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ʋɼʂ 51-7+531/534 
 

ɸʂʊʋɸʃʔʅʓɽ ʄɸʊɽʄɸʊʀʏɽʉʂʀɽ ɿɸɼɸʏʀ ʀ ʊɽʈʅʀʉʊʓɽ ʇʋʊʀ ʅɸʋʂʀ* 
 

 ʀ.ʀ. ʉʤʫʣʴʩʢʠʡ, ʜʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʛʣʘʚʥʳʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ 

ʀʥʩʪʠʪʫʪ ʂʨʠʦʩʬʝʨʳ ɿʝʤʣʠ ʉʆ ʈɸʅ (ʊʶʤʝʥʴ), ʈʦʩʩʠʷ 
 

ɸʥʥʦʪʘʮʠʷ. ʈʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʯʘʩʪʝʡ. ɺ ʧʝʨʚʦʡ ʯʘʩʪʠ ʚʳʧʦʣʥʝʥ ʦʙʟʦʨ ʯʝʪʳʨʝʭ ʘʢʪʫʘʣʴʥʳʭ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʨʝʰʝʥʥʳʭ ʘʚʪʦʨʦʤ: ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʟʘʨʷʜʦʚ ʧʨʠ ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʜʚʠʞʝʥʠʠ, ʪʝʯʝʥʠʝ 

ʚ ʚʠʭʨʝʚʦʡ ʢʘʤʝʨʝ, ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ N-ʪʝʣ ʥʘ ʧʣʦʩʢʦʩʪʠ, ʤʥʦʛʦʩʣʦʡʥʳʝ ʚʨʘʱʘʶʱʠʝʩʷ ʩʪʨʫʢ-

ʪʫʨʳ N-ʪʝʣ. ʆʙʩʫʞʜʘʶʪʩʷ ʥʝʜʦʩʪʘʪʢʠ ʩʦʚʨʝʤʝʥʥʦʡ ʤʘʪʝʤʘʪʠʢʠ, ʢʦʪʦʨʳʝ ʧʨʝʧʷʪʩʪʚʦʚʘʣʠ ʧʫʙʣʠʢʘʮʠʠ ʨʘ-

ʙʦʪ ʦʙ ʵʪʠʭ ʟʘʜʘʯʘʭ. ɺʦ ʚʪʦʨʦʡ ʯʘʩʪʠ ʧʨʠʚʦʜʠʪʩʷ ʧʝʨʝʚʦʜ ʥʘ ʨʫʩʩʢʠʡ ʷʟʳʢ ʧʦʩʣʝʜʥʝʡ ʟʘʜʘʯʠ, ʦʧʫʙʣʠʢʦʚʘʥʥʦʡ ʚ 

ʘʥʛʣʦʷʟʳʯʥʦʡ ʧʝʯʘʪʠ. ɺ ʪʨʝʪʴʝʡ ʯʘʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʦʮʝʩʩ ʨʘʩʩʤʦʪʨʝʥʠʷ ʝʝ ʚ ʞʫʨʥʘʣʘʭ ʠ ʜʘʥʳ ʢʦʤʤʝʥʪʘʨʠʠ 

ʢ ʥʝʤʫ. ʈʘʙʦʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʰʠʨʦʢʦʤʫ ʢʨʫʛʫ ʯʠʪʘʪʝʣʝʡ: ʢʘʢ ʟʨʝʣʳʤ ʫʯʝʥʳʤ, ʪʘʢ ʠ ʥʘʯʠʥʘʶʱʠʤ ʠʩ-

ʩʣʝʜʦʚʘʪʝʣʷʤ, ʠ ʣʶʙʦʟʥʘʪʝʣʴʥʳʤ ʩʪʫʜʝʥʪʘʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʘ ʟʘʨʷʜʦʚ, ʤʝʭʘʥʠʟʤʳ ʚʠʭʨʝʡ, ʟʘʜʘʯʠ N-ʪʝʣ, ʪʦʯʥʳʝ ʨʝʰʝʥʠʷ, ʩʦʚʝʨ-

ʰʝʥʩʪʚʦʚʘʥʠʝ ʥʘʫʯʥʦʡ ʧʝʯʘʪʠ. 
 

ʏʘʩʪʴ I  

ɺʚʝʜʝʥʠʝ 

ʏʘʩʪʦ ʤʦʞʥʦ ʫʩʣʳʰʘʪʴ, ʯʪʦ ʟʘ ʢʘʢʫʶ-ʪʦ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʨʘʙʦʪʫ ʧʨʠʩʫʞʜʝʥʘ ʧʨʝʤʠʷ ʚ ʥʝʩʢʦʣʴʢʦ ʤʠʣ-

ʣʠʦʥʦʚ ʜʦʣʣʘʨʦʚ. ʅʘʯʠʥʘʝʰʴ ʨʘʟʙʠʨʘʪʴʩʷ ʠ ʥʝ ʚʦʟʴʤʝʰʴ ʚ ʪʦʣʢ, ʯʪʦ ʞʝ ʩʜʝʣʘʥʦ ʚ ʵʪʦʡ ʨʘʙʦʪʝ. 

ɺ ʧʠʩʴʤʝ ʏʝʥ ʈʝʩʴʡʠʜʫ [14-I] (1-I ï ʩʩʳʣʢʘ ʧʝʨʚʦʡ ʯʘʩʪʠ), ʷ ʧʠʩʘʣ, ʯʪʦ ʥʫʞʥʦ ʩʦʟʜʘʚʘʪʴ ʥʦʚʫʶ ʥʘʫʢʫ, ʪ.ʢ. 

ʩʦʚʨʝʤʝʥʥʘʷ ʥʘʫʢʘ ï ʬʘʣʴʰʠʚʘ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʜʦʣʞʥʳ ʙʳʪʴ ʩʦʟʜʘʥʳ ʥʦʚʘʷ ʤʘʪʝʤʘʪʠʢʘ, ʥʦʚʘʷ ʤʝʭʘʥʠʢʘ ʠ 

ʥʦʚʘʷ ʬʠʟʠʢʘ. ʊʘʢʫʶ ʥʘʫʢʫ ʷ ʩʦʟʜʘʶ. ʆʩʥʦʚʳ ʥʦʚʦʡ ʤʝʭʘʥʠʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʤʦʝʡ ʢʥʠʛʝ çʊʝʦʨʠʷ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʷè [17-I], [27-I], ʘ ʪʘʢʞʝ ʚ ʜʨʫʛʠʭ ʢʥʠʛʘʭ [19-I], [20-I]. ɺ ʵʪʠʭ ʞʝ ʢʥʠʛʘʭ ʜʘʥʳ ʦʩʥʦʚʘʥʠʷ ʥʦʚʦʡ ʬʠʟʠʢʠ, ʘ ʚ 

ʨʘʙʦʪʘʭ [15-I], [24-I], ʠʟʣʦʞʝʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʥʘʯʘʣʘ ʥʦʚʦʡ ʬʠʟʠʢʠ ʤʠʢʨʦʤʠʨʘ. ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʷ ʨʘʩʩʢʘʞʫ ʦ 

ʥʦʚʦʡ ʤʘʪʝʤʘʪʠʢʝ. 

ɿʘ ʞʠʟʥʴ ʷ ʨʝʰʠʣ ʤʥʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʟʘʜʘʯ. ɽʱʝ ʚ ʰʢʦʣʝ ʚʩʝ ʫʯʠʪʝʣʷ ʦʪʤʝʯʘʣʠ ʫ ʤʝʥʷ ʥʝʦʙʳʯʘʡʥʳʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʩʧʦʩʦʙʥʦʩʪʠ. ʅʦ ʪʘʢ ʢʘʢ ʵʪʦ ʤʝʥʷ ʚʩʝʛʜʘ ʨʘʟʜʨʘʞʘʣʦ, ʪʦ ʷ ʩʪʘʨʘʣʩʷ ʵʪʦ ʥʝ ʘʬʠʰʠʨʦʚʘʪʴ ʠ ʥʝ 

ʘʢʮʝʥʪʠʨʦʚʘʪʴ ʥʘ ʥʝʤ ʚʥʠʤʘʥʠʝ. ʅʦ ʢʦʛʜʘ, ʥʘ ʩʢʣʦʥʝ ʣʝʪ, ʷ ʫʩʣʳʰʘʣ, ʯʪʦ ʦʙʦ ʤʥʝ ʛʦʚʦʨʷʪ, ʢʘʢ ʦ ʩʠʣʴʥʦʤ ʤʘʪʝʤʘ-

ʪʠʢʝ, ʷ ʥʘʯʘʣ ʦʩʦʟʥʘʚʘʪʴ, ʯʪʦ ʨʝʰʝʥʥʳʝ ʤʥʦʡ ʟʘʜʘʯʠ, ʚʦʟʤʦʞʥʦ, ʥʠʢʪʦ ʜʨʫʛʦʡ ʥʝ ʨʝʰʠʣ ʙʳ. 

ʗ ʥʘʯʘʣ ʦʙ ʵʪʦʤ ʟʘʜʫʤʳʚʘʪʴʩʷ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʚʦ ʚʩʝʭ ʟʘʜʘʯʘʭ ʷ ʧʨʠʤʝʥʷʣ ʧʨʦʩʪʳʝ ʵʣʝʤʝʥʪʘʨʥʳʝ ʜʝʡʩʪʚʠʷ. 

ʀ ʤʥʝ ʢʘʟʘʣʦʩʴ, ʯʪʦ ʣʶʙʦʡ, ʟʥʘʢʦʤʳʡ ʩ ʵʣʝʤʝʥʪʘʨʥʦʡ ʠ ʚʳʩʰʝʡ ʤʘʪʝʤʘʪʠʢʦʡ, ʤʦʞʝʪ ʩʦʚʝʨʰʠʪʴ ʵʪʠ ʜʝʡʩʪʚʠʷ ʠ 

ʨʝʰʠʪʴ ʟʘʜʘʯʫ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʵʪʦ ʥʝ ʪʘʢ. ɼʘʞʝ ʨʝʰʝʥʥʳʝ ʤʥʦʡ ʟʘʜʘʯʠ, ʥʝ ʤʦʛʫʪ ʫʩʚʦʠʪʴ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʩʚʦʝʡ 

ʨʘʙʦʪʝ. ɺʩʷ ʧʨʠʯʠʥʘ ʚ ʪʦʤ, ʯʪʦ ʷ ʠʩʧʦʣʴʟʫʶ ʥʝ ʩʦʚʨʝʤʝʥʥʫʶ ʤʘʪʝʤʘʪʠʢʫ, ʘ ʜʨʫʛʫʶ. ʏʪʦʙʳ ʧʦʢʘʟʘʪʴ, ʯʝʤ ʜʨʫʛʘʷ 

ʤʘʪʝʤʘʪʠʢʘ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʦʚʨʝʤʝʥʥʦʡ, ʥʫʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʢʦʥʢʨʝʪʥʳʝ ʧʨʠʤʝʨʳ ʨʝʰʝʥʥʳʭ ʟʘʜʘʯ. 

1. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʟʘʨʷʜʦʚ ʧʨʠ ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʜʚʠʞʝʥʠʠ 

ɺ 1968 ʛ. ʷ ʨʝʰʠʣ ʟʘʜʘʯʫ ʦ ʩʠʣʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʚʫʭ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ q1 ʠ q2, ʠʟ ʢʦʪʦʨʳʭ ʦʜʥʘ ʜʚʠ-

ʞʝʪʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ ɡ12 ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʦʡ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʝʩʣʠ ʯʘʩʪʠʮʘ ʩ ʟʘʨʷʜʦʤ q1 (ʨʠʩ. 1-I) ʧʦʢʦʠʪʩʷ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʜʨʫʛʦʡ ʯʘʩʪʠʮʳ q2, ʪʦ ʩʠʣʘ ʝʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʚʪʦʨʫʶ ʯʘʩʪʠʮʫ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʘʢʦʥʦʤ ʂʫʣʦʥʘ 
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ʛʜʝ 12R
C

 ï ʨʘʜʠʫʩ ʚʝʢʪʦʨ ʦʪ ʯʘʩʪʠʮʳ q1 ʢ ʯʘʩʪʠʮʝ q2; Ů ï ʵʪʦ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʩʨʝʜʳ, ʚ ʢʦʪʦʨʦʡ 

ʥʘʭʦʜʷʪʩʷ ʯʘʩʪʠʮʳ. 

                                                           
É ʉʤʫʣʴʩʢʠʡ ʀ.ʀ. / Smulsky J.J., 2015 
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ʈʠʩ. 1-I. ʉʠʣʘ12F
C

 ʚʦʟʜʝʡʩʪʚʠʷ ʜʚʠʞʫʱʝʛʦʩʷ ʟʘʨʷʜʘ q1 ʥʘ ʥʝʧʦʜʚʠʞʥʳʡ ʟʘʨʷʜ q2. 

 

ɽʩʣʠ ʞʝ ʯʘʩʪʠʮʘ q1 ʜʚʠʞʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʯʘʩʪʠʮʳ q2 ʩʦ ʩʢʦʨʦʩʪʴʶ12v
C
, ʪʦ ʚ ʪʦʯʢʝ ʥʘʭʦʞʜʝʥʠʷ ʯʘʩʪʠʮʳ 

q2 ʧʦʷʚʣʷʝʪʩʷ ʤʘʛʥʠʪʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ. ʆʥʦ ʦʧʠʩʳʚʘʝʪʩʷ ʟʘʢʦʥʦʤ ɹʠʦ-ʉʘʚʘʨʘ-ʃʘʧʣʘʩʘ. ʊʘʢ ʢʘʢ ʯʘʩʪʠʮʘ q1 ʜʚʠ-

ʞʝʪʩʷ, ʪʦ ʤʘʛʥʠʪʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʠʟʤʝʥʷʝʪʩʷ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤ ʠʥʜʫʢʮʠʠ ʌʘʨʘʜʝʷ ʦʪ ʧʝʨʝʤʝʥʥʦʛʦ ʤʘʛ-

ʥʠʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ. ʕʪʠ ʟʘʢʦʥʳ ʷ ʦʙʲʝʜʠʥʠʣ [7-I] ʠ ʚʳʚʝʣ ʜʠʬʬʝ-

ʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ: 
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ʢʦʪʦʨʳʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʠʣʘ 12F
C
ʚʦʟʜʝʡʩʪʚʠʷ ʜʚʠʞʫʱʝʛʦʩʷ ʟʘʨʷʜʘ q1 ʥʘ ʥʝʧʦʜʚʠʞʥʳʡ q2. ɺ ʵʪʦʤ ʫʨʘʚʥʝʥʠʠ ɟ ï 

ʧʣʦʪʥʦʩʪʴ ʟʘʨʷʜʘ q1: 
ñ=
V

Vq dr1

, ʘ me/1 ʩʩ=  ï ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ 

ʩʨʝʜʝ, ʚ ʢʦʪʦʨʦʡ ʥʘʭʦʜʷʪʩʷ ʟʘʨʷʜʳ; c ï ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ; ɛ ï ʤʘʛʥʠʪʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʩʨʝʜʳ. 

ʋʨʘʚʥʝʥʠʝ (2-I) ʷ ʨʝʰʠʣ ʠ ʧʦʣʫʯʠʣ ʩʠʣʫ ʚʦʟʜʝʡʩʪʚʠʷ ʜʚʠʞʫʱʝʛʦʩʷ ʟʘʨʷʜʘ q1 ʥʘ ʥʝʧʦʜʚʠʞʥʳʡ q2 ʚ ʚʠʜʝ: 
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ʛʜʝ 11212 cɡ
CC
=b . 

ʉʦʚʨʝʤʝʥʥʘʷ ʬʠʟʠʢʘ ʧʦʩʪʨʦʝʥʘ ʥʘ ʛʠʧʦʪʝʟʝ, ʯʪʦ ʧʨʠ ʜʚʠʞʝʥʠʠ ʟʘʨʷʜʘ q1 ʠʟʤʝʥʷʝʪʩʷ ʝʛʦ ʤʘʩʩʘ, ʘ ʪʘʢʞʝ 

ʠʟʤʝʥʷʶʪʩʷ ʚʨʝʤʝʥʥʳʝ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʧʦʜʚʠʞʥʦʛʦ ʟʘʨʷʜʘ q2. ʕʪʘ ʛʠ-

ʧʦʪʝʟʘ ʧʨʦʪʠʚʦʨʝʯʠʪ ʟʘʢʦʥʘʤ ʤʝʭʘʥʠʢʠ. ʇʦʵʪʦʤʫ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʬʠʟʠʢʝ ʥʝ ʠʩʧʦʣʴʟʫʶʪ ʧʦʥʷʪʠʝ ʩʠʣʳ ʠ ʚ ʥʝʡ 

ʧʝʨʝʰʣʠ ʥʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʤʝʭʘʥʠʢʠ, ʚʠʜʦʠʟʤʝʥʠʚ ʠʭ ʩʤʳʩʣ. ʊʘʢ ʢʘʢ ʨʘʩʯʝʪʳ ʜʘʶʪ ʦʪʣʠʯʘʶʱʠʝʩʷ ʦʪ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʨʝʟʫʣʴʪʘʪʳ, ʪʦ ʚ ʬʠʟʠʢʝ ʚʚʝʣʠ ʬʠʢʪʠʚʥʳʝ ʯʘʩʪʠʮʳ ï ʥʝʡʪʨʠʥʦ [23-I], ʘ ʟʘʪʝʤ ʤʥʦʞʝʩʪʚʦ ʜʨʫʛʠʭ, 

ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʙʦʞʴʠ ʯʘʩʪʠʮʳ: ʙʦʟʦʥʳ. 

ʉʠʣʘ (3-I) ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʡ, ʨʝʘʣʴʥʳʡ ʤʠʢʨʦʤʠʨ. ɽʩʣʠ ʙʳ ʚ 1968 ʛ. ʤʦʷ ʩʪʘʪʴʷ [18-I] ʙʳʣʘ ʦʧʫʙʣʠʢʦʚʘʥʘ, 

ʤʳ ʜʘʚʥʦ ʚʳʙʨʦʩʠʣʠ ʙʳ ʚʩʝ ʢʦʤʠʢʩʳ ʩʦʚʨʝʤʝʥʥʦʡ ʬʠʟʠʢʠ ʦ ʤʠʢʨʦʤʠʨʝ, ʠ ʧʝʨʝʜ ʥʘʤʠ ʦʪʢʨʳʣʘʩʴ ʩʪʨʦʡʥʘʷ ʠ 

ʥʝʧʨʦʪʠʚʦʨʝʯʠʚʘʷ ʢʘʨʪʠʥʘ ʨʝʘʣʴʥʦʛʦ ʤʠʢʨʦʤʠʨʘ. 

ʂ ʩʦʞʘʣʝʥʠʶ, ʩʪʘʪʴʶ [18-I] ʤʥʝ ʫʜʘʣʦʩʴ ʩ ʙʦʣʴʰʠʤ ʪʨʫʜʦʤ ʜʝʧʦʥʠʨʦʚʘʪʴ ʚ ʩʦʩʪʘʚʝ ʜʨʫʛʦʡ ʨʘʙʦʪʳ [10-

I], ʘ ʟʘʪʝʤ ʧʨʠʚʝʩʪʠ ʝʝ ʚ ʩʚʦʠʭ ʤʦʥʦʛʨʘʬʠʷʭ [19-I], [17-I], [20-I], [27-I]. ʅʦ ʩʦʚʨʝʤʝʥʥʘʷ ʥʘʫʢʘ ʠʭ ʧʦ-ʧʨʝʞʥʝʤʫ 

ʠʛʥʦʨʠʨʫʝʪ. 

ʇʦ ʫʨʦʚʥʶ ʩʣʦʞʥʦʩʪʠ ʠ ʟʥʘʯʠʤʦʩʪʠ ʟʘʜʘʯʝ (2-I) ʠ ʝʝ ʨʝʰʝʥʠʶ (3-I) ʚ 20ʦʤ ʚʝʢʝ ʤʦʞʥʦ ʧʨʠʩʚʦʠʪʴ ʥʦʤʝʨ 1. 

ɽʩʣʠ ʢʪʦ-ʣʠʙʦ ʥʝ ʩʦʛʣʘʩʝʥ, ʧʫʩʪʴ ʥʘ ʵʪʦ ʤʝʩʪʦ ʚʳʜʚʠʥʝʪ ʜʨʫʛʫʶ ʨʝʰʝʥʥʫʶ ʟʘʜʘʯʫ, ʠ ʯʠʪʘʪʝʣʷʤ ʧʨʝʜʩʪʘʚʠʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʜʝʣʘʪʴ ʩʚʦʡ ʚʳʙʦʨ. 

2. ʊʝʯʝʥʠʝ ʚ ʚʠʭʨʝʚʦʡ ʢʘʤʝʨʝ 

ɺ 1976 ʛ. ʚ ʪʝʯʝʥʠʝ ʤʝʩʷʮʘ ʷ ʨʝʰʠʣ ʟʘʜʘʯʫ ʦ ʪʝʯʝʥʠʠ ʞʠʜʢʦʩʪʠ ʚ ʚʠʭʨʝʚʦʡ ʢʘʤʝʨʝ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʡ 

ʚʳʟʚʘʣʦ ʙʫʨʥʫʶ ʨʝʘʢʮʠʶ ʚ ʫʯʝʥʦʡ ʩʨʝʜʝ. ɺ ʚʠʭʨʝʚʦʡ ʢʘʤʝʨʝ (ʩʤ. ʨʠʩ. 2-I) ʞʠʜʢʦʩʪʴ ʠʣʠ ʛʘʟ ʧʦ ʧʝʨʠʬʝʨʠʠ ʚʭʦʜʠʪ 

ʨʘʚʥʦʤʝʨʥʦ ʧʦ ʜʣʠʥʝ ʚʠʭʨʝʚʦʡ ʢʘʤʝʨʳ L ʠ ʚʳʭʦʜʠʪ ʯʝʨʝʟ ʮʝʥʪʨʘʣʴʥʦʝ ʦʪʚʝʨʩʪʠʝ ʨʘʜʠʫʩʦʤ R1. 
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ʈʠʩ. 2-I. ʇʦʣʫʯʝʥʥʘʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʢʘʨʪʠʥʘ ʪʝʯʝʥʠʷ ʚ ʚʠʭʨʝʚʦʡ ʢʘʤʝʨʝ, ʢʦʪʦʨʘʷ ʧʦʩʣʫʞʠʣʘ ʦʩʥʦʚʦʡ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 
 

ʉʨʝʜʘ ʚʭʦʜʠʪ ʚ ʚʠʭʨʝʚʫʶ ʢʘʤʝʨʫ ʩ ʚʨʘʱʘʪʝʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʢʦʨʦʩʪʠ ʠ ʧʨʠ ʜʚʠʞʝʥʠʠ ʩʨʝʜʳ ʢ ʮʝʥ-

ʪʨʫ ʩʢʦʨʦʩʪʴ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ (ʤʦʞʥʦ ʫʚʝʣʠʯʠʪʴ ʠ ʚ ʜʝʩʷʪʢʠ ʨʘʟ) ʠ ʦʙʨʘʟʫʝʪʩʷ ʪʘʢʦʡ ʞʝ ʚʠʭʨʴ, 

ʢʦʪʦʨʳʡ ʤʳ ʥʘʙʣʶʜʘʝʤ ʚ ʘʪʤʦʩʬʝʨʝ ʠʣʠ ʚ ʚʦʜʝ. ʇʨʠ ʧʦʩʪʦʷʥʥʦʤ ʧʦ ʜʣʠʥʝ L ʧʨʦʬʠʣʝ ʚʨʘʱʘʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ 

v(r), ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʩʨʝʜʳ (ʫʨʘʚʥʝʥʠʷ ʅʘʚʴʝ-ʉʪʦʢʩʘ) ʩʚʦʜʷʪʩʷ ʢ ʦʙʳʢʥʦʚʝʥʥʳʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʫʨʘʚ-

ʥʝʥʠʷʤ, ʦʧʨʝʜʝʣʷʶʱʝʝ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʚʠʜ [6-I]:  
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ʌʫʥʢʮʠʷ f ʷʚʣʷʝʪʩʷ ʘʥʘʣʦʛʦʤ ʬʫʥʢʮʠʠ ʪʦʢʘ: ʦʪ ʥʝʝ ʟʘʚʠʩʷʪ ʨʘʜʠʘʣʴʥʘʷ (u) ʠ ʦʩʝʚʘʷ (w) ʩʢʦʨʦʩʪʠ. ɺʨʘʱʘ-

ʪʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ v ʠ ʜʘʚʣʝʥʠʝ p ʦʧʨʝʜʝʣʷʶʪʩʷ ʜʨʫʛʠʤʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʳʭ 

ʧʦʩʣʝ ʥʘʭʦʞʜʝʥʠʷ ʬʫʥʢʮʠʡ f ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʪʨʫʜʥʦʩʪʠ. 

ʕʪʘ ʟʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʯʠʩʣʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʭʦʪʷ ʧʦʟʞʝ ʷ ʧʨʠʚʝʣ ʧʨʠʙʣʠʞʝʥʥʦʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ. 

ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (4-I) ʟʘʚʠʩʠʪ ʦʪ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ. ʅʝʪʨʠʚʠʘʣʝʥ ʟʜʝʩʴ ʪʘʢʞʝ ʠ ʤʝʪʦʜ ʨʝʰʝʥʠʷ. ɺʩʝ ʵʪʠ ʧʨʦ-

ʙʣʝʤʳ, ʢʘʢ ʷ ʫʞʝ ʦʪʤʝʪʠʣ, ʨʝʰʠʣ ʚ ʪʝʯʝʥʠʝ ʤʝʩʷʮʘ ʠ ʨʝʰʝʥʠʝ ʧʦʣʫʯʠʣ. ʆʥʦ ʧʨʠʚʝʜʝʥʦ ʚ ʤʦʝʡ ʤʦʥʦʛʨʘʬʠʠ [6-I].  

ʇʦʣʫʯʝʥʥʦʝ ʨʝʰʝʥʠʝ ʨʘʩʢʨʳʚʘʝʪ ʩʪʨʫʢʪʫʨʫ ʪʝʯʝʥʠʷ ʚ ʚʠʭʨʝʚʦʡ ʢʘʤʝʨʝ, ʚ ʩʤʝʨʯʘʭ [16-I] ʠ ʚ ʙʦʣʴʰʠʭ 

ʘʪʤʦʩʬʝʨʥʳʭ ʚʠʭʨʷʭ [2-I]. ʕʪʦ ʨʝʰʝʥʠʝ ʷ ʠʩʧʦʣʴʟʦʚʘʣ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ ʘʵʨʦʜʠʥʘʤʠʢʠ ʚʠʭʨʝʚʳʭ 

ʢʘʤʝʨ, ʘ ʪʘʢʞʝ ʧʨʦʮʝʩʩʦʚ ʚ ʥʠʭ [6-I]. ʆʥʦ ʜʘʝʪ ʷʩʥʦʝ ʠ ʦʜʥʦʟʥʘʯʥʦʝ ʧʦʥʠʤʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʩʤʝʨʯʝʡ [16-I] ʠ 

ʘʪʤʦʩʬʝʨʥʳʭ ʚʠʭʨʝʡ [2-I], ʢʘʢ ʠʭ ʧʨʝʜʩʢʘʟʘʪʴ ʠ ʜʘʞʝ ʧʨʝʜʦʪʚʨʘʪʠʪʴ. ʊʘʢʠʝ ʚʠʭʨʠ ʩʫʱʝʩʪʚʫʶʪ ʚ ʘʪʤʦʩʬʝʨʝ ʧʣʘ-

ʥʝʪ ʠ ʉʦʣʥʮʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʴʥʦ ʧʦʥʠʤʘʪʴ ʠ ʪʨʘʢʪʦʚʘʪʴ 

ʷʚʣʝʥʠʷ ʥʘ ʵʪʠʭ ʢʦʩʤʠʯʝʩʢʠʭ ʦʙʲʝʢʪʘʭ. 

ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʚʨʘʱʝʥʠʷ, ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (4-I) ʧʦʣʥʦʩʪʴʶ ʩʦʚʧʘʣʦ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ 

ʧʦ ʪʝʯʝʥʠʶ ʚ ʧʦʨʠʩʪʦʡ ʪʨʫʙʝ. ʕʪʦ ʨʝʰʝʥʠʝ ʦʙʲʷʩʥʷʝʪ ʚʩʧʣʝʩʢʠ ʚʦʜʳ, ʧʨʠ ʧʘʜʝʥʠʠ ʥʘ ʝʝ ʧʦʚʝʨʭʥʦʩʪʴ ʪʝʣ, ʘ ʪʘʢʞʝ 

ʨʘʩʢʨʳʚʘʝʪ ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʚʦʟʚʳʰʝʥʥʦʩʪʝʡ ʚ ʮʝʥʪʨʝ ʢʨʘʪʝʨʦʚ ʧʣʘʥʝʪ. 

ʂ ʩʦʞʘʣʝʥʠʶ, ʦʧʫʙʣʠʢʦʚʘʪʴ ʨʝʰʝʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ ʚ ʞʫʨʥʘʣʘʭ ʤʥʝ ʥʝ ʫʜʘʣʦʩʴ. ʉʪʘʪʴʷ ʦ ʥʝʡ [1-I] ʚ ʩʦʘʚ-

ʪʦʨʩʪʚʝ ʩ ɺ.ʀ. ʂʠʩʣʳʭ ʙʳʣʘ ʜʝʧʦʥʠʨʦʚʘʥʘ ʚ 1978 ʛ. 

ʕʪʫ ʟʘʜʘʯʫ ʷ ʚʢʣʶʯʠʣ ʚ ʩʚʦʶ ʢʘʥʜʠʜʘʪʩʢʫʶ ʜʠʩʩʝʨʪʘʮʠʶ, ʢʦʪʦʨʫʶ ʛʦʪʦʚʠʣ ʚ ʠʥʩʪʠʪʫʪʝ ʊʝʧʣʦʬʠʟʠʢʠ 

ʉʆ ɸʅʉʉʉʈ, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ. ʇʨʠʟʥʘʥʥʳʡ ʘʚʪʦʨʠʪʝʪ ʧʦ ʚʠʭʨʝʚʳʤ ʪʝʯʝʥʠʷʤ, ʄʠʭʘʠʣ ɸʣʝʢʩʘʥʜʨʦʚʠʯ ɻʦʣʴ-

ʜʰʪʠʢ, ʪʘʢʞʝ ʨʝʰʘʣ ʵʪʫ ʟʘʜʘʯʫ. ʈʝʰʘʣʠ ʝʝ ʠ ʜʨʫʛʠʝ ʟʘʨʫʙʝʞʥʳʝ ʫʯʝʥʳʝ. ʀʭ ʨʝʰʝʥʠʷ ʙʳʣʠ ʥʝʦʜʥʦʟʥʘʯʥʳ, ʩʫʱʝ-

ʩʪʚʦʚʘʣʠ ʚ ʦʛʨʘʥʠʯʝʥʥʳʭ ʦʙʣʘʩʪʷʭ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. ʀ ʵʪʠ ʨʝʰʝʥʠʷ ʚʳʜʘʚʘʣʠʩʴ, ʢʘʢ ʥʝʢʦʪʦʨʳʝ 

ʧʘʨʘʜʦʢʩʳ ʤʝʭʘʥʠʢʠ ʞʠʜʢʦʩʪʠ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʩʚʠʜʝʪʝʣʴʩʪʚʘʤʠ ʥʝʧʦʟʥʘʚʘʝʤʦʩʪʠ ʦʢʨʫʞʘʶʱʝʛʦ ʤʠʨʘ ʠ ʙʝʩ-

ʩʠʣʠʷ ʫʯʝʥʦʛʦ ʥʘʨʦʜʘ (ʥʝ ʛʦʚʦʨʷ ʫʞʝ ʦ ʥʝʫʯʝʥʦʤ) ʧʦʥʷʪʴ ʚʩʝ ʚ ʵʪʦʤ ʤʠʨʝ. 

ɽʩʪʝʩʪʚʝʥʥʦ, ʤʦʝ ʟʘʷʚʣʝʥʠʝ ʦ ʨʝʰʝʥʠʠ ʵʪʦʡ ʟʘʜʘʯʠ, ʧʦʜʨʳʚʘʣʦ ʥʝ ʪʦʣʴʢʦ ʘʚʪʦʨʠʪʝʪ ʵʪʠʭ ʫʯʝʥʳʭ, ʥʦ ʠ 

ʚʩʶ ʚʳʰʝʦʪʤʝʯʝʥʥʫʶ ʬʠʣʦʩʦʬʠʶ ʠ ʘʫʨʫ, ʢʦʪʦʨʘʷ ʩʦʟʜʘʚʘʣʘʩʴ ʜʝʩʷʪʠʣʝʪʠʷʤʠ. ʆʪ ʤʝʥʷ ʧʦʪʨʝʙʦʚʘʣʠ ʫʨʝʛʫʣʠʨʦ-

ʚʘʪʴ ʜʦ ʟʘʱʠʪʳ ʚʦʧʨʦʩ ʩ ʄ.ɸ. ɻʦʣʴʜʰʪʠʢʦʤ ʠʣʠ ʠʩʢʣʶʯʠʪʴ ʵʪʫ ʟʘʜʘʯʫ ʠʟ ʜʠʩʩʝʨʪʘʮʠʠ. ʆʙʲʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʙʳʣ ʫ ʤʝʥʷ ʦʛʨʦʤʥʳʤ, ʠ ʦʥ ʩ ʣʠʭʚʦʡ ʧʝʨʝʢʨʳʚʘʣ ʪʨʝʙʫʝʤʳʡ ʜʣʷ ʜʠʩʩʝʨʪʘʮʠʠ ʦʙʲʝʤ. 

ʄ.ɸ. ɻʦʣʴʜʰʪʠʢ ʦʪʣʠʯʘʣʩʷ ʣʦʛʠʯʥʦʩʪʴʶ ʩʚʦʠʭ ʩʫʞʜʝʥʠʡ. ʅʘʧʨʠʤʝʨ, ʚ ʨʘʟʛʦʚʦʨʝ ʩʦ ʤʥʦʡ: 

ï ɺʳ ʨʝʰʘʣʠ ʪʫ ʞʝ ʟʘʜʘʯʫ, ʯʪʦ ʠ ʷ? 

ï ɼʘ. 

ï ʋ ɺʘʩ ʨʝʟʫʣʴʪʘʪ ʜʨʫʛʦʡ? 

ï ɼʨʫʛʦʡ. 

ï ʄʦʷ ʟʘʜʘʯʘ ʦʧʫʙʣʠʢʦʚʘʥʘ ʚ ʧʨʝʩʪʠʞʥʦʤ ʥʘʫʯʥʦʤ ʞʫʨʥʘʣʝ, ʦʜʦʙʨʝʥʘ ʥʘʫʯʥʳʤ ʩʦʦʙʱʝʩʪʚʦʤ, ʥʘ ʥʝʝ ʚʩʝ 
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ʩʩʳʣʘʶʪʩʷ. ʇʦʵʪʦʤʫ ʝʝ ʨʝʰʝʥʠʝ ʚʝʨʥʦ. ʂʘʢʦʡ ʦʪʩʶʜʘ ʚʳʚʦʜ? 

ï (ʄʦʣʯʫ, ʥʝ ʟʥʘʶ, ʯʪʦ ʩʢʘʟʘʪʴ). 

ï ʆʪʩʶʜʘ ʚʳʚʦʜ: ɺʘʰʝ ʨʝʰʝʥʠʝ ï ʥʝʚʝʨʥʦ. 

ʉʦʩʪʦʷʣʦʩʴ ʥʝʩʢʦʣʴʢʦ ʨʘʟʛʦʚʦʨʦʚ ʩ ʄ.ɸ. ɻʦʣʴʜʰʪʠʢʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ ʦʥ ʩʤʠʨʠʣʩʷ ʩ ʤʦʠʤ ʨʝʰʝ-

ʥʠʝʤ. ʇʦʩʣʝ ʤʦʝʛʦ ʜʦʢʣʘʜʘ ʥʘ ʟʘʱʠʪʝ ʜʠʩʩʝʨʪʘʮʠʠ, ʢʦʛʜʘ ʟʘʚʝʨʰʠʣʠʩʴ ʚʩʝ ʚʦʧʨʦʩʳ ʠ ʚʳʩʪʫʧʣʝʥʠʷ, ʧʨʝʜʩʝʜʘʪʝʣʴ 

ʉʦʚʝʪʘ, ɺʣʘʜʠʤʠʨ ɽʣʠʬʝʨʴʝʚʠʯ ʅʘʢʦʨʷʢʦʚ, ʥʝʚʦʣʴʥʦ ʩʧʨʦʚʦʮʠʨʦʚʘʣ ʄ.ɸ. ɻʦʣʴʜʰʪʠʢʘ: çʄʠʭʘʠʣ ɸʣʝʢʩʘʥʜʨʦ-

ʚʠʯ, ʘ ɺʳ ʯʪʦ ʩʢʘʞʝʪʝ?è. ʅʫ ʠ ʪʦʛʦ ʧʦʥʝʩʣʦ. 

ʂʘʢ ʷ ʫʞʝ ʫʧʦʤʷʥʫʣ, ʄ.ɸ. ɻʦʣʴʜʰʪʠʢ ʚʩʝʛʜʘ ʣʦʛʠʯʥʦ, ʧʨʦʩʪʦ ʠ ʫʙʝʜʠʪʝʣʴʥʦ ʜʦʢʣʘʜʳʚʘʣ ʦ ʨʘʟʣʠʯʥʳʭ 

ʥʘʫʯʥʳʭ ʚʦʧʨʦʩʘʭ. ɺʩʝ ʚ ʀʥʩʪʠʪʫʪʝ ʊʝʧʣʦʬʠʟʠʢʠ ʩ ʠʥʪʝʨʝʩʦʤ ʩʣʫʰʘʣʠ ʝʛʦ ʜʦʢʣʘʜʳ, ʦʙʩʫʞʜʘʣʠ ʠʭ, ʘ ʥʝʢʦʪʦʨʳʝ 

ʝʛʦ ʚʳʨʘʞʝʥʠʷ ʩʪʘʥʦʚʠʣʠʩʴ ʢʨʳʣʘʪʳʤʠ. 

ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʦʚʝ ʜʠʩʩʝʨʪʘʥʪʫ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʙʣʘʛʦʜʘʨʠʪʴ ʥʘʫʯʥʦʛʦ ʨʫʢʦʚʦʜʠʪʝʣʷ, 

ʢʦʣʣʝʛ, ʦʧʧʦʥʝʥʪʦʚ ʠ ʚʩʝʭ, ʢʦʛʦ ʜʠʩʩʝʨʪʘʥʪ ʩʦʯʪʝʪ ʦʪʤʝʪʠʪʴ ʚ ʵʪʦʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚ ʝʛʦ ʞʠʟʥʠ ʤʦʤʝʥʪ. ʄʦʝ ʧʦ-

ʩʣʝʜʥʝʝ ʩʣʦʚʦ ʙʳʣʦ ʧʦʩʚʷʱʝʥʦ ʦʧʨʦʚʝʨʞʝʥʠʶ ʘʨʛʫʤʝʥʪʦʚ ʄ.ɸ. ɻʦʣʴʜʰʪʠʢʘ. 

ʇʝʨʝʜ ʟʘʱʠʪʦʡ ʥʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʤʦʝʡ ʜʠʩʩʝʨʪʘʮʠʠ, ʕʜʫʘʨʜ ʇʝʪʨʦʚʠʯ ɺʦʣʯʢʦʚ, ʚ ʜʨʫʞʝʩʢʦʡ ʤʘ-

ʥʝʨʝ ʥʘʧʫʪʩʪʚʦʚʘʣ ʤʝʥʷ: çʅʘ ʟʘʱʠʪʝ ʩʦ ʚʩʝʤʠ ʩʦʛʣʘʰʘʡʩʷ ʠ ʥʝ ʝʨʝʧʝʥʴʩʷè. 

ʇʦʩʣʝ ʟʘʱʠʪʳ ʦʥ ʧʦʜʦʰʝʣ ʢʦ ʤʥʝ ʠ ʩʢʘʟʘʣ: çɽʩʣʠ ʙʳ ʪʳ ʚ ʧʦʩʣʝʜʥʝʤ ʩʣʦʚʝ ʥʝ ʦʧʨʦʪʝʩʪʦʚʘʣ ʘʨʛʫʤʝʥʪʳ 

ʄ.ɸ. ɻʦʣʴʜʰʪʠʢʘ, ʚʩʝ ʧʨʦʛʦʣʦʩʦʚʘʣʠ ʙʳ ʧʨʦʪʠʚ ʪʝʙʷ. ʕʪʦ ʙʳʣ ʝʜʠʥʩʪʚʝʥʥʳʡ ʨʘʟ, ʢʦʛʜʘ ʪʳ ʥʝ ʧʦʩʣʫʰʘʣʩʷ ʤʝʥʷ 

ʠ ʦʢʘʟʘʣʩʷ ʧʨʘʚ. ʋʯʪʠ ï ʝʜʠʥʩʪʚʝʥʥʳʡ!è 

ʗ ʥʝ ʫʯʝʣ. 
 

 
 

ʈʠʩ. 3-I. çʄʝʜʘʣʴè ʦʪ ʢʦʣʣʝʛ ʠ ʪʦʚʘʨʠʱʝʡ ʧʦʩʣʝ ʟʘʱʠʪʳ ʢʘʥʜʠʜʘʪʩʢʦʡ ʜʠʩʩʝʨʪʘʮʠʠ 

çʀʩʩʣʝʜʦʚʘʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʚʠʭʨʝʚʳʭ ʢʘʤʝʨè 13.02.1980 ʛ. 
 

ɺʝʯʝʨʦʤ, ʧʦʩʣʝ ʟʘʱʠʪʳ, ʤʦʠ ʢʦʣʣʝʛʠ ʠ ʪʦʚʘʨʠʱʠ ʥʘʛʨʘʜʠʣʠ ʤʝʥʷ çʤʝʜʘʣʴʶè (ʨʠʩ. 3-I). ʕʪʘ ʥʘʛʨʘʜʘ, 

ʝʜʠʥʩʪʚʝʥʥʘʷ ʚ ʤʦʝʡ ʞʠʟʥʠ, ʤʥʝ ʦʯʝʥʴ ʜʦʨʦʛʘ: ʝʩʣʠ ʙʳ ʚ ʧʦʩʣʝʜʥʠʡ ʧʫʪʴ ʤʝʥʷ ʧʨʦʚʦʞʘʣʠ ʥʘ ʦʨʫʜʠʡʥʦʤ ʣʘʬʝʪʝ, 

ʷ ʙʳ ʨʘʩʧʦʨʷʜʠʣʩʷ ʥʝʩʪʠ ʚʧʝʨʝʜʠ ʵʪʫ çʤʝʜʘʣʴè ʥʘ ʟʦʣʦʪʦʡ ʧʦʜʫʰʝʯʢʝ. 

3. ʆʩʝʩʠʤʤʝʪʨʠʯʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ Nïʪʝʣ ʥʘ ʧʣʦʩʢʦʩʪʠ 

ɿʘʜʘʯʘ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʚʫʭ ʪʝʣ ʚ ʧʦʣʥʦʤ ʦʙʲʝʤʝ ʪʦʯʥʦ ʨʝʰʝʥʘ ʀ. ʅʴʶʪʦʥʦʤ 300 ʣʝʪ 

ʥʘʟʘʜ. ɽʝ ʨʝʰʝʥʠʝ ʧʨʠʤʝʥʠʤʦ ʠ ʜʣʷ ʢʫʣʦʥʦʚʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʚʫʭ ʟʘʨʷʜʦʚ. ɹʦʣʴʰʝ ʪʦʯʥʳʭ ʠ ʧʦʣʥʳʭ ʨʝʰʝ-

ʥʠʡ ʟʘʜʘʯ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʝʣ ʥʝ ʩʫʱʝʩʪʚʦʚʘʣʦ. ɺ 2006 ʛ. ʷ ʧʦʣʫʯʠʣ ʚʪʦʨʦʝ ʪʦʯʥʦʝ ʠ ʧʦʣʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʥʝ 

ʜʚʫʭ ʪʝʣ, ʘ ʜʣʷ N-ʪʝʣ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʠʭ ʦʨʛʘʥʠʟʘʮʠʠ (ʨʠʩ. 4-I). 
 

 
 

ʈʠʩ. 4-I. ɻʨʘʚʠʪʘʮʠʦʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ N-ʪʝʣ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʧʣʦʩʢʦʩʪʠ 
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ɼʣʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʳ Galactica [22-I], [26-I] ʤʥʝ ʧʦʪʨʝʙʦʚʘʣʘʩʴ ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʟʘʜʘʯʘ ʚʟʘ-

ʠʤʦʜʝʡʩʪʚʠʷ, ʚ ʢʦʪʦʨʦʡ ʷ ʤʦʛ ʙʳ ʦʧʝʨʘʪʠʚʥʦ ʠʟʤʝʥʷʪʴ ʢʦʣʠʯʝʩʪʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʪʝʣ, ʠʭ ʧʘʨʘʤʝʪʨʳ ʠ ʚʠʜʳ 

ʪʨʘʝʢʪʦʨʠʡ ʠʭ ʜʚʠʞʝʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʝʩʢʦʣʴʢʠʭ ʤʦʜʠʬʠʢʘʮʠʡ ʷ ʧʨʠʰʝʣ ʢ ʟʘʜʘʯʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 

4-I. ʅʘ ʦʢʨʫʞʥʦʩʪʠ ʨʘʜʠʫʩʦʤ R ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʦʣʦʞʝʥʳ ʪʝʣʘ ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʤʘʩ-

ʩʘʤʠ m1, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʳʝ ʪʘʥʛʝʥʮʠʘʣʴʥʳʝ vŰ ʠ ʨʘʜʠʘʣʴʥʳʝ vr ʩʢʦʨʦʩʪʠ. ɺ ʮʝʥʪʨʝ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ 

ʝʱʝ ʦʜʥʦ ʪʝʣʦ ʩ ʤʘʩʩʦʡ m0. ɽʩʣʠ ʧʝʨʠʬʝʨʠʡʥʳʭ ʪʝʣ N-1, ʪʦ ʚʤʝʩʪʝ ʩ ʮʝʥʪʨʘʣʴʥʳʤ ʪʝʣʦʤ, ʠʭ ʙʫʜʝʪ N. ʕʪʫ ʟʘʜʘʯʫ 

ʷ ʨʝʰʠʣ ʚ ʜʚʘ ʜʝʡʩʪʚʠʷ: 1) ʥʘʰʝʣ ʩʠʣʫ ʚʦʟʜʝʡʩʪʚʠʷ ʚʩʝʭ ʪʝʣ ʥʘ ʦʜʥʦ ʪʝʣʦ, ʤʘʩʩʘ ʢʦʪʦʨʦʛʦ m1; 2) ʧʦʜʝʣʠʣ ʩʠʣʫ ʥʘ 

ʤʘʩʩʫ m1 ʠ ʧʦʣʫʯʠʣ ʫʩʢʦʨʝʥʠʝ ʵʪʦʛʦ ʪʝʣʘ. ɸ ʫʩʢʦʨʝʥʠʷ ʚʩʝʭ ʪʝʣ, ʧʦ ʩʫʱʝʩʪʚʫ ï ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ 

ʜʚʠʞʝʥʠʷ ʚʩʝʡ ʩʠʩʪʝʤʳ ʪʝʣ. ɼʘʣʴʰʝ, ʢʘʢ ʛʦʚʦʨʷʪ, ʜʝʣʦ ʪʝʭʥʠʢʠ: ʥʘʰʝʣ ʩʢʦʨʦʩʪʠ, ʪʨʘʝʢʪʦʨʠʠ ʠ ʟʘʢʦʥʳ ʜʚʠʞʝʥʠʷ 

ʚʩʝʭ ʪʝʣ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʧʦʣʥʦʝ ʪʦʯʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ N-ʪʝʣ, ʦʩʝʩʠʤʤʝʪʨʠʯʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ 

ʥʘ ʧʣʦʩʢʦʩʪʠ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥ ʩʢʦʨʦʩʪʝʡ vŰ ʠ vr ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʪʝʣʘ ʤʦʛʣʠ ʜʚʠʛʘʪʴʩʷ ʧʦ 

ʵʣʣʠʧʩʘʤ ʚʥʫʪʨʠ ʦʢʨʫʞʥʦʩʪʠ ʨʘʜʠʫʩʦʤ R, ʧʦ ʦʢʨʫʞʥʦʩʪʠ ʨʘʜʠʫʩʦʤ R, ʧʦ ʵʣʣʠʧʩʘʤ ʩ ʚʳʭʦʜʦʤ ʥʘ ʨʘʩʩʪʦʷʥʠʷ r > 

R (ʩʤ. ʨʠʩ. 5-I, ʘ). ʉ ʜʘʣʴʥʝʡʰʠʤ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ vŰ ʪʨʘʝʢʪʦʨʠʠ ʩʪʘʥʦʚʠʣʠʩʴ ʧʘʨʘʙʦʣʠʯʝʩʢʠʤʠ, ʘ ʟʘʪʝʤ 

ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʤʠ (ʩʤ. ʨʠʩ. 5-I, ʙ). ʇʨʠ ʪʘʥʛʝʥʮʠʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ vŰ = 0 ʪʝʣʘ ʜʚʠʛʘʣʠʩʴ ʧʦ ʨʘʜʠʫʩʘʤ ʢ ʮʝʥʪʨʫ. 

ɺʩʝ ʢʨʠʪʝʨʠʠ ʠ ʟʘʢʦʥʳ ʜʚʠʞʝʥʠʷ ʙʳʣʠ ʥʘʡʜʝʥʳ, ʠ ʦʥʠ ʷʚʣʷʶʪʩʷ ʩʧʨʘʚʝʜʣʠʚʳʤʠ ʜʣʷ ʚʩʝʭ ʩʣʫʯʘʝʚ ʟʘʜʘʯʠ. 

 

 
 

ʈʠʩ. 5-I. ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ N-ʪʝʣ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʧʣʦʩʢʦʩʪʠ ʧʨʠ 11 ʧʝʨʠʬʝʨʠʡʥʳʭ ʪʝʣʘʭ: 

ʘ ï ʩʣʫʯʘʡ ʵʣʣʠʧʪʠʯʝʩʢʦʛʦ ʜʚʠʞʝʥʠʷ; ʙ ï ʩʣʫʯʘʡ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʛʦ ʜʚʠʞʝʥʠʷ. 

 

ʉʪʘʪʴʶ ʩ ʵʪʦʡ ʟʘʜʘʯʝʡ [11-I] ʞʫʨʥʘʣʳ ʥʝ ʭʦʪʝʣʠ ʧʫʙʣʠʢʦʚʘʪʴ. ʅʘʧʨʠʤʝʨ, ʞʫʨʥʘʣ çʇʨʠʢʣʘʜʥʘʷ ʤʘʪʝʤʘ-

ʪʠʢʘ ʠ ʤʝʭʘʥʠʢʘè 15.01.2000 ʛ. ʦʪʢʣʦʥʠʣ ʩʪʘʪʴʶ ʥʘ ʦʩʥʦʚʘʥʠʠ ʦʪʟʳʚʘ ʨʝʮʝʥʟʝʥʪʘ: çʇʦʜʦʙʥʳʡ (ʠ ʜʘʞʝ ʙʦʣʝʝ ʦʙ-

ʱʠʡ) ʩʣʫʯʘʡ ʟʘʜʘʯʠ n-ʪʝʣ ʫʞʝ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʥʝʩʢʦʣʴʢʠʤʠ ʘʚʪʦʨʘʤʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʫʙʣʠʢʦʚʘʪʴ ʨʘʙʦʪʫ ʚ ʞʫʨ-

ʥʘʣʝ ʇʄʄ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ (ʩʤ. ɺ.ʅ. ʊʭʘʡ, ʍʦʭʣʦʚʘ: ʇʠʩʴʤʘ ʚ ɸɾ, ˉ 4, 1995)è. ʅʘ ʵʪʦʪ ʦʪʢʘʟ ʚ ʨʝʜʘʢʮʠʶ ʇʄʄ 

ʷ ʥʘʧʨʘʚʠʣ ʨʘʟʲʷʩʥʝʥʠʷ, ʯʪʦ ʠʤʝʝʪʩʷ ʤʥʦʛʦ ʨʘʩʩʤʦʪʨʝʥʠʡ ʧʦʜʦʙʥʳʭ ʟʘʜʘʯ, ʘ ʚ ʤʦʝʡ ʩʪʘʪʴʝ ʜʘʝʪʩʷ ʠʭ ʨʝʰʝʥʠʝ. 

ʕʪʦ ʥʝ ʧʦʤʦʛʣʦ. 

ʂʘʢ ʷ ʦʪʤʝʪʠʣ ʚʳʰʝ, ʵʪʫ ʟʘʜʘʯʫ ʷ ʨʝʰʠʣ ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʝʩʪʘ ʜʣʷ ʧʨʦʛʨʘʤʤʳ Galactica, ʠ ʩ ʣʠʪʝʨʘʪʫʨʦʡ ʧʦ 

ʵʪʦʡ ʟʘʜʘʯʝ ʥʝ ʟʥʘʢʦʤʠʣʩʷ. ɺʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʢʘʢ ʫ ʥʘʩ, ʪʘʢ ʠ ʟʘ ʨʫʙʝʞʦʤ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʟʘʜʘʯʠ, ʚ ʢʦʪʦʨʳʭ ʪʝʣʘ 

ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʚʝʨʰʠʥʘʭ ʚʦʦʙʨʘʞʘʝʤʦʛʦ ʤʥʦʛʦʫʛʦʣʴʥʠʢʘ. ʀ ʵʪʦʪ ʤʥʦʛʦʫʛʦʣʴʥʠʢ ʨʘʚʥʦʤʝʨʥʦ ʚʨʘʱʘʝʪʩʷ. ʕʪʠ 

ʟʘʜʘʯʠ ʨʝʰʘʶʪʩʷ ʚ ʨʘʤʢʘʭ ɻʘʤʠʣʴʪʦʥʦʚʦʡ ʜʠʥʘʤʠʢʠ. ʀʱʫʪʩʷ ʫʩʣʦʚʠʷ ʨʘʚʥʦʚʝʩʠʷ ʚʦ ʚʨʘʱʘʶʱʝʡʩʷ ʩʠʩʪʝʤʝ ʢʦ-

ʦʨʜʠʥʘʪ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʝʣ, ʥʘʧʨʠʤʝʨ, N = 4, ʨʝʰʘʶʪʩʷ ʟʘʜʘʯʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʨʝʰʝʥʠʡ, ʠʭ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʪ.ʜ. ʀ ʢʘʞʜʦʝ ʪʦʯʥʦʝ ʨʝʰʝʥʠʝ ʷʚʣʷʝʪʩʷ ʙʦʣʴʰʠʤ ʜʦʩʪʠʞʝʥʠʝʤ. ʅʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʣ, ʜʣʷ 

ʢʦʪʦʨʳʭ ʨʝʰʝʥʘ ʵʪʘ ʟʘʜʘʯʘ ʙʳʣʦ N = 7. 

ɺ ʤʦʝʡ ʧʦʩʪʘʥʦʚʢʝ ʵʪʠ ʟʘʜʘʯʠ, ʢʦʪʦʨʳʝ ʥʘʟʳʚʘʣʠ ʟʘʜʘʯʘʤʠ ʛʦʤʦʛʨʘʬʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʨʝʰʝʥʠʷ, ʢʦʛʜʘ ʚʩʝ ʪʝʣʘ ʚʨʘʱʘʶʪʩʷ ʧʦ ʦʢʨʫʞʥʦʩʪʠ. ʅʦ ʦʥʠ ʫ ʤʝʥʷ ʨʝʰʝʥʳ ʜʣʷ ʣʶʙʦʛʦ ʯʠʩʣʘ ʪʝʣ. ʂʨʦʤʝ ʪʦʛʦ ʷ 

ʜʘʶ ʨʝʰʝʥʠʷ ʜʣʷ ʜʨʫʛʠʭ ʪʨʘʝʢʪʦʨʠʡ: ʵʣʣʠʧʩʦʚ, ʧʘʨʘʙʦʣ, ʛʠʧʝʨʙʦʣ ʠ ʩʭʦʜʷʱʠʭʩʷ ʚ ʦʜʥʫ ʪʦʯʢʫ. 

ʗ ʨʝʰʠʣ ʟʘʨʫʯʠʪʴʩʷ ʧʦʜʜʝʨʞʢʦʡ ʤʘʪʝʤʘʪʠʢʦʚ. ʇʦ ʪʝʣʝʬʦʥʫ ʩʚʷʟʘʣʩʷ ʩ ʘʢʘʜʝʤʠʢʦʤ ʉʝʨʛʝʝʤ ʂʦʥʩʪʘʥʪʠ-

ʥʦʚʠʯʝʤ ɻʦʜʫʥʦʚʳʤ, ʟʘʚ. ʆʪʜʝʣʦʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʀʥʩʪʠʪʫʪʘ ʤʘʪʝʤʘʪʠʢʠ ʉʆ ʈɸʅ, ʛ. ʅʦʚʦʩʠ-

ʙʠʨʩʢ. ʆʥ ʧʨʝʜʣʦʞʠʣ ʚʳʩʪʫʧʠʪʴ ʫ ʥʝʛʦ ʥʘ ʩʝʤʠʥʘʨʝ. ʅʘ ʩʝʤʠʥʘʨʝ ʷ ʨʘʩʩʢʘʟʘʣ ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯʠ, ʘ ʟʘʪʝʤ ʩʢʘʟʘʣ, 

ʯʪʦ ʵʪʘ ʟʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʚ ʜʚʘ ʜʝʡʩʪʚʠʷ ʠ ʧʦʢʘʟʘʣ, ʢʘʢ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʩʝʤʠʥʘʨʘ ʉ.ʂ. ɻʦʜʫʥʦʚ, ʤʦʣʯʘ, ʚʩʪʘʣ ʠ ʚʳ-

ʰʝʣ ʠʟ ʢʦʥʬʝʨʝʥʮ-ʟʘʣʘ. ɽʛʦ ʩʦʪʨʫʜʥʠʢʠ ʚ ʨʘʩʪʝʨʷʥʥʦʩʪʠ ʥʘʯʘʣʠ ʧʦʜʥʠʤʘʪʴʩʷ ʠ ʫʭʦʜʠʪʴ: ʩʣʫʰʘʪʴ ʜʘʣʴʰʝ ʜʦʢʣʘʜ-

ʯʠʢʘ ʦʟʥʘʯʘʣʦ ʙʳ ʚʳʷʚʠʪʴ ʩʚʦʶ ʥʝʣʦʷʣʴʥʦʩʪʴ ʢ ʰʝʬʫ. ɺ ʟʘʣʝ ʷ ʦʩʪʘʣʩʷ ʦʜʠʥ ʠ ʝʱʝ ʥʝʩʢʦʣʴʢʦ ʫʯʝʥʳʭ ʠʟ ʜʨʫʛʠʭ 

ʠʥʩʪʠʪʫʪʦʚ. 

ʉ ʙʦʣʴʰʠʤ ʪʨʫʜʦʤ ʫʜʘʣʦʩʴ ʦʧʫʙʣʠʢʦʚʘʪʴ ʩʪʘʪʴʶ [11-I] ʚ ʤʘʣʦʠʟʚʝʩʪʥʦʤ ʞʫʨʥʘʣʝ çʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦ-

ʜʝʣʠʨʦʚʘʥʠʝè. ʅʘ ʥʝʝ ʜʦ ʩʠʭ ʧʦʨ ʥʠʢʪʦ ʥʝ ʩʦʩʣʘʣʩʷ ʠ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʧʨʦʜʦʣʞʘʶʪ ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʧʦ ʚʨʘʱʝʥʠʶ 

ʤʥʦʛʦʫʛʦʣʴʥʠʢʦʚ ʩʦ ʚʩʝ ʫʚʝʣʠʯʠʚʘʶʱʠʤʩʷ ʢʦʣʠʯʝʩʪʚʦʤ ʚʝʨʰʠʥ. 

ʇʦʣʫʯʝʥʥʳʝ ʚ ʵʪʦʡ ʟʘʜʘʯʝ ʨʝʰʝʥʠʷ ʷ ʠʩʧʦʣʴʟʦʚʘʣ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʦʩʪʘʚʥʦʡ ʤʦʜʝʣʠ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ [3-I], 

ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʣʘ ʚʳʷʚʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ɿʝʤʣʠ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʵʪʦ ʧʦʤʦʛʣʦ ʨʝʰʠʪʴ 

https://commons.wikimedia.org/wiki/Category:Sergei_K._Godunov
https://commons.wikimedia.org/wiki/Category:Sergei_K._Godunov
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ʧʨʷʤʫʶ ʟʘʜʘʯʫ ʦ ʚʨʘʱʝʥʠʠ ɿʝʤʣʠ ʟʘ ʩʦʪʥʠ ʪʳʩʷʯ ʣʝʪ [5-I], [13-I]. ɺ ʠʪʦʛʝ ʧʦʣʫʯʝʥʳ ʥʦʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʵʚʦʣʶ-

ʮʠʠ ʦʩʠ ɿʝʤʣʠ: ʦʩʴ ɿʝʤʣʠ ʠʩʧʳʪʳʚʘʝʪ ʙʦʣʴʰʠʝ ʢʦʣʝʙʘʥʠʷ Ñ7-8Á. ʕʪʦ ʧʦʣʥʦʩʪʴʶ ʦʙʲʷʩʥʷʝʪ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʯʝʨʝ-

ʜʦʚʘʥʠʷ ʣʝʜʥʠʢʦʚʳʭ ʵʧʦʭ ʠ ʪʝʧʣʳʭ ʧʝʨʠʦʜʦʚ [9-I], [13-I]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʷʩʥʝʥ ʤʝʭʘʥʠʟʤ ʜʦʣʛʦʧʝʨʠʦʜʠʯʝʩʢʠʭ 

ʠʟʤʝʥʝʥʠʡ ʢʣʠʤʘʪʘ. 

ʄʦʞʥʦ ʩ ʧʦʤʦʱʴʶ ʩʦʩʪʘʚʥʦʡ ʤʦʜʝʣʠ ʚʨʘʱʝʥʠʷ ʉʦʣʥʮʘ ʠʟʫʯʠʪʴ ʵʚʦʣʶʮʠʶ ʝʛʦ ʦʩʠ ʚʨʘʱʝʥʠʷ. ɺʧʦʣʥʝ 

ʚʦʟʤʦʞʥʦ, ʯʪʦ ʢʦʣʝʙʘʥʠʷ ʦʩʠ ʚʨʘʱʝʥʠʷ ʉʦʣʥʮʘ ʙʫʜʝʪ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʥʘ ʢʦʨʦʪʢʦʧʝʨʠʦʜʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ 

ʢʣʠʤʘʪʘ. 

ʗ ʠʩʧʦʣʴʟʦʚʘʣ ʩʦʩʪʘʚʥʫʶ ʤʦʜʝʣʴ ʉʦʣʥʮʘ, ʯʪʦʙʳ ʠʟʫʯʠʪʴ ʚʣʠʷʥʠʝ ʩʧʣʶʩʥʫʪʦʩʪʠ ʉʦʣʥʮʘ, ʢʦʪʦʨʦʝ ʚʦʟʥʠ-

ʢʘʝʪ ʦʪ ʝʛʦ ʚʨʘʱʝʥʠʷ, ʥʘ ʜʚʠʞʝʥʠʝ ʧʣʘʥʝʪ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʵʪʦ ʚʦʟʜʝʡʩʪʚʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ 

ʚʨʘʱʝʥʠʠ ʧʝʨʠʛʝʣʠʝʚ ʦʨʙʠʪ ʠ ʪʝʤ ʩʠʣʴʥʝʝ, ʯʝʤ ʙʣʠʞʝ ʧʣʘʥʝʪʘ ʢ ʉʦʣʥʮʫ. ʅʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʨʘʱʝʥʠʝ ʧʝ-

ʨʠʛʝʣʠʷ ʜʣʷ ʄʝʨʢʫʨʠʷ. ɽʛʦ ʚʝʣʠʯʠʥʘ ʩʦʚʤʝʩʪʥʦ ʩ ʚʝʣʠʯʠʥʦʡ, ʩʦʟʜʘʚʘʝʤʦʡ ʜʨʫʛʠʤʠ ʧʣʘʥʝʪʘʤʠ, ʷʚʣʷʝʪʩʷ ʪʘʢʦʡ, 

ʢʘʢ ʠ ʥʘʙʣʶʜʘʝʪʩʷ [25-I]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʲʷʩʥʝʥʠʝ ʵʪʦʛʦ ʷʚʣʝʥʠʷ ʛʠʧʦʪʝʟʦʡ ʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʪʷʛʦʪʝʥʠʷ ʩʦ 

ʩʚʝʪʦʚʦʡ ʩʢʦʨʦʩʪʴʶ ʦʢʘʟʘʣʦʩʴ ʦʰʠʙʦʯʥʳʤ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʥʘ ʵʪʦʡ ʛʠʧʦʪʝʟʝ ʦʩʥʦʚʘʥʘ ʆʙʱʘʷ ʪʝʦʨʠʷ ʦʪʥʦʩʠʪʝʣʴ-

ʥʦʩʪʠ. 

ɺʳʰʝ ʨʝʯʴ ʰʣʘ ʦ ʤʘʢʨʦʤʠʨʝ. ʅʦ ʵʪʫ ʟʘʜʘʯʫ ʷ ʨʝʰʠʣ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦ ʨʘʩʧʦʣʦʞʝʥ-

ʥʳʭ ʥʘ ʧʣʦʩʢʦʩʪʠ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ: ʚ ʮʝʥʪʨʝ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʦʝ ʷʜʨʦ, ʧʦ ʧʝʨʠʬʝʨʠʠ ï ʵʣʝʢʪʨʦʥʳ [12-

I], [21-I], ʪ.ʝ. ʯʘʩʪʠʮʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʤʝʞʜʫ ʩʦʙʦʡ ʩʠʣʦʡ ʂʫʣʦʥʘ (1-I). ɿʜʝʩʴ ʧʦʣʫʯʝʥʳ ʧʦʨʘʟʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴ-

ʪʘʪʳ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʵʣʝʢʪʨʦʥʦʚ (ʟʘʨʷʜ ʷʜʨʘ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʢʦʣʠʯʝʩʪʚʫ ʵʣʝʢʪʨʦʥʦʚ) ʩʠʣʳ ʧʨʠʪʷʞʝ-

ʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʢ ʷʜʨʫ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʜʦ ʯʠʩʣʘ ʵʣʝʢʪʨʦʥʦʚ Ne = 174, ʘ ʟʘʪʝʤ ʫʤʝʥʴʰʘʶʪʩʷ, ʠ ʧʨʠ ʯʠʩʣʝ Ne = 473 

ʠ ʙʦʣʴʰʝ ʵʣʝʢʪʨʦʥʳ ʫʞʝ ʥʝ ʧʨʠʪʷʛʠʚʘʶʪʩʷ ʢ ʷʜʨʫ [15-I], [24-I]. ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ ʦʙʲʷʩʥʷʝʪ, ʧʦʯʝʤʫ ʠʤʝʝʪʩʷ ʦʧʨʝ-

ʜʝʣʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ ʚʝʱʝʩʪʚʘ, ʠ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʙʦʣʴʰʝ. ʅʝ ʩʦʤʥʝʚʘʶʩʴ, ʯʪʦ ʵʪʦ ʪʦʣʴʢʦ ʥʘʯʘʣʴʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʤʠʢʨʦʤʠʨʘ ʟʘʜʘʯʠ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ N-ʪʝʣ [11-I].  

ʂʘʢ ʚʠʜʠʤ, ʢʘʢ ʟʘʜʘʯʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʚʫʭ ʪʝʣ ʠ ʝʝ ʨʝʟʫʣʴʪʘʪʳ, ʪʘʢ ʠ ʟʘʜʘʯʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ N-ʪʝʣ ʦʩʝ-

ʩʠʤʤʝʪʨʠʯʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʧʣʦʩʢʦʩʪʠ ʠ ʝʝ ʨʝʟʫʣʴʪʘʪʳ ʠʤʝʶʪ ʚʘʞʥʦʝ ʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ. ʂʘʢ ʦʮʝʥʠʪʴ 

ʫʨʦʚʝʥʴ ʧʦʩʣʝʜʥʝʡ ʟʘʜʘʯʠ? ʂʘʢ ʷ ʫʞʝ ʩʢʘʟʘʣ, ʟʘʜʘʯʘ ʜʚʫʭ ʪʝʣ ʙʳʣʘ ʨʝʰʝʥʘ ʅʴʶʪʦʥʦʤ ʙʦʣʝʝ ʯʝʤ 300 ʣʝʪ ʥʘʟʘʜ. ʀ 

ʙʦʣʴʰʝ ʧʦʣʥʳʭ ʠ ʪʦʯʥʳʭ ʨʝʰʝʥʠʡ ʟʘʜʘʯ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʝ ʙʳʣʦ. ʆ ʟʘʜʘʯʝ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

N-ʪʝʣ ʤʦʞʥʦ ʩʢʘʟʘʪʴ: ʪʘʢʠʝ ʟʘʜʘʯʠ ʨʝʰʘʶʪʩʷ ʦʜʠʥ ʨʘʟ ʚ 300 ʣʝʪ. 

ʂʩʪʘʪʠ, ʯʪʦ ʪʘʢʦʝ ʥʘʫʢʘ? ʅʘʫʢʘ ï ʵʪʦ ʪʦ, ʯʪʦ ʜʘʝʪ ʥʦʚʳʝ ʟʥʘʥʠʷ ʦ ʤʠʨʝ. ɸ ʟʥʘʥʠʝ ʝʩʪʴ ʪʦ, ʯʪʦ ʢʘʞʜʦʤʫ 

ʧʦʥʷʪʥʦ, ʢʘʞʜʦʤʫ ʜʦʩʪʫʧʥʦ ʠ ʢʘʞʜʳʡ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ. ɺʩʝ ʩʚʦʠ ʨʝʟʫʣʴʪʘʪʳ ʷ ʧʨʝʜʦʩʪʘʚʣʷʶ ʚ ʩʚʦʙʦʜʥʳʡ 

ʜʦʩʪʫʧ. ʂʘʞʜʳʡ ʜʣʷ ʩʚʦʠʭ ʠʩʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʞʝʪ ʧʦʣʫʯʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʟʘʜʘʯʠ ʦʩʝʩʠʤʤʝʪ-

ʨʠʯʥʦʛʦ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʝʣ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ ʚ ʩʨʝʜʝ MathCad ʚ ʬʘʡʣʝ InCnPrpr.mcd ʧʦ 

ʘʜʨʝʩʫ http://www.ikz.ru/~smulski/GalactcW/InCndFls/Preprtn/, ʘ ʧʨʠ ʢʫʣʦʥʦʚʩʢʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ï ʚ ʬʘʡʣʝ 

InCnPrClb.mcd ʧʦ ʘʜʨʝʩʫ http://www.ikz.ru/~smulski/GalactcW/ModCoulm/InCndFsQ/. 

4. ʄʥʦʛʦʩʣʦʡʥʳʝ ʚʨʘʱʘʶʱʠʝʩʷ ʩʪʨʫʢʪʫʨʳ Nïʪʝʣ 

ʊʦʯʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʦ ʚʨʘʱʘʶʱʝʡʩʷ ʤʥʦʛʦʩʣʦʡʥʦʡ ʩʪʨʫʢʪʫʨʝ ʧʨʠʰʣʦ ʢʦ ʤʥʝ, ʢʦʛʜʘ ʷ ʧʦʟʥʘʢʦʤʠʣʩʷ 

ʩ ʪʘʢ ʥʘʟʳʚʘʝʤʳʤʠ ʟʘʜʘʯʘʤʠ ʛʦʤʦʛʨʘʬʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʠ, ʘ ʚ ʟʘʨʫʙʝʞʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʠʭ ʥʘʟʳʚʘʶʪ ʟʘʜʘʯʘʤʠ ʦ 

ʧʣʦʩʢʠʭ ʮʝʥʪʨʘʣʴʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʷʭ. ɺ ʵʪʠʭ ʟʘʜʘʯʘʭ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʣʦʞʝʥʥʳʝ ʜʨʫʛ ʚ ʜʨʫʛʘ ʚʦʦʙʨʘʞʘʝʤʳʝ 

ʤʥʦʛʦʫʛʦʣʴʥʠʢʠ (ʨʠʩ. 6-I), ʚ ʚʝʨʰʠʥʘʭ ʢʦʪʦʨʳʭ ʥʘʭʦʜʷʪʩʷ ʪʝʣʘ, ʢʦʪʦʨʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʧʦ ʟʘʢʦʥʫ ʪʷʛʦʪʝʥʠʷ 

ʅʴʶʪʦʥʘ. ʉʪʨʫʢʪʫʨʘ ʠʟ ʚʣʦʞʝʥʥʳʭ ʤʥʦʛʦʫʛʦʣʴʥʠʢʦʚ ʚʨʘʱʘʝʪʩʷ ʢʘʢ ʝʜʠʥʦʝ ʮʝʣʦʝ ʩ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ ɤ. ʅʘ 

ʨʠʩʫʥʢʝ 6-I ʧʦʢʘʟʘʥʘ ʩʪʨʫʢʪʫʨʘ ʠʟ ʚʣʦʞʝʥʥʳʭ ʪʨʝʫʛʦʣʴʥʠʢʦʚ, ʢʚʘʜʨʘʪʦʚ, ʧʷʪʠʫʛʦʣʴʥʠʢʦʚ ʠ ʰʝʩʪʠʫʛʦʣʴʥʠʢʦʚ. ɺ 

ʦʜʥʠʭ ʠʟ ʥʠʭ ʚʝʨʰʠʥʳ ʣʝʞʘʪ ʥʘ ʦʜʥʦʤ ʨʘʜʠʫʩʝ (ʧʨʠʤʝʨʳ 1 ʠ 3), ʚ ʜʨʫʛʠʭ ï ʚʝʨʰʠʥʳ ʣʝʞʘʪ ʥʘʧʨʦʪʠʚ ʩʪʦʨʦʥ 

ʩʦʩʝʜʥʠʭ ʤʥʦʛʦʫʛʦʣʴʥʠʢʦʚ. ɿʘʜʘʯʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʜʦʢʘʟʘʪʝʣʴʩʪʚʝ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʢʘʞʜʦʡ ʢʦʥʢʨʝʪʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʠ ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʥʘʭʦʞʜʝʥʠʠ ʝʝ ʢʦʥʢʨʝʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ: ʤʘʩʩ ʪʝʣ, ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʢʦʥʬʠʛʫʨʘʮʠʠ ʠ 

ʫʛʣʦʚʦʡ ʝʝ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ. 

ɿʘʜʘʯʠ ʵʪʠ ʨʝʰʘʶʪʩʷ ʚ ʨʘʤʢʘʭ ɻʘʤʠʣʴʪʦʥʦʚʦʡ ʜʠʥʘʤʠʢʠ. ɼʣʷ ʢʘʞʜʦʡ ʟʘʜʘʯʠ ʩʦʩʪʘʚʣʷʝʪʩʷ ʩʚʦʷ ʩʠʩʪʝʤʘ 

ʫʨʘʚʥʝʥʠʡ, ʢʦʪʦʨʘʷ ʚʝʩʴʤʘ ʛʨʦʤʦʟʜʢʘ ʠ ʜʣʷ ʝʝ ʨʝʰʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪ ʤʝʪʦʜʳ ʢʦʤʧʴʶʪʝʨʥʦʡ ʘʣʛʝʙʨʳ. ʇʦ ʫʪʚʝʨ-

ʞʜʝʥʠʶ ʘʚʪʦʨʦʚ Yu X. Zhang S. [33] (33 ï ʩʩʳʣʢʘ ʥʠʞʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʪʘʪʴʠ) ʥʘʡʪʠ ʢʦʥʢʨʝʪʥʫʶ ʢʦʥʬʠʛʫʨʘ-

ʮʠʶ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʪʨʫʜʥʦʡ ʧʨʦʙʣʝʤʦʡ. 

ʅʘ ʤʦʤʝʥʪ ʤʦʝʛʦ ʪʦʯʥʦʛʦ ʠ ʧʦʣʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʨʝʰʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠ-

ʩʫʥʢʝ 6-I, ʚ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʴʰʝʝ ʯʠʩʣʦ ʤʥʦʛʦʫʛʦʣʴʥʠʢʦʚ ʙʳʣʦ 4 (ʧʨʠʤʝʨʳ 1 ʠ 2), ʘ ʥʘʠʙʦʣʴʰʝʝ ʯʠʩʣʦ ʪʝʣ ʥʘ 

ʤʥʦʛʦʫʛʦʣʴʥʠʢʘʭ ʙʳʣʦ 6 (ʧʨʠʤʝʨ 6). ʂʘʞʜʘʷ ʪʘʢʘʷ ʨʝʰʝʥʥʘʷ ʟʘʜʘʯʘ ʷʚʣʷʣʘʩʴ ʦʩʥʦʚʦʡ ʢʘʥʜʠʜʘʪʩʢʦʡ ʜʠʩʩʝʨʪʘʮʠʠ. 

ɸ ʜʚʝ-ʪʨʠ ʪʘʢʠʭ ʨʝʰʝʥʥʳʭ ʟʘʜʘʯʠ ʩʦʩʪʘʚʣʷʣʠ ʜʦʢʪʦʨʩʢʫʶ ʜʠʩʩʝʨʪʘʮʠʶ. 

ɺ ʵʪʠʭ ʢʦʥʬʠʛʫʨʘʮʠʷʭ ʷ ʫʚʠʜʝʣ ʥʝʯʪʦ ʦʙʱʝʝ, ʯʪʦ ʧʦʟʚʦʣʷʣʦ ʦʧʠʩʘʪʴ ʠʭ ʦʜʥʦʪʠʧʥʦ. ɼʣʷ ʵʪʦʛʦ ʥʫʞʥʦ 

ʙʳʣʦ ʧʨʠʤʝʥʠʪʴ ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʪʝʣ ʪʘʢʫʶ, ʯʪʦʙʳ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʥʘ ʦʭʚʘʪʳʚʘʣʘ ʠʭ ʛʝʦʤʝʪʨʠʶ ʠ ʤʘʩʩʳ. ʅʝʯʪʦ 

ʧʦʜʦʙʥʦʝ ʷ ʫʞʝ ʠʩʧʦʣʴʟʦʚʘʣ ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ [8-I].  

 



ISSN 2311-2158. The Way of Science. 2015. ˉ 10 (20). 

 

 

16 

 

 
 

ʈʠʩ. 6-I. ʇʨʠʤʝʨʳ ʨʝʰʝʥʥʳʭ ʟʘʜʘʯ ʛʦʤʦʛʨʘʬʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʠ (ʠʟ ʨʘʙʦʪʳ [1]) 
 

ʀʪʘʢ, ʚʩʝ ʵʪʠ ʩʪʨʫʢʪʫʨʳ ʷ ʨʘʩʩʤʦʪʨʝʣ ʢʘʢ ʤʥʦʛʦʩʣʦʡʥʳʝ ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʩʣʦʝʚ N2 ʠ ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʪʝʣ ʚ 

ʢʘʞʜʦʤ ʩʣʦʝ N3. ɺ ʧʣʦʩʢʦʡ ʢʦʦʨʜʠʥʘʪʥʦʡ ʩʠʩʪʝʤʝ xoyo (ʩʤ. ʨʠʩ. 1) (ʨʠʩ. 1 ï ʩʩʳʣʢʘ ʥʠʞʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʪʘʪʴʠ), 

ʚ ʢʦʪʦʨʦʡ ʩʪʨʫʢʪʫʨʳ ʚʨʘʱʘʶʪʩʷ ʩ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ ɤ, ʷ ʚʚʝʣ ʥʦʤʝʨʘ ʩʣʦʝʚ i = j = 1,2,é N2, ʠ ʥʦʤʝʨʘ ʪʝʣ ʥʘ 

ʢʘʞʜʦʤ ʩʣʦʝ l = 1,2,é N3. ʉʣʦʠ ʦʪʩʯʠʪʳʚʘʶʪʩʷ ʦʪ ʮʝʥʪʨʘ, ʘ ʪʝʣʘ ʚ ʩʣʦʷʭ ʦʪʩʯʠʪʳʚʘʶʪʩʷ ʦʪ ʦʩʠ xo. ʊʘʢʦʡ ʠʜʝʥʪʠ-

ʬʠʢʘʮʠʝʡ ʩʨʘʟʫ ʫʜʘʣʦʩʴ ʦʜʥʦʪʠʧʥʦ ʦʧʨʝʜʝʣʠʪʴ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʣʶʙʳʤʠ ʪʝʣʘʤʠ, ʘ ʪʘʢʞʝ ʫʛʦʣ ʤʝʞʜʫ ʠʭ ʮʝʥ-

ʪʨʘʣʴʥʳʤʠ ʨʘʜʠʫʩʘʤʠ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʚ ʧʨʦʩʪʦʤ ʚʠʜʝ ʟʘʧʠʩʘʪʴ ʩʠʣʫ ʚʦʟʜʝʡʩʪʚʠʷ ʚʩʝʭ ʪʝʣ ʥʘ ʦʜʥʦ ʪʝʣʦ. ʕʪʦ ʧʝʨ-

ʚʦʝ ʜʝʡʩʪʚʠʝ. ɸ ʚʪʦʨʦʝ ʜʝʡʩʪʚʠʝ: ʵʪʫ ʩʠʣʫ ʜʝʣʠʤ ʥʘ ʤʘʩʩʫ ʪʝʣʘ ʠ ʧʦʣʫʯʘʝʤ ʝʛʦ ʫʩʢʦʨʝʥʠʝ, ʘ ʜʣʷ ʚʩʝʭ ʪʝʣ, ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʟʘʧʠʩʳʚʘʝʤ ʩʠʩʪʝʤʫ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʡ ʩʠʩʪʝʤʳ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʥʦ ʥʝʩʢʦʣʴʢʦ ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʧʨʠʝʤʦʚ ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ-

ʣʫʯʝʥʦ ʪʦʯʥʦʝ ʠ ʧʦʣʥʦʝ ʨʝʰʝʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ. ʆʥʦ ʚʢʣʶʯʘʝʪ ʙʝʩʯʠʩʣʝʥʥʦʝ ʤʥʦʞʝʩʪʚʦ ʨʝʰʝʥʠʡ ʟʘʜʘʯ, ʧʦʜʦʙʥʳʭ 

ʧʨʠʚʝʜʝʥʥʳʤ ʥʘ ʨʠʩ. 6-I, ʘ ʪʘʢʞʝ ʤʥʦʛʦ ʜʨʫʛʠʭ, ʢʦʪʦʨʳʝ ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʤʦʛʫʪ ʙʳʪʴ ʚʳʷʚʣʝʥʳ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʩʦʟʜʘʥ ʩʝʨʚʠʩ ʚ ʚʠʜʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦ-

ʚʘʪʝʣʶ ʩʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʣʶʙʳʝ ʚʠʜʳ ʩʪʨʫʢʪʫʨ, ʧʦʣʫʯʠʪʴ ʠʭ ʨʝʰʝʥʠʷ, ʘ ʪʘʢʞʝ ʠʟʫʯʠʪʴ ʠʭ ʜʠʥʘʤʠʢʫ ʠ ʵʚʦʣʶʮʠʶ 

ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ çGalacticaè. ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʠ ʵʚʦʣʶʮʠʠ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ ʨʘʟʨʘʙʦʪʘʥʳ [15-

I], [24-I]. ʇʦʵʪʦʤʫ ʵʪʠ ʟʘʜʘʯʠ ʤʦʞʥʦ ʜʘʚʘʪʴ ʚ ʚʠʜʝ ʢʫʨʩʦʚʳʭ ʠ ʜʠʧʣʦʤʥʳʭ ʨʘʙʦʪ ʩʪʫʜʝʥʪʘʤ ʤʝʭʘʥʦ-ʤʘʪʝʤʘʪʠʯʝ-

ʩʢʦʛʦ ʧʨʦʬʠʣʷ ʠ ʜʨʫʛʠʭ ʨʦʜʩʪʚʝʥʥʳʭ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ. 

ʊʘʢʫʶ ʩʪʝʧʝʥʴ ʨʝʰʝʥʥʦʩʪʠ ʟʘʜʘʯʠ ʥʝ ʤʦʞʝʪ ʧʨʝʜʩʪʘʚʠʪʴ ʥʠ ʦʜʠʥ ʠʩʩʣʝʜʦʚʘʪʝʣʴ ʚ ʤʠʨʝ. ɽʩʣʠ ʷ ʥʝ ʧʨʘʚ 

ï ʧʫʩʪʴ ʢʪʦ-ʣʠʙʦ ʧʨʠʚʝʜʝʪ ʪʘʢʦʡ ʧʨʠʤʝʨ, ʘ ʯʠʪʘʪʝʣʴ ʩʜʝʣʘʝʪ ʩʚʦʡ ʚʳʙʦʨ. 

ʂʘʢ ʠ ʚʩʝ ʤʦʠ ʨʝʰʝʥʥʳʝ ʟʘʜʘʯʠ, ʵʪʫ ʧʦʩʪʠʛʣʘ ʪʘʢʘʷ ʞʝ ʫʯʘʩʪʴ: ʥʠ ʦʜʠʥ ʞʫʨʥʘʣ ʥʝ ʟʘʭʦʪʝʣ ʝʝ ʧʫʙʣʠʢʦʚʘʪʴ. 

ɺ ʧʨʠʣʦʞʝʥʠʠ ʢ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʰʝʥʠʷ ʩʝʤʠ ʞʫʨʥʘʣʦʚ, ʪʨʠ ʠʟ ʢʦʪʦʨʳʭ ʟʘʨʫʙʝʞʥʳʝ. ʏʠʪʘʪʝʣʴ ʩʘʤ ʤʦʞʝʪ 

ʫʙʝʜʠʪʴʩʷ ʥʘʩʢʦʣʴʢʦ ʚʝʩʢʠʝ ʠʭ ʘʨʛʫʤʝʥʪʳ ʧʨʠ ʦʪʢʣʦʥʝʥʠʠ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʠ. 

ʅʘʩʪʦʷʱʘʷ ʟʘʜʘʯʘ ʥʝ ʷʚʣʷʝʪʩʷ ʘʫʪʩʘʡʜʝʨʦʤ, ʥʘʭʦʜʷʱʠʤʩʷ ʚʜʘʣʠ ʦʪ ʛʣʘʚʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ 

ʥʘʫʢʠ. ɺ ʟʘʨʫʙʝʞʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʧʨʠʜʘʝʪʩʷ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʧʣʦʩʢʠʤ ʮʝʥʪʨʘʣʴʥʳʤ ʢʦʥʬʠʛʫʨʘʮʠʷʤ, ʢʘʢ ʩʘʤʳʤ 

ʘʢʪʫʘʣʴʥʳʤ ʟʘʜʘʯʘʤ ʥʝʙʝʩʥʦʡ ʤʝʭʘʥʠʢʠ, ʢʦʪʦʨʳʝ ʦʪʢʨʳʚʘʶʪ ʧʫʪʴ ʢ ʧʦʥʠʤʘʥʠʶ ʵʚʦʣʶʮʠʠ ʟʚʝʟʜ ʠ ʟʚʝʟʜʥʳʭ ʩʢʦʧ-

ʣʝʥʠʡ. ɺ ʢʦʥʮʝ ʩʪʘʪʴʠ ʯʠʪʘʪʝʣʴ ʫʚʠʜʠʪ ʤʦʠ ʩʦʦʙʨʘʞʝʥʠʷ ʧʦ ʜʘʣʴʥʝʡʰʝʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʵʪʦʡ ʟʘʜʘʯʠ. 

ʂ ʢʘʢʦʤʫ ʫʨʦʚʥʶ ʦʪʥʝʩʪʠ ʨʝʰʝʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ? ʂʘʢ ʷ ʫʞʝ ʫʧʦʤʠʥʘʣ, ʀʩʘʘʢ ʅʴʶʪʦʥ ʟʘʜʘʯʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʜʚʫʭ ʪʝʣ ʨʝʰʠʣ 300 ʣʝʪ ʥʘʟʘʜ, ʟʘʜʘʯʫ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ N-ʪʝʣ ʷ ʨʝʰʠʣ ʚ 1996 ʛ., ʘ ʵʪʦ ʪʨʝʪʴʝ ʧʦʣʥʦʝ 

ʨʝʰʝʥʠʝ ʤʥʦʛʦʩʣʦʡʥʦʡ ʟʘʜʘʯʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ N-ʪʝʣ. ʀʪʘʢ, ʟʘ 300 ʣʝʪ ʧʦʣʥʦʩʪʴʶ ʨʝʰʝʥʳ ʪʨʠ ʟʘʜʘʯʠ. ʇʦʵʪʦʤʫ ʪʘʢʠʝ 

ʟʘʜʘʯʠ ʢʘʢ ʧʦʩʣʝʜʥʷʷ ʨʝʰʘʶʪʩʷ ʦʜʠʥ ʨʘʟ ʚ 100 ʣʝʪ. ʕʪʦ ʠ ʦʙʲʷʩʥʷʝʪ, ʧʦʯʝʤʫ ʞʫʨʥʘʣʳ ʥʝ ʭʦʪʷʪ ʝʝ ʧʫʙʣʠʢʦʚʘʪʴ. 

ʉ ʪʨʫʜʦʤ ʫʜʘʣʦʩʴ ʝʝ ʦʙʥʘʨʦʜʦʚʘʪʴ ʚ ʥʦʚʦʤ ʠʟʜʘʥʠʠ çSpringer Plusè, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʥʥʳʤ ʠ 

ʥʘʫʯʥʳʤ ʣʶʜʦʤ, ʦʪʥʦʩʠʪʩʷ ʢ ʪʨʝʪʴʝʩʦʨʪʥʳʤ ʧʫʙʣʠʢʘʮʠʷʤ. ʇʦʵʪʦʤʫ ʷ ʥʝ ʩʦʤʥʝʚʘʶʩʴ, ʯʪʦ ʧʦ-ʧʨʝʞʥʝʤʫ ʚ çʧʝʨ-

ʚʦʩʦʨʪʥʳʭè ʞʫʨʥʘʣʘʭ ʙʫʜʫʪ ʧʫʙʣʠʢʦʚʘʪʴʩʷ ʯʘʩʪʥʳʝ ʨʝʰʝʥʠʷ ʫʞʝ ʨʝʰʝʥʥʦʡ ʦʙʱʝʡ ʟʘʜʘʯʠ. ʕʪʠ ʨʘʙʦʪʳ ʙʫʜʫʪ 

ʩʫʙʩʠʜʠʨʦʚʘʪʴʩʷ ʛʨʘʥʪʘʤʠ, ʘ ʠʭ ʘʚʪʦʨʳ ʥʘʛʨʘʞʜʘʪʴʩʷ ʧʨʝʤʠʷʤʠ. 

ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥ ʚʘʨʠʘʥʪ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʠ ʥʘ ʨʫʩʩʢʦʤ ʷʟʳʢʝ. ʉʪʘʪʴʶ ʷ ʧʦʩʚʷʱʘʶ ʧʘʤʷʪʠ ɽʚʛʝʥʠʷ 

ɸʣʝʢʩʘʥʜʨʦʚʠʯʘ ɻʨʝʙʝʥʠʢʦʚʘ. ʇʨʠʯʠʥʘ ʧʦʩʚʷʱʝʥʠʷ ʚ ʩʪʘʪʴʝ ʦʙʲʷʩʥʷʝʪʩʷ. ʅʦ ʝʩʪʴ ʝʱʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʦʪʠʚʳ 

ʵʪʦʛʦ ʧʦʩʚʷʱʝʥʠʷ. ɽ.ɸ. ɻʨʝʙʝʥʠʢʦʚ ʧʦʤʦʛ ʤʥʝ ʦʧʫʙʣʠʢʦʚʘʪʴ ʨʷʜ ʤʘʪʝʨʠʘʣʦʚ, ʢʨʦʤʝ ʪʦʛʦ ʥʘʰʠ ʨʝʜʢʠʝ ʚʩʪʨʝʯʠ ʠ 

ʨʘʟʛʦʚʦʨʳ ʦʩʪʘʣʠʩʴ ʫ ʤʝʥʷ ʚ ʧʘʤʷʪʠ ʷʨʢʠʤʠ ʠ ʥʝʟʘʙʳʚʘʝʤʳʤʠ. 

ʉʪʨʫʢʪʫʨʘ ʘʥʛʣʠʡʩʢʦʡ ʩʪʘʪʴʠ ʪʘʢʦʚʘ, ʯʪʦ ʧʦʩʚʷʱʝʥʠʶ ʥʝʪ ʤʝʩʪʘ, ʠ ʨʝʜʘʢʮʠʷ ʧʝʨʝʥʝʩʣʘ ʝʛʦ ʚ ʨʘʟʜʝʣ ʙʣʘ-

ʛʦʜʘʨʥʦʩʪʠ. ɾʘʣʴ, ʥʦ ʩʜʝʣʘʪʴ ʷ ʥʠʯʝʛʦ ʥʝ ʤʦʛ. ɺ ʥʘʰʠʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʞʫʨʥʘʣʘʭ ʵʪʦ ʧʦʩʚʷʱʝʥʠʝ ʤʦʛʣʦ ʙʳ ʧʦ-

ʷʚʠʪʴʩʷ ʠ ʚʦʟʜʘʣʦ ʙʳ ʯʝʩʪʴ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʥʘʫʢʝ, ʥʦ ʦʥʠ ʦʪʚʝʨʛʣʠ ʩʪʘʪʴʶ. 

ʕʪʫ ʞʝ ʟʘʜʘʯʫ ʷ ʩʬʦʨʤʫʣʠʨʦʚʘʣ ʠ ʨʝʰʠʣ ʜʣʷ ʢʫʣʦʥʦʚʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ [15-I], [24-I]. ʈʝʰʠʣ, ʦʜʥʘʢʦ, 

ʨʝʰʝʥʠʷ ʥʝʪ. ɺʦ ʚʩʝʭ ʤʥʦʛʦʩʣʦʡʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʩʠʣʳ ʦʪʪʘʣʢʠʚʘʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʙʦʣʴʰʝ ʧʨʠʪʷʞʝʥʠʷ ʠʭ ʢ ʷʜʨʫ. 

ʕʪʦ ʨʝʰʝʥʠʝ ʠʤʝʝʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ. ʇʣʘʥʝʪʘʨʥʘʷ ʤʦʜʝʣʴ ʘʪʦʤʘ, ʚʨʘʱʘʶʱʘʷʩʷ ʢʘʢ ʝʜʠʥʦʝ ʮʝʣʦʝ ï 

ʥʝʚʦʟʤʦʞʥʘ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ ʤʦʜʝʣʠ ʘʪʦʤʦʚ ʩ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʚʨʘʱʝʥʠʝʤ 

ʩʣʦʝʚ ʵʣʝʢʪʨʦʥʦʚ. ʗ ʥʝ ʩʦʤʥʝʚʘʶʩʴ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʵʪʦʡ ʟʘʜʘʯʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʧʦʩʣʝʜʫʶʱʝʤ 

ʥʘʡʜʫʪ ʪʘʢʦʝ ʞʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ, ʢʘʢ ʠ ʧʝʨʚʳʭ ʜʚʫʭ. 
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5. ʅʝʜʦʩʪʘʪʢʠ ʩʦʚʨʝʤʝʥʥʦʡ ʤʘʪʝʤʘʪʠʢʠ 

ɺʝʨʥʝʤʩʷ ʪʝʧʝʨʴ ʢ ʤʘʪʝʤʘʪʠʢʝ. ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ ʵʪʠʭ ʯʝʪʳʨʝʭ ʟʘʜʘʯʘʭ, ʤʥʦʛʠʝ ʪʘʡʥʳ ʦʢʨʫʞʘʶʱʝʛʦ ʤʠʨʘ 

ʦʪʢʨʳʚʘʶʪʩʷ ʥʘʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʟʘʜʘʯ. ʅʦ ʵʪʠ ʟʘʜʘʯʠ ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʘʚʠʣʴʥʦ ʩʬʦʨʤʫ-

ʣʠʨʦʚʘʥʳ ʠ ʚʝʨʥʦ ʨʝʰʝʥʳ. ʏʠʩʪʳʡ ʤʘʪʝʤʘʪʠʢ ʚ ʧʨʠʥʮʠʧʝ ʥʝ ʩʤʦʞʝʪ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʟʘʜʘʯʫ. ʉʬʦʨʤʫʣʠʨʦʚʘʪʴ 

ʟʘʜʘʯʫ ʤʦʞʝʪ ʣʠʰʴ ʪʦʪ ʩʧʝʮʠʘʣʠʩʪ, ʢʦʪʦʨʳʡ ʚ ʩʚʦʝʡ ʦʙʣʘʩʪʠ ʠʟʫʯʠʣ ʷʚʣʝʥʠʷ ʠ ʩʚʷʟʠ ʤʝʞʜʫ ʥʠʤʠ. ʅʦ ʵʪʦʛʦ ʥʝ-

ʜʦʩʪʘʪʦʯʥʦ, ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʥ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʫʨʦʚʥʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʟʥʘʥʠʡ ʪʝʭʥʠʯʝʩʢʦʛʦ ʚʫʟʘ ʚʨʝʤʝʥ ʉʦ-

ʚʝʪʩʢʦʛʦ ʉʦʶʟʘ. ʊʦʛʜʘ, ʢ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʦʡ ʟʘʜʘʯʝ ʤʦʞʝʪ ʧʦʜʢʣʶʯʠʪʴʩʷ ʘʢʘʜʝʤʠʯʝʩʢʠʡ ʤʘʪʝʤʘʪʠʢ. ʕʪʦ ʙʳʣʦ 

ʙʳ ʦʧʪʠʤʘʣʴʥʦ. ɸ ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ï ʤʘʣʦʚʝʨʦʷʪʥʦ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʥʦʚʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʨʝʰʘʶʪʩʷ ʥʝ ʘʢʘʜʝʤʠʯʝʩʢʠʤʠ ʤʘʪʝʤʘʪʠʢʘʤʠ. ʋʪʦʯʥʶ, ʢʦʛʦ ʷ 

ʧʦʜʨʘʟʫʤʝʚʘʶ ʧʦʜ ʘʢʘʜʝʤʠʯʝʩʢʠʤ ʤʘʪʝʤʘʪʠʢʦʤ. ɹʦʣʴʰʠʥʩʪʚʦ ʘʢʘʜʝʤʠʯʝʩʢʠʭ ʤʘʪʝʤʘʪʠʢʦʚ ʫ ʥʘʩ ʚ ʩʪʨʘʥʝ ʥʘʭʦ-

ʜʷʪʩʷ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʠʥʩʪʠʪʫʪʘʭ ɸʢʘʜʝʤʠʠ ʥʘʫʢ. ʅʦ ʙʦʣʴʰʘʷ ʠʭ ʯʘʩʪʴ ʨʘʙʦʪʘʝʪ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʢʘʬʝʜʨʘʭ 

ʚʫʟʦʚ. ɿʘ ʨʫʙʝʞʦʤ ʘʢʘʜʝʤʠʯʝʩʢʠʡ ʤʘʪʝʤʘʪʠʢ, ʢʘʢ ʠ ʘʢʘʜʝʤʠʯʝʩʢʠʡ ʬʠʟʠʢ ʠ ʘʢʘʜʝʤʠʯʝʩʢʠʝ ʫʯʝʥʳʝ ʜʨʫʛʠʭ ʜʠʩ-

ʮʠʧʣʠʥ ʨʘʙʦʪʘʶʪ ʚ ʫʥʠʚʝʨʩʠʪʝʪʘʭ. ʆʥʠ ʩʦʩʪʘʚʣʷʶʪ ʷʜʨʦ ʨʝʜʘʢʮʠʡ ʞʫʨʥʘʣʦʚ ʠ ʬʦʨʤʠʨʫʶʪ ʩʚʦʝ ʧʦʥʠʤʘʥʠʝ ʮʝʣʝʡ 

ʠ ʟʘʜʘʯ ʥʘʫʢʠ. 

ʀʪʘʢ, ʙʦʣʴʰʠʥʩʪʚʦ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʨʝʰʘʶʪʩʷ ʥʝ ʘʢʘʜʝʤʠʯʝʩʢʠʤʠ ʫʯʝʥʳʤʠ. ʅʘʧʨʠʤʝʨ, ʥʦʚʳʝ ʤʝ-

ʪʦʜʳ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʷʟʳʢʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʠʣʠ 

ʧʘʢʝʪʳ ʜʣʷ ʨʝʰʝʥʠʷ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʟʘʜʘʯ, ʧʨʦʙʣʝʤʳ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʪʝʤʘʪʠʢʠ ʧʨʠ ʩʦʟʜʘʥʠʠ ʥʦʚʳʭ ʢʦʤʧʴʶʪʝ-

ʨʦʚ, ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʢʦʤʧʴʶʪʝʨʥʳʝ ʧʨʦʛʨʘʤʤʳ ʠ ʪ.ʜ. ʊʦ ʝʩʪʴ, ʚʩʝ ʪʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʣʠ 

ʨʘʟʚʠʪʠʝ ʢʦʤʧʴʶʪʝʨʥʳʭ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʟʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʨʝʰʘʣʠ ʵʥʪʫʟʠʘʩʪʳ, ʯʘʩʪʦ ʠʭ 

ʥʘʟʳʚʘʶʪ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ. ʄʥʦʛʠʝ ʠʟ ʥʠʭ ʥʝ ʟʘʢʘʥʯʠʚʘʣʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʚʫʟʳ, ʘ ʝʩʪʴ ʠ ʪʘʢʠʝ, ʢʦʪʦʨʳʝ ʥʝ ʠʤʝʣʠ 

ʚr ʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. ʅʦ ʚʩʝ ʵʪʠ ʣʶʜʠ ʠʤʝʶʪ ʥʝʟʘʚʠʩʠʤʦʝ ʤʳʰʣʝʥʠʝ, ʦʢʨʳʣʝʥʥʳʝ ʩʚʦʠʤʠ ʠʜʝʷʤʠ, ʠ, ʙʝʟʫʩʣʦʚʥʦ, 

ʩʧʦʩʦʙʥʳʝ ʠ ʪʘʣʘʥʪʣʠʚʳʝ. ʇʨʠʯʝʤ ʥʘʩʪʦʣʴʢʦ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʥʠʭ ʚʦʧʨʦʩʳ ʦʥʠ ʠʟʫʯʘʶʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʰʠ-

ʨʦʢʦ ʠ ʛʣʫʙʦʢʦ ʜʦ ʪʘʢʦʡ ʩʪʝʧʝʥʠ, ʢʦʪʦʨʘʷ ʥʝʜʦʩʪʫʧʥʘ ʘʢʘʜʝʤʠʯʝʩʢʠʤ ʤʘʪʝʤʘʪʠʢʘʤ. 

ʅʝʩʧʦʩʦʙʥʦʩʪʴ ʘʢʘʜʝʤʠʯʝʩʢʠʭ ʤʘʪʝʤʘʪʠʢʦʚ ʨʝʰʘʪʴ ʚʳʰʝʫʧʦʤʷʥʫʪʳʝ ʟʘʜʘʯʠ ʚʳʟʳʚʘʝʪ ʫ ʥʠʭ ʞʝʣʘʥʠʝ 

ʜʝʣʘʪʴ ʥʝʯʪʦ ʪʘʢʦʝ, ʯʪʦ ʜʨʫʛʠʝ ʥʝ ʜʝʣʘʶʪ. ʅʘʧʨʠʤʝʨ, ʧʨʦʩʪʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʨʷʤʳʭ: ʜʚʝ ʧʨʷʤʳʝ ʥʘ 

ʧʣʦʩʢʦʩʪʠ ʷʚʣʷʶʪʩʷ ʧʘʨʘʣʣʝʣʴʥʳʤʠ ï ʝʩʣʠ ʦʥʠ ʥʝ ʧʝʨʝʩʝʢʘʶʪʩʷ, ʘʢʘʜʝʤʠʯʝʩʢʠʝ ʤʘʪʝʤʘʪʠʢʠ ʧʨʝʚʨʘʱʘʶʪ ʚ ʧʨʦ-

ʙʣʝʤʫ. ʉʯʠʪʘʝʪʩʷ ʯʪʦ ʵʪʦ ʦʧʨʝʜʝʣʝʥʠʝ ʘʢʘʜʝʤʠʯʝʩʢʠ ʥʝʜʦʩʢʘʟʘʥʦ, ʦʥʠ ʚʳʜʚʠʛʘʶʪ ʧʦʣʦʞʝʥʠʝ: ʜʚʝ ʧʘʨʘʣʣʝʣʴʥʳʝ 

ʧʨʷʤʳʝ ʤʦʛʫʪ ʧʝʨʝʩʝʢʘʪʴʩʷ. ʅʘ ʵʪʦʤ ʧʦʣʦʞʝʥʠʠ ʠ ʝʤʫ ʧʦʜʦʙʥʳʭ ʙʳʣʘ ʩʦʟʜʘʥʘ ʢʨʠʚʦʣʠʥʝʡʥʘʷ ʛʝʦʤʝʪʨʠʷ ʧʨʦ-

ʩʪʨʘʥʩʪʚʘ, ʘ ʪʦʯʥʝʝ ʢʨʠʚʦʣʠʥʝʡʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ʂʨʠʚʦʣʠʥʝʡʥʘʷ ʛʝʦʤʝʪʨʠʷ ʠʟʚʝʩʪʥʘ: ʥʘ ʮʠʣʠʥʜʨʝ, ʥʘ ʰʘʨʝ (ʩʬʝʨʠʯʝʩʢʘʷ ʛʝʦʤʝʪʨʠʷ) ʠ ʦʥʘ ʰʠʨʦʢʦ ʠʩ-

ʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʨʝʰʝʥʠʠ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʟʘʜʘʯ. ʅʦ ʢʨʠʚʦʣʠʥʝʡʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ï ʵʪʦ ʥʝʯʪʦ ʜʨʫʛʦʝ. ʕʪʦ ʚʦʦʙʨʘ-

ʞʘʝʤʳʡ ʤʘʪʝʨʠʘʣʴʥʳʡ ʤʠʨ. ʉʝʡʯʘʩ ʚʩʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʩʪʘʪʴʠ ʥʘʯʠʥʘʶʪʩʷ ʩ ʬʦʨʤʫʣʠʨʦʚʢʠ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʚ ʢʦ-

ʪʦʨʦʤ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ. ʄʦʠ ʩʪʘʪʴʠ, ʚ ʢʦʪʦʨʳʭ ʷ ʵʪʫ ʘʙʩʫʨʜʥʫʶ ʬʦʨʤʫʣʠʨʦʚʢʫ ʥʝ ʠʩʧʦʣʴʟʫʶ, ʩʨʘʟʫ ʩʪʘ-

ʥʦʚʷʪʩʷ ʯʫʞʝʨʦʜʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʪʘʢʦʛʦ ʞʫʨʥʘʣʘ. 

ɺ ʚʦʩʴʤʠʜʝʩʷʪʳʝ ʛʦʜʳ ʤʥʝ ʧʨʠʰʣʦʩʴ ʩʣʫʰʘʪʴ ʜʦʢʣʘʜ ʤʘʪʝʤʘʪʠʢʘ-ʣʦʛʠʢʘ ʠʟ ʀʥʩʪʠʪʫʪʘ ʄʘʪʝʤʘʪʠʢʠ 

ʉʆɸʅ ʉʉʉʈ, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ. ʆʥ ʧʦʥʷʪʠʷ çʠʩʪʠʥʘè ʠ çʣʦʞʴè ʧʦʤʝʥʷʣ ʤʝʩʪʘʤʠ ʠ ʨʘʩʩʢʘʟʳʚʘʣ ʢʘʢʠʝ ʫʜʠʚʠʪʝʣʴ-

ʥʳʝ ʠ çʢʨʘʩʠʚʳʝè ʨʝʟʫʣʴʪʘʪʳ ʧʨʠ ʵʪʦʤ ʧʦʣʫʯʘʶʪʩʷ. ʄʦʞʥʦ ʩʝʙʝ ʧʨʝʜʩʪʘʚʠʪʴ, ʢʘʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, 

ʝʩʣʠ ʧʦʩʪʨʦʠʪʴ ʩʦʮʠʘʣʴʥʫʶ ʪʝʦʨʠʶ, ʧʦʤʝʥʷʚ ʚ ʥʝʡ ʤʝʩʪʘʤʠ çʜʦʙʨʦè ʠ çʟʣʦè. ɺ ʪʘʢʦʡ ʪʝʦʨʠʠ ʩʘʤʳʡ ʦʪʲʷʚʣʝʥʥʳʡ 

ʥʝʛʦʜʷʡ ʙʳʣ ʙʳ ʦʙʲʷʚʣʝʥ ʤʝʩʩʠʝʡ ï ʩʧʘʩʠʪʝʣʝʤ ʏʝʣʦʚʝʯʝʩʪʚʘ. 

ɽʚʢʣʠʜ ʥʘʟʚʘʣ ʘʢʩʠʦʤʘʤʠ ʨʷʜ ʦʧʨʝʜʝʣʝʥʠʡ, ʠ ʣʦʛʠʯʝʩʢʠʤ ʠʭ ʧʨʠʤʝʥʝʥʠʝʤ ʧʦʣʫʯʠʣ ʦʩʥʦʚʥʳʝ ʧʨʘʢʪʠʯʝ-

ʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʛʝʦʤʝʪʨʠʠ. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʠ ʩʦʩʪʘʚʣʷʶʪ ʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ ʪʝʦʨʝʤ ʛʝʦʤʝʪʨʠʠ. ɺ ʢʘʞʜʦʡ ʩʦ-

ʚʨʝʤʝʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʴʝ ʜʦʢʘʟʳʚʘʝʪʩʷ ʜʦʙʨʳʡ ʜʝʩʷʪʦʢ çʪʝʦʨʝʤè. ɸ ʚ ʠʪʦʛʝ ʥʝ ʧʦʡʤʝʰʴ, ʢʘʢʘʷ ʨʝʰʝʥʘ 

ʟʘʜʘʯʘ ʠ ʙʳʣʘ ʣʠ ʦʥʘ ʚ ʵʪʦʡ ʩʪʘʪʴʝ. 

ɺ ʤʦʠʭ ʩʪʘʪʴʷʭ ʧʨʠʩʫʪʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʜʦʢʘʟʘʪʝʣʴʩʪʚ, ʜʣʷ ʨʷʜʘ ʠʟ ʢʦʪʦʨʳʭ ʜʦʩʪʘʪʦʯʥʦ ʦʜ-

ʥʦʛʦ ʧʨʘʚʠʣʴʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʦʛʦ ʧʨʝʜʣʦʞʝʥʠʷ. ʅʦ ʷ ʠʭ ʥʝ ʥʘʟʳʚʘʶ ʪʝʦʨʝʤʘʤʠ: ʧʫʩʪʴ ʦʩʪʘʶʪʩʷ ʪʦʣʴʢʦ ʪʝ, 

ʢʦʪʦʨʳʝ ʩʬʦʨʤʫʣʠʨʦʚʘʣ ʜʣʷ ʥʘʩ ɽʚʢʣʠʜ. ɽʩʪʝʩʪʚʝʥʥʦ, ʤʦʷ ʩʪʘʪʴʷ ʧʨʦʪʠʚʦʨʝʯʠʪ ʜʫʭʫ ʪʘʢʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʞʫʨʥʘʣʘ. ʅʘʧʨʠʤʝʨ, ʚ ʢʦʤʤʝʥʪʘʨʠʷʭ ʢ ʦʪʢʘʟʫ ʞʫʨʥʘʣʘ çJournal of Mathematical Analysis and Applicationsè (ʩʤ. ʚ 

ʢʦʥʮʝ ʚ ʏʘʩʪʠ III) ʩʢʘʟʘʥʦ, ʯʪʦ ʩʪʠʣʴ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʪʘʪʴʠ ʥʝ ʧʦʜʭʦʜʠʪ ʜʣʷ ʞʫʨʥʘʣʘ, ʚ ʢʦʪʦʨʦʤ ʩʦʙʣʶʜʘʝʪʩʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʩʪʨʦʛʠʡ ʩʪʠʣʴ (ʜʝʬʠʥʠʮʠʠ, ʪʝʦʨʝʤʳ, ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʠ ʪ.ʜ.). 

ʈʘʟʚʠʪʠʝ ʤʘʪʝʤʘʪʠʢʠ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʩʦʟʜʘʥʠʝʤ ʙʦʣʝʝ ʦʙʱʠʭ ʧʦʥʷʪʠʡ. ʅʘʧʨʠʤʝʨ, ʙʳʩʪʨʦʪʘ ʪʝʯʝʥʠʷ 

ʨʝʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʜʥʠʤ ʯʠʩʣʦʤ ï ʩʢʦʨʦʩʪʴʶ. ʇʪʠʮʘ, ʣʝʪʷʱʘʷ ʥʘʜ ʨʝʢʦʡ, ʤʦʞʝʪ ʣʝʪʝʪʴ ʚʜʦʣʴ ʥʝʝ, ʧʦʧʝʨʝʢ ʠ 

ʚʚʝʨʭ, ʪ.ʝ. ʠʤʝʶʪʩʷ ʪʨʠ ʩʢʦʨʦʩʪʠ. ɺ ʤʘʪʝʤʘʪʠʢʝ ʠʭ ʦʙʲʝʜʠʥʠʣʠ ʚ ʧʦʥʷʪʠʝ ʚʝʢʪʦʨ. ɸ ʚ ʩʪʘʝ ʧʪʠʮ ʦʪ ʦʜʥʦʡ ʧʪʠʮʳ 

ʢ ʜʨʫʛʦʡ ʚʝʨʪʠʢʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʷʝʪʩʷ ʚʜʦʣʴ ʨʝʢʠ, ʧʦʧʝʨʝʢ ʠ ʚʚʝʨʭ. ʇʦʵʪʦʤʫ ʤʦʞʥʦ ʚʚʝʩʪʠ ʪʝʥʟʦʨ ʠʟʤʝʥʝ-

ʥʠʷ ʩʢʦʨʦʩʪʝʡ ʩʪʘʠ ʧʪʠʮ. ʊʘʢʠʝ ʦʙʦʙʱʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʤʥʦʞʝʩʪʚʝʥʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʜʝʡʩʪʚʠʷ ʧʨʦʚʦʜʠʪʴ ʚ 

ʚʠʜʝ ʦʜʥʦʛʦ. ʅʦ ʩ ʢʘʞʜʳʤ ʫʨʦʚʥʝʤ ʦʙʦʙʱʝʥʠʷ ʥʝʣʴʟʷ ʪʝʨʷʪʴ ʩʚʷʟʴ ʩ ʢʦʥʢʨʝʪʥʳʤ ʩʣʫʯʘʝʤ. ʏʝʣʦʚʝʢ, ʢʦʪʦʨʳʡ 

ʧʦʪʝʨʷʝʪ ʵʪʫ ʩʚʷʟʴ, ʫʞʝ ʥʝ ʩʧʦʩʦʙʝʥ ʨʝʰʠʪʴ ʢʦʥʢʨʝʪʥʫʶ ʟʘʜʘʯʫ. 

ɺ ʩʘʤʦʤ ʚʳʩʰʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʦʙʦʙʱʝʥʠʠ: ʪʝʦʨʠʠ ʤʥʦʞʝʩʪʚ ʩʚʷʟʴ ʩ ʢʦʥʢʨʝʪʥʳʤ ʧʦʪʝʨʷʥʘ. ɸʢʘʜʝʤʠʢ 

ʃ.ʉ. ʇʦʥʪʨʷʛʠʥ ʵʪʦ ʧʦʥʷʣ ʠ ʨʝʰʠʣ ʦʩʪʘʚʠʪʴ ʪʝʦʨʠʶ ʤʥʦʞʝʩʪʚ: çɺ ʪʝʦʨʠʠ ʤʥʦʞʝʩʪʚ ʥʝʪ ʥʠʯʝʛʦ ʧʣʦʭʦʛʦ, ʥʦ ʠ ʥʝʪ 

ʥʠʯʝʛʦ ʭʦʨʦʰʝʛʦ!è [4-I]. ʗ ʜʫʤʘʶ, ʯʪʦ ʝʤʫ ʭʦʪʝʣʦʩʴ ʩʢʘʟʘʪʴ ʙʦʣʝʝ ʢʘʪʝʛʦʨʠʯʥʦ, ʥʦ ʧʦʤʝʰʘʣʘ ʚʨʦʞʜʝʥʥʘʷ ʠʥʪʝʣ-

ʣʠʛʝʥʪʥʦʩʪʴ. 

ɺ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʞʫʨʥʘʣʘʭ ʥʠ ʦʜʥʘ ʩʪʘʪʴʷ ʥʝ ʦʙʭʦʜʠʪʩʷ ʙʝʟ ʩʠʤʚʦʣʦʚ ʪʝʦʨʠʠ ʤʥʦʞʝʩʪʚ. ʆʥʠ ʪʘʤ ʥʝ 
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ʥʫʞʥʳ, ʥʦ, ʯʪʦʙʳ ʧʨʠʜʘʪʴ ʩʪʘʪʴʝ ʚʠʜ ʘʢʘʜʝʤʠʯʝʩʢʦʡ ʤʘʪʝʤʘʪʠʢʠ, ʘʚʪʦʨʳ ʠʩʢʫʩʩʪʚʝʥʥʦ ʚʧʠʩʳʚʘʶʪ ʠʭ. 

ɺ ʧʠʩʴʤʝ ʏʝʥ ʈʝʩʴʡʠʜʫ [14-I] ʷ ʧʠʩʘʣ, ʯʪʦ ʩʦʟʜʘʶ ʥʦʚʫʶ ʬʠʟʠʢʫ, ʙʝʟ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ. ɼʣʷ ʩʦ-

ʟʜʘʥʠʷ ʥʦʚʦʡ ʬʠʟʠʢʠ ʩʦʚʨʝʤʝʥʥʘʷ ʤʝʭʘʥʠʢʘ ʠ ʩʦʚʨʝʤʝʥʥʘʷ ʤʘʪʝʤʘʪʠʢʘ ʥʝ ʧʨʠʛʦʜʥʳ. ʄʝʭʘʥʠʢʘ ʠʩʧʦʨʯʝʥʘ ʘʙ-

ʩʪʨʘʢʪʥʳʤʠ ʤʝʪʦʜʘʤʠ ʃʘʛʨʘʥʞʘ ʠ ɻʘʤʠʣʴʪʦʥʘ, ʘ ʤʘʪʝʤʘʪʠʢʘ ʢʨʠʚʦʣʠʥʝʡʥʦʡ ʛʝʦʤʝʪʨʠʝʡ ʠ ʪʝʦʨʠʝʡ ʤʥʦʞʝʩʪʚ. 

ɺ ʧʨʠʚʝʜʝʥʥʳʭ ʯʝʪʳʨʝʭ ʟʘʜʘʯʘʭ ʜʘʥʳ ʦʙʨʘʟʮʳ ʥʦʚʦʡ ʤʝʭʘʥʠʢʠ ʠ ʥʦʚʦʡ ʤʘʪʝʤʘʪʠʢʠ. ʆʥʠ ʧʦʟʚʦʣʠʣʠ ʨʝ-

ʰʠʪʴ ʟʘʜʘʯʠ, ʢʦʪʦʨʳʝ ʧʨʝʞʥʠʤʠ ʤʝʪʦʜʘʤʠ ʥʝ ʨʝʰʘʶʪʩʷ. ɺ ʯʝʤ ʞʝ ʵʪʘ ʥʦʚʠʟʥʘ? ʅʘ ʦʜʥʫ ʠʟ ʤʦʠʭ ʩʪʘʪʝʡ ʚ ʟʘʨʫ-

ʙʝʞʥʳʡ ʞʫʨʥʘʣ, ʨʝʮʝʥʟʝʥʪ ʚ ʨʝʮʝʥʟʠʠ ʩʢʘʟʘʣ, ʯʪʦ ʷ ʚ ʩʪʘʪʴʝ ʧʨʠʚʝʣ ʠʟʚʝʩʪʥʳʝ ʚ ʥʝʙʝʩʥʦʡ ʤʝʭʘʥʠʢʝ ʬʦʨʤʫʣʳ. 

ɺʩʝ ʵʪʠ ʬʦʨʤʫʣʳ ʷ ʚʳʚʦʜʠʣ ʩʘʤ, ʧʦʵʪʦʤʫ ʧʨʦʚʝʨʠʣ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʫʯʝʙʥʠʢʘʤ ʥʝʙʝʩʥʦʡ ʤʝʭʘʥʠʢʠ ʨʘʟʥʳʭ ʘʚʪʦ-

ʨʦʚ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʤʦʠʭ ʬʦʨʤʫʣ ʪʘʤ ʥʝʪ. ɺʳʚʦʜ ʬʦʨʤʫʣ ʠ ʠʭ ʚʠʜ ʥʘʧʦʤʥʠʣ ʨʝʮʝʥʟʝʥʪʫ ʬʦʨʤʫʣʳ ʥʝʙʝʩʥʦʡ ʤʝ-

ʭʘʥʠʢʠ, ʢʦʪʦʨʘʷ ʩʦʟʜʘʚʘʣʘʩʴ ʚ 18-19 ʚʝʢʘʭ. 

ʇʨʝʜʩʝʜʘʪʝʣʴ ʉʦʚʝʪʘ ʧʦ ʟʘʱʠʪʝ ʜʠʩʩʝʨʪʘʮʠʡ, ʈʦʙʝʨʪ ʀʩʢʘʥʜʝʨʦʚʠʯ ʅʠʛʤʘʪʫʣʠʥ, ʜʘʣ ʥʘ ʧʨʦʩʤʦʪʨ ʤʦʶ ʜʦʢ-

ʪʦʨʩʢʫʶ ʜʠʩʩʝʨʪʘʮʠʶ çɸʵʨʦʜʠʥʘʤʠʢʘ ʠ ʧʨʦʮʝʩʩʳ ʚ ʚʠʭʨʷʭè ʩʚʦʝʤʫ ʫʯʝʥʠʢʫ, ʜʦʢʪʦʨʫ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʥʘʫʢ. ʇʦʩʣʝʜʥʠʡ ʟʘʷʚʠʣ: çɼʠʩʩʝʨʪʘʮʠʷ ʚʳʧʦʣʥʝʥʘ ʥʝ ʩʦʚʨʝʤʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʘ ʢʘʢʠʤʠ-ʪʦ ʢʣʘʩʩʠʯʝʩʢʠʤʠè. ʈ.ʀ. 

ʅʠʛʤʘʪʫʣʠʥ ʥʘ ʵʪʦ ʦʪʚʝʪʠʣ: çʂʣʘʩʩʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ï ʵʪʦ ʥʝ ʦʟʥʘʯʘʝʪ ʧʣʦʭʦè. ʇʦʪʦʤ ʦʥ ʧʦʩʣʝ ʧʨʦʩʫʰʠʚʘʥʠʷ ʤʦʝʛʦ 

ʜʦʢʣʘʜʘ ʩʢʘʟʘʣ: çɿʜʝʩʴ ʩʜʝʣʘʥʦ ʚʩʝ ʥʝ ʪʘʢ, ʥʦ ʚʩʝ ʚʝʨʥʦ ʠ ʚʦ ʚʩʝʤ ʯʫʚʩʪʚʫʝʪʩʷ ʢʘʢʘʷ-ʪʦ ʩʠʩʪʝʤʘè. 

ʇʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʷ ʚʦʟʚʨʘʪʠʣʩʷ ʢ ʤʝʪʦʜʘʤ 19 ʚʝʢʘ ʠ ʨʘʟʚʠʣ ʠʭ ʜʘʣʴʰʝ. ʉʦʚʨʝʤʝʥʥʘʷ ʤʝʭʘʥʠʢʘ ʠ ʤʘʪʝʤʘ-

ʪʠʢʘ ʨʘʟʚʠʚʘʣʠʩʴ ʚ 20 ʚʝʢʝ ʧʦʜ ʚʣʠʷʥʠʝʤ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ. ʀ ʵʪʦ ʨʘʟʚʠʪʠʝ ʥʝ ʧʦʰʣʦ ʥʘ ʧʦʣʴʟʫ ʥʘʫʢʝ. 

ʊʘʢ ʢʘʢʘʷ ʜʦʣʞʥʘ ʙʳʪʴ ʥʦʚʘʷ ʤʘʪʝʤʘʪʠʢʘ? ʇʫʩʪʴ ʥʘ ʵʪʦ ʦʪʚʝʪʠʪ ʯʠʪʘʪʝʣʴ, ʧʦʟʥʘʢʦʤʠʚʰʠʡʩʷ ʩ ʧʨʠʚʝʜʝʥ-

ʥʳʤʠ ʯʝʪʳʨʴʤʷ ʟʘʜʘʯʘʤʠ, ʤʝʪʦʜʘʤʠ ʠʭ ʨʝʰʝʥʠʷ ʠ, ʩʨʘʚʥʠʚ ʩ ʤʝʪʦʜʘʤʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʩʦʚʨʝʤʝʥʥʦʡ ʤʘʪʝʤʘʪʠʢʦʡ. 

ʅʘ ʵʪʦʤ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʧʝʨʚʘʷ ʯʘʩʪʴ. ɼʘʣʝʝ ʠʜʝʪ ʩʪʘʪʴʷ çExact solution to the problem of N bodies forming 

a multi-layer rotating structureè. ʉʪʘʪʴʶ ʦʪʚʝʨʛʣʠ ʩʝʤʴ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʞʫʨʥʘʣʦʚ. ɺ ʏʘʩʪʠ III  ʤʦʪʠʚʳ 

ʦʪʢʘʟʦʚ ʧʨʠʚʝʜʝʥʳ. ʇʦ ʥʠʤ ʷ ʜʘʶ ʩʚʦʡ ʢʦʤʤʝʥʪʘʨʠʡ. ɺ ʩʧʠʩʢʝ ʣʠʪʝʨʘʪʫʨʳ ʯʠʪʘʪʝʣʴ ʥʘʡʜʝʪ ʯʘʩʪʥʳʝ ʨʝʰʝʥʠʷ 

ʵʪʦʡ ʟʘʜʘʯʠ ʠ ʤʝʪʦʜʳ ʠʭ ʧʦʣʫʯʝʥʠʷ. ɽʤʫ ʧʨʝʜʩʪʘʚʠʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʜʝʣʘʪʴ ʩʚʦʡ ʚʳʙʦʨ: ʩʦʛʣʘʩʠʪʴʩʷ ʩʦ ʤʥʦʡ 

ʠʣʠ ʩ ʤʦʠʤʠ ʦʧʧʦʥʝʥʪʘʤʠ. 

ʂʘʢʘʷ ʧʦʣʴʟʘ ʜʣʷ ʯʠʪʘʪʝʣʷ ʦʪ ʯʪʝʥʠʷ ʚʩʝʛʦ ʵʪʦʛʦ ʤʘʪʝʨʠʘʣʘ? ɼʣʷ ʯʝʣʦʚʝʢʘ ʚʘʞʥʘ ʧʨʘʚʜʘ ʚ ʞʠʟʥʠ, ʘ ʜʣʷ 

ʫʯʝʥʦʛʦ ï ʠʩʪʠʥʘ ʚ ʥʘʫʢʝ. ʇʨʘʚʜʘ ʚ ʞʠʟʥʠ ʙʫʜʝʪ ʣʠʰʴ ʪʦʛʜʘ, ʢʦʛʜʘ ʫʯʝʥʳʝ ʥʝ ʧʦʪʝʨʷʶʪ ʠʩʪʠʥʫ ʚ ʥʘʫʢʝ. 

ʂʦʛʜʘ ʧʨʘʚʜʘ ʚ ʞʠʟʥʠ ʠʩʯʝʟʘʝʪ, ʧʨʦʠʩʭʦʜʷʪ ʢʨʫʰʝʥʠʷ ʚ ʩʫʜʴʙʘʭ ʥʘʨʦʜʦʚ, ʘ ʚ ʥʘʰʝ ʚʨʝʤʷ ʚʟʘʠʤʦʟʘʚʠʩʠ-

ʤʦʩʪʠ ʚʩʝʭ ʥʘʨʦʜʦʚ, ʤʦʛʫʪ ʧʨʦʠʟʦʡʪʠ ʠ ʢʨʫʰʝʥʠʷ ʚ ʩʫʜʴʙʝ ʯʝʣʦʚʝʯʝʩʪʚʘ. ʆʜʥʘʢʦ ʠʩʪʠʥʘ ʚʩʝ-ʪʘʢʠ ʝʩʪʴ ʚ ʥʘʫʢʝ. 

ɿʥʘʯʠʪ, ʝʩʪʴ ʧʨʘʚʜʘ ʚ ʞʠʟʥʠ. ʏʪʦʙʳ ʠʭ ʥʘʡʪʠ ʠ ʥʝ ʧʦʪʝʨʷʪʴ, ʠ ʥʫʞʥʦ ʯʠʪʘʪʴ ʵʪʦʪ ʤʘʪʝʨʠʘʣ. 

ɺ ʟʘʚʝʨʰʝʥʠʝ ʧʨʠʚʝʜʫ ʩʩʳʣʢʫ ʥʘ ʘʥʛʣʠʡʩʢʠʡ ʚʘʨʠʘʥʪ ʩʪʘʪʴʠ: 

Smulsky J.J. Exact solution to the problem of N bodies forming a multi-layer rotating structure // SpringerPlus. 

2015, 4:361, pp. 1-16, DOI: 10.1186/s40064-015-1141-1, URL: http://www.springerplus.com/content/4/1/361 
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ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʦʯʥʳʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʥʴʶʪʦʥʦʚʩʢʦʛʦ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

N ʤʘʪʝʨʠʘʣʴʥʳʭ ʪʦʯʝʢ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ N2 ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʭ ʦʢʨʫʞʥʦʩʪʷʭ. ʅʘ ʢʘʞʜʦʡ ʦʢʨʫʞʥʦʩʪʠ ʦʩʝʩʠʤʤʝʪ-

ʨʠʯʥʦ ʨʘʩʧʦʣʦʞʝʥʦ N3 ʪʝʣ ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʤʘʩʩʘʤʠ. ɺʩʷ ʩʪʨʫʢʪʫʨʘ ʢʘʢ ʝʜʠʥʦʝ ʮʝʣʦʝ ʚʨʘʱʘʝʪʩʷ ʚʦʢʨʫʛ ʦʩʠ ʩʠʤʤʝʪ-

ʨʠʠ. ʊʘʢʠʝ ʩʪʨʫʢʪʫʨʳ ʠʜʝʥʪʠʯʥʳ ʠʟʚʝʩʪʥʳʤ ʚ ʣʠʪʝʨʘʪʫʨʝ ʢʦʥʬʠʛʫʨʘʮʠʷʤ ʛʦʤʦʛʨʘʬʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʠ ʠʣʠ ʧʣʦʩʢʠʤ 

ʮʝʥʪʨʘʣʴʥʳʤ ʢʦʥʬʠʛʫʨʘʮʠʷʤ. ʆʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʣʦʞʝʥʥʳʝ ʜʨʫʛ ʚ ʜʨʫʛʘ ʚʦʦʙʨʘʞʘʝʤʳʝ ʤʥʦʛʦʫʛʦʣʴʥʠʢʠ, ʚ 

ʚʝʨʰʠʥʘʭ ʢʦʪʦʨʳʭ ʥʘʭʦʜʷʪʩʷ ʪʝʣʘ. ʈʝʰʝʥʠʷ ʜʣʷ ʥʠʭ ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʘʤʠ ʛʘʤʠʣʴʪʦʥʦʚʦʡ ʤʝʭʘʥʠʢʠ ʧʨʠ ʯʠʩʣʝ ʪʝʣ 

ʤʝʥʴʰʝ 20. ɺ ʨʘʙʦʪʝ ʦʧʨʝʜʝʣʝʥʘ ʩʠʣʘ ʚʦʟʜʝʡʩʪʚʠʷ ʚʩʝʭ ʪʝʣ ʚʨʘʱʘʶʱʝʡʩʷ ʩʪʨʫʢʪʫʨʳ ʥʘ ʣʶʙʦʝ ʝʝ ʪʝʣʦ. ɿʘʧʠʩʘʥʳ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʠʭ ʜʚʠʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʩʚʝʜʝʥʳ ʢ ʣʠʥʝʡʥʳʤ ʘʣʛʝʙʨʘʠʯʝʩʢʠʤ ʫʨʘʚʥʝʥʠʷʤ ʜʣʷ ʤʘʩʩ ʪʝʣ. 

ʇʦʣʫʯʝʥʳ ʨʝʰʝʥʠʷ ʚ ʨʘʟʥʳʭ ʚʠʜʘʭ. ɼʣʷ ʟʘʜʘʥʠʷ ʠʩʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʪʨʫʢʪʫʨʳ ʠ ʚʳʯʠʩʣʝʥʠʷ ʦʩʪʘʣʴʥʳʭ ʝʝ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢ ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʘ RtCrcSt2.for. ʈʘʩʩʯʠʪʘʥʳ ʩʪʨʫʢʪʫʨʳ ʩ ʯʠʩʣʦʤ ʪʝʣ ʜʦ 1 ʤʠʣʣʠʦʥʘ. ʇʨʠʚʝʜʝʥʳ 

ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʠ ʦʧʠʩʘʥʳ ʠʭ ʩʚʦʡʩʪʚʘ. ʈʘʩʩʤʦʪʨʝʥʳ ʧʨʦʙʣʝʤʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʨʫʢʪʫʨ ʠ ʦʙ-

ʩʫʞʜʘʶʪʩʷ ʚʦʧʨʦʩʳ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʟʘʜʘʯʘʭ ʥʝʙʝʩʥʦʡ ʠ ʢʦʩʤʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʙʣʝʤʘ N-ʪʝʣ, ʚʨʘʱʘʶʱʘʷʩʷ ʤʥʦʛʦʩʣʦʡʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʪʦʯʥʦʝ ʨʝʰʝʥʠʝ, ʛʦʤʦʛʨʘ-

ʬʠʯʝʩʢʠʝ ʠ ʧʣʦʩʢʠʝ ʮʝʥʪʨʘʣʴʥʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ. 
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1. ɺʚʝʜʝʥʠʝ 

ʉʫʱʝʩʪʚʫʶʪ ʪʦʯʥʳʝ ʨʝʰʝʥʠʷ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʥʴʶʪʦʥʦʚʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ N-ʤʘʪʝʨʠʘʣʴʥʳʭ ʪʦʯʝʢ 

ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʠʭ ʢʦʥʬʠʛʫʨʘʮʠʠ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ N-ʪʝʣ ʥʘ ʦʢʨʫʞʥʦʩʪʠ ʵʪʘ 

ʟʘʜʘʯʘ ʨʝʰʝʥʘ ʚ ʧʦʣʥʦʤ ʦʙʲʝʤʝ [10, 14]. ʇʨʠ ʵʪʦʤ ʚ ʮʝʥʪʨʝ ʦʢʨʫʞʥʦʩʪʠ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʮʝʥʪʨʘʣʴʥʦʝ ʪʝʣʦ. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʯʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʧʝʨʠʬʝʨʠʡʥʳʝ ʪʝʣʘ ʤʦʛʫʪ ʜʚʠʛʘʪʴʩʷ ʧʦ ʵʣʣʠʧʩʫ, ʧʘʨʘʙʦʣʝ ʠʣʠ ʛʠʧʝʨʙʦʣʝ. 

ʂʨʦʤʝ ʪʘʢʦʡ ʦʜʥʦʩʣʦʡʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʚ ʨʷʜʝ ʨʘʙʦʪ [1, 3-5, 8, 33] ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʦʯʥʳʝ ʨʝʰʝʥʠʷ ʜʣʷ ʢʦʥ-

ʬʠʛʫʨʘʮʠʡ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʩʣʦʝʚ. ʆʙʳʯʥʦ ʠʭ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʢʘʢ ʩʠʩʪʝʤʫ ʚʣʦʞʝʥʥʳʭ ʜʨʫʛ ʚ ʜʨʫʛʘ ʚʦʦʙʨʘʞʘʝʤʳʭ 

ʤʥʦʛʦʫʛʦʣʴʥʠʢʦʚ, ʚʨʘʱʘʶʱʠʭʩʷ ʩ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ w ʢʘʢ ʝʜʠʥʦʝ ʮʝʣʦʝ. ɺ ʚʝʨʰʠʥʘʭ ʤʥʦʛʦʫʛʦʣʴʥʠʢʦʚ ʨʘʩʧʦ-

ʣʦʞʝʥʳ ʤʘʪʝʨʠʘʣʴʥʳʝ ʪʦʯʢʠ, ʢʦʪʦʨʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦ ʟʘʢʦʥʫ ʪʷʛʦʪʝʥʠʷ ʅʴʶʪʦʥʘ. ɺ ʦʙʦʙʱʘ-

ʶʱʝʡ ʨʘʙʦʪʝ [1] ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʜʣʷ ʚʣʦʞʝʥʥʳʭ ʜʨʫʛ ʚ ʜʨʫʛʘ ʪʨʝʫʛʦʣʴʥʠʢʦʚ, ʨʦʤʙʦʚ, ʢʚʘʜ-

ʨʘʪʦʚ, ʧʷʪʠʫʛʦʣʴʥʠʢʦʚ ʠ ʰʝʩʪʠʫʛʦʣʴʥʠʢʦʚ. ʇʨʠ ʵʪʦʤ ʚʝʨʰʠʥʳ ʩʦʩʝʜʥʠʭ ʤʥʦʛʦʫʛʦʣʴʥʠʢʦʚ ʤʦʛʫʪ ʣʝʞʘʪʴ ʣʠʙʦ ʥʘ 

ʦʜʥʦʤ ʨʘʜʠʫʩʝ, ʣʠʙʦ ʥʘ ʨʘʜʠʫʩʘʭ, ʧʨʦʭʦʜʷʱʠʭ ʯʝʨʝʟ ʩʝʨʝʜʠʥʳ ʩʪʦʨʦʥ ʩʦʩʝʜʥʠʭ ʤʥʦʛʦʫʛʦʣʴʥʠʢʦʚ. 

ʕʪʠ ʟʘʜʘʯʠ ʨʝʰʝʥʳ [1] ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ ʩʣʦʝʚ ʪʘʢʠʭ ʤʥʦʛʦʫʛʦʣʴʥʠʢʦʚ: ʜʣʷ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ï ʜʦ 4-ʭ ʩʣʦʝʚ, 

ʜʣʷ ʢʚʘʜʨʘʪʦʚ ï ʜʦ 3-x, ʜʣʷ ʧʷʪʠʫʛʦʣʴʥʠʢʦʚ ʠ ʰʝʩʪʠʫʛʦʣʴʥʠʢʦʚ ï ʜʦ 2-ʭ ʩʣʦʝʚ. ʅʘʠʙʦʣʴʰʝʝ ʯʠʩʣʦ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʫʶʱʠʭ ʪʝʣ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʚʝʨʰʠʥʘʭ ʵʪʠʭ ʤʥʦʛʦʫʛʦʣʴʥʠʢʦʚ, ʙʳʣʦ 12. ɺ ʨʘʤʢʘʭ ʛʘʤʠʣʴʪʦʥʦʚʦʡ ʜʠʥʘʤʠʢʠ ʵʪʘ 

ʟʘʜʘʯʘ ʩʚʦʜʠʪʩʷ ʢ ʩʠʩʪʝʤʘʤ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʨʝʰʘʶʪʩʷ ʤʝʪʦʜʘʤʠ ʢʦʤʧʴʶʪʝʨʥʦʡ ʘʣʛʝʙʨʳ [1, 

2]. ɺ ʢʘʞʜʦʤ ʩʣʫʯʘʝ ʟʘʜʘʯʘ ʪʨʝʙʫʝʪ ʦʩʦʙʦʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ, ʠ ʥʝʦʙʭʦʜʠʤʦ ʟʘʪʨʘʪʠʪʴ ʥʝʤʘʣʦ ʫʩʠʣʠʡ ʜʣʷ ʝʝ ʨʝʰʝ-

ʥʠʷ. ʊʘʢʠʝ ʟʘʜʘʯʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʤʘʪʝʨʠʘʣʴʥʳʭ ʪʦʯʝʢ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʢʘʢ ʟʘʜʘʯʠ ʛʦʤʦʛʨʘʬʠʯʝʩʢʦʡ ʜʠʥʘ-

ʤʠʢʠ [3] ʠʣʠ ʧʨʦʙʣʝʤʳ ʧʣʦʩʢʦʡ ʮʝʥʪʨʘʣʴʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ [16-19, 21-27, 32-33]. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʛʦʤʦʛʨʘʬʠʯʝ-

ʩʢʘʷ ʜʠʥʘʤʠʢʘ ʷʚʣʷʝʪʩʷ ʥʦʚʳʤ ʨʘʟʜʝʣʦʤ ʢʦʩʤʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʠ [1]. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʠʥʦʡ ʧʦʜʭʦʜ ʢ ʨʝʰʝʥʠʶ ʵʪʠʭ ʟʘʜʘʯ. ʆʥ ʷʚʣʷʝʪʩʷ ʧʨʦʜʦʣ-

ʞʝʥʠʝʤ ʤʝʪʦʜʘ, ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʜʣʷ ʨʝʰʝʥʠʷ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʟʘʜʘʯʠ [10, 14] ʠ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʤʥʦʛʦʩʣʦʡ-

ʥʳʭ ʢʦʣʴʮʝʚʳʭ ʩʪʨʫʢʪʫʨ [9]. ɼʚʠʞʝʥʠʝ ʪʝʣ ʠʩʩʣʝʜʫʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʩʠʣ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʥʠʤʠ. ɺʤʝʩʪʦ ʤʥʦ-

ʛʦʫʛʦʣʴʥʠʢʦʚ, ʚʦʦʙʨʘʞʘʝʤʳʝ ʩʪʦʨʦʥʳ ʢʦʪʦʨʳʭ ʩʦʝʜʠʥʷʶʪ ʪʝʣʘ, ʚ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʢʨʫʞʥʦʩʪʠ, ʥʘ ʢʦʪʦ-

ʨʳʭ ʪʝʣʘ ʥʘʭʦʜʷʪʩʷ. ɺ ʚʳʰʝʫʧʦʤʷʥʫʪʳʭ ʨʘʙʦʪʘʭ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʩʩʣʝʜʫʶʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʠʝ 

ʚʦʧʨʦʩʳ ʛʘʤʠʣʴʪʦʥʦʚʦʡ ʜʠʥʘʤʠʢʠ, ʥʘʧʨʠʤʝʨ, ʚʦʧʨʦʩʳ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʨʝʰʝʥʠʡ ʜʣʷ ʮʝʥʪʨʘʣʴʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʠʜʘ. ʅʘʭʦʞʜʝʥʠʝ ʢʦʥʢʨʝʪʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʪʨʫʜʥʦʡ ʧʨʦʙʣʝʤʦʡ [33]. ɺ ʥʘʩʪʦʷ-

ʱʝʡ ʨʘʙʦʪʝ ʩʪʘʚʠʪʩʷ ʟʘʜʘʯʘ ʧʦʣʫʯʝʥʠʷ ʚʩʝʭ ʪʦʯʥʳʭ ʨʝʰʝʥʠʡ, ʨʘʩʯʝʪ ʩʪʨʫʢʪʫʨ ʠ ʚʦʟʤʦʞʥʦʝ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ. 

2. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʈʘʩʩʤʦʪʨʠʤ (ʩʤ. ʨʠʩ. 1) ʤʥʦʛʦʩʣʦʡʥʫʶ ʦʩʝʩʠʤʤʝʪʨʠʯʥʫʶ ʩʪʨʫʢʪʫʨʫ ʤʘʪʝʨʠʘʣʴʥʳʭ ʪʦʯʝʢ, ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʫʶʱʠʭ ʧʦ ʟʘʢʦʥʫ ʪʷʛʦʪʝʥʠʷ ʅʴʶʪʦʥʘ. ʆʥʘ ʩʦʩʪʦʠʪ ʠʟ N2 ʦʢʨʫʞʥʦʩʪʝʡ, ʥʘ ʢʘʞʜʦʡ ʠʟ ʢʦʪʦʨʳʭ ʨʘʩʧʦʣʦʞʝʥʦ N3 

ʪʝʣ. ʉʦʚʦʢʫʧʥʦʩʪʴ ʪʝʣ, ʮʝʥʪʨʳ ʢʦʪʦʨʳʭ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʦʜʥʦʡ ʦʢʨʫʞʥʦʩʪʠ, ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʢʦʣʴʮʦʤ ʪʝʣ ʠʣʠ 

ʩʣʦʝʤ. ʅʦʤʝʨʘ ʢʦʣʝʮ ʦʙʦʟʥʘʯʠʤ ʢʘʢ j = 1, 2 é N2, ʘ ʥʦʤʝʨʘ ʪʝʣ ʥʘ ʢʘʞʜʦʤ ʢʦʣʴʮʝ ï l = 1, 2 é N3. ɺ ʧʣʦʩʢʦʩʪʠ 

xoyo, ʚ ʢʦʪʦʨʦʡ ʪʝʣʘ ʨʘʩʧʦʣʘʛʘʶʪʩʷ, ʦʙʦʟʥʘʯʠʤ r j,l ʠ jj,l ï ʧʦʣʷʨʥʳʝ ʨʘʜʠʫʩ ʠ ʫʛʦʣ ʪʝʣʘ ʩ ʤʘʩʩʦʡ mj,l. ʉ ʮʝʣʴʶ 

ʫʧʨʦʱʝʥʠʷ, ʚ ʜʘʣʴʥʝʡʰʝʤ ʩʠʤʚʦʣʦʤ mj,l ʙʫʜʝʤ ʪʘʢʞʝ ʦʙʦʟʥʘʯʘʪʴ ʠ ʩʘʤʦ ʪʝʣʦ. ɺʩʝ ʪʝʣʘ ʥʘ ʦʜʥʦʤ ʢʦʣʴʮʝ ʠʤʝʶʪ 

ʦʜʠʥʘʢʦʚʳʡ ʨʘʜʠʫʩ r j,l = r j, ʛʜʝ r j ï ʨʘʜʠʫʩ ʢʦʣʴʮʘ, ʠ ʤʘʩʩʳ ʠʭ ʦʜʠʥʘʢʦʚʳ, ʪ.ʝ. mj,l = mj. ʋʛʦʣ ʧʝʨʚʦʛʦ ʪʝʣʘ ʥʘ 

ʢʘʞʜʦʤ ʢʦʣʴʮʝ jj,1 ʦʧʨʝʜʝʣʷʝʪ ʚʠʜ ʩʪʨʫʢʪʫʨʳ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʦʥ ʙʫʜʝʪ ʟʘʜʘʚʘʪʴʩʷ. ɸ ʫʛʣʳ ʦʩʪʘʣʴʥʳʭ ʧʝʨʠʬʝʨʠʡ-

ʥʳʭ ʪʝʣ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

 

                                                                       jj,l = jj,1 + (l - 1)ÖDj0,                                                                                 (1) 

 

ʛʜʝ Dj0 = 2p/N3 ï ʫʛʦʣ ʤʝʞʜʫ ʪʝʣʘʤʠ ʥʘ ʢʦʣʴʮʝ. 

ʀʪʘʢ, ʛʝʦʤʝʪʨʠʷ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʤʥʦʛʦʩʣʦʡʥʦʡ ʩʪʨʫʢʪʫʨʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦʤ ʢʦʣʝʮ N2, ʢʦʣʠ-

ʯʝʩʪʚʦʤ ʪʝʣ ʥʘ ʢʘʞʜʦʤ ʢʦʣʴʮʝ N3, ʨʘʜʠʫʩʘʤʠ ʢʦʣʝʮ r j ʠ ʫʛʣʘʤʠ ʧʦʣʦʞʝʥʠʷ ʧʝʨʚʳʭ ʪʝʣ jj,1. ʄʘʩʩʘ ʢʘʞʜʦʛʦ ʪʝʣʘ ʥʘ 

ʢʦʣʴʮʝ j ʨʘʚʥʘ mj ʠ ʧʨʠ ʥʘʣʠʯʠʠ ʮʝʥʪʨʘʣʴʥʦʛʦ ʪʝʣʘ ʩ ʤʘʩʩʦʡ m0 ʤʘʩʩʘ ʚʩʝʡ ʩʠʩʪʝʤʳ ʙʫʜʝʪ 

 

                                                                     ä
=

Ö+=
2

1
30

N

j
jSS mNmm .                                                                             (2) 
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ʈʠʩ. 1. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʤʥʦʛʦʩʣʦʡʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩ ʧʘʨʘʤʝʪʨʘʤʠ: N2 = 5; N3 = 8 

 ʫʛʣʳ jj,1 ʧʝʨʚʳʭ ʪʝʣ ʥʘ ʩʦʩʝʜʥʠʭ ʢʦʣʴʮʘʭ ʯʝʨʝʜʫʶʪʩʷ; ʣʠʥʠʷʤʠ ʚʦʟʣʝ ʪʝʣ ʧʦʢʘʟʘʥʳ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ; ʨʘʜʠʫʩʳ 

ʠʟʦʙʨʘʞʝʥʠʡ ʪʝʣ ʜʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʠʭ ʤʘʩʩʘʤ 
 

ɺʩʷ ʩʠʩʪʝʤʘ ʚʨʘʱʘʝʪʩʷ ʩ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ w. ʇʨʠ ʟʘʜʘʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʤʥʦʛʦʩʣʦʡʥʦʡ ʩʪʨʫʢʪʫʨʳ: N2, 

N3, jj,1, m0, w ʥʝʠʟʚʝʩʪʥʳʤʠ ʷʚʣʷʶʪʩʷ ʨʘʜʠʫʩʳ ʢʦʣʝʮ r j ʠ ʤʘʩʩʳ mj ʪʝʣ. 

3. ʉʠʣʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʝʣ 

ʈʘʩʩʤʦʪʨʠʤ ʩʠʣʳ ʚʦʟʜʝʡʩʪʚʠʷ ʚʩʝʭ ʪʝʣ ʥʘ ʧʝʨʚʦʝ ʪʝʣʦ ʥʘ ʢʦʣʴʮʝ j (ʩʤ. ʨʠʩ. 1), ʤʘʩʩʘ ʢʦʪʦʨʦʛʦ ʨʘʚʥʘ mj,1. 

ʉ ʪʝʣʦʤ mj,1 ʩʚʷʟʳʚʘʝʤ ʪʨʘʝʢʪʦʨʥʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ (n,t), ʛʜʝ n ï ʥʦʨʤʘʣʴ ʢ ʪʨʘʝʢʪʦʨʠʠ, ʘ t ï ʢʘʩʘʪʝʣʴʥʘʷ ʢ 
ʥʝʡ. ʉʠʣʘ Fj,1,i,l ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʪʝʣʘ mi,l, ʥʘʭʦʜʷʱʝʛʦʩʷ ʥʘ ʢʦʣʴʮʝ i, ʥʘ ʪʝʣʦ mj,1 ʨʘʚʥʘ: Fj,1,i,l = 

GÖmj,1Ömi,l/r j,1,i,l
2, ʛʜʝ G ï ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʧʦʩʪʦʷʥʥʘʷ; r j,1,i,l ï ʨʘʩʩʪʦʷʥʠʝ ʪʝʣʘ mi,l ʦʪ ʪʝʣʘ mj,1. ʊʦʛʜʘ ʧʨʦʝʢʮʠʠ ʩʠʣʳ 

Fj,1,i,l ʥʘ ʦʩʠ n
C

 ʠ t
C

 ʟʘʧʠʰʫʪʩʷ ʪʘʢ: 
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ʛʜʝ nj,1,i,l ʠ tj,1,i,l ï ʧʨʦʝʢʮʠʠ ʨʘʩʩʪʦʷʥʠʷ r j,1,i,l ʥʘ ʦʩʠ ʢʦʦʨʜʠʥʘʪ n ʠ t, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɺ ʪʨʝʫʛʦʣʴʥʠʢʝ Omi,lmj,1 (ʨʠʩ. 1) ʫʛʦʣ ʤʝʞʜʫ ʨʘʜʠʫʩʘʤʠ ʪʝʣ r i ʠ r j ʙʫʜʝʪ 
 

                                                                                      Djj,1,i,l = ji,l - jj,1,                                                                         (5) 
 

ʘ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʠʤʠ ʩʦʛʣʘʩʥʦ ʪʝʦʨʝʤʝ ʢʦʩʠʥʫʩʦʚ ʟʘʧʠʰʝʪʩʷ ʪʘʢ: 

 

                                                                            r j,1,i,l
2 = r j

 2 + r i
 2 - 2r ir jÖcos Djj,1,i,l.                                                          (6) 

 

ʊʦʛʜʘ ʧʨʦʝʢʮʠʠ ʵʪʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʥʘ ʦʩʠ n ʠ t , ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʙʫʜʫʪ: 

 

                                                                   nj,1,i,l = -(r i
 Öcos Djj,1,i,l - r j);    tj,1,i,l = r i

 Ösin Djj,1,i,l.                                         (7) 
 

ʂʨʦʤʝ ʧʝʨʠʬʝʨʠʡʥʳʭ ʪʝʣ ʥʘ ʪʝʣʦ mj ʜʝʡʩʪʚʫʝʪ ʝʱʝ ʮʝʥʪʨʘʣʴʥʦʝ ʪʝʣʦ ʩ ʤʘʩʩʦʡ m0, ʢʦʪʦʨʦʝ ʥʘʭʦʜʠʪʩʷ ʚ 

ʪ. ʆ (ʩʤ. ʨʠʩ. 1). ʇʨʦʝʢʮʠʷ ʵʪʦʡ ʩʠʣʳ ʥʘ ʦʩʴ t ʨʘʚʥʘ ʥʫʣʶ, ʘ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʧʨʦʝʢʮʠʠ ʥʘ ʦʩʴ n ʟʘʧʠʰʝʪʩʷ ʘʥʘʣʦ-

ʛʠʯʥʦ ʬʦʨʤʫʣʝ (3): 
 

3

01,

0,1,,

j

jj

jn

r

mmG
F

nÖÖÖ
= , 

 

ʛʜʝ ʩʦʛʣʘʩʥʦ (7) ʧʨʠ r i =0 ʜʣʷ ʮʝʥʪʨʘʣʴʥʦʛʦ ʪʝʣʘ nj = r j. 

ʇʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ (6) ʠ (7) ʚ ʚʳʨʘʞʝʥʠʷ (3) ʠ (4) ʠ ʧʦʩʣʝ ʩʫʤʤʠʨʦʚʘʥʠʷ ʩʠʣ ʧʦ ʚʩʝʤ ʪʝʣʘʤ ʩʠʩʪʝʤʳ 

ʧʦʣʫʯʘʝʤ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʧʨʦʝʢʮʠʡ ʩʠʣ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʪʝʣʦ mj,1 ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʪʝʣ: 
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ʛʜʝ mj ï ʤʘʩʩʘ ʢʘʞʜʦʛʦ ʪʝʣʘ mj,1, ʘ mi ï ʤʘʩʩʘ ʢʘʞʜʦʛʦ ʪʝʣʘ mi,l. 
ʏʪʦʙʳ ʠʩʢʣʶʯʠʪʴ ʠʟ ʨʘʩʩʤʦʪʨʝʥʠʷ ʩʠʣʫ ʚʦʟʜʝʡʩʪʚʠʷ ʪʝʣʘ mj,1 ʥʘ ʩʝʙʷ, ʚ ʚʳʨʘʞʝʥʠʷʭ (8) ʠ (9) ʚʦʟʜʝʡʩʪʚʠʝ 

ʦʩʪʘʣʴʥʳʭ ʪʝʣ j-ʪʦʛʦ ʢʦʣʴʮʘ ʠʟʚʣʝʯʝʥʦ ʠʟ ʦʙʱʝʛʦ ʚʳʨʘʞʝʥʠʷ ʠ ʟʘʧʠʩʘʥʦ ʧʦʩʣʝʜʥʠʤ ʩʣʘʛʘʝʤʳʤ. ʆʥʦ ʣʝʛʢʦ ʧʦʣʫ-

ʯʘʝʪʩʷ ʧʨʠ ʟʘʤʝʥʝ i ʥʘ j ʚ ʧʨʝʜʳʜʫʱʝʤ ʩʣʘʛʘʝʤʦʤ. ɺ ʧʨʝʜʝʣʘʭ ʟʥʘʢʘ ä  ʩʫʤʤʠʨʦʚʘʥʠʷ ʠʩʢʣʶʯʝʥʠʝ j-ʪʦʛʦ ʢʦʣʴʮʘ 

ʦʙʦʟʥʘʯʝʥʦ ʢʘʢ i  ̧j. 

ɹʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʪʘʢʠʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʚʨʘʱʘʶʱʠʭʩʷ ʩʪʨʫʢʪʫʨ, ʜʣʷ ʢʦʪʦʨʳʭ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʩʠʣʳ (8) 

ʠ (9) ʙʫʜʫʪ ʜʘʚʘʪʴ ʦʜʥʫ ʠ ʪʫ ʞʝ ʚʝʣʠʯʠʥʫ ʜʣʷ ʢʘʞʜʦʛʦ ʪʝʣʘ j-ʛʦ ʢʦʣʴʮʘ. ʕʪʦ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ 

ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʦʩʠ n ʯʝʨʝʟ ʣʶʙʦʝ ʪʝʣʦ ʢʦʣʴʮʘ j ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʦʣʦʞʝʥʠʷ ʚʦʟʜʝʡʩʪʚʫʶʱʠʭ ʪʝʣ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʝʛʦ ʥʝ ʠʟʤʝʥʠʪʩʷ. ʇʦʩʣʝʜʥʝʝ ʫʩʣʦʚʠʝ ʙʫʜʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʥʘʯʘʣʴʥʳʡ ʫʛʦʣ ʪʝʣ ʥʘ ʢʦʣʴʮʘʭ ʙʫʜʝʪ 

ʧʨʠʥʠʤʘʪʴ ʟʥʘʯʝʥʠʝ jj,1 = 0 ʣʠʙʦ jj,1 = 0.5ÖDj0. ʅʘ ʨʠʩ.1 ʧʨʝʜʩʪʘʚʣʝʥ ʚʠʜ ʩʪʨʫʢʪʫʨʳ, ʛʜʝ ʟʥʘʯʝʥʠʷ ʥʘʯʘʣʴʥʦʛʦ 

ʫʛʣʘ jj,1 ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʯʝʨʝʜʫʶʪʩʷ ʥʘ ʩʦʩʝʜʥʠʭ ʢʦʣʴʮʘʭ. ɺʳʰʝʫʢʘʟʘʥʥʦʤʫ ʫʩʣʦʚʠʶ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʪʘʢʞʝ 

ʩʪʨʫʢʪʫʨʳ ʩ ʧʨʦʠʟʚʦʣʴʥʳʤ ʧʦʨʷʜʢʦʤ ʯʝʨʝʜʦʚʘʥʠʷ ʥʘʯʘʣʴʥʦʛʦ ʫʛʣʘ jj,1. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʳʰʝʧʨʠʚʝʜʝʥʥʳʝ ʫʩʣʦʚʠʷ ʦʧʨʝʜʝʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʥʥʳʡ ʚ ʨʘʙʦʪʝ ʪʝʨʤʠʥ çʦʩʝ-

ʩʠʤʤʝʪʨʠʯʥʳʡè. ʉʪʨʫʢʪʫʨʘ ʷʚʣʷʝʪʩʷ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ, ʝʩʣʠ ʝʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʥʝ ʠʟʤʝʥʷʶʪʩʷ ʧʨʠ ʧʦʚʦʨʦʪʝ ʥʘ ʫʛʦʣ ʨʘʚʥʳʡ Dj0. 

ɼʣʷ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʥʦʨʤʘʣʴ n ʷʚʣʷʝʪʩʷ ʦʩʴʶ ʩʠʤʤʝʪʨʠʠ (ʩʤ. ʨʠʩ. 1). ʇʦʵʪʦʤʫ ʫʛʣʳ ʦʪ-

ʢʣʦʥʝʥʠʷ Djj,1,i,l ʚʦʟʜʝʡʩʪʚʫʶʱʠʭ ʪʝʣ ʦʪ ʦʩʠ n ʠʤʝʶʪ, ʩʦʛʣʘʩʥʦ (5), ʧʦʧʘʨʥʦ ʦʜʠʥʘʢʦʚʳʝ ʧʦ ʚʝʣʠʯʠʥʝ ʠ ʦʙʨʘʪʥʳʝ 

ʧʦ ʟʥʘʢʫ ʟʥʘʯʝʥʠʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʚʳʨʘʞʝʥʠʷʭ (9) ʩʠʥʫʩʳ ʚ ʯʠʩʣʠʪʝʣʷʭ ʪʘʢʞʝ ʧʦʧʘʨʥʦ ʦʜʠʥʘʢʦʚʳ ʧʦ ʚʝʣʠʯʠʥʝ 

ʠ ʦʙʨʘʪʥʳʝ ʧʦ ʟʥʘʢʫ. ʊʘʢ ʢʘʢ ʢʦʩʠʥʫʩʳ ʵʪʠʭ ʫʛʣʦʚ ʚ ʟʥʘʤʝʥʘʪʝʣʷʭ ʦʜʠʥʘʢʦʚʳ, ʪʦ ʢʘʩʘʪʝʣʴʥʳʝ ʩʠʣʳ ʨʘʚʥʳ ʥʫʣʶ. 

ʇʨʠ ʯʝʪʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʪʝʣ N3 ʝʱʝ ʦʜʥʦ ʪʝʣʦ ʙʫʜʝʪ ʥʘʭʦʜʠʪʴʩʷ ʥʘ ʦʩʠ n ʩʠʤʤʝʪʨʠʯʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ O. 

ʊʘʢ ʢʘʢ ʫʛʦʣ Djj,1,i,l ʵʪʦʛʦ ʪʝʣʘ ʨʘʚʝʥ ,́ ʪʦ ʩʠʣʘ ʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚ (9) ʪʘʢʞʝ ʨʘʚʥʘ ʥʫʣʶ. ʀʪʘʢ, ʧʨʦʝʢʮʠʠ ʚʩʝʭ ʩʠʣ 

ʥʘ ʢʘʩʘʪʝʣʴʥʫʶ ʦʩʴ ʨʘʚʥʳ ʥʫʣʶ, ʪ.ʝ. 01,, =jFt . ʇʦʵʪʦʤʫ ʩʠʣʘ ʚʦʟʜʝʡʩʪʚʠʷ ʚʩʝʭ ʪʝʣ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʤʥʦʛʦ-

ʩʣʦʡʥʦʡ ʩʪʨʫʢʪʫʨʳ ʥʘ ʣʶʙʦʝ ʪʝʣʦ ʥʘ ʢʦʣʴʮʝ ʩ ʥʦʤʝʨʦʤ j ʥʘʧʨʘʚʣʝʥʘ ʧʦ ʥʦʨʤʘʣʠ n ʢ ʪʨʘʝʢʪʦʨʠʠ, ʪ.ʝ. ʢ ʮʝʥʪʨʫ O, 

ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ (8). 

ɼʣʷ ʢʦʣʴʮʘ j ʨʘʟʥʦʩʪʴ ʫʛʣʦʚ (5), ʩʦʛʣʘʩʥʦ (1) ʙʫʜʝʪ 

 

                                                                           Djj,1,j,l = jj,l - jj,1 = 2p(l - 1)/N3.                                                            (10) 

 

ʊʦʛʜʘ ʚʳʨʘʞʝʥʠʝ ʚ ʟʥʘʤʝʥʘʪʝʣʝ ʧʦʩʣʝʜʥʝʛʦ ʩʣʘʛʘʝʤʦʛʦ ʬʦʨʤʫʣʳ (8) ʟʘʧʠʰʝʪʩʷ 

 

                                                               2Ö[1 - cos(2p(l - 1)/N3)] = 4Ösin2(p(l - 1)/N3).                                                    (11) 

 

ʇʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ (11) ʚ (8) ʥʘʧʨʘʚʣʝʥʥʘʷ ʢ ʮʝʥʪʨʫ O ʩʠʣʘ ʚʦʟʜʝʡʩʪʚʠʷ ʚʩʝʭ ʪʝʣ ʥʘ ʣʶʙʦʝ ʪʝʣʦ ʥʘ ʢʦʣʴʮʝ 

j ʙʫʜʝʪ 
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r i,,j = r i/r j
  ï ʦʪʥʦʰʝʥʠʝ ʨʘʜʠʫʩʦʚ ʢʦʣʝʮ i ʠ j. 

Djj,1,j,l ï ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ (10). 

4. ʋʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʚʨʘʱʘʶʱʝʡʩʷ ʩʪʨʫʢʪʫʨʳ 

ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʩ ʩʠʣʦʡ (12) ʥʘ ʪʝʣʦ mj,1 ʩ ʤʘʩʩʦʡ mj (ʨʠʩ. 1) ʦʥʦ ʙʫʜʝʪ ʩʦʚʝʨʰʘʪʴ ʫʩʢʦʨʝʥʥʦʝ ʜʚʠʞʝʥʠʝ. 

ɺ ʪʨʘʝʢʪʦʨʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ (n, t) ʩʠʣʘ ʚʦʟʜʝʡʩʪʚʠʷ (12) ʠʤʝʝʪʩʷ ʪʦʣʴʢʦ ʚʜʦʣʴ ʦʜʥʦʡ ʦʩʠ n, ʧʦ ʢʦʪʦʨʦʡ 
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ʥʘʧʨʘʚʣʝʥʦ ʥʦʨʤʘʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ wn = v2/r, ʛʜʝ v ï ʪʘʥʛʝʥʮʠʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʪʝʣʘ mj,1, ʘ r ï ʨʘʜʠʫʩ 
ʢʨʠʚʠʟʥʳ ʝʛʦ ʪʨʘʝʢʪʦʨʠʠ. ʇʦʵʪʦʤʫ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʝʛʦ ʜʚʠʞʝʥʠʷ ʟʘʧʠʰʝʪʩʷ ʪʘʢ 
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ʄʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʚʨʘʱʘʶʱʫʶʩʷ ʩʪʨʫʢʪʫʨʫ ʩ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ w ʠ ʩ ʥʝʠʟʤʝʥʥʳʤʠ ʨʘʜʠʫʩʘʤʠ ʪʨʘʝʢ-

ʪʦʨʠʠ. ʇʦʵʪʦʤʫ ʜʣʷ ʪʝʣʘ mj,1 ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʪʨʘʝʢʪʦʨʠʠ r = r j, ʘ ʩʢʦʨʦʩʪʴ v = wÖr j. ʇʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ ʵʪʠʭ 

ʚʝʣʠʯʠʥ ʠ ʩʠʣʳ (12) ʚ ʫʨʘʚʥʝʥʠʝ (14) ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʪʝʣʘ mj,1 ʧʦʣʫʯʘʝʤ ʚ ʚʠʜʝ 
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ʛʜʝ j = 1, 2,   N2. 

ʀʪʘʢ, ʜʚʠʞʝʥʠʝ ʪʝʣ ʚʨʘʱʘʶʱʝʡʩʷ ʩʪʨʫʢʪʫʨʳ ʦʧʠʩʳʚʘʝʪʩʷ N2 ʫʨʘʚʥʝʥʠʷʤʠ (15). ʕʪʦ ʘʣʛʝʙʨʘʠʯʝʩʢʘʷ ʩʠ-

ʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ. ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ ʨʘʥʝʝ, ʥʝʠʟʚʝʩʪʥʳʤʠ ʷʚʣʷʶʪʩʷ ʨʘʜʠʫʩʳ ʢʦʣʝʮ r j ʠ ʤʘʩʩʳ ʪʝʣ mj. ʇʨʠ ʟʘʜʘʥʠʠ 

ʨʘʜʠʫʩʦʚ ʢʦʣʝʮ r j ʤʘʩʩʳ ʪʝʣ mj ʦʧʨʝʜʝʣʷʶʪʩʷ ʫʨʘʚʥʝʥʠʷʤʠ (15). ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʤʦʞʥʦ ʟʘʜʘʪʴ ʤʘʩʩʳ ʪʝʣ mj, 

ʘ ʠʟ (15) ʦʧʨʝʜʝʣʠʪʴ ʨʘʜʠʫʩʳ ʢʦʣʝʮ r j. 

ʉ ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ ʦʜʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʜʣʷ ʤʥʦʛʦʩʣʦʡʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩ ʮʝʥʪʨʘʣʴʥʳʤ ʪʝʣʦʤ 

ʠ ʙʝʟ ʥʝʛʦ, ʚʚʝʜʝʤ ʠʩʭʦʜʥʫʶ ʤʘʩʩʫ min ʮʝʥʪʨʘʣʴʥʦʛʦ ʪʝʣʘ ʠ ʚʩʝʭ ʪʝʣ ʧʝʨʚʦʛʦ ʢʦʣʴʮʘ. ʆʙʦʟʥʘʯʠʤ ʜʦʣʶ ʚ ʥʝʡ ʤʘʩʩʳ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʪʝʣʘ ʢʦʵʬʬʠʮʠʝʥʪʦʤ pm0. ʊʦʛʜʘ ʤʘʩʩʘ ʮʝʥʪʨʘʣʴʥʦʛʦ ʪʝʣʘ ʦʧʨʝʜʝʣʠʪʩʷ ʢʘʢ m0 = minĀpm0. ʉʪʨʫʢʪʫʨʘ 

ʙʝʟ ʮʝʥʪʨʘʣʴʥʦʛʦ ʪʝʣʘ ʟʘʜʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ pm0 = 0. 

ɸʥʘʣʠʟ ʚʦʟʤʦʞʥʳʭ ʧʨʠʤʝʥʝʥʠʡ ʨʝʟʫʣʴʪʘʪʦʚ ʵʪʦʡ ʟʘʜʘʯʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʟʘʜʘʚʘʪʴ ʛʝʦʤʝʪ-

ʨʠʶ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʤʥʦʛʦʩʣʦʡʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʨʘʜʠʫʩʳ ʢʦʣʝʮ r j, ʘ ʟʘʪʝʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ 

ʫʨʘʚʥʝʥʠʡ (15) ʦʧʨʝʜʝʣʷʪʴ ʤʘʩʩʳ mj. ʇʦʵʪʦʤʫ ʧʝʨʝʧʠʰʝʤ ʫʨʘʚʥʝʥʠʷ (15) ʚ ʜʨʫʛʦʤ ʚʠʜʝ. ɺʳʜʝʣʠʤ ʠʟ ʚʪʦʨʦʛʦ 

ʩʣʘʛʘʝʤʦʛʦ ʙʝʟʨʘʟʤʝʨʥʦʝ ʫʩʢʦʨʝʥʠʝ ʪʝʣʘ mj,1, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝʤ ʝʜʠʥʠʮʳ ʤʘʩʩʳ ʪʝʣʘ mi,1 ʥʘ i-ʪʦʤ 

ʢʦʣʴʮʝ 
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ʛʜʝ r i,,j = r i/r j ï ʷʚʣʷʝʪʩʷ ʙʝʟʨʘʟʤʝʨʥʳʤ ʦʪʥʦʰʝʥʠʝʤ ʨʘʜʠʫʩʦʚ. 

ʊʦʛʜʘ ʙʝʟʨʘʟʤʝʨʥʦʝ ʫʩʢʦʨʝʥʠʝ ʪʝʣʘ mj,1, ʚʳʟʚʘʥʥʦʝ ʚʩʝʤʠ ʪʝʣʘʤʠ ʥʘ i-ʪʦʤ ʢʦʣʴʮʝ, ʙʫʜʝʪ 

 

                                                                                  ä
=

=
3

1

,,1,,

N

l

lijij Qa .                                                                         (17) 

 

ʊʘʢ ʢʘʢ ʪʝʣʘ ʢʦʣʴʮʘ ʢʘʞʜʦʤʫ ʩʚʦʝʤʫ ʪʝʣʫ ʩʦʦʙʱʘʶʪ ʙʝʟʨʘʟʤʝʨʥʦʝ ʫʩʢʦʨʝʥʠʝ fn3, ʪʦ ʦʙʦʟʥʘʯʠʤ 

 

                                                                                            aj,j = fn3.                                                                                 (18) 

 

ʄʘʩʩʳ ʚʩʝʭ ʪʝʣ ʦʪʥʝʩʝʤ ʢ ʠʩʭʦʜʥʦʡ ʤʘʩʩʝ min, ʠ ʙʝʟʨʘʟʤʝʨʥʳʝ ʤʘʩʩʳ ʪʝʣ ʦʙʦʟʥʘʯʠʤ: 

 

                                                                              mud,j = mj/min;    mud,0 = m0/min.                                                           (19) 

  

ʊʦʛʜʘ ʩ ʫʯʝʪʦʤ (16)-(19) ʫʨʘʚʥʝʥʠʷ (15) ʟʘʧʠʰʫʪʩʷ ʚ ʚʠʜʝ ʩʣʝʜʫʶʱʝʡ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ 

ʫʨʘʚʥʝʥʠʡ: 
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ʛʜʝ 

 

                                            bj = ciÖrud,j
3 - mud,0;              rud,j = r j / r1 ;             ci = r1

3w2/(minÖG).                                     (21) 
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ɺ ʩʠʩʪʝʤʝ ʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ (20) ʟʘʜʘʶʪʩʷ ʧʘʨʘʤʝʪʨʳ: N2, N3, jj,1,min, pm0, w, r j, ʘ ʥʝ-

ʠʟʚʝʩʪʥʳʤʠ ʷʚʣʷʶʪʩʷ ʙʝʟʨʘʟʤʝʨʥʳʝ ʤʘʩʩʳ mud,i ʧʝʨʠʬʝʨʠʡʥʳʭ ʪʝʣ. ʄʘʩʩʘ ʮʝʥʪʨʘʣʴʥʦʛʦ ʪʝʣʘ ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥ-

ʥʦʡ, ʪ.ʝ. m0 = const. ɸ ʙʝʟʨʘʟʤʝʨʥʳʝ ʤʘʩʩʳ ʚʩʝʭ ʧʝʨʠʬʝʨʠʡʥʳʭ ʪʝʣ mud,j ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ʫʨʘʚ-

ʥʝʥʠʡ (20). 

5. ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʡ 

ʈʝʰʝʥʠʝ ʣʠʥʝʡʥʦʡ ʩʠʩʪʝʤʳ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ (20) ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ [6]: 

  

                                                                                       DDm iiud /, = ,                                                                       (22) 

 

ʛʜʝ D ï ʦʧʨʝʜʝʣʠʪʝʣʴ ʪʘʙʣʠʮʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ aj,i 

 

                                                                                          D = det[aj,i];                                                                            (23) 

 

Di ï ʦʧʨʝʜʝʣʠʪʝʣʴ ʪʘʙʣʠʮʳ aj,i, ʚ ʢʦʪʦʨʦʡ i-ʳʡ ʩʪʦʣʙʝʮ ʟʘʤʝʥʷʝʪʩʷ ʩʪʦʣʙʮʦʤ ʩʚʦʙʦʜʥʳʭ ʯʣʝʥʦʚ bi. 

ɺ ʩʣʫʯʘʝ ʜʚʫʭ ʢʦʣʝʮ ʜʝʪʝʨʤʠʥʘʥʪ 
12212211

2221

1211
aaaa

aa

aa
D -== , ʘ ʜʝʪʝʨʤʠʥʘʥʪʳ 

122221

222

121

1 abab
ab

ab
D -==  ʠ 

.122211

222

111

2 baba
ba

ba
D -==  ʊʦʛʜʘ ʩʦʛʣʘʩʥʦ (22) ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ (20) ʜʣʷ ʤʘʩʩ ʦʜʥʦʛʦ ʪʝʣʘ ʥʘ ʧʝʨʚʦʤ ʠ ʚʪʦʨʦʤ 

ʩʣʦʝ ʟʘʧʠʰʝʪʩʷ 

 

                             )/()( 122122111222211, aaaaababmud --= ;     )/()( 122122111212112, aaaababamud --=  .               (24) 

 

ʈʝʰʝʥʠʷʤʠ (24) ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʨʘʱʘʶʱʘʷʩʷ ʩʪʨʫʢʪʫʨʘ ʠʟ ʜʚʫʭ ʩʣʦʝʚ. ʅʘ ʢʘʞʜʦʤ ʩʣʦʝ ʥʘʭʦʜʠʪʩʷ N3 ʪʝʣ, 

ʛʜʝ N3 ï ʣʶʙʦʝ ʮʝʣʦʝ ʯʠʩʣʦ. ɸ ʦʙʱʝʝ ʯʠʩʣʦ ʪʝʣ ʚ ʪʘʢʦʡ ʜʚʫʭʩʣʦʡʥʦʡ ʩʪʨʫʢʪʫʨʝ N = 2N3 + 1. 

ɺ ʩʣʫʯʘʝ ʪʨʝʭ ʠ ʙʦʣʝʝ ʩʣʦʝʚ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ (20) ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʚʠʜʝ ʙʦʣʝʝ ʛʨʦʤʦʟʜʢʠʭ ʚʳʨʘʞʝʥʠʡ, 

ʢʦʪʦʨʳʝ ʩʣʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʙʝʟʨʘʟʤʝʨʥʳʭ ʤʘʩʩ mud,i. ɿʘʜʘʥʠʝ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʠʩʭʦʜʥʳʭ ʧʘʨʘ-

ʤʝʪʨʦʚ ʪʘʢʞʝ ʩʪʘʥʦʚʠʪʩʷ ʪʨʫʜʦʝʤʢʠʤ. ʂʨʦʤʝ ʪʦʛʦ, ʨʝʰʝʥʠʷʤʠ ʣʠʥʝʡʥʦʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (20) ʤʦʛʫʪ ʙʳʪʴ 

ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʤʘʩʩʳ mud,i. ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʠʟʤʝʥʷʪʴ ʠʩʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ ʚʨʘʱʘʶʱʝʡʩʷ ʩʪʨʫʢʪʫʨʳ, ʯʪʦʙʳ 

ʧʦʣʫʯʠʪʴ ʚʩʝ ʤʘʩʩʳ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ. ʇʨʠ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ N2 ʢʦʣʝʮ ʠ N3 ʪʝʣ ʥʘ ʥʠʭ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʴ-

ʰʦʤʫ ʦʙʲʝʤʫ ʚʳʯʠʩʣʝʥʠʡ. ɼʣʷ ʠʭ ʚʳʧʦʣʥʝʥʠʷ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʧʨʦʛʨʘʤʤʳ. ɺʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʜʣʷ ʨʝʰʝʥʠʷ ʚʳ-

ʰʝʫʧʦʤʷʥʫʪʳʭ ʧʨʦʙʣʝʤ ʧʨʦʱʝ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʯʠʩʣʝʥʥʳʤ ʨʝʰʝʥʠʝʤ ʘʣʛʝʙʨʘʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (15) 

ʠʣʠ (20). ʇʨʦʛʨʘʤʤʳ ʨʘʟʨʘʙʘʪʳʚʘʣʠʩʴ [12] ʥʘ ʷʟʳʢʝ Fortran. ɺ ʧʝʨʚʦʤ ʚʘʨʠʘʥʪʝ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʚ ʧʨʦʛʨʘʤʤʝ 

RtCrcStr.for ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (15) ʨʝʰʘʣʘʩʴ ʤʝʪʦʜʦʤ ʠʪʝʨʘʮʠʡ. ɺʦ ʚʪʦʨʦʤ ʚʘʨʠʘʥʪʝ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʚ ʧʨʦ-

ʛʨʘʤʤʝ RtCrcSt2.for ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (20) ʨʝʰʘʣʘʩʴ ʤʝʪʦʜʦʤ ɻʘʫʩʩʘ. ɺʪʦʨʦʡ ʚʘʨʠʘʥʪ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʧʨʦʩʪʳʤ 

ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʧʦʵʪʦʤʫ ʜʘʣʝʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʦʥ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʦʧʨʝʜʝ-

ʣʝʥʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ N2 ʠ N3 ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʡ ʣʝʛʯʝ ʧʦʣʫʯʠʪʴ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ RtCrcStr.for. 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʚʨʘʱʘʶʱʝʡʩʷ ʩʪʨʫʢʪʫʨʳ ʟʘʜʘʶʪʩʷ ʚ ʬʘʡʣʝ RtCrcSt2.dat. ɺʤʝʩʪʦ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ɤ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʝʨʠʦʜ ʚʨʘʱʘʶʱʝʡʩʷ ʩʪʨʫʢʪʫʨʳ Prd = 2́ /ɤ. ʈʘʟʤʝʨʳ ʠ ʚʨʝʤʷ ʚ ʧʨʦʛʨʘʤʤʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʘʢʞʝ ʚ 

ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮʘʭ. ʇʦʵʪʦʤʫ ʧʝʨʠʦʜ Prd ʟʘʜʘʝʪʩʷ ʚ ʩʠʜʝʨʠʯʝʩʢʠʭ ʛʦʜʘʭ. ʈʘʜʠʫʩʳ ʢʦʣʝʮ ʚ ʬʘʡʣʝ ʜʘʥʥʳʭ 

RtCrcSt2.dat ʟʘʜʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʘʨʘʤʝʪʨʘ okr ʪʘʢ: 

 

                                                                                 r j = jÖokrÖr1,                                                                                       (25) 

 

ʛʜʝ r1 - ʨʘʜʠʫʩ ʧʝʨʚʦʛʦ ʢʦʣʴʮʘ. ɿʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ okr ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʤʝʥʴʰʝ 0.5. 

ʈʘʜʠʫʩ ʧʝʨʚʦʛʦ ʢʦʣʴʮʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʫʩʣʦʚʠʷ ʝʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʧʨʠ ʟʘʜʘʥʥʦʡ ʤʘʩʩʝ ʮʝʥʪʨʘʣʴʥʦʛʦ 

ʪʝʣʘ m0 ʠ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʤʘʩʩʝ m1 ʪʝʣʘ ʧʝʨʚʦʛʦ ʢʦʣʴʮʘ [10, 14]. ʕʪʦ ʫʩʣʦʚʠʝ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʩʣʝʜʫʝʪ ʠʟ ʫʨʘʚʥʝ-

ʥʠʡ ʜʚʠʞʝʥʠʷ (15) ʧʨʠ ʦʪʙʨʘʩʳʚʘʥʠʠ ʦʩʪʘʣʴʥʳʭ ʢʦʣʝʮ 
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ʋʛʣʳ ʧʝʨʚʳʭ ʪʝʣ jj,1 ʤʦʞʥʦ ʟʘʜʘʪʴ ʚ ʜʚʫʭ ʚʘʨʠʘʥʪʘʭ: 1) jj,1 = 0 ʠ 2) jj,1 = 0 ʠ jj,1 =0.5ĀDj0 ʯʝʨʝʜʫʶʪʩʷ. 

ɼʨʫʛʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʜʠʫʩʦʚ r j ʠ ʫʛʣʦʚ jj,1 ʟʘʜʘʝʪʩʷ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʬʘʡʣʘʭ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʚʢʣʶʯʝʥʳ 

ʚ ʬʘʡʣ ʜʘʥʥʳʭ RtCrcSt2.dat. 

ʇʦʩʣʝ ʨʘʙʦʪʳ ʠʩʧʦʣʥʷʝʤʦʛʦ ʤʦʜʫʣʷ ʧʨʦʛʨʘʤʤʳ RtCrcSt2.exe ʩʦʟʜʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʬʘʡʣʦʚ ʩ ʨʝʟʫʣʴʪʘ-

ʪʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʬʘʡʣ ʩʦ ʚʩʝʤʠ ʢʠʥʝʤʘʪʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩʪʨʫʢʪʫʨʳ. ʕʪʦʪ ʬʘʡʣ ʩʦʜʝʨʞʠʪ ʠʩʭʦʜʥʳʝ 

ʜʘʥʥʳʝ ʠ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʧʨʦʛʨʘʤʤʳ Galactica [29]. ɺ ʥʝʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʳʩʦʢʦʪʦʯʥʳʡ ʤʝʪʦʜ ʯʠʩʣʝʥʥʦʛʦ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʤʘʪʝʨʠʘʣʴʥʳʭ ʪʦʯʝʢ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʧʦ ʟʘʢʦʥʫ 
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ʪʷʛʦʪʝʥʠʷ ʅʴʶʪʦʥʘ. ʉʠʩʪʝʤʘ Galactica ʠʤʝʝʪʩʷ ʚ ʩʚʦʙʦʜʥʦʤ ʜʦʩʪʫʧʝ [13, 31]. ʆʥʘ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʘʪʴ ʜʠʥʘʤʠʢʫ 

ʩʪʨʫʢʪʫʨ ʠʟ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʤʘʪʝʨʠʘʣʴʥʳʭ ʪʦʯʝʢ ʠ ʠʩʩʣʝʜʦʚʘʪʴ ʝʝ ʵʚʦʣʶʮʠʶ. 

ɺʩʝ ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ RtCrcSt2.exe ʩʪʨʫʢʪʫʨʳ ʧʨʦʚʝʨʷʣʠʩʴ ʧʨʦʛʨʘʤʤʦʡ Galactica. ʉʣʝ-

ʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʥʪʝʛʨʠʨʦʚʘʣʠʩʴ ʥʝʫʧʨʦʱʝʥʥʳʝ ʫʨʘʚʥʝʥʠʷ, ʘ ʥʝ ʫʨʘʚʥʝʥʠʷ (15) ʠʣʠ (20). ɺ ʧʨʦʛʨʘʤʤʝ Galac-

tica ʠʤʝʝʪʩʷ ʦʧʮʠʷ ʛʨʘʬʠʯʝʩʢʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʪʝʣ. ɼʘʣʝʝ ʧʨʠʚʝʜʝʥʳ ʠʟʦʙʨʘʞʝʥʠʷ ʩʪʨʫʢʪʫʨ, 

ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʵʢʨʘʥʝ ʢʦʤʧʴʶʪʝʨʘ ʧʦʩʣʝ ʧʝʨʚʦʛʦ ʰʘʛʘ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʠʭ ʜʚʠ-

ʞʝʥʠʷ. 

ʆʧʠʩʘʥʠʝ ʧʨʦʛʨʘʤʤʳ RtCrcSt2.for ʠ ʝʝ ʨʘʙʦʪʳ, ʘ ʪʘʢʞʝ ʪʝʢʩʪ ʧʨʦʛʨʘʤʤʳ ʧʨʠʚʝʜʝʥʳ ʚ ʨʘʙʦʪʝ [12]. ʌʘʡʣʳ 

ʠʩʧʦʣʥʷʝʤʳʭ ʤʦʜʫʣʝʡ ʥʘʭʦʜʷʪʩʷ ʚ ʩʚʦʙʦʜʥʦʤ ʜʦʩʪʫʧʝ ʧʦ ʘʜʨʝʩʫ: www.ikz.ru/~smulski/Data/RtCrcStr/. 

6. ʇʨʠʤʝʨʳ ʚʨʘʱʘʶʱʠʭʩʷ ʩʪʨʫʢʪʫʨ 

ɹʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʤʥʦʛʦʩʣʦʡʥʳʝ ʚʨʘʱʘʶʱʠʝʩʷ ʩʪʨʫʢʪʫʨʳ ʩ ʯʠʩʣʦʤ ʢʦʣʝʮ 1, 2, 3, 4, 5, 15, 30, 100, 103, 

1000. ʅʘ ʢʦʣʴʮʘʭ ʟʘʜʘʚʘʣʦʩʴ ʯʠʩʣʦ ʪʝʣ: 2, 5, 8, 10, 29, 30, 999. ʆʙʱʝʝ ʯʠʩʣʦ ʪʝʣ ʜʦʩʪʠʛʘʣʦ ʦʜʥʦʛʦ ʤʠʣʣʠʦʥʘ. 

ʈʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩ ʨʘʟʥʳʤʠ ʚʘʨʠʘʥʪʘʤʠ ʫʛʣʘ jj,1 ʧʝʨʚʦʛʦ ʪʝʣʘ ʥʘ ʢʘʞʜʦʤ ʢʦʣʴʮʝ, ʘ ʪʘʢʞʝ ʩ ʨʘʟʥʳʤ 

ʯʝʨʝʜʦʚʘʥʠʝʤ ʝʛʦ ʥʘ ʩʦʩʝʜʥʠʭ ʢʦʣʴʮʘʭ. ɹʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʫʶʪʩʷ ʧʨʠ ʨʘʟʥʳʭ ʠʩʭʦʜ-

ʥʳʭ ʤʘʩʩʘʭ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʤʘʩʩ ʟʘʜʘʚʘʣʠʩʴ ʤʘʩʩʳ ʉʦʣʥʮʘ ʠ ɿʝʤʣʠ. ʈʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʩʪʨʫʢʪʫʨʳ ʩ ʮʝʥ-

ʪʨʘʣʴʥʳʤ ʪʝʣʦʤ ʠ ʙʝʟ ʥʝʛʦ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʘ ʩ N2 = 5 ʢʦʣʴʮʘʤʠ ʧʦ N3 = 8 ʪʝʣ ʥʘ ʢʘʞʜʦʤ ʢʦʣʴʮʝ ʠ ʧʝʨʠʦʜʦʤ 

ʚʨʘʱʝʥʠʷ Prd =1 ʛʦʜ. ʅʦʤʝʨʘ ʢʦʣʝʮ ʦʪʩʯʠʪʳʚʘʶʪʩʷ ʦʪ ʮʝʥʪʨʘ ʆ, ʥʦʤʝʨʘ ʪʝʣ ʦʪ ʦʩʠ xʦ. ʋʛʣʳ ʧʝʨʚʳʭ ʪʝʣ ʥʘ ʢʦʣʴʮʘʭ 

jj,1 ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʨʠʥʠʤʘʶʪ ʟʥʘʯʝʥʠʷ 0; Dj0/2; 0; Dj0/2; 0. ʀʩʭʦʜʥʘʷ ʤʘʩʩʘ min = 1.98912Ŀ1030 ʢʛ ʟʘʜʘʥʘ ʥʝ-

ʤʥʦʛʦ ʙʦʣʴʰʝ ʤʘʩʩʳ ʉʦʣʥʮʘ. ʈʘʜʠʫʩʳ ʢʦʣʝʮ ʠ ʤʘʩʩʳ ʦʜʥʦʛʦ ʠʟ ʪʝʣ ʥʘ ʥʠʭ, ʦʪʥʝʩʝʥʥʳʝ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢ ʨʘʜʠ-

ʫʩʫ ʧʝʨʚʦʛʦ ʢʦʣʴʮʘ ʠ ʤʘʩʩʳ ʪʝʣʘ ʥʘ ʥʝʤ, ʨʘʚʥʳ rud,j = 0; 1; 2.005; 2.985; 4.082; 4.980 ʠ mud1,j = mj/m1= 1.256; 1; 2.957; 

2.250; 7.712; 2.973. ɿʜʝʩʴ ʢʦʣʴʮʦʤ ʩ ʨʘʜʠʫʩʦʤ rud,0 = 0 ʦʙʦʟʥʘʯʝʥʦ ʮʝʥʪʨʘʣʴʥʦʝ ʪʝʣʦ. ʇʨʠ ʵʪʦʤ ʨʘʜʠʫʩ ʧʝʨʚʦʛʦ 

ʢʦʣʴʮʘ ʠ ʤʘʩʩʘ ʪʝʣʘ ʥʘ ʥʝʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʨʘʚʥʳ r1 = 1.481Ŀ1011 ʤ ʠ m1 = 1.568Ŀ1030 ʢʛ. ʄʘʩʩʘ ʚʩʝʡ ʵʪʦʡ ʩʪʨʫʢʪʫʨʳ 

ʩʦʩʪʘʚʣʷʝʪ mSS = 2.138Ŀ1032 ʢʛ. ʊʦ ʝʩʪʴ ʦʥʘ ʚ 108 ʨʘʟʘ ʧʨʝʚʳʰʘʝʪ ʤʘʩʩʫ ʉʦʣʥʮʘ. 

ɼʘʣʝʝ ʨʘʩʩʤʦʪʨʠʤ ʪʨʠ ʩʪʨʫʢʪʫʨʳ ʩ N2 = 15 ʢʦʣʝʮ ʠ N3 = 30 ʪʝʣ ʥʘ ʢʘʞʜʦʤ ʢʦʣʴʮʝ, ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪʩʷ 

ʯʝʨʝʜʦʚʘʥʠʝʤ ʫʛʣʘ jj,1 ʧʝʨʚʳʭ ʪʝʣ ʥʘ ʢʦʣʴʮʘʭ. ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʘ ʚʨʘʱʘʶʱʘʷʩʷ ʩʪʨʫʢʪʫʨʘ ʧʨʠ ʫʛʣʘʭ ʧʝʨʚʳʭ ʪʝʣ 

ʥʘ ʚʩʝʭ ʢʦʣʴʮʘʭ jj,1 = 0. ʃʠʥʠʷʤʠ ʫ ʧʝʨʠʬʝʨʠʡʥʳʭ ʪʝʣ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʭ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 2, ʵʪʘ ʩʪʨʫʢʪʫʨʘ ʠʤʝʝʪ ʨʘʜʠʘʣʴʥʦ-ʣʫʯʝʚʦʝ ʩʪʨʦʝʥʠʝ. ɺ ʛʦʤʦʛʨʘʬʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʝ 

[1] ʝʝ ʥʘʟʚʘʣʠ ʙʳ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʠʟ 15-ʠ ʚʣʦʞʝʥʥʳʭ ʜʨʫʛ ʚ ʜʨʫʛʘ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʭ ʨʘʚʥʦʩʪʦʨʦʥʥʠʭ 30-ʫʛʦʣʴʥʠ-

ʢʦʚ. ʀʟ ʚʪʦʨʦʛʦ ʩʪʦʣʙʮʘ ʥʘ ʨʠʩ. 2 ʚʠʜʥʦ, ʯʪʦ ʥʘʠʤʝʥʴʰʠʝ ʤʘʩʩʳ ʠʤʝʶʪ ʪʝʣʘ ʧʝʨʚʦʛʦ ʢʦʣʴʮʘ. ɽʩʣʠ ʤʘʩʩʘ m0 ʮʝʥ-

ʪʨʘʣʴʥʦʛʦ ʪʝʣʘ ʨʘʚʥʘ ʤʘʩʩʝ ʉʦʣʥʮʘ, ʪʦ ʤʘʩʩʘ m1 ʚ 2.27 ʨʘʟʘ ʤʝʥʴʰʝ m0. ʉ ʧʝʨʚʦʛʦ ʢʦʣʴʮʘ ʧʦ ʜʝʩʷʪʦʝ ʤʘʩʩʳ ʪʝʣ 

ʧʦʯʪʠ ʤʦʥʦʪʦʥʥʦ ʫʚʝʣʠʯʠʚʘʶʪʩʷ, ʟʘʪʝʤ ʦʥʠ ʫʤʝʥʴʰʘʶʪʩʷ. ɺ ʵʪʦʡ ʩʪʨʫʢʪʫʨʝ ʥʘʠʙʦʣʴʰʘʷ ʤʘʩʩʘ ʪʝʣʘ m10 = 12.3Ŀm1. 

 

 
 

ʈʠʩ. 2. ɺʠʜ ʥʘ ʵʢʨʘʥʝ ʢʦʤʧʴʶʪʝʨʘ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʤʥʦʛʦʩʣʦʡʥʦʡ ʚʨʘʱʘʶʱʝʡʩʷ ʩʪʨʫʢʪʫʨʳ ʧʨʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʠ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʧʨʦʛʨʘʤʤʦʡ Galactica ʟʘ ʚʨʝʤʷ ʦʜʥʦʛʦ ʰʘʛʘ: N2 = 15; N3 = 30; ʫʛʣʳ jj,1 = 0; Prd =1 

ʛʦʜ; ʤʘʩʩʘ ʮʝʥʪʨʘʣʴʥʦʛʦ ʪʝʣʘ ʨʘʚʥʷʝʪʩʷ ʤʘʩʩʝ ʉʦʣʥʮʘ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʥʘ ʨʠʩ. 2 ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʩʪʦʣʙʮʘʤʠ ʧʨʠʚʝʜʝʥʳ 

ʨʘʜʠʫʩʳ ʢʦʣʝʮ ʠ ʤʘʩʩʳ ʦʜʥʦʛʦ ʪʝʣʘ ʥʘ ʥʠʭ, ʦʪʥʝʩʝʥʥʳʝ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢ ʨʘʜʠʫʩʫ ʧʝʨʚʦʛʦ ʢʦʣʴʮʘ r1 = 1.493837Ö1011 ʤ ʠ 

ʤʘʩʩʝ m1 = 8.684966Ö1029 ʢʛ ʪʝʣʘ ʥʘ ʥʝʤ. ʆʙʱʘʷ ʤʘʩʩʘ ʚʩʝʡ ʩʪʨʫʢʪʫʨʳ mSS = 3.218489Ö1033 ʢʛ. 
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ɺ ʩʪʨʫʢʪʫʨʝ ʥʘ ʨʠʩʫʥʢʝ 2 ʠ ʚ ʜʚʫʭ ʧʦʩʣʝʜʫʶʱʠʭ ʨʘʜʠʫʩʳ ʢʦʣʝʮ, ʩʦʛʣʘʩʥʦ (25), ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʧʨʠʙʘʚ-

ʣʝʥʠʝʤ ʨʘʜʠʫʩʘ ʧʝʨʚʦʛʦ ʢʦʣʴʮʘ r1. ɺ ʩʪʨʫʢʪʫʨʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩ. 1, ʨʘʜʠʫʩʳ ʢʦʣʝʮ ʠʟʤʝʥʷʶʪʩʷ ʧʦ ʜʨʫʛʦʤʫ 

ʟʘʢʦʥʫ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʨʘʜʠʫʩʦʚ ʢʦʣʝʮ ʨʝʰʝʥʠʝ 

ʫʨʘʚʥʝʥʠʡ (20) ʧʨʠʚʦʜʠʪ ʢ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʤʘʩʩʘʤ. Cʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʪʘ ʩʪʨʫʢʪʫʨʘ ʧʦʣʫʯʝʥʘ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤʳ RtCrcStr.for. 

ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʥʦʛʦʩʣʦʡʥʘʷ ʚʨʘʱʘʶʱʘʷʩʷ ʩʪʨʫʢʪʫʨʘ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʯʝʨʝʜʦʚʘʥʠʝʤ ʫʛʣʦʚ 

jj,1 ʧʝʨʚʳʭ ʪʝʣ ʥʘ ʩʦʩʝʜʥʠʭ ʢʦʣʴʮʘʭ. ɺ ʛʦʤʦʛʨʘʬʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʝ [1] ʝʝ ʥʘʟʚʘʣʠ ʙʳ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʠʟ 15 ʚʣʦ-

ʞʝʥʥʳʭ ʜʨʫʛ ʚ ʜʨʫʛʘ ʨʘʚʥʦʩʪʦʨʦʥʥʠʭ 30-ʠ ʫʛʦʣʴʥʠʢʦʚ, ʧʦʚʝʨʥʫʪʳʭ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ ʥʘ ʫʛʦʣ ˊ/15. ʇʦ 

ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʨʫʢʪʫʨʦʡ, ʧʦʢʘʟʘʥʥʦʡ ʥʘ ʨʠʩ. 2, ʦʙʱʘʷ ʤʘʩʩʘ ʵʪʦʡ ʩʪʨʫʢʪʫʨʳ ʚʦʟʨʦʩʣʘ ʚ 1.236 ʨʘʟʘ. ʄʘʩʩʘ ʪʝʣ ʥʘ 

ʢʦʣʴʮʘʭ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʪʘʢʞʝ ʨʘʩʪʝʪ, ʥʘʯʠʥʘʷ ʦʪ ʮʝʥʪʨʘ. ʆʜʥʘʢʦ ʧʦʩʣʝ 10 ʢʦʣʴʮʘ ʤʦʥʦʪʦʥʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʤʘʩʩ 

ʪʝʣ ʥʘʨʫʰʘʝʪʩʷ, ʠ ʪʝʣʘ ʩ ʥʘʠʙʦʣʴʰʝʡ ʤʘʩʩʦʡ ʥʘʭʦʜʷʪʩʷ ʥʘ ʧʦʩʣʝʜʥʝʤ ʢʦʣʴʮʝ. 

 

 
 

ʈʠʩ. 3. ʆʩʝʩʠʤʤʝʪʨʠʯʥʘʷ ʤʥʦʛʦʩʣʦʡʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʨʠ N2 = 15; N3 = 30; ʫʛʣʳ jj,1 = 0 ʠ jj,1 = 0.5ÖDj0 ʯʝʨʝʜʫʶʪʩʷ; Prd =1 

ʛʦʜ; r1 = 1.493837Ö1011 ʤ; m1 = 9.172058Ö1029 ʢʛ ʠ mSS = 3.977302Ö1033 ʢʛ. ʆʩʪʘʣʴʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʩʤ. ʨʠʩ. 2. 

 

 
 

ʈʠʩ. 4. ʆʩʝʩʠʤʤʝʪʨʠʯʥʘʷ ʤʥʦʛʦʩʣʦʡʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʨʠ N2 = 15; N3 = 30; ʫʛʣʳ jj,1 = 0 ʠ jj,1 = 0.5ÖDj0 ʯʝʨʝʜʫʶʪʩʷ ʯʝʨʝʟ ʪʨʠ 

ʩʣʦʷ; Prd =1 ʛʦʜ; r1 = 1.493837Ö1011 ʤ, m1 = 8.889051Ö1029 ʢʛ ʠ mSS = 3.570164Ö1033 ʢʛ. ʆʩʪʘʣʴʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʩʤ. ʨʠʩ. 2. 

 

ɺ ʩʪʨʫʢʪʫʨʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩ. 4, ʫʛʦʣ jj,1 = Dj0/2 ʧʦʚʪʦʨʷʝʪʩʷ ʯʝʨʝʟ ʪʨʠ ʩʣʦʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʙʱʘʷ 

ʤʘʩʩʘ ʩʠʩʪʝʤʳ ʪʘʢʞʝ ʫʚʝʣʠʯʠʣʘʩʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʜʠʘʣʴʥʦ-ʣʫʯʝʚʳʤ ʩʪʨʦʝʥʠʝʤ (ʩʤ. ʨʠʩ. 2), ʦʜʥʘʢʦ ʦʥʘ ʤʝʥʴʰʝ 

ʯʝʤ ʚ ʧʨʝʜʳʜʫʱʝʡ ʩʪʨʫʢʪʫʨʝ ʥʘ ʨʠʩ. 3. ʄʘʩʩʘ ʪʝʣ ʥʘ ʢʦʣʴʮʘʭ ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠ ʫʜʘʣʝʥʠʠ ʦʪ ʮʝʥʪʨʘ. ʇʨʠ 

ʵʪʦʤ ʥʘ ʢʦʣʴʮʘʭ ʩ ʫʛʣʦʤ jj,1 = Dj0/2 ʤʘʩʩʳ ʪʝʣ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʩʦʩʝʜʥʠʭ ʢʦʣʴʮʘʭ. ʀ ʥʘʠʙʦʣʴʰʘʷ 

ʤʘʩʩʘ ʪʝʣ ʥʘʭʦʜʠʪʩʷ ʥʘ ʪʘʢʦʤ ʢʦʣʴʮʝ ʩ ʥʦʤʝʨʦʤ 12. ɺ ʪʨʝʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʧʨʠʤʝʨʘʭ ʩʪʨʫʢʪʫʨ ʵʪʦ ʥʘʠʙʦʣʴʰʘʷ 
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ʤʘʩʩʘ ʪʝʣ. ʆʥʘ ʚ 20 ʨʘʟ ʧʨʝʚʳʰʘʝʪ ʤʘʩʩʫ ʪʝʣ ʥʘ ʧʝʨʚʦʤ ʢʦʣʴʮʝ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʛʦʤʦʛʨʘʬʠʯʝʩʢʠʭ ʟʘʜʘʯ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚʣʦʞʝʥʥʳʤʠ ʜʨʫʛ ʚ ʜʨʫʛʘ ʧʨʘʚʠʣʴʥʳʤʠ ʤʥʦʛʦʫʛʦʣʴ-

ʥʠʢʘʤʠ [1]. ʆʜʥʘʢʦ ʠʤʝʶʪʩʷ ʠ ʥʝʧʨʘʚʠʣʴʥʳʝ ʤʥʦʛʦʫʛʦʣʴʥʠʢʠ, ʥʘʧʨʠʤʝʨ, ʚʣʦʞʝʥʥʳʝ ʜʨʫʛ ʚ ʜʨʫʛʘ ʨʦʤʙʳ [1, 20]. 

ʊʘʢʘʷ ʤʥʦʛʦʩʣʦʡʥʘʷ ʨʦʤʙʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ (ʩʤ ʨʠʩ. 20 [1]) ʤʦʞʝʪ ʙʳʪʴ ʩʦʟʜʘʥʘ ʚ ʚʠʜʝ ʨʷʜʘ ʢʦʣʝʮ. ʅʘ ʨʠʩ. 5ʘ ʦʥʘ 

ʧʦʢʘʟʘʥʘ ʚ ʚʠʜʝ N2 = 4 ʢʦʣʝʮ ʩ N3 = 2 ʪʝʣʘʤʠ ʥʘ ʢʘʞʜʦʤ ʢʦʣʴʮʝ. ʈʘʜʠʫʩʳ ʢʦʣʝʮ ʠ ʤʘʩʩʳ ʦʜʥʦʛʦ ʪʝʣʘ ʥʘ ʥʠʭ, 

ʦʪʥʝʩʝʥʥʳʝ ʢ ʨʘʜʠʫʩʫ ʧʝʨʚʦʛʦ ʢʦʣʴʮʘ ʠ ʤʘʩʩʝ ʪʝʣʘ ʥʘ ʥʝʤ, ʨʘʚʥʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, rud,j = 0; 1; 1.697; 1.703; 2.40 ʠ 

mud1,j = 1161; 1; 193.47; 490.54; 23.76. ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʨʝʜʳʜʫʱʠʭ ʩʪʨʫʢʪʫʨ ʥʘ ʧʝʨʚʦʤ ʢʦʣʴʮʝ (ʩʤ. ʨʠʩ. 5ʘ) ʫʛʦʣ 

ʧʝʨʚʦʛʦ ʪʝʣʘ j1,1 = 0.5ÖDj0 = p/2. ʇʦʵʪʦʤʫ ʦʥʦ ʥʘʭʦʜʠʪʩʷ ʥʘ ʦʩʠ ʦʨʜʠʥʘʪ. ʕʪʘ ʩʪʨʫʢʪʫʨʘ ʠʟ ʜʚʫʭ ʚʣʦʞʝʥʥʳʭ ʨʦʤ-

ʙʦʚ ʠʜʝʥʪʠʯʥʘ ʩʪʨʫʢʪʫʨʝ ʚ ʨʘʙʦʪʝ [1] ʥʘ ʨʠʩ. 20. 
 

 
 

ʈʠʩ. 5. ʘ ï ʦʩʝʩʠʤʤʝʪʨʠʯʥʘʷ ʯʝʪʳʨʝʭʩʣʦʡʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʨʠ N2 = 4; N3 = 2; ʫʛʣʳ jj,1 = 0.5ÖDj0 ʠ jj,1 = 0 ʯʝʨʝʜʫʶʪʩʷ; Prd =2 

ʛʦʜʘ; r1 = 1.491651Ö1011 ʤ, m1 = 1.695854Ö1027 ʢʛ ʠ mSS = 4.373151Ö1030 ʢʛ. ʙ ï ʦʩʝʩʠʤʤʝʪʨʠʯʥʘʷ ʪʨʝʭʩʣʦʡʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʨʠ 

N2 = 3; N3 = 3; ʫʛʣʳ jj,1 = 0; 0.5ÖDj0 ʠ 0; Prd = 1.5 ʛʦʜʘ; r1 = 1.491990Ö1011 ʤ, m1 = 9.018554Ö1026 ʢʛ ʠ mSS = 2.971883Ö1030 ʢʛ. 

ʆʩʪʘʣʴʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʩʤ. ʨʠʩ. 2. 

 

ɺ ʯʝʪʳʨʝʭʩʣʦʡʥʦʡ ʢʦʣʴʮʝʚʦʡ ʩʪʨʫʢʪʫʨʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩ. 5ʘ ʙʝʟʨʘʟʤʝʨʥʳʝ ʨʘʜʠʫʩʳ ʚʪʦʨʦʛʦ ʠ ʪʨʝ-

ʪʴʝʛʦ ʢʦʣʝʮ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚʳʰʝ, rud,3 = 1.697 ʠ rud,4 = 1.703, ʪ. ʝ. ʧʦʯʪʠ ʨʘʚʥʳ. ʆʜʥʘʢʦ ʫʛʣʳ ʧʝʨʚʳʭ ʪʝʣ ʥʘ ʥʠʭ 

ʩʜʚʠʥʫʪʳ ʥʘ ʫʛʦʣ 0.5ĀDj0. ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʤʦʞʥʦ ʩʦʟʜʘʚʘʪʴ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʝ ʚʨʘʱʘʶʱʠʝʩʷ ʢʦʣʴʮʝʚʳʝ 

ʩʪʨʫʢʪʫʨʳ, ʥʘ ʦʪʜʝʣʴʥʳʭ ʢʦʣʴʮʘʭ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ 2ÖN3 ʪʝʣ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʨʘʜʠʫʩʳ 

ʜʚʫʭ ʩʦʩʝʜʥʠʭ ʢʦʣʝʮ ʙʳʣʠ ʦʜʠʥʘʢʦʚʳ, ʘ ʫʛʣʳ ʧʝʨʚʳʭ ʪʝʣ ʥʘ ʥʠʭ ï ʨʘʟʥʳʝ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʥʘ ʨʠʩ. 5ʙ ʧʨʝʜ-

ʩʪʘʚʣʝʥʘ ʪʨʝʭʩʣʦʡʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʫ ʢʦʪʦʨʦʡ ʨʘʜʠʫʩʳ ʚʪʦʨʦʛʦ ʠ ʪʨʝʪʴʝʛʦ ʩʣʦʷ ʨʘʚʥʳ. ɹʝʟʨʘʟʤʝʨʥʳʝ ʨʘʜʠʫʩʳ ʠ 

ʤʘʩʩʳ ʚ ʵʪʦʤ ʩʣʫʯʘʝ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ rud,j = 0; 1; 1.375; 1.375 ʠ mud1,j = 21844; 1; 175.8; 193.8. ʆʪʩʶʜʘ ʚʠʜʥʦ, ʯʪʦ 

ʧʨʠ ʨʘʚʥʳʭ ʨʘʜʠʫʩʘʭ ʚʪʦʨʦʛʦ ʠ ʪʨʝʪʴʝʛʦ ʢʦʣʝʮ ʤʘʩʩʳ ʪʝʣ ʥʘ ʥʠʭ ʦʪʣʠʯʘʶʪʩʷ. ʕʪʘ ʩʪʨʫʢʪʫʨʘ ʠʜʝʥʪʠʯʥʘ ʛʦʤʦʛʨʘ-

ʬʠʯʝʩʢʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʧʨʘʚʠʣʴʥʦʛʦ ʰʝʩʪʠʫʛʦʣʴʥʠʢʘ, ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ ʚʥʫʪʨʠ ʩʝʙʷ ʢʦʥʮʝʥʪʨʠ-

ʯʝʩʢʠʡ ʨʘʚʥʦʩʪʦʨʦʥʥʠʡ ʪʨʝʫʛʦʣʴʥʠʢ (ʩʤ. ʨʠʩ. 26 [1]). 

ɺ ʧʨʠʤʝʨʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʥʘ ʨʠʩ. 5ʙ, ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʢʦʪʦʨʘʷ ʦʩʦʙʝʥʥʦʩʪʴ. ʄʘʪʝʤʘʪʠʯʝʩʢʠ ʵʪʘ ʩʪʨʫʢ-

ʪʫʨʘ ʟʘʜʘʝʪʩʷ ʪʨʝʤʷ ʢʦʣʴʮʘʤʠ, ʪ. ʝ. N2 = 3, ʘ ʬʠʟʠʯʝʩʢʠ ʩʫʱʝʩʪʚʫʶʪ ʜʚʘ ʢʦʣʴʮʘ ʠʣʠ ʜʚʘ ʩʣʦʷ. ʆʜʥʘʢʦ ʚʦ ʚʪʦʨʦʤ 

ʩʣʦʝ ʪʝʣʘ ʠʤʝʶʪ ʜʚʘ ʚʠʜʘ ʤʘʩʩ. ʀʪʘʢ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʧʨʠʤʝʨʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʰʠʨʦʢʠʡ ʥʘʙʦʨ ʢʦʥʬʠʛʫʨʘʮʠʡ 

ʛʦʤʦʛʨʘʬʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʠ [1] ʠʣʠ ʧʣʦʩʢʠʭ ʮʝʥʪʨʘʣʴʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ [33] ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥ ʦʩʝʩʠʤʤʝʪ-

ʨʠʯʥʳʤʠ ʤʥʦʛʦʩʣʦʡʥʳʤʠ ʚʨʘʱʘʶʱʠʤʠʩʷ ʩʪʨʫʢʪʫʨʘʤʠ. 

ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʪʨʫʢʪʫʨʳ ʩ ʯʠʩʣʦʤ ʢʦʣʝʮ N2 = 103 ʠ ʯʠʩʣʦʤ ʪʝʣ N3 = 29; ʩ N2 = 1000 

ʠ N3 = 999. ɺ ʧʝʨʚʦʡ ʩʪʨʫʢʪʫʨʝ ʦʙʱʝʝ ʯʠʩʣʦ ʪʝʣ ʙʳʣʦ N = 2988, ʘ ʚʦ ʚʪʦʨʦʡ ï N = 999001. ʂʨʦʤʝ ʪʦʛʦ, ʨʘʩʩʯʠʪʳ-

ʚʘʣʠʩʴ ʩʪʨʫʢʪʫʨʳ ʩ ʠʩʭʦʜʥʦʡ ʤʘʩʩʦʡ min ʨʘʚʥʦʡ ʤʘʩʩʝ ɿʝʤʣʠ. ʏʠʩʣʦ ʢʦʣʝʮ ʚ ʵʪʠʭ ʩʪʨʫʢʪʫʨʘʭ ʙʳʣʦ N2 = 6; 15 ʠ 

103. ʉʦʟʜʘʥʥʳʝ ʬʘʡʣʳ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʧʨʦʛʨʘʤʤʳ Galactica ʩʦʚʧʘʣʠ ʩ ʬʘʡʣʘʤʠ ʧʨʠ 

ʠʩʭʦʜʥʦʡ ʤʘʩʩʝ min ʥʝʤʥʦʛʦ ʙʦʣʴʰʝʡ ʤʘʩʩʝ ʉʦʣʥʮʘ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʘ ʨʠʩ. 1 ï 5 ʩ 

ʤʘʩʩʦʡ ʉʦʣʥʮʘ, ʷʚʣʷʶʪʩʷ ʪʘʢʠʤʠ ʞʝ ʚ ʩʣʫʯʘʝ ʩʪʨʫʢʪʫʨ ʩ ʤʘʩʩʦʡ ɿʝʤʣʠ. 

7. ɺʦʧʨʦʩʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʨʫʢʪʫʨ ʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʧʘʨʘʤʝʪʨʳ ʩʪʨʫʢʪʫʨʳ ʧʦʣʫʯʝʥʳ ʙʣʘʛʦʜʘʨʷ ʪʦʯʥʦʤʫ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ, ʨʝʟʫʣʴʪʘʪʳ 

ʨʝʰʝʥʠʷ ʚʳʨʘʞʘʶʪʩʷ ʯʠʩʣʘʤʠ ʩ ʢʦʥʝʯʥʳʤ ʯʠʩʣʦʤ ʨʘʟʨʷʜʦʚ. ʇʦʵʪʦʤʫ ʨʝʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʪʨʫʢʪʫʨʳ ʦʪʣʠʯʘ-

ʶʪʩʷ ʦʪ ʠʜʝʘʣʴʥʳʭ. ʕʪʠ ʦʪʣʠʯʠʷ ʷʚʣʷʶʪʩʷ ʧʝʨʚʦʡ ʧʨʠʯʠʥʦʡ, ʠʟ-ʟʘ ʢʦʪʦʨʦʡ ʧʨʠ ʯʠʩʣʝʥʥʦʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʠ ʫʨʘʚ-

ʥʝʥʠʡ ʩʪʨʫʢʪʫʨʘ ʥʘʯʠʥʘʝʪ ʚʠʜʦʠʟʤʝʥʷʪʴʩʷ. ɺʪʦʨʦʡ ʧʨʠʯʠʥʦʡ ʷʚʣʷʝʪʩʷ ʪʦʯʥʦʩʪʴ ʤʝʪʦʜʘ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ. ɽʩʣʠ 

ʩʪʨʫʢʪʫʨʘ ʫʩʪʦʡʯʠʚʘʷ, ʪʦ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʩʯʝʪʘ ʪʝʣʘ ʚ ʥʝʡ ʧʨʠʦʙʨʝʪʘʶʪ ʫʩʪʦʡʯʠʚʳʝ ʥʝʙʦʣʴʰʠʝ ʢʦʣʝʙʘʥʠʷ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʘʟʠʤʫʪʘʣʴʥʳʝ. ɺ ʩʣʫʯʘʝ ʥʝʫʩʪʦʡʯʠʚʦʡ ʩʪʨʫʢʪʫʨʳ ʦʥʘ ʨʘʟʨʫʰʘʝʪʩʷ. 

ɺ ʚʳʰʝʫʧʦʤʷʥʫʪʳʭ ʨʘʙʦʪʘʭ ʧʦ ʛʦʤʦʛʨʘʬʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʝ, ʦʩʦʙʝʥʥʦ ʚ ʨʘʙʦʪʝ [1], ʚʦʧʨʦʩʳ ʫʩʪʦʡʯʠʚʦ-

ʩʪʠ ʚʨʘʱʘʶʱʠʭʩʷ ʩʪʨʫʢʪʫʨ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʚ ʨʘʤʢʘʭ ʛʘʤʠʣʴʪʦʥʦʚʦʡ ʜʠʥʘʤʠʢʠ. ʂʘʢ 

ʦʪʤʝʯʝʥʦ ʚ [1], ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʝʝ ʩʪʘ ʦʧʨʝʜʝʣʝʥʠʡ ʧʦʥʷʪʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʘ ʚ ʢʦʩʤʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʝ ʤʦʞʥʦ ʚʩʪʨʝ-

ʪʠʪʴ ʜʦ ʪʨʠʜʮʘʪʠ ʪʘʢʠʭ ʦʧʨʝʜʝʣʝʥʠʡ. ʂ ʩʦʞʘʣʝʥʠʶ, ʵʪʠ ʤʝʪʦʜʳ ʥʝ ʤʦʛʫʪ ʜʘʪʴ ʧʨʷʤʦʛʦ ʦʪʚʝʪʘ ʥʘ ʪʦ, ʢʘʢ ʧʦʚʝʜʝʪ 

ʩʝʙʷ ʢʦʥʢʨʝʪʥʘʷ ʩʪʨʫʢʪʫʨʘ. ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʷʪʴ ʯʠʩʣʝʥʥʦʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʪʝʣ ʩʪʨʫʢʪʫʨʳ, ʯʪʦʙʳ ʫʩʪʘʥʦʚʠʪʴ ʜʠʥʘʤʠʢʫ ʩʪʨʫʢʪʫʨʳ ʠ ʝʝ ʵʚʦʣʶʮʠʶ. ʇʨʠ ʵʪʦʤ ʪʦʯʥʦʩʪʴ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʪʘʢʦʡ, ʯʪʦʙʳ ʧʦʛʨʝʰʥʦʩʪʴ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʥʝ ʦʢʘʟʳʚʘʣʘ ʚʣʠʷʥʠʝ ʥʘ ʧʦʚʝʜʝʥʠʝ 
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ʩʪʨʫʢʪʫʨʳ. ʕʪʦʤʫ ʪʨʝʙʦʚʘʥʠʶ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʧʨʦʛʨʘʤʤʘ Galactica. 

ʉ ʧʦʟʠʮʠʡ ʩʠʣʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʩʝ ʤʥʦʛʦʩʣʦʡʥʳʝ ʚʨʘʱʘʶʱʠʝʩʷ ʩʪʨʫʢʪʫʨʳ ʷʚʣʷʶʪʩʷ ʥʝʫʩʪʦʡʯʠ-

ʚʳʤʠ. ʆʜʥʘʢʦ ʚʨʝʤʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ. ʅʘ ʨʠʩ. 6 ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʫʞʝ ʨʘʩʩʤʦʪʨʝʥʥʘʷ ʥʘ ʨʠʩ. 1 ʩʪʨʫʢʪʫʨʘ ʧʦʩʣʝ 1.6 ʦʙʦʨʦʪʘ. ʀʟʤʝʥʝʥʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʥʘʯʘʣʠʩʴ ʠʟ-ʟʘ ʨʘʟʨʫʰʝʥʠʷ 

ʧʝʨʚʦʛʦ, ʪ. ʝ. ʚʥʫʪʨʝʥʥʝʛʦ, ʢʦʣʴʮʘ. ɽʛʦ ʚʦʩʝʤʴ ʪʝʣ ʧʦʧʘʨʥʦ ʦʙʲʝʜʠʥʠʣʠʩʴ. ɼʘʣʴʥʝʡʰʝʝ ʠʭ ʜʚʠʞʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ 

ʨʘʟʨʫʰʝʥʠʶ ʚʩʝʡ ʩʪʨʫʢʪʫʨʳ. 

 
 

ʈʠʩ. 6. ʅʘʯʘʣʦ ʨʘʟʨʫʰʝʥʠʷ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʠ N2 = 5; N3 = 8; ʫʛʣʳ jj,1 = 0 ʠ jj,1 = 0.5ÖDj0 ʯʝʨʝʜʫʶʪʩʷ; Prd =1 

ʛʦʜ; ʩʪʨʫʢʪʫʨʘ ʩʦʚʝʨʰʠʣʘ 1.6 ʦʙʦʨʦʪʘ, ʘ ʚ ʥʘʯʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ ʦʥʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1. 

 

ʉ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ Galactica ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʭ ʩʪʨʫʢʪʫʨ 

ʚ ʨʘʙʦʪʘʭ [7, 9, 11, 15, 28, 30]. ʕʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʧʦʚʝʜʝʥʠʷ ʦʩʝʩʠʤ-

ʤʝʪʨʠʯʥʳʭ ʩʪʨʫʢʪʫʨ. ʅʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʨʝʤʷ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ. ʕʪʦ ʚʨʝʤʷ ʪʝʤ ʙʦʣʴʰʝ, 

ʯʝʤ ʤʝʥʴʰʝ ʙʝʟʨʘʟʤʝʨʥʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʩʠʩʪʝʤʳ. ɽʩʣʠ ʦʩʝʩʠʤʤʝʪʨʠʯʥʘʷ ʩʪʨʫʢʪʫʨʘ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʜʨʫʛʠʭ 

ʪʝʣ, ʪʦ ʚʨʝʤʷ ʝʝ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʪʘʢʞʝ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʪʴʩʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʪʝʣʘ ʩʪʨʫʢʪʫʨʳ ʩʦʚʝʨ-

ʰʘʶʪ ʢʦʣʝʙʘʥʠʷ ʚʜʦʣʴ ʦʨʙʠʪʳ. ʕʪʦ ʥʘʨʫʰʘʝʪ ʠʭ ʪʝʥʜʝʥʮʠʶ ʢ ʩʙʣʠʞʝʥʠʶ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʥʝʦʛʨʘʥʠʯʝʥ-

ʥʦʤʫ ʚʨʝʤʝʥʠ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ [7]. 

ʇʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʠʟʫʯʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʪʨʫʢʪʫʨ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ Galactica. ʕʪʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʪʨʫʢʪʫʨ ʚ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯʘʭ ʥʝʙʝʩʥʦʡ ʠ ʢʦʩ-

ʤʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʠ. ʅʘʧʨʠʤʝʨ, ʦʜʥʦʩʣʦʡʥʳʝ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʝ ʩʪʨʫʢʪʫʨʳ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʩʦʩʪʘʚʥʳʭ 

ʤʦʜʝʣʝʡ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ [7] ʠ ʉʦʣʥʮʘ [15, 30]. ʇʨʠ ʵʪʦʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙ ʵʚʦʣʶ-

ʮʠʠ ɿʝʤʥʦʡ ʦʩʠ. ʂʨʦʤʝ ʪʦʛʦ, ʢʦʣʝʙʘʥʠʷ ʧʝʨʠʬʝʨʠʡʥʳʭ ʪʝʣ ʚ ʵʪʦʡ ʤʦʜʝʣʠ ʥʘʚʝʣʠ ʥʘ ʤʳʩʣʴ ʦ ʚʦʟʤʦʞʥʦʤ ʢʦʣʝʙʘ-

ʥʠʠ ʢʦʥʪʠʥʝʥʪʦʚ ʚ ʰʠʨʦʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ [7]. ʉʦʩʪʘʚʥʘʷ ʤʦʜʝʣʴ ʚʨʘʱʝʥʠʷ ʉʦʣʥʮʘ ʧʦʟʚʦʣʠʣʘ ʧʦʣʫʯʠʪʴ ʠʟʙʳʪʦʢ 

ʚʨʘʱʝʥʠʷ ʧʝʨʠʛʝʣʠʷ ʄʝʨʢʫʨʠʷ, ʢʦʪʦʨʦʛʦ ʥʝʜʦʩʪʘʚʘʣʦ ʧʨʠ ʦʧʠʩʘʥʠʠ ʜʠʥʘʤʠʢʠ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ ʩ ʧʦʤʦʱʴʶ 

ʟʘʢʦʥʘ ʪʷʛʦʪʝʥʠʷ ʅʴʶʪʦʥʘ. 

ʇʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʪʨʫʢʪʫʨ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʟʦ-

ʚʘʥʠʷ ʧʣʘʥʝʪʝʟʠʤʘʣʝʡ, ʢʦʣʝʮ ʧʣʘʥʝʪ, ʧʣʘʥʝʪʘʨʥʳʭ ʩʠʩʪʝʤ ʠ ʜʠʩʢʦʚʳʭ ʛʘʣʘʢʪʠʢ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʤʝ-

ʥʠʤʳ ʜʣʷ ʦʙʲʝʢʪʦʚ ʤʠʢʨʦʤʠʨʘ. ɽʩʣʠ ʚ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʝ ʨʘʚʥʦʤʝʨʥʦ ʨʘʟʚʝʨʥʫʪʴ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʦʨ-

ʙʠʪʳ ʪʝʣ, ʪʦ ʪʘʢʘʷ ʩʪʨʫʢʪʫʨʘ ʧʨʝʚʨʘʪʠʪʴʩʷ ʚ ʩʬʝʨʦʦʙʨʘʟʥʫʶ. ʇʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʝʝ ʩʦʟʜʘʥʠʷ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʝʝ ʜʠʥʘʤʠʢʠ. ɺʦʟʤʦʞʥʦ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʦʤʦʛʫʪ ʧʦʥʷʪʴ ʧʨʠʨʦʜʫ ʰʘʨʦʚʳʭ ʟʚʝʟʜʥʳʭ ʩʢʦʧʣʝʥʠʡ ʠ 

ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʥʠʭ ʧʨʦʮʝʩʩʦʚ. 

8. ɿʘʢʣʶʯʝʥʠʝ 

ʇʦʣʫʯʝʥʦ ʪʦʯʥʦʝ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ N-ʪʝʣ ʜʣʷ ʚʨʘʱʘʶʱʝʡʩʷ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʤʥʦʛʦʩʣʦʡʥʦʡ ʩʪʨʫʢ-

ʪʫʨʳ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘ ʧʣʦʩʢʦʩʪʠ. ʆʩʝʚʘʷ ʩʠʤʤʝʪʨʠʷ ʩʪʨʫʢʪʫʨʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʝʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʠ 

ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝ ʠʟʤʝʥʷʶʪʩʷ ʧʨʠ ʧʦʚʦʨʦʪʝ ʥʘ ʫʛʦʣ ʨʘʚʥʳʡ Dj0. ʆʧʨʝʜʝʣʝʥʳ ʧʘʨʘʤʝʪʨʳ ʢʦʥʢʨʝʪ-

ʥʳʭ ʩʪʨʫʢʪʫʨ ʩ ʨʘʟʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʩʣʦʝʚ ʠ ʪʝʣ ʚ ʩʣʦʷʭ ʩ ʦʙʱʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʪʝʣ ʜʦ ʦʜʥʦʛʦ ʤʠʣʣʠʦʥʘ. ʇʦʣʫʯʝʥ-

ʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʚʝʨʝʥʳ ʯʠʩʣʝʥʥʳʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʪʝʣ, ʚʭʦʜʷʱʠʭ 

ʚ ʩʪʨʫʢʪʫʨʫ. ʀʟʫʯʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚʨʘʱʘʶʱʠʭʩʷ ʩʪʨʫʢʪʫʨ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ Galactica ʧʦʟʚʦʣʠʪ 

ʚ ʜʘʣʴʥʝʡʰʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʚ ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʷʭ ʥʝʙʝʩʥʦʡ ʠ ʢʦʩʤʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʠ. ɺʨʘʱʘʶʱʠʝʩʷ ʤʥʦʛʦ-

ʩʣʦʡʥʳʝ ʩʪʨʫʢʪʫʨʳ ʚʢʣʶʯʘʶʪ ʚʩʝ ʠʟʚʝʩʪʥʳʝ ʧʣʦʩʢʠʝ ʮʝʥʪʨʘʣʴʥʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʛʦʤʦʛʨʘʬʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʠ. 

 

ʂʦʥʬʣʠʢʪ ʠʥʪʝʨʝʩʦʚ 

ɸʚʪʦʨ ʟʘʷʚʣʷʝʪ, ʯʪʦ ʦʥ ʥʝ ʠʤʝʝʪ ʢʦʥʬʣʠʢʪʘ ʠʥʪʝʨʝʩʦʚ. 
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ɹʣʘʛʦʜʘʨʥʦʩʪʠ 

ɺ ʩʨʝʜʠʥʝ ʤʘʨʪʘ 2010 ʛ. ɽʚʛʝʥʠʡ ɸʣʝʢʩʘʥʜʨʦʚʠʯ ɻʨʝʙʝʥʠʢʦʚ ʧʨʠʩʣʘʣ ʤʥʝ ʧʝʨʚʳʡ ʚʘʨʠʘʥʪ ʩʚʦʝʡ ʢʥʠʛʠ 

[1], ʢʦʪʦʨʳʡ ʷ ʩ ʠʥʪʝʨʝʩʦʤ ʧʨʦʯʠʪʘʣ. ʇʦʪʦʤ ʚʨʝʤʷ ʦʪ ʚʨʝʤʝʥʠ ʷ ʧʨʦʣʠʩʪʳʚʘʣ ʫʞʝ ʠʟʜʘʥʥʫʶ ʢʥʠʛʫ. ʇʦʩʪʝʧʝʥʥʦ 

ʤʥʦʛʦʫʛʦʣʴʥʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʨʝʚʨʘʱʘʣʠʩʴ ʚ ʢʦʣʴʮʝʚʳʝ ʩʪʨʫʢʪʫʨʳ ʪʝʣ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʚʳ-

ʨʘʞʘʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʩʠʣ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʝʩʢʦʣʴʢʠʭ ʣʝʪ ʨʘʙʦʪʳ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʚ ʵʪʦʡ ʩʪʘʪʴʝ ʨʝ-

ʰʝʥʠʝ ʧʨʦʙʣʝʤʳ. ʉ ʥʠʤ ʷ ʥʝ ʫʩʧʝʣ ʦʟʥʘʢʦʤʠʪʴ ɽ.ɸ. ɻʨʝʙʝʥʠʢʦʚʘ. ʇʦʵʪʦʤʫ ʧʦʩʚʷʱʝʥʦ ʵʪʦ ʨʝʰʝʥʠʝ ʝʛʦ ʧʘʤʷʪʠ. 

ɺʳʯʠʩʣʝʥʠʷ ʜʣʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʝʣ ʠ ʩ ʨʘʩʰʠʨʝʥʥʦʡ ʜʣʠʥʦʡ ʯʠʩʣʘ ʚʳʧʦʣʥʷʣʠʩʴ ʥʘ ʩʫʧʝʨʢʦʤʧʴ-

ʶʪʝʨʘʭ ʉʠʙʠʨʩʢʦʛʦ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʥʦʛʦ ʮʝʥʪʨʘ ʉʆ ʈɸʅ, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ. 
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ʏʘʩʪʴ III  
 

ɼʠʩʢʫʩʩʠʠ ʧʦ ʩʪʘʪʴʝ: ʧʝʨʝʧʠʩʢʘ ʩ ʞʫʨʥʘʣʘʤʠ ʠ ʢʦʤʤʝʥʪʘʨʠʠ 
 

ʇʨʠʤʝʯʘʥʠʝ. ʇʝʨʝʧʠʩʢʘ ʩ ʢʘʞʜʳʤ ʞʫʨʥʘʣʦʤ ʥʘʯʠʥʘʝʪʩʷ ʩ ʥʦʚʦʛʦ ʧʫʥʢʪʘ. ʂʘʢ ʧʨʘʚʠʣʦ, ʚʥʘʯʘʣʝ ʠʜʝʪ 

ʤʦʝ ʩʦʧʨʦʚʦʜʠʪʝʣʴʥʦʝ ʧʠʩʴʤʦ, ʟʘʪʝʤ ï ʦʪʚʝʪ ʨʝʜʘʢʮʠʠ ʞʫʨʥʘʣʘ, ʘ ʚ ʢʦʥʮʝ ï ʤʦʡ ʢʦʤʤʝʥʪʘʨʠʡ. 
 

1. ɾʫʨʥʘʣ çʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʬʠʟʠʢʘè 

ʈʝʜʘʢʮʠʠ ʞʫʨʥʘʣʘ 

çʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʬʠʟʠʢʘè 
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ʋʚʘʞʘʝʤʘʷ ʨʝʜʘʢʮʠʷ! 

ʇʨʦʰʫ ʨʘʩʩʤʦʪʨʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʫʙʣʠʢʘʮʠʠ ʤʦʝʡ ʩʪʘʪʴʠ: ʉʤʫʣʴʩʢʠʡ ʀ.ʀ. çʊʦʯʥʦʝ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ 

N-ʪʝʣ ʜʣʷ ʚʨʘʱʘʶʱʝʡʩʷ ʤʥʦʛʦʩʣʦʡʥʦʡ ʩʪʨʫʢʪʫʨʳè ʚ ʨʘʤʢʘʭ ʪʝʤʳ: çɺʧʦʣʥʝ ʠʥʪʝʛʨʠʨʫʝʤʳʝ ʠ ʨʦʜʩʪʚʝʥʥʳʝ ʠʤ 

ʢʣʘʩʩʠʯʝʩʢʠʝ ʠ ʢʚʘʥʪʦʚʳʝ ʤʦʜʝʣʠè. 
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ʂʦʤʫ: "Joseph J. Smulsky" <jsmulsky@mail.ru> 

ʊʝʤʘ: Re: Smulsky's paper 

ɼʘʪʘ: 22 ʤʘʷ 2014 ʛ. 14:23 
 

ɻʣʫʙʦʢʦʫʚʘʞʘʝʤʳʡ ʀʦʩʠʬ ʀʦʩʠʬʦʚʠʯ, 

ɺʘʰʘ ʩʪʘʪʴʷ "ʊʦʯʥʦʝ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ N-ʪʝʣ ʜʣʷ ʚʨʘʱʘʶʱʝʡʩʷ ʤʥʦʛʦʩʣʦʡʥʦʡ ʩʪʨʫʢʪʫʨʳ" ʧʦʜʨʦʙʥʦ 

ʦʙʩʫʞʜʘʣʘʩʴ ʥʘ ʟʘʩʝʜʘʥʠʠ ʨʝʜʢʦʣʣʝʛʠʠ ʞʫʨʥʘʣʘ ʊʄʌ. ʈʝʜʢʦʣʣʝʛʠʷ ʧʨʠʰʣʘ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʩʪʘʪʴʷ ʥʝ ʩʦʦʪʚʝʪ-

ʩʪʚʫʝʪ ʪʝʤʘʪʠʢʝ ʞʫʨʥʘʣʘ, ʧʦʩʢʦʣʴʢʫ ʥʦʩʠʪ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. ʈʝʢʦʤʝʥʜʫʝʤ ʥʘʧʨʘʚʠʪʴ ʝʝ ʚ ʩʧʝʮʠʘ-

ʣʠʟʠʨʦʚʘʥʥʳʡ ʞʫʨʥʘʣ, ʥʘʧʨʠʤʝʨ, ʚ "ɾʫʨʥʘʣ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʪʝʤʘʪʠʢʠ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ". 
 

ʀʩʢʨʝʥʥʝ ɺʘʰ, 

ɺ.ɺ. ɾʘʨʠʥʦʚ (ʦʪʚ. ʩʝʢʨʝʪʘʨʴ ʊʄʌ) 

http://www.scirp.org/journal/ns
http://www.sciencedirect.com/science/article/pii/S0022247X14011457
mailto:tmph@mi.ras.ru
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ʂʦʤʤʝʥʪʘʨʠʡ ʉʤʫʣʴʩʢʦʛʦ ʀ.ʀ.: ɺ ʥʘʟʚʘʥʠʠ ʩʪʘʪʴʠ ʠ ʚ ʝʝ ʩʦʜʝʨʞʘʥʠʠ ʨʝʯʴ ʠʜʝʪ ʦ ʪʦʯʥʦʤ ʨʝʰʝʥʠʠ 

ʟʘʜʘʯʠ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. ʇʦʵʪʦʤʫ ʩʪʘʪʴʷ ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʤʝ ʞʫʨʥʘʣʘ çɺʧʦʣʥʝ ʠʥʪʝʛʨʠʨʫʝ-

ʤʳʝ ʠ ʨʦʜʩʪʚʝʥʥʳʝ ʠʤ ʢʣʘʩʩʠʯʝʩʢʠʝ ʠ ʢʚʘʥʪʦʚʳʝ ʤʦʜʝʣʠè. ʆʩʥʦʚʘʥʠʡ ʜʣʷ ʦʪʢʣʦʥʝʥʠʷ ʩʪʘʪʴʠ ʥʝʪ. 

------------------------------------------------------ 

2. ɾʫʨʥʘʣ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʪʝʤʘʪʠʢʠ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ 

ʈʝʜʘʢʮʠʠ 

çɾʫʨʥʘʣʘ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʪʝʤʘ-

ʪʠʢʠ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠè  

119991, ʛ. ʄʦʩʢʚʘ, 

ʫʣ. ɺʘʚʠʣʦʚʘ, 40, ʢʦʤʥ. 304 

E-mail: comp_mat@ccas.ru  
 

ʋʚʘʞʘʝʤʘʷ ʨʝʜʘʢʮʠʷ! 

1. ʇʨʦʰʫ ʨʘʩʩʤʦʪʨʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʫʙʣʠʢʘʮʠʠ ʤʦʝʡ ʩʪʘʪʴʠ: ʉʤʫʣʴʩʢʠʡ ʀ.ʀ. çʊʦʯʥʦʝ ʨʝʰʝʥʠʝ ʧʨʦ-

ʙʣʝʤʳ N-ʪʝʣ ʜʣʷ ʚʨʘʱʘʶʱʝʡʩʷ ʤʥʦʛʦʩʣʦʡʥʦʡ ʩʪʨʫʢʪʫʨʳè. 

ʇʨʠʣʦʞʝʥʠʝ: 

1.1. ʉʪʘʪʴʷ ʥʘ 22 ʩʪʨ. ʚ 2-ʭ ʵʢʟ. 

1.2. ʕʢʩʧʝʨʪʥʦʝ ʟʘʢʣʶʯʝʥʠʝ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʦʧʫʙʣʠʢʦʚʘʥʠʷ. 

ʅʘʧʨʘʚʣʷʶ ʪʘʢʞʝ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʯʪʦʡ ʚ ʚʠʜʝ ʘʨʭʠʚʠʨʦʚʘʥʥʦʛʦ ʬʘʡʣʘ ExSlRtStr2.zip ʩʪʘʪʴʶ ʩ ʚʤʦʥʪʠʨʦ-

ʚʘʥʥʳʤʠ ʨʠʩʫʥʢʘʤʠ ʠ ʨʠʩʫʥʢʠ ʚ ʯʝʨʥʦ-ʙʝʣʦʤ ʠʩʧʦʣʥʝʥʠʠ. 

2. ʕʪʫ ʩʪʘʪʴʶ 17.02.2014 ʛ. ʷ ʥʘʧʨʘʚʣʷʣ ʚ ʞʫʨʥʘʣ çʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʬʠʟʠʢʘè, ʦʪ ʨʝʜʘʢʮʠʠ 

ʢʦʪʦʨʦʛʦ ʧʦʣʫʯʠʣ ʩʣʝʜʫʶʱʝʝ ʨʝʰʝʥʠʝ: 

ʆʪʚʝʪ ʞʫʨʥʘʣʘ çʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʬʠʟʠʢʘè 

ʕʪʦʪ ʦʪʚʝʪ ʧʨʠʚʝʜʝʥ ʚʳʰʝ ʚ ʧ. 1. ɾʫʨʥʘʣ çʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʬʠʟʠʢʘè. 

3. ʉʚʝʜʝʥʠʷ ʦʙ ʘʚʪʦʨʝ: 

ʉʤʫʣʴʩʢʠʡ ʀʦʩʠʬ ʀʦʩʠʬʦʚʠʯ, 

ʛ.ʥ.ʩ., ʜ. ʬ.-ʤ. ʥ., ʧʨʦʬʝʩʩʦʨ 

ʀʥʩʪʠʪʫʪ ʢʨʠʦʩʬʝʨʳ ɿʝʤʣʠ ʉʆ ʈɸʅ 

625000, ʛ. ʊʶʤʝʥʴ, ʘ/ʷ 1230 

ʫʣ. ʄʘʣʳʛʠʥʘ, 86 

E-mail: JSmulsky@mail.ru 

ʈʘʙ. ʪʝʣ. 8-3452-688-714, ʜʦʤ. ʪʝʣ. 8-3452-75-38-29. 

4. ʉʚʝʜʝʥʠʷ ʦ ʩʪʘʪʴʝ ʠ ʘʚʪʦʨʝ ʥʘ ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʝ 
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ʉ ʫʚʘʞʝʥʠʝʤ         27.05.2014 ʛ.                                                ʀ.ʀ. ʉʤʫʣʴʩʢʠʡ 
 

ʈʆʉʉʀʁʉʂɸʗ ɸʂɸɼɽʄʀʗ ʅɸʋʂ ɾʋʈʅɸʃ ɺʓʏʀʉʃʀʊɽʃʔʅʆʁ ʄɸʊɽʄɸʊʀʂʀ ʀ ʄɸʊɽʄɸʊʀʏɽʉʂʆʁ 

ʌʀɿʀʂʀ 

119991 ʄʦʩʢʚʘ, ɺʘʚʠʣʦʚʘ, 40, ɺʳʯʠʩʣʠʪʝʣʴʥʳʡ ʮʝʥʪʨ ʈɸʅ 

ʪʝʣ.: 135-55-08, ʬʘʢʩ: 135-61-59, e-mail: comp_mat@ccas.ru 

 

12 ʠʶʥʷ 2014 ʛ. 

ɻʣʫʙʦʢʦʫʚʘʞʘʝʤʳʡ ʀʦʩʠʬ ʀʦʩʠʬʦʚʠʯ! 

ʈʝʜʘʢʮʠʷ ʚʦʟʚʨʘʱʘʝʪ ɺʘʰʫ ʩʪʘʪʴʶ çʊʆʏʅʆɽ ʈɽʐɽʅʀɽ ʇʈʆɹʃɽʄʓ N-ʊɽʃ ɼʃʗ ɺʈɸʑɸʖ-

ʑɽʁʉʗ ʄʅʆɻʆʉʃʆʁʅʆʁ ʉʊʈʋʂʊʋʈʓè, 
ʪʘʢ ʢʘʢ ʝʝ ʩʣʝʜʫʝʪ ʥʘʧʨʘʚʠʪʴ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ ʞʫʨʥʘʣ, ʛʜʝ ʧʦ ʵʪʦʡ ʪʝʤʘʪʠʢʝ ʧʝʯʘʪʘʶʪʩʷ ʩʪʘ-

ʪʴʠ: ʞʫʨʥʘʣ ʧʦ ʥʝʙʝʩʥʦʡ ʤʝʭʘʥʠʢʝ ʠ ʘʩʪʨʦʥʦʤʠʠ. 

ʂ ʩʦʞʘʣʝʥʠʶ, ʥʘʰʘ ʨʝʜʘʢʮʠʷ ʥʝ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʪʘʢʫʶ ʩʪʘʪʴʶ. 

ʉ ʫʚʘʞʝʥʠʝʤ, 

ɿʘʤ. ɻʣʘʚʥʦʛʦ ʨʝʜʘʢʪʦʨʘ       ʄ.ʂ.ʂʝʨʠʤʦʚ 
 

ʂʦʤʤʝʥʪʘʨʠʡ ʉʤʫʣʴʩʢʦʛʦ ʀ.ʀ.: ɺ ʤʦʝʡ ʩʪʘʪʴʝ ʥʝʪ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ ʥʝʙʝʩʥʦʡ ʤʝʭʘʥʠʢʠ, 

ʢʦʪʦʨʳʤʠ ʤʦʞʝʪ ʥʝ ʚʣʘʜʝʪʴ ʢʦʥʪʠʥʛʝʥʪ ʞʫʨʥʘʣʘ. ʂ ʘʩʪʨʦʥʦʤʠʠ ʩʪʘʪʴʷ ʪʘʢʞʝ ʥʝ ʠʤʝʝʪ ʦʪʥʦʰʝʥʠʷ. ɺ ʨʘʙʦʪʝ ʨʝ-

ʰʘʝʪʩʷ ʟʘʜʘʯʘ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʝʣ. ʇʦʵʪʦʤʫ ʦʥʘ ʦʪʥʦʩʠʪʩʷ ʢ ʦʙʣʘʩʪʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ, 

ʢʦʪʦʨʫʶ ʧʨʝʜʩʪʘʚʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʞʫʨʥʘʣ. 

mailto:JSmulsky@mail.ru
mailto:JSmulsky@mail.ru
mailto:comp_mat@ccas.ru
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ʆʩʥʦʚʘʥʠʡ ʜʣʷ ʦʪʢʣʦʥʝʥʠʷ ʩʪʘʪʴʠ ʥʝʪ. 

------------------------------------------------------ 
 

3. ʀʟʚʝʩʪʠʝ ʈɸʅ. ʉʝʨʠʷ ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ. 

 ʈʝʜʘʢʮʠʠ ʞʫʨʥʘʣʘ çʀʟʚʝʩʪʠʷ ʈɸʅ. ʉʝʨʠʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷè 

____________________________________

_______________________ 

 

ʋʚʘʞʘʝʤʘʷ ʨʝʜʘʢʮʠʷ! 

1. ʅʘʧʨʘʚʣʷʶ ʚ ɺʘʰ ʞʫʨʥʘʣ ʩʚʦʶ ʩʪʘʪʴʶ: ʉʤʫʣʴʩʢʠʡ ʀ.ʀ. çʊʦʯʥʦʝ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ  N -ʪʝʣ ʜʣʷ ʚʨʘ-

ʱʘʶʱʝʡʩʷ ʤʥʦʛʦʩʣʦʡʥʦʡ ʩʪʨʫʢʪʫʨʳè. 

ɺ ʩʪʘʪʴʝ ʨʝʰʝʥʘ ʢʨʫʧʥʘʷ ʧʨʦʙʣʝʤʘ. ʈʝʰʝʥʠʝ ʧʦʜʦʙʥʳʭ ʧʨʦʙʣʝʤ ʧʨʦʠʩʭʦʜʠʪ, ʚʦʟʤʦʞʥʦ, ʦʜʠʥ ʨʘʟ ʚ ʩʪʦ-

ʣʝʪʠʝ. ʂ ʩʦʞʘʣʝʥʠʶ, ʚ ʞʫʨʥʘʣʘʭ çʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʬʠʟʠʢʘè ʠ ɺʳʯʠʩʣʠʪʝʣʴʥʦʡ ʄʘʪʝʤʘʪʠʢʠ ʠ 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʡ ʌʠʟʠʢʠ ʷ ʥʝ ʚʩʪʨʝʪʠʣ ʧʦʥʠʤʘʥʠʷ (ʠʭ ʦʪʚʝʪʳ ʧʨʠʣʘʛʘʶ ʚʥʠʟʫ). ʈʘʩʩʯʠʪʳʚʘʶ ʥʘ ʧʦʥʠʤʘʥʠʝ ʚ 

ɺʘʰʝʤ ʞʫʨʥʘʣʝ. 

2. ʉʚʝʜʝʥʠʷ ʦʙ ʘʚʪʦʨʝ : 

ʉʤʫʣʴʩʢʠʡ ʀʦʩʠʬ ʀʦʩʠʬʦʚʠʯ, 

ʛ.ʥ.ʩ., ʜ. ʬ.-ʤ. ʥ., ʧʨʦʬʝʩʩʦʨ 

ʀʥʩʪʠʪʫʪ ʢʨʠʦʩʬʝʨʳ ɿʝʤʣʠ ʉʆ ʈɸʅ 

625000, ʛ. ʊʶʤʝʥʴ, ʘ/ʷ 1230 

ʫʣ. ʄʘʣʳʛʠʥʘ, 86 

E - mail :  JSmulsky @ mail . ru 

ʈʘʙ. ʪʝʣ. 8-3452-688-714. 

ʂʦʦʨʜʠʥʘʪʳ ʜʣʷ ʧʝʨʝʧʠʩʢʠ: 

ʉʤʫʣʴʩʢʠʡ ʀʦʩʠʬ ʀʦʩʠʬʦʚʠʯ 

625026, ʊʶʤʝʥʴ, ʫʣ. ʊʘʡʤʳʨʩʢʘʷ, 74, ʢʚ. 501. 

ʉ ʫʚʘʞʝʥʠʝʤ            08.07.2014 ʛ.                                                                   ʀ.ʀ. ʉʤʫʣʴʩʢʠʡ 

-----------------------------------------------------------------------------------------------------------------  

ʆʪʚʝʪ ʞʫʨʥʘʣʘ çʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʬʠʟʠʢʘè 

ʕʪʦʪ ʦʪʚʝʪ ʧʨʠʚʝʜʝʥ ʚʳʰʝ ʚ ʧ. 1. ɾʫʨʥʘʣ çʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʬʠʟʠʢʘè. 

 

ʆʪʚʝʪ ɾʫʨʥʘʣʘ ɺʳʯʠʩʣʠʪʝʣʴʥʦʡ ʄʘʪʝʤʘʪʠʢʠ ʠ ʄʘʪʝʤʘʪʠʯʝʩʢʦʡ ʌʠʟʠʢʠ 

ʕʪʦʪ ʦʪʚʝʪ ʧʨʠʚʝʜʝʥ ʚʳʰʝ ʚ ʧ. 2. ɾʫʨʥʘʣ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʪʝʤʘʪʠʢʠ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ 
-------------------------------------------------------------- 

ʆʪʚʝʪ ɾʫʨʥʘʣʘ çʀʟʚʝʩʪʠʝ ʈɸʅ. ʉʝʨʠʷ ʄʘʪʝʤʘʪʠʯʝʩʢʘʷè 
ʆʪ: " Izv. RAN. Seriya Matem." <izv@ras.ru> 

ʂʦʤʫ: < jsmulsky@mail.ru> 

ʊʝʤʘ: ʀʟʚ. ʈɸʅ 

ɼʘʪʘ: 31 ʠʶʣʷ 2014 ʛ. 19:35 

ɻʣʫʙʦʢʦʫʚʘʞʘʝʤʳʡ ʀʦʩʠʬ ʀʦʩʠʬʦʚʠʯ! 

 

ɺ ʥʘʰʝʤ ʞʫʨʥʘʣʝ ʧʫʙʣʠʢʫʶʪʩʷ ʩʪʘʪʴʠ ʧʦ ʩʦʚʨʝʤʝʥʥʦʡ ʤʘʪʝʤʘʪʠʢʝ, ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʪʘʢʠʤ 

ʨʘʟʜʝʣʘʤ ʢʘʢ ʘʣʛʝʙʨʘ, ʘʣʛʝʙʨʘʠʯʝʩʢʘʷ ʛʝʦʤʝʪʨʠʷ, ʪʝʦʨʠʷ ʯʠʩʝʣ, ʛʝʦʤʝʪʨʠʷ, ʪʦʧʦʣʦʛʠʷ, ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ. 

 

ʂ ʩʦʞʘʣʝʥʠʶ, ɺʘʰʘ ʨʘʙʦʪʘ ñʊʦʯʥʦʝ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ N-ʪʝʣ ʜʣʷ ʚʨʘʱʘʶʱʝʡʩʷ ʤʥʦʛʦʩʣʦʡʥʦʡ ʩʪʨʫʢ-

ʪʫʨʳò, ʧʦʩʚʷʱʝʥʥʘʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʚʦʧʨʦʩʘʤ ʥʝʙʝʩʥʦʡ ʤʝʭʘʥʠʢʠ, ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʤʘʪʠʢʝ ʞʫʨʥʘʣʘ. 

 

ʆʪʚʝʪʩʪʚʝʥʥʳʡ ʩʝʢʨʝʪʘʨʴ ʞʫʨʥʘʣʘ  

"ʀʟʚʝʩʪʠʷ ʈɸʅ. ʉʝʨʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ" 

ʉ.ʇ. ʂʦʥʦʚʘʣʦʚ 

ʪʝʣ. 8 (499) 941 01 77 

izv@ras.ru 

ʂʦʤʤʝʥʪʘʨʠʡ ʉʤʫʣʴʩʢʦʛʦ ʀ.ʀ.: ʀʟ ʥʘʟʚʘʥʠʷ ʠ ʩʦʜʝʨʞʘʥʠʷ ʩʪʘʪʴʠ ʚʠʜʥʦ, ʯʪʦ ʦʥʘ ʥʝ ʧʦʩʚʷʱʝʥʘ ʚʳʯʠʩ-

ʣʠʪʝʣʴʥʳʤ ʚʦʧʨʦʩʘʤ ʥʝʙʝʩʥʦʡ ʤʝʭʘʥʠʢʠ. ɺ ʩʪʘʪʴʝ ʪʦʯʥʦ ʨʝʰʘʶʪʩʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʠ ʘʣʛʝʙʨʘʠʯʝʩʢʠʝ ʫʨʘʚ-

ʥʝʥʠʷ, ʪ.ʝ. ʪʦ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ʪʝʤʘʪʠʢʫ ʞʫʨʥʘʣʘ. 

ʆʩʥʦʚʘʥʠʡ ʜʣʷ ʦʪʢʣʦʥʝʥʠʷ ʩʪʘʪʴʠ ʥʝʪ. 
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4. ɾʫʨʥʘʣ çʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝè 

ʈʝʜʘʢʮʠʠ ʞʫʨʥʘʣʘ 

çʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝè 

125047, ʄʦʩʢʚʘ, ʄʠʫʩʩʢʘʷ ʧʣʦʱʘʜʴ, ʜ. 4ʘ, 

ʀʥʩʪʠʪʫʪ ʧʨʠʢʣʘʜʥʦʡ ʤʘʪʝʤʘʪʠʢʠ ʠʤ. ʄ.ɺ. 

ʂʝʣʜʳʰʘ ʈɸʅ 

ʊʝʣʝʬʦʥ: +7 (499) 250 79 15 

E-mail: journal@imamod.ru 

 

ʋʚʘʞʘʝʤʘʷ ʨʝʜʘʢʮʠʷ! 

ʅʘʧʨʘʚʣʷʶ ʚ ɺʘʰ ʞʫʨʥʘʣ ʩʚʦʶ ʩʪʘʪʴʶ: ʉʤʫʣʴʩʢʠʡ ʀ.ʀ. çʊʦʯʥʦʝ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ N-ʪʝʣ ʜʣʷ ʚʨʘʱʘʶ-

ʱʝʡʩʷ ʤʥʦʛʦʩʣʦʡʥʦʡ ʩʪʨʫʢʪʫʨʳè ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʯʪʦʡ ʚ ʚʠʜʝ ʘʨʭʠʚʠʨʦʚʘʥʥʦʛʦ ʬʘʡʣʘ ExSlRtStr2.zip. 

ɺ ʘʨʭʠʚʝ ï ʩʪʘʪʴʷ, ʨʠʩʫʥʢʠ, ʵʢʩʧʝʨʪʥʦʝ ʟʘʢʣʶʯʝʥʠʝ. 
 

ʉʚʝʜʝʥʠʷ ʦʙ ʘʚʪʦʨʝ 

ʉʤʫʣʴʩʢʠʡ ʀʦʩʠʬ ʀʦʩʠʬʦʚʠʯ, 

ʛ.ʥ.ʩ., ʜ. ʬ.-ʤ. ʥ., ʧʨʦʬʝʩʩʦʨ 

ʀʥʩʪʠʪʫʪ ʢʨʠʦʩʬʝʨʳ ɿʝʤʣʠ ʉʆ ʈɸʅ 

625000, ʛ. ʊʶʤʝʥʴ, ʘ/ʷ 1230 

ʫʣ. ʄʘʣʳʛʠʥʘ, 86 

E-mail: JSmulsky@mail.ru 
 

ʉʚʝʜʝʥʠʷ ʦʙ ʘʚʪʦʨʝ ʥʘ ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʝ 

Joseph J. Smulsky 
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ʉ ʫʚʘʞʝʥʠʝʤ                               05.08.2014 ʛ.                                                       ʀ.ʀ. ʉʤʫʣʴʩʢʠʡ 

ʨ. ʪʝʣ. 8-3452-688-714 
 

ʈʝʮʝʥʟʠʷ ʥʘ ʩʪʘʪʴʶ ʉʤʫʣʴʩʢʦʛʦ ʀ.ʀ. 

ʊʦʯʥʦʝ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ N-ʪʝʣ ʜʣʷ ʚʨʘʱʘʶʱʝʡʩʷ ʤʥʦʛʦʩʣʦʡʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʆʪ 30.10.2014 ʛ. 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʣʦʩʢʠʝ ʩʠʤʤʝʪʨʠʯʥʳʝ ʨʘʚʥʦʚʝʩʥʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʠʩʪʝʤʳ ʤʘʪʝʨʠʘʣʴʥʳʭ ʪʦʯʝʢ ʚ 

ʨʘʚʥʦʤʝʨʥʦ ʚʨʘʱʘʶʱʝʡʩʷ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣ ʚʟʘʠʤʥʦʛʦ ʥʴʶʪʦʥʦʚʩʢʦʛʦ ʪʷʛʦʪʝʥʠʷ ʠ ʮʝʥ-

ʪʨʦʙʝʞʥʳʭ ʩʠʣ. ʉʠʤʤʝʪʨʠʷ ʧʦʥʠʤʘʝʪʩʷ ʚ ʪʦʤ ʩʤʳʩʣʝ, ʯʪʦ ʧʨʷʤʘʷ, ʧʨʦʚʝʜʝʥʥʘʷ ʯʝʨʝʟ ʮʝʥʪʨ ʚʨʘʱʝʥʠʷ ʠ ʣʶʙʫʶ 

ʪʦʯʢʫ ʩʠʩʪʝʤʳ, ʷʚʣʷʝʪʩʷ ʦʩʴʶ ʩʠʤʤʝʪʨʠʠ. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʨʘʚʥʦʚʝʰʠʚʘʥʠʝ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʢʘʞʜʫʶ 

ʪʦʯʢʫ, ʚ ʪʨʘʥʩʚʝʨʩʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʄʘʪʝʨʠʘʣʴʥʳʝ ʪʦʯʢʠ ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʤʘʩʩʘʤʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʧʦ ʢʦʥ-

ʮʝʥʪʨʠʯʝʩʢʠʤ ʦʢʨʫʞʥʦʩʪʷʤ, ʥʘʟʳʚʘʝʤʳʤ ʩʣʦʷʤʠ. ʉʦʩʪʘʚʣʝʥʳ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʠ ʫʨʘʚʥʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ. ɺ 

ʢʘʯʝʩʪʚʝ ʥʝʠʟʚʝʩʪʥʳʭ ʚ ʫʨʘʚʥʝʥʠʷʭ ʨʘʚʥʦʚʝʩʠʷ ʚʳʙʨʘʥʳ ʤʘʩʩʳ ʪʦʯʝʢ, ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʦʪʦʨʳʤ ʫʨʘʚʥʝʥʠʷ ʣʠ-

ʥʝʡʥʳ. ɼʘʥʳ ʩʩʳʣʢʠ ʥʘ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʘʚʪʦʨʦʤ ʧʨʦʛʨʘʤʤʳ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤ ʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝ-

ʥʠʡ ʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. ʈʘʩʩʯʠʪʘʥ ʨʷʜ ʢʦʥʬʠʛʫʨʘʮʠʡ.  

ʇʨʠʤʝʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʛʜʝ-ʣʠʙʦ ʚ ʥʝʙʝʩʥʦʡ ʤʝʭʘʥʠʢʝ, ʢʦʩʤʦʜʠʥʘʤʠʢʝ ʠʣʠ ʢʦʩʤʦʛʦʥʠʠ ʥʝ ʦʯʝʚʠʜʥʦ. ɺ 

ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʦ ʨʘʩʩʫʞʜʝʥʠʝ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ ʢʦʣʝʙʘʥʠʡ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ɿʝʤʣʠ ʠ ʉʦʣʥʮʘ, ʥʦ ʟʜʝʩʴ ʥʝʣʴʟʷ ʥʝ ʫʯʠʪʳʚʘʪʴ ʩʠʣ ʢʦʥʪʘʢʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʅʝ ʩʪʦʠʪ ʘʢʮʝʥʪʠʨʦ-

ʚʘʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʧʨʦʛʨʘʤʤʘʭ, ʪ.ʢ. ʜʣʷ ʨʝʰʝʥʠʷ ʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʠ ʠʥʪʝʛʨʠ-

ʨʦʚʘʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩʫʱʝʩʪʚʫʶʪ ʤʦʱʥʳʝ ʩʪʘʥʜʘʨʪʥʳʝ ʧʘʢʝʪʳ ʧʨʦʛʨʘʤʤ. ɺʳʯʠʩʣʝʥʠʷ ʙʳʣʦ 

ʙʳ ʙʦʣʝʝ ʝʩʪʝʩʪʚʝʥʥʦ ʧʨʦʚʦʜʠʪʴ ʚ ʙʝʟʨʘʟʤʝʨʥʦʡ ʬʦʨʤʝ. ɺ ʪʝʢʩʪʝ ʠʤʝʶʪʩʷ ʧʘʜʝʞʥʳʝ ʥʝʩʦʛʣʘʩʦʚʘʥʠʷ (ʦʪʤʝ-

ʯʝʥʳ ʢʨʘʩʥʳʤ ʰʨʠʬʪʦʤ). ʆʙʲʝʤ ʩʪʘʪʴʠ ʙʝʟ ʫʱʝʨʙʘ ʤʦʞʝʪ ʙʳʪʴ ʩʦʢʨʘʱʝʥ ʚʜʚʦʝ. 

ʇʦʣʫʯʝʥʥʳʝ ʘʚʪʦʨʦʤ ʨʝʟʫʣʴʪʘʪʳ ʠʥʪʝʨʝʩʥʳ, ʦʜʥʘʢʦ ʦʥʠ ʥʦʩʷʪ ʘʙʩʪʨʘʢʪʥʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʭʘʨʘʢ-

ʪʝʨ ʠ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʝʤʘʪʠʢʝ ʞʫʨʥʘʣʘ çʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝè. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʞʠʟʥʠ ʵʪʦʡ 

ʟʘʜʘʯʝʡ ʟʘʥʠʤʘʣʩʷ ɽ.ɸ. ɻʨʝʙʝʥʠʢʦʚ. ɽʛʦ ʨʝʟʫʣʴʪʘʪʳ ʯʘʩʪʠʯʥʦ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʩʙ. ɺʎ ʈɸʅ çʊʝʦʨʝʪʠʯʝʩʢʠʝ ʠ 

ʧʨʠʢʣʘʜʥʳʝ ʟʘʜʘʯʠ ʥʝʣʠʥʝʡʥʦʛʦ ʘʥʘʣʠʟʘè (ʪʘʤ ʞʝ ʙʳʣʘ ʦʧʫʙʣʠʢʦʚʘʥʘ ʦʜʥʘ ʠʟ ʩʪʘʪʝʡ ʘʚʪʦʨʘ). ʈʝʮʝʥʟʠʨʫʝʤʘʷ 

ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʧʘʤʷʪʠ ɽ.ɸ. ɻʨʝʙʝʥʠʢʦʚʘ ʠ, ʚ ʥʝʢʦʪʦʨʦʤ ʩʤʳʩʣʝ, ʷʚʣʷʝʪʩʷ ʟʘʚʝʨʰʝʥʠʝʤ ʵʪʦʛʦ ʮʠʢʣʘ ʨʘʙʦʪ, 

ʧʦʵʪʦʤʫ ʙʳʣʦ ʙʳ ʝʩʪʝʩʪʚʝʥʥʦ, ʧʦʩʪʘʚʠʪʴ ʚʦʧʨʦʩ ʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʝʝ ʦʧʫʙʣʠʢʦʚʘʥʠʷ ʠʤʝʥʥʦ ʚ ʵʪʦʤ ʩʙʦʨ-

ʥʠʢʝ. 

ʉʯʠʪʘʶ, ʯʪʦ ʩʪʘʪʴʶ ʩʣʝʜʫʝʪ ʦʪʢʣʦʥʠʪʴ ʚʚʠʜʫ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʪʝʤʘʪʠʢʝ ʞʫʨʥʘʣʘ çʄʘʪʝʤʘʪʠʯʝ-

ʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝè. 

ʂʦʤʤʝʥʪʘʨʠʡ ʉʤʫʣʴʩʢʦʛʦ ʀ.ʀ.: ʅʘʯʘʣʦ ʨʝʮʝʥʟʠʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʠʟʥʘʯʘʣʴʥʦʤ ʥʝʛʘʪʠʚʥʦʤ ʧʦʜʭʦʜʝ 

ʨʝʮʝʥʟʝʥʪʘ ʢ ʩʪʘʪʴʝ. ɺʩʝʛʜʘ ʨʝʮʝʥʟʠʷ ʥʘʯʠʥʘʝʪʩʷ ʩ ʦʙʲʝʢʪʠʚʥʦʛʦ ʦʧʠʩʘʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʩʪʘʪʴʠ, ʘ ʟʘʪʝʤ ʦʪʤʝʯʘ-

mailto:journal@imamod.ru
mailto:JSmulsky@mail.ru
mailto:JSmulsky@mail.ru
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ʶʪʩʷ ʦʰʠʙʢʠ ʠ ʥʝʜʦʩʪʘʪʢʠ. ɿʜʝʩʴ ʞʝ ʩʦʦʙʱʘʝʪʩʷ ʦ ʥʝʚʝʨʥʦʤ ʧʘʜʝʞʥʦʤ ʦʢʦʥʯʘʥʠʠ, ʠ ʚʳʩʢʘʟʳʚʘʶʪʩʷ ʧʨʝʜʧʦʣʦ-

ʞʝʥʠʷ ʦ ʥʝʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʚ ʩʪʘʪʴʝ ʤʝʪʦʜʘʭ. ʕʪʠ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʥʠʯʝʤ ʥʝ ʘʨʛʫʤʝʥʪʠʨʦʚʘʥʳ. 

ʆʪʤʝʯʫ, ʯʪʦ ʨʝʮʝʥʟʝʥʪ ʧʨʦʛʦʚʦʨʠʣʩʷ ʦ ʟʥʘʯʠʤʦʩʪʠ ʨʘʙʦʪʳ: ʦʥ ʧʠʰʝʪ, ʯʪʦ ʥʘʩʪʦʷʱʘʷ ʩʪʘʪʴʷ ʟʘʚʝʨʰʘʝʪ 

ʮʠʢʣ ʨʘʙʦʪ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. ʅʦ ʚʤʝʩʪʦ ʨʝʢʦʤʝʥʜʘʮʠʠ ʞʫʨʥʘʣʫ ʦʧʫʙʣʠʢʦʚʘʪʴ ʪʘʢʫʶ ʚʘʞʥʫʶ ʩʪʘʪʴʶ, ʦʥ ʦʪʢʣʦʥʷʝʪ 

ʝʝ ʧʦʪʦʤʫ, ʯʪʦ ʩʪʘʪʴʷ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʤʘʪʠʢʝ ʞʫʨʥʘʣʘ. 

ʕʪʦ ʨʝʮʝʥʟʠʷ ʦʧʳʪʥʦʛʦ ʠ ʥʝʯʠʩʪʦʛʦ ʥʘ ʨʫʢʫ ʨʝʮʝʥʟʝʥʪʘ: ʯʪʦ-ʪʦ ʩʢʘʟʘʪʴ ʪʘʢʦʝ ʥʝʚʳʨʘʟʠʪʝʣʴʥʦʝ ʠ ʦʪʨʠʮʘ-

ʪʝʣʴʥʦʝ, ʘ ʟʘʪʝʤ ʟʘʷʚʠʪʴ, ʯʪʦ ʨʘʙʦʪʘ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʤʘʪʠʢʝ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʈʝʜʢʦʣʣʝʛʠʠ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʚʥʠʢʘʪʴ ʚ ʩʦʜʝʨʞʘʥʠʝ ʩʪʘʪʴʠ: ʩʪʘʪʴʷ ʥʝʚʘʞʥʘʷ, ʜʘ ʠ ʧʦ ʪʝʤʘʪʠʢʝ ʥʝ ʧʦʜʭʦʜʠʪ. 

ʕʪʦʪ ʞʫʨʥʘʣ ʦʧʫʙʣʠʢʦʚʘʣ ʪʦʣʴʢʦ ʜʚʝ ʤʦʠ ʩʪʘʪʴʠ ʧʦ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤʫ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʤʫ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʶ, ʥʝ ʛʦʚʦʨʷ ʫʞʝ ʦ ʩʪʘʪʴʷʭ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ ʧʦ ʵʪʦʡ ʞʝ ʪʝʤʘʪʠʢʝ. ʊʘʢ ʯʪʦ ʤʦʷ ʩʪʘʪʴʷ ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʧʨʦʬʠʣʶ ʞʫʨʥʘʣʘ. 

ɼʝʪʘʣʠ ʨʝʮʝʥʟʠʠ, ʥʝ ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʩʦʜʝʨʞʘʥʠʠ ʩʪʘʪʴʠ, ʦʪʢʨʳʚʘʶʪ ʤʥʝ ʣʠʯʥʦʩʪʴ ʨʝʮʝʥʟʝʥʪʘ. ɺ ʝʛʦ ʩʪʘ-

ʪʴʝ ʧʦ ʮʝʥʪʨʘʣʴʥʳʤ ʢʦʥʬʠʛʫʨʘʮʠʷʤ ʷ ʦʙʥʘʨʫʞʠʣ ʦʰʠʙʢʫ ʠ ʩʦʦʙʱʠʣ ʦʙ ʵʪʦʤ ʝʝ ʘʚʪʦʨʫ. ʅʘ ʯʪʦ ʦʥ ʦʪʚʝʪʠʣ, ʯʪʦ 

ʵʪʦ ʥʝ ʝʛʦ ʦʰʠʙʢʘ. ʆʥ ʠʩʧʦʣʴʟʦʚʘʣ ʪʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʠ. 

ʇʨʝʜʰʝʩʪʚʝʥʥʠʢʠ, ʤʦʞʝʪ, ʠ ʠʩʧʦʣʴʟʦʚʘʣʠ, ʥʦ ʧʨʠ ʜʨʫʛʠʭ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘʭ. ʕʪʦ ï ʚʦ-ʧʝʨʚʳʭ, ʘ ʚʦ-ʚʪʦʨʳʭ, 

ʘʚʪʦʨ ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ ʦʪʚʝʪʩʪʚʝʥʝʥ ʥʝ ʪʦʣʴʢʦ ʟʘ ʩʚʦʠ ʦʰʠʙʢʠ, ʥʦ ʠ ʟʘ ʦʰʠʙʢʠ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ. 

ɺ ʨʝʬʝʨʘʪʝ ʦ ʤʦʝʡ ʩʪʘʪʴʝ [11-I], ʢʦʪʦʨʳʡ ʵʪʦʪ ʨʝʮʝʥʟʝʥʪ ʧʨʝʜʩʪʘʚʠʣ ʚ ʟʘʨʫʙʝʞʥʳʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ 

ʞʫʨʥʘʣ, ʦʥ ʥʘʧʠʩʘʣ, ʯʪʦ ʚ ʩʪʘʪʴʝ ʜʨʫʛʠʤ ʤʝʪʦʜʦʤ ʨʝʰʝʥʘ ʫʞʝ ʨʝʰʝʥʥʘʷ ʨʘʥʥʝʝ ʟʘʜʘʯʘ. ʗ ʩʢʘʟʘʣ ʝʤʫ, ʯʪʦ ʝʛʦ 

ʨʝʬʝʨʘʪ ʥʝʚʝʨʥʦ ʧʝʨʝʜʘʝʪ ʩʦʜʝʨʞʘʥʠʝ ʩʪʘʪʴʠ, ʪʘʢ ʢʘʢ ʚ ʥʝʡ ʜʨʫʛʠʤ ʤʝʪʦʜʦʤ ʨʝʰʝʥʘ ʨʘʥʥʝʝ ʥʝʨʝʰʝʥʥʘʷ ʟʘʜʘʯʘ. 

ʕʪʦʪ ʫʯʝʥʳʡ ʦʪʚʝʪʠʣ, ʯʪʦ ʦʥ ʧʠʰʝʪ 100 ʨʝʮʝʥʟʠʡ ʚ ʛʦʜ, ʠ ʝʤʫ ʥʝʢʦʛʜʘ ʚʥʠʢʘʪʴ ʚ ʪʘʢʠʝ ʤʝʣʦʯʠ, ʦ ʢʦʪʦʨʳʭ ʷ ʛʦ-

ʚʦʨʶ. 

ʂʘʢ ʷ ʫʞʝ ʧʠʩʘʣ ʚʳʰʝ, ʵʪʦ ï ʦʧrʪʥʳʡ ʨʝʮʝʥʟʝʥʪ. ʆʥ ʟʥʘʝʪ, ʯʪʦ ʵʪʘ çʤʝʣʦʯʴè ʦʪʚʨʘʪʠʪ ʟʘʨʫʙʝʞʥʦʛʦ ʯʠ-

ʪʘʪʝʣʷ ʦʪ ʩʪʘʪʴʠ: ʟʘʯʝʤ ʩʤʦʪʨʝʪʴ ʨʫʩʩʢʦʷʟʳʯʥʫʶ ʩʪʘʪʴʶ, ʧʦʚʪʦʨʷʶʱʫʶ ʠʟʚʝʩʪʥʳʝ ʨʝʰʝʥʠʷ. 

ʆʪʤʝʯʫ ʝʱʝ ʦʜʥʫ ʜʝʪʘʣʴ ʭʘʨʘʢʪʝʨʘ ʨʝʮʝʥʟʝʥʪʘ. ʆʥ ʩ ʦʜʦʙʨʝʥʠʝʤ ʦʪʦʟʚʘʣʩʷ ʦ ʩʚʦʝʤ ʫʯʝʥʠʢʝ, ʢʦʪʦʨʳʡ ʚ 

ʩʚʦʝʡ ʩʪʘʪʴʝ ʚʥʝʩ ʦʰʠʙʢʠ ʚ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ, ʯʪʦʙʳ ʚʦʩʧʨʝʧʷʪʩʪʚʦʚʘʪʴ ʯʠʪʘʪʝʣʶ ʧʦʥʷʪʴ ʝʝ ʩʦʜʝʨʞʘʥʠʝ ʠ ʥʝ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʨʝʟʫʣʴʪʘʪʳ. ʕʪʦ ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʪʦʣʴʢʦ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʝ. ʇʨʝʜʩʪʘʚʠʤ ʩʝʙʝ, ʯʪʦ ʪʘʢ ʧʦʩʪʫ-

ʧʘʣʠ ʙʳ ɸʨʭʠʤʝʜ, ʂʣʘʚʜʠʡ ʇʪʦʣʝʤʝʡ, ɻʘʣʠʣʝʡ, ʅʴʶʪʦʥ, ʕʡʣʝʨ, ʃʘʧʣʘʩ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʫʯʝʥʳʝ, ʢʦʪʦʨʳʝ ʩʦʟʜʘʣʠ 

ʩʦʢʨʦʚʠʱʥʠʮʫ ʟʥʘʥʠʡ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʦʡ ʠʜʝʪ ʨʘʟʚʠʪʠʝ ʯʝʣʦʚʝʯʝʩʪʚʘ. 

ɺ ʩʚʦʝʡ ʨʘʙʦʪʝ çʆ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʥʘʫʯʥʦʡ ʧʝʯʘʪʠè (http://samlib.ru/s/smulxskij_i_i/itogihthtm.shtml) 

ʗ ʦʪʤʝʪʠʣ ʥʝʩʢʦʣʴʢʦ ʤʦʪʠʚʦʚ ʚ ʜʝʡʩʪʚʠʷʭ ʞʫʨʥʘʣʦʚ ʧʨʠ ʦʪʢʣʦʥʝʥʠʠ ʩʪʘʪʴʠ. ʂ ʥʠʤ ʤʦʞʥʦ ʜʦʙʘʚʠʪʴ ʝʱʝ ʦʜʠʥ: 

ʥʝʚʳʩʦʢʠʝ ʤʦʨʘʣʴʥʳʝ ʢʘʯʝʩʪʚʘ ʨʝʮʝʥʟʝʥʪʘ. 

------------------------------------------------------ 
 

ʇʨʠʤʝʯʘʥʠʝ. ɺ ʟʘʨʫʙʝʞʥʳʝ ʞʫʨʥʘʣʳ ʩʪʘʪʴʠ ʧʦʜʘʶʪʩʷ ʵʣʝʢʪʨʦʥʥʦʡ ʚ ʬʦʨʤʝ, ʧʨʝʜʩʪʘʚʣʷʝʤʦʡ ʞʫʨ-

ʥʘʣʦʤ. ʇʦʵʪʦʤʫ ʦʙʳʯʥʦʝ ʩʦʧʨʦʚʦʜʠʪʝʣʴʥʦʝ ʧʠʩʴʤʦ ʦʪʩʫʪʩʪʚʫʝʪ. ʇʝʨʝʚʦʜ ʦʪʚʝʪʦʚ ʥʘ ʨʫʩʩʢʠʡ ʷʟʳʢ ʥʝ ʧʨʠʣʘ-

ʛʘʶ, ʪ.ʢ. ʧʝʨʝʚʝʩʪʠ ʤʦʞʥʦ ʣʶʙʳʤ ʠʥʪʝʨʥʝʪʦʚʩʢʠʤ ʧʝʨʝʚʦʜʯʠʢʦʤ. 
 

5. Celestial Mechanics and Dynamical Astronomy 

ʆʪ: "Celestial Mechanics and Dynamical Astronomy (CELE)" <em@editorialmanager.com> 

ʂʦʤʫ: "Joseph Joseph Smulsky" <jsmulsky@tmnsc.ru> 

ʊʝʤʘ: CELE-D-15-00015 - Your manuscript entitled Exact solution to the problem of N bodies forming a multi-

layer rotating structure 

ɼʘʪʘ: 10 ʤʘʨʪʘ 2015 ʛ. 2:02 

Dear Prof. Smulsky, 

We regret to inform you that Celestial Mechanics is unable to accept your manuscript for publication (See the 

reviewer comments at the end of this message).   

However, we believe that your manuscript is very well suited for the journal SpringerPlus and we would like to 

suggest you to transfer your manuscript there.  

 

SpringerPlus is an Open Access journal which accepts manuscripts in all disciplines of science, technology, 

engineering, humanities and medicine. The journal has an all-inclusive scope; it publishes all manuscripts judged to be 

scientifically sound by reviewers. SpringerPlus will not reject a manuscript because it is out of scope or for its perceived 

importance or ability to attract citations. SpringerPlus will either accept your manuscript for publication or not, you will 

not be asked for additional research. Please note that you do not have to do reformatting of any kind. You can find more 

information about the journal at www.springerplus.com.   

 

Open Access 

 

SpringerPlus charges a one-off payment (article-processing fee) to cover all editorial costs and fund the Open 

Access publication of the articles it publishes. All articles in SpringerPlus are freely downloadable for anyone, no sub-

scription is required and copyright remains with the authors: articles can be used without any restrictions. If your insti-

tution is a SpringerOpen/BMC member, or if you work in a country listed here, you may be entitled to a discount or full 
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waiver of this APC. For more information please visit our website or contact your librarian or funding agency. 

 

If you agree to transfer your submission to SpringerPlus, please click here: 

http://cele.edmgr.com/l.asp?i=18190&l=VZA3GP37 

 

This offer is valid until 08 May 2015. 

 

Upon receipt of your approval, the SpringerPlus editorial office staff will transfer your manuscript files across 

for you. Please note that you will have an opportunity to update or revise the manuscript before final submission to the 

editorial board, and that we will not transfer your manuscript without your approval.  

 

If you have any questions, please visit the journal website or contact our editorial team at editorial@springer-

plus.com  

 

With kind regards, 

 

Sylvio Ferraz Mello 

Editor in Chief 

Celestial Mechanics 

 

Reviewers' comments (if any): 

 

This paper is dedicated to the memory of Grebenikov. As explained at the end, this work is the result of the 

author's researches, which were stimulated by a work by Grebenikov (256 pages in Russian, 2010). 

 

This is a work on central configurations. The author mentions the name "central configuration" as used by other 

authors, but prefers to speak of "exact solutions". He does not cite any reference published before 1980 about central 

configurations. 

 

The advantage of giving a precise name as "central configuration" rather than using such a general name as 

"exact solution" is to avoid to explain the well-known theory again and again in several paragraphs of each new paper. 

The basic theory is : there are some "exact solutions" of the n-body problem which are called homographic solutions. In 

any such motion, the configuration is (permanently) central. The classification of such "exact solutions" is thus reduced 

to the classification of the solutions of a system of algebraic equations. Furthermore these algebraic equations are linear 

in the masses. The "inverse problem of central configurations" is to give the masses when the configuration is given, 

while the "direct problem" is to give all the configurations when the masses are given. 

 

The author spends long paragraphs of his paper to re-explain this basic theory in a particular case. The reader 

will not even be aware that the general case of these equations, and this basic theory, were already considered by Euler, 

Lagrange, Laplace, Liouville and Maxwell. 

 

The author studies numerically the inverse problem, and displays some solutions. But he had announced at the 

end of the introduction that "The present work is devoted to obtaining all exact solutions, calculation of structures and 

their possible use." 

 

The results are far to reach this ambitious goal. They did not learn us anything general about the inverse prob-

lem, and nothing at all about the direct problem. So, we do not recommend the publication. 

----------------------------- 

 

ʅʘ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʨʝʰʝʥʠʝ ʨʝʜʘʢʪʦʨʘ Dr. Sylvio Ferraz Mello ʷ ʥʘʧʠʩʘʣ ʩʣʝʜʫʶʱʝʝ ʚʦʟʨʘʞʝʥʠʝ, ʢʦʪʦʨʦʝ ʥʠʞʝ 

ʧʝʨʝʚʝʜʝʥʦ ʥʘ ʨʫʩʩʢʠʡ ʷʟʳʢ. 

From: Joseph J. Smulsky 

To: Celestial Mechanics and Dynamical Astronomy (CELE)  

Sent: Tuesday, March 17, 2015 6:12 PM 

Subject: Re: CELE-D-15-00015 - Your manuscript entitled Exact solution to the problem of N bodies forming 

a multi-layer rotating structure 

 

Dear Dr. Sylvio Ferraz Mello, 

Editor in Chief, Celestial Mechanics, 

The reviewer did not understand my paper ñEXACT SOLUTION TO THE PROBLEM OF N BODIES FORM-

ING A MULTI -LAYER ROTATING STRUCTUREò. First, he mistakenly calls the considered by me system of bodies 

mailto:divyalochany.thangavel@springer.com
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as ñexact solutionò. In fact, I consider a multi-layer structure of rotating bodies. Such a system of bodies in the literature 

is known as a structure of nested polygons or homographic-dynamics configurations and planar central configurations. 

Reviewer likes the term ñcentral configurationò. 

Secondly, the entire review dedicated to upholding the term "central configuration". And the reviewer does not 

penetrate into the contents of paper and has not understood it.  

I specifically don't use the name of a system of bodies as polygonal structure and as central configuration, be-

cause I consider these systems in a different way, as a rotating multi-layer structure. This gives the opportunity to derive 

their equations of movement in such kind, which allows solving them exactly and for all possible cases. The obtained 

solutions are completing more than two hundred years problem of celestial mechanics. 

Unfortunately, the reviewer has limited horizons and very low scientific level. These reviewers are not able to 

assess the work is similar to mine. 

Sincerely yours                                                                                          Prof. Joseph J. Smulsky 

 

ʋʚʘʞʘʝʤʳʡ Dr. Sylvio Ferraz Mello, 

Editor in Chief, Celestial Mechanics! 

 

ʈʝʮʝʥʟʝʥʪ ʥʝ ʧʦʥʷʣ ʩʪʘʪʴʶ. ɺʦ-ʧʝʨʚʳʭ, ʦʥ ʦʰʠʙʦʯʥʦ ʥʘʟʳʚʘʝʪ ʨʘʩʩʤʘʪʨʠʚʘʝʤʫʶ ʤʥʦʶ ʩʠʩʪʝʤʫ ʪʝʣ ʢʘʢ 

çexact solutionè. ɺ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʥʦʛʦʩʣʦʡʥʘʷ ʚʨʘʱʘʶʱʘʷʩʷ ʩʪʨʫʢʪʫʨʘ ʪʝʣ. ʇʦʜʦʙʥʘʷ ʩʠ-

ʩʪʝʤʘ ʪʝʣ ʚ ʣʠʪʝʨʘʪʫʨʝ ʠʟʚʝʩʪʥʘ ʢʘʢ ʩʪʨʫʢʪʫʨʘ ʠʟ ʚʣʦʞʝʥʥʳʭ ʤʥʦʛʦʫʛʦʣʴʥʠʢʦʚ ʠʣʠ ʩʪʨʫʢʪʫʨʘ ʛʦʤʦʛʨʘʬʠʯʝʩʢʦʡ 

ʜʠʥʘʤʠʢʠ ʠ ʧʣʦʩʢʘʷ ʮʝʥʪʨʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ. ʈʝʮʝʥʟʝʥʪʫ ʥʨʘʚʠʪʩʷ ʪʝʨʤʠʥ ï ʮʝʥʪʨʘʣʴʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ. 

ɺʦ-ʚʪʦʨʳʭ, ʚʩʷ ʨʝʮʝʥʟʠʷ ʧʦʩʚʷʱʝʥʘ ʦʪʩʪʘʠʚʘʥʠʶ ʪʝʨʤʠʥʘ çʮʝʥʪʨʘʣʴʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷè. ɸ ʚ ʩʦʜʝʨʞʘʥʠʝ 

ʩʪʘʪʴʠ ʨʝʮʝʥʟʝʥʪ ʥʝ ʚʥʠʢʘʝʪ, ʠ ʥʝ ʧʦʥʷʣ ʝʛʦ. 

ʗ ʩʧʝʮʠʘʣʴʥʦ ʥʝ ʠʩʧʦʣʴʟʫʶ ʥʘʟʚʘʥʠʝ ʩʠʩʪʝʤʳ ʪʝʣ ʢʘʢ ʧʦʣʠʛʦʥʘʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʢʘʢ ʧʣʦʩʢʫʶ ʮʝʥ-

ʪʨʘʣʴʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ, ʧʦʪʦʤʫ ʯʪʦ ʷ ʨʘʩʩʤʘʪʨʠʚʘʶ ʵʪʠ ʩʪʨʫʢʪʫʨʳ ʧʦ-ʜʨʫʛʦʤʫ, ʢʘʢ ʚʨʘʱʘʶʱʠʝʩʷ ʤʥʦʛʦʩʣʦʡ-

ʥʳʝ ʩʪʨʫʢʪʫʨʳ. ʕʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʚʝʩʪʠ ʠʭ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʚ ʪʘʢʦʤ ʚʠʜʝ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʠʭ ʨʝ-

ʰʠʪʴ ʪʦʯʥʦ ʠ ʜʣʷ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʩʣʫʯʘʝʚ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʰʝʥʠʷ ʷʚʣʷʶʪʩʷ ʟʘʚʝʨʰʝʥʠʝʤ ʙʦʣʝʝ ʯʝʤ ʜʚʫʭʩʦʪʣʝʪ-

ʥʝʡ ʧʨʦʙʣʝʤʳ ʥʝʙʝʩʥʦʡ ʤʝʭʘʥʠʢʠ. 

ʂ ʩʦʞʘʣʝʥʠʶ, ʫ ʨʝʮʝʥʟʝʥʪʘ ʦʛʨʘʥʠʯʝʥʥʳʡ ʢʨʫʛʦʟʦʨ ʠ ʦʯʝʥʴ ʥʠʟʢʠʡ ʥʘʫʯʥʳʡ ʫʨʦʚʝʥʴ. ʊʘʢʠʝ ʨʝʮʝʥʟʝʥʪʳ 

ʥʝ ʩʧʦʩʦʙʥʳ ʦʮʝʥʠʪʴ ʨʘʙʦʪʳ ʧʦʜʦʙʥʳʝ ʤʦʝʡ. 

 

ʆʪʚʝʪ Dr. Sylvio Ferraz Mello, Editor in Chief, Celestial Mechanics, ʥʘ ʤʦʝ ʚʦʟʨʘʞʝʥʠʝ ʷ ʥʝ ʧʦʣʫʯʠʣ. 

 

ʂʦʤʤʝʥʪʘʨʠʡ ʉʤʫʣʴʩʢʦʛʦ ʀ.ʀ.: ʆʙʨʘʱʫ ʚʥʠʤʘʥʠʝ ʥʘ ʬʨʘʟʫ ʛʣʘʚʥʦʛʦ ʨʝʜʘʢʪʦʨʘ Sylvio Ferrez Mello: 

çSpringes Plus will  not rejectéè, ʠʟ ʢʦʪʦʨʦʡ ʩʣʝʜʫʝʪ, ʯʪʦ ʞʫʨʥʘʣʳ ʥʝ ʧʫʙʣʠʢʫʶʪ ʩʪʘʪʴʠ, ʢʦʪʦʨʳʝ ʥʝ ʧʨʠʚʣʝʢʘʶʪ 

ʩʩʳʣʢʠ. ʕʪʦ ʨʝʟʫʣʴʪʘʪ ʜʝʡʩʪʚʠʷ ʨʝʡʪʠʥʛʦʚʦʡ ʩʠʩʪʝʤʳ ʦʮʝʥʢʠ ʥʘʫʢʠ. ʆ ʧʘʛʫʙʥʦʤ ʚʣʠʷʥʠʠ ʥʘ ʥʘʫʢʫ ʵʪʦʡ ʩʠʩʪʝʤʳ 

ʷ ʫʞʝ ʧʠʩʘʣ ʚ ʚʳʰʝʫʧʦʤʷʥʫʪʦʡ ʨʘʙʦʪʝ çʆ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʥʘʫʯʥʦʡ ʧʝʯʘʪʠè 

(http://samlib.ru/s/smulxskij_i_i/itogihthtm.shtml), ʚ ʩʪʘʪʴʷʭ çɹʝʩʧʨʝʜʝʣ ʚ ʘʢʘʜʝʤʠʯʝʩʢʦʡ ʥʘʫʢʝè 

(http://samlib.ru/s/smulxskij_i_i/infnote2adoc.shtml) ʠ çɸʥʘʣʠʟ ʫʨʦʢʦʚ ʨʘʟʚʠʪʠʷ ʘʩʪʨʦʥʦʤʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʧʘʣʝʦʢʣʠ-

ʤʘʪʘè (http://samlib.ru/s/smulxskij_i_i/anasttp3.shtml). 

ʅʘʩʪʦʷʱʘʷ ʩʪʘʪʴʷ, ʧʦʣʥʦʩʪʴʶ ʨʝʰʠʚʰʘʷ ʧʨʦʙʣʝʤʫ, ʣʠʰʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʪʳʩʷʯʘʤ ʫʯʝʥʳʤ ʟʘʥʠʤʘʪʴʩʷ 

ʯʘʩʪʥʳʤʠ ʜʝʪʘʣʷʤʠ ʵʪʦʡ ʧʨʦʙʣʝʤʳ. ɽʩʪʝʩʪʚʝʥʥʦ, ʥʠʢʪʦ ʠʟ ʥʠʭ ʥʝ ʙʫʜʝʪ ʫʧʦʤʠʥʘʪʴ ʤʦʶ ʩʪʘʪʴʶ. ʈʝʜʘʢʪʦʨ ʵʪʦ 

ʷʩʥʦ ʦʩʦʟʥʘʝʪ, ʧʦʵʪʦʤʫ ʩ ʣʝʛʢʦʩʪʴʶ ʦʪʢʣʦʥʷʝʪ ʩʪʘʪʴʠ, ʧʦʜʦʙʥʳʝ ʤʦʝʡ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚʳʰʝʫʧʦʤʷʥʫʪʳʡ ʫʯʝʥʠʢ ʨʝʮʝʥʟʝʥʪʘ, ʧʦʣʴʟʫʷʩʴ ʝʛʦ ʧʦʜʜʝʨʞʢʦʡ ʠ ʧʦʜʜʝʨʞʢʦʡ ʝʛʦ 

ʢʦʣʣʝʛ, ʙʝʟ ʚʩʷʢʠʭ ʧʨʝʧʷʪʩʪʚʠʡ ʧʫʙʣʠʢʫʝʪ ʩʚʦʠ ʩʪʘʪʴʠ, ʚ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʠ ʥʝ ʙʳʪʴ ʥʠʯʝʛʦ ʥʦʚʦʛʦ, ʠʣʠ ʞʝ ʚʤʝʩʪʦ 

ʠʩʪʠʥʳ ʙʳʪʴ ʦʪʢʨʦʚʝʥʥʘʷ ʣʦʞʴ. ʇʝʨʝʢʨʝʩʪʥʫʶ ʩʠʩʪʝʤʫ ʩʩʳʣʦʢ ʠ ʠʥʜʝʢʩʘʮʠʶ ʚ ʩʠʩʪʝʤʘʭ ʈʀʅʎ ʠ ʚ Web of Sci-

ence ʪʘʢʠʝ çʫʯʝʥʳʝè ʦʩʚʦʠʣʠ ʚ ʩʦʚʝʨʰʝʥʩʪʚʝ. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʤ ʠ ʭʦʨʦʰʫʶ ʟʘʨʧʣʘʪʫ, ʠ ʥʘʫʯʥʳʡ ʧʨʝʩʪʠʞ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʝʡʯʘʩ ʚ ʠʥʪʝʨʥʝʪʝ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʘʛʝʥʪʩʪʚ, ʢʦʪʦʨʳʝ ʟʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ 

ʧʣʘʪʫ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʨʦʭʦʞʜʝʥʠʝ ʩʪʘʪʴʠ ʚ ʈʀʅʎ ʠʣʠ ʚ Web of Science. ɹʳʣʠ ʙʳ ʜʝʥʴʛʠ, ʪʦʛʜʘ ʠ ʥʘʫʯʥʳʡ ʧʨʝʩʪʠʞ 

ʙʫʜʝʪ. 

 

------------------------------------------------------ 

6. ICARUS 

ʆʪ: "ICARUS - Editorial Office" < icarus@astro.cornell.edu> 

ʂʦʤʫ: <jsmulsky@mail.ru> 

ʂʦʧʠʷ: <Alessandro.MORBIDELLI@obs-nice.fr> 

ʊʝʤʘ: Your Icarus Submission 

ɼʘʪʘ: 24 ʤʘʨʪʘ 2015 ʛ. 8:26 

Dear Prof. Smulsky 

Thank you very much for submitting your paper to our Journal. Unfortunately, your paper is not suitable for 

Icarus so that I cannot consider it for possible publication and send it to reviewers. This is because Icarus is a Solar 

System Science journal and therefore it does not publish papers of Celestial Mechanics investigating academic problems 
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that are not pertinent to Solar System Dynamics, whatever their interest in mathematics. 

Best regards 

Alessandro Morbidelli 

ʂʦʤʤʝʥʪʘʨʠʡ ʉʤʫʣʴʩʢʦʛʦ ʀ.ʀ.: ɺ ʞʫʨʥʘʣ çIcarusè ʷ ʥʘʧʨʘʚʣʷʣ 4 ʩʪʘʪʴʠ ʠ ʚʩʝ ʠʭ Alessandro Morbidelli 

ʦʪʢʣʦʥʷʣ ʧʦ çʚʝʩʢʠʤ ʧʨʠʯʠʥʘʤè. ʇʝʨʝʯʠʩʣʶ ʧʝʨʚʳʝ ʪʨʠ: ʧʦ ʪʝʦʨʠʠ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ, ʧʦ ʵʚʦʣʶʮʠʠ ʜʚʠʞʝʥʠʷ 

ʘʩʪʝʨʦʠʜʦʚ ɸʧʦʬʠʩ ʠ 1950DA, ʧʦ ʥʦʚʦʡ ʪʝʦʨʠʠ ʠʥʩʦʣʷʮʠʠ. 

------------------------------------------------------ 

 

7. Journal of Mathematical Analysis and Applications 

ʆʪ: "JMAA (ELS)" < jmaa@elsevier.com> 

ʂʦʤʫ: <JSmulsky@mail.ru> 

ʊʝʤʘ: JMAA-15-1026: Final Decision 

ɼʘʪʘ: 3 ʘʧʨʝʣʷ 2015 ʛ. 19:15 

 

Ms. No.: JMAA-15-1026 

Title: N-Body Problem of Multi-Layer Rotating Structure 

Corresponding Author: Prof. Joseph J. Smulsky 

Authors:  

 

Dear Prof. Smulsky, 

 

We are writing to thank you for your submission to the JMAA, but also to inform you, with regret, that we will 

not be able to consider this manuscript for publication. 

 

Because of the huge number of submitted papers to the JMAA, the Editorial Board of the JMAA has decided that 

it is necessary to be extremely selective in determining which articles can be sent out to referees. Among the determining 

factors are the need to maintain balance of areas covered by the journal and also the desire to promote areas of mathe-

matics that the editors believe will be of major importance in the future. As a result, your manuscript has not been sub-

stantively reviewed. 

 

We suggest that you consult the Author Information section of the JMAA home page, which contains information 

about many of the areas of current interest of the journal and which you may find helpful in preparing future submissions. 

 

We trust that by returning your manuscript promptly, it will be possible for you to resubmit your manuscript to 

another journal without the loss of a significant amount of time. 

 

Please note that by returning this manuscript to you does not reflect, in any way, on the quality of your paper. 

Thank you again for considering the JMAA for this paper. 

 

Sincerely, 

 

Editorial Board 

Journal of Mathematical Analysis and Applications 

Elsevier 

525 B Street, Suite 1900 

San Diego, CA 92101-4495 

USA 

jmaa@elsevier.com 

 

Comments: 

The work herein is of some application interest. However, the style of presentation is not suitable for a journal 

such as the JMAA where mathematical rigor (definitions, theorems and proofs, etc.) is emphasized. 

We regret to advise that you re-direct your submission to other journals. 

ʂʦʤʤʝʥʪʘʨʠʡ ʉʤʫʣʴʩʢʦʛʦ ʀ.ʀ.: ɺ ʵʪʦʤ ʞʫʨʥʘʣʝ ʦʧʫʙʣʠʢʦʚʘʥʘ ʤʘʩʩʘ ʩʪʘʪʝʡ ʧʦ ʮʝʥʪʨʘʣʴʥʳʤ ʢʦʥʬʠʛʫ-

ʨʘʮʠʷʤ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚ ʤʦʝʡ ʩʪʘʪʴʝ ʦʢʦʥʯʘʪʝʣʴʥʦ ʨʝʰʝʥʘ ʵʪʘ ʧʨʦʙʣʝʤʘ, ʧʦ ʩʪʠʣʶ ʦʥʘ ʥʝ ʧʦʜʦʰʣʘ: ʥʝʪ 

ʜʝʬʠʥʠʮʠʡ ʠ ʪʝʦʨʝʤ. ʆ ʪʦʤ, ʯʪʦ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʞʫʨʥʘʣʳ ʧʦʩʚʷʱʝʥʳ ʜʦʢʘʟʘʪʝʣʴʩʪʚʫ ʪʝʦʨʝʤ, ʘ ʥʝ ʨʝʰʝʥʠʶ ʧʨʦ-

ʙʣʝʤ, ʷ ʫʞʝ ʧʠʩʘʣ ʚ ʏʘʩʪʠ I. 

------------------------------------------------------ 
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ɹʣʘʛʦʜʘʨʥʦʩʪʠ 

ʊʨʫʜʦʝʤʢʠʝ ʚʳʯʠʩʣʝʥʠʷ ʚ ʫʧʦʤʠʥʘʝʤʳʭ ʩʪʘʪʴʷʭ ʚʳʧʦʣʥʝʥʳ ʥʘ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʘʭ ʉʠʙʠʨʩʢʦʛʦ ʩʫʧʝʨ-

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʮʝʥʪʨʘ. 

ɺʳʨʘʞʘʶ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ʩʚʦʠʤ ʩʳʥʦʚʴʷʤ ʃʝʦʥʠʜʫ ʠ ʗʨʦʩʣʘʚʫ ʟʘ ʧʦʤʦʱʴ ʚ ʨʘʙʦʪʝ, ʙʣʘʛʦʜʘʨʶ ʤʦʣʦ-

ʜʳʭ ʧʦʤʦʱʥʠʢʦʚ, ʚ ʦʩʥʦʚʥʦʤ ʩʪʫʜʝʥʪʦʚ, ʟʘ ʧʦʤʦʱʴ ʥʘ ʨʘʟʥʳʭ ʵʪʘʧʘʭ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ. ɹʣʘʛʦʜʘʨʝʥ ʫʯʝʥʳʤ 

ʠʟʚʝʩʪʥʳʤ ʤʥʝ, ʘ ʙʦʣʴʰʝʶ ʯʘʩʪʴʶ ʥʝʠʟʚʝʩʪʥʳʤ ʤʥʝ, ʢʦʪʦʨʳʝ ʩ ʩʦʯʫʚʩʪʚʠʝʤ ʠ ʦʜʦʙʨʝʥʠʝʤ ʦʪʥʦʩʠʣʠʩʴ ʢ ʤʦʝʡ 

ʨʘʙʦʪʝ ʠ ʧʨʠʦʪʢʨʳʚʘʣʠ ʱʝʣʦʯʢʠ ʚ ʩʪʝʥʝ ʤʦʣʯʘʥʠʷ, ʯʝʨʝʟ ʢʦʪʦʨʳʝ ʠʥʬʦʨʤʘʮʠʷ ʦ ʤʦʝʡ ʨʘʙʦʪʝ ʭʦʪʴ ʢʘʢ-ʪʦ ʜʦʭʦ-

ʜʠʣʘ ʜʦ ʦʙʱʝʩʪʚʘ. ɹʣʘʛʦʜʘʨʝʥ ʩʚʦʝʡ ʩʫʜʴʙʝ, ʚʦʟʤʦʞʥʦ, ʥʝ ʩʘʤʦʡ ʣʫʯʰʝʡ, ʟʘʪʦ ʝʜʠʥʩʪʚʝʥʥʦʡ ʚ ʤʦʝʡ ʞʠʟʥʠ. 

 

ɿʘʷʚʣʝʥʠʝ ʦʙ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ 

ɿʘ ʚʩʝ ʜʦʙʨʦʝ ʠ ʥʝʜʦʙʨʦʝ, ʠʩʪʠʥʥʦʝ ʠ ʦʰʠʙʦʯʥʦʝ ʚ ʤʦʝʡ ʨʘʙʦʪʝ ʥʝʩʫ ʣʠʯʥʫʶ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ: ʜʝʣʘʣ ʩ 

ʫʩʝʨʜʠʝʤ ʠ ʙʝʟ ʟʣʦʛʦ ʫʤʳʩʣʘ. 

ʉʜʝʣʘʣ, ʢʘʢ ʤʦʛ, ʘ ʢʪʦ ʤʦʞʝʪ, ʧʫʩʪʴ ʩʜʝʣʘʝʪ ʣʫʯʰʝ. 

 

* ʉʪʘʪʴʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʘʚʪʦʨʩʢʦʡ ʨʝʜʘʢʮʠʠ 
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ʍʈɸʅɽʅʀɽ ʋʃʔʊʈɸʉʋʍʀʍ ʉɽʄʗʅ ʂɸʂ ʉʇʆʉʆɹ ʉʆʍʈɸʅɽʅʀʗ  

ɻɽʅɽʊʀʏɽʉʂʀʍ ʈɽʉʋʈʉʆɺ ʈɸʉʊɽʅʀʁ 
 

 ɻ.ʀ. ʌʠʣʠʧʝʥʢʦ1, ʆ.ʅ. ɿʘʙʝʛʘʝʚʘ2, ɽ.ɸ. ɹʘʨʘʥʦʚʘ3 
1 ʢʘʥʜʠʜʘʪ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʘʫʢ, ʟʘʚʝʜʫʶʱʘʷ ʣʘʙʦʨʘʪʦʨʠʝʡ, 

2 ʩʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, 3 ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʥʘʫʯʥʦʝ ʫʯʨʝʞʜʝʥʠʝ çʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ 

ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʠʥʩʪʠʪʫʪ ʛʝʥʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʨʘʩʪʝʥʠʡ ʠʤ. ʅ.ʀ. ɺʘʚʠʣʦʚʘ (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ), ʈʦʩʩʠʷ 
 

ɸʥʥʦʪʘʮʠʷ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʜʩʫʰʠʪʴ ʩʝʤʝʥʘ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ ʜʦ ʫʣʴ-

ʪʨʘʥʠʟʢʠʭ ʟʥʘʯʝʥʠʡ ʚʣʘʞʥʦʩʪʠ (ʥʠʞʝ 5-7 %) ʙʝʟ ʩʥʠʞʝʥʠʷ ʠʭ ʚʩʭʦʞʝʩʪʠ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʪʘʢʠʝ ʩʝʤʝʥʘ 

ʤʦʞʥʦ ʙʫʜʝʪ ʜʣʠʪʝʣʴʥʦ ʭʨʘʥʠʪʴ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. ʇʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʦʢʘʟʘʣʦʩʴ ʤʷʛʢʦʝ 

ʧʦʜʩʫʰʠʚʘʥʠʝ ʩʝʤʷʥ ʧʨʠ ʧʦʤʦʱʠ ʩʠʣʠʢʘʛʝʣʷ ʚ ʩʦʦʪʥʦʰʝʥʠʝ ʩʝʤʝʥʘ : ʩʠʣʠʢʘʛʝʣʴ = 1:10. ʊʘʢʘʷ ʤʝʪʦʜʠʢʘ ʥʝ ʚʩʝʛʜʘ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʫʣʴʪʨʘʩʫʭʠʝ ʩʝʤʝʥʘ, ʥʦ ʤʦʞʝʪ ʙʳʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥʘ ʜʣʷ ʧʦʜʩʫʰʠʚʘʥʠʷ ʩʝʤʷʥ ʩʧʝʮʠʘʣʠ-

ʩʪʘʤ, ʟʘʥʠʤʘʶʱʠʤʩʷ ʩʦʭʨʘʥʝʥʠʝʤ ʢʦʣʣʝʢʮʠʡ ʩʝʤʷʥ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ, ʥʝ ʠʤʝʶʱʠʤ ʩʦʚʨʝʤʝʥʥʳʭ ʩʫʰʠʣʴʥʳʭ ʢʘ-

ʤʝʨ, ʨʝʢʦʤʝʥʜʫʝʤʳʭ ʩʪʘʥʜʘʨʪʘʤʠ ʜʣʷ ʛʝʥʙʘʥʢʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʝʥʝʪʠʯʝʩʢʠʝ ʨʝʩʫʨʩʳ ʨʘʩʪʝʥʠʡ, ʚʣʘʞʥʦʩʪʴ ʩʝʤʷʥ, ʫʣʴʪʨʘʩʫʭʠʝ ʩʝʤʝʥʘ. 
 

ɺ ʜʚʘʜʮʘʪʦʤ ʩʪʦʣʝʪʠʠ ʯʝʣʦʚʝʯʝʩʪʚʦʤ ʦʩʦʟʥʘʥʘ ʚʘʞʥʝʡʰʘʷ ʧʨʦʙʣʝʤʘ ï ʤʥʦʛʠʤ ʚʠʜʘʤ ʞʠʚʦʪʥʳʭ ʠ ʨʘʩʪʝʥʠʡ 

ʛʨʦʟʠʪ ʠʩʯʝʟʥʦʚʝʥʠʝ. ɺ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʮʠʚʠʣʠʟʘʮʠʠ ʥʘ 

ʧʨʠʨʦʜʫ: ʨʘʩʧʘʰʢʠ ʮʝʣʠʥʥʳʭ ʠ ʟʘʣʝʞʥʳʭ ʟʝʤʝʣʴ, ʚʳʨʫʙʢʠ ʣʝʩʦʚ, ʠʥʪʝʥʩʠʚʥʳʭ ʤʝʪʦʜʦʚ ʚʝʜʝʥʠʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡ-

ʩʪʚʘ, ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʡ, ʥʘʨʫʰʘʶʱʠʭ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʨʘʚʥʦʚʝʩʠʝ. ʅʦ ʩʦʭʨʘʥʝʥʠʝ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʷʚʣʷʝʪʩʷ ʥʝ-

ʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʩʪʘʙʠʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘ. ɼʣʷ ʩʦʭʨʘʥʝʥʠʷ ʚʠʜʦʚ ʞʠʚʦʪʥʳʭ ʠ ʨʘʩʪʝʥʠʡ 

ʩʦʟʜʘʶʪʩʷ ʟʘʧʦʚʝʜʥʠʢʠ, ʟʘʢʘʟʥʠʢʠ, ʢʦʣʣʝʢʮʠʠ ʞʠʚʦʪʥʳʭ, ʩʝʤʷʥ ʨʘʩʪʝʥʠʡ ʠ ʪ.ʜ. ɻʝʥʝʪʠʯʝʩʢʠʝ ʙʘʥʢʠ ʨʘʩʪʝʥʠʡ ʙʳʣʠ 

ʦʨʛʘʥʠʟʦʚʘʥʳ ʚ ʉʐɸ ʚ 1958 ʛʦʜʫ, ʗʧʦʥʠʠ ï 1976 ʛʦʜʫ, ʉʉʉʈ ï 1976 ʛʦʜʫ, ʊʫʨʮʠʠ ʠ ʉʢʘʥʜʠʥʘʚʩʢʠʭ ʩʪʨʘʥʘʭ ï 1978 

ʛʦʜʫ [7]. ʇʦ ʜʘʥʥʳʤ ʌɸʆ, 1750 ʛʝʥʙʘʥʢʦʚ ʤʠʨʘ ʩʦʭʨʘʥʷʶʪ 7,03 ʤʣʥ. ʦʙʨʘʟʮʦʚ ʨʘʩʪʝʥʠʡ [1]. ʂʦʣʣʝʢʮʠʷ ʦʙʨʘʟʮʦʚ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʠ ʠʭ ʜʠʢʠʭ ʨʦʜʠʯʝʡ, ʭʨʘʥʷʱʘʷʩʷ ʚ ɻɹʅʋ çʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ 

ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʠʥʩʪʠʪʫʪ ʛʝʥʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʨʘʩʪʝʥʠʡ ʠʤ. ʅ.ʀ.ɺʘʚʠʣʦʚʘè (ɺʀʈ), ʟʘʥʠʤʘʝʪ 4 ʤʝʩʪʦ ʚ ʤʠʨʝ ʧʦ 

ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʩʣʝ ʢʦʣʣʝʢʮʠʡ ʉʐɸ, ʂʠʪʘʷ ʠ ʀʥʜʠʠ ʠ ʥʝ ʫʩʪʫʧʘʝʪ ʠʤ ʧʦ ʮʝʥʥʦʩʪʠ, ʠʟʫʯʝʥʥʦʩʪʠ, ʥʘʜʝʞʥʦʩʪʠ ʭʨʘ-

ʥʝʥʠʷ, ʧʦ ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʠʶ ʠ ʫʧʨʘʚʣʷʝʤʦʩʪʠ. ʇʦ ʩʚʦʝʡ ʟʥʘʯʠʤʦʩʪʠ ʢʦʣʣʝʢʮʠʷ ɺʀʈ ʷʚʣʷʝʪʩʷ ʥʘʮʠʦʥʘʣʴʥʳʤ ʜʦ-

ʩʪʦʷʥʠʝʤ ʈʦʩʩʠʠ [5]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʦʣʣʝʢʮʠʷ ɺʀʈ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 325 ʪʳʩʷʯ ʦʙʨʘʟʮʦʚ. ɼʣʠʪʝʣʴʥʦʝ ʠ ʩʨʝʜ-

ʥʝʩʨʦʯʥʦʝ ʭʨʘʥʝʥʠʝ ʦʙʨʘʟʮʦʚ ʩʝʤʷʥ ʢʦʣʣʝʢʮʠʠ ʦʨʛʘʥʠʟʦʚʘʥʦ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ (4 ÁC, -

10 ÁC, -18 ÁC) ʭʨʘʥʠʣʠʱʘʭ. ɻʝʥʝʪʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʚʝʛʝʪʘʪʠʚʥʦ ʨʘʟʤʥʦʞʘʝʤʳʭ ʨʘʩʪʝʥʠʡ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʚ ʚʠʜʝ 

ʞʠʚʳʭ ʥʘʩʘʞʜʝʥʠʡ, ʘ ʪʘʢʞʝ ʚ ʫʩʣʦʚʠʷʭ ʢʨʠʦ- ʠ in vitro ʭʨʘʥʝʥʠʷ. ɺ ʠʥʩʪʠʪʫʪʝ ʩʦʙʨʘʥʘ ʛʝʨʙʘʨʥʘʷ ʢʦʣʣʝʢʮʠʷ, ʩʦʩʪʘʚ-

ʣʷʶʱʘʷ ʙʦʣʝʝ 300 ʪʳʩʷʯ ʣʠʩʪʦʚ ʛʝʨʙʘʨʠʷ. 

ʆʩʥʦʚʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʜʣʠʪʝʣʴʥʦʛʦ ʭʨʘʥʝʥʠʷ ʩʝʤʷʥ ʷʚʣʷʶʪʩʷ ʥʠʟʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʭʨʘʥʝʥʠʷ, ʥʠʟʢʘʷ ʚʣʘʞ-

ʥʦʩʪʴ ʩʝʤʷʥ, ʛʝʨʤʝʪʠʯʥʘʷ ʫʧʘʢʦʚʢʘ [7]. ʉʦʚʨʝʤʝʥʥʳʝ ʩʪʘʥʜʘʨʪʳ ʜʣʷ ʛʝʥʙʘʥʢʦʚ ʨʝʢʦʤʝʥʜʫʶʪ ʧʦʜʩʫʰʠʚʘʥʠʝ ʩʝʤʷʥ 

ʧʝʨʝʜ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤ ʭʨʘʥʝʥʠʝʤ ʧʨʠ 5-20 Áʉ ʠ 10-25 % ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ [9]. ɺ ʵʪʠʭ ʫʩʣʦ-

ʚʠʷʭ ʨʘʚʥʦʚʝʩʥʘʷ ʚʣʘʞʥʦʩʪʴ ʩʝʤʷʥ ʩʦʩʪʘʚʣʷʝʪ 3-7 % ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʫʣʴʪʫʨʳ, ʜʣʷ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ ï 5-7 %. 

ʉʪʘʥʜʘʨʪʳ ʨʝʢʦʤʝʥʜʫʶʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʜʣʠʪʝʣʴʥʦʝ ʭʨʘʥʝʥʠʝ ʩʝʤʷʥ ʧʨʠ -18 Áʉ, ʘ ʩʨʝʜʥʝʩʨʦʯʥʦʝ ï ʧʨʠ 5-10 Áʉ. 

ʅʘʢʦʧʣʝʥʥʳʡ ʤʠʨʦʚʦʡ ʦʧʳʪ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ ʧʨʘʚʠʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʭʨʘʥʝʥʠʷ ʩʝʤʝʥʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʢʫʣʴʪʫʨ ʤʦʛʫʪ ʩʦʭʨʘʥʷʪʴ ʚʳʩʦʢʫʶ ʚʩʭʦʞʝʩʪʴ ʚ ʪʝʯʝʥʠʝ ʜʝʩʷʪʢʦʚ ʣʝʪ [8]. ʆʜʥʘʢʦ, ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʝ ʭʨʘʥʝʥʠʝ 

ʩʝʤʷʥ ʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ ʟʘʪʨʘʪ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʈʘʙʦʪʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʧʦʣʫʯʝʥʠʝ ʙʦʣʝʝ ʩʫʭʠʭ, ʯʝʤ ʧʨʝʜʫʩʤʦʪ-

ʨʝʥʦ ʩʪʘʥʜʘʨʪʘʤʠ (ʫʣʴʪʨʘʩʫʭʠʭ), ʩʝʤʷʥ, ʢʦʪʦʨʳʝ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʩʤʦʛʫʪ ʜʦʣʛʦ ʭʨʘʥʠʪʴʩʷ ʜʘʞʝ ʚ ʢʦʤʥʘʪʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʙʦʣʴʰʦʡ ʥʘʫʯʥʳʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ. ɺ ʵʪʦʡ ʦʙʣʘʩʪʠ ʠʤʝʶʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʝ ʜʦʩʪʠ-

ʞʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʫʯʝʥʳʝ ʄʘʜʨʠʜʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʝʤʝʥʘ 37 ʚʠʜʦʚ ʩʝʤʝʡʩʪʚʘ 

Brassicaceae, ʧʦʜʩʫʰʝʥʥʳʝ ʧʨʠ ʧʦʤʦʱʠ ʩʠʣʠʢʘʛʝʣʷ ʜʦ 1,5-3 % ʠ ʟʘʧʘʷʥʥʳʝ ʚ ʩʪʝʢʣʷʥʥʳʝ ʘʤʧʫʣʳ, ʩʦʭʨʘʥʷʣʠ ʚʩʭʦ-

ʞʝʩʪʴ ʥʘ ʠʩʭʦʜʥʦʤ ʫʨʦʚʥʝ ʧʦʩʣʝ 40 ʣʝʪʥʝʛʦ ʭʨʘʥʝʥʠʷ ʚ ʣʘʙʦʨʘʪʦʨʠʠ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʚʩʭʦʞʝʩʪʴ ʙʳʣʘ ʚʳʰʝ 

ʠʩʭʦʜʥʦʡ ï ʝʩʣʠ ʫʜʘʚʘʣʦʩʴ ʧʨʝʦʜʦʣʝʪʴ ʪʚʝʨʜʦʩʝʤʷʥʥʦʩʪʴ [10, 12]. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩʪʦʠʪ ʧʦʤʥʠʪʴ, ʯʪʦ ʯʨʝʟʤʝʨʥʦʝ 

ʧʦʜʩʫʰʠʚʘʥʠʝ ʩʝʤʷʥ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʜʝʩʪʨʫʢʪʠʚʥʳʤ ʠʟʤʝʥʝʥʠʷʤ [6, 10-12]. ɼʣʷ ʢʘʞʜʦʡ ʢʫʣʴʪʫʨʳ ʧʨʝʜʝʣ ʧʦʜʩʫ-

ʰʠʚʘʥʠʷ ʩʚʷʟʘʥ ʩ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʩʝʤʷʥ, ʠʭ ʙʠʦʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ. ʅʝ ʤʝʥʴʰʫʶ, ʘ ʚʦʟʤʦʞʥʦ, 

ʜʘʞʝ ʙʦʣʴʰʫʶ ʩʣʦʞʥʦʩʪʴ, ʯʝʤ ʧʦʜʩʫʰʠʚʘʥʠʝ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʫʚʣʘʞʥʝʥʠʝ ʩʝʤʷʥ, ʚʳʚʦʜ ʠʭ ʠʟ ʩʦʩʪʦʷʥʠʷ ʚʪʦʨʠʯʥʦʛʦ 

ʧʦʢʦʷ, ʚ ʢʦʪʦʨʳʡ ʦʥʠ ʤʦʛʫʪ ʚʧʘʩʪʴ ʧʨʠ ʧʦʜʩʫʰʠʚʘʥʠʠ [2, 11]. 

                                                           
É ʌʠʣʠʧʝʥʢʦ ɻ.ʀ., ɿʘʙʝʛʘʝʚʘ ʆ.ʅ., ɹʘʨʘʥʦʚʘ ɽ.ɸ. / Filipenko G.I., Zabegaeva O.N., Baranova E.A., 2015 
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ɺ ɺʀʈʝ ʥʘʯʘʪʳ ʨʘʙʦʪʳ ʧʦ ʠʟʫʯʝʥʠʶ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʣʴʪʨʘʩʫʭʠʝ ʩʝʤʝʥʘ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʛʝ-

ʥʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ. ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʠʟʫʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʩʫʰʠʚʘʥʠʷ ʩʝʤʷʥ ʟʝʨʥʦʚʳʭ 

ʢʫʣʴʪʫʨ ʜʦ ʫʣʴʪʨʘʥʠʟʢʠʭ ʟʥʘʯʝʥʠʡ ʚʣʘʞʥʦʩʪʠ ʙʝʟ ʩʥʠʞʝʥʠʷ ʠʭ ʚʩʭʦʞʝʩʪʠ. 

ʆʙʲʝʢʪʦʤ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʠʩʴ ʦʙʨʘʟʮʳ ʩʝʤʷʥ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ: ʦʚʩʘ, ʨʞʠ, ʷʯʤʝʥʷ, ʧʦʣʫʯʝʥʥʳʝ 

ʠʟ ʦʪʜʝʣʘ ʛʝʥʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʦʚʩʘ, ʨʞʠ, ʷʯʤʝʥʷ ɺʀʈ. ʇʦʜʩʫʰʠʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʟʘʢʨʳʪʳʭ ʝʤʢʦʩʪʷʭ ʧʨʠ 

ʧʦʤʦʱʠ ʠʥʜʠʢʘʪʦʨʥʦʛʦ ʩʠʣʠʢʘʛʝʣʷ, ʢʦʪʦʨʳʡ ʧʨʠ ʫʚʣʘʞʥʝʥʠʠ ʤʝʥʷʝʪ ʮʚʝʪ ʩ ʷʨʢʦ-ʩʠʥʝʛʦ ʥʘ ʨʦʟʦʚʳʡ. ʕʪʦ ʩʠʛʥʘʣʠ-

ʟʠʨʫʝʪ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʝʛʦ ʟʘʤʝʥʳ. ɺʣʘʞʥʦʩʪʴ ʠ ʚʩʭʦʞʝʩʪʴ ʩʝʤʷʥ ʦʧʨʝʜʝʣʷʣʠ ʩʪʘʥʜʘʨʪʥʳʤʠ ʤʝʪʦʜʘʤʠ [3, 4]. ɺʩʝ 

ʦʧʝʨʘʮʠʠ ʧʦ ʫʧʘʢʦʚʢʝ ʩʝʤʷʥ ʧʨʦʚʦʜʠʣʠ ʚ ʩʫʰʠʣʴʥʦʡ ʢʘʤʝʨʝ. ɿʘʪʝʤ ʫʧʘʢʦʚʘʥʥʳʝ ʩʝʤʝʥʘ ʦʩʪʘʚʣʷʣʠ ʚ ʧʦʤʝʱʝʥʠʠ 

ʣʘʙʦʨʘʪʦʨʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʦʣʦ 18 Áʉ. ʆʧʳʪ ʧʨʦʚʦʜʠʣʠ ʚ ʜʚʫʢʨʘʪʥʦʡ ʧʦʚʪʦʨʥʦʩʪʠ. ɿʘʜʘʯʝʡ ʧʝʨʚʦʛʦ ʦʧʳʪʘ ʙʳʣʦ 

ʧʦʜʦʙʨʘʪʴ ʪʘʢʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʩʠʣʠʢʘʛʝʣʴ : ʩʝʤʝʥʘ, ʢʦʪʦʨʦʝ ʦʙʝʩʧʝʯʠʣʦ ʙʳ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦʝ ʧʦʜʩʳʭʘʥʠʝ ʦʙʨʘʟ-

ʮʦʚ ʜʦ ʫʣʴʪʨʘʥʠʟʢʦʡ ʚʣʘʞʥʦʩʪʠ. ʉʥʘʯʘʣʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʚʘ ʚʘʨʠʘʥʪʘ ʩʦʦʪʥʦʰʝʥʠʷ ʩʝʤʝʥʘ : ʩʠʣʠʢʘʛʝʣʴ ï 1:3 ʠ 1:5, 

ʥʦ ʦʥʠ ʦʢʘʟʘʣʠʩʴ ʥʝʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʳʤʠ. ʇʦʩʣʝ ʜʚʫʭ ʤʝʩʷʮʝʚ ʧʦʜʩʫʰʠʚʘʥʠʷ ʚʣʘʞʥʦʩʪʴ ʩʝʤʷʥ ʟʝʨʥʦʚʳʭ ʢʫʣʴ-

ʪʫʨ ʦʩʪʘʚʘʣʘʩʴ ʚʳʰʝ 6 %. ʀʥʜʠʢʘʪʦʨʥʳʡ ʩʠʣʠʢʘʛʝʣʴ ʧʨʠ ʵʪʦʤ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʠʣ ʮʚʝʪʘ, ʪ.ʝ. ʥʝ ʫʚʣʘʞʥʠʣʩʷ, 

ʥʦ ʧʨʦʜʦʣʞʘʪʴ ʵʪʦʪ ʦʧʳʪ ʙʳʣʦ ʙʝʩʩʤʳʩʣʝʥʥʦ, ʥʘʜʦ ʙʳʣʦ ʠʩʢʘʪʴ ʚʘʨʠʘʥʪʳ ʙʦʣʝʝ ʙʳʩʪʨʦʛʦ ʧʦʜʩʫʰʠʚʘʥʠʷ. ʈʝʰʝʥʦ 

ʙʳʣʦ ʠʩʧʳʪʘʪʴ ʩʦʦʪʥʦʰʝʥʠʝ ʩʝʤʝʥʘ : ʩʠʣʠʢʘʛʝʣʴ = 1:10. ɺ ʵʪʦʤ ʦʧʳʪʝ ʵʪʦʤ ʚʣʘʞʥʦʩʪʴ ʩʝʤʷʥ ʦʚʩʘ ʟʘ 20 ʜʥʝʡ ʫʧʘʣʘ 

ʜʦ 5,4 %, ʦʟʠʤʦʡ ʨʞʠ ʜʦ 6,1 %, ʘ ʷʯʤʝʥʷ ï ʜʦ 7,0 % (ʪʘʙʣʠʮʘ 1).  
 

ʊʘʙʣʠʮʘ 1 

ʇʦʜʩʫʰʠʚʘʥʠʝ ʩʝʤʷʥ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ ʩʝʤʝʥʘ : ʩʠʣʠʢʘʛʝʣʴ 
ʉʦʦʪʥʦʰʝʥʠʝ ʩʝʤʝʥʘ: 

ʩʠʣʠʢʘʛʝʣʴ 

ɺʣʘʞʥʦʩʪʴ ʩʝʤʷʥ ʧʦʩʣʝ ʩʫʰʢʠ,% 

0 ʜʥʝʡ 20 ʜʥʝʡ 60 ʜʥʝʡ 

ʆʚʝʩ (ʢ-11840) 

ɹʝʟ ʩʠʣʠʢʘʛʝʣʷ 10,2 Ñ 0,2 - - 

1:3 10,2 Ñ 0,2 - 6,7 Ñ 0,2 

1:5 10,2 Ñ 0,2 - 6,4 Ñ 0,3 

1:10 10,2 Ñ 0,2 5,4 Ñ 0,1 - 

ʆʟʠʤʘʷ ʨʦʞʴ (ʢ-11000) 

ɹʝʟ ʩʠʣʠʢʘʛʝʣʷ 11,7 Ñ 0,1 - - 

1:3 11,7 Ñ 0,1 - 6,9 Ñ 0,2 

1:5 11,7 Ñ 0,1 - 6,9 Ñ 0,2 

1:10 11,7 Ñ 0,1 6,1 Ñ 0,2 - 

ʗʯʤʝʥʴ (ʢ-19417) 

ɹʝʟ ʩʠʣʠʢʘʛʝʣʷ 10,8 Ñ 0,2 - - 

1:3 10,8 Ñ 0,2 - 6,9 Ñ 0,2 

1:5 10,8 Ñ 0,2 - 6,9 Ñ 0,2 

1:10 10,8 Ñ 0,2 7,0 Ñ 0,1 - 
 

ʂ ʩʦʞʘʣʝʥʠʶ, ʚ ʧʝʨʚʦʤ ʦʧʳʪʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʝʤʝʥʘ ʩ ʥʝʚʳʩʦʢʦʡ ʚʩʭʦʞʝʩʪʴʶ. ɸ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ 

ʩʝʤʝʥʘ : ʩʠʣʠʢʘʛʝʣʴ = 1:10 ʢʦʥʪʨʦʣʴ ʚʩʭʦʞʝʩʪʠ ʚʦʦʙʱʝ ʥʝ ʧʨʦʚʦʜʠʣʩʷ ʠʟ-ʟʘ ʥʝʜʦʩʪʘʪʢʘ ʩʝʤʷʥ. ʇʦʵʪʦʤʫ ʚʦ ʚʪʦʨʦʤ 

ʦʧʳʪʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʧʦʜʩʫʰʠʚʘʥʠʝ ʩʝʤʷʥ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʩʝʤʝʥʘ : ʩʠʣʠʢʘʛʝʣʴ = 1:10 ʩ ʢʦʥ-

ʪʨʦʣʝʤ ʚʩʭʦʞʝʩʪʠ ʚ ʧʨʦʮʝʩʩʝ ʧʦʜʩʫʰʠʚʘʥʠʷ. ʉʝʤʝʥʘ ʙʳʣʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʜʩʫʰʝʥʳ ʚ ʩʫʰʠʣʢʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

20 Áʉ ʠ 12 %-ʡ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ. ʇʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʵʪʦ ʧʦʟʚʦʣʠʪ ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʫʣʴʪʨʘʩʫʭʠʭ 

ʩʝʤʷʥ. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʧʨʠ ʧʦʣʫʛʦʜʦʚʦʡ ʵʢʩʧʦʟʠʮʠʠ ʩ ʩʠʣʠʢʘʛʝʣʝʤ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʫʜʘʣʦʩʴ ʜʦʩʪʠʛʥʫʪʴ ʙʦʣʝʝ ʥʠʟʢʠʭ 

ʟʥʘʯʝʥʠʡ ʚʣʘʞʥʦʩʪʠ ʩʝʤʷʥ ʦʚʩʘ, ʦʟʠʤʦʡ ʨʞʠ ʠ ʷʯʤʝʥʷ, ʯʝʤ ʚ ʧʝʨʚʦʤ ʦʧʳʪʝ ʧʨʠ ʜʚʘʜʮʘʪʠʜʥʝʚʥʦʡ. ɺʣʘʞʥʦʩʪʴ ʩʝʤʷʥ 

ʦʚʩʘ ʩʦʩʪʘʚʣʷʣʘ ʚ ʢʦʥʮʝ ʦʧʳʪʘ 5,7 %, ʦʟʠʤʦʡ ʨʞʠ ï 7,2 %, ʷʯʤʝʥʷ ï 6,9 % (ʨʠʩʫʥʦʢ 1).  
 

 
 

ʈʠʩ. 1. ɼʠʥʘʤʠʢʘ ʚʳʩʫʰʠʚʘʥʠʷ ʩʝʤʷʥ ʩ ʧʦʤʦʱʴʶ ʩʠʣʠʢʘʛʝʣʷ (1:10) ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʧʦʜʩʫʰʠʚʘʥʠʝʤ 

ʜʦ ʨʘʚʥʦʚʝʩʥʦʡ ʚʣʘʞʥʦʩʪʠ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ 12 % ʠ ʪʝʤʧʝʨʘʪʫʨʝ 20 ÁC 
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ɺ ʭʦʜʝ ʚʪʦʨʦʛʦ ʦʧʳʪʘ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʝʩʣʠ ʦʧʨʝʜʝʣʷʪʴ ʚʩʭʦʞʝʩʪʴ ʩʝʤʷʥ ʧʦʩʣʝ ʧʦʜʩʫʰʠʚʘʥʠʷ ʙʝʟ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʠʭ ʫʚʣʘʞʥʝʥʠʷ, ʪʦ ʦʥʘ ʦʢʘʟʳʚʘʝʪʩʷ ʧʦʥʠʞʝʥʥʦʡ. ʊʘʢ ʫ ʩʝʤʷʥ ʦʚʩʘ ʧʦʩʣʝ ʜʚʫʭ ʤʝʩʷʮʝʚ ʧʦʜʩʫ-

ʰʠʚʘʥʠʷ ʦʥʘ ʙʳʣʘ ʨʘʚʥʘ 46 %, ʘ ʫ ʷʯʤʝʥʷ ï 30 % (ʨʠʩʫʥʦʢ 2). ʆʜʥʘʢʦ ʧʨʠ ʧʦʩʣʝʜʫʶʱʠʭ ʦʧʨʝʜʝʣʝʥʠʷʭ ʚʩʭʦʞʝʩʪʠ 

ʧʦʜʩʫʰʝʥʥʳʝ ʩʝʤʝʥʘ ʵʪʠʭ ʢʫʣʴʪʫʨ ʦʜʥʠ ʩʫʪʢʠ ʚʳʜʝʨʞʠʚʘʣʠ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ, ʠ ʦʙʨʘʟʮʳ ʧʨʦʜʝʤʦʥʩʪʨʠ-

ʨʦʚʘʣʠ ʚʩʭʦʞʝʩʪʴ, ʙʣʠʟʢʫʶ ʢ ʥʘʯʘʣʴʥʦʡ, ʢʘʢʦʡ ʦʥʘ ʙʳʣʘ ʜʦ ʧʦʜʩʫʰʠʚʘʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʜʝʨʞʠʚʘʥʠʝ ʩʝʤʷʥ 

ʦʜʥʠ ʩʫʪʢʠ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ (ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ 18 Áʉ, ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ 60 %) ï ʧʨʦ-

ʩʪʦʡ ʩʧʦʩʦʙ ʩʥʷʪʠʷ ʠʭ ʚʪʦʨʠʯʥʦʛʦ ʧʦʢʦʷ, ʚʳʟʚʘʥʥʦʛʦ ʧʦʜʩʫʰʠʚʘʥʠʝʤ. 
 

 
 

ʈʠʩ. 2. ɺʣʠʷʥʠʝ ʚʳʩʫʰʠʚʘʥʠʷ ʩʝʤʷʥ ʩ ʧʦʤʦʱʴʶ ʩʠʣʠʢʘʛʝʣʷ (1:10) ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʧʦʜʩʫʰʠʚʘʥʠʝʤ 

ʜʦ ʨʘʚʥʦʚʝʩʥʦʡ ʚʣʘʞʥʦʩʪʠ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ 12 % ʠ ʪʝʤʧʝʨʘʪʫʨʝ 20 ÁC ʥʘ ʠʭ ʚʩʭʦʞʝʩʪʴ  
 

ɺʦʟʤʦʞʥʦ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʪʦʨʦʛʦ ʦʧʳʪʘ ʟʥʘʯʝʥʠʷ ʚʣʘʞʥʦʩʪʠ ʩʝʤʷʥ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ ʙʣʠʟʢʠ 

ʢ ʤʠʥʠʤʘʣʴʥʳʤ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʜʦʩʪʠʛʥʫʪʴ ʧʨʠ ʵʪʦʤ ʱʘʜʷʱʝʤ ʤʝʪʦʜʝ ʩʫʰʢʠ. ɺʧʦʣʥʝ ʝʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʩʝʤʝʥʘ 

ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ, ʙʦʛʘʪʳʝ ʢʨʘʭʤʘʣʦʤ ï ʛʠʜʨʦʬʠʣʴʥʳʤ ʚʝʱʝʩʪʚʦʤ, ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʜʩʫʰʝʥʳ ʜʦ ʪʦʡ ʞʝ ʚʣʘʞʥʦ-

ʩʪʠ, ʯʪʦ ʩʝʤʝʥʘ, ʩʦʜʝʨʞʘʱʠʝ ʤʘʩʣʘ, ʥʘʧʨʠʤʝʨ, ʫ ʢʨʝʩʪʦʮʚʝʪʥʳʭ ʚ ʫʧʦʤʠʥʘʚʰʠʭʩʷ ʨʘʥʝʝ ʦʧʳʪʘʭ ʫʯʝʥʳʭ ʄʘʜʨʠʜ-

ʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ [10, 12]. ʅʦ ʯʪʦʙʳ ʩʜʝʣʘʪʴ ʦʙʦʩʥʦʚʘʥʥʳʝ ʚʳʚʦʜʳ ʦ ʪʦʤ, ʥʘʩʢʦʣʴʢʦ ʥʠʟʢʠʭ 

ʟʥʘʯʝʥʠʡ ʚʣʘʞʥʦʩʪʠ ʩʝʤʷʥ ʤʦʞʥʦ ʜʦʩʪʠʛʥʫʪʴ ʫ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ ʙʝʟ ʩʥʠʞʝʥʠʷ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ, ʙʳʣʦ ʨʝʰʝʥʦ 

ʧʦʚʪʦʨʠʪʴ ʦʧʳʪ, ʧʨʠʯʝʤ, ʯʪʦʙʳ ʠʟʙʝʛʥʫʪʴ ʠʟʣʠʰʥʠʭ ʩʣʦʞʥʦʩʪʝʡ ï ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʧʦʜʩʫʰʠʚʘʥʠʷ. ʂʨʦʤʝ 

ʪʦʛʦ, ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠ ʜʨʫʛʠʝ, ʙʦʣʝʝ ʞʝʩʪʢʠʝ ʩʧʦʩʦʙʳ ʧʦʜʩʫʰʠʚʘʥʠʷ. 

ɺ ʪʨʝʪʴʝʤ ʦʧʳʪʝ ʩʝʤʝʥʘ ʦʚʩʘ, ʦʟʠʤʦʡ ʨʞʠ ʠ ʷʯʤʝʥʷ, ʠʤʝʚʰʠʝ ʚʣʘʞʥʦʩʪʴ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 9,5 %, 10,6 % ʠ 

10,5 %, ʙʳʣʠ ʧʦʜʩʫʰʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʣʠʢʘʛʝʣʷ (ʩʦʦʪʥʦʰʝʥʠʝ ʩʝʤʝʥʘ : ʩʠʣʠʢʘʛʝʣʴ = 1 : 10). ʆʧʨʝʜʝʣʝʥʠʷ 

ʚʣʘʞʥʦʩʪʠ ʠ ʚʩʭʦʞʝʩʪʠ ʧʦʜʩʫʰʠʚʘʝʤʳʭ ʩʝʤʷʥ ʧʨʦʚʦʜʠʣʠ ʯʝʨʝʟ 7, 10, 13 ʥʝʜʝʣʴ. ʆʩʥʦʚʥʦʝ ʩʥʠʞʝʥʠʝ ʚʣʘʞʥʦʩʪʠ 

ʧʨʦʭʦʜʠʣʦ ʚ ʧʝʨʚʳʝ 7 ʥʝʜʝʣʴ, ʚ ʜʘʣʴʥʝʡʰʝʤ ʦʥʘ ʤʝʥʷʣʘʩʴ ʦʯʝʥʴ ʤʘʣʦ. ʂʦʥʝʯʥʳʝ ʟʥʘʯʝʥʠʷ ʚʣʘʞʥʦʩʪʠ ʩʝʤʷʥ ʦʚʩʘ, 

ʨʞʠ, ʷʯʤʝʥʷ ʙʳʣʠ ʙʣʠʟʢʠ ʢ ʧʦʣʫʯʝʥʥʳʤ ʚ ʧʨʝʜʳʜʫʱʠʭ ʦʧʳʪʘʭ ʩ ʪʘʢʠʤ ʞʝ ʩʦʦʪʥʦʰʝʥʠʝʤ ʩʠʣʠʢʘʛʝʣʴ : ʩʝʤʝʥʘ = 

1:10 ʠ ʩʦʩʪʘʚʣʷʣʠ ʜʣʷ ʦʚʩʘ 6,3 Ñ 0,1 %, ʨʞʠ ï 6,9 Ñ 0,1 %, ʷʯʤʝʥʷ ï 7,2 % (ʨʠʩʫʥʦʢ 3).  

 

 
 

ʈʠʩ. 3. ɼʠʥʘʤʠʢʘ ʚʳʩʫʰʠʚʘʥʠʷ ʩʝʤʷʥ ʦʚʩʘ, ʨʞʠ ʠ ʷʯʤʝʥʷ ʩ ʧʦʤʦʱʴʶ ʩʠʣʠʢʘʛʝʣʷ (1:10) 

 

ɺʩʭʦʞʝʩʪʴ ʩʝʤʷʥ ʧʨʠ ʧʦʜʩʫʰʠʚʘʥʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʠʣʘʩʴ (ʨʠʩʫʥʦʢ 4). ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʨʝʟʫʣʴʪʘ-

ʪʘʭ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩʝʤʝʥʘ, ʚʳʥʫʪʳʝ ʠʟ ʙʘʥʦʢ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʩʭʦʞʝʩʪʠ, ʩʫʪʢʠ ʚʳʜʝʨʞʠʚʘʣʠ 

ʥʘ ʨʘʙʦʯʝʤ ʩʪʦʣʝ ʜʣʷ ʫʚʣʘʞʥʝʥʠʷ ʠ ʩʥʷʪʠʷ ʚʪʦʨʠʯʥʦʛʦ ʧʦʢʦʷ, ʚʳʟʚʘʥʥʦʛʦ ʧʦʜʩʫʰʠʚʘʥʠʝʤ.  
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ʈʠʩ. 4. ɺʣʠʷʥʠʝ ʚʳʩʫʰʠʚʘʥʠʷ ʩʝʤʷʥ ʦʚʩʘ, ʨʞʠ ʠ ʷʯʤʝʥʷ ʩ ʧʦʤʦʱʴʶ ʩʠʣʠʢʘʛʝʣʷ (1:10) ʥʘ ʠʭ ʚʩʭʦʞʝʩʪʴ 

 

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʚʦʜʠʣʠ ʧʦʜʩʫʰʠʚʘʥʠʝ ʩʝʤʷʥ ʦʚʩʘ, ʦʟʠʤʦʡ ʨʞʠ ʠ ʧʰʝʥʠʮʳ ʚ ʪʝʨʤʦʩʪʘʪʝ ʧʨʠ 40 Áʉ. ʋʞʝ 

ʚ ʧʝʨʚʫʶ ʥʝʜʝʣʶ ʧʨʦʠʩʭʦʜʠʣʦ ʩʥʠʞʝʥʠʝ ʚʣʘʞʥʦʩʪʠ ʥʠʞʝ 5 %, ʚ ʜʘʣʴʥʝʡʰʝʤ ʦʥʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʤʝʥʷʣʘʩʴ (ʨʠ-

ʩʫʥʦʢ 5).  

 

 
 

ʈʠʩ. 5. ɼʠʥʘʤʠʢʘ ʚʳʩʫʰʠʚʘʥʠʷ ʩʝʤʷʥ ʦʚʩʘ, ʦʟʠʤʦʡ ʨʞʠ ʠ ʧʰʝʥʠʮʳ ʚ ʩʫʰʠʣʴʥʦʤ ʰʢʘʬʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 40 Áʉ 
 

ʇʨʠ ʵʪʦʤ ʫ ʦʟʠʤʦʡ ʨʞʠ ʠ ʧʰʝʥʠʮʳ ʥʘʙʣʶʜʘʣʦʩʴ ʥʝʢʦʪʦʨʦʝ ʩʥʠʞʝʥʠʝ ʚʩʭʦʞʝʩʪʠ (ʨʠʩʫʥʦʢ 6). ɸ ʵʪʦ ʟʥʘʯʠʪ, 

ʯʪʦ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʩʫʰʢʫ ʚ ʩʫʰʠʣʴʥʦʤ ʰʢʘʬʫ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʩʝʤʷʥ ʢ ʟʘʢʣʘʜʢʝ ʥʘ ʜʣʠʪʝʣʴʥʦʝ ʭʨʘʥʝʥʠʝ ʥʝʣʴʟʷ. 

 

 
 

ʈʠʩ. 6. ɺʣʠʷʥʠʝ ʚʳʩʫʰʠʚʘʥʠʷ ʩʝʤʷʥ ʦʚʩʘ, 

ʦʟʠʤʦʡ ʨʞʠ ʠ ʧʰʝʥʠʮʳ ʚ ʩʫʰʠʣʴʥʦʤ ʰʢʘʬʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 40 Áʉ ʥʘ ʠʭ ʚʩʭʦʞʝʩʪʴ 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʜʛʦʪʘʚʣʠʚʘʷ ʦʙʨʘʟʮʳ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ ʢ ʟʘʢʣʘʜʢʝ ʥʘ ʭʨʘʥʝʥʠʝ, ʧʦʜʩʫʰʠʚʘʪʴ ʩʝʤʝʥʘ 

ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ, ʥʝ ʠʤʝʷ ʩʧʝʮʠʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʣʫʯʰʝ ʧʨʠ ʧʦʤʦʱʠ ʩʠʣʠʢʘʛʝʣʷ, ʠʩʧʦʣʴʟʫʷ ʩʦʦʪʥʦʰʝʥʠʝ 

ʩʝʤʝʥʘ : ʩʠʣʠʢʘʛʝʣʴ = 1:10. ɿʥʘʯʝʥʠʷ ʚʣʘʞʥʦʩʪʠ ʩʝʤʷʥ, ʢʦʪʦʨʳʝ ʫʜʘʝʪʩʷ ʧʨʠ ʵʪʦʤ ʜʦʩʪʠʯʴ, ʥʝ ʚʩʝʛʜʘ ʤʦʛʫʪ ʙʳʪʴ 

ʦʪʥʝʩʝʥʳ ʢ ʫʣʴʪʨʘʥʠʟʢʠʤ, ʥʦ ʦʥʠ ʚʧʦʣʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ʩʪʘʥʜʘʨʪʦʚ ʜʣʷ ʛʝʥʙʘʥʢʦʚ [9]. ʉʨʦʢ ʧʦʜʩʫ-

ʰʠʚʘʥʠʷ ʥʝ ʧʨʝʚʳʰʘʝʪ 7 ʥʝʜʝʣʴ. ʉʝʤʝʥʘ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ ʩʦʜʝʨʞʘʪ ʛʠʜʨʦʬʠʣʴʥʳʝ ʟʘʧʘʩʥʳʝ ʚʝʱʝʩʪʚʘ ʠ ʧʣʦʭʦ 

ʧʦʜʜʘʶʪʩʷ ʧʦʜʩʫʰʠʚʘʥʠʶ. ɺʝʨʦʷʪʥʦ, ʙʦʣʝʝ ʫʩʧʝʰʥʦ ʧʦʜʩʫʰʠʚʘʥʠʝ ʩʝʤʷʥ ʜʦ ʫʣʴʪʨʘʥʠʟʢʠʭ ʟʥʘʯʝʥʠʡ ʚʣʘʞʥʦʩʪʠ 

ʙʝʟ ʩʥʠʞʝʥʠʷ ʚʩʭʦʞʝʩʪʠ ʠ ʜʘʣʴʥʝʡʰʝʝ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʛʝʥʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʨʘʩʪʝʥʠʡ ʤʦʞʝʪ 

ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥʦ ʜʣʷ ʤʘʩʣʠʯʥʳʭ ʢʫʣʴʪʫʨ. 
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Abstract. The paper studies the possibility of dry seeds of crops to ultra-low moisture content (below 5.7 %) 
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temperatures. A preferred drying was using silica gel ratio seeds: silica = 1:10. This technique is not always possible to 

get ultra-dry seeds, but can be recommended for drying seeds for professionals involved in the preservation of collections 

of seeds of crops that do not have modern drying room, the recommended standards for genebanks. 
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ʕʌʌɽʂʊʀɺʅʆʉʊʔ ʍʀʄʀʏɽʉʂʆʁ ɼʆɹɸɺʂʀ 

ʅɸ ʆʉʅʆɺɽ ʆʊʍʆɼʆɺ ʄɸʉʃʆɾʀʈʆɺʆɻʆ ʇʈʆʀɿɺʆɼʉʊɺɸ 
 

 ɸ.ɹ. ɹʘʡʙʫʣʝʢʦʚ1, ʈ.ɸ. ʈʠʩʪʘʚʣʝʪʦʚ2, ʕ.ʅ. ʂʘʣʰʘʙʝʢʦʚʘ3, ɸ.ʋ. ɸʢʳʣʙʝʢʦʚʘ4, ʈ.ɹ. ʂʫʜʘʙʘʝʚ5 
1 ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, 2, 3 ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʖʞʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ. ɸʫʵʟʦʚʘ (ʐʳʤʢʝʥʪ), ʂʘʟʘʭʩʪʘʥ  
 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʧʦʣʫʯʝʥʠʷ ʧʣʘʩʪʠʬʠʮʠʨʫʶʱʠʭ ʜʦʙʘʚʦʢ ʜʣʷ ʙʝʪʦ-

ʥʦʚ ʥʘ ʦʩʥʦʚʝ ʦʪʭʦʜʦʚ ʤʘʩʣʦʞʠʨʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʧʦʣʫʯʝʥʥʦʡ 

ʜʦʙʘʚʢʠ ʥʘ ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʮʝʤʝʥʪʥʦʛʦ ʪʝʩʪʘ, ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ ʠ ʙʝʪʦʥʘ. ʆʙʦʩʥʦʚʘʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʣʫ-

ʯʝʥʠʷ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʭʠʤʠʯʝʩʢʦʡ ʜʦʙʘʚʢʠ ʥʘ ʦʩʥʦʚʝ ʦʪʭʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʣʘʩʪʠʬʠʮʠʨʫʶʱʘʷ ʜʦʙʘʚʢʘ, ʦʪʭʦʜʳ ʤʘʩʣʦʞʠʨʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 
 

ɺ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʙʝʪʦʥʥʳʭ ʠ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʠʟʜʝʣʠʡ 

ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʜʦʙʘʚʢʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʩʪʨʦʠʪʝʣʴʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʙʝʪʦʥʥʳʭ ʩʤʝʩʝʡ ʠ ʙʝʪʦʥʦʚ [4]. ʆʜʥʠʤ ʠʟ ʧʫʪʝʡ ʧʦʚʳʰʝʥʠʷ ʵʪʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʚʣʷʝʪʩʷ 

ʧʨʠʤʝʥʝʥʠʝ ʵʬʬʝʢʪʠʚʥʳʭ ʧʣʘʩʪʠʬʠʮʠʨʫʶʱʠʭ ʜʦʙʘʚʦʢ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʪʨʦʠʪʝʣʴʥʦʡ ʠʥʜʫʩʪʨʠʝʡ ʂʘʟʘʭ-

ʩʪʘʥʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʭʠʤʠʯʝʩʢʠʝ ʜʦʙʘʚʢʠ, ʧʨʦʠʟʚʝʜʝʥʥʳʝ ʟʘ ʨʫʙʝʞʦʤ, ʥʦ ʦʥʠ, ʧʦʤʠʤʦ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ, ʧʨʠ 

ʜʣʠʪʝʣʴʥʦʤ ʭʨʘʥʝʥʠʠ ʪʝʨʷʶʪ ʩʚʦʠ ʢʘʯʝʩʪʚʘ. ʅʘʤʠ ʨʘʟʨʘʙʦʪʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʧʣʘʩʪʠʬʠʮʠʨʫʶʱʠʭ ʜʦʙʘ-

ʚʦʢ ʥʘ ʦʩʥʦʚʝ ʦʪʭʦʜʦʚ ʤʘʩʣʦʞʠʨʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ [1, 2].  

ɼʣʷ ʠʟʫʯʝʥʠʷ ʩʪʝʧʝʥʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʭ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʜʦ-

ʙʘʚʢʠ ʥʘ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʝʤʝʥʪʥʦʛʦ ʪʝʩʪʘ ʠ ʨʘʩʪʚʦʨʘ, ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ ʠ ʙʝʪʦʥʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʥʦʚʴ ʧʦʣʫʯʝʥʥʳʭ ʜʦʙʘʚʦʢ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʦʩʥʦʚʝ ɻʆʉʊ 24211-91, ʢʦʪʦ-

ʨʳʡ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʘ ʜʦʙʘʚʢʠ ʥʘ ʦʩʥʦʚʝ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʜʣʷ ʪʷʞʝʣʳʭ ʠ ʣʝʛʢʠʭ ʙʝ-

ʪʦʥʦʚ, ʚʷʞʫʱʠʤ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʮʝʤʝʥʪʳ ʥʘ ʦʩʥʦʚʝ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʣʠʥʢʝʨʘ, ʠ 

ɻʆʉʊ 30459-96-2008, ʚ ʢʦʪʦʨʦʤ ʧʨʠʚʦʜʷʪʩʷ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʦʙʘʚʦʢ.  

ʆʩʥʦʚʥʦʡ ʵʬʬʝʢʪ ʜʝʡʩʪʚʠʷ ʜʦʙʘʚʢʠ ʦʧʨʝʜʝʣʷʣʩʷ ʧʨʠ ʝʝ ʦʧʪʠʤʘʣʴʥʦʡ ʜʦʟʠʨʦʚʢʝ ʧʫʪʝʤ ʩʦʧʦʩʪʘʚʣʝʥʠʷ 

ʩʚʦʡʩʪʚ ʮʝʤʝʥʪʥʦʛʦ ʪʝʩʪʘ, ʨʘʩʪʚʦʨʘ, ʙʝʪʦʥʥʦʡ ʩʤʝʩʝʡ ʠ ʦʙʨʘʟʮʦʚ ʟʘʪʚʝʨʜʝʚʰʝʛʦ ʢʘʤʥʷ ʥʘ ʠʭ ʦʩʥʦʚʝ.  

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʜʦʙʘʚʦʢ ʦʧʨʝʜʝʣʷʶʪ ʩʨʘʚʥʝʥʠʝʤ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʮʝʤʝʥʪʥʳʭ, ʨʘʩʪʚʦʨʥʳʭ, ʙʝʪʦʥ-

ʥʳʭ ʩʤʝʩʝʡ ʢʦʥʪʨʦʣʴʥʦʛʦ ʠ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʦʚ. ʂʘʤʝʥʴ ʢʦʥʪʨʦʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ï ʢʘʤʝʥʴ ʙʝʟ ʜʦʙʘʚʦʢ. 

ʂʘʤʝʥʴ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ ï ʢʘʤʝʥʴ ʢʦʥʪʨʦʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʩ ʦʧʪʠʤʘʣʴʥʦʡ ʜʦʟʠʨʦʚʢʦʡ ʜʦʙʘʚʢʠ. 

ʆʧʪʠʤʘʣʴʥʘʷ ʜʦʟʠʨʦʚʢʘ ʜʦʙʘʚʢʠ ï ʤʠʥʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʦʙʘʚʢʠ, ʧʨʠ ʚʚʝʜʝʥʠʠ ʢʦʪʦʨʦʡ ʚ ʩʦʩʪʘʚ 

ʪʚʝʨʜʝʶʱʠʭ ʩʤʝʩʝʡ ʜʦʩʪʠʛʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʡ ʵʬʬʝʢʪ ʜʝʡʩʪʚʠʷ ʧʦ ʢʨʠʪʝʨʠʷʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ɼʦʙʘʚʢʠ ʚʚʦʜʠʣʠʩʴ ʩ ʚʦʜʦʡ ʟʘʪʚʦʨʝʥʠʷ. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʞʠʜʢʠʝ ʜʦʙʘʚʢʠ ʙʳʣʠ 

ʧʝʨʝʤʝʰʘʥʳ. ɺʦʜʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ ʪʨʝʙʦʚʘʥʠʷʤ ɻʆʉʊ 23732-79.  

ɿʘʤʝʩʳ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʩʫʭʠʭ ʟʘʧʦʣʥʠʪʝʣʷʭ. 

ʉʳʧʫʯʠʝ ʤʘʪʝʨʠʘʣʳ ʜʦʟʠʨʦʚʘʣʠ ʧʦ ʤʘʩʩʝ. ɺʦʜʫ ʠ ʨʘʩʪʚʦʨʳ ʜʦʙʘʚʦʢ ʜʦʟʠʨʦʚʘʣʠ ʧʦ ʦʙʲʝʤʫ. ʇʨʦʙʳ ʙʝ-

ʪʦʥʥʦʡ ʩʤʝʩʠ ʦʪʙʠʨʘʣʠ ʧʦ ɻʆʉʊ 10181.0, ʦʙʨʘʟʮʳ ʙʝʪʦʥʘ, ʮʝʤʝʥʪʥʦʛʦ ʠ ʨʘʩʪʚʦʨʥʦʛʦ ʢʘʤʥʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ 

ʠʩʧʳʪʘʥʠʡ ʠʟʛʦʪʘʚʣʠʚʘʣʠ ʠ ʭʨʘʥʠʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʩʪʘʥʜʘʨʪʘ ʥʘ ʢʦʥʢʨʝʪʥʳʡ ʚʠʜ ʠʩʧʳʪʘʥʠʷ. 

ʂʦʣʠʯʝʩʪʚʦ ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʭ ʦʙʨʘʟʮʦʚ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʩʪʘʥʜʘʨʪʫ ʥʘ ʢʦʥʢʨʝʪʥʳʡ ʤʝʪʦʜ ʠʩʧʳʪʘʥʠʷ. 

ʆʙʨʘʟʮʳ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ, ʨʘʩʪʚʦʨʘ ʠ ʙʝʪʦʥʘ ʢʦʥʪʨʦʣʴʥʦʛʦ ʠ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʦʚ ʪʚʝʨʜʝʣʠ ʚ ʥʦʨʤʘʣʴ-

ʥʳʭ ʫʩʣʦʚʠʷʭ (t = 20-22 Üʉ, W = 60 %). 

ʇʦʜʚʠʞʥʦʩʪʴ ʙʝʪʦʥʥʳʭ ʩʤʝʩʝʡ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ɻʆʉʊ 10181.1. 

ʆʙʨʘʟʮʳ ʠʩʧʳʪʳʚʘʣʠ ʥʘ ʩʞʘʪʠʝ ʧʦ ɻʆʉʊ 10180. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ ʤʘʨʢʠ 400 ʐʳʤʢʝʥʪʩʢʦʛʦ ʟʘʚʦʜʘ çʉʪʘʥ-

ʜʘʨʪʮʝʤʝʥʪè. 

ʉʚʦʡʩʪʚʘ ʠ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 1 ʠ 2. 
 

ʊʘʙʣʠʮʘ 1 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʚʷʞʫʱʝʛʦ 
ʅʘʟʚʘʥʠʝ ʤʘʪʝʨʠʘʣʘ ʇ.ʧ.ʧ. SiO2 Al 2O3 Fe2O3 CaO MgO SO3 K2O Na2O Ɇ 

ʇʦʨʪʣʘʥʜʮʝʤʝʥʪ 2,45 22,3 4,65 5,21 61,24 1,61 1,8 0,20 0,35 100 

                                                           
É ɹʘʡʙʫʣʝʢʦʚ ɸ.ɹ., ʈʠʩʪʘʚʣʝʪʦʚ ʈ.ɸ., ʂʘʣʰʘʙʝʢʦʚʘ ʕ.ʅ., ɸʢʳʣʙʝʢʦʚʘ ɸ.ʋ., ʂʫʜʘʙʘʝʚ ʈ.ɹ. / Baibulekov A.B., Ristavletov R.A., 

Kalshabekova E.N., Akylbekova A.U., Kudabaev R.B., 2015 

http://files.stroyinf.ru/Data1/3/3595/index.htm
http://files.stroyinf.ru/Data1/3/3572/index.htm
http://files.stroyinf.ru/Data1/3/3573/index.htm
http://files.stroyinf.ru/Data1/3/3571/index.htm
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ʊʘʙʣʠʮʘ 2 

ʉʚʦʡʩʪʚʘ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘ 
ʄʘʪʝʨʠʘʣ ʋʜʝʣʴʥʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ 

ʅʘʯʘʣʦ ʩʨʦʢʘ 

ʩʭʚʘʪʳʚʘʥʠʷ 

ʂʦʥʝʮ ʩʨʦʢʘ 

ʩʭʚʘʪʳʚʘʥʠʷ 

ʅʦʨʤʘʣʴʥʘʷ 

ʛʫʩʪʦʪʘ 

ɸʢʪʠʚʥʦʩʪʴ 28 ʩʫʪ 

ʇʦʨʪʣʘʥʜʮʝʤʝʥʪ 3000-3500 ʩʤ2/ʛ 2 ʯ 20 ʤʠʥ 5ʯ 30 ʤʠʥ 33 % 401 ʢʛʩ/ʩʤ2 

 

ɺ ʢʘʯʝʩʪʚʝ ʤʝʣʢʦʛʦ ʠ ʢʨʫʧʥʦʛʦ ʟʘʧʦʣʥʠʪʝʣʷ ʨʘʩʪʚʦʨʘ ʠ ʙʝʪʦʥʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʝʩʦʢ ʠ ʱʝʙʝʥʴ ʤʝʩʪʥʳʭ 

ʢʘʨʴʝʨʦʚ, ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 3, 4, 5 ʠ 6. 

 

ʊʘʙʣʠʮʘ 3 

ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʝʩʪʥʦʛʦ ʧʝʩʢʘ 

 

ʊʘʙʣʠʮʘ 4 

ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʤʝʩʪʥʦʛʦ ʧʝʩʢʘ 
ʆʩʪʘʪʦʢ ʥʘ ʩʠʪʝ ʆʩʪʘʪʢʠ ʥʘ ʩʠʪʝ, % ʄʦʜʫʣʴ ʢʨʫʧ-

ʥʦʩʪʠ 2,5 1,25 0,63 0,315 0,14 ʇ.ʜ. 

ʏʘʩʪʥʳʡ 11,1 16,6 22,1 23,4 15,6 11,2 2,5 

ʇʦʣʥʳʡ 11,1 27,7 49,8 73,2 88,8 100 

 

ʊʘʙʣʠʮʘ 5 

ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʝʩʪʥʦʛʦ ʱʝʙʥʷ 

 

ʊʘʙʣʠʮʘ 6 

ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʱʝʙʥʷ 

ʆʩʪʘʪʦʢ ʥʘ 

ʩʠʪʝ 

ʆʩʪʘʪʢʠ ʥʘ ʩʠʪʘʭ, % 

40 20 10 5 ʇ.ʜ. 

ʏʘʩʪʥʳʡ - - 46,2 50,6 3,2 

ʇʦʣʥʳʡ - - 46,2 96,8  

 

ɺʦʜʦʧʦʪʨʝʙʥʦʩʪʴ ʮʝʤʝʥʪʘ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʚʝʣʠʯʠʥʦʡ ʥʦʨʤʘʣʴʥʦʡ ʛʫʩʪʦʪʳ, ʩʫʱʝʩʪʚʝʥʥʦ ʦʧʨʝʜʝʣʷʝʪ ʩʢʦ-

ʨʦʩʪʴ ʪʚʝʨʜʝʥʠʷ ʠ ʢʦʥʝʯʥʫʶ ʧʨʦʯʥʦʩʪʴ ʮʝʤʝʥʪʥʳʭ ʠʟʜʝʣʠʡ. ʉʥʠʞʝʥʠʝ ʚʦʜʦʧʦʪʨʝʙʥʦʩʪʠ ʮʝʤʝʥʪʥʦʛʦ ʪʝʩʪʘ ʠ ʮʝ-

ʤʝʥʪʥʳʭ ʨʘʩʪʚʦʨʦʚ ʩ ʜʦʙʘʚʢʘʤʠ ʦʮʝʥʠʚʘʣʦʩʴ ʧʦ ʩʪʝʧʝʥʠ ʫʤʝʥʴʰʝʥʠʷ ʚʝʣʠʯʠʥʳ ʥʦʨʤʘʣʴʥʦʡ ʛʫʩʪʦʪʳ ʠ ʥʦʨʤʘʣʴ-

ʥʦʡ ʢʦʥʩʠʩʪʝʥʮʠʠ ʨʘʩʪʚʦʨʘ. 

ʅʦʨʤʘʣʴʥʫʶ ʛʫʩʪʦʪʫ ʦʧʨʝʜʝʣʷʣʠ ʩʦʛʣʘʩʥʦ ɻʆʉʊ 310.3ï76 ʥʘ ʧʨʠʙʦʨʝ ɺʠʢʘ.  

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʥʦʨʤʘʣʴʥʦʡ ʛʫʩʪʦʪʳ ʮʝʤʝʥʪʥʦʛʦ ʪʝʩʪʘ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʠ ʚʠʜʘʤʠ ʜʦ-

ʙʘʚʦʢ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 7. 
 

ʊʘʙʣʠʮʘ 7 

ɺʣʠʷʥʠʝ ʜʦʙʘʚʦʢ ʥʘ ʥʦʨʤʘʣʴʥʫʶ ʛʫʩʪʦʪʫ ʮʝʤʝʥʪʥʦʛʦ ʪʝʩʪʘ, % 
ɺʠʜ ʜʦʙʘʚʢʠ ʎʝʤʝʥʪ ʎʝʤʝʥʪ ʩ ʜʦʙʘʚʢʦʡ, 

0.2% 

ʎʝʤʝʥʪ ʩ ʜʦʙʘʚʢʦʡ, 

0.4% 

ʎʝʤʝʥʪ ʩ ʜʦʙʘʚʢʦʡ, 0.8% 

ˉ1 ʜʦʙʘʚʢʘ 33 33 32.7 32.9 

ˉ2 ʜʦʙʘʚʢʘ 33 33 32.3 33 

ˉ3 ʜʦʙʘʚʢʘ 33 32.6 31.8 32.5 
 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ ʚʩʝ ʜʦʙʘʚʢʠ ʦʢʘʟʳʚʘʶʪ ʧʣʘʩʪʠʬʠʮʠʨʫʶʱʠʡ ʵʬʬʝʢʪ, ʩʥʠʞʘʷ ʚʦʜʦʧʦʪʨʝʙʥʦʩʪʴ ʮʝ-

ʤʝʥʪʥʦʛʦ ʪʝʩʪʘ. ʉʪʝʧʝʥʴ ʫʤʝʥʴʰʝʥʠʷ ʚʦʜʦʧʦʪʨʝʙʥʦʩʪʠ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʥʦʨʤʘʣʴʥʦʡ ʛʫʩʪʦʪʳ ʮʝʤʝʥʪʥʦʛʦ ʪʝʩʪʘ 

ʨʘʟʣʠʯʥʘ. ʊʘʢ ʥʘʠʙʦʣʴʰʠʡ ʵʬʬʝʢʪ ʜʦʩʪʠʛʥʫʪ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʦʙʘʚʢʠ ˉ3 ʚ ʢʦʣʠʯʝʩʪʚʝ 0,4 % ʦʪ ʤʘʩʩʳ ʮʝ-

ʤʝʥʪʘ.  

ɼʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʦʙʘʚʢʘ ˉ3 ʚ ʢʦʣʠʯʝʩʪʚʝ 0,4; 0,8; ʠ 1,2 % ʦʪ ʤʘʩʩʳ ʮʝ-

ʤʝʥʪʘ. 

ˉ ʉʚʦʡʩʪʚʦ ʇʦʢʘʟʘʪʝʣʴ 

1 ʄʦʜʫʣʴ ʢʨʫʧʥʦʩʪʠ 2,5 

2 ʀʩʪʠʥʥʘʷ ʧʣʦʪʥʦʩʪʴ, ʛ/ʩʤ3 2,6 

3 ʅʘʩʳʧʥʘʷ ʧʣʦʪʥʦʩʪʴ, ʢʛ/ʤ3 1500 

4 ʇʫʩʪʦʪʥʦʩʪʴ, % 42,3 

5 ʉʦʜʝʨʞʘʥʠʝ ʛʣʠʥʠʩʪʳʭ, ʠʣʠʩʪʳʭ ʧʨʠʤʝʩʝʡ, % 2,3 

ʉʚʦʡʩʪʚʦ ʇʦʢʘʟʘʪʝʣʴ 

ʀʩʪʠʥʥʘʷ ʧʣʦʪʥʦʩʪʴ, ʛ/ʩʤ3 2,8 

ʅʘʩʳʧʥʘʷ ʧʣʦʪʥʦʩʪʴ, ʢʛ/ʤ3 1500 

ʇʫʩʪʦʪʥʦʩʪʴ, % 42 

ɼʨʦʙʠʤʦʩʪʴ, % 80 

ʉʦʜʝʨʞʘʥʠʝ ʛʣʠʥʠʩʪʳʭ, ʧʳʣʝʚʠʜʥʳʭ ʧʨʠʤʝʩʝʡ, % 1,2 

ʉʦʜʝʨʞʘʥʠʝ ʧʣʘʩʪʠʥʯʘʪʳʭ, ʠʛʦʣʴʯʘʪʳʭ ʟʝʨʝʥ, % 15 
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ʂʦʥʩʠʩʪʝʥʮʠʷ ʮʝʤʝʥʪʥʦʛʦ ʨʘʩʪʚʦʨʘ ʦʧʨʝʜʝʣʷʣʘʩʴ ʩʦʛʣʘʩʥʦ ɻʆʉʊ 310.4ï81.  

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʩʠʩʪʝʥʮʠʠ ʮʝʤʝʥʪʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩ ʜʦʙʘʚʢʦʡ ʠ ʙʝʟ ʜʦʙʘʚʢʠ (ʪʘʙ-

ʣʠʮʘ 8) ʥʘʠʙʦʣʴʰʠʡ ʧʣʘʩʪʠʬʠʮʠʨʫʶʱʠʡ ʵʬʬʝʢʪ ʜʦʩʪʠʛʥʫʪ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʜʦʙʘʚʢʠ 0,8 % ʦʪ ʤʘʩʩʳ ʮʝʤʝʥʪʘ. 

ʈʘʩʧʣʳʚ ʢʦʥʫʩʘ ʠʟ ʮʝʤʝʥʪʥʦ-ʧʝʩʯʘʥʦʡ ʩʤʝʩʠ ʩʦʩʪʘʚʣʷʝʪ 126 ʤʤ ʧʨʦʪʠʚ 108 ʤʤ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʩʦʢʨʘʪʠʪʴ ʦʙʲʝʤ 

ʚʦʜʳ ʟʘʪʚʦʨʝʥʠʷ ʠ ʧʦʚʳʩʠʪʴ ʧʨʦʯʥʦʩʪʴ ʨʘʩʪʚʦʨʥʳʭ ʦʙʨʘʟʮʦʚ. 

 

ʊʘʙʣʠʮʘ 8 

ɺʣʠʷʥʠʝ ʜʦʙʘʚʢʠ ʥʘ ʢʦʥʩʠʩʪʝʥʮʠʶ ʮʝʤʝʥʪʥʦʛʦ ʨʘʩʪʚʦʨʘ 
 ɹʝʟ ʜʦʙʘʚʢʠ 0,4 % 0,8 % 1,2 % 

ʈʘʩʧʣʳʚ ʢʦʥʫʩʘ, ʤʤ 108 117 126 119 

 

ʉʨʦʢʠ ʩʭʚʘʪʳʚʘʥʠʷ ʧʦ ɻʆʉʊ 310.3ï76 ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʧʨʠʙʦʨʘ ɺʠʢʘ, ʟʘʤʝʥʷʷ ʧʝʩʪʠʢ ʥʘ ʥʠʞʥʝʡ 

ʧʦʜʚʠʞʥʦʡ ʯʘʩʪʠ ʩʪʝʨʞʥʷ ʩʪʘʣʴʥʦʡ ʠʛʣʦʡ. 

 

ʊʘʙʣʠʮʘ 9 

ɺʣʠʷʥʠʝ ʜʦʙʘʚʢʠ ʥʘ ʩʨʦʢʠ ʩʭʚʘʪʳʚʘʥʠʷ ʮʝʤʝʥʪʥʦʛʦ ʪʝʩʪʘ 
 ɺʠʜ ʜʦʙʘʚʢʠ ʩ ʜʦʙʘʚʢʦʡ 0,2 % ʩ ʜʦʙʘʚʢʦʡ 0,4 % ʩ ʜʦʙʘʚʢʦʡ 0,8 % 

ʅʘʯ. ʩʭʚ. ɹʝʟ ʜʦʙʘʚʢʠ 2ʯ. 20ʤʠʥ. - - 

ʂʦʥʝʮ ʩʭʚ. ɹʝʟ ʜʦʙʘʚʢʠ 5ʯ. 32 ʤʠʥ. - - 

ʅʘʯ. ʩʭʚ. ʉ ʜʦʙʘʚʢʦʡ ˉ1 2ʯ. 19 ʤʠʥ. 2ʯ. 18 ʤʠʥ. 2ʯ. 15 ʤʠʥ. 

ʂʦʥʝʮ ʩʭʚ. ʉ ʜʦʙʘʚʢʦʡ ˉ1 5ʯ. 32 ʤʠʥ. 5ʯ. 27ʤʠʥ. 5ʯ. 25ʤʠʥ. 

ʅʘʯ. ʩʭʚ. ʉ ʜʦʙʘʚʢʦʡ ˉ2 2ʯ. 20 ʤʠʥ. 2ʯ. 18ʤʠʥ. 5ʯ. 25ʤʠʥ. 

ʂʦʥʝʮ ʩʭʚ. ʉ ʜʦʙʘʚʢʦʡ ˉ2 5ʯ. 31 ʤʠʥ. 5ʯ. 28ʤʠʥ. 5ʯ. 25ʤʠʥ. 

ʅʘʯ. ʩʭʚ. ʉ ʜʦʙʘʚʢʦʡ ˉ3 2ʯ. 20 ʤʠʥ. 2ʯ. 17ʤʠʥ. 2ʯ. 14ʤʠʥ. 

ʂʦʥʝʮ ʩʭʚ. ʉ ʜʦʙʘʚʢʦʡ ˉ3 5ʯ. 32 ʤʠʥ. 5ʯ. 30ʤʠʥ. 5ʯ. 23ʤʠʥ. 

 

ʉʨʦʢʠ ʩʭʚʘʪʳʚʘʥʠʷ ʦʧʨʝʜʝʣʷʣʠ ʜʣʷ ʮʝʤʝʥʪʥʦʛʦ ʪʝʩʪʘ ʥʦʨʤʘʣʴʥʦʡ ʛʫʩʪʦʪʳ, ʟʘʪʚʦʨʷʷ ʚʦʜʦʡ ʩ ʨʘʟʣʠʯʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʠ ʚʠʜʦʤ ʜʦʙʘʚʢʠ (ʪʘʙʣʠʮʘ 9). 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ ʪʚʝʨʜʝʥʠʷ ʮʝʤʝʥʪʘ ʜʣʷ ʚʩʝʭ ʚʠʜʦʚ ʠ ʢʦʣʠ-

ʯʝʩʪʚʘ ʜʦʙʘʚʢʠ. 

ʉ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʜʦʙʘʚʢʠ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ ʙʳʣʠ ʟʘʬʦʨʤʦʚʘʥʳ 

ʦʙʨʘʟʮʳ-ʢʫʙʳ ʨʘʟʤʝʨʦʤ 2ʭ2ʭ2 ʩʤ ʥʘ ʪʝʩʪʝ ʥʦʨʤʘʣʴʥʦʡ ʛʫʩʪʦʪʳ ʠʟ ʮʝʤʝʥʪʘ ʙʝʟ ʜʦʙʘʚʢʠ ʠ ʩ ʜʦʙʘʚʢʦʡ ˉ3 ʚ ʢʦʣʠ-

ʯʝʩʪʚʝ 0,8 % ʦʪ ʤʘʩʩʳ ʮʝʤʝʥʪʘ. ʇʦʩʣʝ ʪʚʝʨʜʝʥʠʷ ʚ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʪʝʯʝʥʠʝ 14 ʩʫʪʦʢ ʦʙʨʘʟʮʳ ʙʝʟʜʦʙʘʚʦʯ-

ʥʦʛʦ ʮʝʤʝʥʪʘ ʧʦʢʘʟʘʣʠ ʧʨʦʯʥʦʩʪʴ ʥʘ ʩʞʘʪʠʝ 18,7 ʄʇʘ, ʘ ʩ ʜʦʙʘʚʢʦʡ ï 24,3 ʄʇʘ. ʊʦ ʝʩʪʴ, ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʯʥʦʩʪʠ 

ʩʦʩʪʘʚʠʣʦ 25 %. ʋʚʝʣʠʯʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ ʦʙʲʷʩʥʷʝʪʩʷ ʩʥʠʞʝʥʠʝʤ ʚʦʜʦʧʦʪʨʝʙʥʦʩʪʠ ʮʝʤʝʥʪʘ, ʯʪʦ 

ʧʨʠʚʝʣʦ ʢ ʫʧʣʦʪʥʝʥʠʶ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʜʦʙʘʚʦʢ ʥʘ ʧʨʦʯʥʦʩʪʴ ʮʝʤʝʥʪʥʦ-ʧʝʩʯʘʥʦʛʦ ʨʘʩʪʚʦʨʘ (ʪʘʙʣʠʮʘ 10) ʪʘʢʞʝ ʧʦʢʘʟʘʣʠ 

ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʯʥʦʩʪʴ ʦʙʨʘʟʮʦʚ ʚʩʝʭ ʚʠʜʦʚ ʜʦʙʘʚʦʢ, ʥʦ ʥʘʠʙʦʣʴʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʧʦʢʘ-

ʟʘʣʠ ʦʙʨʘʟʮʳ ʩ ʜʦʙʘʚʢʦʡ ˉ 3 ʩ ʦʧʪʠʤʘʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ 0,8 %.  

ʇʨʦʯʥʦʩʪʴ ʦʙʨʘʟʮʦʚ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʚʝʣʠʯʠʥʝ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʠʟʛʠʙʝ ʠ ʩʞʘʪʠʠ ʦʙʨʘʟʮʦʚ ï ʙʘʣʦʯʝʢ 

ʨʘʟʤʝʨʦʤ 40Ĭ40Ĭ160 ʤʤ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʧʣʘʩʪʠʯʥʦʛʦ ʮʝʤʝʥʪʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩʦʩʪʘʚʘ 1:3 ʧʦ ʤʘʩʩʝ ʩʦʛʣʘʩʥʦ 

ɻʆʉʊ 310.4ï81. 
 

ʊʘʙʣʠʮʘ 10 

ʇʨʦʯʥʦʩʪʴ ʦʙʨʘʟʮʦʚ ʮʝʤʝʥʪʥʦ-ʧʝʩʯʘʥʦʛʦ ʨʘʩʪʚʦʨʘ 
ˉ ʆʙʨʘʟʮʳ 7 ʩʫʪ. 14 ʩʫʪ. 28 ʩʫʪ. 

ʠʟʛʠʙ ʩʞ. ʠʟʛʠʙ ʩʞ. ʠʟʛʠʙ ʩʞ. 

1 ʢʦʥʪʨʦʣʴʥʳʡ ʦʙʨʘʟʝʮ 46,87 315,2 56,25 338,4 56,25 401 

2 ʩʦʜʝʨʞʘʥʠʝ ʜʦʙʘʚʢʠ 0,4 % 47,5 341,6 56,87 350 46,87 411,2 

3 ʩʦʜʝʨʞʘʥʠʝ ʜʦʙʘʚʢʠ 0,8 % 46,87 353,2 66,25 372 59,25 453 

4 ʩʦʜʝʨʞʘʥʠʝ ʜʦʙʘʚʢʠ 1,2 % 45,5 245,2 56,2 297,6 57,8 366,8 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʟʚʦʣʠʣʠ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ:  

1. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʜʦʙʘʚʢʘ ʦʙʣʘʜʘʝʪ ʧʣʘʩʪʠʬʠʮʠʨʫʶʱʠʤ ʵʬʬʝʢʪʦʤ, ʥʘʠʙʦʣʴʰʠʡ ʵʬʬʝʢʪ, ʦʧʨʝʜʝʣʝʥʥʳʡ 
ʧʨʠ ʠʟʫʯʝʥʠʠ ʚʦʜʦʧʦʪʨʝʙʥʦʩʪʠ ʮʝʤʝʥʪʥʦʛʦ ʪʝʩʪʘ ʠ ʨʘʩʪʚʦʨʘ ʜʦʩʪʠʛʥʫʪ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʜʦʙʘʚʢʠ 0,8 % ʦʪ ʤʘʩʩʳ 

ʮʝʤʝʥʪʘ.  

2. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʜʦʙʘʚʢʘ, ʦʙʣʘʜʘʷ ʧʣʘʩʪʠʬʠʮʠʨʫʶʱʠʤ ʵʬʬʝʢʪʦʤ, ʥʝ ʟʘʤʝʜʣʷʝʪ ʩʨʦʢʠ ʩʭʚʘʪʳʚʘʥʠʷ ʮʝ-

ʤʝʥʪʘ. 

3. ʇʦʣʫʯʝʥʥʘʷ ʜʦʙʘʚʢʠ ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ, ʫʚʝʣʠʯʠ-
ʚʘʷ ʧʨʦʯʥʦʩʪʴ ʥʘ 25 %, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʩʥʠʞʝʥʠʝʤ ʚʦʜʦʧʦʪʨʝʙʥʦʩʪʠ ʮʝʤʝʥʪʘ ʠ ʫʧʣʦʪʥʝʥʠʝʤ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ.  

4. ʆʩʦʙʝʥʥʦʩʪʠ ʚʣʠʷʥʠʷ ʜʦʙʘʚʢʠ ʥʘ ʩʨʦʢʠ ʩʭʚʘʪʳʚʘʥʠʷ, ʧʦʜʚʠʞʥʦʩʪʴ ʮʝʤʝʥʪʥʦʛʦ ʪʝʩʪʘ ʠ ʨʘʩʪʚʦʨʘ, 

ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ ʠ ʨʘʩʪʚʦʨʘ, ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ ʜʘʶʪ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʧʨʝʜʧʦʣʘʛʘʪʴ ʤʝʭʘʥʠʟʤ ʜʦʙʘʚʢʠ, ʢʘʢ ʜʦʙʘʚʢʠ, ʦʪʥʦʩʷʱʝʡʩʷ ʢ ʚʦʜʦʨʝʜʫʮʠʨʫʶʱʠʤ 1 ʠ 11 ʛʨʫʧʧ. 
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ʇʦʣʫʯʝʥʥʘʷ ʭʠʤʠʯʝʩʢʘʷ ʜʦʙʘʚʢʘ ʧʦʟʚʦʣʠʪ ʟʘʤʝʥʠʪʴ ʜʦʨʦʛʦʩʪʦʷʱʠʝ ʟʘʨʫʙʝʞʥʳʝ ʘʥʘʣʦʛʠ ʠ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʠʤʝʥʝʥʘ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʩʪʨʦʠʪʝʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʙʝʪʦʥʘ, ʦʩʦʙʝʥʥʦ ʚ ʜʦʨʦʞʥʦʤ 

ʠ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʣʫʯʰʘʷ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦʣʫʯʝʥʥʳʭ ʠʟ-

ʜʝʣʠʡ.  
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Abstract. In this article the issues of getting plasticating additions for concrete on the basis of oil and fat 

production waste are considered. The research data on influence of the addition on basic properties of cement paste, 

concrete mixture and concrete is presented. The necessity of getting Kazakh chemical addition on the basis of production 

waste is proved.  

Keywords: plasticating addition, oil and fat production waste. 
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ʋɼʂ 681.51 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ɸʃɻʆʈʀʊʄʆɺ ʉʀʅʊɽɿɸ 

ɼɽʎɽʅʊʈɸʃʀɿʆɺɸʅʅʓʍ ʉʀʉʊɽʄ ʋʇʈɸɺʃɽʅʀʗ 

ʂʆʃʆʅʅʆʁ ʈɽʂʊʀʌʀʂɸʎʀʀ ʅɽʌʊʀ 
 

 ɸ.ɸ. ʉʪʦʧʘʢʝʚʠʯ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʆʜʝʩʩʢʘʷ ʥʘʮʠʦʥʘʣʴʥʘʷ ʘʢʘʜʝʤʠʷ ʩʚʷʟʠ ʠʤ. ɸ.ʉ. ʇʦʧʦʚʘ, ʋʢʨʘʠʥʘ 

 

ɸʥʥʦʪʘʮʠʷ. ʆʧʠʩʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚ 

ʥʝʬʪʝʛʘʟʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʨʝʢʪʠʬʠʢʘʮʠʦʥʥʳʤʠ ʢʦʣʦʥʥʘʤʠ. ʆʙʲ-

ʝʢʪʦʤ ʫʧʨʘʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʘʷ ʥʝʬʪʷʥʘʷ ʘʪʤʦʩʬʝʨʥʘʷ ʨʝʢʪʠʬʠʢʘʮʠʦʥʥʘʷ ʢʦʣʦʥʥʘ ʂ-2. ʆʩʦ-

ʙʝʥʥʦʩʪʴʶ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʦʣʦʥʥʳ ʷʚʣʷʝʪʩʷ ʦʨʠʝʥʪʘʮʠʷ ʥʘ ʧʨʷʤʳʝ ʧʘʨʘʤʝʪʨʳ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʙʘʣʘʥʩʘ, ʧʦ-

ʩʢʦʣʴʢʫ ʠʭ ʥʝʩʦʙʣʶʜʝʥʠʝ ʠʟʤʝʥʷʝʪ ʩʦʦʪʥʦʰʝʥʠʝ ʨʘʩʭʦʜʦʚ ʚʳʭʦʜʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʵʢʦʥʦʤʠʯʝʩʢʠʤ 

ʧʦʪʝʨʷʤ. ʊʦʛʜʘ ʯʘʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʠʥʞʝʥʝʨʥʳʭ ʤʝʪʦʜʠʢ ʥʘʩʪʨʦʡʢʠ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʷʚʣʷʶʪʩʷ ʥʝʧʨʠ-

ʤʝʥʠʤʦʡ, ʧʦʩʢʦʣʴʢʫ ʨʷʜ ʢʘʥʘʣʦʚ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ ʠʤʝʝʪ ʥʝ ʧʦʜʭʦʜʷʱʝʝ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʦʙʦʙʱʝʥʥʳʤ 

ʚʨʝʤʝʥʝʤ ʟʘʧʘʟʜʳʚʘʥʠʷ ʠ ʦʙʦʙʱʝʥʥʦʡ ʧʦʩʪʦʷʥʥʦʡ ʚʨʝʤʝʥʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʩʪʝʤʘ, ʫʧʨʘʚʣʝʥʠʷ, ʇʀ, ʨʝʛʫʣʷʪʦʨ, ʨʝʢʪʠʬʠʢʘʮʠʦʥʥʘʷ, ʢʦʣʦʥʥʘ, ʨʦʙʘʩʪʥʦʩʪʴ, ʤʦ-

ʜʝʣʴ, ʜʠʥʘʤʠʢʘ. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʳ. ʄʥʦʛʦʢʦʤʧʦʥʝʥʪʥʘʷ ʘʪʤʦʩʬʝʨʥʘʷ ʨʝʢʪʠʬʠʢʘʮʠʦʥʥʘʷ ʢʦʣʦʥʥʘ ʂ-2 (ʈʂ) ʦʪʥʦ-

ʩʠʪʩʷ ʢ ʢʣʘʩʩʫ ʩʣʦʞʥʳʭ ʤʥʦʛʦʤʝʨʥʳʭ ʠ ʤʥʦʛʦʩʚʷʟʥʳʭ ʦʙʲʝʢʪʦʚ ʫʧʨʘʚʣʝʥʠʷ (ʆʋ). ʕʪʦ ʥʘʠʙʦʣʝʝ ʦʪʚʝʪʩʪʚʝʥʥʳʡ 

ʠ ʩʣʦʞʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʦʙʲʝʢʪ ʫʧʨʘʚʣʝʥʠʷ ʚ ʫʩʪʘʥʦʚʢʘʭ ʧʝʨʚʠʯʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʬʪʠ. ʉʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠ-

ʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ (ʉɸʋ) ʈʂ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʠʩʭʦʜʷ ʠʟ ʪʨʝʙʦʚʘʥʠʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʙʘʣʘʥʩʘ, ʧʨʠ 

ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʠ ʧʦʟʚʦʣʷʝʪ 

ʜʦʩʪʠʯʴ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʢʦʪʦʨʳʝ ʦʩʥʦʚʘʥʳ ʥʘ 

ʢʦʩʚʝʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ.  

ʈʂ ʥʘʤʠ ʨʘʩʩʤʦʪʨʝʥʘ ʢʘʢ ʆʋ ʩ 4 ʫʧʨʘʚʣʷʶʱʠʤʠ ʚʦʟʜʝʡʩʪʚʠʷʤʠ (u1 ïʦʪʢʣʦʥʝʥʠʝ ʨʘʩʭʦʜʘ ʬʣʝʛʤʳ, u2 ï 

ʦʪʢʣʦʥʝʥʠʝ ʨʘʩʭʦʜʘ ʢʝʨʦʩʠʥʘ ʚ ʩʪʨʠʧʧʠʥʛ, u3 ï ʦʪʢʣʦʥʝʥʠʝ ʨʘʩʭʦʜʘ ʜʠʟʝʣʷ ʚ ʩʪʨʠʧʧʠʥʛ, u4 ï ʦʪʢʣʦʥʝʥʠʝ ʨʘʩʭʦʜʘ 

ʛʘʟʦʡʣʷ ʚ ʩʪʨʠʧʧʠʥʛ) ʩ ʥʦʤʠʥʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ 50 % ʭʦʜʘ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʠ 4 ʫʧʨʘʚʣʷʝʤʳʤʠ ʧʝʨʝ-

ʤʝʥʥʳʤʠ (y1 ï ʦʪʢʣʦʥʝʥʠʝ ʫʨʦʚʥʷ ʚ ʢʦʥʜʝʥʩʘʪʦʨʝ ʩ ʥʦʤʠʥʘʣʦʤ 14 ʤ3/ʯ, y2 ï ʨʘʩʭʦʜ ʢʝʨʦʩʠʥʘ ʧʦʩʣʝ ʩʪʨʠʧʧʠʥʛʘ ʩ 

ʥʦʤʠʥʘʣʦʤ 79,3 ʤ3/ʯ, y3 ï ʨʘʩʭʦʜ ʜʠʟʝʣʷ ʧʦʩʣʝ ʩʪʨʠʧʧʠʥʛʘ ʩ ʥʦʤʠʥʘʣʦʤ 126,5 ʤ3/ʯ, y4 ï ʨʘʩʭʦʜ ʛʘʟʦʡʣʷ ʧʦʩʣʝ 

ʩʪʨʠʧʧʠʥʛʘ ʩ ʥʦʤʠʥʘʣʦʤ 14 ʤ3/ʯ). ʆʋ ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʤʝʨʥʳʤ ʠ ʤʥʦʛʦʩʚʷʟʥʳʤ ʩʦ ʟʥʘʯʠʪʝʣʴʥʦ ʠʥʝʨʮʠʦʥʥʳʤʠ 

ʧʨʦʮʝʩʩʘʤʠ. ʆʨʠʝʥʪʘʮʠʷ ʥʘ ʧʘʨʘʤʝʪʨʳ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʙʘʣʘʥʩʘ ʚʳʙʨʘʥʘ, ʧʦʩʢʦʣʴʢʫ ʠʤʝʥʥʦ ʦʪ ʪʦʯʥʦʩʪʠ ʠʭ ʧʦʜ-

ʜʝʨʞʘʥʠʷ ʟʘʚʠʩʠʪ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʝʜʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ɼʣʷ ʠʣʣʶʩʪʨʘʮʠʠ ʦʩʦʙʝʥ-

ʥʦʩʪʝʡ ʜʠʥʘʤʠʢʠ ʈʂ ʧʨʠʚʝʜʝʤ ʝʸ ʨʘʟʛʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠ ʚʦʟʤʫʱʝʥʠʠ ʦʪʢʣʦʥʝʥʠʝʤ ʨʘʩʭʦʜʘ ʢʝʨʦʩʠʥʘ ʚ 

ʩʪʨʠʧʧʠʥʛ ʚʝʣʠʯʠʥʦʡ 1 % ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
 

ʈʠʩ. 1. ʈʘʟʛʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʈʂ ʧʨʠ ʚʦʟʤʫʱʝʥʠʠ u2 = 1 % 
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ʈʘʟʛʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʥʘʣʦʚ ʈʂ ʤʦʛʫʪ ʙʳʪʴ ʪʦʯʥʦ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʤʦʜʝʣʝʡ ʚʳʩʦ-

ʢʦʛʦ ʧʦʨʷʜʢʘ. ɺ ʬʦʨʤʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩʦʩʪʦʷʥʠʡ ʧʦʣʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʈʂ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 77 

ʩʦʩʪʦʷʥʠʡ.  

ɸʥʘʣʠʟ ʧʦʩʣʝʜʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʫʙʣʠʢʘʮʠʡ. ʉʠʥʪʝʟ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʈʂ 

ʩʚʦʜʠʪʩʷ ʢ ʥʝʟʘʚʠʩʠʤʦʡ ʥʘʩʪʨʦʡʢʝ ʪʨʘʜʠʮʠʦʥʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ ʇʀɼ-ʩʝʤʝʡʩʪʚʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʠʭ ʦʜʥʦʚʨʝʤʝʥ-

ʥʳʤ ʚʢʣʶʯʝʥʠʝʤ ʥʘ ʢʦʣʦʥʥʫ [6]. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʮʝʣʳʡ ʨʷʜ ʠʟʚʝʩʪʥʳʭ ʤʝʪʦʜʠʢ ʥʘʩʪʨʦʡʢʠ, ʧʨʦʙʣʝʤʘ ʚʳʙʦʨʘ 

ʥʘʠʣʫʯʰʝʡ ʠʟ ʥʠʭ ʜʣʷ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʦʙʲʝʢʪʦʚ ʫʧʨʘʚʣʝʥʠʷ ʥʝ ʤʦʞʝʪ ʩʯʠʪʘʪʴʩʷ ʨʝʰʝʥʥʦʡ. ʉʨʝʜʠ ʤʥʦʞʝʩʪʚʘ ʩʫ-

ʱʝʩʪʚʫʶʱʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʨʝʢʪʠʬʠʢʘʮʠʦʥʥʳʭ ʢʦʣʦʥʥ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʧʨʝʜʩʪʘʚ-

ʣʝʥʘ ʧʝʨʝʜʘʪʦʯʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʩ ʟʘʧʘʟʜʳʚʘʥʠʝʤ, ʧʦʩʢʦʣʴʢʫ ʧʦʣʫʯʠʪʴ ʪʘʢʫʶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʫʶ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʪʝʭʥʠʯʝʩʢʠ ʧʨʦʱʝ. ʇʦʜʙʦʨʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʩʝʤʠ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʤʳʭ ʚ ʟʘʨʫʙʝʞʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʦʜʝʣʝʡ ʨʝʢʪʠʬʠʢʘʮʠʦʥʥʳʭ ʢʦʣʦʥʥ ʧʨʠʚʝʜʝʥʘ ʚ [5]. 

ʇʦʜʦʙʥʳʝ ʤʦʜʝʣʠ ʥʝ ʧʦʣʥʦʩʪʴʶ ʦʪʨʘʞʘʶʪ ʜʠʥʘʤʠʢʫ ʈʂ, ʧʦʵʪʦʤʫ ʨʝʟʫʣʴʪʘʪʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʥʝ ʧʦʟʚʦʣʷʶʪ ʚʦʩʧʨʦʠʟʚʝʩʪʠ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ ʨʝʘʣʴʥʫʶ ʜʠʥʘʤʠʢʫ ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ, ʢʘʢ ʚʠʜʥʦ ʠʟ ʨʘʟʛʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʧʨʠʚʝʜʝʥʥʳʭ ʥʘ 

ʨʠʩʫʥʦʢ 1, ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʢʘʥʘʣʦʚ ʩ ʦʪʥʦʰʝʥʠʝʤ Ű/T > 1 ʠʣʠ Ű/T < 0.1 (ʛʜʝ Ű ï ʦʙʦʙʱʝʥʥʦʝ ʚʨʝʤʷ ʟʘʧʘʟʜʳʚʘʥʠʷ, 

T ï ʦʙʦʙʱʝʥʥʘʷ ʧʦʩʪʦʷʥʥʘʷ ʚʨʝʤʝʥʠ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʠʥʞʝʥʝʨʥʳʭ ʤʝʪʦʜʠʢ 

ʥʘʩʪʨʦʡʢʠ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʥʝʧʨʠʤʝʥʠʤʦʡ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʟʥʘʯʠʪʝʣʴʥʘʷ ʠʥʝʨ-

ʮʠʦʥʥʦʩʪʴ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʢʣʶʯʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʧʦʜʙʦʨʘ ʦʧʪʠʤʘʣʴʥʳʭ 

ʥʘʩʪʨʦʝʢ ʨʝʛʫʣʷʪʦʨʦʚ.  

ʀʩʭʦʜʷ ʠʟ ʩʢʘʟʘʥʥʦʛʦ, ʚ ʤʠʨʦʚʦʡ ʥʝʬʪʷʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʦʣʫʯʠʣʠ ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ: 

1. ʩʠʥʪʝʟ ʚʝʜʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʣʘʩʩʠʯʝʩʢʦʡ ʠʣʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʎʠʛʣʝʨʘïʅʠʢʦʣʴ-

ʩʦʥʘ, ʨʘʙʦʪʘʶʱʝʡ ʚ ʢʦʤʧʣʝʢʪʝ ʩ ʪʠʧʦʚʳʤ ʤʝʪʦʜʦʤ ʯʘʩʪʦʪʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʤʦʜʝʣʠ ʦʙʲʝʢʪʘ, ʨʝʘʣʠʟʫʝʤʦʤ ʚ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʢʦʥʪʨʦʣʣʝʨʘʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʦʪʨʘʩʣʠ [4]; 

2. ʩʠʥʪʝʟ ʚʝʜʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʠʥʞʝʥʝʨʥʦʛʦ ʤʝʪʦʜʘ IMC-PID [1]; 

3. ʩʠʥʪʝʟ ʚʝʜʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʯʘʩʪʦʪʥʦʛʦ ʤʝʪʦʜʘ ʥʘʩʪʨʦʡʢʠ, ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ ʚ ʧʦʩʣʝʜʥʠʭ ʚʝʨʩʠʷʭ ʧʘʢʝʪʘ 

Matlab; ʤʝʪʦʜ ʠʤʝʝʪ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ, ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʨʦʙʘʩʪʥʦʩʪʠ ʠ ʩʢʦʨʦʩʪʠ ʧʝʨʝʭʦʜʥʳʭ 

ʧʨʦʮʝʩʩʦʚ.  

ʇʨʠ ʩʠʥʪʝʟʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʇʀ-ʨʝʛʫʣʷʪʦʨʳ, ʧʦʩʢʦʣʴʢʫ ʢʘʯʝʩʪʚʦ ʨʘʙʦʪʳ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʦʚ ʜʣʷ ʩʠʩʪʝʤ ʩ 

ʙʦʣʴʰʠʤ ʟʘʧʘʟʜʳʚʘʥʠʝʤ ʩʨʘʚʥʠʤʦ ʩ ʢʘʯʝʩʪʚʦʤ ʨʘʙʦʪʳ ʇʀ-ʨʝʛʫʣʷʪʦʨʘ [2], ʘ ʨʝʘʣʠʟʘʮʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʩʦʩʪʘʚ-

ʣʷʶʱʠʭ ʥʘ ʢʦʥʪʨʦʣʣʝʨʘʭ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʥʝʬʪʷʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʦʪʣʠʯʥʘ ʫ ʨʘʟʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ [1]. 

ʎʝʣʴʶ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʈʂ ʥʘ ʦʩʥʦʚʝ ʪʠʧʦʚʳʭ ʨʝʛʫʣʷʪʦʨʦʚ 

ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. 

ʆʩʥʦʚʥʦʡ ʤʘʪʝʨʠʘʣ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʦʚʝʜʝʤ ʜʚʘ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʣʥʦʡ (ʪʦʯʥʦʡ) ʠ 

ʛʨʫʙʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ.  

ʇʦʣʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʈʂ ʚʳʩʦʢʦʛʦ ʧʦʨʷʜʢʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʦʜʝʣʠ ʧʘʢʝʪʘ ʧʨʦʛʨʘʤʤ ʤʘʪʝʤʘʪʠʯʝ-

ʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ Aspen HYSYS [3], ʘ ʛʨʫʙʘʷ ʤʦʜʝʣʴ ʷʚʣʷʝʪʩʷ ʫʧʨʦʱʝʥʥʦʡ ʤʦʜʝ-

ʣʴʶ ʩ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʢʘʥʘʣʦʚ ʫʧʨʘʚʣʝʥʠʷ ʠ ʚʟʘʠʤʦʩʚʷʟʝʡ ʟʚʝʥʴʷʤʠ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʩ ʟʘʧʘʟʜʳʚʘʥʠʝʤ.  

ʇʝʨʚʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʙʫʜʝʪ ʧʨʦʚʦʜʠʪʴʩʷ ʥʘ ʤʦʜʝʣʠ ʚʳʩʦʢʦʛʦ ʧʦʨʷʜʢʘ. ɼʣʷ ʧʨʦʚʝʨʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝ-

ʪʦʜʦʚ ʩʠʥʪʝʟʘ ʨʝʛʫʣʷʪʦʨʦʚ, ʟʘʤʢʥʫʪʘʷ ʉɸʈ ʧʨʦʤʦʜʝʣʠʨʦʚʘʥʘ ʩ ʤʦʜʝʣʴʶ ʚʳʩʦʢʦʛʦ ʧʦʨʷʜʢʘ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʧʦ-

ʜʘʯʝʡ ʩʢʘʯʢʦʦʙʨʘʟʥʳʭ ʚʦʟʤʫʱʝʥʠʡ f1 ï f4 ʧʦ ʚʩʝʤ ʢʘʥʘʣʘʤ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ ʚʝʣʠʯʠʥʦʡ +5 % ʭ.ʠ.ʤ. ɺʨʝʤʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ï 20 ʯʘʩʦʚ. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʟʘʤʢʥʫʪʦʡ ʉɸʈ, ʨʝʘʣʠʟʦʚʘʥʥʘʷ ʚ Matlab Simulink, ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʥʘ ʨʠʩʫʥʢʝ 2. 
 

 
 

ʈʠʩ. 2. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʟʘʤʢʥʫʪʦʡ ʉɸʋ 
 

ʇʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʟʘʤʢʥʫʪʦʡ ʉɸʋ ʩ 6 ʚʘʨʠʘʥʪʘʤʠ ʥʘʩʪʨʦʡʢʠ ʇʀ ʨʝʛʫʣʷʪʦʨʦʚ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3 

(ʤʝʪʦʜ ʎʠʛʣʝʨʘ-ʅʠʢʦʣʴʩʦʥʘ ï zn; ʤʝʪʦʜ IMC-PIDïimc; ʯʘʩʪʦʪʥʳʡ Matlab: ʢʦʤʧʨʦʤʠʩʩʥʳʡ, ʩ ʟʘʧʘʩʦʤ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚ 60 

ʛʨʘʜʫʩʦʚ ʧʦ ʬʘʟʝ ï n; ʙʳʩʪʨʳʡ ʧʝʨʝʭʦʜʥʦʡ ʧʨʦʮʝʩʩ ï f; ʨʦʙʘʩʪʥʘʷ ʩʠʩʪʝʤʘ ï r; ʨʦʙʘʩʪʥʘʷ ʩʠʩʪʝʤʘ ʩ ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʴʶ 

ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ï fr). ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʠʩʪʝʤʝ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 
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ʀʩʭʦʜʷ ʠʟ ʘʥʘʣʠʟʘ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦʙ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʩʪʠ ʧʦʯʪʠ ʚʩʝʭ ʚʘʨʠ-

ʘʥʪʦʚ ʥʘʩʪʨʦʡʢʠ, ʢʨʦʤʝ ʦʜʥʦʛʦ. ʂʘʢ ʚʠʜʥʦ, ʥʘʩʪʨʦʡʢʘ fr ʧʨʠʚʦʜʠʪ ʢ ʨʘʩʭʦʜʷʱʠʤʩʷ ʧʨʦʮʝʩʩʘʤ ʧʦ ʜʚʫʤ ʫʧʨʘʚʣʷʝʤʳʤ 

ʧʝʨʝʤʝʥʥʳʤ. ʆʩʪʘʣʴʥʳʝ ʪʨʠ ʚʘʨʠʘʥʪʘ ʥʘʩʪʨʦʡʢʠ ʯʘʩʪʦʪʥʦʛʦ ʤʝʪʦʜʘ Matlab ʧʦʢʘʟʘʣʠ ʣʫʯʰʠʝ ʧʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ, ʯʪʦ ʧʦʢʘʟʳʚʘʝʪ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ Matlab ʜʣʷ ʫʣʫʯ-

ʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʙʘʟʝ ʇʀ ʨʝʛʫʣʷʪʦʨʦʚ ʧʨʠ ʥʘʣʠʯʠʠ ʪʦʯʥʦʡ ʤʦʜʝʣʠ.  

ɺʪʦʨʦʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʝʜʝʤ ʩ ʮʝʣʴʶ ʚʳʷʩʥʝʥʠʷ ʨʦʙʘʩʪʥʦʩʪʠ ʚʘʨʠʘʥʪʦʚ ʥʘʩʪʨʦʡʢʠ ʯʘʩʪʦʪʥʦʛʦ ʤʝʪʦʜʘ 

Matlab ʢ ʥʝʪʦʯʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʤʦʡ ʤʦʜʝʣʠ. ʇʘʨʘʤʝʪʨʳ ʇʀ ʨʝʛʫʣʷʪʦʨʘ ʙʳʣʠ ʥʘʩʪʨʦʝʥʳ ʧʦ ʛʨʫʙʦʡ ʤʦʜʝʣʠ ʧʝʨʚʦʛʦ 

ʧʦʨʷʜʢʘ ʩ ʟʘʧʘʟʜʳʚʘʥʠʝʤ ʠ ʟʘʪʝʤ ʨʝʛʫʣʷʪʦʨ ʩ ʧʦʣʫʯʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʙʳʣ ʧʨʦʤʦʜʝʣʠʨʦʚʘʥ ʚ ʟʘʤʢʥʫʪʦʡ ʉɸʋ ʩ 

ʤʦʜʝʣʴʶ ʚʳʩʦʢʦʛʦ ʧʦʨʷʜʢʘ. ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʩʪʨʦʡʢʠ ʥʘ ʩʢʦʨʦʩʪʴ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ (f) ʠ ʩʢʦ-

ʨʦʩʪʴ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚʤʝʩʪʝ ʩ ʙʦʣʴʰʝʡ ʨʦʙʘʩʪʥʦʩʪʴʶ (fr) ʧʦʢʘʟʘʣʠ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʝ ʧʝʨʝʭʦʜʥʳʝ ʧʨʦ-

ʮʝʩʩʳ (ʚ ʦʩʥʦʚʥʦʤ ʘʚʪʦʢʦʣʝʙʘʪʝʣʴʥʳʝ ʠʣʠ ʨʘʩʭʦʜʷʱʠʝʩʷ). ʈʝʟʫʣʴʪʘʪʳ ʧʦ ʢʦʤʧʨʦʤʠʩʩʥʦʡ ʠ ʨʦʙʘʩʪʥʦʡ ʥʘʩʪʨʦʡʢʝ ʧʨʠ-

ʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. ɸʥʘʣʠʟʠʨʫʷ ʦʙʘ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʚʠʜʠʤ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʯʘʩʪʦʪʥʦʛʦ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ ʨʝʛʫʣʷʪʦʨʦʚ 

Matlab ʩ ʢʦʤʧʨʦʤʠʩʩʥʦʡ ʥʘʩʪʨʦʡʢʦʡ ʷʚʣʷʝʪʩʷ ʥʘʠʣʫʯʰʠʤ ʚʘʨʠʘʥʪʦʤ ʩʠʥʪʝʟʘ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝ-

ʥʠʷ ʧʨʠ ʥʘʣʠʯʠʠ ʪʦʯʥʦʡ ʤʦʜʝʣʠ. ʇʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ c ʢʦʤʧʨʦʤʠʩʩʥʳʤʠ ʥʘʩʪʨʦʡʢʘʤʠ ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʤʝʪʦʜʘ IMC-PID. ʄʘʢʩʠʤʘʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʫʧʨʘʚʣʷʝʤʳʭ ʧʝʨʝʤʝʥʥʳʭ y1, y2 ʠ y3 ʚ ʧʨʦʮʝʥʪʥʦʤ ʦʪʥʦʰʝʥʠʠ ʦʪ ʥʦʤʠ-

ʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʫ ʫʢʘʟʘʥʥʳʭ ʚʘʨʠʘʥʪʦʚ ʥʘʩʪʨʦʡʢʠ ʙʣʠʟʢʠ, ʦʪʢʣʦʥʝʥʠʝ ʧʦ y4 ï ʥʝʩʢʦʣʴʢʦ ʤʝʥʴʰʝʝ (0,35 % ʧʨʦʪʠʚ 

0,44 %). ɺʨʝʤʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʯʘʩʪʦʪʥʦʛʦ ʤʝʪʦʜʘ ʤʝʥʴʰʝʝ ʜʣʷ y1 ʠ y2 ʠ ʙʦʣʴʰʝʝ ʜʣʷ y3 ʠ y4. ʆʜʥʘʢʦ, 

ʢʦʛʜʘ ʨʘʩʯʝʪ ʧʘʨʘʤʝʪʨʦʚ ʨʝʛʫʣʷʪʦʨʦʚ ʧʨʦʚʦʜʠʪʩʷ ʥʘ ʥʝʪʦʯʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʯʘʩʪʦʪʥʦʛʦ ʤʝ-

ʪʦʜʘ Matlab ʥʝ ʜʘʸʪ ʦʩʦʙʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʥʞʝʥʝʨʥʳʤ ʤʝʪʦʜʦʤ IMC-PID. 
 

ʊʘʙʣʠʮʘ 1 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʉɸʋ 

ʧʦ ʚʦʟʤʫʱʝʥʠʶ ʩ ʨʝʛʫʣʷʪʦʨʘʤʠ, ʥʘʩʪʨʦʝʥʥʳʤʠ ʧʦ ʤʦʜʝʣʠ ʚʳʩʦʢʦʛʦ ʧʦʨʷʜʢʘ 
ʂʘʥʘʣ-ʤʝʪʦʜ tʫʩʪ ymin/tmin ymax/tmax max(|u|) 

1-n 0,85 49,22/0,12 50,06/0,48 5,7 

1-f 0,25 49,73/0,03 50,00/2,07 5,5 

1-r 1,30 49,31/0,11 50,01/3,78 5,5 

1-fr 9,36 49,72/0,05 50,01/6,93 4,9 

1-imc 7,86 49,30/0,15 50,02/6,95 5,8 

1-zn 17,9 48,89/0,27 50,00/0,00 4,4 

2-n 3,97 79,25/2,37 80,34/0,53 5,5 

2-f 4,43 79,28/0,02 79,36/0,03 6,3 

2-r 7,14 79,26/6,67 80,24/0,60 5,4 

2-fr 19,8 79,28/0,02 79,42/1,13 5,5 

2-imc 10,1 79,26/9,77 81,16/1,48 5,2 

2-zn 12,6 79,17/2,50 79,68/0,50 4,8 

3-n 12,32 121,87/1,05 129,77/0,33 6,3 

3-f 19,80 125,67/6,65 127,80/0,01 6,3 

3-r 14,19 121,46/1,18 129,96/2,4 8,0 

3-fr 19,98 124,65/19,23 128,46/6,08 21,3 

3-imc 11,89 120,41/1,53 130,57/0,49 12,2 

3-zn 17,03 122,55/1,53 130,47/0,43 14,8 

4-n 12,33 9,37/1,05 17,27/0,33 16,4 

4-f 19,80 13,17/5,54 15,30/0,02 50 

4-r 14,19 8,96/1,18 17,46/2,40 26,4 

4-fr 19,98 12,15/19,23 15,96/6,08 50 

4-imc 11,83 7,91/1,53 18,08/0,48 50 

4-zn 17,03 10,05/1,53 17,97/0,43 50 

 

ʊʘʙʣʠʮʘ 2 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʉɸʋ 

ʧʦ ʚʦʟʤʫʱʝʥʠʶ ʩ ʨʝʛʫʣʷʪʦʨʘʤʠ, ʥʘʩʪʨʦʝʥʥʳʤʠ ʧʦ ʤʦʜʝʣʠ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʩ ʟʘʧʘʟʜʳʚʘʥʠʝʤ 
ʂʘʥʘʣ-ʤʝʪʦʜ tʫʩʪ ymin/tmin ymax/tmax max (|u|) 

1-n 6,86 49,09/0,18 50,03/6,52 5,3 

1-r 8,32 49,36/0,15 50,01/20,0 5,0 

2-n 4,87 79,27/0,03 79,95/0,60 14,6 

2-r 9,95 79,27/2,32 79,99/0,55 5,1 

3-n 18,46 121,55/1,2 130,55/0,40 50 

3-r 19,42 121,87/1,3 129,64/0,43 15,37 

4-n 18,46 9,05/1,2 18,05/0,40 5,17 

4-r 19,42 9,37/1.3 17,14/0,43 50 
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ʈʠʩ. 3. ʇʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʧʦ ʚʦʟʤʫʱʝʥʠʶ ʧʨʠ 6 ʚʘʨʠʘʥʪʘʭ ʥʘʩʪʨʦʡʢʠ 
 

ɺʳʚʦʜʳ. ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʧʨʦ-

ʤʳʰʣʝʥʥʦʩʪʠ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʈʂ ʥʘ ʦʩʥʦʚʝ ʪʠʧʦʚʳʭ ʨʝʛʫʣʷʪʦʨʦʚ.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʤʝʪʦʜ ʎʠʛʣʝʨʘ-ʅʠʢʦʣʴʩʦʥʘ ʥʝʵʬʬʝʢʪʠʚʝʥ ʜʣʷ ʥʘʩʪʨʦʡʢʠ 

ʉɸʋ ʥʝʬʪʷʥʦʡ ʨʝʢʪʠʬʠʢʘʮʠʦʥʥʦʡ ʢʦʣʦʥʥʦʡ ʂ-2, ʘ ʯʘʩʪʦʪʥʳʡ ʤʝʪʦʜ ʥʘʩʪʨʦʡʢʠ ʇʀ ʨʝʛʫʣʷʪʦʨʦʚ Matlab ʩ ʢʦʤ-

ʧʨʦʤʠʩʩʥʦʡ ʥʘʩʪʨʦʡʢʦʡ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʥʘʠʣʫʯʰʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠ ʩʠʥʪʝʟʝ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʉɸʋ ʩʨʝʜʠ 

ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʘʨʠʘʥʪʦʚ, ʝʩʣʠ ʥʘʩʪʨʦʡʢʘ ʚʝʜʝʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʪʦʯʥʦʡ ʤʦʜʝʣʠ ʚʳʩʦʢʦʛʦ ʧʦʨʷʜʢʘ. ʇʨʠ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʠ ʜʣʷ ʥʘʩʪʨʦʡʢʠ ʨʝʛʫʣʷʪʦʨʦʚ ʛʨʫʙʦʡ ʤʦʜʝʣʠ ʩ ʧʝʨʝʜʘʪʦʯʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʚ ʚʠʜʝ ʠʥʝʨʮʠʦʥʥʳʭ ʟʚʝʥʴʝʚ 

ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʩ ʟʘʧʘʟʜʳʚʘʥʠʝʤ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʉɸʋ ʪʦʯʥʦʡ ʤʦʜʝʣʠ ʈʂ, ʧʨʠʤʝʥʝʥʠʝ ʯʘ-

ʩʪʦʪʥʦʛʦ ʤʝʪʦʜʘ Matlab ʪʦʞʝ ʜʘʝʪ ʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ, ʩʦʧʦʩʪʘʚʠʤʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ IMC-PID.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʙʦʨ ʤʝʪʦʜʘ ʥʘʩʪʨʦʡʢʠ ʇʀ-ʨʝʛʫʣʷʪʦʨʦʚ ʚ ʩʣʫʯʘʝ ʢʦʣʦʥʥ ʨʝʢʪʠʬʠʢʘʮʠʠ ʥʝʬʪʠ ʟʘʚʠʩʠʪ 

ʦʪ ʪʦʯʥʦʩʪʠ ʤʦʜʝʣʠ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ. ɺ ʩʣʫʯʘʝ ʥʘʣʠʯʠʷ ʛʨʫʙʦʡ ʤʦʜʝʣʠ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʪʠʧʦʚʳʤ ʩʣʫʯʘʝʤ, ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʘ IMC-PID ʷʚʣʷʝʪʩʷ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʠʟ-ʟʘ ʧʨʦʩʪʦʪʳ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ.  
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RESEARCH OF CRUDE OIL DISTILLATION COLUMN  

DECENTRALIZED CONTROL SYSTEM DESIGN ALGORITHMS EFFIʉIENCY 
 

A.A. Stopakevich, Candidate of Technical Sciences, Associate Professor 

O.S. Popov Odessa National Academy of Telecommunications, Ukraine 
 

Abstract. The article describes the research results of efficiency of spread in petroleum industry decentralized 

control systems. Multi-component crude oil distillation column K-2 was chosen as a plant. The orientation on direct 

parameters of material balance was chosen because change of products flow ratios leads to economical loses. In such 

orientation part of popular engineering tuning methods donôt work because some of object control channels have not 

suitable ratio of generalized dead time and time constant. 

Keywords: system, control, PI, controller, distillation, column, robustness, model, dynamics.  
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ʄɽʊʆɼʓ ʇʈʀɿʅɸʅʀʗ ʀ ʆʎɽʅʂʀ ʌɸʂʊʆɺ ʍʆɿʗʁʉʊɺɽʅʅʆʁ ɾʀɿʅʀ 

ɺ ʉʆɺʈɽʄɽʅʅʓʍ ʂʆʅʎɽʇʎʀʗʍ ʋʇʈɸɺʃɽʅʏɽʉʂʆɻʆ ʋʏɽʊɸ 
 

 ɾ.ɺ. ɼʝʛʘʣʴʮʝʚʘ1, ɸ.ɺ. ʍʘʣʪʫʨʠʥʘ2 
1 ʢʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʙʫʭʛʘʣʪʝʨʩʢʦʛʦ ʫʯʝʪʘ, 

2 ʤʘʛʠʩʪʨʘʥʪ ʢʘʬʝʜʨʳ ʙʫʭʛʘʣʪʝʨʩʢʦʛʦ ʫʯʝʪʘ 

ʌɻɹʆʋ ɺʇʆ çʂʫʙʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè, (ʂʨʘʩʥʦʜʘʨ), ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʢʦʥʮʝʧʮʠʠ ʨʘʟʚʠʪʠʷ ʫʧʨʘʚʣʝʥʯʝʩʢʦʛʦ ʫʯʝʪʘ ʚ ʘʛʨʦ-

ʭʦʣʜʠʥʛʘʭ ʠ ʘʛʨʦʩʦʶʟʘʭ ʚ ʬʦʨʤʘʪʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʯʝʪʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʢʣʘʩʪʝʨʘ. ʇʨʠʚʝʜʝʥʘ ʘʚʪʦʨʩʢʘʷ 

ʪʨʘʢʪʦʚʢʘ ʤʝʪʦʜʦʚ ʧʨʠʟʥʘʥʠʷ ʠ ʦʮʝʥʢʠ ʬʘʢʪʦʚ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʞʠʟʥʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʥʷʪʦʡ ʢʦʥʮʝʧʮʠʠ, 

ʘ ʪʘʢʞʝ ʚʳʷʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʦʜʝʨʞʘʥʠʷ ʧʨʠʢʘʟʘ ʦʙ ʫʯʝʪʥʦʡ ʧʦʣʠʪʠʢʝ ʚ ʯʘʩʪʠ ʫʧʨʘʚʣʝʥʯʝʩʢʦʛʦ ʫʯʝʪʘ ʦʪ 

ʧʨʠʥʮʠʧʦʚ ʠʩʧʦʣʴʟʫʝʤʦʡ ʢʦʥʮʝʧʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʛʨʦʭʦʣʜʠʥʛʠ ʠ ʘʛʨʦʩʦʶʟʳ, ʢʦʥʮʝʧʮʠʠ ʫʧʨʘʚʣʝʥʯʝʩʢʦʛʦ ʫʯʝʪʘ, ʬʘʢʪʳ ʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʞʠʟʥʠ, ʤʝʪʦʜʳ ʧʨʠʟʥʘʥʠʷ ʠ ʦʮʝʥʢʠ. 

 

ʇʨʦʮʝʩʩ ʫʧʨʘʚʣʝʥʠʷ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʯʝʪʳʨʝʭ ʫʧʨʘʚ-

ʣʝʥʯʝʩʢʠʭ ʬʫʥʢʮʠʡ: ʧʣʘʥʠʨʦʚʘʥʠʝ ʠ ʙʶʜʞʝʪʠʨʦʚʘʥʠʝ, ʦʨʛʘʥʠʟʘʮʠʷ, ʤʦʪʠʚʘʮʠʷ ʩʦʙʩʪʚʝʥʥʠʢʦʚ ʠ ʧʝʨʩʦʥʘʣʘ, 

ʚʥʫʪʨʝʥʥʠʡ ʠ ʚʥʝʰʥʠʡ ʢʦʥʪʨʦʣʴ. ʉʪʨʫʢʪʫʨʘ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʤʝʨʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʢʘʞʜʦʤ ʭʦʟʷʡ-

ʩʪʚʫʶʱʝʤ ʩʫʙʲʝʢʪʝ, ʜʘʞʝ ʝʩʣʠ ʜʘʥʥʳʡ ʩʫʙʲʝʢʪ ʥʝ ʟʘʙʦʪʠʪʩʷ ʦ ʬʦʨʤʘʣʴʥʦʤ ʩʦʙʣʶʜʝʥʠʠ ʢʘʞʜʦʛʦ ʦʪʜʝʣʴʥʦʛʦ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʚʝʢʪʦʨʘ ʫʧʨʘʚʣʝʥʠʷ. 

ʊʨʫʜʦʝʤʢʦʩʪʴ ʦʙʝʩʧʝʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʧʦʩʪʦʷʥʥʦ ʚʦʟʨʘʩʪʘʝʪ. 

ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʫʩʣʦʞʥʝʥʠʝʤ ʠ ʧʦʚʳʰʝʥʠʝʤ ʜʠʥʘʤʠʟʤʘ ʚʥʝʰʥʝʡ ʠ ʚʥʫʪʨʝʥʥʝʡ ʩʨʝʜʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʨʛʘʥʠ-

ʟʘʮʠʠ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʘʛʝʥʪʘʤ ʨʳʥʢʘ ʥʝʦʙʭʦʜʠʤʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʩʠʩʪʝʤʳ ʦʙʝʩʧʝʯʝʥʠʷ ʜʦ-

ʩʪʦʚʝʨʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʧʨʦʮʝʩʩʘ ʧʨʠʥʷʪʠʷ ʪʝʢʫʱʠʭ ʠ ʧʨʦʝʢʪʥʳʭ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ [1]. 

ɸʧʦʩʪʝʨʠʦʨʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʧʨʘʚʣʝʥʯʝʩʢʠʡ ʫʯʝʪ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʥʝʦʙʭʦʜʠʤ ʥʝ ʩʘʤ ʧʦ ʩʝʙʝ, ʘ ʩʣʫʞʠʪ 

ʮʝʣʠ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʨʫʢʦʚʦʜʠʪʝʣʷʤʠ ʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʚʩʝʭ ʫʨʦʚʥʝʡ, 

ʦʧʝʨʘʪʠʚʥʦ ʧʨʝʜʦʩʪʘʚʣʷʷ ʧʦʣʥʫʶ ʠ ʜʦʩʪʦʚʝʨʥʫʶ ʠʥʬʦʨʤʘʮʠʶ. 

ʂ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʯʝʩʢʦʛʦ ʫʯʝʪʘ ʠ ʦʪʯʝʪʥʦʩʪʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʪʨʝʙʦʚʘ-

ʥʠʷ: 

1. ʢʨʘʪʢʦʩʪʴ ï ʠʥʬʦʨʤʘʮʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʯʝʪʢʦʡ ʠ ʥʝ ʩʦʜʝʨʞʘʪʴ ʥʠʯʝʛʦ ʣʠʰʥʝʛʦ; 

2. ʪʦʯʥʦʩʪʴ ï ʠʥʬʦʨʤʘʮʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʩʚʦʙʦʜʥʘ ʦʪ ʦʰʠʙʦʢ, ʥʝ ʜʦʣʞʥʘ ʩʦʜʝʨʞʘʪʴ ʧʦʜʪʘʩʦʚʦʢ; 

3. ʦʧʝʨʘʪʠʚʥʦʩʪʴ ï ʠʥʬʦʨʤʘʮʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʛʦʪʦʚʘ ʠ ʜʦʩʪʫʧʥʘ ʢ ʪʦʤʫ ʚʨʝʤʝʥʠ, ʢʦʛʜʘ ʚ ʥʝʡ ʚʦʟʥʠʢʘʝʪ 

ʧʦʪʨʝʙʥʦʩʪʴ; 

4. ʩʦʧʦʩʪʘʚʠʤʦʩʪʴ ï ʠʥʬʦʨʤʘʮʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʩʦʧʦʩʪʘʚʠʤʦʡ ʧʦ ʚʨʝʤʝʥʠ ʠ ʧʦ ʧʦʜʨʘʟʜʝʣʝʥʠʷʤ; 

5. ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ï ʠʥʬʦʨʤʘʮʠʷ ʜʦʣʞʥʘ ʧʦʜʭʦʜʠʪʴ ʜʣʷ ʪʦʡ ʮʝʣʠ, ʜʣʷ ʢʦʪʦʨʦʡ ʦʥʘ ʧʦʜʛʦʪʦʚʣʝʥʘ; 

6. ʵʢʦʥʦʤʠʯʥʦʩʪʴ ï ʧʦʜʛʦʪʦʚʢʘ ʠʥʬʦʨʤʘʮʠʠ ʜʦʣʞʥʘ ʩʪʦʠʪʴ ʤʝʥʴʰʝ ʚʳʛʦʜ ʦʪ ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ; 

7. ʪʦʣʝʨʘʥʪʥʦʩʪʴ ï ʠʥʬʦʨʤʘʮʠʷ ʥʝ ʜʦʣʞʥʘ ʙʳʪʴ ʧʨʝʜʚʟʷʪʦʡ; 

8. ʘʜʨʝʩʥʦʩʪʴ ï ʠʥʬʦʨʤʘʮʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʜʦʚʝʜʝʥʘ ʜʦ ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ ʠʩʧʦʣʥʠʪʝʣʷ, ʠ ʧʨʠ ʵʪʦʤ ʜʦʣʞʥʘ 

ʩʦʙʣʶʜʘʪʴʩʷ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ [2]. 

ɸʢʢʫʤʫʣʠʨʫʝʤʘʷ ʚ ʫʧʨʘʚʣʝʥʯʝʩʢʦʤ ʫʯʝʪʝ ʠʥʬʦʨʤʘʮʠʷ ʤʦʞʝʪ ʩʠʣʴʥʦ ʨʘʟʣʠʯʘʪʴʩʷ ʜʣʷ ʨʘʟʥʳʭ ʚʠʜʦʚ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ, ʨʘʟʥʳʭ ʩʪʠʣʝʡ ʫʧʨʘʚʣʝʥʠʷ, ʨʘʟʥʳʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʘʛʝʥʪʦʚ ʨʳʥʢʘ. ɼʘʞʝ ʢʦʨʨʝʢʪʠʨʦʚʘʥʠʝ ʮʝʣʝʡ ʨʘʟ-

ʚʠʪʠʷ ʦʨʛʘʥʠʟʘʮʠʠ ʤʦʞʝʪ ʚʥʝʩʪʠ ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʧʝʨʝʯʝʥʴ ʥʝʦʙʭʦʜʠʤʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʦʪʨʘʞʘʝʤʦʡ ʚ 

ʫʧʨʘʚʣʝʥʯʝʩʢʦʤ ʫʯʝʪʝ. 

ʈʝʟʫʣʴʪʘʪʳ ʩʧʝʮʠʘʣʴʥʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʢʨʫʧʥʳʭ ʘʛʨʘʨʥʳʭ ʬʦʨʤʠʨʦʚʘʥʠʡ ʂʨʘʩʥʦʜʘʨʩʢʦʛʦ ʢʨʘʷ (ʘʛʨʦ-

ʭʦʣʜʠʥʛʦʚ ʠ ʘʛʨʦʩʦʶʟʦʚ) ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʩʪʨʫʢʪʫʨʥʦ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʯʝʩʢʦʛʦ ʫʯʝʪʘ ʤʦʞʥʦ ʧʨʝʜʩʪʘ-

ʚʠʪʴ ʚ ʚʠʜʝ ʜʚʫʭ ʮʝʣʝʚʳʭ ʤʦʜʫʣʝʡ: 

1. ʫʯʝʪ ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʠʤʫʱʝʩʪʚʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (ʟʝʤʣʷ, ʪʨʫʜʦʚʳʝ ʨʝʩʫʨʩʳ, ʦʩʥʦʚʥʳʝ ʠ ʦʙʦʨʦʪ-
ʥʳʝ ʬʦʥʜʳ) ʠ ʩʦʩʪʦʷʥʠʝ ʨʘʩʯʝʪʦʚ ʩ ʢʣʠʝʥʪʘʤʠ (ʧʦʩʪʘʚʱʠʢʘʤʠ, ʧʦʢʫʧʘʪʝʣʷʤʠ, ʬʠʩʢʘʣʴʥʳʤʠ ʦʨʛʘʥʘʤʠ, ʧʝʨʩʦʥʘ-

ʣʦʤ); 

2. ʫʯʝʪ ʠʟʜʝʨʞʝʢ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ, ʨʘʙʦʪ ʠ ʫʩʣʫʛ. 

ʌʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʴʶ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʯʝʩʢʦʛʦ ʫʯʝʪʘ ʷʚʣʷʝʪʩʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʫʯʝʪ ʠʟʜʝʨʞʝʢ ʠ 
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ʫʧʨʘʚʣʝʥʠʝ ʠʤʠ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʨʦʜʘʞʠ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ, ʨʘʙʦʪ ʠ ʫʩʣʫʛ. ʅʝʦʙʭʦʜʠʤʦ ʧʦʜʯʝʨʢʥʫʪʴ, 

ʯʪʦ ʚ ʭʦʜʝ ʦʙʩʣʝʜʦʚʘʥʠʷ ʦʨʛʘʥʠʟʘʮʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʥʝʢʦʪʦʨʦʛʦ ʦʙʱʝʧʨʠʥʷʪʦʛʦ ʩʪʘʥʜʘʨʪʘ 

ʫʧʨʘʚʣʝʥʯʝʩʢʦʛʦ ʫʯʝʪʘ, ʜʘʞʝ ʚ ʪʘʢʠʭ ʦʨʛʘʥʠʟʘʮʠʷʭ ʢʘʢ ʘʛʨʦʭʦʣʜʠʥʛʠ ʠ ʘʛʨʦʩʦʶʟʳ, ʠʤʝʶʱʠʝ ʦʜʠʥʘʢʦʚʦʝ ʧʨʦʠʟ-

ʚʦʜʩʪʚʝʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ, ʦʜʠʥʘʢʦʚʫʶ ʦʙʝʩʧʝʯʝʥʥʦʩʪʴ ʨʝʩʫʨʩʘʤʠ ʠ ʪ. ʧ. 

ʂʘʞʜʳʡ ʘʛʝʥʪ ʘʛʨʘʨʥʦʛʦ ʨʳʥʢʘ ʜʦʣʞʝʥ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʩʥʘʯʘʣʘ ʩʧʨʦʝʢʪʠʨʦʚʘʪʴ, ʘ ʟʘʪʝʤ ʠ ʨʘʟʨʘʙʦʪʘʪʴ 

ʩʠʩʪʝʤʫ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʙʳ ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʦʡ ʜʣʷ ʮʝʣʝʡ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʧʝʨʤʘʥʝʥʪʥʦ ʚʥʝʜʨʷʶʪ ʚ ʫʧʨʘʚʣʝʥʯʝʩʢʠʡ ʧʨʦ-

ʮʝʩʩ ʫʯʝʪʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʢʣʘʩʪʝʨ ʤʦʜʫʣʴʥʦʛʦ ʪʠʧʘ. ʇʨʦʠʩʭʦʜʠʪ ʧʦʩʪʝʧʝʥʥʦʝ ʦʪʣʘʞʠʚʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʠ 

ʩʚʷʟʝʡ ʦʪʜʝʣʴʥʳʭ ʤʦʜʫʣʝʡ ʢʣʘʩʪʝʨʘ ʧʦʩʨʝʜʩʪʚʦʤ ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʘʜʘʧʪʘʮʠʠ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʦʙʲʝʤʘ ʢʦʣʠʯʝʩʪʚʝʥ-

ʥʳʭ ʠ ʩʪʦʠʤʦʩʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ï ʜʝʩʢʨʠʧʪʦʨʦʚ. 

ʕʪʘ ʩʠʩʪʝʤʘ, ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʪʴ: 

1. ʟʥʘʥʠʝ ʪʦʛʦ, ʛʜʝ, ʢʦʛʜʘ ʠ ʚ ʢʘʢʠʭ ʦʙʲʝʤʘʭ ʨʘʩʭʦʜʫʶʪʩʷ ʨʝʩʫʨʩʳ ʦʨʛʘʥʠʟʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʠʭ ʦʛʨʘʥʠ-
ʯʝʥʥʦʩʪʠ; 

2. ʧʨʦʛʥʦʟ ʪʦʛʦ, ʛʜʝ, ʜʣʷ ʯʝʛʦ ʠ ʚ ʢʘʢʠʭ ʦʙʲʝʤʘʭ ʥʝʦʙʭʦʜʠʤʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʪʨʫʜʦʚʳʝ, ʤʘʪʝʨʠʘʣʴʥʳʝ 

ʠ ʬʠʥʘʥʩʦʚʳʝ ʨʝʩʫʨʩʳ; 

3. ʤʘʢʩʠʤʘʣʴʥʦ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ. 

ʆʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʤʦʜʫʣʷ ʫʧʨʘʚʣʝʥʯʝʩʢʦʛʦ ʫʯʝʪʘ ʚ ʫʯʝʪʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʢʣʘʩʪʝʨʝ ʦʨʛʘʥʠʟʘʮʠʠ 

ʟʘʢʣʶʯʝʥʳ ʚ ʩʣʝʜʫʶʱʝʤ: 

1. ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʡ ʧʨʦʜʫʢʮʠʠ ʟʘ ʩʯʝʪ ʙʦʣʝʝ ʥʠʟʢʠʭ ʠʟʜʝʨʞʝʢ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʙʦ-
ʣʝʝ ʥʠʟʢʠʭ ʮʝʥ. ʆʙʝʩʧʝʯʠʚʘʝʪʩʷ ʵʬʬʝʢʪ ʦʙʲʝʤʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʨʘʚʥʦʜʦʩʪʫʧʥʦʩʪʠ ʧʦʪʨʝʙʠʪʝʣʝʡ ʩ ʨʘʟʥʳʤ ʤʘʪʝ-

ʨʠʘʣʴʥʳʤ ʜʦʩʪʘʪʢʦʤ; 

2. ʥʘʣʠʯʠʝ ʢʘʯʝʩʪʚʝʥʥʦʡ ʠ ʨʝʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʚʠʜʦʚ ʧʨʦʜʫʢʮʠʠ ʠ ʠʭ 

ʧʦʟʠʮʠʠ ʥʘ ʨʳʥʢʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʦʜʫʢʪʘʤʠ ʜʨʫʛʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ; 

3. ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʠʙʢʦʛʦ ʮʝʥʦʦʙʨʘʟʦʚʘʥʠʷ; 

4. ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʦʙʲʝʢʪʠʚʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʙʶʜʞʝʪʦʚ ʦʨʛʘʥʠʟʘʮʠʠ; 

5. ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʢʠ ʨʘʙʦʪʳ ʢʘʞʜʦʛʦ ʮʝʥʪʨʘ ʟʘʪʨʘʪ ʠ ʮʝʥʪʨʘ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʩ ʬʠʥʘʥʩʦʚʦ-ʵʢʦʥʦʤʠ-

ʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ [3]. 

ʄʦʥʠʪʦʨʠʥʛ ʨʘʙʦʪʳ ʤʦʜʫʣʷ ʫʧʨʘʚʣʝʥʯʝʩʢʦʛʦ ʫʯʝʪʘ ʚ ʝʜʠʥʦʤ ʫʯʝʪʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʢʣʘʩʪʝʨʝ ʘʛʨʦʭʦʣ-

ʜʠʥʛʦʚ ʠ ʘʛʨʦʩʦʶʟʦʚ ʂʨʘʩʥʦʜʘʨʩʢʦʛʦ ʢʨʘʷ ʧʦʟʚʦʣʠʣ ʥʘʤ ʚʳʜʝʣʠʪʴ ʜʚʝ ʦʩʥʦʚʥʳʝ ʢʦʥʮʝʧʮʠʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʫʧʨʘʚʣʝʥʯʝʩʢʦʛʦ ʫʯʝʪʘ: 

1. ʚʥʝʰʥʠʡ ʠ ʚʥʫʪʨʝʥʥʠʡ ʫʧʨʘʚʣʝʥʯʝʩʢʠʡ ʫʯʝʪ ʦʙʲʝʜʠʥʝʥʳ ʚ ʦʜʥʫ ʩʠʩʪʝʤʫ; 

2. ʚʥʝʰʥʠʡ ʠ ʚʥʫʪʨʝʥʥʠʡ ʫʧʨʘʚʣʝʥʯʝʩʢʠʡ ʫʯʝʪ ʚʝʜʫʪʩʷ ʧʘʨʘʣʣʝʣʴʥʦ. 

ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʫʢʘʟʘʥʥʳʝ ʢʦʥʮʝʧʮʠʠ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʪʳ ʤʦʜʫʣʷ ʫʧʨʘʚʣʝʥʯʝʩʢʦʛʦ ʫʯʝʪʘ ʚ ʩʦʩʪʘʚʝ 

ʫʯʝʪʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʢʣʘʩʪʝʨʘ ʦʩʥʦʚʘʥʳ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʧʨʠʥʮʠʧʘʭ ʧʦʩʪʨʦʝʥʠʷ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʝʨʚʦʡ ʢʦʥʮʝʧʮʠʠ, ʯʘʱʝ ʚʩʝʛʦ ʥʫʞʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʧʨʠʭʦʜʠʪʩʷ ʦʪʩʣʝʞʠʚʘʪʴ ʧʫʪʝʤ 

ʩʧʝʮʠʘʣʴʥʦʡ ʚʳʙʦʨʢʠ ʧʦʢʘʟʘʪʝʣʝʡ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʫʯʝʪʘ, ʜʝʪʘʣʠʟʠʨʫʷ ʠ ʫʪʦʯʥʷʷ ʠʭ ʧʦ ʦʪ-

ʜʝʣʴʥʳʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʦʧʝʨʘʮʠʷʤ, ʘ ʪʘʢʞʝ ʜʦʙʘʚʣʷʷ ʜʘʥʥʳʝ ʦ ʬʘʢʪʘʭ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʞʠʟʥʠ, ʢʦʪʦʨʳʝ ʥʝ 

ʥʘʰʣʠ ʦʪʨʘʞʝʥʠʷ ʚʦ ʚʥʝʰʥʝʡ ʙʘʟʝ (ʧʦ ʨʘʟʥʳʤ ʧʨʠʯʠʥʘʤ). ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʦʡ ʢʦʥʮʝʧʮʠʝʡ ʫʧʨʘʚʣʝʥʯʝʩʢʦʛʦ 

ʫʯʝʪʘ ʙʫʭʛʘʣʪʝʨʩʢʠʡ ʠ ʫʧʨʘʚʣʝʥʯʝʩʢʠʡ ʫʯʝʪ ʚʝʜʫʪʩʷ ʚ ʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʘʟʝ. ʅʘ ʦʩʥʦʚʝ ʧʦʢʘʟʘʪʝʣʝʡ, ʩʦ-

ʜʝʨʞʘʱʠʭʩʷ ʚ ʵʪʦʡ ʙʘʟʝ ʜʘʥʥʳʭ, ʛʦʪʦʚʠʪʩʷ ʠ ʚʥʝʰʥʷʷ, ʠ ʚʥʫʪʨʝʥʥʷʷ ʫʧʨʘʚʣʝʥʯʝʩʢʘʷ ʦʪʯʝʪʥʦʩʪʴ. 

ʇʝʨʚʘʷ ʢʦʥʮʝʧʮʠʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʦʜʫʣʷ ʫʧʨʘʚʣʝʥʯʝʩʢʦʛʦ ʫʯʝʪʘ ʨʝʘʣʠʟʫʝʪʩʷ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ: 

1. ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ IT-ʪʝʭʥʦʣʦʛʠʡ ʚʝʜʝʪʩʷ ʢʘʯʝʩʪʚʝʥʥʳʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʫʯʝʪ ʠʟʜʝʨʞʝʢ ʧʦ ʮʝʥʪʨʘʤ 

ʟʘʪʨʘʪ ʠ ʮʝʥʪʨʘʤ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ, ʘ ʟʘʪʝʤ ʥʘ ʵʪʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʦʩʥʦʚʝ ʬʦʨʤʠʨʫʶʪʩʷ ʜʝʩʢʨʠʧʪʦʨʳ ʫʧʨʘʚ-

ʣʝʥʯʝʩʢʦʡ ʦʪʯʝʪʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ ʘʣʛʦʨʠʪʤʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, 

ʠʣʠ ʧʨʦʮʝʩʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʝʩʢʨʠʧʪʦʨʦʚ ʦʪʯʝʪʥʦʩʪʠ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʪʘʢ ʥʘʟʳʚʘʝʤʦʤ çʨʫʯʥʦʤ ʨʝʞʠʤʝè; 

2. ʚʝʜʝʪʩʷ ʦʜʥʘ ʙʘʟʘ ʜʝʩʢʨʠʧʪʦʨʦʚ, ʥʦ ʥʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʫʯʝʪʘ, ʘ ʫʧʨʘʚʣʝʥʯʝʩʢʦʛʦ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ 

ʜʝʩʢʨʠʧʪʦʨʦʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʦʪʯʝʪʥʦʩʪʠ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʫʧʨʘʚʣʝʥʯʝʩʢʦʡ 

ʙʘʟʳ. 

ʅʘʤʠ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʧʝʨʚʳʡ ʩʧʦʩʦʙ ʧʦʢʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʯʘʱʝ ʚʩʝʛʦ. ʆʜʥʘʢʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ ʩʪʨʝʤ-

ʣʝʥʠʝ ʨʫʢʦʚʦʜʩʪʚʘ ʘʛʨʦʭʦʣʜʠʥʛʦʚ ʠ ʘʛʨʦʩʦʶʟʦʚ ʢ ʧʝʨʝʭʦʜʫ ʥʘ ʚʪʦʨʦʡ ʩʧʦʩʦʙ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʝʩʢʨʠʧʪʦʨʦʚ ʫʧʨʘʚ-

ʣʝʥʯʝʩʢʦʡ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʦʪʯʝʪʥʦʩʪʠ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʪʦʨʦʡ ʢʦʥʮʝʧʮʠʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʦʜʫʣʷ ʫʧʨʘʚʣʝʥʯʝʩʢʦʛʦ ʫʯʝʪʘ IT-ʪʝʭʥʦʣʦʛʠʠ 

ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʚʳʙʦʨʢʠ ʜʘʥʥʳʭ ʪʦʣʴʢʦ ʦ ʥʘʣʦʛʘʭ ʠ ʩʙʦʨʘʭ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʘʥʥʦʡ ʢʦʥʮʝʧʮʠʝʡ ʚʥʝʰʥʠʡ ʬʠ-

ʥʘʥʩʦʚʳʡ ʫʯʝʪ ʚʝʜʝʪʩʷ ʧʦ ʤʠʥʠʤʫʤʫ, ʘ ʠʤʝʥʥʦ: ʛʣʘʚʥʦʝ ʚʦʚʨʝʤʷ ʠ ʧʨʘʚʠʣʴʥʦ ʩʜʘʪʴ ʚʩʝ ʚʥʝʰʥʠʝ ʦʪʯʝʪʳ. 

ɸʥʘʣʠʪʠʯʝʩʢʠʡ ʫʯʝʪ ʜʣʷ ʚʥʝʰʥʝʛʦ ʬʠʥʘʥʩʦʚʦʛʦ ʫʯʝʪʘ ʦʨʛʘʥʠʟʦʚʘʥ ʧʦ ʤʠʥʠʤʫʤʫ. ɺ ʫʧʨʘʚʣʝʥʯʝʩʢʦʤ 

ʫʯʝʪʝ, ʥʘʦʙʦʨʦʪ, ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʬʦʨʤʠʨʫʶʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʜʨʦʙʥʳʝ. ʇʨʠ ʵʪʦʤ ʚʥʝʰʥʠʡ ʠ ʚʥʫʪʨʝʥʥʠʡ 

ʫʯʝʪ ʚʝʜʫʪʩʷ ʧʦ ʜʚʫʤ ʨʘʟʥʳʤ ʧʨʠʢʘʟʘʤ ʦʙ ʫʯʝʪʥʦʡ ʧʦʣʠʪʠʢʝ: ʜʣʷ ʮʝʣʝʡ ʬʠʥʘʥʩʦʚʦʛʦ ʫʯʝʪʘ ʠ ʜʣʷ ʮʝʣʝʡ ʫʧʨʘʚʣʝʥ-

ʯʝʩʢʦʛʦ ʫʯʝʪʘ. ʂʨʦʤʝ ʪʦʛʦ, ʚʨʝʤʝʥʥʦʡ ʬʨʘʢʪʘʣ ʧʦʜʛʦʪʦʚʢʠ ʫʧʨʘʚʣʝʥʯʝʩʢʦʡ ʦʪʯʝʪʥʦʩʪʠ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ ʩʨʦ-

ʢʦʚ ʩʜʘʯʠ ʚʥʝʰʥʝʡ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʠʢʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʧʨʘʚʣʝʥʯʝʩʢʦʡ ʦʪʯʝʪʥʦʩʪʠ ʜʦʩʪʘʪʦʯʥʦ 
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ʯʘʩʪʦ ʧʨʠʭʦʜʠʪʩʷ ʚʦʟʚʨʘʱʘʪʴʩʷ ʢ ʧʝʨʝʩʤʦʪʨʫ ʥʘʙʦʨʘ ʥʦʨʤʘʪʠʚʥʳʭ ʩʧʨʘʚʦʯʥʠʢʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʫʯʝʪʥʦʡ ʩʠ-

ʩʪʝʤʝ, ʘ ʪʘʢʞʝ ʢ ʧʣʘʥʫ ʩʯʝʪʦʚ. ʇʨʠ ʵʪʦʤ ʦʪʤʝʯʝʥʳ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʥʫʞʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʫʧʨʘʚ-

ʣʝʥʯʝʩʢʦʛʦ ʦʪʯʝʪʘ ʚʨʦʜʝ ʙʳ ʚ ʫʯʝʪʥʦʡ ʙʘʟʝ ʝʩʪʴ, ʥʦ ʭʨʘʥʠʪʩʷ ʦʥʘ ʥʝ ʦʯʝʥʴ ʫʜʦʙʥʦ, ʯʪʦ ʩʦʟʜʘʝʪ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʪʨʫʜʥʦʩʪʠ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʦʪʯʝʪʦʚ. 

ʇʦʩʢʦʣʴʢʫ ʧʨʠʢʘʟʳ ʦʙ ʫʯʝʪʥʦʡ ʧʦʣʠʪʠʢʝ ʦʧʨʝʜʝʣʷʶʪ ʧʨʠʥʮʠʧʳ ʧʨʠʟʥʘʥʠʷ ʠ ʦʮʝʥʢʠ (ʠʟʤʝʨʝʥʠʷ) ʬʘʢʪʦʚ 

ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʞʠʟʥʠ, ʪʦ ʧʨʠ ʠʭ ʨʘʟʨʘʙʦʪʢʝ ʥʫʞʥʦ ʯʝʪʢʦ ʧʨʦʧʠʩʘʪʴ ʜʚʘ ʧʨʦʮʝʩʩʘ: ʧʨʦʮʝʩʩ ʧʨʠʟʥʘʥʠʷ ʠ ʧʨʦʮʝʩʩ 

ʦʮʝʥʢʠ. 

ʇʨʠʟʥʘʥʠʝ ï ʵʪʦ ʧʨʦʮʝʩʩ ʚʢʣʶʯʝʥʠʷ ʦʙʲʝʢʪʘ ʫʯʝʪʘ ʚ ʙʘʣʘʥʩ ʠʣʠ ʦʪʯʝʪ ʧʦ ʠʩʧʦʣʥʝʥʠʶ ʙʶʜʞʝʪʘ ʜʦʭʦʜʦʚ 

ʠ ʨʘʩʭʦʜʦʚ, ʢʦʪʦʨʳʡ ʧʦʜʭʦʜʠʪ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʦʜʥʦʛʦ ʠʟ ʵʣʝʤʝʥʪʦʚ ʠ ʦʪʚʝʯʘʝʪ ʫʩʣʦʚʠʶ (ʢʨʠʪʝʨʠʷʤ) ʧʨʠʟʥʘʥʠʷ. 

ʅʘ ʩʘʤʦʤ ʜʝʣʝ ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʦʚʝʨʰʝʥʥʳʭ ʬʘʢʪʘʭ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʞʠʟʥʠ, ʢʦʥʝʯʥʦ ʞʝ, ʥʘʡʜʝʪ ʩʚʦʝ ʦʪʨʘ-

ʞʝʥʠʝ ʥʝ ʪʦʣʴʢʦ ʚ ʬʠʥʘʥʩʦʚʳʭ, ʥʦ ʠ ʚ ʦʧʝʨʘʮʠʦʥʥʳʭ ʙʶʜʞʝʪʘʭ, ʚ ʢʦʪʦʨʳʭ ʝʩʪʴ ʭʦʪʷ ʙʳ ʦʜʠʥ ʠʟ ʵʣʝʤʝʥʪʦʚ ʬʠ-

ʥʘʥʩʦʚʦʡ ʦʪʯʝʪʥʦʩʪʠ (ʘʢʪʠʚʳ, ʦʙʷʟʘʪʝʣʴʩʪʚʘ, ʢʘʧʠʪʘʣ, ʜʦʭʦʜʳ, ʨʘʩʭʦʜʳ). ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʨʝʯʴ ʠʜʝʪ ʦ ʪʦʤ, ʯʪʦ ʚ 

ʧʨʦʮʝʩʩʝ ʧʨʠʟʥʘʥʠʷ ʜʦʣʞʥʦ ʧʦʷʚʠʪʴʩʷ ʯʝʪʢʦʝ ʧʦʥʠʤʘʥʠʝ ʪʦʛʦ, ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʢʦʥʢʨʝʪʥʳʡ ʬʘʢʪ ʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʞʠʟʥʠ ʜʦʣʞʝʥ ʦʪʨʘʟʠʪʴʩʷ ʚ ʞʫʨʥʘʣʝ ʨʝʛʠʩʪʨʘʮʠʠ ʬʘʢʪʦʚ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʞʠʟʥʠ (ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʢʠʭ ʩʯʝʪʦʚ, 

ʩʫʙʩʯʝʪʦʚ ʠ ʩʫʙʘʥʘʣʠʪʠʯʝʩʢʠʭ ʩʯʝʪʦʚ). 

ʅʘ ʧʨʘʢʪʠʢʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʣʝʜʫʶʱʠʝ ʢʨʠʪʝʨʠʠ ʧʨʠʟʥʘʥʠʷ ʵʣʝʤʝʥʪʦʚ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʘ. ʉʪʘʪʴʷ (ʜʝʩʢʨʠʧʪʦʨ) ʜʦʣʞʥʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʦʧʨʝʜʝʣʝʥʠʶ ʵʣʝʤʝʥʪʘ ʬʠʥʘʥʩʦʚʦʡ 

ʦʪʯʝʪʥʦʩʪʠ. ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʧʦʩʣʝ ʩʦʚʝʨʰʝʥʠʷ ʬʘʢʪʘ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʞʠʟʥʠ ʦʥ ʤʦʞʝʪ ʙʳʪʴ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥ ʚ 

ʵʪʠʤʦʣʦʛʠʠ ʵʣʝʤʝʥʪʦʚ ʬʠʥʘʥʩʦʚʦʡ ʦʪʯʝʪʥʦʩʪʠ, ʪʦ ʝʩʪʴ ʜʘʥʥʳʡ ʬʘʢʪ ʤʦʞʥʦ ʦʪʨʘʟʠʪʴ ʚ ʞʫʨʥʘʣʝ ʨʝʛʠʩʪʨʘʮʠʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʥʢʨʝʪʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʘʢʪʠʚʳ, ʦʙʷʟʘʪʝʣʴʩʪʚʘ, ʢʘʧʠʪʘʣ, ʜʦʭʦʜʳ, ʨʘʩʭʦʜʳ). 

ʀʟʤʝʨʠʤʦʩʪʴ. ʉʪʘʪʴʷ (ʜʝʩʢʨʠʧʪʦʨ) ʜʦʣʞʥʘ ʠʤʝʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʘʪʨʠʙʫʪ (ʪʦ ʝʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ), 

ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʠʟʤʝʨʠʪʴ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚ ʞʫʨʥʘʣ ʨʝʛʠʩʪʨʘʮʠʠ ʬʘʢʪʦʚ ʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʞʠʟʥʠ ʤʦʛʫʪ ʧʦʧʘʜʘʪʴ ʪʦʣʴʢʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʠʟʤʝʨʠʤʳʝ ʬʘʢʪʳ. ɺʝʜʴ ʧʨʠ ʟʘʧʠʩʠ, ʧʦʤʠʤʦ ʚʳʙʦʨʘ ʜʝʩʢʨʠʧʪʦʨʦʚ 

ʦʪʯʝʪʥʦʩʪʠ (ʙʫʜʫʪ ʦʪʨʘʞʘʪʴʩʷ ʧʨʠ ʚʳʙʦʨʝ ʜʝʙʝʪʫʝʤʦʛʦ ʠ ʢʨʝʜʠʪʫʝʤʦʛʦ ʩʯʝʪʦʚ), ʥʫʞʥʦ ʙʫʜʝʪ ʟʘʧʦʣʥʠʪʴ ʪʘʢʠʝ 

ʢʦʣʦʥʢʠ, ʢʘʢ ʢʦʣʠʯʝʩʪʚʦ, ʮʝʥʘ ʠ ʩʫʤʤʘ. ʂʘʢ ʤʠʥʠʤʫʤ ʚ ʣʶʙʦʤ ʬʘʢʪʝ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʞʠʟʥʠ ʥʫʞʥʦ ʟʘʧʦʣʥʠʪʴ 

ʢʦʣʦʥʢʫ çʩʫʤʤʘè. 

ɸʢʪʫʘʣʴʥʦʩʪʴ. ʀʥʬʦʨʤʘʮʠʷ, ʩʦʜʝʨʞʘʱʘʷʩʷ ʚ ʩʪʘʪʴʝ (ʜʝʩʢʨʠʧʪʦʨʝ) ʜʦʣʞʥʘ ʚʣʠʷʪʴ ʥʘ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ 

ʧʦʣʴʟʦʚʘʪʝʣʝʤ. ʂʦʥʝʯʥʦ ʞʝ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʢʨʠʪʝʨʠʷ ʥʘ ʧʨʘʢʪʠʢʝ ʷʚʣʷʝʪʩʷ ʥʝ ʪʘʢʠʤ ʦʯʝʚʠʜʥʳʤ ʠ ʦʜʥʦ-

ʟʥʘʯʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʢʘʢ ʚ ʩʣʫʯʘʝ ʩ ʜʚʫʤʷ ʧʨʝʜʳʜʫʱʠʤʠ ʢʨʠʪʝʨʠʷʤʠ. ʃʦʛʠʢʘ ʝʛʦ ʧʦʥʷʪʥʘ ï ʚ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ 

ʦʪʯʝʪʘʭ ʜʦʣʞʥʘ ʩʦʜʝʨʞʘʪʴʩʷ ʪʦʣʴʢʦ ʘʢʪʫʘʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. ʅʦ ʚʝʜʴ ʤʦʛʫʪ 

ʚʦʟʥʠʢʘʪʴ ʪʘʢʠʝ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʠʟ-ʟʘ ʥʝʨʝʣʝʚʘʥʪʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ ʨʝʛʣʘʤʝʥʪʘ ʜʘʥʥʳʝ ʦ ʩʦʚʝʨʰʝʥʥʳʭ ʬʘʢʪʘʭ 

ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʞʠʟʥʠ ʙʫʜʫʪ ʧʦʧʘʜʘʪʴ ʚ ʫʯʝʪʥʫʶ ʙʘʟʫ ʩ ʦʧʦʟʜʘʥʠʝʤ. ɸ ʵʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʦʪʯʝʪʦʚ 

ʢʘʢʘʷ-ʪʦ ʯʘʩʪʴ ʠʥʬʦʨʤʘʮʠʠ ʥʝ ʙʫʜʝʪ ʫʯʪʝʥʘ (ʪ.ʢ. ʝʝ ʝʱʝ ʥʝʪ ʚ ʞʫʨʥʘʣʝ ʨʝʛʠʩʪʨʘʮʠʠ ʬʘʢʪʦʚ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʞʠʟʥʠ). 

ɽʩʣʠ ʘʙʩʦʣʶʪʥʦ ʧʨʷʤʦʣʠʥʝʡʥʦ ʧʨʠʤʝʥʷʪʴ ʢʨʠʪʝʨʠʡ ʘʢʪʫʘʣʴʥʦʩʪʠ, ʪʦ ʚʨʦʜʝ ʢʘʢ ʵʪʫ ʠʥʬʦʨʤʘʮʠʶ ʫʞʝ ʠ ʥʝ ʥʫʞʥʦ 

ʚʚʦʜʠʪʴ, ʪʘʢ ʢʘʢ ʫʞʝ ʦʧʦʟʜʘʣʠ ʩ ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ. ʅʦ ʚʝʜʴ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʨʠ ʘʥʘʣʠʟʝ ʜʠʥʘʤʠʢʠ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʜʝʩʢʨʠʧʪʦʨʦʚ ʫʧʨʘʚʣʝʥʯʝʩʢʦʡ ʦʪʯʝʪʥʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ ʩʜʝʣʘʥʳ ʚʘʞʥʳʝ ʚʳʚʦʜʳ, ʪʦ ʝʩʪʴ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʘʢʠʭ ʨʝ-

ʰʝʥʠʡ ʠʥʬʦʨʤʘʮʠʷ ʤʦʞʝʪ ʩʯʠʪʘʪʴʩʷ ʘʢʪʫʘʣʴʥʦʡ. 

ʅʘʜʝʞʥʦʩʪʴ. ʀʥʬʦʨʤʘʮʠʷ, ʩʦʜʝʨʞʘʱʘʷʩʷ ʚ ʩʪʘʪʴʝ (ʜʝʩʢʨʠʧʪʦʨʝ), ʜʦʣʞʥʘ ʙʳʪʴ ʧʦʢʘʟʘʪʝʣʴʥʦ ʜʦʩʪʦʚʝʨ-

ʥʦʡ, ʥʝʡʪʨʘʣʴʥʦʡ ʠ ʧʦʜʜʘʶʱʝʡʩʷ ʧʨʦʚʝʨʢʝ. ɼʘʥʥʳʡ ʢʨʠʪʝʨʠʡ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʚʧʦʣʥʝ ʣʦʛʠʯʥʳʤ ʠ ʦʯʝʚʠʜʥʳʤ. 

ɺʝʜʴ ʧʝʨʝʜ ʪʝʤ ʢʘʢ ʜʝʣʘʪʴ ʟʘʧʠʩʴ ʚ ʞʫʨʥʘʣʝ ʨʝʛʠʩʪʨʘʮʠʠ ʬʘʢʪʦʚ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʞʠʟʥʠ ʦ ʩʦʚʝʨʰʝʥʥʦʤ ʬʘʢʪʝ, 

ʥʫʞʥʦ ʙʳʪʴ ʫʚʝʨʝʥʥʳʤ ʚ ʪʦʤ, ʯʪʦ ʝʩʪʴ ʥʘʜʝʞʥʘʷ ʦʮʝʥʢʘ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʘʥʥʦʛʦ ʬʘʢʪʘ ʭʦʟʷʡ-

ʩʪʚʝʥʥʦʡ ʞʠʟʥʠ. ɽʩʣʠ ʬʘʢʪ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʞʠʟʥʠ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʢʨʠʪʝʨʠʷʤ ʧʨʠʟʥʘʥʠʷ, ʪʦ ʧʦʩʣʝ ʵʪʦʛʦ ʥʫʞʥʦ 

ʧʝʨʝʭʦʜʠʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʝʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʝ. 

ʆʮʝʥʢʘ ï ʵʪʦ ʧʨʦʮʝʩʩ ʦʧʨʝʜʝʣʝʥʠʷ ʜʝʥʝʞʥʳʭ ʩʫʤʤ, ʧʦ ʢʦʪʦʨʳʤ ʜʦʣʞʥʳ ʧʨʠʟʥʘʚʘʪʴʩʷ ʵʣʝʤʝʥʪʳ ʬʠʥʘʥ-

ʩʦʚʦʡ ʦʪʯʝʪʥʦʩʪʠ [4]. ɽʩʣʠ ʧʦʜʭʦʜʷʱʝʡ ʦʩʥʦʚʳ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʥʝ ʩʫʱʝʩʪʚʫʝʪ, ʦʧʝʨʘʮʠʷ ʥʝ ʙʫʜʝʪ ʫʜʦʚʣʝʪʚʦʨʷʪʴ 

ʢʨʠʪʝʨʠʶ ʧʨʠʟʥʘʥʠʷ. 

ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʠʤʫʱʝʩʪʚʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ: 

1. ʧʝʨʚʦʥʘʯʘʣʴʥʘʷ ʩʪʦʠʤʦʩʪʴ; 

2. ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʘʷ ʩʪʦʠʤʦʩʪʴ; 

3. ʯʠʩʪʘʷ ʩʪʦʠʤʦʩʪʴ ʧʨʦʜʘʞʠ; 

4. ʥʘʩʪʦʷʱʘʷ (ʧʨʠʚʝʜʝʥʥʘʷ ʠʣʠ ʜʠʩʢʦʥʪʠʨʦʚʘʥʥʘʷ) ʩʪʦʠʤʦʩʪʴ ʠ ʜʨʫʛʠʝ [1]. 

ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʦʨʛʘʥʠʟʘʮʠʠ ʠʩʧʦʣʴʟʫʶʪ ʤʝʪʦʜ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʩʪʦʠʤʦʩʪʠ, ʪ.ʢ. ʦʥ ʜʘʝʪ ʙʦʣʝʝ ʥʘʜʝʞʥʫʶ 

ʦʮʝʥʢʫ. ʇʨʠ ʦʮʝʥʢʝ ʵʣʝʤʝʥʪʦʚ ʬʠʥʘʥʩʦʚʦʡ ʦʪʯʝʪʥʦʩʪʠ ʥʫʞʥʦ ʧʨʠʜʝʨʞʠʚʘʪʴʩʷ ʩʣʝʜʫʶʱʠʭ ʧʨʘʚʠʣ: 

1. ʘʢʪʠʚʳ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʦʮʝʥʝʥʳ ʚʳʰʝ ʩʫʤʤʳ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʚʳʛʦʜ, ʢʦʪʦʨʳʝ ʦʥʠ ʧʨʠʥʝʩʫʪ ʚ ʙʫʜʫʱʝʤ; 

2. ʦʙʷʟʘʪʝʣʴʩʪʚʘ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʦʮʝʥʝʥʳ ʥʠʞʝ ʩʫʤʤʳ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʚʳʛʦʜ, ʢʦʪʦʨʳʝ ʩʧʠʰʫʪʩʷ ʧʨʠ ʫʨʝ-

ʛʫʣʠʨʦʚʘʥʠʠ ʦʙʷʟʘʪʝʣʴʩʪʚ; 

3. ʢʘʧʠʪʘʣ ʦʮʝʥʠʚʘʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʮʝʥʢʦʡ ʘʢʪʠʚʦʚ ʠ ʦʙʷʟʘʪʝʣʴʩʪʚ; 

4. ʜʦʭʦʜʳ ʚʦʟʥʠʢʘʶʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʘʢʪʠʚʦʚ ʠʣʠ ʫʤʝʥʴʰʝʥʠʝʤ ʦʙʷʟʘʪʝʣʴʩʪʚ; 

5. ʨʘʩʭʦʜʳ ʚʦʟʥʠʢʘʶʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʘʢʪʠʚʦʚ ʠʣʠ ʫʚʝʣʠʯʝʥʠʝʤ ʦʙʷʟʘʪʝʣʴʩʪʚ; 

6. ʘʢʪʠʚʳ ʠ ʦʙʷʟʘʪʝʣʴʩʪʚʘ ʦʮʝʥʠʚʘʶʪʩʷ ʧʨʠ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʠ; ʪʘʢ ʞʝ ʦʥʠ ʤʦʛʫʪ ʧʝʨʝʦʮʝʥʠʚʘʪʴʩʷ ʧʨʠ 
ʥʘʣʠʯʠʠ ʠʭ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʦʪʯʝʪʥʳʭ ʧʝʨʠʦʜʦʚ; 
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7. ʜʦʭʦʜʳ ʠ ʨʘʩʭʦʜʳ ʦʮʝʥʠʚʘʶʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʠ [3]. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʠʢʘʟʘ ʦʙ ʫʯʝʪʥʦʡ ʧʦʣʠʪʠʢʝ ʚ ʯʘʩʪʠ ʫʧʨʘʚʣʝʥʯʝʩʢʦʛʦ ʫʯʝʪʘ ʜʦʚʦʣʴʥʦ ʯʘʩʪʦ ʧʨʠʭʦʜʠʪʩʷ 

ʜʝʣʘʪʴ ʚʳʙʦʨ ʤʝʞʜʫ ʘʙʩʦʣʶʪʥʦ ʧʨʘʚʠʣʴʥʳʤ ʦʪʨʘʞʝʥʠʝʤ ʚ ʫʯʝʪʝ ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʦʧʝʨʘʮʠʡ ʠ ʪʨʫʜʦʝʤʢʦʩʪʴʶ ʪʘ-

ʢʦʡ ʨʘʙʦʪʳ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʧʨʠʢʘʟʘ ʦʙ ʫʯʝʪʥʦʡ ʧʦʣʠʪʠʢʝ ʧʦ ʨʘʟʣʠʯʥʳʤ ʵʣʝʤʝʥʪʘʤ 

ʬʠʥʘʥʩʦʚʦʡ ʦʪʯʝʪʥʦʩʪʠ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʧʨʘʚʠʣʘ, ʢʦʪʦʨʳʭ ʥʫʞʥʦ ʧʨʠʜʝʨʞʠʚʘʪʴʩʷ ʧʨʠ ʝʝ ʨʘʟʨʘ-

ʙʦʪʢʝ. 

ɺ ʟʘʢʣʶʯʝʥʠʠ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʣʥʦʮʝʥʥʳʡ ʫʧʨʘʚʣʝʥʯʝʩʢʠʡ ʫʯʝʪ ï ʵʪʦ ʥʝ ʟʘʤʦʨʦʞʝʥʥʘʷ ʩʠʩʪʝʤʘ, 

ʘ ʛʠʙʢʠʡ ʧʨʦʮʝʩʩ, ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ ʙʳʩʪʨʦ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʧʦʜ ʣʶʙʳʝ ʚʥʝʰʥʠʝ ʠʣʠ ʚʥʫʪʨʝʥʥʠʝ ʠʟʤʝʥʝʥʠʷ. ɼʠ-

ʥʘʤʠʯʥʦʩʪʴ, ʨʘʮʠʦʥʘʣʴʥʦʩʪʴ, ʦʧʝʨʘʪʠʚʥʦʩʪʴ ï ʚʦʪ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʫʧʨʘʚʣʝʥʯʝʩʢʦʛʦ 

ʫʯʝʪʘ ʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ, ʘ ʠʭ ʩʦʙʣʶʜʝʥʠʝ ï ʟʘʣʦʛ ʫʩʧʝʰʥʦʩʪʠ ʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʵʢʦʥʦʤʠʯʝ-

ʩʢʦʛʦ ʘʛʝʥʪʘ ʨʳʥʢʘ. 
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Stein approaches.  
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Introduction  

Although the efficient market hypotheses generally assumes that investors cannot achieve abnormal returns, 

numerous empirical results indicate that in reality investors obtain abnormal returns because of momentum, Book-to-

Market effect, the January effect, P/E effect, Scale effect, Price/Net Worth effect, etc. Owing to the controversy surround-

ing the existence of efficient financial markets, this study examines the existence of abnormal returns when an investor 

invests in S&P 500 stocks. 

Two of the most studied capital market phenomena are the relation between an assetôs return and the ratio of its 

ñlong-runò (or book) value relative to its current market value, termed the ñvalueò effect, and the relation between an 

assetôs return and its recent relative performance history, termed the ñmomentumò effect (Jegadeesh and Titman, 1993).  

Value investment style involves investing in stocks of firms that are underpriced relative to their fundamentals. 

It is argued that investors frequently react irrationally to information resulting in distorted prices that can be exploited to 

generate superior returns. Several researchers have investigated and documented the superior performance of value-based 

investment strategies. Fama and French (1992) found that stocks with high earnings-price (E/P) ratio produced higher 

returns during 1963-1990. They further observe that the positive relationship between firms with positive E/P ratios and 

average returns can be attributed to the positive correlation between E/P and book-to market value equity (BV/MV) ratios. 

Their results suggest that value investment strategies based on a firmôs BV/MV can be used to form superior portfolios. 

Corroborating evidence is provided by Basu (1973) and Chan, Hamao and Lakonishok (1991). 

Known by most investors the ñbuy low; sell highò discipline typically advocated by value investors. Momentum 

investors take a different approach, preferring to ñbuy high; sell higherò. In other words, momentum investors believe 

that stocks with strong price performance should continue to trend higher. Thus, a strategy of investing in recent losers 

and shorting recent winners should generate positive returns if investors tend to be irrationally optimistic about the future 

prospects of ñgood stocksò and overly pessimistic about the future prospects of ñpoor stocks.ò For instance, Jagdeesh and 

Titman (1993) posit that a contrarian strategy should generate significant abnormal returns if market prices do not adjust 

appropriately to information.  

Theoretical insight and short description of my study 

Markowitz (1952) proposed the expected return and variance of return of the portfolio is criteria for optimal 

portfolio selection. He showed that the expected return of the portfolio is a weighted average of the returns of individual 

securities and the variance of return of portfolio is a particular function of the variances of, and the covariances between, 

securities and their weights in the portfolio. The performance of optimal mean-variance portfolios depends on the quality 

of the forecasts of the first two moments, i.e. the mean returns and their variance-covariance matrix. Chopra and Ziemba 

(1993) have shown that estimation errors in the predicted returns are most influential for the portfolio performance. Errors 

in variances and covariance are less important. Pojarliev and Polasek (2000) found an empirical analysis that the weights 

of a global minimum variance portfolio are very sensitive with respect to the inputs, i.e. the predicted variance matrix. 

Thus, one of the main problems when trying to apply mean-variance portfolio optimization in practice is its high 

input sensitivity. As can be seen in (Chopra, 1993) using historical values to estimate returns expected in the future is a 

no-go, as the whole process tends to become error maximization rather than portfolio optimization. Even a small change 

in input data could lead to dramatically different outcomes.  

There are several models that I use in my study. I take Markowitzôs input parameters (expected returns, variances 

and covariances) from the following four models: 

1. Historical Sample.  

2. Market model.  

3. Fama-French three factor model 

4. Constant correlation model 

For estimation of portfolio returns academics recommend the Fama and French three-factor model. Despite a 

large body of evidence in the academic literature in favor of the Fama and French model, for estimation of portfolio 
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returns, practitioners seem to prefer CAPM or market model for estimating cost of equity (see, for example, Bruner et al 

[1998] and Graham and Harvey [2001]). 

Data & Methodology 
I construct value and momentum portfolios among individual stocks within S&P500 stocks. The full sample 

consists of the intersection of all firms included in S&P500 index with available monthly returns and respective account-

ing data (number of outstanding shares, total shareholdersô equity & liabilities, total liabilities) in World Scope database 

from 1999 to 2010. 

I sort securities on, respectively, value and momentum signals. For all securities, I consider the simplest and, to 

the extent a standard exists, most standard value and momentum measures. I consider different time horizons for holding 

portfolios 6, 12, 24, 36 months. 

For Fama and French model, I computed SMB and HML factors. SMB is a measure of ñsize riskò, and reflects 

the view that, small companies logically, should be expected to be more sensitive to more risk factors because of their 

relatively undiversified nature and their reduced ability to absorb negative financial events. According to the authors of 

model, the measurement of size is market capitalization that I get by multiplying number of shares outstanding by share 

price for each company. After sorting companies by size criteria for each day, I organize securities to be 2 groups where 

fi rst group that accounts for 30 % of whole securities has biggest size and the last group 30 % of whole securities has the 

smallest size. Small minus Big SMB: 

 

SMB =Average Returns of Small Size minus Big Size= 

=Equally weighted portfolio of the smallest size firms returns ï Equally weighted portfolio of the biggest size firms re-

turns 

 

In addition, concerning the Book to Market ratios of securities for each day they are divided into 2 groups where 

the first group is 50 % of whole securities has BE/ME highest and second group is another 50 % of whole securities that 

has lowest BE/ME. High Minus Low: 

 

HML = Average Returns of High BE/ME Ratio minus Low BE/ME ratio= 

= Equally weighted portfolio of high BE/ME ratio firms returns - Equally weighted portfolio of high BE/ME ratio firms 

returns 

 

In addition to standard Market Factor, these input factors were used for calculation of betas parameters in Fama 

& French model. 

Results and interpretation 

Based on this results which are presented in tables below, I should say that implementation of strategies strongly 

depends on estimation and holding period. For instance, the smallest horizon of 6 month shows the worst Sharpe ratios. 

The possible reason is the high probability of incorporated errors because of small sample and outliers. The prediction 

power is the best for the horizon of 24 months. According to my results, value strategy becomes better than momentum 

(tables 1, 3). Momentum investment strategy has appeared as medium-term perspective one. 

Concerning the input models for portfolio optimizations, the best performance is shown by the combination of 

Ledoit-Wolf covariance matrix both based on market and Fama and French models and historical model mean (tables 1, 

3). This adjustment of covariance matrices improves performance of both momentum and value investment strategies 

because it trades off between models in terms of biasness and estimation errors. In addition, I observed that Fama-French 

and Market models are highly sensitive to input parameters and can change significantly with a small change in input 

estimates. These uncertainties can be very harmful for ex-ante Sharpe ratios and decline precision of estimated covariance 

and expected. In the Table 1 and Table 3 presented below, I can observe that reduction number of factors results in better 

performance due to the reason that it captures less errors and more relative information comparing with Fama-French 

model. 

Taking into consideration previous conclusion and comparing two kinds of portfolios, I can see that the Global 

minimum variance portfolio (for Ledoit-Wolf covariance matrix based on Fama & French model and historical model 

mean) shows better result in terms of Sharpe ratio: 0.5585 for GMV portfolio and 0.1651 for Maximum Sharpe ratio 

portfolio. It is consistent with my prediction. However, at the same time GMV portfolio is more sensitive to losses. I can 

observe such behavior in time intervals when the performances of portfolios are negative. In such cases GMV portfolio 

performance even worse that mean variance one.  

To support my results I decided to compute parametric Value-At-Risk at 95 % confidence level for each scenario. 

It is presented in Tables 5 and 6 for both momentum and value investment strategies. I consider volatility as a component 

of the Sharpe ratio to be not reliable measure of risk because it is based on the assumption that returns follow normal 

distribution. However, empirical evidence has shown that the stock market has fat tails. I observe that the highest VaRôs 

are observed for the case of 24 months optimal portfolios based on the maximization of Mean-Variance ratio (Sharpe 

ratio), but it is not the case when the highest return can be described by highest risk. The high-risky portfolios may lead 

to even worst performance, because recognize profitable particular stocks based on estimated parameters is not easy task. 

The possible reasons for this confusion are that estimation errors in the predicted returns are very harmful for the portfolio 
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performance and, return volatilities are much more predictable indicating that Global Minimum Variance portfolios may 

be more useful for forming different strategies and portfolios. Moreover, these high VaRs for 24-month period could be 

explained by the fact that crisis times are included in estimation period. 

Beside the fact that some other complicated techniques can improve the precision of finding optimal portfolios, 

they are based on the sophisticated computation and there is no guarantee that ex-ante performance will be high. Based 

on my study I can observe that classical approaches such as historical sample estimates, equally weighted and value-

weighted portfolios in many cases may lead to the same and even better results in comparison to more sophisticated 

methods, which account for possible linear relations of assets in portfolio. These sophisticated models could eventually 

improve outcome but their costs could be even higher than these improvements. Among all classical approaches, I see 

that Historical Sample method in case GMV dominates others. However, equally weighted portfolios may present rela-

tively high and stable results. This approach highly depends on the right choice of stocks and in my case then I distribute 

equal weights to stocks in portfolios base on sorted Momentum assets, this technique leads to relatively high results. 

 

Table 1 

Sharpe ratios (performance measurement) 

for momentum strategies based on range of both portfolios and their inputs 

 
 

Table 2 

Sharpe ratios for ñclassicalò portfolios for momentum strategies 

 
 

Table 3 

Sharpe ratios (performance measurement) for value strategies based on range of both portfolios and their inputs 
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Table 4 

Sharpe ratios for ñclassicalò portfolios for value strategies 

 
 

Table 5 

VaRôs measurement for momentum strategies based on range of both portfolios and their inputs 

 
 

Table 6 

VaR for ñclassicalò portfolios for momentum strategies 

 
 

Table 7 

VaRôs measurement for value strategies based on range of both portfolios and their inputs 

 
 

Table 8 

VaR for ñclassicalò portfolios for value strategies 
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ʀʅɺɽʉʊʀʎʀʆʅʅʓɽ ʉʊʈɸʊɽɻʀʀ ɺ ʋʉʃʆɺʀʗʍ ʅɽʆʇʈɽɼɽʃɽʅʅʆʉʊʀ 
 

ʗ.ʆ. ɿʘʚʴʷʣʦʚ, ʤʘʛʠʩʪʨʘʥʪ 

ʌɻɹʆʋ ɺʇʆ ʏʝʣʷʙʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ, ʥʘʩʢʦʣʴʢʦ ʚʳʛʦʜʥʳ ʩʪʨʘʪʝʛʠʠ ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ, ʦʩʥʦʚʘʥ-

ʥʳʝ ʥʘ ʠʩʪʦʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʨʳʥʦʯʥʦʡ ʤʦʜʝʣʠ, ʌʘʤʘ-ʌʨʝʥʯ ʤʦʜʝʣʠ ʠ ʤʦʜʝʣʠ ʧʦʩʪʦʷʥʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʜʣʷ ʥʠʟ-

ʢʦʚʦʣʘʪʠʣʴʥʳʭ ʧʦʨʪʬʝʣʝʡ ʠ ʧʦʨʪʬʝʣʝʡ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʐʘʨʧʘ, ʧʨʠ ʦʙʨʘʱʝʥʠʠ ʢ 

ʠʥʜʝʢʩʫ S&P 500 ʚ ʧʝʨʠʦʜ ʩ 1999 ʧʦ 2010 ʛʦʜʘ. ʊʘʢ ʞʝ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʦʰʠʙʦʢ ʨʝʘʣʠʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ, 

ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʦʜʭʦʜʘʭ ʃʝʜʦʠʪ ï ɺʫʣʴʬʘ ʠ ɹʘʡʝʩ ï ʐʪʝʡʥʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʤʧʫʣʴʩʥʘʷ ʩʪʨʘʪʝʛʠʷ, ʦʮʝʥʦʯʥʘʷ ʩʪʨʘʪʝʛʠʷ, ʩʪʦʠʤʦʩʪʥʘʷ ʤʝʨʘ ʨʠʩʢʘ. 
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ʋɼʂ 338.2 

 

ʉʊʈɸʍʆɺɸʅʀɽ ɹʋʍɻɸʃʊɽʈʉʂʆʁ ʆʊɺɽʊʉʊɺɽʅʅʆʉʊʀ 
 

 ʖ.ʇ. ʂʚʘʰʘ, ʩʪʫʜʝʥʪ 3 ʢʫʨʩʘ ʥʘʧʨʘʚʣʝʥʠʷ çʕʢʦʥʦʤʠʢʘè 

ʂʫʙʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʂʨʘʩʥʦʜʘʨ), ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʘʢʪʠʢʘ ʠ ʧʨʦʮʝʜʫʨʘ ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ. ɼʘʥʦ ʦʧʨʝʜʝʣʝʥʠʝ 

ʧʦʥʷʪʠʷ çʨʠʩʢè ʠ ʠʟʫʯʝʥʘ ʩʫʱʥʦʩʪʴ ʨʠʩʢʘ. ɺ ʩʪʘʪʴʝ ʪʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʪʨʘʭʦʚʘʥʠʷ ʙʫʭ-

ʛʘʣʪʝʨʩʢʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʠʩʢ, ʫʧʨʘʚʣʝʥʠʝ ʨʠʩʢʘʤʠ, ʦʨʛʘʥʠʟʘʮʠʷ, ʩʪʨʘʭʦʚʘʥʠʝ ʙʫʭʛʘʣʪʝʨʩʢʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦ-

ʩʪʠ. 

 

ɺ ʫʩʣʦʚʠʷʭ ʨʳʥʦʯʥʳʭ ʦʪʥʦʰʝʥʠʡ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʠ ʢʦʤʤʝʨʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʝ-

ʚʦʟʤʦʞʥʦ ʙʝʟ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʨʠʩʢʦʚ. ʈʠʩʢ ï ɻ ʪʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʦʮʝʩʩʘ ʚʳʙʦʨʘ ʤʝʞʜʫ ʜʝʡ-

ʩʪʚʠʝʤ ʠ ʙʝʟʜʝʡʩʪʚʠʝʤ ʠʣʠ ʜʨʫʛʠʤ ʜʝʡʩʪʚʠʝʤ, ʩʦʧʨʷʞʝʥʥʳʤ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ ʦʢʘʟʘʪʴʩʷ ʚ ʭʫʜʰʝʤ ʧʦʣʦʞʝʥʠʠ, ʢʘʢ 

ʨʝʟʫʣʴʪʘʪʦʤ ʚʳʙʦʨʘ. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʙʫʭʛʘʣʪʝʨʩʢʠʭ ʨʠʩʢʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣʠʮʝ 1. ɹʫʭʛʘʣʪʝʨʩʢʠʡ ʨʠʩʢ ʥʝʠʟ-

ʙʝʞʥʦ ʦʙʨʘʟʫʝʪʩʷ ʚ ʧʨʦʮʝʜʫʨʘʭ ʨʝʛʠʩʪʨʘʮʠʠ, ʦʮʝʥʢʠ ʠ ʦʙʦʙʱʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʚ ʜʝʥʝʞʥʦʤ ʚʳʨʘʞʝʥʠʠ ʦʙ ʠʤʫ-

ʱʝʩʪʚʝ, ʦʙʷʟʘʪʝʣʴʩʪʚʘʭ ʦʨʛʘʥʠʟʘʮʠʠ. 

ʎʝʣʴʶ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʦʤʤʝʨʯʝʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʧʨʠʙʳʣʠ. ʆʪ ʧʨʦ-

ʬʝʩʩʠʦʥʘʣʴʥʳʭ ʥʘʚʳʢʦʚ ʠ ʜʝʡʩʪʚʠʡ ʙʫʭʛʘʣʪʝʨʦʚ ʟʘʚʠʩʠʪ ʬʠʥʘʥʩʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʦʨʛʘʥʠʟʘʮʠʠ. ɼʘʞʝ ʩʧʝʮʠʘʣʠʩʪ ʩ 

ʙʦʣʴʰʠʤ ʦʧʳʪʦʤ ʨʘʙʦʪʳ ʤʦʞʝʪ ʜʦʧʫʩʪʠʪʴ ʦʰʠʙʢʫ. ʕʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʝʨʴʝʟʥʳʤ ʬʠʥʘʥʩʦʚʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ, 

ʢʦʪʦʨʳʝ ʧʨʠʚʝʜʫʪ ʢ ʥʝʟʘʧʣʘʥʠʨʦʚʘʥʥʳʤ ʨʘʩʭʦʜʘʤ.  

ɺ ʩʚʷʟʠ ʩ ʧʦʚʳʰʝʥʠʝʤ ʰʪʨʘʬʦʚ ʟʘ ʙʫʭʛʘʣʪʝʨʩʢʠʝ ʦʰʠʙʢʠ ʚ 2016 ʛʦʜʫ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʘʪʴʝʡ 15.11 

ʂʦʜʝʢʩʘ ʦʙ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʧʨʘʚʦʥʘʨʫʰʝʥʠʷʭ ʜʘʥʥʳʡ ʚʦʧʨʦʩ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʝʥ. 

 

ʊʘʙʣʠʮʘ 1 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʙʫʭʛʘʣʪʝʨʩʢʠʭ ʨʠʩʢʦʚ 
ˉ ɺʥʝʰʥʠʝ ʙʫʭʛʘʣʪʝʨʩʢʠʝ ʨʠʩʢʠ ɺʥʫʪʨʝʥʥʠʝ ʙʫʭʛʘʣʪʝʨʩʢʠʝ ʨʠʩʢʠ 

1 ʈʠʩʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʝʨʝʭʦʜʦʤ ʥʘ ʄʉʌʆ ʈʠʩʢʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʠʩʢʘʞʝʥʠʝʤ ʙʫʭʛʘʣʪʝʨʩʢʦʡ 

ʠʥʬʦʨʤʘʮʠʠ 

2 ʈʠʩʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʝʪʦʯʥʦʩʪʷʤʠ ʚ ʇɹʋ ʈʠʩʢ ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʩʫʞʜʝʥʠʷ 

3 ʈʠʩʢʠ, ʩʚʷʟʘʥʥʳʝ ʩʦ ʩʢʦʨʦʩʪʴʶ ʠʟʤʝʥʝʥʠʷ 

ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʭ ʠ ʥʦʨʤʘʪʠʚʥʳʭ ʘʢʪʦʚ ʚ 

ʦʙʣʘʩʪʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʙʫʭʛʘʣʪʝʨʩʢʦʛʦ ʫʯʝʪʘ 

ʈʠʩʢʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʨʝʰʝʥʠʷʤʠ, ʧʨʠʥʷʪʳʤʠ ʧʨʠ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʋʯʝʪʥʦʡ ʧʦʣʠʪʠʢʠ ʦʨʛʘʥʠʟʘʮʠʠ 

4 ʉʣʦʞʥʦʩʪʴ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʠ ʚʦʩʧʨʠʷʪʠʷ ʥʦʚʳʭ 

ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʭ ʘʢʪʦʚ, ʦʪʩʫʪʩʪʚʠʝ ʧʦʜʨʦʙʥʳʭ 

ʢʦʤʤʝʥʪʘʨʠʝʚ ʧʦ ʥʦʚʦʚʚʝʜʝʥʠʷʤ 

ʈʠʩʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʢʚʘʣʠʬʠʢʘʮʠʝʡ 

ʙʫʭʛʘʣʪʝʨʩʢʦʡ ʩʣʫʞʙʳ ʦʨʛʘʥʠʟʘʮʠʠ 

5 ʈʠʩʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʝʪʦʯʥʦʩʪʷʤʠ ʚ ʅʘʣʦʛʦʚʦʤ, 

ɻʨʘʞʜʘʥʩʢʦʤ ʠ ʊʨʫʜʦʚʦʤ ʢʦʜʝʢʩʘʭ 

ʈʠʩʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʝʭʚʘʪʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʦʙʣʘʩʪʠ 

ʙʫʭʛʘʣʪʝʨʩʢʦʛʦ ʫʯʝʪʘ 

 

ʆʨʛʘʥʠʟʘʮʠʷ ʜʦʣʞʥʘ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʨʠʩʢ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʘʢʠʭ ʩʠʪʫʘʮʠʡ ʠʣʠ ʦʙʝʟʦʧʘʩʠʪʴ ʩʚʦʡ ʢʘʧʠʪʘʣ 

ʜʨʫʛʠʤʠ ʩʨʝʜʩʪʚʘʤʠ. ʉʪʨʘʭʦʚʘʥʠʝ ʙʫʭʛʘʣʪʝʨʩʢʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʧʦʟʚʦʣʠʪ ʨʝʰʠʪʴ ʵʪʫ ʧʨʦʙʣʝʤʫ ʠ ʦʙʝʩʧʝʯʠʪ 

ʧʦʛʘʰʝʥʠʝ ʥʝʧʨʝʜʥʘʤʝʨʝʥʥʦ ʧʦʣʫʯʝʥʥʦʡ ʟʘʜʦʣʞʝʥʥʦʩʪʠ. ɼʦʢʫʤʝʥʪʳ ʥʘ ʩʪʨʘʭʦʚʘʥʠʝ ʤʦʞʝʪ ʦʬʦʨʤʠʪʴ ʙʫʭʛʘʣʪʝʨ, 

ʝʩʣʠ ʦʥ: 

1. ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʷ ʠ ʦʢʘʟʳʚʘʝʪ ʫʩʣʫʛʠ ʧʦ ʚʝʜʝʥʠʶ 

ʙʫʭʫʯʝʪʘ; 

2. ʨʘʙʦʪʘʝʪ ʚ ʢʦʥʩʘʣʪʠʥʛʦʚʦʡ ʬʠʨʤʝ ʧʦ ʛʨʘʞʜʘʥʩʢʦ-ʧʨʘʚʦʚʦʤʫ ʜʦʛʦʚʦʨʫ ʠ ʦʢʘʟʳʚʘʝʪ ʩʪʦʨʦʥʥʠʤ 

ʦʨʛʘʥʠʟʘʮʠʷʤ ʫʩʣʫʛʠ ʧʦ ʚʝʜʝʥʠʶ ʠʣʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʙʫʭʛʘʣʪʝʨʩʢʦʛʦ ʫʯʝʪʘ. 

ʆʙʲʝʢʪʦʤ ʩʪʨʘʭʦʚʘʥʠʷ ʤʦʛʫʪ ʧʦʩʣʫʞʠʪʴ ʠʤʫʱʝʩʪʚʝʥʥʳʝ ʠʥʪʝʨʝʩʳ ʩʪʨʘʭʦʚʘʪʝʣʷ. ʆʥʠ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʳ 

ʩ ʝʛʦ ʦʙʷʟʘʥʥʦʩʪʷʤʠ ʠ ʙʫʜʫʪ ʟʘʩʪʨʘʭʦʚʘʥʳ ʚ ʧʦʨʷʜʢʝ, ʧʨʝʜʫʩʤʦʪʨʝʥʥʦʤ ʜʝʡʩʪʚʫʶʱʠʤ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦʤ. ʎʝʣʴʶ 

ʩʪʨʘʭʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʚʦʟʤʝʱʝʥʠʝ ʫʱʝʨʙʘ, ʥʘʥʝʩʝʥʥʦʛʦ ʪʨʝʪʴʝʤʫ ʣʠʮʫ ʠʟ-ʟʘ ʜʦʧʫʱʝʥʠʷ ʦʰʠʙʢʠ ʩʪʨʘʭʦʚʘʪʝʣʝʤ ʚ 

ʙʫʭʛʘʣʪʝʨʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɺ ʜʦʛʦʚʦʨʝ ʦ ʩʪʨʘʭʦʚʘʥʠʠ ʜʦʣʞʥʳ ʙʳʪʴ ʦʙʛʦʚʦʨʝʥʳ ʚʩʝ ʠʥʪʝʨʝʩʫʶʱʠʝ ʩʬʝʨʳ ʙʫʭ-

ʛʘʣʪʝʨʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʧʦʜʣʝʞʘʱʠʝ ʩʪʨʘʭʦʚʘʥʠʶ: ʢʦʥʪʨʦʣʴ ʪʝʢʫʱʠʭ ʦʧʝʨʘʮʠʡ ʠ ʧʨʘʚʠʣʴʥʦʩʪʴ ʠʭ ʦʪʨʘʞʝʥʠʷ; 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʩʫʨʩʦʚ ʩʦʛʣʘʩʥʦ ʦʪʯʝʪʘʤ; ʧʨʘʚʠʣʴʥʦʩʪʴ ʩʦʩʪʘʚʣʝʥʠʷ ʙʫʭʛʘʣʪʝʨʩʢʦʡ ʦʪʯʝʪʥʦʩʪʠ (ʛʦʜʦʚʦʡ, ʢʚʘʨ-

ʪʘʣʴʥʦʡ); ʚʳʷʚʣʝʥʠʝ ʨʝʟʝʨʚʦʚ ʠʣʠ ʚʦʟʤʦʞʥʳʭ ʧʦʪʝʨʴ; ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʬʠʥʘʥʩʦʚʦʡ ʩʠʪʫʘʮʠʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ; 

ʜʨʫʛʠʝ ʨʘʙʦʪʳ. ʉʪʨʘʭʦʚʳʤ ʩʣʫʯʘʝʤ ʜʦʣʞʝʥ ʧʨʠʟʥʘʚʘʪʴʩʷ ʪʦʣʴʢʦ ʪʦʪ, ʢʦʪʦʨʳʡ ʚʦʟʥʠʢ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʝʧʨʝʜʥʘʤʝ-

ʨʝʥʥʦʡ ʦʰʠʙʢʠ. ʇʨʠʤʝʨʦʤ ʩʪʨʘʭʦʚʦʛʦ ʩʣʫʯʘʷ ʤʦʛʫʪ ʙʳʪʴ ʫʙʳʪʢʠ ʨʫʢʦʚʦʜʠʪʝʣʷ ʦʨʛʘʥʠʟʘʮʠʠ, ʢʨʝʜʠʪʦʨʦʚ, ʛʦʩʫ-

ʜʘʨʩʪʚʝʥʥʳʭ ʦʨʛʘʥʦʚ ʚʩʣʝʜʩʪʚʠʝ ʥʝʧʨʘʚʠʣʴʥʳʭ ʨʘʩʯʝʪʦʚ, ʥʝʥʘʜʣʝʞʘʱʝʤ ʠʩʧʦʣʥʝʥʠʠ ʦʙʷʟʘʪʝʣʴʩʪʚ, ʧʨʠ ʠʥʚʝʥʪʘ-

ʨʠʟʘʮʠʠ, ʩʦʩʪʘʚʣʝʥʠʠ ʦʪʯʝʪʥʦʩʪʠ ʠ ʜʨʫʛʠʭ ʜʦʢʫʤʝʥʪʦʚ. ʆʩʥʦʚʥʳʤʠ ʧʦʣʦʞʝʥʠʷʤʠ ʚ ʜʦʛʦʚʦʨʝ ʩʪʨʘʭʦʚʘʥʠʷ 
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ʜʦʣʞʥʳ ʚʳʩʪʫʧʘʪʴ ʩʨʦʢ ʜʝʡʩʪʚʠʷ ʠ ʩʫʤʤʘ ʢ ʚʳʧʣʘʪʝ. ɼʦʣʞʝʥ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥ ʣʠʤʠʪ ʚʦʟʤʝʱʝʥʠʷ ʫʙʳʪʢʦʚ. 

ʄʦʞʥʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʨʝʟʝʨʚ ʧʦʜ ʝʞʝʛʦʜʥʦʝ ʩʪʨʘʭʦʚʘʥʠʝ. 

ʉʪʨʘʭʦʚʘʥʠʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʙʫʭʛʘʣʪʝʨʘ ʤʦʞʝʪ ʩʪʘʪʴ ʨʝʘʣʴʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʟʘ-

ʱʠʪʳ ʙʠʟʥʝʩʘ ʠ ʜʫʰʝʚʥʦʛʦ ʩʧʦʢʦʡʩʪʚʠʷ ʙʫʭʛʘʣʪʝʨʦʚ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʨʦʠʩʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ ʧʨʝʜʣʦ-

ʞʝʥʠʡ ʥʘ ʨʳʥʢʝ ʩʪʨʘʭʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ. ʅʦ ʧʨʦʛʨʘʤʤʳ ʩʪʨʘʭʦʚʘʥʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ 

ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʙʫʭʛʘʣʪʝʨʦʚ ï ʧʨʦʜʫʢʪ ʥʦʚʳʡ ʠ ʧʦ ʦʪʥʦʰʝʥʠʝ ʢ ʥʝʤʫ ʩʣʦʞʠʣʦʩʴ ʥʝʦʜʥʦʟʥʘʯʥʦʝ ʢʘʢ ʩʦ ʩʪʦʨʦʥʳ 

ʩʪʨʘʭʦʚʳʭ ʢʦʤʧʘʥʠʡ, ʪʘʢ ʠ ʩʦ ʩʪʦʨʦʥʳ ʩʪʨʘʭʦʚʘʪʝʣʝʡ. 

ʈʫʢʦʚʦʜʠʪʝʣʠ ʤʥʦʛʠʭ ʢʦʤʧʘʥʠʡ ʛʦʚʦʨʷʪ ʦ ʧʦʣʥʦʤ ʜʦʚʝʨʠʠ ʢ ʛʣʘʚʥʳʤ ʙʫʭʛʘʣʪʝʨʘʤ ʠ ʥʝ ʩʧʝʰʘʪ ʩ ʦʬʦʨʤ-

ʣʝʥʠʝʤ ʩʪʨʘʭʦʚʢʠ, ʘ ʩʘʤʠ ʙʫʭʛʘʣʪʝʨʳ ʩʝʪʫʶʪ ʥʘ çʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʚʘʢʫʫʤè. ʇʦʵʪʦʤʫ ʥʫʞʥʦ ʘʢʪʠʚʥʦ ʚʝʩʪʠ ʨʝ-

ʢʣʘʤʥʳʝ ʢʦʤʧʘʥʠʠ ʩʪʨʘʭʦʚʘʥʠʷ ʙʫʭʛʘʣʪʝʨʩʢʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ, ʫʩʪʨʘʠʚʘʪʴ ʩʝʤʠʥʘʨʳ, ʜʦʚʦʜʠʪʴ ʜʦ ʨʫʢʦʚʦʜʠʪʝ-

ʣʝʡ ʦʨʛʘʥʠʟʘʮʠʡ ʚʦʟʤʦʞʥʫʶ ʧʦʣʴʟʫ ʦʪ ʩʪʨʘʭʦʚʘʥʠʷ. ɺʝʜʴ ʨʘʟʫʤʥʦʝ ʟʝʨʥʦ ʚ ʪʘʢʦʤ ʩʪʨʘʭʦʚʘʥʠʠ ʝʩʪʴ ï ʦʪ ʛʣʫʧʳʭ 

ʦʰʠʙʦʢ ʚ ʨʘʙʦʪʝ ʥʝ ʟʘʩʪʨʘʭʦʚʘʥ ʥʠʢʪʦ. ɸ ʚ ʨʘʙʦʪʝ ʙʫʭʛʘʣʪʝʨʘ ʵʪʠ ʦʰʠʙʢʠ ʥʝʠʟʙʝʞʥʦ ʧʨʠʚʦʜʷʪ ʢ ʧʣʘʯʝʚʥʳʤ ʬʠ-

ʥʘʥʩʦʚʳʤ ʨʝʟʫʣʴʪʘʪʘʤè. 

ʉʪʨʘʭʦʚʘʥʠʝ ʙʫʭʛʘʣʪʝʨʩʢʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ï ʦʪʣʠʯʥʳʡ ʩʧʦʩʦʙ ʦʙʝʟʦʧʘʩʠʪʴ ʦʨʛʘʥʠʟʘʮʠʶ ʦʪ ʥʝʟʘʧʣʘʥʠ-

ʨʦʚʘʥʥʳʭ ʨʘʩʭʦʜʦʚ. ɺ ʩʣʫʯʘʝ ʦʰʠʙʢʠ ʙʫʭʛʘʣʪʝʨʘ ʩʪʨʘʭʦʚʘʷ ʢʦʤʧʘʥʠʷ ʚʳʧʣʘʪʠʪ ʩʨʝʜʩʪʚʘ ʟʘ ʥʘʥʝʩʝʥʥʳʡ ʫʙʳʪʦʢ. 
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ɺʃʀʗʅʀɽ ɻʃʆɹɸʃʀɿɸʎʀʀ ʅɸ ʕʂʆʅʆʄʀʏɽʉʂʋʖ 

ʕʌʌɽʂʊʀɺʅʆʉʊʔ ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʍ ʋʂʃɸɼʆɺ 
 

 ʇ.ɸ. ʆʚʯʠʥʥʠʢʦʚ, ʢʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʄʝʥʝʜʞʤʝʥʪʘ ʠ ʤʘʨʢʝʪʠʥʛʘ  

ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʵʤʧʠʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʜʝ-

ʣʘʝʪʩʷ ʧʨʦʛʥʦʟ ʦ ʜʦʣʛʦʩʨʦʯʥʦʤ ʟʘʤʝʜʣʝʥʠʠ ʪʝʤʧʦʚ ʨʦʩʪʘ ʤʠʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ. ʇʦʢʘ-

ʟʘʥʘ ʚʝʨʦʷʪʥʦʩʪʴ ʟʘʪʫʭʘʶʱʝʛʦ ʭʘʨʘʢʪʝʨʘ ʢʦʣʝʙʘʥʠʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʠ. ʉʬʦʨ-

ʤʫʣʠʨʦʚʘʥʘ ʛʠʧʦʪʝʟʘ ʦ ʚʣʠʷʥʠʠ ʧʨʦʮʝʩʩʘ ʛʣʦʙʘʣʠʟʘʮʠʠ ʥʘ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʢʣʘ-

ʜʦʚ ʚ ʨʘʤʢʘʭ ʪʝʦʨʠʠ ʐʫʤʧʝʪʝʨʘ-ʂʦʥʜʨʘʪʴʝʚʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʥʦʚʘʮʠʦʥʥʦ-ʮʠʢʣʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʤʠʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ, ʛʣʦʙʘʣʠʟʘ-

ʮʠʷ, ʩʥʠʞʝʥʠʝ ʪʝʤʧʦʚ ʨʦʩʪʘ, ʚʝʨʦʷʪʥʦʩʪʴ ʜʦʣʛʦʩʨʦʯʥʦʡ ʩʪʘʛʥʘʮʠʠ. 

 

ʆʜʠʥ ʠʟ ʚʝʣʠʯʘʡʰʠʭ ʨʦʩʩʠʡʩʢʠʭ ʵʢʦʥʦʤʠʩʪʦʚ ʥʘʯʘʣʘ XX ʚʝʢʘ ʅʠʢʦʣʘʡ ɼʤʠʪʨʠʝʚʠʯ ʂʦʥʜʨʘʪʴʝʚ (1892-

1938 ʛʛ.), ʨʘʙʦʪʘʷ ʥʘʜ ʪʝʦʨʠʝʡ ʨʳʥʦʯʥʦʡ ʢʦʥʲʶʥʢʪʫʨʳ, ʦʙʦʩʥʦʚʘʣ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʝʝ ʜʠʥʘʤʠʢʠ. ʅʘʫʯʥʦʝ ʥʘʩʣʝ-

ʜʠʝ ʟʥʘʤʝʥʠʪʦʛʦ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʫʯʝʥʦʛʦ ʚ ʦʙʣʘʩʪʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʵʢʦʥʦʤʠʢʠ 

ʦʩʪʘʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʠ ʚ ʥʘʰʝ ʚʨʝʤʷ, ʦʩʦʙʝʥʥʦ ʚ ʧʝʨʠʦʜʳ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʢʨʠʟʠʩʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʰʠʨʦʢʫʶ ʠʟ-

ʚʝʩʪʥʦʩʪʴ ʩʨʝʜʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʠʤʝʝʪ ʝʛʦ ʪʝʦʨʠʷ ʜʣʠʥʥʳʭ ʚʦʣʥ ʚ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʝ. ʈʘʟʚʠʚʘʷ ʠʜʝʶ ʮʠʢʣʠ-

ʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʨʳʥʦʯʥʦʡ ʵʢʦʥʦʤʠʢʠ, ʂʦʥʜʨʘʪʴʝʚ ʦʪʢʨʳʣ ʧʦʚʳʰʘʪʝʣʴʥʳʝ ʠ ʧʦʥʠʞʘʪʝʣʴʥʳʝ ʙʦʣʴʰʠʝ ʮʠʢʣʳ 

(ʚʦʣʥʳ), ʜʣʷʱʠʝʩʷ ʧʨʠʤʝʨʥʦ 50 ʣʝʪ ʠ ʦʧʨʝʜʝʣʠʣ ʜʣʷ ʥʠʭ ʩʣʝʜʫʶʱʠʝ ʭʨʦʥʦʣʦʛʠʯʝʩʢʠʝ ʨʘʤʢʠ [1]: 

ʧʝʨʚʳʡ ʮʠʢʣ (ʚʦʣʥʘ) ï ʧʦʚʳʰʘʪʝʣʴʥʘʷ ʚʦʣʥʘ ʩ ʢʦʥʮʘ 80-ʭ ï ʥʘʯʘʣʘ 90-ʭ ʛʦʜʦʚ XIX  ʚʝʢʘ ʜʦ 1810-1817 

ʛʛ., ʧʦʥʠʞʘʪʝʣʴʥʘʷ ï ʜʦ 1844-1851 ʛʛ. 

ɺʪʦʨʦʡ ʮʠʢʣ ï ʧʦʚʳʰʘʪʝʣʴʥʘʷ ʚʦʣʥʘ ʜʦ 1870-1875 ʛʛ., ʧʦʥʠʞʘʪʝʣʴʥʘʷ ï ʜʦ 1890-1896. 

ʊʨʝʪʠʡ ʮʠʢʣ ï ʧʦʚʳʰʘʪʝʣʴʥʘʷ ʚʦʣʥʘ ʜʦ 1914-1920 ʛʛ., ʟʘʪʝʤ, ʩʦʛʣʘʩʥʦ ʧʨʦʛʥʦʟʫ ʂʦʥʜʨʘʪʴʝʚʘ, ʥʘʯʠʥʘ-

ʝʪʩʷ ʧʦʥʠʞʘʪʝʣʴʥʘʷ ʚʦʣʥʘ.  

ɾʠʟʥʴ ʧʦʜʪʚʝʨʜʠʣʘ ʥʘʫʯʥʳʡ ʧʨʦʛʥʦʟ ʚʝʣʠʢʦʛʦ ʫʯʝʥʦʛʦ, ʚ ʉʦʝʜʠʥʝʥʥʳʭ ʐʪʘʪʘʭ ɸʤʝʨʠʢʠ ʚ 1929 ʛʦʜʫ ʩ 

ʙʠʨʞʝʚʦʛʦ ʢʨʘʭʘ ʥʘʯʘʣʘʩʴ çɺʝʣʠʢʘʷ ʜʝʧʨʝʩʩʠʷè, ʢʦʪʦʨʘʷ ʧʨʦʜʦʣʞʘʣʘʩʴ ʜʦ 1939 ʛʦʜʘ (ʥʘʠʙʦʣʝʝ ʦʩʪʨʦ ʩ 1929 ʧʦ 

1933 ʛʛ.). ʉʦʚʨʝʤʝʥʥʳʝ ʵʢʦʥʦʤʠʩʪʳ ʧʨʝʜʣʘʛʘʶʪ ʨʘʟʥʳʝ ʜʘʪʠʨʦʚʢʠ çʧʦʩʪʢʦʥʜʨʘʪʴʝʚʩʢʠʭè ʮʠʢʣʦʚ. ʅʘ ʦʩʥʦʚʝ ʘʥʘ-

ʣʠʟʘ ʩʦʙʳʪʠʡ ʚ ʤʠʨʦʚʦʡ ʵʢʦʥʦʤʠʢʝ ʚʳʜʝʣʠʤ ʩʣʝʜʫʶʱʠʝ ʠʥʪʝʨʚʘʣʳ ʜʣʠʥʥʳʭ ʚʦʣʥ ʂʦʥʜʨʘʪʴʝʚʘ: 

ʏʝʪʚʝʨʪʳʡ ʮʠʢʣ ï ʧʦʚʳʰʘʪʝʣʴʥʘʷ ʚʦʣʥʘ ʜʦ ʩʝʨʝʜʠʥʳ 60-ʭ ʛʛ. (ʨʦʩʪ ʵʢʦʥʦʤʠʢʠ ʉʐɸ ʥʘ ʚʦʝʥʥʳʭ ʟʘʢʘ-

ʟʘʭ, 1940-1945 ʛʛ.). ɺ ʩʪʨʘʥʘʭ ɿʘʧʘʜʥʦʡ ɽʚʨʦʧʳ ʠ ʗʧʦʥʠʠ ʢ ʩʝʨʝʜʠʥʝ 60-ʭ ʛʦʜʦʚ ʙʳʣʘ ʟʘʚʝʨʰʝʥʘ ʨʝʢʦʥʩʪʨʫʢʮʠʷ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʜʨʫʛʠʭ ʩʬʝʨ ʵʢʦʥʦʤʠʢʠ ʥʘ ʥʦʚʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʦʩʥʦʚʝ, ʢʣʶʯʝʚʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʣʠ ʥʦʚʳʝ 

ʦʪʨʘʩʣʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʇʦ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤʫ ʦʩʥʘʱʝʥʠʶ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʵʢʦʥʦʤʠʢʘ ʵʪʠʭ 

ʩʪʨʘʥ ʚʧʣʦʪʥʫʶ ʧʨʠʙʣʠʟʠʣʘʩʴ ʢ ʫʨʦʚʥʶ ʵʢʦʥʦʤʠʢʠ ʉʐɸ. 

ʇʦʥʠʞʘʪʝʣʴʥʘʷ ʚʦʣʥʘ ʧʨʦʜʦʣʞʘʣʘʩʴ ʜʦ 1982 ʛʦʜʘ. 

15 ʘʚʛʫʩʪʘ 1971 ï ʧʨʝʟʠʜʝʥʪ ʈʠʯʘʨʜ ʅʠʢʩʦʥ ʧʨʦʚʦʜʠʪ ʩʝʨʠʶ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʨʝʬʦʨʤ ʠ ʦʪʤʝʥʷʝʪ çʟʦʣʦʪʦʡ 

ʩʪʘʥʜʘʨʪè, ʪʘʢ ʢʘʢ ʢʦʣʠʯʝʩʪʚʦ ʜʦʣʣʘʨʦʚ ʟʘ ʨʫʙʝʞʦʤ ʧʨʠ ʢʦʥʚʝʨʪʘʮʠʠ ʧʦ ʦʬʠʮʠʘʣʴʥʦʤʫ ʢʫʨʩʫ ʧʨʝʚʳʩʠʣʦ ʟʘʧʘʩʳ 

ʟʦʣʦʪʘ ʚʥʫʪʨʠ ʉʐɸ. ɺ 1973 ʛʦʜʫ ʚ ʤʠʨʝ ʨʘʟʨʘʟʠʣʩʷ ʧʝʨʚʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʢʨʠʟʠʩ (ʥʝʬʪʷʥʦʡ ʢʨʠʟʠʩ ʚ ʉʐɸ). 

ʆʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ ʤʠʨʦʚʦʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʢʨʠʟʠʩ 1974-75 ʛʛ. ʕʪʦʪ ʢʨʠʟʠʩ ʦʭʚʘʪʠʣ ʚʩʝ ʙʝʟ ʠʩʢʣʶʯʝʥʠʷ ʨʘʟ-

ʚʠʪʳʝ ʩʪʨʘʥʳ ʩ ʨʳʥʦʯʥʦʡ ʵʢʦʥʦʤʠʢʦʡ, ʧʨʠʚʝʣ ʢ ʩʘʤʦʤʫ ʛʣʫʙʦʢʦʤʫ ʧʦʩʣʝ ʚʪʦʨʦʡ ʤʠʨʦʚʦʡ ʚʦʡʥʳ ʧʘʜʝʥʠʶ ʧʨʦ-

ʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʢʘʧʠʪʘʣʦʚʣʦʞʝʥʠʡ. ʆʜʥʠʤ ʠʟ ʩʘʤʳʭ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʭ ʟʘ ʧʦʩʣʝʚʦʝʥʥʳʡ ʧʝʨʠʦʜ 

ʙʳʣ ʤʠʨʦʚʦʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʢʨʠʟʠʩ 1980-1982 ʛʛ., ʜʣʠʚʰʠʡʩʷ ʪʨʠ ʛʦʜʘ ʠ ʩʦʭʨʘʥʷʚʰʠʡ ʧʨʠʟʥʘʢʠ ɻ ʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʢʨʠʟʠʩʘ.  

ʇʷʪʳʡ ʮʠʢʣ ï ʧʦʚʳʰʘʪʝʣʴʥʘʷ ʚʦʣʥʘ ʜʦ 2000 ʛʦʜʘ. ʇʦʚʳʰʘʪʝʣʴʥʘʷ ʬʘʟʘ ʝʚʨʦ-ʘʤʝʨʠʢʘʥʩʢʦʛʦ ʜʣʠʥʥʦʛʦ 

ʮʠʢʣʘ (ʠʤʝʥʥʦ ʵʪʦʪ ʮʠʢʣ ʠʟʫʯʘʣʩʷ ʂʦʥʜʨʘʪʴʝʚʳʤ), ʥʘʯʘʣʘʩʴ ʚ 1980-1983 ʛʛ. ʠ ʧʨʦʜʦʣʞʘʣʘʩʴ ʜʦ ʢʦʥʮʘ 90-ʭ ʛʛ. ɺ 

ʵʪʦ ʞʝ ʚʨʝʤʷ 26 ʜʝʢʘʙʨʷ 1991 ʛʦʜʘ ʉʦʚʝʪ ʈʝʩʧʫʙʣʠʢ ɺʝʨʭʦʚʥʦʛʦ ʉʦʚʝʪʘ ʉʉʉʈ ʧʨʠʥʠʤʘʝʪ ʜʝʢʣʘʨʘʮʠʶ ʦ ʧʨʝʢʨʘ-

ʱʝʥʠʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʉʉʉʈ ʚ ʩʚʷʟʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʉʅɻ. ʈʳʥʦʯʥʘʷ ɻ ʢʦʥʦʤʠʢʘ ʩʪʘʥʦʚʠʪʩʷ ʛʣʦʙʘʣʴʥʦʡ. ʇʦʥʠʞʘ-

ʪʝʣʴʥʘʷ ʚʦʣʥʘ ʧʷʪʦʛʦ ʮʠʢʣʘ, ʩʦʛʣʘʩʥʦ ʧʨʦʛʥʦʟʫ, ʧʨʦʜʣʠʪʩʷ ʜʦ 2016-2020 ʛʛ.  

ʉ ʢʦʥʮʘ 90-ʭ ʛʦʜʦʚ ʍʍ ʚʝʢʘ ʫʪʚʝʨʜʠʣʦʩʴ ʤʥʝʥʠʝ, ʯʪʦ ʦʩʥʦʚʦʡ ʤʠʨʦʚʦʛʦ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʦʩʪʘ ʩʪʘʥʦ-

ʚʠʪʩʷ çʥʦʚʘʷ ʵʢʦʥʦʤʠʢʘè. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʯʝʨʪʦʡ çʥʦʚʦʡ ʵʢʦʥʦʤʠʢʠè ʜʦʣʞʥʘ ʙʳʣʘ ʩʪʘʪʴ ʙʳʩʪʨʦʪʘ ʧʨʦʠʩʭʦʜʷʱʠʭ 

ʠʟʤʝʥʝʥʠʡ ʚ ʨʳʥʦʯʥʦʡ ʩʨʝʜʝ ʥʘ ʦʩʥʦʚʝ ʠʥʪʝʨʥʝʪ-ʪʝʭʥʦʣʦʛʠʡ, ʢʘʢ ʥʘ ʛʣʦʙʘʣʴʥʦʤ ʫʨʦʚʥʝ, ʪʘʢ ʠ ʚ ʤʘʩʰʪʘʙʝ ʦʪ-

ʜʝʣʴʥʦʡ ʢʦʤʧʘʥʠʠ. ɼʘʣʝʝ ʩ 2001 ʛʦʜʘ ʟʘʧʘʜʥʘʷ ʵʢʦʥʦʤʠʢʘ ʧʝʨʝʰʣʘ ʚ ʧʦʥʠʞʘʪʝʣʴʥʫʶ ʬʘʟʫ, ʘ ʚ 2008 ʚ ʜʝʧʨʝʩʩʠʚ-

ʥʫʶ. ʉʪʦʠʪ ʥʘʧʦʤʥʠʪʴ, ʯʪʦ ʚ ʵʪʦʪ ʧʝʨʠʦʜ ʚ ʉʐɸ 11 ʩʝʥʪʷʙʨʷ 2001 ʛʦʜʘ ʧʨʦʠʟʦʰʣʠ ʪʝʨʨʦʨʠʩʪʠʯʝʩʢʠʝ ʘʪʘʢʠ, 

ʩʪʘʚʰʠʝ ʩʧʫʩʢʦʚʳʤ ʢʨʶʯʢʦʤ ʜʣʷ ʠʟʤʝʥʝʥʠʡ ʚʦ ʚʥʝʰʥʝʡ ʧʦʣʠʪʠʢʝ ʉʐɸ. ɺ 2007 ʛ. ʚ ʢʨʫʧʥʝʡʰʝʡ ʵʢʦʥʦʤʠʢʝ ʤʠʨʘ 
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