʘʮʠʡ, ʦʪʯʝʪʳ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʠ ʢʦʥʩʘʣʪʠʥʛʦʚʳʭ ʢʦʤʧʘʥʠʡ, ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʧʦʨʪʘʣʳ. ʉʣʝʜʫʶʱʝʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʤʝʪʦʜʦʣʦʛʠʠ ʷʚʣʷʶʪʩʷ ʧʨʠʥʮʠʧʳ 

ʤʘʨʢʝʪʠʥʛʘ ʚ ʬʠʪʥʝʩ-ʠʥʜʫʩʪʨʠʠ, ʢʦʪʦʨʳʝ ʚ ʮʝʣʦʤ ʧʨʝʜʩʪʘʚʣʷʶʪ ʢʦʥʮʝʧʮʠʶ ʩʦʮʠʘʣʴʥʦ-

ʵʪʠʯʝʩʢʦʛʦ ʤʘʨʢʝʪʠʥʛʘ. ɼʘʥʥʳʝ ʢʦʥʮʝʧʮʠʠ ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʦʡ 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʚʳʧʦʣʥʝʥʠʶ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʛʦʨʦʜʘ ʉʘʤʘʨʘ ʬʫʥʢʮʠʦʥʠʨʫʝʪ  150 ʬʠʪʥʝʩ-

ʮʝʥʪʨʦʚ. ʆʥʠ ʜʝʣʷʪʩʷ ʥʘ ʪʨʠ ʢʣʘʩʩʘ: ʧʨʝʤʠʫʤ, ʩʨʝʜʥʠʡ, ʜʝʰʝʚʳʡ.  ɺ ʧʨʝʤʠʫʤ ʢʣʘʩʩʝ 

ʮʝʥʘ ʢʣʫʙʥʦʡ ʢʘʨʪʳ ʚ ʛʦʜ ʦʪ 13 ʜʦ 34 ʪʳʩʷʯ ʨʫʙʣʝʡ. ɺ ʩʨʝʜʥʝʤ ʢʣʘʩʩʝ ʮʝʥʘ ʢʣʫʙʥʦʡ 

ʢʘʨʪʳ ʚ ʛʦʜ ʦʪ 7 ʜʦ 16 ʪʳʩʷʯ ʨʫʙʣʝʡ. ɺ ʜʝʰʝʚʦʤ ʢʣʘʩʩʝ ʮʝʥʘ ʢʣʫʙʥʦʡ ʢʘʨʪʳ ʚ ʛʦʜ ʦʪ 7 

ʜʦ 18 ʪʳʩʷʯ ʨʫʙʣʝʡ 

ʆʩʥʦʚʥʳʝ ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʬʠʪʥʝʩ-ʫʩʣʫʛ ʉʘʤʘʨʝ: ʟʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ ʩʚʷʟʠ 

ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʫʨʦʚʥʷ ʜʦʭʦʜʦʚ ʥʘʩʝʣʝʥʠʷ ʜʠʥʘʤʠʢʘ ʨʘʟʚʠʪʠʷ ʬʠʪʥʝʩ-ʠʥʜʫʩʪʨʠʠ ʙʳʣʘ 

ʧʦʣʦʞʠʪʝʣʴʥʦʡ; ʩʧʨʦʩ ʥʘ ʬʠʪʥʝʩ-ʫʩʣʫʛʠ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʣʩʷ ʟʘ ʧʦʩʣʝʜʥʠʝ 

ʥʝʩʢʦʣʴʢʦ ʣʝʪ, ʢʦʛʜʘ ʠʟʤʝʥʠʣʘʩʴ ʢʫʣʴʪʫʨʘ ʧʦʪʨʝʙʣʝʥʠʷ, ʩʪʘʣʦ ʤʦʜʥʦ ʚʝʩʪʠ ʟʜʦʨʦʚʳʡ 

ʦʙʨʘʟ ʞʠʟʥʠ, ʭʦʨʦʰʦ ʚʳʛʣʷʜʝʪʴ; ʫʯʠʪʳʚʘʷ ʠʥʪʝʨʝʩ ʢ ʬʠʪʥʝʩʫ ʫ ʧʦʞʠʣʳʭ ʣʶʜʝʡ, 

ʩʧʦʨʪʠʚʥʳʝ ʢʣʫʙʳ ʫʜʝʣʷʶʪ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʨʘʟʨʘʙʦʪʢʝ ʫʟʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʧʨʦʛʨʘʤʤ ʪʨʝʥʠʨʦʚʦʢ ʜʣʷ ʣʶʜʝʡ ʚ ʚʦʟʨʘʩʪʝ. ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʉʘʤʘʨʝ  ʥʘ 

ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʫʱʝʩʪʚʫʶʪ ʚʩʝ ʫʩʣʦʚʠʷ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʬʠʪʥʝʩ-ʠʥʜʫʩʪʨʠʠ, 

ʦʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʦʩʥʘʱʝʥʥʦʩʪʠ ʭ ʢʣʫʙʦʚ, ʙʦʛʘʪʳʡ ʩʧʝʢʪʨ 

ʫʩʣʫʛ ʠ, ʯʪʦ ʦʯʝʥʴ ʚʘʞʥʦ, ʧʦʜʜʝʨʞʢʘ ʩʦ ʩʪʦʨʦʥʳ ʛʦʨʦʜʩʢʦʛʦ ʧʨʘʚʠʪʝʣʴʩʪʚʘ. ɺʩʝ ʵʪʦ 

ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʭʦʨʦʰʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʨʳʥʢʘ ʬʠʪʥʝʩ-ʫʩʣʫʛ ʚ ʨʝʛʠʦʥʝ.  

ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʘʥʘʣʠʟ ʦʩʥʦʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʉʘʤʘʨʩʢʦʛʦ ʨʳʥʢʘ ʬʠʪʥʝʩ-

ʫʩʣʫʛ, ʘ ʠʤʝʥʥʦ ʧʨʝʜʣʦʞʝʥʠʷ ʠ ʩʧʨʦʩʘ ʬʠʪʥʝʩ-ʫʩʣʫʛ  (ʝʤʢʦʩʪʴ ʨʳʥʢʘ, ʪʝʤʧ ʨʦʩʪʘ, 

ʦʩʥʦʚʥʳʝ ʠʛʨʦʢʠ, ʩʝʛʤʝʥʪʠʨʦʚʘʥʠʝ ʨʳʥʢʘ ʠ ʪ.ʜ., ʘ ʪʘʢʞʝ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʜʘʥʥʦʛʦ ʨʳʥʢʘ, ʚʢʣʶʯʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʧʦʪʨʝʙʠʪʝʣʝʡ ʠ ʚʳʷʚʣʝʥʠʝ ʤʦʪʠʚʦʚ 

ʧʦʪʨʝʙʣʝʥʠʷ ʜʘʥʥʦʛʦ ʚʠʜʘ ʫʩʣʫʛ) ʠ ʦʩʥʦʚʥʳʝ ʪʝʥʜʝʥʮʠʠ ʝʛʦ ʨʘʟʚʠʪʠʷ. 
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RENEWABLE ENERGY SOURCES: ECONOMIC BENEFITS 

ɺʝʨʰʠʥʠʥ ɺ. ʄ., ʉʪʝʧʥʦʚʘ ʅ. ɻ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

Together with the rapid growth of the world population, the limited ability to supply of 

non-renewable leads to energy demand on a rise especially in developing countries. This 

situation results in the risk of depletion of cheap fossil energy and environmental pollution as 

well as climate change. According to independent research, there will probably be sufficient 

oil and gas for this century, and coal for 2 or more. Moreover, the annual total consumption of 

energy sources by the world population is about 1.4x1017 kWh, of which the proportion of 

the fossil energy has accounted for 90% of the energy sources used. Therefore, researchers 

around the world have been constantly trying to find solutions to diversify energy sources and 

reduce harmful emissions and greenhouse emissions into the environment and renewable 

energy sources have taken the spotlight. Thus, what is the renewable energy? The Oxford 

Dictionary defines renewable energy as natural energy that can be used again and again and 

will never run out. There are many sources of energy that are renewable and considered to be 

environmentally friendly and harness natural processes. These sources of energy provide an 

alternate ócleanerô source of energy, helping to negate the effects of certain forms of pollution. 

All of these power generation techniques can be described as renewable since they are not 

depleting any resource to create the energy. While there are many large-scale renewable 

energy projects and production, renewable technologies are also suited to small off-grid 

applications, sometimes in rural and remote areas, where energy is often crucial in human 

development. 

One major advantage with the use of renewable energy is that as it is renewable it is 

therefore sustainable and so will never run out. Renewable energy facilities generally require 

less maintenance than traditional generators. Their fuel being derived from natural and 

available resources reduces the costs of operation. Even more importantly, renewable energy 

produces little or no waste products such as carbon dioxide or other chemical pollutants, so 

has minimal impact on the environment. Renewable energy projects can also bring economic 

benefits to many regional areas, as most projects are located away from large urban centers 

and suburbs of the capital cities. These economic benefits may be from the increased use of 

local services as well as tourism. 

Humanity canôt neither ignore cutting edge technologies nor loose the focus upon 

climate issues. These inventions made by Airbus Group are only a drop in the sea. However, 

they lead us to the obvious statement: the world shouldnôt stay addicted on fossil fuels. We 

are surrounded by energy sources. They just need to be converted into practical use. For 

decades all automatic space probes are performing scientific surveys million miles away from 

the Earth. They get power from solar energy that keeps them working for many years (for 

example Voyager-1 and 2). If people all over the world donôt reduce the uncontrolled mining 

and harmful consequences of it, there will be no place to live in. 
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ʉʪʘʪʴʷ ʅ.ʇ. ʃʘʚʝʨʦʚ çʊʦʧʣʠʚʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʨʝʩʫʨʩʳè. 
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ʋɼʂ 658.512 

ʉʆɺɽʈʐɽʅʉʊɺʆɺɸʅʀɽ ɹʀɿʅɽʉ-ʇʈʆʎɽʉʉɸ ʉʊʈʆʀʊɽʃʔʅʆʁ ʌʀʈʄʓ 

ɻʠʤʘʝʚ ʐ. ʊ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʪʨʦʠʪʝʣʴʥʦʡ ʬʠʨʤʳ 

ʆʆʆ çʕʢʦʣʦʛʠʷ-ʉʪʨʦʡ ʂè. 

ʇʨʠ ʧʦʜʛʦʪʦʚʢʝ ʨʘʙʦʪʳ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʝʪʦʜʳ ʥʘʙʣʶʜʝʥʠʷ, ʩʨʘʚʥʝʥʠʷ, 

ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ, ʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ʇʦʩʣʝ ʦʟʥʘʢʦʤʣʝʥʠʷ ʩ 

ʠʩʪʦʨʠʝʡ ʨʘʟʚʠʪʠʷ ʬʠʨʤʳ, ʢʦʣʣʝʢʪʠʚʦʤ, ʬʫʥʢʮʠʷʤʠ, ʚʳʧʦʣʥʷʝʤʳʤʠ ʪʝʤʠ ʠʣʠ ʠʥʳʤʠ 

ʨʘʙʦʪʥʠʢʘʤʠ, ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʬʠʨʤʳ ʧʝʨʝʜ ʘʚʪʦʨʦʤ ʨʘʙʦʪʳ ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ 

ʚʳʷʚʣʝʥʠʷ ʥʝʜʦʩʪʘʪʢʦʚ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʠ ʧʨʝʜʣʦʞʝʥʠʷ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʧʦʚʳʰʝʥʠʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʟʘʜʘʥʠʡ. 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʟʘʜʘʥʠʷ ʙʳʣʘ ʩʦʩʪʘʚʣʝʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʩʭʝʤʘ ʙʠʟʥʝʩ-

ʧʨʦʮʝʩʩʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 1. 

 
ʈʠʩ.1. ɹʠʟʥʝʩ-ʧʨʦʮʝʩʩ ʩʪʨʦʠʪʝʣʴʥʦʡ ʬʠʨʤʳ ʆʆʆ çʕʢʦʣʦʛʠʷ-ʉʪʨʦʡ ʂè 

ʅʘ ʨʠʩʫʥʢʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ: ʇ - ʧʨʦʨʘʙ; ɹ - ʙʫʭʛʘʣʪʝʨ; 

ʅʇʊʆ - ʅʘʯʘʣʴʥʠʢ ʇʊʆ; ʈʌ - ʈʫʢʦʚʦʜʠʪʝʣʴ ʬʠʨʤʳ; ɿ - ʟʘʤʝʨʱʠʢ; ɾʆ - ʞʠʣʠʱʥʳʡ 

ʦʙʲʝʢʪ; ʉʆ - ʉʪʨʦʠʪʝʣʴʥʳʡ ʦʙʲʝʢʪ; ʚr ʜʝʣʝʥʥʳʝ ʞʠʨʥʳʤʠ ʣʠʥʠʷʤʠ ʵʣʝʤʝʥʪʳ - 

ʦʩʥʦʚʥʦʡ ʧʦʪʦʢ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʠ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʜʘʥʥʳʭ ʙʳʣʠ ʩʜʝʣʘʥʳ 

ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ ʠ ʧʨʝʜʣʦʞʝʥʠʷ:  

1. ʥʝʦʙʭʦʜʠʤʦ ʧʦʚʪʦʨʥʦ ʧʨʦʚʝʩʪʠ ʠʥʩʪʨʫʢʪʘʞ ʨʘʙʦʯʠʭ ʠ ʠʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ 

ʨʫʢʦʚʦʜʩʪʚʘ (ʙʨʠʛʘʜʠʨʦʚ) ʧʦ ʪʝʭʥʠʢʝ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʯʪʦʙʳ ʠʩʢʣʶʯʠʪʴ ʩʣʫʯʘʠ ʜʦʧʫʩʢʘ ʢ 

ʨʘʙʦʪʝ ʧʝʨʩʦʥʘʣʘ, ʥʝʜʘʚʥʦ ʧʝʨʝʥʝʩʰʝʛʦ ʧʨʦʩʪʫʜʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ, ʘ ʪʘʢʞʝ 

ʧʨʝʥʝʙʨʝʛʘʶʱʝʛʦ ʩʧʝʮʠʘʣʴʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʟʘʱʠʪʳ; 

2. ʥʝʦʙʭʦʜʠʤʦ ʚʥʝʩʪʠ ʜʦʧʦʣʥʝʥʠʝ ʚ ʜʦʣʞʥʦʩʪʥʳʝ ʠʥʩʪʨʫʢʮʠʠ ʙʨʠʛʘʜʠʨʦʚ, ʜʦʧʦʣʥʠʚ ʠʭ 

ʬʫʥʢʮʠʝʡ ʟʘʢʘʟʘ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʩʢʣʘʜʝ ʩ ʮʝʣʴʶ ʥʝʜʦʧʫʱʝʥʠʷ ʧʨʦʩʪʦʝʚ ʚ ʨʘʙʦʪʝ; 

3. ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʨʘʙʦʪʝ ʦʨʛʘʥʠʟʘʮʠʠ ʩʧʝʮʠʘʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ-

ʧʣʘʥʠʨʦʚʱʠʢʘ ʜʣʷ ʥʝʜʦʧʫʱʝʥʠʷ ʧʨʦʩʪʦʝʚ ʧʦ ʚʠʥʝ ʫʧʨʘʚʣʷʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ; 

4. ʩʣʝʜʫʝʪ ʧʝʨʝʩʤʦʪʨʝʪʴ ʩʠʩʪʝʤʫ ʤʦʪʠʚʘʮʠʠ ʠ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʩʦʪʨʫʜʥʠʢʦʚ 

ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʜʦʣʞʥʦʩʪʝʡ ʚ ʮʝʣʷʭ ʧʦʚʳʰʝʥʠʷ ʠʭ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʟʘ ʨʝʟʫʣʴʪʘʪʳ 

ʧʨʦʜʝʣʘʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ ʨʘʙʦʪʳ. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ʀʝʚʣʝʚ ɽ. ɺ. ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʣʦʛʠʩʪʠʢʘ ʚ ʧʨʦʮʝʩʩʘʭ ʫʧʨʘʚʣʝʥʠʷ (ʤʠʢʨʦʣʦʛʠʩʪʠʢʘ, 

ʤʘʢʨʦʣʦʛʠʩʪʠʢʘ) // ʄʠʨ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʠ. 2014. ˉ6 (28). ʉ. 8-12.  
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ɺʆɿʄʆɾʅʆʉʊʀ ʀʉʇʆʃʔɿʆɺɸʅʀʗ ʂʈɸʋɼʌɸʅɼʀʅɻɸ ɺ ʈʆʉʉʀʀ 

ɻʠʤʘʝʚ ʐ. ʊ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥ ʦʜʠʥ ʠʟ ʥʦʚʳʭ ʜʣʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʩʧʦʩʦʙʦʚ 

ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʩʪʘʨʪʘʧʦʚ, ʢʦʪʦʨʳʡ ʥʘʙʠʨʘʝʪ ʚʩʝ ʙʦʣʴʰʠʡ ʨʘʟʤʘʭ.  

ʇʨʠʤʝʥʷʷ ʤʝʪʦʜ ʥʘʙʣʶʜʝʥʠʷ ʠ ʦʙʦʙʱʝʥʠʷ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʧʦʩʣʝʜʥʠʝ 

ʛʦʜʳ ʚ ʈʦʩʩʠʠ ʦʩʦʙʝʥʥʦ ʦʩʪʨʦ ʩʪʦʠʪ ʚʦʧʨʦʩ ʚʥʝʜʨʝʥʠʷ ʥʦʚʳʭ ʠʜʝʡ ʚʦ ʚʩʝʭ ʦʪʨʘʩʣʷʭ 

ʭʦʟʷʡʩʪʚʘ. ʆʜʥʘʢʦ ʩʣʝʜʫʶʱʠʝ ʦʜʠʥ ʟʘ ʜʨʫʛʠʤ ʢʨʠʟʠʩʳ, ʩʥʠʞʝʥʠʝ ʠ ʜʘʞʝ 

ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʪʝʤʧʦʚ ʨʦʩʪʘ ʤʥʦʛʠʭ ʦʪʨʘʩʣʝʡ ʵʢʦʥʦʤʠʢʠ ʠ ɺɺʇ ʩʪʨʘʥʳ ʚ 

ʮʝʣʦʤ ʥʝ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʬʠʥʘʥʩʠʨʦʚʘʪʴ ʚʥʝʜʨʝʥʠʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ 

ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʚʚʠʜʫ ʦʪʩʫʪʩʪʚʠʷ ʥʘ ʵʪʦ ʙʶʜʞʝʪʥʳʭ ʩʨʝʜʩʪʚ [1]. ɹʠʟʥʝʩ 

ʪʘʢʞʝ ʠʩʧʳʪʳʚʘʝʪ ʙʦʣʴʰʠʝ ʪʨʫʜʥʦʩʪʠ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʥʝ ʧʨʦʠʟʚʦʜʠʪ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ 

ʠʥʚʝʩʪʠʮʠʡ ʚ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ. ɺʩʝ ʵʪʦ ʧʨʦʜʦʣʞʘʝʪ 

ʧʨʦʜʫʮʠʨʦʚʘʪʴ ʩʠʪʫʘʮʠʶ ʦʪʩʪʘʚʘʥʠʷ ʦʪ ʥʘʠʙʦʣʝʝ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥ ʠ ʫʛʨʦʞʘʝʪ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʚ ʯʘʩʪʥʦʩʪʠ ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʦʡ ʚ ʮʝʣʦʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʪʨʘʥʳ [3]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʩʧʦʩʦʙʦʚ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ 

ʧʨʦʝʢʪʦʚ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʙʳʩʪʨʦ ʥʘʙʠʨʘʶʱʠʭ ʪʝʤʧʳ ʚ ʈʌ 

ʩʧʦʩʦʙʦʚ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʥʦʚʳʭ ʧʨʦʝʢʪʦʚ ʩʪʘʥʦʚʠʪʩʷ ʢʨʘʫʜʬʘʥʜʠʥʛ [2]. ʉ ʝʛʦ 

ʧʦʤʦʱʴʶ ʤʦʞʥʦ ʧʨʦʠʟʚʦʜʠʪʴ ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ ʢʘʢ ʤʘʣʳʭ, ʪʘʢ ʠ ʜʦʚʦʣʴʥʦ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʨʦʝʢʪʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʠʟʚʝʩʪʥʳʡ 

ʭʫʜʦʞʝʩʪʚʝʥʥʳʡ ʬʠʣʴʤ ç28 ʧʘʥʬʠʣʦʚʮʝʚè, ʩʨʝʜʩʪʚʘ ʥʘ ʧʦʩʪʘʥʦʚʢʫ ʢʦʪʦʨʦʛʦ ʙʳʣʠ 

ʩʦʙʨʘʥʳ ʚʦ ʤʥʦʛʦʤ ʙʣʘʛʦʜʘʨʷ ʧʨʠʚʣʝʯʝʥʠʶ ʰʠʨʦʢʠʭ ʩʣʦʝʚ ʥʘʩʝʣʝʥʠʷ ʢ 

ʬʠʥʘʥʩʠʨʦʚʘʥʠʶ ʝʛʦ ʩʲʝʤʦʢ.  

ʊʘʢʞʝ ʘʥʘʣʠʟ ʧʦʟʚʦʣʷʝʪ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʴʰʝʡ 

ʧʦʧʫʣʷʨʥʦʩʪʴʶ ʵʪʦʪ ʠʥʩʪʨʫʤʝʥʪ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʧʦʣʴʟʫʝʪʩʷ ʫ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ 

ʧʨʦʝʢʪʦʚ ʩʦʮʠʘʣʴʥʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ. ʉ ʝʛʦ ʧʦʤʦʱʴʶ ʩʦʙʠʨʘʶʪʩʷ ʩʨʝʜʩʪʚʘ ʜʣʷ 

ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʠʶʪʦʚ ʜʣʷ ʙʝʟʜʦʤʥʳʭ ʞʠʚʦʪʥʳʭ, ʬʦʥʜʦʚ ʧʦʤʦʱʠ ʙʦʣʴʥʳʤ ʠ 

ʠʥʚʘʣʠʜʘʤ, ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʘ ʪʝʨʨʠʪʦʨʠʡ, ʘ ʪʘʢʞʝ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʥʝʙʦʣʴʰʠʭ 

ʧʨʝʜʧʨʠʷʪʠʡ ʚ ʦʩʥʦʚʥʦʤ ʠʟ ʩʬʝʨʳ ʫʩʣʫʛ ï ʢʘʬʝ, ʬʦʪʦʩʪʫʜʠʠ, ʬʠʨʤʳ ʧʦ ʦʢʘʟʘʥʠʶ ʫʩʣʫʛ 

ʨʘʟʚʣʝʢʘʪʝʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʠ ʪ.ʧ. ʂʨʘʫʜʬʘʥʜʠʥʛ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ 

ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʥʝʢʦʤʤʝʨʯʝʩʢʠʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʘʚʪʦʥʦʤʥʳʭ [4]. 

ʉʦʮʠʘʣʴʥʘʷ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʧʨʦʝʢʪʦʚ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʚʦʩʪʨʝʙʦʚʘʥʥʦʡ ʚ 

ʦʙʱʝʩʪʚʝ ʠ ʠʤʝʝʪ ʙʦʣʴʰʦʡ ʦʪʢʣʠʢ, ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʝʜʣʘʛʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʬʦʨʤʳ 

ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʥʘʩʝʣʝʥʠʷ ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʩʪʨʫʢʪʫʨ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʩʬʝʨʝ 

ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ [5]. 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʚ ʬʠʥʘʥʩʦʚʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʨʝʜʝ ʈʦʩʩʠʠ ʙʳʪʫʝʪ ʤʥʝʥʠʝ, ʯʪʦ 

ʥʘʩʝʣʝʥʠʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʜʝʨʞʠʚʘʝʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʩʙʝʨʝʛʘʪʝʣʴʥʦʡ ʤʦʜʝʣʠ 

ʧʦʪʨʝʙʣʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʡ ʩʨʝʜʩʪʚʘ ʥʝ ʟʘʪʨʘʯʠʚʘʶʪʩʷ ʥʘ ʧʨʠʦʙʨʝʪʝʥʠʝ ʤʘʪʝʨʠʘʣʴʥʳʭ ʠ 

ʠʥʳʭ ʙʣʘʛ, ʘ ʦʩʝʜʘʶʪ ʥʘ ʙʘʥʢʦʚʩʢʠʭ ʩʯʝʪʘʭ ʠ ʚ ʚʠʜʝ ʨʘʟʣʠʯʥʳʭ ʬʠʥʘʥʩʦʚʳʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ. ʕʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʥʘʨʘʱʠʚʘʪʴ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʥʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ 

ʩʪʨʘʥʳ. 

ʀʟ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʫ ʥʘʩʝʣʝʥʠʷ ʚ ʮʝʣʦʤ ʝʩʪʴ 

ʩʚʦʙʦʜʥʳʝ ʩʨʝʜʩʪʚʘ, ʢʦʪʦʨʳʝ ʦʥʦ ʦʧʘʩʘʝʪʩʷ ʚʢʣʘʜʳʚʘʪʴ ʚ ʥʝʛʘʪʠʚʥʦ ʩʝʙʷ 

ʟʘʨʝʢʦʤʝʥʜʦʚʘʚʰʠʝ ʠʥʩʪʨʫʤʝʥʪʳ (ʥʘʧʨʠʤʝʨ, ʚʳʧʫʱʝʥʥʳʝ ʥʝʜʘʚʥʦ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ 

ʥʘʨʦʜʥʳʝ ʦʙʣʠʛʘʮʠʠ). ʆʜʥʘʢʦ ʦʭʦʪʥʦ ʨʘʩʩʪʘʝʪʩʷ ʩ ʥʝʙʦʣʴʰʠʤʠ, ʥʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ, 

ʩʫʤʤʘʤʠ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʧʨʦʝʢʪʦʚ ʩ ʚʠʜʠʤʦʡ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʳʩʪʨʦʡ ʦʪʜʘʯʝʡ. 
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ɺʩʝ ʵʪʠ ʬʘʢʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʫ ʢʨʘʫʜʬʘʥʜʠʥʛʘ ʚ ʈʦʩʩʠʠ ʙʦʣʴʰʦʝ 

ʙʫʜʫʱʝʝ. ʆʩʪʘʝʪʩʷ ʪʦʣʴʢʦ ʫʙʝʜʠʪʴ ʥʘʩʝʣʝʥʠʝ ʚ ʪʦʤ, ʯʪʦ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʠ ʥʫʞʥʦ 

ʬʠʥʘʥʩʠʨʦʚʘʪʴ ʙʦʣʝʝ ʜʦʣʛʦʩʨʦʯʥʳʝ ʧʨʦʝʢʪʳ ʩʦʮʠʘʣʴʥʦʡ ʩʬʝʨʳ, ʢʦʪʦʨʳʝ ʥʘʠʙʦʣʝʝ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʳ ʜʣʷ ʥʘʩʝʣʝʥʠʷ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʛʦʩʫʜʘʨʩʪʚʫ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴʩʷ ʥʘ 

ʨʝʰʝʥʠʠ ʧʨʦʙʣʝʤ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ.  

ʊʘʢʞʝ ʤʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʢʨʘʫʜʬʘʥʜʠʥʛʘ ʧʨʠ 

ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʦʚ ʚ ʨʘʤʢʘʭ ʯʘʩʪʥʦ-ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʠ ʜʘʞʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦ-

ʯʘʩʪʥʦʛʦ ʧʘʨʪʥʝʨʩʪʚʘ, ʢʦʛʜʘ ʥʘ ʚʣʦʞʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʣʠʮ ʙʫʜʫʪ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʛʘʨʘʥʪʠʠ. ʕʪʦ ʧʦʤʦʞʝʪ ʩʦʟʜʘʪʴ ʫ ʥʘʩʝʣʝʥʠʷ ʣʠʯʥʫʶ 

ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʦʩʪʴ ʠ ʯʫʚʩʪʚʦ ʧʨʠʯʘʩʪʥʦʩʪʠ ʢ ʨʝʰʝʥʠʶ ʛʣʦʙʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʨʝʛʠʦʥʦʚ, 

ʯʪʦ ʪʘʢʞʝ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʦʚʳʰʝʥʠʶ ʩʦʙʠʨʘʝʤʦʩʪʠ ʩʨʝʜʩʪʚ ʧʦʜ ʚʘʞʥʳʝ 

ʩʦʮʠʘʣʴʥʳʝ ʧʨʦʝʢʪʳ. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ɸʰʠʨʦʚ ɺ. ʂ., ʂʣʠʤʝʥʪʴʝʚʘ ʉ. ɺ. ʄʠʨʦʚʦʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʢʨʠʟʠʩ : ʠʪʦʛʠ ʠ 

ʧʨʦʛʥʦʟʳ/ ɺ. ʂ. ɸʰʠʨʦʚ, ʉ. ɺ. ʂʣʠʤʝʥʪʴʝʚʘ // ʉʪʨʘʪʝʛʠʯʝʩʢʠʝ ʦʨʠʝʥʪʠʨʳ ʨʘʟʚʠʪʠʷ 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ: ʩʙ. ʩʪ. / ʧʦʜ ʦʙʱ. ʨʝʜ. 

ʅ. ɸ. ɼʫʙʨʦʚʠʥʦʡ. ʉʘʤʘʨʘ: ʀʟʜʘʪʝʣʴʩʪʚʦ çʉʘʤʘʨʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè, 2013. ɺʳʧ. 1. ʉ. 

12-24. 

2. ɻʨʫʙʝʥʢʦʚʘ ɼ. ʆ. ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʢʨʘʫʜʬʘʥʜʠʥʛʘ ʚ ʨʦʩʩʠʡʩʢʦʡ ʵʢʦʥʦʤʠʢʝ / 

ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʩʪʫʜʝʥʯʝʩʢʠʡ ʥʘʫʯʥʳʡ ʚʝʩʪʥʠʢ : ʵʣʝʢʪʨʦʥʥʳʡ ʞʫʨʥʘʣ. ˉ2. 2016. 

ʈʝʞʠʤ ʜʦʩʪʫʧʘ ʢ ʞʫʨʥ. URL : https://www.eduherald.ru/ru/article/view?id=15411 (ʜʘʪʘ 

ʦʙʨʘʱʝʥʠʷ : 16.05.2017). 

3. ʂʣʠʤʝʥʪʴʝʚʘ ʉ. ɺ., ʈʷʞʝʚʘ ʖ. ʀ. ʅʘʧʨʘʚʣʝʥʠʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʫʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʝʤ ʨʦʩʩʠʡʩʢʦʡ ʵʢʦʥʦʤʠʢʠ // ɺʝʩʪʥʠʢ ʉʘʤɻʋ. ʕʢʦʥʦʤʠʢʘ ʠ 

ʫʧʨʘʚʣʝʥʠʝ. 2015. ˉ 9-1 (131). ʉ. 9ï14. 

4. ʏʫʨʤʝʝʚʘ ʆ. ʉ., ɼʫʙʨʦʚʠʥʘ ʅ. ɸ. ʂ ʚʦʧʨʦʩʫ ʦ ʬʠʥʘʥʩʠʨʦʚʘʥʠʠ ʘʚʪʦʥʦʤʥʳʭ 

ʥʝʢʦʤʤʝʨʯʝʩʢʠʭ ʦʨʛʘʥʠʟʘʮʠʡ /ʅ. ɸ. ɼʫʙʨʦʚʠʥʘ, ʆ. ʉ. ʏʫʨʤʝʝʚʘ // ʉʪʨʘʪʝʛʠʯʝʩʢʠʝ 

ʦʨʠʝʥʪʠʨʳ ʨʘʟʚʠʪʠʷ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ: ʤʝʞʚʫʟʦʚ. ʩʙ. ʩʪ. / 

ʧʦʜ ʦʙʱ. ʨʝʜ. ʅ.ɸ. ɼʫʙʨʦʚʠʥʦʡ. ʉʘʤʘʨʘ: ʀʟʜʘʪʝʣʴʩʪʚʦ çʉʘʤʘʨʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè, 2016. 

ɺʳʧ. 4. ʉ. 190 ï 198. 

5. Klimenteva S. Application of project financing for small and medium-sized enterprises in 

the public-private partnership. Modern approaches to the management of economic systems in 

the conditions of global transformation: Proceeding of the II International scientific and 

practical conference (St. Louis, Missouri, feb.,2016).- St. Louis, Missouri, USA: Publishing 

house science and innovation center, 2016. - P. 19-26. 

 

  

https://www.eduherald.ru/ru/article/view?id=15411


ʉʝʢʮʠʷ 13. ʕʢʦʥʦʤʠʢʘ ʠ ʫʧʨʘʚʣʝʥʠʝ ʩʣʦʞʥʳʤʠ ʩʠʩʪʝʤʘʤʠ 

212 

ʋɼʂ 629.79 

ɺʓɼɽʃɽʅʀɽ ʂʃɸʉʊɽʈʆɺ ʊʀʇʆɺʓʍ ɼɽʁʉʊɺʀʁ ʀɻʈʆʂʆɺ ʇʈʀ 

ʈɸɿʃʀʏʅʓʍ ʉʆʉʊʆʗʅʀʗʍ ʆʂʈʋɾɸʖʑɽʁ ʉʈɽɼʓ ɺ ɼɽʃʆɺʓʍ ʀɻʈɸʍ 

ʇʆ ʈɸʉʇʈɽɼɽʃɽʅʀʖ ʆɻʈɸʅʀʏɽʅʅʓʍ ʈɽʉʋʈʉʆɺ ʄɽʍɸʅʀɿʄʆʄ 

ɻʈʆɺʉɸ-ʃɽʁɼʗʈɼɸ 

ɻʣʫʭʦʚ ɺ. ʅ., ʂʫʟʥʝʮʦʚʘ ʆ. ɸ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ɺ ʪʝʦʨʠʠ ʠʛʨ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʚʘʨʠʘʥʪʦʚ ʠʛʨ ʠ ʠʭ ʫʩʣʦʚʠʡ, ʟʘʚʠʩʷʱʠʭ ʦʪ 

ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʦʷʥʠʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʦʪ ʩʦʩʪʦʷʥʠʷ ʵʢʦʥʦʤʠʢʠ, ʝʩʣʠ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʠʛʨʘ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʠʟ ʚʘʨʠʘʮʠʡ ʠʛʨ ʤʦʞʥʦ 

ʧʨʝʜʫʛʘʜʘʪʴ ʪʘʢʪʠʢʫ ʠʛʨʦʢʘ ʚ ʢʦʥʢʨʝʪʥʦʡ ʠʛʨʝ, ʘʥʘʣʠʟʠʨʫʷ ʪʦʣʴʢʦ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ 

ʟʘʜʘʯʠ ʠ ʥʝ ʧʨʦʚʦʜʷ ʩʘʤʫ ʠʛʨʫ. ʕʪʦ ʚʦʟʤʦʞʥʦ ʙʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʫ ʬʫʥʢʮʠʠ 

ʧʦʣʝʟʥʦʩʪʠ ʠʛʨʦʢʘ, ʢʦʪʦʨʫʶ ʦʥ ʩʪʨʝʤʠʪʩʷ ʤʘʢʩʠʤʠʟʠʨʦʚʘʪʴ, ʪʦʯʢʠ ʤʘʢʩʠʤʫʤʘ, ʪʦ ʝʩʪʴ 

ʠʛʨʦʢ ʟʘʨʘʥʝʝ ʟʥʘʝʪ, ʩʢʦʣʴʢʦ ʨʝʩʫʨʩʘ ʝʤʫ ʥʫʞʥʦ ʧʦʣʫʯʠʪʴ ʚ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ, 

ʯʪʦʙʳ ʤʘʢʩʠʤʠʟʠʨʦʚʘʪʴ ʩʚʦʶ ʬʫʥʢʮʠʶ ʧʦʣʝʟʥʦʩʪʠ. ʊʘʢʞʝ ʚ ʵʪʠʭ ʠʛʨʘʭ ʦʪʩʫʪʩʪʚʫʝʪ 

ʩʠʩʪʝʤʘ ʰʪʨʘʬʦʚ: ʝʩʣʠ ʠʛʨʦʢ ʥʝʚʝʨʥʦ ʧʨʝʜʧʦʣʦʞʠʣ ʜʝʡʩʪʚʠʷ ʜʨʫʛʠʭ ʠʛʨʦʢʦʚ, ʪʦ ʦʥ ʥʝ 

ʧʦʣʫʯʘʝʪ ʟʘ ʵʪʦ ʰʪʨʘʬʘ.  

ɺ ʨʝʘʣʴʥʦʡ ʞʠʟʥʠ ʚʩʸ ʥʘʤʥʦʛʦ ʩʣʦʞʥʝʝ: ʫ ʠʛʨʦʢʘ ʤʦʞʝʪ ʙʳʪʴ ʙʝʩʢʦʥʝʯʥʦ 

ʚʦʟʨʘʩʪʘʶʱʘʷ ʬʫʥʢʮʠʷ ʧʦʣʝʟʥʦʩʪʠ, ʠ ʦʥ ʤʦʞʝʪ ʧʦʣʫʯʘʪʴ ʰʪʨʘʬʳ, ʥʝʚʝʨʥʦ ʧʨʝʜʩʢʘʟʘʚ 

ʜʝʡʩʪʚʠʷ ʩʚʦʠʭ ʩʦʧʝʨʥʠʢʦʚ. ʊʘʢʦʡ ʤʝʭʘʥʠʟʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʩʫʨʩʦʚ ʥʘʟʳʚʘʝʪʩʷ 

ʤʝʭʘʥʠʟʤʦʤ ɻʨʦʚʩʘ-ʃʝʡʜʷʨʜʘ. ɺ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʜʝʡʩʪʚʠʡ 

ʠʛʨʦʢʦʚ ʚ ʜʝʣʦʚʳʭ ʠʛʨʘʭ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʨʝʩʫʨʩʦʚ ʤʝʭʘʥʠʟʤʦʤ ɻʨʦʚʩʘ-ʃʝʡʜʷʨʜʘ ʩ 

ʧʦʤʦʱʴʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʭ ʭʦʜʦʚ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʢʣʘʩʪʝʨʘʤ.  

ɺʳʜʚʠʛʘʝʪʩʷ ʛʠʧʦʪʝʟʘ ʦ ʪʦʤ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʷʚʦʢ ʠʛʨʦʢʦʚ ʠʤʝʝʪ 

ʦʧʨʝʜʝʣʸʥʥʳʡ ʚʠʜ ʚ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʢʨʝʪʥʦʡ ʠʛʨʳ, ʢʦʥʢʨʝʪʥʳʭ ʠʛʨʦʢʦʚ ʠ ʠʭ 

ʪʘʢʪʠʢ. ʇʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʣʠʰʴ ʨʘʮʠʦʥʘʣʴʥʦʝ ʧʦʚʝʜʝʥʠʝ ʠʛʨʦʢʦʚ ʚ ʧʨʠʥʷʪʠʠ ʠʭ 

ʨʝʰʝʥʠʡ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʭʦʜʦʚ ʚ ʢʘʞʜʦʤ ʠʟ ʢʣʘʩʪʝʨʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʩʦʧʝʨʥʠʢ ʚ ʩʣʝʜʫʶʱʝʤ ʭʦʜʝ ʩʭʦʜʠʪ 

ʦʧʨʝʜʝʣʸʥʥʳʤ ʦʙʨʘʟʦʤ. 

ʂʣʘʩʪʝʨʠʟʘʮʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʧʦ ʜʘʥʥʳʤ ʥʝʟʘʚʠʩʠʤʳʭ ʤʝʞʜʫ ʜʨʫʛ ʜʨʫʛʦʤ ʠʛʨ ʩ 

ʢʦʣʠʯʝʩʪʚʦʤ ʭʦʜʦʚ ʚ ʢʘʞʜʦʡ ʠʛʨʝ ʙʦʣʝʝ ʜʝʩʷʪʠ. ʂʣʘʩʪʝʨʳ ʚʳʙʠʨʘʣʠʩʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʟʘʷʚʢʠ ʠʛʨʦʢʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʠʤ ʰʪʨʘʬʘ ʠ ʧʨʠʙʳʣʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʨʝʜʳʜʫʱʝʤʫ ʭʦʜʫ 

ʠʛʨʦʢʘ. ʐʪʨʘʬ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʦʞʠʪʝʣʴʥʳʤ, ʚ ʫʱʝʨʙ ʠʛʨʦʢʫ, ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʤ, ʚ 

ʧʨʠʙʳʣʴ ʠʛʨʦʢʫ. ʇʨʠʙʳʣʴ ʤʦʞʝʪ ʢʘʢ ʫʤʝʥʴʰʘʪʴʩʷ, ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʨʝʜʳʜʫʱʝʤʫ 

ʭʦʜʫ, ʪʘʢ ʠ ʫʚʝʣʠʯʠʚʘʪʴʩʷ. ɿʘʷʚʢʘ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ: 

¶ ʩʠʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʟʘʷʚʢʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʨʝʜʳʜʫʱʝʤʫ ʭʦʜʫ 

¶ ʫʤʝʨʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʟʘʷʚʢʠ 

¶ ʩʣʘʙʦʝ ʫʚʝʣʠʯʝʥʠʝ ʟʘʷʚʢʠ 

¶ ʩʣʘʙʦʝ ʫʤʝʥʴʰʝʥʠʝ ʟʘʷʚʢʠ 

¶ ʫʤʝʨʝʥʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʟʘʷʚʢʠ 

¶ ʩʠʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʟʘʷʚʢʠ 

ʇʦʨʦʛʦʚʳʝ ʟʥʘʯʝʥʠʷ ʩʠʣʴʥʦʛʦ ʠ ʩʣʘʙʦʛʦ ʫʚʝʣʠʯʝʥʠʷ (ʫʤʝʥʴʰʝʥʠʷ) ʟʘʷʚʢʠ ï 5% 

ʠ 30% ʧʦ ʦʪʥʦʰʝʥʠʠ ʢ ʧʨʝʜʳʜʫʱʝʤʫ ʭʦʜʫ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʚʳʷʚʣʝʥʳ ʯʝʪʳʨʝ ʠʟ ʚʦʩʴʤʠ ʢʣʘʩʪʝʨʦʚ ʩ 

ʥʘʠʙʦʣʴʰʠʤʠ ʚʝʨʦʷʪʥʦʩʪʷʤʠ ʧʦʧʘʜʘʥʠʷ ʪʫʜʘ ʭʦʜʦʚ ʠʛʨʦʢʦʚ. ɼʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 1. 
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ʊʘʙʣʠʮʘ 1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʝʡ ʧʦ ʢʣʘʩʪʝʨʘʤ ʩ ʥʘʠʙʦʣʴʰʝʡ ʚʝʨʦʷʪʥʦʩʪʴʶ 
ɿʘʷʚʢʘ ʐʪʨʘʬ ʇʨʠʙʳʣʴ ɺʝʨʦʷʪʥʦʩʪʴ 

ʉʠʣʴʥʦ ʫʤʝʥʴʰʠʣʘʩʴ ʇʦʣʦʞʠʪʝʣʴʥʳʡ ʋʚʝʣʠʯʠʣʘʩʴ 0,23 

ʉʠʣʴʥʦ ʫʤʝʥʴʰʠʣʘʩʴ ʆʪʨʠʮʘʪʝʣʴʥʳʡ ʋʚʝʣʠʯʠʣʘʩʴ 0,16 

ʉʠʣʴʥʦ ʫʤʝʥʴʰʠʣʘʩʴ ʇʦʣʦʞʠʪʝʣʴʥʳʡ ʋʤʝʥʴʰʠʣʘʩʴ 0,26 

ʉʠʣʴʥʦ ʫʤʝʥʴʰʠʣʘʩ ɹ ʆʪʨʠʮʘʪʝʣʴʥʳʡ ʋʤʝʥʴʰʠʣʘʩʴ 0,29 

  

ɽʩʣʠ ʝʱʸ ʙʦʣʝʝ ʦʙʦʙʱʠʪʴ ʨʝʟʫʣʴʪʘʪʳ, ʪʦ ʤʦʞʥʦ ʫʚʠʜʝʪʴ, ʯʪʦ ʠʛʨʦʢʠ, ʩʠʣʴʥʦ 

ʫʤʝʥʴʰʠʚʰʠʝ ʟʘʷʚʢʫ, ʧʦʣʫʯʘʪ ʧʨʠ ʵʪʦʤ ʫʚʝʣʠʯʝʥʠʝ ʧʨʠʙʳʣʠ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ 0,39 ʠʣʠ 

ʫʤʝʥʴʰʝʥʠʝ ʧʨʠʙʳʣʠ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ 0,55. ʅʘ ʯʝʪʳʨʝ ʜʨʫʛʠʭ ʠʩʭʦʜʘ ʧʦʧʘʜʘʝʪ ʤʝʥʝʝ 

6% ʜʝʡʩʪʚʠʡ ʚʩʝʭ ʠʛʨʦʢʦʚ, ʢʦʪʦʨʳʤ, ʝʩʣʠ ʥʝʦʙʭʦʜʠʤʦ, ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. 

ʇʨʦʚʝʜʸʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʟʚʦʣʠʣʦ ʚʳʷʚʠʪʴ ʥʘʠʙʦʣʝʝ ʯʘʩʪʳʝ ʭʦʜʳ ʠ ʠʭ 

ʠʩʭʦʜʳ ʚ ʠʛʨʝ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʨʝʩʫʨʩʦʚ ʧʦ ʤʝʭʘʥʠʟʤʫ ɻʨʦʚʩʘ-ʃʝʡʜʷʨʜʘ. ʊʘʢ ʢʘʢ 

ʧʨʝʜʫʛʘʜʘʪʴ ʧʦʚʝʜʝʥʠʝ ʠʛʨʦʢʦʚ ʩʣʦʞʥʦ ʧʨʝʜʩʢʘʟʫʝʤʦ, ʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ʘʥʘʣʠʟʘ ʠʛʨʳ ʤʦʛʫʪ ʥʝʤʥʦʛʦ ʩʢʘʟʘʪʴ, ʪʘʢ ʢʘʢ ʬʫʥʢʮʠʷ ʧʦʣʝʟʥʦʩʪʠ ʥʝ ʠʤʝʝʪ ʪʦʯʢʠ 

ʤʘʢʩʠʤʫʤʘ, ʪʦ ʘʥʘʣʠʟ ʧʨʦʚʝʜʸʥʥʳʭ ʠʛʨ ʧʦʢʘʟʘʣ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʭʦʜʦʚ ʠʛʨʦʢʦʚ ʚ 

ʠʛʨʝ ʧʦʜʯʠʥʷʝʪʩʷ ʦʧʨʝʜʝʣʸʥʥʦʤʫ ʟʘʢʦʥʫ. ɿʥʘʷ ʵʪʦʪ ʟʘʢʦʥ, ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʝʛʦ ʥʘ 

ʧʨʘʢʪʠʢʝ: ʧʨʠ ʘʥʘʣʠʟʝ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʨʘʟʚʠʪʠʷ ʬʠʨʤʳ ʚ ʙʫʜʫʱʠʭ ʧʝʨʠʦʜʘʭ ʤʦʞʥʦ 

ʦʮʝʥʠʚʘʪʴ, ʢʘʢʠʝ ʨʠʩʢʠ ʦʥʘ ʧʦʥʝʩʸʪ, ʧʨʠʥʷʚ ʪʦ ʠʣʠ ʠʥʦʝ ʨʝʰʝʥʠʝ. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ʂʦʨʛʠʥ ʅ. ɸ., ʂʦʨʝʧʘʥʦʚ ɺ.ʆ. ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʩʫʨʩʦʚ 

ʥʘ ʦʩʥʦʚʝ ʤʝʭʘʥʠʟʤʘ ɻʨʦʚʩʘ-ʃʝʡʜʷʨʜʘ ʧʨʠ ʪʨʘʥʩʬʝʨʘʙʝʣʴʥʦʡ ʧʦʣʝʟʥʦʩʪʠ 

[ʊʝʢʩʪ]//ʋʧʨʘʚʣʝʥʠʝ ʙʦʣʴʰʠʤʠ ʩʠʩʪʝʤʘʤʠ: ʩʙʦʨʥʠʢ ʪʨʫʜʦʚ. 2013. ˉ 46. ʉ.216-266. 
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ʋɼʂ 519 

ɸʅɸʃʀɿ ɺʃʀʗʅʀʗ ʀʉʂɸɾɽʅʀʗ ʀʅʌʆʈʄɸʎʀʀ ʆ ʃʀʏʅʆʁ 

ʕʌʌɽʂʊʀɺʅʆʉʊʀ ɸɻɽʅʊʆɺ ʅɸ ʈɸʉʇʈɽɼɽʃɽʅʀɽ ʆɻʈɸʅʀʏɽʅʅʆɻʆ 

ʈɽʉʋʈʉɸ ɺ ɼɽʃʆɺʆʁ ʀɻʈɽ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ʄɽʊʆɼɸ ʆɹʈɸʊʅʓʍ 

ʇʈʀʆʈʀʊɽʊʆɺ 

ɼʝʤʝʥʪʴʝʚʘ ɽ. ʇ., ʂʫʟʥʝʮʦʚʘ ʄ. ɸ., ʖʜʠʥʘ ʉ. ɺ., ʂʫʟʥʝʮʦʚʘ ʆ. ɸ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ʇʝʨʚʦʥʘʯʘʣʴʥʦ, ʠʟʫʯʝʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʢʘʟʘ ʩʪʫʜʝʥʪʘʤʠ 

ʠʥʩʪʠʪʫʪʘ ʵʢʦʥʦʤʠʢʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ ʚʠʜʝ ʨʝʰʝʥʠʷ ʩʪʘʪʠʯʝʩʢʦʡ ʟʘʜʘʯʠ 

ʦʜʥʦʰʘʛʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʠ ʟʘʨʘʥʝʝ ʠʟʚʝʩʪʥʦʤ ʤʝʭʘʥʠʟʤʝ. ɼʣʷ ʙʦʣʝʝ ʛʣʫʙʦʢʦʛʦ 

ʧʦʥʠʤʘʥʠʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʙʳʣʘ 

ʨʘʟʨʘʙʦʪʘʥʘ ʜʝʣʦʚʘʷ ʠʛʨʘ ʠ ʧʨʦʪʦʪʠʧ ʧʨʠʣʦʞʝʥʠʷ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʩʤʦʜʝʣʠʨʦʚʘʪʴ 

ʩʮʝʥʘʨʠʡ ʧʦʚʝʜʝʥʠʷ ʠʛʨʦʢʦʚ ʚ ʘʢʪʠʚʥʦʡ ʩʠʩʪʝʤʝ. ʎʝʣʴʶ ʠʛʨʦʢʦʚ, ʜʘʥʥʦʡ ʜʝʣʦʚʦʡ ʠʛʨʳ, 

ʷʚʣʷʝʪʩʷ ʤʘʢʩʠʤʠʟʘʮʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʧʨʠʙʳʣʠ. 

ʆʩʥʦʚʦʡ ʜʘʥʥʦʡ ʜʝʣʦʚʦʡ ʠʛʨʳ ʷʚʣʷʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʨʝʩʫʨʩʘ ʤʝʭʘʥʠʟʤʦʤ ʦʙʨʘʪʥʳʭ ʧʨʠʦʨʠʪʝʪʦʚ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ, ʜʘʥʥʳʤ ʤʝʭʘʥʠʟʤʦʤ, 

ʟʘʚʠʩʠʪ ʦʪ ʵʬʬʝʢʪʘ A i ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʘ xi, ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʷʚʢʠ 

si. 
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ʛʜʝ ʧ- ʧʨʠʙʳʣʴ, k-ʥʦʤʝʨ ʠʛʨʦʢʘ ʚ ʠʛʨʝ, R-ʟʘʧʘʩ ʨʝʩʫʨʩʘ ʮʝʥʪʨʘ, p- ʮʝʥʘ, ʩ- ʠʟʜʝʨʞʢʠ, xi - 

ʦʙʲʸʤ ʧʦʣʫʯʝʥʥʦʛʦ ʨʝʩʫʨʩʘ, si - ʟʘʷʚʢʘ ʘʛʝʥʪʘ, ɾ  ʢʦʵʬʬʠʮʠʝʥʪ, ʨʘʚʥʳʡ ʦʪʥʦʰʝʥʠʶ 

ʢʦʣʠʯʝʩʪʚʘ ʨʝʩʫʨʩʘ, ʨʘʩʧʦʣʘʛʘʝʤʦʛʦ ʮʝʥʪʨʦʤ, ʢ ʩʫʤʤʘʨʥʳʤ ʵʬʬʝʢʪʘʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʨʝʩʫʨʩʦʚ ʚʩʝʭ ʘʛʝʥʪʦʚ, Ai-ʵʬʬʝʢʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʘ xi. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʥʘʤʠ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʘ - ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʘ. ʎʝʣʴʶ ʨʘʙʦʪʳ, ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʠʩʢʘʞʝʥʠ ̫

ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʘʞʜʦʛʦ ʘʛʝʥʪʘ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʛʨʘʥʠʯʝʥʥʦʛʦ 

ʨʝʩʫʨʩʘ. 

ʅʘʤʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʥʝʩʢʦʣʴʢʦ ʜʝʣʦʚʳʭ ʠʛʨ (ʵʢʩʧʝʨʠʤʝʥʪʦʚ) ʩ ʨʘʟʥʳʤʠ 

ʛʨʫʧʧʘʤʠ ʠʛʨʦʢʦʚ. ɺ ʜʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʠʛʨʦʢʠ ʩʦʦʙʱʘʣʠ ʦʜʠʥʘʢʦʚʳʝ ʟʥʘʯʝʥʠʷ 

ʟʘʷʚʦʢ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 10 ʠʪʝʨʘʮʠʡ, ʘ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʚʦʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʠʩʢʘʞʘʣʠ ʥʘ 

ʢʘʞʜʦʤ ʰʘʛʝ, ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʝʩʫʨʩʘ ʠ ʤʘʢʩʠʤʠʟʘʮʠʠ ʩʚʦʝʡ 

ʧʨʠʙʳʣʠ.ʇʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʜʘʥʥʳʤ, ʧʦʣʫʯʝʥʥʳʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʟʘʤʝʪʥʘ 
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ʪʝʥʜʝʥʮʠʷ ʫʚʝʣʠʯʝʥʠʷ ʧʦʣʫʯʝʥʥʦʛʦ ʘʛʝʥʪʘʤʠ ʨʝʩʫʨʩʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʚʳʰʝʥʠʝʤ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʨʠ 

ʟʘʚʳʰʝʥʠʠ ʩʚʦʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʠʛʨʦʢʠ ʧʦʣʫʯʘʣʠ ʢʦʣʠʯʝʩʪʚʦ ʨʝʩʫʨʩʘ, ʥʘʠʙʦʣʝʝ 

ʧʨʠʙʣʠʞʝʥʥʦʝ ʢ ʦʧʪʠʤʘʣʴʥʦʤʫ. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ɼʝʤʝʥʪʴʝʚʘ ɽ. ʇ., ʂʫʟʥʝʮʦʚʘ ʄ. ɸ., ʂʫʟʥʝʮʦʚʘ ʆ. ɸ., ʖʜʠʥʘ ʉ. ɺ.  ɸʥʘʣʠʟ ʠ 

ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ 

ʜʦʩʪʠʞʝʥʠʷ ʩʦʛʣʘʩʦʚʘʥʠʷ ʠʥʪʝʨʝʩʦʚ ʘʛʝʥʪʦʚ ʧʨʠ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʦʛʨʘʥʠʯʝʥʥʦʛʦ 

ʨʝʩʫʨʩʘ,ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʧʨʷʤʳʭ ʧʨʠʦʨʠʪʝʪʦʚ // ʅʘʫʯʥʘʷ ʜʠʩʢʫʩʩʠʷ: ʚʦʧʨʦʩʳ 

ʵʢʦʥʦʤʠʢʠ ʠ ʫʧʨʘʚʣʝʥʠʷ. 2016. ˉ8(52). ʉ. 76-79. 
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ʇʈʆɹʃɽʄʓ ʈɸɿɺʀʊʀʗ ʀʅʌʆʈʄɸʎʀʅʅʆɻʆ ʆɹʑɽʉʊɺɸ ɺ ʈʆʉʉʀʀ 

ɽʨʤʦʣʘʝʚʘ ɽ. ɺ., ʂʦʥʦʥʦʚʘ ɽ. ʅ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ʇʦʥʷʪʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʱʝʩʪʚʘ, ʚʧʝʨʚʳʝ ʧʦʷʚʠʚʰʝʝʩʷ ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ 

20 ʚʝʢʘ, ʪʨʘʢʪʫʝʪʩʷ  ʢʘʢ  ʠʩʪʦʨʠʯʝʩʢʠʡ ʵʪʘʧ, ʦʩʥʦʚʥʦʡ ʮʝʥʥʦʩʪʴʶ ʢʦʪʦʨʦʛʦ ʚʳʩʪʫʧʘʶʪ 

ʟʥʘʥʠʷ ʠ ʠʥʬʦʨʤʘʮʠʷ.  ɽʛʦ ʦʩʥʦʚʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚ ʵʢʦʥʦʤʠʢʝ ʩʚʷʟʘʥʳ ʩ ʨʘʟʚʠʪʠʝʤ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʦʚʘʨʦʚ ʠ ʫʩʣʫʛ  ʥʘ ʙʘʟʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ 

ʢʦʤʧʴʶʪʝʨʠʟʘʮʠʠ ʚʩʝʭ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʦʪʢʨʳʚʘʶʪʩʷ ʥʦʚʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʚʳʰʝʥʠʷ  ʙʣʘʛʦʩʦʩʪʦʷʥʠʷ ʥʘʩʝʣʝʥʠʷ , ʧʨʝʞʜʝ ʚʩʝʛʦ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʨʘʟʚʠʪʠʷ ʩʬʝʨʳ ʫʩʣʫʛ, ʘ ʪʘʢʞʝ ʚ ʩʬʝʨʝ ʜʝʤʦʢʨʘʪʠʟʘʮʠʠ ʦʙʱʝʩʪʚʘ .  ʅʘʨʷʜʫ ʩ ʵʪʠʤ 

ʚʳʷʚʣʷʶʪʩʷ  ʠ ʥʝʢʦʪʦʨʳʝ ʧʨʦʙʣʝʤʳ, ʫʛʨʦʟʳ  ʚʩʝʦʙʱʝʡ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ [1]. 

ɼʣʷ ʫʩʢʦʨʝʥʠʷ ʧʨʦʮʝʩʩʘ ʘʜʘʧʪʘʮʠʠ ʈʌ ʢ ʥʦʚʳʤ ʫʩʣʦʚʠʷʤ ʠ ʪʝʥʜʝʥʮʠʷʤ  

ʤʠʨʦʚʦʛʦ ʨʘʟʚʠʪʠʷ ʚ ʩʪʨʘʥʝ  ʨʘʟʨʘʙʦʪʘʥʳ ʨʷʜ   ʜʦʣʛʦʩʨʦʯʥʳʭ ʜʦʢʫʤʝʥʪʦʚ, 

ʦʧʨʝʜʝʣʠʚʰʠʭ  ʦʨʠʝʥʪʠʨʳ ʚ ʦʙʣʘʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ  ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʱʝʩʪʚʘ ʠ 

ʧʫʪʠ ʠʭ ʜʦʩʪʠʞʝʥʠʷ [2]. 

ɻʣʘʚʥʳʤʠ ʮʝʣʷʤʠ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʩʪʫʧʘʶʪ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʈʌ 

ʚ ʤʠʨʦʚʳʭ ʨʝʡʪʠʥʛʘʭ, ʦʪʨʘʞʘʶʱʠʭ ʨʘʟʚʠʪʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʱʝʩʪʚʘ ʠ ʘʥʘʣʠʟ 

ʨʝʟʫʣʴʪʘʪʦʚ ʨʝʘʣʠʟʘʮʠʠ ʉʪʨʘʪʝʛʠʠ ʨʘʟʚʠʪʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʱʝʩʪʚʘ ʚ ʈʌ ʥʘ  

ʧʝʨʠʦʜ  2008-.2015 ʛʦʜʳ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ  ʧʦʩʪʘʚʣʝʥʥʳʭ ʮʝʣʝʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ  

ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ  ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʊʘʢ ʢʘʢ ʬʦʨʤʠʨʦʚʘʥʠʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ  ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʱʝʩʪʚʘ 

ʟʘʪʨʘʛʠʚʘʝʪ ʚʩʝ ʩʪʦʨʦʥʳ ʞʠʟʥʠ ʦʙʱʝʩʪʚʘ, ʧʨʠʥʠʤʘʣʠʩʴ ʚʦ ʚʥʠʤʘʥʠʝ  ʠʥʜʝʢʩʳ, 

ʚʳʨʘʞʘʶʱʠʝ ʩʦʩʪʦʷʥʠʝ  ʨʘʟʣʠʯʥʳʭ ʩʬʝʨ ʝʛʦ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ,  ʚʢʣʶʯʘʷ ʧʦʢʘʟʘʪʝʣʠ,  

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʀʂʊ, ʘ ʪʘʢʞʝ ʨʷʜʘ ʠʥʜʝʢʩʦʚ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ. 

ɺ ʦʙʱʝʤʠʨʦʚʦʤ ʨʝʡʪʠʥʛʝ IDI ʧʦ ʜʘʥʥʳʤ ʥʘ 2015 ʛʦʜ ʈʦʩʩʠʷ ʟʘʥʠʤʘʝʪ 45 ʤʝʩʪʦ 

(6,91), ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʫʣʫʯʰʝʥʠʠ ʧʦʢʘʟʘʪʝʣʷ 2010 ʛʦʜʘ (46 ʤʝʩʪʦ, IDI 5,57). 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʜʘʥʥʳʡ ʨʦʩʩʠʡʩʢʠʡ  ʠʥʜʝʢʩ ʧʨʝʚʳʰʘʝʪ ʩʨʝʜʥʠʡ ʛʣʦʙʘʣʴʥʳʡ, ʥʦ 

ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʩʦ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ ʚ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥʘʭ(7,41),   ʦʥ ʧʨʦʠʛʨʳʚʘʝʪ [3].  

ɺ ʧʝʨʠʦʜ ʩ 2013 ʧʦ 2015 ʛʦʜ ʢʦʣʠʯʝʩʪʚʦ ʛʨʘʞʜʘʥ ʈʌ, ʥʠʢʦʛʜʘ ʥʝ 

ʠʩʧʦʣʴʟʦʚʘʚʰʠʭ ʀʥʪʝʨʥʝʪ, ʩʦʢʨʘʪʠʣʦʩʴ ʥʘ 6,3 %, ʘ ʢʦʣʠʯʝʩʪʚʦ ʧʦʩʪʦʷʥʥʳʭ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʫʚʝʣʠʯʠʣʦʩʴ ʥʘ 6,1%.  ʇʦʣʦʞʠʪʝʣʴʥʘʷ ʪʝʥʜʝʥʮʠʷ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚ 

ʨʷʜʝ ʜʨʫʛʠʭ ʧʦʢʘʟʘʪʝʣʝʡ (ʪʘʙʣ.1) [4].  

ʅʝʩʤʦʪʨʷ ʥʘ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʜʠʥʘʤʠʢʫ ʦʪʜʝʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʥʝ ʚʩʝ 

ʩʪʨʘʪʝʛʠʯʝʩʢʠʝ ʮʝʣʠ ʙʳʣʠ ʜʦʩʪʠʛʥʫʪʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʣʠʟʘʮʠʠ ʉʪʨʘʪʝʛʠʠ (ʢ ʧʨʠʤʝʨʫ, 

ʥʝ ʫʜʘʣʦʩʴ ʦʩʫʱʝʩʪʚʠʪʴ ʧʦʧʘʜʘʥʠʝ ʈʌ ʚ 20 ʣʠʜʝʨʦʚ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʨʝʡʪʠʥʛʘʭ, 

ʦʪʨʘʞʘʶʱʠʭ ʨʘʟʚʠʪʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʱʝʩʪʚʘ; ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʙʦʣʴʰʦʝ 

ʦʪʩʪʘʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʢʦʣʠʯʝʩʪʚʘ ʜʦʤʦʭʦʟʷʡʩʪʚ, ʠʤʝʶʱʠʭ ʇʂ ʩ ʧʦʜʢʣʶʯʝʥʠʝʤ ʢ ʩʝʪʠ 

ʀʥʪʝʨʥʝʪ ʦʪ ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʭ 75%). ɺʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʬʘʢʪʳ ʥʝ ʧʦʟʚʦʣʷʶʪ 

ʛʦʚʦʨʠʪʴ ʦ ʧʦʣʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʫʩʪʘʥʦʚʦʢ ʉʪʨʘʪʝʛʠʠ 2008-2015 

ʂʨʦʤʝ ʪʦʛʦ, ʛʦʚʦʨʠʪʴ ʦ ʩʫʱʝʩʪʚʝʥʥʦʤ ʫʣʫʯʰʝʥʠʠ ʨʦʩʩʠʡʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʘʥʘʣʦʛʠʯʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʩʦʩʪʦʷʥʠʷ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ ʚ 

ʩʠʣʫ ʦʪʩʫʪʩʪʚʠʷ ʣʦʛʠʯʝʩʢʠ ʧʨʦʨʘʙʦʪʘʥʥʦʡ ʶʨʠʜʠʯʝʩʢʦʡ ʙʘʟʳ, ʨʝʛʫʣʠʨʫʶʱʝʡ 

ʦʪʥʦʰʝʥʠʷ ʚ ʀʥʪʝʨʥʝʪʝ; ʦʪʩʪʘʚʘʥʠʷ ʧʦ ʨʷʜʫ ʠʥʜʝʢʩʦʚ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ 

ʨʘʟʚʠʪʠʷ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʝʜʣʝʥʥʳʤ ʪʝʤʧʘʤ ʨʦʩʪʘ ʧʦʢʘʟʘʪʝʣʝʡ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ ʠ ʪ.ʜ. 
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ʊʘʙʣʠʮʘ 1. ʀʥʜʝʢʩʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʚ ʈʦʩʩʠʠ ʥʘ 2010 ʠ 2014 ʛʦʜʳ 

ʇʦ ʜʘʥʥʳʤ 2016 ʛʦʜʘ ʚ ʨʝʡʪʠʥʛʝ ʩʪʨʘʥ ʧʦ ʀʏʈ ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ ʟʘʥʠʤʘʝʪ 

49 ʤʝʩʪʦ, ʯʪʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʈʦʩʩʠʶ ʢʘʢ ʩʪʨʘʥʫ ʩ  ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʤ ʠʥʜʝʢʩʦʤ 

ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʠ ʛʦʚʦʨʠʪ ʦʙ ʫʣʫʯʰʝʥʠʠ ʧʦʟʠʮʠʡ 2010 ʛʦʜʘ ʥʘ 16 ʧʫʥʢʪʦʚ [5]. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʚ 2010 ʚ ʨʝʡʪʠʥʛʝ ʩʪʨʘʥ ʧʦ ʫʨʦʚʥʶ ʞʠʟʥʠ ʈʌ ʟʘʥʠʤʘʣʘ 63 ʤʝʩʪʦ, ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʈʦʩʩʠʷ ʥʘʭʦʜʠʪʩʷ ʥʘ 95 ʩʪʨʦʢʝ,  ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʩʫʱʝʩʪʚʝʥʥʦʤ 

ʩʥʠʞʝʥʠʠ ʜʘʥʥʦʛʦ ʠʥʜʝʢʩʘ .ʅʘʠʣʫʯʰʠʤ ʧʦʢʘʟʘʪʝʣʝʤ ʚʳʩʪʫʧʘʝʪ ʆʙʨʘʟʦʚʘʥʠʝ (25 

ʤʝʩʪʦ), ʥʘʠʭʫʜʰʠʤ (141 ʤʝʩʪʦ) ï ʉʪʝʧʝʥʴ ʣʠʯʥʦʡ ʩʚʦʙʦʜʳ) [6]. 

ʉʪʨʘʪʝʛʠʷ ʨʘʟʚʠʪʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʱʝʩʪʚʘ 2017-2030 ʥʘʧʨʘʚʣʝʥʘ ʥʘ 

ʫʩʪʨʘʥʝʥʠʝ ʚʳʰʝʫʧʦʤʷʥʫʪʳʭ ʧʨʦʙʣʝʤ. ɽʝ ʦʩʥʦʚʥʦʡ  ʮʝʣʴʶ ʦʩʪʘʝʪʩʷ ʫʣʫʯʰʝʥʠʝ 

ʧʦʢʘʟʘʪʝʣʝʡ  ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʠ ʜʨʫʛʠʭ ʩʬʝʨ ʞʠʟʥʠ ʥʘʩʝʣʝʥʠʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʪʨʘʛʠʚʘʶʪ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʫʶ ʧʨʠ ʪʝʢʫʱʠʭ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʘʭ ʧʨʦʙʣʝʤʫ ʚʳʷʚʣʝʥʠʷ ʫʨʦʚʥʷ ʨʘʟʚʠʪʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʱʝʩʪʚʘ ʚ 

ʈʦʩʩʠʠ, ʪʘʢ ʢʘʢ ʠʤʝʥʥʦ ʫʩʧʝʰʥʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʦʙʱʝʩʪʚʘ ʟʥʘʥʠʡ ʚʳʩʪʫʧʘʝʪ ʥʘ 

ʜʘʥʥʦʤ ʵʪʘʧʝ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʤʦʱʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʦʙʱʝʩʪʚʝʥʥʦʛʦ  ʨʘʟʚʠʪʠʷ.  
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ʇʦʢʘʟʘʪʝʣʴ ʈʦʩʩʠʷ, 2010 ʈʦʩʩʠʷ, 2014 

ʇʨʦʮʝʥʪ ʜʦʤʦʭʦʟʷʡʩʪʚ, 

ʠʤʝʶʱʠʭ ʇʂ 

54,5 74,8 

ʇʨʦʮʝʥʪ ʜʦʤʦʭʦʟʷʡʩʪʚ, 

ʠʤʝʶʱʠʭ ʧʦʜʢʣʶʯʝʥʠʝ ʢ 

ʀʥʪʝʨʥʝʪʫ 

48,4 73,3 

ʇʨʦʮʝʥʪ ʦʨʛʘʥʠʟʘʮʠʡ, 

ʠʩʧʦʣʴʟʫʶʱʠʭ ʇʂ 

91,1 93,8 

ʇʨʦʮʝʥʪ ʦʨʛʘʥʠʟʘʮʠʡ, 

ʠʤʝʶʱʠʭ ʚʝʙ-ʩʘʡʪ 

14,8 40,3 

ɿʘʪʨʘʪʳ ʦʨʛʘʥʠʟʘʮʠʡ ʥʘ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠ 

ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʚ ʤʣʥ. ʨʫʙ. 

215301,6 1174912,9 

 

http://www.consultant.ru/document/cons_doc_LAW_92004/
http://minsvyaz.ru/ru/activity/programs/1/
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ʋɼʂ 338.012 

ʇʆɺʓʐɽʅʀɽ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʌʋʅʂʎʀʆʅʀʈʆɺɸʅʀʗ 

ɸʕʈʆʂʆʉʄʀʏɽʉʂʆɻʆ ʂʃɸʉʊɽʈɸ ʉɸʄɸʈʉʂʆʁ ʆɹʃɸʉʊʀ 

ɽʨʤʦʣʘʝʚʘ ɽ. ɺ., ʊʶʢʘʚʢʠʥ ʅ. ʄ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ʊʝʨʨʠʪʦʨʠʘʣʴʥʳʡ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʡ ʢʣʘʩʪʝʨ ʉʘʤʘʨʩʢʦʡ ʦʙʣʘʩʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʝ ʦʙʲʝʜʠʥʝʥʠʝ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤʠ ʦʨʛʘʥʠʟʘʮʠʡ, 

ʩʦʚʤʝʩʪʥʦ ʨʝʘʣʠʟʫʶʱʠʭ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʚ ʨʘʤʢʘʭ ʥʝʩʢʦʣʴʢʠʭ 

ʥʘʧʨʘʚʣʝʥʠʡ: ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʘʚʠʘ- ʠ ʜʚʠʛʘʪʝʣʝʩʪʨʦʝʥʠʝ ʠ ʪ.ʜ.  

ɼʘʥʥʘʷ ʠʥʪʝʛʨʘʮʠʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʝʩʢʦʣʴʢʦ ʫʨʦʚʥʝʡ, ʩʨʝʜʠ 

ʢʦʪʦʨʳʭ: 

-ʷʜʨʦ ʢʣʘʩʪʝʨʘ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʣʝʜʫʶʱʠʤʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ 

ʧʨʝʜʧʨʠʷʪʠʷʤʠ: ɸʆ ʈʂʎ çʇʨʦʛʨʝʩʩè, ʇɸʆ çʂʫʟʥʝʮʦʚè, ʆɸʆ çɸʚʠʘʢʦʨ ï ʘʚʠʘʮʠʦʥʥʳʡ 

ʟʘʚʦʜè, ʆɸʆ çɸʚʠʘʘʛʨʝʛʘʪè, ʆɸʆ çɸʛʨʝʛʘʪè, ʆɸʆ çʄʝʪʘʣʣʠʩʪ-ʉʘʤʘʨʘè, ʆɸʆ 

çʉʘʣʶʪè; 

-ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʙʘʟʘ (ʚʳʩʰʠʝ ʫʯʝʙʥʳʝ ʟʘʚʝʜʝʥʠʷ ʠ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʠʥʩʪʠʪʫʪʳ);  

- ʧʨʦʝʢʪʥʳʝ ʠ ʬʠʥʘʥʩʦʚʦ-ʢʨʝʜʠʪʥʳʝ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʪ.ʜ. 

ʆʨʛʘʥʠʟʘʮʠʝʡ-ʢʦʦʨʜʠʥʘʪʦʨʦʤ ʢʣʘʩʪʝʨʘ ʷʚʣʷʝʪʩʷ çʎʝʥʪʨ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ 

ʨʘʟʚʠʪʠʷ ʠ ʢʣʘʩʪʝʨʥʳʭ ʠʥʠʮʠʘʪʠʚè ʉʘʤʘʨʩʢʦʡ ʦʙʣʘʩʪʠ [1].  

ɸʵʨʦʢʦʩʤʠʯʝʩʢʠʡ ʢʣʘʩʪʝʨ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʢʦʥʢʫʨʝʥʪʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ (ʚ ʩʠʣʫ 

ʨʝʘʣʠʟʘʮʠʠ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦ ʧʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ), ʯʪʦ ʜʝʣʘʝʪ 

ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʠ ʚʳʛʦʜʥʳʤ ʜʘʣʴʥʝʡʰʝʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ, ʚʭʦʜʷʱʠʭ ʚ ʝʛʦ ʩʦʩʪʘʚ, ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ  

ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʣʘʩʪʝʨʘ. 

ʉʦʛʣʘʩʥʦ ʤʥʝʥʠʶ ʨʷʜʘ ʘʚʪʦʨʦʚ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʣʘʩʪʝʨʘ ʥʝ 

ʤʦʞʝʪ ʦʮʝʥʠʚʘʪʴʩʷ ʢʘʢ ʩʫʤʤʳ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʡ, ʚʭʦʜʷʱʠʭ ʚ 

ʝʛʦ ʩʦʩʪʘʚ, ʪ.ʢ. ʢʣʘʩʪʝʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʥʪʝʛʨʘʣʴʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʣʘʩʪʝʨʥʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʝʥʠʝ ʧʦʜʭʦʜʘ, ʙʘʟʠʨʫʶʱʝʛʦʩʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʤʝʪʦʜʠʢʠ, ʫʯʠʪʳʚʘʶʱʝʡ ʦʙʱʠʝ ʧʦʢʘʟʘʪʝʣʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʣʘʩʪʝʨʘ [2, 

ʉ.109]. 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʜʝʷʪʝʣʴʥʦʩʪʴ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʛʦ ʢʣʘʩʪʝʨʘ, ʵʢʩʧʝʨʪʘʤʠ ʙʳʣ 

ʚʳʜʝʣʝʥ ʨʷʜ ʧʨʦʙʣʝʤ, ʬʦʨʤʠʨʫʶʱʠʭ ʚʳʩʦʢʫʶ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʧʨʦʜʫʢʮʠʠ ʠ  

ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʝʝ ʢʘʯʝʩʪʚʘ ʤʠʨʦʚʳʤ ʩʪʘʥʜʘʨʪʘʤ: 

- ʫʩʪʘʨʝʚʘʥʠʝ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʝʪʦʜʦʚ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʠ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ; 

-ʥʝʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ ʧʨʠ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ 

ʟʘʥʷʪʳʭ ʚʩʣʝʜʩʪʚʠʝ ʥʝʭʚʘʪʢʠ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʜʨʦʚ ʨʘʙʦʯʠʭ 

ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ; 

-ʥʘʣʠʯʠʝ ʥʝʚʦʩʪʨʝʙʦʚʘʥʥʳʭ  ʧʣʦʱʘʜʝʡ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

-ʜʠʩʧʨʦʧʦʨʮʠʠ ʚ ʩʫʙʩʠʜʠʨʦʚʘʥʠʠ ʠ ʜʦʭʦʜʥʦʩʪʠ ʦʙʣʘʩʪʠ ʅʀʆʂʈ; 

-ʧʨʠʦʙʨʝʪʝʥʠʝ ʢʦʤʧʣʝʢʪʫʶʱʠʭ, ʧʨʦʠʟʚʝʜʝʥʥʳʭ ʤʝʩʪʥʳʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ, ʧʦ 

ʟʘʚʳʰʝʥʥʦʡ ʩʪʦʠʤʦʩʪʠ ʠ ʪ.ʜ. [3, ʉ.20-29]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʣʠʜʠʨʫʶʱʠʝ ʧʦʟʠʮʠʠ ʩʨʝʜʠ ʚʝʜʫʱʠʭ ʨʦʩʩʠʡʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ 

ʦʙʨʘʟʦʚʘʥʠʡ ʧʦ ʧʦʢʘʟʘʪʝʣʶ ʩʦʚʦʢʫʧʥʦʡ ʚʳʨʫʯʢʠ, ʧʨʝʚʳʰʘʶʱʝʤʫ ʩʨʝʜʥʠʡ ʚ 1,02 ʨʘʟʘ, 

ʥʘʙʣʶʜʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʝ ʦʪʩʪʘʚʘʥʠʝ ʦʪ ʧʦʢʘʟʘʪʝʣʝʡ ʚʳʨʘʙʦʪʢʠ ʘʵʨʦʢʣʘʩʪʝʨʦʚ, 

ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʭ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ ʇʝʨʤʩʢʦʛʦ ʠ ʍʘʙʘʨʦʚʩʢʦʛʦ ʢʨʘʝʚ, ʋʣʴʷʥʦʚʩʢʦʡ 



ʉʝʢʮʠʷ 13. ʕʢʦʥʦʤʠʢʘ ʠ ʫʧʨʘʚʣʝʥʠʝ ʩʣʦʞʥʳʤʠ ʩʠʩʪʝʤʘʤʠ 

219 

ʦʙʣʘʩʪʠ (ʚ 1,37 ʨʘʟ ʥʠʞʝ ʩʨʝʜʥʝʛʦ). ʂʨʦʤʝ ʪʦʛʦ, ʠʥʜʝʢʩʳ ʢʣʘʩʪʝʨʦʚ ʩʪʨʘʥ-ʢʦʥʢʫʨʝʥʪʦʚ 

ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʧʨʝʚʦʩʭʦʜʷʪ ʘʥʘʣʦʛʠʯʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʛʦ ʢʣʘʩʪʝʨʘ 

(ʚʳʨʘʙʦʪʢʘ ʛʝʨʤʘʥʩʢʦʛʦ ASIS ʚʳʰʝ ʧʨʠʤʝʨʥʦ ʚ 4,8 ʨʘʟ; ʚʳʨʫʯʢʘ ʢʣʘʩʪʝʨʘ bavARIa 

ʧʨʝʚʳʰʘʝʪ ʘʥʘʣʦʛʠʯʥʳʡ ʠʥʜʝʢʩ ʩʦʩʪʦʷʥʠʷ ʢʣʘʩʪʝʨʘ ʉʘʤʘʨʩʢʦʡ ʦʙʣʘʩʪʠ ʥʘ 246,2 ʤʣʨʜ. 

ʨʫʙ.) [3, ʉ.39-40]. 

ʋʩʪʨʘʥʝʥʠʶ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦʙʣʝʤ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʘʟʨʘʙʦʪʢʘ 

ʩʪʨʘʪʝʛʠʠ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʥʘ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ.  ɼʘʥʥʘʷ 

ʩʪʨʘʪʝʛʠʷ ʤʦʞʝʪ ʦʩʥʦʚʳʚʘʪʴʩʷ ʥʘ ʩʣʝʜʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʘʭ: 

1) ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ, ʚʢʣʶʯʘʷ ʚʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤ MES, APS, 

ERP, MRP. 

2) ʇʦʠʩʢ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʨʘʙʦʪʦʢ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʙʘʟʳ. 

3) ʉʦʟʜʘʥʠʝ ʧʨʦʯʥʦʡ ʩʝʪʠ ʚʟʘʠʤʦʚʳʛʦʜʥʳʭ ʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʤʘʣʳʤ ʠ ʢʨʫʧʥʳʤ 

ʙʠʟʥʝʩʦʤ ʚ ʦʪʨʘʩʣʠ. 

4) ʇʨʦʚʝʜʝʥʠʝ ʤʝʨʦʧʨʠʷʪʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʚʳʰʝʥʠʝ ʢʚʘʣʠʬʠʢʘʮʠʠ 

ʨʘʙʦʪʥʠʢʦʚ ʫʯʘʩʪʥʠʢʦʚ-ʦʨʛʘʥʠʟʘʮʠʡ ʢʣʘʩʪʝʨʘ ʠ ʧʦʩʣʝʜʫʶʱʘʷ ʦʧʪʠʤʠʟʘʮʠʷ ʢʦʣʠʯʝʩʪʚʘ 

ʪʨʫʜʷʱʠʭʩʷ. 

ʆʩʥʦʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʚʳʷʚʣʝʥʠʝ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʣʘʩʪʝʨʥʦʛʦ ʦʙʲʝʜʠʥʝʥʠʷ (ʚ 

ʪʦʤ ʯʠʩʣʝ ʟʘ ʩʯʝʪ ʚʥʝʜʨʝʥʠʷ ʧʝʨʝʜʦʚʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ) ʩ ʮʝʣʴʶ 

ʫʣʫʯʰʝʥʠʷ ʦʩʥʦʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʣʘʩʪʝʨʘ.  

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ: 

1. ʎʝʥʪʨ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʠ ʢʣʘʩʪʝʨʥʳʭ ʠʥʠʮʠʘʪʠʚ ʉʘʤʘʨʩʢʦʡ ʦʙʣʘʩʪʠ/ 

ʀʥʥʦʚʘʮʠʦʥʥʳʡ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʡ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʡ ʢʣʘʩʪʝʨ/ URL: 

http://www.cik63.ru/uslugi-centra/o-centre//aerospace-cluster/ 

2. ʊʶʢʘʚʢʠʥ ʅ. ʄ. ʄʝʪʦʜʳ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʣʘʩʪʝʨʦʚ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ // ʆʩʥʦʚʳ ʕʋʇ. 2013. ˉ3 (9). ʉ.109-113/  URL: 

http://cyberleninka.ru/article/n/metody-otsenki-effektivnosti-funktsionirovaniya-klasterov-v-

promyshlennosti 

3. ʈʦʩʩʠʡʩʢʘʷ ʢʣʘʩʪʝʨʥʘʷ ʦʙʩʝʨʚʘʪʦʨʠʷ/ ʂʣʘʩʪʝʨʳ/ ʉʪʨʘʪʝʛʠʷ ʨʘʟʚʠʪʠʷ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ 

ʢʣʘʩʪʝʨʘ ʀʥʥʦʚʘʮʠʦʥʥʳʡ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʡ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʡ ʢʣʘʩʪʝʨ ʉʘʤʘʨʩʢʦʡ 

ʦʙʣʘʩʪʠ/ URL: http://cluster.hse.ru/clusters/76/  
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ʋɼʂ 338.2 

ʇʆɼʍʆɼʓ ʂ ʇʆɺʓʐɽʅʀʖ ʂʆʅʂʋʈɽʅʊʆʉʇʆʉʆɹʅʆʉʊʀ 

ʇʈɽɼʇʈʀʗʊʀʁ ʈɸʂɽʊʅʆ-ʂʆʉʄʀʏɽʉʂʆʁ ʇʈʆʄʓʐʃɽʅʅʆʉʊʀ ʈʆʉʉʀʀ 

ɾʘʥʠʙʝʢʦʚ ʂ. ʖ., ʆʩʪʨʦʚʩʢʘʷ ɸ. ɸ. 

ʈʦʩʩʠʡʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʜʨʫʞʙʳ ʥʘʨʦʜʦʚ, ʛ. ʄʦʩʢʚʘ 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʬʠʥʘʥʩʦʚʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʨʦʩʩʠʡʩʢʦʡ 

ʵʢʦʥʦʤʠʢʠ ʥʘ ʬʦʥʝ ʩʦʢʨʘʱʝʥʠʷ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʌʝʜʝʨʘʣʴʥʦʡ ʢʦʩʤʠʯʝʩʢʦʡ ʧʨʦʛʨʘʤʤʳ 

ʥʘ 2016-2025 ʛʦʜʳ ʩ ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʭ ʠʟʥʘʯʘʣʴʥʦ 2,85 ʪʨʣʥ ʨʫʙʣʝʡ ʜʦ 1,4 ʪʨʣʥ ʨʫʙʣʝʡ 

ʠ ʫʞʝʩʪʦʯʝʥʠʷ ʢʦʥʢʫʨʝʥʮʠʠ ʥʘ ʤʠʨʦʚʳʭ ʨʳʥʢʘʭ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʡ ʧʨʦʜʫʢʮʠʠ ʠ 

ʫʩʣʫʛ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʦʜʫʢʮʠʠ ʠ ʫʩʣʫʛ ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, 

ʪʨʝʙʫʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʨ ʧʦ ʧʦʚʳʰʝʥʠʶ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʦʜʫʢʮʠʠ ʠ ʚ ʮʝʣʦʤ 

ʧʨʝʜʧʨʠʷʪʠʡ ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʈʦʩʩʠʠ [1,2]. 

ʅʘʨʷʜʫ ʩ ʵʪʠʤ, ʪʨʝʙʫʝʪʩʷ ʫʯʸʪ ʩʣʝʜʫʶʱʠʭ ʧʨʦʙʣʝʤ, ʩ ʢʦʪʦʨʳʤʠ ʧʨʝʜʧʨʠʷʪʠʷ 

ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ ʈʦʩʩʠʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ: 

¶ ʅʝʭʚʘʪʢʘ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʜʨʦʚ ʚʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʚ 1990-ʝ 

ʛʦʜʳ ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʘʷ ʦʪʨʘʩʣʴ ʧʦʥʝʩʣʘ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʝ ʢʘʜʨʦʚʳʝ ʧʦʪʝʨʠ 

ʩʧʝʮʠʘʣʠʩʪʦʚ; 

¶ ʇʨʦʙʣʝʤʘ ʥʝʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʬʠʥʘʥʩʦʚʳʭ 

ʨʝʩʫʨʩʦʚ, ʯʪʦ ʷʚʣʷʝʪʩʷ, ʧʦ ʩʫʪʠ, ʦʪʨʘʞʝʥʠʝʤ ʚʳʰʝʫʢʘʟʘʥʥʦʡ ʧʨʦʙʣʝʤʳ: ʠʟʤʝʥʷʶʪʩʷ 

ʧʦʜʭʦʜʳ ʢ ʚʝʜʝʥʠʶ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʧʦʷʚʣʷʶʪʩʷ ʥʦʚʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʠ 

ʤʝʭʘʥʠʟʤʳ ʫʧʨʘʚʣʝʥʠʷ; 

¶ ʉʦʭʨʘʥʷʶʱʘʷʩʷ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʦʣʝʡ çʟʘʢʘʟʯʠʢ-

ʧʦʜʨʷʜʯʠʢè ʚ ʩʠʩʪʝʤʝ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʥʘʮʠʦʥʘʣʴʥʦʡ ʢʦʩʤʠʯʝʩʢʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ;  

¶ ʆʪʩʫʪʩʪʚʠʝ ʢʨʫʧʥʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʙʠʟʥʝʩʘ ʚ ʩʬʝʨʝ ʩʦʟʜʘʥʠʷ 

ʠ ʮʝʣʝʚʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʦʩʤʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ;  

¶ ʆʪʩʫʪʩʪʚʠʝ ʧʦʣʥʦʮʝʥʥʳʭ ʦʧʝʨʘʪʦʨʦʚ ʢʦʩʤʠʯʝʩʢʠʭ ʫʩʣʫʛ, ʦʢʘʟʳʚʘʶʱʠʭ 

ʫʩʣʫʛʠ ʧʦʪʨʝʙʠʪʝʣʷʤ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʳʥʢʘʭ, ʧʨʝʞʜʝ ʚʩʝʛʦ ï ʚ ʦʙʣʘʩʪʠ ɼɿɿ; 

¶ ʇʨʦʜʦʣʞʘʶʱʘʷʩʷ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ ʚ ʯʘʩʪʠ ʦʪʨʘʩʣʝʚʦʡ ʢʦʥʢʫʨʝʥʮʠʠ ʠ 

ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ ʠ ʧʨʦʝʢʪʥʳʭ ʰʢʦʣ;  

¶ ʆʪʩʫʪʩʪʚʠʝ ʜʠʚʝʨʩʠʬʠʢʘʮʠʠ ʠ ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʩʦ ʩʤʝʞʥʳʤʠ 

ʦʪʨʘʩʣʷʤʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ;  

¶ ʆʪʩʪʘʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʦʱʥʦʩʪʝʡ, ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʬʦʥʜʦʦʪʜʘʯʠ ʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʦʛʦ 

ʪʨʘʥʩʬʝʨʘ ʢʦʤʧʣʝʢʩʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠʟ-ʟʘ ʨʫʙʝʞʘ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʨʝʰʝʥʠʷ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʧʨʦʙʣʝʤ, ʦʙʝʩʧʝʯʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʫʧʨʘʚʣʝʥʠʷ ʠʭ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴʶ 

ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʚʘʪʴ ʫʩʣʦʚʠʷ ʥʘ ʚʩʝʭ ʫʨʦʚʥʷʭ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ [3]:  

- ʥʘ ʫʨʦʚʥʝ ʛʦʩʫʜʘʨʩʪʚʘ ʢʦʤʧʣʝʢʩʥʦ, ʪ.ʝ. ʧʨʠʥʠʤʘʪʴ ʤʝʨʳ ʧʦ ʨʝʰʝʥʠʶ ʧʨʦʙʣʝʤ 
ʨʘʟʚʠʪʠʷ ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ (ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ), ʘ ʠʤʝʥʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʭʘʥʠʟʤʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʩʪʠʤʫʣʠʨʫʶʱʠʝ ʨʘʟʚʠʪʠʝ 

ʜʠʚʝʨʩʠʬʠʢʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʈʂʇ ʧʫʪʸʤ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ: ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ð ʯʘʩʪʥʦʤʫ 

ʙʠʟʥʝʩʫ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʟʘʥʠʤʘʪʴʩʷ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ; ʩ 

ʜʨʫʛʦʡ ð ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʧʨʝʜʧʨʠʷʪʠʷʤ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʚʳʭʦʜʠʪʴ ʥʘ ʨʳʥʢʠ 

ʛʨʘʞʜʘʥʩʢʦʡ ʧʨʦʜʫʢʮʠʠ ʩ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʡ ʧʨʦʜʫʢʮʠʝʡ ʤʘʩʩʦʚʦʛʦ ʩʧʨʦʩʘ;   

- ʥʘ ʫʨʦʚʥʝ ʦʪʨʘʩʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʚʝʜʴ ʥʝʦʙʭʦʜʠʤʘ ʧʦʜʜʝʨʞʢʘ ʩʦ ʩʪʦʨʦʥʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʠʥʠʩʪʝʨʩʪʚ ʠ ʚʝʜʦʤʩʪʚ, ʘ ʠʤʝʥʥʦ ï ʩʦ ʩʪʦʨʦʥʳ ɻʂ ʈʦʩʢʦʩʤʦʩ; 
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- ʥʘ ʫʨʦʚʥʝ ʜʠʚʝʨʩʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʦʤʧʘʥʠʡ: ʜʦʣʞʥʳ ʧʨʠʤʝʥʷʪʴʩʷ ʩʦʚʨʝʤʝʥʥʳʝ 

ʤʝʭʘʥʠʟʤʳ ʫʧʨʘʚʣʝʥʠʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴʶ ʦʨʛʘʥʠʟʘʮʠʝʡ  ʠ ʧʨʦʯʝʝ.    

ʄʝʨʳ, ʧʨʠʥʠʤʘʝʤʳʝ ʥʘ ʫʨʦʚʥʝ ʢʦʤʧʘʥʠʡ,  ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʧʦʚʳʰʝʥʠʝ ʠʭ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ [4]: 

1) ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʢʘʜʨʦʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ; 

2) ʤʦʜʝʨʥʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ:  

¶ ʦʙʥʦʚʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʬʦʥʜʦʚ, ʟʘʢʫʧʢʘ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ;  

¶ ʨʘʟʨʘʙʦʪʢʘ ʠ ʧʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʜʚʦʡʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ; 

¶ ʨʘʟʨʘʙʦʪʢʘ ʠ/ʠʣʠ ʟʘʢʫʧʢʘ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʠʭ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʚʥʝʜʨʝʥʠʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ: 

ʩʥʠʟʠʪʴ ʤʘʪʝʨʠʘʣʦʸʤʢʦʩʪʴ, ʵʥʝʨʛʦʸʤʢʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʯʪʦ ʜʘʩʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʥʠʟʠʪʴ 

ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʠ ʮʝʥʫ ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʥʘʨʘʩʪʠʪʴ ʢʘʢ ʮʝʥʦʚʳʝ, 

ʪʘʢ ʠ ʥʝʮʝʥʦʚʳʝ ʢʦʥʢʫʨʝʥʪʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ.  

3) ʧʨʠʚʣʝʯʝʥʠʝ ʬʠʥʘʥʩʦʚʳʭ ʩʨʝʜʩʪʚ ʠʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 

¶ ʨʘʟʚʠʪʠʝ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʠ ʧʨʠʚʣʝʯʝʥʠʝ ʠʥʚʝʩʪʠʮʠʡ ʦʪ 

ʟʘʨʫʙʝʞʥʳʭ ʠʥʚʝʩʪʦʨʦʚ; 

¶ ʨʘʟʚʠʪʠʝ ʧʨʦʝʢʪʦʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦ-ʯʘʩʪʥʦʛʦ ʧʘʨʪʥʝʨʩʪʚʘ; 

¶ ʩʜʘʯʘ ʥʝʠʩʧʦʣʴʟʫʝʤʳʭ ʧʣʦʱʘʜʝʡ ʚ ʘʨʝʥʜʫ; 

¶ ʩʜʘʯʘ ʚ ʣʠʟʠʥʛ ʠʣʠ ʧʨʦʜʘʞʘ ʥʝʠʩʧʦʣʴʟʫʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

¶ ʜʠʚʝʨʩʠʬʠʢʘʮʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʚʳʭʦʜ ʥʘ ʥʦʚʳʝ ʨʳʥʢʠ ʩʙʳʪʘ ʠ ʪʘʢ ʜʘʣʝʝ. 

¶ ʩʦʟʜʘʥʠʝ ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴʶ, 

ʚʢʣʶʯʘʶʱʝʡ ʧʦʜʩʠʩʪʝʤʳ: ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʦʤ; ʫʧʨʘʚʣʝʥʠʷ ʦʧʝʨʘʪʠʚʥʦ-

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ ʧʣʘʥʠʨʦʚʘʥʠʝʤ; ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ; ʫʧʨʘʚʣʝʥʠʷ ʦʩʥʦʚʥʳʤʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ ʬʦʥʜʘʤʠ; ʫʧʨʘʚʣʝʥʠʷ ʤʘʪʝʨʠʘʣʴʥʳʤʠ ʨʝʩʫʨʩʘʤʠ; ʫʧʨʘʚʣʝʥʠʷ 

ʤʘʨʢʝʪʠʥʛʦʤ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝʤ. 

4) ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʢʦʤʧʘʥʠʠ ʜʦʣʞʥʘ ʙʳʪʴ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʘ (ʦʩʦʙʝʥʥʦ 

ʵʪʦ ʢʘʩʘʝʪʩʷ ʜʠʚʝʨʩʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʦʤʧʘʥʠʡ). 

ʉʦʟʜʘʥʠʝ ʢʦʤʧʣʝʢʩʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴʶ ʠ 

ʨʝʘʣʠʟʘʮʠʠ ʤʝʨ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴʶ ʧʨʝʜʧʨʠʷʪʠʡ ʈʂʇ ʜʘʩʪ 

ʚʦʟʤʦʞʥʦʩʪʴ  ʧʨʝʫʤʥʦʞʠʪʴ ʥʘʢʦʧʣʝʥʥʳʡ ʟʘ ʩʦʚʝʪʩʢʠʡ ʧʝʨʠʦʜ ʨʘʟʚʠʪʠʷ ʢʦʩʤʦʥʘʚʪʠʢʠ 

ʧʦʪʝʥʮʠʘʣ, ʜʦʩʪʠʯʴ ʧʦʩʪʘʚʣʝʥʥʳʝ ɻʂ ʈʦʩʢʦʩʤʦʩ ʮʝʣʠ ʠ ʚʳʡʪʠ ʥʘ ʧʝʨʝʜʦʚʳʝ ʧʦʟʠʮʠʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ˉ 16-22-01010. ʊʨʘʥʩʬʝʨ 

ʪʝʭʥʦʣʦʛʠʡ ʚ ɽɸʕʉ ʚ ʢʦʥʪʝʢʩʪʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʦʩʪʘ  

ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʪʠʧʘ ʚ ɹʝʣʘʨʫʩʠ ʠ ʈʦʩʩʠʠè. 
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4. ʌʠʣʠʧʧʦʚ ʇ.ɻ. ʠ ʜʨ. ʇʦʜʭʦʜʳ ʢ ʫʧʨʘʚʣʝʥʠʶ ʜʠʚʝʨʩʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʢʦʤʧʘʥʠʷʤʠ ʥʘ 

ʦʩʥʦʚʝ ʧʨʠʤʝʥʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʤʝʭʘʥʠʟʤʦʚ ʫʧʨʘʚʣʝʥʠʷ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴʶ // ʇʨʦʙʣʝʤʳ ʵʢʦʥʦʤʠʢʠ ʠ ʶʨʠʜʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʠ. 2015. ˉ 1. 

ʉ. 171-175. 
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ʋɼʂ 338.2 

ʀʅʅʆɺɸʎʀʆʅʅʓʁ ʇʆʊɽʅʎʀɸʃ ɸʕʈʆʂʆʉʄʀʏɽʉʂʆɻʆ ʂʃɸʉʊɽʈɸ 

ʉɸʄɸʈʉʂʆʁ ʆɹʃɸʉʊʀ 

ʂʘʣʫʛʠʥʘ ɸ. ɸ., ʊʶʢʘʚʢʠʥ ʅ. ʄ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ʎʝʣʴʶ ʥʘʫʯʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʩʩʤʦʪʨʝʥʠʝ ʥʘʠʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʨʝʰʝʥʠʡ ʜʣʷ ɸʵʨʦʢʦʩʤʠʯʝʩʢʦʛʦ ʢʣʘʩʪʝʨʘ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚʧʦʣʥʝ ʧʦʜʦʡʜʫʪ ʜʣʷ ʨʘʩʩʤʦʪʨʝʥʠʷ ʠ ʧʨʠʤʝʥʝʥʠʷ ʚ ʫʧʨʘʚʣʝʥʠʠ ɸʂʂ ʉʆ. 

ɸʵʨʦʢʦʩʤʠʯʝʩʢʠʡ ʢʣʘʩʪʝʨ ʉʘʤʘʨʩʢʦʡ ʦʙʣʘʩʪʠ ï ʵʪʦ ʤʦʱʥʘʷ ʩʠʩʪʝʤʘ, 

ʙʘʟʠʨʫʶʱʘʷʩʷ ʥʘ ʪʨʝʭ ʧʨʠʦʨʠʪʝʪʥʳʭ ʚ ʥʘʮʠʦʥʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʢʦʤʧʣʝʢʩʘʭ ï ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʤ, ʜʚʠʛʘʪʝʣʝʩʪʨʦʠʪʝʣʴʥʦʤ ʠ ʘʚʠʘʩʪʨʦʠʪʝʣʴʥʦʤ. 

ʇʨʝʜʧʨʠʷʪʠʷʤʠ ʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʛʦ ʢʣʘʩʪʝʨʘ ʨʝʘʣʠʟʫʶʪʩʷ 

ʧʨʠʦʨʠʪʝʪʥʳʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʟʘʜʘʯʠ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʦʙʦʨʦʥʦʩʧʦʩʦʙʥʦʩʪʠ ʩʪʨʘʥʳ, 

ʧʦʜʛʦʪʦʚʢʠ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʜʨʦʚ, ʪʨʘʥʩʬʝʨʫ ʪʝʭʥʦʣʦʛʠʡ ʚ ʜʨʫʛʠʝ ʩʬʝʨʳ 

ʵʢʦʥʦʤʠʢʠ. ʆʩʦʙʝʥʥʦʩʪʴ ʉʘʤʘʨʩʢʦʛʦ ʢʣʘʩʪʝʨʘ ʚ ʪʦʤ, ʯʪʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʦʜʥʦʛʦ ʨʝʛʠʦʥʘ 

ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥ ʧʦʣʥʳʡ ʮʠʢʣ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʩʝʛʦ ʩʧʝʢʪʨʘ ʘʚʠʘʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ.  

ʆʩʥʦʚʫ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʛʦ ʢʣʘʩʪʝʨʘ ʉʘʤʘʨʩʢʦʡ ʦʙʣʘʩʪʠ ʩʦʩʪʘʚʣʷʶʪ ʪʘʢʠʝ 

ʧʨʝʜʧʨʠʷʪʠʷ ʢʘʢ ʌɻʋʇ çɻʅʇʈʂʎ çʎʉʂɹ-ʇʨʦʛʨʝʩʩè, ʆɸʆ çʂʫʟʥʝʮʦʚè, ʆɸʆ 

çɸʚʠʘʢʦʨ ð ʘʚʠʘʮʠʦʥʥʳʡ ʟʘʚʦʜè, ʆɸʆ çɸʚʠʘʘʛʨʝʛʘʪè, ʆɸʆ çɸʛʨʝʛʘʪè, ʆɸʆ 

çɻʠʜʨʦʘʚʪʦʤʘʪʠʢʘè, ʆɸʆ çɿʘʚʦʜ ʘʚʠʘʮʠʦʥʥʳʭ ʧʦʜʰʠʧʥʠʢʦʚè, ʌɻʋʇ ʅʀʀ çʕʢʨʘʥè. 

ʅʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʠ ʧʦʜʛʦʪʦʚʢʦʡ ʢʘʜʨʦʚ ʜʣʷ ʵʪʠʭ ʢʦʤʧʘʥʠʡ ʟʘʥʠʤʘʶʪʩʷ 

ʉʘʤʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠ ʉʘʤʘʨʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ. 

ʉʦʚʦʢʫʧʥʳʝ ʦʙʲʝʤʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʝʜʧʨʠʷʪʠʡ-ʫʯʘʩʪʥʠʢʦʚ ʢʣʘʩʪʝʨʘ ʚ 2016 ʛ.  

ʩʦʩʪʘʚʠʣʠ 60 ʤʣʨʜ. ʨʫʙ. ʇʨʠ ʵʪʦʤ ʦʙʲʸʤ ʨʘʩʭʦʜʦʚ ʥʘ ʅʀʆʂʈ ʩʦʩʪʘʚʠʣ ʦʢʦʣʦ 33 ʤʣʨʜ. 

ʨʫʙ. ʉʦʚʦʢʫʧʥʘʷ ʯʠʩʣʝʥʥʦʩʪʴ ʧʝʨʩʦʥʘʣʘ ʧʨʝʜʧʨʠʷʪʠʡ ʢʣʘʩʪʝʨʘ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 55-

60 ʪʳʩ. ʯʝʣ. ʇʨʠ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʠ ʨʘʟʨʘʙʦʪʢʘʤʠ ʟʘʥʷʪʳ ʙʦʣʝʝ 21 ʪʳʩ. ʯʝʣ. 

ʀʥʥʦʚʘʮʠʦӢʥʥrʡ ʧʦʪʝʥʮʠʘӢʣ ɸʂʂ ʉʆ ð  ʚʦʟʤʦʞʥʦʩʪʠ ʢʣʘʩʪʝʨʘ ʧʦ ʜʦʩʪʠʞʝʥʠʶ 

ʮʝʣʝʡ ʟʘ ʩʯʸʪ ʨʝʘʣʠʟʘʮʠʠ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʦʝʢʪʦʚ. ʀʥʥʦʚʘʮʠʦʥʥʳʡ ʧʦʪʝʥʮʠʘʣ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʦʙʲʝʢʪʦʚ ʜʚʠʛʘʪʝʣʝʩʪʨʦʠʪʝʣʴʥʦʛʦ ʠ 

ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ. ɽʛʦ ʵʬʬʝʢʪʠʚʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʚ ʥʘʰʠ ʜʥʠ ʚʣʠʷʝʪ ʥʘ 

ʨʘʟʚʠʪʠʝ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨ. ɺʝʣʠʯʠʥʘ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʥʘʣʠʯʠʝʤ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ, ʧʨʦʝʢʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʦʙʨʘʟʦʚʘʥʠʡ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ, ʦʧʳʪʥʳʭ ʧʦʣʠʛʦʥʦʚ, ʫʯʝʙʥʳʭ 

ʟʘʚʝʜʝʥʠʡ, ʧʝʨʩʦʥʘʣʘ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʵʪʠʭ ʧʨʝʜʧʨʠʷʪʠʡ. 

ʀʥʥʦʚʘʮʠʦʥʥʳʝ ʧʨʦʜʫʢʪʳ - ʧʝʨʚʦʦʯʝʨʝʜʥʘʷ ʟʘʜʘʯʘ ʜʣʷ ʚʩʝʭ ʨʝʛʠʦʥʦʚ ʈʦʩʩʠʠ. 

ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʧʝʨʝʭʦʜʠʪʴ ʥʘ ʠʥʥʦʚʘʮʠʦʥʥʳʡ ʧʫʪʴ ʨʘʟʚʠʪʠʷ, ʠʩʢʣʶʯʠʪʴ 

ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʟʘʨʫʙʝʞʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʨʦʤʳʰʣʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʠ ʧʦʩʪʝʧʝʥʥʦ 

ʧʝʨʝʡʪʠ ʢ ʧʦʣʥʦʤʘʩʰʪʘʙʥʦʡ ʤʦʜʝʨʥʠʟʘʮʠʠ - ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʢʣʘʩʪʝʨʘ. ɼʣʷ ʫʜʦʙʩʪʚʘ ʘʥʘʣʠʟʘ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʧʨʦʝʢʪʳ ʨʘʩʧʦʣʘʛʘʶʪ ʚ 

ʧʦʨʷʜʢʝ ʫʙʳʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʵʬʬʝʢʪʳ ʠ ʟʘʪʨʘʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʚ ʚʠʜʝ 

ʥʘʢʦʧʣʝʥʥʳʭ ʩʫʤʤ.  

1. ʆʙʝʩʧʝʯʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʛʦʪʦʚʥʦʩʪʠ ʢ ʦʧʳʪʥʦʤʫ ʠ 

ʩʝʨʠʡʥʦʤʫ ʧʨʦʠʟʚʦʜʩʪʚʫ ʨʘʢʝʪ-ʥʦʩʠʪʝʣʝʡ ʪʷʞʸʣʦʛʦ ʢʣʘʩʩʘ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ; 

2. ʈʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠ ʧʨʦʨʳʚʥʳʭ 

ʧʨʦʤʳʰʣʝʥʥʳʭ, ʙʘʟʦʚʳʭ ʠ ʢʨʠʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʤʠʨʦʚʦʛʦ ʫʨʦʚʥʷ. 

3. ʈʘʟʚʠʪʠʝ ʩʠʩʪʝʤʳ ʪʨʘʥʩʬʝʨʘ ʪʝʭʥʦʣʦʛʠʡ.  
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4. ʆʙʝʩʧʝʯʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʛʦʪʦʚʥʦʩʪʠ ʢ ʦʧʳʪʥʦʤʫ ʠ 

ʩʝʨʠʡʥʦʤʫ ʧʨʦʠʟʚʦʜʩʪʚʫ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʈʂʊ.  

5. ɿʘʚʝʨʰʝʥʠʝ ʤʦʜʝʨʥʠʟʘʮʠʠ ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʩ 

ʜʦʚʝʜʝʥʠʝʤ ʜʦʣʝʡ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚʦʟʨʘʩʪʦʤ ʤʝʥʝʝ 10 ʣʝʪ ʜʦ 50 % ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʦʙʦʨʫʜʦʚʘʥʠʷ; 

6. ʆʙʝʩʧʝʯʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʛʦʪʦʚʥʦʩʪʠ ʢ ʦʧʳʪʥʦʤʫ ʠ 

ʩʝʨʠʡʥʦʤʫ ʧʨʦʠʟʚʦʜʩʪʚʫ ʢʦʩʤʠʯʝʩʢʠʭ ʨʘʢʝʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩʚʝʨʭʪʷʞʸʣʦʛʦ ʢʣʘʩʩʘ, 

ʢʦʩʤʠʯʝʩʢʠʭ ʙʫʢʩʠʨʦʚ ʥʘ ʦʩʥʦʚʝ ʵʣʝʢʪʨʦ-ʨʘʢʝʪʥʳʭ ʜʚʠʛʘʪʝʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ, ʩʨʝʜʩʪʚ 

ʦʩʚʦʝʥʠʷ ʃʫʥʳ ʠ ʘʩʪʝʨʦʠʜʦʚ, ʷʜʝʨʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ, ʩʠʩʪʝʤ 

ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ ʚ ʜʣʠʪʝʣʴʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʧʦʣʸʪʘʭ, ʦʙʝʩʧʝʯʝʥʠʝ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʩʝʨʠʡʥʳʭ ʠ ʚʥʦʚʴ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʠʟʜʝʣʠʡ ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʦʚʝʡʰʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

7.ʉʦʟʜʘʥʠʝ ʤʘʩʰʪʘʙʥʳʭ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʧʨʦʝʢʪʦʚ, 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʠʭ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʩ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʜʨʫʛʠʭ 

ʩʪʨʘʥ. 

ʈʘʟʚʠʪʠʝ ʜʘʥʥʳʭ ʠ ʜʦʙʘʚʦʯʥʳʭ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʠʜʝʡ ʚʧʦʣʥʝ ʩʧʦʩʦʙʥʦ ʧʨʠʚʝʩʪʠ 

ʧʨʝʜʧʨʠʷʪʠʷ ɸʵʨʦʢʦʩʤʠʯʝʩʢʦʛʦ ʢʣʘʩʪʝʨʘ ʉʘʤʘʨʩʢʦʡ ʦʙʣʘʩʪʠ ʥʘ ʧʫʪʴ ʙʳʩʪʨʦʛʦ ʠ 

ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʨʘʟʚʠʪʠʷ. 
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ʇʈʆʊʀɺʆʈɽʏʀʗ ʋʏɸʉʊʅʀʂʆɺ ɺʆ ɺɿɸʀʄʆɼɽʁʉʊɺʀʀ ʉ ɹʀɿʅɽʉʆʄ 

ʂʘʨʠʤʦʚʘ ʉ. ɸ., ʖʜʠʥʘ ʉ. ɺ. 

ɸʣʴʤʝʪʴʝʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʝʬʪʷʥʦʡ ʠʥʩʪʠʪʫʪ, ʛ. ɸʣʴʤʝʪʴʝʚʩʢ 

ʀʟʤʝʨʝʥʠʝ ʣʶʙʦʛʦ ʧʘʨʘʤʝʪʨʘ ʢʦʤʧʘʥʠʡ, ʥʝʚʘʞʥʦ, ʢʘʢʠʤ ʤʝʪʦʜʦʤ ʠ ʩʧʦʩʦʙʦʤ 

ʧʨʦʚʦʜʠʪʩʷ, ʚʘʞʥʦ ʠ ʮʝʥʥʦ ʩʘʤʦ ʧʦ ʩʝʙʝ. ɿʘʜʘʯʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʝʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʪʴ 

ʧʨʦʪʠʚʦʨʝʯʠʷ ʚ ʠʥʪʝʨʝʩʘʭ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʩʪʝʡʢʭʦʣʜʝʨʦʚ, ʧʨʠʯʠʥʳ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ, 

ʚʳʷʚʠʪʴ ʩʢʨʳʪʳʝ ʧʨʦʪʠʚʦʨʝʯʠʷ ʤʝʞʜʫ ʢʦʨʧʦʨʘʮʠʝʡ ʠ ʦʙʱʝʩʪʚʦʤ ʠ ʠʩʩʣʝʜʦʚʘʪʴ 

ʫʨʦʚʝʥʴ ʩʦʮʠʘʣʴʥʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʙʠʟʥʝʩʘ ʚ ʨʘʟʣʠʯʥʳʭ ʩʪʨʘʥʘʭ ʥʘ ʦʩʥʦʚʝ 

ʠʤʝʶʱʝʡʩʷ (ʦʪʢʨʳʪʦʡ) ʠʥʬʦʨʤʘʮʠʠ.  

ʂʦʨʧʦʨʘʪʠʚʥʘʷ ʩʦʮʠʘʣʴʥʘʷ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ (ʂʉʆ) ʙʠʟʥʝʩʘ ʪʨʘʜʠʮʠʦʥʥʦ 

ʧʦʥʠʤʘʝʪʩʷ ʢʘʢ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʢʦʤʧʘʥʠʠ ʥʝ ʪʦʣʴʢʦ ʚ ʨʝʘʣʠʟʘʮʠʠ ʩʦʮʠʘʣʴʥʳʭ 

ʧʨʦʛʨʘʤʤ ʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʜʣʷ ʩʚʦʠʭ ʨʘʙʦʪʥʠʢʦʚ, ʥʦ ʠ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ, 

ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʴʶ ʠ ʩʪʝʧʝʥʴʶ ʫʯʘʩʪʠʷ ʙʠʟʥʝʩʘ ʚ ʜʝʣʘʭ 

ʦʙʱʝʩʪʚʘ ʚ ʮʝʣʦʤ. 

ɺ ʦʩʥʦʚʝ ʦʪʥʦʰʝʥʠʡ ʩʪʝʡʢʭʦʣʜʝʨʦʚ ʩ ʬʠʨʤʦʡ ʣʝʞʠʪ ʨʝʩʫʨʩʥʳʡ ʦʙʤʝʥ, ʧʨʠʯʝʤ 

ʧʦʜ ʨʝʩʫʨʩʘʤʠ ʧʦʥʠʤʘʶʪʩʷ ʤʘʪʝʨʠʘʣʴʥʳʝ ʨʝʩʫʨʩʳ (ʛʦʪʦʚʘʷ ʧʨʦʜʫʢʮʠʷ, ʩʳʨʴʝ, 

ʧʦʣʫʬʘʙʨʠʢʘʪʳ), ʪʨʫʜ, ʢʘʧʠʪʘʣ, ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʢʠʝ ʩʧʦʩʦʙʥʦʩʪʠ, ʠʥʬʦʨʤʘʮʠʷ, 

ʨʝʧʫʪʘʮʠʷ, ʩʝʪʝʚʳʝ ʨʝʩʫʨʩʳ, ʘ ʢ ʦʙʤʝʥʠʚʘʝʤʳʤ ʨʝʩʫʨʩʘʤ ʦʪʥʦʩʷʪ ʪʘʢʠʝ ʩʦʮʠʘʣʴʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʢʘʢ: ʫʨʦʚʝʥʴ ʢʫʣʴʪʫʨʳ, ʭʘʨʘʢʪʝʨ ʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʩʦʮʠʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ, 

ʵʢʦʣʦʛʠʶ, ʠʥʬʦʨʤʘʮʠʶ, ʚʦʟʜʝʡʩʪʚʫʶʱʫʶ ʥʘ ʩʪʝʡʢʭʦʣʜʝʨʦʚ (ʦʙʱʝʩʪʚʦ ʚ ʮʝʣʦʤ). 

ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʚʩʝʭ ʢʦʤʧʘʥʠʡ ʷʚʣʷʝʪʩʷ ʧʨʘʚʠʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʢʨʫʛʘ 

ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʩʪʦʨʦʥ ʠ ʫʜʦʚʣʝʪʚʦʨʝʥʠʝ ʠʭ ʠʥʪʝʨʝʩʦʚ ʯʝʨʝʟ ʦʨʛʘʥʠʟʘʮʠʶ 

ʨʝʩʫʨʩʥʦʛʦ ʦʙʤʝʥʘ. 

ʀʥʪʝʨʝʩʳ ʩʪʝʡʢʭʦʣʜʝʨʦʚ ʤʦʛʫʪ ʚʩʪʫʧʘʪʴ ʚ ʧʨʦʪʠʚʦʨʝʯʠʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʠ ʠʭ 

ʚʤʝʩʪʝ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʝʜʠʥʦʝ ʧʨʦʪʠʚʦʨʝʯʠʝ (ʮʝʣʦʝ), ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʘʷ 

ʠʥʪʝʨʝʩʦʚ ʯʘʩʪʝʡ ʢʦʪʦʨʦʛʦ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴ ʥʘʧʨʘʚʣʝʥʠʝ (ʚʝʢʪʦʨ) ʵʚʦʣʶʮʠʠ 

ʦʨʛʘʥʠʟʘʮʠʠ. 

ʀʥʪʝʨʝʩʳ ʚʩʝʭ ʛʨʫʧʧ ʩʪʝʡʢʭʦʣʜʝʨʦʚ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʚʫʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ: 

1) ʦʪ ʠʭ ʠʥʪʝʨʝʩʦʚ, ʦʧʨʝʜʝʣʷʝʤʳʭ ʢʘʢ ʞʝʣʘʥʠʝ ʚʣʠʷʪʴ ʥʘ ʢʦʤʧʘʥʠʶ; 

2) ʦʪ ʠʭ ʚʣʘʩʪʠ (ʢʦʥʪʨʦʣʷ), ʦʧʨʝʜʝʣʷʝʤʳʭ ʢʘʢ ʩʧʦʩʦʙʥʦʩʪʴ ʦʢʘʟʳʚʘʪʴ 

ʚʣʠʷʥʠʝ ʥʘ ʢʦʤʧʘʥʠʶ. 

ʋʩʪʘʥʦʚʣʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʧʨʠʦʨʠʪʝʪʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʟʣʠʯʥʳʭ ʛʨʫʧʧ 

ʩʪʝʡʢʭʦʣʜʝʨʦʚ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢʦʝ ʩʣʝʜʫʝʪ ʫʜʝʣʷʪʴ ʚʥʠʤʘʥʠʝ ʠʤ ʚʦ ʚʨʝʤʷ 

ʨʘʟʨʘʙʦʪʢʠ ʧʣʘʥʘ ʫʧʨʘʚʣʝʥʠʷ ʢʦʤʧʘʥʠʝʡ, ʚʳʨʘʙʦʪʢʠ ʩʪʨʘʪʝʛʠʡ ʠ ʨʝʘʣʠʟʘʮʠʠ 

ʥʘʤʝʨʝʥʠʡ. ʆʧʨʝʜʝʣʝʥʠʝ ʧʨʠʦʨʠʪʝʪʦʚ ʩʨʝʜʠ ʩʪʝʡʢʭʦʣʜʝʨʦʚ ʧʦʨʦʞʜʘʝʪ ʪʘʢʞʝ ʠʜʝʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʠʧʦʚ ʩʪʨʘʪʝʛʠʡ, ʢʦʪʦʨʳʝ ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʧʦʜʭʦʜʷʪ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʠʤʠ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʚʳʩʦʢʦʧʨʠʦʨʠʪʝʪʥʳʝ 

ʩʪʝʡʢʭʦʣʜʝʨʳ ʠʤʝʶʪ ʙʦʣʴʰʝʝ ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʠ ʧʦʣʠʪʠʯʝʩʢʦʝ ʚʣʠʷʥʠʝ ʥʘ ʦʨʛʘʥʠʟʘʮʠʶ. 

ʕʪʠ ʩʪʝʡʢʭʦʣʜʝʨʳ ʜʦʣʞʥʳ ʧʦʣʫʯʠʪʴ ʛʣʘʚʥʳʡ ʧʨʠʦʨʠʪʝʪ ʪʘʢʞʝ ʠ ʧʨʠ ʩʪʨʘʪʝʛʠʯʝʩʢʦʤ 

ʧʣʘʥʠʨʦʚʘʥʠʠ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʦʢʘʟʳʚʘʶʪ ʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ 

ʜʝʣʦʚʦʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʩ ʢʦʪʦʨʦʡ ʧʨʠʭʦʜʠʪʩʷ ʠʤʝʪʴ ʜʝʣʦ ʬʠʨʤʝ. 

ɺʩʝ ʢʦʤʧʘʥʠʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʩʧʦʣʴʟʫʶʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʘ ʨʘʙʦʪʳ ʩʦ 

ʩʪʝʡʢʭʦʣʜʝʨʘʤʠ (ʢʘʢ ʩʦ ʚʥʫʪʨʝʥʥʠʤʠ, ʪʘʢ ʠ ʩʦ ʚʥʝʰʥʠʤʠ): 

- ʧʝʨʚʳʡ ʤʝʪʦʜ ï ʵʪʦ ʫʩʪʘʥʦʚʣʝʥʠʝ ʧʘʨʪʥʝʨʩʢʠʭ ʩʚʷʟʝʡ ʩʦ ʩʪʝʡʢʭʦʣʜʝʨʘʤʠ, 

ʪʦ ʝʩʪʴ ʫʩʪʘʥʦʚʣʝʥʠʝ ʠ ʧʦʩʪʨʦʝʥʠʝ ʪʘʢʠʭ ʦʪʥʦʰʝʥʠʡ, ʯʪʦʙʳ ʜʣʷ ʩʪʝʡʢʭʦʣʜʝʨʦʚ ʙʳʣʦ 
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ʚʳʛʦʜʥʦ ʜʝʡʩʪʚʦʚʘʪʴ ʚ ʠʥʪʝʨʝʩʘʭ ʢʦʤʧʘʥʠʠ, ʘ ʜʣʷ ʢʦʤʧʘʥʠʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʦʩʪʠʛʥʫʪʴ 

ʩʚʦʠʭ ʠʥʪʝʨʝʩʦʚ; 

- ʚʪʦʨʦʡ ï ʵʪʦ ʧʦʧʳʪʢʘ ʟʘʱʠʪʳ ʢʦʤʧʘʥʠʠ ʦʪ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ 

ʧʦʩʨʝʜʩʪʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʨʠʝʤʦʚ (ʤʝʪʦʜʦʚ), ʪʘʢʠʭ ʢʘʢ, ʤʘʨʢʝʪʠʥʛʦʚʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʦʟʜʘʥʠʝ ʩʧʝʮʠʘʣʴʥʳʭ ʦʪʜʝʣʝʥʠʡ, ʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʩʬʝʨʳ ʠʥʪʝʨʝʩʦʚ 

ʩʪʝʡʢʭʦʣʜʝʨʦʚ, ʩʦʙʣʶʜʝʥʠʝ ʟʘʢʦʥʥʦʩʪʠ ʠ ʢʦʥʪʨʦʣʷ ʟʘ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʴʶ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʦʟʜʝʡʩʪʚʠʡ.  

ɽʩʣʠ ʚʦʟʥʠʢʘʶʪ ʢʘʢʠʝ-ʣʠʙʦ ʧʨʦʪʠʚʦʨʝʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ-ʠʥʪʝʨʝʩʘʥʪʘʤʠ, ʪʦ 

ʠʭ ʤʦʞʥʦ ʵʬʬʝʢʪʠʚʥʦ ʨʝʰʘʪʴ ʟʘ ʩʯʝʪ ʝʜʠʥʦʛʦ ʤʝʭʘʥʠʟʤʘ, ʠ, ʠʟʫʯʠʚ ʨʘʟʣʠʯʥʳʝ 

ʤʝʪʦʜʠʢʠ ʨʘʙʦʪʳ (ʠʣʠ ʧʦʜʭʦʜʳ), ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʠʝ ʧʦʰʘʛʦʚʫʶ ʨʘʙʦʪʫ ʩ ʥʠʤʠ, ʤʳ 

ʧʨʝʜʣʘʛʘʝʤ ʤʝʭʘʥʠʟʤ ʨʘʙʦʪʳ ʩʦ ʩʪʝʡʢʭʦʣʜʝʨʘʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪʳ ʩʦ ʩʪʝʡʢʭʦʣʜʝʨʘʤʠ  
ʐʘʛʠ ʎʝʣʠ ʀʥʪʝʨʝʩʳ 

1. ʆʩʫʱʝʩʪʚʣʝʥʠʝ ʚʳʙʦʨʘ 

ʩʪʝʡʢʭʦʣʜʝʨʦʚ 
- ʚʳʨʘʙʦʪʢʘ ʦʩʥʦʚʥʳʭ ʮʝʣʝʡ 

ʠʩʭʦʜʷ ʠʟ ʚʠʜʝʥʠʷ ʠ ʤʠʩʩʠʠ 

ʢʦʤʧʘʥʠʠ 

- ʫʜʦʚʣʝʪʚʦʨʝʥʠʝ 

ʨʘʟʨʘʙʘʪʳʚʘʶʱʝʡ ʩʪʨʘʪʝʛʠʠ 

2. ʆʩʫʱʝʩʪʚʣʝʥʠʝ 

ʫʩʪʘʥʦʚʢʠ ʠ ʚʳʙʦʨʘ ʠʥʪʝʨʝʩʦʚ 

(ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ) ʩʪʝʡʢʭʦʣʜʝʨʦʚ 

- ʧʨʦʮʝʜʫʨʘ ʢʦʨʨʝʢʪʠʨʦʚʢʠ 

ʧʨʝʜʳʜʫʱʠʭ ʰʘʛʦʚ ʠ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʙʘʣʘʥʩʘ ʩ ʫʩʪʨʘʥʝʥʠʝʤ 

ʧʨʦʪʠʚʦʨʝʯʠʡ  

- ʧʨʘʚʠʣʴʥʘʷ ʛʨʫʧʧʠʨʦʚʢʘ ʩ 

ʫʯʝʪʦʤ ʨʘʟʣʠʯʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʛʨʫʧʧ-ʠʥʪʝʨʝʩʘʥʪʦʚ 

3. ʆʩʫʱʝʩʪʚʣʝʥʠʝ ʚʳʙʦʨʘ 

ʦʩʥʦʚʥʳʭ ʚʝʢʪʦʨʦʚ ʠ ʮʝʣʝʡ 

ʢʦʤʧʘʥʠʠ 

- ʧʨʦʮʝʜʫʨʘ 

ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʩʪʠ ʮʝʣʝʡ ʠ 

ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʧʨʝʜʳʜʫʱʠʭ ʰʘʛʦʚ 

- ʫʩʪʘʥʦʚʣʝʥʠʝ ʜʠʩʙʘʣʘʥʩʘ 

ʮʝʣʝʡ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʩʪʦʨʦʥ 

4. ʈʘʟʨʘʙʦʪʢʘ ʚʳʙʦʨʘ 

ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʠʥʠʮʠʘʪʠʚ 
- ʧʨʦʮʝʜʫʨʘ ʨʘʟʨʘʙʦʪʢʘ 

ʩʪʨʘʪʝʛʠʡ ʥʘ ʦʩʥʦʚʝ 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʙʶʜʞʝʪʦʚ 

- ʨʘʚʥʦʚʝʩʠʝ ʠʥʠʮʠʘʪʠʚ ʠ 

ʩʪʨʘʪʝʛʠʡ ʢʦʤʧʘʥʠʠ ʩ ʩʦ 

ʩʪʝʡʢʭʦʣʜʝʨʘʤʠ 

 

ɼʘʥʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪʳ ʩʦ ʩʪʝʡʢʭʦʣʜʝʨʘʤʠ ʧʦʟʚʦʣʷʝʪ 

ʦʧʨʝʜʝʣʠʪʴ ʪʝʭʥʦʣʦʛʠʶ ʜʝʡʩʪʚʠʡ ʚ ʦʪʥʦʰʝʥʠʠ ʩʪʝʡʢʭʦʣʜʝʨʦʚ, ʠʤʝʶʱʠʭ ʧʨʦʪʠʚʦʨʝʯʠʷ 

ʚ ʠʥʪʝʨʝʩʘʭ ʠ ʫʩʪʘʥʦʚʠʪʴ ʙʘʣʘʥʩ ʤʝʞʜʫ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʤʠ ʩʪʦʨʦʥʘʤʠ ʚ ʜʘʣʴʥʝʡʰʝʤ, 

ʧʦʟʚʦʣʷʶʱʠʡ ʜʣʷ ʢʦʤʧʘʥʠʠ ʙʝʩʧʨʝʧʷʪʩʪʚʝʥʥʦ ʜʦʩʪʠʛʘʪʴ ʧʦʩʪʘʚʣʝʥʥʳʭ ʢʦʥʝʯʥʳʭ 

ʮʝʣʝʡ. 

ʉʫʱʥʦʩʪʴ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʧʨʦʪʠʚʦʨʝʯʠʡ ʚʩʝʭ ʠʥʪʝʨʝʩʦʚ ʧʨʦʷʚʣʷʝʪʩʷ ʯʝʨʝʟ ʜʚʝ 

ʚʦʟʤʦʞʥʳʝ ʩʪʦʨʦʥʳ: 

- ʤʦʪʠʚʠʨʫʶʱʫʶ, ʢʦʪʦʨʘʷ ʧʨʦʷʚʣʷʝʪʩʷ ʯʝʨʝʟ ʨʘʟʨʝʰʝʥʠʝ ʚʳʷʚʣʝʥʥʳʭ 

ʧʨʦʪʠʚʦʨʝʯʠʡ ʧʦʩʨʝʜʩʪʚʦʤ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʦʪʥʦʰʝʥʠʡ (ʩʦʮʠʘʣʴʥʳʭ, 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ) ʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʣʫʯʰʝʥʠʝʤ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʫʙʲʝʢʪʦʚ ʠʥʪʝʨʝʩʘ 

ʢʦʤʧʘʥʠʠ, ʷʚʣʷʶʱʝʛʦʩʷ ʜʚʠʞʫʱʝʡ ʩʠʣʦʡ ʧʨʦʛʨʝʩʩʘ. 

- ʜʝʩʪʨʫʢʪʠʨʫʶʱʫʶ, ʧʨʦʷʚʣʷʶʱʫʶʩʷ ʯʝʨʝʟ ʥʝʨʘʟʨʝʰʝʥʠʝ ʧʨʦʪʠʚʦʨʝʯʠʡ, 

ʩʪʘʥʦʚʷʱʫʶʩʷ ʙʘʨʴʝʨʦʤ ʢ ʨʦʩʪʫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʧʨʝʧʷʪʩʪʚʫʶʱʫʶ 

ʫʜʦʚʣʝʪʚʦʨʝʥʠʶ ʧʦʪʨʝʙʥʦʩʪʝʡ ʩʫʙʲʝʢʪʦʚ.  

ʇʦʵʪʦʤʫ, ʨʘʩʩʤʘʪʨʠʚʘʷ ʩʫʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʨʠʯʠʥ ʧʨʦʪʠʚʦʨʝʯʠʡ ʠʥʪʝʨʝʩʦʚ 

ʨʘʟʣʠʯʥʳʭ ʛʨʫʧʧ, ʚʘʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʨʝʘʣʠʟʘʮʠʷ ʦʜʥʠʭ ʠʥʪʝʨʝʩʦʚ ʤʦʞʝʪ 

ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ ʨʝʘʣʠʟʘʮʠʠ ʜʨʫʛʠʭ. ʇʦʵʪʦʤʫ ʚʘʞʥʦ ʩʦʟʜʘʪʴ ʪʘʢʦʡ ʤʝʭʘʥʠʟʤ 

ʩʦʛʣʘʩʦʚʘʥʠʷ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʡ ʫʜʦʚʣʝʪʚʦʨʝʥʠʶ ʦʩʥʦʚʥʳʭ ʠʥʪʝʨʝʩʦʚ ʚʩʝʭ 

ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʛʨʫʧʧ. ʄʳ ʧʦʣʘʛʘʝʤ, ʯʪʦ ʨʘʟʨʝʰʝʥʠʝ ʚʩʝʭ ʚʦʟʥʠʢʰʠʭ ʧʨʦʪʠʚʦʨʝʯʠʡ 

ʩʚʦʜʠʪʩʷ ʢ ʧʦʠʩʢʫ ʧʫʪʝʡ ʢʦʤʧʨʦʤʠʩʩʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʨʘʟʥʦʩʪʦʨʦʥʥʦʩʪʠ ʠ 

ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʠʥʪʝʨʝʩʦʚ, ʠ ʚʦʟʤʦʞʥʦʡ ʧʦʤʦʱʠ ʩʦ ʩʪʦʨʦʥʳ ʛʦʩʫʜʘʨʩʪʚʘ, 

ʩʦʟʜʘʶʱʝʛʦ ʦʧʨʝʜʝʣʝʥʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʙʘʣʘʥʩʘ ʠ ʩʦʛʣʘʩʦʚʘʥʠʷ ʠʥʪʝʨʝʩʦʚ ʩʪʦʨʦʥ. 

ʇʦʤʠʤʦ ʷʚʥʳʭ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʧʨʦʪʠʚʦʨʝʯʠʡ ʧʨʠʥʷʪʦ ʚʳʜʝʣʷʪʴ ʩʢʨʳʪʳʝ 

ʢʦʥʬʣʠʢʪʳ ʛʨʫʧʧ. ɸ.ʉ. ʉʝʤʝʥʦʚ ʠ ʖ.ʉ. ʉʠʟʦʚ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʩʫʱʥʦʩʪʴ, ʩʦʜʝʨʞʘʥʠʝ 
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ʠ ʩʢʨʳʪʳʝ ʮʝʣʠ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʢʦʥʬʣʠʢʪʦʚ ʧʦʩʣʝʜʥʠʭ ʣʝʪ, ʚʳʜʝʣʷʶʪ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ 

ʧʨʦʪʠʚʦʨʝʯʠʡ: 

1. ʅʘʨʫʰʝʥʠʝ ʥʦʨʤ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ. 

2. ʇʦʛʣʦʱʝʥʠʷ. 

3. ʂʦʥʬʣʠʢʪʳ ʧʦ ʧʦʚʦʜʫ ʜʠʚʠʜʝʥʜʦʚ. 

4. ʂʦʥʬʣʠʢʪʳ ʩ ʤʝʥʝʜʞʝʨʘʤʠ. ʂʦʥʬʣʠʢʪʳ ʤʝʞʜʫ ʫʯʘʩʪʥʠʢʘʤʠ ʢʦʨʧʦʨʘʮʠʠ 

ʠ ʤʝʥʝʜʞʝʨʘʤʠ ʢʦʨʧʦʨʘʮʠʠ ʧʦ ʧʦʚʦʜʫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʢʦʤʧʘʥʠʝʡ ʠ 

ʜʦʙʨʦʩʦʚʝʩʪʥʦʩʪʠ ʜʝʡʩʪʚʠʡ ʤʝʥʝʜʞʝʨʦʚ. 

5. ʂʦʥʢʫʨʝʥʮʠʷ. 

6. ʂʦʨʧʦʨʘʪʠʚʥʳʡ ʰʘʥʪʘʞ. 

ʉ ʥʘʰʝʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʚʩʝ ʩʢʨʳʪʳʝ ʧʨʦʪʠʚʦʨʝʯʠʷ ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʦʪʩʫʪʩʪʚʠʠ 

ʦʱʫʱʝʥʠʷ çʩʦʮʠʘʣʴʥʦʡ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠè ʫ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʦʨʦʥʳ ʦʪʥʦʰʝʥʠʡ.  

ʄʳ ʧʦʣʘʛʘʝʤ, ʩʢʨʳʪʳʝ ʧʨʦʪʠʚʦʨʝʯʠʷ ʚʥʫʪʨʠ ʢʦʨʧʦʨʘʮʠʡ ʥʝ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ 

ʚʳʰʝ ʧʨʠʚʝʜʝʥʥʳʤ ʩʧʠʩʢʦʤ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʧʨʝʜʣʘʛʘʝʤ ʨʘʩʰʠʨʠʪʴ ʵʪʦʪ ʩʧʠʩʦʢ ʟʘ ʩʯʝʪ 

ʝʱʝ ʙʦʣʝʝ ʥʝʷʚʥʳʭ ʦʪʥʦʰʝʥʠʡ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʢʦʥʬʣʠʢʪʥʫʶ ʧʨʠʨʦʜʫ. 

1. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʘ ʧʨʦʷʚʣʝʥʠʷ ʚ ʦʪʥʦʰʝʥʠʷʭ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ 

ʛʨʫʧʧʘʤʠ:  

ʨʘʙʦʪʥʠʢ:  

- ʵʪʦ ʧʨʦʪʠʚʦʨʝʯʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʨʘʙʦʪʥʠʢʘʤʠ ʩʚʦʝʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚʚʠʜʫ ʣʠʙʦ ʧʨʦʚʦʜʠʤʦʡ ʚ ʢʦʨʧʦʨʘʮʠʠ ʢʘʜʨʦʚʦʡ 

ʧʦʣʠʪʠʢʠ, ʣʠʙʦ (ʯʪʦ ʙʦʣʝʝ ʢʨʠʪʠʯʥʦ) ʦʪʩʫʪʩʪʚʠʝʤ ʧʦʪʨʝʙʥʦʩʪʠ ʫ ʢʦʨʧʦʨʘʮʠʠ ʚ ʪʝʭ ʠʣʠ 

ʠʥʳʭ ʢʦʤʧʝʪʝʥʮʠʷʭ; 

- ʵʪʦ ʧʨʦʪʠʚʦʨʝʯʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʚʦʧʨʦʩʝ çʩʧʨʘʚʝʜʣʠʚʦʛʦè 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʦʨʧʦʨʘʮʠʠ; 

ʦʙʱʝʩʪʚʦ: 

- ʵʪʦ ʧʨʦʪʠʚʦʨʝʯʠʷ ʚ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʠ ʬʠʥʘʥʩʦʚʦʛʦ ʨʝʟʫʣʴʪʘʪʘ 

ʢʦʨʧʦʨʘʮʠʡ, ʚʦʟʥʠʢʘʶʱʠʝ ʤʝʞʜʫ ʦʙʱʝʩʪʚʦʤ ʠ ʪʝʤʠ, ʢʪʦ ʷʚʣʷʝʪʩʷ ʪʨʝʪʴʝʡ ʩʪʦʨʦʥʦʡ 

ʦʪʥʦʰʝʥʠʡ (ʛʦʩʫʜʘʨʩʪʚʦ, ʤʝʩʪʥʳʝ ʞʠʪʝʣʠ): ʥʘʧʨʠʤʝʨ, ʛʦʩʫʜʘʨʩʪʚʦ ʟʘʠʥʪʝʨʝʩʦʚʘʥʦ ʚ 

ʧʦʧʦʣʥʝʥʠʠ ʙʶʜʞʝʪʘ ʟʘ ʩʯʝʪ ʥʘʣʦʛʦʚʳʭ ʧʦʩʪʫʧʣʝʥʠʡ ʦʪ ʢʦʨʧʦʨʘʮʠʡ, ʚʩʪʫʧʘʶʱʝʝ ʚ 

ʧʨʦʪʠʚʦʨʝʯʠʝ ʩ ʢʦʨʧʦʨʘʪʠʚʥʳʤʠ ʠʥʚʝʩʪʠʮʠʦʥʥʳʤʠ ʧʨʦʛʨʘʤʤʘʤʠ, ʪʦʛʜʘ ʢʘʢ ʤʝʩʪʥʦʝ 

ʩʦʦʙʱʝʩʪʚʦ ʟʘʠʥʪʝʨʝʩʦʚʘʥʦ ʚ ʬʠʥʘʥʩʠʨʦʚʘʥʠʠ ʩʦʮʠʘʣʴʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ; 

ʛʦʩʫʜʘʨʩʪʚʦ: 

- ʵʪʦ ʧʨʦʪʠʚʦʨʝʯʠʷ, ʦʙʦʩʪʨʷʶʱʠʝʩʷ ʧʨʠ ʧʨʠʥʷʪʠʠ ʧʦʣʠʪʠʯʝʩʢʠ 

ʘʥʛʘʞʠʨʦʚʘʥʥʳʭ ʟʘʢʦʥʦʚ ʠ ʥʦʨʤ ʚ ʫʱʝʨʙ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʠʥʪʝʨʝʩʘʤ 

ʦʙʱʝʩʪʚʘ; 

ʢʣʠʝʥʪʳ: 

- ʵʪʦ ʧʨʦʪʠʚʦʨʝʯʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ çʥʝʬʦʨʤʘʣʴʥʳʤʠè ʜʦʛʦʚʦʨʝʥʥʦʩʪʷʤʠ 

ʤʝʞʜʫ ʣʶʜʴʤʠ, ʧʨʠʥʠʤʘʶʱʠʤʠ ʨʝʰʝʥʠʷ ʦ ʟʘʢʣʶʯʝʥʠʠ ʜʦʛʦʚʦʨʘ ʠ ʧʨʠʝʤʢʝ 

ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʙʦʪ; 

ʘʢʮʠʦʥʝʨʳ: 

- ʵʪʦ ʧʨʦʪʠʚʦʨʝʯʠʷ, ʚ ʦʩʥʦʚʥʦʤ ʩʚʷʟʘʥʥʳʝ ʩ ʫʱʝʤʣʝʥʠʝʤ ʧʨʘʚ 

ʤʠʥʦʨʠʪʘʨʥʳʭ ʘʢʮʠʦʥʝʨʦʚ, ʢʦʪʦʨʳʝ ʬʘʢʪʠʯʝʩʢʠ ʥʝ ʠʤʝʶʪ ʠʥʩʪʨʫʤʝʥʪʦʚ ʫʧʨʘʚʣʝʥʠʷ ʠ 

ʦʢʘʟʳʚʘʶʪʩʷ çʩʣʘʙʝʝè ʦʧʝʨʘʪʠʚʥʳʭ ʫʧʨʘʚʣʷʶʱʠʭ;  

ʧʦʪʨʝʙʠʪʝʣʠ: 

- ʵʪʦ ʧʨʦʪʠʚʦʨʝʯʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʩʠʣʫ ʥʝʩʦʚʝʨʰʝʥʩʪʚʘ ʣʶʙʦʛʦ 

ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʚ ʦʙʣʘʩʪʠ ʟʘʱʠʪʳ ʧʨʘʚ ʧʦʪʨʝʙʠʪʝʣʝʡ.   

2. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʚʨʝʤʝʥʥʆʛʦ ʛʦʨʠʟʦʥʪʘ: 

- ʧʦʩʪʦʷʥʥʦ ʩʫʱʝʩʪʚʫʶʱʠʝ (ʦʪʩʫʪʩʪʚʫʝʪ ʤʝʭʘʥʠʟʤ ʨʘʟʨʝʰʝʥʠʷ ʚ ʜʘʥʥʳʡ 

ʤʦʤʝʥʪ ʣʠʙʦ ʩʘʤʠ ʧʨʦʪʠʚʦʨʝʯʠʷ ʥʝ ʥʦʩʷʪ ʢʨʠʪʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ); 
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- ʙʳʩʪʨʦ ʨʘʟʨʝʰʠʤʳʝ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʠʝ ʠʭ ʩʥʷʪʠʝ ʚ ʦʧʝʨʘʪʠʚʥʦʤ 

ʨʝʞʠʤʝ. 

3. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʠʭ ʬʦʨʤʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʢʨʳʪʳʝ ʧʨʦʪʠʚʦʨʝʯʠʷ ʤʦʛʫʪ 

ʙʳʪʴ: 

- ʠʩʢʫʩʩʪʚʝʥʥʦ ʩʦʟʜʘʥʥʳʤʠ; 

- ʝʩʪʝʩʪʚʝʥʥʳʤʠ. 

4. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦʩʪʠ: 

- ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ, ʢʦʛʜʘ ʠʭ ʨʘʟʨʝʰʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʚʠʪʠʶ (ʫʣʫʯʰʝʥʠʶ) 

ʦʪʥʦʰʝʥʠʡ ʠʣʠ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ; 

- ʜʝʩʪʨʫʢʪʠʚʥʳʝ, ʧʨʠ ʧʨʦʷʚʣʝʥʠʠ ʢʦʪʦʨʳʭ ʩʠʩʪʝʤʘ ʣʠʙʦ ʥʝʩʝʪ ʧʦʪʝʨʠ, ʣʠʙʦ 

ʪʝʨʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʚʠʪʠʷ (ʫʭʫʜʰʘʝʪ ʜʝʷʪʝʣʴʥʦʩʪʴ). 

5. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʦʚʣʝʯʝʥʥʦʩʪʠ ʦʙʲʝʢʪʦʚ (ʩʫʙʲʝʢʪʦʚ) ʚʥʝʰʥʝʡ ʩʨʝʜʳ: 

- ʚʥʫʪʨʝʥʥʠʝ, ʪ.ʝ. ʧʨʦʪʠʚʦʨʝʯʠʷ ʤʝʞʜʫ ʯʣʝʥʘʤʠ (ʛʨʫʧʧʘʤʠ) ʚ ʢʦʨʧʦʨʘʮʠʠ; 

- ʚʥʝʰʥʠʝ, ʚʦʟʥʠʢʘʶʱʠʝ ʤʝʞʜʫ ʚʩʝʤʠ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʤʠ ʩʪʦʨʦʥʘʤʠ.  

6. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʠʭ ʣʝʛʠʪʠʤʥʦʩʪʠ: 

- ʣʝʛʠʪʠʤʥʳʝ, ʜʣʷ ʢʦʪʦʨʳʭ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʟʘʢʦʥʥʳʝ ʤʝʨʳ ʠʭ ʨʘʟʨʝʰʝʥʠʷ; 

- ʥʝʣʝʛʠʪʠʤʥʳʝ, ʨʘʟʨʝʰʝʥʠʝ (ʩʤʷʛʯʝʥʠʝ) ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʥʘ 

ʦʩʥʦʚʝ ʫʩʪʥʳʭ ʜʦʛʦʚʦʨʝʥʥʦʩʪʝʡ. 
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ʋɼʂ 33 

ʈɸɿɺʀʊʀɽ ʈʆʉʉʀʁʉʂʆɻʆ ʉʊɸʅɼɸʈʊɸ ʅɸʅʆ-ʉʇʋʊʅʀʂʆɺ 

ʂɸʂ ʇʈʆʈʓɺʅʆʁ ʀʅʅʆɺɸʎʀʀ ʅɸ ʇʈʀʄɽʈɽ ʊʅʉ-0 ˉ 2 

ʂʘʰʠʨʠʥ ɸ. ɺ. 

ʈʦʩʩʠʡʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʜʨʫʞʙʳ ʥʘʨʦʜʦʚ, ʛ. ʄʦʩʢʚʘ 

17 ʘʚʛʫʩʪʘ 2017 ʛʦʜʘ ʢʦʩʤʦʥʘʚʪʳ ʌʝʜʦʨ ʖʨʯʠʭʠʥ ʠ ʉʝʨʛʝʡ ʈʷʟʘʥʩʢʠʡ ʚʦ ʚʨʝʤʷ 

ʚʳʭʦʜʘ ʚ ʦʪʢʨʳʪʳʡ ʢʦʩʤʦʩ, ʩʦʚʝʨʰʠʣʠ ʟʘʧʫʩʢ ʨʷʜʘ ʥʘʥʦʩʧʫʪʥʠʢʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʙʳʣ 

ʊʅʉ-0 ˉ 2 [1]. ɼʘʥʥʳʡ ʩʧʫʪʥʠʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʘʟʚʠʪʠʷ 

ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʢʦʩʤʦʥʘʚʪʠʢʠ, ʪʘʢ ʢʘʢ ʷʚʣʷʝʪʩʷ ʧʝʨʚʳʤ ʥʘʥʦʩʧʫʪʥʠʢʦʤ, ʨʘʟʨʘʙʦʪʘʥʥʦʤ 

ʧʦ ʨʦʩʩʠʡʩʢʦʤʫ ʩʪʘʥʜʘʨʪʫ. 

ɺ 2016 ʛʦʜʫ ʧʨʠ ʤʘʨʢʝʪʠʥʛʦʚʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʦʩʪʦʷʥʠʷ ʨʳʥʢʘ ʥʘʥʦʩʧʫʪʥʠʢʦʚ, 

ʥʘʤʠ ʙʳʣʘ ʩʬʦʨʤʠʨʦʚʘʥʘ ʤʦʜʝʣʴ ʨʘʟʚʠʪʠʷ ʨʳʥʢʦʚ ʩʧʫʪʥʠʢʦʚ ʩʦʛʣʘʩʥʦ ʪʝʦʨʠʠ 

ʧʨʦʨʳʚʥʳʭ ʠʥʥʦʚʘʮʠʡ ʂʨʠʩʪʝʥʩʝʥʘ ʄ. ʂʣʝʡʪʦʥʘ (ʨʠʩʫʥʦʢ 1). 

 
ʈʠʩ.1. ʄʦʜʝʣʴ ʨʘʟʚʠʪʠʷ ʨʳʥʢʘ ʥʘʥʦʩʧʫʪʥʠʢʦʚ ʢʘʢ ʧʨʦʨʳʚʥʦʡ ʠʥʥʦʚʘʮʠʠ.  

ʀʩʪʦʯʥʠʢ: ʩʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʦʤ [2]. 

ɺ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʧʨʝʜʣʘʛʘʣʩʷ ʧʨʦʛʥʦʟ ʨʘʟʚʠʪʠʷ ʧʦʪʨʝʙʥʦʩʪʝʡ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʧʫʪʥʠʢʦʚ, ʚ ʢʦʪʦʨʦʤ ʤʠʢʨʦʩʧʫʪʥʠʢʠ ʩʪʨʝʤʷʪʩʷ ʢ ʩʥʠʞʝʥʠʶ ʚʝʩʘ. ʅʘ ʨʠʩʫʥʢʝ 

ʚʳʜʝʣʷʝʪʩʷ ʟʘʨʦʞʜʝʥʠʝ ʥʦʚʦʛʦ ʨʳʥʢʘ ï ʬʠʨʤ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʟʘʧʫʩʢ ʠ ʵʢʩʧʣʫʘʪʘʮʠʶ 

ʥʘʥʦʩʧʫʪʥʠʢʦʚ. ʇʨʠʯʸʤ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʨʘʥʝʝ ʘʤʝʨʠʢʘʥʩʢʠʡ ʩʪʘʥʜʘʨʪ CubeSat 1U, 

ʫʜʦʚʣʝʪʚʦʨʷʷ ʧʦʪʨʝʙʥʦʩʪʠ ʬʠʨʤ ʚ ʙʣʠʞʘʡʰʝʤ ʙʫʜʫʱʝʤ, ʯʝʨʝʟ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ, ʩ 

ʨʘʟʚʠʪʠʝʤ ʧʦʪʨʝʙʥʦʩʪʝʡ, ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ çʜʝʬʠʮʠʪʫ ʢʘʯʝʩʪʚʘè, ʧʨʝʜʩʪʘʚʣʷʶʱʝʤʫ 

ʪʘʢʦʝ ʩʦʩʪʦʷʥʠʝ, ʢʦʛʜʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʦʚʘʨʘ ʧʨʝʚʳʰʘʝʪ ʨʝʘʣʴʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ 

ʚʳʧʫʩʢʘʝʤʦʛʦ ʪʦʚʘʨʘ ï ʚ ʩʣʫʯʘʝ ʥʘʥʦʩʧʫʪʥʠʢʦʚ ʚ ʤʦʜʝʣʠ ï ʨʘʟʤʝʨ. 

ʉʦʛʣʘʩʥʦ ʪʝʦʨʠʠ ʧʨʦʨʳʚʥʳʭ ʠʥʥʦʚʘʮʠʡ ʂʨʠʩʪʝʥʩʝʥʘ ʄ. ʂʣʝʡʪʦʥʘ ʦʙʥʦʚʣʝʥʠʝ 

ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʸʪ ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ 

(ʧʦʜʨʳʚʥʘʷ ʠʥʥʦʚʘʮʠʷ) ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ çʜʝʬʠʮʠʪʘ ʢʘʯʝʩʪʚʘè (ʢʦʛʜʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʧʨʝʜʣʦʞʝʥʠʷ ʥʠʞʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʧʨʦʩʘ) ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʝʛʦ ʫʩʪʨʘʥʝʥʠʝʤ ʟʘ ʩʯʸʪ 

ʫʣʫʯʰʘʶʱʠʭ ʠʥʥʦʚʘʮʠʡ [3]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘ ʩʪʘʥʜʘʨʪʦʤ ʥʘʥʦʩʧʫʪʥʠʢʘ ʚʝʩʦʤ 1 ʢʛ 

ʜʦʣʞʥʦ ʩʣʝʜʦʚʘʪʴ ʧʦʩʪʝʧʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʚʝʩʘ. 

ɺ ʨʘʤʢʘʭ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ 2016 ʛʦʜʫ ʥʘʤʠ ʙʳʣʘ ʚʳʨʘʙʦʪʘʥʘ ʩʣʝʜʫʶʱʘʷ 

ʨʝʢʦʤʝʥʜʘʮʠʷ: çʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʢʪʠʢʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʪʘʥʜʘʨʪʘ CubeSat ð 

ʨʘʟʨʘʙʦʪʢʘ ʩʪʘʥʜʘʨʪʘ ʵʢʦʥʦʤʠʯʥʦʛʦ ʥʘʥʦʩʧʫʪʥʠʢʘ ʧʦʟʚʦʣʠʪ ʘʢʪʠʚʠʟʠʨʦʚʘʪʴ ʨʳʥʦʢ ʚ 

ʢʨʘʪʢʦʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ. ʇʨʠ ʵʪʦʤ, ʫʯʠʪʳʚʘʷ ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʨʳʥʢʘ 

ʥʘʥʦʩʧʫʪʥʠʢʦʚ ʢʘʢ ʧʨʦʨʳʚʥʦʡ ʠʥʥʦʚʘʮʠʠ, ʤʳ ʨʝʢʦʤʝʥʜʫʝʤ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʪʘʥʜʘʨʪʘ 

ʩʦʨʠʝʥʪʠʨʦʚʘʪʴ ʥʘ ʤʘʩʩʫ 4ï6 ʢʛ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʫʩʧʝʭʘ ʧʦʟʚʦʣʠʪ ʜʦʩʪʠʯʴ ʤʠʨʦʚʦʡ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʠ ʨʘʟʚʠʪʠʠ ʧʦʪʨʝʙʥʦʩʪʝʡ ʥʘ ʨʳʥʢʝ ʥʘʥʦʩʧʫʪʥʠʢʦʚè [2]. 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʤʘʩʩʘ ʧʣʘʪʬʦʨʤʳ ʟʘʧʫʱʝʥʥʦʛʦ ʩʧʫʪʥʠʢʘ ʊʅʉ-0 ˉ 2 ʩʦʩʪʘʚʣʷʝʪ 4 ʢʛ, ʘ 

ʤʘʩʩʘ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ ï 6 ʢʛ[4] ʤʳ ʧʨʠʭʦʜʠʤ ʢ ʚʳʚʦʜʫ ʦ ʪʦʤ, ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʥʳʡ 

ʨʦʩʩʠʡʩʢʠʡ ʩʪʘʥʜʘʨʪ ʷʚʣʷʝʪʩʷ ʧʦʜʨʳʚʥʦʡ ʠʥʥʦʚʘʮʠʝʡ, ʩʧʦʩʦʙʥʦʡ ʚ ʩʨʝʜʥʝʩʨʦʯʥʦʡ 

ʧʝʨʩʧʝʢʪʠʚʝ ʩʦʩʪʘʚʠʪʴ ʢʦʥʢʫʨʝʥʮʠʶ ʘʤʝʨʠʢʘʥʩʢʦʤʫ ʩʪʘʥʜʘʨʪʫ CubeSat ʠ ʟʘʧʦʣʥʠʪʴ 

ʬʦʨʤʠʨʫʶʱʫʶʩʷ ʨʳʥʦʯʥʫʶ ʥʠʰʫ ʥʘʥʦʩʧʫʪʥʠʢʦʚ ʚʝʩʦʤ ʦʪ 4 ʜʦ 10 ʢʛ. 

ˤ͔ͪͣΎ

˾͔͊ͣͪ͘

˽͔͙ͦͭͪ͋ͤͦͫͭ 
͎͍ͦͫͯ͒͊ͪͫͭ͊1

ˣͦ͡Έ΄͙͔͙͙ͫͨͯͭͤ͟

˽ͦ͒ͪ·͍ͤ͊Ύ 
͙͍ͤͤͦ͊ͼ͙Ύ ˸˴ˢ

Ϧ˽͔͔͙ͪ͋͘·ͭͦ͟ 
͊͟;͔͍ͫͭ͊Ϧ

˽͔͙ͪͦ͒ ͔͍͙ͨͪͦ͋ͪ͊ͦ͊ͤ͘Ύ ͪ·ͤ͊͟

Ϧ˨͔ͺ͙ͼ͙ͭ
͊͟;͔͍ͫͭ͊Ϧ

˽͔͙ͦͭͪ͋ͤͦͫͭ 
͙͙͍͙ͤͫͭͭͯͭͦ 
͙͍͔͙͔͍ͯͤͪͫͭͭͦ

CubeSat 1U

˽͔͙ͦͭͪ͋ͤͦͫͭ 
͎͍ͦͫͯ͒͊ͪͫͭ͊2

Ϧ˽͔͔͙ͪ͋͘·ͭͦ͟ 
͊͟;͔͍ͫͭ͊Ϧ

˽͔͙ͦͭͪ͋ͤͦͫͭ 
ͺ͙ͪͣ

ˣͦ͡Έ΄͙͔ ͙͙ͫͨͯͭͤ͟ 
͔͔͋ͦ͡ мллл ͎͟

˿͔͙͔ͪ͒ͤ ͙͙ͫͨͯͭͤ͟ 
500-мллл ͎͟

˸͙͙͙͙ͤͫͨͯͭͤ͟ 
100-рлл ͎͟

˸͙͙͙ͪͦͫͨͯͭͤ͟͟ 
10-млл ͎͟
˹͙͙͊ͤͦͫͨͯͭͤ͟ 
1-мл ͎͟
˽͙͙͙ͦͫͨͯͭͤ͟͟ 
͒ͦ м ͎͟
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ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʩʣʝʜʦʚʘʥʠʠ ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʚʳʰʝ ʤʦʜʝʣʠ ʨʳʥʢʘ 

ʥʘʥʦʩʧʫʪʥʠʢʦʚ ʠ ʪʝʦʨʠʠ ʧʨʦʨʳʚʥʳʭ ʠʥʥʦʚʘʮʠʡ ʂʣʝʡʪʦʥʘ ʄ. ʂʨʠʩʪʝʥʩʝʥʘ ʤʦʞʥʦ 

ʧʨʠʡʪʠ ʢ ʚʳʚʦʜʫ ʦ ʪʦʤ, ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʨʦʩʩʠʡʩʢʠʡ ʩʪʘʥʜʘʨʪ ʠʤʝʝʪ ʙʦʣʴʰʦʡ 

ʧʦʪʝʥʮʠʘʣ ʚ ʦʙʣʘʩʪʠ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʢʦʤʤʝʨʯʝʩʢʦʡ ʢʦʩʤʦʥʘʚʪʠʢʠ ʩ ʧʝʨʩʧʝʢʪʠʚʦʡ 

ʚʳʭʦʜʘ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʫʶ ʘʨʝʥʫ, ʦʜʥʘʢʦ ʦʥ ʥʫʞʜʘʝʪʩʷ ʚ ʜʘʣʴʥʝʡʰʠʭ ʫʣʫʯʰʘʶʱʠʭ 

ʠʥʥʦʚʘʮʠʷʭ. 

ʆʜʥʦʡ ʠʟ ʟʘʜʘʯ ʟʘʧʫʱʝʥʥʦʛʦ ʥʘʥʦʩʧʫʪʥʠʢʘ ʷʚʣʷʝʪʩʷ ʩʙʦʨ ʪʝʣʝʤʝʪʨʠʯʝʩʢʦʡ 

ʠʥʬʦʨʤʘʮʠʠ, ʨʘʙʦʪʘʶʱʠʭ ʥʘʜ ʩʦʟʜʘʥʠʝʤ ʇʆ ʜʣʷ ʘʢʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʦʨʠʝʥʪʘʮʠʠ [1]. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʣʘʥʠʨʫʝʪʩʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʜʦʩʪʫʧʘ ʢ ʫʧʨʘʚʣʝʥʠʶ ʘʧʧʘʨʘʪʦʤ 

ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʠ ʩʪʫʜʝʥʪʘʤʠ ʈʦʩʩʠʡʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʜʨʫʞʙʳ ʥʘʨʦʜʦʚ [4]. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʝʩʣʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʘʥʦʩʧʫʪʥʠʢʦʤ ʊʅʉ-0 ˉ 1, ʩʦʟʜʘʥʥʳʤ ʜʣʷ ʠʩʧʳʪʘʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʨʠʙʦʨʦʚ, ʥʘʥʦʩʧʫʪʥʠʢ ʊʅʉ-0 ˉ 2 ʧʨʠʟʚʘʥ ʟʘ 

ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʝ 3-5 ʤʝʩʷʮʝʚ ʦʩʫʱʝʩʪʚʠʪʴ ʪʝʩʪʠʨʦʚʘʥʠʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʠ ʨʫʯʥʳʭ 

ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ.  

ʀʟ ʦʧʠʩʘʥʥʦʛʦ ʚʳʰʝ ʧʨʦʮʝʩʩʘ ʨʘʟʚʠʪʠʷ ʩʧʫʪʥʠʢʦʚ ʩʝʨʠʠ ʊʅʉ-0 ʤʳ ʤʦʞʝʤ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʨʦʩʩʠʡʩʢʠʡ ʩʪʘʥʜʘʨʪ ʥʘʥʦʩʧʫʪʥʠʢʦʚ ʚʩʸ ʝʱʸ 

ʷʚʣʷʝʪʩʷ çʩʳʨʳʤè, ʪʦ ʝʩʪʴ, ʜʣʷ ʜʦʚʝʜʝʥʠʷ ʝʛʦ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦ 

ʪʨʝʙʫʝʤʦʛʦ ʟʘʨʦʞʜʘʶʱʠʤʩʷ ʨʳʥʢʦʤ ʫʨʦʚʥʷ, ʪʨʝʙʫʝʪʩʷ ʦʩʫʱʝʩʪʚʠʪʴ ʝʱʸ ʨʷʜ 

ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʠʥʥʦʚʘʮʠʡ. ɺ ʠʭ ʩʦʩʪʘʚʝ ʤʳ ʤʦʞʝʤ ʧʨʝʜʣʦʞʠʪʴ ʜʣʷ ʩʣʝʜʫʶʱʝʛʦ 

ʩʧʫʪʥʠʢʘ ʊʅʉ-0 ˉ 3 ʦʪʨʘʙʦʪʢʫ ʩʠʩʪʝʤ ʥʘʥʦʩʧʫʪʥʠʢʘ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʦʙʤʝʥ ʠ 

ʘʥʘʣʠʟ ʪʝʣʝʤʝʪʨʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʢʦʤʤʝʨʯʝʩʢʠʤʠ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ï ʠ ʚ ʯʘʩʪʥʦʩʪʠ 

ʨʦʩʩʠʡʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ï ʘʥʘʣʦʛ ʧʨʦʛʨʘʤʤʳ QGIS [5]. 

ɼʨʫʛʠʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʟʚʠʪʠʷ ʨʦʩʩʠʡʩʢʦʛʦ ʩʪʘʥʜʘʨʪʘ ʥʘʥʦʩʧʫʪʥʠʢʦʚ ʤʳ 

ʤʦʞʝʤ ʚʳʜʝʣʠʪʴ ʨʘʟʨʘʙʦʪʢʫ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʭ ʧʨʠʙʦʨʦʚ ʚ ʩʦʩʪʘʚʝ ʧʦʣʝʟʥʦʡ 

ʥʘʛʨʫʟʢʠ, ʧʦʟʚʦʣʷʶʱʠʭ ʬʦʨʤʠʨʦʚʘʪʴ ʠʟ ʥʘʥʦʩʧʫʪʥʠʢʦʚ ï ʩʧʫʪʥʠʢʦʚʫʶ ʩʠʩʪʝʤʫ ï 

ʤʘʣʝʥʴʢʠʡ ʘʥʘʣʦʛ ʩʠʩʪʝʤʳ ɻʣʦʥʘʩʩ. ʈʝʘʣʠʟʘʮʠʷ ʜʘʥʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʧʦʟʚʦʣʠʪ ʧʨʠ 

ʨʘʟʚʠʪʠʠ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʨʳʥʢʘ ʥʘʥʦʩʧʫʪʥʠʢʦʚ ʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʢʦʤʤʝʨʯʝʩʢʠʭ 

ʥʘʥʦʩʧʫʪʥʠʢʦʚ ʩʝʨʠʠ ʊʅʉ-0 ʨʝʰʘʪʴ ʛʣʦʙʘʣʴʥʳʝ ʟʘʜʘʯʠ ï ʥʘʧʨʠʤʝʨ, ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʬʫʥʢʮʠʠ ʩʠʩʪʝʤʳ ʂʦʩʧʘʩ-ʉʘʨʩʘʪ, ʜʦʧʦʣʥʷʷ ʝʸ, ʠʣʠ ʦʩʫʱʝʩʪʚʣʷʪʴ ʤʦʥʠʪʦʨʠʥʛ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʠ ʢʦʩʤʠʯʝʩʢʦʡ ʧʦʛʦʜʳ. 

ʊʨʝʪʴʠʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤʳ ʥʘʥʦʩʧʫʪʥʠʢʦʚ ʤʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ 

ʨʘʟʚʠʪʠʝ ʩʠʩʪʝʤʳ ʤʦʙʠʣʴʥʳʭ ʎʋʇʦʚ - ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʩ 

ʧʦʤʦʱʴʶ ʦʩʫʱʝʩʪʚʣʷʪʴ ʜʦʩʪʫʧ ʢ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʦʣʸʪʝ ʩʧʫʪʥʠʢʘ ʩ ʤʦʙʠʣʴʥʳʭ 

ʫʩʪʨʦʡʩʪʚ. 

ʏʝʪʚʸʨʪʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʠʥʥʦʚʘʮʠʡ ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʚ ʨʘʤʢʘʭ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ï ʢʘʢ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʥʩʪʠʪʫʪʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʤʘʣʳʤʠ ʠ ʩʨʝʜʥʠʤʠ ʠʥʥʦʚʘʮʠʦʥʥʳʤʠ 

ʢʦʤʧʘʥʠʷʤʠ, ʘ ʪʘʢʞʝ ʙʠʨʞʝʡ ʪʝʭʥʦʣʦʛʠʡ, ʠʥʬʦʨʤʘʮʠʠ ʠ ʚʨʝʤʝʥʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʥʘʥʦʩʧʫʪʥʠʢʦʚ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʡ. 
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ʂʠʩʝʣʴ ʆ. ɺ., ʂʘʣʫʞʩʢʠʭ ʀ. ɸ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ʄʦʪʠʚʘʮʠʷ ʧʝʨʩʦʥʘʣʘ ï ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʫʣʫʯʰʠʪʴ ʧʦʢʘʟʘʪʝʣʠ ʨʘʙʦʪʳ ʢʦʤʧʘʥʠʠ ʠ ʫʚʝʣʠʯʠʪʴ ʧʨʠʙʳʣʴ, ʧʦʩʢʦʣʴʢʫ 

ʵʬʬʝʢʪʠʚʥʘʷ ʤʦʪʠʚʘʮʠʷ ʧʝʨʩʦʥʘʣʘ ʧʦʙʫʞʜʘʝʪ ʨʘʙʦʪʥʠʢʦʚ ʢ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ 

ʚʥʫʪʨʠʣʠʯʥʦʩʪʥʳʭ ʠ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ. ɺʦ ʤʥʦʛʦʤ ʠʤʝʥʥʦ ʦʪ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ ʪʦʧ-

ʤʝʥʝʜʞʤʝʥʪʘ ʠ ʦʪ ʫʨʦʚʥʷ ʝʛʦ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʟʘʚʠʩʷʪ ʨʝʟʫʣʴʪʘʪʳ ʢʦʤʧʘʥʠʠ, ʘ 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʪʠʚʘʮʠʷ ʪʦʧ-ʤʝʥʝʜʞʤʝʥʪʘ ʟʘʥʠʤʘʝʪ ʦʩʦʙʦʝ ʤʝʩʪʦ ʚ ʩʠʩʪʝʤʝ 

ʤʦʪʠʚʘʮʠʠ ʧʝʨʩʦʥʘʣʘ. 

ʅʘʨʘʚʥʝ ʩ ʜʘʚʥʦ ʚʦʰʝʜʰʠʤʠ ʚ ʢʦʨʧʦʨʘʪʠʚʥʫʶ ʧʨʘʢʪʠʢʫ ʪʘʢʠʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ 

ʤʦʪʠʚʘʮʠʠ ʪʦʧ-ʤʝʥʝʜʞʤʝʥʪʘ, ʢʘʢ ʢʣʶʯʝʚʳʝ ʧʦʢʘʟʘʪʝʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ (KPI ï Key 

performance indicator), ʧʦʢʘʟʘʪʝʣʠ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʝʡ (ʄɺʆ  Management by Objectives) 

ʠ ʜʨʫʛʠʤʠ ʩʨʝʜʩʪʚʘʤʠ ʧʨʝʤʠʨʦʚʘʥʠʷ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʦ ʤʥʦʛʠʭ ʢʦʤʧʘʥʠʷʭ 

ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʥʦʚʘʷ ʬʦʨʤʘ ʧʨʝʤʠʨʦʚʘʥʠʷ ï ʦʧʮʠʦʥ, ʢʦʪʦʨʘʷ, ʧʦʜʦʙʥʦ ʣʶʙʦʤʫ 

ʜʨʫʛʦʤʫ ʚʠʜʫ ʤʦʪʠʚʘʮʠʠ, ʠʤʝʝʪ ʦʩʦʙʝʥʥʦʩʪʠ, ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. 

ʉʦʛʣʘʩʥʦ ʌʝʜʝʨʘʣʴʥʦʤʫ ʟʘʢʦʥʫ ʦʪ 22.04.1996 ˉ 39-ʌɿ çʆ ʨʳʥʢʝ ʮʝʥʥʳʭ 

ʙʫʤʘʛè, ʦʧʮʠʦʥ ï ʵʪʦ ʵʤʠʩʩʠʦʥʥʘʷ ʮʝʥʥʘʷ ʙʫʤʘʛʘ, ʢʦʪʦʨʘʷ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʝʝ ʚʣʘʜʝʣʴʮʫ 

ʧʨʘʚʦ ʥʘ ʧʦʢʫʧʢʫ ʧʦ ʧʨʝʜʫʩʤʦʪʨʝʥʥʦʡ ʮʝʥʝ ʠ ʚ ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʡ ʩʨʦʢ ʦʧʨʝʜʝʣʝʥʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʘʢʮʠʡ ʵʤʠʪʝʥʪʘ ʧʨʠ ʫʩʣʦʚʠʠ ʥʘʩʪʫʧʣʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʡ. ʆʧʮʠʦʥ 

ʥʘ ʘʢʮʠʠ ʷʚʣʷʝʪʩʷ ʠʤʝʥʥʳʤ ʠ ʟʘʯʘʩʪʫʶ ʩʦʩʪʘʚʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ 

ʢʦʤʧʝʥʩʘʮʠʦʥʥʦʛʦ ʧʘʢʝʪʘ ʨʘʙʦʪʥʠʢʦʚ, ʨʫʢʦʚʦʜʷʱʝʛʦ ʩʦʩʪʘʚʘ ʢʦʤʧʘʥʠʠ.  

ʇʨʦʛʨʘʤʤʳ ʚʦʟʥʘʛʨʘʞʜʝʥʠʷ ʩʦʪʨʫʜʥʠʢʦʚ ʦʧʮʠʦʥʘʤʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ ʤʦʪʠʚʘʮʠʠ ʧʝʨʩʦʥʘʣʘ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʥʘ ʨʦʩʪ 

ʩʪʦʠʤʦʩʪʠ ʙʠʟʥʝʩʘ. 

ʇʝʨʚʦʡ ʧʦʦʱʨʷʪʴ ʩʚʦʠʭ ʤʝʥʝʜʞʝʨʦʚ ʩ ʧʦʤʦʱʴʶ ʦʧʮʠʦʥʦʚ ʥʘʯʘʣʘ ʘʤʝʨʠʢʘʥʩʢʘʷ 

ʢʦʤʧʘʥʠʷ çToys.R.Usè (ʩʝʪʴ ʤʘʛʘʟʠʥʦʚ ʧʦ ʧʨʦʜʘʞʝ ʠʛʨʫʰʝʢ). ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʦʤʧʘʥʠʠ ʝʝ ʤʝʥʝʜʞʝʨʳ ʧʦʣʫʯʠʣʠ ʦʧʮʠʦʥʳ, ʙʳʣ ʦʪʤʝʯʝʥ 

ʨʝʟʢʠʡ ʨʦʩʪ ʢʫʨʩʘ ʘʢʮʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʩʣʝ ʨʝʘʣʠʟʘʮʠʠ ʦʧʮʠʦʥʦʚ ʨʫʢʦʚʦʜʩʪʚʦ 

ʢʦʤʧʘʥʠʠ ʧʦʣʫʯʠʣʦ ʟʥʘʯʠʪʝʣʴʥʫʶ ʧʨʠʙʘʚʢʫ ʢ ʟʘʨʘʙʦʪʥʦʡ ʧʣʘʪʝ. ʆ ʤʘʩʰʪʘʙʘʭ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʚʦʟʥʘʛʨʘʞʜʝʥʠʷ ʤʦʞʥʦ ʩʫʜʠʪʴ ʧʦ ʪʦʤʫ ʬʘʢʪʫ, ʯʪʦ ʛʣʘʚʘ ʢʦʤʧʘʥʠʠ ʟʘ 

ʧʦʩʣʝʜʫʶʱʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʟʘʨʘʙʦʪʘʣ 156 ʤʣʥ.ʜʦʣ. ʠ ʙʳʣ ʧʨʠʟʥʘʥ ʩʘʤʳʤ 

ʚʳʩʦʢʦʦʧʣʘʯʠʚʘʝʤʳʤ ʤʝʥʝʜʞʝʨʦʤ ʟʘ ʵʪʦʪ ʧʝʨʠʦʜ. ɼʘʥʥʳʡ ʧʨʠʤʝʨ ʙʳʣ ʧʦʜʭʚʘʯʝʥ 

ʪʘʢʠʤʠ  ʢʦʤʧʘʥʠʷʤʠ, ʢʘʢ çApple Computerè. ʅʘʭʦʜʷʩʴ ʚʦ ʛʣʘʚʝ ʢʦʨʧʦʨʘʮʠʠ, ʉʪʠʚ 

ɼʞʦʙʩ ʧʨʦʚʦʟʛʣʘʩʠʣ ʩʝʙʷ ʯʝʣʦʚʝʢʦʤ, ʛʦʪʦʚʳʤ ʨʘʙʦʪʘʪʴ ʟʘ ʜʦʣʣʘʨ ʚ ʛʦʜ ʨʘʜʠ ʙʣʘʛʘ 

ʢʦʤʧʘʥʠʠ. ʅʦ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʦʥ ʧʦʣʫʯʠʣ ʢʨʫʧʥʳʝ ʦʧʮʠʦʥʳ ʥʘ ʧʦʢʫʧʢʫ ʘʢʮʠʡ Apple ʧʦ 

ʟʘʜʘʥʥʦʡ ʮʝʥʝ, ʢʦʪʦʨʳʝ ʥʝ ʚʭʦʜʠʣʠ ʚ ʩʪʘʥʜʘʨʪʥʫʶ ʧʨʘʢʪʠʢʫ ʧʦʦʱʨʝʥʠʷ, ʦʩʥʦʚʘʥʥʦʛʦ 

ʥʘ ʦʪʟʳʚʘʭ ʩʦʚʝʪʘ ʠ ʢʨʠʪʝʨʠʷʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʆʜʥʘʢʦ ɼʞʦʙʩ ʨʘʩʩʤʘʪʨʠʚʘʣ  ʧʦʣʫʯʝʥʠʝ 

ʦʧʮʠʦʥʦʚ ʢʘʢ ʟʥʘʢ ʧʨʠʟʥʘʥʠʷ ʢʦʤʧʘʥʠʝʡ ʝʛʦ ʟʘʩʣʫʛ. ʇʦʩʣʝ ʝʛʦ ʩʤʝʨʪʠ Apple, ʠʩʧʦʣʴʟʫʷ 

ʦʮʠʦʥʳ,  ʧʳʪʘʣʘʩʴ ʫʜʝʨʞʘʪʴ ʢʦʤʘʥʜʫ ʪʦʧ-ʤʝʥʝʜʞʝʨʦʚ: ʢʘʞʜʦʤʫ ʠʟ ʥʠʭ ʙʳʣʦ 

ʧʨʝʜʦʩʪʘʚʣʝʥʦ 150 ʪʳʩʷʯ ʘʢʮʠʡ ʢʦʤʧʘʥʠʠ, ʢʦʪʦʨʳʝ ʦʮʝʥʠʚʘʶʪʩʷ ʚ 60 ʤʠʣʣʠʦʥʦʚ 

ʜʦʣʣʘʨʦʚ (ʠʩʭʦʜʷ ʠʟ ʨʳʥʦʯʥʦʡ ʩʪʦʠʤʦʩʪʠ ʙʫʤʘʛ). ʆʥʠ ʩʤʦʛʫʪ ʨʝʘʣʠʟʦʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ 

ʦʧʮʠʦʥʳ ʪʦʣʴʢʦ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʦʩʪʘʥʫʪʩʷ ʨʘʙʦʪʘʪʴ ʚ Apple. 

ʂʦʨʧʦʨʘʮʠʷ-ʤʠʨʦʚʦʡ ʣʠʜʝʨ ʩʨʝʜʠ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʧʣʘʪʥʳʭ ʪʝʣʝʢʘʥʘʣʦʚ - 
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ʤʝʥʝʜʞʝʨʘ. ʇʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ɼʵʚʠʜʘ ɿʘʩʣʘʚʘ ʦʪʢʨʳʣʩʷ ʢʘʥʘʣ ʩ ʧʨʦʛʨʘʤʤʘʤʠ ʜʣʷ 

ʜʝʪʝʡ ʠ ʩʝʤʝʡʥʦʛʦ ʧʨʦʩʤʦʪʨʘ, ʥʘʨʘʩʪʠʚʰʠʡ 60-ʤʠʣʣʠʦʥʥʫʶ ʘʫʜʠʪʦʨʠʶ, ʩʪʘʚʰʠʡ 

ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʭ ʥʘ ʨʳʥʢʝ ʠ ʪʝʤ ʩʘʤʳʤ ʧʦʚʳʩʠʚʰʠʡ ʩʪʦʠʤʦʩʪʴ 

ʢʦʤʧʘʥʠʠ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʚʦʝʡ ʨʘʙʦʪʳ ʪʦʧ-ʤʝʥʝʜʞʝʨ ʧʦʣʫʯʠʣ  ʥʘʜʙʘʚʢʫ ʦʧʮʠʦʥʘʤʠ ʚ 

ʨʘʟʤʝʨʝ 50,58 ʤʣʥ.ʜʦʣ. 

ɺ ʈʦʩʩʠʠ ʧʝʨʚʦʡ  ʨʝʘʣʠʟʦʚʘʣʘ ʦʧʮʠʦʥʥʫʶ ʩʭʝʤʫ ʚ ʤʦʪʠʚʘʮʠʠ ʧʝʨʩʦʥʘʣʘ 

ʥʝʬʪʷʥʘʷ ʢʦʤʧʘʥʠʷ çʖʂʆʉè, ʚʳʧʫʩʪʠʚ ʦʧʮʠʦʥ ʥʘ ʩʚʦʠ ʘʢʮʠʠ ʜʣʷ 300 ʤʝʥʝʜʞʝʨʦʚ. 

ʇʦʩʣʝ ʥʝʸ  ʚ ʨʘʟʥʦʝ ʚʨʝʤʷ ʠ ʩ ʨʘʟʥʳʤ ʫʩʧʝʭʦʤ ʦʧʮʠʦʥʳ ʚ ʤʦʪʠʚʘʮʠʠ ʧʨʠʤʝʥʷʣʠ ʪʘʢʠʝ 

ʢʦʤʧʘʥʠʠ ʢʘʢ  çɺʳʤʧʝʣʢʦʤè, ʈɸʆ çɻʘʟʧʨʦʤè, ʆɸʆ çʆʄɿè, ʈɸʆ çɽʕʉ ʈʦʩʩʠʠè, 

ʢʨʫʧʥʳʡ ʨʠʪʝʡʣʝʨ çʃʝʥʪʘè, ʆʆʆ çʗʥʜʝʢʩè ʠ ʜʨʫʛʠʝ.  

ʋʩʧʝʰʥʦ ʨʝʘʣʠʟʫʝʪ ʦʧʮʠʦʥʥʫʶ ʧʨʦʛʨʘʤʤʫ ʤʦʪʠʚʘʮʠʠ  ʆɸʆ çʄʝʛʘʬʦʥè. ɺ 2012 

ʠ 2013 ʛʛ. ʩʦʚʝʪ ʜʠʨʝʢʪʦʨʦʚ ʦʧʝʨʘʪʦʨʘ ʫʪʚʝʨʜʠʣ ʜʚʝ ʧʨʦʛʨʘʤʤʳ ʜʦʣʛʦʩʨʦʯʥʦʡ 

ʤʦʪʠʚʘʮʠʠ ʢʣʶʯʝʚʳʭ ʨʫʢʦʚʦʜʠʪʝʣʝʡ ʠ ʜʠʨʝʢʪʦʨʦʚ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʳʭ ʫʯʘʩʪʥʠʢʘʤ 

ʧʨʝʜʦʩʪʘʚʣʷʶʪʩʷ ʦʧʮʠʦʥʳ ʥʘ ʬʘʥʪʦʤʥʳʝ ʘʢʮʠʠ. ʂʘʞʜʘʷ ʠʟ ʥʠʭ ʜʝʡʩʪʚʫʝʪ ʪʨʠ ʛʦʜʘ, ʧʨʠ 

ʵʪʦʤ ʨʝʘʣʠʟʦʚʘʪʴ ʦʧʮʠʦʥʳ ʠ ʧʦʣʫʯʠʪʴ ʜʝʥʴʛʠ ʤʦʞʥʦ ʪʦʣʴʢʦ ʚ ʪʝʯʝʥʠʝ ʚʪʦʨʦʛʦ ʠ 

ʪʨʝʪʴʝʛʦ ʛʦʜʘ ʜʝʡʩʪʚʠʷ ʧʨʦʛʨʘʤʤʳ. ʄʝʥʝʜʞʝʨʘʤ ʚʳʧʣʘʯʠʚʘʝʪʩʷ ʨʘʟʥʠʮʘ ʤʝʞʜʫ 

ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʡ ʮʝʥʦʡ ʘʢʮʠʡ ʤʝʞʜʫ 15 ʷʥʚʘʨʷ ʠ 15 ʤʘʨʪʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʛʦʜʘ ʠ 

ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʟʘʨʘʥʝʝ ʙʘʟʦʚʦʡ ʮʝʥʦʡ. ʀʟʥʘʯʘʣʴʥʦ ʙʘʟʦʚʳʝ ʮʝʥʳ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʚ 

$17,86 ʟʘ ʘʢʮʠʶ ʜʣʷ ʧʨʦʛʨʘʤʤʳ 2012 ʛ. ʠ $24,25 ʜʣʷ ʧʨʦʛʨʘʤʤʳ 2013 ʛ. ʅʦ ʚ 2015 ʛ. 

ʩʦʚʝʪ ʜʠʨʝʢʪʦʨʦʚ çʄʝʛʘʬʦʥʘè ʠʟʤʝʥʠʣ ʫʩʣʦʚʠʷ ʵʪʠʭ ʧʨʦʛʨʘʤʤ, ʫʩʪʘʥʦʚʠʚ ʙʘʟʦʚʳʝ 

ʮʝʥʳ ʚ 555 ʠ 744 ʨʫʙ. ʟʘ ʘʢʮʠʶ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʙʱʘʷ ʩʪʦʠʤʦʩʪʴ ʧʦʣʥʦʛʦ ʧʘʢʝʪʘ 

ʬʘʥʪʦʤʥʳʭ ʘʢʮʠʡ ʩʦʩʪʘʚʣʷʝʪ 1,1% ʦʪ ʘʢʮʠʦʥʝʨʥʦʛʦ ʢʘʧʠʪʘʣʘ ʢʦʤʧʘʥʠʠ. 

ʂʦʤʧʘʥʠʷ çʈʦʩʪʝʣʝʢʦʤè ʧʣʘʥʠʨʫʝʪ ʢ ʟʘʧʫʩʢʫ ʫʞʝ ʪʨʝʪʴʶ ʧʨʦʛʨʘʤʤʫ ʤʦʪʠʚʘʮʠʠ 

ʩʦʪʨʫʜʥʠʢʦʚ. ɺʧʝʨʚʳʝ ʤʝʥʝʜʞʝʨʳ çʈʦʩʪʝʣʝʢʦʤʘè ʧʦʣʫʯʠʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʫʯʘʩʪʚʦʚʘʪʴ ʚ 

ʦʧʮʠʦʥʥʦʡ ʧʨʦʛʨʘʤʤʝ ʚ 2010 ʛ., ʪʦʛʜʘ ʧʦʜ ʥʝʝ ʙʳʣʦ ʟʘʨʝʟʝʨʚʠʨʦʚʘʥʦ ʜʦ 3,5% 

ʦʙʳʢʥʦʚʝʥʥʳʭ ʘʢʮʠʡ ʦʧʝʨʘʪʦʨʘ. ɸ ʚ ʠʶʥʝ 2011 ʛ. ʩʦʚʝʪ ʜʠʨʝʢʪʦʨʦʚ çʈʦʩʪʝʣʝʢʦʤʘè 

ʫʪʚʝʨʜʠʣ ʚʪʦʨʦʡ ʵʪʘʧ ʦʧʮʠʦʥʥʦʡ ʧʨʦʛʨʘʤʤʳ. ɺ ʥʝʤ ʫʯʘʩʪʚʦʚʘʣʦ 16,3% 

ʧʨʠʚʠʣʝʛʠʨʦʚʘʥʥʳʭ ʘʢʮʠʡ ʢʦʤʧʘʥʠʠ, ʠʣʠ 1,2% ʫʩʪʘʚʥʦʛʦ ʢʘʧʠʪʘʣʘ. ʋʯʘʩʪʥʠʢʘʤʠ 

ʚʪʦʨʦʛʦ ʵʪʘʧʘ ʤʦʛʣʠ ʩʪʘʪʴ ʥʝ ʪʦʣʴʢʦ ʤʝʥʝʜʞʝʨʳ çʈʦʩʪʝʣʝʢʦʤʘè, ʥʦ ʠ ʯʣʝʥʳ ʝʛʦ ʩʦʚʝʪʘ 

ʜʠʨʝʢʪʦʨʦʚ. ʆʜʥʘʢʦ ʚʪʦʨʦʡ ʵʪʘʧ ʙʳʣ ʦʜʦʙʨʝʥ ʩ ʥʘʨʫʰʝʥʠʷʤʠ: ʯʣʝʥʳ ʩʦʚʝʪʘ ʜʠʨʝʢʪʦʨʦʚ 

ʩʪʘʣʠ ʫʯʘʩʪʥʠʢʘʤʠ ʧʨʦʛʨʘʤʤʳ ʤʦʪʠʚʘʮʠʠ ʙʣʘʛʦʜʘʨʷ ʨʝʰʝʥʠʶ ʩʘʤʦʛʦ ʩʦʚʝʪʘ 

ʜʠʨʝʢʪʦʨʦʚ, ʙʝʟ ʦʜʦʙʨʝʥʠʷ ʩʦʙʨʘʥʠʝʤ ʘʢʮʠʦʥʝʨʦʚ ʠ ʧʦ ʨʝʰʝʥʠʶ ʩʫʜʘ ʙʳʣ ʦʪʤʝʥʸʥ. ɺ 

2014 ʛ. ʢʦʤʧʘʥʠʷ ʟʘʧʫʩʪʠʣʘ ʥʦʚʫʶ ʤʦʪʠʚʘʮʠʦʥʥʫʶ ʧʨʦʛʨʘʤʤʫ, ʨʘʩʩʯʠʪʘʥʥʫʶ ʥʘ 200 

ʯʝʣʦʚʝʢ. ʊʦʛʜʘ ʦʧʝʨʘʪʦʨ ʩʦʟʜʘʣ ʟʘʢʨʳʪʳʡ ʧʘʝʚʦʡ ʠʥʚʝʩʪʠʮʠʦʥʥʳʡ ʬʦʥʜ ʧʦʜ 

ʫʧʨʘʚʣʝʥʠʝʤ ɺʊɹ, ʚ ʢʦʪʦʨʳʡ ʙʳʣʦ ʚʥʝʩʝʥʦ 3% ʫʩʪʘʚʥʦʛʦ ʢʘʧʠʪʘʣʘ çʈʦʩʪʝʣʝʢʦʤʘè.  

ʆʜʠʥ ʠʟ ʢʨʫʧʥʝʡʰʠʭ ʨʦʩʩʠʡʩʢʠʭ ʨʠʪʝʡʣʝʨʦʚ, çʃʝʥʪʘè, ʩ 2013 ʛ. ʠʩʧʦʣʴʟʫʝʪ 

ʦʧʮʠʦʥʳ ʚ  ʜʦʣʛʦʩʨʦʯʥʦʡ ʤʦʪʠʚʘʮʠʠ ʪʦʧ-ʤʝʥʝʜʞʤʝʥʪʘ. ɺ ʩʝʨʝʜʠʥʝ 2015 ʛ., ʦʧʠʨʘʷʩʴ ʥʘ 

ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʫʶ ʩʠʪʫʘʮʠʶ, ʨʠʪʝʡʣʝʨ ʠʟʤʝʥʠʣ ʚʩʝ ʬʠʥʘʥʩʦʚʳʝ ʧʘʨʘʤʝʪʨʳ 

ʧʨʦʛʨʘʤʤʳ ʥʘ ʨʫʙʣʝʚʳʝ ʧʦʢʘʟʘʪʝʣʠ, ʠʩʧʦʣʴʟʫʷ ʦʙʤʝʥʥʳʡ ʢʫʨʩ ʥʘ 1 ʘʧʨʝʣʷ 2013 ʛ., ʪ. ʝ. 

ʜʘʪʫ ʩʪʘʨʪʘ ʧʨʦʛʨʘʤʤʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʮʝʥʘ ʠʩʧʦʣʥʝʥʠʷ ʦʩʪʘʚʰʝʡʩʷ ʦʧʮʠʦʥʥʦʡ 

ʧʨʦʛʨʘʤʤʳ ʠʟʤʝʥʠʣʘʩʴ ʩ $49,84 ʥʘ 1516 ʨʫʙ. ʟʘ ʘʢʮʠʶ. ʊʘʢʞʝ ʙʳʣ ʧʝʨʝʩʤʦʪʨʝʥ ʛʨʘʬʠʢ 

ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʛʨʘʤʤʳ. ɺ ʢʘʯʝʩʪʚʝ ʧʦʦʱʨʝʥʠʷ çʃʝʥʪʘè ʫʞʝ ʧʝʨʝʜʘʣʘ ʪʦʧ-ʤʝʥʝʜʞʤʝʥʪʫ 

ʧʨʘʚʘ ʥʘ 20% ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʬʘʥʪʦʤʥʳʭ ʘʢʮʠʡ ʚ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʤʳ. 

ʆʩʪʘʚʰʠʝʩʷ 80% ʙʫʜʫʪ ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʜʚʘ ʵʪʘʧʘ: 30% ʚ ʘʧʨʝʣʝ 2017 ʛ. ʠ 50% ʚ 2018 ʛ. 

ʀʟʤʝʥʝʥʠʷ ʜʦʣʞʥʳ ʧʦʚʳʩʠʪʴ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʧʨʦʛʨʘʤʤʳ ʧʦʦʱʨʝʥʠʷ ʜʣʷ 

ʤʝʥʝʜʞʤʝʥʪʘ. 

ʉʦʛʣʘʩʥʦ ʦʪʯʝʪʫ çʃʝʥʪʳè, ʚ ʧʨʦʛʨʘʤʤʝ ʫʯʘʩʪʚʫʝʪ ʚʦʩʝʤʴ ʪʦʧ-ʤʝʥʝʜʞʝʨʦʚ 

ʨʠʪʝʡʣʝʨʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʝʛʦ ʛʝʥʝʨʘʣʴʥʳʡ ʠ ʬʠʥʘʩʦʚʳʡ ʜʠʨʝʢʪʦʨ. ʉʨʝʜʠ ʤʝʥʝʜʞʝʨʦʚ ð 

ʫʯʘʩʪʥʠʢʦʚ ʦʧʮʠʦʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʯʝʪʳʨʴʤʷ ʪʨʘʥʰʘʤʠ ʜʦ 2018 ʛ. ʙʫʜʝʪ ʨʘʩʧʨʝʜʝʣʝʥʦ 

742 768 ʬʘʥʪʦʤʥʳʭ ʘʢʮʠʡ (0, 86% ʨʠʪʝʡʣʝʨʘ), ʧʠʰʝʪ UBS. ʂʣʶʯʝʚʳʝ ʤʝʥʝʜʞʝʨʳ ʩʝʪʠ 

https://www.vedomosti.ru/companies/lenta-limited


ʉʝʢʮʠʷ 13. ʕʢʦʥʦʤʠʢʘ ʠ ʫʧʨʘʚʣʝʥʠʝ ʩʣʦʞʥʳʤʠ ʩʠʩʪʝʤʘʤʠ 

232 

ʫʞʝ ʚʣʘʜʝʶʪ ʧʨʠʤʝʨʥʦ 1% çʃʝʥʪʳè, ʢʦʪʦʨʳʡ ʙʳʣ ʧʦʣʫʯʝʥ ʦʪ ʘʢʮʠʦʥʝʨʦʚ ʚ 2011-2012 

ʛʛ. 

ʅʘʠʙʦʣʝʝ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʦʧʮʠʦʥʥʳʝ ʧʨʦʛʨʘʤʤʳ ʚ ʩʪʘʨʪʘʧʘʭ  ʠʥʪʝʨʥʝʪ-

ʢʦʤʧʘʥʠʡ.  ʇʨʦʮʝʩʩ ʨʘʟʜʘʯʠ ʦʧʮʠʦʥʦʚ ʥʘ ʩʦʙʩʪʚʝʥʥʳʝ ʘʢʮʠʠ ʧʦʜʦʛʨʝʚʘʝʪʩʷ ʪʝʤ, ʯʪʦ 

ʧʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʥʦʚʳʭ ʢʦʤʧʘʥʠʡ ʥʝ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʧʣʘʪʠʪʴ ʩʚʦʠʤ 

ʤʝʥʝʜʞʝʨʘʤ ʙʦʣʴʰʠʝ ʟʘʨʧʣʘʪʳ ʞʠʚʳʤʠ ʜʝʥʴʛʘʤʠ. ʇʨʠʯʠʥʘ ʵʪʦʛʦ ʢʨʦʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʥʘ 

ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ ʚʩʝ ʠʤʫʱʝʩʪʚʦ ʠʥʪʝʨʥʝʪ-ʢʦʤʧʘʥʠʡ ʩʦʩʪʘʚʣʷʝʪ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ 

ʩʦʙʩʪʚʝʥʥʦʩʪʴ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʧʮʠʦʥ ʥʘ ʩʪʨʝʤʠʪʝʣʴʥʦ ʨʘʩʪʫʱʠʝ ʘʢʮʠʠ ʟʘʤʝʥʷʝʪ 

ʙʦʣʴʰʫʶ ʟʘʨʧʣʘʪʫ ʠ ʩʣʫʞʠʪ ʢʦʥʢʫʨʝʥʪʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʧʨʠ ʧʝʨʝʤʘʥʠʚʘʥʠʠ 

ʩʦʪʨʫʜʥʠʢʦʚ ʠʟ ʜʨʫʛʦʡ ʢʦʤʧʘʥʠʠ.   

ʆʩʥʦʚʘʪʝʣʴ My-Apps.com ʠ LifePay ɺʷʯʝʩʣʘʚ ʉʝʤʝʥʯʫʢ  ʠʩʧʦʣʴʟʦʚʘʣ ʦʧʮʠʦʥʳ ʚ 

ʤʦʪʠʚʘʮʠʠ ʩʦʪʨʫʜʥʠʢʦʚ ʚ ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʝʢʪʘʭ. ɺ ʧʝʨʚʦʤ ʧʨʦʝʢʪʝ My-Apps.com 

ʢʣʶʯʝʚʳʤ ʩʦʪʨʫʜʥʠʢʘʤ ʦʧʮʠʦʥʥʳʝ ʧʨʦʛʨʘʤʤʳ ʙʳʣʠ ʦʙʝʱʘʥʳ, ʝʩʣʠ ʢʦʤʘʥʜʘ ʚ 

ʟʘʜʘʥʥʳʝ ʩʨʦʢʠ ʚʳʜʘʩʪ ʤʠʥʠʤʘʣʴʥʳʡ ʨʘʙʦʯʠʡ ʧʨʦʪʦʪʠʧ ʧʨʦʝʢʪʘ. ʄʦʪʠʚʘʮʠʷ ʦʢʘʟʘʣʘʩʴ 

ʜʦʩʪʘʪʦʯʥʦʡ, ʩʦʪʨʫʜʥʠʢʠ ʚʢʣʶʯʠʣʠʩʴ ʚ ʨʘʙʦʪʫ ʠ ʧʦʣʫʯʠʣʠ ʦʙʝʱʘʥʥʳʝ ʦʧʮʠʦʥʳ. ʂ 

ʨʘʟʨʘʙʦʪʘʥʥʦʤʫ ʧʨʦʝʢʪʫ ʧʦʜʢʣʶʯʠʣʠʩʴ ʠʥʚʝʩʪʦʨʳ, ʧʦʷʚʠʣʠʩʴ ʥʦʚʳʝ KPI. ɺ ʩʣʫʯʘʝ 

ʥʘʨʫʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʛʦ ʠʥʚʝʩʪʦʨʘʤʠ ʩʨʦʢʘ, ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʧʨʦʝʢʪʘ ʧʨʠʰʣʦʩʴ ʙʳ 

ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʥʝʦʢʫʧʠʚʰʠʝʩʷ ʟʘʪʨʘʪʳ. ʇʦʵʪʦʤʫ ʦʧʮʠʦʥʥʘʷ ʩʪʨʘʪʝʛʠʷ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʦʩʥʦʚʘʪʝʣʴ ʧʨʦʝʢʪʘ ʚʳʜʝʣʠʣ ʯʘʩʪʴ ʩʦʙʩʪʚʝʥʥʦʡ ʜʦʣʠ ʠ ʩʦʦʙʱʠʣ 

ʢʦʤʘʥʜʝ ʦ ʜʚʫʭ ʜʘʣʴʥʝʡʰʠʭ ʚʘʨʠʘʥʪʘʭ. ɽʩʣʠ ʧʦʩʪʘʚʣʝʥʥʳʝ ʠʥʚʝʩʪʦʨʘʤʠ KPI 

ʚʳʧʦʣʥʷʶʪʩʷ, ʦʧʮʠʦʥ ʜʝʣʠʪʩʷ ʤʝʞʜʫ ʯʣʝʥʘʤʠ ʢʦʤʘʥʜʳ. ɽʩʣʠ ʥʝʪ, ʦʧʮʠʦʥ ʦʪʜʘʸʪʩʷ 

ʠʥʚʝʩʪʦʨʘʤ ʚ ʨʘʤʢʘʭ ʧʦʛʘʰʝʥʠʷ ʥʝʚʳʧʦʣʥʝʥʥʳʭ ʦʙʷʟʘʪʝʣʴʩʪʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ KPI ʙʳʣʠ 

ʫʩʧʝʰʥʦ ʚʳʧʦʣʥʝʥʳ, ʠ ʢʣʶʯʝʚʳʝ ʩʦʪʨʫʜʥʠʢʠ ʫʚʝʣʠʯʠʣʠ ʩʚʦʠ ʦʧʮʠʦʥʳ ʠ ʩʪʝʧʝʥʴ 

ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʦʩʪʠ ʚ ʫʩʧʝʭʝ ʧʨʦʝʢʪʘ. ɺʪʦʨʦʡ ʧʨʦʝʢʪ  - ʤʦʙʠʣʴʥʳʡ ʵʢʚʘʡʨʠʥʛ LifePay ï 

ʠʟʥʘʯʘʣʴʥʦ ʠʤʝʣ ʩʪʘʪʫʩ A-ʨʘʫʥʜ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ, ʧʦʵʪʦʤʫ ʩʭʝʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʦʧʮʠʦʥʦʚ ʙʳʣʘ ʚʳʙʨʘʥʘ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʝʢʪʘ. ɺ 

ʨʘʤʢʘʭ ʦʧʮʠʦʥʥʦʡ ʧʨʦʛʨʘʤʤʳ  ʚʳʜʝʣʝʥʳ ʵʪʘʧʳ ʞʠʟʥʠ ʧʨʦʝʢʪʘ, ʢʘʞʜʳʡ ʵʪʘʧ ð ʧʦ ʪʨʠ 

ʤʝʩʷʮʘ  ʩʦ ʩʚʦʠʤʠ KPI. ʀ ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʢʦʤʘʥʜʘ ʧʦʣʥʦʩʪʴʶ ʚʳʧʦʣʥʷʝʪ 

ʧʦʩʪʘʚʣʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ, ʦʥʘ ʧʦʣʫʯʘʝʪ ʦʯʝʨʝʜʥʳʝ ʥʝʙʦʣʴʰʠʝ ʜʦʣʠ ʚ ʬʠʨʤʝ. 

ʆʩʥʦʚʘʪʝʣʴ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʧʣʘʪʬʦʨʤ rʜʣʷ ʠʟʫʯʝʥʠʷ ʠ ʧʨʘʢʪʠʢʠ ʠʥʦʩʪʨʘʥʥʦʛʦ 

ʷʟʳʢʘ LinguaLeo  ʩʦ ʩʪʘʨʪʘ ʧʨʦʝʢʪʘ ʠʩʧʦʣʴʟʫʝʪ ʦʧʮʠʦʥʳ ʚ ʢʘʯʝʩʪʚʝ ʤʦʪʠʚʘʮʠʠ. ʇʨʠ 

ʵʪʦʤ ʜʣʷ ʢʦʥʪʨʦʣʷ ʧʨʠʤʝʥʷʝʪʩʷ cap table  ð ʪʘʙʣʠʮʘ ʢʘʧʠʪʘʣʠʟʘʮʠʠ: ʚ  ʥʝʡ ʦʪʤʝʯʘʝʪʩʷ, 

ʩʢʦʣʴʢʦ ʘʢʮʠʡ ʢʦʤʫ ʧʨʠʥʘʜʣʝʞʠʪ, ʥʠʢʘʢʠʭ ʧʨʦʮʝʥʪʦʚ, ʨʘʟʤʳʚʘʶʱʠʭ ʜʦʣʶ ʢʘʞʜʦʛʦ 

ʚʣʘʜʝʣʴʮʘ.  ʉ ʧʨʠʭʦʜʦʤ ʚʝʥʯʫʨʥʦʛʦ ʠʥʚʝʩʪʦʨʘ ʦʧʮʠʦʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʩʪʘʣʘ ʩʪʨʦʠʪʴʩʷ 

ʧʦ ʘʥʛʣʠʡʩʢʦʤʫ ʧʨʘʚʫ: ʦʧʮʠʦʥ ʩʦʟʨʝʚʘʝʪ ʧʦʢʚʘʨʪʘʣʴʥʦ ʚ ʪʝʯʝʥʠʝ ʯʝʪʳʨʸʭ ʣʝʪ, ʥʦ 

ʧʝʨʚʫʶ ʜʦʣʶ ʤʦʞʥʦ ʚʳʢʫʧʠʪʴ ʥʝ ʨʘʥʴʰʝ, ʯʝʤ ʯʝʨʝʟ ʛʦʜ ʧʦʩʣʝ ʥʘʯʘʣʘ ʜʝʡʩʪʚʠʷ 

ʦʧʮʠʦʥʥʦʡ ʧʨʦʛʨʘʤʤʳ.  ʇʦʜ ʦʧʮʠʦʥʳ ʟʘʨʝʟʝʨʚʠʨʦʚʘʥʦ 6,54% ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʘʢʮʠʡ. ʎʝʥʘ ʠʩʧʦʣʥʝʥʠʷ ʦʧʨʝʜʝʣʝʥʘ, ʠʩʭʦʜʷ ʠʟ ʦʮʝʥʢʠ ʢʦʤʧʘʥʠʠ ʥʘ ʧʦʩʣʝʜʥʝʤ ʨʘʫʥʜʝ 

ʠʥʚʝʩʪʠʮʠʡ.  

ʆʙʟʦʨ ʠ ʘʥʘʣʠʟ ʧʨʠʤʝʥʝʥʠʷ ʦʧʮʠʦʥʦʚ ʚ ʩʠʩʪʝʤʝ ʤʦʪʠʚʘʮʠʠ ʚ ʨʘʟʣʠʯʥʳʭ 

ʢʦʤʧʘʥʠʷʭ ʧʦʟʚʦʣʠʣ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʧʦʣʦʞʝʥʠʷ:  

1. ʆʧʮʠʦʥ ʚʳʩʪʫʧʘʝʪ ʥʝ ʪʦʣʴʢʦ ʤʘʪʝʨʠʘʣʴʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʧʦʦʱʨʝʥʠʷ, ʥʦ ʠ 
ʥʝʤʘʪʝʨʠʘʣʴʥʳʤ, ʢʘʢ çʠʥʜʠʢʘʪʦʨè  ʧʨʠʟʥʘʥʠʷ ʠʣʠ ʩʧʦʩʦʙ  ʫʜʝʨʞʘʥʠʷ  

ʩʦʪʨʫʜʥʠʢʘ ʚ ʢʦʤʧʘʥʠʠ.  

2. ɽʛʦ ʧʨʠʤʝʥʝʥʠʝ ʚʦʟʤʦʞʥʦ ʥʘ ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ ʞʠʟʥʠ ʢʦʤʧʘʥʠʠ ʠ ʨʘʟʚʠʪʠʷ 
ʙʠʟʥʝʩʘ. 

3. ʇʘʨʘʤʝʪʨʳ ʤʦʪʠʚʘʮʠʦʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʤʦʛʫʪ ʙʳʪʴ ʠʟʤʝʥʝʥʳ ʚ ʩʚʷʟʠ ʩ 

ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʝʡ. 

4. ʋʩʣʦʚʠʝ ʧʦʣʫʯʝʥʠʷ ʦʧʮʠʦʥʘ ʤʦʞʝʪ ʦʧʠʨʘʪʴʩʷ ʥʘ ʩʪʨʘʪʝʛʠʯʝʩʢʠʝ ʠʣʠ 

ʦʧʝʨʘʮʠʦʥʥʳʝ ʮʝʣʠ ʢʦʤʧʘʥʠʠ. 

http://my-apps.com/
http://www.life-pay.ru/
https://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BD%D0%BD%D0%BE%D0%B5_%D0%BE%D0%B1%D1%83%D1%87%D0%B5%D0%BD%D0%B8%D0%B5
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5. ʉʨʝʜʥʠʡ ʩʨʦʢ ʜʝʡʩʪʚʠʷ ʦʧʮʠʦʥʥʦʡ ʧʨʦʛʨʘʤʤʳ  ʪʨʠ ʛʦʜʘ, ʧʨʠ ʵʪʦʤ ʨʝʘʣʠʟʫʝʪʩʷ 
ʦʥʘ ʚ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ.   

6. ɺ ʧʨʦʛʨʘʤʤʝ ʤʦʪʠʚʘʮʠʠ ʢʦʨʧʦʨʘʮʠʠ ʦʪʜʘʶʪ ʧʨʝʜʧʦʯʪʝʥʠʝ ʬʘʥʪʦʤʥʳʤ 

ʦʧʮʠʦʥʘʤ, ʩʪʘʨʪʘʧʳ - ʨʝʘʣʴʥʳʤ.  

7. ʆʧʮʠʦʥ ï ʵʪʦ ʵʬʬʝʢʪʠʚʥʳʡ ʚʠʜ ʤʦʪʠʚʘʮʠʠ ʪʦʧ-ʤʝʥʝʜʞʝʨʦʚ. ɺʝʜʴ ʯʝʤ 

ʢʘʯʝʩʪʚʝʥʥʝʝ ʦʥʠ ʨʘʙʦʪʘʶʪ, ʪʝʤ ʜʦʨʦʞʝ ʩʪʦʠʤʦʩʪʴ ʘʢʮʠʡ ʢʦʤʧʘʥʠʠ, ʢʦʪʦʨʳʝ ʚ 

ʙʫʜʫʱʝʤ ʦʥʠ ʤʦʛʫʪ ʢʫʧʠʪʴ ʧʦ ʮʝʥʝ ʠʩʧʦʣʥʝʥʠʷ, ʘ ʧʨʦʜʘʪʴ ʧʦ ʨʳʥʦʯʥʦʡ ʮʝʥʝ. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ "ʆ ʨʳʥʢʝ ʮʝʥʥʳʭ ʙʫʤʘʛ" ʦʪ 22.04.1996 N 39-ʌɿ 

2. ʂʠʩʝʣʸʚ, ʄ. ɺ. ʆʧʮʠʦʥʳ ʢʘʢ ʩʧʦʩʦʙ ʤʦʪʠʚʘʮʠʠ ʤʝʥʝʜʞʤʝʥʪʘ ʬʠʨʤʳ. ɺʝʩʪʥʠʢ 

ʉɻʉʕʋ,  ˉ2- 2012 ʛ. 

3. ʇʘʨʘʤʝʪʨʳ ʦʧʮʠʦʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʨʠʪʝʡʣʝʨʘ çʃʝʥʪʘè. URL:  

http://www.vedomosti.ru/business/articles/2015/08/28/606621-lenta-peresmotrel-parametri-

optsionnoi-programmi 

4. ʆʧʮʠʦʥ ʩʦʟʨʝʣ: ʢʘʢ ʨʘʟʜʘʚʘʪʴ ʜʦʣʠ ʙʠʟʥʝʩʘ ʩʦʪʨʫʜʥʠʢʘʤ ʢʦʤʧʘʥʠʠ. URL: 
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ʋɼʂ 338.534 

ʆʉʆɹɽʅʅʆʉʊʀ ʎɽʅʆɺʆʁ ʇʆʃʀʊʀʂʀ ʇʈɽɼʇʈʀʗʊʀʗ 

ʂʠʷʤʦʚʘ ʖ. ʈ., ʈʷʞʝʚʘ ʖ. ʀ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ʅʘʯʥʝʤ ʩ ʪʦʛʦ, ʯʪʦ ʮʝʥʦʚʘʷ ʧʦʣʠʪʠʢʘ ï ʵʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʨʘʚʠʣ ʠ ʤʝʪʦʜʦʚ, ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʪʦʨʳʤʠ ʧʨʝʜʧʨʠʷʪʠʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʩʪʦʠʤʦʩʪʴ ʩʚʦʝʡ ʧʨʦʜʫʢʮʠʠ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʡ ʪʝʤʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʨʳʥʢʝ 

ʮʝʥʳ ʥʘ ʤʥʦʛʠʝ ʪʦʚʘʨʳ ʠ ʫʩʣʫʛʠ ʥʝʦʙʦʩʥʦʚʘʥʥʦ ʟʘʚʳʰʝʥʳ [2]. ɼʘʥʥʘʷ ʧʨʦʙʣʝʤʘ 

ʢʘʩʘʝʪʩʷ ʚʩʝʛʦ ʥʘʩʝʣʝʥʠʷ ʈʌ, ʪʘʢ ʢʘʢ ʟʘʨʘʙʦʪʥʦʡ ʧʣʘʪʳ, ʧʝʥʩʠʡ ʠ ʧʦʩʦʙʠʡ ʥʝ ʭʚʘʪʘʝʪ 

ʣʶʜʷʤ ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʩʚʦʠʭ ʧʦʪʨʝʙʥʦʩʪʝʡ [3].  

ʎʝʥʦʚʘʷ ʧʦʣʠʪʠʢʘ ʜʦʣʞʥʘ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʟʤʝʥʝʥʠʷ 

ʩʠʪʫʘʮʠʠ ʥʘ ʨʳʥʢʝ. ʎʝʥʦʚʘʷ ʧʦʣʠʪʠʢʘ ʤʦʞʝʪ ʙʳʪʴ ʩʬʦʨʤʠʨʦʚʘʥʘ ʥʘ ʦʩʥʦʚʝ ʦʜʥʦʡ ʠʟ 

ʩʣʝʜʫʶʱʠʭ ʩʪʨʘʪʝʛʠʡ: ʩʪʨʘʪʝʛʠʷ ʮʝʥʦʚʦʛʦ ʣʠʜʝʨʘ, ʧʦʣʠʪʠʢʘ ʨʝʘʛʠʨʦʚʘʥʠʷ ʠ ʪ.ʜ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʮʝʥʦʚʦʡ ʧʦʣʠʪʠʢʠ ʥʫʞʥʦ ʫʯʠʪʳʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʘʩʧʝʢʪʳ: 

ʦʧʨʝʜʝʣʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʮʝʥʳ ʪʦʚʘʨʘ, ʢʦʪʦʨʫʶ ʛʦʪʦʚ ʟʘʧʣʘʪʠʪʴ ʧʦʢʫʧʘʪʝʣʴ; 

ʦʧʨʝʜʝʣʠʪʴ ʠʟʜʝʨʞʢʠ; ʠʟʫʯʝʥʠʝ ʢʦʥʢʫʨʝʥʪʦʚ; ʨʘʩʯʝʪ ʤʠʥʠʤʘʣʴʥʦʡ ʮʝʥʳ ʪʦʚʘʨʘ. 

ʂ ʮʝʣʷʤ ʮʝʥʦʚʦʡ ʧʦʣʠʪʠʢʠ ʧʨʝʜʧʨʠʷʪʠʷ ʤʦʞʥʦ ʦʪʥʝʩʪʠ: ʧʦʣʫʯʝʥʠʝ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʨʠʙʳʣʠ, ʦʩʚʦʝʥʠʝ ʣʠʜʝʨʩʢʠʭ ʧʦʟʠʮʠʡ, ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʘ ʧʨʦʜʘʞ [1]. 

ɸʚʪʦʨʦʤ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʮʝʥʦʚʦʡ ʧʦʣʠʪʠʢʠ ʥʘ ʧʨʠʤʝʨʝ 

ʷʧʦʥʩʢʦʡ ʢʦʨʧʦʨʘʮʠʠ OMRON. OMRON ï ʤʠʨʦʚʦʡ ʣʠʜʝʨ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʤʝʜʠʮʠʥʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʧʨʦʬʠʣʘʢʪʠʢʠ, ʢʦʥʪʨʦʣʷ ʠ ʣʝʯʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʡ, 

ʚʳʟʚʘʥʥʳʭ ʩʦʚʨʝʤʝʥʥʳʤ ʦʙʨʘʟʦʤ ʞʠʟʥʠ. ʂ ʪʘʢʦʤʫ ʦʙʦʨʫʜʦʚʘʥʠʶ ʦʪʥʦʩʷʪʩʷ 

ʪʦʥʦʤʝʪʨʳ, ʪʝʨʤʦʤʝʪʨʳ, ʥʝʙʫʣʘʡʟʝʨʳ, ʤʘʩʩʘʞʝʨʳ, ʧʠʢʬʣʦʫʤʝʪʨʳ ʠ ʜʨʫʛʠʝ. ʆʬʠʩ 

ʢʦʤʧʘʥʠʠ ʚ ʗʧʦʥʠʠ ʩʦʪʨʫʜʥʠʯʘʝʪ ʥʘʧʨʷʤʫʶ ʩ ʦʬʠʩʦʤ ʄʦʩʢʚʳ, ʤʦʩʢʦʚʩʢʠʡ ʦʬʠʩ, ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʢʦʥʪʨʦʣʠʨʫʝʪ ʦʬʠʩʳ ʚ ʨʘʟʥʳʭ ʛʦʨʦʜʘʭ ʈʦʩʩʠʠ. 

ʊʘʢ ʢʘʢ ʢʦʤʧʘʥʠʷ OMRON ʷʚʣʷʝʪʩʷ ʧʦʩʨʝʜʥʠʢʦʤ ʤʝʞʜʫ ʦʬʠʩʦʤ ʚ ʗʧʦʥʠʠ ʠ 

ʘʧʪʝʯʥʳʤʠ ʩʝʪʷʤʠ ʚ ʨʘʟʥʳʭ ʛʦʨʦʜʘʭ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʫ ʥʠʭ ʩʣʝʜʫʶʱʘʷ ʮʝʥʦʚʘʷ 

ʧʦʣʠʪʠʢʘ: ʣʠʯʥʳʝ ʧʨʦʜʘʞʠ, ʧʦʣʠʪʠʢʘ ʩʢʠʜʦʢ, ʨʝʢʣʘʤʘ. ʃʠʯʥʳʝ ʧʨʦʜʘʞʠ ʚʳʛʣʷʜʷʪ ʢʘʢ 

ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ ʨʘʙʦʪʥʠʢʦʚ ʘʧʪʝʢʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʜʝʥʝʞʥʳʤʠ ʚʦʟʥʘʛʨʘʞʜʝʥʠʷʤʠ 

ʟʘ ʧʨʦʜʘʞʫ ʪʦʚʘʨʦʚ ʬʠʨʤʳ. ʊʘʢʞʝ ʢʦʤʧʘʥʠʷ ʧʨʦʚʦʜʠʪ ʩʝʟʦʥʥʳʝ ʩʢʠʜʢʠ ʠ ʘʢʮʠʠ ʢʘʢ ʜʣʷ 

ʩʦʪʨʫʜʥʠʢʦʚ ʘʧʪʝʯʥʦʡ ʩʝʪʠ, ʪʘʢ ʠ ʜʣʷ ʦʙʳʯʥʳʭ ʧʦʢʫʧʘʪʝʣʝʡ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʥʦʚʘʷ ʧʦʣʠʪʠʢʘ ʦʯʝʥʴ ʚʘʞʥʘ ʜʣʷ ʣʶʙʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ. ɽʸ 

ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʜʦʣʞʥʳ ʟʘʥʠʤʘʪʴʩʷ ʣʶʜʠ, ʦʙʣʘʜʘʶʱʠʤʠ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʟʥʘʥʠʷʤʠ ʚ 

ʦʙʣʘʩʪʠ ʤʘʨʢʝʪʠʥʛʘ. ʂʦʤʧʘʥʠʷ ʧʨʠ ʫʩʪʘʥʦʚʣʝʥʠʠ ʮʝʥ ʥʘ ʪʦʚʘʨʳ ʠ ʫʩʣʫʛʠ ʜʦʣʞʥʘ 

ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʥʘ ʩʚʦʠ ʞʝʣʘʥʠʷ, ʥʦ ʠ ʥʘ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʪʨʝʙʠʪʝʣʝʡ. 

ʎʝʥʦʚʘʷ ʧʦʣʠʪʠʢʘ ï ʵʪʦ ʩʠʣʴʥʝʡʰʠʡ ʘʨʛʫʤʝʥʪ ʚ ʧʨʦʮʝʩʩʝ ʢʦʥʢʫʨʝʥʪʥʦʡ ʙʦʨʴʙʳ. 
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ɸʅɸʃʀɿ ʃʀʏʅʆʉʊʅʓʍ ʂɸʏɽʉʊɺ ɹʋɼʋʑʀʍ ɹɸʂɸʃɸɺʈʆɺ 

ʅɸʇʈɸɺʃɽʅʀʗ çʕʂʆʅʆʄʀʂɸ ʀ ʋʇʈɸɺʃɽʅʀɽè 

ʂʣʸʚʠʥʘ ʄ. ɺ., ʂʣʝʥʪʘʢ ʃ. ʉ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ʉʦʮʠʘʣʴʥʳʤ ʟʘʢʘʟʦʤ ʥʘ ʚʳʧʫʩʢʥʠʢʦʚ ʚʫʟʦʚ ʚ ʫʩʣʦʚʠʷʭ ʧʦʩʪʠʥʜʫʩʪʨʠʘʣʴʥʦʛʦ 

ʦʙʱʝʩʪʚʘ ʷʚʣʷʝʪʩʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʘʷ ʣʠʯʥʦʩʪʴ. ɺʦʩʧʠʪʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ 

ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥ ʩ ʧʨʦʮʝʩʩʦʤ ʦʙʫʯʝʥʠʷ. ʇʨʠ ʦʙʫʯʝʥʠʠ ʚ ʚʫʟʝ ʜʦʣʞʥʦ ʙʳʪʴ 

ʧʨʦʜʦʣʞʝʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʘʢʪʠʚʥʦʡ ʞʠʟʥʝʥʥʦʡ ʧʦʟʠʮʠʠ ʩʪʫʜʝʥʪʦʚ ʚʫʟʘ.  

ʎʝʣʴʶ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ [2] ʷʚʣʷʝʪʩʷ ʚʳʷʚʣʝʥʠʝ ʣʠʯʥʦʩʪʥʳʭ ʢʘʯʝʩʪʚ 

ʩʪʫʜʝʥʪʦʚ, ʦʙʫʯʘʶʱʠʭʩʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ 38.00.01 çʕʢʦʥʦʤʠʢʘè, 38.00.02 

çʄʝʥʝʜʞʤʝʥʪè ʠ 38.00.05 çɹʠʟʥʝʩ - ʠʥʬʦʨʤʘʪʠʢʘè ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʜʛʦʪʦʚʢʠ 

ʙʘʢʘʣʘʚʨʦʚ, çʥʘʮʝʣʝʥʥʳʭ ʥʘ ʨʝʟʫʣʴʪʘʪ, ʩʧʦʩʦʙʥʳʭ ʢ ʥʝʧʨʝʨʳʚʥʦʤʫ ʩʘʤʦʦʙʨʘʟʦʚʘʥʠʶè 

[3]. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚ 2016/2017 ʫʯʝʙʥʦʤ ʛʦʜʫ ʚ ʧʨʦʮʝʩʩʝ ʠʟʫʯʝʥʠʷ 

ʜʠʩʮʠʧʣʠʥʳ çʊʝʦʨʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʩʪʘʪʠʩʪʠʢʘè ʥʘ ʚʪʦʨʦʤ ʢʫʨʩʝ 

ʠʥʩʪʠʪʫʪʘ çʕʢʦʥʦʤʠʢʘ ʠ ʫʧʨʘʚʣʝʥʠʝè ʉʘʤʘʨʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ʏʠʩʣʝʥʥʳʡ ʩʦʩʪʘʚ 

ʩʪʫʜʝʥʪʦʚ ʥʘ ʥʘʯʘʣʦ ʫʯʝʙʥʦʛʦ ʛʦʜʘ ʩʦʩʪʘʚʣʷʣ 82 ʯʝʣʦʚʝʢʘ. ʉʪʫʜʝʥʪʘʤ ʙʳʣ ʧʨʝʜʣʦʞʝʥ 

ʚʭʦʜʥʦʡ ʢʦʥʪʨʦʣʴ, ʩʦʩʪʦʷʱʠʡ ʠʟ 10 ʟʘʜʘʥʠʡ. ʈʝʟʫʣʴʪʘʪʦʤ ʪʝʩʪʠʨʦʚʘʥʠʷ ʷʚʠʣʠʩʴ: ʘʥʘʣʠʟ 

ʦʩʪʘʪʦʯʥʳʭ ʟʥʘʥʠʡ ʧʦ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʜʠʩʮʠʧʣʠʥʘʤ, ʠʟʫʯʝʥʥʳʤ ʩʪʫʜʝʥʪʘʤʠ ʨʘʥʝʝ ʠ 

ʫʨʦʚʝʥʴ ʣʠʯʥʦʩʪʥʳʭ ʢʘʯʝʩʪʚ ʩʪʫʜʝʥʪʦʚ. ɺ ʪʝʩʪʠʨʦʚʘʥʠʠ ʧʨʠʥʷʣʠ ʫʯʘʩʪʠʝ 65 ʩʪʫʜʝʥʪʦʚ, 

ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 79,27 % ʦʪ ʩʧʠʩʦʯʥʦʛʦ ʩʦʩʪʘʚʘ ʩʪʫʜʝʥʪʦʚ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ ʚʳʙʦʨʢʘ 

ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʘʷ. ʇʨʦʚʝʨʷʣʠʩʴ ʯʝʪʳʨʝ ʢʘʯʝʩʪʚʘ ʣʠʯʥʦʩʪʠ: ʠʩʧʦʣʥʠʪʝʣʴʥʦʩʪʴ, 

ʘʢʢʫʨʘʪʥʦʩʪʴ, ʥʘʮʝʣʝʥʥʦʩʪʴ ʥʘ ʨʝʟʫʣʴʪʘʪ ʠ ʪʨʫʜʦʣʶʙʠʝ. ʂʘʞʜʦʝ ʠʟ ʥʠʭ ʧʨʠʥʠʤʘʣʦʩʴ ʟʘ 

100%. ʈʘʩʯʸʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ (1): 

ρ ὼ ρππ 

ʛʜʝ n- ʢʦʣʠʯʝʩʪʚʦ ʧʘʨʘʤʝʪʨʦʚ, xi ïʧʘʨʘʤʝʪʨ ʢʘʯʝʩʪʚʘ. 

ʂʘʞʜʘʷ ʨʘʙʦʪʘ ʙʳʣʘ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ, ʘ ʟʘʪʝʤ ʧʦʣʫʯʝʥʦ ʚʳʙʦʨʦʯʥʦʝ ʩʨʝʜʥʝʝ 

 (ʚ %) ʧʦ ʢʘʞʜʦʤʫ ʢʘʯʝʩʪʚʫ ʣʠʯʥʦʩʪʠ ʠ ʧʦ ʢʘʞʜʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ ʧʦʜʛʦʪʦʚʢʠ 

ʙʘʢʘʣʘʚʨʦʚ. ɼʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1. 

ɸʥʘʣʠʟʠʨʫʷ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ (ʨʠʩ.1) ʚʠʜʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ 

ʠʩʧʦʣʥʠʪʝʣʴʥʳʝ, ʘʢʢʫʨʘʪʥʳʝ, ʪʨʫʜʦʣʶʙʠʚʳʝ ʠ ʥʘʮʝʣʝʥʥʳʝ ʥʘ ʨʝʟʫʣʴʪʘʪ ʩʪʫʜʝʥʪʳ 

ʦʙʫʯʘʶʪʩʷ ʥʘ ʥʘʧʨʘʚʣʝʥʠʠ 38.00.05 çɹʠʟʥʝʩ - ʠʥʬʦʨʤʘʪʠʢʘè, ʯʫʪʴ ʤʝʥʝʝ ï ʥʘ 

ʥʘʧʨʘʚʣʝʥʠʠ 38.00.01 çʕʢʦʥʦʤʠʢʘè, ʩʘʤʳʝ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʜʘʥʥʳʭ ʢʘʯʝʩʪʚ ʚʳʷʚʣʷʝʪʩʷ 

ʫ ʦʙʫʯʘʶʱʠʭʩʷ ʥʘ ʥʘʧʨʘʚʣʝʥʠʠ 38.00.02 çʄʝʥʝʜʞʤʝʥʪè. ɸʥʘʣʦʛʠʯʥʘʷ ʪʝʥʜʝʥʮʠʷ 

ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʩ ʧʦʢʘʟʘʪʝʣʷʤʠ ʩʨʝʜʥʝʛʦ ʙʘʣʣʘ ɽɻʕ ʧʦ ʤʘʪʝʤʘʪʠʢʝ. ʇʨʦʚʝʜʝʥʥʦʝ ʚ 

2015/2016 ʫʯʝʙʥʦʤ ʛʦʜʫ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʨʷʜʘ ʣʝʪ ʥʘ 

ʥʘʧʨʘʚʣʝʥʠʝ 38.00.05 ʧʦʩʪʫʧʘʶʪ ʘʙʠʪʫʨʠʝʥʪʳ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʙʘʣʣʘʤʠ, ʯʝʤ ʥʘ 

ʥʘʧʨʘʚʣʝʥʠʝ 38.00.01 ʠ ʝʱʝ ʩ ʙʦʣʝʝ ʥʠʟʢʠʤʠ - ʥʘ ʥʘʧʨʘʚʣʝʥʠʝ 38.00.02 [1].  
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ʈʠʩ. 1. ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʜʠʘʛʨʘʤʤʘ çʂʘʯʝʩʪʚʘ ʣʠʯʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚè   

  

ɺ ʮʝʣʦʤ, ʧʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʟʚʦʣʠʪ ʩʪʫʜʝʥʪʘʤ ʢʨʠʪʠʯʝʩʢʠ ʧʦʩʤʦʪʨʝʪʴ 

ʥʘ ʩʝʙʷ ʩʦ ʩʪʦʨʦʥʳ, ʦʩʤʳʩʣʠʪʴ ʩʝʙʷ ʢʘʢ ʣʠʯʥʦʩʪʴ. ʀʤʝʥʥʦ ʚ ʜʘʥʥʦʤ ʚʦʟʨʘʩʪʝ 

ʥʝʦʙʭʦʜʠʤʦ ʚʦʩʧʠʪʳʚʘʪʴ ʯʫʚʩʪʚʦ ʨʝʬʣʝʢʩʠʠ, ʪʦ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʩʘʤʦʢʨʠʪʠʯʥʦʛʦ 

ʘʥʘʣʠʟʘ ʜʝʡʩʪʚʠʡ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʜʝʣʘʶʪʩʷ ʦʧʨʝʜʝʣʸʥʥʳʝ ʚʳʚʦʜʳ ʠ 

ʚʳʨʘʙʘʪʳʚʘʝʪʩʷ ʣʠʥʠʷ ʧʦʚʝʜʝʥʠʷ. ʂʘʞʜʳʡ ʧʦʣʫʯʘʝʪ ʨʝʟʫʣʴʪʘʪ ʩʦʛʣʘʩʥʦ ʟʘʪʨʘʯʝʥʥʳʤ 

ʫʩʠʣʠʷʤ.  
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ɸʅɸʃʀɿ ʇʆʊʈɽɹʀʊɽʃʔʉʂʆʁ ʂʆʈɿʀʅʓ ɺ ʋʉʃʆɺʀʗʍ 

ʇʈʆɼʆɺʆʃʔʉʊɺɽʅʅʆɻʆ ʕʄɹɸʈɻʆ 

ʂʣʸʚʠʥʘ ʄ. ɺ., ʂʫʟʥʝʮʦʚʘ ʄ. ɸ., ʉʘʚʠʥ ɸ. ɻ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ʇʦʪʨʝʙʠʪʝʣʴʩʢʘʷ ʢʦʨʟʠʥʘ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʚʘʞʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ 

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʣʶʙʦʡ ʩʪʨʘʥʳ, ʥʘʛʣʷʜʥʦ ʦʪʨʘʞʘʶʱʠʤ ʫʨʦʚʝʥʴ 

ʙʣʘʛʦʩʦʩʪʦʷʥʠʷ ʛʨʘʞʜʘʥ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʞʠʪʦʯʥʦʛʦ ʤʠʥʠʤʫʤʘ ʠ ʨʘʟʤʝʨʘ 

ʤʠʥʠʤʘʣʴʥʦʡ ʟʘʨʘʙʦʪʥʦʡ ʧʣʘʪʳ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʛʦʩʫʜʘʨʩʪʚʦʤ, ʩʦʩʪʘʚ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʡ 

ʢʦʨʟʠʥʳ ʙʳʚʘʝʪ ʨʘʟʥʳʤ.  

 ʎʝʣʴ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʦʩʥʦʚʥʳʤʠ 

ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʡ ʢʦʨʟʠʥʳ ʨʦʩʩʠʷʥʠʥʘ, ʘ ʪʘʢʞʝ ʩʨʘʚʥʠʪʴ  ʝʸ ʩʪʦʠʤʦʩʪʴ 

ʜʦ ʚʚʝʜʝʥʠʷ ʵʤʙʘʨʛʦ ʠ ʧʦʩʣʝ. ɺ ʢʘʯʝʩʪʚʝ ʚʨʝʤʝʥʥʦʛʦ ʧʝʨʠʦʜʘ ʙʳʣʠ ʚʳʙʨʘʥʳ ʧʦʩʣʝʜʥʠʝ 

10 ʣʝʪ (2007-2017ʛʛ.).  

ɺ ʧʦʪʨʝʙʠʪʝʣʴʩʢʫʶ ʢʦʨʟʠʥʫ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʚʢʣʶʯʝʥʳ ʧʨʦʜʫʢʪʳ ʧʠʪʘʥʠʷ, 

ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʣʷʶʪ ʦʢʦʣʦ 50% ʝʝ ʩʪʦʠʤʦʩʪʠ. ɺʦ ʚʪʦʨʫʶ ʛʨʫʧʧʫ ʚʢʣʶʯʝʥʳ 

ʥʝʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʳʝ ʪʦʚʘʨʳ - ʦʜʝʞʜʘ, ʦʙʫʚʴ, ʛʦʣʦʚʥʳʝ ʫʙʦʨʳ, ʙʝʣʴʸ, ʣʝʢʘʨʩʪʚʘ. ʅʫ ʠ 

ʪʨʝʪʴʷ ʛʨʫʧʧʘ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʡ ʢʦʨʟʠʥʳ ʩʦʩʪʦʠʪ ʠʟ ʫʩʣʫʛ: ʢʦʤʤʫʥʘʣʴʥʳʝ ʫʩʣʫʛʠ, 

ʨʘʩʭʦʜʳ ʥʘ ʪʨʘʥʩʧʦʨʪ, ʢʫʣʴʪʫʨʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʠ ʧʨʦʯʝʝ. [2]   

ʅʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʨʘʩʯʸʪ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʡ ʢʦʨʟʠʥʳ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʤʥʦʛʠʝ 

ʬʘʢʪʦʨʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʦʣʠʪʠʯʝʩʢʠʝ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʵʪʦ ʥʘʛʣʷʜʥʦ ʧʨʦʩʣʝʜʠʪʴ,  ʙʳʣʠ 

ʚʳʙʨʘʥʳ ʜʚʘ ʛʦʜʘ 2014 ʠ 2017. ʇʦʜʦʙʥʳʡ ʚʳʙʦʨ ʙʳʣ ʦʙʫʩʣʦʚʣʝʥ ʚʚʝʜʝʥʠʝʤ ʵʤʙʘʨʛʦ ʚ 

ʈʦʩʩʠʠ, ʪʦ ʝʩʪʴ ʤʳ ʩʨʘʚʥʠʤ ʮʝʥʳ ʜʦ ʚʚʝʜʝʥʠʷ ʵʤʙʘʨʛʦ (2014) ʠ ʧʦʩʣʝ (2017). 

ʇʦ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ ʮʝʣʦʤ ʧʨʦʞʠʪʦʯʥʳʡ ʤʠʥʠʤʫʤ ʫʪʚʝʨʞʜʘʝʪʩʷ 

ʧʨʘʚʠʪʝʣʴʩʪʚʦʤ ʈʌ, ʧʦ ʨʝʛʠʦʥʘʤ - ʚʣʘʩʪʷʤʠ ʩʫʙʲʝʢʪʦʚ ʈʌ, ʥʦ ʚ ʣʶʙʦʤ ʩʣʫʯʘʝ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚ ʥʝʛʦ ʚʭʦʜʠʪ ʥʘʙʦʨ ʞʠʟʥʝʥʥʦ ʥʝʦʙʭʦʜʠʤʳʭ ʧʨʦʜʫʢʪʦʚ, ʪʦʚʘʨʦʚ ʠ 

ʫʩʣʫʛ, ʢʦʪʦʨʳʝ ʤʦʞʝʪ ʧʦʣʫʯʠʪʴ ʯʝʣʦʚʝʢ ʩ ʩʘʤʳʤ ʩʢʨʦʤʥʳʤ ʜʦʩʪʘʪʢʦʤ. ɽʩʣʠ ʜʦʭʦʜ 

ʯʝʣʦʚʝʢʘ ʥʠʞʝ ʵʪʦʛʦ ʫʨʦʚʥʷ, ʪʦ ʵʪʦʪ ʯʝʣʦʚʝʢ ʧʦʣʫʯʘʝʪ ʧʨʘʚʦ ʥʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʫʶ 

ʧʦʤʦʱʴ. [2]  

ɺ 2014 ʛʦʜʫ ʚʝʣʠʯʠʥʘ ʧʨʦʞʠʪʦʯʥʦʛʦ ʤʠʥʠʤʫʤʘ ʚ ʮʝʣʦʤ ʧʦ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ʥʘ ʜʫʰʫ ʥʘʩʝʣʝʥʠʷ ʩʦʩʪʘʚʣʷʣʘ 8234 ʨʫʙ., ʜʣʷ ʪʨʫʜʦʩʧʦʩʦʙʥʦʛʦ ʥʘʩʝʣʝʥʠʷ - 

8885 ʨʫʙ., ʜʣʷ ʧʝʥʩʠʦʥʝʨʦʚ - 6785 ʨʫʙ., ʜʣʷ ʜʝʪʝʡ - 7899 ʨʫʙ. ɺ  2014 ʛʦʜʫ ʩʪʦʠʤʦʩʪʴ 

ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʡ ʢʦʨʟʠʥʳ ʜʣʷ ʚʟʨʦʩʣʦʛʦ ʩʦʩʪʘʚʣʷʣʘ 6,3 ʪʳʩ. ʨʫʙ.,  5,4 ð ʜʣʷ 

ʧʝʥʩʠʦʥʝʨʦʚ, 6,4 ð ʜʣʷ ʜʝʪʝʡ. [1] 

ɺ 2017 ʛʦʜʫ ʚʝʣʠʯʠʥʘ ʧʨʦʞʠʪʦʯʥʦʛʦ ʤʠʥʠʤʫʤʘ ʚ ʮʝʣʦʤ ʧʦ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ʥʘ ʜʫʰʫ ʥʘʩʝʣʝʥʠʷ ʩʦʩʪʘʚʣʷʣʘ 8431 ʨʫʙ., ʜʣʷ ʪʨʫʜʦʩʧʦʩʦʙʥʦʛʦ ʥʘʩʝʣʝʥʠʷ - 

9557 ʨʫʙ., ʜʣʷ ʧʝʥʩʠʦʥʝʨʦʚ - 7150 ʨʫʙ., ʜʣʷ ʜʝʪʝʡ - 8586 ʨʫʙ. ɺ  2017 ʛʦʜʫ ʩʪʦʠʤʦʩʪʴ 

ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʡ ʢʦʨʟʠʥʳ ʜʣʷ ʚʟʨʦʩʣʦʛʦ ʩʦʩʪʘʚʣʷʣʘ 8,7 ʪʳʩ. ʨʫʙ.,  6,3 ð ʜʣʷ 

ʧʝʥʩʠʦʥʝʨʦʚ, 7,6 ð ʜʣʷ ʜʝʪʝʡ. [1] 

ɿʥʘʷ ʜʘʥʥʳʝ ʦ ʩʪʦʠʤʦʩʪʠ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʡ ʢʦʨʟʠʥʳ ʟʘ 2014 ʠ 2017 ʛʦʜʘ, 

ʨʘʩʩʯʠʪʘʝʤ ʢʦʵʬʬʠʮʠʝʥʪ ʂ ʜʣʷ ʢʘʞʜʦʛʦ ʩʣʦʷ ʥʘʩʝʣʝʥʠʷ, ʯʪʦʙʳ ʚʳʷʩʥʠʪʴ, ʥʘ ʢʘʢʦʤ ʠʟ 

ʩʣʦʝʚ ʥʘʩʝʣʝʥʠʷ ʜʝʡʩʪʚʠʝ ʵʤʙʘʨʛʦ ʦʪʨʘʟʠʣʦʩʴ ʩʠʣʴʥʝʝ. 

ʊʨʫʜʦʩʧʦʩʦʙʥʦʝ ʥʘʩʝʣʝʥʠʝ: ʂ1=8,7/6,3=1,3810 

ʇʝʥʩʠʦʥʝʨʳ: ʂ2=6,3/5,4=1,1667 

ɼʝʪʠ: ʂ3=7,6/6,4=1,1875 

ʉʨʘʚʥʠʚ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ, ʧʦʣʫʯʘʝʤ, ʯʪʦ ʩʠʣʴʥʝʝ ʚʩʝʛʦ ʧʦʩʪʨʘʜʘʣʦ 

ʪʨʫʜʦʩʧʦʩʦʙʥʦʝ ʥʘʩʝʣʝʥʠʝ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʟʚʦʣʠʣʦ ʧʦʢʘʟʘʪʴ ʨʝʘʣʴʥʫʶ ʢʘʨʪʠʥʫ ʪʦʛʦ, ʢʘʢ 

ʧʦʚʣʠʷʣʦ ʵʤʙʘʨʛʦ ʥʘ ʩʪʦʠʤʦʩʪʴ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʡ ʢʦʨʟʠʥʳ, ʘ ʟʥʘʯʠʪ, ʠ ʥʘ ʫʨʦʚʝʥʴ 

ʞʠʟʥʠ ʥʘʩʝʣʝʥʠʷ. ʇʦ ʦʮʝʥʢʘʤ ɸʥʘʣʠʪʠʯʝʩʢʦʛʦ ʢʨʝʜʠʪʥʦʛʦ ʨʝʡʪʠʥʛʦʚʦʛʦ ʘʛʝʥʪʩʪʚʘ 

(ɸʂʈɸ), ʧʦ ʟʘʪʨʘʪʘʤ ʟʘʧʨʝʱʝʥʥʳʝ ʧʨʦʜʫʢʪʳ ʜʦ ʥʘʯʘʣʘ ʵʤʙʘʨʛʦ ʟʘʥʠʤʘʣʠ ʚ 

ʫʩʨʝʜʥʝʥʥʦʡ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʡ ʢʦʨʟʠʥʝ ʞʠʪʝʣʷ ʈʦʩʩʠʠ ʦʢʦʣʦ 18%. ʉʝʡʯʘʩ ʘʥʘʣʦʛʠʯʥʘʷ 

ʦʪʝʯʝʩʪʚʝʥʥʘʷ ʧʨʦʜʫʢʮʠʷ ʩʪʘʨʘʝʪʩʷ ʚʦʩʧʦʣʥʠʪʴ ʧʨʦʙʝʣ, ʚʳʟʚʘʥʥʳʡ ʟʘʧʨʝʪʦʤ. ʇʦʵʪʦʤʫ 

ʦʜʥʦʡ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʟʘʜʘʯ ʧʨʘʚʠʪʝʣʴʩʪʚʘ ʜʦʣʞʥʘ ʩʪʘʪʴ ʩʪʘʙʠʣʠʟʘʮʠʷ ʠ ʧʦʚʳʰʝʥʠʝ 

ʧʨʦʞʠʪʦʯʥʦʛʦ ʤʠʥʠʤʫʤʘ. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ɽʜʠʥʘʷ ʤʝʞʚʝʜʦʤʩʪʚʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ (ɽʄʀʉʉ) 

[ʕʣʝʢʪʨʦʥʥʳʡ ʜʦʢʫʤʝʥʪ]  - ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://www.fedstat.ru/indicator/31429  

2. ʇʦʨʪʘʣ  çVseZarplati.ru; ʆ ʨʘʟʤʝʨʘʭ ʠ ʧʦʚʳʰʝʥʠʠ ʟʘʨʧʣʘʪ ʚ ʈʌè, ʩʪʘʪʴʷ çʉʦʩʪʘʚ ʠ 

ʩʪʦʠʤʦʩʪʴ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʡ ʢʦʨʟʠʥʳ ʈʌè [ʊʝʢʩʪ]- ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

http://vsezarplati.ru/normativi/mrot/potrebitelskaya-korzina.html 

 

  

https://www.fedstat.ru/indicator/31429
http://vsezarplati.ru/normativi/mrot/potrebitelskaya-korzina.html
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ʋɼʂ 111.11 

ɸʅɸʃʀɿ ɼɺʀɾɽʅʀʗ ʈɸɹʆʏɽʁ ʉʀʃʓ ʉɸʄɸʈʉʂʆʁ ʆɹʃɸʉʊʀ ʉ 

ʇʆʄʆʑʔʖ ɼʀʌʌɽʈɽʅʎʀɸʃʔʅʓʍ ʋʈɸɺʅɽʅʀʁ 

ʂʣʸʚʠʥʘ ʄ. ɺ., ʂʦʨʝʝʚʘ ɽ. ɹ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ʅʘ ʨʳʥʢʝ ʪʨʫʜʘ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʥʘ ʚʩʝʭ ʜʨʫʛʠʭ, ʜʝʡʩʪʚʫʶʪ ʩʚʦʠ ʟʘʢʦʥʳ ï ʟʘʢʦʥ 

ʩʧʨʦʩʘ ʠ ʧʨʝʜʣʦʞʝʥʠʷ, ʢʨʦʤʝ ʪʦʛʦ, ʬʦʨʤʠʨʫʶʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʮʝʥʳ. ɺ ʢʘʯʝʩʪʚʝ 

ʮʝʥʳ ʟʜʝʩʴ ʚʳʩʪʫʧʘʝʪ ʟʘʨʘʙʦʪʥʘʷ ʧʣʘʪʘ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʩʦʪʨʫʜʥʠʢʘ, ʘ ʪʘʢʞʝ ʦʧʣʘʪʘ, 

ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʧʨʝʜʣʘʛʘʪʴʩʷ ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʨʘʙʦʪʦʜʘʪʝʣʷʤ. 

ɺ ʥʘʰʝʡ ʩʪʨʘʥʝ ʫʨʦʚʝʥʴ ʙʝʟʨʘʙʦʪʠʮʳ ʚ 2016 ʛʦʜʫ ʩʦʩʪʘʚʣʷʝʪ 6%. ʕʪʦ ʚʳʰʝ, ʯʝʤ 

ʥʘ ʢʦʥʝʮ 2015 ʛʦʜʘ ï 5,8 %. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʥʘʯʘʣʦ 2011 ʛʦʜʘ ʦʥʘ ʩʦʩʪʘʚʣʷʣʘ 

7.8% [2]. 

ʉʘʤʘʨʘ ʷʚʣʷʝʪʩʷ ʜʝʚʷʪʳʡ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʥʘʩʝʣʝʥʠʷ ʛʦʨʦʜ ʈʦʩʩʠʠ [1]. ʉʘʤʘʨʩʢʘʷ 

ʦʙʣʘʩʪʴ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʣʝʪ ʟʘʥʠʤʘʝʪ 11-12-ʝ ʤʝʩʪʘ ʩʨʝʜʠ ʦʙʣʘʩʪʝʡ ʈʦʩʩʠʠ 

ʧʦ ʚʳʩʦʢʦʤʫ ʫʨʦʚʥʶ ʟʘʥʷʪʦʩʪʠ ʥʘʩʝʣʝʥʠʷ, ʜʦʩʪʠʛʘʶʱʝʤʫ 67,7%[2].  

ɹʝʟʨʘʙʦʪʠʮʫ, ʢʘʢ ʠ ʣʶʙʦʝ ʷʚʣʝʥʠʝ, ʤʦʞʥʦ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ, ʧʦʵʪʦʤʫ 

ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʪʝʦʨʠʝʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʢʦʪʦʨʘʷ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ 

ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ  ʥʘʫʢʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ, ʩʚʷʟʘʥʥʦʡ ʩ ʨʘʩʯʝʪʦʤ ʜʠʥʘʤʠʢʠ ʨʳʥʢʘ ʪʨʫʜʘ, ʪʦ 

ʝʩʪʴ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʠʭʦʜʘ ʩʧʝʮʠʘʣʠʩʪʦʚ ʠ ʠʭ ʫʭʦʜʘ ʠʟ ʦʪʨʘʩʣʝʡ. 

ʀʪʘʢ, ʧʫʩʪʴ y(t) ʯʠʩʣʦ ʩʧʝʮʠʘʣʠʩʪʦʚ (ʪʨʫʜʦʩʧʦʩʦʙʥʦʝ ʥʘʩʝʣʝʥʠʝ). ʊʦʛʜʘ 

ʫʨʘʚʥʝʥʠʝ ʩ ʫʯʝʪʦʤ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʙʫʜʝʪ ʩʣʝʜʫʶʱʠʤ (ʄʦʜʝʣʴ ʉʦʣʦʫ):  

ὥ ώ ρ ώ ή, (1) 

 
ʚ ʥʸʤ ʘ ʠ q ï ʧʦʩʪʦʷʥʥʳʝ ʚʝʣʠʯʠʥʳ, ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʳʭ ʙʝʨʫʪʩʷ ʠʟ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ. 

ʇʦʨʷʜʦʢ ʨʝʰʝʥʠʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ: 

ώ ὥz ώz ρ ώ ή, (2) ï ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ɹʝʨʥʫʣʣʠ 

ʀʩʧʦʣʴʟʫʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʪʨʫʜʦʩʧʦʩʦʙʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʚ 

ʦʙʣʘʩʪʠ ʚ 2016ʛ.: 1955,6 ʪʳʩ. ʯʝʣ., ʚ 2014ʛ.: 1757,9 ʪʳʩ. ʯʝʣ.[1], ʪʦʛʜʘ ʢʦʵʬʬʠʮʠʝʥʪ 

ʢʦʣʠʯʝʩʪʚʘ ʪʨʫʜʦʩʧʦʩʦʙʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʚ 2016ʛ. - 2,521; ʚ 2014ʛ. - 0,75. 

ʇʨʦʘʥʘʣʠʟʠʨʫʝʤ ʜʠʥʘʤʠʢʫ ʚ ʩʬʝʨʝ ʬʠʥʘʥʩʦʚ. ʇʦʜʩʪʘʚʠʚ ʚ ʫʨʘʚʥʝʥʠʝ ʟʥʘʯʝʥʠʷ 

ʬʠʥʘʥʩʦʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ 2014 (30,7 ʪʳʩ. ʯʝʣ.) ʠ ʚ 2016 (30,1 ʪʳʩ. ʯʝʣ), ʧʦʣʫʯʘʝʤ, ʚ 

2014 -0,380 ʤʣʥ ʯʝʣ., ʘ  ʚ 2016 -0,375 ʤʣʥ ʯʝʣ. ʊʦ ʝʩʪʴ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ ʦʪʨʠʮʘʪʝʣʴʥʫʶ 

ʜʠʥʘʤʠʢʫ. ɺ 2017 ʛʦʜʫ ʩʚʷʟʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʦʣʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʪʝʯʝʩʪʚʝʥʥʦʡ 

ʧʨʦʜʫʢʮʠʠ, ʘ ʪʘʢʞʝ ʤʝʨʘʤʠ ʧʦ ʩʪʘʙʠʣʠʟʘʮʠʠ ʨʫʙʣʷ ʙʫʜʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʧʦʣʦʞʠʪʝʣʴʥʘʷ 

ʜʠʥʘʤʠʢʘ. 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ: 

1. ʈʳʥʦʢ ʪʨʫʜʘ ʉʘʤʘʨʳ ʚ 2016 ʛʦʜʫ: ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʟʚʠʪʠʷ/ ʛʘʟʝʪʘ çɺʦʣʞʩʢʘʷ 

ʢʦʤʤʫʥʘè, 02.09.2016 ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

http://www.vkonline.ru/news/archive/171396/rynok-truda-samary-v-2016-godu-osobennosti-

razvitiya 

2. ʌʝʜʝʨʘʣʴʥʘʷ ʩʣʫʞʙʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʪʘʪʠʩʪʠʢʠ [ʕʣʝʢʪʨʦʥʥʳʡ ʜʦʢʫʤʝʥʪ] ï ʈʝʞʠʤ 

ʜʦʩʪʫʧʘ: http://www.gks.ru/ 
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ʋɼʂ 33.012 

ʈɽʀʅɼʋʉʊʈʀɸʃʀɿɸʎʀʗ ʇʈʆʄʓʐʃɽʅʅʓʍ ʇʈɽʇʈʀʗʊʀʁ 

ɸʕʈʆʂʆʉʄʀʏɽʉʂʆɻʆ ʂʃɸʉʊɽʈɸ 

ʂʦʤʠʩʘʨʦʚ ɸ. ʉ. ʊʶʢʘʚʢʠʥ ʅ. ʄ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ɸʵʨʦʢʦʩʤʠʯʝʩʢʠʡ ʢʣʘʩʪʝʨ ï ʵʪʦ ʦʙʲʝʜʠʥʝʥʠʝ ʦʨʛʘʥʠʟʘʮʠʡ ʚ ʝʜʠʥʳʡ 

ʠʥʥʦʚʘʮʠʦʥʥʳʡ ʢʣʘʩʪʝʨ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʣʠʜʝʨʩʪʚʦ ʉʘʤʘʨʩʢʦʡ ʦʙʣʘʩʪʠ ʚ ʩʬʝʨʝ 

ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʳʩʦʢʦʪʝʭʥʦʣʦʯʥʳʭ ʠʟʜʝʣʠʡ ʥʘ ʤʠʨʦʚʦʤ ʨʳʥʢʝ. ʅʘ ʜʘʥʥʳʡ 

ʤʦʤʝʥʪ  ʜʘʥʥʳʡ ʢʣʘʩʪʝʨ ʦʭʚʘʪʳʚʘʝʪ ʙʦʣʝʝ 100 ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ  ʪʨʠ 

ʧʦʜʢʣʘʩʪʝʨʘ: ʜʚʠʛʘʪʝʣʝʩʪʨʦʝʥʠʷ, ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʠʡ, ʘʚʠʘʩʪʨʦʠʪʝʣʴʥʳʡ.[3] 

ʈʝʠʥʜʫʩʪʨʠʘʣʠʟʘʮʠʷ  - ʵʪʦ ʧʨʦʮʝʩʩ ʨʘʟʚʠʪʠʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʟʘ ʩʯʝʪ 

ʤʦʜʝʨʥʠʟʘʮʠʠ ʠ ʚʥʝʜʨʝʥʠʷ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ  ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʛʦ ʢʣʘʩʪʝʨʘ ʪʨʝʙʫʶʪ ʩʫʱʝʩʪʚʝʥʥʦʡ ʨʝʠʥʜʫʩʪʨʠʘʣʠʟʘʮʠʠ, 

ʩʚʷʟʘʥʥʦʡ ʩ ʪʝʤ, ʯʪʦ ʟʘ ʧʝʨʠʦʜ ʨʳʥʦʯʥʳʭ ʨʝʬʦʨʤ ʩʪʨʘʥʘ ʫʪʨʘʪʠʣʘ ʜʦʩʪʠʞʝʥʠʷ 

ʩʦʚʝʪʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ, ʧʨʘʢʪʠʯʝʩʢʠ, ʥʝ ʦʩʫʱʝʩʪʚʣʷʣʘ ʧʨʦʤʳʰʣʝʥʥʫʶ ʧʦʣʠʪʠʢʫ 

ʨʘʟʚʠʪʠʷ ʧʨʝʜʧʨʠʷʪʠʡ. ɺʩʣʝʜʩʪʚʠʝ ʯʝʛʦ, ʦʧʳʪ, ʧʨʠʦʙʨʝʪʝʥʥʳʡ ʚ ʧʨʦʰʝʜʰʠʝ ʛʦʜʳ, 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ.[1] 

ʎʝʣʠ  ʨʝʠʥʜʫʩʪʨʠʘʣʠʟʘʮʠʠ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʛʦ ʢʣʘʩʪʝʨʘ 

1) ʉʦʟʜʘʥʠʝ ʚʦʦʨʫʞʝʥʥʳʭ ʩʠʣ ʦʩʥʘʱʝʥʥʳʤʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʤʠ 

ʩʠʩʪʝʤʘʤʠ ʚʦʦʨʫʞʝʥʠʷ ʩʧʦʩʦʙʥʳʝ ʟʘʱʠʪʠʪʴ ʧʦʣʠʪʠʢʦ- ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʠʥʪʝʨʝʩʳ 

ʩʪʨʘʥʳ ʚʦ ʚʩʝʤ ʤʠʨʝ. 

2) ʉʦʟʜʘʥʠʝ ʥʝʦʙʭʦʜʠʤʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʜʘʶʱʠʭ 

ʚʦʟʤʦʞʥʦʩʪʴ ʫʜʦʚʣʝʪʚʦʨʠʪʴ  ʠʥʪʝʨʝʩʳ ʥʘʩʝʣʝʥʠʷ ʚ ʪʘʢʠʭ ʩʬʝʨʘʭ  , ʢʘʢ ʥʘʫʢʘ , 

ʤʝʞʜʫʥʘʨʦʜʥʦʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ. 

3) ʉʦʟʜʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤ ʩʚʷʟʠ, ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ, ʥʘʚʠʛʘʮʠʠ, 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʜʣʷ ʙʦʣʝʝ ʧʦʣʥʦʛʦ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʛʨʘʞʜʘʥ ʩʪʨʘʥʳ ʜʘʥʥʳʤʠ 

ʫʩʣʫʛʘʤʠ.[4] 

ɿʘʜʘʯʠ: 

1) ʉʦʟʜʘʥʠʝ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ, ʦʩʥʘʱʝʥʥʳʭ ʩʦʚʨʝʤʝʥʥʦʡ 

ʪʝʭʥʠʢʦʡ ʠ ʥʘʫʢʦʝʤʢʠʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ. 

2) ʈʘʟʚʠʪʠʝ ʪʝʭʥʠʯʝʩʢʦʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʢʣʘʩʪʝʨʘ 

3) ʉʦʟʜʘʥʠʝ  ʦʪʝʯʝʩʪʚʝʥʥʳʭ  ʘʥʘʣʦʛʦʚ  ʠʥʦʩʪʨʘʥʥʳʭ ʢʦʤʧʣʝʢʪʫʶʱʠʭ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʩʦʟʜʘʥʠʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ. 

4) ʇʨʦʚʝʜʝʥʠʝ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ, ʜʣʷ ʠʟʫʯʝʥʠʷ ʥʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ,  ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʩʦʟʜʘʥʠʶ ʥʦʚʳʭ ʠʟʜʝʣʠʡ ʜʘʥʥʦʡ ʦʪʨʘʩʣʠ. 

ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ,   ʧʨʝʚʦʩʭʦʜʷʱʠʤʠ  ʤʠʨʦʚʳʝ ʘʥʘʣʦʛʠ. 

5) ʈʘʟʨʘʙʦʪʢʘ  ʠ ʚʥʝʜʨʝʥʠʝ ʧʨʦʝʢʪʦʚ ʩʦʢʨʘʱʝʥʠʷ ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʨʘʙʦʪ;[2] 

 

ʕʪʘʧʳ: 

1. ʕʪʘʧ (2016-2020 ʛʦʜʳ) - ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ 

ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʠ ʥʘʫʯʥʦʡ ʩʬʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʕʪʦʪ 

ʧʝʨʠʦʜ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʦʟʜʘʥʠʝʤ ʦʩʥʦʚʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʢʣʘʩʪʝʨʦʚ ʨʘʢʝʪʥʦ-

ʢʦʩʤʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ,  ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʤʠ ʥʘ ʤʠʨʦʚʦʤ ʨʳʥʢʝ. 

2. ʕʪʘʧ (2021-2025 ʛʦʜʳ) ʇʝʨʝʦʩʥʘʱʝʥʠʝ ʢʦʩʤʠʯʝʩʢʦʡ ʛʨʫʧʧʠʨʦʚʢʠ, 

ʘʧʧʘʨʘʪʘʤʠ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ. ɺʥʝʜʨʝʥʠʝ ʥʦʚʳʭ, ʥʘʫʢʦʝʤʢʠʭ  ʪʝʭʥʦʣʦʛʠʡ.[3] 

ʄʝʭʘʥʠʟʤʳ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʨʝʠʥʜʫʩʪʨʠʘʣʠʟʘʮʠʠ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʛʦ ʢʣʘʩʪʝʨʘ ʚ 

ʉʘʤʘʨʩʢʦʡ ʦʙʣʘʩʪʠ: 
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1. ʋʜʝʰʝʚʣʝʥʠʝ ʠ ʫʚʝʣʠʯʝʥʠʝ ʨʝʩʫʨʩʥʦʡ ʙʘʟʳ (ʋʢʘʟ ʇʨʝʟʠʜʝʥʪʘ ʈʌ ˉ 596 ʦʪ 

07.05.2012 ʛ.) ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʦʙʲʝʤʘ ʠʥʚʝʩʪʠʮʠʡ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ (2015 ʛ.- ʜʦ 

25% ɺɺʇ, 2018 ʛ. ï ʜʦ 27% ɺɺʇ) 

2. ʄʦʜʝʨʥʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ ʠ ʩʪʨʫʢʪʫʨʳ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ: ʩʦʟʜʘʥʠʝ/ ʤʦʜʝʨʥʠʟʘʮʠʷ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʨʘʙʦʯʠʭ ʤʝʩʪ (ʢ 2020 

ʛ. ï 25 ʤʣʥ), ʨʘʟʚʠʪʠʝ ɻʦʩʢʦʨʧʦʨʘʮʠʡ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʘʢʪʠʚʦʚ ʠ ʢʘʧʠʪʘʣʘ.[5] 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʠʥʜʫʩʪʨʠʘʣʠʟʘʮʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ 

ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʛʦ ʢʣʘʩʪʝʨʘ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʰʘʛʦʤ ʜʣʷ ʨʘʟʚʠʪʠʷ ʤʝʞʦʪʨʘʩʣʝʚʳʭ 

ʧʨʦʠʟʚʦʜʩʪʚ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʤʫ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʶ ʧʨʝʜʧʨʠʷʪʠʡ. 

ʀ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ  ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ʥʘ 

ʤʠʨʦʚʦʤ ʨʳʥʢʝ.  

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ɹʦʜʨʫʥʦʚ, ʉ. ɼ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʩʪʨʘʪʝʛʠʠ ʨʝʠʥʜʫʩʪʨʠʘʣʠʟʘʮʠʠ ʈʦʩʩʠʠ: ʤʦʥʦʛʨʘʬʠʷ / 

ʉ. ɼ. ɹʦʜʨʫʥʦʚ; ʀʥ-ʪ ʥʦʚʦʛʦ ʠʥʜʫʩʪʨʠʘʣ. ʨʘʟʚʠʪʠʷ. ʉʇʙ. 2013. 356 ʩ. 

2. ɹʦʜʨʫʥʦʚ ʉ. ɼ., ɻʨʠʥʙʝʨʛ ʈ. ʉ., ʉʦʨʦʢʠʥ ɼ. ɽ. ʈʝʠʥʜʫʩʪʨʠʘʣʠʟʘʮʠʷ ʨʦʩʩʠʡʩʢʦʡ 

ʵʢʦʥʦʤʠʢʠ: ʠʤʧʝʨʘʪʠʚʳ, ʧʦʪʝʥʮʠʘʣ, ʨʠʩʢʠ // ʕʢʦʥʦʤʠʯʝʩʢʦʝ ʚʦʟʨʦʞʜʝʥʠʝ ʈʦʩʩʠʠ. 

2013. ˉ1. ʉ. 19-49.  

3. ɺʘʪʫʪʠʥʘ ʆ. ʆ., ɺʝʨʪʘʢʦʚʘ ʖ. ɺ. ʉʦʟʜʘʥʠʝ ʦʪʨʘʩʣʝʚʦʡ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ ʦʪʨʘʩʣʠ // ʄʠʢʨʦʵʢʦʥʦʤʠʢʘ. 2010. 

ˉ 1. ʉ. 174-180. 

4. ɾʫʨʘʚʣʝʚʘ, ɻ. ʇ. ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʧʦʣʠʪʠʢʘ ʩʦʚʨʝʤʝʥʥʦʡ ʈʦʩʩʠʠ: ʤʦʜʝʨʥʠʟʘʮʠʷ ʠ 

ʨʝʠʥʜʫʩʪʨʠʘʣʠʟʘʮʠʷ / ɻ. ʇ. ɾʫʨʘʚʣʝʚʘ // ɺʝʩʪʥ. ʊʘʤʙʦʚ. ʫʥ-ʪʘ. ʉʝʨ. ɻʫʤʘʥʠʪʘʨ. ʥʘʫʢʠ. 

2014. ˉ 3 (131). ʉ. 226255.  
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ʉʆɺɽʈʐɽʅʉʊɺʆɺɸʅʀɽ ʇʈʆʎɽʉʉɸ ʇʈʀʅʗʊʀʗ 

ʋʇʈɸɺʃɽʅʏɽʉʂʆɻʆ ʈɽʐɽʅʀʗ 

ʂʦʥʜʨʘʪ ʂ. ɺ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ɺ ʨʘʙʦʪʝ ʩʪʘʚʠʣʘʩʴ ʟʘʜʘʯʘ ʚʳʷʚʣʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʧʨʦʮʝʩʩʘ ʧʨʠʥʷʪʠʷ ʚʳʩʰʠʤ ʨʫʢʦʚʦʜʩʪʚʦʤ ʫʧʨʘʚʣʝʥʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ. ʕʪʦ ʥʝʦʙʭʦʜʠʤʦ ʩ 

ʮʝʣʴʶ ʦʧʪʠʤʠʟʘʮʠʠ ʟʘʪʨʘʯʠʚʘʝʤʦʛʦ ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠ, ʯʪʦ ʜʦʣʞʥʦ ʩʥʠʟʠʪʴ 

ʥʝʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʨʘʩʭʦʜʳ, ʧʦʩʢʦʣʴʢʫ ʚ ʈʦʩʩʠʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʪʨʦ ʩʪʦʠʪ 

ʧʨʦʙʣʝʤʘ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʥʝʜʞʤʝʥʪʘ ʠ ʧʦʠʩʢʘ ʪʦʯʝʢ ʥʘʠʙʦʣʝʝ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʣʦʞʝʥʠʷ ʢʘʧʠʪʘʣʘ [1, 4]. 

ʅʝ ʩʝʢʨʝʪ, ʯʪʦ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʚʩʝ ʨʫʢʦʚʦʜʠʪʝʣʠ ʜʘʞʝ ʚʳʩʰʝʛʦ ʟʚʝʥʘ ʠʤʝʶʪ 

ʜʦʩʪʘʪʦʯʥʦʝ ʫʧʨʘʚʣʝʥʯʝʩʢʦʝ ʦʙʨʘʟʦʚʘʥʠʝ, ʯʪʦ ʪʦʨʤʦʟʠʪ ʧʨʠʤʝʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ 

ʩʧʦʩʦʙʦʚ ʧʨʠʥʷʪʠʷ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ [3]. ʅʘʧʨʠʤʝʨ, ʜʘʣʝʢʦ ʥʝ ʚʩʝ 

ʨʫʢʦʚʦʜʠʪʝʣʠ ʧʨʠʤʝʥʷʶʪ ʪʘʢʦʡ ʵʬʬʝʢʪʠʚʥʳʡ ʠʥʩʪʨʫʤʝʥʪ, ʢʘʢ ʢʦʥʪʨʦʣʣʠʥʛ [] . 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʩʪʫʧʘʣʘ ʢʦʤʤʝʨʯʝʩʢʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʆʆʆ 

çɸʙʘʜʘʥ-ʕʢʩʧʦʨʪè, ʩʧʝʮʠʘʣʠʟʠʨʫʶʱʘʷʩʷ ʥʘ ʦʧʪʦʚʦʡ ʪʦʨʛʦʚʣʝ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ ʠ 

ʧʨʦʤʳʰʣʝʥʥʦʡ ʧʨʦʜʫʢʮʠʝʡ, ʘ ʪʘʢʞʝ ʩʪʨʦʠʪʝʣʴʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʚ ʩʪʨʘʥʳ 

ʊʘʤʦʞʝʥʥʦʛʦ ʩʦʶʟʘ. 

ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʧʨʦʮʝʩʩʘ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʚʳʷʚʠʪʴ ʚʩʝ 

ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʥʝʛʦ. ʆʜʥʘʢʦ ʚ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʨʝʩʫʨʩʦʚ ʩʣʝʜʦʚʘʣʦ 

ʦʧʨʝʜʝʣʠʪʴ ʪʝ ʠʟ ʥʠʭ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʚʣʠʷʶʱʠʤʠ ʠ ʧʨʠʚʦʜʷʪ ʢ 

ʩʫʱʝʩʪʚʝʥʥʦʡ ʚʝʣʠʯʠʥʝ ʟʘʪʨʘʪ. ʕʪʠ ʬʘʢʪʦʨʳ ʦʧʨʝʜʝʣʷʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ 

ʥʘʙʣʶʜʝʥʠʷ, ʦʧʨʦʩʘ, ʩʨʘʚʥʝʥʠʷ, ʩʚʝʨʢʠ, ʵʢʩʧʝʨʪʥʳʭ ʦʮʝʥʦʢ [2]. 

ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʥʝʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ 

ʧʦʪʝʨʠ ʚʨʝʤʝʥʠ ʚ ʆʆʆ çɸʙʘʜʘʥ-ʕʢʩʧʦʨʪè ʩʚʷʟʘʥʳ ʩ ʜʫʙʣʠʨʦʚʘʥʠʝʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʧʦʪʦʢʦʚ ʠ ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʩʦʛʣʘʩʦʚʘʥʠʝʤ ʧʣʘʥʦʚ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʫʚʷʟʢʝ 

ʩ ʫʧʨʘʚʣʝʥʠʝʤ ʪʨʫʜʦʚʳʤʠ ʨʝʩʫʨʩʘʤʠ. ʋ ʨʷʜʘ ʨʘʙʦʪʥʠʢʦʚ ʦʨʛʘʥʠʟʘʮʠʠ ʚʩʪʨʝʯʘʶʪʩʷ 

ʜʫʙʣʠʨʫʶʱʠʝ ʬʫʥʢʮʠʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʢʦʥʪʨʦʣʴ ʠʭ ʠʩʧʦʣʥʝʥʠʷ ʥʝ ʬʦʨʤʘʣʠʟʦʚʘʥ ʠ 

ʥʝʜʦʩʪʘʪʦʯʝʥ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʝʜʣʦʞʝʥʦ ʚʥʝʩʪʠ ʠʟʤʝʥʝʥʠʷ ʚ ʨʷʜ ʜʦʣʞʥʦʩʪʥʳʭ ʠʥʩʪʨʫʢʮʠʡ, 

ʫʙʨʘʚ ʜʫʙʣʠʨʫʶʱʠʝ ʬʫʥʢʮʠʠ, ʠ ʨʘʟʨʘʙʦʪʘʪʴ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʡ ʢʦʥʪʫʨ ʫʧʨʘʚʣʝʥʠʷ 

ʪʨʫʜʦʚʳʤʠ ʨʝʩʫʨʩʘʤʠ ʢʦʤʧʘʥʠʠ. 
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ʋʇʈɸɺʃɽʅʀɽ ʌʀʅɸʅʉʆɺʓʄʀ ʈʀʉʂɸʄʀ 

ʆʈɻɸʅʀɿɸʎʀʀ ɸʇʊɽʏʅʆɻʆ ɹʀɿʅɽʉɸ 

ʂʦʨʝʥʴʢʦʚʘ ʖ. ɸ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ʌʠʥʘʥʩʦʚʳʝ ʨʠʩʢʠ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʧʣʦʪʥʦ ʩʧʣʝʪʝʥʳ ʩ ʧʨʠʥʷʪʠʝʤ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ 

ʨʝʰʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʙʳʩʪʨʦ ʤʝʥʷʶʱʝʡʩʷ ʚʥʝʰʥʝʡ ʙʠʟʥʝʩ ʩʨʝʜʳ. ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʳʝ ʦʨʛʘʥʠʟʘʮʠʠ ʜʦʣʞʥʳ ʩʦʟʜʘʚʘʪʴ ʫ ʩʝʙʷ ʫʩʧʝʰʥʫʶ ʠ 

ʧʨʘʚʠʣʴʥʫʶ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʬʠʥʘʥʩʦʚʳʤʠ ʨʠʩʢʘʤʠ. 

ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ, ʢ ʢʦʪʦʨʦʡ ʫʩʪʨʝʤʣʷʝʪʩʷ ʧʨʦʮʝʜʫʨʘ ʫʧʨʘʚʣʝʥʠʷ ʬʠʥʘʥʩʦʚʳʤʠ 

ʨʠʩʢʘʤʠ ʦʨʛʘʥʠʟʘʮʠʠ, ʩʦʜʝʨʞʠʪʩʷ ʚ ʧʦʣʫʯʝʥʠʠ ʥʘʠʙʦʣʴʰʝʡ ʚʳʛʦʜʳ ʧʨʠ ʥʘʠʤʝʥʴʰʝʤ 

ʣʠʙʦ ʧʨʠʝʤʣʝʤʦʤ ʜʣʷ ʢʦʤʧʘʥʠʠ ʩʦʦʪʥʦʰʝʥʠʠ ʚʳʛʦʜʳ ʠ ʨʠʩʢʘ [1]. 

ʇʨʦʮʝʩʩ ʫʧʨʘʚʣʝʥʠʷ ʬʠʥʘʥʩʦʚʳʤʠ ʨʠʩʢʘʤʠ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʚʳʧʦʣʥʝʥʠʝ 

ʩʣʝʜʫʶʱʠʭ ʧʨʦʮʝʜʫʨ: 

1. ʧʣʘʥʠʨʦʚʘʥʠʝ ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ; 

2. ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʨʠʩʢʦʚ; 

3. ʢʘʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʨʠʩʢʦʚ; 

4. ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʨʠʩʢʦʚ; 

5. ʧʣʘʥʠʨʦʚʘʥʠʝ ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ ʨʠʩʢʠ; 

6. ʤʦʥʠʪʦʨʠʥʛ ʠ ʢʦʥʪʨʦʣʴ ʨʠʩʢʦʚ [2]. 

ɺʩʝ ʵʪʠ ʧʨʦʮʝʜʫʨʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʤʝʞʜʫ ʩʦʙʦʡ, ʘ ʪʘʢʞʝ ʩ ʜʨʫʛʠʤʠ 

ʧʨʦʮʝʜʫʨʘʤʠ. 

ɺ ʧʨʦʮʝʩʩʝ ʠʟʫʯʝʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, 

ʯʪʦ ʘʧʪʝʯʥʦʤ ʙʠʟʥʝʩʝ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʦʧʘʩʥʳʭ ʨʠʩʢʦʚ ʷʚʣʷʝʪʩʷ ʬʠʥʘʥʩʦʚʳʡ ʨʠʩʢ. ʇʨʠ 

ʵʪʦʤ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʦʚ ʩʥʠʞʝʥʠʷ ʬʠʥʘʥʩʦʚʳʭ 

ʨʠʩʢʦʚ: 

1. ʫʢʣʦʥʝʥʠʝ ï ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʙʝʞʘʪʴ ʧʦʪʝʨʴ ʩʚʷʟʘʥʥʳʭ ʩ 

ʨʠʩʢʘʤʠ ʬʠʥʘʥʩʦʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʥʦ ʧʦʚʳʰʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʜʨʫʛʠʭ ʨʠʩʢʦʚ; 

2. ʧʨʠʥʷʪʠʝ ʥʘ ʩʝʙʷ ï ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʦʨʛʘʥʠʟʘʮʠʷ ʛʦʪʦʚʠʪʴʩʷ ʢ ʤʘʪʝʨʠʘʣʴʥʦʡ 

ʢʦʤʧʝʥʩʘʮʠʠ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʧʦʪʝʨʴ; 

3. ʧʝʨʝʜʘʯʘ ï ʚʩʝ ʬʠʥʘʥʩʦʚʳʝ ʨʠʩʢʠ ʠʣʠ ʠʭ ʯʘʩʪʴ ʧʝʨʝʜʘʶʪʩʷ ʙʦʣʝʝ ʩʠʣʴʥʳʤ 

ʧʘʨʪʥʝʨʘʤ ʧʦ ʙʠʟʥʝʩʫ; 

4. ʩʪʨʘʭʦʚʘʥʠʝ ï ʦʬʦʨʤʣʝʥʠʝ ʜʦʛʦʚʦʨʘ, ʧʦ ʢʦʪʦʨʦʤʫ ʚ ʩʣʫʯʘʝ ʧʦʪʝʨʠ ʧʨʠʙʳʣʠ 

ʢʦʤʧʝʥʩʘʮʠʶ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʪʨʘʭʦʚʘʷ ʢʦʤʧʘʥʠʷ; 

5. ʦʙʲʝʜʠʥʝʥʠʝ ï ʜʘʥʥʳʡ ʤʝʪʦʜ ʧʦʤʦʛʘʝʪ ʢʦʤʧʘʥʠʠ ʨʝʰʠʪʴ ʩʚʦʠ ʧʨʦʙʣʝʤʳ ʟʘ 

ʩʯʝʪ ʧʨʠʚʣʝʯʝʥʠʷ ʧʘʨʪʥʝʨʦʚ ʧʦ ʙʠʟʥʝʩʫ, ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʚ ʚʳʭʦʜʝ ʠʟ ʩʣʦʞʠʚʰʝʡʩʷ 

ʩʠʪʫʘʮʠʠ; 

6. ʜʠʚʝʨʩʠʬʠʢʘʮʠʷ ï ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʘʧʠʪʘʣʘ, ʤʝʞʜʫ 

ʥʝʩʢʦʣʴʢʠʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ, ʢʦʪʦʨʳʝ ʥʝ ʩʚʷʟʘʥʳ ʜʨʫʛ ʩ ʜʨʫʛʦʤ [3]. 

ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʘʧʪʝʯʥʦʡ ʩʝʪʠ ʆʆʆ ʊʂ çʊʦʢʦè, 

ʬʫʥʢʮʠʦʥʠʨʫʶʱʝʡ ʥʘ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʤ ʨʳʥʢʝ ʉʘʤʘʨʩʢʦʡ ʦʙʣʘʩʪʠ, ʦʩʥʦʚʥʳʤ ʚʠʜʦʤ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ çʈʦʟʥʠʯʥʘʷ ʪʦʨʛʦʚʣʷ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʤʠ ʠ 

ʤʝʜʠʮʠʥʩʢʠʤʠ ʪʦʚʘʨʘʤʠ, ʢʦʩʤʝʪʠʯʝʩʢʠʤʠ ʠ ʧʘʨʬʶʤʝʨʥʳʤʠ ʪʦʚʘʨʘʤʠè, ʙʳʣʦ 

ʚʳʷʚʣʝʥʦ, ʯʪʦ ʬʠʥʘʥʩʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʢʦʤʧʘʥʠʠ ʷʚʣʷʝʪʩʷ ʫʙʳʪʦʯʥʳʤ. ʅʝʚʟʠʨʘʷ ʥʘ ʵʪʦ, ʫ 

ʢʦʤʧʘʥʠʠ ʩʫʱʝʩʪʚʫʝʪ ʧʨʦʝʢʪ ʧʦ ʦʪʢʨʳʪʠʶ ʥʦʚʦʡ ʘʧʪʝʢʠ ʚ ʛʦʨʦʜʝ ʊʦʣʴʷʪʪʠ. ʀʟ-ʟʘ 

ʩʚʦʝʛʦ ʬʠʥʘʥʩʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʦʨʛʘʥʠʟʘʮʠʷ ʚ ʨʝʘʣʠʟʘʮʠʠ ʩʚʦʝʛʦ ʧʨʦʝʢʪʘ ʩʪʘʣʢʠʚʘʝʪʩʷ 

ʩ ʪʘʢʠʤʠ ʨʠʩʢʘʤʠ ʢʘʢ: 
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1. ʨʠʩʢ ʩʥʠʞʝʥʠʷ ʬʠʥʘʥʩʦʚʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ; 

2. ʨʠʩʢ ʥʝʧʣʘʪʝʞʝʩʧʦʩʦʙʥʦʩʪʠ; 

3. ʩʪʨʫʢʪʫʨʥʳʡ ʨʠʩʢ. 

ɼʘʥʥʳʝ ʨʠʩʢʠ ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʶʪ ʥʘ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʧʨʦʝʢʪʘ ʦʨʛʘʥʠʟʘʮʠʠ. 

ʆʜʥʘʢʦ 99% ʫʩʪʘʚʥʦʛʦ ʢʘʧʠʪʘʣʘ ʵʪʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʩ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ ʧʨʠʥʘʜʣʝʞʘʪ 

ʆʆʆ çʈʠʛʣʘè. 

ɺ ʩʚʷʟʠ ʩ ʚʳʰʝʫʢʘʟʘʥʥʳʤ ʜʣʷ ʩʥʠʞʝʥʠʷ ʬʠʥʘʥʩʦʚʳʭ ʨʠʩʢʦʚ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜ ʦʙʲʝʜʠʥʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʘʨʪʥʝʨʳ ʧʦ ʙʠʟʥʝʩʫ, ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʝ 

ʚ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ, ʧʦʤʦʛʘʶʪ ʩʥʠʟʠʪʴ ʩʣʦʞʠʚʰʠʝʩʷ ʨʠʩʢʠ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʙʳʣʦ ʙʳ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʦʨʛʘʥʠʟʘʮʠʠ ʙʝʩʧʨʦʮʝʥʪʥʦʛʦ ʟʘʡʤʘ ʩʦ 

ʩʪʦʨʦʥʳ ʝʝ ʦʩʥʦʚʥʦʛʦ ʫʯʨʝʜʠʪʝʣʷ. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 
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ʉʝʢʮʠʷ 13. ʕʢʦʥʦʤʠʢʘ ʠ ʫʧʨʘʚʣʝʥʠʝ ʩʣʦʞʥʳʤʠ ʩʠʩʪʝʤʘʤʠ 

246 

ʋɼʂ 338 

ɺʃʀʗʅʀɽ ʕʃɽʂʊʈʆʅʅʆʁ ʂʆʄʄɽʈʎʀʀ ʅɸ ʈʆʉʉʀʁʉʂʀʁ ʈʓʅʆʂ 

ʂʨʘʩʥʦʩʝʣʴʮʝʚʘ ʀ. ɽ., ɸʣʝʢʩʝʝʚʘ ʄ. ɸ., ʉʘʚʠʥ ɸ. ɻ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ʈʘʟʚʠʪʠʝ ʢʦʤʧʴʶʪʝʨʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʠ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʧʨʠʚʝʣʦ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʦʚʦʛʦ ʚʠʜʘ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ï 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʙʠʟʥʝʩʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʣʠʷʥʠʝ ʜʘʥʥʦʛʦ ʩʝʛʤʝʥʪʘ ʥʘ ʩʦʚʨʝʤʝʥʥʫʶ 

ʵʢʦʥʦʤʠʢʫ ʥʝʫʩʪʘʥʥʦ ʨʘʩʪʝʪ.  

ʎʝʣʴ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʠʩʪʦʨʠʝʡ 

ʧʦʷʚʣʝʥʠʷ ʠ ʦʩʥʦʚʥʳʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʤʤʝʨʮʠʠ, ʘ ʪʘʢʞʝ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʝʸ ʚʣʠʷʥʠʝ ʥʘ ʧʦʪʨʝʙʠʪʝʣʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʦʟʨʘʩʪʥʦʛʦ ʠ 

ʩʦʮʠʘʣʴʥʦʛʦ ʩʪʘʪʫʩʘ.  

ʕʣʝʢʪʨʦʥʥʳʡ ʙʠʟʥʝʩ ï ʵʪʦ ʣʶʙʘʷ ʜʝʣʦʚʘʷ ʘʢʪʠʚʥʦʩʪʴ, ʠʩʧʦʣʴʟʫʶʱʘʷ 

ʚʦʟʤʦʞʥʦʩʪʠ ʛʣʦʙʘʣʴʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʝʪʝʡ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʠ 

ʚʥʝʰʥʠʭ ʩʚʷʟʝʡ ʩ ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ ʧʨʠʙʳʣʠ[1]. 

ʕʣʝʢʪʨʦʥʥʘʷ ʢʦʤʤʝʨʮʠʷ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʠʤ ʩʦʩʪʘʚʥʳʤ ʵʣʝʤʝʥʪʦʤ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʙʠʟʥʝʩʘ. ʇʦʜ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʤʤʝʨʮʠʝʡ (e-commerce) ʧʦʜʨʘʟʫʤʝʚʘʶʪʩʷ 

ʣʶʙʳʝ ʬʦʨʤʳ ʜʝʣʦʚʳʭ ʩʜʝʣʦʢ, ʧʨʠ ʢʦʪʦʨʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʪʦʨʦʥ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʵʣʝʢʪʨʦʥʥʳʤ ʩʧʦʩʦʙʦʤ ʚʤʝʩʪʦ ʬʠʟʠʯʝʩʢʦʛʦ ʦʙʤʝʥʘ ʠʣʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ 

ʬʠʟʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ, ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʧʨʘʚʦ ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʠʣʠ ʧʨʘʚʦ 

ʧʦʣʴʟʦʚʘʥʠʷ ʪʦʚʘʨʦʤ ʠʣʠ ʫʩʣʫʛʦʡ ʧʝʨʝʜʘʝʪʩʷ ʦʪ ʦʜʥʦʛʦ ʣʠʮʘ ʜʨʫʛʦʤʫ. 

 ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚʠʜʳ ʵʣʝʢʪʨʦʥʥʦʡ 

ʢʦʤʤʝʨʮʠʠ: ʣɻʝʢʪʨʦʥʥʳʡ ʤʘʛʘʟʠʥ, ʘʨʝʥʜʘ ʨʘʟʣʠʯʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, 

ʧʨʦʜʘʞʘ ʠʥʬʦʨʤʘʮʠʠ, ʵʣʝʢʪʨʦʥʥʳʝ ʙʘʥʢʠ [2]. 

ɺ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʯʘʩʪʠ ʨʘʙʦʪʳ ʤʳ ʧʨʦʚʝʣʠ ʘʥʘʣʠʟ ʦʜʥʦʛʦ ʠʟ ʩʝʛʤʝʥʪʦʚ 

ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʤʤʝʨʮʠʠ ï ʜʝʷʪʝʣʴʥʦʩʪʴ ʀʥʪʝʨʥʝʪ-ʤʘʛʘʟʠʥʦʚ. ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ, ʢʘʢ ʠʥʪʝʨʝʩ ʧʦʢʫʧʦʢ ʯʝʨʝʟ ʀʥʪʝʨʥʝʪ ʟʘʚʠʩʠʪ ʦʪ ʚʦʟʨʘʩʪʘ ʠ 

ʩʦʮʠʘʣʴʥʦʛʦ ʩʪʘʪʫʩʘ ʦʧʨʦʰʝʥʥʳʭ. ʉʙʦʨ ʠʥʬʦʨʤʘʮʠʠ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʤʝʪʦʜʦʤ 

ʘʥʢʝʪʠʨʦʚʘʥʠʷ. ɺ ʦʧʨʦʩʝ ʧʨʠʥʠʤʘʣʠ ʫʯʘʩʪʠʝ 105 ʨʝʩʧʦʥʜʝʥʪʦʚ, ʢʦʪʦʨʳʤ ʙʳʣʦ 

ʧʨʝʜʣʦʞʝʥʦ ʦʪʚʝʪʠʪʴ ʥʘ ʰʝʩʪʴ ʚʦʧʨʦʩʦʚ, ʟʘʪʨʘʛʠʚʘʶʱʠʭ ʠʭ ʧʦʚʩʝʜʥʝʚʥʳʝ ʠʥʪʝʨʥʝʪ-

ʧʦʢʫʧʢʠ. 

ʇʨʝʜʣʘʛʘʣʦʩʴ ʦʪʚʝʪʠʪʴ ʥʘ ʩʣʝʜʫʶʱʠʝ ʚʦʧʨʦʩʳ: ʧʦʤʠʤʦ ʧʦʣʘ, ʚʦʟʨʘʩʪʘ ʠ 

ʩʦʮʠʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ, ʥʘʩ ʠʥʪʝʨʝʩʦʚʘʣʦ, ʢʘʢ ʯʘʩʪʦ ʦʧʨʦʰʝʥʥʳʝ ʧʨʠʦʙʨʝʪʘʶʪ ʪʦʚʘʨʳ 

ʚ ʠʥʪʝʨʥʝʪ-ʤʘʛʘʟʠʥʘʭ, ʢʘʢʠʝ ʠʤʝʥʥʦ ʪʦʚʘʨʳ, ʢʘʢʠʝ ʢʨʠʪʝʨʠʠ ʷʚʣʷʶʪʩʷ 

ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʤʠ ʧʨʠ ʧʦʢʫʧʢʝ ʚ ʩʝʪʠ ʠʥʪʝʨʥʝʪ, ʥʘ ʢʘʢʠʭ ʨʝʩʫʨʩʘʭ ʯʘʱʝ ʚʩʝʛʦ 

ʩʦʚʝʨʰʘʶʪʩʷ ʧʦʢʫʧʢʠ, ʢʘʢʠʝ ʬʘʢʪʦʨʳ ʤʦʛʫʪ ʦʩʪʘʥʘʚʣʠʚʘʪʴ ʦʪ ʧʦʢʫʧʦʢ ʠ ʮʝʥʦʚʦʡ 

ʜʠʘʧʘʟʦʥ ʪʦʚʘʨʦʚ.  

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ: 

ʄʦʣʦʜʳʭ ʣʶʜʝʡ ʚ ʚʦʟʨʘʩʪʝ ʜʦ 25 ʣʝʪ, ʥʝ ʦʙʣʘʜʘʶʱʠʭ ʩʪʘʙʠʣʴʥʳʤ ʟʘʨʘʙʦʪʢʦʤ, ʚ 

ʧʦʢʫʧʢʘʭ ʯʝʨʝʟ ʀʥʪʝʨʥʝʪ ʧʨʠʚʣʝʢʘʝʪ ʚʳʛʦʜʥʘʷ ʮʝʥʘ ʠ ʰʠʨʦʢʠʡ ʘʩʩʦʨʪʠʤʝʥʪ (63 % ʠ 

57% ʦʧʨʦʰʝʥʥʳʭ) 

ʆʜʥʘʢʦ ʧʦʢʫʧʢʠ ʜʘʥʥʘʷ ʛʨʫʧʧʘ ʩʦʚʝʨʰʘʝʪ ʥʝ ʯʘʩʪʦ, ʧʨʠʤʝʨʥʦ 4-5 ʨʘʟ ʚ ʛʦʜ 

(51,3 %) 

ʀʟ ʪʦʚʘʨʦʚ ʨʝʩʧʦʥʜʝʥʪʳ ʦʪ 18 ʜʦ 25 ʣʝʪ ʧʨʝʜʧʦʯʠʪʘʶʪ ʥʝʜʦʨʦʛʦʡ ʩʝʛʤʝʥʪ 

ʪʦʚʘʨʦʚ: ʥʝʜʦʨʦʛʘʷ ʦʜʝʞʜʘ ʠ ʦʙʫʚʴ, ʘʢʩʝʩʩʫʘʨʳ, ʙʠʣʝʪʳ ʥʘ ʢʦʥʮʝʨʪʳ ʠ ʚ ʪʝʘʪʨʳ. 

ʉʨʝʜʥʷʷ ʩʪʦʠʤʦʩʪʴ ʧʦʢʫʧʢʠ ʦʙʭʦʜʠʪʩʷ ʚ ʩʫʤʤʫ ʦʪ 500 ʜʦ 3000 ʨʫʙʣʝʡ. 
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ʈʝʩʧʦʥʜʝʥʪʳ ʚ ʚʦʟʨʘʩʪʝ ʦʪ 25 ʜʦ 35 ʣʝʪ ʯʘʩʪʦ ʩʦʚʝʨʰʘʶʪ ʧʦʢʫʧʢʠ ʯʝʨʝʟ 

ʀʥʪʝʨʥʝʪ-ʤʘʛʘʟʠʥʳ ʠ ʩʨʝʜʥʷʷ ʩʫʤʤʘ ʯʝʢʘ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʴʰʝ 3000 ʨʫʙʣʝʡ. ʕʪʦ ʩʚʷʟʘʥʦ, 

ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩ ʧʦʷʚʣʝʥʠʝʤ ʩʪʘʙʠʣʴʥʦʛʦ ʟʘʨʘʙʦʪʢʘ ʠ ʦʪʩʫʪʩʪʚʠʝʤ ʩʚʦʙʦʜʥʦʛʦ ʚʨʝʤʝʥʠ 

ʥʘ ʰʦʧʧʠʥʛ. ɼʘʥʥʘʷ ʚʦʟʨʘʩʪʥʘʷ ʛʨʫʧʧʘ ʭʦʨʦʰʦ ʟʥʘʢʦʤʘ ʩ ʵʣʝʢʪʨʦʥʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ 

ʩʚʷʟʠ ʠ ʠʤʝʝʪ ʜʦʩʪʘʪʦʯʥʫʶ ʧʣʘʪʝʞʝʩʧʦʩʦʙʥʦʩʪʴ, ʯʪʦ ʧʦʤʦʛʘʝʪ ʢʦʤʤʝʨʯʝʩʢʠʤ ʧʨʦʝʢʪʘʤ 

ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʥʘ ʠʭ ʧʨʝʜʧʦʯʪʝʥʠʷ. 

ɼʣʷ ʜʘʥʥʦʡ ʛʨʫʧʧʳ ʭʘʨʘʢʪʝʨʥʳ ʧʦʢʫʧʢʠ ʜʦʨʦʛʦʩʪʦʷʱʝʡ ʵʣʝʢʪʨʦʥʠʢʠ ʠ ʙʳʪʦʚʦʡ 

ʪʝʭʥʠʢʠ, ʦʜʝʞʜʘ ʠ ʘʢʩʝʩʩʫʘʨʳ ʩʨʝʜʥʝʛʦ ʮʝʥʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ (53% ʠ 62,3%). 

ʉʨʝʜʠ ʦʧʨʦʰʝʥʥʳʭ ʩʪʘʨʰʝ 35 ʣʝʪ ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʚʳʙʦʨʦʯʥʦʛʦ 

ʰʦʧʧʠʥʛʘ ʯʝʨʝʟ ʀʥʪʝʨʥʝʪ ʚ ʩʚʷʟʠ ʩ ʨʠʩʢʦʤ ʧʦʣʫʯʝʥʠʷ ʥʝʢʘʯʝʩʪʚʝʥʥʦʛʦ ʪʦʚʘʨʘ ʠ 

ʧʦʪʝʨʝʡ ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ (74%). ɺ ʥʝʢʦʪʦʨʦʡ ʩʪʝʧʝʥʠ ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʥʝʜʦʩʪʘʪʦʯʥʳʤ 

ʦʧʳʪʦʤ ʚʣʘʜʝʥʠʷ ʢʦʤʧʴʶʪʝʨʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʠ ʥʝ ʢʦʤʧʝʪʝʥʮʠʷʤʠ ʚ ʚʳʙʦʨʝ 

ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʤʘʛʘʟʠʥʘ. 

ʆʥʠ ʛʦʪʦʚʳ ʧʦʢʫʧʘʪʴ ʜʦʨʦʛʦʩʪʦʷʱʠʝ ʪʦʚʘʨʳ (ʢʨʫʧʥʫʶ ʙʳʪʦʚʫʶ ʪʝʭʥʠʢʫ, 

ʜʦʨʦʛʦʩʪʦʷʱʫʶ ʵʣʝʢʪʨʦʥʠʢʫ, ʙʨʝʥʜʦʚʫʶ ʦʜʝʞʜʫ ʠ ʘʢʩʝʩʩʫʘʨʳ, ʪʦʚʘʨʳ ʜʣʷ ʜʦʤʘ), ʥʦ 

ʜʦʚʦʣʴʥʦ ʨʝʜʢʦ (58% ʦʧʨʦʰʝʥʥʳʭ). 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʸʥʥʦʡ ʨʘʙʦʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʦʣʴ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʤʤʝʨʮʠʠ ʚ 

ʦʙʱʝʩʪʚʝ ʩʪʨʝʤʠʪʝʣʴʥʦ ʨʘʩʪʝʪ.  

ɼʦʣʷ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʤʤʝʨʮʠʠ ʚ ʨʦʩʩʠʡʩʢʦʡ ʵʢʦʥʦʤʠʢʝ ʚ ʙʣʠʞʘʡʰʝʝ ʚʨʝʤʷ ʙʫʜʝʪ 

ʚʦʟʨʘʩʪʘʪʴ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʙʫʜʝʪ ʚʦʟʨʘʩʪʘʪʴ ʝʝ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 

ʵʢʦʥʦʤʠʢʫ ʛʦʩʫʜʘʨʩʪʚʘ ʠ ʫʨʦʚʝʥʴ ʞʠʟʥʠ ʦʙʱʝʩʪʚʘ, ʧʦʷʚʷʪʩʷ ʥʦʚʳʝ ʚʳʛʦʜʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ: ʛʣʦʙʘʣʴʥʦʝ ʧʨʠʩʫʪʩʪʚʠʝ ʠ ʛʣʦʙʘʣʴʥʳʡ ʚʳʙʦʨ; ʧʝʨʩʦʥʘʣʠʟʘʮʠʷ ʧʨʦʜʘʞ, 

ʨʝʘʢʮʠʷ ʥʘ ʩʧʨʦʩ;ʩʥʠʞʝʥʠʝ ʠʟʜʝʨʞʝʢ; ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚʝʜʝʥʠʷ ʙʠʟʥʝʩʘ; 

ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʢʦʥʢʫʨʝʥʪʥʦʡ ʩʨʝʜʳ. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ʕʣʝʢʪʨʦʥʥʳʡ ʙʠʟʥʝʩ ʠ ʵʣʝʢʪʨʦʥʥʘʷ ʢʦʤʤʝʨʮʠʷ. [ʕʣʝʢʪʨʦʥʥʳʡ ʜʦʢʫʤʝʥʪ] - ʈʝʞʠʤ 

ʜʦʩʪʫʧʘ: http://market-pages.ru/inmark/4.html 

2. ʐʘʭʦʚʘʣʦʚ ʅ. ʅ. ʀʥʪʝʨʥʝʪ-ʪʝʭʥʦʣʦʛʠʠ ʚ ʪʫʨʠʟʤʝ. [ʊʝʢʩʪ]- ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

http://tourlib.net/books_tourism/shahovalov21.htm 
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ʋɼʂ 658.788.5 

ʆʇʊʀʄʀɿɸʎʀʗ ʃʆɻʀʉʊʀʏɽʉʂʀʍ ʇʆʊʆʂʆɺ 

ʉ ʇʆʄʆʑʔʖ ʉʆɿɼɸʅʀʗ ʄɸʊɽʄɸʊʀʏɽʉʂʆʁ ʄʆɼɽʃʀ 

ʂʨʘʩʥʦʩʝʣʴʮʝʚʘ ʀ. ɽ., ʂʦʨʝʝʚʘ ɽ. ɹ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʪʨʘʥʩʧʦʨʪʥʘʷ ʣʦʛʠʩʪʠʢʘ ʠʛʨʘʝʪ ʦʜʥʫ ʠʟ ʢʣʶʯʝʚʳʭ ʨʦʣʝʡ ʚ 

ʩʦʚʨʝʤʝʥʥʦʡ ʵʢʦʥʦʤʠʢʝ. ʉ ʫʩʢʦʨʝʥʠʝʤ ʪʝʤʧʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʦʟʨʘʩʪʘʝʪ ʠʥʪʝʨʝʩ ʢ 

ʠʟʫʯʝʥʠʶ ʠ ʚʥʝʜʨʝʥʠʶ ʥʦʚʳʭ ʤʝʪʦʜʦʚ, ʢʦʪʦʨʳʝ ʧʦʚʳʰʘʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʠʩʪʝʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʴ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʪʳʩʢʘʥʠʠ 

ʦʧʪʠʤʘʣʴʥʳʭ ʤʘʨʰʨʫʪʦʚ ʧʦʩʪʘʚʦʢ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ ʥʘ ʧʨʠʤʝʨʝ ʩʝʪʠ ʬʠʨʤʝʥʥʳʭ 

ʤʘʛʘʟʠʥʦʚ ʆɸʆ çɾʠʛʫʣʝʚʩʢʦʝ ʧʠʚʦè, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʛ. ʦ. ʉʘʤʘʨʘ. 

 ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʨʷʜ ʚʦʧʨʦʩʦʚ, 

ʪʘʢʠʭ ʢʘʢ: 

¶ ʀʟʫʯʠʪʴ ʦʩʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʥʦʡ ʣʦʛʠʩʪʠʢʠ [1,2]; 

¶ ʇʨʝʜʩʪʘʚʠʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʛʨʫʟʦʧʝʨʝʚʦʟʦʢ ʧʨʝʜʧʨʠʷʪʠʷ; 

¶ ʇʨʦʚʝʩʪʠ ʨʝʰʝʥʠʝ ʤʦʜʝʣʠ, ʦʧʠʨʘʷʩʴ ʥʘ ʟʘʜʘʯʫ ʢʦʤʤʠʚʦʷʞʸʨʘ ʠ ʨʝʰʝʥʠʝ 
ʘʣʛʦʨʠʪʤʦʤ ʃʠʪʪʣʘ; 

¶ ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʦʣʫʯʠʚʰʠʝʩʷ ʨʝʟʫʣʴʪʘʪʳ. 

ʈʝʰʝʥʠʷ ʟʘʜʘʯʠ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʤʘʨʰʨʫʪʦʚ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ  

ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ, ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʢʣʘʩʩʠʯʝʩʢʦʡ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʠ 

ʢʦʤʤʠʚʦʷʞʸʨʘ: ʜʣʷ ʥʝʢʦʪʦʨʦʡ ʛʨʫʧʧʳ ʛʦʨʦʜʦʚ ʪʨʝʙʫʝʪʩʷ ʥʘʡʪʠ ʢʨʘʪʯʘʡʰʠʡ ʤʘʨʰʨʫʪ ʩ 

ʧʦʩʝʱʝʥʠʝʤ ʢʘʞʜʦʛʦ ʛʦʨʦʜʘ ʦʜʠʥ ʨʘʟ ʠ ʩ ʚʦʟʚʨʘʱʝʥʠʝʤ ʚ ʥʘʯʘʣʴʥʫʶ ʪʦʯʢʫ ʤʘʨʰʨʫʪʘ.  

ɼʣʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʙʳʣʠ ʚʳʙʨʘʥʳ ʰʝʩʪʴ ʪʦʯʝʢ ʩʙʳʪʘ ʬʠʨʤʝʥʥʦʡ 

ʧʨʦʜʫʢʮʠʠ ʟʘʚʦʜʘ, ʨʘʩʩʯʠʪʘʥʳ ʧʦʪʨʝʙʥʦʩʪʠ ʢʘʞʜʦʛʦ ʤʘʛʘʟʠʥʘ, ʤʘʪʨʠʮʘ ʟʘʪʨʘʪ, 

ʚʢʣʶʯʘʶʱʘ ̫ ʢʠʣʦʤʝʪʨʘʞ, ʪʨʫʜʦʚʳʝ ʨʘʩʭʦʜʳ ʠ ʚʨʝʤʷ ʚ ʧʫʪʠ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʜʣʷ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʪʫʘʮʠʠ ʚ ʛ.ʦ. ʉʘʤʘʨʘ ʚ ʧʦʥʝʜʝʣʴʥʠʢ 9:00 [3]. ʅʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ 

ʤʘʨʰʨʫʪ, ʢʦʪʦʨʳʡ ʦʭʚʘʪʳʚʘʝʪ ʦʩʥʦʚʥʦʡ ʩʢʣʘʜ ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʚʩʝ ʧʫʥʢʪʳ ʥʘʟʥʘʯʝʥʠʷ 

ʝʜʠʥʦʞʜʳ, ʘ ʩʫʤʤʘʨʥʳʝ ʟʘʪʨʘʪʳ ʜʦʣʞʥʳ ʙʳʪʴ ʩʚʝʜʝʥʳ ʢ ʤʠʥʠʤʫʤʫ.  

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʚʦʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʦʜʠʬʠʢʘʮʠʝʡ ʘʣʛʦʨʠʪʤʘ ʃʠʪʪʣʘ, ʢʦʪʦʨʳʡ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ [4]:  

1. ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʤʘʪʨʠʮʳ ʟʘʪʨʘʪ ʠ ʧʦʠʩʢ ʤʠʥʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʤʘʨʰʨʫʪʦʚ.  

2. ɺʳʯʠʩʣʝʥʠʝ ʥʠʞʥʝʡ ʠ ʚʝʨʭʥʝʡ ʦʮʝʥʦʢ.  

3. ɺʝʪʚʣʝʥʠʝ ʠ ʦʪʩʝʚ ʥʝʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʦʜʤʥʦʞʝʩʪʚ. ʇʦʨʦʞʜʝʥʠʝ ʠ ʦʪʩʝʚ 

ʧʦʜʤʥʦʞʝʩʪʚ ʧʦʚʪʦʨʷʝʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʦʩʪʘʥʝʪʩʷ ʦʜʥʦ ʥʝ ʠʩʢʣʶʯʝʥʥʦʝ 

ʤʥʦʞʝʩʪʚʦ, ʥʘ ʢʦʪʦʨʦʤ ʜʦʩʪʠʛʥʫʪʦ ʧʨʦʛʥʦʟʥʦʝ ʟʥʘʯʝʥʠʝ W=H. ɺ ʟʥʘʤʝʥʘʪʝʣʝ 

ʜʨʦʙʠ ʫʢʘʟʘʥ ʧʨʦʛʥʦʟ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʢʨʠʪʝʨʠʷ. ʅʘ ʤʥʦʞʝʩʪʚʝ ʚʝʨʭʥʷʷ 

ʛʨʘʥʠʮʘ 10 ʚʝʨʰʠʥʳ ʩʦʚʧʘʣʘ ʩ ʠʩʭʦʜʥʦʡ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘʡʜʝʥʦ ʦʧʪʠʤʘʣʴʥʦʝ 

ʨʝʰʝʥʠʝ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʦʚ ʠ ʦʪʩʝʚʘ ʧʦʜʤʥʦʞʝʩʪʚ ʦʧʪʠʤʘʣʴʥʳʡ ʧʣʘʥ ʧʝʨʝʚʦʟʦʢ 

ʧʦʪʨʝʙʫʝʪ ʜʚʫʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ. ʄʠʥʠʤʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʧʝʨʝʤʝʱʝʥʠʝ ʩʦʩʪʘʚʷʪ 

18 ʝʜʠʥʠʮ. ʇʦ ʧʝʨʚʦʤʫ ʤʘʨʰʨʫʪʫ (0,1,4,0) ʙʫʜʝʪ ʧʝʨʝʚʝʟʝʥʦ 37 ʝʜʠʥʠʮ ʛʨʫʟʘ, ʧʦ 

ʚʪʦʨʦʤʫ (0,5,2,3,6,0) ï 49 ʝʜʠʥʠʮ. 

ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʩʧʝʮʠʬʠʢʘ ʪʨʘʥʩʧʦʨʪʥʦʡ ʣʦʛʠʩʪʠʢʠ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʱʝʩʪʚʘ ʠ ʚʣʠʷʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʝʝ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠ 

ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 
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¶ ɺʥʝʜʨʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʚ ʜʝʷʪʝʣʴʥʦʩʪʴ ʦʨʛʘʥʠʟʘʮʠʠ ʩʧʦʩʦʙʩʪʚʫʝʪ 
ʨʝʛʫʣʠʨʦʚʘʥʠʶ ʬʠʥʘʥʩʦʚʦʛʦ ʧʦʪʦʢʘ 

¶ ʉʥʠʞʝʥʠʝ ʪʨʘʥʩʧʦʨʪʥʳʭ ʟʘʪʨʘʪ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʪʴ 

ʜʝʥʝʞʥʳʝ ʨʝʩʫʨʩʳ, ʚʥʝʜʨʷʷ ʠʟʣʠʰʝʢ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ʜʦʩʪʠʞʝʥʠʷ ʅʊʇ, ʧʦʚʳʰʘʷ 

ʢʚʘʣʠʬʠʢʘʮʠʶ ʪʨʫʜʦʚʳʭ ʠ ʥʘʫʯʥʳʭ ʢʘʜʨʦʚ, ʫʚʝʣʠʯʠʚʘʷ ʪʝʤʧʳ ʧʨʦʠʟʚʦʜʩʪʚʘ, 

ʫʣʫʯʰʘʷ ʢʘʯʝʩʪʚʦ ʩʦʟʜʘʚʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ 

¶ ʄʠʥʠʤʠʟʘʮʠʷ ʨʠʩʢʦʚ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʤʘʨʰʨʫʪʦʚ ʷʚʣʷʝʪʩʷ 

ʛʘʨʘʥʪʦʤ ʦʧʝʨʘʪʠʚʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ, ʨʘʩʧʨʦʩʪʨʘʥʷʷ 

ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʨʝʧʫʪʘʮʠʶ ʦʨʛʘʥʠʟʘʮʠʠ 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʠ ʤʝʪʦʜʳ ʚ ʣʦʛʠʩʪʠʢʝ: ʫʯʝʙ. ʧʦʩʦʙ. / ɺ.ʉ. ʃʫʙʝʥʮʦʚʘ. ʇʦʜ 

ʨʝʜʘʢʮʠʝʡ ɺ.ʇ. ʈʘʜʯʝʥʢʦ: - ʉʘʤʘʨʘ. ʉʘʤʘʨ. ʛʦʩ. ʪʝʭʥ. ʫʥ-ʪ, 2008, - 157 ʩ.: ʠʣ. 

2. ʃʠʪʣ ɼʞ., ʄʫʨʪʠ ʂ., ʉʫʠʥʠ ɼ., ʂʵʨʝʣ ʂ. ɸʣʛʦʨʠʪʤ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦ 

ʢʦʤʤʠʚʦʷʞʝʨʝ // ʕʢʦʥʦʤʠʢʘ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ. 1965. ʊ. 1. ɺʳʧ. 1.ʉ. 94ï107. 

3. https://www.google.ru/maps //API Google maps 

4. ʂʦʩʪʶʢ ʖ.ʃ., ʇʦʞʠʜʘʝʚ ʄ.ʉ. ʇʨʠʙʣʠʞʝʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʨʝʰʝʥʠʷ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʡ 

ʟʘʜʘʯʠ k ʢʦʤʤʠʚʦʷʞʝʨʦʚ // ɺʝʩʪʥʠʢ ʊʦʤʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ʉʝʨʠʷ 

çʋʧʨʘʚʣʝʥʠʝ, ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʪʝʭʥʠʢʘ ʠ ʠʥʬʦʨʤʘʪʠʢʘè, 2008. ˉ 1 (2).ʉ. 106ï112. 

  

https://www.google.ru/maps
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ʋɼʂ 338.45 

ʂɸʇʀʊɸʃʀɿɸʎʀʗ ʇʈɽɼʇʈʀʗʊʀʁ ɸʕʈʆʂʆʉʄʀʏɽʉʂʆɻʆ ʂʃɸʉʊɽʈɸ 

ʂʫʜʨʷʰʦʚ ɺ. ɺ. ʊʶʢʘʚʢʠʥ ʅ. ʄ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʡ 

ɸʵʨʦʢʦʩʤʠʯʝʩʢʦʛʦ ʢʣʘʩʪʝʨʘ  ʥʝʦʙʭʦʜʠʤʦ ʫʚʝʣʠʯʠʪʴ ʨʳʥʦʯʥʫʶ ʢʘʧʠʪʘʣʠʟʘʮʠʶ ʵʪʠʭ 

ʢʦʤʧʘʥʠʡ. ɹʦʣʴʰʠʥʩʪʚʦ ʧʨʝʜʧʨʠʷʪʠʡ ʚʭʦʜʷʱʠʭ ʚ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʡ ʢʣʘʩʪʝʨ ʥʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʦʩʥʦʚʥʦʤ ʨʳʥʢʝ ʄʦʩʢʦʚʩʢʦʡ ʙʠʨʞʠ, ʥʦ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʩʠʩʪʝʤʝ 

ʠʥʜʠʢʘʪʠʚʥʳʭ ʢʦʪʠʨʦʚʦʢ MOEX Board. ʆʜʥʘʢʦ, ʮʝʥʥʳʝ ʙʫʤʘʛʠ ʉʠʩʪʝʤʳ MOEX Board 

ʥʝ ʜʦʧʫʱʝʥʳ ʢ ʦʨʛʘʥʠʟʦʚʘʥʥʳʤ ʪʦʨʛʘʤ. ʈʘʩʯʝʪʳ ʦʬʠʮʠʘʣʴʥʳʭ ʮʝʥʦʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ 

(ʧʨʠʟʥʘʚʘʝʤʘʷ ʢʦʪʠʨʦʚʢʘ, ʨʳʥʦʯʥʳʝ ʮʝʥʳ, ʨʳʥʦʯʥʘʷ ʢʘʧʠʪʘʣʠʟʘʮʠʷ ʠ ʧʨ.) ʧʦ 

ʢʦʪʠʨʦʚʢʘʤ ʮʝʥʥʳʭ ʙʫʤʘʛ ʚ MOEX Board ʥʝ ʧʨʦʠʟʚʦʜʠʪʩʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ ʥʝʦʙʭʦʜʠʤʦ 

ʚʢʣʶʯʝʥʠʝ ʘʢʮʠʡ ʧʨʝʜʧʨʠʷʪʠʡ ʢʣʘʩʪʝʨʘ ʚ ʦʩʥʦʚʥʦʡ ʢʦʪʠʨʦʚʘʣʴʥʳʡ ʩʧʠʩʦʢ ʠ 

ʧʦʩʪʝʧʝʥʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʧʦ ʢʦʪʠʨʦʚʘʣʴʥʳʤ ʫʨʦʚʥʷʤ ʚʧʣʦʪʴ ʜʦ ʚʢʣʶʯʝʥʠʷ ʚ ʠʥʜʝʢʩ 

ʰʠʨʦʢʦʛʦ ʨʳʥʢʘ. 

ʉʧʠʩʦʢ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʨʘʟʜʝʣʦʚ: 

¶ ʇʝʨʚʳʡ ʫʨʦʚʝʥʴ 

¶ ɺʪʦʨʦʡ ʫʨʦʚʝʥʴ 

¶ ʊʨʝʪʠʡ ʫʨʦʚʝʥʴ 

ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʧʝʨʚʦʡ ʮʝʣʴʶ ʙʫʜʝʪ ʷʚʣʷʪɹʩʷ ʚʢʣʶʯʝʥʠʝ ʵʤʠʪʝʥʪʘ ʚ ʪʨʝʪʠʡ 

ʢʦʪʠʨʦʚʘʣʴʥʳʡ ʫʨʦʚʝʥʴ. 

ɼʣʷ ʧʨʦʭʦʞʜʝʥʠʷ ʣʠʩʪʠʥʛʘ ʮʝʥʥʘʷ ʙʫʤʘʛʘ ʠ ʝʝ ʵʤʠʪʝʥʪ (ʫʧʨʘʚʣʷʶʱʘʷ ʢʦʤʧʘʥʠʷ 

ʇʀʌʘ/ʫʧʨʘʚʣʷʶʱʠʡ ʠʧʦʪʝʯʥʳʤ ʧʦʢʨʳʪʠʝʤ) ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷʤ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʇʨʘʚʠʣʘʤʠ ʣʠʩʪʠʥʛʘ ʇɸʆ ʄʦʩʢʦʚʩʢʘʷ ɹʠʨʞʘ. ɼʣʷ ʪʨʝʪʴʝʛʦ ʫʨʦʚʥʷ ʦʥʠ 

ʩʦʩʪʘʚʣʷʶʪ: 

1) ʩʦʦʪʚʝʪʩʪʚʠʝ ʮʝʥʥʳʭ ʙʫʤʘʛ ʪʨʝʙʦʚʘʥʠʷʤ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʈʌ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʥʦʨʤʘʪʠʚʥʳʭ ʘʢʪʦʚ ɹʘʥʢʘ ʈʦʩʩʠʠ; 

2) ʨʝʛʠʩʪʨʘʮʠʷ ʧʨʦʩʧʝʢʪʘ ʮʝʥʥʳʭ ʙʫʤʘʛ/ ʧʨʦʩʧʝʢʪʘ ʵʤʠʩʩʠʠ ʮʝʥʥʳʭ ʙʫʤʘʛ/ 

ʧʣʘʥʘ ʧʨʠʚʘʪʠʟʘʮʠʠ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʛʦ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʩʧʝʢʪʘ ʵʤʠʩʩʠʠ ʮʝʥʥʳʭ ʙʫʤʘʛ; 

3) ʨʘʩʢʨʳʪʠʝ ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦ ʮʝʥʥʳʭ ʙʫʤʘʛʘʭ; 

4) ʮʝʥʥʳʝ ʙʫʤʘʛʠ ʧʨʠʥʷʪʳ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ ʚ ʈʘʩʯʝʪʥʦʤ ʜʝʧʦʟʠʪʘʨʠʠ (ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʩʣʫʯʘʝʚ ʨʘʟʤʝʱʝʥʠʷ ʮʝʥʥʳʭ ʙʫʤʘʛ). 

ʀʟ 7 ʧʨʝʜʧʨʠʷʪʠʡ ʢʣʘʩʪʝʨʘ ʠʤʝʶʱʠʭ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʧʨʘʚʦʚʫʶ ʬʦʨʤʫ 

ʧʫʙʣʠʯʥʦʛʦ ʘʢʮʠʦʥʝʨʥʦʛʦ ʦʙʱʝʩʪʚʘ ʥʘ 2ʢʚ. 2017ʛ. ʪʨʝʙʦʚʘʥʠʷʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʣʠʰʴ 

ʇɸʆ "ʂʫʟʥʝʮʦʚ". ɼʣʷ ʚʢʣʶʯʝʥʠʷ ʚʦ ʚʪʦʨʦʡ ʢʦʪʠʨʦʚʘʣʴʥʳʡ ʩʧʠʩʦʢ ʪʨʝʙʦʚʘʥʠʷʤ, ʥʝ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʠ ʦʜʥʘ ʢʦʤʧʘʥʠʷ. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ  

1. ʇʨʘʚʠʣʘ ʣʠʩʪʠʥʛʘ ʇɸʆ ʄʦʩʢʦʚʩʢʘʷ ɹʠʨʞʘ: URL:http://moex.com/s19 

2 ʉʠʩʪʝʤʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʨʘʩʢʨʳʪʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʵʤʠʪʝʥʪʘʭ. 

URL:http://www.skrin.ru/ 

3.ʉʪʘʪʴʷ 14. ɼʦʧʫʩʢ ʮʝʥʥʳʭ ʙʫʤʘʛ ʢ ʦʨʛʘʥʠʟʦʚʘʥʥʳʤ ʪʦʨʛʘʤ/ (ʚ ʨʝʜ. ʌʝʜʝʨʘʣʴʥʦʛʦ 

ʟʘʢʦʥʘ ʦʪ 21.11.2011 N 327-ʌɿ) URL:fs.moex.com/files/6300/ 

4. ʇʦʣʦʞʝʥʠʝ ʦ ʜʦʧʫʩʢʝ ʮʝʥʥʳʭ ʙʫʤʘʛ ʢ ʦʨʛʘʥʠʟʦʚʘʥʥʳʤ ʪʦʨʛʘʤ (ʫʪʚ. ɹʘʥʢʦʤ ʈʦʩʩʠʠ 

24.02.2016N534-ʇ)  URL:http://www.cbr.ru/press/pr.aspx?file=04052016_184605sbrfr2016-

05-04T18_45_19.htm  

http://moex.com/s19
http://www.skrin.ru/
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ʉʆʎʀɸʃʔʅʓɽ ʉɽʊʀ ʂɸʂ ʀʅʉʊʈʋʄɽʅʊ ɼʃʗ ʇʈʆɼɺʀɾɽʅʀʗ ɹʈɽʅɼɸ 

ʂʫʟʥʝʮʦʚʘ ʄ. ɸ., ɹʫʟʜʳʛʘ ʉ. ɸ., ʉʘʚʠʥ ɸ. ɻ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ʉʦʮʠʘʣʴʥʳʝ ʩʝʪʠ ï ʤʦʱʥʝʡʰʠʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʧʨʦʜʚʠʞʝʥʠʷ ʪʦʚʘʨʦʚ ʠ ʫʩʣʫʛ. 

ʇʦʤʠʤʦ ʦʙʱʝʥʠʷ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʜʝʣʠʪʴʩʷ ʤʝʜʠʘʬʘʡʣʘʤʠ, ʩʦʮʠʘʣʴʥʳʝ ʧʦʪʦʢʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʪʣʠʯʥʫʶ ʨʝʢʣʘʤʥʫʶ ʧʣʦʱʘʜʢʫ, ʧʨʠ ʫʤʝʣʦʤ ʨʘʟʤʝʱʝʥʠʠ ʥʘ 

ʢʦʪʦʨʦʡ, ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʧʦʪʨʷʩʘʶʱʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠ ʧʨʦʜʚʠʞʝʥʠʠ ʪʦʚʘʨʦʚ ʠ ʫʩʣʫʛ 

ʥʘ ʨʳʥʢʘʭ. ʇʨʦʜʚʠʞʝʥʠʝ ʚ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ ʭʦʨʦʰʦ ʪʝʤ, ʯʪʦ ʦʥʦ ʜʘʸʪ ʥʘʤ ʫʥʠʢʘʣʴʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʦ ʩʝʛʤʝʥʪʘʮʠʠ ʙʘʟʳ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʧʦʵʪʦʤʫ ʤʳ ʤʦʞʝʤ ʨʝʢʣʘʤʠʨʦʚʘʪʴ 

ʪʘʤ, ʛʜʝ ʵʪʦ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʢʫʧʷʪ ʠ ʦʮʝʥʷʪ ʧʦ ʜʦʩʪʦʠʥʩʪʚʫ. 

ʇʦ ʢʦʣʠʯʝʩʪʚʫ çʧʠʰʫʱʠʭè ʨʦʩʩʠʡʩʢʠʭ ʘʚʪʦʨʦʚ ʣʠʜʠʨʫʝʪ ɺʂʦʥʪʘʢʪʝ ï 18,8 

ʤʣʥ. ʫʥʠʢʘʣʴʥʳʭ ʘʚʪʦʨʦʚ. ʋ ʩʣʝʜʫʶʱʝʛʦ ʥʘ ʚʪʦʨʦʤ ʤʝʩʪʝ Instagram ï ʥʝʚʝʨʦʷʪʥʳʝ 

ʪʝʤʧʳ ʨʦʩʪʘ, ʚ ʜʝʢʘʙʨʝ ʚ ʵʪʦʡ ʩʝʪʠ ʟʘʬʠʢʩʠʨʦʚʘʥʦ 10,6 ʤʣʥ. ʘʚʪʦʨʦʚ, ʧʨʘʢʪʠʯʝʩʢʠ ʚ 5 

ʨʘʟ ʙʦʣʴʰʝ, ʯʝʤ ʚʝʩʥʦʡ 2015ʛ. ʊʨʝʪʴʝ ʤʝʩʪʦ ï Twitter ï ʯʠʩʣʦ ʘʢʪʠʚʥʳʭ ʘʚʪʦʨʦʚ ʟʜʝʩʴ 

ʧʨʦʜʦʣʞʘʝʪ ʩʥʠʞʘʪʴʩʷ, ʚ ʜʝʢʘʙʨʝ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʯʫʪʴ ʙʦʣʝʝ 1 ʤʣʥ. ʯʝʣ. [1] 

ɼʣʷ ʥʘʰʝʛʦ ʘʥʘʣʠʟʘ ʤʳ ʚʳʙʨʘʣʠ 4 ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʝ ʩʦʮʠʘʣʴʥʳʝ ʩʝʪʠ: 

Instagram, ɺʂʦʥʪʘʢʪʝ, Facebook, Twitter. 

ʇʣʶʩʳ ʧʨʦʜʚʠʞʝʥʠʷ ʙʨʝʥʜʘ ʚ Instagram: ʜʘʥʥʫʶ ʩʝʪʴ ʣʶʜʠ ʠʩʧʦʣʴʟʫʶʪ ʥʘ ʭʦʜʫ 

ʩ ʧʦʤʦʱʴʶ ʤʦʙʠʣʴʥʳʭ ʛʘʜʞʝʪʦʚ, ʷʜʨʦʤ ʘʫʜʠʪʦʨʠʠ ʷʚʣʷʝʪʩʷ ʤʦʣʦʜʝʞʴ ʚ ʚʦʟʨʘʩʪʝ ʦʪ 18 

ʜʦ 29 ʣʝʪ, ʚʠʟʫʘʣʴʥʳʡ ʢʦʥʪʝʥʪ ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʣʶʜʴʤʠ ʚʦ ʤʥʦʛʦ ʨʘʟ ʙʳʩʪʨʝʝ. 

ɺʂʦʥʪʘʢʪʝ: ʠʤʝʝʪʩʷ ʙʦʣʴʰʘʷ ʢʦʥʢʫʨʝʥʮʠʷ ʚʦ ʚʩʝʭ ʪʝʤʘʪʠʢʘʭ ʛʨʫʧʧ. ʇʦʵʪʦʤʫ ʜʣʷ 

ʢʦʤʤʝʨʯʝʩʢʠʭ ʮʝʣʝʡ ʜʘʥʥʳʡ ʨʝʩʫʨʩ ʧʦʜʭʦʜʠʪ, ʝʩʣʠ ʵʪʠ ʫʩʣʫʛʠ ʠʣʠ ʪʦʚʘʨʳ ʩʚʷʟʘʥʥʳ ʩ 

ʠʥʪʝʨʝʩʘʤʠ ʤʦʣʦʜʦʛʦ ʧʦʢʦʣʝʥʠʷ. ɹʦʣʴʰʝ ʚʩʝʛʦ ʵʪʘ ʧʣʦʱʘʜʢʘ ʧʦʜʭʦʜʠʪ ʜʣʷ ʟʘʨʘʙʦʪʢʘ 

ʥʘ ʨʝʢʣʘʤʝ, ʧʦʪʦʤʫ ʯʪʦ ʠʥʪʝʨʝʩ ʨʝʢʣʘʤʦʜʘʪʝʣʝʡ ʢ ʵʪʦʤʫ ʨʝʩʫʨʩʫ ʚʳʩʦʢʠʡ. 

Facebook: ʚʭʦʜʠʪ ʚ ʧʷʪʝʨʢʫ ʥʘʠʙʦʣʝʝ ʧʦʩʝʱʘʝʤʳʭ ʚʝʙ-ʩʘʡʪʦʚ ʤʠʨʘ. ʈʘʩʢʨʫʪʢʘ 

ʦʨʛʘʥʠʟʘʮʠʠ ʚ ʜʘʥʥʦʡ ʩʝʪʠ ʩʪʘʥʝʪ ʥʝ ʪʦʣʴʢʦ ʵʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʧʨʠʚʣʝʯʝʥʠʷ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʢʣʠʝʥʪʦʚ ʥʘ ʩʦʙʩʪʚʝʥʥʳʡ ʩʘʡʪ, ʥʦ ʠ ʫʜʘʯʥʦʡ ʚʦʟʤʦʞʥʦʩʪʴʶ ʥʘʡʪʠ 

ʥʦʚʳʭ ʧʘʨʪʥʝʨʦʚ ʧʦ ʙʠʟʥʝʩʫ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʟʜʝʩʴ ð ʚʟʨʦʩʣʳʝ ʣʶʜʠ ʩ 

ʚʳʩʰʠʤ ʦʙʨʘʟʦʚʘʥʠʝʤ ʠ ʩʪʘʙʠʣʴʥʳʤ ʫʨʦʚʥʝʤ ʟʘʨʘʙʦʪʢʘ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʤʦʣʦʜʦʡ 

ʘʫʜʠʪʦʨʠʠ ɺʂʦʥʪʘʢʪʝ.   

Twitter: ɺ ʦʪʣʠʯʠʝ ʦʪ Facebook, ʢʦʪʦʨʳʡ ʚʨʷʜ ʣʠ ʧʦʟʚʦʣʠʪ ʚʘʤ ʜʦʩʪʠʯʴ ʥʫʞʥʦʛʦ 

ʯʠʩʣʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʚʣʦʞʝʥʠʡ, Twitter - ʘʙʩʦʣʶʪʥʦ ʙʝʩʧʣʘʪʥʳʡ 

ʠʥʩʪʨʫʤʝʥʪ. ʇʦʩʪ ʚ Facebook ʤʦʞʝʪ ʦʞʠʜʘʪʴ ʦʪʢʣʠʢʘ ʥʝʩʢʦʣʴʢʦ ʜʥʝʡ; ʯʪʦ ʢʘʩʘʝʪʩʷ 

Twitter, 92% ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʥʦʚʳʤ ʪʚʠʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʚ ʪʝʯʝʥʠʝ ʧʝʨʚʦʛʦ ʯʘʩʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʷ SWOT-ʘʥʘʣʠʟ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ, ʤʳ ʧʨʠʰʣʠ ʢ ʚʳʚʦʜʫ, 

ʯʪʦ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʘʷ ʩʦʮʠʘʣʴʥʘʷ ʩʝʪʴ ʜʣʷ ʧʨʦʜʚʠʞʝʥʠʷ ʙʨʝʥʜʘ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ 

ʵʪʘʧʝ ʷʚʣʷʝʪʩʷ Instagram. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ʉʪʘʪʠʩʪʠʢʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʮʠʘʣʴʥʳʭ ʤʝʜʠʘ ʚ 2015 ʛʦʜʫ [ʕʣʝʢʪʨʦʥʥʳʡ ʜʦʢʫʤʝʥʪ] - 

ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://te-st.ru/2015/12/17/social-media-2015-2/ 
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ɼʀʌʌɽʈɽʅʎʀɸʃʔʅʓɽ ʋʈɸɺʅɽʅʀʗ ʂɸʂ ʉʇʆʉʆɹ ʄɸʊɽʄɸʊʀʏɽʉʂʆɻʆ 

ʄʆɼɽʃʀʈʆɺɸʅʀʗ ʈɽʂʃɸʄʅʓʍ ʇʈʆʎɽʉʉʆɺ 

ʂʫʟʥʝʮʦʚʘ ʄ. ɸ., ʂʦʨʝʝʚʘ ɽ. ɹ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ʈʝʢʣʘʤʥʘʷ ʢʘʤʧʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʩʠʣ ʧʦ ʧʨʦʜʚʠʞʝʥʠʶ 

ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʪʦʚʘʨʘ ʥʘ ʨʳʥʦʢ. ʄʥʦʛʠʝ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʠ ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʙʠʟʥʝʩ 

ʙʝʟ ʨʝʢʣʘʤʳ ʥʝ ʤʦʞʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ, ʧʦʵʪʦʤʫ ʝʸ ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʪʦʷʥʥʦ ʦʪʩʣʝʞʠʚʘʪʴ, 

ʧʨʦʚʦʜʠʪʴ ʘʥʘʣʠʟ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʪ.ʜ. 

ʇʦʧʨʦʙʫʝʤ ʥʘ ʧʨʠʤʝʨʘʭ ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʨʝʢʣʘʤʥʫʶ ʢʘʤʧʘʥʠʶ. 

ɺʦʩʧʦʣʴʟʫʝʤʩʷ ʤʦʜʝʣʴʶ ʅʝʨʣʦʚʘ-ʕʨʨʦʫ. ɽʸ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʤ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʝʤ: 

 
Ὠὃ

Ὠὸ
ὦήὸ Ὧὃȟρ 

ʛʜʝ b ï ʥʝʢʦʪʦʨʘʷ ʧʦʩʪʦʷʥʥʘʷ, ʢʦʪʦʨʘʷ ʦʧʠʩʳʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʢʣʘʤʳ, k ï 

ʢʦʥʩʪʘʥʪʘ, ʢʦʪʦʨʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʢʦʨʦʩʪʠ çʟʘʙʳʚʘʥʠʷè. 

ɺʠʜʠʤ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʩʦʜʝʨʞʠʪ ʜʚʘ ʯʣʝʥʘ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ. 

ʉʣʘʛʘʝʤʦʝ bq(t) ʦʪʚʝʯʘʝʪ ʟʘ ʣʠʥʝʡʥʳʡ ʨʦʩʪ ʦʩʚʝʜʦʤʣʸʥʥʦʩʪʠ ʧʦʪʨʝʙʠʪʝʣʝʡ ʧʦʩʣʝ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʠʭ ʨʝʢʣʘʤʳ. kA ʦʧʠʩʳʚʘʝʪ ʧʨʦʮʝʩʩ ʟʘʙʳʚʘʥʠʷ ʦ ʨʝʢʣʘʤʠʨʫʝʤʦʤ 

ʧʨʦʜʫʢʪʝ. 

ʇʦʣʫʯʠʤ ʬʦʨʤʫʣʫ ʦʙʱʝʛʦ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ: 

 ὃὸ
ὦ᷿ ήὸὩ ὅ

Ὡ
ȟς  

C ï ʧʦʩʪʦʷʥʥʘʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʥʘʯʘʣʴʥʦʛʦ ʫʩʣʦʚʠʷ A(t0) =A0. 

ɼʘʣʝʝ ʨʘʩʩʤʦʪʨʠʤ ʥʘ ʢʦʥʢʨʝʪʥʳʭ ʧʨʠʤʝʨʘʭ ʢʘʢ ʦʩʚʝʜʦʤʣʝʥʥʦʩʪʴ ʧʦʪʨʝʙʠʪʝʣʝʡ 

A(t) ʟʘʚʠʩʠʪ ʦʪ ʨʝʞʠʤʘ ʨʝʢʣʘʤʠʨʦʚʘʥʠʷ. ʇʦ ʧʝʨʚʦʡ ʧʨʝʜʣʦʞʝʥʥʦʡ ʥʘʤʠ ʟʘʜʘʯʝ ʩʜʝʣʘʝʤ 

ʚʳʚʦʜ: ʝʩʣʠ ʨʝʢʣʘʤʘ ʙʫʜʝʪ ʧʦʩʪʦʷʥʥʦʡ, ʪʦ ʯʠʩʣʦ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʦʢʫʧʘʪʝʣʝʡ 

(ʘʙʠʪʫʨʠʝʥʪʦʚ ʉʘʤʘʨʩʢʦʛʦ ʋʥʠʚʝʨʩʠʪʝʪʘ) ʨʘʩʪʸʪ ʥʝʣʠʥʝʡʥʦ, ʧʨʠʙʣʠʞʘʷʩʴ ʢ 

ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ, ʢʦʪʦʨʦʝ ʨʘʚʥʦ: 

 ὃ
ὦή

Ὧ
ςππππππ σ 

ɺ ʭʦʜʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʚʦ ʚʪʦʨʦʡ ʟʘʜʘʯʝ ʧʦʣʫʯʘʝʤ ʦʙʱʝʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ʚ 

ʚʠʜʝ ʩʠʩʪʝʤʳ: 

 ὃὸ
τππππππρ Ὡ ȟ   π ὸ φ

σρπχυππὩ ȟ   χ ὸ ρς

   τ 

ɺ ʜʘʥʥʦʡ ʟʘʜʘʯʝ ʦʩʚʝʜʦʤʣʸʥʥʦʩʪʴ ʧʦʢʫʧʘʪʝʣʝʡ ʢ ʢʦʥʮʫ ʛʦʜʘ ʙʫʜʝʪ ʥʠʞʝ, ʯʝʤ ʚ 

ʨʝʞʠʤʝ ʧʦʩʪʦʷʥʥʦʡ ʨʝʢʣʘʤʳ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ (ʢʘʢ ʚ ʧʝʨʚʦʡ ʟʘʜʘʯʝ). ɿʘʤʝʪʠʤ, ʯʪʦ ʩʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ ɸ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ ʙʦʣʴʰʝ ʚʦ ʚʪʦʨʦʡ ʟʘʜʘʯʝ. 

ɸʥʘʣʠʟʠʨʫʷ ʜʚʘ ʧʨʠʚʝʜʝʥʥʳʭ ʥʘʤʠ ʧʨʠʤʝʨʘ, ʩʜʝʣʘʝʤ ʩʣʝʜʫʶʱʠʡ ʚʳʚʦʜ: ʦʙʲʸʤ 

ʧʨʦʜʘʞ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʦʩʚʝʜʦʤʣʝʥʥʦʩʪʠ ʧʦʢʫʧʘʪʝʣʝʡ (ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʘʙʠʪʫʨʠʝʥʪʦʚ 

ʉʘʤʘʨʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ) ʦ ʥʦʚʦʤ ʧʨʦʜʫʢʪʝ, ʧʦʵʪʦʤʫ ʨʝʞʠʤ ʩʪʫʧʝʥʯʘʪʦʛʦ 

ʨʝʢʣʘʤʠʨʦʚʘʥʠʷ (ʧʨʠ ʦʜʠʥʘʢʦʚʦʤ ʨʝʢʣʘʤʥʦʤ ʙʶʜʞʝʪʝ) ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʚʳʛʦʜʥʳʤ. 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 
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ʚʝʩʪʥʠʢ. ï 2015. ï ˉ 3-4. ï ʉ. 512-512.  
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ʋɼʂ 338.242 

ʉʊʈɸʊɽɻʀʏɽʉʂʆɽ ʇʃɸʅʀʈʆɺɸʅʀɽ ɺ ʂʆʄʄɽʈʏɽʉʂʆʁ ʂʆʄʇɸʅʀʀ 

ʂʫʧʮʦʚʘ ʂ. ɺ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʧʨʦʙʣʝʤʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʦʤʤʝʨʯʝʩʢʦʡ ʢʦʤʧʘʥʠʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʪʨʘʪʝʛʠʯʝʩʢʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ, ʥʝʩʤʦʪʨʷ ʥʘ ʝʛʦ ʦʙʰʠʨʥʫʶ 

ʧʨʘʢʪʠʯʝʩʢʫʶ ʧʨʠʤʝʥʠʤʦʩʪʴ ʠ ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴ ʚʦ ʚʩʝʤ ʤʠʨʝ, ʧʦ-ʧʨʝʞʥʝʤʫ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʈʦʩʩʠʠ. ʕʪʦ ʤʦʞʥʦ ʧʦʥʷʪʴ, ʝʩʣʠ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʪʘʢʠʤ 

ʤʝʪʦʜʦʤ, ʢʘʢ ʥʘʙʣʶʜʝʥʠʝ. ɼʘʞʝ ʦʙʳʯʥʳʡ ʧʨʦʩʤʦʪʨ ʧʫʙʣʠʢʘʮʠʡ ʚ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ 

ʧʨʠʚʦʜʠʪ ʢ ʚʳʚʦʜʫ ʦ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʚ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʤʝʥʝʜʞʝʨʦʚ. ʇʨʠʯʝʤ ʯʝʤ ʤʝʥʴʰʝ ʨʘʟʤʝʨ ʧʨʝʜʧʨʠʷʪʠʷ, 

ʪʝʤ ʤʝʥʴʰʝ ʚʥʠʤʘʥʠʷ ʝʤʫ ʫʜʝʣʷʝʪʩʷ. ʄʥʦʛʠʝ ʤʘʣʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʚʦʦʙʱʝ ʥʝ 

ʠʩʧʦʣʴʟʫʶʪ ʩʪʨʘʪʝʛʠʯʝʩʢʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ, ʜʦʚʦʣʴʩʪʚʫʷʩʴ ʜʦʣʛʦʩʨʦʯʥʳʤ, ʘ ʪʦ ʠ ʚʦʚʩʝ 

ʣʠʰʴ ʢʨʘʪʢʦʩʨʦʯʥʳʤ ʧʣʘʥʠʨʦʚʘʥʠʝʤ ʩʚʦʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ.  

ʕʪʦ ʚʳʟʚʘʥʦ ʪʝʤ, ʯʪʦ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʩʣʠʰʢʦʤ ʚʳʩʦʢʘ ʩʪʝʧʝʥʴ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʥʘ ʤʥʦʛʠʭ ʦʪʨʘʩʣʝʚʳʭ ʨʳʥʢʘʭ. ʏʘʩʪʠʯʥʦ ʵʪʦ ʚʳʟʚʘʥʦ ʪʝʤ, ʯʪʦ 

ʩʣʠʰʢʦʤ ʥʝʩʪʘʙʠʣʴʥʘ ʚʥʝʰʥʝʧʦʣʠʪʠʯʝʩʢʘʷ ʦʙʩʪʘʥʦʚʢʘ. ʇʦʩʪʦʷʥʥʦʝ ʧʦʷʚʣʝʥʠʝ ʪʝʭ ʠʣʠ 

ʠʥʳʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʘʥʢʮʠʡ, ʠʟʤʝʥʝʥʠʝ ʫʩʣʦʚʠʡ ʪʦʨʛʦʚʣʠ, ʚʠʟʦʚʦʛʦ ʨʝʞʠʤʘ, 

ʧʨʦʚʝʜʝʥʠʝ ʪʝʨʨʦʨʠʩʪʠʯʝʩʢʠʭ ʘʢʪʦʚ ʩʦʟʜʘʶʪ ʚʳʩʦʢʠʝ ʨʠʩʢʠ ʚʦ ʤʥʦʛʠʭ ʦʪʨʘʩʣʷʭ [4]. 

ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʈʦʩʩʠʷ ʚʩʝ ʝʱʝ ʩʝʨʴʝʟʥʦ ʟʘʚʠʩʠʪ ʦʪ ʧʦʩʪʘʚʦʢ ʨʷʜʘ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʠ ʨʘʟʣʠʯʥʳʭ ʠʥʛʨʝʜʠʝʥʪʦʚ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ 

ʧʦʪʨʝʙʥʦʩʪʝʡ ʥʘʩʝʣʝʥʠʷ. ʊʘʢʞʝ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʧʦʩʪʦʷʥʥʦʝ 

ʨʝʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʘʚʦʚʦʡ ʙʘʟʳ ʠ ʧʦʷʚʣʝʥʠʝ ʥʦʚʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʥʘʣʦʛʦʚʦʤ 

ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʝ, ʥʦʚʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʢʘʯʝʩʪʚʫ ʦʢʘʟʳʚʘʝʤʳʭ ʫʩʣʫʛ ʠ ʚʳʨʘʙʘʪʳʚʘʝʤʦʡ 

ʧʨʦʜʫʢʮʠʠ ʠ ʢ ʫʩʣʦʚʠʷʤ ʝʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʨʝʘʣʠʟʘʮʠʠ. ʅʝʤʘʣʫʶ ʨʦʣʴ ʚ ʧʦʩʣʝʜʥʠʝ 

ʛʦʜʳ ʥʘ ʵʢʦʥʦʤʠʢʫ ʩʪʨʘʥʳ ʦʢʘʟʘʣʠ ʩʨʘʟʫ ʜʚʘ ʢʨʠʟʠʩʘ ʠ ʠʭ ʧʦʩʣʝʜʩʪʚʠʷ [3]. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚ ʫʩʣʦʚʠʷʭ ʨʠʩʢʦʚ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ, ʩʪʨʘʪʝʛʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ. ɺʝʜʴ ʠʤʝʥʥʦ ʠʥʚʝʩʪʠʮʠʦʥʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʟʘʢʣʘʜʳʚʘʝʪ 

ʦʩʥʦʚʳ ʙʫʜʫʱʝʡ ʧʨʠʙʳʣʴʥʦʩʪʠ ʢʦʤʧʘʥʠʠ [1]. 

ʂʨʫʧʥʳʝ ʬʠʨʤʳ ʠʤʝʶʪ ʩʝʨʴʝʟʥʫʶ ʬʠʥʘʥʩʦʚʫʶ ʙʘʟʫ, ʦʥʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ 

ʢʨʫʧʥʳʤʠ ʙʘʥʢʘʤʠ ʠ ʜʨʫʛʠʤʠ ʬʠʥʘʥʩʦʚʳʤʠ ʠʥʩʪʠʪʫʪʘʤʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʜʜʝʨʞʘʪʴ 

ʠʭ ʚ ʩʣʦʞʥʳʝ ʤʦʤʝʥʪʳ, ʢʦʪʦʨʳʤʠ ʚ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʠʟʦʙʠʣʫʝʪ ʥʘʰʘ 

ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʴ. ʊʘʢʞʝ ʠʤ ʣʝʛʯʝ ʥʘʡʪʠ ʧʦʜʜʝʨʞʢʫ ʫ ʛʦʩʫʜʘʨʩʪʚʘ, 

ʧʦʩʢʦʣʴʢʫ ʨʷʜ ʧʨʦʤʳʰʣʝʥʥʳʭ ʛʠʛʘʥʪʦʚ, ʥʘʧʨʠʤʝʨ, ɸʚʪʦɺɸɿ, ʷʚʣʷʶʪʩʷ 

ʛʨʘʜʦʦʙʨʘʟʫʶʱʠʤʠ ʠ ʩʝʨʴʝʟʥʦ ʚʣʠʷʶʪ ʥʘ ʩʦʮʠʘʣʴʥʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʚ ʩʪʨʘʥʝ. ʂʨʦʤʝ 

ʪʦʛʦ, ʫ ʥʠʭ ʫʞʝ ʩʣʦʞʠʣʘʩʴ ʩʠʩʪʝʤʘ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʫʥʘʩʣʝʜʦʚʘʥʥʘʷ ʚʦ 

ʤʥʦʛʦʤ ʝʱʝ ʩ ʩʦʚʝʪʩʢʠʭ ʚʨʝʤʝʥ. ʇʦʵʪʦʤʫ ʦʥʠ ʠʩʧʦʣʴʟʫʶʪ ʩʪʨʘʪʝʛʠʯʝʩʢʦʝ 

ʧʣʘʥʠʨʦʚʘʥʠʝ, ʚ ʪʦʤ ʯʠʩʣʝ, ʧʨʠʤʝʥʷʷ ʨʘʟʣʠʯʥʳʝ ʩʦʚʨʝʤʝʥʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʧʨʦʜʫʢʪʳ. 

ʊʷʛʦʪʝʥʠʝ ʢ ʬʠʥʘʥʩʦʚʦʡ ʩʪʦʨʦʥʝ ʚʦʧʨʦʩʘ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠ ʪʝʤ, ʯʪʦ ʨʫʢʦʚʦʜʩʪʚʦ ʢʨʫʧʥʳʭ ʢʦʤʧʘʥʠʡ ʙʦʣʝʝ ʚʩʝʛʦ 

ʦʟʘʙʦʯʝʥʦ ʥʘʣʦʛʦʚʳʤʠ ʠ ʬʠʥʘʥʩʦʚʳʤʠ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʤʠ ʠʥʠʮʠʘʪʠʚʘʤʠ 

ʧʨʘʚʠʪʝʣʴʩʪʚʘ, ʘ ʥʝ ʧʨʠʦʨʠʪʝʪʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʨʘʟʚʠʪʠʷ ʩʪʨʘʥʳ [2]. 

ʉʨʝʜʥʠʤ, ʘ ʦʩʦʙʝʥʥʦ ʤʘʣʳʤ ʧʨʝʜʧʨʠʷʪʠʷʤ, ʟʘʯʘʩʪʫʶ ʚʝʩʴʤʘ ʩʪʝʩʥʝʥʥʳʤ ʚ 

ʬʠʥʘʥʩʦʚʳʭ ʩʨʝʜʩʪʚʘʭ ʠ ʩʠʣʴʥʦ ʟʘʚʠʩʷʱʠʤ ʦʪ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʧʨʠʭʦʜʠʪʩʷ 

ʜʦʚʦʣʴʩʪʚʦʚʘʪʴʩʷ ʧʣʘʥʠʨʦʚʘʥʠʝʤ ʩʚʦʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
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ʩʧʝʮʠʘʣʴʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ. ʆʥʠ ʥʝ ʤʦʛʫʪ ʧʦʟʚʦʣʠʪʴ ʩʝʙʝ ʟʘʢʘʟʘʪʴ 

ʜʦʨʦʛʦʩʪʦʷʱʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʳʥʢʘ ʠ ʜʝʡʩʪʚʫʶʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚ ʨʘʤʢʘʭ 

ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʩʚʦʠʭ ʚʝʜʫʱʠʭ ʤʝʥʝʜʞʝʨʦʚ. 

ʅʘʧʨʠʤʝʨ, ʚʦ ʤʥʦʛʠʭ ʩʘʤʘʨʩʢʠʭ ʩʘʣʦʥʘʭ ʢʨʘʩʦʪʳ ʥʝʪ ʧʣʘʥʦʚ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ 

ʨʘʟʚʠʪʠʷ, ʥʝʪ ʜʘʞʝ ʜʦʣʛʦʩʨʦʯʥʳʭ ʧʣʘʥʦʚ. ʉʦʟʜʘʝʪʩʷ ʚʧʝʯʘʪʣʝʥʠʝ, ʯʪʦ ʜʘʥʥʘʷ ʦʪʨʘʩʣʴ 

ʞʠʚʝʪ ʚ ʣʫʯʰʝʤ ʩʣʫʯʘʝ ʦʜʥʠʤ ʛʦʜʦʤ, ʝʩʣʠ ʥʝ ʦʜʥʠʤ ʜʥʝʤ. ɺ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʪʨʫʜʥʦ 

ʛʦʚʦʨʠʪʴ ʦ ʨʘʟʚʠʪʠʠ ʦʪʨʘʩʣʠ ʠ ʦ ʨʝʘʣʴʥʦ ʚʳʩʦʢʦʤ ʢʘʯʝʩʪʚʝ ʦʙʩʣʫʞʠʚʘʥʠʷ ʥʘʩʝʣʝʥʠʷ, 

ʭʦʪʷ ʚ ʫʩʣʦʚʠʷʭ ʩʝʨʴʝʟʥʦʡ ʢʦʥʢʫʨʝʥʪʥʦʡ ʙʦʨʴʙʳ ʧʨʝʜʧʨʠʷʪʠʷ ʩʬʝʨʳ ʫʩʣʫʛ ʚʩʝ ʞʝ 

ʩʪʘʨʘʶʪʩʷ ʧʦʜʜʝʨʞʠʚʘʪʴ ʠʭ ʥʘ ʜʦʩʪʘʪʦʯʥʦʤ ʫʨʦʚʥʝ. 

ʇʨʠ ʵʪʦʤ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʦʧʨʦʩʦʚ ʧʝʨʩʦʥʘʣʘ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʤʝʥʝʜʞʤʝʥʪʘ 

ʤʘʣʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʠ ʧʦʥʠʤʘʶʪ ʚʘʞʥʦʩʪʴ 

ʚʝʜʝʥʠʷ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʥʦ ʚ ʥʘʩʪʦʷʱʠʭ ʫʩʣʦʚʠʷʭ ʥʝ ʚʠʜʷʪ 

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚʚʠʜʫ ʚʳʩʦʢʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʫʩʣʦʚʠʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ. ʍʦʪʷ ʥʝʢʦʪʦʨʳʝ ʵʣʝʤʝʥʪʳ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʚ ʚʠʜʝ 

ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʨʷʜ ʬʠʨʤ ʚʩʝ-ʪʘʢʠ ʧʨʠʤʝʥʷʝʪ, ʥʘʧʨʠʤʝʨ, ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʠʠ ʮʝʥʳ ʩʚʦʠʭ ʫʩʣʫʛ. ʆʜʥʘʢʦ ʨʝʟʫʣʴʪʘʪʳ ʜʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʪʦʣʴʢʦ ʥʘ ʢʦʨʦʪʢʦʤ ʛʦʨʠʟʦʥʪʝ ʧʣʘʥʠʨʦʚʘʥʠʷ ʜʦ ʛʦʜʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʙʫʜʝʪ ʚʦʟʨʘʩʪʘʪʴ ʧʦ ʤʝʨʝ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚʥʝʰʥʝʡ ʦʙʩʪʘʥʦʚʢʠ ʠ  
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ʋɼʂ 334.012.8 

ʇʆɼʍʆɼʓ ʂ ʈɸɿʈɸɹʆʊʂɽ ʉʊʈɸʊɽɻʀʀ ʈɽʉʋʈʉʅʆɻʆ ʆɹɽʉʇɽʏɽʅʀʗ 

ʇʈʆʀɿɺʆɼʉʊɺɸ ʅɸʋʂʆɽʄʂʆʁ ʇʈʆɼʋʂʎʀʀ ʈɸʂɽʊʅʆ-ʂʆʉʄʀʏɽʉʂʆʁ 

ʇʈʆʄʓʐʃɽʅʅʆʉʊʀ ʈʌ 

ʃʘʢʠʥ ɸ. ɸ., ɻʨʦʰʝʚʘ ʇ. ʖ. 

ʈʦʩʩʠʡʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʜʨʫʞʙʳ ʥʘʨʦʜʦʚ, ʛ. ʄʦʩʢʚʘ 

ʉʪʨʘʪʝʛʠʷ ʫʧʨʘʚʣʝʥʠʷ ʨʝʩʫʨʩʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘʫʢʦʝʤʢʦʡ 

ʧʨʦʜʫʢʮʠʠ ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʜʦʣʞʥʘ ʙʳʪʴ ʚʳʩʪʨʦʝʥʘ ʪʘʢ, ʯʪʦʙʳ 

ʦʥʘ ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʡ ʝʜʠʥʳʡ ʢʦʤʧʣʝʢʩ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ 

ʫʧʨʘʚʣʝʥʠʶ ʚʩʝʤ ʚʠʜʘʤʠ ʨʝʩʫʨʩʦʚ ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʥʘʫʢʦʝʤʢʦʡ 

ʧʨʦʜʫʢʮʠʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʦʙʦʩʥʦʚʘʥʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʟʘʪʨʘʪ ʥʘ 

ʨʝʘʣʠʟʘʮʠʶ ʚʩʝʛʦ ʧʨʦʝʢʪʘ. 

ʇʨʠ ʩʦʟʜʘʥʠʠ ʦʙʣʠʢʘ ʠʟʜʝʣʠʷ ʢʨʦʤʝ ʨʝʰʝʥʠʷ ʦʩʥʦʚʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʟʘʜʘʯ 

ʢʦʥʩʪʨʫʢʪʦʨʳ ʜʦʣʞʥʳ ʙʳʪʴ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʧʦʚʳʰʝʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʥʦʚʦʛʦ ʠʟʜʝʣʠʷ ï ʜʦʣʞʥʳ ʨʘʙʦʪʘʪʴ ʚ ʪʝʩʥʦʡ ʩʚʷʟʢʝ ʩ 

ʪʝʭʥʦʣʦʛʘʤʠ ʠ ʵʢʦʥʦʤʠʩʪʘʤʠ. 

ʊʘʙʣ.1 ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʟʘʜʘʯʠ, ʨʝʰʘʝʤʳʝ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʮʠʢʣʘ 
ˉ

 ʧ/ʧ 

ʅʘʠʤʝʥʦʚʘʥ

ʠʝ ʵʪʘʧʘ ɾʎ 

ʅʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʟʘʜʘʯʠ ʕʢʦʥʦʤʠʯʝʩʢʠʝ ʟʘʜʘʯʠ 

1.  ʌʦʨʤʠʨʦʚʘʥ

ʠʝ ʦʙʣʠʢʘ 

ʙʫʜʫʱʝʛʦ 

ʠʟʜʝʣʠʷ 

¶ ʆʧʨʝʜʝʣʝʥʠʝ ʥʘʟʥʘʯʝʥʠʷ 

ʠʟʜʝʣʠʷ 

¶ ʋʩʪʘʥʦʚʣʝʥʠʝ ʧʣʘʥʠʨʫʝʤʳʭ 

ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

¶ ʆʧʨʝʜʝʣʝʥʠʝ ʮʝʣʝʚʦʛʦ 

ʨʳʥʦʯʥʦʛʦ ʩʝʛʤʝʥʪʘ  

¶ ʇʨʦʛʥʦʟʥʘʷ ʦʮʝʥʢʘ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ 

ʥʦʚʦʛʦ ʠʟʜʝʣʠʷ ʩ ʫʯʝʪʦʤ 

ʧʣʘʥʠʨʫʝʤʳʭ ʢʦʥʢʫʨʝʥʪʥʳʭ 

ʧʨʝʠʤʫʱʝʩʪʚ 

¶ ʆʨʠʝʥʪʘʮʠʷ ʥʘ ʧʦʚʳʰʝʥʠʡ 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

2.  ʇʨʦʚʝʜʝʥʠʝ 

ʅʀʆʂʈ 

¶ ʈʘʟʨʘʙʦʪʢʘ ʠʟʜʝʣʠʷ 

¶ ʂʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʦʧʳʪʥʦʛʦ 

ʦʙʨʘʟʮʘ 

¶ ʊʝʩʪʠʨʦʚʘʥʠʝ ʦʧʳʪʥʦʛʦ 

ʦʙʨʘʟʮʘ 

¶ ʋʩʪʨʘʥʝʥʠʝ ʥʝʧʦʣʘʜʦʢ, 

ʠʩʧʨʘʚʣʝʥʠʝ ʦʰʠʙʦʢ 

¶ ʈʘʩʯʝʪ ʠ ʧʣʘʥʠʨʦʚʘʥʠʝ 

ʟʘʪʨʘʪ ʥʘ ʅʀʆʂʈ 

¶ ʇʣʘʥʠʨʦʚʘʥʠʝ ʞʠʟʥʝʥʥʦʛʦ 

ʮʠʢʣʘ ʠʟʜʝʣʠʷ 

3.  ʇʦʜʛʦʪʦʚʢʘ 

ʧʨʦʠʟʚʦʜʩʪʚ

ʘ 

¶ ʈʘʟʨʘʙʦʪʢʘ ʠ ʧʨʠʦʙʨʝʪʝʥʠʝ 

ʪʝʭʥʦʣʦʛʠʡ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʢʦʤʧʝʪʝʥʮʠʡ 

¶ ʅʘʣʘʜʢʘ ʦʙʦʨʫʜʦʚʘʥʠʷ 

¶ ʆʮʝʥʢʘ ʨʝʩʫʨʩʥʳʭ ʟʘʪʨʘʪ ʥʘ 

ʧʦʜʛʦʪʦʚʢʫ ʧʨʦʠʟʚʦʜʩʪʚʘ 

¶ ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʧʝʨʠʦʜʘ 

ʦʢʫʧʘʝʤʦʩʪʠ ʠ ʜʦʩʪʠʞʝʥʠʷ 

ʪʦʯʢʠ ʙʝʟʫʙʳʪʦʯʥʦʩʪʠ 

4.  ʇʨʦʠʟʚʦʜʩʪ

ʚʦ 

¶ ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ ʚʳʧʫʩʢ 

ʠʟʜʝʣʠʡ ʩʧʝʮʠʘʣʴʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ ʠ ʠʟʜʝʣʠʡ 

ʤʘʩʩʦʚʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ 

¶ ʌʦʨʤʠʨʦʚʘʥʠʝ 

ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʠʟʜʝʣʠʷ  

¶ ʇʣʘʥʠʨʦʚʘʥʠʝ ʩʙʳʪʘ 

¶ ʇʦʠʩʢ ʠʩʪʦʯʥʠʢʦʚ ʧʦʢʨʳʪʠʷ 

ʟʘʪʨʘʪ 

 

5.  ʉʙʳʪ  ¶ ʆʨʛʘʥʠʟʘʮʠʷ ʩʝʨʚʠʩʥʦʛʦ ¶ ʈʝʘʣʠʟʘʮʠʷ ʤʘʨʢʝʪʠʥʛʦʚʦʡ 
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ʦʙʩʣʫʞʠʚʘʥʠʷ 

¶ ʈʝʰʝʥʠʝ ʥʘʫʯʥʦ-

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʟʘʜʘʯ ʧʦ 

ʥʦʚʦʤʫ ʧʨʦʝʢʪʫ 

ʩʪʨʘʪʝʛʠʠ 

¶ ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʠʙʳʣʠ  

¶ ʇʣʘʥʠʨʦʚʘʥʠʝ ʥʦʚʦʛʦ 

ʧʨʦʝʢʪʘ 

6.  ʋʪʠʣʠʟʘʮʠʷ ¶ ʉʥʷʪʠʝ ʩ ʧʨʦʠʟʚʦʜʩʪʚʘ 

¶ ʇʨʦʠʟʚʦʜʩʪʚʦ ʥʦʚʦʡ 

ʧʨʦʜʫʢʮʠʠ 

¶ ʈʝʘʣʠʟʘʮʠʷ ʥʦʚʦʛʦ ʧʨʦʝʢʪʘ 

 

ʀʟ ʪʘʙʣʠʮʳ ʚʠʜʥʦ, ʯʪʦ ʟʘʜʘʯʫ ʧʦ ʬʦʨʤʠʨʦʚʘʥʠʶ ʠʩʪʦʯʥʠʢʦʚ ʧʦʢʨʳʪʠʷ ʟʘʪʨʘʪ 

ʥʘʜʦ ʨʝʰʘʪʴ ʥʘ ʵʪʘʧʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘʫʢʦʝʤʢʦʡ ʧʨʦʜʫʢʮʠʠ. ʕʪʦ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ 

ʧʫʪʝʤ ʦʨʛʘʥʠʟʘʮʠʠ ʪʨʘʥʩʬʝʨʘ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʢʦʤʧʝʪʝʥʮʠʡ, 

ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ ʧʦ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʶ ʠ ʨʘʟʨʘʙʦʪʢʝ 

ʠʟʜʝʣʠʷ. 

ʋʩʠʣʠʚʘʶʱʠʝʩʷ ʪʝʥʜʝʥʮʠʠ ʢ ʠʥʪʝʛʨʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʚ 

ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ ʵʢʦʥʦʤʠʢʠ ʨʘʟʚʠʪʳʭ ʟʘʨʫʙʝʞʥʳʭ ʩʪʨʘʥ, ʩʣʦʞʠʚʰʘʷʩʷ ʩʠʪʫʘʮʠʷ ʚ 

ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ ʈʦʩʩʠʠ, ʪʨʝʙʫʶʱʘʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʨʝʰʝʥʠʷ ʚ ʯʘʩʪʠ 

ʩʪʨʫʢʪʫʨʥʦʡ ʧʝʨʝʩʪʨʦʡʢʠ, ʧʦʜʪʚʝʨʞʜʘʶʪ ʚʘʞʥʦʩʪʴ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ 

ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʠ (ʪʨʘʥʩʬʝʨʘ) ʢʦʩʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ.  ʇʨʠ 

ʵʪʦʤ ʜʦʣʞʥʳ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʧʦʜʜʝʨʞʢʘ ʠ ʧʨʘʚʦʚʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ 

ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ.[2] 

 

ʈʠʩ.1 ʊʨʘʥʩʬʝʨ ʪʝʭʥʦʣʦʛʠʡ ʠ ʢʦʤʧʝʪʝʥʮʠʡ ʚ ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʀʩʪʦʯʥʠʢ: ʩʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʦʤ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ˉ ˉ16-22-01010. ʊʨʘʥʩʬʝʨ 

ʪʝʭʥʦʣʦʛʠʡ ʚ ɽɸʕʉ ʚ ʢʦʥʪʝʢʩʪʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʦʩʪʘ  

ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʪʠʧʘ ʚ ɹʝʣʘʨʫʩʠ ʠ ʈʦʩʩʠʠ è. 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ: 

1. ʏʫʨʩʠʥ ɸ. ɸ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʫʧʨʘʚʣʝʥʠʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴʶ. 

ʀʟʜʘʪʝʣʴʩʪʚʦ: ʉʧʝʢʪʨ, 2012.   

2. ʌʠʣʠʧʧʦʚ ʇ.ɻ., ʇʘʥʦʚ ɼ.ɺ., ʂʦʢʫʡʮʝʚʘ ʊ.ɺ. ʇʦʜʭʦʜʳ ʢ ʫʧʨʘʚʣʝʥʠʶ 

ʜʠʚʝʨʩʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʢʦʤʧʘʥʠʷʤʠ ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʝʥʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʤʝʭʘʥʠʟʤʦʚ ʫʧʨʘʚʣʝʥʠʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴʶ // ʇʨʦʙʣʝʤʳ 

ʵʢʦʥʦʤʠʢʠ ʠ ʶʨʠʜʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʠ. 2015. ˉ 1. ʉ. 171-175. 
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ʋɼʂ 658.512 

ɸʅɸʃʀɿ ʈɸɹʆʊʓ ʍʀʄʀʏɽʉʂʆɻʆ ʇʈʆʀɿɺʆɼʉʊɺɸ çʇʈʆʄʉʀʅʊɽɿè 

ʄʘʨʘʭʦʚʘ ɸ. ɸ., ʏʝʨʪʳʢʦʚʮʝʚ ɺ. ʂ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ɺ ʬʝʚʨʘʣʝ 1997 ʛʦʜʘ ʥʘ ʙʘʟʝ ʆɸʆ çʇʦʣʠʤʝʨè ʙʳʣʦ ʩʦʟʜʘʥʦ ʘʢʮʠʦʥʝʨʥʦʝ 

ʦʙʱʝʩʪʚʦ çʇʨʦʤʩʠʥʪʝʟè. ɸʆ çʇʨʦʤʩʠʥʪʝʟè ʠʤʝʝʪ ʩʦʚʨʝʤʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʫʧʨʘʚʣʝʥʠʷ 

ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʨʘʩʧʦʣʘʛʘʝʪ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʤ ʪʝʭʥʠʯʝʩʢʠʤ 

ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʠ ʚʳʩʦʢʦʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʤ ʧʝʨʩʦʥʘʣʦʤ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ 

ʧʦʣʫʯʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʚʟʨʳʚʯʘʪʳʭ ʚʝʱʝʩʪʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʳ, ʦʩʦʙʦ ʦʧʘʩʥʳʝ 

ʦʧʝʨʘʮʠʠ ʧʨʦʚʦʜʷʪʩʷ ʙʝʟ ʧʨʠʩʫʪʩʪʚʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʝʨʩʦʥʘʣʘ. ɸʆ çʇʨʦʤʩʠʥʪʝʟè 

ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʢʨʫʧʥʳʤ ʧʦʩʪʘʚʱʠʢʦʤ ʥʠʪʨʦʙʝʥʟʦʣʘ ʚ ʈʦʩʩʠʠ.  

ʈʘʩʩʤʦʪʨʠʤ ʩʭʝʤʫ ʨʘʙʦʪʳ ɸʆ çʇʨʦʤʩʠʥʪʝʟè ʥʘ ʨʠʩʫʥʢʝ 1 [1]: 

 

 

 

 

 

 

 

 

  

 

 

 
ʈʠʩ. 1 ʊʦʣʢʘʶʱʘʷ ʩʭʝʤʘ ʨʘʙʦʪʳ ʟʘʚʦʜʘ ɸʆ çʇʨʦʤʩʠʥʪʝʟè 

 

ʉʦʛʣʘʩʥʦ ʜʦʛʦʚʦʨʘʤ ʥʘ ʧʦʩʪʘʚʢʫ ʧʨʦʜʫʢʮʠʠ, ʘʜʤʠʥʠʩʪʨʘʮʠʷ ʧʨʦʠʟʚʦʜʠʪ ʨʘʩʯʝʪ 

ʢʦʣʠʯʝʩʪʚʘ ʩʳʨʴʷ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʘʥʥʦʡ ʧʨʦʜʫʢʮʠʠ. ɼʘʣʝʝ ʦʪʜʝʣ 

ʩʥʘʙʞʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪ ʟʘʢʫʧʢʫ ʥʝʦʙʭʦʜʠʤʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʳʨʴʷ. ʇʦʩʣʝ ʩʳʨʴʝ 

ʧʦʩʪʫʧʘʝʪ ʚ ʮʝʭ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʧʨʦʜʫʢʮʠʠ. ʀʟ ʜʘʥʥʦʛʦ ʮʝʭʘ ʛʦʪʦʚʘʷ ʧʨʦʜʫʢʮʠʷ 

ʧʦʩʪʫʧʘʝʪ ʥʘ ʩʢʣʘʜ. ɿʘʪʝʤ ʩʦ ʩʢʣʘʜʘ ʛʦʪʦʚʘʷ ʧʨʦʜʫʢʮʠʷ ʦʪʧʨʘʚʣʷʝʪʩʷ ʧʦʪʨʝʙʠʪʝʣʷʤ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ɸʆ çʇʨʦʤʩʠʥʪʝʟè ʧʦʩʪʨʦʠʤ ʛʨʘʬʠʢ 

ʨʦʩʪʘ ʚʳʨʫʯʢʠ ʩ 2011 ʧʦ 2016 ʛ.ʛ. (ʨʠʩ. 2).  

 

 

 
ʈʠʩ. 2 ɻʨʘʬʠʢ ʨʦʩʪʘ ʚʳʨʫʯʢʠ ʧʨʝʜʧʨʠʷʪʠʷ ɸʆ çʇʨʦʤʩʠʥʪʝʟè 

 

ɸʜʤ-ʠ ̫

ʉʥʘʙ-ʝ 
ʇʨ-ʚʦ 

ʩʳʨʴʷ 
ɿʘʢʫʧʢʘ 

ʉʙʳʪ  

ʧʨ-ʮʠʠ 
ʇ.1éʇ.12 
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ʇʦʣʫʯʘʝʤ ʛʨʘʬʠʢ ʚʨʝʤʝʥʥʦʡ ʬʫʥʢʮʠʠ. ʅʘ ʛʨʘʬʠʢʝ ʠʟʦʙʨʘʞʝʥʘ ʨʝʘʣʴʥʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʦ 2016 ʛʦʜʘ. ʈʝʘʣʠʟʫʝʤ ʬʫʥʢʮʠʶ ʠ ʧʨʦʚʝʜʝʤ ʧʨʷʤʫʶ ï y(t). 

ʉʧʨʦʛʥʦʟʠʨʫʝʤ ʚʳʨʫʯʢʫ ʧʨʝʜʧʨʠʷʪʠʷ ʟʘ 2017 ʛʦʜ ʧʦ ʬʦʨʤʫʣʝ: 

  y(t)=y0 +V*t,                (1) 

 

ʛʜʝ: y - ʚʳʨʫʯʢʘ, t - ʚʨʝʤʷ, v - ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʬʫʥʢʮʠʠ, y0 = 1.985 ʤʣʥ. ʨʫʙ., V= ȹy/ȹt = 

0,1 ʤʣʥ. ʨʫʙ/ʛʦʜ.  

 ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ɸʆ çʇʨʦʤʩʠʥʪʝʟè ʚʳʙʨʘʩʳʚʘʝʪ ʚʨʝʜʥʳʝ ʚʝʱʝʩʪʚʘ ʚ 

ʘʪʤʦʩʬʝʨʫ, ʥʝʦʙʭʦʜʠʤʦ ʚʝʩʪʠ ʧʦʣʠʪʠʢʫ ʚ ʦʙʣʘʩʪʠ ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʢʦʪʦʨʘʷ 

ʙʫʜʝʪ ʥʘʧʨʘʚʣʝʥʘ ʥʘ: 

- ʤʠʥʠʤʠʟʘʮʠʶ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʦʮʝʩʩʦʚ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʥʘ ʢʦʤʧʦʥʝʥʪʳ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ: ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ, ʧʨʠʨʦʜʥʳʝ ʚʦʜʳ, ʧʦʯʚʫ; 

- ʩʦʢʨʘʱʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʚ ʧʨʦʮʝʩʩʝ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʏʪʦʙʳ ʧʨʦʚʝʩʪʠ ʚʦʟʤʦʞʥʫʶ ʧʦʣʠʪʠʢʫ ʚ ʦʙʣʘʩʪʠ ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, 

ʥʝʦʙʭʦʜʠʤʦ ʙʫʜʝʪ ʟʘʤʝʥʠʪʴ ʩʪʘʨʳʝ ʬʠʣʴʪʨʳ ʥʘ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʝ ʘʧʧʘʨʘʪʳ 

(ʵʣʝʢʪʨʦʬʠʣʴʪʨʳ), ʘ ʪʘʢʞʝ ʩʦʢʨʘʪʠʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ. ʏʪʦʙʳ 

ʧʨʦʚʝʩʪʠ ʜʘʥʥʫʶ ʧʦʣʠʪʠʢʫ ʚ ʦʙʣʘʩʪʠ ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʥʘʤ ʧʦʪʨʝʙʫʝʪʩʷ 

1200000 ʨʫʙ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢ ʢʦʥʮʫ 2017 ʛʦʜʘ ʤʳ ʨʝʰʠʤ ʚʦʧʨʦʩ ʧʦ ʩʦʢʨʘʱʝʥʠʶ ʚʳʙʨʦʩʦʚ 

ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʫ ʦʪ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚ. 
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1. ʏʝʨʪʳʢʦʚʮʝʚ ɺ. ʂ. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʮʝʧʠ ʉʘʤʘʨʩʢʠʡ 
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ʤʝʥʝʜʞʤʝʥʪʘ; ʇʦʜ ʦʙʱʝʡ ʨʝʜʘʢʮʠʝʡ ʅ. ɸ. ɼʫʙʨʦʚʠʥʦʡ. ʉʘʤʘʨʘ, 2016. ʉ. 183-190. 
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ʋɼʂ 338.242 

ʈʆʃʔ ʉʊʈɸʊɽɻʀʏɽʉʂʆɻʆ ɸʅɸʃʀɿɸ ɺ ʌʀʅɸʅʉʆɺʆʄ ʄɽʅɽɼɾʄɽʅʊɽ 

ʆʈɻɸʅʀɿɸʎʀʀ 

ʄʘʩʣʦʚʘ ʄ. ʉ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʣʦʩʴ, ʢʘʢ ʩʪʨʘʪʝʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʚʣʠʷʝʪ ʥʘ 

ʬʠʥʘʥʩʦʚʳʡ ʤʝʥʝʜʞʤʝʥʪ ʢʦʤʤʝʨʯʝʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʠ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʝʦʨʠʠ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʩʪʨʘʪʝʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʚʢʣʶʯʘʝʪ 

ʚʩʝ ʘʩʧʝʢʪʳ ʜʝʷʪʝʣʴʥʦʩʪʠ ʬʠʨʤʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʝʝ ʬʠʥʘʥʩʦʚʫʶ ʩʪʦʨʦʥʫ [2]. ʂʘʢ 

ʠʟʚʝʩʪʥʦ, ʬʠʥʘʥʩʦʚʳʡ ʬʘʢʪʦʨ ʥʝʨʝʜʢʦ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʧʨʠ ʚʳʙʦʨʝ ʪʦʡ ʠʣʠ ʠʥʦʡ 

ʩʪʨʘʪʝʛʠʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʬʠʨʤʳ, ʦʩʦʙʝʥʥʦ ʚ ʫʩʣʦʚʠʷʭ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʢʨʠʟʠʩʘ [1]. ɸ 

ʧʨʠ ʚʳʨʘʙʦʪʢʝ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʪʨʘʪʝʛʠʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʪʘʢʘʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʪʨʘʪʝʛʠʷ ʢʘʢ ʬʠʥʘʥʩʦʚʘʷ, ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ ʧʦʜʜʝʨʞʠʚʘʪʴ ʝʝ. ʇʨʠʯʝʤ 

ʘʥʘʣʠʟ ʜʦʣʞʝʥ ʦʙʷʟʘʪʝʣʴʥʦ ʧʨʝʜʰʝʩʪʚʦʚʘʪʴ ʣʶʙʳʤ ʩʝʨʴʝʟʥʳʤ ʠʥʚʝʩʪʠʮʠʦʥʥʳʤ 

ʨʝʰʝʥʠʷʤ, ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʧʨʠʚʣʝʢʘʪʴ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʫʯʘʩʪʠʝ ʢ 

ʬʠʥʘʥʩʠʨʦʚʘʥʠʶ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ [4]. ʆʩʦʙʝʥʥʦ ʝʛʦ ʨʦʣʴ ʚʦʟʨʘʩʪʘʝʪ ʚ 

ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʡ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʢʦʤʧʘʥʠʠ, ʢʦʛʜʘ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʢʨʠʟʠʩʥʳʭ ʷʚʣʝʥʠʡ ʚʦʟʥʠʢʘʝʪ ʨʘʟʙʘʣʘʥʩʠʨʦʚʘʥʥʦʩʪʴ ʤʝʞʜʫ ʨʘʟʥʳʤʠ ʦʪʨʘʩʣʷʤʠ 

ʵʢʦʥʦʤʠʢʠ [3]. 

ʊʘʢʞʝ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʥʝ ʩʪʦʠʪ ʧʨʝʥʝʙʨʝʛʘʪʴ ʩʪʨʘʪʝʛʠʯʝʩʢʠʤ ʘʥʘʣʠʟʦʤ ʠ ʤʘʣʳʤ 

ʬʠʨʤʘʤ, ʭʦʪʷ ʝʛʦ ʦʙʲʝʤ ʜʦʣʞʝʥ ʙʳʪʴ ʩʦʧʦʩʪʘʚʠʤ ʩ ʫʨʦʚʥʝʤ ʜʦʭʦʜʦʚ ʬʠʨʤʳ. ʇʦʩʢʦʣʴʢʫ 

ʛʦʩʫʜʘʨʩʪʚʦ ʧʨʦʚʦʜʠʪ ʚ ʦʪʥʦʰʝʥʠʠ ʤʘʣʦʛʦ ʙʠʟʥʝʩʘ ʧʦʣʠʪʠʢʫ ʣʴʛʦʪ ʠ ʬʠʥʘʥʩʦʚʳʭ 

ʚʣʦʞʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ ʙʝʟʚʦʟʤʝʟʜʥʦʡ ʠ ʥʝʚʦʟʚʨʘʪʥʦʡ ʦʩʥʦʚʝ, ʵʪʦ ʪʘʢʞʝ ʩʣʝʜʫʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʠ ʩʪʨʦʠʪʴ ʙʠʟʥʝʩ ʥʘ ʧʘʨʪʥʝʨʩʪʚʝ ʩ ʛʦʩʫʜʘʨʩʪʚʦʤ. 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʘʢʠʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʢʘʢ ʩʨʘʚʥʝʥʠʝ, 

ʥʘʙʣʶʜʝʥʠʝ ʠ ʩʚʦʜʢʘ. ʅʘ ʠʭ ʙʘʟʝ ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ, ʢʘʢ ʩʪʨʘʪʝʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʚʟʘʠʤʦʩʚʷʟʘʥ ʩ ʬʠʥʘʥʩʦʚʳʤ ʤʝʥʝʜʞʤʝʥʪʦʤ. ʉʥʘʯʘʣʘ ʫʩʪʘʥʘʚʣʠʚʘʣʦʩʴ, ʧʨʦʚʦʜʠʪ ʣʠ 

ʬʠʨʤʘ ʩʪʨʘʪʝʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩʚʦʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠʣʠ ʭʦʪʷ ʙʳ ʧʨʠʤʝʥʷʝʪ ʣʠ ʢʘʢʠʝ-ʣʠʙʦ 

ʝʛʦ ʩʪʦʨʦʥʳ. ɼʘʣʝʝ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʝʝ ʬʠʥʘʥʩʦʚʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ. ʇʦʩʣʝ ʵʪʦʛʦ 

ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʦʧʦʩʪʘʚʣʷʣʠʩʴ.  

ʇʨʠ ʘʥʘʣʠʟʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʨʝʟʫʣʴʪʘʪʳ ʬʠʥʘʥʩʦʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʝʩʢʦʣʴʢʠʭ 

ʢʦʤʤʝʨʯʝʩʢʠʭ ʬʠʨʤ ʠʟ ʨʘʟʥʳʭ ʦʪʨʘʩʣʝʡ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʵʢʦʥʦʤʠʢʠ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʚ ʬʠʨʤʘʭ, ʛʜʝ 

ʚʝʣʩʷ ʩʪʨʘʪʝʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʠ ʫʯʠʪʳʚʘʣʦʩʴ ʚʣʠʷʥʠʝ ʚʥʝʰʥʝʡ ʠ ʚʥʫʪʨʝʥʥʝʡ ʩʨʝʜʳ, ʥʝ 

ʙʳʣʦ ʩʝʨʴʝʟʥʳʭ ʧʨʦʙʣʝʤ ʩ ʬʠʥʘʥʩʠʨʦʚʘʥʠʝʤ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʂʦʤʧʘʥʠʠ ʣʠʙʦ ʥʝ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʨʝʜʠʪʥʳʭ ʩʨʝʜʩʪʚ, ʣʠʙʦ ʧʦʣʴʟʦʚʘʣʠʩʴ ʠʤʠ ʫʤʝʣʦ, ʥʝ ʜʦʧʫʩʢʘʷ ʙʦʣʴʰʠʭ 

ʨʘʩʭʦʜʦʚ ʠʟ-ʟʘ ʚʳʩʦʢʠʭ ʧʨʦʮʝʥʪʥʳʭ ʚʳʧʣʘʪ, ʣʠʙʦ ʧʦʣʫʯʘʣʠ ʚʳʛʦʜʫ ʦʪ ʜʝʡʩʪʚʠʷ 

ʬʠʥʘʥʩʦʚʦʛʦ ʨʳʯʘʛʘ. 

ʌʠʨʤʳ, ʚ ʢʦʪʦʨʳʭ ʩʪʨʘʪʝʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʥʝ ʧʨʦʚʦʜʠʣʩʷ, ʘ ʧʣʘʥʠʨʦʚʘʥʠʝ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ (ʢʨʦʤʝ ʢʘʣʝʥʜʘʨʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʙʫʭʛʘʣʪʝʨʘ), 

ʥʝʨʝʜʢʦ ʥʘʙʣʶʜʘʣʠʩʴ ʬʠʥʘʥʩʦʚʳʝ ʧʦʪʝʨʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʨʦʣʴ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʚ ʬʠʥʘʥʩʦʚʦʤ 

ʤʝʥʝʜʞʤʝʥʪʝ ʬʠʨʤʳ ʚʝʩʴʤʘ ʚʳʩʦʢʘ, ʠ ʠʤ ʥʝ ʩʣʝʜʫʝʪ ʧʨʝʥʝʙʨʝʛʘʪʴ ʜʘʞʝ ʤʘʣʦʤʫ 

ʙʠʟʥʝʩʫ. 
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ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʨʘʩʩʤʦʪʨʝʥʠʶ ʚʦʟʤʦʞʥʦʩʪʝʡ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦ-ʯʘʩʪʥʳʭ ʧʨʦʝʢʪʦʚ ʚ ʨʘʤʢʘʭ ʢʣʘʩʪʝʨʥʦʛʦ ʧʦʜʭʦʜʘ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ 

ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʝʜʫʱʠʭ ʪʝʥʜʝʥʮʠʡ ʚ ʨʦʩʩʠʡʩʢʦʡ ʵʢʦʥʦʤʠʢʝ. ʇʨʠ ʵʪʦʤ ʝʛʦ 

ʨʘʟʨʘʙʦʪʯʠʢʠ ʦʧʠʨʘʶʪʩʷ ʥʘ ʠʤʝʶʱʠʡʩʷ ʦʧʳʪ ʟʘʨʫʙʝʞʥʳʭ ʢʦʣʣʝʛ [2]. 

ɽʩʣʠ ʧʦʣʴʟʦʚʘʪʴʩʷ ʪʘʢʠʤ ʥʘʫʯʥʳʤ ʤʝʪʦʜʦʤ, ʢʘʢ ʩʨʘʚʥʝʥʠʝ, ʪʦ ʤʦʞʥʦ ʫʚʠʜʝʪʴ 

ʩʣʝʜʫʶʱʝʝ. ɿʘʨʫʙʝʞʥʳʝ ʢʣʘʩʪʝʨʳ ʦʨʛʘʥʠʟʦʚʘʥʳ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʧʦʣʫʯʘʪʴ 

ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʳʡ ʵʬʬʝʢʪ ʦʪ ʚʢʣʶʯʝʥʠʷ ʚ ʥʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʥʘʫʯʥʳʭ ʠʥʩʪʠʪʫʪʦʚ, 

ʨʘʙʦʪʘʶʱʠʭ ʚ ʨʘʟʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. ʄʥʦʛʠʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʨʦʩʩʠʡʩʢʠʝ ʢʣʘʩʪʝʨʳ ʧʦʢʘ 

ʥʝ ʦʪʣʠʯʘʶʪʩʷ ʙʦʣʴʰʠʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʚʢʣʶʯʘʝʤʳʭ ʚ ʥʠʭ ʧʨʝʜʧʨʠʷʪʠʡ. ʅʘʦʙʦʨʦʪ, 

ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʦʥʠ ʩʧʝʮʠʘʣʠʟʠʨʫʶʪʩʷ ʚ ʢʘʢʦʤ-ʣʠʙʦ ʦʜʥʦʤ ʚʝʜʫʱʝʤ ʥʘʧʨʘʚʣʝʥʠʠ, 

ʧʨʠʯʝʤ ʥʝʨʝʜʢʦ ʛʝʦʛʨʘʬʠʯʝʩʢʠ ʦʛʨʘʥʠʯʝʥʳ, ʦʪʥʦʩʷʩʴ ʢ ʢʘʢʦʤʫ-ʣʠʙʦ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦ-

ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʤʫ ʦʙʨʘʟʦʚʘʥʠʶ. ʅʘʧʨʠʤʝʨ, ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʳ ʢʘʨʪʦʬʝʣʴʥʳʝ ʢʣʘʩʪʝʨʳ 

ʦʪʜʝʣʴʥʳʭ ʦʙʣʘʩʪʝʡ [3]. ʕʬʬʝʢʪ ʢʣʘʩʪʝʨʥʦʛʦ ʧʦʜʭʦʜʘ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʣʘʥʠʨʫʝʪʩʷ 

ʧʦʣʫʯʘʪʴ ʟʘ ʩʯʝʪ ʦʪʣʘʜʢʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʢʘʢ ʥʘ ʤʠʢʨʦ-, ʪʘʢ ʠ ʥʘ ʤʝʟʦʫʨʦʚʥʝ, ʘ ʪʘʢʞʝ 

ʙʣʘʛʦʜʘʨʷ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʥʦʫ-ʭʘʫ ʦʜʥʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʚ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʜʨʫʛʠʭ, ʩʚʷʟʘʥʥʳʭ ʚʥʫʪʨʠ ʢʣʘʩʪʝʨʘ ʚʟʘʠʤʥʳʤʠ ʦʙʷʟʘʪʝʣʴʩʪʚʘʤʠ ʠ 

ʨʘʙʦʪʦʡ ʥʘ ʝʜʠʥʳʡ ʢʦʥʝʯʥʳʡ ʨʝʟʫʣʴʪʘʪ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ 

ʢʘʞʜʦʛʦ ʢʣʘʩʪʝʨʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʪʨʘʥʦʚʫʶ ʩʧʝʮʠʬʠʢʫ [1]. 

ʊʘʢʞʝ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʧʨʦʝʢʪʦʚ, ʦʩʦʙʝʥʥʦ ʢʨʫʧʥʳʭ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʭ ʧʨʦʝʢʪʦʚ, ʠʤʝʶʱʠʭ ʙʦʣʴʰʫʶ ʟʥʘʯʠʤʦʩʪʴ ʜʣʷ ʛʦʩʫʜʘʨʩʪʚʘ, 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪʩʷ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʩʭʝʤʳ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ, ʚʢʣʶʯʘʶʱʠʝ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦ-ʯʘʩʪʥʦʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ. ʆʜʥʘʢʦ ʧʦʜʦʙʥʳʝ ʩʭʝʤʳ ʤʦʞʥʦ 

ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʠ ʜʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʭ ʧʨʦʝʢʪʦʚ ʚ ʨʘʤʢʘʭ ʦʪʜʝʣʴʥʳʭ ʨʝʛʠʦʥʦʚ ʠ 

ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʝʜʠʥʠʮ [4].  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʘʥʥʳʭ, ʘʚʪʦʨ ʩʯʠʪʘʝʪ, ʯʪʦ ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʤʘʣʳʭ ʧʨʦʝʢʪʦʚ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦ-ʯʘʩʪʥʦʛʦ 

ʧʘʨʪʥʝʨʩʪʚʘ ʤʦʞʥʦ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʣʘʩʪʝʨʥʳʡ ʧʦʜʭʦʜ, ʚʦʚʣʝʢʘʷ ʚ ʧʨʦʝʢʪ ʚʩʝ 

ʧʨʝʜʧʨʠʷʪʠʷ, ʚʭʦʜʷʱʠʝ ʚ ʙʠʟʥʝʩ-ʮʝʧʦʯʢʫ, ʘ ʥʝ ʪʦʣʴʢʦ ʪʝ ʠʟ ʥʠʭ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʚ 

ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʙʣʠʟʦʩʪʠ ʢ ʠʥʠʮʠʘʪʦʨʫ ʧʨʦʝʢʪʘ. 
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COMPARATIVE ANALYSIS OF PROJECT MANAGEMENT METHODS  

USED IN THE HIGH TECHNOLOGY  

Nikishina A. L., Korosteleva T. S. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

Modern world changes rapidly with the speed, which increases every year. 

Moreover, the high technology sphere of science develops faster than all others areas.  

A guide to the project management body of knowledge (PMBOK Guide) originally 

was published in 1996 [1]. Thus, initially project management developed within the 

construction and engineering industry for maintaining project plan goals and controlling 

schedule and resources [2]. With the development of science and technology, project 

management got new methods and instruments.  

The goal of the original paper is to make comparative analysis of project 

management methods. To achieve main goal we solve the following tasks: to describe the 

changes in project management methods during the years, analyze theirs advantages and 

disadvantages and highlight key modern techniques, which is applicable in high technology.    

Scientific, high technology projects have specific features: they usually need high 

investment, often have no precise objective and its outcome sometimes unpredictable.  

The project life cycle defines the principle style how the project is supposed to be 

made, what actions should be done and which are not. As high technology project usually 

involves a lot of resources (labor, time and capital) it can be implemented in the 4 stages [3]. 

Project management methodologies can be choose differentiated to increase the 

effectivity of project. Since 1999, PMMs are firmly placed as one of the top ten contributing 

factors toward project failure, according to the Standish Group (2010) [4]. Considering this 

fact, different popular methodologies (including waterfall,  agile, scrum, etc.) are examined in 

the original work. 

To control the activities during every stage it is possible to use different knowledge 

areas of management. As the most of high technology project are labor-intensive, money 

consumptive and risky, in the current work was made a decision to consider methods in these 

areas (project scope, risks and time management) more circumstantially.  

To plan project scope it is essential to understand, what are the product description, 

constraints, strategic plan and its assumptions. That is why on this stage managers use 

decisions trees to understand the main project theme, decompose work breakdown structure 

(WBS) to create precise tasks for personnel and evaluate benefit with simple or dynamic 

indexes such as ROI, PP or DPP. 

Without a clear idea of continuance of each task, it is impossible to calculate the 

project duration and control its performance. Project manager can use diagramming methods 

to manipulate the situation. Risks can occur accidentally and affect the whole project 

therefore simulation and complex methods from mathematical analysis can be suitable for the 

risky situation prevention. The most popular tools of project management includes Gantt and 

Pert charts, WBS, CPM analysis and others developed decades ago. Today, most of the 

automated project management tools include these classic tools. Advancements in software 

project management will help to increase the rate of software project successes [5]. 

The report considers some popular project management methods and methodologies, 

describes and compare simple and dynamic types of them and exemplify implementation in 

the high technology.  

 



ʉʝʢʮʠʷ 13. ʕʢʦʥʦʤʠʢʘ ʠ ʫʧʨʘʚʣʝʥʠʝ ʩʣʦʞʥʳʤʠ ʩʠʩʪʝʤʘʤʠ 

263 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. A guide to the project management body of knowledge (PMBOK Guide) ï Project 

Management Institute, 2000. ï  211p 

2. Lock Dennis. Project management ninth edition ï Gower Publishing Limited, 2007. ï  545 

p. 

3. Nicholas, John M., Steyn Herman. Project management for engineering, business and 

technology ï Routledge, 2012. ï  680 p. 

4. Wells, H. (2012). How effective are project management methodologies: An explorative 

evaluation of their benefits in practice. Project Management Journal, 43(6), 43ð58. 

5. Demir, Kadir Alpaslan. Measurement of software project management effectiveness ï 

Monterey, 2012. ï 429 p. 

  



ʉʝʢʮʠʷ 13. ʕʢʦʥʦʤʠʢʘ ʠ ʫʧʨʘʚʣʝʥʠʝ ʩʣʦʞʥʳʤʠ ʩʠʩʪʝʤʘʤʠ 

264 

ʋɼʂ 330.42 

ʄɽʍɸʅʀɿʄ ʆʎɽʅʂʀ ʀ ʆʊɹʆʈɸ ʀʅʅʆɺɸʎʀʆʅʅʓʍ ʇʈʆɽʂʊʆɺ 

ʆʨʣʦʚʘ ʂ. ʖ., ʀʚʘʥʦʚ ɼ. ʖ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ʈʘʩʩʤʦʪʨʠʤ ʩʠʪʫʘʮʠʶ, ʢʦʛʜʘ ʠʥʚʝʩʪʦʨ ʧʨʦʠʟʚʦʜʠʪ ʦʪʙʦʨ ʠʥʥʦʚʘʮʠʦʥʥʳʭ 

ʧʨʦʝʢʪʦʚ ʩ ʮʝʣʴʶ ʚʣʦʞʝʥʠʷ ʚʝʥʯʫʨʥʦʛʦ ʢʘʧʠʪʘʣʘ.  

ʇʨʝʜʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʦʮʝʥʢʠ ʠ ʦʪʙʦʨʘ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʦʝʢʪʦʚ ʚʢʣʶʯʘʝʪ 

ʪʨʠ ʵʪʘʧʘ. 

1 ʵʪʘʧ. ʆʮʝʥʢʘ ʧʨʠʙʳʣʴʥʦʩʪʠ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʦʝʢʪʦʚ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ 

ʨʝʘʣʴʥʳʭ ʦʧʮʠʦʥʦʚ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʦʪʨʘʞʝʥ ʧʨʦʮʝʩʩ ʨʝʘʣʠʟʘʮʠʠ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʧʨʦʝʢʪʘ. ɼʣʷ ʢʘʞʜʦʡ 

ʩʪʘʜʠʠ ʧʨʦʝʢʪʘ ʧʨʠʚʝʜʝʥʘ ʝʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ti, ʘ ʪʘʢʞʝ ʚʝʨʦʷʪʥʦʩʪʴ ʧʝʨʝʭʦʜʘ ʥʘ 

ʩʣʝʜʫʶʱʫʶ ʩʪʘʜʠʶ pi ʠ ʚʝʨʦʷʪʥʦʩʪʴ ʫʩʧʝʭʘ ʧʨʦʝʢʪʘ ʚ ʮʝʣʦʤ Pi. ʕʪʠ ʟʥʘʯʝʥʠʷ 

ʧʦʜʩʯʠʪʘʥʳ ʥʘ ʦʩʥʦʚʝ ʩʪʘʪʠʩʪʠʢʠ, ʩʦʙʨʘʥʥʦʡ ɻ. ʉʪʠʚʝʥʩʦʤ ʠ ɼʞ. ɹʝʨʣʠ. [1] 

 
ʈʠʩ. 1. ʕʪʘʧʳ ʨʝʘʣʠʟʘʮʠʠ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʧʨʦʝʢʪʘ 

 

ʄʝʪʦʜ ʨʝʘʣʴʥʳʭ ʦʧʮʠʦʥʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʘʥʘʣʠʟʝ ʠʥʚʝʩʪʠʮʠʦʥʥʦʛʦ ʧʨʦʝʢʪʘ ʧʦ 

ʘʥʘʣʦʛʠʠ ʩ ʬʠʥʘʥʩʦʚʳʤ ʦʧʮʠʦʥʦʤ. ɼʣʷ ʢʘʞʜʦʡ ʩʪʘʜʠʠ ʧʨʝʤʠʷ ʧʦ ʦʧʮʠʦʥʫ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ ʦʞʠʜʘʥʠʶ ʜʦʭʦʜʘ Gi ʩ ʫʯʝʪʦʤ ʨʠʩʢʦʚ. ʀʥʪʝʨʧʨʝʪʘʮʠʷ 

ʨʳʥʦʯʥʦʡ ʮʝʥʳ ʘʢʪʠʚʘ Si ʠ ʮʝʥʳ ʠʩʧʦʣʥʝʥʠʷ Xi ʟʘʚʠʩʠʪ ʦʪ ʩʪʘʜʠʠ. ɼʣʷ ʩʪʘʜʠʠ 

ʨʘʩʰʠʨʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʳʥʦʯʥʘʷ ʮʝʥʘ ʦʧʮʠʦʥʘ ʦʟʥʘʯʘʝʪ ʜʦʭʦʜ ʦʪ ʨʝʘʣʠʟʘʮʠʠ 

ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʘ ʮʝʥʘ ʠʩʧʦʣʥʝʥʠʷ ï ʧʝʨʚʦʥʘʯʘʣʴʥʳʝ ʠʥʚʝʩʪʠʮʠʠ. ɼʣʷ 

ʦʩʪʘʣʴʥʳʭ ʩʪʘʜʠʡ ʨʳʥʦʯʥʘʷ ʮʝʥʘ ʘʢʪʠʚʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʝʤʠʠ ʧʦ ʦʧʮʠʦʥʫ ʥʘ 

ʩʣʝʜʫʶʱʝʡ ʩʪʘʜʠʠ, ʘ ʮʝʥʘ ʠʩʧʦʣʥʝʥʠʷ ï ʪʨʝʙʫʝʤʳʤ ʥʘ ʥʝʡ ʠʥʚʝʩʪʠʮʠʷʤ. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʨʝʤʠʷ ʧʦ ʦʧʮʠʦʥʫ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 
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1 , 

ʛʜʝ r ï ʩʪʘʚʢʘ ʜʠʩʢʦʥʪʠʨʦʚʘʥʠʷ. 

ʕʪʘʧ 2. ʂʦʤʧʣʝʢʩʥʘʷ ʦʮʝʥʢʘ ʧʨʦʝʢʪʦʚ. 
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ʇʦʩʢʦʣʴʢʫ ʚʝʨʦʷʪʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ ʨʘʩʩʯʠʪʘʥʘ ʥʘ ʦʩʥʦʚʝ 

ʩʨʝʜʥʝʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ, ʪʨʝʙʫʝʪʩʷ ʫʯʝʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʦʝʢʪʘ. 

ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʡ ʦʮʝʥʢʠ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ ʠʝʨʘʨʭʠʡ 

ʊ. ʉʘʘʪʠ ʙʳʣʠ ʚʳʙʨʘʥʳ ʢʘʯʝʩʪʚʝʥʥʳʝ ʢʨʠʪʝʨʠʠ ʘʢʪʫʘʣʴʥʦʩʪʠ ʧʨʦʝʢʪʘ ʠ ʢʚʘʣʠʬʠʢʘʮʠʠ 

ʢʦʤʘʥʜʳ, ʘ ʪʘʢʞʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʢʨʠʪʝʨʠʠ ʧʨʠʙʳʣʴʥʦʩʪʠ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 

ʧʨʦʝʢʪʘ. ʇʨʠʙʳʣʴʥʦʩʪʴ ʧʨʦʝʢʪʘ ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʧʨʝʤʠʠ ʧʦ ʦʧʮʠʦʥʫ ʥʘ 

ʩʪʘʜʠʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʢ ʪʨʝʙʫʝʤʳʤ ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʠʥʚʝʩʪʠʮʠʷʤ. 

ʅʘ ʦʩʥʦʚʝ ʧʘʨʥʳʭ ʩʨʘʚʥʝʥʠʡ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʧʨʠʦʨʠʪʝʪʳ ʢʨʠʪʝʨʠʝʚ ʠ 

ʦʮʝʥʢʠ ʧʦ ʢʘʯʝʩʪʚʝʥʥʳʤ ʢʨʠʪʝʨʠʷʤ. ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʢʨʠʪʝʨʠʠ ʙʳʣʠ ʥʦʨʤʠʨʦʚʘʥʳ. 

ʕʪʘʧ 3. ʆʪʙʦʨ ʧʨʦʝʢʪʦʚ ʥʘ ʦʩʥʦʚʝ ʧʨʠʦʨʠʪʝʪʦʚ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʦʨʪʬʝʣʷ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʦʝʢʪʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʩʫʨʩʘ ʥʘ ʦʩʥʦʚʝ ʧʨʠʦʨʠʪʝʪʦʚ, ʦʧʨʝʜʝʣʷʝʤʳʭ 

ʠʥʪʝʛʨʘʣʴʥʳʤʠ ʦʮʝʥʢʘʤʠ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʦʝʢʪʦʚ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʙʫʜʫʪ 

ʧʨʦʬʠʥʘʥʩʠʨʦʚʘʥʳ ʥʘʠʙʦʣʝʝ ʧʨʠʦʨʠʪʝʪʥʳʝ ʧʨʦʝʢʪʳ, ʪ.ʝ. ʠʤʝʶʱʠʝ ʥʘʠʚʳʩʰʫʶ ʦʮʝʥʢʫ. 

ɽʩʣʠ ʠʤʝʶʱʝʛʦʩʷ ʨʝʩʫʨʩʘ ʥʝ ʭʚʘʪʘʝʪ ʥʘ ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʨʦʝʢʪʘ, 

ʨʘʩʩʤʦʪʨʝʥʠʶ ʙʫʜʫʪ ʧʦʜʣʝʞʘʪʴ ʤʝʥʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʧʦʟʚʦʣʠʪ ʠʥʚʝʩʪʦʨʫ ʩʬʦʨʤʠʨʦʚʘʪʴ 

ʧʦʨʪʬʝʣʴ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʦʝʢʪʦʚ, ʧʦʟʚʦʣʷʶʱʠʡ ʩʥʠʟʠʪʴ ʨʠʩʢ ʠ ʤʘʢʩʠʤʠʟʠʨʦʚʘʪʴ 

ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʧʨʠʙʳʣʴ. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. Stevens G., Burley J. 3,000 Raw Ideas = 1 Commercial Success, Research Technology 

Management, 40(3), May-June 1997, pp. 16-27 
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ʋɼʂ 338.45 

ʄʆɼɽʈʅʀɿɸʎʀʗ ʇʈɽɼʇʈʀʗʊʀʁ ɸʕʈʆʂʆʉʄʀʏɽʉʂʆɻʆ ʂʃɸʉʊɽʈɸ 

ʇʝʪʠʥʘ ʇ. ɺ., ʊʶʢʘʚʢʠʥ ʅ. ʄ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ʎʝʣʴʶ ʥʘʫʯʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʚʳʷʚʣʝʥʠʝ ʩʧʦʩʦʙʦʚ, ʤʝʪʦʜʦʚ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʩ 

ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʤʦʜʝʨʥʠʟʘʮʠʶ ʧʨʝʜʧʨʠʷʪʠʡ, ʚʭʦʜʷʱʠʭ ʚ 

ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʡ ʢʣʘʩʪʝʨ ʉʘʤʘʨʩʢʦʡ ʦʙʣʘʩʪʠ.  

ɸʵʨʦʢʦʩʤʠʯʝʩʢʠʡ ʢʣʘʩʪʝʨ ð ʵʪʦ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʘʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʉʘʤʘʨʩʢʦʡ 

ʦʙʣʘʩʪʠ ʛʨʫʧʧʘ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʦʨʛʘʥʠʟʘʮʠʡ ʘʚʠʘʩʪʨʦʝʥʠʷ, ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʛʦ 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʜʚʠʛʘʪʝʣʝ- ʠ ʘʛʨʝʛʘʪʦʩʪʨʦʝʥʠʷ, ʘ ʪʘʢʞʝ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ, 

ʧʨʦʝʢʪʥʳʭ ʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʠ.  

ʀʥʥʦʚʘʮʠʦʥʥʳʡ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʡ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʡ ʢʣʘʩʪʝʨ ʙʳʣ ʩʦʟʜʘʥ ʩ ʮʝʣʴʶ 

ʧʦʚʳʰʝʥʠʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʡ, 

ʚʭʦʜʷʱʠʭ ʚ ʥʝʛʦ. ʆʩʥʦʚʦʡ ʢʣʘʩʪʝʨʘ ʷʚʣʷʶʪʩʷ ʪʘʢʠʝ ʧʨʝʜʧʨʠʷʪʠʷ ʢʘʢ ʆɸʆ çʂʫʟʥʝʮʦʚè, 

ʆɸʆ çɸʛʨʝʛʘʪè, ʌɻʋʇ çɻʅʇʈʂʎ çʎʉʂɹ-ʇʨʦʛʨʝʩʩè, ʆɸʆ çɸʚʠʘʢʦʨ ð ʘʚʠʘʮʠʦʥʥʳʡ 

ʟʘʚʦʜè, ʆɸʆ çɻʠʜʨʦʘʚʪʦʤʘʪʠʢʘè, ʆɸʆ çɸʚʠʘʘʛʨʝʛʘʪè, ʌɻʋʇ ʅʀʀ çʕʢʨʘʥè, ʆɸʆ 

çɿʘʚʦʜ ʘʚʠʘʮʠʦʥʥʳʭ ʧʦʜʰʠʧʥʠʢʦʚè.  

 

 
ʈʠʩ.1 ʉʪʨʫʢʪʫʨʘ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʛʦ ʢʣʘʩʪʝʨʘ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʶʪ ʥʝʢʦʪʦʨʳʝ ʧʨʦʙʣʝʤʳ, ʪʨʝʙʫʶʱʠʝ ʨʝʰʝʥʠʷ, ʘ 

ʠʤʝʥʥʦ: ʜʣʷ ʨʘʟʚʠʪʠʷ ʢʣʘʩʪʝʨʘ ʪʨʝʙʫʝʪʩʷ ʦʨʛʘʥʠʟʘʮʠʦʥʥʘʷ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʠ ʢʘʜʨʦʚʘʷ 

ʤʦʜʝʨʥʠʟʘʮʠʷ ʢʘʞʜʦʛʦ ʠʟ ʝʛʦ ʫʯʘʩʪʥʠʢʦʚ, ʪʦ ʝʩʪʴ ʢʘʞʜʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ. 

ɿʘʜʘʯʘʤʠ ʧʨʦʚʝʜʝʥʠʷ ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʨʥʠʟʘʮʠʠ ʢʣʘʩʪʝʨʘ ʷʚʣʷʶʪʩʷ  

ʩʣʝʜʫʶʱʠʝ: 

 - ʟʘʤʝʥʘ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʝʜʧʨʠʷʪʠʡ, ʚʭʦʜʷʱʠʭ ʚ ʢʣʘʩʪʝʨ ʥʘ ʥʦʚʦʝ, 

ʠʥʥʦʚʘʮʠʦʥʥʦʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʨʝʰʝʥʠʶ ʟʘʜʘʯ ʦʩʚʦʝʥʠʷ ʢʦʩʤʦʩʘ; 

 - ʪʨʘʥʩʬʝʨ ʪʝʭʥʦʣʦʛʠʡ, ʚʥʝʜʨʝʥʠʝ ʥʘʫʢʦʝʤʢʠʭ ʠ çʧʨʦʨʳʚʥʳʭè ʪʝʭʥʦʣʦʛʠʡ;   

 - ʩʦʩʨʝʜʦʪʦʯʝʥʠʝ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʥʘ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ (ʪʘʢʠʭ ʢʘʢ 

ʥʦʚʦʝ ʧʦʢʦʣʝʥʠʝ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʠ ʨʘʢʝʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʦʩʦʙʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʪʨʘʥʩʧʦʨʪʘ ʠ ʪ.ʜ.); 

ˮͤͺͪ͊ͫͭͪͯͭͯ͟
ͪ ͊

˽͍͙͔ͪ͊ͭ
͡Έ͍ͫͭͦ 

˹͊ͯ͊͟ ͙ 
͍ͦ͋ͪ͊ͦ͊͘
͙͔ͤ 

˸͊͡·͚ ͙ 
͔͙͚ͫͪ͒ͤ 
͙͔͋ͤͫ͘ 

˴ͪͯͨͤ·͔ 
ͨͪͦͣ·΄͔ͤ͡
ͤ·͔ 

͔͙ͨͪ͒ͨͪΎ͙ͭ
Ύ 
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 - ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʠ ʅʀʆʂʈ ʧʦ ʩʦʟʜʘʥʠʶ ʠ ʘʜʘʧʪʘʮʠʠ 

ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʚʝʜʫʱʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʢʣʘʩʪʝʨʘ; 

 - ʧʨʦʚʝʜʝʥʠʝ ʩʧʝʮʠʘʣʴʥʳʭ ʨʘʙʦʪ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʢʚʘʣʠʬʠʢʘʮʠʠ ʨʘʙʦʪʥʠʢʦʚ ʥʘ 

ʙʘʟʝ ɺʋɿʦʚ ʜʣʷ ʨʘʙʦʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʝʨʝʜʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ; 

 - ʩʪʘʥʦʚʣʝʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʛʦ ʢʣʘʩʪʝʨʘ ʉʘʤʘʨʩʢʦʡ 

ʦʙʣʘʩʪʠ, ʢʦʪʦʨʘʷ ʩʤʦʛʣʘ ʙʳ ʦʙʝʩʧʝʯʠʪʴ ʜʦʩʪʠʞʝʥʠʝ ʚʩʝʭ ʮʝʣʝʡ ʤʦʜʝʨʥʠʟʘʮʠʠ  

ʢʣʘʩʪʝʨʘ. 

 
ʈʠʩ.2 ɿʘʜʘʯʠ ʧʨʦʛʨʘʤʤʳ ʨʘʟʚʠʪʠʷ ɸʂʂ ʉʆ 

 

ʈʝʰʝʥʠʝ ʜʘʥʥʳʭ ʟʘʜʘʯ ʧʦʤʦʞʝʪ ʜʦʩʪʠʯʴ ʞʝʣʘʝʤʦʛʦ ʫʨʦʚʥʷ ʨʘʟʚʠʪʠʷ 

ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʛʦ ʢʣʘʩʪʝʨʘ ʉʘʤʘʨʩʢʦʡ ʦʙʣʘʩʪʠ. (ɸʂʂ ʉʆ). 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ ʠ ʧʦʤʦʛʫʪ ʚ 

ʫʩʣʦʚʠʷʭ ʩʦʚʨʝʤʝʥʥʦʡ ʵʢʦʥʦʤʠʢʠ ʦʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʳʡ ʩʧʦʩʦʙ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ 

ʤʦʜʝʨʥʠʟʘʮʠʠ ʠ ʨʘʟʚʠʪʠʷ ʧʨʝʜʧʨʠʷʪʠʡ - ʫʯʘʩʪʥʠʢʦʚ ʢʣʘʩʪʝʨʘ. 
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ʋɼʂ 656.7.025 

ʉʆʎʀʆʂʋʃʔʊʋʈʅʆɽ ɺʃʀʗʅʀɽ ɸʕʈʆʇʆʈʊɸ-ʍɸɹɸ ʅɸ ʈɽɻʀʆʅ 

ʇʦʨʦʰʠʥʘ ʅ. ɺ., ʆʪʚʝʨʯʝʥʢʦ ʃ. ʌ. 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

ʎʝʣɹʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʦʧʳʪʘ ʚʝʜʫʱʠʭ ʝʚʨʦʧʝʡʩʢʠʭ 

ʘʵʨʦʧʦʨʪʦʚ-ʭʘʙʦʚ Fraport (ɻʝʨʤʘʥʠʷ) ʠ Schiphol (ɻʦʣʣʘʥʜʠʷ), ʟʘʢʣʶʯʘʶʱʝʛʦʩʷ ʚ 

ʨʝʘʣʠʟʘʮʠʠ ʩʦʮʠʦʢʫʣʴʪʫʨʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʢʘʢ ʨʝʛʠʦʥʘʣʴʥʦʤʫ 

ʨʘʟʚʠʪʠʶ, ʪʘʢ ʠ ʵʬʬʝʢʪʠʚʥʦʤʫ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʶ ʩʘʤʠʭ ʘʵʨʦʧʦʨʪʦʚ, ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʚʳʨʘʙʦʪʢʦʡ ʨʝʢʦʤʝʥʜʘʮʠʡ ʜʣʷ ʘʵʨʦʧʦʨʪʘ ʇʫʣʢʦʚʦ ʢʘʢ ʙʫʜʫʱʝʛʦ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ 

ʘʚʠʘʪʨʘʥʩʧʦʨʪʥʦʛʦ ʫʟʣʘ. ɺ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʥʦʞʝʩʪʚʦ ʦʧʨʝʜʝʣʝʥʠʡ 

ʩʦʮʠʦʢʫʣʴʫʪʨʥʦʡ ʩʬʝʨʳ. ɺ ʥʘʰʝʡ ʨʘʙʦʪʝ ʵʪʦ ʧʦʥʷʪʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʜʠʥʘʤʠʯʥʦ 

ʨʘʟʚʠʚʘʶʱʘʩ̫ʷ ʩʠʩʪʝʤʘ, ʢʦʪʦʨʦʡ ʧʨʠʩʫʱʠ ʩʣʝʜʫʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ; ʚʦ-ʧʝʨʚʳʭ, ʝʝ 

ʚʘʞʥʝʡʰʠʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʷʚʣʷʶʪʩʷ ʢʫʣʴʪʫʨʘ ʠ ʩʦʮʠʘʣʴʥʳʝ ʫʩʣʦʚʠʷ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ; ʚʦ-ʚʪʦʨʳʭ, ʵʪʘ ʩʠʩʪʝʤʘ ʚʢʣʶʯʘʝʪ ʜʫʭʦʚʥʳʡ ʤʠʨ, ʢʘʯʝʩʪʚʦ 

ʠ ʦʙʨʘʟ ʞʠʟʥʠ ʣʶʜʝʡ, ʦʙʲʝʜʠʥʷʷ ʢʫʣʴʪʫʨʥʦ-ʠʩʪʦʨʠʯʝʩʢʦʝ ʥʘʩʣʝʜʠʝ ʦʙʱʝʩʪʚʘ, ʘ ʪʘʢʞʝ 

ʭʫʜʦʞʝʩʪʚʝʥʥʫʶ, ʩʦʮʠʘʣʴʥʦ-ʧʩʠʭʦʣʦʛʠʯʝʩʢʫʶ, ʜʫʭʦʚʥʦ-ʥʨʘʚʩʪʚʝʥʥʫʶ, ʧʦʣʠʪʠʯʝʩʢʫʶ, 

ʭʦʟʷʡʩʪʚʝʥʥʫʶ ʠ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʩʬʝʨʳ ʯʝʣʦʚʝʯʝʩʢʦʡ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ. ʆʪʩʶʜʘ 

ʥʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʤʠ ʩʦʮʠʦʢʫʣʴʪʫʨʥʳʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʪʨʘʜʠʮʠʦʥʥʦʡ 

ʘʵʨʦʧʦʨʪʦʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʪʘʢʠʝ ʝʝ ʥʘʧʨʘʚʣʝʥʠʷ, ʢʘʢ ʧʦʜʛʦʪʦʚʢʘ ʠ 

ʧʦʚʳʰʝʥʠʝ ʢʚʘʣʠʬʠʢʘʮʠʠ ʧʝʨʩʦʥʘʣʘ, ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʩʚʷʟʠ ʩ ʦʙʱʝʩʪʚʝʥʥʦʩʪʴʶ, 

ʦʙʝʩʧʝʯʝʥʠʝ ʪʨʘʥʩʧʦʨʪʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ. ʆʜʥʘʢʦ 

ʜʝʷʪʝʣʴʥʦʩʪʴ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʘʵʨʦʧʦʨʪʦʚ-ʭʘʙʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʧʦʣʥʝʥʠʝʤ 

ʧʦʣʥʦʮʝʥʥʦʡ ʩʦʮʠʦʢʫʣʴʪʫʨʥʦʡ ʬʫʥʢʮʠʠ ʚ ʢʦʥʪʝʢʩʪʝ ʤʝʩʪʥʦʛʦ ʠ ʨʝʛʠʦʥʘʣʴʥʦʛʦ 

ʨʘʟʚʠʪʠʷ. 

ɺ ʵʪʦʡ ʩʚʷʟʠ ʨʘʩʩʤʦʪʨʠʤ ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚʦ ʌʨʘʥʢʬʫʨʪʝ, ʝʚʨʦʧʝʡʩʢʦʤ 

ʬʠʥʘʥʩʦʚʦʤ ʮʝʥʪʨʝ, ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʘʵʨʦʧʦʨʪ-ʭʘʙ Fraport, ʜʦʩʪʠʛʰʠʡ ʩʪʘʜʠʠ ʨʘʟʚʠʪʠʷ, 

ʥʘʟʳʚʘʝʤʦʡ çʘʵʨʦʧʦʨʪ ʩʠʪʠè. ɸʵʨʦʧʦʨʪ ʚʳʩʪʫʧʘʝʪ ʚ ʨʦʣʠ ʷʜʨʘ ʵʪʦʛʦ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʛʦ 

ʙʠʟʥʝʩ-ʦʙʨʘʟʦʚʘʥʠʷ, ʚʢʣʶʯʘʶʱʝʛʦ ʣʦʢʘʣʠʟʠʨʫʶʱʠʝʩʷ ʥʘ ʙʣʠʟʴ ʣʝʞʘʱʝʡ ʢ ʥʝʤʫ 

ʪʝʨʨʠʪʦʨʠʠ 500 ʩʫʙʲʝʢʪʦʚ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʚʤʝʩʪʝ ʩ ʘʵʨʦʧʦʨʪʦʤ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʝʞʝʛʦʜʥʫʶ ʟʘʥʷʪʦʩʪʴ ʚ ʨʘʟʤʝʨʝ 81 ʪʳʩ. ʯʝʣʦʚʝʢ, ʠʟ ʢʦʪʦʨʳʭ 21 ʪʳʩ. ï 

ʨʘʙʦʪʥʠʢʠ Fraport. ʕʪʦʪ ʘʵʨʦʧʦʨʪ-ʭʘʙ ʧʨʠʟʥʘʥ ʦʜʥʠʤ ʠʟ ʣʫʯʰʠʭ ʝʚʨʦʧʝʡʩʢʠʭ 

ʨʘʙʦʪʦʜʘʪʝʣʝʡ, ʘ ʝʛʦ ʧʨʦʛʨʘʤʤʘ ʧʦʚʳʰʝʥʠʷ ʢʚʘʣʠʬʠʢʘʮʠʠ ʩʦʪʨʫʜʥʠʢʦʚ ʥʘʛʨʘʞʜʝʥʘ ʚ 

2016 ʛ. ɿʥʘʢʦʤ ʢʘʯʝʩʪʚʘ. ɸʵʨʦʧʦʨʪ-ʭʘʙ ʧʦʟʠʮʠʦʥʠʨʫʝʪ ʩʝʙʷ ʢʘʢ ʘʢʪʠʚʥʳʡ ʫʯʘʩʪʥʠʢ 

ʩʦʮʠʦʢʫʣʴʪʫʨʥʦʛʦ ʨʘʟʚʠʪʠʷ ʨʝʛʠʦʥʘ ʈʝʡʥ-ʄʘʡʥ ʠ ʚʳʜʚʠʛʘʝʪ ʜʝʚʠʟ çʈʘʙʦʪʘ ʜʣʷ 

ʨʝʛʠʦʥʘè, ʧʦʜʜʝʨʞʠʚʘ ̫ʚ ʢʘʯʝʩʪʚʝ ʩʧʦʥʩʦʨʘ ʩʧʦʨʪ, ʩʦʮʠʘʣʴʥʳʝ ʠ ʢʫʣʴʪʫʨʥʳʝ ʢʣʫʙʳ ʠ 

ʜʨʫʛʠʝ ʦʨʛʘʥʠʟʘʮʠʠ, ʨʘʙʦʪʘʶʱʠʝ ʚ ʵʪʦʡ ʩʬʝʨʝ. ɺ 2015 ʛ. ʦʙʱʘʷ ʩʫʤʤʘ ʧʦʞʝʨʪʚʦʚʘʥʠʡ ʚ 

ʨʘʤʢʘʭ ʙʦʣʝʝ ʯʝʤ 1600 ʩʦʮʠʦʢʫʣʴʪʫʨʥʳʭ ʧʨʦʝʢʪʦʚ ʩʦʩʪʘʚʠʣʘ 5,2 ʤʣʥ ʝʚʨʦ. ɸʵʨʦʧʦʨʪ 

Fraport ʷʚʣʷʝʪʩʷ ʩʧʦʥʩʦʨʦʤ ʙʦʣʝʝ 481 ʩʦʮʠʘʣʴʥʳʭ ʧʨʦʝʢʪʦʚ ʠ ʚʥʦʩʠʪ ʧʦʞʝʨʪʚʦʚʘʥʠʷ ʚ 

ʬʦʥʜʳ ʥʘ ʣʝʯʝʥʠʝ ʪʷʞʝʣʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʘ ʪʘʢʞʝ ʧʦʜʜʝʨʞʠʚʘʝʪ ʨʘʟʣʠʯʥʳʝ ʢʫʣʴʪʫʨʥʳʝ 

ʠʥʠʮʠʘʪʠʚʳ, ʥʘʧʨʠʤʝʨ, ʩʦʪʨʫʜʥʠʯʘʷ ʩ ʪʨʝʤʷ ʭʫʜʦʞʝʩʪʚʝʥʥʳʤʠ ʤʫʟʝʷʤʠ. Fraport ʚ 

1999 ʛ. ʦʩʥʦʚʘʣ çProRegion Foundationè, ʧʦʜʜʝʨʞʠʚʘʶʱʠʡ ʧʨʦʝʢʪʳ ʠ ʦʨʛʘʥʠʟʘʮʠʠ, 

ʜʝʷʪʝʣʴʥʦʩʪʴ ʢʦʪʦʨʳʭ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʦʙʫʯʝʥʠ ̫ʤʦʣʦʜʝʞʠ 

ʨʝʛʠʦʥʘ ʈʝʡʥ-ʄʘʡʥ. ɺ 1986 ʛ. Fraport ʦʩʥʦʚʘʣ ʬʦʥʜ çFrankfurt Main Airport Foundationè 

ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʩʬʝʨʝ ʘʚʠʘʪʨʘʥʩʧʦʨʪʘ ʠ ʣʦʛʠʩʪʠʢʠ, ʢʦʪʦʨʳʡ ʚ 

2004 ʛ. ʙʳʣ ʧʝʨʝʠʤʝʥʦʚʘʥ ʚ çErich Becker Foundationè. ɼʝʷʪʝʣʴʥʦʩʪʴ ʘʵʨʦʧʦʨʪʘ, 

ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʘ ʫʣʫʯʰʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʟʘʢʣʶʯʘʝʪʩʷ: ʚ 

ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʩʥʠʞʝʥʠʶ ʰʫʤʘ, ʘ ʪʘʢʞʝ ʤʦʥʠʪʦʨʠʥʛʝ ʠ ʦʪʢʨʳʪʦʡ 
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ʧʫʙʣʠʢʘʮʠʠ ʜʘʥʥʳʭ ʦ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʠ 

ʩʵʢʦʥʦʤʣʝʥʥʦʛʦ ʪʦʧʣʠʚʘ, ʚʦʜʳ, ʚʳʙʨʦʩʦʚ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʠ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ, ʘ ʪʘʢʞʝ 

ʤʫʩʦʨʘ ʩ ʫʯʝʪʦʤ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʤʝʩʪʥʦʩʪʠ ʨʷʜʦʤ ʩ ʘʵʨʦʧʦʨʪʦʤ. ʉ 1997 ʛ. 

ʧʦ 2015 ʛ. ʠʤ ʧʦʨʦʬʠʥʘʥʩʠʨʦʚʘʥʦ ʙʦʣʝʝ 900 ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʝʢʪʦʚ ʥʘ ʦʙʱʫʶ ʩʫʤʤʫ 

36 ʤʣʥ ʝʚʨʦ. ɸʵʨʦʧʦʨʪ-ʭʘʙ ʩʧʦʥʩʠʨʫʝʪ Rhein-Main Regional Park ʥʝ ʪʦʣʴʢʦ ʢʘʢ 

ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʦʙʲʝʢʪ, ʥʦ ʠ ʢʘʢ ʚʘʞʥʝʡʰʫʶ ʨʝʛʠʦʥʘʣʴʥʫʶ ʨʝʢʨʝʘʮʠʦʥʥʫʶ ʟʦʥʫ, 

ʧʨʠʚʣʝʢʘʶʱʫʶ ʥʘʩʝʣʝʥʠʝ ʠ ʪʫʨʠʩʪʦʚ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʩʧʦʨʪʠʚʥʳʭ ʠ ʢʫʣʴʪʫʨʥʳʭ 

ʨʘʟʚʣʝʯʝʥʠʡ. 

ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʘʵʨʦʧʦʨʪ-ʭʘʙ Schiphol, ʨʘʩʧʦʣʘʛʘʶʱʠʡʩʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʤʫʥʠʮʠʧʘʣʠʪʝʪʘ ʍʘʨʣʝʤʤʝʨʤʝʨ ʧʦʯʪʠ ʚ 18 ʢʤ ʦʪ ɸʤʩʪʝʨʜʘʤʘ, ʠʛʨʘʝʪ ʨʦʣʴ ʦʜʥʦʛʦ ʠʟ 

ʦʩʥʦʚʥʳʭ ʜʨʘʡʚʝʨʦʚ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʦʩʪʘ ʅʠʜʝʨʣʘʥʜʦʚ, ʪʘʢ ʞʝ ʢʘʢ ʠ Fraport ʷʚʣʷʷʩʴ 

ʷʜʨʦʤ ʘʵʨʦʧʦʨʪ-ʩʠʪʠ. ʂʨʦʤʝ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʨʝʛʠʦʥʘʣʴʥʦʝ 

ʨʘʟʚʠʪʠʝ Schiphol ʘʢʪʠʚʥʦ ʚʢʣʶʯʝʥ ʚ ʩʦʮʠʘʣʴʥʦ-ʢʫʣʴʪʫʨʥʫʶ ʞʠʟʥʴ ʤʝʩʪʥʦʛʦ 

ʩʦʦʙʱʝʩʪʚʘ, ʯʣʝʥʦʚ ʢʦʪʦʨʦʛʦ ʪʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʢʘʢ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʥʘʝʤʥʳʭ 

ʨʘʙʦʪʥʠʢʦʚ. ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʩʦʮʠʦʢʫʣʴʪʫʨʥʦʛʦ ʚʣʠʷʥʠʷ ʘʵʨʦʧʦʨʪʘ-

ʭʘʙʘ ʷʚʣʷʝʪʩʷ Schiphol Local Community Council, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʛʦ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ 

ʤʝʪʦʜʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ, ʧʦʩʚʷʱʝʥʥʳʝ ʘʚʠʘʮʠʠ ʜʣʷ ʜʝʪʝʡ 11-13 ʣʝʪ ʠ ʦʨʛʘʥʠʟʫʶʪʩʷ 

ʮʝʣʦʜʥʝʚʥʳʝ ʧʦʟʥʘʚʘʪʝʣʴʥʦ-ʨʘʟʚʣʝʢʘʪʝʣʴʥʳʝ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʤʝʩʪʥʳʭ ʰʢʦʣʴʥʠʢʦʚ ʩ 

ʧʨʠʚʣʝʯʝʥʠʝʤ ʦʨʛʘʥʠʟʘʮʠʝʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʘʵʨʦʧʦʨʪʘ. Schiphol 

Contact Centre ʦʪʢʨʳʪ ʜʣʷ ʠʜʝʡ ʠ ʠʥʠʮʠʘʪʠʚ ʜʝʪʝʡ ʠ ʧʦʜʨʦʩʪʢʦʚ. Schiphol ʚʳʩʪʫʧʘʝʪ 

ʧʘʨʪʥʝʨʦʤ ʨʷʜʘ ʚʝʜʫʱʠʭ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʠʥʩʪʠʪʫʪʦʚ ʢʘʢ 

ʩʪʨʘʥʳ ʚ ʮʝʣʦʤ, ʪʘʢ ʠ ʨʝʛʠʦʥʘ. ɺ 2010 ʛ. ʘʵʨʦʧʦʨʪ ʩʦʟʜʘʣ ʧʣʘʪʬʦʨʤʫ theGROUNDS ʩ 

ʮʝʣʴʶ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʧʨʦʝʢʪʦʚ ʠ ʤʝʨʦʧʨʠʷʪʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʧʨʦʙʣʝʤʘʤ ʫʩʪʦʡʯʠʚʦʛʦ 

ʨʘʟʚʠʪʠʷ ʠ ʠʥʥʦʚʘʮʠʡ ʘʵʨʦʧʦʨʪʦʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʘʚʠʘʮʠʦʥʥʦʡ ʦʪʨʘʩʣʠ ʚ ʮʝʣʦʤ, ʚ 

ʨʘʤʢʘʭ ʢʦʪʦʨʦʡ ʘʵʨʦʧʦʨʪʦʚʳʡ ʙʠʟʥʝʩ-ʠʥʢʫʙʘʪʦʨ ʦʨʛʘʥʠʟʫʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʦʤʧʘʥʠʡ, 

ʫʥʠʚʝʨʩʠʪʝʪʦʚ ʠ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʠʥʩʪʠʪʫʪʦʚ. Schiphol ʦʨʛʘʥʠʟʫʝʪ 

ʢʫʣʴʪʫʨʥʦ-ʤʘʩʩʦʚʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʜʣʷ ʛʦʨʦʞʘʥ. ʊʘʢ, ʦʪʤʝʯʘʷ 2016 ʛ. ʩʚʦʶ ʩʪʦʣʝʪʥʶʶ 

ʛʦʜʦʚʱʠʥʫ, ʘʵʨʦʧʦʨʪ ʜʚʘ ʜʥʷ ʨʘʟʚʣʝʢʘʣ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʧʨʝʟʝʥʪʘʮʠʷʤʠ, ʠʛʨʘʤʠ ʠ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ ʥʘ ʩʚʦʝʡ ʪʝʨʨʠʪʦʨʠʠ 10 ʪʳʩ. ʤʝʩʪʥʳʭ ʞʠʪʝʣʝʡ. ʕʢʦʣʦʛʠʯʝʩʢʘʷ 

ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʦʮʠʦʢʫʣʴʪʫʨʥʦʛʦ ʚʣʠʷʥʠʷ Schiphol ʟʥʘʯʠʪʝʣʴʥʘ. ʄʝʩʪʥʳʝ ʞʠʪʝʣʠ ʤʦʛʫʪ 

ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʚʦʧʨʦʩʘʭ ʨʘʟʚʠʪʠʷ ʘʵʨʦʧʦʨʪʘ ʚ Schiphol Local 

Community Council. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʩʥʠʞʝʥʠʶ ʰʫʤʘ ʠ ʫʤʝʥʴʰʝʥʠʶ 

ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʘʵʨʦʧʦʨʪ ʦʨʛʘʥʠʟʦʚʘʣ ʩʣʫʞʙʫ 

ʵʣʝʢʪʨʦʪʘʢʩʠ, ʩʪʘʥʮʠʶ ʟʘʨʷʜʢʠ ʵʣʝʢʪʨʦʘʚʪʦʤʦʙʠʣʝʡ, ʧʦʩʪʨʦʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʦʯʠʩʪʠʪʝʣʴʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʘ ʚʟʣʝʪʥʦ-ʧʦʩʘʜʦʯʥʳʝ ʧʦʣʦʩʳ ʚʳʙʠʨʘʶʪʩʷ ʚ ʢʘʞʜʳʡ 

ʢʦʥʢʨʝʪʥʳʡ ʤʦʤʝʥʪ ʩ ʫʯʝʪʦʤ ʤʠʥʠʤʠʟʘʮʠʠ ʰʫʤʘ. 

ʅʘʤʠ ʚʳʧʦʣʥʝʥʘ ʨʝʡʪʠʥʛʦʚʘʷ ʦʮʝʥʢʘ ʩʦʮʠʦʢʫʣʴʪʫʨʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʘʵʨʦʧʦʨʪʦʚ-ʭʘʙʦʚ Fraport ʠ Schiphol, ʘ ʪʘʢʞʝ ʨʦʩʩʠʡʩʢʦʛʦ 

ʘʵʨʦʧʦʨʪʘ ʇʫʣʢʦʚʦ. ʈʘʥʞʠʨʦʚʘʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʝʜʝʥʦ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʧʘʨʥʳʭ 

ʩʨʘʚʥʝʥʠʡ ʊʝʨʩʪʦʫʥʘ. ʈʘʟʨʘʙʦʪʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʨʦʩʩʠʡʩʢʦʛʦ ʘʵʨʦʧʦʨʪʘ ʚ ʨʘʤʢʘʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘ ʝʛʦ ʙʘʟʝ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ 

ʘʚʠʘʪʨʘʥʩʧʦʨʪʥʦʛʦ ʫʟʣʘ. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ʆʬʠʮʠʘʣʴʥʳʡ ʩʘʡʪ Fraport Group [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]: 

http://www.fraport.com/en.html 

2. ʆʬʠʮʠʘʣʴʥʳʡ ʩʘʡʪ Schiphol Group [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]: 

http://www.annualreportschiphol.com/ 

3. ʆʬʠʮʠʘʣʴʥʳʡ ʘʵʨʦʧʦʨʪʘ ʇʫʣʢʦʚʦ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]: http://pulkovoairport.ru 

  

http://www.fraport.com/en.html
http://www.annualreportschiphol.com/
http://pulkovoairport.ru/about/
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ʌʀʅɸʅʉʆɺʆɽ ʉʆʉʊʆʗʅʀɽ ʂɸʂ ʂʃʖʏɽɺʆʁ ʌɸʂʊʆʈ 

ʉʊʈɸʊɽɻʀʏɽʉʂʆɻʆ ɺʓɹʆʈɸ 

ʇʦʪʘʧʦʚʘ ʆ. ʉ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ɺ ʨʘʙʦʪʝ ʩʪʘʚʠʣʘʩʴ ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʠʪʴ, ʥʘʩʢʦʣʴʢʦ ʬʠʥʘʥʩʦʚʦʝ ʩʦʩʪʦʷʥʠʝ 

ʧʨʝʜʧʨʠʷʪʠʷ ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʩʪʨʘʪʝʛʠʯʝʩʢʠʡ ʚʳʙʦʨ ʠ ʤʦʞʥʦ ʣʠ ʝʛʦ ʩʯʠʪʘʪʴ ʦʜʥʠʤ ʠʟ 

ʢʣʶʯʝʚʳʭ ʬʘʢʪʦʨʦʚ ʧʨʠʥʷʪʠʷ ʪʘʢʦʛʦ ʨʝʰʝʥʠʷ. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʨʘʟʥʳʭ ʘʚʪʦʨʦʚ ʦʪʤʝʯʘʶʪʩʷ ʪʘʢʠʝ ʤʦʤʝʥʪʳ, ʢʘʢ ʟʘʚʠʩʠʤʦʩʪʴ 

ʚʳʙʦʨʘ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʨʘʪʝʛʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ, ʦʪ ʬʠʥʘʥʩʦʚʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʢʦʤʧʘʥʠʠ. ʆʩʦʙʝʥʥʦ ʵʪʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʬʠʥʘʥʩʦʚʦʡ 

ʩʪʨʘʪʝʛʠʠ ʠ ʩʚʷʟʘʥʥʳʭ ʩ ʥʝʡ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʨʝʰʝʥʠʡ, ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ 

ʚʣʠʷʶʱʠʭ ʥʘ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʙʠʟʥʝʩʘ [1]. 

ɺʦ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʘʢʠʝ ʤʝʪʦʜʳ, ʢʘʢ ʩʨʘʚʥʝʥʠʝ 

ʠ ʩʚʦʜʢʘ, ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʨʷʜʳ ʜʠʥʘʤʠʢʠ ʧʦʢʘʟʘʪʝʣʝʡ. 

ɹʳʣʦ ʨʘʩʩʤʦʪʨʝʥʦ ʬʠʥʘʥʩʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʨʷʜʘ ʢʦʤʤʝʨʯʝʩʢʠʭ ʦʨʛʘʥʠʟʘʮʠʡ ʠʟ 

ʨʘʟʥʳʭ ʦʪʨʘʩʣʝʡ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʦʪʥʦʩʷʱʠʭʩʷ ʢʘʢ ʢ ʩʬʝʨʝ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʪʘʢ ʠ ʢ 

ʩʬʝʨʝ ʫʩʣʫʛ. 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʚʦ ʤʥʦʛʠʭ ʦʨʛʘʥʠʟʘʮʠʷʭ ʥʝ ʧʨʦʚʦʜʠʪʩʷ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʧʦ ʩʪʨʘʪʝʛʠʯʝʩʢʦʤʫ ʧʣʘʥʠʨʦʚʘʥʠʶ, ʤʥʦʛʠʝ ʨʝʰʝʥʠʷ 

ʧʨʠʥʠʤʘʶʪʩʷ ʠʥʪʫʠʪʠʚʥʦ ʚʳʩʰʠʤ ʨʫʢʦʚʦʜʩʪʚʦʤ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʨʫʢʦʚʦʜʠʪʝʣʠ ʠʤʝʶʪ 

ʦʧʨʝʜʝʣʝʥʥʦʝ ʚʠʜʝʥʠʝ ʙʫʜʫʱʝʛʦ ʩʚʦʝʡ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʩʪʘʨʘʶʪʩʷ ʝʤʫ ʩʣʝʜʦʚʘʪʴ, ʭʦʪʷ ʠ 

ʥʝʬʦʨʤʘʣʴʥʦ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚ ʢʦʤʧʘʥʠʷʭ ʧʨʠʥʠʤʘʶʪʩʷ ʨʝʰʝʥʠʷ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ 

ʭʘʨʘʢʪʝʨʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʪʘʢʠʝ ʩʝʨʴʝʟʥʳʝ ʠ ʛʣʦʙʘʣʴʥʳʝ, ʢʘʢ ʩʣʠʷʥʠʝ ʩ ʜʨʫʛʠʤʠ 

ʦʨʛʘʥʠʟʘʮʠʷʤʠ. 

ʅʘʜʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʛʣʦʙʘʣʴʥʳʝ ʨʝʰʝʥʠʷ ʚʦ ʤʥʦʛʠʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ 

ʦʨʛʘʥʠʟʘʮʠʷʭ ʧʨʠʥʠʤʘʣʠʩʴ ʠʤʝʥʥʦ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʬʠʥʘʥʩʦʚʦʛʦ ʘʩʧʝʢʪʘ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʬʠʨʤʳ. ʊʘʢ, ʚ ʩʘʤʘʨʩʢʦʡ ʘʧʪʝʯʥʦʡ ʩʝʪʠ ʆʆʆ ʊʂ çʊʦʢʦè ʙʳʣʦ ʧʨʠʥʷʪʦ 

ʨʝʰʝʥʠʝ ʦ ʧʨʠʩʦʝʜʠʥʝʥʠʠ ʢ ʜʨʫʛʦʡ, ʙʦʣʝʝ ʢʨʫʧʥʦʡ ʤʦʩʢʦʚʩʢʦʡ ʩʝʪʠ çʈʠʛʣʘè. ʕʪʦ ʙʳʣʦ 

ʚʳʟʚʘʥʦ ʥʝʫʢʣʦʥʥʳʤ ʩʥʠʞʝʥʠʝʤ ʠ, ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ 

ʬʠʥʘʥʩʦʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʣʝʪ. ʇʨʠʚʣʝʯʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ 

ʦʩʥʦʚʥʦʛʦ ʠʥʚʝʩʪʦʨʘ ʢʨʫʧʥʦʡ ʩʝʪʠ, ʧʦ ʤʥʝʥʠʶ ʜʠʨʝʢʪʦʨʘ ʆʆʆ ʊʂ çʊʦʢʦè, ʜʦʣʞʥʦ 

ʧʦʟʚʦʣʠʪʴ ʬʠʨʤʝ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʣʴʛʦʪʥʳʝ ʫʩʣʦʚʠʷ ʧʨʠ ʧʨʠʦʙʨʝʪʝʥʠʠ ʢʨʝʜʠʪʥʳʭ 

ʨʝʩʫʨʩʦʚ ʚʚʠʜʫ ʧʦʚʳʰʝʥʠʷ ʛʘʨʘʥʪʠʡ ʠʭ ʚʦʟʚʨʘʪʘ, ʯʪʦ ʩʥʠʟʠʪ ʨʘʩʭʦʜʳ ʥʘ ʠʭ 

ʦʙʩʣʫʞʠʚʘʥʠʝ. ʕʪʦʪ ʠ ʜʨʫʛʠʝ ʬʘʢʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʬʠʥʘʥʩʦʚʘʷ 

ʜʝʷʪʝʣʴʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʦʡ ʧʨʠ ʩʪʨʘʪʝʛʠʯʝʩʢʦʤ ʧʣʘʥʠʨʦʚʘʥʠʠ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʬʠʨʤʳ. ɸ ʝʝ ʬʠʥʘʥʩʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʪʨʝʙʫʝʪ ʧʨʠʥʷʪʠʷ ʚʧʦʣʥʝ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʨʝʰʝʥʠʡ ʧʨʠ ʚʳʙʦʨʝ ʪʦʡ ʠʣʠ ʠʥʦʡ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʩʪʨʘʪʝʛʠʠ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʬʠʥʘʥʩʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʬʠʨʤʳ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʬʘʢʪʦʨʦʚ 

ʧʨʠ ʚʳʙʦʨʝ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ, ʦʩʦʙʝʥʥʦ ʚ ʫʩʣʦʚʠʷʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʪʨʫʜʥʦʩʪʝʡ 

ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʘʭ ʨʦʩʪʘ ʵʢʦʥʦʤʠʢʠ ʩʪʨʘʥʳ. 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ɸʰʠʨʦʚ ɺ. ʂ. ʠ ʜʨ. ʄʝʪʦʜʠʢʘ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʧʨʝʜʧʨʠʷʪʠʷ / ɺ. ʂ. ɸʰʠʨʦʚ, ʉ. ɺ. ʂʣʠʤʝʥʪʴʝʚʘ // ʉʦʩʪʦʷʥʠʝ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ 

ʵʢʦʥʦʤʠʢʠ ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ: ʩʙ. ʩʪ. ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ. 19 ʬʝʚʨʘʣʷ 2014 ʛ.: / ʦʪʚ. ʨʝʜ. ɸ. ɸ. ʉʫʢʠʘʩʷʥ. ʋʬʘ: ʈʀʎ ɹʘʰɻʋ, 2014. ʉ. 

22-25.  
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ʊɽʍʅʀʂʆ-ʕʂʆʅʆʄʀʏɽʉʂʀʁ ɸʅɸʃʀɿ ʂʆʉʄʀʏɽʉʂʆɻʆ ʊʋʈʀɿʄɸ 

ʇʪʠʮʳʥ ʉ. ɼ., ʍʨʦʤʦʚʘ ɸ. ɺ., ʉʘʚʠʥ ɸ. ɻ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʘʥʘʣʠʟʘ ʟʘʚʠʩʠʤʦʩʪʠ ʩʪʦʠʤʦʩʪʠ ʪʫʨʠʩʪʠʯʝ-

ʩʢʦʛʦ ʧʦʣʸʪʘ ʚ ʢʦʩʤʦʩ ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʨʝʜʩʪʚʘ. ɻʣʘʚʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ 

ʪʫʨʠʩʪʠʯʝʩʢʦʛʦ ʧʦʣʸʪʘ ʚ ʢʦʩʤʦʩ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʷʚʣʷʶʪʩʷ ʢʦʩʤʠʯʝʩʢʠʝ ʢʦʨʘʙʣʠ 

ʩʝʨʠʠ çʉʦʶʟè ʠ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʂʦʩʤʠʯʝʩʢʘʷ ʉʪʘʥʮʠʷ (ʄʂʉ) [1]. ʉʪʦʠʤʦʩʪʴ ʦʜʥʦʛʦ 

ʟʘʧʫʩʢʘ çʉʦʶʟ ʊʄɸ-ʄè ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʝʪ 60 ʤʣʥ. ʜʦʣʣʘʨʦʚ. ʎʝʥʘ ʢʦʤʤʝʨʯʝʩʢʦʛʦ 

ʧʫʪʝʰʝʩʪʚʠʷ ʚ ʢʦʩʤʦʩ ʥʘʭʦʜʠʪʩʷ ʥʘ ʫʨʦʚʥʝ 52 ʤʣʥ. ʜʦʣʣʘʨʦʚ (ʈʠʩ) [2]. 

 
ʈʠʩ. 1. ʉʪʦʠʤʦʩʪʴ ʟʘʧʫʩʢʘ ʢʦʩʤʠʯʝʩʢʦʛʦ ʢʦʨʘʙʣʷ ʠ ʩʪʦʠʤʦʩʪʴ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʧʫʪʝʰʝʩʪʚʠʷ ʚ 

ʢʦʩʤʦʩ 

ʀʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʘʥʥʳʭ ʚʳʪʝʢʘʝʪ ʧʨʦʙʣʝʤʘʪʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

- ʆʙʦʩʥʦʚʘʥʥʦʩʪʴ ʩʪʦʣʴ ʚʳʩʦʢʦʛʦʮʝʥʦʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʪʫʨʠʩʪʠʯʝʩʢʠʡ ʧʦʣʸʪ ʚ ʢʦʩʤʦʩ; 

- ʇʦʠʩʢ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʧʫʪʝʡ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʦʙʦʩʥʦʚʘʥʥʦʩʪʠ ʮʝʥʦʦʙʨʘʟʦʚʘʥʠʷ. 

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʜʘʥʥʳʝ ʦ ʚʭʦʜʷʱʝʡ ʩʝʙʝʩʪʦʠʤʦʩʪʠʜʦʩʪʫʧʥʳ ʣʠʰʴ 

ʩʦʪʨʫʜʥʠʢʘʤ ʦʨʛʘʥʠʟʘʮʠʠ SPACEADVENTURE, ʢʦʪʦʨʘʷ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʧʦʜʦʙʥʳʝ 

ʫʩʣʫʛʠ, ʥʘʤʠ ʙʳʣʘ ʧʨʠʤʝʥʝʥʘ ʤʦʜʝʣʴ çʯʝʨʥʦʛʦ ʷʱʠʢʘè [3] ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʮʝʥʝ 

ʧʫʪʝʰʝʩʪʚʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʙʳʣʦ ʧʨʝʜʧʦʣʦʞʝʥʦ, ʯʪʦ ʩʪʦʠʤʦʩʪʴ ʧʫʪʝʰʝʩʪʚʠʷ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ: 

1) ʇʨʠʦʙʨʝʪʝʥʠʝ ʤʝʩʪʘ ʥʘ ʢʦʩʤʠʯʝʩʢʦʤ ʢʦʨʘʙʣʝ çʉʦʶʟè; 

2) ʌʠʟʠʯʝʩʢʫʶ ʠ ʧʩʠʭʦʣʦʛʠʯʝʩʢʫʶ ʧʦʜʛʦʪʦʚʢʫ ʚ çɿʚʸʟʜʥʦʤ ʛʦʨʦʜʢʝè; 

3) ʆʧʣʘʪʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʪʫʨʠʩʪʘ; 

4) ʈʠʩʢʠ, ʢʦʪʦʨʳʝ ʥʝʩʫʪ ʢʦʤʧʘʥʠʷ ʠ ʫʯʘʩʪʥʠʢʠ ʧʦʣʸʪʘ. 

ʆʜʥʠʤ ʠʟ ʚʘʨʠʘʥʪʦʚ ʨʝʰʝʥʠʷ ʩʣʦʞʠʚʰʝʡʩʷ ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʫʙʦʨʙʠʪʘʣʴʥʦʛʦ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ. ʆʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ 

ʩʘʤʦʣʸʪ, ʩʧʦʩʦʙʥʳʡ ʧʦʜʥʷʪʴʩʷ ʥʘ ʚʳʩʦʪʫ ʜʦ 120 ʢʤ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʫʚʠʜʝʪʴ ɿʝʤʣʶ ʠʟ 

ʢʦʩʤʦʩʘ ʠ ʧʦʯʫʚʩʪʚʦʚʘʪʴ ʥʝʚʝʩʦʤʦʩʪʴ. ʉʪʦʠʤʦʩʪʴ ʪʘʢʦʛʦ ʧʫʪʝʰʝʩʪʚʠʷ ʦʨʠʝʥʪʠʨʦʚʦʯʥʦ 

ʩʦʩʪʘʚʠʪ 200 ʪʳʩ. ʜʦʣʣʘʨʦʚ[4]. ʊʘʢʘʷ ʙʦʣʴʰʘʷ ʨʘʟʥʠʮʘ ʚ ʮʝʥʝ ʜʦʩʪʠʛʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʜʣʷ 

ʟʘʧʫʩʢʘ ʩʫʙʦʨʙʠʪʘʣʴʥʦʛʦ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʥʫʞʥʦ ʟʘʪʨʘʪʠʪʴ ʥʘʤʥʦʛʦ ʤʝʥʴʰʝ 

ʫʩʠʣʠʡ ʠ ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʩʨʘʚʥʝʥʠʷ ʩ ʟʘʧʫʩʢʦʤ ʢʦʩʤʠʯʝʩʢʦʛʦ ʢʦʨʘʙʣʷ çʉʦʶʟè. 

ɽʜʠʥʩʪʚʝʥʥʦʡ ʧʨʦʙʣʝʤʦʡ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʠʚʝʜʝʥʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʷʚʣʷʝʪʩʷ 
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ʪʦ, ʯʪʦ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʙʳʣʦ ʥʠ ʦʜʥʦʛʦ ʧʦʣʥʦʮʝʥʥʦʛʦ ʟʘʧʫʩʢʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʜʘʥʥʦʝ 

ʥʘʧʨʘʚʣʝʥʠʝ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʠ ʠʤʝʝʪ ʧʦʪʝʥʮʠʘʣ. 

ʈʝʟʫʣʴʪʘʪʘʤʠ ʨʘʙʦʪʳ ʷʚʣʷʶʪʩʷ:  

- ʜʝʪʘʣʴʥʦʝ ʨʘʩʩʤʦʪʨʝʥʠʝ ʨʳʥʢʘ ʪʫʨʠʩʪʠʯʝʩʢʠʭ ʧʦʣʸʪʦʚ ʚ ʢʦʩʤʦʩ ʩ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝʤ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ ʧʨʦʝʢʪʠʨʫʝʤʳʭ ʩʨʝʜʩʪʚ; 

- ʧʨʦʚʝʜʝʥʠʝ ʘʥʘʣʠʟʘ ʩʪʦʠʤʦʩʪʠ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʧʦʣʸʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʦʜʝʣʠ çʯʝʨʥʦʛʦ ʷʱʠʢʘè; 

- ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʩʪʦʠʤʦʩʪʠ ʧʦʣʸʪʘ ʩ ʠʩʧʦʣʴʟʫʝʤʳʤ ʪʝʭʥʠʯʝʩʢʠʤ ʩʨʝʜʩʪʚʦʤ;  

- ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʦʙʦʩʥʦʚʘʥʥʦʩʪʠ 

ʮʝʥʦʦʙʨʘʟʦʚʘʥʠʷ ʧʫʪʸʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʫʙʦʨʙʠʪʘʣʴʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ. 

ʂʦʩʤʦʩ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʯʝʣʦʚʝʯʝʩʪʚʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʢʘʢ 

ʤʝʩʪʦ ʜʣʷ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʦ ʪʘʢʞʝ ʢʘʢ ʤʝʩʪʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʠʙʳʣʠ. ʀ ʜʣʷ 

ʵʪʦʡ ʮʝʣʠ ʩʦʟʜʘʶʪʩʷ ʥʦʚʳʝ ʠʥʜʫʩʪʨʠʠ ʠ ʦʪʨʘʩʣʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʯʪʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʦʪʨʘʟʠʪʩʷ ʥʘ ʞʠʟʥʠ ʯʝʣʦʚʝʯʝʩʪʚʘ ʚ ʙʣʠʞʘʡʰʠʝ ʜʝʩʷʪʠʣʝʪʠʷ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʟʘʧʦʣʥʷʶʪ ʧʨʦʙʝʣ ʚ ʟʥʘʥʠʷʭ ʦ ʢʦʩʤʠʯʝʩʢʦʤ ʪʫʨʠʟʤʝ ʠ ʜʘʶʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʩʪʦʠʤʦʩʪʠ 

ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʧʦʣʸʪʘ, ʘ ʪʘʢʞʝ ʦ ʧʫʪʷʭ ʩʥʠʞʝʥʠʠ ʮʝʥʳ ʚ ʙʣʠʞʘʡʰʝʤ ʙʫʜʫʱʝʤ.  
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ʂʆʈʈʋʇʎʀʗ ʂɸʂ ʌɸʂʊʆʈ ʕʂʆʅʆʄʀʏɽʉʂʆɻʆ ʂʈʀɿʀʉɸ  

ɺ ʈʆʉʉʀʁʉʂʆʁ ʌɽɼɽʈɸʎʀʀ 

ʈʘʩʩʘʜʠʥ ɸ. ɸ., ʇʨʦʭʦʨʦʚ ɼ. ɺ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʟʨʝʣʘ ʦʙʲʝʢʪʠʚʥʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʠʤʝʶʱʠʭʩʷ ʚʟʛʣʷʜʦʚ ʠ ʨʘʟʚʠʪʠʷ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʙʘʟʳ, ʩʚʷʟʘʥʥʦʡ ʩ 

ʧʦʥʷʪʠʝʤ çʢʦʨʨʫʧʮʠʷè, ʘ ʪʘʢʞʝ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʢʦʤʧʣʝʢʩʘ ʜʝʡʩʪʚʝʥʥʳʭ ʧʦʣʠʪʠʯʝʩʢʠʭ 

ʤʝʭʘʥʠʟʤʦʚ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʢʦʨʨʫʧʮʠʠ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ɺʩʝ ʵʪʦ ʧʦʟʚʦʣʠʣʦ 

ʦʧʨʝʜʝʣʠʪʴ ʦʙʲʝʢʪ ʠ ʧʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʝʛʦ ʮʝʣʴ ʠ ʟʘʜʘʯʠ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʢʦʨʨʫʧʮʠʷ ʢʘʢ ʦʙʱʝʩʪʚʝʥʥʦ ʦʧʘʩʥʦʝ ʷʚʣʝʥʠʝ, 

ʝʝ ʩʫʱʥʦʩʪʴ, ʩʦʜʝʨʞʘʥʠʝ ʠ ʬʦʨʤʳ ʧʨʦʷʚʣʝʥʠʷ ʚ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʦʙʱʝʩʪʚʘ. 

ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʧʨʦʙʣʝʤʳ ʧʨʝʦʜʦʣʝʥʠʷ ʢʦʨʨʫʧʮʠʠ ʚ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʠʪ ʚ ʘʥʘʣʠʟʝ ʢʦʨʨʫʧʮʠʠ ʢʘʢ ʥʝʛʘʪʠʚʥʦʛʦ ʩʦʮʠʘʣʴʥʦʛʦ 

ʷʚʣʝʥʠʷ, ʝʝ ʚʣʠʷʥʠʷ ʥʘ ʥʘʮʠʦʥʘʣʴʥʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʵʢʦʥʦʤʠʢʫ ʈʦʩʩʠʠ, ʨʘʟʨʘʙʦʪʢʘ ʠ 

ʦʙʦʩʥʦʚʘʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʚʳʚʦʜʦʚ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʝʜʣʦʞʝʥʠʡ ʧʦ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʨʛʘʥʦʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʚʣʘʩʪʠ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ, ʦʙʱʝʩʪʚʝʥʥʳʭ ʦʙʲʝʜʠʥʝʥʠʡ ʧʦ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʶ ʢʦʨʨʫʧʮʠʠ. 

ʇʨʠ ʥʘʧʠʩʘʥʠʠ ʤʘʪʝʨʠʘʣʘ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ 

ʩʣʝʜʫʶʱʠʝ ʨʘʟʜʝʣʳ: 

- ʂʦʨʨʫʧʮʠʷ ʠ ʪʝʥʝʚʘʷ ʵʢʦʥʦʤʠʢʘ 

- ʉʪʨʘʪʝʛʠʠ ʠ ʧʨʦʝʢʪʳ ʧʦ ʧʣʘʥʦʚʦʤʫ ʧʦʥʠʤʘʥʠʶ ʠ ʨʘʟʨʝʰʝʥʠʠ ʩʣʦʞʥʳʭ 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʠʪʫʘʮʠʡ  

- ʇʨʦʪʠʚʦʜʝʡʩʪʚʠʝ ʢʦʨʨʫʧʮʠʠ ʢʘʢ ʬʘʢʪʦʨ ʚʳʭʦʜʘ ʠʟ ʢʨʠʟʠʩʘ 
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ɹɸʅʂʆɺʉʂɸʗ ʉʀʉʊɽʄɸ. 

ʆʉʆɹɽʅʅʆʉʊʀ ʆʇʊʀʄʀɿɸʎʀʀ ʅɸ ʇʈʀʄɽʈɽ ʉɹɽʈɹɸʅʂɸ ʈʆʉʉʀʀ 

ʈʝʟʥʠʯʝʥʢʦ ʃ. ɺ., ʗʢʫʥʠʥʘ ɸ. ɸ., ʉʘʚʠʥ ɸ. ɻ. 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ, ʛ. ʉʘʤʘʨʘ 

ɺ ʫʩʣʦʚʠʷʭ ʞʝʩʪʢʦʡ ʢʦʥʢʫʨʝʥʮʠʠ ʩʦʚʨʝʤʝʥʥʳʡ ʢʦʤʤʝʨʯʝʩʢʠʡ ʙʘʥʢ ʚʳʥʫʞʜʝʥ 

ʧʦʩʪʦʷʥʥʦ ʙʦʨʦʪʴʩʷ ʟʘ ʩʚʦʠʭ ʢʣʠʝʥʪʦʚ ʠ ʠʭ ʨʝʩʫʨʩʳ, ʧʨʝʜʣʘʛʘʪʴ ʥʦʚʳʝ ʙʘʥʢʦʚʩʢʠʝ 

ʧʨʦʜʫʢʪʳ ʠ ʫʩʣʫʛʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʝʤʫ ʠ ʝʛʦ ʢʣʠʝʥʪʘʤ ʥʝʦʙʭʦʜʠʤʫʶ ʧʨʠʙʳʣʴ, 

ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʩʚʦʶ ʥʘʜʝʞʥʦʩʪʴ, ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʩʧʦʩʦʙʥʦʩʪʴ ʙʳʩʪʨʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ 

ʠʟʤʝʥʝʥʠʷ ʨʳʥʦʯʥʦʡ ʢʦʥʲʶʥʢʪʫʨʳ. 

 ʎʝʣʴ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʠʟʫʯʠʪʴ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ 

ʧʨʠʙʳʣʴ ʙʘʥʢʘ ,ʘ ʪʘʢʞʝ ʧʦʜʦʙʨʘʪʴ ʩʮʝʥʘʨʠʠ ʠʭ ʦʧʪʠʤʠʟʘʮʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʚʨʝʤʝʥʥʦʛʦ 

ʧʝʨʠʦʜʘ ʙʳʣʠ ʚʳʙʨʘʥʳ ʧʦʩʣʝʜʥʠʝ 2 ʛʦʜʘ (2015-2016ʛʛ.). ʅʘʤʠ ʙʳʣ ʠʟʫʯʝʥ ʩʝʢʪʨ 

ʢʦʤʤʝʨʯʝʩʢʠʭ ʙʘʥʢʦʚ ʚ ʈʌ. ʄʳ ʩʨʘʚʥʠʣʠ ʯʠʩʪʫʶ ʧʨʠʙʳʣʴ ʟʘ 2015 ʠ 2016 ʛʦʜʳ. ʊʘʢ ʢʘʢ 

ʉʙʝʨʙʘʥʢ ʟʘʥʠʤʘʝʪ ʣʠʜʠʨʫʶʱʠʝ ʧʦʟʠʮʠʠ, ʪʦ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʟʷʪʳ ʠ 

ʨʘʩʩʤʦʪʨʝʥʳ ʜʘʥʥʳʝ ʠʤʝʥʥʦ ʵʪʦʛʦ ʙʘʥʢʘ.  

ʆʙʨʘʪʠʤʩʷ ʢ ʩʪʨʫʢʪʫʨʝ ʙʘʥʢʘ, ʯʪʦʙʳ ʚʳʷʚʠʪʴ ʬʘʢʪʦʨʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʚʣʠʷʪʴ 

ʥʘ ʝʛʦ ʯʠʩʪʫʶ ʧʨʠʙʳʣʴ (ʨʠʩ.1) 

 

ʈʠʩ. 1.ʉʪʨʫʢʪʫʨʘ ʙʘʥʢʘ 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʟʷʪʳ ʬʘʢʪʦʨʳ, ʩʦʩʪʘʚʣʷʶʱʠʝ ʦʩʥʦʚʥʫʶ ʙʘʟʫ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʦʜʫʣʝʡ ʠ ʙʫʭʛʘʣʪʝʨʩʢʦʛʦ ʷʜʨʘ. ɺʩʝʛʦ 15 ʬʘʢʪʦʨʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʦʚʝʜʝʥʥʦʛʦ ʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʛʣʘʚʥʳʝ ʠʟ ʥʠʭ ʟʘ ʢʘʞʜʳʡ ʧʝʨʠʦʜ 

(ʨʠʩ.2). 


