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ʋɼʂ 519.64 

ʄɽʊʆɼ ɹʆɻʆʃʖɹʆɺɸ-ʂʈʓʃʆɺɸ ɼʃʗ ʂʆʄʇʔʖʊɽʈʅʆɻʆ  
ʈɽʐɽʅʀʗ ʀʅʊɽɻʈɸʃʔʅʓʍ ʋʈɸɺʅɽʅʀʁ ʌʈɽɼɻʆʃʔʄɸ 

ɸ.ʅ. ʂʦʰʝʚ, ɺ.ɺ. ʂʫʟʠʥʘ 

ʌɻɹʆʋ ɺʆ çʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ  
ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘè, ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʯʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʫʨʘʚʥʝʥʠʷʤʠ 

ʌʨʝʜʛʦʣʴʤʘ, ʤʝʪʦʜʦʤ ɹʦʛʦʣʶʙʦʚʘ ï ʂʨʳʣʦʚʘ. ʇʨʠʚʦʜʠʪʩʷ ʧʨʠʤʝʨ ʦʧʪʠ-

ʤʘʣʴʥʦʡ ʨʘʩʩʪʘʥʦʚʢʠ ʫʟʣʦʚ ʨʘʟʙʠʝʥʠʷ ʠʥʪʝʨʚʘʣʘ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʨʠ ʨʝʰʝ-

ʥʠʠ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʪʝʛʨʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʌʨʝʜʛʦʣʴʤʘ, ʤʝʪʦʜ ɹʦʛʦ-

ʣʶʙʦʚʘ ï ʂʨʳʣʦʚʘ, ʦʧʪʠʤʘʣʴʥʘʷ ʨʘʩʩʪʘʥʦʚʢʘ ʫʟʣʦʚ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ. 

 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʠʥʪʝʛʨʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʌʨʝʜʛʦʣʴʤʘ ī II ʨʦʜʘ 
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ʧʨʠ ʥʝʢʦʪʦʨʦʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʫʩʣʦʚʠʠ: 
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ɿʜʝʩʴ z ï ʧʘʨʘʤʝʪʨ, ʉ ï ʥʝʢʦʪʦʨʘʷ ʥʝʠʟʚʝʩʪʥʘʷ ʢʦʥʩʪʘʥʪʘ, x,y Ë [a,b] ï 

ʧʝʨʝʤʝʥʥʳʝ, )(xw  ï ʠʩʢʦʤʘʷ ʬʫʥʢʮʠʷ, K(x,y) ï ʷʜʨʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ 

ʫʨʘʚʥʝʥʠʷ. 

ʇʨʠ ʧʦʤʦʱʠ ʧʨʠʤʝʥʝʥʠʷ ʢʚʘʜʨʘʪʫʨʥʳʭ ʬʦʨʤʫʣ ʩʠʩʪʝʤʘ ʠʥʪʝʛʨʘʣʴʥʳʭ 

ʫʨʘʚʥʝʥʠʡ (1) ï (2) ʤʦʞʝʪ ʙʳʪʴ ʩʚʝʜʝʥʘ ʢ ʩʠʩʪʝʤʝ ʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ 

ʫʨʘʚʥʝʥʠʡ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʡ ʧʨʠ z, ʙʦʣʴʰʠʭ ʥʝʢʦʪʦʨʦʛʦ zʢʨ, ʟʘʪʨʫʜʥʝʥʠʡ ʥʝ 

ʚʳʟʳʚʘʝʪ. ʆʜʥʘʢʦ ʧʨʠ 0=z  ʟʘʜʘʯʘ ʥʝʢʦʨʨʝʢʪʥʘ, ʚ ʩʠʣʫ ʯʝʛʦ ʨʝʰʝʥʠʝ ʝʝ ʧʨʠ 

ʢʨ0 z¢z¢  ʦʙʳʯʥʳʤʠ ʤʝʪʦʜʘʤʠ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʥʝʢʦʨʨʝʢʪʥʳʭ ʟʘʜʘʯ, ʘʥʘʣʦʛʠʯʥʳʭ ʟʘʜʘʯʝ (1) ï (2), ʧʨʠ 

0=z  ʩʫʱʝʩʪʚʫʶʪ ʢʣʘʩʩʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʨʝʛʫʣʷʨʠʟʘʮʠʠ, ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥ-
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ʥʳʝ, ʥʘʧʨʠʤʝʨ, ʚ [1]. ʆʜʥʘʢʦ ʯʠʩʣʝʥʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʨʝʛʫʣʷʨʠʟʠʨʫʶʱʠʭ ʘʣ-

ʛʦʨʠʪʤʦʚ ʦʩʫʱʝʩʪʚʠʤʘ ʥʝ ʚʩʝʛʜʘ ʧʨʦʩʪʦ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʠʥʪʝʨʝʩʥʦʡ ʷʚʣʷʝʪʩʷ 

ʟʘʜʘʯʘ ʦʪʳʩʢʘʥʠʷ ʪʘʢʠʭ ʢʚʘʜʨʘʪʫʨʥʳʭ ʬʦʨʤʫʣ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʣʠ ʙʳ ʨʝ-

ʰʘʪʴ ʧʦʜʦʙʥʳʝ ʟʘʜʘʯʠ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʨʝʛʫʣʷʨʠʟʘʮʠʠ. 

ʇʨʘʢʪʠʢʘ ʧʨʦʚʝʜʝʥʥʳʭ ʥʘʤʠ ʨʘʩʯʝʪʦʚ ʧʦ ʨʝʰʝʥʠʶ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʫʨʘʚʥʝʥʠʷʤʠ ʌʨʝʜʛʦʣʴʤʘ, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʟʘ ʦʩʥʦʚʫ ʤʝʪʦʜʘ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ʪʠʧʘ (1) ï (2) ʩʣʝʜʫʝʪ ʚʟʷʪʴ ʬʦʨʤʫʣʫ ɹʦʛʦʣʶʙʦʚʘ ï ʂʨʳʣʦʚʘ [2]. ʇʦʩʣʝ ʧʨʠ-

ʤʝʥʝʥʠʷ ʵʪʦʡ ʬʦʨʤʫʣʳ ʟʘʜʘʯʘ (1) ï (2) ʩʚʦʜʠʪʩʷ ʢ ʩʠʩʪʝʤʝ ʣʠʥʝʡʥʳʭ ʘʣʛʝʙ-

ʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ: 
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ij dyyxKa  ï ʫʟʣʳ ʨʘʟʙʠʝʥʠʷ ʠʥʪʝʨʚʘʣʘ [a,b], ()ii xw=w , jxD  ï 

ʰʘʛ ʨʘʟʙʠʝʥʠʷ, n ï ʢʦʣʠʯʝʩʪʚʦ ʫʟʣʦʚ. 

ʂ ʜʦʩʪʦʠʥʩʪʚʘʤ ʬʦʨʤʫʣʳ ɹʦʛʦʣʶʙʦʚʘ ï ʂʨʳʣʦʚʘ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʪʦʪ 

ʬʘʢʪ, ʯʪʦ ʧʨʠ ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʷʚʣʷʝʪʩʷ ʩʚʦʙʦʜʘ ʚ ʧʣʘʥʠʨʦʚʘʥʠʠ ʨʘʩʩʪʘ-

ʥʦʚʢʠ ʫʟʣʦʚ jx  ʚ ʨʘʟʙʠʝʥʠʠ ʠʥʪʝʨʚʘʣʘ [a,b] ʥʘ ʦʩʥʦʚʝ ʘʧʨʠʦʨʥʦʡ ʠʥʬʦʨʤʘ-

ʮʠʠ ʦ ʨʝʰʝʥʠʠ. ʅʘʧʨʠʤʝʨ, ʢʦʣʠʯʝʩʪʚʦ ʫʟʣʦʚ ʨʘʟʙʠʝʥʠʷ ʠʥʪʝʨʚʘʣʘ ʠʥʪʝʛʨʠ-

ʨʦʚʘʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʪʘʤ, ʛʜʝ ʧʨʝʜʧʦʣʘʛʘʝʤʦʝ ʨʝʰʝʥʠʝ ʧʨʝʪʝʨʧʝʚʘʝʪ 

ʥʘʠʙʦʣʝʝ ʙʳʩʪʨʳʝ ʠʟʤʝʥʝʥʠʷ. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʤʘʣʳʭ ʟʥʘʯʝʥʠʷʭ z, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʝʢʦʨʨʝʢʪʥʦʩʪʴ 

ʩʠʩʪʝʤʳ (1) ï (2), ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘ ʩʯʝʪ ʧʨʘʚʠʣʴʥʦʡ ʨʘʩʩʪʘʥʦʚʢʠ 

ʫʟʣʦʚ ʨʘʟʙʠʝʥʠʷ ʠʥʪʝʨʚʘʣʘ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦʚʳʩʠʪʴ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʴ ʩʠ-

ʩʪʝʤʳ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ (ʉʃɸʋ), ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʟʥʦʩʪʥʦʤʫ ʘʥʘ-

ʣʦʛʫ ʟʘʜʘʯʠ (1) ï (2) ʠ ʪʝʤ ʩʘʤʳʤ ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ ʨʘʩʭʦʜʠʤʦʩʪʠ ʠʪʝʨʘʮʠʦʥ-

ʥʦʛʦ ʨʝʰʝʥʠʷ ʉʃɸʋ. 

ʇʨʦʜʝʤʦʥʩʪʨʠʨʫʝʤ ʧʨʠʤʝʥʠʤʦʩʪʴ ʦʙʩʫʞʜʘʝʤʦʛʦ ʤʝʪʦʜʘ ʥʘ ʨʝʰʝʥʠʠ 

ʟʘʜʘʯʠ (1) ï (2) ʩ ʷʜʨʦʤ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠ ̫ 22ln),( yxyxK -= .  

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʙʳʣʦ ʚʟʷʪʦ 10 ʫʟʣʦʚ jx  ʨʘʟʙʠʝʥʠʷ 

ʠʥʪʝʨʚʘʣʘ [0,1], ʚʥʘʯʘʣʝ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʩʪʘʚʣʝʥʥʳʭ ʥʘ ʚʩʝʤ ʠʥʪʝʨʚʘʣʝ. ʇʨʠ 

ʨʘʩʯʝʪʘʭ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʚʪʦʨʦʝ ʦʪʤʝʯʝʥʥʦʝ ʜʦʩʪʦʠʥʩʪʚʦ ʬʦʨʤʫʣʳ ɹʦ-

ʛʦʣʶʙʦʚʘ ï ʂʨʳʣʦʚʘ ï ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʦʨʘ jx  ʥʘ ʦʩʥʦʚʝ ʘʧʨʠʦʨʥʦʡ ʠʥʬʦʨ-

ʤʘʮʠʠ ʦ ʝʝ ʨʝʰʝʥʠʠ. 

ɼʣʷ ʟʘʜʘʯʠ (1) ï (2) ʘʧʨʠʦʨʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ 

ʤʘʣʳʭ z ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʦʣʞʥʦ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʪʴ ʢ ʢʨʘʶ ʵʣʝʢʪʨʦʜʘ ʧʨʠ x, 

ʙʣʠʟʢʠʭ ʢ ʝʜʠʥʠʮʝ, ʯʪʦ ʚʠʜʥʦ ʠʟ ʠʟʚʝʩʪʥʦʡ ʬʦʨʤʫʣʳ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʝʰʝ-

ʥʠʷ ʟʘʜʘʯʠ ʧʨʠ 0=z : 
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     (5) 

ɿʘʚʠʩʠʤʦʩʪʴ ʯʠʩʣʘ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ ʉʃɸʋ, ʦʙʨʘʟʫʶʱʝʡʩʷ ʧʨʠ ʜʠʩ-

ʢʨʝʪʠʟʘʮʠʠ ʟʘʜʘʯʠ ʦʪ ʧʣʘʥʘ ʨʘʩʩʪʘʥʦʚʢʠ ʫʟʣʦʚ {xj} ʥʘ ʠʥʪʝʨʚʘʣʝ [0,1] ʧʦʢʘ-

ʟʘʥʘ ʚ ʪʘʙʣ. 1. 

ʊʘʙʣʠʮʘ 1 - ɿʘʚʠʩʠʤʦʩʪʴ ʯʠʩʣʘ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ ʠ ʪʦʯʥʦʩʪʠ ʨʝʰʝʥʠʷ  

ʦʪ ʨʘʩʩʪʘʥʦʚʢʠ ʫʟʣʦʚ ʨʘʟʙʠʝʥʠʷ ʠʥʪʝʨʚʘʣʘ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ 

ʈʘʟʙʠʝʥʠʝ cond ʅʝʚʷʟʢʘ 

0,0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1,0 14,8 0,52 

0,0 0,05 0,11 0,19 0,36 0,51 0,64 0,75 0,84 0,91 1,0 21,9 0,57 

0,05 0,14 0,22 0,39 0,54 0,67 0,78 0,87 0,94 0,95 1,0 69,2 1,41 

0,0 0,5 0,7 0,9 0,93 0,95 0,96 0,97 0,98 0,99 1,0 153,9 5,20 

 

ʀʟ ʜʘʥʥʳʭ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣ.1, ʚʠʜʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʪʦʯʥʦʩʪʠ ʨʝʰʝ-

ʥʠʷ ʠ ʯʠʩʣʘ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ ʉʃɸʋ ʦʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʦʯʝʢ {xj} ʥʘ ʨʘʩʩʤʘʪ-

ʨʠʚʘʝʤʦʤ ʠʥʪʝʨʚʘʣʝ.  

ʃʫʯʰʝʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʥʘʡʜʝʥʥʦʝ ʥʘʤʠ ʠʟ ʫʩʣʦʚʠʷ ʤʠʥʠʤʠʟʘʮʠʠ 

ʯʠʩʣʘ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ, ʧʨʠʚʝʜʝʥʦ ʚ ʪʘʙʣ. 2., ʧʨʠ ʵʪʦʤ ʟʥʘʯʝʥʠʝ cond = 8,35. 

ʊʘʙʣʠʮʘ 2 - ʆʧʪʠʤʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʫʟʣʦʚ {xj} ʥʘ ʠʥʪʝʨʚʘʣʝ [0,1] 

x1 x2 x3 x4 x5 x6 x7 x8 x9 x10 

0,095 0,275 0,435 0,575 0,695 0,795 0,875 0,935 0,975 0,995 

 

ɺ ʪʘʙʣ. 3 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʜʣʷ ʨʘʟʣʠʯ-

ʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ {xj} ʠ ʪʦʯʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʧʦ ʬʦʨʤʫʣʝ (5). 

ʊʘʙʣʠʮʘ 3 - ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʦʢʘ ʥʘ ʢʘʪʦʜʝ ʚ ʚʠʜʝ ʧʦʣʦʩʳ  

ʚ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʝ ʵʣʝʢʪʨʦʣʠʪʘ: ʧʝʨʚʘʷ ʩʪʨʦʢʘ ï ʪʦʯʥʦʝ ʨʝʰʝʥʠʝ,  

ʚʪʦʨʘʷ ʠ ʪʨʝʪʴʷ ï ʯʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ 

0,637 0,644 0,657 0,680 0,713 0,762 0,838 0,962 1,208 2,033 

0,648 0,655 0,669 0,692 0,727 0,780 0,860 0,996 1,212 2,759 

0,639 0,643 0,658 0,679 0,713 0,763 0,837 0,957 1,190 2,280 

ɺ ʧʝʨʚʦʡ ʩʪʨʦʢʝ ʩʦʜʝʨʞʘʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ (1) ï (2) ʥʘ ʦʩ-

ʥʦʚʝ ʬʦʨʤʫʣʳ (5). ɺʦ ʚʪʦʨʦʡ ï ʯʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʪʦʡ ʞʝ ʟʘʜʘʯʠ, ʧʦʣʫʯʝʥ-

ʥʦʝ ʧʦʩʣʝ ʧʨʠʤʝʥʝʥʠʷ ʬʦʨʤʫʣʳ ɹʦʛʦʣʶʙʦʚʘ ï ʂʨʳʣʦʚʘ ʩ ʨʘʚʥʦʤʝʨʥʦʡ ʨʘʩ-

ʩʪʘʥʦʚʢʦʡ ʫʟʣʦʚ ʨʘʟʙʠʝʥʠʷ ʠʥʪʝʨʚʘʣʘ [0,1]. ɺ ʪʨʝʪʴʝʡ ʩʪʨʦʢʝ ï ʩ ʫʟʣʘʤʠ ʥʝ-

ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʟʙʠʝʥʠʷ, ʧʨʠʚʝʜʝʥʥʳʤʠ ʚʳʰʝ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʨʝʰʝʥʠʝ ʧʨʦ-

ʠʥʪʝʨʧʦʣʠʨʦʚʘʥʦ ʥʘ ʩʝʨʝʜʠʥʳ ʦʪʨʝʟʢʦʚ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʟʙʠʝʥʠʷ. 

ʀʟ ʪʘʙʣ. 3 ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʦʜʠʥʘʢʦʚʦʤ ʯʠʩʣʝ ʫʟʣʦʚ ʨʘʟʙʠʝʥʠʷ ʠʥʪʝʨʚʘʣʘ 

[0,1] ʪʦʯʥʦʩʪʴ ʨʝʰʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪʩʷ ʦʪ ʠʭ ʧʣʘʥʠʨʦʚʘʥʠʷ. 

ʅʝʢʦʨʨʝʢʪʥʦʩʪʴ ʟʘʜʘʯʠ (1) ʧʨʠ 0=z  ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʧʣʦʭʫʶ ʦʙʫʩʣʦʚ-

ʣʝʥʥʦʩʪʴ ʤʘʪʨʠʮʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʣʠʥʝʡʥʦʡ ʩʠʩʪʝʤʳ (3) ï (4). ʈʘʩʩʪʘʥʦʚʢʘ 

ʫʟʣʦʚ njx j ,1 , = , ʧʦʟʚʦʣʷʝʪ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʧʦʚʳʩʠʪʴ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʴ ʩʠ-
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ʩʪʝʤʳ, ʯʪʦ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʦʧʪʠʤʘʣʴʥʦʤ ʚʳʙʦʨʝ ,jx  ʥʘʨʷʜʫ ʩ ʘʧʨʠ-

ʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʨʝʰʝʥʠʠ. ɺ ʪʘʙʣ. 2 ʧʨʠʚʝʜʝʥʳ ʟʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ 

ʯʠʩʣʘ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ ʩʠʩʪʝʤʳ (3), (4) ï cond ʠ ʪʦʯʥʦʩʪʠ ʨʝʰʝʥʠʷ ï çʥʝ-

ʚʷʟʢʘè, ʦʪ ʨʘʟʙʠʝʥʠʷ ʠʥʪʝʨʚʘʣʘ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ. 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. 

1. ʊʠʭʦʥʦʚ ɸ.ʅ., ɸʨʩʝʥʠʥ ɺ.ʗ. ʄʝʪʦʜʳ ʨʝʰʝʥʠʷ ʥʝʢʦʨʨʝʢʪʥʳʭ ʟʘʜʘʯ. ï ʄ.: 

ʅʘʫʢʘ, 1974, 222 ʩ. 

2. ʂʘʥʪʦʨʦʚʠʯ ʃ.ɺ., ʂʨʳʣʦʚ ɺ.ʀ. ʇʨʠʙʣʠʞʝʥʥʳʝ ʤʝʪʦʜʳ ʚʳʩʰʝʛʦ ʘʥʘʣʠʟʘ. ï 

ʄʦʩʢʚʘ: ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʠʟʜʘʪʝʣʴʩʪʚʦ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʳ, 

1962, 708 ʩ. 

 

BOGOLYUBOV -KRYLOV'S METHOD FOR THE COMPUTER 

SOLUTION OF INTEGRABLE EQUATIONS OF FREDHOLM  

A.N. Koshev, V.V. Kuzina 

FSBEI HE çThe Penza state university of architecture and constructionè 
Penza, Russia 

The numerical decision of the tasks connected to Fredholm equations, Bo-

golyubov's method ï Krylova is considered. The example of optimum arrange-

ment of nodes of partition of an interval of integration in case of the solution of a 

specific objective is given. 

Keywords: integrable equation of Fredholm, Bogolyubov's method ï 

Krylova, optimum arrangement of nodes of integration. 
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ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʂʆʄʇʔʖʊɽʈɸ ɺ ʇʈʆʌɽʉʉʀʀ ʇʈɽʇʆɼɸɺɸʊɽʃʗ 

ʈ.ʆ. ɸʜʮʝʝʚ, ɺ. ɹ. ʉʫʛʘʨʦʚʘ 

ʌʛʙʦʫ ʚʦ çʉʝʚʝʨʦ-ʢʘʚʢʘʟʩʢʠʡ ʛʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ  
(ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ)è 

ʛ. ɺʣʘʜʠʢʘʚʢʘʟ, ʈʉʆ-ɸʣʘʥʠʷ, ʈʦʩʩʠʷ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʦʩʚʝʱʘʝʪʩʷ ʨʦʣʴ ʢʦʤʧʴʶʪʝʨʘ, ʝʛʦ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʟʘ-

ʜʘʯʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʨʘʙʦʪʝ ʧʨʝʧʦʜʘʚʘʪʝʣʷ. ʀʟʫʯʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʦʙʫʯʘ-

ʶʱʠʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ ʧʦ ʮʝʣʷʤ ʠ ʟʘʜʘʯʘʤ, ʬʫʥʢʮʠʦʥʘʣʴʥʦʤʫ 

ʥʘʟʥʘʯʝʥʠʶ. ʆʧʠʩʘʥʳ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʱʠʝʩʷ ʦʙʫʯʘʶʱʠʝ ʧʨʦ-

ʛʨʘʤʤʳ ʥʘ ʟʘʥʷʪʠʷʭ ʧʦ ʤʘʪʝʤʘʪʠʢʝ, ʠʥʬʦʨʤʘʪʠʢʝ ʠ ʜʨʫʛʠʤ ʜʠʩʮʠʧʣʠʥʘʤ. 

ʈʘʩʩʤʦʪʨʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʨʠʤʝʥʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʞʫʨʥʘʣʘ ʠ ʜʥʝʚʥʠʢʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʤʧʴʶʪʝʨ, ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ, ʜʦʩʪʫʧ ʚ ʀʥ-

ʪʝʨʥʝʪ, ʦʙʫʯʘʶʱʠʝ ʢʦʤʧʴʶʪʝʨʥʳʝ ʧʨʦʛʨʘʤʤʳ, ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʴ, ʘʜʘʧʪʠʚ-

ʥʦʩʪʴ, ʠʣʣʶʩʪʨʠʨʦʚʘʥʠʝ, ʪʨʝʥʘʞʝʨʳ, ʢʦʥʪʨʦʣʴ, ʢʦʥʩʫʣʴʪʘʮʠʷ, ʜʠʜʘʢʪʠʯʝ-

ʩʢʠʝ ʤʘʪʝʨʠʘʣʳ, ʤʫʣʴʪʠʤʝʜʠʡʥʳʝ ʩʨʝʜʩʪʚʘ ʦʙʫʯʝʥʠʷ, ʩʨʝʜʩʪʚʘ ʦʙʫʯʝʥʠʷ on-
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line, ʩʨʝʜʩʪʚʘ ʦʙʫʯʝʥʠʷ off-line, ʫʯʘʱʠʝʩʷ, ʧʨʝʧʦʜʘʚʘʪʝʣʴ, ʵʣʝʢʪʨʦʥʥʳʡ 

ʞʫʨʥʘʣ, ʵʣʝʢʪʨʦʥʥʳʡ ʜʥʝʚʥʠʢ. 

 

ʉ ʢʘʞʜʳʤ ʜʥʝʤ ʢʦʤʧʴʶʪʝʨʳ ʚʩʝ ʧʨʦʯʥʝʝ ʚʭʦʜʷʪ ʚ ʥʘʰʫ ʞʠʟʥʴ ʠ ʩʪʘʥʦ-

ʚʷʪʩʷ ʝʝ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ. ʂʦʤʧʴʶʪʝʨʠʟʘʮʠʷ ʚʩʝʭ ʩʬʝʨ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʯʝʣʦʚʝʢʘ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʫʯʝʙʥʦʤ 

ʧʨʦʮʝʩʩʝ. ʀ ʵʪʠ ʚʦʟʤʦʞʥʦʩʪʠ ʤʥʦʛʦʦʙʨʘʟʥʳ ʠ ʰʠʨʦʢʠ; ʧʦ ʧʨʦʛʥʦʟʘʤ ʩʧʝʮʠ-

ʘʣʠʩʪʦʚ, ʠʤʝʶʪ ʙʦʣʴʰʠʝ ʧʝʨʩʧʝʢʪʠʚʳ. 

ɿʘʜʘʯʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʧʴʶʪʝʨʘ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʧʨʦʮʝʩʩʝ: 

Å ʦʙʝʩʧʝʯʝʥʠʝ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ; 

Å ʦʙʝʩʧʝʯʝʥʠʝ ʠʥʜʠʚʠʜʫʘʣʠʟʘʮʠʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ; 

Å ʧʦʚʳʰʝʥʠʝ ʥʘʛʣʷʜʥʦʩʪʠ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ; 

Å ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠʟʫʯʘʝʤʳʭ ʧʨʦʮʝʩʩʦʚ ʠʣʠ ʷʚʣʝʥʠʡ; 

Å ʦʨʛʘʥʠʟʘʮʠʷ ʛʨʫʧʧʦʚʦʡ ʠ ʢʦʣʣʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ; 

Å ʧʦʠʩʢ ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʩʘʤʳʭ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. 

ʇʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʝʩʫʨʩʘʤ ʩʝʪʠ ʀʥʪʝʨʥʝʪ ʢʦʤʧʴʶʪʝʨʥʳʝ ʩʨʝʜʩʪʚʘ ʦʙʫ-

ʯʝʥʠʷ ʜʝʣʷʪʩʷ ʥʘ ʜʚʝ ʛʨʫʧʧʳ: 

- ʉʨʝʜʩʪʚʘ ʦʙʫʯʝʥʠʷ on-line ï ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝ ʨʝʩʫʨʩʦʚ ʩʝʪʠ ʀʥʪʝʨʥʝʪ 

- ʉʨʝʜʩʪʚʘ ʦʙʫʯʝʥʠʷ off-line ï ʘʚʪʦʥʦʤʥʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʩʨʝʜʩʪʚʘ. 

ʊʦʣʴʢʦ ʢʦʤʧʴʶʪʝʨ ʠʟ ʚʩʝʭ ʚʠʜʦʚ ʊʉʆ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝ-

ʤʝʥʷ, ʦʪʣʠʯʥʦ ʩʧʨʘʚʣʷʝʪʩʷ ʩ ʨʝʰʝʥʠʝʤ ʪʘʢʠʭ ʧʨʦʙʣʝʤ, ʢʘʢ: 

- ʘʜʘʧʪʠʚʥʦʩʪʴ ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʫʯʘʱʠʭʩʷ); 

- ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʴ (ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʊʉʆ ʠ ʫʯʘʱʝʛʦʩʷ, ʠʤʠʪʠʨʫʶʱʝʝ ʚ 

ʠʟʚʝʩʪʥʦʡ ʩʪʝʧʝʥʠ ʝʩʪʝʩʪʚʝʥʥʦʝ ʦʙʱʝʥʠʝ); 

- ʤʥʦʛʦʪʝʨʤʠʥʘʣʴʥʦʩʪʴ (ʦʜʥʦʚʨʝʤʝʥʥʘʷ ʨʘʙʦʪʘ ʛʨʫʧʧʳ ʧʦʣʴʟʦʚʘʪʝʣʝʡ); 

- ʧʦʜʢʦʥʪʨʦʣʴʥʦʩʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʨʘʙʦʪʳ ʫʯʘʱʠʭʩʷ ʚʦ ʚʥʝʘʫʜʠʪʦʨ-

ʥʦʝ ʚʨʝʤʷ. 

ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʩʧʝʮʠʬʠʢʦʡ ʢʦʤʧʴʶʪʝʨʘ, ʩʦʩʪʦʷʱʝʡ ʚ ʩʣʝʜʫʶʱʝʤ: 

1. ɿʥʘʯʠʪʝʣʴʥʳʡ ʦʙʲʝʤ ʧʘʤʷʪʠ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ 

2. ɺʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʢʦʤʧʴʶʪʝʨʘ 

3. ʉʧʦʩʦʙʥʦʩʪʴ ʤʛʥʦʚʝʥʥʦ ʠ ʯʝʪʢʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʟʘʧʨʦʩʳ ʠ ʦʪʚʝʪʳ 

ʫʯʘʱʠʭʩʷ 

4. ɼʠʘʣʦʛʦʚʳʡ ʨʝʞʠʤ ʩʚʷʟʠ ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦ-

ʛʨʘʤʤʳ) ʩ ʦʙʫʯʘʝʤʳʤ 

5. ɸʜʘʧʪʠʚʥʦʩʪʴ  

6. ʅʘʣʠʯʠʝ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ 

7. ɺʦʟʤʦʞʥʦʩʪʴ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʧʨʦʚʦʜʠʪʴ ʤʥʦʛʦʬʘʢʪʦʨʥʳʡ 

ʩʙʦʨ ʠ ʘʥʘʣʠʟ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʦʤʧʴʶʪʝʨ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʠʟʫʯʘʝʤʳʭ ʷʚʣʝʥʠʡ ʠʣʠ ʩʠʩʪʝʤ, ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʳʯʠʩʣʝʥʠʡ, 

ʜʣʷ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʪʝʢʩʪʦʚ, ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʫʯʝʙʥʳʭ ʠʛʨ, ʚ ʢʘʯʝʩʪʚʝ ʪʨʝʥʘ-
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ʞʝʨʦʚ, ʚ ʢʘʯʝʩʪʚʝ ʜʠʜʘʢʪʠʯʝʩʢʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʧʨʠʤʝ-

ʥʠʤʦʛʦ ʜʣʷ ʦʙʫʯʝʥʠʷ ʟʥʘʥʠʷʤ. ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʰʢʦʣʘʭ ʠ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ 

ʟʘʚʝʜʝʥʠʷʭ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʙʫʯʘʶʱʠʝ ʧʨʦʛʨʘʤʤʳ. 

ʆʙʫʯʘʶʱʠʝ ʧʨʦʛʨʘʤʤʳ ï ʧʨʠʢʣʘʜʥʳʝ ʧʨʦʛʨʘʤʤʳ, ʩʦʟʜʘʥʥʳʝ ʜʣʷ ʨʘ-

ʙʦʪʳ ʫʯʘʱʝʛʦʩʷ ʥʘʜ ʫʯʝʙʥʳʤ ʤʘʪʝʨʠʘʣʦʤ. ʈʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʜʣʷ ʦʙʝʩʧʝʯʝ-

ʥʠʷ ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʦʜʜʝʨʞʢʠ ʧʨʦʮʝʩʩʘ ʫʩʚʦʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʧʦ ʢʘʢʦʡ-ʪʦ 

ʢʦʥʢʨʝʪʥʦʡ ʜʠʩʮʠʧʣʠʥʝ. ʕʪʠ ʧʨʦʛʨʘʤʤʳ ʦʧʨʝʜʝʣʷʶʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠ 

ʪʝʤʧ ʦʩʚʦʝʥʠʷ ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʟʘʜʘʥʠʡ, ʧʦʜʪʚʝʨ-

ʞʜʘʶʪ ʧʨʘʚʠʣʴʥʦʩʪʴ-ʥʝʧʨʘʚʠʣʴʥʦʩʪʴ ʦʪʚʝʪʦʚ, ʚʳʜʘʶʪ ʥʘ ʵʢʨʘʥ ʜʠʩʧʣʝʷ 

ʢʦʤʤʝʥʪʘʨʠʠ, ʛʨʘʤʦʪʥʦʝ ʨʘʟʲʷʩʥʝʥʠʝ ʜʦʧʫʱʝʥʥʳʭ ʦʰʠʙʦʢ, ʧʨʦʠʟʚʦʜʷʪ 

ʢʦʥʪʨʦʣʴ ʠ ʦʮʝʥʢʫ ʩʪʝʧʝʥʠ ʦʩʚʦʝʥʠʷ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʌʦʨʤʳ ʦʙʫʯʘʶʱʠʭ ʧʨʦʛʨʘʤʤ: ʵʣʝʢʪʨʦʥʥʳʡ ʫʯʝʙʥʠʢ, ʘʚʪʦʤʘʪʠʟʠʨʦ-

ʚʘʥʥʘʷ ʦʙʫʯʘʶʱʘʷ ʩʠʩʪʝʤʘ, ʪʝʩʪʠʨʫʶʱʘʷ ʧʨʦʛʨʘʤʤʘ 

ʆʩʥʦʚʥʳʝ ʚʠʜʳ ʦʙʫʯʘʶʱʠʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ: ʧʨʦʛʨʘʤʤʳ, 

ʥʘʧʨʘʚʣʝʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʠʟʫʯʝʥʠʝ ʥʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʨʝʞʠʤʝ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʫʯʝʥʠʷ; ʧʨʦʛʨʘʤʤʳ, ʨʝʘʣʠʟʫʶʱʠʝ ʧʨʦʙʣʝʤʥʦʝ ʦʙʫʯʝʥʠʝ; 

ʧʨʦʛʨʘʤʤʳ-ʪʨʝʥʘʞʝʨʳ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʜʣʷ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʠ ʟʘʢʨʝʧʣʝ-

ʥʠʷ ʟʥʘʥʠʡ, ʫʤʝʥʠʡ ʠ ʥʘʚʳʢʦʚ; ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʳʝ ʠ ʠʣʣʶʩʪʨʠʨʫʶʱʠʝ ʧʨʦ-

ʛʨʘʤʤʳ, ʤʦʜʝʣʠʨʫʶʱʠʝ ʠ ʘʥʘʣʠʟʠʨʫʶʱʠʝ ʢʦʥʢʨʝʪʥʳʝ ʩʠʪʫʘʮʠʠ; ʦʙʫʯʘʶ-

ʱʠʝ ʠ ʨʘʟʚʠʚʘʶʱʠʝ ʠʛʨʦʚʳʝ ʧʨʦʛʨʘʤʤʳ; ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʧʨʦʛʨʘʤʤʳ; ʚʳ-

ʯʠʩʣʠʪʝʣʴʥʳʝ ʧʨʦʛʨʘʤʤʳ; ʧʨʦʛʨʘʤʤʳ ʢʦʥʪʨʦʣʷ. ʅʘ ʫʨʦʢʘʭ ʤʘʪʝʤʘʪʠʢʠ ʰʠ-

ʨʦʢʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʧʦʣʫʯʠʣʠ ʪʘʢʠʝ ʧʨʦʛʨʘʤʤʳ, ʢʘʢ çʆʪʢʨʳʪʘʷ ʤʘʪʝʤʘ-

ʪʠʢʘ 1.0. ʉʪʝʨʝʦʤʝʪʨʠʷè, çʆʪʢʨʳʪʘʷ ʤʘʪʝʤʘʪʠʢʘ 1.0. ʇʣʘʥʠʤʝʪʨʠʷè, çʆʪ-

ʢʨʳʪʘʷ ʤʘʪʝʤʘʪʠʢʘ 2.5. ʌʫʥʢʮʠʠ ʠ ɻʨʘʬʠʢʠè ʠ ʜʨ. 

ɼʘʥʥʳʝ ʧʨʦʛʨʘʤʤʳ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʧʦʵʪʘʧʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʫʤ-

ʩʪʚʝʥʥʳʭ ʜʝʡʩʪʚʠʡ. ʆʙʝʩʧʝʯʠʚʘʶʪ ʜʝʪʘʣʴʥʫʶ çʧʨʦʨʘʙʦʪʢʫè ʠʟʫʯʘʝʤʦʛʦ ʤʘ-

ʪʝʨʠʘʣʘ. ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʥʘ ʧʦʩʪʨʦʝʥʠʝ ʫʯʘʱʠʤʠʩʷ ʠ ʩʪʫʜʝʥʪʘʤ ʧʨʝʜʣʘ-

ʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʥʪʝʨʘʢʪʠʚʥʳʡ ʢʦʥʩʪʨʫʢʪʦʨ ʠ ʩʧʝʮʠʘʣʴʥʦʝ ʧʨʠʣʦʞʝ-

ʥʠʝ çʏʝʨʪʝʞè.  ʇʨʠʤʝʥʝʥʠʝ ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʥʘ ʟʘʥʷ-

ʪʠʷʭ ʧʦ ʤʘʪʝʤʘʪʠʢʝ ʠ ʠʥʬʦʨʤʘʪʠʢʝ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʨʘʟʥʦʦʙʨʘʟʠʪʴ ʪʨʘ-

ʜʠʮʠʦʥʥʳʝ ʬʦʨʤʳ ʦʙʫʯʝʥʠʷ, ʥʦ ʠ ʨʝʰʘʪʴ ʩʘʤʳʝ ʨʘʟʥʳʝ ʟʘʜʘʯʠ: ʨʘʟʚʠʚʘʪʴ 

ʥʘʫʯʥʦʝ ʤʠʨʦʚʦʟʟʨʝʥʠʝ; ʦʙʝʩʧʝʯʠʪʴ ʜʠʬʬʝʨʝʥʮʠʘʮʠʶ ʦʙʫʯʝʥʠʷ; ʧʦʚʳʩʠʪʴ 

ʠʥʪʝʨʝʩ ʢ ʧʨʝʜʤʝʪʫ, ʧʦʟʥʘʚʘʪʝʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʦʙʫʯʘʶʱʠʭʩʷ; ʧʦʚʳʩʠʪʴ 

ʫʨʦʚʝʥʴ ʦʙʫʯʝʥʠʷ; ʦʩʫʱʝʩʪʚʣʷʪʴ ʢʦʥʪʨʦʣʴ ʟʥʘʥʠʡ. 

ɸ ʪʘʢʦʡ ʧʨʦʛʨʘʤʤʦʡ, ʢʘʢ çMathcadè ʘʢʪʠʚʥʦ ʧʦʣʴʟʫʶʪʩʷ ʢʘʢ ʰʢʦʣʴ-

ʥʠʢʠ ʩʪʘʨʰʠʭ ʢʣʘʩʩʦʚ, ʢʦʪʦʨʳʝ ʠʟʫʯʘʶʪ ʤʘʪʝʤʘʪʠʢʫ ʥʘ ʙʦʣʝʝ ʚʳʩʰʝʤ 

ʫʨʦʚʥʝ, ʪʘʢ ʠ ʩʪʫʜʝʥʪʳ. ɼʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʜʣʷ ʨʘʙʦʪʳ ʩ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ 

ʠʣʠ ʠʥʞʝʥʝʨʥʳʤʠ ʚʳʯʠʩʣʝʥʠʷʤʠ. ʈʘʟʨʘʙʦʪʘʥʘ ʠʟʚʝʩʪʥʦʡ ʬʠʨʤʦʡ ʈʊʉ. ʅʘ 

ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʝʝ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʫʥʠʚʝʨʩʘʣʴʥʦʡ, ʪʘʢ ʢʘʢ ʦʥʘ ʤʦʞʝʪ ʧʨʠʤʝ-

ʥʷʪʴʩʷ ʚ ʨʘʟʥʳʭ ʦʙʣʘʩʪʷʭ, ʦʪ ʥʘʫʯʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʜʦ ʣʶʙʦʡ ʜʨʫʛʦʡ, ʛʜʝ 

ʥʝʦʙʭʦʜʠʤʳ ʪʦʯʥʳʝ ʨʘʩʯʝʪʳ. 

ɺʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʧʨʦʛʨʘʤʤʳ ʦʙʲʝʜʠʥʷʶʪʩʷ ʦʙʱʠʤʠ ʤʝʪʦʜʠʯʝʩʢʠʤʠ 

ʧʦʜʭʦʜʘʤʠ. ʀʭ ʦʩʥʦʚʘ - ʵʪʦ ʦʧʦʨʘ ʥʘ ʥʘʛʣʷʜʥʦʩʪʴ; ʘʢʪʠʚʠʟʘʮʠʷ ʨʘʙʦʪʳ ʫʯʝ-
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ʥʠʢʘ; ʦʧʪʠʤʠʟʘʮʠʷ ʩʦʯʝʪʘʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʠʜʦʚ ʜʝʷʪʝʣʴ-

ʥʦʩʪʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʫʯʝʥʠʢʦʚ ʠ ʩʪʫ-

ʜʝʥʪʦʚ. 

ɺʩʝʩʪʦʨʦʥʥʝ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ 

ʰʢʦʣʘʭ ʠ ʚʫʟʘʭ ʜʘʝʪ ʚʳʩʦʢʠʝ ʨʝʟʫʣʴʪʘʪʳ, ʨʘʟʚʠʚʘʝʪ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ, 

ʪʚʦʨʯʝʩʢʠʝ ʩʧʦʩʦʙʥʦʩʪʠ ʰʢʦʣʴʥʠʢʦʚ ʠ ʩʪʫʜʝʥʪʦʚ, ʧʦʚʳʰʘʝʪ ʠʭ ʘʢʪʠʚʥʦʩʪʴ, 

ʤʦʪʠʚʘʮʠʶ ʢ ʦʙʫʯʝʥʠʶ. ʋʯʘʱʠʤʩʷ ʥʨʘʚʠʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʘʪʴ ʢʘʢ ʠʥ-

ʜʠʚʠʜʫʘʣʴʥʦ, ʪʘʢ ʠ ʛʨʫʧʧʘʤʠ. ɺ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ ʦʥʠ ʤʦʛʫʪ   ʧʦʚʪʦʨʠʪʴ 

ʧʨʦʛʨʘʤʤʫ ʩʪʦʣʴʢʦ ʨʘʟ, ʩʢʦʣʴʢʦ ʪʨʝʙʫʝʪʩʷ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʠʤ ʯʪʦ-ʪʦ ʦʩʪʘ-

ʣʦʩʴ ʥʝʧʦʥʷʪʥʦ ʠ ʥʝ ʧʦʣʫʯʘʝʪʩʷ. ʉʠʣʴʥʳʝ ʫʯʝʥʠʢʠ ʤʦʛʫʪ ʧʝʨʝʡʪʠ ʥʘ ʙʦʣʝʝ 

ʩʣʦʞʥʳʡ ʫʨʦʚʝʥʴ. ʆʙʨʘʪʠʤ ʚʥʠʤʘʥʠʝ, ʯʪʦ, ʧʦʨʘʙʦʪʘʚ ʩ ʫʢʘʟʘʥʥʳʤ ʧʨʦʛʨʘʤ-

ʤʘʤʠ, ʫʯʘʱʠʝʩʷ ʥʘʯʠʥʘʶʪ ʙʦʣʝʝ ʩʝʨʴʝʟʥʦ ʠ ʦʩʤʳʩʣʝʥʥʦ ʦʪʥʦʩʠʪʴʩʷ ʢ ʠʟʫ-

ʯʝʥʠʶ ʤʘʪʝʨʠʘʣʘ.  

ʉ ʚʥʝʜʨʝʥʠʝʤ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʰʢʦʣʴʥʫʶ ʞʠʟʥʴ ʧʦʷʚʠʣʘʩʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʚʚʝʜʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʰʢʦʣʴʥʦʛʦ ʢʣʘʩʩʥʦʛʦ ʞʫʨʥʘʣʘ, ʢʦʪʦ-

ʨʳʡ ʘʚʪʦʤʘʪʠʟʠʨʫʝʪ ʧʨʦʮʝʩʩ ʢʦʥʪʨʦʣʷ ʥʘʜ ʫʩʧʝʚʘʝʤʦʩʪʴʶ, ʜʫʙʣʠʨʫʝʪ ʟʘ-

ʧʠʩʠ ʰʢʦʣʴʥʦʛʦ ʞʫʨʥʘʣʘ, ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʥʘʢʦʧʣʷʝʤʦʩʪʴ 

ʦʮʝʥʦʢ ʧʦ ʧʨʝʜʤʝʪʘʤ. 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚʝʜʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʥʝʚʥʠʢʘ ʷʚʣʷʝʪʩʷ ʦʛʨʦʤʥʳʤ 

ʧʦʜʩʧʦʨʴʝʤ ʜʣʷ ʨʦʜʠʪʝʣʝʡ. ʋ ʥʠʭ ʧʦʷʚʠʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 

ʫʩʧʝʚʘʝʤʦʩʪʴ, ʧʦʩʝʱʘʝʤʦʩʪʴ, ʟʥʘʪʴ ʨʘʩʧʠʩʘʥʠʝ, ʜʦʤʘʰʥʠʝ ʟʘʜʘʥʠʷ, ʟʘʤʝʯʘ-

ʥʠʷ, ʚʠʜʝʪʴ ʜʠʥʘʤʠʢʫ ʫʩʧʝʚʘʝʤʦʩʪʠ ʩʚʦʝʛʦ ʨʝʙʝʥʢʘ ʧʦ ʠʟʤʝʥʝʥʠʷʤ ʩʨʝʜʥʝʡ 

ʦʮʝʥʢʠ, ʙʳʪʴ ʥʘ ʩʚʷʟʠ ʩʦ ʰʢʦʣʦʡ.  

ɼʣʷ ʫʯʝʥʠʢʘ ʜʘʥʥʳʡ ʧʨʦʝʢʪ ʪʘʢʞʝ ʧʦʣʝʟʝʥ. 

ɺʦ-ʧʝʨʚʳʭ, ʨʝʙʝʥʦʢ ʚʩʝʛʜʘ ʠʤʝʝʪ ʦʧʝʨʘʪʠʚʥʳʡ ʜʦʩʪʫʧ ʢ ʥʝʦʙʭʦʜʠʤʦʡ 

ʠ ʧʦʣʝʟʥʦʡ ʝʤʫ ʠʥʬʦʨʤʘʮʠʠ: ʜʦʤʘʰʥʝʝ ʟʘʜʘʥʠʝ, ʟʘʧʠʩʘʥʥʦʝ ʩʘʤʠʤ ʫʯʠʪʝ-

ʣʝʤ, ʘʢʪʫʘʣʴʥʦʝ ʨʘʩʧʠʩʘʥʠʝ ʟʘʥʷʪʠʡ ʩ ʫʯʝʪʦʤ ʢʘʢʠʭ-ʣʠʙʦ ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʭ 

ʠʟʤʝʥʝʥʠʡ, ʚʦʟʤʦʞʥʦʩʪʴ ʩʘʤʦʤʫ ʩʣʝʜʠʪʴ ʟʘ ʩʚʦʝʡ ʩʨʝʜʥʝʡ ʦʮʝʥʢʦʡ. 

ɺʦ-ʚʪʦʨʳʭ, ʜʘʥʥʳʡ ʧʨʦʝʢʪ ʨʘʟʚʠʚʘʝʪ ʫ ʰʢʦʣʴʥʠʢʦʚ ʪʘʢʠʝ ʢʘʯʝʩʪʚʘ, ʢʘʢ 

ʯʝʩʪʥʦʩʪʴ ʠ ʦʪʢʨʳʪʦʩʪʴ ʩ ʨʦʜʠʪʝʣʷʤʠ (ʚʝʜʴ ʨʝʙʝʥʦʢ ʧʦʥʠʤʘʝʪ, ʯʪʦ ʫ ʨʦʜʠ-

ʪʝʣʝʡ ʪʘʢʞʝ ʝʩʪʴ ʜʦʩʪʫʧ ʢ ʠʥʬʦʨʤʘʮʠʠ), ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʩʪʴ, ʦʪʚʝʪʩʪʚʝʥ-

ʥʦʩʪʴ, ʩʘʤʦʚʦʩʧʠʪʘʥʠʝ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚʦʟʨʘʩʪʘʝʪ ʤʦʪʠʚʠʨʦʚʘʥʥʦʩʪʴ ʫʯʝʥʠʢʦʚ. 

ʇʦʜʦʙʥʳʡ ʧʨʦʝʢʪ ʨʘʟʨʘʙʦʪʘʥ ʠ ʜʣʷ ʚʫʟʦʚ. ʕʪʦ ʵʣʝʢʪʨʦʥʥʳʡ ʞʫʨʥʘʣ 

ʫʯʝʪʘ ʫʩʧʝʚʘʝʤʦʩʪʠ ʩʪʫʜʝʥʪʦʚ ʠ ʚʝʜʦʤʦʩʪʠ. ʉʪʫʜʝʥʪʳ ʠʤʝʶʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʣʝʜʠʪʴ ʟʘ ʙʘʣʣʘʤʠ ʨʝʡʪʠʥʛʦʚ, ʚʠʜʝʪʴ ʨʝʟʫʣʴʪʘʪʳ ʟʘʯʝʪʦʚ ʠ ʵʢʟʘʤʝʥʦʚ. 

ʀʟ ʚʩʝʛʦ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ ʤʳ ʚʠʜʠʤ, ʯʪʦ ʙʣʘʛʦʜʘʨʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ 

ʪʝʭʥʦʣʦʛʠʷʤ ʣʝʛʢʦ ʠ ʫʜʦʙʥʦ ʦʙʤʝʥʠʚʘʪʴʩʷ ʠʥʬʦʨʤʘʮʠʝʡ ʚʩʝʤ ʫʯʘʩʪʥʠʢʘʤ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ï ʘʜʤʠʥʠʩʪʨʘʮʠʠ, ʧʨʝʧʦʜʘʚʘʪʝʣʷʤ, ʨʦʜʠʪʝʣʷʤ, 

ʫʯʘʱʠʤʩʷ. 

ʂʨʫʛ ʤʝʪʦʜʠʯʝʩʢʠʭ ʠ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʨʝʰʠʪʴ ʩ 

ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʘ, ʦʛʨʦʤʝʥ ʠ ʨʘʟʥʦʦʙʨʘʟʝʥ. ɺʘʞʥʦ ʠ ʥʝʦʙʭʦʜʠʤʦ ʦʨʛʘ-

ʥʠʟʦʚʘʪʴ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʪʘʢ, ʯʪʦʙʳ ʫʯʘʱʠʝʩʷ ʘʢʪʠʚʥʦ, ʩ ʠʥʪʝʨʝʩʦʤ, ʫʚʣʝ-

ʯʝʥʥʦ ʨʘʙʦʪʘʣʠ ʥʘ ʟʘʥʷʪʠʷʭ, ʚʠʜʝʣʠ ʧʣʦʜʳ ʩʚʦʝʛʦ ʪʨʫʜʘ ʠ ʤʦʛʣʠ ʠʭ ʦʮʝʥʠʪʴ. 
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ʉʦʯʝʪʘʥʠʝ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʦʙʫʯʝʥʠʷ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʥʝʩʦʤʥʝʥʥʦ, ʧʦʤʦʛʫʪ ʧʨʝʧʦʜʘʚʘʪʝʣʶ ʚ ʵʪʦʤ. ɺʝʜʴ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʴʶʪʝʨʘ ʥʘ ʟʘʥʷʪʠʷʭ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʧʦʟʥʘʚʘʪʝʣʴʥʳʡ 

ʠʥʪʝʨʝʩ, ʚʥʝʩʪʠ ʵʣʝʤʝʥʪ ʟʘʥʠʤʘʪʝʣʴʥʦʩʪʠ, ʦʞʠʚʠʪʴ ʠ ʩʜʝʣʘʪʴ ʫʯʝʙʥʳʡ ʧʨʦ-

ʮʝʩʩ ʤʦʙʠʣʴʥʳʤ, ʩʪʨʦʛʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʤ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ.  

ʇʦʜʚʦʜʷ ʠʪʦʛ, ʝʱʝ ʨʘʟ ʭʦʯʝʪʩʷ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʦʙʨʘʟʦ-

ʚʘʪʝʣʴʥʦʤ ʧʨʦʮʝʩʩʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ï ʵʪʦ 

ʦʜʠʥ ʠʟ ʩʧʦʩʦʙʦʚ ʧʦʩʪʠʞʝʥʠʷ ʤʠʨʘ ʫʯʘʱʠʤʠʩʷ. ʢʦʤʧʴʶʪʝʨ ʧʦʟʚʦʣʷʝʪ ʧʦ-

ʛʨʫʟʠʪʴʩʷ ʚ ʜʨʫʛʦʡ ʤʠʨ, ʫʚʠʜʝʪʴ ʝʛʦ ʩʚʦʠʤʠ ʛʣʘʟʘʤʠ, ʩʪʘʪʴ ʢʘʢ ʙʳ ʫʯʘʩʪʥʠ-

ʢʦʤ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʜʝʡʩʪʚʠʷ ʠʣʠ ʩʦʙʳʪʠʷ. 

ʇʦ ʜʘʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ, ʯʪʦ ʦʙʫʯʘʝʤʳʡ ʠʟʥʘʯʘʣʴʥʦ 

ʟʘʧʦʤʠʥʘʝʪ ʪʦʣʴʢʦ ı ʯʘʩʪʴ ʫʩʣʳʰʘʥʥʦʛʦ ʠ 1/3 ʯʘʩʪʴ ʫʚʠʜʝʥʥʦʛʦ. ʅʦ ʧʨʠ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʩʣʫʭ ʠ ʟʨʝʥʠʝ ʟʘʧʦʤʠʥʘʝʪʩʷ ʫʞʝ ʧʦʣʦ-

ʚʠʥʘ. ɸ ʧʨʠ ʚʦʚʣʝʯʝʥʠʠ ʦʙʫʯʘʝʤʦʛʦ ʝʱʝ ʚ ʘʢʪʠʚʥʳʝ ʜʝʡʩʪʚʠʷ ʚ ʫʯʝʙʥʦʤ 

ʧʨʦʮʝʩʩʝ (ʩʢʘʞʝʤ, ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʤʫʣʴʪʠʤʝʜʠʘ-ʪʝʭʥʦʣʦ-

ʛʠʡ) ʜʦʣʷ ʫʩʚʦʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʤʦʞʝʪ ʩʦʩʪʘʚʠʪʴ 75%. 

ʇʝʨʝʜ ʩʠʩʪʝʤʦʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʨʘʤʢʘʭ 

ʨʝʬʦʨʤʠʨʦʚʘʥʠʷ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʩʪʦʠʪ ʛʣʘʚʥʘʷ ʟʘʜʘʯʘ ï ʚʳʚʝʩʪʠ ʧʦʜ-

ʛʦʪʦʚʢʫ ʩʪʫʜʝʥʪʦʚ ʥʘ ʢʘʯʝʩʪʚʝʥʥʦ ï ʥʦʚʳʡ ʫʨʦʚʝʥʴ, ʦʪʚʝʯʘʶʱʠʡ ʩʦʚʨʝʤʝʥ-

ʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʚʨʝʤʝʥʠ. 

ɼʝʷʪʝʣʴʥʦʩʪʴ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʢʘʞʜʦʤʫ 

ʫʯʘʱʝʤʫʩʷ ʦʚʣʘʜʝʪʴ ʟʥʘʥʠʷʤʠ ʥʘ ʦʙʷʟʘʪʝʣʴʥʦʤ ʠʣʠ ʙʦʣʝʝ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ.  

ɻʨʘʤʦʪʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʩʨʝʜʩʪʚ ʢʦʤʤʫʥʠʢʘʮʠʡ (ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʩʝ-

ʪʝʚʦʡ) ʥʝ ʪʦʣʴʢʦ ʫʣʫʯʰʘʝʪ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʠ ʫʧʨʘʚʣʝʥʠʝ ʦʙ-

ʨʘʟʦʚʘʪʝʣʴʥʳʤ ʧʨʦʮʝʩʩʦʤ ʚ ʨʘʤʢʘʭ ʪʨʘʜʠʮʠʦʥʥʳʭ ʜʣʷ ʚʫʟʘ ʬʦʨʤ ʦʨʛʘʥʠʟʘ-

ʮʠʠ ʦʙʫʯʝʥʠʷ, ʥʦ ʠ ʧʨʝʜʣʘʛʘʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʝ ʝʝ ʬʦʨʤʳ: ʩʝʤʠʥʘʨʳ 

ï ʬʦʨʫʤʳ, ʜʠʩʪʘʥʮʠʦʥʥʳʝ ʢʦʥʩʫʣʴʪʘʮʠʠ, ʜʠʩʪʘʥʮʠʦʥʥʳʝ ʣʝʢʮʠʠ, ʬʦʨʫʤʳ 

ʜʠʩʮʠʧʣʠʥ, ʩʨʝʜʩʪʚʘ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʠ ʩʘʤʦʢʦʥʪʨʦʣʷ. ʕʪʦ ʧʦʟʚʦ-

ʣʷʝʪ ʥʘʛʣʷʜʥʦ ʠʟʤʝʥʠʪʴ ʦʨʛʘʥʠʟʘʮʠʶ ʠ ʩʦʜʝʨʞʘʥʠʝ ʘʫʜʠʪʦʨʥʳʭ ʫʯʝʙʥʳʭ ʟʘ-

ʥʷʪʠʡ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ (ʧʨʘʢʪʠʢʠ, ʩʝʤʠʥʘʨʳ, ʣʘʙʦʨʘʪʦʨʥʳʝ ʨʘʙʦʪʳ, 

ʢʦʥʪʨʦʣʴ) ʠ ʦʩʦʙʝʥʥʦ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʫʯʝʙʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʅʘʨʷʜʫ ʩ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʦ ï ʧʦʟʥʘʚʘʪʝʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʠʥʪʝʨʘʢʪʠʚʥʘʷ ʣʝʢʮʠʷ ʠʤʝʝʪ 

ʵʤʦʮʠʦʥʘʣʴʥʫʶ ʦʢʨʘʩʢʫ ʙʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ ʧʨʦʮʝʩʩʝ ʝʝ ʠʟʣʦʞʝʥʠʷ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʣʘʡʜʦʚ. ʇʨʝʧʦʜʘʚʘʪʝʣʴ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʢ ʣʝʢʮʠʠ ʨʘʟʨʘʙʘ-

ʪʳʚʘʝʪ ʚ ʧʨʠʣʦʞʝʥʠʠ çPower Pointè ʧʨʦʛʨʘʤʤʳ çOfficeè ʥʫʞʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʩʣʘʡʜʦʚ, ʜʦʧʦʣʥʷʝʪ ʚʠʜʝʦʠʥʬʦʨʤʘʮʠʶ ʥʘ ʥʠʭ ʟʚʫʢʦʚʳʤ ʩʦʧʨʦʚʦʞʜʝʥʠʝʤ ʠ 

ʵʣʝʤʝʥʪʘʤʠ ʘʥʠʤʘʮʠʠ. ɺʦ ʚʨʝʤʷ ʣʝʢʮʠʠ ʦʥ ʠʩʧʦʣʴʟʫʝʪ ʠʭ ʚ ʢʘʯʝʩʪʚʝ ʠʣʣʶ-

ʩʪʨʘʮʠʠ. ʕʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ ʧʨʦʯʥʦʤʫ ʫʩʚʦʝʥʠʶ ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʩʪʫʜʝʥʪʘʤʠ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʠʥʪʝʨʘʢʪʠʚʥʦʡ ʣʝʢ-

ʮʠʠ ʚ ʭʦʜʝ ʧʨʝʧʦʜʘʚʘʥʠʷ ʢʫʨʩʘ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʚ ʪʝʭʥʠʯʝʩʢʠʭ ʚʫʟʘʭ 

ʦʙʲʷʩʥʷʝʪʩʷ ʩʚʦʝʦʙʨʘʟʠʝʤ ʦʬʦʨʤʣʝʥʠʝ ʪʝʢʩʪʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʚʠʜʝ ʬʦʨ-

ʤʫʣ, ʛʨʘʬʠʢʦʚ, ʪʘʙʣʠʮ, ʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʝʧʦʜʘʚʘ-

ʪʝʣʷʤʠ ʜʠʩʮʠʧʣʠʥ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʷ. ʕʪʦ ʚ ʩʦʯʝʪʘʥʠʠ ʩʦ ʟʚʫʢʦʚʳʤʠ 
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ʵʬʬʝʢʪʘʤʠ, ʵʣʝʤʝʥʪʘʤʠ ʘʥʠʤʘʮʠʠ ʠ ʢʦʤʤʝʥʪʘʨʠʷʤʠ ʧʨʝʧʦʜʘʚʘʪʝʣʷ, ʜʝʣʘʝʪ 

ʫʯʝʙʥʳʡ ʤʘʪʝʨʠʘʣ ʣʝʢʮʠʠ ʧʦ ʦʙʱʝʛʫʤʘʥʠʪʘʨʥʦʡ ʜʠʩʮʠʧʣʠʥʝ ʙʦʣʝʝ ʜʦʩʪʫʧ-

ʥʳʤ ʠ ʧʦʥʷʪʥʳʤ ʩʪʫʜʝʥʪʘʤ ʩ ʪʝʭʥʠʯʝʩʢʠʤ ʩʢʣʘʜʦʤ ʫʤʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʜ-

ʥʦʚʨʝʤʝʥʥʦʝ ʫʯʘʩʪʠʝ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʠ ʢʦʤʧʴʶʪʝʨʘ ʟʘ-

ʤʝʪʥʦ ʫʣʫʯʰʘʝʪ ʢʘʯʝʩʪʚʦ ʦʙʨʘʟʦʚʘʥʠʷ. ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʘʢʪʠʚʠʟʠ-

ʨʫʝʪ ʧʨʦʮʝʩʩ ʧʨʝʧʦʜʘʚʘʥʠʷ, ʧʦʚʳʰʘʝʪ ʠʥʪʝʨʝʩ ʩʪʫʜʝʥʪʦʚ ʢ ʠʟʫʯʘʝʤʦʡ ʜʠʩ-

ʮʠʧʣʠʥʝ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ 

ʙʦʣʴʰʝʡ ʛʣʫʙʠʥʳ ʧʦʥʠʤʘʥʠʷ ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʦʚʝʡʰʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʦʙʫ-

ʯʝʥʠʠ ʧʦʟʚʦʣʷʶʪ ʘʢʪʠʚʥʝʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘʫʯʥʳʡ ʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʦʪʝʥ-

ʮʠʘʣ ʚʝʜʫʱʠʭ ʫʥʠʚʝʨʩʠʪʝʪʦʚ ʠ ʠʥʩʪʠʪʫʪʦʚ, ʧʨʠʚʣʝʢʘʪʴ ʣʫʯʰʠʭ ʧʨʝʧʦʜʘʚʘ-

ʪʝʣʝʡ ʢ ʩʦʟʜʘʥʠʶ ʢʫʨʩʦʚ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʨʘʩʰʠʨʷʪʴ ʘʫʜʠʪʦʨʠʶ 

ʦʙʫʯʘʝʤʳʭ.  

ɹʝʩʩʧʦʨʥʦ, ʧʨʠʤʝʥʝʥʠʝ ʥʦʚʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʫʯʝʙʥʦʤ 

ʧʨʦʮʝʩʩʝ ʧʨʠʚʝʜʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʥʘ ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʳʡ ʫʨʦʚʝʥʴ. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʈɸʉʇʈɽɼɽʃɽʅʀʗ ɻʆʈʆɼʆɺ ɺ ʊʇ EXCEL  

ʊ.ʅ. ɸʥʪʠʧʦʚʘ 

ʌɻɹʆʋ ɺʇʆ çʄʦʩʢʦʚʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè, ʄʀʈʕɸ 
ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ  

ɺ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥ ʠʥʪʝʨʝʩʥʳʡ ʧʨʠʤʝʨ ʧʫʘʩʩʦʥʦʚʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʦʩʣʝʜʥʠʝ ʜʘʥʥʳʝ ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʛʦʨʦʜʦʚ ʈʦʩʩʠʠ ʩ 

ʥʘʩʝʣʝʥʠʝʤ ʙʦʣʝʝ 100 ʪʳʩʷʯ ʯʝʣʦʚʝʢ ʧʦ ʩʫʙʲʝʢʪʘʤ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 

ʉʪʨʦʠʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʨʷʜ, ʚ ʢʦʪʦʨʦʤ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʩʚʷʟʴ ʤʝʞʜʫ ʯʠʩ-

ʣʦʤ ʛʦʨʦʜʦʚ ʚ ʩʫʙʲʝʢʪʝ ʌʝʜʝʨʘʮʠʠ ʠ ʢʦʣʠʯʝʩʪʚʦʤ ʪʘʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ. ʆʪ-

ʤʝʯʘʝʪʩʷ, ʯʪʦ ʵʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʨʘʟʠʪʝʣʴʥʦ ʩʭʦʜʥʦ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 
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ʇʫʘʩʩʦʥʘ. ɼʣʷ ʧʨʦʚʝʨʢʠ ʫʩʣʦʚʠʷ ʟʘʢʦʥʘ ʇʫʘʩʩʦʥʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʵʣʝʢʪʨʦʥʥʘʷ 

ʪʘʙʣʠʮʘ Excel. ɹʣʠʟʦʩʪʴ ʟʥʘʯʝʥʠʡ ʦʮʝʥʦʢ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ ʠ ʜʠʩ-

ʧʝʨʩʠʠ ʩʣʫʞʠʪ ʜʦʚʦʜʦʤ ʚ ʧʦʣʴʟʫ ʛʠʧʦʪʝʟʳ ʦ ʧʫʘʩʩʦʥʦʚʩʢʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʌʝʜʝʨʘʣʴʥʳʡ ʦʢʨʫʛ, ʩʫʙʲʝʢʪ ʈʦʩʩʠʡʩʢʦʡ ʬʝʜʝʨʘ-

ʮʠʠ, ʛʦʨʦʜʘ ʈʦʩʩʠʠ ʩ ʥʘʩʝʣʝʥʠʝʤ ʙʦʣʝʝ 100 ʪʳʩʷʯ ʞʠʪʝʣʝʡ, ʛʠʧʦʪʝʟʘ ʦ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʠ ʇʫʘʩʩʦʥʘ, ʧʨʦʚʝʨʢʘ ʨʘʚʝʥʩʪʚʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ ʠ 

ʜʠʩʧʝʨʩʠʠ ʚ Excel, ʜʦʚʦʜ ʚ ʧʦʣʴʟʫ ʛʠʧʦʪʝʟʳ. 

 

ʇʦ ʜʘʥʥʳʤ ʤʘʪʝʨʠʘʣʘ [1] ʠʟ ɺʠʢʠʧʝʜʠʠ, ʧʦʩʣʝʜʥʠʡ ʨʘʟ ʦʪʨʝʜʘʢʪʠʨʦ-

ʚʘʥʥʦʛʦ 17 ʘʚʛʫʩʪʘ 2017 ʛʦʜʘ, ʚ ʈʦʩʩʠʡʩʢʦʡ ʬʝʜʝʨʘʮʠʠ (ʈʌ) ʠʤʝʝʪʩʷ 8 ʬʝ-

ʜʝʨʘʣʴʥʳʭ ʦʢʨʫʛʦʚ (ʌʆ). ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʵʪʠʭ ʦʢʨʫ-

ʛʘʭ, ʧʨʠʯʝʤ ʚ ʧʨʠʤʝʯʘʥʠʠ, ʚ ʧʨʦʮʝʥʪʘʭ, ʫʢʘʟʳʚʘʝʪʩʷ ʝʩʪʝʩʪʚʝʥʥʳʡ ʧʨʠʨʦʩʪ 

ʠʣʠ ʫʙʳʣʴ ʥʘʩʝʣʝʥʠʷ ʟʘ 2016 ʛʦʜ, 

ʊʘʙʣʠʮʘ 1 

 

ɺ ʩʦʩʪʘʚ ʬʝʜʝʨʘʣʴʥʳʭ ʦʢʨʫʛʦʚ ʚʭʦʜʷʪ ʨʘʟʥʳʝ ʩʫʙʲʝʢʪʳ ʬʝʜʝʨʘʮʠʠ. ɺ 

ʨʘʙʦʪʝ [2] (ʧʦʩʣʝʜʥʷʷ ʨʝʜʘʢʮʠʷ ʚʳʧʦʣʥʝʥʘ 8 ʩʝʥʪʷʙʨʷ 2017 ʛʦʜʘ) ʫʢʘʟʳʚʘ-

ʝʪʩʷ 85 ʩʫʙʲʝʢʪʦʚ ʈʌ. ʕʪʦ 22 ʨʝʩʧʫʙʣʠʢʠ, 9 ʢʨʘʝʚ, 46 ʦʙʣʘʩʪʝʡ, 3 ʛʦʨʦʜʘ 

ʬʝʜʝʨʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ, 1 ʘʚʪʦʥʦʤʥʘʷ ʦʙʣʘʩʪʴ ʠ 4 ʘʚʪʦʥʦʤʥʳʭ ʦʢʨʫʛʘ.  

ʅʘʠʙʦʣʴʰʠʤ ʬʝʜʝʨʘʣʴʥʳʤ ʦʢʨʫʛʦʤ ʧʦ ʯʠʩʣʝʥʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ ʷʚʣʷ-

ʝʪʩʷ ʎʝʥʪʨʘʣʴʥʳʡ ʦʢʨʫʛ. ɺ ʥʝʛʦ ʚʭʦʜʷʪ 18 ʩʫʙʲʝʢʪʦʚ. ʉʝʚʝʨʦ-ɿʘʧʘʜʥʳʡ ʌʆ 

ʩʦʩʪʘʚʣʷʶʪ 11 ʩʫʙʲʝʢʪʦʚ. ʖʞʥʳʡ ʌʆ ʚʢʣʶʯʘʝʪ 7 ʩʫʙʲʝʢʪʦʚ. ʉʝʚʝʨʦ-ʂʘʚ-

ʢʘʟʩʢʠʡ ʌʆ, ʩ ʮʝʥʪʨʦʤ ʚ ʛʦʨʦʜʝ ʇʷʪʠʛʦʨʩʢʝ, ʩʦʩʪʘʚʣʷʶʪ 7 ʩʫʙʲʝʢʪʦʚ. ʇʨʠ-

ʚʦʣʞʩʢʠʡ ʦʢʨʫʛ, ʚʢʣʶʯʘʶʱʠʡ 14 ʩʫʙʲʝʢʪʦʚ ʈʌ, ʷʚʣʷʝʪʩʷ ʢʨʫʧʥʝʡʰʠʤ ʧʦ 

ʜʦʣʝ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʵʢʦʥʦʤʠʢʝ 

ʈʦʩʩʠʠ. ʋʨʘʣʴʩʢʠʡ ʦʢʨʫʛ ʜʘʝʪ ʥʘʠʙʦʣʴʰʠʝ ʥʘʣʦʛʦʚʳʝ ʦʪʯʠʩʣʝʥʠʷ ʚ ʬʝʜʝ-

ʨʘʣʴʥʳʡ ʙʶʜʞʝʪ ʈʦʩʩʠʠ. ɺ ʝʛʦ ʩʦʩʪʘʚʝ 4 ʦʙʣʘʩʪʠ ʠ 2 ʘʚʪʦʥʦʤʥʳʭ ʦʢʨʫʛʘ.  

ʉʠʙʠʨʩʢʠʡ ʌʆ ʚʢʣʶʯʘʝʪ 12 ʩʫʙʲʝʢʪʦʚ ʈʌ. ɺ ʩʘʤʳʡ ʙʦʣʴʰʦʡ ʧʦ ʧʣʦ-

ʱʘʜʠ ɼʘʣʴʥʝʚʦʩʪʦʯʥʳʡ ʦʢʨʫʛ, ʟʘʥʠʤʘʶʱʠʡ 36% ʪʝʨʨʠʪʦʨʠʠ ʩʪʨʘʥʳ, ʚʭʦʜʷʪ 

9 ʩʫʙʲʝʢʪʦʚ ʈʌ.  

ɺʘʞʥʝʡʰʝʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʫʙʲʝʢʪʦʚ ʈʌ ʷʚʣʷʶʪʩʷ ʛʦʨʦʜʘ ʩ ʥʘʩʝʣʝ-

ʥʠʝʤ ʙʦʣʝʝ 100 ʪʳʩʷʯ ʞʠʪʝʣʝʡ. ʇʨʠ ʵʪʦʤ ʧʦ ʜʘʥʥʳʤ ʧʦʩʣʝʜʥʝʡ ʚ ʈʉʌʉʈ 

ʧʝʨʝʧʠʩʠ 1989 ʛʦʜʘ ʠʭ ʙʳʣʦ 165, ʧʦ ʜʘʥʥʳʤ ʧʝʨʚʦʡ ʚ ʧʦʩʪʩʦʚʝʪʩʢʦʡ ʈʦʩʩʠʠ 

 ̄
ʅʘʟʚʘʥʠʝ 
ʦʢʨʫʛʘ 

ʇʣʦʱʘʜʴ 
(ʢʤ2 ) 

ʅʘʩʝʣʝʥʠʝ 
(ʯʝʣ), 2017 

ʂʦʣ.-ʚʦ 
ʉʫʙʲʝʢʪʦʚ 

ɸʜʤʠʥʠʩʪʨʘʪ. 
ʮʝʥʪʨ 

ʇʨʠʤʝʯʘ-
ʥʠʝ,  

1 ʎʝʥʪʨʘʣʴʥʳʡ 650205 39209582 18 ʄʦʩʢʚʘ -1,8 

2 ʉʝʚʝʨʦ-ɿʘʧʘʜ. 1686972 13899310 11 ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ -0,7 

3 ʖʞʥʳʡ 447821 16428458 8 ʈʦʩʪʦʚ-ʥʘ ɼʦʥʫ -1,0 

4 ʉʝʚʝʨʦ-ʂʘʚʢʘʟ. 170439 9775770 7 ʇʷʪʠʛʦʨʩʢ 8,1 

5 ʇʨʠʚʦʣʞʩʢʠʡ 1036975 29636574 14 ʅʠʞʥ. ʅʦʚʛʦʨʦʜ -0,7 

6 ʋʨʘʣʴʩʢʠʡ 1818497 12345803 6 ɽʢʘʪʝʨʠʥʙʫʨʛ 1,9 

7 ʉʠʙʠʨʩʢʠʡ 5144953 19326196 12 ʅʦʚʦʩʠʙʠʨʩʢ 0,8 

8 ɼʘʣʴʥʝʚʦʩʪʦʯʥ. 6169329 6182679 9 ʍʘʙʘʨʦʚʩʢ 0,9 
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ʧʝʨʝʧʠʩʠ 2002 ʛʦʜʘ ʢʦʣʠʯʝʩʪʚʦ ʪʘʢʠʭ ʛʦʨʦʜʦʚ ʩʥʠʟʠʣʦʩʴ ʜʦ 153, ʘ ʢ ʥʘʩʪʦʷ-

ʱʝʤʫ ʚʨʝʤʝʥʠ ʠʭ ʯʠʩʣʦ (ʚʢʣʶʯʘʷ ʯʝʪʳʨʝ ʛʦʨʦʜʘ ʨʝʩʧʫʙʣʠʢʠ ʂʨʳʤ) ʜʦ-

ʩʪʠʛʣʦ 170. ɺ ʩʪʘʪʴʝ [3], ʧʦʩʣʝʜʥʷʷ ʨʝʜʘʢʮʠʷ ʢʦʪʦʨʦʡ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ 8 ʩʝʥ-

ʪʷʙʨʷ 2017 ʛʦʜʘ, ʧʨʠʚʝʜʝʥʘ ʪʘʙʣʠʮʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʨʷʜ (ʪʘʙʣʠʮʘ2). ɺ ʧʝʨ-

ʚʦʡ ʩʪʨʦʢʝ ʵʪʦʛʦ ʨʷʜʘ ʫʢʘʟʘʥʦ ʟʥʘʯʝʥʠʝ ʧʨʠʟʥʘʢʘ ï ʯʠʩʣʦ ʛʦʨʦʜʦʚ ʜʘʥʥʦʡ 

ʢʘʪʝʛʦʨʠʠ. ʇʦ ʚʪʦʨʦʡ ʩʪʨʦʢʝ ʧʨʠʚʝʜʝʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʯʘʩʪʦʪʘ, ʪ.ʝ. ʯʠʩʣʦ 

ʩʫʙʲʝʢʪʦʚ ʈʌ ʩ ʪʘʢʠʤ ʟʥʘʯʝʥʠʝʤ ʧʨʠʟʥʘʢʘ. 

ʊʘʙʣʠʮʘ 2 

ʏʠʩʣʦ ʛʦʨʦʜʦʚ 
 xi , i=1,é,9. 

 0  1  2  3  4  5 6 7 20 

ʏʠʩʣʦ ʩʫʙʲʝʢʪʦʚ  
 mi , i=1,é,9. 

6 42 16 10 6 3 0 1 1 

 

ɿʘʤʝʪʠʤ, ʯʪʦ ʪʦʣʴʢʦ ʚ ʦʜʥʦʤ ʩʫʙʲʝʢʪʝ (ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ) ʟʥʘʯʝʥʠʝ 

ʧʨʠʟʥʘʢʘ ñ20ò ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʦʩʪʘʣʴʥʳʭ. ɽʩʣʠ ʥʝ ʨʘʩʩʤʘʪʨʠ-

ʚʘʪʴ ʄʦʩʢʦʚʩʢʫʶ ʦʙʣʘʩʪʴ, ʪʦ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʠʩʣʘ ʛʦ-

ʨʦʜʦʚ ʧʦ ʦʩʪʘʣʴʥʳʤ 84 ʩʫʙʲʝʢʪʘʤ ʈʦʩʩʠʡʩʢʦʡ ʬʝʜʝʨʘʮʠʠ ʧʦʨʘʟʠʪʝʣʴʥʦ 

ʩʭʦʜʥʦ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʇʫʘʩʩʦʥʘ [4, 5]. 

ɻʦʚʦʨʷʪ, ʯʪʦ ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ X, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʪʦʣʴʢʦ 

ʮʝʣʳʝ, ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ (0, 1, 2, é, m, é,), ʨʘʩʧʨʝʜʝʣʝʥʘ ʧʦ ʟʘ-

ʢʦʥʫ ʇʫʘʩʩʦʥʘ, ʝʩʣʠ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʦʥʘ ʧʨʠʤʝʪ ʦʧʨʝʜʝʣʝʥʥʦʝ ʟʥʘʯʝ-

ʥʠʝ m, ʚʳʨʘʞʘʝʪʩʷ ʬʦʨʤʫʣʦʡ a
m

m e
m

a
P -Ö=

!
, ʛʜʝ aīʥʝʢʦʪʦʨʘʷ ʧʦʣʦʞʠʪʝʣʴʥʘʷ 

ʚʝʣʠʯʠʥʘ, ʥʘʟʳʚʘʝʤʘʷ ʧʘʨʘʤʝʪʨʦʤ ʟʘʢʦʥʘ ʇʫʘʩʩʦʥʘ. ɼʦʢʘʟʘʥʦ, ʯʪʦ ʧʘʨʘʤʝʪʨ 

ʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝ ʯʪʦ ʠʥʦʝ, ʢʘʢ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʄ(X) ʩʣʫ-

ʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ X. ʊʘʢʞʝ ʜʦʢʘʟʘʥʦ, ʪʘʢ ʥʘʟʳʚʘʝʤʦʝ ʫʩʣʦʚʠʝ ʟʘʢʦʥʘ ʇʫʘʩ-

ʩʦʥʘ. ʉʦʛʣʘʩʥʦ ʵʪʦʤʫ ʫʩʣʦʚʠʶ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʄ(X) ʠ ʜʠʩʧʝʨʩʠʷ 

D(X) ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ X, ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʧʦ ʪʘʢʦʤʫ ʟʘʢʦʥʫ, ʨʘʚʥʳ. ʕʪʦ 

ʩʚʦʡʩʪʚʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʇʫʘʩʩʦʥʘ ʯʘʩʪʦ ʧʨʠʤʝʥʷʶʪ ʥʘ ʧʨʘʢʪʠʢʝ ʜʣʷ ʚʳʷʩ-

ʥʝʥʠʷ ʚʦʧʨʦʩʘ ʦ ʧʨʘʚʜʦʧʦʜʦʙʥʦʩʪʠ ʛʠʧʦʪʝʟʳ ʦ ʪʦʤ, ʯʪʦ ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ 

X ʠʤʝʝʪ ʧʫʘʩʩʦʥʦʚʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ. ɼʣʷ ʵʪʦʛʦ, ʠʩʧʦʣʴʟʫʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ 

ʜʘʥʥʳʝ, ʥʘʭʦʜʷʪ ʥʘʠʣʫʯʰʠʝ ʪʦʯʝʯʥʳʝ ʦʮʝʥʢʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ ʠ 

ʜʠʩʧʝʨʩʠʠ. ɽʩʣʠ ʠʭ ʟʥʘʯʝʥʠʷ ʙʣʠʟʢʠ, ʪʦ ʵʪʦ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʜʦʚʦʜʦʤ ʚ 

ʧʦʣʴʟʫ ʛʠʧʦʪʝʟʳ ʦ ʧʫʘʩʩʦʥʦʚʩʢʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ; ʨʝʟʢʦʝ ʨʘʟʣʠʯʠʝ ʵʪʠʭ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢ, ʥʘʧʨʦʪʠʚ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʧʨʦʪʠʚ ʛʠʧʦʪʝʟʳ. 

ʉ ʧʦʤʦʱʴʶ ʊʇ Excel, ʜʣʷ ʨʷʜʘ, ʧʨʠʚʝʜʝʥʥʦʛʦ ʚ ʪʘʙʣʠʮʝ 1, ʧʨʦʝʢʪʠʨʫ-

ʝʪʩʷ ʪʘʙʣʠʮʘ 3. ɺ ʵʪʦʡ ʪʘʙʣʠʮʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʨʦʚʝʨʷʝʪʩʷ ʚʳʧʦʣʥʝʥʠʝ 

ʫʩʣʦʚʠʷ ʇʫʘʩʩʦʥʘ ʜʣʷ 84 ʩʫʙʲʝʢʪʦʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ʄʦʩʢʦʚʩʢʘʷ ʦʙ-

ʣʘʩʪʴ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ). ʇʨʦʚʝʨʢʘ ʫʩʣʦʚʠʷ ʇʫʘʩʩʦʥʘ ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʥʘʠʣʫʯʰʠʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʦʮʝʥʦʢ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ ʄ(X) ʠ ʜʠʩ-

ʧʝʨʩʠʠ D(X). ɼʣʷ ʄ(X) ʵʪʦ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ .X  ʆʥʦ ʨʘʚʥʦ 

7857,1=X . ɼʣʷ D(X) ʵʪʦ ʠʩʧʨʘʚʣʝʥʥʘʷ ʚʳʙʦʨʦʯʥʘʷ ʜʠʩʧʝʨʩʠʷ .Ĕ2S  ʆʥʘ 

ʨʘʚʥʘ 7848,1Ĕ2=S .  
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ʊʘʙʣʠʮʘ 3 

ʅʦʤʝʨ ʧ/ʧ ix  im  ii mx Ö  Xxi -  ( )2Xxi -  ( ) ii mXx Ö-
2

 

1 2 3 4 5 6 9 

1 0 6 0 1,7857 3,1887 19,1322 

2 1 42 42 0,7857 0,6173 25,9266 

3 2 16 32 0,2143 0,0459 0,7344 

4 3 10 30 1,2143 1,4745 14,745 

5 4 6 24 2,2143 4,9031 29,4186 

6 5 3 15 3,2143 10,3317 30,9951 

7 6 0 0 4,2143 17,7603 0 

8 7 1 7 5,2143 27,1889 27,1889 

ʉʫʤʤʘ  84 150   148,1408 

ʉʨʝʜʥʝʝ  
ʟʥʘʯʝʥʠʝ 

  7857,1=X  

ʀʩʧʨʘʚʣʝʥ. 
ʚʳʙʦʨʦʯʥʘʷ 
ʜʠʩʧʝʨʩʠʷ 

 7848,1Ĕ2=S  

 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʜʣʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʨʷʜʘ ʫʩʣʦʚʠʝ 

ʇʫʘʩʩʦʥʘ ʚʳʧʦʣʥʷʝʪʩʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʜʚʠʥʫʪʴ ʛʠʧʦʪʝʟʫ ʦ ʪʦʤ, ʯʪʦ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʝ ʛʦʨʦʜʦʚ ʩ ʥʘʩʝʣʝʥʠʝʤ ʙʦʣʝʝ 100 ʪʳʩʷʯ ʯʝʣʦʚʝʢ ʧʦ ʩʫʙʲʝʢʪʘʤ ʈʌ 

ʧʦʜʯʠʥʝʥʦ ʟʘʢʦʥʫ ʇʫʘʩʩʦʥʫ. ʇʨʦʚʝʨʢʘ ʵʪʦʡ ʛʠʧʦʪʝʟʳ ʩ ʫʨʦʚʥʝʤ ʟʥʘʯʠʤʦʩʪʠ 

05,0=a  ʚʳʧʦʣʥʝʥʥʘʷ ʧʦ ʟʘʢʦʥʫ ʇʠʨʩʦʥʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʳʜʚʠʥʫʪʘʷ ʛʠʧʦ-

ʪʝʟʘ ʥʝ ʦʪʚʝʨʛʘʝʪʩʷ.  

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. 

1. ʕʣʝʢʪʨʦʥʥʘʷ ʵʥʮʠʢʣʦʧʝʜʠʷ ɺʠʢʠʧʝʜʠʷ. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] URL: 

https:// ru.wikipedia.org/wiki/ ʌʝʜʝʨʘʣʴʥʳʝ_ʦʢʨʫʛʘ_ʈʦʩʩʠʡʩʢʦʡ_ʌʝʜʝʨʘʮʠʠ., 2017. 

ï 6ʩ.  

2. ʕʣʝʢʪʨʦʥʥʘʷ ʵʥʮʠʢʣʦʧʝʜʠʷ ɺʠʢʠʧʝʜʠʷ. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] URL: 

https:// ru.wikipedia.org/wiki/ ʉʫʙʲʝʢʪʳ_ʈʦʩʩʠʡʩʢʦʡ_ʌʝʜʝʨʘʮʠʠ., 2017. ï 16ʩ.  
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THE STUDY OF THE DI STRIBUTION OF CITIES IN EXCEL  

T.N. Antipova  

FSBEI HPE çMoscow Technological Universityè, MIREA 
Moscow, Russia 

The article presents an interesting example of the Poisson distribution. Based 

on the latest data discusses the distribution of Russian cities with population over 

100 thousand people on the subject of the Russian Federation. Built statistical 

series, which establishes the relationship between the number of cities in a subject 
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of Federation and the number of such entities. It is noted that this distribution is 

strikingly similar to the Poisson distribution. To check the conditions of the Pois-

son law used spreadsheet Excel. The closeness of the estimates of mathematical 

expectation and dispersion is an argument in favor of the hypothesis about Poisson 

distribution. 

Keywords: Federal district, the subject of the Russian Federation, Russian 

cities with population over 100 thousand people, the hypothesis of the Poisson 

distribution, test of equality of mathematical expectations and dispersion in Excel, 

the argument in favor of the hypothesis.  

 

 

ʋɼʂ 004.65  

ɻʈɸʌʆɺʓɽ ɹɸɿʓ ɼɸʅʅʓʍ 

ɸ.ɸ. ɹʘʨʳʰʝʚʩʢʠʡ1 

ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ,  
ʛ. ʉʪʘʚʨʦʧʦʣʴ, ʈʦʩʩʠʷ 

ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʷʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʘ NoSQL ʭʨʘʥʠʣʠʱʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʭʨʘʥʠʣʠʱʘʤʠ ʨʝʣʷʮʠʦʥʥʦʡ ʤʦʜʝʣʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʘʟʳ ʜʘʥʥʳʭ, ʛʨʘʬʦʚʘʷ ʤʦʜʝʣʴ, NoSQL. 

 

ʅʝ ʩʝʢʨʝʪ ʯʪʦ ʨʝʣʷʮʠʦʥʥʳʝ ɹɼ ʩ 1980-ʭ ʛʦʜʦʚ ʟʘʥʠʤʘʶʪ ʜʦʤʠʥʠʨʫʶ-

ʱʝʝ ʧʦʣʦʞʝʥʠʝ ʩʨʝʜʠ ʩʨʝʜʩʪʚ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʥʠ 

ʩʢʦʣʴʢʦ ʧʨʝʚʦʩʭʦʜʩʪʚʦʤ ʧʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʧʨʦʩʪʦʪʝ, ʫʩʪʦʡʯʠʚʦʩʪʠ, 

ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ, ʘ ʣʫʯʰʠʤ ʙʘʣʘʥʩʦʤ ʤʝʞʜʫ ʵʪʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʠʪʫʘʮʠʷ ʥʝʩʢʦʣʴʢʦ ʠʟʤʝʥʠʣʘʩʴ, ʪʘʢ ʢʘʢ ʚ ʧʦʩʣʝʜ-

ʥʠʝ ʛʦʜʳ ʥʘʙʠʨʘʶʪ ʧʦʧʫʣʷʨʥʦʩʪʴ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ NoSQL (Not Only SQL, ʥʝ 

ʪʦʣʴʢʦ SQL) ʭʨʘʥʠʣʠʱʘ, ʠʤʝʶʱʠʝ ʩʫʱʝʩʪʚʝʥʥʳʝ ʦʪʣʠʯʠʷ ʦʪ ʨʝʣʷʮʠʦʥʥʦʡ 

ʤʦʜʝʣʠ. ʆʩʥʦʚʥʘʷ ʠʭ ʮʝʣʴ - ʨʘʩʰʠʨʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ɹɼ, ʚ ʪʝʭ ʦʙʣʘʩʪʷʭ, ʛʜʝ 

ʨʝʣʷʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʠ SQL ʥʝʜʦʩʪʘʪʦʯʥʦ ʛʠʙʢʠ. ʉʘʤʠ ʨʘʟʨʘʙʦʪʯʠʢʠ NoSQL 

ʨʝʰʝʥʠʡ ʩʨʝʜʠ ʤʥʦʞʝʩʪʚʘ ʧʨʝʠʤʫʱʝʩʪʚ ʚʳʜʝʣʷʶʪ ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴ-

ʥʦʩʪʴ ʠ ʣʝʛʢʦʩʪʴ ʨʘʙʦʪʳ.  

ʉʦʟʜʘʥʠʝ ʙʦʣʴʰʠʥʩʪʚʘ NoSQL ʙʘʟ ʜʘʥʥʳʭ ʙʳʣʦ ʤʦʪʠʚʠʨʦʚʘʥʦ ʜʣʷ ʨʘ-

ʙʦʪʳ ʥʘ ʢʣʘʩʪʝʨʘʭ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʘʨʛʝʛʘʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ ʤʦʜʝʣʷʤ ʜʘʥ-

ʥʳʭ ʙʦʣʴʰʠʭ ʟʘʧʠʩʝʡ ʩ ʧʨʦʩʪʳʤʠ ʩʚʷʟʷʤʠ. ʂʦʛʜʘ, ʛʨʘʬʦʚʳʝ ʙʘʟʳ ʜʘʥʥʳʭ 

ʩʦʟʜʘʚʘʣʠʩʴ ʩ ʫʯʸʪʦʤ ʨʘʟʣʠʯʥʳʭ ʧʨʦʙʣʝʤ ʚ ʨʝʣʷʮʠʦʥʥʳʭ ʙʘʟ ʜʘʥʥʳʭ, ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ ʠʤʝʶʪ ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʤʦʜʝʣʴ - ʥʝʙʦʣʴʰʠʝ ʟʘʧʠʩʠ ʩʦ ʩʣʦʞʥʳʤʠ 

ʚʟʘʠʤʦʩʚʷʟʷʤʠ. [1] 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʭʦʪʝʣʦʩʴ ʙʳ ʟʘʪʨʦʥʫʪʴ ʥʘʙʠʨʘʶʱʠʡ ʦʙʦʨʦʪʳ ʧʦʜʚʠʜ 

ʥʝʨʝʣʷʮʠʦʥʥʳʭ ʭʨʘʥʠʣʠʱ, ʘ ʠʤʝʥʥʦ, ʛʨʘʬʦʚʳʝ ɹɼ. ʆʥʠ ʨʝʰʘʶʪ, ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ, ʪʝ ʟʘʜʘʯʠ, ʛʜʝ ʜʘʥʥʳʝ ʩʚʷʟʘʥʳ ʦʪʥʦʰʝʥʠʷʤʠ, ʫʛʣʫʙʣʷʶʱʠʤʠʩʷ ʥʘ 

ʥʝʩʢʦʣʴʢʦ ʫʨʦʚʥʝʡ (ʨʠʩ. 1). 

                                           
1 ʈʫʢʦʚʦʜʠʪʝʣʴ ï ɿ. ʄ. ɸʣʴʙʝʢʦʚʘ  
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ʈʠʩʫʥʦʢ 1 ï ʇʨʠʤʝʨ ʚʟʘʠʤʦʩʚʷʟʝʡ ʚ ʛʨʘʬʦʚʦʡ ɹɼ 

 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ ʧʨʦʩʪʦʛʦ ʟʘʧʨʦʩʘ ʚ ʨʝʣʷʮʠʦʥʥʦʡ ɹɼ ʬʠʣʴʤʦʚ ʠ ʘʢ-

ʪʝʨʦʚ: "ʅʘʡʪʠ ʚʩʝʭ ʘʢʪʝʨʦʚ ʢʦʪʦʨʳʝ ʙʳʣʠ  ʚ ʢʠʥʦ ʩ ʂʝʡʪ ʄʘʨʦʡ" 

SELECT R1.actor_name FROM Roles AS R1 LEFT JOIN Roles AS R2 ON 

R1.movie_title = R2.movie_title WHERE R2.actor_name ="ʂʝʡʪ ʄʘʨʘ" 

ʋʩʣʦʞʥʷʝʤ ʟʘʧʨʦʩ, ʜʦʧʫʩʪʠʤ ʤʳ ʭʦʪʠʤ ʥʘʡʪʠ ʢʦʛʦ-ʪʦ ʢʪʦ ʙʳʣ ʚ ʢʠʥʦ ʩ 

ʂʝʡʪ ʄʘʨʦʡ. ɿʜʝʩʴ ʠʤʝʝʪ ʤʝʩʪʦ ʜʦʙʘʚʣʝʥʠʝ ʝʱʸ ʦʜʥʦʛʦ ʦʙʲʝʜʠʥʝʥʠʷ. ʊʨʝʪʴʷ 

ʩʪʝʧʝʥʴ ʛʣʫʙʠʥʳ ʙʫʜʝʪ ʚʳʛʣʷʜʝʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: çʊʦʪ, ʢʪʦ ʙʳʣ ʚ ʢʠʥʦ 

ʩ ʢʝʤ-ʪʦ, ʢʪʦ ʙʳʣ ʚ ʢʠʥʦ ʩ ʢʝʤ-ʪʦ, ʢʪʦ ʙʳʣ ʚ ʬʠʣʴʤʝ ʩ ʂʝʡʪ ʄʘʨʦʡè. ʇʫʩʢʘʡ 

ʜʘʥʥʘʷ ʪʨʘʢʪʦʚʢʘ ʥʝ ʧʫʛʘʝʪ, ʟʘʜʘʯʘ ʚʧʦʣʥʝ ʨʝʘʣʴʥʘʷ, ʘ ʟʘʧʨʦʩ ʙʫʜʝʪ ʩʪʘʥʦ-

ʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʩʣʦʞʥʳʤ, ʪʨʫʜʦʸʤʢʠʤ, ʚʩʝ ʤʝʥʝʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʤ, ʩ ʢʘʞ-

ʜʳʤ ʫʨʦʚʥʝʤ ʛʣʫʙʠʥʳ. 

ɻʣʫʙʦʢʠʝ ʩʚʷʟʠ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳ, ʚ ʩʦʮʠʘʣʴʥʳʭ ʧʨʦʝʢʪʘʭ, ʛʜʝ ʥʝʦʙ-

ʭʦʜʠʤʦ ʠʩʢʘʪʴ ʜʨʫʟʝʡ ʜʨʫʟʝʡ, ʚ ʥʘʭʦʞʜʝʥʠʠ ʤʘʨʰʨʫʪʘ. ɼʣʷ ʧʦʜʦʙʥʳʭ ʟʘʜʘʯ, 

ʛʜʝ ʜʘʥʥʳʝ ʫʜʘʣʝʥʳ ʥʘ 2 ʠ ʙʦʣʝʝ ʦʪʥʦʰʝʥʠʡ ʨʘʮʠʦʥʘʣʴʥʦ ʧʨʠʤʝʥʷʪʴ ʛʨʘʬʦ-

ʚʫʶ ʤʦʜʝʣʴ ʜʘʥʥʳʭ.  ʆʥʠ ʨʝʰʘʶʪʩʷ ʦʯʝʥʴ ʵʣʝʛʘʥʪʥʦ, ʢʦʛʜʘ ʤʳ ʤʦʜʝʣʠʨʫʝʤ 

ʜʘʥʥʳʝ ʢʘʢ çʚʝʨʰʠʥʳ ʛʨʘʬʦʚè, ʘ ʩʚʷʟʠ ʢʘʢ çʨʝʙʨʘ ʛʨʘʬʘè ʤʝʞʜʫ ʵʪʠʤʠ ʫʟ-

ʣʘʤʠ. ʄʳ ʤʦʞʝʤ ʜʝʣʘʪʴ ʦʙʭʦʜ ʛʨʘʬʘ ʩ ʧʦʤʦʱʴʶ ʜʘʚʥʦ ʠʟʚʝʩʪʥʳʭ ʠ ʵʬʬʝʢ-

ʪʠʚʥʳʭ ʘʣʛʦʨʠʪʤʦʚ. 

ɺʘʞʥʝʡʰʠʤ ʤʦʤʝʥʪʦʤ ʚ ʛʨʘʬʦʚʳʭ ɹɼ ʷʚʣʷʶʪʩʷ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ 

ʦʙʲʝʢʪʘʤʠ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʉʋɹɼ ʦʪʥʦʰʝʥʠʝ ʢ ʥʠʤ ʜʨʫʛʦʝ, ʝʩʣʠ ʚ 

ʨʝʣʷʮʠʦʥʥʳʭ ɹɼ ʠ NOSQL-ʭʨʘʥʠʣʠʱ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʚʟʘʠʤʦʩʚʷʟʝʡ ʧʨʠ-

ʤʝʥʷʶʪʩʷ ʪʘʢʠʝ ʤʝʭʘʥʠʟʤʳ, ʢʘʢ ʚʥʝʰʥʠʝ ʢʣʶʯʠ ʠʣʠ ʚʥʝʰʥʠʝ ʦʧʝʨʘʮʠʠ, 

ʥʘʧʨʠʤʝʨ MapReduce (ʤʦʜʝʣʴ ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʚʳʯʠʩʣʝʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥ-

ʥʘʷ ʢʦʤʧʘʥʠʝʡ Google, ʠʩʧʦʣʴʟʫʝʤʘʷ ʜʣʷ ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʥʘʜ 
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ʦʯʝʥʴ ʙʦʣʴʰʠʤʠ, ʚʧʣʦʪʴ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʧʝʪʘʙʘʡʪ, ʥʘʙʦʨʘʤʠ ʜʘʥʥʳʭ ʚ ʢʦʤ-

ʧʴʶʪʝʨʥʳʭ ʢʣʘʩʪʝʨʘʭ [2]). ʉʦʙʠʨʘʷ ʘʙʩʪʨʘʢʮʠʠ ʫʟʣʦʚ ʠ ʚʟʘʠʤʦʩʚʷʟʝʡ ʚ ʩʚʷ-

ʟʘʥʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʛʨʘʬʦʚʘʷ ɹɼ ʧʦʟʚʦʣʷʝʪ ʩʪʨʦʠʪʴ ʤʦʜʝʣʠ ʣʶʙʦʡ ʩʣʦʞʥʦ-

ʩʪʠ, ʥʘ ʦʩʥʦʚʝ ʚʟʘʠʤʦʩʚʷʟʝʡ ʠ ʘʙʩʪʨʘʢʮʠʠ ʫʟʣʦʚ, ʩʚʷʟʘʥʥʳʭ ʚ ʩʪʨʫʢʪʫʨʳ, 

ʥʘʠʙʦʣʝʝ ʪʦʯʥʦ ʦʪʨʘʞʘʶʱʠʝ ʧʨʝʜʤʝʪʥʫʶ ʦʙʣʘʩʪʴ. ʇʦʣʫʯʝʥʥʳʝ ʤʦʜʝʣʠ 

ʧʨʦʱʝ ʠ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳ, ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʪʝʤ ʞʝ ʨʝʣʷʮʠʦʥʥʳʤ ʠ 

NOSQL-ʭʨʘʥʠʣʠʱʘʤ 

ʅʝ ʩʝʢʨʝʪ ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʫʶ ʩʣʦʞʥʫʶ ʧʨʝʜʤʝʪʥʫʶ ʦʙʣʘʩʪʴ 

ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʛʨʘʬʘ, ʦʜʥʘʢʦ ʧʝʨʝʭʦʜ ʥʘ ʛʨʘʬʦʚʳʝ ɹɼ ʧʦ ʧʨʠ-

ʯʠʥʝ ʥʘʠʙʦʣʝʝ ʚʳʠʛʨʳʰʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʝ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘ-

ʪʦʯʥʦ ʚʝʩʢʠʤ ʦʩʥʦʚʘʥʠʝʤ. ʆʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʧʨʠʯʠʥ ʷʚʣʷʝʪʩʷ ʧʨʦ-

ʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʛʜʝ ʛʨʘʬʦʚʳʝ ɹɼ, ʪʘʢʞʝ, ʧʦʢʘʟʳʚʘʶʪ ʩʝʙʷ ʩ ʣʫʯʰʝʡ ʩʪʦ-

ʨʦʥʳ. ʈʘʩʩʤʦʪʨʠʤ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʦʜʨʦʙʥʝʝ. 

ʆʧʝʨʘʪʠʚʥʦʩʪʴ. ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠ ʩʠʩʪʝʤʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʛʨʘʬʦ-

ʚʳʝ ɹɼ ʦʩʥʘʱʝʥʳ ʚʩʸ ʥʝʦʙʭʦʜʠʤʦʝ. ɺʩʪʨʦʝʥʥʘʷ ʛʨʘʬʦʚʘʷ ʤʦʜʝʣʴ ʜʘʥʥʳʭ, 

ʣʠʰʝʥʥʘʷ ʩʭʝʤ, ʚʤʝʩʪʝ ʩʦ ʚʩʪʨʦʝʥʥʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʠʥʪʝʨʬʝʡʩʦʤ api ʠ 

ʷʟʳʢʦʤ ʟʘʧʨʦʩʦʚ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʚʝʩʪʠ ʨʘʟʨʘʙʦʪʢʫ ʧʨʠʣʦʞʝʥʠʡ. 

ʉʭʝʤʳ ʟʘʤʝʥʝʥʳ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʫʜʦʙʥʳʤʠ ʠ ʜʝʡʩʪʚʝʥʥʳʤʠ ʚʠʜʘʤʠ ʢʦʥ-

ʪʨʦʣʷ, ʢʦʥʪʨʦʣʴ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʬʦʨʤʝ, ʩ ʧʦʤʦʱʴʶ ʪʝʩʪʦʚ ʜʣʷ 

ʤʦʜʝʣʝʡ ʜʘʥʥʳʭ ʠ ʟʘʧʨʦʩʦʚ, ʘ ʪʘʢʞʝ ʩ ʧʦʤʦʱʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʙʠʟʥʝʩ ʧʨʘʚʠʣ, 

ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʛʨʘʬʝ. ʈʘʟʨʘʙʦʪʢʘ ʩ ʧʦʤʦʱʴʶ ʛʨʘʬʦʚʳʭ ɹɼ ʧʦʣʥʦʩʪʴʶ ʩʦʦʪ-

ʚʝʪʩʪʚʫʝʪ ʩʦʚʨʝʤʝʥʥʳʤ ʤʝʪʦʜʠʢʘʤ ʛʠʙʢʦʡ ʠ ʥʘʜʝʞʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦ-

ʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʟʨʘʙʦʪʢʝ ʧʨʠʣʦʞʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝʤ ʛʨʘʬʦʚʳʭ ɹɼ ʥʝ ʦʪʩʪʘʚʘʪʴ ʦʪ ʩʦʚʨʝʤʝʥʥʳʭ ʨʝʘʣʠʡ ʙʠʟʥʝʩʘ. 

ɻʠʙʢʦʩʪʴ. ʉʪʨʫʢʪʫʨʘ ʜʘʥʥʳʭ ʜʦʣʞʥʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʠʟʤʝʥʷʶʱʠʤʩʷ 

ʧʦʪʨʝʙʥʦʩʪʷʤ, ʘ ʥʝ ʦʩʪʘʚʘʪʴʩʷ ʥʝʠʟʤʝʥʥʦʡ. ɻʨʘʬʦʚʘʷ ʤʦʜʝʣʴ ʜʘʥʥʳʭ ʦʪʨʘ-

ʞʘʝʪ ʧʨʝʜʤʝʪʥʫʶ ʦʙʣʘʩʪʴ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʩʦ ʩʢʦʨʦ-

ʩʪʴʶ ʠʟʤʝʥʝʥʠʷ ʩʘʤʦʡ ʦʙʣʘʩʪʠ. ɹʣʘʛʦʜʘʨʷ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʩʰʠʨʝʥʠʷ ʛʨʘ-

ʬʦʚ, ʤʦʞʥʦ ʜʦʙʘʚʣʷʪʴ ʥʦʚʳʝ ʫʟʣʳ, ʥʦʚʳʝ ʤʝʪʢʠ ʚ ʩʫʱʝʩʪʚʫʶʱʫʶ ʩʪʨʫʢ-

ʪʫʨʫ, ʥʝ ʥʘʨʫʰʠʚ ʩʫʱʝʩʪʚʫʶʱʠʭ ʟʘʧʨʦʩʦʚ ʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʨʠʣʦʞʝʥʠʷ. ɹʝʟ-

ʫʩʣʦʚʥʦ ʵʪʦ ʭʦʨʦʰʦ ʚʣʠʷʝʪ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʠ ʩʥʠʞʘʝʪ 

ʨʠʩʢʠ ʜʣʷ  ʧʨʦʝʢʪʘ. 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. ɻʨʘʬʦʚʳʝ ɹɼ ʤʦʛʫʪ ʧʨʠʥʝʩʪʠ ʙʦʣʴʰʦʡ ʧʨʠʨʦʩʪ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʠ ʨʘʙʦʪʝ ʩ ʩʠʣʴʥʦ-ʩʚʷʟʘʥʥʳʤʠ ʜʘʥʥʳʤʠ, ʧʦ ʩʨʘʚʥʝ-

ʥʠʶ ʩ ʨʝʣʷʮʠʦʥʥʳʤʠ ɹɼ ʠ NOSQL-ʭʨʘʥʠʣʠʱʘʤʠ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʝʣʷʮʠ-

ʦʥʥʳʤʠ ɹɼ, ʛʜʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʠʣʴʥʦ ʧʨʦʩʝʜʘʝʪ ʧʨʠ ʫʯʝʪʝ ʚʟʘʠʤʦʩʚʷ-

ʟʝʡ ʩ ʙʦʣʴʰʠʤʠ ʥʘʙʦʨʘʤʠ ʜʘʥʥʳʭ, ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʛʨʘʬʦʚʳʭ ɹɼ ʫʚʝ-

ʣʠʯʝʥʠʝ ʦʙʲʸʤʘ ʜʘʥʥʳʭ ʥʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʷ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʟʘ-

ʧʨʦʩʳ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʯʘʩʪʷʭ ʛʨʘʬʘ. ʊʝʤ ʩʘʤʳʤ ʚʨʝʤʷ ʚʳʧʦʣ-

ʥʝʥʠʷ ʟʘʧʨʦʩʘ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʤʝʨʘ ʦʧʨʝʜʝʣʝʥʥʦʡ ʯʘʩʪʠ ʛʨʘʬʘ, ʢʦʪʦʨʳʡ 

ʥʫʞʥʦ ʦʙʦʡʪʠ, ʘ ʥʝ ʦʪ ʚʩʝʛʦ ʛʨʘʬʘ. [3] 

ɺ ʟʘʤʝʨʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʟʘʥʠʤʘʝʤʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩʨʘʚʥʠʚʘ-

ʶʪʩʷ ʨʝʣʷʮʠʦʥʥʘʷ ʠ ʛʨʘʬʦʚʘʷ ɹɼ. ɺʩʝʛʦ ʚ ʟʘʤʝʨʝ ʫʯʘʩʪʚʫʶʪ ʧʦ 6 ɹɼ MySQL 

ʠ Neo4j ʩʦʜʝʨʞʘʱʠʭ 1000/5000/10000/100000 ʟʘʧʠʩʝʡ (ʫʟʣʦʚ) ʪʠʧʘ 
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Int/Char8k/Char32k ʟʘʧʦʣʥʝʥʥʳʭ ʩʣʫʯʘʡʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ. ʀʤʝʝʤ ʩʣʝʜʫʶ-

ʱʫʶ ʩʪʨʫʢʪʫʨʫ 

Å node(nodeid, payload) 

Å edge(source, sink)  

ʊʘʙʣʠʮʘ 1 ï ɿʘʤʝʨ ʟʘʥʠʤʘʝʤʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʘ ʜʠʩʢʝ ʙʘʟʘʤʠ ʜʘʥʥʳʭ 

ɹɼ ʋʟʣʳ ʊʠʧ ɼʘʥʥʳʭ MySQL ʦʙʲʸʤ Neo4j ʦʙʲʸʤ 

1000int 1000 Int 0.232M 0.428M 

5000int 5000 Int 0.828M 1.7M 

10000int 10000 Int 1.6M 3.2M 

100000int 100000 Int 15M 31M 

1000char8k 1000 8K Char 18M 33M 

5000char8k 5000 8K Char 87M 146M 

10000char8k 10000 8K Char 173M 292M 

100000char8k 100000 8K Char 1700M 2900M 

1000char32k 1000 32K Char 70M 85M 

5000char32k 5000 32K Char 504M 406M 

10000char32k 10000 32K Char 778M 810M 

100000char32k 100000 32K Char 6200M 7900M 

 

ʊʘʙʣʠʮʘ 2 ï ɿʘʤʝʨ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚ ʤʠʣʣʠʩʝʢʫʥʜʘʭ 

ɹɼ MySQL S4* Neo4j S4 
MySQL 
S128 

Neo4j 
S128  

MySQL S0 Neo4j S0  

1000int 38.9 2.8 80.4 15.5 1.5 9.6 

5000int 14.3 1.4 97.3 30.5 7.4 10.6 

10000int 10.5 0.5 75.5 12.5 14.8 23.5 

100000int 6.8 2.4 69.8 18.0 187.1 161.8 

1000char8k 1.1 0.1 21.4 1.3 1.1 1.1 

5000char8k 1.0 0.1 34.8 1.9 7.6 7.5 

10000char8k 1.1 0.6 37.4 4.3 14.9 14.6 

100000char8k 1.1 6.5 40.9 13.5 187.1 146.8 

1000char32k 1.0 0.1 12.5 0.5 1.3 1.0 

5000char32k 2.1 0.5 29.0 1.6 7.6 7.5 

10000char32k 1.1 0.8 38.1 2.5 15.1 15.5 

100000char32k 6.8 4.4 39.8 8.1 183.4 170.0 

 

ɺʳʧʦʣʥʷʝʤʳʡ ʟʘʧʨʦʩ 

SELECT COUNT(*) FROM node WHERE node.nodeid NOT IN (SELECT 

source FROM edge) AND node.nodeid NOT IN (SELECT sink FROM edge); 

*SY ï ʆʙʭʦʜ ʛʨʘʬʘ ʥʘ ʛʣʫʙʠʥʫ Y ʠ ʧʦʜʩʯʸʪ ʜʦʩʪʠʞʠʤʳʭ ʫʟʣʦʚ [4] 

ʈʝʟʫʣʴʪʘʪʳ ʟʘʤʝʨʦʚ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʦʢʘʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʧʨʝʚʦʩʭʦʜʩʪʚʦ ʧʝʨʝʜ ʨʝʣʷʮʠʦʥʥʦʡ ɹɼ ʥʘ ʙʦʣʴʰʦʤ ʠ ʩʠʣʴʥʦ-ʩʚʷʟʘʥʥʦʤ 

ʥʘʙʦʨʝ ʜʘʥʥʳʭ, ʦʜʥʘʢʦ ʟʘʥʠʤʘʝʤʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʥʘ ʞʸʩʪʢʦʤ ʜʠʩʢʝ ʚʳʰʝ, 

ʯʪʦ ʪʘʢʞʝ ʩʪʦʠʪ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʚʳʙʦʨʝ ʤʦʜʝʣʠ ɹɼ. 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. 

1. Pramod J. Sadalage, Martin Fowler: NoSQL Distilled. 
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2. ɺʠʢʠʧʝʜʠʷ: MapReduce [ɻ ʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] URL: https://ru.wikipedia.org/ 

wiki/MapReduce. 

3. Ian Robinson, Jim Webber, Emil Eifrem: Graph Databases. 

4. A Comparison of a Graph Database and a Relational Database ɼʦʢʫʤʝʥʪ: 
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ʋɼʂ: 004.942 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ɼʆʈʆɾʅʆɻʆ ɼɺʀɾɽʅʀʗ ʃɽʅʀʅʉʂʆɻʆ 
ʇʈʆʉʇɽʂʊɸ ɻʆʈʆɼɸ ʄʆʉʂɺɸ ɺ ʉʈɽɼɽ ANYLOGIC 

ɸ.ʅ. ɻʘʙʜʨʘʭʤʘʥʦʚ  

ɹʘʰʢʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ. ɸʢʤʫʣʣʳ, 
 ʛ. ʋʬʘ, ʈʦʩʩʠʷ 

ʀʟʫʯʝʥʘ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʟʘʛʨʫʞʝʥʥʦʩʪʴ ʫʯʘʩʪʢʘ ʃʝʥʠʥʩʢʦʛʦ ʧʨʦ-

ʩʧʝʢʪʘ. ʉʦʟʜʘʥʘ ʤʦʜʝʣʴ ʜʝʡʩʪʚʫʶʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʦʩʧʝʢʪʘ ʚ ʧʨʦʛʨʘʤʤʝ 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʫʯʠʪʳʚʘʣʩʷ ʨʘʟʥʳʡ 

ʧʦʪʦʢ ʘʚʪʦʤʦʙʠʣʝʡ ʥʘ ʚʩʝʭ ʜʦʨʦʛʘʭ ʧʨʦʩʧʝʢʪʘ. ɺʳʷʚʣʝʥʦ ʦʧʪʠʤʘʣʴʥʦʝ ʨʝ-

ʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʧʝʰʝʭʦʜʥʦʛʦ ʧʝʨʝʭʦʜʘ, ʤʠʥʠʤʘʣʴʥʦ ʚʣʠʷʷ 

ʥʘ ʚʨʝʤʷ ʧʨʦʝʟʜʘ ʪʨʘʥʩʧʦʨʪʘ ʯʝʨʝʟ ʜʘʥʥʳʡ ʫʯʘʩʪʦʢ. ʇʦʩʪʨʦʝʥʘ ʦʙʥʦʚʣʝʥʥʘʷ 

ʤʦʜʝʣʴ ʫʯʘʩʪʢʘ ʧʨʦʩʧʝʢʪʘ, ʜʦʧʦʣʥʷʷ ʠ ʠʩʧʨʘʚʣʷʷ ʨʳʯʘʛʠ ʫʧʨʘʚʣʝʥʠʷ ʜʦʨʦʞ-

ʥʦʛʦ ʜʚʠʞʝʥʠʷ. ʄʦʜʝʣʠ ʩʨʘʚʥʝʥʳ ʥʘ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʪʦʢʘ ʘʚʪʦ-

ʤʦʙʠʣʝʡ ʠ ʧʝʰʝʭʦʜʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: AnyLogic, ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʜʦʨʦʞʥʦʝ ʜʚʠʞʝʥʠʝ, ʧʝ-

ʰʝʭʦʜʥʳʡ ʧʝʨʝʭʦʜ  

 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʢʦʣʠʯʝʩʪʚʦ ʘʚʪʦʤʦʙʠʣʝʡ ʚ 5 ʨʘʟʘ ʫʚʝʣʠʯʠʣʦʩʴ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ 1990 ʛʦʜʦʤ [1]. ɸʚʪʦʤʦʙʠʣʴʥʳʡ ʪʨʘʥʩʧʦʨʪ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ 

ʚ ʞʠʟʥʠ ʦʙʱʝʩʪʚʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʦʨʦʞʥʦʝ ʜʚʠʞʝʥʠʝ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ 

ʩʣʦʞʥʦʡ ʠ ʚʘʞʥʦʡ ʩʠʩʪʝʤʦʡ, ʢʦʪʦʨʫʶ ʥʝʦʙʭʦʜʠʤʦ ʢʦʨʨʝʢʪʥʦ ʦʪʨʝʛʫʣʠʨʦ-

ʚʘʪʴ ʠ ʧʦʩʪʦʷʥʥʦ ʩʣʝʜʠʪʴ ʟʘ ʥʝʡ, ʩʦ ʚʨʝʤʝʥʝʤ ʫʣʫʯʰʘʪʴ ʠ ʜʘʞʝ ʜʦʧʦʣʥʷʪʴ. 

ʅʦ ʚ ʛʦʥʢʝ ʧʦ ʫʣʫʯʰʝʥʠʶ ʧʝʨʝʜʚʠʞʝʥʠʷ ʘʚʪʦʤʦʙʠʣʝʡ, ʥʝʣʴʟʷ ʟʘʙʳʚʘʪʴ ʧʨʦ 

ʧʝʰʝʭʦʜʦʚ. ʅʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʬʘʢʪʦʨʳ ʧʦʪʦʢʘ ʢʦʣʠʯʝʩʪʚʘ ʠ ʘʚʪʦʤʦʙʠ-

                                           
1 Head Z. M. Albekova 
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ʣʝʡ, ʠ ʧʝʰʝʭʦʜʦʚ ʚ ʨʘʟʥʳʭ ʜʦʨʦʞʥʳʭ ʫʯʘʩʪʢʘʭ. ʈʝʛʫʣʠʨʦʚʘʪʴ ʜʦʨʦʞʥʦʝ ʜʚʠ-

ʞʝʥʠʝ ʪʘʢ, ʯʪʦ ʙʳ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʙʳʣʘ ʤʘʢʩʠʤʘʣʴʥʦ ʚʳʩʦʢʦʡ. ɺ 

ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʝʯʴ ʧʦʡʜʝʪ ʦ ʥʘʟʝʤʥʦʤ ʧʝʰʝʭʦʜʥʦʤ ʧʝʨʝʭʦʜʝ ʚ ʛʦʨʦʜʝ 

ʄʦʩʢʚʘ ʃʝʥʠʥʩʢʦʛʦ ʧʨʦʩʧʝʢʪʘ  ʧʝʨʝʜ ʛʦʩʪʠʥʠʮʝʡ çʉʧʫʪʥʠʢè, ʥʘ ʧʝʨʝʭʦʜ ʯʝ-

ʨʝʟ ʢʦʪʦʨʳʡ ʥʝʦʙʭʦʜʠʤʦ ʧʦʪʨʘʪʠʪʴ 9 ʤʠʥʫʪ.  

ʀʩʩʣʝʜʦʚʘʥ ʫʯʘʩʪʦʢ ʃʝʥʠʥʩʢʦʛʦ ʧʨʦʩʧʝʢʪʘ ʠ ʩʦʙʨʘʥʘ ʠʥʬʦʨʤʘʮʠ ̫ʦ ʟʘ-

ʛʨʫʞʝʥʥʦʩʪʠ ʜʦʨʦʛ ʧʦʪʦʢʦʤ ʘʚʪʦʤʦʙʠʣʝʡ ʠ ʦ ʮʠʢʣʝ ʨʘʙʦʪʳ ʙʣʠʞʘʡʰʠʭ ʩʚʝ-

ʪʦʬʦʨʦʚ.  

ʇʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ ʜʣʷ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣ 

ʚʳʙʨʘʥ AnyLogic, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʨʦʩʩʠʡʩʢʦʡ ʢʦʤʧʘʥʠʝʡ The AnyLogic 

Company (ʙʳʚʰʘʷ çʕʢʩ ɼʞʝʡʊʝʢʥʦʣʦʜʞʠʩè, ʘʥʛʣ. XJTechnologies). ʀʥʩʪʨʫ-

ʤʝʥʪ ʦʙʣʘʜʘʝʪ ʩʦʚʨʝʤʝʥʥʳʤ ʛʨʘʬʠʯʝʩʢʠʤ ʠʥʪʝʨʬʝʡʩʦʤ ʠ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴ-

ʟʦʚʘʪʴ ʷʟʳʢ Java ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʦʜʝʣʝʡ [2]. 

ʀʟ ʥʝʦʙʭʦʜʠʤʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʤʦʞʥʦ 

ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʧʫʥʢʪʳ: 

1. ʈʫʩʩʢʦʷʟʳʯʥʘʷ ʚʝʨʩʠʷ; 

2. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʝ; 

3. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʝʰʝʭʦʜʦʚ; 

4. ʉʙʦʨ ʜʘʥʥʳʭ ʦ ʧʦʪʦʢʝ; 

5. ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʠʧʦʚ ʜʦʨʦʛ; 

6. ɺʠʟʫʘʣʠʟʘʮʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ ʚ 3D; 

7. ɼʣʠʪʝʣʴʥʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚ ʪʝʯʝʥʠʠ 1 ʯʘʩʘ 

 
 

ʈʠʩʫʥʦʢ 1 - ʉʧʫʪʥʠʢʦʚʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʝʨʝʭʦʜʘ 

 

ʉʧʫʪʥʠʢʦʚʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʝʰʝʭʦʜʥʦʛʦ ʧʝʨʝʭʦʜʘ ʚʟʷʪʘ ʠʟ ʩʝʨʚʠʩʘ ʗʥ-

ʜʝʢʩ.ʂʘʨʪʳ (ʨʠʩ.1). ɼʘʥʥʳʡ ʫʯʘʩʪʦʢ ʧʨʦʩʧʝʢʪʘ ʠʤʝʝʪ 4 ʜʦʨʦʛʠ, ʜʚʝ ʮʝʥ-

ʪʨʘʣʴʥʳʝ ʜʦʨʦʛʠ ʧʦ 4 ʧʦʣʦʩʝ ʜʣʷ ʜʚʠʞʝʥʠʷ ʚʦ ʜʚʫʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʩʦ ʩʚʝʪʦ-

ʬʦʨʥʳʤ ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʜʚʠʞʝʥʠʷ. ʉ ʦʙʝʠʭ ʩʪʦʨʦʥ ʧʦ ʦʜʥʦʤʫ ʜʫʙʣʝʨʫ ʧʨʦ-

ʩʧʝʢʪʘ ʠʤʝʶʱʠʝ ʦʜʥʫ ʧʦʣʦʩʫ ʜʚʠʞʝʥʠ̫, ʪʘʢʞʝ ʩʦ ʩʚʝʪʦʬʦʨʘʤʠ ʨʝʛʫʣʠʨʦʚʘ-

ʥʠʷ. ʇʨʦʛʨʘʤʤʘ ʨʘʙʦʪʳ ʢʘʞʜʦʛʦ ʩʚʝʪʦʬʦʨʘ ʧʦʢʘʟʘʥʘ ʚ ʪʘʙʣʠʮʝ 1. 
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ʊʘʙʣʠʮʘ 1 ï ʆʜʠʥ ʮʠʢʣ ʨʘʙʦʪʳ ʩʚʝʪʦʬʦʨʦʚ 

 

ʇʨʦʙʣʝʤ ʩ ʘʚʪʦʤʦʙʠʣʴʥʳʤʠ ʧʨʦʙʢʘʤʠ ʚ ʜʘʥʥʦʤ ʫʯʘʩʪʢʝ ʧʨʦʩʧʝʢʪʘ 

ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʜʢʦ, ʘ ʝʩʣʠ ʠ ʥʘʙʣʶʜʘʝʪʩʷ, ʪʦ ʧʨʦʙʢʘ ʙʳʩʪʨʦ ʧʨʦʭʦʜʠʪ. ʆʜ-

ʥʘʢʦ, ʧʝʰʝʭʦʜʳ ʥʘ ʧʝʨʝʭʦʜ ʪʨʘʪʷʪ 9 ʤʠʥʫʪ. ɽʩʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʯʝʣʦ-

ʚʝʢʫ ʚ ʪʝʯʝʥʠʠ ʩʫʪʦʢ ʧʨʠʭʦʜʠʪʩʷ ʜʚʘ ʨʘʟʘ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʜʘʥʥʳʡ ʧʝʨʝʢʨʝ-

ʩʪʦʢ, ʧʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʟʘ ʪʨʠʜʮʘʪʴ ʜʥʝʡ ʦʥ ʧʦʪʨʘʪʠʪ 540 ʤʠʥʫʪ, ʵʪʦ 9 ʯʘʩʦʚ 

ʞʠʟʥʠ ʚ ʤʝʩʷʮ. ʉ ʪʘʢʠʤ ʪʝʤʧʦʤ ʪʨʘʪʳ ʚʨʝʤʝʥʠ, ʟʘ ʛʦʜ ʞʠʟʥʠ ʥʘʙʠʨʘʝʪʩʷ 108 

ʯʘʩʦʚ, ʝʩʣʠ ʧʝʨʝʚʝʩʪʠ ʯʘʩʳ ʚ ʩʫʪʢʠ, ʪʦ ʚʳʭʦʜʠʪ 4,5 ʩʫʪʦʢ.  

ʉʦʙʨʘʚ ʠʥʬʦʨʤʘʮʠʶ ʦ ʜʦʨʦʞʥʦʤ ʫʯʘʩʪʢʝ ʃʝʥʠʥʩʢʦʛʦ ʧʨʦʩʧʝʢʪʘ ʠ ʦ 

ʬʫʥʢʮʠʦʥʘʣʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʴʷ AnyLogic ʧʨʠʩʪʫʧʘʝʤ ʢ ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʶ. ʉʦʟʜʘʝʤ ʘʛʝʥʪʦʚ ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʜʦʨʦʞʥʦʤ ʜʚʠʞʝʥʠʠ: ʧʝʰʝʭʦʜʳ, 

ʥʝʩʢʦʣʴʢʦ ʚʠʜʦʚ ʪʨʘʥʩʧʦʨʪʘ. ʋʩʪʘʥʘʚʣʠʚʘʝʤ ʧʣʦʩʢʦʩʪʴ ʠʟʦʙʨʘʞʘʶʱʠʡ 

ʟʝʤʣʶ, ʚ ʩʚʦʡʩʪʚʘʭ ʩʪʘʚʠʤ ʛʘʣʦʯʢʫ ʧʝʨʝʜ çɹʣʦʢʠʨʦʚʘʪʴè, ʙʦʣʴʰʝ ʵʪʦʪ ʦʙʲ-

ʝʢʪ ʜʚʠʛʘʪʴ ʥʝ ʧʨʠʜʝʪʩʷ. ɼʣʷ ʙʦʣʝʝ ʧʨʝʟʝʥʪʘʙʝʣʴʥʦʛʦ ʚʠʜʘ ʤʦʜʝʣʠ, ʟʘʭʦʜʠʤ 

ʚ ʙʠʙʣʠʦʪʝʢʫ 3D ʆʙʲʝʢʪʦʚ ʠ ʚʥʦʩʠʤ ʢʦʩʤʝʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʚʠʜʝ ʜʝʨʝ-

ʚʴʝʚ ʠ ʟʜʘʥʠʡ. ʉʦʟʜʘʝʤ ʜʦʨʦʛʠ, ʫʯʠʪʳʚʘʷ ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʦʩ 

ʜʚʠʞʝʥʠʷ ʜʘʥʥʦʛʦ ʫʯʘʩʪʢʘ. ʅʘ ʢʦʥʮʘʭ ʪʨʦʪʫʘʨʦʚ ʩʪʘʚʠʤ ʮʝʣʝʚʳʝ ʣʠʥʠʠ, ʦʥʠ 

ʙʫʜʫʪ ʩʣʫʞʠʪʴ ʢʘʢ ʪʦʯʢʠ ʧʦʷʚʣʝʥʠʷ ʠ ʠʩʯʝʟʥʦʚʝʥʠʷ ʧʝʰʝʭʦʜʦʚ. ʊʨʦʪʫʘʨ ʠ 

ʫʯʘʩʪʦʢ ʧʝʰʝʭʦʜʥʦʛʦ ʧʝʨʝʭʦʜʘ ʦʛʨʘʞʜʘʝʤ ʥʝʚʠʜʠʤʳʤʠ ʩʪʝʥʘʤʠ (ʦʨʘʥʞʝ-

ʚʳʝ ʣʠʥʠʠ), ʪʘʢ ʤʳ ʦʛʨʘʥʠʯʠʤ ʧʣʦʩʢʦʩʪʴ ʧʝʨʝʜʚʠʞʝʥʠʷ ʧʝʰʝʭʦʜʦʚ.   

ɺ ʛʨʘʬʠʯʝʩʢʦʤ ʨʝʜʘʢʪʦʨʝ ʩʦʟʜʘʝʤ ʨʘʩʪʨʦʚʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʚ ʚʠʜʝ 

çʟʝʙʨʳè. ɼʦʙʘʚʣʷʝʤ ʠʭ ʥʘ ʜʦʨʦʛʠ ʚ ʚʠʜʝ ʠʟʦʙʨʘʞʝʥʠʷ, ʠ ʩʪʘʚʠʤ ʠʤ ʚʳʩʦʪʫ 

ʧʦ ʦʩʠ Z ʚ ʟʥʘʯʝʥʠʠ 0.1, ʪʘʢ ʠʟʦʙʨʘʞʝʥʠʷ ʙʫʜʫʪ ʦʪʦʙʨʘʞʘʪʴʩʷ ʢʦʨʨʝʢʪʥʦ. 

ʉʚʝʨʭʫ ʥʘ ʵʪʠ çʟʝʙʨʳè ʫʩʪʘʥʘʚʣʠʚʘʝʤ ʤʥʦʛʦʫʛʦʣʴʥʫʶ ʦʙʣʘʩʪʴ (ʟʝʣʝʥʳʡ 

ʧʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ), ʚ ʜʘʣʴʥʝʡʰʝʤ ʵʪʠ ʙʣʦʢʫ ʙʫʜʫʪ ʩʦʝʜʠʥʝʥʳ ʩ ʙʣʦʢʦʤ 

PedAreaDescriptor (ʨʠʩ.2). 

ʉ ʚʠʟʫʘʣʴʥʦʡ ʯʘʩʪʴʶ ʟʘʢʦʥʯʠʣʠ, ʪʝʧʝʨʴ ʥʝʦʙʭʦʜʠʤʦ ʚʟʷʪʴʩʷ ʟʘ ʙʣʦʢʠ. 

ʅʫʞʥʳ çʦʞʠʚʠʪʴè ʤʦʜʝʣʴ, ʠʩʧʦʣʴʟʫʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʙʣʦʢʠ. ʇʝʨʚʳʤ ʜʝ-

ʣʦʤ ʩʚʷʞʝʤ ʩʪʦʧ ʣʠʥʠʠ ʩ ʙʣʦʢʦʤ TrafficLight, ʫʩʪʘʥʦʚʠʚ ʜʝʡʩʪʚʫʶʱʠʝ ʠʥ-

ʪʝʨʚʘʣʳ ʚʨʝʤʝʥʠ ʥʘ ʟʝʣʝʥʳʡ, ʞʝʣʪʳʡ, ʢʨʘʩʥʳʡ ʠ ʩʥʦʚʘ ʞʝʣʪʳʡ ʮʚʝʪ. ɺ ʩʚʦʡ-

ʩʪʚʘʭ ʙʣʦʢʘ ʩʚʝʪʦʬʦʨʘ ʜʦʙʘʚʣʷʝʤ ʢʦʜ ʦʪʢʨʳʚʘʶʱʠʡ ʧʫʪʴ ʧʝʰʝʭʦʜʘʤ ʧʨʠ 

ʩʤʝʥʝ ʬʘʟʳ ʩʚʝʪʦʬʦʨʘ ʥʘ ʢʨʘʩʥʳʡ ʧʝʨʝʜ ʘʚʪʦʤʦʙʠʣʷʤʠ. ʉʦʟʜʘʝʤ ʙʣʦʢʠ ʩʦ-

ʟʜʘʶʱʠʝ ʠ ʧʝʨʝʜʚʠʛʘʶʱʠʝ ʘʚʪʦʤʦʙʠʣʠ ʚ ʥʫʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʥʘ ʧʨʝʜʫʩʪʘ-

ʥʦʚʣʝʥʥʳʭ ʜʦʨʦʛʘʭ. ʊʘʢʞʝ ʜʦʙʘʚʣʷʝʤ ʙʣʦʢ ʫʥʠʯʪʦʞʘʶʱʠʡ ʘʚʪʦʤʦʙʠʣʴ ʚ 

ʢʦʥʮʝ ʧʫʪʠ.  ɼʘʣʴʰʝ ʩʦʟʜʘʝʤ ʩʭʝʤʫ ʧʝʰʝʭʦʜʦʚ, ʧʝʨʚʳʤ ʠʜʝʪ ʙʣʦʢ ʩʦʟʜʘʥʠʝ 

ʧʝʰʝʭʦʜʘ, ʥʦ ʜʘʣʝʝ ʠʜʝʪ ʙʣʦʢ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ SelectOutput ʩ ʚʝʨʦʷʪʥʦʩʪʴ 

0.5. ɼʘʥʥʳʡ ʙʣʦʢ ʥʘʧʨʘʚʣʷʝʪ ʧʝʰʝʭʦʜʦʚ ʥʘ ʨʘʟʥʳʝ ʜʦʨʦʛʠ. ɼʘʣʝʝ ʠʜʫʪ 

ʅʦʤʝʨ  
ʩʚʝʪʦʬʦʨʘ 

ɻʨʘʬʠʢ ʚʢʣʶʯʝʥʠʷ 
ɼʣʠʪʝʣʴʥʦʩʪʴ, ʩ. ɺʩʝʛʦ  

ʚʨʝʤʝʥʠ Tʮ 
tʟ tʞ tʢ tʢʞ 

1 
 

166 4 15 4 189 

2,3,4  120 4 15 4 143 
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ʙʣʦʢʠ ʧʝʨʝʜʚʠʛʘʶʱʠʝ ʧʝʰʝʭʦʜʦʚ, ʘ ʧʦʩʣʝ ʥʠʭ ʝʱʸ ʨʘʟ ʙʣʦʢ ʧʨʠʥʷʪʠʷ ʨʝʰʝ-

ʥʠʠ, ʯʪʦʙʳ ʧʝʰʝʭʦʜʳ ʝʱʸ ʨʘʟ ʨʘʟʜʝʣʠʣʠ ʥʘ ʙʦʣʴʰʝ ʢʦʣʠʯʝʩʪʚʦ ʮʝʣʝʚʳʭ ʣʠ-

ʥʠʠ. ʅʦ ʚ ʠʪʦʛʝ ʦʥʠ ʧʨʠʭʦʜʷʪ ʢ ʦʜʥʦʤʫ ʙʣʦʢ PedSink, ʫʥʠʯʪʦʞʘʶʱʠʡ ʦʙʲ-

ʝʢʪ. ʄʦʤʝʥʪ ʧʦʷʚʣʝʥʠʷ ʠ ʫʥʠʯʪʦʞʝʥʠʷ ʦʙʲʝʢʪʘ ʥʝʦʙʭʦʜʠʤʦ ʫʟʥʘʚʘʪʴ, ʪʘʢ 

ʤʳ ʧʦʣʫʯʘʝʤ ʚʨʝʤʷ ʟʘʪʨʘʯʠʚʘʝʤʦʝ ʧʝʰʝʭʦʜʘʤʠ ʥʘ ʧʝʨʝʭʦʜ ʜʦʨʦʛʠ.  

 

 
ʈʠʩʫʥʦʢ 2 ï ɺʠʟʫʘʣʴʥʘʷ ʤʦʜʝʣʴ 

 

ɼʘʥʥʳʝ ʧʦʢʘʟʘʥʥʳʝ ʤʦʜʝʣʴʶ:  

1. ɺʨʝʤʷ ʧʨʦʝʟʜʘ ʘʚʪʦʤʦʙʠʣʝʡ ʯʝʨʝʟ ʜʘʥʥʳʡ ʫʯʘʩʪʦʢ ʜʦʨʦʛʠ ʟʘʥʠʤʘʝʪ 

ʚ ʩʨʝʜʥʝʤ 14.5 ʩʝʢʫʥʜ.  

2. ɺʨʝʤʷ, ʟʘʪʨʘʯʠʚʘʝʤʦʝ ʧʝʰʝʭʦʜʘʤʠ ʥʘ ʧʝʨʝʭʦʜ ʯʝʨʝʟ ʧʨʦʩʧʝʢʪ ʚ ʩʨʝʜ-

ʥʝʤ 503 ʩʝʢʫʥʜ.r  

ʄʦʜʝʣʴ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʥʘ ʧʦʯʪʠ ʧʫʩʪʳʭ ʜʫʙʣʝʨʘʭ ʧʝʰʝʭʦʜʳ ʪʨʘʪʷʪ 

ʩʣʠʰʢʦʤ ʤʥʦʛʦ ʚʨʝʤʝʥʠ. ʅʝʦʙʭʦʜʠʤʦ ʧʦʩʪʨʦʠʪʴ ʦʙʥʦʚʣʝʥʥʫʶ ʤʦʜʝʣʴ, ʧʦ-

ʩʪʘʚʠʚ ʥʘ ʙʦʢʦʚʳʭ ʜʦʨʦʛʘʭ ʥʝʨʝʛʫʣʠʨʫʝʤʳʡ ʥʘʟʝʤʥʳʡ ʧʝʰʝʭʦʜʥʳʡ ʧʝʨʝ-

ʭʦʜ. ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʳ ʧʝʨʝʢʣʶʯʠʪʴ ʘʚʪʦʤʦʙʠʣʠ ʚ ʨʝ-

ʞʠʤ çʋʩʪʫʧʠ ʜʦʨʦʛʫè, ʯʪʦ ʙʳ ʦʥʠ ʟʘʪʦʨʤʘʞʠʚʘʣʠ, ʢʦʛʜʘ ʚʩʪʨʝʯʘʶʪ ʧʝʰʝ-

ʭʦʜʘ ʥʘ ʧʝʰʝʭʦʜʥʦʤ ʧʝʨʝʭʦʜʝ.  

ɼʘʥʥʳʝ ʧʦʢʘʟʘʥʥʳʝ ʦʙʥʦʚʣʝʥʥʦʡ ʤʦʜʝʣʴʶ:  

1. ɺʨʝʤʷ ʧʨʦʝʟʜʘ ʘʚʪʦʤʦʙʠʣʝʡ ʯʝʨʝʟ ʜʘʥʥʳʡ ʫʯʘʩʪʦʢ ʜʦʨʦʛʠ ʟʘʥʠʤʘʝʪ 

ʚ ʩʨʝʜʥʝʤ 14.6 ʩʝʢʫʥʜ.  

2. ɺʨʝʤʷ, ʟʘʪʨʘʯʠʚʘʝʤʦʝ ʧʝʰʝʭʦʜʘʤʠ ʥʘ ʧʝʨʝʭʦʜ ʯʝʨʝʟ ʧʨʦʩʧʝʢʪ ʚ ʩʨʝʜ-

ʥʝʤ 260 ʩʝʢʫʥʜ.  

ʂʘʢ ʚʠʜʥʦ ʧʦ ʜʘʥʥʳʤ, ʚʨʝʤʷ ʘʚʪʦʤʦʙʠʣʝʡ ʠʟʤʝʥʠʣʦʩʴ ʚʩʝʛʦ ʣʠʰʴ ʥʘ 

0.1 ʩʝʢʫʥʜ, ʘ ʩʨʝʜʥʠʡ ʧʦʢʘʟʘʪʝʣʴ ʚʨʝʤʷ ʧʝʰʝʭʦʜʦʚ ʩʦʢʨʘʪʠʣʦʩʴ ʚ ʜʚʘ ʨʘʟʘ. 

ʕʪʦ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʦʙʠʪʴʩʷ ʫʩʢʦʨʝʥʠʷ ʧʝʨʝʭʦʜʘ ʚʦʟʤʦʞʥʦ, ʥʦ ʦʪʩʫʪʩʪʚʠʝ 

ʨʳʯʘʛʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʢʦʨʦʩʪʠ ʘʚʪʦʤʦʙʠʣʝʡ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʘʨʫʰʝʥʠʶ 
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ʘʚʪʦʤʦʙʠʣʠʩʪʘʤʠ ʩʢʦʨʦʩʪʥʦʛʦ ʨʝʞʠʤʘ, ʪʝʤ ʩʘʤʳʤ ʚʳʟʚʘʚ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝ-

ʩʪʚʦ ʘʚʘʨʠʠ ʥʘ ʧʝʰʝʭʦʜʥʦʤ ʧʝʨʝʭʦʜʝ. ɺ ʨʝʛʫʣʠʨʦʚʘʥʠʠ ʩʢʦʨʦʩʪʥʦʛʦ ʨʝʞʠʤʘ 

ʧʦʤʦʞʝʪ çʣʝʞʘʯʠʡ ʧʦʣʠʮʝʡʩʢʠʡè ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʥʘ ʧʝʰʝʭʦʜʥʳʡ ʧʝʨʝʭʦʜ. 

ʀʩʢʫʩʩʪʚʝʥʥʘʷ ʥʝʨʦʚʥʦʩʪʴ ʧʦʟʚʦʣʠʣʘ ʙʳ ʧʨʠʥʫʜʠʪʝʣʴʥʦ ʩʥʠʞʘʪʴ ʩʢʦʨʦʩʪʴ, 

ʪʝʤ ʩʘʤʳʤ ʫʩʧʦʢʘʠʚʘʷ ʜʦʨʦʞʥʦʝ ʜʚʠʞʝʥʠʝ. ɺ ʧʨʦʛʨʘʤʤʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʥʝʪ ʠʥʩʪʨʫʤʝʥʪʘ çʣʝʞʘʯʠʡ  ʧʦʣʠʮʝʡʩʢʠʡè, ʟʘʪʦ ʝʩʪʴ ʩʪʦʧ-ʣʠʥʠʠ, ʢʦʪʦʨʳʝ 

ʩʣʫʞʠʣʠ ʧʨʠʯʠʥʦʡ ʩʥʠʞʝʥʠʷ ʩʢʦʨʦʩʪʠ ʘʚʪʦʤʦʙʠʣʝʡ. ɺ ʤʦʜʝʣʠ ʵʪʦ ʦʪʨʘʟʠ-

ʣʦʩʴ ʫʚʝʣʠʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʧʨʦʝʟʜʘ ʤʘʰʠʥʦʡ ʜʘʥʥʦʛʦ ʫʯʘʩʪʢʘ ʜʦʨʦʛʠ, ʧʨʠ-

ʙʘʚʠʣʦʩʴ 2 ʩʝʢʫʥʜʳ. 

ʂʘʢ ʧʦʢʘʟʘʣʠ ʤʦʜʝʣʠ, ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʩʦʢʨʘʱʝʥʠʷ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʧʝ-

ʰʝʭʦʜʥʦʛʦ ʧʝʨʝʭʦʜʘ ʫʙʨʘʚ ʩʚʝʪʦʬʦʨʳ ʠ ʫʩʪʘʥʦʚʠʚ çʣʝʞʘʱʠʭ ʧʦʣʠʮʝʡ-

ʩʢʠʭè. ɻʦʨʦʜ ʜʦʣʞʝʥ ʙʳʪʴ ʫʜʦʙʥʳʤ.  

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. 

1. ʂʦʥʬʝʨʝʥʮʠʷ çʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʪʠʚʦʫʛʦʥʥʳʝ ʩʠʩʪʝʤʳ. ʊʝʭʥʦʣʦʛʠʠ. ʈʳ-

ʥʦʢ. ʇʝʨʩʧʝʢʪʠʚʳè, ʩʦʩʪʦʷʚʰʝʡʩʷ ʚ ʄʦʩʢʚʝ 24.02.11. 

2. Averill M. Law , W. David Kelton. Simulation Modeling and Analysis. 
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The workload of the Leninsky Prospekt section has been Studied and ana-

lyzed. A model of the current state of the prospectus in the program designed for 

simulation, taking into account the different flow of cars on all roads of the pro-

spectus. The optimal solution to the problem of congestion of the pedestrian cross-

ing, minimally affecting the travel time of transport through this area. Built an 

updated model of the section of the prospectus, supplementing and correcting the 

control levers of the road. The models are compared on the flow capacity of cars 
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ʇʈʆɻʈɸʄʄɸ ʕʂʉʊʈɽʅʅʆɻʆ ʊʆʈʄʆɾɽʅʀʗ ɸɺʊʆʄʆɹʀʃʗ 

ɸ.ʅ. ɻʘʙʜʨʘʭʤʘʥʦʚ 

ɹʘʰʢʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ. ɸʢʤʫʣʣʳ,  
ʛ. ʋʬʘ, ʈʦʩʩʠʷ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʦʧʠʩʘʥ ʚʘʨʠʘʥʪ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʩʚʷʟʘʥʥʳʡ ʩ ʙʦʣʴ-

ʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʜʦʨʦʞʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʦʠʩʰʝʩʪʚʠʠ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ 

http://www.mhhe.com/engcs/industrial/lawkelton/index.mhtml#aboutau
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ʧʨʦʛʨʘʤʤʘ, ʩʤʦʞʝʪ ʨʘʩʩʯʠʪʘʪʴ ʩ ʢʘʢʠʤ ʪʝʤʧʦʤ ʥʫʞʥʦ ʦʩʪʘʥʦʚʠʪʴ ʘʚʪʦʤʦ-

ʙʠʣʴ, ʧʦʣʫʯʘʷ ʜʘʥʥʳʝ ʦ ʩʢʦʨʦʩʪʠ ʠ ʦ ʨʘʩʩʪʦʷʥʠʠ ʜʦ ʧʨʝʧʷʪʩʪʚʠʷ. ʇʨʠ ʚʥʝʜ-

ʨʝʥʠʠ ʧʦʜʦʙʥʳʭ ʧʨʦʛʨʘʤʤ ʚ ʘʚʪʦʤʦʙʠʣʠ, ʢʦʣʠʯʝʩʪʚʦ ɼʊʇ ʧʦʡʜʝʪ ʥʘ ʩʧʘʜ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʢʩʪʨʝʥʥʦʝ ʪʦʨʤʦʞʝʥʠʝ, ʧʨʦʛʨʘʤʤʘ, ʘʚʪʦʤʦʙʠʣʴ, 

ʪʦʨʤʦʞʝʥʠʝ, PascalABC 

 

ʇʦ ʦʬʠʮʠʘʣʴʥʳʤ ʜʘʥʥʳʤ ʦʪ ɺʩʝʤʠʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ 

ʝʞʝʛʦʜʥʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʦʨʦʞʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ ʘʚʘʨʠʡ ʦʙʨʳʚʘʝʪʩʷ ʞʠʟʥʴ ʙʦ-

ʣʝʝ 1,25 ʤʠʣʣʠʦʥʘ ʯʝʣʦʚʝʢ.  

ʆʪ 20 ʜʦ 50 ʤʠʣʣʠʦʥʦʚ ʯʝʣʦʚʝʢ ʧʦʣʫʯʘʶʪ ʥʝʩʤʝʨʪʝʣʴʥʳʝ ʪʨʘʚʤʳ, ʤʥʦ-

ʛʠʝ ʠʟ ʢʦʪʦʨʳʭ ʧʨʠʚʦʜʷʪ ʢ ʠʥʚʘʣʠʜʥʦʩʪʠ [1].  

ʇʨʦʙʣʝʤʘ ʩʦʢʨʘʱʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʘʚʘʨʠʠ ʩʪʦʠʪ ʢʨʘʡʥʝ ʦʩʪʨʦ, ʚʝʜʴ 

ɼʊʇ ʧʨʦʠʩʭʦʜʠʪ ʥʝ ʪʦʣʴʢʦ ʤʝʞʜʫ ʘʚʪʦʤʦʙʠʣʷʤʠ, ʞʝʨʪʚʦʡ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ 

ʚʝʣʦʩʠʧʝʜʠʩʪ, ʤʦʪʦʮʠʢʣʠʩʪ ʠ ʜʘʞʝ ʧʝʰʝʭʦʜ, ʩʪʦʷʱʠʡ ʥʘ ʦʩʪʘʥʦʚʢʝ.  ʃʝʛʢʦ 

ʜʦʛʘʜʘʪʴʩʷ, ʯʪʦ ʦʩʥʦʚʥʘʷ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʘʚʘʨʠʠ ʣʝʞʠʪ ʥʘ ʧʣʝʯʘʭ ʚʦʜʠ-

ʪʝʣʝʡ ʪʨʘʥʩʧʦʨʪʦʚ ʧʦʚʳʰʝʥʥʦʡ ʦʧʘʩʥʦʩʪʠ. ʇʨʠʯʠʥʳ ʧʦ ʢʦʪʦʨʦʡ ʚʦʟʥʠʢʘʶʪ 

ʘʚʘʨʠʠ ʤʥʦʞʝʩʪʚʦ, ʚʦʪ ʯʘʩʪʴ ʠʟ ʥʠʭ:  

Å ʥʝʟʥʘʥʠʝ ʧʨʘʚʠʣ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ ʫʯʘʩʪʥʠʢʘʤʠ ʘʚʘʨʠʠ; 

Å ʚʦʞʜʝʥʠʝ ʚ ʩʦʩʪʦʷʥʠʠ ʦʧʴʷʥʝʥʠʷ; 

Å ʥʝʩʦʙʣʶʜʝʥʠʝ ʨʝʞʠʤʦʚ ʩʥʘ ʠ ʨʘʙʦʪʳ; 

Å ʥʝʠʩʧʨʘʚʥʦʩʪʴ ʘʚʪʦʤʦʙʠʣʝʡ;  

Å ʨʘʩʩʝʷʥʥʦʩʪʴ, ʥʝʚʥʠʤʘʪʝʣʴʥʦʩʪʴ; 

Å ʧʨʝʚʳʰʝʥʠʝ ʩʢʦʨʦʩʪʥʦʛʦ ʨʝʞʠʤʘ; 

Å ʧʝʨʝʭʦʜ ʜʦʨʦʛʠ ʚ ʥʝʧʦʣʦʞʝʥʥʦʤ ʤʝʩʪʝ;  

Å ʧʣʦʭʦʝ ʢʘʯʝʩʪʚʦ ʜʦʨʦʛ; 

Å ʠʛʥʦʨʠʨʦʚʘʥʠʝ ʧʝʰʝʭʦʜʘʤʠ ʩʠʛʥʘʣʦʚ ʩʚʝʪʦʬʦʨʘ. 

ʈʝʰʠʪʴ ʥʝʢʦʪʦʨʳʝ ʠʟ ʵʪʠʭ ʧʨʠʯʠʥ ʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʩʢʦʨʦʩʪʠ ʘʚʪʦʤʦʙʠʣʷ ʧʨʦʛʨʘʤʤʦʡ, ʘ ʪʦʯʥʝʝ ʧʨʦʛʨʘʤʤʦʡ ʵʢʩʪʨʝʥʥʦʛʦ ʪʦʨʤʦ-

ʞʝʥʠʷ ʧʦʜʢʣʶʯʘʶʱʠʡʩʷ ʚ ʦʧʘʩʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʧʨʝʧʷʪʩʪʚʠʷ ʩ ʫʯʝʪʦʤ ʩʢʦ-

ʨʦʩʪʠ ʪʨʘʥʩʧʦʨʪʘ, ʝʩʣʠ ʚʦʜʠʪʝʣʴ ʥʝ ʥʘʯʠʥʘʝʪ ʜʝʡʩʪʚʦʚʘʪʴ ʩʘʤ. ɼʘ, ʵʪʦ ʥʠʢʘʢ 

ʥʝ ʧʦʚʣʠʷʝʪ ʥʘ ʢʘʯʝʩʪʚʦ ʜʦʨʦʛ, ʥʦ ʩʤʦʞʝʪ ʦʩʪʘʥʦʚʠʪʴ ʘʚʪʦʤʦʙʠʣʴ ʧʴʷʥʦʛʦ, 

ʥʝʚʥʠʤʘʪʝʣʴʥʦʛʦ, ʩʦʥʥʦʛʦ ʚʦʜʠʪʝʣʷ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʙʳʣʦ ʚʟʷʪʦ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʴʝ PascalABC, ʙʝʩ-

ʧʣʘʪʥʦʝ ʜʣʷ ʫʯʝʙʥʳʭ ʫʯʨʝʞʜʝʥʠʠ. PascalABC - ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

ʧʨʠʰʝʜʰʠʡ ʥʘ ʟʘʤʝʥʫ Turbo Pascal, ʚʢʣʶʯʘʶʱʠʡ ʢʣʘʩʩʠʯʝʩʢʠʡ ʇʘʩʢʘʣʴ, ʘ 

ʪʘʢʞʝ ʨʷʜ ʩʦʙʩʪʚʝʥʥʳʭ ʨʘʩʰʠʨʝʥʠʡ [2].  

ɸʣʛʦʨʠʪʤʦʤ ʜʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʚʟʷʪ ʥʝʯʝʪʢʠʡ ʣʦʛʠʯʝ-

ʩʢʠʡ ʚʳʚʦʜ ʄʘʤʜʘʥʠ. ɸʣʛʦʨʠʪʤ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʥʝʯʝʪʢʦʤ ʣʦʛʠʯʝʩʢʦʤ ʚʳ-

ʚʦʜʝ, ʧʦʟʚʦʣʠʣ ʠʟʙʝʞʘʪʴ ʯʨʝʟʤʝʨʥʦ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʚʳʯʠʩʣʝʥʠʡ, ʘ ʧʷʪʴ 

ʵʪʘʧʦʚ ʚʳʯʠʩʣʝʥʠʷ ʧʨʝʜʦʩʪʘʚʠʪ, ʜʦʩʪʘʪʦʯʥʦ, ʪʦʯʥʳʡ ʨʝʟʫʣʴʪʘʪ.  

ʅʦ ʠʟʥʘʯʘʣʴʥʦ ʥʝʦʙʭʦʜʠʤʦ ʩʦʩʪʘʚʠʪʴ ʙʘʟʫ ʧʨʘʚʠʣ ʜʣʷ ʘʣʛʦʨʠʪʤʘ, ʧʦ-

ʣʫʯʘʪʴ ʜʘʥʥʳʝ ʠʟ ʜʚʫʭ ʜʘʪʯʠʢʦʚ ʩʢʦʨʦʩʪʴ ʠ ʨʘʩʩʪʦʷʥʠʝ.    

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ: 

1. ʌʘʟʟʠʬʠʢʘʮʠʷ, ʬʦʨʤʫʣʘ (1.1) 
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Ⱨ▼
░▼ᶻ Ⱨ▼z

░Ƞ    ░ɴ Ƞ Ƞ  ░ ȟȠ  (1.1) 

Ⱨ○
░○ᶻ Ⱨ○z

░Ƞ 
ʥʘ ʚʳʭʦʜʝ: 2 ʚʝʢʪʦʨʘ ʧʦ 9 ʢʦʦʨʜʠʥʘʪ  

2. ɸʛʨʝʛʠʨʦʚʘʥʠʝ, ʬʦʨʤʫʣʘ (1.2) 

□░▪Ⱨ▼z
░ȟⱧ○z

░= Ⱨz░Ƞ     ░ ȟȠ  (1.2) 

ʥʘ ʚʳʭʦʜʝ: 1 ʚʝʢʪʦʨʘ ʧʦ 9 ʢʦʦʨʜʠʥʘʪ ʠʟ ʤʠʥʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʠ 

3. ɸʢʪʠʚʠʟʘʮʠʷ, ʬʦʨʤʫʣʘ 1 ʠ 2 ʩʪʘʜʠʠ (1.3-4)                       

1 ʩʪʘʜʠʷ:                         Ⱨ♪
░  □░▪Ⱨz░ȟⱧ♪

░Ƞ      ░ ȟȠ  (1.3) 

2 ʩʪʘʜʠʷ:                         Ⱨ♪
░  █░ Ⱨz♪

░Ƞ  ░ ȟȠ   (1.4) 

ʥʘ ʚʳʭʦʜʝ: ʦʪʩʝʯʝʥʥʳʡ ʚʝʢʪʦʨ  Ⱨ♪
░ 

4. ɸʢʢʫʤʫʣʷʮʠʷ, ʬʦʨʤʫʣʘ (1.5) 

Ⱨ╩ᶻ  =□╪● ὂȟȣȟ ἱὂ} ; (1.5) 

5. ɼʝʬʘʟʟʠʬʠʢʘʮʠʷ, ʦʙʱʘʷ ʬʦʨʤʫʣʘ (1.6) 

ⱴᶻ
᷿╩
╫

╪
Ⱨ╩z ▀zz╩

᷿╩
╫

╪
▀zz╩

;  (1.6) 

ʥʘ ʚʳʭʦʜʝ: ʢʦʦʨʜʠʥʘʪʘ •ᶻ, ʮʝʥʪʨ ʪʷʞʝʩʪʠ  

ɼʘʣʝʝ ʥʝʦʙʭʦʜʠʤʦ ʩʦʩʪʘʚʠʪʴ ʢʦʜ, ʦʥ ʪʘʢ ʞʝ ʙʫʜʝʪ ʩʦʩʪʦʷʪʴ ʠʟ 5 ʨʘʟʜʝ-

ʣʦʚ ʦʪʚʝʯʘʶʱʠʡ ʟʘ ʢʘʞʜʳʡ ʰʘʛ ʤʝʪʦʜʘ ʄʘʤʜʘʥʠ, ʙʣʘʛʦʜʘʨʷ ʨʘʟʜʝʣʝʥʠʶ 

ʢʦʜʘ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʦʰʠʙʢʠ ʤʦʞʥʦ ʙʫʜʝʪ ʣʝʛʢʦ ʥʘʡʪʠ ʰʘʛ ʪʨʝʙʫʶʱʠʡ 

ʢʦʨʨʝʢʪʠʨʦʚʢʫ.  ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʬʨʘʛʤʝʥʪ ʘʛʨʝʛʠʨʦʚʘʥʠʷ (ʨʠʩ.1). ʉʨʘʚ-

ʥʝʥʠʝ ʜʚʫʭ ʤʘʩʩʠʚʦʚ, ʫʩʣʦʚʥʦ  ̉ , ʟʘʧʠʩʴ ʤʠʥʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʠ ʚ ʥʦʚʳʡ 
ʤʘʩʩʠʚ .   

 

 
 

ʈʠʩʫʥʦʢ 1 - ɸʛʨʝʛʠʨʦʚʘʥʠʝ  

 

ʇʦʩʣʝʜʥʠʝ ʟʘʜʘʯʠ ʢʦʜʘ ʠ ʧʦʣʫʯʝʥʠʝ •ᶻ ʩ ʦʢʨʫʛʣʝʥʠʝʤ ʚʦ ʠʟʙʝʞʘʥʠʝ 
ʩʣʠʰʢʦʤ ʜʣʠʥʥʳʭ ʮʠʬʨ (ʨʠʩ.2).   

 

 

ʈʠʩʫʥʦʢ 2 ï ɼʝʬʘʟʟʠʬʠʢʘʮʠʷ 
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ɺʦ ʚʭʦʜʝ ʫ ʧʨʦʛʨʘʤʤʳ ʩʢʦʨʦʩʪʴ ʤʘʰʠʥʳ ʠ ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʧʨʝʧʷʪʩʪʚʠʷ, 

ʥʘ ʦʙʨʘʙʦʪʢʫ ʫ ʧʨʦʛʨʘʤʤʳ ʫʭʦʜʠʪ 0,025 ʩʝʢʫʥʜʳ, ʚ ʜʘʣʴʥʝʡʰʝʤ ʵʪʦʪ ʨʝʟʫʣʴ-

ʪʘʪ ʤʦʞʥʦ ʫʣʫʯʰʠʪʴ ʩ ʧʦʤʦʱʴʶ ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʜʘ. ʀʪʦʛʦʚʳʡ ʨʝʟʫʣʴʪʘʪ 

ʦʧʨʝʜʝʣʷʝʪ, ʢʘʢ ʩʪʦʠʪ ʪʦʨʤʦʟʠʪʴ, ʨʝʟʢʦ ʠʣʠ ʞʝ ʧʦʩʪʝʧʝʥʥʦ ʩʙʘʚʣʷʪʴ ʩʢʦ-

ʨʦʩʪʴ.   

ʆʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʚʪʦʤʦʙʠʣʝʡ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʴʰʦʤʫ ʢʦʣʠʯʝʩʪʚʫ 

ʧʦʩʪʨʘʜʘʚʰʠʭ ʦʪ ʵʪʠʭ ʘʚʪʦʤʦʙʠʣʝʡ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʜʫʤʳʚʘʪʴ ʠ ʚʥʝʜʨʷʪ ʥʦ-

ʚʳʝ ʩʧʦʩʦʙʳ ʟʘʱʠʪʳ ʫʯʘʩʪʥʠʢʦʚ ʇɼɼ, ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥ ʦʜʠʥ ʠʟ 

ʩʧʦʩʦʙʦʚ.  

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. 

1. ʉʪʘʪʴʷ ɺʩʝʤʠʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ çɼʦʨʦʞʥʦ-ʪʨʘʥʩʧʦʨʪ-

ʥʳʝ ʪʨʘʚʤʳè 19 ʬʝʚʨʘʣʷ 2018 ʛ. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ʈʝʞʠʤ ʜʦ-

ʩʪʫʧʘ:http://www.who.int/ru/news-room/fact-sheets/detail/road-traffic-injuries 

2. ʄʠʭʘʣʢʦʚʠʯ ʉ.ʉ. ʋʯʝʙʥʘʷ ʩʠʩʪʝʤʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ PascalABC // 

ʅʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʉʦʚʨʝʤʝʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʚ ʦʙʨʘʟʦʚʘʥʠʠ: ʖʞʥʳʡ ʌʝʜʝʨʘʣʴʥʳʡ ʦʢʨʫʛè 13ï14 ʤʘʷ 2004 / ʂʨʫʢʠʝʨ ʃ.ɸ., ʄʫ-

ʨʘʪʦʚʘ ɻ.ɺ.. ï ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ: ʖɻʀʅʌʆ ʈɻʋ, 2004. ï ʉ. 156ï158. ï 252 ʩ. ï 200 

ʵʢʟ. 

 

PROGRAM EMERGENCY BRAKING OF THE CAR  

A. N. Gabdrakhmanov 

Bashkir state pedagogical University. M. Akmulla,  
Ufa, Russia 

This article describes a solution to the problem associated with a large num-

ber of traffic accidents. The developed program will be able to calculate at what 

rate you need to stop the car, getting data on the speed and distance to the obstacle. 

With the introduction of such programs in cars, the number of accidents will go 

down.  

Keywords: emergency braking, program, car, braking, PascalABC 
 

 

ʋɼʂ 004.42 

ʊɽʍʅʆʃʆɻʀʀ ʆɹʈɸɹʆʊʂʀ ɹʆʃʔʐʀʍ ɼɸʅʅʓʍ 

ʀ.ɻ. ɻʚʦʟʜʝʚʘ, ɽ.ɺ. ʉʝʤʝʥʦʚʘ 

ʌɻɹʆʋ ɺʆ çʇʝʥʟʝʥʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ɸʨʭʠʪʝʢʪʫʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʡ  
ʫʥʠʚʝʨʩʠʪʝʪè ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʥʷʪʠʷ çɹʦʣʴʰʠʝ ʜʘʥʥʳʝè, 

ʧʨʠʚʦʜʷʪʩʷ ʤʝʪʦʜʳ ʠ ʪʝʭʥʠʢʠ ʘʥʘʣʠʟʘ, ʧʨʠʤʝʥʠʤʳʝ ʢ ʙʦʣʴʰʠʤ ʜʘʥʥʳʤ, 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʝʭʥʦʣʦʛʠʠ ʠʭ ʦʙʨʘʙʦʪʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʦʣʴʰʠʝ ʜʘʥʥʳʝ, ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʜʘʥʥʳʝ, 

ʪʝʭʥʦʣʦʛʠʠ ʦʙʨʘʙʦʪʢʠ. 

 

https://ru.wikipedia.org/wiki/2004
https://ru.wikipedia.org/wiki/2004
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ʊʝʨʤʠʥ çɹʦʣʴʰʠʝ ɼʘʥʥʳʝè (Big data) ʚʧʝʨʚʳʝ ʚʚʝʣ ʂʣʠʬʬʦʨʜ ʃʠʥʯ, 

ʨʝʜʘʢʪʦʨ ʞʫʨʥʘʣʘ Nature, ʛʦʚʦʨʷ ʦ ʬʝʥʦʤʝʥʝ ʚʟʨʳʚʥʦʛʦ ʨʦʩʪʘ ʦʙʲʸʤʦʚ ʠ 

ʤʥʦʛʦʦʙʨʘʟʠʷ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʜʘʥʥʳʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʝʨʩʧʝʢʪʠʚʘʭ ʚ 

ʧʘʨʘʜʠʛʤʝ ʚʝʨʦʷʪʥʦʛʦ ʩʢʘʯʢʘ çʦʪ ʢʦʣʠʯʝʩʪʚʘ ʢ ʢʘʯʝʩʪʚʫè. 

ʀʟ ʥʘʟʚʘʥʠʷ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʪʝʨʤʠʥ çʙʦʣʴʰʠʝ ʜʘʥʥʳʝè ʦʪ-

ʥʦʩʠʪʩʷ ʧʨʦʩʪʦ ʢ ʫʧʨʘʚʣʝʥʠʶ ʠ ʘʥʘʣʠʟʫ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʜʘʥʥʳʭ. ɹʝʟ-

ʫʩʣʦʚʥʦ, ʵʪʦ ʠʤʝʝʪ ʤʝʩʪʦ ʙʳʪʴ. ʏʪʦ ʞʝ ʧʦʥʠʤʘʪʴ ʧʦʜ ʩʣʦʚʦʤ çʙʦʣʴʰʠʝè?  

ʉʦʛʣʘʩʥʦ ʦʪʯʝʪʫ McKinsey Institute çɹʦʣʴʰʠʝ ʜʘʥʥʳʝ: ʥʦʚʳʡ ʨʫʙʝʞ ʜʣʷ 

ʠʥʥʦʚʘʮʠʡ, ʢʦʥʢʫʨʝʥʮʠʠ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠè (Big data: The next frontier 

for innovation, competition and productivity), ʪʝʨʤʠʥ çʙʦʣʴʰʠʝ ʜʘʥʥʳʝè ʦʪʥʦ-

ʩʠʪʩʷ ʢ ʥʘʙʦʨʘʤ ʜʘʥʥʳʭ, ʨʘʟʤʝʨ ʢʦʪʦʨʳʭ ʧʨʝʚʦʩʭʦʜʠʪ ʚʦʟʤʦʞʥʦʩʪʠ ʪʠʧʠʯ-

ʥʳʭ ʙʘʟ ʜʘʥʥʳʭ (ɹɼ) ʧʦ ʟʘʥʝʩʝʥʠʶ, ʭʨʘʥʝʥʠʶ, ʫʧʨʘʚʣʝʥʠʶ ʠ ʘʥʘʣʠʟʫ ʠʥ-

ʬʦʨʤʘʮʠʠ.  

ʀ ʤʠʨʦʚʳʝ ʨʝʧʦʟʠʪʘʨʠʠ ʜʘʥʥʳʭ, ʙʝʟʫʩʣʦʚʥʦ, ʧʨʦʜʦʣʞʘʶʪ ʨʘʩʪʠ. ʅʦ 

ʦʙʲʝʤ ʜʘʥʥʳʭ ʥʝ ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʦʡ ʦʧʨʝʜʝʣʷʶʱʝʡ ʜʘʥʥʳʡ ʪʝʨʤʠʥ. 

Big data ï ʵʪʦ ʨʘʟʣʠʯʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ, ʧʦʜʭʦʜʳ ʠ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ 

ʢʘʢ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ, ʪʘʢ ʠ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʪʦʛʦ, 

ʯʪʦʙʳ ʠʭ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʟʘʜʘʯ ʠ ʮʝʣʝʡ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʧʨʝʜʝʣʷʶʱʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ ʪʨʘʜʠ-

ʮʠʦʥʥʦ ʚʳʜʝʣʷʶʪ çʪʨʠ Vè: ʦʙʲʸʤ (volume, ʚ ʩʤʳʩʣʝ ʚʝʣʠʯʠʥʳ ʬʠʟʠʯʝʩʢʦʛʦ 

ʦʙʲʸʤʘ), ʩʢʦʨʦʩʪʴ (velocity ʚ ʩʤʳʩʣʘʭ ʢʘʢ ʩʢʦʨʦʩʪʠ ʧʨʠʨʦʩʪʘ, ʪʘʢ ʠ ʥʝʦʙʭʦ-

ʜʠʤʦʩʪʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʧʦʣʫʯʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ), ʤʥʦʛʦʦʙ-

ʨʘʟʠʝ (variety, ʚ ʩʤʳʩʣʝ ʚʦʟʤʦʞʥʦʩʪʠ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʨʘʟʣʠʯʥʳʭ 

ʪʠʧʦʚ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʠ ʧʦʣʫʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʨʝʜʝʣʷʶʱʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʜʣʷ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ 

ʷʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʠʭ ʬʠʟʠʯʝʩʢʠʡ ʦʙʲʸʤ, ʥʦ ʜʨʫʛʠʝ ʢʘʪʝʛʦʨʠʠ, ʩʫʱʝʩʪʚʝʥ-

ʥʳʝ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʩʣʦʞʥʦʩʪʠ ʟʘʜʘʯʠ ʦʙʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ.  

ʌʘʢʪʠʯʝʩʢʠ, Big data - ʵʪʦ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤ ʠ ʘʣʴʪʝʨʥʘʪʠʚʘ ʪʨʘʜʠʮʠ-

ʦʥʥʳʤ ʩʠʩʪʝʤʘʤ ʫʧʨʘʚʣʝʥʠʷ ʜʘʥʥʳʤʠ.  

ʄʝʪʦʜʳ ʠ ʪʝʭʥʠʢʠ ʘʥʘʣʠʟʘ, ʧʨʠʤʝʥʠʤʳʝ ʢ ʙʦʣʴʰʠʤ ʜʘʥʥʳʤ, ʚʳʜʝʣʝʥ-

ʥʳʝ ʚ ʦʪʯʸʪʝ McKinsey: 

- ʄʝʪʦʜʳ ʢʣʘʩʩʘ Data Mining -  ʦʙʫʯʝʥʠʝ ʘʩʩʦʮʠʘʪʠʚʥʳʤ ʧʨʘʚʠʣʘʤ, 

ʢʣʘʩʩʠʬʠʢʘʮʠʷ (ʤʝʪʦʜʳ ʢʘʪʝʛʦʨʠʟʘʮʠʠ ʥʦʚʳʭ ʜʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʧʨʠʥʮʠʧʦʚ, 

ʨʘʥʝʝ ʧʨʠʤʝʥʸʥʥʳʭ ʢ ʫʞʝ ʥʘʣʠʯʝʩʪʚʫʶʱʠʤ ʜʘʥʥʳʤ), ʢʣʘʩʪʝʨʥʳʡ ʘʥʘʣʠʟ, 

ʨʝʛʨʝʩʩʠʦʥʥʳʡ ʘʥʘʣʠʟ; 

- ʂʨʘʫʜʩʦʨʩʠʥʛ - ʢʘʪʝʛʦʨʠʟʘʮʠʷ ʠ ʦʙʦʛʘʱʝʥʠʝ ʜʘʥʥʳʭ ʩʠʣʘʤʠ ʰʠʨʦ-

ʢʦʛʦ, ʥʝʦʧʨʝʜʝʣʸʥʥʦʛʦ ʢʨʫʛʘ ʣʠʮ, ʧʨʠʚʣʝʯʸʥʥʳʭ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʫʙʣʠʯʥʦʡ 

ʦʬʝʨʪʳ, ʙʝʟ ʚʩʪʫʧʣʝʥʠʷ ʚ ʪʨʫʜʦʚʳʝ ʦʪʥʦʰʝʥʠʷ; 

- ʉʤʝʰʝʥʠʝ ʠ ʠʥʪʝʛʨʘʮʠʷ ʜʘʥʥʳʭ - ʥʘʙʦʨ ʪʝʭʥʠʢ, ʧʦʟʚʦʣʷʶʱʠʭ ʠʥʪʝ-

ʛʨʠʨʦʚʘʪʴ ʨʘʟʥʦʨʦʜʥʳʝ ʜʘʥʥʳʝ ʠʟ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʜʣʷ ʚʦʟʤʦʞ-

ʥʦʩʪʠ ʛʣʫʙʠʥʥʦʛʦ ʘʥʘʣʠʟʘ, ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʦʚ ʪʘʢʠʭ ʪʝʭʥʠʢ, ʩʦʩʪʘʚʣʷʶ-

ʱʠʭ ʵʪʦʪ ʢʣʘʩʩ ʤʝʪʦʜʦʚ ʧʨʠʚʦʜʷʪʩʷ ʮʠʬʨʦʚʘʷ ʦʙʨʘʙʦʪʢʘ ʩʠʛʥʘʣʦʚ ʠ ʦʙʨʘ-

ʙʦʪʢʘ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ (ʚʢʣʶʯʘʷ ʪʦʥʘʣʴʥʳʡ ʘʥʘʣʠʟ); 

https://ru.wikipedia.org/wiki/McKinsey_%26_Company
https://ru.wikipedia.org/wiki/%D0%9A%D0%BB%D0%B0%D1%81%D1%82%D0%B5%D1%80%D0%BD%D1%8B%D0%B9_%D0%B0%D0%BD%D0%B0%D0%BB%D0%B8%D0%B7
https://ru.wikipedia.org/wiki/%D0%A0%D0%B5%D0%B3%D1%80%D0%B5%D1%81%D1%81%D0%B8%D0%BE%D0%BD%D0%BD%D1%8B%D0%B9_%D0%B0%D0%BD%D0%B0%D0%BB%D0%B8%D0%B7
https://ru.wikipedia.org/wiki/%D0%A6%D0%B8%D1%84%D1%80%D0%BE%D0%B2%D0%B0%D1%8F_%D0%BE%D0%B1%D1%80%D0%B0%D0%B1%D0%BE%D1%82%D0%BA%D0%B0_%D1%81%D0%B8%D0%B3%D0%BD%D0%B0%D0%BB%D0%BE%D0%B2
https://ru.wikipedia.org/wiki/%D0%9E%D0%B1%D1%80%D0%B0%D0%B1%D0%BE%D1%82%D0%BA%D0%B0_%D0%B5%D1%81%D1%82%D0%B5%D1%81%D1%82%D0%B2%D0%B5%D0%BD%D0%BD%D0%BE%D0%B3%D0%BE_%D1%8F%D0%B7%D1%8B%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%9E%D0%B1%D1%80%D0%B0%D0%B1%D0%BE%D1%82%D0%BA%D0%B0_%D0%B5%D1%81%D1%82%D0%B5%D1%81%D1%82%D0%B2%D0%B5%D0%BD%D0%BD%D0%BE%D0%B3%D0%BE_%D1%8F%D0%B7%D1%8B%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%90%D0%BD%D0%B0%D0%BB%D0%B8%D0%B7_%D1%82%D0%BE%D0%BD%D0%B0%D0%BB%D1%8C%D0%BD%D0%BE%D1%81%D1%82%D0%B8_%D1%82%D0%B5%D0%BA%D1%81%D1%82%D0%B0
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- ʄʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ -  ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʝʣʝʡ, ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʙʘʟʝ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠʣʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩ-

ʥʳʭ ʧʨʦʛʥʦʟʦʚ ʥʘ ʦʩʥʦʚʝ ʙʘʟʦʚʳʭ ʤʦʜʝʣʝʡ (ʘʥʛʣ. constituent models, ʩʨ. ʩʦ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʘʥʩʘʤʙʣʝʤ ʚ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʝ);  

- ʀʩʢʫʩʩʪʚʝʥʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, ʩʝʪʝʚʦʡ ʘʥʘʣʠʟ, ʦʧʪʠʤʠʟʘʮʠʷ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʛʝʥʝʪʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ; 

- ʈʘʩʧʦʟʥʘʚʘʥʠʝ ʦʙʨʘʟʦʚ; 

- ʇʨʦʛʥʦʟʥʘʷ ʘʥʘʣʠʪʠʢʘ; 

- ʀʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ; 

- ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ - ʢʣʘʩʩ ʤʝʪʦʜʦʚ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʪʦʧʦʣʦʛʠ-

ʯʝʩʢʫʶ, ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʠ ʛʝʦʛʨʘʬʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ ʚ ʜʘʥʥʳʭ; 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʦʚ ʤʝʪʦʜʦʚ ʧʨʠʚʦʜʷʪʩʷ A/B-

ʪʝʩʪʠʨʦʚʘʥʠʝ ʠ ʘʥʘʣʠʟ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ; 

- ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ; 

- ɺʠʟʫʘʣʠʟʘʮʠʷ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ - ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʚ 

ʚʠʜʝ ʨʠʩʫʥʢʦʚ, ʜʠʘʛʨʘʤʤ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʠ ʘʥʠʤʘʮʠʠ ʢʘʢ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ, ʪʘʢ ʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝ-

ʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ. 

ɻʦʨʠʟʦʥʪʘʣʴʥʘʷ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʙʨʘʙʦʪʢʫ 

ʜʘʥʥʳʭ - ʙʘʟʦʚʳʡ ʧʨʠʥʮʠʧ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ. ɼʘʥʥʳʝ ʨʘʩʧʨʝʜʝ-

ʣʝʥʳ ʥʘ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʫʟʣʳ, ʘ ʦʙʨʘʙʦʪʢʘ ʧʨʦʠʩʭʦʜʠʪ ʙʝʟ ʜʝʛʨʘʜʘʮʠʠ ʧʨʦ-

ʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. McKinsey ʚʢʣʶʯʠʣ ʚ ʢʦʥʪʝʢʩʪ ʧʨʠʤʝʥʠʤʦʩʪʠ ʪʘʢʞʝ ʨʝʣʷ-

ʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʠ Business Intelligence. 

ʊʝʭʥʦʣʦʛʠʠ: 

- NoSQL - ʪʝʨʤʠʥ, ʦʙʦʟʥʘʯʘʶʱʠʡ ʨʷʜ ʧʦʜʭʦʜʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʨʝʘ-

ʣʠʟʘʮʠʶ ʭʨʘʥʠʣʠʱ ʙʘʟ ʜʘʥʥʳʭ, ʠʤʝʶʱʠʭ ʩʫʱʝʩʪʚʝʥʥʳʝ ʦʪʣʠʯʠʷ ʦʪ ʤʦʜʝ-

ʣʝʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʪʨʘʜʠʮʠʦʥʥʳʭ ʨʝʣʷʮʠʦʥʥʳʭ ʉʋɹɼ ʩ ʜʦʩʪʫʧʦʤ ʢ ʜʘʥ-

ʥʳʤ ʩʨʝʜʩʪʚʘʤʠ ʷʟʳʢʘ SQL.  

- MapReduce - ʤʦʜʝʣʴ ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʚʳʯʠʩʣʝʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ 

ʢʦʤʧʘʥʠʝʡ Google, ʠʩʧʦʣʴʟʫʝʤʘʷ ʜʣʷ ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʥʘʜ ʦʯʝʥʴ 

ʙʦʣʴʰʠʤʠ, ʚʧʣʦʪʴ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʧʝʪʘʙʘʡʪ,[1] ʥʘʙʦʨʘʤʠ ʜʘʥʥʳʭ ʚ ʢʦʤʧʴʶ-

ʪʝʨʥʳʭ ʢʣʘʩʪʝʨʘʭ. 

- Hadoop - ʩʚʦʙʦʜʥʦ ʨʘʩʧʨʦʩʪʨʘʥʷʝʤʳʡ ʥʘʙʦʨ ʫʪʠʣʠʪ, ʙʠʙʣʠʦʪʝʢ ʠ 

ʬʨʝʡʤʚʦʨʢ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠ ʚʳʧʦʣʥʝʥʠʷ ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʧʨʦʛʨʘʤʤ, ʨʘʙʦ-

ʪʘʶʱʠʭ ʥʘ ʢʣʘʩʪʝʨʘʭ ʠʟ ʩʦʪʝʥ ʠ ʪʳʩʷʯ ʫʟʣʦʚ; 

- R - ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʜʣʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʠ 

ʨʘʙʦʪʳ ʩ ʛʨʘʬʠʢʦʡ, ʘ ʪʘʢʞʝ ʩʚʦʙʦʜʥʘʷ ʧʨʦʛʨʘʤʤʥʘʷ ʩʨʝʜʘ ʚʳʯʠʩʣʝʥʠʡ ʩ ʦʪ-

ʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ GNU.; 

ɸʧʧʘʨʘʪʥʳʝ ʨʝʰʝʥʠʷ. 

ʉʫʱʝʩʪʚʫʝʪ ʨʷʜ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʜʣʷ ʦʙʨʘʙʦʪʢʠ 

ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ: Aster MapReduce appliance, Oracle Big Data appliance. 

ɸʧʧʘʨʘʪʥʳʝ ʨʝʰʝʥʠʷ ʜʣʷ ʨʝʟʠʜʝʥʪʥʳʭ ʚʳʯʠʩʣʝʥʠʡ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʜʣʷ 

ʙʘʟ ʜʘʥʥʳʭ ʚ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʠ ʘʥʘʣʠʪʠʢʠ ʚ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʪʘʢʞʝ 

ʠʥʦʛʜʘ ʦʪʥʦʩʷʪ ʢ ʨʝʰʝʥʠʷʤ ʠʟ ʦʙʣʘʩʪʠ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ 

https://ru.wikipedia.org/wiki/%D0%90%D0%BD%D0%B3%D0%BB%D0%B8%D0%B9%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA
https://ru.wikipedia.org/wiki/%D0%A1%D1%82%D0%B0%D1%82%D0%B8%D1%81%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D0%B0%D0%BD%D1%81%D0%B0%D0%BC%D0%B1%D0%BB%D1%8C
https://ru.wikipedia.org/wiki/%D0%A1%D0%B5%D1%82%D0%B5%D0%B2%D0%BE%D0%B9_%D0%B0%D0%BD%D0%B0%D0%BB%D0%B8%D0%B7
https://ru.wikipedia.org/wiki/%D0%9E%D0%BF%D1%82%D0%B8%D0%BC%D0%B8%D0%B7%D0%B0%D1%86%D0%B8%D1%8F_(%D0%BC%D0%B0%D1%82%D0%B5%D0%BC%D0%B0%D1%82%D0%B8%D0%BA%D0%B0)
https://ru.wikipedia.org/wiki/%D0%93%D0%B5%D0%BD%D0%B5%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D0%B0%D0%BB%D0%B3%D0%BE%D1%80%D0%B8%D1%82%D0%BC
https://ru.wikipedia.org/wiki/%D0%A2%D0%BE%D0%BF%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%A2%D0%BE%D0%BF%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%93%D0%B5%D0%BE%D0%BC%D0%B5%D1%82%D1%80%D0%B8%D1%8F
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ʪʘʢʘʷ ʦʙʨʘʙʦʪʢʘ ʠʟʥʘʯʘʣʴʥʦ ʥʝ ʷʚʣʷʝʪʩʷ ʤʘʩʩʦʚʦ-ʧʘʨʘʣʣʝʣʴʥʦʡ, ʘ ʦʙʲʸʤʳ 

ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʦʜʥʦʛʦ ʫʟʣʘ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʥʝʩʢʦʣʴʢʠʤʠ ʪʝʨʘʙʘʡ-

ʪʘʤʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʠʥʦʛʜʘ ʢ ʨʝʰʝʥʠʷʤ ʜʣʷ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ ʦʪʥʦʩʷʪ ʠ ʘʧʧʘ-

ʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʝ ʢʦʤʧʣʝʢʩʳ ʥʘ ʦʩʥʦʚʝ ʪʨʘʜʠʮʠʦʥʥʳʭ ʨʝʣʷʮʠʦʥʥʳʭ ʩʠ-

ʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ ʜʘʥʥʳʭ ï Netezza, Teradata, Exadata, ʢʘʢ ʩʧʦʩʦʙʥʳʝ 

ʵʬʬʝʢʪʠʚʥʦ ʦʙʨʘʙʘʪʳʚʘʪʴ ʪʝʨʘʙʘʡʪʳ ʠ ʵʢʩʘʙʘʡʪʳ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʠʥ-

ʬʦʨʤʘʮʠʠ, ʨʝʰʘʷ ʟʘʜʘʯʠ ʙʳʩʪʨʦʡ ʧʦʠʩʢʦʚʦʡ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ 

ʦʛʨʦʤʥʳʭ ʦʙʲʸʤʦʚ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ.  

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. 

1. ɸʣʘʥ ʄʦʨʨʠʩʦʥ ʠ ʜʨ. ɹʦʣʴʰʠʝ ɼʘʥʥʳʝ: ʢʘʢ ʠʟʚʣʝʯʴ ʠʟ ʥʠʭ ʠʥʬʦʨʤʘ-

ʮʠ.ʁ ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʛʥʦʟ. ɽʞʝʢʚʘʨʪʘʣʴʥʳʡ ʞʫʨʥʘʣ, ʨʦʩʩʠʡʩʢʦʝ ʠʟʜʘʥʠʝ, 

2010 ʚʳʧʫʩʢ 3. PricewaterhouseCoopers (17 ʜʝʢʘʙʨʷ 2010). 

2. ɺʠʢʪʦʨ ʄʘʡʝʨ-ʐʝʥʙʝʨʛʝʨ, ʂʝʥʥʝʪ ʂʫʢʴʝʨ. ɹʦʣʴʰʠʝ ʜʘʥʥʳʝ. ʈʝʚʦʣʶʮʠʷ, 

ʢʦʪʦʨʘʷ ʠʟʤʝʥʠʪ ʪʦ, ʢʘʢ ʤʳ ʞʠʚʸʤ, ʨʘʙʦʪʘʝʤ ʠ ʤʳʩʣʠʤ/ ʧʝʨ. ʩ ʘʥʛʣ. ʀʥʥʳ ɻʘʡʜʶʢ. 

ï ʄ.: ʄʘʥʥ, ʀʚʘʥʦʚ, ʌʝʨʙʝʨ, 2014. ï 240 ʩ. 
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ʆɹɿʆʈ ʄɽʊʆɼʆɺ ʈɽʐɽʅʀʗ ʊʈɸʅʉʇʆʈʊʅʆʁ ɿɸɼɸʏʀ 

ʖ.ʖ. ɼʦʣʞʝʥʢʦʚʘ, ʆ.ʃ. ʎʚʝʪʢʦʚʘ 

ɼʦʥʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 
ʛ. ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ, ʈʦʩʩʠʷ 

ɺ ʩʪʘʪʴʝ ʚʳʧʦʣʥʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʟʘʜʘʯʠ ʧʦ ʦʩʥʦʚʥʳʤ ʧʨʠʟʥʘʢʘʤ, ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʦ ʨʘʟʥʦʦʙ-

ʨʘʟʠʝ ʘʣʛʦʨʠʪʤʦʚ, ʦʩʥʦʚʳʚʘʶʱʠʭʩʷ ʥʘ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʪʝʦʨʠʷʭ, 

ʚ ʪʦʤ ʯʠʩʣʝ, ʪʝʦʨʠʠ ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʤʝʪʦʜʘʭ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʨʘʥʩʧʦʨʪʥʘʷ ʟʘʜʘʯʘ, ʦʧʪʠʤʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʨʝʩʫʨʩʦʚ, ʤʝʪʘʵʚʨʠʩʪʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ. 

 

ʊʨʘʥʩʧʦʨʪʥʘʷ ʟʘʜʘʯʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʟʘʜʘʯʫ ʣʠ-

ʥʝʡʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʦ ʧʦʠʩʢʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʩʫʨ-

https://ru.wikipedia.org/wiki/%D0%A0%D0%B5%D0%BB%D1%8F%D1%86%D0%B8%D0%BE%D0%BD%D0%BD%D0%B0%D1%8F_%D0%A1%D0%A3%D0%91%D0%94
https://ru.wikipedia.org/wiki/%D0%A0%D0%B5%D0%BB%D1%8F%D1%86%D0%B8%D0%BE%D0%BD%D0%BD%D0%B0%D1%8F_%D0%A1%D0%A3%D0%91%D0%94
https://ru.wikipedia.org/wiki/Netezza
https://ru.wikipedia.org/wiki/Teradata
https://ru.wikipedia.org/wiki/Exadata
http://www.pwc.ru/ru_RU/ru/center-technology-innovation/technology-forecast/assets/technology-forecast-3-ru.pdf
http://www.pwc.ru/ru_RU/ru/center-technology-innovation/technology-forecast/assets/technology-forecast-3-ru.pdf
https://ru.wikipedia.org/wiki/PricewaterhouseCoopers
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ʩʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʫ ʧʦʩʪʘʚʱʠʢʦʚ, ʧʦ ʧʦʪʨʝʙʠʪʝʣʷʤ ʵʪʠʭ ʨʝʩʫʨʩʦʚ ʩ ʤʠʥʠʤʠ-

ʟʘʮʠʝʡ ʟʘʪʨʘʪ ʥʘ ʧʝʨʝʚʦʟʢʠ [1]. ʂʘʢ ʧʨʘʚʠʣʦ, ʚ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʝʚ ʦʧʪʠʤʘʣʴ-

ʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ: ʢʨʠʪʝʨʠʡ ʩʪʦʠʤʦʩʪʠ ï ʤʠʥʠʤʫʤ ʟʘʪʨʘʪ 

ʥʘ ʨʝʘʣʠʟʘʮʠʶ; ʢʨʠʪʝʨʠʡ ʚʨʝʤʝʥʠ ï ʤʠʥʠʤʫʤ ʚʨʝʤʝʥʠ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʡ ʟʘʜʘʯʠ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ, 

ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. 

 
ʈʠʩʫʥʦʢ 1 ï ʄʝʪʦʜʳ ʨʝʰʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʡ ʟʘʜʘʯʠ 

 

ʅʘ ʚʝʨʭʥʝʤ ʫʨʦʚʥʝ ʧʨʦʠʩʭʦʜʠʪ ʜʝʣʝʥʠʝ ʥʘ ʪʦʯʥʳʝ ʠ ʵʚʨʠʩʪʠʯʝʩʢʠʝ ʤʝ-

ʪʦʜʳ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʪʦʯʥʳʝ ʤʝʪʦʜʳ ʩʦʜʝʨʞʘʪ ʜʚʝ ʛʨʫʧʧʳ: ʤʝʪʦʜʳ ʢʦʤʙʠ-

ʥʘʪʦʨʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ; ʤʝʪʦʜʳ ʦʪʩʝʯʝʥʠʡ. 

ʄʝʪʦʜʳ ʢʦʤʙʠʥʘʪʦʨʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ. ʂʦʤʙʠʥʘʪʦʨʥʳʝ ʤʝʪʦʜʳ ʦʩʥʦ-

ʚʘʥʳ ʥʘ ʦʨʛʘʥʠʟʦʚʘʥʥʦʤ ʧʝʨʝʙʦʨʝ ʚʩʝʭ ʜʦʧʫʩʪʠʤʳʭ ʨʝʰʝʥʠʡ ʚ ʧʨʦʮʝʩʩʝ ʧʦ-

ʠʩʢʘ ʤʠʥʠʤʫʤʘ ʥʝʢʦʪʦʨʦʡ ʬʫʥʢʮʠʠ, ʧʫʪʝʤ ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʮʝʜʫʨʳ ʚʝʪʚʣʝ-

ʥʠʷ ʠ ʧʨʦʮʝʜʫʨʳ ʥʘʭʦʞʜʝʥʠʷ ʛʨʘʥʠʮ.  

ʇʨʦʮʝʜʫʨʘ ʚʝʪʚʣʝʥʠʷ ʨʘʟʙʠʚʘʝʪ ʚʩʝ ʤʥʦʞʝʩʪʚʦ ʜʦʧʫʩʪʠʤʳʭ ʨʝʰʝʥʠʡ 

ʥʘ ʧʦʜʤʥʦʞʝʩʪʚʘ ʠ ʟʘʪʝʤ ʧʨʠʤʝʥʷʝʪʩʷ ʨʝʢʫʨʩʠʚʥʦ ʢ ʢʘʞʜʦʤʫ ʧʦʜʤʥʦʞʝ-

ʩʪʚʫ.  

ʇʨʦʮʝʜʫʨʘ ʥʘʭʦʞʜʝʥʠʷ ʛʨʘʥʠʮ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳʯʠʩʣʝʥʠʠ ʚʝʨʭʥʝʡ ʠ 

ʥʠʞʥʝʡ ʛʨʘʥʠʮ ʥʘ ʧʦʜʤʥʦʞʝʩʪʚʝ ʠ ʠʩʢʣʶʯʝʥʠʠ ʧʦʜʤʥʦʞʝʩʪʚ, ʥʘ ʢʦʪʦʨʳʭ 

ʥʠʞʥʷʷ ʛʨʘʥʠʮʘ ʙʦʣʴʰʝ ʚʝʨʭʥʝʡ ʥʘ ʣʶʙʦʤ ʠʟ ʜʨʫʛʠʭ ʧʦʜʤʥʦʞʝʩʪʚ. 

ʅʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʤ ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ ʤʝʪʦʜʦʚ ʢʦʤʙʠʥʘʪʦʨʥʦʡ ʦʧʪʠʤʠ-

ʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʚʝʪʚʝʡ ʠ ʛʨʘʥʠʮ (Branch and bound) [2], ʢʦʪʦʨʳʡ ʧʨʠ-

ʤʝʥʷʝʪʩʷ ʜʣʷ ʨʝʰʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ ʪʨʘʥʩʧʦʨʪʥʦʡ ʟʘʜʘʯʠ [3-5]. 
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ʄʝʪʦʜʳ ʦʪʩʝʯʝʥʠʡ. ɺ ʦʩʥʦʚʝ ʤʝʪʦʜʦʚ ʦʪʩʝʯʝʥʠʡ ʣʝʞʠʪ ʠʜʝʷ ʩʫʞʝʥʠʷ 

ʦʙʣʘʩʪʠ ʜʦʧʫʩʪʠʤʳʭ ʨʝʰʝʥʠʡ ʟʘʜʘʯʠ ʩ ʦʩʣʘʙʣʝʥʥʳʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ, 

ʥʘʧʨʠʤʝʨ ʙʝʟ ʫʯʝʪʘ ʫʩʣʦʚʠʷ ʮʝʣʦʯʠʩʣʝʥʥʦʩʪʠ.  

ʉʫʞʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ 

(ʦʪʩʝʢʘʶʱʠʭ ʧʣʦʩʢʦʩʪʝʡ) ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʧʦʣʫʯʝʥʥʦʝ ʨʝʰʝʥʠʝ ʥʝ ʩʪʘʥʝʪ 

ʮʝʣʦʯʠʩʣʝʥʥʳʤ. ʇʨʠ ʵʪʦʤ ʦʪʩʝʢʘʶʱʝʝ ʦʛʨʘʥʠʯʝʥʠʝ ʜʦʣʞʥʦ ʦʪʩʝʢʘʪʴ 

ʥʘʡʜʝʥʥʳʝ ʦʧʪʠʤʘʣʴʥʳʝ ʥʝʮʝʣʦʯʠʩʣʝʥʥʳʝ ʨʝʰʝʥʠʷ ʠ ʥʝ ʟʘʪʨʘʛʠʚʘʪʴ ʥʠ ʦʜ-

ʥʦʡ ʠʟ ʮʝʣʦʯʠʩʣʝʥʥʳʭ ʪʦʯʝʢ ʟʘʜʘʯʠ. ʇʨʠʤʝʨʦʤ ʦʪʩʝʢʘʶʱʠʭ ʤʝʪʦʜʦʚ ʷʚʣʷ-

ʝʪʩʷ ʤʝʪʦʜ ɻʦʤʦʨʠ (Cutting-plane method) [6, 7]. 

ʊʦʯʥʳʝ ʤʝʪʦʜʳ ʧʦʢʘʟʳʚʘʶʪ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠ ʨʝ-

ʰʝʥʠʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʟʘʜʘʯ ʥʝʙʦʣʴʰʦʡ ʨʘʟʤʝʨʥʦʩʪʠ, ʦʜʥʘʢʦ ʜʣʷ ʨʝʰʝʥʠʷ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʙʦʣʴʰʦʡ ʨʘʟʤʝʨʥʦʩʪʠ, ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ 

ʥʘʡʪʠ ʪʦʯʥʦʝ ʨʝʰʝʥʠʝ ʟʘ ʢʦʥʝʯʥʦʝ ʚʨʝʤʷ. ɺ ʵʪʠʭ ʩʣʫʯʘʷʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝ-

ʪʘʵʚʨʠʩʪʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʥʘʭʦʜʠʪʴ ʨʝʰʝʥʠʷ ʙʣʠʟʢʠʝ 

ʢ ʦʧʪʠʤʘʣʴʥʳʤ ʟʘ ʧʨʠʝʤʣʝʤʦʝ ʚʨʝʤʷ [8]. 

ʅʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤʠ ʷʚʣʷʶʪʩʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʥʠʞʝ ʤʝʪʘʵʚʨʠʩʪʠ-

ʯʝʢʠʝ ʘʣʛʦʨʠʪʤʳ. 

ʀʪʝʨʘʮʠʦʥʥʳʡ ʣʦʢʘʣʴʥʳʡ ʧʦʠʩʢ (Iterative Local Search, ILS). ʃʦʢʘʣʴ-

ʥʳʝ ʘʣʛʦʨʠʪʤʳ ʧʦʠʩʢʘ ʧʝʨʝʭʦʜʷʪ ʦʪ ʨʝʰʝʥʠʷ ʢ ʨʝʰʝʥʠʶ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦ-

ʪʝʥʮʠʘʣʴʥʳʭ ʨʝʰʝʥʠʡ (ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʦʠʩʢʘ) ʧʫʪʝʤ ʧʨʠʤʝʥʝʥʠʷ ʣʦʢʘʣʴʥʳʭ 

ʠʟʤʝʥʝʥʠʡ, ʧʨʠ ʵʪʦʤ ʮʝʣʴʶ ʷʚʣʷʝʪʩʷ ʤʘʢʩʠʤʠʟʘʮʠʷ ʥʝʢʦʪʦʨʦʛʦ ʢʨʠʪʝʨʠʷ. 

ʇʨʝʢʨʘʱʝʥʠʝ ʣʦʢʘʣʴʥʦʛʦ ʧʦʠʩʢʘ ʤʦʞʝʪ ʦʩʥʦʚʳʚʘʪʴʩʷ ʥʘ ʚʨʝʤʝʥʥʦʡ ʧʨʠ-

ʚʷʟʢʝ. ɼʨʫʛʠʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʚʘʨʠʘʥʪʦʤ ʷʚʣʷʝʪʩʷ ʧʨʝʢʨʘʱʝʥʠʝ ʚʳʯʠʩ-

ʣʝʥʠʡ, ʢʦʛʜʘ ʨʝʰʝʥʠʝ, ʦʙʥʘʨʫʞʝʥʥʦʝ ʘʣʛʦʨʠʪʤʦʤ, ʥʝ ʙʳʣʦ ʫʣʫʯʰʝʥʦ ʟʘ 

ʦʧʨʝʜʝʣʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʰʘʛʦʚ. 

ʅʘʧʨʘʚʣʝʥʥʳʡ ʣʦʢʘʣʴʥʳʡ ʧʦʠʩʢ (Guided Local Search, GLS). ɸʣʛʦ-

ʨʠʪʤʳ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʣʦʢʘʣʴʥʦʛʦ ʧʦʠʩʢʘ ʷʚʣʷʶʪʩʷ ʤʦʜʠʬʠʢʘʮʠʝʡ ʣʦʢʘʣʴ-

ʥʦʛʦ ʧʦʠʩʢʘ.  

ʅʘʧʨʘʚʣʝʥʥʳʡ ʣʦʢʘʣʴʥʳʡ ʧʦʠʩʢ ʥʘʢʘʧʣʠʚʘʝʪ ʰʪʨʘʬʳ ʚʦ ʚʨʝʤʷ ʧʦʠʩʢʘ, 

ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʠʟʙʝʞʘʪʴ ʧʦʧʘʜʘʥʠʷ ʚ ʣʦʢʘʣʴʥʳʝ ʤʠʥʠʤʫʤʳ. ʂʦʛʜʘ ʠʩ-

ʧʦʣʴʟʫʝʤʳʡ ʣʦʢʘʣʴʥʳʡ ʘʣʛʦʨʠʪʤ ʧʦʠʩʢʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʣʦʢʘʣʴʥʦʤ ʦʧ-

ʪʠʤʫʤʝ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʣʦʢʘʣʴʥʳʡ ʧʦʠʩʢ ʠʟʤʝʥʷʝʪ ʮʝʣʝʚʫʶ ʬʫʥʢʮʠʶ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʥʢʨʝʪʥʦʡ ʩʭʝʤʳ.  

ɿʘʪʝʤ ʣʦʢʘʣʴʥʳʡ ʧʦʠʩʢ ʙʫʜʝʪ ʨʘʙʦʪʘʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʩʰʠʨʝʥʥʦʡ 

ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ, ʢʦʪʦʨʘʷ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʚʳʚʦʜʘ ʧʦʠʩʢʘ ʠʟ ʣʦʢʘʣʴʥʦʛʦ 

ʦʧʪʠʤʫʤʘ. 

ʇʦʠʩʢ ʩ ʧʝʨʝʤʝʥʥʦʡ ʦʢʨʝʩʪʥʦʩʪʴʶ (Variable Neighborhood Search, 

VNS). ʆʩʥʦʚʥʘʷ ʠʜʝʷ ʘʣʛʦʨʠʪʤʦʚ ʧʦʠʩʢʘ ʩ ʧʝʨʝʤʝʥʥʦʡ ʦʢʨʝʩʪʥʦʩʪʴʶ ʩʦ-

ʩʪʦʠʪ ʚ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʤ ʠʟʤʝʥʝʥʠʠ ʬʫʥʢʮʠʠ ʦʢʨʝʩʪʥʦʩʪʠ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʝʤ ʠʟʤʝʥʝʥʠʠ ʣʘʥʜʰʘʬʪʘ ʚ ʭʦʜʝ ʣʦʢʘʣʴʥʦʛʦ ʧʦʠʩʢʘ.  

ʃʝʛʢʦʩʪʴ ʘʜʘʧʪʘʮʠʠ ʵʪʦʡ ʠʜʝʠ ʢ ʨʘʟʣʠʯʥʳʤ ʤʦʜʝʣʷʤ, ʛʠʙʢʦʩʪʴ ʠ ʚʳʩʦ-

ʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʦʙʲʷʩʥʷʶʪ ʝʝ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘ-

ʜʘʯ, ʢʦʤʤʠʚʦʷʞʝʨʘ, ʧʦʩʪʨʦʝʥʠʷ ʤʘʨʰʨʫʪʦʚ ʜʣʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʠ 

ʨʘʩʧʠʩʘʥʠʡ ʠ ʜʨ [9]. 
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ɾʘʜʥʳʝ ʨʘʥʜʦʤʠʟʠʨʦʚʘʥʥʳʝ ʧʨʦʮʝʜʫʨʳ ʩʣʫʯʘʡʥʦʛʦ ʧʦʠʩʢʘ (Greedy 

Randomized Adaptive Search Procedures, GRASP) [10]. ɾʘʜʥʳʡ ʘʣʛʦʨʠʪʤ ï 

ʵʪʦ ʘʣʛʦʨʠʪʤ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʧʨʠʥʷʪʠʠ ʣʦʢʘʣʴʥʦ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʰʝʥʠʡ 

ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʩ ʧʨʝʜʧʦʩʳʣʢʦʡ ʪʦʛʦ, ʯʪʦ ʢʦʥʝʯʥʦʝ ʨʝʰʝʥʠʝ ʦʢʘʞʝʪʩʷ ʦʧ-

ʪʠʤʘʣʴʥʳʤ. ʇʨʠ ʵʪʦʤ ʩʦʟʜʘʝʪʩʷ ʜʦʧʫʩʪʠʤʦʝ ʨʝʰʝʥʠʝ ʧʫʪʝʤ ʝʛʦ ʢʦʥʩʪʨʫʠ-

ʨʦʚʘʥʠʷ ʠʟ ʢʦʤʧʦʥʝʥʪ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʪʦʠʤʦʩʪʴʶ (ʤʠʥʠʤʘʣʴʥʦʡ ʮʝʥʦʡ), ʘ 

ʟʘʪʝʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʣʦʢʘʣʴʥʳʡ ʧʦʠʩʢ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʵʪʦʛʦ ʨʝʰʝʥʠʷ. 

ʇʦʠʩʢ ʩ ʟʘʧʨʝʪʘʤʠ (Tabu Search, TS). ɺ ʨʘʙʦʪʝ [11] ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʧʦ-

ʠʩʢ ʩ ʟʘʧʨʝʪʘʤʠ, ʢʦʪʦʨʳʡ ʷʚʣʷʣʩʷ ʫʧʨʘʚʣʷʝʤʳʤ ʣʦʢʘʣʴʥʳʤ ʧʦʠʩʢʦʤ, ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʠʩʢʘ ʟʘʧʨʝʪʦʚ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʣʠ ʩʦʢʨʘʪʠʪʴ ʨʘʟʤʝʨ ʧʝʨʝ-

ʙʠʨʘʝʤʳʭ ʨʝʰʝʥʠʡ. 

ɻʝʥʝʪʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ (Genetic Algorithms, GA). ɻʝʥʝʪʠʯʝʩʢʠʝ ʘʣʛʦ-

ʨʠʪʤʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʵʬʬʝʢʪʠʚʥʦʝ ʨʝʰʝʥʠʝ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʟʘʜʘʯ ʩ ʧʦ-

ʤʦʱʴʶ ʧʨʦʮʝʜʫʨ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʪʘʢʠʭ ʞʝ ʧʨʦʮʝʩʩʘʭ ï ʥʘʩʣʝʜʦʚʘʥʠʝ, ʤʫʪʘ-

ʮʠʠ, ʢʨʦʩʩʠʥʛʦʚʝʨ (ʩʢʨʝʱʠʚʘʥʠʝ), ʦʪʙʦʨ, ʢʦʪʦʨʳʝ ʧʨʦʪʝʢʘʶʪ ʚ ʞʠʚʦʡ ʧʨʠ-

ʨʦʜʝ [12]. ʇʨʠʤʝʥʝʥʠʝ ʛʝʥʝʪʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʠ-

ʧʦʚ ʪʨʘʥʩʧʦʨʪʥʳʭ ʟʘʜʘʯ ʤʦʞʥʦ ʥʘʡʪʠ ʚ [13-15]. 

ʕʚʦʣʶʮʠʦʥʥʳʝ ʘʣʛʦʨʠʪʤʳ (Evolutionary Algorithms, EA). ʕʚʦʣʶʮʠʦʥ-

ʥʳʝ ʘʣʛʦʨʠʪʤʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʪʝʤ, ʯʪʦ ʠʩʧʦʣʴʟʫʶʪ ʧʨʦʩʪʫʶ ʧʨʦʮʝʜʫʨʫ 

ʩʝʣʝʢʮʠʠ (ʩʝʣʝʢʮʠʷ ʩ ʫʩʝʯʝʥʠʝʤ) [16]. ʇʨʠ ʵʪʦʤ ʠʤʝʝʪʩʷ ʜʚʘ ʦʙʲʝʢʪʘ: ʨʦʜʠ-

ʪʝʣʴ ʠ ʧʦʪʦʤʦʢ; ʚ ʢʘʯʝʩʪʚʝ ʦʧʝʨʘʪʦʨʘ ʩʦʟʜʘʥʠʷ ʧʦʪʦʤʢʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʪʦʣʴʢʦ ʤʫʪʘʮʠʷ. ʇʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʚʦʣʶʮʠʦʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ 

ʩ ʦʮʝʥʢʦʡ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʣʷ ʨʝʰʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʟʘʜʘʯ ʧʨʝʜʩʪʘʚʣʝʥ 

ʚ ʨʘʙʦʪʝ [17]. 

ʕʚʦʣʶʮʠʦʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʠ ʛʝʥʝʪʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ ʚʤʝʩʪʝ ʦʙʨʘʟʫʶʪ 

ʘʣʛʦʨʠʪʤʳ ʵʚʦʣʶʮʠʦʥʥʳʭ ʚʳʯʠʩʣʝʥʠʡ (Evolutionary Computation, EC). 

ɸʣʛʦʨʠʪʤʳ ʦʧʪʠʤʠʟʘʮʠʠ ʤʫʨʘʚʴʠʥʦʡ ʢʦʣʦʥʠʠ (AntColonyOptimization, 

ACO) [18].  

ʇʦʧʫʣʷʨʥʦʩʪʴ ʜʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʡ ʟʘʜʘʯʠ 

ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʧʦʩʪʘʥʦʚʢʘ ʪʨʘʥʩʧʦʨʪʥʦʡ ʟʘʜʘʯʠ ʠʤʝʝʪ ʤʥʦʛʦ ʩʭʦʞʝʛʦ 

ʩ ʟʘʜʘʯʝʡ, ʢʦʪʦʨʫʶ ʨʝʰʘʶʪ ʤʫʨʘʚʴʠ ʧʨʠ ʧʦʠʩʢʝ ʧʫʪʠ [19, 20]. 

ʀʤʠʪʘʮʠʷ ʦʪʞʠʛʘ (Simulated Annealing, SA). ɸʣʛʦʨʠʪʤ ʠʤʠʪʘʮʠʠ ʦʪ-

ʞʠʛʘ ʤʦʜʝʣʠʨʫʝʪ ʬʠʟʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʦʪʞʠʛʘ ʤʝʪʘʣʣʦʚ ʠ ʩʪʝʢʣʘ ï ʧʨʦʮʝʩʩ 

ʤʝʜʣʝʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʪʚʝʨʜʦʛʦ ʪʝʣʘ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʛʨʝʪʦʛʦ ʜʦ ʚʳʩʦ-

ʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ.  

ɸʣʛʦʨʠʪʤ ʠʤʠʪʘʮʠʠ ʦʪʞʠʛʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʙʦʨʦʤ ʩʦʩʪʦʷʥʠʡ, ʧʨʠ 

ʵʪʦʤ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʠʟ ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʦʜʥʦ ʠʟ 

ʩʦʩʝʜʥʠʭ. ʆʧʠʩʘʥʠʝ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʜʣʷ ʨʝʰʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʟʘʜʘʯʠ ʧʨʝʜʩʪʘʚʣʝʥ rʚ ʨʘʙʦʪʘʭ [21, 22]. 

ɺʳʧʦʣʥʝʥʥʳʝ ʦʙʟʦʨ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʡ ʟʘʜʘʯʠ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʚʝʩʪʠ ʠʭ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʧʦ ʦʩʥʦʚʥʳʤ ʧʨʠʟʥʘʢʘʤ, ʠ ʠʣʣʶʩʪʨʠʨʫʝʪ ʨʘʟ-

ʥʦʦʙʨʘʟʠʝ ʘʣʛʦʨʠʪʤʦʚ, ʦʩʥʦʚʳʚʘʶʱʠʭʩʷ ʥʘ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʪʝʦ-

ʨʠʷʭ, ʚ ʪʦʤ ʯʠʩʣʝ, ʪʝʦʨʠʠ ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʤʝʪʦʜʘʭ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣ-

ʣʝʢʪʘ. 
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ʋɼʂ 656.13 

ʀʅʌʆʈʄɸʎʀʆʅʅʆɽ ʆɹɽʉʇɽʏɽʅʀɽ ɹɽɿʆʇɸʉʅʆʉʊʀ ɼɺʀɾɽʅʀʗ ɺ 
ʉʌɽʈɽ ɸɺʊʆʊʈɸʅʉʇʆʈʊʅʆɻʆ ʆɹʉʃʋɾʀɺɸʅʀʗ ʅɸʉɽʃɽʅʀʗ 

ʄ.ɾ. ɽʨʢʥʘʧʝʰʷʥ, ɺ.ɸ. ɿʝʣʠʢʦʚ, ɻ.ɸ. ɼʝʥʠʩʦʚ, 
ʅ.ɺ. ɿʝʣʠʢʦʚʘ, ʂ.ɼ. ɻʦʨʙʘʯʝʚ 

ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʣʝʩʦʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 
 ʠʤʝʥʠ ɻ.ʌ. ʄʦʨʦʟʦʚʘè, ʛ. ɺʦʨʦʥʝʞ, ʈʦʩʩʠʷ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʩʫʱʥʦʩʪʴ ʠ ʩʪʨʫʢʪʫʨʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝ-

ʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʚ ʩʬʝʨʝ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʥʘʩʝʣʝʥʠʷ. ʆʧʨʝʜʝʣʝʥʳ ʟʘʜʘʯʠ ʠ ʧʨʠʥʮʠʧʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʦʨʦʞ-

ʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʘʚʪʦʤʦʙʠʣʴʥʳʝ ʧʝʨʝʚʦʟʢʠ, ʦʙʩʣʫʞʠʚʘʥʠʝ ʥʘʩʝʣʝʥʠʷ 

 

ʀʥʬʦʨʤʘʮʠʦʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʝʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʠ-

ʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʥʘ ʧʘʩʩʘʞʠʨʩʢʦʤ ʪʨʘʥʩʧʦʨʪʝ 

ʦʙʱʝʛʦ ʧʦʣʴʟʦʚʘʥʠʷ. 
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ʉʫɦʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʦʨʦʞʥʦʛʦ 

ʜʚʠʞʝʥʠʷ ʥʘ ʧʘʩʩʘʞʠʨʩʢʦʤ ʪʨʘʥʩʧʦʨʪʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʨʘʟʣʠʯ-

ʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʨʝʛʫʣʷʨʥʦʩʪʴʶ ʬʠʢʩʠʨʦʚʘʥʠʷ ʩʦʩʪʦʷʥʠʷ 

ʥʘʙʣʶʜʘʝʤʳʭ ʦʙʲʝʢʪʦʚ, ʧʨʦʮʝʩʩʦʚ ʠʣʠ ʷʚʣʝʥʠʡ ʩ ʮʝʣʴʶ ʧʦʩʣʝʜʫʶʱʝʡ 

ʦʮʝʥʢʠ ʚ ʩʠʩʪʝʤʝ ʢʦʥʪʨʦʣʷ ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʘ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʝʛʦ ʨʘʙʦʪʳ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʠʤ. 

ʀʥʬʦʨʤʘʮʠʦʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʚ ʩʬʝʨʝ ʘʚʪʦ-

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʥʘʩʝʣʝʥʠʷ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʨʝʰʝʥʠʝ ʩʣʝʜʫʶʱʠʭ 

ʟʘʜʘʯ [1]: ʧʨʝʜʫʧʨʝʞʜʝʥʠʝ ʘʚʘʨʠʡʥʦʩʪʠ ʥʘ ʧʘʩʩʘʞʠʨʩʢʦʤ ʪʨʘʥʩʧʦʨʪʝ ʦʙ-

ʱʝʛʦ ʧʦʣʴʟʦʚʘʥʠʷ; ʨʝʛʠʩʪʨʘʮʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʚʠʞʝʥʠʷ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʙʝʩ-

ʧʝʯʝʥʠʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʦʙʱʝʛʦ ʧʦʣʴ-

ʟʦʚʘʥʠʷ; ʥʝʤʝʜʣʝʥʥʦʝ ʨʝʘʛʠʨʦʚʘʥʠʝ ʥʘ ʠʟʤʝʥʝʥʠʝ ʩʠʪʫʘʮʠʠ, ʚ ʪ.ʯ. ʦʧʘʩʥʦʡ; 

ʧʨʠʥʷʪʠʝ ʤʝʨ ʧʦ ʣʠʢʚʠʜʘʮʠʠ ʧʦʩʣʝʜʩʪʚʠʡ ʦʧʘʩʥʦʡ ʩʠʪʫʘʮʠʠ. 

ɺ ʧʝʨʚʳʭ ʜʚʫʭ ʟʘʜʘʯʘʭ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦ-

ʧʦʣʘʛʘʶʱʠʤ ʵʣʝʤʝʥʪʦʤ ʠʭ ʨʝʘʣʠʟʘʮʠʠ. ʀʤʝʥʥʦ ʵʪʠ ʜʚʝ ʟʘʜʘʯʠ ʧʨʠʥʠʤʘ-

ʶʪʩʷ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʚʝʢʪʦʨʘ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ɺ ʪʨʝʪʴʝʡ ʠ ʯʝʪʚʝʨʪʦʡ ʟʘʜʘʯʘʭ ʠʥʬʦʨʤʘʮʠʷ ʥʦʩʠʪ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʡ ʭʘ-

ʨʘʢʪʝʨ, ʧʦʩʢʦʣʴʢʫ ʠʭ ʦʩʥʦʚʦʡ ʚ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ ʷʚʣʷʶʪʩʷ ʢʦʥʢʨʝʪʥʳʝ 

ʤʝʨʦʧʨʠʷʪʠʷ (ʜʝʡʩʪʚʠʷ), ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʦʧʘʩʥʦʡ ʩʠʪʫʘ-

ʮʠʠ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʧʦʩʪʫʧʠʚʰʝʡ ʠʣʠ ʦʧʝʨʘʪʠʚʥʦ ʧʦʩʪʫʧʘʶʱʝʡ ʠʥʬʦʨʤʘ-

ʮʠʠ ʦ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ.  

ʀʥʬʦʨʤʘʮʠʦʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʤʦʞʝʪ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴʩʷ ʧʦ ʩʣʝʜʫʶ-

ʱʠʤ ʧʨʠʟʥʘʢʘʤ: 

ʘ) ʚ ʨʘʟʨʝʟʝ ʟʘʜʘʯ, ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʠʥʬʦʨʤʘʮʠ-

ʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ: ʢʦʤʧʣʝʢʩʥʦʝ ï ʧʦʩʪʦʷʥʥʳʡ ʘʥʘʣʠʟ ʠ ʜʠʘʛʥʦʩʪʠʢʘ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʚ ʤʘʩʰʪʘʙʘʭ ʚʩʝʡ ʠʭ ʩʦʚʦʢʫʧʥʦʩʪʠ ʚʦ ʚʩʝʤ 

ʤʥʦʛʦʦʙʨʘʟʠʠ ʝʝ ʩʦʩʪʘʚʣʷʶʱʠʭ; ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʝ ï ʦʪʩʣʝʞʠʚʘʥʠʝ ʪʝʥ-

ʜʝʥʮʠʡ ʨʘʟʚʠʪʠʷ ʪʦʡ ʠʣʠ ʠʥʦʡ ʧʨʦʙʣʝʤʳ, ʦʪʦʙʨʘʥʥʦʡ ʧʦ ʦʧʨʝʜʝʣʝʥʥʳʤ ʢʨʠ-

ʪʝʨʠʷʤ ʠ ʧʨʠʟʥʘʥʥʦʡ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʦʡ, ʠ, ʚ ʵʪʦʡ ʩʚʷʟʠ, ʪʨʝʙʫʝʪ ʦʩʦʙʦʛʦ 

ʚʥʠʤʘʥʠʷ ʚ ʪʝʯʝʥʠʝ ʨʷʜʘ ʧʝʨʠʦʜʦʚ; 

ʙ) ʧʦ ʫʨʦʚʥʷʤ ʦʭʚʘʪʘ ʦʙʲʝʢʪʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʮʝʣʝʩʦ-

ʦʙʨʘʟʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʧʦ ʫʨʦʚʥʷʤ ʫʧʨʘʚʣʝʥʠʷ: ʬʝʜʝʨʘʣʴʥʳʡ ï ʦʩʫ-

ʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʠ ʢʘʩʘʝʪʩʷ ʚʩʝʭ ʠʥʪʝʨʝ-

ʩʫʶʱʠʭ ʦʙʲʝʢʪʦʚ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʥʘ ʝʝ ʪʝʨʨʠʪʦʨʠʠ; ʨʝʛʠʦʥʘʣʴʥʳʡ ï 

ʩʬʝʨʦʡ ʚʣʠʷʥʠʷ ʜʘʥʥʦʛʦ ʫʨʦʚʥʷ ʷʚʣʷʶʪʩʷ ʩʫʙʲʝʢʪʳ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ʠ ʤʫʥʠʮʠʧʘʣʴʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ; ʦʪʜʝʣʴʥʦʛʦ ʩʫʙʲʝʢʪʘ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʡ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ (ʧʝʨʝʚʦʟʯʠʢʘ); 

ʚ) ʧʦ ʫʨʦʚʥʷʤ ʧʨʠʤʝʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʜʨʘʟʜʝʣʷ-

ʝʪʩʷ ʥʘ: ʚʥʝʰʥʝʝ ï ʦʩʫʱʝʩʪʚʣʷʝʤʦʝ ʤʝʞʜʫ ʩʫʙʲʝʢʪʘʤʠ ʪʨʘʥʩʧʦʨʪʥʦʡ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ; ʚʥʫʪʨʝʥʥʝʝ ï ʦʩʫʱʝʩʪʚʣʷʝʤʦʝ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝ-

ʥʠʷ ʢʘʞʜʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʩʫʙʲʝʢʪʘ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ; 

ʛ) ʧʦ ʩʪʘʪʫʩʫ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʤʦʞʝʪ 

ʙʳʪʴ: ʦʬʠʮʠʘʣʴʥʳʤ ï ʠʩʭʦʜʠʪ ʦʪ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʦʨʛʘʥʦʚ ʠʩʧʦʣʥʠʪʝʣʴʥʦʡ 
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ʚʣʘʩʪʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʝʡʩʪʚʫʶʱʠʤʠ ʥʦʨʤʘʪʠʚʥʳʤʠ ʘʢʪʘʤʠ; ʥʝʦʬʠʮʠ-

ʘʣʴʥʳʤ ï ʧʨʦʠʟʚʦʜʠʪʩʷ ʙʝʟ ʫʯʘʩʪʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʦʨʛʘʥʦʚ; 

ʜ) ʧʦ ʬʦʨʤʝ ʩʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ ʚʳʜʝʣʷʶʪ: ʦʙʷʟʘʪʝʣʴʥʳʡ ʜʣʷ ʧʨʦʚʝʜʝ-

ʥʠʷ; ʠʥʠʮʠʘʪʠʚʥʳʡ ï ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʨʝʰʝʥʠʶ ʢʘʢʦʡ-ʣʠʙʦ ʦʨʛʘʥʠʟʘʮʠʠ 

ʠʣʠ ʦʨʛʘʥʘ ʠʩʧʦʣʥʠʪʝʣʴʥʦʡ ʚʣʘʩʪʠ; 

ʝ) ʧʦ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʥʦʩʠʪ 

ʩʣʝʜʫʶʱʠʡ ʭʘʨʘʢʪʝʨ: ʜʠʩʢʨʝʪʥʳʡ ï ʦʨʛʘʥʠʟʫʝʪʩʷ ʯʝʨʝʟ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʦ-

ʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ; ʥʝʧʨʝʨʳʚʥʳʡ ï ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʦ ʚ ʨʝʞʠʤʝ ʨʝ-

ʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ; ʪʦʯʝʯʥʳʡ (ʨʘʟʦʚʳʡ) ï ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʝʜʠʥʦʞʜʳ ʜʣʷ ʨʝ-

ʰʝʥʠʷ ʢʘʢʦʡ-ʣʠʙʦ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ, ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʧʦ-

ʚʪʦʨʥʦʛʦ ʩʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ; 

ʟ) ʧʦ ʤʝʪʦʜʘʤ ʩʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ, ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʜ-

ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ: ʨʘʩʯʝʪʥʳʝ ï ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʨʘʩʯʝʪʥʳʭ ʤʝʪʦʜʘʭ ʧʦʣʫʯʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ; ʦʧʨʦʩʥʳʝ ï ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʦʧʨʦʩʘʭ ʨʝʩʧʦʥ-

ʜʝʥʪʦʚ ʧʦ ʠʥʪʝʨʝʩʫʶʱʠʤ ʚʦʧʨʦʩʘʤ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʝʨʝʯʥʝʤ ʟʘʜʘʯ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʧʝʨ-

ʚʦʦʯʝʨʝʜʥʦʡ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʘ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʘʚʘʨʠʡʥʦʩʪʠ ʥʘ ʧʘʩʩʘʞʠʨ-

ʩʢʦʤ ʘʚʪʦʤʦʙʠʣʴʥʦʤ ʪʨʘʥʩʧʦʨʪʝ ʦʙʱʝʛʦ ʧʦʣʴʟʦʚʘʥʠʷ, ʚ ʢʦʪʦʨʦʡ ʛʣʘʚʥʳʤ 

ʟʚʝʥʦʤ ʷʚʣʷʝʪʩʷ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ. ɺ ʵʪʦʡ ʩʚʷʟʠ, ʠʥʬʦʨʤʘʮʠ-

ʦʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʦʨʛʘ-

ʥʠʟʘʮʠʡ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʝʡ. 

ʆʩʥʦʚʥʳʤʠ ʧʨʠʥʮʠʧʘʤʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʜʚʠʞʝʥʠʷ, ʢʦʪʦʨʳʤ ʦʥʦ ʜʦʣʞʥʦ ʫʜʦʚʣʝʪʚʦʨʷʪʴ, ʷʚʣʷʶʪʩʷ [2]: 

- ʪʦʞʜʝʩʪʚʝʥʥʦʩʪʴ ï ʤʝʞʜʫ ʥʘʙʣʶʜʘʝʤʳʤ ʦʙʲʝʢʪʦʤ ʠ ʩʠʩʪʝʤʦʡ ʠʥʬʦʨ-

ʤʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʦʣʞʥʦ ʙʳʪʴ ʠʭ ʩʦʦʪʚʝʪʩʪʚʠʝ ʛʣʘʚʥʳʤ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʘʤ ʦʙʲʝʢʪʘ ʥʘʙʣʶʜʝʥʠʷ; 

- ʝʜʠʥʩʪʚʦ ʩʠʩʪʝʤʳ ʦʙʲʝʢʪʦʚ ʥʘʙʣʶʜʝʥʠʷ ï ʪʨʝʙʫʝʪ ʧʦʜʯʠʥʝʥʥʦʩʪʠ 

ʚʩʝʭ ʯʘʩʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʥʘʙʣʶʜʝʥʠʡ) ʦʙʱʠʤ ʧʨʦʮʝʩʩʘʤ ʫʧʨʘʚʣʝʥʠʷ; 

- ʢʦʤʧʣʝʢʩʥʦʩʪʴ ï ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʘʙʣʶʜʝʥʠʝ ʟʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝʤ 

ʩʠʩʪʝʤʳ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚ ʮʝʣʦʤ (ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʤʥʦʛʦ-

ʩʣʦʡʥʦʩʪʴʶ ʥʘʙʣʶʜʝʥʠʡ, ʚʚʝʜʝʥʠʝʤ ʚ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʤʥʦʛʦʤʝʨʥʳʭ 

ʢʘʪʝʛʦʨʠʡ ʠ ʥʘʭʦʞʜʝʥʠʝʤ ʢʣʶʯʝʚʳʭ ʟʚʝʥʴʝʚ ʩʠʩʪʝʤʳ ʜʣʷ ʢʘʞʜʦʛʦ ʵʪʘʧʘ 

ʨʘʟʚʠʪʠʷ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʫʧʨʦʱʝʥʥʳʭ ʤʦʜʝʣʝʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝ-

ʯʝʥʠʷ); 

- ʥʘʜʝʞʥʦʩʪʴ ï ʩʚʦʡʩʪʚʦ ʚʩʝʭ ʩʨʝʜʩʪʚ, ʬʠʢʩʠʨʫʶʱʠʭ, ʦʙʨʘʙʘʪʳʚʘʶ-

ʱʠʭ, ʟʘʧʠʩʳʚʘʶʱʠʭ ʠ ʧʝʨʝʜʘʶʱʠʭ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʦʩʪʦʷʥʠʠ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʜʚʠʞʝʥʠʷ ʥʘ ʦʙʲʝʢʪʝ ʥʘʙʣʶʜʝʥʠʷ ʩʦʭʨʘʥʷʪʴ ʚ ʨʘʙʦʯʝʤ ʩʦʩʪʦʷʥʠʠ ʚ ʪʝʯʝʥʠʝ 

ʚʩʝʛʦ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ ʟʘʜʘʥʥʳʝ ʠʤ ʬʫʥʢʮʠʠ; 

- ʦʙʲʝʢʪʠʚʥʦʩʪʴ ï ʧʦʣʫʯʘʝʤʘʷ ʠʥʬʦʨʤʘʮʠʷ ʜʦʣʞʥʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʨʝ-

ʘʣʴʥʦʡ ʩʠʪʫʘʮʠʠ; 

- ʦʧʝʨʘʪʠʚʥʦʩʪʴ ï ʧʦʣʫʯʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʜʦʣʞʥʘ ʧʝʨʝʜʘʚʘʪʴʩʷ ʚ ʩʨʦʢ 

ʩʪʨʦʛʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ; 
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- ɻ ʬʬʝʢʪʠʚʥʦʩʪʴ ï ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʙʩʣʫʞʠʚʘ-

ʥʠʷ ʥʘʩʝʣʝʥʠʷ ʘʚʪʦʤʦʙʠʣʴʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ ʦʙʱʝʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʯʝʨʝʟ ʨʝʘ-

ʣʠʟʘʮʠʶ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʨ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʪʦʯʥʦʤ çʜʠʘʛʥʦʟʝè ʚ ʨʘʤʢʘʭ ʧʦ-

ʣʫʯʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ ʥʘ ʩʙʦʨ, ʦʙʨʘʙʦʪʢʫ ʠ ʧʦʣʫʯʝʥʠʝ 

ʠʥʬʦʨʤʘʮʠʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʧʨʠʥʮʠʧʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʥʝ ʩʦʙʣʶʜʘʝʪʩʷ ʧʦ ʩʣʝʜʫʶʱʠʤ ʧʨʠʯʠ-

ʥʘʤ [30,4]: 

- ʦʪʩʫʪʩʪʚʠʝ ʢʘʯʝʩʪʚʝʥʥʦʡ ʠ ʜʦʩʪʦʚʝʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʥʝʦʙʭʦʜʠʤʦʡ 

ʜʣʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʜʚʠʞʝʥʠʷ ï ɻ ʪʦ ʠʥ-

ʬʦʨʤʘʮʠʷ ʦ ʧʦʩʣʝʜʩʪʚʠʷʭ ʠ ʧʨʠʯʠʥʘʭ ɼʊʇ, ʭʘʨʘʢʪʝʨ ʢʦʪʦʨʳʭ, ʚʦʟʤʦʞʥʦ, ʥʝ 

ʠʟʤʝʥʠʪʩʷ ʚ ʙʫʜʫʱʝʤ. ʏʝʤ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʠ ʧʦʣʥʦ ʩʦʙʨʘʥʘ ʪʘʢʘʷ ʠʥʬʦʨʤʘ-

ʮʠʷ, ʪʝʤ ʙʦʣʝʝ ʪʦʯʥʳʝ ʚʳʚʦʜʳ ʤʦʛʫʪ ʙʳʪʴ ʩʜʝʣʘʥʳ ʥʘ ʝʝ ʦʩʥʦʚʝ, ʪ.ʝ. ʪʝʤ 

ʧʨʘʚʠʣʴʥʝʝ ʙʫʜʫʪ ʦʧʨʝʜʝʣʝʥʳ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ. 

- ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʘʚʪʦʤʦʙʠʣʴʥʦʤ ʪʨʘʥʩʧʦʨʪʝ ʩʠʩʪʝʤʘ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʩʦʩʪʦʷʥʠʠ ʘʚʘʨʠʡʥʦʩʪʠ ʥʝ ʧʦʟʚʦʣʷʝʪ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʴʶ ʠ ʦʧʝʨʘʪʠʚ-

ʥʦʩʪʴʶ ʦʧʨʝʜʝʣʠʪʴ ʧʝʨʚʦʦʯʝʨʝʜʥʳʝ ʦʙʲʝʢʪʳ ʚʦʟʜʝʡʩʪʚʠʷ. 

- ʦʪʩʫʪʩʪʚʠʝ ʢʦʤʧʣʝʢʩʘ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ, 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʦʮʝʥʢʠ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʣʠ 

ʙʳ ʧʦʣʥʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʙʨʘʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ ʙʝʟ-

ʦʧʘʩʥʦʩʪʴʶ ʜʚʠʞʝʥʠʷ. 

- ʥʝʜʦʩʪʘʪʢʠ ʚ ʩʠʩʪʝʤʝ ʘʥʘʣʠʟʘ ɼʊʇ, ʩʦʚʝʨʰʝʥʥʳʭ ʧʦ ʚʠʥʝ ʚʦʜʠʪʝʣʝʡ 

ʘʚʪʦʙʫʩʦʚ ʦʙʱʝʛʦ ʧʦʣʴʟʦʚʘʥʠʷ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʭ ʧʨʠʯʠʥ ʠ ʚʩʝʩʪʦʨʦʥʥʠʡ 

ʘʥʘʣʠʟ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʠʭ ʫʩʪʨʘʥʝʥʠʶ. 

- ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʤʝʪʦʜʦʚ ʚʳʷʚʣʝʥʠʷ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʭ ʩʚʷʟʝʡ 

ʤʝʞʜʫ ʧʨʦʠʩʰʝʩʪʚʠʷʤʠ ʠ ʥʝʜʦʩʪʘʪʢʘʤʠ ʚ ʨʘʙʦʪʝ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʦʨʛʘʥʠ-

ʟʘʮʠʡ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʝʡ, ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʝʟʫʣʴʪʘʪʘʭ 

ʩʣʫʞʝʙʥʦʛʦ ʨʘʩʩʣʝʜʦʚʘʥʠʷ ʚ ʝʝ ʩʝʛʦʜʥʷʰʥʝʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʥʝʜʦʩʪʘʪʦʯʥʘ. 

ʇʦʜʤʝʥʘ ʠʩʪʠʥʥʳʭ ʧʨʠʯʠʥ ʧʨʦʠʩʰʝʩʪʚʠʷ ʥʝʚʦʣʴʥʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʜʤʝʥʝ ʤʝ-

ʨʦʧʨʠʷʪʠʡ ʧʦ ʠʭ ʫʩʪʨʘʥʝʥʠʶ, ʘ, ʟʥʘʯʠʪ, ʢ ʩʥʠʞʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ʈʘʙʦʪʘ ʩʣʫʞʙʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ  ʪʨʝʙʫʝʪ ʥʘʣʠʯʠʷ ʠ ʧʦʩʪʦʷʥʥʦʛʦ 

ʦʙʥʦʚʣʝʥʠʷ ʩʣʝʜʫʶʱʝʡ ʠʥʬʦʨʤʘʮʠʠ [4]: ʦ ʧʨʠʯʠʥʘʭ ɼʊʇ, ʬʘʢʪʦʨʘʭ ʠ ʦʙ-

ʩʪʦʷʪʝʣʴʩʪʚʘʭ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʶ; ʦʙ ʫʩʣʦʚʠʷʭ ʚʳʧʦʣʥʝ-

ʥʠʷ ʧʝʨʝʚʦʟʦʢ; ʦ ʧʦʢʘʟʘʪʝʣʷʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ (ʚ ʪ.ʯ. ʧʦʢʘʟʘ-

ʪʝʣʷʭ ʦʙʲʝʤʘ ʚʳʧʦʣʥʷʝʤʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʨʘʙʦʪʳ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʧʘʨʢʘ, ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʧʝʨʝʚʦʟʦʢ ʠ ʜʨ.). 

ʀʟ ʵʪʠʭ ʪʨʝʭ ʵʣʝʤʝʥʪʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʚʝʜʫʱʘʷ ʨʦʣʴ 

ʧʨʠʥʘʜʣʝʞʠʪ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʨʠʯʠʥʘʭ ɼʊʇ. ʂʘʯʝʩʪʚʦ ʵʪʦʡ ʠʥʬʦʨʤʘʮʠʠ (ʝʝ 

ʧʦʣʥʦʪʘ, ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʠ ʦʧʝʨʘʪʠʚʥʦʩʪʴ) ʦʧʨʝʜʝʣʷʶʪ ʧʦʣʝʟʥʦʩʪʴ ʚʩʝʡ 

ʦʩʪʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ɺ ʦʩʥʦʚʫ ʨʘʙʦʪʳ ʦʪʨʘʩʣʝʚʦʡ ʩʠʩʪʝʤʳ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʘʚʪʦ-

ʧʝʨʝʚʦʟʦʢ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʦʣʞʝʥ ʙʳʪʴ ʧʦʣʦʞʝʥ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ɼʊʇ, ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʢʦʥʢʨʝʪʥʳʤ ʫʩʣʦʚʠʷʤ ʚʳʧʦʣʥʝʥʠʷ ʧʝʨʝʚʦʟʦʯʥʦʛʦ 

ʧʨʦʮʝʩʩʘ.  



 38 

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ, ʦʩʥʦʚʫ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʜʦʣʞʥʘ ʩʦʩʪʘʚʣʷʪʴ ʩʠʩʪʝʤʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʠ ʚʭʦʜʷʱʠʭ ʚ ʥʝʝ 

ʦʮʝʥʦʯʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʝʨʝʚʦʟʦʢ ʧʘʩʩʘʞʠʨʦʚ. ɺʩʝ ʚʳʰʝʧʝ-

ʨʝʯʠʩʣʝʥʥʳʝ ʦʪʨʘʩʣʝʚʳʝ ʧʨʦʙʣʝʤʳ, ʢʘʢ ʬʘʢʪʦʨʳ, ʩʜʝʨʞʠʚʘʶʱʠʝ ʨʝʘʣʠʟʘ-

ʮʠʶ ʦʩʥʦʚʥʳʭ ʧʨʠʥʮʠʧʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʩʚʷʟʘʥʳ ʠʤʝʥʥʦ 

ʩ ʥʝʜʦʩʪʘʪʢʘʤʠ ʚ ʵʪʦʡ ʩʠʩʪʝʤʝ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʚ ʯʘʩʪʠ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʜʚʠʞʝʥʠʷ ʚ ʩʬʝʨʝ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʥʘʩʝʣʝʥʠʷ ʜʦʣʞʥʦ ʙʳʪʴ 

ʫʜʝʣʝʥʦ ʦʮʝʥʢʝ ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʠʩʪʝʤʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ, ʘʥʘ-

ʣʠʟʫ ʠ ʨʘʟʨʘʙʦʪʢʝ ʢʦʤʧʣʝʢʩʘ ʵʬʬʝʢʪʠʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʚʭʦʜʷʱʠʭ ʚ ʥʝʝ, ʘ 

ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʝ ʵʬʬʝʢʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʫʧʨʘʚʣʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʜʚʠʞʝʥʠʷ. 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. 
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ɺʉʊʈɸʀɺɸʅʀɽ ɼʆʇʆʃʅʀʊɽʃʔʅʆʁ ʀʅʌʆʈʄɸʎʀʀ ɺ ɺʀɼɽʆʌɸʁʃʓ 
ʌʆʈʄɸʊɸ AVI 

ɺ. ɸ. ʀʚʘʥʦʚ, ʉ. ɺ. ʈʘʜʘʝʚ 

ɸʢʘʜʝʤʠʷ ʌʉʆ ʈʦʩʩʠʠ,  
ʛ. ʆʨʸʣ, ʈʦʩʩʠʷ 

ʇʨʝʜʩʪʘʚʣʝʥ ʘʣʛʦʨʠʪʤ ʚʩʪʨʘʠʚʘʥʠʷ ʩʪʝʛʦʩʦʦʙʱʝʥʠʷ ʚ ʚʠʜʝʦʬʘʡʣʳ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʬʦʨʤʘʪʦʤ AVI. ɺ ʢʘʯʝʩʪʚʝ ʘʣʛʦʨʠʪʤʘ ʚʩʪʨʘʠʚʘʥʠʷ ʟʘ ʦʩʥʦʚʫ 

ʙʳʣ ʚʟʷʪ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʡ ʤʝʪʦʜ ʂʫʪʪʝʨʘ-ɼʞʦʨʜʝʥʘ-ɹʦʩʩʝʥʘ, ʦʙʣʘʜʘ-

ʶʱʠʡ ʪʘʢʠʤʠ ʜʦʩʪʦʠʥʩʪʚʘʤʠ, ʢʘʢ: ʚʳʩʦʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʩʪʝʛʦʘʥʘʣʠʟʫ ʠ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʚʩʪʨʦʝʥʥʦʛʦ ʩʪʝʛʦʩʦʦʙʱʝʥʠʷ ʢ ʘʪʘʢʝ ʩʦ ʩʞʘʪʠʝʤ. ʊʝʤ ʥʝ ʤʝ-

ʥʝʝ, ʥʝʜʦʩʪʘʪʢʦʤ ʤʝʪʦʜʘ ʂɼɹ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʬʫʥʢʮʠʠ ʚʩʪʨʘʠʚʘʥʠʷ ʠ ʠʟ-

ʚʣʝʯʝʥʠʷ ʥʝʩʠʤʤʝʪʨʠʯʥʳ. ʕʪʦ ʜʝʣʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʚʝʨʥʦʛʦ ʠʟʚʣʝʯʝʥʠʷ ʩʣʫ-

ʯʘʡʥʦʡ ʚʝʣʠʯʠʥʦʡ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʦʩʫʱʝʩʪʚʣʷʪʴ ʚʩʪʨʘʠʚʘʥʠʝ 

ʤʝʪʦʜʦʤ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʜʫʙʣʠʨʦʚʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʝʛʘʥʦʛʨʘʬʠʷ, ʢʦʥʪʝʡʥʝʨ, ʚʠʜʝʦʬʘʡʣ, ʢʘʜʨ ʠʥʪʝʥ-

ʩʠʚʥʦʩʪʴ ʧʠʢʩʝʣʝʡ, ʭʵʰ-ʬʫʥʢʮʠʷ, ʤʝʪʦʜ ʂʫʪʪʝʨʘ-ɼʞʦʨʜʝʥʘ-ɹʦʩʩʝʥʘ. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʩʸ ʯʘʱʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʩʢʨʳʪʠʷ ʩʠʩʪʝʤʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʮʝʣʴʶ ʤʘʩʢʠʨʦʚʘʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ ʧʨʠ ʝʸ ʧʦʩʣʝʜʫʶʱʝʡ ʧʝʨʝʜʘʯʝ ʧʦ ʦʪʢʨʳʪʳʤ ʢʘʥʘʣʘʤ ʩʚʷʟʠ, ʢʦ-

ʪʦʨʳʝ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʷʚʣʷʶʪʩʷ ʥʝʙʝʟʦʧʘʩʥʳʤʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʦʥ-

ʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ. ɺ ʩʪʘʪʴʝ ʚ ʢʘʯʝʩʪʚʝ ʩʪʝʛʘʥʦʛʨʘʬʠ-

ʯʝʩʢʦʛʦ ʥʦʩʠʪʝʣʷ (ʢʦʥʪʝʡʥʝʨʘ) [1] ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʠʜʝʦʬʘʡʣʳ 

ʬʦʨʤʘʪʘ AVI [2]. 

ɺ ʭʦʜʝ ʥʘʧʠʩʘʥʠʷ ʪʝʟʠʩʦʚ ʜʦʢʣʘʜʘ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʥʝʢʦʪʦʨʳʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʘʣʛʦʨʠʪʤʳ ʚʩʪʨʘʠʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ (ʤʝ-

ʪʦʜ LSB (ʥʘʠʤʝʥʝʝ ʟʥʘʯʘʱʠʡ ʙʠʪ) [3], ʂʦʭʘ-ɾʘʦ [4], ʂʫʪʪʝʨʘ-ɼʞʦʨʜʝʥʘ-

ɹʦʩʩʝʥʘ (ʂɼɹ)) [5], ʦʮʝʥʝʥʳ ʠʭ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. ʉʨʝʜʠ ʥʠʭ ʙʳʣ 

ʚʳʜʝʣʝʥ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʡ ʤʝʪʦʜ ʂʫʪʪʝʨʘ-ɼʞʦʨʜʝʥʘ-ɹʦʩʩʝʥʘ [5] ʠ ʥʘ 

ʝʛʦ ʦʩʥʦʚʝ ʨʝʘʣʠʟʦʚʘʥ ʘʣʛʦʨʠʪʤ ʚʩʪʨʘʠʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʚ ʚʠʜʝʦʬʘʡʣʳ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʬʦʨʤʘʪʦʤ AVI. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʚʩʪʨʘʠʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʚʳʧʦʣʥʝʥʠʝʤ ʩʣʝʜʫʶʱʠʭ ʵʪʘʧʦʚ: 

1. ɺ ʢʘʯʝʩʪʚʝ ʩʪʝʛʘʥʦʛʨʘʬʠʯʝʩʢʦʛʦ ʢʦʥʪʝʡʥʝʨʘ (ʥʦʩʠʪʝʣʷ) ʙʳʣ ʚʟʷʪ ʚʠ-

ʜʝʦʬʘʡʣ ʬʦʨʤʘʪʘ AVI ʜʣʠʪʝʣʴʥʦʩʪʴʶ 11 ʩʝʢʫʥʜ. 

2. ʇʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ ffmpeg [6] ʜʘʥʥʳʡ ʚʠʜʝʦʬʘʡʣ 

ʙʳʣ ʜʝʢʦʤʧʦʟʠʨʦʚʘʥ ʥʘ 337 ʢʘʜʨʦʚ. ɺ ʢʦʤʘʥʜʥʦʡ ʩʪʨʦʢʝ ʩʣʝʜʫʝʪ ʟʘʜʘʪʴ ʚʳ-

ʧʦʣʥʝʥʠʝ ʩʣʝʜʫʶʱʝʡ ʢʦʤʘʥʜʳ: ffmpeg - i video.avi image%d.bmp). 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʠʜʝʦʬʘʡʣ ʜʝʢʦʤʧʦʟʠʨʫʝʪʩʷ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷ (ʢʘʜʨʳ), 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʬʦʨʤʘʪʦʤ BMP. ʈʘʟʤʝʨ ʢʘʞʜʦʛʦ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʢʘʜʨʦʚ ʩʦ-

ʩʪʘʚʠʣ 240 ʥʘ 360 ʧʠʢʩʝʣʝʡ. 
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3. ɿʘʪʝʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʧʝʨ-

ʚʳʤʠ 9-ʶ ʙʘʡʪʘʤʠ ʟʥʘʯʝʥʠʷ ʭʵʰ-ʢʦʜʘ (ʟʥʘʯʝʥʠʝ ʙʘʡʪʘ ʚ ʜʝʩʷʪʝʨʠʯʥʦʡ ʩʠ-

ʩʪʝʤʝ ʩʯʠʩʣʝʥʠʷ ʦʟʥʘʯʘʝʪ ʥʦʤʝʨ ʢʘʜʨʘ ʚ ʚʠʜʝʦʨʷʜʝ), ʚʳʯʠʩʣʝʥʥʦʛʦ ʦʪ ʟʘʨʘ-

ʥʝʝ ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʧʘʨʦʣʴʥʦʡ ʬʨʘʟʳ (ʩʦʜʝʨʞʠʪʩʷ ʚ ʩʝʢʨʝʪʝ) ʩʦʛʣʘʩʥʦ 

ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ ʭʵʰ-ʬʫʥʢʮʠʠ SHA 2, ʙʳʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʳʙʨʘʥʳ 9 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʘʜʨʦʚ ʠʟ ʧʦʣʫʯʝʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. 

4. ɼʘʣʝʝ ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ Matlab [7] ʚʳʙʨʘʥʥʳʝ ʢʘʜʨʳ ʧʨʝʜʩʪʘʚʣʷ-

ʶʪʩʷ ʚ ʚʠʜʝ ʯʠʩʣʦʚʳʭ ʤʘʪʨʠʮ, ʩʦʜʝʨʞʘʱʠʭ ʟʥʘʯʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʠʢ-

ʩʝʣʝʡ ʮʚʝʪʦʚʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʢʦʜʦʚ RGB. 

ʇʨʦʮʝʜʫʨʘ ʚʩʪʨʘʠʚʘʥʠʷ ʙʠʪ ʩʪʝʛʦʩʦʦʙʱʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʟʥʘʯʝ-

ʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʩʠʥʝʡ ʮʚʝʪʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ (B ï blue, ʩʠʥʠʡ), ʪʘʢ ʢʘʢ 

ʩʪʨʫʢʪʫʨʘ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʟʨʝʥʠʷ ʤʝʥʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ ʦʪʪʝʥʢʘʤ ʩʠʥʝʛʦ 

ʮʚʝʪʘ. 

ʇʨʠ ʵʪʦʤ ʠʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʨʦʮʝʜʫʨʳ ʚʩʪʨʘʠ-

ʚʘʥʠʷ ʩʪʝʛʦʩʦʦʙʱʝʥʠʷ ʷʚʣʷʶʪʩʷ: 

yxB , ï ʟʥʘʯʝʥʠʝ ʷʨʢʦʩʪʠ ʧʠʢʩʝʣʷ ʩʠʥʝʡ ʢʦʤʧʦʥʝʥʪʳ c ʢʦʦʨʜʠʥʘʪʘʤʠ (x, y);  

M  ï ʢʦʣʠʯʝʩʪʚʦ ʙʠʪ ʩʪʝʛʦʩʦʦʙʱʝʥʠʷ; 

V  ï ʢʦʥʩʪʘʥʪʘ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʵʥʝʨʛʠʶ ʚʩʪʨʘʠʚʘʝʤʦʛʦ ʩʠʛʥʘʣʘ; 

l ï ʢʦʵʬʬʠʮʠʝʥʪ, ʟʘʜʘʶʱʠʡ ʵʥʝʨʛʠʶ ʚʩʪʨʘʠʚʘʝʤʦʛʦ ʙʠʪʘ ʜʘʥʥʳʭ; 

sï ʨʘʟʤʝʨ ʦʙʣʘʩʪʠ, ʧʦ ʢʦʪʦʨʦʡ ʙʫʜʝʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴʩʷ ʷʨʢʦʩʪʴ. 
Mï ʤʘʩʩʠʚ ʙʠʪ, ʧʦʜʣʝʞʘʱʠʭ ʚʩʪʨʘʠʚʘʥʠʶ. ʀʭ ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʨʝʜʩʪʘʚ-

ʣʷʝʪ ʩʦʙʦʡ ʪʝʢʩʪʦʚʳʡ ʬʘʡʣ, ʩʦʜʝʨʞʠʤʦʝ ʢʦʪʦʨʦʛʦ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʜʚʦʠʯ-

ʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʥʫʣʝʡ ʠ ʝʜʠʥʠʮ ʩʦʛʣʘʩʥʦ ʢʦʜʫ ASCII [8]. 

5. ʉʦʛʣʘʩʥʦ ʤʝʪʦʜʫ ʂɼɹ ʠʟ ʤʘʩʩʠʚʘ ʟʥʘʯʝʥʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʩʠʥʝʡ 

ʮʚʝʪʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʚʳʙʠʨʘʶʪʩʷ ʧʠʢʩʝʣʠ 

ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʦʛʦ ʤʘʩʩʠʚʘ ʬʦʨʤʠʨʫʝʪʩʷ çʤʘʪʨʠʮʘ 

ʢʦʦʨʜʠʥʘʪè, ʢʦʪʦʨʘʷ ʟʘʜʘʝʪ ʧʠʢʩʝʣʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ. 

ɼʘʥʥʘʷ ʤʘʪʨʠʮʘ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʩʝʢʨʝʪʥʳʤ ʢʣʶʯʦʤ, ʢʦʪʦʨʳʡ ʥʝʦʙʭʦʜʠʤ ʜʣʷ 

ʧʝʨʝʜʘʯʠ ʩʢʨʳʪʦʛʦ ʩʦʦʙʱʝʥʠʷ ʦʪ ʠʩʪʦʯʥʠʢʘ ʠ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʝʛʦ ʥʘ ʧʨʠʝʤ-

ʥʦʤ ʢʦʥʮʝ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʜʥʫ ʤʘʩʢʫ ʜʣʷ ʩʚʷʟʠ ʘʙʦʥʝʥʪʦʚ ʥʝ 

ʙʦʣʝʝ ʯʝʤ ʥʘ 10 ʩʝʘʥʩʦʚ ʩʚʷʟʠ, ʪʘʢ ʢʘʢ ʧʨʠ ʤʥʦʛʦʢʨʘʪʥʦʤ ʧʝʨʝʭʚʘʪʝ ʧʘʩʩʠʚ-

ʥʳʡ ʟʣʦʫʤʳʰʣʝʥʥʠʢ ʥʘʢʘʧʣʠʚʘʝʪ ʩʪʘʪʠʩʪʠʢʫ ʢʦʦʨʜʠʥʘʪ ʧʠʢʩʝʣʝʡ, ʚ ʢʦʪʦ-

ʨʳʝ ʙʳʣʦ ʦʩʫʱʝʩʪʚʣʝʥʦ ʚʩʪʨʘʠʚʘʥʠʝ, ʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʠʩʭʦʜʥʫʶ (ʩʝʢʨʝʪ-

ʥʫʶ) ʤʘʩʢʫ ʢʦʦʨʜʠʥʘʪ. ʅʝʜʦʩʪʘʪʢʦʤ ʤʝʪʦʜʘ ʂɼɹ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʬʫʥʢʮʠʠ 

ʚʩʪʨʘʠʚʘʥʠʷ ʠ ʠʟʚʣʝʯʝʥʠʷ ʥʝʩʠʤʤʝʪʨʠʯʥʳ. ʕʪʦ ʜʝʣʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʚʝʨʥʦʛʦ 

ʠʟʚʣʝʯʝʥʠʷ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʦʡ. ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʢʦʨʨʝʢʪʥʦʛʦ ʠʟʚʣʝʯʝʥʠʷ 

ʜʘʥʥʳʭ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʪʝʨʘʮʠʦʥʥʦ ʚʩʪʨʘʠʚʘʪʴ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʙʠʪ ʩʦʦʙʱʝʥʠʷ 

ʚ ʨʘʟʥʳʝ ʧʠʢʩʝʣʠ, ʯʪʦ ʥʘ ʚʳʭʦʜʝ ʧʦʟʚʦʣʠʪ ʫʚʝʣʠʯʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʢʦʨʨʝʢʪ-

ʥʦʛʦ ʠʟʚʣʝʯʝʥʠʷ. 

6. ɺ ʢʘʞʜʳʡ ʠʟ ʚʳʙʨʘʥʥʳʭ ʧʠʢʩʝʣʝʡ ʟʘʧʠʩʳʚʘʶʪʩʷ ʙʠʪʳ ʩʦʦʙʱʝʥʠʷ. 

ɺʩʪʨʘʠʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʩʦʛʣʘʩʥʦ ʧʨʘʚʠʣʫ: 
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ʛʜʝ: *B ï ʟʥʘʯʝʥʠʝ ʧʠʢʩʝʣʷ ʧʦʩʣʝ ʤʦʜʠʬʠʢʘʮʠʠ; Bï ʟʥʘʯʝʥʠʝ ʧʠʢʩʝʣʷ 

ʩʠʥʝʛʦ ʮʚʝʪʘ ʜʦ ʤʦʜʠʬʠʢʘʮʠʠ; Lï ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʜʘʶʱʠʡ ʵʥʝʨʛʠʶ ʚʩʪʨʘʠ-

ʤʦʚʦʛʦ ʙʠʪʘ; mï ʟʥʘʯʝʥʠʝ ʙʠʪʘ ʩʪʝʛʦʩʦʦʙʱʝʥʠʷ(1 ʠʣʠ 0); 

BGV 11,058,03,0 ++= ï ʬʦʨʤʫʣʘ, ʚʳʯʠʩʣʷʶʱʘʷ ʮʚʝʪʥʦʩʪʴ. 

7. ɿʘʪʝʤ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʧʠʢʩʝʣʠ çʚʦʟʚʨʘʱʘʶʪʩʷè ʥʘ ʩʚʦʝ ʤʝʩʪʦ. 

8. ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʢʘʜʨʳ ʩʦʙʠʨʘʶʪʩʷ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʠʜʝʦ 

ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ ffmpeg. ʇʨʠ ʵʪʦʤ ʚ ʢʦʤʘʥʜʥʦʡ ʩʪʨʦʢʝ 

ʩʣʝʜʫʝʪ ʟʘʜʘʪʴ ʩʣʝʜʫʶʱʫʶ ʢʦʤʘʥʜʫ: ffmpeg -f image2 -i image%d.bmp *_.avi. 

ʅʘ ʧʨʠʸʤʥʦʤ ʢʦʥʮʝ ʧʝʨʝʜ ʧʦʣʫʯʘʪʝʣʝʤ ʚʩʪʘʝʪ ʟʘʜʘʯʘ ʢʦʨʨʝʢʪʥʦʛʦ ʠʟ-

ʚʣʝʯʝʥʠʷ ʩʪʝʛʦʩʦʦʙʱʝʥʠʷ. ɿʥʘʷ ʧʘʨʦʣʴʥʫʶ ʬʨʘʟʫ, ʧʦʣʫʯʘʪʝʣʴ ʛʝʥʝʨʠʨʫʝʪ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʭʵʰ-ʢʦʜ, ʢʦʪʦʨʳʡ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʦʤʝʨʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥ-

ʥʳʭ ʢʘʜʨʦʚ. 

ʇʦʣʫʯʘʪʝʣʴ ʠʟʚʣʝʢʘʝʪ ʠʭ ʠʟ ʚʠʜʝʦʧʦʪʦʢʘ. ɼʘʣʴʥʝʡʰʠʡ ʘʣʛʦʨʠʪʤ ʜʝʡ-

ʩʪʚʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʝʜʫʶʱʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ: 

1. ʂʘʜʨʳ ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ ʪʨʝʭʤʝʨʥʳʡ ʤʘʩʩʠʚ RGB, ʜʣʷ ʨʘʩʩʤʦʪʨʝʥʠʷ 

ʙʝʨʝʪʩʷ ʢʦʤʧʦʥʝʥʪʘ B. 

2. ʀʩʧʦʣʴʟʫʷ ʩʝʢʨʝʪʥʳʡ ʢʣʶʯ, ʧʦʣʫʯʘʪʝʣʴ ʠʟʚʣʝʢʘʝʪ ʤʦʜʠʬʠʮʠʨʦʚʘʥ-

ʥʳʝ ʧʠʢʩʝʣʠ. 

ʊʘʢ ʢʘʢ ʥʘʯʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʠʩʢʣʝʡ ʥʝʠʟʚʝʩʪʥʳ, ʪʦ ʧʦʣʫʯʘʪʝʣʴ, ʠʩ-

ʧʦʣʴʟʫʷ ʤʝʪʦʜ ʢʨʝʩʪʘ, çʧʨʝʜʩʢʘʟʳʚʘʝʪè ʟʥʘʯʝʥʠʝ ʧʠʢʩʝʣʷ, ʠʟʚʝʩʪʥʦʝ ʜʦ ʤʦ-

ʜʠʬʠʢʘʮʠʠ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʙʝʨʝʪʩʷ ʦʙʣʘʩʪʴ ů  ʚ ʚʠʜʝ çʢʨʝʩʪʘè ʠʟ 

ʩʦʩʝʜʥʠʭ ʧʠʢʩʝʣʝʡ ʨʘʟʤʝʨʦʤ 7 ʥʘ 7 ʧʠʢʩʝʣʝʡ. 

ɿʥʘʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʝʠʟʚʝʩʪʥʦʛʦ ʧʠʢʩʝʣʷ ʧʨʝʜʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʦʩ-

ʥʦʚʝ ʟʘʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʧʦ ʩʣʝʜʫʶʱʝʤʫ ʧʨʘʚʠʣʫ: 
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(3). 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʧʨʝʜʩʢʘʟʘʥʠʷ ʥʘʢʣʘʜʳʚʘʝʪ ʝʱʝ ʦʜʥʦ 

ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʘʣʛʦʨʠʪʤ ʂɼɹ. çʂʨʝʩʪʳè ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʦʧʨʝʜʝʣʝʥʥʳʤ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ ʙʠʪʘʤ, ʥʝ ʜʦʣʞʥʳ ʧʝʨʝʩʝʢʘʪʴʩʷ, ʪʘʢ ʢʘʢ ʵʪʦ ʫʚʝʣʠʯʠ-

ʚʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʥʝʧʨʘʚʠʣʴʥʦʛʦ ʧʨʝʜʩʢʘʟʘʥʠʷ ʥʝʠʟʚʝʩʪʥʦʛʦ ʙʠʪʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʘʪʝʣʴ ʠʟʚʣʝʢʘʝʪ ʚʩʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʙʠʪʳ ʠ 

ʧʦ ʥʠʤ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʩʦʦʙʱʝʥʠʝ. ɼʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʧʝʨʝʜ ʩʚʦʠʤʠ ʘʥʘʣʦ-

ʛʘʤʠ ʦʙʣʘʜʘʝʪ ʪʘʢʠʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʢʘʢ: ʚʦʟʤʦʞʥʦʩʪʴ ʚʩʪʨʘʠʚʘʥʠʷ ʙʦʣʴ-

ʰʠʭ ʦʙʲʝʤʦʚ ʠʥʬʦʨʤʘʮʠʠ; ʚʳʩʦʢʘʷ ʩʪʝʛʘʥʦʛʨʘʬʠʯʝʩʢʘʷ ʩʪʦʡʢʦʩʪʴ, ʦʙʝʩʧʝ-

ʯʠʚʘʝʤʘʷ ʧʨʠʥʮʠʧʘʤʠ ʘʣʛʦʨʠʪʤʘ ʂɼɹ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʭʵʰ-ʬʫʥʢʮʠʠ, 

ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʧʨʦʩʪʦʪʘ ʨʝʘʣʠʟʘʮʠʠ. 
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EMBEDDING ADDITIONAL INFORMATION IN VIDEO FILES  

 OF THE AVI FORMAT  

V. A. Ivanov, S. V. Radaev 
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An algorithm for embedding stegosauria in video format AVI. In the algo-

rithm for integration was based on an improved method of Cutter-Jordana-

Bossen, which has such advantages as: high resistance to steganalysis and stability 

built-in stegosauria to attack with compression. However, the disadvantage of the 

KDB method is that the embedding and extraction functions are asymmetric. This 

makes the probability of correct extraction a random variable. In this regard, it is 

recommended to implement the embedding method of multiple duplication. 

Keywords: steganography, container, video, frame the intensity of the pix-

els, the hash function, the method of the Cutter-Jordana-Bossen. 

 

 

ʋɼʂ 004.42 

ʏɸʊ-ɹʆʊ ɼʃʗ ɺɿɸʀʄʆɼɽʁʉʊɺʀʗ ʂʆʄʇɸʅʀʀ ʉ ʂʃʀɽʅʊɸʄʀ 

ɸ.ʖ. ʀʣʴʠʯʝʚ, ɺ.ɺ. ʂʫʟʠʥʘ 

ʌɻɹʆʋ ɺʆ çʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ  
ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘè, ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ 

ʇʦʢʘʟʘʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʚʠʨʪʫʘʣʴʥʳʭ ʧʦʤʦʱʥʠʢʦʚ ʜʣʷ ʚʟʘ-

ʠʤʦʜʝʡʩʪʚʠʷ ʢʦʤʧʘʥʠʠ ʩ ʢʣʠʝʥʪʘʤʠ. ʇʨʝʜʣʦʞʝʥ ʘʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʷ ʪʘʢʦʡ 

ʩʠʩʪʝʤʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʯʘʪ-ʙʦʪ, ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. 

 

ʉ ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʚʘʪʴ ʩʠʩʪʝʤʳ, 

ʩʧʦʩʦʙʥʳʝ ʦʙʣʝʛʯʠʪʴ ʨʫʪʠʥʥʳʝ ʟʘʥʷʪʠʷ ʯʝʣʦʚʝʢʘ. ʇʦʷʚʣʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ 
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ʤʦʜʝʣʠ ʥʝʡʨʦʥʥʳʭ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʨʝʰʘʪʴ ʪʨʠʚʠʘʣʴʥʳʝ ʟʘʜʘʯʠ ʛʦ-

ʨʘʟʜʦ ʙʳʩʪʨʝʝ ʠ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʢʘʯʝʩʪʚʝʥʥʝʝ ʯʝʣʦʚʝʢʘ. ʇʦʵʪʦʤʫ ʙʠʟʥʝʩ-

ʧʨʦʝʢʪʳ ʥʘʯʠʥʘʶʪ ʚʥʝʜʨʷʪʴ ʩʠʩʪʝʤʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʣʠʙʦ ʯʘʩʪʠʯʥʦ, ʣʠʙʦ 

ʧʦʣʥʦʩʪʴʶ ʟʘʤʝʥʠʪʴ ʯʝʣʦʚʝʢʘ ʚ ʦʜʥʦʨʦʜʥʳʭ ʠ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʟʘʜʘʯʘʭ. ʆʜ-

ʥʠʤ ʠʟ ʚʘʨʠʘʥʪʦʚ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʯʘʪ-ʙʦʪʦʚ. 

ʏʘʪ-ʙʦʪ ï ʚʠʨʪʫʘʣʴʥʳʡ ʧʦʤʦʱʥʠʢ, ʚʩʪʨʘʠʚʘʝʤʳʡ ʚ ʨʘʟʣʠʯʥʳʝ ʛʦʪʦʚʳʝ 

ʩʠʩʪʝʤʳ, ʥʘʧʨʠʤʝʨ: ʤʝʩʩʝʥʜʞʝʨʳ, ʩʦʮʠʘʣʴʥʳʝ ʩʝʪʠ, web-ʩʘʡʪʳ, ʜʣʷ ʘʚʪʦʤʘ-

ʪʠʟʠʨʦʚʘʥʥʦʛʦ ʦʙʱʝʥʠʷ ʩ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʠʣʠ ʢʣʠʝʥʪʘʤʠ. ʂ ʝʛʦ ʜʦʩʪʦʠʥ-

ʩʪʚʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʩʣʝʜʫʶʱʝʝ: 

Å ʠʟʙʘʚʣʝʥʠʝ ʦʪ ʨʫʪʠʥʥʳʭ ʟʘʜʘʯ; 

Å ʦʜʥʦʚʨʝʤʝʥʥʘʷ ʦʙʨʘʙʦʪʢʘ ʤʥʦʞʝʩʪʚʘ ʟʘʜʘʯ; 

Å ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʢʣʠʝʥʪʘʤʠ; 

Å ʵʢʦʥʦʤʠʷ ʚʨʝʤʝʥʠ ʜʣʷ ʢʣʠʝʥʪʦʚ (ʙʳʩʪʨʳʝ ʦʪʚʝʪʳ); 

Å ʧʦʣʫʯʝʥʠʝ ʢʣʠʝʥʪʘʤʠ ʪʦʣʴʢʦ ʠʥʪʝʨʝʩʫʶʱʝʡ ʠʭ ʠʥʬʦʨʤʘʮʠʠ. 

ʅʝʜʦʩʪʘʪʢʘʤʠ ʷʚʣʷʶʪʩʷ: 

Å ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʪʦʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʨʝʩʦʚ ʠ ʟʘʧʨʦʩʦʚ ʢʣʠʝʥʪʦʚ; 

Å ʩʢʝʧʪʠʯʥʦʩʪʴ ʢʣʠʝʥʪʦʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤ ʩʠʩʪʝ-
ʤʘʤ ʦʙʱʝʥʠʷ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʦ ʯʘʪ-ʙʦʪʘʭ ʤʥʦʛʦ ʛʦʚʦʨʷʪ ʚ ʥʘʫʯʥʳʭ ʠ ʙʠʟʥʝʩ-ʩʦʦʙʱʝʩʪ-

ʚʘʭ. ʇʦʧʫʣʷʨʥʦʩʪʴʶ ʧʦʣʴʟʫʶʪʩʷ ʙʦʪʳ, ʛʝʥʝʨʠʨʫʶʱʠʝ ʦʪʚʝʪ ʧʦʩʣʦʚʥʦ ʥʘ 

ʙʘʟʝ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. ʕʪʦ ʦʯʝʥʴ ʠʥʪʝʨʝʩʥʳʡ ʧʦʜʭʦʜ, ʥʦ ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʝʘʣʠʟʘʮʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʟʘʪʨʘʪʥʳʡ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʨʫʩʩʢʦʛʦ 

ʷʟʢrʘ ʠʟ-ʟʘ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʣʦʚʦʬʦʨʤ. ʇʦʵʪʦʤʫ ʧʦʷʚʣʷʶʪʩʷ ʨʝʰʝ-

ʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʨʘʙʦʪʘʪʴ ʩ ʥʝʦʙʭʦʜʠʤʦʡ ʪʦʯʥʦʩʪʴʶ, ʥʦ ʥʘ ʤʝʥʴʰʠʭ ʚʳ-

ʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʘʭ. ʈʘʩʩʤʦʪʨʠʤ ʦʜʠʥ ʠʟ ʚʘʨʠʘʥʪʦʚ. 

ɸʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤʳ ʰʘʛ ʟʘ ʰʘʛʦʤ 

ʕʪʘʧ 1. ʉʙʦʨ ʜʘʥʥʳʭ. 

ɼʣʷ ʥʘʯʘʣʘ ʥʝʦʙʭʦʜʠʤʳ ʜʘʥʥʳʝ, ʢʦʪʦʨʳʤʠ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʷʚʣʷʶʪʩʷ 

ʜʠʘʣʦʛʠ. ʆʙʳʯʥʦ ʫ ʢʦʤʧʘʥʠʡ ʫʞʝ ʥʘʢʦʧʣʝʥ ʦʧʳʪ ʦʙʱʝʥʠʷ ʩ ʢʣʠʝʥʪʘʤʠ, ʠ 

ʧʦʵʪʦʤʫ ʩ ʵʪʠʤ ʧʫʥʢʪʦʤ ʥʝ ʜʦʣʞʥʦ ʚʦʟʥʠʢʘʪʴ ʧʨʦʙʣʝʤ. 

ʕʪʘʧ 2. ʅʦʨʤʘʣʠʟʘʮʠʷ ʜʘʥʥʳʭ.  

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʦʥʠʤʘʪʴ ʩʤʳʩʣ ʧʨʝʜʣʦʞʝʥʠʡ, ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʥʘʯʘʣʘ 

ʦʧʨʝʜʝʣʷʪʴ ʧʦʭʦʞʠʝ ʧʦ ʩʤʳʩʣʫ ʩʣʦʚʘ ʨʘʟʥʳʭ ʩʣʦʚʦʬʦʨʤ, ʜʣʷ ʵʪʦʛʦ ʠ ʧʨʦʚʦ-

ʜʠʪʩʷ ʥʦʨʤʘʣʠʟʘʮʠʷ ʩʣʦʚ. ʉʫʱʝʩʪʚʫʶʪ ʘʣʛʦʨʠʪʤʳ: ʣʝʤʤʘʪʠʟʘʮʠʠ [1] ʠ ʩʪʝʤʤ-

ʤʠʥʛʘ [2], ʧʦʟʚʦʣʷʶʱʠʝ ʧʨʠʚʝʩʪʠ ʩʣʦʚʘ ʢ ʥʦʨʤʘʣʴʥʦʡ (ʩʣʦʚʘʨʥʦʡ) ʬʦʨʤʝ. 

ʕʪʘʧ 3. ʇʦʩʪʨʦʝʥʠʝ ʚʝʢʪʦʨʥʦʡ ʤʦʜʝʣʠ. 

ɺʝʢʪʦʨʥʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʚʘʪʴ ʩʭʦʞʝʩʪʴ ʩʤʳʩʣʘ ʩʣʦʚ ʥʘ ʦʩ-

ʥʦʚʝ ʤʥʦʞʝʩʪʚʘ ʦʙʫʯʘʶʱʠʭ ʜʘʥʥʳʭ. ʀʜʝʶ ʤʦʞʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʥʘ 

ʧʨʦʩʪʦʤ ʧʨʠʤʝʨʝ (ʨʠʩ. 1). ɼʘʥʥʳʝ ʦʮʝʥʠʚʘʶʪʩʷ ʧʨʝʜʣʦʞʝʥʠʝ ʟʘ ʧʨʝʜʣʦʞʝ-

ʥʠʝʤ, ʥʘʢʘʧʣʠʚʘʷ ʩʣʦʚʘʨʴ ʩʣʦʚ ʠ ʟʘʚʠʩʠʤʦʩʪʠ ʩʣʦʚ ʤʝʞʜʫ ʩʦʙʦʡ. ʅʝʦʙʭʦ-

ʜʠʤʦ ʫʪʦʯʥʠʪʴ, ʯʪʦ ʥʘ ʵʪʦʤ ʵʪʘʧʝ ʩʣʦʚʘ ʧʝʨʝʚʦʜʷʪʩʷ ʠʟ ʦʙʳʯʥʦʡ ʙʫʢʚʝʥʥʦʡ 

ʬʦʨʤʳ ʚ ʯʠʩʣʦʚʫʶ. ʏʠʩʣʦ, ʦʪʚʝʯʘʶʱʝʝ ʟʘ ʢʦʥʢʨʝʪʥʦʝ ʩʣʦʚʦ, ʷʚʣʷʝʪʩʷ ʠʥ-

ʜʝʢʩʦʤ ʩʣʦʚʘ ʚ ʩʣʦʚʘʨʝ. 
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ʈʠʩʫʥʦʢ 1 ï ɺʝʢʪʦʨʥʘʷ ʩʭʦʞʝʩʪʴ ʧʨʝʜʣʦʞʝʥʠʡ 

 

ɺ 2013 ʛʦʜʫ ʧʦʷʚʠʣʘʩʴ ʩʪʘʪʴʷ [3], ʚ ʢʦʪʦʨʦʡ ʘʚʪʦʨ ʊʦʤʘʩ ʄʠʢʦʣʦʚ ʛʦ-

ʚʦʨʠʪ ʦ Word2vec. ʕʪʦ ʥʘʙʦʨ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʣʦʚ. ʊʘʢ ʢʘʞʜʦʝ ʩʣʦʚʦ ʧʝʨʝʚʦʜʠʪʩʷ ʚ ʪʦʯʢʫ ʚ ʥʝʢʦʪʦʨʦʤ ʩʝ-

ʤʘʥʪʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʧʨʠʯʝʤ ʘʣʛʝʙʨʘʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ ʚ ʵʪʦʤ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʧʝʨʘʮʠʷʤ ʥʘʜ ʩʤʳʩʣʦʤ ʩʣʦʚ (ʧʦʵʪʦʤʫ ʠʩʧʦʣʴ-

ʟʫʶʪ ʩʣʦʚʦ ʩʝʤʘʥʪʠʯʝʩʢʦʝ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʞʜʦʤʫ ʩʣʦʚʫ ʙʫʜʝʪ ʩʦʦʪʚʝʪ-

ʩʪʚʦʚʘʪʴ N-ʤʝʨʥʳʡ ʚʝʢʪʦʨ ʯʠʩʝʣ. ʈʠʩ. 2 ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ 

Word2vec [3]. ʇʨʝʜʧʦʣʦʞʠʤ, ʠʤʝʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʩʣʦʚ, ʢʦʪʦʨʳʤ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʪ ʚʝʢʪʦʨʘ. ɽʩʣʠ ʚʝʢʪʦʨ ʜʣʷ ʩʣʦʚʘ çʤʫʞʯʠʥʘè ʚʳʯʝʩʪʴ ʠʟ ʚʝʢʪʦʨʘ ʜʣʷ 

ʩʣʦʚʘ çʞʝʥʱʠʥʘè, ʪʦ ʧʦʣʫʯʠʪʩʷ ʧʨʠʤʝʨʥʦ ʪʘʢʦʡ ʞʝ ʫʛʦʣ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʠ ʜʣʠʥʘ ʧʨʦʪʠʚʦʣʝʞʘʱʝʡ ʩʪʦʨʦʥʳ, ʢʘʢ ʜʣʷ ʩʣʦʚ çʢʦʨʦʣʴè ʠ çʢʦʨʦʣʝʚʘè. 

 
ʈʠʩʫʥʦʢ 2 ï ʇʨʠʤʝʨ ʨʘʙʦʪʳ Word2vec [3] 

 

ʉʫʱʝʩʪʚʫʝʪ ʨʝʩʫʨʩ ʜʣʷ ʧʦʠʩʢʘ ʩʝʤʘʥʪʠʯʝʩʢʠ ʩʚʷʟʘʥʥʳʭ ʩʣʦʚ, ʨʝʟʫʣʴʪʘʪ 

ʚʳʚʦʜʠʪʩʷ ʚ ʚʠʜʝ ʵʛʦ-ʩʝʪʠ. ʅʘ ʨʠʩ.3 ʧʨʝʜʩʪʘʚʣʝʥʳ 20 ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡ 
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ʜʣʷ ʩʣʦʚʘ çʢʦʨʦʣʴè. ʄʦʜʝʣʴ, ʢʦʪʦʨʫʶ ʧʨʝʜʣʦʞʠʣ ʄʠʢʦʣʦʚ, ʦʯʝʥʴ ʧʨʦʩʪʘ ï 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʩʣʦʚʘ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʩʭʦʞʠʭ ʢʦʥʪʝʢʩʪʘʭ, ʤʦʛʫʪ ʟʥʘ-

ʯʠʪʴ ʦʜʥʦ ʠ ʪʦ ʞʝ. 

 
ʈʠʩʫʥʦʢ 3 ï ɻʨʘʬ ʨʘʩʩʪʦʷʥʠʡ ʩʭʦʞʝʩʪʠ ʩʣʦʚ Word2vec [3] 

 

ʊʘʢ ʤʳ ʩʦʧʦʩʪʘʚʠʣʠ ʢʘʞʜʦʤʫ ʩʣʦʚʫ ʚʝʢʪʦʨ. ʅʦ ʥʘʤ ʥʫʞʥʦ ʨʘʙʦʪʘʪʴ ʥʝ 

ʩʦ ʩʣʦʚʘʤʠ, ʘ ʩʦ ʩʣʦʚʦʩʦʯʝʪʘʥʠʷʤʠ ʠʣʠ ʩ ʮʝʣʳʤʠ ʧʨʝʜʣʦʞʝʥʠʷʤʠ, ʪ.ʢ. ʣʶʜʠ 

ʦʙʱʘʶʪʩʷ ʠʤʝʥʥʦ ʪʘʢ. ɼʣʷ ʵʪʠʭ ʮʝʣʝʡ ʠʩʧʦʣʴʟʫʝʪʩʷ Doc2vec çDocument 

Embedding with Paragraph Vectorsè [4] ï ʘʣʛʦʨʠʪʤ, ʢʦʪʦʨʳʡ ʧʦʣʫʯʘʝʪ ʨʘʩ-

ʧʨʝʜʝʣʝʥʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʜʣʷ ʯʘʩʪʝʡ ʪʝʢʩʪʦʚ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ Word2vec 

[3]. ʊʝʢʩʪʳ ʤʦʛʫʪ ʙʳʪʴ ʣʶʙʦʡ ʜʣʠʥʳ: ʦʪ ʩʣʦʚʦʩʦʯʝʪʘʥʠʷ ʜʦ ʘʙʟʘʮʝʚ. ʇʨʠ 

ʵʪʦʤ ʥʘ ʚʳʭʦʜʝ ʧʦʣʫʯʘʝʪʩʷ ʚʝʢʪʦʨ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʜʣʠʥʳ. 

ʕʪʘʧ 4. ɻʨʫʧʧʠʨʦʚʢʘ ʧʨʝʜʣʦʞʝʥʠʡ. 

ʅʘ ʦʩʥʦʚʝ ʧʨʝʜʳʜʫʱʠʭ ʵʪʘʧʦʚ ʤʦʞʥʦ ʩʛʨʫʧʧʠʨʦʚʘʪʴ ʩʭʦʞʠʝ ʚʦʧʨʦʩʳ 

ʠ ʦʪʚʝʪʳ, ʠʥʪʝʨʝʩʳ ʢʣʠʝʥʪʦʚ ʠʣʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʪ.ʜ. ɺʩʝ ʧʦʣʫʯʠʚʰʠʝʩʷ 

ʜʘʥʥʳʝ ʭʨʘʥʷʪʩʷ ʚ ʙʘʟʝ ʟʥʘʥʠʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʥʘʭʦʜʠʪʴ ʠ ʚʳʙʠʨʘʪʴ 

ʠʥʪʝʨʝʩʫʶʱʠʝ ʥʘʩ ʚʦʧʨʦʩʳ, ʦʪʚʝʪʳ, ʠʥʪʝʨʝʩʳ ʠ ʪ.ʜ. ʢʦʥʢʨʝʪʥʦ ʜʣʷ ʢʘʞʜʦʛʦ 

ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ʕʪʘʧ 5. ʊʝʩʪʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ. 

ʇʨʠʚʝʜʝʤ ʫʧʨʦʱʝʥʥʳʡ ʧʨʠʤʝʨ ʪʝʩʪʠʨʦʚʘʥʠʷ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʩʠ-

ʩʪʝʤʳ: 

1. ʇʦʣʫʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʧʦʣʴʟʦʚʘʪʝʣʷ (ʬʦʨʤʳ, ʢʘʨʪʘ ʢʣʠʝʥʪʘ ʠ 

ʪ.ʜ.). 

2. ʇʦʠʩʢ ʙʣʠʞʘʡʰʝʡ ʛʨʫʧʧʳ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

3. ʀʩʭʦʜʷ ʠʟ ʠʥʪʝʨʝʩʦʚ, ʧʦʜʙʦʨ ʨʝʢʦʤʝʥʜʘʮʠʡ. 

4. ɽʩʣʠ ʦʪʚʝʪ ʥʝʢʦʨʨʝʢʪʥʳʡ, ʪʦ ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ, ʦʪʚʝʯʘʶ-

ʱʠʭ ʟʘ ʧʦʠʩʢ ʠ ʚʳʜʘʯʫ ʨʝʟʫʣʴʪʘʪʦʚ, ʠʥʘʯʝ ʦʩʪʘʝʪʩʷ ʚʩʝ ʙʝʟ ʠʟʤʝʥʝʥʠʡ. 

5. ʇʦʚʪʦʨʝʥʠʝ ʧʫʥʢʪʦʚ 1 ï  4 ʜʦ ʧʦʣʫʯʝʥʠʷ ʢʦʨʨʝʢʪʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ. 
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ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʯʘʪ-ʙʦʪʦʚ ʧʦʟʚʦʣʠʪ ʨʘʩʰʠʨʠʪʴ ʢʘʥʘʣʳ ʧʦ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʶ ʩ ʢʣʠʝʥʪʘʤʠ ʚʦ ʤʥʦʛʠʭ ʩʬʝʨʘʭ ʙʠʟʥʝʩʘ. 
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ʄʆɹʀʃʔʅʆɽ ʇʈʀʃʆɾɽʅʀɽ ɼʃʗ ʆʈɻɸʅʀɿɸʎʀʀ ʉʋɼɽʁʉʂʆʁ 
ʈɸɹʆʊʓ ʇʈʀ ʇʈʆɺɽɼɽʅʀʀ ʉʆʈɽɺʅʆɺɸʅʀʁ ʇʆ ʉʇʆʈʊʀɺʅʆʁ 

ɸʕʈʆɹʀʂɽ 

ɽ.ʈ. ʂʘʣʶʞʥʳʡ, ʅ.ɺ. ɿʘʨʠʢʦʚʩʢʘʷ 

ʊʦʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ, 
ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

ʈʝʘʣʠʟʦʚʘʥʘ ʩʫʜʝʡʩʢʘʷ ʩʠʩʪʝʤʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ 

ʠ ʩʝʨʚʝʨʥʦʡ ʯʘʩʪʠ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʘ ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʨʘʙʦʪʳ ʩʫʜʝʡʩʢʦʡ ʙʨʠ-

ʛʘʜʳ ʚ ʯʘʩʪʠ ʦʧʝʨʘʪʠʚʥʦʛʦ ʚʳʩʪʘʚʣʝʥʠʷ ʦʮʝʥʦʢ ʩʧʦʨʪʩʤʝʥʘʤ. ʇʨʠ ʨʝʘʣʠʟʘ-

ʮʠʠ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʙʳʣʘ ʫʯʪʝʥʘ ʩʣʦʞʥʘʷ ʩʪʨʫʢʪʫʨʘ ʩʫʜʝʡʩʢʦʡ 

ʙʨʠʛʘʜʳ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʪʦʢʦʣʦʚ ʩʫʜʝʡ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʫʜʝʡʩʢʘʷ ʩʠʩʪʝʤʘ, ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ, android, 

Kotlin, ʩʝʨʚʝʨʥʘʷ ʯʘʩʪʴ, PHP.  

 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʩʫʜʝʡʩʪʚʦ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʚʘʞʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʝ ʣʶʙʳʭ ʩʧʦʨʪʠʚʥʳʭ ʩʦʨʝʚʥʦʚʘʥʠʡ. ʅʝʩʤʦʪʨʷ ʥʘ ʫʨʦʚʝʥʴ ʩʦʚʨʝ-

ʤʝʥʥʦʡ ʢʦʤʧʴʶʪʝʨʠʟʘʮʠʠ, ʩʫʜʝʡʩʪʚʦ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʩʦʨʝʚʥʦʚʘʥʠʡ ʧʨʦʚʦ-

ʜʠʪʴʩʷ ʚ çʨʫʯʥʦʤè ʨʝʞʠʤʝ. ʇʨʠ ʵʪʦʤ ʚ ʢʘʞʜʦʤ ʚʠʜʝ ʩʧʦʨʪʘ ʧʨʦʪʦʢʦʣʳ ʩʫ-

ʜʝʡ ʰʘʙʣʦʥʠʟʠʨʦʚʘʥʳ, ʪʘʢʞʝ, ʢʘʢ ʠ ʠʪʦʛʦʚʳʝ ʧʨʦʪʦʢʦʣʳ ʩʦʨʝʚʥʦʚʘʥʠʡ. ɺʩʝ 

http://www.cis.lmu.de/~muellets/pdf/emnlp_2015.pdf
http://www.cis.lmu.de/~muellets/pdf/emnlp_2015.pdf
http://clef.isti.cnr.it/2007/working_notes/DolamicCLEF2007.pdf
http://clef.isti.cnr.it/2007/working_notes/DolamicCLEF2007.pdf
https://arxiv.org/abs/1301.3781
http://arxiv.org/abs/1507.07998
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ʵʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʩʫʜʝʡ-

ʩʪʚʘ, ʪ.ʝ. ʚʳʩʪʘʚʣʝʥʠʝ ʦʮʝʥʦʢ ʢʘʞʜʳʤ ʩʫʜʴʝʡ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʚʦʜʥʦʛʦ ʧʨʦ-

ʪʦʢʦʣʘ ʧʦ ʢʘʞʜʦʤʫ ʫʯʘʩʪʥʠʢʫ ʠ ʠʪʦʛʦʚʦʛʦ ʧʨʦʪʦʢʦʣʘ ʩʦʨʝʚʥʦʚʘʥʠʡ ʚ ʣʶʙʦʡ 

ʜʠʩʮʠʧʣʠʥʝ/ʥʦʤʠʥʘʮʠʠ. ʅʘ ʨʘʟʨʘʙʦʪʢʫ ʧʦʜʦʙʥʦʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʫ-

ʜʝʡʩʢʦʡ ʩʠʩʪʝʤʳ ʠ ʥʘʧʨʘʚʣʝʥʘ ʜʘʥʥʘʷ ʨʘʙʦʪʘ. ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʜʣʷ ʨʘʟʨʘ-

ʙʦʪʢʠ ʩʠʩʪʝʤʳ, ʚʟʷʪ ʚʠʜ ʩʧʦʨʪʘ çʉʧʦʨʪʠʚʥʘʷ ʘʵʨʦʙʠʢʘè. ʇʨʠ ʨʘʟʨʘʙʦʪʢʠ ʘʚ-

ʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʫʜʝʡʩʢʦʡ ʩʠʩʪʝʤʳ ʙʳʣʠ ʫʯʪʝʥʳ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʩʫ-

ʜʝʡʩʪʚʘ ʩʦʨʝʚʥʦʚʘʥʠʡ ʧʦ ʜʘʥʥʦʤʫ ʚʠʜʫ ʩʧʦʨʪʘ, ʦʪʨʘʞʝʥʥʳʝ ʠ ʦʧʠʩʘʥʥʳʝ ʚ 

ʨʝʛʣʘʤʝʥʪʝ ʧʨʦʚʝʜʝʥʠʷ ʩʦʨʝʚʥʦʚʘʥʠʡ: ç2017 ï 2020 ʇʨʘʚʠʣʘ ʩʦʨʝʚʥʦʚʘʥʠʡ. 

ɸʵʨʦʙʥʘʷ ɻʠʤʥʘʩʪʠʢʘè (ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʬʝʜʝʨʘʮʠʷ ʛʠʤʥʘʩʪʠʢʠ. 2016). 

ʇʝʨʚʳʤ ʵʪʘʧʦʤ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʣʶʙʦʛʦ ʧʨʠʣʦʞʝʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ ʤʦ-

ʙʠʣʴʥʦʛʦ, ʷʚʣʷʝʪʩʷ ʵʪʘʧ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʘʚʪʦʤʘʪʠʟʠ-

ʨʦʚʘʥʥʦʡ ʩʫʜʝʡʩʢʦʡ ʩʠʩʪʝʤʳ, ʙʳʣ ʫʯʪʝʥ ʩʣʦʞʥʳʡ ʩʦʩʪʘʚ ʩʫʜʝʡʩʢʦʡ ʙʨʠ-

ʛʘʜʳ, ʩʦʩʪʦʷʱʠʡ ʠʟ 12 ʩʫʜʝʡ 5 ʪʠʧʦʚ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʩʫʜʝʡʩʪʚʘ ʜʚʫʤʷ 

ʙʨʠʛʘʜʘʤʠ ʩʫʜʝʡ. ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʩʫʜʝʡ ʧʨʠ ʩʫʜʝʡʩʪʚʝ ʜʚʫʤʷ ʙʨʠʛʘʜʘʤʠ 

ʩʦʩʪʘʚʣʷʝʪ 24 ʯʝʣʦʚʝʢʘ. ʪ.ʝ. ʟʘʜʝʡʩʪʚʦʚʘʥʦ 24 ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚʘ ʧʝʨʝ-

ʜʘʶʱʠʭ ʦʮʝʥʢʠ ʦʪ ʢʘʞʜʦʛʦ ʩʫʜʴʠ ʥʘ ʩʝʨʚʝʨ. ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʪʦʛʦʚʦʛʦ 

ʧʨʦʪʦʢʦʣʘ, ʩʝʨʚʝʨ ʧʝʨʝʜʘʝʪ ʦʮʝʥʢʠ ʢʘʞʜʦʛʦ ʩʧʦʨʪʩʤʝʥʘ, ʧʦʣʫʯʝʥʥʳʝ ʦʪ 

ʢʘʞʜʦʛʦ ʩʫʜʴʠ, ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʩʘʡʪ ʤʝʨʦʧʨʠʷʪʠʷ. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʫʜʝʡʩʢʦʡ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʫʜʝʡʩʢʦʡ ʩʠʩʪʝʤʳ 

 

ʇʦʩʣʝ ʚʳʩʪʫʧʣʝʥʠʷ ʚʩʝʭ ʩʧʦʨʪʩʤʝʥʦʚ ʚ ʥʦʤʠʥʘʮʠʠ/ʜʠʩʮʠʧʣʠʥʝ ʬʦʨʤʠ-

ʨʫʝʪʩʷ ʠʪʦʛʦʚʳʡ ʧʨʦʪʦʢʦʣ ʩʦʨʝʚʥʦʚʘʥʠʡ ʚ ʜʘʥʥʦʡ ʥʦʤʠʥʘʮʠʠ/ʜʠʩʮʠʧʣʠʥʝ. ɺ 

ʢʘʯʝʩʪʚʝ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʫʜʝʡʩʢʦʡ 

ʩʠʩʪʝʤʳ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʣʘʥʰʝʪʳ ʬʠʨʤʳ DIGMA ʥʘ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ 
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android 6.0 (marshmallow). ʇʨʠʣʦʞʝʥʠʝ ʜʣʷ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʨʝʘʣʠʟʦʚʘʥʦ 

ʥʘ ̫ʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Kotlin. ʉʝʨʚʝʨʥʘʷ ʯʘʩʪʴ ʧʨʠʣʦʞʝʥʠʷ ʨʝʘʣʠʟʦʚʘʥʘ 

ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ PHP. ɼʣʷ ʭʨʘʥʝʥʠʷ ʚʩʝʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʫʯʘʩʪʥʠ-

ʢʘʭ, ʩʫʜʴʷʭ, ʧʨʦʚʦʜʠʤʦʤ ʤʝʨʦʧʨʠʷʪʠʠ, ʚʳʩʪʘʚʣʝʥʥʳʭ ʦʮʝʥʢʘʭ ʩʫʜʴʷʤʠ, ʠʩ-

ʧʦʣʴʟʦʚʘʥʘ ʙʘʟʘ ʜʘʥʥʳʭ, ʨʝʘʣʠʟʦʚʘʥʥʘʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ MySQL. 

ɹʘʟʘ ʜʘʥʥʳʭ ʩʠʩʪʝʤʳ ʨʝʘʣʠʟʦʚʘʥʘ ʥʘ ʦʩʥʦʚʘʥʠʠ 11 ʪʘʙʣʠʮ. ʆʩʥʦʚʥʦʡ 

ʪʘʙʣʠʮʝʡ ʷʚʣʷʝʪʩʷ ʪʘʙʣʠʮʘ, ʩʦʜʝʨʞʘʱʘʷ ʩʚʝʜʝʥʠʷ ʦʙ ʫʯʘʩʪʥʠʢʘʭ (ʌʀʆ), ʥʦ-

ʤʠʥʘʮʠʠ, ʚ ʢʦʪʦʨʦʡ ʦʥʠ ʚʳʩʪʫʧʘʶʪ, ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʫʜʝʡʩʢʦʡ ʙʨʠʛʘʜʝ (ʥʦ-

ʤʝʨ). ʇʦʤʠʤʦ ʵʪʦʛʦ, ʜʘʥʥʘʷ ʪʘʙʣʠʮʘ ʩʚʷʟʘʥʘ ʩ ʪʘʙʣʠʮʘʤʠ, ʦʪʨʘʞʘʶʱʠʤʠ ʠʥ-

ʬʦʨʤʘʮʠʶ ʦ ʨʝʛʠʦʥʝ, ʣʠʙʦ ʦʨʛʘʥʠʟʘʮʠʠ ʩʧʦʨʪʩʤʝʥʘ, ʚʦʟʨʘʩʪʥʦʡ ʛʨʫʧʧʝ 

ʩʧʦʨʪʩʤʝʥʘ ʠ ʝʛʦ ʧʦʨʷʜʢʦʚʦʤ ʥʦʤʝʨʝ. 

ɺ ʜʨʫʛʠʭ ʪʘʙʣʠʮʘʭ ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʦʩʪʘʚʝ ʩʫʜʝʡʩʢʠʭ ʙʨʠ-

ʛʘʜ ʩ ʫʢʘʟʘʥʠʝʤ ʌʀʆ, ʩʫʜʝʡʩʢʦʡ ʢʘʪʝʛʦʨʠʝʡ, ʩʫʙʲʝʢʪʝ ʈʌ ʠʣʠ ʦʨʛʘʥʠʟʘʮʠʠ, 

ʢʦʪʦʨʫʶ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʫʜʴʷ. ʉ ʧʦʤʦʱʴʶ ʦʪʜʝʣʴʥʦʡ ʪʘʙʣʠʮʳ ʨʝʘʣʠʟʦʚʘʥʦ 

ʨʘʟʜʝʣʝʥʠʝ ʩʫʜʝʡ ʥʘ ʙʨʠʛʘʜʳ. ɺ ʦʪʜʝʣʴʥʳʭ ʪʘʙʣʠʮʘʭ ʦʪʨʘʞʝʥʳ ʚʦʟʨʘʩʪʥʳʝ 

ʛʨʫʧʧʳ ʩʧʦʨʪʩʤʝʥʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʜʘʥʥʳʭ ʢʦʥʢʨʝʪʥʳʭ ʩʦʨʝʚʥʦʚʘʥʠʷʭ ʠ 

ʧʝʨʝʯʝʥʴ ʩʧʦʨʪʠʚʥʳʭ ʥʦʤʠʥʘʮʠʡ/ʜʠʩʮʠʧʣʠʥ. 

ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʫʯʠʪʳʚʘʪʴ, 

ʯʪʦ ʜʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ ʩʫʜʴʠ ʩʫʱʝʩʪʚʫʝʪ ʩʚʦʡ ʚʠʜ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʧʨʦʪʦ-

ʢʦʣʘ ʩʫʜʴʠ. ʉʫʜʝʡʩʢʘʷ ʙʨʠʛʘʜʘ ʧʦ ʩʧʦʨʪʠʚʥʦʡ ʘʵʨʦʙʠʢʝ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶ-

ʱʠʭ 5 ʪʠʧʦʚ ʩʫʜʝʡ: 

Å ʩʫʜʴʠ ʧʦ ʦʮʝʥʢʠ ʠʩʧʦʣʥʝʥʠʷ (4 ʯʝʣ.); 

Å ʩʫʜʴʠ ʧʦ ʦʮʝʥʢʠ ʘʨʪʠʩʪʠʯʥʦʩʪʠ (4 ʯʝʣ.); 

Å ʩʫʜʴʠ ʧʦ ʦʮʝʥʢʠ ʩʣʦʞʥʦʩʪʠ (2 ʯʝʣ.); 

Å ʘʨʙʠʪʨ ʙʨʠʛʘʜʳ (ʛʣʘʚʥʳʡ ʩʫʜʴʷ); 

Å ʩʫʜʴʠ ʥʘ ʣʠʥʠʠ (2 ʯʝʣ.). 

ɼʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ ʩʫʜʴʠ ʚ ʤʦʙʠʣʴʥʦʤ ʧʨʠʣʦʞʝʥʠʠ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʩʚʦʡ 

ʚʠʜ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʧʨʦʪʦʢʦʣʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʈʝʛʣʘʤʝʥʪʦʤ ʧʨʦʚʝʜʝʥʠʷ 

ʩʦʨʝʚʥʦʚʘʥʠʡ ç2017 ï 2020 ʇʨʘʚʠʣʘ ʩʦʨʝʚʥʦʚʘʥʠʡ. ɸʵʨʦʙʥʘʷ ɻʠʤʥʘʩʪʠʢʘè. 

ɹʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʩʣʝʜʫʶʱʘʷ ʦʙʱʘʷ ʩʪʨʫʢʪʫʨʘ ʵʢʨʘʥʘ: 

Å ʧʝʨʚʳʡ ʨʘʟʜʝʣ - ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʫʜʴʝ (ʌʀʆ, ʩʫʜʝʡʩʢʘʷ ʢʘʪʝʛʦʨʠʷ, 

ʩʫʙʲʝʢʪ ʈʌ ʠ ʥʦʤʝʨ ʩʫʜʝʡʩʢʦʡ ʙʨʠʛʘʜʳ); 

Å ʚʪʦʨʦʡ ʨʘʟʜʝʣ ï ʠʥʬʦʨʤʘʮʠʷ ʦ ʚʳʩʪʫʧʘʶʱʝʤ (ʬʘʤʠʣʠʷ, ʠʤʷ, ʥʦʤʠʥʘ-

ʮʠʷ, ʚʦʟʨʘʩʪʥʘʷ ʛʨʫʧʧʘ, ʩʫʙʲʝʢʪ, ʣʠʙʦ ʦʨʛʘʥʠʟʘʮʠʷ, ʢʦʪʦʨʫʶ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪ ʩʧʦʨʪʩʤʝʥ); 

Å ʪʨʝʪʠʡ ʨʘʟʜʝʣ ï ʦʩʥʦʚʥʦʝ ʧʦʣʝ ʜʣʷ ʚʳʩʪʘʚʣʝʥʠʷ ʦʮʝʥʢʠ ʟʘ ʚʳʩʪʫʧʣʝ-

ʥʠʝ ʩʧʦʨʪʩʤʝʥʘ, ʦʪʨʘʞʘʶʱʝʝ ʩʧʝʮʠʬʠʢʫ ʪʠʧʘ ʩʫʜʴʠ. 

ʂʦʤʤʫʥʠʢʘʮʠʠ ʚʥʫʪʨʠ ʩʠʩʪʝʤʳ ʤʝʞʜʫ ʤʦʙʠʣʴʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʠ 

ʩʝʨʚʝʨʥʦʡ ʯʘʩʪʴʶ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʧʦʩʨʝʜʩʪʚʘʤ ʦʨʛʘʥʠʟʘʮʠʠ ʙʝʩʧʨʦʚʦʜ-

ʥʦʛʦ ʜʦʩʪʫʧʘ ʚ ʠʥʪʝʨʥʝʪ.  

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʠ ʩʝʨʚʝʨʥʦʡ ʯʘʩʪʴʶ ʨʝʘʣʠʟʦ-

ʚʘʥʦ ʯʝʨʝʟ SQL ʟʘʧʨʦʩʳ. 

ʇʦʩʣʝʜʥʝʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʫʜʝʡʩʢʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷ-

ʝʪʩʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʩʘʡʪ ʤʝʨʦʧʨʠʷʪʠʷ, ʣʠʙʦ ʦʪʜʝʣʴʥʘʷ ʩʪʨʘʥʠʮʘ ʥʘ ʩʘʡʪʝ 
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ʧʨʦʚʦʜʷʱʝʡ ʦʨʛʘʥʠʟʘʮʠʠ, ʛʜʝ ʧʦʩʪʫʧʘʶʱʠʝ ʩ ʩʝʨʚʝʨʘ ʦʮʝʥʢʠ ʦʪʨʘʞʘʶʪʩʷ ʚ 

ʚʠʜʝ ʜʠʥʘʤʠʯʝʩʢʠ ʤʝʥʷʶʱʝʛʦʩʷ ʧʨʦʪʦʢʦʣʘ ʩʦʨʝʚʥʦʚʘʥʠʡ, ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ ʚ 

ʚʠʜʝ ʪʘʙʣʠʮʳ. ʇʦ ʤʝʨʝ ʝʛʦ ʥʘʧʦʣʥʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʨʘʥʞʠʨʦʚʘʥʠʝ ʩʧʦʨʪʩʤʝ-

ʥʦʤ, ʧʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʚʘʣʠʜʘʮʠʷ ʧʦʩʪʫʧʘʶʱʠʭ ʜʘʥʥʳʭ 

ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʭ ʦʪʩʣʝʞʠʚʘʥʠʷ ʛʣʘʚʥʳʤ ʩʝʢʨʝʪʘʨʝʤ ʩʦʨʝʚʥʦʚʘʥʠʡ ʠʣʠ 

ʪʝʭʥʠʯʝʩʢʠʤ ʩʝʢʨʝʪʘʨʝʤ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʩʚʦʝʚʨʝʤʝʥʥʦʡ ʢʦʨʨʝʢʪʠʨʦʚʢʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʳ ʨʝʘʣʠʟʦʚʘʥʦ ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ 

ʠ ʩʝʨʚʝʨʥʘʷ ʯʘʩʪʴ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʫʜʝʡʩʢʦʡ ʩʠʩʪʝʤʳ, ʦʙʝʩʧʝʯʠʚʘʶ-

ʱʘʷ ʨʘʙʦʪʫ ʩʫʜʝʡʩʢʦʡ ʙʨʠʛʘʜʳ ʧʦ ʚʠʜʫ ʩʧʦʨʪʘ ʩʧʦʨʪʠʚʥʘʷ ʘʵʨʦʙʠʢʘ. 
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A judicial system has been implemented, consisting of a mobile application 

and a server part, aimed at automating the work of the referees' brigade in terms 

of prompt rating to athletes. When implementing the mobile application, the com-

plex structure of the judging panel and the individual characteristics of the judges' 

records were taken into account. 

Keywords: judicial system, mobile application, android, Kotlin, server part, 

PHP. 

 

 

ʋɼʂ 94 (47) : 298.9 

ʂ ɺʆʇʈʆʉʋ ʆɹ ʆʊʈɸɾɽʅʀʀ ʅʆɺʓʍ ʈɽʃʀɻʀʆɿʅʓʍ ɼɺʀɾɽʅʀʁ 
ɺ ʉʆʎʀɸʃʔʅʓʍ ʉɽʊʗʍ  ʅɸ ʉʆɺʈɽʄɽʅʅʆʄ ʕʊɸʇɽ 

ʋ.ʗ. ʂʘʨʠʤʦʚ 

ʌɻɹʆʋ ɺʆ çɹʘʰʢʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
ʛ. ʋʬʘ, ʈʦʩʩʠʷ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʚʣʠʷʥʠʝ ʥʦʚʳʭ ʨʝʣʠʛʠʦʟʥʳʭ ʜʚʠʞʝ-

ʥʠʡ ʚ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ. 
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ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʦʚʳʝ ʨʝʣʠʛʠʦʟʥʳʝ ʜʚʠʞʝʥʠʷ, ʩʦʮʠʘʣʴʥʳʝ ʩʝʪʠ, 

ʩʨʝʜʩʪʚʘ ʤʘʩʩʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ 

 

ɼʝʷʪʝʣʴʥʦʩʪʴ ʥʦʚʳʭ ʨʝʣʠʛʠʦʟʥʳʭ ʜʚʠʞʝʥʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʘʞʥʦʡ 

ʥʘʫʯʥʦʡ ʧʨʦʙʣʝʤʦʡ, ʠʟʫʯʝʥʠʝ ʢʦʪʦʨʦʡ ʫʤʝʩʪʥʦ ʜʣʷ ʮʝʣʦʛʦ ʨʷʜʘ ʥʘʫʯʥʳʭ 

ʜʠʩʮʠʧʣʠʥ. ʆʩʦʙʝʥʥʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʝʝ ʨʝʛʠʦʥʘʣʴʥʳʡ ʘʩʧʝʢʪ, 

ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʝʛʦ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʠʟʫʯʝʥʥʦʩʪʴʶ ʚ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʥʘʫʢʝ. 

ʇʫʙʣʠʢʘʮʠʠ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʞʫʨʥʘʣʠʩʪʦʚ ʠ ʦʙʱʝʩʪʚʝʥʥʠʢʦʚ, ʥʝ-

ʩʤʦʪʨʷ ʥʘ ʠʭ ʦʧʨʝʜʝʣʝʥʥʫʶ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʠ ʚʦʩʧʠʪʘʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ, 

ʥʝ ʤʦʛʫʪ ʟʘʤʝʥʠʪʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [2]. ɺʤʝʩʪʝ ʩ 

ʪʝʤ ʚ ʵʪʠʭ ʧʫʙʣʠʢʘʮʠʷʭ ʤʦʞʥʦ ʧʨʦʩʣʝʜʠʪʴ ʦʜʠʥ ʚʘʞʥʳʡ ʘʢʮʝʥʪ: çʨʫʢʦʚʦ-

ʜʠʪʝʣʠ, ʚʝʜʫʱʠʝ ʧʨʦʝʢʪʦʚ ʅʈɼ ï ʥʝ ʧʩʠʭʦʣʦʛʠè. ɿʜʝʩʴ ʥʘʤ ʭʦʪʝʣʦʩʴ ʙʳ ʦʙ-

ʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʜʘʥʥʳʡ ʪʝʟʠʩ ʠ ʧʦʧʳʪʘʪʴʩʷ ʦʙʲʝʢʪʠʚʥʦ ʧʨʦʘʥʘʣʠʟʠʨʦ-

ʚʘʪʴ ʝʛʦ ʩ ʧʦʟʠʮʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʙʱʝʩʪʚʝʥʥʦʝ ʩʦʟʥʘʥʠʝ.  

ʇʫʙʣʠʢʘʮʠʠ ʚ ʉʄʀ ʢʘʢ ʧʨʘʚʠʣʦ ʥʝ ʦʪʣʠʯʘʶʪʩʷ ʩʪʨʦʡʥʦʡ ʢʦʥʮʝʧʮʠʝʡ 

ʠ ʤʝʪʦʜʦʣʦʛʠʝʡ, ʚ ʥʠʭ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʠʟʚʦʣʴʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ 

ʪʝʨʤʠʥʳ, ʪʘʢʠʝ ʢʘʢ ñʢʫʣʴʪò, ñʩʝʢʪʘò, ñʧʩʠʭʦʢʫʣʴʪò. ʂʘʢ ʧʨʘʚʠʣʦ, ʚ ʥʘʯʘʣʝ 

ʧʨʠʚʦʜʠʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʪʦʤ, ʯʪʦ ʚʩʝ ʵʪʦ ʦʧʘʩʥʦ, ʪʘʢ ʢʘʢ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙ-

ʨʘʪʠʤʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ ʚ ʧʩʠʭʠʢʝ ʯʝʣʦʚʝʢʘ. ɼʘʣʝʝ ʣʦʛʠʢʘ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʘ 

ʠ ʩʧʨʘʚʝʜʣʠʚʘ: ʝʩʣʠ ɺʳ ʦʢʘʟʳʚʘʝʪʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʩʠʭʠʢʫ ʯʝʣʦʚʝʢʘ 

(ʥʘʧʨʠʤʝʨ, ʵʪʦ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʡ ʪʨʝʥʠʥʛ) ɺʳ ʦʙʷʟʘʥʳ ʙʳʪʴ ʧʩʠʭʦʣʦʛʦʤ ʠ 

ʞʝʣʘʪʝʣʴʥʦ ʩ ʜʠʧʣʦʤʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʦʙʨʘʟʮʘ. ɺʘʞʥʦ ʧʦʜʯʝʨʢʥʫʪʴ, 

ʝʩʣʠ ʦʙʱʝʩʪʚʝʥʥʠʢ (ʟʘʜʘʚʰʠʩʴ ʮʝʣʴʶ ʙʦʨʦʪʴʩʷ ʩ ʅʈɼ) ʚ ʙʦʣʴʰʦʤ ʠʥʪʝʨʚʴʶ 

ʠʣʠ ʩʦʙʩʪʚʝʥʥʦʡ ʧʫʙʣʠʢʘʮʠʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʮʝʣʳʡ ʨʷʜ ʜʦʚʦʜʦʚ ʠ ʘʨʛʫʤʝʥ-

ʪʦʚ, ʠ ʜʘʞʝ ʦʧʝʨʠʨʦʚʘʪʴ ʥʘʫʯʥʳʤʠ ʜʘʥʥʳʤʠ ʠ ʩʪʘʪʠʩʪʠʢʦʡ, ʪʦ ʚ ʦʙʱʝʩʪʚʝʥ-

ʥʦʤ ʩʦʟʥʘʥʠʠ ʯʝʨʝʟ ʉʄʀ, ʠ ʦʩʦʙʝʥʥʦ ʩʦʮʠʘʣʴʥʳʝ ʩʝʪʠ, ʦʪʨʘʞʘʝʪʩʷ ʢʘʢ ʘʨ-

ʛʫʤʝʥʪ ʦʜʠʥ ʝʜʠʥʩʪʚʝʥʥʳʡ, ʫʢʘʟʘʥʥʳʡ ʪʝʟʠʩ ñʩʝʢʪʳ, ʧʩʠʭʦʢʫʣʴʪʳ-ʪʨʝʥʠʥʛʠ 

ʦʧʘʩʥʳ ï ʪʘʤ ʟʦʤʙʠʨʫʶʪ ʩʘʤʦʫʯʢʠ ʥʝ ʧʩʠʭʦʣʦʛʠò.  

ʂʘʢ ʧʨʘʚʠʣʦ, ʜʘʥʥʳʡ ʘʨʛʫʤʝʥʪ ʥʘʧʨʘʚʣʝʥ ʚ ʩʪʦʨʦʥʫ ʦʨʛʘʥʠʟʘʪʦʨʦʚ ʨʘʟ-

ʥʦʦʙʨʘʟʥʳʭ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʪʨʝʥʠʥʛʦʚ, ʪʨʝʥʠʥʛʦʚ ʣʠʯʥʦʩʪʥʦʛʦ ʨʦʩʪʘ, ʦʨ-

ʛʘʥʠʟʘʪʦʨʦʚ ʧʦʜʛʦʪʦʚʢʠ ʢʦʫʯʝʡ, ʪʨʝʥʝʨʦʚ-ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ ʦʪʥʦʰʝʥʠʷʤ 

(ʪ.ʥ. ʤʫʞʩʢʠʝ ʪʨʝʥʠʥʛʠ, ʞʝʥʩʢʠʝ ʪʨʝʥʠʥʛʠ ʠ ʪ.ʧ.). ɺ ʵʪʦʡ ʩʨʝʜʝ ʚʨʘʱʘʶʪʩʷ 

ʣʶʜʠ, ʢʦʪʦʨʳʝ ʥʠʢʦʛʜʘ ʥʝ ʩʦʛʣʘʩʷʪʩʷ ʩ ʤʥʝʥʠʝʤ, ʯʪʦ ʦʥʠ ñʟʦʤʙʠʨʦʚʘʥʥʳʝ 

ʘʜʝʧʪʳ ʧʩʠʭʦʢʫʣʴʪʘò, ʦʥʠ ʘʜʝʢʚʘʪʥʳ, ʩʧʦʩʦʙʥʳ ʢʨʠʪʠʯʝʩʢʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʠʥʬʦʨʤʘʮʠʶ. ʋʢʘʟʘʥʥʳʡ ʪʝʟʠʩ ʚʳʟʳʚʘʝʪ ʙʦʣʴʰʠʝ ʩʦʤʥʝʥʠʷ ʠ ʚ ʛʨʫʧʧʝ 

ʙʳʩʪʨʦ ʦʪʚʝʨʛʘʝʪʩʷ. ʂʦʥʪʨʘʨʛʫʤʝʥʪʳ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʩʣʝʜʫʶʱʠʝ: 

- ɺ ʣʶʙʦʤ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʫʯʨʝʞʜʝʥʠʠ, ʢʘʢ ʠ ʜʦʤʘ ʨʦʜʠʪʝʣʷʤʠ ʧʨʦ-

ʠʩʭʦʜʠʪ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʩʠʭʠʢʫ ʨʝʙʝʥʢʘ, ʦʜʥʘʢʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʧʩʠʭʦ-

ʣʦʛʦʚ ʩʨʝʜʠ ʨʦʜʠʪʝʣʝʡ ʠ ʫʯʠʪʝʣʝʡ ʥʠʯʪʦʞʥʦ ʤʘʣʦʝ ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ ʢʦʣʠʯʝ-

ʩʪʚʦ;  

- ɻʦʩʫʜʘʨʩʪʚʦ ʧʦʟʚʦʣʠʣʦ ʧʝʜʘʛʦʛʫ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ (ʚʦʟʜʝʡʩʪʚʠʝ) ʥʘ 

ʜʝʪʝʡ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʜʦʩʪʘʪʦʯʥʦ. ʋ ʥʘʰʝʛʦ 

ʪʨʝʥʝʨʘ ʪʘʢʦʚʦʝ ʠʤʝʝʪʩʷ, ʩʘʤʠ ʚʠʜʝʣʠ ʩʢʘʥ-ʢʦʧʠʶ ʥʘ ʝʛʦ ʩʪʨʘʥʠʯʢʝ ʚ 

ʩʦʮʩʝʪʠ. 
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- ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʢʦʛʦ ɺʳ ʧʨʠʤʝʪʝ ʥʘ ʨʘʙʦʪʫ ʩʦ ʩʚʦʠʤ ʨʝʙʝʥʢʦʤ, ʯʝ-

ʣʦʚʝʢʘ ʩ ʙʦʣʴʰʠʤ ʧʝʜʩʪʘʞʝʤ ʠʣʠ ʤʦʣʦʜʦʛʦ ʯʝʣʦʚʝʢʘ, ʪʦʣʴʢʦ ʯʪʦ ʦʢʦʥʯʠʚ-

ʰʝʛʦ ʚʫʟ, ʙʘʢʘʣʘʚʨʘ ʧʦ ʧʩʠʭʦʣʦʛʠʠ? ʉʣʝʜʫʝʪ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʢʦʤʧʣʝʢʩ 

ʣʠʯʥʦʩʪʥʳʭ ʢʘʯʝʩʪʚ ʠ ʢʦʤʧʝʪʝʥʮʠʡ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʝʠʤʫʱʝʩʪʚʦ ñʜʠʧʣʦ-

ʤʠʨʦʚʘʥʥʦʛʦ ʧʩʠʭʦʣʦʛʘò ʥʝ ʦʜʥʦʟʥʘʯʥʦ. 

- ɿʘʢʦʥ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʧʨʦʬʝʩʩʠʶ ʠ ʧʨʠʩʪʫʧʠʪʴ ʢ 

ʠʩʧʦʣʥʝʥʠʶ ʦʙʷʟʘʥʥʦʩʪʝʡ, ʧʨʦʡʜʷ ʢʫʨʩ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʝʨʝʧʦʜʛʦʪʦʚʢʠ. 

ɹʳʩʪʨʦ, ʥʘ ʢʦʤʤʝʨʯʝʩʢʦʡ ʦʩʥʦʚʝ, ʠ ʢʘʯʝʩʪʚʦ ʦʙʨʘʟʦʚʘʥʠʷ ʪʦʣʴʢʦ ʥʘ ʩʦʚʝʩʪʠ 

ʩʦʠʩʢʘʪʝʣʷ ʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ. ɸ ʥʫʞʝʥ ʣʠ ʦʥ, ʵʪʦʪ ʜʠʧʣʦʤ?  

 - ʂʨʦʤʝ ʪʨʝʥʝʨʘ ʩ ʫʯʘʩʪʥʠʢʘʤʠ ʧʨʦʛʨʘʤʤʳ ʢʦʥʪʘʢʪʠʨʫʝʪ ʝʱʝ ʤʘʩʩʘ 

ʣʶʜʝʡ: ʧʦʤʦʱʥʠʢʠ, ʘʩʩʠʩʪʝʥʪʳ, ʫ ʢʦʪʦʨʳʭ ʥʠʢʪʦ ʜʠʧʣʦʤʦʚ ʥʝ ʧʨʦʚʝʨʷʝʪ. ʀ 

ʪ.ʜ. 

ʕʪʠ ʪʝʟʠʩʳ ʦʙʩʫʞʜʘʶʪʩʷ ʚ ʛʨʫʧʧʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʠʣʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʦʨʛʘʥʠʟʘʪʦʨʘ (ʧʨʠ ʝʛʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʫʯʘʩʪʠʠ), ʠʣʠ ʚʦʦʙʱʝ ʤʦʛʫʪ ʙʳʪʴ 

ʚʳʩʢʘʟʘʥʳ ʪʨʝʥʝʨʦʤ-ʦʨʛʘʥʠʟʘʪʦʨʦʤ ʢʘʢ ʨʝʧʣʠʢʘ, ʚ ʦʪʚʝʪ ʥʘ ʢʨʠʪʠʢʫ ʚ ʉʄʀ. 

ɽʩʣʠ ʧʦʜʦʡʪʠ ʪʚʦʨʯʝʩʢʠ, ʤʦʞʥʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚʦʦʙʱʝ ʚʩʝ (ʣʶʙʳʝ) 

ʧʨʦʬʝʩʩʠʠ ʠ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʩʨʝʜʠ ʧʦʣʠʮʝʡʩʢʠʭ, ʚʨʘʯʝʡ, ʫʯʠʪʝʣʝʡ, ʛʦʩʩʣʫʞʘ-

ʱʠʭ ʠ ʣʶʙʳʭ ʜʨʫʛʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʝʩʪʴ ʠ ʩʧʝʮʳ-ʬʘʥʘʪʳ ʩʚʦʝʛʦ ʜʝʣʘ, ʢʦʪʦ-

ʨʳʝ ʦʪʜʘʶʪ ʚʩʝʛʦ ʩʝʙʷ ʙʝʟ ʦʩʪʘʪʢʘ ʨʘʙʦʪʝ, ʠ ʥʝʡʪʨʘʣʴʥʳʝ, ʥʦ ʦʪʚʝʪʩʪʚʝʥʥʳʝ 

ʪʦʚʘʨʠʱʠ, ʠ ʙʝʟʦʪʚʝʪʩʪʚʝʥʥʳʝ, ʧʨʦʚʦʜʷʱʠʝ ʚʨʝʤʷ ʥʘ ʨʘʙʦʪʝ, ʠ ʣʠʮʘ ʩ ʧʨʝ-

ʩʪʫʧʥʳʤʠ ʥʘʤʝʨʝʥʠʷʤʠ, ʥʘʧʨʠʤʝʨ ʥʝʟʘʢʦʥʥʦ ʦʙʦʛʘʪʠʪʴʩʷ, ʚʩʪʨʝʯʘʶʪʩʷ ʠ 

ʤʘʥʴʷʢʠ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪ ʜʦʣʞʥʦʩʪʴ ʜʣʷ ʫʥʠʞʝʥʠʷ, ʧʦʜʯʠʥʝʥʠʷ ʜʨʫʛʠʭ 

ʠ ʪ.ʜ. ʆʪʩʶʜʘ ʝʩʪʝʩʪʚʝʥʥʳʡ ʚʳʚʦʜ, ʧʩʠʭʦʣʦʛʠ ï ʵʪʦ ʛʨʫʧʧʘ ʣʶʜʝʡ, ʢʦʪʦʨʘʷ 

ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʙʳʯʥʳʡ ʨʘʟʨʝʟ ʦʙʱʝʩʪʚʘ. 

ʉʣʝʜʫʝʪ ʦʛʦʚʦʨʠʪʴʩʷ, ʘʚʪʦʨ ʠʤʝʝʪ ʧʝʜʘʛʦʛʠʯʝʩʢʦʝ, ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʝ 

ʦʙʨʘʟʦʚʘʥʠʝ, ʫʯʘʩʪʚʫʝʪ ʚ ʥʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʝʢʪʘʭ ʩ ʧʩʠʭʦʣʦʛʘʤʠ, 

ʧʦʵʪʦʤʫ ʥʠ ʦ ʢʘʢʦʤ ʧʨʦʪʠʚʦʩʪʦʷʥʠʠ ʩ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʜʘʥʥʦʡ ʧʨʦʬʝʩʩʠʠ 

ʨʝʯʴ ʥʝ ʠʜʝʪ. ʉʦʜʝʨʞʘʥʠʝ ʨʘʙʦʪʳ ʦʙʩʫʞʜʘʣʦʩʴ ʩ ʧʩʠʭʦʣʦʛʘʤʠ-ʧʨʘʢʪʠʢʘʤʠ 

ʠ ʧʨʝʧʦʜʘʚʘʪʝʣʷʤʠ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʜʠʩʮʠʧʣʠʥ ʚ ʚʫʟʝ.  

ɺʩʝ ʦʥʠ ʙʝʟʫʩʣʦʚʥʦ ʩʦʛʣʘʩʠʣʠʩʴ ʩ ʝʝ ʦʩʥʦʚʥʳʤʠ ʪʝʟʠʩʘʤʠ, ʧʨʘʢʪʠʯʝʩʢʠ 

ʚʩʝ ʚʳʩʢʘʟʘʣʠʩʴ ʦ ʪʦʤ, ʯʪʦ ʩʝʛʦʜʥʷ ñʤʥʦʛʦ ʢʪʦ ʠʤʝʝʪ ʜʦʢʫʤʝʥʪ ʧʩʠʭʦʣʦʛʘò. 

ɺ ʥʝʜʘʚʥʝʤ ʧʨʦʰʣʦʤ ʠ ʘʛʨʘʨʥʳʡ ʠ ʛʦʨʥʳʡ ʚʫʟ ʤʦʛʣʠ ʛʦʪʦʚʠʪʴ ʠ ʶʨʠʩʪʦʚ ʠ 

ʧʩʠʭʦʣʦʛʦʚ ʠ ʩʘʤʳʭ ʨʘʟʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ. ʇʦʩʣʝʜʩʪʚʠʷ ʜʘʥʥʦʛʦ ʧʝʨʠʦʜʘ 

ʝʱʝ ʜʦʣʛʦ ʙʫʜʫʪ ʦʱʫʱʘʪʴʩʷ ʚʦ ʚʩʝʭ ʩʬʝʨʘʭ ʦʙʱʝʩʪʚʝʥʥʦʡ ʞʠʟʥʠ.  

ʏʪʦ ʢʘʩʘʝʪʩʷ ʥʘʰʝʡ ʪʝʤʳ, ʦʩʪʘʝʪʩʷ ʜʦʙʘʚʠʪʴ, ʯʪʦ ʫʢʘʟʘʥʥʳʡ ʪʝʟʠʩ 

ñʩʝʢʪʳ, ʧʩʠʭʦʢʫʣʴʪʳ-ʪʨʝʥʠʥʛʠ ʦʧʘʩʥʳ ï ʪʘʤ ʩʘʤʦʫʯʢʠ ʥʝ ʧʩʠʭʦʣʦʛʠò, ʨʘʩ-

ʧʨʦʩʪʨʘʥʠʚʰʠʩʴ ʚ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ, ʧʨʦʥʠʢʥʫʚ ʚ ʦʙʱʝʩʪʚʝʥʥʦʝ ʩʦʟʥʘʥʠʝ 

ʟʘʩʪʘʚʠʣ ʚʩʝʭ, ʢʪʦ ʦʩʚʦʠʣ ʙʠʟʥʝʩ ʚ ʜʘʥʥʦʡ ʩʬʝʨʝ ʦʙʟʘʚʝʩʪʠʩʴ ʜʠʧʣʦʤʦʤ ʧʩʠ-

ʭʦʣʦʛʘ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʨʝʢʣʘʤʳ. ʃʦʛʠʢʘ: ñʚ ʉʄʀ ʢʨʠʯʘʪ, ʯʪʦ ʚ 

ʧʩʠʭʦʢʫʣʴʪʘʭ ʨʘʙʦʪʘʶʪ ʩʘʤʦʫʯʢʠ ʥʝ ʧʩʠʭʦʣʦʛʠ, ʫ ʤʝʥʷ ʜʠʧʣʦʤ ï ʤʦʡ ʧʨʦʝʢʪ 

ʥʝ ʧʩʠʭʦʢʫʣʴʪò. ɸʥʘʣʠʟ ʠʥʪʝʨʥʝʪ-ʩʪʨʘʥʠʮ ʦʨʛʘʥʠʟʘʪʦʨʦʚ ʨʘʟʥʳʭ ʧʨʦʛʨʘʤʤ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʝʨʚʦʡ, ʚʪʦʨʦʡ ʩʪʨʦʯʢʦʡ ʪʨʝʥʝʨ-ʦʨʛʘʥʠʟʘʪʦʨ ʧʨʦʧʠʩʳʚʘʝʪ, 

ʯʪʦ ʦʥ ʧʩʠʭʦʣʦʛ.  
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ʅʘʧʦʣʥʝʥʠʝ ʠ ʩʫʪʴ ʧʨʦʛʨʘʤʤ ʧʨʠ ʵʪʦʤ ʦʩʪʘʶʪʩʷ ʥʝʠʟʤʝʥʥʳ, ʭʦʪʷ ʦʥʠ 

ʠ ʚʳʟʳʚʘʣʠ ʦʩʥʦʚʥʫʶ ʢʨʠʪʠʢʫ ʦʙʱʝʩʪʚʝʥʥʠʢʦʚ, ʞʫʨʥʘʣʠʩʪʦʚ, ʧʨʝʜʩʪʘʚʠʪʝ-

ʣʝʡ ʪʨʘʜʠʮʠʦʥʥʳʭ ʨʝʣʠʛʠʡ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʧʩʠʭʦʣʦʛʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʟʠʩ ñʩʝʢʪʳ, ʧʩʠʭʦʢʫʣʴʪʳ-ʪʨʝʥʠʥʛʠ ʦʧʘʩʥʳ ï ʪʘʤ ʟʦʤ-

ʙʠʨʫʶʪ ʩʘʤʦʫʯʢʠ ʥʝ ʧʩʠʭʦʣʦʛʠò (ʠ ʝʛʦ ʚʘʨʠʘʮʠʠ) ʥʝ ʵʬʬʝʢʪʠʚʝʥ ʩʘʤ ʧʦ 

ʩʝʙʝ. ɹʦʣʝʝ ʪʦʛʦ ʦʥ ʦʪʚʣʝʢʘʝʪ ʚʥʠʤʘʥʠʝ ʦʪ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʚʘʞʥʳʭ ʚʝʱʝʡ, ʥʘ 

ʢʦʪʦʨʳʝ ʩʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʦʨʛʘʥʠʟʘʮʠʝʡ 

(ʯʝʣʦʚʝʢʦʤ), ʢʦʪʦʨʘʷ ʦʙʝʱʘʝʪ ñʜʫʭʦʚʥʫʶ ʪʨʘʥʩʬʦʨʤʘʮʠʶò.  

ɸ ʠʤʝʥʥʦ ʝʩʪʴ ʣʠ ʧʨʦʧʠʩʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ, ʢʘʢʠʤ ʦʨʛʘʥʦʤ ʫʪʚʝʨʞʜʝʥʘ 

ʠ ʢʘʢʠʝ ʦ ʥʝʡ ʦʪʟʳʚʳ, ʢʘʢʠʝ ʥʘʚʳʢʠ ʠ ʢʦʤʧʝʪʝʥʮʠʠ ʧʦʣʫʯʘʝʪ ʯʝʣʦʚʝʢ ʥʘ ʚʳ-

ʭʦʜʝ, ʛʜʝ, ʢʘʢ ʠ ʩ ʢʘʢʠʤ ʚʠʜʦʤ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʟʘʨʝʛʠʩʪʨʠʨʦ-

ʚʘʥ ʦʨʛʘʥʠʟʘʪʦʨ, ʥʘʩʢʦʣʴʢʦ ʜʝʪʘʣʴʥʦ ʧʨʦʧʠʩʘʥʘ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʦʨʛʘʥʠʟʘ-

ʪʦʨʘ ʧʦ ʜʦʛʦʚʦʨʫ ʠ ʪ.ʜ.  

ɿʜʝʩʴ ʞʝ ʧʦʠʥʪʝʨʝʩʦʚʘʪʴʩʷ ʧʝʨʩʦʥʦʡ ʪʨʝʥʝʨʘ-ʦʨʛʘʥʠʟʘʪʦʨʘ, ʦʪʟʳʚʘʤʠ 

ʦ ʥʝʤ, ʥʦ ʥʝ ʦʛʨʘʥʠʯʠʚʘʷʩʴ ʜʠʧʣʦʤʦʤ ʠ ʩʝʨʪʠʬʠʢʘʪʘʤʠ, ʘ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩʦ 

ʚʩʝʤ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʤ.  

ɿʘʪʝʤ ʧʨʠʥʷʪʴ ʨʝʰʝʥʠʝ ʩ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʥʘ ʩʘʤʦʤ ʯʝʣʦʚʝʢʝ ʦʩʥʦʚʥʘʷ 

ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʪʦ, ʯʪʦ ʙʫʜʝʪ ʩ ʥʠʤ ʧʨʦʠʩʭʦʜʠʪʴ. 

ʅʦʚʳʝ ʨʝʣʠʛʠʦʟʥʳʝ ʜʚʠʞʝʥʠʷ ï ɻ ʪʦ ʧʨʦʙʣʝʤʘ, ʪʨʝʙʫʶʱʘʷ ʚʟʚʝʰʝʥʥʦʛʦ 

ʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʥʘʫʯʥʦʛʦ ʧʦʜʭʦʜʘ. ʂʨʦʧʦʪʣʠʚʘʷ ʨʘʙʦʪʘ ʧʦ ʥʘʢʦʧʣʝʥʠʶ ʵʤ-

ʧʠʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʦʙʦʙʱʝʥʠʶ ʠ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʜʘʥʥʳʭ ʦ ʅʈɼ ʜʦʣʞʥʘ 

ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʩ ʦʙʱʝʧʨʠʥʷʪʦʡ ʚ ʘʢʘʜʝʤʠʯʝʩʢʠʭ ʢʨʫʛʘʭ ʨʘʙʦʪʦʡ ʧʦ ʧʦʧʫ-

ʣʷʨʠʟʘʮʠʠ ʥʘʫʯʥʳʭ ʜʘʥʥʳʭ ʚ ʬʦʨʤʘʪʝ ʥʘʫʯʥʦ-ʧʦʧʫʣʷʨʥʳʭ ʧʫʙʣʠʢʘʮʠʡ [1, 

2]. ɸ ʜʝʷʪʝʣʴʥʦʩʪʴ ʉʄʀ ʚʳʩʪʨʘʠʚʘʪʴʩʷ ʧʦ ʧʨʠʥʮʠʧʫ ñʅʝ ʥʘʚʨʝʜʠ!ò. 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. 

1. ʂʘʥʪʝʨʦʚ, ʀ. ʗ. ʅʦʚʳʝ ʨʝʣʠʛʠʦʟʥʳʝ ʜʚʠʞʝʥʠʷ (ʚʚʝʜʝʥʠʝ ʚ ʦʩʥʦʚʥʳʝ ʢʦʥ-

ʮʝʧʮʠʠ ʠ ʪʝʨʤʠʥʳ): ʫʯʝʙ. ʧʦʩʦʙʠʝ. ɺ 2 ʯ. ʏ. 1 / ʀ. ʗ. ʂʘʥʪʝʨʦʚ; ɺʣʘʜʠʤ. ʛʦʩ. ʫʥ-ʪ. 

ï ɺʣʘʜʠʤʠʨ: ʀʟʜ-ʚʦ ɺʣʘʜʠʤ. ʛʦʩ. ʫʥ-ʪʘ, 2006. ï 140 ʩ.;  

2. ʂʘʨʠʤʦʚ ʋ.ʗ. ʆʙ ʠʩʪʦʨʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʠ ʧʨʠʯʠʥʘʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʦ-
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ʀʅʅʆɺɸʎʀʆʅʅʓɽ ʌʆʈʄʓ ʇʈɽɿɽʅʊɸʎʀʀ ɻɽʅɽɸʃʆɻʀʏɽʉʂʆʁ 
ʈɸɹʆʊʓ ɺ ʄʋɿɽʁʅʆʄ ʇʈʆʉʊʈɸʅʉʊɺɽ 

ʋ.ʗ. ʂʘʨʠʤʦʚ 

ʌɻɹʆʋ ɺʆ çɹʘʰʢʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

ʛ. ʋʬʘ, ʈʦʩʩʠʷ 

ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʠʪʩʷ ʧʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʫʜʠʦ-ʚʠʟʫʘʣʴʥʳʭ ʤʝʪʦʜʦʚ 

ʧʨʝʟʝʥʪʘʮʠʠ ʛʝʥʝʘʣʦʛʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʘʟʘ ʜʘʥʥʳʭ, ʘʫʜʠʦʚʠʟʫʘʣʴʥʳʝ ʠʩʪʦʯʥʠʢʠ, ʤʫʟʝʡ, 

ʛʝʥʝʘʣʦʛʠʷ 

 

ʄʫʟʝʡʥʳʝ ʨʘʙʦʪʥʠʢʠ ʯʘʩʪʦ ʦʙʨʘʱʘʶʪʩʷ ʢʦ ʤʥʦʛʠʤʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤ 

ʠʩʪʦʨʠʯʝʩʢʠʤ ʜʠʩʮʠʧʣʠʥʘʤ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʦʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ ʛʝʥʝʘʣʦ-

ʛʠʷ. ʆʜʥʘʢʦ ʚ ʩʠʣʫ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʠʚʥʳʭ ʧʨʠʯʠʥ ʟʜʝʩʴ ʚʦʟʥʠʢʘʶʪ ʦʧʨʝʜʝ-

ʣʝʥʥʳʝ ʪʨʫʜʥʦʩʪʠ. ʉʦʚʨʝʤʝʥʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴ ʅ.ɸ. ɸʣʝʢʩʘʥʜʨʦʚʘ ʩʧʨʘʚʝʜ-

ʣʠʚʦ ʦʪʤʝʯʘʝʪ, ʯʪʦ çé ʚ ʩʠʣʫ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʤʫʟʝʡʥʳʭ ʩʦʪʨʫʜ-

ʥʠʢʦʚ ʚ ʠʭ ʩʨʝʜʝ ʩʫʱʝʩʪʚʫʝʪ ʘʙʩʪʨʘʢʪʥʦʝ ʧʦʥʠʤʘʥʠʝ ʛʝʥʝʘʣʦʛʠʠ ʢʘʢ ʚʩʧʦʤʦ-

ʛʘʪʝʣʴʥʦʡ ʠʩʪʦʨʠʯʝʩʢʦʡ ʜʠʩʮʠʧʣʠʥʳ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʝʜʝʪ ʢ ʥʝʧʦʥʠʤʘ-

ʥʠʶ ʨʘʟʥʠʮʳ ʤʝʞʜʫ ʛʝʥʝʘʣʦʛʠʯʝʩʢʠʤʠ ʠ ʙʠʦʛʨʘʬʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ.  

ɺʦ-ʚʪʦʨʳʭ, ʚ ʤʫʟʝʷʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʙʠʨʘʶʪ ʣʶʙʫʶ ʛʝʥʝʘʣʦʛʠʯʝʩʢʫʶ 

ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʤʝʨʝ ʥʘʜʦʙʥʦʩʪʠ ʠ ʥʝ ʚʩʝʛʜʘ ʫʯʠʪʳʚʘʶʪ ʧʨʘʚʠʣʘ ʝʝ ʩʠʩʪʝ-

ʤʘʪʠʟʘʮʠʠ ʠ ʭʨʘʥʝʥʠʷ.  

ɺ-ʪʨʝʪʴʠʭ, ʜʘʞʝ ʚ ʪʝʭ ʤʫʟʝʷʭ, ʛʜʝ ʠʤʝʝʪʩʷ ʭʦʨʦʰʘʷ ʪʝʭʥʠʯʝʩʢʘʷ ʙʘʟʘ, 

ʤʥʦʛʠʝ ʥʝ ʧʨʝʜʩʪʘʚʣʷʶʪ, ʯʪʦ ʜʣʷ ʭʨʘʥʝʥʠʷ ʛʝʥʝʘʣʦʛʠʯʝʩʢʦʡ ʠ ʙʠʦʛʨʘʬʠʯʝ-

ʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʩʫʱʝʩʪʚʫʝʪ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʧʨʦʛʨʘʤʤè[1, ʩ.11].  ʕʪʠ ʪʨʫʜʥʦʩʪʠ ʚʧʦʣʥʝ ʚʦʟʤʦʞʥʦ ʧʨʝʦʜʦʣʝʪʴ ʧʨʠ ʧʦ-

ʤʦʱʠ ʠʥʥʦʚʘʮʠʡ[2]. 

ʅʘʤʠ ʘʧʨʦʙʠʨʦʚʘʥʘ ʠʥʥʦʚʘʮʠʦʥʥʘʷ ʬʦʨʤʘ ʧʨʝʟʝʥʪʘʮʠʠ ʤʘʪʝʨʠʘʣʦʚ ʛʝ-

ʥʝʘʣʦʛʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʚʠʜʝ ʩʦʟʜʘʥʠʷ ʢʠʥʦʬʠʣʴʤʦʚ ʧʦ ʠʩʪʦʨʠʠ 

ʨʦʜʘ. ʅʘ ʥʘʰ ʚʟʛʣʷʜ ʦʥʘ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʦʡ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ, ʪʘʢ 

ʢʘʢ ʧʦʟʚʦʣʷʝʪ ʢʘʞʜʦʡ ʩʝʤʴʝ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʬʝʩʩʠʦʥʘʣʦʚ ʧʦʣʥʦʮʝʥʥʦ ʧʨʝ-

ʟʝʥʪʦʚʘʪʴ ʩʚʦʠ ʢʦʨʥʠ. ʇʨʠ ʵʪʦʤ ʠʥʪʝʨʝʩ ʢ ʛʝʥʝʘʣʦʛʠʠ, ʤʦʪʠʚʘʮʠʷ ʢ ʨʘʙʦʪʝ ʩ 

ʫʢʘʟʘʥʥʳʤ ʢʦʥʝʯʥʳʤ ʧʨʦʜʫʢʪʦʤ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ. ʆʩʦʙʝʥʥʦ ʜʘʥʥʘʷ 

ʬʦʨʤʘ ʧʦʜʭʦʜʠʪ ʜʣʷ ʪʝʭ ʩʝʤʝʡ, ʚ ʢʦʪʦʨʳʭ ʟʘʪʨʫʜʥʷʶʪʩʷ ʧʨʦʠʟʚʝʩʪʠ ʧʦʣʥʦ-

ʮʝʥʥʫʶ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʫʶ ʨʘʙʦʪʫ, ʦʙʲʝʢʪʠʚʥʳʡ ʘʥʘʣʠʟ ʚʩʝʭ ʜʦʢʫ-

ʤʝʥʪʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʩʚʷʟʘʪʴ ʠʭ ʩ ʠʩʪʦʨʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʠ ʩʦʩʪʘʚʠʪʴ 

ʧʨʝʟʝʥʪʘʮʠʶ. ʀʤ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʪʨʝʙʫʝʪʩʷ ʧʦʤʦʱʴ ʩʧʝʮʠʘʣʠʩʪʦʚ ʜʣʷ ʦʢʘʟʘ-

ʥʠʷ ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʭ, ʢʦʥʩʫʣʴʪʘʮʠʦʥʥʳʭ, ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ, ʪʝʭʥʠʯʝ-

ʩʢʠʭ ʠ ʠʥʳʭ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʫʩʣʫʛ ʩ ʮʝʣʴʶ ʚʦʩʩʦʟʜʘʥʠʷ ʨʦʜʦʩʣʦʚʥʦʡ [2].  

ɺ ʤʫʟʝʡʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʜʘʥʥʘʷ ʬʦʨʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʫʤʝʩʪʥʦʡ ʩ ʫʯʝ-

ʪʦʤ ʪʦʛʦ, ʯʪʦ ʩʦʟʜʘʥʠʝ ʤʫʟʝʡʥʳʭ ʵʢʩʧʦʟʠʮʠʡ ʪʝʩʥʦ ʩʚʷʟʘʥʘ ʩ ʠʩʪʦʨʠʝʡ ʢʦʥ-

ʢʨʝʪʥʳʭ ʩʝʤʝʡ. ʆʩʦʙʝʥʥʦ ʵʪʦ ʦʯʝʚʠʜʥʦ ʚ ʤʝʤʦʨʠʘʣʴʥʳʭ ʤʫʟʝʷʭ, ʛʜʝ ʚʩʝ ʤʫ-

ʟʝʡʥʳʝ ʧʨʝʜʤʝʪʳ ʩʚʷʟʘʥʳ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʣʠʯʥʦʩʪʴʶ ʠ ʯʣʝʥʘʤʠ ʝʝ ʩʝʤʴʠ. ɺ 
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ʠʩʪʦʨʠʢʦ-ʢʨʘʝʚʝʜʯʝʩʢʠʭ ʤʫʟʝʷʭ ʪʘʢʞʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪʩʷ ʠʩʪʦʨʠʷ ʢʨʘʷ ʯʝʨʝʟ 

ʣʠʯʥʫʶ ʠʩʪʦʨʠʶ ʣʶʜʝʡ. ʅʘʢʦʥʝʮ, ʠʤʝʥʥʦ ʚ ʤʫʟʝʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʦʙ-

ʨʘʱʘʶʪʩʷ ʟʘ ʧʦʤʦʱʴʶ ʠ ʢʦʥʩʫʣʴʪʘʮʠʷʤʠ ʚ ʧʦʠʩʢʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʚʦʠʭ ʧʨʝʜ-

ʢʘʭ ʤʝʩʪʥʦʝ ʥʘʩʝʣʝʥʠʝ [1, ʩ. 12]. ʉʦʟʜʘʥʠʝ ʙʘʟʳ ʜʘʥʥʳʭ, ʦʙʫʯʘʶʱʝʛʦ ʢʠʥʦ-

ʬʠʣʴʤʘ ʠʣʠ ʜʝʤʦʥʩʪʨʘʮʠʷ ʢʠʥʦʬʠʣʴʤʘ ʩ ʵʣʝʤʝʥʪʘʤʠ ʛʝʥʝʘʣʦʛʠʯʝʩʢʦʛʦ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʪ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʜʘʥʥʳʡ ʟʘʧʨʦʩ. ʂʨʦʤʝ ʵʪʦʛʦ ʚ ʤʫʟʝʡʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʚʦʟʤʦʞʥʘ ʝʩʪʝʩʪʚʝʥʥʘʷ ʠ ʵʬʬʝʢʪʠʚʥʘʷ ʧʦʧʫʣʷʨʠʟʘʮʠʷ ʫʢʘʟʘʥ-

ʥʦʡ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʬʦʨʤʳ ʧʨʝʟʝʥʪʘʮʠʠ ʛʝʥʝʘʣʦʛʠʯʝʩʢʦʡ ʨʘʙʦʪʳ. 

ɿʥʘʯʠʤʦʩʪʴ ʘʫʜʠʦ-ʚʠʟʫʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʧʨʝʟʝʥʪʘʮʠʠ ʛʝʥʝʘʣʦʛʠʯʝʩʢʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʞʥʦ ʧʦʜʯʝʨʢʥʫʪʴ ʧʦ ʨʷʜʫ ʦʩʥʦʚʘʥʠʡ, ʧʝʨʝʯʠʩʣʠʤ ʥʝʢʦʪʦʨʳʝ: 

- ʚ ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʫʩʪʥʳʭ ʠ ʧʠʩʴʤʝʥʥʳʭ ʦʧʠʩʝʡ ʛʝʥʝʘʣʦʛʠ-

ʯʝʩʢʦʛʦ ʜʨʝʚʘ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪʩʷ ʦʭʚʘʪ ʣʶʜʝʡ, ʢʦʪʦ-

ʨʳʝ ʚʠʜʷʪ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. ʄʘʢʩʠʤʘʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʠ ʯʠʩʣʦ ʚʦʚʣʝʯʝʥʥʳʭ ʚ ʠʩʩʣʝʜʦʚʘʥʠʝ ʯʣʝʥʦʚ ʩʝʤʝʡ ʘʚʪʦʨʦʚ-ʩʦʩʪʘʚʠʪʝʣʝʡ 

ʨʦʜʦʩʣʦʚʥʳʭ. 

- ʧʨʦʮʝʜʫʨʘ ʩʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʝ ʛʝʥʝʘʣʦ-

ʛʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ çʥʘ ʢʘʤʝʨʫè, ʧʦʚʳʰʘʝʪ ʥʘʫʯʥʦ-ʧʦʟʥʘʚʘʪʝʣʴʥʫʶ ʘʢ-

ʪʠʚʥʦʩʪʴ ʥʘʩʝʣʝʥʠʷ, ʦʩʦʙʝʥʥʦ ʩʨʝʜʠ ʧʦʜʨʘʩʪʘʶʱʝʛʦ ʧʦʢʦʣʝʥʠʷ. 

- ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʠʥʥʦʚʘʮʠʦʥʥʘʷ ʬʦʨʤʘ ʛʝʥʝʘʣʦʛʠʯʝʩʢʦʡ ʨʘʙʦʪʳ, ʩʦ-

ʭʨʘʥʷʷ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʘʪʨʠʙʫʪʳ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʚ ʦʙ-

ʣʘʩʪʠ ʛʝʥʝʘʣʦʛʠʠ, ʦʙʣʘʜʘʝʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦʡ ʥʦʚʠʟʥʦʡ. ɺ ʥʘʰʝʡ ʩʪʨʘʥʝ ʥʠ 

ʧʦ ʬʦʨʤʝ, ʥʠ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʥʠʯʝʛʦ ʧʦʜʦʙʥʦʛʦ ʨʘʥʝʝ ʥʝ ʧʨʝʜʧʨʠʥʠʤʘʣʦʩʴ.  

- ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʢʠʥʝʤʘʪʦʛʨʘʬ ʠ ʩʚʷʟʘʥʥʘʷ ʩ ʥʠʤ ʠʥʜʫʩʪʨʠʷ, ʪʝ-

ʣʝʚʠʜʝʥʠʝ, ʠʭ ʧʨʦʜʫʢʮʠʷ ʦʙʣʘʜʘʶʪ ʠʩʢʣʶʯʠʪʝʣʴʥʳʤ ʚʣʠʷʥʠʝʤ ʥʘ ʦʙʱʝ-

ʩʪʚʝʥʥʦʝ ʩʦʟʥʘʥʠʝ. ʅʝʜʘʨʦʤ 2016 ʛʦʜ ʙʳʣ ʦʙʲʷʚʣʝʥ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʛʦʜʦʤ 

ʨʦʩʩʠʡʩʢʦʛʦ ʢʠʥʦ. ʇʦʩʣʝʜʥʝʝ ʥʝ ʧʨʦʩʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ ʢʦʤʧʣʝʢʩ ʤʝʨʦʧʨʠʷ-

ʪʠʡ ʚ ʪʝʯʝʥʠʝ ʫʢʘʟʘʥʥʦʛʦ ʛʦʜʘ, ʥʦ ʩʣʫʞʠʪ ʦʩʪʨʳʤ ʩʠʛʥʘʣʦʤ ʪʚʦʨʯʝʩʢʦʡ ʠʥ-

ʪʝʣʣʠʛʝʥʮʠʠ ʜʣʷ ʨʘʙʦʪʳ ʥʘʜ ʥʘʧʦʣʥʝʥʠʝʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʢʠʥʦ ʠ ʪʝʣʝʚʠʜʝʥʠʷ ʧʦʟʠʪʠʚʥʳʤ ʠ ʩʦʟʠʜʘʪʝʣʴʥʳʤ ʤʘʪʝʨʠʘʣʦʤ. 

 - ʫʢʘʟʘʥʥʘʷ ʬʦʨʤʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʭʫʜʦʞʝʩʪʚʝʥʥʦ-ʵʩʪʝʪʠʯʝʩʢʦʤʫ ʚʦʩʧʠ-

ʪʘʥʠʶ ʥʘʩʝʣʝʥʠʷ. ɼʦʩʪʘʪʦʯʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʢʠʥʦʬʠʣʴʤʘʭ ʥʘʭʦʜʷʪ ʦʪʨʘ-

ʞʝʥʠʝ ʙʝʩʮʝʥʥʳʝ ʘʪʨʠʙʫʪʳ ʜʫʭʦʚʥʦʡ ʠ ʤʘʪʝʨʠʘʣʴʥʦʡ ʢʫʣʴʪʫʨʳ ʥʘʨʦʜʦʚ 

ʩʪʨʘʥʳ ʠ ʨʝʛʠʦʥʘ. ʄʥʦʛʠʝ ʠʟ ʥʠʭ ʚʚʦʜʷʪʩʷ ʚ ʥʘʫʯʥʳʡ ʦʙʦʨʦʪ ʚʧʝʨʚʳʝ. ʋʢʘ-

ʟʘʥʥʦʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʨʘʩʰʠʨʝʥʠʶ ʠʩʪʦʯʥʠ-

ʢʦʚʦʡ ʙʘʟʳ ʧʦ ʠʩʪʦʨʠʠ ʠ ʢʫʣʴʪʫʨʝ ʩʪʨʘʥʳ ʠ ʨʝʛʠʦʥʘ. 

- ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʩʮʝʥʘʨʠʡ, ʤʝʪʦʜʠʢʘ ʠʥʪʝʨʚʴʶʠʨʦʚʘʥʠʷ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʨʦʜʘ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʫʩʠʣʝʥʠʝ ʚʦʩʧʠʪʘʪʝʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʨʦʜʫʢʪʘ. ʋʯʘʩʪʠʝ ʚ ʵʪʦʡ ʨʘʙʦʪʝ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦʟʚʦʣʷʝʪ 

ʠʟʙʝʞʘʪʴ ʩʫʙʲʝʢʪʠʚʥʦʡ ʦʮʝʥʢʠ ʩʶʞʝʪʦʚ ʠʩʪʦʨʠʠ ʩʪʨʘʥʳ ʠ ʨʝʛʠʦʥʘ.  

- ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʢʣʶʯʝʥʠʷ ʚ ʢʠʥʦʬʠʣʴʤ ʣʶʙʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʥʘʧʨʠʤʝʨ, ʨʘʟʚʝʨʥʫʪʳʝ ʨʝʟʫʣʴʪʘʪʳ ʵʪʥʦʛʝʥʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

- ʚ ʧʨʦʮʝʩʩʝ ʧʦʜʛʦʪʦʚʢʠ ʬʠʣʴʤʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʮʠʬʨʦʚʠʟʘʮʠʷ ʚʩʝʭ ʠʤʝ-

ʶʱʠʭʩʷ ʠʩʪʦʨʠʯʝʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʠʭ ʩʦʭʨʘʥ-

ʥʦʩʪʴ ʠ ʜʘʣʴʥʝʡʰʝʝ ʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ [2, ʩ. 99]. 
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ʅʘ ʥʘʰ ʚʟʛʣʷʜ ʚʥʝʜʨʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ, ʘʫʜʠʦ-

ʚʠʟʫʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʦʙʝʩʧʝʯʘʪ ʤʘʩʩʦʚʦʩʪʴ ʨʘʟʚʠʪʠʷ ʛʝʥʝʘʣʦʛʠʯʝʩʢʦʡ ʨʘ-

ʙʦʪʳ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʢʘʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʢʘʯʝʩʪʚʦ ʢʫʣʴ-

ʪʫʨʥʦʡ ʩʨʝʜʳ ʚ ʩʪʨʘʥʝ ʠ ʨʝʛʠʦʥʝ. ɺ ʦʙʱʝʤ ʠ ʮʝʣʦʤ, ʜʘʥʥʘʷ ʨʘʙʦʪʘ ʥʘʧʨʘʚ-

ʣʝʥʘ ʥʘ ʩʦʭʨʘʥʝʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʮʝʥʥʦʩʪʝʡ ʨʦʩʩʠʡʩʢʦʡ ʮʠ-

ʚʠʣʠʟʘʮʠʠ ʯʝʨʝʟ ʧʦʟʥʘʥʠʝ ʠʩʪʦʨʠʠ ʩʚʦʝʡ ʩʪʨʘʥʳ, ʩʚʦʝʛʦ ʥʘʨʦʜʘ, ʨʦʜʘ ʠ ʩʝ-

ʤʴʠ. ʆʧʪʠʤʘʣʴʥʳʤ ʧʫʪʝʤ ʨʘʟʚʠʪʠʷ ʨʦʩʩʠʡʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʘ ʠ ʦʙʱʝʩʪʚʘ 

ʩʪʘʥʦʚʠʪʩʷ ʤʦʜʝʨʥʠʟʘʮʠʷ ʥʘ ʦʩʥʦʚʝ ʩʦʙʩʪʚʝʥʥʦʡ ʪʨʘʜʠʮʠʠ ʠ ʠʜʝʥʪʠʯʥʦʩʪʠ, 

ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʚʠʪʠʝ ʠ ʧʦʧʫʣʷʨʠʟʘʮʠʷ ʛʝʥʝʘʣʦʛʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʚ ʠʥ-

ʥʦʚʘʮʠʦʥʥʳʭ ʬʦʨʤʘʭ ʧʦʣʥʦʩʪʴʶ ʚʧʠʩʳʚʘʝʪʩʷ ʚ ʵʪʦʪ ʩʪʨʘʪʝʛʠʯʝʩʢʠʡ ʪʨʝʥʜ 

[2, ʩ. 99-100]. 
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ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʊɽʍʅʆʃʆɻʀʀ BLENDED LEARNING ɺ ʋʏɽɹʅʆʄ 
ʇʈʆʎɽʉʉɽ ɺʋɿɸ 

ɸ.ʌ. ʂʦʨʦʪʘʝʚ 

ʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʥʝʬʪʠ ʠ ʛʘʟʘ ʠʤ. ʀ.ʄ. ɻʫʙʢʠʥʘ 
ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ ʩʤʝʰʘʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ 

ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʚʫʟʝ. ʇʨʠʚʝʜʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʢʦʪʦʨʳʝ ʜʘʸʪ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʚ ʜʦʧʦʣʥʝ-

ʥʠʝ ʢ ʪʨʘʜʠʮʠʦʥʥʳʤ ʘʫʜʠʪʦʨʥʳʤ ʟʘʥʷʪʠʷʤ. 
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ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʩʤʝʰʘʥʥʦʝ ʦʙʫʯʝʥʠʝ, 

ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ, ʵʣʝʢʪʨʦʥʥʦʝ ʦʙʫʯʝʥʠʝ, ʠʥʪʝʨʥʝʪ. 

 

ʊʝʭʥʦʣʦʛʠʷ blended learning ʠʣʠ ʩʤʝʰʘʥʥʦʝ ʦʙʫʯʝʥʠʝ ʧʨʝʜʧʦʣʘʛʘʝʪ  

ʦʙʲʝʜʠʥʝʥʠʝ ʪʨʘʜʠʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʦʙʫʯʝʥʠʷ (ʣʝʢʮʠʠ ï ʧʨʘʢʪʠʯʝʩʢʠʝ 

ʟʘʥʷʪʠʷ ï ʘʫʜʠʪʦʨʥʳʝ ʢʦʥʩʫʣʴʪʘʮʠʠ) ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʠʩʪʘʥʮʠ-

ʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʙʘʟʠʨʫʶʱʠʭʩʷ ʥʘ ʥʦʚʳʭ ʜʠʜʘʢʪʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʷʭ, 

ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʠ 

ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʩʦʚʨʝʤʝʥʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʫʯʝʙʥʦʛʦ ʤʘʪʝ-

ʨʠʘʣʘ.  ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʧʨʠʥʮʠʧʦʚ ʩʤʝʰʘʥʥʦʛʦ ʦʙʫʯʝ-

ʥʠʷ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ: 

- ʨʘʩʰʠʨʠʪʴ ʜʦʩʪʫʧʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ; 

- ʫʯʠʪʳʚʘʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʧʦʪʨʝʙʥʦʩʪʠ ʦʙʫʯʘʶʱʠʭʩʷ, ʢʘʩʘʶʱʠʝʩʷ 

ʢʘʢ ʦʙʲʸʤʘ ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʪʘʢ ʠ ʪʝʤʧʘ ʝʛʦ ʦʩʚʦʝʥʠʷ; 

- ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʟʘ ʩʯʸʪ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ 

ʤʦʪʠʚʘʮʠʠ ʩʪʫʜʝʥʪʦʚ, ʠʭ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʩʪʠ ʠ ʢʨʝʘʪʠʚʥʦʩʪʠ; 

- ʠʟʤʝʥʠʪʴ ʩʪʠʣʴ ʧʝʨʝʜʘʯʠ ʟʥʘʥʠʡ ʦʪ ʠʭ ʪʨʘʥʩʣʷʮʠʠ ʢ ʠʥʪʝʥʩʠʚʥʦʤʫ 

ʜʠʘʣʦʛʫ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʠ ʩʪʫʜʝʥʪʘ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʩʤʝʰʘʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʚ ʈʦʩʩʠʡʩʢʦʤ ʛʦʩʫ-

ʜʘʨʩʪʚʝʥʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʥʝʬʪʠ ʠ ʛʘʟʘ ʠʤ. ʀ.ʄ. ɻʫʙʢʠʥʘ ʠʩʪʦʨʠʯʝʩʢʠ ʩʣʦ-

ʞʠʣʦʩʴ ʚ ʧʨʦʮʝʩʩʝ ʦʩʚʦʝʥʠʷ ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ 

ʨʘʟʣʠʯʥʳʭ ʩʨʝʜʩʪʚ ʠʭ ʨʝʘʣʠʟʘʮʠʠ. ʕʪʦ ʙʳʣʦ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʠʩʪʘʥʮʠʦʥ-

ʥʳʭ ʢʝʡʩ-ʪʝʭʥʦʣʦʛʠʡ, ʙʘʟʠʨʫʶʱʠʭʩʷ ʥʘ ʪʨʘʜʠʮʠʦʥʥʳʭ ʧʨʠʥʮʠʧʘʭ ʟʘʦʯʥʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ, ʥʦ ʜʦʧʦʣʥʝʥʥʳʭ ʩʦʚʨʝʤʝʥʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʤʘ-

ʪʝʨʠʘʣʘ (ʥʘʨʷʜʫ ʩ ʧʦʣʠʛʨʘʬʠʯʝʩʢʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʘʫʜʠʦ-, ʚʠʜʝʦ-, ʤʫʣʴʪʠ-

ʤʝʜʠʘ- ʤʘʪʝʨʠʘʣʳ ʫʯʝʙʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʢʦʤʧʴʶʪʝʨʥʳʝ ʦʙʫʯʘʶʱʠʝ ʧʨʦ-

ʛʨʘʤʤʳ, ʪʨʝʥʘʞʸʨʳ ʠ ʪ.ʜ.).  

ʕʪʦ ʙʳʣʘ ʠ ʪʘʢʘʷ ʬʦʨʤʘ ʢʘʢ ʚʠʜʝʦʪʨʘʥʩʣʷʮʠʠ ʣʝʢʮʠʡ ʚʝʜʫʱʠʭ ʧʨʦʬʝʩ-

ʩʦʨʦʚ ʠ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʫʯʠʪʳʚʘʷ ʪʦ, ʯʪʦ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʝʪ 

ʨʷʜ ʬʠʣʠʘʣʦʚ ʢʘʢ ʚ ʈʦʩʩʠʠ, ʪʘʢ ʠ ʟʘ ʨʫʙʝʞʦʤ. ʉʠʪʫʘʮʠʷ ʢʘʨʜʠʥʘʣʴʥʦ ʧʦʤʝ-

ʥʷʣʘʩʴ ʩ ʧʦʷʚʣʝʥʠʝʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝ-

ʥʠʷ, ʦʩʦʙʝʥʥʦ ʩ ʧʦʷʚʣʝʥʠʝʤ ʨʦʩʩʠʡʩʢʠʭ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʚ ʦʪʣʠʯʠʝ ʦʪ ʟʘ-

ʧʘʜʥʳʭ ʙʳʣʠ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʨʦʩʩʠʡʩʢʫʶ ʤʦʜʝʣʴ ʦʙʨʘʟʦʚʘʥʠʷ.  ɺ ʫʥʠ-

ʚʝʨʩʠʪʝʪʝ ʙʳʣʠ ʠʩʧʨʦʙʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʬʦʨʤʳ ʧʨʦʚʝʜʝʥʠʷ ʜʠʩʪʘʥʮʠʦʥʥʳʭ 

ʟʘʥʷʪʠʡ, ʘʧʨʦʙʠʨʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʜʠʩʪʘʥʮʠ-

ʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ (ʉɼʆ). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʧʝʨʚʳʭ ʧʦʨʘʭ ʙʦʣʴʰʠʥ-

ʩʪʚʦ ʵʪʠʭ ʩʠʩʪʝʤ ʙʳʣʠ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʦʙʫʯʝʥʠʝ ʧʝʨʩʦʥʘʣʘ ʢʦʨʧʦʨʘʮʠʡ. 

ʍʦʪʷ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʯʠʢʠ ʉɼʆ ʩʪʘʣʠ ʘʜʘʧʪʠʨʦʚʘʪʴ ʩʚʦʠ ʩʠʩʪʝʤʳ 

ʢ ʚʫʟʦʚʩʢʦʡ ʩʧʝʮʠʬʠʢʝ. 

ɼʨʫʛʠʤ ʢʘʪʘʣʠʟʘʪʦʨʦʤ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʤ ʨʘʟʚʠʪʠʶ ʥʘʰʝʛʦ ʠʥʪʝʨʝʩʘ ʢ 

ʪʝʭʥʦʣʦʛʠʠ ʩʤʝʰʘʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʙʳʣʘ ʜʠʨʝʢʪʠʚʥʘʷ ʣʠʥʠʷ ʬʝʜʝʨʘʣʴʥʳʭ 

ʦʨʛʘʥʦʚ ʦʙʨʘʟʦʚʘʥʠʷ, ʚʳʣʠʚʰʘʷʩʷ ʚ ʨʘʟʨʘʙʦʪʢʫ ʬʝʜʝʨʘʣʴʥʳʭ ʛʦʩʫʜʘʨʩʪʚʝʥ-

ʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʝʪʴʝʛʦ ʧʦʢʦʣʝʥʠʷ 
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(ʠ ʠʭ ʘʧʛʨʝʡʪʦʚ ʌɻʆʉ ɺʆ 3+ ʠ 3++).  ʉʦʛʣʘʩʥʦ ʥʦʚʳʤ ʩʪʘʥʜʘʨʪʘʤ ʧʨʦʠʩʭʦ-

ʜʠʪ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʫʯʝʙʥʦʡ ʥʘʛʨʫʟʢʠ ʚ ʩʪʦʨʦʥʫ ʫʚʝʣʠʯʝʥʠʷ ʜʦʣʠ ʩʘʤʦ-

ʩʪʦʷʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʩʪʫʜʝʥʪʦʚ ʠ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʩʥʠʞʝʥʠʷ ʦʙʲʸʤʘ ʣʝʢʮʠʦʥ-

ʥʳʭ ʟʘʥʷʪʠʡ. ɺ ʩʣʦʞʠʚʰʝʡʩʷ ʩʠʪʫʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʚʫʟʝ ʜʠʩʪʘʥʮʠʦʥ-

ʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʟʚʦʣʠʪ ʦʧʨʝʜʝʣʸʥʥʳʤ ʦʙʨʘʟʦʤ ʩʤʝʩʪʠʪʴ ʘʢʮʝʥʪʳ ʚ ʦʨʛʘ-

ʥʠʟʘʮʠʠ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʈʘʩʩʤʦʪʨʠʤ, ʢʘʢʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʦʟʤʦʞʥʦ-

ʩʪʠ ʜʘʸʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʉɼʆ  ʚ ʜʦʧʦʣʥʝʥʠʝ ʢ ʪʨʘʜʠʮʠʦʥʥʳʤ ʣʝʢʮʠʷʤ, ʧʨʘʢ-

ʪʠʯʝʩʢʠʤ ʠ ʣʘʙʦʨʘʪʦʨʥʳʤ ʟʘʥʷʪʠʷʤ, ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʢʦʥʩʫʣʴʪʘʮʠʡ ʠ ʩʘʤʦ-

ʩʪʦʷʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʩʪʫʜʝʥʪʦʚ. 

ʇʦ ʢʘʞʜʦʤʫ ʠʟʫʯʘʝʤʦʤʫ ʢʫʨʩʫ ʚ ʉɼʆ ʩʦʟʜʘʸʪʩʷ ʢʘʣʝʥʜʘʨʥʳʡ ʧʣʘʥ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʧʣʘʥ ʧʨʦʚʝʜʝʥʠʷ ʫʯʝʙʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʩ ʫʢʘʟʘʥʠʝʤ 

ʪʦʛʦ, ʢʘʢʘʷ ʯʘʩʪʴ ʠʟ ʥʠʭ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʦʯʥʦʤ, ʘ ʢʘʢʘʷ ʚ ʜʠʩʪʘʥʮʠʦʥʥʦʤ ʨʝ-

ʞʠʤʝ. ʅʘʣʠʯʠʝ ʢʘʣʝʥʜʘʨʥʦʛʦ ʧʣʘʥʘ ʧʦʟʚʦʣʷʝʪ ʩʣʫʰʘʪʝʣʶ ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ 

ʪʝʢʫʱʠʤʠ ʫʯʝʙʥʳʤʠ ʤʝʨʦʧʨʠʷʪʠʷʤʠ, ʘ ʧʫʪʝʤ ʚʳʙʦʨʘ ʧʫʥʢʪʘ ʢʘʣʝʥʜʘʨʥʦʛʦ 

ʧʣʘʥʘ ʧʝʨʝʡʪʠ ʢ ʝʛʦ ʚʳʧʦʣʥʝʥʠʶ (ʧʦʜʛʦʪʦʚʠʪʴʩʷ ʢ ʣʝʢʮʠʠ ʠʣʠ ʣʘʙʦʨʘʪʦʨ-

ʥʦʡ ʨʘʙʦʪʝ, ʧʨʠʩʦʝʜʠʥʠʪʴʩʷ ʢ ʢʦʥʩʫʣʴʪʘʮʠʠ, ʚʳʧʦʣʥʠʪʴ ʧʨʦʤʝʞʫʪʦʯʥʳʡ 

ʠʣʠ ʟʘʯʝʪʥʳʡ ʪʝʩʪ ʠ ʪ.ʜ.). ʂʘʣʝʥʜʘʨʥʳʡ ʧʣʘʥ ʠʤʝʝʪ ʚʠʜ  ʪʘʙʣʠʮʳ, ʚ ʢʘʞʜʦʡ 

ʩʪʨʦʢʝ  ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘʟʚʘʥʠʷ ʧʫʥʢʪʦʚ ʂʇ ʩʦ ʩʩʳʣʢʦʡ ʥʘ ʫʯʝʙʥʦ-

ʤʝʪʦʜʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ (ʠʣʠ ʪʝʩʪ) ʠ ʜʣʠʪʝʣʴʥʦʩʪʴ ʝʛʦ ʠʟʫʯʝʥʠʷ. ʇʨʝʧʦʜʘʚʘ-

ʪʝʣʴ, ʚʝʜʫʱʠʡ ʜʘʥʥʳʡ ʫʯʝʙʥʳʡ ʢʫʨʩ, ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʚ ʫʯʝʙʥʳʡ ʧʣʘʥ ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʳʝ ʤʝʪʦʜʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ, ʛʨʫʧʧʦʚʳʝ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʪʝ-

ʩʪʳ, ʘʫʜʠʪʦʨʥʳʝ ʠʣʠ ʜʠʩʪʘʥʮʠʦʥʥʳʝ ʢʦʥʩʫʣʴʪʘʮʠʠ. 

ʆʙʦʙʱʘʷ ʧʦʣʫʯʝʥʥʳʡ ʦʧʳʪ ʦʨʛʘʥʠʟʘʮʠʠ ʦʙʫʯʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʪʝʭʥʦʣʦʛʠʠ blended learning, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʝʸ ʨʝ-

ʘʣʠʟʘʮʠʠ ʚ ʧʨʠʤʝʥʝʥʠʠ ʢ ʨʘʟʣʠʯʥʳʤ ʚʠʜʘʤ ʫʯʝʙʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʇʨʠ ʧʦʜʛʦʪʦʚʢʝ ʢ ʣʝʢʮʠʠ, ʩʪʫʜʝʥʪʳ ʠʤʝʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ 

ʢʦʥʩʧʝʢʪʘʤʠ ʣʝʢʮʠʡ, ʧʨʝʟʝʥʪʘʮʠʷʤʠ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ, ʠʣʣʶʩʪʨʘʪʠʚʥʳʤ ʤʘʪʝ-

ʨʠʘʣʦʤ, ʘ ʧʨʦʩʣʫʰʘʚ ʣʝʢʮʠʶ, ʚ ʣʶʙʦʝ ʫʜʦʙʥʦʝ ʜʣʷ ʩʝʙʷ ʚʨʝʤʷ ʧʦʚʪʦʨʠʪʴ ʪʝʦ-

ʨʝʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ, ʦʙʨʘʪʠʚʰʠʩʴ ʢ ʨʘʟʤʝʱʸʥʥʳʤ ʚ ʩʠʩʪʝʤʝ ʵʣʝʢʪʨʦʥʥʳʤ 

ʫʯʝʙʥʠʢʘʤ, ʢʦʤʧʴʶʪʝʨʥʳʤ ʦʙʫʯʘʶʱʠʤ ʧʨʦʛʨʘʤʤʘʤ ʠ ʜʨʫʛʠʤ ʤʘʪʝʨʠʘʣʘʤ. 

ʇʨʠ ʧʦʜʛʦʪʦʚʢʝ ʢ ʧʨʘʢʪʠʯʝʩʢʠʤ ʟʘʥʷʪʠʷʤ, ʢ ʚʳʧʦʣʥʝʥʠʶ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 

ʟʘʜʘʥʠʡ ʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ ʩʪʫʜʝʥʪʳ ʤʦʛʫʪ ʜʠʩʪʘʥʮʠʦʥʥʦ ʥʘʡʪʠ ʩʚʦʠ ʚʘ-

ʨʠʘʥʪʳ ʟʘʜʘʥʠʡ, ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ, ʤʝʪʦʜʠʯʝʩʢʠʝ ʫʢʘʟʘʥʠʷ ʧʦ ʠʭ ʚʳʧʦʣʥʝ-

ʥʠʶ ʠ ʪ.ʜ., ʟʘʨʘʥʝʝ ʠʭ ʧʨʦʩʤʦʪʨʝʪʴ ʠ ʧʦʜʛʦʪʦʚʠʪʴʩʷ ʢ ʟʘʥʷʪʠʷʤ. 

ʉʪʫʜʝʥʪʳ ʤʦʛʫʪ ʪʘʢʞʝ ʜʠʩʪʘʥʮʠʦʥʥʦ ʧʨʦʡʪʠ ʧʨʦʙʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʧʦ 

ʦʪʜʝʣʴʥʳʤ ʠʟʫʯʘʝʤʳʤ ʪʝʤʘʤ ʠʣʠ ʞʝ ʧʦ ʮʝʣʳʤ ʢʫʨʩʘʤ ʠ ʪʝʤ ʩʘʤʳʤ ʧʦʜʛʦ-

ʪʦʚʠʪʴʩʷ ʢ ʩʜʘʯʝ ʢʦʥʪʨʦʣʴʥʳʭ ʪʝʩʪʦʚ, ʟʘʯʸʪʦʚ ʠʣʠ ʵʢʟʘʤʝʥʦʚ. ʆʢʦʥʯʘʪʝʣʴ-

ʥʦʝ (ʟʘʯʸʪʥʦʝ) ʪʝʩʪʠʨʦʚʘʥʠʝ ʤʦʞʥʦ ʦʨʛʘʥʠʟʦʚʘʪʴ ʚ ʫʥʠʚʝʨʩʠʪʝʪʩʢʠʭ ʢʦʤʧʴ-

ʶʪʝʨʥʳʭ ʢʣʘʩʩʘʭ ʧʦʜ ʥʘʙʣʶʜʝʥʠʝʤ ʧʨʝʧʦʜʘʚʘʪʝʣʷ, ʠʩʧʦʣʴʟʫʷ ʚʥʫʪʨʝʥʥʶʶ 

Intranet-ʩʝʪʴ ʩ ʟʘʧʨʝʪʦʤ ʚʳʭʦʜʘ ʚ Internet. 

ʇʨʝʜʫʩʤʦʪʨʝʥʥʳʡ ʚ ʩʠʩʪʝʤʝ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʨʝʞʠʤ çʉʘʤʦ-

ʩʪʦʷʪʝʣʴʥʘʷ ʨʘʙʦʪʘè ʧʦʟʚʦʣʷʝʪ ʦʨʛʘʥʠʟʦʚʘʪʴ ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʚʳʧʦʣʥʝʥʠʝ 

ʜʦʤʘʰʥʠʭ ʟʘʜʘʥʠʡ, ʢʫʨʩʦʚʳʭ ʨʘʙʦʪ ʠ ʧʨʦʝʢʪʦʚ. ʉʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦ-
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ʚʘʪʴ ʠʥʪʝʨʘʢʪʠʚʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʪʫʜʝʥʪʘ ʠ ʧʨʝʧʦʜʘʚʘʪʝʣʷ, ʢʦʛʜʘ ʚʳʧʦʣ-

ʥʝʥʠʝ ʟʘʜʘʥʠʷ ʩʪʫʜʝʥʪʦʤ,  ʧʨʦʚʝʨʢʘ ʠ ʢʦʤʤʝʥʪʠʨʦʚʘʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʝʧʦ-

ʜʘʚʘʪʝʣʝʤ ʤʦʞʝʪ ʧʨʦʚʦʜʠʪʴʩʷ ʚ ʥʝʩʢʦʣʴʢʦ ʠʪʝʨʘʮʠʡ ʩ ʚʳʩʪʘʚʣʝʥʠʝʤ ʧʨʦʤʝ-

ʞʫʪʦʯʥʳʭ ʠ ʦʢʦʥʯʘʪʝʣʴʥʳʭ ʦʮʝʥʦʢ. 

ʀʩʧʦʣʴʟʫʷ  ʥʦʚʦʩʪʥʫʶ ʩʪʨʘʥʠʮʫ ʉɼʆ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʤʦʞʝʪ ʦʧʦʚʝʱʘʪʴ 

ʩʪʫʜʝʥʪʦʚ ʦʙ ʦʯʝʨʝʜʥʳʭ ʫʯʝʙʥʳʭ ʤʝʨʦʧʨʠʷʪʠʷʭ, ʜʘʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʦʙʲʷʚʣʝ-

ʥʠʷ. ɺʩʪʨʦʝʥʥʘʷ ʚ ʩʠʩʪʝʤʫ ʵʣʝʢʪʨʦʥʥʘʷ ʧʦʯʪʘ ʧʦʟʚʦʣʷʝʪ ʦʧʝʨʘʪʠʚʥʦ ʧʝʨʝʜʘ-

ʚʘʪʴ ʦʙʫʯʘʝʤʳʤ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʠ ʛʨʫʧʧʦʚʳʝ ʩʦʦʙʱʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʦ 

ʥʘʟʥʘʯʝʥʥʳʭ ʠʤ ʪʝʩʪʘʭ ʠʣʠ ʢʦʥʩʫʣʴʪʘʮʠʷʭ.  

ʇʦʣʝʟʥʳʤ ʠ ʵʬʬʝʢʪʠʚʥʳʤ ʜʦʧʦʣʥʝʥʠʝʤ ʢ ʪʨʘʜʠʮʠʦʥʥʳʤ ʘʫʜʠʪʦʨʥʳʤ 

ʢʦʥʩʫʣʴʪʘʮʠʷʤ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ  ʩʨʝʜʩʪʚʘʤʠ  ʉɼʆ ʜʠʩʪʘʥʮʠʦʥʥʳʭ 

online-ʢʦʥʩʫʣʴʪʘʮʠʡ. ɸʫʜʠʪʦʨʥʳʝ ʢʦʥʩʫʣʴʪʘʮʠʠ ʧʨʦʚʦʜʷʪʩʷ , ʢʘʢ ʧʨʘʚʠʣʦ, 

ʚ ʢʦʥʮʝ ʜʥʷ ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʦʩʥʦʚʥʳʭ ʟʘʥʷʪʠʡ. ʉʪʫʜʝʥʪʳ ʧʦʩʝʱʘʶʪ ʠʭ ʥʝ-

ʦʭʦʪʥʦ ʠʣʠ ʠʩʧʦʣʴʟʫʶʪ ʧʨʦʩʪʦ ʜʣʷ ʩʜʘʯʠ ʩʚʦʠʭ ʟʘʜʦʣʞʝʥʥʦʩʪʝʡ. ʆʧʳʪ ʧʨʦ-

ʚʝʜʝʥʠʷ ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʢʦʥʩʫʣʴʪʘʮʠʡ ʚ ʚʝʯʝʨʥʠʝ ʯʘʩʳ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʪʫ-

ʜʝʥʪʳ ʢ ʵʪʦʤʫ ʚʨʝʤʝʥʠ ʫʩʧʝʚʘʶʪ ʦʪʜʦʭʥʫʪʴ ʠ ʫʯʘʩʪʚʫʶʪ ʚ ʪʘʢʠʭ ʢʦʥʩʫʣʴʪʘ-

ʮʠʷʭ ʩ ʙʦʣʴʰʝʡ ʘʢʪʠʚʥʦʩʪʴʶ. ʇʨʝʜʫʩʤʦʪʨʝʥʥʳʝ ʚ ʉɼʆ ʩʨʝʜʩʪʚʘ ʧʨʦʚʝʜʝ-

ʥʠʷ ʥʝ ʪʦʣʴʢʦ ʦʨʛʘʥʠʟʦʚʘʪʴ ʦʪʚʝʪʳ ʥʘ ʧʦʩʪʘʚʣʝʥʥʳʝ ʩʪʫʜʝʥʪʘʤʠ ʚʦʧʨʦʩʳ, 

ʥʦ ʠ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʚʦʙʦʜʥʦʛʦ ʦʙʱʝʥʠʷ ʩʪʫʜʝʥʪʦʚ ʠ ʧʨʝʧʦ-

ʜʘʚʘʪʝʣʷ, ʦʙʩʫʞʜʝʥʠʷ ʟʘʜʘʥʥʳʭ ʪʝʤ, ʨʘʩʩʤʦʪʨʝʥʠʷ ʥʝʢʦʪʦʨʦʛʦ ʦʙʱʝʛʦ ʜʦ-

ʢʫʤʝʥʪʘ, ʨʘʟʤʝʱʘʝʤʦʛʦ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ ʚ ʩʧʝʮʠʘʣʴʥʦʤ ʦʢʥʝ. ʇʨʝʧʦʜʘʚʘ-

ʪʝʣʴ ʤʦʞʝʪ ʦʪʚʝʯʘʪʴ ʥʘ ʚʦʧʨʦʩʳ ʢʘʞʜʦʛʦ ʩʪʫʜʝʥʪʘ ʢʘʢ ʠʥʜʠʚʠʜʫʘʣʴʥʦ, ʪʘʢ 

ʠ  ʚʩʝʤ ʚʤʝʩʪʝ, ʚʳʩʪʘʚʠʚ ʟʘʜʘʥʥʳʡ ʚʦʧʨʦʩ ʥʘ ʚʩʝʦʙʱʝʝ ʦʙʦʟʨʝʥʠʝ. ɿʘʚʝʨʰʘʷ 

ʢʦʥʩʫʣʴʪʘʮʠʶ, ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʝʸ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʠʤʝʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʩʪʠ ʦʧʝʨʘʪʠʚʥʳʡ ʦʧʨʦʩ ʩ ʧʦʜʚʝʜʝʥʠʝʤ ʠʪʦʛʦʚ ʧʦ ʢʘʞ-

ʜʦʤʫ ʝʸ ʫʯʘʩʪʥʠʢʫ.  

ʇʦʜʚʦʜʷ ʠʪʦʛ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʝʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʠ ʩʤʝʰʘʥ-

ʥʦʛʦ ʦʙʫʯʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʠʥʪʝʥʩʠʬʠʮʠʨʦʚʘʪʴ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ ʚ ʚʫʟʝ ʟʘ 

ʩʯʸʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʨʘʙʦʪʳ 

ʩʪʫʜʝʥʪʦʚ, ʜʦʧʦʣʥʷʝʪ ʢʦʥʪʘʢʪʳ ʩʪʫʜʝʥʪʦʚ ʠ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʜʠʩʪʘʥʮʠʦʥ-

ʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

 

USE OF BLENDED LEARNING TECHNOLOGY IN THE 

EDUCATIO NAL PROCESSOF THE HIGHER EDUCATION  

A.F. Korotaev 

Gubkin Russian State University of Oil and Gas  
Moscow, Russia 

The blended learning technology is considered when organizing the educa-

tional process in the university. The advantages given by the use of an automated 

distance learning system in addition to traditional classroom activities are re-

sulted. 
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ʉʆʎʀɸʃʔʅʓɽ ʂʆʄʄʋʅʀʂɸʎʀʀ ɺ ʀʅʌʆʈʄɸʊʀʂɽ 

ʆ.ɸ. ʂʫʚʰʠʥʦʚʘ, ʂ.ʆ. ʂʦʨʥʝʚʘ 

ʌɻɹʆʋ ɺʆ çʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ  
ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘè, ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʝʩʫʨʩʥʘʷ ʠ ʩʦʮʠʦʢʫʣʴʪʫʨʥʘʷ ʢʦʥʮʝʧʮʠʷ ʠʥʬʦʨʤʘʮʠ-

ʦʥʥʦʡ ʩʨʝʜʳ ʢʘʢ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩʦʮʠʘʣʴʥʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ. ʇʨʠʚʦʜʷʪʩʷ 

ʬʘʟʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʦʙʤʝʥ, ʜʘʥʥʳʝ, ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ 

ʩʨʝʜʘ. 

 

ʂʦʛʜʘ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʨʝʜʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʭʨʘʥʠ-

ʤʦʡ ʠ ʮʠʨʢʫʣʠʨʫʶʱʝʡ ʚ ʥʝʡ ʠʥʬʦʨʤʘʮʠʠ, ʦʥʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʳʩʪʫʧʘʝʪ ʢʘʢ 

ʦʙʲʝʢʪ ʪʝʭʥʠʢʠ, ʩʣʫʞʘʱʝʡ ʦʧʨʝʜʝʣʝʥʥʳʤ ʯʝʣʦʚʝʯʝʩʢʠʤ ʮʝʣʷʤ, ʢʦʪʦʨʳʝ ʚʳ-

ʩʪʫʧʘʶʪ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʵʪʦʡ ʪʝʭʥʠʢʝ ʚʥʝʰʥʠʤʠ ʫʩʣʦʚʠʷʤʠ ʬʫʥʢʮʠʦʥʠʨʦ-

ʚʘʥʠʷ. ʕʪʦ ʨʝʩʫʨʩʥʳʡ ʠʣʠ ʪʝʭʥʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʨʝʜʝ. 

ʂʘʢ ʪʦʣʴʢʦ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʨʝʜʘ ʥʘʯʠʥʘʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʩʨʝʜ-

ʩʪʚʦ ʢʦʤʤʫʥʠʢʘʮʠʠ, ʥʝʩʚʦʜʷʱʝʡʩʷ ʢ ʧʝʨʝʜʘʯʝ ʬʘʢʪʠʯʝʩʢʠʭ ʩʚʝʜʝʥʠʡ, ʥʦ 

ʩʚʷʟʘʥʥʦʡ ʩ ʧʝʨʝʜʘʯʝʡ ʤʥʝʥʠʡ, ʧʨʠʢʘʟʘʥʠʡ, ʦʙʝʱʘʥʠʡ, ʛʠʧʦʪʝʟ, ʚʦʧʨʦʩʦʚ, 

ʩʣʫʭʦʚ ʠ ʪ.ʜ., ʦʥʘ ʚʳʩʪʫʧʘʝʪ ʥʝʦʪʲʝʤʣʝʤʳʤ ʬʨʘʛʤʝʥʪʦʤ ʢʫʣʴʪʫʨʳ ʠ ʜʦʣʞʥʘ 

ʠʩʩʣʝʜʦʚʘʪʴʩʷ ʚ ʵʪʦʤ ʢʘʯʝʩʪʚʝ. 

ʀʥʬʦʨʤʘʮʠʦʥʥʳʡ ʦʙʤʝʥ ʚ ʦʙʱʝʩʪʚʝ ʠ ʝʛʦ ʵʚʦʣʶʮʠʷ. 

ʊʠʧʳ ʦʙʤʝʥʦʚ ʚ ʦʙʱʝʩʪʚʝ: 

- ʤʘʪʝʨʠʘʣʴʥʳʡ; 

- ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ; 

- ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ (ʘʢʪʫʘʣʝʥ ʩ ʩʝʨʝʜʠʥʳ ʍʍ ʚʝʢʘ). 

ʇʨʝʜʤʝʪʦʤ ʥʘʰʝʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ ʷʚʣʷʝʪʩʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʦʙʤʝʥ. 

ʀʩʪʦʨʠʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʩʦʚʧʘʜʘʝʪ ʩ ʠʩʪʦ-

ʨʠʝʡ ʩʦʟʜʘʥʠʷ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʟʥʘʢʦʚʳʭ ʩʠʩʪʝʤ, ʪʝʭʥʠʢʠ ʩʦʟʜʘʥʠʷ 

ʟʥʘʢʦʚ. 

ʆʩʥʦʚʥʳʤʠ ʬʘʟʘʤʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʷʚʣʷʶʪʩʷ: 

- ʫʩʪʥʘʷ ʬʘʟʘ; 

- ʧʠʩʴʤʝʥʥʘʷ ʬʘʟʘ; 

- ʢʥʠʞʥʘʷ ʬʘʟʘ; 

- ʢʦʤʧʴʶʪʝʨʥʘʷ ʬʘʟʘ. 

ʆʧʠʨʘʷʩʴ ʥʘ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʤʝʨʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʠʥʬʦʨʤʘ-

ʮʠʠ, ʮʠʚʠʣʠʟʘʮʠʷ ʨʘʥʞʠʨʫʝʪʩ ̫ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʧʨʦʠʟʚʦʜʠʤʦʡ ʠʤʠ ʠʥʬʦʨʤʘ-

ʮʠʠ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

- ʋʨʦʚʝʥʴ 0 - ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʝʤʢʦʩʪʴ ʤʦʟʛʘ ʦʪʜʝʣʴʥʦʛʦ ʯʝʣʦʚʝʢʘ - 107 

ʙʠʪ; 

- ʋʨʦʚʝʥʴ 1 - ʫʩʪʥʦʝ ʦʙʱʝʥʠʝ ʚʥʫʪʨʠ ʦʙʱʠʥʳ, ʜʝʨʝʚʥʠ ʠʣʠ ʧʣʝʤʝʥʠ - 

ʢʦʣʠʯʝʩʪʚʦ ʮʠʨʢʫʣʠʨʫʶʱʝʡ ʠʥʬʦʨʤʘʮʠʠ 109 ʙʠʪ; 
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- ʋʨʦʚʝʥʴ 2 - ʧʠʩʴʤʝʥʥʘʷ ʢʫʣʴʪʫʨʘ; ʤʝʨʦʡ ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ ʦʙʱʝ-

ʩʪʚʘ ʩʣʫʞʠʪ ɸʣʝʢʩʘʥʜʨʠʡʩʢʘʷ ʙʠʙʣʠʦʪʝʢʘ, ʠʤʝʶʱʘʷ 532800 ʩʚʠʪʢʦʚ, ʚ ʢʦ-

ʪʦʨʳʭ ʩʦʜʝʨʞʠʪʩʷ 1011 ʙʠʪ ʠʥʬʦʨʤʘʮʠʠ; 

- ʋʨʦʚʝʥʴ 3 - ʢʥʠʞʥʘʷ ʢʫʣʴʪʫʨʘ: ʠʤʝʶʪʩʷ ʩʦʪʥʠ ʙʠʙʣʠʦʪʝʢ, ʚʳʧʫʩʢʘ-

ʶʪʩʷ ʜʝʩʷʪʢʠ ʪʳʩʷʯ ʢʥʠʛ, ʛʘʟʝʪ, ʞʫʨʥʘʣʦʚ, ʩʦʚʦʢʫʧʥʘʷ ʝʤʢʦʩʪʴ ʢʦʪʦʨʳʭ ʦʮʝ-

ʥʠʚʘʝʪʩʷ ʚ 1017 ʙʠʪ; 

- ʋʨʦʚʝʥʴ 4 - ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʦʙʱʝʩʪʚʦ ʩ ʵʣʝʢʪʨʦʥʥʦʡ ʦʙʨʘʙʦʪʢʦʡ ʠʥ-

ʬʦʨʤʘʮʠʠ ʦʙʲʝʤʦʤ 1025 ʙʠʪ. 

ʈʘʩʩʤʦʪʨʠʤ ʚʢʣʘʜ ʢʘʞʜʦʡ ʠʩʪʦʨʠʯʝʩʢʦʡ ʬʘʟʳ ʚ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ. 

1). ʋʩʪʥʘʷ ʬʘʟʘ. 

ʈʘʟʚʠʪʠʝ ʨʝʯʠ, ʷʟʳʢʘ - ʦʙʲʝʢʪʠʚʥʳʡ ʧʨʦʮʝʩʩ ʚ ʨʘʟʚʠʪʠʠ ʦʙʱʝʩʪʚʘ. ʊʨʫʜ 

ʩʳʛʨʘʣ ʩʚʦʶ ʨʦʣʴ ʚ ʨʘʟʚʠʪʠʠ ʯʝʣʦʚʝʢʘ. ʈʝʯʴ ʧʦʚʣʠʷʣʘ ʥʘ ʝʛʦ ʨʘʟʚʠʪʠʝ ʚ 

ʥʘʠʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ. ʈʝʯʴ - ʦʪʨʘʞʝʥʠʝ ʤʳʩʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ (ʚʝʨʰʠʥʘ 

ʘʡʩʙʝʨʛʘ). ʂʫʣʴʪʫʨʘ ʨʝʯʠ ʦʪʨʘʞʘʝʪ ʨʘʟʚʠʪʠʝ ʯʝʣʦʚʝʢʘ. ʂʘʢ ʧʦʢʘʟʘʣ ʤʘʪʝʤʘ-

ʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʷʟʳʢ ʦʙʣʘʜʘʝʪ ʚ ʩʨʝʜʥʝʤ 20% ʠʟʙʳʪʦʯʥʦʩʪʴʶ. ʕʪʦ ʦʟʥʘ-

ʯʘʝʪ, ʯʪʦ ʣʶʙʦʝ ʩʦʦʙʱʝʥʠʝ ʤʦʞʥʦ ʙʝʟ ʧʦʪʝʨʠ ʠʥʬʦʨʤʘʮʠʠ ʩʦʢʨʘʪʠʪʴ ʥʘ 1/5, 

ʦʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʨʝʟʢʦ ʫʤʝʥʴʰʘʝʪʩʷ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴ ʠʥʬʦʨʤʘʮʠʠ. 

2). ʇʠʩʴʤʝʥʥʘʷ ʬʘʟʘ. 

ʇʦʤʦʛʣʘ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʷʚʠʣʘʩʴ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʦʙʝʩʧʝʯʠʪʴ ʩʚʷʟʴ ʧʨʦʰʣʦʛʦ ʩ ʙʫʜʫʱʠʤ (ʩʦʭʨʘʥʝʥʠʝ ʧʨʝʝʤʩʪʚʝʥʥʦʩʪʠ 

ʚ ʨʘʟʚʠʪʠʠ). 

ʇʠʩʴʤʝʥʥʦʩʪʴ ʢʘʢ ʧʝʨʚʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʦʪʜʝʣʝʥʥʘʷ ʦʪ ʩʫʙʲʝʢʪʘ 

ʬʦʨʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠʨʦʜʥʦʛʦ ʠ ʩʦʮʠʘʣʴʥʦʛʦ ʤʠʨʘ ʦʪʢʨʳʚʘʝʪ ʦʙʱʝʩʪʚʦ, 

ʚ ʩʪʨʦʛʦʤ, ʥʘʫʯʥʦʤ ʩʤʳʩʣʝ ʩʣʦʚʘ, ʢʘʢ ʮʠʚʠʣʠʟʘʮʠʶ, ʪʦ ʝʩʪʴ ʜʘʝʪ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʦʧʝʨʠʨʦʚʘʪʴ ʩʦʮʠʘʣʴʥʦʡ ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʚʥʝ ʧʨʷʤʦʛʦ 

ʢʦʥʪʘʢʪʘ. ʇʠʩʴʤʝʥʥʦʩʪʴ ʷʚʠʣʘʩʴ ʩʝʤʠʦʪʠʯʝʩʢʦʡ ʨʝʚʦʣʶʮʠʝʡ ʚ ʟʥʘʢʦʚʳʭ 

ʩʧʦʩʦʙʘʭ ʦʨʛʘʥʠʟʘʮʠʠ ʦʙʱʝʩʪʚʘ. 

3). ʂʥʠʞʥʘʷ ʬʘʟʘ. 

ʇʦʷʚʣʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʝʩʧʝʯʠʪʴ ʩʦʭʨʘʥʝʥʠʝ ʘʚʪʦʨʩʪʚʘ, ʠʥʪʝʣʣʝʢ-

ʪʫʘʣʴʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ (ʚʳʭʦʜʥʳʝ ʜʘʥʥʳʝ ʢʥʠʛʠ), ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʤʘʩ-

ʩʦʚʳʡ ʠ ʦʧʝʨʘʪʠʚʥʳʡ ʦʙʤʝʥ ʠʥʬʦʨʤʘʮʠʝʡ. 

ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʪʠʭʦʚ ʚ 1,5 ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʧʨʦʟʳ, ʪ.ʝ. 

ʩʦʦʙʱʝʥʠʝ ʚ 150 ʩʪʨʦʢ ʤʦʞʝʪ ʙʳʪʴ ʧʝʨʝʜʘʥʦ ʩʪʘ ʩʪʠʭʦʪʚʦʨʥʳʤʠ ʩʪʨʦʯʢʘʤʠ. 

ʕʪʦʪ ʬʘʢʪ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʩʪʠʭ ʜʦʧʫʩʢʘʝʪ ʙʦʣʴʰʫʶ ʩʚʦʙʦʜʫ ʚ ʚʳʨʘʞʝ-

ʥʠʷʭ ʠ ʙʦʣʴʰʫʶ ʦʙʨʘʟʥʦʩʪʴ, ʯʝʤ ʧʨʦʟʘ.  

ʕʪʠ ʢʘʯʝʩʪʚʘ ʩʪʠʭʘ ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʝʤʫ ʙʦʣʴʰʫʶ ʚʳʨʘʟʠʪʝʣʴʥʦʩʪʴ, 

ʧʦʟʚʦʣʷʶʱʫʶ ʧʨʠ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʢʦʣʠʯʝʩʪʚʝ ʩʠʤʚʦʣʦʚ ʧʝʨʝʜʘʪʴ ʙʦʣʴʰʝ 

ʠʥʬʦʨʤʘʮʠʠ. ɸʢʘʜʝʤʠʢ ɸ.ʅ.ʂʦʣʤʦʛʦʨʦʚ ʫʩʪʘʥʦʚʠʣ, ʯʪʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʩʪʠʭʦʚ ʇʫʰʢʠʥʘ ʦʯʝʥʴ ʙʣʠʟʢʦ ʢ ʧʨʝʜʝʣʫ - ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʨʫʩʩʢʦʛʦ ʷʟʳʢʘ ʚʦʦʙʱʝ, ʩʦʚʨʝʤʝʥʥʳʭ ʞʝ ʧʦʵʪʦʚ - ʩʫʱʝʩʪʚʝʥʥʦ 

ʥʠʞʝ. 

ʂʥʠʞʥʘʷ ʠʥʬʦʨʤʘʪʠʢʘ ʩʪʘʣʘ ʩʥʠʞʘʪʴ ʩʚʦʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʦʙʨʘʟʫʝʪʩʷ 

ʧʨʦʪʠʚʦʨʝʯʠʝ ʤʝʞʜʫ ʧʦʪʦʢʘʤʠ ʪʝʢʫʱʝʡ ʣʠʪʝʨʘʪʫʨʳ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ 
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ʯʠʪʘʪʝʣʴʩʢʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ, ʘ ʪʘʢʞʝ ʩʢʣʘʜʳʚʘʝʪʩʷ ʩʠʪʫʘʮʠʷ, ʢʦʛʜʘ ʣʝʛʯʝ 

ʦʪʢʨʳʪʴ ʥʦʚʳʡ ʬʘʢʪ ʠʣʠ ʩʦʟʜʘʪʴ ʥʦʚʫʶ ʪʝʦʨʠʶ, ʯʝʤ ʫʜʦʩʪʦʚʝʨʠʪʴʩʷ, ʯʪʦ 

ʦʥʠ ʝʱʝ ʥʝ ʙʳʣʠ ʦʪʢʨʳʪʳ ʠʣʠ ʚʳʚʝʜʝʥʳ (ʦʪʩʶʜʘ ʥʝʦʧʨʘʚʜʘʥʥʦʝ ʜʫʙʣʠʨʦ-

ʚʘʥʠʝ ʥʘʫʯʥʳʭ ʠ ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʨʘʙʦʪ, ʟʘʤʝʜʣʷʶʱʝʝ ʪʝʤʧ ʥʘʫʯʥʦ-ʪʝʭʥʠ-

ʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʷʚʠʣʘʩʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʭ ʪʝʭʥʠ-

ʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʜʣʷ ʩʥʷʪʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʢʨʠʟʠʩʘ.ʂʥʠʛʘ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʧʨʠʦʙʨʝʪʘʝʪ ʵʣʝʢʪʨʦʥʥʫʶ ʬʦʨʤʫ.  

ʀʩʯʝʟʥʦʚʝʥʠʝ ʢʥʠʛʠ ʥʝ ʧʨʦʛʥʦʟʠʨʫʝʪʩʷ. ʅʝʦʙʭʦʜʠʤʦ ʩʦʭʨʘʥʝʥʠʝ ʢʥʠʛʠ 

ʢʘʢ ʘʪʨʠʙʫʪʘ ʢʫʣʴʪʫʨʳ (ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʙʨʘʟʥʦʛʦ, ʘʙʩʪʨʘʢʪʥʦʛʦ ʤʳʰʣʝʥʠʷ). 

4). ʂʦʤʧʴʶʪʝʨʥʘʷ ʬʘʟʘ. 

ʅʦʚʳʡ ʙʝʟʙʫʤʘʞʥʳʡ ʵʪʘʧ ʚ ʨʘʟʚʠʪʠʠ ʩʦʮʠʘʣʴʥʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ. ɹʫ-

ʤʘʛʘ ʥʝʦʙʭʦʜʠʤʘ ʪʦʣʴʢʦ ʜʣʷ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʚʠʟʫʘʣʴʥʦʦʬʦʨʤʣʝʥʥʳʭ ʜʦʢʫ-

ʤʝʥʪʦʚ. ʈʦʣʴ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ, ʭʨʘʥʝʥʠʷ, ʧʝʨʝʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʘ ʪʘʢʞʝ 

ʧʝʨʝʜʘʯʠ ʝʝ ʥʘ ʜʣʠʪʝʣʴʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʚʟʷʣʘ ʥʘ ʩʝʙʷ ʪʝʭʥʠʢʘ. 

ʂʘʢʦʚʳ ʞʝ ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʢʦʤʧʴʶʪʝʨʥʦʡ ʩʪʨʘʥʠʮʳ 

ʠʟ ʢʦʤʧʴʶʪʝʨʥʦʡ ʢʥʠʛʠ?  

ɺʦ-ʧʝʨʚʳʭ, ʚ ʫʩʣʦʚʠʷʭ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ ʠ ʥʘʣʠʯʠʷ ʛʣʦʙʘʣʴʥʳʭ ʠʥʬʦʨ-

ʤʘʮʠʦʥʥʳʭ ʩʝʪʝʡ ʢʦʤʧʴʶʪʝʨʥʘʷ ʢʥʠʛʘ ʩʪʘʥʦʚʠʪʩʷ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʛʣʦ-

ʙʘʣʴʥʦʛʦ ʧʦʣʠʣʦʛʘ ʠ ʠʥʪʝʨʪʝʢʩʪʘ. 

- ɺʦ-ʚʪʦʨʳʭ, ʥʝʚʠʜʘʥʥʘʷ ʤʦʙʠʣʴʥʦʩʪʴ ʠ ʠʟʤʝʥʯʠʚʦʩʪʴ ʩʦʜʝʨʞʘʥʠʷ ʠ 

ʦʬʦʨʤʣʝʥʠʷ ʢʦʤʧʴʶʪʝʨʥʦʡ ʩʪʨʘʥʠʮʳ ʙʫʢʚʘʣʴʥʦ ʧʦʜʪʘʣʢʠʚʘʶʪ ʯʠʪʘʪʝʣʷ-

ʟʨʠʪʝʣʷ ʢ ʜʠʘʣʦʛʫ ʩ ʥʝʡ. 

- ɺ-ʪʨʝʪʴʠʭ, ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʧʦ-ʠʥʦʤʫ ʥʘʯʠʥʘʝʪ ʜʝʡʩʪʚʦʚʘʪʴ ʝʝ ʧʦʪʝʥ-

ʮʠʘʣʴʥʘʷ ʩʚʝʨʭʝʤʢʦʩʪʴ, ʦʙʝʩʧʝʯʠʚʘʝʤʘʷ ʛʣʦʙʘʣʴʥʦʡ ʩʝʪʴʶ ʙʘʟ ʜʘʥʥʳʭ, ʙʘʟ 

ʟʥʘʥʠʡ ʠ ʵʢʩʧʝʨʪʥʳʭ ʩʠʩʪʝʤ, ʢ ʢʦʪʦʨʳʤ ʤʦʞʥʦ ʧʦʜʢʣʶʯʠʪʴ ʢʘʞʜʫʶ ʠʥʜʠ-

ʚʠʜʫʘʣʴʥʫʶ ʵʢʨʘʥʥʫʶ ʢʥʠʛʫ, ʩʜʝʣʘʚ ʝʝ ʢʥʠʛʦʡ ñʪʳʩʷʯʠ ʠ ʦʜʥʦʛʦ ʘʚʪʦʨʘò. 

ʂʦʤʧʴʶʪʝʨʥʘʷ ʩʪʨʘʥʠʮʘ ʥʝʧʨʝʜʩʢʘʟʫʝʤʳʤ ʦʙʨʘʟʦʤ ʨʘʩʰʠʨʷʝʪ ʩʦʮʠʦ-

ʢʫʣʴʪʫʨʥʳʡ ʜʠʘʧʘʟʦʥ.  

ʈʝʯʴ ʠʜʝʪ ʦ ʥʝʧʨʝʜʩʢʘʟʫʝʤʦʩʪʠ ʚ ʩʤʳʩʣʝ ʧʝʨʝʭʦʜʘ ʦʪ ʞʝʩʪʢʦ ʬʠʢʩʠʨʦ-

ʚʘʥʥʦʛʦ ʪʝʢʩʪʘ, ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ ʢʣʘʩʩʠʯʝʩʢʦʡ ʧʠʩʴʤʝʥʥʦʡ ʢʫʣʴʪʫʨʳ, ʢ 

ñʤʷʛʢʦʤʫò ʪʝʢʩʪʫ ʥʘ ʵʢʨʘʥʝ ʢʦʤʧʴʶʪʝʨʘ ʩ ʝʛʦ ʤʛʥʦʚʝʥʥʦʡ ʛʦʪʦʚʥʦʩʪʴʶ ʢ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ. 
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ʈʆʃʔ ʀʅʌʆʈʄɸʎʀʆʅʅʓʍ ʊɽʍʅʆʃʆɻʀʁ  
ɺ ʇʈʆɻʅʆɿɽ ʇʆɻʆɼʓ 

ɺ.ɺ. ʂʫʟʠʥʘ, ʂ.ɺ. ʏʫʜʘʝʚ 

ʌɻɹʆʋ ɺʆ çʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ  
ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘè, ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʧʨʠʤʝʥʝʥʠʷ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʧʨʦʛʥʦʟʝ ʧʦʛʦʜʳ. ʇʦʢʘʟʘʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʚ ʢʘʯʝʩʪʚʝʥʥʳʭ ʤʦʜʝʣʷʭ ʠ ʧʨʠʚʦʜʷʪʩʷ ʚʦʟʤʦʞʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʠʭ ʨʘʟʚʠʪʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʧʨʦ-

ʛʥʦʟ ʧʦʛʦʜʳ. 

 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʨʝʰʝʥʠʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝ-

ʩʢʠʭ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʟʜʘʥʠʶ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʠʟʤʝʨʠ-

ʪʝʣʴʥʳʭ ʩʠʩʪʝʤ. ɹʣʘʛʦʜʘʨʷ ʚʥʝʜʨʝʥʠʶ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʟʥʘʯʠ-

ʪʝʣʴʥʦ ʚʦʟʨʦʩʣʘ ʪʦʯʥʦʩʪʴ ʧʨʦʛʥʦʟʘ ʧʦʛʦʜʳ, ʘ ʪʘʢʞʝ ʧʨʝʜʩʢʘʟʘʥʠʡ ʦʧʘʩʥʳʭ 

ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ. ʆʜʥʘʢʦ ʥʝʨʝʜʢʦ ʨʝʘʣʴʥʳʝ ʤʝʪʝʦʫʩʣʦʚʠʷ 

ʩʠʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʚʳʯʠʩʣʷʝʤʳʭ, ʦʩʦʙʝʥʥʦ ʵʪʦ ʟʘʤʝʪʥʦ ʫ ʧʨʦʛʥʦʟʦʚ ʩʝʤʠ 

ʜʥʝʡ ʠ ʙʦʣʝʝ.  

ɺʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ ʧʨʦʛʥʦʟʘ ʦʟʥʘʯʘʝʪ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʩʦʩʪʘʚ-

ʣʝʥʠʝʤ ʧʨʦʛʥʦʟʘ ʠ ʧʨʦʛʥʦʟʠʨʫʝʤʳʤ ʚʨʝʤʝʥʝʤ ʥʘʩʪʫʧʣʝʥʠʷ ʩʦʙʳʪʠʷ. ɼʦʩʪʦ-

ʚʝʨʥʦʩʪʴ ʧʨʦʛʥʦʟʘ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʡ ʜʣʷ ʢʨʘʪʢʦʩʨʦʯʥʳʭ ʚʨʝʤʝʥ-

ʥʳʭ ʠʥʪʝʨʚʘʣʦʚ (ʥʘ ʙʣʠʞʘʡʰʝʝ ʚʨʝʤʷ) ʠ ʩʥʠʞʘʝʪʩʷ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʚʨʝ-

ʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ. ʅʘʧʨʠʤʝʨ, ʧʨʦʛʥʦʟ ʥʘ ʟʘʚʪʨʘ, ʚʝʨʦʷʪʥʦ, ʙʫʜʝʪ ʚʝʩʴʤʘ 

ʜʦʩʪʦʚʝʨʥʳʤ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʣʝʟʥʳʤ; ʩʝʛʦʜʥʷʰʥʠʡ ʧʨʦʛʥʦʟ ʥʘ ʩʣʝʜʫʶ-

ʱʫ ʁʥʝʜʝʣʶ ʤʦʞʝʪ ʦʙʣʘʜʘʪʴ ʟʥʘʯʠʪʝʣʴʥʦʡ ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ ʠ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʧʦʣʝʟʥʦʩʪʴʶ; ʩʝʛʦʜʥʷʰʥʠʡ ʧʨʦʛʥʦʟ ʦ ʪʦʤ, ʢʘʢʘʷ ʙʫʜʝʪ ʧʦʛʦʜʘ ʯʝʨʝʟ ʜʝʩʷʪʴ 

ʜʥʝʡ ʙʫʜʝʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʣʫʯʰʝ, ʯʝʤ ʜʦʧʫʱʝʥʠʝ çʚʩʣʝʧʫʶè, ʦʜʥʘʢʦ ʛʦ-

ʨʘʟʜʦ ʤʝʥʝʝ ʜʦʩʪʦʚʝʨʥʳʤ ʠ ʧʦʣʝʟʥʳʤ, ʯʝʤ ʧʨʦʛʥʦʟʳ ʥʘ ʙʦʣʝʝ ʢʦʨʦʪʢʠʝ ʚʨʝ-

ʤʝʥʥʳʝ ʠʥʪʝʨʚʘʣʳ.  

ʅʘ ɿʝʤʣʝ ʠʤʝʝʪʩʷ ʦʢʦʣʦ 8000 ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ, ʢʦʪʦʨʳʝ ʩʣʝ-

ʜʷʪ ʟʘ ʧʦʛʦʜʦʡ. ʇʦʛʦʜʘ ʦʟʥʘʯʘʝʪ ʩʦʩʪʦʷʥʠʝ ʘʪʤʦʩʬʝʨʳ ʚ ʦʧʨʝʜʝʣʝʥʥʳʡ ʤʦ-

ʤʝʥʪ ʚʨʝʤʝʥʠ ʠ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʤʝʩʪʝ. ɺ ʢʘʞʜʦʡ ʩʪʨʘʥʝ ʠʤʝʝʪʩʷ ʩʝʪʴ ʥʘʟʝʤ-

ʥʳʭ ʤʝʪʝʦʩʪʘʥʮʠʡ, ʚ ʟʘʜʘʯʫ ʢʦʪʦʨʳʭ ʚʭʦʜʠʪ ʥʘʙʣʶʜʝʥʠʝ ʝʞʝʜʥʝʚʥʳʭ ʠʟʤʝ-

ʥʝʥʠʡ ʧʦʛʦʜʳ ʧʦʩʨʝʜʩʪʚʦʤ ʠʟʤʝʨʝʥʠʷ ʙʘʟʦʚʳʭ ʧʝʨʝʤʝʥʥʳʭ. ʉʫʱʝʩʪʚʫʶʪ 

ʤʠʨʦʚʳʝ ʩʪʘʥʜʘʨʪʳ ʦ ʧʦʨʷʜʢʝ ʠ ʚʨʝʤʝʥʠ ʧʨʦʚʝʜʝʥʠʷ ʥʘʙʣʶʜʝʥʠʡ, ʘ ʪʘʢʞʝ 

ʧʝʨʝʯʝʥʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʟʘ ʢʦʪʦʨʳʤʠ ʧʨʦʚʦʜʷʪʩʷ ʥʘʙʣʶʜʝʥʠʷ: ʜʘʚʣʝʥʠʝ, 

ʦʙʣʘʯʥʦʩʪʴ, ʥʘʧʨʘʚʣʝʥʠʝ ʠ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʦʪʥʦʩʠʪʝʣʴʥʘʷ 

ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʯʚʳ ʠ ʪʘʢ ʜʘʣʝʝ. ʕʪʠ ʜʘʥʥʳʝ ʦʪʧʨʘʚʣʷ-

ʶʪʩʷ ʚ ʮʝʥʪʨʳ ʧʦʛʦʜʳ ʢʘʞʜʦʡ ʠʟ ʩʪʨʘʥ. 

ʉʧʫʪʥʠʢʠ ʧʝʨʝʜʘʶʪ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʠʥʬʦʨʤʘʮʠʠ, ʥʦ ʠ ʦʥʠ ʥʝ ʤʦʛʫʪ ʧʝ-

ʨʝʜʘʪʴ ʘʙʩʦʣʶʪʥʦ ʪʦʯʥʳʝ ʜʘʥʥʳʝ. ɿʘʪʦ ʧʦ ʩʥʠʤʢʘʤ ʦʙʣʘʢʦʚ ʤʦʞʥʦ ʫʟʥʘʪʴ 
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ʦʙ ʠʭ ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʩʠʣʝ. ʉʧʫʪʥʠʢʠ ʪʘʢʞʝ ʩʧʦʩʦʙʥʳ ʚʦʩʩʦʟʜʘʪʴ ʚʝʨʪʠʢʘʣʴ-

ʥʳʡ ʧʨʦʬʠʣʴ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ. 

ʇʨʝʜʧʦʣʦʞʠʤ, ʠʤʝʶʪʩʷ ʜʘʥʥʳʝ ʤʝʪʝʦʥʘʙʣʶʜʝʥʠʡ ʚ ʟʘʢʦʜʠʨʦʚʘʥʥʦʤ 

ʚʠʜʝ. ɼʘʥʥʳʝ ʨʘʩʰʠʬʨʦʚʳʚʘʶʪʩʷ ʠ ʟʘʛʨʫʞʘʶʪʩʷ ʚ ʧʨʦʛʨʘʤʤʳ, ʛʜʝ ʦʥʠ ʦʙ-

ʨʘʙʘʪʳʚʘʶʪʩʷ ʠ ʧʦʪʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʩʠʥʦʧʪʠʯʝʩʢʠʭ ʢʘʨʪ. 

ʕʪʠ ʢʘʨʪʳ ʦʪʨʘʞʘʶʪ ʩʚʦʜʢʫ ʩʦʩʪʦʷʥʠʷ ʘʪʤʦʩʬʝʨʳ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ. ʆʥʠ 

ʟʘʢʣʘʜʳʚʘʶʪʩʷ ʚ ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʩʠʩʪʝʤʫ 

ʫʨʘʚʥʝʥʠʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʩʦ ʤʥʦʛʠʤʠ ʥʝʠʟʚʝʩʪʥʳʤʠ. ʇʫʪʝʤ ʨʝʰʝʥʠʷ ʵʪʠʭ 

ʫʨʘʚʥʝʥʠʡ, ʠʥʪʝʛʨʠʨʫʷ ʠʭ ʧʦ ʚʨʝʤʝʥʠ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʟʥʘʯʝʥʠʝ ʥʫʞʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʯʝʨʝʟ ʦʧʨʝʜʝʣʝʥʥʦʝ ʚʨʝʤʷ.  

ʀʤʝʝʪʩʷ ʯʝʪʳʨʥʘʜʮʘʪʴ ʦʙʱʝʧʨʠʥʷʪʳʭ ʤʦʜʝʣʝʡ ʧʨʦʛʥʦʟʦʚ ʧʦʛʦʜʳ, ʠ ʩʠ-

ʥʦʧʪʠʢʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʳʝ ʣʶʙʦʡ ʤʦʜʝʣʠ. ʇʨʠ ʵʪʦʤ ʠʜʝʘʣʴʥʦʡ ʤʦ-

ʜʝʣʠ ʧʨʦʛʥʦʟʘ ʧʦʢʘ ʥʝ ʩʫʱʝʩʪʚʫʝʪ. ʄʦʜʝʣʴ ʤʦʞʝʪ ʧʦʜʩʯʠʪʘʪʴ ʢʦʥʢʨʝʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʥʦ ʦʙʦʙʱʠʪʴ ʵʪʦ ʤʦʞʝʪ ʪʦʣʴʢʦ ʯʝʣʦʚʝʢ.  

ɼʦ ʧʦʷʚʣʝʥʠʷ ʢʦʤʧʴʶʪʝʨʦʚ, ʯʪʦʙʳ ʧʨʦʩʣʝʜʠʪʴ ʠʟʤʝʥʝʥʠʷ ʧʦʛʦʜʳ, ʤʝ-

ʪʝʦʨʦʣʦʛʠ ʩʨʘʚʥʠʚʘʣʠ ʢʘʞʜʫʶ ʩʠʥʦʧʪʠʯʝʩʢʫʶ ʢʘʨʪʫ ʩ ʧʨʝʜʳʜʫʱʠʤʠ. ɺʩʝ-

ʛʜʘ ʛʣʘʚʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʛʦʜʳ ʷʚʣʷʣʠʩʴ ʥʝʩʚʦʝʚʨʝ-

ʤʝʥʥʦʝ ʧʦʩʪʫʧʣʝʥʠʝ ʠ ʤʝʜʣʝʥʥʘʷ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ. 

ɺʧʝʨʚʳʝ ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ ʢʦʤʧʴʶ-

ʪʝʨʳ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʧʨʦʠʟʚʦʜʠʪʴ ʤʠʣʣʠʦʥʳ ʦʧʝʨʘʮʠʡ ʚ ʩʝʢʫʥʜʫ. ʄʦʱ-

ʥʦʩʪʴ ʵʪʠʭ ʤʘʰʠʥ ʩʝʛʦʜʥʷ ʚʦʟʨʦʩʣʘ ʚʦ ʤʥʦʞʝʩʪʚʦ ʨʘʟ. 

ʇʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʧʨʦʛʨʝʩʩʘ ʚʳʩʦʢʠʭ ʪʝʭʥʦʣʦ-

ʛʠʡ. ʇʦʩʢʦʣʴʢʫ ʯʠʩʣʝʥʥʳʝ ʧʨʦʛʥʦʟʳ ʧʦʛʦʜʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʴʶʪʝ-

ʨʦʚ ʩ 1955 ʛʦʜʘ ʩʪʘʣʠ ʦʙʱʝʜʦʩʪʫʧʥʳʤʠ ʠ ʬʠʥʘʥʩʠʨʫʶʪʩʷ ʛʦʩʫʜʘʨʩʪʚʘʤʠ, 

ʪʦʯʥʦʩʪʴ ʧʨʦʛʥʦʟʦʚ ʥʝʠʟʤʝʥʥʦ ʧʦʚʳʰʘʣʘʩʴ ʧʦ ʤʝʨʝ ʧʨʠʤʝʥʝʥʠʷ ʪʝʣʝʢʦʤ-

ʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʨʘʜʠʦʣʦʢʘʪʦʨʦʚ, ʢʦʤʧʴʶʪʝʨʦʚ, ʠʩʢʫʩʩʪʚʝʥʥʳʭ 

ʩʧʫʪʥʠʢʦʚ ʠ ʚʳʧʦʣʥʝʥʠʷ ʚʳʯʠʩʣʝʥʠʡ ʥʘ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʘʭ.  

ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ ʩʪʦʧʨʦʮʝʥʪʥʫʶ ʪʦʯʥʦʩʪʴ ʧʨʦʛʥʦʟʘ, ʥʘʜʦ, ʯʪʦʙʳ 

ʥʘʯʘʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʦʩʪʫʧʘʣʘ ʥʝʧʨʝʨʳʚʥʦ, ʙʝʟ ʟʘʜʝʨʞʝʢ ʠ ʚ ʧʦʣʥʦʤ ʦʙʲ-

ʝʤʝ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʩʝʙʷ ʪʦʯʥʳʝ ʜʘʥʥʳʝ ʧʦʯʪʠ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʤʠʨʘ. ɸ 

ʪʘʢ ʢʘʢ ʩʦʙʠʨʘʪʴ, ʧʝʨʝʜʘʚʘʪʴ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʪʦʣʴ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʜʘʥʥʳʭ ʚ ʦʜʥʦ ʤʛʥʦʚʝʥʠʝ, ʯʪʦ ʥʫʞʥʦ ʜʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ ʧʦʛʦʜʳ ʥʘ ʤʛʥʦʚʝʥʠʝ 

ʚʧʝʨʝʜ, ʥʝʚʦʟʤʦʞʥʦ, ʪʦ ʠʜʝʘʣʴʥʦʛʦ ʧʨʝʜʩʢʘʟʘʥʠʷ ʧʦʛʦʜʳ ʙʳʪʴ ʥʝ ʤʦʞʝʪ, ʥʦ 

ʪʝʭʥʠʢʘ ʫʣʫʯʘʝʪʩʷ, ʯʪʦʙʳ ʧʨʠʙʣʠʟʠʪʩɹʷ ʢ ʵʪʠʤ ʟʥʘʯʝʥʠʷʤ ʠ ʜʘʪʴ, ʭʦʪʴ ʥʝ 

ʪʦʯʥʳʝ, ʥʦ ʠʩʯʝʨʧʳʚʘʶʱʠʝ ʜʘʥʥʳʝ. 

ʊʦʯʥʳʡ ʧʨʦʛʥʦʟ ʤʝʩʪʥʳʭ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ ʥʘ ʧʷʪʴ ʜʥʝʡ ʚʧʝʨʝʜ ʪʨʝ-

ʙʫʝʪ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʥʦʡ ʠʥʪʝʛʨʘʮʠʠ ʢʦʤʧʣʝʢʩʥʦʡ ʯʠʩʣʝʥʥʦʡ ʤʦʜʝʣʠ, ʦʙʝʩ-

ʧʝʯʠʚʘʝʤʦʡ ʠʟʤʝʨʝʥʠʷʤʠ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚʦ ʚʩʝʤ ʤʠʨʝ, ʧʦ-

ʣʫʯʝʥʥʳʤʠ ʟʘ ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʯʘʩʦʚ. ʉʝʛʦʜʥʷ ʵʪʦ ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʚ 

ʧʦʚʩʝʜʥʝʚʥʦʡ ʧʨʘʢʪʠʢʝ. ʇʦʩʣʝ ʘʥʘʣʠʟʘ ʤʦʜʝʣʠ ʧʦʣʫʯʘʶʪ ʜʘʥʥʳʝ ʦ ʧʦʣʦʞʝ-

ʥʠʠ ʠ ʩʚʦʡʩʪʚʘʭ ʘʪʤʦʩʬʝʨʥʳʭ ʬʨʦʥʪʦʚ, ʘʪʤʦʩʬʝʨʥʳʭ ʚʠʭʨʝʡ ï ʮʠʢʣʦʥʦʚ ʠ 

ʘʥʪʠʮʠʢʣʦʥʦʚ, ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ, ʪʝʥʜʝʥʮʠʠ ʠʭ ʧʝʨʝʤʝʱʝʥʠʷ, ʠʭ ʵʚʦʣʶʮʠʠ. 

ɺʩʣʝʜʩʪʚʠʝ ʠʭ ʦʮʝʥʢʠ ʧʦʣʫʯʘʶʪ ʜʘʥʥʳʝ ʦ ʪʝʤʧʝʨʘʪʫʨʝ, ʜʘʚʣʝʥʠʠ, ʚʝʪʨʝ ʚ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʤʝʩʪʥʦʩʪʠ. 
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ʅʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠ ʩʠʥʦʧʪʠʢʠ ʤʦʛʫʪ ʩʦʩʪʘʚʣʷʪʴ ʠʥʬʦʨʤʘ-

ʮʠ ʁʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʪʨʝʙʥʦʩʪʷʤʠ ʨʘʟʣʠʯʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʇʨʦʛʥʦʟʠ-

ʩʪʳ ʅʘʮʠʦʥʘʣʴʥʦʡ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʡ ʩʣʫʞʙ r(ʅɻʄʉ) ʛʦʪʦʚʷʪ ʧʨʦ-

ʛʥʦʟʳ ʜʣʷ ʥʘʩʝʣʝʥʠʷ ʠ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʦʙ ʦʧʘʩʥʳʭ ʷʚʣʝʥʠʷʭ ʧʦʛʦʜʳ ʩ ʨʘʟ-

ʣʠʯʥʳʤ ʨʘʟʛʨʘʥʠʯʝʥʠʝʤ ʠʭ ʬʫʥʢʮʠʡ ʩ ʬʫʥʢʮʠʷʤʠ ʉʄʀ ʠ ʤʠʥʠʩʪʝʨʩʪʚ ʧʦ 

ʯʨʝʟʚʳʯʘʡʥʳʤ ʩʠʪʫʘʮʠʷʤ. ʄʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʩʣʫʞʙʳ ʤʦʛʫʪ ʪʘʢʞʝ ʩʦʩʪʘʚ-

ʣʷʪʴ ʧʨʦʛʥʦʟʳ ʜʣʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʛʥʦʟʳ, ʦʢʘʟʳ-

ʚʘʪʴ ʮʝʣʝʚʦʝ ʩʦʜʝʡʩʪʚʠʝ ʚ ʧʦʜʛʦʪʦʚʢʝ ʘʚʠʘʮʠʦʥʥʳʭ ʧʨʦʛʥʦʟʦʚ, ʩʦʩʪʘʚʣʷʪʴ 

ʩʝʟʦʥʥʳʝ ʧʨʦʛʥʦʟʳ, ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʙʶʣʣʝʪʝʥʠ, ʤʦʨʩʢʠʝ, ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʠ 

ʜʨʫʛʠʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʨʦʛʥʦʟʳ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʅɻʄʉ ɽʚʨʦʧʳ ʠ 

ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ ʠʤʝʶʪʩʷ ʦʪʜʝʣʳ ʧʦ ʘʨʭʠʚʠʨʦʚʘʥʠʶ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʦʪ-

ʚʝʯʘʶʪ ʟʘ ʭʨʘʥʝʥʠʝ ʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʜʘʥʥʳʭ ʦ ʧʦʛʦʜʝ ʟʘ ʧʨʦʰʣʳʝ ʧʝʨʠʦʜʳ 

ʜʣʷ ʪʝʢʫʱʠʭ ʠ ʙʫʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ.  

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʢʘʯʝʩʪʚʝʥʥʳʭ ʤʦʜʝʣʷʭ ʚʳʜʚʠʛʘʝʪ ʥʘ ʧʝʨʝʜʥʠʡ ʧʣʘʥ 

ʪʨʠ ʘʩʧʝʢʪʘ ʨʘʟʚʠʪʠʷ ʧʦʪʝʥʮʠʘʣʘ, ʢʦʪʦʨʳʝ ʘʢʪʫʘʣʴʥʳ ʜʣʷ ʚʩʝʭ ʘʛʝʥʪʩʪʚ: 

ï ʥʝ ʚʩʝʛʜʘ ʦʙʝʩʧʝʯʝʥʥʳʡ ʜʦʩʪʫʧ ʢ ʛʣʦʙʘʣʴʥʳʤ ʤʦʜʝʣʷʤ ʜʣʷ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʚ ʣʦʢʘʣʴʥʳʭ ʤʦʜʝʣʷʭ ʧʨʦʛʥʦʟʘ ʧʦʛʦʜʳ; 

ï ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʣʦ-

ʢʘʣʴʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʨʝʟʫʣʴʪʘ-

ʪʦʚ ʩ ʚʩrʦʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʪʨʘʥʝ; 

ï ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʝʟʦʥʥʳʭ ʧʨʦʛʥʦʟʦʚ, ʘʜʘʧʪʠʨʦʚʘʥʥʳʭ ʢ ʥʘʮʠʦʥʘʣʴʥʦʡ 

ʧʨʦʮʝʜʫʨʝ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. 

ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʡ ʚ ʧʨʦ-

ʛʥʦʟʠʨʦʚʘʥʠʠ ʧʦʛʦʜʳ:  

1) ʋʩʪʘʥʦʚʢʘ ʥʘʙʣʶʜʝʥʠʡ ʚ ʪʦʯʢʘʭ ʟʝʤʣʠ, ʛʜʝ ʨʘʥʝʝ ʥʝ ʙʳʣʦ ʪʘʢʦʛʦ 

ʥʘʙʣʶʜʝʥʠʷ, ʩʤʦʞʝʪ ʫʣʫʯʰʠʪʴ ʧʨʦʛʥʦʟʳ ʧʦʛʦʜʳ ʥʝ ʪʦʣʴʢʦ ʚ ʜʘʥʥʦʡ ʦʙʣʘ-

ʩʪʠ, ʥʦ ʠ ʚ ʩʦʩʝʜʥʠʭ ʦʙʣʘʩʪʷʭ. 

2) ʋʣʫʯʰʝʥʠʝ ʩʪʘʥʮʠʡ ʧʦ ʥʘʙʣʶʜʝʥʠʶ ʩʤʦʞʝʪ ʫʚʝʣʠʯʠʪʴ ʢʦʣʠʯʝʩʪʚʦ 

ʠ ʩʢʦʨʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ ʜʘʥʥʳʭ, ʘ ʦʙʲʸʤ ʧʘʤʷʪʠ ʧʦʟʚʦʣʠʪ ʭʨʘʥʠʪʴ ʪʘʢʦʝ ʢʦ-

ʣʠʯʝʩʪʚʦ ʜʘʥʥʳʭ.  

3) ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʦʚ ʧʦʟʚʦʣʠʪ ʦʙʨʘʙʘʪʳʚʘʪʴ 

ʙʦʣʴʰʠʡ ʦʙʲʝʤ ʧʦʣʫʯʘʝʤʳʭ ʜʘʥʥʳʭ ʩʦ ʩʪʘʥʮʠʡ ʙʦʣʝʝ ʪʦʯʥʦ ʠ ʙʳʩʪʨʦ. 

4) ʋʣʫʯʰʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʦʪ ʩʪʘʥʮʠʡ ʠʣʠ ʩʧʫʪʥʠʢʘ ʜʦ 

ʢʦʤʧʴʶʪʝʨʘ ʦʙʨʘʙʦʪʯʠʢʘ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨ̫ʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʫʧʣʝʥʠʷ 

ʥʦʚʳʭ ʜʘʥʥʳʭ ʠ ʧʦʟʚʦʣʪ̫ ʦʧʝʨʘʪʠʚʥʦ ʧʨʠʩʪʫʧʠʪʴ ʢ ʠʭ ʘʥʘʣʠʟʫ. 

5) ʈʘʟʨʘʙʦʪʢʘ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʦʜʝʣʝʡ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ 

ʚʢʣʶʯʘʪʴ ʙʦʣʴʰʝ ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʳʝ ʩʝʡʯʘʩ ʧʨʠʥʠʤʘʶʪʩʷ ʣʠʰʴ ʧʨʠʙʣʠʟʠ-

ʪʝʣʴʥʦ ʠʣʠ ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ ʚʦʚʩʝ, ʤʦʛʫʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪʴ ʪʦʯʥʦʩʪʴ 

ʧʨʝʜʩʢʘʟʘʥʠʷ. 

ɺ ɻʠʜʨʦʤʝʪʮʝʥʪʨʝ ʈʦʩʩʠʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʦʧʝʨʘʪʠʚʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʠ 

ʦʪʦʙʨʘʞʝʥʠʷ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʫʶʪ: ʀʥʪʝʨʥʝʪ ʠ ʩʨʝʜʩʪʚʘ ʫʜʘʣʝʥʥʦʛʦ ʢʦʤʧʴ-

ʶʪʝʨʥʦʛʦ ʜʦʩʪʫʧʘ, ʛʨʘʬʠʯʝʩʢʠʝ ʬʦʨʤʘʪʳ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʩʧʫʪʥʠʢʦ-

ʚʝr ʩʠʩʪʝʤr ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʠ ʜʨʫʛʠʝ ʚʠʜʳ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 
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ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. 
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Questions of application of numerical modeling and information technolo-

gies in weather forecast are considered. The necessity of qualitative models is 

shown and possible directions of their development are given.  
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ʋɼʂ 004.4 

ʇʉɽɺɼʆʉʇɽʂʊʈɸʃʔʅʓʁ ʄɽʊʆɼ ɺ ʇʈʀʃʆɾɽʅʀʀ ʂ ʈɽʐɽʅʀʖ 
ɼʀʌʌɽʈɽʅʎʀɸʃʔʅʆɻʆ ʋʈɸɺʅɽʅʀʗ ɹɽʉʉɽʃʗ1  

ʃʝ ɸʥ ɹʅʴʘʪ 

ʈʦʩʩʠʡʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʜʨʫʞʙʳ ʥʘʨʦʜʦʚ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
ʋʥʠʚʝʨʩʠʪʝʪ ʊʘʥ ʊʨʘʦ, ʊʫʡʝʥ-ʂʫʘʥʛ, ɺʴʝʪʥʘʤ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʩʝʚʜʦʩʧʝʢʪʨʘʣʴʥʳʡ ʤʝʪʦʜ ʨʝʰʝʥʠʷ ʦʙʢrʥʦ-

ʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. ɼʣʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʠʩʢʦʤʦʛʦ ʨʝʰʝ-

ʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʘʟʣʦʞʝʥʠʝ ʬʫʥʢʮʠʠ ʚ ʨʷʜ ʧʦ ʦʨʪʦʛʦʥʘʣʴʥʦʤʫ ʙʘʟʠʩʫ, ʘ 

ʢʦʥʢʨʝʪʥʦ ï ʧʦ ʧʦʣʠʥʦʤʘʤ ʏʝʙʳʰʝʚʘ ʧʝʨʚʦʛʦ ʨʦʜʘ. ʄʝʪʦʜ ʢʦʣʣʦʢʘʮʠʠ ʪʨʝ-

ʙʫʝʪ ʦʙʨʘʱʝʥʠʷ ʚ ʥʦʣʴ ʥʝʚʷʟʢʠ ʚ ʥʝʢʦʪʦʨʳʭ ʪʦʯʢʘʭ ʠʥʪʝʨʚʘʣʘ, ʥʘ ʢʦʪʦʨʦʤ 

ʠʱʝʪʩʷ ʨʝʰʝʥʠʝ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 

ʠʩʢʦʤʦʡ ʬʫʥʢʮʠʠ ʧʦ ʧʦʣʠʥʦʤʘʤ ʏʝʙʳʰʝʚʘ ʥʘ ʩʝʪʢʘʭ ɻʘʫʩʩʘ-ʃʦʙʘʪʪʦ ʠ ʘʧ-

ʧʨʦʢʩʠʤʘʮʠʠ ʧʨʦʠʟʚʦʜʥʦʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʪʨʠʮ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʝʥʦ ʨʝʰʝʥʠʝ ʣʠʥʝʡʥʦʛʦ ʜʠʬʬʝ-

ʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ɹʝʩʩʝʣʷ. ʇʦʣʫʯʝʥʥʳʝ ʯʠʩʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʝ-

ʤʦʥʩʪʨʠʨʫʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʦʜʭʦʜʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʄʘʪʨʠʮʳ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ, ʧʦʣʠʥʦʤʳ ʏʝʙʳ-

ʰʝʚʘ, ʬʫʥʢʮʠʠ ɹʝʩʩʝʣ.̫ 

 

ɺʚʝʜʝʥʠʝ. ʇʩʝʚʜʦʩʧʝʢʪʨʘʣʴʥʳʝ ʤʝʪʦʜʳ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʥʘʫʯʥʳʭ 

ʚʳʯʠʩʣʝʥʠʷʭ ʜʣʷ ʨʝʰʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. ʇʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ 

                                           
1 ʇʫʙʣʠʢʘʮʠʷ ʧʦʜʛʦʪʦʚʣʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʇʨʦʛʨʘʤʤʳ ʈʋɼʅ ç5-100è. 

https://vc.ru/p/vr-use
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ʵʪʦʛʦ ʢʣʘʩʩʘ ʤʝʪʦʜʦʚ ʦʙʫʩʣʦʚʣʝʥʘ ʠʭ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʥʘ ʩʨʘʚʥʠʪʝʣʴʥʦ ʛʨʫ-

ʙʳʭ ʩʝʪʢʘʭ. ʆʥʠ ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʩʦ ʩʧʝʢʪʨʘʣʴʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʥʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʧ-

ʧʨʦʢʩʠʤʘʮʠʠ ʧʦʣʫʯʘʶʪʩʷ ʥʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʘʟʣʦʞʝʥʠʷ ʨʝʰʝʥʠʷ ʚ ʨʷʜ, ʘ ʩʘʤʠ 

ʟʥʘʯʝʥʠʷ ʨʝʰʝʥʠʷ, ʧʦʣʫʯʘʝʤʳʝ ʚ ʪʦʯʢʘʭ ʢʦʣʣʦʢʘʮʠʠ. ʕʪʦ ʯʘʩʪʦ ʫʧʨʦʱʘʝʪ 

ʦʮʝʥʢʠ ʩʭʦʜʠʤʦʩʪʠ ʠ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʠʪʴ ʚʳʯʠʩʣʝʥʠʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʠ ʪʘʢʠʭ ʘʣʛʦʨʠʪʤʦʚ, ʢʘʢ ʙʳʩʪʨʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ. ɺ ʩʧʝʢʪʨʘʣʴʥʦʤ ʤʝ-

ʪʦʜʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʨʝʰʝʥʠʝ ʧʨʝʜʩʪʘʚʠʤʦ ʚ ʚʠʜʝ ʢʦʥʝʯʥʦʛʦ ʨʷʜʘ: όὼ
В ὧὝ ὼȢ ɺ ʩʣʫʯʘʝ ʧʩʝʚʜʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʤʝʪʦʜʘ ʨʝʰʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ 

ʚʠʜʝ ʟʥʘʯʝʥʠʡ ʬʫʥʢʮʠʠ ʚ ʜʚʫʭ ʛʨʘʥʠʯʥʳʭ ʪʦʯʢʘʭ (ὼ ʠ ὼ) ʠ ʚ ὔ ρ-ʦʡ ʚʥʫʪ-
ʨʝʥʥʝʡ ʪʦʯʢʝ ʢʦʣʣʦʫʘʮʠʠ. ʕʪʠ ὔ ρ ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʠ ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝ-
ʣʷʶʪ ʧʦʣʠʥʦʤ, ʘʧʧʨʦʢʩʠʤʨʫʶʱʠʡ ʨʝʰʝʥʠʝ.   

ʕʪʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʠʤʝʝʪ ʩʤʳʩʣ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʦʧʨʝʜʝʣʠʪʴ ʫʜʦʙ-

ʥʳʡ ʤʝʪʦʜ ʯʠʩʣʝʥʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʪʘʢʠʭ ʬʫʥʢʮʠʡ. 

ʄʘʪʨʠʮʳ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ. ʇʫʩʪʴ p(x) - ʤʥʦʛʦʯʣʝʥ ʩʪʝʧʝʥʠ n, ʠ 

ʥʘʤ ʠʟʚʝʩʪʥʳ ʝʛʦ ʟʥʘʯʝʥʠʷ ʚ ʪʦʯʢʘʭ p(x0), p(x1), é, p(xn), ʪʦʛʜʘ ʧʝʨʚʘʷ ʠ ʚʪʦ-

ʨʘʷ ʧʨʦʠʟʚʦʜʥʳʝ ὴὼ ʚ ʪʝʭ ʞʝ ʪʦʯʢʘʭ ʚʳʨʘʞʘʶʪʩʷ ʤʘʪʨʠʯʥʦʤ ʚʠʜʝ: 
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ʛʜʝ D = {dij} ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʤʘʪʨʠʮʘ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ[ʄʘʩʦʥ]. 

ɺ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʚ ʢʘʯʝʩʪʚʝ ʪʦʯʝʢ ʢʦʣʣʦʢʘʮʠʠ ʚʳʙʠʨʘʶʪʩʷ ʪʦʯʢʠ 

ɻʘʫʩʩʘ-ʃʦʙʘʪʪʦ ὼ ὧέί, ʵʣʝʤʝʥʪʳ ʤʘʪʨʠʮʳ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʤʦʛʫʪ 

ʙʳʪʴ ʚʳʯʠʩʣʝʥʳ ʧʦ ʩʣʝʜʫʶʱʠʤ ʬʦʨʤʫʣʘʤ [5] 
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ɼʣʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ, ʟʘʜʘʥʥʦʛʦ ʚ ʦʙʱʝʤ ʚʠʜʝ  

Ὠ

Ὠὼ
όὼ ήὼ

Ὠ

Ὠὼ
όὼ ὶὼόὼ Ὢὼȟό ρ ὥȟό ρ ὦ (3) 

ʧʨʠʤʝʥʝʥʠʝ ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʰʝ ʬʦʨʤʫʣ, ʧʦʟʚʦʣʷʝʪ ʩʚʝʩʪʠ ʟʘʜʘʯʫ ʢ ʨʝ-

ʰʝʥʠʶ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ 

Ὀ ȟό ὼ ήὼ Ὀ ȟό ὼ ὶὼό ὼ Ὢὼ  

Ὦ  ρȟὲ ρȟό ὼ ὥȟό ὼ ὦȢ 

(4) 
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ʇʨʠʤʝʨ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʚ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʦ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʝ 

ɹʝʩʩʝʣʷ ʧʦʨʷʜʢʘ n 

ὼ
Ὠώ

Ὠὼ
ὼ 
Ὠώ

Ὠὼ
ὼ ὲ ώ πȟ ὼ πȟὲᶰᴙȟ (5) 

ʊʦʯʥʦʝ ʨʝʰʝʥʠʝ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦ (ʈʠʩ. 1) 

 
 

ʈʠʩʫʥʦʢ 1 - ʌʫʥʢʮʠʠ ɹʝʩʩʝʣʷ ʥʫʣʝʚʦʛʦ, 1-ʛʦ ʠ 2-ʛʦ ʧʦʨʷʜʢʦʚ.  

 

ɿʘʢʣʶʯʝʥʠʝ. ʏʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʧʨʦʚʝʜʝʥʦ ʩ ʧʦʤʦʱʴʶ ʧʨʦ-

ʛʨʘʤʤʳ, ʥʘʧʠʩʘʥʥʦʡ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Delphi. ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴ-

ʪʘʪʦʚ ʨʘʩʯʝʪʦʚ ʩ [3] ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ρπ ) ʚʳʯʠʩʣʝʥʠʷ 
ʬʫʥʢʮʠʡ ɹʝʩʩʝʣʷ ʥʝʚʳʩʦʛʦ ʧʦʨʷʜʢʘ ʫʞʝ ʧʨʠ 20-ʪʠ ʪʦʯʢʘʭ ʢʦʣʣʦʢʘʮʠʠ.  

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. 

1. J.C. Mason, D.C. Handscomb. Chebyshev polynomials // CRC Press LLC, 2003. 

P. 31 ï 47, 251 ï 264. 

2. W. S. Don and A. Solomonoff, çAccuracy and speed in computing the Cheby-

shev collocation derivativeè SIAM Journal of Scientific Computing, ʪ. 16, ˉ 6, p. 

1253ï1268, 1995. 

3. http://www.wolframalpha.com 

 

PSEUDOSPECTRAL METHOD IN THE APPLICATION TO THE 

SOLUTION BESSEL DIFFERENTIAL EQUATION   
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For solving ordinary differential equations we consider methods founded on 

orthogonal expantions. In particular we consider spectral and pseudospectral 

methods based on expansions in Chebyshev polinomials at a number of discrete 

collocation points. As a sample for numerical calculations we consider the ap-

proximation of the solution of the Bessel differential equation. Those solutions 
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define the well known Bessel functions and therefore it is easy to check the cor-

rectness of our solution. The method based on differentiation matrices in combi-

nation with Gauss-Lobatto collocation points allows to get very accurate results. 

Keyword: Differentiation matrices, Chebyshev polynomials, Bessel func-

tions. 

 

 

ʋɼʂ 37.026.9 

ʋʏɽɹʅʆ-ʄɽʊʆɼʀʏɽʉʂʀɽ ʂʆʅʂʋʈʉʓ ʂɸʂ ʀʅʉʊʈʋʄɽʅʊ ʈɸɿɺʀʊʀʗ 
ʂʈʀʊʀʏɽʉʂʆɻʆ ʄʓʐʃɽʅʀʗ ʆɹʋʏɸʖʑʀʍʉʗ 

ʅ.ɺ. ʄʘʨʢʠʥʘ 

ʌɻɹʆʋ ɺʆ çʖʞʥʦ-ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè  
ʄʠʥʠʩʪʝʨʩʪʚʘ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʛ. ʏʝʣʷʙʠʥʩʢ, ʈʦʩʩʠʷ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʯʝʙʥʦ-ʤʝʪʦʜʠ-

ʯʝʩʢʠʭ ʢʦʥʢʫʨʩʦʚ ʧʦ ʜʠʩʮʠʧʣʠʥʘʤ ʢʘʢ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʨʘʟ-

ʚʠʪʠʷ ʢʨʠʪʠʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ ʦʙʫʯʘʶʱʠʭʩʷ ʤʝʜʠʮʠʥʩʢʠʭ ʚʫʟʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʡ ʢʦʥʢʫʨʩ, ʢʨʠʪʠʯʝʩʢʦʝ ʤʳʰʣʝ-

ʥʠʝ, ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʬʦʨʤʳ ʦʙʫʯʝʥʠʷ. 

 

ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʚʦʨʯʝʩʢʦʡ ʣʠʯʥʦʩʪʠ ʩ ʰʠʨʦʢʠʤ ʢʨʫʛʦʟʦʨʦʤ ʠ ʫʟʢʦʡ ʩʧʝʮʠ-

ʘʣʠʟʘʮʠʝʡ, ʘ ʵʪʦ ʚʦʟʤʦʞʥʦ ʣʠʰʴ ʧʨʠ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʨʘʟʚʠʪʠʷ ʝʝ ʢʨʠʪʠʯʝ-

ʩʢʦʛʦ ʤʳʰʣʝʥʠʷ. ʆʧʨʝʜʝʣʝʥʠʡ ʢʨʠʪʠʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ ʤʥʦʛʦ, ʥʦ ʚʩʝ ʦʥʠ 

ʩʚʦʜʷʪʩʷ ʢ ʦʜʥʦʤʫ, ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʢʨʠʪʠʯʥʦ ʤʳʩʣʠʪʴ, ʥʝʦʙʭʦʜʠʤʦ ʫʤʝʪʴ: 

ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ, ʦʩʫʱʝʩʪʚʣʷʪʴ ʠʥʜʫʢʮʠʶ ʠ ʜʝ-

ʜʫʢʮʠʶ, ʫʤʝʪʴ ʘʙʩʪʨʘʛʠʨʦʚʘʪʴʩʷ, ʥʘʙʣʶʜʘʪʴ, ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ, ʠʜʪʠ ʦʪ ʘʙ-

ʩʪʨʘʢʪʥʦʛʦ ʢ ʢʦʥʢʨʝʪʥʦʤʫ, ʠʩʧʦʣʴʟʦʚʘʪʴ ʣʦʛʠʢʫ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʣʦʛʠʯʝʩʢʦʝ 

ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʤʳʰʣʝʥʠʝ ʷʚʣʷʶʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʢʨʠʪʠ-

ʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ. ʀʭ ʦʩʥʦʚʘ ʟʘʢʣʘʜʳʚʘʝʪʩʷ ʝʱʝ ʚ ʰʢʦʣʝ, ʦʜʥʘʢʦ, ʥʘ 

ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʦʙʫʯʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʨʘʟʚʠʪʠʝ ʣʦʛʠʢʠ. 

ʊʝʩʪʠʨʦʚʘʥʠʝ ʘʙʠʪʫʨʠʝʥʪʦʚ, ʧʦʩʪʫʧʠʚʰʠʭ ʚ ʖʋɻʄʋ ʚ 2017 ʛʦʜʫ, ʧʦʢʘʟʘʣʦ, 

ʯʪʦ ʝʩʣʠ 67 % ʦʧʨʦʰʝʥʥʳʭ ʦʙʣʘʜʘʣʦ ʭʦʨʦʰʦ ʨʘʟʚʠʪʳʤʠ ʣʦʛʠʯʝʩʢʠʤʠ ʩʧʦ-

ʩʦʙʥʦʩʪʷʤʠ, ʪʦ ʣʠʰʴ 40 % ʠʤʝʣʠ ʨʘʟʚʠʪʦʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʤʳʰʣʝʥʠʝ. 

ʇʨʦʮʝʩʩ ʨʘʟʚʠʪʠʷ ʢʨʠʪʠʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ ʩʦʩʪʦʠʪ ʠʭ ʪʨʝʭ ʵʪʘʧʦʚ: 

- ʚʳʟʦʚ ï ʘʢʪʠʚʘʮʠʷ ʩʪʘʨʳʭ ʟʥʘʥʠʡ ʠ ʧʨʦʙʫʞʜʝʥʠʝ ʠʥʪʝʨʝʩʘ ʫ ʦʙʫʯʘʶ-

ʱʠʭʩʷ ʢ ʧʦʣʫʯʝʥʠʶ ʥʦʚʳʭ; 

- ʦʩʤʳʩʣʝʥʠʝ ï ʨʘʙʦʪʘ ʩ ʠʩʪʦʯʥʠʢʘʤʠ ʠʥʬʦʨʤʘʮʠʠ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ 

ʧʦʣʫʯʝʥʠʝ ʥʦʚʳʭ ʟʥʘʥʠʡ; 

- ʨʝʬʣʝʢʩʠʷ ï ʫʩʪʘʥʦʚʣʝʥʠʝ ʩʚʷʟʠ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʥʠʡ ʩ ʫʞʝ ʠʤʝʶʱʠ-

ʤʠʩʷ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʦʙʩʪʚʝʥʥʦʛʦ ʢ ʥʠʤ ʦʪʥʦʰʝʥʠʷ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʛʦ ʨʘʟʣʠʯʥʳʭ ʧʨʠʝʤʦʚ ʨʘʟʚʠʪʠʷ ʢʨʠ-

ʪʠʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ. ʕʪʦ: ʊʈʀɿ, ʌʉɸ, ʜʠʚʝʨʛʝʥʪʥʳʝ ʢʘʨʪʳ, ʧʨʦʝʢʪʥʳʡ ʤʝ-

ʪʦʜ ʠ ʜʨʫʛʠʝ. ɺʩʝ ʦʥʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ ʫʤʝʥʠʷ ʘʥʘʣʠʟʠʨʦʚʘʪʴ 
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ʪʝʢʩʪ, ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʦʠʩʢ ʚ ʥʝʤ ʦʩʥʦʚʥʳʭ ʧʦʥʷʪʠʡ ʠ ʩʫʞʜʝʥʠʡ, ʦʧʨʝʜʝʣʷʪʴ 

ʩʚʷʟʠ ʤʝʞʜʫ ʥʠʤʠ. ʂʦ ʚʩʝʤ ʵʪʠʤ ʧʨʠʝʤʘʤ ʤʦʞʥʦ ʜʦʙʘʚʠʪʴ ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝ-

ʩʢʠʝ ʢʦʥʢʫʨʩʳ ʧʦ ʦʪʜʝʣʴʥʳʤ ʜʠʩʮʠʧʣʠʥʘʤ, ʚ ʢʦʪʦʨʳʭ ʦʙʫʯʘʶʱʠʝʩʷ ʧʨʠʦʙ-

ʨʝʪʘʶʪ ʥʘʚʳʢʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʧʦʠʩʢʦʚʳʭ, ʠʩʩʣʝʜʦʚʘʪʝʣʴ-

ʩʢʠʭ ʠ ʜʨʫʛʠʭ ʚʠʜʦʚ ʨʘʙʦʪ, ʘ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʚʦʠ ʨʝʟʫʣʴʪʘʪʳ ʥʘ ʩʪʫʜʝʥ-

ʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ. ʇʝʜʘʛʦʛ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚʳʩʪʫʧʘʝʪ ʣʠʰʴ ʚ ʨʦʣʠ ʦʨʛʘ-

ʥʠʟʘʪʦʨʘ ʦʙʫʯʝʥʠʷ. ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʪʘʢʠʭ ʢʦʥʢʫʨʩʦʚ ʷʚʣʷʝʪʩʷ ʨʘʩʰʠʨʝʥʠʝ ʠ 

ʫʛʣʫʙʣʝʥʠʝ ʟʥʘʥʠʡ ʦʙʫʯʘʶʱʠʭʩʷ ʚ ʜʘʥʥʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ. ʂʦʥʢʫʨʩʳ 

ʩʣʝʜʫʝʪ ʧʨʦʚʦʜʠʪʴ ʥʘ ʟʘʚʝʨʰʘʶʱʝʤ ʵʪʘʧʝ ʠʟʫʯʝʥʠʷ ʜʠʩʮʠʧʣʠʥʳ ʠ ʧʨʠʜʘʚʘʪʴ 

ʠʤ ʧʨʘʢʪʠʯʝʩʢʫʶ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ. ʊʘʢ ʥʘʧʨʠʤʝʨ, ʥʘ ʢʘʬʝʜʨʝ ʄʘʪʝʤʘʪʠʢʠ, 

ʤʝʜʠʮʠʥʩʢʦʡ ʠʥʬʦʨʤʘʪʠʢʠ, ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʩʪʘʪʠʩʪʠʢʠ, ʬʠʟʠʢʠ ʖʋɻʄʋ 

ʝʞʝʛʦʜʥʦ ʧʨʦʚʦʜʷʪʩʷ ʜʚʘ ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʭ ʢʦʥʢʫʨʩʘ: çʉʦʚʨʝʤʝʥʥʳʝ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʤʝʜʠʮʠʥʩʢʦʡ ʠ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦ-

ʩʪʠè ʠ çʌʠʟʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʤʝʜʠʮʠʥʝ ʠ ʬʘʨʤʘʮʠʠè. 

ɿʘʜʘʯʘʤʠ ʢʦʥʢʫʨʩʘ ʷʚʣʷʶʪʩʷ: 

- ʟʘʢʨʝʧʣʝʥʠʝ ʦʩʚʦʝʥʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ ʌɻʆʉ ɺʆ; 

- ʦʙʝʩʧʝʯʝʥʠʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʩʘʤʦʨʘʟʚʠʪʠʷ ʦʙʫʯʘʶʱʠʭʩʷ; 

- ʠʥʬʦʨʤʠʨʦʚʘʥʠʝ ʮʝʣʝʚʦʡ ʘʫʜʠʪʦʨʠʠ ʦ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʫʯʥʦ-ʪʝʭʥʠ-

ʯʝʩʢʠʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʘʟʨʘʙʦʪʢʘʭ ʚ ʦʙʣʘʩʪʠ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠ-

ʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʬʠʟʠʯʝʩʢʠʭ ʦʩʥʦʚʘʭ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ, ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʣʝʯʝʥʠʷ. 

ʊʝʤʳ ʢʦʥʢʫʨʩʥʳʭ ʜʦʢʣʘʜʦʚ ʝʞʝʛʦʜʥʦ ʦʙʥʦʚʣʷʶʪʩʷ. ʇʦʜʦʙʥʦʝ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʝ ʩ ʦʙʫʯʘʶʱʠʤʠʩʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʠʭ ʢʦʛʥʠʪʠʚʥʳʭ, ʜʝʷʪʝʣʴ-

ʥʳʭ ʠ ʪʚʦʨʯʝʩʢʠʭ ʩʧʦʩʦʙʥʦʩʪʝʡ, ʘ ʠʤʝʥʥʦ:  

- ʨʘʟʚʠʚʘʶʪʩʷ ʥʘʚʳʢʠ ʨʘʙʦʪʳ ʩ ʧʝʨʚʦʠʩʪʦʯʥʠʢʘʤʠ, ʠʜʝʪ ʘʥʘʣʠʟ ʠ ʦʙʦʙ-

ʱʝʥʠʝ ʜʘʥʥʳʭ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʟʥʘʥʠʡ ʠʟ ʨʘʟʥʳʭ ʦʙʣʘʩʪʝʡ, ʧʨʦʠʩʭʦʜʠʪ ʦʙʫ-

ʯʝʥʠʝ ʬʦʨʤʫʣʠʨʦʚʢʝ ʚʳʚʦʜʦʚ (ʢʦʛʥʠʪʠʚʥʳʝ ʩʧʦʩʦʙʥʦʩʪʠ); 

- ʠʜʝʪ ʨʘʟʚʠʪʠʝ ʥʘʚʳʢʦʚ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ, ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʧʦʩʪʘ-

ʥʦʚʢʠ ʮʝʣʝʡ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʧʨʝʜʝʣʝʥʠ ̫ʠʩʪʦʯʥʠʢʦʚ ʠʥʬʦʨʤʘʮʠʠ, ʩʧʦʩʦʙʦʚ 

ʝʝ ʩʙʦʨʘ ʠ ʘʥʘʣʠʟʘ, ʬʦʨʤʠʨʫʝʪʩʷ ʦʧʳʪ ʧʣʘʥʠʨʦʚʘʥʠʷ ʩʚʦʝʡ ʨʘʙʦʪʳ, ʠʜʝʪ 

ʦʙʫʯʝʥʠʝ ʪʝʭʥʠʢʝ ʧʫʙʣʠʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʠ ʟʘʱʠʪʳ ʩʚʦʝʡ 

ʪʦʯʢʠ ʟʨʝʥʠʷ (ʜʝʷʪʝʣʴʥʳʝ ʩʧʦʩʦʙʥʦʩʪʠ); 

- ʧʨʦʚʦʜʠʪʩʷ ʨʘʙʦʪʘ ʥʘʜ ʩʦʟʜʘʥʠʝʤ ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʝʟʝʥʪʘʮʠʠ ʧʦ ʧʦʜ-

ʛʦʪʦʚʣʝʥʥʦʤʫ ʜʦʢʣʘʜʫ (ʪʚʦʨʯʝʩʢʠʝ ʩʧʦʩʦʙʥʦʩʪʠ). 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʢʦʥʢʫʨʩʘ ʤʦʞʥʦ ʥʝ ʦʛʨʘʥʠʯʠʚʘʪʴʩʷ ʪʦʣʴʢʦ ʩʪʫʜʝʥʯʝ-

ʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʝʡ, ʘ ʜʦʙʘʚʠʪʴ ʢ ʥʝʡ ʚʠʢʪʦʨʠʥʫ ʠʣʠ ʟʘʜʘʥʠʷ ʥʘ ʧʨʦʚʝʨʢʫ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʫʤʝʥʠʡ ʠ ʥʘʚʳʢʦʚ. ʋʯʘʩʪʠʝ ʚ ʜʘʥʥʦʤ ʤʝʨʦʧʨʠʷʪʠʠ ʜʦʙʨʦ-

ʚʦʣʴʥʦʝ, ʥʦ ʦʥʦ ʩʪʠʤʫʣʠʨʫʝʪʩʷ ʨʝʡʪʠʥʛʦʚʦʡ ʩʠʩʪʝʤʦʡ ʦʮʝʥʢʠ ʨʘʙʦʪʳ ʦʙʫ-

ʯʘʶʱʠʭʩʷ ʥʘ ʢʘʬʝʜʨʝ, ʢʨʦʤʝ ʪʦʛʦ, ʠʜʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʨʪʬʦʣʠʦ ʩʪʫʜʝʥ-

ʪʦʚ. ʋʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʡ ʢʦʥʢʫʨʩ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʢ ʠʥʪʝʨʘʢʪʠʚʥʳʤ ʤʝʪʦ-

ʜʘʤ ʦʙʫʯʝʥʠʷ, ʪʘʢ ʢʘʢ ʦʥ ʦʧʠʨʘʝʪʩʷ ʥʘ ʘʢʪʠʚʥʦʩʪʴ ʦʙʫʯʘʝʤʳʭ, ʧʨʠʥʮʠʧʳ ʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʦʙʷʟʘʪʝʣʴʥʫʶ ʦʙʨʘʪʥʫʶ ʩʚʷʟʴ ʤʝʞʜʫ ʦʙʫʯʘʝʤʳʤ ʠ ʧʨʝʧʦ-

ʜʘʚʘʪʝʣʝʤ [1].  
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ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʜʦʙʥʦʛʦ ʩʧʦʩʦʙʘ ʦʙʫʯʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʙʦʨʦʪʴʩʷ ʩ ʪʘ-

ʢʠʤʠ ʧʨʦʙʣʝʤʘʤʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʢʘʢ ʬʨʘʛʤʝʥʪʘʨʥʦʩʪʴ ʤʳʰʣʝ-

ʥʠʷ, ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ, ʧʦʤʦʛʘʝʪ ʨʘʟʚʠʪʴ ʥʘʚʳʢʠ ʩʘʤʦʦʙʨʘ-

ʟʦʚʘʥʠʷ ʠ ʩʘʤʦʨʘʟʚʠʪʠʷ ʣʠʯʥʦʩʪʠ [2, 3]. ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʜʦʢʣʘʜʘ ʥʘ ʢʦʥʬʝ-

ʨʝʥʮʠʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʦʙʫʯʘʶʱʝʤʫʩʷ ʚʘʞʥʳʡ ʦʧʳʪ ʧʫʙʣʠʯʥʦʛʦ ʚʳ-

ʩʪʫʧʣʝʥʠʷ, ʫʤʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʪʴ ʠ ʜʦʢʘʟʳʚʘʪʴ ʩʚʦʶ ʪʦʯʢʫ ʟʨʝʥʠʷ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʧʳʪ ʧʨʦʚʝʜʝʥʠʷ ʫʯʝʙʥʦ-ʤʝʪʦʜʠ-

ʯʝʩʢʠʭ ʢʦʥʢʫʨʩʦʚ ʧʦ ʜʠʩʮʠʧʣʠʥʘʤ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʨʘʩʰʠʨʝʥʠʶ 

ʢʨʫʛʘ ʟʥʘʥʠʡ ʦʙʫʯʘʶʱʠʭʩʷ ʚ ʢʦʥʢʨʝʪʥʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʠ ʩʧʦʩʦʙ-

ʩʪʚʫʝʪ ʨʦʩʪʫ ʫʨʦʚʥʷ ʢʨʠʪʠʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ. 
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ʋɼʂ 519.87 

ʄɸʊɽʄɸʊʀʏɽʉʂɸʗ ʄʆɼɽʃʔ ʇʈʆʎɽʉʉɸ ʇʈʆʄɽɾʋʊʆʏʅʆʁ 
ɸʊʊɽʉʊɸʎʀʀ ʆɹʋʏɸʖʑʀʍʉʗ ʅɸ ʆʉʅʆɺɽ ʉɽʊʀ ʇɽʊʈʀ 

ɼ.ɺ. ʄʘʨʰʘʢʦʚ 

ʌɻɹʆʋ ɺʆ çɼʦʥʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè, 
ʛ. ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ, ʈʦʩʩʠʷ 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʣʦʞʝʥʘ ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʘʪʪʝʩʪʘʮʠʠ ʦʙʫ-

ʯʘʶʱʠʭʩʷ ʚ ʚʳʩʰʝʤ ʫʯʝʙʥʦʤ ʟʘʚʝʜʝʥʠʠ, ʧʦʩʪʨʦʝʥʥʘʷ ʥʘ ʦʩʥʦʚʝ ʚʨʝʤʝʥʥʦʡ 
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ʩʝʪʠ ʇʝʪʨʠ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʩʠʪʫʘʪʠʚʥʦ 

ʦʧʠʩʘʪʴ ʧʨʦʮʝʜʫʨʫ ʧʨʦʚʝʜʝʥʠʷ ʵʢʟʘʤʝʥʘ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʝʛʦ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʧʣʘʥʠʨʦʚʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʩʝʪʠ ʇʝʪʨʠ, ʢʦʥ-

ʪʨʦʣʴ ʟʥʘʥʠʡ, ʧʨʦʤʝʞʫʪʦʯʥʘʷ ʘʪʪʝʩʪʘʮʠʷ, ʵʢʟʘʤʝʥ. 

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʮʝʩʩ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʘʪʪʝʩʪʘʮʠʠ 

(ʵʢʟʘʤʝʥ) ʦʙʫʯʘʶʱʠʭʩʷ ʚ ʚʳʩʰʝʤ ʫʯʝʙʥʦʤ ʟʘʚʝʜʝʥʠʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦ 

ʪʝʭʥʠʯʝʩʢʠʤ ʜʠʩʮʠʧʣʠʥʘʤ. ʄʝʪʦʜʠʢʠ ʧʨʦʚʝʜʝʥʠʷ ʵʢʟʘʤʝʥʦʚ ʜʦʣʞʥʳ ʦʙʲ-

ʝʢʪʠʚʥʦ ʦʪʚʝʯʘʪʴ ʮʝʣʷʤ ʧʨʦʚʦʜʠʤʦʡ ʘʪʪʝʩʪʘʮʠʠ, ʫʯʠʪʳʚʘʪʴ ʩʧʝʮʠʬʠʢʫ ʜʠʩ-

ʮʠʧʣʠʥʳ, ʧʦ ʢʦʪʦʨʦʡ ʧʨʦʚʦʜʠʪʩʷ ʘʪʪʝʩʪʘʮʠʷ, ʦʙʱʝʝ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʜʛʦ-

ʪʦʚʢʠ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʬʦʨʤʠʨʫʝʤʳʝ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ ʢʦʤʧʝʪʝʥʮʠʠ, ʷʚ-

ʣʷʪʴʩʷ ʦʧʪʠʤʘʣʴʥʦʡ ʧʦ ʚʨʝʤʝʥʠ ʧʦʜʛʦʪʦʚʢʠ ʢ ʦʪʚʝʪʫ ʠ ʦʮʝʥʢʠ ʟʥʘʥʠʡ ʢʘʞ-

ʜʦʛʦ ʘʪʪʝʩʪʫʝʤʦʛʦ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʦʮʝʜʫʨʘ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʤʝʞʫ-

ʪʦʯʥʦʡ ʘʪʪʝʩʪʘʮʠʠ ʦʙʫʯʘʶʱʠʭʩʷ ʚ ʚʳʩʰʝʤ ʫʯʝʙʥʦʤ ʟʘʚʝʜʝʥʠʠ ʥʝ ʷʚʣʷʝʪʩʷ 

ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʦʡ ʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʫʨʦʚʥʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʦʨʛʘʥʠ-

ʟʘʮʠʠ. 

ʇʨʦʠʟʚʝʜʝʥʥʳʡ ʚ ʨʘʙʦʪʝ [1] ʘʥʘʣʠʟ ʤʝʪʦʜʦʚ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʤʝʞʫʪʦʯ-

ʥʦʡ ʘʪʪʝʩʪʘʮʠʠ ʦʙʫʯʘʶʱʠʭʩʷ ʚ ʚʳʩʰʝʤ ʫʯʝʙʥʦʤ ʟʘʚʝʜʝʥʠʠ (ʩʪʫʜʝʥʪʦʚ) ʧʦ 

ʪʝʭʥʠʯʝʩʢʠʤ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʜʛʦʪʦʚʢʠ ʚʳʷʚʠʣ ʨʘʟʫʤʥʦʩʪʴ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʝ-

ʪʦʜʠʢʠ ʧʨʦʚʝʜʝʥʠʷ ʵʢʟʘʤʝʥʘ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ, ʚ ʧʨʦʮʝʩʩʝ ʧʦʜʛʦʪʦʚʢʠ ʦʪ-

ʚʝʪʘ, ʧʠʩʴʤʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʧʨʘʢʪʠʯʝʩʢʦʡ ʯʘʩʪʠ ʵʢʟʘʤʝʥʘʮʠʦʥʥʦʛʦ ʙʠ-

ʣʝʪʘ, ʠ ʢʦʥʩʧʝʢʪʠʨʦʚʘʥʠʷ ʦʩʥʦʚʥʳʭ ʪʝʟʠʩʦʚ ʦʪʚʝʪʦʚ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʯʘʩʪʠ 

ʙʠʣʝʪʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʫʩʪʥʳʤ ʦʪʚʝʪʦʤ ʥʘ ʚʦʧʨʦʩʳ ʧʦ ʩʦʩʪʦʷʥʠʶ ʛʦʪʦʚʥʦ-

ʩʪʠ. ʇʨʠ ʵʪʦʤ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʦʙʲʝʢʪʠʚʥʦʩʪʠ ʦʮʝʥʢʠ ʟʥʘʥʠʡ ʦʙʫʯʘʶʱʠʭʩʷ, 

ʤʠʥʠʤʠʟʘʮʠʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʵʢʟʘʤʝʥʫʝʤʳʭ ʩʧʠʩʳʚʘʥʠʷ ʛʦʪʦʚʳʭ ʦʪʚʝʪʦʚ, 

ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʘʫʜʠʪʦʨʠʠ 

ʩʪʫʜʝʥʪʦʚ, ʚʨʝʤʷ, ʪʨʝʙʫʝʤʦʝ ʥʘ ʧʦʜʛʦʪʦʚʢʫ ʢ ʦʪʚʝʪʫ ʧʝʨʚʦʛʦ ʩʪʫʜʝʥʪʘ ʠ ʦʙ-

ʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʩʪʫʜʝʥʪʦʚ ʚ ʛʨʫʧʧʝ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʛʦ ʪʨʝʙʫʝʪʩʷ ʧʦʩʪʨʦ-

ʠʪʴ ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʘʪʪʝʩʪʘʮʠʠ, ʧʦʟʚʦʣʷʶʱʫʶ ʦʧʠʩʘʪʴ 

ʧʨʦʮʝʜʫʨʳ ʧʨʠʸʤʘ ʵʢʟʘʤʝʥʘ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʝʛʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʣʘʥʠʨʦʚʘ-

ʥʠʷ. 

ɺ ʩʫʱʝʩʪʚʫʶʱʝʡ ʧʨʘʢʪʠʢʝ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʘʪʪʝʩʪʘʮʠʠ ʦʙʫʯʘʶʱʠʭʩʷ ʚ 

ʚʳʩʰʝʤ ʫʯʝʙʥʦʤ ʟʘʚʝʜʝʥʠʠ ʥʘ ʦʜʥʦʛʦ ʧʨʝʧʦʜʘʚʘʪʝʣʷ, ʩ ʤʦʤʝʥʪʘ  ʥʘʯʘʣʘ ʦʪ-

ʚʝʪʘ ʧʝʨʚʦʛʦ ʵʢʟʘʤʝʥʫʝʤʦʛʦ, ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʧʨʠʩʫʪʩʪʚʠʝ ʚ 

ʘʫʜʠʪʦʨʠʠ ʥʝ ʙʦʣʝʝ 5 ʩʪʫʜʝʥʪʦʚ. ʇʦʵʪʦʤʫ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ, ʩ ʵʢʟʘʤʝʥʫʶ-

ʱʝʡʩʷ ʛʨʫʧʧʦʡ ʩʦʛʣʘʩʦʚʳʚʘʶʪʩʷ ʩʧʠʩʦʢ ʦʯʝʨʝʜʥʦʩʪʠ ʩʜʘʯʠ ʠ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠ ̫ɻ ʢʟʘʤʝʥʘ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʝʨʚʘʷ ʧʷʪʝʨʢʘ ʩʪʫʜʝʥʪʦʚ ʩʜʘ-

ʶʱʠʭ ʵʢʟʘʤʝʥ. ʆʩʪʘʣʴʥʳʝ ʩʪʫʜʝʥʪʳ ʛʨʫʧʧʳ ʥʘʭʦʜʷʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʦʞʠʜʘ-

ʥʠʷ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʧʠʩʢʦʤ ʦʯʝʨʝʜʥʦʩʪʠ.  

ʉʪʫʜʝʥʪʳ ʧʝʨʚʦʡ ʧʷʪʝʨʢʠ ʧʦʦʯʝʨʝʜʥʦ ʚʳʙʠʨʘʶʪ ʵʢʟʘʤʝʥʘʮʠʦʥʥʳʡ ʙʠ-

ʣʝʪ ʠ ʟʘʥʠʤʘʶʪ ʤʝʩʪʘ ʚ ʘʫʜʠʪʦʨʠʠ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʢ ʦʪʚʝʪʫ, ʯʪʦ ʫʩʣʦʚʥʦ 

ʦʧʨʝʜʝʣʷʝʪ ʦʯʝʨʝʜʥʦʩʪʴ ʦʪʚʝʯʘʶʱʠʭ. ɺʨʝʤʷ R ʧʦʜʛʦʪʦʚʢʠ ʩʪʫʜʝʥʪʘ ʢ ʦʪʚʝʪʫ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ, ʠʩʭʦʜʷ ʠʟ ʩʣʦʞʥʦʩʪʠ ʝʛʦ ʜʠʩʮʠʧʣʠʥʳ. ɺʨʝʤʷ 
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K ʦʧʨʦʩʘ ʦʜʥʦʛʦ ʩʪʫʜʝʥʪʘ ʟʘʚʠʩʠʪ ʦʪ ʨʷʜʘ ʬʘʢʪʦʨʦʚ, ʦʜʥʘʢʦ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʧʨʠ ʟʥʘʥʠʷʭ ʩʪʫʜʝʥʪʘ ʥʘ ʫʨʦʚʥʝ ʭʦʨʦʰʝʡ ʠʣʠ ʦʪʣʠʯʥʦʡ ʦʮʝʥʢʠ ʦʥʦ ʤʦʞʝʪ 

ʙʳʪʴ ʚ ʧʨʝʜʝʣʘʭ 10-15 ʤʠʥʫʪ [2]. ʉʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʚʨʝʤʷ ʧʦʜʛʦʪʦʚʢʠ 

ʢʘʞʜʦʛʦ ʧʦʩʣʝʜʫʶʱʝʛʦ ʟʘ ʦʪʚʝʯʘʶʱʠʤ ʩʪʫʜʝʥʪʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ ʚʨʝʤʷ 

ʦʧʨʦʩʘ K. ʇʦ ʦʢʦʥʯʘʥʠʠ ʦʪʚʝʪʘ ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʥʘ ʟʘʚʝʨʰʠʚʰʝʛʦ ʵʢʟʘʤʝʥ ʠ 

ʦʯʝʨʝʜʥʦʛʦ ʩʪʫʜʝʥʪʦʚ, ʚʨʝʤʷ ʩʤʝʥʳ ʵʢʟʘʤʝʥʫʝʤʳʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʩʣʦʚʥʦʡ 

ʚʝʣʠʯʠʥʦʡ S.  

ɼʣʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʧʠʩʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʧʨʝʜʝʣʠʤ 

ʚʨʝʤʝʥʥʫʶ ʩʝʪʴ ʇʝʪʨʠ [3]: 

( )t,,,,, MOITPTPN= , 

ʛʜʝ P ï ʢʦʥʝʯʥʦʝ ʥʝʧʫʩʪʦʝ ʤʥʦʞʝʩʪʚʦ ʧʦʟʠʮʠʡ; T ï ʢʦʥʝʯʥʦʝ ʥʝʧʫʩʪʦʝ 

ʤʥʦʞʝʩʪʚʦ ʧʝʨʝʭʦʜʦʚ; I ʠ O ï ʤʘʪʨʠʮʳ ʠʥʮʠʜʝʥʪʥʦʩʪʠ, ʧʨʠʯʝʤ: TPI ³: ï 

ʦʪʦʙʨʘʞʝʥʠʝ ʤʥʦʞʝʩʪʚʘ P ʥʘ T; PTO ³:  ï ʦʪʦʙʨʘʞʝʥʠʷ ʤʥʦʞʝʩʪʚʘ T ʥʘ P; 

M ï ʬʫʥʢʮʠʷ ʤʘʨʢʠʨʦʚʢʠ () ZPpM : , ʛʜʝ Z ï ʤʥʦʞʝʩʪʚʦ ʮʝʣʳʭ ʯʠʩʝʣ; t ï 

ʬʫʥʢʮʠʷ ʚʨʝʤʝʥʠ ʩʨʘʙʘʪʳʚʘʥʠʷ ʧʝʨʝʭʦʜʘ, ʩʦʧʦʩʪʘʚʣʷʶʱʘʷ ʢʘʞʜʦʤʫ ʧʝʨʝ-

ʭʦʜʫ ʚʨʝʤʷ ʝʛʦ ʩʨʘʙʘʪʳʚʘʥʠʷ [ ]jjT ,2,1 ,: ttt  , ʛʜʝ j,1t  ï ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 

ʨʘʟʨʝʰʝʥʠʷ ʟʘʧʫʩʢʘ j-ʛʦ ʧʝʨʝʭʦʜʘ ʧʨʠ ʫʩʣʦʚʠʠ ʝʛʦ ʛʦʪʦʚʥʦʩʪʠ ʢ ʩʨʘʙʘʪʳʚʘ-

ʥʠʶ, j,2t  ï ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʦʢʦʥʯʘʥʠʷ ʩʨʘʙʘʪʳʚʘʥʠʷ j-ʛʦ ʧʝʨʝʭʦʜʘ. 

 
 

ʈʠʩʫʥʦʢ 1 ï ʄʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʘʪʪʝʩʪʘʮʠʠ ʦʙʫʯʘʶʱʠʭʩʷ. 

 

ʈʘʩʩʤʦʪʨʠʤ ʩʠʪʫʘʮʠʶ ʧʨʠʸʤʘ ʵʢʟʘʤʝʥʘ ʧʦ ʦʧʠʩʘʥʥʦʡ ʚʳʰʝ ʩʭʝʤʝ ʜʣʷ 

ʧʷʪʠ ʩʪʫʜʝʥʪʦʚ, ʩʜʘʶʱʠʭ ʵʢʟʘʤʝʥ. TPN-ʤʦʜʝʣʴ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ 

ʩʦʩʪʦʷʥʠʠ ʥʘʯʘʣʴʥʦʡ ʤʘʨʢʠʨʦʚʢʠ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1.  
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ʇʦʟʠʮʠʷ ʦʙʱp  ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʦʩʪʦʷʥʠʶ ʩʪʫʜʝʥʪʦʚ ʦʞʠʜʘʶʱʠʭ 

ʵʢʟʘʤʝʥ. ɺ ʥʝʝ ʩ ʧʦʤʦʱʴʶ ʥʘʯʘʣʴʥʦʡ ʤʘʨʢʠʨʦʚʢʠ ʟʘʧʠʩʳʚʘʝʪʩʷ ʦʙʱʝʝ ʤʥʦ-

ʞʝʩʪʚʦ ʩʪʫʜʝʥʪʦʚ.  

ʇʦʟʠʮʠʡ { }1310741 ,,,, ppppp  ʦʧʠʩʳʚʘʶʪ ʩʦʩʪʦʷʥʠʝ ʧʦʜʛʦʪʦʚʢʠ ʵʢʟʘʤʝ-

ʥʫʝʤʳʭ ʩʪʫʜʝʥʪʦʚ ʢ ʦʪʚʝʪʫ. ʉʚʝʨʰʝʥʠʶ ʜʘʥʥʦʛʦ ʩʦʙʳʪʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʨʘ-

ʙʘʪʳʚʘʥʠʝ ʩʚʷʟʘʥʥʦʛʦ ʩ ʧʦʟʠʮʠʝʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʝʨʝʭʦʜʘ ʠʟ ʤʥʦʞʝʩʪʚʘ 

{ }1310741 ,,,, ttttt , ʚʨʝʤʷ ʩʨʘʙʘʪʳʚʘʥʠʷ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ: 

Sjj ¢- ,1,2 tt , ʛʜʝ 13,10,7,4,1=j  ï ʥʦʤʝʨ ʧʝʨʝʭʦʜʘ, S ï ʚʨʝʤʷ ʩʤʝʥʳ ʵʢʟʘʤʝ-

ʥʫʝʤʦʛʦ.  

ʇʦʟʠʮʠʠ { }1411852 ,,,, ppppp  ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʦʩʪʦʷʥʠʶ ʦʪʚʝʪʘ ʵʢʟʘʤʝ-

ʥʫʝʤʦʛʦ, ʝʛʦ ʩʚʝʨʰʝʥʠʶ ʧʨʝʜʰʝʩʪʚʫʝʪ ʩʨʘʙʘʪʳʚʘʥʠʝ ʩʚʷʟʘʥʥʦʛʦ ʩ ʥʠʤ ʩʦ-

ʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʝʨʝʭʦʜʘ ʠʟ ʤʥʦʞʝʩʪʚʘ { }1411852 ,,,, ttttt , ʚʨʝʤʷ ʩʨʘʙʘʪʳʚʘ-

ʥʠʷ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ: Rjj ¢- ,1,2 tt , ʛʜʝ 14,11,8,5,2=j  ï ʥʦʤʝʨ ʧʝ-

ʨʝʭʦʜʘ, R ï ʚʨʝʤʷ ʧʦʜʛʦʪʦʚʢʠ ʵʢʟʘʤʝʥʫʝʤʦʛʦ. ʇʨʠʦʨʠʪʝʪʳ ʩʨʘʙʘʪʳʚʘʥʠʷ 

ʧʝʨʝʭʦʜʦʚ ʩʚʷʟʘʥʳ ʚʨʝʤʝʥʥʳʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ: 5,11,2 tt < , 8,15,2 tt < , 

11,18,2 tt < , 14,111,2 tt < .  

ʇʦʟʠʮʠʠ { }1512963 ,,,, ppppp  ʦʙʦʟʥʘʯʘʶʪ ʩʦʩʪʦʷʥʠʝ ʩʤʝʥʳ ʩʪʫʜʝʥʪʘ, 

ʦʢʦʥʯʠʚʰʝʛʦ ʵʢʟʘʤʝʥ, ʩʦ ʩʪʫʜʝʥʪʦʤ, ʦʞʠʜʘʶʱʠʤ ʵʢʟʘʤʝʥ. ʅʘʩʪʫʧʣʝʥʠʶ ʩʦ-

ʙʳʪʠʷ ʧʨʝʜʰʝʩʪʚʫʝʪ ʩʨʘʙʘʪʳʚʘʥʠʝ ʩʚʷʟʘʥʥʦʛʦ ʩ ʥʠʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʝ-

ʨʝʭʦʜʘ ʠʟ ʤʥʦʞʝʩʪʚʘ { }1512963 ,,,, ttttt , ʚʨʝʤʷ ʩʨʘʙʘʪʳʚʘʥʠʷ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝ-

ʣʷʝʪʩʷ ʢʘʢ: Kjj ¢- ,1,2 tt , ʛʜʝ 15,12,9,6,3=j  ï ʥʦʤʝʨ ʧʝʨʝʭʦʜʘ, K  ï ʚʨʝʤʷ 

ʦʪʚʝʪʘ ʵʢʟʘʤʝʥʫʝʤʦʛʦ.  

ʇʦʟʠʮʠʷ  ʧʨʝʧp  ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʦʩʪʦʷʥʠʶ ʛʦʪʦʚʥʦʩʪʠ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʢ 

ʧʨʠʸʤʫ ʦʪʚʝʪʘ ʩʣʝʜʫʶʱʝʛʦ ʵʢʟʘʤʝʥʫʝʤʦʛʦ ʩʪʫʜʝʥʪʘ. 

ʇʨʠʚʝʜʝʥʥʘʷ ʤʦʜʝʣʴ ʷʚʣʷʝʪʩʷ ʘʜʝʢʚʘʪʥʦʡ ʧʨʦʮʝʩʩʫ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʘʪ-

ʪʝʩʪʘʮʠʠ ʦʙʫʯʘʶʱʠʭʩʷ ʚ ʚʳʩʰʝʤ ʫʯʝʙʥʦʤ ʟʘʚʝʜʝʥʠʠ. ʆʧʪʠʤʘʣʴʥʦ ʨʘʩʩʯʠ-

ʪʘʥʥʦʝ ʚʨʝʤʷ R ʥʘ ʧʦʜʛʦʪʦʚʢʫ ʦʪʚʝʯʘʶʱʠʭ, ʚʨʝʤʷ K ʥʘ ʦʪʚʝʪ, ʚʨʝʤʷ S ʩʤʝʥʳ 

ʩʪʫʜʝʥʪʦʚ ʚ ʘʫʜʠʪʦʨʠʠ ʧʦʟʚʦʣʷʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʠʪʫʘʮʠʠ ʨʝʘʣʠʟʦʚʘʪʴ ʩʠ-

ʪʫʘʪʠʚʥʫʶ ʠ ʨʘʩʧʨʝʜʝʣʝʥʥʫʶ ʧʦ ʚʨʝʤʝʥʠ ʩʭʝʤʫ ʧʨʦʚʝʜʝʥʠʷ ʵʢʟʘʤʝʥʘ ʧʦ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʝʪʦʜʠʢʝ. 
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ʌɻɹʆʋ ɺʆ çʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʣʦʞʝʥ ʧʦʜʭʦʜ ʢ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, 

ʚʳʧʦʣʥʷʶʱʝʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʨʝʯʠ. ʇʨʠʚʝʜʝʥʦ ʦʧʠʩʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʚʝʡʚʣʝʪ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʘʣʛʦʨʠʪʤʘ ʜʠʥʘʤʠʯʝʩʢʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚʨʝ-

ʤʝʥʥʦʡ ʰʢʘʣʳ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʝʯʠ. 

ʂʣʁ ʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʨʝʯʠ, ʚʝʡʚʣʝʪ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ, C#. 

 

ʆʙʱʝʥʠʝ ʯʝʣʦʚʝʢʘ ʩ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʠ ʧʨʦʛʨʘʤʤʥʳʤ 

ʦʙʝʩʧʝʯʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʞʠʟʥʠ ʙʦʣʴʰʠʥʩʪʚʘ ʩʦʚʨʝ-

ʤʝʥʥʳʭ ʣʶʜʝʡ. ʅʦʚʝʡʰʠʝ ʧʨʠʣʦʞʝʥʠʷ ʥʘʜʝʣʷʶʪʩʷ ʢʘʯʝʩʪʚʝʥʥʳʤ ʛʨʘʬʠʯʝ-

ʩʢʠʤ ʠʥʪʝʨʬʝʡʩʦʤ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʩʧʦʩʦʙʥʳ ʚʦʩʧʨʠʥʠʤʘʪʴ ʯʝʣʦʚʝʯʝ-

ʩʢʫʶ ʨʝʯʴ. ʊʘʢʘʷ ʪʝʭʥʦʣʦʛʠʷ ʥʘʟʳʚʘʝʪʩʷ ʨʘʩʧʦʟʥʘʚʘʥʠʝʤ ʨʝʯʠ. 

ʈʘʩʧʦʟʥʘʚʘʥʠʝ ʨʝʯʠ ʘʢʪʫʘʣʴʥʦ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʷ ʩ ʧʨʠʣʦʞʝʥʠʝʤ. ɹʦʣʴʰʫʶ ʟʥʘʯʠʤʦʩʪʴ ʜʦʩʪʠʞʝʥʠʷ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ 

ʠʤʝʪʁ ʜʣʷ ʣʶʜʝʡ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝ-

ʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʝʯʠ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʨʝʜʤʝʪ-

ʥʳʭ ʦʙʣʘʩʪʝʡ. 

ɿʘʜʘʯʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʝʯʠ ʩʦʩʪʦʠʪ ʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʧʦ ʟʚʫʢʦʚʦʤʫ ʩʠʛ-

ʥʘʣʫ ʩʣʦʚʘ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ (ʠʟ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʩʣʦʚʘʨʷ), ʧʨʦʠʟʥʝʩʝʥʠʝʤ 

ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʵʪʦʪ ʟʚʫʢʦʚʦʡ ʩʠʛʥʘʣ[1]. ʈʘʩʧʦʟʥʘʚʘʥʠʝ ʨʝʯʠ ʷʚʣʷʝʪʩʷ ʟʘ-

ʜʘʯʝʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʙʨʘʟʦʚ ʘʢʫʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʯʝʚʳʭ ʩʠʛʥʘ-

ʣʦʚ[2]. ʈʘʩʧʦʟʥʘʚʘʥʠʝ ʨʝʯʠ ʠʤʝʝʪ ʨʷʜ ʪʨʫʜʥʦʩʪʝʡ ʪʘʢʠʝ, ʢʘʢ ʜʠʘʣʝʢʪʳ ʷʟʳʢʘ, 

ʘʢʮʝʥʪʳ, ʥʝʠʜʝʘʣʴʥʘʷ ʜʠʢʮʠʷ ʛʦʚʦʨʷʱʝʛʦ, ʧʦʥʠʤʘʥʠʝ ʢʦʥʪʝʢʩʪʘ ʩʣʦʚ. ʆʙ-

ʨʘʪʥʦʡ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʘ ʩʠʥʪʝʟʘ ʨʝʯʠ. 
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ʈʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤ, ʚʳʧʦʣʥʷʶʱʠʭ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʨʝʯʠ, ʷʚʣʷʝʪʩʷ ʥʝ ʩʘ-

ʤʦʡ ʧʨʦʩʪʦʡ ʟʘʜʘʯʝʡ. ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ ʠʜʝʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ: ʩʦ-

ʟʜʘʥʠʝ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʭʨʘʥʝʥʠʷ ʵʪʘʣʦʥʥʳʭ ʟʥʘʯʝʥʠʡ ʠ ʩʦʟʜʘʥʠʝ ʩʪʘʪʠʩʪʠ-

ʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. ʇʨʠ ʘʥʘʣʠʟʝ ʟʚʫʢʘ ʚʳʧʦʣʥʷʶʪ ʨʘʟʙʠʝʥʠʝ ʝʛʦ ʥʘ ʩʣʦʚʘ ʠʣʠ 

ʥʘ ʦʪʜʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ[1] (ʥʘʧʨʠʤʝʨ, ʬʦʥʝʤʳ). ɺʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ 

ʦʯʠʩʪʢʘ ʩʠʛʥʘʣʘ ʦʪ ʰʫʤʘ. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʧʨʠʣʦʞʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʥʘ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʨʝʯʠ, ʙʳʣ 

ʚʳʙʨʘʥ ʷʟʳʢ C#. ʕʪʦʪ ʷʟʳʢ ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʝʥ, ʪ.ʢ. ʦʥ ʷʚʣʷʝʪʩʷ ʦʙʲʝʢʪʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ, ʧʦʟʚʦʣʷʝʪ ʩʪʨʦʠʪʴ ʛʠʙʢʫʶ ʘʨʭʠʪʝʢʪʫʨʫ ʧʨʠʣʦʞʝʥʠʷ ʠ 

ʢʘʯʝʩʪʚʝʥʥʳʡ ʛʨʘʬʠʯʝʩʢʠʡ ʠʥʪʝʨʬʝʡʩ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ 

ʠʥʪʝʨʬʝʡʩʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ çWindows Formsè. 

ɼʣʷ ʥʘʯʘʣʘ ʨʘʟʨʘʙʦʪʢʠ ʥʝʦʙʭʦʜʠʤʦ ʧʦʥʠʤʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʙʦʪʳ ʩʦ 

ʟʚʫʢʦʤ ʚ ʢʦʤʧʴʶʪʝʨʝ, ʘ ʪʘʢ ʞʝ ʧʦʜʭʦʜ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʝʡʚʣʝʪ-ʧʨʝʦʙʨʘʟʦʚʘ-

ʥʠʷ. 

ɺ ʥʝʢʦʪʦʨʦʡ ʩʪʝʧʝʥʠ, ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʤʘʰʠʥʳ ʧʦʜʦʙʥʳ ʯʝʣʦʚʝʢʫ. ʆʨ-

ʛʘʥʳ ʩʣʫʭʘ ʯʝʣʦʚʝʢʘ ʠʤʝʶʪ ʩʣʦʞʥʦʝ ʩʪʨʦʝʥʠʝ. ʆʩʥʦʚʥʘʷ ʠʭ ʟʘʜʘʯʘ ï ʧʨʝʦʙ-

ʨʘʟʦʚʘʥʠʝ ʟʚʫʢʘ ʚ ʥʝʨʚʥʳʝ ʠʤʧʫʣʴʩʳ. ɺ ʢʦʤʧʴʶʪʝʨʝ ʜʣʷ ʨʘʙʦʪʳ ʩʦ ʟʚʫʢʦʤ 

ʠʤʝʝʪʩʷ ʟʚʫʢʦʚʘʷ ʢʘʨʪʘ. ʆʥʘ ʧʨʝʦʙʨʘʟʫʝʪ ʟʚʫʢ ʩʥʘʨʫʞʠ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴ-

ʥʦʩʪʴ ʜʚʦʠʯʥʳʭ ʜʘʥʥʳʭ. 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʟʚʫʢʦʚʳʭ ʜʘʥʥʳʭ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʦ-

ʨʘʟʥʦʤʫ. ʕʪʦ ʟʘʚʠʩʠʪ ʦʪ ʯʘʩʪʦʪʳ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʠ ʛʣʫʙʠʥʳ ʜʠʩʢʨʝʪʠʟʘʮʠʠ. 

ʏʘʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ï ʯʘʩʪʦʪʘ ʚʟʷʪʠʷ ʟʥʘʯʝʥʠʡ ʥʝʧʨʝʨʳʚʥʦʛʦ ʩʠʛʥʘʣʘ 

ʧʨʠ ʜʠʩʢʨʝʪʠʟʘʮʠʠ. ɻʣʫʙʠʥʘ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʫʢʘʟʳʚʘʝʪ ʨʘʟʨʷʜʥʦʩʪʴ ʯʠʩʣʘ, 

ʢʦʪʦʨʳʤ ʦʧʠʩʳʚʘʝʪʩʷ ʦʜʠʥ ʫʨʦʚʝʥʴ ʩʠʛʥʘʣʘ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ (1, 2, 3 ʠʣʠ 4 

ʙʘʡʪʘ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʚʦʥʘʯʘʣʴʥʦ, ʪʨʝʙʫʝʪʩʷ ʢʦʤʧʦʥʝʥʪ, ʦʪʚʝʯʘʶʱʠʡ ʟʘ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʟʚʫʢʦʚʦʛʦ ʩʠʛʥʘʣʘ. ʈʘʟʨʘʙʦʪʢʘ ʪʘʢʦʛʦ ʤʦʜʫʣʷ ʥʝ ʚʭʦʜʠʪ ʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʫʶ ʟʘʜʘʯʫ. ɼʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʫʜʦʙʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʠʙ-

ʣʠʦʪʝʢʫ çNAudioè, ʠʩʭʦʜʥʳʡ ʢʦʜ ʢʦʪʦʨʦʡ ʠʤʝʝʪʩʷ ʚ ʨʝʧʦʟʠʪʦʨʠʠ ʥʘ 

çGutHubè. 

ʇʨʠ ʨʘʙʦʪʝ ʩʦ ʟʚʫʢʦʤ ʥʝʦʙʭʦʜʠʤʦ ʫʢʘʟʘʪʴ ʝʛʦ ʧʘʨʘʤʝʪʨʳ. ʈʝʢʦʤʝʥʜʫ-

ʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʯʘʩʪʦʪʫ ʜʠʩʢʨʝʪʠʟʘʮʠʠ (sample rate), ʨʘʚʥʫʶ 44,1 ʢɻʮ ʠ 

ʛʣʫʙʠʥʫ ʜʠʩʢʨʝʪʠʟʘʮʠʠ(bits per sample), ʨʘʚʥʫʶ 2 ʙʘʡʪʘʤ (ʠʣʠ 16 ʙʠʪʘʤ). 

ʕʪʠ ʧʘʨʘʤʝʪʨʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʪʘʥʜʘʨʪʫ Audio CD. ʏʘʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʠʠ 

ʚʳʙʨʘʥʘ ʩ ʫʯʝʪʦʤ ʪʝʦʨʝʤʳ ʂʦʪʝʣʴʥʠʢʦʚʘ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘ ʚʭʦʜ ʢʦʤʧʦʥʝʥʪʘ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʪʚʝʯʘʶʱʝʛʦ ʟʘ 

ʨʘʩʧʦʟʥʘʚʘʥʠʝ, ʧʦʩʪʫʧʘʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʫʨʦʚʥʝʡ ʩʠʛʥʘʣʘ. ʂʘʞʜʳʡ 

ʫʨʦʚʝʥʴ ʩʠʛʥʘʣʘ ʟʘʢʦʜʠʨʦʚʘʥ ʜʚʫʤʷ ʙʘʡʪʘʤʠ. ʂʘʞʜʳʡ ʫʨʦʚʝʥʴ ʤʦʞʝʪ ʧʨʠ-

ʥʠʤʘʪʴ 65536 ʟʥʘʯʝʥʠʡ (216). 

ʆʩʥʦʚʥʘʷ ʠʜʝʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʝʯʠ ʩʪʨʦʠʪʩʷ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʤʘʪʝʤʘʪʠ-

ʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʚʝʡʚʣʝʪ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. 

ɺʝʡʚʣʝʪ ï ʵʪʦ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ ʚ ʚʠʜʝ ʢʦʨʦʪʢʦʡ ʚʦʣʥʳ 

(ʚʩʧʣʝʩʢʘ), ʫʜʦʙʥʘʷ ʜʣʷ ʘʥʘʣʠʟʘ ʩʠʛʥʘʣʘ. 
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ʄʘʪʝʤʘʪʠʯʝʩʢʠʤ ʘʧʧʘʨʘʪʦʤ, ʠʩʧʦʣʴʟʫʶʱʠʤ ʚʝʡʚʣʝʪʳ, ʥʘʟʳʚʘʝʪʩʷ 

ʚʝʡʚʣʝʪ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ. ʆʥʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʢʘʣʷʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ 

ʚʝʡʚʣʝʪʘ ʠ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʩʠʛʥʘʣʘ[3]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʧʦʣʫʯʘʶʪʩʷ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʝ ʠ ʜʝʪʘʣʠʟʠʨʫʶʱʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ. ɸʧ-

ʧʨʦʢʩʠʤʠʨʫʶʱʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʦʜʝʨʞʠʪ ʩʛʣʘʞʝʥʥʦʝ, ʩʞʘʪʦʝ ʧʨʝʜʩʪʘʚʣʝ-

ʥʠʝ ʩʠʛʥʘʣʘ. ɼʝʪʘʣʠʟʠʨʫʶʱʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ï ʵʪʦ ʥʝʢʦʪʦʨʳʝ ʜʝʪʘʣʠ ʩʠʛ-

ʥʘʣʘ, ʠ, ʚʦʟʤʦʞʥʦ, ʰʫʤ. ʄʥʦʛʦʫʨʦʚʥʝʚʘʷ ʜʝʢʦʤʧʦʟʠʮʠʷ ʘʧʧʨʦʢʩʠʤʠʨʫʶ-

ʱʝʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʥʘʟʳʚʘʝʪʩʷ ʘʣʛʦʨʠʪʤʦʤ ʄʘʣʣʘʪʘ, ʢʦʪʦʨʳʡ ʧʨʠʤʝʥʷʝʪʩʷ 

ʚ ʦʧʠʩʳʚʘʝʤʦʤ ʧʦʜʭʦʜʝ. 

ʂʘʢ ʙʳʣʦ ʩʢʘʟʘʥʦ ʨʘʥʝʝ, ʜʠʩʢʨʝʪʥʦʝ ʚʝʡʚʣʝʪ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ï ʵʪʦ 

ʫʤʥʦʞʝʥʠʝ ʚʝʡʚʣʝʪʘ ʥʘ ʘʥʘʣʠʟʠʨʫʝʤʳʡ ʩʠʛʥʘʣ. ɼʣʷ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘ-

ʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʝʡʚʣʝʪʘ. ʂʦʵʬʬʠʮʠʝʥʪʳ ʜʣʷ ʚʝʡʚʣʝ-

ʪʦʚ çɼʦʙʝʰʠ4è ʠ çɼʦʙʝʰʠ6è ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1[4]. ɺʳʚʦʜ ʵʪʠʭ ʟʥʘʯʝ-

ʥʠʡ ʦʧʠʩʘʥ ʚ [4]. 

ʊʘʙʣʠʮʘ 1 ï ʂʦʵʬʬʠʮʠʝʥʪʳ ʚʝʡʚʣʝʪʦʚ çɼʦʙʝʰʠ4è ʠ çɼʦʙʝʰʠ6è 

 C1 C2 C3 C4 C5 C6 

ɼʦʙʝʰʠ4 0.482962 0.836516 0.224143 -0.129409 ï ï 

ɼʦʙʝʰʠ6 0.332671 0.806891 0.459877 -0.135011 -0.085441 0.035226 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʤʥʦʞʝʥʠʷ ʤʘʪʨʠʮʳ, ʩʦʩʪʘʚʣʝʥʥʦʡ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʢʦʵʬ-

ʬʠʮʠʝʥʪʦʚ, ʥʘ ʚʭʦʜʥʦʡ ʚʝʢʪʦʨ, ʙʫʜʝʪ ʧʦʣʫʯʝʥ ʨʝʟʫʣʴʪʠʨʫʶʱʠʡ ʚʝʢʪʦʨ, ʚ 

ʢʦʪʦʨʦʤ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʝ ʠ ʜʝʪʘʣʠʟʠʨʫʶʱʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʯʝʨʝʜʫ-

ʶʪʩʷ. 

ʈʘʙʦʪʘ ʩʦʟʜʘʚʘʝʤʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʥʘʣʠʯʠʠ ʩʣʦʚʘʨʷ. 

ʉʧʠʩʦʢ ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ ʩʣʦʚ ʭʨʘʥʠʪʩʷ ʚ ʚʠʜʝ xml-ʬʘʡʣʘ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʧʨʦʛʨʘʤʤʦʡ. ʉʠʩʪʝʤʘ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʚ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʨʝʞʠʤʘʭ: ʦʙʫʯʝʥʠʝ 

ʠ ʨʘʩʧʦʟʥʘʚʘʥʠʝ. 

ɺ ʢʘʞʜʦʤ ʨʝʞʠʤʝ ʚʳʧʦʣʥʷʝʪʩʷ ʤʥʦʛʦʫʨʦʚʥʝʚʦʝ ʜʠʩʢʨʝʪʥʦʝ ʚʝʡʚʣʝʪ-

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚʭʦʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʦ ʘʣʛʦʨʠʪʤʫ ʄʘʣʣʘʪʘ. ɺ ʨʝ-

ʞʠʤʝ ʦʙʫʯʝʥʠʷ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʦʭʨʘʥʷʶʪʩʷ ʚ ʭʨʘʥʠʣʠʱʝ ʚ ʚʠʜʝ ʵʪʘ-

ʣʦʥʥʳʭ ʟʥʘʯʝʥʠʡ. ɺ ʨʝʞʠʤʝ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʢʨʝʪʥʦʛʦ 

ʚʝʡʚʣʝʪ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʦʧʦʩʪʘʚʣʷʶʪʩʷ ʩ ʫʞʝ ʠʤʝʶʱʠʤʠʩʷ ʵʪʘʣʦʥʥʳʤʠ. 

ʉʠʩʪʝʤʘ ʤʦʞʝʪ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢʦʝ ʠʟ ʵʪʘʣʦʥʥʳʭ ʟʥʘʯʝʥʠʡ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʦ 

ʢ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤʫ. 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʠʜʝʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʥʘʭʦʞʜʝʥʠʠ 

ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʦʛʦ ʵʪʘʣʦʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʢ ʘʥʘʣʠʟʠʨʫʝʤʦʤʫ. ʅʘʭʦʞʜʝʥʠʝ ʩʦ-

ʦʪʚʝʪʩʪʚʠʷ ʤʝʞʜʫ ʜʚʫʤʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ʚʳʧʦʣʥʷʝʪʩʷ ʘʣʛʦʨʠʪʤʦʤ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚʨʝʤʝʥʥʦʡ ʰʢʘʣʳ (DTW, dynamic time warp-

ing). ʂʣʘʩʩʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ DTW ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʰʘʛʦʚ: ʧʦʩʪʨʦʝʥʠʝ ʤʘʪ-

ʨʠʮʳ ʨʘʩʩʪʦʷʥʠʡ, ʧʦʩʪʨʦʝʥʠʝ ʤʘʪʨʠʮʳ ʪʨʘʥʩʬʦʨʤʘʮʠʡ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʩʪʦʠ-

ʤʦʩʪʠ ʧʫʪʠ ʤʝʞʜʫ ʜʚʫʤʷ ʚʝʢʪʦʨʘʤʠ. ʇʦ ʧʦʣʫʯʝʥʥʦʤʫ ʟʥʘʯʝʥʠʶ ʩʪʦʠʤʦʩʪʠ 

ʧʫʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʦʠʟʥʝʩʝʥʥʦʝ ʩʣʦʚʦ (ʠʣʠ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʦʝ ʢ ʧʨʦʠʟʥʝ-

ʩʝʥʥʦʤʫ). 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ. 
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ʈʠʩʫʥʦʢ 1 ï ʇʨʠʤʝʨ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʩʣʦʚ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʧʨʠʣʦʞʝʥʠʝ ʥʘ ʷʟʳʢʝ C#, ʚʳʧʦʣʥʷ-

ʶʱʝʝ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʩʣʦʚ ʠʟ ʟʘʜʘʥʥʦʛʦ ʩʣʦʚʘʨʷ. ɼʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʣʦʚ 

ʚʥʫʪʨʠ ʧʨʦʛʨʘʤʤʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʝʡʚʣʝʪ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ. ʉʦʧʦʩʪʘʚʣʝʥʠʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʨʘʟʥʦʡ ʜʣʠʥʳ ʚʳʧʦʣʥʷʝʪʩʷ ʘʣʛʦʨʠʪʤʦʤ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚʨʝʤʝʥʥʦʡ ʰʢʘʣʳ. 
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The article declares the way of speech recognition software development. 

The article approach wavelet transform applicability in combination with dy-

namic time warping algorithm. 
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ʋɼʂ 377 

ɺʓʉʆʂʀʁ ʋʈʆɺɽʅʔ ʆɺʃɸɼɽʅʀʗ ʀʂʊ-ʂʆʄʇɽʊɽʅʎʀʗʄʀ ʋ 
ʉʊʋɼɽʅʊʆɺ ʂɸʂ ʉʊʀʄʋʃ ʇʆɿʅɸʅʀʗ ɹʋɼʋʑɽʁ ʇʈʆʌɽʉʉʀʀ 

ʆ.ʉ. ʇʘʥʝʚʠʥʘ, ʖ.ɸ. ʊʨʦʬʠʤʦʚʘ 

ɻʆʋ ɺʆ ʄʆ çɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʫʤʘʥʠʪʘʨʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè  
ʛ.ʦ. ʆʨʝʭʦʚʦ-ɿʫʝʚʦ, ʈʦʩʩʠʷ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʢʘʟʘʥʦ ʦ ʚʣʠʷʥʠʠ ʚʣʘʜʝʥʠʷ ʢʦʤʧʴʶʪʝʨʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ  

ʩʪʫʜʝʥʪʦʚ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʘʟʚʠʪʠʷ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʭ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ 

ʢʘʯʝʩʪʚ ʢʘʢ ʙʫʜʫʱʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʢʦʤʤʫʥʠʢʘʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, 

ʩʪʫʜʝʥʪ, ʤʦʪʠʚʘʮʠʷ, ʩʪʠʤʫʣ, ʤʦʪʠʚ, ʧʨʦʬʝʩʩʠʦʥʘʣʠʟʤ. 

 

ʉ ʨʘʟʚʠʪʠʝʤ ʵʣʝʢʪʨʦʥʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʣʘʪʬʦʨʤ, ʪʝʭʥʦʣʦʛʠʡ ʜʠ-

ʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʤʘʩʩʦʚʳʭ ʦʪʢʨʳʪʳʭ ʦʥʣʘʡʥ-ʢʫʨʩʦʚ, ʪʝʭʥʦʣʦʛʠʡ ʚʠ-

ʜʝʦʩʚʷʟʠ ʠ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ, ʚʠʨʪʫʘʣʠʟʘʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ 

ʧʨʝʦʜʦʣʝʪʴ ʮʠʬʨʦʚʦʝ ʥʝʨʘʚʝʥʩʪʚʦ ʠ ʜʘʝʪ ʜʦʩʪʫʧ ʣʶʜʷʤ ʧʦ ʚʩʝʤʫ ʤʠʨʫ ʢ 

ʫʯʝʙʥʳʤ ʤʘʪʝʨʠʘʣʘʤ ʚʝʜʫʱʠʭ ʫʥʠʚʝʨʩʠʪʝʪʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʮʠʬʨʦʚʦʡ ʨʝʚʦ-

ʣʶʮʠʠ ʧʨʠʚʦʜʷʪ ʢ ʠʟʤʝʥʝʥʠʶ ʧʦʪʨʝʙʥʦʩʪʝʡ ʚ ʥʝʢʦʪʦʨʳʭ ʧʨʦʬʝʩʩʠʷʭ, ʬʦʨ-

ʤʠʨʦʚʘʥʠʶ ʥʦʚʳʭ ʨʳʥʢʦʚ ʪʨʫʜʘ. 

ʂʘʢ ʦʪʤʝʯʘʶʪ ʠʩʩʣʝʜʦʚʘʪʝʣʠ [ɻʘʚʨʠʣʶʢ, ʉʦʨʦʢʠʥ, ʌʘʨʘʭʫʪʜʠʥʦʚ, 

2009, 3, 69] ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʚ ʩʘʤʳʭ ʨʘʟ-

ʥʳʭ ʦʙʣʘʩʪʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʩʦʮʠʘʣʴʥʦʡ ʩʬʝʨʳ ʦʩʥʦʚʘʥʳ ʥʘ ʩʦʚʨʝʤʝʥ-

ʥʳʭ ʜʦʩʪʠʞʝʥʠʷʭ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ (ʮʠʬʨʦʚʳʭ) ʪʝʭʥʦ-

ʣʦʛʠʡ.  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʪʝʭʥʦʣʦʛʠʡ ʀʂʊ-ʢʦʤʧʝʪʝʥʪʥʦʩʪʴ, ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʠʛʨʘʝʪ ʦʜʥʫ ʠʟ ʚʝʜʫʱʠʭ ʨʦʣʝʡ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʦʤʤʫʥʠʢʘ-

ʪʠʚʥʳʭ ʥʘʚʳʢʦʚ ʠ ʨʘʩʰʠʨʝʥʠʠ ʢʨʫʛʦʟʦʨʘ ʣʠʯʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ, ʞʝʣʘʥʠʷ ʧʦ-

ʣʫʯʘʪʴ ʥʦʚʫʶ ʠʥʬʦʨʤʘʮʠʶ ʠ ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʝʝ ʚ ʥʦʚʳʝ ʟʥʘʥʠʷ, ʫʤʝʥʠʷ ʠ 

ʥʘʚʳʢʠ, ʯʪʦ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʦʙʫʯʝʥʠʶ ʚ ʮʝʣʦʤ, ʘ ʪʘʢʞʝ 

ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʢʦʤʧʝʪʝʥʮʠʡ ʙʫʜʫʱʠʭ ʩʧʝʮʠʘʣʠ-

ʩʪʦʚ. 

ʅʦʚʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʦʩʚʦʝʥʥʳʝ ʚ 

ʨʘʤʢʘʭ ʦʪʜʝʣʴʥʦʛʦ ʧʨʝʜʤʝʪʘ, ʩʧʦʩʦʙʩʪʚʫʶʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʤʝʪʘʧʨʝʜʤʝʪ-

ʥʦʡ ʀʂʊ-ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ, ʠʛʨʘʶʪ ʦʩʥʦʚʥʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʫʥʠʚʝʨ-

ʩʘʣʴʥʳʭ ʫʯʝʙʥʳʭ ʜʝʡʩʪʚʠʡ ʧʦʤʠʤʦ ʦʙʱʝʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ. 

ʋʩʧʝʰʥʦʩʪʴ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ ʮʠʬʨʦʚʦʡ ʨʝʚʦʣʶʮʠʠ ʟʘʚʠʩʠʪ ʦʪ ʫʨʦʚʥʷ ʀʂʊ-

ʢʦʤʧʝʪʝʥʮʠʡ ʩʪʫʜʝʥʪʦʚ ʠ ʛʦʪʦʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʥʘʩʳʱʝʥʥʦʡ, ʦʮʠʬʨʦʚʘʥʥʦʡ ʧʨʘʢʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʎʠʬʨʦʚʘʷ ʨʝʚʦ-

ʣʶʮʠʷ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʦʟʥʘʯʘʝʪ ʩʦʟʜʘʥʠʝ ʧʦʣʥʦʮʝʥʥʦʡ ʚʠʨʪʫʘʣʴʥʦʡ ʩʨʝʜʳ 

ʦʪʢʨʳʪʳʭ ʟʥʘʥʠʡ, ʫʩʣʦʚʠʡ ʜʣʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʷ. 


