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ɸʢʘʜʝʤʠʠ ʊʝʣʝʚʠʜʝʥʠʷ ʠ ʈʘʜʠʦ; 
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ʉɽʂʎʀʗ 1.  

ɸʈʍʀʊɽʂʊʋʈɸ, ʉʊʈʆʀʊɽʃʔʉʊɺʆ 

 

ʆʉʆɹɽʅʅʆʉʊʀ ʆʎɽʅʂʀ ɺɽʊʈʆɺʆɻʆ ɺʆɿɼɽʁʉʊɺʀʗ 

ʅɸ ɺʓʉʆʊʅʓɽ ɿɼɸʅʀʗ 

ɹʝʢʤʘʤʘʪʦʚʘ ʃʝʥʘʨʘ ʅʘʨʠʤʘʥʦʚʥʘ 

ʤʘʛʠʩʪʨʘʥʪ ʢʘʬʝʜʨʳ ʛʝʦʪʝʭʥʠʢʠ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʟʜʘʥʠʡ 
ʘʨʭʠʪʝʢʪʫʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʬʘʢʫʣʴʪʝʪʘ  
ɸʢʘʜʝʤʠʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʘʨʭʠʪʝʢʪʫʨʳ  
ʌɻɸʆʋ ɺʆ ʂʌʋ ʠʤ. ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦ, 

ʈʌ, ʛ. ʉʠʤʬʝʨʦʧʦʣʴ 

ɸʣʝʢʩʝʝʥʢʦ ɺʘʩʠʣʠʡ ʅʠʢʦʣʘʝʚʠʯ 

ʥʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮ. ʢʘʬʝʜʨʳ ʛʝʦʪʝʭʥʠʢʠ 
ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʟʜʘʥʠʡ ɸʢʘʜʝʤʠʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʘʨʭʠʪʝʢʪʫʨʳ 

ʌɻɸʆʋ ɺʆ ʂʌʋ ʠʤ. ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦ, 
ʈʌ, ʛ. ʉʠʤʬʝʨʦʧʦʣʴ 

ɾʠʣʝʥʢʦ ʆʢʩʘʥʘ ɹʦʨʠʩʦʚʥʘ 

ʥʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮ. ʢʘʬʝʜʨʳ ʛʝʦʪʝʭʥʠʢʠ 
ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʟʜʘʥʠʡ ɸʢʘʜʝʤʠʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʘʨʭʠʪʝʢʪʫʨʳ 

ʌɻɸʆʋ ɺʆ ʂʌʋ ʠʤ. ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦ, 
ʈʌ, ʛ. ʉʠʤʬʝʨʦʧʦʣʴ 

 

ɺʣʠʷʥʠʝ ʚʝʪʨʦʚʳʭ ʥʘʛʨʫʟʦʢ ʥʘ ʚʳʩʦʪʥʳʝ ʠ ʩʚʝʨʭʚʳʩʦʪʥʳʝ ʟʜʘʥʠʷ ʷʚʣʷʝʪʩʷ 

ʧʨʝʚʘʣʠʨʫʶʱʠʤ ʥʘʜ ʠʥʳʤʠ ʥʘʛʨʫʟʢʘʤʠ. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʦʧʨʝʜʝʣʝʥʠʷ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠ ʨʘʩʯʝʪʥʳʭ ʫʩʠʣʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ 

ʚʝʪʨʦʚʦʤ ʚʦʟʜʝʡʩʪʚʠʠ. 

ʋʯʝʪ ʠ ʨʘʩʯʝʪ ʚʝʪʨʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʚʳʩʦʪʥʦʝ ʠ ʩʚʝʨʭʚʳʩʦʪʥʦʝ ʟʜʘʥʠʝ 

ʠʤʝʝʪ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʫʶ ʨʦʣʴ. ʂʦʥʩʪʨʫʢʮʠʠ ʪʘʢʦʛʦ ʨʦʜʘ ʟʜʘʥʠʡ ʪʨʝʙʫʶʪ 

ʥʝʨʘʟʨʳʚʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ, ʧʨʝʜʘʶʱʠʭ ʥʘʛʨʫʟʢʫ ʥʘ ʦʩʥʦʚʘʥʠʝ, ʘ ʪʘʢʞʝ 

ʦʙʝʩʧʝʯʝʥʠʝ ʩʦʛʣʘʩʦʚʘʥʠʷ ʧʝʨʝʜʘʯʠ ʥʘʛʨʫʟʦʢ ʜʣʷ ʢʘʞʜʦʛʦ ʵʪʘʞʘ. ʀʩʭʦʜʷ 

ʠʟ ʥʳʥʝʰʥʠʭ ʪʨʝʙʦʚʘʥʠʡ ʚʣʘʜʝʣʴʮʝʚ ʣʠʙʦ ʘʨʝʥʜʘʪʦʨʦʚ, ʚʘʞʥʘ ʩʚʦʙʦʜʥʘʷ 

ʧʣʘʥʠʨʦʚʢʘ ʧʨʦʩʪʨʘʥʩʪʚ. ʇʦʵʪʦʤʫ ʧʨʠ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʪʦʯʝʢ ʧʝʨʝʜʘʯʠ ʥʘʛʨʫʟʦʢ 
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ʥʘʨʷʜʫ ʩʦ ʩʪʘʪʠʯʝʩʢʦʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴʶ ʫʯʠʪʳʚʘʝʪʩʷ ʠ ʨʘʮʠʦʥʘʣʴʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʣʦʱʘʜʝʡ. 

ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʥʘʛʨʫʟʦʢ, ʪʘʢʠʭ ʢʘʢ ʚʝʪʨʦʚʳʝ 

ʠ ʩʝʡʩʤʠʯʝʩʢʠʝ, ʚ ʩʦʦʨʫʞʝʥʠʠ ʚʦʟʥʠʢʘʶʪ ʜʝʬʦʨʤʘʮʠʠ ʠ ʨʘʟʣʠʯʥʳʝ 

ʢʦʤʧʣʝʢʩʥʳʝ ʜʚʠʞʝʥʠʷ. ɼʝʬʦʨʤʘʮʠʠ ʦʪ ʜʝʡʩʪʚʠʷ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʠʣ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʠʟʛʠʙ, ʩʜʚʠʛʠ ʥʘ ʨʘʟʥʳʭ ʫʨʦʚʥʷʭ ʩʦʦʨʫʞʝʥʠʷ, 

ʦʧʨʦʢʠʜʳʚʘʥʠʝ, ʥʘʢʣʦʥ, ʧʨʝʣʦʤʣʝʥʠʝ, ʢʨʫʯʝʥʠʝ, ʢʦʣʝʙʘʥʠʷ (ʨʠʩ.1) 

 

 

ʈʠʩʫʥʦʢ 1. ɼʝʬʦʨʤʘʮʠʠ ʚʳʩʦʪʥʳʭ ʟʜʘʥʠʡ ʦʪ ʜʝʡʩʪʚʠʷ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʠʣ 

 

ʆʙʝʩʧʝʯʝʥʠʝ ʩʪʘʪʠʯʝʩʢʦʡ ʥʘʜʝʞʥʦʩʪʠ ʟʜʘʥʠʷ ï ʦʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʠʥʞʝʥʝʨʘ, 

ʦʜʥʘʢʦ ʧʨʠ ʚʦʟʚʝʜʝʥʠʠ ʩʚʝʨʭʚʳʩʦʪʥʦʛʦ ʟʜʘʥʠʷ ʨʘʩʯʝʪʳ ʚʝʪʨʦʚʳʭ ʥʘʛʨʫʟʦʢ 

ʠ ʠʭ ʚʦʟʜʝʡʩʪʚʠʝ ʠʤʝʶʪ ʚʝʩʦʤʫʶ ʟʥʘʯʠʤʦʩʪʴ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʨʝʘʢʮʠʠ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʰʫʤʦʚ ʦʪ ʚʝʪʨʘ, ʟʘʚʠʭʨʝʥʠʡ ʠ ʧʨ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʚʳʩʦʪʥʳʝ ʟʜʘʥʠʷ, ʚʳʧʦʣʥʝʥʥʳʝ ʠʟ ʩʪʝʢʣʘ, ʙʝʪʦʥʘ ʠ ʤʝʪʘʣʣʘ 

ʠʤʝʶʪ ʙʦʣʴʰʫʶ ʧʦʜʚʝʨʞʝʥʥʦʩʪʴ ʚʝʪʨʦʚʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʚʦʠʭ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ, ʚʦʟʚʦʜʠʤʳʭ ʚ ʙʳʣʳʝ ʚʨʝʤʝʥʘ ʠʟ ʢʠʨʧʠʯʥʦʡ ʢʣʘʜʢʠ. 

ʅʘ ʧʝʨʠʦʜ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʧʝʨʚʳʭ ʚʳʩʦʪʦʢ ʚʦʟʜʝʡʩʪʚʠʝ ʚʝʪʨʦʚʳʭ ʥʘʛʨʫʟʦʢ 

ʥʝ ʫʯʠʪʳʚʘʣʦʩʴ, ʪʘʢ ʢʘʢ ʤʘʩʩʘ ʟʜʘʥʠʷ ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ 

ʩʦʦʪʥʦʰʝʥʠʠ ʚʳʩʦʪʳ ʠ ʨʘʟʤʝʨʦʚ ʚ ʧʣʘʥʝ ʧʦʟʚʦʣʷʣʘ ʦʙʝʩʧʝʯʠʚʘʪʴ ʙʦʢʦʚʫʶ 

ʫʩʪʦʡʯʠʚʦʩʪʴ. ʅʦ ʚ ʜʘʣʴʥʝʡʰʝʤ, ʧʨʠ ʚʦʟʨʘʩʪʘʥʠʠ ʚʳʩʦʪʳ ʟʜʘʥʠʷ ʠ ʧʦʚʳʰʝʥʠʠ 
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ʝʛʦ ʛʠʙʢʦʩʪʠ, ʨʘʩʯʝʪ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʙʦʢʦʚʳʝ ʥʘʛʨʫʟʢʠ ʧʨʠʦʙʨʝʣ 

ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ. 

ʆʪʩʶʜʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʟʘʜʘʯʘ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘ ʟʘʢʣʶʯʘʝʪʩʷ 

ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʚʳʧʦʣʥʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʧʦ ʥʘʜʝʞʥʦʩʪʠ ʚʦʟʚʦʜʠʤʦʛʦ ʟʜʘʥʠʷ ʧʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʚʝʪʨʦʚʳʭ ʥʘʛʨʫʟʦʢ ʠ ʝʛʦ ʧʨʠʛʦʜʥʦʩʪʠ ʢ ʥʦʨʤʘʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʩʨʦʢʘ ʩʣʫʞʙʳ. 

ɿʘʢʦʥʳ ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʭʘ ʠ ʩʠʣʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʣ, 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʝʛʦ ʜʚʠʞʝʥʠʝ ʠʟʫʯʘʶʪʩʷ ʘʵʨʦʜʠʥʘʤʠʢʦʡ. 

ɸʵʨʦʜʠʥʘʤʠʢʘ ʚʳʩʦʪʥʳʭ ʟʜʘʥʠʡ ʠʤʝʝʪ ʩʚʦʶ ʩʧʝʮʠʬʠʢʫ, ʪʘʢ ʢʘʢ ʜʣʷ ʥʠʭ 

ʚʣʠʷʥʠʝ ʥʘʨʫʞʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʠ ʚʝʣʠʯʠʥʳ ʛʨʘʜʠʝʥʪʦʚ 

ʧʝʨʝʤʝʱʝʥʠʷ ʧʦʪʦʢʦʚ ʤʘʩʩʳ ʠ ʵʥʝʨʛʠʠ ʚʥʫʪʨʠ ʟʜʘʥʠʷ ʷʚʣʷʶʪʩʷ ʧʦ ʩʚʦʝʡ 

ʟʥʘʯʠʤʦʩʪʠ ʵʢʩʪʨʝʤʘʣʴʥʳʤʠ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʚʥʝʰʥʝʛʦ ʚʦʟʜʫʭʘ ʧʦʥʠʞʘʝʪʩʷ ʯʝʨʝʟ ʢʘʞʜʳʝ 

150 ʤ ʥʘ 1 Áʉ, ʙʘʨʦʤʝʪʨʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ ʯʝʨʝʟ ʢʘʞʜʳʝ 8ʤ ʥʘ 1ʛʇʘ, ʧʨʠ ʵʪʦʤ 

ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʇʨʦʮʝʩʩ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 

ʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʦʧʠʩʳʚʘʝʪʩʷ ʬʦʨʤʫʣʘʤʠ [1]: 

ὸ ὸ πȢππφυ̖Ὤ,      (1) 

ὴ ὴ ρ ςȢςυυχχ ̖ ρπ ̖ Ὤ Ȣ ,   (2) 

ʛʜʝ: ὸȟὴ - ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʪʝʤʧʝʨʘʪʫʨʘ, Áʉ, ʠ ʜʘʚʣʝʥʠʝ, ʇʘ, ʥʘ ʚʳʩʦʪʝ h, ʤ; 

ὸȟὴ - ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʪʝʤʧʝʨʘʪʫʨʘ, Áʉ, ʠ ʜʘʚʣʝʥʠʝ, ʇʘ, ʫ ʧʦʚʝʨʭʥʦʩʪʴ 

ʟʝʤʣʠ; 

ʀʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ ʧʦ ʚʳʩʦʪʝ ʦʮʝʥʠʚʘʶʪ ʩ ʧʦʤʦʱʴʶ 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʛʦ ʟʘʢʦʥʘ, ʩʪʝʧʝʥʥʦʛʦ ʟʘʢʦʥʘ, ʩʧʠʨʘʣʠ ʕʢʤʘʥʘ [6,7]. ʆʥʠ ʜʘʶʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʠʪʴ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ v ʥʘ ʚʳʩʦʪʝ h, ʝʩʣʠ ʠʟʚʝʩʪʥʘ ʩʢʦʨʦʩʪʴ 

ʚʝʪʨʘ v0 ʥʘ ʚʳʩʦʪʝ h0. ʅʘʧʨʠʤʝʨ, ʩʪʝʧʝʥʥʦʡ ʟʘʢʦʥ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ 

ʧʦ ʚʳʩʦʪʝ ʠʤʝʝʪ ʚʠʜ [1]: 

○▐ ○ ▐Ⱦ▐ ♪,      (3) 

ʛʜʝ: vh ï ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ, ʤ/ʩ, ʥʘ ʚʳʩʦʪʝ h, ʤ; 

v0 ï ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ, ʤ/ʩ, ʠʟʤʝʨʝʥʥʘʷ ʥʘ ʚʳʩʦʪʝ h0, ʤ (ʢʘʢ ʧʨʘʚʠʣʦ, ʩʢʦʨʦʩʪʠ 

ʚʝʪʨʘ ʠʟʤʝʨʷʶʪʩʷ ʥʘ ʚʳʩʦʪʝ 10ï15 ʤ); 
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Ŭ ï ʧʦʢʘʟʘʪʝʣʴ ʩʪʝʧʝʥʠ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʪʠʧʘ ʤʝʩʪʥʦʩʪʠ ʠ ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʡ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ;  

ʆʜʥʘʢʦ, ʙʫʜʝʪ ʣʦʞʥʳʤ ʩʯʠʪʘʪʴ ʣʠʰʴ ʜʘʥʥʳʝ ʧʨʠʤʝʨʳ ʚʝʨʥʳʤʠ ʜʣʷ 

ʨʘʩʯʝʪʘ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ. ʊʘʢ ʢʘʢ ʚʦʟʜʝʡʩʪʚʠʝ ʚʝʪʨʘ ʟʘʚʠʩʠʪ ʦʪ ʨʝʣʴʝʬʘ, ʥʘʣʠʯʠʷ 

ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʥʘ ʵʪʦʡ ʪʝʨʨʠʪʦʨʠʠ, ʦʙʲʝʤʥʦ-ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʩʘʤʦʛʦ ʟʜʘʥʠʷ, ʝʛʦ ʩʢʦʨʦʩʪʴ ʥʘ ʦʜʥʦʡ ʚʳʩʦʪʝ, ʨʘʩʩʯʠʪʘʥʥʘʷ 

ʚ ʫʩʣʦʚʠʷʭ ʧʣʦʪʥʦʡ ʟʘʩʪʨʦʡʢʠ ʠʣʠ ʥʘ ʦʪʢʨʳʪʦʡ ʤʝʩʪʥʦʩʪʠ ʙʫʜʝʪ ʨʘʟʣʠʯʥʘ 

ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʩʯʝʪ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦ ʠʥʳʤ ʬʦʨʤʫʣʘʤ. ʉʢʦʨʦʩʪʴ ʚʝʪʨʘ 

v ʥʘ ʚʳʩʦʪʝ h ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʤʝʩʪʥʦʩʪʠ ʚ ʤʦʜʝʣʠ ʩʪʝʧʝʥʥʦʛʦ ʟʘʢʦʥʘ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ[6]: 

○▐ ○ ♯Ⱦ▐ ♪  ̖ ▐Ⱦ♯♪,    (4) 

ʛʜʝ: ○▐ï ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ, ʤ/ʩ, ʥʘ ʚʳʩʦʪʝ h, ʤ, ʥʘ ʤʝʩʪʥʦʩʪʠ, ʪʠʧ ʢʦʪʦʨʦʡ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʢʘʟʘʪʝʣʝʤ ʩʪʝʧʝʥʠ Ŭ ʠ ʪʦʣʱʠʥʦʡ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ŭ; 

v0 ï ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ, ʤ/ʩ, ʠʟʤʝʨʝʥʥʘʷ ʥʘ ʚʳʩʦʪʝ h0, ʤ, ʥʘ ʤʝʩʪʥʦʩʪʠ, ʪʠʧ 

ʢʦʪʦʨʦʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʢʘʟʘʪʝʣʝʤ ʩʪʝʧʝʥʠ ‌ ʠ ʪʦʣʱʠʥʦʡ ʧʦʛʨʘʥʠʯʥʦʛʦ 

ʩʣʦʷ ‏; 

Ŭ ï ʧʦʢʘʟʘʪʝʣʴ ʩʪʝʧʝʥʠ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʪʠʧʘ ʤʝʩʪʥʦʩʪʠ ʠ ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʡ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ; 

ŭ ï ʪʦʣʱʠʥʘ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ, ʤ, ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʪʠʧʘ ʤʝʩʪʥʦʩʪʠ; 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʥʘ ʬʘʩʘʜʝ 

ʢʚʘʜʨʘʪʥʦʛʦ ʚ ʧʣʘʥʝ ʟʜʘʥʠʷ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʃʝʜʝʥʝʚʳʤ ɺ.ɺ [4] (ʨʠʩ.2) 

ʦʪʦʙʨʘʞʘʶʪ ʚʣʠʷʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʝʪʨʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʚʳʩʦʪʥʳʝ ʟʜʘʥʠʷ, 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ ʨʘʩʯʝʪʝ ʧʦʩʣʝʜʥʠʭ. ɼʘʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʩʢʦʨʦʩʪʴ ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ ʚʝʪʨʘ, ʢʦʪʦʨʘʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʳʩʦʪʳ 

ʟʜʘʥʠʷ ʚʦʟʨʘʩʪʘʝʪ; ʨʘʟʣʠʯʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʠ ʭʘʨʘʢʪʝʨ ʚʝʪʨʘ. ʇʨʠ ʨʘʩʧʦʣʦʞʝʥʠʠ 

ʬʘʩʘʜʘ ʧʦʜ ʫʛʣʦʤ ʦʪ 0 ʜʦ 60Á ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʘ ʩʨʝʜʥʝʝ ʜʘʚʣʝʥʠʝ 

ʥʘ ʬʘʩʘʜʝ ʧʦʣʦʞʠʪʝʣʴʥʦ, ʝʩʣʠ ʞʝ ʵʪʦʪ ʫʛʦʣ ʩʦʩʪʘʚʣʷʝʪ 60-180Á, ʪʦ ʩʨʝʜʥʝʝ 

ʜʘʚʣʝʥʠʝ ï ʦʪʨʠʮʘʪʝʣʴʥʦ. 
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ʈʠʩʫʥʦʢ 2. ɿʥʘʯʝʥʠʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʥʘ ʬʘʩʘʜʝ 

ʢʚʘʜʨʘʪʥʦʛʦ ʚ ʧʣʘʥʝ ʚʳʩʦʪʥʦʛʦ ʟʜʘʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʚʝʪʨʘ 

 

ʆʜʥʘʢʦ, ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʰʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʪʴʩʷ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʠʥʦʡ ʬʦʨʤʳ ʟʜʘʥʠʷ. 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʚʳʩʦʪʥʳʭ ʟʜʘʥʠʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ 

ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ, ʤʠʢʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʠ ʢʣʠʤʘʪʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. 

ʇʦʵʪʦʤʫ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʚʦʟʚʦʜʠʤʳʭ ʟʜʘʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʚʣʘʜʝʪʴ 

ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʚʝʪʨʦʚʦʤ ʨʝʞʠʤʝ ʤʝʩʪʥʦʩʪʠ, ʦ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʚʝʪʨʦʚʳʤ 

ʨʝʞʠʤʦʤ ʤʝʩʪʥʦʩʪʠ ʠ ʥʘʛʨʫʟʢʘʤʠ, ʚʦʟʥʠʢʘʶʱʠʤʠ ʥʘ ʩʦʦʨʫʞʝʥʠʠ, ʘ ʪʘʢʞʝ 

ʨʘʙʦʪʝ ʩʦʦʨʫʞʝʥʠʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʵʪʠʭ ʥʘʛʨʫʟʦʢ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʝʪʨʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʚʳʩʦʪʥʳʝ ʟʜʘʥʠʷ 

ʠ ʚʣʠʷʥʠʝ ʚʦʟʚʝʜʝʥʥʦʛʦ ʟʜʘʥʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʟʘʩʪʨʦʡʢʫ ʚ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ 

ʩ ʧʦʤʦʱʴʶ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʪʨʫʙ ʰʠʨʦʢʦ ʨʘʟʚʠʪʦ ʚ ʉʐɸ, ɽʚʨʦʧʝ ʠ ɸʟʠʠ.  
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ʊʘʢ, ʚ ɻʝʨʤʘʥʠʠ, ʚ ʛʦʨʦʜʝ ɸʘʭʝʥ ʀʥʩʪʠʪʫʪ ʠʥʜʫʩʪʨʠʘʣʴʥʦʡ ʘʵʨʦʜʠʥʘʤʠʢʠ 

ʠʤʝʝʪ ʘʵʨʦʘʢʫʩʪʠʯʝʩʢʫʶ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʫʶ ʪʨʫʙʫ, ʧʦʟʚʦʣʷʶʱʫʶ 

ʤʦʜʝʣʠʨʦʚʘʪʴ ʘʪʤʦʩʬʝʨʥʳʡ ʧʦʪʦʢ ʚʝʪʨʘ ʥʘ ʤʦʜʝʣʷʭ ʚʳʩʦʪʥʳʭ ʟʜʘʥʠʡ 

ʚ ʤʘʩʰʪʘʙʝ ʦʪ 1:150 ʜʦ 1:500 ʠ ʧʦʣʫʯʘʪʴ ʜʘʥʥʳʝ ʧʦ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤ 

ʩʪʨʫʢʪʫʨʥʳʤ ʥʘʛʨʫʟʢʘʤ ʥʘ ʟʜʘʥʠʷ, ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʧʘʥʝʣʴʥʳʤ ʥʘʛʨʫʟʢʘʤ 

ʥʘ ʬʘʩʘʜʳ ʟʜʘʥʠʡ ʠ ʛʨʘʤʦʪʥʳʝ ʦʪʚʝʪʳ ʥʘ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʳʝ ʨʝʰʝʥʠʷ, ʚʢʣʶʯʘʷ 

ʰʫʤʳ ʠ ʘʵʨʦʘʢʫʩʪʠʢʫ [2]. 

ʀʤʝʶʱʠʝʩʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʪʨʫʙʳ ʚ ʈʦʩʩʠʠ (ʚ ʄɻʋ, ɹʘʫʤʘʥʩʢʦʤ 

ʫʥʠʚʝʨʩʠʪʝʪʝ) ʧʦʟʚʦʣʷʶʪ ʧʨʦʜʫʚʘʪʴ ʤʦʜʝʣʠ ʚ ʤʘʣʦʤ ʤʘʩʰʪʘʙʝ, ʯʪʦ ʩʘʤʦ 

ʧʦ ʩʝʙʝ ʩʦʢʨʘʱʘʝʪ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʵʪʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɸʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ 

ʪʨʫʙʳ ʚ ʎɸɻʀ, ʥʘʧʨʦʪʠʚ, ʧʦʟʚʦʣʷʶʪ ʧʨʦʜʫʚʘʪʴ ʤʦʜʝʣʠ ʚ ʙʦʣʴʰʦʤ ʤʘʩʰʪʘʙʝ: 

1:50, 1:75. ʅʦ ʚʩʝ ʵʪʠ ʪʨʫʙʳ ʧʦʢʘ ʥʝ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ ʧʦʪʦʢ ʚʦʟʜʫʭʘ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʦʛʨʘʥʠʯʥʦʤʫ ʩʣʦʶ.  

ʈʝʟʫʣʴʪʘʪʳ ʜʝʡʩʪʚʠʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʣ ʧʦʣʫʯʘʶʪ, ʠʩʧʦʣʴʟʫʷ 

ʠʤʝʶʱʠʝʩʷ ʨʝʰʝʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʘʵʨʦʜʠʥʘʤʠʢʠ ʠ ʜʘʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʦʩʢʦʣʴʢʫ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʠʣʳ ʟʘʚʠʩʷʪ ʦʪ ʚʨʝʤʝʥʠ, 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʝʘʢʮʠʠ ʩʦʦʨʫʞʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʪʦʜʳ ʜʠʥʘʤʠʢʠ 

ʩʦʦʨʫʞʝʥʠʡ. ʇʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʘʵʨʦʫʧʨʫʛʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ, ʪ.ʝ. ʨʘʩʩʤʘʪ-

ʨʠʚʘʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʠ ʠʥʝʨʮʠʦʥʥʳʤʠ ʩʠʣʘʤʠ, 

ʜʝʤʧʬʠʨʦʚʘʥʠʝʤ ʠ ʩʠʣʘʤʠ ʫʧʨʫʛʦʩʪʠ ʩ ʮʝʣʴʶ ʧʨʦʚʝʨʢʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ [2].  

ʉʦʚʨʝʤʝʥʥʳʝ ʚʳʩʦʪʥʳʝ ʟʜʘʥʠʷ ʷʚʣʷʶʪʩʷ ʛʠʙʢʠʤʠ ʠ ʣʝʛʢʠʤʠ, ʚʩʣʝʜʩʪʚʠʝ 

ʵʪʦʛʦ ʦʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʤʝʥʴʰʠʤ ʫʨʦʚʥʝʤ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʨʝʟʦʥʘʥʩʥʦʛʦ ʢʦʣʝʙʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʦʚʤʝʱʝʥʠʷ ʩʦʙʩʪʚʝʥʥʦʡ 

ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ ʩ ʠʥʪʝʨʚʘʣʦʤ ʩʨʝʜʥʠʭ ʯʘʩʪʦʪ ʧʦʚʪʦʨʝʥʠʷ ʧʦʨʳʚʦʚ ʚʝʪʨʘ. 

ʉʫʱʝʩʪʚʫʝʪ ʪʨʠ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷ ʫʤʝʥʴʰʝʥʠʷ ʘʤʧʣʠʪʫʜ ʢʦʣʝʙʘʥʠʡ 

ʩʦʦʨʫʞʝʥʠʡ: 

¶ ʚʳʙʦʨ ʨʘʮʠʦʥʘʣʴʥʳʭ ʬʦʨʤ, ʨʘʟʤʝʨʦʚ ʠ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʦʦʨʫʞʝʥʠʷ; 

¶ ʧʦʚʳʰʝʥʠʝ ʩʧʦʩʦʙʥʦʩʪʠ ʩʦʦʨʫʞʝʥʠʷ ʨʘʩʩʝʠʚʘʪʴ ʵʥʝʨʛʠʶ ʢʦʣʝʙʘʥʠʡ; 
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¶ ʠʟʤʝʥʝʥʠʝ ʭʘʨʘʢʪʝʨʘ ʦʙʪʝʢʘʥʠʷ ʩʦʦʨʫʞʝʥʠʷ (ʠʣʠ ʝʛʦ ʯʘʩʪʠ) ʚʝʪʨʦʚʳʤ 

ʧʦʪʦʢʦʤ ʩ ʮʝʣʴʶ ʫʤʝʥʴʰʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʝʨʝʤʝʥʥʳʭ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʩʠʣ. 

ʈʝʟʦʥʘʥʩʥʦʝ ʫʩʠʣʝʥʠʝ ʨʝʘʢʮʠʠ ʩʦʦʨʫʞʝʥʠʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣ ʚʳʟʚʘʥʦ 

ʪʫʨʙʫʣʝʥʪʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʘʪʤʦʩʬʝʨʳ. ʂʦʣʠʯʝʩʪʚʝʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ 

ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʭʘ ʷʚʣʷʝʪʩʷ ʩʢʦʨʦʩʪʴ. ʎʝʣʝʩʦʦʙʨʘʟʥʦ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʪʴ ʚʝʪʨʦʚʫʶ ʥʘʛʨʫʟʢʫ ʥʘ ʩʨʝʜʥʶʶ ʠ ʧʫʣʴʩʘʮʠʦʥʥʫʶ 

ʩʦʩʪʘʚʣʷʶʱʠʝ. ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʚʳʩʦʪʥʳʭ ʟʜʘʥʠʡ ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ 

ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ, ʧʨʠʥʠʤʘʝʤʘʷ ʚ ʫʩʣʦʚʠʷʭ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ʩ ʧʝʨʠʦʜʦʤ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʨʘʟ ʚ 50 ʣʝʪ. ʉʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ 

ʜʘʥʥʘʷ ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʧʨʝʚʳʰʘʝʪ ʟʥʘʯʝʥʠʝ ʧʦʚʪʦʨʷʝʤʦʩʪʠ, ʨʘʩʩʯʠʪʳʚʘʝʤʦʡ 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʚʦʜʦʤ ʧʨʘʚʠʣ çʅʘʛʨʫʟʢʠ ʠ ʚʦʟʜʝʡʩʪʚʠʷè [8] ʚ 10 ʨʘʟ.  

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʫʯʝʪ ʩʪʝʧʝʥʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʧʨʠʨʦʜʥʦʛʦ ʚʦʟʜʫʰʥʦʛʦ 

ʧʦʪʦʢʘ, ʥʘʙʝʛʘʶʱʝʛʦ ʥʘ ʩʦʦʨʫʞʝʥʠʝ, ʣʦʢʘʣʴʥʦʡ ʠʣʠ çʧʨʠʩʪʝʥʦʯʥʦʡè 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʠ ʟʘʚʠʭʨʝʥʠʡ ʚʦʟʜʫʭʘ, ʚʳʟʳʚʘʝʤʳʝ ʩʘʤʠʤ ʩʦʦʨʫʞʝʥʠʝʤ 

ʠʩʢʣʶʯʘʝʪ ʨʷʜ ʥʝʛʘʪʠʚʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ. ʇʦʩʢʦʣʴʢʫ ʚʩʣʝʜʩʪʚʠʝ ʥʘʙʝʛʘʶʱʝʛʦ 

ʚʝʪʨʘ ʚʦʟʥʠʢʘʶʱʠʝ ʚʠʭʨʠ ʚʳʟʳʚʘʶʪ ʢʨʫʛʦʚʳʝ ʚʦʩʭʦʜʷʱʠʝ ʧʦʪʦʢʠ 

ʠ ʚʩʘʩʳʚʘʶʱʠʝ ʩʪʨʫʠ ʚʙʣʠʟʠ ʟʜʘʥʠʷ, ʠʟ-ʟʘ ʯʝʛʦ ʧʦʷʚʣʷʶʪʩʷ ʥʝʙʦʣʴʰʠʝ 

ʦʱʫʱʘʝʤʳʝ ʢʦʣʝʙʘʥʠʷ.  

ʀʥʪʝʥʩʠʚʥʳʝ ʚʝʪʨʦʚʳʝ ʚʦʟʜʝʡʩʪʚʠʷ ʦʧʨʝʜʝʣʷʶʪ ʚʳʙʦʨ ʦʙʱʝʡ ʬʦʨʤʳ 

ʟʜʘʥʠʷ. ʐʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʙʘʰʝʥʥʳʡ ʪʠʧ, ʩ ʧʦʚʳʰʝʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ 

ʚ ʦʙʦʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. ɼʘʥʥʳʡ ʪʠʧ ʟʜʘʥʠʷ ʠʤʝʝʪ ʨʘʟʚʠʪʦʝ ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ 

ʠ ʦʙʪʝʢʘʝʤʫʶ ʦʙʲʝʤʥʫʶ ʬʦʨʤʫ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʥʠʞʝʥʠʶ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʨʘʩʯʝʪʥʳʭ ʫʩʠʣʠʡ 

ʦʪ ʚʝʪʨʦʚʳʭ ʚʦʟʜʝʡʩʪʚʠʡ.  

ʅʘʨʷʜʫ ʩ ʵʪʠʤ, ʝʩʣʠ ʚ ʩʦʦʨʫʞʝʥʠʷʭ, ʦʙʪʝʢʘʝʤʳʭ ʚʦʟʜʫʰʥʳʤ ʧʦʪʦʢʦʤ, 

ʪʦʯʢʘ ʧʨʠʣʦʞʝʥʠʷ ʨʝʟʫʣʴʪʠʨʫʶʱʝʡ ʚʝʪʨʦʚʦʡ ʥʘʛʨʫʟʢʠ ʥʝ ʩʦʚʧʘʜʘʝʪ ʩ ʮʝʥʪʨʦʤ 

ʞʝʩʪʢʦʩʪʠ ʩʦʦʨʫʞʝʥʠʷ, ʪʦ ʚʦʟʥʠʢʘʶʪ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʤʦʤʝʥʪʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʩʦʦʨʫʞʝʥʠʝ ʠʩʧʳʪʳʚʘʝʪ ʜʝʡʩʪʚʠʝ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ. ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʚʝʪʨʘ 

ʧʦʷʚʣʷʶʪʩʷ ʟʘʚʠʭʨʝʥʠʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ ʚʦʟʥʠʢʘʶʪ ʥʝʧʨʠʷʪʥʳʝ ʟʚʫʢʠ 
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ʦʪ ʧʝʨʝʢʦʩʘ ʢʦʥʩʪʨʫʢʮʠʡ ʰʘʭʪ ʣʠʬʪʦʚ. ʆʪ ʧʨʦʥʠʢʘʥʠʷ ʪʘʢʠʭ ʧʦʪʦʢʦʚ ʯʝʨʝʟ 

ʱʝʣʠ ʚ ʦʢʥʘʭ, ʘ ʪʘʢʞʝ çʟʘʚʳʚʘʥʠʷè ʚʦʢʨʫʛ ʟʜʘʥʠʷ, ʟʘʪʨʫʜʥʷʝʪʩʷ ʥʦʨʤʘʣʴʥʘʷ ʝʛʦ 

ʵʢʩʧʣʫʘʪʘʮʠʷ, ʘ ʪʘʢʞʝ ʧʨʦʷʚʣʷʶʪʩʷ ʥʝʧʨʠʷʪʥʳʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʦʱʫʱʝʥʠʷ 

ʫ ʣʶʜʝʡ, ʞʠʚʫʱʠʭ ʠ ʨʘʙʦʪʘʶʱʠʭ ʚ ʟʜʘʥʠʠ.  

ɺʦ ʠʟʙʝʞʘʥʠʝ ʪʘʢʠʭ ʜʠʩʢʦʤʬʦʨʪʥʳʭ ʫʩʣʦʚʠʡ ʚʳʷʚʣʝʥʳ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦ 

ʦʮʝʥʝʥʳ ʛʨʘʥʠʮʳ ʢʦʤʬʦʨʪʥʦʩʪʠ (ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ʩʚʳʰʝ 5 ʤ/ʩ - ʵʪʦ ʥʘʯʘʣʦ 

ʜʠʩʢʦʤʬʦʨʪʘ, ʩʚʳʰʝ 10 ʤ/ʩ - ʫ ʯʝʣʦʚʝʢʘ ʚʦʟʥʠʢʘʶʪ ʥʝʧʨʠʷʪʥʳʝ ʦʱʫʱʝʥʠʷ, 

ʘ ʩʚʳʰʝ 20 ʤ/ʩ ï ʵʪʦ ʦʧʘʩʥʦʝ ʩʦʩʪʦʷʥʠʝ) ʠ ʩʪʘʜʠʠ ʜʠʩʢʦʤʬʦʨʪʥʦʛʦ ʧʨʝʙʳʚʘʥʠʷ 

ʚ ʧʦʤʝʱʝʥʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ ʫʩʢʦʨʝʥʠʷ ʢʦʣʝʙʘʥʠʡ ʧʝʨʝʢʨʳʪʠʡ ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʫʣʴʩʘʮʠʦʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚʝʪʨʦʚʦʡ ʥʘʛʨʫʟʢʠ ʚ % 

ʦʪ ʫʩʢʦʨʝʥʠʷ ʩʠʣʳ ʪʷʞʝʩʪʠ [3]; ʦʛʨʘʥʠʯʝʥʳ ʚʝʣʠʯʠʥʳ ʧʨʦʛʠʙʘ ʚʝʨʭʘ ʟʜʘʥʠʷ  

(ʩ ʫʯʝʪʦʤ ʢʨʝʥʘ ʬʫʥʜʘʤʝʥʪʦʚ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʛʦ ʚʳʩʦʪʳ, ʘ ʪʘʢʞʝ [5] 

ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʦʱʫʪʠʤʘʷ ʚʝʣʠʯʠʥʘ ʫʩʢʦʨʝʥʠʷ ʢʦʣʝʙʘʥʠʡ - 

0,08 ʤ/ʩ2. 

ɺʳʚʦʜʳ: 

1. ʂʦʥʩʪʨʫʢʮʠʠ ʚʳʩʦʪʥʳʭ ʟʜʘʥʠʡ ʪʨʝʙʫʶʪ ʥʝʨʘʟʨʳʚʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ, 

ʧʨʝʜʘʶʱʠʭ ʥʘʛʨʫʟʢʫ ʥʘ ʦʩʥʦʚʘʥʠʝ.  

2. ɺʳʩʦʪʥʳʝ ʟʜʘʥʠʷ ʷʚʣʷʶʪʩʷ ʛʠʙʢʠʤʠ. ɺʣʠʷʥʠʝ ʚʝʪʨʘ ʥʘ ʥʠʭ ʤʦʞʝʪ ʙʳʪʴ 

ʢʨʠʪʠʯʥʳʤ. ʅʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʩʦʛʣʘʩʦʚʘʥʠʝ ʧʝʨʝʜʘʯʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 

ʥʘʛʨʫʟʦʢ ʜʣʷ ʢʘʞʜʦʛʦ ʵʪʘʞʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʨʘʡʦʥʘ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ.  

3. ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʚʳʩʦʪʥʳʭ ʟʜʘʥʠʡ ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ 

ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ, ʧʨʠʥʠʤʘʝʤʘʷ ʚ ʫʩʣʦʚʠʷʭ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ʩ ʧʝʨʠʦʜʦʤ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʨʘʟ ʚ 50 ʣʝʪ. ʉʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʜʘʥʥʘʷ 

ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʧʨʝʚʳʰʘʝʪ ʟʥʘʯʝʥʠʝ ʧʦʚʪʦʨʷʝʤʦʩʪʠ, ʨʘʩʩʯʠʪʳʚʘʝʤʦʡ 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʚʦʜʦʤ ʧʨʘʚʠʣ çʅʘʛʨʫʟʢʠ ʠ ʚʦʟʜʝʡʩʪʚʠʷè [8] ʚ 10 ʨʘʟ. ʊʘʢʦʝ 

ʨʘʟʣʠʯʠʝ ʪʨʝʙʫʝʪ ʧʨʦʜʦʣʞʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʝʪʨʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʥʘ ʚʳʩʦʪʥʳʝ ʟʜʘʥʠʷ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʤʝʪʦʜʠʢʠ ʧʨʠʥʷʪʠʷ ʫʪʦʯʥʷʶʱʠʭ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. 
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ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 
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http://www.abok.ru/for_spec/articles.php?nid=2662 (ɼʘʪʘ ʦʙʨʘʱʝʥʠʷ: 

13.12.2015) 

2. ɻʝʥʝʨʘʣʦʚ ɺ.ʇ. ʆʩʦʙʝʥʥʦʩʪʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚʳʩʦʪʥʳʭ ʟʜʘʥʠʡ: 

ʫʯʝʙ.ʧʦʩʦʙʠʝ / ɺ.ʇ. ɻʝʥʝʨʘʣʦʚ; ʉʘʤʘʨʩʢ. ʛʦʩ. ʘʨʭ.-ʩʪʨʦʠʪ, ʫʥ-ʪ. - ʉʘʤʘʨʘ, 

2009. - 296 ʩ, ʠʣ. 

3. ʀʥʩʪʠʪʫʪ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʘʨʭʠʪʝʢʪʫʨʳ ʄɻʉʋ [ʵʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] 

http://mgsu.ru/universityabout/Struktura/Instituti/ISA/vysshee-

obrazovanie/aerodinamika-vysotnykh-zdaniy.php (ɼʘʪʘ ʦʙʨʘʱʝʥʠʷ: 18.12.2015) 

4. ʃʝʜʝʥʝʚ ɺ.ɺ ɺʳʩʦʪʥʳʝ ʟʜʘʥʠʷ: ʫʯʝʙ.ʧʦʩʦʙʠʝ / ɺ.ɺ. ʃʝʜʝʥʝʚ; ʊʘʤʙʦʚʩʢ. ʛʦʩ. 

ʪʝʭʥ. ʫʥ-ʪ. - ʊʘʤʙʦʚ, 2014. - 277 ʩ. 

5. ʄɻʉʅ 4-19.05: ʄʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʳʩʦʪʥʳʝ ʟʜʘʥʠʷ ʠ ʢʦʤʧʣʝʢʩʳ: 

ʄʦʩʢʦʚʩʢʠʝ ʛʦʨʦʜʩʢʠʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʥʦʨʤʳ. ï ʄ.: ʆɸʆ ʎʅʀʀʕʇ ʞʠʣʠʱʘ, 

2005. ï 208ʩ. 

6. ʈʝʪʪʝʨ ʕ.ʀ. ɸʨʭʠʪʝʢʪʫʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʘʷ ʘʵʨʦʜʠʥʘʤʠʢʘ. ï ʄ.: ʉʪʨʦʡʠʟʜʘʪ, 

1984. - 294ʩ. ʠʣ. 

7. ʉʠʤʠʫ ʕ., ʉʢʘʥʣʘʥ ʈ. ɺʦʟʜʝʡʩʪʚʠʝ ʚʝʪʨʘ ʥʘ ʟʜʘʥʠʷ ʠ ʩʦʦʨʫʞʝʥʠʷ. ʄ., 1984. 

8. ʉʇ 20.13330.2011 ʅʘʛʨʫʟʢʠ ʠ ʚʦʟʜʝʡʩʪʚʠʷ. ɸʢʪʫʘʣʠʟʠʨʦʚʘʥʥʘʷ ʨʝʜʘʢʮʠʷ 

ʉʅʠʇ 2.01.07-85*: ʉʚʦʜ ʧʨʘʚʠʣ. ï ʄ.: ʄʠʥʨʝʛʠʦʥ ʈʦʩʩʠʠ, 2010. ï 96ʩ. 
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ʉɽʂʎʀʗ 2.  

ʀʅʌʆʈʄɸʎʀʆʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ 

 

ʈɽɸʃʀɿɸʎʀʗ ʇɸʈɸʃʃɽʃʔʅʆɻʆ ɸʃɻʆʈʀʊʄɸ  

ʉʋʄʄʀʈʆɺɸʅʀʗ ʇʆʉʈɽɼʉʊɺʆʄ BOOST.MPI 

ɹʫʣʛʘʢʦʚʘ ʄʘʨʠʷ ʉʝʨʛʝʝʚʥʘ 

ʘʩʧʠʨʘʥʪ, ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ,  
ʌɻɹʆʋ ɺʆ çʆʨʣʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʀ.ʉ.ʊʫʨʛʝʥʝʚʘè, 

ʈʌ, ʛ. ʆʨʸʣ 
 

ʆʜʥʦʡ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʘ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʷ. 

ʇʘʨʘʣʣʝʣʴʥʳʝ ʤʝʪʦʜʳ ʚʳʯʠʩʣʝʥʠʡ ʧʦʟʚʦʣʷʶʪ ʜʦʙʠʪʴʩʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ 

ʚʳʧʦʣʥʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʤʘʣʦʠʟʫʯʝʥʥʘʷ 

ʙʠʙʣʠʦʪʝʢʘ Boost.MPI ʜʣʷ ʉ++, ʢʘʢ ʧʨʦʩʪʦʡ ʠ ʛʠʙʢʠʡ ʠʥʩʪʨʫʤʝʥʪ 

ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʷ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ.  

ʉ ʧʦʤʦʱʴʶ ʙʠʙʣʠʦʪʝʢʠ Boost.MPI ʧʘʨʘʣʣʝʣʴʥʦ ʚʳʯʠʩʣʠʪʴ ʩʫʤʤʫ 

ʪʝʣʝʩʢʦʧʠʯʝʩʢʦʛʦ ʨʷʜʘ. ʀ ʫʩʪʘʥʦʚʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʚʨʝʤʷ ʨʘʙʦʪʳ ʦʪ ʯʠʩʣʘ 

ʧʨʦʮʝʩʩʦʚ.  

ʈʝʘʣʠʟʘʮʠʷ. 

ʉʥʘʯʘʣʘ ʩʣʝʜʫʝʪ ʧʦʩʪʘʚʠʪʴ Boost ʠ MPI, ʘ ʪʘʢʞʝ OpenMPI. ʂʦʤʧʠʣʷʮʠʷ 

ʠ ʟʘʧʫʩʢ ʧʨʦʛʨʘʤʤʳ ʩ ʥʘʟʚʘʥʠʝʤ mpi-boost.cpp, ʥʘʧʨʠʤʝʨ ʥʘ 2-ʭ ʧʨʦʮʝʩʩʘʭ, 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʢʦʤʘʥʜ: 

->mpic++ -o mpi-boost mpi-boost.cpp -lboost_mpi 

->mpirun -np 2 ./mpi-boost 

ʇʝʨʚʳʤ ʰʘʛʦʤ ʚ ʥʘʧʠʩʘʥʠʠ ʧʨʦʛʨʘʤʤʳ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ mpi::invironment 

ʦʙʲʝʢʪʘ, ʩ ʘʨʛʫʤʝʥʪʘʤʠ ʫʢʘʟʘʥʥʳʤʠ ʚ ʬʫʥʢʮʠʠ main(). ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ MPI 

ʚʩʝʛʜʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʢʦʤʤʫʥʠʢʘʪʦʨ, ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ ʙʳʪʴ ʩʦʟʜʘʥ ʢʘʢ 

ʦʙʲʝʢʪ ʪʠʧʘ mpi::comunicator[1]. ʕʪʦʪ ʢʦʤʤʫʥʠʢʘʪʦʨ ʤʦʞʝʪ ʧʦʢʘʟʘʪʴ ʩʢʦʣʴʢʦ 

ʧʨʦʮʝʩʩʦʚ ʟʘʧʫʱʝʥʦ ("size") ʠ ʪʘʢʞʝ ʧʨʠʩʚʘʠʚʘʝʪ ʫʥʠʢʘʣʴʥʳʡ ʥʦʤʝʨ ʢʘʞʜʦʤʫ 

ʧʨʦʮʝʩʩʫ ʦʪ ʥʫʣʷ ʜʦ ʨʘʟʤʝʨʘ ʢʦʤʤʫʥʠʢʘʪʦʨʘ ("rank"). 
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ʇʨʠ ʵʪʦʤ ʚ ʟʘʛʦʣʦʚʢʝ ʧʨʦʛʨʘʤʤʳ ʧʦʜʢʣʶʯʘʶʪʩʷ: 

#include <boost/mpi/environment.hpp> 

#include <boost/mpi/communicator.hpp> 

ʇʨʦʠʟʚʦʜʠʪʩʷ ʩʦʟʜʘʥʠʝ ʦʙʲʝʢʪʦʚ ʚ ʥʘʯʘʣʝ ʨʘʙʦʪʳ: 

int main(intargc, char* argv[]){ 

mpi::environmentenv(argc, argv); 

mpi::communicatorworld; 

ʇʦʣʫʯʠʪʴ ʨʘʥʛ ʧʨʦʮʝʩʩʘ ʠ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʤʦʞʥʦ ʪʘʢʠʤ ʦʙʨʘʟʦʤ: 

rank=world.rank(); 

size=world.size(); 

ʀʪʘʢ, ʥʘʤ ʥʫʞʥʦ ʚʳʯʠʩʣʠʪʴ ʩʫʤʤʫ ʪʝʣʝʩʢʦʧʠʯʝʩʢʦʛʦ ʨʷʜʘ, ʢʦʪʦʨʘʷ ʠʤʝʝʪ 

ʚʠʜ 

ρ

     (1) 

 

ɸ ʠʤʝʥʥʦ ʧʨʦʚʝʨʠʪʴ ʝʛʦ ʩʭʦʜʠʤʦʩʪʴ ʢ ʝʜʠʥʠʮʝ. ʏʪʦʙʳ ʨʘʩʧʘʨʘʣʣʝʣʠʪʴ 

ʚʳʯʠʩʣʝʥʠʝ ʩʫʤʤʳ, ʢʘʞʜʳʡ ʧʨʦʮʝʩʩ ʙʫʜʝʪ ʚʳʯʠʩʣʷʪʴ ʪʦʣʴʢʦ ʯʣʝʥʳ ʨʷʜʘ 

ʥʘʯʠʥʘʷ ʩʦ ʩʚʦʝʛʦ ʥʦʤʝʨʘ, ʪ.ʝ. ʩ rank+1 ʠ ʯʝʨʝʟ ʯʠʩʣʦ ʧʨʦʮʝʩʩʦʚ, ʪ.ʝ. ʯʝʨʝʟ size 

ʠ ʥʘʭʦʜʠʪʴ ʪʦʣʴʢʦ ʠʭ ʩʫʤʤʫ.  

for(i=rank+1; i<=n; i+=size) 

sc+=1./(i*( i+1.)); 

ɼʘʣʝʝ ʵʪʠ ʩʫʤʤʳ ʩ ʢʘʞʜʦʛʦ ʧʨʦʮʝʩʩʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʩʫʤʤʠʨʦʚʘʪʴ.ɼʣʷ 

ʵʪʦʛʦ ʤʳ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʢʦʣʣʝʢʪʠʚʥʦʡ ʦʧʝʨʘʮʠʝʡ Reduce [2]. ʂʦʪʦʨʘʷ 

ʚʳʧʦʣʥʷʝʪ ʦʧʝʨʘʮʠʶ ʩʦ  ʟʥʘʯʝʥʠʝʤ ʧʝʨʝʤʝʥʥʦʡ ʦʪ ʢʘʞʜʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʟʘʥʦʩʠʪ 

ʚ ʥʦʚʫʶ ʧʝʨʝʤʝʥʥʫʶ ʧʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ, ʢʦʪʦʨʳʡ ʭʨʘʥʠʪʩʷ ʥʘ ʩʧʝʮʠʘʣʴʥʦʤ 

ʢʦʨʥʝʚʦʤ ʧʨʦʮʝʩʩʝ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʜʘʥʥʳʤ ʢʦʨʥʝʚʳʤ ʧʨʦʮʝʩʩʦʤ ʙʫʜʝʪ 

ʷʚʣʷʪʴʩʷ ʧʨʦʮʝʩʩ ʩ ʨʘʥʛʦʤ 0. ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʠʪʦʛʦʚʦʡ ʩʫʤʤʳ ʨʷʜʘ 

ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʦʧʝʨʘʮʠʝʡ ʩʫʤʤʠʨʦʚʘʥʠʝ ʩʫʤʤ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʢʘʞʜʦʛʦ 

ʧʨʦʮʝʩʩʘ. ɼʘʥʥʘʷ ʦʧʝʨʘʮʠʷ ʦʙʦʟʥʘʯʘʝʪʩʷ std::plus.  
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ɼʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ reduce ʠ std::plus ʩʣʝʜʫʝʪ ʧʦʜʢʣʶʯʠʪʴ ʚ ʟʘʛʦʣʦʚʢʝ 

ʧʨʦʛʨʘʤʤʳ: 

#include <boost/mpi/collectives.hpp> 

#include <boost/mpi/operations.hpp> 

ɽʩʣʠ sc- ʩʫʤʤʘ ʟʥʘʯʝʥʠʡ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʯʣʝʥʦʚ ʯʣʝʥʘ, ʘ s - ʩʫʤʤʘ 

ʨʷʜʘ, ʠ world - ʢʦʤʤʫʥʠʢʘʪʦʨ, ʪʦ ʚʳʟʦʚ ʬʫʥʢʮʠʠ reduce ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: 

mpi::reduce(world,sc,s,std::plus<double>(),0); 

ʊʦʯʥʦʩʪʴ ʩʫʤʤʳ ʨʷʜʘ ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʯʣʝʥʦʚ ʨʷʜʘ. 

ʇʨʦʜʝʤʦʥʩʪʨʠʨʫʝʤ ʵʪʦ ʥʘ ʧʨʠʤʝʨʝ:  

n = 10, summ = 0.909091 

n = 100, summ = 0.990099 

n = 1000, summ = 0.999001 

n = 10000, summ = 0.9999 

n = 100000, summ = 0.99999 

n = 1000000, summ = 0.999999 

n = 10000000, summ = 1 

ʀʪʘʢ, ʧʨʠ ʙʦʣʴʰʦʤ ʯʠʩʣʝ ʯʣʝʥʦʚ ʨʷʜʘ ʩʫʤʤʘ ʩʪʨʝʤʠʪʩʷ ʢ ʪʦʯʥʦʤʫ 

ʟʥʘʯʝʥʠʶ ʨʘʚʥʦʤʫ 1. 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʚʳʯʠʩʣʠʪʴ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʩʫʤʤʠʨʦʚʘʥʠʷ ʥʘʜʦ ʩʦʟʜʘʪʴ 

ʦʙʲʝʢʪ ʪʠʧʘ mpi::timer, ʜʣʷ ʵʪʦʛʦ ʥʘʜʦ ʧʦʜʢʣʶʯʠʪʴ ʚ ʟʘʛʦʣʦʚʢʝ ʬʘʡʣʘ: 

#include <boost/mpi/timer.hpp> 

ɿʘʧʫʩʢ ʪʘʡʤʝʨʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʢʦʤʘʥʜʦʡ: 

timer.restart(); 

ʘ ʧʦʣʫʯʝʥʠʝ ʚʨʝʤʝʥʠ ʚ ʩʝʢʫʥʜʘʭ ʩ ʤʦʤʝʥʪʘ ʟʘʧʫʩʢʘ: 

time=timer.elapsed(); 

ʉ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʠ elapsed_min(), ʚʦʟʚʨʘʱʘʶʱʘʷ ʤʠʥʠʤʘʣʴʥʦʝ 

ʥʝʥʫʣʝʚʦʝ ʟʥʘʯʝʥʠʝ, ʢʦʪʦʨʦʝ ʬʫʥʢʮʠʷ elapsed() [2] ʤʦʞʝʪ ʚʝʨʥʫʪʴ, ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʧʦʛʨʝʰʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʷ ʚʨʝʤʝʥʠ: 

pogr=timer.elapsed_min(); 
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ʀʪʘʢ, ʧʨʦʛʨʘʤʤʘ ʜʦʣʞʥʘ ʚʳʜʘʚʘʪʴ ʠʪʦʛʦʚʫʶ ʩʫʤʤʫ ʨʷʜʘ, ʚʨʝʤʷ ʨʘʙʦʪʳ 

ʠ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ. ʅʦ ʵʪʦ ʥʘʜʦ ʜʝʣʘʪʴ ʪʦʣʴʢʦ ʜʣʷ ʧʨʦʮʝʩʩʘ ʩ ʨʘʥʛʦʤ 0, 

ʪ.ʢ. ʠʪʦʛʦʚʘʷ ʩʫʤʤʘ ʭʨʘʥʠʪʴʩʷ ʠʤʝʥʥʦ ʥʘ ʥʝʤ: 

if (rank==0) std::cout<< "summ = "<< s << ", time = " << time 

<< ", pogr = " <<pogr<<std::endl; 

 

ʇʦʣʥʳʡ ʢʦʜ ʧʨʠʚʝʜʝʥ ʥʠʞʝ: 

1. #include <boost/mpi/environment.hpp> 

2. #include <boost/mpi/communicator.hpp> 

3. #include <boost/mpi/timer.hpp> 

4. #include <boost/mpi/collectives.hpp> 

5. #include <boost/mpi/operations.hpp> 

6. #include <iostream> 

7.  

8. namespace mpi = boost::mpi;\ 

9.  

10. intmain(intargc, char* argv[]){ 

11. mpi::environment env(argc, argv); 

12. mpi::communicator world; 

13. int rank, size, i,n=10000000; 

14.   double s=0.0,sc=0.0, time=0.0, pogr=0.0; 

15.   rank=world.rank(); 

16.   size=world.size(); 

17. mpi::timer timer; 

18. pogr=timer.elapsed_min(); 

19. timer.restart(); 

20. for(i=rank+1; i<=n; i+=size) 

21. sc+=1./(i*(i+1.)); 

22. mpi::reduce(world,sc,s,std::plus<double>(),0); 

23.   time=timer.elapsed(); 
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24.   if (rank==0) std::cout<< "summ = "<< s << 

     ", time = " << time << ", pogr = " <<pogr<<std::endl; 

25. return 0; 

26. }  

 

ʅʘʤ ʦʩʪʘʣʦʩʴ ʫʩʪʘʥʦʚʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʚʨʝʤʝʥʠ ʚʳʧʦʣʥʝʥʠʷ ʦʪ ʢʦʣʠʯʝʩʪʚʘ 

ʧʨʦʮʝʩʩʦʚ. ʇʨʦʪʝʩʪʠʨʫʝʤ ʧʨʦʛʨʘʤʤʫ ʥʘ 1, 2 ʠ 3 ʧʨʦʮʝʩʩʘʭ: 

maria@hp:~/Boost.MPI$ mpirun -np 1 ./mpi-boost 

summ = 1, time = 0.922882, pogr = 1e-06 

maria@hp:~/Boost.MPI$ mpirun -np 2 ./mpi-boost 

summ = 1, time = 0.553266, pogr = 1e-06 

maria@hp:~/Boost.MPI$ mpirun -np 3 ./mpi-boost 

summ = 1,time = 0.539136, pogr = 1e-06 

ʊʘʢ ʢʘʢ ʧʨʦʛʨʘʤʤʘ ʙʳʣʘ ʟʘʧʫʱʝʥʘ ʥʘ ʜʚʫʭ-ʷʜʝʨʥʦʤ ʧʨʦʮʝʩʩʦʨʝ, ʪʦ ʟʘʤʝʪʥʦ 

ʙʦʣʴʰʦʝ ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ ʚ 1,668062017 ʨʘʟʘ ʧʨʠ ʟʘʧʫʩʢʝ ʜʚʫʭ 

ʧʨʦʮʝʩʩʦʚ. ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʨʘʙʦʪʝ ʥʘ ʦʜʥʦʡ 

ʤʘʰʠʥʝ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʦʣʴʢʦ ʚ 1,0262086 ʨʘʟ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʦʙʨʘʪʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʚʨʝʤʝʥʠ ʚʳʧʦʣʥʝʥʠʷ ʦʪ ʯʠʩʣʘ ʧʨʦʮʝʩʩʦʚ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʯʠʩʣʘ 

ʧʨʦʮʝʩʩʦʚ ʚʨʝʤʷ ʫʤʝʥʴʰʘʝʪʩʷ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. Boost.MPIð [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ð ʈʝʞʠʤ ʜʦʩʪʫʧʘ. ð URL: 

http://www.boost.org/doc/libs/1_60_0/doc/html/mpi.html (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 

05.01.2016) 

2. Douglas Gregor, Matthias Troyer, Boost.MPIVersion 1.0. /Douglas Gregor, 

Matthias Troyer // Trustees of Indiana University. ð 2005-2007. ð A 133. 
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ʇʈʆɻʅʆɿʀʈʆɺɸʅʀɽ ɺʓʈʋʏʂʀ ʈɽʉʊʆʈɸʅʆɺ ɹʓʉʊʈʆɻʆ 

ʇʀʊɸʅʀʗ ʉ ʇʆʄʆʑʔʖ ʀʅʌʆʈʄɸʎʀʆʅʅʓʍ ʉʀʉʊɽʄ 

ɺʦʣʢʦʚʘ ʉʚʝʪʣʘʥʘ ʀʛʦʨʝʚʥʘ 

ʩʪʫʜʝʥʪ ʉʠʙʠʨʩʢʦʛʦ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ɸʵʨʦʢʦʩʤʠʯʝʩʢʦʛʦ ʋʥʠʚʝʨʩʠʪʝʪʘ  
ʠʤ. ʘʢʘʜʝʤʠʢʘ ʄ.ʌ. ʈʝʰʝʪʥʝʚʘ, 

ʈʌ, ʛ. ʂʨʘʩʥʦʷʨʩʢ 

ʂʫʢʘʨʮʝʚ ɺʣʘʜʠʩʣʘʚ ɺʠʢʪʦʨʦʚʠʯ 

ʥʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮ. ʉʠʙʠʨʩʢʦʛʦ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 
ɸʵʨʦʢʦʩʤʠʯʝʩʢʦʛʦ ʋʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ʘʢʘʜʝʤʠʢʘ ʄ.ʌ. ʈʝʰʝʪʥʝʚʘ,  

ʈʌ, ʛ. ʂʨʘʩʥʦʷʨʩʢ 

 

ɺʦʧʨʦʩʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʪʦʠʤʦʩʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ (ʚʳʨʫʯʢʘ, ʧʨʠʙʳʣʴ, 

ʟʘʪʨʘʪʳ ʠ ʜʨ.) ʚʩʝʛʜʘ ʟʘʥʠʤʘʶʪ ʨʫʢʦʚʦʜʩʪʚʦ ʦʨʛʘʥʠʟʘʮʠʠ, ʝʝ ʘʢʮʠʦʥʝʨʦʚ 

ʠ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʠʥʚʝʩʪʦʨʦʚ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʬʦʥʝ ʨʘʟʚʠʪʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʘʥʥʳʡ ʚʦʧʨʦʩ ʩʪʦʠʪ ʛʦʨʘʟʜʦ ʦʩʪʨʝʝ. ɼʣʷ 

ʚʥʫʪʨʝʥʥʝʡ ʨʘʙʦʪʳ ʨʝʩʪʦʨʘʥʘ ʙʳʩʪʨʦʛʦ ʧʠʪʘʥʠʷ ʪʘʢʞʝ ʦʯʝʥʴ ʚʘʞʥʳ ʪʦʯʥʳʝ 

ʧʨʦʛʥʦʟʳ ʚʳʨʫʯʢʠ. ʀʭ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʧʨʠʥʷʪʠʷ ʦʧʝʨʘʪʠʚʥʳʭ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ 

ʨʝʰʝʥʠʡ, ʪʘʢʠʭ ʢʘʢ: ʟʘʢʘʟ ʧʨʦʜʫʢʪʦʚ ʠ ʨʘʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʩʦʩʪʘʚʣʝʥʠʝ 

ʨʘʩʧʠʩʘʥʠʷ ʧʝʨʩʦʥʘʣʘ ʨʝʩʪʦʨʘʥʘ. ʈʫʢʦʚʦʜʩʪʚʦ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʫʧʨʘʚʣʷʶʱʝʝ 

ʟʚʝʥʦ ʨʝʩʪʦʨʘʥʘ ʭʦʯʝʪ ʚʠʜʝʪʴ ʢʘʢ ʤʦʞʥʦ ʙʦʣʝʝ ʪʦʯʥʳʝ ʧʨʦʛʥʦʟʳ, ʥʦ ʩʨʝʜʩʪʚ ʜʣʷ 

ʵʪʦʛʦ ʥʝ ʪʘʢ ʫʞ ʠ ʤʥʦʛʦ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʦʙʩʪʚʝʥʥʳʡ ʚʘʨʠʘʥʪ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʢʨʘʪʢʦʩʨʦʯʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʳʨʫʯʢʠ 

ʨʝʩʪʦʨʘʥʘ ʙʳʩʪʨʦʛʦ ʧʠʪʘʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʡ ʥʝʜʝʣʠ. 

ʊʘʢʠʝ ʢʨʫʧʥʳʝ ʩʝʪʠ ʨʝʩʪʦʨʘʥʦʚ ʙʳʩʪʨʦʛʦ ʧʠʪʘʥʠʷ ʢʘʢ, ʥʘʧʨʠʤʝʨ, KFC, 

McDonaldôs ʠʣʠ Burger King, ʥʝ ʪʘʢ ʦʩʪʨʦ ʥʫʞʜʘʶʪʩʷ ʚ ʢʨʘʪʢʦʩʨʦʯʥʦʤ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʚʳʨʫʯʢʠ, ʢʘʢ ʙʦʣʝʝ ʤʝʣʢʠʝ ʩʝʪʠ ʠʣʠ ʜʘʞʝ ʦʪʜʝʣʴʥʳʝ 

ʟʘʚʝʜʝʥʠʷ. ʇʨʠʯʠʥʦʡ ʵʪʦʤʫ ʷʚʣʷʝʪʩʷ ʧʦʪʦʢ ʛʦʩʪʝʡ, ʢʦʪʦʨʳʡ ʫ ʧʦʜʦʙʥʳʭ 

ʢʨʫʧʥʳʭ ʩʝʪʝʡ ʦʯʝʥʴ ʚʝʣʠʢ, ʠ ʦʥʠ ʪʦʯʥʦ ʟʥʘʶʪ, ʯʪʦ ʧʨʦʜʫʢʪʳ, ʟʘʢʫʧʣʝʥʥʳʝ ʜʣʷ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʙʣʶʜ, ʥʝ ʠʩʧʦʨʪʷʪʩʷ. ɺ ʤʝʣʢʠʭ ʞʝ ʩʝʪʷʭ ʢʨʘʪʢʦʩʨʦʯʥʦʝ 

ʧʣʘʥʠʨʦʚʘʥʠʝ ʚʳʨʫʯʢʠ ʟʥʘʯʠʪ ʤʥʦʛʦ, ʦʥʦ ʧʦʤʦʛʘʝʪ ʜʝʣʘʪʴ ʢʦʨʨʝʢʪʥʳʝ ʟʘʷʚʢʠ 

ʥʘ ʧʨʦʜʫʢʪʳ ʠ ʨʘʩʭʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʯʪʦ ʫʤʝʥʴʰʘʝʪ ʩʧʠʩʘʥʠʷ ʧʨʦʜʫʢʪʦʚ 



 

19 

 

ʠ ʧʦʚʳʰʘʝʪ ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʴ ʛʦʩʪʝʡ, ʚʝʜʴ ʚ ʥʘʣʠʯʠʠ ʚʩʝʛʜʘ ʝʩʪʴ ʚʩʝ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʤʝʥʶ ʙʣʶʜʘ.  

ɺʩʝ ʚʳʰʝʩʢʘʟʘʥʥʦʝ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʡ ʩʪʘʪʴʠ. 

ɺ ʭʦʜʝ ʘʥʘʣʠʟʘ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, 

ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʯʝʛʦ-

ʣʠʙʦ. ɼʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠʤʝʥʥʦ ʚ ʨʝʩʪʦʨʘʥʥʦʤ ʙʠʟʥʝʩʝ ʥʝ ʙʳʣʦ ʥʘʡʜʝʥʦ 

ʥʠ ʦʜʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʪʘʢ ʢʘʢ, ʝʩʣʠ ʪʘʢʦʚʳʝ ʠ ʠʤʝʶʪʩʷ, 

ʪʦ ʥʘʧʠʩʘʥʳ ʧʦʜ ʢʦʥʢʨʝʪʥʳʡ ʨʝʩʪʦʨʘʥ ʠ ʠʭ ʥʝʪ ʚ ʦʪʢʨʳʪʦʤ ʜʦʩʪʫʧʝ. ʀʩʭʦʜʷ 

ʠʟ ʵʪʦʛʦ,  ̫ʧʨʝʜʣʘʛʘʶ ʩʚʦʶ ʚʝʨʩʠʶ ʧʨʦʩʪʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ 

ʨʝʩʪʦʨʘʥʘ ʙʳʩʪʨʦʛʦ ʧʠʪʘʥʠʷ. 

ɺ ʭʦʜʝ ʘʥʘʣʠʟʘ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʚʳʨʫʯʢʫ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʩ ʧʦʤʦʱʴʶ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ 

ʩʛʣʘʞʠʚʘʥʠʷ ʠ ʤʥʦʛʠʤʠ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ. ɺʩʝ ʵʪʠ ʤʝʪʦʜʳ ʪʨʝʙʫʶʪ 

ʦʪ ʫʧʨʘʚʣʝʥʮʝʚ ʩʧʝʮʠʘʣʴʥʳʭ ʟʥʘʥʠʡ ʠ ʥʘʚʳʢʦʚ. ʄʥʦʶ ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ 

ʢʘʢʦʛʦ-ʪʦ ʧʨʦʩʪʦʛʦ ʩʧʦʩʦʙʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʥʝ ʪʨʝʙʫʶʱʝʛʦ ʧʦʜʛʦʪʦʚʢʠ. 

ɽʞʝʜʥʝʚʥʘʷ ʚʳʨʫʯʢʘ ʧʦʜʦʙʥʳʭ ʨʝʩʪʦʨʘʥʦʚ ʧʨʠ ʚʥʫʪʨʝʥʥʠʭ ʨʘʚʥʳʭ 

ʫʩʣʦʚʠʷʭ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʩʣʝʜʫʶʱʠʭ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ: 

¶ ʢʘʣʝʥʜʘʨʥʳʡ ʤʝʩʷʮ; 

¶ ʜʝʥʴ ʥʝʜʝʣʠ; 

¶ ʥʘʯʘʣʦ, ʩʝʨʝʜʠʥʘ ʣʠʙʦ ʢʦʥʝʮ ʤʝʩʷʮʘ; 

¶ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ; 

¶ ʥʘʣʠʯʠʝ ʢʘʢʠʭ-ʣʠʙʦ ʦʩʘʜʢʦʚ; 

¶ ʧʨʘʟʜʥʠʢʠ; 

¶ ʘʢʮʠʠ ʚ ʨʝʩʪʦʨʘʥʝ; 

¶ ʘʢʮʠʠ ʚ ʨʝʩʪʦʨʘʥʘʭ-ʢʦʥʢʫʨʝʥʪʘʭ, ʥʘʭʦʜʷʱʠʭʩʷ ʧʦʙʣʠʟʦʩʪʠ. 

ɽʞʝʜʥʝʚʥʦ ʤʝʥʝʜʞʝʨ ʨʝʩʪʦʨʘʥʘ ʟʘʥʦʩʠʪ ʚ ʧʨʝʜʣʘʛʘʝʤʦʝ ʧʨʠʣʦʞʝʥʠʝ 

ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ 

ʚʳʨʫʯʢʫ ʥʘ ʩʣʝʜʫʶʱʠʡ ʜʝʥʴ, ʥʫʞʥʦ ʚʩʝʛʦ ʣʠʰʴ ʪʫʜʘ ʚʚʝʩʪʠ ʥʫʞʥʳʝ ʤʝʩʷʮ,  

ʜʝʥʴ ʥʝʜʝʣʠ, ʧʨʦʛʥʦʟ ʧʦʛʦʜʳ, ʥʘʣʠʯʠʝ ʧʨʘʟʜʥʠʢʦʚ, ʘʢʮʠʡ ʚ ʩʦʙʩʪʚʝʥʥʦʤ 

ʨʝʩʪʦʨʘʥʝ ʠ ʨʝʩʪʦʨʘʥʘʭ-ʢʦʥʢʫʨʝʥʪʘʭ. ʇʨʠʣʦʞʝʥʠʝ ʦʙʨʘʙʘʪʳʚʘʝʪ ʧʦʣʫʯʝʥʥʳʝ 
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ʜʘʥʥʳʝ, ʩʨʘʚʥʠʚʘʝʪ ʠʭ ʧʦ ʢʘʞʜʦʤʫ ʧʘʨʘʤʝʪʨʫ ʩ ʬʘʢʪʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ 

ʟʘ ʧʨʦʰʣʳʝ ʧʝʨʠʦʜʳ, ʚʚʝʜʝʥʥʳʤʠ ʨʘʥʝʝ, ʠ ʠʟ ʧʦʭʦʞʠʭ ʠʣʠ ʩʦʚʧʘʜʘʶʱʠʭ 

ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ ʜʥʝʡ ʚʳʙʠʨʘʝʪ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʚʳʨʫʯʢʠ ʤʝʪʦʜʦʤ ʧʨʦʩʪʦʛʦ 

ʩʢʦʣʴʟʷʱʝʛʦ ʩʨʝʜʥʝʛʦ.  

ʈʘʩʩʤʦʪʨʠʤ ʤʝʪʦʜ ʧʨʦʩʪʦʛʦ ʩʢʦʣʴʟʷʱʝʛʦ ʩʨʝʜʥʝʛʦ. ʆʥ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, 

ʯʪʦ ʧʨʦʛʥʦʟʠʨʫʝʤʳʡ ʧʦʢʘʟʘʪʝʣʴ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʘʢ ʫʩʨʝʜʥʝʥʥʦʝ ʟʥʘʯʝʥʠʝ 

ʵʪʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʟʘ ʥʝʩʢʦʣʴʢʦ ʧʨʝʜʳʜʫʱʠʭ ʤʦʤʝʥʪʦʚ ʚʨʝʤʝʥʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʧʦʜʦʙʥʦʡ ʦʧʝʨʘʮʠʠ ʧʝʨʚʦʥʘʯʘʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʷʜʘ 

ʩʛʣʘʞʠʚʘʶʪʩʷ, ʧʦʵʪʦʤʫ ʠ ʦʧʝʨʘʮʠʷ ʥʘʟʳʚʘʝʪʩʷ ʩʛʣʘʞʠʚʘʥʠʝʤ ʨʷʜʦʚ ʜʠʥʘʤʠʢʠ. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʬʦʨʤʫʣʘ ʚʳʛʣʷʜʠʪ ʪʘʢ: 

Ὢ В ὼ  

ʛʜʝ: Ὢ ï ʧʨʦʛʥʦʟ ʧʨʦʜʘʞ ʥʘ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ὸ; 

ὔ ï ʯʠʩʣʦ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʤʦʤʝʥʪʦʚ ʚʨʝʤʝʥʠ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʨʘʩʯʝʪʝ 

(ʠʥʪʝʨʚʘʣ ʩʛʣʘʞʠʚʘʥʠʷ);  

ὼ  ï ʨʝʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ὸ . 

ɼʘʥʥʳʤ, ʚʢʣʶʯʝʥʥʳʤ ʚ ʧʨʦʮʝʩʩ ʩʢʦʣʴʟʷʱʝʛʦ ʩʨʝʜʥʝʛʦ, ʧʨʠʩʚʘʠʚʘʝʪʩʷ 

ʦʜʠʥʘʢʦʚʳʡ ʚʝʩ. ɺʝʩ ʦʪʜʝʣʴʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ, ʚʭʦʜʷʱʝʛʦ ʚ ʩʢʦʣʴʟʷʱʝʝ ʩʨʝʜʥʝʝ, 

ʨʘʚʝʥ 1/N, ʠ ʨʘʚʝʥ ʥʫʣʶ ʜʣʷ ʥʘʙʣʶʜʝʥʠʡ, ʦʪʩʫʪʩʪʚʫʶʱʠʭ ʚ ʥʝʤ. 

ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʩʢʦʣʴʟʷʱʝʛʦ ʩʨʝʜʥʝʛʦ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʯʠʩʣʫ 

ʪʦʯʝʢ, ʚʭʦʜʷʱʠʭ ʚ ʩʨʝʜʥʝʝ, ʧʦʵʪʦʤʫ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʯʠʩʣʘ ʪʦʯʝʢ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠʟʤʝʥʠʪʴ ʥʝʚʦʟʤʦʞʥʦ. 

ɺ ʧʨʝʜʣʘʛʘʝʤʦʤ ʧʨʠʣʦʞʝʥʠʠ ʟʘ ʦʩʥʦʚʫ ʙʝʨʝʪʩʷ ʥʝ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʨʦʰʣʳʡ 

ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ, ʘ ʦʪʦʙʨʘʥʥʳʝ ʨʘʥʝʝ ʧʦʭʦʞʠʝ ʧʦ ʧʘʨʘʤʝʪʨʘʤ ʜʥʠ. ɿʥʘʯʝʥʠʷ 

ʚʳʨʫʯʢʠ ʚ ʵʪʠ ʜʥʠ ʩʢʣʘʜʳʚʘʶʪʩʷ ʠ ʜʝʣʷʪʩʷ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʵʪʠʭ ʜʥʝʡ. ʊʝʤ 

ʩʘʤʳʤ ʪʦʯʥʦʩʪʴ ʧʦʜʦʙʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʚʚʝʜʝʥʥʦʡ 

ʚ ʧʨʠʣʦʞʝʥʠʝ ʬʘʢʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʟʘ ʧʨʦʰʣʳʝ ʧʝʨʠʦʜʳ, ʯʝʤ ʙʦʣʴʰʝ ʝʝ, 

ʪʝʤ ʪʦʯʥʝʝ ʨʝʟʫʣʴʪʘʪ. 

ʅʘ ʧʨʠʤʝʨʝ ʩʝʪʠ ʨʝʩʪʦʨʘʥʦʚ çBig Yorkerè ʚ ʛʦʨʦʜʝ ʂʨʘʩʥʦʷʨʩʢ, ʚ ʢʦʪʦʨʳʭ 

ʙʳʣʦ ʚʥʝʜʨʝʥʦ ʜʘʥʥʦʝ ʧʨʠʣʦʞʝʥʠʝ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʦʥʦ ʜʦʚʦʣʴʥʦ 

ʵʬʬʝʢʪʠʚʥʦ. ɺ ʜʘʥʥʳʭ ʨʝʩʪʦʨʘʥʘʭ ʠ ʨʘʥʝʝ ʩʦʙʠʨʘʣʘʩʴ ʚ ʧʨʦʩʪʦʡ ʵʣʝʢʪʨʦʥʥʳʡ 

(

1) 
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ʦʪʯʝʪ ʚʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʷ, ʥʦ ʧʨʦʛʥʦʟʳ ʧʦ ʥʝʡ ʜʝʣʘʣʠʩʴ çʥʘ ʛʣʘʟè, 

ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʢʘʢʠʭ-ʣʠʙʦ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. ʉ ʚʥʝʜʨʝʥʠʝʤ 

ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʤʝʥʝʜʞʝʨʳ ʨʝʩʪʦʨʘʥʘ ʤʦʛʫʪ ʜʝʣʘʪʴ ʛʦʨʘʟʜʦ ʙʦʣʝʝ 

ʪʦʯʥʳʝ ʧʨʦʛʥʦʟʳ ʚʳʨʫʯʢʠ ʩʨʦʢʦʤ ʜʦ ʥʝʜʝʣʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʜʝʣʘʪʴ ʙʦʣʝʝ 

ʢʦʨʨʝʢʪʥʳʝ ʟʘʷʚʢʠ ʥʘ ʧʨʦʜʫʢʪʳ. ɿʘ ʤʝʩʷʮ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʳʰʝʦʧʠʩʘʥʥʦʛʦ 

ʧʨʠʣʦʞʝʥʠʷ ʚ ʰʝʩʪʠ ʨʝʩʪʦʨʘʥʘʭ ʩʝʪʠ ʫʜʘʣʦʩʴ ʫʤʝʥʴʰʠʪʴ ʦʩʪʘʪʢʠ ʥʘ ʩʢʣʘʜʘʭ 

ʚ ʩʨʝʜʥʝʤ ʥʘ 40-50 ʪʳʩ. ʨʫʙʣʝʡ ʠ ʠʟʙʝʞʘʪʴ ʥʝʭʚʘʪʢʠ ʧʨʦʜʫʢʪʦʚ, ʧʨʠ ʵʪʦʤ 

ʧʨʠʣʦʞʝʥʠʝ ʘʙʩʦʣʶʪʥʦ ʙʝʩʧʣʘʪʥʦ. ɼʘʥʥʳʡ ʬʘʢʪ, ʥʝʩʦʤʥʝʥʥʦ, ʧʦʟʚʦʣʠʣ 

ʠʟʙʝʞʘʪʴ ʵʬʬʝʢʪʘ çʤʝʨʪʚʳʭ ʟʘʪʨʘʪè ʠ ʪʝʤ ʩʘʤʳʤ ʫʚʝʣʠʯʠʪʴ ʯʠʩʪʫʶ ʧʨʠʙʳʣʴ 

ʨʝʩʪʦʨʘʥʦʚ, ʯʪʦ ʜʦʢʘʟʳʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʥʦʶ ʧʨʠʣʦʞʝʥʠʷ. 
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ʈɸɿʈɸɹʆʊʂɸ ʇʈʆɻʈɸʄʄʅʆɻʆ ʆɹɽʉʇɽʏɽʅʀʗ  

ʇʆʉʈɽɼʉʊɺʆʄ ʗɿʓʂɸ PYTHON ɼʃʗ ʀʉʉʃɽɼʆɺɸʅʀʗ  

ʄɸʂʉʀʄɸʃʔʅʆɻʆ ʇʆʊʆʂɸ ɺ ʉɽʊʀ 

ɼʦʥʮʦʚʘ ʖʣʠʷ ɸʥʜʨʝʝʚʥʘ 

ʩʪʫʜʝʥʪ, ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, 
 ʌɻɹʆʋ ɺʇʆ çʆʨʣʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ 

ʀ.ʉ.ʊʫʨʛʝʥʝʚʘè, 
ʈʌ, ʛ. ʆʨʝʣ 

 

ʆʜʥʦʡ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ ʜʠʩʢʨʝʪʥʦʡ ʤʘʪʝʤʘʪʠʢʠ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʘ 

ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʦʪʦʢʘ ʚ ʩʝʪʠ. ɽʝ ʨʝʰʝʥʠʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʩʚʷʟʘʥʦ ʩ ʦʧʪʠʤʠʟʘʮʠʝʡ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʫʪʝʡ, ʩʝʪʝʡ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, 

ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ ʬʠʟʠʢʠ ʠ ʭʠʤʠʠ, ʧʨʠʤʝʥʷʝʪʩʷ  

ʚ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʷʭ, ʥʝʢʦʪʦʨʳʭ ʦʧʝʨʘʮʠʷʭ ʥʘʜ 

ʤʘʪʨʠʮʘʤʠ ʠ ʜʣʷ ʨʝʰʝʥʠʷ ʨʦʜʩʪʚʝʥʥʳʭ ʟʘʜʘʯ ʪʝʦʨʠʠ ʛʨʘʬʦʚ. ʇʦʤʠʤʦ ʵʪʦʛʦ 

ʟʘʜʘʯʘ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʨʘʩʧʠʩʘʥʠʷ ʘʚʠʘʨʝʡʩʦʚ, 

ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʟʘʜʘʯ ʚ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʘʭ, ʦʙʨʘʙʦʪʢʝ ʮʠʬʨʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ 

ʠ ʨʘʩʧʦʣʦʞʝʥʠʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ɼʅʂ. ʇʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʜʘʥʥʦʡ 

ʟʘʜʘʯʠ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʚʦʩʪʨʝʙʦʚʘʥʥʦʡ, ʥʦ ʧʨʠ ʵʪʦʤ ʥʝ ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʦʡ 

ʚ ʩʠʣʫ ʦʩʦʙʝʥʥʦʩʪʝʡ ʘʣʛʦʨʠʪʤʦʚ ʥʘ ʛʨʘʬʘʭ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥ 

ʘʣʛʦʨʠʪʤ ʌʦʨʜʘ-ʌʘʣʢʝʨʩʦʥʘ, ʥʘ ʢʦʪʦʨʦʤ ʚ ʪʝʯʝʥʠʠ ʨʷʜʘ ʣʝʪ ʙʘʟʠʨʦʚʘʣʦʩʴ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʘʥʥʦʡ ʟʘʜʘʯʠ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ. ʊʨʘʥʩʧʦʨʪʥʘʷ ʩʝʪʴ ï ʵʪʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʛʨʘʬ 

G(E,U), ʛʜʝ E ï ʤʥʦʞʝʩʪʚʦ ʚʝʨʰʠʥ ʛʨʘʬʘ, U ï ʤʥʦʞʝʩʪʚʦ ʜʫʛ. ʆʩʥʦʚʥʳʝ 

ʧʦʥʷʪʠʷ, ʪ.ʢ. çʠʩʪʦʢè, çʩʪʦʢè, çʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʜʫʛʠè, çʧʦʪʦʢè  

ʠ  çʥʘʩʳʱʝʥʥʘʷ ʜʫʛʘè ʜʘʶʪʩʷ ʚ [1, ʩ. 236]. 

ɿʘʜʘʯʘ ʦ ʤʘʢʩʠʤʘʣʴʥʦʤ ʧʦʪʦʢʝ: ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʪʘʢʦʡ ʧʦʪʦʢ, ʯʪʦʙʳ 

ʚʝʣʠʯʠʥʘ В ὪόÍ  ʧʨʠʥʠʤʘʣʘ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ [2, ʩ. 363]. 

ɸʣʛʦʨʠʪʤ ʌʦʨʜʘ-ʌʘʣʢʝʨʩʦʥʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʪʝʨʘʮʠʦʥʥʦʤ ʧʦʩʪʨʦʝʥʠʠ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʦʪʦʢʘ ʧʫʪʝʤ ʧʦʠʩʢʘ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʫʚʝʣʠʯʠʚʘʶʱʝʡ ʮʝʧʠ. 
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ɺʚʝʜʝʤ ʦʙʦʟʥʘʯʝʥʠʷ: 

ό­ - ʩʠʤʚʦʣ, ʦʙʦʟʥʘʯʘʶʱʠʡ ʩʦʚʧʘʜʝʥʠʝ ʦʨʠʝʥʪʘʮʠʠ ʜʫʛʠ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ 

ʧʨʦʭʦʞʜʝʥʠʷ ʮʝʧʠ; 

ό« - ʩʠʤʚʦʣ, ʦʙʦʟʥʘʯʘʶʱʠʡ ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʦʨʠʝʥʪʘʮʠʶ ʜʫʛʠ 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʘʧʨʘʚʣʝʥʠʶ ʧʨʦʭʦʞʜʝʥʠʷ ʮʝʧʠ;  

d(u)=c(ό­)-f(ό­),  f*=min f(ό«), d*=min d(ό«), e*=min[f*,d*]  

ʊʝʦʨʝʤʘ: ɽʩʣʠ e*>0, ʪʦ ʫʚʝʣʠʯʠʚʘʷ ʥʘ e* ʧʦʪʦʢ ʥʘ ʢʘʞʜʦʡ ʜʫʛʝ ό­ 

ʠ ʫʤʝʥʴʰʘʷ ʥʘ e* ʧʦʪʦʢ ʥʘ ʢʘʞʜʦʡ ʜʫʛʝ ό« ʮʝʧʠ, ʧʦʪʦʢ f ʪʘʢ ʞʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʥʘ e*. 

ʊʝʦʨʝʤʘ: ɽʩʣʠ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʮʝʧʠ ʠʟ ʠʩʪʦʯʥʠʢʘ ʚ ʩʪʦʢ ʩ e*>0, ʪʦ ʧʦʪʦʢ 

f ʥʝʣʴʟʷ ʙʦʣʴʰʝ ʫʚʝʣʠʯʠʪʴ, ʪʦ ʝʩʪʴ ʦʥ ʤʘʢʩʠʤʘʣʴʥʳʡ [2, c.366].  

ʇʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʘ. ɸʣʛʦʨʠʪʤ ʨʝʘʣʠʟʦʚʘʥ 

ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʚʳʩʦʢʦʫʨʦʚʥʝʚʦʤ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ  

Python, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʦʩʪʘʪʦʯʥʦ ʤʦʱʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʧʨʦʛʨʘʤʤ ʩʘʤʦʛʦ ʨʘʟʥʦʦʙʨʘʟʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ [3]. ʇʦʤʠʤʦ 

ʩʪʘʥʜʘʨʪʥʦʡ, ʜʦʩʪʘʪʦʯʥʦ ʙʦʛʘʪʦʡ ʙʠʙʣʠʦʪʝʢʠ ʷʟʳʢʘ Python ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʇʆ, 

ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʙʠʙʣʠʦʪʝʢʘ Graphviz, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʛʨʘʬʦʚ.  

ʇʨʦʜʝʤʦʥʩʪʨʠʨʫʝʤ ʵʣʝʤʝʥʪʳ ʢʦʜʘ ʧʨʦʛʨʘʤʤʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʦʩʦʙʳʡ 

ʠʥʪʝʨʝʩ. 

 

def bfs(s,t):   

    q=Queue.LifoQueue()  

    q.put(s)  

    while q.empty()!=True:  

        u=q.get()  

        for i in range(1,n): 

            if  CF[u][i]!=0 and Cut[i]!=1:  

                q.put(i)  

                Cut[i]=1  

                P[i]=u 

    return P  

ʃʠʩʪʠʥʛ 1. ʌʫʥʢʮʠʷ bfs(breadth-first search) 
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ʌʫʥʢʮʠʷ bfs(breadth-first search) ʦʩʫʱʝʩʪʚʣʷʝʪ ʦʙʭʦʜ ʛʨʘʬʘ ʚ ʰʠʨʠʥʫ  

[1, c.116]. ɸʣʛʦʨʠʪʤ ʦʙʭʦʜʘ ʛʨʘʬʘ ʚ ʰʠʨʠʥʫ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ 

ʧʨʦʩʤʦʪʨʝ ʦʪʜʝʣʴʥʳʭ çʫʨʦʚʥʝʡè ʛʨʘʬʘ, ʥʘʯʠʥʘʷ ʩ ʚʝʨʰʠʥʳ-ʠʩʪʦʯʥʠʢʘ.  

ɺʥʘʯʘʣʝ ʧʦʩʝʱʘʝʪʩʷ ʠʩʪʦʯʥʠʢ, ʟʘʪʝʤ ʧʨʦʠʟʚʦʣʴʥʘʷ ʚʝʨʰʠʥʘ, ʚ ʢʦʪʦʨʫʶ ʤʦʞʥʦ 

ʧʦʧʘʩʪʴ ʠʟ ʠʩʪʦʯʥʠʢʘ,  ʟʘʪʝʤ ï ʚʩʝ ʧʦʪʦʤʢʠ ʜʘʥʥʦʡ ʚʝʨʰʠʥʳ, ʜʘʣʝʝ-ʚʩʝ 

ʧʦʪʦʤʢʠ ʧʦʪʦʤʢʦʚ ʠ ʪ.ʜ. ʆʙʭʦʜ ʛʨʘʬʘ ʟʘʚʝʨʰʘʝʪʩʷ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʥʫʞʥʦʡ 

ʚʝʨʰʠʥʳ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ - ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʚʝʨʰʠʥʳ-ʩʪʦʢʘ. 

ʌʫʥʢʮʠʷ bfs ʚʦʟʚʨʘʱʘʝʪ ʤʘʩʩʠʚ ʧʨʝʜʢʦʚ, ʧʦ ʢʦʪʦʨʦʤʫ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʝʪ 

ʚʦʩʩʪʘʥʦʚʣʝʥʘ ʮʝʧʦʯʢʘ ʥʝʥʘʩʳʱʝʥʥʳʭ ʜʫʛ ʠʟ ʚʝʨʰʠʥʳ ʠʩʪʦʯʥʠʢʘ ʚ ʚʝʨʰʠʥʫ-

ʩʪʦʢ. 

    maxdigraph=gv.Digraph(format='png') 

    maxdigraph.body.extend(['rankdir=LR']) 

    for i in range(n): 

        maxdigraph.node=(i) 

    for i in range(n): 

        for j in range(n): 

     A=str(i) 

     B=str(j) 

            if  C[i][j]!=0:             

         if  F[i][j]!=[0] and F[i][j]==C[i][j]:  

      L=str(F[i][j])+'('+str(C[i][j])+')'  

             maxdigraph.edge(A,B, color="red", label=L)         

         elif F[i][j]>0:  

             L=str(F[i][j] )+'('+str(C[i][j])+')' 

             maxdigraph.edge(A,B, color="green",label=L) 

         else: 

             L='0('+str(C[i][j])+')' 

             maxdigraph.edge(A,B, label=L) 

    print(maxdigraph.source) 

    maxdigraph.render('maxdigraph') 

ʃʠʩʪʠʥʛ 2. ʉʦʟʜʘʥʠʝ ʠ ʦʪʨʠʩʦʚʢʘ ʛʨʘʬʘ ʩ ʧʦʤʦʱʴʶ ʙʠʙʣʠʦʪʝʢʠ Graphviz 

 

maxdigraph - ʥʘʛʨʫʞʝʥʥʳʡ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʛʨʘʬ, ʩ ʧʨʦʧʫʱʝʥʥʳʤ 

ʧʦ ʥʝʤʫ ʤʘʢʩʠʤʘʣʴʥʳʤ ʧʦʪʦʢʦʤ, ʪ.ʝ. ʨʝʟʫʣʴʪʘʪ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ; 

Node - ʚʝʨʰʠʥʳ ʛʨʘʬʘ, ʚʧʦʩʣʝʜʩʪʚʠʠ ʩʦʝʜʠʥʝʥʥʳʝ ʜʫʛʘʤʠ. ɼʣʷ maxdigraph 

ʦʧʨʝʜʝʣʝʥʦ n ʚʝʨʰʠʥ. 

ɼʣʷ ʛʨʘʬʘ maxdigraph ʦʧʨʝʜʝʣʝʥʳ ʪʨʠ ʪʠʧʘ ʜʫʛ: 
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¶ ʥʘʛʨʫʞʝʥʥʳʝ. ʊʝ, ʚ ʢʦʪʦʨʳʭ ʚʝʣʠʯʠʥʘ ʧʨʦʧʫʱʝʥʥʦʛʦ ʧʦʪʦʢʘ ʩʦʚʧʘʜʘʝʪ 

ʩʦ ʟʥʘʯʝʥʠʝʤ ʚʝʣʠʯʠʥʳ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʜʫʛʠ(F=C). ʙʫʜʫʪ 

ʚ ʜʘʣʴʥʝʡʰʝʤ ʦʙʦʟʥʘʯʝʥʳ ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ(color=òredò); 

¶ ʧʦʩʝʱʝʥʥʳʝ. ʊʝ, ʯʝʨʝʟ ʢʦʪʦʨʳʝ ʙʳʣ ʧʨʦʧʫʱʝʥ ʧʦʪʦʢ, 

ʥʦ ʦʥ ʥʝ ʧʨʝʚʳʰʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʜʫʛʠ(F<C), ʦʙʦʟʥʘʯʝʥʳ ʟʝʣʝʥʳʤ ʮʚʝʪʦʤ(color=ògreenò); 

¶ ʥʝ ʧʦʩʝʱʝʥʥʳʝ. ʊʝ, ʯʝʨʝʟ ʢʦʪʦʨʳʝ ʙʳʣ ʧʨʦʧʫʱʝʥ ʥʫʣʝʚʦʡ ʧʦʪʦʢ(F=0), 

ʧʦ ʫʤʦʣʯʘʥʠʶ ʙʫʜʫʪ ʯʝʨʥʦʛʦ ʮʚʝʪʘ. 

ɺʠʟʫʘʣʠʟʠʨʦʚʘʥʥʳʡ ʛʨʘʬ ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʚʠʜʝ ʠʟʦʙʨʘʞʝʥʠʷ 

ñmaxdigraph.pngò ʠ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʪʦʡ ʞʝ ʜʠʨʝʢʪʦʨʠʠ, ʚ ʢʦʪʦʨʦʡ ʥʘʭʦʜʠʪʩʷ 

ʠʩʭʦʜʥʳʡ ʢʦʜ. 

ʇʨʠʤʝʨ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ.  ʂʘʢ ʧʨʘʚʠʣʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʇʆ ʜʣʷ ʨʝʰʝʥʠʷ 

ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʨʘʙʦʪʫ ʩ ʙʦʣʴʰʠʤ ʦʙʲʝʤʦʤ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ.   

 

 

ʈʠʩʫʥʦʢ 1. ʈʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʇʆ ʚ ʧʨʦʠʟʚʦʣʴʥʦʤ ʛʨʘʬʝ ʥʘ 20 ʚʝʨʰʠʥ 

 

ʈʘʩʩʤʦʪʨʠʤ ʨʝʟʫʣʴʪʘʪ ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʛʨʘʤʤʳ ʢ ʥʝʢʦʪʦʨʦʡ ʟʘʜʘʯʝ. 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ - ʧʨʦʠʟʚʦʣʴʥʳʡ ʛʨʘʬ ʥʘ 20 ʚʝʨʰʠʥ (ʈʠʩ.1) 
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ɺ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʜ ʙʳʣ ʜʦʙʘʚʣʝʥ ʧʦʜʩʯʝʪ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ. 

ʅʘ ʈʠʩ.2 ʧʨʝʜʩʪʘʚʣʝʥ ʨʝʟʫʣʴʪʘʪ ʧʦʜʩʯʝʪʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʦʪʦʢʘ ʚ ʛʨʘʬʝ  

ʩ 20-ʪʴʶ ʚʝʨʰʠʥʘʤʠ. 

 

 

ʈʠʩʫʥʦʢ 2. ɺʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʛʨʘʬʘ ʩ 20-ʪʴʶ ʚʝʨʰʠʥʘʤʠ 

 

ʗʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python ʧʦʟʚʦʣʠʣ ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʦʛʨʘʤʤʫ, ʢʦʪʦʨʘʷ 

ʨʝʰʘʝʪʩʷ ʥʘ ʕɺʄ ʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʦ ʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʚ ʜʘʣʴʥʝʡʰʝʤ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ. 
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ʇʣʶʩ, 2011. ï 1272 c. 

  



 

27 

 

ʈɸɿʈɸɹʆʊʂɸ ɺɽɹ-ʇʈʀʃʆɾɽʅʀʗ  

ɼʃʗ ʉʆɿɼɸʅʀʗ ʕʃɽʂʊʈʆʅʅʆʁ ʆʊʏɪʊʅʆʉʊʀ  

ʆɹ ʋʏɽɹʅʆ-ɺʆʉʇʀʊɸʊɽʃʔʅʆʁ ʈɸɹʆʊɽ ʉʆʊʈʋɼʅʀʂʆɺ ɺʋɿɸ 

ʂʦʪʦʚ ʈʦʤʘʥ ʀʛʦʨʝʚʠʯ 

ʩʪʫʜʝʥʪ, ʢʘʬʝʜʨʘ ʠʥʬʦʨʤʘʪʠʢʠ,  
ʆʨʣʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ʀ.ʉ. ʊʫʨʛʝʥʝʚʘ, 

ʈʌ, ʛ. ʆʨʝʣ 

ʊʘʨʘʩʦʚ ɸʣʝʢʩʝʡ ʀʚʘʥʦʚʠʯ 

ʩʪʫʜʝʥʪ, ʢʘʬʝʜʨʘ ʠʥʬʦʨʤʘʪʠʢʠ,  
ʆʨʣʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ʀ.ʉ. ʊʫʨʛʝʥʝʚʘ, 

ʈʌ, ʛ. ʆʨʝʣ 

 

ɸʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ ʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚʫʟʘ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʧʦʣʫʯʝʥʠʷ ʚʩʝʩʪʦʨʦʥʥʝʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʫʯʝʙʥʦ-ʚʦʩʧʠʪʘʪʝʣʴʥʦʡ ʨʘʙʦʪʝ 

ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ. ɺ ʨʘʤʢʘʭ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʨʘʚʠʪʝʣʴʩʪʚʘ ʵʪʦ ʦʪʚʝʯʘʝʪ 

ʦʙʱʝʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʟʘʧʨʦʩʘʤ ʧʦ ʩʦʟʜʘʥʠʶ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʦ-

ʦʙʦʨʦʪʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʆʨʣʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʚʢʣʶʯʘʝʪ 

12 ʬʘʢʫʣʴʪʝʪʦʚ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ 

ʫʯʝʪ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʜʘʥʥʦʛʦ ʚʠʜʘ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʩʚʷʟʠ 

ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ ʨʦʩʪʦʤ ʢʦʣʠʯʝʩʪʚʘ ʫʯʘʩʪʥʠʢʦʚ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʦʪʩʫʪʩʪʚʠʝ 

ʭʦʨʦʰʦ ʦʨʛʘʥʠʟʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʧʦʜʛʦʪʦʚʢʠ ʵʣʝʢʪʨʦʥʥʦʡ ʦʪʯʝʪʥʦʩʪʠ ʦ ʫʯʝʙʥʦ-

ʚʦʩʧʠʪʘʪʝʣʴʥʦʡ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʪ ʢ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʥʘʢʦʧʣʝʥʥʦʛʦ 

ʦʙʲʝʤʘ ʠʥʬʦʨʤʘʮʠʠ. 

ɺ ʆʨʣʦʚʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʫʞʝ ʩʫʱʝʩʪʚʫʝʪ ʩʠʩʪʝʤʘ 

ʵʣʝʢʪʨʦʥʥʦʡ ʦʪʯʸʪʥʦʩʪʠ ʦ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʝ ʩʦʪʨʫʜʥʠʢʦʚ ʚʫʟʘ 

nir.univ-orel.ru [1]. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʮʝʣʴ: ʩʧʨʦʝʢʪʠʨʦʚʘʪʴ 

ʧʨʠʣʦʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʙʳ ʦʙʝʩʧʝʯʠʣʠ ʩʙʦʨ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʢʘʞʜʦʛʦ ʩʦʪʨʫʜʥʠʢʘ 

ʚʫʟʘ ʜʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʧʣʘʥʘ ʠ ʦʪʯʝʪʘ ʧʦ ʫʯʝʙʥʦ-ʚʦʩʧʠʪʘʪʝʣʴʥʦʡ ʨʘʙʦʪʝ, ʧʨʠʯʝʤ 

ʧʨʠʣʦʞʝʥʠʷ ʜʦʣʞʥʳ ʥʝ ʪʦʣʴʢʦ ʭʨʘʥʠʪʴ, ʥʦ ʠ ʦʙʨʘʙʘʪʳʚʘʪʴ ʧʦʣʫʯʝʥʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʦʪʯʸʪʦʚ [2]. 

ʉʨʝʜʠ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ: ʘʥʘʣʠʟ ʬʦʨʤ ʠ ʚʠʜʦʚ 

ʦʪʯʸʪʥʦʩʪʠ ʧʦ ʫʯʝʙʥʦ-ʚʦʩʧʠʪʘʪʝʣʴʥʦʡ ʨʘʙʦʪʝ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʚʫʟʝ; ʨʘʟʨʘʙʦʪʢʘ 

ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʙʘʟʳ ʜʘʥʥʳʭ (ɹɼ); ʨʘʟʨʘʙʦʪʢʘ ʵʢʨʘʥʥʳʭ ʬʦʨʤ ʩ ʫʯʸʪʦʤ 
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ʵʨʛʦʥʦʤʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʠʥʪʝʨʬʝʡʩʫ; ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ 

ʦʙʨʘʙʦʪʯʠʢʦʚ ʬʦʨʤ; ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ ʩʝʨʚʝʨʥʦʡ ʯʘʩʪʠ 

ʧʨʠʣʦʞʝʥʠʷ. ʈʘʟʨʘʙʘʪʳʚʘʝʤʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʜʦʣʞʥʦ ʫʯʠʪʳʚʘʪʴ ʚʩʝ 

ʩʦʚʨʝʤʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʨʦʛʨʘʤʤʥʳʤ ʧʨʦʜʫʢʪʘʤ ʧʦʜʦʙʥʦʛʦ ʢʣʘʩʩʘ 

ʠ ʩʦʟʜʘʚʘʪʴʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ʇʨʠʣʦʞʝʥʠʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʦʩʫʱʝʩʪʚʣʷʪʴ ʚ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ. ʅʘ ʧʝʨʚʦʤ 

ʵʪʘʧʝ ʙʫʜʝʪ ʚʳʧʦʣʥʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʨʝʘʣʠʟʘʮʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʙʘʟʳ ʜʘʥʥʳʭ, 

ʚʢʣʶʯʘʶʱʠʭ ʚ ʩʝʙʷ ʬʫʥʢʮʠʠ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʫʯʝʙʥʦ-ʚʦʩʧʠʪʘʪʝʣʴʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʦʪʨʫʜʥʠʢʦʚ ʚʫʟʘ, ʘ ʪʘʢʞʝ ʩʚʝʜʝʥʠʡ ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʩʦʩʪʘʚʣʝʥʠʷ 

ʣʝʥʪʦʯʥʦʛʦ ʛʨʘʬʠʢʘ ʯʘʩʦʚʦʡ ʥʘʛʨʫʟʢʠ ʦʙʫʯʘʶʱʠʭʩʷ ʚ ʚʫʟʝ ʛʨʫʧʧ ʩʪʫʜʝʥʪʦʚ. 

ʈʝʘʣʠʟʫʝʤʘʷ ɹɼ ʙʫʜʝʪ ʭʨʘʥʠʪʴ ʜʘʥʥʳʝ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʬʦʨʤ ʵʣʝʢʪʨʦʥʥʦʡ ʦʪʯʸʪʥʦʩʪʠ ʦʙ ʫʯʝʙʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʚʫʟʘ. ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʙʫʜʝʪ ʚʳʧʦʣʥʝʥʘ ʨʘʟʨʘʙʦʪʢʘ ʚʝʙ-

ʠʥʪʝʨʬʝʡʩʘ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʦʩʫʱʝʩʪʚʣʷʶʱʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʨʝʘʣʠʟʦʚʘʥʥʦʡ 

ɹɼ. ʀʥʪʝʨʬʝʡʩ ʙʫʜʝʪ ʧʦʟʚʦʣʷʪʴ ʧʦʣʴʟʦʚʘʪʝʣʶ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʦʟʜʘʚʘʪʴ, 

ʩʦʭʨʘʥʷʪʴ, ʠʟʤʝʥʷʪʴ ʠ ʟʘʛʨʫʞʘʪʴ ʜʘʥʥʳʝ ʦ ʫʯʝʙʥʦ-ʚʦʩʧʠʪʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʧʝʨʚʦʛʦ ʵʪʘʧʘ ʨʘʟʨʘʙʦʪʢʠ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʘʷ ɹɼ, ʢʦʪʦʨʘʷ ʭʨʘʥʠʪ ʜʘʥʥʳʝ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʧʣʘʥʘ ʫʯʝʙʥʦ-ʚʦʩʧʠʪʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʣʝʥʪʦʯʥʦʛʦ ʛʨʘʬʠʢʘ. ʊʘʢ, ʧʣʘʥ 

ʫʯʝʙʥʦ-ʚʦʩʧʠʪʘʪʝʣʴʥʦʡ ʨʘʙʦʪʳ  ʤʦʞʝʪ ʩʦʩʪʘʚʠʪʴ ʢʘʞʜʳʡ ʧʦʣʴʟʦʚʘʪʝʣʴ 

ʩʠʩʪʝʤʳ. ɺ ʥʝʛʦ ʚʭʦʜʷʪ ʪʘʢʠʝ ʩʦʩʪʘʚʥʳʝ ʯʘʩʪʠ ʢʘʢ: ʬʘʢʪʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʛʦʜʦʚʦʡ ʥʘʛʨʫʟʢʠ ʧʨʝʧʦʜʘʚʘʪʝʣʷ, ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʘʷ ʨʘʙʦʪʘ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-

ʤʝʪʦʜʠʯʝʩʢʘʷ ʨʘʙʦʪʘ ʠ ʚʦʩʧʠʪʘʪʝʣʴʥʘʷ ʨʘʙʦʪʘ ʩʦ ʩʪʫʜʝʥʪʘʤʠ.  

ʇʦʩʢʦʣʴʢʫ ʧʣʘʥ ʫʯʝʙʥʦ-ʚʦʩʧʠʪʘʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʥʝʦʙʭʦʜʠʤʦ ʩʦʩʪʘʚʣʷʪʴ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʜʣʷ ʢʘʞʜʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʪʦ ʪʘʙʣʠʮʘ workplan_currentyearload 

(ʈʠʩ.1), ʚ ʢʦʪʦʨʦʡ ʭʨʘʥʷʪʩʷ ʜʘʥʥʳʝ ʦ ʯʘʩʦʚʦʡ ʥʘʛʨʫʟʢʝ, ʩʚʷʟʘʥʘ ʫʞʝ 

ʩ ʩʫʱʝʩʪʚʫʶʱʝʡ ʤʦʜʝʣʴʶ auth_user. 

ʂ ʪʘʙʣʠʮʝ workplan_currentyearload ʧʨʠʚʷʟʘʥʳ ʪʨʠ ʜʨʫʛʠʝ ʪʘʙʣʠʮʳ: 

workplan_methodicalwork, workplan_organizationwork, ʠ workplan_trainingwork, 
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ʚ ʢʘʞʜʦʡ ʠʟ ʢʦʪʦʨʳʭ ʭʨʘʥʷʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʘʥʥʳʝ ʦʙ ʫʯʝʙʥʦ-

ʤʝʪʦʜʠʯʝʩʢʦʡ ʨʘʙʦʪʝ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʡ ʨʘʙʦʪʝ ʠ ʚʦʩʧʠʪʘʪʝʣʴʥʦʡ 

ʨʘʙʦʪʝ ʩʦ ʩʪʫʜʝʥʪʘʤʠ. 

 

 

ʈʠʩʫʥʦʢ 1. ER-ʜʠʘʛʨʘʤʤʘ ɹɼ ʧʣʘʥʘ ʫʯʝʙʥʦ-ʚʦʩʧʠʪʘʪʝʣʴʥʦʡ ʨʘʙʦʪʳ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʜʘʥʥʳʝ ʩʦʭʨʘʥʷʶʪʩʷ ʚ ʙʘʟʝ ʜʘʥʥʳʭ.  

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʛʝʥʝʨʠʨʦʚʘʪʴ ʥʝʦʙʭʦʜʠʤʳʡ ʦʪʯʝʪ. ʊʘʢ ʥʘ ʨʠʩ. 2 

ʧʦʢʘʟʘʥʘ ʪʝʩʪʦʚʘʷ ʪʠʪʫʣʴʥʘʷ ʩʪʨʘʥʠʮʘ ʧʣʘʥʘ ʫʯʝʙʥʦ-ʚʦʩʧʠʪʘʪʝʣʴʥʦʡ ʨʘʙʦʪʳ. 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʣʝʥʪʦʯʥʳʡ ʛʨʘʬʠʢ ʜʦʣʞʝʥ ʩʦʜʝʨʞʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ  

ʜʠʩʮʠʧʣʠʥʝ, ʩʧʝʮʠʘʣʴʥʦʩʪʠ, ʩʝʤʝʩʪʨʝ, ʛʨʫʧʧʝ, ʧʨʝʧʦʜʘʚʘʪʝʣʝ ʠ ʦ ʝʛʦ ʥʘʛʨʫʟʢʝ, 

ʘ ʪʘʢʞʝ ʩʧʠʩʦʢ ʯʘʩʦʚ ʧʦ ʥʝʜʝʣʷʤ. ʊʘʢʞʝ ʫ ʢʘʞʜʦʡ ʜʠʩʮʠʧʣʠʥʳ ʝʩʪʴ, ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʡ, ʦʙʲʝʤ, ʚ ʚʠʜʝ ʢʦʣʠʯʝʩʪʚʘ ʯʘʩʦʚ ʣʝʢʮʠʡ, ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ, 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʥʷʪʠʡ ʧʦ ʥʝʤʫ ʠ ʙʫʜʝʪ ʩʦʩʪʘʚʣʷʪʴʩʷ ʣʝʥʪʦʯʥʳʡ ʛʨʘʬʠʢ. 

ʇʨʝʜʤʝʪ ʩʚʷʟʘʥ ʩ ʩʦʪʨʫʜʥʠʢʦʤ ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʦʣʫʯʘʪʴ ʛʨʘʬʠʢ ʜʣʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ  ʜʦʣʞʥʦʩʪʠ ʧʨʝʧʦʜʘʚʘʪʝʣʷ. 

ʇʦʩʢʦʣʴʢʫ ʜʘʥʥʳʝ ʜʣʷ ʣʝʥʪʦʯʥʦʛʦ ʛʨʘʬʠʢʘ ʭʨʘʥʷʪʩʷ ʚ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʝʡ 

ʩʠʩʪʝʤʝ, ʪ.ʝ. ʚ ʪʘʙʣʠʮʘʭ (ʈʠʩ. 3),ʪʘʢʠʭ ʢʘʢ sci_userprofile - ʧʨʦʬʠʣʴ 

ʧʦʣʴʟʦʚʘʪʝʣʷ , subject - ʠʥʬʦʨʤʘʮʠʷ ʦ ʜʠʩʮʠʧʣʠʥʘʭ , students_group - 
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ʠʥʬʦʨʤʘʮʠʷ ʦ ʛʨʫʧʧʘʭ ʩʪʫʜʝʥʪʦʚ, sci_employee - ʜʦʣʞʥʦʩʪʴ ʩʦʪʨʫʜʥʠʢʘ ʚʫʟʘ,  

ʥʦ ʦʥʠ ʠʤʝʶʪ ʥʝ ʦʪʩʦʨʪʠʨʦʚʘʥʥʳʡ ʚʠʜ, ʙʳʣʠ ʩʦʟʜʘʥʳ ʪʘʙʣʠʮʳ employee_load 

ʠ ribbon_graph. 

 

 

ʈʠʩʫʥʦʢ 2. ʊʠʪʫʣʴʥʘʷ ʩʪʨʘʥʠʮʘ ʧʣʘʥʘ ʫʯʝʙʥʦ-ʚʦʩʧʠʪʘʪʝʣʴʥʦʡ ʨʘʙʦʪʳ 

 

ʊʘʙʣʠʮʘ employee_load ʩʚʷʟʘʥʘ ʩ ʪʘʙʣʠʮʝʡ subject ʠ ʠʤʝʝʪ ʩʚʷʟʴ 1:M (ʦʜʠʥ 

ʢʦ ʤʥʦʛʠʤ).ʊʘʢʞʝ ʦʥʘ ʠʤʝʝʪ ʩʚʷʟʴ 1:M (ʦʜʠʥ ʢʦ ʤʥʦʛʠʤ) ʩ ʪʘʙʣʠʮʝʡ 

sci_employee. ɺ ʵʪʦʡ ʪʘʙʣʠʮʝ ʭʨʘʥʠʪʩʷ ʩʚʷʟʴ ʤʝʞʜʫ ʩʦʪʨʫʜʥʠʢʦʤ 

ʠ ʜʠʩʮʠʧʣʠʥʦʡ, ʪʦ ʝʩʪʴ ʯʘʩʦʚʘʷ ʥʘʛʨʫʟʢʘ ʧʨʝʧʦʜʘʚʘʪʝʣʷ. ʊʘʙʣʠʮʘ ribbon_graph 

ʩʚʷʟʘʥʘ ʩ ʪʘʙʣʠʮʝʡ employee_load ʠ ʠʤʝʝʪ ʩʚʷʟʴ M:1(ʤʥʦʛʠʝ ʢ ʦʜʥʦʤʫ). 

ɺ ʜʘʥʥʦʡ ʪʘʙʣʠʮʝ ʭʨʘʥʷʪʩʷ ʯʘʩʳ ʧʦ ʥʦʤʝʨʘʤ ʥʝʜʝʣʴ. 

ʉʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʚ ʜʘʥʥʦʤ ʧʨʠʣʦʞʝʥʠʠ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʚʝʙ-

ʠʥʪʝʨʬʝʡʩʘ ʜʣʷ ʟʘʧʦʣʥʝʥʠʷ ʣʝʥʪʦʯʥʦʛʦ ʛʨʘʬʠʢʘ, ʘ ʪʘʢ ʞʝ ʛʝʥʝʨʘʮʠʷ 

ʥʝʦʙʭʦʜʠʤʳʭ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʦʪʯʝʪʦʚ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʨʝʰʠʪʴ ʟʘʜʘʯʫ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʧʦʜʛʦʪʦʚʢʠ ʵʣʝʢʪʨʦʥʥʦʡ ʦʪʯʝʪʥʦʩʪʠ ʦʙ ʫʯʝʙʥʦ-ʚʦʩʧʠʪʘʪʝʣʴʥʦʡ ʨʘʙʦʪʝ 


