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Physical and mathematical sciences 

ʌʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʥʘʫʢʠ 
 

 

ʋɼʂ 535.22 
 

ʂ ɺʆʇʈʆʉʋ ʆ ʅɽɿɸɺʀʉʀʄʆʉʊʀ ʉʂʆʈʆʉʊʀ ʉɺɽʊɸ 

ʆʊ ʉʂʆʈʆʉʊʀ ɼɺʀɾɽʅʀʗ ʀʉʊʆʏʅʀʂɸ 
 

 ɺ.ɺ. ɸʧʦʣʣʦʥʦʚ1, ʖ.ʇ. ɺʦʡʥʦʚ2 

1 ʟʘʚʝʜʫʶʱʠʡ ʦʪʜʝʣʦʤ, 2 ʩʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ 
1 ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʬʠʟʠʢʠ ʠʤ. ɸ.ʄ. ʇʨʦʭʦʨʦʚʘ ʈɸʅ (ʄʦʩʢʚʘ), 

2 ʌʠʟʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ʇ.ʅ. ʃʝʙʝʜʝʚʘ ʈɸʅ (ʄʦʩʢʚʘ), ʈʦʩʩʠʷ 
 

ɸʥʥʦʪʘʮʠʷ. ʇʨʦʚʝʜʸʥ ʘʥʘʣʠʟ ʠʟʤʝʨʝʥʠʡ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ, ʧʦʣʫ-

ʯʝʥʥʳʭ ʥʘ ʩʠʥʭʨʦʪʨʦʥʝ çʉʠʙʠʨʴ-1è [3]. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʩʪʘʪʴʝ ɽ. ɸʣʝʢʩʘʥʜʨʦʚʘ ʠ ʜʨ. çʕʢʩʧʝʨʠ-

ʤʝʥʪ ʧʦ ʧʨʷʤʦʡ ʜʝʤʦʥʩʪʨʘʮʠʠ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʦʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʠʩʪʦʯʥʠʢʘè [2] ʵʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ ʦʮʝʥʢʝ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʸʪʘ ʥʝ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʟʘ-

ʢʣʶʯʘʶʱʝʝ ʨʘʙʦʪʫ ʫʪʚʝʨʞʜʝʥʠʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ, ʵʣʝʢʪʨʦʥ, ʩʠʥʭʨʦʪʨʦʥ, ʪʝʦʨʠʷ, ʵʢʩʧʝʨʠʤʝʥʪ. 
 

1. ɺʚʝʜʝʥʠʝ 

ʉʧʝʮʠʘʣʴʥʘʷ ʪʝʦʨʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ɸ. ʕʡʥʰʪʝʡʥʘ (ʉʊʆ) ʟʘʥʠʤʘʝʪ ʢʣʶʯʝʚʳʝ ʧʦʟʠʮʠʠ ʚ ʬʠʟʠʢʝ ʍʍ ʚʝʢʘ. 

ʆʥʘ ʦʩʥʦʚʘʥʘ ʥʘ ʨʷʜʝ ʧʦʩʪʫʣʘʪʦʚ, ʚʪʦʨʦʡ ʠʟ ʢʦʪʦʨʳʭ ʚ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʘʚʪʦʨʘ [9] ʩʬʦʨʤʫʣʠʨʦʚʘʥ ʪʘʢ: çéʩʚʝʪ ʚ ʧʫʩʪʦʪʝ 

ʚʩʝʛʜʘ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʩ ʦʧʨʝʜʝʣʸʥʥʦʡ ʩʢʦʨʦʩʪʴʶ V, ʥʝ ʟʘʚʠʩʷʱʝʡ ʦʪ ʩʦʩʪʦʷʥʠʷ ʜʚʠʞʝʥʠʷ ʠʟʣʫʯʘʶʱʝʛʦ ʪʝʣʘè.  

ɸ. ʕʡʥʰʪʝʡʥ ʚʚʸʣ ʧʦʩʪʫʣʘʪ ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ɸʨʘʛʦ, ʌʠʟʦ ʠ ʄʘʡʢʝʣʴʩʦ-

ʥʘ, ʥʘʙʣʶʜʘʚʰʠʭ ʩ ʧʦʤʦʱʴʶ ʠʤʝʚʰʠʭʩʷ ʚ ʪʦ ʚʨʝʤʷ ʧʨʠʙʦʨʦʚ, ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʦʪ ʜʚʠʞʝʥʠʷ ɿʝʤʣʠ.  

ɺ 1908 ʛ. ɺ. ʈʠʪʮ ʩʦʟʜʘʣ ʙʘʣʣʠʩʪʠʯʝʩʢʫʶ ʪʝʦʨʠʶ [11, 12], ʠʤʝʚʰʫʶ ʤʥʦʞʝʩʪʚʦ ʩʪʦʨʦʥʥʠʢʦʚ [4-6, 8], 

ʜʘʚʰʫʶ, ʚ ʧʨʦʪʠʚʦʚʝʩ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ɸ. ʕʡʥʰʪʝʡʥʘ, ʠʥʦʝ ʦʙʲʷʩʥʝʥʠʝ ʦʧʳʪʫ ʄʘʡʢʝʣʴʩʦʥʘ ï ʄʦʨʣʠ ʠ 

ʜʨʫʛʠʤ ʬʘʢʪʘʤ, ʠʩʢʣʶʯʘʚʰʠʤ ʵʬʠʨ, ʘ ʪʘʢʞʝ ʵʢʩʧʝʨʠʤʝʥʪʘʤ ʧʦ ʨʝʣʷʪʠʚʠʩʪʩʢʦʤʫ ʠʟʤʝʥʝʥʠʶ ʤʘʩʩʳ. ɺ ʩʨʝʜʝ 

ʧʨʦʬʝʩʩʠʦʥʘʣʦʚ ʩʧʦʨʳ ʚʦʢʨʫʛ ʉʊʆ ʧʨʦʜʦʣʞʘʶʪʩʷ ʠ ʚ ʥʘʰʠ ʜʥʠ. ʀ ʠʤʝʥʥʦ, ʠʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʩʦʚʝʨʰʝʥʥʦ ʦʯʝ-

ʚʠʜʥʦʡ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʘʞʥʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʧʨʷʤʦʤʫ ʠʟʤʝʨʝʥʠʶ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʩʪʦʯ-

ʥʠʢʘ ʠʟʣʫʯʝʥʠʷ [1, 2] ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʵʪʦʛʦ ʚʝʢʦʚʦʛʦ ʩʧʦʨʘ. ʉʦʚʝʨʰʝʥʥʦ ʦʯʝʚʠʜ-

ʥʦ, ʯʪʦ ʨʘʟʚʠʪʠʝ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʧʨʦʚʦʜʠʤʳʭ ʠʟʤʝʨʝʥʠʡ 

ʟʘʩʪʘʚʣʷʶʪ ʚʦʟʚʨʘʱʘʪʴʩʷ ʢ ʫʪʦʯʥʝʥʠʶ ʨʝʟʫʣʴʪʘʪʦʚ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʦʰʣʦʛʦ. 

ʇʝʨʝʡʜʸʤ ʢ ʘʥʘʣʠʟʫ ʩʭʝʤʳ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʧʦʣʫʯʝʥʥʳʭ ʘʚʪʦʨʘʤʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ 

ʦʪ ʫʣʴʪʨʘʨʝʣʷʪʠʚʠʩʪʩʢʦʛʦ ʠʩʪʦʯʥʠʢʘ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʠʭ ʠʥʪʝʨʧʨʝʪʘʮʠʠ. 

2. ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ 

ʇʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʩʭʝʤʳ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʠʭ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʤʦʞʥʦ ʥʘʡʪʠ ʚ 

ʨʘʙʦʪʘʭ [1,2]. ʀʩʪʦʯʥʠʢʦʤ ʠʟʣʫʯʝʥʠʷ, ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʉʀ), ʩʣʫʞʠʣ ʩʛʫʩʪʦʢ ʵʣʝʢʪʨʦ-

ʥʦʚ, ʜʚʠʞʫʱʠʭʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ, ʙʣʠʟʢʦʡ ʢ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ, ʚ ʩʠʥʭʨʦʪʨʦʥʝ ï ʥʘʢʦʧʠʪʝʣʝ ʵʣʝʢʪʨʦʥʦʚ çʉʠʙʠʨʴ-1è [3].  
 

 
 

ʈʠʩ. 1. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘ (ʄ1ïʄ4 ð ʧʦʚʦʨʦʪʥʳʝ ʤʘʛʥʠʪʳ; ʋɺɺ ð ʫʩʪʨʦʡʩʪʚʦ ʚʚʦʜʘïʚʳʚʦʜʘ ʩʪʝʢʣʷʥʥʦʡ ʧʣʘʩʪʠʥʢʠ;  

ʃ ˈ ʩʦʙʠʨʘʶʱʘʷ ʣʠʥʟʘ; ɼ ˈ ʜʝʪʝʢʪʦʨ ʠʟʣʫʯʝʥʠʷ; ɹʋ ˈ ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ ʋɺɺ; L1, L2ˈ ʢʘʪʫʰʢʠ ʠʥʜʫʢʪʠʚʥʦʩʪʠ) 

                                                           
É ɸʧʦʣʣʦʥʦʚ ɺ.ɺ., ɺʦʡʥʦʚ ʖ.ʇ. / Apollonov V.V., Voynov Yu.P., 2016 
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ʅʘ ʩʭʝʤʝ ʵʣʝʢʪʨʦʥʳ ʜʚʠʞʫʪʩʷ ʧʦ ʠʩʢʨʠʚʣʸʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ. ʅʘʤʠ ʚʚʝʜʝʥʳ ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ï ʪʦʯʢʠ ɸ, ɹ ʉ, ɼ ʠ ɽ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ.  

ʊʦʯʢʘ ɸ ï ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʫʩʢʦʨʷʶʱʝʛʦ ʟʘʟʦʨʘ ʨʝʟʦʥʘʪʦʨʘ. 

ʊʦʯʢʘ ɹ ï ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʠʥʜʫʢʮʠʦʥʥʦʡ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʧʝʪʣʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʨʝ-

ʟʦʥʘʪʦʨʘ.  

ʊʦʯʢʘ ʉ ï ʵʬʝʤʝʨʥʘʷ ʪʦʯʢʘ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʢʘʩʘʪʝʣʴʥʦʡ ʦʩʠ ʚʳʚʦʜʘ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ 

ʨʘʚʥʦʚʝʩʥʦʡ ʦʨʙʠʪʳ ʵʣʝʢʪʨʦʥʦʚ.  

ʊʦʯʢʘ ɼ ï ʪʦʯʢʘ ʚʭʦʜʘ ʚ ʩʘʧʬʠʨʦʚʦʝ ʦʢʥʦ. 

ʊʦʯʢʘ ɽ ï ʪʦʯʢʘ ʚʭʦʜʘ ʚ ʜʝʪʝʢʪʦʨ. 

ɺʝʣʠʯʠʥʘ ʦʪʨʝʟʢʘ Lɸɹ (ʦʪ ʟʘʟʦʨʘ ʨʝʟʦʥʘʪʦʨʘ ʜʦ ʠʥʜʫʢʮʠʦʥʥʦʡ ʧʝʪʣʠ) ʚʘʞʥʘ ʧʦʪʦʤʫ, ʯʪʦ ʦʥʘ ʚʥʦʩʠʪ ʟʘ-

ʧʘʟʜʳʚʘʥʠʝ ʚ ʩʠʛʥʘʣ ʩʠʥʭʨʦʥʠʟʘʮʠʠ, ʪ.ʝ. ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʦʩʮʠʣʣʦʛʨʘʤʤʘʤ ʚʨʝʤʝʥʘ ʜʦʣʞʥʳ ʙʳʪʴ ʫʚʝʣʠʯʝʥʳ ʥʘ 

ʚʨʝʤʷ ʵʪʦʡ ʟʘʜʝʨʞʢʠ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʠʪ ʚʩʝ ʜʘʣʴʥʝʡʰʠʝ ʨʘʩʯʸʪʳ. ɸʚʪʦʨʳ ʨʘʙʦʪʳ ʥʝ ʫʯʣʠ ʵʪʦʪ ʦʪʨʝʟʦʢ ʠ 

ʥʝ ʧʨʠʚʝʣʠ ʝʛʦ ʜʣʠʥʳ. ʇʦ ʥʘʰʠʤ ʦʮʝʥʢʘʤ, ʠʟ ʨʠʩʫʥʢʘ 1 ʜʣʠʥʘ ʦʪʨʝʟʢʘ Lɸɹ ʨʘʚʥʘ 32õ38 ʩʤ, ʯʪʦ ʧʨʠ ʩʢʦʨʦʩʪʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ 30 ʩʤ ʥʩ-1 ʧʨʠʚʦʜʠʪ ʢ ʟʘʜʝʨʞʢʝ ʩʠʛʥʘʣʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʥʘ 1,07õ1,27 ʥʩ. ʊʦʯʢʘ ʉ ʷʚʣʷ-

ʝʪʩʷ ʥʘʯʘʣʦʤ ʦʪʩʯʸʪʘ ʣʠʥʝʡʥʦʛʦ ʦʪʨʝʟʢʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʚʝʪʘ ʚʜʦʣʴ ʦʩʠ ʢʘʥʘʣʘ ʚʳʚʦʜʘ ʠʟʣʫʯʝʥʠʷ. ʉʤʝʱʝʥʠʝ 

ʮʝʥʪʨʘ ʨʘʜʠʫʩʘ R ʣʝʪʷʱʠʭ ʵʣʝʢʪʨʦʥʦʚ ʚʩʝʛʦ ʥʘ Ñ1ʩʤ ʧʨʠʚʦʜʠʪ ʢ ʩʤʝʱʝʥʠʶ ʨʝʘʣʴʥʦʡ ʪʦʯʢʠ ʥʘʯʘʣʘ ʦʪʩʯʝʪʘ ʧʦ 

ʢʨʠʚʦʡ ʪʨʘʝʢʪʦʨʠʠ ʥʘ Ñ 14 ʩʤ, ʯʪʦ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʚ ʨʘʩʯʸʪʘʭ 

ʇʨʦʚʝʜʸʤ ʨʘʩʯʸʪ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʧʦ ʤʝʪʦʜʠʢʝ ʘʚʪʦʨʦʚ, ʫʯʪʷ ʚʳʰʝ ʦʪʤʝʯʝʥʥʳʝ ʫʧʫʱʝʥʠʷ ʠ ʦʰʠʙʢʠ ʠʟ-

ʤʝʨʝʥʠʡ. ɼʣʠʥʫ ʧʫʪʠ ʵʣʝʢʪʨʦʥʦʚ LAC ʚʦʟʴʤʝʤ ʠʟ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʩʪʘʪʴʠ L = 5,61ʤ. ʋʯʠʪʳʚʘʷ ʩʣʦʞʥʦʩʪʴ ʢʦʥ-

ʩʪʨʫʢʮʠʠ ʦʧʪʠʤʠʩʪʠʯʝʩʢʘʷ ʧʦʛʨʝʰʥʦʩʪʴ æL = Ñ 6 cʤ. ʇʨʠʥʷʚ ʚʦ ʚʥʠʤʘʥʠʝ ʫʢʘʟʘʥʥʫʶ ʚʳʰʝ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ 

ʪʨʘʝʢʪʦʨʠʠ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʣʦʞʝʥʠʷ ʪ. ʉ ( Ñ 14 cʤ) ʧʦʣʫʯʠʤ: 
 

LAC = (5,61 Ñ 0.2) ʤ. 
 

ɺʨʝʤʷ ʧʨʦʣʸʪʘ ʵʣʝʢʪʨʦʥʦʚ te ʥʘ ʧʫʪʠ LAC ʩʦʦʪʚʝʪʩʪʚʫʝʪ: 
 

te = (18,71Ñ 0,7) ʥʩ 

 

ʆʧʨʝʜʝʣʠʤ ʚʨʝʤʷ ʧʨʦʭʦʞʜʝʥʠʷ ʩʚʝʪʦʤ ʦʪʨʝʟʢʘ Lʉɼ ʚʥʫʪʨʠ ʚʘʢʫʫʤʥʦʡ ʪʨʫʙʳ, ʚʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʦʩʮʠʣ-

ʣʦʛʨʘʤʤʦʡ ʥʘ ʨʠʩʫʥʢʝ 2, ʧʦʣʫʯʝʥʥʦʡ ʘʚʪʦʨʘʤʠ. 

 

 
 

ʈʠʩ. 2. ʀʟʤʝʨʝʥʠʝ ʟʘʜʝʨʞʢʠ ʩʚʝʪʦʚʦʛʦ ʠʤʧʫʣʴʩʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʬʘʟʳ ʫʩʢʦʨʷʝʤʦʛʦ ʚ ʟʘʟʦʨʝ ʵʣʝʢʪʨʦʥʘ 
 

ʂʨʠʚʘʷ ç1è ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʠʛʥʘʣʫ ʩʚʝʪʦʚʦʛʦ ʠʤʧʫʣʴʩʘ ʚ ʪ. ɽ. ʉʠʥʫʩʦʠʜʘ ç2è ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʧʨʷʞʝ-

ʥʠʶ, ʩʥʠʤʘʝʤʦʤʫ ʩ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʧʝʪʣʠ ʚ ʪ. ɹ (ʨʠʩʫʥʦʢ 1). ʇʝʪʣʷ ʚ ʨʝʟʦʥʘʪʦʨʝ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʯʪʦ ʥʘʧʨʷʞʝʥʠʝ, ʩʥʷʪʦʝ ʩ ʥʝʸ, ʩʜʚʠʥʫʪʦ ʧʦ ʬʘʟʝ ʥʘ 180Ü ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʫʩʢʦʨʷʶʱʝʤ ʟʘʟʦʨʝ ʨʝʟʦ-

ʥʘʪʦʨʘ. ʇʦʵʪʦʤʫ ʫʩʢʦʨʷʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ ʧʦʢʘʟʘʥʦ ʰʪʨʠʭʦʚʦʡ ʢʨʠʚʦʡ. ɺʨʝʤʷ ʦʪ ʫʟʣʘ ʩʠʥʫʩʦʠʜʳ ʜʦ ʫʩʢʦʨʷʶ-

ʱʝʛʦ ʟʘʟʦʨʘ, ʨʘʩʩʯʠʪʘʥʥʦʝ ʪʘʢʞʝ ʘʚʪʦʨʘʤʠ æts = 1,16 ʥʩ. 

ʊʦʛʜʘ ʠʟʤʝʨʝʥʥʳʡ ʧʦ ʦʩʮʠʣʣʦʛʨʘʤʤʝ ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ ætsum ʦʪ ʫʩʢʦʨʷʶʱʝʛʦ ʟʘʟʦʨʘ ɸ ʜʦ ʪʦʯʢʠ ʨʝ-

ʛʠʩʪʨʘʮʠʠ ɽ: 
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ætsum = æt + æts = 42,2 +1,16 = 43,36 ʥʩ. 

 

ʋʯʪʸʤ, ʯʪʦ ʠʟ-ʟʘ ʟʘʜʝʨʞʢʠ ʩʠʛʥʘʣʘ ʥʘ ʦʪʨʝʟʢʝ LAɹ , ʩʠʥʫʩʦʠʜʳ ʩʜʚʠʥʫʪʳ ʚʧʨʘʚʦ ʥʘ (1,17 Ñ 0,1) ʥʩ ʦʪʥʦ-

ʩʠʪʝʣʴʥʦ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʊʦʛʜʘ ʨʝʘʣʴʥʦʝ ʚʨʝʤʷ ætsum'  = (44,53 Ñ 0,1) ʥʩ. ʀ ʚʨʝʤʷ tʉɼ ʧʨʦʭʦʞʜʝʥʠʷ ʩʚʝʪʦʤ 

ʦʪʨʝʟʢʘ Lʉɼ ʨʘʚʥʦ: 

 

tʉɼ = ætsum'ï te ï tɼɽ = 44,53 ï 18,71 ï 0,55 = (25,27Ñ 0,8)ʥʩ, 

 

ʟʜʝʩʴ tɼɽ = 0,55 ʥʩ ʨʘʚʥʦ ʚʨʝʤʝʥʠ ʧʨʦʭʦʞʜʝʥʠʷ ʩʚʝʪʦʤ ʦʧʪʠʯʝʩʢʦʛʦ ʧʫʪʠ ʦʪ ʚʭʦʜʘ ʚ ʩʘʧʬʠʨʦʚʦʝ ʦʢʥʦ ʜʦ ʚʭʦʜʘ ʚ 

ʜʝʪʝʢʪʦʨ. ʊʦʛʜʘ ʩ ʫʯʸʪʦʤ ʚʩʝʭ ʧʦʛʨʝʰʥʦʩʪʝʡ, ʦʪʤʝʯʝʥʥʳʭ ʚʳʰʝ, ʧʦʣʫʯʘʝʤ ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ 

 

ʩɼɽ= (2,85 ʭ 108Ñ 5%) ʤ ʩ-1. 

 

ʇʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʧʨʘʚʦʯʥʳʭ ʟʥʘʯʝʥʠʡ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ ʙʦʣʝʝ ʯʝʤ ʥʘ 5 % 

ʠ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ ʙʣʠʟʦʢ ʢ ʨʝʟʫʣʴʪʘʪʫ ʘʚʪʦʨʦʚ ʩʪʘʪʝʡ [1,2].  

ʆʜʥʘʢʦ ʝʩʪʴ ʝʱʝ ʦʜʥʘ ʪʨʫʜʥʦʩʪʴ, ʩʚʷʟʘʥʥʘʷ ʩ ʦʮʝʥʢʦʡ ʘʚʪʦʨʘʤʠ [1,2] ʦʪʨʝʟʢʘ ʚʨʝʤʝʥʠ ʦʪ ʫʟʣʘ ʩʠʥʫʩʦʠ-

ʜʳ ʜʦ ʫʩʢʦʨʷʶʱʝʛʦ ʟʘʟʦʨʘ, ʢʦʪʦʨʳʡ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ʫʩʢʦʨʝʥʠʶ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʦʡ ʯʘʩʪʠʮʳ. ʕʪʦ ʩʣʝʜʫ-

ʝʪ ʠʟ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʥʷʪʠʷ ʥʘʧʨʷʞʝʥʠʷ. ʅʘʧʨʷʞʝʥʠʝ ï ʵʪʦ ʚʝʣʠʯʠʥʘ, ʧʦʢʘʟʳʚʘʶʱʘʷ, ʢʘʢʫʶ ʨʘʙʦʪʫ ʩʦʚʝʨʰʠʣʦ 

ʧʦʣʝ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ ʦʪ ʦʜʥʦʡ ʪʦʯʢʠ ʜʦ ʜʨʫʛʦʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʚʪʦʨʘʤʠ ʧʨʠ ʨʘʩʯʸ-

ʪʘʭ ʚʨʝʤʝʥʠ ʧʨʦʣʝʪʘ ʜʣʷ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ ʰʪʨʠʭʦʚʦʡ ʩʠʥʫʩʦʠʜʳ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʝʧʨʘʚʦʤʝʨʥʳʤ. ɺ ʜʘʥ-

ʥʦʤ ʩʣʫʯʘʝ ʜʣʷ ʵʣʝʢʪʨʦʥʘ ʩʜʚʠʛ ʧʦ ʬʘʟʝ ʤʝʥʷʝʪʩʷ ʥʘ 180Ü ʠ ʧʨʠ ʦʮʝʥʢʘʭ ʥʘʜʦ ʧʦʣʴʟʦʚʘʪʴʩʷ ʥʝ ʰʪʨʠʭʦʚʦʡ ʩʠʥʫ-

ʩʦʠʜʦʡ, ʘ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʩʧʣʦʰʥʦʡ. 

ʇʨʦʜʝʣʘʝʤ ʨʘʩʯʸʪ ʜʣʷ ʵʪʦʛʦ ʩʣʫʯʘʷ, ʚʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʦʩʮʠʣʣʦʛʨʘʤʤʦʡ ʥʘ ʨʠʩʫʥʢʝ 3, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ 

ʘʚʪʦʨʘʤʠ ʚ ʢʘʯʝʩʪʚʝ ʠʣʣʶʩʪʨʘʮʠʠ ʜʦʩʪʠʞʠʤʦʡ ʪʦʯʥʦʩʪʠ ʧʦʩʣʝ ʮʠʬʨʦʚʦʛʦ ʫʩʨʝʜʥʝʥʠʷ. 

 

 
 

ʈʠʩ. 3. ʆʩʮʠʣʣʦʛʨʘʤʤʘ ʧʦʩʣʝ ʮʠʬʨʦʚʦʛʦ ʫʩʨʝʜʥʝʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʥʘʤʠ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʟʘʜʝʨʞʢʠ ʩʚʝʪʦʚʦʛʦ ʠʤʧʫʣʴʩʘ 

 

ɺʠʜʥʦ, ʯʪʦ ʧʦʣʥʦʝ ʚʨʝʤʷ ʠʥʪʝʨʚʘʣ ætsum ʦʪ ʫʩʢʦʨʷʶʱʝʛʦ ʟʘʟʦʨʘ (ʪʦʯʢʘ ɸ ʥʘ ʨʠʩʫʥʢʝ 1) ʜʦ ʪʦʯʢʠ ʨʝʛʠ-

ʩʪʨʘʮʠʠ (ʪʦʯʢʘ ɽ): 

 

ætsum = æt + æts = 28,96 + 0,8 = 29,76ʥʩ. 

 

ʋʯʠʪʳʚʘʷ, ʢʘʢ ʠ ʨʘʥʴʰʝ, ʟʘʜʝʨʞʢʫ ʩʠʛʥʘʣʘ (1,17Ñ 0,1) ʥʩ ʥʘ ʦʪʨʝʟʢʝ LAɹ, ʨʝʘʣʴʥʦʝ ʚʨʝʤʷ ætsum' ʩʦʩʪʘʚʠʪ: 

 

ætsum'  = ætsum + 1,17 = 29,76 + 1,17 = (30,93Ñ 0,1) ʥʩ. 

 

ɺʨʝʤʷ ʧʨʦʭʦʞʜʝʥʠʷ ʩʚʝʪʦʤ ʦʪʨʝʟʢʘ tʉɽ ʧʦʣʫʯʠʤ, ʚʳʯʪʷ ʠʟ ætsum'  ʚʨʝʤʷ te: 

 

tʉɽ = ætsum'ï te = 30,93 ï 18,71 = (12,22 Ñ 0,8)ʥʩ 
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ʊʦʛʜʘ, ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʷ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʙʝʟ ʫʯʝʪʘ ʚʦʟʤʦʞʥʦʛʦ ʵʬʬʝʢʪʘ ʧʝʨʝʠʟʣʫʯʝʥʠʷ, ʥʝ-

ʟʥʘʯʠʪʝʣʴʥʦ ʠʩʢʘʞʘʶʱʝʛʦ ʦʙʱʫʶ ʬʠʟʠʯʝʩʢʫʶ ʢʘʨʪʠʥʫ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʉʀ ʚʳʭʦʜʥʦʛʦ ʦʢʥʘ [7, 10], ʧʨʠʚʦʜʠʪ 

ʢ ʩʣʝʜʫʶʱʠʤ ʦʮʝʥʢʘʤ: Lʉɽ = 733,8 Ñ 14 ʩʤ, tʉɽ = 12,22 Ñ 0,8 ʥʩ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʦʚʝʜʝʥʥʘʷ ʦʮʝʥʢʘ ʩʢʦʨʦʩʪʠ ʉʀ 

ʚʝʜʝʪ ʢ ʨʝʟʫʣʴʪʘʪʫ, ʢʦʪʦʨʳʡ ʧʨʠʤʝʨʥʦ ʚʜʚʦʝ ʙʦʣʴʰʝ ʨʝʟʫʣʴʪʘʪʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʘʚʪʦʨʘʤʠ ʨʘʙʦʪ [1,2]. ʆʮʝʥʢʠ 

ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ, ʧʨʦʚʝʜʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʨʘʙʦʪʳ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʥʝ 

ʧʦʟʚʦʣʷʶʪ ʫʚʝʨʝʥʥʦ ʛʦʚʦʨʠʪʴ ʦʙ ʦʢʦʥʯʘʪʝʣʴʥʦʤ ʫʩʪʨʘʥʝʥʠʠ ʠʩʪʦʨʠʯʝʩʢʦʡ ʥʝʜʦʨʘʙʦʪʢʠ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ 

ʦʙʦʩʥʦʚʘʥʠʠ ʠʩʪʦʢʦʚ ʉʊʆ. ɼʣʷ ʫʪʦʯʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʝʦʙʭʦʜʠʤʦ ʟʘʤʝʥʠʪʴ ʩʠʛʥʘʣ ʩʠʥʭʨʦʥʠʟʘ-

ʮʠʠ ʦʪ ʠʥʜʫʢʮʠʦʥʥʦʡ ʧʝʪʣʠ ʥʘ ʩʠʛʥʘʣ ʦʪ ʩʚʝʪʦʚʦʛʦ ʜʝʪʝʢʪʦʨʘ, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʚʙʣʠʟʠ ʪʦʯʢʠ ʉ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʚʪʦʨʦʛʦ ʩʚʝʪʦʚʦʛʦ ʜʝʪʝʢʪʦʨʘ ʦʙʝʩʧʝʯʠʪ ʥʘʜʝʞʥʫʶ ʩʠʥʭʨʦʥʠʟʘʮʠʶ ʚʦ ʚʨʝʤʝʥʠ ʩʠʛʥʘʣʦʚ ʠʟ 2-ʭ ʪʦʯʝʢ ʨʝʛʠʩʪʨʘ-

ʮʠʠ ʩʚʝʪʦʚʦʛʦ ʠʤʧʫʣʴʩʘ ʠ ʩʥʠʤʝʪ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ ʚ ʚʳʙʦʨʝ ʧʦʣʦʞʝʥʠʷ çʨʝʧʝʨʥʦʡè ʪʦʯʢʠ ʥʘ ʩʠʥʫʩʦʠʜʝ. 

3. ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʘʷ ʥʘʤʠ ʨʘʙʦʪʘ ʷʚʣʷʝʪʩʷ ʧʝʨʚʦʡ ʠ ʦʯʝʥʴ ʟʥʘʯʠʤʦʡ ʧʦʧʳʪʢʦʡ ʧʨʷʤʦʛʦ ʠʟʤʝʨʝʥʠʷ ʩʢʦ-

ʨʦʩʪʠ ʩʚʝʪʘ, ʠʩʧʫʱʝʥʥʦʛʦ ʫʣʴʪʨʘʨʝʣʷʪʠʚʠʩʪʩʢʠʤ ʠʩʪʦʯʥʠʢʦʤ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʥʝ ʷʚʣʷ-

ʶʪʩʷ ʫʙʝʜʠʪʝʣʴʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʦʜʥʦʡ ʠʟ ʜʚʫʭ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ 

ʪʦʯʝʢ ʟʨʝʥʠʷ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʫʙʝʜʠʪʝʣʴʥʦʛʦ ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʝʦʙʭʦʜʠʤʦ ʟʘʤʝʥʠʪʴ 

ʩʠʛʥʘʣ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʦʪ ʠʥʜʫʢʮʠʦʥʥʦʡ ʧʝʪʣʠ ʥʘ ʩʠʛʥʘʣ ʦʪ ʚʪʦʨʦʛʦ ʩʚʝʪʦʚʦʛʦ ʜʝʪʝʢʪʦʨʘ, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʚʙʣʠ-

ʟʠ ʪʦʯʢʠ ʉ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʩʭʝʤʝ ʘʚʪʦʨʦʚ [1,2]. ɼʣʷ ʵʪʦʛʦ ʩ ʧʦʤʦʱʴʶ ʟʝʨʢʘʣʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʢʘʥʘʣʝ 

ʚʳʚʦʜʘ ʉʀ ʥʝʦʙʭʦʜʠʤʦ, ʥʝ ʥʘʨʫʰʘʷ ʦʩʥʦʚʥʦʡ ʧʫʯʦʢ, ʦʪʜʝʣʠʪʴ ʥʝʙʦʣʴʰʫʶ ʯʘʩʪʴ ʠʟʣʫʯʝʥʠʷ, ʥʘʧʨʘʚʠʚ ʝʝ ʚ ʜʝ-

ʪʝʢʪʦʨ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʪʦʨʦʛʦ ʩʚʝʪʦʚʦʛʦ ʜʝʪʝʢʪʦʨʘ ʚʤʝʩʪʦ ʠʥʜʫʢʮʠʦʥʥʦʡ ʧʝʪʣʠ ʦʙʝʩʧʝʯʠʪ ʥʘʜʝʞʥʫʶ ʩʠʥʭʨʦ-

ʥʠʟʘʮʠʶ ʚʦ ʚʨʝʤʝʥʠ ʩʠʛʥʘʣʦʚ ʠʟ 2-ʭ ʪʦʯʝʢ ʨʝʛʠʩʪʨʘʮʠʠ ʥʘ ʪʨʘʝʢʪʦʨʠʠ ʠʤʧʫʣʴʩʘ ʠ ʩʥʠʤʝʪ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ ʚ 

ʚʳʙʦʨʝ ʧʦʣʦʞʝʥʠʷ çʨʝʧʝʨʥʦʡè ʪʦʯʢʠ. 
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Abstract. The analysis of the light speed measurements produced by an ultra-relativistic electrons at the syn-

chrotron ñSiberia-1ò [3] is made. It is shown that the experimental data for the light speed in the laboratory reference 

frame given in the paper ñExperiment on direct demonstration of the light speed independence from the source speedò 

by E. Aleksandrov et al [2] does not allow making the final work conclusion approval. 
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ɺʃʀʗʅʀɽ ʉɺɽʊɸ ʀ ʂʆʅʎɽʅʊʈɸʎʀʀ ʉɸʍɸʈʆɿʓ ɺ ʉʈɽɼɽ 

ʇʈʆʈɸʑʀɺɸʅʀʗ ʅɸ ʇʈʆʈɸʉʊɸʅʀɽ ʇʓʃʔʎʓ ʗɹʃʆʅʀ 
 

 ɺ.ɻ. ɺʝʨʞʫʢ1, ɻ.ʀ. ʌʠʣʠʧʝʥʢʦ2, ɸ.ɺ. ʇʘʚʣʦʚ3, ʀ.ɺ. ʇʦʨʦʪʥʠʢʦʚ4, ɼ.ɼ. ɹʦʥʜʘʨʫʢ5 

1 ʢʘʥʜʠʜʘʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʩʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, 2 ʢʘʥʜʠʜʘʪ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʘʫʢ, ʚʝʜʫʱʠʡ 

ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, ʟʘʚʝʜʫʶʱʘʷ ʣʘʙʦʨʘʪʦʨʠʝʡ, 3 ʤʣʘʜʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, 4, 5 ʩʪʫʜʝʥʪ ʤʘʛʠʩʪʨʘʪʫʨʳ 
1, 2, 3 ʌɻɹʅʋ çʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ 

ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʠʥʩʪʠʪʫʪ ʛʝʥʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʨʘʩʪʝʥʠʡ ʠʤ. ʅ.ʀ. ɺʘʚʠʣʦʚʘè (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ) 
4, 5 ʌɻɹʆʋ ɺʇʆ çʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɸ.ʀ. ɻʝʨʮʝʥʘè 

(ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ), ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʨʘʱʠʚʘʥʠʷ 

ʧʳʣʴʮʳ ʷʙʣʦʥʠ ʥʘ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ, ʢʦʪʦʨʦʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʢʦʥʪʨʦʣʷ ʝʝ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ ʧʦʩʣʝ ʥʠʟʢʦ-

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʭʨʘʥʝʥʠʷ ʠ ʢʨʠʦʢʦʥʩʝʨʚʘʮʠʠ. ʅʘ ʧʨʠʤʝʨʝ ʩʦʨʪʦʚ ʷʙʣʦʥʠ ɹʦʣʦʪʦʚʩʢʦʝ, ʇʝʨʚʝʥʝʮ ʗʢʫʪʠʠ ʠ 

ʉʢʘʣʘ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʦʨʘʩʪʘʥʠʝ ʧʳʣʴʮʳ ʟʘʚʠʩʠʪ ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʩʚʝʪʦʚʦʛʦ ʨʝʞʠʤʘ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʩʘʭʘʨʦʟʳ ʚ ʩʨʝʜʝ ʧʨʦʨʘʱʠʚʘʥʠʷ. ʇʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʦʢʘʟʘʣʦʩʴ ʧʨʦʨʘʱʠʚʘʥʠʝ ʧʳʣʴʮʳ ʚ ʪʝʤʥʦʪʝ ʥʘ ʩʨʝʜʝ, 

ʩʦʩʪʦʷʱʝʡ ʠʟ 0,1 % ʘʛʘʨ-ʘʛʘʨʘ ʠ 10 ï 25 % ʨʘʩʪʚʦʨʘ ʩʘʭʘʨʦʟʳ. ʅʘ ʪʝʭ ʞʝ ʦʙʨʘʟʮʘʭ ʧʳʣʴʮʳ ʷʙʣʦʥʠ ʙʳʣʦ ʦʙʥʘ-

ʨʫʞʝʥʦ, ʯʪʦ ʧʦʩʣʝ ʢʨʠʦʢʦʥʩʝʨʚʘʮʠʠ ʧʨʦʮʝʥʪ ʧʨʦʨʦʩʰʠʭ ʧʳʣʴʮʝʚʳʭ ʟʝʨʝʥ ʚʦʟʨʘʩʪʘʝʪ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʨʠʦʢʦʥʩʝʨʚʘʮʠʷ, ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʝ ʭʨʘʥʝʥʠʝ, ʧʳʣʴʮʘ, ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ, ʧʣʦʜʦ-

ʚʳʝ ʢʫʣʴʪʫʨʳ, ʷʙʣʦʥʷ. 

 

ɻʝʥʝʪʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʚʝʛʝʪʘʪʠʚʥʦ ʨʘʟʤʥʦʞʘʝʤʳʭ ʨʘʩʪʝʥʠʡ, ʩʦʭʨʘʥʷʝʤʳʭ ʚ ʌɻɹʅʋ çʌʝʜʝʨʘʣʴ-

ʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʠʥʩʪʠʪʫʪ ʛʝʥʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʨʘʩʪʝʥʠʡ ʠʤ. ʅ. ʀ. ɺʘʚʠʣʦʚʘè 

(ɺʀʈ), ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʚ ʚʠʜʝ ʞʠʚʳʭ ʥʘʩʘʞʜʝʥʠʡ, ʩʦʩʪʘʚʣʷʚʰʠʭ ʥʘ 1.11.2015 ʛʦʜʘ 19531 ʦʙ-

ʨʘʟʝʮ. ʂʨʦʤʝ ʪʦʛʦ, 650 ʦʙʨʘʟʮʦʚ ʧʣʦʜʦʚʳʭ, ʷʛʦʜʥʳʭ ʢʫʣʴʪʫʨ ʠ ʢʘʨʪʦʬʝʣʷ ʩʦʭʨʘʥʷʶʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʢʫʣʴʪʫʨʳ 

ʪʢʘʥʝʡ in vitro. ɺ ʢʨʠʦʙʘʥʢʝ ɺʀʈ ʚ ʧʘʨʘʭ ʞʠʜʢʦʛʦ ʘʟʦʪʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 183 ï 185 Áʉ ʭʨʘʥʠʪʩʷ 478 ʦʙʨʘʟʮʦʚ 

ʯʝʨʝʥʢʦʚ ʠ 724 ʦʙʨʘʟʮʘ ʧʳʣʴʮʳ ʧʣʦʜʦʚʳʭ ʠ ʷʛʦʜʥʳʭ ʢʫʣʴʪʫʨ, ʘ ʪʘʢʞʝ 148 ʦʙʨʘʟʮʦʚ ʘʧʠʢʘʣʴʥʳʭ ʤʝʨʠʩʪʝʤ ʢʘʨ-

ʪʦʬʝʣʷ, ʧʝʨʝʜʘʥʥʳʭ ʦʪʜʝʣʦʤ ʙʠʦʪʝʭʥʦʣʦʛʠʠ (ʜʘʥʥʳʝ ʥʘ 01.11.2015 ʛ.). 

ʇʝʨʚʳʝ ʦʧʳʪʳ ʧʦ ʢʨʠʦʢʦʥʩʝʨʚʘʮʠʠ ʧʳʣʴʮʳ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʚ ɺʀʈ ʚ 70-ʭ ʛʦʜʘʭ ʍʍ ʚʝʢʘ [1]. ʇʦʪʦʤ 

ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʚ ʠʥʩʪʠʪʫʪʝ ʟʘʥʠʤʘʣʠʩʴ ʨʘʟʨʘʙʦʪʢʘʤʠ ʤʝʪʦʜʠʢ ʭʨʘʥʝʥʠʷ ʩʝʤʷʥ ʧʨʠ ʩʚʝʨʭʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

[9, 12]. ʕʪʠ ʨʘʙʦʪʳ ʙʳʣʠ ʠʥʪʝʨʝʩʥʳ ʚ ʦʙʱʝʙʠʦʣʦʛʠʯʝʩʢʦʤ ʩʤʳʩʣʝ, ʦʜʥʘʢʦ ʩʝʤʝʥʘ ʙʦʣʴʰʠʥʩʪʚʘ ʩʝʣʴʩʢʦʭʦʟʷʡ-

ʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʤʦʛʫʪ ʭʨʘʥʠʪʴʩʷ ʙʝʟ ʩʥʠʞʝʥʠʷ ʚʩʭʦʞʝʩʪʠ ʚ ʪʝʯʝʥʠʝ ʜʝʩʷʪʠʣʝʪʠʡ ʜʘʞʝ ʧʨʠ ʥʝʙʦʣʴʰʠʭ ʧʦʣʦ-

ʞʠʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʝʩʣʠ ʩʦʙʣʶʜʘʶʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʝ ʫʩʣʦʚʠʷ, ʦʩʥʦʚʥʳʝ ʠʟ ʢʦʪʦʨʳʭ ï ʚʳʩʦʢʘʷ ʠʩʭʦʜʥʘʷ 

ʚʩʭʦʞʝʩʪʴ, ʥʠʟʢʘʷ ʚʣʘʞʥʦʩʪʴ ʩʝʤʷʥ, ʛʝʨʤʝʪʠʯʥʘʷ ʫʧʘʢʦʚʢʘ [13, 14]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʚʦʜʷʪʩʷ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʪʦ, ʯʪʦʙʳ ʩʝʤʝʥʘ ʢʦʣʣʝʢʮʠʦʥʥʳʭ ʦʙʨʘʟʮʦʚ, ʧʦʜʩʫʰʝʥʥʳʝ ʜʦ ʫʣʴʪʨʘʩʫʭʦʛʦ ʩʦʩʪʦʷʥʠʷ, 

ʤʦʞʥʦ ʙʳʣʦ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʭʨʘʥʠʪʴ ʜʘʞʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʙʝʟ ʩʥʠʞʝʥʠʷ ʠʭ ʚʩʭʦʞʝʩʪʠ [15]. ʀʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʩʚʝʨʭʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʜʣʷ ʭʨʘʥʝʥʠʷ ʩʝʤʷʥ ʘʢʪʫʘʣʴʥʦ ʣʠʰʴ ʚ ʦʛʨʘʥʠʯʝʥʥʦʤ ʯʠʩʣʝ ʩʣʫʯʘʝʚ, 

ʥʘʧʨʠʤʝʨ, ʜʣʷ ʨʝʜʢʠʭ, ʠʩʯʝʟʘʶʱʠʭ ʚʠʜʦʚ. ʇʦʵʪʦʤʫ, ʢʦʛʜʘ ʚ 2003 ʛʦʜʫ ʚ ɺʀʈ ʙʳʣ ʩʦʟʜʘʥ ʢʨʠʦʢʦʤʧʣʝʢʩ, ʦʩʥʘ-

ʱʝʥʥʳʡ ʩʦʚʨʝʤʝʥʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʙʳʣʘ ʥʘʯʘʪʘ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢ ʢʨʠʦʢʦʥʩʝʨʚʘʮʠʠ ʠ 

ʟʘʢʣʘʜʢʘ ʥʘ ʢʨʠʦʭʨʘʥʝʥʠʝ ʚʝʛʝʪʘʪʠʚʥʦ ʨʘʟʤʥʦʞʘʝʤʳʭ ʨʘʩʪʝʥʠʡ: ʯʘʩʪʝʡ (ʯʝʨʝʥʢʦʚ, ʧʦʯʝʢ) ʧʣʦʜʦʚʳʭ ʠ ʷʛʦʜʥʳʭ 

ʢʫʣʴʪʫʨ, ʘ ʪʘʢʞʝ ʠʭ ʧʳʣʴʮʳ [3, 4]. ʂʨʠʦʢʦʥʩʝʨʚʘʮʠʷ ʧʳʣʴʮʳ ʧʣʦʜʦʚʳʭ ʢʫʣʴʪʫʨ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ ʥʝ ʪʦʣʴʢʦ ʜʣʷ 

ʩʦʭʨʘʥʝʥʠʷ ʠʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ, ʥʦ ʝʱʝ ʠ ʧʦʪʦʤʫ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʩʝʣʝʢʮʠʦʥʝʨʘʤ ʞʠʟʥʝʩʧʦ-

ʩʦʙʥʫʶ ʧʳʣʴʮʫ, ʧʦʣʫʯʝʥʥʫʶ ʠʟ ʨʘʟʥʳʭ ʨʝʛʠʦʥʦʚ, ʦʪ ʩʦʨʪʦʚ, ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʧʦ ʚʨʝʤʝʥʠ ʮʚʝʪʝʥʠʷ. 

ɾʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʧʳʣʴʮʳ ʤʦʞʥʦ ʦʧʨʝʜʝʣʷʪʴ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ: ʧʨʦʨʘʱʠʚʘʥʠʝʤ ʥʘ ʠʩʢʫʩʩʪʚʝʥ-

ʥʦʡ ʩʨʝʜʝ, ʦʢʨʘʰʠʚʘʥʠʝʤ ʘʮʝʪʦʢʘʨʤʠʥʦʤ, ʧʦ ʘʢʪʠʚʥʦʩʪʠ ʧʝʨʦʢʩʠʜʘʟʳ ʠ ʜʝʛʠʜʨʦʛʝʥʘʟ ʚ ʧʳʣʴʮʝ [7, 10], ʘ ʪʘʢʞʝ 

ʥʘʙʣʶʜʝʥʠʝʤ ʟʘ ʝʝ ʧʨʦʨʘʩʪʘʥʠʝʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʨʳʣʴʮʘʭ ʧʝʩʪʠʢʦʚ ʧʦ ʤʝʪʦʜʠʢʝ ɸ.ʉ. ʊʘʪʘʨʠʥʮʝʚʘ [11]. 

ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ ʦʧʨʝʜʝʣʝʥʠʝ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ ʧʳʣʴʮʳ ʧʫʪʝʤ ʝʝ ʧʨʦʨʘʱʠʚʘʥʠʷ ʥʘ ʠʩʢʫʩ-

ʩʪʚʝʥʥʦʡ ʩʨʝʜʝ. ʆʩʥʦʚʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʙʦʣʴʰʠʥʩʪʚʘ ʩʨʝʜ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʧʨʦʨʘʱʠʚʘʥʠʷ ʧʳʣʴʮʳ, ʷʚʣʷʝʪʩʷ 

ʩʘʭʘʨʦʟʘ. ʇʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ ʜʣʷ ʧʨʦʨʘʱʠʚʘʥʠʷ ʧʳʣʴʮʳ ʪʨʦʧʠʯʝʩʢʠʭ ʦʨʭʠʜʝʡ ʧʦʜʭʦʜʠʪ ʨʘʩʪʚʦʨ ʩ ʢʦʥ-
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ʮʝʥʪʨʘʮʠʝʡ ʩʘʭʘʨʦʟʳ 0,5 ï 5 %, ʜʣʷ ʧʘʧʘʡʠ ï 6 %, ʜʣʷ ʤʘʥʛʦ, ʛʣʘʜʠʦʣʫʩʦʚ ʠ ʨʦʟ ï 15 %, ʜʣʷ ʮʠʪʨʫʩʦʚʳʭ ʠ ʚʠʥʦ-

ʛʨʘʜʘ ï 20 % [16], ʜʣʷ ʟʝʤʣʷʥʠʢʠ ï 10 % [8], ʜʣʷ ʛʨʫʰʠ ï 15 % [6], ʜʣʷ ʪʦʤʘʪʦʚ, ʢʘʨʪʦʬʝʣʷ, ʦʛʫʨʮʘ, ʣʫʢʘ, ʩʚʸʢʣʳ, 

ʢʘʧʫʩʪʳ, ʛʦʨʦʭʘ, ʱʘʚʝʣʷ, ʨʝʜʠʩʘ, ʙʝʨʸʟʳ ï 24 % [1], ʜʣʷ ʷʙʣʦʥʠ, ʛʨʫʰʠ, ʘʡʚʳ ï 5 ï 20 % [10]. ʆʧʨʝʜʝʣʝʥʠʝ ʦʧ-

ʪʠʤʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʘʭʘʨʦʟʳ ʚ ʩʨʝʜʝ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʯʘʩʪʴʶ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʠʢʠ ʢʦʥʪʨʦʣʷ ʞʠʟʥʝʩʧʦ-

ʩʦʙʥʦʩʪʠ ʧʳʣʴʮʳ ʨʘʟʣʠʯʥʳʭ ʢʫʣʴʪʫʨ ʧʫʪʝʤ ʧʨʦʨʘʱʠʚʘʥʠʷ ʥʘ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʩʨʝʜʝ. 

ʅʦ ʥʝ ʪʦʣʴʢʦ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʘʭʘʨʦʟʳ ʟʘʚʠʩʷʪ ʧʦʢʘʟʘʪʝʣʠ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ ʧʳʣʴʮʳ. ɽʩʪʴ ʠ ʜʨʫʛʠʝ 

ʬʘʢʪʦʨʳ, ʧʦʨʦʡ ʤʘʣʦ ʠʟʫʯʝʥʥʳʝ. ʊʘʢ ʚ ʣʠʪʝʨʘʪʫʨʝ ʤʘʣʦ ʩʚʝʜʝʥʠʡ ʦ ʚʣʠʷʥʠʠ ʩʚʝʪʘ ʥʘ ʧʨʦʨʘʩʪʘʥʠʝ ʧʳʣʴʮʳ. ɺ 

ʢʘʢʦʡ-ʪʦ ʩʪʝʧʝʥʠ ʟʘʧʦʣʥʷʶʪ ʵʪʫ ʙʨʝʰʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʀ. ʅ. ɻʦʣʫʙʠʥʩʢʦʛʦ, ʢʦʪʦʨʳʡ ʫʩʪʘʥʦʚʠʣ, ʯʪʦ ʧʳʣʴʮʘ ʦʪ-

ʜʝʣʴʥʳʭ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ ʧʦ-ʨʘʟʥʦʤʫ ʦʪʥʦʩʠʪʩʷ ʢ ʩʚʝʪʫ ʠ ʝʛʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʦ ʚʨʝʤʷ ʧʨʦʨʘʩʪʘʥʠʷ. ʇʦ ʝʛʦ ʜʘʥ-

ʥʳʤ, ʜʣʷ ʧʨʦʨʘʩʪʘʥʠʷ ʧʳʣʴʮʳ ʙʦʣʴʰʠʥʩʪʚʘ ʚʠʜʦʚ ʩʚʝʪ ʥʝ ʠʤʝʝʪ ʟʥʘʯʝʥʠʷ. ʇʳʣʴʮʘ ʪʳʢʚʝʥʥʳʭ, ʧʦʤʠʜʦʨʦʚ ʠ 

ʦʩʦʙʝʥʥʦ ʟʚʝʨʦʙʦʷ ʛʦʨʘʟʜʦ ʣʫʯʰʝ ʧʨʦʨʘʩʪʘʝʪ ʥʘ ʩʚʝʪʫ, ʯʝʤ ʚ ʪʝʤʥʦʪʝ. ʇʳʣʴʮʘ ʣʴʚʠʥʦʛʦ ʟʝʚʘ, ʣʶʧʠʥʘ ʤʥʦʛʦ-

ʣʝʪʥʝʛʦ, ʦʩʣʠʥʥʠʢʘ ʜʚʫʣʝʪʥʝʛʦ, ʥʘʦʙʦʨʦʪ, ʣʫʯʰʝ ʧʨʦʨʘʩʪʘʝʪ ʚ ʧʦʣʥʦʡ ʪʝʤʥʦʪʝ. ʋ ʛʦʨʦʭʘ ʧʦʩʝʚʥʦʛʦ, ʥʘʩʪʫʨʮʠʠ 

ʙʦʣʴʰʦʡ, ʜʫʰʠʩʪʦʛʦ ʛʦʨʦʰʢʘ ʧʳʣʴʮʘ ʣʫʯʰʝ ʚʩʝʛʦ ʧʨʦʨʘʩʪʘʝʪ ʥʝ ʧʨʠ ʷʨʢʦʤ ʦʩʚʝʱʝʥʠʠ ʠʣʠ ʚ ʧʦʣʥʦʡ ʪʝʤʥʦʪʝ, ʘ 

ʥʘ ʥʝʩʢʦʣʴʢʦ ʦʩʣʘʙʣʝʥʥʦʤ ʩʚʝʪʝ [7]. ʄʥʦʛʠʝ ʩʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʧʨʦʚʦʜʷʪ ʧʨʦʨʘʱʠʚʘʥʠʝ ʧʳʣʴʮʳ ʧʣʦ-

ʜʦʚʳʭ ʢʫʣʴʪʫʨ ʚ ʪʝʨʤʦʩʪʘʪʝ, ʪ. ʝ. ʚ ʪʝʤʥʦʪʝ, ʥʝ ʩʦʦʙʱʘʷ, ʠʟʫʯʘʣʠ ʣʠ ʦʥʠ ʨʘʥʝʝ ʚʣʠʷʥʠʝ ʩʚʝʪʘ ʥʘ ʧʨʦʨʘʩʪʘʥʠʝ 

ʧʳʣʴʮʳ ʠʣʠ ʥʝʪ [6, 8]. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʘʚʪʦʨʳ ʚʦʦʙʱʝ ʥʝ ʫʢʘʟʳʚʘʶʪ ʫʩʣʦʚʠʡ ʦʩʚʝʱʝʥʥʦʩʪʠ ʧʨʠ ʧʨʦʨʘʱʠ-

ʚʘʥʠʠ ʧʳʣʴʮʳ [16]. ʄʝʪʦʜʠʯʝʩʢʠʝ ʫʢʘʟʘʥʠʷ ʗ. ʉ. ʅʝʩʪʝʨʦʚʘ ʨʝʢʦʤʝʥʜʫʶʪ ʧʨʦʨʘʱʠʚʘʪʴ ʧʳʣʴʮʫ ʧʣʦʜʦʚʳʭ ʢʫʣʴ-

ʪʫʨ ʥʘ ʨʘʩʩʝʷʥʥʦʤ ʩʦʣʥʝʯʥʦʤ ʩʚʝʪʫ [10]. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʠʟʫʯʠʪʴ ʚʣʠʷʥʠʝ ʩʚʝʪʘ ʥʘ ʧʨʦʨʘʩʪʘʥʠʝ ʧʳʣʴʮʳ ʷʙʣʦʥʠ ʥʘ ʠʩʢʫʩʩʪʚʝʥʥʦʡ 

ʩʨʝʜʝ ʠ ʫʪʦʯʥʠʪʴ ʦʧʪʠʤʘʣʴʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʩʘʭʘʨʦʟʳ ʚ ʩʨʝʜʝ ʧʨʦʨʘʱʠʚʘʥʠʷ. 

ʄʘʪʝʨʠʘʣʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʣʫʞʠʣʠ ʦʙʨʘʟʮʳ ʧʳʣʴʮʳ ʪʨʝʭ ʩʦʨʪʦʚ ʷʙʣʦʥʠ ï ɹʦʣʦʪʦʚʩʢʦʝ, ʇʝʨʚʝʥʝʮ ʗʢʫʪʠʠ ʠ 

ʉʢʘʣʘ, ʩʦʙʨʘʥʥʳʝ ʚ 2006 ʛʦʜʫ ʚ ʢʦʣʣʝʢʮʠʦʥʥʦʤ ʩʘʜʫ ʇʘʚʣʦʚʩʢʦʡ ʦʧʳʪʥʦʡ ʩʪʘʥʮʠʠ ɺʀʈ ʠ ʭʨʘʥʠʚʰʠʝʩʷ ʚ ʪʝʯʝʥʠʝ 9 

ʣʝʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 18 Áʉ. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʵʪʠ ʞʝ ʦʙʨʘʟʮʳ, ʧʦʜʚʝʨʛʰʠʝʩʷ ʢʨʠʦʢʦʥʩʝʨʚʘʮʠʠ. 

ʆʪʙʦʨ ʧʳʣʴʮʳ ʷʙʣʦʥʠ ʙʳʣ ʧʨʦʚʝʜʝʥ ʚ ʩʫʭʫʶ ʧʦʛʦʜʫ, ʠʟ ʭʦʨʦʰʦ ʨʘʟʚʠʪʳʭ ʙʫʪʦʥʦʚ ʥʘʢʘʥʫʥʝ ʠʭ ʨʘʩʢʨʳ-

ʪʠʷ. ʉ ʜʝʨʝʚʴʝʚ ʦʜʥʦʛʦ ʩʦʨʪʘ ʩʦʙʠʨʘʣʠ ʦʪ 150 ʜʦ 250 ʙʫʪʦʥʦʚ, ʧʦʩʣʝ ʯʝʛʦ ʚ ʢʦʤʥʘʪʥʳʭ ʫʩʣʦʚʠʷʭ ʦʪʜʝʣʷʣʠ 

ʧʳʣʴʥʠʢʠ. ɺ ʙʫʤʘʞʥʦʡ ʢʦʨʦʙʦʯʢʝ, ʟʘʢʨʳʪʦʡ ʤʘʨʣʝʡ, ʧʳʣʴʮʫ ʚʳʩʫʰʠʚʘʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʇʝʨʠʦʜ 

ʩʫʰʢʠ ʧʳʣʴʮʳ ʜʣʷ ʷʙʣʦʥʠ ʩʦʩʪʘʚʣʷʣ 3 ʜʥʷ. ʀʩʭʦʜʥʫʶ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʧʳʣʴʮʳ ʧʨʦʚʝʨʷʣʠ ʧʦ ʧʨʦʨʘʩʪʘʥʠʶ ʥʘ 

ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʩʨʝʜʝ, ʦʧʳʪ ʧʨʦʚʦʜʠʣʠ ʚ 3-ʭ ʧʦʚʪʦʨʥʦʩʪʷʭ. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʨʝʜʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ 15 %-ʛʦ ʨʘʩʪʚʦʨʘ ʩʘʭʘʨʦʟʳ ʠ 1 %-ʛʦ ʨʘʩʪʚʦʨʘ ʘʛʘʨ-ʘʛʘʨʘ [2]. ʉʨʝʜʫ ʨʘʟʣʠʚʘ-

ʣʠ ʚ ʦʜʥʦʨʘʟʦʚʳʝ ʧʣʘʩʪʠʢʦʚʳʝ ʯʘʰʢʠ ʇʝʪʨʠ, ʟʘʪʝʤ ʥʘ ʥʝʝ ʥʘʥʦʩʠʣʠ ʩʫʩʧʝʥʟʠʶ ʧʳʣʴʮʝʚʳʭ ʟʝʨʝʥ ʠ ʩʪʘʚʠʣʠ ʚ 

ʪʝʨʤʦʩʪʘʪʠʨʫʝʤʫʶ ʩʚʝʪʦʫʩʪʘʥʦʚʢʫ ʜʣʷ ʧʨʦʨʘʱʠʚʘʥʠʷ ʧʳʣʴʮʳ. ʋʯʝʪ ʧʨʦʨʦʩʰʠʭ ʧʳʣʴʮʝʚʳʭ ʟʝʨʝʥ ʧʨʦʚʦʜʠʣʠ 

ʯʝʨʝʟ ʩʫʪʢʠ. ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʳʣʴʮʝʚʳʭ ʟʝʨʝʥ ʠ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʨʦʩʰʠʭ ʧʳʣʴʮʝʚʳʭ ʟʝʨʝʥ ʧʦʜʩʯʠʪʳʚʘʣʠ ʚ 10 

ʧʦʣʷʭ ʟʨʝʥʠʷ ʧʨʠ 100-ʢʨʘʪʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʤʠʢʨʦʩʢʦʧʘ ʚ 3-ʭ ʧʦʚʪʦʨʥʦʩʪʷʭ. ɾʠʟʥʝʩʧʦʩʦʙʥʳʤ ʩʯʠʪʘʣʠ ʧʳʣʴʮʝ-

ʚʦʝ ʟʝʨʥʦ, ʨʘʟʤʝʨʳ ʧʳʣʴʮʝʚʦʡ ʪʨʫʙʢʠ ʢʦʪʦʨʦʛʦ ʧʨʝʚʳʰʘʣʠ ʜʠʘʤʝʪʨ ʧʳʣʴʮʝʚʦʛʦ ʟʝʨʥʘ. ʆʧʨʝʜʝʣʝʥʥʘʷ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʧʳʣʴʮʳ ʷʙʣʦʥʠ ʩʦʨʪʘ ʉʢʘʣʘ ʩʦʩʪʘʚʣʷʣʘ 30,6 Ñ 4,7 %, ʩʦʨʪʘ ʇʝʨʚʝʥʝʮ ɹʫʨʷʪʠʠ ï 47,3 

Ñ 3,4 %, ʩʦʨʪʘ ɹʦʣʦʪʦʚʩʢʦʝ ï 64,1 Ñ 1,5 %. ʍʨʘʥʝʥʠʝ ʧʳʣʴʮʳ ʧʨʠ 18 Áʉ ʧʨʦʚʦʜʠʣʠ ʚ ʤʦʨʦʟʠʣʴʥʳʭ ʢʘʤʝʨʘʭ ʭʦ-

ʣʦʜʠʣʴʥʠʢʦʚ ʚ ʧʣʦʪʥʦ ʟʘʢʨʳʪʳʭ ʢʨʠʦʧʨʦʙʠʨʢʘʭ ʬʠʨʤʳ ñNuncò. ʊʘʢʠʝ ʞʝ ʧʨʦʙʠʨʢʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʠ ʢʨʠʦʢʦʥ-

ʩʝʨʚʘʮʠʠ ʧʳʣʴʮʳ. ʂʨʠʦʢʦʥʩʝʨʚʘʮʠʶ ʧʨʦʚʦʜʠʣʠ ʧʨʷʤʳʤ ʧʦʛʨʫʞʝʥʠʝʤ ʧʨʦʙʠʨʦʢ ʩ ʧʳʣʴʮʦʡ ʚ ʧʘʨʳ ʞʠʜʢʦʛʦ 

ʘʟʦʪʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʣʘ 183 ï 185 Áʉ. ʈʘʟʤʦʨʘʞʠʚʘʥʠʝ ʧʳʣʴʮʳ ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ: 18 ï 20 ʦʉ. 

ɺʳʙʦʨ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʧʳʣʴʮʳ, ʫʞʝ ʭʨʘʥʠʚʰʠʭʩʷ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʚ ʭʦʣʦ-

ʜʠʣʴʥʠʢʝ, ʥʝ ʩʣʫʯʘʝʥ. ɺʧʦʣʥʝ ʝʩʪʝʩʪʚʝʥʥʦ ʙʳʣʦ ʦʞʠʜʘʪʴ, ʯʪʦ ʠʭ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʙʫʜʝʪ ʥʝʚʳʩʦʢʦʡ, ʘ ʨʝʘʢʮʠʷ 

ʥʘ ʢʘʢʠʝ-ʣʠʙʦ ʚʦʟʜʝʡʩʪʚʠʷ ʙʦʣʝʝ ʷʨʢʦʡ, ʯʝʤ ʫ ʦʙʨʘʟʮʦʚ ʩ ʚʳʩʦʢʦʡ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴʶ. ʏʘʩʪʴ ʧʳʣʴʮʳ, ʭʨʘʥʠʚ-

ʰʝʡʩʷ ʚ ʭʦʣʦʜʠʣʴʥʠʢʝ, ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʪʫʜʝʥʪʘʤʠ ʧʨʠ ʦʩʚʦʝʥʠʠ ʤʝʪʦʜʠʢʠ ʢʨʠʦʢʦʥʩʝʨʚʘʮʠʠ ʧʳʣʴʮʳ ʷʙʣʦ-

ʥʠ. ʆʙʨʘʟʮʳ ʧʳʣʴʮʳ ʷʙʣʦʥʠ, ʧʦʜʚʝʨʛʰʠʝʩʷ ʢʨʠʦʢʦʥʩʝʨʚʘʮʠʠ, ʪʘʢʞʝ ʩʪʘʣʠ ʤʘʪʝʨʠʘʣʦʤ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɺ ʮʝʣʦʤ ʚ ʥʘʰʝʤ ʦʧʳʪʝ ʧʨʦʨʘʱʠʚʘʥʠʝ ʧʳʣʴʮʳ ʷʙʣʦʥʠ ʥʘ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ ʧʨʦʚʦʜʠʣʠ ʪʘʢ ʞʝ, ʢʘʢ ʧʝ-

ʨʝʜ ʟʘʢʣʘʜʢʦʡ ʥʘ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʝ ʭʨʘʥʝʥʠʝ. ʅʦ ʯʪʦʙʳ ʫʪʦʯʥʠʪʴ ʦʧʪʠʤʘʣʴʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʩʘʭʘʨʦʟʳ ʚ 

ʩʨʝʜʝ ʧʨʦʨʘʱʠʚʘʥʠʷ, ʙʳʣʠ ʚʟʷʪʳ ʨʘʩʪʚʦʨʳ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʩʘʭʘʨʦʟʳ ʦʪ 2,5 ʜʦ 40 %. ʏʪʦʙʳ ʚʳʷʩʥʠʪʴ, ʚʣʠʷʝʪ 

ʣʠ ʩʚʝʪ ʥʘ ʧʨʦʨʘʩʪʘʥʠʝ ʧʳʣʴʮʳ ʷʙʣʦʥʠ, ʧʨʦʨʘʱʠʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʥʝ ʪʦʣʴʢʦ ʚ ʩʚʝʪʦʫʩʪʘʥʦʚʢʝ, ʚ ʢʦʪʦʨʦʡ ʧʦʜ-

ʜʝʨʞʠʚʘʣʘʩʴ ʪʝʤʧʝʨʘʪʫʨʘ 21 Ñ 1 Üʉ, ʠ ʩʦʙʣʶʜʘʣʩʷ ʩʚʝʪʦʚʦʡ ʨʝʞʠʤ 16 ʯʘʩʦʚ ï ʜʝʥʴ, 8 ʯʘʩʦʚ ï ʥʦʯʴ, ʥʦ ʠ ʚ ʪʝʨʤʦ-

ʩʪʘʪʝ, ʛʜʝ ʧʳʣʴʮʘ ʧʨʦʨʘʩʪʘʣʘ ʧʨʠ ʪʘʢʦʡ ʞʝ ʪʝʤʧʝʨʘʪʫʨʝ, ʢʘʢ ʚ ʩʚʝʪʦʫʩʪʘʥʦʚʢʝ, ʥʦ ʚ ʪʝʤʥʦʪʝ. ɹʳʣʘ ʧʨʦʚʝʜʝʥʘ 

ʬʦʪʦʬʠʢʩʘʮʠʷ ʧʨʦʨʘʩʪʘʥʠʷ ʧʳʣʴʮʳ ʚ ʨʘʟʥʳʭ ʫʩʣʦʚʠʷʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʮʠʬʨʦʚʦʛʦ ʤʠʢʨʦʩʢʦʧʘ Motic BA 300. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʳʣʴʮʘ ʷʙʣʦʥʠ ʩʦʨʪʘ ɹʦʣʦʪʦʚʩʢʦʝ ʛʦʨʘʟʜʦ ʣʫʯʰʝ ʧʨʦʨʘʩʪʘʣʘ ʚ 

ʪʝʤʥʦʪʝ, ʯʝʤ ʥʘ ʩʚʝʪʫ. ʇʨʠʯʝʤ ʵʪʦ ʧʨʦʷʚʣʷʣʦʩʴ ʠ ʪʦʛʜʘ, ʢʦʛʜʘ ʤʘʪʝʨʠʘʣʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʣʫʞʠʣʘ ʧʳʣʴʮʘ ʧʦʩʣʝ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʭʨʘʥʝʥʠʷ (ʨʠʩʫʥʦʢ 1ʘ), ʠ ʪʦʛʜʘ, ʢʦʛʜʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʳʣʴʮʫ, ʧʦʜʚʝʨʛʰʫʶʩʷ ʜʦʧʦʣʥʠʪʝʣʴ-

ʥʦ ʢʨʠʦʢʦʥʩʝʨʚʘʮʠʠ ʧʦʩʣʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʭʨʘʥʝʥʠʷ (ʨʠʩʫʥʦʢ 1ʙ). ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʞʠʟʥʝ-

ʩʧʦʩʦʙʥʦʩʪʠ ʜʣʷ ʧʳʣʴʮʳ ʧʦʩʣʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʭʨʘʥʝʥʠʷ ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʧʨʠ ʧʨʦʨʘʱʠʚʘʥʠʠ ʚ ʪʝʤʥʦʪʝ ʥʘ 

ʩʨʝʜʝ, ʩʦʜʝʨʞʘʱʝʡ 10 %-ʥʳʡ ʨʘʩʪʚʦʨ ʩʘʭʘʨʦʟʳ ï 28,1 % (ʨʠʩʫʥʦʢ 1ʘ), ʘ ʜʣʷ ʧʳʣʴʮʳ ʧʦʩʣʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʭʨʘʥʝʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʢʨʠʦʢʦʥʩʝʨʚʘʮʠʠ ï ʪʘʢʞʝ ʚ ʪʝʤʥʦʪʝ, ʥʦ ʥʘ ʩʨʝʜʝ, ʩʦʜʝʨʞʘʱʝʡ 15 %-ʥʳʡ ʨʘʩʪʚʦʨ ʩʘ-

ʭʘʨʦʟʳ ï 36,4 % (ʨʠʩʫʥʦʢ 1ʙ). ʕʪʦ ʙʳʣʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ ʧʳʣʴʮʳ ʩʦʨʪʘ ʷʙʣʦʥʠ ɹʦʣʦ-

ʪʦʚʩʢʦʝ, ʧʦʣʫʯʝʥʥʦʝ ʚ ʵʪʦʤ ʦʧʳʪʝ. 
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ʈʠʩ. 1. ɺʣʠʷʥʠʝ ʩʚʝʪʦʚʦʛʦ ʨʝʞʠʤʘ ʠ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʩʘʭʘʨʦʟʳ ʚ ʩʨʝʜʝ ʧʨʦʨʘʱʠʚʘʥʠʷ 

ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ ʧʳʣʴʮʳ ʷʙʣʦʥʠ ʩʦʨʪʘ ɹʦʣʦʪʦʚʩʢʦʝ: ʘ) ʧʦʩʣʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʭʨʘʥʝʥʠʷ, 

ʙ) ʧʦʩʣʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʭʨʘʥʝʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʢʨʠʦʢʦʥʩʝʨʚʘʮʠʠ 

 

ʅʘ ʧʨʦʨʘʩʪʘʥʠʝ ʧʳʣʴʮʳ ʷʙʣʦʥʠ ʩʦʨʪʘ ʇʝʨʚʝʥʝʮ ɹʫʨʷʪʠʠ ʩʚʝʪ ʚʣʠʷʣ ʥʝ ʩʪʦʣʴ ʦʜʥʦʟʥʘʯʥʦ (ʨʠʩʫʥʦʢ 2). 

ʇʨʠ ʧʨʦʨʘʱʠʚʘʥʠʠ ʧʳʣʴʮʳ ʵʪʦʛʦ ʩʦʨʪʘ ʧʦʩʣʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʭʨʘʥʝʥʠʷ ʥʘ ʩʨʝʜʘʭ, ʩʦʜʝʨʞʘʱʠʭ ʩʘʭʘʨʦʟʫ 

ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 2,5 ï 10 %, 20 % ʠ 30 %, ʧʨʦʮʝʩʩ ʣʫʯʰʝ ʰʝʣ ʚ ʪʝʤʥʦʪʝ, ʯʝʤ ʥʘ ʩʚʝʪʫ. ʅʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʨʘʩʪʚʦʨʦʚ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʩʘʭʘʨʦʟʳ 15 %, 25 %, 35 %, 40% ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʨʘʩʪʘʥʠʷ ʧʳʣʴʮʳ ʚ ʪʝʤʥʦʪʝ ʥʝ 

ʥʘʙʣʶʜʘʣʦʩʴ (ʨʠʩʫʥʦʢ 2ʘ). ʇʨʠ ʧʨʦʨʘʱʠʚʘʥʠʠ ʧʳʣʴʮʳ ʷʙʣʦʥʠ ʩʦʨʪʘ ʇʝʨʚʝʥʝʮ ɹʫʨʷʪʠʠ ʧʦʩʣʝ ʥʠʟʢʦʪʝʤʧʝʨʘ-

ʪʫʨʥʦʛʦ ʭʨʘʥʝʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʢʨʠʦʢʦʥʩʝʨʚʘʮʠʠ ʧʦʚʳʰʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ ʚ ʪʝʤʥʦʪʝ ʧʨʦ-

ʠʩʭʦʜʠʣʦ ʪʦʣʴʢʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʩʪʚʦʨʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʩʘʭʘʨʦʟʫ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 5 %, 15 %, 25 % ʠ 30 % 

(ʨʠʩʫʥʦʢ 2ʙ). ʄʘʢʩʠʤʘʣʴʥʦʝ ʧʨʦʨʘʩʪʘʥʠʝ ʧʳʣʴʮʳ ʷʙʣʦʥʠ ʩʦʨʪʘ ʇʝʨʚʝʥʝʮ ɹʫʨʷʪʠʠ ʧʦʩʣʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʭʨʘʥʝʥʠʷ ʥʘʙʣʶʜʘʣʦʩʴ ʧʨʠ ʧʨʦʨʘʱʠʚʘʥʠʠ ʚ ʪʝʤʥʦʪʝ ʥʘ ʩʨʝʜʝ, ʩʦʜʝʨʞʘʱʝʡ 10 %-ʥʳʡ ʨʘʩʪʚʦʨ ʩʘʭʘʨʦʟʳ, ʠ ʩʦ-

ʩʪʘʚʣʷʣʦ 43,9 % (ʨʠʩʫʥʦʢ 2ʘ). ɺʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ ʧʳʣʴʮʳ ʵʪʦʛʦ ʩʦʨʪʘ ʧʦʩʣʝ ʥʠʟʢʦʪʝʤʧʝʨʘ-

ʪʫʨʥʦʛʦ ʭʨʘʥʝʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʢʨʠʦʢʦʥʩʝʨʚʘʮʠʠ ʥʘʙʣʶʜʘʣʠʩʴ ʪʘʢʞʝ ʧʨʠ ʧʨʦʨʘʩʪʘʥʠʠ ʚ ʪʝʤʥʦʪʝ, ʥʘ ʩʨʝʜʘʭ, 

ʩʦʜʝʨʞʘʱʠʭ 15 %-ʥʳʡ ʠ 25 %-ʥʳʡ ʨʘʩʪʚʦʨ ʩʘʭʘʨʦʟʳ, ʠ ʩʦʩʪʘʚʣʷʣʠ 43,3 % ʠ 46,4 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʦ ʢʨʦʤʝ 

ʵʪʦʛʦ, ʜʘʚʘʣʦ ʚʳʩʦʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʨʘʱʠʚʘʥʠʝ ʥʘ ʩʚʝʪʫ ʥʘ ʩʨʝʜʘʭ, ʩʦʜʝʨʞʘʱʠʭ 10 %-ʥʳʡ ʠ 15 %-ʥʳʡ ʨʘʩʪʚʦ-

ʨʳ ʩʘʭʘʨʦʟʳ ï 44,4 % ʠ 39,5 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩʫʥʦʢ 2ʙ). ʆʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʧʨʠ ʧʨʦ-

ʨʘʱʠʚʘʥʠʠ ʧʳʣʴʮʳ ʩʦʨʪʘ ʇʝʨʚʝʥʝʮ ɹʫʨʷʪʠʠ ʥʘ ʩʚʝʪʫ ʥʘ ʩʨʝʜʘʭ, ʩʦʜʝʨʞʘʱʠʭ ʩʘʭʘʨʦʟʫ ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 5 ï  

20 %, ʯʠʩʣʦ ʧʨʦʨʦʩʰʠʭ ʧʳʣʴʮʝʚʳʭ ʟʝʨʝʥ ʙʳʣʦ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʝʩʣʠ ʦʙʨʘʟʝʮ ʧʦʜʚʝʨʛʘʣʩʷ ʜʝʡʩʪʚʠʶ ʩʚʝʨʭ-

ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ (ʨʠʩʫʥʦʢ 2ʘ, ʙ). ʕʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʤʠ ʥʘʤʠ ʜʘʥʥʳʤʠ [2, 5]. ɺʦʟʤʦʞʥʳʡ ʤʝ-

ʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ ʵʪʦʛʦ ʷʚʣʝʥʠʷ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʢʨʠʦʢʦʥʩʝʨʚʘʮʠʠ ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ ʨʘʟʨʳʚ ʠʥʪʠʥʳ, ʘ ʵʪʦ 

ʦʙʣʝʛʯʘʝʪ ʧʨʦʨʘʩʪʘʥʠʝ ʧʳʣʴʮʳ. 
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ʈʠʩ. 2. ɺʣʠʷʥʠʝ ʩʚʝʪʦʚʦʛʦ ʨʝʞʠʤʘ ʠ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʩʘʭʘʨʦʟʳ ʚ ʩʨʝʜʝ ʧʨʦʨʘʱʠʚʘʥʠʷ 

ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ ʧʳʣʴʮʳ ʷʙʣʦʥʠ ʩʦʨʪʘ ʇʝʨʚʝʥʝʮ ɹʫʨʷʪʠʠ: ʘ) ʧʦʩʣʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʭʨʘʥʝʥʠʷ, 

ʙ) ʧʦʩʣʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʭʨʘʥʝʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʢʨʠʦʢʦʥʩʝʨʚʘʮʠʠ 

 

ʇʨʦʚʝʜʝʥʥʘʷ ʬʦʪʦʬʠʢʩʘʮʠʷ ʦʧʳʪʦʚ ʥʘʛʣʷʜʥʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ ʧʨʠ ʧʨʦʨʘʩʪʘʥʠʠ ʧʳʣʴʮʳ ʥʘ ʦʧʪʠ-

ʤʘʣʴʥʦʡ ʩʨʝʜʝ ʥʝ ʧʨʦʩʪʦ ʚʦʟʨʘʩʪʘʝʪ ʧʨʦʮʝʥʪ ʧʨʦʨʦʩʰʠʭ ʧʳʣʴʮʝʚʳʭ ʟʝʨʝʥ, ʥʦ ʵʪʠ ʟʝʨʥʘ ʠʤʝʶʪ ʪʨʫʙʢʠ ʙʦʣʴʰʝʡ 

ʜʣʠʥʳ, ʯʝʤ ʠʤʝʣʠ ʚ ʤʝʥʝʝ ʧʦʜʭʦʜʷʱʠʭ ʫʩʣʦʚʠʷʭ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʧʨʦʨʘʩʪʘʥʠʝ ʧʳʣʴʮʳ 

ʇʝʨʚʝʥʝʮ ɹʫʨʷʪʠʠ ʧʦʩʣʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʭʨʘʥʝʥʠʷ ʠ ʢʨʠʦʢʦʥʩʝʨʚʘʮʠʠ (ʨʠʩʫʥʦʢ 3). ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ 

ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʚʳʯʠʩʣʷʶʪ ʧʦʢʘʟʘʪʝʣʴ, ʢʦʪʦʨʳʡ ʦʥʠ ʥʘʟʳʚʘʶʪ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʨʘʟʚʠʪʠʷ ï ʦʪʥʦʰʝʥʠʝ ʩʫʤʤ ʜʣʠʥ 

ʪʨʫʙʦʢ ʢ ʯʠʩʣʫ ʧʨʦʨʦʩʰʠʭ ʟʝʨʝʥ [6]. ʅʦ ʧʨʠ ʭʦʨʦʰʝʤ ʧʨʦʨʘʩʪʘʥʠʠ ʧʳʣʴʮʳ ʚʳʯʠʩʣʝʥʠʝ ʵʪʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʟʘ-

ʪʨʫʜʥʝʥʦ, ʬʦʪʦʬʠʢʩʘʮʠʷ ʞʝ ʧʦʟʚʦʣʷʝʪ ʜʘʪʴ ʢʘʯʝʩʪʚʝʥʥʫʶ ʦʮʝʥʢʫ ʩʠʪʫʘʮʠʠ. 

 

   

ʘ) ʙ) ʚ) 

 

ʈʠʩ. 3. ʇʨʦʨʘʩʪʘʥʠʝ ʧʳʣʴʮʳ ʷʙʣʦʥʠ ʩʦʨʪʘ ʇʝʨʚʝʥʝʮ ɹʫʨʷʪʠʠ ʧʦʩʣʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʭʨʘʥʝʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʡ 

ʢʨʠʦʢʦʥʩʝʨʚʘʮʠʠ ʚ ʪʝʨʤʦʩʪʘʪʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʩʘʭʘʨʦʟʳ ʚ ʩʨʝʜʝ ʧʨʦʨʘʱʠʚʘʥʠʷ: ʘ) 5 %, ʙ) 15 %, ʚ) 30 % 
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ʆʙʨʘʟʝʮ ʧʳʣʴʮʳ ʷʙʣʦʥʠ ʩʦʨʪʘ ʉʢʘʣʘ ʠʟʥʘʯʘʣʴʥʦ ʠʤʝʣ ʙʦʣʝʝ ʥʠʟʢʫʶ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ, ʯʝʤ ʜʨʫʛʠʝ ʦʙ-

ʨʘʟʮʳ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʦʧʳʪʝ. ʇʦʩʣʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʭʨʘʥʝʥʠʷ ʚ ʪʝʯʝʥʠʝ 9 ʣʝʪ ʧʨʦʨʦʩʣʠ ʪʦʣʴʢʦ ʦʪʜʝʣʴ-

ʥʳʝ ʟʝʨʥʘ. ʏʪʦʙʳ ʦʪʦʙʨʘʟʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʦʧʳʪʘ ʚ ʚʠʜʝ ʜʠʘʛʨʘʤʤʳ, ʧʨʠʰʣʦʩʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʥʦʡ ʤʘʩʰʪʘʙ, ʯʝʤ 

ʜʣʷ ʜʚʫʭ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʦʨʪʦʚ (ʨʠʩʫʥʦʢ 4ʘ, ʙ). ʊʝʤ ʥʝ ʤʝʥʝʝ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʚ ʵʪʦʤ ʦʧʳʪʝ ʧʨʦʩʣʝ-

ʞʠʚʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʢ ʣʫʯʰʝʤʫ ʧʨʦʨʘʩʪʘʥʠʶ ʧʳʣʴʮʘ ʷʙʣʦʥʠ ʚ ʪʝʤʥʦʪʝ, ʘ ʥʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʦʡ ʦʢʘʟʘʣʘʩʴ  

20 %-ʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʘʭʘʨʦʟʳ ʚ ʩʨʝʜʝ ʚʳʨʘʱʠʚʘʥʠʷ. ʅʘʙʣʶʜʘʣʦʩʴ ʪʘʢʞʝ ʥʝʩʢʦʣʴʢʦ ʣʫʯʰʝʝ ʧʨʦʨʘʩʪʘʥʠʝ 

ʧʳʣʴʮʳ ʧʦʩʣʝ ʢʨʠʦʢʦʥʩʝʨʚʘʮʠʠ, ʯʝʤ ʙʝʟ ʥʝʝ. 

 

 
 

ʈʠʩ. 4. ɺʣʠʷʥʠʝ ʩʚʝʪʦʚʦʛʦ ʨʝʞʠʤʘ ʠ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʩʘʭʘʨʦʟʳ ʚ ʩʨʝʜʝ ʧʨʦʨʘʱʠʚʘʥʠʷ 

ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ ʧʳʣʴʮʳ ʷʙʣʦʥʠ ʩʦʨʪʘ ʉʢʘʣʘ: ʘ) ʧʦʩʣʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʭʨʘʥʝʥʠʷ,  

ʙ) ʧʦʩʣʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʭʨʘʥʝʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʢʨʠʦʢʦʥʩʝʨʚʘʮʠʠ 

 

ɺ ʮʝʣʦʤ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʥʘ ʧʨʦʨʘʩʪʘʥʠʝ ʧʳʣʴʮʳ ʷʙʣʦʥʠ ʩʦʨʪʦʚ ɹʦʣʦʪʦʚʩʢʦʝ, ʇʝʨʚʝʥʝʮ ɹʫʨʷʪʠʠ, 

ʉʢʘʣʘ ʥʘ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ ʦʢʘʟʳʚʘʣ ʚʣʠʷʥʠʝ ʬʘʢʪʦʨ ʦʩʚʝʱʝʥʥʦʩʪʠ, ʥʦ ʨʝʘʢʮʠʷ ʨʘʟʥʳʭ ʩʦʨʪʦʚ ʥʝʩʢʦʣʴʢʦ ʦʪ-

ʣʠʯʘʣʘʩʴ. ʇʦʵʪʦʤʫ, ʝʩʣʠ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʧʳʣʴʮʳ ʷʙʣʦʥʠ ʦʧʨʝʜʝʣʷʶʪ ʧʝʨʝʜ ʟʘʢʣʘʜʢʦʡ ʚ ʛʝʥʝʪʠʯʝʩʢʠʡ ʙʘʥʢ 

ʥʘ ʜʣʠʪʝʣʴʥʦʝ ʭʨʘʥʝʥʠʝ, ʞʝʣʘʪʝʣʴʥʦ ʧʨʦʚʦʜʠʪʴ ʧʨʦʨʘʱʠʚʘʥʠʷ ʠ ʥʘ ʩʚʝʪʫ, ʠ ʚ ʪʝʤʥʦʪʝ. ɽʩʣʠ ʦʧʨʝʜʝʣʝʥʠʝ ʞʠʟ-

ʥʝʩʧʦʩʦʙʥʦʩʪʠ ʷʙʣʦʥʠ ʩʚʷʟʘʥʦ ʩ ʥʝ ʩʪʦʣʴ ʦʪʚʝʪʩʪʚʝʥʥʳʤʠ ʨʘʙʦʪʘʤʠ, ʪʦ ʚʧʦʣʥʝ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʨʘʩʪʠʪʴ ʧʳʣʴʮʫ ʚ 

ʪʝʤʥʦʪʝ. ʆʧʪʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʘʭʘʨʦʟʳ ʚ ʩʨʝʜʝ ʙʳʣʘ ʥʝʦʜʠʥʘʢʦʚʘ ʜʣʷ ʨʘʟʥʳʭ ʩʦʨʪʦʚ ʠ ʣʝʞʘʣʘ ʚ ʠʥʪʝʨ-

ʚʘʣʝ 10 ï 25 %. ʅʘ ʪʝʭ ʞʝ ʦʙʨʘʟʮʘʭ ʧʳʣʴʮʳ ʷʙʣʦʥʠ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʦʩʣʝ ʢʨʠʦʢʦʥʩʝʨʚʘʮʠʠ ʧʨʦʮʝʥʪ ʧʨʦ-

ʨʦʩʰʠʭ ʧʳʣʴʮʝʚʳʭ ʟʝʨʝʥ ʚʦʟʨʘʩʪʘʝʪ. 
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Abstract. The article is devoted to the study of factors affecting germination of apple pollen on nutrient medi-

um, which is used to control its viability after low-temperature storage and cryopreservation. It was shown that the 

germination of pollen of apple varieties Bolotovsky, Pervenetz Yakutii and Skala depends on the light regime and su-

crose concentration in the germination medium. The pollen germination was better in the dark on a medium consisting 

of 0.1 % agar-agar and 10 ï 25 % sucrose solution. It was found that after cryopreservation the percentage of germi-

nated pollen grains increased. 

Keywords. ʩryopreservation, low-temperature storage, pollen, viability, cultivated fruit plants, apple tree. 
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ɸɼɸʇʊɸʎʀʆʅʅʓɽ ʀɿʄɽʅɽʅʀʗ ɻʃʖʂʆʂʆʈʊʀʂʆʀɼʅʆʁ ɸʂʊʀɺʅʆʉʊʀ 

ɺ ʆʈɻɸʅʀɿʄɽ ɺʓʉʆʂʆʂɺɸʃʀʌʀʎʀʈʆɺɸʅʅʓʍ ʉʇʆʈʊʉʄɽʅʆʂ ʉ ʈɸɿʃʀʏʅʓʄ 

ʋʈʆɺʅɽʄ ʌʋʅʂʎʀʆʅʀʈʆɺɸʅʀʗ ʈɽʇʈʆɼʋʂʊʀɺʅʆʁ ʉʀʉʊɽʄʓ 
 

 ʉ.ɺ. ʇʦʛʦʜʠʥʘ1, ɺ.ʉ. ʖʬʝʨʝʚ2, ɻ.ɼ. ɸʣʝʢʩʘʥʷʥʮ3 
1 ʢʘʥʜʠʜʘʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ ʩʧʦʨʪʘ ʠ ʬʠʟʠʯʝʩʢʦʛʦ ʚʦʩʧʠʪʘʥʠʷ, 2 ʢʘʥʜʠʜʘʪ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, 3 ʜʦʢʪʦʨ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ, ʧʨʦʨʝʢʪʦʨ ʧʦ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʝ 
1, 2 ʌɻɸʆʋ ɺʆ çʂʨʳʤʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦè (ʉʠʤʬʝʨʦʧʦʣʴ), 

3 ʌɻɹʆʋ ɺʆ çʂʫʙʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʬʠʟʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ, ʩʧʦʨʪʘ ʠ ʪʫʨʠʟʤʘè (ʂʨʘʩʥʦʜʘʨ), 

ʈʦʩʩʠʷ 
 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʘʢʮʝʥʪʠʨʫʝʪʩʷ ʚʥʠʤʘʥʠʝ ʥʘ ʚʟʘʠʤʦʩʚʷʟʠ ʫʨʦʚʥʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʨʝʧʨʦʜʫʢ-

ʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʦʨʪʩʤʝʥʦʢ ʠ ʫʨʦʚʥʷ ʛʣʶʢʦʢʦʨʪʠʢʦʠʜʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ɺ ʜʠʥʘ-

ʤʠʢʝ ʦʚʘʨʠʘʣʴʥʦʤʝʥʩʪʨʫʘʣʴʥʦʛʦ ʠ ʘʥʦʚʫʣʷʪʦʨʥʦʛʦ ʤʝʥʩʪʨʫʘʣʴʥʦʛʦ ʮʠʢʣʘ ʫʩʪʘʥʦʚʣʝʥʳ ʛʠʧʦʵʨʛʠʯʝʩʢʠʝ ʛʣʶʢʦ-

ʢʦʨʪʠʢʦʠʜʥʳʝ ʨʝʘʢʮʠʠ. ɼʠʘʧʘʟʦʥ ʛʣʶʢʦʢʦʨʪʠʢʦʠʜʥʦʡ ʨʝʘʢʮʠʠ ʥʘ ʫʨʦʚʥʝ ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʠ ʨʘʙʦʪʳ ʚ ʜʠʥʘʤʠ-

ʢʝ ʦʚʘʨʠʘʣʴʥʦʤʝʥʩʪʨʫʘʣʴʥʦʛʦ ʮʠʢʣʘ ʠʤʝʝʪ ʧʨʷʤʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʫʨʦʚʥʷ ʵʩʪʨʦʛʝʥʦʚʦʡ ʥʘʩʳʱʝʥʥʦʩʪʠ. ɺ 

ʜʠʥʘʤʠʢʝ ʘʥʦʚʫʣʷʪʦʨʥʦʛʦ ʤʝʥʩʪʨʫʘʣʴʥʦʛʦ ʮʠʢʣʘ ʧʦʢʘʟʘʥ ʫʟʢʠʡ ʜʠʘʧʘʟʦʥ ʛʣʶʢʦʢʦʨʪʠʢʦʠʜʥʦʡ ʨʝʘʢʮʠʠ ʧʨʠ ʚʳ-

ʧʦʣʥʝʥʠʠ ʩʪʘʥʜʘʨʪʥʳʭ ʥʘʛʨʫʟʦʢ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʠʘʧʘʟʦʥ ʛʣʶʢʦʢʦʨʪʠʢʦʠʜʥʦʡ ʨʝʘʢʮʠʠ, ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʝ ʩʧʦʨʪʩʤʝʥʢʠ, ʘʥʦ-

ʚʫʣʷʪʦʨʥʳʡ ʤʝʥʩʪʨʫʘʣʴʥʳʡ ʮʠʢʣ, ʬʠʟʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ, ʧʦʨʦʛʦʚʘʷ ʤʦʱʥʦʩʪʴ. 
 

ɺʚʝʜʝʥʠʝ. ʇʨʦʮʝʩʩ ʘʜʘʧʪʘʮʠʠ ʦʨʛʘʥʠʟʤʘ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʦʨʪʩʤʝʥʦʚ ʢ ʪʷʞʝʣʳʤ ʬʠʟʠʯʝʩʢʠʤ 

ʥʘʛʨʫʟʢʘʤ ʘʢʪʫʘʣʠʟʠʨʫʝʪ ʟʥʘʯʠʤʦʩʪʴ ʠʟʫʯʝʥʠʷ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟʤʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʢʦʤʧʝʥ-

ʩʘʪʦʨʥʦ-ʧʨʠʩʧʦʩʦʙʠʪʝʣʴʥʳʭ ʨʝʘʢʮʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʜʦʩʪʘʪʦʯʥʳʡ ʜʣʷ ʠʥʪʝʥʩʠʚʥʦʡ ʤʳʰʝʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʫʨʦ-

ʚʝʥʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʨʝʟʝʨʚʦʚ ʠ ʚʦʟʤʦʞʥʦʩʪʝʡ [6, 20]. ʈʝʰʘʶʱʫʶ ʨʦʣʴ ʚ ʵʬʬʝʢʪʠʚʥʦʤ ʧʨʠʩʧʦʩʦʙʣʝʥʠʠ ʠ ʢʦʤʧʝʥ-

ʩʘʮʠʠ ʬʫʥʢʮʠʡ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʵʥʝʨʛʦʪʨʘʪ ʚʦ ʚʨʝʤʷ ʬʠʟʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʠʛʨʘʝʪ ʦʧʪʠʤʘʣʴʥʘʷ ʨʝʘʢʪʠʚʥʦʩʪʴ ʩʪʨʝʩʩ-

ʨʝʘʣʠʟʫʶʱʠʭ ʩʠʩʪʝʤ ʦʨʛʘʥʠʟʤʘ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʚʦʝʚʨʝʤʝʥʥʦʡ ʤʦʙʠʣʠʟʘʮʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʟʝʨʚʦʚ [11]. ʇʦʢʘ-

ʟʘʥʦ, ʯʪʦ ʢʠʥʝʪʠʢʘ ʩʪʨʝʩʩ-ʨʝʘʣʠʟʫʶʱʠʭ ʨʝʘʢʮʠʡ ʚ ʦʨʛʘʥʠʟʤʝ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʦʨʪʩʤʝʥʦʚ ʜʝʪʝʨʤʠʥʠ-

ʨʦʚʘʥʘ ʚʳʨʘʞʝʥʥʳʤʠ ʘʜʘʧʪʘʮʠʦʥʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʩʚʦʡʩʪʚ ʨʝʘʢʪʠʚʥʦʩʪʠ ʩʪʨʝʩʩ-ʨʝʘʣʠʟʫʶʱʠʭ ʩʠʩʪʝʤ [10]. ʊʝʤ ʥʝ 

ʤʝʥʝʝ, ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʵʪʠʭ ʩʚʦʡʩʪʚ ʚ ʦʨʛʘʥʠʟʤʝ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʦʨʪʩʤʝʥʦʢ ʥʝʜʦʩʪʘ-

ʪʦʯʥʦ ʠʟʫʯʝʥʳ ʚ ʚʦʟʨʘʩʪʥʦʤ ʘʩʧʝʢʪʝ. ʇʨʠ ʵʪʦʤ ʦʯʝʚʠʜʥʳʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʜʘʥʥʘʷ ʢʘʪʝʛʦʨʠʷ ʩʧʦʨʪʩʤʝʥʦʢ ʠʤʝʝʪ 

ʰʠʨʦʢʠʡ ʚʦʟʨʘʩʪʥʦʡ ʜʠʘʧʘʟʦʥ ï ʦʪ ʶʥʦʰʝʩʢʦʛʦ ʠ ʜʦ ʚʪʦʨʦʛʦ ʟʨʝʣʦʛʦ ʚʦʟʨʘʩʪʘ [7]. ɺ ʩʚʷʟʠ ʩ ʧʦʩʣʝʜʥʠʤ, ʥʘʠʙʦʣʴʰʠʡ 

ʠʥʪʝʨʝʩ ʜʣʷ ʠʟʫʯʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʝʜʫʶʱʝʝ ʧʨʦʪʠʚʦʨʝʯʠʝ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʦʨʛʘʥʠʟʤ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠ-

ʨʦʚʘʥʥʳʭ ʩʧʦʨʪʩʤʝʥʦʢ ʠʤʝʝʪ ʧʨʠʦʙʨʝʪʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʘʜʘʧʪʘʮʠʠ ʦʧʪʠʤʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʨʝʘʢ-

ʪʠʚʥʦʩʪʠ ʦʩʥʦʚʥʳʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʘʜʘʧʪʘʮʠʶ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʨʦʪʠʚʦʩʪʦʷʪʴ ʬʘʢʪʦʨʘʤ 

ʫʪʦʤʣʝʥʠʷ [16]. ʉ ʜʨʫʛʦʡ ï ʫʩʣʦʚʠʷ ʧʦʨʦʛʦʚʳʭ ʥʘʛʨʫʟʦʢ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʵʥʜʦʛʝʥʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʜʝʪʝʨʤʠʥʠʨʫʶʱʠʤʠ 

ʦʩʦʙʝʥʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʨʝʧʨʦʜʫʢʪʠʚʥʦʡ ʩʠʩʪʝʤʳ, ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧʘʭ ʤʦʛʫʪ ʦʙʫʩʣʦʚʠʪʴ 

ʥʘʧʨʷʞʝʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʩʘʤʦʨʝʛʫʣʷʮʠʠ ʠ ʢʦʤʧʝʥʩʘʮʠʠ ʛʦʤʝʦʩʪʘʪʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ [15], ʦʜʥʠʤ ʠʟ ʢʦʪʦʨʳʭ ʚʳʩʪʫʧʠʪ 

ʧʦʚʳʰʝʥʠʝ ʠʣʠ ʧʦʥʠʞʝʥʠʝ ʨʝʘʢʪʠʚʥʦʩʪʠ ʥʝʡʨʦ-ʛʦʨʤʦʥʘʣʴʥʦʛʦ ʟʚʝʥʘ ʘʜʘʧʪʘʮʠʠ [22]. ɹʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʵʪʦʤ 

ʧʨʠʜʘʝʪʩʷ ʤʝʭʘʥʠʟʤʫ ʘʢʪʠʚʘʮʠʠ ʢʦʨʳ ʥʘʜʧʦʯʝʯʥʠʢʦʚ, ʧʨʦʜʫʮʠʨʫʶʱʝʡ ʛʦʨʤʦʥ ï ʢʦʨʪʠʟʦʣ, ʦʙʣʘʜʘʶʱʠʡ ʚʳʨʘʞʝʥ-

ʥʳʤ ʵʨʛʦʪʨʦʧʥʳʤ ʵʬʬʝʢʪʦʤ [4, 28]. ʂʦʤʧʝʥʩʘʪʦʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʢʦʨʳ ʥʘʜʧʦʯʝʯʥʠʢʦʚ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ 

ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʤʝʪʘʙʦʣʠʯʝʩʢʦʡ ʧʦʪʨʝʙʥʦʩʪʠ ʠ ʚʦʟʤʦʞʥʳʝ ʪʦʣʴʢʦ ʣʠʰʴ ʧʨʠ ʩʦʛʣʘʩʦʚʘʥʥʦʡ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ ʨʝʛʫʣʠʨʫʶʱʠʭ ʥʝʨʚʥʳʭ ʮʝʥʪʨʦʚ, ʧʦʟʚʦʣʷʶʪ ʚ ʪʝʯʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʦʪʨʝʟʢʘ ʚʨʝʤʝʥʠ ʩʦʭʨʘʥʠʪʴ ʧʨʦʜʫʢ-

ʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʥʘ ʥʝʦʙʭʦʜʠʤʦʤ ʫʨʦʚʥʝ [13, 21]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʠʟʫʯʝʥʠʝ ʘʜʘʧʪʘʮʠʦʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʩʚʦʡʩʪʚ ʛʣʶ-

ʢʦʢʦʨʪʠʢʦʠʜʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʦʨʛʘʥʠʟʤʝ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʦʨʪʩʤʝʥʦʢ ʚ ʘʩʧʝʢʪʝ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʬʫʥʢ-

ʮʠʡ ʨʝʧʨʦʜʫʢʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʚʦʡʩʪʚ ʨʝʘʢ-

ʪʠʚʥʦʩʪʠ ʩʪʨʝʩʩ-ʨʝʘʣʠʟʫʶʱʝʡ ʩʠʩʪʝʤʳ ʠ ʚʳʜʝʣʠʪʴ ʛʨʫʧʧʳ ʩʧʦʨʪʩʤʝʥʦʢ ʩ ʥʘʧʨʷʞʝʥʠʝʤ ʢʦʤʧʝʥʩʘʪʦʨʥʳʭ ʤʝʭʘʥʠʟ-

ʤʦʚ ʥʘ ʫʨʦʚʥʝ ʛʦʨʤʦʥʘʣʴʥʦʛʦ ʟʚʝʥʘ ʘʜʘʧʪʘʮʠʠ ʢ ʦʧʨʝʜʝʣʝʥʥʳʤ ʧʦʨʦʛʦʚʳʤ ʥʘʛʨʫʟʢʘʤ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʠʣʦʩʴ ʠʟʫʯʝʥʠʝ ʘʜʘʧʪʘʮʠʦʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʛʣʶʢʦʢʦʨʪʠʢʦʠʜʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʦʨʛʘʥʠʟʤʝ 

ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʦʨʪʩʤʝʥʦʢ ʧʨʠ ʨʘʟʣʠʯʥʦʤ ʫʨʦʚʥʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʨʝʧʨʦʜʫʢʪʠʚʥʦʡ ʩʠʩʪʝʤʳ. 

ʄʝʪʦʜʳ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʨʠʥʷʣʠ ʫʯʘʩʪʠʝ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʝ ʩʧʦʨʪʩʤʝʥʢʠ (ʢʘʥʜʠʜʘʪʳ ʠ ʤʘ-

ʩʪʝʨʘ ʩʧʦʨʪʘ) ï ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʚʠʜʦʚ ʩʧʦʨʪʘ ʩ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʮʠʢʣʠʯʝʩʢʦʡ ʪʨʝʥʠʨʦʚʦʯʥʦʡ 

ʥʘʛʨʫʟʢʠ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʥʘ ʨʘʟʚʠʪʠʝ ʘʵʨʦʙʥʦʡ ʚʳʥʦʩʣʠʚʦʩʪʠ, ʶʥʦʰʝʩʢʦʛʦ, ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʟʨʝʣʦʛʦ ʚʦʟʨʘʩʪʘ, 

ʢʦʪʦʨʳʝ ʙʳʣʠ ʨʘʩʧʨʝʜʝʣʝʥʳ ʥʘ ʧʦʜʛʨʫʧʧʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʩʦʙʝʥʥʦʩʪʝʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʨʝʧʨʦʜʫʢʪʠʚʥʦʡ 

ʩʠʩʪʝʤʳ. ʇʦʜʛʨʫʧʧʫ ʩ ʦʚʘʨʠʘʣʴʥʦʤʝʥʩʪʨʫʘʣʴʥʳʤ ʮʠʢʣʦʤ (ʆʄʎ) ʩʦʩʪʘʚʠʣʠ ʩʧʦʨʪʩʤʝʥʢʠ ʶʥʦʰʝʩʢʦʛʦ ʠ ʧʝʨʚʦʛʦ 

ʟʨʝʣʦʛʦ ʚʦʟʨʘʩʪʘ (16 ï 26 ʣʝʪ, n = 32), ʚ ʧʦʜʛʨʫʧʧʫ ʩ ʘʥʦʚʫʣʷʪʦʨʥʳʤ ʤʝʥʩʪʨʫʘʣʴʥʳʤ ʮʠʢʣʦʤ (ɸʄʎ) ʚʦʰʣʠ 

ʩʧʦʨʪʩʤʝʥʢʠ ʚʪʦʨʦʛʦ ʟʨʝʣʦʛʦ ʚʦʟʨʘʩʪʘ (37 ï 45 ʣʝʪ, n = 18). ʉʧʦʨʪʩʤʝʥʢʠ ʠʤʝʣʠ ʧʦʩʪʦʷʥʥʳʡ ʤʝʥʩʪʨʫʘʣʴʥʳʡ ʮʠʢʣ 
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ʚ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʠʭ 6 ʤʝʩʷʮʝʚ ʠ ʥʝ ʧʨʠʥʠʤʘʣʠ ʘʥʘʙʦʣʠʯʝʩʢʠʭ ʠ ʧʨʦʪʠʚʦʟʘʯʘʪʦʯʥʳʭ ʧʨʝʧʘʨʘʪʦʚ. ʂʦʥʮʝʥʪʨʘʮʠʶ 

ʢʦʨʪʠʟʦʣʘ, ʬʦʣʠʢʫʣʦʩʪʠʤʫʣʠʨʫʶʱʝʛʦ ʛʦʨʤʦʥʘ (ʌʉɻ), ʣʶʪʝʠʥʠʟʠʨʫʶʱʝʛʦ ʛʦʨʤʦʥʘ (ʃɻ) ʠ ʵʩʪʨʘʜʠʦʣʘ ʚ ʩʳʚʦʨʦʪ-

ʢʝ ʢʨʦʚʠ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʠʤʤʫʥʥʦʬʝʨʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʙʦʨʦʚ ʉʪʝʨʠ-

ʦʜʀʌɸ-ʢʦʨʪʠʟʦʣ-01, ɻʦʥʘʜʦʪʨʦʧʠʥ ʀʌɸ-ʃɻ, ɼʉ-ʀʌɸïʛʦʥʘʜʦʪʨʦʧʠʥʳ-ʌʉɻ (ɿɸʆ çɸʣʢʦʨ ɹʠʦè, ʈʦʩʩʠʷ) ʠ 

Estradiol ELISA Kit  (The Calbiotech, Inc (CBI), ʉʐɸ) ʩ ʧʦʤʦʱʴʶ ʠʤʤʫʥʦʬʝʨʤʝʥʪʥʦʛʦ ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʧʣʘʥʰʝʪʥʦʛʦ ʬʦʪʦʤʝʪʨʘ Stat Fax 2100, Awareness Technology (ʉʐɸ) ʠ ʪʝʨʤʦʩʪʘʪʘ (ʠʥʢʫʙʘʪʦʨ) ï ʰʝʡʢʝʨʘ ʜʣʷ 

ʧʣʘʥʰʝʪʦʚ (ʥʘ 2 ʧʣʘʥʰʝʪʘ) Stat Fax 2200, Awareness Technology (ʉʐɸ). ʈʝʬʝʨʝʥʩʥʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʵʩʪʨʘʜʠʦʣʘ: 10 

ï 370 ʧʛ/ʤʣ, ʢʦʨʪʠʟʦʣʘ: 150 ï 760 ʥʤʦʣʴ/ʣ. ʀʤʤʫʥʦʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʡ ʪʝʩʪ ʥʘ ʦʚʫʣʷʮʠʶ OVUPLAN LUX ʠʩ-

ʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʝʝ ʦʧʨʝʜʝʣʝʥʠʷ. ʇʦʢʘʟʘʪʝʣʠ ʩʦʜʝʨʞʘʥʠʷ ʛʦʨʤʦʥʦʚ ʚ ʦʨʛʘʥʠʟʤʝ ʩʧʦʨʪʩʤʝʥʦʢ ʠʟʫʯʘʣʠʩʴ ʚ ʜʠʥʘʤʠ-

ʢʝ ʤʝʥʩʪʨʫʘʣʴʥʦʛʦ ʮʠʢʣʘ (ʄʎ). ɿʘ ʧʝʨʠʦʜʳ ʄʎ ʧʨʠʥʠʤʘʣʠ: ʧʝʨʠʦʜ ʤʝʥʩʪʨʫʘʮʠʠ (1 ï 3 ʜʝʥʴ ʦʪ ʥʘʯʘʣʘ ʄʎ); 

ʤʝʞʤʝʥʩʪʨʫʘʣʴʥʳʡ ʧʝʨʠʦʜ (8 ï 9, 20 ï 22 ʜʥʠ ʦʪ ʥʘʯʘʣʘ ʄʎ); ʧʝʨʠʦʜ ʦʚʫʣʷʮʠʠ (13 ï 16 ʜʝʥʴ ʦʪ ʥʘʯʘʣʘ ʄʎ); 

ʧʨʝʜʤʝʥʩʪʨʫʘʣʴʥʳʡ ʧʝʨʠʦʜ (26 ï 27 ʜʝʥʴ ʦʪ ʥʘʯʘʣʘ ʄʎ). ʉʦʜʝʨʞʘʥʠʝ ʛʦʨʤʦʥʦʚ ʚ ʚʝʥʦʟʥʦʡ ʢʨʦʚʠ ʦʧʨʝʜʝʣʷʣʠ ʚ 

ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʋʯʠʪʳʚʘʷ ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʬʠʟʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ, ʭʘʨʘʢʪʝʨʥʫʶ ʜʣʷ ʛʨʫʧʧ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠ-

ʨʦʚʘʥʥʳʭ ʩʧʦʨʪʩʤʝʥʦʢ, ʝʝ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʥʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʫʶ ʪʨʝʥʠʨʦʚʢʫ ʘʵʨʦʙʥʦʡ ʚʳʥʦʩʣʠʚʦʩʪʠ ʛʦʨʤʦʥʘʣʴ-

ʥʳʝ ʧʨʦʙʳ ʪʘʢʞʝ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʚ ʫʩʣʦʚʠʷʭ ʨʘʙʦʪʳ ʘʵʨʦʙʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʚʝʣʦʵʨʛʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʪʝʩʪʘ ʩʪʫʧʝʥʯʘʪʦ-ʚʦʟʨʘʩʪʘʶʱʝʡ ʤʦʱʥʦʩʪʠ [1] ʥʘ ʚʝʣʦʵʨʛʦʤʝʪʨʝ Ketler. ʈʘʙʦʪʘ ʥʘ ʩʪʫʧʝʥʷʭ ʥʘʛʨʫʟʢʠ ʚʳʧʦʣʥʷʣʘʩʴ 

ʧʨʠ ʩʢʦʨʦʩʪʠ ʧʝʜʘʣʠʨʦʚʘʥʠʷ 60 ʦʙ/ʤʠʥ ʚ ʪʝʯʝʥʠʝ 3 ï 4 ʤʠʥʫʪ ʠ ʧʨʝʜʫʩʤʘʪʨʠʚʘʣʘ ʨʝʞʠʤ ʤʘʣʦʡ (W1 = 100 ï 120 

ɺʪ), ʩʨʝʜʥʝʡ (W2 = 150 ï 180 ɺʪ) ʠ ʩʫʙʤʘʢʩʠʤʘʣʴʥʦʡ (W3 = 200 ï 250 ɺʪ) ʤʦʱʥʦʩʪʠ. ʏʉʉ ʥʘ ʫʨʦʚʥʝ ʤʘʣʦʡ, ʩʨʝʜ-

ʥʝʡ ʠ ʩʫʙʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 130 ï 140, 150 ï 160, 170 ï 180 ʫʜ/ʤʠʥ. ʆʙʲʝʤ ʣʝʛʦʯʥʦʡ ʚʝʥʪʠ-

ʣʷʮʠʠ ʠʩʩʣʝʜʦʚʘʣʠ ʩʧʠʨʦʧʥʝʚʤʦʪʘʭʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʩ ʧʦʤʦʱʴʶ ʧʨʠʙʦʨʘ ñSpirobank ï Gò ʠʪʘʣʴʷʥʩʢʦʡ 

ʬʠʨʤʳ ñMIRò ʠ ʧʨʠʚʦʜʠʣʠ ʢ ʫʩʣʦʚʠʷʤ BTPS. ʅʘʧʨʷʞʝʥʠʝ ʢʠʩʣʦʨʦʜʘ ʚ ʚʳʜʳʭʘʝʤʦʤ ʚʦʟʜʫʭʝ (ʈɽʆ2, ʤʤ ʨʪ. ʩʪ.) 

ʦʧʨʝʜʝʣʷʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʨʤʦʭʠʤʠʯʝʩʢʦʛʦ ʛʘʟʦʩʠʛʥʘʣʠʟʘʪʦʨʘ ʢʠʩʣʦʨʦʜʘ çʑʠʪ-3è (ʋʢʨʘʠʥʘ), ʧʦʢʘʟʘʪʝʣʴ 

ʢʦʨʨʝʢʪʠʨʦʚʘʣʩʷ ʩ ʫʯʝʪʦʤ ʫʩʣʦʚʠʡ STPD. ɼʘʣʝʝ ʨʘʩʯʝʪʥʳʤ ʤʝʪʦʜʦʤ ʦʧʨʝʜʝʣʷʣʠ ʩʢʦʨʦʩʪʴ ʧʦʪʨʝʙʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ 

(VO2, ʤʣ/ʤʠʥ). ɺʩʝ ʠʟʫʯʘʝʤʳʝ ʚ ʨʘʙʦʪʝ ʧʦʢʘʟʘʪʝʣʠ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʚ ʪʝʯʝʥʠʝ 30 ʩʝʢʫʥʜ ʚ ʢʦʥʮʝ ʧʦʩʣʝʜʥʝʡ ʤʠ-

ʥʫʪʳ ʢʘʞʜʦʡ ʩʪʫʧʝʥʠ ʥʘʛʨʫʟʢʠ. ʈʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʘʥʳ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤʠ ʠ ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʤʘ-

ʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ ʚ ʧʨʦʛʨʘʤʤʝ ñOriginPro 8.5.1ò. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʨʘʟʣʠʯʠʡ ʠʩ-

ʧʦʣʴʟʦʚʘʣʠ t-ʢʨʠʪʝʨʠʡ ʉʪʴʶʜʝʥʪʘ, ʊ-ʢʨʠʪʝʨʠʡ ɺʠʣʢʦʢʩʦʥʘ ʠ U-ʢʨʠʪʝʨʠʡ ʄʘʥʥʘ-ʋʠʪʥʠ. ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ 

ʨʘʟʣʠʯʠʷ ʩʯʠʪʘʣʠʩʴ ʧʨʠ ʨ <0,05. ʅʘʙʣʶʜʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚʦ ʚʪʷʛʠʚʘʶʱʠʭ ʤʝʟʦʮʠʢʣʘʭ ʧʦʜʦʪʦʚʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦ-

ʜʘ ʪʨʝʥʠʨʦʚʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ. ɺʩʝ ʩʧʦʨʪʩʤʝʥʢʠ ʜʘʣʠ ʜʦʙʨʦʚʦʣʴʥʦʝ ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʛʣʘʩʠʝ ʥʘ ʫʯʘʩʪʠʝ ʚ ʠʩʩʣʝ-

ʜʦʚʘʥʠʠ, ʯʪʦ ʙʳʣʦ ʦʜʦʙʨʝʥʦ ʢʦʤʠʪʝʪʦʤ ʧʦ ʙʠʦʵʪʠʢʝ ʂʨʳʤʩʢʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. 

ʈʝʟʫʣʴʪʘʪʳ. ʉʝʨʠʷ ʥʘʙʣʶʜʝʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʚ ʛʨʫʧʧʘʭ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʦʨʪʩʤʝʥʦʢ, ʧʦ-

ʟʚʦʣʠʣʘ ʚʳʜʝʣʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʚʦʡʩʪʚ ʛʣʶʢʦʨʪʠʢʦʠʜʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʩʦʙʝʥ-

ʥʦʩʪʷʤʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʨʝʧʨʦʜʫʢʪʠʚʥʦʡ ʬʫʥʢʮʠʠ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʧʦʨʪʩʤʝʥʢʠ 

ʶʥʦʰʝʩʢʦʛʦ ʠ ʧʝʨʚʦʛʦ ʟʨʝʣʦʛʦ ʚʦʟʨʘʩʪʘ ʠʤʝʶʪ ʦʚʘʨʠʘʣʴʥʦ-ʤʝʥʩʪʨʫʘʣʴʥʳʡ ʮʠʢʣ (ʆʄʎ). ʇʦʣʦʞʠʪʝʣʴʥʳʡ ʨʝ-

ʟʫʣɹʪʘʪ ʚ ʪʝʩʪʝ OVUPLAN LUX ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʚ ʜʘʥʥʳʭ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧʘʭ ʩʧʦʨʪʩʤʝʥʦʢ ʚ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜ-

ʥʠʭ 6 ʤʝʩʷʮʝʚ ʚ 100 % ʩʣʫʯʘʷʭ. ʉʦʜʝʨʞʘʥʠʝ ʛʦʥʘʜʦʪʨʦʧʠʥʦʚ ʌʉɻ, ʃɻ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʥʦʨʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʜʣʷ ʨʝʧʨʦʜʫʢʪʠʚʥʦʛʦ ʚʦʟʨʘʩʪʘ. ʋ ʢʘʪʝʛʦʨʠʠ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʦʨʪʩʤʝʥʦʢ ʚʪʦʨʦʛʦ 

ʟʨʝʣʦʛʦ ʚʦʟʨʘʩʪʘ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʘʥʦʚʫʣʷʪʦʨʥʳʡ ʭʘʨʘʢʪʝʨ ʤʝʥʩʪʨʫʘʣʴʥʦʛʦ ʮʠʢʣʘ (ɸʄʎ). 

ʀʤʤʫʥʦʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʡ ʪʝʩʪ OVUPLAN LUX ʥʝ ʧʦʜʪʚʝʨʞʜʘʣ ʥʘʣʠʯʠʝ ʦʚʫʣʷʮʠʡ ʚ 72 % ʩʣʫʯʘʝʚ. ʊʘʢʞʝ 

ʫʨʦʚʝʥʴ ʌʉɻ ʥʘ 2 ï 3 ʜʝʥʴ ʦʪ ʥʘʯʘʣʘ ʄʎ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʡ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʥʘʩʪʫʧʣʝʥʠʷ ʦʚʫʣʷʮʠʠ [12], ʟʥʘ-

ʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʣ ʧʦʨʦʛʦʚʳʡ (5 ï 10 ʤʄɽ/ʤʣ) ʠ ʚ ʩʨʝʜʥʝʤ ʟʥʘʯʝʥʠʠ ʙʳʣ ʨʘʚʝʥ 25,4 Ñ 1,42 ʤʄɽ/ʤʣ. ʈʝʟʫʣʴʪʘ-

ʪʳ ʘʥʘʣʠʟʘ ʜʠʥʘʤʠʢʠ ʃɻ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘʨʘʩʪʘʶʱʠʡ ʧʦʜʲʝʤ ʵʪʦʛʦ ʛʦʨʤʦʥʘ ʚ ʩʝʨʝʜʠʥʝ ʄʎ, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ 

ʦʚʫʣʷʮʠʠ, ʦʪʩʫʪʩʪʚʦʚʘʣ, ʘ ʩʦʜʝʨʞʘʥʠʝ ʃɻ ʚ ʤʝʞʤʝʥʩʪʨʫʘʣʴʥʳʡ ʧʝʨʠʦʜ ʧʨʝʚʳʰʘʣʦ ʟʥʘʯʝʥʠʷ ʥʦʨʤʳ ʜʣʷ ʨʝʧʨʦ-

ʜʫʢʪʠʚʥʦʛʦ ʚʦʟʨʘʩʪʘ, ʜʦʩʪʠʛʘʷ ʚʝʣʠʯʠʥʳ 70,9 Ñ 4,49 ʤʄɽ/ʤʣ. ɸʥʘʣʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʛʣʶʢʦʢʦʨʪʠʢʦʠʜʥʦʡ ʘʢʪʠʚ-

ʥʦʩʪʠ ʚ ʦʨʛʘʥʠʟʤʝ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʦʨʪʩʤʝʥʦʢ ʚʳʷʚʠʣ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʛʠʧʦʵʨʛʠʯʝʩʢʠʝ ʦʪʚʝʪʳ 

ʢʦʨʪʠʟʦʣʘ ʚʦ ʚʨʝʤʷ ʨʘʙʦʪʳ ʨʘʟʣʠʯʥʦʡ ʤʦʱʥʦʩʪʠ ʢʘʢ ʚ ʜʠʥʘʤʠʢʝ ʆʄʎ, ʪʘʢ ʠ ɸʄʎ (ʪʘʙʣ. 1). 
 

ʊʘʙʣʠʮʘ 1 

ʍʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʡ ʩʦʜʝʨʞʘʥʠʷ ʢʦʨʪʠʟʦʣʘ ʠ ʵʩʪʨʘʜʠʦʣʘ ʚ ʦʨʛʘʥʠʟʤʝ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʩʧʦʨʪʩʤʝʥʦʢ ʚ ʜʠʥʘʤʠʢʝ ʄʎ (ʟʥʘʯʠʤʦʝ ʧʦʚʳʰʝʥʠʝ ï ŷ, ʟʥʘʯʠʤʦʝ ʩʥʠʞʝʥʠʝ ï Ź) 
ɼʥʠ ʄʎ ʆʄʎ ɸʄʎ 

ʵʩʪʨʘʜʠʦʣ ʢʦʨʪʠʟʦʣ ʵʩʪʨʘʜʠʦʣ ʢʦʨʪʠʟʦʣ 

W1 W2 W3 W1 W2 W3 W1 W2 W3 W1 W2 W3 

1 ï 3 Ź Ź   Ź     ŷ ŷ  

8 ï 9       Ź  Ź  Ź Ź 

13 ï 16 ŷ  ŷ   Ź   Ź  Ź  

20 ï 22   ŷ Ź Ź Ź     Ź Ź 

26 ï 27    ŷ Ź     Ź Ź Ź 
 

ɻʠʧʝʨʵʨʛʠʯʝʩʢʠʝ ʦʪʚʝʪʳ ʢʦʨʪʠʟʦʣʘ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʤʦʱʥʦʩʪʠ ʨʘʙʦʪʳ ʚʳʷʚʣʝʥʳ ʚ ʦʨ-

ʛʘʥʠʟʤʝ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʦʨʪʩʤʝʥʦʢ ʩ ʆʄʎ ʚ ʧʨʝʜʤʝʥʩʪʨʫʘʣʴʥʳʡ ʧʝʨʠʦʜ ʠ ʫ ʩʧʦʨʪʩʤʝʥʦʢ ʩ ɸʄʎ ʚ 

ʧʝʨʠʦʜ ʤʝʥʩʪʨʫʘʮʠʠ. ɺ ʦʨʛʘʥʠʟʤʝ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʦʨʪʩʤʝʥʦʢ ʩ ʆʄʎ ʧʦʢʘʟʘʥʘ ʩʨʘʚʥʠʪʝʣʴʥʦ ʙʦʣʴʰʘʷ 
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ʚʳʨʘʞʝʥʥʦʩʪʴ ʦʪʚʝʪʦʚ ʢʦʨʪʠʟʦʣʘ ʥʘ ʫʨʦʚʥʝ ʩʨʝʜʥʝʡ ʠ ʩʫʙʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʨʘʙʦʪʳ, ʘ ʪʘʢʞʝ ʘʨʝʘʢʪʠʚʥʦʩʪʴ 

ʢʦʨʳ ʥʘʜʧʦʯʝʯʥʠʢʦʚ ʚ ʧʝʨʠʦʜ ʩ 8 ʧʦ 9 ʜʝʥʴ ʦʪ ʥʘʯʘʣʘ ʄʎ. ʊʘʢʞʝ ʚ ʦʨʛʘʥʠʟʤʝ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʦʨʪʩʤʝ-

ʥʦʢ ʩ ʆʄʎ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʙʳʣʦ ʚʳʨʘʞʝʥʦ ʩʤʝʰʝʥʠʝ ʩʪʝʨʦʠʜʦʛʝʥʝʟʘ ʚ ʦʪʚʝʪ ʥʘ ʥʘʛʨʫʟʢʫ ʚ ʩʨʘʚʥʝʥʠʠ ʩʦ ʩʧʦʨʪʩ-

ʤʝʥʢʘʤʠ, ʠʤʝʶʱʠʤʠ ɸʄʎ. ʇʨʠ ʵʪʦʤ ʫ ʩʧʦʨʪʩʤʝʥʦʢ ʩ ʆʄʎ ʬʠʟʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ ʩʪʠʤʫʣʠʨʦʚʘʣʠ ʧʦʚʳʰʝʥʠʝ ʘʢ-

ʪʠʚʥʦʩʪʠ ʬʫʥʢʮʠʡ ʵʩʪʨʦʛʝʥʥʦʛʦ ʩʪʝʨʦʠʜʦʛʝʥʝʟʘ, ʪʦʛʜʘ ʢʘʢ ʫ ʩʧʦʨʪʩʤʝʥʦʢ ʩ ɸʄʎ, ʥʘʧʨʦʪʠʚ, ʥʘʙʣʶʜʘʣʠ ʩʥʠʞʝʥʠʝ 

ʜʘʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʊʘʢʞʝ ʚ ʜʠʥʘʤʠʢʝ ʄʎ ʦʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʥʘʛʨʫʟʢʝ ʦʪʚʝ-

ʪʦʚ ʵʩʪʨʘʜʠʦʣʘ ʫ ʩʧʦʨʪʩʤʝʥʦʢ ʩ ɸʄʎ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʫ ʩʧʦʨʪʩʤʝʥʦʢ ʩ ʆʄʎ ʚʳʨʘʞʝʥʘ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʦʪʚʝʪʦʚ ʢʦʨʪʠʟʦʣʘ. ʀʟʫʯʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʜʠʘʧʘʟʦʥʦʚ ʛʣʶʢʦʢʦʨʪʠʢʦʠʜʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʛʣʶʢʦʢʦʨʪʠʢʦʠʜʥʳʭ ʨʝʘʢ-

ʮʠʡ ʚ ʦʨʛʘʥʠʟʤʝ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʦʨʪʩʤʝʥʦʢ ʧʦʟʚʦʣʠʣʦ ʫʩʪʘʥʦʚʠʪʴ ʠʭ ʚʳʨʘʞʝʥʥʦʝ ʩʫʞʝʥʠʝ ʚ ʜʠʥʘʤʠʢʝ 

ɸʄʎ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʧʦʨʪʩʤʝʥʦʢ ʩ ʆʄʎ (ʨʠʩ. 1). ʀʥʪʝʨʝʩʥʳʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʙʦʪʳ ʩʨʝʜʥʝʡ 

ʤʦʱʥʦʩʪʠ ʜʠʘʧʘʟʦʥ ʛʣʶʢʦʢʦʨʪʠʢʦʠʜʥʦʡ ʨʝʘʢʮʠʠ ʧʦʚʳʰʘʣʩʷ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʵʩʪʨʦʛʝʥʦʚʦʡ ʥʘʩʳʱʝʥʥʦʩʪʠ ʚ 

ʧʝʨʠʦʜ ʦʚʫʣʷʮʠʠ, ʠ ʩʥʠʞʘʣʩʷ ʧʘʨʘʣʣʝʣʴʥʦ ʩʥʠʞʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʵʩʪʨʦʛʝʥʦʚ ʚ ʟʘʚʝʨʰʝʥʠʠ ʄʎ. ʆʯʝʚʠʜʥʦ, ʯʪʦ 

ʠʤʝʥʥʦ ʥʘ ʫʨʦʚʥʝ ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʠ ʨʘʙʦʪʳ ʛʣʶʢʦʢʦʨʪʠʢʦʠʜʥʘʷ ʨʝʘʢʮʠʷ (ʠ ʚ ʯʘʩʪʥʦʩʪʠ ʝʝ ʜʠʘʧʘʟʦʥ) ʷʚʣʷʝʪʩʷ 

ʥʘʠʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʢ ʮʠʢʣʠʯʝʩʢʠʤ ʠʟʤʝʥʝʥʠʷʤ ʛʦʨʤʦʥʘʣʴʥʦʛʦ ʬʦʥʘ. 
 

ɸ 

 
 

ɹ 

 
 

ʈʠʩ. 1. ɿʥʘʯʝʥʠʷ ʠʥʪʝʨʢʚʘʨʪʠʣʴʥʦʛʦ ʨʘʟʤʘʭʘ ʚʝʣʠʯʠʥʳ ʩʦʜʝʨʞʘʥʠʷ ʢʦʨʪʠʟʦʣʘ (ʥʤʦʣʴ/ʣ) ʚ ʦʨʛʘʥʠʟʤʝ 

ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʦʨʪʩʤʝʥʦʢ ʚ ʜʠʥʘʤʠʢʝ ʆʄʎ (ɸ) ʠ ɸʄʎ (ɹ) ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʧʦʢʦʷ ʠ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʨʘʙʦʪʳ ʤʘʣʦʡ (W1), ʩʨʝʜʥʝʡ (W2) ʠ ʩʫʙʤʘʢʩʠʤʘʣʴʥʦʡ (W3) ʤʦʱʥʦʩʪʠ 
 

ʇʨʠ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʜʠʥʘʤʠʢʠ ʛʣʶʢʦʢʦʨʪʠʢʦʠʜʥʦʡ ʨʝʘʢʮʠʠ ʩ ʜʠʥʘʤʠʢʦʡ ʧʦʪʨʝʙʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʥʘ 

ʫʨʦʚʥʝ ʨʘʟʣʠʯʥʦʡ ʤʦʱʥʦʩʪʠ ʨʘʙʦʪʳ ʚ ʦʨʛʘʥʠʟʤʝ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʦʨʪʩʤʝʥʦʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʢʠʩʣʦʨʦʜʥʳʡ ʟʘʧʨʦʩ ʚʦ ʚʩʝʭ ʛʨʫʧʧʘʭ ʠʩʧʳʪʫʝʤʳʭ ʟʥʘʯʠʤʦ ʫʚʝʣʠʯʠʚʘʣʩʷ ʧʦ ʤʝʨʝ ʧʦʚʳʰʝʥʠʷ ʤʦʱʥʦʩʪʠ ʨʘʙʦʪʳ 

(ʨʠʩ. 2). ʇʨʠ ʵʪʦʤ ʛʣʶʢʦʢʦʨʪʠʢʦʠʜʥʳʝ ʦʪʚʝʪʳ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʠʤʝʣʠ ʛʠʧʦʵʨʛʠʯʝʩʢʠʡ ʠʣʠ ʘʨʝʘʢʪʠʚʥʳʡ ʭʘ-

ʨʘʢʪʝʨ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʥʘʤʠ ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʢʠʩʣʦʨʦʜʥʳʡ ʟʘʧʨʦʩ ʚ ʦʨʛʘʥʠʟʤʝ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʩʧʦʨʪʩʤʝʥʦʢ ʟʥʘʯʠʤʦ ʫʚʝʣʠʯʠʚʘʣʩʷ ʢʦ ʚʨʝʤʝʥʠ ʦʚʫʣʷʪʦʨʥʦʛʦ ʧʝʨʠʦʜʘ, ʪʦ ʝʩʪʴ ʢ 13 ï 16 ʜʥʶ ʦʪ ʥʘʯʘʣʘ ʄʎ. ʇʨʠ 

ʵʪʦʤ ʩʦʜʝʨʞʘʥʠʝ ʵʩʪʨʦʛʝʥʦʚ ʚ ʦʨʛʘʥʠʟʤʝ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʦʨʪʩʤʝʥʦʢ ʩ ʆʄʎ ʢ ʵʪʦʤʫ ʧʝʨʠʦʜʫ ʜʦ-

ʩʪʠʛʘʣʦ ʟʥʘʯʝʥʠʡ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʦʚʫʣʷʪʦʨʥʦʛʦ ʧʠʢʘ. 

ɺ ʦʨʛʘʥʠʟʤʝ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʦʨʪʩʤʝʥʦʢ ʩ ɸʄʎ ʩʦʜʝʨʞʘʥʠʝ ʵʩʪʨʦʛʝʥʦʚ ʚ ʦʨʛʘʥʠʟʤʝ ʢ 13 
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ï 16 ʜʥʶ ʦʪ ʥʘʯʘʣʘ ʄʎ ʩʥʠʞʘʣʦʩʴ, ʥʦ ʧʨʠ ʵʪʦʤ ʫʨʦʚʝʥʴ ʢʠʩʣʦʨʦʜʥʦʛʦ ʟʘʧʨʦʩʘ ʙʳʣ ʟʥʘʯʠʤʦ ʚʳʰʝ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʦʨʪʩʤʝʥʦʢ ʩ ʆʄʎ. 
 

ɸ 

 
 

ɹ 

 
 

ʈʠʩ. 2. ʇʦʪʨʝʙʣʝʥʠʝ ʢʠʩʣʦʨʦʜʘ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʙʦʪʳ ʤʘʣʦʡ (W1), ʩʨʝʜʥʝʡ (W2) 

ʠ ʩʫʙʤʘʢʩʠʤʘʣʴʥʦʡ (W3) ʤʦʱʥʦʩʪʠ ʚ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧʘʭ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʦʨʪʩʤʝʥʦʢ 
 

ʇʨʠʤʝʯʘʥʠʝ: * ï ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ (p <0,05) ʧʦʢʘʟʘʥʳ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʬʦʥʦʚʳʤ ʧʦʢʘʟʘʪʝʣʷʤ. 
 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʢʠʩʣʦʨʦʜʥʳʡ ʟʘʧʨʦʩ ʚ ʦʨʛʘʥʠʟʤʝ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʩʧʦʨʪʩʤʝʥʦʢ ʟʘʚʠʩʝʣ ʦʪ ʮʠʢʣʠʯʥʦʩʪʠ ʬʫʥʢʮʠʡ, ʧʨʠʩʫʱʝʡ ʞʝʥʩʢʦʤʫ ʦʨʛʘʥʠʟʤʫ, ʢʦʪʦʨʘʷ ʬʦʨʤʠʨʫʝʪʩʷ ʥʘ ʫʨʦʚʥʝ 

ʛʝʥʝʨʘʪʠʚʥʳʭ ʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ ʠ ʵʥʜʦʢʨʠʥʥʦʡ ʩʠʩʪʝʤʘʤʠ [9, 26, 27] ʠ ʦʢʘʟʳʚʘʝʪ ʚʦʟʜʝʡ-

ʩʪʚʠʝ ʥʘ ʚʝʛʝʪʘʪʠʚʥʳʝ ʬʫʥʢʮʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʥʘ ʚʝʥʪʠʣʷʪʦʨʥʫʶ [23]. 

ʆʙʩʫʞʜʝʥʠʝ. ʉʨʝʜʠ ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʘʢʪʠʚʥʦʩʪʴ ʛʣʶʢʦʢʦʨʪʠʢʦʠʜʥʦʡ ʬʫʥʢʮʠʠ ʚʝʩʴʤʘ ʩʫʱʝ-

ʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʜʘʝʪʩʷ ʧʘʨʘʤʝʪʨʘʤ ʥʘʛʨʫʟʢʠ [4, 16], ʫʨʦʚʥʶ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʪʨʘʪ [14, 21], ʪʨʝʥʠʨʦʚʘʥʥʦʩʪʠ 

[3], ʚʦʟʨʘʩʪʫ [8, 20] ʠ ʧʦʣʫ [19]. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʧʝʮʠʬʠʢʘ ʤʳʰʝʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪ ʦʩʦʙʝʥʥʦʩʪʠ 

ʛʣʶʢʦʢʦʨʪʠʢʦʠʜʥʳʭ ʦʪʚʝʪʦʚ ʚ ʘʩʧʝʢʪʝ ʤʦʙʠʣʠʟʘʮʠʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʜʣʷ ʫʜʦ-

ʚʣʝʪʚʦʨʝʥʠʷ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʦʪʨʝʙʥʦʩʪʝʡ [15]. ʊʘʢʞʝ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʜʘʝʪʩʷ ʘʜʝʢʚʘʪʥʦ-

ʩʪʠ ʥʘʛʨʫʟʢʠ ʤʝʪʘʙʦʣʠʯʝʩʢʠʤ ʧʦʪʨʝʙʥʦʩʪʷʤ [21]. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʦʨʛʘʥʠʟʤʝ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʦʨʪʩ-

ʤʝʥʦʚ ʤʘʣʘʷ ʥʘʛʨʫʟʢʘ ʫʛʥʝʪʘʝʪ ʛʣʶʢʦʢʦʨʪʠʢʦʠʜʥʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘʧʨʷʞʝʥʥʘʷ ʨʘʙʦʪʘ ʩʦʧʨʦʚʦʞʜʘ-

ʝʪʩʷ ʝʝ ʟʥʘʯʠʪʝʣʴʥʳʤ ʫʩʠʣʝʥʠʝʤ [13]. ʊʦ ʝʩʪʴ ʨʝʟʫʣʴʪʘʪʦʤ ʘʜʝʢʚʘʪʥʳʭ ʨʝʘʢʮʠʡ ʷʚʣʷʝʪʩʷ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʛʣʶʢʦ-

ʢʦʨʪʠʢʦʠʜʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩ ʵʥʝʨʛʦʪʨʘʪʘʤʠ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʢʨʠʪʝʨʠʝʤ ʵʬʬʝʢʪʠʚʥʦ-

ʩʪʠ ʤʝʭʘʥʠʟʤʘ ʩʘʤʦʨʝʛʫʣʷʮʠʠ ʩʪʨʝʩʩ-ʨʝʘʣʠʟʫʶʱʠʭ ʬʫʥʢʮʠʡ. ʊʘʢʞʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʪʝʥʮʠʘʣ ʢʦʤʧʝʥʩʘʪʦʨʥʦ-

ʧʨʠʩʧʦʩʦʙʠʪʝʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʦʨʛʘʥʠʟʤʘ ʦʮʝʥʠʚʘʝʪʩʷ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʴʶ ʠʟʤʝʥʷʪʴ ʫʨʦʚʝʥʴ ʜʝʷʪʝʣʴʥʦʩʪʠ ʬʠ-

ʟʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʩʨʝʜʳ [14, 24]. ʉ ʵʪʠʭ ʧʦʟʠʮʠʡ ʥʘʠʙʦʣʝʝ ʘʜʝʢʚʘʪʥʘʷ ʛʣʶʢʦ-

ʢʦʨʪʠʢʦʠʜʥʘʷ ʨʝʘʢʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʦʨʛʘʥʠʟʤʝ ʠʩʧʳʪʫʝʤʳʭ ʤʫʞʩʢʦʛʦ ʧʦʣʘ. ʇʨʠʥʷʪʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʚʝʜʫʱʘʷ ʨʦʣʴ 

ʚ ʦʪʚʝʪʥʦʡ ʨʝʘʢʮʠʠ ʥʘ ʩʪʨʝʩʩʦʨ ʦʪʚʦʜʠʪʩʷ ʛʣʶʢʦʢʦʨʪʠʢʦʠʜʘʤ [29]. ɺ ʞʝʥʩʢʦʤ ʦʨʛʘʥʠʟʤʝ ʚʳʷʚʣʝʥʘ ʪʝʩʥʘʷ ʬʫʥʢ-

ʮʠʦʥʘʣʴʥʘʷ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʥʘʜʧʦʯʝʯʥʠʢʘʤʠ ʠ ʛʦʥʘʜʘʤʠ, ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʝʜʠʥʫʶ ʩʪʝʨʦʠʜ-

ʩʠʥʪʝʟʠʨʫʶʱʫʶ ʩʠʩʪʝʤʫ [5, 18]. ʆʙʩʫʞʜʘʷ ʜʘʥʥʫʶ ʧʨʦʙʣʝʤʫ ʚ ʘʩʧʝʢʪʝ ʧʦʣʫʯʝʥʥʳʭ ʥʘʤʠ ʨʝʟʫʣʴʪʘʪʦʚ, ʥʝʦʙʭʦʜʠ-



ISSN 2311-2158. The Way of Science. 2016. ˉ 3 (25). 

 

 

24 

 

ʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʙʱʝʧʨʠʥʷʪʳʤ ʷʚʣʷʝʪʩʷ ʤʥʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʛʠʧʦʪʘʣʘʤʦ-ʛʠʧʦʬʠʟʘʨʥʦ-ʘʜʨʝʥʘʣʦʚʘʷ ʩʠʩʪʝʤʘ ʫ 

ʞʝʥʱʠʥ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʚʦʟʙʫʜʠʤʦʡ, ʘʤʧʣʠʪʫʜʘ ʛʦʨʤʦʥʘʣʴʥʦʛʦ ʦʪʚʝʪʘ ʚʳʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʣʠʮʘʤʠ ʤʫʞʩʢʦʛʦ 

ʧʦʣʘ, ʯʪʦ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʩʚʷʟʘʥʦ ʩ ʚʣʠʷʥʠʝʤ ʵʩʪʨʦʛʝʥʦʚ [17]. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʵʪʦ ʦʙʱʝʧʨʠʥʷʪʦʝ ʧʦʣʦ-

ʞʝʥʠʝ, ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʦʪʥʦʰʝʥʠʠ ʘʢʪʠʚʥʦʩʪʠ ʛʣʶʢʦʢʦʨʪʠʢʦʠʜʥʦʡ ʬʫʥʢʮʠʠ ʚ ʦʨʛʘʥʠʟʤʝ ʚʳʩʦʢʦʢʚʘʣʠ-

ʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʦʨʪʩʤʝʥʦʢ, ʛʦʚʦʨʷʪ ʩʢʦʨʝʝ ʦʙ ʦʙʨʘʪʥʦʤ. ʅʘʤʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʨʷʜʫ ʩ ʧʦʚʳʰʝʥʠʝʤ ʢʠʩʣʦʨʦʜʥʦ-

ʛʦ ʟʘʧʨʦʩʘ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʤʦʱʥʦʩʪʠ ʬʠʟʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʤʳ ʥʘʙʣʶʜʘʣʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʛʣʶʢʦ-

ʢʦʨʪʠʢʦʠʜʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʦʨʛʘʥʠʟʤʝ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʦʨʪʩʤʝʥʦʢ ʩ ʆʄʎ ʠ ɸʄʎ. ɽʩʣʠ ʫʯʝʩʪʴ, ʯʪʦ 

ʬʘʢʪʠʯʝʩʢʠ ʝʜʠʥʠʯʥʦʝ ʧʦʚʳʰʝʥʠʝ ʛʣʶʢʦʢʦʨʪʠʢʦʠʜʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚʦ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʬʠʟʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʙʳ-

ʣʦ ʚʳʷʚʣʝʥʦ ʚ ʧʨʦʙʣʝʤʥʳʭ ʧʝʨʠʦʜʘʭ ʄʎ (ʚʦ ʚʨʝʤʷ ʤʝʥʩʪʨʫʘʮʠʠ ʠ ʚ ʧʨʝʜʤʝʥʩʪʨʫʘʣʴʥʳʭ ʧʝʨʠʦʜ), ʪʦ, ʩʢʦʨʝʝ ʚʩʝʛʦ, 

ʵʪʦ ʥʝ ʙʳʣʦ ʦʙʫʩʣʦʚʣʝʥʦ ʫʩʠʣʝʥʠʝʤ ʢʠʩʣʦʨʦʜʥʦʛʦ ʟʘʧʨʦʩʘ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʵʪʦ ʷʚʣʷʣʦʩʴ ʥʝʦʙ-

ʭʦʜʠʤʳʤ ʜʣʷ ʢʦʤʧʝʥʩʘʪʦʨʥʦʛʦ ʫʩʠʣʝʥʠʷ ʬʫʥʢʮʠʡ ʩʪʝʨʦʠʜʦʛʝʥʝʟʘ ʧʨʠ ʩʥʠʞʝʥʠʠ ʵʩʪʨʦʛʝʥʦʚʦʡ ʥʘʩʳʱʝʥʥʦʩʪʠ. 

ɻʣʶʢʦʢʦʨʪʠʢʦʠʜʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚʳʧʦʣʥʷʝʪ ʨʦʣʴ ʢʦʤʧʝʥʩʘʪʦʨʥʦʛʦ ʤʝʭʘʥʠʟʤʘ, ʧʦʜʜʝʨʞʠʚʘʶʱʝʛʦ 

ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʩʘʤʦʨʝʛʫʣʷʮʠʠ ʛʦʤʝʦʩʪʘʟʘ ʦʧʪʠʤʘʣʴʥʳʡ ʩʪʝʨʦʠʜʦʛʝʥʝʟ [18]. ʌʘʢʪ ʚʳʷʚʣʝʥʥʦʛʦ ʥʘʤʠ ʩʤʝʰʝʥʠʷ 

ʩʪʝʨʦʠʜʦʛʝʥʝʟʘ ʚ ʜʠʥʘʤʠʢʝ ʆʄʎ ʚ ʦʪʚʝʪ ʥʘ ʬʠʟʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʳʩʢʘʟʘʥʥʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ. 

ʐʠʨʦʢʠʝ ʛʨʘʥʠʮʳ ʜʠʘʧʘʟʦʥʘ ʛʣʶʢʦʢʦʨʪʠʢʦʠʜʥʦʡ ʨʝʘʢʮʠʠ ʚ ʜʠʥʘʤʠʢʝ ʆʄʎ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʚʳʩʦʢʦʤ ʧʦʪʝʥ-

ʮʠʘʣʝ ʢʦʤʧʝʥʩʘʪʦʨʥʦ-ʧʨʠʩʧʦʩʦʙʠʪʝʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʦʨʛʘʥʠʟʤʘ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʦʨʪʩʤʝʥʦʢ ʩ 

ʥʦʨʤʘʣʴʥʳʤ ʫʨʦʚʥʝʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʨʝʧʨʦʜʫʢʪʠʚʥʦʡ ʩʠʩʪʝʤʳ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʳʷʚʣʝʥʥʘʷ ʥʘʤʠ ʪʝʥʜʝʥʮʠʷ 

ʨʘʩʰʠʨʝʥʠʷ ʜʠʘʧʘʟʦʥʘ ʛʣʶʢʦʢʦʨʪʠʢʦʠʜʥʦʡ ʨʝʘʢʮʠʠ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʫʨʦʚʥʷ ʵʩʪʨʦʛʝʥʦʚ ʧʨʠ ʚʳ-

ʧʦʣʥʝʥʠʠ ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʠ ʨʘʙʦʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʪʨʦʛʦ ʜʦʟʠʨʦʚʘʪʴ ʜʘʥʥʫʶ ʤʦʱʥʦʩʪʴ ʧʦ-

ʨʦʛʦʚʦʡ ʥʘʛʨʫʟʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʝʨʠʦʜʘ ʆʄʎ. ʇʨʠ ʩʥʠʞʝʥʠʠ ʚ ʞʝʥʩʢʦʤ ʦʨʛʘʥʠʟʤʝ ʧʦʣʦʚʦʡ ʬʫʥʢʮʠʠ ʪʘʢʞʝ 

ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʨʘʞʝʥʘ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʨʝʧʨʦʜʫʢʪʠʚʥʳʤ ʠ ʘʜʘʧʪʘʮʠʦʥʥʳʤ ʛʦʤʝʦʩʪʘʟʦʤ. ɺ ʨʝʧʨʦʜʫʢʪʠʚʥʦʤ 

ʛʦʤʝʦʩʪʘʟʝ ʵʪʦ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʦʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝʤ ʧʨʦʜʫʢʮʠʠ ʛʦʥʘʜʦʪʨʦʧʠʥʦʚ, ʥʘʯʠʥʘʶʱʠʤʩʷ ʥʝ ʪʦʣʴʢʦ ʜʦ 

ʪʦʛʦ, ʢʘʢ ʦʩʣʘʙʝʚʘʝʪ ʛʦʥʘʜʥʳʡ ʩʪʝʨʦʠʜʦʛʝʥʝʟ, ʥʦ ʠ ʜʦ ʷʚʥʳʭ ʧʨʠʟʥʘʢʦʚ ʩʥʠʞʝʥʠʷ ʧʨʦʜʫʢʮʠʠ ʠʥʛʠʙʠʥʘ ï ʙʝʣʢʦʚʦʡ 

ʧʨʠʨʦʜʳ çʪʦʨʤʦʟʘè ʛʦʥʘʜʦʪʨʦʧʠʥʦʚ ʚ ʷʠʯʥʠʢʘʭ. ʇʦʚʳʰʝʥʠʝ ʧʦʨʦʛʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʛʠʧʦʪʘʣʘʤʫʩʘ ʨʘʩʮʝʥʠʚʘʝʪ-

ʩʷ ʢʘʢ ʩʫʱʝʩʪʚʝʥʥʳʡ ʢʦʤʧʦʥʝʥʪ ʚʦʟʨʘʩʪʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʩʠʩʪʝʤʝ ʘʜʘʧʪʘʮʠʦʥʥʦʛʦ ʛʦʤʝʦʩʪʘʟʘ. ʕʪʦ ʧʨʦʷʚʣʷʝʪʩʷ 

ʦʩʣʘʙʣʝʥʠʝʤ ʪʦʨʤʦʟʷʱʠʭ ʚʣʠʷʥʠʡ ʢʦʨʪʠʢʦʩʪʝʨʦʠʜʦʚ ʥʘ ʜʝʷʪʝʣʴʥʦʩʪʴ ʛʠʧʦʪʘʣʘʤʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ, ʦʙʝʩʧʝʯʠʚʘʶ-

ʱʝʛʦ ʪʦʥʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʩʝʢʨʝʮʠʠ ʛʣʶʢʦʢʦʨʪʠʢʦʠʜʦʚ [2]. ɺ ʵʪʦʡ ʩʚʷʟʠ ʧʦʢʘʟʘʥʥʦʝ ʥʘʤʠ ʫʛʥʝʪʝʥʠʝ ʛʣʶʢʦʢʦʨʪʠ-

ʢʦʠʜʥʦʡ ʨʝʘʢʮʠʠ ʚ ʦʪʚʝʪ ʥʘ ʬʠʟʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ ʚ ʦʨʛʘʥʠʟʤʝ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʦʨʪʩʤʝʥʦʢ, ʠʤʝʶʱʠʭ 

ʘʥʦʚʫʣʷʪʦʨʥʳʡ ʭʘʨʘʢʪʝʨ ʄʎ ʦʙʫʩʣʦʚʣʝʥʦ ʚʦʟʨʘʩʪʥʳʤʠ ʠʥʚʦʣʶʮʠʦʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʚ ʨʝʧʨʦʜʫʢʪʠʚʥʦʡ ʩʠʩʪʝʤʝ 

[25]. ʅʠʟʢʠʡ ʜʠʘʧʘʟʦʥ ʛʣʶʢʦʢʦʨʪʠʢʦʠʜʥʦʡ ʨʝʘʢʮʠʠ ʷʚʣʷʝʪʩʷ ʩʚʠʜʝʪʝʣʴʩʪʚʦʤ ʦʛʨʘʥʠʯʝʥʠʷ ʢʦʤʧʝʥʩʘʪʦʨʥʦ-

ʧʨʠʩʧʦʩʦʙʠʪʝʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʥʘ ʫʨʦʚʥʝ ʵʥʜʦʢʨʠʥʥʦʛʦ ʟʚʝʥʘ ʩʪʨʝʩʩ-ʨʝʘʢʮʠʠ. 

ɺʳʚʦʜʳ. 

1. ɿʥʘʯʝʥʠʷ ʫʨʦʚʥʷ ʛʣʶʢʦʢʦʨʪʠʢʦʠʜʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʦʨʛʘʥʠʟʤʝ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʦʨʪʩ-
ʤʝʥʦʢ ʥʘʭʦʜʷʪʩʷ ʚ ʥʦʨʤʘʣʴʥʳʭ ʧʨʝʜʝʣʘʭ ʠ ʥʝ ʠʤʝʶʪ ʚʦʟʨʘʩʪʥʳʭ ʨʘʟʣʠʯʠʡ. 

2. ɺ ʜʠʥʘʤʠʢʝ ʆʄʎ ʠ ɸʄʎ ʫʩʪʘʥʦʚʣʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʛʠʧʦʵʨʛʠʯʝʩʢʠʝ ʛʣʶʢʦʢʦʨʪʠʢʦʠʜʥʳʝ ʨʝ-

ʘʢʮʠʠ. 

3. ɼʠʘʧʘʟʦʥ ʛʣʶʢʦʢʦʨʪʠʢʦʠʜʥʦʡ ʨʝʘʢʮʠʠ ʠʤʝʝʪ ʨʘʟʣʠʯʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʨʦʚʥʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 
ʨʝʧʨʦʜʫʢʪʠʚʥʦʡ ʬʫʥʢʮʠʠ. ɺ ʜʠʥʘʤʠʢʝ ʆʄʎ ʧʦʢʘʟʘʥ ʩʨʘʚʥʠʪʝʣʴʥʦ ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʛʣʶʢʦʢʦʨʪʠʢʦʠʜʥʦʡ ʨʝ-

ʘʢʮʠʠ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʢʦʤʧʝʥʩʘʪʦʨʥʦ-ʧʨʠʩʧʦʩʦʙʠʪʝʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʬʫʥʢʮʠʡ ʩʪʝʨʦʠʜʦʛʝʥʝʟʘ ʚ ʧʨʦʙʣʝʤʥʳʭ 

ʧʝʨʠʦʜʘʭ ʄʎ. 

4. ɼʠʘʧʘʟʦʥ ʛʣʶʢʦʢʦʨʪʠʢʦʠʜʥʦʡ ʨʝʘʢʮʠʠ ʥʘ ʫʨʦʚʥʝ ʩʨʝʜʥʝʡ ʧʦʨʦʛʦʚʦʡ ʤʦʱʥʦʩʪʠ ʥʘʛʨʫʟʢʠ ʚ ʜʠʥʘʤʠ-
ʢʝ ʆʄʎ ʠʤʝʝʪ ʧʨʷʤʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʫʨʦʚʥʷ ʵʩʪʨʦʛʝʥʦʚʦʡ ʥʘʩʳʱʝʥʥʦʩʪʠ. 
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Abstract. The article focuses on the interconnection between the level of reproductive system functioning of 

highly trained female athletes and the level of glucocorticoid activity. In the setting of ovarian menstrual cycle and 

anovulatory menstrual cycle hypoergic glucocorticoid responses were detected. The range of glucocorticoid response 

at medium exercise intensity in the setting of ovarian menstrual cycle has a direct dependence on the level of estrogen 

saturation. In the setting of anovulatory menstrual cycle a narrow range of glucocorticoid response under standard 

loads is demonstrated. 
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ʇʈʀʄɽʅɽʅʀɽ ɿʆʃʓ ʆʊɺɸʃɸ ʂʓɿʓʃʆʈɼʀʅʉʂʆʁ ʊʕʎ ɼʃʗ ʊʗɾɽʃʓʍ ɹɽʊʆʅʆɺ 

 
 ʂ.ʅ. ɹʘʡʪʘʩʦʚ1, ʄ.ɸ. ɽʤʙʝʨʛʝʥʦʚ2, ɸ.ɸ. ʅʘʫʨʳʟʙʘʝʚ3 

1, 2 ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, 3 ʤʘʛʠʩʪʨʘʥʪ 

ʂʳʟʳʣʦʨʜʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʂʦʨʢʳʪ ɸʪʘ, ʂʘʟʘʭʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʧʨʠʤʝʥʝʥʠʷ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ ʟʦʣ ʛʠʜʨʦ-

ʫʜʘʣʝʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʤʠʥʝʨʘʣʴʥʳʭ ʜʦʙʘʚʦʢ ʚ ʙʝʪʦʥʥʳʭ ʩʤʝʩʷʭ. ɹʝʪʦʥʳ ʥʘ 

ʦʩʥʦʚʝ ʩʤʝʰʘʥʥʦʛʦ ʚʷʞʫʱʝʛʦ ʠʤʝʶʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʧʨʦʯʥʦʩʪʴ ʢʘʢ ʧʨʠ ʪʚʝʨʜʝʥʠʠ ʚ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʪʘʢ 

ʠ ʧʨʠ ʧʨʦʧʘʨʠʚʘʥʠʠ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʟʘʤʝʪʥʦ ʚ ʨʘʥʥʠʝ ʩʨʦʢʠ ʥʦʨʤʘʣʴʥʦʛʦ ʪʚʝʨʜʝʥʠʷ ʠ ʧʨʠ ʩʦʢʨʘʱʝʥʥʦʤ ʨʝʞʠʤʝ 

ʧʨʦʧʘʨʠʚʘʥʠʷ. ɺʚʝʜʝʥʠʝ ʚ ʩʦʩʪʘʚ ʚʷʞʫʱʝʛʦ ʢʦʤʧʣʝʢʩʥʦʡ ʭʠʤʠʯʝʩʢʦʡ ʜʦʙʘʚʢʠ ʧʦʚʳʰʘʝʪ ʧʨʦʯʥʦʩʪʴ ʙʝʪʦʥʘ, 

ʩʥʠʞʘʝʪ ʥʘʧʦʣʦʚʠʥʫ ʨʘʩʭʦʜ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘ. ʅʘ ʦʩʥʦʚʝ ʵʪʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʟʦʣʳ ʂʳʟʳʣʦʨʜʠʥʩʢʦʡ ʊʕʎ 

ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʨʝʰʘʪʴ ʟʘʜʘʯʫ ʩʥʠʞʝʥʠʷ ʨʘʩʭʦʜʘ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘ ʠ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʠ ʙʝʪʦʥʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʟʦʣʘ, ʪʚʝʨʜʦʝ ʪʦʧʣʠʚʦ, ʤʠʥʝʨʘʣʴʥʘʷ ʜʦʙʘʚʢʘ, ʛʠʜʨʘʪʘʮʠʷ ʤʠʥʝʨʘʣʦʚ, ʧʘʨʘʤʝʪʨʳ 

ʛʦʨʝʥʠʷ, ʩʦʩʪʘʚ ʠ ʩʪʨʦʝʥʠʝ ʟʦʣʳ, ʬʦʨʤʳ ʯʘʩʪʠʮ, ʟʘʨʦʜʳʰʠ ʛʠʜʨʦʩʠʣʠʢʘʪʦʚ ʢʘʣʴʮʠʷ, ʚʘʣʝʥʪʥʳʝ ʩʠʣʳ, 

ʢʦʥʪʘʢʪʥʳʝ ʦʙʣʘʩʪʠ, ʩʪʨʦʡʤʘʪʝʨʠʘʣʳ, ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʜʦʙʘʚʢʘ, 

ʙʝʪʦʥ. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʟʦʣʘ-ʫʥʦʩ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʙʝʪʦʥʘ ʢʘʢ ʤʥʦʛʦʬʫʥʢ-

ʮʠʦʥʘʣʴʥʘʷ ʤʠʥʝʨʘʣʴʥʘʷ ʜʦʙʘʚʢʘ. ɿʦʣʘ ʫʥʦʩʘ ʦʙʨʘʟʫʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʛʦʨʝʥʠʷ ʪʚʝʨʜʦʛʦ ʪʦʧʣʠʚʘ ʥʘ ʊʕʎ ʠ ʚ ʩʫ-

ʭʦʤ ʩʦʩʪʦʷʥʠʠ ʦʪʙʠʨʘʝʪʩʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʥʫʞʜ ʠʣʠ ʚʦʜʦʡ ʦʪʧʨʘʚʣʷʝʪʩʷ ʥʘ ʦʪʚʘʣ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ, ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʪʦʧʣʠʚʘ, ʧʘʨʘʤʝʪʨʦʚ ʛʦʨʝʥʠʷ, ʩʦ-

ʩʪʘʚ ʠ ʩʪʨʦʝʥʠʝ ʟʦʣʳ ʠʟʤʝʥʷʶʪʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ. 

ʅʘʣʠʯʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚ ʩʦʩʪʘʚʝ ʪʦʧʣʠʚʘ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʩʧʦʩʦʙʥʳʭ ʢ ʛʠʜ-

ʨʘʪʘʮʠʠ ʤʠʥʝʨʘʣʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʦʣʘ ʧʨʠʦʙʨʝʪʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʩʭʚʘʪʳʚʘʪʴʩ ̫ʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʪʚʝʨʜʝʪʴ ʧʨʠ 

ʟʘʪʚʦʨʝʥʠʠ [1]. 

ɿʦʣʫ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʷʞʫʱʠʭ ʠ ʙʝʪʦʥʦʚ. ʀʟʫʯʝʥʠʝ ʠ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʝ 

ʠʩʧʣʴʟʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʟʦʣʳ ʧʦʟʚʦʣʷʝʪ ʫʧʨʘʚʣʷʪʴ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʝʤ, ʧʦʜʚʠʞʥʦʩʪʴʶ ʠ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴʶ, 

ʩʢʦʨʦʩʪʴʶ ʪʚʝʨʜʝʥʠʷ ʠ ʧʨʦʯʥʦʩʪʴʶ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ. 

ɹʣʘʛʦʜʘʨʷ ʧʫʮʮʦʣʘʥʦʚʳʤ ʩʚʦʡʩʪʚʘʤ ʟʦʣʘ ʦʢʘʟʳʚʘʝʪ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʯʥʦʩʪʴ ʙʝʪʦʥʘ. ʊʘ-

ʢʠʤ ʦʙʨʘʟʦʤ, ʝʝ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʦʩʪʘʚʣʷʶʱʫʶ ʮʝʤʝʥʪʥʦʛʦ ʚʷʞʫʱʝʛʦ. 

ɹʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʪʦʥʢʦʩʪʠ ʧʦʤʦʣʘ, ʧʨʘʢʪʠʯʝʩʢʠ ʠʜʝʘʣʴʥʦʡ ʰʘʨʦʦʙʨʘʟʥʦʡ ʬʦʨʤʝ ʯʘʩʪʠʮ ʠ ʧʫʮʮʦʣʘ-

ʥʦʚʳʤ ʩʚʦʡʩʪʚʘʤ ʟʦʣʘ ʚʝʣʠʢʦʣʝʧʥʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʜʦʙʘʚʢʠ. ɿʦʣʘ ʚ ʩʘʤʦʫʧʣʦʪʥʷʶʱʝʤ-

ʩʷ ʙʝʪʦʥʝ ʚʳʧʦʣʥʷʝʪ ʨʦʣʴ ʥʘʧʦʣʥʠʪʝʣʷ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʨʝʜʳ ʠ ʚʷʞʫʱʝʛʦ ʵʣʝʤʝʥʪʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʫʣʫʯʰʝ-

ʥʠʝ ʩʚʦʡʩʪʚ ʙʝʪʦʥʘ ʠ ʩʪʨʦʡʤʘʪʝʨʠʘʣʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʟʦʣʳ, 

ʧʦʢʘʟʳʚʘʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʦʙʘʚʢʠ ʟʦʣʳ ʚ ʠʭ ʩʦʩʪʘʚ, ʫʣʫʯʰʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʧʦʚʳʰʝʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ [2]. 

ʅʦʚʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʧʨʦʠʟʚʦʜ-

ʩʪʚʝ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʚʭʦʜʷʱʠʭ ʚ ʥʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʩʪʘʥʦʚʷ-

ʱʘʷʩʷ ʦʜʥʠʤ ʠʟ ʜʦʩʪʫʧʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʥʘʥʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʳ ʠ 

ʫʣʫʯʰʝʥʠʷ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʩʣʦʞʥʦʩʪʴ ʠ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, 

ʩʪʘʚʠʪʩʷ ʟʘʜʘʯʘ ʧʨʠʣʦʞʝʥʠʷ ʤʝʭʘʥʦʭʠʤʠʠ ʜʣʷ ʘʢʪʠʚʘʮʠʠ ʟʦʣ ʛʠʜʨʦʫʜʘʣʝʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʢʘʯʝʩʪʚʝ ʤʠʥʝʨʘʣʴʥʳʭ ʜʦʙʘʚʦʢ ʚ ʙʝʪʦʥʥʳʭ ʩʤʝʩʷʭ. 

ʇʦʚʳʰʝʥʠʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ ʟʦʣʴʥʦʡ ʩʤʝʩʠ ʜʦʩʪʠʛʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ ʧʦ-

ʚʳʰʝʥʠʷ ʜʠʩʧʝʨʩʥʦʩʪʠ ʚ ʞʠʜʢʦʡ ʬʘʟʝ, ʥʦ ʠ ʠʟʤʝʥʝʥʠʝʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʬʦʨʤʳ ʯʘʩʪʠʮ, ʯʪʦ ʷʚʣʷ-

ʝʪʩʷ ʧʨʝʜʧʦʩʳʣʢʦʡ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦʮʝʩʩʘ ʢʦʘʛʫʣʷʮʠʠ ʟʦʣʦʥʘʧʦʣʥʝʥʥʦʡ ʚʷʞʫʱʝʡ ʩʠʩʪʝʤʳ. ʇʨʠ ʵʪʦʤ ʭʠʤʠ-

ʯʝʩʢʠʝ ʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ ʩʦʩʪʘʚʳ ʠʩʭʦʜʥʦʛʦ ʚʷʞʫʱʝʛʦ ʦʩʪʘʶʪʩʷ ʥʝʠʟʤʝʥʥʳʤʠ. 
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ʇʨʦʮʝʩʩ ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ, ʧʨʦʠʩʭʦʜʷʱʠʡ ʧʨʠ ʘʢʪʠʚʘʮʠʠ, ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʷʶʱʠʤ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʛʠʜʨʦ-

ʩʠʣʠʢʘʪʥʳʭ ʬʘʟ ʠ ʠʟʤʝʥʝʥʠʝʤ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʚ ʩʪʦʨʦʥʫ ʫʚʝʣʠʯʝʥʠʷ. ɺʝʨʦʷʪʥʦ, ʟʘʨʦʜʳʰʠ ʛʠʜʨʦʩʠʣʠʢʘʪʦʚ 

ʢʘʣʴʮʠʷ ʧʨʠʚʦʜʷʪ ʢ ʫʧʨʦʯʥʝʥʠʶ ʦʙʨʘʟʦʚʘʚʰʝʡʩʷ ʩʪʨʫʢʪʫʨʳ ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʠʷ ʚʘʣʝʥʪʥʳʭ ʩʠʣ ʚ ʢʦʥʪʘʢʪʥʳʭ 

ʦʙʣʘʩʪʷʭ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʨʦʩʪʦʤ ʪʦʣʱʠʥʳ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ. 

ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʧʨʠʤʝʥʝʥʠʷ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ ʟʦʣ ʛʠʜʨʦ-

ʫʜʘʣʝʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʤʠʥʝʨʘʣʴʥʳʭ ʜʦʙʘʚʦʢ ʚ ʙʝʪʦʥʥʳʭ ʩʤʝʩʷʭ. 

ɸʚʪʦʨʘʤʠ ʠʟʫʯʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʩʤʝʰʘʥʥʦʛʦ ʚʷʞʫʱʝʛʦ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘ, 

ʠʟʚʝʩʪʠ ʠ ʟʦʣʳ ʊʕʎ. ʆʙʨʘʟʮʳ ï ʢʫʙʳ ʨʘʟʤʝʨʘʤʠ 10 ʩʤ ʬʦʨʤʦʚʘʣʠ ʠʟ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ ʩʦʩʪʘʚʘ ʎ:ʇ:ʑ = 1:1,5:3 

ʧʨʠ ɺ/ʎ = 0,45 ʩ ʆ.ʂ. = 1 ï 3 ʩʤ. 

ɺ ʢʘʯʝʩʪʚʝ ʟʘʧʦʣʥʠʪʝʣʝʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʝʩʦʢ ʩ ʄʢ = 2,4 ʠ ʛʨʘʥʠʪʥʳʡ ʱʝʙʝʥʴ ʬʨʘʢʮʠʠ 5 ï 20 ʤʤ. 

ʉʤʝʰʘʥʥʦʝ ʚʷʞʫʱʝʝ ʠʟʛʦʪʦʚʠʣʠ ʥʘ ʦʩʥʦʚʝ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘ ʄ400. ɺ ʢʘʯʝʩʪʚʝ ʟʦʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ 

ʚʷʞʫʱʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʘ ʟʦʣʘ ʦʪʚʘʣʘ ʂʳʟʳʣʦʨʜʠʥʩʢʦʡ ʊʕʎ ʩʣʝʜʫʶʱʝʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, %: SiO2 ï 43,2; 

Al 2O3 ï 25,38; Fe2O3 ï 4,47; FeO ï 1,01; CaO ï 2,07; MgO ï 8,01; K2O + Na2O ï 2,57; SO3 ï 0; ʧ.ʧ.ʧ ï 18,06. 

ʉʤʝʰʘʥʥʦʝ ʚʷʞʫʱʝʝ ʧʨʠʛʦʪʦʚʣʝʥʦ ʧʫʪʝʤ ʤʝʭʘʥʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ, ʪ. ʝ. ʩʦʚʤʝʩʪʥʳʤ ʧʦʤʦʣʦʤ 

ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʰʘʨʦʚʦʡ ʤʝʣʴʥʠʮʝ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʠʩʭʦʜʥʳʡ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ. 

ɺ ʩʦʩʪʘʚ ʩʤʝʩʠ ˉ 3 ʚʚʝʜʝʥʘ ʭʠʤʠʯʝʩʢʘʷ ʜʦʙʘʚʢʘ: ʩʫʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨ ʉ-3 ʠ ʩʫʣʴʬʘʪ ʥʘʪʨʠʷ ʚ 

ʢʦʣʠʯʝʩʪʚʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 0,5 ʠ 1,5 Ǎ ʦʪ ʤʘʩʩʳ ʚʷʞʫʱʝʛʦ. 

ʈʘʩʭʦʜ ʤʘʪʝʨʠʘʣʦʚ ʥʘ 1ʤ3 ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣʠʮʝ1. 

 

ʊʘʙʣʠʮʘ 1 
ʉʦʩʪʘʚ ʈʘʩʭʦʜ ʤʘʪʝʨʠʘʣʦʚ ʥʘ 1ʤ3 ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ ʆ.ʂ., ʩʤ ʉʨʝʜʥʷʷ 

ʧʣʦʪʥʦʩʪʴ 

ʙʝʪʦʥʥʦʡ 

ʩʤʝʩʠ, ʢʛ/ʤ3 

ʇʦʨʪʣʘʥʜ-

ʮʝʤʝʥʪ 

ʉʤʝʰʘʥʥʦʝ 

ʚʷʞʫʱʝʝ 

ʇʝʩʦʢ ʑʝʙʝʥʴ ɺʦʜʘ 

1 400 - 600 1200 168 2 2432 

2 - 406 609 1218 169 2 2415 

3 - 425 637 1275 172 3 2486 

 

ʂʦʥʪʨʦʣʴʥʳʝ ʦʙʨʘʟʮʳ ʪʚʝʨʜʝʣʠ ʚ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʧʨʠ ʧʨʦʧʘʨʠʚʘʥʠʠʠ ʧʦ ʜʚʫʤ ʨʝʞʠʤʘʤ: 2 + 2 

+ 6 + 2 ʯʘʩʘ ʠ 1 + 3 + 2 + 2. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʦʙʨʘʟʮʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

 

ʊʘʙʣʠʮʘ 2 

ʉʦʩʪʘʚ 

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʩʞʘʪʠʠ, ʄʇʘ 

ʊʚʝʨʜʝʥʠʝ ʚ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʯʝʨʝʟ ʩʫʪʢʠ ʇʦʩʣʝ ʧʨʦʧʘʨʠʚʘʥʠʷ ʧʦ ʨʝʞʠʤʫ ʚ ʚʦʟʨʘʩʪʝ 28 ʩʫʪʦʢ 

1 3 28 1 2 

1 6,0 13,2 32,2 35,4 31,4 

2 9,6 19,4 35,4 35,7 35,8 

3 18,4 24,9 38,8 40,6 40,5 

 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

ɹʝʪʦʥʳ ʥʘ ʦʩʥʦʚʝ ʩʤʝʰʘʥʥʦʛʦ ʚʷʞʫʱʝʛʦ ʠʤʝʶʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʧʨʦʯʥʦʩʪʴ, ʢʘʢ ʧʨʠ ʪʚʝʨʜʝʥʠʠ ʚ 

ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʪʘʢ ʠ ʧʨʠ ʧʨʦʧʘʨʠʚʘʥʠʠ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʟʘʤʝʪʥʦ ʚ ʨʘʥʥʠʝ ʩʨʦʢʠ ʥʦʨʤʘʣʴʥʦʛʦ ʪʚʝʨʜʝʥʠʷ ʠ 

ʧʨʠ ʩʦʢʨʘʱʝʥʥʦʤ ʨʝʞʠʤʝ ʧʨʦʧʘʨʠʚʘʥʠʷ. 

ɺʚʝʜʝʥʠʝ ʚ ʩʦʩʪʘʚ ʚʷʞʫʱʝʛʦ ʢʦʤʧʣʝʢʩʥʦʡ ʭʠʤʠʯʝʩʢʦʡ ʜʦʙʘʚʢʠ ʧʦʚʳʰʘʝʪ ʧʨʦʯʥʦʩʪʴ ʙʝʪʦʥʘ ʚ ʨʘʥʥʠʝ 

ʩʨʦʢʠ ʪʚʝʨʜʝʥʠʷ ʚ 1,5...1,7 ʨʘʟʘ. 

ʇʨʠʤʝʥʝʥʠʝ ʩʤʝʰʘʥʥʦʛʦ ʚʷʞʫʱʝʛʦ ʥʘ ʦʩʥʦʚʝ ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʟʦʣʳ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʨʘʩʭʦʜ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘ ʜʦ 50 %. ʊʝʤ ʩʘʤʳʤ, ʧʨʠʤʝʥʝʥʠʝ ʟʦʣʳ ʠʟ ʪʚʝʨʜʦʛʦ ʪʦʧʣʠʚʘ ʂʳʟʳʣʦʨʜʠʥʩʢʦʡ ʊʕʎ ʧʦʟʚʦʣʷʝʪ 

ʩʥʠʟʠʪʴ ʠʟʜʝʨʞʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʝʪʦʥʘ ʠ ʜʨʫʛʠʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʚʳʩʠʪʴ ʠʭ ʢʘʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʠ ʠ ʧʦʣʫʯʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʜʦʭʦʜ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʨʳʥʢʘ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʤʝʩʝʡ. 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
1. ɹʘʡʪʘʩʦʚ, ʂ. ʉʪʨʦʠʪʝʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʟʦʣʳ ʂʳʟʳʣʦʨʜʠʥʩʢʦʡ ʊʕʎ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ / ʂ. ɹʘʡʪʘʩʦʚ, ʄ. ɸ. ɽʤʙʝʨʛʝʥʦʚ, ɸ. ʅʘʫʨʳʟʙʘʝʚ // ʅʘʫʢʘ ʠ ʤʠʨ. ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʳʡ ʞʫʨʥʘʣ, ˉ 11 (27), 

2015, ʊʦʤ 1. 

2. ʋʩʦʚ, ɹ. ɸ. ʆʙ ʵʬʬʝʢʪʝ ʘʢʪʠʚʘʮʠʠ ʜʦʙʘʚʦʢ / ɹ. ɸ. ʋʩʦʚ, ɸ. ɸ. ɼʦʤʦʢʝʝʚ // ɾʫʨʥʘʣ çɹʝʪʦʥ ʠ ʞʝʣʝʟʦʙʝʪʦʥè, ˉ 3, 

1991. 
 

ʄʘʪʝʨʠʘʣ ʧʦʩʪʫʧʠʣ ʚ ʨʝʜʘʢʮʠʶ 03.03.16. 

 

 



ISSN 2311-2158. The Way of Science. 2016. ˉ 3 (25). 

 

 

28 
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Abstract. In the article the task was set to study the use of mechanochemical activation of ashes from hydrau-

lic removal and their further application as mineral additives in concrete mixes. Concrete based on blended cement has 

a higher strength both at standard and steam curing. It is most noticeable at early stages of standard curing and at 

short-term steam curing. The introduction of complex chemical additive into the binding agent raises the strength of 

concrete and reduces the consumption rate of Portland cement by half. For this reason the use of ashes from Kyzylorda 

combined heat and power plant allows to solve the task of consumption rate reduction of Portland cement effectively 

and enhance quality of concrete. 

Keywords: ash, solid fuel, mineral additive, hydration of minerals, combustion properties, ash composition 

and structure, particle shapes, seeds of calcium silicate hydrates, valence forces, contact areas, construction materials, 

chemical composition, multipurpose biological additive, concrete. 



ISSN 2311-2158. The Way of Science. 2016. ˉ 3 (25). 

 

 

29 

 

ʋɼʂ 004.912 

 

ʄʅʆɻʆʐɸɻʆɺʓɽ ʄɽʊʆɼʓ ɸɼɸʄʉɸ ï ɹɸʐʌʆʈʊɸ ɺ CALC  
 

 ɽ.ʄ. ʂʦʥʜʨʘʪʴʝʚ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʌɻɹʆʋ ɺʆ ʄʦʩʢʦʚʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʵʣʝʢʪʨʦʥʥʦʡ ʪʘʙʣʠʮʝ LibreOffice Calc ʨʝʘʣʠʟʦʚʘʥʳ ʤʥʦʛʦʰʘʛʦʚʳʝ ʤʝʪʦʜʳ ɸʜʘʤʩʘ ï 

ɹʘʰʬʦʨʪʘ ʧʨʠ ʯʠʩʣʝʥʥʦʤ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʂʦʰʠ ʜʣʷ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʧʝʨʚʦʛʦ ʠ 

ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʦʚ. ʅʘ ʧʨʠʤʝʨʘʭ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʨʘʙʦʪʘ ʵʪʠʭ ʤʝʪʦʜʦʚ ʠ ʧʨʠʚʝʜʝʥʦ ʠʭ ʩʨʘʚʥʝʥʠʝ ʩ ʜʨʫʛʠ-

ʤʠ ʨʝʘʣʠʟʦʚʘʥʥʳʤʠ ʚ Calc ʯʠʩʣʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ. ʉʦʟʜʘʥʥʳʝ ʩʨʝʜʩʪʚʘ ʜʦʩʪʫʧʥʳ ʦʙʳʯʥʳʤ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʇʂ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: Calc, ʦʙʳʢʥʦʚʝʥʥʳʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ, ʟʘʜʘʯʘ ʂʦʰʠ, ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ, 

ʤʥʦʛʦʰʘʛʦʚʳʝ ʤʝʪʦʜʳ ɸʜʘʤʩʘ-ɹʘʰʬʦʨʪʘ. 

 

ɺʚʝʜʝʥʠʝ 

ʇʦʪʨʝʙʥʦʩʪʴ ʚ ʧʨʠʙʣʠʞʝʥʥʦʤ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʂʦʰʠ ʚʦʟʥʠʢʘʝʪ ʜʦʚʦʣʴʥʦ ʯʘʩʪʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʚ ʪʦʤ 

ʩʣʫʯʘʝ, ʢʦʛʜʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʥʝ ʧʨʠʥʘʜʣʝʞʠʪ ʥʠ ʦʜʥʦʤʫ ʠʟ ʢʣʘʩʩʦʚ ʫʨʘʚʥʝʥʠʡ, ʜʣʷ ʢʦʪʦʨʳʭ ʠʟ-

ʚʝʩʪʥʳ ʪʦʯʥʳʝ ʤʝʪʦʜʳ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ. ʅʘ ʧʨʘʢʪʠʢʝ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦ-

ʜ  rʧʨʠʙʣʠʞʝʥʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʜʘʶʱʠʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʂʦʰʠ ʚ ʚʠʜʝ ʪʘʙ-

ʣʠʮʳ ʧʨʠʙʣʠʞʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʪʦʯʥʦʛʦ ʨʝʰʝʥʠʷ. ɼʣʷ ʵʪʦʛʦ ʨʘʟʨʘʙʦʪʘʥʦ ʤʥʦʛʦ ʤʝʪʦʜʦʚ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʜʨʫʛ ʦʪ 

ʜʨʫʛʘ ʧʦʨʷʜʢʦʤ ʪʦʯʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʠ ʘʣʛʦʨʠʪʤʦʤ ʚʳʧʦʣʥʝʥʠʷ ʨʘʩʯʝʪʘ.  

ʇʨʠ ʧʦʣʫʯʝʥʠʠ ʥʘ ʧʝʨʩʦʥʘʣʴʥʦʤ ʢʦʤʧʴʶʪʝʨʝ (ʇʂ) ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʂʦʰʠ ʪʝʤ ʠʣʠ 

ʠʥʳʤ ʚʳʙʨʘʥʥʳʤ ʯʠʩʣʝʥʥʳʤ ʤʝʪʦʜʦʤ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʣʝʢʪʨʦʥʥʫʶ ʪʘʙʣʠʮʫ Calc, ʢʦʪʦʨʘʷ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ 

ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ (ʉʇʆ) LibreOffice The Document Foundation [10]. ʅʘʚʳʢʠ ʨʘʙʦʪʳ ʚ Calc 

ʣʝʛʢʦ ʠ ʙʳʩʪʨʦ ʫʩʚʘʠʚʘʶʪʩʷ, ʘ ʧʝʨʝʭʦʜ ʥʘ ʉʇʆ ʚ ʬʝʜʝʨʘʣʴʥʳʭ ʙʶʜʞʝʪʥʳʭ ʫʯʨʝʞʜʝʥʠʷʭ ʦʧʨʝʜʝʣʝʥ ʧʣʘʥʦʤ, 

ʫʪʚʝʨʞʜʝʥʥʳʤ ʨʘʩʧʦʨʷʞʝʥʠʝʤ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ʦʪ 17 ʜʝʢʘʙʨʷ 2010 ʛ. ˉ 2299-ʨ [9]. ʕʪʦʪ ʧʫʪʴ ʷʚʣʷʝʪʩʷ 

ʥʘʠʙʦʣʝʝ ʜʦʩʪʫʧʥʳʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʤʝʨʯʝʩʢʠʭ ʠ ʪʨʝʙʫʶʱʠʭ ʩʝʨʴʝʟʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʜʣʷ 

ʨʘʙʦʪʳ ʩ ʥʠʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʧʨʦʛʨʘʤʤ, ʥʘʧʨʠʤʝʨ, ʪʘʢʠʭ, ʢʘʢ Mathcad ʠ MATLAB .  

ʇʦʣʫʯʝʥʠʝ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʂʦʰʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝʤ ʥʘ ʇʂ ʪʨʝʙʫʝʪ ʫʤʝʥʠʷ ʧʨʦʛʨʘʤ-

ʤʠʨʦʚʘʪʴ ʠ ʦʧʳʪʘ ʧʨʦʛʨʘʤʤʠʩʪʘ. ʆʙʳʯʥʦ ʨʘʩʯʝʪ ʧʦ ʧʨʦʛʨʘʤʤʝ ʚʝʜʝʪʩʷ ʥʘ ʨʷʜʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʨʘʚʥʦʦʪʩʪʦ-

ʷʱʠʭ ʰʘʛʦʚ, ʠ ʧʨʠ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʚʳʯʠʩʣʝʥʠʡ ʜʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʮʠʢʣ ʩ ʢʦʥʝʯʥʳʤ ʯʠʩʣʦʤ 

ʰʘʛʦʚ. ʀʜʝʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʪʘʙʣʠʮʳ Calc ʚ ʮʠʢʣʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʘʭ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʦʟʤʦʞʥʦʩʪʠ 

ʦʜʥʦʚʨʝʤʝʥʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʚ ʷʯʝʡʢʘʭ, ʩ ʚʚʝʜʝʥʥʳʤʠ ʚ ʥʠʭ ʬʦʨʤʫʣʘʤʠ ʠ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʥʘ ʦʜʥʦʡ ʩʪʨʦʢʝ, 

ʧʫʪʝʤ ʚʳʜʝʣʝʥʠʷ ʵʪʠʭ ʷʯʝʝʢ ʠ ʧʦʩʣʝʜʫʶʱʠʤ ʜʚʠʞʝʥʠʝʤ ʤʘʨʢʝʨʘ ʟʘʧʦʣʥʝʥʠʷ ʚʥʠʟ ʣʠʩʪʘ.  

ɼʣʷ ʦʙʳʯʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʇʂ ʚ LibreOffice Calc ʫʩʧʝʰʥʦ ʨʝʘʣʠʟʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʦʜʥʦʰʘʛʦʚʳʝ ʤʝʪʦʜʳ 

ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʂʦʰʠ ʜʣʷ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ [4, ʩ. 39; 5, 

ʩ. 21; 6, ʩ. 10], ʩʠʩʪʝʤʳ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ [8, ʩ. 35] ʠ ʦʙʳʢʥʦʚʝʥʥʳʭ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚʳʩʰʠʭ ʧʦʨʷʜʢʦʚ [7, ʩ. 30], ʘ ʪʘʢʞʝ ʜʚʫʭʰʘʛʦʚʳʡ ʤʝʪʦʜ ɸʜʘʤʩʘ ï ɹʘʰʬʦʨʪʘ ʨʝʰʝ-

ʥʠʷ ʟʘʜʘʯʠ ʂʦʰʠ ʜʣʷ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʦʚ [3, ʩ. 52].  

ɼʣʷ ʧʨʦʩʪʦʪʳ ʨʝʘʣʠʟʘʮʠʠ ʜʚʫʭʰʘʛʦʚʦʛʦ ʤʝʪʦʜʘ ɸʜʘʤʩʘ ï ɹʘʰʬʦʨʪʘ ʚ Calc ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʥʝʪʨʘʜʠ-

ʮʠʦʥʥʘʷ ʬʦʨʤʘ ʧʦʩʪʨʦʝʥʠʷ ʨʝʰʝʥʠʷ, ʠ ʚ ʢʘʯʝʩʪʚʝ ʥʘʯʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʩʪʘʨʪʘ ʚʳʯʠʩʣʝʥʠʡ 

ʧʦ ʵʪʦʤʫ ʤʝʪʦʜʫ, ʧʨʠʥʠʤʘʣʦʩʴ ʟʥʘʯʝʥʠʝ, ʧʦʣʫʯʝʥʥʦʝ ʧʦ ʤʝʪʦʜʫ ʕʡʣʝʨʘ. ʊʘʢʘʷ ʬʦʨʤʘ ʧʦʩʪʨʦʝʥʠʷ ʨʝʰʝʥʠʷ ʠʩ-

ʧʦʣʴʟʦʚʘʣʘ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʨʘʥʝʝ ʜʣʷ Calc ʤʝʪʦʜ ʕʡʣʝʨʘ ʠ ʥʝ ʪʨʝʙʦʚʘʣʘ ʫʚʝʣʠʯʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʠʤ ʩʪʦʣʙ-

ʮʦʚ ʷʯʝʝʢ, ʢʘʢ ʜʣʷ ʜʨʫʛʠʭ ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʦʜʥʦʰʘʛʦʚʳʭ ʤʝʪʦʜʦʚ. ʅʦ ʵʪʦ ʨʘʟʨʘʙʦʪʘʥʥʦʝ ʜʚʫʭʰʘʛʦʚʦʝ ʩʨʝʜʩʪʚʦ, 

ʭʦʪʷ ʠ ʦʢʘʟʘʣʦʩʴ ʟʘʤʝʪʥʦ ʪʦʯʥʝʝ ʤʝʪʦʜʘ ʕʡʣʝʨʘ ʚ Calc [6, ʩ. 10], ʫʩʪʫʧʠʣʦ ʧʦ ʪʦʯʥʦʩʪʠ ʤʝʪʦʜʫ ʕʡʣʝʨʘ ï ʂʦʰʠ ʚ 

Calc [5, ʩ. 21]. ʇʦʵʪʦʤʫ ʧʨʝʜʩʪʘʚʣʷʣʦ ʠʥʪʝʨʝʩ ʧʦʩʪʨʦʠʪʴ ʚ Calc ʪʘʢʦʝ ʞʝ ʧʨʦʩʪʦʝ, ʥʦ ʙʦʣʝʝ ʪʦʯʥʦʝ ʩʨʝʜʩʪʚʦ. ɼʣʷ 

ʵʪʦʛʦ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʩʣʝʜʫʶʱʝʛʦ ʧʦ ʩʝʪʢʝ ʨʘʟʙʠʝʥʠʷ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʠʩʢʦʤʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʂʦʰʠ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝ ʜʚʘ, ʘ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʫʯʝʥʥʳʭ ʧʝʨʝʜ ʥʠʤ ʟʥʘʯʝʥʠʡ, ʥʦ ʥʘ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ 

ʪʘʢʞʝ ʧʨʠʤʝʥʷʪʴ ʤʝʪʦʜ ʕʡʣʝʨʘ.  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʚ LibreOffice Calc ʨʝʘʣʠʟʦʚʘʥʳ ʪʨʝʭʰʘʛʦʚʳʡ ʠ ʯʝʪʳʨʝʭʰʘʛʦʚʳʡ ʤʝʪʦʜʳ ɸʜʘʤʩʘ ï 

ɹʘʰʬʦʨʪʘ ʜʣʷ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʂʦʰʠ ʜʣʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʠ ʟʘʜʘʯʠ 

ʂʦʰʠ ʜʣʷ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ. ɺ ʢʘʯʝʩʪʚʝ ʥʘʯʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ, ʥʝ-

ʦʙʭʦʜʠʤʳʭ ʜʣʷ ʩʪʘʨʪʘ ʤʥʦʛʦʰʘʛʦʚʳʭ ʤʝʪʦʜʦʚ, ʧʨʠʥʠʤʘʣʠʩʴ ʟʥʘʯʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʤʝʪʦʜʫ ʕʡʣʝʨʘ, ʥʦ ʩ 

ʤʝʥʴʰʠʤʠ ʰʘʛʘʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʩʥʦʚʥʳʤ ʰʘʛʦʤ. ɺ ʪʨʝʭʰʘʛʦʚʦʤ ʤʝʪʦʜʝ ɸʜʘʤʩʘ ï ɹʘʰʬʦʨʪʘ ʧʝʨʚʳʝ ʜʚʘ 

ʰʘʛʘ ʚʳʧʦʣʥʷʣʠʩʴ ʩ ʧʦʣʦʚʠʥʥʳʤ ʰʘʛʦʤ. ɺ ʯʝʪʳʨʝʭʰʘʛʦʚʦʤ ʤʝʪʦʜʝ ɸʜʘʤʩʘ ï ɹʘʰʬʦʨʪʘ ʧʝʨʚʳʝ ʜʚʘ ʰʘʛʘ ʚʳ-

ʧʦʣʥʷʣʠʩʴ ʩ ʰʘʛʦʤ, ʚ ʯʝʪʳʨʝ ʨʘʟʘ ʤʝʥʴʰʝ ʦʩʥʦʚʥʦʛʦ ʰʘʛʘ, ʘ ʪʨʝʪʠʡ ʰʘʛ ʜʝʣʘʣʩʷ ʩ ʧʦʣʦʚʠʥʥʳʤ ʰʘʛʦʤ. ʕʪʦ ʧʦʟ-

ʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʦʰʠʙʢʫ ʧʨʠ ʨʘʙʦʪʝ ʦʩʥʦʚʥʦʛʦ ʤʥʦʛʦʰʘʛʦʚʦʛʦ ʤʝʪʦʜʘ, ʪ.ʢ. ʤʝʪʦʜ ʕʡʣʝʨʘ ʠʤʝʝʪ ʧʝʨʚʳʡ ʧʦʨʷ-

ʜʦʢ ʪʦʯʥʦʩʪʠ. ʈʝʘʣʠʟʘʮʠʷ ʚʳʧʦʣʥʝʥʘ ʚ ʵʣʝʢʪʨʦʥʥʦʡ ʪʘʙʣʠʮʝ Calc ʤʥʦʛʦʷʟʳʢʦʚʦʛʦ ʩʚʦʙʦʜʥʦʛʦ ʦʬʠʩʥʦʛʦ ʧʘʢʝʪʘ 

ʧʨʦʛʨʘʤʤ The Document Foundation LibreOffice ʚʝʨʩʠʠ 5.1.0.3 ʧʦʜ Windows (ʨʠʩʫʥʦʢ 1). 
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ʈʠʩ. 1. ʉʧʨʘʚʢʘ ʦ LibreOffice 
 

ʇʦʩʪʨʦʝʥʠʝ ʯʠʩʣʝʥʥʳʭ ʨʝʰʝʥʠʡ ʪʨʝʭʰʘʛʦʚʳʤ ʤʝʪʦʜʦʤ ɸʜʘʤʩʘ ï ɹʘʰʬʦʨʪʘ ʚ Calc 

ʆʙʳʢʥʦʚʝʥʥʳʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʂʦʰʠ ʜʣʷ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ: 
 

),( yxfy =¡ , y(x0) = y0.      (1) 

 

ɼʣ̫ ʧʦʩʪʨʦʝʥʠʷ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ (1) ʥʘ ʦʪʨʝʟʢʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ [x0, xn] ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʩ-

ʥʦʚʥʫʶ ʨʘʚʥʦʤʝʨʥʫʶ ʩʝʪʢʫ ʩ ʰʘʛʦʤ h ʠ ʪʨʝʭʰʘʛʦʚʳʡ ʤʝʪʦʜ ɸʜʘʤʩʘ ï ɹʘʰʬʦʨʪʘ ʩ ʨʘʩʯʝʪʥʦʡ ʬʦʨʤʫʣʦʡ [1, c. 450] 
 

( )211 51623
12

--+ +-+= iiiii fff
h

yy , i = 3, é, n ï 1.    (2) 

 

ɼʣʷ ʫʟʣʦʚ i =1 ʠ i =2 ʠʩʧʦʣʴʟʫʝʤ ʤʝʪʦʜ ʕʡʣʝʨʘ ʩ ʰʘʛʦʤ h/2: 
 

iii f
h

yy
2

1 +=+
, i = 0, 1.      (3) 
 

ɼʝʤʦʥʩʪʨʘʮʠʶ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʛʦ ʤʝʪʦʜʘ ʚ Calc ʧʦʢʘʞʝʤ ʥʘ ʧʨʠʤʝʨʝ ʩʣʝʜʫʶʱʝʡ ʟʘʜʘʯʠ ʂʦʰʠ: 
 

y' = 2xy, y(0) = 1.                                                                               (4) 
 

ɹʫʜʝʤ ʩʪʨʦʠʪʴ ʧʨʠʙʣʠʞʝʥʥʦʝ ʨʝʰʝʥʠʝ ʥʘ ʦʪʨʝʟʢʝ [0; 1,5] ʩ ʰʘʛʦʤ ʦʩʥʦʚʥʦʡ ʩʝʪʢʠ h = 0,1. ʊʦʯʥʳʤ ʨʝ-

ʰʝʥʠʝʤ ʵʪʦʡ ʟʘʜʘʯʠ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʷ y = exp(x2). 

ʀʟ ʩʪʘʨʪʦʚʦʛʦ ʦʢʥʘ LibreOffice ʚ ʤʝʥʶ ʌʘʡʣ ʚʳʙʠʨʘʝʤ ʉʦʟʜʘʪʴ ʕʣʝʢʪʨʦʥʥʫʶ ʪʘʙʣʠʮʫ. ɺ ʦʪʢʨʳʚ-

ʰʝʤʩʷ ʦʢʥʝ ʚ ʩʪʦʣʙʮʝ ɸ, ʥʘʯʠʥʘʷ ʩ ʷʯʝʡʢʠ ɸ2, ʚʚʝʜʝʤ ʥʘʯʘʣʴʥʳʝ ʜʘʥʥʳʝ ʟʘʜʘʯʠ ʂʦʰʠ ʠ ʪʦʯʥʦʝ ʨʝʰʝʥʠʝ. ɼʣʷ 

ʫʜʦʙʥʦʛʦ ʚʦʩʧʨʠʷʪʠʷ ʥʘʯʘʣʴʥʳʭ ʜʘʥʥʳʭ ʥʫʞʥʦ ʫʚʝʣʠʯʠʪʴ ʰʠʨʠʥʫ ʩʪʦʣʙʮʘ ɸ ʥʘ ʣʠʩʪʝ Calc. ɺ ʧʝʨʚʦʡ ʩʪʨʦʢʝ 

ʚʚʦʜʠʪʩʷ ʥʘʟʚʘʥʠʝ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʯʠʩʣʝʥʥʦʛʦ ʤʝʪʦʜʘ. 

ɺ ʷʯʝʡʢʠ ʚʪʦʨʦʡ ʩʪʨʦʢʠ, ʥʘʯʠʥʘʷ ʩ B2, ʚʚʦʜʷʪʩʷ ʥʘʠʤʝʥʦʚʘʥʠʷ ʚʩʝʭ ʚʝʣʠʯʠʥ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʨʘʩʯʝʪʝ, ʘ ʚ 

ʷʯʝʡʢʠ ʪʨʝʪʴʝʡ ʩʪʨʦʢʠ ʚʚʦʜʷʪʩʷ ʥʘʯʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥ ʠʣʠ ʬʦʨʤʫʣʳ ʜʣʷ ʠʭ ʚʳʯʠʩʣʝʥʠʷ. ʇʦʜʨʦʙʥʦʝ ʠʟʣʦ-

ʞʝʥʠʝ ʚʚʦʜʘ ʜʘʥʥʳʭ ʠ ʬʦʨʤʫʣ ʥʘ ʣʠʩʪʝ Calc ʧʨʠ ʯʠʩʣʝʥʥʦʤ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʂʦʰʠ ʧʨʠʚʝʜʝʥʦ ʚ ʨʘʙʦʪʝ [3, ʩ. 53]. 

ɺ ʷʯʝʡʢʠ ʯʝʪʚʝʨʪʦʡ, ʧʷʪʦʡ ʠ ʰʝʩʪʦʡ ʩʪʨʦʢ ʚʚʦʜʷʪʩʷ ʯʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ ʠʣʠ ʬʦʨʤʫʣʳ ʜʣʷ ʚʳʯʠʩʣʝʥʠʡ. 

ʏʘʩʪʴ ʷʯʝʝʢ ʟʘʧʦʣʥʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʘʨʢʝʨʘ ʟʘʧʦʣʥʝʥʠʷ ʧʨʠ ʚʳʜʝʣʝʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʷʯʝʝʢ ʧʨʝʜʳʜʫʱʝʡ 

ʩʪʨʦʢʠ ʠ ʦʧʫʩʢʘʥʠʠ ʤʘʨʢʝʨʘ ʥʘ ʩʣʝʜʫʶʱʫʶ ʩʪʨʦʢʫ. ʅʘ ʵʪʦʤ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʵʪʘʧ ʥʘʯʘʣʴʥʦʛʦ ʚʚʦʜʘ (ʨʠʩʫʥʦʢ 2). 
 

 
 

ʈʠʩ. 2. ɿʘʧʦʣʥʝʥʠʝ ʷʯʝʝʢ ʧʝʨʚʳʭ ʩʪʨʦʢ 
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ɼʘʣʝʝ ʷʯʝʡʢʠ ʩ C6 ʧʦ H6 ʚʳʜʝʣʷʶʪʩʷ, ʠ ʤʘʨʢʝʨ ʟʘʧʦʣʥʝʥʠʷ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚʥʠʟ ʣʠʩʪʘ ʥʘ ʥʫʞʥʫʶ ʩʪʨʦʢʫ 

(ʚ ʥʘʰʝʤ ʚʘʨʠʘʥʪʝ ʥʘ ʜʝʚʷʪʥʘʜʮʘʪʫʶ ʩʪʨʦʢʫ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʠʩʭʦʜʷʪ ʚʳʯʠʩʣʝʥʠʷ ʧʦ ʧʦʩʪʨʦʝʥʥʦʤʫ ʘʣʛʦʨʠʪʤʫ 

ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʂʦʰʠ (ʨʠʩʫʥʦʢ 3). 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʦʚ ʪʦʯʥʦʛʦ ʠ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʨʝʰʝʥʠʡ ʚʳʜʝʣʷʝʤ ʩʪʦʣʙʝʮ xi, ʩʪʦʣʙʝʮ yi ʠ ʩʪʦʣ-

ʙʝʮ yʪʦʯʥi, ʠ ʜʘʣʝʝ ʥʘ ʧʘʥʝʣʠ ʉʪʘʥʜʘʨʪʥʘʷ ʦʢʥʘ Calc ʱʝʣʢʘʝʤ ʫʢʘʟʘʪʝʣʝʤ ʤʳʰʢʠ ʧʦ ʢʥʦʧʢʝ  ɼʠʘʛʨʘʤʤʘ. ɺ 

ʧʦʷʚʠʚʰʝʤʩʷ ʧʝʨʚʦʤ ʦʢʥʝ ʄʘʩʪʝʨʘ ʜʠʘʛʨʘʤʤ ʚʳʙʠʨʘʝʤ ʊʠʧ ʜʠʘʛʨʘʤʤʳ çXY (ʨʘʟʙʨʦʩ)è, ʘ ʚ ʥʝʤ ï çʃʠʥʠʠ ʠ 

ʪʦʯʢʠè. ʇʦʩʣʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʭʦʞʜʝʥʠʷ ʩʣʝʜʫʶʱʠʭ ʰʘʛʦʚ ʤʘʩʪʝʨʘ ʧʦʣʫʯʘʝʤ ʛʨʘʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝ-

ʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʠ ʧʦʤʝʱʘʝʤ ʛʨʘʬʠʢʠ ʥʘ ʣʠʩʪʝ Calc ʧʦʩʣʝ ʪʘʙʣʠʮʳ ʩ ʨʘʩʯʝʪʥʳʤʠ ʜʘʥʥʳʤʠ (ʨʠʩʫʥʦʢ 4). 

 

 
 

ʈʠʩ. 3. ʇʦʣʫʯʝʥʠʝ ʨʝʰʝʥʠʷ ʪʨʝʭʰʘʛʦʚʳʤ ʤʝʪʦʜʦʤ ɸʜʘʤʩʘ ï ɹʘʰʬʦʨʪʘ 

 

 
 

ʈʠʩ. 4. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʩ ʛʨʘʬʠʢʘʤʠ 

 

ʆʙʳʢʥʦʚʝʥʥʳʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ 

ʏʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʂʦʰʠ ʜʣʷ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ k-ʛʦ ʧʦʨʷʜʢʘ (k > 

1) ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʟʘʤʝʥʝ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʩʠʩʪʝʤʫ ʠʟ k ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʧʝʨ-

ʚʦʛʦ ʧʦʨʷʜʢʘ [2, ʩ. 145]. ɹʫʜʝʤ ʩʪʨʦʠʪʴ ʧʨʠʙʣʠʞʝʥʥʦʝ ʨʝʰʝʥʠʝ ʥʘ ʧʨʠʤʝʨʝ ʟʘʜʘʯʠ ʂʦʰʠ, ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʚ ʨʘ-

ʙʦʪʝ [7, ʩ. 30]: 
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y¡¡ = x + y,      (5) 

 

y(0) = 2, y¡(0) = -1.     (6) 

 

ʉʜʝʣʘʝʤ ʟʘʤʝʥʫ 

 

z = ʫ'                (7) 

 

ʠ ʧʨʝʜʩʪʘʚʠʤ ʫʨʘʚʥʝʥʠʝ (6) ʚ ʚʠʜʝ ʩʠʩʪʝʤʳ 

 

                                                              ʫ' = z, 

                                                             z' = x + y. 

 

ʅʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ (6) ʧʦʩʣʝ ʟʘʤʝʥʳ ʙʫʜʫʪ ʚʳʛʣʷʜʝʪʴ ʪʘʢ: 

 

y(0) = 2, z(0) = -1.           (9) 

 

ɹʫʜʝʤ ʩʪʨʦʠʪʴ ʧʨʠʙʣʠʞʝʥʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʂʦʰʠ (5) ï (6) ʥʘ ʦʪʨʝʟʢʝ [0, 2] ʩ ʰʘʛʦʤ h = 0,1. ʊʦʯʥʳʤ 

ʨʝʰʝʥʠʝʤ ʵʪʦʡ ʟʘʜʘʯʠ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʷ y = 2ch(x) ï x. 

ɺ ʪʘʙʣʠʮʫ Calc ʜʦʙʘʚʠʤ ʥʦʚʳʡ ʣʠʩʪ. ɺ ʩʪʦʣʙʮʝ ɸ, ʥʘʯʠʥʘʷ ʩ ʷʯʝʡʢʠ ɸ2, ʚʚʝʜʝʤ ʥʘʯʘʣʴʥʳʝ ʜʘʥʥʳʝ ʟʘ-

ʜʘʯʠ ʂʦʰʠ. ɼʣʷ ʫʜʦʙʥʦʛʦ ʚʦʩʧʨʠʷʪʠʷ ʥʘʯʘʣʴʥʳʭ ʜʘʥʥʳʭ ʥʫʞʥʦ ʫʚʝʣʠʯʠʪʴ ʰʠʨʠʥʫ ʩʪʦʣʙʮʘ ɸ ʥʘ ʣʠʩʪʝ Calc. ɺ 

ʧʝʨʚʦʡ ʩʪʨʦʢʝ ʚʚʦʜʠʪʩʷ ʥʘʟʚʘʥʠʝ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʯʠʩʣʝʥʥʦʛʦ ʤʝʪʦʜʘ. 

ɺ ʷʯʝʡʢʠ ʚʪʦʨʦʡ ʩʪʨʦʢʠ, ʥʘʯʠʥʘʷ ʩ B2, ʚʚʦʜʷʪʩʷ ʥʘʠʤʝʥʦʚʘʥʠʷ ʚʩʝʭ ʚʝʣʠʯʠʥ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʨʘʩʯʝʪʝ, ʘ 

ʚ ʷʯʝʡʢʠ ʪʨʝʪʴʝʡ ʩʪʨʦʢʠ ʚʚʦʜʷʪʩʷ ʥʘʯʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥ ʠʣʠ ʬʦʨʤʫʣʳ ʜʣʷ ʠʭ ʚʳʯʠʩʣʝʥʠʷ.  

ɺ ʷʯʝʡʢʠ ʯʝʪʚʝʨʪʦʡ, ʧʷʪʦʡ ʠ ʰʝʩʪʦʡ ʩʪʨʦʢ ʚʚʦʜʷʪʩʷ ʯʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ ʠʣʠ ʬʦʨʤʫʣʳ ʜʣʷ ʚʳʯʠʩʣʝʥʠʡ. 

ʏʘʩʪʴ ʷʯʝʝʢ ʟʘʧʦʣʥʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʘʨʢʝʨʘ ʟʘʧʦʣʥʝʥʠʷ ʧʨʠ ʚʳʜʝʣʝʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʷʯʝʝʢ ʧʨʝʜʳʜʫʱʝʡ 

ʩʪʨʦʢʠ ʠ ʦʧʫʩʢʘʥʠʠ ʤʘʨʢʝʨʘ ʥʘ ʩʣʝʜʫʶʱʫʶ ʩʪʨʦʢʫ. ʅʘ ʵʪʦʤ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʵʪʘʧ ʥʘʯʘʣʴʥʦʛʦ ʚʚʦʜʘ (ʨʠʩʫʥʦʢ 5). 

 

 
 

ʈʠʩ. 5. ɿʘʧʦʣʥʝʥʠʝ ʷʯʝʝʢ ʧʝʨʚʳʭ ʩʪʨʦʢ 

 

ɼʘʣʝʝ ʷʯʝʡʢʠ ʩ C6 ʧʦ J6 ʚʳʜʝʣʷʶʪʩʷ, ʠ ʤʘʨʢʝʨ ʟʘʧʦʣʥʝʥʠʷ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚʥʠʟ ʣʠʩʪʘ ʥʘ ʥʫʞʥʫʶ ʩʪʨʦʢʫ 

(ʚ ʥʘʰʝʤ ʚʘʨʠʘʥʪʝ ʥʘ ʜʚʘʜʮʘʪʴ ʯʝʪʚʝʨʪʫʶ ʩʪʨʦʢʫ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʠʩʭʦʜʷʪ ʚʳʯʠʩʣʝʥʠʷ ʧʦ ʧʦʩʪʨʦʝʥʥʦʤʫ ʘʣʛʦ-

ʨʠʪʤʫ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʂʦʰʠ. 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʦʚ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʠ ʪʦʯʥʦʛʦ ʨʝʰʝʥʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʘʩʩʤʦʪʨʝʥʥʘʷ ʚʳʰʝ ʤʝʪʦ-

ʜʠʢʘ. ʈʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʡ ʩ ʧʦʩʪʨʦʝʥʥʳʤʠ ʛʨʘʬʠʢʘʤʠ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 6. 

 

(8)  { 
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ʈʠʩ. 6. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʩ ʛʨʘʬʠʢʘʤʠ 

 

ʇʦʩʪʨʦʝʥʠʝ ʯʠʩʣʝʥʥʳʭ ʨʝʰʝʥʠʡ ʯʝʪʳʨʝʭʰʘʛʦʚʳʤ ʤʝʪʦʜʦʤ ɸʜʘʤʩʘ ï ɹʘʰʬʦʨʪʘ ʚ Calc 

ʆʙʳʢʥʦʚʝʥʥʳʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʂʦʰʠ (1). ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ (1) ʥʘ ʦʪʨʝʟʢʝ ʠʥʪʝʛʨʠ-

ʨʦʚʘʥʠʷ [x0, xn] ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʩʥʦʚʥʫʶ ʨʘʚʥʦʤʝʨʥʫʶ ʩʝʪʢʫ ʩ ʰʘʛʦʤ h ʠ ʯʝʪʳʨʝʭʰʘʛʦʚʳʡ ʤʝʪʦʜ ɸʜʘʤʩʘ ï 

ɹʘʰʬʦʨʪʘ ʩ ʨʘʩʯʝʪʥʦʡ ʬʦʨʤʫʣʦʡ [1, c. 450] 

 

( )3211 9375955
24

---+ -+-+= iiiiii ffff
h

yy , i = 4, é, n ï 1.    (10) 

 

ɼʣʷ ʫʟʣʦʚ i =1 ʠ i =2 ʠʩʧʦʣʴʟʫʝʤ ʤʝʪʦʜ ʕʡʣʝʨʘ ʩ ʰʘʛʦʤ h/4: 

 

iii f
h

yy
4

1 +=+
, i = 0, 1,     (11) 

 

ʘ ʚ ʫʟʣʝ i =3 ʚʳʯʠʩʣʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʤʝʪʦʜʫ ʕʡʣʝʨʘ ʩ ʰʘʛʦʤ h/2: 

 

223
2

f
h

yy +=
.      (12) 

 

ɼʝʤʦʥʩʪʨʘʮʠʶ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʛʦ ʤʝʪʦʜʘ ʚ Calc ʪʘʢʞʝ ʧʦʢʘʞʝʤ ʥʘ ʧʨʠʤʝʨʝ ʟʘʜʘʯʠ ʂʦʰʠ (4). ɹʫʜʝʤ 

ʩʪʨʦʠʪʴ ʧʨʠʙʣʠʞʝʥʥʦʝ ʨʝʰʝʥʠʝ ʥʘ ʦʪʨʝʟʢʝ [0; 1,5] ʩ ʰʘʛʦʤ ʦʩʥʦʚʥʦʡ ʩʝʪʢʠ h = 0,1. ʊʦʯʥʳʤ ʨʝʰʝʥʠʝʤ ʵʪʦʡ ʟʘ-

ʜʘʯʠ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʷ y = exp(x2). 

ɺ ʪʘʙʣʠʮʫ Calc ʜʦʙʘʚʠʤ ʩʣʝʜʫʶʱʠʡ ʥʦʚʳʡ ʣʠʩʪ. ɺ ʩʪʦʣʙʮʝ ɸ, ʥʘʯʠʥʘʷ ʩ ʷʯʝʡʢʠ ɸ2, ʚʚʝʜʝʤ ʥʘʯʘʣʴʥʳʝ 

ʜʘʥʥʳʝ ʟʘʜʘʯʠ ʂʦʰʠ. ɼʣʷ ʫʜʦʙʥʦʛʦ ʚʦʩʧʨʠʷʪʠʷ ʥʘʯʘʣʴʥʳʭ ʜʘʥʥʳʭ ʥʫʞʥʦ ʫʚʝʣʠʯʠʪʴ ʰʠʨʠʥʫ ʩʪʦʣʙʮʘ ɸ ʥʘ ʣʠ-

ʩʪʝ Calc. ɺ ʧʝʨʚʦʡ ʩʪʨʦʢʝ ʚʚʦʜʠʪʩʷ ʥʘʟʚʘʥʠʝ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʯʠʩʣʝʥʥʦʛʦ ʤʝʪʦʜʘ. 

ɺ ʷʯʝʡʢʠ ʚʪʦʨʦʡ ʩʪʨʦʢʠ, ʥʘʯʠʥʘʷ ʩ B2, ʚʚʦʜʷʪʩʷ ʥʘʠʤʝʥʦʚʘʥʠʷ ʚʩʝʭ ʚʝʣʠʯʠʥ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʨʘʩʯʝʪʝ, ʘ 

ʚ ʷʯʝʡʢʠ ʪʨʝʪʴʝʡ ʩʪʨʦʢʠ ʚʚʦʜʷʪʩʷ ʥʘʯʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥ ʠʣʠ ʬʦʨʤʫʣʳ ʜʣʷ ʠʭ ʚʳʯʠʩʣʝʥʠʷ.  

ɺ ʷʯʝʡʢʠ ʯʝʪʚʝʨʪʦʡ, ʧʷʪʦʡ, ʰʝʩʪʦʡ ʠ ʩʝʜʴʤʦʡ ʩʪʨʦʢ ʚʚʦʜʷʪʩʷ ʯʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ ʠʣʠ ʬʦʨʤʫʣʳ ʜʣʷ ʚʳ-

ʯʠʩʣʝʥʠʡ. ʏʘʩʪʴ ʷʯʝʝʢ ʟʘʧʦʣʥʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʘʨʢʝʨʘ ʟʘʧʦʣʥʝʥʠʷ ʧʨʠ ʚʳʜʝʣʝʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʷʯʝʝʢ 

ʧʨʝʜʳʜʫʱʝʡ ʩʪʨʦʢʠ ʠ ʦʧʫʩʢʘʥʠʠ ʤʘʨʢʝʨʘ ʥʘ ʩʣʝʜʫʶʱʫʶ ʩʪʨʦʢʫ. ʅʘ ʵʪʦʤ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʵʪʘʧ ʥʘʯʘʣʴʥʦʛʦ ʚʚʦʜʘ 

(ʨʠʩʫʥʦʢ 7). 
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ʈʠʩ. 7. ɿʘʧʦʣʥʝʥʠʝ ʷʯʝʝʢ ʧʝʨʚʳʭ ʩʪʨʦʢ 

 

ɼʘʣʝʝ ʷʯʝʡʢʠ ʩ C7 ʧʦ H7 ʚʳʜʝʣʷʶʪʩʷ, ʠ ʤʘʨʢʝʨ ʟʘʧʦʣʥʝʥʠʷ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚʥʠʟ ʣʠʩʪʘ ʥʘ ʥʫʞʥʫʶ ʩʪʨʦʢʫ 

(ʚ ʥʘʰʝʤ ʚʘʨʠʘʥʪʝ ʥʘ ʜʚʘʜʮʘʪʫʶ ʩʪʨʦʢʫ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʠʩʭʦʜʷʪ ʚʳʯʠʩʣʝʥʠʷ ʧʦ ʧʦʩʪʨʦʝʥʥʦʤʫ ʘʣʛʦʨʠʪʤʫ 

ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʂʦʰʠ. 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʦʚ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʠ ʪʦʯʥʦʛʦ ʨʝʰʝʥʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʘʩʩʤʦʪʨʝʥʥʘʷ ʚʳʰʝ ʤʝʪʦ-

ʜʠʢʘ. ʈʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʡ ʩ ʧʦʩʪʨʦʝʥʥʳʤʠ ʛʨʘʬʠʢʘʤʠ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 8. 

 

 
 

ʈʠʩ. 8. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʩ ʛʨʘʬʠʢʘʤʠ 

 

ʆʙʳʢʥʦʚʝʥʥʳʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ 

ɹʫʜʝʤ ʩʪʨʦʠʪʴ ʧʨʠʙʣʠʞʝʥʥʦʝ ʨʝʰʝʥʠʝ ʚ Calc ʥʘ ʧʨʠʤʝʨʝ ʟʘʜʘʯʠ ʂʦʰʠ (5) ï (6) ʧʦ ʤʝʪʦʜʠʢʝ, ʨʘʩʩʤʦʪ-

ʨʝʥʥʦʡ ʚʳʰʝ. ɺ ʪʘʙʣʠʮʫ Calc ʜʦʙʘʚʠʤ ʩʣʝʜʫʶʱʠʡ ʥʦʚʳʡ ʣʠʩʪ. ɺ ʩʪʦʣʙʮʝ ɸ, ʥʘʯʠʥʘʷ ʩ ʷʯʝʡʢʠ ɸ2, ʚʚʝʜʝʤ 

ʥʘʯʘʣʴʥʳʝ ʜʘʥʥʳʝ ʟʘʜʘʯʠ ʂʦʰʠ. ɼʣʷ ʫʜʦʙʥʦʛʦ ʚʦʩʧʨʠʷʪʠʷ ʥʘʯʘʣʴʥʳʭ ʜʘʥʥʳʭ ʥʫʞʥʦ ʫʚʝʣʠʯʠʪʴ ʰʠʨʠʥʫ ʩʪʦʣʙ-

ʮʘ ɸ ʥʘ ʣʠʩʪʝ Calc. ɺ ʧʝʨʚʦʡ ʩʪʨʦʢʝ ʚʚʦʜʠʪʩʷ ʥʘʟʚʘʥʠʝ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʯʠʩʣʝʥʥʦʛʦ ʤʝʪʦʜʘ. 

ɺ ʷʯʝʡʢʠ ʚʪʦʨʦʡ ʩʪʨʦʢʠ, ʥʘʯʠʥʘʷ ʩ B2, ʚʚʦʜʷʪʩʷ ʥʘʠʤʝʥʦʚʘʥʠʷ ʚʩʝʭ ʚʝʣʠʯʠʥ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʨʘʩʯʝʪʝ, ʘ 

ʚ ʷʯʝʡʢʠ ʪʨʝʪʴʝʡ ʩʪʨʦʢʠ ʚʚʦʜʷʪʩʷ ʥʘʯʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥ ʠʣʠ ʬʦʨʤʫʣʳ ʜʣʷ ʠʭ ʚʳʯʠʩʣʝʥʠʷ.  

ɺ ʷʯʝʡʢʠ ʯʝʪʚʝʨʪʦʡ, ʧʷʪʦʡ, ʰʝʩʪʦʡ ʠ ʩʝʜʴʤʦʡ ʩʪʨʦʢ ʚʚʦʜʷʪʩʷ ʯʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ ʠʣʠ ʬʦʨʤʫʣʳ ʜʣʷ ʚʳ-

ʯʠʩʣʝʥʠʡ. ʏʘʩʪʴ ʷʯʝʝʢ ʟʘʧʦʣʥʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʘʨʢʝʨʘ ʟʘʧʦʣʥʝʥʠʷ ʧʨʠ ʚʳʜʝʣʝʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʷʯʝʝʢ 

ʧʨʝʜʳʜʫʱʝʡ ʩʪʨʦʢʠ ʠ ʦʧʫʩʢʘʥʠʠ ʤʘʨʢʝʨʘ ʥʘ ʩʣʝʜʫʶʱʫʶ ʩʪʨʦʢʫ. ʅʘ ʵʪʦʤ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʵʪʘʧ ʥʘʯʘʣʴʥʦʛʦ ʚʚʦʜʘ 

(ʨʠʩʫʥʦʢ 9). 
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ʈʠʩ. 9. ɿʘʧʦʣʥʝʥʠʝ ʷʯʝʝʢ ʧʝʨʚʳʭ ʩʪʨʦʢ 

 

ɼʘʣʝʝ ʷʯʝʡʢʠ ʩ C7 ʧʦ J7 ʚʳʜʝʣʷʶʪʩʷ, ʠ ʤʘʨʢʝʨ ʟʘʧʦʣʥʝʥʠʷ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚʥʠʟ ʣʠʩʪʘ ʥʘ ʥʫʞʥʫʶ ʩʪʨʦʢʫ 

(ʚ ʥʘʰʝʤ ʚʘʨʠʘʥʪʝ ʥʘ ʜʚʘʜʮʘʪʴ ʧʷʪʫʶ ʩʪʨʦʢʫ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʠʩʭʦʜʷʪ ʚʳʯʠʩʣʝʥʠʷ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯʠ ʂʦʰʠ ʧʦ ʧʦʩʪʨʦʝʥʥʦʤʫ ʘʣʛʦʨʠʪʤʫ. 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʦʚ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʠ ʪʦʯʥʦʛʦ ʨʝʰʝʥʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʘʩʩʤʦʪʨʝʥʥʘʷ ʚʳʰʝ ʤʝʪʦ-

ʜʠʢʘ. ʈʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʡ ʩ ʧʦʩʪʨʦʝʥʥʳʤʠ ʛʨʘʬʠʢʘʤʠ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 10. 

 

 
 

ʈʠʩ. 10. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʩ ʛʨʘʬʠʢʘʤʠ  

 

�K�j�Z�\�g�b�l�_�e�v�g�u�c���Z�g�Z�e�b�a���f�g�h�]�h�r�Z�]�h�\�u�o���f�_�l�h�^�h�\���:�^�Z�f�k�Z���± �;�Z�r�n�h�j�l�Z���\��Calc �b���W�c�e�_�j�Z���± �D�h�r�b���\��Calc  
ʉʨʘʚʥʝʥʠʝ ʤʝʪʦʜʦʚ ʚʳʧʦʣʥʠʤ ʥʘ ʧʨʠʤʝʨʝ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʥʘʭʦʞʜʝʥʠʷ ʨʝʰʝʥʠʷ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʚʳʰʝ 

ʟʘʜʘʯʠ ʂʦʰʠ (4) ʥʘ ʦʪʨʝʟʢʝ [0; 1,5] ʩ ʰʘʛʦʤ h = 0,1. ʈʝʟʫʣʴʪʘʪʳ ʧʨʠʙʣʠʞʝʥʥʳʭ ʨʝʰʝʥʠʡ ʠ ʪʦʯʥʦʛʦ ʨʝʰʝʥʠʷ ʩ 

ʰʝʩʪʴʶ ʜʨʦʙʥʳʤʠ ʜʝʩʷʪʠʯʥʳʤʠ ʟʥʘʢʘʤʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1 

ʉʨʘʚʥʝʥʠʝ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʚ Calc ʟʘʜʘʯʠ ʂʦʰʠ y' = 2xy, y(0) = 1 ʥʘ ʦʪʨʝʟʢʝ [0; 1,5] ʧʨʠ ʰʘʛʝ h = 0,1 

x ʄʝʪʦʜ 

ʕʡʣʝʨʘ ï ʂʦʰʠ [5] 

ɼʚʫʭʰʘʛʦʚʳʡ ʤʝʪʦʜ 

ɸʜʘʤʩʘ ï ɹʘʰʬʦʨʪʘ [3] 

ʊʨʝʭʰʘʛʦʚʳʡ ʤʝʪʦʜ 

ɸʜʘʤʩʘ ï ɹʘʰʬʦʨʪʘ 

ʏʝʪʳʨʝʭʰʘʛʦʚʳʡ ʤʝ-

ʪʦʜ  

ɸʜʘʤʩʘ ï ɹʘʰʬʦʨʪʘ 

ʊʦʯʥʦʝ ʨʝʰʝ-

ʥʠʝ (exp(x2)) 

1 2 3 4 5 6 

0 1,000000 1,000000 1,000000 1,000000 1,000000 

0,1 1,010000 1,000000 1,005000 1,006256 1,010050 

0,2 1,040704 1,030000 1,030192 1,035471 1,040811 


