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ʋɼʂ 004.942: 54(075) 

ɹɹʂ 32.97 : 22.1 

ʄ 78 

ʂʦʧʽʶʚʘʥʥʷ, ʩʢʘʥʫʚʘʥʥʷ, ʟʘʧʠʩ ʥʘ ʝʣʝʢʪʨʦʥ-

ʥʽ ʥʦʩʽʾ ʽ ʪʦʤʫ ʧʦʜʽʙʥʝ, ʢʥʠʞʢʠ ʚ ʮʽʣʦʤʫ, ʘʙʦ 

ʙʫʜʴ-ʷʢʦʾ ʾʾ ʯʘʩʪʠʥʠ ʟʘʙʦʨʦʥʝʥʦ 

 

ʈʝʢʦʤʝʥʜʦʚʘʥʦ ʜʦ ʜʨʫʢʫ ɺʯʝʥʦʶ ʨʘʜʦʶ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ  

ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ  

(ʧʨʦʪʦʢʦʣ ˉ2 ʚʽʜ 26  ʚʝʨʝʩʥʷ 2018 ʨ.) 

. 

ʈʝʮʝʥʟʝʥʪʠ:  

ʃʘʭʥʦ ɺ.ɸ. - ʜʦʢʪʦʨ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ, ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʽʥ-

ʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʪʘ ʤʘʪʝʤʘʪʠʯʥʠʭ ʜʠʩʮʠʧʣʽʥ ʇɺʅɿ çɭʚʨʦʧʝʡʩʴʢʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪè; 

ʋʪʢʽʥ ʖ.ɺ. - ʢʘʥʜʠʜʘʪ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʽʥʬʦʨ-

ʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʽ ʪʝʭʥʦʣʦʛʽʡ ʇʦʣʪʘʚʩʴʢʦʾ ʜʝʨʞʘʚʥʦʾ ʘʛʨʘʨʥʦʾ ʘʢʘʜʝʤʽʾ 

ʋʢʨʘʾʥʠ; 

ʂʦʚʘʣʴ ʊ.ɺ. - ʢʘʥʜʠʜʘʪ ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʜʦʮʝʥʪ ʢʘ-

ʬʝʜʨʠ ʝʢʦʥʦʤʽʯʥʦʾ ʢʽʙʝʨʥʝʪʠʢʠ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʙʽʦʨʝʩʫʨ-

ʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ. 

 

 

ʗʩʢʦʚʝʮʴ ɯ.ɯ., ʇʨʦʪʘʩ ʅ.ʄ., ʆʩʠʧʦʚʘ ʊ.ʖ., ʂʘʩʘʪʢʽʥ ɼ.ʖ. 

ʄ 78    ʄʆɼɽʃʖɺɸʅʅʗ ʊɸ ʇʈʆɻʅʆɿʋɺɸʅʅʗ ʉʊɸʅʋ ɼʆɺʂɯʃʃʗ 

[ʧʽʜʨʫʯʥʠʢ] / ɯ.ɯ. ʗʩʢʦʚʝʮʴ, ʅ.ʄ. ʇʨʦʪʘʩ, ʊ.ʖ. ʆʩʠʧʦʚʘ, ɼ.ʖ. ʂʘʩʘʪʢʽʥ // - 

K.: ʅʋɹʽʇ ʋʢʨʘʾʥʠ, 2018.- 566 ʩ. 

 
ʋ ʧʽʜʨʫʯʥʠʢʫ ʚʠʢʣʘʜʝʥʽ ʦʩʥʦʚʥʽ ʪʝʦʨʝʪʠʯʥʽ ʤʦʜʝʣʽ ʧʨʦʮʝʩʽʚ ʚ ʝʢʦʩʠʩʪʝʤʘʭ. ʈʦʟʛʣʷ-

ʥʫʪʽ ʧʨʦʮʝʩʠ ʧʝʨʝʥʦʩʫ ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʫ ʧʦʚʽʪʨʽ, ʤʝʪʦʜʠ ʦʮʽʥʢʠ ʨʽʚʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʚʽʜ ʨʽʟ-

ʥʠʭ ʜʞʝʨʝʣ ʟʘʙʨʫʜʥʝʥʥʷ ʪʘ ʧʨʦʩʪʦʨʦʚʠʭ ʤʘʩʰʪʘʙʽʚ ʟʦʥʠ ʟʘʙʨʫʜʥʝʥʥʷ. ʇʨʝʜʩʪʘʚʣʝʥʽ ʪʠʧʦ-

ʚʽ  ʤʦʜʝʣʽ ʨʦʟʧʦʜʽʣʫ ʟʘʙʨʫʜʥʝʥʥʷ ʫ ʩʠʩʪʝʤʽ çʛʨʫʥʪ ï ʨʦʩʣʠʥʘè ʪʘ ʚ ʦʨʛʘʥʽʟʤʘʭ ʩʽʣʴʩʴʢʦʛʦʩ-

ʧʦʜʘʨʩʴʢʠʭ ʪʚʘʨʠʥ. ʅʘʚʝʜʝʥʽ ʦʮʽʥʢʠ ʜʦʟʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ 

ʟʘʙʨʫʜʥʝʥʥʷ. ʆʢʨʝʤʽ ʨʦʟʜʽʣʠ ʧʨʠʩʚʷʯʝʥʽ ʜʦʩʣʽʜʞʝʥʥʶ ʤʝʪʘʙʦʣʽʯʥʠʭ ʧʨʦʮʝʩʠ ʚ ʝʢʦʙʽʦʩʠʩ-

ʪʝʤʘʭ ʪʘ ʤʝʪʦʜʠʮʽ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʜʘʥʠʭ, ʱʦ ʦʪʨʠʤʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʰʣʷʭʦʤ.  

 

 

É ʗʩʢʦʚʝʮʴ ɯ.ɯ., ʇʨʦʪʘʩ ʅ.ʄ., ʆʩʠʧʦʚʘ ʊ.ʖ., ʂʘʩʘʪʢʽʥ ɼ.ʖ., 2018 

É ʅʋɹʽʇ ʋʢʨʘʾʥʠ, 2018 

 

ɺʠʜʘʥʥʷ ʟʜʽʡʩʥʝʥʦ ʟʘ ʘʚʪʦʨʩʴʢʠʤ ʨʝʜʘʛʫʚʘʥʥʷʤ. 
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ɺʉʊʋʇ 

ʅʘ ʚʩʽʭ ʝʪʘʧʘʭ ʽʩʪʦʨʽʾ ʣʶʜʩʪʚʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫʟʘʛʘʣʴʥʝʥʥʷ ʜʦʩʚʽʜʫ ʚʟʘʻ-

ʤʦʜʽʾ ʣʶʜʠʥʠ ʟ̔ ʧʨʠʨʦʜʦʶ. ʎʝ ʚʠʨʘʞʘʻʪʴʩʷ ʫ ʨʦʟʚʠʪʢʫ ʥʘʫʢʠ ʧʨʦ ʨʽʟʥʽ ʧʨʦʮʝ-

ʩʠ ʫ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ɺʥʘʩʣʽʜʦʢ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘ ʦʙôʻʢʪʘʤʠ, ʧʨʦ-

ʮʝʩʘʤʠ ʽ, ʷʢʱʦ ʮʝ ʤʦʞʣʠʚʦ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʤʠ ʚʠʨʦʙʣʷʻʤʦ 

ʧʝʚʥʽ ʫʷʚʣʝʥʥʷ ʧʨʦ ʦʪʦʯʫʶʯʝ ʥʘʩ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. ʉʫʢʫʧʥʽʩʪʴ ʪʘʢʠʭ 

ʫʷʚʣʝʥʴ ʧʨʦ ʜʘʥʫ ʦʙôʻʢʪʠʚʥʫ ʨʝʘʣʴʥʽʩʪʴ ʽ ʥʘʟʠʚʘʻʪʴʩʷ ʾʾ ʤʦʜʝʣʣʶ.  

ʉʫʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʣʷʛʘʻ ʫ ʩʧʦʩʪʝʨʝʞʝʥʥʽ ʽ ʚʠʤʽ-

ʨʶʚʘʥʥʽ ʚʽʜʛʫʢʫ ʦʙôʻʢʪʫ ʥʘ ʧʝʚʥʫ ʜʽʶ. ʆʪʨʠʤʫʚʘʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʪʠʧʫ ʜʽʷ - 

ʚʽʜʛʫʢ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʩʢʣʘʜʘʪʠ ʤʘʪʝʤʘʪʠʯʥʽ ʨʽʚʥʷʥʥʷ, ʷʢʽ ʦʧʠʩʫʶʪʴ ʤʘʪʝ-

ʨʽʘʣʴʥʠʡ ʦʙôʻʢʪ ʚ ʮʽʣʦʤʫ, ʘʙʦ ʡʦʛʦ ʯʘʩʪʠʥʫ. ʆʪʨʠʤʫʚʘʥʘ ʧʨʠ ʮʴʦʤʫ ʩʠʩʪʝʤʘ 

ʨʽʚʥʷʥʴ ʻ ʤʘʪʝʤʘʪʠʯʥʦ  ʁʤʦʜʝʣʝ  ʁʜʘʥʦʾ ʩʠʩʪʝʤʠ. ʉʠʩʪʝʤʘ ʤʦʞʝ ʦʧʠʩʫʚʘʪʠʩʷ 

ʘʣʛʝʙʨʘʾʯʥʠʤʠ, ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤʠ ʘʙʦ ʽʥʪʝʛʨʘʣʴʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ, ʘʙʦ ʾʭ ʩʫ-

ʢʫʧʥʽʩʪʶ. ʆʪʞʝ, ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʩʠʩʪʝʤʫ ʤʘʪʝ-

ʤʘʪʠʯʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ - ʬʫʥʢʮʽʡ, ʬʦʨʤʫʣ, ʨʽʚʥʷʥʴ ʪʘ ʩʠʩʪʝʤ ʨʽʚʥʷʥʴ ʷʢʽ 

ʦʧʠʩʫʶʪʴ ʦʙ'ʻʢʪ, ʷʚʠʱʝ ʘʙʦ ʧʨʦʮʝʩ. ʄʝʪʦʜ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʣʷʛʘʻ ʫ ʚʠʚʯʝʥʥʽ 

ʦʙ'ʻʢʪʫ, ʷʚʠʱ ʪʘ  ʧʨʦʮʝʩʽʚ ʰʣʷʭʦʤ ʧʦʙʫʜʦʚʠ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʪʘ ʾʭ ʜʦ-

ʩʣʽʜʞʝʥʥʷ.  

ʄʘʶʯʠ ʤʦʜʝʣʴ, ʜʘʥʫ ʩʠʩʪʝʤʫ ʤʦʞʥʘ ʜʦʩʣʽʜʞʫʚʘʪʠ ʰʣʷʭʦʤ ʟʤʽʥʠ ʟʥʘ-

ʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʚʭʦʜʷʪʴ ʫ ʨʽʚʥʷʥʥʷ. ɿʦʢʨʝʤʘ, ʤʦʞʥʘ ʜʦʩʣʽʜʠʪʠ, ʷʢ ʥʝʦʙ-

ʭʽʜʥʦ ʟʤʽʥʠʪʠ ʧʘʨʘʤʝʪʨʠ ʩʠʩʪʝʤʠ, ʱʦʙ ʾʾ ʚʽʜʛʫʢ ʥʘ ʟʦʚʥʽʰʥʶ ʜʽʶ ʙʫʚ ʟʘʜʘ-

ʥʠʤ. ʇʨʠ ʮʴʦʤʫ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʨʽʟʥʽ ʩʮʝʥʘʨʽʾ ʨʦʟʚʠʪʢʫ ʧʦʜʽʡ. ʇʦʜʽʙʥʦʛʦ 

ʨʦʜʫ ʜʦʩʣʽʜʞʝʥʥʷ ʥʝ ʟʘʚʞʜʠ ʤʦʞʥʘ ʧʨʦʚʝʩʪʠ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʙʝʟʧʦʩʝʨʝ-

ʜʥʴʦ ʽʟ ʨʝʘʣʴʥʦʶ ʩʠʩʪʝʤʦʶ, ʥʝ ʨʫʡʥʫʶʯʠ ʾʾ. ɺ ʮʴʦʤʫ ʽ ʧʦʣʷʛʘʻ ʦʜʥʘ ʽʟ ʥʘʡʙʽ-

ʣʴʰʠʭ ʧʝʨʝʚʘʛ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ.  

ʗʢʱʦ ʤʦʜʝʣʴ, ʪʦʙʪʦ ʩʫʢʫʧʥʽʩʪʴ ʧʨʘʚʜʦʧʦʜʽʙʥʠʭ ʥʘʫʢʦʚʠʭ ʟʥʘʥʴ, ʥʝ 

ʪʽʣʴʢʠ ʦʧʠʩʫʻ ʜʘʥʫ ʩʠʩʪʝʤʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʠʭ ʘʙʦ ʽʥʰʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʨʽʚ-

ʥʷʥʴ, ʘ ʡ ʧʦʷʩʥʶʻ ʾʾ ʧʦʚʝʜʽʥʢʫ ʧʨʠ ʨʦʟʰʠʨʝʥʥʽ ʛʨʘʥʠʮʴ ʟʦʚʥʽʰʥʴʦʛʦ ʚʧʣʠʚʫ 

ʪʘ ʚʥʫʪʨʽʰʥʽʭ ʩʪʘʥʽʚ ʩʠʩʪʝʤʠ, ʪʦ ʤʠ ʤʘʻʤʦ ʩʧʨʘʚʫ ʫʞʝ ʽʟ ʪʝʦʨʽʻʶ ʜʘʥʦʾ ʩʠʩ-

ʪʝʤʠ ʦʙ'ʻʢʪʽʚ, ʱʦ ʻ  ʥʘʡʚʠʱʠʤ ʩʪʫʧʝʥʝʤ ʥʘʫʢʦʚʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ ʜʽʡʩʥʦʩʪʽ. 

ɺʣʘʩʥʝ ʢʘʞʫʯʠ, ʛʦʣʦʚʥʦʶ ʤʝʪʦʶ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʝʡ ʧʨʠ ʟʘʜʘʥʠʭ ʚʭʽʜʥʠʭ ʪʘ 

ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʻ ʨʦʟʫʤʽʥʥʷ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʜʘ-

ʥʽʡ ʩʠʩʪʝʤʽ.  

ɺʩʽ ʨʝʘʣʴʥʽ ʦʙôʻʢʪʠ ʤʘʶʪʴ ʧʝʚʥʫ ʩʪʨʫʢʪʫʨʫ ʽ ʻ ʩʢʣʘʜʥʠʤʠ. ʄʦʜʝʣʴ, ʱʦ 

ʾʭ ʦʧʠʩʫʻ ʥʝ ʦʙʦʚôʷʟʢʦʚʦ ʧʦʚʠʥʥʘ ʙʫʪʠ ʘʜʝʢʚʘʪʥʦ ʩʢʣʘʜʥʦʶ. ʊʦʤʫ, ʧʨʠ ʧʦʙʫ-

ʜʦʚʽ ʤʦʜʝʣʝʡ ʥʝʦʙʭʽʜʥʦ ʚʠʭʦʜʠʪʠ ʽʟ ʧʦʪʨʝʙ: ʷʢʘ ʤʝʪʘ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʽ, ʷʢʘ 

ʧʦʪʨʽʙʥʘ ʪʦʯʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ, ʩʪʫʧʽʥʴ ʜʝʪʘʣʽʟʘʮʽʾ 

ʤʦʜʝʣʶʚʘʥʥʷ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʧʦʪʨʽʙʥʦ ʚʠʭʦʜʠʪʠ, ʷʢ ʛʦʚʦʨʷʪʴ, ʽʟ ʪʝʭʥʽʯʥʦ-

ʛʦ ʟʘʚʜʘʥʥʷ. ɿʘʚʞʜʠ ʙʘʞʘʥʦ ʚʠʙʠʨʘʪʠ ʚʽʜʥʦʩʥʦ ʧʨʦʩʪʽ ʤʦʜʝʣʽ, ʫʩʢʣʘʜʥʶʶʯʠ 



 

ʾʭ ʪʽʣʴʢʠ ʚ ʪʦʤʫ ʨʘʟʽ, ʢʦʣʠ ʙʽʣʴʰ ʧʨʦʩʪʘ ʤʦʜʝʣʴ ʥʝʟʘʜʦʚʽʣʴʥʘ. ʋ ʮʴʦʤʫ ʚʽʜ-

ʥʦʰʝʥʥʽ ʤʝʪʦʜʦʣʦʛʽʷ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʝʡ ʚ ʝʢʦʣʦʛʽʾ ʥʝ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʧʨʘʢ-

ʪʠʢʠ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʽʥʰʠʭ ʛʘʣʫʟʷʭ ʥʘʫʢʠ.  

ʆʩʥʦʚʥʘ ʟʘʜʘʯʘ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʝʢʦʣʦʛʽʾ ʧʦʣʷʛʘʻ ʫ ʚʠʷʩ-

ʥʝʥʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʝʚʦʣʶʮʽʾ ʢʦʤʧʦʥʝʥʪʽʚ ʝʢʦʩʠʩʪʝʤʠ ʫ ʾʭ ʨʦʟʚʠʪʢʫ ʪʘ 

ʚʟʘʻʤʦʜʽʾ, ʫ ʢʽʣʴʢʽʩʥʦʤʫ ʚʠʨʘʞʝʥʥʽ ʨʝʘʢʮʽʾ ʝʢʦʩʠʩʪʝʤ ʥʘ ʨʽʟʥʦʤʘʥʽʪʥʽ ʟʦʚʥʽʰ-

ʥʽ ʚʧʣʠʚʠ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʘʥʪʨʦʧʦʛʝʥʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ.  

ɺ ʝʢʦʣʦʛʽʾ ʧʨʠʡʥʷʪʠʡ ʘʥʪʨʦʧʦʮʝʥʪʨʠʯʥʠʡ ʧʽʜʭʽʜ, ʪʦʙʪʦ ʚʩʽ ʟʤʽʥʠ, ʷʢʽ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʤʠ ʦʮʽʥʶʻʤʦ ʟ ʪʦʯʢʠ ʟʦʨʫ ʦʮʽʥ-

ʢʠ ʩʪʫʧʝʥʷ ʨʠʟʠʢʫ ʧʨʦʞʠʚʘʥʥʷ ʣʶʜʠʥʠ ʥʘ ʟʘʙʨʫʜʥʝʥʽʡ ʪʝʨʠʪʦʨʽʾ, ʪʘ ʚʧʣʠʚʫ 

ʩʧʦʩʪʝʨʝʞʫʚʘʥʠʭ ʟʤʽʥ ʫ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʥʘ ʟʜʦʨʦʚ'ʷ ʣʶʜʠʥʠ.  

ʋ ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʽ ʩʪʘʥʫ ʝʢʦʩʠʩʪʝʤ ʚʠʢʦ-

ʨʠʩʪʦʚʫʶʪʴʩʷ ʜʚʘ ʧʽʜʭʦʜʠ. ʇʝʨʰʠʡ, ʝʤʧʽʨʠʯʥʠʡ, ʧʦʣʷʛʘʻ ʫ ʧʦʰʫʢʫ ʢʦʨʝʣʷ-

ʮʽʡʥʠʭ ʟʚôʷʟʢʽʚ ʤʽʞ ʚʭʽʜʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʩʪʘʥ ʟʦʚʥʽʰ-

ʥʴʦʛʦ, ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʜʘʥʦʾ ʝʢʦʩʠʩʪʝʤʠ (ʤʝʪʝʦʨʦʣʦʛʽʯʥʽ, ʛʽʜʨʦʣʦʛʽʯʥʽ, ʘʛ-

ʨʦʥʦʤʽʯʥʽ ʪʦʱʦ), ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʢʦʥʝʯʥʠʤ ʩʪʘʥʦʤ ʜʘʥʦʾ ʝʢʦʩʠʩʪʝʤʠ. ʇʨʠ 

ʮʴʦʤʫ ʩʫʪʥʽʩʪʶ ʧʨʦʮʝʩʽʚ, ʱʦ ʧʨʦʪʽʢʘʶʪʴ ʚ ʝʢʦʩʠʩʪʝʤʽ, ʽ ʯʦʤʫ ʚʦʥʠ ʧʨʦʪʽʢʘ-

ʶʪʴ ʪʘʢ, ʘ ʥʝ ʽʥʘʢʰʝ, ʥʝ ʮʽʢʘʚʣʷʪʴʩʷ. ʄʘʪʝʤʘʪʠʯʥʫ ʦʩʥʦʚʫ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ 

ʩʢʣʘʜʘʶʪʴ ʩʪʘʪʠʩʪʠʯʥʽ ʤʝʪʦʜʠ ï ʢʦʨʝʣʷʮʽʡʥʠʡ, ʨʝʛʨʝʩʽʡʥʠʡ ʘʥʘʣʽʟʠ ʽ ʪ. ʜ. 

ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ɻ.ʌ. ʍʽʣʴʤʽ [1] ʚʚʘʞʘʻ, ʱʦ ñé ʧʨʠ ʚʠʚʯʝʥʥʽ ʷʚʠʱ ʞʠʪʪʷ ʥʘ 

ʨʽʚʥʽ ʙʽʦʩʬʝʨʠ ʤʠ ʥʝ ʧʦʚʠʥʥʽ ʚʥʠʢʘʪʠ ʫ ʤʝʭʘʥʽʟʤʠ ʷʚʠʱ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ 

ʽʥʜʠʚʽʜʫʘʣʴʥʦʤʫ ʦʨʛʘʥʽʟʤʽ; ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʦʨʛʘʥʽʟʤ ʚʠʩʪʫʧʘʻ ʷʢ ʝʣʝʤʝʥʪ, 

ʥʘʜʽʣʝʥʠʡ  ʧʝʚʥʠʤʠ ʝʤʧʽʨʠʯʥʦ ʚʩʪʘʥʦʚʣʝʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʟʘʚʜʷʢʠ ʷʢʠʤ 

ʚʽʥ ʧʨʦʷʚʣʷʻ ʩʝʙʝ ʫ ʙʽʦʩʬʝʨʽ. ʊʘʢʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʧʝʨʰ ʟʘ ʚʩʝ ʻ ʟʜʘʪʥʽʩʪʴ 

ʧʦʛʣʠʥʘʪʠ, ʧʝʨʝʪʚʦʨʶʚʘʪʠ ʪʘ ʥʘʢʦʧʠʯʫʚʘʪʠ ʝʥʝʨʛʽʶ, ʨʝʘʛʫʚʘʪʠ ʥʘ ʩʠʛʥʘʣʠ ʪʘ 

ʧʦʪʝʥʮʽʘʣʴʥʫ ʽʥʬʦʨʤʘʮʽʶ, ʱʦ ʻ ʫ ʷʚʠʱʘʭ ʟʦʚʥʽʰʥʴʦʾ ʬʽʟʠʯʥʦʛʦ ʪʘ ʙʽʦʣʦʛʽʯ-

ʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʨʦʟʤʥʦʞʫʚʘʪʠʩʷ ʪʘ ʚʟʘʻʤʦʜʽʷʪʠ ʽʟ ʽʥʰʠʤʠ ʦʨʛʘʥʽʟʤʘʤʠ ʪʦ-

ʱʦò. ʇʨʦʪʝ, ʷʢ ʩʚʽʜʯʠʪʴ ʜʦʩʚʽʜ, ʝʤʧʽʨʠʯʥʦ ʟʥʘʡʜʝʥʽ ʧʘʨʘʤʝʪʨʠ, ʱʦ ʭʘʨʘʢʪʝ-

ʨʠʟʫʶʪʴ ʞʠʚʠʡ ʦʨʛʘʥʽʟʤ, ʧʦʪʨʝʙʫʶʪʴ ʥʘʡʙʽʣʴʰ ʩʝʨʡʦʟʥʦʛʦ ʚʠʚʯʝʥʥʷ. ʆʩʢʽ-

ʣʴʢʠ, ʯʘʩʪʦ, ʩʘʤʝ ʚʦʥʠ ʻ ʚʫʟʴʢʠʤʠ ʤʽʩʮʷʤʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʢʨʫʛʦʦʙʽʛʫ ʨʝʯʦʚʠʥʠ ʚ ʝʢʦʩʠʩʪʝʤʘʭ, ʽ ʩʠʣʴʥʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʟʦʚʥʽʰʥʽʭ ʫʤʦʚ. ʗʢ 

ʧʨʠʢʣʘʜ ʤʦʞʥʘ ʧʨʠʚʝʩʪʠ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʡ ʚ ʨʘʜʽʦʝʢʦʣʦʛʽʾ ʢʦʝʬʽʮʽ-

ʻʥʪ ʥʘʢʦʧʠʯʝʥʥʷ ʨʦʩʣʠʥʘʤʠ ʨʘʜʽʦʥʫʢʣʽʜʽʚ. ʈʘʥʦ ʯʠ ʧʽʟʥʦ ʚʠʥʠʢʘʻ ʟʘʜʘʯʘ ʚʠʷ-

ʩʥʝʥʥʷ ʧʨʠʨʦʜʠ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽ ʥʝʦʙʭʽʜʥʽʩʪʴ ʙʫʜʫʚʘʪʠ ʦʢʨʝʤʫ ʙʽʦʬʽʟʠʯʥʫ 

ʤʦʜʝʣʴ ʜʣʷ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʬʫʥʢʮʽʶʚʘʥʥʷ ʦʨʛʘʥʽʟʤʫ ʚ ʮʽʣʦʤʫ, ʟʦʢʨʝʤʘ, ʚʠʷʩ-

ʥʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʦʨʛʘʥʽʟʤ ʽ ʤʝʭʘʥʽʟʤʫ 

ʚʧʣʠʚʫ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʘ ʪʘʢʽ ʧʘʨʘʤʝʪʨʠ.  

ɯʥʰʠʡ ʰʣʷʭ, ʪʝʦʨʝʪʠʯʥʠʡ, ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʦʜʝʣʝʡ, ʧʦʙʫʜʦ-

ʚʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʬʽʟʠʯʥʠʭ ʪʘ ʭʽʤʽʯʥʠʭ ʟʘʢʦʥʽʚ ʢʨʫʛʦʦʙʽʛʫ ʝʥʝʨʛʽʾ ʪʘ ʨʝʯʦʚʠʥʠ 



 

ʫ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʽʜʦʤʠʭ ʥʘ ʩʴʦʛʦʜʥʽ  ʬʽʟʽʦʣʦ-

ʛʽʯʥʠʭ ʪʘ ʙʽʦʬʽʟʠʯʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʫ ʨʦʟʚʠʪʢʫ ʙʽʦʮʝʥʦʟʫ ʪʘ ʚʟʘʻʤʦʜʽʾ  ʙʽ-

ʦʪʠʯʥʦʾ ʽ ʘʙʽʦʪʠʯʥʦʾ ʢʦʤʧʦʥʝʥʪ ʙʽʦʛʝʦʮʝʥʦʟʫ. ʇʨʠ ʮʴʦʤʫ, ʤʝʪʘ ʪʝʦʨʝʪʠʯʥʦʾ 

ʤʦʜʝʣʽ ʧʦʣʷʛʘʻ ʥʝ ʪʽʣʴʢʠ ʚ ʷʢʽʩʥʦʤʫ, ʘ ʽ ʚ ʢʽʣʴʢʽʩʥʦʤʫ  ʦʧʠʩʫʚʘʥʥʽ ʧʨʦʮʝʩʽʚ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʨʽʚʥʷʥʴ, ʬʦʨʤʫʣ, ʘʣʛʦʨʠʪʤʽʚ ʪʘ ʽʥʰʠʭ ʟʘʩʦʙʽʚ ʤʘʪʝʤʘʪʠʢʠ. ʉʘʤʝ 

ʨʦʟʚʠʪʦʢ ʪʘʢʦʛʦ, ʪʝʦʨʝʪʠʯʥʦʛʦ, ʤʦʜʝʣʶʚʘʥʥʷ ʜʘʚ ʤʦʞʣʠʚʽʩʪʴ ʥʘʧʨʠʢʽʥʮʽ 70-ʭ   

ʽ ʥʘ ʧʦʯʘʪʢʫ 80-ʭ ʨʦʢʽʚ ʤʠʥʫʣʦʛʦ ʩʪʦʨʽʯʯʷ ʧʝʨʝʡʪʠ ʚʽʜ ʟʘʛʘʣʴʥʠʭ ʝʢʦʣʦʛʽʯʥʠʭ 

ʦʮʽʥʦʢ ʜʦ ʙʽʦʬʽʟʠʯʥʦʾ ʝʢʦʣʦʛʽʾ. ʎʽʥʥʽʩʪʴ ʪʘʢʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʧʦʣʷʛʘʻ 

ʫ ʪʦʤʫ, ʱʦ ʚʦʥʠ ʚ ʧʨʦʮʝʩʽ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʥʘʙʫʚʘʶʪʴ ʚʩʝ ʙʽʣʴʰ ʽ ʙʽʣʴʰ ʧʨʠʢ-

ʣʘʜʥʝ ʟʥʘʯʝʥʥʷ. ʆʪʨʠʤʘʥʽ ʟʥʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʚʝʨʠʬʽʢʦʚʘʥʦʾ ʪʝʦʨʝʪʠʯʥʦʾ ʤʦʜʝʣʽ 

ʜʘʶʪʴ ʚʧʝʚʥʝʥʽʩʪʴ ʫ ʧʨʘʚʠʣʴʥʦʤʫ ʨʦʟʫʤʽʥʥʽ ʩʠʣ ʜʽʶʯʠʭ ʫ ʥʘʚʢʦʣʠʰʥʴʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ, ʘ ʚʽʜʪʘʢ  ʽ ʫ ʧʨʘʚʠʣʴʥʦʩʪʽ ʧʨʠʡʥʷʪʠʭ ʨʽʰʝʥʴ ʚʽʜʧʦʚʽʜʥʦ  ʟʤʽʥʠ 

ʩʠʪʫʘʮʽʾ ʥʘ ʢʨʘʱʝ. 

ɿʤʽʥʘ ʩʪʘʥʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʘʙʦ, ʷʢ ʤʠ ʛʦʚʦʨʠʤʦ, ʜʦʚʢʽʣʣʷ, 

ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʚʧʣʠʚʫ ʪʘ ʚʟʘʻʤʦʜʽʾ ʙʘʛʘʪʴʦʭ ʧʨʦʮʝʩʽʚ. ɼʝʷʢʽ ʧʨʦʮʝʩʠ, ʷʢ ʥʘ-

ʧʨʠʢʣʘʜ ʤʽʛʨʘʮʽʷ ʧʦʣʶʪʘʥʪʽʚ ʫ ˇʨʫʥʪʽ, ʧʝʨʝʥʦʩʫ ʾʭ ʫ ʧʦʚʽʪʨʽ, ʘʙʦ ʫ ʚʦʜʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ, ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʚʥʷʥʴ ʛʽʜʨʦʜʠʥʘʤʽʢʠ, ʪʝʨʤʦʜʠ-

ʥʘʤʽʢʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʽʜʦʤʦʩʪʽ ʽʟ ʬʽʟʠʢʠ, ʭʽʤʽʾ, ʙʽʦʬʽʟʠʢʠ ʽ ʪ.ʜ.  ʈʦʟʚôʷʟʦʢ 

ʟʛʘʜʘʥʠʭ ʨʽʚʥʷʥʴ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʪʠ ʬʦʨʤʫʣʠ, ʷʢʽ ʧʦʚôʷʟʫʶʪʴ ʚʽʜʛʫʢ 

ʨʦʟʛʣʷʜʫʚʘʥʦʾ ʩʠʩʪʝʤʠ ʽʟ ʚʧʣʠʚʦʤ ʥʘ ʥʝʾ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ. ʊʦʯʥʽʩʪʴ ʧʨʦ-

ʛʥʦʟʫ, ʦʪʨʠʤʘʥʦʛʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʫʞʝ ʯʠʩʪʦ ʤʘʪʝʤʘʪʠʯʥʦʾ ʟʘʜʘʯʽ, 

ʩʬʦʨʤʫʣʴʦʚʘʥʦʾ ʥʘ ʦʩʥʦʚʽ ʥʘʰʠʭ ʫʷʚʣʝʥʴ ʧʨʦ ʧʨʦʮʝʩʠ ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ ʨʦ-

ʟʛʣʷʜʫʚʘʥʽʡ ʥʘʤʠ ʩʠʩʪʝʤʽ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʪʫʧʝʥʷ ʥʘʰʦʛʦ ʨʦʟʫʤʽʥʥʷ ʮʠʭ ʧʨʦ-

ʮʝʩʽʚ, ʚʽʜ ʪʠʭ ʩʧʨʦʱʝʥʴ, ʷʢʽ ʤʠ ʟʨʦʙʠʣʠ ʽʜʝʘʣʽʟʫʶʯʠ ʥʘʰʫ ʩʠʩʪʝʤʫ, ʘ ʪʘʢʦʞ 

ʚʽʜ ʪʠʭ ʥʘʙʣʠʞʝʥʴ, ʷʢʽ ʤʠ ʨʦʙʠʤʦ ʚ  ʧʨʦʮʝʩʽ ʨʦʟʚôʷʟʢʫ ʦʪʨʠʤʘʥʠʭ ʨʽʚʥʷʥʴ. 

ɼʫʞʝ ʯʘʩʪʦ ʨʽʚʥʷʥʥʷ, ʷʢʽ ʤʠ ʦʪʨʠʤʫʻʤʦ ʧʨʠ ʩʧʨʦʙʽ ʦʧʠʩʘʪʠ ʧʨʦʮʝʩʠ ʫ ʥʘʚʢʦ-

ʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʻ ʩʢʣʘʜʥʠʤʠ ʽ ʥʝ ʧʽʜʜʘʶʪʴʩʷ ʟʘ ʦʙʤʝʞʝʥʠʡ ʚʽʜʨʽʟʦʢ 

ʯʘʩʫ ʪʦʯʥʦʤʫ ʨʦʟʚôʷʟʢʫ, ʥʘʚʽʪʴ ʯʠʩʣʦʚʦʤʫ. ʂʨʽʤ ʮʴʦʛʦ, ʧʨʦʮʝʩʠ, ʱʦ ʤʘʶʪʴ 

ʤʽʩʮʝ ʫ ʧʨʠʨʦʜʽ, ʯʘʩʪʦ ʥʘʩʪʽʣʴʢʠ ʪʽʩʥʦ ʧʦʚôʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ, ʱʦ ʩʬʦʨʤʫʣʶʚʘ-

ʪʠ ʚʽʜʧʦʚʽʜʥʫ ʩʧʨʦʱʝʥʫ ʤʦʜʝʣʴʥʫ ʟʘʜʘʯʫ ʜʫʞʝ ʩʢʣʘʜʥʦ. ʎʽ ʧʨʦʮʝʩʠ ʟʘʟʥʘʶʪʴ 

ʚʧʣʠʚʫ ʚʝʣʠʢʦʛʦ ʯʠʩʣʘ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ ʽ ʚʨʘʭʫʚʘʪʠ ʾʭ ʚʩʽ ʧʨʦʩʪʦ ʥʝʤʦʞ-

ʣʠʚʦ. ʄʦʞʥʘ ʛʦʚʦʨʠʪʠ ʣʠʰʝ ʧʨʦ ʪʝ, ʱʦ ʽʩʥʫʻ ʧʝʚʥʘ ʡʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʪʘ-

ʢʠʡ ï ʪʦ ʧʨʦʮʝʩ ʚʽʜʙʫʚʘʻʪʴʩʷ. ʋ ʪʘʢʦʤʫ ʨʘʟʽ ʢʦʨʠʩʥʠʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʦʨʝ-

ʪʠʢʦ ï ʡʤʦʚʽʨʥʦʩʥʠʭ ʤʝʪʦʜʽʚ, ʪʦʙʪʦ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʝ ʜʝʪʝʨʤʽʥʽ-

ʩʪʠʯʥʠʡ ʧʽʜʭʽʜ,  ʘ ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʨʽʚʥʷʥʥʷ ʟ ʚʠʧʘʜʢʦʚʠʤʠ ʟʤʽʥʥʠʤʠ ʪʘ ʬʫʥ-

ʢʮʽʷʤʠ. ʅʘ ʩʴʦʛʦʜʥʽ, ʽʩʥʫʶʪʴ ʜʦʙʨʝ ʨʦʟʚʠʥʫʪʽ ʪʝʦʨʽʷ ʡʤʦʚʽʨʥʦʩʪʝʡ, ʨʽʟʥʽ ʩʪʘ-

ʪʠʩʪʠʯʥʽ ʤʝʪʦʜʠ, ʘ ʪʘʢʦʞ ʪʝʦʨʽʷ ʩʪʦʭʘʩʪʠʯʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ, ʷʢʽ 

ʜʘʶʪʴ ʟʤʦʛʫ ʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ ʪʘ ʧʨʦʛʥʦʟʠ ʟ ʧʝʚʥʦʶ ʡʤʦʚʽʨʥʽʩʪʶ.  



 

ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʧʨʦʮʝʩʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʥʠʢʘʻ ʧʨʦʙʣʝʤʘ 

ʨʦʟʛʣʷʜʫ ʨʽʚʥʷʥʴ ʨʽʟʥʦʛʦ ʩʪʫʧʝʥʷ ʩʢʣʘʜʥʦʩʪʽ ʪʘ ʾʭ ʩʠʩʪʝʤ. ʎʷ ʦʙʩʪʘʚʠʥʘ ʦʙʫ-

ʤʦʚʣʶʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠ ʘʥʘʣʽʟʽ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʽ ʩʪʘʥʫ ʜʦʚʢʽʣʣʷ ʨʽʟʥʠʭ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʱʦ ʟʥʘʯʥʦ ʩʢʦʨʦʯʫʻ ʯʘʩ, ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʨʦʟʚôʷʟʢʫ  

ʤʘʪʝʤʘʪʠʯʥʦʾ ʟʘʜʘʯʽ. ʋ ʮʴʦʤʫ ʚʽʜʥʦʰʝʥʥʽ, ʟ ʪʦʯʢʠ ʟʦʨʫ ʘʚʪʦʨʽʚ, ʜʦʮʽʣʴʥʦ ʚʠ-

ʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʘʪʝʤʘʪʠʯʥʽ ʧʘʢʝʪʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʠʤʚʦʣʴʥʫ ʤʦʚʫ, ʘ 

ʩʘʤʝ Mathematica  ʪʘ Maple.  

ɯʣʶʩʪʨʘʪʠʚʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʜʦ ʪʝʦʨʝʪʠʯʥʦʛʦ, ʫ ʜʘʥʦʤʫ ʧʦʩʽʙʥʠʢʫ, ʩʣʫ-

ʛʫʶʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʦʪʨʠʤʘʥʽ  ʚ ʛʘʣʫʟʽ ʨʘʜʽʦʝʢʦʣʦʛʽʾ. ʎʝ, ʧʦ 

ʧʝʨʰʝ, ʦʙʫʤʦʚʣʝʥʝ ʦʙôʻʤʦʤ ʥʘʷʚʥʦʛʦ ʬʘʢʪʠʯʥʦʛʦ, ʪʦʙʪʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-

ʛʦ, ʤʘʪʝʨʽʘʣʫ, ʘ ʧʦ ʜʨʫʛʝ ʦʜʠʥ ʽʟ ʘʚʪʦʨʽʚ ʧʦʩʽʙʥʠʢʘ (ʗ.ɯ.ɯ.) ʤʘʻ ʧʨʘʢʪʠʯʥʠʡ ʜʦ-

ʩʚʽʜ ʤʦʜʝʣʶʚʘʥʥʷ ʨʘʜʽʦʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʚ ɯʥʩʪʠʪʫʪʽ ʨʘ-

ʜʽʦʝʢʦʣʦʛʽʾ ʪʘ ɯʥʩʪʠʪʫʪʽ ʝʢʦʣʦʛʽʾ ʽ ʙʽʦʪʝʭʥʦʣʦʛʽʾ ʋɸɸʅ. ɿ ʽʥʰʦʾ ʩʪʦʨʦʥʠ, ʜʦʩ-

ʣʽʜʞʝʥʥʷ ʤʽʛʨʘʮʽʾ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʤʦʞʥʘ ʨʦʟʛʣʷ-

ʜʘʪʠ ʷʢ ʤʝʪʦʜ ʤʽʯʝʥʠʭ ʘʪʦʤʽʚ ʚ ʝʢʦʣʦʛʽʾ. ʅʘ ʧʨʦʪʷʟʽ ʩʚʦʛʦ çʞʠʪʪʷè ʥʝʩʪʘʙʽʣʴ-

ʥʽ ʽʟʦʪʦʧʠ ʤʽʛʨʫʶʪʴ ʫ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʷʢ ʟʚʠʯʘʡʥʽ, ʩʪʘʙʽʣʴʥʽ, 

ʦʩʢʽʣʴʢʠ ʧʨʦʮʝʩʠ ʤʽʛʨʘʮʽʾ ʦʙʫʤʦʚʣʶʶʪʴʩʷ ʩʪʨʫʢʪʫʨʦʶ ʟʦʚʥʽʰʥʽʭ ʝʣʝʢʪʨʦʥ-

ʥʠʭ ʦʙʦʣʦʥʦʢ ʷʢʽ ʦʜʠʥʘʢʦʚʽ ʜʣʷ ʚʩʽʭ ʽʟʦʪʦʧʽʚ.   

ɺ ʦʩʥʦʚʫ ʜʘʥʦʛʦ ʧʦʩʽʙʥʠʢʘ ʧʦʢʣʘʜʝʥʦ ʢʫʨʩ ʣʝʢʮʽʡ, ʷʢʽ ʘʚʪʦʨʠ ʥʘ ʧʨʦʪʷʟʽ 

ʦʩʪʘʥʥʽʭ ʨʦʢʽʚ ʯʠʪʘʣʠ ʜʣʷ ʝʢʦʣʦʛʽʚ ʥʘ ʬʘʢʫʣʴʪʝʪʘʭ ʟʘʭʠʩʪʫ ʨʦʩʣʠʥ, ʙʽʦʪʝʭʥʦ-

ʣʦʛʽʡ ʪʘ ʝʢʦʣʦʛʽʾ ʅʋɹʽʇ ʋʢʨʘʾʥʠ.  

 



 

ʈʦʟʜʽʣ 1. ɽʢʦʩʠʩʪʝʤʘ ʪʘ ʾʾ ʚʣʘʩʪʠʚʦʩʪʽ. 

 

1.1.  ʇʦʥʷʪʪʷ ʧʨʦ ʝʢʦʩʠʩʪʝʤʠ. 

ɽʢʦʩʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʩʢʣʘʜʥʠʡ ʦʙôʻʢʪ, ʷʢʠʡ  ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ 

ʙʘʛʘʪʴʦʭ ʚʠʜʽʚ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʽʚ ʪʘ ʝʣʝʤʝʥʪʽʚ ʥʝʞʠʚʦʾ ʧʨʠʨʦʜʠ, ʟʜʘʪʥʠʡ ʜʦ 

ʥʘʢʦʧʠʯʝʥʥʷ ʪʘ ʙʘʛʘʪʦʨʘʟʦʚʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʪʘ ʨʝʯʦʚʠʥʠ, ʟ ʚʝʣʠʢʠʤ 

ʯʠʩʣʦʤ ʤʝʭʘʥʽʟʤʽʚ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʩʢʣʘʜʦʚʠʤʠ, ʷʢʽ ʧʽʜʪʨʠʤʫʶʪʴ  ʮʽʣʽʩʥʽʩʪʴ ʡʦ-

ʛʦ ʩʪʨʫʢʪʫʨʠ ʚ ʥʝʧʝʨʝʨʚʥʦ ʟʤʽʥʶʚʘʥʠʭ ʫʤʦʚʘʭ. ʄʦʞʥʘ ʚʚʘʞʘʪʠ ʱʦ ʝʢʦʩʠʩ-

ʪʝʤʠ  ʻ ʚʠʱʠʤ ʽʻʨʘʨʭʽʯʥʠʤ ʨʽʚʥʝʤ ʙʽʦʩʠʩʪʝʤ, ʜʦ ʷʢʠʭ ʚʽʜʥʦʩʷʪʴʩʷ ʦʜʥʦʢʣʽʪ-

ʢʦʚʽ ʪʘ ʙʘʛʘʪʦʢʣʽʪʢʦʚʽ ʦʨʛʘʥʽʟʤʠ, ʧʦʧʫʣʷʮʽʾ, ʙʽʦʛʝʦʮʝʥʦʟ ʪʘ ʙʽʦʩʬʝʨʘ [3] . 

ɼʦ ʝʢʦʩʠʩʪʝʤ ʚʽʜʥʦʩʷʪʴʩʷ  ʷʢ ʝʣʝʤʝʥʪʘʨʥʘ ʦʜʠʥʠʮʷ - ʙʽʦʛʝʦʮʝʥʦʟ, ʪʘʢ ʽ 

ʚʩʷ ʙʽʦʩʬʝʨʘ.  ʇʽʜ ʙʽʦʛʝʦʮʝʥʦʟʦʤ ʨʦʟʫʤʽʶʪʴ, ʟʛʽʜʥʦ ʉʫʢʘʯʦʚʫ [2], ʘʩʦʮʽʘʮʽʶ, 

ʘʙʦ ʩʧʽʣʴʥʦʪʫ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʽʚ ʪʘ ʝʣʝʤʝʥʪʽʚ ʥʝʞʠʚʦʾ ʧʨʠʨʦʜʠ. ɹʽʦʛʝʦʮʝʥʦʟ 

ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʷʢ ʜʽʣʷʥʢʫ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʥʘ ʧʨʦʪʷʟʽ ʷʢʦʾ ʙʽʦʮʝʥʦʟ (ʬʽ-

ʪʦʮʝʥʦʟ, ʟʦʦʮʝʥʦʟ ʽ ʤʽʢʨʦʙʽʦʮʝʥʦʟ) ʪʘ ʚʽʜʧʦʚʽʜʥʽ ʡʦʤʫ ʯʘʩʪʠʥʠ ʘʪʤʦʩʬʝʨʠ, 

ʣʽʪʦʩʬʝʨʠ ʛʽʜʨʦʩʬʝʨʠ ʽ ʧʝʜʦʩʬʝʨʠ ʻ ʦʜʥʦʨʽʜʥʠʤʠ, ʪʽʩʥʦ ʧʦʚôʷʟʘʥʠʤʠ ʤʽʞ 

ʩʦʙʦʶ ʚʟʘʻʤʦʜʽʷʤʠ - ʦʙʤʽʥʦʤ ʨʝʯʦʚʠʥʦʶ ʽ ʝʥʝʨʛʽʻʶ ʽ ʪʦʤʫ ʫʪʚʦʨʶʶʪʴ ʻʜʠ-

ʥʠʡ, ʚʥʫʪʨʽʰʥʴʦ ʚʟʘʻʤʦʦʙʫʤʦʚʣʝʥʠʡ, ʢʦʤʧʣʝʢʩ. ʋ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ ʙʽʦʛʝʦʮʝ-

ʥʦʟ ʻ ʝʣʝʤʝʥʪʘʨʥʦʶ ʦʜʠʥʠʮʝʶ ʙʽʦʩʬʝʨʠ ï ʦʙʦʣʦʥʢʠ ɿʝʤʣʽ ʜʦ ʷʢʦʾ ʚʭʦʜʠʪʴ ʚʩʷ 

ʩʫʢʫʧʥʽʩʪʴ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʽʚ ʽ ʪʘ ʯʘʩʪʠʥʘ ʨʝʯʦʚʠʥʠ ʧʣʘʥʝʪʠ, ʷʢʘ ʟʥʘʭʦʜʠʪʴ-

ʩʷ ʫ ʥʝʧʝʨʝʨʚʥʦʤʫ ʦʙʤʽʥʽ ʽʟ ʮʠʤʠ ʦʨʛʘʥʽʟʤʘʤʠ.   

ɽʢʦʩʠʩʪʝʤʘ ʦʭʦʧʣʶʻ ʚʩʽ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʽ ʦʨʛʘʥʽʟʤʠ ʽ ʝʣʝʤʝʥʪʠ ʥʝʞʠʚʦʾ 

ʧʨʠʨʦʜʠ, ʤʽʞ ʷʢʠʤʠ, ʚ ʤʝʞʘʭ ʧʝʚʥʦʾ ʪʝʨʠʪʦʨʽʾ, ʟʜʽʡʩʥʶʻʪʴʩʷ ʢʨʫʛʦʦʙʽʛ ʨʝʯʦ-

ʚʠʥʠ ʽ ʝʥʝʨʛʽʾ. ʇʨʦʩʪʦʨʦʚʽ ʤʘʩʰʪʘʙʠ ʝʢʦʩʠʩʪʝʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʨʽʟʥʠʤʠ: ʚʽʜ 

ʨʦʟʤʽʨʽʚ ʝʣʝʤʝʥʪʘʨʥʦʾ ʦʜʠʥʠʮʽ ʙʽʦʩʬʝʨʠ -  ʙʽʦʛʝʦʮʝʥʦʟʫ ʜʦ ʟʥʘʯʥʠʭ ʛʝʦʛʨʘʬʽ-

ʯʥʠʭ ʨʘʡʦʥʽʚ. ɹʽʦʛʝʦʮʝʥʦʟ ʤʦʞʝ ʙʫʪʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʠʡ ʢʽʣʴʢʽʩʪʶ ʧʨʠʩʫʪ-

ʥʴʦʾ ʚ ʥʴʦʤʫ ʨʝʯʦʚʠʥʠ ʽ ʝʥʝʨʛʽʾ, ʘ ʪʘʢʦʞ ʩʪʘʥʦʤ ʦʨʛʘʥʽʟʤʽʚ. ʇʨʠʢʣʘʜʘʤʠ ʙʽʦ-

ʛʝʦʮʝʥʦʟʫ ʻ ʣʽʩ ʪʘ ʦʟʝʨʦ. 

ʇʨʝʜʤʝʪ ʝʢʦʣʦʛʽʾ, ʷʢ ʥʘʫʢʠ ʧʨʦ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʬʫʥʢʮʽʶʚʘʥʥʷ ʝʢʦʩʠʩ-

ʪʝʤ, ʜʦʩʠʪʴ ʩʢʣʘʜʥʠʡ ʽ ʡʦʛʦ ʚʠʢʣʘʜ ʧʦʪʨʝʙʫʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘ ʰʠʨʦʢʦʛʦ ʚʠʢʦ-

ʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʫʷʚʣʝʥʴ ʽ ʤʝʪʦʜʽʚ ʬʽʟʠʢʠ, ʤʘʪʝʤʘʪʠʢʠ, ʭʽʤʽʾ, ʙʽʦʣʦʛʽʾ, ʬʽʟʽ-

ʦʣʦʛʽʾ ʽ ʪ.ʜ. ɽʢʦʣʦʛʽʷ, ʷʢ ʽ ʽʥʰʽ ʧʨʠʨʦʜʥʠʯʽ ʥʘʫʢʠ, ʧʦʚʠʥʥʘ ʙʫʜʫʚʘʪʠʩʷ ʥʘ 

ʧʨʠʥʮʠʧʽ ʥʘʙʣʠʞʝʥʥʷ ʜʦ ʜʦʩʠʪʴ ʧʨʦʩʪʠʭ ʝʣʝʤʝʥʪʽʚ, ʟʘʢʦʥʠ ʨʫʭʫ, ʫ ʟʘʛʘʣʴʥʦ-

ʤʫ ʨʦʟʫʤʽʥʥʽ ʮʴʦʛʦ ʩʣʦʚʘ, ʷʢʠʭ ʜʦʧʫʩʢʘʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʤʘʪʠʢʠ. ʎʝ 

ʦʟʥʘʯʘʻ, ʱʦ ʪʝʦʨʝʪʠʯʥʘ ʧʦʙʫʜʦʚʘ ʝʢʦʣʦʛʽʯʥʠʭ ʤʦʜʝʣʝʡ ʧʦʚʠʥʥʘ ʙʘʟʫʚʘʪʠʩʷ 

ʥʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʧʦʥʷʪʪʷʭ ʝʥʝʨʛʽʾ ʽ ʩʠʣʠ, ʥʘ ʧʦʥʷʪʪʷʭ ʩʪʘʪʠʩʪʠʯʥʦʾ 

ʬʽʟʠʢʠ, ʪʝʨʤʦʜʠʥʘʤʽʢʠ, ʬʽʟʠʯʥʦʾ ʢʽʥʝʪʠʢʠ ʽ ʪ.ʜ. ʉʫʯʘʩʥʠʡ ʝʪʘʧ ʨʦʟʚʠʪʢʫ 

ʝʢʦʣʦʛʽʾ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʪʠʤ, ʱʦ ʥʘ ʧʝʨʰʠʡ ʧʣʘʥ ʚʠʩʪʫʧʘʻ ʧʨʦʙʣʝʤʘ ʬʦʨ-



 

ʤʫʣʶʚʘʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ ʧʦʥʷʪʴ, ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʤʝʭʘʥʽʟʤʠ 

ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ ʝʢʦʩʠʩʪʝʤ.  

ʉʧʝʮʠʬʽʢʘ ʝʢʦʩʠʩʪʝʤ ʧʨʦʷʚʣʷʻʪʴʩʷ, ʪʘʢʦʞ, ʫ ʰʠʨʦʢʦʤʫ ʩʧʝʢʪʨʽ ʭʘʨʘʢ-

ʪʝʨʥʠʭ ʯʘʩʽʚ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʤʘʶʪʴ ʤʽʩʮʝ ʫ ʙʽʦʩʬʝʨʽ.  

ɼʣʷ ʧʨʠʨʦʜʥʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ ʭʘʨʘʢʪʝʨʥʘ ʧʦʚʥʘ ʧʨʠʩʪʦʩʦʚʘʥʽʩʪʴ 

ʜʦ ʟʦʚʥʽʰʥʽʭ ʢʣʽʤʘʪʠʯʥʠʭ ʪʘ ʛʽʜʨʦʤʝʪʝʦʫʤʦʚ, ʘ ʪʘʢʦʞ 

ʩʘʤʦʨʝʛʫʣʷʮʽʷ[Gorshkov!]  ʥʘ ʨʽʟʥʠʭ ʪʨʦʬʽʯʥʠʭ ʨʽʚʥʷʭ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʟʘʙʝʟ-

ʧʝʯʫʻʪʴʩʷ ʾʭ ʩʪʽʡʢʠʡ ʩʪʘʮʽʦʥʘʨʥʠʡ ʩʪʘʥ. ʊʘʢʠʡ ʩʪʘʥ ʻ ʨʝʟʫʣʴʪʘʪʦʤ  ʝʚʦʣʶʮʽʡ-

ʥʦʛʦ ʨʦʟʚʠʪʢʫ ʙʽʣʴʰ ʟʘʛʘʣʴʥʦʛʦ ʪʠʧʫ ʩʠʩʪʝʤ - ʙʽʦʩʠʩʪʝʤ. ʊʘʢ, ʷʢ ʟʘʟʥʘʯʘʣʦʩʷ 

ʚʠʱʝ, ʟʛʽʜʥʦ ɸʤʦʩʦʚʫ ʅ.ʄ. [3], ʙʽʦʛʝʦʮʝʥʦʟ ʽ ʙʽʦʩʬʝʨʘ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʚʠʱʠʭ 

ʽʻʨʘʨʭʽʯʥʠʭ ʨʽʚʥʽʚ ʙʽʦʩʠʩʪʝʤ.  

ʇʨʠ ʘʥʪʨʦʧʦʛʝʥʥʽʡ ʜʽʾ ʧʦʨʫʰʫʶʪʴʩʷ ʚʟʘʻʤʦʟʚôʷʟʢʠ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ  

ʝʢʦʩʠʩʪʝʤʠ, ʧʨʠ ʮʴʦʤʫ ʧʨʠʨʦʜʥʽ ʝʢʦʩʠʩʪʝʤʠ ʨʫʡʥʫʶʪʴʩʷ ʽ ʥʘ ʾʭ ʤʽʩʮʽ ʚʠʥʠ-

ʢʘʶʪʴ ʰʪʫʯʥʽ ʝʢʦʣʦʛʽʯʥʽ ʩʠʩʪʝʤʠ, ʟʦʢʨʝʤʘ, ʘʛʨʦʝʢʦʩʠʩʪʝʤʠ. 

ʇʽʜ ʘʛʨʦʝʢʦʩʠʩʪʝʤʦʶ ʨʦʟʫʤʽʶʪʴ ʩʧʝʮʽʘʣʴʥʠʡ ʚʠʜ ʝʢʦʩʠʩʪʝʤʠ ï ʝʢʦʣʦʛʽ-

ʯʥʫ ʩʠʩʪʝʤʫ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʧʦʣʷ, ʥʘ ʷʢʦʤʫ ʚʠʨʦʱʫʶʪʴʩʷ ʢʫʣʴʪʫʨʥʽ 

ʨʦʩʣʠʥʠ, ʽʩʥʫʶʪʴ ʽʥʰʽ ʚʠʜʠ ʨʦʩʣʠʥ ʪʘ ʪʚʘʨʠʥ ʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʢʣʘʜʥʠʡ ʣʘʥʮʶʛ 

ʬʽʟʠʯʥʠʭ ʪʘ ʙʽʦʛʝʦʭʽʤʽʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʝʥʝʨʛʽʾ ʪʘ ʨʝʯʦʚʠʥʠ. ɺ ʘʛʨʦʝʢʦʩʠʩ-

ʪʝʤʘʭ ʩʘʤʦʨʝʛʫʣʷʮʽʷ ʧʦʨʫʰʝʥʘ, ʪʦʤʫ ʘʛʨʦʝʢʦʩʠʩʪʝʤʠ  ʥʝʩʪʘʙʽʣʴʥʽ, ʘʙʦ ʤʝʪʘʩ-

ʪʘʙʽʣʴʥʽ, ʦʩʢʽʣʴʢʠ ʚ ʥʠʭ ʧʦʨʫʰʝʥʠʡ ʧʨʠʨʦʜʥʠʡ ʦʙʤʽʥ ʨʝʯʦʚʠʥʦʶ ʪʘ ʝʥʝʨʛʽʻʶ 

ʥʘ ʨʽʟʥʠʭ ʪʨʦʬʽʯʥʠʭ ʨʽʚʥʷʭ.  ʆʩʥʦʚʥʠʡ ʢʦʤʧʦʥʝʥʪ ʘʛʨʦʝʢʦʩʠʩʪʝʤʠ - ʬʽʪʦʮʝ-

ʥʦʟ ʥʝ ʤʦʞʝ ʩʘʤʦʚʽʜʥʦʚʣʶʚʘʪʠʩʷ, ʜʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʘ ʘʥʪʨʦʧʦʛʝʥʥʘ ʜʽʷʣʴ-

ʥʽʩʪʴ. ɿ ʪʦʯʢʠ ʟʦʨʫ ʪʝʨʤʦʜʠʥʘʤʽʢʠ, ʘʛʨʦʬʽʪʦʮʝʥʦʟ ʥʝ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʩʪʘʥʽ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʨʽʚʥʦʚʘʛʠ ʽʟ ʙʽʦʪʦʧʦʤ. ʇʨʠ ʟʤʽʥʘʭ ʫ ʟʦʚʥʽʰʥʽʭ ʫʤʦʚʘʭ (ʢʣʽ-

ʤʘʪʠʯʥʠʭ ʪʘ ʛʽʜʨʦʤʝʪʝʦʫʤʦʚʘʭ), ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʚ ʟʤʽʥʽ ʭʘʨʘʢʪʝʨʫ ʘʥʪʨʦʧʦʛʝʥ-

ʥʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʘʛʨʦʝʢʦʩʠʩʪʝʤʘ ʤʦʞʝ ʜʝʩʪʘʙʽʣʽʟʫʚʘʪʠʩʷ ʽ ʧʝʨʝʡʪʠ ʚ ʽʥʰʠʡ ʤʝ-

ʪʘʩʪʘʙʽʣʴʥʠʡ ʩʪʘʥ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ, ʘʙʦ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʽʥʪʝʨʝʩʘʤ ʣʶʜʠʥʠ. 

ɹʽʦʪʠʯʥʘ ʯʘʩʪʠʥʘ ʘʛʨʦʝʢʦʩʠʩʪʝʤʠ ʤʘʻ ʚʩʽ ʣʘʥʢʠ, ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʙʫʜʴ 

ï ʷʢʠʭ ʥʘʟʝʤʥʠʭ ʝʢʦʩʠʩʪʝʤ: ʧʨʦʜʫʮʝʥʪʠ, ʢʦʥʩʫʤʝʥʪʠ ʪʘ ʨʝʜʫʮʝʥʪʠ, ʜʽʷʣʴ-

ʥʽʩʪʴ ʷʢʠʭ ʦʙʫʤʦʚʣʶʻʪʴʩʷ ʟʤʽʥʘʤʠ ʫ ʧʘʨʘʤʝʪʨʘʭ ʜʘʥʦʾ ʘʛʨʦʝʢʦʩʠʩʪʝʤʠ. ʈʘʟʦʤ 

ʽʟ ʧʦʧʫʣʷʮʽʷʤʠ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʽʚ ʨʽʟʥʠʭ ʚʠʜʽʚ, ʫ ʩʢʣʘʜ ʘʛʨʦʝʢʦʩʠʩʪʝʤʠ ʚʭʦ-

ʜʷʪʴ ʪʘʢʦʞ ʘʙʽʦʪʠʯʥʽ ʢʦʤʧʦʥʝʥʪʠ, ʷʢʽ ʚʽʜʽʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʬʫʥʢʮʽʶ-

ʚʘʥʥʽ ʾʾ ʷʢ ʮʽʣʦʛʦ, ʦʩʢʽʣʴʢʠ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʨʦʮʝʩʠ ʥʘʜʭʦʜʞʝʥʥʷ ʨʽʟʥʠʭ ʤʘʢʨʦ 

- ʪʘ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʜʦ ʙʽʦʪʠʯʥʦʾ ʢʦʤʧʦʥʝʥʪʠ. ɸʙʽʦʪʠʯʥʘ ʯʘʩʪʠʥʘ ʩʠʩʪʝʤʠ ï 

ʩʝʨʝʜʦʚʠʱʝ ʽʩʥʫʚʘʥʥʷ ʨʦʩʣʠʥ ʪʘ ʪʚʘʨʠʥ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʠʤʠ ʷʢ ʞʠʪʪʻ-

ʚʠʡ ʧʨʦʩʪʽʨ ʪʘ ʷʢ ʜʞʝʨʝʣʦ ʝʥʝʨʛʽʾ ʪʘ ʤʽʥʝʨʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ. ʌʘʢʪʠʯʥʦ, ʘʙʽ-

ʦʪʠʯʥʘ ʢʦʤʧʦʥʝʥʪʘ ʻ ʨʝʟʝʨʚʫʘʨʦʤ ʞʠʚʣʝʥʥʷ ʙʽʦʮʝʥʦʟʫ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʦʙʤʽʥʫ 

ʝʥʝʨʛʽʻʶ ʪʘ ʤʽʥʝʨʘʣʴʥʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʤʽʞ ʙʽʦʪʠʯʥʦʶ ʪʘ ʘʙʽʦʪʠʯʥʦʶ ʢʦʤʧʦ-

ʥʝʥʪʘʤʠ ʝʢʦʩʠʩʪʝʤʠ  ʟʘʣʝʞʠʪʴ, ʪʘʢʦʞ, ʚʽʜ ʟʦʚʥʽʰʥʽʭ ʫʤʦʚ. 



 

ʈʦʩʣʠʥʥʘ ʢʦʤʧʦʥʝʥʪʘ ʝʢʦʩʠʩʪʝʤʠ, ʷʢʘ ʻ ʦʩʥʦʚʥʦʶ ʤʝʪʦʶ ʩʪʚʦʨʝʥʥʷ ʘʛ-

ʨʦʝʢʦʩʠʩʪʝʤ, ʚʟʘʻʤʦʜʽʻ ʽʟ ʟʦʚʥʽʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ - ʧʨʠʟʝʤʥʠʤ ʰʘʨʦʤ ʘʪʤʦ-

ʩʬʝʨʠ ʪʘ ʚʝʨʭʥʽʤʠ ʰʘʨʘʤʠ ˇʨʫʥʪʫ. ʅʘʜʭʦʜʞʝʥʥʷ ʝʥʝʨʛʽʾ ʪʘ ʨʝʯʦʚʠʥʠ ʚʽʜʙʫʚʘ-

ʻʪʴʩʷ ʰʣʷʭʦʤ ñʛʨʘʥʠʯʥʠʭ ʧʨʦʮʝʩʽʚò, ʷʢʽ ʤʘʶʪʴ ʤʽʩʮʝ ʥʘ ʛʨʘʥʠʮʽ ʨʦʩʣʠʥʠ ʽʟ 

ʬʟ̔ʠʯʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ ï ʘʪʤʦʩʬʝʨʦʶ ʪʘ ˇʨʫʥʪʦʤ. ʊʘʢ, ʧʨʦʮʝʩʠ ʬʦʪʦʩʠʥʪʝʟʫ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʣʠʩʪʽ, ʩʪʝʙʣʘʭ ʪʘ ʨʝʧʨʦʜʫʢʪʠʚʥʠʭ ʦʨʛʘʥʘʭ, ʘ ʥʘʜʭʦʜʞʝʥʥʷ ʚʦ-

ʜʠ ʽ ʤʽʥʝʨʘʣʴʥʠʭ ʨʝʯʦʚʠʥ ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ ʛʨʘʥʠʮʶ ʢʦʨʝʥʝʚʦʾ ʩʠʩʪʝʤʠ ʪʘ 

ˇʨʫʥʪʫ. ɺʠʚʯʝʥʥʷ ʮʠʭ ʛʨʘʥʠʯʥʠʭ ʷʚʠʱ, ʬʽʟʠʯʥʦʾ ʪʘ ʙʽʦʬʽʟʠʯʥʦʾ ʧʨʠʨʦʜʠ ʾʭ, 

ʤʘʻ ʚʠʥʷʪʢʦʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʨʦʟʫʤʽʥʥʷ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʨʦʩʣʠʥ. 

ɯʟ ʥʝʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ, ʷʢʽ ʥʘʜʭʦʜʷʪʴ ʽʟ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʨʦʩ-

ʣʠʥʠ ʩʠʥʪʝʟʫʶʪʴ ʚʫʛʣʝʚʦʜʠ ʽ ʽʥʰʽ, ʙʘʛʘʪʽ ʭʽʤʽʯʥʦʶ ʝʥʝʨʛʽʻʶ, ʦʨʛʘʥʽʯʥʽ ʨʝʯʦ-

ʚʠʥʠ. ʇʨʦʮʝʩʠ ʦʙʤʽʥʫ ʤʽʞ ʩʝʨʝʜʦʚʠʱʝʤ ʪʘ ʨʦʩʣʠʥʘʤʠ ʥʝʨʦʟʜʽʣʴʥʽ, ʚʦʥʠ ʤʦ-

ʞʫʪʴ ʚʽʜʙʫʚʘʪʠʩʷ ʪʽʣʴʢʠ ʦʜʥʦʯʘʩʥʦ. ɿʚôʷʟʦʢ ʤʽʞ ʥʠʤʠ ʟʘʙʝʟʧʝʯʫʻ ʩʫʢʫʧʥʽʩʪʴ 

ʧʨʦʮʝʩʽʚ ʚ ʨʦʩʣʠʥʘʭ (ʚʫʛʣʝʮʝʚʠʡ ʪʘ ʚʦʜʥʠʡ ʦʙʤʽʥʠ, ʦʙʤʽʥ ʤʽʥʝʨʘʣʴʥʠʭ ʨʝʯʦ-

ʚʠʥ). 

ɺ ʩʚʦʶ ʯʝʨʛʫ, ʩʢʣʘʜ ʪʘ ʨʝʞʠʤ ʧʦʚʽʪʨʷʥʦʛʦ ʪʘ ˇʨʫʥʪʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

ʽʩʥʫʚʘʥʥʷ ʨʦʩʣʠʥ, ʟʥʘʭʦʜʠʪʴʩʷ ʧʽʜ ʙʝʟʧʦʩʝʨʝʜʥʴʦʶ ʜʽʻʶ ʚʥʫʪʨʽʰʥʽʭ ʢʦʤʧʦ-

ʥʝʥʪʽʚ ʘʛʨʦʝʢʦʩʠʩʪʝʤʠ, ʧʝʨʰ ʟʘ ʚʩʝ ʨʦʩʣʠʥʥʦʩʪʽ,  ʘ ʪʘʢʦʞ ʟʘʟʥʘʻ ʩʠʣʴʥʦʛʦ 

ʚʧʣʠʚʫ ʟʦʚʥʽʰʥʽʭ, ʘʪʤʦʩʬʝʨʥʦʛʦ ʪʘ ˇʨʫʥʪʦʚʦʛʦ, ʧʨʦʮʝʩʽʚ. ɹʝʨʫʯʠ ʫʯʘʩʪʴ ʚ 

ʦʙʤʽʥʥʠʭ ʧʨʦʮʝʩʘʭ ʥʘ ʚʢʘʟʘʥʠʭ ʛʨʘʥʠʮʷʭ, ʬʽʪʦʮʝʥʦʟ ʟʤʽʥʶʻ ʧʦʚʽʪʨʷʥʝ ʪʘ ˇʨʫ-

ʥʪʦʚʝ ʩʝʨʝʜʦʚʠʱʝ, ʧʦʤôʷʢʰʫʶʯʠ ʨʽʟʢʽ ʢʦʣʠʚʘʥʥʷ ʟʦʚʥʽʰʥʽʭ ʫʤʦʚ. 

ʋ ʧʦʚʽʪʨʷʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʮʽ ʟʤʽʥʠ ʦʭʦʧʣʶʶʪʴ ʥʘʩʪʫʧʥʽ ʧʨʦʮʝʩʠ: ʧʝ-

ʨʝʥʦʩ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ ʚ ʨʦʩʣʠʥʥʦʤʫ ʧʦʢʨʦʚʽ, ʾʾ ʧʦʛʣʠʥʘʥʥʷ ʪʘ ʨʦʟʩʽʶʚʘʥʥʷ 

ʬʽʪʦʝʣʝʤʝʥʪʘʤʠ, ʧʦʛʣʠʥʘʥʥʷ ʪʘ ʚʽʜʜʟʝʨʢʘʣʝʥʥʷ ˇʨʫʥʪʦʤ, ʧʦʩʣʘʙʣʝʥʥʷ ʰʚʠʜ-

ʢʦʩʪʽ ʚʽʪʨʫ ʪʘ ʟʤʽʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʪʤʦʩʬʝʨʥʦʾ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ ʫ ʰʘʨʘʭ ʧʦʚʽ-

ʪʨʷ ʥʘʜ ʨʦʩʣʠʥʥʠʤ ʧʦʢʨʦʚʦʤ ʪʘ ʚʩʝʨʝʜʠʥʽ ʡʦʛʦ, ʢʦʥʚʝʢʪʠʚʥʠʡ ʧʝʨʝʥʦʩ ʪʝʧʣʘ 

ʚ ʰʘʨʘʭ ʧʦʚʽʪʨʷ ʥʘʜ ʨʦʩʣʠʥʥʠʤ ʧʦʢʨʦʚʦʤ ʪʘ ʚʩʝʨʝʜʠʥʽ ʡʦʛʦ, ʚʠʜʽʣʝʥʥʷ ʚʦʜʷ-

ʥʦʛʦ ʧʘʨʫ ʽʟ ˇʨʫʥʪʫ (ʚʠʧʘʨʦʚʫʚʘʥʥʷ) ʪʘ ʬʽʪʦʝʣʝʤʝʥʪʽʚ (ʪʨʘʥʩʧʽʨʘʮʽʷ) ʽ ʡʦʛʦ 

ʧʝʨʝʥʦʩ ʫ ʧʦʚʽʪʨʽ. ʇʽʜ ʚʧʣʠʚʦʤ ʮʠʭ ʧʨʦʮʝʩʽʚ ʬʦʨʤʫʶʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʥʽ ʨʝ-

ʞʠʤʠ ˇʨʫʥʪʫ ʪʘ ʨʦʩʣʠʥʥʦʩʪʽ. ʇʦʨʷʜ ʽʟ ʪʝʧʣʦʚʠʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʘʪʤʦʩʬʝʨʠ 

ʚʦʥʠ ʦʙʫʤʦʚʣʶʶʪʴ ʧʝʨʝʥʦʩ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʰʘʨʘʭ ʧʦʚʽʪʨʷ ʥʘʜ 

ʨʦʩʣʠʥʥʠʤ ʰʘʨʦʤ ʪʘ ʚʩʝʨʝʜʠʥʽ ʡʦʛʦ. ʇʨʦʮʝʩʠ ʬʦʪʦʩʠʥʪʝʟʫ ʪʘ ʜʠʭʘʥʥʷ ʨʦʩ-

ʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ ʚʠʟʥʘʯʘʶʪʴ ʨʝʞʠʤ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ, ʱʦ ʦʭʦʧʣʶʻ ʚʠʜʽʣʝʥ-

ʥʷ ʉʆ2 ʽʟ ˇʨʫʥʪʫ, ʡʦʛʦ ʧʝʨʝʥʦʩ ʚ ʧʦʚʽʪʨʷ ʪʘ ʧʦʛʣʠʥʘʥʥʷ ʚʜʝʥʴ ʘʙʦ ʚʠʜʽʣʝʥʥʷ 

(ʚʥʦʯʽ) ʨʦʩʣʠʥʘʤʠ.  ʅʘ ʧʨʦʪʠʚʘʛʫ ʧʝʨʝʥʦʩʫ ʉʆ2  ʡʜʝ ʧʝʨʝʥʦʩ ʢʠʩʥʶ ʪʘ ʡʦʛʦ 

ʧʦʛʣʠʥʘʥʥʷ ˇʨʫʥʪʦʤ ʽ ʚʠʜʽʣʝʥʥʷ (ʚʜʝʥʴ) ʘʙʦ ʧʦʛʣʠʥʘʥʥʷ (ʚʥʦʯʽ) ʨʦʩʣʠʥʘʤʠ.  

ˆʨʫʥʪʦʚʝ ʩʝʨʝʜʦʚʠʱʝ ʻ ʚʠʟʥʘʯʘʣʴʥʦʶ, ʣʘʥʢʦʶ ʘʛʨʦʝʢʦʩʠʩʪʝʤʠ, ʦʩʢʽʣʴ-

ʢʠ ʚʦʥʦ ʧʦʚôʷʟʘʥʝ ʟ ʫʩʽʤʘ ʽʥʰʠʤʠ ʾʾ ʢʦʤʧʦʥʝʥʪʘʤʠ, - ʧʽʜʪʨʠʤʘʥʥʷ ʮʠʭ 

ʟʚôʷʟʢʽʚ ʤʘʻ ʞʠʪʪʻʚʦ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʬʫʥʢʮʽʶʚʘʥʥʷ ʚʩʽʻʾ ʘʛʨʦʝʢʦʩʠʩ-



 

ʪʝʤʠ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ˇʨʫʥʪ ʻ ʦʩʥʦʚʥʠʤ ʜʞʝʨʝʣʦʤ ʥʘʜʭʦʜʞʝʥʥʷ ʨʽʟʥʦʛʦ ʨʦʜʫ 

ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʫ ʨʦʩʣʠʥʠ.  

ɺʣʘʩʪʠʚʦʩʪʽ ˇʨʫʥʪʫ  ʤʦʞʥʘ ʨʦʟʙʠʪʠ ʥʘ ʜʚʽ ʛʨʫʧʠ. ɼʦ ʧʝʨʰʦʾ ʚʽʜʥʦʩʷʪʴʩʷ 

ʢʦʥʩʝʨʚʘʪʠʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʷʢʽ, ʭʦʯ ʽ ʨʽʟʥʽ ʚ ˇʨʫʥʪʘʭ ʨʽʟʥʠʭ ʘʛʨʦʝʢʦʩʠʩʪʝʤ, 

ʘʣʝ ʚ ʢʦʞʥʦʤʫ ʢʦʥʢʨʝʪʥʦʤʫ ʪʠʧʽ ˇʨʫʥʪʫ ʟʤʽʥʶʶʪʴʩʷ ʧʦʨʽʚʥʷʥʦ ʤʘʣʦ, ʚʽʜʦ-

ʙʨʘʞʘʶʯʠ ʫʤʦʚʠ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʧʦʪʦʯʥʠʡ ʢʦʤʧʣʝʢʩ ʝʢʦʣʦʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ ʚ 

ʜʘʥʽʡ ʘʛʨʦʝʢʦʩʠʩʪʝʤʽ:  ʦʩʥʦʚʥʽ ʬʽʟʠʯʥʽ ʪʘ ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ˇʨʫʥʪʦʚʦʾ ʤʘʩʠ 

(ʛʫʩʪʠʥʘ, ʧʦʨʠʩʪʽʩʪʴ, ʤʝʭʘʥʽʯʥʠʡ ʩʢʣʘʜ, ʚʘʣʦʚʠʡ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ, ʚʤʽʩʪ ʛʫʤʫ-

ʩʫ ʪʘ ʘʟʦʪʫ, ʻʤʥʽʩʪʴ ʢʘʪʽʦʥʥʦʛʦ ʦʙʤʽʥʫ), ʘ ʪʘʢʦʞ ʙʽʦʤʘʩʘ ʪʘ ʨʦʟʧʦʜʽʣ ʞʠ-

ʚʠʭ ʦʨʛʘʥʽʟʤʽʚ. ɼʨʫʛʫ ʛʨʫʧʫ ʚʣʘʩʪʠʚʦʩʪʝʡ ˇʨʫʥʪʫ ʫʪʚʦʨʶʶʪʴ ʜʦʩʠʪʴ ʤʽʥʣʠʚʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ˇʨʫʥʪʦʚʦʛʦ ʧʨʦʬʽʣʶ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʨʦʮʝʩʘʤʠ ʚʟʘʻʤʦʜʽʾ 

ˇʨʫʥʪʫ ʽʟ ʘʪʤʦʩʬʝʨʦʶ ʪʘ ʨʦʩʣʠʥʥʠʤ ʧʦʢʨʠʚʦʤ. ʇʽʜ ʚʧʣʠʚʦʤ ʮʠʭ ʧʨʦʮʝʩʽʚ 

ʬʦʨʤʫʻʪʴʩʷ ʪʝʧʣʦʚʠʡ, ʚʦʜʥʠʡ ʪʘ ʧʦʚʽʪʨʷʥʠʡ ʨʝʞʠʤʠ ˇʨʫʥʪʫ, ʚʤʽʩʪ ʫ ˇʨʫʥʪʽ 

ʝʣʝʤʝʥʪʽʚ ʤʽʥʝʨʘʣʴʥʦʛʦ ʞʠʚʣʝʥʥʷ.  

ʉʠʩʪʝʤʫ ˇʨʫʥʪ ï ʨʦʩʣʠʥʘ ï ʘʪʤʦʩʬʝʨʘ ʫʤʦʚʥʦ ʧʽʜʨʦʟʜʽʣʷʶʪʴ ʥʘ 6 ʛʦʨʠ-

ʟʦʥʪʘʣʴʥʠʭ ʰʘʨʽʚ (ʨʠʩ.1.1). ʇʦ ʚʝʨʪʠʢʘʣʽ ʚʽʜ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ ʜʦ ʚʝʨʭʥʴʦʾ ʤʝ-

ʞʽ ʨʦʩʣʠʥʥʦʩʪʽ ho(t), ʪʘ ʜʦ ʥʠʞʥʴʦʾ ʤʝʞʽ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʢʦʨʝʥʽʚ ro(t), ʚʠʜʽ-

ʣʷʻʪʴʩʷ ʚʥʫʪʨʽʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ï ʥʝʚʽʜôʻʤʥʘ ʩʢʣʘʜʦʚʘ ʯʘʩʪʠʥʘ ʘʛʨʦʝʢʦʩʠʩʪʝ-

ʤʠ. ʎʝ, ʚʽʜʧʦʚʽʜʥʦ, ʘʪʤʦʩʬʝʨʥʝ ʪʘ ˇʨʫʥʪʦʚʝ ʩʝʨʝʜʦʚʠʱʘ ʘʛʨʦʝʢʦʩʠʩʪʝʤʠ. ɼʦ 

ʥʠʭ  ʧʨʠʤʠʢʘʶʪʴ ʧʝʨʝʭʽʜʥʽ, ʙʫʬʝʨʥʽ ʟʦʥʠ, ʚ ʷʢʠʭ ʝʣʝʤʝʥʪʠ ʬʽʪʦʤʘʩʠ ʚʽʜʩʫʪʥʽ, 

ʘʣʝ ʬʽʟʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʠʭ ʟʦʥ, ʟʘʚʜʷʢʠ ʧʨʦʮʝʩʘʤ ʦʙʤʽʥʫ, ʟʙʝʨʽʛʘʶʪʴ ʜʝ-

ʷʢʫ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʢʫʣʴʪʫʨʥʦʛʦ ʬʽʪʦʮʝʥʦʟʫ (ʘʛʨʦʮʝʥʦʟʫ). 

ɺʣʘʩʪʠʚʦʩʪʽ ʚʥʫʪʨʽʰʥʽʭ, ʘʪʤʦʩʬʝʨʥʦʛʦ ʪʘ ˇʨʫʥʪʦʚʦʛʦ, ʩʝʨʝʜʦʚʠʱ ʘʛʨʦʝ-

ʢʦʩʠʩʪʝʤʠ, ʪʦʙʪʦ, ʧʨʠʟʝʤʥʠʡ ʰʘʨ ʘʪʤʦʩʬʝʨʠ ʪʘ ʚʝʨʭʥʽ ʰʘʨʠ ˇʨʫʥʪʫ ʚʠʟʥʘʯʘ-

ʶʪʴʩʷ ʧʨʦʮʝʩʘʤʠ ʚʟʘʻʤʦʜʽʾ ʟ ʽʥʰʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʘʛʨʦʝʢʦʩʠʩʪʝʤʠ (ʪʝʧʣʦʦ-

ʙʤʽʥ, ʚʦʣʦʛʦ ʦʙʤʽʥ, ʬʦʪʦʩʠʥʪʝʟ, ʜʠʭʘʥʥʷ ʪʘ ʽʥ.). ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʥʠʭ, ʚʣʘʩʪʠ-

ʚʦʩʪʽ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʘʛʨʦʝʢʦʩʠʩʪʝʤʠ (z>H1 ʪʘ z<R1) ʬʦʨʤʫʶʪʴʩʷ  

ʧʽʜ ʚʧʣʠʚʦʤ ʧʨʦʮʝʩʽʚ ʽʥʰʠʭ, ʙʽʣʴʰ ʢʨʫʧʥʠʭ, ʤʘʩʰʪʘʙʽʚ, ʥʝʟʘʣʝʞʥʠʭ ʚʽʜ 

ʚʧʣʠʚʽʚ ʘʛʨʝʢʦʩʠʩʪʝʤʠ: ʘʪʤʦʩʬʝʨʥʽ ʧʨʦʮʝʩʠ ʪʘ ʧʨʦʮʝʩʠ, ʱʦ ʧʨʦʪʽʢʘʶʪʴ ʫ ʧʽʜ-

ʩʪʠʣʘʶʯʽʡ ʧʦʨʦʜʽ. 



 

 
ʈʠʩʫʥʦʢ 1.1. ʉʠʩʪʝʤʘ ʛʨʫʥʪ ïʨʦʩʣʠʥʘ - ʘʪʤʦʩʬʝʨʘ 

ʄʝʞʘ ʟʦʚʥʽʰʥʴʦʛʦ ʪʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʘʛʨʦʝʢʦʩʠʩʪʝʤʠ ʨʫʭʦ-

ʤʘ ʫ ʯʘʩʽ ʽ ʚ ʧʨʦʩʪʦʨʽ, ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʦʩʪʦʤ ʪʘ ʨʦʟʚʠʪʢʦʤ ʘʛʨʦʬʽʪʦʮʝ-

ʥʦʟʫ. 

ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʜʫ ʘʛʨʦʬʽʪʦʮʝʥʦʟʫ ʪʘ ʬʘʟʠ ʡʦʛʦ ʨʦʟʚʠʪʢʫ ʤʝʞʘ ʘʪ-

ʤʦʩʬʝʨʥʦʛʦ ʪʘ ˇʨʫʥʪʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱ ʘʛʨʦʝʢʦʩʠʩʪʝʤʠ ʤʦʞʫʪʴ ʟʤʽʥʶʚʘʪʠʩʷ 

ʚʽʜ ʜʝʢʽʣʴʢʦʭ ʜʝʩʷʪʢʽʚ ʩʘʥʪʠʤʝʪʨʽʚ  ʜʦ ʜʝʢʽʣʴʢʦʭ ʤʝʪʨʽʚ. 

 

1.2.  ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ   ʝʢʦʩʠʩʪʝʤ.  

ɽʢʦʩʠʩʪʝʤʠ, ʷʢ ʽ  ʚʟʘʛʘʣʽ ʩʠʩʪʝʤʠ, ʤʦʞʥʘ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʨʷʜʦʤ ʧʘʨʘ-

ʤʝʪʨʽʚ, ʷʢʽ ʦʧʠʩʫʶʪʴ ʾʭ ʩʪʘʥ. ʆʩʢʽʣʴʢʠ ʝʢʦʩʠʩʪʝʤʘ ʟʘʟʥʘʻ ʚʧʣʠʚʫ ʦʪʦʯʫʶʯʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ʪʦ ʩʝʨʝʜ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʣʽʜ ʨʦʟʨʽʟʥʷʪʠ ʚʥʫʪʨʽʰʥʽ ʽ ʟʦʚʥʽʰʥʽ 

ʧʘʨʘʤʝʪʨʠ. ɼʦ ʚʥʫʪʨʽʰʥʽʭ ʚʽʜʥʦʩʷʪʴʩʷ ʧʘʨʘʤʝʪʨʠ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʙʝʟ-

ʧʦʩʝʨʝʜʥʴʦ ʩʘʤʫ ʩʠʩʪʝʤʫ, ʧʦʚôʷʟʫʶʪʴʩʷ ʽʟ  ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʩʘʤʦʾ ʝʢʦʩʠʩʪʝ-

ʤʠ, ʘʙʦ ʦʢʨʝʤʠʭ ʾʾ ʢʦʤʧʦʥʝʥʪʽʚ, ʘʣʝ ʤʦʞʫʪʴ ʟʤʽʥʶʚʘʪʠʩʷ ʚʥʘʩʣʽʜʦʢ ʟʤʽʥʠ 

ʟʦʚʥʽʰʥʽʭ ʫʤʦʚ. ʊʘʢʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʻ ʯʠʩʝʣʴʥʽʩʪʴ ʪʘ ʙʽʦʤʘʩʘ ʧʦʧʫʣʷʮʽʡ, ʟʘ-

ʧʘʩʠ ʨʽʟʥʠʭ ʨʝʯʦʚʠʥ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʟʝʤʥʦʛʦ ʰʘʨʫ ʧʦʚʽʪʨʷ, ʤʘʩʠ ʚʦʜʠ ʽ 

ˇʨʫʥʪʫ, ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ ˇʨʫʥʪʫ. ʆʪʞʝ ʧʘʨʘʤʝʪʨʠ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʚʚʦʜʠʪʠ ʜʣʷ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʩʪʘʥʫ ʝʢʦʩʠʩʪʝʤʠ, ʚʽʜʥʦʩʷʪʴʩʷ ʷʢ ʜʦ ʙʽʦʪʠʯʥʦʾ ʪʘʢ ʽ ʘʙʽʦʪʠʯʥʦʾ 

ʩʢʣʘʜʦʚʠʭ ʝʢʦʩʠʩʪʝʤʠ. ʊʘʢʽ ʧʘʨʘʤʝʪʨʠ ʽʥʦʜʽ ʥʘʟʠʚʘʶʪʴʩʷ ʝʥʜʦʛʝʥʥʠʤʠ. 

ɼʦ ʟʦʚʥʽʰʥʽʭ, (ʝʢʟʦʛʝʥʥʠʭ, ʘʙʦ ʝʢʪʦʧʽʯʥʠʭ) ʚʽʜʥʦʩʷʪʴʩʷ ʧʘʨʘʤʝʪʨʠ  ʷʢʽ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʟʦʚʥʽʰʥʻ, ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʜʘʥʦʾ ʝʢʦʩʠʩʪʝʤʠ, ʩʝʨʝʜʦʚʠʱʝ ʽ 

ʟʤʽʥʘ ʷʢʠʭ ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ ʧʝʚʥʫ ʨʝʘʢʮʽʶ ʨʦʟʛʣʷʜʫʚʘʥʦʾ ʝʢʦʩʠʩʪʝʤʠ, ʪʦʙʪʦ 



 

ʟʤʽʥʫ ʝʥʜʦʛʝʥʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ɼʦ ʝʢʟʦʛʝʥʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʽʜʥʦʩʷʪʴʩʷ ʤʝʪʝʦ-

ʨʦʣʦʛʽʯʥʽ (ʢʣʽʤʘʪʠʯʥʽ), ʛʝʦʣʦʛʽʯʥʽ, ʛʽʜʨʦʣʦʛʽʯʥʽ, ʘ ʪʘʢʦʞ ʪʽ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫ-

ʶʪʴ ʘʥʪʨʦʧʦʛʝʥʥʠʡ ʚʧʣʠʚ ʥʘ ʜʘʥʫ ʝʢʦʩʠʩʪʝʤʫ. 

ʉʝʨʝʜ ʝʥʜʦʛʝʥʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʦʩʦʙʣʠʚʫ ʨʦʣʴ ʚʽʜʽʛʨʘʶʪʴ  ʘʜʠʪʠʚʥʽ (ʽʥʪʝ-

ʥʩʠʚʥʽ), ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʯʠʩʝʣʴʥʽʩʪʴ, ʙʽʦʤʘʩʫ ʧʦʧʫʣʷʮʽʡ ʦʨʛʘʥʽʟʤʽʚ, ʘ ʪʘ-

ʢʦʞ ʟʘʧʘʩʠ ʨʽʟʥʠʭ ʬʦʨʤ ʨʝʯʦʚʠʥʠ ʪʘ ʝʥʝʨʛʽʾ. ɿʤʽʥʘ ʫ ʯʘʩʽ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʦ-

ʚʠʥʥʘ ʟʘʜʦʚʦʣʴʥʷʪʠ ʧʝʚʥʽ ʟʘʢʦʥʠ ʟʙʝʨʝʞʝʥʥʷ. 

ʏʠʩʣʦ ʧʘʨʘʤʝʪʨʽʚ ʝʢʦʩʠʩʪʝʤʠ ʤʦʞʝ ʙʫʪʠ ʥʘʜʟʚʠʯʘʡʥʦ ʚʝʣʠʢʠʤ, ʦʜʥʘʢ 

ʧʦ ʩʚʦʾʡ ʟʥʘʯʠʤʦʩʪʽ ʥʝ ʚʩʽ ʚʦʥʠ ʻ ʨʽʚʥʦʩʠʣʴʥʠʤʠ ʫ ʩʤʠʩʣʽ ʚʠʟʥʘʯʝʥʥʷ ʩʪʘʥʫ 

ʪʘ ʧʦʜʘʣʴʰʦʾ ʝʚʦʣʶʮʽʾ ʝʢʦʩʠʩʪʝʤʠ. ʊʦʤʫ ʚʠʜʽʣʷʶʪʴ ʜʝʷʢʽ ʬʘʢʪʦʨʠ, ʚ ʟʘʣʝʞ-

ʥʦʩʪʽ ʚʽʜ ʭʘʨʘʢʪʝʨʫ ʨʦʟʛʣʷʜʫʚʘʥʦʾ ʟʘʜʘʯʽ, ʷʢʽ ʻ ʥʘʡʙʽʣʴʰ ʩʫʪʪʻʚʠʤʠ, ʘʙʦ, ʷʢ 

ʛʦʚʦʨʷʪʴ, ʽʤʧʝʨʘʪʠʚʥʠʤʠ. ʊʘʢ ʚ ʥʘʟʝʤʥʠʭ ʝʢʦʩʠʩʪʝʤʘʭ ʽʟ ʯʠʩʣʘ ʝʢʟʦʛʝʥʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʚʠʜʽʣʷʶʪʴʩʷ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ, ʪʝʤʧʝʨʘʪʫʨʘ ʪʘ 

ʚʦʣʦʛʽʩʪʴ ʧʦʚʽʪʨʷ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʘʪʤʦʩʬʝʨʥʠʭ ʦʧʘʜʽʚ, ʰʚʠʜʢʽʩʪʴ ʟʘʥʝʩʝʥʥʷ 

ʩʧʦʨ, ʩʽʤʝʥ, ʧʨʠʪʦʢ ʜʦʨʦʩʣʠʭ ʦʩʦʙʠʥ ʨʽʟʥʠʭ ʚʠʜʽʚ ʽʟ ʽʥʰʠʭ ʝʢʦʩʠʩʪʝʤ, ʘ ʪʘ-

ʢʦʞ ʨʽʟʥʽ ʧʘʨʘʤʝʪʨʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʘʥʪʨʦʧʦʛʝʥʥʠʡ ʚʧʣʠʚ (ʥʘʧʨ. ʟʘ-

ʙʨʫʜʥʝʥʥʷ) ʽ ʽʥʰʽ. 

ɯʟ ʝʥʜʦʛʝʥʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʫ ʥʘʟʝʤʥʠʭ ʝʢʦʩʠʩʪʝʤʘʭ ʽʤʧʝʨʘʪʠʚʥʠʡ ʭʘʨʘ-

ʢʪʝʨ ʤʘʶʪʴ ʤʽʢʨʦ ʤʝʪʝʦʨʦʣʦʛʽʯʥʽ (ʦʩʚʽʪʣʝʥʽʩʪʴ, ʪʝʤʧʝʨʘʪʫʨʘ ʪʘ ʚʦʣʦ-

ʛʽʩʪʴ ʧʨʠʟʝʤʥʦʛʦ ʰʘʨʫ ʧʦʚʽʪʨʷ, ʚʤʽʩʪ ʫ ʥʴʦʤʫ ʆ2 ʪʘ ʉʆ2; ˇʨʫʥʪʦʚʽ ï ʪʝʤʧʝ-

ʨʘʪʫʨʘ, ʚʦʣʦʛʽʩʪʴ, ʘʝʨʘʮʽʷ ˇʨʫʥʪʫ, ʬʽʟʠʢʦ ï ʤʝʭʘʥʽʯʥʽ ʪʘ ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩ-

ʪʽ, ʚʤʽʩʪ ʛʫʤʫʩʫ ʽ ʽʥʰʽ. ɯʟ ʙʽʦʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽʤʧʝʨʘʪʠʚʥʠʡ ʭʘʨʘʢʪʝʨ 

ʤʘʶʪʴ ʛʫʩʪʠʥʘ ʧʦʧʫʣʷʮʽʡ ʨʽʟʥʠʭ ʚʠʜʽʚ, ʚʽʢʦʚʠʡ ʪʘ ʩʪʘʪʝʚʠʡ ʩʪʘʥ ʽ ʪ.ʜ. 

ʂʦʞʥʠʡ ʝʥʜʦʛʝʥʥʠʡ  i -ʡ ʧʘʨʘʤʝʪʨ (i = 1,2,é,n) ʤʦʞʥʘ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ 

ʤʘʪʝʤʘʪʠʯʥʦʶ ʚʝʣʠʯʠʥʦʶ xi ʧʝʚʥʦʾ ʨʦʟʤʽʨʥʦʩʪʽ. ʑʦʙ ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʤʥʦ-

ʞʠʥʫ ʚʩʽʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʾʭ ʟʥʘʯʝʥʴ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʧʦʥʷʪʪʷ ʧʨʦʩʪʦʨʫ 

ʧʘʨʘʤʝʪʨʽʚ ʝʢʦʩʠʩʪʝʤʠ ï ʝʢʦʣʦʛʽʯʥʦʛʦ ʧʨʦʩʪʦʨʫ. ʆʪʞʝ, ʧʨʦʩʪʦʨʦʤ ʝʢʦʣʦʛʽʯ-

ʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʻ ʧʨʦʩʪʽʨ, ʢʦʦʨʜʠʥʘʪʠ ʷʢʦʛʦ ʩʧʽʚʟʽʩʪʘʚʣʝʥʽ ʽʟ ʧʝʚʥʠʤʠ ʝʢʦʣʦ-

ʛʽʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ.  ʂʦʞʥʽʡ ʢʦʥʢʨʝʪʥʽʡ ʢʦʤʙʽʥʘʮʽʾ ʝʢʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

x1 =x1
*, é, xn = xn

*  ʙʫʜʝ ʚʽʜʧʦʚʽʜʘʪʠ ʪʦʯʢʘ ʫ ʝʢʦʣʦʛʽʯʥʦʤʫ ʧʨʦʩʪʦʨʽ ʟ ʢʦʦʨʜʠ-

ʥʘʪʘʤʠ  (x1
*, é, xn

*). ʇʨʠ ʟʤʽʥʽ ʫ ʯʘʩʽ ʝʢʟʦʛʝʥʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʟʤʽʥʘ ʝʥʜʦʛʝʥʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʽʟ ʟʚôʷʟʢʘʤʠ, ʭʘʨʘʢʪʝʨʥʠʤʠ ʜʣʷ 

ʜʘʥʦʾ ʝʢʦʩʠʩʪʝʤʠ, ʽʥʰʠʤʠ ʩʣʦʚʘʤʠ ʤʠ ʦʪʨʠʤʫʻʤʦ ʢʨʠʚʫ ʚ n ï ʚʠʤʽʨʥʦʤʫ ʬʘ-

ʟʦʚʦʤʫ ʝʢʦʣʦʛʽʯʥʦʤʫ ʧʨʦʩʪʦʨʽ. 

 

1.3. ɯʻʨʘʨʭʽʷ ʯʘʩʽʚ ʚ ʝʢʦʩʠʩʪʝʤʘʭ. 

ɼʠʥʘʤʽʢʘ ʝʚʦʣʶʮʽʾ ʝʢʦʩʠʩʪʝʤ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʤʽʥʘʤʠ ʫ ʯʘʩʽ ʾʾ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ - ʧʝʨʝʭʦʜʘʤʠ ʤʽʞ ʾʾ ʤʦʞʣʠʚʠʤʠ ʩʪʘʥʘʤʠ.  ʍʘʨʘʢʪʝʨʥʽ ʯʘʩʠ ʧʨʦʮʝʩʽʚ, ʱʦ 



 

ʤʘʶʪʴ ʤʽʩʮʝ ʫ ʙʽʦʩʬʝʨʽ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʝʣʠʢʠʤ ʩʧʝʢʪʨʦʤ. ʋ ʪʘʙʣ. 1.1 

ʧʨʠʚʝʜʝʥʽ ʪʠʧʦʚʽ ʧʨʠʨʦʜʥʽ ʧʨʦʮʝʩʠ ʽ, ʚʽʜʧʦʚʽʜʥʽ ʾʤ, ʭʘʨʘʢʪʝʨʥʽ ʯʘʩʠ. 

ʇʨʠ ʧʦʙʫʜʦʚʽ ʤʦʜʝʣʝʡ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʘʛʨʦʝʢʦʩʠʩʪʝʤ, ʷʢʽ 

ʤʘʶʪʴ ʩʢʣʘʜʥʠʡ ʭʘʨʘʢʪʝʨ ʧʦ ʧʨʠʯʠʥʽ ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʛʦ ʙʽʦʣʦʛʽʯʥʦʛʦ ʚʧʣʠʚʫ 

ʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʪʘ ʩʢʣʘʜʥʦʛʦ ʟʚôʷʟʢʫ ʬʘʢʪʦʨʽʚ ʤʽʞ ʩʦʙʦʶ, ʚʨʘʭʦʚʫʻʪʴʩʷ ʱʦ 

ʧʨʦʮʝʩʠ, ʷʢʽ ʬʦʨʤʫʶʪʴ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʢʫʣʴʪʫʨʠ, ʟʤʽʥʶʶʪʴʩʷ ʫ ʯʘʩʽ ʽ ʮʽ ʟʤʽ-

ʥʠ ʥʦʩʷʪʴ ʬʨʘʛʤʝʥʪʘʨʥʠʡ ʭʘʨʘʢʪʝʨ, ʪʦʙʪʦ ʚ ʨʽʟʥʽ ʧʨʦʤʽʞʢʠ ʯʘʩʫ ʤʠ ʧʦʚʠʥʥʽ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʨʽʟʥʽ ʨʽʚʥʷʥʥʷ (ʥʘʧʨʠʢʣʘʜ ʬʫʥʢʮʽʷ ʨʦʩʪʫ ʚ ʨʽʟʥʽ ʚʝʛʝʪʘʮʽʡʥʽ 

ʧʝʨʽʦʜʠ, ʧʦʷʚʘ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʦʨʛʘʥʫ ʽ ʪ.ʧ.). ʇʨʠ ʮʴʦʤʫ ʚʨʘʭʦʚʫʶʪʴʩʷ, ʧʨʠ 

ʩʪʚʦʨʝʥʥʽ ʤʦʜʝʣʝʡ, ʟʤʽʥʠ ʧʨʦʮʝʩʽʚ,  ʪʘ ʚʽʜʧʦʚʽʜʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʧʨʝʜʩʪʘʚʣʝʥʥʷ 

, ʷʢʽ ʧʨʠʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 1.2 (ʜʠʚ. ʥʘʧʨ. [4]). ʇʦʨʷʜ ʽʟ ʧʨʦʮʝʩʘʤʠ ʷʢʽ ʤʘʶʪʴ 

ʤʘʩʰʪʘʙʠ, ʚʢʘʟʘʥʽ ʫ ʪʘʙʣʠʮʽ 1.1, ʯʘʩʪʦ, ʚ ʨʽʟʥʠʭ ʝʢʦʩʠʩʪʝʤʘʭ ʤʦʞʫʪʴ ʚʽʜʙʫʚʘ-

ʪʠʩʷ ʷʚʠʱʘ ʬʣʫʢʪʫʘʮʽʡʥʦʛʦ ʭʘʨʘʢʪʝʨʫ, ʥʘʧʨʠʢʣʘʜ, ʚʠʚʝʨʞʝʥʥʷ  ʚʫʣʢʘʥʽʚ ʪʘ 

ʨʽʟʢʽ ʟʙʫʨʝʥʥʷ ʘʪʤʦʩʬʝʨʠ ʪʘ ʛʽʜʨʦʩʬʝʨʠ. 

          ʅʘʷʚʥʽʩʪʴ ʨʽʟʥʠʭ ʤʘʩʰʪʘʙʽʚ, ʜʦʟʚʦʣʷʻ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʘʜʘʯʽ, ʚʠʜʽʣʷʪʠ 

ʚ ʝʢʦʩʠʩʪʝʤʘʭ ʧʦʚʽʣʴʥʽ ʪʘ ʰʚʠʜʢʽ ʧʨʦʮʝʩʠ. ʎʝ ʜʦʟʚʦʣʷʻ ʫ ʨʷʜʽ ʚʠʧʘʜʢʽʚ 

ʩʧʨʦʱʫʚʘʪʠ ʟʘʜʘʯʫ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʝʡ ʝʢʦʩʠʩʪʝʤʠ, ʰʣʷʭʦʤ ʨʦʟʛʣʷʜʫ ʩʪʘʮʽʦ-

ʥʘʨʥʠʭ ʩʪʘʥʽʚ ʩʠʩʪʝʤʠ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʚʽʜʧʦʚʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʘʙʦ ʧʨʦʚʦ-

ʜʠʪʠ ʫʩʝʨʝʜʥʝʥʥʷ ʧʦ ʰʚʠʜʢʦʟʤʽʥʥʠʭ ʧʘʨʘʤʝʪʨʘʭ. 

 ɯʟ ʚʠʥʠʢʥʝʥʥʷʤ ʙʽʦʩʬʝʨʠ ʢʨʫʛʦʚʦʨʦʪ ʨʝʯʦʚʠʥʠ ʫ ʧʨʠʨʦʜʽ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʩʫʤʽʩʥʦʶ ʜʽʻʶ ʙʽʦʣʦʛʽʯʥʠʭ, ʛʝʦʭʽʤʽʯʥʠʭ ʠ ʛʝʦʬʽʟʠʯʥʠʭ ʬʘʢʪʦʨʽʚ [5]. ɯʥʪʝʥʩʠ-

ʚʥʽʩʪʴ ʛʝʦʣʦʛʽʯʥʦʛʦ ʢʨʫʛʦʚʦʨʦʪʫ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʤʘʣʘ ʧʦʨʽʚʥʷʥʦ ʽʟ ʽʥʪʝʥ-

ʩʠʚʥʽʩʪʶ ʙʽʦʣʦʛʽʯʥʦʛʦ ʢʨʫʛʦʚʦʨʦʪʫ ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʙʫʜʦʚʦʶ ʾʭ ʟʦʚʥʽʰʥʽʭ ʝʣʝ-

ʢʪʨʦʥʥʠʭ ʦʙʦʣʦʥʦʢ.  

ɿʚʠʯʘʡʥʦ [6], ʯʘʩ ʢʨʫʛʦʚʦʨʦʪʫ t ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʦʮʽʥʶʻʪʴʩʷ  ʧʦ ʚʽʜ-

ʥʦʰʝʥʥʶ ʤʽʞ ʤʘʩʦʶ, ʷʢʘ ʻ ʚ ʦʨʛʘʥʽʯʥʽʡ ʨʝʯʦʚʠʥʽ (ʞʠʚʽʡ ʘʙʦ ʤʝʨʪʚʽʡ) ʜʦ ʾʭ 

ʨʽʯʥʦʾ ʧʨʦʜʫʢʮʽʾ. ʊʘʢ, ʜʣʷ ʘʟʦʪʫ tN º 100 ʨʦʢʽʚ, ʜʣʷ ʚʫʛʣʝʮʶ tʉ º 31 ʨʽʢ, ʢʘʣʴ-

ʮʽʶ - tʉʘ º 25 ʨʦʢʽʚ, ʬʦʩʬʦʨʫ -tP =20 ʨʦʢʽʚ ʽ ʢʘʣʽʶ tʂ =15 ʨʦʢʽʚ. 

ɹ̔ ʦʛʝʦʭʽʤʽʯʥʽ ʮʠʢʣʠ ʟʘʟʥʘʶʪʴ ʩʠʣʴʥʦʛʦ ʚʧʣʠʚʫ ʘʥʪʨʦʧʦʛʝʥʥʦʾ ʜʽʾ. ʊʘʢ, ʫ 

ʨʝʟʫʣʴʪʘʪʽ ʜʽʷʣʴʥʦʩʪʽ ʪʝʧʣʦʚʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ, ʫ ʨʝʟʫʣʴʪʘʪʽ ʩʧʘʣʶʚʘʥʥʷ ʦʨ-

ʛʘʥʽʯʥʦʛʦ ʧʘʣʠʚʘ, ʚʠʜʽʣʝʥʥʷ ʉʆ2 ʚ ʘʪʤʦʩʬʝʨʫ ʻ ʩʫʪʪʻʚʠʤ ʬʘʢʪʦʨʦʤ ʟʤʽʥʠ ʙʽʦ-

ʩʬʝʨʥʠʭ ʧʨʦʮʝʩʽʚ. ʂʨʽʤ ʮʴʦʛʦ, ʫ ʨʝʟʫʣʴʪʘʪʽ ʩʧʘʣʶʚʘʥʥʷ ʚʫʛʽʣʣʷ ʥʘ ʪʝʧʣʦʝʣʝʢ-

ʪʨʦʩʪʘʥʮʽʷʭ, ʚ ʦʪʦʯʫʶʯʝ ʩʝʨʝʜʦʚʠʱʝ ʚʠʢʠʜʘʻʪʴʩʷ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʨʘʜʽʦʥʫʢ-

ʣʽʜʽʚ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽʟ ʟʥʘʯʥʠʤ ʯʘʩʦʤ ʞʠʪʪʷ [7]. ɯʥʰʠʤ ʧʨʠʢʣʘʜʦʤ ʘʢʪʠʚʥʦʛʦ 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʢʨʫʛʦʚʦʨʦʪ ʨʝʯʦʚʠʥʠ, ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʦʛʦ ʚʠʜʫ 

ʜʦʙʨʠʚ, ʟ ʷʢʠʤʠ ʚʥʦʩʠʪʴʩʷ ʧʨʠʙʣʠʟʥʦ 107 ʪʦʥ ʘʟʦʪʫ ʟʘ ʨʽʢ. 

ɻʝʪʝʨʦʛʝʥʥʠʡ ʭʘʨʘʢʪʝʨ ʩʪʨʫʢʪʫʨʥʦ - ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʝʢʦʩʠʩ-

ʪʝʤ, ʷʢ ʽ ʚʟʘʛʘʣʽ ʙʽʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ, ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ ʜʠʥʘʤʽʯʥʽʡ ʛʝʪʝʨʦʛʝʥʥʦʩ-

ʪʽ ʦʩʥʦʚʥʠʭ ʧʨʦʮʝʩʽʚ ʦʙʤʽʥʫ ʨʝʯʦʚʠʥʦʶ ʪʘ ʝʥʝʨʛʽʻʶ. ʈʽʟʥʽ ʧʨʦʮʝʩʠ ʚ ʝʢʦʩʠʩ-



 

ʪʝʤʘʭ ʪʘ ʾʭ ʧʽʜʩʠʩʪʝʤʘʭ ʩʠʣʴʥʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʘ ʭʘʨʘʢʪʝʨʥʠʤʠ ʰʚʠʜʢʦʩʪʷʤʠ 

ʪʘ ʯʘʩʘʤʠ. 

ɺ ʝʢʦʩʠʩʪʝʤʘʭ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʽʜʦʤʠʡ ʧʨʠʥʮʠʧ ʚʫʟʴʢʦʛʦ ʤʽʩʮʷ, ʟʛʽʜʥʦ 

ʷʢʦʤʫ ʟʘʛʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʧʦ ʚʩʴʦʤʫ ʣʘʥʮʶʛʫ ʝʢʦʣʦʛʽʯʥʠʭ ʟʤʽʥ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʥʘʡʙʽʣʴʰ ʧʦʚʽʣʴʥʦʶ ʩʪʘʜʽʻʶ. ʊʘʢ, ʷʢʱʦ ʦʢʨʝʤʽ ʩʪʘʜʽʾ ʟʘʛʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ 

ʤʘʶʪʴ ʭʘʨʘʢʪʝʨʥʽ ʯʘʩʠ t1, t2,é,tn, ʘ ʥʘʡʙʽʣʴʰ ʧʦʚʽʣʴʥʘ ʩʪʘʜʽʷ ʤʘʻ ʯʘʩ tk ʪʘ-

ʢʠʡ, ʱʦ tk>>t1, t2,é tk-1, tk+1,é,tn,, ʪʦ ʚʠʟʥʘʯʘʣʴʥʦʶ ʣʘʥʢʦʶ ʙʫʜʝ ʣʘʥʢʘ k , ʘ 

ʟʘʛʘʣʴʥʠʡ ʯʘʩ ʧʨʦʮʝʩʫ ʙʫʜʝ ʬʘʢʪʠʯʥʦ ʩʧʽʚʧʘʜʘʪʠ ʽʟ ʯʘʩʦʤ  tk, ʭʘʨʘʢʪʝʨʥʠʤ 

ʜʣʷ ʣʘʥʢʠ  k. ʅʘʷʚʥʽʩʪʴ ʪʘʢʦʾ ʽʻʨʘʨʭʽʾ ʯʘʩʽʚ ʜʦʟʚʦʣʷʻ, ʫ ʨʷʜʽ ʚʠʧʘʜʢʽʚ ʩʧʨʦʩʪʠ-

ʪʠ ʟʘʜʘʯʫ ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʥʘʤʽʢʠ ʩʠʩʪʝʤʠ ʜʦ ʨʦʟʛʣʷʜʫ ʧʦʚʝʜʽʥʢʠ ʩʘʤʝ ʥʘʡ-

ʙʽʣʴʰ ʧʦʚʽʣʴʥʦʾ ʣʘʥʢʠ.  

                           ʊʘʙʣʠʮʷ 1.1.  ʍʘʨʘʢʪʝʨʥʽ ʯʘʩʠ ʙʽʦʩʬʝʨʥʠʭ ʧʨʦʮʝʩʽʚ  [5] 

ʏʘʩ ʃʽʪʦʩʬʝʨʘ ɸʪʤʦʩʬʝʨʘ ʇʝʜʦʩʬʝʨʘ ɻʽʜʨʦʩʬʝʨʘ ɹʽʦʩʬʝʨʘ 

108 ʨʦ-

ʢʽʚ 

ɻʝʦʣʦʛʽʯʥʽ 

ʮʠʢʣʠ 

ʂʣʽʤʘʪʠʯʥʽ 

ʢʦʣʠʚʘʥʥʷ, 

ʩʧʨʷʞʝʥʽ ʟ 

ʛʝʦʣʦʛʽʯʥʠ-

ʤʠ ʮʠʢʣʘʤʠ 

   

107 ʨʦ-

ʢʽʚ 

ɺʠʨʽʚʥʶ-

ʚʘʥʥʷ ʛʽʨ 

    

106 ʨʦ-

ʢʽʚ 

ɺʠʨʽʚʥʶ-

ʚʘʥʥʷ ʩʪʨʫʢ-

ʪʫʨʥʠʭ ʬʦʨʤ 

ʨʝʣʴʻʬʫ 

 ʌʦʨʤʫʚʘʥʥʷ 

ʤʽʥʝʨʘʣʦʛʽʯ-

ʥʦʛʦ ʧʨʦʬʽ-

ʣʶ ˇʨʫʥʪʫ ʪʘ 

ʢʦʨʠ ʚʠʚʽʪ-

ʨʶʚʘʥʥʷ 

  

105 ʨʦ-

ʢʽʚ 

ɺʠʨʽʚʥʶ-

ʚʘʥʥʷ ʣʴʦʜʦ-

ʚʠʢʦʚʠʭ, 

ʘʣʶʚʽʘʣʴʥʠʭ 

ʪʘ ʽʥʰʠʭ 

ʘʢʫʤʫʣʷʪʠʚ-

ʥʠʭ ʬʦʨʤ 

ʂʣʽʤʘʪʠʯʥʽ 

ʢʦʣʠʚʘʥʥʷ ʚ 

ʤʝʞʘʭ ʣʴʦ-

ʜʦʚʠʢʦʚʦʛʦ 

ʧʝʨʽʦʜʫ 

   

104 ʨʦ-

ʢʽʚ 

  ʌʦʨʤʫʚʘʥʥʷ 

ʜʠʬʝʨʝʥʮʽ-

ʡʦʚʘʥʦʛʦ ʧʦ 

ʤʦʨʬʦʣʦʛʽʾ ʽ 

ʭʽʤʽʟʤʫ  

ʌʦʨʤʫʚʘʥ-

ʥʷ ʫʨʽʚʥʦ-

ʚʘʞʝʥʦʛʦ 

ʭʽʤʽʯʥʦʛʦ 

ʩʢʣʘʜʫ ʦʟʝ-

ʨʥʦʾ ʚʦʜʠ 

 

103 ʨʦ-

ʢʽʚ 

 ʂʣʽʤʘʪʠʯʥʽ 

ʢʦʣʠʚʘʥʥʷ ʚ 

ʨʘʤʢʘʭ ʽʩʪʦ-

ʨʠʯʥʦʛʦ ʧʝ-

ʌʦʨʤʫʚʘʥʥʷ 

ʛʫʤʫʩʥʦʛʦ 

ʧʨʦʬʽʣʶ 

  



 

ʨʽʦʜʫ 

102 ʨʦ-

ʢʽʚ  

 90 ï ʨʽʯʥʠʡ  

ʢʣʽʤʘʪʠʯʥʠʡ 

ʮʠʢʣ 

ʌʦʨʤʫʚʘʥʥʷ 

ʢʘʨʙʦʥʘʪʥʦ-

ʛʦ ʧʨʦʬʽʣʶ 

ʉʘʤʦʨʦʟ-

ʚʠʪʦʢ ʛʽʨ-

ʩʴʢʦʛʦ 

ʣʴʦʜʦʚʠʢʘ 

ʌʦʨʤʫ-

ʚʘʥʥʷ ʜʝ-

ʨʝʚʥʦʛʦ 

ʷʨʫʩʫ 

10 ʨʦʢʽʚ  ɼʝʢʘʜʥʽ ʢʣʽ-

ʤʘʪʠʯʥʽ ʢʦ-

ʣʠʚʘʥʥʷ 

ɹʽʦʣʦʛʽʯʥʠʡ 

ʢʨʫʛʦʚʦʨʦʪ ʫ 

ˇʨʫʥʪʽ 

ɽʚʪʨʦʬʽʢʘ-

ʮʽʷ ʦʟʝʨ 

ʌʦʨʤʫ-

ʚʘʥʥʷ 

ʪʨʘʚôʷʥʦʛʦ 

ʷʨʫʩʫ 

1 ʨʽʢ   ʉʝʟʦʥʥʠʡ 

ʤʝʪʝʦʨʦʣʦ-

ʛʽʯʥʠʡ ʮʠʢʣ 

ʌʦʨʤʫʚʘʥʥʷ 

ʧʨʦʬʽʣʶ 

ʣʝʛʢʦʨʦʟ-

ʯʠʥʥʠʭ ʨʝ-

ʯʦʚʠʥ ʪʘ ʨʅ 

ʄʝʪʘʤʦʨ-

ʬʽʟʘʮʽʷ ʩʥʽ-

ʛʦʚʦʛʦ ʧʦ-

ʢʨʠʚʫ 

ʌʦʨʤʫ-

ʚʘʥʥʷ ʧʦ-

ʧʫʣʷʮʽʡ 

ʤʠʰʦʧʦʜʽ-

ʙʥʠʭ ʛʨʠ-

ʟʫʥʽʚ ʽ ʢʦ-

ʤʘʭ 

1 ʤʽʩʷʮʴ ɺʠʨʽʚʥʶ-

ʚʘʥʥʷ ʤʽʢʨʦ 

ʬʦʨʤ ʨʝʣʴʻ-

ʬʫ ʫ ʧʽʩʢʘʭ 

 ɻʽʜʨʦʣʦʛʽʯ-

ʥʠʡ ʽ ʪʝʤʧʝ-

ʨʘʪʫʨʥʠʡ 

ʧʨʦʬʽʣʽ  

ˇʨʫʥʪʫ  

ɺʠʨʽʥʶ-

ʚʘʥʥʷ ʨʽʚʥʷ 

ˇʨʫʥʪʦʚʠʭ 

ʚʦʜ 

ʌʦʨʤʫ-

ʚʘʥʥʷ 

ʤʽʢʨʦ ʙʽʦ-

ʮʝʥʦʟʽʚ ʽ, 

ʜʦʙʦʚʽ ʙʽʦ-

ʮʠʢʣʠ 

1 ʜʝʥʴ  ʎʠʢʣʦʥʠ, 

ʜʦʙʦʚʠʡ ʤʝ-

ʪʝʦʮʠʢʣ 

ɺʦʣʦʛʽʩʪʴ ʽ 

ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʦʚʝʨʭʥʝʚʠʭ 

ʛʦʨʠʟʦʥʪʽʚ 

ˇʨʫʥʪʫ 

ʇʨʠʣʠʚʠ  

1 ʛʦʜʠʥʘ  ɺʥʫʪʨʽʜʦʙʦ-

ʚʽ ʢʦʣʠʚʘʥʥʷ 

ʧʦʛʦʜʠ 

 ɺʠʨʽʥʶ-

ʚʘʥʥʷ ʨʽʚʥʷ 

ʚʦʜʦʡʤʠʱ 

 

 

 

 ʊʘʙʣʠʮʷ 1. 2. ʍʘʨʘʢʪʝʨʥʽ ʧʨʦʮʝʩʠ ʚ ʘʛʨʦʝʢʦʩʠʩʪʝʤʘʭ [4] 

ʇʨʦʮʝʩ ɿʤʽʥʥʽ ʍʘʨʘʢʪʝʨʥʠʡ 

ʯʘʩ 

ʈʽʩʪ ʧʦʧʫʣʷʮʽʾ ʤʽʢʨʦʙʽʚ ɹʽʦʤʘʩʘ, ʘʟʦʪ, ʘʢʪʠʚʥʽʩʪʴ 

 

30 ʭʚʠʣʠʥ 

 

ʅʽʪʨʠʬʽʢʘʮʽʷ ʪʘ ʜʝʥʽʪ-

ʨʠʬʽʢʘʮʽʷ 

NH4
+, NO3

-, N2 O, N2, ʜʽʶʯʽ ʤʽʢʨʦʙʠ 1 ʜʝʥʴ-1 ʪʠʞ-

ʜʝʥʴ 

ɼʠʥʘʤʽʢʘ ʧʦʧʫʣʷʮʽʾ 

ʰʢʽʜʥʠʢʽʚ 

ʑʽʣʴʥʽʩʪʴ ʷʻʮʴ, ʧʽʜʨʦʩʪʢʽʚ, ʣʠʯʠʥʦʢ 

ʪʘ ʜʦʨʦʩʣʠʭ ʰʢʽʜʥʠʢʽʚ 

ʊʠʞʜʝʥʴ ï

ʚʝʛ.ʧʝʨʽʦʜ 

ʈʽʩʪ ʨʦʩʣʠʥʠ 

 

ʆʨʛʘʥʽʯʥʘ ʙʽʦʤʘʩʘ, ʚʤʽʩʪ ʘʟʦʪʫ, ʽʥ-

ʜʝʢʩ ʧʣʦʱʽ ʣʠʩʪʢʘ 

ʄʽʩʷʮʴ 

ɼʠʥʘʤʽʢʘ ʧʦʧʫʣʷʮʽʾ ɼʠʩʧʝʨʩʽʷ ʥʘʩʽʥʥʷ, ʈʽʚʝʥʴ ʧʦʢʨʠʪʪʷ ɺʝʛʝʪʘʮʽʡʥʠʡ 



 

ʙʫʨôʷʥʽʚ 

 

ʧʝʨʽʦʜ 

ʊʨʘʥʩʧʦʨʪ ʚʦʜʠ ʚ ʥʝʥʘ-

ʩʠʯʝʥʠʭ ʟʦʥʘʭ ˇʨʫʥʪʫ 

ɺʦʣʦʛʦʻʤʢʽʩʪʴ, ʪʠʩʢ 1 ʛʦʜʠʥʘ 

ʊʨʘʥʩʧʦʨʪ  ʨʦʟʯʠʥʫ ʚ 

ʥʝʥʘʩʠʯʝʥʠʭ ʟʦʥʘʭ ˇʨʫ-

ʥʪʫ 

ʂʦʥʮʝʥʪʨʘʮʽʷ ʚ ʨʽʜʠʥʽ ʪʘ ʨʦʟʯʠʥʥʽʡ 

ʬʘʟʽ 

 

ʐʠʨʦʢʠʡ 

ʩʧʝʢʪʨ ʯʘʩʽʚ 

ʊʨʘʥʩʧʦʨʪ  ʨʦʟʯʠʥʫ ʚ 

ʚʦʜʦʥʦʩʥʽʡ ʟʦʥʽ 

ʂʦʥʮʝʥʪʨʘʮʽʷ ʚ ʨʽʜʠʥʽ ʪʘ ʨʦʟʯʠʥʥʽʡ 

ʬʘʟ̔ 

ɼʝʢʽʣʴʢʘ ʨʦʢʽʚ 

 

  



 

1.4. ʇʨʠʥʮʠʧʠ ʬʫʥʢʮʽʶʚʘʥʥʷ ʝʢʦʩʠʩʪʝʤ. 

ɽʢʦʩʠʩʪʝʤʠ ʻ ʧʨʠʢʣʘʜʦʤ ʙʽʦʩʠʩʪʝʤ, ʜʦ ʩʢʣʘʜʫ ʷʢʠʭ  ʚʭʦʜʠʪʴ ʚʝʣʠʢʝ ʯʠʩʣʦ ʯʘ-

ʩʪʠʥ, ʝʣʝʤʝʥʪʽʚ, ʘʙʦ ʢʦʤʧʦʥʝʥʪʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʷʢ ʦʜʥʦʛʦ ʪʘʢ ʽ ʨʽʟʥʦʛʦ ʪʠ-

ʧʫ. ʄʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ ʽʩʥʫʶʪʴ ʩʢʣʘʜʥʽ ʟʚôʷʟʢʠ. 

ʉʢʣʘʜʥʽ ʩʠʩʪʝʤʠ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʽʟ ʨʽʟʥʠʭ ʪʦʯʦʢ ʟʦʨʫ. ʊʘʢ, ʝʢʦʩʠʩʪʝ-

ʤʠ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʥʘ ʤʘʢʨʦʩʢʦʧʽʯʥʦʤʫ ʨʽʚʥʽ, ʜʦʩʣʽʜʞʫʶʯʠ ʾʾ ʧʦʚʝʜʽʥʢʫ ʷʢ 

ʮʽʣʦʛʦ, ʥʘ ʧʨʦʤʽʞʥʦʤʫ ʨʽʚʥʽ, ʚʠʚʯʘʶʯʠ ʬʫʥʢʮʽʶʚʘʥʥʷ ʾʾ ʩʢʣʘʜʦʚʠʭ ʽ ʥʘʚʽʪʴ ʥʘ 

ʤʽʢʨʦʩʢʦʧʽʯʥʦʤʫ ʨʽʚʥʽ, ʢʦʣʠ ʤʠ ʮʽʢʘʚʠʤʦʩʴ, ʥʘʧʨʠʢʣʘʜ, ʭʽʤʽʻʶ ʙʽʦʤʝʤʙʨʘʥ. 

ʅʘ ʢʦʞʥʦʤʫ ʨʽʚʥʽ, ʚʽʜ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʜʦ ʤʘʢʨʦʩʢʦʧʽʯʥʦʛʦ ʤʠ ʟʫʩʪʨʽʯʘʻʤʦʩʴ ʽʟ 

ʩʧʝʮʠʬʽʯʥʦʶ ʦʨʛʘʥʽʟʘʮʽʻʶ ʘʙʦ ʩʪʨʫʢʪʫʨʦʶ. ʇʨʠ ʧʝʨʝʭʦʜʽ ʚʽʜ ʤʽʢʨʦʨʽʚʥʷ ʜʦ 

ʤʘʢʨʦʨʽʚʥʷ ʚʽʜʢʨʠʚʘʶʪʴʩʷ ʥʦʚʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʚʽʜʩʫʪʥʽ ʥʘ ʤʽʢʨʦʨʽʚʥʽ. ʊʘʢ, ʟʘ 

ʦʙʨʘʟʥʠʤ ʚʠʩʣʦʚʦʤ ʍʘʢʝʥʘ [8], ʟʥʘʥʥʷ ʭʽʤʽʾ ʱʝ ʥʝ ʦʟʥʘʯʘʻ, ʱʦ ʤʠ ʨʦʟʫʤʽʻʤʦ 

ʞʠʪʪʷ. 

ɺʘʞʣʠʚʠʤ ʢʨʦʢʦʤ ʫ ʜʦʩʣʽʜʞʝʥʥʽ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ ʻ ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʧʽʚ-

ʚʽʜʥʦʰʝʥʴ ʤʽʞ ʨʽʟʥʠʤʠ ʤʘʢʨʦʩʢʦʧʽʯʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ï ʚʤʽʩʪʦʤ ʚ ʢʦʤʧʦʥʝʥ-

ʪʘʭ ʝʢʦʩʠʩʪʝʤʠ ʨʽʟʥʠʭ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʥʘʧʨ. ʟʘʙʨʫʜʥʶʚʘʯʽʚ), ʧʦʪʦʢʘʤʠ 

ʨʝʯʦʚʠʥʠ ʪʘ ʝʥʝʨʛʽʾ. ʋ ʨʷʜʽ ʚʠʧʘʜʢʽʚ ʪʘʢʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ  ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʥʘ 

ʦʩʥʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʰʣʷʭʦʤ ʚʚʝʜʝʥʥʷ ʧʝʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

ʇʨʠʢʣʘʜʦʤ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʽʚ ʻ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʝ ʚ ʝʢʦʣʦʛʽʾ ʧʦʥʷʪʪʷ 

ʢʦʝʬʽʮʽʻʥʪʘ ʥʘʢʦʧʠʯʝʥʥʷ, ʘʙʦ ʢʦʝʬʽʮʽʻʥʪʘ ʧʝʨʝʭʦʜʫ. ʊʘʢʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʻ 

ʥʘʩʣʽʜʢʦʤ ʤʽʢʨʦʩʢʦʧʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʧʨʠʨʦʜʘ ʷʢʠʭ, ʷʢ ʧʨʘʚʠʣʦ, ʚʽʜʦʤʘ ʣʠʰʝ 

ʯʘʩʪʢʦʚʦ.  

ʗʢ ʫʞʝ ʟʛʘʜʫʚʘʣʦʩʴ, ʽʩʥʫʻ ʧʝʚʥʘ ʚʽʜʤʽʥʥʽʩʪʴ ʤʽʞ ʰʪʫʯʥʠʤʠ ʪʘ ʧʨʠʨʦʜ-

ʥʠʤʠ ʝʢʦʩʠʩʪʝʤʘʤʠ. ʇʨʦʪʝ ʮʷ ʚʽʜʤʽʥʥʽʩʪʴ ʥʝ ʻ ʯʽʪʢʦ ʚʠʨʘʞʝʥʦʶ. ɼʣʷ ʧʨʠʨʦʜ-

ʥʠʭ ʝʢʦʩʠʩʪʝʤ ʭʘʨʘʢʪʝʨʥʦʶ ʻ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʷ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʫ ʚʠʧʘʜʢʫ ʰʪʫʯ-

ʥʠʭ, ʩʪʚʦʨʝʥʠʭ ʣʶʜʠʥʦʶ ʝʢʦʩʠʩʪʝʤ, ʩʧʝʮʠʬʽʯʥʽ ʬʫʥʢʮʽʾ ʝʢʦʩʠʩʪʝʤʠ ʟʜʽʡʩ-

ʥʶʶʪʴʩʷ ʪʘʢʦʞ ʰʣʷʭʦʤ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ, ʘʣʝ ʟʘ ʧʝʚʥʠʭ ʦʙʤʝʞʝʥʴ, ʷʢʽ  ʦʙʫ-

ʤʦʚʣʶʶʪʴʩʷ ʜʽʷʣʴʥʽʩʪʶ ʣʶʜʠʥʠ. 

ʆʪʞʝ, ʧʽʜ ʧʨʠʨʦʜʥʠʤʠ ʝʢʦʩʠʩʪʝʤʘʤʠ ʤʦʞʥʘ ʨʦʟʫʤʽʪʠ ʪʘʢʽ ʝʢʦʩʠʩ-

ʪʝʤʠ, ʷʢʽ ʙʝʟ ʩʧʝʮʠʬʽʯʥʦʛʦ ʚʧʣʠʚʫ ʽʟ ʟʦʚʥʽ ʧʨʠʡʤʘʶʪʴ ʧʨʦʩʪʦʨʦʚʫ, ʯʘʩʦʚʫ ʪʘ 

ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʩʪʨʫʢʪʫʨʫ. ʎʝ ʚʠʟʥʘʯʝʥʥʷ ʚʽʜʧʦʚʽʜʘʻ ʚʠʟʥʘʯʝʥʥʶ ʩʢʣʘʜʥʠʭ 

ʩʠʩʪʝʤ, ʷʢʽ ʟʜʘʪʥʽ ʜʦ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ [8]. ʇʨʠ ʟʤʽʥʽ ʧʘʨʘʤʝʪʨʽʚ ʝʢʦʩʠʩʪʝʤʘ 

ʤʦʞʝ ʧʝʨʝʭʦʜʠʪʠ ʽʟ ʦʜʥʦʛʦ ʚ ʽʥʰʠʡ ʩʪʘʥ. ʅʝʧʝʨʝʨʚʥʘ ʟʤʽʥʘ ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ 

ʩʪʨʫʢʪʫʨ ʫ ʙʽʦʩʬʝʨʽ ʽ ʻ ʩʫʪʪʶ ʾʾ ʝʚʦʣʶʮʽʾ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ˇʨʫʥʪ ʻ ʧʨʠʨʦʜʥʠʤ 

ʫʪʚʦʨʝʥʥʷʤ, ʷʢʝ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʥʝʧʝʨʝʨʚʥʦʤʫ ʨʦʟʚʠʪʢʫ [9]. ʇʨʠ ʮʴʦʤʫ ʝʚʦ-

ʣʶʮʽʷ ˇʨʫʥʪʫ ʥʝʚʽʜôʻʤʥʘ ʚʽʜ ʝʚʦʣʶʮʽʾ ʙʽʦʛʝʦʮʝʥʦʟʫ ʫ ʮʽʣʦʤʫ ʽ ʻ ʾʾ ʝʣʝʤʝʥʪʦʤ 

[10].  

 ʆʩʥʦʚʫ ʨʦʟʚʠʪʢʫ ʙʽʦʛʝʦʮʝʥʦʟʫ ʟʘʙʝʟʧʝʯʫʻ ʘʢʪʠʚʥʘ ʨʦʣʴ ʩʫʢʫʧʥʦʩʪʝʡ 

ʨʽʟʥʠʭ ʦʨʛʘʥʽʟʤʽʚ, ʷʢʘ ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ ʟʜʘʪʥʦʩʪʽ ʙʽʦʛʝʦʮʝʥʦʟʽʚ ʧʝʨʝʪʚʦʨʶʚʘ-



 

ʪʠ ʩʝʨʝʜʦʚʠʱʝ ʩʚʦʛʦ ʽʩʥʫʚʘʥʥʷ, ʟʤʽʥʶʶʯʠ ʩʚʽʡ ʩʢʣʘʜ ʫ ʥʘʧʨʷʤʢʫ ʙʽʣʴʰʦʾ ʚʽʜ-

ʧʦʚʽʜʥʦʩʪʽ ʟʦʚʥʽʰʥʽʤ ʫʤʦʚʘʤ [11]. 

ʆʩʥʦʚʦʶ ʨʦʟʫʤʽʥʥʷ ʝʚʦʣʶʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʩʠʩʪʝʤʽ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʾʾ 

ʬʽʟʠʯʥʦʾ ʧʨʠʨʦʜʠ, ʻ ʜʘʨʚʽʥʽʚʩʴʢʘ ʪʨʽʘʜʘ: ʤʽʥʣʠʚʽʩʪʴ ï ʩʧʘʜʢʦʚʽʩʪʴ ï ʚʽʜʙʽʨ 

[6].  ʋ ʤʽʥʣʠʚʦʩʪʽ ʧʨʦʷʚʣʷʻʪʴʩʷ ʩʪʦʭʘʩʪʠʯʥʽʩʪʴ ʤʽʢʨʦʧʨʦʮʝʩʽʚ. ʉʧʘʜʢʦʚʽʩʪʴ 

ʦʙʫʤʦʚʣʶʻʪʴʩʷ ʧʨʠʯʠʥʥʦ ï ʥʘʩʣʽʜʢʦʚʠʤʠ ʟʚôʷʟʢʘʤʠ: ʩʪʘʥ ʩʠʩʪʝʤʠ ʫ ʤʘʡʙʫʪ-

ʥʴʦʤʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʾʾ ʩʪʘʥʦʤ ʫ ʤʠʥʫʣʦʤʫ. ɺʽʜʙʽʨ ʦʙʫʤʦʚʣʶʻʪʴʩʷ ʜʽʻʶ ʬʽʟʠʯ-

ʥʠʭ ʟʘʢʦʥʽʚ, ʘ ʩʘʤʝ ʟʘʢʦʥʘʤʠ ʟʙʝʨʝʞʝʥʥʷ ʪʘ ʧʨʠʥʮʠʧʦʤ ʥʘʡʤʝʥʰʦʾ ʜʽʾ [12]. 

ɯʟ ʢʦʥʮʝʧʮʽʾ ɺʝʨʥʘʜʩʴʢʦʛʦ ʚʽʜʥʦʩʥʦ ʬʦʨʤʫʚʘʥʥʷ ʙʽʦʩʬʝʨʠ ʤʦʞʥʘ ʟʨʦ-

ʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ: 

ʉʢʣʘʜ ʚʠʜʽʚ ʫ ʩʫʢʫʧʥʦʩʪʽ ʥʝ ʚʠʧʘʜʢʦʚʠʡ ʫ ʪʦʤʫ ʨʦʟʫʤʽʥʥʽ, ʱʦ ʚʠʜʠ, ʱʦ 

ʥʘʣʝʞʘʪʴ ʜʦ ʦʜʥʽʻʾ ʧʨʠʨʦʜʥʦʾ ʩʫʢʫʧʥʦʩʪʽ, ʟʜʘʪʥʽ ʩʬʦʨʤʫʚʘʪʠ ʙʽʣʴʰ ʩʪʽʡʢʝ ʮʽ-

ʣʝ ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʚʠʧʘʜʢʦʚʦʶ ʚʠʙʽʨʢʦʶ; 

ɺʠʜʠ ʧʨʦʷʚʣʷʶʪʴ ʘʢʪʠʚʥʽʩʪʴ, ʩʧʨʷʤʦʚʘʥʫ ʥʘ ʧʽʜʪʨʠʤʢʫ ʚʩʽʻʾ ʝʢʦʩʠʩʪʝ-

ʤʠ; 

 ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʚʠʜʠ ʚʠʢʦʥʫʶʪʴ ʧʝʚʥʫ ʬʫʥʢʮʽʶ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʚʩʽ-

ʻʾ ʩʫʢʫʧʥʦʩʪʽ ʷʢ ʦʨʛʘʥʠ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʦʨʛʘʥʽʟʤʫ. ɿʘʚʜʷʢʠ ʮʴʦʤʫ, ʟʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʝʢʦʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʫʶʪʴʩʷ ʫ ʧʝʚʥʦʤʫ ʜʽʘʧʘʟʦʥʽ, ʯʠʤ ʽ ʟʘʙʝʟʧʝʯʫ-

ʻʪʴʩʷ ʛʦʤʝʦʩʪʘʟ ʝʢʦʩʠʩʪʝʤʠ. ʋ ʙʽʦʛʝʦʮʝʥʦʟʘʭ ʽʩʥʫʻ ʙʘʛʘʪʦ ʚʟʘʻʤʦʟʚôʷʟʢʽʚ ʤʽʞ 

ʢʦʤʧʦʥʝʥʪʘʤʠ. ʊʘʢ, ʚʽʜʤʽʯʘʻ ɹʻʣʷʻʚ [13], ʦʨʛʘʥʽʟʤʠ ʚʠʨʦʙʣʷʶʪʴ ʨʝʯʦʚʠʥʫ ʢʦ-

ʨʠʩʥʫ ʥʝ ʪʽʣʴʢʠ ʜʣʷ ʩʝʙʝ çʦʩʦʙʠʩʪʦè. ɺʦʥʠ ʫʪʚʦʨʶʶʪʴ ʾʭ ʽ ʜʣʷ ʦʨʛʘʥʽʟʤʽʚ, 

ʧʨʷʤʦ ʘʙʦ ʦʧʦʩʝʨʝʜʢʦʚʘʥʦ ʢʦʨʠʩʥʠʭ ʜʣʷ ʥʠʭ. ɺ ʪʦʡ ʞʝ ʯʘʩ ʚʦʥʠ ʧʨʦʜʫʢʫʶʪʴ 

ʩʧʝʮʽʘʣʴʥʽ ʨʝʯʦʚʠʥʠ ʜʣʷ ʧʨʠʛʥʽʯʝʥʥʷ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʪʠʭ ʦʨʛʘʥʽʟʤʽʚ, ʷʢʽ ʥʘ-

ʥʦʩʷʪʴ ʾʤ ʰʢʦʜʫ. ʆʪʞʝ ʫ ʜʽʷʣʴʥʦʩʪʽ ʢʦʤʧʦʥʝʥʪ ʝʢʦʩʠʩʪʝʤʠ ʽʩʥʫʻ ʧʝʚʥʘ ʢʦʛʝ-

ʨʝʥʪʥʽʩʪʴ, ʘʙʦ ʢʦʦʧʝʨʘʪʠʟʤ. ʋ ʪʦʡ ʞʝ ʯʘʩ ʜʣʷ ʢʦʞʥʦʛʦ ʢʦʤʧʦʥʝʥʪʫ (ʧʦʧʫʣʷ-

ʮʽʷ, ʽʥʜʠʚʽʜ) ʭʘʨʘʢʪʝʨʥʘ ʘʢʪʠʚʥʽʩʪʴ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʧʽʜʪʨʠʤʢʫ ʪʘ ʨʝʧʨʦʜʫʢʮʽʶ 

ʩʘʤʦʛʦ ʩʝʙʝ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʪʦʛʦ ʷʢ ʮʝ ʚʧʣʠʥʝ ʥʘ ʩʪʽʡʢʽʩʪʴ ʚʩʽʻʾ ʜʘʥʦʾ ʩʠʩʪʝʤʠ. 

ʊʘʢʦʛʦ ʨʦʜʫ ʘʢʪʠʚʥʽʩʪʴ ʃʝʢʷʚʽʯʫʩ [14] ʥʘʟʠʚʘʻ ʩʝʣʬʽʥʛʦʤ. ʅʘ ʜʫʤʢʫ ʃʝʢʷʚʽ-

ʯʫʩʘ ʢʦʥʬʣʽʢʪ ʤʽʞ ʩʝʣʬʽʥʛʦʤ ʪʘ ʢʦʛʝʨʝʥʪʥʽʩʪʶ ʻ ʦʩʥʦʚʥʠʤ ʧʨʦʪʠʨʽʯʯʷʤ ʫ 

ʞʠʚʽʡ ʧʨʠʨʦʜʽ ʽ ʚʽʥ ʤʘʻ  ʤʽʩʮʝ ʥʘ ʚʩʽʭ ʩʪʨʫʢʪʫʨʥʠʭ ʨʽʚʥʷʭ, ʧʦʯʠʥʘʶʯʠ ʚʽʜ ʢʣʽ-

ʪʠʥʠ ʽ ʟʘʢʽʥʯʫʶʯʠ ʙʽʦʩʬʝʨʦʶ. ʂʦʛʝʨʝʥʪʥʽʩʪʴ ʽ ʩʝʣʬʽʥʛ ʚʽʜʽʛʨʘʶʪʴ ʨʽʟʥʫ ʨʦʣʴ 

ʥʘ ʨʽʟʥʠʭ ʩʪʘʜʽʷʭ ʝʚʦʣʶʮʽʾ ʝʢʦʩʠʩʪʝʤ. ʋ ʢʣʽʤʘʢʩʦʚʠʭ ʩʫʢʫʧʥʦʩʪʷʭ, ʧʨʠ ʙʽʣʴʰ 

- ʤʝʥʰ ʩʪʘʙʽʣʴʥʠʭ ʫʤʦʚʘʭ ʽʩʥʫʚʘʥʥʷ,  ʩʝʣʬʽʥʛ ʤʘʣʦ ʩʝʙʝ ʧʨʦʷʚʣʷʻ. ɺ ʥʝʫʩʪʘ-

ʣʝʥʠʭ ʩʫʢʫʧʥʦʩʪʷʭ ʦʩʥʦʚʥʫ ʨʦʣʴ ʚʽʜʽʛʨʘʻ ʩʝʣʬʽʥʛ [14]. 

ʅʘʷʚʥʽʩʪʴ ʢʦʛʝʨʝʥʪʥʦʩʪʽ ʦʙʫʤʦʚʣʝʥʘ ʽʩʥʫʶʯʠʤʠ ʚʟʘʻʤʦʜʽʷʤʠ ʤʽʞ ʢʦʤ-

ʧʦʥʝʥʪʘʤʠ ʝʢʦʩʠʩʪʝʤʠ ʪʘ ʟʤʽʥʘʤʠ ʟʦʚʥʽʰʥʽʭ ʫʤʦʚ. ʊʘʢʘ ʢʦʦʨʜʠʥʘʮʽʷ ʤʦʞʝ 

ʩʧʨʠʡʤʘʪʠʩʷ ʷʢ ʽʩʥʫʚʘʥʥʷ ʧʦʪʦʢʽʚ ʽʥʬʦʨʤʘʮʽʾ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ ʙʽʦʛʝʦʮʝʥʦ-

ʟʫ [15]. ɺʟʘʻʤʦʚʧʣʠʚ ʩʝʣʬʽʥʛʘ ʪʘ ʢʦʛʝʨʝʥʪʥʦʩʪʽ ʧʨʠʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʢʦʤ-

ʧʦʥʝʥʪʠ ʝʢʦʩʠʩʪʝʤʠ ʧʨʠʭʦʜʷʪʴ ʫ ʩʪʘʥ ʚʠʩʦʢʦʾ ʩʪʽʡʢʦʩʪʽ ï ʩʪʘʮʽʦʥʘʨʥʠʡ ʩʪʘʥ. 



 

ɼʦʚʽʣʴʥʦ ʩʢʣʘʜʥʽ ʩʠʩʪʝʤʠ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʟ ʻʜʠʥʦʾ ʪʦʯʢʠ ʟʦʨʫ, ʚʠʢʦ-

ʨʠʩʪʦʚʫʶʯʠ ʪʝʨʤʦʜʠʥʘʤʽʢʫ, ʩʪʘʪʠʩʪʠʯʥʫ ʬʽʟʠʢʫ ʘʙʦ ʩʠʥʝʨʛʝʪʠʯʥʠʡ ʧʽʜʭʽʜ. 

ʉʢʣʘʜʥʽʩʪʴ ʧʨʠ ʦʧʠʩʫ ʩʠʩʪʝʤʠ ʩʪʘʥʽʚ ʙʽʦʛʝʦʮʝʥʦʟʫ ʦʙʫʤʦʚʣʝʥʘ ʡʦʛʦ ʚʽ-

ʜʢʨʠʪʽʩʪʶ, ʷʢ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ. ɼʝʷʢʽ ʘʚʪʦʨʠ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʝʢʦʩʠʩ-

ʪʝʤʠ ʚʽʜʤʽʯʘʶʪʴ ʾʾ ʟʜʘʪʥʽʩʪʴ ʜʦ ʩʘʤʦʨʝʛʫʣʷʮʽʾ[GORSHKOV]. ʂʦʞʥʘ ʽʟ ʟʜʘʪʥʠʭ 

ʜʦ ʩʘʤʦʩʪʽʡʥʦʛʦ ʬʫʥʢʮʽʶʚʘʥʥʷ ʝʢʦʩʠʩʪʝʤʘ ʩʢʣʘʜʘʻʪʴʩʷ ʫ ʢʨʘʡʥʴʦʤʫ ʚʠʧʘʜʢʫ 

ʽʟ ʜʚʦʭ ʙʽʦʪʠʯʥʠʭ ʢʦʤʧʦʥʝʥʪ: ʧʨʦʜʫʮʝʥʪʽʚ ʪʘ ʩʘʧʨʦʪʨʦʬʽʚ [16]. ʗʢʱʦ ʥʘʜʭʦ-

ʜʞʝʥʥʷ ʝʥʝʨʛʽʾ ʜʦʩʪʘʪʥʻ, ʪʦ ʦʜʠʥ ʨʘʟ ʫʩʪʘʣʝʥʝ ʯʠʩʣʦ ʩʪʘʥʽʚ ʷʢ ʫ ʙʽʦʪʠʯʥʽʡ ʪʘʢ 

ʽ ʘʙʽʦʪʠʯʥʽʡ ʢʦʤʧʦʥʝʥʪʘʭ ʟʙʝʨʽʛʘʻʪʴʩʷ. ʊʘʢʽ ʩʪʘʙʽʣʴʥʽ ʝʢʦʩʠʩʪʝʤʠ, ʷʢ ʧʨʘʚʠʣʦ,  

ʤʘʶʪʴ ʟʥʘʯʥʫ ʙʽʦʤʘʩʫ ʽ, ʟʛʽʜʥʦ ʆʜʫʤʫ [17], ʥʘʟʠʚʘʶʪʴʩʷ ʧʨʦʪʝʢʪʠʚʥʠʤʠ, ʪʦʙ-

ʪʦ ʤʘʶʪʴ ʟʥʘʯʥʫ ʩʪʽʡʢʽʩʪʴ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʟʦʚʥʽʰʥʽʭ ʚʧʣʠʚʽʚ ʩʪʦʭʘʩʪʠʯʥʦ-

ʛʦ ʭʘʨʘʢʪʝʨʫ. 

ʆʩʥʦʚʥʝ ʜʞʝʨʝʣʦ ʥʘʜʭʦʜʞʝʥʥʷ ʝʥʝʨʛʽʾ ʽʟ ʟʦʚʥʽ ʚ ʝʢʦʩʠʩʪʝʤʫ - ʩʦʥʷʯʥʘ 

ʨʘʜʽʘʮʽʷ. ʌʽʟʽʦʣʦʛʽʯʥʘ ʜʽʷ ʾʾ ʥʘ ʨʦʩʣʠʥʠ ʦʙʫʤʦʚʣʝʥʘ ʩʦʥʷʯʥʠʤ ʚʠʧʨʦʤʽʥʶʚʘʥ-

ʥʷʤ ʜʦʚʞʠʥʦʶ ʭʚʠʣʴ ʚ ʦʙʣʘʩʪʽ 400 - 700 ʥʤ (ʬʦʪʦʩʠʥʪʝʪʠʯʥʘ ʘʢʪʠʚʥʘ ʨʘʜʽ-

ʘʮʽʷ, ʌɸʈ). ʇʽʜ ʜʽʻʶ ʨʘʜʽʘʮʽʾ ʚʽʜʙʫʚʘʶʪʴʩʷ ʨʽʟʥʽ ʬʦʪʦʭʽʤʽʯʥʽ ʨʝʘʢʮʽʾ ʚ ʦʙʦʭ 

ʢʦʤʧʦʥʝʥʪʘʭ ʝʢʦʩʠʩʪʝʤʠ: ʙʽʦʪʠʯʥʽʡ ʽ ʘʙʽʦʪʠʯʥʽʡ. ɿʦʢʨʝʤʘ, ʧʦʛʣʠʥʫʪʘ ʚ ʨʦʩ-

ʣʠʥʘʭ ʝʥʝʨʛʽʷ ʩʚʽʪʣʘ ʟʘʧʘʩʘʻʪʴʩʷ ʫ ʬʦʨʤʽ ʭʽʤʽʯʥʠʭ ʟʚôʷʟʢʽʚ ʧʨʠ ʧʝʨʝʪʚʦʨʝʥʥʷʭ 

ʚʫʛʣʝʢʠʩʣʦʪʠ ʫ ʚʫʛʣʝʚʦʜʠ. ʎʝ ʩʫʪʪʻʚʘ ʩʢʣʘʜʦʚʘ ʚʥʫʪʨʽʰʥʴʦʾ ʝʥʝʨʛʽʾ ʝʢʦʩʠʩ-

ʪʝʤʠ. 

ʄʽʞ ʙʽʦʪʠʯʥʦʶ ʪʘ ʘʙʽʦʪʠʯʥʦʶ ʢʦʤʧʦʥʝʥʪʘʤʠ ʝʢʦʩʠʩʪʝʤʠ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʦʙʤʽʥ ʤʽʥʝʨʘʣʴʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ -  ʦʩʥʦʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʤʽʥʝʨʘʣʴʥʦʛʦ ʞʠʚ-

ʣʝʥʥʷ ʽ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ. ʎʝʡ ʚʠʜ ʚʟʘʻʤʦʜʽʾ, ʷʢ ʽ ʧʨʦʮʝʩʠ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ 

ʦʙʦʭ ʢʦʤʧʦʥʝʥʪʘʭ ʟʦʢʨʝʤʘ, ʥʦʩʠʪʴ ʭʘʨʘʢʪʝʨ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ 

ʬʝʨʤʝʥʪʘʪʠʚʥʠʭ.    

        ʇʝʨʰ ʥʽʞ ʧʝʨʝʭʦʜʠʪʠ ʜʦ ʜʝʪʘʣʴʥʦʛʦ ʚʠʩʚʽʪʣʝʥʥʷ ʤʝʪʦʜʽʚ ʦʧʠʩʫ ʝʢʦʩʠʩ-

ʪʝʤ, ʟʨʦʙʠʤʦ ʜʝʷʢʽ ʟʘʫʚʘʞʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʫ. ʇʦʟʥʘʯʠʤʦ ʧʘʨʘʤʝʪʨʠ, 

ʷʢʽ ʢʽʣʴʢʽʩʥʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʨʝʯʦʚʠʥʫ ʪʘ ʨʽʟʥʽ ʚʠʜʠ ʝʥʝʨʛʽʾ  ʫ ʙʽʦʛʝʦʮʝʥʦʟʽ 

ʯʝʨʝʟ qi,, ʘ ʧʘʨʘʤʝʪʨʠ, ʱʦ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʦʨʛʘʥʽʟʤʽʚ ʯʝʨʝʟ pi. ɹʫʜʝʤʦ ʚʚʘʞʘʪʠ, 

ʱʦ ʩʠʩʪʝʤʘ ʧʘʨʘʤʝʪʨʽʚ {qi, pi} ʻ ʧʦʚʥʦʶ ʫ ʪʦʤʫ ʨʦʟʫʤʽʥʥʽ, ʱʦ ʜʦ ʥʝʾ ʚʭʦʜʷʪʴ 

ʚʩʽ ʙʝʟ ʚʠʥʷʪʢʫ ʧʘʨʘʤʝʪʨʠ, ʷʢʽ  ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʙʽʦʛʝʦʮʝʥʦʟʫ. 

ʇʘʨʘʤʝʪʨʠ {qi, pj} ( i=1,2,...,N, j=1,2,..,M)  ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʚʽʜʧʦʚʽʜʥʠʭ ʚʝʣʠʯʠʥ ʽ ʥʘʙʣʠʞʝʥʦ ʚʚʘʞʘʪʠ ʾʭ ʥʝʧʝʨʝʨʚʥʠʤʠ ʬʫʥʢʮʽʷʤʠ ʧʨʦʩ-

ʪʦʨʦʚʠʭ ʢʦʦʨʜʠʥʘʪ ʽ ʯʘʩʫ. ʎʽ ʧʘʨʘʤʝʪʨʠ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʧʝʚʥʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʟʘʢʦʥʠ ʟʙʝʨʝʞʝʥʥʷ, ʷʢʽ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ 

ʟʘʛʘʣʴʥʦʤʫ  ʚʠʛʣʷʜʽ, ʷʢ: 

0),Np,...,2p,1p;Nq,...,2q,1q(iQ =S                            (1.1) 

0),Np,...,2p,1p;Nq,...,2q,1q(jP =S ,                          (1.2) 



 

ʜʝ S ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʩʫʢʫʧʥʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʟʦʚ-

ʥʽʰʥʻ, ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʜʘʥʦʛʦ ʙʽʦʛʝʦʮʝʥʦʟʫ, ʩʝʨʝʜʦʚʠʱʝ. ʎʽ ʧʘʨʘʤʝʪʨʠ, 

ʚʟʘʛʘʣʽ ʢʘʞʫʯʠ ʻ ʬʫʥʢʮʽʷʤʠ ʯʘʩʫ.  

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ (1.1) ʽ (1.2), ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʩʫʢʫʧʥʽʩʪʴ ʘʣʛʝʙʨʘʾ-

ʯʥʠʭ, ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʪʘ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʽ ʻ ʫʟʘʛʘʣʴʥʝʥʦʶ ʤʘʪʝʤʘʪʠʯ-

ʥʦʶ ʤʦʜʝʣʣʶ ʝʢʦʩʠʩʪʝʤʠ. 

ʆʜʥʘ ʽʟ ʛʦʣʦʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʙʽʦʛʝʦʮʝʥʦʟʽʚ, ʷʢ ʽ ʚʟʘʛʘʣʽ ʝʢʦʩʠʩʪʝʤ, 

ʧʦʣʷʛʘʻ ʫ ʾʭ ʩʪʨʫʢʪʫʨʥʽʡ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʽʡ ʩʢʣʘʜʥʦʩʪʽ. ʎʷ ʩʢʣʘʜʥʽʩʪʴ ʧʨʦʷʚ-

ʣʷʻʪʴʩʷ ʫ ʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʩʪʘʥʽʚ, ʚ ʷʢʠʭ ʤʦʞʝ ʟʥʘʭʦʜʠʪʠʩʷ ʜʘʥʘ ʝʢʦʩʠʩʪʝʤʘ. 

ʇʽʜ ʩʪʘʥʘʤʠ ʙʽʦʛʝʦʮʝʥʦʟʫ ʙʫʜʝʤʦ ʨʦʟʫʤʽʪʠ ʩʪʘʥʠ ʡʦʛʦ ʢʦʤʧʦʥʝʥʪʽʚ, ʷʢ ʙʽʦʪʠ-

ʯʥʠʭ -pi ʪʘʢ ʽ ʘʙʽʦʪʠʯʥʠʭ - qI,, ʪʦʙʪʦ ʩʫʢʫʧʥʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ { pI, qI}. 

ɻʦʤʝʦʩʪʘʟ ʝʢʦʩʠʩʪʝʤʠ ʤʦʞʣʠʚʠʡ ʧʨʠ ʟʥʘʯʝʥʥʷʭ ʧʘʨʘʤʝʪʨʽʚ S  ʪʽʣʴʢʠ ʫ  

ʧʝʚʥʽʡ ʦʙʣʘʩʪʽ ʾʭ ʟʤʽʥʠ. ʗʢʱʦ ʙʫʜʴ - ʷʢʠʡ ʧʘʨʘʤʝʪʨ ʽʟ ʩʫʢʫʧʥʦʩʪʽ S  ʟʤʽʥʶ-

ʻʪʴʩʷ, ʪʦ ʚʽʜʛʫʢ ʝʢʦʩʠʩʪʝʤʠ ʥʘ ʮʶ ʟʤʽʥʫ, ʙʫʜʝ ʦʧʠʩʫʚʘʪʠʩʷ ʨʽʚʥʷʥʥʷʤʠ (1.1) ʽ 

(1.2). ʇʨʠ ʮʴʦʤʫ ʚ ʝʢʦʩʠʩʪʝʤʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʨʦʟʧʦʜʽʣ ʨʝʯʦʚʠʥʠ ʽ ʝʥʝʨʛʽʾ 

ʤʽʞ ʤʦʞʣʠʚʠʤʠ ʾʾ ʩʪʘʥʘʤʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʝʥʜʦʛʝʥʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ,  

ʷʢ ʚ ʙʽʦʪʠʯʥʽʡ ʪʘʢ ʽ  ʚ ʘʙʽʦʪʠʯʥʽʡ ʢʦʤʧʦʥʝʥʪʘʭ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʢʦʩʠʩʪʝʤʠ 

ʟʤʽʥʶʶʪʴʩʷ ʽ ʤʦʞʫʪʴ ʧʨʠʡʤʘʪʠ ʟʥʘʯʝʥʥʷ, ʷʢʽ ʧʨʠʚʦʜʷʪʴ ʜʦ ʥʝʤʦʞʣʠʚʦʩʪʽ 

ʩʧʽʚʽʩʥʫʚʘʥʥʷ ʙʽʦʪʠʯʥʠʭ ʪʘ ʘʙʽʦʪʠʯʥʠʭ ʢʦʤʧʦʥʝʥʪ, ʘʙʦ ʜʦ ʥʝʤʦʞʣʠʚʦʩʪʽ ʽʩ-

ʥʫʚʘʥʥʷ ʜʝʷʢʠʭ ʨʽʟʥʦʚʠʜʥʦʩʪʝʡ ʙʽʦʪʠ. 

 

1.5. ɺʣʘʩʪʠʚʦʩʪʽ ʝʢʦʩʠʩʪʝʤ 

ʆʜʥʝ ʽʟ ʥʘʡʙʽʣʴʰ ʩʢʣʘʜʥʠʭ ʧʠʪʘʥʴ ʪʝʦʨʝʪʠʯʥʦʾ ʝʢʦʣʦʛʽʾ ʧʦʣʷʛʘʻ ʫ ʚʠ-

ʟʥʘʯʝʥʥʽ ʩʪʘʥʽʚ ʝʢʦʩʠʩʪʝʤʠ, ʘ ʚʽʜʪʘʢ, ʽ ʩʪʫʧʝʥʷ ʾʾ ʩʢʣʘʜʥʦʩʪʽ. ʉʪʘʥʠ ʝʢʦʩʠʩʪʝ-

ʤʠ, ʟʛʽʜʥʦ ʚʠʩʦʢʦʛʦ ʩʪʫʧʝʥʷ ʾʾ ʚ ʽʻʨʘʨʭʽʾ ʙʽʦʩʠʩʪʝʤ, ʚʢʣʶʯʘʶʪʴ ʩʪʘʥʠ ʾʾ ʩʢʣʘ-

ʜʦʚʠʭ, ʙʽʦʪʠʯʥʠʭ (ʨ̔) ʽ ʘʙʽʦʪʠʯʥʠʭ (qj) , ʘ ʪʘʢʦʞ ʩʪʘʥʠ ʟʚôʷʟʢʽʚ ʤʽʞ ʮʠʤʠ ʩʢʣʘ-

ʜʦʚʠʤʠ. ʇʝʨʝʭʽʜ ʤʽʞ ʩʪʘʥʘʤʠ ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤʠ (1.1) ʽ (1.2) ʧʨʠ ʟʤʽʥʽ 

ʝʢʟʦʛʝʥʥʠʭ ʧʘʨʘʤʝʪʨʽʚ S, ʽ ʛʝʦʤʝʪʨʠʯʥʦ, ʟʦʙʨʘʞʘʻʪʴʩʷ ʢʨʠʚʦʶ ʫ ʙʘʛʘʪʦʚʠʤʽ-

ʨʥʦʤʫ ʧʨʦʩʪʦʨʽ ʟʤʽʥʥʠʭ {qi, pi}. ɼʣʷ ʽʣʶʩʪʨʘʮʽʾ ʨʦʟʛʣʷʥʝʤʦ ʪʘʢʫ ʝʢʦʩʠʩʪʝʤʫ, 

ʷʢ  ʧʨʠʨʦʜʥʽ ʣʫʢʠ. ɼʣʷ ʮʽʻʾ ʝʢʦʩʠʩʪʝʤʠ ʭʘʨʘʢʪʝʨʥʠʤ ʻ ʥʘʷʚʥʽʩʪʴ ʤʥʦʞʠʥʠ 

ʩʧʦʨ, ʽʟ ʷʢʠʭ ʨʦʟʚʠʚʘʶʪʴʩʷ ʨʽʟʥʦʤʘʥʽʪʥ ̔ʪʨʘʚʠ. ʁʤʦʚʽʨʥʽʩʪʴ ʨʦʟʚʠʪʢʫ ʪʠʭ ʘʙʦ 

ʽʥʰʠʭ ʩʧʦʨ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʦʚʥʽʰʥʽʤʠ ʛʽʜʨʦʤʝʪʝʦʨʦʣʦʛʽʯʥʠʤʠ ʫʤʦʚʘʤʠ (ʧʘʨʘ-

ʤʝʪʨ S). ɺʽʜʧʦʚʽʜʥʦ ʥʝʧʦʚʪʦʨʥʦʩʪʽ ʟʥʘʯʝʥʴ S,  ʢʦʞʥʦʛʦ ʨʦʢʫ ʩʧʦʩʪʝʨʽʛʘʻʤʦ 

ʽʥʰʠʡ ʥʘʙʽʨ ʪʨʘʚ ʥʘ ʣʫʢʘʭ, ʽʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʨ̔.  

ɿʛʽʜʥʦ ɽʰʙʽ [18],  ʩʢʣʘʜʥʽʩʪʴ ʩʠʩʪʝʤʠ ʧʨʠʡʥʷʪʦ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʾʾ ʨʽʟ-

ʥʦʤʘʥʽʪʥʽʩʪʶ, ʯʠʩʣʦʤ ʾʾ ʩʪʘʥʽʚ ï N, ʪʦʙʪʦ ʩʪʘʥʽʚ, ʚ ʷʢʠʭ ʤʦʞʝ ʧʝʨʝʙʫʚʘʪʠ ʜʘ-

ʥʘ ʩʠʩʪʝʤʘ ʧʨʠ ʟʘʜʘʥʠʭ ʟʦʚʥʽʰʥʽʭ ʫʤʦʚʘʭ. ʆʩʢʽʣʴʢʠ ʯʠʩʣʦ N ʜʫʞʝ ʚʝʣʠʢʝ, ʪʦ 



 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʣʦʛʘʨʠʬʤ ʮʴʦʛʦ ʯʠʩʣʘ. ʊʘʢʠʤ ʯʠʥʦʤ, ʩʢʣʘʜʥʽʩʪʴ ʩʠʩʪʝʤʠ ʧʦ 

ɽʰʙʽ, Hm, ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʦʨʤʫʣʦʶ: 

 

)Nln(H m =                                                                                 (1.3) 

 

ʋ ʚʠʧʘʜʢʫ ʝʢʦʩʠʩʪʝʤ ʩʢʣʘʜʥʽʩʪʴ ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ ʩʧʦʩʪʝʨʝʞʫʚʘʥʽʡ  ʾʾ ʙʽ-

ʦʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ.  

ʆʜʠʥ ʽʟ ʤʦʞʣʠʚʠʭ ʰʣʷʭʽʚ ʨʦʟʫʤʽʥʥʷ ʧʨʠʨʦʜʠ ʩʢʣʘʜʥʦʩʪʽ ʝʢʦʩʠʩʪʝʤʠ ʪʘ 

ʾʾ ʙʽʦʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ ʧʦʣʷʛʘʻ ʫ ʧʨʠʧʫʱʝʥʥʽ, ʱʦ ʜʣʷ ʜʘʥʦʾ ʝʢʦʩʠʩʪʝʤʠ ʽʩʥʫʻ 

ʧʝʚʥʠʡ ʥʘʙʽʨ ʩʪʨʫʢʪʫʨʥʠʭ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʪʘʥʽʚ, ʚ ʢʦʞʥʦʤʫ ʽʟ 

ʷʢʠʭ ʚʦʥʘ ʤʦʞʝ ʧʝʨʝʙʫʚʘʪʠ ʟ ʧʝʚʥʦʶ ʡʤʦʚʽʨʥʽʩʪʶ. ʁʤʦʚʽʨʥʽʩʪʴ ʟʥʘʭʦʜʞʝʥʥʷ 

ʝʢʦʩʠʩʪʝʤʠ ʚ ʪʦʤʫ ʘʙʦ ʽʥʰʦʤʫ ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʩʪʘʥʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʦʚʥʽʰʥʽʤʠ 

ʫʤʦʚʘʤʠ.  

ʁʤʦʚʽʨʥʽʩʪʴ ʟʥʘʭʦʜʞʝʥʥʷ  ʩʠʩʪʝʤʠ ʚ  ʦʜʥʦʤʫ ʽʟ ʩʚʦʾʭ N ʩʪʘʥʽʚ, ʥʘʧʨʠ-

ʢʣʘʜ i, ʧʦʟʥʘʯʠʤʦ pi. ʇʨʠ ʮʴʦʤʫ ʚʠʢʦʥʫʻʪʴʩʷ ʫʤʦʚʘ 

1p
N

1i
i =ä

=

 ,                                                                                      (1.4) 

ʦʩʢʽʣʴʢʠ ʩʠʩʪʝʤʘ ʟʘʚʞʜʠ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʦʜʥʦʤʫ ʽʭ ʩʚʦʾʭ  ʩʪʘʥʽʚ ʽ ʩʫʢʫʧ-

ʥʽʩʪʴ ʩʪʘʥʽʚ ʫʪʚʦʨʶʻ ʧʦʚʥʫ ʩʠʩʪʝʤʫ ʚʠʧʘʜʢʽʚ. 

ɼʝʷʢʽ ʘʚʪʦʨʠ (ʥʘʧʨ.[19]) ʚʚʦʜʷʪʴ ʧʦʥʷʪʪʷ ʤʽʨʠ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʩʪʘʥʫ ʩʠ-

ʩʪʝʤʠ, ʘ ʩʘʤʝ - ln(pI).   

ʌʫʥʜʘʤʝʥʪʘʣʴʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʙʫʜʴ ï ʷʢʦʾ ʤʘʢʨʦʩʠʩʪʝʤʠ ʻ ʾʾ ʝʥʪ-

ʨʦʧʽʷ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ  ʷʢ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʩʠʩʪʝʤʠ: 
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)ln(                                                               (1.5) 

ʗʢʱʦ, ʥʘʧʨʠʢʣʘʜ, ʩʠʩʪʝʤʘ ʚʩʝ ʯʘʩʪʽʰʝ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʽ ï ʤʫ ʩʪʘʥʽ, ʪʦ 

ʡʤʦʚʽʨʥʽʩʪʴ  pi  ʧʨʷʤʫʻ ʜʦ ʦʜʠʥʠʮʽ. ɺʽʜʧʦʚʽʜʥʦ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʅ, ʧʨʷʤʫʻ ʜʦ 

ʥʫʣʷ ʽ ʩʠʩʪʝʤʘ ʙʫʜʝ ʜʝʪʝʨʤʽʥʦʚʘʥʦʶ  

ʆʩʪʘʥʥʽʡ ʚʠʨʘʟ ʩʧʽʚʧʘʜʘʻ ʽʟ ʽʥʬʦʨʤʘʮʽʡʥʦʶ ʝʥʪʨʦʧʽʻʶ, ʘʙʦ ʥʝʚʠʟʥʘʯʝ-

ʥʽʩʪʶ, ʟʘ ʐʝʥʥʦʥʦʤ [20].  ɺʝʣʠʯʠʥʘ HI ʤʘʻ ʚʣʘʩʪʠʚʽʩʪʴ ʘʜʠʪʠʚʥʦʩʪʽ, ʪʦʙʪʦ 

ʧʨʠ ʦʙôʻʜʥʘʥʥʽ ʜʚʦʭ ʥʝʟʘʣʝʞʥʠʭ ʩʠʩʪʝʤ 1 ʽ 2 ʾʭ ʟʘʛʘʣʴʥʘ ʽʥʬʦʨʤʘʮʽʡʥʘ ʝʥʪʨʦ-

ʧʽʷ ʜʦʨʽʚʥʶʻ ʩʫʤʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʝʥʪʨʦʧʽʡ ʩʢʣʘʜʦʚʠʭ: 

2i1ii HHH +=                                                                      (1.6) 

ʆʩʢʽʣʴʢʠ ʚʝʣʠʯʠʥʠ pI ʟʤʽʥʶʶʪʴʩʷ ʚ ʤʝʞʘʭ 0 - 1, ʪʦ ʥʝ ʚʘʞʢʦ ʙʘʯʠʪʠ, ʱʦ 

ʚʝʣʠʯʠʥʘ ʅ̔ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʝʥʪʨʦʧʽʾ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ 

imi HH0 ¢¢                                                                          (1.7) 



 

ɿʥʘʯʝʥʥʷ HI =0 ʚʽʜʧʦʚʽʜʘʻ ʚʠʧʘʜʢʫ ʢʦʣʠ ʩʠʩʪʝʤʘ ʟʥʘʭʦʜʠʪʴʩʷ ʫ  ̔ï ʤʫ 

ʩʪʘʥʽ, ʪʦʙʪʦ pI =1. ʅʝʚʠʟʥʘʯʝʥʽʩʪʴ ʩʠʩʪʝʤʠ ʭʘʨʘʢʪʝʨʠʟʫʻ ʾʾ ʭʘʦʪʠʯʥʽʩʪʴ. ʇʨʠ 

ʨʽʚʥʦʡʤʦʚʽʨʥʠʭ ʨʝʘʣʽʟʘʮʽʷʭ ʩʚʦʾʭ ʩʪʘʥʽʚ (pI=1/N) ʩʠʩʪʝʤʘ ʫ ʙʫʜʴ ï ʷʢʠʡ ʤʦ-

ʤʝʥʪ ʯʘʩʫ ʤʦʞʝ ʧʝʨʝʡʪʠ ʫ ʙʫʜʴ ï ʷʢʠʡ ʽʟ ʮʠʭ ʩʪʘʥʽʚ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʩʠʩʪʝ-

ʤʘ ʧʨʠʡʤʘʻ ʥʘʡʙʽʣʴʰʫ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ - Him.  

ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ ʽʥʦʜʽ ʚʚʦʜʷʪʴ ʧʦʥʷʪʪʷ ʧʨʦ ʾʭ ʦʨʛʘ-

ʥʽʟʦʚʘʥʽʩʪʴ, ʷʢ ʨʝʘʣʽʟʦʚʘʥʫ ʫ ʩʠʩʪʝʤʽ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ [21] O = H im ïH, ʜʝ O ï 

ʘʙʩʦʣʶʪʥʘ ʦʨʛʘʥʽʟʦʚʘʥʽʩʪʴ ʩʠʩʪʝʤʠ, ʘ  ʪʘʢʦʞ ʧʦʥʷʪʪʷ ʚʽʜʥʦʩʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ: 

R=1-H/Him.  ʆʯʝʚʠʜʥʦ, ʱʦ ʚʝʣʠʯʠʥʘ R ʟʤʽʥʶʻʪʴʩʷ ʚ ʤʝʞʘʭ: 0 ¢ R  ¢ 1. 

ɺʽʜʧʦʚʽʜʥʦ ʟʥʘʯʝʥʴ  H, ʘʙʦ R, ʩʠʩʪʝʤʠ, ʚʟʘʛʘʣʽ, ʨʦʟʜʽʣʷʶʪʴʩʷ ʥʘ  ʧʨʦʩʪʽ, 

ʩʢʣʘʜʥʽ, ʜʫʞʝ ʩʢʣʘʜʥʽ , ʜʝʪʝʨʤʽʥʦʚʘʥʽ ʪʘ ʡʤʦʚʽʨʥʽʩʥʽ [ C ɹʠʨ, ʂʠʙʝʨʥʝʪʠʢʘ ʠ 

ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʦʤ, ʄ., ʀʃ, 1963]. ɼʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʩʠʩʪʝʤ ʧʦ ʩʢʣʘʜ-

ʥʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʰʢʘʣʘ ɹʽʨʘ: 1) ʧʨʦʩʪʽ ʩʠʩʪʝʤʠ (30 <¢ mH ), 2) ʩʢʣʘʜ-

ʥʽ ʩʠʩʪʝʤʠ (63 <¢ mH  ), 3) ʜʫʞʝ ʩʢʣʘʜʥʽ ʩʠʩʪʝʤʠ (mH¢6 ) . ɸʥʪʦʤʦʥʦʚ 

[ʖ.ɻ. ɸʥʪʦʤʦʥʦʚ, ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʂʠʝʚ, ʅʘʫʢʦʚʘ ʜʫ-

ʤʢʘ, 1977)] ʟʘʧʨʦʧʦʥʫʚʘʚ ʢʣʘʩʠʬʽʢʘʮʽʶ ʩʠʩʪʝʤ ʧʦ ʨʽʚʥʶ ʦʨʛʘʥʽʟʘʮʽʾ, ʘ ʩʘʤʝ:  

1) ʜʝʪʝʨʤʽʥʦʚʘʥʽ ʩʠʩʪʝʤʠ (13.0 ¢<R ), 2) ʢʚʘʟʽʜʝʪʝʨʤʽʥʦʚʘʥʽ ʩʠʩʪʝʤʠ 

( 3.01.0 ¢<R ), 3) ʡʤʦʚʽʨʥʽʩʥʽ ʩʠʩʪʝʤʠ (1.00 ¢<R ).  

ɿʛʽʜʥʦ ɸʥʪʦʥʦʤʦʚʫ ʜʣʷ ʦʧʠʩʫ ʧʨʦʩʪʠʭ ʪʘ ʩʢʣʘʜʥʠʭ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦ-

ʚʫʚʘʪʠ ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʧʧʘʨʘʪ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ. ʂʚʘʟʽʜʝʪʝʨʤʽʥʦʚʘʥ ̔ʽ  

ʡʤʦʚʽʨʥʦʩʥ ̔ʩʠʩʪʝʤʠ ʦʧʠʩʫʶʪʴʩʷ  ʥʝʣʽʥʽʡʥʠʤʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤʠ ʨʽʚʥʷʥʥʷ-

ʤʠ ʽ ʩʪʦʭʘʩʪʠʯʥʠʤʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ.  

ɺʣʘʩʪʠʚʽʩʪʴ ʘʜʠʪʠʚʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʝʥʪʨʦʧʽʾ ʭʘʨʘʢʪʝʨʥʘ, ʪʘʢʦʞ, ʜʣʷ 

ʩʪʘʪʠʩʪʠʯʥʦʾ ʪʘ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʝʥʪʨʦʧʽʡ, ʪʦʪʦʞʥʠʭ ʤʽʞ ʩʦʙʦʶ, - S. ʎʝ ʜʘʻ 

ʧʽʜʩʪʘʚʠ  ʛʦʚʦʨʠʪʠ ʧʨʦ ʟʚôʷʟʦʢ ʤʽʞ ʽʥʬʦʨʤʘʮʽʡʥʦʶ ʪʘ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʶ ʝʥʪ-

ʨʦʧʽʷʤʠ. ɸ ʩʘʤʝ: 

ikHS=                                                  (1.8) 

ʜʝ k ï ʧʦʩʪʽʡʥʘ ɹʦʣʴʮʤʘʥʘ (k= 1,381 10-23 ɼʞ/ʂ). 

ɺʽʜʤʽʪʠʤʦ, ʱʦ ʜʣʷ ʦʪʦʪʦʞʥʝʥʥʷ ʩʪʘʪʠʩʪʠʯʥʦʾ ʝʥʪʨʦʧʽʾ ʪʘ ʚʚʝʜʝʥʦʾ ʽʥ-

ʬʦʨʤʘʮʽʡʥʦʾ ʚʠʢʦʨʠʩʪʘʥʠʡ ʣʠʰʝ ʬʘʢʪ ʘʜʠʪʠʚʥʦʩʪʽ ʮʠʭ ʚʝʣʠʯʠʥ. ʎʷ ʧʨʘʚʜʦ-

ʧʦʜʽʙʥʘ ʛʽʧʦʪʝʟʘ ʚʧʝʨʰʝ ʙʫʣʘ ʦʧʨʠʣʶʜʥʝʥʘ ɹʨʠʣʣʶʝʥʦʤ [22]. ɺʽʜʥʦʩʥʦ ʪʘʢʦ-

ʛʦ ʦʪʦʪʦʞʥʝʥʥʷ ʽʩʥʫʶʪʴ ʟʘʫʚʘʞʝʥʥʷ, ʜʝʪʘʣʴʥʦ ʚʠʢʣʘʜʝʥʽ ɹʘʟʘʨʦʚʠʤ [23]. ʂʦ-

ʣʠ ʞ ʚʝʣʠʯʠʥʘ H ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʬʽʟʠʯʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʨʦʩʪʦʨʫ, ʪʦ ʚʩʽ ʝʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʽ ʬʘʢʪʠ ʧʽʜʪʚʝʨʜʞʫʶʪʴ  ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (1.8). 

ʋ ʚʠʧʘʜʢʫ ʩʠʩʪʝʤʠ ʽʟ ʥʝʧʝʨʝʨʚʥʦʶ ʤʥʦʞʠʥʦʶ ʩʪʘʥʽʚ X, ʛʫʩʪʠʥʘ ʨʦʟʧʦ-

ʜʽʣʫ ʷʢʠʭ ʦʧʠʩʫʻʪʴʩʷ ʬʫʥʢʮʽʻʶ r(ʍ), ʝʥʪʨʦʧʽʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʟʦʤ: 

ñ-= dX)x(ln)X(kS rr
,                                                                (1.9) 

ʜʝ ʽʥʪʝʛʨʫʚʘʥʥʷ ʧʨʦʚʦʜʠʪʴʩʷ ʧʦ ʚʩʴʦʤʫ ʧʨʦʩʪʦʨʽ ʩʪʘʥʽʚ. 



 

ʅʘ ʬʝʥʦʤʝʥʦʣʦʛʽʯʥʦʤʫ ʨʽʚʥʽ ʦʧʠʩʫ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ, ʚʽʜʚʦʣʽʢʘʶʯʠʩʴ 

ʚʽʜ ʝʣʝʤʝʥʪʘʨʥʠʭ ʧʨʦʮʝʩʽʚ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʝ ʧʦʥʷʪʪʷ ʩʪʘʥʽʚ, ʘ ʧʦʥʷʪʪʷ 

ʝʥʪʨʦʧʽʾ, ʷʢʘ ʪʽʩʥʦ ʧʦʚôʷʟʘʥʘ ʽʟ ʯʠʩʣʦʤ ʤʦʞʣʠʚʠʭ ʩʪʘʥʽʚ ʩʠʩʪʝʤʠ. ʅʝʜʦʣʽʢ ʚʠ-

ʢʦʨʠʩʪʘʥʥʷ ʧʦʥʷʪʪʷ ʩʪʘʥʫ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʪʨʫʜʥʦ ʚʠʟʥʘʯʠʪʠ ʥʘʙʽʨ ʚʠʟʥʘ-

ʯʘʶʯʠʭ ʡʦʛʦ ʥʝʟʘʣʝʞʥʠʭ ʧʘʨʘʤʝʪʨʽʚ.  

ɽʥʪʨʦʧʽʷ ʙʫʜʴ ʷʢʦʾ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʝʢʩʪʝʥʩʠ-

ʚʥʘ (ʪʦʙʪʦ ʤʘʻ ʚʣʘʩʪʠʚʽʩʪʴ ʘʜʠʪʠʚʥʦʩʪʽ) ʬʫʥʢʮʽʷ ʩʪʘʥʫ, ʷʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʝʥʝ-

ʨʛʽʾ U ʩʠʩʪʝʤʠ, ʦʙôʻʤʫ V  ʪʘ ʜʦʣʽ ni  ʢʦʤʧʦʥʝʥʪʽʚ i=1,2,é..,N. 

S=S(U,V,ni)                                                                                  (1.10) 

ʇʨʠ ʨʦʟʜʽʣʝʥʥʽ ʩʠʩʪʝʤʠ ʥʘ ʜʚʽ ʧʽʜʩʠʩʪʝʤʠ ʟ ʝʥʪʨʦʧʽʷʤʠ S1 ʪʘ  S2 ʚʠʢʦʥʫ-

ʻʪʴʩʷ ʧʨʘʚʠʣʦ ʘʜʠʪʠʚʥʦʩʪʽ 

S= S1+ S2                                                                                       (1.11) 

ʊʝʨʤʦʜʠʥʘʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʝʢʦʩʠʩʪʝʤ ʙʫʜʫʪʴ ʨʦʟʛʣʷʥʫʪʽ ʙʽʣʴʰ ʜʝʪʘ-

ʣʴʥʦ ʫ ʥʘʩʪʫʧʥʦʤʫ ʨʦʟʜʽʣʽ, ʪʫʪ ʞʝ ʟʘʫʚʘʞʠʤʦ, ʱʦ ʧʨʠ ʙʫʜʴ ï ʷʢʽʡ ʟʤʽʥʽ ʩʪʘʥʫ 

ʟʤʽʥʘ ʝʥʪʨʦʧʽʾ dS ʚʽʜʢʨʠʪʦʾ ʩʠʩʪʝʤʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʦʙʤʽʥʫ ʪʝʧʣʦʤ ʪʘ 

ʨʝʯʦʚʠʥʦʶ ʽʟ ʟʦʚʥʽʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ (dSe), ʘʙʦ ʟʘ ʨʘʭʫʥʦʢ ʚʥʫʪʨʽʰʥʽʭ ʧʨʦ-

ʮʝʩʽʚ ʫ ʩʘʤʽʡ ʩʠʩʪʝʤʽ  (dSi): 

ie dSdSdS +=                                                                              
(1.12) 

ʋ ʚʠʧʘʜʢʫ ʦʙʦʨʦʪʥʠʭ ʚʥʫʪʨʽʰʥʽʭ ʧʨʦʮʝʩʽʚ ʝʥʪʨʦʧʽʷ ʥʝ ʟʤʽʥʶʻʪʴʩʷ: dSi 

=0. ʋ ʚʠʧʘʜʢʫ ʞ ʥʝʦʙʦʨʦʪʥʠʭ ʟʤʽʥ, ʟʤʽʥʘ ʝʥʪʨʦʧʽʾ ʥʝ ʜʦʨʽʚʥʶʻ ʥʫʣʶ, ʧʨʠʯʦ-

ʤʫ: dSi >0. ʎʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʢʣʘʜʘʻ ʩʫʪʴ ʜʨʫʛʦʛʦ ʟʘʢʦʥʫ ʪʝʨʤʦʜʠʥʘʤʽʢʠ ʚ 

ʡʦʛʦ ʢʣʘʩʠʯʥʦʤʫ ʨʦʟʫʤʽʥʥʽ. ɺʝʣʠʯʠʥʘ dSI ʚʠʟʥʘʯʘʻʪʴʩʷ ʣʠʰʝ ʜʠʩʠʧʘʪʠʚʥʠʤʠ 

ʧʨʦʮʝʩʘʤʠ ʜʠʬʫʟʽʾ ʽ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʫ ʨʦʟʛʣʷʜʫʚʘʥʽʡ ʩʠʩʪʝʤʽ. 

ɿʥʘʢ ʚʝʣʠʯʠʥʠ dSe ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʤʽʞ ʧʦʪʦʢʘʤʠ ʨʝʯʦ-

ʚʠʥʠ ʪʘ ʝʥʝʨʛʽʾ ʽʟ ʩʠʩʪʝʤʠ ʫ ʟʦʚʥʽʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʽ ʥʘʚʧʘʢʠ. ʊʘʢ, ʱʦ ʧʨʠ 

|dSe|>dSi  ʟʘʛʘʣʴʥʘ ʟʤʽʥʘ ʝʥʪʨʦʧʽʾ ʤʦʞʝ ʙʫʪʠ ʷʢ ʜʦʜʘʪʥʦʶ ʪʘʢ ʽ ʚʽʜôʻʤʥʦʶ. ɿʦ-

ʢʨʝʤʘ, ʷʢʱʦ ʧʦʪʽʢ ʝʥʪʨʦʧʽʾ ʫ ʟʦʚʥʽʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʪʦʯʥʦ ʢʦʤʧʝʥʩʫʻ ʧʨʦʜʫʢ-

ʮʽʶ ʝʥʪʨʦʧʽʾ ʫ ʩʠʩʪʝʤʽ, ʪʦʙʪʦ dSe  <0  ʽ |dSe|=dSi,, ʪʦ ʟʘʛʘʣʴʥʘ ʟʤʽʥʘ ʝʥʪʨʦʧʽʾ 

ʩʠʩʪʝʤʠ ʨʽʚʥʘ ʥʫʣʶ, ʱʦ, ʟʨʦʟʫʤʽʣʦ, ʥʝ ʦʟʥʘʯʘʻ, ʱʦ ʩʠʩʪʝʤʘ ʟʥʘʭʦʜʠʪʴʩʷ ʫ 

ʩʪʘʥʽ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʨʽʚʥʦʚʘʛʠ.   

ɼʣʷ ʟʘʤʢʥʫʪʠʭ ʩʠʩʪʝʤ, ʪʦʙʪʦ ʩʠʩʪʝʤ ʚ ʷʢʠʭ ʚʽʜʩʫʪʥʽʡ ʦʙʤʽʥ ʪʝʧʣʦʤ ʪʘ 

ʨʝʯʦʚʠʥʦʶ ʽʟ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ, ʩʧʨʘʚʝʜʣʠʚʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 

0SddS  ;0Sd ie ²== .                                                          (1.13) 

ɽʥʪʨʦʧʽʷ ʟʘʤʢʥʫʪʦʾ ʩʠʩʪʝʤʠ ʥʽʢʦʣʠ ʥʝ ʟʤʝʥʰʫʻʪʴʩʷ. ʉʪʘʥ ʪʝʨʤʦʜʠʥʘʤʽ-

ʯʥʦʾ ʨʽʚʥʦʚʘʛʠ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ ʝʥʪʨʦʧʽʾ 

0dS  max,)n,V,U(S i ==                                                             (1.14) 

ʅʘ ʦʩʥʦʚʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (1.14) ʤʦʞʥʘ ʩʢʣʘʩʪʠ ʫʷʚʣʝʥʥʷ ʧʨʦ ʩʪʨʫʢʪʫʨʫ 

ʩʠʩʪʝʤʠ. ʊʘʢ, ʤʘʢʩʠʤʘʣʴʥʘ ʝʥʪʨʦʧʽʷ ʦʟʥʘʯʘʻ ʥʘʡʥʠʞʯʠʡ ʩʪʫʧʽʥʴ ʦʨʛʘʥʽʟʦʚʘ-



 

ʥʦʩʪʽ, ʪʦʙʪʦ ʥʘʡʙʽʣʴʰʫ ʥʝʚʧʦʨʷʜʢʦʚʘʥʽʩʪʴ, ʷʢʘ ʤʦʞʣʠʚʘ ʧʨʠ ʟʘʜʘʥʠʭ ʧʘʨʘʤʝ-

ʪʨʘʭ ʩʠʩʪʝʤʠ (ʝʥʝʨʛʽʷ, ʦʙôʻʤ, ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ, ʤʘʩʘ). 

ʋ ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʩʠʩʪʝʤʘʭ, ʜʦ ʷʢʠʭ ʚʽʜʥʦʩʷʪʴʩʷ ʽ ʝʢʦʩʠʩʪʝʤʠ, ʚʘʞʣʠ-

ʚʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʻ ʧʨʦʜʫʢʮʽʷ ʝʥʪʨʦʧʽʾ ʈ: 

0
dt

dS
P i >=                                                                                  (1.15). 

ʇʦʨʷʜ ʽʟ ʮʽʻʶ ʬʫʥʢʮʽʻʶ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʘʢʦʞ ʬʫʥʢʮʽʶ ʜʠʩʠʧʘʮʽʾ 

dt

dS
TTP i==Y                                                                             (1.16) 

 

1.6.  ʆʩʥʦʚʠ ʪʝʨʤʦʜʠʥʘʤʽʢʠ ʝʢʦʩʠʩʪʝʤ 

ʇʨʠʥʮʠʧʽʘʣʴʥʠʭ ʟʘʧʝʨʝʯʝʥʴ ʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʥʮʝʧʮʽʡ ʪʝʨʤʦʜʠʥʘʤʽʢʠ 

ʜʣʷ ʘʥʘʣʽʟʫ  ʝʢʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ, ʷʢ ʚʠʜʫ ʬʽʟʠʢʦ ï ʭʽʤʽʯʥʠʭ ʩʠʩʪʝʤ,  ʥʝ ʽʩʥʫʻ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʧʨʠʥʮʠʧʽʚ ʜʦ ʝʢʦʩʠʩʪʝʤ ʜʘʻ ʟʤʦʛʫ ʟʨʦʟʫʤʽʪʠ 

ʬʽʟʠʯʥʫ ʦʩʥʦʚʫ  ʪʠʭ ʧʦʣʦʞʝʥʴ, ʥʘ ʷʢʠʭ ʩʴʦʛʦʜʥʽ ʙʘʟʫʻʪʴʩʷ ʩʫʯʘʩʥʘ ʟʘʛʘʣʴʥʘ 

ʝʢʦʣʦʛʽʷ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ ʢʣʽʤʘʢʩ ʝʢʦʩʠʩʪʝʤʠ ʻ ʥʽʱʦ ʽʥʰʝ ʷʢ ʩʪʘʮʽʦʥʘʨʥʠʡ ʾʾ 

ʩʪʘʥ, ʘʙʦ, ʽʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʩʪʘʥ ʜʠʥʘʤʽʯʥʦʾ ʨʽʚʥʦʚʘʛʠ, ʢʦʣʠ ʧʨʦʜʫʢʮʽʷ ʝʥʪʨʦ-

ʧʽʾ ʚ ʝʢʦʩʠʩʪʝʤʽ ʫʨʽʚʥʦʚʘʞʫʻʪʴʩʷ ʧʦʪʦʢʦʤ ʝʥʪʨʦʧʽʾ ʽʟ ʝʢʦʩʠʩʪʝʤʠ  ʚ ʦʪʦʯʫʶʯʝ 

ʾʾ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. ʇʝʨʝʭʽʜ ʩʠʣʴʥʦ ʥʝ ʨʽʚʥʦʚʘʞʥʦʾ ʝʢʦʩʠʩʪʝʤʠ, ʟʙʫ-

ʨʝʥʦʾ, ʥʘʧʨʠʢʣʘʜ, ʘʥʪʨʦʧʦʛʝʥʥʦʶ ʜʽʷʣʴʥʽʩʪʶ ʚ ʩʪʘʥ ʜʠʥʘʤʽʯʥʦʾ ʨʽʚʥʦʚʘʛʠ, 

ʪʦʯʥʽʰʝ ʩʪʘʮʽʦʥʘʨʥʠʡ ʩʪʘʥ, ʚʽʜʧʦʚʽʜʘʻ ʝʢʦʣʦʛʽʯʥʦʤʫ ʧʦʥʷʪʪʶ ʩʫʢʮʝʩʽʾ.  

ʉʢʣʘʜʦʚʠʤʠ ʩʫʭʦʜʽʣʴʥʠʭ ʝʢʦʩʠʩʪʝʤ ʻ ˇʨʫʥʪ ï ʪʨʠ ʬʘʟʦʚʝ ʩʝʨʝʜʦʚʠʱʝ ʪʘ 

ʨʦʩʣʠʥʥʽʩʪʴ, ʷʢʘ ʚʠʨʦʱʫʻʪʴʩʷ ʥʘ ʥʴʦʤʫ. ɼʦ ʩʢʣʘʜʫ ˇʨʫʥʪʫ ʚʭʦʜʠʪʴ ʪʚʝʨʜʘ ʬʘ-

ʟʘ, ʨʽʟʥʦʛʦ ʩʦʨʪʫ ʤʽʥʝʨʘʣʴʥʽ ʯʘʩʪʠʥʢʠ, ˇʨʫʥʪʦʚʠʡ ʨʦʟʯʠʥ ʪʘ ʧʦʚʽʪʨʷ. ʎʽ ʩʢʣʘ-

ʜʦʚʽ ʤʦʞʫʪʴ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʧʽʜʩʠʩʪʝʤʠ, ʜʦ ʷʢʠʭ ʤʦʞʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʚʩʽ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ, ʟʘʟʥʘʯʝʥʽ ʜʘʣʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʛʣʷʜʘʶʯʠ ʙʫʜʴ ï ʷʢʫ ʧʽʜʩʠʩ-

ʪʝʤʫ ʝʢʦʩʠʩʪʝʤʠ, ʽʥʰʽ ʧʽʜʩʠʩʪʝʤʠ ʫ ʩʚʦʾʡ ʩʫʢʫʧʥʦʩʪʽ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʦʪʦʯʫ-

ʶʯʠʤ ʩʝʨʝʜʦʚʠʱʝʤ ʜʣʷ ʨʦʟʛʣʷʜʫʚʘʥʦʾ ʧʽʜʩʠʩʪʝʤʠ.  

ʇʝʨʰ ʟʘ ʚʩʝ, ʜʘʤʦ ʚʠʟʥʘʯʝʥʥʷ. ʈʦʟʨʽʟʥʷʶʪʴ ʽʟʦʣʴʦʚʘʥʽ ʩʠʩʪʝʤʠ, ʷʢ ʪʘʢʽ 

ʱʦ ʥʝ ʤʦʞʫʪʴ ʦʙʤʽʥʶʚʘʪʠʩʷ ʽʟ ʦʪʦʯʫʶʯʠʤ ʩʝʨʝʜʦʚʠʱʝʤ ʥʽ ʝʥʝʨʛʽʻʶ, ʥʽ ʨʝʯʦ-

ʚʠʥʦʶ. ʇʨʠʢʣʘʜʦʤ ʪʘʢʠʭ ʩʠʩʪʝʤ ʤʦʞʝ ʙʫʪʠ ʩʠʩʪʝʤʘ, ʷʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʧʦʩʫ-

ʜʠʥʽ ɼôʶʘʨʘ. ʉʠʩʪʝʤʠ, ʷʢʽ ʤʦʞʫʪʴ ʦʙʤʽʥʶʚʘʪʠʩʷ ʽʟ ʦʪʦʯʫʶʯʠʤ ʩʝʨʝʜʦʚʠʱʝʤ 

ʝʥʝʨʛʽʻʶ, ʘʣʝ ʥʝ ʤʦʞʫʪʴ ʦʙʤʽʥʶʚʘʪʠʩʷ ʨʝʯʦʚʠʥʦʶ ʥʘʟʠʚʘʶʪʴʩʷ ʟʘʢʨʠʪʠʤʠ. 

ɿʘʢʨʠʪʽ ʩʠʩʪʝʤʠ ʦʙʤʽʥʶʶʪʴʩʷ ʝʥʝʨʛʽʻʶ ʰʣʷʭʦʤ ʧʝʨʝʜʘʯʽ ʪʝʧʣʘ ʘʙʦ ʟʜʽʡʩ-

ʥʝʥʥʷ ʨʦʙʦʪʠ.  ɺʽʜʢʨʠʪʽ ʩʠʩʪʝʤʠ ʤʦʞʫʪʴ ʦʙʤʽʥʶʚʘʪʠʩʷ ʽʟ ʦʪʦʯʫʶʯʠʤ ʩʝʨʝ-

ʜʦʚʠʱʝʤ ʷʢ ʝʥʝʨʛʽʻʶ ʪʘʢ ʽ ʨʝʯʦʚʠʥʦʶ. 

ɿ ʪʦʯʢʠ ʟʦʨʫ ʪʝʨʤʦʜʠʥʘʤʽʢʠ, ʙʫʜʴ ï ʷʢʘ ʝʢʦʩʠʩʪʝʤʘ ʻ ʚʽʜʢʨʠʪʦʶ ʪʝʨʤʦ-

ʜʠʥʘʤʽʯʥʦʶ ʩʠʩʪʝʤʦʶ, ʪʦʙʪʦ ʚʦʥʘ ʤʘʻ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʡ ʢʦʥʪʘʢʪ ʽʟ ʟʦʚʥʽʰ-



 

ʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ, ʽʥʰʠʤʠ ʩʣʦʚʘʤʠ ʤʽʞ ʝʢʦʩʠʩʪʝʤʦʶ ʪʘ ʦʪʦʯʫʶʯʠʤ ʾʾ ʩʝʨʝʜʦ-

ʚʠʱʝʤ ʽʩʥʫʻ ʪʘʢʠʡ ʟʚ'ʷʟʦʢ ʧʨʠ ʷʢʦʤʫ, ʫ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ, ʤʦʞʣʠʚʘ ʪʝʧʣʦʚʘ 

ʽ/ʘʙʦ ʤʘʪʝʨʽʘʣʴʥʘ ʚʟʘʻʤʦʜʽʷ.  

ʇʽʜ ʪʝʧʣʦʚʦʶ ʚʟʘʻʤʦʜʽʻʶ ʨʦʟʫʤʽʶʪʴ ʚʟʘʻʤʦʜʽʶ, ʷʢʘ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ 

ʝʥʝʨʛʽʾ ʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʫ ʬʦʨʤʽ ʧʝʨʝʜʘʯʽ ʪʝʧʣʘ ʰʣʷʭʦʤ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʘʙʦ 

ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

ʇʽʜ ʤʘʪʝʨʽʘʣʴʥʦʶ ʚʟʘʻʤʦʜʽʻʶ ʨʦʟʫʤʽʶʪʴ ʚʟʘʻʤʦʜʽʶ, ʧʨʠ ʷʢʽʡ ʚʽʜʙʫʚʘ-

ʻʪʴʩʷ ʦʙʤʽʥ ʨʝʯʦʚʠʥʦʶ. 

ʋ ʚʠʧʘʜʢʫ ʝʢʦʩʠʩʪʝʤ ʦʪʦʯʫʶʯʝ ʾʾ ʩʝʨʝʜʦʚʠʱʝ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʝ ʟʘ ʝʢʦʩʠ-

ʩʪʝʤʫ, ʪʦʤʫ ʩʪʘʥ ʪʘʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʥʝ ʟʤʽʥʥʠʤ, ʥʝʟʘʣʝʞʥʦ 

ʚʽʜ ʩʪʫʧʝʥʷ ʚʧʣʠʚʫ ʡʦʛʦ ʥʘ ʩʠʩʪʝʤʫ, ʱʦ  ʟʥʘʭʦʜʠʪʴʩʷ ʟ ʥʠʤ ʫ ʢʦʥʪʘʢʪʽ.  

ɿʫʧʠʥʠʤʦʩʷ ʥʘ ʧʦʥʷʪʪʽ ʚʥʫʪʨʽʰʥʴʦʾ ʝʥʝʨʛʽʾ ʩʠʩʪʝʤʠ, ʱʦ ʻ ʩʫʤʦʶ ʚʩʽʭ 

ʤʽʢʨʦʩʢʦʧʽʯʥʠʭ ʬʦʨʤ ʝʥʝʨʛʽʾ, ʷʢ ʦʪ: ʝʥʝʨʛʽʷ ʧʦʩʪʫʧʘʣʴʥʦʛʦ ʪʘ ʦʙʝʨʪʦʚʦʛʦ ʨʫ-

ʭʫ ʤʦʣʝʢʫʣ, ʢʦʣʠʚʘʣʴʥʦʛʦ ʨʫʭʫ ʘʪʦʤʽʚ, ʝʥʝʨʛʽʷ ʤʦʣʝʢʫʣʷʨʥʦʾ ʚʟʘʻʤʦʜʽʾ, ʚʥʫʪ-

ʨʽʘʪʦʤʥʘ ʝʥʝʨʛʽʷ ʟʘʧʦʚʥʝʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʨʽʚʥʽʚ, ʚʥʫʪʨʽʷʜʝʨʥʘ ʝʥʝʨʛʽʷ ʪʘ ʽʥ. 

ɺʥʫʪʨʽʰʥʷ ʝʥʝʨʛʽʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʝʯʦʚʠʥʠ ʫ ʩʠʩʪʝʤʽ, ʩʢʣʘʜʫ ʪʘ 

ʬʽʟʠʯʥʦʾ ʬʦʨʤʠ, ʘ ʪʘʢʦʞ ʚʽʜ ʟʤʽʥʥʠʭ ʦʪʦʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (ʪʝʤʧʝʨʘʪʫʨʘ, 

ʪʠʩʢ, ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ, ʤʘʛʥʽʪʥʝ ʧʦʣʝ, ʛʨʘʚʽʪʘʮʽʡʥʝ ʧʦʣʝ ʽ ʪ.ʜ.).  ɺʥʫʪʨʽʰʥʷ 

ʝʥʝʨʛʽʷ ʤʦʞʝ ʧʨʠʡʤʘʪʠ ʨʽʟʥʽ ʬʦʨʤʠ, ʚʢʣʶʯʘʶʯʠ  ʭʽʤʽʯʥʫ, ʷʜʝʨʥʫ, ʝʣʝʢʪʨʠʯ-

ʥʫ, ʤʝʭʘʥʽʯʥʫ, ʤʘʛʥʽʪʥʫ ʪʘ ʧʦʚʝʨʭʥʝʚʫ ʝʥʝʨʛʽʶ. ʊʘʢ, ʝʥʝʨʛʽʷ ʩʫʤʽʰʽ ʚʦʜʥʶ ʪʘ 

ʢʠʩʥʶ ʫ ʚʽʜʥʦʰʝʥʥʽ 2:1 ʚ ʝʣʝʤʝʥʪʘʨʥʽʡ ʬʦʨʤʽ ʽ ʫ ʬʦʨʤʽ ʚʦʜʠ ʙʫʜʝ ʨʽʟʥʦʶ.  

ʊʝʨʤʦʜʠʥʘʤʽʢʘ ʧʦʩʪʫʣʶʻ, ʱʦ ʟʤʽʥʘ ʫ ʟʥʘʯʝʥʥʷʭ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʚʝ-

ʣʠʯʠʥ, ʪʘʢʠʭ ʷʢ ʚʥʫʪʨʽʰʥʷ ʝʥʝʨʛʽʷ, ʤʽʞ ʜʚʦʤʘ ʨʽʚʥʦʚʘʞʥʠʤʠ ʩʪʘʥʘʤʠ ʩʠʩʪʝ-

ʤʠ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ ʰʣʷʭʫ ʧʦ ʷʢʦʤʫ ʜʦʩʷʛʘʶʪʴʩʷ ʮʽ ʩʪʘʥʠ. 

ɿʤʽʥʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʽʣʴʢʠ ʢʦʥʝʯʥʠʤ ʪʘ ʧʦʯʘʪʢʦʚʠʤ ʩʪʘʥʘʤʠ ʩʠʩʪʝʤʠ. ʎʝ 

ʦʟʥʘʯʘʻ, ʱʦ ʟʤʽʥʘ ʚʥʫʪʨʽʰʥʴʦʾ ʝʥʝʨʛʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʥʘʯʝʥʥʷʤʠ ʚʩʽʭ ʧʘʨʘʤʝ-

ʪʨʽʚ, ʷʢʽ ʦʧʠʩʫʶʪʴ ʧʦʯʘʪʢʦʚʠʡ ʪʘ ʢʦʥʝʯʥʠʡ ʩʪʘʥ ʩʠʩʪʝʤʠ. ʊʘʢʠʤʠ ʧʘʨʘʤʝʪʨʘ-

ʤʠ ʻ: ʪʠʩʢ, ʪʝʤʧʝʨʘʪʫʨʘ, ʤʘʛʥʽʪʥʝ ʧʦʣʝ, ʧʣʦʱʘ ʧʦʚʝʨʭʥʽ, ʤʘʩʘ ʽ ʪ.ʜ. ɺʥʫʪʨʽʰ-

ʥʷ ʝʥʝʨʛʽʷ ʻ ʬʫʥʢʮʽʷ ʩʪʘʥʫ ʽ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʽʩʪʦʨʽʾ ʧʨʦʮʝʩʫ.  

ɯʥʰʦʶ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʶ ʚʝʣʠʯʠʥʦʶ, ʧʦʚôʷʟʘʥʦʶ ʽʟ ʤʽʢʨʦʩʢʦʧʽʯʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʩʠʩʪʝʤʠ ʻ ʝʥʪʨʦʧʽʷ ï ʤʽʨʘ ʙʝʟʧʦʨʷʜʢʫ ʫ ʩʠʩʪʝʤʽ. ʏʠʤ ʚʠʱʠʡ 

ʩʪʫʧʽʥʴ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʙʝʟʧʦʨʷʜʢʫ ʫ ʩʠʩʪʝʤʽ ʪʠʤ ʙʽʣʴʰʘ ʝʥʪʨʦʧʽʷ ʽ ʥʘʚʧʘʢʠ. 

ʇʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʝʥʪʨʦʧʽʾ ʽʩʥʫʶʪʴ ʪʘʢʽ ʬʘʢʪʠ:  

ɽʥʪʨʦʧʽʷ ʩʠʩʪʝʤʠ ʻ ʢʽʣʴʢʽʩʥʦʶ ʤʽʨʦʶ ʙʝʟʧʦʨʷʜʢʫ ʫ ʩʠʩʪʝʤʽ. 

ʉʠʩʪʝʤʘ ʤʦʞʝ ʪʽʣʴʢʠ ʛʝʥʝʨʫʚʘʪʠ, ʘ ʥʝ ʟʥʠʱʫʚʘʪʠ ʝʥʪʨʦʧʽʶ  

ɽʥʪʨʦʧʽʷ ʩʠʩʪʝʤʠ ʤʦʞʝ ʟʙʽʣʴʰʫʚʘʪʠʩʷ ʽ ʟʤʝʥʰʫʚʘʪʠʩʷ ʧʨʠ ʧʦʪʦʮʽ ʝʥʝʨ-

ʛʽʾ ʯʝʨʝʟ ʛʨʘʥʠʮʽ ʩʠʩʪʝʤʠ.  

ʊʝʧʣʦ ʽ ʨʦʙʦʪʘ ʻ ʤʝʭʘʥʽʟʤʠ ʧʝʨʝʜʘʯʽ ʝʥʝʨʛʽʾ. ɺʦʥʠ ʻ ʤʽʨʦʶ ʟʤʽʥʠ ʚʥʫʪ-

ʨʽʰʥʴʦʾ ʝʥʝʨʛʽʾ  ʫ ʜʘʥʽʡ ʩʠʩʪʝʤʽ, ʢʦʣʠ ʝʥʝʨʛʽʷ ʧʝʨʝʜʘʻʪʴʩʷ ʜʦ ʥʝʾ ʘʙʦ ʚʽʜ ʥʝʾ. 



 

ɼʣʷ ʟʜʽʡʩʥʝʥʥʷ ʧʝʨʝʜʘʯʽ ʪʝʧʣʘ ʧʦʪʨʽʙʥʘ ʨʽʟʥʠʮʷ ʪʝʤʧʝʨʘʪʫʨ. ʊʝʧʣʦʚʘ ʝʥʝʨʛʽʷ 

ʤʦʞʝ ʙʫʪʠ ʧʦʰʠʨʝʥʘ ʥʘ ʚʢʣʶʯʝʥʥʷ ʝʥʝʨʛʽʾ, ʷʢʘ ʟʘʧʘʩʘʻʪʴʩʷ, ʥʘʧʨʠʢʣʘʜ, ʫ ʥʘ-

ʛʨʽʪʦʤʫ ʛʘʟʽ ʫ ʚʠʛʣʷʜʽ ʩʝʨʝʜʥʴʦʾ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ ʤʦʣʝʢʫʣ, ʱʦ ʭʘʦʪʠʯʥʦ ʨʫ-

ʭʘʶʪʴʩʷ. ʎʝ ʜʦʟʚʦʣʷʻ ʟʨʦʟʫʤʽʪʠ ʧʨʠʨʦʜʥʠʡ ʧʦʪʽʢ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʚʽʜ ʙʽʣʴʰ 

ʥʘʛʨʽʪʦʾ ʜʦ ʤʝʥʰ ʥʘʛʨʽʪʦʾ ʩʫʙʩʪʘʥʮʽʾ. ʂʦʥʮʝʧʮʽʷ ʭʘʦʪʠʯʥʦʛʦ ʨʫʭʫ ʬʦʨʤʫʣʶ-

ʻʪʴʩʷ  ʚ ʪʝʨʤʽʥʘʭ ʧʦʨʷʜʦʢ ʽ ʙʝʟʧʦʨʷʜʦʢ ʽ ʢʣʶʯʦʚʠʤ ʻ ʩʣʦʚʦ ʡʤʦʚʽʨʥʽʩʪʴ.  

ʇʨʠ ʧʝʨʝʜʘʯʽ ʝʥʝʨʛʽʾ ʟʤʽʥʶʻʪʴʩʷ ʩʪʘʥ ʩʠʩʪʝʤʠ. ʇʨʠʨʦʜʥʠʤ ʥʘʧʨʷʤʢʦʤ 

ʟʤʽʥʠ ʩʪʘʥʫ ʩʠʩʪʝʤʠ ʻ ʧʝʨʝʭʽʜ ʚʽʜ ʤʘʣʦʡʤʦʚʽʨʥʦʛʦ ʩʪʘʥʫ  ʜʦ ʩʪʘʥʫ, ʷʢʠʡ ʤʘʻ 

ʙʽʣʴʰʫ ʡʤʦʚʽʨʥʽʩʪʴ. ʈʦʟʫʧʦʨʷʜʢʦʚʘʥʠʡ ʩʪʘʥ ʙʽʣʴʰ ʡʤʦʚʽʨʥʠʡ ʥʽʞ ʫʧʦʨʷʜʢʦ-

ʚʘʥʠʡ. ʊʘʢʠʤ ʯʠʥʦʤ ʧʨʠʨʦʜʥʠʤ ʥʘʧʨʷʤʢʦʤ ʟʤʽʥʠ ʩʪʘʥʫ ʻ ʧʝʨʝʭʽʜ ʧʦʨʷʜʦʢ ï 

ʙʝʟʧʦʨʷʜʦʢ.  

ɽʥʪʨʦʧʽʷ ʩʪʘʥʫ ʩʠʩʪʝʤʠ ʧʨʦʧʦʨʮʽʡʥʘ ʡʦʛʦ ʡʤʦʚʽʨʥʦʩʪʽ. ʎʝ ʜʦʟʚʦʣʷʻ 

ʩʬʦʨʤʫʣʶʚʘʪʠ ʜʨʫʛʠʡ ʟʘʢʦʥ ʪʝʨʤʦʜʠʥʘʤʽʢʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: ʇʨʠ ʙʫʜʴ ï 

ʷʢʽʡ ʧʝʨʝʜʘʯʽ ʝʥʝʨʛʽʾ, ʯʠ ʾʾ ʢʦʥʚʝʨʩʽʾ, ʝʥʪʨʦʧʽʷ  ʟʘʤʢʥʫʪʦʾ ʩʠʩʪʝʤʠ ʟʙʽʣʴʰʫʻʪʴ-

ʩʷ.   

ɿʤʽʥʘ ʝʥʪʨʦʧʽʾ ʩʠʩʪʝʤʠ ʟʘ ʨʘʭʫʥʦʢ ʧʨʠʪʦʢʫ ʽʟ ʟʦʚʥʽ ʪʘ ʚʽʜʪʦʢʫ ʤʦʞʝ ʙʫ-

ʪʠ ʷʢ ʚʽʜôʻʤʥʦʶ ʪʘʢ ʜʦʜʘʪʥʦʶ, ʫ ʮʴʦʤʫ ʧʦʣʷʛʘʻ ʧʨʠʥʮʠʧʦʚʘ ʚʽʜʤʽʥʥʽʩʪʴ ʚʽʜʢ-

ʨʠʪʠʭ ʩʠʩʪʝʤ. ʉʠʩʪʝʤʘ ʟʜʘʪʥʘ ʚʽʜʜʘʚʘʪʠ ʝʥʪʨʦʧʽʶ ʫ ʟʦʚʥʽʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, 

ʪʦʙʪʦ ʧʦʛʣʠʥʘʪʠ ʚʽʜôʻʤʥʫ ʝʥʪʨʦʧʽʶ (ʥʝʛʝʥʪʨʦʧʽʶ), ʟʤʝʥʰʫʶʯʠ ʩʚʦʶ ʝʥʪʨʦ-

ʧʽʶ. 

ʂʦʣʠ ʩʠʩʪʝʤʘ ʧʝʨʝʙʫʚʘʻ ʫ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦ ʨʽʚʥʦʚʘʞʥʦʤʫ ʩʪʘʥʽ, ʪʦ ʥʽ 

ʦʜʠʥ ʽʟ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ ʽʟ ʯʘʩʦʤ ʥʝ ʟʤʽʥʶʻʪʴʩʷ. ʗʢʱʦ ʞ ʜʝʷʢʽ ʧʘʨʘʤʝʪʨʠ 

ʩʠʩʪʝʤʠ ʟʤʽʥʶʶʪʴʩʷ, ʪʦ ʤʠ ʤʘʻʤʦ ʩʧʨʘʚʫ ʽʟ ʧʨʦʮʝʩʦʤ ʫ ʩʠʩʪʝʤʽ. ʗʢʱʦ ʩʠʩʪʝ-

ʤʘ ʚʥʘʩʣʽʜʦʢ ʜʝʷʢʦʾ ʜʽʾ ʚʠʚʝʜʝʥʘ ʽʟ ʩʪʘʥʫ ʨʽʚʥʦʚʘʛʠ, ʪʦ ʧʽʩʣʷ ʧʨʠʧʠʥʝʥʥʷ  ʮʽʻʾ 

ʜʽʾ, ʟʛʽʜʥʦ ʧʝʨʰʦʤʫ ʚʠʭʽʜʥʦʤʫ ʧʦʣʦʞʝʥʥʶ ʪʝʨʤʦʜʠʥʘʤʽʢʠ, ʩʠʩʪʝʤʘ ʯʝʨʝʟ ʜʝ-

ʷʢʠʡ ʯʘʩ ʧʨʠʡʜʝ ʫ ʨʽʚʥʦʚʘʞʥʠʡ ʩʪʘʥ. ʇʨʦʮʝʩ ʧʝʨʝʭʦʜʫ ʽʟ ʥʝ ʨʽʚʥʦʚʘʞʥʦʛʦ 

ʩʪʘʥʫ ʫ ʨʽʚʥʦʚʘʞʥʠʡ ʥʘʟʠʚʘʻʪʴʩʷ ʧʨʦʮʝʩʦʤ ʨʝʣʘʢʩʘʮʽʾ, ʘʙʦ ʧʨʦʩʪʦ ʨʝʣʘʢʩʘʮʽ-

ʻʶ. ʏʘʩ ʟʘ ʷʢʠʡ ʩʠʩʪʝʤʘ ʧʦʚʝʨʪʘʻʪʴʩʷ ʫ ʨʽʚʥʦʚʘʞʥʠʡ ʩʪʘʥ ʥʘʟʠʚʘʻʪʴʩʷ ʯʘʩʦʤ 

ʨʝʣʘʢʩʘʮʽʾ  t. ɺʝʣʠʯʠʥʘ ʯʘʩʫ t ʨʽʟʥʘ ʜʣʷ ʨʽʟʥʠʭ ʧʨʦʮʝʩʽʚ, ʥʘʧʨʠʢʣʘʜ ʜʣʷ ʚʩʪʘ-

ʥʦʚʣʝʥʥʷ ʨʽʚʥʦʚʘʞʥʦʛʦ ʪʠʩʢʫ ʫ ʨʦʟʨʽʜʞʝʥʦʤʫ ʛʘʟʽ ʜʦʩʠʪʴ 10-16 ʩʝʢ, ʚ ʪʦʡ ʯʘʩ 

ʷʢ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʨʽʚʥʦʚʘʞʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʢʦʥʮʝʥʪʨʘʮʽʾ  ʫ ʪʚʝʨʜʦʤʫ ʪʽʣʽ 

ʧʦʪʨʽʙʥʦ ʜʝʢʽʣʴʢʘ ʨʦʢʽʚ. ʈʽʚʥʦʚʘʞʥʦʶ ʟʤʽʥʦʶ ʽʟ ʯʘʩʦʤ ʜʝʷʢʦʛʦ ʧʘʨʘʤʝʪʨʘ ʩʠ-

ʩʪʝʤʠ ʘ̔ ʥʘʟʠʚʘʶʪʴ ʪʘʢʫ ʡʦʛʦ ʟʤʽʥʫ, ʢʦʣʠ ʰʚʠʜʢʽʩʪʴ dai/dt ʟʤʽʥʠ ʮʴʦʛʦ ʧʘʨʘ-

ʤʝʪʨʘ ʟʥʘʯʥʦ ʤʝʥʰʘ ʥʽʞ ʩʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ Dai/dt ʟʤʽʥʠ ʮʴʦʛʦ ʧʘʨʘʤʝʪʨʘ ʧʨʠ 

ʨʝʣʘʢʩʘʮʽʾ dai/dt<<Dai/dt. ʗʢʱʦ ʞ ʟʤʽʥʘ ʷʢʦʛʦ ï ʥʝ ʙʫʜʴ ʧʘʨʘʤʝʪʨʘ Dai/dt ʚʽʜ-

ʙʫʚʘʻʪʴʩʷ ʟʘ ʯʘʩ ʤʝʥʰʠʡ ʘʙʦ ʨʽʚʥʠʡ ʯʘʩʫ ʨʝʣʘʢʩʘʮʽʾ t, ʪʘʢ ʱʦ dai/dt tDai/dt,  

ʪʦ ʪʘʢʠʡ ʧʨʦʮʝʩ ʥʘʟʠʚʘʶʪʴ ʥʝ ʨʽʚʥʦʚʘʞʥʠʤ.  

ʗʢʱʦ ʩʠʩʪʝʤʘ ʽʟʦʣʴʦʚʘʥʘ, ʪʦ ʾʾ ʩʪʘʥ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʘʢʠʤ ʤʘʢʨʦʩ-

ʢʦʧʽʯʥʠʤʠ ʟʤʽʥʥʠʤʠ ʷʢ ʪʠʩʢ, ʪʝʤʧʝʨʘʪʫʨʘ  ʪʘ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ, ʥʝ ʟʚʦʨʦʪʥʦ 



 

ʟʤʽʥʶʶʪʴʩʷ ʜʦ ʥʝʟʤʽʥʥʦʛʦ ʫ ʯʘʩʽ ʩʪʘʥʫ, ʚ ʷʢʦʤʫ ʫ ʩʠʩʪʝʤʽ ʥʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʥʽʷʢʠʭ ʬʽʟʠʯʥʠʭ ʪʘ ʭʽʤʽʯʥʠʭ ʟʤʽʥ [26]. ʊʝʤʧʝʨʘʪʫʨʘ ʚ ʫʩʽʭ ʯʘʩʪʠʥʘʭ ʽʟʦʣʴʦʚʘ-

ʥʦʾ ʩʠʩʪʝʤʠ ʦʜʥʘʢʦʚʘ. ʊʘʢʠʡ ʩʪʘʥ ʥʘʟʠʚʘʻʪʴʩʷ ʨʽʚʥʦʚʘʞʥʠʤ. ʈʽʚʥʦʚʘʞʥʽ ʩʠʩ-

ʪʝʤʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʨʽʚʥʦʤʽʨʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʜʣʷ ʥʠʭ ʽʩʥʫ-

ʶʪʴ ʬʫʥʢʮʽʾ ʩʪʘʥʫ ï ʝʥʝʨʛʽʷ ʪʘ ʝʥʪʨʦʧʽʷ.  

ɺʠʭʽʜʥʠʤ ʤʦʤʝʥʪʦʤ ʧʨʠ ʨʦʟʛʣʷʜʽ ʥʝ ʨʽʚʥʦʚʘʞʥʠʭ ʩʠʩʪʝʤ ʻ ʧʨʠʧʫʱʝʥ-

ʥʷ: ʚʩʽ ʪʝʨʤʦʜʠʥʘʤʽʯʥʽ ʬʫʥʢʮʽʾ ʤʘʶʪʴ ʩʤʠʩʣ ʽ ʜʣʷ ʥʝ ʨʽʚʥʦʚʘʞʥʠʭ. ɿʤʽʥʘ dZ 

ʙʫʜʴ ï ʷʢʦʾ ʝʢʩʪʝʥʩʠʚʥʦʾ ʚʝʣʠʯʠʥʠ Z ʟʘ ʯʘʩ dt ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʚʠ-

ʛʣʷʜʽ ʩʫʤʠ ʚʢʣʘʜʽʚ: dZe, ʦʙʫʤʦʚʣʝʥʦʛʦ ʟʦʚʥʽʰʥʽʤʠ ʬʘʢʪʦʨʘʤʠ,  ʽ dZi, 

ʟʚôʷʟʘʥʦʛʦ ʽʟ ʟʤʽʥʘʤʠ ʚʥʫʪʨʽʰʥʽʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʘʤʦʾ ʩʠʩʪʝʤʠ, ʪʦʙʪʦ: 

ie dZdZdZ +=                                                                             (1.17) 

ʊʘʢʠʤ ʯʠʥʦʤ ʜʣʷ ʚʥʫʪʨʽʰʥʴʦʾ ʝʥʝʨʛʽʾ U, ʜʦʣʽ   k- ʛʦ ʢʦʤʧʦʥʝʥʪʘ  nʢ  ʽ 

ʝʥʪʨʦʧʽʾ S ʤʘʻʤʦ: 

ie dUdUdU +=                                                                          (1.18ʘ) 

kikek dndndn +=                                                                          (1.18ʙ) 

ie dSdSdS +=                                                                              (1.18ʚ) 

ɿʦʚʥʽʰʥʽ ʚʢʣʘʜʠ, dZe, ʚʥʫʪʨʽʰʥʴʦʾ ʝʥʝʨʛʽʾ U, ʜʦʣʽ  k- ʛʦ ʢʦʤʧʦʥʝʥʪʘ  nʢ  ̔  

ʝʥʪʨʦʧʽʾ S ʟʘ ʽʥʪʝʨʚʘʣ ʯʘʩʫ dt ʤʦʞʫʪʴ ʤʘʪʠ ʙʫʜʴ ï ʷʢʠʡ ʟʥʘʢ ʪʘ ʚʝʣʠʯʠʥʫ, ʥʘ 

ʚʥʫʪʨʽʰʥʽ ʞ ʥʘʢʣʘʜʘʶʪʴʩʷ ʧʝʚʥʽ ʦʙʤʝʞʝʥʥʷ. ʊʘʢ, ʽʟ ʧʝʨʰʦʛʦ ʟʘʢʦʥʫ ʪʝʨʤʦ-

ʜʠʥʘʤʽʢʠ, ʟʘʢʦʥʫ ʟʙʝʨʝʞʝʥʥʷ ʝʥʝʨʛʽʾ, ʚʠʪʽʢʘʻ: 

0dUi =                                                                                    (1.19) 

- ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʫ  ʩʠʩʪʝʤʽ ʝʥʝʨʛʽʷ ʥʝ ʚʠʥʠʢʘʻ ʽ ʥʝ ʟʥʠʢʘʻ. 

ʅʘʨʝʰʪʽ, ʟʤʽʥʘ ʝʥʪʨʦʧʽʾ, ʦʙʫʤʦʚʣʝʥʘ ʚʥʫʪʨʽʰʥʽʤʠ ʧʨʦʮʝʩʘʤʠ  ʫ ʩʠʩʪʝʤʽ, 

ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʽʟ ʜʨʫʛʠʤ ʟʘʢʦʥʦʤ ʪʝʨʤʦʜʠʥʘʤʽʢʠ ʧʦʚʠʥʥʘ ʙʫʪʠ ʥʝʚʽʜôʻʤʥʦʶ 

ʚʝʣʠʯʠʥʦʶ: 

0dSi ²                                                                                        (1.20) 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ  (1.19)-(1.20) ʤʘʶʪʴ ʚʽʜʥʦʰʝʥʥʷ ʪʽʣʴʢʠ ʜʦ ʚʥʫʪʨʽʰʥʽʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʘ ʥʝ ʜʦ ʟʦʚʥʽʰʥʽʭ. ɺʥʫʪʨʽʰʥʷ ʝʥʝʨʛʽʷ, ʤʦʣʷʨʥ ̔ʯʠʩʣʘ ʽ ʝʥʪʨʦ-

ʧʽʷ ʚʽʜʢʨʠʪʦʾ ʩʠʩʪʝʤʠ ʤʦʞʫʪʴ ʷʢ ʟʙʽʣʴʰʫʚʘʪʠʩʷ ʪʘʢ ʽ ʟʤʝʥʰʫʚʘʪʠʩʷ, ʥʝ ʚʩʪʫ-

ʧʘʶʯʠ ʫ ʧʨʦʪʠʨʽʯʯʷ ʽʟ ʟʘʢʦʥʘʤʠ ʪʝʨʤʦʜʠʥʘʤʽʢʠ.  

ʋ ʚʠʧʘʜʢʫ ʥʝ ʨʽʚʥʦʚʘʞʥʠʭ ʩʠʩʪʝʤ, ʚ ʷʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘ ʨʦʟʧʦʜʽʣʝʥʘ ʥʝ-

ʨʽʚʥʦʤʽʨʥʦ, ʘʣʝ ʣʦʢʘʣʴʥʦ ʚʠʟʥʘʯʝʥʘ, ʤʦʞʥʘ ʚʚʝʩʪʠ ʛʫʩʪʠʥʠ ʝʥʝʨʛʽʾ u[T(x),nk 

(x)]  ʽ ʝʥʪʨʦʧʽʾ s[T(x),nk (x)]. ɺʠʭʽʜʥʠʤ ʤʦʤʝʥʪʦʤ ʧʨʠ ʦʪʨʠʤʘʥʥʽ ʨʽʚʥʷʥʴ ʜʣʷ 

ʦʧʠʩʫ ʩʠʩʪʝʤʠ ʫ ʥʝ ʨʽʚʥʦʚʘʞʥʦʤʫ ʩʪʘʥʽ ʻ ʧʨʠʧʫʱʝʥʥʷ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʣʦʢʘʣʴ-

ʥʦʾ ʨʽʚʥʦʚʘʛʠ [27-30], ʪʦʙʪʦ, ʱʦ ʜʨʫʛʠʡ ʟʘʢʦʥ ʪʝʨʤʦʜʠʥʘʤʽʢʠ ʩʧʨʘʚʝʜʣʠʚʠʡ ʽ 

ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʪʝʨʤʦʜʠʥʘʤʽʯʥʽ ʬʫʥʢʮʽʾ ʻ ʬʫʥʢʮʽʷʤʠ ʧʨʦʩʪʦʨʦʚʠʭ ʢʦʦʨʜʠʥʘʪ 

ʪʘ ʯʘʩʫ.  



 

ɺ ʥʝʦʜʥʦʨʽʜʥʽʡ ʩʠʩʪʝʤʽ ʥʝ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʻʜʠʥʝ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫ-

ʨʠ ʽ ʧʦʚʥʘ ʝʥʝʨʛʽʷ U ʥʝ ʻ ʬʫʥʢʮʽʻʶ ʽʥʰʠʭ ʝʢʩʪʝʥʩʠʚʥʠʭ ʟʤʽʥʥʠʭ S, V, N, ʘ ʝʥ-

ʪʨʦʧʽʷ ï ʟʤʽʥʥʠʭ U, V, N, ʷʢ ʫ ʚʠʧʘʜʢʫ ʦʜʥʦʨʽʜʥʠʭ ʩʠʩʪʝʤ. 

ɺʘʞʣʠʚʫ ʨʦʣʴ ʫ ʧʨʠʨʦʜʽ ʚʽʜʽʛʨʘʶʪʴ ʩʪʘʮʽʦʥʘʨʥʽ, ʥʝʟʘʣʝʞʥʽ ʚʽʜ ʯʘʩʫ, ʥʝ 

ʨʽʚʥʦʚʘʞʥʽ ʩʪʘʥʠ, ʩʪʽʡʢʽ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʥʝʚʝʣʠʢʠʭ ʟʙʫʨʝʥʴ, ʷʢʽ ʚʣʘʩʪʠʚʽ ʚʽʜ-

ʢʨʠʪʠʤ ʩʠʩʪʝʤʘʤ. ʋ ʪʘʢʦʤʫ, ʩʪʘʣʦʤʫ, ʩʪʘʥʽ ʪʝʨʤʦʜʠʥʘʤʽʯʥʽ ʬʫʥʢʮʽʾ ʟʘʣʠʰʘ-

ʶʪʴʩʷ ʥʝʟʤʽʥʥʠʤʠ dZ=0, ʪʦʙʪʦ dZi = -dZe. ʆʪʞʝ, ʤʘʻʤʦ: 

dUe=0, dnke = - dnki.     0dSdS ie ¢-=                                          (1.24) 

ʋ ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʩʪʘʥʽ dSI>0 ʽ ʚ (1.24) ʟʘʣʠʰʘʻʪʴʩʷ ʪʽʣʴʢʠ ʟʥʘʢ ʩʪʨʦʛʦʾ 

ʥʝʨʽʚʥʦʩʪʽ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʨʽʚʥʦʚʘʛʠ ʫ ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʩʪʘʥʽ 

ʽʩʥʫʶʪʴ ʥʝ ʨʽʚʥʽ ʥʫʣʶ ʧʦʪʦʢʠ ʝʥʪʨʦʧʽʾ ʽ ʨʝʯʦʚʠʥ, ʷʢʽ ʥʝ ʚʧʣʠʚʘʶʪʴ ʥʘ ʙʘʣʘʥʩ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʚʝʣʠʯʠʥ ʟʘʚʜʷʢʠ ʝʬʝʢʪʘʤ ʢʦʤʧʝʥʩʘʮʽʾ. ʈʽʚʥʽʩʪʴ dUe =0 

ʦʟʥʘʯʘʻ, ʱʦ ʫ ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʩʪʘʥʽ ʧʨʦʮʝʩʠ ʧʨʠʪʦʢʫ ʪʘ ʚʽʜʪʦʢʫ ʟʘʚʞʜʠ ʟʙʘʣʘ-

ʥʩʦʚʘʥʽ. ʆʩʢʽʣʴʢʠ dSI>0, ʝʥʝʨʛʝʪʠʯʥʽ ʧʨʦʮʝʩʠ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ  ʫ ʩʠʩʪʝʤʽ 

ʟʘʚʞʜʠ ʜʠʩʠʧʘʪʠʚʥʽ, ʪʦʙʪʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʤʝʥʰʝʥʥʶ ʪʘ ʨʦʟʩʽʶʚʘʥʥʶ ʝʥʝʨʛʽʾ, 

ʱʦ ʻ ʦʩʥʦʚʥʠʤ ʧʦʢʘʟʥʠʢʦʤ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʩʪʘʥʫ. 

ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʪʦʯʫʶ-

ʯʦʛʦ ʩʠʩʪʝʤʫ ʩʝʨʝʜʦʚʠʱʘ, ʟʦʚʥʽʰʥʽʡ ʚʢʣʘʜ ʚ ʝʥʪʨʦʧʽʶ dSʝ ʤʦʞʝ ʙʫʪʠ ʨʽʟʥʠʤ. 

ʗʢʱʦ ʚʽʜʜʘʯʘ ʝʥʪʨʦʧʽʾ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ ʙʽʣʴʰʘ ʥʽʞ ʧʨʦʜʫʢʮʽʷ ʝʥʪʨʦʧʽʾ ʫ ʩʠʩ-

ʪʝʤʽ P=dSi/dt, ʪʦʙʪʦ 

 

0
dt

dS
< , ʷʢʱʦ   0P

dt

dSe ²>                                                  (1.25) 

 

ʇʦʜʽʙʥʘ ʩʠʪʫʘʮʽʷ ʤʦʞʣʠʚʘ ʜʘʣʝʢʦ ʚʽʜ ʨʽʚʥʦʚʘʛʠ, ʦʩʢʽʣʴʢʠ ʫ ʨʽʚʥʦʚʘʞ-

ʥʦʤʫ ʩʪʘʥʽ ʟʘʚʞʜʠ ʧʝʨʝʚʘʞʘʻ ʯʣʝʥ dSI >0. ʂʦʣʠ ʚʽʜʜʘʯʘ ʝʥʪʨʦʧʽʾ ʙʫʜʝ ʙʽʣʴ-

ʰʦʶ ʟʘ ʧʝʚʥʫ ʚʝʣʠʯʠʥʫ, ʜʝʷʢʝ ʢʨʠʪʠʯʥʝ ʟʥʘʯʝʥʥʷ, ʪʦ ʚ ʩʠʩʪʝʤʽ ʤʦʞʣʠʚʝ 

ʫʪʚʦʨʝʥʥʷ ʨʽʟʥʠʭ ʧʨʦʩʪʦʨʦʚʠʭ ʩʪʨʫʢʪʫʨ ʪʘ ʩʪʨʫʢʪʫʨ ʫ ʯʘʩʽ, - ʷʚʠʱʝ ñʩʘʤʦʦʨ-

ʛʘʥʽʟʘʮʽʾò [31]. ʊʘʢʘ ʨʽʟʢʘ ʟʤʽʥʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʠʩʪʝʤʠ ʤʦʞʣʠʚʘ ʟʘ ʧʝʚʥʠʭ 

ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ, ʪʦʙʪʦ ʢʦʣʠ ʚʦʥʠ ʚʠʭʦʜʷʪʴ ʟʘ ʢʨʠʪʠʯʥʽ ʤʝʞʽ. 

ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʚʩʝ ʟʙʽʣʴʰʫʻʪʴʩʷ ʯʠʩʣʦ ʨʦʙʽʪ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʚʠʢʦʨʠʩ-

ʪʘʥʥʷ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʘʥʘʣʽʟʫ ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ. ɿʘʫʚʘʞʠ-

ʤʦ, ʱʦ ʮʝ ʻʜʠʥʠʡ ʧʽʜʭʽʜ ʜʦ ʨʦʟʫʤʽʥʥʷ ʧʨʠʯʠʥ, ʷʢʽ ʦʙʫʤʦʚʣʶʶʪʴ ʩʪʽʡʢʽʩʪʴ 

ʝʢʦʩʠʩʪʝʤ.  

ʗʢ ʥʘʦʯʥʠʡ ʧʨʠʢʣʘʜ ʚʠʟʥʘʯʘʣʴʥʦʾ ʨʦʣʽ ʝʥʪʨʦʧʽʾ ʨʦʟʛʣʷʥʝʤʦ ʝʥʝʨʛʝʪʠʯ-

ʥʠʡ ʪʘ ʝʥʪʨʦʧʽʡʥʠʡ ʙʘʣʘʥʩ ʧʣʘʥʝʪ ʉʦʥʷʯʥʦʾ ʩʠʩʪʝʤʠ [ʄ.ʅ. ʀʟʘʢʦʚ, ʉʘʤʦʦʨ-

ʛʘʥʠʟʘʮʠʷ ʠ ʠʥʬʦʨʤʘʮʠʷ ʥʘ ʧʣʘʥʝʪʘʭ ʠ ʚ ʵʢʦʩʠʩʪʝʤʘʭ. ʋʌʅ, ʪ.167, ˉ10]. ɼʣʷ 

ʧʣʘʥʝʪ ʧʨʠʪʦʢʦʤ  ʪʘ ʚʽʜʪʦʢʦʤ ʤʘʩʠ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ, ʘ ʚ ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʙʘ-

ʣʘʥʩʽ ʙʫʜʝʤ ʨʦʟʛʣʷʜʘʪʠ ʣʠʰʝ ʥʘʜʭʦʜʞʝʥʥʷ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ Fs, ʷʢʘ ʧʦʛʣʠʥʘ-



 

ʻʪʴʩʷ ʧʣʘʥʝʪʦʶ ʽ ʚʽʜʪʽʢ ʪʝʧʣʦʚʦʛʦ (ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ) ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʣʘʥʝ-

ʪʠ, Fʨ (ʜʣʷ ʟʝʤʥʠʭ ʧʣʘʥʝʪ, ʜʣʷ ʷʢʠʭ ʚʽʜʪʦʢʦʤ ʪʝʧʣʘ ʽʟ ʥʘʜʨ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ 

ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʨʘʜʽʘʮʽʡʥʠʤʠ ʧʦʪʦʢʘʤʠ 

psps frrAfB 22 4)1( pp --=F-F=                        (1.21) 

ɺ (1.21) fs ï ʧʦʪʽʢ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ ʥʘ ʦʜʠʥʠʮʶ ʧʣʦʱʽ, 
4
eBp Tf sº - ʧʦ-

ʪʽʢ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʽʟ ʦʜʠʥʠʮʽ ʧʣʦʱʽ ʧʣʘʥʝʪʠ, ʊʝ ï ʨʽʚʥʦʚʘʞʥʘ ʪʝ-

ʤʧʝʨʘʪʫʨʘ, ɸ ï ʽʥʪʝʛʨʘʣʴʥʝ ʩʬʝʨʠʯʥʝ ʘʣʴʙʝʜʦ ʧʣʘʥʝʪʠ, r ïʾ ʾ ʨʘʜʽʫʩ; ʢʦʝʬʽʮʽʻʥʪ 

4 ʚʠʥʠʢʘʻ ʟʘʚʜʷʢʠ ʪʦʤʫ, ʱʦ ʩʦʥʷʯʥʘ ʨʘʜʽʘʮʽʷ ʧʘʜʘʻ ʥʘ ʧʦʧʝʨʝʯʥʠʡ ʧʝʨʝʨʽʟ 

ʧʣʘʥʝʪʠ, ʧʣʘʥʝʪʥʘ ʚʽʜʪʽʢʘʻ ʽʟ ʚʩʽʻʾ ʾʾ ʧʦʚʝʨʭʥʽ. ɹʘʛʘʪʦʨʽʯʥʽ ʚʠʤʽʨʶʚʘʥʥʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʨʠʣʘʜʽʚ, ʚʩʪʘʥʦʚʣʝʥʠʭ ʥʘ ʩʫʧʫʪʥʠʢʘʭ, ʧʦʢʘʟʫʶʪʴ, ʱʦ ʝʥʝʨʛʝʪʠʯ-

ʥʠʡ ʙʘʣʘʥʩ ɿʝʤʣʽ ʚ ʩʝʨʝʜʥʴʦʤʫ ʟʘ ʨʽʢ ʙʣʠʟʴʢʠʡ ʜʦ ʥʫʣʷ, ʪʦʙʪʦ ʥʘʜʭʦʜʞʝʥʥʷ ʽ 

ʚʽʜʪʽʢ ʝʥʝʨʛʽʾ ʧʨʠʙʣʠʟʥʦ ʦʜʠʥʘʢʦʚʽ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ (ʟʤʝʥʰʝʥʥʽ) ʩʦʥʷʯʥʦʛʦ ʧʦʪʦʢʫ ʟʙʽʣʴ-

ʰʠʪʴʩʷ(ʟʤʝʥʰʠʪʴʩʷ) ʽ ʧʣʘʥʝʪʥʠʡ, ʯʠʤ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʧʦʩʪʽʡʥʽʩʪʴ ʢʣʽʤʘʪʠʯ-

ʥʠʭ ʫʤʦʚ ʥʘ ɿʝʤʣʽ. ʇʨʠ ʮʴʦʤʫ ʥʘʜʭʦʜʞʝʥʥʷ ʝʥʪʨʦʧʽʾ ʥʘ ʧʣʘʥʝʪʫ ʜʦʨʽʚʥʶʻ: 
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ʆʩʢʽʣʴʢʠ ʪʝʤʧʝʨʘʪʫʨʘ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ (Ts=5780 K) ʟʘʚʞʜʠ ʥʘʙʘʛʘʪʦ 

ʙʽʣʴʰʘ ʟʘ  ʪʝʤʧʝʨʘʪʫʨʫ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʣʘʥʝʪʠ (ʜʣʷ ʟʝʤʥʠʭ ʧʣʘ-

ʥʝʪ Tp =211-441 K , ʜʣʷ ʨʝʰʪʠ  ʱʝ ʤʝʥʰʝ). ʆʪʞʝ ʜʣʷ ʙʫʜʴ-ʷʢʦʾ ʧʣʘʥʝʪʠ ʟʘʚ-

ʞʜʠ DS<0.  ʊʦʙʪʦ ʤʘʻ ʤʽʩʮʝ ʚʽʜʪʽʢ ʝʥʪʨʦʧʽʾ ʽʟ ʧʣʘʥʝʪʠ, ʘʙʦ ʥʘʜʭʦʜʞʝʥʥʷ ʥʝ-

ʛʝʥʪʨʦʧʽʾ DN=-DS, ʱʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʚʩʽ ʧʨʦʮʝʩʠ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʥʘ ʧʣʘ-

ʥʝʪʽ. ɿʘʩʚʦʻʥʥʷ ʮʴʦʛʦ ʧʦʪʦʢʫ ʥʝʛʝʥʪʨʦʧʽʾ ʽ ʻ ʫʥʽʚʝʨʩʘʣʴʥʠʤ ʜʞʝʨʝʣʦʤ ʧʨʦʮʝ-

ʩʽʚ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʥʘ ʥʘʰʽʡ ʧʣʘʥʝʪʽ [ʕ. ʐʨʝʜʠʥʛʝʨ, ʏʪʦ ʪʘʢʦʝ ʞʠʟʥʴ, ɯ. ʖʭ-

ʥʦʚʩʴʢʠʡ, ɹʘʟʦʚʽ ʧʨʠʥʮʠʧʠ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʫʢʨʘʾʥʩʴʢʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ. ɿʘʢʦʥʦ-

ʤʽʨʥʦʩʪʽ ʙʫʪʪʷ ʫ ʢʦʥʪʝʢʩʪʽ ʩʪʘʮʽʦʥʘʨʥʦʾ ʪʝʨʤʦʜʠʥʘʤʽʢʠ. ɺʽʩʥ. ʅɸʅ ʋʢʨʘʾʥʠ, 

2006, ˉ1, 3-13] .  

 

 

 



 

ʈʦʟʜʽʣ 2.  ʆʩʥʦʚʠ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʟʝʤʥʠʭ ʝʢʦʩʠʩʪʝʤ 

 

2.1. ʄʝʪʦʜʠ ʝʢʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʆʩʢʽʣʴʢʠ ʝʢʦʩʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʩʢʣʘʜʥʠʡ ʦʙôʻʢʪ, ʷʢʠʡ  ʩʢʣʘʜʘ-

ʻʪʴʩʷ ʽʟ ʙʘʛʘʪʴʦʭ ʚʠʜʽʚ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʽʚ ʪʘ ʝʣʝʤʝʥʪʽʚ ʥʝʞʠʚʦʾ ʧʨʠʨʦʜʠ,, ʟ ʚʝ-

ʣʠʢʠʤ ʯʠʩʣʦʤ ʤʝʭʘʥʽʟʤʽʚ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʩʢʣʘʜʦʚʠʤʠ, ʷʢʽ ʧʽʜʪʨʠʤʫʶʪʴ  ʮʽʣʽʩ-

ʥʽʩʪʴ ʡʦʛʦ ʩʪʨʫʢʪʫʨʠ, ʪʦ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ ʝʢʦʩʠʩʪʝʤ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʘʢ ʟʚʘ-

ʥʠʡ ʩʠʩʪʝʤʥʠʡ ʧʽʜʭʽʜ, ʦʨʽʻʥʪʦʚʘʥʠʡ ʥʘ ʚʠʚʯʝʥʥʷ ʦʙôʻʢʪʽʚ ʽʟ ʩʢʣʘʜʥʦʶ ʦʨʛʘʥʽ-

ʟʘʮʽʻʶ ʽʟ ʫʨʘʭʫʚʘʥʥʷʤ  ʥʝʧʝʨʝʨʚʥʦ ʟʤʽʥʶʚʘʥʠʭ ʟʦʚʥʽʰʥʽʭ, ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ 

ʜʘʥʦʾ ʝʢʦʩʠʩʪʝʤʠ, ʫʤʦʚ. ʉʠʩʪʝʤʥʠʡ ʧʽʜʭʽʜ ʜʦ ʚʠʚʯʝʥʥʷ ʝʢʦʩʠʩʪʝʤʠ ʧʦʣʷʛʘʻ ʫ 

ʚʠʟʥʘʯʝʥʥʽ ʾʾ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ, ʙʽʦʪʠʯʥʠʭ ʪʘ ʘʙʽʦʪʠʯʥʠʭ, ï ʍ1, ʍ2,é.,ʍn ʪʘ 

ʚʟʘʻʤʦʜʽʶʯʠʭ ʽʟ ʥʠʤʠ ʦʙôʻʢʪʽʚ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ï S1,S2,é,Sk, ʚʩʪʘʥʦʚ-

ʣʝʥʥʽ ʩʫʢʫʧʥʦʩʪʽ ʟʚôʷʟʢʽʚ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ ʝʢʦʩʠʩʪʝʤʠ s1, s 2, é, sm, ʘ ʪʘ-

ʢʦʞ ʟʚôʷʟʢʽʚ ʤʽʞ ʝʢʦʩʠʩʪʝʤʦʶ ʪʘ ʟʦʚʥʽʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ ï ʩʫʢʫʧʥʽʩʪʶ ʬʫʥ-

ʢʮʽʡ v1, v2,é,vn. ʄʝʪʦʶ ʤʝʪʦʜʫ ʻ ʟʥʘʭʦʜʞʝʥʥʷ ʟʘʢʦʥʫ ʬʫʥʢʮʽʶʚʘʥʥʷ ʝʢʦʩʠʩ-

ʪʝʤʠ, ʪʦʙʪʦ ʟʘʢʦʥʫ ʟʛʽʜʥʦ ʷʢʦʤʫ ʟʤʽʥʶʻʪʴʩʷ ʽʟ ʯʘʩʦʤ t ʩʪʘʥ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ 

ʝʢʦʩʠʩʪʝʤʠ ʍ1(t), ʍ2(t),é.,ʍn(t), ʟʚôʷʟʢʠ ʤʽʞ ʥʠʤʠ s1(t), s 2(t), é, sm(t) ʧʽʜ ʜʽ-

ʻʶ ʟʦʚʥʽʰʥʽʭ ʚʧʣʠʚʽʚ S1(t), S2(t),é,Sk(t). ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʴʦʛʦ ʟʘʚʜʘʥʥʷ ʚʠʢʦ-

ʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʽ ʤʝʪʦʜʠ. 

ʇʽʜ ʧʦʣʴʦʚʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʨʦʟʫʤʽʶʪʴʩʷ ʤʝʪʦʜʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʟʤʽʥʥʠʤʠ ʍ(t) ʪʘ s(t) ʝʢʦʩʠʩʪʝʤʠ ʫ ʧʨʠʨʦʜʥʠʭ ʫʤʦʚʘʭ, ʟʘ 

ʚʽʜʩʫʪʥʦʩʪʽ ʙʫʜʴ ï ʷʢʦʛʦ ʚʧʣʠʚʫ ʥʘ ʥʝʾ ʟʽ ʩʪʦʨʦʥʠ ʩʧʦʩʪʝʨʽʛʘʯʘ. ʇʨʠ ʮʴʦʤʫ 

ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʧʝʚʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʷʢʽʩʥʽ ʘʙʦ ʢʽʣʴʢʽʩʥʽ ʫ ʟʤʽʥʽ  ʟʥʘʯʝʥʴ 

ʍ(t) ʪʘ s(t) ʧʨʠ ʟʤʽʥʽ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ S(t).  

ʇʦʨʷʜ ʽʟ ʧʦʣʴʦʚʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʪʨʠʤʘʣʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʤʝʪʦʜʠ. ɺ ʧʨʦʮʝʩʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʦʩʣʽ-

ʜʥʠʢ ʩʧʦʩʪʝʨʽʛʘʻ ʟʘ ʝʢʦʩʠʩʪʝʤʦʶ, ʚ ʷʢʽʡ ʥʠʤ ʧʨʦʚʝʜʝʥʽ ʧʝʚʥʽ ʟʤʽʥʠ. ʇʨʠʢʣʘ-

ʜʦʤ ʤʦʞʝ ʙʫʪʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʯʠʩʣʦʚʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʦʧʫʣʷʮʽʾ 

ʞʝʨʪʚ ʧʨʠ ʟʘʜʘʥʽʡ ʝʢʩʧʝʨʠʤʝʥʪʘʪʦʨʦʤ ʟʤʽʥʽ ʫ ʯʠʩʣʝʥʥʦʩʪʽ ʭʠʞʘʢʽʚ. ɽʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʧʦʣʴʦʚʽ ʪʘ ʣʘʙʦʨʘʪʦʨʥʽ. ʆʩʪʘʥʥʽ 

ʧʨʦʭʦʜʷʪʴ ʫ ʙʽʣʴʰ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʫʤʦʚʘʭ ʥʽʞ ʧʝʨʰʽ. ɺʝʣʠʢʠʡ ʚʢʣʘʜ ʫ ʨʦʟ-

ʚʠʪʦʢ ʝʢʦʣʦʛʽʯʥʦʾ ʥʘʫʢʠ ʜʘʣʠ ʫʟʘʛʘʣʴʥʝʥʥʷ ʪʘ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʩʪʠʭʽʡʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʽʟ ʝʢʦʩʠʩʪʝʤʘʤʠ, ʷʢʽ ʙʫʣʠ ʥʘʩʣʽʜʢʦʤ ʧʨʠʨʦʜʥʠʭ ʧʨʦʮʝʩʽʚ, ʘʙʦ 

ʜʽʷʣʴʥʦʩʪʽ ʣʶʜʠʥʠ. 

ʆʜʥʘʢ, ʷʢ ʝʢʦʣʦʛʽʯʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ ʪʘʢ ʽ ʤʝʪʦʜ ʧʘʩʠʚʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ 

ʟʘ ʝʢʦʩʠʩʪʝʤʘʤʠ ʻ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤʠ ʫ ʧʦʻʜʥʘʥʥʽ ʽʟ ʤʝʪʦʜʦʤ ʤʦʜʝʣʶ-

ʚʘʥʥʷ. ʄʦʜʝʣʽ ʻ ʚʠʨʘʞʝʥʥʷʤ ʧʝʚʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʫʷʚʣʝʥʴ ʧʨʦ ʧʨʦʮʝʩʠ, ʱʦ 



 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʝʢʦʩʠʩʪʝʤʘʭ. ʇʦ ʪʠʧʫ ʨʝʘʣʽʟʘʮʽʾ ʨʦʟʨʽʟʥʷʶʪʴ ʨʝʘʣʴʥʽ ʪʘ ʟʥʘʢʦ-

ʚʽ ʤʦʜʝʣʽ [34]. ʈʝʘʣʴʥʘ ʤʦʜʝʣʴ ʚʽʜʦʙʨʘʞʘʻ ʩʫʪʪʻʚʽ ʨʠʩʠ ʝʢʦʩʠʩʪʝʤʠ. ʇʨʠʢʣʘ-

ʜʦʤ ʨʝʘʣʴʥʦʾ ʤʦʜʝʣʽ ʻ ʘʢʚʘʨʽʫʤ ʽʟ ʡʦʛʦ ʨʦʩʣʠʥʥʽʩʪʶ, ʪʚʘʨʠʥʘʤʠ ʪʘ ʤʽʢʨʦʙʥʠʤ 

ʥʘʩʝʣʝʥʥʷʤ. ɸʢʚʘʨʽʫʤ ʫ ʧʝʚʥʽʡ ʤʽʨʽ ʚʽʜʦʙʨʘʞʘʻ ʧʨʠʨʦʜʥʝ ʚʦʜʦʡʤʠʱʝ. ʆʩʥʦ-

ʚʥʘ ʪʨʫʜʥʽʩʪʴ ʧʦʣʷʛʘʻ ʫ ʚʩʪʘʥʦʚʣʝʥʥʽ ʩʪʫʧʝʥʷ ʘʜʝʢʚʘʪʥʦʩʪʽ ʤʦʜʝʣʽ ʦʨʠʛʽʥʘʣʫ, 

ʘ ʚʽʜʪʘʢ, ʫ ʘʨʛʫʤʝʥʪʦʚʘʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʽ ʨʝʟʫʣʴʪʘʪʽʚ ʦʪʨʠʤʘʥʠʭ ʧʨʠ ʧʨʦʚʝ-

ʜʝʥʥʽ ʜʦʩʣʽʜʞʝʥʴ ʫ ʨʝʘʣʴʥʠʭ ʤʦʜʝʣʷʭ ʜʦ ʦʨʠʛʽʥʘʣʴʥʠʭ ï ʧʨʠʨʦʜʥʠʭ ʝʢʦʩʠʩ-

ʪʝʤ.  

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʨʝʘʣʴʥʦʾ, ʘʙʦ ʽʥʢʦʣʠ ʛʦʚʦʨʷʪʴ, ʬʽʟʠʯʥʦʾ, ʤʦʜʝʣʽ, ʟʥʘʢʦʚʘ 

ʤʦʜʝʣʴ ʻ ʫʤʦʚʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʩʠʩʪʝʤʠ ï ʦʨʠʛʽʥʘʣʫ  ʥʘ ʤʦʚʽ ʩʠʤʚʦʣʽʚ ʪʘ 

ʦʧʝʨʘʮʽʡ ʥʘʜ ʩʠʤʚʦʣʘʤʠ ʅʘʡʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ ʤʘʶʪʴ ʪʘʢʽ ʚʠʜʠ ʟʥʘʢʦʚʠʭ ʤʦ-

ʜʝʣʝʡ: ʢʦʥʮʝʧʪʫʘʣʴʥʽ ʪʘ ʤʘʪʝʤʘʪʠʯʥʽ. ʆʩʥʦʚʥʝ ʧʨʠʟʥʘʯʝʥʥʷ ʢʦʥʮʝʧʪʫʘʣʴ-

ʥʠʭ ʤʦʜʝʣʝʡ ʜʘʪʠ ʫʟʘʛʘʣʴʥʝʥʝ, ʜʦʩʠʪʴ ʧʦʚʥʝ, ʫʷʚʣʝʥʥʷ ʜʦʩʣʽʜʥʠʢʘ ʧʨʦ ʩʠʩʪʝ-

ʤʫ, ʱʦ ʚʠʚʯʘʻʪʴʩʷ,  ʚ ʨʘʤʢʘʭ ʧʝʚʥʦʾ ʥʘʫʢʦʚʦʾ ʢʦʥʮʝʧʮʽʾ. ʊʘʢ, ʚ ʨʘʤʢʘʭ ʝʥʝʨʛʝ-

ʪʠʯʥʦʾ, ʘʙʦ ʙʽʦʛʝʦʭʽʤʽʯʥʦʾ ʢʦʥʮʝʧʮʽʾ, ʚʽʜʧʦʚʽʜʥʽ ʢʦʥʮʝʧʪʫʘʣʴʥʽ ʤʦʜʝʣʽ ʧʨʝʜ-

ʩʪʘʚʣʷʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʙʣʦʢ ï ʩʭʝʤ, ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʧʦʪʦʢʠ ʝʥʝʨʛʽʾ ʪʘ ʨʝʯʦ-

ʚʠʥʠ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ ʝʢʦʩʠʩʪʝʤʠ, ʪʨʦʬʽʯʥʽ ʟʚôʷʟʢʠ ʚ ʝʢʦʩʠʩʪʝʤʽ. ʊʘʢʽ ʙʣʦʢ 

ï ʩʭʝʤʠ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʪʝʢʩʪʦʚʠʤ, ʛʨʘʬʽʯʥʠʤ ʪʘ ʪʘʙʣʠʯʥʠʤ ʤʘʪʝʨʽʘʣʦʤ, 

ʷʢʽ ʨʦʟʢʨʠʚʘʶʪʴ ʩʪʨʫʢʪʫʨʫ ʪʘ ʘʩʧʝʢʪʠ ʬʫʥʢʮʽʶʚʘʥʥʷ ʝʢʦʩʠʩʪʝʤ.  

ʇʨʠ ʢʽʣʴʢʽʩʥʦʤʫ ʚʠʚʯʝʥʥʽ ʬʫʥʢʮʽʶʚʘʥʥʷ ʝʢʦʩʠʩʪʝʤ ʥʘʡʙʽʣʴʰʦʛʦ ʧʦʰʠ-

ʨʝʥʥʷ ʥʘʙʫʚ ʤʝʪʦʜ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʢʦʣʠ ʟʚôʷʟʢʠ ʤʽʞ ʬʫʥʢʮʽʷʤʠ 

ʍ1(t), ʍ2(t),é.,ʍn(t), s1(t), s 2(t), é, sm(t) ʪʘ S1(t), S2(t),é,Sk(t) ʧʨʝʜʩʪʘʚʣʷʶʪʴʩʷ 

ʫ ʚʠʛʣʷʜʽ ʨʽʟʥʦʛʦ ʨʦʜʫ ʩʠʩʪʝʤʠ ʥʝʟʘʣʝʞʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʨʽʚʥʷʥʴ. ʊʘʢʠʤʠ 

ʨʽʚʥʷʥʥʷʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʷʢ ʘʣʛʝʙʨʘʾʯʥʽ ʪʘʢ ʽ ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʪʘ ʽʥʪʝʛʨʘʣʴʥʽ, 

ʘʙʦ ʽʥʪʝʛʨʦ ï ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ. ʆʢʨʽʤ ʨʽʚʥʷʥʴ, ʝʢʦʩʠʩʪʝʤʘ ʤʦʞʝ ʭʘʨʘʢʪʝʨʠʟʫ-

ʚʘʪʠʩʷ ʪʘʢʦʞ ʥʝʨʽʚʥʦʩʪʷʤʠ, ʦʩʦʙʣʠʚʦ, ʢʦʣʠ ʤʠ ʨʦʟʛʣʷʜʘʻʤʦ ʘʛʨʦʝʢʦʩʠʩʪʝʤʫ 

ʥʝ ʪʽʣʴʢʠ ʽʟ ʝʢʦʣʦʛʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ, ʘ ʡ ʟ ʝʢʦʥʦʤʽʯʥʦʾ. 

ʇʨʠʢʣʘʜʦʤ ʫʟʘʛʘʣʴʥʝʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʝʢʦʩʠʩʪʝʤʠ ʻ ʩʠʩʪʝʤʘ ʨʽ-

ʚʥʷʥʴ (1.1) ʪʘ (1.2).  

ʄʦʜʝʣʽ, ʚ ʷʢʠʭ ʧʨʦʩʪʦʨʦʚʘ ʩʪʨʫʢʪʫʨʘ ʝʢʦʩʠʩʪʝʤʠ ʥʝ ʨʦʟʛʣʷʜʘʻʪʴʩʷ, ʪʦʙ-

ʪʦ ʫ ʩʠʩʪʝʤʽ ʨʽʚʥʷʥʴ ʬʽʛʫʨʫʶʪʴ ʣʠʰʝ ʟʤʽʥʥʽ, ʷʢʽ ʻ ʬʫʥʢʮʽʷʤ ʪʽʣʴʢʠ ʯʘʩʫ, ʥʘ-

ʟʠʚʘʶʪʴʩʷ ʪʦʯʢʦʚʠʤʠ ʤʦʜʝʣʷʤʠ, ʘʙʦ ʤʦʜʝʣʷʤʠ ʽʟ ʢʦʥʮʝʥʪʨʦʚʘʥʠʤʠ ʟʥʘʯʝʥ-

ʥʷʤʠ. ʗʢʱʦ ʞ ʟʤʽʥʥʽ ʻ ʬʫʥʢʮʽʷʤʠ  ʥʝ ʪʽʣʴʢʠ ʯʘʩʫ ʘ ʡ ʧʨʦʩʪʦʨʦʚʠʭ ʢʦʦʨʜʠʥʘʪ, 

ʪʦ ʪʘʢʽ ʤʦʜʝʣʽ ʥʘʟʠʚʘʶʪʴʩʷ ʤʦʜʝʣʷʤʠ ʽʟ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ. ɼʦ 

ʦʩʪʘʥʥʽʭ ʚʽʜʥʦʩʷʪʴʩʷ ʛʝʪʝʨʦʛʝʥʥʽ ʩʠʩʪʝʤʠ, ʷʢʽ ʦʧʠʩʫʶʪʴʩʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤʠ 

ʨʽʚʥʷʥʥʷʤʠ ʫ ʯʘʩʪʠʥʥʠʭ ʧʦʭʽʜʥʠʭ. 

 

 



 

2.2. ɿʘʛʘʣʴʥʘ ʩʭʝʤʘ ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʜʦʩʣʽʜʞʝʥʥʷ  ʝʢʦʩʠʩʪʝʤ 

ʇʨʦʮʝʩ ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʜʦʩʣʽʜʞʝʥʥʷ ʝʢʦʩʠʩʪʝʤ ʤʦʞʥʘ ʧʨʝʜʩʪʘ-

ʚʠʪʠ ʫ ʚʠʛʣʷʜʽ ʨʷʜʫ ʝʪʘʧʽʚ [34]: 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ʅʘ ʮʴʦʤʫ ʝʪʘʧʽ ʚʠʜʽʣʷʶʪʴʩʷ ʢʦʥʝʯʥʝ ʯʠʩʣʦ ʧʨʦʮʝ-

ʩʽʚ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʝʢʦʩʠʩʪʝʤʠ, ʷʢʽ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʽ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʢʦʥʢʨʝ-

ʪʥʦʾ ʧʨʦʙʣʝʤʠ, ʥʘʧʨʠʢʣʘʜ ʧʝʨʝʜʙʘʯʝʥʥʷ ʨʝʘʢʮʽʾ ʩʠʩʪʝʤʠ ʥʘ ʧʝʚʥʽ ʘʥʪʨʦʧʦ-

ʛʝʥʥʽ ʜʽʾ.  

ʂʦʥʮʝʧʪʫʘʣʽʟʘʮʽʷ. ʅʘ ʥʘʩʪʫʧʥʦʤʫ ʝʪʘʧʽ ʩʠʩʪʝʤʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʢ-

ʨʠʚʘʻʪʴʩʷ ʩʢʣʘʜ ʩʠʩʪʝʤʠ, ʷʢʠʡ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʤʥʦʞʠʥʦʶ ʾʾ ʚʥʫʪʨʽʰʥʽʭ ʝʣʝ-

ʤʝʥʪʽʚ ʪʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʟʘʻʤʦʜʽʶʯʠʭ ʽʟ ʥʠʤʠ ʝʣʝʤʝʥʪʽʚ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝ-

ʜʦʚʠʱʘ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ ʩʢʣʘʜʘʶʪʴʩʷ ʢʦʥʮʝʧʪʫʘʣʴʥʽ ʫʷʚʣʝʥʥʷ ʧʨʦ ʙʫʜʦʚʫ 

ʝʢʦʩʠʩʪʝʤʠ ʪʘ ʾʾ ʬʫʥʢʮʽʶʚʘʥʥʷ.  ʇʽʜ ʩʪʨʫʢʪʫʨʦʶ ʝʢʦʩʠʩʪʝʤʠ ʨʦʟʫʤʽʶʪʴ ʩʫʢʫ-

ʧʥʽʩʪʴ ʫʩʽʭ ʟʚôʷʟʢʽʚ (ʚʽʜʥʦʰʝʥʴ, ʚʟʘʻʤʦʜʽʡ) ʤʽʞ ʝʣʝʤʝʥʪʘʤʠ. ʇʨʦʮʝʩ ʟʤʽʥʠ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʝʣʝʤʝʥʪʽʚ ʫ ʯʘʩʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʝʘʢʮʽʾ ʥʘ ʜʽʶ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ 

ʽ ʚʟʘʻʤʦʜʽʡ ʤʽʞ ʚʥʫʪʨʽʰʥʽʤʠ ʝʣʝʤʝʥʪʘʤʠ  ʽ ʻ ʬʫʥʢʮʽʶʚʘʥʥʷ ʝʢʦʩʠʩʪʝʤʠ.  

ʅʘ ʨʠʩ.2.1.  ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʠʧʦʚʘ ʥʘʟʝʤʥʘ ʝʢʦʩʠʩʪʝʤʘ, ʝʣʝʤʝʥʪʠ ʷʢʦʾ ʥʦ-

ʩʷʪʴ ʘʛʨʝʛʦʚʘʥʠʡ ʭʘʨʘʢʪʝʨ. ɸʛʨʝʛʦʚʘʥʽʩʪʴ ʦʟʥʘʯʘʻ, ʱʦ ʮʽ ʢʦʤʧʦʥʝʥʪʠ ʝʢʦʩʠʩ-

ʪʝʤʠ ʻ ʩʫʢʫʧʥʽʩʪʶ ʧʽʜʩʠʩʪʝʤ.  ʊʘʢ ʢʦʤʧʦʥʝʥʪʘ ʝʢʦʩʠʩʪʝʤʠ çʊʚʘʨʠʥʠè ʤʦʞʝ 

ʙʫʪʠ ʚ ʩʚʦʶ ʯʝʨʛʫ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʚʠʛʣʷʜʽ ʩʫʢʫʧʥʦʩʪʽ ʨʽʟʥʠʭ ʧʦʧʫʣʷʮʽʡ, ʩʝʨʝʜ 

ʷʢʠʭ ʻ ʞʝʨʪʚʠ , ʭʠʞʘʢʠ, ʧʘʨʘʟʠʪʠ ʽʟ ʧʝʚʥʠʤʠ ʤʽʞ ʥʠʤʠ ʚʽʜʥʦʩʠʥʘʤʠ. ʂʦʤʧʦ-

ʥʝʥʪʘ çˆʨʫʥʪè ʪʘʢʦʞ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʫ ʙʽʣʴʰ ʜʝʪʘʣʽʟʦʚʘʥʦʤʫ ʚʠ-

ʛʣʷʜʽ. ʊʘʢʝ ʜʝʪʘʣʽʟʦʚʘʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʝ  ʧʨʠ ʨʦʟʛʣʷʜʽ ʣʽʩʦ-

ʚʦʾ ʝʢʦʩʠʩʪʝʤʠ, ʢʦʣʠ ʩʣʽʜ ʚʠʜʽʣʷʪʠ ʧʽʜʩʪʠʣʢʫ, ʘ ʪʘʢʦʞ, ʧʨʠ ʫʨʘʭʫʚʘʥʥʽ ʚʝʨʪʠ-

ʢʘʣʴʥʦʾ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʥʝʦʙʭʽʜʥʦ ʧʨʝʜʩʪʘʚʣʷʪʠ ˇʨʫʥʪ ʫ ʚʠʛʣʷʜʽ  ʩʫʢʫʧʥʦʩʪʽ 

ʰʘʨʽʚ.  ʂʦʤʧʦʥʝʥʪʘ çʬʽʪʦʮʝʥʦʟè ʪʘʢʦʞ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʜʦʩʠʪʴ ʘʛʨʝʛʦʚʘʥʦʤʫ 

ʚʠʛʣʷʜʽ. ʌʽʪʦʮʝʥʦʟ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʙʘʛʘʪʴʦʭ ʚʠʜʽʚ ʨʦʩʣʠʥ ʽ ʤʦʞʝ ʙʫʪʠ ʥʘʚʽʪʴ 

ʙʘʛʘʪʦʷʨʫʩʥʠʤ, ʷʢ ʫ ʚʠʧʘʜʢʫ ʣʽʩʦʚʦʾ ʝʢʦʩʠʩʪʝʤʠ. ʆʯʝʚʠʜʥʦ, ʱʦ ʧʨʠ ʪʘʢʦʤʫ 

ʘʛʨʝʛʦʚʘʥʦʤʫ ʧʽʜʭʦʜʽ ʜʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʦʢʨʝʤʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʝʢʦʩʠʩʪʝʤʠ ʚʦ-

ʥʠ ʙʫʜʫʪʴ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠʩʷ ʜʝʷʢʠʤʠ ʫʩʝʨʝʜʥʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ (ʥʘʧʨʠ-

ʢʣʘʜ ʙʽʦʤʘʩʘ). ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʦʛʦ ʘʙʦ ʽʥʰʦʛʦ ʩʪʫʧʝʥʷ ʘʛʨʝʛʦʚʘʥʦʩʪʽ ʚʠʟʥʘʯʘ-

ʻʪʴʩʷ ʢʦʥʢʨʝʪʥʠʤʠ ʮʽʣʷʤʠ, ʷʢʽ ʩʪʘʚʠʪʴ ʧʝʨʝʜ ʩʦʙʦʶ ʜʦʩʣʽʜʥʠʢ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʘʛʨʝʛʦʚʘʥʠʭ ʢʦʤʧʘʨʪʤʝʥʪʽʚ ʜʦʮʽʣʴʥʦ ʧʨʠ ʨʦʟʨʦʙʮʽ ʫʟʘʛʘʣʴʥʝʥʠʭ ʤʦʜʝʣʝʡ 

ʝʢʦʩʠʩʪʝʤ, ʤʘʶʯʠ ʥʘ ʫʚʘʟʽ ʧʦʜʘʣʴʰʫ ʾʾ ʢʦʥʢʨʝʪʠʟʘʮʽʶ ʧʨʠ ʨʦʟʨʦʙʮʽ ʤʦʜʝʣʝʡ 

ʢʦʥʢʨʝʪʥʠʭ ʝʢʦʩʠʩʪʝʤ, ʷʢʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʜʘʥʦʛʦ ʢʣʘʩʫ. 

ʃʽʥʽʾ ʥʘ ʨʠʩʫʥʢʫ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʥʘʧʨʷʤʢʠ ʧʝʨʝʭʦʜʫ ʨʝʯʦʚʠʥʠ ʤʽʞ ʚʢʘ-

ʟʘʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʝʢʦʩʠʩʪʝʤʠ. ʊʘʢ, ʣʽʥʽʷ ʷʢʘ ʟʚôʷʟʫʻ ʘʪʤʦʩʬʝʨʫ ʪʘ ʬʽʪʦ-

ʮʝʥʦʟ ʤʘʻ ʦʟʥʘʯʘʪʠ ʚʦʜʥʠʡ ʽ ʛʘʟʦʚʠʡ ʦʙʤʽʥ ʤʽʞ ʨʦʩʣʠʥʘʤʠ ʪʘ ʘʪʤʦʩʬʝʨʦʶ 

(ʪʨʘʥʩʧʽʨʘʮʽʷ, ʬʦʪʦʩʠʥʪʝʟ, ʜʠʭʘʥʥʷ ʽ ʪ. ʽʥ.). ɿʦʢʨʝʤʘ, ʪʘʢʠʤ ʞʝ ʯʠʥʦʤ ʢʦʥʮʝʧ-



 

ʪʫʘʣʴʥʦ ʤʦʞʝ ʧʨʝʜʩʪʘʚʣʷʪʠʩʷ ʥʘʜʭʦʜʞʝʥʥʷ ʜʦ ʬʽʪʦʮʝʥʦʟʫ ʷʢʦʛʦ - ʥʝʙʫʜʴ ʟʘ-

ʙʨʫʜʥʝʥʥʷ ʽʟ ʘʪʤʦʩʬʝʨʠ. 

 
ʈʠʩʫʥʦʢ. 2.1 ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʪʘ ʚʥʫʪʨʽʰʥʷ ʩʪʨʫʢʪʫʨʘ ʪʠʧʦʚʦʾ ʥʘʟʝʤ-

ʥʦʾ ʝʢʦʩʠʩʪʝʤʠ 

 

3. ʉʧʝʮʠʬʽʢʘʮʽʷ. ʇʽʩʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʪʘ ʧʨʠʥʮʠʧʽʚ ʬʫʥʢʮʽʶ-

ʚʘʥʥʷ ʝʢʦʩʠʩʪʝʤʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʥʦʞʠʥʘ ʚʭʽʜʥʠʭ ʟʤʽʥʥʠʭ ʪʘ ʟʤʽʥʥʠʭ ʩʪʘʥʫ 

ʦʢʨʝʤʠʭ ʢʦʤʧʘʨʪʤʝʥʪʽʚ. ʊʘʢʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʟʥʘʯʝʥʥʷ ʙʽʦʤʘʩʠ, 

ʘʙʦ  ʢʽʣʴʢʽʩʪʴ ʨʝʯʦʚʠʥʠ ʤʽʛʨʘʮʽʷ ʷʢʦʾ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʫ ʜʘʥʽʡ ʝʢʦʩʠʩʪʝʤʽ. ʇʨʠ 

ʮʴʦʤʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʦʟʤʽʨʥʽʩʪʴ ʟʤʽʥʥʠʭ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʦʢʨʝʤʠʡ ʢʦʤ-

ʧʦʥʝʥʪ ʝʢʦʩʠʩʪʝʤʠ. ɺʘʞʣʠʚʠʤ ʻ ʚʠʙʽʨ ʪʘʢʠʭ ʟʤʽʥʥʠʭ, ʷʢʽ ʜʦʩʪʫʧʥʽ ʙʝʟʧʦʩʝʨʝ-

ʜʥʴʦʤʫ ʚʠʤʽʨʶʚʘʥʥʶ. 

4. ʉʧʦʩʪʝʨʝʞʝʥʥʷ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʩʧʝʮʠʬʽʢʘʮʽʾ, ʪʘ ʢʝʨʫʶʯʠʩʴ ʢʦʥ-

ʮʝʧʪʫʘʣʴʥʠʤʠ ʫʷʚʣʝʥʥʷʤʠ ʧʨʦ ʬʫʥʢʮʽʶʚʘʥʥʷ ʝʢʦʩʠʩʪʝʤʠ ʧʣʘʥʫʶʪʴʩʷ ʪʘ 

ʧʨʦʚʦʜʷʪʴʩʷ ʧʦʣʴʦʚʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʜʠʥʘʤʽʢʦʶ ʟʤʽʥʠ ʟʤʽʥʥʠʭ ʩʪʘʥʫ ʝʢʦ-

ʩʠʩʪʝʤʠ. ʈʝʟʫʣʴʪʘʪʠ ʪʘʢʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘ ʧʦʜʘʣʴʰʠʭ 

ʝʪʘʧʘʭ ʤʦʜʝʣʶʚʘʥʥʷ (ʽʜʝʥʪʠʬʽʢʘʮʽʷ, ʧʝʨʝʚʽʨʢʘ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʜʝʣʽ) ʽ ʤʦ-

ʞʫʪʴ ʩʣʫʛʫʚʘʪʠ ʦʩʥʦʚʦʶ ʜʣʷ ʜʝʷʢʦʛʦ ʧʝʨʝʛʣʷʜʫ ʢʦʥʮʝʧʪʫʘʣʴʥʦʾ ʤʦʜʝʣʽ  ʝʢʦ-

ʩʠʩʪʝʤʠ.  

5. ɯʜʝʥʪʠʬʽʢʘʮʽʷ. ʅʘʩʪʫʧʥʦʶ ʟʘʜʘʯʝʶ ʻ ʚʩʪʘʥʦʚʣʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʤʽʞ ʟʤʽʥʥʠʤʠ ʩʪʘʥʫ ʢʦʤʧʦʥʝʥʪʽʚ  ʝʢʦʩʠʩʪʝʤʠ.  ʌʘʢʪʠʯʥʦ ʮʽ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚʽʜʦʙʨʘʞʘʶʪʴ ʤʦʚʦʶ ʤʘʪʝʤʘʪʠʢʠ ʬʫʥʢʮʽʶʚʘʥʥʷ ʝʢʦʩʠʩʪʝʤʠ, 

ʪʘ ʧʨʦʮʝʩʠ ʦʙʽʛʫ ʨʝʯʦʚʠʥʠ ʽ ʝʥʝʨʛʽʾ ʚ ʝʢʦʩʠʩʪʝʤʽ. ɿʦʢʨʝʤʘ, ʦʩʥʦʚʫ ʩʪʨʫʢʪʫʨʠ 

ʜʠʥʘʤʽʯʥʦʾ ʤʦʜʝʣʽ ʝʢʦʩʠʩʪʝʤ ʽʟ n ʥʝʟʘʣʝʞʥʠʤʠ ʟʤʽʥʥʠʤʠ ʩʢʣʘʜʘʶʪʴ n ʜʠʬʝ-



 

ʨʝʥʮʽʘʣʴʥʠʭ ʪʘ ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ. ɸʣʛʝʙʨʘʾʯʥʽ ʨʽʚʥʷʥʥʷ, ʷʢ ʧʨʘʚʠʣʦ, ʚʽʜʦ-

ʙʨʘʞʘʶʪʴ ʟʘʢʦʥʠ ʟʙʝʨʝʞʝʥʥʷ ʨʝʯʦʚʠʥʠ ʪʘ ʝʥʝʨʛʽʾ. 

6. ɽʢʩʧʝʨʠʤʝʥʪʠ. ɺ ʧʨʦʮʝʩʽ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʤʦʜʝʣʽ ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʫ 

ʧʨʦʚʝʜʝʥʥʽ ʧʦʣʴʦʚʠʭ ʪʘ ʣʘʙʦʨʘʪʦʨʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʟ ʤʝʪʦʶ ʧʝʨʝʚʽʨʢʠ ʛʽʧʦ-

ʪʝʟ ʚʽʜʥʦʩʥʦ ʟʚôʷʟʢʽʚ ʤʽʞ ʟʤʽʥʥʠʤʠ ʤʦʜʝʣʽ ʪʘ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʦʮʽʥʦʢ ʧʘʨʘʤʝ-

ʪʨʽʚ, ʷʢʽ ʬʽʛʫʨʫʶʪʴ ʫ ʨʽʚʥʷʥʥʷʭ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʦʙʦʪʠ ʧʨʦʚʦʜʷʪʴʩʷ ʧʘʨʘ-

ʣʝʣʴʥʦ ʽʥʰʠʤ ʩʪʘʜʽʷʤ ʤʦʜʝʣʶʚʘʥʥʷ. 

7. ʈʝʘʣʽʟʘʮʽʷ ʤʦʜʝʣʽ. ʇʽʩʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʤʦʜʝʣʽ, ʚʩʪʘʥʦʚʣʝʥʥʷ ʯʠʩʣʦ-

ʚʠʭ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʦʟʚôʷʟʦʢ ʩʠʩʪʝʤʠ ʦʪʨʠʤʘʥʠʭ ʨʽʚʥʷʥʴ, 

ʷʢʽ ʦʧʠʩʫʶʪʴ ʬʫʥʢʮʽʶʚʘʥʥʷ ʩʠʩʪʝʤʠ. ʉʫʯʘʩʥʽ ʤʦʜʝʣʽ ʩʢʣʘʜʘʶʪʴʩʷ ʽʟ ʩʠʩʪʝʤʠ  

ʙʘʛʘʪʴʦʭ ʨʽʚʥʷʥʴ. ʊʘʢ ʤʦʜʝʣʽ ʘʛʨʦʝʢʦʩʠʩʪʝʤ  ʤʘʶʪʴ ʜʝʢʽʣʴʢʘ ʜʝʩʷʪʢʽʚ ʟʚʠʯʘʡ-

ʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʪʘ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʫ ʯʘʩʪʠʥʥʠʭ ʧʦʭʽ-

ʜʥʠʭ. ʊʦʤʫ ʧʨʦ ʟʥʘʭʦʜʞʝʥʥʷ ʘʥʘʣʽʪʠʯʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʤʦʚʘ ʥʝ ʤʦʞʝ ʡʪʠ. ʗʢ 

ʧʨʘʚʠʣʦ ʩʢʣʘʜʘʻʪʴʩʷ ʘʣʛʦʨʠʪʤ ʯʠʩʣʦʚʦʛʦ ʨʦʟʚôʷʟʢʫ ʦʪʨʠʤʘʥʦʾ ʩʠʩʪʝʤʠ 

ʨʽʚʥʷʥʴ. ʋ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʜʣʷ ʮʽʻʾ ʤʝʪʠ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʩʫʯʘʩʥʽ ʤʘʪʝʤʘ-

ʪʠʯʥʽ ʧʘʢʝʪʠ, ʪʠʧʫ çʄʘʪʝʤʘʪʠʢʘ- ʧʨʦʛʨʘʤʘ ʙʽʣʴʰ ʧʨʠʩʪʦʩʦʚʘʥʘ ʜʣʷ ʬʽʟʠʢʽʚ, 

ʦʩʢʽʣʴʢʠ ʾʾ ʘʚʪʦʨ ʬʽʟʠʢ - ʪʝʦʨʝʪʠʢ ʽʟ ʄʘʪʘʩʫʯʝʪʩʴʢʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ɯʥʩʪʠ-

ʪʫʪʫ ï ʉʪʝʬʘʥ-Wolframè ʪʘ çʄɸʇʃɽ-ʢʘʥʘʜʩʴʢʘ ʧʨʦʛʨʘʤʘ-ʧʝʨʝʢʣʘʜʘʻʪʴʩʷ ʷʢ 

ʂʣʠʥʦʚʠʡ ʣʠʩʪʦʢ, ʘʙʦ ʇʨʠʢʣʘʜʥʘ ʤʘʪʝʤʘʪʠʢʘè. 

8. ʇʝʨʝʚʽʨʢʘ ʤʦʜʝʣʽ. ʇʽʩʣʷ  ʚʩʪʘʥʦʚʣʝʥʥʷ ʯʠʩʣʦʚʠʭ ʤʝʪʦʜʽʚ ʨʦʟʚôʷʟʢʫ 

ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ, ʧʝʨʝʩʚʽʜʯʫʶʪʴʩʷ ʚ ʷʢʽʡ ʩʪʝʧʝʥʽ ʤʦʜʝʣʴ ʚʽʜʪʚʦʨʶʻ ʜʠʥʘʤʽʯʥʽ 

ʟʤʽʥʠ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʝʢʦʩʠʩʪʝʤʽ, ʟʦʢʨʝʤʘ ʥʘʩʢʽʣʴʢʠ ʪʦʯʥʦ ʚʽʜʪʚʦʨʶʶʪʴ-

ʩʷ ʟʥʘʯʝʥʥʷ ʟʤʽʥʥʠʭ ʩʠʩʪʝʤʠ ʚ ʫʩʽʭ ʢʦʤʧʦʥʝʥʪʘʭ ʝʢʦʩʠʩʪʝʤʠ. ʇʨʠ ʚʠʷʩʥʝʥʥʽ 

ʚʽʜʩʫʪʥʦʩʪʽ ʘʜʝʢʚʘʪʥʦʩʪʽ ʚ ʦʧʠʩʽ ʩʠʩʪʝʤʠ, ʜʝʷʢʽ ʝʪʘʧʠ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʽ ʧʦ-

ʚʪʦʨʶʶʪʴʩʷ, ʧʨʠʜʽʣʷʶʯʠ ʧʨʠ ʮʴʦʤʫ ʦʩʦʙʣʠʚʫ  ʫʚʘʛʫ ʝʪʘʧʫ ʽʜʝʥʪʠʬʽʢʘʮʽʾ.  

9. ɼʦʩʣʽʜʞʝʥʥʷ ʤʦʜʝʣʽ. ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʤʦʜʝʣʽ ʥʝʦʙʭʽʜʥʦ ʚʩʪʘʥʦʚʠʪʠ 

ʷʢʽ ʽʟ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ, ʟʚôʷʟʢʠ ʤʽʞ ʟʤʽʥʥʠʤʠ, ʧʘʨʘʤʝʪʨʠ ʪʘ ʟʦʚʥʽʰʥʽ ʬʘʢʪʦʨʠ 

ʤʘʶʪʴ ʥʘʡʙʽʣʴʰʠʡ ʚʧʣʠʚ ʥʘ ʧʦʚʝʜʽʥʢʫ ʤʦʜʝʣʽ. ʄʝʪʦʶ ʪʘʢʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘ 

ʯʫʪʣʠʚʽʩʪʴ ʻ ʚʠʟʥʘʯʝʥʥʷ ʩʪʫʧʝʥʶ ʪʦʯʥʦʩʪʽ ʟ ʷʢʦʶ ʧʦʪʨʽʙʥʦ ʚʠʟʥʘʯʘʪʠ ʯʠʩʣʦʚʽ 

ʟʥʘʯʝʥʥʷ ʪʠʭ ʘʙʦ ʽʥʰʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʇʨʠ ʪʘʢʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʤʦʜʝʣʽ ʚʩʪʘʥʦʚ-

ʣʶʻʪʴʩʷ ʧʨʠ ʷʢʠʭ ʟʥʘʯʝʥʥʷʭ ʧʘʨʘʤʝʪʨʽʚ ʧʦʚʝʜʽʥʢʘ ʩʠʩʪʝʤʠ ʤʘʻ ʦʧʪʠʤʘʣʴʥʠʡ 

ʭʘʨʘʢʪʝʨ. ʊʘʢʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʶʪʴ ʥʘʟʚʫ ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʽ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩ-

ʪʦʚʫʶʪʴʩʷ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʰʪʫʯʥʠʭ ʝʢʦʩʠʩʪʝʤ ï ʘʛʨʦ ʝʢʦʩʠʩʪʝʤ, ʢʦʣʠ ʥʝʦʙ-

ʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʝʢʦʣʦʛʽʯʥʽ ʪʘ ʝʢʦʥʦʤʽʯʥʽ ʫʤʦʚʠ, ʷʢʽ ʯʘʩʪʦ ʙʫʚʘʶʪʴ ʩʫʧʝʨʝ-

ʯʣʠʚʠʤʠ. ɼʽʡʩʥʦ, ʤʝʪʦʶ ʛʦʩʧʦʜʘʨʩʪʚʘ ʻ ʦʪʨʠʤʘʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʨʦʞʘʶ 

ʧʨʠ ʟʘʙʝʟʧʝʯʝʥʥʽ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ ʪʘ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʦʾ ʨʦʩʣʠʥʥʠʮʴʢʦʾ ʧʨʦʜʫʢ-

ʮʽʾ. 

 



 

2.3. ʆʩʥʦʚʥʽ ʚʠʜʠ ʤʘʪʝʤʘʪʠʯʥʠʭ ʧʦʧʫʣʷʮʽʡʥʠʭ ʤʦʜʝʣʝʡ.   

ʄʦʜʝʣʽ ʝʢʦʣʦʛʽʯʥʠʭ ʩʧʽʣʴʥʦʪ.   ɽʢʦʣʦʛʽʷ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʢʣʘʩʫ ʧʨʠʨʦʜ-

ʥʠʯʠʭ ʥʘʫʢ, ʱʦ ʜʦʩʣʽʜʞʫʻ ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʽʩʥʫʚʘʥʥʷ ʥʘʜʦʨʛʘ-

ʥʽʟʤʝʥʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡ, ʚʠʚʯʘʻ ʩʫʢʫʧʥʽʩʪʴ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʽʚ, ʷʢʽ ʚʟʘʻʤʦʜʽʶʪʴ 

ʦʜʠʥ ʽʟ ʦʜʥʠʤ ʽ ʫʪʚʦʨʶʶʪʴ ʽʟ ʦʪʦʯʫʶʯʠʤ ʩʝʨʝʜʦʚʠʱʝʤ ʩʠʩʪʝʤʫ, ʚ ʛʨʘʥʠʮʷʭ 

ʷʢʦʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʮʝʩ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ ʪʘ ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ. ʇʽʜ 

ʩʠʩʪʝʤʦʶ ʨʦʟʫʤʽʻʪʴʩʷ ʙʫʜʴ ï ʷʢʠʡ ʩʢʣʘʜʥʠʡ ʨʝʘʣʴʥʠʡ ʦʙôʻʢʪ, ʚʣʘʩʪʠʚʦʩʪʽ 

ʷʢʦʛʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʷʢ ʩʢʣʘʜʦʚʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʪʘʢ ʽ ʨʝʟʫʣʴʪʘʪʦʤ ʚʟʘʻʤʦʜʽʾ 

ʤʽʞ ʥʠʤʠ.  

ɽʣʝʤʝʥʪʘʨʥʦʶ ʦʜʠʥʠʮʝʶ ʚ ʝʢʦʣʦʛʽʾ ʻ ʦʩʦʙʠʥʘ ʧʦʧʫʣʷʮʽʾ. ʉʫʢʫʧʥʽʩʪʴ 

ʦʩʦʙʠʥ ʫʪʚʦʨʶʻ ʥʠʞʯʫ, ʝʣʝʤʝʥʪʘʨʥʫ, ʧʽʜʩʠʩʪʝʤʫ ʫ ʛʨʘʥʠʮʷʭ ʝʢʦʣʦʛʽʯʥʦʾ ʩʠʩ-

ʪʝʤʠ. ʉʫʢʫʧʥʽʩʪʴ ʧʦʧʫʣʷʮʽʡ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʦʜʥʦʤʫ ʪʨʦʬʽʯʥʦʤʫ ʨʽʚʥʽ ʫʪ-

ʚʦʨʶʁʪʴ ʧʨʦʤʽʞʥʫ ʧʽʜʩʠʩʪʝʤʫ (ʘʩʦʮʽʘʮʽʷ, ʦʜʥʦʪʠʧʦʚʘ ʩʫʢʫʧʥʽʩʪʴ). ʉʫʢʫʧ-

ʥʽʩʪʴ ʦʨʛʘʥʽʟʤʽʚ ʨʽʟʥʠʭ ʪʨʦʬʽʯʥʠʭ ʨʽʚʥʽʚ ʫʪʚʦʨʶʻ ʩʪʨʫʢʪʫʨʥʠʡ ʘʥʩʘʤʙʣʴ ʧʦʚ-

ʥʦʾ ʝʢʦʣʦʛʽʯʥʦʾ ʩʠʩʪʝʤʠ ï ʝʢʦʩʠʩʪʝʤʠ. ʆʨʛʘʥʽʟʤʠ, ʷʢʽ ʫʪʚʦʨʶʶʪʴ ʧʨʦʩʪʽ ʽ 

ʩʢʣʘʜʥʽ ʩʫʢʫʧʥʦʩʪʽ ʚʟʘʻʤʦʜʽʶʪʴ ʤʽʞ ʩʦʙʦʶ ʽ ʚ ʨʝʘʣʴʥʦʤʫ ʧʨʦʩʪʦʨʽ ʙʽʦʪʦʧʫ.  

ɺʩʽ ʦʩʦʙʠʥʠ, ʧʦʚôʷʟʘʥʽ ʽʟ ʦʪʦʯʫʶʯʠʤ ʩʝʨʝʜʦʚʠʱʝʤ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ 

ʟʚôʷʟʢʘʤʠ, ʦʪʨʠʤʫʶʪʴ ʽʟ ʥʝʾ ʤʘʪʝʨʽʘʣʴʥʽ ʨʝʯʦʚʠʥʠ ʽ ʟʙʘʛʘʯʫʶʪʴ ʩʝʨʝʜʦʚʠʱʝ 

ʧʨʦʜʫʢʪʘʤʠ ʩʚʦʻʾ ʜʽʷʣʴʥʦʩʪʽ. ɹʽʦʪʦʧ ʽ ʦʨʛʘʥʽʟʤʠ, ʱʦ ʡʦʛʦ ʟʘʩʝʣʷʶʪʴ, ʫʪʚʦʨʶ-

ʶʪʴ ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʻʜʥʽʩʪʴ, ʷʢʘ ʽ ʥʘʟʠʚʘʻʪʴʩʷ ʝʢʦʩʠʩʪʝʤʦʶ (ʚ ʨʦʟʫʤʽʥʥʽ ʊʝʩʣʽ 

ɸ. [35]), ʘʙʦ ʧʦ ʉʫʢʘʯʦʚʫ ɺ.ʅ. [2] ï ʙʽʦʛʝʦʮʝʥʦʟʦʤ.  ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʙʽʦʛʝʦʮʝ-

ʥʦʟʫ ʟʘʚʞʜʠ ʧʽʜʢʨʝʩʣʶʻʪʴʩʷ ʡʦʛʦ ʧʨʦʩʪʦʨʦʚʘ ʦʜʥʦʨʽʜʥʽʩʪʴ, ʯʝʨʝʟ ʙʽʦʛʝʦʮʝʥʦʟ 

ʥʝ ʧʨʦʭʦʜʠʪʴ ʥʽ ʦʜʥʘ ʩʫʪʪʻʚʘ ʙʽʦʮʝʥʦʪʠʯʥʘ, ʛʨʫʥʪʦʚʦ ï ʛʝʦʭʽʤʽʯʥʘ, ʛʝʦʤʦʨ-

ʬʦʣʦʛʽʯʥʘ ʪʘ ʤʽʢʨʦʢʣʽʤʘʪʠʯʥʘ ʛʨʘʥʠʮʷ. 

ʆʩʥʦʚʥʘ ʟʘʜʘʯʘ ʝʢʦʣʦʛʽʾ ʟʚʦʜʠʪʴʩʷ ʜʦ ʚʠʚʯʝʥʥʷ ʟʤʽʥʠ ʧʦʢʘʟʥʠʢʽʚ ʞʠʪ-

ʪʻʜʽʷʣʴʥʦʩʪʽ ʦʨʛʘʥʽʟʤʽʚ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʾʭ ʧʦʧʫʣʷʮʽʡ, ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʤʽʥʠ 

ʝʢʦʣʦʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ. ʋ ʢʦʞʥʦʛʦ ʽʟ ʮʠʭ ʧʦʢʘʟʥʠʢʽʚ ʻ ʧʝʚʥʽ ʤʝʞʽ, ʷʢʽ ʚʠʟʥʘ-

ʯʘʶʪʴ ʦʙʣʘʩʪʴ ʽʩʥʫʚʘʥʥʷ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʽʚ. ɺʽʜʧʦʚʽʜʥʘ ʦʙʣʘʩʪʴ ʟʥʘʯʝʥʴ ʝʢʦ-

ʣʦʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʧʨʠʧʫʩʪʠʤʫ ʜʣʷ ʦʨʛʘʥʽʟʤʽʚ ʩʠʩʪʝʤʫ ʧʦʢʘʟ-

ʥʠʢʽʚ ʾʭ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ, ʻ ʝʢʦʣʦʛʽʯʥʦʶ ʥʽʰʦʶ ʜʣʷ ʜʘʥʦʛʦ ʚʠʜʫ ʦʨʛʘʥʽʟʤʽʚ. 

ʆʪʞʝ, ʝʢʦʣʦʛʽʯʥʦʶ ʥʽʰʦʶ ʻ ʦʙôʻʤ ʫ ʙʘʛʘʪʦʚʠʤʽʨʥʦʤʫ ʬʘʟʦʚʫ ʧʨʦʩʪʦʨʽ ʝʢʦʣʦ-

ʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ. ʋ, ʪʘʢʠʤ ʯʠʥʦʤ, ʚʠʟʥʘʯʝʥʽʡ ʝʢʦʣʦʛʽʯʥʽʡ ʥʽʰʽ ʻ ʦʙʣʘʩʪʴ ʟʥʘ-

ʯʝʥʴ ʝʢʦʣʦʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘʡʙʽʣʴʰ ʩʧʨʠʷʪʣʠʚʠʭ ʜʣʷ ʽʩʥʫʚʘʥʥʷ ʦʨʛʘʥʽʟʤʽʚ.  

ɽʢʦʣʦʛʽʯʥʽ ʥʽʰʽ ʜʣʷ ʨʽʟʥʠʭ ʧʦʧʫʣʷʮʽʡ ʦʨʛʘʥʽʟʤʽʚ ʤʦʞʫʪʴ ʙʫʪʠ ʩʧʽʣʴʥʠ-

ʤʠ, ʯʘʩʪʢʦʚʦ ʧʝʨʝʢʨʠʚʘʪʠʩʷ. ʆʩʢʽʣʴʢʠ ʫ ʯʠʩʣʦ ʝʢʦʣʦʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ ʚʭʦʜʷʪʴ 

ʧʘʨʘʤʝʪʨʠ, ʟʥʘʯʝʥʥʷ ʷʢʠʭ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʦʚʥʽʰʥʽʤ, ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʜʘʥʦʾ 

ʝʢʦʩʠʩʪʝʤʠ, ʩʝʨʝʜʦʚʠʱʝʤ, ʪʦ ʝʢʦʣʦʛʽʯʥʘ ʥʽʰʘ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ ʽʟ ʟʤʽʥʦʶ 

ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɽʢʦʣʦʛʽʯʥʫ ʥʽʰʫ ʤʦʞʥʘ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʧʝʚʥʦʶ 

ʻʤʥʽʩʪʶ ï ʤʘʢʩʠʤʘʣʴʥʠʤ ʯʠʩʣʦʤ ʧʦʧʫʣʷʮʽʾ ʦʨʛʘʥʽʟʤʽʚ, ʷʢʘ ʤʦʞʝ ʽʩʥʫʚʘʪʠ ʫ 



 

ʜʘʥʽʡ ʥʽʰʽ. ʇʨʠʢʣʘʜʦʤ ʤʦʞʝ ʙʫʪʠ ʻʤʥʽʩʪʴ ʧʘʩʦʚʠʱʘ ï ʤʘʢʩʠʤʘʣʴʥʝ ʯʠʩʣʦ ʧʦ-

ʛʦʣʽʚôʷ ʭʫʜʦʙʠ, ʧʨʠ ʷʢʽʡ ʟʙʝʨʽʛʘʻʪʴʩʷ ʟʜʘʪʥʽʩʪʴ ʨʦʩʣʠʥʥʦʩʪʽ ʜʦ ʚʽʜʥʦʚʣʝʥʥʷ ʽ, 

ʪʘʢʠʤ ʯʠʥʦʤ, ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʜʦʚʛʦʪʨʠʚʘʣʝ ʽʩʥʫʚʘʥʥʷ ʚʝʣʠʢʦʛʦ ʯʠʩʣʘ ʧʦʛʦ-

ʣʽʚôʷ.  ʅʘʷʚʥʽʩʪʴ ʻʤʥʦʩʪʽ ʥʽʰʽ ʦʟʥʘʯʘʻ ʥʽʱʦ ʽʥʰʝ, ʷʢ ʦʙʤʝʞʝʥʽʩʪʴ ʨʝʩʫʨʩʽʚ ʜʣʷ 

ʽʩʥʫʚʘʥʥʷ ʧʝʚʥʦʾ ʧʦʧʫʣʷʮʽʾ ʽ ʮʝ ʧʦʥʷʪʪʷ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ ʨʦʟʛʣʷʜʽ 

ʜʠʥʘʤʽʢʠ ʧʦʧʫʣʷʮʽʡ.  

ʇʨʠ ʘʥʘʣʽʟʽ ʜʠʥʘʤʽʢʠ ʧʦʧʫʣʷʮʽʡ ʨʽʟʥʠʭ ʦʨʛʘʥʽʟʤʽʚ ʚʠʭʦʜʷʪʴ ʽʟ ʫʨʘʭʫ-

ʚʘʥʥʷ ʤʦʞʣʠʚʠʭ ʯʦʪʠʨʴʦʭ ʧʨʦʮʝʩʽʚ, ʘ ʩʘʤʝ: ʨʦʟʤʥʦʞʝʥʥʷ ɺ, ʩʤʝʨʪʥʦʩʪʽ D, 

ʽʤʤʽʛʨʘʮʽʾ ɯ ʪʘ ʝʤʽʛʨʘʮʽʾ ɽ. ʊʘʢ, ʜʣʷ ʯʠʩʝʣʴʥʦʩʪʽ ʽ ï ʛʦ ʚʠʜʫ ʧʦʧʫʣʷʮʽʾ ʤʘʻʤʦ: 

 

iiii
i EIDB

dt

dx
-+-=  

 

ʌʽʛʫʨʫʶʯʽ ʫ ʮʴʦʤʫ ʨʽʚʥʷʥʥʽ ʚʝʣʠʯʠʥʠ ɺ, D, ɯ ʪʘ ɽ ʟʘʣʝʞʘʪʴ ʷʢ ʚʽʜ ʝʥʜʦ-

ʛʝʥʥʠʭ ʪʘʢ ʽ ʝʢʟʦʛʝʥʥʠʭ ʬʘʢʪʦʨʽʚ, ʫʨʘʭʫʚʘʥʥʷ ʷʢʠʭ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʩʢʣʘʜ-

ʥʫ ʟʘʜʘʯʫ ʜʣʷ ʘʥʘʣʽʟʫ ʥʘʚʝʜʝʥʦʛʦ ʨʽʚʥʷʥʥʷ. ʏʘʩʪʦ ʦʙʤʝʞʫʶʪʴʩʷ ʨʦʟʛʣʷʜʦʤ 

ʚʽʜʥʦʩʥʦ ʽʟʦʣʴʦʚʘʥʠʭ ʫ ʙʽʦʪʠʯʥʦʤʫ ʚʽʜʥʦʰʝʥʥʽ, ʢʦʣʠ ʽʤʤʽʛʨʘʮʽʻʶ ʪʘ ʝʤʽʛʨʘ-

ʮʽʻʶ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʨʽʚʥʷʥʥʷ ʜʠʥʘʤʽʢʠ ʧʦʧʫʣʷʮʽʡ 

ʩʧʨʦʱʫʻʪʴʩʷ ʽ ʧʨʠʡʤʘʻ ʚʠʛʣʷʜ: 

 

ii
i DB

dt

dx
-=  

 

ʋ ʥʘʡʧʨʦʩʪʽʰʦʤʫ ʚʠʧʘʜʢʫ ʧʨʠʧʫʩʢʘʶʪʴ, ʱʦ ʩʤʝʨʪʥʽʩʪʴ ʽ ʥʘʨʦʜʞʫʚʘ-

ʥʽʩʪʴ ʧʨʦʧʦʨʮʽʦʥʘʣʴʥʽ ʯʠʩʝʣʴʥʦʩʪʽ ʧʦʧʫʣʷʮʽʾ ï ʭ̔., ʪʦʙʪʦ 

 

iiii xDB a=- . 

 

ʇʨʠ ʮʴʦʤʫ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʦʙʤʝʞʝʥʽʩʪʴ ʨʝʩʫʨʩʽʚ. ʆʩʪʘʥʥʷ ʚʝʣʠ-

ʯʠʥʘ ʚʨʘʭʦʚʫʻʪʴʩʷ ʰʣʷʭʦʤ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʰʚʠʜʢʽʩʪʴ ʟʤʽʥʠ ʫ ʯʘʩʽ ʜʘʥʦʛʦ 

ʚʠʜʫ ʧʦʧʫʣʷʮʽʾ ʦʨʛʘʥʽʟʤʽʚ ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʘ ʚʽʣʴʥʠʤ ʨʝʩʫʨʩʘʤ: ii xK - . ʆʪ-

ʞʝ ʨʽʚʥʷʥʥʷ ʧʨʠʡʤʘʻ ʚʠʛʣʷʜ: 

 

)xK(x
dt

dx
iiii

i -=a                                                            (2.1) 

ʅʘʚʝʜʝʥʝ ʨʽʚʥʷʥʥʷ ʤʘʻ ʥʘʟʚʫ ʣʦʛʽʩʪʠʯʥʦʛʦ ʫ ʬʦʨʤʽ ʌʝʨʭʦʣʴʩʪʘ - ʇʴʦʨʣʘ 

ʽ ʤʘʻ ʨʦʟʚôʷʟʦʢ: 
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ʜʝ ʭʽ0  - ʯʠʩʣʦ ʧʦʧʫʣʷʮʽʾ ʚ ʤʦʤʝʥʪ ʯʘʩʫ t=0.  

ɯʥʰʽ ʚʠʜʠ ʚʟʘʻʤʦʜʽʾ ʫ ʜʘʥʽʡ ʝʢʦʩʠʩʪʝʤʽ, ʷʢʽ ʤʦʞʫʪʴ ʤʘʪʠ ʤʽʩʮʝ ʽ ʙʫʜʫʪʴ 

ʨʦʟʛʣʷʥʫʪʽ ʫ ʧʦʜʘʣʴʰʦʤʫ,  ʤʦʞʫʪʴ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʟʤʽʥʠ ʝʬʝʢʪʠʚʥʦʾ ʰʚʠʜʢʦʩ-

ʪʽ ʨʦʩʪʫ, ʘʙʦ ʜʦ ʟʤʽʥʠ ʻʤʥʦʩʪʽ ʥʽʰʽ. ʋ ʧʝʨʰʦʤʫ ʥʘʙʣʠʞʝʥʥʽ ʚʚʘʞʘʻʪʴʩʷ, ʱʦ 

ʧʦʜʽʙʥʽ ʟʤʽʥʠ ʣʽʥʽʡʥʽ ʧʦ ʯʠʩʣʝʥʦʩʪʽ ʚʟʘʻʤʦʜʽʶʯʠʭ ʧʦʧʫʣʷʮʽʡ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʨʽ-

ʚʥʷʥʥʷ ʜʣʷ i ï  ʾ ʧʦʧʫʣʷʮʽʾ ʧʨʠ ʥʘʷʚʥʦʩʪʽ  ʚʟʘʻʤʦʜʽʶʯʠʭ ʟ ʥʝʶ ʽʥʰʠʭ 

(j=1,2,..,n) ʧʦʧʫʣʷʮʽʡ ʧʨʠʡʤʘʻ ʚʠʛʣʷʜ 
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ge                                                           (2.2) 

 

ʊʫʪ ei- ʰʚʠʜʢʽʩʪʴ ʧʨʠʨʦʜʥʦʛʦ ʧʨʠʨʦʩʪʫ, ʘʙʦ ʩʤʝʨʪʥʦʩʪʽ i-ʛʦ ʚʠʜʫ ʟʘ ʚʽʜ-

ʩʫʪʥʦʩʪʽ ʨʝʰʪʠ ʚʠʜʽʚ, ʘ ʟʥʘʢ ʪʘ ʘʙʩʦʣʶʪʥʘ ʚʝʣʠʯʠʥʘ gij ʚʽʜʦʙʨʘʞʘʶʪʴ ʚʽʜʧʦ-

ʚʽʜʥʦ ʭʘʨʘʢʪʝʨ ʪʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʧʣʠʚʫ  j-ʛʦ ʚʠʜʫ ʥʘ i-ʡ ʚʠʜ, ʻ ʧʦʢʘʟʥʠʢʦʤ 

ʤʽʞʚʠʜʦʚʦʾ ʚʟʘʻʤʦʜʽʾ ʜʣʷ i-ʛʦ ʚʠʜʫ. ʄʘʪʨʠʮʶ g = ||gij||, ʷʢʘ ʚʽʜʦʙʨʘʞʘʻ ʩʪʨʫʢ-

ʪʫʨʫ ʟʚôʷʟʢʽʚ ʚʩʽʻʾ ʩʧʽʣʴʥʦʪʠ, ʥʘʟʠʚʘʶʪʴ  ʤʘʪʨʠʮʝʶ ʩʧʽʣʴʥʦʪʠ.  

ʇʨʠʨʦʜʥʽ ʩʧʽʣʴʥʦʪʠ ʤʘʶʪʴ ʩʢʣʘʜʥʫ ʙʫʜʦʚʫ, ʷʢʫ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʟʘ ʜʦ-

ʧʦʤʦʛʦʶ ʜʝʢʽʣʴʢʦʭ ʢʦʤʧʘʨʪʤʝʥʪʽʚ, ʤʽʞ ʷʢʠʤʠ ʽʩʥʫʶʪʴ ʨʽʟʥʦʤʘʥʽʪʥʽ ʪʨʦʬʽʯʥʽ 

(ʭʘʨʯʦʚʽ) ʽ ʪʦʧʽʯʥʽ (ʥʝ ʟʚ'ʷʟʘʥʽ ʟ ʣʘʥʮʶʛʦʤ ʭʘʨʯʫʚʘʥʥʷ) ʟʚ'ʷʟʢʘʤʠ. ʉʪʨʫʢʪʫʨʘ 

ʪʨʦʬʽʯʥʦʾ ʧʽʨʘʤʽʜʠ ʤʦʞʝ ʙʫʪʠ ʜʦʩʠʪʴ ʨʽʟʥʦʶ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʣʽʤʘʪʫ, ˇʨʫʥ-

ʪʫ, ʣʘʥʜʰʘʬʪʫ, ʪʨʠʚʘʣʦʩʪʽ ʽʩʥʫʚʘʥʥʷ ʙʽʦʛʝʦʮʝʥʦʟʫ ʪʘ  ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ.  

ʇʨʠ ʘʥʘʣʽʟʽ ʙʽʦʣʦʛʽʯʥʠʭ ʩʧʽʣʴʥʦʪ ʧʨʠʡʥʷʪʦ ʙʫʜʫʚʘʪʠ ʭʘʨʯʦʚʽ ʘʙʦ ʪʨʦʬʽ-

ʯʥʽ ʤʝʨʝʞʽ, ʪʦʙʪʦ ʛʨʘʬʠ, ʚʝʨʰʠʥʠ ʷʢʠʭ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʜʘʤ, ʱʦ ʚʭʦʜʷʪʴ ʫ 

ʩʧʽʣʴʥʦʪʫ, ʘ ʩʪʨʽʣʢʠ ʚʢʘʟʫʶʪʴ ʥʘ ʪʨʦʬʽʯʥʽ ʟʚ'ʷʟʢʠ ʤʽʞ ʚʠʜʘʤʠ. ɿʚʠʯʘʡʥʦ ʪʘʢʽ 

ʛʨʘʬʠ - ʦʨʽʻʥʪʦʚʘʥʽ: ʥʘʧʨʷʤʦʢ  ʤʽʞ ʜʚʦʤʘ ʚʝʨʰʠʥʘʤʠ ʚʢʘʟʫʻ ʥʘ ʪʦʡ ʟ ʚʠʜʽʚ, 

ʱʦ ʻ ʩʧʦʞʠʚʘʯʝʤ ʽʥʰʦʛʦ, ʪʦʙʪʦ ʥʘʧʨʷʤʦʢ ʜʫʛʠ ʟʙʽʛʘʻʪʴʩʷ ʟ ʥʘʧʨʷʤʢʦʤ ʧʦʪʦ-

ʢʫ ʨʝʯʦʚʠʥʠ ʘʙʦ ʙʽʦʤʘʩʠ ʚ ʩʠʩʪʝʤʽ (ʈʠʩ.2.3).  

ʏʘʩʪʦ ʪʨʦʬʽʯʥʽ ʛʨʘʬʠ ʟʦʙʨʘʞʫʶʪʴ ʫ ʚʠʜʽ ʪʨʦʬʽʯʥʠʭ ʧʽʨʘʤʽʜ. ʋ ʪʘʢʽʡ ʧʽ-

ʨʘʤʽʜʽ ʚʠʜʽʣʷʶʪʴʩʷ ʪʨʦʬʽʯʥʽ ʨʽʚʥʽ - ʛʨʫʧʠ ʚʠʜʽʚ, ʤʽʞ ʷʢʠʤʠ ʥʝ ʽʩʥʫʶʪʴ ʧʨʷʤʽ 

ʭʘʨʯʦʚʽ ʟʚ'ʷʟʢʠ (ʥʘ ʦʜʥʦʤʫ ʽ ʪʦʤʫ ʞ ʨʽʚʥʽ). ʈʽʚʥʽʚ ʤʦʞʝ ʙʫʪʠ ʜʝʢʽʣʴʢʘ: ʚʠʜʠ, 

ʱʦ ʥʘʣʝʞʘʪʴ ʦʜʥʦʤʫ ʨʽʚʥʝʚʽ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʩʪʘʥʽ ʢʦʥʢʫʨʝʥʮʽʾ ʟʘ ʞʠʪʪʻʚʽ 

ʨʝʩʫʨʩʠ, ʘʙʦ ʩʧʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʝʩʫʨʩ.  

 



 

 

ʈʠʩʫʥʦʢ.2.2. ʇʨʠʢʣʘʜ ʜʚʦʨʽʚʥʝʚʦʾ ʪʨʦʬʽʯʥʦʾ ʧʽʨʘʤʽʜʠ. 

 

ʅʘ ʨʠʩ. 2.2 ʟʦʙʨʘʞʝʥʠʡ ʧʨʠʢʣʘʜ ʜʚʦʨʽʚʥʝʚʦʾ ʪʨʦʬʽʯʥʦʾ ʧʽʨʘʤʽʜʠ, ʚʫʟʷ-

ʪʠʡ ʟ ʢʥʠʛʠ ʖ. ʆʜʫʤʘ "ʆʩʥʦʚʠ ʝʢʦʣʦʛʽʾ" (1975) [17]. ɯʟ 15 ʚʠʜʽʚ ʢʦʤʘʭ (ʚʝʨʭ-

ʥʽʡ ʨʽʚʝʥʴ) 5 ʚʠʜʽʚ ʭʘʨʯʫʶʪʴʩʷ ʪʽʣʴʢʠ ʥʘ ʦʜʥʦʤʫ ʟ ʜʚʦʭ ʚʠʜʽʚ ʨʦʩʣʠʥ, 2 ʚʠʜʠ - 

ʪʽʣʴʢʠ ʥʘ ʜʨʫʛʦʤʫ, ʫ ʨʘʮʽʦʥ ʽʥʰʠʭ 8 ʚʠʜʽʚ ʢʦʤʘʭ ʚʭʦʜʷʪʴ ʦʙʠʜʚʘ ʚʠʜʠ ʨʦʩʣʠʥ. 

ʆʩʥʦʚʥʽ ʪʨʦʬʽʯʥʽ ʨʽʚʥʽ ʥʘʟʝʤʥʠʭ ʩʧʽʣʴʥʦʪ - ʮʝ ʧʨʦʜʫʮʝʥʪʠ ʘʙʦ ʘʚʪʦʪʨʦʬʠ 

(ʨʦʩʣʠʥʠ, ʱʦ ʘʢʫʤʫʣʶʶʪʴ ʝʥʝʨʛʽʶ ʩʚʽʪʣʘ ʽ ʨʝʯʦʚʠʥʠ ʩʫʙʩʪʨʘʪʫ) ʽ ʛʝʪʝʨʦʪʨʦ-

ʬʠ: ʧʝʨʚʠʥʥʽ ʢʦʥʩʫʤʝʥʪʠ (ʪʨʘʚʦʾʜʥʽ) ʽ ʚʪʦʨʠʥʥʽ ʢʦʥʩʫʤʝʥʪʠ (ʭʠʞʘʢʠ, ʱʦ ʭʘʨ-

ʯʫʶʪʴʩʷ ʪʨʘʚʦʾʜʥʠʤʠ). 

 ʋ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʪʨʦʬʽʯʥʠʡ ʣʘʥʮʶʛ ʤʽʩʪʠʪʴ ʙʽʣʴʰʝ ʯʠʩʣʦ ʨʽʚʥʽʚ: ʥʘ-

ʧʨʠʢʣʘʜ, ʨʦʩʣʠʥʠ ʩʣʫʞʘʪʴ ʾʞʝʶ ʢʦʤʘʭʘʤ, ʢʦʤʘʭʠ ʧʦʾʜʘʶʪʴʩʷ ʧʪʘʭʘʤʠ, ʱʦ ʫ 

ʩʚʦʶ ʯʝʨʛʫ ʩʣʫʞʘʪʴ ʾʞʝʶ ʙʽʣʴʰ ʚʝʣʠʢʠʤ ʭʠʞʠʤ ʧʪʘʭʘʤ.  

ʗʢʱʦ ʚ ʩʪʨʫʢʪʫʨʽ ʩʧʽʣʴʥʦʪʠ ʚʨʘʭʦʚʫʚʘʪʠ ʨʫʭ ʜʝʷʢʠʭ ʙʽʦʛʝʥʥʠʭ ʝʣʝʤʝʥ-

ʪʽʚ ʽ ʝʥʝʨʛʽʾ, ʪʦ ʚ ʩʠʩʪʝʤʽ ʚʠʷʚʣʷʶʪʴʩʷ ʧʝʪʣʽ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ. ʈʝʜʫʮʝʥʪʠ - 

ʤʽʢʨʦʙʠ, ʛʨʠʙʠ, ʙʘʢʪʝʨʽʾ - ʫ ʧʨʦʮʝʩʽ ʩʚʦʻʾ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʨʦʟʱʝʧʣʶʶʪʴ 

ʩʢʣʘʜʥʽ ʦʨʛʘʥʽʯʥʽ ʩʧʦʣʫʢʠ (ʝʢʩʢʨʝʤʝʥʪʠ ʽ ʤʝʨʪʚʫ ʦʨʛʘʥʽʢʫ) ʥʘ ʙʽʣʴʰ ʧʨʦʩʪʽ 

ʤʽʥʝʨʘʣʴʥʽ ʨʝʯʦʚʠʥʠ, ʥʝʦʙʭʽʜʥʽ ʧʨʦʜʫʮʝʥʪʘʤ. ʋʪʚʦʨʝʥʥʷ ʦʨʛʘʥʽʯʥʦʾ ʙʽʦʤʘʩʠ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʬʦʪʦʩʠʥʪʝʟʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʦʥʷʯʥʦʛʦ ʩʚʽʪʣʘ ʽʟ ʚʫʛ-

ʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʽ ʚʦʜʠ, ʧʨʠʯʦʤʫ ʥʝʦʙʭʽʜʥʽ ʪʘʢʦʞ ʝʣʝʤʝʥʪʠ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʽʟ 

ˇʨʫʥʪʫ: ʘʟʦʪ, ʬʦʩʬʦʨ, ʢʘʣʽʡ, ʤʘʛʥʽʡ, ʟʘʣʽʟʦ ʽ ʙʘʛʘʪʦ ʽʥʰʠʭ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ, 

ʚʪʦʤʫ ʯʠʩʣʽ ʽ ʟʘʙʨʫʜʥʶʚʘʯʽʚ.  

ɿʘʛʘʣʴʥʘ ʩʭʝʤʘ ʧʦʪʦʢʽʚ ʤʘʩʠ ʡ ʝʥʝʨʛʽʾ ʤʽʞ ʦʩʥʦʚʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʥʘʟʝʤʥʠʭ ʝʢʦʩʠʩʪʝʤ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 2.2.  

ɹʽʦʪʠʯʥʽ ʚʟʘʻʤʦʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʦʨʛʘʥʽʟʤʘʤʠ ʨʽʟʥʠʭ ʚʠʜʽʚ, ʷʢʽ ʩʢʣʘʜʘ-

ʶʪʴ ʙʽʦʮʝʥʦʟ, ʥʘʜʟʚʠʯʘʡʥʦ ʨʽʟʥʦʤʘʥʽʪʥʽ ʽ ʪʦʤʫ ʥʽ ʦʜʥʘ ʽʟ ʢʣʘʩʠʬʽʢʘʮʽʡ ʙʽʦʪʠ-

ʯʥʠʭ ʚʽʜʥʦʰʝʥʴ ʤʽʞ ʦʨʛʘʥʽʟʤʘʤʠ ʪʘ ʾʭ ʚʠʜʘʤʠ, ʱʦ ʫʨʘʭʦʚʫʶʪʴ ʨʝʘʣʴʥʽ ʙʽʦʣʦ-

ʛʽʯʥʽ ʤʝʭʘʥʽʟʤʠ, ʥʝ ʦʪʨʠʤʘʣʘ ʟʘʛʘʣʴʥʦʛʦ ʚʠʟʥʘʥʥʷ. ʆʜʥʘʢ ʤʦʞʥʘ ʧʨʦʚʝʩʪʠ 

ʢʣʘʩʠʬʽʢʘʮʽʶ ʥʝ ʧʦ ʷʢʽʩʥʦʤʫ ʨʽʟʥʦʤʘʥʽʪʪʶ ʤʝʭʘʥʽʟʤʽʚ ʚʟʘʻʤʦʜʽʾ, ʘ ʧʦ ʢʽʣʴʢʽʩ-

ʥʠʭ ʝʬʝʢʪʘʭ. ʄʽʞ ʦʨʛʘʥʽʟʤʘʤʠ ʚʠʜʽʣʷʶʪʴ ʜʚʘ ʪʠʧʠ ʚʟʘʻʤʦʜʽʾ: ʛʦʤʦʪʠʧʽʯʥʽ ʨʝ-



 

ʘʢʮʽʾ ï ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʦʩʦʙʘʤʠ ʦʜʥʦʛʦ ʽ ʪʦʛʦ ʞ ʚʠʜʫ ʪʘ ʛʝʪʝʨʦʪʠʧʽʯʥʽ ʨʝʘʢʮʽʾ ï 

ʚʟʘʻʤʦʚʽʜʥʦʩʠʥʠ ʤʽʞ ʦʩʦʙʘʤʠ ʨʽʟʥʠʭ ʚʠʜʽʚ. 

 

 
ʈʠʩʫʥʦʢ. 2.3. ɿʘʛʘʣʴʥʘ ʩʭʝʤʘ ʧʦʪʦʢʽʚ ʨʝʯʦʚʠʥʠ ʡ ʝʥʝʨʛʽʾ ʚ ʝʢʦʩʠʩʪʝʤʽ 

[34]. 

 

ɼʦ ʦʩʥʦʚʥʠʭ  ʛʦʤʦʪʠʧʽʯʥʠʭ ʨʝʘʢʮʽʡ ʚʽʜʥʦʩʠʪʴʩʷ ʛʨʫʧʦʚʠʡ ʝʬʝʢʪ. ʎʠʤ 

ʪʝʨʤʽʥʦʤ ʧʦʟʥʘʯʘʶʪʴʩʷ ʟʤʽʥʠ, ʦʙʫʤʦʚʣʝʥʽ ʦʙôʻʜʥʘʥʥʷʤ ʪʚʘʨʠʥ ʦʜʥʦʛʦ ʚʠʜʫ ʫ 

ʛʨʫʧʠ ʧʦ ʜʚʽ ʽ ʙʽʣʴʰʝ ʦʩʽʙ. ɻʨʫʧʦʚʠʡ ʝʬʝʢʪ ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ ʙʘʛʘʪʴʦʭ ʚʠʜʽʚ, ʷʢʽ 

ʤʦʞʫʪʴ ʨʦʟʤʥʦʞʫʚʘʪʠʩʷ ʽ ʚʠʞʠʚʘʪʠ ʪʽʣʴʢʠ ʫ ʪʦʤʫ ʨʘʟʽ, ʢʦʣʠ ʚʦʥʠ ʧʨʝʜʩʪʘʚ-

ʣʝʥʽ ʜʦʩʠʪʴ ʢʨʫʧʥʠʤʠ ʧʦʧʫʣʷʮʽʷʤʠ ʇʨʠʥʮʠʧ ʤʽʥʽʤʘʣʴʥʦʛʦ ʨʦʟʤʽʨʫ ʧʦʧʫʣʷʮʽʾ 

ʧʦ̫ʩʥʶʻ, ʯʦʤʫ ʥʝʤʦʞʣʠʚʦ ʚʨʷʪʫʚʘʪʠ ʚʠʜʠ, ʷʢʽ ʩʪʘʣʠ ʜʫʞʝ ʨʽʜʢʠʤʠ. ʊʘʢ, ʜʣʷ 

ʚʠʞʠʚʘʥʥʷ ʘʬʨʠʢʘʥʩʴʢʠʭ ʩʣʦʥʽʚ ʩʪʘʜʦ ʧʦʚʠʥʥʦ ʤʘʪʠ ʫ ʢʨʘʡʥʴʦʤʫ ʨʘʟʽ 25 

ʦʩʽʙ, ʩʪʘʜʦ ʧʽʚʥʽʯʥʠʭ ʦʣʝʥʽʚ ʧʦʚʠʥʥʦ ʥʘʨʘʭʦʚʫʚʘʪʠ, ʷʢ ʤʽʥʽʤʫʤ 300 ï 400 ʛʦ-

ʣʽʚ. ʇʨʠ ʩʧʽʣʴʥʦʤʫ ʞʠʪʪʽ ʧʦʣʝʛʰʫʶʪʴʩʷ ʧʦʰʫʢʠ ʾʞʽ ʪʘ ʙʦʨʦʪʴʙʘ ʽʟ ʚʦʨʦʛʘʤʠ. 

ɻʨʫʧʦʚʠʡ ʝʬʝʢʪ ʤʘʻ ʥʝ ʤʝʥʰʝ ʟʥʘʯʝʥʥʷ ʥʽʞ ʚʽʜʥʦʰʝʥʥʷ ʭʠʞʘʢ ï ʞʝʨʪʚʘ.  ɼʦ 

ʛʦʤʦʪʠʧʽʯʥʠʭ ʨʝʘʢʮʽʡ ʚʽʜʥʦʩʠʪʴʩʷ ʪʘʢʦʞ ʤʘʩʦʚʠʡ ʝʬʝʢʪ. ʇʽʜ ʮʠʤ ʪʝʨʤʽʥʦʤ 

ʨʦʟʫʤʽʶʪʴ ʝʬʝʢʪ, ʦʙʫʤʦʚʣʝʥʠʡ ʧʝʨʝʥʘʩʝʣʝʥʥʷʤ ʩʝʨʝʜʦʚʠʱʘ. ʗʢʱʦ ʛʨʫʧʦʚʠʡ 

ʝʬʝʢʪ ʥʝ ʩʧʨʠʷʻ ʨʦʟʚʠʪʢʫ ʧʦʧʫʣʷʮʽʾ, ʪʦ ʤʘʩʦʚʠʡ ʝʬʝʢʪ ʤʘʻ ʰʢʽʜʣʠʚʫ ʜʽʶ. ɯʥ-

ʰʠʤ ʚʠʜʦʤ ʛʦʤʦʪʠʧʽʯʥʦʾ ʨʝʘʢʮʽʾ ʻ ʚʥʫʪʨʽʚʠʜʦʚʘ ʢʦʥʢʫʨʝʥʮʽʷ ʇʨʠ ʮʴʦʤʫ ʤʽʞ 

ʦʩʦʙʘʤʠ ʚʠʜʫ ʟʙʝʨʽʛʘʻʪʴʩʷ ʩʦʣʽʜʘʨʥʽʩʪʴ, ʪʘʢ ʱʦ ʚʦʥʠ ʟʜʘʪʥʽ ʨʦʟʤʥʦʞʫʚʘʪʠʩʷ ʽ 

ʫ ʟʤʦʟʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʧʝʨʝʜʘʯʫ ʚʣʘʩʪʠʚʠʭ ʜʘʥʽʡ ʧʦʧʫʣʷʮʽʾ ʩʧʘʜʢʦʚʠʭ ʨʠʩ. 

ɺʥʫʪʨʽʚʠʜʦʚʘ ʢʦʥʢʫʨʝʥʮʽʷ ʧʨʦʷʚʣʷʻʪʴʩʷ  ʫ ʪʝʨʠʪʦʨʽʘʣʴʥʽʡ ʧʦʚʝʜʽʥʮʽ, ʢʦʣʠ 

ʇʨʦʜʫʮʝʥʪʠ 

ʇʝʨʚʠʥʥʽ ʢʦʥʩʫʤʝʥʪʠ 

ɺʪʦʨʠʥʥʽ ʢʦʥʩʫʤʝʥʪʠ 

ʉʫʙʩʪʨʘʪʠ 

ʇʝʨʝʪʚʦʨʶʚʘʯʽ  

ʉʚʽʪʣʦ 



 

ʪʚʘʨʠʥʘ ʟʘʭʠʱʘʻ ʧʝʚʥʫ ʧʣʦʱʫ ʪʝʨʠʪʦʨʽʾ. ʂʦʥʢʫʨʝʥʮʽʷ ʤʽʞ ʦʩʦʙʘʤʠ ʦʜʥʦʛʦ 

ʚʠʜʫ ʽʟ ï ʟʘ ʾʞʽ ʩʪʘʻ ʦʩʦʙʣʠʚʦ ʛʦʩʪʨʦʶ ʧʦ ʤʽʨʽ ʟʙʽʣʴʰʝʥʥʷ ʧʦʧʫʣʷʮʽʾ.  ɺʥʫʪʨʽ-

ʚʠʜʦʚʘ ʢʦʥʢʫʨʝʥʮʽʷ  ʩʝʨʝʜ ʨʦʩʣʠʥ ʧʦʚôʷʟʘʥʘ ʽʟ ʚʝʣʠʢʦʶ ʱʽʣʴʥʽʩʪʶ ʚʠʨʦʩʪʘʥ-

ʥʷ, ʚʠʢʣʠʢʘʻ ʟʥʘʯʥʽ ʧʣʘʩʪʠʯʥʽ ʟʤʽʥʠ ʤʦʨʬʦʣʦʛʽʯʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ï ʷʚʠʱʝ ʨʽʜʢʝ 

ʩʝʨʝʜ ʪʚʘʨʠʥ. ʊʝʦʨʝʪʠʯʥʽ ʽ ʧʨʘʢʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʮʴʦʛʦ ʚʠʜʫ ʛʦʤʦʪʠʧʽʯʥʦʾ 

ʨʝʘʢʮʽʾ ʜʫʞʝ ʚʘʞʣʠʚʽ ʫ ʟʚôʷʟʢʫ ʽʟ ʧʨʦʙʣʝʤʘʤʠ ʫʨʦʞʘʡʥʦʩʪʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨ-

ʩʴʢʠʭ ʨʦʩʣʠʥ. ɺʥʫʪʨʽʚʠʜʦʚʘ ʢʦʥʢʫʨʝʥʮʽʷ ʩʪʦʩʫʻʪʴʩʷ ʚʦʜʠ ʪʘ ʩʚʽʪʣʘ. ʋ ʚʠʧʘʜ-

ʢʫ ʢʦʥʢʫʨʝʥʮʽʾ ʟʘ ʩʚʽʪʣʦ, ʨʦʩʣʠʥʠ ʟʘʪʽʥʶʶʪʴ ʦʜʥʘ ʦʜʥʫ. ʂʦʥʢʫʨʝʥʮʽʷ ʧʨʦʷʚ-

ʣʷʻʪʴʩʷ ʫ ʟʥʘʯʥʦʤʫ ʧʨʦʮʝʥʪʽ ʟʘʛʠʙʝʣʽ ʨʦʩʣʠʥ, ʷʢʘ ʧʨʠ ʧʽʜʚʠʱʝʥʽʡ ʱʽʣʴʥʦʩʪʽ 

ʟʥʠʞʫʻ ʢʽʣʴʢʽʩʪʴ ʨʦʩʣʠʥ ʥʘ ʦʜʠʥʠʮʶ ʧʣʦʱʽ. ʎʝʡ ʚʠʜ ʚʥʫʪʨʽʚʠʜʦʚʦʾ ʚʟʘʻʤʦʜʽʾ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫ ʣʽʩʦʚʠʭ ʝʢʦʩʠʩʪʝʤʘʭ, ʜʝ ʤʦʣʦʜʠʭ ʜʝʨʝʚ ʟʥʘʯʥʦ ʙʽʣʴʰʝ ʥʽʞ 

ʩʪʘʨʠʭ. ʂʦʥʢʫʨʝʥʮʽʷ ʟʘ ʩʚʽʪʣʦ ʧʨʦʷʚʣʷʻʪʴʩʷ ʪʘʢʦʞ ʫ ʬʦʨʤʽ ʨʦʩʣʠʥ. ʊʘʢ,  ʜʝ-

ʨʝʚʘ ʤʘʶʪʴ ʨʽʟʥʠʡ ʚʠʛʣʷʜ ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʦʛʦ ʚʦʥʠ ʨʦʩʪʫʪʴ ʫ ʣʽʩʽ ʯʠ ʦʢʨʝʤʦ 

ʚʽʜ ʽʥʰʠʭ ʜʝʨʝʚ.  ʋ ʣʽʩʦʚʠʭ ʜʝʨʝʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠʨʦʜʥʠʡ ʧʨʦʮʝʩ ʚʽʜʤʠʨʘʥʥʷ 

ʪʘ ʦʧʘʜʘʥʥʷ ʚʽʪʦʢ, ʣʠʩʪʷ ʷʢʠʭ ʦʪʨʠʤʫʶʪʴ ʥʝʜʦʩʪʘʪʥʶ ʢʽʣʴʢʽʩʪʴ ʩʚʽʪʣʘ ʽ ʫ ʷʢʠʭ 

ʙʘʣʘʥʩ ʘʩʠʤʽʣʷʮʽʾ ʪʘ ʜʠʭʘʥʥʷ ʚʽʜôʻʤʥʠʡ. ʃʽʩʦʚʘ ʬʦʨʤʘ ʜʝʨʝʚ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴ-

ʩ̫  ʧʨʷʤʠʤ ʮʠʣʽʥʜʨʠʯʥʠʤ ʩʪʚʦʣʦʤ, ʙʝʟ ʚʽʪʦʢ ʥʘ ʟʥʘʯʥʽʡ ʡʦʛʦ ʜʦʚʞʠʥʽ.    

ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʝʪʝʨʦʪʠʧʽʯʥʠʭ ʨʝʘʢʮʽʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʘʢʽ ʟʘ-

ʛʘʣʴʥʦʧʨʠʡʥʷʪʽ ʢʘʪʝʛʦʨʽʾ, ʷʢ ʥʝʡʪʨʘʣʽʟʤ,  ʘʤʝʥʩʘʣʽʟʤ, ʢʦʤʝʥʩʘʣʽʟʤ, ʢʦʥʢʫʨʝʥ-

ʮʽʷ, ʭʠʞʘʮʪʚʦ (ʚ ʰʠʨʦʢʦʤʫ ʨʦʟʫʤʽʥʥʽ, ʚʢʣʶʯʘʶʯʠ ʽ ʧʘʨʘʟʠʪʠʟʤ) ʽ ʤʫʪʫʘʣʽʟʤ. 

ʇʦʚʥʫ ʩʪʨʫʢʪʫʨʫ ʧʘʨʥʠʭ ʚʟʘʻʤʦʜʽʡ ʤʽʞ n ʚʠʜʘʤʠ ʤʦʞʥʘ ʟʦʙʨʘʟʠʪʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʘʪʨʠʮʽ S ʟ n x n ʝʣʝʤʝʥʪʽʚ. ɽʣʝʤʝʥʪ (i,j)  ʤʘʻ ʟʥʘʢ +,- ʘʙʦ 0 ʽ ʧʦʢʘ-

ʟʫʻ ʚʧʣʠʚ i-ʛʦ ʚʠʜʫ ʥʘ j-ʡ.  

ɹʽʦʮʝʥʦʪʠʯʥʫ ʚʟʘʻʤʦʜʽʶ ʤʽʞ ʚʠʜʘʤʠ ʤʦʞʥʘ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʟʘ ʥʘʩʪʫʧ-

ʥʠʤʠ ʧʨʘʚʠʣʘʤʠ. ʈʦʟʛʣʷʥʝʤʦ ʙʽʦʪʠʯʥʽ ʚʟʘʻʤʦʜʽʾ ʥʘ ʧʨʠʢʣʘʜʽ ʜʚʦʭ ʧʦʧʫʣʷʮʽʡ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʫʟʘʛʘʣʴʥʝʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʨʽʚʥʷʥʥʷ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʧʦʧʫʣʷ-

ʮʽʷʤʠ: 

 

),(   ),,( 212
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1 xxf

dt

dx
xxf

dt

dx
==  

 

ʊʠʧ ʚʟʘʻʤʦʜʽʾ 

 

ɺʧʣʠʚ ʧʝʨʰʦʛʦ 

ʚʠʜʫ ʥʘ ʜʨʫʛʠʡ 

ɺʧʣʠʚ ʜʨʫʛʦʛʦ 

ʚʠʜʫ ʥʘ ʧʝʨʰʠʡ 

ʥʝʡʪʨʘʣʽʟʤ 0 0 

ʘʤʝʥʩʘʣʽʟʤ - 0 

ʢʦʤʝʥʩʘʣʽʟʤ + 0 

ʢʦʥʢʫʨʝʥʮʽʷ - - 

ʞʝʨʪʚʘ - ʝʢʩʧʣʫʘʪʘʪʦʨ + - 



 

ʤʫʪʫʘʣʽʟʤ + + 

 

ʄʫʪʫʘʣʽʟʤ - ʬʦʨʤʘ ʩʠʤʙʽʦʟʫ, ʧʨʠ ʷʢʽʡ ʦʙʠʜʚʘ, ʟʚ'ʷʟʘʥʽ ʦʜʠʥ ʟ ʦʜʥʠʤ, 

ʚʠʜʠ ʦʨʛʘʥʽʟʤʽʚ ʚʟʘʻʤʦʚʠʛʽʜʥʦ ʩʧʽʚʽʩʥʫʶʪʴ.  

ʑʦʙ ʜʽʩʪʘʪʠ ʫʷʚʣʝʥʥʷ ʧʨʦ ʤʘʪʝʤʘʪʠʯʥʠʡ ʦʧʠʩ ʤʫʪʫʘʣʽʟʤʫ ʨʦʟʛʣʷʥʝʤʦ 

ʩʫʢʫʧʥʽʩʪʴ ʧʦʧʫʣʷʮʽʡ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʜʚʦʭ ʚʠʜʽʚ i=1,2. ʅʝʭʘʡ ʢʦʞʥʘ ʽʟ  

ʧʦʧʫʣʷʮʽʡ, ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʽʥʰʦʾ ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ ʽʟ ʙʽʦʪʠʯʥʠʤ ʧʦʪʝʥʮʽʘ-

ʣʦʤ ri ʪʘ ʻʤʥʽʩʪʶ ʩʝʨʝʜʦʚʠʱʘ Ki.  

1,2i     ),xK(xr
dt

dx
iiii

i =-=  

 

ʄʫʪʫʘʣʽʟʤ ʤʦʞʝ ʧʨʦʷʚʣʷʪʠʩʷ ʫ ʪʦʤʫ, ʱʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʯʠʩʝʣʴʥʦʩʪʽ 

ʢʦʞʥʦʛʦ ʽʟ ʥʠʭ, ʟʙʽʣʴʰʫʻʪʴʩʷ ʻʤʥʽʩʪʴ ʩʝʨʝʜʦʚʠʱʘ ʜʣʷ ʜʨʫʛʦʛʦ (ʥʘʧʨʠʢʣʘʜ, 

ʰʣʷʭʦʤ ʟʙʽʣʴʰʝʥʥʷ, ʘʙʦ ʫʪʚʦʨʝʥʥʷ, ʥʦʚʠʭ ʤʽʩʮʴ ʜʣʷ ʧʨʠʢʨʽʧʣʝʥʥʷ, ʤʽʩʮʴ ʛʥʽ-

ʟʜʫʚʘʥʥʷ ʽ ʪ.ʜ.). ʊʘʢʠʡ ʤʝʭʘʥʽʟʤ ʤʫʪʫʘʣʽʟʤʫ ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʠʡ ʟʘ ʜʦʧʦʤʦ-

ʛʦʶ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ: 

 

j)(i 1,2ji,     ),xxK(xr
dt

dx
ijijiii

i ¸=-+= a  

 

ɺ ʽʥʰʠʭ ʚʠʧʘʜʢʘʭ ʚʟʘʻʤʦʜʽʷ ʩʠʤʙʽʦʥʪʽʚ ʤʦʞʝ ʤʘʪʠ ʽʥʰʫ ʧʨʠʨʦʜʫ, ʘ ʩʘ-

ʤʝ: ʢʦʞʥʠʡ ʽʟ ʩʠʤʙʽʦʥʪʽʚ ʧʨʦʜʫʢʫʻ ʨʝʯʦʚʠʥʫ, ʥʝʦʙʭʽʜʥʫ ʜʣʷ ʨʦʩʪʫ ʽʥʰʦʛʦ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʨʦʩʪʫ ʧʦʧʫʣʷʮʽʾ. ʋ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʩʣʽʜ ʚʠʢʦʨʠʩ-

ʪʘʪʠ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ: 

1,2i     ),xxK(xr
dt

dx
jijiiii

i =+-= b  

ʅʘʨʝʰʪʽ ʤʦʞʝ ʤʘʪʠ ʤʽʩʮʝ ʩʠʪʫʘʮʽʷ, ʢʦʣʠ ʤʘʻʤʦ ʟʤʽʰʘʥʠʡ ʤʝʭʘʥʽʟʤ. ʋ 

ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʚʥʷʥʥʷ ʦʙʦʭ ʪʠʧʽʚ. 

ʇʨʠ ʤʫʪʫʘʣʽʟʤʽ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʨʽʟʥʽ ʪʠʧʠ ʩʧʽʚʞʠʪʪʷ ʧʦʧʫʣʷʮʽʡ ʚʽʜ ʩʧʦ-

ʨʘʜʠʯʥʠʭ, ʥʝʦʙʦʚôʷʟʢʦʚʠʭ ʚʟʘʻʤʦʚʧʣʠʚʽʚ ʜʦ ʩʪʨʦʛʦ ʦʙʣʽʛʘʥʪʥʦʛʦ ʤʫʪʫʘʣʽʟʤʫ, 

ʢʦʣʠ ʦʜʠʥ ʘʙʦ ʦʙʠʜʚʘ ʚʠʜʠ ʥʝ ʤʦʞʫʪʴ ʨʦʟʚʠʚʘʪʠʩʷ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʧʘʨʪʥʝʨʘ. 

ʐʠʨʦʢʦ ʚʽʜʦʤʽ ʤʫʪʫʘʣʽʩʪʠʯʥʽ ʚʽʜʥʦʩʠʥʠ ʤʽʞ ʨʦʩʣʠʥʘʤʠ ʟ ʘʟʦʪ ʬʽʢʩʫʶ-

ʯʠʤʠ ʤʽʢʨʦʦʨʛʘʥʽʟʤʘʤʠ. ʅʘʡʙʽʣʴʰ ʧʦʚʥʦ ʚʠʚʯʝʥʽ ʚʟʘʻʤʦʚʽʜʥʦʩʠʥʠ ʤʽʞ ʙʦʙʦ-

ʚʠʤʠ ʨʦʩʣʠʥʘʤʠ ʪʘ ʘʟʦʪ ʬʽʢʩʫʶʯʠʤʠ ʙʘʢʪʝʨʽʷʤʠ, ʷʢ ʽʩʥʫʶʪʴ ʚ ʨʠʟʦʩʬʝʨʽ ʨʦʩ-

ʣʠʥ ʽ ʚʠʢʣʠʢʘʶʪʴ ʧʦʷʚʫ ʥʘ ʢʦʨʝʥʷʭ ʭʘʨʘʢʪʝʨʥʠʭ ʫʪʚʦʨʝʥʴ, ʱʦ ʜʽʩʪʘʣʠ ʥʘʟʚʫ 

ʢʣʫʙʝʥʴʢʽʚ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʨʦʩʣʠʥʠ ʧʦʩʪʘʯʘʶʪʴ ʙʘʢʪʝʨʽʷʤ ʚʫʛʣʝʚʦʜʠ ʽ ʨʷʜ 

ʽʥʰʠʭ ʩʧʦʣʫʢ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʙʘʢʪʝʨʽʷʤʠ ʜʣʷ ʽʩʥʫʚʘʥʥʷ, ʬʝʨʤʝʥʪʘʪʠ-

ʚʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʘʟʦʪʫ, ʷʢʠʡ ʧʦʪʽʤ ʟʘʩʚʦʶʻʪʴʩʷ ʨʦʩʣʠʥʘʤʠ ʊʦʤʫ ʙʦʙʦʚʽ ʨʦ-



 

ʩʣʠʥʠ ʤʦʞʫʪʴ ʨʦʩʪʠ ʥʘ ʙʽʜʥʠʭ ˇʨʫʥʪʘʭ, ʟʘ ʫʤʦʚʠ ʽʩʥʫʚʘʥʥʷ ʚ ʥʠʭ ʢʣʫʙʝʥʴʢʦ-

ʚʠʭ ʙʘʢʪʝʨʽʡ. 

ɸʤʝʥʩʘʣʽʟʤ - ʬʦʨʤʘ (ʩʪʘʥ ʘʙʦ ʚʟʘʻʤʦʜʽʷ) ʙʽʦʣʦʛʽʯʥʠʭ. ʚʽʜʥʦʩʠʥ ʤʽʞ ʦʨ-

ʛʘʥʽʟʤʘʤʠ, ʧʨʠ ʷʢʽʡ ʦʜʠʥ ʚʠʜ ʛʥʽʪʠʪʴ ʞʠʪʪʻʜʽʷʣʴʥʽʩʪʴ ʽʥʰʦʛʦ, ʘʣʝ ʧʨʠ ʮʴʦʤʫ 

ʥʝ ʟʘʟʥʘʻ ʥʝʛʘʪʠʚʥʦʛʦ ʘʙʦ ʧʦʟʠʪʠʚʥʦʛʦ ʚʽʜʧʦʚʽʜʥʦʛʦ ʚʧʣʠʚʫ. ʊʘʢʘ ʬʦʨʤʘ ʚʟʘ-

ʻʤʦʜʽʾ ʯʘʩʪʽʰʝ ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʫ ʨʦʩʣʠʥ, ʥʘʧʨʠʢʣʘʜ, ʩʚʽʪʣʦʣʶʙʥʽ ʪʨʘʚ'ʷʥʠʩʪʽ 

ʨʦʩʣʠʥʠ, ʱʦ ʨʦʩʪʫʪʴ ʧʽʜ ʷʣʠʥʦʶ, ʟʘʟʥʘʶʪʴ ʛʥʦʙʣʝʥʥʷ ʫ ʨʝʟʫʣʴʪʘʪʽ ʩʠʣʴʥʦʛʦ 

ʟʘʪʽʥʝʥʥʷ ʾʾ ʢʨʦʥʦʶ, ʪʦʜʽ ʷʢ ʜʣʷ ʩʘʤʦʛʦ ʜʝʨʝʚʘ ʾʭʥʻ ʩʫʩʽʜʩʪʚʦ ʤʦʞʝ ʙʫʪʠ ʙʘʡ-

ʜʫʞʠʤ. ɸʥʘʣʦʛʽʯʥʽ ʚʟʘʻʤʠʥʠ ʬʽʢʩʫʶʪʴʩʷ ʤʽʞ ʮʚʽʣʝʚʠʤʠ ʛʨʠʙʘʤʠ ʽ ʙʘʢʪʝʨʽʷ-

ʤʠ. 

ʋ ʚʠʧʘʜʢʫ ʘʤʝʥʩʘʣʽʟʤʫ, ʜʦ ʷʢʦʛʦ ʚʽʜʥʦʩʷʪʴʩʷ ʤʽʞʚʠʜʦʚʽ ʚʟʘʻʤʦʚʽʜʥʦʩʠ-

ʥʠ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ, ʦʜʠʥ ʽʟ ʚʠʜʽʚ ʨʦʟʛʣʷʜʫʚʘʥʦʾ ʧʘʨʠ ʚ ʙʽʦʛʝʦʮʝʥʦʟʽ ʥʝʛʘʪʠʚʥʦ 

ʚʧʣʠʚʘʻ ʥʘ ʨʽʩʪ ʜʨʫʛʦʛʦ, ʥʝ ʟʘʟʥʘʶʯʠ ʩʫʪʪʻʚʦʛʦ ʚʧʣʠʚʫ ʟ ʡʦʛʦ ʩʪʦʨʦʥʠ. ɿʦʢ-

ʨʝʤʘ ʜʦ ʮʴʦʛʦ ʚʠʜʫ ʚʟʘʻʤʦʜʽʾ ʚʽʜʥʦʩʠʪʴʩʷ ʘʣʝʣʦʧʘʪʽʷ, ʢʦʣʠ ʦʜʠʥ ʽʟ ʚʠʜʽʚ ʚʠʜʽ-

ʣʷʻ ʚ ʦʪʦʯʫʶʯʝ ʩʝʨʝʜʦʚʠʱʝ ʩʧʝʮʠʬʽʯʥʽ ʦʨʛʘʥʽʯʥʽ ʽʥʛʽʙʽʪʦʨʠ, ʷʢʽ ʛʘʣʴʤʫʶʪʴ 

ʨʽʩʪ ʘʙʦ ʧʦʜʘʚʣʷʶʪʴ ʨʦʟʤʥʦʞʝʥʥʷ ʽʥʰʠʭ ʨʦʩʣʠʥ.  ɸʤʝʥʩʘʣʽʟʤ ʩʝʨʝʜ ʤʽʢʨʦʦʨ-

ʛʘʥʽʟʤʽʚ ʧʦʚôʷʟʘʥʠʡ ʽʟ ʚʠʜʽʣʝʥʥʷʤ ʤʽʢʨʦʙʘʤʠ ʘʥʪʠʙʽʦʪʠʢʽʚ, ʷʢʽ ʥʝʛʘʪʠʚʥʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʽʥʰʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ. ʂʦʣʠ ʧʨʦʜʫʮʝʥʪ ʘʥʪʠʙʽʦʪʠʢʘ ʥʝ ʟʘʟʥʘʻ 

ʚʧʣʠʚʫ ʟʽ ʩʪʦʨʦʥʠ ʽʥʛʽʙʦʚʘʥʦʛʦ ʚʠʜʫ, ʪʦ ʤʠ ʤʘʻʤʦ ʩʧʨʘʚʫ ʩʘʤʝ ʽʟ ʘʤʝʥʩʘʣʽʟ-

ʤʦʤ.  

ʋ ʚʠʧʘʜʢʫ ʜʚʦʭ ʚʠʜʽʚ ʥʘʷʚʥʽʩʪʴ ʚʟʘʻʤʦʜʽʾ ʪʠʧʫ ʘʤʝʥʩʘʣʽʟʤʫ ʤʦʞʝ ʙʫʪʠ 

ʦʧʠʩʘʥʘ, ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʚʥʷʥʴ 
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ɺʧʣʠʚ ʘʤʝʥʩʘʣʽʟʤʫ ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ ʜʨʫʛʦʤʫ ʨʽʚʥʷʥʥʽ, ʦʩʢʽʣʴʢʠ ʬʫʥʢʮʽʷ 

f2(x1,x2)  ʟʘʣʝʞʠʪʴ ʚʽʜ x1. ʇʨʠʯʦʤʫ, ʥʘʷʚʥʽʩʪʴ ʘʤʝʥʩʘʣʽʟʤʫ ʧʦʚʠʥʥʘ ʚʠʨʘʞʘʪʠ-

ʩʷ ʫʤʦʚʦʶ 

0
1

2 <
dx

df
 

 

ɸʤʝʥʩʘʣʽʟʤ ʤʦʞʝ ʧʨʦʷʚʣʷʪʠʩʷ ʘʙʦ ʫ ʟʤʝʥʰʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʙʽʦʣʦʛʽʯʥʦʛʦ 

ʨʦʩʪʫ ʧʦʧʫʣʷʮʽʾ 2, ʪʦʜʽ ʬʫʥʢʮʽʶ f2 ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ 

)x1)(x1(xr)x,x(f 122122212 bb --= , 

ʜʝ ʚʝʣʠʯʠʥʘ b2 ʭʘʨʘʢʪʝʨʠʟʫʻ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʧʣʠʚʫ ʚʠʜʫ 1 ʥʘ ʰʚʠʜʢʽʩʪʴ 

ʙʽʦʣʦʛʽʯʥʦʛʦ ʨʦʩʪʫ ʚʠʜʫ 2, ʘʙʦ  ʞ ʚʠʜ 1 ʚʧʣʠʚʘʻ ʥʘ ʻʤʥʽʩʪʴ ʂ1 ʩʝʨʝʜʦʚʠʱʘ ʜʣʷ 

ʚʠʜʫ 2. ɺ ʦʩʪʘʥʥʴʦʤʫ ʚʠʧʘʜʢʫ ʬʫʥʢʮʽʷ f2 ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʚʠʛʣʷʜʽ: 

)xxK(xr)x,x(f 2121222212 --= a  



 

ʆʙʠʜʚʽ ʥʘʚʝʜʝʥʽ ʬʫʥʢʮʽʾ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʫʤʦʚʫ ʘʤʝʥʩʘʣʽʟʤʫ: 

0
dx

df
    ,0

dx

df

1

2

2

1 <=  

ʂʦʤʝʥʩʘʣʽʟʤ - ʌʦʨʤʘ ʩʠʤʙʽʦʟʫ, ʧʨʠ ʷʢʽʡ ʦʜʠʥ ʟ ʧʘʨʪʥʝʨʽʚ ʩʠʩʪʝʤʠ (ʢʦ-

ʤʝʥʩʘʣ) ʧʦʢʣʘʜʘʻ ʥʘ ʽʥʰʠʡ (ʭʘʟʷʾʥ) ʨʝʛʫʣʷʮʽʶ ʩʚʦʾʭ ʚʽʜʥʦʩʠʥ ʽʟ ʟʦʚʥʽʰʥʽʤ 

ʩʝʨʝʜʦʚʠʱʝʤ, ʘʣʝ ʥʝ ʚʩʪʫʧʘʻ ʟ ʥʠʤ ʫ ʪʽʩʥʽ ʚʽʜʥʦʩʠʥʠ. ʆʩʥʦʚʦʶ ʜʣʷ ʢʦʤʝʥʩʘ-

ʣʴʥʠʭ ʚʽʜʥʦʩʠʥ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʛʘʣʴʥʠʡ ʧʨʦʩʪʽʨ, ʩʫʙʩʪʨʘʪ, ʜʘʭ, ʘʣʝ ʥʘʡʯʘʩʪʽʰʝ 

- ʾʞʘ. ʇʨʠʩʫʪʥʽʩʪʴ ʢʦʤʝʥʩʘʣʘ ʜʣʷ ʭʘʟʷʾʥʘ ʟʘʣʠʰʘʻʪʴʩʷ ʟʚʠʯʘʡʥʦ ʙʘʡʜʫʞʦ ,ʁ 

ʪʦʙʪʦ ʧʦʥʷʪʪʷ ʢʦʤʝʥʩʘʣʽʟʤʫ. ʟʘʨʘʟ ʨʦʟʫʤʽʻʪʴʩʷ ʰʠʨʰʝ, ʥʽʞ ʩʧʽʚ ʪʨʘʧʝʟʘ. ɺʠ-

ʢʦʨʠʩʪʦʚʫʶʯʠ ʦʩʦʙʣʠʚʦʩʪʽ ʞʠʪʪʷ ʘʙʦ ʙʫʜʽʚʣʽ ʭʘʟʷʾʥʘ, ʢʦʤʝʥʩʘʣ ʤʘʻ ʟ ʮʴʦʛʦ 

ʦʜʥʦʙʽʯʥʫ ʢʦʨʠʩʪʴ, ʭʘʨʯʫʶʯʠ ʟʘʣʠʰʢʘʤʠ ʾʞʽ ʘʙʦ ʧʨʦʜʫʢʪʘʤʠ ʚʠʜʽʣʝʥʥʷ ʽʥ-

ʰʦʛʦ ʧʘʨʪʥʝʨʘ ʽ ʥʝ ʥʘʥʦʩʷʯʠ ʡʦʤʫ ʰʢʦʜʠ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʘʤʝʥʩʘʣʽʟʤʫ,  ʢʦʤʝʥʩʘʣʽʟʤ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʫʤʦʚʘʤʠ ( ʫ 

ʚʠʧʘʜʢʫ ʜʚʦʭ ʚʠʜʽʚ (i=1,2)) 

0
dx

df
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dx

df

1

2

2

1 >=  

ʂʦʨʠʩʪʫʶʯʠʩʴ, ʧʝʚʥʦʶ ʘʥʘʣʦʛʽʻʶ ʽʟ ʘʤʝʥʩʘʣʽʟʤʦʤ, ʫ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ 

ʥʘʚʝʜʝʥʽʡ ʫʤʦʚʽ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʬʫʥʢʮʽʾ 

)x1)(x1(xr)x,x(f 122122212 bb +-=  ʪʘ 

)xxK(xr)x,x(f 2121222212 -+= a  

 ʇʝʨʰʘ ʬʫʥʢʮʽʷ ʦʧʠʩʫʻ ʢʦʤʝʥʩʘʣʽʟʤ, ʩʫʪʴ ʷʢʦʛʦ ʧʦʣʷʛʘʻ ʫ ʟʙʽʣʴʰʝʥʥʽ 

ʰʚʠʜʢʦʩʪʽ ʙʽʦʣʦʛʽʯʥʦʛʦ ʨʦʩʪʫ ʧʦʧʫʣʷʮʽʾ ʜʨʫʛʦʛʦ ʚʠʜʫ ʟʘ ʨʘʭʫʥʦʢ ʚʧʣʠʚʫ ʧʦ-

ʧʫʣʷʮʽʾ ʧʝʨʰʦʛʦ ʚʠʜʫ, ʚ ʪʦʡ ʯʘʩ, ʷʢ ʜʨʫʛʘ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʚʠʧʘʜʢʫ ʟʙʽʣʴʰʝʥʥʷ 

ʻʤʥʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ ʜʣʷ ʽʩʥʫʚʘʥʥʷ ʜʨʫʛʦʛʦ ʚʠʜʫ ʧʦʧʫʣʷʮʽʾ ʚʥʘʩʣʽʜʦʢ ʽʩʥʫʚʘʥ-

ʥʷ ʧʦʧʫʣʷʮʽʾ ʧʝʨʰʦʛʦ ʚʠʜʫ.  

ʅʝʡʪʨʘʣʽʟʤ - ʉʧʽʚʞʠʪʪʷ ʜʚʦʭ ʧʦʧʫʣʷʮʽʡ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʽʚ, ʢʦʣʠ ʞʦʜʥʘ 

ʟ ʥʠʭ ʥʝ ʟʘʟʥʘʻ ʚʧʣʠʚʫ ʽʥʰʦʾ. ʅʘʧʨʠʢʣʘʜ ʚʠʜʠ ʨʦʩʣʠʥʦʾʜʥʠʭ ʽ ʭʠʞʠʭ ʢʦʤʘʭ,, 

ʱʦ ʞʠʚʫʪʴ ʚ ʦʜʥʦʤʫ ʙʽʦʮʝʥʦʟʽ ʥʝ ʟʚ'ʷʟʘʥʽ ʦʜʠʥ ʟ ʦʜʥʠʤ ʚʽʜʥʦʰʝʥʥʷʤ ʢʦʥʢʫ-

ʨʝʥʮʽʾ ʘʙʦ ʭʘʨʯʫʚʘʥʥʷ. ʇʨʠ ʥʝʡʪʨʘʣʽʟʤʽ ʚʠʜʠ ʥʝ ʟʚ'ʷʟʘʥʽ ʦʜʠʥ ʟ ʦʜʥʠʤ ʙʝʟʧʦ-

ʩʝʨʝʜʥʴʦ, ʘʣʝ ʯʘʩʦʤ ʤʦʞʫʪʴ ʟʘʣʝʞʘʪʠ ʚʽʜ ʩʪʘʥʫ ʜʘʥʦʛʦ ʙʽʦʮʝʥʦʟʫ ʚ ʮʽʣʦʤʫ. 

ʌʦʨʤʘ ʤʽʞʚʠʜʦʚʠʭ  ʚʽʜʥʦʩʠʥ, ʧʨʠ ʷʢʽʡ ʩʧʽʣʴʥʦ ʞʠʚʫʪʴ ʫ ʙʽʦʪʦʧʽ ʧʦʧʫʣʷʮʽʾ 

ʤʽʢʨʦʙʽʚ ʽ ʽʥʰʠʭ ʦʨʛʘʥʽʟʤʽʚ ʥʝ ʨʦʙʣʷʪʴ ʦʜʠʥ ʥʘ ʦʜʥʦʛʦ ʥʽ ʩʪʠʤʫʣʶʶʯʦʾ, ʥʽ 

ʧʨʠʛʥʽʪʶʯʦʾ ʜʽʾ. ʑʽʣʴʥʦʩʪʽ ʾʭ ʧʨʠ  ʩʧʽʣʴʥʦʤʫ ʽ ʨʦʟʜʽʣʴʥʦʤʫ ʽʩʥʫʚʘʥʥʽ ʦʜʥʘʢʦ-

ʚʽ. ʇʨʠʯʠʥʘ  ʥʝʡʪʨʘʣʽʟʤʫ ʫ ʨʽʟʥʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʥʽʰʘʭ ʾʭ ʽʩʥʫʚʘʥʥʷ. ʅʝʡʪʨʘ-

ʣʽʟʤ  ʰʠʨʦʢʦ ʨʦʟʧʦʚʩʶʜʞʝʥʠʡ ʫ ʧʨʠʨʦʜʽ.    

ʋ ʚʠʧʘʜʢʫ ʥʝʡʪʨʘʣʽʟʤʫ, ʧʦʧʫʣʷʮʽʾ ʜʚʦʭ ʚʠʜʽʚ (i ʪʘ  j) ʥʝ ʤʘʶʪʴ ʙʝʟʧʦʩʝ-

ʨʝʜʥʴʦʾ ʜʽʾ ʦʜʠʥ ʥʘ ʦʜʥʦʛʦ.  ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʬʫʥʢʮʽʾ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʧʨʘʚʽʡ 

ʯʘʩʪʠʥʽ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʜʣʷ ʚʠʜʫ i ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ xj, ʘ ʫ ʨʽʚʥʷʥʥʽ 



 

ʜʣʷ ʚʠʜʫ j ʧʨʘʚʘ ʯʘʩʪʠʥʘ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ x i. ʆʜʥʘʢ, ʧʨʠ ʮʴʦʤʫ ʥʝ ʚʠʢʣʶʯʘ-

ʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʦʧʦʩʝʨʝʜʢʦʚʘʥʦʾ ʚʟʘʻʤʦʜʽʾ, ʥʘʧʨʠʢʣʘʜ ʯʝʨʝʟ ʧʦʧʫʣʷʮʽʶ ʪʨʝ-

ʪʴʦʛʦ ʚʠʜʫ. ʇʨʠʢʣʘʜʦʤ ʤʦʞʝ ʙʫʪʠ ʩʠʩʪʝʤʘ ʨʽʚʥʷʥʴ: 

)x,x(f
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ʗʢ ʚʠʜʥʦ ʽʟ ʥʘʚʝʜʝʥʠʭ ʨʽʚʥʷʥʴ ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʚʟʘʻʤʦʚʧʣʠʚ  ʽʩʥʫʻ ʤʽʞ 

ʧʝʨʰʠʤ ʽ ʜʨʫʛʠʤ ʪʘ ʜʨʫʛʠʤ ʽ ʪʨʝʪʽʤ ʚʠʜʘʤʠ, ʄʽʞ ʧʝʨʰʠʤ ʽ ʪʨʝʪʽʤ ʚʠʜʘʤʠ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦʾ ʚʟʘʻʤʦʜʽʾ ʥʝʤʘ, ʧʨʦʪʝ ʽʩʥʫʻ ʚʟʘʻʤʦʜʽʷ ʦʧʦʩʝʨʝʜʢʦʚʘʥʘ . ʯʝʨʝʟ 

ʜʨʫʛʠʡ ʚʠʜ.  

ɯʥʰʠʡ ʚʠʜ ʙʽʦʛʝʥʦʮʝʪʠʯʥʦʾ ʚʟʘʻʤʦʜʽʾ ʧʦʚôʷʟʘʥʠʡ ʽʟ ʢʦʥʢʫʨʝʥʮʽʻʶ. ɼʦ 

ʮʴʦʛʦ ʚʠʜʫ ʚʟʘʻʤʦʜʽʾ ʚʽʜʥʦʩʠʪʴʩʷ: 1)ʢʦʥʢʫʨʝʥʮʽʷ ʟʘ ʦʙʤʝʞʝʥʠʡ ʨʝʩʫʨʩ, 

2)ʚʟʘʻʤʥʝ ʘʣʝʣʦʧʘʪʠʯʥʝ ʽʥʛʽʙʫʚʘʥʥʷ (ʘʥʪʘʛʦʥʽʟʤ) ʽ 3) ʙʝʟʧʦʩʝʨʝʜʥʷ ʙʦʨʦʪʴʙʘ 

ʤʽʞ ʧʨʝʜʩʪʘʚʥʠʢʘʤʠ ʨʽʟʥʠʭ ʚʠʜʽʚ.  ʂʦʥʢʫʨʝʥʮʽʷ ʤʦʞʝ ʥʦʩʠʪʠ ʚʥʫʪʨʽʚʠʜʦʚʠʡ ʽ 

ʤ̔ ʞʚʠʜʦʚʠʡ ʭʘʨʘʢʪʝʨʠ. ʂʦʥʢʫʨʝʥʮʽʷ ʤʽʞ ʚʠʜʘʤʠ ʪʠʤ ʩʠʣʴʥʽʰʝ ʯʠʤ ʙʣʠʞʯʽ 

ʚʠʜʠ ʤʽʞ ʩʦʙʦʶ. ɼʚʘ ʚʠʜʠ ʽʟ ʦʜʥʘʢʦʚʠʤʠ ʧʦʪʨʝʙʘʤʠ ʥʝ ʤʦʞʫʪʴ ʽʩʥʫʚʘʪʠ ʨʘ-

ʟʦʤ: ʦʜʠʥ ʽʟ ʥʠʭ ʯʝʨʝʟ ʜʝʷʢʠʡ ʯʘʩ ʦʙʦʚôʷʟʢʦʚʦ ʙʫʜʝ ʚʠʪʽʩʥʝʥʠʡ. ʎʝ ʧʦʣʦʞʝʥ-

ʥʷ ʜʽʩʪʘʣʦ ʥʘʟʚʫ ʧʨʠʥʮʠʧʫ ɻʘʫʟʝ, ʘʙʦ ʧʨʠʥʮʠʧʫ ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʚʠʪʽʩʥʝʥʥʷ. 

ʇʨʠ ʚʠʚʯʝʥʥʽ ʷʚʠʱʘ ʢʦʥʢʫʨʝʥʮʽʾ ʧʝʨʰ ʟʘ ʚʩʝ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ ʥʘʷʚ-

ʥʽʩʪʴ ʝʢʦʣʦʛʽʯʥʠʭ ʥʽʰ ʪʘ ʧʨʦʚʝʩʪʠ ʾʭ ʘʥʘʣʽʟ. ʊʘʢ, ʟʘ ʥʘʷʚʥʦʩʪʽ ʝʢʦʣʦʛʽʯʥʠʭ 

ʥʽʰ ʜʚʦʭ ʚʠʜʽʚ ʜʘʥʦʛʦ ʙʽʦʪʦʧʫ   ʤʦʞʣʠʚʽ ʪʘʢʽ ʚʠʧʘʜʢʠ: ʘ)ʜʚʽ ʚʽʜʧʦʚʽʜʥʽ ʝʢʦʣʦ-

ʛʽʯʥʽ ʥʽʰʽ ʟʦʚʩʽʤ ʨʽʟʥʽ, ʙ)ʦʙʠʜʚʽ ʥʽʰʽ ʤʘʶʪʴ ʟʘʛʘʣʴʥʫ ʯʘʩʪʠʥʫ, ʚ) ʦʙʠʜʚʽ ʥʽʰʽ ʻ 

ʜʦʪʠʯʥʠʤʠ ʦʜʥʘ ʜʦ ʦʜʥʦʾ ʽ ʛ) ʦʜʥʘ ʥʽʰʘ ʻ ʯʘʩʪʠʥʦʶ ʜʨʫʛʦʾ. ʋ ʚʠʧʘʜʢʫ ʘʣʣʦʧʘ-

ʪʨʠʯʥʠʭ ʚʠʜʽʚ, ʪʦʙʪʦ ʚʠʜʽʚ ʷʢʽ ʤʘʶʪʴ ʨʽʟʥʽ ʘʨʝʘʣʠ, ʾʭ ʝʢʦʣʦʛʽʯʥʽ ʥʽʰʽ ʤʦʞʫʪʴ 

ʙʫʪʠ ʦʢʨʝʤʠʤʠ, ʘʙʦ ʯʘʩʪʢʦʚʦ ʩʧʽʚʧʘʜʘʪʠ ʂʦʥʢʫʨʝʥʮʽʷ ʧʨʠ ʮʴʦʤʫ ʚʠʢʣʶʯʘ-

ʻʪʴʩʷ ʛʝʦʛʨʘʬʽʯʥʦʶ ʽʟʦʣʷʮʽʻʶ. ʋ ʚʠʧʘʜʢʫ ʩʠʤʧʘʪʨʠʯʥʠʭ ʚʠʜʽʚ, ʪʦʙʪʦ  ʩʫʤʽʩ-

ʥʦʛʦ ʧʨʦʞʠʚʘʥʥʷ ʥʘ ʪʝʨʠʪʦʨʽʾ, ʾʭ ʝʢʦʣʦʛʽʯʥʽ ʥʽʰʽ ʤʦʞʫʪʴ ʯʘʩʪʢʦʚʦ ʩʧʽʚʧʘʜʘ-

ʪʠ, ʘʙʦ ʦʜʥʘ ʽʟ ʥʠʭ ʤʦʞʝ ʙʫʪʠ ʯʘʩʪʠʥʦʶ ʽʥʰʦʾ. ʄʦʞʥʘ ʨʦʟʨʽʟʥʷʪʠ ʪʘʢʦʞ ʧʦ-

ʪʝʥʮʽʘʣʴʥʫ ʪʘ ʨʝʘʣʴʥʫ ʝʢʦʣʦʛʽʯʥʽ ʥʽʰʽ.  ɼʦ ʧʝʨʰʦʾ ʚʽʜʥʦʩʠʪʴʩʷ ʚʩʷ ʩʫʢʫʧʥʽʩʪʴ 

ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʜʘʥʦʛʦ ʚʠʜʫ ʫʤʦʚ ʩʝʨʝʜʦʚʠʱʘ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʙʫʜʴ ʷʢʦʛʦ ʪʠʩʢʫ 

ʟʽ ʩʪʦʨʦʥʠ ʽʥʰʦʛʦ ʚʠʜʫ. ɺʦʥʘ ʚʽʜʧʦʚʽʜʘʻ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʽʡ ʝʢʩʧʘʥʩʽʾ ʚʠ-

ʜʫ. ɼʨʫʛʠʡ ʚʠʜ ʥʽʰʽ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʯʘʩʪʠʥʫ ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʥʽʰʽ, ʬʘʢʪʠʯ-

ʥʦ ʟʘʡʥʷʪʦʾ ʚʠʜʦʤ ʫ ʙʽʦʪʦʧʽ.  

ʂʦʥʢʫʨʝʥʮʽʷ ʚʧʣʠʚʘʻ ʥʘ ʛʝʦʛʨʘʬʽʯʥʝ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʦʨʛʘʥʽʟʤʽʚ, ʥʘ 

ʨʦʟʧʦʜʽʣ ʚʠʜʽʚ ʧʦ ʨʽʟʥʠʭ ʙʽʦʪʦʧʘʭ ʦʜʥʽʻʾ ʽ ʪʽʻʾ ʞ ʤʽʩʮʝʚʦʩʪʽ. ʂʨʽʤ ʮʴʦʛʦ, ʢʦʥ-



 

ʢʫʨʝʥʮʽʷ ʚʧʣʠʚʘʻ ʥʘ ʤʦʨʬʦʣʦʛʽʶ ʽ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʨʦʩʣʠʥ ʪʘ ʥʘ ʝʚʦʣʶʮʽʶ ʚʠ-

ʜʽʚ ʽ ʙʽʦʮʝʥʦʟʽʚ. 

ɼʣʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʧʠʩʫ ʢʦʥʢʫʨʝʥʮʽʾ ʜʚʦʭ ʚʠʜʦʚʦʾ ʧʦʧʫʣʷʮʽʾ ʟʨʫʯʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʽʚʥʷʥʥʷ ʫ ʚʠʛʣʷʜʽ 
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ʊʦʜʽ, ʚʥʫʪʨʽʚʠʜʦʚʫ ʢʦʥʢʫʨʝʥʮʽʶ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ ʫʤʦʚʠ: 

 

0
x

f

i

i <
µ

µ
 

 

ʘ ʤ̔ʞʚʠʜʦʚʽʡ ʢʦʥʢʫʨʝʥʮʽʾ ʚʽʜʧʦʚʽʜʘʻ ʫʤʦʚʘ: 
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ʧʨʠ ʮʴʦʤʫ, ʚʟʘʛʘʣʽ ʢʘʞʫʯʠ, ʬʫʥʢʮʽʾ fi ʤʦʞʫʪʴ ʤʘʪʠ ʩʢʣʘʜʥʠʡ, ʥʝʣʽʥʽʡ-

ʥʠʡ ʚʠʛʣʷʜ, ʷʢ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʟʤʽʥʥʦʾ ʭ1, ʪʘʢ ʽ ʟʤʽʥʥʦʾ ʭ2. 

ɿʘʚʝʨʰʠʤʦ ʨʦʟʜʽʣ  ʨʦʟʛʣʷʜʦʤ ʩʠʪʫʘʮʽʾ ʤʽʞʚʠʜʦʚʠʭ ʚʽʜʥʦʰʝʥʴ, ʷʢʽ ʤʘ-

ʶʪʴ ʥʘʟʚʫ ʩʠʩʪʝʤʠ ñʞʝʨʪʚʘ ï ʝʢʩʧʣʫʘʪʘʪʦʨò ɺʠʭʦʜʷʯʠ ʽʟ ʟʘʛʘʣʴʥʦʛʦ ʚʠʜʫ ʩʠʩ-

ʪʝʤʠ ʨʽʚʥʷʥʴ ʜʣʷ ʜʚʦʭ ʚʠʜʦʚʦʾ ʧʦʧʫʣʷʮʽʾ 
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ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʟʚôʷʟʢʫ ʪʠʧʫ ñʞʝʨʪʚʘ ï ʝʢʩʧʣʫʘʪʘʪʦʨò, ʧʦʚʠʥʥʽ ʚʠʢʦʥʫʚʘ-

ʪʠʩʷ ʫʤʦʚʠ: 
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ʪʦʙʪʦ ʞʝʨʪʚʘ ʩʧʨʠʷʻ ʨʦʟʤʥʦʞʝʥʥʶ ʝʢʩʧʣʫʘʪʘʪʦʨʘ, ʪʘ  
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ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʫʤʦʚʽ: ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʝʢʩʧʣʫʘʪʘʪʦʨʽʚ ʚʝʜʝ ʜʦ ʟʤʝ-

ʥʰʝʥʥʷ ʧʦʧʫʣʷʮʽʾ ʞʝʨʪʚʠ. 

ʂʦʥʢʨʝʪʥʽ ʚʠʜʠ ʨʽʚʥʷʥʴ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʤ ʚʠʱʝ ʨʽʟʥʠʤ 

ʚʟʘʻʤʦʚʽʜʥʦʩʠʥʘʤ ʤʽʞ ʚʠʜʘʤʠ, ʙʫʜʫʪʴ ʨʦʟʛʣʷʥʫʪʽ ʫ ʧʦʜʘʣʴʰʠʭ ʨʦʟʜʽʣʘʭ. 

ʈʦʟʛʣʷʥʝʤʦ ʩʫʢʫʧʥʽʩʪʴ, ʩʪʨʫʢʪʫʨʘ ʷʢʦʛʦ ʟʦʙʨʘʞʝʥʘ ʥʘ ʤʘʣ.2.3.2. ʂʦʤ-

ʧʦʥʝʥʪʠ ʩʫʢʫʧʥʦʩʪʽ ʨʦʟʽʙ'ʻʤʦ ʥʘ ʪʨʠ ʦʩʥʦʚʥʽ ʛʨʫʧʠ. 1. ʇʨʦʜʫʮʝʥʪʠ ʟ ʙʽʦʤʘʩʘ-

ʤʠ (ʘʙʦ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ)  xi (i=1,2,é , m )  - ʮʝ ʚ ʦʩʥʦʚʥʦʤʫ ʟʝʣʝʥʽ ʨʦʩʣʠʥʠ. 2. 

ʂʦʥʩʫʤʝʥʪʠ ʟ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ yj (j=1,2,é,n)... ɼʦ ʮʽʻʾ ʛʨʫʧʠ ʚʽʜʥʝʩʝʤʦ ʪʚʘ-

ʨʠʥ, ʱʦ ʩʧʦʞʠʚʘʶʪʴ ʽʥʰʽ ʦʨʛʘʥʽʟʤʠ ʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ, ʷʢʽ ʨʦʟʱʝʧʣʶʶʪʴ ʤʝʨ-

ʪʚʫ ʦʨʛʘʥʽʢʫ ʥʘ ʧʨʦʩʪʽ ʨʝʯʦʚʠʥʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʦʜʫʮʝʥʪʘʤʠ. 3. 

ʉʫʙʩʪʨʘʪʠ ʟ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ Ck(k=1,2,é,p)... ʎʝ ʘʙʽʦʪʠʯʥʽ ʨʝʯʦʚʠʥʠ (ʚ ʦʩʥʦʚ-

ʥʦʤʫ ʧʨʦʜʫʢʪʠ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʢʦʥʩʫʤʝʥʪʽʚ), ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʽ ʧʨʦʜʫʮʝʥʪʘ-

ʤʠ.  

ʉʢʣʘʜʝʤʦ ʨʽʚʥʷʥʥʷ, ʱʦ ʚʽʜʙʠʚʘʶʪʴ ʙʘʣʘʥʩ ʤʘʩ ʢʦʞʥʦʛʦ ʟ ʮʠʭ ʢʦʤʧʦʥʝ-

ʥʪʽʚ:  
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ʊʫʪ Fi  ʽ Di- ʬʫʥʢʮʽʾ ʥʘʨʦʜʞʫʚʘʥʦʩʪʽ ʽ ʩʤʝʨʪʥʦʩʪʽ ʧʨʦʜʫʮʝʥʪʽʚ ʽ ʢʦʥʩʫ-

ʤʝʥʪʽʚ; Vij - ʬʫʥʢʮʽʷ ʚʠʾʜʘʥʥʷ, ʷʢʘ ʦʧʠʩʫʻ ʰʚʠʜʢʽʩʪʴ ʩʧʦʞʠʚʘʥʥʷ ʙʽʦʤʘʩʠ i-ʛʦ 

ʚʠʜʫ-ʧʨʦʜʫʮʝʥʪʘ ʦʜʠʥʠʮʝʶ ʙʽʦʤʘʩʠ j-ʛʦ  ʚʠʜʫ ʢʦʥʩʫʤʝʥʪʘ;  vjr- ʬʫʥʢʮʽʷ ʚʠʾ-

ʜʘʥʥʷ j-ʛʦ ʚʠʜʫ r-ʤ (ʩʝʨʝʜ ʢʦʥʩʫʤʝʥʪʽʚ); Wkj  - ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ k-ʛʦ 

ʩʫʙʩʪʨʘʪʫ j-ʤ ʢʦʥʩʫʤʝʥʪʦʤ; - ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʧʦʞʠʚʘʥʥʷ k-ʛʦ ʩʫʙʩʪʨʘʪʫ i-ʤ 

ʧʨʦʜʫʮʝʥʪʦʤ; Rx, Ry, Rc - ʩʫʤʘ ʚʭʽʜʥʠʭ ʽ ʚʠʭʽʜʥʠʭ ʧʦʪʦʢʽʚ ʚʽʜʧʦʚʽʜʥʠʭ ʢʦʤʧʦ-

ʥʝʥʪʽʚ. ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʚʩʽ ʮʽ ʬʫʥʢʮʽʾ ʟʘʣʝʞʘʪʴ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʟʦʚʥʽʰ-

ʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ.  

ɿʘʩʪʦʩʫʚʘʥʥʷ ʮʴʦʛʦ ʬʦʨʤʘʣʽʟʤʫ ʪʘ ʡʦʛʦ ʤʦʜʠʬʽʢʘʮʽʡ ʚʠʷʚʠʣʦʩʷ ʦʩʦʙʣʠ-

ʚʦ ʫʩʧʽʰʥʠʤ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʟʘʤʢʥʫʪʠʭ ʧʦ ʨʝʯʦʚʠʥʽ ʩʠʩʪʝʤ.  



 

ʄʘʪʝʤʘʪʠʯʥʘ ʪʝʦʨʽʷ ʝʧʽʜʝʤʽʾ. ʈʦʟʛʣʷʥʝʤʦ ʱʝ ʦʜʥʫ ʘʢʪʫʘʣʴʥʫ ʟʘʜʘʯʫ, 

ʷʢʘ ʧʦʪʨʝʙʫʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʧʫʣʷʮʽʡʥʠʭ ʤʦʜʝʣʝʡ. ʊʘʢʘ ʟʘʜʘʯʘ ʟʫʩʪʨʽʯʘʻʪʴʩʷ 

ʚ ʪʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʤʦʚʘ ʡʜʝ ʧʨʦ ʧʦʰʠʨʝʥʥʷ ʝʧʽʜʝʤʽʾ ʘʙʦ ʚʽʨʫʩʥʠʭ ʟʘʭʚʦ-

ʨʶʚʘʥʴ. ʎʷ ʟʘʜʘʯʘ ʙʫʜʝ ʨʦʟʛʣʷʜʘʪʠʩʴ ʚʩʣʽʜ ʟʘ ɺ.ɺ. ɸʤʘʣʴʢʽʥʠʤ [36]. 

ɼʝʷʢʘ ʧʦʧʫʣʷʮʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ N ʦʨʛʘʥʽʟʤʽʚ, ʷʢʽ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ 

ʪʨʠ ʛʨʫʧʠ. ɼʦ ʧʝʨʰʦʾ ʛʨʫʧʠ ʚʢʣʶʯʠʤʦ ʦʨʛʘʥʽʟʤʠ, ʷʢʽ ʩʧʨʠʡʥʷʪʣʠʚʽ ʜʦ ʜʝʷʢʦʾ 

ʭʚʦʨʦʙʠ, ʘʣʝ ʟʜʦʨʦʚʽ. ʏʠʩʣʦ ʪʘʢʠʭ ʦʨʛʘʥʽʟʤʽʚ ʧʦʟʥʘʯʠʤʦ ʯʝʨʝʟ S(t). ɺ ʜʨʫʛʫ 

ʛʨʫʧʫ ʚʢʣʶʯʠʤʦ ʦʨʛʘʥʽʟʤʠ, ʷʢʽ ʻ ʽʥʬʽʢʦʚʘʥʠʤ ï ʚʦʥʠ ʭʚʦʨʽ ʽ ʻ ʜʞʝʨʝʣʦʤ ʨʦʟ-

ʧʦʚʩʶʜʞʝʥʥʷ ʭʚʦʨʦʙʠ. ʏʠʩʣʦ ʪʘʢʠʭ ʦʨʛʘʥʽʟʤʽʚ ʚ ʤʦʤʝʥʪ ʯʘʩʫ t ʜʦʨʽʚʥʶʻ  I(t). 

ʅʘʨʝʰʪʽ ʪʨʝʪʷ ʛʨʫʧʘ - ʮʝ ʦʨʛʘʥʽʟʤʠ ʷʢʽ ʟʜʦʨʦʚʽ ʽ ʤʘʶʪʴ ʽʤʫʥʽʪʝʪ ʜʦ ʜʘʥʦʾ ʭʚʦ-

ʨʦʙʠ. ɺ ʜʘʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ t ʯʠʩʣʦ ʪʘʢʠʭ ʦʨʛʘʥʽʟʤʽʚ ʻ R(t). ʊʘʢʠʤ ʯʠʥʦʤ ʤʘʻ-

ʤʦ ʟʘʢʦʥ ʟʙʝʨʝʞʝʥʥʷ ʯʠʩʣʘ ʦʩʽʙ, ʘʙʦ ʷʢ ʽʥʢʦʣʠ ʛʦʚʦʨʷʪʴ, ʽʥʪʝʛʨʘʣ ʩʠʩʪʝʤʠ: 

 

S(t)+I(t)+R(t)=N. 

 

ɼʣʷ ʨʦʟʛʣʷʜʫ ʮʽʻʾ ʩʠʪʫʘʮʽʾ, ʷʢ ʧʨʘʚʠʣʦ, ʚʚʦʜʷʪʴ ʜʝʷʢʽ ʧʨʠʧʫʱʝʥʥʷ ʜʣʷ 

ʩʧʨʦʱʝʥʥʷ. ʊʦʙʪʦ, ʙʫʜʫʻʪʴʩʷ ʤʦʜʝʣʴ ʩʠʪʫʘʮʽʾ, ʷʢʘ ʧʦ ʚʠʟʥʘʯʝʥʥʶ ʻ ʩʧʨʦʱʝʥ-

ʥʷʤ ʜʘʥʦʾ ʩʠʪʫʘʮʽʾ ʽ ʥʘʩʢʽʣʴʢʠ ʚʦʥʘ ʚʽʜʧʦʚʽʜʘʻ ʜʽʡʩʥʦʩʪʽ ʤʦʞʥʘ ʩʫʜʠʪʠ ʧʨʠ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʨʝʘʣʴʥʦʶ ʩʠʪʫʘʮʽʻʶ. ɺ ʣʽʥʽʡʥʦʤʫ ʥʘʙʣʠʞʝʥʥʽ ʚʚʘʞʘʻʪʴʩʷ, ʱʦ 

ʟʤʽʥʘ ʯʠʩʣʘ ʩʧʨʠʡʥʷʪʣʠʚʠʭ ʜʦ ʭʚʦʨʦʙʠ ʦʨʛʘʥʽʟʤʽʚ ʧʨʦʧʦʨʮʽʡʥʘ ʯʠʩʣʫ ʮʠʭ ʦʨ-

ʛʘʥʽʟʤʽʚ. ʐʚʠʜʢʽʩʪʴ ʟʤʽʥʠ ʯʠʩʣʘ ʽʥʬʽʢʦʚʘʥʠʭ ʦʨʛʘʥʽʟʤʽʚ, ʘʣʝ ʪʠʭ ʷʢʽ ʦʜʫʞʫ-

ʶʪʴ, ʪʘʢʦʞ ʙʫʜʝʤʦ ʚʚʘʞʘʪʠ ʧʨʦʧʦʨʮʽʡʥʠʤʠ ʯʠʩʣʫ ʽʥʬʽʢʦʚʘʥʠʭ ʦʨʛʘʥʽʟʤʽʚ.  

ʂʦʞʥʠʡ ʦʨʛʘʥʽʟʤ, ʩʧʨʠʡʥʷʪʣʠʚʠʡ ʜʦ ʟʘʭʚʦʨʶʚʘʥʥʷ, ʧʨʠ ʟʘʭʚʦʨʶʚʘʥʥʽ 

ʩʘʤ ʩʪʘʻ ʽʥʬʝʢʮʽʡʥʠʤ. ʊʦʤʫ ʰʚʠʜʢʽʩʪʴ ʟʤʽʥʠ ʯʠʩʣʘ ʽʥʬʽʢʦʚʘʥʠʭ ʦʨʛʘʥʽʟʤʽʚ ʻ 

ʨʽʟʥʠʮʷ ʤʽʞ ʪʠʤʠ ʭʪʦ ʟʘʭʚʦʨʽʚ, ʪʘ ʪʠʤʠ, ʭʪʦ ʦʜʫʞʘʚ. ʆʪʞʝ, ʚʚʘʞʘʶʯʠ, ʱʦ 

ʝʧʽʜʝʤʽʷ ʧʦʰʠʨʶʻʪʴʩʷ ʙʝʟ ʙʫʜʴ ʷʢʠʭ ʦʙʤʝʞʝʥʴ ʥʘ ʯʠʩʣʦ ʦʨʛʘʥʽʟʤʽʚ, ʱʦ ʟʘ-

ʭʚʦʨʽʣʠ, ʪʘ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʟʦʚʥʽʰʥʽʭ ʚʧʣʠʚʽʚ,  ʥʘ ʟʨʘʟʦʢ ʢʘʨʘʥʪʠʥʫ, ʤʘʻʤʦ: 

 ,I))t(I)t(RN(
dt

dI
Ö---Ö= ba  

 

ɼʘʣʽ, ʨʽʚʥʷʥʥʷ ʟʤʽʥʠ ʟ ʯʘʩʦʤ ʯʠʩʣʘ ʦʨʛʘʥʽʟʤʽʚ, ʷʢʽ ʦʜʫʞʫʶʪʴ, ʤʘʻ ʚʠ-

ʛʣʷʜ: 

 

I
dt

dR
Ö=b  

ʂʦʝʬʽʮʽʻʥʪʠ a ʽ b ʥʘʟʠʚʘʶʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʟʘʭʚʦʨʶʚʘʥʦʩʪʽ ʪʘ ʦʜʫ-

ʞʫʚʘʥʥʷ, ʚʽʜʧʦʚʽʜʥʦ.  

 



 

 
 

ʈʠʩʫʥʦʢ 2.4 - ɿʤʽʥʘ ʟ ʯʘʩʦʤ ʯʠʩʣʘ ʽʥʬʽʢʦʚʘʥʠʭ ʦʨʛʘʥʽʟʤʽʚ 

 

ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ, ʪʦ ʧʨʠʧʫʩʪʠʤʦ, ʱʦ ʤʘʻʤʦ ʩʠʪʫʘʮʽʶ, 

ʢʦʣʠ ʚ ʤʦʤʝʥʪ ʯʘʩʫ t=0 ʫ ʧʦʧʫʣʷʮʽʾ ʥʝʤʘ ʦʨʛʘʥʽʟʤʽʚ ʽʟ ʽʤʫʥʽʪʝʪʦʤ (R(0)=0) ʽ 

ʤʘʻʤʦ ʯʠʩʣʦ ʽʥʬʽʢʦʚʘʥʠʭ ʦʨʛʘʥʽʟʤʽʚ I(0). ʆʯʝʚʠʜʥʦ, ʱʦ ʜʦʣʷ ʧʦʧʫʣʷʮʽʾ ʚ ʟʥʘ-

ʯʥʽʡ ʤʽʨʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʠʧʫ ʝʧʽʜʝʤʽʾ, ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʨʛʘʥʽʟʤʽʚ ï ʩʢʣʘʜʦʚʠʭ 

ʧʦʧʫʣʷʮʽʾ. 

ʎʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʧʠʩʫʶʪʴʩʷ ʧʘʨʘʤʝʪʨʘʤʠ a ʪʘ b. ʈʦʟʚôʷʟʘʚʰʠ ʩʠʩʪʝ-

ʤʫ ʜʚʦʭ ʨʽʚʥʷʥʴ ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ, ʟʥʘʡʜʝʤʦ ʜʠʥʘʤʽʢʫ ʯʠʩʣʘ ʽʥʬʽʢʦʚʘʥʠʭ ʦʨ-

ʛʘʥʽʟʤʽʚ. ɿʤʽʥʘ ʟ ʯʘʩʦʤ ʯʠʩʣʘ ʽʥʬʽʢʦʚʘʥʠʭ ʦʨʛʘʥʽʟʤʽʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥ-

ʢʫ 2.4, ʜʝ ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʦʩʽ ʚʽʜʢʣʘʜʝʥʦ ʯʘʩ, ʘ ʧʦ ʚʝʨʪʠʢʘʣʴʥʽʡ ï ʯʠʩʣʦ ʽʥ-

ʬʽʢʦʚʘʥʠʭ ʦʨʛʘʥʽʟʤʽʚ.   

ɿʦʢʨʝʤʘ, ʽʟ ʨʦʟʚôʷʟʢʫ ʮʽʻʾ ʟʘʜʘʯʽ ʚʠʜʥʦ, ʱʦ ʽʩʥʫʻ ʪʘʢʠʡ ʤʦʤʝʥʪ ʯʘʩʫ, ʧʨʠ 

ʷʢʦʤʫ ʯʠʩʣʦ ʽʥʬʽʢʦʚʘʥʠʭ ʦʨʛʘʥʽʟʤʽʚ ʜʦʩʷʛʘʻ ʤʘʢʩʠʤʫʤʫ.   

 

2.4. ʗʢʽʩʥʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʜʝʣʝʡ ʝʢʦʣʦʛʽʯʥʠʭ ʩʧʽʣʴʥʦʪ 

ʈʦʟʛʣʷʜ ʨʽʟʥʠʭ ʚʠʜʽʚ ʙʽʦʪʠʯʥʦʾ ʚʟʘʻʤʦʜʽʾ ʫ ʧʦʧʝʨʝʜʥʴʦʤʫ ʨʦʟʜʽʣʽ ʧʦʢʘ-

ʟʘʚ, ʱʦ ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʙʽʦʩʧʽʣʴʥʦʪ ʟʚʦʜʠʪʴʩʷ ʜʦ ʘʥʘʣʽʟʫ ʩʠʩʪʝʤʠ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ: 

)x,...,x,x(f
dt

dx

......................................

)x,...,x,x(f
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)x,...,x,x(f
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                                             (2.3) 

 

t 



 

ʋ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʧʨʘʚʽ ʯʘʩʪʠʥʠ ʮʠʭ ʨʽʚʥʷʥʴ ʥʝ ʤʽʩʪʷʪʴ ʥʝʟʘʣʝʞʥʦʾ 

ʟʤʽʥʥʦʾ t.  ʊʘʢʘ ʩʠʩʪʝʤʘ ʨʽʚʥʷʥʴ ʥʘʟʠʚʘʻʪʴʩʷ ʘʚʪʦʥʦʤʥʦʶ. ʗʢʱʦ ʞ, ʭʦʯ ʚ ʦʜ-

ʥʦʤʫ ʽʟ ʨʽʚʥʷʥʴ ʩʠʩʪʝʤʠ (2.3) ʧʨʘʚʘ ʯʘʩʪʠʥʘ ʟʘʣʝʞʠʪʴ ʷʚʥʦ ʚʽʜ ʯʘʩʫ t, ʪʦ ʪʘʢʘ 

ʩʠʩʪʝʤʘ ʥʘʟʠʚʘʻʪʴʩʷ ʥʝʘʚʪʦʥʦʤʥʦʶ. 

ʈʦʟʚôʷʟʦʢ ʩʠʩʪʝʤʠ (2.3) ʟʨʫʯʥʦ ʨʦʟʛʣʷʜʘʪʠ ʫ ʧʨʦʩʪʦʨʽ x1,x2,é,xn, ʷʢʠʡ 

ʥʘʟʠʚʘʻʪʴʩʷ ʬʘʟʦʚʠʤ ʧʨʦʩʪʦʨʦʤ. ʈʦʟʤʽʨʥʽʩʪʴ ʮʴʦʛʦ ʧʨʦʩʪʦʨʫ ʻ n. ʗʢʱʦ ʧʦʤ-

ʥʦʞʠʪʠ ʢʦʞʥʝ ʽʟ ʨʽʚʥʷʥʴ ʥʘ ʚʽʜʧʦʚʽʜʥʠʡ ʢʦʞʥʽʡ ʦʩʽ ʢʦʦʨʜʠʥʘʪ ʦʨʪ, ʘ ʧʦʪʽʤ 

ʨʝʟʫʣʴʪʘʪʠ ʩʢʣʘʩʪʠ, ʪʦ ʦʪʨʠʤʘʻʤʦ ʚʝʢʪʦʨʥʠʡ ʟʘʧʠʩ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ (2.4.1): 

 

  (x)fx      ʚʠʛʣʷʜʽ,ʥʦʤʫ ʝʢʚʽʚʘʣʝʥʪʫ  ʘʙʦ,    ),x(f
dt

xd
== #         (2.4) 

 

ɿʘʛʘʣʴʥʦʧʨʠʡʥʷʪʦ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʦʚʥʫ ʘʥʘʣʦʛʽʶ ʽʟ ʬʽʟʠʯʥʠʤʠ ʟʘʜʘ-

ʯʘʤʠ, ʪʨʘʢʪʫʚʘʪʠ ʨʽʚʥʷʥʥʷ (2.4) ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. ʋ ʬʘʟʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʟʘʜʘ-

ʥʝ ʧʦʣʝ ʰʚʠʜʢʦʩʪʝʡ, ʷʢʝ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʩʪʘʮʽʦʥʘʨʥʠʡ ʧʦʪʽʢ, ʘ ʢʦʞʥʠʡ 

ʨʦʟʚôʷʟʦʢ  x=x(t) ʦʧʠʩʫʻ ʟʘʢʦʥ ʨʫʭʫ ʯʘʩʪʠʥʢʠ ʫ ʮʴʦʤʫ ʧʦʪʦʮʽ. ɿʚʠʯʘʡʥʦ, ʙʫ-

ʜʝʤʦ ʚʚʘʞʘʪʠ, ʱʦ ʧʨʘʚʽ ʯʘʩʪʠʥʠ ʨʽʚʥʷʥʴ ʩʠʩʪʝʤʠ (2.4.1) ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʫʤʦ-

ʚʘʤ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʽʩʥʫʚʘʥʥʷ ʪʘ ʻʜʥʽʩʪʴ ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯʽ ʂʦʰʽ ʜʣʷ ʮʽʻʾ ʩʠ-

ʩʪʝʤʠ: x(0)=x0. ʇʦʟʥʘʯʠʤʦ ʮʝʡ ʨʦʟʚôʷʟʦʢ ʯʝʨʝʟ x=x(t;x0). ʈʦʟʚôʷʟʦʢ ʻ ʥʝʧʝʨʝʨ-

ʚʥʦʶ ʬʫʥʢʮʽʻʶ, ʷʢʘ ʟʘʜʦʚʦʣʴʥʷʻ ʫʤʦʚʘʤ: 

x(0;x0)=x0, x(t;x(t1;x0)=x(t+t 1;x0)                                         (2.5). 

ɼʨʫʛʘ ʨʽʚʥʽʩʪʴ ʻ ʫʤʦʚʘ ʩʪʘʮʽʦʥʘʨʥʦʩʪʽ ʧʦʪʦʢʫ. ʌʘʢʪʠʯʥʦ ʩʪʘʮʽʦʥʘʨʥʽʩʪʴ 

ʧʦʪʦʢʫ ʦʙʫʤʦʚʣʝʥʘ ʚʽʜʩʫʪʥʽʩʪʶ ʫ ʧʨʘʚʽʡ ʯʘʩʪʠʥʽ ʨʽʚʥʷʥʴ (2.4) ʥʝʟʘʣʝʞʥʦʾ 

ʟʤʽʥʥʦʾ t, ʪʦʙʪʦ ʘʚʪʦʥʦʤʥʽʩʪʶ ʩʠʩʪʝʤʠ (2.4). ʌʫʥʢʮʽʷ x(t-t0)  ʧʨʠ ʙʫʜʴ ʷʢʦʤʫ t0 

ʪʘʢʦʞ ʙʫʜʝ ʨʦʟʚôʷʟʢʦʤ, ʾʡ ʚʽʜʧʦʚʽʜʘʻ ʪʘ ʞ ʩʘʤʘ ʪʨʘʻʢʪʦʨʽʷ, ʷʢʘ ʧʨʦʭʦʜʠʪʴʩʷ ʽʟ 

ʟʘʧʽʟʥʝʥʥʷʤ t0 ʫ ʯʘʩʽ. 

ʈʦʟʚôʷʟʢʘʤ (2.4), ʧʨʠ ʚʩʽʭ ʤʦʞʣʠʚʠʭ ʟʥʘʯʝʥʥʷʭ t1 ʚʽʜʧʦʚʽʜʘʻ ʫ ʬʘʟʦʚʦʤʫ 

ʧʨʦʩʪʦʨʽ ʦʜʥʘ ʽ ʪʘʞ ʬʘʟʦʚʘ  ʪʨʘʻʢʪʦʨʽʷ. ʂʦʞʥʘ ʪʦʯʢʘ ʬʘʟʦʚʦʛʦ ʧʨʦʩʪʦʨʫ ʥʘ-

ʣʝʞʠʪʴ ʪʽʣʴʢʠ ʦʜʥʽʡ ʪʨʘʻʢʪʦʨʽʾ.  ʗʢʱʦ ʜʚʽ ʬʘʟʦʚʽ ʪʨʘʻʢʪʦʨʽʾ ʤʘʶʪʴ ʩʧʽʣʴʥʫ 

ʪʦʯʢʫ, ʪʦ ʚʦʥʠ ʩʧʽʚʧʘʜʘʶʪʴ. ʇʨʠ ʮʴʦʤʫ ʟʨʦʩʪʘʥʥʶ ʘʙʦ ʟʤʝʥʰʝʥʥʶ ʧʘʨʘʤʝʪʨʘ 

t ʚʽʜʧʦʚʽʜʘʻ ʮʽʣʢʦʤ ʚʠʟʥʘʯʝʥʠʡ ʥʘʧʨʷʤ ʨʫʭʫ ʪʦʯʢʠ ʧʦ ʪʨʘʻʢʪʦʨʽʾ. ɯʥʘʢʰʝ ʢʘ-

ʞʫʯʠ, ʬʘʟʦʚʘ ʪʨʘʻʢʪʦʨʽʷ ʻ ʥʘʧʨʘʚʣʝʥʦʶ ʘʙʦ ʦʨʽʻʥʪʦʚʘʥʦʶ ʢʨʠʚʦʶ. ʆʪʞʝ, ʷʢ-

ʱʦ x(t) ï ʨʦʟʚôʷʟʦʢ ʩʠʩʪʝʤʠ (2.4), ʪʦ ʦʨʽʻʥʪʦʚʘʥʘ ʣʽʥʽʷ, ʷʢʘ ʦʧʠʩʫʻʪʴʩʷ ʪʦʯʢʦʶ 

x=x(t) ʧʨʠ ʟʤʽʥʽ t , ʥʘʟʠʚʘʻʪʴʩʷ ʪʨʘʻʢʪʦʨʽʻʶ (ʽʥʘʢʰʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ) ʮʽʻʾ 

ʩʠʩʪʝʤʠ  

ʑʦʙ ʟʥʘʪʠ ʧʦʚʝʜʽʥʢʫ ʨʦʟʛʣʷʜʫʚʘʥʦʾ ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ, ʫ ʜʘʥʦʤʫ ʚʠ-

ʧʘʜʢʫ, ʩʢʘʞʽʤʦ, ʧʦʧʫʣʷʮʽʾ, ʟʦʚʩʽʤ ʥʝ ʦʙʦʚôʷʟʢʦʚʦ ʟʥʘʭʦʜʠʪʠ ʨʦʟʚôʷʟʦʢ ʩʠʩʪʝ-

ʤʠ ʨʽʚʥʷʥʴ (2.4). 



 

ʋ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʛʣʷʥʝʤʦ ʜʝʷʢʽ ʯʠʩʪʦ ʤʘʪʝʤʘʪʠʯʥʽ ʧʠʪʘʥʥʷ, 

ʧʦʚôʷʟʘʥʽ ʽʟ ʦʩʦʙʣʠʚʦʩʪʷʤʠ, ʚʟʘʛʘʣʽ ʢʘʞʫʯʠ, ʥʝʣʽʥʽʡʥʠʭ ʩʠʩʪʝʤ, ʪʠʧʫ (2.4). 

ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʧʨʠ ʚʝʣʠʢʠʭ ʚʽʜʭʠʣʝʥʥʷʭ ʚʽʜ ʨʽʚʥʦʚʘʛʠ ʚʩʽ ʬʽʟʠʯʥʽ ʩʠʩʪʝʤʠ 

ʚʝʜʫʪʴ ʩʝʙʝ ʥʝʣʽʥʽʡʥʦ. ʆʪʞʝ, ʧʨʠʚʝʜʝʤʦ ʜʝʷʢʽ ʨʝʟʫʣʴʪʘʪʠ ʪʝʦʨʽʾ ʥʝʣʽʥʽʡʥʠʭ 

ʩʠʩʪʝʤ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ  ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʦʩʥʦʚʽ ʨʷʜʫ ʝʢʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ.  ʅʠʞʯʝ 

ʚʠʢʣʘʜʝʥʠʡ ʤʘʪʝʨʽʘʣ ʙʘʟʫʻʪʴʩʷ, ʚ ʦʩʥʦʚʥʦʤʫ,  ʥʘ ʧʦʩʽʙʥʠʢʘʭ ɸ.ɼ. ʄʠʰʢʽʩʘ 

[37] ʪʘ ʇʦʥʪʨʷʛʽʥʘ [38].  

ʈʦʟʛʣʷʥʝʤʦ ʧʝʨʝʚʘʞʥʦ ʩʪʘʮʽʦʥʘʨʥʽ ʩʪʘʥʠ ʩʠʩʪʝʤʘ, ʦʩʢʽʣʴʢʠ ʢʦʞʥʘ ʩʢʣʘ-

ʜʥʘ ʩʪʨʫʢʪʫʨʘ ʧʨʝʜʩʪʘʚʣʷʻ ʥʘʡʙʽʣʴʰʠʡ ʽʥʪʝʨʝʩ, ʢʦʣʠ ʚʦʥʘ ʧʝʨʝʙʫʚʘʻ ʫ ʥʝ-

ʟʤʽʥʥʦʤʫ ʩʪʘʥʽ. ʈʦʟʛʣʷʥʝʤʦ ʘʚʪʦʥʦʤʥʫ ʩʠʩʪʝʤʫ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʙʦʨʦʤ 

ʫʤʦʚ ɺ, ʩʪʘʥ ʷʢʦʾ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʘʣʝʞʥʠʤʠ  ʚʽʜ ʯʘʩʫ ʧʘʨʘʤʝʪʨʘʤʠ Xi(t). 

ʄʥʦʞʠʥʘ ʚʩʽʭ ʤʦʞʣʠʚʠʭ ʬʽʟʠʯʥʠʭ ʩʪʘʥʽʚ ʩʠʩʪʝʤʠ { }f1 X...,,XX =  ʥʘʟʠʚʘʻʪʴʩʷ 

ʧʨʦʩʪʦʨʦʤ ʩʪʘʥʽʚ, ʘʙʦ ʬʘʟʦʚʠʤ ʧʨʦʩʪʦʨʦʤ ʩʠʩʪʝʤʠ. ʋ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʚʦʥʘ 

ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʧʽʜʤʥʦʞʠʥʫ f  -  ʤʽʨʥʦʛʦ ʚʝʢʪʦʨʥʦʛʦ ʧʨʦʩʪʦʨʫ.  ʇʘʨʘʤʝʪ-

ʨʠ ʩʠʩʪʝʤʠ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʩʠʩʪʝʤʽ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʧʝʨʰʦʛʦ ʧʦʨʷʜ-

ʢʫ: 

f,1,2,...,i   );B,X(f
dt

dX
ki

i ==                                              (2.6) 

 

ʊʫʪ ʯʝʨʝʟ B={ɚ1,é, ɚn} ʧʦʟʥʘʯʘʶʪʴʩʷ ʧʘʨʘʤʝʪʨʠ ʩʠʩʪʝʤʠ, ʪʦʙʪʦ ʚʥʫʪʨʽ-

ʰʥʽ ʪʘ ʟʦʚʥʽʰʥʽ ʫʤʦʚʠ. ɿʘʫʚʘʞʠʤʦ, ʱʦ ʙʫʜʴ ʷʢʘ ʩʠʩʪʝʤʘ ʟʚʠʯʘʡʥʠʭ ʜʠʬʝʨʝʥ-

ʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʟʘʚʞʜʠ ʤʦʞʝ ʙʫʪʠ ʟʚʝʜʝʥʘ ʜʦ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʧʝʨʰʦʛʦ ʧʦ-

ʨʷʜʢʫ. ɹʫʜʝʤʦ ʚʚʘʞʘʪʠ, ʱʦ ʬʫʥʢʮʽʾ fi ʻ ʘʥʘʣʽʪʠʯʥʠʤʠ ʽ ʥʝ ʤʘʶʪʴ ʩʧʽʣʴʥʦʛʦ 

ʩʧʽʚʤʥʦʞʥʠʢʘ. ʊʦʜʽ ʫʤʦʚʠ ʪʝʦʨʝʤʠ ʂʦʰʽ ʚʽʜʥʦʩʥʦ ʽʩʥʫʚʘʥʥʷ ʪʘ ʦʜʥʦʟʥʘʯʥʦʩ-

ʪʽ ʨʦʟʚôʷʟʢʽʚ ʙʫʜʫʪʴ ʚʠʢʦʥʘʥʽ ʽ ʙʫʜʝ ʽʩʥʫʚʘʪʠ ʻʜʠʥʠʡ ʨʦʟʚôʷʟʦʢ, ʷʢʠʡ ʟʘʜʦʚʦ-

ʣʴʥʷʻ ʧʦʯʘʪʢʦʚʠʤ ʫʤʦʚʘʤ. ʉʪʘʮʽʦʥʘʨʥʠʡ ʩʪʘʥ ʩʠʩʪʝʤʠ  ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʷʥ-

ʥʷʤʠ: 

 

f.-1,2,...,i   ,0bXa)B,X(f    ;0
dt

dX f

1k
ikikki

i ==+== ä
=

      (2.7) 

 

ʉʪʘʮʽʦʥʘʨʥʠʤ ʩʪʘʥʘʤ ʚʽʜʧʦʚʽʜʘʶʪʴ ʬʽʢʩʦʚʘʥʽ ʫ ʯʘʩʽ ʪʦʯʢʠ ʬʘʟʦʚʦʛʦ 

ʧʨʦʩʪʦʨʫ , ʷʢʽ ʫ ʪʝʦʨʽʾ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʥʘʟʠʚʘʶʪʴʩʷ ʦʩʦʙʣʠʚʠʤʠ  

ʪʦʯʢʘʤʠ, ʘ ʚʩʽ ʽʥʰʽ ʪʦʯʢʠ ï ʟʚʠʯʘʡʥʠʤʠ ʪʦʯʢʘʤʠ.  

ʗʢʱʦ ʬʫʥʢʮʽʷ fi ï ʣʽʥʽʡʥʘ ʬʫʥʢʮʽʷ ʟʤʽʥʥʠʭ Xk,  ʪʦ ʫʤʦʚʘ ʩʪʘʮʽʦʥʘʨʥʦʩʪʽ 

fi =0 ʚʠʟʥʘʯʘʻ ʨʦʟʚôʷʟʢʠ, ʷʢʽ ʧʨʠ  ʫʤʦʚʽ ||aik||̧ 0, ʤʘʶʪʴ ʦʜʥʦʟʥʘʯʥʽ ʨʦʟʚôʷʟʢʠ, ʽ 

ʷʢʽ ʜʣʷ ʫʤʦʚ ʨʽʚʥʦʚʘʛʠ B(0) ʧʦʚʠʥʥʽ ʩʧʽʚʧʘʜʘʪʠ ʽʟ ʨʽʚʥʦʚʘʞʥʠʤ ʩʪʘʥʦʤ. ʗʢʱʦ 



 

ʬʫʥʢʮʽʷ fi ʥʝʣʽʥʽʡʥʘ ʚʽʜʥʦʩʥʦ  ʟʤʽʥʥʠʭ Xk, ʪʦ ʽʩʥʫʻ, ʷʢ ʧʨʘʚʠʣʦ, ʚʝʣʠʢʝ ʯʠʩʣʦ 

ʨʦʟʚôʷʟʢʽʚ ʨʽʚʥʷʥʴ (2.4.4), ʷʢʽ ʤʘʶʪʴ ʬʽʟʠʯʥʠʡ ʩʝʥʩ: 

,...,X,X,X
)2(

k
)1(

k
)0(

k
 

ʷʢʽ ʦʧʠʩʫʶʪʴ ʨʽʟʥʽ ʩʪʘʮʽʦʥʘʨʥʽ ʩʪʘʥʠ. ʆʜʥʝ ʽʟ ʮʠʭ ʨʽʰʝʥʴ ʚʽʜʧʦʚʽʜʘʻ ʨʽ-

ʚʥʦʚʘʞʥʦʤʫ ʩʪʘʥʫ. ɺʠʥʠʢʘʻ ʟʘʜʘʯʘ ʚʠʙʦʨʫ ʽʟ ʜʝʢʽʣʴʢʦʭ ʩʪʘʮʽʦʥʘʨʥʠʭ ʩʪʘʥʽʚ 

ʨʽʚʥʦʚʘʞʥʦʛʦ. ʎʷ ʟʘʜʘʯʘ ʤʘʻ ʯʠʩʪʦ ʬʽʟʠʯʥʫ ʧʨʠʨʦʜʫ. ɿʘʚʞʜʠ,  ʟʘ ʨʘʭʫʥʦʢ ʟʦ-

ʚʥʽʰʥʽʭ ʜʽʡ, ʫ ʩʠʩʪʝʤʽ ʚʠʥʠʢʘʶʪʴ ʬʣʫʢʪʫʘʮʽʾ. ʈʚ̔ʥʦʚʘʞʥʠʤ ʩʪʘʥʦʤ  ʻ ʪʦʡ, 

ʷʢʠʡ ʩʪʽʡʢʠʡ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʬʣʫʢʪʫʘʮʽʡ. ʇʦʟʥʘʯʠʤʦ ʚʝʣʠʯʠʥʫ ʬʣʫʢʪʫʘʮʽʾ 

ʧʦʙʣʠʟʫ ʩʪʘʮʽʦʥʘʨʥʦʛʦ   ʟʥʘʯʝʥʥʷ )s(
iX  ʯʝʨʝʟ  

 

)s(
ii X)t(X)t(X -=d  

 

ʗʢʱʦ ʬʣʫʢʪʫʘʮʽʷ    ŭX(t), ʱʦ ʚʠʥʠʢʣʘ ʚ ʤʦʤʝʥʪ ʯʘʩʫ t=t0, ʯʝʨʝʟ ʜʝʷʢʠʡ 

ʯʘʩ t-t0>>t  (t - ʭʘʨʘʢʪʝʨʥʠʡ ʯʘʩ ʨʝʣʘʢʩʘʮʽʾ ʩʠʩʪʝʤʠ) ʩʘʤʦʚʽʣʴʥʦ ʟʤʝʥʰʫʻʪʴʩʷ,  

ʪʦ ʤʠ ʤʘʻʤʦ ʩʧʨʘʚʫ ʽʟ ʘʩʠʤʧʪʦʪʠʯʥʦʶ ʩʪʽʡʢʽʩʪʶ ʨʦʟʛʣʷʜʫʚʘʥʠʭ ʩʪʘʥʽʚ; ʷʢʱʦ 

ʞ ʘʤʧʣʽʪʫʜʘ ʚʽʜʭʠʣʝʥʴ ʥʝ ʟʨʦʩʪʘʻ, ʘ ʟʘʣʠʰʘʻʪʴʩʷ ʫ ʧʝʚʥʠʭ ʤʝʞʘʭ, ʪʦ ʛʦʚʦʨʷʪʴ 

ʧʨʦʩʪʦ ʧʨʦ ʩʪʽʡʢʽʩʪʴ. ʂʨʠʪʝʨʽʡ ʘʩʠʤʧʪʦʪʠʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʩʪʘʥʫ )s(
X  ʤʘʻ  ʚʠ-

ʛʣʷʜ 

 

¤-= tʧʨʠ      0X)t(X)t(X )s(d                       (2.8) 

 

ʉʪʽʡʢʘ ʩʠʩʪʝʤʘ ʤʘʣʦʯʫʪʣʠʚʘ ʜʦ ʚʽʜʭʠʣʝʥʴ ʚʽʜ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʩʪʘʥʫ, 

ʦʩʢʽʣʴʢʠ ʧʨʦʮʝʩʠ ʩʘʤʦʚʽʣʴʥʠʭ ʟʤʽʥ ʫ ʩʠʩʪʝʤʠ ʥʝ ʚʝʜʫʪʴ ʜʦ ʧʽʜʩʠʣʝʥʥʷ ʬʣʫʢ-

ʪʫʘʮʽʡ.  ʅʘʚʧʘʢʠ, ʫ ʚʠʧʘʜʢʫ ʥʝʩʪʽʡʢʦʾ ʩʠʩʪʝʤʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʽʩʪ ʘʤʧʣʽʪʫʜʠ 

ʚʽʜʭʠʣʝʥʴ ʽ ʩʠʩʪʝʤʘ ʩʧʦʥʪʘʥʥʦ ʟʘʣʠʰʘʻ ʚʠʭʽʜʥʠʡ ʩʪʘʮʽʦʥʘʨʥʠʡ ʩʪʘʥ  ʽ ʧʝʨʝ-

ʭʦʜʠʪʴ ʚ ʽʥʰʠʡ, ʙʽʣʴʰ ʩʪʽʡʢʠʡ, ʩʪʘʥ.  

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʚʝʜʽʥʢʠ ʙʫʜʴ ï ʷʢʦʾ ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ ʜʦʩʠʪʴ ʟʥʘ-

ʪʠ ʭʘʨʘʢʪʝʨ ʪʨʘʻʢʪʦʨʽʡ ʫ ʬʘʟʦʚʦʤʫ ʧʨʦʩʪʦʨʽ, ʤʝʪʦʜʠʢʘ ʘʥʘʣʽʟʫ ʷʢʠʭ ʥʘ ʩʴʦʛʦ-

ʜʥʽ ʜʦʩʠʪʴ ʨʦʟʚʠʥʫʪʘ. ʉʪʨʫʢʪʫʨʘ ʨʦʟʙʠʪʪʷ ʬʘʟʦʚʦʛʦ ʧʨʦʩʪʦʨʫ ʥʘ ʪʨʘʻʢʪʦʨʽʾ 

ʥʘʟʠʚʘʻʪʴʩʷ ʬʘʟʦʚʠʤ ʧʦʨʪʨʝʪʦʤ ʩʠʩʪʝʤʠ. ʌʘʟʦʚʽ ʪʨʘʻʢʪʦʨʽʾ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ 

ʥʘ ʟʚʠʯʘʡʥʽ ʪʘ ʦʩʦʙʣʠʚʽ. ɼʦ ʦʩʪʘʥʥʽʭ ʥʘʣʝʞʘʪʴ ʦʩʦʙʣʠʚʽ ʪʦʯʢʠ ʪʘ ʛʨʘʥʠʯʥʽ 

ʪʨʘʻʢʪʦʨʽʾ ʽ, ʢʨʽʤ ʪʦʛʦ, ʩʝʧʘʨʘʪʨʠʩʥʽ ʢʨʠʚʽ ʪʘ ʧʦʚʝʨʭʥʽ, ʷʢʽ ʻ ʤʝʞʘʤʠ ʦʙʣʘʩʪʝʡ 

çʧʨʦʪʷʛʫʚʘʥʥʷè ʜʦ ʨʽʟʥʠʭ ʩʪʽʡʢʠʭ ʦʩʦʙʣʠʚʠʭ ʪʨʘʻʢʪʦʨʽʡ. 

ɼʣʷ ʧʨʦʟʦʨʦʩʪʽ ʚʠʢʣʘʜʫ ʨʦʟʛʣʷʥʝʤʦ ʚʠʧʘʜʦʢ ʘʚʪʦʥʦʤʥʦʾ ʩʠʩʪʝʤʠ ʜʚʦʭ 

ʨʽʚʥʷʥʴ 
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1 ==              (2.9) 

 

ʗʢ ʽ ʨʘʥʽʰʝ, ʙʫʜʝʤʦ ʚʚʘʞʘʪʠ, ʱʦ ʬʫʥʢʮʽʾ f1 ʪʘ f2 ʥʝʧʝʨʝʨʚʥʽ ʨʘʟʦʤ ʽʟ 

ʩʚʦʾʤʠ ʧʦʭʽʜʥʠʤʠ ʧʦ ʭ ʪʘ ʫ ,̔ ʢʨʽʤ ʪʦʛʦ, ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʽʥʰʠʤ ʚʠʱʝʟʘʟʥʘʯʝ-

ʥʠʤ ʚʠʤʦʛʘʤ. ɺ ʩʠʣʫ ʪʘʢʠʭ ʚʠʤʦʛ ʬʘʟʦʚʽ ʪʨʘʻʢʪʦʨʽʾ ʧʦʢʨʠʚʘʶʪʴ ʚʩʶ ʬʘʟʦʚʫ 

ʧʣʦʱʠʥʫ ʥʝ ʧʝʨʝʪʠʥʘʶʯʠʩʴ ʦʜʥʘ ʟ ʦʜʥʦʶ. ʗʢʱʦ ʧʨʠ ʮʴʦʤʫ ʫ ʜʝʷʢʽʡ ʪʦʯʮʽ 

M0(X1
(s),X2

(s)) ʚʠʢʦʥʫʶʪʴʩʷ ʨʽʚʥʦʩʪʽ 

 

0)X,X(f)X,X(f
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==                                (2.10) 

 

ʪʦ ʪʨʘʻʢʪʦʨʽʷ ʚʠʨʦʜʞʫʻʪʴʩʷ ʚ ʪʦʯʢʫ. ʊʘʢʽ ʪʦʯʢʠ ʥʘʟʠʚʘʶʪʴʩʷ ʦʩʦʙʣʠʚʠ-

ʤʠ. ʗʢʱʦ ʚ ʦʢʦʣʽ ʮʽʻʾ ʪʦʯʢʠ ʥʝʤʘ ʽʥʰʠʭ ʦʩʦʙʣʠʚʠʭ ʪʦʯʦʢ, ʪʦ ʚʦʥʘ ʥʘʟʠʚʘʻʪʴʩʷ 

ʽʟʦʣʴʦʚʘʥʦʶ. ɺ ʩʠʣʫ ʬʽʟʠʯʥʠʭ ʘʥʘʣʦʛʽʡ ʪʘʢʽ ʪʦʯʢʠ ʥʘʟʠʚʘʶʪʴʩʷ ʱʝ ʪʦʯʢʘʤʠ 

ʧʦʢʦʶ.  

ʄʦʞʣʠʚʽ ʪʨʘʻʢʪʦʨʽʾ, ʷʢʽ  ʻ ʦʜʥʽʻʶ ʪʦʯʢʦʶ - ʪʦʯʢʘ ʧʦʢʦʶ. ɯʟ ʩʪʘʮʽʦʥʘʨ-

ʥʦʩʪʽ ʧʦʪʦʢʫ ʚʠʪʽʢʘʻ, ʷʢʱʦ ʪʨʘʻʢʪʦʨʽʷ ʷʢʘ ʜʚʽʯʽ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʦʜʥʫ ʽ ʪʫ ʞ 

ʪʦʯʢʫ, ʪʦ ʪʘʢʘ ʟʘʤʢʥʫʪʘ ʣʽʥʽʷ ʥʘʟʠʚʘʻʪʴʩʷ ʮʠʢʣʦʤ, ʘ ʚʽʜʧʦʚʽʜʥʠʡ ʨʦʟʚôʷʟʦʢ 

x(t) ʙʫʜʝ ʧʝʨʽʦʜʠʯʥʦʶ ʬʫʥʢʮʽʻʶ ʯʘʩʫ.  

ʅʘʡʙʽʣʴʰ ʭʘʨʘʢʪʝʨʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʬʘʟʦʚʠʭ ʪʨʘʻʢʪʦʨʽʡ ʻ: 

1)ʥʘʷʚʥʽʩʪʴ ʦʩʦʙʣʠʚʠʭ ʪʦʯʦʢ;  

2) ʨʽʟʥʽ ʧʦʣʦʞʝʥʥʷ ʪʨʘʻʢʪʦʨʽʡ ʧʦʙʣʠʟʫ ʦʩʦʙʣʠʚʠʭ ʪʦʯʦʢ;  

3) ʩʪʽʡʢʽʩʪʴ ʪʘ ʥʝʩʪʽʡʢʽʩʪʴ ʦʩʦʙʣʠʚʠʭ ʪʦʯʦʢ, ʪʦʙʪʦ ʽʟ ʟʤʽʥʦʶ ʯʘʩʫ ʪʨʘʻʢ-

ʪʦʨʽʾ ʟʘʣʠʰʘʶʪʴʩʷ ʧʦʙʣʠʟʫ ʦʩʦʙʣʠʚʦʾ ʪʦʯʢʠ, ʘʙʦ ʚʽʜʜʘʣʷʶʪʴʩʷ ʚʽʜ ʥʝʾ ʚ ʽʥʰʫ 

ʯʘʩʪʠʥʫ ʬʘʟʦʚʦʾ ʧʣʦʱʠʥʠ;  

4) ʥʘʷʚʥʽʩʪʴ ʟʘʤʢʥʫʪʠʭ ʪʨʘʻʢʪʦʨʽʡ, ʷʢʠʤ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʝʨʽʦʜʠʯʥʽ 

ʨʦʟʚôʷʟʢʠ ʩʠʩʪʝʤʠ (4). 

ɺʢʘʟʘʥʽ ʭʘʨʘʢʪʝʨʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʽ ʩʢʣʘʜʘʶʪʴ ʛʦʣʦʚʥʫ ʯʘʩʪʠʥʫ ʬʘʟʦʚʦʛʦ 

ʧʦʨʪʨʝʪʫ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ (2.6). ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʩʠʩʪʝʤʘ ʨʽʚʥʷʥʴ (2.6) 

ʥʝ ʤʦʞʝ ʙʫʪʠ ʨʦʟʚôʷʟʘʥʘ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʚʝʣʠʢʫ ʨʦʣʴ ʚʽʜʽʛʨʘʻ ʷʢʽʩʥʠʡ ʘʥʘʣʽʟ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ (2.6) ʽ ʩʢʣʘʜʘʥʥʷ ʥʘʡʙʽʣʴʰ ʧʦʚʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʦʨʪ-

ʨʝʪʫ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘ ʬʫʥʢʮʽʷʤʠ  f1(X1,X2) ʪʘ f(X1,X2). ʇʦʚʝʜʽʥʢʘ ʪʘ ʥʘʧʨʷʤ 

ʪʨʘʻʢʪʦʨʽʡ ʧʦʙʣʠʟʫ ʩʪʘʮʽʦʥʘʨʥʠʭ ʪʦʯʦʢ ʜʦʟʚʦʣʷʶʪʴ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʚʽʜʥʦ-

ʩʥʦ ʩʪʽʡʢʦʩʪʽ ʪʘ ʥʝʩʪʽʡʢʦʩʪʽ ʮʠʭ ʩʪʘʥʽʚ. ʇʦʚʝʜʽʥʢʫ ʪʨʘʻʢʪʦʨʽʡ ʤʦʞʥʘ ʜʦʩʠʪʴ 

ʧʨʦʩʪʦ ʜʦʩʣʽʜʠʪʠ ʛʨʘʬʽʯʥʦ, ʷʢʱʦ ʚʠʢʣʶʯʠʪʠ ʯʘʩ ʽʟ ʨʽʚʥʷʥʴ (2.8): 
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ʈʽʚʥʷʥʥʷ (2.11) ʚʠʟʥʘʯʘʻ ʥʘʭʠʣ dX2/dX1 ʪʨʘʻʢʪʦʨʽʡ ʫ ʢʦʞʥʽʡ ʪʦʯʮʽ ʬʘʟʦ-

ʚʦʛʦ ʧʨʦʩʪʦʨʫ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʦʙʫʜʫʚʘʪʠ ʛʨʘʬʽʢ. ʅʘʧʨʷʤ, ʫ ʷʢʦʤʫ ʬʘʟʦ-

ʚʘ ʪʦʯʢʘ ʨʫʭʘʻʪʴʩʷ ʧʦ ʪʨʘʻʢʪʦʨʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ (2.9).  

ʅʘ ʨʠʩ.2.5 ʧʦʢʘʟʘʥʽ ʧʨʠʢʣʘʜʠ ʪʨʘʻʢʪʦʨʽʡ ʫ ʦʢʦʣʽ ʩʪʘʮʽʦʥʘʨʥʠʭ ʩʪʘʥʽʚ. 

ʅʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʤʠ ʚʠʜʘʤʠ ʦʩʦʙʣʠʚʠʭ ʪʦʯʦʢ ʻ ʚʫʟʦʣ, ʩʽʜʣʦ, ʬʦʢʫʩ ʽ ʮʝʥʪʨ. 

ɸʩʠʤʧʪʦʪʠʯʥʦ ʩʪʽʡʢʠʤʠ ʻ ʪʽʣʴʢʠ ʪʨʘʻʢʪʦʨʽʾ ʘ ʪʘ ʙ, ʦʩʢʽʣʴʢʠ ʚʩʽ ʪʨʘʻʢʪʦʨʽʾ ʚ 

ʦʢʦʣʽ ʩʪʘʮʽʦʥʘʨʥʠʭ ʪʦʯʦʢ ʘʩʠʤʧʪʦʪʠʯʥʦ ʧʝʨʝʭʦʜʷʪʴ ʚ ʦʩʪʘʥʥʽ. ɼʝʪʘʣʴʥʝ ʜʦʩ-

ʣʽʜʞʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʧʨʦʚʦʜʠʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʽʥʝʘʨʠʟʘʮʽʾ ʚʽʜʥʦʩʥʦ ʚʽʜʭʠ-

ʣʝʥʴ ʚʽʜ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʩʪʘʥʫ: 

 

)s(
222

)s(
111 XXx    ,XXx -=-=                                 (2.12) 

 

ʋ ʣʽʥʽʡʥʦʤʫ ʥʘʙʣʠʞʝʥʥʽ ʽʟ ʨʽʚʥʷʥʴ (2.5) ʦʪʨʠʤʫʻʤʦ: 
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ʜʝ a11, a12, a21 ʽ a22 ï ʜʽʡʩʥʽ ʧʦʩʪʽʡʥʽ. ʗʢʱʦ ʤʘʪʨʠʮʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʮʽʻʾ ʩʠʩ-

ʪʝʤʠ ʥʝ ʚʠʨʦʜʞʝʥʘ, ʪʦʙʪʦ, ʷʢʱʦ ʚʠʟʥʘʯʥʠʢ  
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ʪʦ ʧʦʯʘʪʦʢ ʢʦʦʨʜʠʥʘʪ ʬʘʟʦʚʦʾ ʧʣʦʱʠʥʠ ʻ ʻʜʠʥʦʶ ʦʩʦʙʣʠʚʦʶ ʪʦʯʢʦʶ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʾ ʩʠʩʪʝʤʠ.  

ʇʦʜʘʣʴʰʠʡ ʘʥʘʣʽʟ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʥʘʯʝʥʥʷʤʠ ʢʦʨʝʥʽʚ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛʦ ʨʽʚʥʷʥʥʷ ʤʘʪʨʠʮʽ ʢʦʝʬʽʮʽʻʥʪʽʚ 
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                                                                                                          (2.14) 

 

ʇʦʟʥʘʯʠʤʦ ʯʝʨʝʟ l1 ʽ l2 ʚʣʘʩʥʽ ʟʥʘʯʝʥʥʷ ʤʘʪʨʠʮʽ ʢʦʝʬʽʮʽʻʥʪʽʚ.  ʊʦʜʽ 

ʨʦʟʚôʷʟʢʠ  ʩʠʩʪʝʤʠ (2.13) ʤʘʶʪʴ ʚʠʛʣʷʜ: 
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+=
                                                     (2.15) 

 

ʊʠʧ ʩʪʘʮʽʦʥʘʨʥʦʾ ʪʦʯʢʠ x1=0,  x2=0 ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʥʘʯʝʥʴ ʢʦʨʝʥʽʚ l1 ʪʘ 

l2, ʘ ʩʘʤʝ: 

ʘ) ʷʢʱʦ l1 ʽ l2 ʜʽʡʩʥʽ ʚʽʜôʻʤʥʽ ʯʠʩʣʘ, ʪʦ ʦʩʦʙʣʠʚʘ ʪʦʯʢʘ ʻ ʩʪʽʡʢʠʤ ʚʫʟ-

ʣʦʤ, 

ʙ) ʷʢʱʦ l1 ʽ l2 ʜʽʡʩʥʽ ʜʦʜʘʪʥʽ ʯʠʩʣʘ, ʪʦ ʦʩʦʙʣʠʚʦʶ ʪʦʯʢʦʶ ʻ ʥʝʩʪʽʡʢʠʡ 

ʚʫʟʦʣ, 

ʚ) ʷʢʱʦ l1 ʽ l2 ʢʦʤʧʣʝʢʩʥʽ ʯʠʩʣʘ ʟ ʚʽʜôʻʤʥʦʶ ʜʽʡʩʥʦʶ ʯʘʩʪʠʥʦʶ, ʪʦ ʤʘ-

ʻʤʦ ʩʧʨʘʚʫ ʽʟ ʩʪʽʡʢʠʤ ʬʦʢʫʩʦʤ, 

ʛ) ʷʢʱʦ l1 ʽ l2 ʢʦʤʧʣʝʢʩʥʽ ʯʠʩʣʘ ʟ ʜʦʜʘʪʥʦʶ ʜʽʡʩʥʦʶ ʯʘʩʪʠʥʦʶ, ʪʦ ʤʘʻ-

ʤʦ ʩʧʨʘʚʫ ʽʟ ʥʝʩʪʽʡʢʠʤ ʬʦʢʫʩʦʤ, 

ʜ) ʷʢʱʦ l1 ʽ l2 ʜʽʡʩʥʽ ʯʠʩʣʘ ʽ ʤʘʶʪʴ ʨʽʟʥʽ ʟʥʘʢʠ, ʪʦ ʦʩʦʙʣʠʚʘ ʪʦʯʢʘ ʻ ʥʝ-

ʩʪʽʡʢʠʤ ʚʫʟʣʦʤ, 

ʝ) ʷʢʱʦ l1 ʽ l2 ʯʠʩʪʦ ʫʷʚʥʽ ʪʦ ʦʩʦʙʣʠʚʘ ʪʦʯʢʘ ʻ ʩʪʽʡʢʠʤ ʮʝʥʪʨʦʤ. 

 

    
ʈʠʩʫʥʦʢ 2.5. ɯʥʪʝʛʨʘʣʴʥʽ ʢʨʠʚʽ ʧʦʙʣʠʟʫ ʦʩʦʙʣʠʚʠʭ ʪʦʯʦʢ: ʘ) ʩʽʜʣʦ, ʞʠʨʥʽ 

ʣʽʥʽʾ - ʩʝʧʘʨʘʪʨʠʩʠ, ʙ) ʚʫʟʦʣ, ʚ) ʬʦʢʫʩ, ʛ) ʮʝʥʪʨ.  

 

ɺʠʛʣʷʜ ʽʥʪʝʛʨʘʣʴʥʠʭ ʢʨʠʚʠʭ ʧʦʙʣʠʟʫ ʩʽʜʣʘ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.5ʘ. ʅʽ ʦʜ-

ʥʘ ʽʟ ʮʠʭ ʢʨʠʚʠʭ, ʟʘ ʚʠʥʷʪʢʦʤ ʜʚʦʭ ʘʩʠʤʧʪʦʪ, ʥʝ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʦʩʦʙʣʠʚʫ 

ʪʦʯʢʫ. ʎʽ ʘʩʠʤʧʪʦʪʠ ʥʘʟʠʚʘʶʪʴʩʷ ʩʝʧʘʨʘʪʨʠʩʘʤʠ. ɺʠʛʣʷʜ ʽʥʪʝʛʨʘʣʴʥʠʭ ʢʨʠ-

ʚʠʭ ʧʦʙʣʠʟʫ ʚʫʟʣʘ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 2.5ʙ. ɺʩʽ ʽʥʪʝʛʨʘʣʴʥʽ ʢʨʠʚʽ , ʷʢʽ ʣʝ-

ʞʘʪʴ ʚ ʦʢʦʣʽ ʦʩʦʙʣʠʚʦʾ ʪʦʯʢʠ, ʧʦʧʘʜʘʶʪʴ ʚ ʥʝʾ ʽ ʤʘʶʪʴ ʚʣʘʩʪʠʚʽʩʪʴ ʟʥʘʢʦʧʝ-

ʨʝʤʽʥʥʦʩʪʽ. ʈʦʟʪʘʰʫʚʘʥʥʷ ʩʪʨʽʣʦʢ ʚʽʜʧʦʚʽʜʘʻ ʚʽʜôʻʤʥʠʤ ʟʥʘʯʝʥʥʷʤ l1 ʽ l2. 

ʗʢʱʦ l1 ʽ l2 ʜʦʜʘʪʥʽ, ʪʦ ʥʘʧʨʷʤ ʩʪʨʽʣʦʢ ʟʤʽʥʶʻʪʴʩʷ ʥʘ ʧʨʦʪʠʣʝʞʥʠʡ. (ʥʝʩʪʽʡ-

ʢʠʡ ʚʫʟʦʣ). 

ɺʠʛʣʷʜ ʽʥʪʝʛʨʘʣʴʥʠʭ ʢʨʠʚʠʭ ʧʦʙʣʠʟʫ ʬʦʢʫʩʘ ʩʭʝʤʘʪʠʯʥʦ ʧʨʝʜʩʪʘʚʣʝ-

ʥʠʡ ʥʘ ʨʠʩ. 2.5ʚ. ɺʩʽ ʢʨʠʚʽ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʦʢʦʣʽ ʦʩʦʙʣʠʚʦʾ ʪʦʯʢʠ, ʧʦʧʘʜʘ-

ʶʪʴ ʚ ʥʝʾ ʽ ʤʘʶʪʴ ʚʣʘʩʪʠʚʽʩʪʴ ʟʥʘʢʦʧʝʨʝʤʽʥʥʦʩʪʽ. ʈʦʟʪʘʰʫʚʘʥʥʷ ʩʪʨʽʣʦʢ ʥʘ 



 

ʨʠʩʫʥʢʫ ʚʽʜʧʦʚʽʜʘʻ ʚʽʜôʻʤʥʦʤʫ ʟʥʘʯʝʥʥʶ ʜʽʡʩʥʦʾ ʯʘʩʪʠʥʠ l1, l2 (ʩʪʽʡʢʠʡ ʬʦ-

ʢʫʩ); ʧʨʠ Rel1, Rel2  > 0 (ʥʝʩʪʽʡʢʠʡ ʬʦʢʫʩ) ʥʘʧʨʷʤ ʩʪʨʽʣʦʢ ʩʣʽʜ ʧʦʤʽʥʷʪʠ ʥʘ 

ʧʨʦʪʠʣʝʞʥʠʡ. 

ʌʦʢʫʩ ʽ ʚʫʟʦʣ ʪʦʧʦʣʦʛʽʯʥʦ ʝʢʚʽʚʘʣʝʥʪʥʽ, ʽ, ʷʢ ʚʠʜʥʦ ʽʟ ʨʠʩʫʥʢʫ 2.5 ʢʘʨ-

ʪʠʥʠ ʽʥʪʝʛʨʘʣʴʥʠʭ ʢʨʠʚʠʭ ʧʦʙʣʠʟʫ ʥʠʭ ʜʫʞʝ ʧʦʜʽʙʥʽ. 

ʂʦʣʠ ʬʫʥʢʮʽʾ Xi, ʦʢʨʽʤ ʥʝʟʘʣʝʞʥʦʾ ʟʤʽʥʥʦʾ t, ʱʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʜʝʷʢʠʭ ʧʘ-

ʨʘʤʝʪʨʽʚ  p ʨʽʚʥʷʥʥʷ ʤʘʶʪʴ ʚʠʛʣʷʜ: 

 

)p,...,p;X,...,X(f
dt

dX
n1f1i

i =                                                      (2.16) 

 

ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʩʽ ʪʨʘʻʢʪʦʨʽʾ Xi (t) ʻ ʬʫʥʢʮʽʷʤʠ ʧʘʨʘʤʝʪʨʽʚ. ɿʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ pk, ʧʨʠ ʷʢʠʭ ʬʘʟʦʚʠʡ ʧʦʨʪʨʝʪ ʟʤʽʥʶʻʪʴʩʷ ʣʠʰʝ ʢʽʣʴʢʽʩʥʦ ʥʘʟʠʚʘ-

ʶʪʴʩʷ ʟʚʠʯʘʡʥʠʤʠ, ʘ ʪʽ ʟʥʘʯʝʥʥʷ pk ʧʨʠ ʷʢʠʭ ʫ ʬʘʟʦʚʦʤʫ ʧʦʨʪʨʝʪʽ ʚʽʜʙʫʚʘ-

ʶʪʴʩʷ ʷʢʽʩʥʽ ʟʤʽʥʠ ʥʘʟʠʚʘʶʪʴʩʷ ʢʨʠʪʠʯʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ, ʘʙʦ ʪʦʯʢʘʤʠ ʙʽʬʫʨ-

ʢʘʮʽʡ.  

ɼʣʷ ʧʨʠʢʣʘʜʫ ʨʦʟʛʣʷʥʝʤʦ ʧʦʚʝʜʽʥʢʫ ʬʘʟʦʚʠʭ ʪʨʘʻʢʪʦʨʽʡ ʫ ʚʠʧʘʜʢʫ ʜʚʦʭ 

ʩʪʝʧʝʥʽʚ ʩʚʦʙʦʜʠ.  ʍʘʨʘʢʪʝʨʠʩʪʠʯʥʝ ʨʽʚʥʷʥʥʷ ʤʘʻ ʚʠʛʣʷʜ: 

0aa 01
2 =++ ll                                                           (2.17) 

ʊʫʪ 

)aaaa()p,...,p(a        ),aa()p,...,p(a 21122211n102211n11 --=+-=  

- ʢʦʝʬʽʮʽʻʥʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛʦ ʨʽʚʥʷʥʥʷ, ʷʢʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ 

pk ʽ, ʦʪʞʝ, ʧʨʠ ʟʤʽʥʽ ʧʘʨʘʤʝʪʨʽʚ ʤʦʞʫʪʴ ʟʤʽʥʶʚʘʪʠʩʷ. 

ʅʘ ʨʠʩ.2.6 ʧʨʝʜʩʪʘʚʣʝʥʽ ʦʙʣʘʩʪʽ ʟʥʘʯʝʥʴ ʘ0 ʪʘ ʘ1 ʚ ʷʢʠʭ ʭʘʨʘʢʪʝʨ ʬʘʟʦ-

ʚʠʭ ʪʨʘʻʢʪʦʨʽʡ ʨʽʟʥʠʡ. ɿʦʢʨʝʤʘ ʢʦʨʥʽ l1 ʽ l2 ʤʘʶʪʴ ʚʽʜôʻʤʥʫ ʜʽʡʩʥʫ ʯʘʩʪʠʥʫ 

ʪʽʣʴʢʠ ʧʨʠ ʘ0 > 0, ʘ1>0. ʂʦʤʧʣʝʢʩʥʽ ʢʦʨʥʽ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʬʦʢʫʩʘʤ, ʟʥʘʭʦ-

ʜʷʪʴʩʷ ʪʽʣʴʢʠ ʚ ʦʙʣʘʩʪʽ ʘ0 > ʘ1
2/4. ʆʙʣʘʩʪʴ ʘ0 < ʘ1

2/4 ʚʽʜʧʦʚʽʜʘʻ ʚʫʟʣʘʤ. 

ʎʝʥʪʨʘʤ ʚʽʜʧʦʚʽʜʘʶʪʴ ʪʦʯʢʠ  ʘ0 = 0, ʘ1=0.  



 

 
 

 

 

 

 

ʇʨʠ ʟʤʽʥʽ ʧʘʨʘʤʝʪʨʽʚ ʨ ʪʦʯʢʘ ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʧʦ ʧʣʦʱʠʥʽ (ʘ0 , ʘ1). ʇʨʠ 

ʟʤʽʥʽ ʧʘʨʘʤʝʪʨʽʚ ʩʪʽʡʢʠʡ ʚʫʟʦʣ ʤʦʞʝ ʧʝʨʝʡʪʠ ʫ ʩʪʽʡʢʠʡ ʬʦʢʫʩ ʘʙʦ ʫ ʥʝʩʪʽʡʢʝ 

ʩʽʜʣʦ ʢʦʣʠ ʪʦʯʢʘ ʧʝʨʝʪʠʥʘʻ ʧʘʨʘʙʦʣʫ ʘʙʦ ʚʽʩʴ ʘʙʩʮʠʩ. ʉʪʽʡʢʠʡ ʬʦʢʫʩ ʤʦʞʝ 

ʧʝʨʝʪʚʦʨʠʪʠʩʷ ʫ ʥʝʩʪʽʡʢʠʡ ʬʦʢʫʩ ʘʙʦ ʫ ʩʪʽʡʢʠʡ ʚʫʟʦʣ.  

 

 

 

2.5. ɼʠʥʘʤʽʢʘ ʧʦʧʫʣʷʮʽʡ ʝʢʦʩʠʩʪʝʤʠ ʪʠʧʫ ʭʠʞʘʢ ï ʞʝʨʪʚʘ. 

ʈʦʛʟʛʣʷʥʝʤʦ, ʩʧʦʯʘʪʢʫ, ʧʨʦʩʪʫ ʩʠʪʫʘʮʽʶ: ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʾʞʽ ɸ ʯʣʝʥʠ ʙʽʦ-

ʣʦʛʽʯʥʦʾ ʧʦʧʫʣʷʮʽʾ ʍ(t) ʚʽʜʥʦʚʣʶʶʪʴʩʷ ʟʽ ʰʚʠʜʢʽʩʪʶ ʧʨʦʧʦʨʮʽʡʥʽʡ ʜʦʙʫʪʢʫ 

ɸ.ʍ(t), ʪʘʢ ʱʦ )(
)(

1 tXAk
dt

tdX
Ö= . ʊʫʪ ʢ1 - ʧʦʩʪʽʡʥʘ ʚʝʣʠʯʠʥʘ. ʉʠʤʚʦʣʠ X(t) ʪʘ A ʧʦʟ-

ʥʘʯʘʶʪʴ ʧʦʧʫʣʷʮʽʶ ʪʘ ʾʞʫ , ʽ ʪʘʢʦʞ, ʚʽʜʧʦʚʽʜʥʫ ʤʽʨʫ ʮʠʭ ʚʝʣʠʯʠʥ. ɸʥʘʣʦʛʽʯ-

ʥʦ, ʤʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʰʚʠʜʢʽʩʪʴ ʩʤʝʨʪʥʦʩʪʽ ʧʨʦʧʦʨʮʽʡʥʘ ʯʠʩʝʣʴʥʦʩʪʽ 

ʧʦʧʫʣʷʮʽʾ X(t) ʪʘ ʜʚʦʤ ʧʦʩʪʽʡʥʠʤ k2 ʪʘ B, ʪʦʙʪʦ: )(
)(

2 tXBk
dt

tdX
ÖÖ-= . ʆʙôʻʜʥʫʶʯʠ 

ʮʽ ʨʽʚʥʷʥʥʷ ʤʘʻʤʦ: )()(
)(

21 tXBkAk
dt

tdX
ÖÖ-Ö= . 

ʉʪʽʡʢʽ 

ʬʦʢʫʩʠ ʅʝʩʪʽʡʢʽ ʬʦʢʫʩʠ 

ʉʪʽʡʢʽ ʚʫʟʣʠ ʅʝʩʪʽʡʢʽ ʚʫ-

ʟʣʠ 

ʎ 

ʝ 

ʥ 

ʪ 

ʨ 

ʠ 

ʅʝʩʪʽʡʢʽ ʩʽʜʣʘ 

a0 

ʘ1 

a0=a1
2/4 

ʈʠʩʫʥʦʢ.2.6. ʆʙʣʘʩʪʽ ʨʽʟʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʬʘʟʦʚʠʭ ʪʨʘʝʢʪʦʨʽʡ 

 



 

ʈʦʟʜʽʣ 3. ʇʨʠʨʦʜʘ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ ʨʝʯʦʚʠʥ, ʟʘʙʨʫʜʥʶʶʯʠʭ ʥʘʚʢʦ-

ʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ   

 

3.1. ʂʣʘʩʠʬʽʢʘʮʽʷ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ 

ʇʨʦʙʣʝʤʘ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʽ ʥʘʨʘʭʦʚʫʻ ʙʘʛʘʪʦ 

ʩʪʦʣʽʪʴ (ʚʽʜʦʤʠʡ ʫʢʘʟ ʂʘʨʣʘ VI ʚʽʜ 1382 ʨ., ʷʢʠʡ ʟʘʙʦʨʦʥʷʚ ʚʠʧʫʩʢʘʪʠ ʫ ʇʘ-

ʨʠʞʽ ñʜʠʤ ʪʦʰʥʦʪʚʦʨʥʠʡ ʪʘ ʜʫʨʥʦ ʧʘʭʥʫʱʠʡò).  ʆʜʥʘʢ ʜʦ ʨʦʟʚʠʪʢʫ ʧʨʦʤʠʩ-

ʣʦʚʦʩʪʽ  ʟʘʙʨʫʜʥʝʥʥʷ ʩʝʨʝʜʦʚʠʱʘ ʥʦʩʠʣʦ ʦʙʤʝʞʝʥʠʡ ʭʘʨʘʢʪʝʨ, ʷʢ ʧʦ ʤʽʩʮʶ ʽ 

ʫ ʯʘʩʽ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ, ʪʘʢ ʽ ʧʦ ʢʽʣʴʢʦʩʪʽ ʪʘ ʰʢʽʜʣʠʚʽʡ ʜʽʾ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝ-

ʯʦʚʠʥ ʥʘ ʞʠʚʽ ʦʨʛʘʥʽʟʤʠ. ʆʙʩʪʘʥʦʚʢʘ ʨʽʟʢʦ ʟʤʽʥʠʣʘʩʴ ʽʟ ʨʦʩʪʦʤ ʧʨʦʤʠʩʣʦʚʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʥʘʩʝʣʝʥʥʷ ʤʽʩʪ, ʪʦʙʪʦ ʽʟ ʨʦʟʚʠʪʢʦʤ ʫʨʙʘʥʽʟʘʮʽʾ.  

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʧʨʦʙʣʝʤʘ ʟʚʦʜʠʪʴʩʷ ʜʦ ʪʦʛʦ, ʱʦ ʣʶʜʠʥʘ ʚ ʧʨʦʮʝʩʽ 

ʛʦʩʧʦʜʘʨʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ ʩʪʚʦʨʶʻ ʚʽʜʭʦʜʠ, ʷʢʽ ʥʝ ʚʭʦʜʷʪʴ ʫ ʧʦʜʘʣʴʰʠʡ ʢʨʫ-

ʛʦʦʙʽʛ (ʟʘʚʜʷʢʠ ʥʝʜʦʩʢʦʥʘʣʦʩʪʽ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʘʙʦ ʟ ʦʛʣʷʜʫ ʝʢʦʥʦʤʽʯʥʦʾ 

ʜʦʮʽʣʴʥʦʩʪʽ).   

ɼʦ ʮʴʦʛʦ ʩʣʽʜ ʜʦʙʘʚʠʪʠ ʨʽʟʢʝ ʟʙʽʣʴʰʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʪʘ ʧʦʰʠʨʝʥʫ ʟʚʠ-

ʯʢʫ ʚʠʢʠʜʘʪʠ ʨʝʯʽ ʥʝ ʪʽʣʴʢʠ ʪʦʜʽ ʢʦʣʠ ʚʦʥʠ ʚʽʜʩʣʫʞʠʣʠ ʩʚʽʡ ʪʝʨʤʽʥ, ʘ ʡ ʟ 

ʦʛʣʷʜʫ ʥʘ ʤʦʜʫ.  ʉʝʨʝʜ ʚʽʜʭʦʜʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʣʶʜʠʥʠ ʙʘ-

ʛʘʪʦ ʪʘʢʠʭ ʨʝʯʦʚʠʥ (ʤʽʥʝʨʘʣʴʥʠʭ ʪʘ ʦʨʛʘʥʽʯʥʠʭ) ʷʢʽ ʥʝ ʧʽʜʜʘʶʪʴʩʷ ʙʽʦʣʦʛʽʯ-

ʥʦʤʫ ʨʦʟʢʣʘʜʫ (ʧʣʘʩʪʠʢʠ, ʜʝʷʢʽ ʧʝʩʪʠʮʠʜʠ, ʢʝʨʘʤʽʢʘ, ʥʝʨʞʘʚʽʶʯʽ ʤʝʪʘʣʠ, ʨʘ-

ʜʽʦʘʢʪʠʚʥʽ ʽʟʦʪʦʧʠ ʽ ʪ. ʽʥ.).  

ʇʝʨʰ ʥʽʞ ʧʝʨʝʭʦʜʠʪʠ ʜʦ ʘʥʘʣʽʟʫ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ, ʜʘʤʦ ʚʠʟʥʘ-

ʯʝʥʥʷ ʪʝʨʤʽʥʫ ñʟʘʙʨʫʜʥʝʥʥʷò. 

 ʇʽʜ ʟʘʙʨʫʜʥʝʥʥʷʤ ʚ ʝʢʦʣʦʛʽʾ ʨʦʟʫʤʽʶʪʴ ʥʝʩʧʨʠʷʪʣʠʚʫ ʟʤʽʥʫ ʥʘʚʢʦ-

ʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʷʢʝ ʮʽʣʢʦʤ ʘʙʦ ʯʘʩʪʢʦʚʦ ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʜʽʷʣʴʥʦʩʪʽ 

ʣʶʜʠʥʠ, ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʘʙʦ ʦʧʦʩʝʨʝʜʢʦʚʘʥʦ ʟʤʽʥʶʻ ʬʽʟʠʢʦ ï ʭʽʤʽʯʥʽ ʚʣʘʩ-

ʪʠʚʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʫʤʦʚʠ ʽʩʥʫʚʘʥʥʷ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʽʚ.  

ʊʘʢʽ ʟʤʽʥʠ ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʥʘ ʣʶʜʠʥʫ  ʙʝʟʧʦʩʝʨʝʜʥʴʦ, ʘʙʦ ʯʝʨʝʟ ʚʦʜʫ 

ʪʘ ʧʨʦʜʫʢʪʠ ʭʘʨʯʫʚʘʥʥʷ. ɺʦʥʠ ʪʘʢʦʞ ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʥʘ ʣʶʜʠʥʫ, ʧʦʛʽʨʰʫ-

ʶʯʠ ʚʣʘʩʪʠʚʦʩʪʽ ʨʝʯʝʡ, ʷʢʽ ʚʦʥʘ ʚʠʢʦʨʠʩʪʦʚʫʻ, ʫʤʦʚʠ ʚʽʜʧʦʯʠʥʢʫ ʪʘ ʨʦʙʦʪʠ.  

ɿʘʙʨʫʜʥʶʶʯʽ ʨʝʯʦʚʠʥʠ ʧʦ ʾʭ ʜʽʾ ʥʘ ʦʨʛʘʥʽʟʤ ʣʶʜʠʥʠ ʜʽʣʷʪʴʩʷ ʥʘ ʬʽʟʠʯʥʽ 

ʪʘ ʭʽʤʽʯʥʽ. ɼʦ ʬʽʟʠʯʥʠʭ ʚʽʜʥʦʩʷʪʴʩʷ  

ʈʘʜʽʦʘʢʪʠʚʥʽ ʝʣʝʤʝʥʪʠ, ʷʢʽ ʻ ʜʞʝʨʝʣʦʤ ʷʜʝʨʥʦʾ ʨʘʜʽʘʮʽʾ; 

ʊʝʧʣʦʚʝ ʟʘʙʨʫʜʥʝʥʥʷ (ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ; 

ʐʫʤ ʪʘ ʥʠʟʴʢʦʯʘʩʪʦʪʥʽ ʚʽʙʨʘʮʽʾ (ʽʥʬʨʘʟʚʫʢ); 

ɼʦ ʭʽʤʽʯʥʠʭ ʚʽʜʥʦʩʷʪʴʩʷ: 

ɻʘʟʦʧʦʜʽʙʥʽ ʧʦʭʽʜʥʽ ʚʫʛʣʝʮʶ ʪʘ ʨʽʜʢʽ ʚʫʛʣʝʚʦʜʠ; 

ʄʠʶʯʽ ʟʘʩʦʙʠ; 



 

ʇʣʘʩʪʤʘʩʠ; 

ʇʝʩʪʠʮʠʜʠ ʪʘ ʽʥʰʽ ʩʠʥʪʝʪʠʯʥʽ ʨʝʯʦʚʠʥʠ; 

ʇʦʭʽʜʥʽ ʩʽʨʢʠ; 

ʇʦʭʽʜʥʽ ʘʟʦʪʫ; 

ɺʘʞʢʽ ʤʝʪʘʣʠ; 

ʉʧʦʣʫʢʠ ʬʪʦʨʫ; 

ʊʚʝʨʜʽ ʜʦʤʽʰʢʠ; 

ʆʨʛʘʥʽʯʥʽ ʨʝʯʦʚʠʥʠ 

ɿʘ ʫʤʦʚʘʤʠ ʩʚʦʛʦ ʫʪʚʦʨʝʥʥʷ ʚʩʽ ʟʘʙʨʫʜʥʶʶʯʽ ʨʝʯʦʚʠʥʠ ʜʽʣʷʪʴʩʷ ʥʘ ʜʦ-

ʤʽʰʢʠ ʧʨʠʨʦʜʥʦʛʦ ʪʘ ʰʪʫʯʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ. 

ɼʦʤʽʰʢʠ ʧʨʠʨʦʜʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʥʘʜʭʦʜʷʪʴ ʚ ʘʪʤʦʩʬʝʨʫ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʚʫʣʢʘʥʽʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʚʠʚʽʪʨʶʚʘʥʥʷ ˇʨʫʥʪʫ ʪʘ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ, ʣʽʩʦʚʠʭ ʧʦ-

ʞʝʞ, ʚʽʜʤʠʨʘʥʥʷ ʨʦʩʣʠʥ, ʢʦʣʠʚʘʥʥʷ ʤʦʨʷ ʪʘ ʟʛʦʨʷʥʥʷ ʤʝʪʝʦʨʠʪʽʚ. 

ɼʦʤʽʰʢʠ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʫʪʚʦʨʶʶʪʴʩʷ ʧʝʨʰ ʟʘ ʚʩʝ ʫ ʧʨʦ-

ʮʝʩʽ ʩʧʘʣʶʚʘʥʥʷ ʧʘʣʠʚʘ (ʫ ʜʚʠʛʫʥʘʭ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ, ʥʘ ʪʝʧʣʦʚʠʭ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʷʭ, ʚ ʦʧʘʣʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ), ʘ ʪʘʢʦʞ ʧʨʠ ʩʧʘʣʶʚʘʥʥʽ ʧʨʦʤʠ-

ʩʣʦʚʠʭ ʪʘ ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ ʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʷʜʝʨʥʠʭ ʚʠʙʫʭʽʚ ʪʘ  ʽʥ. 

ʋ ʧʦʚʩʷʢʜʝʥʥʽʡ ʧʨʘʢʪʠʮʽ ʧʨʠʡʥʷʪʦ ʚʠʨʘʞʘʪʠ ʢʽʣʴʢʽʩʪʴ ʛʘʟʦʧʦʜʽʙʥʦʛʦ 

ʟʘʙʨʫʜʥʶʚʘʯʘ ʫ ʧʦʚʽʪʨʽ ʚ ʯʘʩʪʠʥʘʭ ʥʘ ʤʽʣʴʡʦʥ (ʤʣʥ.-1): 

1-

6
ʤʣʥ 

)ʧʦʚʽʪʨʷʯʟʘʙʨʫʜʥʶʚʘ( ʻʤʽʚʦʙ' 10

   ʯʘʟʘʙʨʫʜʥʶʚʘ  ʦʟʦʧʦʜʽʙʥʦʛʛʘ  ʻʤ'ʦʙ 
1

1
=

+  
ɺʘʛʦʚʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʚʠʨʘʞʘʻʪʴʩʷ ʚ ʤʽʢʨʦʛʨʘʤʘʭ ʟʘʙʨʫʜʥʶʚʘʯʘ ʥʘ 1 ʤ3 

ʧʦʚʽʪʨʷ: 

3

ʤʝʪʨ 
ʤ/ʤʢʛ

ʢʫʙʽʯʥʠʡ

ʤʽʢʨʦʛʨʘʤʠ
=

 
ʇʨʠ 25 ʦʉ ʪʘ ʪʠʩʢʫ 760 ʤʤ ʨʪ. ʩʪ.. (1 ʘʪʤ.) ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʤʣʥ.-1 ʪʘ 

ʤʢʛ/ʤ3 ʥʘʩʪʫʧʥʝ: 

)(
ʘʤʦʣʝʢʫʣʷʨʥʤʣʥ

ʤ/ʤʢʛ 310
24,5

ʚʘʛʘ 1

3
Ö-

=

 
ʋ ʚʠʧʘʜʢʫ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʢʽʣʴʢʽʩʥʦʶ ʡʦʛʦ ʤʽʨʦʶ ʻ ʚʝʣʠ-

ʯʠʥʘ ʧʠʪʦʤʦʾ ʘʢʪʠʚʥʦʩʪʽ, ʘ ʩʘʤʝ:  ʫ ʧʦʚʽʪʨʽ ʚʝʣʠʯʠʥʘ ʟʘʙʨʫʜʥʝʥʥʷ ʚʠʤʽʨʶʻʪʴ-

ʩʷ  ʚ ɹʢ/ʤ3, ʘ ʟʘʙʨʫʜʥʝʥʥʷ ʽʥʰʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʝʢʦʩʠʩʪʝʤʠ ʚ ɹʢ/ʢʛ, ʘʙʦ ɹʢ/ʣ. 

 

3.2.  ʍʽʤʽʯʥʽ ʟʘʙʨʫʜʥʶʚʘʯʽ.  

ʅʘ ʧʝʨʰʦʤʫ ʤʽʩʮʽ ʩʝʨʝʜ ʜʞʝʨʝʣ ʟʘʙʨʫʜʥʝʥʥʷ ʩʝʨʝʜʦʚʠʱʘ ʟʥʘʭʦʜʷʪʴʩʷ 

ʚʫʛʣʝʚʦʜʠ (ʚʫʛʽʣʣʷ, ʥʘʬʪʘ, ʛʘʟ), ʦʩʢʽʣʴʢʠ ʧʨʠ ʾʭ ʟʛʦʨʷʥʥʽ ʫʪʚʦʨʶʻʪʴʩʷ ʚʝʣʠʢʘ 

ʢʽʣʴʢʽʩʪʴ ʚʽʜʭʦʜʽʚ.  ʅʝʚʽʜʥʦʚʣʶʚʘʣʴʥʽ ʚʫʛʣʝʚʦʜʠ ʚ ʦʩʥʦʚʥʦʤʫ ʩʧʘʣʶʶʪʴ ʟ ʤʝ-



 

ʪʦʶ ʦʪʨʠʤʘʥʥʷ ʝʥʝʨʛʽʾ - ʫ ʌʨʘʥʮʽʾ, ʥʘʧʨʠʢʣʘʜ, ʪʽʣʴʢʠ 7% ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʷʢ ʧʝʨʚʠʥʥʘ ʩʠʨʦʚʠʥʘ ʫ ʦʨʛʘʥʽʯʥʽʡ ʭʽʤʽʾ. 

ɿʘ ʫʤʦʚʘʤʠ ʩʚʦʛʦ ʫʪʚʦʨʝʥʥʷ ʚʩʽ ʟʘʙʨʫʜʥʶʶʯʽ ʨʝʯʦʚʠʥʠ ʜʽʣʷʪʴʩʷ ʥʘ ʜʦ-

ʤʽʰʢʠ ʧʨʠʨʦʜʥʦʛʦ ʪʘ ʰʪʫʯʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ. 

ɼʦʤʽʰʢʠ ʧʨʠʨʦʜʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʥʘʜʭʦʜʷʪʴ ʚ ʘʪʤʦʩʬʝʨʫ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʚʫʣʢʘʥʽʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʚʠʚʽʪʨʶʚʘʥʥʷ ˇʨʫʥʪʫ ʪʘ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ, ʣʽʩʦʚʠʭ ʧʦ-

ʞʝʞ, ʚʽʜʤʠʨʘʥʥʷ ʨʦʩʣʠʥ, ʢʦʣʠʚʘʥʥʷ ʤʦʨʷ ʪʘ ʟʛʦʨʷʥʥʷ ʤʝʪʝʦʨʠʪʽʚ. 

ɼʦʤʽʰʢʠ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʫʪʚʦʨʶʶʪʴʩʷ ʧʝʨʰ ʟʘ ʚʩʝ ʚ ʧʨʦ-

ʮʝʩʽ ʩʧʘʣʶʚʘʥʥʷ ʧʘʣʠʚʘ (ʫ ʜʚʠʛʫʥʘʭ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ, ʥʘ ʪʝʧʣʦʚʠʭ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʷʭ, ʚ ʦʪʝʧʣʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ), ʘ ʪʘʢʦʞ ʧʨʠ ʩʧʘʣʶʚʘʥʥʽ ʧʨʦʤʠ-

ʩʣʦʚʠʭ ʪʘ ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ, ʷʜʝʨʥʠʭ ʚʠʙʫʭʽʚ ʽ ʽʥ. 

ɿʘʛʘʣʴʥʘ ʤʘʩʘ ʧʨʦʤʠʩʣʦʚʦ ï ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ ʩʢʣʘʜʘʻ ʧʨʠʙʣʠʟʥʦ 600 

ɻʪ ʟʘ ʨʽʢ. ɿʘ ʦʩʪʘʥʥʽ 100 ʨʦʢʽʚ ʫ ʘʪʤʦʩʬʝʨʫ ʥʘʜʽʡʰʣʦ 1,35 ʄʪ ʢʨʝʤʥʽʶ, 1,5 ʄʪ 

ʤʠʰôʷʢʫ, ʙʽʣʴʰʝ 1 ʄʪ ʥʽʢʝʣʶ ʽ ʩʪʽʣʴʢʠ ʞ ʢʦʙʘʣʴʪʫ, ʧʦ 0,6 ʄʪ ʮʠʥʢʫ ʪʘ ʩʫʨʤʠ. 

ʇʦ ʩʢʣʘʜʫ ʜʦʤʽʰʢʠ, ʷʢʽ ʥʘʜʭʦʜʷʪʴ ʚ ʘʪʤʦʩʬʝʨʫ ʜʽʣʷʪʴʩʷ ʥʘ ʛʘʟʦʧʦʜʽʙʥʽ, 

ʪʚʝʨʜʽ ʪʘ ʨʽʜʢʽ. ʇʨʠ ʮʴʦʤʫ ʥʘ ʜʦʣʶ ʛʘʟʦʧʦʜʽʙʥʠʭ ʨʝʯʦʚʠʥ (ʦʢʩʠʜ ʚʫʛʣʝʮʶ, 

ʜʠʦʢʩʠʜ ʪʘ ʽʥʰʽ ʧʦʭʽʜʥʽ ʩʽʨʢʠ, ʚʫʛʣʝʚʦʜʠ, ʦʢʩʠʜʠ ʘʟʦʪʫ, ʦʨʛʘʥʽʯʥʽ ʩʧʦʣʫʢʠ) 

ʧʨʠʭʦʜʠʪʴʩʷ ʙʽʣʷ 90%, ʘ ʥʘ ʜʦʣʶ ʪʚʝʨʜʠʭ (ʧʠʣ, ʚʘʞʢʽ ʤʝʪʘʣʠ, ʤʽʥʝʨʘʣʴʥʽ ʪʘ 

ʦʨʛʘʥʽʯʥʽ ʩʧʦʣʫʢʠ, ʨʘʜʽʦʘʢʪʠʚʥʽ ʨʝʯʦʚʠʥʠ) ï ʙʽʣʷ 10%; ʄʘʩʘ ʨʽʜʢʠʭ ʜʦʤʽʰʦʢ 

ʤʘʣʘ ʧʦʨʽʚʥʶʶʯʠ ʽʟ ʤʘʩʦʶ ʛʘʟʦʧʦʜʽʙʥʠʭ ʪʘ ʪʚʝʨʜʠʭ ʜʦʤʽʰʦʢ.  

ʋʷʚʣʝʥʥʷ ʧʨʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʨʽʟʥʠʭ ʜʦʤʽʰʦʢ, ʷʢʽ ʥʘʜʭʦʜʷʪʴ ʚ ʘʪʤʦʩ-

ʬʝʨʫ ʚʥʘʩʣʽʜʦʢ ʧʨʠʨʦʜʥʠʭ ʪʘ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʧʨʦʮʝʩʽʚ ʤʦʞʥʘ ʩʢʣʘʩʪʠ ʧʦ ʜʘ-

ʥʠʭ ʪʘʙʣʠʮʽ 3.1  

ʇʨʠ ʩʧʘʣʶʚʘʥʥʽ ʚʩʽʭ ʚʠʜʽʚ ʧʘʣʠʚʘ ʫʪʚʦʨʶʶʪʴʩʷ ʽ ʥʘʜʭʦʜʷʪʴ ʚ ʘʪʤʦʩʬʝ-

ʨʫ ʚʦʜʷʥʘ ʧʘʨʘ ʪʘ ʜʠʦʢʩʠʜ ʚʫʛʣʝʮʶ, ʷʢʽ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʚ ʘʪʤʦʩʬʝʨʽ ʽ ʚ ʧʨʠʨʦ-

ʜʥʠʭ ʫʤʦʚʘʭ ʽ ʥʝ ʚʧʣʠʚʘʶʪʴ ʰʢʽʜʣʠʚʦ ʥʘ ʣʶʜʠʥʫ. ʇʦ ʮʽʡ ʧʨʠʯʠʥʽ ʜʘʥʽ ʛʘʟʠ ʥʝ 

ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʟʘʙʨʫʜʥʶʶʯʠʭ, ʭʦʯ ʚʦʥʠ ʩʢʣʘʜʘʶʪʴ ʟʥʘʯʥʫ ʯʘʩʪʠʥʫ ʚʩʽʭ ʘʥ-

ʪʨʦʧʦʛʝʥʥʠʭ ʚʠʢʠʜʽʚ. 

ʆʩʥʦʚʥʘ ʤʘʩʘ ʦʢʩʠʜʫ ʚʫʛʣʝʮʶ ʫʪʚʦʨʶʻʪʴʩʷ ʧʨʠ ʩʧʘʣʶʚʘʥʥʷ ʧʘʣʠʚʘ, 

ʧʨʠ ʮʴʦʤʫ ʦʩʥʦʚʥʠʤ ʜʞʝʨʝʣʦʤ ʦʢʩʠʜʫ ʚʫʛʣʝʮʶ ʻ ʜʚʠʛʫʥʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦ-

ʨʘʥʥʷ. ʆʙôʻʤ ʦʢʩʠʜʫ ʚʫʛʣʝʮʶ ʤʦʞʝ ʩʷʛʘʪʠ 10% ʦʙôʻʤʫ ʚʠʭʣʦʧʥʠʭ ʛʘʟʽʚ.  

ɼʠʦʢʩʠʜ ʩʽʨʢʠ ï ʜʨʫʛʘ ʧʦ ʤʘʩʽ ʟʘʙʨʫʜʥʶʶʯʘ ʘʪʤʦʩʬʝʨʫ ʨʝʯʦʚʠʥʘ.  ɹʽʣʷ 

70% SO2 ʚʠʢʠʜʘʻʪʴʩʷ ʧʨʠ ʩʧʘʣʶʚʘʥʥʽ ʚʫʛʽʣʣʷ ʽ 16%  - ʨʽʜʢʦʛʦ ʧʘʣʠʚʘ. 

ʈʦʟʧʘʜ SO2 ʚ ʘʪʤʦʩʬʝʨʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʟʘʻʤʦʜʽʾ ʫʣʴʪʨʘʬʽʦ-

ʣʝʪʦʚʦʾ ʨʘʜʽʘʮʽʾ, ʷʢʘ ʩʧʨʠʷʻ ʫʪʚʦʨʝʥʥʶ ʩʽʨʯʘʥʦʛʦ ʘʥʛʽʜʨʠʜʫ (SO3) ʧʦ ʨʝʘʢʮʽʾ 

2SO2+O22SO3+185 ʢɼʞ 

ʇʨʠ ʢʦʥʪʘʢʪʽ ʟ ʚʦʜʷʥʦʶ ʧʘʨʦʶ ʫʪʚʦʨʶʻʪʴʩʷ ʩʽʨʯʠʩʪʘ ʢʠʩʣʦʪʘ 

SO2+H2OH2SO3 +76 ʢɼʞ 

ʋ ʟʘʙʨʫʜʥʝʥʽʡ ʘʪʤʦʩʬʝʨʽ ʪʘʢʦʞ ʫʪʚʦʨʶʻʪʴʩʷ ʩʽʨʯʘʥʘ ʢʠʩʣʦʪʘ H2SO4 



 

SO2+NO2+H2OH2SO4+NO 

ʆʢʩʠʜʠ ʩʽʨʢʠ ʟʥʘʯʥʦ ʧʨʠʩʢʦʨʶʶʪʴ ʫ ʤʽʩʪʘʭ ʢʦʨʦʟʽʶ ʤʝʪʘʣʽʚ ï ʫ 1,5 ï 5 

ʨʘʟʽʚ ʧʦʨʽʚʥʷʥʦ ʽʟ ʩʽʣʴʩʴʢʦʶ ʤʽʩʮʝʚʽʩʪʶ. ʆʩʦʙʣʠʚʦ ʯʫʪʣʠʚʽ ʜʦ ʟʘʙʨʫʜʥʝʥʥʷ 

ʘʪʤʦʩʬʝʨʠ ʥʝʡʣʦʥʦʚʽ ʪʢʘʥʠʥʠ (ʧʝʨʰ ʟʘ ʚʩʝ ʧʘʥʯʦʭʠ, ʰʢʘʨʧʝʪʢʠ). 

ɿʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʦʢʩʠʜʫ ʘʟʦʪʫ NO ʪʘ ʜʠʦʢʩʠʜʫ ʘʟʦʪʫ NO2 ʫʪʚʦʨʶʻʪʴʩʷ 

ʧʨʠ ʛʦʨʽʥʥʽ ʧʨʠ ʚʠʩʦʢʽʡ ʪʝʤʧʝʨʘʪʫʨʽ, ʧʝʨʰ ʟʘ ʚʩʝ ʫ ʜʚʠʛʫʥʘʭ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʟʛʦʨʘʥʥʷ, ʱʦ ʧʨʘʮʶʶʪʴ ʥʘ ʙʝʥʟʠʥʽ ʪʘ ʜʠʟʝʣʴʥʦʤʫ ʧʘʣʠʚʽ. ɼʠʦʢʩʠʜ ʘʟʦʪʫ 

ʩʪʽʡʢʠʡ ʛʘʟ ʞʦʚʪʦʛʦ ʢʦʣʴʦʨʫ ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʥʘʜʘʻ ʧʦʚʽʪʨʶ ʫ ʤʽʩʪʘʭ ʢʦ-

ʨʠʯʥʶʚʘʪʦʛʦ ʢʦʣʴʦʨʫ. ɿʘʛʘʣʴʥʘ ʤʘʩʘ ʜʠʦʢʩʠʜʫ ʘʟʦʪʫ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʚʥʘʩʣʽ-

ʜʦʢ ʘʥʪʨʦʧʦʛʝʥʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʩʢʣʘʜʘʻ ʧʨʠʙʣʠʟʥʦ 0,1 ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʛʘʟʫ, ʱʦ 

ʫʪʚʦʨʶʻʪʴʩʷ ʧʨʠʨʦʜʥʠʤ ʰʣʷʭʦʤ (ʚʫʣʢʘʥʠ, ʛʨʦʟʠ, ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ). ɼʠʦʢʩʠʜ 

ʘʟʦʪʫ ʟʙʝʨʽʛʘʻʪʴʩʷ ʚ ʘʪʤʦʩʬʝʨʽ ʫ ʩʝʨʝʜʥʴʦʤʫ ʙʽʣʷ ʪʨʴʦʭ ʜʽʙ. ʇʽʜ ʚʧʣʠʚʦʤ ʫʣʴ-

ʪʨʘʬʽʦʣʝʪʦʚʦʾ ʨʘʜʽʘʮʽʾ ʜʠʦʢʩʠʜ ʘʟʦʪʫ ʨʦʟʧʘʜʘʻʪʴʩʷ ʟ ʫʪʚʦʨʝʥʥʷʤ ʦʢʩʠʜʫ. ʇʨʠ 

ʚʟʘʻʤʦʜʽʾ ʟ ʚʦʜʷʥʦʶ ʧʘʨʦʶ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʫ ʘʟʦʪʥʫ ʢʠʩʣʦʪʫ ʽ ʽʥʰʽ ʥʽʪʨʘʪʠ. 

ʆʩʪʘʥʥʽ ʧʦʚʝʨʪʘʶʪʴʩʷ ʫ ˇʨʫʥʪ ʨʘʟʦʤ ʟ ʦʧʘʜʘʤʠ, ʯʠʤ ʽ ʧʦʷʩʥʶʻʪʴʩʷ ʜʦʙʨʝ ʚʽ-

ʜʦʤʘ ʚʣʘʩʪʠʚʽʩʪʴ ʩʥʽʛʫ ï ʫʜʦʙʨʶʚʘʪʠ ˇʨʫʥʪ. 

ʊʘʙʣʠʮʷ 3.1. ʄʘʩʘ (ʪ/ʨʽʢ)ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ, ʷʢʽ ʥʘʜʭʦʜʷʪʴ ʚ ʘʪʤʦ-

ʩʬʝʨʫ.[39] 

ʈʝʯʦʚʠʥʘ ʇʨʠʨʦʜʥʝ ʥʘʜʭʦʜʞʝʥʥʷ ɸʥʪʨʦʧʦʛʝʥʥʝ ʥʘʜʭʦʜʞʝʥ-

ʥ ̫

ʆʢʩʠʜ ʚʫʛʣʝʮʶ (ʉʆ) - 3,5 108 

ɼʠʦʢʩʠʜ ʩʽʨʢʠ (SO2) 1,4 108 1,45 108 

ʆʢʩʠʜʠ ʘʟʦʪʫ  (NOx) 1,4 109 (1,5 ï 2,0) 107 

ɸʝʨʦʟʦʣʴ (ʪʚʝʨʜʽ ʯʘʩʪʠʥʢʠ) (7,7-22,0)1010 (9,6-26,0)1010 

ʇʦʣʽʭʣʦʨʚʽʥʽʣʦʚʽ ʨʝʯʦʚʠʥʠ, 

ʬʨʝʦʥʠ 

- 2,0 106 

ʆʟʦʥ (ʆ3) 2,0 109 - 

ɺʫʛʣʝʚʦʜʠ  1,0 109 1,0 106 

ʉʚʠʥʝʮʴ (Pb) - 2,0 105 

ʈʪʫʪʴ (Hg) - 5,0 103 

 

ʆʩʥʦʚʥʠʤ ʧʨʠʨʦʜʥʠʤ ʜʞʝʨʝʣʦʤ ʚʫʛʣʝʚʦʜʽʚ ʻ ʨʦʩʣʠʥʠ (ʥʘ ʾʭ ʜʦʣʶ ʧʨʠ-

ʭʦʜʠʪʴʩʷ ʙʽʣʷ 1 ɻʪ ʟʘ ʨʽʢ), ʘ ʘʥʪʨʦʧʦʛʝʥʥʠʤ ï ʘʚʪʦʪʨʘʥʩʧʦʨʪ (ʜʚʠʛʫʥʠ ʚʥʫʪ-

ʨʽʰʥʴʦʛʦ ʟʛʦʨʘʥʥʷ). ʇʨʠ ʥʝʧʦʚʥʦʤʫ ʟʛʦʨʘʥʥʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʪʘʢʦʞ ʩʠʥʪʝʟ ʢʘʥ-

ʮʝʨʦʛʝʥʥʠʭ ʮʠʢʣʽʯʥʠʭ ʚʫʛʣʝʚʦʜʽʚ. ʆʩʦʙʣʠʚʦ ʙʘʛʘʪʦ ʢʘʥʮʝʨʦʛʝʥʥʠʭ ʚʫʛʣʝʚʦ-

ʜʽʚ ʤʽʩʪʠʪʴʩʷ ʚ ʛʫʜʨʦʥʘʭ ʪʘ ʩʘʞʽ, ʱʦ ʚʠʢʠʜʘʶʪʴʩʷ ʜʠʟʝʣʴʥʠʤʠ ʜʚʠʛʫʥʘʤʠ ʪʘ 

ʦʪʝʧʣʶʚʘʣʴʥʠʤʠ ʩʠʩʪʝʤʘʤʠ. ɺ ʩʝʨʝʜʥʴʦʤʫ, ʢʦʞʥʠʡ ʘʚʪʦʤʦʙʽʣʴ ʥʘ 1 ʢʤ ʧʨʦ-

ʙʽʛʫ ʚʠʢʠʜʘʻ 30 ʛ ʦʢʩʠʜʫ ʚʫʛʣʝʮʶ, 4 ʛ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʪʘ 2 ʛ ʚʫʛʣʝʚʦʜʽʚ. 

ɸʥʪʨʦʧʦʛʝʥʥʘ ʜʽʷʣʴʥʽʩʪʴ ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ ʫ ʘʪʤʦʩʬʝʨʽ ʪʘʢʦʞ ʘʝʨʦ-

ʟʦʣʽʚ ï ʪʚʝʨʜʠʭ ʪʘ ʨʽʜʢʠʭ ʯʘʩʪʠʥʦʢ. ʈʦʟʤʽʨʠ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ, ʷʢʽ ʩʧʦʩʪʝʨʽ-



 

ʛʘʶʪʴʩʷ ʚ ʘʪʤʦʩʬʝʨʽ, ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʰʠʨʦʢʠʭ ʤʝʞʘʭ ʚʽʜ ʪʠʩʷʯʥʠʭ ʜʦʣʽʚ ʤʽʢ-

ʨʦʤʝʪʨʘ ʜʦ ʜʝʢʽʣʴʢʦʭ ʜʝʩʷʪʢʽʚ. ʇʨʠ ʧʠʣʦʚʠʭ ʙʫʨʷʭ, ʯʘʩʪʠʥʢʠ, ʱʦ ʧʝʨʝʥʦʩʷʪʴ-

ʩʷ ʚʽʪʨʦʤ ʟʙʽʣʴʰʫʶʪʴʩʷ ʜʦ 100 ʤʢʤ ʽ ʙʽʣʴʰʝ.  

ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʦʟʤʽʨʫ ʘʝʨʦʟʦʣʴʥʽ ʯʘʩʪʠʥʢʠ ʜʽʣʷʪʴʩʷ ʥʘ ʪʨʠ ʢʣʘʩʠ: ʤʽ-

ʢʨʦʩʢʦʧʽʯʥʽ (ʪʦʥʢʦ ʜʠʩʧʝʨʩʥʽ) ʟ ʨʘʜʽʫʩʦʤ  r < 0,1 ʤʢʤ, ʩʝʨʝʜʥʽ (ʩʝʨʝʜʥʴʦ ʜʠʩ-

ʧʝʨʩʥʽ)  r=0,1 ï 1 ʤʢʤ, ʪʘ ʢʨʫʧʥʽ (ʛʨʫʙʦ ʜʠʩʧʝʨʩʥʽ) r>1 ʤʢʤ. ʉʝʨʝʜ ʪʦʥʢʦ ʜʠʩ-

ʧʝʨʩʥʠʭ ʯʘʩʪʠʥʦʢ ʚʠʜʽʣʷʶʪʴ ʛʨʫʧʫ ʘʝʨʦʟʦʣʽʚ, ʷʢʠʤ ʚʣʘʩʪʠʚʘ ʛʽʛʨʦʩʢʦʧʽʯʥʽʩʪʴ. 

ʎʽ ʯʘʩʪʠʥʢʠ ʥʘʟʠʚʘʶʪʴʩʷ ʟʘʨʦʜʢʘʤʠ ʢʨʘʧʣʠʥʦʢ ʭʤʘʨ ʪʽ ʪʫʤʘʥʽʚ. ʅʝʨʽʜʢʦ ʤʘʣʽ 

ʯʘʩʪʠʥʢʠ ʥʝʩʫʪʴ ʧʦʟʠʪʠʚʥʠʡ ʘʙʦ ʚʽʜôʻʤʥʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʟʘʨʷʜ. ɺ ʪʘʢʦʤʫ ʚʠ-

ʧʘʜʢʫ ʚʦʥʠ ʥʘʟʠʚʘʶʪʴʩʷ ʽʦʥʘʤʠ (ʣʝʛʢʽ ʘʙʦ ʚʘʞʢʽ). 

ɿʘ  ʬʽʟʠʢʦ ï ʭʽʤʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʘʝʨʦʟʦʣʽ ʜʽʣʷʪʴ ʥʘ ʧʠʣ ʽ ʩʘʞʫ 

(ʪʚʝʨʜʽ ʯʘʩʪʠʥʢʠ), ʜʠʤ (ʩʠʣʴʥʦ ʦʙʚʦʜʥʝʥʽ ʯʘʩʪʠʥʢʠ) ʪʘ ʢʨʘʧʣʠʥʠ (ʪʫʤʘʥʫ, 

ʭʤʘʨ, ʦʧʘʜʽʚ). ʌʦʨʤʫ ʘʝʨʦʟʦʣʽ ʤʦʞʫʪʴ ʤʘʪʠ ʨʽʟʥʫ ʚʽʜ ʩʬʝʨʠʯʥʦʾ ʜʦ ʣʘʥʮʶʛʦ-

ʧʦʜʽʙʥʦʾ. ʊʦʥʢʦ ʜʠʩʧʝʨʩʥʠʡ ʘʝʨʦʟʦʣʴ, ʦʢʨʽʤ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʚʧʣʠʚʫ ʥʘ ʦʨ-

ʛʘʥʽʟʤ ʣʶʜʠʥʠ ʚʥʦʩʠʪʴ ʩʫʪʪʻʚʠʡ ʚʢʣʘʜ ʫ ʧʦʛʣʠʥʘʥʥʷ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ ʽ, ʷʢ 

ʥʘʩʣʽʜʦʢ, ʫ ʟʤʽʥʫ ʪʝʨʤʽʯʥʦʛʦ ʨʝʞʠʤʫ ʘʪʤʦʩʬʝʨʠ. ɿʛʽʜʥʦ ʥʘʷʚʥʠʤ ʦʮʽʥʢʘʤ, 

ʛʣʦʙʘʣʴʥʘ ʤʘʩʘ ʪʦʥʢʦ ʜʠʩʧʝʨʩʥʦʛʦ ʘʝʨʦʟʦʣʶ ʫ ʩʝʨʝʜʥʴʦʤʫ ʙʣʠʟʴʢʘ ʜʦ 50 ʄʪ, 

ʘ ʰʚʠʜʢʽʩʪʴ ʡʦʛʦ ʫʪʚʦʨʝʥʥʷ ʩʢʣʘʜʘʻ ʙʽʣʷ 5000 ʄʪ ʟʘ ʨʽʢ ʊʦʙʪʦ, ʤʘʩʘ ʘʝʨʦʟʦʣʶ 

ʦʥʦʚʣʶʻʪʴʩʷ ʟʘ ʨʽʢ ʧʨʠʙʣʠʟʥʦ 100 ʨʘʟ. 

ʋ ʩʢʣʘʜʽ ʘʝʨʦʟʦʣʶ ʥʘʷʚʥʽ ʯʦʪʠʨʠ ʛʨʫʧʠ ʨʝʯʦʚʠʥ: ʩʫʣʴʬʘʪʠ, ʦʨʛʘʥʽʯʥʽ 

ʩʧʦʣʫʢʠ, ʪʚʝʨʜʠʡ ʚʫʛʣʝʮʴ ʪʘ ʚʦʜʘ, ʚʽʜʥʦʩʥʠʡ ʚʢʣʘʜ ʷʢʠʭ ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʰʠʨʦ-

ʢʠʭ ʤʝʞʘʭ.  

ʋ ʟʚôʷʟʢʫ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʚʠʢʠʜʽʚ ʩʫʣʴʬʘʪʽʚ ʟʘ ʦʩʪʘʥʥʽ 

ʜʝʩʷʪʠʨʽʯʯʷ ʚʠʨʦʩʣʘ ʾʭ ʙʽʦʣʦʛʽʯʥʘ ʘʢʪʠʚʥʽʩʪʴ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʦʪʨʫʻʥʥʷʤ 

ʨʦʩʣʠʥʥʦʩʪʽ ʪʘ ʪʚʘʨʠʥʥʦʛʦ ʩʚʽʪʫ (ʢʠʩʣʦʪʥʽ ʜʦʱʽ).  

ɺʢʣʘʜ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʚʠʢʠʜʽʚ ʚ ʟʘʛʘʣʴʥʠʡ ʙʘʣʘʥʩ ʘʝʨʦʟʦʣʽʚ ʩʫʪʪʻʚʠʡ 

ʜʣʷ ʚʩʽʭ ʡʦʛʦ ʩʢʣʘʜʦʚʠʭ (ʜʣʷ ʪʚʝʨʜʦʛʦ ʚʫʛʣʝʮʶ ʚʽʥ ʙʽʣʴʰʠʡ ʟʘ ʧʨʠʨʦʜʥʠʡ, ʘ 

ʜʣʷ ʩʫʣʴʬʘʪʽʚ ʪʘ ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ ʩʢʣʘʜʘʻ ʧʨʠʙʣʠʟʥʦ 25% ʚʽʜ ʧʨʠʨʦʜʥʦ-

ʛʦ) ʽ ʟ ʯʘʩʦʤ ʟʙʽʣʴʰʫʻʪʴʩʷ.   

ɿʙʽʣʴʰʝʥʥʷ ʚʠʢʠʜʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʫʪʪʻʚʠʭ ʟʤʽʥ ʫ ʬʽʟʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʘʭ ʘʪʤʦʩʬʝʨʠ. ɼʽʡʩʥʦ, ʥʘʧʨʘʚʣʝʥʘ ʧʦ ʥʦʨʤʘʣʽ ʜʦ ʚʝʨʭʥʴʦʾ ʛʨʘʥʠʮʽ ʟʝʤʥʦʾ 

ʘʪʤʦʩʬʝʨʠ ʩʦʥʷʯʥʘ ʨʘʜʽʘʮʽʷ ʦʮʽʥʶʻʪʴʩʷ ʷʢ 1.95 ʢʘʣ/(ʩʤ2.ʭʚ), ʧʨʠʯʦʤʫ ʤʘʢʩʠ-

ʤʫʤ ʨʘʜʽʘʮʽʾ ʧʨʠʭʦʜʠʪʴʩʷ ʥʘ ʜʦʚʞʠʥʠ ʭʚʠʣʴ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 0.4 ʜʦ 0.8 ʤʢʤ, 

ʪʦʙʪʦ ʥʘ ʚʠʜʠʤʫ ʯʘʩʪʠʥʫ ʩʧʝʢʪʨ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʚʠʣʴ. ʇʨʠʙʣʠʟʥʦ 42% ʮʽ-

ʻʾ ʝʥʝʨʛʽʾ ʧʦʛʣʠʥʘʻʪʴʩʷ ʫ ʚʝʨʭʥʽʭ ʰʘʨʘʭ ʘʪʤʦʩʬʝʨʠ, ʚʽʜʜʟʝʨʢʘʣʶʻʪʴʩʷ ʭʤʘʨʘ-

ʤʠ ʫ ʧʨʦʩʪʽʨ, ʟʝʤʥʦʶ ʧʦʚʝʨʭʥʝʶ ʘʙʦ ʧʦʛʣʠʥʘʻʪʴʩʷ ʭʤʘʨʘʤʠ ʪʘ ʚʦʜʷʥʠʤ ʧʘ-

ʨʦʤ. ʇʨʠʙʣʠʟʥʦ 47% ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ ʧʦʛʣʠʥʘʻʪʴʩʷ ʟʝʤʥʦʶ ʧʦʚʝʨʭʥʝʶ ʚʦʜʠ 

ʪʘ ʩʫʰʽ. ʉʘʤʘ ʞ ɿʝʤʣʷ, ʷʢʱʦ ʾʾ ʘʧʨʦʢʩʠʤʫʚʘʪʠ ʪʽʣʦʤ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ ʙʽʣʷ 290 

ʂ, ʚʠʧʨʦʤʽʥʶʻ ʜʦʚʛʦʭʚʠʣʴʦʚʫ ʨʘʜʽʘʮʽʶ ʟ ʤʘʢʩʠʤʫʤʦʤ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʤʽʞ 4 ʪʘ 



 

12 ʤʢʤ (ʙʣʠʟʴʢʘ ʽʥʬʨʘʯʝʨʚʦʥʘ ʦʙʣʘʩʪʴ). ɹʽʣʴʰʘ ʯʘʩʪʠʥʘ ʮʽʻʾ ʨʘʜʽʘʮʽʾ ʧʦʛʣʠʥʘ-

ʻʪʴʩʷ ʚʦʜʷʥʠʤ ʧʘʨʦʤ ʪʘ ʜʚʦʦʢʠʩʦʤ ʚʫʛʣʝʮʶ ʙʽʣʷ ʧʦʚʝʨʭʥʽ ʟʝʤʣʽ. ʋ ʟʚôʷʟʢʫ ʟ 

ʪʠʤ, ʱʦ ʷʢ ʚʦʜʷʥʠʡ ʧʘʨ ʪʘʢ ʽ ʜʚʦʦʢʠʩ ʚʫʛʣʝʮʶ ʧʨʦʧʫʩʢʘʶʪʴ ʙʽʣʴʰʫ ʯʘʩʪʠʥʫ 

ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ, ʘʣʝ ʧʦʛʣʠʥʘʶʪʴ ʜʦʚʛʦʭʚʠʣʴʦʚʫ ʨʘʜʽʘʮʽʶ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, 

ʚʠʥʠʢʘʻ ʝʬʝʢʪ, ʷʢʠʡ ʧʨʠʚʦʜʠʪʴ ʜʦ ʨʦʟʽʛʨʽʚʫ ʘʪʤʦʩʬʝʨʠ. ʎʝʡ ʝʬʝʢʪ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʜʚʦʦʢʠʩʫ ʚʫʛʣʝʮʶ ʪʘ ʚʦʜʷʥʦʛʦ ʧʘʨʫ ʚ ʘʪʤʦʩʬʝʨʽ ʽ ʦʪʨʠʤʘʚ ʥʘʟʚʫ 

ñʧʘʨʥʠʢʦʚʦʛʦ ʝʬʝʢʪʫò. ɼʝʷʢʽ ʘʚʪʦʨʠ ʚʚʘʞʘʶʪʴ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ ʅ2ʆ ʪʘ 

ʉʆ2 ʥʘ 100% ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨ ʘʪʤʦʩʬʝʨʠ ʦʪ 2 ʜʦ 4 
ʦʌ. ɿ ʜʨʫʛʦʛʦ ʙʦʢʫ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʦʩʪʫ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʫ ʚʩʴʦʤʫ ʩʚʽʪʽ ʟʥʘʯʥʦ 

ʟʙʽʣʴʰʠʚʩʷ ʚʠʢʠʜ ʚ ʘʪʤʦʩʬʝʨʫ ʘʝʨʦʟʦʣʴʥʠʭ ʯʘʩʪʠʥʦʢ, ʥʘʷʚʥʽʩʪʴ ʷʢʠʭ ʧʨʠʚʦ-

ʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʜʦ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ. ʎʝʡ 

ʝʬʝʢʪ ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʨʦʪʠʣʝʞʥʦʛʦ ʝʬʝʢʪʫ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʟʙʽʣʴʰʝʥʥʷʤ ʚ ʘʪ-

ʤʦʩʬʝʨʽ ʉʆ2. ʊʘʢʠʤ ʯʠʥʦʤ ʬʦʨʤʫʻʪʴʩʷ ʜʝʷʢʘ ʩʝʨʝʜʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʘʪʤʦʩʬʝ-

ʨʠ. ʊʨʫʜʥʦ ʧʝʨʝʜʙʘʯʠʪʠ ʥʘ ʜʝʩʷʪʠʣʽʪʪʷ ʚʧʝʨʝʜ, ʷʢʠʡ ʽʟ ʮʠʭ ʬʘʢʪʦʨʽʚ ʙʫʜʝ ʚʠ-

ʨʽʰʘʣʴʥʠʤ, ʷʢʱʦ ʘʥʪʨʦʧʦʛʝʥʥʘ ʜʽʷʣʴʥʽʩʪʴ ʙʫʜʝ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʦʶ. ɯʩʥʫʶʪʴ 

ʜʘʥʽ, ʷʢʽ ʛʦʚʦʨʷʪʴ, ʱʦ ʟ 1890 ʨ. ʧʦ 1945 ʨ. ʩʝʨʝʜʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʽʜʥʷʣʘʩʴ ʥʘ 

0.9ʦ, ʘ ʟ 1945 ʨ. ʧʦ 1970 ʨ. ʟʤʝʥʰʠʣʘʩʴ ʧʨʠʙʣʠʟʥʦ ʥʘ 0.6ʦ. ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ 

ʩʝʨʝʜʥʷ ʟʝʤʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʣʴʦʜʦʚʠʢʦʚʠʡ ʧʝʨʽʦʜ ʚʽʜʨʽʟʥʷʣʘʩʴ ʣʠʰʝ ʥʘ 7ʦ 

ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʩʘʤʠʭ ʪʝʧʣʠʭ ʧʝʨʽʦʜʽʚ ʙʘʛʘʪʦʤʽʣʴʡʦʥʥʦʾ ʽʩʪʦʨʽʾ ɿʝʤʣʽ.  ʉʴʦ-

ʛʦʜʥʽ ʥʝ ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʪʘʢʽ ʟʤʽʥʠ ʧʦʛʦʜʠ ʻ ʧʨʦʩʪʦ ʥʝʟʥʘʯʥʽ ʚʽʜʭʠʣʝʥ-

ʥʷ ʚʽʜ ʥʦʨʤʠ, ʤʦʞʣʠʚʠʤʠ ʥʘ ʧʨʦʪʷʟʽ ʩʪʦʣʽʪʪʷ, ʯʠ ʚʦʥʠ ʩʚʽʜʯʘʪʴ ʧʨʦ ʩʫʪʪʻʚʫ 

ʘʥʪʨʦʧʦʛʝʥʥʫ ʜʽʶ ʥʘ ʧʨʠʨʦʜʫ. 

ɺʘʞʣʠʚʠʤ ʜʞʝʨʝʣʦʤ ʟʘʙʨʫʜʥʝʥʥʷ ʘʪʤʦʩʬʝʨʠ ʻ ʧʨʦʤʠʩʣʦʚʽʩʪʴ, 

ʧʦʚôʷʟʘʥʘ ʟ ʚʠʜʦʙʫʚʘʥʥʷʤ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʧʦʜʨʽʙ-

ʥʝʥʥʷ ʧʦʨʽʜ ʚ ʢʘʨôʻʨʘʭ, ʚʠʛʦʪʦʚʣʝʥʥʷ ʮʝʤʝʥʪʫ ʽ ʪ.ʜ.). ʉʪʘʣʝʣʠʪʝʡʥʽ ʟʘʚʦʜʠ 

ʚʠʢʠʜʘʶʪʴ ʜʫʞʝ ʚʝʣʠʢʽ ʦʙôʻʤʠ ʯʝʨʚʦʥʦʛʦ ʜʠʤʫ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʥʝʚʝʣʠ-

ʢʠʭ ʯʘʩʪʠʥʦʢ ʦʢʩʠʜʫ ʟʘʣʽʟʘ (ʜʽʘʤʝʪʨʦʤ ʙʽʣʷ 0,1 ʤʢʤ). ʂʦʣʴʦʨʦʚʘ ʤʝʪʘʣʫʨʛʽʷ ʻ 

ʜʞʝʨʝʣʦʤ ʟʘʙʨʫʜʥʝʥʥʷ ʘʪʤʦʩʬʝʨʠ ʯʘʩʪʠʥʢʘʤʠ ʩʚʠʥʮʶ, ʤʽʜʽ, ʘʣʶʤʽʥʽʶ.  

ɺ ʧʠʣʫ, ʱʦ ʦʩʽʜʘʻ ʧʦʙʣʠʟʫ ʽʥʜʫʩʪʨʽʘʣʴʥʠʭ ʮʝʥʪʨʽʚ, ʟʥʘʭʦʜʠʤʦ ʙʘʛʘʪʦ ʨʽ-

ʟʥʠʭ ʤʽʥʝʨʘʣʽʚ: ʢʚʘʨʮ, ʢʘʣʴʮʠʪ, ʛʽʧʩ, ʧʦʣʴʦʚʠʡ ʰʧʘʪ, ʘʟʙʝʩʪ (ʦʩʪʘʥʥʽʡ ʥʘʚʽʪʴ ʚ 

ʢʦʥʮʝʥʪʨʘʮʽʾ, ʟʥʘʯʥʦ ʤʝʥʰʽʡ ʥʽʞ ʢʦʥʮʝʥʪʨʘʮʽʾ ʽʥʰʠʭ ʤʽʥʝʨʘʣʽʚ ʚʠʢʣʠʢʘʻ ʥʝ-

ʦʙʦʨʦʪʥʝ ʧʦʰʢʦʜʞʝʥʥʷ ʣʝʛʝʥʴ.  

ɸʚʪʦʤʦʙʽʣʽ, ʣʠʪʝʡʥʝ ʚʠʨʦʙʥʠʮʪʚʦ ʪʘ ʩʧʘʣʶʚʘʥʥʷ ʚʽʜʭʦʜʽʚ ï ʦʩʥʦʚʥʽ 

ʜʞʝʨʝʣʘ ʟʘʙʨʫʜʥʝʥʥʷ ʘʪʤʦʩʬʝʨʠ ʩʚʠʥʮʝʤ. ʑʦʨʦʢʫ ʢʦʞʥʠʡ ʘʚʪʦʤʦʙʽʣʴ ʚʠʢʠ-

ʜʘʻ ʫ ʧʦʚʽʪʨʷ ʚ ʩʝʨʝʜʥʴʦʤʫ 1 ʢʛ ʩʚʠʥʮʶ ʫ ʚʠʛʣʷʜʽ ʘʝʨʦʟʦʣʶ ( ʚ ʙʝʥʟʠʥ ʜʦʙʘʚ-

ʣʷʻʪʴʩʷ ʪʝʪʨʘʝʪʠʣ ʩʚʠʥʮʶ ʷʢ ʘʥʪʠʜʝʪʦʥʘʪʦʨ).  ʋ ʚʝʣʠʢʠʭ ʤʽʩʪʘʭ ʙʘʛʘʪʴʦʭ ʢʨʘ-

ʾʥ ʩʚʽʪʫ ʢʦʥʮʝʥʪʨʘʮʽʷ ʩʚʠʥʮʶ ʧʝʨʝʚʠʱʫʻ 1 ʤʢʛ/ʤ3 ( ʘ ʥʘ ʧʝʨʝʭʨʝʩʪʷʭ ʪʘ ʚ ʪʫ-

ʥʝʣʷʭ 5 ï30 ʤʢʛ/ʤ3) ʧʨʠ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ, ʨʽʚʥʽʡ 0,7 ʤʢʛ/ʤ3. 

ɺ ʥʘʰ ʯʘʩ ʚʩʷ ʙʽʦʩʬʝʨʘ ʟʘʙʨʫʜʥʝʥʘ ʩʚʠʥʮʝʤ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ.   



 

 

3.3. ʇʨʦʟʦʨʽʩʪʴ ʪʘ ʾʾ ʟʚôʷʟʦʢ ʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʘʪʤʦʩʬʝʨʠ  

ʆʜʠʥ ʽʟ ʥʘʡʙʽʣʴʰ ʚʽʜʦʤʠʭ ʝʬʝʢʪʽʚ ʟʘʙʨʫʜʥʝʥʥʷ ʘʪʤʦʩʬʝʨʠ ï ʟʤʝʥʰʝʥʥʷ 

ʚʠʜʠʤʦʩʪʽ ʫ ʨʝʟʫʣʴʪʘʪʽ ʧʦʛʣʠʥʘʥʥʷ ʪʘ ʨʦʟʩʽʶʚʘʥʥʷ ʩʚʽʪʣʘ ʨʽʜʢʠʤʠ ʪʘ ʪʚʝʨʜʠ-

ʤʠ ʯʘʩʪʠʥʢʘʤʠ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʧʦʚʽʪʨʽ. ʉʚʽʪʣʦ, ʧʨʦʭʦʜʷʯʠ ʚʽʜʜʘʣʴ dx ʟʘ ʨʘ-

ʭʫʥʦʢ ʧʦʛʣʠʥʘʥʥʷ ʪʘ ʨʦʟʩʽʶʚʘʥʥʷ ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ ʚʝʣʠʯʠʥʫ dI, ʷʢʘ ʧʨʦʧʦʨ-

ʮʽʡʥʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ I.  ʇʨʠ ʮʴʦʤʫ ʤʘʻ ʤʽʩʮʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ dI=-sIdx, ʜʝ s - 

ʢʦʝʬʽʮʽʻʥʪ ʦʩʣʘʙʣʝʥʥʷ. ɯʥʪʝʛʨʫʶʯʠ ʮʝʡ ʚʠʨʘʟ ʧʦ ʜʦʚʞʠʥʽ ʰʣʷʭʫ ʚʽʜ 0 ʜʦ d , 

ʦʪʨʠʤʫʻʤʦ: 

 

)dexp(II s-= 0                                           (3.1) 

 

ʜʝ I ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʥʘ ʚʽʜʜʘʣʽ d, ʘ I0 ï ʧʦʯʘʪʢʦʚʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʨʠ x=0. 

ʂʦʝʬʽʮʽʻʥʪ ʦʩʣʘʙʣʝʥʥʷ ʚʢʣʶʯʘʻ ʝʬʝʢʪʠ ʷʢ ʨʦʟʩʽʶʚʘʥʥʷ, ʪʘʢ ʽ ʧʦʛʣʠʥʘʥʥʷ ʩʚʽ-

ʪʣʘ ʤʦʣʝʢʫʣʘʤʠ ʪʚʝʨʜʦʾ ʨʝʯʦʚʠʥʠ ʪʘ ʘʝʨʦʟʦʣʽʚ. ɯʥʢʦʣʠ ʮʽ ʝʬʝʢʪʠ ʨʦʟʜʽʣʷʶʪʴ, 

ʚʚʦʜʷʯʠ ʦʢʨʝʤʦ ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʩʽʶʚʘʥʥʷ s ʪʘ ʢʦʝʬʽʮʽʻʥʪ ʧʦʛʣʠʥʘʥʥʷ a: s= s+ 

a.  ɿʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʦʩʣʘʙʣʝʥʥʷ ʻ ʬʫʥʢʮʽʷ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʧʘʜʘʶʯʦʛʦ ʩʚʽ-

ʪʣʘ, ʨʦʟʤʽʨʽʚ, ʬʦʨʤʠ ʪʘ ʦʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʯʘʩʪʠʥʦʢ. ɼʦʚʞʠʥʘ ʭʚʠʣʴ ʩʦ-

ʥʷʯʥʦʛʦ ʩʚʽʪʣʘ ʨʦʟʪʘʰʦʚʘʥʘ ʚ ʜʽʘʧʘʟʦʥʽ 0,4 - 0,8 ʤʢʤ. ɿʘ ʦʩʣʘʙʣʝʥʥʷ ʩʚʽʪʣʘ ʫ 

ʮʴʦʤʫ ʜʽʘʧʘʟʦʥʽ ʚʽʜʧʦʚʽʜʥʽ ʯʘʩʪʠʥʢʠ, ʨʦʟʤʽʨʠ ʷʢʠʭ ʤʘʶʪʴ ʪʘʢʠʡ ʞʝ ʧʦʨʷʜʦʢ, 

ʪʦʙʪʦ 0,1 - 1,0 ʤʢʤ. ʎʴʦʛʦ ʞ ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʢʠ ʟʘʭʦʧʣʶʶʪʴʩʷ ʣʝʛʝʥʷʤʠ ʽ ʤʦ-

ʞʫʪʴ ʧʨʠʚʝʩʪʠ ʜʦ ʩʝʨʡʦʟʥʠʭ ʥʘʩʣʽʜʢʽʚ ʜʣʷ ʟʜʦʨʦʚ'ʷ ʣʶʜʠʥʠ. ʂʦʝʬʽʮʽʻʥʪ ʨʦʟ-

ʩʽʶʚʘʥʥʷ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 

2rNKs ÖÖÖ=p                                                 (3.2) 

ʜʝ N - ʯʠʩʣʦ ʯʘʩʪʠʥʦʢ ʟ ʨʦʟʤʽʨʦʤ r ʥʘ ʦʜʠʥʠʮʶ ʦʙ'ʻʤʫ, ʘ ʂ - ʬʘʢʪʦʨ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʟʩʽʶʚʘʥʥʷ - ʚʽʜʥʦʰʝʥʥʷ ʧʣʦʱʽ ʨʦʟʩʽʶʚʘʥʥʷ (ʧʣʦʱʽ ʭʚʠʣʴʦʚʦ-

ʛʦ ʬʨʦʥʪʫ, ʷʢʠʡ ʜʽʻ ʥʘ ʯʘʩʪʠʥʢʫ) ʜʦ ʧʣʦʱʽ ʯʘʩʪʠʥʢʠ.  ʋ ʚʠʧʘʜʢʫ ʙʘʛʘʪʴʦʭ ʚʠ-

ʜʽʚ ʯʘʩʪʠʥʦʢ ʥʝʦʙʭʽʜʥʦ ʚʟʷʪʠ ʩʫʤʫ ʧʦ ʚʩʽʭ ʽ-ʭ ʚʠʜʘʭ ʯʘʩʪʠʥʦʢ:  

ʅʘʷʚʥʽʩʪʴ ʨʽʟʥʠʭ ʘʝʨʦʟʦʣʽʚ ʫ ʧʦʚʽʪʨʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʚʠʜʠʤʦʩ-

ʪʽ. ɿʚʠʯʘʡʥʦ ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʥʘʡʥʠʞʯʘ ʛʨʘʥʠʮʷ ʚʠʜʠʤʦʩʪʽ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʣʶ-

ʜʝʡ ʜʦʩʷʛʘʻʪʴʩʷ ʢʦʣʠ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʚʽʪʣʘ (ʢʦʥʪʨʘʩʪ) ʟʤʝʥʰʫʻʪʴʩʷ ʜʦ 2 % ʚʽʜ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʝʦʩʣʘʙʣʝʥʦʛʦ ʩʚʽʪʣʦʚʦʛʦ ʧʫʯʢʘ. ʇʨʠ ʪʘʢʽʡ ʦʮʽʥʮʽ ʜʣʷ ʚʝʣʠʯʠ-

ʥʠ ʚʠʜʠʤʦʩʪʽ LV ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ: 
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                                                           (3.3) 



 

 

ʜʝ C - ʢʦʥʮʝʥʪʨʘʮʽʷ ʯʘʩʪʠʥʦʢ ʚʟʜʦʚʞ ʰʣʷʭʫ ʧʨʦʤʝʥʷ ʩʚʽʪʣʘ, rp - ʛʫʩʪʠ-

ʥʘ ʯʘʩʪʠʥʦʢ, ʘ r ʾʭ ʨʘʜʽʫʩ. 

 



 

3.4.  ʈʘʜʽʦʘʢʪʠʚʥʝ ʟʘʙʨʫʜʥʝʥʥʷ  

ʅʘʰ ʩʚʽʪ ʻ ʨʘʜʽʦʘʢʪʠʚʥʠʤ ʟ ʯʘʩʫ ʩʪʚʦʨʝʥʥʷ. ʋ ʧʨʠʨʦʜʽ ʚʽʜʦʤʽ ʧʦʥʘʜ 60 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ, ʷʢʽ ʤʦʞʥʘ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ:  

ʇʨʠʤʦʨʜʽʘʣʴʥʽ (ʧʝʨʚʽʩʥʽ) ï ʽʩʥʫʶʯʽ ʟ ʯʘʩʽʚ ʜʦ ʫʪʚʦʨʝʥʥʷ ɿʝʤʣʽ.  

 ʂʦʩʤʦʛʝʥʥʽ ï ʪʽ ʱʦ ʫʪʚʦʨʠʣʠʩʷ ʚʥʘʩʣʽʜʦʢ ʚʟʘʻʤʦʜʽʾ ʢʦʩʤʽʯʥʠʭ ʧʨʦʤʝ-

ʥʽʚ ʽʟ ʘʪʦʤʘʤʠ ʧʦʚʽʪʨʷ. 

 ʐʪʫʯʥʽ ï ʨʝʟʫʣʴʪʘʪ ʜʽʷʣʴʥʦʩʪʽ ʣʶʜʠʥʠ (ʢʽʣʴʢʽʩʪʴ ʥʝʚʝʣʠʢʘ ʧʦʨʽʚʥʷʥʦ 

ʽʟ ʧʨʠʨʦʜʥʠʤʠ)   

ʈʘʜʽʦʥʫʢʣʽʜʠ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʧʦʚʽʪʨʽ, ʚʦʜʽ ʪʘ ˇʨʫʥʪʽ. ɺʦʥʠ ʟʥʘʭʦʜʷʪʴʩʷ 

ʪʘʢʦʞ ʚ ʦʨʛʘʥʽʟʤʽ ʣʶʜʠʥʠ, ʷʢʘ ʻ ʪʘʢʦʞ ʧʨʦʜʫʢʪʦʤ ʥʘʰʦʛʦ ʦʪʦʯʫʶʯʦʛʦ ʩʝʨʝ-

ʜʦʚʠʱʘ. ʂʦʞʥʠʡ ʜʝʥʴ ʤʠ ʩʧʦʞʠʚʘʻʤʦ ʨʘʜʽʦʥʫʢʣʽʜʠ ʨʘʟʦʤ  ʽʟ ʧʦʚʽʪʨʷʤ, ʚʦʜʦʶ 

ʪʘ ʧʨʦʜʫʢʪʘʤʠ ʭʘʨʯʫʚʘʥʥʷ. ʇʨʠʨʦʜʥʽ ʨʘʜʽʦʥʫʢʣʽʜʠ ʻ ʚ ʢʘʤʽʥʥʽ ʪʘ ˇʨʫʥʪʽ, ʱʦ 

ʫʪʚʦʨʶʶʪʴ ʥʘʰʫ ʧʣʘʥʝʪʫ, ʫ ʚʦʜʽ ʽ ʦʢʝʘʥʘʭ, ʘ ʪʘʢʦʞ ʚ ʫʩʽʭ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝ-

ʨʽʘʣʘʭ. ɺ ʙʫʜʴ ï ʷʢʦʤʫ ʤʽʩʮʽ ʥʘ ɿʝʤʣʽ ʤʠ ʤʦʞʝʤʦ ʟʥʘʡʪʠ ʧʨʠʨʦʜʥʫ ʨʘʜʽʦʘʢʪʠ-

ʚʥʽʩʪʴ, ʥʘ ʩʴʦʛʦʜʥʽ ʚʽʜʦʤʦ ʧʦʥʘʜ 1500 ʨʽʟʥʠʭ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʷʜʝʨ.  

ɺ ʪʘʙʣʠʮʽ 3.2 ʥʘʚʝʜʝʥʽ ʜʘʥʽ ʧʨʦ ʜʦʟʠ, ʷʢʽ ʦʪʨʠʤʫʻ ʫ ʩʝʨʝʜʥʴʦʤʫ ʣʶʜʠʥʘ 

ʚ ʉʐɸ ʘ ʨʘʭʫʥʦʢ ʨʽʟʥʠʭ ʜʞʝʨʝʣ ʦʧʨʦʤʽʥʝʥʥʷ.  

ʗʢ ʚʠʜʥʦ ʽʟ ʪʘʙʣʠʮʽ 3.2. 82% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʜʦʟʠ ʦʙʫʤʦʚʣʝʥʦ ʧʨʠʨʦʜʥʠ-

ʤʠ ʜʞʝʨʝʣʘʤʠ ʨʘʜʽʘʮʽʾ, ʧʨʠʯʦʤʫ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ, ʨʘʜʦʥʦʤ. ɯʟ ʨʝʰʪʠ, 18%, 

ʦʩʥʦʚʥʠʡ ʚʢʣʘʜ ʜʘʶʪʴ ʜʞʝʨʝʣʘ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʤʝʜʠʮʠʥʽ ʽ   <1%  

ʷʜʝʨʥʘ ʟʙʨʦʷ ʪʘ ʚʽʜʧʦʚʽʜʥʽ ʚʠʧʘʜʘʥʥʷ.  

ʊʘʙʣʠʮʷ 3.2. ʈʽʯʥʘ ʩʝʨʝʜʥʷ ʝʬʝʢʪʠʚʥʘ ʝʢʚʽʚʘʣʝʥʪʥʘ ʜʦʟʘ ʦʧʨʦʤʽʥʝʥʥʷ ʥʘ 

ʣʶʜʠʥʫ ʚ ʉʐɸ  

ɼʞʝʨʝʣʦ 
ʈʽʯʥʘ ʩʝʨʝʜʥʷ ʝʬʝʢʪʠʚʥʘ ʝʢʚʽʚʘʣʝʥʪʥʘ ʜʦʟʘ  

(ʤʢɿʚ) 

ɯʥʛʘʣʷʮʽʷ (ʈʘʜʦʥ ʪʘ ʧʨʦʜʫʢʪʠ ʨʦʟʧʘʜʫ) 2000 

ɯʥʰʽ ʨʘʜʽʦʥʫʢʣʽʜʠ, ʱʦ ʜʘʶʪʴ ʚʥʝʩʦʢ ʫ ʚʥʫʪ-

ʨʽʰʥʻ ʦʧʨʦʤʽʥʝʥʥʷ.  
390 

ʅʘʟʝʤʥʝ ʦʧʨʦʤʽʥʝʥʥʷ  280 

ʂʦʩʤʽʯʥʘ ʨʘʜʽʘʮʽʷ  270 

ʂʦʩʤʦʛʝʥʥʘ ʨʘʜʽʦʘʢʪʠʚʥʽʩʪʴ 10 

ɺ  ʮʽʣʦʤʫ,  ʚʽʜ ʧʨʠʨʦʜʥʠʭ ʜʞʝʨʝʣ 3000 

ɺ  ʮʽʣʦʤʫ,  ʚʽʜ ʰʪʫʯʥʠʭ ʜʞʝʨʝʣ 600 

ɿʘʛʘʣʦʤ 3600 

 

 

 

ʊʘʙʣʠʮʷ 3.3. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʨʚʽʩʥʠʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ 

ʉʠʤʚʦʣ  

ʥʫʢʣʽʜʫ 
ʏʘʩ ʥʘʧʽʚʨʦʟʧʘʜʫ ɸʢʪʠʚʥʽʩʪʴ 



 

235U 7.04 x 108 ʨ.  0.72% ʚʩʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʫʨʘʥʫ   

238U 4.47 x 109 ʨ.   
99.2745% ʚʩʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʫʨʘʥʫ; 0.5 ʜʦ 4.7 ppm ʚʩʴʦ-

ʛʦ ʫʨʘʥʫ ʫ ʟʚʠʯʘʡʥʠʭ ʩʢʝʣʴʥʠʭ ʧʦʨʦʜʘʭ  
232Th 1.41 x 1010 ʨ.   1.6 ʜʦ 20 ppm ʫ ʟʚʠʯʘʡʥʠʭ ʩʢʝʣʴʥʠʭ ʧʦʨʦʜʘʭ 
226Ra 1.60 x 103 ʨ. 0.42 ʧʂʽ/ʛ (16 ɹʢ/ʢʛ) ʫ ʚʘʧʥʷʢʘʭ   

222Rn 3.82 ʜ. 
ɹʣʘʛʦʨʦʜʥʠʡ ʛʘʟ; ʩʝʨʝʜʥʷ ʨʽʯʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʥʘʭʦʜʠʪʴ-

ʩʷ ʫ ʤʝʞʘʭ 0.6 ɹʢ/ʤ3 ʜʦ 28 ɹʢ/ʤ3  
40K 1.28 x 109 ʨ.   ˆʨʫʥʪ - 0.037-1.1 ɹʢ/ʛ  

 

ʇʝʨʚʽʩʥʽ ʨʘʜʽʦʥʫʢʣʽʜʠ. ʇʝʨʚʽʩʥʽ ʨʘʜʽʦʥʫʢʣʽʜʠ ʽʩʥʫʶʪʴ ʟ ʯʘʩʽʚ ʜʦ ʫʪʚʦ-

ʨʝʥʥʷ ʥʘʰʦʾ ʩʠʩʪʝʤʠ ʪʘ ʚʩʝʩʚʽʪʫ. ɺʦʥʠ, ʪʠʧʦʚʦ, ʜʦʚʛʦ ʞʠʚʫʯʽ ʟ ʯʘʩʦʤ ʥʘʧʽʚ-

ʨʦʟʧʘʜʫ ʧʦʨʷʜʢʫ ʩʦʪʝʥʴ ʤʽʣʴʡʦʥʽʚ ʨʦʢʽʚ.  ɼʝʷʢʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʧʝʨʚʽʩʥʽ ʨʘ-

ʜʽʦʥʫʢʣʽʜʠ ʪʘ ʧʨʦ ʧʨʦʜʫʢʪʠ ʾʭ ʨʦʟʧʘʜʫ ʥʘʚʝʜʝʥʘ ʫ ʪʘʙʣʠʮʽ 3.3.  

ʆʜʠʥ ʽʟ ʣʘʥʮʶʛʽʚ ʨʦʟʧʘʜʫ 232Th ʤʘʻ ʚʠʛʣʷʜ: 
232Th --> 228Ra --> 228Ac --> 228Th --> 224Ra -->220Rn --> 216Po --> 212Pb --> 

212Bi --> 212Po --> 208Pb (ʩʪʘʙʽʣʴʥʠʡ) 

ɼʝʷʢʠʤʠ ʽʥʰʠʤʠ  ʧʨʠʤʦʨʜʽʘʣʴʥʠʤʠ ʨʘʜʽʦʥʫʢʣʽʜʘʤʠ ʻ: 50V, 87Rb, 113Cd, 
115In, 123Te, 138La, 142Ce, 144Nd, 147Sm, 152Gd, 174Hf, 176Lu, 187Re, 190Pt, 192Pt, 209Bi.  

 

 

ʂʦʩʤʦʛʝʥʥʽ ʨʘʜʽʦʥʫʢʣʽʜʠ. ʂʦʩʤʽʯʥʘ ʨʘʜʽʘʮʽʷ ʧʨʦʥʠʟʫʻ ʚʝʩʴ ʧʨʦʩʪʽʨ, ʘ 

ʦʩʥʦʚʥʝ ʜʞʝʨʝʣʦ ʾʾ ʥʘʭʦʜʠʪʴʩʷ ʧʦʟʘ ʤʝʞʘʤʠ ʥʘʰʦʾ ʩʦʥʷʯʥʦʾ ʩʠʩʪʝʤʠ. ʂʦʩʤʽ-

ʯʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʽʩʥʫʻ ʫ ʚʠʛʣʷʜʽ ʚʽʜ ʚʘʞʢʠʭ ʯʘʩʪʠʥʦʢ ʟ ʚʝʣʠʢʠʤ ʰʚʠʜʢʦ-

ʩʪʷʤʠ ʜʦ ʚʠʩʦʢʦ ʝʥʝʨʛʝʪʠʯʥʠʭ ʬʦʪʦʥʽʚ ʪʘ ʤʶʦʥʽʚ.  

ʇʨʠ ʚʟʘʻʤʦʜʽʾ ʢʦʩʤʽʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʽʟ ʘʪʦʤʘʤʠ  ʫ ʚʝʨʭʥʽʭ ʰʘʨʘʭ 

ʘʪʤʦʩʬʝʨʠ ʚʠʥʠʢʘʶʪʴ ʨʘʜʽʦʘʢʪʠʚʥʽ ʽʟʦʪʦʧʠ. ʎʽ, ʢʦʩʤʦʛʝʥʥʽ, ʽʟʦʪʦʧʠ ʤʘʶʪʴ 

ʚʝʣʠʢʠʡ ʯʘʩ ʞʠʪʪʷ, ʘʣʝ, ʚ ʦʩʥʦʚʥʦʤʫ, ʤʝʥʰʠʡ ʥʽʞ ʯʘʩ ʞʠʪʪʷ ʧʝʨʚʽʩʥʠʭ ʨʘʜʽʦ-

ʥʫʢʣʽʜʽʚ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʝʷʢʠʭ ʢʦʩʤʦʛʝʥʥʠʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙ-

ʣʠʮʽ 3.4.3. 

ɯʥʰʠʤʠ ʢʦʩʤʦʛʝʥʥʠʤʠ ʨʘʜʽʦʥʫʢʣʽʜʘʤʠ ʻ : 10Be, 26Al, 36Cl, 80Kr, 14C, 
32Si, 39Ar, 22Na, 35S, 37Ar, 33P, 32P, 38Mg, 24Na, 38S, 31Si, 18F, 39Cl, 38Cl, 34mCl.  

 

 

 

ʊʘʙʣʠʮʷ 3.4. ʂʦʩʤʦʛʝʥʥʽ ʨʘʜʽʦʥʫʢʣʽʜʠ  

ʅʫʢʣʽʜ 
ʏʘʩ ʥʘʧʽʚʨʦʟ-

ʧʘʜʫ  
ɼʞʝʨʝʣʦ ʇʨʠʨʦʜʥʘ ʘʢʪʠʚʥʽʩʪʴ 

14C 5730 ʨ.  
ɺʟʘʻʤʦʜʽʷ ʢʦʩʤʽʯʥʠʭ ʧʨʦʤʝʥʽʚ, 
14N(n,p)14C; 

0.22 ɹʢ/ʛ  ʚ ʦʨʛʘʥʽʯʥʽʡ ʨʝ-

ʯʦʚʠʥʽ  

3T 12.3 ʨ.   
ɺʟʘʻʤʦʜʽʷ ʢʦʩʤʽʯʥʠʭ ʧʨʦʤʝʥʽʚ ʟ N ʪʘ 

O; ʩʧʘʣʣʘʮʽʷ ʢʦʩʤʽʯʥʠʭ ʧʨʦʤʝʥʽʚ, 
1.2 x 10-3 ɹʢ/ʢʛ  



 

6Li(n,a)3H 

7Be 53.28 ʜ.  
ɺʟʘʻʤʦʜʽʷ ʢʦʩʤʽʯʥʠʭ ʧʨʦʤʝʥʽʚ ʟ N ʪʘ 

O;  
0.01 ɹʢ/ʢʛ 

 

ʐʪʫʯʥʽ ʨʘʜʽʦʥʫʢʣʽʜʠ. ʃʶʜʩʪʚʦ ʜʦʩʣʽʜʞʫʻ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʨʘʜʽʦʘʢʪʠ-

ʚʥʽʩʪʴ ʫʞʝ ʥʘ ʧʨʦʪʷʟʽ ʙʽʣʴʰ ʷʢ 100 ʨʦʢʽʚ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʪʘʢʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ 

ʧʨʠʨʦʜʽ ʟ'ʷʚʠʣʠʩʷ ʥʦʚʽ ʨʘʜʽʦʥʫʢʣʽʜʠ. ʂʽʣʴʢʽʩʪʴ ʮʠʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʤʘʣʘ ʧʦʨʽʚ-

ʥʷʥʦ  ʢʽʣʴʢʽʩʪʶ ʧʨʠʨʦʜʥʠʭ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʟʘʚʜʷʢʠ ʤʘʣʦʤʫ ʯʘʩʫ ʾʭ ʥʘʧʽʚʨʦʟʧʘ-

ʜʫ. ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ ʾʭ ʥʘʜʭʦʜʞʝʥʥʷ ʫ ʥʘʚʢʦʣʠʰʥʻ 

ʩʝʨʝʜʦʚʠʱʝ ʟʘʚʜʷʢʠ ʧʨʠʧʠʥʝʥʥʶ ʥʘʟʝʤʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʷʜʝʨʥʦʾ ʟʙʨʦʾ. ɺ 

ʪʘʙʣʠʮʽ 3.4.4 ʥʘʚʝʜʝʥʽ ʜʝʷʢʽ ʰʪʫʯʥʽ ʨʘʜʽʦʥʫʢʣʽʜʠ ʪʘ ʾʭ ʜʞʝʨʝʣʘ ʧʦʭʦʜʞʝʥʥʷ.    

ʊʘʙʣʠʮʷ 3.5. ʐʪʫʯʥʽ ʨʘʜʽʦʥʫʢʣʽʜʠ 

ʅʫʢʣʽʜ 
ʉʠʤ-

ʚʦʣ 

ʏʘʩ ʥʘʧʽʚʞʠʪ-

ʪʷ   
ɼʞʝʨʝʣʦ 

ʊʨʠʪʽʡ 3H 12.3 ʨ.  

ɺʠʛʦʪʦʚʣʝʥʥʷ ʪʘ ʚʠʧʨʦʙʦʚʫʚʘʥʥʷ ʷʜʝʨʥʦʾ ʟʙʨʦʾ, ʨʦʙʦ-

ʪʘ ʷʜʝʨʥʠʭ ʨʝʘʢʪʦʨʽʚ ʜʽʣʝʥʥʷ, ʧʝʨʝʨʦʙʢʘ ʷʜʝʨʥʦʛʦ ʧʘ-

ʣʠʚʘ.    

ʁʦʜ 131 131I 8.04 ʜʥ. 

ɺʠʛʦʪʦʚʣʝʥʥʷ ʪʘ ʚʠʧʨʦʙʦʚʫʚʘʥʥʷ ʷʜʝʨʥʦʾ ʟʙʨʦʾ, ʨʦʙʦ-

ʪʘ ̫ʜʝʨʥʠʭ ʨʝʘʢʪʦʨʽʚ ʜʽʣʝʥʥʷ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʤʝʜʠʯ-

ʥʠʭ ʮʽʣʷʭ 

ʁʦʜ 129 129I 1.57x107 ʨ. 
ɺʠʛʦʪʦʚʣʝʥʥʷ ʪʘ ʚʠʧʨʦʙʦʚʫʚʘʥʥʷ ʷʜʝʨʥʦʾ ʟʙʨʦʾ, ʨʦʙʦ-

ʪʘ ʷʜʝʨʥʠʭ ʨʝʘʢʪʦʨʽʚ ʜʽʣʝʥʥʷ 

ʎʝʟʽʡ 137 137Cs 30.17 ʨ. 
ɺʠʛʦʪʦʚʣʝʥʥʷ ʪʘ ʚʠʧʨʦʙʦʚʫʚʘʥʥʷ ʷʜʝʨʥʦʾ ʟʙʨʦʾ, ʨʦʙʦ-

ʪʘ ʷʜʝʨʥʠʭ ʨʝʘʢʪʦʨʽʚ ʜʽʣʝʥʥʷ 

ʉʪʨʦʥʮʽʡ 90 90Sr 28.78 ʨ. 
ɺʠʛʦʪʦʚʣʝʥʥʷ ʪʘ ʚʠʧʨʦʙʦʚʫʚʘʥʥʷ ʷʜʝʨʥʦʾ ʟʙʨʦʾ, ʨʦʙʦ-

ʪʘ ʷʜʝʨʥʠʭ ʨʝʘʢʪʦʨʽʚ ʜʽʣʝʥʥʷ 

ʊʝʭʥʝʮʽʡ 99 99Tc 2.11x105ʨ. 
ʇʨʦʜʫʢʪ ʨʦʟʧʘʜʫ  99Mo, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʛʦ ʚ ʤʝʜʠʮʠ-

ʥʽ. 

ʇʣʫʪʦʥʽʡ 239 239Pu 2.41x104ʨ. 
ʈʝʟʫʣʴʪʘʪ ʙʦʤʙʘʨʜʫʚʘʥʥʷ   238U ʥʝʡʪʨʦʥʘʤʠ ( 238U + n-

-> 239U--> 239Np +Ç--> 239Pu+Ç)  

 

ɯʥʰʽ ʘʩʧʝʢʪʠ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ. ɺ ʪʘʙʣ. 3.6 ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʜʘʥʽ ʧʨʦ ʚʝʣʠʯʠʥʫ ʘʢʪʠʚʥʦʩʪʽ ʧʨʠʨʦʜʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʫ ˇʨʫʥʪʽ ʦʙôʻʤʦʤ 7.894 

x 105 ʤ3. ɺʽʜʤʽʪʠʤʦ, ʱʦ ʨʽʚʥʽ ʘʢʪʠʚʥʦʩʪʽ ʩʫʪʪʻʚʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʠʧʫ ˇʨʫʥʪʫ, ʤʽ-

ʥʝʨʘʣʴʥʦʛʦ ʩʢʣʘʜʫ ʪʘ ʛʫʩʪʠʥʠ (ʧʨʠ ʦʙʯʠʩʣʝʥʥʷʭ ʚʠʢʦʨʠʩʪʘʥʦ ʟʥʘʯʝʥʥʷ ~1.58 

ʛ/ʩʤ3).  

ʅʽʯʦʛʦ ʜʠʚʥʦʛʦ ʥʝʤʘʻ ʚ ʪʦʤʫ, ʱʦ ʚ ʪʽʣʽ ʣʶʜʠʥʠ ʜʝʷʢʽ ʭʽʤʽʯʥʽ ʝʣʝʤʝʥʪʠ ʻ 

ʨʘʜʽʦʘʢʪʠʚʥʠʤʠ. ɼʝʷʢʽ ʽʟ ʪʘʢʠʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʪʽ, ʱʦ ʙʫʣʠ 

ñʩʚʽʜʢʘʤʠò ʫʪʚʦʨʝʥʥʷ ʩʦʥʷʯʥʦʾ ʩʠʩʪʝʤʠ, ʩʫʧʨʦʚʦʜʞʫʶʪʴ ʥʘʩ ʟ ʜʥʷ ʥʘʨʦʜʞʝʥ-

ʥʷ. ɯʥʰʽ ʨʘʜʽʦʥʫʢʣʽʜʠ ʥʘʜʭʦʜʷʪʴ ʚ ʦʨʛʘʥʽʟʤ ʨʘʟʦʤ ʟ ʧʨʦʜʫʢʪʘʤʠ ʭʘʨʯʫʚʘʥʥʷ.  

ʆʨʽʻʥʪʦʚʥʽ ʜʘʥʽ ʧʨʦ ʚʤʽʩʪ ʨʽʟʥʠʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʪʘ ʧʨʦ ʾʭ ʘʢʪʠʚʥʽʩʪʴ ʚ ʦʨʛʘʥʽ-

ʟʤʽ ʣʶʜʠʥʠ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣ.3.7.   



 

ʊʘʙʣʠʮʷ 3.6. ʇʨʠʨʦʜʥʘ ʘʢʪʠʚʥʽʩʪʴ ˇʨʫʥʪʫ  

ʅʫʢʣʽʜ 
ɸʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʘ ʧʨʠ 

ʦʙʯʠʩʣʝʥʥʷʭ  
ʄʘʩʘ ʥʫʢʣʽʜʘ   ɸʢʪʠʚʥʽʩʪʴ ʦʙôʻʤʫ ˇʨʫʥʪʫ  

ʋʨʘʥ 0.7 ʧʂʽ/ʛ (25 ɹʢ/ʢʛ) 2,200 ʢʛ 0.8 ʂʶʨʽ  (31 ɻɹʢ) 

ʊʦʨʽʡ 1.1 ʧʂʽ/ʛ (40 ɹʢ/ʢʛ) 12,000 ʢʛ 1.4 ʂʶʨʽ  (52 ɻɹʢ) 

ʂʘʣʽʡ 40 11 ʧʂʽ/ʛ (400 ɹʢ/ʢʛ) 2000 ʢʛ 13 ʂʶʨʽ (500 ɻɹʢ) 

ʈʘʜʽʡ 1.3 ʧʂʽ/ʛ (48 ɹʢ/ʢʛ) 1.7ʛ 1.7 ʂʶʨʽ (63 ɻɹʢ) 

ʈʘʜʦʥ 0.17 ʧʂʽ/ʛ (10 ʢɹʢ/ʤ3)  11 ʤʢʛ 0.2 ʂʶʨʽ (7.4 ɻɹʢ) 

 ɿʘʛʘʣʦʤ:  >17 ʂʶʨʽ (>653 ɻɹʢ) 

 

ʊʘʙʣʠʮʷ 3.7. ʇʨʠʨʦʜʥʘ ʨʘʜʽʦʘʢʪʠʚʥʽʩʪʴ ʫ ʪʽʣʽ ʣʶʜʠʥʠ  

ʅʫʢʣʽʜ ɿʘʛʘʣʴʥʘ ʤʘʩʘ ʥʫʢʣʽʜʽʚ ʫ ʪʽʣʽ ʣʶʜʠʥʠ 
ɿʘʛʘʣʴʥʘ ʘʢʪʠʚʥʽʩʪʴ ʥʫʢʣʽʜʽʚ ʫ ʪʽʣʽ 

ʣʶʜʠʥʠ 

ʋʨʘʥ 90 ʤʢʛ 30 ʧʂʽ (1.1 ɹʢ) 

ʊʦʨʽʡ 30 ʤʢ 3 ʧʂʽ (0.11 ɹʢ) 

ʂʘʣʽʡ 40 17 ʤʛ 120 nCi (4.4 ʢɹʢ) 

ʈʘʜʽʡ 31 ʧʛ 30 ʧʂʽ (1.1 ɹʢ) 

ɺʫʛʣʝʮʴ 14 95 ʤʢ 0.4 ʤʢʂʽ (15 ʢɹʢ) 

ʊʨʠʪʽʡ 0.06 ʧʛ 0.6 ʥʂʽ (23 ɹʢ) 

ʇʦʣʦʥʽʡ 0.2 ʧʛ 1 ʥʂʽ  (37 ɹʢ) 

 

ʆʙʣʘʩʪʽ ʟ ʚʠʩʦʢʠʤ ʬʦʥʦʚʠʤ ʨʽʚʥʝʤ ʨʘʜʽʘʮʽʾ. ɺ 1972 ʨʦʮʽ ʬʨʘʥʮʫʟʴʢʠ-

ʤʠ ʛʝʦʣʦʛʘʤʠ ʙʫʣʦ ʚʽʜʢʨʠʪʝ ʮʽʢʘʚʝ ʷʚʠʱʝ ʚ ɿʘʭʽʜʥʽʡ ɸʬʨʠʮʽ ʚ ʈʝʩʧʫʙʣʽʮʽ ɻʘ-

ʙʦʥ ï ʧʨʠʨʦʜʥʠʡ ʷʜʝʨʥʠʡ ʨʝʘʢʪʦʨ. ʎʝʡ ʨʝʘʢʪʦʨ ʙʫʚ ʢʨʠʪʠʯʥʠʤ 1.7 ʤʽʣʴʷʨʜʽʚ 

ʨʦʢʽʚ ʪʦʤʫ, ʚʠʨʦʙʠʚ 15000 ʤʝʛʘʚʘʪ-ʨʦʢʽʚ ʝʥʝʨʛʽʾ, ʩʧʦʞʠʚʰʠ 6 ʪʦʥ ʫʨʘʥʫ. ɺʽʥ 

ʜʽʷʚ ʧʨʠ ʧʦʥʠʞʝʥʽʡ ʧʦʪʫʞʥʦʩʪʽ ʧʦʥʘʜ ʜʝʢʽʣʴʢʘ ʩʦʪʝʥʴ ʪʠʩʷʯ ʨʦʢʽʚ.  ʅʘ ʩʴʦʛʦ-

ʜʥʽ ʨʦʟʱʝʧʣʝʥʠʡ ʫʨʘʥ 235 ʤʘʻ ʧʨʠʨʦʜʥʫ ʨʦʟʧʦʚʩʶʜʞʝʥʽʩʪʴ  0.7202%,  ʘʣʝ 

ʚʯʝʥʽ ʚʽʜʤʽʪʠʣʠ, ʱʦ ʜʝʷʢʽ ʟʨʘʟʢʠ ʚ ʤʽʩʮʝʚʦʩʪʽ ʆʢʣʦ ʤʘʶʪʴ 0.7171%. ʍʦʯ ʨʽʟ-

ʥʠʮʷ ʽ ʥʝʚʝʣʠʢʘ, ʚʦʥʘ ʩʧʦʥʫʢʘʣʘ ʚʯʝʥʠʭ ʜʦ ʨʦʟʜʫʤʽʚ ʽ ʚʠʚʯʠʪʠ ʤʽʩʮʝʚʽʩʪʴ 

ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ. ʇʽʟʥʽʰʝ ʙʫʣʠ ʟʥʘʡʜʝʥʽ ʟʨʘʟʢʠ ʟʙʽʜʥʝʥʽ ʥʘ 0,44%. ʊʘʢʘ ʨʽʟʥʠ-

ʮʷ ʤʦʞʝ ʙʫʪʠ ʧʦʷʩʥʝʥʘ, ʷʢʱʦ ʜʦʧʫʩʪʠʪʠ, ʱʦ ʧʘʣʠʚʦ 235U ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʦʩʴ ʚ 

ʨʝʘʢʮʽʾ ʜʽʣʝʥʥʷ. ʇʨʠ ʧʦʜʘʣʴʰʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʙʫʣʦ ʟʥʘʡʜʝʥʦ ʘʥʦʨʤʘʣʴʥʦ ʚʠ-

ʩʦʢʠʡ ʚʤʽʩʪ ʧʨʦʜʫʢʪʽʚ ʜʽʣʝʥʥʷ ʚ ʰʝʩʪʠ ʨʝʘʢʪʦʨʥʠʭ ʟʦʥʘʭ.   

ʇʦʜʽʙʥʦ ʩʫʯʘʩʥʠʤ ʨʝʘʢʪʦʨʘʤ, ʧʨʠʨʦʜʥʠʡ ʨʝʘʢʪʦʨ ʧʦʪʨʝʙʫʚʘʚ ʜʝʷʢʠʭ 

ʩʧʝʮʽʘʣʴʥʠʭ ʫʤʦʚ, ʘ ʩʘʤʝ, ʥʘʷʚʥʦʩʪʽ ʧʘʣʠʚʘ, ʫʧʦʚʽʣʴʥʶʚʘʯʘ ʥʝʡʪʨʦʥʽʚ ʪʘ ʜʝ-

ʷʢʠʭ ʫʤʦʚ ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʪʝʧʣʘ. ʋ ʙʽʣʴʰʦʩʪʽ ʩʫʯʘʩʥʠʭ ʨʝʘʢʪʦʨʽʚ  ʢʦʥʮʝʥʪʨʘ-

ʮʽʷ  235U ʰʪʫʯʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʘ ʚ ʯʘʩʠ, ʢʦʣʠ ʜʽʷʚ ʧʨʠʨʦʜʥʠʡ ʨʝʘʢʪʦʨ ʚ ʆʢʣʦ, 

ʙʫʣʦ ʧʨʠʨʦʜʥʝ ʟʙʘʛʘʯʝʥʥʷ ʧʨʠʙʣʠʟʥʦ ʥʘ 3 %.  ʊʘʢʦʛʦ ʟʙʘʛʘʯʝʥʥʷ ʙʫʣʦ ʜʦʩʠʪʴ 

ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʷʜʝʨʥʦʾ ʨʝʘʢʮʽʾ. ʅʘʷʚʥʽ ˇʨʫʥʪʦʚʽ ʚʦʜʠ ʚʽʜʽʛʨʘʚʘʣʠ ʬʫʥʢʮʽʾ ʦʭʦ-

ʣʦʜʞʫʚʘʯʘ.  ʗʢ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʽʩʥʫʚʘʥʥʷ ʚ ʤʠʥʫʣʦʤʫ ʧʨʠʨʦʜʥʦʛʦ ʷʜʝʨʥʦʛʦ 



 

ʨʝʘʢʪʦʨʘ ʙʫʣʠ ʟʥʘʡʜʝʥʽ ʽʟʦʪʦʧʠ ʥʝʦʜʠʤʫ, ʷʢʽ ʻ ʧʨʦʜʫʢʪʘʤʠ ʨʦʟʧʘʜʫ ʽ ʧʨʠʙʣʠ-

ʟʥʦ ʚ ʪʽʡ ʞʝ ʢʽʣʴʢʦʩʪʽ, ʱʦ ʽ ʚ ʩʫʯʘʩʥʠʭ ʫʨʘʥʦʚʠʭ ʷʜʝʨʥʠʭ ʨʝʘʢʪʦʨʘʭ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʦʜʥʘ ʽʟ ʥʘʡʙʽʣʴʰ ʚʠʜʘʪʥʠʭ ʧʦʜʽʡ 20 - ʛʦ ʩʪʦʨʽʯʯʷ, ʘ ʩʘʤʝ 

ʩʪʚʦʨʝʥʥʷ ʚ 1941 ʨʦʮʽ ɽʥʨʽʢʦ ʌʝʨʤʽ ʷʜʝʨʥʦʛʦ ʨʝʘʢʪʦʨʘ, ʻ ʚʽʜʪʚʦʨʝʥʥʷʤ ʧʨʠ-

ʨʦʜʥʦʛʦ ʷʚʠʱʘ, ʱʦ ʤʘʣʦ ʤʽʩʮʝ, ʧʨʠʙʣʠʟʥʦ, ʜʚʘ ʤʽʣʴʷʨʜʠ ʨʦʢʽʚ ʪʦʤʫ.   

ʌʦʥʦʚʽ ʨʽʚʥʽ ʨʘʜʽʘʮʽʾ ʥʘ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ ʜʦʩʠʪʴ ʧʦʩʪʽʡʥʽ ʽ ʩʢʣʘʜʘʶʪʴ 8-

15 ʤʢʤʨʘʜ/ʛʦʜ. ʎʽ ʨʽʚʥʽ ʦʙʫʤʦʚʣʝʥʽ ʢʦʤʙʽʥʘʮʽʻʶ ʥʘʟʝʤʥʦʾ  (40K, 232Th, 226Ra, ʽ 

ʪ.ʜ.) ʪʘ ʢʦʩʤʽʯʥʦʾ ʨʘʜʽʘʮʽʾ (ʬʦʪʦʥʠ, ʤʶʦʥʠ ʽ ʪ.ʜ.).  ʆʜʥʘʢ, ʥʘ ɿʝʤʣʽ ʽʩʥʫʶʪʴ 

ʜʝʷʢʽ ʦʙʣʘʩʪʽ, ʟ ʜʦʩʠʪʴ ʟʥʘʯʥʠʤ ʥʘʩʝʣʝʥʥʷʤ, ʽʟ ʟʥʘʯʥʦ ʙʽʣʴʰʠʤʠ ʧʨʠʨʦʜʥʠʤʠ 

ʨʽʚʥʷʤʠ ʨʘʜʽʘʮʽʾ. ʊʘʢʽ ʦʙʣʘʩʪʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ɹʨʘʟʠʣʽʾ, ɯʥʜʽʾ ʽ ʂʠʪʘʾ. ɺʠʩʦʢʽ ʨʽ-

ʚʥʽ ʨʘʜʽʘʮʽʾ ʦʙʫʤʦʚʣʝʥʽ ʚʠʩʦʢʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʤʽʥʝʨʘʣʽʚ ʫ 

ˇʨʫʥʪʽ. ʊʘʢʠʤ ʤʽʥʝʨʘʣʦʤ ʻ, ʥʘʧʨʠʢʣʘʜ, ʤʦʥʘʟʠʪ ï ʥʝʨʦʟʯʠʥʥʠʡ ʨʽʜʢʦʟʝʤʝʣʴ-

ʥʠʡ ʤʽʥʝʨʘʣ, ʷʢʠʡ ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʥʘ ʧʽʱʘʥʠʭ ʙʝʨʝʛʘʭ ʨʘʟʦʤ ʟ ʽʣʴʤʝʥʽʪʦʤ, ʷʢʠʡ 

ʥʘʜʘʻ ʧʽʩʢʘʤ ʭʘʨʘʢʪʝʨʥʦʛʦ ʯʦʨʥʦʛʦ ʢʦʣʴʦʨʫ. ʆʩʥʦʚʥʽ ʨʘʜʽʦʽʟʦʪʦʧʠ ʚ ʤʦʥʘʟʠʪʽ 

ʽʟ ʨʷʜʫ -232Th, ʘʣʝ ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʪʘʢʦʞ ʫʨʘʥ ʟ ʡʦʛʦ ʜʦʯʽʨʥʽʤ ʝʣʝʤʝʥʪʦʤ 226Ra. 

ʈʽʚʥʽ ʟʦʚʥʽʰʥʴʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ ʥʘ ʪʘʢʠʭ ʯʦʨʥʠʭ ʧʽʩʢʘʭ ʩʷʛʘʶʪʴ  ʜʦ 5 

ʤʨʘʜ/ʛʦʜ (50 ʤʢʤGy/ʛʦʜ),  ʱʦ ʤʘʡʞʝ ʚ 400 ʨʘʟʽʚ ʙʽʣʴʰʝ ʟʘ ʟʚʠʯʘʡʥʠʡ ʬʦʥʦ-

ʚʠʡ ʨʽʚʝʥʴ. ɯʥʰʘ ʚʠʩʦʢʦʨʽʚʥʝʚʘ ʦʙʣʘʩʪʴ ʚ ɹʨʘʟʠʣʽʾ - ʨʝʟʫʣʴʪʘʪ ʚʝʣʠʢʠʭ ʧʦʢʣʘ-

ʜʽʚ ʨʫʜ ʟ ʨʽʜʢʦʟʝʤʝʣʴʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ, ʷʢʽ ʫʪʚʦʨʶʶʪʴ ʧʽʜʚʠʱʝʥʦʩʪʽ ʚʠʱʝ 

ʦʪʦʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʘ 250 ʤ. ɺ ʪʘʢʠʭ ʧʦʢʣʘʜʘʭ ʻ ʙʽʣʷ 30 000 ʪʦʥ ʪʦʨʽʶ 

ʪʘ 100 000 ʪʦʥ ʨʽʜʢʦʟʝʤʝʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ. ɹʽʣʷ ʚʝʨʰʠʥʠ ʪʘʢʠʭ ʧʘʛʦʨʙʽʚ ʨʽʚʥʽ 

ʨʘʜʽʘʮʽʾ ʩʢʣʘʜʘʶʪʴ ʚʽʜ   1 ʜʦ 2 ʤʨʘʜ/ʛʦʜ ( 0.01 - 0.02 ʤɻʨ/ʛʦʜ) ʧʦ ʦʙʣʘʩʪʽ ʧʣʦ-

ʱʝʶ ʧʨʠʙʣʠʟʥʦ 30 000 ʤ2. ʈʦʩʣʠʥʠ ʪʘʤ ʘʙʩʦʨʙʫʶʪʴ ʪʘʢ ʙʘʛʘʪʦ 228Ra, ʱʦ ʧʨʠ 

ʧʦʤʽʱʝʥʥʽ ʾʭ ʥʘ ʬʦʪʦʙʫʤʘʛʫ ʜʘʶʪʴ ʩʚʽʡ ʧʦʨʪʨʝʪ (ʘʫʪʦʨʘʜʽʦʛʨʘʬʽʷ). 

ʑʝ ʚʠʱʽ ʨʽʚʥʽ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʥʘ ʧʽʚʜʝʥʥʦ ï ʟʘʭʽʜʥʦʤʫ ʫʟʙʝʨʝʞʞʽ ɯʥ-

ʜʽʾ, ʜʝ ʚʽʜʢʣʘʜʝʥʥʷ ʤʦʥʦʟʠʪʫ ʙʽʣʴʰʽ ʥʽʞ ʚ ɹʨʘʟʠʣʽʾ. ɼʦʟʘ ʚʽʜ ʟʦʚʥʽʰʥʴʦʛʦ 

ʦʧʨʦʤʽʥʝʥʥʷ ʩʢʣʘʜʘʻ 500-600 ʤʨʘʜ/ʨʽʢ (5 - 6 mGy/yr). ʇʦʚʽʜʦʤʣʷʣʦʩʴ ʧʨʦ ʽʥ-

ʜʠʚʽʜʫʘʣʴʥʽ ʜʦʟʠ ʜʦ 3260 ʤʨʘʜ/ʨʽʢ. 

ʇʦʜʽʙʥʽ ʦʙʣʘʩʪʽ ʽʩʥʫʶʪʴ ʚ ʂʠʪʘʾ, ʟ ʪʘʢʠʤ ʞʝ ʬʦʥʦʚʠʤ ʨʽʚʥʝʤ ʨʘʜʽʘʮʽʾ, 

ʷʢʽ ʪʘʢʦʞ ʦʙʫʤʦʚʣʝʥʽ ʥʘʷʚʥʽʩʪʶ ʤʦʥʦʟʠʪʫ, ʷʢʠʡ ʤʽʩʪʠʪʴ ʪʦʨʽʡ, ʫʨʘʥ ʪʘ ʨʘʜʽʡ.  

ɺ ʦʙʣʘʩʪʷʭ ʟ ʚʠʩʦʢʠʤ ʧʨʠʨʦʜʥʠʤ ʨʘʜʽʘʮʽʡʥʠʤ ʬʦʥʦʤ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʧʽʜʚʠʱʝʥʘ ʯʘʩʪʦʪʘ ʘʙʝʨʘʮʽʡ ʭʨʦʤʦʩʦʤ, ʧʨʠʯʦʤʫ ʮʽ ʟʙʽʣʴʰʝʥʥʷ ʩʫʤʽʩʥʽ ʟ ʩʧʦʩ-

ʪʝʨʝʞʫʚʘʥʠʤʠ ʫ ʣʶʜʝʡ, ʷʢʽ ʟʘʟʥʘʣʠ ʚʠʩʦʢʠʭ ʜʦʟ ʦʧʨʦʤʽʥʝʥʥʷ. ɸʣʝ, ʩʝʨʝʜ ʥʘ-

ʩʝʣʝʥʥʷ, ʱʦ ʧʦʩʪʽʡʥʦ ʧʨʦʞʠʚʘʻ ʥʘ ʪʝʨʠʪʦʨʽʷʭ ʟ ʘʥʦʤʘʣʴʥʦ ʚʠʩʦʢʠʤ ʧʨʠʨʦʜ-

ʥʠʤ ʨʘʜʽʘʮʽʡʥʠʤ ʬʦʥʦʤ, ʥʽʷʢʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʯʘʩʪʦʪʠ ʦʥʢʦʟʘʭʚʦʨʶʚʘʥʴ ʥʝ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ.   

ʎʽ ʬʘʢʪʠ ʤʦʞʫʪʴ ʩʣʫʞʠʪʠ ʘʨʛʫʤʝʥʪʘʤʠ ʥʘ ʢʦʨʠʩʪʴ ʘʜʘʧʪʘʮʽʡʥʦʾ ʛʽʧʦʪʝ-

ʟʠ ʙʽʦʣʦʛʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʷʜʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʨʦʟʨʦʙʣʝʥʦʾ ʘʚʪʦʨʘʤʠ 

ʨʦʙʦʪʠ[39]. ɿʛʽʜʥʦ ʮʽʻʾ ʛʽʧʦʪʝʟʠ ʩʣʽʜ ʛʦʚʦʨʠʪʠ ʧʨʦ ʦʧʪʠʤʘʣʴʥʠʡ ʜʽʘʧʘʟʦʥ ʨʘ-



 

ʜʽʘʮʽʡʥʦʛʦ ʬʘʢʪʦʨʫ, ʷʢʠʡ ʚ ʦʩʥʦʚʥʦʤʫ ʚʽʜʧʦʚʽʜʘʻ ʨʽʚʥʶ ʧʨʠʨʦʜʥʦʛʦ ʬʦʥʫ.  

ɿʘʛʘʣʴʥʦʶ ʟʘʢʦʥʦʤʽʨʥʽʩʪʶ ʘʜʘʧʪʘʮʽʾ ʜʦ ʘʙʽʦʪʠʯʥʠʭ ʬʘʢʪʦʨʽʚ ʻ ʦʜʥʦʤʦʜʦʚʘ 

ʟʘʣʝʞʥʽʩʪʴ ʧʨʠʩʪʦʩʫʚʘʥʥʷ ʦʨʛʘʥʽʟʤʫ ʜʦ ʥʠʭ . ʂʨʠʚʘ ʪʦʣʝʨʘʥʪʥʦʩʪʽ ʦʨʛʘʥʽʟʤʫ 

ʤʘʻ ʬʦʨʤʫ ʢʫʧʦʣʘ, ʩʝʨʝʜʥʷ ʯʘʩʪʠʥʘ ʷʢʦʛʦ ʷʢʦʛʦ ʚʽʜʦʙʨʘʞʘʻ ʦʧʪʠʤʘʣʴʥʠʡ ʜʣʷ 

ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʜʽʘʧʘʟʦʥ ʫʤʦʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ʃʶʜʩʪʚʦ ʜʦʩʣʽʜʞʫʻ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʨʘʜʽʦʘʢʪʠʚʥʽʩʪʴ ʫʞʝ ʥʘ ʧʨʦʪʷʟʽ 

ʙʽʣʴʰ ʷʢ 100 ʨʦʢʽʚ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʪʘʢʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʧʨʠʨʦʜʽ ʟ'ʷʚʠʣʠʩʷ ʥʦ-

ʚʽ ʨʘʜʽʦʥʫʢʣʽʜʠ. ʂʽʣʴʢʽʩʪʴ ʮʠʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʥʝʟʥʘʯʥʘ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʨʠʨʦʜ-

ʥʠʤʠ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʟʘʚʜʷʢʠ ʤʘʣʦʤʫ ʯʘʩʫ ʾʭ ʥʘʧʽʚʨʦʟʧʘʜʫ. ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ ʾʭ ʥʘʜʭʦʜʞʝʥʥʷ ʫ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʟʘʚʜʷ-

ʢʠ ʧʨʠʧʠʥʝʥʥʶ ʥʘʟʝʤʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʷʜʝʨʥʦʾ ʟʙʨʦʾ.  

ʇʨʠ ʩʧʨʦʙʽ ʦʧʠʩʘʪʠ ʧʨʦʮʝʩ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʫ ʯʘʩʽ, ʚʠʭʦ-

ʜʷʪʴ ʽʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʬʘʢʪʫ, ʘ ʩʘʤʝ: ʡʤʦʚʽʨʥʽʩʪʴ ʨʦʟʧʘʜʫ ʘʪʦʤʘ ʥʝ ʟʘ-

ʣʝʞʠʪʴ ʚʽʜ ʟʦʚʥʽʰʥʽʭ ʫʤʦʚ, ʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʽʣʴʢʠ ʚʥʫʪʨʽʰʥʴʦʶ ʙʫʜʦʚʦʶ ʷʜ-

ʨʘ. ʊʦʤʫ ʚʚʦʜʷʪʴ ʢʦʥʩʪʘʥʪʫ l, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʡʤʦʚʽʨʥʽʩʪʴ ʨʦʟʧʘʜʫ ʷʜʨʘ ʟʘ 

ʦʜʠʥʠʮʶ ʯʘʩʫ. ʁʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʷʜʨʦ ʨʦʟʧʘʜʝʪʴʩʷ ʟʘ ʯʘʩ dt ʙʫʜʝ ʜʦʨʽʚ-

ʥʶʚʘʪʠ ldt. ʆʯʝʚʠʜʥʦ, ʱʦ ʽʟ ʯʠʩʣʘ ʷʜʝʨ N ʟʘ ʯʘʩ dt ʨʦʟʧʘʜʝʪʴʩʷ Nl dt ʷʜʝʨ. 

ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʷʢʱʦ ʚ ʤʦʤʝʥʪ ʯʘʩʫ t ʤʠ ʤʘʣʠ N ʷʜʝʨ, ʪʦ ʚ ʤʦʤʝʥʪ ʯʘʩʫ t + 

dt ʙʫʜʝʤʦ ʤʘʪʠ N - d N ʷʜʝʨ. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʘʻʤʦ: 

(N - d N) ï N =- d N= Nl dt. 

ʊʦʙʪʦ, ʦʪʨʠʤʫʻʤʦ ʜʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ: 

lN
dt

dN
-=  

ɿʥʘʢ ʤʽʥʫʩ ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʯʠʩʣʦ ʷʜʝʨ ʟ ʯʘʩʦʤ ʟʤʝʥʰʫʻʪʴʩʷ. ʇʽʩʣʷ ʽʥ-

ʪʝʛʨʫʚʘʥʥʷ ʮʝ ʨʽʚʥʷʥʥʷ, ʦʪʨʠʤʘʻʤʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʟʤʽʥʠ ʯʠʩʣʘ ʷʜʝʨ ʟ ʯʘʩʦʤ:  

t
0eNN l-=  

ɿʚʽʜʩʠ ʚʠʜʥʦ, ʱʦ ʢʦʥʩʪʘʥʪʘ ʨʦʟʧʘʜʫ l ʤʘʻ ʨʦʟʤʽʨʥʽʩʪʴ 1/ʩ. ʊʦʙʪʦ, ʤʦʞ-

ʥʘ ʚʚʝʩʪʠ ʚʝʣʠʯʠʥʫ, ʱʦ ʤʘʻ ʨʦʟʤʽʨʥʽʩʪʴ ʯʘʩʫ 
l

t
1
= . ɺʝʣʠʯʠʥʘ t - ʮʝ ʪʦʡ ʯʘʩ, 

ʟʘ ʷʢʠʡ ʯʠʩʣʦ ʷʜʝʨ ʟʤʝʥʰʫʻʪʴʩʷ ʚ ʝ (º 2,718) ʨʘʟʽʚ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʦʯʘʪʢʦʚʠʤ 

ʟʥʘʯʝʥʥʷʤ ʧʨʠ t=0. ʇʦʨʷʜ ʟ ʯʘʩʦʤ ʨʦʟʧʘʜʫ t ʯʘʩʪʦ ʢʦʨʠʩʪʫʶʪʴʩʷ ʽʥʰʦʶ ʚʝ-

ʣʠʯʠʥʦʶ, ʘ ʩʘʤʝ ʯʘʩʦʤ ʊ1/2, ʟʘ ʷʢʠʡ  ʯʠʩʣʦ ʷʜʝʨ ʟʤʝʥʰʫʻʪʴʩʷ ʚʜʚʽʯʽ: 

2ln2ln
1

T 2/1 t
l

==  

ʏʘʩ ʊ1/2 ʥʘʟʠʚʘʻʪʴʩʷ ʧʝʨʽʦʜʦʤ ʥʘʧʽʚʨʦʟʧʘʜʫ. ɼʣʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ 
137Cs ʊ1/2 

= 30,17 ʨ. ɼʣʷ  90Sr  ʊ1/2  = 28,1 ʨ. ɼʣʷ ʡʦʜʫ ï131 ʊ1/2  = 7,8 ʜʥʽʚ. ɸʢʪʠʚʥʽʩʪʴ 

ʨʘʜʽʦʥʫʢʣʽʜʘ ʫ ʜʞʝʨʝʣʽ (ʟʨʘʟʢʫ) ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʚʽʜʥʦʰʝʥʥʷ ʯʠʩʣʘ dN ʩʧʦʥ-

ʪʘʥʥʠʭ ʷʜʝʨʥʠʭ ʧʝʨʝʭʦʜʽʚ ʽʟ ʮʽʣʢʦʤ ʚʠʟʥʘʯʝʥʦʛʦ ʷʜʝʨʥʦ - ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʪʘ-



 

ʥʫ ʨʘʜʽʦʥʫʢʣʽʜʘ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʜʞʝʨʝʣʽ (ʟʨʘʟʢʫ) ʟʘ ʽʥʪʝʨʚʘʣ ʯʘʩʫ dt, ʜʦ 

ʮʴʦʛʦ ʽʥʪʝʨʚʘʣʫ: 

 

dt

dN
A=  

 

ʉʧʦʥʪʘʥʥʝ ʷʜʝʨʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʘʟʠʚʘʶʪʴ ʨʘʜʽʦʘʢʪʠʚʥʠʤ ʨʦʟʧʘʜʦʤ. 

ʆʜʠʥʠʮʷ ʘʢʪʠʚʥʦʩʪʽ - ʙʝʢʝʨʝʣʴ (ɹʢ). ɹʝʢʝʨʝʣʴ ʜʦʨʽʚʥʶʻ ʘʢʪʠʚʥʦʩʪʽ ʥʫʢʣʽʜʘ ʫ 

ʨʘʜʽʦʘʢʪʠʚʥʦʤʫ ʜʞʝʨʝʣʽ, ʚ ʷʢʦʤʫ ʟʘ ʯʘʩ 1 ʩ ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʜʠʥ ʩʧʦʥʪʘʥʥʠʡ ʧʝ-

ʨʝʭʽʜ ʽʟ ʮʽʣʢʦʤ ʚʠʟʥʘʯʝʥʦʛʦ ʷʜʝʨʥʦ - ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʪʘʥʫ ʮʴʦʛʦ ʨʘʜʽʦʥʫʢʣʽʜʘ 

ʚ ʽʥʰʠʡ ʩʪʘʥ. 

ɺʽʜʥʦʰʝʥʥʷ ʘʢʪʠʚʥʦʩʪʽ ʨʘʜʽʦʥʫʢʣʽʜʘ ʫ ʟʨʘʟʢʫ ʜʦ ʤʘʩʠ, ʦʙôʻʤʫ, ʢʽʣʴʢʦʩʪʽ 

ʨʝʯʦʚʠʥʠ, ʧʣʦʱʽ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʽʚ, ʘʙʦ ʜʦʚʞʠʥʠ (ʜʣʷ ʣʽʥʽʡʥʠʭ ʜʞʝʨʝʣ) ʟʨʘʟʢʘ 

ʥʘʟʠʚʘʻʪʴʩʷ ʧʠʪʦʤʦʶ Am,  ʦʙôʻʤʥʦʶ AV,  ʤʦʣʷʨʥʦʶ   Amol,  ʧʦʚʝʨʭʥʝʚʦʶ AS 

ʘʙʦ ʣʽʥʽʡʥʦʶ  AL ʘʢʪʠʚʥʽʩʪʶ ʟʨʘʟʢʘ, ʚʽʜʧʦʚʽʜʥʦ.  

ɸʢʪʠʚʥʽʩʪʴ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ɸ ʟʤʝʥʰʫʻʪʴʩʷ ʫ ʯʘʩʽ ʧʦ ʟʘʢʦʥʫ ʨʘʜʽʦʘʢʪʠʚʥʦ-

ʛʦ ʨʦʟʧʘʜʫ 

tl

t

0
T

t
693.0

0
t

0 eAeAeA)t(A 2/1
--

- === , 

ʜʝ  ɸ0- ʘʢʪʠʚʥʽʩʪʴ ʨʘʜʽʦʥʫʢʣʽʜʘ ʚ ʜʞʝʨʝʣʽ ʚ ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ ʯʘʩʫ t, 

(0.693=ln2). 

ɯʟ ʥʘʚʝʜʝʥʠʭ ʬʦʨʤʫʣ ʚʠʪʽʢʘʻ, ʱʦ ʘʢʪʠʚʥʽʩʪʴ ʨʘʜʽʦʥʫʢʣʽʜʘ ɸ ʧʦʚôʷʟʘʥʘ ʟ 

ʯʠʩʣʦʤ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʘʪʦʤʽʚ ʫ ʟʨʘʟʢʫ ʚ ʜʘʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ: 

 

t
l

N

T

N
693.0NA

2
1

===  

 

ɿʚôʷʟʦʢ ʤʽʞ ʤʘʩʦʶ m ʚ ʛʨʘʤʘʭ ʨʘʜʽʦʥʫʢʣʽʜʘ (ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʤʘʩʠ ʥʝʘʢ-

ʪʠʚʥʦʛʦ ʥʦʩʽʷ) ʪʘ ʡʦʛʦ ʘʢʪʠʚʥʽʩʪʶ ɸ ʚ ʙʝʢʝʨʝʣʷʭ, ʤʦʞʥʘ ʟʥʘʡʪʠ ʽʟ ʪʘʢʠʭ ʤʽʨ-

ʢʫʚʘʥʴ. ʏʠʩʣʦ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʘʪʦʤʽʚ N, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʘʢʪʠʚʥʦʩʪʽ ɸ, ʚʠʟʥʘ-

ʯʘʻʪʴʩʷ ʚʠʱʝʥʘʚʝʜʝʥʦʶ ʬʦʨʤʫʣʦʶ, ʜʝ ʊ1/2 ʚʠʤʽʨʶʻʪʴʩʷ ʚ ʩʝʢʫʥʜʘʭ, ʤʘʩʘ ʦʜ-

ʥʦʛʦ ʘʪʦʤʘ ʚ ʛʨʘʤʘʭ ma =M/NA, ʜʝ M - ʘʪʦʤʥʘ ʤʘʩʘ, NA - ʯʠʩʣʦ ɸʚʦʛʘʜʨʦ: NA 

=6.022 1023 ʤʦʣʴ-1. ʆʪʞʝ:  
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ɸʥʘʣʦʛʽʯʥʦ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʢʽʣʴʢʽʩʪʴ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʽʟʦʪʦʧʽʚ ʽʥʰʠʭ 

ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ʷʢʦʤʫ  ʥʝʙʫʜʴ ʟʨʘʟʢʫ ʟʘʙʨʫʜʥʝʥʦʤʫ ʨʘʜʽʦʘʢʪʠʚʥʠʤʠ ʨʝ-

ʯʦʚʠʥʘʤʠ. 

 

3.5. ɺʧʣʠʚ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘ ʣʶʜʠʥʫ, ʨʦʩʣʠʥʥʠʡ ʪʘ ʪʚʘʨʠʥʥʠʡ ʩʚʽʪ 

ɺʩʽ ʟʘʙʨʫʜʥʶʶʯʽ ʘʪʤʦʩʬʝʨʫ ʨʝʯʦʚʠʥʠ ʚ ʪʽʡ ʘʙʦ ʽʥʰʽʡ ʤʽʨʽ ʜʽʶʪʴ ʥʝʛʘ-

ʪʠʚʥʦ ʥʘ ʟʜʦʨʦʚôʷ ʣʶʜʠʥʠ. ʎʽ ʨʝʯʦʚʠʥʠ, ʷʢʱʦ ʚʦʥʠ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʧʦʚʽʪʨʽ ʥʘ-

ʜʭʦʜʷʪʴ ʚ ʦʨʛʘʥʽʟʤ ʣʶʜʠʥʠ ʯʝʨʝʟ ʦʨʛʘʥʠ ʜʠʭʘʥʥʷ, ʷʢʱʦ ʞ ʨʝʯʦʚʠʥʠ ʚʠʧʘʣʠ 

ʥʘ ˇʨʫʥʪ, ʪʦ ʚʦʥʠ ʧʦʧʘʜʘʶʪʴ ʚ ʦʨʛʘʥʽʟʤ ʣʶʜʠʥʠ ʯʝʨʝʟ ʨʽʟʥʽ ʧʨʦʜʫʪʠ ʭʘʨʯʫ-

ʚʘʥʥʷ 

 ʆʨʛʘʥʠ ʜʠʭʘʥʥʷ ʩʪʨʘʞʜʘʶʪʴ ʚʽʜ ʟʘʙʨʫʜʥʝʥʥʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ, ʦʩʢʽʣʴʢʠ 

ʙʽʣʷ 50% ʯʘʩʪʠʥʦʢ ʜʦʤʽʰʦʢ ʨʘʜʽʫʩʦʤ 0,01 ï 0,1 ʤʢʤ, ʷʢʽ ʧʨʦʥʠʢʘʶʪʴ ʫ ʣʝʛʝʥʽ, 

ʦʩʽʜʘʶʪʴ ʚ ʥʠʭ.  

ʉʪʘʪʠʩʪʠʯʥʠʡ ʘʥʘʣʽʟ ʜʦʟʚʦʣʠʚ ʜʦʩʠʪʴ ʥʘʜʽʡʥʦ ʚʩʪʘʥʦʚʠʪʠ ʟʘʣʝʞʥʽʩʪʴ 

ʤʽʞ ʨʽʚʥʝʤ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ ʪʘ ʪʘʢʠʤʠ ʟʘʭʚʦʨʶʚʘʥʥʷʤʠ, ʷʢ ʚʨʘʞʝʥʥʷ 

ʚʝʨʭʥʽʭ ʜʠʭʘʣʴʥʠʭ ʰʣʷʭʽʚ, ʩʝʨʜʝʯʥʘ ʥʝʜʦʩʪʘʪʥʽʩʪʴ, ʙʨʦʥʭʽʪʠ, ʘʩʪʤʘ, ʧʥʝʚʤʦ-

ʥʽʷ, ʝʤʬʽʟʝʤʘ ʣʝʛʝʥʽʚ ʪʘ ʟʘʭʚʦʨʶʚʘʥʥʷ ʦʯʝʡ. 

 ʈʽʟʢʝ ʧʽʜʚʠʱʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦʤʽʰʦʢ, ʷʢʝ ʟʙʝʨʽʛʘʻʪʴʩʷ ʥʘ ʧʨʦʪʷʟʽ 

ʜʝʢʽʣʴʢʦʭ ʜʥʽʚ, ʟʙʽʣʴʰʫʻ ʩʤʝʨʪʥʽʩʪʴ ʩʝʨʝʜ ʣʶʜʝʡ ʧʦʭʠʣʦʛʦ ʚʽʢʫ ʚʽʜ ʨʝʩʧʽʨʘ-

ʪʦʨʥʠʭ ʪʘ ʩʝʨʜʝʯʥʦ ï ʩʫʜʠʥʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ. 

ʆʢʩʠʜ ʚʫʛʣʝʮʶ.  ʂʦʥʮʝʥʪʨʘʮʽʷ ʉʆ, ʱʦ ʧʝʨʝʚʝʨʰʫʻ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʫ 

ʢʦʥʮʝʥʪʨʘʮʽʶ, ʧʨʠʚʦʜʠʪʴ ʜʦ ʬʽʟʽʦʣʦʛʽʯʥʠʭ ʟʤʽʥ ʫ ʦʨʛʘʥʽʟʤʽ ʣʶʜʠʥʠ, ʘ ʢʦʥʮʝ-

ʥʪʨʘʮʽʷ ʙʽʣʴʰʝ ʥʽʞ 750 ʤʣʥ-1 ï ʜʦ ʩʤʝʨʪʽ.  ʇʦʷʩʥʶʻʪʴʩʷ ʮʝ ʪʠʤ, ʱʦ ʉʆ ï ʚʠ-

ʢʣʶʯʥʦ ʘʛʨʝʩʠʚʥʠʡ ʛʘʟ, ʷʢʠʡ ʣʝʛʢʦ ʩʧʦʣʫʯʘʻʪʴʩʷ ʽʟ ʛʝʤʦʛʣʦʙʽʥʦʤ (ʢʨʘʩʥʠʤʠ 

ʢʨʦʚôʷʥʠʤʠ ʪʽʣʴʮʷʤʠ) ʇʨʠ ʩʧʦʣʫʯʝʥʥʽ ʫʪʚʦʨʶʻʪʴʩʷ ʢʘʨʙʦʢʩʠʛʝʤʦʛʣʦʙʽʥ, ʧʽʜ-

ʚʠʱʝʥʠʡ ʚʤʽʩʪ ʷʢʦʛʦ (ʙʽʣʴʰʝ 0,4%) ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ: 

ʇʦʛʽʨʰʝʥʥʷʤ ʛʦʩʪʨʦʪʠ ʟʦʨʫ ʪʘ ʟʜʘʪʥʦʩʪʽ ʦʮʽʥʶʚʘʪʠ ʽʥʪʝʨʚʘʣ ʯʘʩʫ; 

ʇʦʨʫʰʝʥʥʷʤ ʜʝʷʢʠʭ ʧʩʠʭʦʤʦʪʦʨʥʠʭ ʬʫʥʢʮʽʡ ʛʦʣʦʚʥʦʛʦ ʤʦʟʢʫ (ʧʨʠ 

ʚʤʽʩʪʽ 2 ï 5%); 

ɿʤʽʥʦʶ ʜʽʷʣʴʥʦʩʪʽ ʩʝʨʮʷ ʪʘ ʣʝʛʝʥʽʚ (ʧʨʠ ʚʤʽʩʪʽ ʙʽʣʴʰʦʤʫ ʟʘ 5%); 

ɻʦʣʦʚʥʠʤʠ ʙʦʣʷʤʠ, ʩʦʥʣʠʚʽʩʪʶ, ʩʧʘʟʤʘʤʠ, ʧʦʨʫʰʝʥʥʷʤ ʜʠʭʘʥʥʷ ʪʘ 

ʩʤʝʨʪʥʽʩʪʶ (ʧʨʠ ʚʤʽʩʪʽ 8-10%). 

ʉʪʫʧʽʥʴ ʜʽʾ ʦʢʩʠʜʫ ʚʫʛʣʝʮʶ ʥʘ ʦʨʛʘʥʽʟʤ ʟʘʣʝʞʠʪʴ ʥʝ ʪʽʣʴʢʠ ʚʽʜ ʡʦʛʦ 

ʢʦʥʮʝʥʪʨʘʮʽʾ, ʘ ʡ ʚʽʜ ʯʘʩʫ ʧʝʨʝʙʫʚʘʥʥʷ ʣʶʜʠʥʠ ʫ ʟʘʛʘʟʦʚʘʥʦʤʫ ʧʦʚʽʪʨʽ. ʋʪʚʦ-

ʨʝʥʥʷ ʢʘʨʙʦʢʩʠʛʝʤʦʛʣʦʙʽʥʘ ʫ ʢʨʦʚʽ ʧʨʦʮʝʩ ʦʙʦʨʦʪʥʠʡ; ʫ ʟʜʦʨʦʚʦʾ ʣʶʜʠʥʠ 

ʚʤʽʩʪ ʉʆ ʫ ʢʨʦʚʽ ʢʦʞʥʽ 3-4 ʛʦʜʠʥʠ ʟʤʝʥʰʫʻʪʴʩʷ ʚ ʜʚʘ ʨʘʟʠ. ʇʨʠ ʱʦʨʽʯʥʦʤʫ 

ʥʘʜʭʦʜʞʝʥʥʽ ʉʆ  (350 ʤʣʥ ʪ) ʫ ʧʦʚʽʪʨʷ ʡʦʛʦ ʢʽʣʴʢʽʩʪʴ ʰʚʠʜʢʦ ʟʨʦʩʪʘʣʘ ʙ. ɸʣʝ 



 

ʮʴʦʛʦ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘʚʜʷʢʠ ʯʘʩʪʢʦʚʦʤʫ ʧʝʨʝʭʦʜʫ ʚ ʉʆ2, ʘ ʯʘʩʪʢʦʚʦ ʉʆ ʨʦ-

ʟʢʣʘʜʘʻʪʴʩʷ ˇʨʫʥʪʦʚʠʤʠ ʛʨʠʙʘʤʠ.  

ɼʠʦʢʩʠʜ ʩʽʨʢʠ ʪʘ ʩʽʨʯʘʥʠʡ ʘʥʛʽʜʨʠʜ. ɼʠʦʢʩʠʜ ʩʽʨʢʠ (SO2)  ʪʘ ʩʽʨʯʘʥʠʡ 

ʘʥʛʽʜʨʠʜ   (SO3) ʚ ʢʦʤʙʽʥʘʮʽʾ ʟ ʨʽʟʥʠʤʠ ʯʘʩʪʠʥʢʘʤʠ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʧʦʚʽʪʨʽ 

ʪʘ ʚʦʣʦʛʦʶ ʥʘʡʙʽʣʴʰ ʰʢʽʜʣʠʚʽ ʜʣʷ ʦʨʛʘʥʽʟʤʫ ʣʶʜʠʥʠ ʪʘ ʜʣʷ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘ-

ʣʴʥʠʭ ʮʽʥʥʦʩʪʝʡ. ʇʨʠ ʢʦʥʮʝʥʪʨʘʮʽʾ SO2 0,3 ï 0,5 ʤʣʥ-1 ʥʘ ʧʨʦʪʷʟʽ ʜʝʢʽʣʴʢʦʭ 

ʜʥʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʭʨʦʥʽʯʥʝ ʫʨʘʞʝʥʥʷ ʣʠʩʪʷ ʨʦʩʣʠʥ (ʦʩʦʙʣʠʚʦ ʰʧʠʥʘʪ, ʩʘʣʘʪ, 

ʙʘʚʦʚʥʘ ʪʘ ʣʶʮʝʨʥʘ), ʘ ʪʘʢʦʞ ʛʦʣʦʢ ʩʦʩʥʠ. 

ʆʢʩʠʜʠ ʘʟʦʪʫ ʪʘ ʜʝʷʢʽ ʽʥʰʽ ʨʝʯʦʚʠʥʠ. ʆʢʩʠʜʠ ʘʟʦʪʫ (ʧʝʨʰ ʟʘ ʚʩʝ ʷʜʦ-

ʚʠʪʠʡ ʜʠʦʢʩʠʜ ʘʟʦʪʫ NO2) ʟôʻʜʥʫʶʯʠʩʴ ʧʨʠ ʜʽʾ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʾ ʩʦʥʷʯʥʦʾ ʨʘ-

ʜʽʘʮʽʾ ʽʟ ʚʫʛʣʝʚʦʜʘʤʠ ʫʪʚʦʨʶʶʪʴ ʧʝʨʦʢʩʠʣʘʮʝʪʠʣʥʠʪʨʘʪ (ʇɸʅ) ʪʘ ʽʥʰʽ ʬʦʪʦ-

ʭʽʤʽʯʥʽ ʦʢʠʩʣʶʚʘʯʽ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʧʝʨʦʢʩʠʙʝʥʟʦʠʣʥʽʪʨʘʪ (ʇɹʅ), ʦʟʦʥ (ʆ3), ʧʝ-

ʨʝʢʠʩʫ ʚʦʜʥʶ (ʅ2ʆ2), ʜʠʦʢʩʠʜ ʘʟʦʪʫ. ʎʽ ʦʢʠʩʣʶʚʘʯʽ ʦʩʥʦʚʥʽ ʢʦʤʧʦʥʝʥʪʠ ʬʦ-

ʪʦʭʽʤʽʯʥʦʛʦ ʩʤʦʛʫ, ʧʦʚʪʦʨʶʚʘʥʽʩʪʴ ʷʢʦʛʦ ʜʫʞʝ ʚʝʣʠʢʘ ʫ ʩʠʣʴʥʦ ʟʘʙʨʫʜʥʝʥʠʭ 

ʤʽʩʪʘʭ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʫ ʥʠʟʴʢʠʭ ʰʠʨʦʪʘʭ ʧʽʚʥʽʯʥʦʾ ʪʘ ʧʽʚʜʝʥʥʦʾ ʧʽʚʢʫʣʽ.  

ɺʩʽ ʦʢʠʩʣʶʚʘʯʽ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ  ʇɸʅ ʪʘ ʇɹʅ ʩʠʣʴʥʦ ʨʦʟʜʨʘʟʥʶʶʪʴ ʽ 

ʚʠʢʣʠʢʘʶʪʴ ʟʘʧʘʣʝʥʥʷ ʦʯʝʡ, ʘ ʚ ʢʦʤʙʽʥʘʮʽʾ ʟ ʦʟʦʥʦʤ ʨʦʟʜʨʘʟʥʶʶʪʴ ʥʽʩ ʪʘ ʛʦ-

ʨʣʦ, ʧʨʠʚʦʜʷʪʴ ʜʦ ʩʧʘʟʤ ʛʨʫʜʥʦʾ ʢʣʽʪʢʠ, ʘ ʧʨʠ ʚʠʩʦʢʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ (ʙʽʣʴʰʝ 3 

ï 4 ʤʛ/ʤ3) ʚʠʢʣʠʢʘʶʪʴ ʢʘʰʝʣʴ ʽ ʧʦʩʣʘʙʣʶʶʪʴ ʟʜʘʪʥʽʩʪʴ ʥʘ ʯʦʤʫ ʥʝ ʙʫʜʴ ʟʦʩʝ-

ʨʝʜʠʪʠʩʷ.  

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʫ ʣʶʜʝʡ, ʷʢʽ ʧʦ ʧʨʦʬʝʩʽʾ ʤʘʶʪʴ ʩʧʨʘʚʫ ʟ ʘʟʙʝʩʪʦʤ, ʧʽʜ-

ʚʠʱʝʥʘ ʡʤʦʚʽʨʥʽʩʪʴ ʨʘʢʦʚʠʭ ʟʘʭʚʦʨʶʚʘʥʴ ʙʨʦʥʭʽʚ ʪʘ ʜʽʘʬʨʘʛʤʠ, ʨʦʟʜʽʣʷʶʯʦʾ 

ʛʨʫʜʥʫ ʢʣʽʪʢʫ ʪʘ ʧʦʨʦʞʥʠʥʫ ʞʠʚʦʪʘ. 

 ɹʝʨʠʣʽʡ ʚʠʢʣʠʢʘʻ ʰʢʽʜʣʠʚʫ ʜʽʶ (ʽ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʦʥʢʦʣʦʛʽʯʥʠʭ ʟʘʭʚʦ-

ʨʶʚʘʥʴ) ʥʘ ʜʠʭʘʣʴʥʽ ʰʣʷʭʠ, ʘ ʪʘʢʦʞ ʥʘ ʰʢʽʨʫ ʪʘ ʦʯʽ.  

ʇʘʨʠ ʨʪʫʪʽ ʚʠʢʣʠʢʘʶʪʴ ʧʦʨʫʰʝʥʥʷ ʨʦʙʦʪʠ ʮʝʥʪʨʘʣʴʥʦʾ ʥʝʨʚʦʚʦʾ ʩʠʩʪʝ-

ʤʠ ʪʘ ʥʠʨʦʢ. ʆʩʢʽʣʴʢʠ ʨʪʫʪʴ ʤʦʞʝ ʥʘʢʦʧʠʯʫʚʘʪʠʩʷ ʚ ʦʨʛʘʥʽʟʤʽ ʣʶʜʠʥʠ, ʪʦ ʚ 

ʢʽʥʮʝʚʦʤʫ ʧʽʜʩʫʤʢʫ ʾʾ ʜʽʷ ʧʨʠʚʦʜʠʪʴ ʜʦ ʨʦʟʣʘʜʫ ʨʦʟʫʤʦʚʠʭ ʟʜʽʙʥʦʩʪʝʡ. 

ɺʧʣʠʚ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ ʥʘ ʨʦʩʣʠʥʥʠʡ ʪʘ ʪʚʘʨʠʥʥʠʡ ʩʚʽʪ. ɼʝ-

ʷʢʽ ʭʽʤʽʯʥʽ ʝʣʝʤʝʥʪʠ ʨʘʜʽʦʘʢʪʠʚʥʽ: ʾʭ ʩʘʤʦʚʽʣʴʥʠʡ ʨʦʟʧʘʜ ʪʘ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚ 

ʝʣʝʤʝʥʪʠ ʟ ʽʥʰʠʤ ʧʦʨʷʜʢʦʚʠʤ ʥʦʤʝʨʦʤ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ. 

ʏʘʩ ʟʘ ʷʢʠʡ ʢʽʣʴʢʽʩʪʴ ʨʝʯʦʚʠʥʠ ʟʤʝʥʰʫʻʪʴʩʷ ʚ ʜʚʘ ʨʘʟʠ ʥʘʟʠʚʘʻʪʴʩʷ ʧʝʨʽʦʜʦʤ 

ʥʘʧʽʚʨʦʟʧʘʜʫ. ɼʣʷ ʨʽʟʥʠʭ ʨʝʯʦʚʠʥ ʧʝʨʽʦʜ ʥʘʧʽʚʨʦʟʧʘʜʫ ʟʤʽʥʶʻʪʴʩʷ ʚ ʰʠʨʦʢʠʭ 

ʤʝʞʘʭ: ʚʽʜ ʜʝʢʽʣʴʢʦʭ ʛʦʜʠʥ (ʜʣʷ 41Ar ʚʽʥ ʨʽʚʥʠʡ 2 ʛ.) ʜʦ ʜʝʢʽʣʴʢʦʭ ʤʽʣʴʷʨʜʽʚ 

ʨʦʢʽʚ (238U ï 4/5 ʤʣʨʜ. ʨʦʢʽʚ). 

ɹʦʨʦʪʴʙʘ ʟ ʨʘʜʽʦʘʢʪʠʚʥʠʤ ʟʘʙʨʫʜʥʝʥʥʷʤ ʤʦʞʝ ʥʦʩʠʪʠ ʪʽʣʴʢʠ ʧʦʧʝʨʝ-

ʜʞʫʚʘʣʴʥʠʡ ʭʘʨʘʢʪʝʨ, ʦʩʢʽʣʴʢʠ ʥʝ ʽʩʥʫʻ ʥʽʷʢʠʭ ʩʧʦʩʦʙʽʚ ʙʽʦʣʦʛʽʯʥʦʛʦ ʨʦʟʢʣʘ-

ʜʫ ʘʙʦ ʽʥʰʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʷʢʽ ʙ ʜʦʟʚʦʣʠʣʠ ʥʝʡʪʨʘʣʽʟʫʚʘʪʠ ʮʝʡ ʚʠʜ ʟʘʨʘʞʝʥʥʷ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʅʘʡʙʽʣʴʰʫ ʥʝʙʝʟʧʝʢʫ ʩʢʣʘʜʘʶʪʴ ʨʘʜʽʦʘʢʪʠʚʥʽ 



 

ʨʝʯʦʚʠʥʠ ʟ ʧʝʨʽʦʜʦʤ ʥʘʧʽʚʨʦʟʧʘʜʫ ʚʽʜ ʜʝʢʽʣʴʢʦʭ ʪʠʞʥʽʚ ʜʦ ʜʝʢʽʣʴʢʦʭ ʨʦʢʽʚ; 

ʮʴʦʛʦ ʯʘʩʫ ʜʦʩʪʘʪʥʴʦ ʜʣʷ ʧʨʦʥʠʢʥʝʥʥʷ ʾʭ ʚ ʦʨʛʘʥʽʟʤ ʨʦʩʣʠʥʠ ʪʘ ʪʚʘʨʠʥʠ. 

ʇʨʠ ʦʜʥʘʢʦʚʦʤʫ ʨʽʚʥʽ ʟʘʙʨʫʜʥʝʥʥʷ ʜʦʚʢʽʣʣʷ ʽʟʦʪʦʧʠ ʧʨʦʩʪʠʭ ʝʣʝʤʝʥʪʽʚ 

(14C, 32P, 45Ca? 35S, 3H ʪʘ ʽʥʰʽ) ʙʽʣʴʰ ʥʝʙʝʟʧʝʯʥʽ, ʥʽʞ ʨʘʜʽʦʘʢʪʠʚʥʽ ʨʝʯʦʚʠʥʠ, 

ʱʦ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʨʽʜʢʦ ʽ ʷʢʽ ʩʣʘʙʦ ʧʦʛʣʠʥʘʶʪʴʩʷ ʦʨʛʘʥʽʟʤʘʤʠ. 

ʅʘʡʙʽʣʴʰ ʥʝʙʝʟʧʝʯʥʠʤʠ ʩʝʨʝʜ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ ʻ 90Sr, 137Cs. ɿʘ-

ʚʜʷʢʠ ʭʽʤʽʯʥʽʡ ʧʦʜʽʙʥʦʩʪʽ ʟ ʢʘʣʴʮʽʻʤ 90Sr ʜʫʞʝ ʣʝʛʢʦ ʧʦʛʣʠʥʘʻʪʴʩʷ ʢʽʩʪʢʘʤʠ 

ʭʨʝʙʝʪʥʠʭ, ʪʦʜʽ ʷʢ 137Cs ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʫ ʤʫʩʢʫʣʘʭ, ʟʘʤʽʱʘʶʯʠ ʢʘʣʽʡ. 

ɺʠʧʨʦʤʽʥʶʚʘʥʥʷ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʘʩʪʫʧʥʠʭ ʜʽʡ 

ʥʘ ʦʨʛʘʥʽʟʤʠ: 

ʇʦʩʣʘʙʣʶʻ ʦʧʨʦʤʽʥʝʥʠʡ ʦʨʛʘʥʽʟʤ, ʩʧʦʚʽʣʴʥʶʻ ʨʽʩʪ, ʟʥʠʞʫʻ ʟʜʘʪʥʽʩʪʴ ʜʦ 

ʦʧʦʨʫ ʜʦ ʽʥʬʝʢʮʽʡ ʪʘ ʽʤʫʥʽʪʝʪ ʦʨʛʘʥʽʟʤʫ. ɿʤʝʥʰʫʻ ʪʨʠʚʘʣʽʩʪʴ ʞʠʪʪʷ. 

ʈʽʟʥʠʤʠ ʩʧʦʩʦʙʘʤʠ ʫʨʘʞʘʶʪʴʩʷ ʛʝʥʠ, ʥʘʩʣʽʜʦʢ ʯʦʛʦ ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ 

ʜʨʫʛʦʤʫ ʪʘ ʪʨʝʪʴʦʤʫ ʧʦʢʦʣʽʥʥʷʭ. 

ʅʘʢʦʧʠʯʫʶʯʠʩʴ ʫ ʦʨʛʘʥʽʟʤʽ  ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʧʦʷʚʠ ʥʝʦʙʦʨʦʪʥʠʭ ʧʨʦʮʝ-

ʩʽʚ. 

 

3.6. ʅʘʡʙʽʣʴʰ ʙʽʦʣʦʛʽʯʥʦ ʚʘʞʣʠʚʽ ʨʘʜʽʦʽʟʦʪʦʧʠ  

ɺ ʧʝʨʽʦʜʠʯʥʽʡ ʪʘʙʣʠʮʽ ʝʣʝʤʝʥʪʽʚ ʄʝʥʜʝʣʻʻʚʘ ʰʪʫʯʥʽ ʨʘʜʽʦʥʫʢʣʽʜʠ, ʩʠʥ-

ʪʝʟʦʚʘʥʽ ʣʶʜʠʥʦʶ, ʻ ʚ ʫʩʽʭ ʛʨʫʧʘʭ.  ʇʨʠ ʥʘʜʭʦʜʞʝʥʥʽ ʫ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦ-

ʚʠʱʝ ʚʦʥʠ ʧʨʦʷʚʣʷʶʪʴ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʧʦʚʝʜʽʥʢʠ.  

ʊʘʙʣʠʮʷ 3.8. ʈʘʜʽʦʘʢʪʠʚʥʽ ʽʟʦʪʦʧʠ, ʾʭ ʪʠʧʠ ʨʦʟʧʘʜʫ ʪʘ ʧʝʨʽʦʜʠ ʥʘʧʽʚʨʦʟ-

ʧʘʜʫ. 



 

 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʟʦʩʝʨʝʜʞʝʥʽ ʥʘ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʪʘ ʪʦʢʩʠʯʥʠʭ ʽʟʦʪʦ-

ʧʘʭ. ɻʦʣʦʚʥʽ ʩʝʨʝʜ ʥʠʭ ï ʽʟʦʪʦʧʠ ʮʝʟʽʶ, ʩʪʨʦʥʮʽʶ, ʨʫʪʝʥʽʶ, ʮʝʨʽʷ, ʡʦʜʫ ʪʘ 

ʧʣʫʪʦʥʽʶ. 

ɯʟʦʪʦʧʠ ʽʥʰʠʭ ʝʣʝʤʝʥʪʽʚ (ʩʨʽʙʣʘ, ʪʝʣʫʨʫ, ʮʠʨʢʦʥʽʶ, ʥʽʦʙʽʶ, ʣʘʥʪʘʥʫ, ʪʝ-

ʭʥʝʮʽʶ ʪʘ ʘʤʝʨʠʮʽʶ) ʪʘʢʦʞ ʜʦʩʣʽʜʞʫʚʘʣʠʩʴ, ʘʣʝ ʥʝ ʜʦʩʠʪʴ ʜʝʪʘʣʴʥʦ. ɺ ʪʘʙʣ. 

3.10 ʧʨʠʚʝʜʝʥʦ ʩʧʠʩʦʢ ʨʘʜʽʦʥʫʢʣʽʜʽʚ, ʾʭ ʛʦʣʦʚʥʽ ʪʠʧʠ ʨʦʟʧʘʜʫ ʪʘ ʧʝʨʽʦʜʠ ʥʘ-

ʧʽʚʨʦʟʧʘʜʫ ʫ ʭʚʠʣʠʥʘʭ, ʛʦʜʠʥʘʭ, ʜʥʷʭ ʪʘ ʨʦʢʘʭ. ɺ ʪʘʙʣʠʮʽ 3.10. ʚʚʝʜʝʥʽ ʧʦʟʥʘ-

ʯʝʥʥʷ :ɽɿ ï ʝʣʝʢʪʨʦʥʥʝ ʟʘʭʦʧʣʝʥʥʷ (ʂ-ʟʘʭʦʧʣʝʥʥʷ), ɺʂ ï ʚʥʫʪʨʽʰʥʷ ʢʦʥʚʝʨ-

ʩʽʷ (ʧʝʨʝʭʽʜ ʟʙʫʜʞʝʥʦʛʦ ʷʜʨʘ ï ʽʟʦʤʝʨʘ  ʚ ʩʪʘʙʽʣʴʥʠʡ ʩʪʘʥ).  ɹʽʣʴʰʽʩʪʴ ʽʟʦʪʦ-

ɯʟʦʪʦʧ ʊʠʧ ʨʦʟʧʘ-

ʜʫ 

ʇʝʨʽʦʜ ʥʘʧʽʚʨʦʟ-

ʧʘʜʫ 

ɯʟʦʪʦʧ ʊʠʧ ʨʦʟʧʘʜʫ ʇʝʨʽʦʜ ʥʘʧʽʚʨʦʟ-

ʧʘʜʫ 
3H b 12,26 ʨ 132mI b+BK 83 ʭʚ 

7Be ɽɿ 53,29 ʜʥ 133I b 20,8 ʛ 
14ʉ b 5370 ʨ 133Xe b 5,25 ʜʥ 

24Na b 15 ʛ 134Cs b 2,065 ʨ 
40K b+ɽɿ 1,25*109 ʨ 136Cs b 13,1 ʜʥ 

60Co b 5,37 ʨ 137Cs b 30,17 ʨ 
85Kr b 10,72 ʨ 137mBa ɺʂ 2,5 ʭʚ 
87Rb b 4,9 1010 ʨ 140Ba b 12,76 ʨ 
89Sr b 50,52 ʜʥ 140La b 40,3 h 
90Sr b 29 ʨ 141Ce b 32,5 ʜʥ 
91ʈ b 58,8 ʜʥ 144Ce b 284,4 ʜʥ 

95Zr b 64 ʜʥ 147mPm b 2,62 ʨ 
95Nb b 53 ʜʥ 210Po a 138,4 ʜʥ 
99Tc b 2,13 105 ʨ 210Pb b 19,4 ʨ 

103Ru b 39,24 ʜʥ 222Rn a 3,82 ʜʥ 
106Ru b 372 ʜʥ 231Pa a 3,27 104 ʨ 

110mAg b+ɺʂ 249,8 ʜʥ 232Th a 1,41 1010 ʨ 
115mCd b 44,6 ʜʥ 235U a 7,04 108 ʨ 
125mTe ɺʂ 58 ʜʥ 237Np a 2,14 106 ʨ 

125I ɽɿ 59,9 ʜʥ 238U a 4,46 109 ʨ 
127Sb b 3,84 ʜʥ 239Pu a 2,41 104 ʨ 
127Sn b 2,1 ʛ 240Pu a 6537 ʨ 
129I b 1,6 107 ʨ 241Pu a 14,4 ʨ 
131I b 8,04 ʜʥ 241Am a 432,2 ʨ 

131mXe ɺʂ 11,92 ʜʥ 242ʭʚAm a+ɺʂ 141 ʨ 
132Te b 78,2 ʛ 244Pu a 8,1 107 ʨ 



 

ʧʽʚ ï ʮʝ ʧʨʦʜʫʢʪʠ ʜʽʣʝʥʥʷ, ʜʝʷʢʽ ʽʟ ʥʠʭ ʚʠʥʠʢʘʶʪʴ ʫ ʨʝʟʫʣʴʪʘʪʽ ʥʝʡʪʨʦʥʥʦʾ ʘʢ-

ʪʠʚʘʮʽʾ.  

ɺʠʧʘʜʘʥʥʷ, ʤʽʛʨʘʮʽʷ ʪʘ ʧʦʛʣʠʥʘʥʥʷ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ ʞʠʚʠʤʠ ʦʨ-

ʛʘʥʽʟʤʘʤʠ ʫ ʚʝʣʠʢʽʡ ʩʪʝʧʝʥʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʭʽʤʽʯʥʠʤʠ ʪʘ ʬʽʟʠʯʥʠʤʠ ʬʦʨʤʘʤʠ 

ʽʩʥʫʚʘʥʥʷ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʽʟʦʪʦʧʽʚ. ʈʦʟʛʣʷʥʝʤʦ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʽ ʨʘʜʽʦʥʫʢʣʽ-

ʜʠ.  

ʎʝʟʽʡ. 137Cs ((t1/2 ð 30 ʨʦʢʽʚ) ð ʧʨʦʜʫʢʪ ʷʜʝʨʥʦʛʦ ʨʦʟʧʘʜʫ ʟ ʚʠʩʦʢʠʤ 

ʚʠʭʦʜʦʤ. ɿʘʭʦʨʦʥʝʥʽ ʚʠʩʦʢʦʘʢʪʠʚʥʽ ʚʽʜʭʦʜʠ ʽ ʥʠʟʴʢʦʘʢʪʠʚʥʽ ʩʪʦʢʠ, ʷʢ ʧʨʘʚʠ-

ʣʦ, ʤʽʩʪʷʪʴ ʟʥʘʯʥʫ ʯʘʩʪʢʫ ʮʴʦʛʦ ʽʟʦʪʦʧʫ.  ʅʝʡʪʨʦʥʥʘ ʘʢʪʠʚʘʮʽʷ ʧʨʦʜʫʢʪʫ ʨʦʟ-

ʧʘʜʫ 133Cs ʜʘʻ ʽʥʰʠʡ ʨʘʜʽʦʘʢʪʠʚʥʠʡ ʽʟʦʪʦʧ 134Cs ((t1/2 ð 2 ʨʦʢʠ), ʘʣʝ ʦʩʢʽʣʴʢʠ 

ʡʦʛʦ ʫʪʚʦʨʝʥʥʷ ʧʨʦʧʦʨʮʽʡʥʝ ʢʦʨʝʥʝʚʽ ʢʚʘʜʨʘʪʥʦʤʫ ʟ ʧʦʪʦʢʫ ʥʝʡʪʨʦʥʽʚ ʫ ʨʝʘ-

ʢʪʦʨʽ, ʡʦʛʦ ʯʘʩʪʢʘ, ʷʢ ʧʨʘʚʠʣʦ, ʥʠʞʯʘ. ɯʥʰʽ ʜʞʝʨʝʣʘ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʽʟʦʪʦʧʽʚ 

ʮʝʟʽʶ ð ʮʝ ʷʜʝʨʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʡ ʘʚʘʨʽʾ, ʷʢ, ʥʘʧʨʠʢʣʘʜ, ʚ ʋʽʥʜʩʢʝʡʣʽ ʽ ʏʦʨ-

ʥʦʙʠʣʶ.  

ʅʘʜʭʦʜʞʝʥʥʷ 134ʉʟ ʘʙʦ 137Cs ʫ ˇʨʫʥʪʠ ʫ ʚʠʛʣʷʜʽ ʨʦʟʯʠʥʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ 

ʧʨʠʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʙʣʠʟʴʢʦ 85% ʾʭʥʴʦʾ ʢʽʣʴʢʦʩʪʽ ʰʚʠʜʢʦ ʟʚ'ʷʟʫʻʪʴʩʷ ʽ 

ʪʽʣʴʢʠ ʤʘʣʘ ʯʘʩʪʢʘ (ʧʨʠʙʣʠʟʥʦ 15%) ʟʘʣʠʰʘʻʪʴʩʷ ʜʦʩʪʫʧʥʦʶ ʜʣʷ ʧʦʛʣʠʥʘʥʥʷ 

ʨʦʩʣʠʥʘʤʠ.  ɼʦʩʪʫʧʥʽʩʪʴ ʮʝʟʽʶ ʚ ˇʨʫʥʪʘʭ ʟʚ'ʷʟʘʥʘ ʟ ʾʭʥʽʤ ʤʽʥʝʨʘʣʴʥʠʤ ʩʢʣʘ-

ʜʦʤ. ʅʘʩʪʫʧʥʝ ʧʝʨʝʤʽʱʝʥʥʷ ʽ ʨʦʟʧʦʜʽʣ ʝʣʝʤʝʥʪʘ ʩʠʣʴʥʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʭʘʨʘʢ-

ʪʝʨʫ ʨʦʩʣʠʥ, ʱʦ ʚʠʨʦʩʪʘʶʪʴ ʥʘ ʥʠʭ. ʋʩʪʘʥʦʚʣʝʥʦ, ʱʦ Cs, ʱʦ ʥʘʜʽʡʰʦʚ ʫ 

ʤʦʨʩʴʢʫ ʚʦʜʫ ʚ ʩʢʣʘʜʽ ʨʦʟʯʠʥʥʠʭ ʨʝʯʦʚʠʥ, ʟʙʝʨʽʛʘʻʪʴʩʷ ʚ ʥʽʡ ʙʽʣʴʰ ʥʽʞ ʥʘ 

95% ʫ ʨʦʟʯʠʥʥʽʡ ʽʦʥʥʽʡ ʬʦʨʤʽ. ʆʜʥʘʢ ʫ ʧʨʽʩʥʽʡ ʚʦʜʽ ʚʝʣʠʢʘ ʡʦʛʦ ʯʘʩʪʢʘ ʟʚ'ʷ-

ʟʘʥʘ ʽʟ ʩʫʩʧʝʥʟʽʻʶ ʡ ʦʧʘʜʘʤʠ, ʱʦ ʚʽʜʢʣʘʣʠʩʷ. 

ʎʝʟʽʡ ð ʣʫʞʥʠʡ ʤʝʪʘʣ ʧʝʨʰʦʾ ʛʨʫʧʠ ʧʝʨʽʦʜʠʯʥʦʾ ʩʠʩʪʝʤʠ ʝʣʝʤʝʥʪʽʚ; 

ʚʽʥ ʤʘʻ ʚʣʘʩʪʠʚʦʩʪʽ, ʙʣʠʟʴʢʠʤʠ ʜʦ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʘʣʽʶ ʽ ʨʫʙʽʜʽʶ. ʗʢ ʽ ʫ ʚʩʽʭ 

ʣʫʞʥʠʭ ʤʝʪʘʣʽʚ, ʙʽʣʴʰʽʩʪʴ ʡʦʛʦ ʩʦʣʝʡ ʣʝʛʢʦ ʨʦʟʯʠʥʥʽ ʫ ʚʦʜʽ.  

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʭʽʤʽʯʥʫ ʧʦʜʽʙʥʽʩʪʴ ʤʽʞ ʮʝʟʽʻʤ ʽ ʢʘʣʽʻʤ, ʾʭ ʤʝʪʘʙʦʣʽʯʥʘ 

ʧʦʚʝʜʽʥʢʘ ʥʝ ʽʜʝʥʪʠʯʥʽ, ʽ ʭʦʯʘ ʢʘʣʽʡ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʤʦʜʝʣʴ ʜʣʷ 

ʧʝʨʝʥʦʩʫ ʮʝʟʽʶ ʚ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʽ, ʙʽʣʴʰʘ ʧʦʜʽʙʥʽʩʪʴ ʤʦʞʝ ʙʫʪʠ ʤʽʞ 

ʢʘʣʴʮʽʻʤ ʽ ʮʝʟʽʻʤ. 

ʉʪʨʦʥʮʽʡ ð ʣʫʞʥʦʟʝʤʝʣʴʥʠʡ ʤʝʪʘʣ ʛʨʫʧʠ II. ʁʦʛʦ ʤʝʪʘʙʦʣʽʯʥʝ ʧʦʚʦ-

ʜʞʝʥʥʷ ʩʭʦʞʝ ʥʘ ʧʦʚʦʜʞʝʥʥʷ ʽʥʰʠʭ ʝʣʝʤʝʥʪʽʚ ʛʨʫʧʠ II ð ʢʘʣʴʮʽʶ ʽ ʨʘʜʽʶ. 

ʈʘʜʽʦʘʢʪʠʚʥʠʡ ʽʟʦʪʦʧ ʩʪʨʦʥʮʽʶ ʤʘʻ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝ-

ʨʝʜʦʚʠʱʘ ʯʝʨʝʟ ʡʦʛʦ ʟʜʘʪʥʽʩʪʴ ʢʦʥʮʝʥʪʨʫʚʘʪʠʩʷ ʚ ʤʽʥʝʨʘʣʴʥʠʭ ʩʢʣʘʜʦʚʠʭ ʢʽ-

ʩʪʦʢ ʪʚʘʨʠʥ. ɯʟʦʪʦʧʠ 89Sr ʽ 90Sr ð ʮʝ ʧʝʨʚʠʥʥʽ ʧʨʦʜʫʢʪʠ ʨʦʟʧʘʜʫ ʟ  ʧʝʨʽʦʜʘʤʠ 

ʥʘʧʽʚʨʦʟʧʘʜʫ 50,52 ʜʥ. ʽ 28,8 ʨʦʢʫ ʚʽʜʧʦʚʽʜʥʦ. ʈʘʜʽʦʘʢʪʠʚʥʠʡ ʩʪʨʦʥʮʽʡ ʫʪʚʦ-

ʨʶʻʪʴʩʷ ʧʨʠ ʚʠʙʫʭʘʭ ʷʜʝʨʥʠʭ ʧʨʠʩʪʨʦʾʚ ʽ ʻ ʧʨʠʩʫʪʥʽʤ ʫ ʚʽʜʭʦʜʘʭ ʷʜʝʨʥʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 



 

ʗʢ ʫ ʤʦʨʩʴʢʽʡ ʚʦʜʽ, ʪʘʢ ʽ ʚ ʧʨʽʩʥʦʚʦʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʩʪʨʦʥʮʽʡ ʧʦʚʦ-

ʜʠʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ ʷʢ ʨʦʟʯʠʥʥʠʡ ʝʣʝʤʝʥʪ. ʋ ʚʦʜʥʠʭ ʝʢʦʩʠʩʪʝʤʘʭ Sr ʥʘʙʘʛʘʪʦ 

ʙʽʣʴʰ ʚʘʞʣʠʚʠʡ. ʇʨʠ ʜʦʜʘʚʘʥʥʽ Sr ʜʦ ʤʦʨʩʴʢʦʾ ʚʦʜʠ ʫ ʚʠʜʽ ʨʦʟʯʠʥʥʦʛʦ ʟ'ʻʜ-

ʥʘʥʥʷ ʤʝʥʰ 1% ʡʦʛʦ ʟʚ'ʷʟʫʻʪʴʩʷ ʟʽ ʟʚʘʞʝʥʠʤʠ ʯʘʩʪʢʘʤʠ ʘʙʦ ʢʦʣʦʾʜʘʤʠ. ʋ ʧʨʽ-

ʩʥʽʡ ʚʦʜʽ, ʭʦʯʘ ʘʩʦʮʽʘʮʽʷ ʡʦʛʦ ʟʽ ʟʚʘʞʝʥʠʤʠ ʯʘʩʪʢʘʤʠ ʤʦʞʝ ʙʫʪʠ ʩʠʣʴʥʽʰʘ, 

ʤʘʣʦʡʤʦʚʽʨʥʦ, ʱʦʙ ʮʷ ʬʦʨʤʘ ʧʝʨʝʚʠʱʫʚʘʣʘ 10% ʟʘʛʘʣʴʥʦʛʦ ʚʤʽʩʪʫ ʩʪʨʦʥʮʽʶ.  

ʈʫʪʝʥʽʡ ð ʧʝʨʝʭʽʜʥʠʡ ʤʝʪʘʣ. ɺʽʥ ʤʦʞʝ ʽʩʥʫʚʘʪʠ ʚ ʯʦʪʠʨʴʦʭ ʚʘʣʝʥʪʥʠʭ 

ʩʪʘʥʘʭ ʽ ʫʪʚʦʨʶʚʘʪʠ ʯʠʩʣʝʥʥʽ ʢʦʤʧʣʝʢʩʥʽ ʟ'ʻʜʥʘʥʥʷ ɹʫʜʫʯʠ ʧʨʦʜʫʢʪʦʤ ʷʜʝʨ-

ʥʦʛʦ ʨʦʟʧʦʜʽʣʫ, ʚʽʥ ʟʚʠʯʘʡʥʦ ʟʘʣʠʰʘʻʪʴʩʷ ʚ ʧʘʣʠʚʽ ʚ ʩʢʣʘʜʽ ʪʫʛʦʧʣʘʚʢʠʭ ʢʦʤ-

ʧʦʥʝʥʪʽʚ. ʆʜʥʘʢ, ʧʽʜ ʯʘʩ ʘʚʘʨʽʾ  ʫ ʏʦʨʥʦʙʠʣʶ ʯʝʨʝʟ ʰʚʠʜʢʝ ʦʢʠʩʣʶʚʘʥʥʷ 

ʫʪʚʦʨʠʣʠʩʷ ʣʝʪʫʯʽ ʦʢʩʠʜʠ  RuOʟ ʽ Ru04, ʱʦ ʧʦʪʽʤ ʢʦʥʜʝʥʩʫʚʘʣʠʩʷ ʥʘ ʘʝʨʦʟʦ-

ʣʷʭ ʘʙʦ çʛʘʨʷʯʠʭ ʯʘʩʪʢʘʭè ʫ ʚʠʛʣʷʜʽ ʤʘʡʞʝ ʯʠʩʪʦʛʦ ʨʫʪʝʥʽʶ. ʉʝʨʝʜʥʽʡ ʜʽʘ-

ʤʝʪʨ ʫʪʨʠʤʫʶʯʠʭ ʨʫʪʝʥʽʡ ʯʘʩʪʦʢ ʘʪʤʦʩʬʝʨʥʦʛʦ ʘʝʨʦʟʦʣʶ ʙʫʚ ʥʝʙʘʛʘʪʦ ʤʝʥ-

ʰʠʡ 1 ʤʢʤ [14]. ʇʝʨʚʠʥʥʽ ʧʨʦʜʫʢʪʠ ʨʦʟʧʘʜʫ ð ʮʝ 103Ru(t1/2 = 39,3 ʜʥ.) ʽ 
106Ru(t1/2 = 368 ʜʥ.). ɺʦʥʠ ʥʘʜʭʦʜʷʪʴ ʫ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʧʨʠ ʧʝʨʝʨʦʙʮʽ 

ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘ ʽ ʚʠʙʫʭʘʭ ʷʜʝʨʥʠʭ ʟʘʨʷʜʽʚ. 

ʋ ˇʨʫʥʪʘʭ ʨʦʟʧʦʜʽʣ ʽ ʫʪʨʠʤʘʥʥʷ 106Ru ʩʠʣʴʥʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʽʻʾ ʬʦʨʤʠ, ʫ 

ʷʢʽʡ ʚʽʥ ʥʘʜʭʦʜʠʪʴ (ʢʘʪʽʦʥʥʦʾ, ʘʥʽʦʥʥʦʾ, ʥʠʪʨʦʟʠʣ-ʨʫʪʝʥʽʡʦʚʠʭ ʢʦʤʧʣʝʢʩʽʚ) 

ʇʨʠ ʧʦʚʽʪʨʷʥʦʤʫ ʰʣʷʭʫ ʟʘʙʨʫʜʥʝʥʥʷ ʨʦʩʣʠʥ ʨʫʪʝʥʽʻʤ ʤʦʞʝ ʩʧʦʩʪʝʨʽʛʘʪʠʩʷ 

ʟʘʭʦʧʣʝʥʥʷ ʥʠʤʠ ʜʦ 10% ʡʦʛʦ ʢʽʣʴʢʦʩʪʽ, ʱʦ ʥʘʜʽʡʰʣʦ. ʇʝʨʝʨʦʙʢʘ ʷʜʝʨʥʦʛʦ 

ʧʘʣʠʚʘ ð ʮʝ ʜʞʝʨʝʣʦ ʥʽʪʨʦʟʠʣ-ʥʽʪʨʘʪʥʠʭ ʽ ʥʽʪʨʦʟʠʣ-ʥʽʪʨʠʪʥʠʭ ʢʦʤʧʣʝʢʩʽʚ 

ʨʫʪʝʥʽʶ, ʱʦ ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʚ ʤʦʨʩʴʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʚ ʥʽʪʨʦʟʠʣ-ʭʣʦʨʠʜʥʽ. ʋ 

ʩʢʠʜʘʥʥʷʭ ʧʨʠʩʫʪʥʽʡ ʫ ʩʫʩʧʝʥʟʽʷʭ 106Ru ʟʚ'ʷʟʘʥʠʡ ʟ ʛʽʜʨʦʢʩʠʜʘʤʠ ʟʘʣʽʟʘ. ɯʦʥʥʘ 

ʬʦʨʤʘ ʨʫʪʝʥʽʶ ʩʢʣʘʜʘʻ ʫ ʚʦʜʽ ʜʫʞʝ ʥʝʚʝʣʠʢʫ ʯʘʩʪʢʫ, ʘʣʝ ʜʦ 25% ʮʴʦʛʦ ʤʝʪʘʣʫ 

ʤʦʞʝ ʙʫʪʠ ʧʨʠʩʫʪʥʽʤ ʫ ʚʠʛʣʷʜʽ ʢʦʣʦʾʜʫ ʽ ʙʽʣʴʰ 60% ð ʫ ʩʢʣʘʜʽ ʟʚʘʞʝʥʠʭ ʯʘ-

ʩʪʦʢ. ʆʩʥʦʚʥʘ ʯʘʩʪʢʘ ʨʫʪʝʥʽʶ, ʧʦʛʣʠʥʝʥʦʛʦ ʚʦʜʥʠʤʠ ʨʦʩʣʠʥʘʤʠ ʽ ʪʚʘʨʠʥʘʤʠ. 

ʟʚ'ʷʟʘʥʘ ʟ ʘʜʩʦʨʙʮʽʻʶ ʡʦʛʦ ʥʘ ʧʦʚʝʨʭʥʽ. 

ʎʝʨʽʡ - ʜʨʫʛʠʡ ʝʣʝʤʝʥʪ ʫ ʛʨʫʧʽ ʣʘʥʪʘʥʦʾʜʽʚ, ʚʽʥ ʤʘʣʦ ʨʦʟʧʦʚʩʶʜʞʝʥʠʡ ʫ 

ʧʨʠʨʦʜʽ, ʘʣʝ ʜʚʘ ʡʦʛʦ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʽʟʦʪʦʧʠ ð ʚʘʞʣʠʚʽ ʧʨʦʜʫʢʪʠ ʷʜʝʨʥʦʛʦ 

ʨʦʟʧʘʜʫ. ɻʦʣʦʚʥʝ ʜʞʝʨʝʣʦ 144ʉʝ (t1/2= 284 ʜʥ.) ʽ 
141ʉʝ (t1/2= 32,5 ʜʥ.) ð ʧʝʨʝʨʦ-

ʙʢʘ ʧʘʣʠʚʘ ɯʥʰʽ ʜʞʝʨʝʣʘ ð ʮʝ ʷʜʝʨʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʡ ʘʚʘʨʽʡʥʽ ʚʠʢʠʜʠ, ʷʢ ʮʝ 

ʚʽʜʙʫʣʦʩʷ ʚ ʏʦʨʥʦʙʠʣʽ. ɺ ʦʩʪʘʥʥʴʦʤʫ ʚʠʧʘʜʢʫ ʚʠʢʠʥʫʪʽ ʯʘʩʪʢʠ ʷʜʝʨʥʦʛʦ ʧʘ-

ʣʠʚʘ ʤʽʩʪʠʣʠ ʮʝʨʽʡ ʫ ʢʦʥʮʝʥʪʨʘʮʽʷʭ, ʙʣʠʟʴʢʠʭ ʜʦ ʡʦʛʦ ʚʤʽʩʪʫ ʚ ʧʘʣʠʚʥʠʭ 

ʝʣʝʤʝʥʪʘʭ. ɹʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʧʘʣʠʚʥʽ ʯʘʩʪʢʠ, ʱʦ ʥʝʩʫʪʴ 144ʉʝ, ʥʝ ʯʫʪʣʠʚʽ ʜʦ 

ʦʩʘʜʞʝʥʥʷ ʽʟ ʘʪʤʦʩʬʝʨʥʠʤʠ ʦʧʘʜʘʤʠ. 

ɹʽʣʴʰ ʥʽʞ 95% 144 ʉʝ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʚ ˇʨʫʥʪʠ, ʰʚʠʜʢʦ ʟʚ'ʷʟʫʻʪʴʩʷ ʥʘ ʦʙ-

ʤʽʥʥʠʭ ʧʦʟʠʮʽʷʭ ʥʘ ʧʦʚʝʨʭʥʽ ʛʣʠʥʠʩʪʠʭ ʤʽʥʝʨʘʣʽʚ, ʘ ʪʘʢʦʞ ʫ ʚʠʛʣʷʜʽ ʨʦʟʯʠʥ-

ʥʠʭ, ʥʝʨʦʟʯʠʥʥʠʭ ʽ ʢʦʣʦʾʜʥʠʭ ʦʨʛʘʥʽʯʥʠʭ ʢʦʤʧʣʝʢʩʽʚ. ɯʤʦʚʽʨʥʦ, ʜʫʞʝ ʥʝʚʝʣʠ-

ʢʽ ʢʽʣʴʢʦʩʪʽ 144ʉʝ ʤʦʞʫʪʴ ʧʦʛʣʠʥʘʪʠʩʷ ʧʨʠ ʦʩʘʜʞʝʥʥʽ ʥʘʜʟʝʤʥʠʤʠ ʯʘʩʪʠʥʘʤʠ 



 

ʨʦʩʣʠʥ. ʇʨʠ ʥʘʜʭʦʜʞʝʥʥʽ. 141ʉʝ ʘʙʦ 144ʉʝ ʚ ʤʦʨʩʴʢʫ ʚʦʜʫ ʜʦ 70% ʾʭʥʴʦʾ ʢʽʣʴ-

ʢʦʩʪʽ ʰʚʠʜʢʦ ʟʚ'ʷʟʫʻʪʴʩʷ ʟʽ ʟʚʘʞʝʥʠʤʠ ʯʘʩʪʢʘʤʠ ʦʧʘʜʽʚ, ʙʣʠʟʴʢʦ 25% ʚʭʦʜʠʪʴ 

ʫ ʢʦʣʦʾʜʥʽ ʨʝʯʦʚʠʥʠ ʽ ʤʝʥʰ 5% ʟʘʣʠʰʘʻʪʴʩʷ ʚ ʨʦʟʯʠʥʝʥʠʭ ʽʦʥʥʠʭ ʬʦʨʤʘʭ. ʋ 

ʧʨʠʨʦʜʥʠʭ ʫʤʦʚʘʭ ʚʽʜʟʥʘʯʝʥʠʡ ʟʚ'ʷʟʦʢ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʽʟʦʪʦʧʽʚ ʮʝʨʽʶ ʽʟ ʩʫ-

ʩʧʝʥʟʽʻʶ ʘʙʦ ʦʩʘʜʦʚʠʤ ʤʘʪʝʨʽʘʣʦʤ. ʋ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʘʭ ʮʝʨʽʡ ʚʠʷʚʣʷʻ ʧʦʜʽʙ-

ʥʽʩʪʴ ʫ ʧʦʛʣʠʥʘʥʥʽ ʽ ʧʦʜʘʣʴʰʠʭ ʧʝʨʝʪʚʦʨʝʥʥʷʭ ʽʟ ʽʥʰʠʤʠ ʣʘʥʪʘʥʦʾʜʘʤʠ ʡ ʘʢ-

ʪʠʥʦʾʜʘʤʠ ʽ ʣʠʰʝ ʦʙʤʝʞʝʥʘ ʧʦʜʽʙʥʽʩʪʴ ʟ ʮʝʟʽʻʤ ʽ ʩʪʨʦʥʮʽʻʤ. 

ʁʦʜ ð ʛʘʣʦʛʝʥ, ʝʣʝʤʝʥʪ ʛʨʫʧʠ VII. ʋ ʧʨʠʨʦʜʽ ʚʽʥ ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʚ ʥʠʟʴ-

ʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ, ʘʣʝ ʧʦʚʩʶʜʥʦ. ʈʘʜʽʦʘʢʪʠʚʥʽ ʽʟʦʪʦʧʠ ʡʦʜʫ 129I (t1/2 = 1,57 Å 

107 ʨʦʢʽʚ) ɯ 
131I (t1/2  = 8,04 ʜʥ.) ʫʪʚʦʨʶʶʪʴʩʷ ʧʨʠ ʷʜʝʨʥʠʭ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʽ ʨʦ-

ʙʦʪʽ ʨʝʘʢʪʦʨʽʚ. ɸʢʪʠʚʥʽʩʪʴ ʫ ʢʠʧʣʷʯʠʭ ʚʦʜʷʥʠʭ ʨʝʘʢʪʦʨʘʭ (BWR) ʽ ʨʝʘʢʪʦʨʘʭ, 

ʦʭʦʣʦʜʞʫʚʘʥʠʭ ʚʦʜʦʶ ʧʽʜ ʪʠʩʢʦʤ (PWR), ʧʨʠʙʣʠʟʥʦ ʥʘ 6 ʽ 2% ʚʽʜʧʦʚʽʜʥʦ ʟʚ'-

ʷʟʘʥʘ ʟ 131I. ʇʨʠ ʏʦʨʥʦʙʠʣʴʩʴʢʽʡ ʘʚʘʨʽʾ ʙʫʣʠ ʚʠʢʠʥʫʪʽ ʨʽʟʥʽ ʭʽʤʽʯʥʽ ʽ ʬʽʟʠʯʥʽ 

ʬʦʨʤʠ ʡʦʜʫ (ʪʚʝʨʜʽ ʯʘʩʪʢʠ, ʝʣʝʤʝʥʪʘʨʥʠʡ ʡʦʜ, ʦʨʛʘʥʽʯʥʽ ʡʦʜʠʜʠ), ʘʣʝ ʦʩʥʦʚ-

ʥʘ ʡʦʛʦ ʯʘʩʪʢʘ ʟʥʘʭʦʜʠʣʘʩʷ ʚ ʛʘʟʦʧʦʜʽʙʥʽʡ ʬʦʨʤʽ ʫ ʚʠʛʣʷʜʽ ʝʣʝʤʝʥʪʘʨʥʦʛʦ 

ʡʦʜʫ ʽ ʣʝʪʫʯʠʭ ʦʨʛʘʥʽʯʥʠʭ ʡʦʜʠʜʽʚ. 

ʄʦʞʥʘ ʧʨʠʡʥʷʪʠ, ʱʦ ʚ ʙʽʣʴʰʦʩʪʽ ˇʨʫʥʪʽʚ ʧʨʠʙʣʠʟʥʦ 10% ʚʥʝʩʝʥʦʛʦ ʚ 

ʨʦʟʯʠʥʥʽʡ ʬʦʨʤʽ 131I ʟʘʣʠʰʘʻʪʴʩʷ ʜʦʩʪʫʧʥʠʤ ʜʣʷ ʧʦʛʣʠʥʘʥʥʷ ʨʦʩʣʠʥʘʤʠ. ɺʝ-

ʣʠʢʘ ʯʘʩʪʠʥʘ ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʡ ʦʨʛʘʥʽʯʥʦʛʦ ʡʦʜʫ, ʱʦ ʚʠʧʘʚ ʥʘ ʨʦʩʣʠʥʠ, ʧʦʛ-

ʣʠʥʘʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʣʠʩʪʷʤ, ʪʦʜʽ ʷʢ ʜʣʷ ʡʦʜʫ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʪʚʝʨʜʠʭ 

ʯʘʩʪʢʘʭ ʘʙʦ ʚ ʥʝʦʨʛʘʥʽʯʥʠʭ ʟ'ʻʜʥʘʥʥʷʭ, ʪʽʣʴʢʠ ʙʣʠʟʴʢʦ 10% ʧʦʛʣʠʥʘʻʪʴʩʷ ʨʦ-

ʩʣʠʥʘʤʠ ʯʝʨʝʟ ʨʦʟʯʠʥ. ʁʦʜʠʜʠ, ʦʯʝʚʠʜʥʦ, ʧʦʛʣʠʥʘʶʪʴʩʷ ʟ ʚʦʜʠ ʙʽʣʴʰ ʝʬʝʢ-

ʪʠʚʥʦ, ʯʠʤ ʡʦʜʘʪʠ. 

ʇʨʠ ʘʪʤʦʩʬʝʨʥʦʤʫ ʨʦʟʩʽʶʚʘʥʥʽ ʡʦʜʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʽʩʪʦʪʥʦ ʙʽʣʴʰʝ 

ʩʫʭʝ ʦʩʘʜʞʝʥʥʷ ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʡʦʜʫ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʘʝʨʦʟʦʣʴʥʦʶ ʬʦʨʤʦʶ, ʘ 

ʩʫʭʝ ʦʩʘʜʞʝʥʥʷ ʧʝʨʝʚʘʞʥʦʾ ʬʦʨʤʠ ʦʨʛʘʥʽʯʥʠʭ ʡʦʜʠʜʽʚ (ʤʝʪʠʣʡʦʜʠʜʘ) ʧʨʠʙ-

ʣʠʟʥʦ ʥʘ ʜʚʘ ʧʦʨʷʜʢʠ ʥʠʞʯʝ, ʥʽʞ ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʡʦʜʫ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʩʧʦʩʪʝ-

ʨʝʞʝʥʴ, ʦʨʛʘʥʽʯʥʽ ʡʦʜʠʜʠ ʚʠʤʠʚʘʶʪʴʩʷ ʰʚʠʜʰʝ ʘʝʨʦʟʦʣʴʥʦʛʦ ʡ ʝʣʝʤʝʥʪʘʨʥʦ-

ʛʦ ʡʦʜʫ. ʁʦʜ ʢʦʥʮʝʥʪʨʫʻʪʴʩʷ ʚ ʱʠʪʦʚʠʜʥʽʡ ʟʘʣʦʟʽ, ʧʨʠ ʮʴʦʤʫ ʧʦʛʣʠʥʘʥʥʷ ʡʦ-

ʛʦ ʨʦʟʯʠʥʥʠʭ ʬʦʨʤ ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ ʰʢʽʨʫ, ʣʝʛʝʥʽ ʽ ʪʨʘʚʥʠʡ ʪʨʘʢʪ. 

ʇʣʫʪʦʥʽʡ. ʇʨʠ ʥʝʡʪʨʦʥʥʽʡ ʘʢʪʠʚʘʮʽʾ ʫʨʘʥʦʚʦʛʦ ʧʘʣʠʚʘ ʚ ʨʝʘʢʪʦʨʘʭ ʫʪ-

ʚʦʨʶʶʪʴʩʷ ʽʟʦʪʦʧʠ ʧʣʫʪʦʥʽʶ 238Pu (t1/2 = 87,7 ʨʦʢʫ), 
239ʈʠ (t1/2= 2,4- 104 ʨʦʢʽʚ), 

240ʈʠ (t1/2 =6,6- 103 ʨʦʢʽʚ) ʽ ʚ ʤʝʥʰʠʭ ʢʽʣʴʢʦʩʪʷʭ ʽʟʦʪʦʧʠ ʙʽʣʴʰ ʚʘʞʢʠʭ ʝʣʝʤʝ-

ʥʪʽʚ. ʃʝʪʶʯʽʩʪʴ ʧʣʫʪʦʥʽʶ ʜʫʞʝ ʥʠʟʢʘ, ʽ ʧʨʠ ʨʦʙʦʪʽ ʨʝʘʢʪʦʨʘ ʥʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴ-

ʩʷ ʟʥʘʯʥʦʛʦ ʚʠʢʠʜʫ. ʆʜʥʘʢ ʚʠʢʠʜʠ ʚ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʤʦʞʫʪʴ ʚʽʜʙʫ-

ʚʘʪʠʩʷ ʧʨʠ ʜʝʷʢʠʭ ʘʚʘʨʽʷʭ ʨʝʘʢʪʦʨʽʚ, ʷʢ ʮʝ ʪʨʘʧʠʣʦʩʷ ʚ ʏʦʨʥʦʙʠʣʽ. ɯʥʰʽ ʜʞʝ-

ʨʝʣʘ ð ʮʝ ʢʦʥʪʨʦʣʴʦʚʘʥʽ ʩʢʠʜʘʥʥʷ ʟ ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʫʩʪʘʥʦʚʦʢ, ʨʝʘʢʪʦʨʠ-

ʨʘʟʤʥʦʞʫʚʘʯʽ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʦʙʦʪʠ ʥʘ ʨʝʘʢʪʦʨʘʭ, ʧʦʭʦʚʘʥʥʷ ʚʽʜʭʦʜʽʚ ʽ 

ʷʜʝʨʥʽ ʚʠʧʨʦʙʦʚʫʚʘʥʥʷ.   ʋ ˇʨʫʥʪʘʭ ʭʽʤʽʯʥʝ ʽ ʬʽʟʠʯʥʝ ʧʦʚʦʜʞʝʥʥʷ ʧʣʫʪʦʥʽʶ 



 

ʚʠʚʯʝʥʝ ʥʝʜʦʩʪʘʪʥʴʦ. ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʧʝʨʝʚʘʞʘʶʪʴ ʬʽʟʠʯʥʽ ʤʝʭʘʥʽʟʤʠ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʝʨʝʥʦʩʫ, ʪʦʜʽ ʷʢ ʭʽʤʽʯʥʘ ʜʦʩʪʫʧʥʽʩʪʴ ʮʴʦʛʦ ʝʣʝʤʝʥʪʘ ʚʽʜʥʦʩʥʦ 

ʥʠʟʴʢʘ. ʋ ʙʽʣʴʰʦʩʪʽ ʪʠʧʽʚ ˇʨʫʥʪʽʚ ʨʦʟʯʠʥʝʥʠʡ ʧʣʫʪʦʥʽʡ ʰʚʠʜʢʦ ʧʦʛʣʠʥʘʻʪʴʩʷ. 

ʂʦʥʮʝʥʪʨʘʮʽʷ ʧʣʫʪʦʥʽʶ ʚ ʨʦʩʣʠʥʘʭ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʜʫ ʦʩʪʘʥʥʽʭ, ʪʠʧʫ ʨʦʩʣʠʥ-

ʥʦʩʪʽ, ʚʽʢʫ ʽ ʩʪʘʥʫ ʨʦʩʣʠʥ, ʨʅ ˇʨʫʥʪʽʚ, ʾʭʥʽʡ ʢʘʪʽʦʥʦʦʙʤʽʥʥʦʾ ʻʤʥʦʩʪʽ, ʤʽʥʝʨʘ-

ʣʴʥʦʛʦ ʡ ʦʨʛʘʥʽʯʥʦʛʦ ʩʢʣʘʜʫ, ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʬʦʨʤ, ʧʨʠʯʦʤʫ ʨʽʚʥʽ ʡʦʛʦ ʚʤʽʩ-

ʪʫ ʤʽʥʷʶʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʨʠʚʘʣʦʩʪʽ ʥʘʜʭʦʜʞʝʥʥʷ ʟʘʙʨʫʜʥʝʥʴ. ʈʦʟʯʠʥ-

ʥʽʩʪʴ ʡʦʛʦ ʫ ʚʦʜʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʦʢʠʩʣʶʚʘʣʴʥʦ-ʚʽʜʥʦʚʥʠʤ ʧʦʪʝʥʮʽʘʣʦʤ, ʨʅ ʽ 

ʚʤʽʩʪʦʤ ʦʨʛʘʥʽʯʥʠʭ ʣʽʛʘʥʜʽʚ. ʇʣʫʪʦʥʽʡ ʤʘʻ ʨʽʟʥʦʤʘʥʽʪʥʽ ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, 

ʘʣʝ ʽ ʙʽʣʴʰʽʩʪʴ ʡʦʛʦ ʭʽʤʽʯʥʠʭ ʬʦʨʤ ʚʽʜʥʦʩʥʦ ʤʘʣʦʨʦʟʯʠʥʥʽ, ʽ ʱʦ ʩʧʨʠʷʻ ʧʦʛ-

ʣʠʥʘʥʥʶ ʡʦʛʦ ʦʧʘʜʘʤʠ. ʋ ʚʦʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʧʨʠʩʫʪʥʽ ʧʨʠʥʘʡʤʥʽ ʯʦʪʠʨʠ 

ʩʪʘʥʠ ʦʢʠʩʣʶʚʘʥʥʷ: Pu(III), Pu(IV), Pu(V) ʽ Pu(VI), ʱʦ ʫʪʚʦʨʶʶʪʴ ʽʦʥʠ ʚ ʛʽʜ-

ʨʘʪʦʚʘʥʽʡ ʬʦʨʤʽ. ʈʦʟʯʠʥʥʽʩʪʴ ʧʣʫʪʦʥʽʶ ʚ ʧʨʠʨʦʜʥʠʭ ʚʦʜʘʭ ʥʠʟʢʘ ʡ ʚʠʟʥʘʯʘ-

ʻʪʴʩʷ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ Pu(V) ʘʙʦ Pu(VI). ɸʙʩʦʨʙʦʚʘʥʽ ʬʦʨʤʠ ʟʚʠʯʘʡʥʦ ʧʨʝʜ-

ʩʪʘʚʣʝʥʽ ʩʪʘʥʘʤʠ Pu(III) ʽ Pu(IV). ʋ ʚʦʜʥʽʡ  ʪʦʚʱʽ ʧʨʠʩʫʪʥʽ ʽʦʥʥʽ, ʟʚʘʞʝʥʽ, ʢʦ-

ʣʦʾʜʥʽ ʽ ʧʩʝʚʜʦ ʢʦʣʦʾʜʥʽ ʬʦʨʤʠ ʧʣʫʪʦʥʽʶ. ɹʽʣʴʰ 90% ʧʣʫʪʦʥʽʶ ʝʬʝʢʪʠʚʥʦ ʟʘ-

ʭʦʧʣʶʻʪʴʩʷ ʽ ʰʚʠʜʢʦ ʚʠʜʘʣʷʻʪʴʩʷ ʟ ʚʦʜʥʦʾ ʪʦʚʱʽ ʚ ʤʝʞʘʭ ʙʝʨʝʛʦʚʦʾ ʟʦʥʠ, ʜʝ ʻ 

ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʨʝʯʦʚʠʥʠ, ʱʦ ʦʩʘʜʞʫʻʪʴʩʷ. ʄʝʥʰ ʝʬʝʢʪʠʚʥʝ ʟʘʭʦʧʣʝʥʥʷ ʽ 

ʚʠʜʘʣʝʥʥʷ ʧʣʫʪʦʥʽʶ ʟ ʚʦʜʥʦʛʦ ʩʪʦʚʧʘ ʫ ʚʽʜʢʨʠʪʦʤʫ ʦʢʝʘʥʽ. 

 ʉʨʽʙʣʦ  ð ʧʝʨʝʭʽʜʥʠʡ ʤʝʪʘʣ, ʱʦ ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʚ ʥʠʟʴʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽ-

ʷʭ ʫ ʧʨʠʨʦʜʽ. ʋ ʷʜʝʨʥʠʭ ʨʝʘʢʪʦʨʘʭ ʫʪʚʦʨʶʻʪʴʩʷ ʷʢ ʧʨʦʜʫʢʪ ʨʦʟʧʘʜʫ ʟ ʤʘʣʠʤ 

ʚʠʭʦʜʦʤ ʽ ʷʢ ʨʝʟʫʣʴʪʘʪ ʥʝʡʪʨʦʥʥʦʾ ʘʢʪʠʚʘʮʽʾ. ɿʥʘʯʝʥʥʷ ʤʘʶʪʴ ʨʘʜʽʦʘʢʪʠʚʥʽ 

ʥʫʢʣʽʜʠ 110Ag (t1/2 =25 ʩ), 
110mAg (t1/2 = 250 ʜʥ.) ʽ 

108Ag (t1/2 =2,4 ʭʚ.). ʇʝʨʝʜʙʘ-

ʯʘʻʪʴʩʷ, ʱʦ ʢʦʣʠ ʩʨʽʙʣʦ ʥʘʜʭʦʜʠʪʴ ʫ ˇʨʫʥʪ, ʛʦʣʦʚʥʘ ʯʘʩʪʠʥʘ ʡʦʛʦ ʰʚʠʜʢʦ ʘʜ-

ʩʦʨʙʫʻʪʴʩʷ ʥʘ ʤʽʥʝʨʘʣʴʥʠʭ ʨʝʯʦʚʠʥʘʭ ʘʙʦ ʟʚ'ʷʟʫʻʪʴʩʷ ʚ ʢʦʤʧʣʝʢʩʠ ʟ ʥʝʨʦʟ-

ʯʠʥʥʠʤʠ ʦʨʛʘʥʽʯʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. ʄʝʥʰ 2% ʟʘʛʘʣʴʥʦʛʦ ʡʦʛʦ ʚʤʽʩʪʫ ʚ 

ˇʨʫʥʪʘʭ ʤʦʞʝ ʙʫʪʠ ʧʨʠʩʫʪʥʽʤ ʫ ʚʠʛʣʷʜʽ ˇʨʫʥʪʦʚʠʭ ʨʦʟʯʠʥʽʚ. 

ʊʝʣʫʨ ð ʘʤʬʦʪʝʨʥʠʡ ʝʣʝʤʝʥʪ ʛʨʫʧʠ VI, ʭʽʤʽʯʥʦ ʙʣʠʟʴʢʠʡ ʩʽʨʮʽ ʽ ʩʝʣʝ-

ʥʫ. ʎʝ ʧʨʦʜʫʢʪ ʨʦʟʧʘʜʫ ʟ ʜʫʞʝ ʤʘʣʠʤ ʚʠʭʦʜʦʤ. ɿʥʘʯʝʥʥʷ ʤʘʶʪʴ ʧ'ʷʪʴ ʨʘʜʽʦʘ-

ʢʪʠʚʥʠʭ ʽ ʜʦʯʽʨʥʽʭ ʽʟʦʪʦʧʽʚ: 127ʊʽ (t1/2 = 109 ʜʥ.) ʨʦʟʧʘʜʘʻʪʴʩʷ ʟ ʫʪʚʦʨʝʥʥʷʤ 
127ʊʽ (t1/2 = 9,3 ʯ) ʽ 

127I (ʩʪʘʙʽʣʴʥʦʛʦ); 129mʊʝ (t1/2 = 33,6 ʜʥ.) ʨʦʟʧʘʜʘʻʪʴʩʷ ʟ 

ʫʪʚʦʨʝʥʥʷʤ 129ʊʽ (t1/2 = 73 ʭʚ) ʽ 
129I (t1/2 = 1,6 Å 10

7 ʨʦʢʽʚ); 132ʊʽ(t1/2 = 78, 4 ʯ) ʧʝ-

ʨʝʪʚʦʨʶʻʪʴʩʷ ʚ 132I (t1/2 =2,3 ʯ). 
132ʊʽ ʙʫʚ ʟʘʬʽʢʩʦʚʘʥʠʡ ʫ ʤʦʨʩʴʢʦʤʫ ʩʝʨʝʜʦ-

ʚʠʱʽ ʧʽʩʣʷ ʷʜʝʨʥʠʭ ʚʠʙʫʭʽʚ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʫ ʟʚʘʞʝʥʽʡ (ʚʢʣʶʯʘʶʯʠ ʢʦʣʦʾʜ-

ʥʫ) ʬʦʨʤʽ. ʊʝʣʫʨ ʧʦʧʘʜʘʻ ʚ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʧʨʠ ʘʚʘʨʽʷʭ, ʷʢ ʮʝ ʪʨʘ-

ʧʠʣʦʩʷ, ʥʘʧʨʠʢʣʘʜ, ʫ ʏʦʨʥʦʙʠʣʽ. 

ʎʠʨʢʦʥʽʡ ð ʪʫʛʦʧʣʘʚʢʠʡ ʧʝʨʝʭʽʜʥʠʡ ʤʝʪʘʣ, ʦʜʠʥ ʟ ʛʦʣʦʚʥʠʭ ʧʨʦʜʫʢʪʽʚ 

ʷʜʝʨʥʦʛʦ ʨʦʟʧʘʜʫ. ʁʦʛʦ ʚʘʞʣʠʚʽ ʨʘʜʽʦʘʢʪʠʚʥʽ ʽʟʦʪʦʧʠ ð 93Zr (t1/2 = 1,5 Å 10
6 

ʨʦʢʽʚ) ʽ 95Zr (t1/2 = 65 ʜʥ.). 
95Zr ʨʦʟʩʽʷʥʠʡ ʧʦʚʩʶʜʥʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʷʜʝʨʥʠʭ ʚʠ-



 

ʙʫʭʽʚ. ʂʨʽʤ ʪʦʛʦ, ʚʽʥ ð ʦʩʥʦʚʥʝ ʜʞʝʨʝʣʦ g- ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʩʫʤʽʰʽ ʧʨʦʜʫ-

ʢʪʽʚ ʨʦʟʧʘʜʫ ʧʨʠ ʧʝʨʝʨʦʙʮʽ ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘ. ʅʘʜʭʦʜʞʝʥʥʷ ʮʠʨʢʦʥʽʶ ʚ ʥʘ-

ʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʚʽʜʙʫʣʦʩʷ ʧʨʠ ʏʦʨʥʦʙʠʣʴʩʴʢʽʡ ʘʚʘʨʽʾ ʚ ʨʝʟʫʣʴʪʘʪʽ ʤʦ-

ʛʫʪʥʴʦʛʦ ʚʠʢʠʜʫ ʬʨʘʛʤʝʥʪʽʚ ʧʘʣʠʚʘ, ʷʢʽ ʥʝʩʣʠ ʫ ʩʦʙʽ ʪʘʢʽ ʚʘʞʢʦ ʣʝʪʫʯʽ ʝʣʝʤʝ-

ʥʪʠ. ʎʠʨʢʦʥʽʡ ʥʘʜʭʦʜʠʪʴ ʫ ˇʨʫʥʪʦʚʽ ʩʠʩʪʝʤʠ ʷʢ ʧʨʦʜʫʢʪ ʘʪʤʦʩʬʝʨʥʠʭ ʷʜʝʨ-

ʥʠʭ ʚʠʙʫʭʽʚ. ɺʽʥ ʚʠʷʚʣʷʻʪʴʩʷ ʪʘʢʦʞ ʫ ˇʨʫʥʪʘʭ ʚ ʦʢʦʣʠʮʷʭ ʟʘʚʦʜʽʚ, ʱʦ ʧʝʨʝʨʦ-

ʙʣʷʶʪʴ ʷʜʝʨʥʝ ʧʘʣʠʚʦ. 95%, ʱʦ ʥʘʜʭʦʜʠʪʴ ʫ ʨʽʟʥʽ ʪʠʧʠ ˇʨʫʥʪʽʚ 95Zr ʰʚʠʜʢʦ 

ʘʜʩʦʨʙʫʻʪʴʩʷ ʘʙʦ ʦʩʘʜʞʫʻʪʴʩʷ. ʋ ʚʦʜʘʭ ʧʨʠʙʣʠʟʥʦ 95% ʮʴʦʛʦ ʽʟʦʪʦʧʫ ʟʚ'ʷʟʘʥʦ 

ʟ ʢʦʣʦʾʜʘʤʠ, ʦʨʛʘʥʽʯʥʠʤʠ ʢʠʩʣʦʪʘʤʠ ʽ ʩʫʩʧʝʥʟʽʻʶ ʽ ʪʽʣʴʢʠ ʤʝʥʰ 5% ʟʙʝʨʽʛʘ-

ʻʪʴʩʷ ʚ ʨʦʟʯʠʥʝʥʦʤʫ ʩʪʘʥʽ. 

ʅʽʦʙʽʡ. 95Nb (t1/2 = 35 ʜʥ.) ð ʜʦʯʽʨʥʽʡ ʧʨʦʜʫʢʪ ʨʦʟʧʘʜʫ 95Zr, ʱʦ ʥʘʜʭʦ-

ʜʠʪʴ ʫ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʧʨʠ ʨʦʙʦʪʽ ʟʘʚʦʜʽʚ ʧʦ ʧʝʨʝʨʦʙʮʽ ʷʜʝʨʥʦʛʦ ʧʘ-

ʣʠʚʘ ʡ ʫ ʨʝʟʫʣʴʪʘʪʽ ʷʜʝʨʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ. ʍʘʨʘʢʪʝʨʥʽ ʨʠʩʠ ʭʽʤʽʯʥʦʛʦ ʧʦʚʦ-

ʜʞʝʥʥʷ 95Nb ʫ ˇʨʫʥʪʘʭ ʩʚʽʜʯʘʪʴ ʧʨʦ ʚʝʣʠʢʫ ʧʦʜʽʙʥʽʩʪʴ ʡʦʛʦ ʟ ʮʠʨʢʦʥʽʻʤ, ʦʜ-

ʥʘʢ ʥʽʦʙʽʡ ʧʦʛʣʠʥʘʻʪʴʩʷ ʥʘʟʝʤʥʦʶ ʨʦʩʣʠʥʥʽʩʪʶ ʟʥʘʯʥʦ ʣʝʛʰʝ, ʥʽʞ ʮʠʨʢʦʥʽʡ. 

ʇʦʚʦʜʞʝʥʥʷ 95Nb ʫ ʚʦʜʘʭ ʧʦʜʽʙʥʦ ʧʦʚʦʜʞʝʥʥʶ 95Zr, ʘʣʝ ʚʽʥ ʩʠʣʴʥʽʰʝ ʟʚ'ʷʟʘ-

ʥʠʡ ʽʟ ʩʫʩʧʝʥʟʽʻʶ, ʢʦʣʦʾʜʘʤʠ ʽ ʨʦʟʯʠʥʝʥʠʤʠ ʦʨʛʘʥʽʯʥʠʤʠ i ʢʦʤʧʣʝʢʩʘʤʠ. ʇʦ-

ʢʘʟʥʠʢ ʥʘʛʨʦʤʘʜʞʝʥʥʷ ʚ ʦʧʘʜʘʭ ʫ ʥʽʦʙʽʶ ʚʠʱʝ, ʥʽʞ ʫ ʮʠʨʢʦʥʽʶ. 

ʃʘʥʪʘʥ ð ʧʝʨʝʭʽʜʥʠʡ ʤʝʪʘʣ. ʁʦʛʦ ʨʘʜʽʦʽʟʦʪʦʧʠ, ʱʦ ʫʪʚʦʨʠʣʠʩʷ ʚ ʨʝ-

ʟʫʣʴʪʘʪʽ ʷʜʝʨʥʦʛʦ ʨʦʟʧʘʜʫ, ʧʨʠʩʫʪʥʽ ʚ ʩʧʝʢʪʨʽ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ 

ʥʘʚʢʦʣʦ ʏʦʨʥʦʙʠʣʷ ʟ ʚʝʣʠʢʠʤ ʯʘʩʦʤ ʞʠʪʪʷ. ɻʦʣʦʚʥʽ ʨʘʜʽʦʘʢʪʠʚʥʽ ʽʟʦʪʦʧʠ ð 
138La (t1/2 = l.1 Å 10

11 ʨʦʢʽʚ) ʽ 140La(t1/2 = 40,3 ʯ). ɼʣʷ ʣʘʥʪʘʥʫ ʭʘʨʘʢʪʝʨʥʠʡ ʜʫʞʝ 

ʥʠʟʴʢʠʡ ʩʪʫʧʽʥʴ ʙʽʦʣʦʛʽʯʥʦʾ ʧʨʠʩʪʫʧʥʦʩʪʽ ʚ ˇʨʫʥʪʘʭ. 

ʊʝʭʥʝʮʽʡ ð ʧʝʨʝʭʽʜʥʠʡ ʝʣʝʤʝʥʪ ʽʟ ʤʝʪʘʣʝʚʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʋ ʧʨʠ-

ʨʦʜʥʦʤʫ ʩʪʘʥʽ ʚʽʥ ʥʝ ʽʩʥʫʻ ʥʘ ɿʝʤʣʽ, ʪʦʤʫ ʱʦ ʚ ʥʴʦʛʦ ʥʝʤʘʻ ʩʪʘʙʽʣʴʥʠʭ ʽʟʦʪʦ-

ʧʽʚ. ʎʝ ʧʝʨʚʠʥʥʠʡ ʧʨʦʜʫʢʪ ʨʦʟʧʦʜʽʣʫ, ʽ ʡʦʛʦ ʛʦʣʦʚʥʽ ʽʟʦʪʦʧʠ 99ʊʽ (t1/2 =2,1- 105 

ʨʦʢʽʚ) ʽ 97ʊʩ (t1/2 = 2,6 Å 10
6 ʨʦʢʽʚ). ɺʠʢʠʜʠ ʪʝʭʥʝʮʽʶ ʚ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠ-

ʱʝ  ʚʽʜʙʫʚʘʣʠʩʷ ʧʨʠ ʷʜʝʨʥʠʭ ʚʠʙʫʭʘʭ ʽ ʥʘ ʟʘʚʦʜʘʭ ʧʦ ʧʝʨʝʨʦʙʮʽ ʧʘʣʠʚʘ. ʉʘʤʘ 

ʩʪʽʡʢʘ ʡʦʛʦ ʬʦʨʤʘ ð ʜʫʞʝ ʜʦʙʨʝ ʨʦʟʯʠʥʥʠʡ ʧʝʨʪʝʭʥʝʪʘʪ-ʽʦʥ. ʅʘʡʙʽʣʴʰ ʡʤʦ-

ʚʽʨʥʠʡ ʩʪʘʥ ʧʨʠ ʚʠʧʘʜʘʥʥʽ ʥʘ ʧʦʚʝʨʭʥʶ ˇʨʫʥʪʽʚ ð Tc(VII). ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʬʽ-

ʢʩʘʮʽʾ ʪʝʭʥʝʮʽʶ ʚ  ˇʨʫʥʪʘʭ ʟʘʣʝʞʠʪʴ ʚʽʜ ʾʭʥʴʦʛʦ ʪʠʧʫ. ʎʝʡ ʥʫʢʣʽʜ ʜʫʞʝ ʨʫʭʣʠ-

ʚʠʡ ʫ ʨʦʩʣʠʥʘʭ: ʚʽʥ ʧʝʨʝʭʦʜʠʪʴ ʟ ʢʦʨʝʥʽʚ ʫ ʥʘʜʟʝʤʥʫ ʯʘʩʪʠʥʫ ʽ ʣʝʛʢʦ ʧʨʦʥʠ-

ʢʘʻ ʚ ʪʢʘʥʠʥʠ ʧʣʦʜʽʚ ʽ ʥʘʩʽʥʴ ʧʨʠ ʾʭʥʴʦʤʫ ʨʦʟʚʠʪʢʫ. ʆʩʢʽʣʴʢʠ ʧʨʠ ʥʘʜʭʦ-

ʜʞʝʥʥʽ ʟ ʚʦʜʦʶ ʪʝʭʥʝʮʽʡ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʚʠʜʽ ʧʝʨʪʝʭʥʝʪʘʪ-ʽʦʥʘ, ʤʦʞʥʘ ʜʦʧʫʩ-

ʪʠʪʠ (ʧʽʜ ʯʘʩ ʚʽʜʩʫʪʥʦʩʪʽ ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʜʘʥʠʭ), ʱʦ ʡ ʫ ˇʨʫʥʪʽ ʚʽʥ ʟʘʣʠʰʘʻʪʴ-

ʩʷ ʚ ʨʦʟʯʠʥʥʽʡ ʬʦʨʤʽ [134]. ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʧʨʠ .ʚʠʢʠʜʘʭ ʫ ʚʦʜʥʝ ʩʝʨʝʜʦ-

ʚʠʱʝ ʊʽ ʟʘʣʠʰʘʻʪʴʩʷ ʜʦʩʪʫʧʥʠʤ ʜʣʷ ʙʫʜʴ-ʷʢʠʭ ʦʨʛʘʥʽʟʤʽʚ. 

ɸʤʝʨʠʮʽʡ ð ʝʣʝʤʝʥʪ ʽʟ ʛʨʫʧʠ ʘʢʪʠʥʦʾʜʽʚ. ʅʘʡʚʘʞʣʠʚʽʰʠʡ ʡʦʛʦ ʽʟʦʪʦʧ 

ð 241Am (t1/2 = 432,2 ʨʦʢʠ) ð ʫʪʚʦʨʠʪʴʩʷ ʧʨʠ ʨʦʟʧʘʜʽ 241 ʈʠ. ɺʽʥ ʙʫʚ ʚʠʷʚʣʝ-



 

ʥʠʡ ʫ ʟʦʥʽ ʧʦʭʦʚʘʥʥʷ ʚʽʜʭʦʜʽʚ ʜʽʶʯʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʫʩʪʘʥʦʚʦʢ, ʘ ʪʘʢʦʞ ʷʢ ʨʝ-

ʟʫʣʴʪʘʪ ʛʣʦʙʘʣʴʥʠʭ ʚʠʧʘʜʘʥʴ: ɯʟʦʪʦʧ 242Am (t1/2 = 16 ʯ) ʪʝʞ ʙʫʚ ʧʨʠʩʫʪʥʽʡ ʚ 

ʘʪʤʦʩʬʝʨʥʠʭ ʚʠʧʘʜʘʥʥʷʭ ʧʽʩʣʷ ʽʩʧʠʪʽʚ. ʂʨʽʤ ʪʦʛʦ, ʧʨʦʜʫʢʪʦʤ ʷʜʝʨʥʠʭ ʽʩʧʠʪʽʚ 

ʻ 243ɸm (t1/2 = 7,4 Å 10
3 ʨʦʢʽʚ), ʘʣʝ ʮʝʡ ʽʟʦʪʦʧ ʥʝ ʙʫʚ ʚʠʷʚʣʝʥʠʡ ʫ ʥʘʚʢʦʣʠʰʥʽʤ 

ʩʝʨʝʜʦʚʠʱʽ. ʆʢʩʠʜʠ ʽ ʛʽʜʨʦʢʩʠʜʠ Am(III) ʚʽʜʥʦʩʥʦ ʧʦʛʘʥʦ ʨʦʟʯʠʥʥʽ. ʅʘʡ-

ʙʽʣʴʰ ʡʤʦʚʽʨʥʠʡ ʩʪʘʥ ʘʤʝʨʠʮʽʶ ʚ ˇʨʫʥʪʘʭ ð Arn(III). ʇʦʢʘʟʥʠʢ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʘʤʝʨʠʮʽʶ ʚ ʨʦʩʣʠʥʥʦʩʪʽ ʟʘʣʝʞʠʪʴ ʷʢ ʚʽʜ ʨʦʩʣʠʥʥʠʭ, ʪʘʢ ʽ ʚʽʜ ˇʨʫʥʪʦʚʠʭ ʬʘʢ-

ʪʦʨʽʚ. ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʘʤʝʨʠʮʽʡ ʧʨʠʩʫʪʥʽʡ ʫ ʚʦʜʘʭ ʚ ʦʢʠʩʥʦʤʫ ʩʪʘʥʽ 

Am(III). ʋ ʧʨʽʩʥʦʚʦʜʥʦʤʫ ʽ ʤʦʨʩʴʢʦʤʫ ʩʝʨʝʜʦʚʠʱʘʭ ʨʦʟʯʠʥʥʘ ʡʦʛʦ ʯʘʩʪʢʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʝ ʪʽʣʴʢʠ ʢʘʪʽʦʥʥʠʤʠ ʬʦʨʤʘʤʠ, ʘʣʝ ʽ ʥʝʛʘʪʠʚʥʦ ʟʘʨʷʜʞʝʥʠʤʠ 

ʢʦʤʧʣʝʢʩʘʤʠ. ɻʽʜʨʦʢʩʠʜ ʘʤʝʨʠʮʽʶ, ʱʦ ʫʪʚʦʨʠʪʴʩʷ ʧʨʠ ʰʚʠʜʢʦʤʫ ʛʽʜʨʦʣʽʟʽ 

ʘʤʝʨʠʮʽʶ ʚ ʨʦʟʯʠʥʽ, ʧʦʛʘʥʦ ʨʦʟʯʠʥʥʠʡ ʷʢ ʫ ʧʨʽʩʥʦʚʦʜʥʦʾ, ʪʘʢ ʽ ʚ ʤʦʨʩʴʢʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ. ʎʝʡ ʧʨʦʜʫʢʪ ʛʽʜʨʦʣʽʟʫ ʰʚʠʜʢʦ ʫʪʚʦʨʠʪʴ ʟʚʘʞʝʥʽ ʫ ʚʦʜʽ ʯʘʩʪʢʠ 

ʘʙʦ ʘʜʩʦʨʙʫʻʪʴʩʷ ʥʘ ʩʫʩʧʝʥʟʽʾ. ʈʦʟʯʠʥʥʽ ʢʦʤʧʣʝʢʩʠ ʟ ʦʨʛʘʥʽʯʥʠʤʠ ʣʽʛʘʥʜʘʤʠ 

ʤʦʞʫʪʴ ʫʪʨʠʤʫʚʘʪʠ ʘʤʝʨʠʮʽʡ ʫ ʨʦʟʯʠʥʽ. ɸʩʦʮʽʘʮʽʷ ʘʤʝʨʠʮʽʶ ʟʽ ʟʚʘʞʝʥʦʶ ʨʝ-

ʯʦʚʠʥʦʶ ʡ ʦʧʘʜʘʤʠ ʢʦʥʪʨʦʣʶʻ ʡʦʛʦ ʧʦʚʦʜʞʝʥʥʷ ʽ ʨʦʟʧʦʜʽʣ ʫ ʚʦʜʥʦʤʫ ʩʝʨʝ-

ʜʦʚʠʱʽ. ɺ ʦʧʘʜʘʭ ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʤʝʨʠʮʽʶ ʚ ʮʽʣʦʤʫ ʨʦʩʪʫʪʴ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʨʦ-

ʟʤʽʨʫ ʾʭʥʽʭ ʯʘʩʪʦʢ. ɸʤʝʨʠʮʽʡ ʚʽʜʢʣʘʜʘʻʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ ʚ ʢʽʩʪʢʘʭ ʽ ʜʦʜʘʪʢʦʚʦ 

ð ʚ ʦʢʽʩʪʽ. 

 

 



 

ʈʦʟʜʽʣ 4. ʈʦʟʧʦʚʩʶʜʞʝʥʥʷ ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʚ ʘʪʤʦʩʬʝʨʽ. 

4.1. ɼʞʝʨʝʣʘ ʟʘʙʨʫʜʥʝʥʥʷ 

ʅʘʡʙʽʣʴʰ ʯʘʩʪʦ ʨʽʟʥʦʛʦ ʨʦʜʫ ʟʘʙʨʫʜʥʶʚʘʯʽ ʥʘʜʭʦʜʷʪʴ ʫ ʥʘʟʝʤʥʽ ʝʢʦʩʠʩ-

ʪʝʤʠ ʚʥʘʩʣʽʜʦʢ ʾʭ ʚʠʧʘʜʘʥʥʷ ʽʟ ʘʪʤʦʩʬʝʨʠ. ʈʦʟʨʽʟʥʷʶʪʴ ʚʠʧʘʜʘʥʥʷ ʛʣʦʙʘʣʴʥʽ, 

ʪʦʙʪʦ ʚʠʧʘʜʘʥʥʷ ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʥʘ ʟʥʘʯʥʠʭ ʪʝʨʠʪʦʨʽʷʭ ʪʘ ʣʦʢʘʣʴʥʽ.. ʇʨʠʢʣʘ-

ʜʦʤ ʛʣʦʙʘʣʴʥʠʭ ʻ ʚʠʧʘʜʘʥʥʷ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʧʨʦʜʫʢʪʽʚ ʷʜʝʨʥʠʭ ʚʠʙʫʭʽʚ, ʷʢʽ 

ʬʦʨʤʫʶʪʴʩʷ ʽʟ ʤʘʣʠʭ ʯʘʩʪʠʥʦʢ ʪʘ ʛʘʟʽʚ, ʚʠʢʠʥʫʪʠʭ ʚ ʩʪʨʘʪʦʩʬʝʨʫ. ʊʘʢʽ ʧʨʦ-

ʜʫʢʪʠ  ʦʩʽʜʘʶʪʴ ʥʘ ʧʦʚʝʨʭʥʶ ɿʝʤʣʽ ʥʘ ʧʨʦʪʷʟʽ ʙʘʛʘʪʴʦʭ ʤʽʩʷʮʽʚ ʽ, ʥʘʚʽʪʴ, ʨʦ-

ʢʽʚ, ʚ ʦʩʥʦʚʥʦʤʫ ʽʟ ʘʪʤʦʩʬʝʨʥʠʤʠ ʦʧʘʜʘʤʠ.  

ʇʨʠ ʣʦʢʘʣʴʥʠʭ ʚʠʧʘʜʘʥʥʷʭ ʟʘʙʨʫʜʥʶʚʘʯʽ ʚʠʧʘʜʘʶʪʴ ʥʘ ʪʝʨʠʪʦʨʽʾ ʧʨʠ-

ʣʝʛʣʽʡ ʜʦ ʜʞʝʨʝʣʘ ʚʠʢʠʜʫ ʟʘʙʨʫʜʥʝʥʥʷ. ɼʠʥʘʤʽʢʘ ʪʘ ʛʫʩʪʠʥʘ ʣʦʢʘʣʴʥʠʭ ʚʠʧʘ-

ʜʘʥʴ ʥʝʨʽʚʥʦʤʽʨʥʽ ʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʚʠʜʫ, ʚʠʩʦʪʠ ʚʠʢʠʜʫ, ʧʽʨ ʨʦʢʫ, ʧʦʛʦʜʠ, ʥʘ-

ʧʨʷʤʢʫ ʚʽʪʨʫ, ʛʝʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʽʩʮʝʚʦʩʪʽ ʽ ʪ. ʽʥ.  ʇʨʠ ʣʦʢʘʣʴʥʠʭ 

ʚʠʧʘʜʘʥʥʷʭ ʩʫʪʪʻʚʫ ʨʦʣʴ ʚʽʜʽʛʨʘʶʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʞʝʨʝʣʘ ʚʠʢʠʜʫ.  ɿʦʢʨʝ-

ʤʘ, ʨʦʟʨʽʟʥʷʶʪʴ ʜʞʝʨʝʣʘ ʪʦʯʢʦʚʽ ʪʘ ʨʦʟʧʦʜʽʣʝʥʽ. ɼʦ ʦʩʪʘʥʥʽʭ ʚʽʜʥʦʩʷʪʴʩʷ 

ʧʣʦʱʠʥʥʽ ʜʞʝʨʝʣʘ ʟʘʙʨʫʜʥʝʥʥʷ. ɺ ʦʩʥʦʚʽ ʦʩʪʘʥʥʽʭ ʚʠʟʥʘʯʝʥʴ ʟʥʘʭʦʜʠʪʴʩʷ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ  ʧʨʦʩʪʦʨʦʚʠʤʠ ʨʦʟʤʽʨʘʤʠ r0 ʜʞʝʨʝʣʘ ʚʠʢʠʜʫ ʪʘ ʚʽʜʜʘʣʣʶ 

ʪʦʯʢʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʚʽʜ ʜʞʝʨʝʣʘ ï r. ʊʘʢ, ʟʘ ʫʤʦʚʠ r>>r0 ʜʞʝʨʝʣʦ ʚʠʢʠʜʽʚ 

ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʪʦʯʢʦʚʠʤ. ʗʢʱʦ ʞ ʚʠʢʦʥʫʻʪʴʩʷ ʫʤʦʚʘ r0º r, ʘʙʦ ʞ r ¢ r0,  ʪʦ 

ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʭʘʨʘʢʪʝʨʫ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʪʦʯʮʽ r ʥʝʦʙʭʽʜʥʦ  ʚʨʘʭʦʚʫʚʘʪʠ ʨʦʟ-

ʤ̔ ʨʠ ʜʞʝʨʝʣʘ ʟʘʙʨʫʜʥʝʥʥʷ - r0. ʇʨʠʢʣʘʜʦʤ ʨʦʟʧʦʜʽʣʝʥʠʭ ʜʞʝʨʝʣ ʟʘʙʨʫʜʥʝʥʴ ʻ 

ʣʽʩʦʚʽ ʧʦʞʝʞʽ. 

ɯʥʰʠʤ ʧʨʠʢʣʘʜʦʤ ʨʦʟʧʦʜʽʣʝʥʠʭ ʜʞʝʨʝʣ ʟʘʙʨʫʜʥʝʥʥʷ ʻ ʣʽʥʽʡʥʽ ʜʞʝʨʝʣʘ, 

ʢʦʥʝʯʥʽ ʘʙʦ ʙʝʟʢʦʥʝʯʥʽ. ɼʦ ʮʴʦʛʦ ʢʣʘʩʫ ʜʞʝʨʝʣ ʚʽʜʥʦʩʷʪʴʩʷ ʧʨʦʤʠʩʣʦʚʽ ʧʽʜʧ-

ʨʠʻʤʩʪʚʘ ʨʦʟʪʘʰʦʚʘʥʽ ʚʟʜʦʚʞ ʨʽʯʢʠ, ʤʦʨʩʴʢʽ ʧʦʨʪʠ ʪʘ ʘʚʪʦʤʦʙʽʣʴʥʽ ʰʣʷʭʠ. 

ɺʩʽ ʟʘʙʨʫʜʥʶʚʘʯʽ ʘʪʤʦʩʬʝʨʠ, ʷʢʽ ʚʠʢʠʜʘʶʪʴʩʷ ʪʦʯʢʦʚʠʤʠ ʪʘ ʨʦʟʧʦʜʽʣʝ-

ʥʠʤʠ ʜʞʝʨʝʣʘʤʠ, ʧʝʨʝʥʦʩʷʪʴʩʷ, ʨʦʟʩʽʶʶʪʴʩʷ ʽ ʢʦʥʮʝʥʪʨʫʶʪʴʩʷ ʚ ʘʪʤʦʩʬʝʨʽ 

ʧʨʠ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʪʘ ʪʦʧʦʛʨʘʬʽʯʥʠʭ ʫʤʦʚʘʭ. ɸʪʤʦʩʬʝʨʥʠʡ 

ʮʠʢʣ ʨʦʟʩʽʶʚʘʥʥʷ ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʧʦʯʠʥʘʻʪʴʩʷ ʽʟ ʚʠʢʠʜʽʚ ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʚ ʘʪ-

ʤʦʩʬʝʨʫ, ʧʽʩʣʷ ʯʦʛʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʾʭ ʧʝʨʝʥʝʩʝʥʥʷ ʪʘ ʟʤʽʰʫʚʘʥʥʷ ʟ ʘʪʤʦʩʬʝ-

ʨʦʶ. ʎʠʢʣ ʟʘʚʝʨʰʫʻʪʴʩʷ, ʢʦʣʠ ʟʘʙʨʫʜʥʶʚʘʯʽ ʦʩʽʜʘʶʪʴ ʥʘ ʨʦʩʣʠʥʥʽʩʪʴ, ˇʨʫʥʪ, 

ʧʦʚʝʨʭʥʶ ʚʦʜʠ, ʘʙʦ ʧʝʨʝʥʦʩʷʪʴʩʷ ʫ ʢʦʩʤʽʯʥʠʡ ʧʨʦʩʪʽʨ.  

ʈʦʟʩʽʶʚʘʥʥʷ ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʚ ʘʪʤʦʩʬʝʨʽ ʻ ʨʝʟʫʣʴʪʘʪ ʪʨʴʦʭ ʛʦʣʦʚʥʠʭ 

ʧʨʦʮʝʩʽʚ: 

ʘ) ʫʩʝʨʝʜʥʝʥʦʛʦ ʨʫʭʫ ʧʦʚʽʪʨʷʥʠʭ ʤʘʩ, ʷʢʠʡ ʧʝʨʝʥʦʩʠʪʴ ʟʘʙʨʫʜʥʶʚʘʯʽ ʫ 

ʥʘʧʨʷʤʢʫ ʨʫʭʫ ʚʽʪʨʫ;  

ʙ) ʪʫʨʙʫʣʝʥʪʥʠʭ ʬʣʫʢʪʫʘʮʽʡ ʰʚʠʜʢʦʩʪʽ, ʷʢʽ ʨʦʟʩʽʶʶʪʴ ʟʘʙʨʫʜʥʶʚʘʯʽ ʚ 

ʫʩʽʭ  ʥʘʧʨʷʤʢʘʭ;  



 

ʚ) ʤʘʩʦʚʦʾ ʜʠʬʫʟʽʾ, ʚʥʘʩʣʽʜʦʢ ʽʩʥʫʚʘʥʥʷ ʛʨʘʜʽʻʥʪʘ ʢʦʥʮʝʥʪʨʘʮʽʾ.  

ʈʦʟʩʽʶʚʘʥʥʷ ʚ ʘʪʤʦʩʬʝʨʽ ʚʠʢʠʜʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʬʘʢʪʦʨʽʚ: ʬʽʟʠ-

ʯʥʠʭ ʪʘ ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʝʯʦʚʠʥʠ ʚʠʢʠʜʽʚ, ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʚ 

ʦʪʦʯʫʶʯʽʡ ʘʪʤʦʩʬʝʨʽ, ʨʦʟʤʽʱʝʥʥʷ ʜʞʝʨʝʣʘ ʚʠʢʠʜʫ ʚʽʜʥʦʩʥʦ ʧʝʨʝʧʦʥ ʨʫʭʫ 

ʧʦʚʽʪʨʷ ʪʘ ʭʘʨʘʢʪʝʨʫ ʤʽʩʮʝʚʦʩʪʽ ʚ ʥʘʧʨʷʤʢʫ ʚʽʪʨʫ. ɺʠʢʠʜʠ ʤʦʞʫʪʴ ʩʢʣʘʜʘʪʠʩʷ 

ʽ ʛʘʟʫ ʪʘ ʯʘʩʪʠʥʦʢ. ʗʢʱʦ ʯʘʩʪʠʥʢʠ ʤʘʶʪʴ ʨʦʟʤʽʨ 20 ʤʢʤ ʽ ʤʝʥʰʝ, ʪʦ ʾʭ ʰʚʠʜ-

ʢʽʩʪʴ ʦʩʽʜʘʥʥʷ ʥʘʩʪʽʣʴʢʠ ʤʘʣʘ, ʱʦ ʚʦʥʠ ʨʫʭʘʶʪʴʩʷ ʷʢ ʛʘʟʦʚʽ ʤʦʣʝʢʫʣʠ. ʊʦʤʫ 

ʘʥʘʣʽʪʠʯʥʽ ʧʽʜʭʦʜʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʨʦʟʛʣʷʜʽ ʨʦʟʩʽʶʚʘʥʥʷ ʛʘʟʽʚ, 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʪʘʢʦʞ ʽ ʜʣʷ ʦʮʽʥʢʠ ʨʦʟʩʽʶʚʘʥʥʷ ʤʘʣʠʭ ʯʘʩʪʠʥʦʢ. 

ʏʘʩʪʠʥʢʠ ʚʝʣʠʢʠʭ ʨʦʟʤʽʨʽʚ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʦʧʠʩʘʥʽ ʧʦʜʽʙʥʠʤ ʯʠʥʦʤ, ʦʩʢʽʣʴ-

ʢʠ ʚʦʥʠ ʤʘʶʪʴ ʟʥʘʯʥʫ ʰʚʠʜʢʽʩʪʴ ʦʩʽʜʘʥʥʷ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʠʭ 

ʢʦʥʮʝʥʪʨʘʮʽʡ ʪʘʢʠʭ ʯʘʩʪʠʥʦʢ ʧʦʙʣʠʟʫ ʜʞʝʨʝʣʘ ʚʠʢʠʜʫ ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʥʮʝʥʪ-

ʨʘʮʽʷʤʠ ʛʘʟʫ, ʱʦ ʦʜʥʦʯʘʩʥʦ ʚʠʢʠʜʘʻʪʴʩʷ. ʆʩʽʜʘʥʥʷ ʧʦʜʽʙʥʠʭ ʯʘʩʪʠʥʦʢ ʨʦʟʛ-

ʣʷʥʝʤʦ ʦʢʨʝʤʦ, ʚ ʥʘʩʪʫʧʥʦʤʫ ʨʦʟʜʽʣʽ. 

ʏʘʩʪʦ, ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʚʠʟʥʘʯʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʥʘ ʧʝʚʥʽʡ ʚʠ-

ʩʦʪʽ, ʷʢʘ ʚʽʜʤʽʥʥʘ ʚʽʜ ʩʪʘʥʜʘʨʪʥʦʾ, ʧʨʠʡʥʷʪʦʾ ʨʽʚʥʽʡ 10 ʤ.  ɼʣʷ ʧʝʨʰʠʭ ʜʝʢʽ-

ʣʴʢʦʭ ʩʦʪʝʥʴ ʤʝʪʨʽʚ ʧʨʠʛʨʘʥʠʯʥʦʛʦ ʰʘʨʫ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʟʘʢʦʥ ɼʽʢʦʥʘ, 

ʟʛʽʜʥʦ ʷʢʦʤʫ:  
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ʜʝ u(u1) ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ ʥʘ ʚʠʩʦʪʽ z(z1), ʘ ʨ - ʧʦʢʘʟʥʠʢ, ʷʢʠʡ ʟʤʽʥʶʻʪʴʩʷ 

ʚʽʜ 0 ʜʦ 1. ʋ ʧʝʨʰʦʤʫ ʥʘʙʣʠʞʝʥʥʽ ʚʝʣʠʯʠʥʘ ʨ ʟʘʣʝʞʠʪʴ ʚʽʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʪʽʡʢʦʩʪʽ ʘʪʤʦʩʬʝʨʠ. ɼʣʷ ʤʽʩʴʢʦʾ ʟʘʙʫʜʦʚʠ ʨ ʧʨʠʙʣʠʟʥʦ ʜʦʨʽʚʥʶʻ 0,40, ʜʣʷ 

ʛʫʩʪʦʛʦ ʣʽʩʫ, ʤʽʩʪ ʪʘ ʧʨʠʤʽʩʴʢʠʭ ʟʦʥ - 0,28, ʜʣʷ ʨʽʚʥʠʥʥʦʾ ʩʽʣʴʩʴʢʦʾ ʤʽʩʮʝʚʦʩ-

ʪʽ, ʦʟʝʨ ʪʘ ʤʦʨʽʚ - 0,16. 

ɿʜʘʪʥʽʩʪʴ ʘʪʤʦʩʬʝʨʠ ʨʦʟʩʽʶʚʘʪʠ ʟʘʙʨʫʜʥʶʚʘʯʽ, ʷʢʽ ʚ ʥʝʾ ʧʦʪʨʘʧʣʷʶʪʴ 

ʚʽʜ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʜʞʝʨʝʣ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʪʫʧʝʥʷ ʩʪʽʡʢʦʩʪʽ ʘʪʤʦʩʬʝʨʠ. ʉʪʽʡ-

ʢʽʩʪʴ ʘʪʤʦʩʬʝʨʠ ʧʨʦʷʚʣʷʻʪʴʩʷ ʚ ʪʦʤʫ, ʱʦ ʚ ʥʽʡ ʚʽʜʩʫʪʥʽ ʟʥʘʯʥʽ ʚʝʨʪʠʢʘʣʴʥʽ 

ʨʫʭʠ ʪʘ ʧʝʨʝʤʽʰʫʚʘʥʥʷ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʟʘʙʨʫʜʥʶʚʘʯʽ, ʚʠʢʠʥʫʪʽ ʚ ʘʪʤʦʩʬʝ-

ʨʫ,  ʧʦʙʣʠʟʫ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʙʫʜʫʪʴ ʤʘʪʠ ʪʝʥʜʝʥʮʽʶ ʟʘʪʨʠʤʫʚʘʪʠʩʷ ʪʘʤ. ʇʝ-

ʨʝʤʽʰʫʚʘʥʥʶ ʧʦʚʽʪʨʷ ʫ ʥʠʞʥʽʡ ʘʪʤʦʩʬʝʨʽ ʩʧʨʠʷʶʪʴ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʛʨʘʜʽʻʥʪ 

ʪʘ ʤʝʭʘʥʽʯʥʘ ʪʫʨʙʫʣʝʥʪʥʽʩʪʴ, ʧʦʚ'ʷʟʘʥʘ ʽʟ ʚʟʘʻʤʦʜʽʻʶ ʚʽʪʨʫ ʽʟ ʧʽʜʩʪʠʣʘʶʯʦʶ 

ʧʦʚʝʨʭʥʝʶ.  

ɸʪʤʦʩʬʝʨʘ ʚʝʣʠʢʦʛʦ ʤʽʩʪʘ ʫ ʙʘʛʘʪʴʦʭ ʚʽʜʥʦʰʝʥʥʷʭ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ 

ʘʪʤʦʩʬʝʨʠ ʩʽʣʴʩʴʢʦʾ ʤʽʩʮʝʚʦʩʪʽ. ɹʫʜʠʥʢʠ, ʚʠʩʦʢʽ ʙʫʜʦʚʠ ʪʘ ʧʨʦʤʠʩʣʦʚʽ ʙʫʜʽʚ-

ʣʽ ʫʪʚʦʨʶʶʪʴ ʥʝʨʽʚʥʦʤʽʨʥʫ ʧʦʚʝʨʭʥʶ, ʷʢʘ ʫʩʢʣʘʜʥʶʻ ʚʽʣʴʥʝ ʧʝʨʝʤʽʱʝʥʥʷ 



 

ʚʝʣʠʢʠʭ ʤʘʩ ʧʦʚʽʪʨʷ ʽ, ʪʘʢʠʤ ʯʠʥʦʤ, ʟʤʽʥʶʻ ʩʪʨʫʢʪʫʨʫ ʚʽʪʨʫ. ʋ ʤʽʩʴʢʠʭ ʫʤʦ-

ʚʘʭ ʚ ʧʦʚʽʪʨʷ ʧʦʪʨʘʧʣʷʻ ʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ ʨʽʟʥʦʛʦ ʨʦʜʫ ʯʘʩʪʠʥʦʢ. ʆʩʢʽʣʴʢʠ ʤʽ-

ʩʴʢʽ ʙʫʜʦʚʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽ ʧʦʚʝʨʭʥʽ ʟʝʤʣʽ, ʘ ʚʫʣʠʮʽ ʧʦʜʽʙʥʽ ʷʨʘʤ, ʤʽʩʪʦ ʧʦ-

ʛʣʠʥʘʻ ʙʽʣʴʰʝ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ ʚʜʝʥʴ ʽ ʟʙʝʨʽʛʘʻ  ʾʾ ʥʘ ʧʨʦʪʷʟʽ ʙʽʣʴʰ ʪʨʠʚʘʣʦʛʦ 

ʯʘʩʫ ʚʥʦʯʽ, ʧʦʨʽʚʥʷʥʦ ʽʟ ʨʽʚʥʠʥʥʦʶ ʪʝʨʠʪʦʨʽʻʶ ʫ ʩʽʣʴʩʴʢʽʡ ʤʽʩʮʝʚʦʩʪʽ. ɺ ʨʝ-

ʟʫʣʴʪʘʪʽ ʥʘʜ ʤʽʩʪʦʤ ʫʪʚʦʨʶʻʪʴʩʷ "ʦʩʪʨʽʚ ʪʝʧʣʘ". ʊʝʧʣʝ ʧʦʚʽʪʨʷ, ʱʦ ʩʢʦʥʮʝʥʪ-

ʨʦʚʘʥʝ ʫ ʮʝʥʪʨʽ ʤʽʩʪʘ, ʧʽʜʥʽʤʘʻʪʴʩʷ ʫ ʚʠʱʽ ʰʘʨʠ ʧʦʚʽʪʨʷ, ʟʘʭʦʧʣʶʶʯʠ ʧʨʠ 

ʮʴʦʤʫ ʟʘʙʨʫʜʥʶʚʘʯʽ, ʷʢʽ ʨʦʟʧʦʚʩʶʜʞʫʶʪʴʩʷ ʽ ʦʧʫʩʢʘʶʪʴʩʷ ʚʥʠʟ ʥʘ ʦʢʦʣʠʮʽ 

ʤʽʩʪʘ.  

4.2. ʈʦʟʩʽʶʚʘʥʥʷ ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʚ ʘʪʤʦʩʬʝʨʽ.  ɻʘʫʩʦʚʘ  ʤʦʜʝʣʴ ʨʦʟʩʽʶ-

ʚʘʥʥʷ 

ʈʦʟʩʽʶʚʘʥʥʷ ʚ ʘʪʤʦʩʬʝʨʽ ʚʠʢʠʜʽʚ ʽʟ ʪʨʫʙ ʪʘ ʚʝʥʪʠʣʷʮʽʡʥʠʭ ʧʨʠʩʪʨʦʾʚ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʬʘʢʪʦʨʽʚ: ʬʽʟʠʯʥʠʭ ʪʘ ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʝʯʦʚʠ-

ʥʠ, ʱʦ ʚʠʢʠʜʘʻʪʴʩʷ, ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʚ ʦʪʦʯʫʶʯʽʡ ʘʪʤʦʩʬʝʨʽ, ʨʦʟʤʽ-

ʱʝʥʥʷ ʪʨʫʙʠ ʚʽʜʥʦʩʥʦ ʧʝʨʝʧʦʥ ʨʫʭʫ ʧʦʚʽʪʨʷ ʪʘ ʭʘʨʘʢʪʝʨʫ ʤʽʩʮʝʚʦʩʪʽ ʫ ʥʘʧʨʷ-

ʤʢʫ ʚʽʪʨʫ.  

ɺʠʢʠʜʠ ʽʟ ʪʨʫʙʠ ʤʦʞʫʪʴ ʙʫʪʠ ʪʽʣʴʢʠ ʛʘʟʦʚʽ, ʘʙʦ ʤʽʩʪʠʪʠ ʩʫʤʽʰ ʛʘʟʽʚ ʪʘ 

ʟʚʘʞʝʥʠʭ ʯʘʩʪʠʥʦʢ. ʗʢʱʦ ʨʦʟʤʽʨʠ ʯʘʩʪʠʥʦʢ ʥʝ ʙʽʣʴʰʝ 20 ʤʢʤ, ʪʦ ʰʚʠʜʢʽʩʪʴ 

ʾʭ ʦʩʽʜʘʥʥʷ ʥʝʚʝʣʠʢʘ ʽ ʚʦʥʠ ʨʫʭʘʶʪʴʩʷ ʧʦʜʽʙʥʦ ʤʦʣʝʢʫʣʘʤ ʛʘʟʫ. ɼʣʷ ʟʘʙʝʟʧʝ-

ʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ, ʧʨʦʜʫʢʪʠ ʚʠʢʠʜʫ ʧʦʚʠʥʥʽ ʟʘʣʠʰʘʪʠ ʪʨʫ-

ʙʫ, ʤʘʶʯʠ ʜʦʩʪʘʪʥʶ ʧʽʜʡʦʤʥʫ ʩʠʣʫ, ʱʦʙ ʧʽʜʥʽʤʘʪʠʩʷ ʚʛʦʨʫ ʚʽʜ ʛʦʨʣʦʚʠʥʠ 

ʪʨʫʙʠ. ɿʘ ʚʽʜʩʫʪʥʦʩʪʽ ʚʽʪʨʫ ʩʪʨʫʤʝʥʽ ʟ ʤʘʣʦʶ ʛʫʩʪʠʥʦʶ ʧʽʜʥʽʤʘʶʪʴʩʷ ʜʦ ʚʝ-

ʣʠʢʠʭ ʚʠʩʦʪ, ʪʘʢ ʱʦ ʧʨʠʟʝʤʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʝʚʝʣʠʢʽ. ɺʝʣʠʢʽ ʟʚʘʞʝʥʽ ʯʘʩʪʠʥ-

ʢʠ ʪʘ ʛʫʩʪʽ ʛʘʟʦʚʽ ʩʪʨʫʤʝʥʽ ʦʧʫʩʢʘʶʪʴʩʷ ʜʦ ʨʽʚʥʷ ʟʝʤʣʽ ʧʦʙʣʠʟʫ ʪʨʫʙʠ. ʑʦʙ 

ʚʽʜʚʝʨʥʫʪʠ ʚʽʜʭʠʣʝʥʥʷ ʩʪʨʫʤʝʥʷ ʚʥʠʟ ʧʦʙʣʠʟʫ ʛʦʨʣʦʚʠʥʠ ʪʨʫʙʠ, ʰʚʠʜʢʽʩʪʴ 

ʛʘʟʫ (Vs), ʱʦ ʚʠʢʠʜʘʻʪʴʩʷ, ʧʦʚʠʥʥʘ ʙʫʪʠ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʦʶ. ʄʦʞʥʘ ʚʠʢʦʨʠʩ-

ʪʘʪʠ ʥʘʩʪʫʧʥʝ ʥʘʙʣʠʞʝʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: Vs/u>2. ʊʦʙʪʦ, ʩʧʘʜʘʶʯʠʡ ʨʫʭ ʚʽʜ 

ʛʦʨʣʦʚʠʥʠ ʪʨʫʙʠ ʙʫʜʝ ʤʽʥʽʤʘʣʴʥʠʤ, ʢʦʣʠ ʰʚʠʜʢʽʩʪʴ ʚʠʢʠʜʫ ʛʘʟʫ ʙʫʜʝ ʚʜʚʽʯʽ 

ʧʝʨʝʚʠʱʫʚʘʪʠ ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ ʥʘ ʨʽʚʥʽ ʛʦʨʣʦʚʠʥʠ ʪʨʫʙʠ.  

ʍʦʯ ʩʪʨʫʤʽʥʴ ʧʦʯʠʥʘʻʪʴʩʷ ʥʘ ʚʠʩʦʪʽ ʪʨʫʙʠ h, ʚʽʥ ʧʽʜʥʽʤʘʻʪʴʩʷ ʜʦʜʘʪʢʦ-

ʚʦ ʥʘ ʚʠʩʦʪʫ Dh ʧʽʜ ʜʽʻʶ ʧʽʜʡʦʤʥʦʾ ʩʠʣʠ ʛʘʨʷʯʠʭ ʛʘʟʽʚ ʚʝʨʪʠʢʘʣʴʥʦ ʟʽ ʰʚʠʜʢʽ-

ʩʪʶ Vs.       

ʆʪʞʝ, ʜʣʷ ʧʨʘʢʪʠʯʥʠʭ ʮʽʣʝʡ ʩʪʨʫʤʽʥʴ ʟʨʫʯʥʦ ʫʷʚʣʷʪʠ ʪʘʢ, ʷʢ ʙʠ ʚʽʥ ʚʠ-

ʪʽʢʘʚ ʽʟ ʪʦʯʢʦʚʦʛʦ ʜʞʝʨʝʣʘ ʟ ʝʬʝʢʪʠʚʥʦʶ ʚʠʩʦʪʦʶ H= h + Dh.  

ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʨʦʟʩʽʶʚʘʥʥʷ ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʚ ʘʪʤʦʩʬʝʨʽ ʧʦʚʠʥʥʘ, 

ʧʦ ʤʦʞʣʠʚʦʩʪʽ, ʪʦʯʥʦ ʦʧʠʩʫʚʘʪʠ ʟʘʛʘʣʴʥʫ ʧʦʚʝʜʽʥʢʫ ʩʪʨʫʤʝʥʷ ʚʽʜ ʥʘʟʝʤʥʠʭ 

ʘʙʦ ʧʨʠ ʧʽʜʥʷʪʠʭ ʥʘʜ ʟʝʤʣʝʶ ʜʞʝʨʝʣ. ɼʣʷ ʦʢʨʝʤʠʭ ʪʦʯʢʦʚʠʭ ʜʞʝʨʝʣ, ʪʘʢʠʭ ʷʢ 



 

ʪʨʫʙʘ, ʟʘʛʘʣʴʥʫ ʧʦʚʝʜʽʥʢʫ ʩʪʨʫʤʝʥʷ ʤʦʞʥʘ ʩʭʝʤʘʪʠʯʥʦ ʦʧʠʩʘʪʠ ʪʘʢ, ʷʢ ʧʦʢʘ-

ʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 4.1.  

ʍʦʯ ʩʪʨʫʤʽʥʴ ʧʦʯʠʥʘʻʪʴʩʷ ʥʘ ʚʠʩʦʪʽ ʪʨʫʙʠ h, ʚʦʥʘ ʧʽʜʥʽʤʘʻʪʴʩʷ ʜʦʜʘʪ-

ʢʦʚʦ ʥʘ ʚʠʩʦʪʫ Dh ʧʽʜ ʜʽʻʶ ʧʽʜʡʦʤʥʦʾ ʩʠʣʠ ʛʘʨʷʯʠʭ ʛʘʟʽʚ ʪʘ ʤʦʤʝʥʪʫ ʢʽʣʴʢʦʩʪʽ 

ʨʫʭʫ ʛʘʟʽʚ, ʱʦ ʚʠʢʠʜʘʶʪʴʩʷ ʽʟ ʪʨʫʙ ʚʝʨʪʠʢʘʣʴʥʦ ʟʽ ʰʚʠʜʢʽʩʪʶ VS. ʆʪʞʝ ʜʣʷ 

ʧʨʘʢʪʠʯʥʠʭ ʮʽʣʝʡ ʟʨʫʯʥʦ ʩʪʨʫʤʽʥʴ ʦʧʠʩʫʚʘʪʠ ʪʘʢ, ʷʢ ʥʝʤʦʚʙʠ ʚʦʥʘ ʚʠʪʽʢʘʻ ʽʟ 

ʪʦʯʢʦʚʦʛʦ ʜʞʝʨʝʣʘ ʟ ʝʢʚʽʚʘʣʝʥʪʥʦʶ ʚʠʩʦʪʦʶ  H=h+Dh. ʎʝ ʝʢʚʽʚʘʣʝʥʪʥʝ ʜʞʝ-

ʨʝʣʦ ʨʦʟʤʽʱʝʥʝ  ʥʘ ʜʝʷʢʽʡ ʚʽʜʜʘʣʽ ʚʽʜ ʪʦʯʢʠ ʭ=0 ʚ ʥʘʧʨʷʤʢʫ ʧʨʦʪʠʣʝʞʥʦʤʫ 

ʥʘʧʨʷʤʢʫ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ. ɿʛʽʜʥʦ ʪʝʦʨʽʾ ʤʘʩʦʧʝʨʝʜʘʯʽ, ʢʦʥʮʝʥʪʨʘʮʽʷ ʯʘʩʪʠ-

ʥʦʢ ʛʘʟʫ ʉ(x,y,z) ʚ ʙʫʜʴ ï ʷʢʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ, ʚ ʜʦʧʫ-

ʱʝʥʥʽ, ʱʦ ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ ʤʘʻ ʥʘʧʨʷʤʦʢ ʦʩʽ ʭ: 
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ɿʚʠʯʘʡʥʦ, ʧʨʠ ʘʥʘʣʽʟʽ ʮʴʦʛʦ ʨʽʚʥʷʥʥʷ ʨʦʙʣʷʪʴ ʜʝʷʢʽ ʩʧʨʦʱʫʶʯʽ ʧʨʠʧʫ-

ʱʝʥʥʷ, ʘ ʩʘʤʝ: 

ʇʝʨʝʥʦʩ ʤʘʩʠ, ʧʦʚôʷʟʘʥʠʡ ʟ ʧʝʨʝʤʽʰʫʚʘʥʥʷʤ ʤʘʩʠ ʚʟʜʦʚʞ ʦʩʽ ʭ ʟʥʘʯʥʦ 

ʧʝʨʝʚʝʨʰʫʻ ʚʢʣʘʜ ʤʘʩʦʚʦʾ ʜʠʬʫʟʽʾ ʚ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ, ʪʦʙʪʦ ʜʨʫʛʠʡ ʯʣʝʥ ʧʨʘ-

ʚʦʾ ʯʘʩʪʠʥʠ ʨʽʚʥʷʥʥʷ ʤʝʥʰʠʡ ʧʦʨʽʚʥʷʥʦ ʟ ʧʝʨʰʠʤ ʽ ʪʦʤʫ ʥʠʤ ʤʦʞʥʘ ʟʥʝʭʪʫ-

ʚʘʪʠ 

ɼʣʷ ʨʦʟʛʣʷʜʫʚʘʥʦʛʦ ʢʣʘʩʫ ʟʘʜʘʯ ʥʘʩ ʮʽʢʘʚʠʪʴ ʧʦʚʝʜʽʥʢʘ ʛʘʟʫ ʥʘ ʚʝʣʠʢʠʭ 

ʧʨʦʤʽʞʢʘʭ ʯʘʩʫ, ʢʦʣʠ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʠʡ ʩʪʘʥ, ʪʦʙʪʦ 0
t

C
=

µ

µ
. 

ʇʨʠʧʫʩʢʘʻʪʴʩʷ, ʱʦ ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ ʧʦʩʪʽʡʥʘ, ʘ ʢʦʤʧʦʥʝʥʪʠ ʪʝʥʟʦʨʘ ʜʠ-

ʬʫʟʽʾ ʧʦʩʪʽʡʥʽ, ʪʦʙʪʦ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ. 

ʇʨʠ ʮʠʭ ʩʧʨʦʱʝʥʥʷʭ ʨʽʚʥʷʥʥʷ ʧʨʠʡʤʘʻ ʚʠʛʣʷʜ: 
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ʈʠʩʫʥʦʢ.4.1.ʈʦʟʧʦʚʩʶʜʞʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʽʟ ʪʦʯʢʦʚʦʛʦ ʜʞʝʨʝʣʘ ʨʦʟʤʽ-

ʱʝʥʦʛʦ ʥʘ ʝʬʝʢʪʠʚʥʽʡ ʚʠʩʦʪʽ H ʥʘʜ ʧʦʚʝʨʭʥʝʶʟʝʤʣʽ 

 

ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʨʦʟʚôʷʟʢʫ ʮʴʦʛʦ ʨʽʚʥʷʥʥʷ ʻ: 
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ɺ ʮʴʦʤʫ ʚʠʨʘʟʽ ʂ ï ʢʦʥʩʪʘʥʪʘ, ʟʥʘʯʝʥʥʷ ʷʢʦʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʫʤʦʚʘʤʠ ʢʦʥ-

ʢʨʝʪʥʦʾ ʟʘʜʘʯʽ. ʆʜʥʘ ʽʟ ʪʘʢʠʭ ʫʤʦʚ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʤʘʩʘ ʟʘʙʨʫʜʥʶʚʘʯʘ, ʱʦ 

ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʙʫʜʴ ï ʷʢʫ ʚʝʨʪʠʢʘʣʴʥʫ ʧʣʦʱʠʥʫ ʫ ʥʘʧʨʷʤʢʫ ʚʽʪʨʫ ʚʽʜ ʜʞʝ-

ʨʝʣʘ ʧʦʚʠʥʥʘ ʙʫʪʠ ʧʦʩʪʽʡʥʦʶ ʽ ʜʦʨʽʚʥʶʚʘʪʠ ʧʦʪʫʞʥʦʩʪʽ Q ʜʞʝʨʝʣʘ ʟʘʙʨʫʜ-

ʥʝʥʥʷ: 

 

ññ= uCdydzQ                                                                                         (4.4) 

 

ʌʘʢʪʠʯʥʦ, ʮʷ ʫʤʦʚʘ ʦʟʥʘʯʘʻ ʚʽʜʩʫʪʥʽʩʪʴ ʷʢʠʭ ï ʥʝ ʙʫʜʴ ʨʝʘʢʮʽʡ, ʚ ʪʦʤʫ 

ʯʠʩʣʽ ʷʚʠʱ ʩʦʨʙʮʽʾ ʪʘ ʜʝʩʦʨʙʮʽʾ, ʷʢʽ ʤʦʞʫʪʴ ʚʠʜʘʣʷʪʠ ʟʘʙʨʫʜʥʶʚʘʯʽ ʽʟ ʟʘʛʘʣʴ-

ʥʦʛʦ ʤʘʩʦʚʦʛʦ ʧʦʪʦʢʫ. ɯʥʪʝʛʨʫʚʘʥʥʷ ʧʦ ʫ ʧʨʦʚʦʜʠʪʴʩʷ ʚ ʛʨʘʥʠʮʷʭ ʚʽʜ ʤʽʥʫʩ ʜʦ 

ʧʣʶʩ ʙʝʟʢʽʥʝʯʥʦʩʪʽ, ʛʨʘʥʠʮʽ ʽʥʪʝʛʨʫʚʘʥʥʷ ʧʦ z ʚʠʟʥʘʯʘʶʪʴʩʷ ʢʦʥʢʨʝʪʥʦʶ ʟʘ-

ʜʘʯʝʶ. 

ʊʦʯʢʦʚʝ ʜʞʝʨʝʣʦ ʥʘ ʨʽʚʥʽ ʟʝʤʣʽ. ʋ ʚʠʧʘʜʢʫ ʪʦʯʢʦʚʦʛʦ ʥʘʟʝʤʥʦʛʦ ʜʞʝ-

ʨʝʣʘ ʽʥʪʝʛʨʫʚʘʥʥʷ ʧʦ z ʧʨʦʚʦʜʠʪʴʩʷ ʚ ʛʨʘʥʠʮʷʭ ʚʽʜ 0 ʜʦ ʙʝʟʢʽʥʝʯʥʦʩʪʽ ʽ ʦʪʨʠ-

ʤʫʻʤʦ 
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ʆʪʞʝ ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʥʘʧʨʷʤʢʫ ʚʽʪʨʫ ʚʽʜ ʪʦʯʢʦʚʦʛʦ ʥʘ-

ʟʝʤʥʦʛʦ ʜʞʝʨʝʣʘ ʦʪʨʠʤʫʻʤʦ: 
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ʜʝ ʚʚʝʜʝʥʦ ʧʦʟʥʘʯʝʥʥʷ  

 

,
u

xD2 y2
y =s          

u

zD2 z2
z =s                                           (4.7) 

 

ʗʢʱʦ ʧʨʠʡʥʷʪʠ  y ʪʘ z ʨʽʚʥʠʤʠ ʥʫʣʶ, ʪʦ ʦʪʨʠʤʘʻʤʦ, ʦʯʝʚʠʜʥʦ ʟʥʘʯʝʥʥʷ 

ʧʨʠʟʝʤʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘ ʦʩʽ ʭ, ʪʦʙʪʦ ʥʘ ʮʝʥʪʨʘʣʴʥʽʡ ʣʽʥʽʾ ʚʽʜ ʪʦʯʢʦʚʦʛʦ ʥʘ-

ʟʝʤʥʦʛʦ ʜʞʝʨʝʣʘ: 
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ʊʦʯʢʦʚʝ ʜʞʝʨʝʣʦ ʥʘ ʚʠʩʦʪʽ  

ʈʠʩ.4.2. ɺʝʨʪʠʢʘʣʴʥʘ ʜʠʩʧʝʨ-

ʩʽʷ ʩʪʨʫʤʝʥʷ ʧʦ ʇʘʩʢʚʽʣʣʫ ï 

ɻʽʬʬʦʨʜʫ ʜʣʷ ʨʽʚʥʠʥʥʦʾ ʤʽʩ-

ʮʝʚʦʩʪʽ 

 

ʈʠʩ.4.3. ɻʦʨʠʟʦʥʪʘʣʴʥʘ ʜʠʩʧʝ-

ʨʩʽʷ ʩʪʨʫʤʝʥʷ ʧʦ ʇʘʩʢʚʽʣʣʫ ï 

ɻʽʬʬʦʨʜʫ ʜʣʷ ʨʽʚʥʠʥʥʦʾ ʤʽʩ-

ʮʝʚʦʩʪʽ 



 

ʊʦʯʢʦʚʝ ʜʞʝʨʝʣʦ ʨʦʟʤʽʱʝʥʝ ʥʘ ʚʠʩʦʪʽ ʅ ʥʘʜ  ʨʽʚʥʝʤ ʟʝʤʣʽ . ʋ ʚʠʧʘʜ-

ʢʫ ʪʦʯʢʦʚʦʛʦ ʜʞʝʨʝʣʘ ʨʦʟʤʽʱʝʥʦʛʦ ʥʘ ʚʠʩʦʪʽ ʅ ʥʘʜ ʟʝʤʥʦʶ  ʧʦʚʝʨʭʥʝʶ, ʤʦ-

ʞʥʘ ʽʥʪʝʛʨʫʚʘʥʥʷ ʧʦ z ʧʨʦʚʝʩʪʠ ʚ ʛʨʘʥʠʮʷʭ ʤʽʥʫʩ ï ʧʣʶʩ ʙʝʟʢʽʥʝʯʥʽʩʪʴ, ʪʘʢ, 

ʱʦ ʦʪʨʠʤʫʻʤʦ   
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=                                                                            (4.9) 

 

ɼʣʷ ʚʠʢʠʜʫ ʽʟ ʪʨʫʙʠ ʟ ʝʬʝʢʪʠʚʥʦʶ ʚʠʩʦʪʦʶ ʅ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʡ ʯʣʝʥ ʫ 

ʚʠʨʘʟʽ (4.6) ʩʣʽʜ ʟʤʽʥʠʪʠ ʰʣʷʭʦʤ ʟʘʤʽʥʠ  z ->z-H. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʝʬʝʢʪʫ ʚʽʜʜʟʝʨʢʘʣʝʥʥʷ, ʚʠʨʘʟ ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʙʨʫʜ-

ʥʝʥʥʷ ʫ ʚʠʢʠʜʽ ʧʨʠ ʧʽʜʥʷʪʦʛʦ ʜʞʝʨʝʣʘ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʥʘʩʪʫʧʥʠʡ ʚʠʨʘʟ: 
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ʌʽʟʠʯʥʠʡ ʩʤʠʩʣ ʚʽʜʜʟʝʨʢʘʣʝʥʥʷ ʛʘʟʦʧʦʜʽʙʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʣʷʛʘʻ ʫ 

ʥʘʷʚʥʦʩʪʽ ʜʠʬʫʟʽʾ ʡʦʛʦ ʚʽʜ ʧʦʚʝʨʭʥʽ  ˇʨʫʥʪʫ, ʦʩʢʽʣʴʢʠ ʤʠ ʚʚʘʞʘʻʤʦ, ʱʦ ʧʦʚʝ-

ʨʭʥʷ ʟʝʤʣʽ ʥʝ ʻ ʩʪʦʢʦʤ ʜʣʷ ʟʘʙʨʫʜʥʝʥʥʷ. 

 

 

ʊʘʙʣʠʮʷ 4.1. ʂʣʶʯ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʢʘʪʝʛʦʨʽʡ ʩʪʽʡʢʦʩʪʽ  

ʇʦʛʦʜʥʽ ʫʤʦʚʠ 

ʇʦʟʥʘʯʝʥʥʷ ʢʣʘʩʫ ʩʪʽʡʢʦʩʪʽ ʧʦ 

ʇʘʩʢʚʽʣʫ ï ʊʝʨʥʝʨʫ sy (ʤ) sz (ʤ) 

ʙʫʢʚʘ ʮʠʬʨʘ 

ɼʫʞʝ ʥʝʩʪʽʡʢʽ A 1 - - 

ʇʦʤʽʨʥʦ ʥʝʩʪʽʡʢʽ B 2 0,14x0,92 0,53x0,73 

ʉʣʘʙʢʦ ʥʝʩʪʽʡʢʽ C 3 - - 

ʅʝʡʪʨʘʣʴʥʽ D 4 0,06x0,92 0,15x0,70 

ʉʣʘʙʢʦ ʩʪʽʡʢʽ E 5 - - 

ʇʦʤʽʨʥʦ ʩʪʽʡʢʽ F 6 - - 

ɼʫʞʝ ʩʪʽʡʢʽ - 7 0,02x0,92 0,05x0,61 

ʇʨʠʤʽʪʢʘ: ʌʦʨʤʫʣʠ ʜʣʷ sy ʪʘ  sz  [40 ] ʧʨʠʜʘʪʥʽ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʦʙ-

ʣʘʩʪʽ 100¢x¢400 ʤ 

 

ʅʘ ʟʝʤʥʽʡ ʧʦʚʝʨʭʥʽ (z=0) ʤʘʻʤʦ: 
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ʗʢʱʦ ʥʝʦʙʭʽʜʥʦ ʦʮʽʥʠʪʠ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘ ʮʝʥʪʨʘʣʴʥʽʡ ʣʽʥʽʾ, ʪʦ 

ʚ (4.10ʘ) ʩʣʽʜ ʧʦʢʣʘʩʪʠ ʫ =0.  

ɼʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʚʝʜʝʥʠʭ ʬʦʨʤʫʣ, ʦʢʨʽʤ ʬʽʟʠʯʥʠʭ 

ʜʘʥʠʭ ʪʘʢʠʭ ʷʢ ʢʦʦʨʜʠʥʘʪʠ x, y, z ,  ʧʦʪʫʞʥʽʩʪʴ ʜʞʝʨʝʣʘ Q ʪʘ ʝʬʝʢʪʠʚʥʘ ʚʠʩʦ-

ʪʘ ʅ,  ʧʦʪʨʽʙʥʦ ʟʥʘʪʠ ʚʝʣʠʯʠʥʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ u, ʘ ʪʘ-

ʢʦʞ sy ʪʘ sz. ɺʝʣʠʯʠʥʘ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʻ ʬʫʥʢʮʽʻʶ ʚʠʩʦʪʠ z. ʊʠʧʦʚʦʶ ʟʘʣʝ-

ʞʥʽʩʪʶ u(z) ʻ ʚʠʨʘʟ 
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ʜʝ u1 - ʚhʠʜʢʽʩʪʴ ʚʽʪʨʫ ʥʘ ʚʠʩʦʪʽ z1. ʇʨʘʢʪʠʯʥʦ ʟʘ ʚʝʣʠʯʠʥʫ u1 ʧʨʠʡʤʘ-

ʶʪʴ ʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʚʠʤʽʨʷʥʝ ʥʘ ʚʠʩʦʪʽ z1 =10 ʤ. 

ʇʨʦʬʽʣʴ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ, ʘ ʦʪʞʝ ʽ ʧʦʢʘʟʥʠʢ ʨ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʭʘʨʘʢʪʝʨʠʩ-

ʪʠʢ ʘʪʤʦʩʬʝʨʠ.  

ɿʦʢʨʝʤʘ, ʜʣʷ ʤʽʩʴʢʦʾ ʟʘʙʫʜʦʚʠ ʤʦʞʥʘ ʚʟʷʪʠ ʨ=0.40, ʜʣʷ ʨʘʡʦʥʽʚ ʛʫʩʪʦʛʦ 

ʣʽʩʫ, ʤʽʩʪ ʪʘ ʧʨʠʤʽʩʴʢʠʭ ʟʦʥ ʨ=0.28, ʘ ʜʣʷ ʧʣʦʩʢʦʾ ʚʽʜʢʨʠʪʦʾ ʩʽʣʴʩʴʢʦʾ ʤʽʩʮʝ-

ʚʦʩʪʽ, ʦʟʝʨ ʪʘ ʤʦʨʽʚ ʤʦʞʥʘ ʧʨʠʡʥʷʪʠ ʨ=0.16. ɿʥʘʯʝʥʥʷ sy ʪʘ sz ʟʚôʷʟʘʥʽ ʟ ʢʦʝ-

ʬʽʮʽʻʥʪʘʤʠ ʜʠʬʫʟʽʾ ʚ ʥʘʧʨʷʤʢʫ ʦʩʝʡ y ʪʘ   z. ʎʽ ʚʝʣʠʯʠʥʠ ʻ ʬʫʥʢʮʽʷʤʠ ʧʦʣʦ-

ʞʝʥʥʷ ʪʦʯʢʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʚ ʥʘʧʨʷʤʢʫ ʚʽʪʨʫ ʚʽʜ ʜʞʝʨʝʣʘ, ʘ ʪʘʢʦʞ ʬʫʥʢʮʽʷ-

ʤʠ ʫʤʦʚ ʩʪʽʡʢʦʩʪʽ ʘʪʤʦʩʬʝʨʠ. ɼʣʷ ʦʮʽʥʢʠ ʮʠʭ ʚʝʣʠʯʠʥ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʦʩʠʪʴ 

ʙʘʛʘʪʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʷʢʠʭ ʦʪʨʠʤʘʥʽ ʜʽʘʛʨʘʤʠ. 

ʇʨʠʢʣʘʜʠ ʪʘʢʠʭ ʜʽʘʛʨʘʤ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩʫʥʢʘʭ (4.2) ʽ (4.3). ʇʨʠ ʢʦʨʠʩʪʫʚʘʥʥʽ 

ʮʠʤʠ ʜʽʘʛʨʘʤʘʤʠ ʩʣʽʜ ʤʘʪʠ ʥʘ ʫʚʘʟʽ ʪʘʢʽ ʦʙʤʝʞʝʥʥʷ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ:  

1)ʂʦʥʮʝʥʪʨʘʮʽʾ, ʱʦ ʦʮʽʥʶʶʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʮʠʭ ʜʽʘʛʨʘʤ ʧʦʚʠʥʥʽ 

ʚʽʜʧʦʚʽʜʘʪʠ ʯʘʩʫ ʚʟʷʪʪʷ ʧʨʦʙ ʧʨʠʙʣʠʟʥʦ ʨʽʚʥʦʤʫ 10 ʭʚ.  

2)ɻʦʨʠʟʦʥʪʘʣʴʥʽ ʪʘ ʚʝʨʪʠʢʘʣʴʥʽ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʝʤʥʽʡ ʧʦʚʝʨ-

ʭʥʽ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʚʽʜʢʨʠʪʫ ʩʽʣʴʩʴʢʫ ʤʽʩʮʝʚʽʩʪʴ. 

3)ʆʮʽʥʶʚʘʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘʡʙʽʣʴʰ ʙʣʠʟʴʢʽ ʜʦ ʨʝʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʪʽʣʴʢʠ 

ʚ ʤʝʞʘʭ ʜʝʢʽʣʴʢʦʭ ʩʦʪ ʤʝʪʨʽʚ ʚʽʜ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ. ɿʥʘʯʝʥʥʷ sy ʤʘʶʪʴ ʙʽʣʴʰʫ 

ʩʪʫʧʽʥʴ  ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʥʽʞ sz, ʱʦ ʚʽʜʤʽʯʝʥʦ ʰʪʨʠʭʦʚʦʶ ʣʽʥʽʻʶ ʥʘ ʜʽʘʛʨʘʤʽ sz 

-x. 

 

ʊʘʙʣʠʮʷ 4.2. ɿʘʣʝʞʥʽʩʪʴ ʧʘʨʘʤʝʪʨʘ ʨ ʚʽʜ ʫʤʦʚ ʩʪʽʡʢʦʩʪʽ ʘʪʤʦʩʬʝʨʠ.  



 

ʋʤʦʚʠ ʩʪʽʡʢʦʩʪʽ ʘʪʤʦʩʬʝʨʠ ʇʘʨʘʤʝʪʨ p 

ɺʝʣʠʢʠʡ ʛʨʘʜʽʻʥʪ ʪʝʤʧʝʨʘʪʫʨʠ 0.11 

ʄʘʣʠʡ ʛʨʘʜʽʻʥʪ ʪʝʤʧʝʨʘʪʫʨʠ 0.14 

ʇʦʤʽʨʥʘ ʽʥʚʝʨʩʽʷ1 0.20 

ɿʥʘʯʥʘ ʽʥʚʝʨʩʽʷ 0.33 

 

 

ʇʝʨʝʯʠʩʣʝʥʽ ʥʠʞʯʝ ʧʫʥʢʪʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʣʘʩʘʤ ʧʨʦʥʫʤʝʨʦʚʘʥʠʤ ʚ 

ʪʘʙʣʠʮʽ 4.1: 

ʗʩʥʝ ʥʝʙʦ, ʚʠʩʦʪʘ ʩʦʥʮʷ ʥʘʜ ʛʦʨʠʟʦʥʪʦʤ ʙʽʣʴʰʝ 60ʦ, ʪʠʧʦʚʠʡ ʣʽʪʥʽʡ ʩʦ-

ʥʷʯʥʠʡ ʜʝʥʴ ʧʽʩʣʷ ʧʦʣʫʜʥʷ. ɼʫʞʝ ʢʦʥʚʝʢʪʠʚʥʘ ʘʪʤʦʩʬʝʨʘ. 

ʃʽʪʥʽʡ ʜʝʥʴ ʟʽ ʩʣʘʙʢʦʶ ʨʦʟʨʽʟʥʝʥʦʶ ʭʤʘʨʥʽʩʪʶ. 

ʊʠʧʦʚʠʡ ʩʦʥʷʯʥʠʡ ʜʝʥʴ ʧʽʩʣʷ ʧʦʣʫʜʥʷ, ʙʣʠʞʯʝ ʜʦ ʚʝʯʦʨʘ, ʣʽʪʥʽʡ ʜʝʥʴ ʟ 

ʨʦʟʨʽʟʥʝʥʦʶ ʥʠʟʴʢʦʶ ʭʤʘʨʥʽʩʪʶ ʘʙʦ ʣʽʪʥʽʡ ʜʝʥʴ ʟ ʷʩʥʠʤ ʥʝʙʦʤ ʪʘ ʚʠʩʦʪʦʶ 

ʩʦʥʮʷ ʥʘʜ ʛʦʨʠʟʦʥʪʦʤ ʚʽʜ 15ʦ ʜʦ 35ʦ. 

ʄʦʞʥʘ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʟʠʤʥʦʛʦ ʜʥʷ.   

 

 

ʊʘʙʣʠʮʷ 4.3. ʂʘʪʝʛʦʨʽʾ ʩʪʽʡʢʦʩʪʽ ʘʪʤʦʩʬʝʨʠ2 

ʐʚʠʜʢʽʩʪʴ ʚʽʪʨʫ ʥʘ 

ʚʠʩʦʪʽ 10 ʤ,  

ɼʝʥʴ ʅʽʯ 

ʄ/ʩ ʉʦʥʷʯʥʘ ʨʘʜʽʘʮʽʷ, ʱʦ ʧʨʠ-

ʭʦʜʠʪʴ 

ʍʤʘʨʥʠʡ ʧʦʢʨʠʚ 

 ʉʠʣʴʥʘ ʧʦʤʽʨʥʘ ʩʣʘʙʢʠʡ ʭʤʘʨ-

ʥʦ 

ʷʩʥʦ 

ʂʣʘʩ 1 2 3 4 5 

<2 A A - B B E F 

2 - 3 A - B B C E F 

3 -5 B B - C C D E 

5 -6 C C - D  D D D 

> 6 C D D D D 

 

 ʃʽʥʽʡʥʽ ʜʞʝʨʝʣʘ. ʋ ʨʷʜʽ ʚʠʧʘʜʢʽʚ, ʢʦʣʠ ʨʷʜ ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, 

ʨʦʟʪʘʰʦʚʘʥʠʭ ʚʟʜʦʚʞ ʨʽʯʢʠ.  ʧʦʨʪʫ, ʘʙʦ ʧʨʷʤʘ ʘʚʪʦʤʘʛʽʩʪʨʘʣʴ ʟ ʽʥʪʝʥʩʠʚʥʠʤ 

ʨʫʭʦʤ ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ, ʟʘʙʨʫʜʥʝʥʥʷ ʤʦʞʝ ʤʦʜʝʣʶʚʘʪʠʩʷ ʥʝʧʝʨʝʨʚʥʠʤ ʙʝʟʢʽ-

                                           
1 ʇʦʥʷʪʪʷ ʽʥʚʝʨʩʽʷ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʷʢʽʩʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʤʦʚ ʘʪʤʦʩʬʝʨʠ, ʢʦʣʠ ʟ ʨʦʩʪʦʤ ʚʠʩʦʪʠ ʪʝʤʧʝ-

ʨʘʪʫʨʘ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʪʦʙʪʦ ʛʨʘʜʽʻʥʪ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜôʻʤʥʠʡ. ʅʘʷʚʥʽʩʪʴ ʽʥʚʝʨʩʽʾ ʟʤʝʥʰʫʻ ʚʝʨʪʠʢʘʣʴʥʝ ʧʝʨʝ-

ʤʽʰʫʚʘʥʥʷ ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʽ, ʪʘʢʠʤ ʯʠʥʦʤ, ʟʙʽʣʴʰʫʻ ʾʭ ʢʦʥʮʝʥʪʨʘʮʽʶ ʚ ʧʨʠʟʝʤʥʦʤʫ ʰʘʨʽ. 
2 ʂʣʘʩ ʙʘʡʜʫʞʦʾ  ʩʪʽʡʢʦʩʪʽ D ʧʝʨʝʜʙʘʯʘʻ ʥʘʷʚʥʽʩʪʴ ʭʤʘʨʥʦʩʪʽ ʚʜʝʥʴ ʪʘ ʚʥʦʯʽ. ʂʣʘʩ ɸ ʚʽʜʧʦʚʽʜʘʻ 

ʥʘʡʙʽʣʴʰʽʡ ʥʝʩʪʽʡʢʦʩʪʽ, ʢʣʘʩ F - ʥʘʡʙʽʣʴʰʽʡ ʩʪʽʡʢʦʩʪʽ, ʢʣʘʩ ɺ - ʧʦʤʽʨʥʦʾ ʥʝʩʪʽʡʢʦʩʪʽ ʘ ʢʣʘʩ ɽ - 

ʩʣʘʙʢʦʾ ʩʪʽʡʢʦʩʪʽ 



 

ʥʝʯʥʠʤ ʣʽʥʽʡʥʠʤ ʜʞʝʨʝʣʦʤ. ʂʦʣʠ ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ  ʜʦ ʪʘʢʦ-

ʛʦ ʜʞʝʨʝʣʘ, ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘʙʨʫʜʥʶʚʘʯʘ ʫ ʥʘʧʨʷʤʢʫ ʚʽʪʨʫ ʚʽʜ ʜʞʝʨʝʣʘ ʤʦʞʝ 

ʙʫʪʠ ʟʘʧʠʩʘʥʘ ʫ ʚʠʛʣʷʜʽ: 
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ʜʝ q ï ʧʦʪʫʞʥʽʩʪʴ ʜʞʝʨʝʣʘ ʥʘ ʦʜʠʥʠʮʶ ʜʦʚʞʠʥʠ (ʥʘʧʨʠʢʣʘʜ ʚʦʥʘ ʤʦʞʝ 

ʙʫʪʠ ʚʠʨʘʞʝʥʘ ʚ ʛ/ʩ ʤ). ʋ ʮʝʡ ʚʠʨʘʟ ʥʝ ʚʭʦʜʠʪʴ ʩʪʘʥʜʘʨʪʥʝ ʚʽʜʭʠʣʝʥʥʷ ʫ ʛʦ-

ʨʠʟʦʥʪʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ  sy, ʦʩʢʽʣʴʢʠ ʨʦʟʩʽʶʚʘʥʥʷ ʛʘʟʽʚ ʧʦʧʝʨʝʢ ʥʘʧʨʷʤʢʫ 

ʚʽʪʨʫ ʚʽʜ ʨʽʟʥʠʭ ʜʽʣʴʥʠʮʴ ʣʽʥʽʡʥʦʛʦ ʜʞʝʨʝʣʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʟʘʻʤʥʦ ʢʦʤʧʝ-

ʥʩʫʻʪʴʩʷ.  ɺʽʜʤʽʪʠʤʦ ʪʘʢʦʞ, ʱʦ ʫ ʮʝʡ ʚʠʨʘʟ ʥʝ ʚʭʦʜʠʪʴ ʫ, ʦʩʢʽʣʴʢʠ ʧʨʠ ʟʘʜʘ-

ʥʦʤʫ ʭ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʣʷ ʚʩʽʭ ʫ ʦʜʠʥʘʢʦʚʽ.  

ʗʢʱʦ ʥʝʧʝʨʝʨʚʥʝ ʣʽʥʽʡʥʝ ʜʞʝʨʝʣʦ ʤʘʻ ʦʙʤʝʞʝʥʫ ʜʦʚʞʠʥʫ, ʤʠ ʧʦʚʠʥʥʽ 

ʚʨʘʭʦʚʫʚʘʪʠ ʢʨʘʡʦʚʽ ʝʬʝʢʪʠ. ʆʩʪʘʥʥʽ ʤʘʶʪʴ ʩʫʪʪʻʚʝ ʟʥʘʯʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʧʨʠ 

ʚʽʜʜʘʣʝʥʽ ʚʽʜ ʜʞʝʨʝʣʘ ʫ ʥʘʧʨʷʤʢʫ ʚʽʪʨʫ ʦʙʣʘʩʪʴ ʚʧʣʠʚʫ ʜʞʝʨʝʣʘ ʙʫʜʝ ʨʦʟʰʠ-

ʨʶʚʘʪʠʩʷ. ʗʢʱʦ ʣʽʥʽʡʥʝ ʜʞʝʨʝʣʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʝ ʥʘʧʨʷʤʢʫ ʚʽʪʨʫ, ʨʫʯʥʦ ʨʦ-

ʟʪʘʰʫʚʘʪʠ ʚʽʩʴ ʭ ʫ ʥʘʧʨʷʤʢʫ ʚʽʪʨʫ ʪʘʢ, ʱʦʙ ʚʦʥʘ ʧʨʦʭʦʜʠʣʘ ʯʝʨʝʟ ʪʦʯʢʫ ʩʧʦ-

ʩʪʝʨʝʞʝʥʥʷ. ʊʦʜʽ ʢʽʥʮʽ ʣʽʥʽʡʥʦʛʦ ʜʞʝʨʝʣʘ ʙʫʜʫʪʴ ʨʦʟʪʘʰʦʚʫʚʘʪʠʩʷ ʥʘ ʦʩʽ ʫ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʥʘʧʨʷʤʢʫ ʚʽʪʨʫ ʽ ʤʘʪʠ ʢʦʦʨʜʠʥʘʪʠ ʫ1 ʽ ʫ2, ʧʨʠʯʦʤʫ ʫ1<ʫ2. 

ʊʦʜʽ ʢʦʥʮʝʥʪʨʘʮʽʷ ʚʟʜʦʚʞ ʦʩʽ ʭ ʥʘ ʨʽʚʥʽ ʟʝʤʣʽ ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʷ ʚʠʨʘʟʦʤ: 
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ʪʫʪ ʨ1=ʫ1/sy ʽ ʨ2=ʫ2/sy.  ʗʢʱʦ ʛʨʘʥʠʮʽ ʽʥʪʝʛʨʫʚʘʥʥʷ ʚʽʜʦʤʽ, ʪʦ ʟʥʘʯʝʥʥʷ 

ʽʥʪʝʛʨʘʣʘ ʤʦʞʥʘ ʟʥʘʡʪʠ ʚ ʩʪʘʥʜʘʨʪʥʠʭ ʪʘʙʣʠʮʷʭ.  

ʇʨʠ ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʦʧʠʩʽ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʛʘʟʦʚʦʛʦ ʩʪʨʫʤʝʥʷ ʚ ʘʪʤʦʩ-

ʬʝʨʽ ʧʨʠʡʤʘʻʪʴʩʷ, ʱʦ ʧʨʦʬʽʣʴ ʢʦʥʮʝʥʪʨʘʮʽʾ ʫ ʥʘʧʨʷʤʢʫ ʚʽʪʨʫ ʦʧʠʩʫʻʪʴʩʷ ʚʠ-

ʨʘʟʦʤ: 
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ʎʝ, ʪʘʢ ʟʚʘʥʘ, ʛʘʫʩʦʚʘ ʤʦʜʝʣʴ ʧʝʨʝʥʦʩʫ. ʋ ʮʴʦʤʫ ʚʠʨʘʟʽ Q - ʧʦʪʫʞʥʽʩʪʴ 

ʚʠʢʠʜʫ, ʪʦʙʪʦ ʤʘʩʘ, ʱʦ ʚʠʢʠʜʘʻʪʴʩʷ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ. ʇʽʜ ʚʝʣʠʯʠʥʦʶ u ʟʚʠ-

ʯʘʡʥʦ ʨʦʟʫʤʽʶʪʴ ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ ʥʘ ʚʠʩʦʪʽ ʛʦʨʣʦʚʠʥʠ ʪʨʫʙʠ. ʉʪʘʥʜʘʨʪʥʽ ʚʽʜ-



 

ʭʠʣʝʥʥʷ sy  ʪʘ  sz ʦʧʠʩʫʶʪʴ ʨʦʟʩʽʶʚʘʥʥʷ ʩʪʨʫʤʝʥʷ ʚ ʥʘʧʨʷʤʢʘʭ ʧʝʨʧʝʥʜʠʢʫ-

ʣʷʨʥʠʭ ʜʦ ʥʘʧʨʷʤʢʫ ʚʽʪʨʫ - x, ʪʦʙʪʦ ʚ ʥʘʧʨʷʤʢʘʭ y ʪʘ z. ʎʽ ʚʝʣʠʯʠʥʠ ʻ ʬʫʥʢʮʽ-

ʷʤʠ ʧʦʣʦʞʝʥʥʷ ʪʦʯʢʠ ʭ ʫ ʥʘʧʨʷʤʢʫ ʚʽʪʨʫ ʚʽʜ ʜʞʝʨʝʣʘ, ʘ ʪʘʢʦʞ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʫʤʦʚ ʩʪʽʡʢʦʩʪʽ ʘʪʤʦʩʬʝʨʠ. ʎʽ ʚʝʣʠʯʠʥʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʦʤʦ-

ʛʨʘʤ. ɼʣʷ ʜʝʷʢʠʭ ʢʣʘʩʽʚ ʩʪʽʡʢʦʩʪʽ ʘʪʤʦʩʬʝʨʠ, ʜʣʷ ʦʢʨʝʤʠʭ ʦʙʣʘʩʪʝʡ ʟʥʘʯʝʥʴ 

ʭ, ʚʽʜʦʤʽ ʪʘʢʦʞ ʘʥʘʣʽʪʠʯʥʽ ʘʧʨʦʢʩʠʤʘʮʽʾ. 

ɺʠʧʘʜʘʥʥʷ ʯʘʩʪʠʥʦʢ, ʚʠʢʠʥʫʪʠʭ ʜʠʤʦʚʠʤʠ ʪʨʫʙʘʤʠ. ʋ ʙʽʣʴʰʦʩʪʽ 

ʽʥʜʫʩʪʨʽʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʘʝʨʘʣʴʥʘ ʨʝʯʦʚʠʥʘ ʫʪʚʦʨʶʻʪʴʩʷ ʘʙʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʫ 

ʛʘʟʦʚʦʤʫ ʧʦʪʦʮʽ (ʥʘʧʨʠʢʣʘʜ ʫ ʧʨʦʮʝʩʽ ʟʛʦʨʘʥʥʷ), ʘʙʦ ʫ ʧʨʦʮʝʩʽ ʚʠʨʦʙʥʠʮʪʚʘ ʟ 

ʧʦʩʣʽʜʫʶʯʠʤ ʥʘʜʭʦʜʞʝʥʥʷʤ ʫ ʩʠʩʪʝʤʫ ʚʠʢʠʜʽʚ ʛʘʟʫ. ʂʽʣʴʢʽʩʪʴ ʘʝʨʦʟʦʣʴʥʦʾ 

ʨʝʯʦʚʠʥʠ, ʷʢʘ ʤʦʞʝ ʙʫʪʠ ʚʠʢʠʥʫʪʘ ʫ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, ʦʙʤʝʞʫʻʪʴʩʷ 

ʟʘʢʦʥʦʤ ʜʣʷ ʨʷʜʫ ʩʧʝʮʠʬʽʯʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ. ɼʣʷ ʦʙʤʝʞʝʥʥʷ ʨʽʚʥʷ ʝʤʽʩʽʾ ʫ ʟʘ-

ʜʘʥʠʭ ʛʨʘʥʠʮʷʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʠʩʪʝʤʘ ʨʝʛʫʣʶʚʘʥʥʷ. ɸʣʝ ʥʘʚʽʪʴ ʧʨʠ ʚʠ-

ʢʦʨʠʩʪʘʥʥʽ ʪʘʢʦʛʦ ʨʦʜʫ ʩʠʩʪʝʤ ʜʝʷʢʘ ʢʽʣʴʢʽʩʪʴ ʯʘʩʪʠʥʦʢ ʧʦʧʘʜʘʻ ʚ ʘʪʤʦʩʬʝʨʫ 

ʽʟ ʛʘʟʘʤʠ, ʱʦ ʚʽʜʭʦʜʷʪʴ ʚ ʘʪʤʦʩʬʝʨʫ. ɼʣʷ ʢʦʥʪʨʦʣʶ ʩʠʩʪʝʤ ʦʯʠʱʝʥʥʷ ʥʝʦʙʭʽ-

ʜʥʦ ʚʤʽʪʠ ʧʝʨʝʜʙʘʯʫʚʘʪʠ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʠʧʘʜʘʥʥʷ ʘʝʨʦʟʦʣʴʥʦʾ ʨʝʯʦʚʠʥʠ ʥʘ 

ʧʽʜʩʪʠʣʘʶʯʠ ʧʦʚʝʨʭʥʶ ʥʘ ʨʽʟʥʠʭ ʚʽʜʜʘʣʷʭ ʚʽʜ ʜʞʝʨʝʣʘ. 

ɯʩʥʫʻ ʜʝʢʽʣʴʢʘ ʤʝʪʦʜʽʚ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʠʧʘʜʘʥʥʷ ʯʘʩʪʠ-

ʥʦʢ, ʷʢʽ ʚʠʢʠʜʘʶʪʴʩʷ ʜʠʤʦʚʠʤʠ ʪʨʫʙʘʤʠ. ʅʘʡʙʽʣʴʰ ʧʨʦʩʪʠʤ ʻ ʤʦʜʠʬʽʢʘʮʽʷ 

ʚʠʨʘʟʫ, ʷʢʠʡ ʙʫʚ ʦʪʨʠʤʘʥʠʡ ʚʠʱʝ ʜʣʷ ʨʦʟʩʽʶʚʘʥʥʷ ʛʘʟʽʚ ʚʽʜ ʪʨʫʙʠ ʟ ʝʬʝʢʪʠʚ-

ʥʦʶ ʚʠʩʦʪʦʶ ʅ, ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʝʬʝʢʪʽʚ ʚʽʜʜʟʝʨʢʘʣʝʥʥʷ. ʎʝʡ ʚʠʨʘʟ ʤʘʻ ʚʠ-
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ʜʝ u ï ʩʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ ʥʘ ʚʝʨʭʥʴʦʤʫ ʟʨʽʟʽ ʪʨʫʙʠ, Q ï ʽʥʪʝʥʩʠʚ-

ʥʽʩʪʴ ʚʠʢʠʜʫ ʛʘʟʦʧʦʜʽʙʥʦʛʦ ʟʘʙʨʫʜʥʶʚʘʯʘ, ʚʠʨʘʞʝʥʘ ʤʘʩʦʶ ʘ ʦʜʠʥʠʮʶ ʯʘʩʫ. 

ʊʝʨʤʽʥ ñʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʝʬʝʢʪʫ ʚʽʜʜʟʝʨʢʘʣʶʚʘʥʥʷò ʫ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ 

ʩʫʪʪʻʚʠʡ, ʦʩʢʽʣʴʢʠ ʧʨʠ ʚʠʢʠʜʽ ʯʘʩʪʠʥʦʢ ʧʦʚʝʨʭʥʷ ʟʝʤʣʽ ʜʽʻ ʷʢ ʧʦʛʣʠʥʘʯ. ʂʦʣʠ 

ʞ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʢʠʜ ʪʽʣʴʢʠ ʛʘʟʽʚ, ʧʽʜʩʪʠʣʘʶʯʘ ʧʦʚʝʨʭʥʷ ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜ-

ʢʽʚ ʻ ʚʽʜʜʟʝʨʢʘʣʶʶʯʦʶ ʽ ʮʝ ʚʽʜʙʠʪʪʷ ʚʽʜ ʧʦʚʝʨʭʥʽ ʟʙʽʣʴʰʫʻ ʛʘʟʦʚʘʥʫ ʢʦʥʮʝʥʪ-

ʨʘʮʽʶ ʟʘʙʨʫʜʥʶʚʘʯʘ. 

ʂʨʽʤ ʧʦʧʨʘʚʢʠ ʥʘ ñʥʝ ʚʽʜʜʟʝʨʢʘʣʶʚʘʥʥʷò ʫ ʨʽʚʥʷʥʥʷ ʨʦʟʩʽʶʚʘʥʥʷ ʧʦ-

ʚʠʥʥʘ ʙʫʪʠ ʚʥʝʩʝʥʘ ʱʝ ʦʜʥʘ ʟʘʤʽʥʘ. ɸ ʩʘʤʝ, ʥʘ ʛʘʟʦʧʦʜʽʙʥʽ ʟʘʙʨʫʜʥʶʚʘʯʽ ʥʝ 

ʚʧʣʠʚʘʻ ʩʠʣʘ ʟʝʤʥʦʛʦ ʪʷʞʽʥʥʷ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʨʫʭ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʩʠʣʴʥʦ ʟʘ-

ʣʝʞʠʪʴ ʚʽʜ ʜʽʾ ʩʠʣ ʚʘʛʠ. ʽ ʚʽʜ ʜʽʾ ʩʝʨʝʜʦʚʠʱʘ ï ʥʦʩʽʷ, ʟʚôʷʟʘʥʦʛʦ ʟ ʧʝʨʝʤʽʱʝʥ-

ʥʷʤ ʧʦʚʽʪʨʷʥʠʭ ʤʘʩ. ʆʪʞʝ ʨʽʚʥʷʥʥʷ ʨʦʟʩʽʶʚʘʥʥʷ ʧʦʚʠʥʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʜʽʶ 

ʮʠʭ ʩʠʣ. ɼʽʷ ʩʠʣʠ ʪʷʞʽʥʥʷ ʥʘ ʨʦʟʩʽʶʚʘʥʥʷ ʯʘʩʪʠʥʦʢ  ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ ʪʦʤʫ, ʱʦ 



 

ʦʩʴʦʚʘ ʣʽʥʽʷ ʚʠʢʠʜʫ ʧʦ ʤʽʨʽ ʧʝʨʝʥʦʩʫ ʟʘʙʨʫʜʥʶʚʘʯʘ ʧʦ ʚʽʪʨʫ ʚʽʜʭʠʣʷʻʪʴʩʷ  ʜʦ 

ʥʠʟʫ. ɺ ʧʦʨʽʚʥʷʥʥʷ ʽʟ ʟʦʚʩʽʤ ʛʦʨʠʟʦʥʪʘʣʴʥʦʶ ʚʽʩʩʶ ʰʣʝʡʬʘ ʛʘʟʦʧʦʜʽʙʥʦʾ ʝʤʽ-

ʩʽʾ ʰʣʝʡʬ ʘʝʨʦʟʦʣʴʥʦʾ ʨʝʯʦʚʠʥʠ ʤʘʻ ʥʘʭʠʣ ʜʦ ʥʠʟʫ.  

ɺʥʘʩʣʽʜʦʢ ʜʽʾ ʩʠʣ ʪʷʞʽʥʥʷ ʚʝʣʠʯʠʥʘ ʅ ʧʦʚʠʥʥʘ ʙʫʪʠ ʩʢʦʨʠʛʦʚʘʥʘ ʚʽʜʥʦ-

ʩʥʦ ʧʦʩʪʽʡʥʦʛʦ ʦʩʽʜʘʥʥʷ ʯʘʩʪʠʥʦʢ. ɼʦʚʞʠʥʘ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ ʧʽʩʣʷ ʚʠʣʴʦʪʫ ʽʟ 

ʪʨʫʙʠ ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ ʜʦʙʫʪʢʫ  ʰʚʠʜʢʦʩʪʽ ʦʩʽʜʘʥʥʷ ʯʘʩʪʠʥʦʢ Vt  ʥʘ ʯʘʩ t ʟʘ 

ʷʢʠʡ  ʦʩʥʦʚʥʠʡ ʧʦʪʽʢ ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʜʦʩʷʛʥʝ ʚʽʜʜʘʣʽ ʍ ʧʦ ʚʽʪʨʫ. ʎʝʡ ʯʘʩ ʜʦ-

ʨʽʚʥʶʻ x/u. ʆʪʞʝ, ʜʦʚʞʠʥʘ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ, ʥʘ ʷʢʫ ʧʦʚʠʥʥʘ ʙʫʪʠ ʩʢʦʨʠʛʦʚʘ-

ʥʘ ʚʝʣʠʯʠʥʘ ʅ, ʩʢʣʘʜʘʻ Vt x/u. ʎʝ ʝʢʚʽʚʘʣʝʥʪʥʦ ʧʦʥʠʞʝʥʥʶ ʦʩʴʦʚʦʾ ʣʽʥʽʾ ʛʘʫ-

ʩʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʧʦ ʦʩʽ z  ʥʘ ʚʝʣʠʯʠʥʫ Vt x/u. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʠʣʠ ʪʷʞʽʥʥʷ, ʟʤʽʥʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʯʘʩʪʠʥʦʢ 

ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʘ ʥʘʩʪʫʧʥʠʤ ʨʽʚʥʷʥʥʷʤ: 
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ɿʦʢʨʝʤʘ, ʥʘʟʝʤʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ (z=0) ʚʟʜʦʚʞ ʦʩʴʦʚʦʾ ʣʽʥʽʾ ʰʣʝʡʬʫ 

(y=0): 
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ʊʫʪ QP- ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʠʢʠʜʫ ʘʝʨʦʟʦʣʴʥʠʭ  ʯʘʩʪʠʥʦʢ. ʎʷ ʚʝʣʠʯʠʥʘ ʤʦʞʝ 

ʙʫʪʠ ʚʠʨʘʞʝʥʘ ʚ ʪʘʢʠʭ ʦʜʠʥʠʮʷʭ, ʷʢ ʛ/ʩ, ůy  ʪʘ ůz ï ʚʠʨʘʞʘʶʪʴʩʷ ʚ ʤ ʽ u ʚ ʤ/ʩ. 

ɺʝʣʠʯʠʥʠ Q ʽ Vt ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʧʝʚʥʦʛʦ ʚʠʜʫ ʯʘʩʪʠʥʦʢ ʦʜʥʦʛʦ ʨʦʟʤʽʨʫ. 

ʇʦʨʷʜ ʟ ʦʮʽʥʢʦʶ ʢʦʥʮʝʥʪʨʘʮʽʾ ʯʘʩʪʠʥʦʢ ʉ ʚ ʟʘʜʘʥʽʡ ʪʦʯʮʽ ʧʨʦʩʪʦʨʫ ʥʘ 

ʦʩʥʦʚʽ ʥʘʚʝʜʝʥʦʛʦ ʚʠʱʝ ʨʽʚʥʷʥʥʷ, ʚʘʞʣʠʚʦ ʚʠʟʥʘʯʠʪʠ ʪʘʢʦʞ ʨʝʟʫʣʴʪʘʪ ʨʦʟʩʽ-

ʶʚʘʥʥʷ ʯʘʩʪʠʥʦʢ ʫ ʚʠʛʣʷʜʽ ʤʘʩʠ, ʷʢʘ ʚʠʧʘʜʘʻ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ ʥʘ ʦʜʠʥʠʮʶ 

ʧʣʦʱʽ ï w. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʉ ʽ w ʪʘʢʝ: 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʠʧʘʜʘʥʥʷ ʯʘʩʪʠʥʦʢ ʥʘ ʧʽʜʩʪʠʣʘʶʯʠ ʧʦʚʝ-

ʨʭʥʶ ʚʟʜʦʚʞ ʦʩʴʦʚʦʾ ʣʽʥʽʾ ʰʣʝʡʬʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʘʢ: 
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ʋ ʥʘʚʝʜʝʥʦʤʫ ʨʽʚʥʷʥʥʽ ʨʦʟʩʽʶʚʘʥʥʷ ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʘʙʩʦʣʶʪʥʦ ʚʩʽ ʯʘʩ-

ʪʠʥʢʠ ʟʽ ʰʚʠʜʢʽʩʪʶ ʦʩʽʜʘʥʥʷ Vt ʚʠʧʘʜʘʶʪʴ ʜʦ ʧʝʚʥʦʾ ʚʽʜʜʘʣʽ ʧʦ ʚʽʪʨʫ. ʎʷ ʚʽʜ-

ʜʘʣʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʯʘʩʦʤ, ʥʝʦʙʭʽʜʥʠʤ ʜʣʷ ʦʩʽʜʘʥʥʷ ʯʘʩʪʠʥʢʠ ʽʟ ʝʬʝʢʪʠʚʥʦʾ 

ʚʠʩʦʪʠ ʅ. ʎʝʡ ʯʘʩ ʨʽʚʥʠʡ H/Vt ʽ ʧʦʚʠʥʝʥ ʙʫʪʠ ʨʽʚʥʠʤ  xmax/u, ʜʝ xmax ï ʤʘʢʩʠ-

ʤʘʣʴʥʘ ʚʽʜʜʘʣʴ ʧʦ ʚʽʪʨʫ, ʥʘ ʷʢʫ ʤʦʞʝ ʙʫʪʠ ʧʝʨʝʥʝʩʝʥʘ ʯʘʩʪʠʥʢʘ ʟ ʭʘʨʘʢʪʝʨ-

ʥʦʶ ʰʚʠʜʢʽʩʪʶ ʦʩʽʜʘʥʥʷ Vt. ɺʽʜʜʘʣʴ xmax ʝʢʚʽʚʘʣʝʥʪʥʘ ʪʘʢʦʤʫ ʚʽʜʜʘʣʝʥʥʶ ʚʽʜ 

ʜʞʝʨʝʣʘ ʧʦ ʚʽʪʨʫ, ʜʝ ʦʩʴʦʚʘ ʣʽʥʽʷ "ʧʘʜʘʶʯʦʛʦ ʰʣʝʡʬʘ" ʜʦʪʠʢʘʻʪʴʩʷ ʟʝʤʥʦʾ 

ʧʦʚʝʨʭʥʽ. ɿʚʽʜʩʠ ʚʠʪʽʢʘʻ, ʱʦ ʥʘʚʝʜʝʥʽ ʨʽʚʥʷʥʥʷ ʥʝ ʤʘʶʪʴ ʬʽʟʠʯʥʦʛʦ ʩʤʠʩʣʫ 

ʜʣʷ ʚʽʜʜʘʣʝʡ ʙʽʣʴʰʠʭ ʟʘ ʟʥʘʯʝʥʥʷ  
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ʊʫʪ g - ʧʨʠʩʢʦʨʝʥʥʷ ʟʝʤʥʦʛʦ ʪʷʞʽʥʥʷ, dp - ʜʽʘʤʝʪʨ ʯʘʩʪʠʥʦʢ, ʛʫʩʪʠʥʘ 

ʷʢʠʭ ʜʦʨʽʚʥʶʻ rg, ʘ mg - ʜʠʥʘʤʽʯʥʘ ʚ'ʷʟʢʽʩʪʴ ʛʘʟʫ ʥʦʩʽʷ, ʪʦʙʪʦ , ʫ ʜʘʥʦʤʫ ʚʠʧʘ-

ʜʢʫ, ʧʦʚʽʪʨʷ.  

ɻʫʩʪʠʥʘ ʟʘʙʨʫʜʥʝʥʥʷ ʤʽʩʮʝʚʦʩʪʽ P(x,y,t) ʟʘ ʯʘʩ t ʚʠʟʥʘʯʘʻʪʴʩʷ ʽʟ ʮʴʦʛʦ 

ʚʠʨʘʟʫ ʤʥʦʞʝʥʥʷʤ  ʥʘ ʝʬʝʢʪʠʚʥʫ ʰʚʠʜʢʽʩʪʴ ʦʩʽʜʘʥʥʷ ʧʨʦʜʫʢʪʽʚ ʚʠʢʠʜʽʚ ʥʘ 

ʧʦʚʝʨʭʥʶ ʛʨʫʥʪʦʚʦ - ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ vg ʪʘ ʥʘ ʯʘʩ ʜʽʾ ʜʞʝʨʝʣʘ t. 

 

twtV)z,y,x(C)y,x(P t Ö¹ÖÖ=                                                          (4.19) 

 

ʅʘʚʝʜʝʥʽ ʬʦʨʤʫʣʠ ʜʘʶʪʴ ʘʜʝʢʚʘʪʥʽ ʦʮʽʥʢʠ ʜʣʷ ʧʨʦʩʪʠʭ ʽ ʦʜʥʦʨʽʜʥʠʭ 

ʫʤʦʚ ʨʝʣʴʻʬʫ ʪʘ ʜʣʷ ʩʝʨʝʜʥʽʭ ʰʠʨʦʪ. ʅʘʚʝʜʝʥʽ ʪʘʙʣ. 4.2.1 ʝʤʧʽʨʠʯʥʽ ʘʥʘʣʽʪʠ-

ʯʥʽ ʟʚôʷʟʢʠ ʤʽʞ ʧʘʨʘʤʝʪʨʘʤʠ ʨʦʟʩʽʶʚʘʥʥʷ (sy   ʽ sz ) ʪʘ ʢʣʘʩʘʤʠ ʩʪʽʡʢʦʩʪʽ ʘʪ-

ʤʦʩʬʝʨʠ ʚʽʜʥʦʩʷʪʴʩʷ ʩʘʤʝ ʜʦ ʪʘʢʠʭ ʫʤʦʚ.  

ʉʫʭʝ ʚʠʧʘʜʘʥʥʷ. ʉʣʽʜ ʚʽʜʨʽʟʥʷʪʠ ʤʝʭʘʥʽʟʤʠ çʤʦʢʨʦʛʦè ʚʠʧʘʜʘʥʥʷ, ʱʦ 

ʚʢʣʶʯʘʶʪʴ ʚʧʣʠʚ  ʜʦʱʫ ʯʠ ʽʥʰʠʭ ʬʦʨʤ ʦʧʘʜʽʚ, ʚʽʜ ʪʠʭ, ʷʢʽ  ʤʘʶʪʴ ʤʽʩʮʝ ʧʨʠ 

ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʚʟʘʻʤʦʜʽʾ ʨʝʯʦʚʠʥ, ʱʦ ʧʝʨʝʥʦʩʷʪʴʩʷ ʧʦ ʧʦʚʽʪʨʶ,  ʟ ʧʦʚʝʨʭʥʝʶ. 

ʆʩʪʘʥʥʽ ʚ ʩʫʢʫʧʥʦʩʪʽ ʩʢʣʘʜʘʶʪʴ çʩʫʭʝè ʚʠʧʘʜʘʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʩʫʭʝ ʚʠʧʘ-

ʜʘʥʥʷ ʡʜʝ ʙʝʟʫʧʠʥʥʦ, ʪʦʜʽ ʷʢ ʤʦʢʨʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʝʧʽʟʦʜʠʯʥʦ. ʇʨʦʮʝʩ ʚʠʧʘ-



 

ʜʘʥʥʷ ʦʯʠʱʫʻ ʘʪʤʦʩʬʝʨʫ, ʘʣʝ ʧʨʠ ʮʴʦʤʫ ʨʝʯʦʚʠʥʠ ʚʠʧʘʜʘʶʪʴ ʥʘ ʧʦʚʝʨʭʥʶ. 

ʇʨʠʩʫʪʥʽʩʪʴ, ʥʘʧʨʠʢʣʘʜ, ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʚ ʘʪʤʦʩʬʝʨʽ ʤʦʞʝ ʧʨʠʚʦʜʠʪʠ ʜʦ ʦʧʨʦ-

ʤʽʥʝʥʥʷ ʣʶʜʠʥʠ ʡ ʽʥʰʠʭ ʦʨʛʘʥʽʟʤʽʚ ʚʥʘʩʣʽʜʦʢ ʟʦʚʥʽʰʥʴʦʛʦ ʚʧʣʠʚʫ ʽ ʧʨʠ ʜʠ-

ʭʘʥʥʽ; ʨʘʜʽʦʘʢʪʠʚʥʽ ʨʝʯʦʚʠʥʠ, ʱʦ ʚʠʧʘʣʠ, ʤʦʞʫʪʴ ʧʨʠʚʦʜʠʪʠ ʪʘʢʦʞ ʜʦ ʟʦʚʥʽ-

ʰʥʴʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ, ʘ ʪʘʢʦʞ ʥʘ ʪʨʠʚʘʣʠʡ ʯʘʩ ʚʢʣʶʯʘʪʠʩʷ ʚ ʭʘʨʯʦʚʽ ʣʘʥʮʶʛʠ. 

ʏʘʩʪʦ ʜʦʟʘ ʨʘʜʽʘʮʽʾ, ʦʪʨʠʤʘʥʘ ʚʽʜ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ, ʱʦ ʚʠʧʘʣʠ, ʙʽʣʴʰʘ, 

ʥʽʞ  ʚʥʘʩʣʽʜʦʢ ʦʧʨʦʤʽʥʝʥʥʷ ʟ ʧʦʚʽʪʨʷ. ɺʽʜ ʰʚʠʜʢʦʩʪʽ ʧʨʦʮʝʩʽʚ ʚʠʧʘʜʘʥʥʷ ʟʘ-

ʣʝʞʘʪʴ ʧʦʰʠʨʝʥʥʷ ʡ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʟʝʤʥʠʭ ʽ ʚʦʜʷʥʠʭ ʝʢʦʩʠʩ-

ʪʝʤ.  

ʗʢ ʛʘʟʦʧʦʜʽʙʥʽ, ʪʘʢ ʽ ʪʚʝʨʜʽ ʯʘʩʪʢʠ ʧʝʨʝʥʦʩʷʪʴʩʷ ʚ ʰʘʨ ʘʪʤʦʩʬʝʨʠ, ʱʦ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʨʠʤʠʢʘʻ ʜʦ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ, ʧʽʜ ʚʧʣʠʚʦʤ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʧʝ-

ʨʝʤʽʰʫʚʘʥʥʷ. ʇʦʨʫʯ ʟ ʧʦʚʝʨʭʥʝʶ ʟʥʘʭʦʜʠʪʴʩʷ ʰʘʨ ʧʦʚʽʪʨʷ, ʜʝ ʪʫʨʙʫʣʝʥʪʥʠʡ 

ʨʫʭ ʫʧʦʚʽʣʴʥʶʻʪʴʩʷ, ʘ ʧʝʨʝʥʦʩ ʟʜʽʡʩʥʶʻʪʴʩʷ ʤʦʣʝʢʫʣʷʨʥʦʶ ʜʠʬʫʟʽʻʶ (ʜʣʷ ʛʘ-

ʟʽʚ ʽ ʧʘʨʽʚ) ʯʠ ʩʧʽʣʴʥʠʤ ʚʧʣʠʚʦʤ ʙʨʦʫʥʽʚʩʴʢʦʾ ʜʠʬʫʟʽʾ, ʽʥʝʨʮʽʡʥʠʭ ʩʠʣ ʽ ʩʝʜʠ-

ʤʝʥʪʘʮʽʾ ʜʣʷ ʪʚʝʨʜʠʭ ʯʘʩʪʦʢ. ɹʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʧʦʚʝʨʭʥʽ ʩʧʝʮʠʬʽʯʥʽ ʤʝʭʘʥʽʟ-

ʤʠ ʚʠʚʝʜʝʥʥʷ ʟʘʣʝʞʘʪʴ ʷʢ ʚʽʜ ʬʽʟʠʯʥʠʭ, ʭʽʤʽʯʥʠʭ ʽ ʬʽʟʽʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩ-

ʪʝʡ ʧʦʚʝʨʭʥʽ, ʪʘʢ ʽ ʚʽʜ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʝʯʦʚʠʥʠ, ʱʦ ʦʩʘʜʞʫʻʪʴʩʷ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʚʠʧʘʜʘʥʥʷ ʤʽʩʪʠʪʴ ʫ ʩʦʙʽ ʨʷʜ ʧʦʩʣʽʜʦʚʥʠʭ ʩʪʘʜʽʡ, ʽ ʟʘʛʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʚʠʧʘ-

ʜʘʥʥʷ ʥʝ ʤʦʞʝ ʧʝʨʝʚʠʱʫʚʘʪʠ ʰʚʠʜʢʽʩʪʴ ʷʢʦʾ-ʥʝʙʫʜʴ ʽʟ ʩʪʘʜʽʡ. ɯʥʪʝʥʩʠʚʥʽʩʪʴ 

ʚʠʧʘʜʘʥʴ ʟʚʠʯʘʡʥʦ ʚʠʨʘʞʘʶʪʴ ʯʝʨʝʟ ʰʚʠʜʢʽʩʪʴ ʦʩʘʜʞʝʥʥʷ 

     
)z(C

F
)z(V

1
1g =                                                                            (4.20) 

ʜʝ F ð ʱʽʣʴʥʽʩʪʴ ʧʦʪʦʢʫ ʨʝʯʦʚʠʥʠ, ʱʦ ʦʩʘʜʞʫʻʪʴʩʷ, ʥʘ ʦʜʠʥʠʮʶ ʧʦʚʝ-

ʨʭʥʽ ʩʫʰʽ, ʚʢʣʶʯʘʶʯʠ ʨʦʩʣʠʥʥʽʩʪʴ ʽ ʽʥʰʽ ʫʪʚʦʨʝʥʥʷ, ʱʦ ʪʘʤ ʟʥʘʭʦʜʷʪʴʩʷ, 

C(z1) - ʢʦʥʮʝʥʪʨʘʮʽʷ ʥʘ ʚʠʩʦʪʽ z1 ʷʢʫ ʤʦʞʥʘ  ʚʠʤʽʨʷʪʠ ʯʠ ʦʮʽʥʠʪʠ. 

ʅʘ ʦʩʽʜʘʥʥʷ ʯʘʩʪʦʢ, ʱʦ ʧʝʨʝʥʦʩʷʪʴʩʷ  ʚʽʪʨʦʤ, ʚʝʣʠʢʠʡ ʚʧʣʠʚ ʤʘʻ ʾʭʥʽʡ 

ʨʦʟʤʽʨ [41]. ʇʨʠ ʟʚʠʯʘʡʥʽʡ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʚ ʧʨʠʛʨʘʥʠʯʥʦʤʫ ʰʘʨʽ ʚʝʨʪʠʢʘ-

ʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʪʫʨʙʫʣʝʥʪʥʠʭ ʧʦʪʦʢʽʚ ʟʚʠʯʘʡʥʦ ʩʢʣʘʜʘʻ 0,3 ʤ/ʩ. ʆʯʝʚʠʜʥʦ, 

ʱʦ ʯʘʩʪʢʠ ʜʽʘʤʝʪʨʦʤ ʙʽʣʴʰ 100 ʤʢʤ ʥʝ ʤʦʞʫʪʴ ʧʽʜʪʨʠʤʫʚʘʪʠʩʷ ʮʠʤʠ ʪʫʨʙʫ-

ʣʝʥʪʥʠʤʠ ʨʫʭʘʤʠ ʽ ʙʫʜʫʪʴ ʦʧʫʩʢʘʪʠʩʷ  ʙʽʣʴʰ-ʤʝʥʰ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʪʨʘʻʢʪʦʨʽʾ, 

ʦʙʫʤʦʚʣʝʥʦʶ ʾʭʥʴʦʶ ʰʚʠʜʢʽʩʪʶ ʦʩʽʜʘʥʥʷ ʽ ʩʝʨʝʜʥʽʤ ʚʽʪʨʦʤ. ʏʘʩʪʢʠ ʜʽʘʤʝʪ-

ʨʦʤ 30 ʤʢʤ ʽ ʤʝʥʰʝ ʙʫʜʫʪʴ ʣʝʛʢʦ ʧʝʨʝʤʽʰʫʚʘʪʠʩʷ ʫ ʚʩʴʦʤʫ ʦʙʩʷʟʽ ʧʨʠʛʨʘʥʠ-

ʯʥʦʛʦ ʰʘʨʫ, ʘ ʯʘʩʪʢʠ ʧʨʦʤʽʞʥʠʭ ʨʦʟʤʽʨʽʚ ʙʫʜʫʪʴ ʫ ʨʽʟʥʽʡ ʤʽʨʽ ʧʝʨʝʥʦʩʠʪʠʩʷ 

ʪʫʨʙʫʣʝʥʪʥʠʤ ʧʦʪʦʢʦʤ ʽ ʚ ʪʦʡ ʞʝ ʯʘʩ ʧʽʜʜʘʚʘʪʠʩʷ ʰʚʠʜʢʽʡ ʩʝʜʠʤʝʥʪʘʮʽʾ ʪʘ 

ʽʥʝʨʮʽʡʥʽʡ  ʚʟʘʻʤʦʜʽʾ ʟ ʧʽʜʩʪʠʣʘʶʯʦʶ ʧʦʚʝʨʭʥʝʶ. 

ʏʘʩʪʢʠ ʜʽʘʤʝʪʨʦʤ ʤʝʥʰ 30 ʤʢʤ ʤʦʞʫʪʴ ʧʝʨʝʥʦʩʠʪʠʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʦ 

ʧʦʚʝʨʭʥʽ ʪʫʨʙʫʣʝʥʪʥʠʤʠ ʚʠʭʦʨʘʤʠ ʧʘʨʘʣʝʣʴʥʦ ʽʟ  ʛʨʘʚʽʪʘʮʽʡʥʠʤ ʦʩʽʜʘʥʥʷʤ, 

ʰʚʠʜʢʽʩʪʴ ʷʢʦʛʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʦʟʤʽʨʦʤ ʯʘʩʪʦʢ. ʋʩʝʨʝʜʠʥʽ ʧʦʚʽʪʨʷʥʦʛʦ ʰʘʨʫ, 

ʱʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʨʠʤʠʢʘʻ ʜʦ ʝʣʝʤʝʥʪʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʜʝ ʪʫʨʙʫʣʝʥʪʥʽʩʪʴ 



 

ʧʦʜʘʚʣʝʥʘ, ʤʘʶʪʴ ʟʥʘʯʝʥʥʷ ʤʝʭʘʥʽʟʤʠ, ʱʦ ʟʤʫʰʫʶʪʴ ʯʘʩʪʢʠ ʚʽʜʭʠʣʷʪʠʩʷ ʚʽʜ 

ʧʦʪʦʢʫ. ɼʣʷ ʯʘʩʪʦʢ ʜʽʘʤʝʪʨʦʤ ʧʨʠʙʣʠʟʥʦ 0,1 ʤʢʤ ʽ ʤʝʥʰ ʩʪʘʻ ʽʩʪʦʪʥʠʤ ʙʨʦʫ-

ʥʽʚʩʴʢʠʡ ʨʫʭ, ʱʦ ʚʝʜʝ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʦʩʽʜʘʥʥʷ ʙʽʣʴʰ ʜʨʽʙʥʠʭ ʯʘʩ-

ʪʦʢ. ʏʘʩʪʢʠ ʜʽʘʤʝʪʨʦʤ 2-3 ʤʢʤ ʽ ʙʽʣʴʰ ʤʘʶʪʴ ʜʠʩʪʘʥʮʽʶ ʽʥʝʨʮʽʡʥʦʛʦ ʧʨʦʙʽʛʫ, 

ʧʦʨʽʚʥʷʥʫ ʧʦ ʚʝʣʠʯʠʥʽ ʟ ʥʘʡʙʽʣʴʰ ʜʨʽʙʥʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʧʦʚʝʨʭʥʽ ʨʦʩʣʠʥ. 

ʋʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʚʦʥʠ ʤʘʶʪʴ ʜʦʩʪʘʪʥʶ ʽʥʝʨʮʽʡʥʽʩʪʴ ʜʣʷ ʧʦʛʣʠʥʘʥʥʷ ʧʦʚʝʨʭ-

ʥʝʶ ʪʨʘʚ ʽ ʽʥʰʠʭ ʧʦʜʽʙʥʠʭ ʧʝʨʝʰʢʦʜ.  

ɯʥʝʨʮʽʡʥʦʶ ʚʟʘʻʤʦʜʽʻʶ ʧʦʷʩʥʶʻʪʴʩʷ ʨʽʩʪ ʰʚʠʜʢʦʩʪʽ ʦʩʽʜʘʥʥʷ  ʯʘʩʪʦʢ 

ʜʽʘʤʝʪʨʦʤ ʥʝ ʙʽʣʴʰ 10 ʤʢʤ. ʇʦʜʘʣʴʰʠʡ ʨʽʩʪ ʰʚʠʜʢʦʩʪʽ ʙʽʣʴʰ ʚʝʣʠʢʠʭ ʯʘʩʪʦʢ 

ʦʙʫʤʦʚʣʝʥʠʡ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʩʝʜʠʤʝʥʪʘʮʽʻʶ. ʏʘʩʪʢʠ ʜʽʘʤʝʪʨʦʤ ʙʽʣʴʰ 5 ʤʢʤ 

ʤʦʞʫʪʴ ʚʽʜʩʢʘʢʫʚʘʪʠ ʚʽʜ ʧʦʚʝʨʭʥʽ, ʷʢʱʦ ʯʘʩʪʢʠ ʽ ʧʦʚʝʨʭʥʷ ʩʫʭʽ. ɯʥʦʜʽ ʮʝ ʤʦ-

ʞʝ ʢʦʤʧʝʥʩʫʚʘʪʠ ʚʥʝʩʦʢ ʽʥʝʨʮʽʡʥʦʾ ʚʟʘʻʤʦʜʽʾ ʚ ʦʩʽʜʘʥʥʷ. ʆʜʥʘʢ, ʪʠʧʦʚʘ ʰʚʠ-

ʜʢʽʩʪʴ ʦʩʽʜʘʥʥʷ ʯʘʩʪʦʢ ʜʽʘʤʝʪʨʦʤ 10 ʤʢʤ ʥʘ ʪʨʘʚ'ʷʥʠʡ ʧʦʢʨʠʚ ʩʢʣʘʜʘʻ 2 cʤ/c, 

ʘ ʰʚʠʜʢʽʩʪʴ ʦʩʽʜʘʥʥʷ ʥʘ ʣʽʩ ʤʦʞʝ ʙʫʪʠ ʚ ʢʽʣʴʢʘ ʨʘʟʽʚ ʚʠʱʝ. 

ɾʦʜʝʥ ʟ ʮʠʭ ʤʝʭʘʥʽʟʤʽʚ ʥʝ ʝʬʝʢʪʠʚʥʠʡ ʫ ʚʠʧʘʜʢʫ ʯʘʩʪʦʢ ʨʦʟʤʽʨʦʤ 0,1-

2,0 ʤʢʤ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʦʩʽʜʘʥʥʷ ʡʜʝ ʟʘʚʜʷʢʠ ʟʘʭʦʧʣʝʥʥʶ ʯʘʩʪʦʢ, ʱʦ ʧʨʦ-

ʧʣʠʚʘʶʪʴ ʫ ʧʦʪʦʮʽ ʧʦʚʽʪʨʷ ʧʦʚʟ ʩʢʣʘʜʥʽ ʝʣʝʤʝʥʪʠ ʧʦʚʝʨʭʥʽ. ʏʘʩʪʢʠ, ʱʦ ʪʦʨʢ-

ʥʫʣʠʩʷ ʧʦʚʝʨʭʥʽ, ʧʨʠʣʠʧʘʶʪʴ ʽ ʦʩʽʜʘʶʪʴ. ʄʽʢʨʦʩʢʦʧʽʯʥʽ ʰʦʨʩʪʢʦʩʪʽ, ʫʪʚʦʨʝʥʽ 

ʣʠʩʪʦʚʠʤʠ ʚʦʣʦʩʢʘʤʠ ʡ ʽʥʰʠʤʠ ʧʦʚʝʨʭʥʝʚʠʤʠ ʫʪʚʦʨʝʥʥʷʤʠ, ʤʦʞʫʪʴ ʟʙʽʣʴ-

ʰʫʚʘʪʠ ʧʣʦʱʫ ʧʦʚʝʨʭʥʽ ʨʦʩʣʠʥʥʦʩʪʽ ʽ ʧʽʜʩʠʣʶʚʘʪʠ ʮʝʡ ʝʬʝʢʪ, ʘ ʰʚʠʜʢʽʩʪʴ 

ʦʩʽʜʘʥʥʷ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ, ʧʨʠʙʣʠʟʥʦ, 0,03 ʩʤ/ʩ. ɼʝʷʢʽ 

ʧʦʣʴʦʚʽ ʚʠʤʽʨʠ ʧʦʢʘʟʫʶʪʴ ʧʦʤʽʪʥʦ ʚʝʣʠʢʫ ʰʚʠʜʢʽʩʪʴ ʦʩʽʜʘʥʥʷ, ʘʣʝ ʽʩʥʫʻ ʨʷʜ 

ʤʦʞʣʠʚʠʭ ʧʨʠʯʠʥ, ʱʦ ʫʪʨʫʜʥʷʶʪʴ ʽʥʪʝʨʧʨʝʪʘʮʽʶ ʮʠʭ ʜʘʥʠʭ.  

ɺʦʜʘ ʧʦʢʨʠʚʘʻ ʚʝʣʠʢʽ ʧʣʦʱʽ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʪʦʤʫ ʦʩʽʜʘʥʥʷ ʥʘ ʚʦʜʫ ʚʽ-

ʜʽʛʨʘʻ ʚʘʞʣʠʚʫ ʨʦʣʴ, ʦʩʢʽʣʴʢʠ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜʥʦʾ ʩʠʩʪʝʤʠ ʡ 

ʚʦʜʥʦʯʘʩ ʦʯʠʱʝʥʥʷ ʘʪʤʦʩʬʝʨʠ. ɺʦʜʥʘ ʧʦʚʝʨʭʥʷ ʘʝʨʦʜʠʥʘʤʽʯʥʦ ʛʣʘʜʢʘ, ʥʘʚʽʪʴ 

ʢʦʣʠ ʯʝʨʝʟ ʩʠʣʴʥʠʡ ʚʽʪʝʨ ʫʪʚʦʨʶʶʪʴʩʷ ʭʚʠʣʽ. ɿʚʠʯʘʡʥʦ ʚʚʘʞʘʶʪʴ, ʱʦ ʰʚʠʜ-

ʢʽʩʪʴ ʦʩʽʜʘʥʥʷ ʥʘ ʚʦʜʫ ʯʘʩʪʦʢ ʜʽʘʤʝʪʨʦʤ 0,1-10 ʤʢʤ ʤʝʥʰʝ, ʥʽʞ ʥʘ ʧʦʢʨʠʪʫ 

ʨʦʩʣʠʥʥʽʩʪʶ ʧʦʚʝʨʭʥʶ, ʽ ʱʦ ʚʦʥʘ ʥʝ ʥʘʙʘʛʘʪʦ ʧʝʨʝʚʠʱʫʻ ʰʚʠʜʢʽʩʪʴ ʦʩʽʜʘʥʥʷ 

ʯʘʩʪʦʢ ʽʥʰʠʭ ʨʦʟʤʽʨʽʚ. ʆʜʥʘʢ ʚʝʣʠʢʘ ʯʘʩʪʠʥʘ ʘʪʤʦʩʬʝʨʥʠʭ ʯʘʩʪʦʢ ʛʽʛʨʦʩʢʦ-

ʧʽʯʥʘ, ʽ ʰʚʠʜʰʝ ʟʘ ʚʩʝ ʚʦʥʠ ʟʙʽʣʴʰʫʶʪʴʩʷ, ʢʦʥʜʝʥʩʫʶʯʠ ʚʦʜʷʥʽ ʧʘʨʽ ʚ ʪʦʥʢʦ-

ʤʫ ʰʘʨʽ ʧʦʚʽʪʨʷ, ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘʜ ʚʦʜʥʦʶ ʧʦʚʝʨʭʥʝʶ, ʜʝ ʧʦʚʽʪʨʷ ʙʣʠʟʴʢʝ 

ʜʦ ʥʘʩʠʯʝʥʥʷ ʧʘʨʘʤʠ. ʗʢʱʦ ʯʘʩʪʢʠ ʨʦʩʪʫʪʴ ʜʦʩʠʪʴ ʰʚʠʜʢʦ, ʱʦʙ ʜʦʩʷʛʪʠ ʩʚʦ-

ʛʦ ʨʽʚʥʦʚʘʞʥʦʛʦ ʨʦʟʤʽʨʫ ʟʘ ʫʤʦʚʠ ʥʘʩʠʯʝʥʥʷ ʫʩʝʨʝʜʠʥʽ ʮʴʦʛʦ ʢʫʣʽ, ʪʦ ʰʚʠʜ-

ʢʽʩʪʴ ʦʩʽʜʘʥʥʷ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʯʘʩʪʦʢ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʧʨʘʢʪʠʯʥʠʡ ʽʥʪʝʨʝʩ, 

ʟʨʦʩʪʝ ʜʦ 1 ʩʤ/ʩ. 

ʇʨʦʮʝʩʠ ʤʦʢʨʦʛʦ ʚʠʧʘʜʘʥʥʷ. ʑʝ ʜʦ ʏʦʨʥʦʙʠʣʷ ʙʫʣʦ ʚʽʜʦʤʦ, ʱʦ ʫ ʚʠ-

ʧʘʜʢʫ ʚʝʣʠʢʦʾ ʷʜʝʨʥʦʾ ʘʚʘʨʽʾ ʘʪʤʦʩʬʝʨʥʽ ʦʧʘʜʠ ʙʫʜʫʪʴ ʜʽʷʪʠ ʷʢ ʢʦʥʮʝʥʪʨʫʶʯʽ 

ʤʝʭʘʥʽʟʤʠ, ʱʦ ʚʝʜʫʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʦʙʣʘʩʪʝʡ ʟ ʧʽʜʚʠʱʝʥʠʤʠ ʚʠʧʘʜʘʥʥʷʤʠ. 



 

ʅʝ ʜʠʚʥʦ ʪʦʤʫ, ʱʦ ʦʩʥʦʚʥʽ ʧʨʦʙʣʝʤʠ, ʚʠʢʣʠʢʘʥʽ ʏʦʨʥʦʙʠʣʝʤ, ʚʠʥʠʢʣʠ ʚ ʨʝ-

ʛʽʦʥʘʭ ʟ ʚʠʩʦʢʦʶ ʢʽʣʴʢʽʩʪʶ ʘʪʤʦʩʬʝʨʥʠʭ ʦʧʘʜʽʚ, ʦʩʦʙʣʠʚʦ ʥʘʜ ʧʽʜʚʠʱʝʥʠʤʠ ʽ 

ʛʽʨʩʴʢʠʤʠ ʨʝʛʽʦʥʘʤʠ ɭʚʨʦʧʠ. ʋ ʙʘʛʘʪʴʦʭ ʢʨʘʾʥʘʭ [41] ʙʫʣʘ ʚʠʷʚʣʝʥʘ ʢʦʨʝʣʷ-

ʮʽʷ ʤʽʞ ʨʘʜʽʦʘʢʪʠʚʥʠʤʠ ʚʠʧʘʜʘʥʥʷʤʠ Ddep ʽ ʢʽʣʴʢʽʩʪʶ ʦʧʘʜʽʚ, ʱʦ ʧʨʦʤʠʚʘʶʪʴ 

ʨʘʜʽʦʘʢʪʠʚʥʽ ʭʤʘʨʠ: 

 

    ñ=WXJdtDdep                                                                                (4.21) 

 

ʜʝ W ð ʚʝʣʠʯʠʥʘ çʢʦʝʬʽʮʽʻʥʪʘ ʚʠʤʠʚʘʥʥʷè, ʍ ð ʢʦʥʮʝʥʪʨʘʮʽʷ ʚ ʧʦʚʽʪʨʽ 

ʥʘʜ ʧʦʚʝʨʭʥʝʶ ʟʝʤʣʽ, J ð ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʠʧʘʜʘʥʥʷ ʘʪʤʦʩʬʝʨʥʠʭ ʦʧʘʜʽʚ.  

ʉʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʨʘʜʽʦʘʢʪʠʚʥʠʤʠ ʚʠʧʘʜʘʥʥʷʤʠ ʧʽʩʣʷ ʚʠʙʫʭʽʚ ʽ ʟʘ ʨʘ-

ʜʽʦʘʢʪʠʚʥʠʤʠ ʘʝʨʦʟʦʣʷʤʠ ʧʽʩʣʷ ʏʦʨʥʦʙʠʣʴʩʴʢʦʾ ʘʚʘʨʽʾ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʪʠʧʦʚʝ 

ʟʥʘʯʝʥʥʷ W ʜʣʷ ʘʝʨʦʟʦʣʽʚ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʜʨʽʙʥʠʭ ʯʘʩʪʦʢ (ʙʣʠʟʴʢʦ 1 ʤʢʤ ʫ 

ʜʽʘʤʝʪʨʽ), ʟʚʠʯʘʡʥʦ ʩʢʣʘʜʘʻ 100-1000 ɹʢ/ʣ ʥʘ ɹ/ʢʤ-3 ʩʝʨʝʜʥʴʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚ 

ʧʦʚʽʪʨʽ. ɯʩʥʫʻ ʡ ʘʣʴʪʝʨʥʘʪʠʚʥʘ ʦʧʠʩʘʥʽʡ ʤʦʜʝʣʴ ʤʦʢʨʦʛʦ ʚʠʚʝʜʝʥʥʷ, ʷʢʘ ʙʘʟʫ-

ʻʪʴʩʷ ʥʘ ʧʨʠʧʫʱʝʥʥʽ, ʱʦ ʢʨʘʧʣʽ ʜʦʱʫ (ʯʠ ʩʥʽʞʠʥʢʠ), ʧʨʦʣʽʪʘʶʯʠ ʟʚʝʨʭʫ ʢʨʽʟʴ 

ʨʘʜʽʦʘʢʪʠʚʥʫ ʭʤʘʨʫ, ʨʽʚʥʦʤʽʨʥʦ ʚʠʤʠʚʘʶʪʴ ʨʘʜʽʦʘʢʪʠʚʥʫ ʨʝʯʦʚʠʥʫ ʟ ʚʝʨʪʠ-

ʢʘʣʴʥʦʛʦ ʩʪʦʚʧʘ ʧʦʚʽʪʨʷ ʟ ʝʬʝʢʪʠʚʥʽʩʪʶ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʠ-

ʧʘʜʘʥʥʷ ʜʦʱʫ (ʯʠ ʩʥʽʛʫ) ʥʘ ʟʝʤʣʶ, ʽ ʥʝʛʘʡʥʦ ʦʩʘʜʞʫʶʪʴ ʡʦʛʦ ʽʥʛʨʝʜʽʻʥʪʠ ʥʘ 

ʧʦʚʝʨʭʥʶ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʢʦʝʬʽʮʽʻʥʪ ʚʠʤʠʚʘʥʥʷ ʚʠʨʘʞʘʻʪʴʩʷ ʫ ʚʠʜʽ ʽʥʪʝʛ-

ʨʘʣʘ ʩʧʝʢʪʨʘ ʜʦʱʦʚʠʭ ʢʨʘʧʝʣʴ. 

 

da)a(V)a(E)a(Na2
ñ=pL                                                                (4.22) 

 

ʜʝ N(a) ð ʯʠʩʝʣʴʥʘ ʱʽʣʴʥʽʩʪʴ ʜʦʱʦʚʠʭ ʢʨʘʧʝʣʴ ʨʘʜʽʫʩʦʤ ʘ, ɽ(ʘ) ð ʝʬʝ-

ʢʪʠʚʥʽʩʪʴ ʟʘʭʦʧʣʝʥʥʷ ʟʘʙʨʫʜʥʶʶʯʦʛʦ ʘʛʝʥʪʘ ʮʠʤʠ ʢʨʘʧʣʷʤʠ, V(a) ð ʾʭ ʢʽʥ-

ʮʝʚʘ ʰʚʠʜʢʽʩʪʴ.  

ʈʦʟʭʦʜʞʝʥʥʷ ʤʽʞ ʜʚʦʤʘ ʧʽʜʭʦʜʘʤʠ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʦʩʪʘʥʥʽʡ ʟʘʣʝ-

ʞʠʪʴ ʚʽʜ ʽʥʪʝʛʨʦʚʘʥʦʾ ʧʦ ʚʝʨʪʠʢʘʣʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚ ʧʦʚʽʪʨʽ, ʪʦʜʽ ʷʢ ʧʝʨʰʠʡ ð 

ʚʽʜ ʪʦʛʦ, ʱʦ ʣʝʛʰʝ ʚʩʴʦʛʦ ʚʠʤʽʨʷʪʠ, ʘ ʩʘʤʝ, ʚʽʜ ʽʥʪʝʛʨʦʚʘʥʦʾ ʚ ʯʘʩʽ ʢʦʥʮʝʥʪ-

ʨʘʮʽʾ ʚ ʧʨʠʟʝʤʥʦʤʫ ʰʘʨʽ. 

ɺʧʣʠʚ ʬʽʟʠʯʥʦʾ ʽ ʭʽʤʽʯʥʦʾ ʬʦʨʤʠ ʨʘʜʽʦʥʫʢʣʽʜʽʚ. ɼʣʷ ʪʦʛʦ ʱʦʙ ʦʮʽʥʠʪʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʤʠʚʘʥʥʷ ʦʧʘʜʘʤʠ, ʥʝʦʙʭʽʜʥʦ ʥʘʩʘʤʧʝʨʝʜ ʨʦʟʛʣʷʥʫʪʠ ʬʽʟʠʯʥʽ ʽ 

ʭʽʤʽʯʥʽ ʬʦʨʤʠ ʨʘʜʽʦʥʫʢʣʽʜʽʚ. ʋ ʚʠʧʘʜʢʫ ʚʝʣʠʢʠʭ ʘʚʘʨʽʡ ʤʦʞʝ ʚʽʜʙʫʪʠʩʷ ʚʠʢʠʜ 

ʫʩʴʦʛʦ ʩʧʝʢʪʨʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ, ʘ ʾʭ ʚʣʘʩʪʠʚʦʩʪʽ ʤʦʞʫʪʴ ʟʘʣʝʞʘʪʠ ʚʽʜ ʢʦʥʢʨʝʪ-

ʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʘʚʘʨʽʾ, ʥʘʧʨʠʢʣʘʜ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ  ʚ ʨʝʘʢʪʦʨʽ ʽ ʣʝʪʶʯʦʩʪʽ. 

ʊʘʢ, ʯʦʨʥʦʙʠʣʴʩʴʢʠʡ ʚʠʢʠʜ ʤʽʩʪʠʚ ʜʚʘ  ʷʩʥʦ ʧʦʤʽʪʥʠʭ ʢʦʤʧʦʥʝʥʪʠ: ʧʝʨʰʠʡ 

ʧʦ ʭʘʨʘʢʪʝʨʫ ʥʘʛʘʜʫʚʘʚ ʧʘʣʠʚʥʽ ʯʘʩʪʢʠ (ʤʦʞʣʠʚʦ, ʽʟ ʪʨʦʭʠ ʤʝʥʰʦʶ ʣʝʪʶʯʽʩ-



 

ʪʶ), ʘ ʜʨʫʛʠʡ ʫʪʚʦʨʠʚʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʠʧʘʨʫʚʘʥʥʷ ʽ ʢʦʥʜʝʥʩʘʮʽʾ ʥʫʢʣʽʜʽʚ. 

ʆʩʪʘʥʥʻ ʻ ʬʦʨʤʦʶ ʧʝʨʝʪʚʦʨʝʥʥʷ ʛʘʟʽʚ ʫ ʪʚʝʨʜʽ  ʯʘʩʪʢʠ ʽ ʯʘʩʪʦ ʧʨʠʚʦʜʠʪʴ ʜʦ 

ʫʪʚʦʨʝʥʥʷ ʘʝʨʦʟʦʣʽʚ ʟ ʜʦʩʠʪʴ  ʜʨʽʙʥʠʤʠ ʯʘʩʪʢʘʤʠ (< 0,1 ʤʢʤ), ʱʦ ʰʚʠʜʢʦ 

ʧʨʠʻʜʥʫʶʪʴʩʷ ʜʦ ʯʘʩʪʦʢ ʥʘʚʢʦʣʠʰʥʽʭ ʘʝʨʦʟʦʣʽʚ, ʟ ʜʽʘʤʝʪʨʦʤ ʙʣʠʟʴʢʠʤ ʜʦ  

ʯʘʩʪʦʢ ʘʢʫʤʫʣʷʪʠʚʥʦʾ ʟʦʥʠ (ʚʽʜ 0,1 ʜʦ 1 - 2 ʤʢʤ).  

   ɺʽʜ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʘʝʨʦʟʦʣʽʚ ʟʘʣʝʞʠʪʴ, ʯʠ ʙʫʜʫʪʴ ʚʦʥʠ 

ʩʪʘʚʘʪʠ ʷʜʨʘʤʠ ʢʦʥʜʝʥʩʘʮʽʾ ʢʨʘʧʣʷ ʚʦʜʠ, ʢʦʣʠ ʭʤʘʨʘ ʪʽʣʴʢʠ ʱʝ ʬʦʨʤʫʻʪʴʩʷ. ʋ 

ʚʠʧʘʜʢʫ ʧʝʨʝʥʘʩʠʯʝʥʦʩʪʽ ʧʦʚʽʪʨʷ ʤʽʞ ʘʪʤʦʩʬʝʨʥʠʤʠ ʯʘʩʪʢʘʤʠ ʧʦʯʠʥʘʻʪʴʩʷ 

ʢʦʥʢʫʨʝʥʮʽʷ. ʉʘʤʽ ʚʝʣʠʢʽ ʨʦʟʯʠʥʥʽ ʯʘʩʪʢʠ ʤʘʶʪʴ ʙʽʣʴʰʝ ʰʘʥʩʽʚ ʧʦʛʣʠʥʘʪʠ 

ʥʘʷʚʥʫ ʚʦʣʦʛʫ. ʉʫʭʽ ʘʝʨʦʟʦʣʽ, ʱʦ ʥʝ ʩʪʘʣʠ ʷʜʨʘʤʠ ʢʦʥʜʝʥʩʘʮʽʾ, ʧʨʦʩʪʦ ʟʘʣʠ-

ʰʘʶʪʴʩʷ ʚ ʧʦʚʽʪʨʽ ʎʝ ʜʫʞʝ ʚʘʞʣʠʚʘ ʦʙʩʪʘʚʠʥʘ, ʪʦʤʫ ʱʦ ʽʤʦʚʽʨʥʽʩʪʴ ʟʘʭʦʧ-

ʣʝʥʥʷ ʧʘʜʘʶʯʠʤʠ ʜʦʱʦʚʠʤʠ ʢʨʘʧʣʷʤʠ ʟʚʠʯʘʡʥʦ ʥʘʙʘʛʘʪʦ ʚʠʱʝ ʫ ʭʤʘʨʥʠʭ 

ʢʨʘʧʝʣʴ, ʱʦ ʫʪʚʦʨʠʣʠʩʷ ʥʘ ʷʜʨʘʭ ʢʦʥʜʝʥʩʘʮʽʾ, ʥʽʞ ʫ ʩʫʭʠʭ ʘʝʨʦʟʦʣʽʚ. 

 ɺʧʣʠʚ ʦʨʦʛʨʘʬʽʾ. ʅʘʡʙʽʣʴʰ ʧʨʦʩʪʠʤ ʧʨʠʢʣʘʜʦʤ ʮʴʦʛʦ ʚʧʣʠʚʫ ʩʣʫʞʠʪʴ 

ʤʝʭʘʥʽʟʤ, ʥʘʟʠʚʘʥʠʡ çʞʠʚʠʣʴʥʠʢ ð ʩʽʚʘʯè, ʱʦ ʜʽʻ ʥʘʜ ʧʘʛʦʨʙʘʤʠ ʽ ʧʽʜʥʝʩʝ-

ʥʠʤʠ ʪʝʨʠʪʦʨʽʷʤʠ. ʎʷ ʩʠʪʫʘʮʽʷ ʨʝʘʣʽʟʫʻʪʴʩʷ ʪʦʜʽ, ʢʦʣʠ ʡʜʝ ʟʚʠʯʘʡʥʠʡ ʜʦʱ ʟ 

ʚʠʱʝ ʨʦʟʪʘʰʦʚʘʥʦʾ ʭʤʘʨʠ ð çʩʽʚʘʯʘè; ʧʦʚʽʪʨʷ, ʱʦ ʨʫʭʘʻʪʴʩʷ, ʧʽʜʥʽʤʘʻʪʴʩʷ 

ʥʘʜ ʧʘʛʦʨʙʦʤ, ʦʭʦʣʦʜʞʫʻʪʴʩʷ, ʩʪʘʻ ʥʘʩʠʯʝʥʠʤ ʽ ʫʪʚʦʨʶʻ ʭʤʘʨʫ çʞʠʚʠʣʴʥʠʢè. 

ʇʘʜʘʶʯʠʡ ʽʟ ʭʤʘʨʠ çʩʽʚʘʯʘè ʜʦʱ ʟʘʭʦʧʣʶʻ ʜʦʜʘʪʢʦʚʫ ʚʦʣʦʛʫ ʟ ʭʤʘʨʠ çʞʠʚʠ-

ʣʴʥʠʢʘè, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʙʽʣʴʰ ʨʷʩʥʠʭ ʦʧʘʜʽʚ ʥʘʜ ʧʽʜʥʝʩʝʥʠʤ ʨʝʛʽʦʥʦʤ ʽ ʧʦ 

ʚʽʪʨʫ ʚʽʜ ʥʴʦʛʦ. ʆʜʥʘʢ ʨʦʟʭʦʜʞʝʥʥʷ ʥʘ ʧʦʨʷʜʦʢ ʚʝʣʠʯʠʥʠ ʤʽʞ ʝʬʝʢʪʠʚʥʽʩʪʶ 

ʟʘʭʦʧʣʝʥʥʷ ʭʤʘʨʦʚʠʭ ʢʨʘʧʝʣʴ ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʩʫʭʠʤʠ ʘʝʨʦʟʦʣʷʤʠ ʤʦʞʝ ʧʨʠ-

ʚʝʩʪʠ ʜʦ ʙʽʣʴʰ ʜʨʘʤʘʪʠʯʥʠʭ ʥʘʩʣʽʜʢʽʚ ʽ ʚʠʧʘʜʘʥʥʷ ʥʘ ʚʝʨʰʠʥʘʭ ʧʘʛʦʨʙʽʚ ʛʘ-

ʨʷʯʠʭ ʧʣʷʤ ʨʘʜʽʦʥʫʢʣʽʜʽʚ, ʱʦ ʟ'ʻʜʥʘʣʠʩʷ ʟ ʷʜʨʘʤʠ ʢʦʥʜʝʥʩʘʮʽʾ ʭʤʘʨʠ ɺʠʷʚ-

ʣʝʥʥʷ ʪʘʢʠʭ ʛʘʨʷʯʠʭ ʧʣʷʤ ʥʘʜʟʚʠʯʘʡʥʦ ʫʪʨʫʜʥʝʥʦ, ʪʦʤʫ ʱʦ ʾʭʥʻ ʤʽʩʮʝʟʥʘʭʦ-

ʜʞʝʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʽ ʪʦʧʦʛʨʘʬʽʯʥʠʭ ʬʘʢʪʦʨʽʚ.  

ʉʭʦʚʘʥʝ ʚʠʧʘʜʘʥʥʷ. ʅʘʚʽʪʴ ʧʽʜ ʯʘʩ ʚʽʜʩʫʪʥʦʩʪʽ ʭʤʘʨʠ çʩʽʚʘʯʘè ʽ ʦʧʘʜʽʚ 

ʥʘʷʚʥʽʩʪʴ ʭʤʘʨʠ, ʱʦ ʫʪʚʦʨʠʣʘʩʴ ʥʘʜ ʧʘʛʦʨʙʦʤ, ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ ʧʦʤʽʪʥʦʛʦ 

ʟʙʽʣʴʰʝʥʥʷ ʚʠʧʘʜʽʥʴ. ɽʬʝʢʪʠʚʥʘ ʰʚʠʜʢʽʩʪʴ ʦʩʽʜʘʥʥʷ ʭʤʘʨʦʚʠʭ ʢʨʘʧʝʣʴ ʧʨʠ 

ʚʠʩʦʢʠʭ ʰʚʠʜʢʦʩʪʷʭ ʚʽʪʨʫ ʣʝʛʢʦ ʤʦʞʝ ʧʝʨʝʚʠʱʠʪʠ ʚʝʣʠʯʠʥʫ 10 ʩʤ/ʩ, ʦʩʦʙʣʠ-

ʚʦ ʥʘʜ ʪʘʢʠʤʠ ʥʝʨʽʚʥʠʤʠ ʧʦʚʝʨʭʥʷʤʠ, ʷʢʠʤʠ ʻ ʣʽʩʠ. ʎʷ ʚʝʣʠʯʠʥʘ ʥʘ ʜʚʘ ʧʦ-

ʨʷʜʢʠ ʚʠʱʝ, ʥʽʞ ʪʠʧʦʚʽ ʰʚʠʜʢʦʩʪʽ ʩʫʭʦʛʦ ʚʠʧʘʜʘʥʥʷ ʜʣʷ ʩʫʭʠʭ, ʤʝʥʰ ʤʽʢʨʦ-

ʤʝʪʨʘ ʚ ʜʽʘʤʝʪʨʽ ʘʝʨʦʟʦʣʽʚ ʥʘʜ, ʩʢʘʞʽʤʦ, ʣʫʛʦʤ.  

ɺʠʚʯʝʥʥʷ ʢʠʩʣʦʪʥʠʭ ʜʦʱʽʚ ʧʦʢʘʟʘʣʦ, ʱʦ ʧʨʷʤʝ ʦʩʘʜʞʝʥʥʷ ʟ ʭʤʘʨʠ ʤʦ-

ʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʽʩʪʦʪʥʫ ʯʘʩʪʢʫ ʟʘʛʘʣʴʥʦ ʨʽʯʥʦʛʦ ʚʠʧʘʜʘʥʥʷ ʩʽʨʢʠ ʚ ʧʽʜʜʘʥʠʭ 

ʟʘʙʨʫʜʥʝʥʥʶ ʨʝʛʽʦʥʘʭ ʥʘʚʽʪʴ ʥʘ ʧʦʤʽʨʥʠʭ ʚʠʩʦʪʘʭ ʫ 500 ʤ ʽ ʤʝʥʰ ʥʘʜ ʨʽʚʥʝʤ 

ʤʦʨʷ. ʂʨʘʧʣʠʥʥʘ ʚʦʣʦʛʘ ʪʫʤʘʥʫ ʪʘʢʦʞ ʜʫʞʝ ʝʬʝʢʪʠʚʥʦ ʤʦʞʝ ʟʘʭʦʧʣʶʚʘʪʠʩʷ 

ʧʝʨʝʰʢʦʜʘʤʠ, ʧʦʜʽʙʥʠʤʠ ʯʘʛʘʨʥʠʢʫ, ʯʠ ʦʛʦʨʦʞʽ ʪʘ ʜʝʨʝʚʘʤʠ, ʱʦ ʦʢʨʝʤʦ ʩʪʦ-



 

ʷʪʴ.  ʄʦʨʩʴʢʠʡ  ʯʠ ʨʘʥʢʦʚʠʡ ʪʫʤʘʥ ʤʦʞʫʪʴ ʪʝʞ ʟʙʽʣʴʰʫʚʘʪʠ ʦʩʘʜʞʝʥʥʷ  ʥʘʜ 

ʥʠʟʠʥʘʤʠ. 

ʂʦʥʚʝʢʪʠʚʥʽ ʟʣʠʚʦʚʽ ʩʠʩʪʝʤʠ. ʋ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʚʦʣʦʛʝ ʚʠʧʘʜʘʥʥʷ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʥʘ ʪʝʨʠʪʦʨʽʾ ɭʚʨʦʧʠ ʧʽʩʣʷ ʏʦʨʥʦʙʠʣʴʩʴʢʦʾ ʘʚʘʨʽʾ ʚʽʜʙʫʣʦʩʷ ʚ 

ʢʦʥʚʝʢʪʠʚʥʠʭ ʟʣʠʚʦʚʠʭ ʩʠʩʪʝʤʘʭ. ʈʦʟʛʣʷʥʝʤʦ ʜʣʷ ʧʨʦʩʪʦʪʠ ʩʣʘʙʢʫ ʢʦʨʦʪʢʦ-

ʯʘʩʥʫ ʟʣʠʚʫ. ʇʨʠ ʪʘʢʽʡ ʟʣʠʚʽ ʨʝʯʦʚʠʥʠ ʙʝʟʫʧʠʥʥʦ ʚʪʷʛʫʶʪʴʩʷ ʫ ʚʠʩʭʽʜʥʽ ʧʦ-

ʪʦʢʠ ʟ ʧʨʠʛʨʘʥʠʯʥʦʾ ʘʪʤʦʩʬʝʨʠ. ʇʦ  ʤʽʨʽ ʧʽʜʡʦʤʫ ʧʦʚʽʪʨʷ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʢʦʥ-

ʜʝʥʩʘʮʽʷ ʽ ʬʦʨʤʫʶʪʴʩʷ ʭʤʘʨʦʚʽ ʢʨʘʧʣʽ, ʱʦ ʟʣʠʚʘʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ, ʟ ʫʪʚʦʨʝʥ-

ʥʷʤ ʟ ʨʝʰʪʦʶ ʢʨʘʧʝʣʴ ʜʦʱʫ, ʜʦʩʠʪʴ ʚʝʣʠʢʠʭ, ʱʦʙ ʚʠʧʘʩʪʠ ʫ ʚʠʜʽ ʦʧʘʜʽʚ, ʥʝ-

ʟʚʘʞʘʶʯʠ ʥʘ ʚʠʩʭʽʜʥʠʡ ʨʫʭ ʧʦʪʦʢʫ ʧʦʚʽʪʨʷ. ʋʩʷ ʩʠʩʪʝʤʘ ʜʽʻ ʷʢ ʛʽʛʘʥʪʩʴʢʠʡ 

ʧʠʣʦʩʦʩ, ʱʦ ʬʽʣʴʪʨʫʻ ʚʝʣʠʢʠʡ ʦʙʩʷʛ ʧʦʚʽʪʨʷ ʧʨʠʛʨʘʥʠʯʥʦʛʦ ʰʘʨʫ ʡ ʦʩʘʜʞʫ-

ʶʯʠ ʟ ʦʧʘʜʘʤʠ ʧʨʦʧʦʨʮʽʡʥʽ ʢʽʣʴʢʦʩʪʽ ʚʦʣʦʛʠ ʽ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʥa ʥʝ-

ʚʝʣʠʢʽ ʪʝʨʠʪʦʨʽʾ, ʱʦ ʣʝʞʘʪʴ ʧʽʜ ʚʠʩʭʽʜʥʠʤʠ ʧʦʪʦʢʘʤʠ ʧʦʚʽʪʨʷ.  

ʇʝʨʰʽ ʧʦʨʮʽʾ ʜʦʱʫ ʧʨʦʤʠʚʘʶʪʴ ʚʝʩʴ ʩʪʦʚʧ ʚʠʩʭʽʜʥʦʛʦ ʧʦʪʦʢʫ ʱʝ ʥʝ 

ʦʯʠʱʝʥʦʛʦ ʧʦʚʽʪʨʷ ʽ ʯʘʩʪʦ ʚʠʷʚʣʷʶʪʴʩʷ ʥʘʙʘʛʘʪʦ ʩʠʣʴʥʽʰʝ ʟʘʙʨʫʜʥʝʥʠʤʠ, 

ʯʠʤ ʥʘʩʪʫʧʥʽ ʦʧʘʜʠ, ʱʦ ʥʘʡʯʘʩʪʽʰʝ ʬʦʨʤʫʶʪʴʩʷ ʥʘ ʚʝʣʠʢʠʭ ʚʠʩʦʪʘʭ ʽ ʧʨʠ 

ʙʽʣʴʰ ʥʠʟʴʢʠʭ   ʪʝʤʧʝʨʘʪʫʨʘʭ (ʽʟ ʧʨʦʮʝʩʘʤʠ ʟʘʣʝʜʝʥʽʥʥʷ), ʜʝ ʟʥʘʯʥʘ ʯʘʩʪʠʥʘ  

ʧʘʨʠ ʢʦʥʜʝʥʩʫʻʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ ʣʴʦʜʫ. ʗʢʱʦ ʨʘʜʽʦʘʢʪʠʚʥʽ ʨʝʯʦʚʠʥʠ ʚʭʦʜʷʪʴ 

ʜʦ ʩʢʣʘʜʫ ʭʤʘʨʦʚʠʭ ʢʨʘʧʝʣʴ, ʚʦʥʠ ʙʫʜʫʪʴ ʦʩʘʜʞʫʚʘʪʠʩʷ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ, 

ʥʽʞ ʩʫʭʠʡ ʘʝʨʦʟʦʣʴ, ʜʣʷ ʷʢʦʛʦ ʚʝʣʠʢʫ ʨʦʣʴ ʛʨʘʻ ʪʘʢʠʡ ʬʘʢʪʦʨ, ʷʢ ʨʦʟʤʽʨ ʯʘʩ-

ʪʦʢ. ʄʘʡʞʝ ʧʦʣʦʚʠʥʘ ʘʝʨʦʟʦʣʽʚ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʛʨʦʟʦʚʠʭ ʭʤʘʨʘʭ ʟʚʠʯʘʡʥʦ 

ʚʠʭʦʜʠʪʴ ʽʟ ʚʝʨʭʥʽʭ ʯʘʩʪʠʥ ʮʠʭ ʭʤʘʨ, ʱʦ  ʧʨʠʚʦʜʠʪʴ ʥʝ ʪʽʣʴʢʠ ʜʦ ʟʥʠʞʝʥʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʚ ʥʘʚʢʦʣʦʟʝʤʥʦʤʫ ʰʘʨʽ, ʘʣʝ ʽ ʩʣʫʞʠʪʴ ʚʘʞʣʠʚʠʤ ʤʝʭʘʥʽʟʤʦʤ 

ʧʝʨʝʥʦʩʫ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʫ ʙʽʣʴʰ ʚʠʩʦʢʽ  ʰʘʨʠ ʚʽʣʴʥʦʾ ʪʨʦʧʦʩʬʝʨʠ. 

  ʋ ʩʣʘʙʢʽʡ ʟʣʠʚʦʚʽʡ ʩʠʩʪʝʤʽ, ʢʦʣʠ ʜʦʱ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʩʪʨʫʤʽʥʴ ʚʠ-

ʩʭʽʜʥʦʛʦ ʧʦʚʽʪʨʷ, ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʜʦʱʦʚʦʾ ʚʦʜʠ ʽ, ʦʪʞʝ, ʦʭʦʣʦʜʞʝʥʥʷ ʧʦʚʽʪʨʷ 

ʛʘʩʷʪʴ ʨʫʭ ʦʩʪʘʥʥʴʦʛʦ ʥʘʛʦʨʫ ʽ ʚʠʧʘʜʘʥʥʷ  ʦʧʘʜʽʚ ʟʚʠʯʘʡʥʦ ʯʝʨʝʟ ʧʽʚʛʦʜʠʥʠ 

ʧʨʠʧʠʥʷʻʪʴʩʷ. ɹʽʣʴʰ ʽʥʪʝʥʩʠʚʥʽ ʽ ʩʪʽʡʢʽ ʢʦʥʚʝʢʪʠʚʥʽ ʩʠʩʪʝʤʠ ʤʘʶʪʴ ʪʝʥʜʝʥ-

ʮʽʶ ʧʦʛʣʠʙʣʶʚʘʪʠʩʷ; ʟʨʫʰʝʥʥʷ ʚʽʪʨʫ ʪʘʢʦʞ ʚʝʜʝ ʜʦ ʧʝʨʝʤʽʱʝʥʥʷ ʦʧʘʜʽʚ ʱʦ-

ʜʦ ʚʠʩʭʽʜʥʠʭ ʧʦʪʦʢʽʚ ʧʦʚʽʪʨʷ, ʪʦʤʫ ʦʭʦʣʦʜʞʝʥʥʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʠʧʘʨʫ ʚʽʜʙʫ-

ʚʘʻʪʴʩʷ ʟʦʚʥʽ ʚʽʜ ʩʪʦʚʧʘ ʧʦʚʽʪʨʷ (ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ  ʦʧʫʩʢʘʥʥʷ ʙʽʣʴʰ ʭʦʣʦʜʥʦ-

ʛʦ ʧʦʚʽʪʨʷ) ʽ ʥʝ ʛʘʩʠʪʴ ʛʨʦʟʦʚʦʾ ʭʤʘʨʠ. ʉʢʣʘʜʥʽ ʚʥʫʪʨʽʰʥʽ ʚʠʩʭʽʜʥʽ ʽ ʩʧʘʜʥʽ 

ʧʦʪʦʢʠ ʧʦʚʽʪʨʷ ʚ  ʛʨʦʟʦʚʽʡ ʭʤʘʨʽ ʽʥʽʮʽʶʶʪʴ ʩʠʣʴʥʽ ʣʦʢʘʣʴʥʽ ʧʦʨʠʚʠ ʚʽʪʨʫ ʡ 

ʫʪʚʦʨʝʥʥʷ ʭʤʘʨ ʫ ʭʘʨʘʢʪʝʨʥʽʡ ʬʦʨʤʽ ʢʦʚʘʜʣʘ.  

ʏʘʩʪʢʠ ʣʴʦʜʫ ʫʪʚʦʨʶʶʪʴʩʷ ʨʽʟʥʠʤʠ ʩʧʦʩʦʙʘʤʠ. ʂʦʣʠ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽ-

ʪʨʷ ʧʘʜʘʻ ʥʠʞʯʝ ʪʦʯʢʠ ʟʘʤʝʨʟʘʥʥʷ ʚʦʜʠ, ʩʢʘʞʝʤʦ, ʜʦ ð10Áʉ, ʥʫʢʣʝʘʮʽʷ ʤʦʞʝ 

ʚʽʜʙʫʚʘʪʠʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʜʨʽʙʥʠʭ ʘʝʨʦʟʦʣʷʭ, ʟʜʘʪʥʠʭ ʫʪʚʦʨʶʚʘʪʠ ʢʨʠʩ-

ʪʘʣʠ ʣʴʦʜʫ. ʆʩʪʘʥʥʽ ʟʦʚʩʽʤ ʥʝ ʩʭʦʞʽ ʥʘ ʷʜʨʘ ʢʦʥʜʝʥʩʘʮʽʾ ʭʤʘʨ: ʚʦʥʠ ʥʝʨʦʟ-

ʯʠʥʥʽ ʽ ʯʘʩʪʦ ʧʨʝʜʩʪʘʚʣʝʥʽ ʤʽʥʝʨʘʣʴʥʠʤʠ ʯʠ ʛʣʠʥʠʩʪʠʤʠ ʯʘʩʪʢʘʤʠ. ʎʽ ʜʨʽʙʥʽ 



 

ʢʨʠʞʘʥʽ ʷʜʨʘ ʤʦʞʫʪʴ ʧʦʪʽʤ ʧʦʩʣʫʞʠʪʠ ʷʜʨʦʤ ʣʴʦʜʦʫʪʚʦʨʝʥʥʷ ʜʣʷ ʧʝʨʝʦʭʦ-

ʣʦʜʞʝʥʠʭ ʜʦʱʦʚʠʭ ʢʨʘʧʝʣʴ ʟ ʫʪʚʦʨʝʥʥʷʤ ʚʝʣʠʢʠʭ ʢʨʠʞʘʥʠʭ ʷʜʝʨ, ʱʦ ʧʨʠʚʦ-

ʜʠʪʴ ʜʦ ʧʝʨʝʭʦʜʫ ʚʦʜʠ ʫ ʬʘʟʫ ʣʴʦʜʫ. ʇʦʜʘʣʴʰʠʡ ʨʽʩʪ ʢʨʠʞʘʥʠʭ ʯʘʩʪʦʢ ʤʦʞʝ 

ʚʽʜʙʫʚʘʪʠʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ  ʪʘʢʠʭ ʧʨʦʮʝʩʽʚ, ʷʢ ʜʠʬʫʟʽʷ ʧʘʨ ʽ ʟʻʜʥʘʥʥʷ ʪʘ ʟʘʤʝʨ-

ʟʘʥʥʷ ʢʨʘʧʝʣʴ ʽ ʪ.ʧ.. ʋ ʧʨʦʮʝʩʽ ʜʠʬʫʟʽʾ ʧʘʨʠ ʤʦʞʫʪʴ ʧʦʧʦʚʥʶʚʘʪʠʩʷ ʟʘ ʨʘʭʫ-

ʥʦʢ ʚʠʧʘʨʫ ʢʨʘʧʣʠʥ ʚʦʜʠ, ʱʦ ʤʦʞʝ ʧʨʠʚʝʩʪʠ  ʜʦ ʨʝʩʫʩʧʝʥʟʽʾ ʟʙʝʟʚʦʜʥʝʥʦʛʦ 

ʘʝʨʦʟʦʣʶ, ʧʨʠ ʮʴʦʤʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʤʠʚʘʥʥʷ ʧʦʤʽʪʥʦ ʟʥʠʞʫʻʪʴʩʷ. 

ɽʬʝʢʪ ʧʠʣʦʩʦʩʘ, ʩʪʚʦʨʶʚʘʥʠʡ ʢʦʥʚʝʢʪʠʚʥʠʤʠ ʙʫʨʷʤʠ ʽ ʚʠʪʷʛʘʶʯʠʡ ʟ 

ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʧʦʚʽʪʨʷ ʨʘʜʽʦʘʢʪʠʚʥʽ ʨʝʯʦʚʠʥʠ ʟ ʚʠʧʘʜʘʥʥʷʤ ʾʭ ʨʘʟʦʤ ʟ ʦʧʘ-

ʜʘʤʠ ʥʘ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʠʭ ʪʝʨʠʪʦʨʽʷʭ, ʙʫʚ ʷʩʥʦ ʚʠʨʘʞʝʥʠʡ ʫ ʙʘʛʘʪʴʦʭ ʨʘʡ-

ʦʥʘʭ ɭʚʨʦʧʠ ʧʽʩʣʷ ʏʦʨʥʦʙʠʣʷ, ʘʣʝ ʦʩʦʙʣʠʚʦ ʩʠʣʴʥʦ ʚʽʥ ʧʨʦʷʚʠʚʩʷ ʚ ʦʢʦʣʠʮʷʭ 

ɻʦʤʝʣʷ ʧʨʠʙʣʠʟʥʦ ʚ 140 ʢʤ ʚʽʜ ʤʽʩʮʷ ʘʚʘʨʽʾ. ʋ ʮʴʦʤʫ ʨʘʡʦʥʽ ɹʽʣʦʨʫʩʽʾ ʚ ʪʠʭ 

ʤʽʩʮʷʭ, ʜʝ ʚʠʧʘʣʠ ʦʧʘʜʠ, ʨʽʚʝʥʴ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʚ çʛʘʨʷʯʠʭ ʧʣʷ-

ʤʘʭè ʧʝʨʝʚʠʱʫʚʘʚ 1500 ʢɹʢ/ʤ2.  

ʌʨʦʥʪʘʣʴʥʽ ʩʠʩʪʝʤʠ. ʉʢʣʘʜʥʽ ʧʨʦʮʝʩʠ ʚ ʪʝʧʣʠʭ ʽ ʭʦʣʦʜʥʠʭ ʭʤʘʨʘʭ ʚʽ-

ʜʙʫʚʘʶʪʴʩʷ ʪʘʢʦʞ ʫ ʬʨʦʥʪʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ. ʎʽ ʩʠʩʪʝʤʠ, ʦʯʝʚʠʜʥʦ, ʚʽʜʽʛʨʘʶʪʴ 

ʚʝʣʠʢʫ ʨʦʣʴ ʚ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʷʭ, ʪʦʤʫ ʱʦ ʚʦʥʠ ʧʨʦʭʦʜʷʪʴ ʥʘʜ ʧʽʚʥʽʯʥʠʤʠ 

ʩʝʨʝʜʥʽʤʠ ʰʠʨʦʪʘʤʠ ʧʨʠʙʣʠʟʥʦ ʢʦʞʥʽ ʜʚʘ-ʪʨʠ ʜʥʽ. ʋ ʮʝʡ ʯʘʩ ʪʝʧʣʝ ʧʦʚʽʪʨʷ ʟ 

ʧʽʚʜʥʷ ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʥʘ ʧʽʚʥʽʯ, ʥʘʰʘʨʦʚʫʶʯʠʩʴ ʥʘ ʙʽʣʴʰ ʭʦʣʦʜʥʝ ʧʦʚʽʪʨʷ ʽ 

ʜʘʶʯʠ ʧʦʯʘʪʦʢ ʙʝʟʫʧʠʥʥʦʤʫ ʧʦʪʦʢʫ ʚʠʩʭʽʜʥʦʛʦ ʧʦʚʽʪʨʷ ʚ ʪʝʧʣʦʤʫ ʩʝʢʪʦʨʽ 

ʧʦʧʝʨʝʜ ʭʦʣʦʜʥʦʛʦ ʬʨʦʥʪʫ. ʊʘʢʽ ʩʠʩʪʝʤʠ ʜʫʞʝ ʩʢʣʘʜʥʽ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ. 

ʆʩʦʙʣʠʚʦ ʚʘʞʢʦ ʚʠʚʝʩʪʠ ʪʨʘʻʢʪʦʨʽʶ ʨʝʯʦʚʠʥʠ ʧʨʠ ʧʨʦʭʦʜʞʝʥʥʽ ʭʤʘʨʠ ʧʦ ʪʝ-

ʧʣʽʡ ʽ ʭʦʣʦʜʥʽʡ ʬʨʦʥʪʘʣʴʥʠʭ ʧʦʚʝʨʭʥʷʭ ʥʘ ʦʩʥʦʚʽ ʚʠʚʝʜʝʥʠʭ ʽʟ ʧʨʦʛʥʦʟʥʠʭ 

ʤʦʜʝʣʝʡ ʚʽʪʨʦʚʠʭ ʧʦʣʽʚ.  

ʈʝʩʫʩʧʝʥʟʽʷ ʽʟ ʩʫʰʽ. ɿ ʮʠʤ ʧʨʦʮʝʩʦʤ ʟʚ'ʷʟʘʥʽ ʚʝʣʠʢʽ ʧʨʦʙʣʝʤʠ ʚ ʦʢʦʣʠ-

ʮʷʭ ʏʦʨʥʦʙʠʣʷ, ʦʩʢʽʣʴʢʠ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʚʪʦʨʥʦʾ ʜʝʟʘʢʪʠʚʘʮʽʾ. ʈʝʩʫ-

ʩʧʝʥʟʽʷ ð ʪʝʨʤʽʥ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʧʠʩʫ ʧʨʦʮʝʩʫ, ʧʽʜ ʯʘʩ ʷʢʦʛʦ ʨʝ-

ʯʦʚʠʥʠ, ʱʦ ʨʘʥʽʰʝ ʚʠʧʘʣʠ ʥʘ ʧʦʚʝʨʭʥʶ ˇʨʫʥʪʫ  ʧʦʚʝʨʪʘʶʪʴʩʷ ʚ ʘʪʤʦʩʬʝʨʫ.  

ʇʦʪʝʥʮʽʡʥʠʡ ʚʧʣʠʚ ʨʝʩʫʩʧʝʥʟʽʾ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʚ ʢʦʥʪʝʢʩʪʽ ʧʦʰʠ-

ʨʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘ ʧʨʠʣʝʛʣʽ ʯʠʩʪʽ ʪʝʨʠʪʦʨʽʾ, ʥʘʥʝʩʝʥʥʷ ʰʢʦʜʠ ʧʨʠ ʜʠʭʘʥʥʽ 

ʽ, ʥʘʨʝʰʪʽ, ʷʢ ʦʜʠʥ ʽʟ ʤʝʭʘʥʽʟʤʽʚ ʧʦʟʘʢʦʨʝʥʝʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʨʦʩʣʠʥʥʠʮʴʢʦʾ 

ʧʨʦʜʫʢʮʽʾ.  

ɼʣʷ ʦʮʽʥʢʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʨʝʩʫʩʧʝʥʟʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪ ʨʝ-

ʩʫʩʧʝʥʟʽʾ (ʢʦʥʮʝʥʪʨʘʮʽʷ ʚ ʘʪʤʦʩʬʝʨʽ/ʟʘʙʨʫʜʥʝʥʥʷ ʦʜʠʥʠʮʽ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ) ʽ 

ʰʚʠʜʢʽʩʪʴ ʨʝʩʫʩʧʝʥʟʽʾ (ʯʘʩʪʢʘ ʨʝʩʫʩʧʝʥʟʦʚʘʥʦʾ ʨʝʯʦʚʠʥʠ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ). 

ʅʝʟʨʫʯʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʨʝʩʫʩʧʝʥʟʽʾ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʨʝʩʫ-

ʩʧʝʥʟʽʶ ʽʟ ʥʘʚʽʪʨʷʥʠʭ ʜʞʝʨʝʣ ʥʝʣʝʛʢʦ ʚʨʘʭʫʚʘʪʠ, ʘ ʰʚʠʜʢʽʩʪʴ ʨʝʩʫʩʧʝʥʟʽʾ, ʭʦ-

ʯʘ ʽ ʢʨʘʱʘ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʚ ʙʘʛʘʪʴʦʭ ʤʦʜʝʣʷʭ, ʘʣʝ ʥʝ ʟʘʚʞʜʠ  ʧʽʜʜʘʻʪʴʩʷ 



 

ʧʨʷʤʦʤʫ ʚʠʤʽʨʫ. ʅʘ ʧʨʘʢʪʠʮʽ ʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʠ ʨʝʩʫ-

ʩʧʝʥʟʽʾ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʧʨʦʩʪʽʰʝ ʚʠʤʽʨʶʶʪʴʩʷ. 

ʈʝʩʫʩʧʝʥʟʽʷ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʽʾ ʚʽʪʨʫ, ʱʦ ʟʙʫʨʶʻ ˇʨʫʥʪ, ʽ 

ʤʝʭʘʥʽʯʥʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʚʠʧʘʚ ʚʥʘʩʣʽʜʦʢ ʩʽʣʴʩʴʢʦʛʦʩʧʦ-

ʜʘʨʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʨʫʭʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʨʦʙʽʪ ʧʦ ʦʯʠʱʝʥʥʶ ʪʝʨʠʪʦ-

ʨʽʾ. ʅʘ ʧʨʘʢʪʠʮʽ ʨʝʩʫʩʧʝʥʟʽʷ ʚʽʪʨʦʤ ʟ ʧʦʚʝʨʭʥʽ ʨʦʩʣʠʥʥʦʩʪʽ ʯʘʩʪʢʦʚʦ ʦʙʫʤʦʚ-

ʣʶʻʪʴʩʷ  ʨʫʭʦʤ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ ʨʦʩʣʠʥ, ʥʘʧʨʠʢʣʘʜ ʣʠʩʪʷ, ʽ, ʦʪʞʝ, ʨʝʩʫ-

ʩʧʝʥʟʽʷ ʤʦʞʝ ʟʘʣʝʞʘʪʠ ʚʽʜ  ʤʦʤʝʥʪʫ ʢʽʣʴʢʦʩʪʽ ʨʫʭʫ, ʧʝʨʝʜʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʦ-

ʚʝʨʭʥʽ, ʘ ʪʘʢʦʞ ʩʠʣʠ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ.  

ɺʠʤʽʨʠ ʚ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʪʨʫʙʘʭ ʧʦʢʘʟʘʣʠ ʱʦ ʰʚʠʜʢʽʩʪʴ ʽ ʢʦʝʬʽʮʽʻʥʪʠ 

ʨʝʩʫʩʧʝʥʟʽʾ ʟʚʠʯʘʡʥʦ ʟʨʦʩʪʘʶʪʴ ʧʨʦʧʦʨʮʽʡʥʦ ʩʪʝʧʝʥʝʚʽʡ ʬʫʥʢʮʽʾ ʰʚʠʜʢʦʩʪʽ 

ʚʽʪʨʫ. ʇʦʢʘʟʥʠʢ ʩʪʫʧʝʥʷ ʟʚʠʯʘʡʥʦ ʜʦʨʽʚʥʶʻ 3 ʽ ʙʽʣʴʰʝ. ɺʠʤʽʨʠ ʨʝʩʫʩʧʝʥʟʽʾ, 

ʱʦ ʚʠʥʠʢʘʻ ʧʨʠ ʨʫʩʽ ʪʨʘʥʩʧʦʨʪʫ, ʪʘʢʦʞ ʩʚʽʜʯʘʪʴ ʧʨʦ ʟʙʽʣʴʰʝʥʥʷ ʾʾ ʽʥʪʝʥʩʠʚ-

ʥʦʩʪʽ ʟ ʨʦʩʪʦʤ ʰʚʠʜʢʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ  

ʈʝʩʫʩʧʝʥʟʽʷ, ʤʦʞʝ ʦʙʫʤʦʚʣʶʚʘʪʠʩʷ ʘʪʤʦʩʬʝʨʥʠʤʠ ʦʧʘʜʘʤʠ, ʘ ʩʘʤʝ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʨʫʭʫ ʧʦʚʽʪʨʷ, ʱʦ ʚʠʥʠʢʘʻ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʝʨʝʜ ʫʜʘʨʦʤ ʢʨʘʧʣʽ ʦʙ  

ʧʦʚʝʨʭʥʶ ʯʠ ʧʨʠ ʨʫʩʽ ʧʦʚʝʨʭʥʝʚʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʦʙʫʤʦʚʣʝʥʦʛʦ ʧʝʨʝʜʘʯʝʶ ʤʦ-

ʤʝʥʪʫ ʢʽʣʴʢʦʩʪʽ ʨʫʭʫ ʧʨʠ ʫʜʘʨʽ ʢʨʘʧʣʽ. ʊʘʢʫ ʨʝʩʫʩʧʝʥʟʽʶ ʽʥʦʜʽ ʥʘʟʠʚʘʶʪʴ 

çʫʜʘʨ ð ʨʦʟʣʽʪè, ʽ ʚʦʥʘ ʜʦʙʨʝ ʚʽʜʦʤʘ ʙʽʦʣʦʛʘʤ, ʦʩʢʽʣʴʢʠ ʩʧʨʠʷʻ ʧʦʰʠʨʝʥʥʶ 

ʩʧʦʨ. ʆʜʥʘʢ, ʧʽʩʣʷ ʟʣʠʚʠ ʧʦʚʝʨʭʥʽ, ʷʢ ʧʨʘʚʠʣʦ, ʩʪʘʶʪʴ ʤʦʢʨʠʤʠ ʽ ʜʽʷ ʧʦʚʝʨʭ-

ʥʝʚʦʛʦ ʥʘʪʷʛʫ ʟʥʠʞʫʻ ʰʚʠʜʢʽʩʪʴ ʨʝʩʫʩʧʝʥʟʽʾ. ʂʨʽʤ ʪʦʛʦ, ʚʠʧʘʜʘʥʥʷ ʦʧʘʜʽʚ 

ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ ʧʝʨʝʥʦʩʫ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʚʠʧʘʚ, ʟ ʧʦʚʝʨʭʥʽ ʨʦʩʣʠʥʥʦʩʪʽ ʥʘ 

ʥʠʞʯʝ ʨʦʟʪʘʰʦʚʘʥʽ ʯʘʩʪʠʥʠ  ʨʦʩʣʠʥ ʯʠ ʥʘ ʧʦʚʝʨʭʥʶ ˇʨʫʥʪʫ, ʟʚʽʜʢʠ ʨʝʩʫʩʧʝʥ-

ʟʽʷ ʤʘʣʦʡʤʦʚʽʨʥʘ. 

 ɺʥʘʩʣʽʜʦʢ ʨʽʟʥʦʤʘʥʽʪʪʷ ʪʠʧʽʚ ʧʦʚʝʨʭʥʽ ʡ ʫʤʦʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦ-

ʚʠʱʘ, ʘ ʪʘʢʦʞ ʟʤʽʥʠ ʮʠʭ ʫʤʦʚ, ʨʝʩʫʩʧʝʥʟʽʷ, ʦʯʝʚʠʜʥʦ, ʰʠʨʦʢʦ ʚʘʨʽʶʻ ʚ ʟʘʣʝ-

ʞʥʦʩʪʽ ʚʽʜ ʯʘʩʫ ʽ ʤʽʩʮʷ ʨʦʟʪʘʰʫʚʘʥʥʷ. 

ʈʝʩʫʩʧʝʥʟʽʷ ʯʘʩʪʦʢ ʚʽʪʨʦʤ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʧʽʜ ʚʧʣʠʚʦʤ ʧʦʪʦʢʫ ʧʦʚʽʪ-

ʨʷ. ɹʽʣʴʰ ʚʝʣʠʢʽ ʯʘʩʪʢʠ ʤʘʶʪʴ ʙʽʣʴʰʫ ʧʦʚʝʨʭʥʶ, ʥʘ ʷʢʫ ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʩʠ-

ʣʠ ʟʨʫʰʝʥʥʷ, ʽ ʜʦ ʪʦʛʦ ʞ ʤʦʞʫʪʴ ʚʠʜʘʚʘʪʠʩʷ ʽʟ ʛʨʫʟʣʦʛʦ ʧʽʜʰʘʨʫ, ʟ'ʻʜʥʘʥʦʛʦ ʟ 

ʧʦʚʝʨʭʥʝʶ, ʱʦ ʧʽʜʩʪʠʣʘʻ; ʚʦʥʠ ʣʝʛʰʝ ʨʝʩʫʩʧʝʥʟʫʶʪʴʩʷ ʥʽʞ ʜʨʽʙʥʽ ʯʘʩʪʢʠ. 

ʇʦʜʽʙʥʠʤ ʯʠʥʦʤ, ʯʝʨʝʟ ʪʝ ʱʦ ʧʝʨʝʜʘʥʠʡ ʯʘʩʪʢʘʤ ʤʦʤʝʥʪ ʢʽʣʴʢʦʩʪʽ ʨʫʭʫ ʧʦ-

ʤʽʪʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟ ʨʦʟʤʽʨʦʤ ʯʘʩʪʦʢ, ʚʧʣʠʚ ʩʫʧʫʪʥʴʦʛʦ ʨʦʩʪʫ ʩʠʣ ʪʝʨʪʷ ʧʝ-

ʨʝʙʦʨʶʻʪʴʩʷ ʡ ʫ ʨʝʟʫʣʴʪʘʪʽ ʩʘʤʽ ʚʝʣʠʢʽ ʯʘʩʪʢʠ ʦʩʦʙʣʠʚʦ ʣʝʛʢʦ ʨʝʩʫʩʧʝʥʟʫ-

ʶʪʴʩʷ. 

  ʇʽʜ ʚʧʣʠʚʦʤ ʛʨʘʚʽʪʘʮʽʡʥʠʭ ʩʠʣ ʨʫʭ ʯʘʩʪʦʢ ʧʝʚʥʦʛʦ ʨʦʟʤʽʨʫ (ʙʣʠʟʴʢʦ 

500 ʤʢʤ ʫ ʜʽʘʤʝʪʨʽ) ʟʜʽʡʩʥʶʻʪʴʩʷ, ʦʯʝʚʠʜʥʦ, ʫʟʜʦʚʞ ʧʦʚʝʨʭʥʽ (ʪʘʢ ʟʚʘʥʝ ʧʦ-

ʚʝʨʭʥʝʚʝ ʧʝʨʝʢʦʯʫʚʘʥʥʷ), ʘ ʥʝ ʯʝʨʝʟ ʘʪʤʦʩʬʝʨʫ. ʗʢ ʫʞʝ ʚʽʜʟʥʘʯʘʣʦʩʷ, ʯʘʩʪʢʠ, 

ʫ ʷʢʠʭ ʰʚʠʜʢʽʩʪʴ ʛʨʘʚʽʪʘʮʽʡʥʦʛʦ ʦʩʽʜʘʥʥʷ ʽʩʪʦʪʥʦ ʥʠʞʯʝ ʰʚʠʜʢʦʩʪʽ ʘʪʤʦʩʬʝ-



 

ʨʥʠʭ ʚʝʨʪʠʢʘʣʴʥʠʭ ʧʦʪʦʢʽʚ, ʤʦʞʫʪʴ ʟʘʣʠʰʘʪʠʩʷ ʚ ʟʚʘʞʝʥʦʤʫ ʩʪʘʥʽ. ʅʘ ʧʨʘʢ-

ʪʠʮʽ ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʯʘʩʪʢʠ ʜʽʘʤʝʪʨʦʤ ʙʽʣʴʰ ʥʽʞ ʢʽʣʴʢʘ ʜʝʩʷʪʢʽʚ ʤʽʢʨʦʤʝʪʨʽʚ 

ʥʘʚʨʷʜ ʯʠ ʟʜʘʪʥʽ ʜʦ ʨʝʩʫʩʧʝʥʟʽʾ ʥʘʚʽʪʴ ʧʨʠ ʜʫʞʝ ʚʽʪʨʷʥʽʡ ʧʦʛʦʜʽ. ʏʘʩʪʢʠ ʚʝʣʠ-

ʢʠʭ ʨʦʟʤʽʨʽʚ ʰʚʠʜʢʦ ʧʘʜʘʶʪʴ ʥʘʟʘʜ ʥʘ ʟʝʤʣʶ ʽ ʧʦʪʽʤ ʧʝʨʝʩʫʚʘʶʪʴʩʷ ʧʦ ʚʽʪʨʫ 

ʩʪʨʠʙʢʘʤʠ. ʎʝ ʧʠʪʘʥʥʷ ʚʠʟʥʘʯʝʥʥʷ, ʯʠ ʚʚʘʞʘʪʠ ʪʘʢʽ ʯʘʩʪʢʠ ʨʝʩʫʩʧʝʥʟʦʚʘʥʠ-

ʤʠ. ɺʦʥʠ ʤʦʞʫʪʴ ʚʝʩʪʠ ʜʦ ʧʦʰʠʨʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ, ʘʣʝ ʥʘʚʨʷʜ ʯʠ ʩʪʘʥʦʚʣʷʪʴ 

ʥʝʙʝʟʧʝʢʫ ʯʝʨʝʟ ʽʥʛʘʣʷʮʽʡʥʠʡ ʰʣʷʭ ʥʘʜʭʦʜʞʝʥʥʷ. 

ɺʘʞʣʠʚʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʨʝʩʫʩʧʝʥʟʦʚʘʥʽ ʪʨʘʩʝʨʠ ʟʚʠʯʘʡʥʦ ʟʚ'ʷʟʘʥʽ ʟ 

ˇʨʫʥʪʦʚʠʤʠ  ʯʘʩʪʢʘʤʠ ʯʠ ʽʥʰʠʤʠ ʯʘʩʪʢʘʤʠ-ʥʦʩʽʷʤʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʨʝʩʫʩʧʝʥ-

ʟʦʚʘʥʠʡ ʤʘʪʝʨʽʘʣ ʥʝ ʙʫʜʝ ʤʘʪʠ ʚʽʜʤʽʥʥʠʡ ʨʦʟʧʦʜʽʣ ʯʘʩʪʠʥʦʢ ʧʦ ʨʦʟʤʽʨʘʭ ʚʽʜ 

ʧʝʨʚʽʩʥʦʛʦ, ʽ, ʦʪʞʝ, ʥʝʤʦʞʣʠʚʦ ʦʮʽʥʠʪʠ ʧʦ ʨʦʟʤʽʨʘʭ ʚʠʭʽʜʥʦʾ ʨʝʯʦʚʠʥʠ, ʯʠ 

ʧʨʝʜʩʪʘʚʣʷʻ ʚʽʥ ʥʝʙʝʟʧʝʢʫ ʜʣʷ ʜʠʭʘʥʥʷ. 

 

4.3.  ʄʝʭʘʥʽʟʤʠ ʧʦʟʘʢʦʨʝʥʝʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʨʦʩʣʠʥ 

ʇʨʠ ʘʪʤʦʩʬʝʨʥʠʭ ʚʠʢʠʜʘʭ ʟʘʙʨʫʜʥʝʥʥʷ, ʧʦʯʘʪʢʦʚʦʶ ʬʘʟʦʶ ʫ ʤʽʛʨʘʮʽʾ 

ʧʦʣʶʪʘʥʪʽʚ ʭʘʨʯʦʚʠʤʠ ʣʘʥʮʶʛʘʤʠ ʻ ʚʠʧʘʜʘʥʥʷ ʽʟ ʘʪʤʦʩʬʝʨʠ ʪʘ ʧʝʨʝʭʦʧʣʝʥʥʷ 

ʟʘʙʨʫʜʥʝʥʥʷ  ʨʦʩʣʠʥʥʽʩʪʶ.  ɿ ʦʛʣʷʜʫ ʥʘ ʽʩʥʫʚʘʥʥʷ ʩʫʭʠʡ ʪʘ ʚʦʣʦʛʠʡ ʭʘʨʘʢʪʝʨ 

ʦʩʽʜʘʥʥʷ, ʟʘʛʘʣʴʥʝ ʚʽʜʢʣʘʜʘʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘ ʨʦʩʣʠʥʽ ʪʠʧʫ i ʤʦʞʥʘ ʧʨʝʜ-

ʩʪʘʚʠʪʠ  ʫ ʚʠʛʣʷʜʽ [42]: 

wi,wdii AfAA += ,                                                                              (4.23) 

 

ʜʝ AI ï ʟʘʛʘʣʴʥʝ ʚʽʜʢʣʘʜʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘ ʨʦʩʣʠʥʽ ʪʠʧʫ  i (ʥʘʧʨʠʢʣʘʜ 

ʫ ʚʠʧʘʜʢʫ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ - ɹʢ/ʤ2), Adi ï ʚʽʜʢʣʘʜʘʥʥʷ ʥʘ ʨʦʩʣʠʥʽ i 

ʚʥʘʩʣʽʜʦʢ ʩʫʭʦʛʦ ʚʠʧʘʜʘʥʥʷ (ɹʢ/ʤ2),  fw,i, -  ʬʫʥʢʮʽʷ ʧʝʨʝʭʦʧʣʝʥʥʷ ʟʘʙʨʫʜʥʝʥ-

ʥʷ  i ïʁ  ʨʦʩʣʠʥʦʶ, ʘ Aw -  ʟʘʛʘʣʴʥʝ ʚʽʜʢʣʘʜʘʥʥʷ ʚʥʘʩʣʽʜʦʢ ʚʦʣʦʛʦʛʦ ʦʩʽʜʘʥʥʷ 

(ɹʢ/ ʤ2). 

ʉʫʭʝ ʚʽʜʢʣʘʜʘʥʥʷ  Adi  ʥʘ ʨʽʟʥʠʭ ʚʠʜʘʭ ʨʦʩʣʠʥ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ 

ʜʦʙʫʪʢʫ ʰʚʠʜʢʦʩʪʽ ʚʽʜʢʣʘʜʘʥʥʷ vgi  (ʤ/ʩ) ʥʘ ʨʦʩʣʠʥʽ i ï ʛʦ ʚʠʜʫ ʽ  ʽʥʪʝʛʨʘʣʴʥʦʾ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʙʨʫʜʥʝʥʥʷ ʫ ʧʦʚʽʪʨʽ  ʉa (ɹʢ ʩ/ʤ
3): 

 

agidi CvA =                                                                                          (4.24) 

 

ɺʝʣʠʯʠʥʘ vgi ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʪʘʜʽʾ ʨʦʟʚʠʪʢʫ ʨʦʩʣʠʥʠ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ  

ʯʦʛʦ ʻ ʽʥʜʝʢʩ ʧʣʦʱʽ ʣʠʩʪʷ ï LAIi., ʧʨʠʯʦʤʫ 

 
max,i

i
max,gigi

LAI

LAI
vv =                                                                       (4.25) 

ʜʝ LAIi,max ʽ vgi,max ï ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ LAI  ̔ʽ vgi,, ʚʽʜʧʦʚʽʜʥʦ.  



 

ɺʝʣʠʯʠʥʘ  vgi,max, ʫ ʚʠʧʘʜʢʫ ʝʣʝʤʝʥʪʽʚ ʟʚôʷʟʘʥʠʭ ʟ ʘʝʨʦʟʦʣʷʤʠ, ʨʽʚʥʘ 0,5 

(ʤʤ/ʩ) ʜʣʷ ˇʨʫʥʪʫ, 1,5  (ʤʤ/ʩ) ʜʣʷ ʪʨʘʚʠ, 5 ʤʤ/ʩ ʜʣʷ ʜʝʨʝʚ ʽ ʜʣʷ ʽʥʰʠʭ ʨʦʩʣʠʥ 

ʨʽʚʥʘ 2 (ʤʤ/ʩ).    

ɺʝʣʠʯʠʥʘ LAIi. ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʨʠ ʨʦʢʫ. ʂʨʽʤ ʮʴʦʛʦ, ʮʷ ʚʝʣʠʯʠʥʘ ʩʫʪʪʻʚʦ 

ʟʤʽʥʶʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʟ ʨʦʢʫ ʚ ʨʽʢ, ʘ ʡ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʣʽʤʘʪʠʯʥʠʭ ʬʘʢʪʦʨʽʚ ʪʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʾ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʧʨʘʢʪʠʢʠ. ɼʣʷ ʪʨʘʚʠ ʚ [42] ʚʝʣʠʯʠʥʘ 

LAIg ʚʠʨʘʞʘʻʪʴʩʷ ʯʝʨʝʟ ʫʨʦʞʘʡʥʽʩʪʴ ï Yg ʽ ʘʧʨʦʢʩʠʤʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʚʠʨʘ-

ʟʦʤ:  

[ ])kYexp(1LAILAI gmax,gg --=                                                       (4.26) 

ʜʝ LAIg ï ʽʥʜʝʢʩ ʧʣʦʱʽ ʣʠʩʪʷ ʪʨʘʚʠ ʥʘ ʤʦʤʝʥʪ ʦʩʽʜʘʥʥʽ ʟʘʙʨʫʜʥʝʥʥʷ, 

LAIg,max ï ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ  ʽʥʜʝʢʩʫ ʧʣʦʱʽ ʣʠʩʪʷ ʪʨʘʚʠ ( 7 ʤ
2/ʤ2), k ï ʥʦ-

ʨʤʫʶʯʠʡ ʤʥʦʞʥʠʢ (1 ʤ2/ʢʛ) ʽ Yg ï ʫʨʦʞʘʡʥʽʩʪʴ ʪʨʘʚʠ (ʢʛ/ʤ
2) ʥʘ ʤʦʤʝʥʪ ʦʩʽ-

ʜʘʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ. 

ɼʣʷ ʦʮʽʥʢʠ ʧʝʨʝʭʦʧʣʝʥʥʷ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʧʨʠ ʚʦʣʦʛʦʤʫ ʦʩʽʜʘʥʥʽ 

ʚʠʭʦʜʷʪʴ ʽʟ ʟʜʘʪʥʦʩʪʽ ʣʠʩʪʷ ʟʘʧʘʩʘʪʠ ʚʦʜʫ ʽ ʟʥʘʯʝʥʥʷ ʽʥʜʝʢʩʫ ʧʣʦʱʽ  ʣʠʩʪʷ.  

ʇʨʠʡʤʘʻʪʴʩʷ ʜʦ ʫʚʘʛʠ ʚʠʥʠʢʥʝʥʥʷ ʚʦʜʥʦʾ ʧʣʽʚʢʠ ʥʘ ʣʠʩʪʽ, ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ 

ʦʧʘʜʽʚ, ʟʜʘʪʥʽʩʪʴ ʜʘʥʦʛʦ ʝʣʝʤʝʥʪʘ ʬʽʢʩʫʚʘʪʠʩʷ ʥʘ ʣʠʩʪʽ. ɼʦʣʷ ʧʝʨʝʭʦʧʣʝʥʥʷ 

fw,I  ʜʣʷ  ʨʦʩʣʠʥʠ ʽ ï ʛʦ ʚʠʜʫ  ʚʠʨʘʞʘʻʪʴʩʷ ʬʦʨʤʫʣʦʶ: 

ù
ú

ø
é
ê

è
--= )R

S3

2ln
exp(1

R

LAI
f

i

i
i,w                                                          (4.27) 

ʜʝ  Si ï ʢʦʝʬʽʮʽʻʥʪ  ʟʘʪʨʠʤʘʥʥʷ (ʤ) ʨʦʩʣʠʥʠ  ̔ï ʛʦ ʚʠʜʫ, R- ʢʽʣʴʢʽʩʪʴ ʦʧʘ-

ʜʽʚ ʜʦʱʫ (ʤʤ). ʗʢʱʦ ʦʙʯʠʩʣʝʥʥʷ ʧʦ ʧʨʠʚʝʜʝʥʽʡ ʬʦʨʤʫʣʽ ʜʘʶʪʴ ʟʥʘʯʝʥʥʷ ʙʽ-

ʣʴʰʝ 1, ʪʦ ʧʨʠʡʤʘʻʪʴʩʷ ʛʨʘʥʠʯʥʝ ʟʥʘʯʝʥʥʷ fg,i  =1. 

ʊʘʙʣʠʮʷ  4.4. ʂʦʝʬʽʮʽʻʥʪ ʫʪʨʠʤʘʥʥʷ S 

ʈʦʩʣʠʥʘ ʂʦʝʬʽʮʽʻʥʪ ʫʪʨʠʤʘʥʥʷ 

ʁʦʜ ʎʝʟʽʡ, ʮʠʨʢʦʥʽʡ, ʥʽʦʙʽʡ, ʨʫʪʝ-

ʥʽʡ, ʪʝʣʫʨ, ʮʝʨʽʡ, ʧʣʫʪʦʥʽʡ, 

ʤʘʛʥʽʡ, ʮʠʥʢ 

ʉʪʨʦʥʮʽʡ,  

ʙʘʨʽʡ 

ʊʨʘʚʘ, ʢʫʢʫʨʫʜʟʘ, ʭʣʽʙʥʽ 

ʟʣʘʢʦʚʽ 

0.1 0.2 0.4 

ɯʥʰʽ ʨʦʩʣʠʥʠ 0,15 0.3 0.6 

 

ɯʥʰʠʡ ʚʠʜ ʧʦʟʘʢʦʨʝʥʝʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚ'ʷʟʘʥʠʡ ʽʟ ʨʝʩʫʩʧʝʥʟʽʻʶ - 

ʧʨʦʮʝʩ, ʧʽʜ ʯʘʩ ʷʢʦʛʦ ʨʝʯʦʚʠʥʘ, ʱʦ ʨʘʥʽʰʝ ʚʠʧʘʣʘ ʽʟ ʘʪʤʦʩʬʝʨʠ ʥʘ ʟʝʤʣʶ ʧʽ-

ʜʥʽʤʘʻʪʴʩʷ ʫ ʧʦʚʽʪʨʷ. 

ɺʝʣʠʯʠʥʘ  ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʝʩʫʩʧʝʥʟʽʾ ʣʝʞʠʪʴ ʫ ʤʝʞʘʭ 10-10 - 10-4 ʤ-1, ʷʢʱʦ 

ʧʨʠ ʮʴʦʤʫ ʚʨʘʭʦʚʫʻʪʴʩʷ ʚʧʣʠʚ ʚʽʪʨʫ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʪʠʩʢʫ ʧʨʠ ʤʝʭʘ-

ʥʽʯʥʽʡ ʨʝʩʫʩʧʝʥʟʽʾ ʜʽʘʧʘʟʦʥ ʟʥʘʯʝʥʴ ʽʩʪʦʪʥʦ ʨʦʟʰʠʨʶʻʪʴʩʷ (10-10 - 10-2 ʤ-1), ʱʦ 

ʧʦʤʽʪʥʦ ʫʩʢʣʘʜʥʶʻ ʦʮʽʥʢʫ ʥʘʩʣʽʜʢʽʚ ʨʝʩʫʩʧʝʥʟʽʾ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʚʝʣʠʯʠʥʠ 



 

ʟʘʙʨʫʜʥʝʥʥʷ, ʱʦ ʤʦʞʝ ʧʦʧʘʩʪʠ ʚ ʦʨʛʘʥʽʟʤ. ʌʘʢʪʦʨ ʨʝʩʫʩʧʝʥʟʽʾ ʩʠʣʴʥʦ ʟʘʣʝ-

ʞʠʪʴ ʚʽʜ ʟʘʙʨʫʜʥʝʥʥʷ ʪʝʨʠʪʦʨʽʾ ʪʦʤʫ, ʱʦ ʛʦʨʠʟʦʥʪʘʣʴʥʠʡ ʧʝʨʝʥʦʩ ʥʘʡʙʽʣʴʰʝ 

ʚʧʣʠʚʘʻ ʥʘ ʚʠʤʽʨʶʚʘʥʫ ʚʝʣʠʯʠʥʫ. 

ɿʘʣʝʞʥʽʩʪʴ ʨʝʩʫʩʧʝʥʟʽʾ ʚʽʜ ʯʘʩʫ ʦʧʠʩʫʻʪʴʩʷ ʦʙʝʨʥʝʥʦʶ ʩʪʝʧʝʥʝʚʦʶ ʯʠ 

ʚʽʜ'ʻʤʥʦʶ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʶ ʟʘʣʝʞʥʽʩʪʶ. ɺʠʷʚʣʝʥʦ, ʱʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʨʝʩʫ-

ʩʧʝʥʟʽʾ (ʽ ʢʦʝʬʽʮʽʻʥʪ) ʰʚʠʜʢʦ ʧʘʜʘʶʪʴ ʟ ʯʘʩʦʤ ʧʽʩʣʷ ʧʦʜʽʾ, ʱʦ ʚʠʢʣʠʢʘʣʘ ʟʘ-

ʙʨʫʜʥʝʥʥʷ. ʎʝ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʨʷʜʦʤ ʧʨʠʯʠʥ. ʇʦ-ʧʝʨʰʝ, ʥʘ ʨʘʥʥʽʭ ʩʪʘʜʽʷʭ 

ʧʽʩʣʷ ʦʩʽʜʘʥʥʷ ʨʝʩʫʩʧʝʥʟʦʚʘʥʽ ʯʘʩʪʠʥʢʠ ʣʝʛʰʝ ʚʩʴʦʛʦ ʧʝʨʝʥʦʩʷʪʴʩʷ ʟ ʧʦʚʝʨʭ-

ʥʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʽʩʥʫʻ ʧʦʯʘʪʢʦʚʘ ʚʠʩʦʢʘ ʰʚʠʜʢʽʩʪʴ ʨʝʩʫʩʧʝʥʟʽʾ. ɺʦʥʘ ʰʚʠʜʢʦ 

ʧʘʜʘʻ, ʘʣʝ ʟʘʣʠʰʘʻʪʴʩʷ ʙʽʣʴʰʦʶ ʥʫʣʷ. ʉʪʘʪʠʩʪʠʯʥʦ ʜʫʞʝ ʽʤʦʚʽʨʥʦ, ʱʦ ʚʠʧʘʜ-

ʢʦʚʠʡ ʧʦʨʠʚ ʚʽʪʨʫ ʯʠ ʚʠʭʦʨ ʟʜʘʪʥʠʡ ʚʽʜʥʝʩʪʠ ʨʝʯʦʚʠʥʫ, ʱʦ ʤʘʣʦ ʧʽʜʜʘʻʪʴʩʷ 

ʧʝʨʝʥʦʩʫ. ʇʦ-ʜʨʫʛʝ, ʧʽʩʣʷ ʧʝʨʚʠʥʥʦʾ ʨʝʩʫʩʧʝʥʟʽʾ ʙʫʜʝ ʚʽʜʙʫʚʘʪʠʩʷ ʧʝʨʝʦʩʘ-

ʜʞʝʥʥʷ ʨʝʯʦʚʠʥʠ ʥʘ ʟʘʭʠʱʝʥʽ ʯʘʩʪʠʥʠ ʨʦʩʣʠʥ (ʥʘʧʨʠʢʣʘʜ, ʫ ʧʦʨʠ ʣʠʩʪʷ) ʽ ʥʘ 

ˇʨʫʥʪ. ʅʘʨʝʰʪʽ, ʯʝʨʝʟ ʪʨʠʚʘʣʠʡ ʚʽʜʨʽʟʦʢ ʯʘʩʫ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʚʽʜʢʣʘʜʝʥʦʾ ʨʝ-

ʯʦʚʠʥʠ ʟ ˇʨʫʥʪʦʤ ʥʘ ʧʦʚʝʨʭʥʽ ʦʙʤʝʞʫʻ ʨʝʩʫʩʧʝʥʟʽʶ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʽʟ ʩʘʤʦʛʦ 

ˇʨʫʥʪʫ. ɸ ʨʝʩʫʩʧʝʥʟʽʷ ʟ ʨʦʩʣʠʥʥʦʩʪʽ ʤʦʞʝ ʢʦʥʪʨʦʣʶʚʘʪʠʩʷ ʧʦʧʘʜʘʥʥʷʤ ʚʝʣʠ-

ʢʠʭ ʯʘʩʪʦʢ ˇʨʫʥʪʫ  ʥʘ ʨʦʩʣʠʥʠ ʽ ʥʘʩʪʫʧʥʦʶ ʨʝʩʫʩʧʝʥʟʽʻʶ ʧʽʜ ʚʧʣʠʚʦʤ ʚʽʪʨʫ 

ʯʠ ʤʝʭʘʥʽʯʥʦʛʦ ʚʧʣʠʚʫ. 

ʇʨʠʡʤʘʶʯʠ ʜʦ ʫʚʘʛʠ ʟʘʣʝʞʥʽʩʪʴ ʨʝʩʫʩʧʝʥʟʽʾ ʚʽʜ ʯʘʩʫ, ʥʝ ʚʠʢʣʠʢʘʻ ʧʦ-

ʜʠʚʫ, ʱʦ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʝʩʫʩʧʝʥʟʽʾ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʰʠʨʦʢʠʭ ʤʝʞʘʭ. 

ʆʪʞʝ, ʚʠʙʽʨ ʢʦʝʬʽʮʽʻʥʪʘ (ʯʠ ʰʚʠʜʢʦʩʪʽ) ʨʝʩʫʩʧʝʥʟʽʾ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʜʝ 

ʩʫʪʪʻʚʦ ʟʘʣʝʞʘʪʠ ʚʽʜ ʯʘʩʫ, ʟ ʧʨʦʭʦʜʞʝʥʥʷʤ ʷʢʦʛʦ ʨʽʟʥʽ ʤʝʭʘʥʽʟʤʠ  ʟʘʙʨʫʜʥʝʥ-

ʥʷ ʚʨʘʭʦʚʫʶʪʴʩʷ ʫ  ʚʩʽʡ ʩʫʢʫʧʥʦʩʪʽ. 

 

ʊʘʙʣʠʮʷ 4.5. ʆʯʽʢʫʚʘʥʽ ʟʥʘʯʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʧʨʠ ʘʜʛʝʟʽʾ ˇʨʫʥʪʫ  

(ʛ ʩʫʭʦʛʦ ˇʨʫʥʪʫ ʥʘ ʢʛ ʩʫʭʦʾ ʚʘʛʠ ʨʦʩʣʠʥ) 

ʇʨʦʜʫʢʮʽʷ ɺʝʣʠʯʠʥʘ ʟʘʙʨʫʜʥʝʥʥʷ 

ʅʠʞʥʷ ʦʮʽʥʢʘ ʜʣʷ ʣʠʩʪʷ ʪʘ ʪʨʘʚʠ    

40 ʩʤ ʽ ʚʠʱʝ ʥʘʜ ʧʦʚʝʨʭʥʝʶ ˇʨʫʥʪʫ  4 

40 ʩʤ ʽ ʥʠʞʯʝ ʥʘʜ ʧʦʚʝʨʭʥʝʶ ˇʨʫʥʪʫ 10 

ɿʝʨʥʦ < 4 

ɺʝʨʭʥʷ ʛʨʘʥʠʮʷ ʜʣʷ ʥʝ ʝʢʩʪʨʝʤʘʣʴʥʠʭ 

ʫʤʦʚ 
250 

ɺʝʨʭʥʷ ʛʨʘʥʠʮʷ ʜʣʷ ʝʢʩʪʨʝʤʘʣʴʥʠʭ 

ʫʤʦʚ 
500 

 

ɸʜʛʝʟʽʷ ˇʨʫʥʪʦʚʠʭ ʯʘʩʪʠʥʦʢ ʜʦ ʨʦʩʣʠʥ ʤʦʞʝ ʙʫʪʠ ʦʙʫʤʦʚʣʝʥʘ ʜʚʦʤʘ ʛʦ-

ʣʦʚʥʠʤʠ ʧʨʠʯʠʥʘʤʠ: ʧʝʨʝʭʦʧʣʝʥʥʷ ʯʘʩʪʠʥʦʢ ʧʨʠ ʾʭ ʨʝʩʫʩʧʝʥʟʽʾ ʪʘ ʚʠʣʽʪ ʾʭ ʽʟ 



 

ˇʨʫʥʪʫ  ʧʽʜ ʯʘʩ ʜʦʱʫ ʘʙʦ ʧʨʠ ʟʨʦʰʫʚʘʥʥʽ. ʅʘ ʮʽ ʧʨʦʮʝʩʠ ʚʧʣʠʚʘʶʪʴ ʚʠʩʦʪʘ ʪʘ 

ʪʠʧ ʨʦʩʣʠʥʠ, ʚʽʪʝʨ, ʚʠʜ ʜʦʱʫ ʽ, ʥʘʨʝʰʪʽ,  ʪʠʧ ˇʨʫʥʪʫ. ʂʦʝʬʽʮʽʻʥʪʠ ʘʜʛʝʟʽʾ ʥʘ-

ʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ 4.5. 

ʇʨʦʮʝʩʫ ʨʝʩʫʩʧʝʥʟʽʾ ʩʧʨʠʷʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʭʘʥʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʥʘ-

ʧʨʠʢʣʘʜ ʧʨʠ ʦʙʨʦʙʽʪʢʫ ˇʨʫʥʪʫ ʧʽʜ ʯʘʩ ʧʦʣʴʦʚʠʭ ʨʦʙʽʪ. ʇʽʜʥʷʪʽ ʫ ʧʦʚʽʪʨʷ ʯʘʩ-

ʪʠʥʢʠ ˇʨʫʥʪʫ, ʨʘʟʦʤ ʽʟ ʟʘʙʨʫʜʥʝʥʥʷ, ʧʨʠʣʠʧʘʶʪʴ ʜʦ ʧʦʚʝʨʭʥʽ ʨʦʩʣʠʥ, ʘ ʧʦʪʽʤ 

ʧʨʦʥʠʢʘʶʪʴ ʚ ʾʭ ʪʢʘʥʠʥʠ.  

ɺʧʣʠʚ ʘʜʛʝʟʽʾ ʤʦʞʝ ʙʫʪʠ ʩʫʪʪʻʚʠʤ ʜʣʷ ʪʠʭ ʚʠʧʘʜʢʽʚ, ʢʦʣʠ ʧʨʦʮʝʩ ʢʦʨʝ-

ʥʝʚʦʛʦ ʥʘʜʭʦʜʞʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʥʝ ʜʫʞʝ ʽʥʪʝʥʩʠʚʥʠʡ. ɸʜʛʝʟʽʷ ʤʦʞʝ ʙʫʪʠ 

ʩʫʪʪʻʚʦʶ ʢʦʣʠ ʢʦʝʬʽʮʽʻʥʪ ʥʘʢʦʧʠʯʝʥʥʷ Tr ʤʝʥʰʠʡ ʟʘ 0.1. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ, ʥʘ-

ʧʨʠʢʣʘʜ, ʜʣʷ ʩʪʨʦʥʮʽʶ ʚ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚʘʭ ʝʬʝʢʪ ʘʜʛʝʟʽʾ ʥʝʩʫʪʪʻʚʠʡ.  ɼʣʷ 

ʪʦʨʬôʷʥʠʭ ˇʨʫʥʪʽʚ ʟʥʘʯʝʥʥʷ Tr ʜʣʷ ʩʪʨʦʥʮʽʶ ʤʝʥʰʝ 0.1, ʘʣʝ ʜʣʷ ʮʴʦʛʦ ʪʠʧʫ 

ˇʨʫʥʪʫ ʝʬʝʢʪ ʨʝʩʫʩʧʝʥʟʽʾ ʥʝʟʥʘʯʥʠʡ, ʦʪʞʝ ʝʬʝʢʪ ʘʜʛʝʟʽʾ ʥʝ ʚʽʜʽʛʨʘʻ ʩʫʪʪʻʚʦʾ 

ʨʦʣʽ. 

 ɼʣʷ ʮʝʟʽʶ, ʽʟ ʟʥʘʯʝʥʥʷʤʠ ʢʦʝʬʽʮʽʻʥʪʘ ʥʘʢʦʧʠʯʝʥʥʷ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ 

ʤʝʞʘʭ 0.01 ï 0.5, ʝʬʝʢʪ ʘʜʛʝʟʽʾ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ. ʋ ʚʠʧʘʜʢʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ 

ʧʣʫʪʦʥʽʶ ʪʘ ʘʤʝʨʠʮʽʶ, ʜʣʷ ʷʢʠʭ ʟʥʘʯʝʥʥʷ Tr  ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ 10-5 ï 10-3, 

ʘʜʛʝʟʽʷ ˇʨʫʥʪʫ ʚʘʞʣʠʚʘ. ʂʽʣʴʢʽʩʪʴ 1 ʛ ˇʨʫʥʪʫ ʥʘ 1 ʢʛ ʩʫʭʦʾ ʤʘʩʠ ʨʦʩʣʠʥʠ ʤʦʞʝ 

ʧʨʠʚʝʩʪʠ ʜʦ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʥʘʢʦʧʠʯʝʥʥʷ ʜʦ 10-3. ʋ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ 

ʚʘʞʣʠʚʘ  ʧʦʧʝʨʝʜʥʷ ʦʙʨʦʙʢʘ ʨʦʩʣʠʥʥʦʾ  ʧʨʦʜʫʢʮʽʾ ʧʝʨʝʜ ʾʾ ʩʧʦʞʠʚʘʥʥʷʤ. 

 

ɺʽʜʢʣʘʜʘʥʥʷ ʽ ʧʝʨʝʭʦʧʣʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʽʟ ʘʪʤʦʩʬʝʨʠ. ʗʢʱʦ ʟʘʙʨʫ-

ʜʥʶʚʘʯʽ ʚʠʧʘʜʘʶʪʴ ʽʟ ʘʪʤʦʩʬʝʨʠ ʥʘ ˇʨʫʥʪ, ʪʦ ʧʝʚʥʘ ʾʭ ʯʘʩʪʠʥʘ ʧʝʨʝʭʦʧʣʶʻʪʴ-

ʩʷ ʨʦʩʣʠʥʘʤʠ ʽ ʪʽʣʴʢʠ ʯʘʩʪʠʥʘ ʜʦʩʷʛʘʻ ˇʨʫʥʪʫ. ʗʢʱʦ ʧʦʟʥʘʯʠʪʠ ʯʘʩʪʠʥʫ ʟʘ-

ʙʨʫʜʥʝʥʥʷ, ʷʢʘ ʦʩʽʜʘʻ  ʥʘ ʨʦʩʣʠʥʘʭ ʯʝʨʝʟ f, ʪʦ ˇʨʫʥʪʫ ʜʦʩʷʛʥʝ ʪʘʢʘ ʯʘʩʪʠʥʘ 

[43]: 

 

Bef1 m-=-                                                                                         (4.28) 

 

ʜʝ ɺ-ʙʽʦʤʘʩʘ (ʩʫʭʘ ʚʘʛʘ) ʨʦʩʣʠʥʥʠʮʴʢʦʾ ʧʨʦʜʫʢʮʽʾ ʥʘ ʦʜʠʥʠʮʶ ʧʣʦʱʽ 

(ʢʛ/ʤ2), m - ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʭʦʧʣʝʥʥʷ ʨʝʯʦʚʠʥʠ, ʱʦ ʦʩʽʜʘʻ (ʤ2/ʢʛ) 

ʋ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ f ʤʝʥʰʝ ʥʽʞ 0.3, ʤʦʞʥʘ ʩʢʦʨʠʩʪʘʪʠʩʷ ʥʘʙʣʠʞʝ-

ʥʦʶ ʬʦʨʤʫʣʦʶ f=mB.  ʋ ʪʘʙʣ.4.3.3 ʥʘʚʝʜʝʥʽ ʜʘʥʽ ʧʨʦ ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʭʦʧʣʝʥ-

ʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʨʦʩʣʠʥʥʽʩʪʶ ʫ ʚʠʧʘʜʢʫ ʩʫʭʦʛʦ ʚʠʧʘʜʘʥʥʷ  ʜʝʷʢʠʭ ʯʘʩʪʠʥʦʢ. 

ɺʝʣʠʯʠʥʘ ʧʝʨʝʭʦʧʣʝʥʦʾ ʬʨʘʢʮʽʾ ʥʘ ʦʜʠʥʠʮʶ ʙʽʦʤʘʩʠ m ʧʨʠ ʚʦʣʦʛʦʤʫ 

ʦʩʽʜʘʥʥʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʭʽʤʽʯʥʦʛʦ ʝʣʝʤʝʥʪʘ. ɹʘʛʘʪʦ ʝʣʝʤʝʥʪʽʚ ʧʦʛʣʠʥʘʶʪʴʩʷ ʽʟ 

ʣʠʩʪʷ ʨʦʩʣʠʥ ʽ ʪʨʘʥʩʣʦʢʫʶʪʩʷ ʫ ʚʩʽ ʽʥʰʽ ʦʨʛʘʥʠ ʨʦʩʣʠʥʠ, ʥʘʚʽʪʴ ʷʢʱʦ ʚʦʥʠ ʥʝ 

ʟʘʟʥʘʣʠ ʧʨʦʮʝʩʫ ʦʩʽʜʘʥʥʷ.  



 

ʌʘʢʪʦʨ ʪʨʘʥʩʣʦʢʘʮʽʾ (TLF) ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ:  

 

)(Bq/m ʦʩʽʜʘʥʥʷ ʤʦʤʝʥʪ ʥʘ ʣʠʩʪʷ ʤ 1 ʥʘ  ʟʘʣʠʰʠʣʘʩʷ ʱʦ ,ʘʢʪʠʚʥʽʩʪʴ

(Bq/kg) ʫʨʦʞʘʶ ʯʘʩʪʠʥʽʾʩʪʽʚʥʽʡ  ʫ  ʘʙʨʫʜʥʝʥʥʷʟ ̔ʷʢʦʥʮʝʥʪʨʘʮ
TLF

22
=  

 

ɺʠʟʥʘʯʝʥʥʷ ʪʨʘʥʩʣʦʢʘʮʽʾ ʧʦʚ'ʷʟʘʥʝ ʟ ʜʝʷʢʠʤʠ ʥʝʚʠʟʥʘʯʝʥʦʩʪʷʤʠ, ʘ ʩʘʤʝ: 

ʚʘʞʣʠʚʝ ʜʞʝʨʝʣʦ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʧʦʚ'ʷʟʘʥʝ ʽʟ ʚʘʨʽʘʙʝʣʴʥʽʩʪʶ ʨʦʟʚʠʪʢʫ ʨʦʩʣʠ-

ʥʠ ʪʘ ʧʦʛʦʜʥʠʤʠ ʫʤʦʚʘʤʠ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʝʨʠʤʝʥʪʫ.  

ɼʨʫʛʝ ʜʞʝʨʝʣʦ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ - ʚʠʤʽʨʶʚʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʘʢʪʠʚʥʦʩʪʽ, ʷʢʘ 

ʦʩʽʣʘ ʥʘ ʣʠʩʪʽ ʨʦʩʣʠʥ, ʱʦ ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ 25%. 

ʂʽʣʴʢʽʩʪʴ ʪʨʘʥʩʣʦʢʦʚʘʥʦʾ ʫ ʨʦʩʣʠʥʠ ʨʝʯʦʚʠʥʠ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʢʦʝʬʽ-

ʮʽʻʥʪʦʤ ʪʨʘʥʩʣʦʢʘʮʽʾ (ʊʘʙʣʠʮʷ 4.6). 

ʋ ʨʽʟʥʠʭ ʨʘʜʽʦʝʢʦʣʦʛʽʯʥʠʭ ʤʦʜʝʣʷʭ, ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʜʘʥʠʭ ʧʨʦ ʧʦʟʘʢʦʨʝ-

ʥʝʚʠʡ ʧʝʨʝʭʽʜ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʪʢʘʥʠʥʠ ʨʦʩʣʠʥ, ʾʭ ʧʦʚʝʜʽʥʢʘ ʯʘʩʪʦ ʦʮʽʥʶʻʪʴ-

ʩʷ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʾʭ ʨʫʭʦʤʦʩʪʽ, ʷʢ çCs-ʧʦʜʽʙʥʠʡè, ʘʙʦ çSr ï ʧʦʜʽʙʥʠʡè, 

ʦʩʢʽʣʴʢʠ ʮʽ ʨʘʜʽʦʥʫʢʣʽʜʠ  ʥʘʡʙʽʣʴʰ ʚʠʚʯʝʥʽ. ɿʦʢʨʝʤʘ ʪʘʢʠʡ ʧʽʜʭʽʜ ʚʠʢʦʨʠʩʪʦ-

ʚʫʻʪʴʩʷ ʫ ʚʠʧʘʜʢʫ Am ʪʘ    Pu.   

ɹʽʣʴʰ ʜʝʪʘʣʴʥʦ ʨʫʭʦʤʽʩʪʴ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʚ ʨʦʩʣʠʥʘʭ ʪʘ ʾʭ ʨʘʥʞʫʚʘʥʥʷ ʧʦ 

ʩʪʫʧʝʥʶ ʨʫʭʦʤʦʩʪʽ, ʧʨʠ ʧʦʟʘʢʦʨʝʥʝʚʦʤʫ ʟʘʙʨʫʜʥʝʥʥʽ ʯʝʨʝʟ ʣʠʩʪʷ, ʜʦʩʣʽʜʞʫ-

ʚʘʣʘʩʴ ʚ ʨʦʙʦʪʽ [44] ʥʘ ʧʨʠʢʣʘʜʽ ʙʦʙʦʚʠʭ ʨʦʩʣʠʥ, ʰʣʷʭʦʤ ʟʘʙʨʫʜʥʝʥʥʷ ʣʠʩʪʷ 

ʫ ʩʧʝʮʽʘʣʴʥʠʭ ʨʦʟʯʠʥʘʭ.  

ʂʦʝʬʽʮʽʻʥʪ ʧʝʨʝʭʦʜʫ (TF) ʽʟ ʨʦʟʯʠʥʫ ʚ ʙʦʙʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʚʽʜʥʦʰʝʥʥʷ 

ʘʢʪʠʚʥʦʩʪʽ ʙʦʙʽʚ ((Bq.kg-1 dw pods) ʩʫʭʘ ʤʘʩʘ) ʜʦ ʘʢʪʠʚʥʦʩʪʽ ʨʦʟʯʠʥʫ(Bq.l-1).  

ʗʢ ʧʦʢʘʟʘʣʠ ʚʠʤʽʨʶʚʘʥʥʷ [44] ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʭʦʜʫ Am ʙʫʚ ʥʘ  ʦʜʠʥ 

ʧʦʨʷʜʦʢ ʧʦ ʚʝʣʠʯʠʥʽ ʚʠʱʠʡ ʟʘ ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʭʦʜʫ ʜʣʷ Sr, ʘʣʝ ʥʘ ʦʜʠʥ ʧʦʨʷ-

ʜʦʢ ʤʝʥʰʠʡ ʟʘ ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʭʦʜʫ ʜʣʷ Cs.   

ʂʦʝʬʽʮʽʻʥʪʠ ʧʝʨʝʭʦʜʫ . Pu and Sr  ʩʪʘʪʠʩʪʠʯʥʦ ʥʝ ʚʽʜʨʽʟʥʷʣʠʩʷ, ʧʨʠʯʦʤʫ 

ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʭʦʜʫ Pu ʜʝʱʦ ʥʠʞʯʠʡ ʥʽʞ ʫ ʚʠʧʘʜʢʫ Sr.   ʇʦʨʷʜ ʽʟ  TF ʚʠʟʥʘ-

ʯʘʚʩʷ ʪʘʢʦʞ ʛʣʦʙʘʣʴʥʠʡ ʬʘʢʪʦʨ ʪʨʘʥʩʣʦʢʘʮʽʾ ï ʚʽʜʥʦʰʝʥʥʷ ʘʢʪʠʚʥʦʩʪʽ (ɹʢ.ʢʛ-

1, ʩʫʭʘ ʚʘʛʘ) ʫ ʥʝʟʘʙʨʫʜʥʝʥʽʡ ʩʧʦʯʘʪʢʫ ʙʽʦʤʘʩʽ ʜʦ ʘʢʪʠʚʥʦʩʪʽ ʚ ʣʠʩʪʷʭ (ɹʢ.ʢʛ-1, 

ʩʫʭʘ ʚʘʛʘ). ʌʘʢʪʦʨ ʪʨʘʥʩʣʦʢʘʮʽʾ ʣʠʩʪʷ ï ʙʦʙʠ ʚʠʟʥʘʯʘʚʩʷ ʷʢ ʚʽʜʥʦʰʝʥʥʷ ʘʢʪʠ-

ʚʥʦʩʪʽ (ɹʢ.ʢʛ-1, ʩʫʭʘ ʚʘʛʘ) ʙʦʙʽʚ ʜʦ ʘʢʪʠʚʥʦʩʪʽ ʟʘʙʨʫʜʥʝʥʦʛʦ ʣʠʩʪʷ (ɹʢ.ʢʛ-1, ʩʫ-

ʭʘ ʚʘʛʘ). ʋ ʚʠʧʘʜʢʫ Am, Cs ʽ Sr, ʛʣʦʙʘʣʴʥʠʡ ʬʘʢʪʦʨ ʪʨʘʥʩʣʦʢʘʮʽʾ ʤʘʚ ʪʘʢʠʡ ʞʝ 

ʧʦʨʷʜʦʢ ʧʦ ʚʝʣʠʯʠʥʽ, ʱʦ ʽ ʬʘʢʪʦʨ ʪʨʘʥʩʣʦʢʘʮʽʾ ʫ ʙʦʙʠ.  

ʅʝ ʙʫʣʦ ʟʥʘʡʜʝʥʦ ʧʨʝʬʝʨʝʥʮʽʾ ʫ ʨʦʟʧʦʜʽʣʽ ʧʦ ʦʨʛʘʥʘʭ ʨʦʩʣʠʥ ʜʣʷ ʪʨʴʦʭ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ. ʋ ʚʠʧʘʜʢʫ ʞ Pu  ʛʣʦʙʘʣʴʥʠʡ ʬʘʢʪʦʨ ʪʨʘʥʩʣʦʢʘʮʽʾ ʙʫʚ ʙʽʣʴʰʠʡ 

ʙʽʣʴʰ ʥʽʞ ʥʘ ʧʦʨʷʜʦʢ ʟʘ ʬʘʢʪʦʨ ʪʨʘʥʩʣʦʢʘʮʽʾ ʚ ʙʦʙʠ.  ʊʘʢʠʤ ʯʠʥʦʤ,  Pu ʛʦʣʦ-

ʚʥʠʤ ʯʠʥʦʤ ʨʦʟʧʦʜʷʣʻʪʴʩʷ ʫ ʣʠʩʪʷʭ. ʌʘʢʪʦʨ ʪʨʘʥʩʣʦʢʘʮʽʾ Am ʚ ʙʦʙʠ ʤʘʻ ʚʝ-

ʣʠʯʠʥʫ ʪʘʢʦʛʦ  ʞ ʧʦʨʷʜʢʫ, ʱʦ ʽ Sr ʽ ʥʘ ʜʚʘ ʧʦʨʷʜʢʠ ʤʝʥʰʫ ʥʽʞ ʫ ʚʠʧʘʜʢʫ  Cs. 



 

ʊʘʢʠʤ ʯʠʥʦʤ ʨʫʭʦʤʽʩʪʴ Am ʤʦʞʥʘ ʘʜʝʢʚʘʪʥʦ ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʷʢ "Sr-

ʧʦʜʽʙʥʠʡ". ɺʝʣʠʯʠʥʠ ʨʫʭʦʤʦʩʪʽ ʜʣʷ  Pu ʚ ʣʠʩʪʷ ʽ ʙʦʙʠ ʨʦʟʨʽʟʥʷʶʪʴʩʷ ʧʨʠʙʣʠ-

ʟʥʦ ʥʘ ʜʚʘ ʧʦʨʷʜʢʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʥʘʯʝʥʥʷ ʛʣʦʙʘʣʴʥʦʛʦ ʬʘʢʪʦʨʫ ʪʨʘʥʩʣʦʢʘ-

ʮʽʾ ʙʣʠʟʴʢʝ ʜʦ ʟʥʘʯʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʛʦ Sr ʽ Am, ʘ ʟʥʘʯʝʥʥʷ ʬʘʢʪʦʨʘ ʪʨʘʥʩʣʦʢʘ-

ʮʽʾ ʚ ʙʦʙʠ ʥʘ ʜʚʘ ʧʦʨʷʜʢʠ ʤʝʥʰʝ.  

 

 

ʊʘʙʣʠʮʷ 4.6. ʂʦʝʬʽʮʽʻʥʪ ʪʨʘʥʩʣʦʢʘʮʽʾ (ʤ2/ʢʛ) 

ʅʫ-

ʢʣʽʜ 
ʋʨʦʞʘʡ 

ʏʘʩ ʜʦ ʟʙʠʨʘʥʥʷ ʫʨʦʞʘʶ (ʜʥʽ) 

0 10 20 40 60 90 

Be ʗʯʤʽʥʴ - - 6 10-2 4 10-3 4 10-4 8 10-7 

Na ʗʯʤʽʥʴ - - 1 10-1 5 10-2 7 10-3 3 10-4 

Cr ʗʯʤʽʥʴ 5 10-2 - -    

Mn ɺʠʨʦʙʠ ʽʟ 

ʧʦʜʨʽʙʥʝ-

ʥʦʛʦ  ʟʝʨʥʘ 

1 10-2 4 10-2 9 10-2    

Fe ɺʠʨʦʙʠ ʽʟ 

ʧʦʜʨʽʙʥʝ-

ʥʦʛʦ  ʟʝʨʥʘ 

1 10-2 2 10-2 3 10-2    

Co ɺʠʨʦʙʠ ʽʟ 

ʧʦʜʨʽʙʥʝ-

ʥʦʛʦ  ʟʝʨʥʘ 

3 10-2 3 10-2 5 10-2    

Zn ʗʯʤʽʥʴ 5 10-2 - -    

Sr 

ɺʠʨʦʙʠ ʽʟ 

ʧʦʜʨʽʙʥʝ-

ʥʦʛʦ  ʟʝʨʥʘ 

2 10-2 4 10-2 6 10-2   

 

Ru 

ɺʠʨʦʙʠ ʽʟ 

ʧʦʜʨʽʙʥʝ-

ʥʦʛʦ  ʟʝʨʥʘ 

 510-2 4 10-2   

 

Cd ʗʯʤʽʥʴ - - - 5 10-2   

Sb 

ɺʠʨʦʙʠ ʽʟ 

ʧʦʜʨʽʙʥʝ-

ʥʦʛʦ  ʟʝʨʥʘ 

 8 10-2 8 10-2   

 

Cs ʇʰʝʥʠʮʷ  5 10-2 2 10-1    

Cs ʗʯʤʽʥʴ  7 10-2 9 10-2    

Cs 
ʂʘʨʪʦʧʣʷ ʪʘ 

ʤʦʨʢʚʘ 
1 10-2 1 10-2 1 10-2   

 

Cs ɿʝʣʝʥʽ ʙʦʙʠ - 5 10-2 6 10-2    



 

Ba ʗʯʤʽʥʴ - - 5 10-2    

Hg ʗʯʤʽʥʴ 6 10-2 - -    

Pb ʗʯʤʽʥʴ 5 10-2 - -    

 

ʆʪʞʝ, ʟʛʽʜʥʦ ʥʘʚʝʜʝʥʠʭ ʜʘʥʠʭ, ʘʤʝʨʠʮʽʡ ʽ ʩʪʨʦʥʮʽʡ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʜʦ 

ʢʣʘʩʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʽʟ çʩʝʨʝʜʥʴʦʶ ʨʫʭʦʤʽʩʪʶè, ʘ ʧʣʫʪʦʥʽʡ ʜʦ ʢʣʘʩʫ çʤʘʣʦʨʫ-

ʭʦʤʠʭ. 

 

 

 

 

 



 

ʈʦʟʜʽʣ 5. ʄʽʛʨʘʮʽʷ ʧʦʣʶʪʘʥʪʽʚ ʫ ʩʠʩʪʝʤʽ ˇʨʫʥʪ - ʨʦʩʣʠʥʘ 

 

5.1. ʇʦʥʷʪʪʷ ʧʨʦ ʤʽʛʨʘʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʫ ˇʨʫʥʪʽ  

ɸʢʪʫʘʣʴʥʠʤ ʧʠʪʘʥʥʷʤ ʻ ʢʦʥʪʨʦʣʴ ʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʽʚ ʨʽʟʥʠʤʠ ʭʽʤʽʯ-

ʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʽ ʚʘʞʢʠʤʠ ʤʝʪʘʣʘʤʠ. ʋ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʧʨʠʚʦ-

ʜʠʪʴʩʷ ʧʨʠʢʣʘʜ ʥʘʙʣʠʞʝʥʦʾ ʦʮʽʥʢʠ ʨʦʟʤʽʨʽʚ ʟʦʥʠ ʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʽʚ ʚʘʞ-

ʢʠʤʠ ʤʝʪʘʣʘʤʠ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ɹ.ʂ. ɹʣʽʥʦʚʠʤ [45]. 

 ʗʢʱʦ ʨʦʟʛʣʷʜʘʪʠ ʪʝʨʤʽʥ ñʟʘʙʨʫʜʥʝʥʥʷò ʷʢ ʟʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ ʷʢʦʛʦʩʴ 

ʭʽʤʽʯʥʦʛʦ ʝʣʝʤʝʥʪʘ, ʘʙʦ ʾʭ ʩʫʢʫʧʥʦʩʪʽ, ʪʦ ʧʦʥʷʪʪʷ ñʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʽʚ ʜʘ-

ʥʠʤ ʧʦʣʶʪʘʥʪʦʤò ï ʮʝ ʟʙʽʣʴʰʝʥʥʷ ʡʦʛʦ ʢʦʥʮʝʥʪʨʘʮʽʾ ʫ ʰʘʨʽ ˇʨʫʥʪʫ. ʆʙʤʝ-

ʞʠʤʦʩʷ ʨʦʟʛʣʷʜʦʤ ʚʝʨʭʥʴʦʛʦ ʰʘʨʫ ˇʨʫʥʪʫ, ʚ ʷʢʦʤʫ ʨʦʟʤʽʱʫʻʪʴʩʷ ʢʦʨʝʥʝʚʘ 

ʩʠʩʪʝʤʘ ʨʦʩʣʠʥ. ʎʝʡ ʰʘʨ ˇʨʫʥʪʫ ʤʦʞʝ ʙʫʪʠ ʜʞʝʨʝʣʦʤ ʟʘʙʨʫʜʥʝʥʥʷ ʩʽʣʴʩʴʢʦ-

ʛʦʩʧʦʜʘʨʩʴʢʦʾ ʧʨʦʜʫʢʮʽʾ, ʘ ʪʘʢʦʞ ʚʪʦʨʠʥʥʠʤ ʜʞʝʨʝʣʦʤ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ. 

ʅʘ ʧʦʚʝʨʭʥʝʚʠʡ ʰʘʨ ʧʦʩʪʽʡʥʦ ʥʘʜʭʦʜʷʪʴ ʟʘʙʨʫʜʥʶʚʘʯʽ ʚʽʜ ʨʽʟʥʠʭ ʜʞʝʨʝʣ. ʎʽ 

ʟʘʙʨʫʜʥʶʚʘʯʽ ʚʢʣʶʯʘʶʪʴʩʷ ʫ ʨʽʟʥʽ ʙʽʦʛʝʦʭʽʤʽʯʥʽ ʧʨʦʮʝʩʠ ʤʽʛʨʘʮʽʾ, ʷʢʽ ʚʠʟʥʘ-

ʯʘʶʪʴʩʷ ʧʨʠʨʦʜʦʶ ʧʦʣʶʪʘʥʪʘ ʽ ʚʠʥʦʩʷʪʴʩʷ ʽʟ ʰʘʨʫ ˇʨʫʥʪʫ, ʷʢʠʡ ʨʦʟʛʣʷʜʘʻʪʴ-

ʩʷ. ɺʤʽʩʪ ʭʽʤʽʯʥʦʛʦ ʝʣʝʤʝʥʪʘ ʫ ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ ʫ ʙʫʜʴ ï ʷʢʠʡ ʤʦʤʝʥʪ ʯʘʩʫ 

t ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʷʢ ʬʫʥʢʮʽʶ ʨʷʜʫ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʤʽʛʨʘ-

ʮʽʶ ʝʣʝʤʝʥʪʘ:  

 

),...,,,t(CC n21t aaa=                                                                        (5.1) 

 

ʜʝ a1 ð ʧʘʨʘʤʝʪʨ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻ ʤʽʛʨʘʮʽʶ ʝʣʝʤʝʥʪʘ, ʱʦ ʨʦʟʛʣʷʜʘ-

ʻʪʴʩʷ, ʥʘ ʛʨʘʥʠʮʽ ˇʨʫʥʪʫ ʽʟ ʩʫʩʽʜʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ.  

ʋ ʧʝʨʰʦʤʫ ʥʘʙʣʠʞʝʥʥʽ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʧôʷʪʴ ʦʩʥʦʚʥʠʭ ʧʨʦʮʝʩʽʚ, ʷʢʽ 

ʚʠʟʥʘʯʘʶʪʴ ʤʽʛʨʘʮʽʶ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ:  

ʥʘʜʭʦʜʞʝʥʥʷ ʝʣʝʤʝʥʪʘ ʥʘ ʧʦʚʝʨʭʥʶ ˇʨʫʥʪʫ;  

ʚʠʥʦʩ ʽʟ ʧʦʚʝʨʭʥʝʚʠʤ ʚʦʜʥʠʤ ʩʪʦʢʦʤ;  

ʤʽʛʨʘʮʽʷ ʫ ʛʣʠʙʦʢʽ ʰʘʨʠ ˇʨʫʥʪʫ;  

ʚʽʜʯʫʞʝʥʥʷ ʽʟ ʫʨʦʞʘʻʤ;  

ʚʠʧʘʨʦʚʫʚʘʥʥʷ.  

ʄʘʶʯʠ ʥʘ ʫʚʘʟʽ ʮʽ ʧʨʦʮʝʩʠ, ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʟʤʽʥʫ ʟʘʧʘʩʫ ʝʣʝʤʝʥʪʘ ʫ 

ˇʨʫʥʪʦʚʦʤʫ ʰʘʨʽ ʥʘ ʦʜʠʥʠʮʽ ʧʣʦʱʽ ʟʘ ʧʨʦʤʽʞʦʢ ʯʘʩʫ dt ʫ ʚʠʛʣʷʜʽ:   

 

dM-dF-dR-dV-dW dU=                                          (5.2) 

 



 

ʜʝ dU ð ʟʤʽʥʘ ʟʘʧʘʩʫ ʽʥʛʨʝʜʽʻʥʪʘ ʫ ʰʘʨʽ ˇʨʫʥʪʫ ʟʘ ʯʘʩ dt ʥʘ ʦʜʠʥʠʮʽ 

ʧʣʦʱʽ; dW ð ʥʘʜʭʦʜʞʝʥʥʷ ʽʥʛʨʝʜʽʻʥʪʘ ʥʘ ʝʣʝʤʝʥʪʘʨʥʫ ʧʣʦʱʫ ʟʘ ʯʘʩ  dt; dV 

ð ʚʠʥʝʩʝʥʥʷ ʽʥʛʨʝʜʽʻʥʪʘ ʽʟ ʰʘʨʫ ˇʨʫʥʪʫ ʚʦʜʥʠʤ ʩʪʦʢʦʤ; dR ð ʚʠʥʝʩʝʥʥʷ ʚ 

ʨʦʩʣʠʥʠ ʽ ʚʽʜʯʫʞʝʥʥʷ ʟ ʫʨʦʞʘʻʤ; dF ð ʚʠʧʘʨʦʚʫʚʘʥʥʷ; dM ð ʚʠʥʝʩʝʥʥʷ ʫ 

ʙʽʣʴʰ ʛʣʠʙʦʢʽ ʰʘʨʠ ˇʨʫʥʪʫ.  

ʆʯʝʚʠʜʥʦ, ʱʦ ʧʨʦ ʟʘʙʨʫʜʥʝʥʥʷ ʤʦʞʥʘ ʛʦʚʦʨʠʪʠ ʢʦʣʠ ʥʘʜʭʦʜʞʝʥʥʷ 

ʝʣʝʤʝʥʪʘ ʙʫʜʝ ʙʽʣʴʰʠʤ ʟʘ ʡʦʛʦ ʚʠʥʝʩʝʥʥʷ: 

 

dMdFdRdVdW +++>                                                    (5.3) 

 

ɿʨʫʯʥʦ ʦʧʝʨʫʚʘʪʠ ʥʝ ʘʙʩʦʣʶʪʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʢʦʤʧʦʥʝʥʪʽʚ ʤʽʛʨʘʮʽʾ, ʘ 

ʟ ʾʭ ʚʽʜʥʦʰʝʥʥʷʤ ʜʦ ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʬʦʥʦʚʦʛʦ ʨʽʚʥʷ Uʌ  ʟʘʙʨʫʜʥʝʥʥʷ ʢʦʨʝʥʝ-

ʚʦʛʦ ʰʘʨʫ ˇʨʫʥʪʫ ʜʘʥʠʤ ʝʣʝʤʝʥʪʦʤ: 

 

dW

dM
d  ,

U

dF
f  ,

U

dR
r   ,

U

dV
v ====

FFF  
 

v, r, f ʠ d ð ʧʘʨʘʤʝʪʨʠ, ʷʢʽ  ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʯʘʩʪʠʥʫ ʟʘʧʘʩʫ ʝʣʝʤʝʥʪʘ, 

ʱʦ ʚʠʥʦʩʠʪʴʩʷ, ʚʽʜʧʦʚʽʜʥʦ, ʚʦʜʥʠʤ ʩʪʦʢʦʤ, ʫʨʦʞʘʻʤ, ʚʠʧʘʨʦʚʫʚʘʥʥʷʤ ʪʘ ˇʨʫ-

ʥʪʦʚʠʤʠ ʧʨʦʮʝʩʘʤʠ ʤʽʛʨʘʮʽʾ. 

 

ʆʪʞʝ, ʫʤʦʚʫ ʟʘʙʨʫʜʥʝʥʦʩʪʽ ˇʨʫʥʪʫ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ:   

 

FU

dW
)d1(frv -<++                                               (5.4) 

 

ɺʢʘʟʘʥʽ ʪʫʪ ʦʩʥʦʚʥʽ ʝʣʝʤʝʥʪʠ ʙʘʣʘʥʩʫ ʨʝʯʦʚʠʥʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʛʨʫʥʪʦʚʦ 

ï ʢʣʽʤʘʪʠʯʥʠʤʠ ʫʤʦʚʘʤʠ ʽ ʾʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʚʠʟʥʘʯʝʥʥʷ ʜʦʟʚʦʣʷʶʪʴ ʦʮʽ-

ʥʶʚʘʪʠ ʟʦʥʫ ʪʝʭʥʦʛʝʥʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ [45].  

ʈʦʟʛʣʷʥʝʤʦ ʚʠʧʘʜʦʢ ʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʫ ʘʪʤʦʩʬʝʨʥʠʤʠ ʚʠʢʠʜʘʤʠ ʧʨʦ-

ʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʟʘʣʝʞʥʦʩʪʽ 

ʨʽʚʥʷ ʟʘʙʨʫʜʥʝʥʦʩʪʽ ʚʽʜ ʚʽʜʜʘʣʽ ʜʦ ʜʞʝʨʝʣʘ ʚʠʢʠʜʽʚ, ʷʢʽ ʦʪʨʠʤʘʥʽ ʫ ʧʦʧʝʨʝʜ-

ʥʴʦʤʫ ʨʦʟʜʽʣʽ. ʇʨʦʪʝ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʙʽʣʴʰ ʧʨʦʩʪʫ ʘʧʨʦʢʩʠʤʘʮʽʶ ʟʘ-

ʣʝʞʥʦʩʪʽ ʛʫʩʪʠʥʠ ʧʦʪʦʢʫ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘ ʧʽʜʩʪʠʣʘʶʯʫ ʧʦʚʝʨʭʥʶ ʚʽʜ ʚʽʜʜʘʣʽ ʭ 

ʜʦ ʜʞʝʨʝʣʘ, ʘ ʩʘʤʝ:  

 

dtPdtePdW kx
0 F+= -

                                                            (5.5) 

 



 

ʜʝ k ð ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʧʨʷʤʢʫ ʪʘ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ;  P0 

ð ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʛʫʩʪʠʥʠ ʧʦʪʦʢʫ ʝʣʝʤʝʥʪʘ ʚ ʨʘʡʦʥʽ ʜʞʝʨʝʣʘ; ʈʌ ð 

ʬʦʥʦʚʠʡ ʨʽʚʝʥʴ ʧʦʪʦʢʫ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʚʽʜʜʘʣʽ ʚʽʜ ʜʞʝʨʝʣʘ, ʥʘ ʷʢʽʡ ʙʫʜʝ ʚʽʜʙʫʚʘʪʠʩʷ ʟʘʙʨʫʜ-

ʥʝʥʥʷ, ʦʪʨʠʤʫʻʤʦ:  

 

)d1(tP)fvr(hC

dtP
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k
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<
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                          (5.6) 

 

ʜʝ h ð ʪʦʚʱʠʥʘ ʢʦʨʝʥʝʚʦʛʦ ʰʘʨʫ ˇʨʫʥʪʫ, ʉʬ ð ʨʝʛʽʦʥʘʣʴʥʘ ʬʦʥʦʚʘ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʝʣʝʤʝʥʪʘ ʫ ˇʨʫʥʪʽ, r ð ʦʙôʻʤʥʘ ʛʫʩʪʠʥʘ ˇʨʫʥʪʫ. 

ɼʣʷ ʧʨʠʢʣʘʜʫ ,ʫ ʪʘʙʣʠʮʽ 5.1.1. ʧʨʠʚʝʜʝʥʽ ʧʘʨʘʤʝʪʨʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ 

ʤʽʛʨʘʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ ʜʝʷʢʠʭ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚ ʦʨʥʠʭ ʜʝʨʥʦʚʦ ï ʧʽʜʟʦʣʠʩ-

ʪʠʭ ˇʨʫʥʪʘʭ ʇʽʜʤʦʩʢʦʚôʷ. 

ʋ ʧʝʨʰʦʤʫ ʥʘʙʣʠʞʝʥʥʽ, ʚ ʨʘʤʢʘʭ ʦʜʥʦʛʦ ʽ ʪʦʛʦ ʞ ʛʨʫʥʪʦʚʦ ï ʢʣʽʤʘʪʠʯ-

ʥʦʛʦ ʨʝʛʽʦʥʫ ʧʘʨʘʤʝʪʨʠ ʉʬ, r, v, f ʽ d ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʟʘʜʘʥʠʤʠ ʽ ʧʦʩʪʽʡʥʠʤʠ. 

ʊʦʜʽ ʨʦʟʤʽʨʠ ʟʦʥʠ ʟʘʙʨʫʜʥʝʥʥʷ ʙʫʜʫʪʴ ʟʘʣʝʞʘʪʠ ʣʠʰʝ ʚʽʜ ʤʘʢʩʠʤʘʣʴʥʦʾ ʛʫʩ-

ʪʠʥʠ ʧʦʪʦʢʫ ʝʣʝʤʝʥʪʫ ʥʘ ʧʦʚʝʨʭʥʶ, ʪʦʙʪʦ ʚʽʜ ʘʪʤʦʩʬʝʨʥʠʭ ʚʠʢʠʜʽʚ. 

 

ʊʘʙʣ. 5.1  ɿʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʤʽʛʨʘʮʽʾ ʜʣʷ ʚʠʧʘʜʢʫ ʦʨʥʠʭ ʜʝʨʥʦʚʦ ï 

ʧʽʜʟʦʣʠʩʪʠʭ ʩʝʨʝʜʥʴʦ ï ʩʫʛʣʠʥʠʩʪʠʭ ˇʨʫʥʪʽʚ, ʭʘʨʘʢʪʝʨʥʠʭ ʜʣʷ ʇʽʜʤʦʩʢʦʚôʷ 

[45]. 

ɽʣʝʤʝʥʪ 
ʉʌ, ʤʣʥ-

1 

ʇʘʨʘʤʝʪʨ 

v r f d 

ʈʪʫʪʴ 0,05 0,040 0,005 0,60 0,06 

ʂʘʜʤʽʡ 0,50 0,035 0,004 - 0,35 

ʉʚʠʥʝʮʴ 22 0,010 0,004 - 0,20 

 



 

5.2. ʇʦʚʝʜʽʥʢʘ ʧʦʣʶʪʘʥʪʽʚ  ʫ ˇʨʫʥʪʽ 

ʅʝʟʘʣʝʞʥʦ ʚʽʜ ʪʦʛʦ, ʜʝ ʟôʷʚʠʣʠʩʴ ʧʦʣʶʪʘʥʪʠ ï ʚ ʧʨʽʩʥʦʚʦʜʥʽʡ ʝʢʦʩʠʩ-

ʪʝʤʽ ʯʠ ʥʘ ʚʝʛʝʪʘʪʠʚʥʽʡ ʧʦʚʝʨʭʥʽ ʨʦʩʣʠʥ, ʙʽʣʴʰʘ ʯʘʩʪʠʥʘ ʧʦʣʶʪʘʥʪʽʚ ʙʫʜʝ, 

ʨʘʥʦ ʯʠ ʧʽʟʥʦ, ʟʥʘʭʦʜʠʪʠʩʴ ʫ ˇʨʫʥʪʽ. ʎʠʤ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʥʘʯʝʥʥʷ ʜʦʩʣʽ-

ʜʞʝʥʴ ʚʟʘʻʤʦʜʽʾ ʧʦʣʶʪʘʥʪʽʚ ʽʟ ˇʨʫʥʪʦʚʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʾʭ ʨʦʟʧʦʜʽʣʫ ʤʽʞ 

ʪʚʝʨʜʦʶ ʪʘ ʨʽʜʢʦʶ ʬʘʟʘʤʠ ˇʨʫʥʪʫ. ɺ ʢʽʥʮʝʚʦʤʫ ʨʘʭʫʥʢʫ ʩʘʤʝ ʮʽ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʡ ʚʠʟʥʘʯʘʶʪʴ ʡʤʦʚʽʨʥʽʩʪʴ ʥʘʜʭʦʜʞʝʥʥʷ ʧʦʣʶʪʘʥʪʽʚ ʽʟ ˇʨʫʥʪʫ ʚ ʨʦʩ-

ʣʠʥʠ. 

ɼʣʷ ʨʝʘʣʽʩʪʠʯʥʠʭ ʦʮʽʥʦʢ ʥʘʩʣʽʜʢʽʚ ʜʦʚʛʦʪʨʠʚʘʣʦʛʦ ʧʝʨʝʙʫʚʘʥʥʷ ʚ ʥʘ-

ʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʧʦʣʶʪʘʥʪʽʚ ʥʝʦʙʭʽʜʥʦ ʦʮʽʥʠʪʠ ʰʚʠʜʢʽʩʪʴ ʾʭ ʤʽʛ-

ʨʘʮʽʾ ʫ ˇʨʫʥʪʽ ʪʘ ʡʤʦʚʽʨʥʽʩʪʴ ʧʝʨʝʭʦʜʫ ʫ ʽʥʰʽ ʢʦʤʧʦʥʝʥʪʠ ʝʢʦʩʠʩʪʝʤʠ. 

ʏʦʨʥʦʙʠʣʴʩʴʢʘ ʘʚʘʨʽʷ, ʷʢʘ ʧʨʠʟʚʝʣʘ ʜʦ ʟʥʘʯʥʦʛʦ ʚʠʢʠʜʫ ʨʘʜʽʦʘʢʪʠʚ-

ʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʫ ʘʪʤʦʩʬʝʨʫ, ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʘ, ʥʘʩʢʽʣʴʢʠ ʚʝʣʠʢʽ ʦʙʣʘʩʪʽ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʙʨʫʜʥʝʥʽ ʜʝʧʦʥʫʚʘʥʥʷʤ ʨʘʜʽʦʘ-

ʢʪʠʚʥʦʩʪʽ. ʋ ʪʘʢʽʡ ʩʠʪʫʘʮʽʾ, ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʪʘ ʤʝʥʝʜʞʤʝʥʪ ʟʘʙʨʫʜʥʝʥʠ-

ʤʠ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʤʠ ʪʝʨʠʪʦʨʽʷʤʠ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʥʘʰʦʾ 

ʟʜʘʪʥʦʩʪʽ ʧʝʨʝʜʙʘʯʠʪʠ, ʷʢ, ʽ ʚ ʷʢʽʡ ʤʽʨʽ, ʚʠʭʽʜʥʝ ʟʘʙʨʫʜʥʝʥʥʷ ʤʦʞʝ ʧʨʠʟʚʦ-

ʜʠʪʠ ʜʦ ʟʘʙʨʫʜʥʝʥʥʷ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ. ʂʨʽʤ ʪʦʛʦ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʦʜʝʣʝʡ 

ʧʨʦʛʥʦʟʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʝʤ ʥʘʰʦʛʦ ʨʦʟʫʤʽʥʥʷ ʤʝʭʘʥʽʟʤʽʚ, ʱʦ ʫʧʨʘʚʣʷ-

ʶʪʴ ʧʝʨʝʭʦʜʦʤ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ ʫ ʩʠʩʪʝʤʽ ˇʨʫʥʪïʨʦʩʣʠʥʘ. 

ɹʘʛʘʪʦ ʦʙʩʪʘʚʠʥ ʫʩʢʣʘʜʥʶʶʪʴ ʽʜʝʥʪʠʬʽʢʘʮʽʶ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʭ ʧʘ-

ʨʘʤʝʪʨʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʧʝʨʝʭʦʜʠ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʽʟ ˇʨʫʥʪʫ ʚ ʨʦʩ-

ʣʠʥʠ, ʽ, ʪʘʢʠʤ ʯʠʥʦʤ, ʚʠʢʦʥʘʥʥʷ ʧʨʦʛʥʦʟʫ. ɿʦʢʨʝʤʘ, ʚʽʜʦʤʽ ʬʘʢʪʦʨʠ ʧʝʨʝ-

ʥʦʩʫ, ʱʦ ʬʽʛʫʨʫʶʪʴ ʫ ʧʨʦʛʥʦʩʪʠʯʥʠʭ ʤʦʜʝʣʷʭ, ʧʽʜʣʷʛʘʶʪʴ ʙʘʛʘʪʴʦʤ ʟʤʽ-

ʥʘʤ, ʧʨʠʨʦʜʘ ʷʢʠʭ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʟʨʦʟʫʤʽʣʦʶ, ʦʩʢʽʣʴʢʠ ʪʝʦʨʽʷ ʧʨʦʮʝʩʽʚ 

ʚʟʘʻʤʦʜʽʾ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʽʟ ˇʨʫʥʪʦʚʠʤʠ ʯʘʩʪʠʥʢʘʤʠ, ʤʽʛʨʘʮʽʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ 

ˇʨʫʥʪʽ, ʷʢ ʩʠʣʴʥʦ ʥʝʦʜʥʦʨʽʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʽ, ʥʘʨʝʰʪʽ, ʪʝʦʨʽʷ ʧʨʦʥʠʢʥʝʥ-

ʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʯʝʨʝʟ ʢʣʽʪʢʦʚʽ ʤʝʤʙʨʘʥʠ ʫ ʚʥʫʪʨʽʰʥʽ ʪʢʘʥʠʥʠ ʨʦʩʣʠʥ, ʫ 

ʙʘʛʘʪʦ ʯʦʤʫ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʥʠʟʴʢʦʤʫ ʨʽʚʥʽ ʨʦʟʚʠʪʢʫ.   

ʉʠʪʫʘʮʽʷ ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʧʨʠ ʝʢʦʣʦʛʽʯʥʦʤʫ ʤʦʥʽʪʦʨʠʥʛʫ, ʟ 

ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʨʠʟʠʢʫ ʧʨʦʞʠʚʘʥʥʷ ʥʘʩʝʣʝʥʥʷ ʥʘ ʟʘʙʨʫʜʥʝʥʽʡ ʪʝʨʠʪʦʨʽʾ, 

ʟʘ ʟʚʠʯʘʡ, ʚʠʤʽʨʶʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪ ʥʘʢʦʧʠʯʝʥʥʷ Tr, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ 

ʚʽʜʥʦʰʝʥʥʷ ʧʠʪʦʤʦʛʦ ʚʤʽʩʪʫ, ʥʘʧʨʠʢʣʘʜ, ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʩʫʭʽʡ ʙʽʦʤʘʩʽ ʨʦ-

ʩʣʠʥʠ (ɹʢ/ʢʛ) ʜʦ ʧʠʪʦʤʦʛʦ ʚʤʽʩʪʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʩʫʭʽʡ ʤʘʩʽ ˇʨʫʥʪʫ (ɹʢ/ʢʛ), 

ʘʙʦ ʞ ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʭʦʜʫ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʛʫʩʪʠʥʠ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʫ (ɹʢ/ʤ2). ɺ ʪʦʡ ʞʝ ʯʘʩ, ʫ ʜʠʥʘʤʽʯʥʠʭ ʤʘ-

ʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʷʭ, ʱʦ ʥʘʡʙʽʣʴʰ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʦʮʽʥʢʠ ʽ 

ʧʨʦʛʥʦʟʫ ʨʘʜʽʦʝʢʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘʮʽʾ ʥʘ ʟʘʙʨʫʜʥʝʥʽʡ ʪʝʨʠʪʦʨʽʾ, ʘ ʪʘʢʦʞ ʜʣʷ 



 

ʤʦʜʝʣʶʚʘʥʥʷ ʤʽʛʨʘʮʽʾ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʭʘʨʯʦʚʠʤʠ ʣʘʥʮʶʛʘʤʠ, ʚʠʢʦʨʠʩʪʦʚʫ-

ʻʪʴʩʷ ʰʚʠʜʢʽʩʪʴ ʧʦʛʣʠʥʘʥʥʷ (ʚʽʨʥʽʰʝ, ʡʤʦʚʽʨʥʽʩʪʴ ʧʦʛʣʠʥʘʥʥʷ ʟʘ ʦʜʠʥʠʮʶ 

ʯʘʩʫ) ʨʦʩʣʠʥʦʶ ʨʘʜʽʦʥʫʢʣʽʜʽʚ k. ʎʷ ʚʝʣʠʯʠʥʘ ʤʘʻ ʨʦʟʤʽʨʥʽʩʪʴ 1/ʯʘʩ. ʅʘ-

ʧʨʠʢʣʘʜ, ʨʽʚʥʷʥʥʷ ʥʘʜʭʦʜʞʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʨʦʩʣʠʥʫ ʟʘʧʠʩʫʻʪʴʩʷ ʫ ʚʠ-

ʛʣʷʜʽ 
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ʜʝ Qp ʽ  Qss ï ʚʤʽʩʪ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʨʦʩʣʠʥʽ ʪʘ ˇʨʫʥʪʦʚʦʤʫ ʨʦʟʯʠʥʽ ʚʽʜ-

ʧʦʚʽʜʥʦ, l ï ʰʚʠʜʢʽʩʪʴ ʥʘʜʭʦʜʞʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʽʟ ʟʦʚʥʽ, ʥʘʧʨʠʢʣʘʜ, ʽʟ 

ʘʪʤʦʩʬʝʨʠ, ʘ c ï ʰʚʠʜʢʽʩʪʴ ʟʚʦʨʦʪʥʦʛʦ ʚʠʭʦʜʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʽʟ ʨʦʩʣʠʥʠ 

ʚʥʘʩʣʽʜʦʢ ʚʠʤʠʚʘʥʥʷ ʘʪʤʦʩʬʝʨʥʠʤʠ ʦʧʘʜʘʤʠ, ʢʦʨʝʥʝʚʠʭ ʚʠʜʽʣʝʥʴ ʽ ʪ.ʜ. 

ɺʝʣʠʯʠʥʘ k ʤʘʻ ʟʨʦʟʫʤʽʣʫ ʬʽʟʠʯʥʫ ʽʥʪʝʨʧʨʝʪʘʮʽʶ ï ʮʝ ʰʚʠʜʢʽʩʪʴ ʧʦ-

ʪʦʢʫ ʯʘʩʪʠʥʦʢ ʯʝʨʝʟ ʧʦʚʝʨʭʥʶ ʢʦʨʝʥʝʚʦʾ ʩʠʩʪʝʤʠ ʨʦʩʣʠʥʠ. ɺʦʥʘ ʤʦʞʝ ʙʫʪʠ 

ʨʦʟʨʘʭʦʚʘʥʘ ʧʦ ʘʥʘʣʦʛʽʾ ʽʟ ʭʽʤʽʯʥʠʤʠ ʨʝʘʢʮʽʷʤʠ ʚ ʢʦʥʜʝʥʩʦʚʘʥʦʤʫ ʩʝʨʝʜʦ-

ʚʠʱʽ, ʪʝʦʨʽʷ ʷʢʠʭ ʥʘ ʩʴʦʛʦʜʥʽ ʜʦʩʠʪʴ ʜʦʙʨʝ ʨʦʟʨʦʙʣʝʥʘ. ʆʜʥʘʢ, ʙʝʟʧʦʩʝʨʝ-

ʜʥʻ ʚʠʤʽʨʶʚʘʥʥʷ ʮʽʻʾ ʚʝʣʠʯʠʥʠ ʜʦʩʠʪʴ ʫʩʢʣʘʜʥʝʥʝ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʚʝʣʠʯʠ-

ʥʘ Tr ʣʝʛʢʦ ʚʠʤʽʨʶʻʪʴʩʷ, ʘʣʝ ʥʝ ʤʘʻ ʯʽʪʢʦʾ ʬʽʟʠʯʥʦʾ ʽʥʪʝʨʧʨʝʪʘʮʽʾ. ɼʽʡʩʥʦ, 

ʚʠʟʥʘʯʝʥʥʷ Tr ʚʢʣʶʯʘʻ ʜʦ ʨʦʟʛʣʷʜʫ ʚʤʽʩʪ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʪʚʝʨʜʽʡ ʬʘʟʽ ˇʨʫʥ-

ʪʫ, ʷʢ ʚ ʦʙʤʽʥʥʽʡ, ʪʘʢ ʽ ʫ ʬʽʢʩʦʚʘʥʽʡ ʬʦʨʤʘʭ, ʫ ʪʦʡ ʯʘʩ, ʷʢ ʭʽʤʽʯʥʽ ʝʣʝʤʝʥʪʠ, 

ʱʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʟʘʻʤʦʜʽʶʪʴ ʽʟ ʢʦʨʝʥʝʚʦʶ ʩʠʩʪʝʤʦʶ, ʟʥʘʭʦʜʷʪʴʩʷ ʫ ˇʨʫ-

ʥʪʦʚʦʤʫ ʨʦʟʯʠʥʽ. ɽʬʝʢʪʠʚʥʠʡ ʭʘʨʘʢʪʝʨ ʚʝʣʠʯʠʥʠ Tr ʫʩʢʣʘʜʥʶʻ ʽʥʪʝʨʧʨʝʪʘ-

ʮʽʶ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʚʽʜ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ˇʨʫʥʪʫ, ʚʽʜ ʟʦʚʥʽʰʥʽʭ ʫʤʦʚ ʽ ʪ.ʜ. ʋ ʪʦʡ ʞʝ ʯʘʩ, ʽʟ ʤʝʪʦʶ ʨʦʟʚʠʪʢʫ ʤʘʪʝʤʘ-

ʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʘʜʝʢʚʘʪʥʦ ʦʮʽʥʶʚʘʪʠ ʨʠʟʠʢ ʧʨʦʞʠʚʘʥʥʷ 

ʥʘʩʝʣʝʥʥʷ ʥʘ ʟʘʙʨʫʜʥʝʥʽʡ ʨʘʜʽʦʥʫʢʣʽʜʘʤʠ ʪʝʨʠʪʦʨʽʾ, ʩʪʘʥ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʽ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʘʜʽʦʝʢʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘʮʽʾ, ʥʝʦʙʭʽʜʥʦ ʟʥʘ-

ʪʠ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʟʘʣʝʞʥʦʩʪʽ Tr ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʦʧʠʩʫʶʪʴ ʚʣʘʩʪʠʚʦʩʪʽ 

ˇʨʫʥʪʫ, ʘ ʪʘʢʦʞ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʛʽʜʨʦʤʝʪʝʦʫʤʦʚʘʤʠ. ʊʦʤʫ 

ʥʝʦʙʭʽʜʥʦ ʚʩʪʘʥʦʚʠʪʠ ʟʚôʷʟʦʢ ʤʽʞ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʤʽʨʶʚʘʥʦʶ ʚʝʣʠ-

ʯʠʥʦʶ Tr ʽ ʪʝʦʨʝʪʠʯʥʦʶ ʚʝʣʠʯʠʥʦʶ k. 

ʋ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʟôʷʩʦʚʫʶʪʴʩʷ ʜʝʷʢʽ ʙʘʟʦʚʽ ʬʽʟʠʯʥʽ ʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ 

ʧʨʦʮʝʩʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʧʦʪʽʢ ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʚ ʘʛʨʘʨʥʠʭ ʝʢʦʩʠʩʪʝʤʘʭ ï 

ʢʦʨʝʥʝʚʝ ʧʦʛʣʠʥʘʥʥʷ ʪʘ ʚʟʘʻʤʦʜʽʶ ʾʭ ʽʟ ˇʨʫʥʪʦʚʦïʚʙʠʨʥʠʤ ʢʦʤʧʣʝʢʩʦʤ, 

ʱʦʙ ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʜʙʘʯʘʪʠ ʚʧʣʠʚ ʟʘʙʨʫʜʥʝʥʥʷ ʽ ʟʘʩʪʦʩʦʚʫʚʘʪʠ 

ʢʦʥʪʨʟʘʭʦʜʠ, ʥʘʧʨʘʚʣʝʥʽ ʥʘ ʟʤʝʥʰʝʥʥʷ ʥʝʛʘʪʠʚʥʠʭ ʥʘʩʣʽʜʢʽʚ ʥʘʷʚʥʦʩʪʽ ʚ 

ʘʛʨʦʝʢʦʩʠʩʪʝʤʘʭ ʪʘʢʦʛʦ ʚʠʜʫ ʟʘʙʨʫʜʥʝʥʥʷ. 



 

ʆʩʥʦʚʥʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʧʨʦʮʝʩ ʥʘʜʭʦʜʞʝʥʥʷ ʝʣʝʤʝʥ-

ʪʽʚ ʫ ʨʦʩʣʠʥʠ ʻ ʩʢʣʘʜ ˇʨʫʥʪʦʚʦʛʦ ʨʦʟʯʠʥʫ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʚ ʥʴʦʤʫ ʨʽʟʥʠʭ 

ʝʣʝʤʝʥʪʽʚ. ʂʦʥʮʝʥʪʨʘʮʽʷ ʝʣʝʤʝʥʪʽʚ ʫ ʨʦʩʣʠʥʘʭ ʟʘʣʝʞʠʪʴ ʥʝ ʪʽʣʴʢʠ ʚʽʜ ʾʭ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʫ ˇʨʫʥʪʽ ʚ ʮʽʣʦʤʫ, ʘ ʧʝʨʰ ʟʘ ʚʩʝ ʚʽʜ ʨʦʟʧʦʜʽʣʫ ʝʣʝʤʝʥʪʽʚ ʤʽʞ 

ʪʚʝʨʜʦʶ ʪʘ ʨʽʜʢʦʶ ʬʘʟʘʤʠ [46].  

ʈʦʟʚʠʪʦʢ ʬʽʟʠʯʥʠʭ ʪʘ ʙʽʦʬʽʟʠʯʥʠʭ ʤʦʜʝʣʝʡ ʧʝʨʝʭʦʜʫ ʧʦʣʶʪʘʥʪʽʚ ʽ, 

ʚʟʘʛʘʣʽ, ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʽʟ ˇʨʫʥʪʫ ʚ ʨʦʩʣʠʥʠ ʤʘʻ ʷʢ ʩʘʤʦʩʪʽʡʥʝ, ʥʘʫʢʦʚʝ, 

ʟʥʘʯʝʥʥʷ ʪʘʢ ʽ ʧʨʠʢʣʘʜʥʝ: ʌʫʥʢʮʽʦʥʘʣʴʥʽ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʬʽʟʠʢʦïʭʽʤʽʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ˇʨʫʥʪʫ ʪʘ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʟʦʚʥʽʰʥʽ ʫʤʦʚʠ, 

ʱʦ ʤʘʶʪʴ ʙʫʪʠ ʦʪʨʠʤʘʥʽ ʧʨʠ ʪʘʢʦʤʫ ʧʽʜʭʦʜʽ, ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ 

ʤʦʜʝʣʶʚʘʥʥʽ, ʥʘʧʨʠʢʣʘʜ, ʨʽʟʥʠʭ ʢʦʥʪʨʟʘʭʦʜʽʚ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʟʤʝʥʰʝʥʥʷ 

ʩʪʫʧʝʥʷ ʟʘʙʨʫʜʥʝʥʦʩʪʽ ʨʦʩʣʠʥʥʦʾ, ʘ ʚʽʜʪʘʢ, ʽ ʪʚʘʨʠʥʥʠʮʴʢʦʾ ʩʽʣʴʩʴʢʦʛʦʩʧʦ-

ʜʘʨʩʴʢʦʾ ʧʨʦʜʫʢʮʽʾ.  

ɼʝʪʘʣʴʥʦ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʦʜʥʦʚʘʣʝʥʪʥʽ ʝʣʝʤʝʥʪʠ ʮʝʟʽʡ ʽ ʡʦʛʦ ʘʥʘʣʦʛ ï 

ʢʘʣʽʡ, ʘʣʝ ʚʩʽ ʨʝʟʫʣʴʪʘʪʠ ʟ ʪʦʯʥʽʩʪʶ ʜʦ ʧʦʟʥʘʯʝʥʴ ʣʝʛʢʦ ʧʝʨʝʥʦʩʷʪʴʩʷ ʥʘ 

ʚʠʧʘʜʦʢ ʽʥʰʠʭ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

ɺʠʧʘʜʦʢ ʚʟʘʻʤʥʦʛʦ ʚʧʣʠʚʫ ʝʣʝʤʝʥʪʽʚ ʨʽʟʥʦʾ ʚʘʣʝʥʪʥʦʩʪʽ ʨʦʟʛʣʷʜʘʻʪʴ-

ʩʷ ʪʘʢʦʞ ʘʥʘʣʦʛʽʯʥʦ, ʦʜʥʘʢ, ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ, ʦʢʨʽʤ ʫʤʦʚʠ ʟʙʝʨʝʞʝʥʥʷ ʯʠ-

ʩʣʘ ʯʘʩʪʠʥʦʢ, ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʫʤʦʚʠ ʟʙʝʨʝʞʝʥʥʷ ʟʘʨʷʜʫ. ʋ ʚʠʧʘʜʢʫ 

ʦʜʥʘʢʦʚʦʾ ʚʘʣʝʥʪʥʦʩʪʽ ʮʽ ʫʤʦʚʠ ʩʧʽʚʧʘʜʘʶʪʴ. 

 

5.3. ʗʢʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʨʝʭʦʜʫ ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʽʟ  ˇʨʫʥʪʫ ʚ ʨʦʩ-

ʣʠʥʫ  

ɼʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʝʨʝʭʦʜʫ ʧʦʣʶʪʘʥ-

ʪʽʚ ʽʟ ˇʨʫʥʪʫ ʚ ʨʦʩʣʠʥʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʦʥʷʪʪʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʝʨʝʭʦʜʫ. ɺ 

ʦʩʥʦʚʽ ʡʦʛʦ ʣʝʞʠʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʚʠʟʥʘʯʝʥʥʷ ʚʽʜʥʦʰʝʥʥʷ ʧʠʪʦʤʦʛʦ ʟʘ-

ʙʨʫʜʥʝʥʥʷ ʨʦʩʣʠʥʥʠʮʴʢʦʾ ʧʨʦʜʫʢʮʽʾ ʜʦ ʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʫ ʽ ʥʘʩʪʫʧʥʦʛʦ ʚʠ-

ʢʦʨʠʩʪʘʥʥʷ  ʡʦʛʦ, ʚ ʧʨʦʛʥʦʩʪʠʯʥʠʭ ʮʽʣʷʭ, ʷʢ ʢʦʝʬʽʮʽʻʥʪʘ ʧʨʦʧʦʨʮʽʦʥʘʣʴʥʦʩʪʽ 

ʤʽʞ ʟʘʙʨʫʜʥʝʥʥʷʤ ʨʦʩʣʠʥ ʪʘ ˇʨʫʥʪʫ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʘʩʪʦʩʦʚʘʥʦʾ ʤʝʪʦʜʠʢʠ 

ʚʠʤʽʨʶʚʘʥʴ ʩʪʫʧʝʥʷ ʟʘʙʨʫʜʥʝʥʦʩʪʽ ˇʨʫʥʪʫ, ʥʘ ʩʴʦʛʦʜʥʽ ʽʩʥʫʻ ʜʝʢʽʣʴʢʘ ʚʠʟʥʘ-

ʯʝʥʴ ʮʽʻʾ ʚʝʣʠʯʠʥʠ  [47].   

ɸʛʨʝʛʦʚʘʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʭʦʜʫ Tagg ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʚʽʜʥʦʰʝʥʥʷ 

ʚʤʽʩʪʫ ʘʢʪʠʚʥʦʩʪʽ ʫ ʨʦʩʣʠʥʘʭ (ɹʢ ʢʛ-1 ʩʚʽʞʦʾ ʤʘʩʠ ʘʙʦ ɹʢ ʢʛ-1 ʩʫʭʦʾ ʤʘʩʠ) ʜʦ 

ʛʫʩʪʠʥʠ ʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʫ (ɹʢʤ-2). ʎʷ ʚʝʣʠʯʠʥʘ ʢʦʨʠʩʥʘ ʜʣʷ ʰʚʠʜʢʦʾ, ʘʣʝ 

ʥʘʙʣʠʞʝʥʦʾ ʦʮʽʥʢʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʝʨʝʭʦʜʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʽʟ ˇʨʫʥʪʫ ʚ ʨʦʩʣʠʥʠ, 

ʦʩʦʙʣʠʚʦ ʥʘ ʧʝʨʰʦʤʫ ʧʽʩʣʷ ʘʚʘʨʽʡʥʦʤʫ ʧʝʨʽʦʜʽ. ɸʛʨʝʛʦʚʘʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʝ-

ʨʝʭʦʜʫ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʧʨʘʢʪʠʯʥʠʭ ʮʽʣʷʭ.   



 

ʂʦʝʬʽʮʽʻʥʪ ʧʝʨʝʭʦʜʫ Tr (ʢʦʥʮʝʥʪʨʘʮʽʡʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʫ ʚʽʪʯʠʟʥʷ-

ʥʽʡ ʣʽʪʝʨʘʪʫʨʽ ï ʢʦʝʬʽʮʽʻʥʪ ʥʘʢʦʧʠʯʝʥʥʷ) ʚʽʜʥʝʩʝʥʠʡ ʜʦ ʩʪʘʥʜʘʨʪʥʦʛʦ ʰʘʨʫ 

ˇʨʫʥʪʫ. Tr ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʚʽʜʥʦʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʢʪʠʚʥʦʩʪʽ ʫ ʨʦʩʣʠʥʽ (ɹʢ 

ʢʛ-1 ʩʚʽʞʦʾ ʤʘʩʠ, ʘʙʦ ɹʢ ʢʛ-1 ʩʫʭʦʾ ʤʘʩʠ)  ʜʦ ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʢʪʠʚʥʦʩʪʽ ʫ ˇʨʫʥʪʽ 

(ɹʢ ʢʛ-1 ʩʫʭʦʾ ʤʘʩʠ) ʫ ʧʨʠ ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ ʩʪʘʥʜʘʨʪʥʦʾ ʚʠʩʦʪʠ (0,2 ʤ ʜʣʷ 

ʦʨʥʦʛʦ ˇʨʫʥʪʫ, ʪʘ 0,1 ʤ ʜʣʷ ʧʘʩʦʚʠʱ).  ʂʦʥʮʝʧʮʽʷ ʚʝʣʠʯʠʥʠ Tr ʙʫʣʘ ʨʦʟʨʦʙʣʝ-

ʥʘ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʚʠʧʘʜʢʫ ʘʛʨʦʝʢʦʩʠʩʪʝʤ, ʜʝ ʨʘʜʽʦʥʫʢʣʽʜʠ ʨʦʟʧʦʜʽʣʝʥʽ 

ʧʦ ʰʘʨʫ ˇʨʫʥʪʫ ʙʽʣʴʰ ï ʤʝʥʰ ʨʽʚʥʦʤʽʨʥʦ.  ʗʢ ʽ ʘʛʨʝʛʦʚʘʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝ-

ʭʦʜʫ,  Tr  ʤʘʻ ʦʙʤʝʞʝʥʫ ʟʘʩʪʦʩʦʚʥʽʩʪʴ, ʦʩʦʙʣʠʚʦ ʫ ʚʠʧʘʜʢʫ ˇʨʫʥʪʽʚ ʟ ʚʠʨʘʞʝ-

ʥʦʶ ʰʘʨʦʚʦʶ ʙʫʜʦʚʦʶ ʪʘ ʧʨʠ ʷʚʥʦʤʫ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʧʨʦʬʽʣʶ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʟʘʙʨʫʜʥʝʥʥʷ.   

 

 

 

ʊʘʙʣʠʮʷ 5.2. ʂʦʝʬʽʮʽʻʥʪʠ ʧʝʨʝʭʦʜʫ 137Cs ʽʟ ˇʨʫʥʪʫ ʚ ʢʦʨʤʦʚʽ ʢʫʣʴʪʫʨʠ, 

ʂʇ (ɹʢ/ʢʛ)/(ʢɹʢ/ʤ2) (ʥʘ ʧʨʠʨʦʜʥʫ ʚʦʣʦʛʽʩʪʴ ʨʦʩʣʠʥ) ʚ ʨʽʟʥʽ ʨʦʢʠ 

 

ʂʫʣʴʪʫʨʘ 

 

ʊʠʧ ˇʨʫʥʪʫ, ʨʅ ʩʦʣʴʦʚʦʾ ʚʠʪʷʞʢʠ 

ɼʝʨʥʦʚʦ-ʧʽʜʟʦʣʠʩʪʽ,  

4.5-5.5 
ʏʦʨʥʦʟʝʤ,   6.6-7.5 

1987 1990 1994 1987 1990 1994 

Cʽʥʦ ʧʨʠʨʦʜʥʠʭ 

ʪʨʘʚ 

20.0 6.2 4.1 - - - 

Cʽʥʦ ʩʽʷʥʠʭ  ʪʨʘʚ 

 

4.8 4.0 

 

2.9 0.40 0.20 0.10 

ɺʠʢʘ 

 

3.2 3.0 2.1 0.20 0.15 0.10 

ʂʦʥʶʰʠʥʘ 2.7 2.0 0.6 0.21 0.17 0.10 

ʃʶʧʠʥ 2.2 1.8 1.4 - - - 

 ʃʶʮʝʨʥʘ 1.4 1.1 0.8 0.10 0.08 0.06 

ʂʦʨʤʦʚʠʡ ʙʫʨʷʢ 0.80 0.41 0.28 0.28 0.13 0.04 

ʂʫʢʫʨʫʜʟʘ ʥʘ ʩʠ-

ʣʦʩ 

 

0.50 0.30 0.15 0.06 0.03 0.01 

ʂʨʘʪʥʽʩʪʴ ʨʦʟʙʽʞ-

ʥʦʩʪʝʡ, ʨʘʟʠ 

 

40 

 

21 

 

27 

 

7 

 

7 

 

10 

 
 

ʂʦʝʬʽʮʽʻʥʪ ʧʝʨʝʭʦʜʫ ʨʦʩʣʠʥʘ ï ˇʨʫʥʪʦʚʠʡ ʨʦʟʯʠʥ - Tsp.   ɿ ʦʛʣʷʜʫ ʥʘ 

ʪʝ, ʱʦ ʙʽʦʣʦʛʽʯʥʦ ʜʦʩʪʫʧʥʠʤʠ ʧʦʣʶʪʘʥʪʘʤʠ, ʧʝʨʰ ʟʘ ʚʩʝ, ʻ ʪʽ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ 

ʫ ˇʨʫʥʪʦʚʦʤʫ ʨʦʟʯʠʥʽ, ʨʷʜʦʤ ʜʦʩʣʽʜʥʠʢʽʚ, ʚʥʝʩʝʥʘ ʧʨʦʧʦʟʠʮʽʷ ʧʨʦ ʥʝʦʙʭʽʜ-

ʥʽʩʪʴ ʚʚʝʜʝʥʥʷ ʫ ʨʦʟʛʣʷʜ ʚʝʣʠʯʠʥʠ, ʷʢʘ ʻ ʚʽʜʥʦʰʝʥʥʷʤ ʚʤʽʩʪʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ 

ʨʦʩʣʠʥʘʭ  (ɹʢ ʢʛ-1 ʩʚʽʞʘ ʤʘʩ, ʘʙʦ  ɹʢ ʢʛ-1 ʩʫʭʘ ʤʘʩʘ) ʜʦ ʚʤʽʩʪʫ ʫ ˇʨʫʥʪʦʚʦʤʫ 

ʨʦʟʯʠʥʽ  (ɹʢ ʣ-1).  



 

ʂʦʝʬʽʮʽʻʥʪ ʧʝʨʝʭʦʜʫ, ʚʽʜʥʝʩʝʥʠʡ ʜʦ ʩʧʝʮʠʬʽʯʥʠʭ ʛʦʨʠʟʦʥʪʽʚ ˇʨʫʥʪʫ 

Thp ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʚʽʜʥʦʰʝʥʥʷ ʧʠʪʦʤʦʛʦ ʚʤʽʩʪʫ ʟʘʙʨʫʜʥʝʥʦʩʪʽ ʨʦʩʣʠʥʥʠʮʴ-

ʢʦʾ ʧʨʦʜʫʢʮʽʾ (ɹʢ ʢʛ-1 ʩʚʽʞʘ ʤʘʩʘ, ʘʙʦ  ɹʢ ʢʛ-1 ʩʫʭʘ ʤʘʩʘ) ʜʦ ʚʤʽʩʪʫ ʟʘʙʨʫʜʥʝ-

ʥʦʩʪʽ ʫ ʩʧʝʮʠʬʽʯʥʦʤʫ ʰʘʨʽ ˇʨʫʥʪʫ. ʊʘʢʝ ʚʠʟʥʘʯʝʥʥʷ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʝ ʥʘ-

ʧʨʠʢʽʥʮʽ 80 ʨʦʢʽʚ ʽ ʦʙʫʤʦʚʣʝʥʝ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ, ʧʦʪʨʝʙʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ 

ʤʽʛʨʘʮʽʾ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʣʽʩʦʚʽʡ ʝʢʦʩʠʩʪʝʤʽ, ʟʦʢʨʝʤʘ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʪʫ-

ʧʝʥʷ ʟʘʙʨʫʜʥʝʥʦʩʪʽ ʛʨʠʙʽʚ, ʦʩʦʙʣʠʚʦ ʧʽʩʣʷ ʚʠʟʥʘʯʝʥʥʷ ʣʦʢʘʣʽʟʘʮʽʾ ʤʽʮʝʣʽʶ ʨʽ-

ʟʥʦʚʠʜʥʦʩʪʝʡ ʛʨʠʙʽʚ ʫ ʣʽʩʘʭ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʭʽʜʥʠʤ ʻ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 

 

)kg/Bq(Q

Bq/kg)(Q
Tr

S

p
=                                                                     (5.8) 

 

ɿʥʘʥʥʷ ʮʽʻʾ ʚʝʣʠʯʠʥʠ ʜʣʷ ʜʘʥʦʾ ʧʘʨʠ çʨʽʟʥʦʚʠʜʥʽʩʪʴ ˇʨʫʥʪʫ ï ʚʠʜ ʨʦʩ-

ʣʠʥʠè ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʪʫʧʝʥʷ ʟʘʙʨʫʜʥʝʥʦʩʪʽ ʜʘʥʦʛʦ 

ʚʠʜʫ ʨʦʩʣʠʥ, ʱʦ ʚʠʨʦʱʫʻʪʴʩʷ ʥʘ ʜʘʥʦʤʫ ˇʨʫʥʪʽ.  

ʋ  ʧʨʘʢʪʠʯʥʽʡ ʝʢʦʣʦʛʽʾ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪ ʚʠʥʦʩʫ  (ʂɺ) 

ʧʦʣʶʪʘʥʪʽʚ ʟ ʙʽʦʤʘʩʦʶ, ʪʦʙʪʦ ʢʽʣʴʢʽʩʪʴ ʟʘʙʨʫʜʥʝʥʥʷ, ʱʦ ʚʠʥʦʩʠʪʴʩʷ ʽʟ ˇʨʫʥʪʫ 

ʟ ʫʨʦʞʘʻʤ. ʊʘʢ, ʫ ʚʠʧʘʜʢʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ, ʢʦʝʬʽʮʽʻʥʪ ʚʠʥʦʩʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘ-

ʩʪʫʧʥʠʤ ʯʠʥʦʤ [48]: 

 

ɸ

ʋC
ʂɺ

Ö
= ,                                                                         (5.9) 

 

ʜʝ ʉ - ʧʠʪʦʤʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʨʦʩʣʠʥʘʭ (ɹʢ/ʢʛ), ʋ - ʫʨʦ-

ʞʘʡ ʚ ʢʛ ʟ 1 ʢʤ2, ɸ - ʛʫʩʪʠʥʘ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ɹʢ/ʢʤ2.  ɿʦʢʨʝʤʘ, 

ʢʦʝʬʽʮʽʻʥʪ ʚʠʥʦʩʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠ ʦʮʽʥʮʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʽʪʦʨʝʤʽʜʽʘʮʽʾ - 

ʦʯʠʱʝʥʥʽ ʟʘʙʨʫʜʥʝʥʠʭ ˇʨʫʥʪʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʩʣʠʥ ʟ ʚʝʣʠʢʠʤʠ ʢʦʝʬʽʮʽʻʥ-

ʪʘʤʠ ʥʘʢʦʧʠʯʝʥʥʷ. 



 

5.4. ɺʟʘʻʤʦʜʽʷ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʽʟ ˇʨʫʥʪʦʚʠʤ ʚʙʠʨʥʠʤ ʢʦʤʧʣʝʢʩʦʤ  

ʋ ʨʝʟʫʣʴʪʘʪʽ ʘʥʪʨʦʧʦʛʝʥʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʚ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʟ 

ʨʽʟʥʠʭ ʧʨʠʯʠʥ ʟôʷʚʠʣʘʩʴ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʨʽʟʥʠʭ ʟʘʙʨʫʜʥʶʚʘʯʽʚ, ʷʢʽ ʚʽʜʨʽʟ-

ʥʷʪʁʴʩʷ ʟʘ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʟʘ ʙʽʦʣʦʛʽʯʥʦʶ ʜʦʩʪʫʧʥʽʩʪʶ 

ʪʘ ʟʥʘʯʠʤʽʩʪʶ. ʆʜʥʘ ʽʟ ʦʩʥʦʚʥʠʭ ʟʘʜʘʯ ʝʢʦʣʦʛʽʾ ʧʦʣʷʛʘʻ ʚ ʦʪʨʠʤʘʥʥʽ ʷʢʽʩ-

ʥʠʭ ʽ ʢʽʣʴʢʽʩʥʠʭ ʦʮʽʥʦʢ ʚʧʣʠʚʫ ʧʦʣʶʪʘʥʪʽʚ, ʱʦ ʟôʷʚʠʣʠʩʴ ʫ ʥʘʚʢʦʣʠʰʥʴʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ, ʥʘ ʙʽʦʪʠʯʥʽ ʪʘ ʘʙʽʦʪʠʯʥʽ ʢʦʤʧʦʥʝʥʪʠ ʝʢʦʩʠʩʪʝʤ.  

ʅʝʟʘʣʝʞʥʦ ʚʽʜ ʪʦʛʦ, ʜʝ ʟôʷʚʠʣʠʩʴ ʟʘʙʨʫʜʥʶʚʘʯʽ ï ʚ ʧʨʽʩʥʦʚʦʜʥʽʡ ʝʢʦ-

ʩʠʩʪʝʤʽ, ʦʧʠʥʠʣʠʩʴ ʥʘ ʚʝʛʝʪʘʪʠʚʥʽʡ ʧʦʚʝʨʭʥʽ ʨʦʩʣʠʥ, ʙʽʣʴʰʘ ʯʘʩʪʠʥʘ ʾʭ ʙʫ-

ʜʝ, ʨʘʥʦ ʯʠ ʧʽʟʥʦ, ʟʥʘʭʦʜʠʪʠʩʴ ʫ ˇʨʫʥʪʽ. ʎʠʤ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʥʘʯʝʥʥʷ ʜʦʩʣʽ-

ʜʞʝʥʴ ʚʟʘʻʤʦʜʽʾ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ  ʽʟ ˇʨʫʥʪʦʚʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʾʭ ʨʦʟ-

ʧʦʜʽʣʫ ʤʽʞ ʪʚʝʨʜʦʶ ʪʘ ʨʽʜʢʦʶ ʬʘʟʘʤʠ ˇʨʫʥʪʫ. ɺ ʢʽʥʮʝʚʦʤʫ ʨʘʭʫʥʢʫ ʩʘʤʝ ʮʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʡ ʚʠʟʥʘʯʘʶʪʴ ʡʤʦʚʽʨʥʽʩʪʴ ʥʘʜʭʦʜʞʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʽʟ 

ˇʨʫʥʪʫ ʚ ʨʦʩʣʠʥʠ. 

ɼʣʷ ʨʝʘʣʽʩʪʠʯʥʠʭ ʦʮʽʥʦʢ ʥʘʩʣʽʜʢʽʚ ʜʦʚʛʦʪʨʠʚʘʣʦʛʦ ʧʝʨʝʙʫʚʘʥʥʷ ʚ ʥʘ-

ʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʥʝʦʙʭʽʜʥʦ ʦʮʽʥʠʪʠ ʰʚʠʜʢʽʩʪʴ 

ʾʭ ʤʽʛʨʘʮʽʾ ʫ ˇʨʫʥʪʽ ʪʘ ʡʤʦʚʽʨʥʽʩʪʴ ʧʝʨʝʭʦʜʫ ʫ ʽʥʰʽ ʢʦʤʧʦʥʝʥʪʠ ʝʢʦʩʠʩʪʝʤʠ. 

ʅʘʧʨʠʢʣʘʜ, ʏʦʨʥʦʙʠʣʴʩʴʢʘ ʘʚʘʨʽʷ, ʷʢʘ ʧʨʠʟʚʝʣʘ ʜʦ ʟʥʘʯʥʦʛʦ ʚʠʢʠʜʫ 

ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʫ ʘʪʤʦʩʬʝʨʫ, ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʘ, ʥʘʩʢʽʣʴʢʠ ʚʝʣʠ-

ʢʽ ʦʙʣʘʩʪʽ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʙʨʫʜʥʝʥʽ ʜʝʧʦʥʫʚʘʥ-

ʥʷʤ ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ. ʋ ʪʘʢʽʡ ʩʠʪʫʘʮʽʾ, ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʪʘ ʤʝʥʝʜʞʤʝʥʪ 

ʟʘʙʨʫʜʥʝʥʠʤʠ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʤʠ ʪʝʨʠʪʦʨʽʷʤʠ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʟʘʣʝ-

ʞʘʪʴ ʚʽʜ ʥʘʰʦʾ ʟʜʘʪʥʦʩʪʽ ʧʝʨʝʜʙʘʯʠʪʠ, ʷʢ, ʽ ʚ ʷʢʽʡ ʤʽʨʽ, ʚʠʭʽʜʥʝ ʟʘʙʨʫʜʥʝʥ-

ʥʷ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʟʘʙʨʫʜʥʝʥʥʷ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ. ʂʨʽʤ ʪʦʛʦ, ʝʬʝʢ-

ʪʠʚʥʽʩʪʴ ʤʦʜʝʣʝʡ ʧʨʦʛʥʦʟʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʝʤ ʥʘʰʦʛʦ ʨʦʟʫʤʽʥʥʷ ʤʝʭʘʥʽ-

ʟʤʽʚ, ʱʦ ʫʧʨʘʚʣʷʶʪʴ ʧʝʨʝʭʦʜʦʤ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ ʫ ʩʠʩʪʝʤʽ ˇʨʫʥʪï

ʨʦʩʣʠʥʘ. 

ɹʘʛʘʪʦ ʦʙʩʪʘʚʠʥ ʫʩʢʣʘʜʥʶʶʪʴ ʽʜʝʥʪʠʬʽʢʘʮʽʶ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʭ ʧʘ-

ʨʘʤʝʪʨʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʧʝʨʝʭʦʜʠ ʧʦʣʶʪʘʥʪʽʚ ʽ, ʪʘʢʠʤ ʯʠʥʦʤ, ʚʠʢʦʥʘʥʥʷ 

ʧʨʦʛʥʦʟʫ. ʋ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ ʜʫʞʝ ʚʘʞʣʠʚʠʤ ʻ ʚʠʚʯʝʥʥʷʤ ʤʽʛʨʘʮʽʾ ʨʘʜʽʦʥʫ-

ʢʣʽʜʽʚ ʫ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʨʘʜʽʦʥʫʢʣʽʜʠ ʚʽʜʽʛ-

ʨʘʶʪʴ ʨʦʣʴ ʪʨʘʩʝʨʽʚ, ʦʩʢʽʣʴʢʠ ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʟʥʘʯʥʦ ʣʝʛʰʝ ʧʨʦʚʦʜʠʪʠ 

ʤʦʥʽʪʦʨʠʥʛ ʜʦʚʢʽʣʣʷ, ʨʘʜʽʦʥʫʢʣʽʜʠ ʣʝʛʰʝ ʢʦʥʪʨʦʣʶʚʘʪʠ, ʥʘʚʽʪʴ, ʧʨʠ ʾʭ ʧʦ-

ʨʽʚʥʷʥʦ ʥʝʚʝʣʠʢʦʤʫ ʚʤʽʩʪʽ ʫ ʨʽʟʥʠʭ ʣʘʥʢʘʭ ʪʘ ʢʦʤʧʦʥʝʥʪʘʭ ʝʢʦʩʠʩʪʝʤ ʙʫʜʴ 

ï ʷʢʦʛʦ ʪʠʧʫ. ʊʦʤʫ, ʦʩʢʽʣʴʢʠ ʜʘʥʠʭ ʧʨʦ ʧʦʚʝʜʽʥʢʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʩʠʩʪʝʤʽ 

ˇʨʫʥʪ ʨʦʩʣʠʥʘ ʟʥʘʯʥʦ ʙʽʣʴʰʝ, ʨʦʟʛʣʷʜʘʪʠʤʝʤʦ ʜʘʣʽ ʜʣʷ ʢʦʥʢʨʝʪʥʦʩʪʽ ʩʘʤʝ 

ʮʝʡ ʚʠʜ ʟʘʙʨʫʜʥʝʥʥʷ, ʪʠʤ ʙʽʣʴʰʝ, ʱʦ ʜʝʷʢʽ ʦʪʨʠʤʘʥʽ, ʧʨʠʥʮʠʧʽʘʣʴʥʽ,  ʨʝ-

ʟʫʣʴʪʘʪʠ ʤʦʞʥʘ ʧʦʰʠʨʠʪʠ ʽ ʥʘ ʧʦʚʝʜʽʥʢʫ ʭʽʤʽʯʥʦ ʧʦʜʽʙʥʠʭ ʝʣʝʤʝʥʪʽʚ. 



 

ʋ ʤʽʛʨʘʮʽʡʥʽʡ ʟʜʘʪʥʦʩʪʽ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʪʘ ʾʭ ʙʽʦʣʦʛʽʯʥʽʡ ʜʦʩʪʫʧʥʦʩʪʽ 

ʜʣʷ ʨʦʩʣʠʥ ʚʘʞʣʠʚʫ ʨʦʣʴ ʚʽʜʽʛʨʘʶʪʴ ʬʦʨʤʠ ʟʥʘʭʦʜʞʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ 

ˇʨʫʥʪʽ ʪʘ ʾʭ ʪʨʘʥʩʬʦʨʤʘʮʽʷ ʟ ʯʘʩʦʤ. 

 ɼʦʩʪʫʧʥʽʩʪʴ ʨʘʜʽʦʥʫʢʣʽʜʽʚ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʡ ʨʘʜʽʦʮʝʟʽʶ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʚ 

ʦʩʥʦʚʥʦʤʫ ʾʭ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʚʣʘʩʪʠʚʦʩʪʷʤʠ ˇʨʫʥʪʫ ʽ 

ʘʛʨʦʤʝʪʝʦʨʦʣʦʛʽʯʥʠʤʠ ʫʤʦʚʘʤʠ. ʋ ˇʨʫʥʪʘʭ, ʷʢʽ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʩʠʣʴʥʦ ʥʝ-

ʦʜʥʦʨʽʜʥʝ ʩʝʨʝʜʦʚʠʱʝ, ʨʘʜʽʦʥʫʢʣʽʜʠ ʟʘʢʨʽʧʣʶʶʪʴʩʷ ʟ ʨʽʟʥʦʶ ʝʥʝʨʛʽʻʶ 

ʟʚôʷʟʢʫ. ɺ ʣʽʪʝʨʘʪʫʨʽ ʥʝʤʘʻ ʯʽʪʢʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʬʦʨʤ ʚʤʽʩʪʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ 

ˇʨʫʥʪʘʭ. ʅʘʡʙʽʣʴʰ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʢʣʘʩʠʬʽʢʘʮʽʷ ʬʦʨʤ ʧʝʨʝʙʫʚʘʥʥʷ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʧʦ ʤʝʪʦʜʫ ʾʭ ʚʠʪʽʩʥʝʥʥʷ ʽʟ ˇʨʫʥʪʫ ʨʽʟʥʠʤʠ ʝʢʩʪʨʘʛʝʥʪʘʤʠ: 

ʚʦʜʦʨʦʟʯʠʥʥʽ; ʦʙʤʽʥʥʽ (ʚʠʪʽʩʥʷʶʪʴʩʷ ʩʦʣʷʤʠ ʨʽʟʥʦʾ ʥʦʨʤʘʣʴʥʦʩʪʽ); ʥʝʦʙ-

ʤʽʥʥʽ ʘʙʦ ʢʠʩʣʦʪʦʨʦʟʯʠʥʥʽ (ʚʠʪʽʩʥʷʶʪʴʩʷ ʢʠʩʣʦʪʘʤʠ ʨʽʟʥʦʾ ʥʦʨʤʘʣʴʥʦʩʪʽ); 

ʤʽʮʥʦ ʬʽʢʩʦʚʘʥʽ, ʷʢʽ ʥʝ ʚʠʪʽʩʥʷʶʪʴʩʷ ʧʽʩʣʷ ʦʙʨʦʙʢʠ ˇʨʫʥʪʫ ʙʫʜʴ-ʷʢʠʤʠ ʨʝʘ-

ʛʝʥʪʘʤʠ. ʄʽʞ ʫʩʽʤʘ ʬʦʨʤʘʤʠ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ˇʨʫʥʪʽ, ʷʢ ʚʚʘʞʘʶʪʴ, ʽʩʥʫʻ 

ʜʠʥʘʤʽʯʥʘ ʨʽʚʥʦʚʘʛʘ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʷʢʦʾ ʽʦʥʠ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʚʘʞʢʦʨʦʟ-

ʯʠʥʥʦʤʫ ʩʪʘʥʽ, ʤʦʞʫʪʴ ʧʝʨʝʭʦʜʠʪʠ, ʧʨʠ ʧʝʚʥʠʭ ʫʤʦʚʘʭ (ʟʤʽʥʽ ʚʦʣʦʛʦʩʪʽ 

ˇʨʫʥʪʫ, ʪʝʨʤʽʯʥʦʛʦ ʨʝʞʠʤʫ ʪʘ ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ) ʫ ʨʫʭʦʤʽ ʬʦʨʤʠ ʽ ʥʘʚʧʘʢʠ. 

ʆʜʥʘʢ, ʪʘʢʝ ʧʨʠʧʫʱʝʥʥʷ, ʙʽʣʴʰ ʟʘ ʚʩʝ, ʚʚʦʜʠʪʴʩʷ ʜʣʷ ʩʧʨʦʱʝʥʥʷ ʘʥʘʣʽʟʫ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ.  

ʅʘʡʙʽʣʴʰ ʜʦʩʪʫʧʥʠʤʠ ʜʣʷ ʨʦʩʣʠʥ ʬʦʨʤʘʤʠ ʩʧʦʣʫʢ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʽ 

ʚʟʘʛʘʣʽ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ, ʻ ʚʦʜʦʨʦʟʯʠʥʥʽ ʡ ʦʙʤʽʥʥʽ ʬʦʨʤʠ, ʯʘʩʪʠʥʘ ʷʢʠʭ ʟ 

ʯʘʩʦʤ ʧʝʨʝʭʦʜʠʪʴ ʚ ʥʝʦʙʤʽʥʥʽ ʪʘ ʽʥʰʽ ʩʪʘʥʠ. ʂʽʣʴʢʽʩʪʴ ʨʽʟʥʠʭ ʬʦʨʤ ʨʘʜʽʦ-

ʮʝʟʽʶ ʚ ˇʨʫʥʪʘʭ, ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʾʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʩʫʪʪʻʚʦ ʨʽʟʥʠʪʴʩʷ. ʊʘʢ, 

ʚʤʽʩʪ ʦʙʤʽʥʥʦʛʦ ʮʝʟʽʶ ʫ ˇʨʫʥʪʘʭ ʧʨʘʢʪʠʯʥʦ ʚʩʽʭ ʪʠʧʽʚ ʙʽʣʴʰʝ ʢʠʩʣʦʪʦʨʦʟ-

ʯʠʥʥʦʛʦ. ɺ ʩʫʧʽʱʘʥʠʭ ʽ ʩʝʨʝʜʥʴʦ ʩʫʛʣʠʥʢʦʚʠʭ ʜʝʨʥʦʚʦ-ʧʽʜʟʦʣʠʩʪʠʭ ˇʨʫʥ-

ʪʘʭ ʪʘ ʯʝʨʚʦʥʦʟʝʤʽ ʚ ʦʙʤʽʥʥʽʡ ʬʦʨʤʽ ʟʥʘʭʦʜʠʪʴʩʷ ʙʽʣʴʰʝ 20% ʨʘʜʽʦʥʫʢʣʽʜʫ, 

ʘ ʚ ˇʨʫʥʪʘʭ ʽʥʰʠʭ ʪʠʧʽʚ ï ʚ 1,5-3 ʨʘʟʠ ʤʝʥʰʝ. ʅʘ ʚʘʞʢʦ ʩʫʛʣʠʥʢʦʚʠʭ ˇʨʫʥ-

ʪʘʭ ʽʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʦʙʤʽʥʥʠʭ ʦʩʥʦʚ ʽ ʛʫʤʫʩʫ (ʢʘʰʪʘʥʦʚʽ, ʩʽʨʦʟʝʤ, ʯʦʨ-

ʥʦʟʝʤ) ʚʤʽʩʪ ʮʝʟʽʶ ʚ ʦʙʤʽʥʥʽʡ ʽ ʢʠʩʣʦʪʦʨʦʟʯʠʥʥʽʡ ʬʦʨʤʘʭ ʩʢʣʘʜʘʻ 15ï20%. 

ʋ ˇʨʫʥʪʘʭ, ʷʢʽ ʤʘʶʪʴ ʚʠʩʦʢʫ ʛʽʜʨʦʣʽʪʠʯʥʫ ʢʠʩʣʦʪʥʽʩʪʴ, ʩʣʘʙʢʫ ʩʪʫʧʽʥʴ ʥʘ-

ʩʠʯʝʥʦʩʪʽ ʦʩʥʦʚʘʤʠ, ʣʝʛʢʠʭ ʧʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʤʫ ʩʢʣʘʜʫ, ʚʤʽʩʪ ʜʦʩʪʫʧ-

ʥʦʛʦ ʨʦʩʣʠʥʘʤ ʮʝʟʽʶ ʜʦʩʷʛʘʻ 35ï40 %. ʗʢ ʚʞʝ ʙʫʣʦ ʟʘʟʥʘʯʝʥʦ ʚʠʱʝ, ʟ ʯʘ-

ʩʦʤ ʮʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʟʤʽʥʶʶʪʴʩʷ ʚ ʩʪʦʨʦʥʫ ʟʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ ʬʦʨʤ, ʷʢʽ 

ʙʽʦʣʦʛʽʯʥʦ ʥʝʜʦʩʪʫʧʥʽ.  

ʏʠʤ ʚʠʱʝ ʢʘʪʽʦʥʦʦʙʤʽʥʥʘ ʻʤʥʽʩʪʴ  ˇʨʫʥʪʫ, ʪʠʤ ʙʽʣʴʰʘ ʩʦʨʙʮʽʷ ʪʘ 

ʽʤʤʦʙʽʣʽʟʘʮʽʷ ʤʝʪʘʣʽʚ. ʋ ʢʠʩʣʠʭ ˇʨʫʥʪʘʭ ʜʝʩʦʨʙʮʽʷ ʤʝʪʘʣʽʚ ʽʟ ʤʽʩʮʴ 

ʟʚôʷʟʫʚʘʥʥʷ ʫ ˇʨʫʥʪʽ ʚ ʨʦʟʯʠʥ ʩʪʠʤʫʣʶʻʪʴʩʷ ʧʨʦʪʦʥʘʤʠ H+ ʽʟ-ʟʘ ʢʦʥʢʫʨʝʥ-

ʮʽʾ ʟʘ ʤʽʩʮʷ ʟʚôʷʟʫʚʘʥʥʷ. ʂʠʩʣʦʪʥʽʩʪʴ ˇʨʫʥʪʫ ʚʧʣʠʚʘʻ ʥʝ ʪʽʣʴʢʠ ʥʘ ʙʽʦʜʦʩʪʫ-



 

ʧʥʽʩʪʴ ʤʝʪʘʣʽʚ, ʘʣʝ ʡ ʥʘ ʩʘʤ ʧʨʦʮʝʩ ʥʘʜʭʦʜʞʝʥʥʷ ʤʝʪʘʣʽʚ ʫ ʢʦʨʝʥʽ ʨʦʩʣʠʥ. 

ʎʝʡ ʝʬʝʢʪ, ʥʘʧʝʚʥʝ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʧʝʮʠʬʽʯʥʦʩʪʽ ʤʝʪʘʣʫ.  

ɺʩʽ ʢʘʪʽʦʥʠ ʧʦ ʝʥʝʨʛʽʾ ʾʭ ʧʦʛʣʠʥʘʥʥʷ (ʪʨʫʜʥʦʩʪʽ ʚʠʪʽʩʥʝʥʥʷ) ʽ ʢʦʘʛʫ-

ʣʷʮʽʡʥʽʡ ʟʜʘʪʥʦʩʪʽ ʤʦʞʥʘ ʨʦʟʪʘʰʫʚʘʪʠ ʚ ʧʝʚʥʠʡ ʨʷʜ, ʥʘʟʚʘʥʠʡ ʣʽʦʪʨʦʧʥʠʤ. 

ʋ ʣʽʦʪʨʦʧʥʦʤʫ ʨʷʜʫ ʽʦʥʠ ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʚ ʥʘʩʪʫʧʥʦʤʫ ʧʦʨʷʜʢʫ [49]:  

Li +<Na+<NH4
+<K+<Mg++<H+<Ca++<Ba++ <Al +++  <Fe+++ 

 

ɽʥʝʨʛʽʷ ʧʦʛʣʠʥʘʥʥʷ ʽʦʥʽʚ ʪʘ ʾʭ ʢʦʘʛʫʣʷʮʽʡʥʘ ʟʜʘʪʥʽʩʪʴ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʚʘʣʝʥʪʥʦʩʪʽ, ʘ ʫ ʤʝʞʘʭ ʛʨʫʧʠ ʽʦʥʽʚ ʟ ʦʜʥʘʢʦʚʦʶ ʚʘʣʝʥʪʥʽʩʪʶ ï 

ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʘʪʦʤʥʦʾ ʤʘʩʠ. ɺʠʢʣʶʯʝʥʥʷʤ ʽʟ ʟʘʛʘʣʴʥʦʛʦ ʧʨʘʚʠʣʘ ʻ ʦʜʥʦ-

ʚʘʣʝʥʪʥʠʡ ʽʦʥ ʚʦʜʥʶ, ʷʢʠʡ ʩʪʦʾʪʴ ʩʝʨʝʜ ʜʚʦʚʘʣʝʥʪʥʠʭ ʽʦʥʽʚ Mg++ ʪʘ Ca++, ʽ 

ʤʘʻ ʥʘʡʤʝʥʰʫ ʩʝʨʝʜ ʽʦʥʽʚ ʘʪʦʤʥʫ ʤʘʩʫ. 

ʂʽʣʴʢʽʩʪʴ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʤʦʞʥʘ ʦʮʽʥʠʪʠ 

ʧʦ ʚʽʜʦʤʽʡ ʾʭ ʘʢʪʠʚʥʦʩʪʽ. ʊʘʢ, ʭʘʨʘʢʪʝʨʥʦʶ ʘʢʪʠʚʥʽʩʪʶ, ʱʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʚ ʨʝʛʽʦʥʽ ʋʢʨʘʾʥʩʴʢʦʛʦ ʇʦʣʽʩʩʷ, ʻ 1·10 ʂʽ/ʢʤ2. ɺʽʜʧʦʚʽʜʥʦ, ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʪʠʧʦʚʽʡ ʘʛʨʦʝʢʦʩʠʩʪʝʤʽ, ʤʘʻ ʧʦʨʷʜʦʢ ʚʽʜ 10-12 ʜʦ 10-13 ʛ/ʜʤ3. 

ʊʘʢʽ çʟʘʣʠʰʢʦʚʽè ʢʽʣʴʢʦʩʪʽ ʨʘʜʽʦʮʝʟʽʶ ʫʪʨʠʤʫʶʪʴʩʷ ʤʽʥʝʨʘʣʴʥʠʤʠ ʯʘʩʪʠʥ-

ʢʘʤʠ ˇʨʫʥʪʫ (ʧʨʦʮʝʩ, ʷʢʠʡ ʟʘʟʚʠʯʘʡ ʟʚʝʪʴʩʷ ʬʽʢʩʘʮʽʻʶ), ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ 

Cs ʩʪʘʻ ʥʝʜʦʩʪʫʧʥʠʤ ʜʣʷ ʢʦʨʝʥʝʚʦʛʦ ʥʘʜʭʦʜʞʝʥʥʷ. ʊʘʢʘ ʚʠʙʽʨʢʦʚʘ ʘʜʩʦʨʙ-

ʮʽʷ ʧʨʠʧʠʩʫʻʪʴʩʷ ʥʘʷʚʥʦʩʪʽ ʥʝʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʩʧʝʮʠʬʽʯʥʠʭ ʤʽʩʮʴ, ʷʢʽ 

ʟʚôʷʟʘʥʽ ʟ ʩʣʶʜʦʧʦʜʽʙʥʠʤʠ ʛʣʠʥʠʩʪʠʤʠ ʤʽʥʝʨʘʣʘʤʠ. 

ɼʣʷ ˇʨʫʥʪʽʚ ʟ ʥʠʟʴʢʠʤ ʚʤʽʩʪʦʤ ʛʣʠʥʠ ʽ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʦʨʛʘʥʽʯʥʦʾ 

ʨʝʯʦʚʠʥʠ ʚʧʣʠʚ ʪʘʢʠʭ ʩʧʝʮʠʬʽʯʥʠʭ ʤʽʩʮʴ ʫʩʢʣʘʜʥʝʥʠʡ ʥʘʷʚʥʽʩʪʶ ʦʨʛʘʥʽʯ-

ʥʦʾ ʨʝʯʦʚʠʥʠ.  

ʂʨʘʤʝʨʩ ʪʘ ʡʦʛʦ ʩʧʽʚʨʦʙʽʪʥʠʢʠ [50] ʢʽʣʴʢʽʩʥʦ ʜʦʩʣʽʜʠʣʠ ʩʧʝʮʠʬʽʯʥʫ 

ʩʦʨʙʮʽʶ ʮʝʟʽʶ ʥʘ ʩʣʶʜʦʧʦʜʽʙʥʠʭ ʛʣʠʥʠʩʪʠʭ ʤʽʥʝʨʘʣʘʭ. ɹʫʣʦ ʟʥʘʡʜʝʥʦ, ʱʦ 

ʭʽʤʽʯʥʘ ʧʦʚʝʜʽʥʢʘ Cs+ ʚ ʨʽʟʥʠʭ ʩʫʙʩʪʨʘʪʘʭ ʙʣʠʟʴʢʘ ʜʦ ʢʦʤʧʣʝʢʩʥʦʾ ʧʦʚʝʜʽʥ-

ʢʠ K+ ʫ ˇʨʫʥʪʘʭ ʪʘ ˇʨʫʥʪʦʚʠʭ ʛʣʠʥʘʭ. ʈʝʟʫʣʴʪʘʪʠ ʮʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʫ-

ʶʪʴ ʜʦʩʠʪʴ ʙʣʠʟʴʢʠʡ ʭʘʨʘʢʪʝʨ ʩʦʨʙʮʽʾ ʢʘʣʽʶ ʪʘ ʨʘʜʽʦʮʝʟʽʶ ʫ ˇʨʫʥʪʘʭ ʪʘ 

ˇʨʫʥʪʦʚʠʭ ʤʽʥʝʨʘʣʘʭ. 

ʉʧʝʮʠʬʽʯʥʘ ʘʜʩʦʨʙʮʽʷ ʥʘ 2-1 ʬʽʣʦʩʠʣʽʢʘʪʘʭ, ʥʘʡʽʤʦʚʽʨʥʽʰʝ, ʻ ʥʘʩʣʽʜ-

ʢʦʤ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ: a) ʩʪʨʫʢʪʫʨʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ (ʪʦʙʪʦ ʚʠʩʦʢʦʾ 

ʧʦʚʝʨʭʥʝʚʦʾ ʱʽʣʴʥʦʩʪʽ ʟʘʨʷʜʫ) ʤʽʥʝʨʘʣʽʚ; ʙ) ʥʠʟʴʢʦʾ ʝʥʝʨʛʽʾ ʛʽʜʨʘʪʘʮʽʾ ʘʜʩʦ-

ʨʙʦʚʘʥʠʭ ʢʘʪʽʦʥʽʚ. 2-1 ʬʽʣʦʩʠʣʽʢʘʪʠ ʫʪʚʦʨʶʶʪʴʩʷ ʪʝʪʨʘʝʜʨʘʣʴʥʦʶ (T) ZO4 

(Z = Si4+ ʘʙʦ Al3+) ʪʘ ʦʢʪʘʝʜʨʘʣʴʥʦʶ (ʆ) YO6 (Y = Al 3+, Mg2+, Fe2+ ... ) ʫʧʘ-

ʢʦʚʢʦʶ ʣʠʩʪʽʚ ʫ TOT ʧʨʦʰʘʨʢʠ (ʨʦʟʜʽʣʝʥʽ ʘʪʦʤʘʤʠ ʢʠʩʥʶ). ɿʘʚʜʷʯʫʶʯʠ 

ʟʘʤ̔ɦ ʝʥʥʶ ʢʘʪʽʦʥʽʚ ʙʽʣʴʰ ʚʠʩʦʢʦʛʦ ʟʘʨʷʜʫ ʽʟʦʤʦʨʬʥʠʤʠ ʢʘʪʽʦʥʘʤʠ ʙʽʣʴʰ 

ʥʠʟʴʢʦʛʦ ʟʘʨʷʜʫ ʫ ʤʝʞʘʭ ʢʨʠʩʪʘʣʽʯʥʦʾ ʨʝʰʽʪʢʠ, ʫʪʚʦʨʶʻʪʴʩʷ ʯʠʩʪʠʡ 

ʚʽʜôʻʤʥʠʡ ʟʘʨʷʜ.  



 

ɺʠʭʦʜʷʯʠ ʽʟ ʯʠʩʣʘ ʟʘʤʽʱʝʥʴ ʥʘ ʦʜʠʥʠʮʶ ʯʘʨʫʥʢʠ ʚ ʨʷʜʽ ʽʣʣʽʪ > ʚʝʨ-

ʤʠʢʫʣʽʪ > ʤʦʥʪʤʦʨʠʣʦʥʽʪ, ʽʣʣʽʪ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʡʙʽʣʴʰ ʚʠʩʦʢʦʶ ʧʦʚʝ-

ʨʭʥʝʚʦʶ ʱʽʣʴʥʽʩʪʶ ʟʘʨʷʜʫ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʠʩʦʢʦʾ ʧʦʚʝʨʭʥʝʚʦʾ ʱʽʣʴʥʦʩʪʽ ʟʘ-

ʨʷʜʫ, ʩʫʩʽʜʥʽ ʥʝʡʪʨʘʣʽʟʫʶʯʽ ʢʘʪʽʦʥʠ ʟ ʥʠʟʴʢʦʶ ʝʥʝʨʛʽʻʶ ʛʽʜʨʘʪʘʮʽʾ, ʪʠʧʫ K+, 

ʚʪʨʘʯʘʶʪʴ ʩʚʦʶ ʛʽʜʨʘʪʥʫ ʦʙʦʣʦʥʢʫ ʽ ʚʙʫʜʦʚʫʶʪʴʩʷ ʚ ʤʽʞ ʰʘʨʦʚʠʡ ʧʨʦʩʪʽʨ 

ʩʣʶʜʦʧʦʜʽʙʥʠʭ ʯʘʩʪʠʥʦʢ ʽ ʩʪʠʤʫʣʶʶʪʴ ʢʦʣʘʧʩ ʜʚʦʭ ʩʫʤʽʞʥʠʭ TOT ʣʠʩʪʽʚ, 

(ʧʦʰʘʨʦʚʠʡ ʢʦʣʘʧʩ), ʫ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʜʝʛʽʜʨʘʪʦʚʘʥʽ ʢʘʪʽʦʥʠ ʙʣʠʟʴʢʦ ʟʘʤʠ-

ʢʘʶʪʴ ʜʠʪʨʠʛʦʥʘʣʴʥʽ ʧʦʨʦʞʥʠʥʠ ʦʩʥʦʚʥʠʭ ʧʣʦʱʠʥ (ʤʽʞ ʰʘʨʦʚʘ ʬʽʢʩʘʮʽʷ). 

ʎʝ ʩʪʚʦʨʶʻ ʜʫʞʝ ʩʪʽʡʢʫ ʙʫʜʦʚʫ TOT ʣʠʩʪʽʚ, ʱʦ ʧʦʚʪʦʨʶʶʪʴʩʷ. ʆʜʥʘʢ, ʟʘ-

ʚʜʷʯʫʶʯʠ ʭʽʤʽʯʥʦʤʫ, ʬʽʟʠʯʥʦʤʫ ʽ ʙʽʦʣʦʛʽʯʥʦʤʫ ʚʠʚʽʪʨʶʚʘʥʥʶ, ʪʘ ʤʦʞʣʠʚʦ 

ʟʘʚʜʷʯʫʶʯʠ ʜʽʾ ʚʝʣʠʢʠʭ ʛʽʜʨʘʪʦʚʘʥʠʭ ʢʘʪʽʦʥʽʚ ʪʠʧʫ Ca2+ ʽ Mg2+, ʤʽʞ ʰʘʨʦ-

ʚʠʡ K+ ʥʘ ʢʨʘʷʭ ʣʠʩʪʽʚ ʚʠʚʽʣʴʥʶʻʪʴʩʷ. ʎʝʡ ʧʨʦʮʝʩ ʦʙʫʤʦʚʣʝʥʠʡ, ʚ ʦʩʥʦʚ-

ʥʦʤʫ, ʥʝʧʝʨʝʨʚʥʠʤ ʟʤʝʥʰʝʥʥʷʤ K+ ʽʟ ˇʨʫʥʪʦʚʦʛʦ ʨʦʟʯʠʥʫ, ʟʘʚʜʷʯʫʶʯʠ ʢʦ-

ʨʝʥʝʚʦʤʫ ʥʘʜʭʦʜʞʝʥʥʶ ʽ, ʚʟʘʛʘʣʽ, ʤʽʛʨʘʮʽʾ. ʎʝ ʚʠʚʽʣʴʥʝʥʥʷ ʬʽʢʩʦʚʘʥʦʛʦ K+ 

ʽʟ ʤʽʞ ʰʘʨʦʚʠʭ ʤʽʩʮʴ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʦʟʰʠʨʝʥʥʷ ʜʚʦʭ ʩʫʤʽʞʥʠʭ TOT ʣʠʩ-

ʪʽʚ. ʊʦʤʫ, ʯʘʩʪʢʦʚʦ ʚʠʤʠʪʽ ʩʣʶʜʠ ʚ ˇʨʫʥʪʘʭ ʧʦʚʠʥʥʽ ʩʢʣʘʜʘʪʠʩʷ ʽʟ ʮʝʥʪʨʘ-

ʣʴʥʦʛʦ ʜʝʛʽʜʨʘʪʦʚʘʥʦʛʦ ʢʦʣʘʧʩʦʚʘʥʦʛʦ ʷʜʨʘ ʚ 10 ɸʥʛʩʪʨʝʤ ʪʘ ʨʦʟʱʝʧʣʝʥʠʭ 

TOT ʧʨʦʰʘʨʢʽʚ ʥʘ ʢʨʘʷʭ. ʇʨʦ ʤʽʩʮʷ ʽʦʥʥʦʛʦ ʦʙʤʽʥʫ ʥʘ ʧʣʦʩʢʠʭ ʧʦʚʝʨʭʥʷʭ 

ʛʣʠʥʠʩʪʠʭ ʯʘʩʪʠʥʦʢ ʛʦʚʦʨʷʪʴ ʷʢ ʧʨʦ ʧʣʘʥʘʨʥʽ ʤʽʩʮʷ, ʩʧʝʮʠʬʽʯʥʽ ʞ ʤʽʩʮʷ 

ʩʦʨʙʮʽʾ ʥʘ ʨʦʟʱʝʧʣʝʥʠʭ ʢʨʘʷʭ ʯʘʩʪʦ ʥʘʟʠʚʘʶʪʴ ʷʢ ʨʦʟʱʝʧʣʝʥʽ ʢʨʘʡʦʚʽ ʤʽʩ-

ʮʷ (FES) (ʨʠʩ.5.1). 

 

 

ʂʘʪʽʦʥʠ ʟ ʥʠʟʴʢʦʶ ʝʥʝʨʛʽʻʶ ʛʽʜʨʘʪʘʮʽʾ, ʪʠʧʫ Cs+, Rb+, K+  ʽ NH4
+, ʤʦ-

ʞʫʪʴ ʩʧʨʠʯʠʥʶʚʘʪʠ ʢʦʣʘʧʩ ʨʦʟʰʠʨʝʥʠʭ ʧʨʦʰʘʨʢʽʚ ʯʘʩʪʢʦʚʦ ʚʠʤʠʪʠʭ 

FES ʧʣʘʥʘʨʥʽ ʚʫʟʣʠ 

             ʝʣʝʤʝʥʪʘʨʥʠʡ ʛʣʠʥʠʩʪʠʡ ʰʘʨ 

             ̔ ʦʥ ʂ+ 

ʈʠʩ. 5.1 ʉʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʩʣʶʜʦʧʦʜʽʙʥʦʾ ʯʘʩʪʠʥʢʠ  

ʨʦʟʤʽʨʦʤ 10-7ï10-6 ʤ 



 

ʩʣʶʜ, ʽ ʟʘʚʜʷʢʠ ʮʴʦʤʫ ʩʠʣʴʥʦ ʩʦʨʙʫʚʘʪʠʩʴ ʫ ʨʦʟʱʝʧʣʝʥʠʭ ʢʨʘʷʭ ʟ ʫʪʚʦʨʝʥ-

ʥʷʤ ʙʽʣʴʰ ʩʪʽʡʢʦʾ ʩʪʨʫʢʪʫʨʠ, ʧʦʜʽʙʥʦ ʜʦ ʮʝʥʪʨʘʣʴʥʦʛʦ ʷʜʨʘ ʤʽʥʝʨʘʣʫ.  

ɺʠʩʦʢʘ ʚʙʽʨʥʽʩʪʴ ʢʘʪʽʦʥʫ ʦʙʫʤʦʚʣʝʥʘ ʥʠʟʴʢʦʶ ʝʥʝʨʛʽʻʶ ʛʽʜʨʘʪʘʮʽʾ 

ʮʠʭ ʢʘʪʽʦʥʽʚ, ʘ ʥʝ, ʷʢ ʚʚʘʞʘʣʠ ʨʘʥʽʰʝ, ʾʭ ʙʣʠʟʴʢʽʩʪʶ ʧʦ ʨʦʟʤʽʨʫ ʜʠʪʨʠʛʦʥʘ-

ʣʴʥʠʤ ʧʦʨʦʞʥʠʥʘʤ ʦʩʥʦʚʥʠʭ ʢʠʩʥʝʚʠʭ ʧʣʦʱʠʥ.  

ʆʪʞʝ, ʢʘʪʽʦʥʠ ʟ ʚʠʩʦʢʦʶ ʝʥʝʨʛʽʻʶ ʛʽʜʨʘʪʘʮʽʾ, ʪʠʧʫ Ca2+, Sr2+  ʽ Mg2+, 

ʷʢʽ ʥʝ ʚʪʨʘʯʘʶʪʴ ʛʽʜʨʘʪʥʫ ʚʦʜʫ, ʫʪʚʦʨʶʶʪʴ ʨʦʟʰʠʨʝʥʽ ʧʨʦʰʘʨʢʠ ʽ ʪʦʤʫ ʥʝ 

ʘʜʩʦʨʙʫʶʪʴʩʷ ʩʝʣʝʢʪʠʚʥʦ ʥʘ ʨʦʟʱʝʧʣʝʥʠʭ ʢʨʘʷʭ (ʨʠʩ. 5.2). 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʝʢʩʪʨʘʢʮʽʡʥʦʾ ʽ ʘʜʩʦʨʙʮʽʡʥʦʾ ʤʝʪʦʜʠʢ ʥʘ ʽʣʣʽʪʦʚʠʭ ʪʘ 

ʚʝʨʤʠʢʫʣʽʪʦʚʠʭ ʛʣʠʥʠʩʪʠʭ ʤʽʥʝʨʘʣʘʭ ʚʠʷʚʣʷʻ ʽʩʥʫʚʘʥʥʷ (ʫ ʚʩʷʢʦʤʫ ʨʘʟʽ) 

ʪʨʴʦʭ ʨʽʟʥʠʭ ʢʘʪʝʛʦʨʽʡ ʘʜʩʦʨʙʮʽʡʥʠʭ ʚʫʟʣʽʚ ʜʣʷ ʩʣʘʙʦ ʛʽʜʨʘʪʦʚʘʥʠʭ: 

ʧʦʚʝʨʭʥʝʚʽ ʘʙʦ ʧʣʦʩʢʽ ʦʙʤʽʥʥʽ ʤʽʩʮʷ (ʥʘ ʟʦʚʥʽʰʥʽʭ ʧʣʦʩʢʠʭ ʧʦʚʝʨʭʥʷʭ 

ʛʣʠʥʠʩʪʦʛʦ ʤʽʥʝʨʘʣʫ), ʥʘ ʷʢʠʭ Cs+ ʤʦʞʝ ʙʫʪʠ ʜʦʩʠʪʴ ʣʝʛʢʦ ʟʘʤʽʱʝʥʠʡ ʽʥ-

ʰʠʤʠ ʢʘʪʽʦʥʘʤʠ. ʎʽ ʤʽʩʮʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʩʧʝʮʠʬʽʯʥʽ. ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ 

ʧʨʘʚʠʣ ʚʘʣʝʥʪʥʦʩʪʽ, ʜʚʦʚʘʣʝʥʪʥʽ ʢʘʪʽʦʥʠ ʘʜʩʦʨʙʫʶʪʴʩʷ ʙʽʣʴʰ ʚʠʙʽʨʢʦʚʦ ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʦʜʥʦʚʘʣʝʥʪʥʠʤʠ ʢʘʪʽʦʥʘʤʠ; 

ʤʽʞ ʧʨʦʰʘʨʢʦʚʽ ʦʙʤʽʥʥʽ ʤʽʩʮʷ ʥʘ ʨʦʟʱʝʧʣʝʥʠʭ ʢʨʘʷʭ ʤʽʥʝʨʘʣʫ. ʎʽ ʤʽ-

ʩʮʷ ʟʥʘʭʦʜʞʝʥʥʷ ʜʫʞʝ ʩʧʝʮʠʬʽʯʥʽ ʜʣʷ Cs+. ʆʙʤʽʥ ʟ ʧʦʜʽʙʥʠʤʠ ʢʘʪʽʦʥʘʤʠ 

(K+, NH4
+ ʽ Rb+) ʚʩʝ ʱʝ ʰʚʠʜʢʠʡ ʟʘʚʜʷʯʫʶʯʠ ʤʘʣʽʡ ʜʠʬʫʟʽʡʥʽʡ ʚʽʜʩʪʘʥʽ ʜʦ 

ʨʦʟʯʠʥʫ. ʅʘ ʧʨʦʪʠʚʘʛʫ ʧʨʘʚʠʣʘʤ ʚʘʣʝʥʪʥʦʩʪʽ, K+, NH4
+ ʽ Rb+ ï ʙʽʣʴʰ ʢʦʥ-

ʢʫʨʝʥʪʥʦʟʜʘʪʥʽ, ʥʽʞ Ca2+, Sr2+ ʘʙʦ Ba2+ ʫ ʩʦʨʙʮʽʾ ʮʝʟʽʶ ʥʘ ʮʠʭ ʨʦʟʱʝʧʣʝʥʠʭ 

ʤʽʩʮʷʭ ʢʨʘʾʚ. 

 ʈʽʚʥʦʚʘʞʥʠʡ ʚʠʙʽʨʢʦʚʠʡ ʽʦʥʥʠʡ ʦʙʤʽʥ Cs+ ʽ Rb+ ʛʦʤʦʽʦʥʘʤʠ 

 

             ʈʠʩʫʥʦʢ 5.2. ʈʦʟʰʠʨʝʥʽ ʢʨʘʾ ʩʣʶʜʦʧʦʜʽʙʥʠʭ ʤʽʥʝʨʘʣʽʚ 

ʉʣʶʜʘ 
ɺʝʨʤʠʢʫʣʽʪ 

ʄʦʥʪʤʦʨʠʣʣʦʥʽʪ 



 

 ʄ+ (+) (ʄ+(+) = K +, Na +, Ca2 +, Mg2 + ʘʙʦ Sr2 +) ʥʘ ʽʣʣʽʪʦʚʠʭ ʯʘʩʪʠʥʢʘʭ  

ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʯʝʨʝʟ ʪʨʠ ʚʠʜʠ ʚʫʟʣʽʚ ʟʽ ʟʤʽʥʶʚʘʥʦʶ ʩʧʝʮʠʬʽʯʥʽʩʪʶ. ʆʧʠʩ 

ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʘ ʚʠʙʽʨʢʦʚʦʩʪʽ Cs+ ʜʦ -M+(+) ʪʨʴʦʭ ʚʫʟ-

ʣʦʚʦʶ ʤʦʜʝʣʣʶ ʽʦʥʥʦʛʦ ʦʙʤʽʥʫ ʜʦʟʚʦʣʠʚ ʮʠʤ ʜʦʩʣʽʜʥʠʢʘʤ ʦʮʽʥʠʪʠ ʢʽʣʴʢʽ-

ʩʥʦ ʻʤʥʽʩʪʴ ʽ ʢʦʝʬʽʮʽʻʥʪ ʚʠʙʽʨʢʦʚʦʩʪʽ Cs+ ʜʦ -M + (+) ʫ ʪʨʴʦʭ ʚʠʜʘʭ ʦʙʤʽʥʥʠʭ 

ʚʫʟʣʽʚ (ʜʠʚ. ʨʠʩ. 5.2). 

ɼʣʷ ʚʠʧʘʜʢʫ Cs +/K +, ʚʢʣʘʜ ʪʨʴʦʭ ʚʫʟʣʽʚ ʦʮʽʥʶʻʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ: 

ʚʫʟʣʠ ʪʠʧʫ I ʚʢʣʶʯʘʶʪʴ 0,25% ʦʙʤʽʥʥʦʾ ʻʤʥʦʩʪʽ ʟ ʜʫʞʝ ʚʠʩʦʢʦʶ ʚʠ-

ʙʽʨʢʦʚʽʩʪʶ ʜʦ Cs+; 

ʚʫʟʣʠ ʪʠʧʫ ɯɯ ʚʢʣʶʯʘʶʪʴ 2,50% ʦʙʤʽʥʥʦʾ ʻʤʥʦʩʪʽ ʟ ʚʠʩʦʢʦʶ ʚʠʙʽʨʢʦ-

ʚʽʩʪʶ ʜʣʷ Cs+; 

ʚʫʟʣʠ ʪʠʧʫ III ʚʢʣʶʯʘʶʪʴ 97,25% ʦʙʤʽʥʥʦʾ ʻʤʥʦʩʪʽ ʙʝʟ ʷʚʥʦʾ ʚʠʙʽʨʢʦ-

ʚʦʩʪʽ ʜʣʷ Cs+. 

ɺʫʟʣʠ ɯ ʪʘ ɯɯ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʤʽʞ ʰʘʨʦʚʠʭ ʚʫʟʣʘʭ, ʘ ʚʫʟʦʣ ɯɯɯ, ʷʢ ʚʚʘ-

ʞʘʻʪʴʩʷ, ʟʚôʷʟʘʥʠʡ ʽʟ ʨʝʛʫʣʷʨʥʠʤʠ ʦʙʤʽʥʥʠʤʠ ʚʫʟʣʘʤʠ ʥʘ ʧʣʦʩʢʠʭ ʧʦʚʝʨʭ-

ʥʷʭ. 

ɼʣʷ ʧʦʨʽʚʥʷʣʴʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʡʤʦʚʽʨʥʦʩʪʽ ʟʘʭʚʘʪʫ ʤʽʢʨʦʝʣʝʤʝʥ-

ʪʽʚ ʥʘ ʚʫʟʦʣ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʚʠʜʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʦʥʷʪʪʷ ʢʦʝʬʽʮʽʻʥʪʘ ʩʝ-

ʣʝʢʪʠʚʥʦʩʪʽ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ: 
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ʜʝ Z ï ʜʦʣʷ ʽʦʥʽʚ, ʣʦʢʘʣʽʟʦʚʘʥʠʭ ʥʘ ʦʙʤʽʥʥʦʤʫ ʢʦʤʧʣʝʢʩʽ,  M - ʽʦʥ ʤʝ-

ʪʘʣʫ, ʘ m ï ʤʦʣʷʨʥʘ ʨʽʚʥʦʚʘʞʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ. ʂʦʝʬʽʮʽʻʥʪ ʚʠʙʽʨʢʦʚʦʩʪʽ 

Cs+-ʜʦ-K+ ʫ ʚʠʩʦʢʦ ʚʠʙʽʨʢʦʚʦʤʫ ʚʫʟʣʽ ɯ (ʥʠʟʴʢʘ ʢʦʥʮʝʥʪʨʘʮʽʷ Cs+) ʻ ʜʫʞʝ 

ʚʠʩʦʢʠʤ [ʚʠʛʨʘʰ ʝʥʝʨʛʽʾ DG (Cs+/K+) = -23,5 ʢɼʞ). ɹʫʣʦ ʧʦʤʽʯʝʥʦ, ʱʦ ʥʝ-

ʚʝʣʠʢʘ ʨʽʟʥʠʮʷ ʫ ʚʠʙʽʨʢʦʚʦʩʪʽ ʣʫʞʥʠʭ ʢʘʪʽʦʥʽʚ, ʱʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʧʣʦ-

ʱʠʥʥʠʭ ʚʫʟʣʘʭ, ʧʦʩʠʣʶʻʪʴʩʷ ʚ ʩʧʝʮʠʬʽʯʥʠʭ ʚʫʟʣʘʭ, ʧʽʜʢʨʝʩʣʶʶʯʠ ʟʥʘʯʝʥ-

ʥʷ ʝʥʝʨʛʽʾ ʛʽʜʨʘʪʘʮʽʾ. ʂʦʝʬʽʮʽʻʥʪʠ ʚʠʙʽʨʢʦʚʦʩʪʽ  Cs+ - ʜʦ - ʄ++ ʫ ʚʫʟʣʘʭ ɯ 

ʧʨʠʡʤʘʶʪʴ ʪʘʢʦʞ ʚʠʩʦʢʽ ʟʥʘʯʝʥʥʷ [DG (Cs+/M++)= ʚʽʜ -38,5 ʜʦ -40,0 ʢɼʞ], 

ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʚʽʜʩʫʪʥʦʩʪʽ ʢʦʥʢʫʨʝʥʪʥʦʩʪʽ ʣʫʞʥʦʟʝʤʝʣʴʥʠʤʠ ʢʘʪʽʦʥʘʤʠ ʚ 

ʩʦʨʙʮʽʾ Cs+ ʥʘ ʮʠʭ ʩʧʝʮʠʬʽʯʥʠʭ ʚʫʟʣʘʭ. ʇʨʠ ʦʙʯʠʩʣʝʥʥʽ ʬʫʥʢʮʽʡ ʪʝʨʤʦʜʠ-

ʥʘʤʽʯʥʦʛʦ ʩʪʘʥʫ, ʤʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ  

Á ʢʦʨʦʪʢʦʯʘʩʥʘ ʩʦʨʙʮʽʷ ʮʝʟʽʶ ï ʪʝʨʤʦʜʠʥʘʤʽʯʥʦ ʦʙʦʨʦʪʥʽʡ ʧʨʦʮʝʩ; 

Á ʨʫʭʦʤʘ ʩʠʣʘ ʜʣʷ ʚʠʩʦʢʦʾ ʨʽʟʥʠʮʽ ʚʠʙʽʨʢʦʚʦʩʪʽ ï ʨʽʟʥʠʮʷ ʫ ʚʽʣʴʥʽʡ ʝʥʝʨʛʽʾ 

ʛʽʜʨʘʪʘʮʽʾ ʢʘʪʽʦʥʫ. 



 

ɼʘʥʽ, ʦʪʨʠʤʘʥʽ ʂʨʘʤʝʨʩʦʤ ʽ ʩʧʽʚʨʦʙʽʪʥʠʢʘʤʠ, ʚʢʘʟʫʶʪʴ ʥʘ ʪʝ, ʱʦ Cs+ 

ʩʦʨʙʫʻʪʴʩʷ ʫ ˇʨʫʥʪʘʭ ʽʟ ʚʠʩʦʢʦʶ ʩʝʣʝʢʪʠʚʥʽʩʪʶ, ʧʨʠʯʦʤʫ, ʚʠʩʦʢʘ ʩʦʨʙʮʽʡʥʘ 

ʟʜʘʪʥʽʩʪʴ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ Cs+ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʚ ʥʠʭ ʛʣʠʥʠʩʪʠʭ 

ʤʽʥʝʨʘʣʽʚ ʟ ʢʨʠʩʪʘʣʽʯʥʦʶ ʨʝʰʽʪʢʦʶ 2:1. ʅʘ ʦʩʥʦʚʽ ʚʠʚʯʝʥʥʷ ʩʦʨʙʮʽʾ ʥʘ 

ʽʣʣʽʪʽ ʚʩʷ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʽʦʥʦʦʙʤʽʥʥʠʭ ʩʦʨʙʮʽʡʥʠʭ ʤʽʩʮʴ ʧʦʜʽʣʷʻʪʴʩʷ ʤʽ-

ʥʽʤʫʤ ʥʘ ʪʨʠ ʦʩʥʦʚʥʽ ʪʠʧʠ ʟ ʩʫʪʪʻʚʦ ʚʽʜʤʽʥʥʦʶ ʩʝʣʝʢʪʠʚʥʽʩʪʶ ʧʦ ʚʽʜʥʦ-

ʰʝʥʥʶ ʜʦ Cs+. ɼʦʣʷ ʮʠʭ ʤʽʩʮʴ ʩʢʣʘʜʘʻ 0,25; 2,5; ʪʘ 97,25% ʚʽʜ ʧʦʚʥʦʾ ʽʦʥʦ-

ʦʙʤʽʥʥʦʾ ʻʤʥʦʩʪʽ ʫ ʚʠʧʘʜʢʫ ʽʣʣʽʪʘ, ʥʘʩʠʯʝʥʦʛʦ ʢʘʣʽʻʤ, ʽ 0,55; 3,3 ʪʘ 96,15% 

ʫ ʚʠʧʘʜʢʫ ʽʣʣʽʪʘ, ʥʘʩʠʯʝʥʦʛʦ ʢʘʣʴʮʽʻʤ. ʉʦʨʙʮʽʡʥʽ ʤʽʩʮʷ ʤʽʥʽʤʘʣʴʥʦʾ ʩʝʣʝʢ-

ʪʠʚʥʦʩʪʽ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ Cs+, ʙʫʣʠ ʚʽʜʥʝʩʝʥʽ ʜʦ ʟʚʠʯʘʡʥʠʭ ʧʦʚʝʨʭʥʝʚʠʭ 

ʽʦʥʦʦʙʤʽʥʥʠʭ ʮʝʥʪʨʽʚ. ɼʚʘ ʽʥʰʠʭ ʪʠʧʠ ʩʦʨʙʮʽʡʥʠʭ ʤʽʩʮʴ ʟ ʤʝʥʰʦʶ ʻʤʥʽʩ-

ʪʶ, ʧʝʨʰʠʡ ʟ ʷʢʠʭ ʤʘʻ ʥʘʜʟʚʠʯʘʡʥʦ ʚʝʣʠʢʫ ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʧʦ ʚʽʜʥʦʰʝʥʥʶ 

ʜʦ Cs+, ʙʫʣʠ ʚʽʜʥʝʩʝʥʽ ʜʦ ʩʦʨʙʮʽʡʥʠʭ ʮʝʥʪʨʽʚ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʚ ʦʙʣʘʩʪʽ ʨʦʟ-

ʰʠʨʝʥʠʭ ʢʨʘʾʚ ʩʫʩʽʜʥʽʭ ʧʨʦʰʘʨʢʽʚ ʢʨʠʩʪʘʣʽʯʥʦʾ ʨʝʰʽʪʢʠ ʽʣʣʽʪʫ. ʅʝʩʝʣʝʢʪʠ-

ʚʥʽ ʩʦʨʙʮʽʡʥʽ ʮʝʥʪʨʠ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʧʦʚʝʨʭʥʽ ʯʘʩʪʠʥʦʢ ʧʦʟʥʘʯʘʶʪʴ ʷʢ RES 

(Regular Exchange Sites) ï ʨʝʛʫʣʷʨʥʽ ʦʙʤʽʥʥʽ ʚʫʟʣʠ, ʘ ʩʦʨʙʮʽʡʥʽ ʮʝʥʪʨʠ, ʨʦ-

ʟʪʘʰʦʚʘʥʽ ʤʽʞ ʧʨʦʰʘʨʢʘʤʠ ʢʨʠʩʪʘʣʽʯʥʦʾ ʨʝʰʽʪʢʠ ʚ ʦʙʣʘʩʪʽ ʾʭ ʨʦʟʰʠʨʝʥʠʭ 

ʢʨʘʾʚ ïFES (Fray Edge Sites)ï ʨʦʟʰʠʨʝʥʽ ʢʨʘʡʦʚʽ ʚʫʟʣʠ.  

ʉʧʝʮʠʬʽʯʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ FES ʦʙʫʤʦʚʣʶʻ ʾʭ ʚʠʩʦʢʫ ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʧʦ 

ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʽʦʥʽʚ ʟ ʤʘʣʠʤʠ ʽʦʥʥʠʤʠ ʨʘʜʽʫʩʘʤʠ ʫ ʨʦʟʯʠʥʽ. ʆʩʢʽʣʴʢʠ ʽʦʥʠ 

ʫ ʚʦʜʥʠʭ ʨʦʟʯʠʥʘʭ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʛʽʜʨʘʪʦʚʘʥʦʤʫ ʩʪʘʥʽ, ʚʦʥʠ ʜʦʩʠʪʴ ʚʝʣʠʢʽ, 

ʱʦʙ ʧʨʦʥʠʢʥʫʪʠ ʚ FES. 

ɯʦʥʠ, ʪʘʢʽ ʷʢ K+, Rb+, NH4
+ ʽ, ʦʩʦʙʣʠʚʦ, Cs+ ʤʘʶʪʴ ʥʝʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ 

ʝʥʝʨʛʽʾ ʛʽʜʨʘʪʘʮʽʾ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʤʘʶʪʴ ʚʝʣʠʢʽ ʨʘʜʽʫʩʠ, ʣʝʛʢʦ ʚʪʨʘʯʘʶʪʴ 

ʩʚʦʶ ʚʦʜʥʫ ʦʙʦʣʦʥʢʫ ʽ ʤʦʞʫʪʴ ʣʝʛʢʦ ʚʙʫʜʦʚʫʚʘʪʠʩʴ ʫ FES, ʪʦʙʪʦ ʩʦʨʙʫʚʘ-

ʪʠʩʴ ʪʘʤ ʥʘ ʧʝʚʥʠʭ ʚʫʟʣʘʭ ʢʨʠʩʪʘʣʽʯʥʦʾ ʨʝʰʽʪʢʠ. ʊʘʢʽ ʽʦʥʠ, ʷʢ Ca++, Mg++, 

Sr++, ʤʘʶʪʴ ʤʘʣʽ ʽʦʥʥʽ ʨʘʜʽʫʩʠ, ʘ ʪʦʤʫ ʚʝʣʠʢʫ ʝʥʝʨʛʽʶ ʛʽʜʨʘʪʘʮʽʾ. ɼʣʷ ʟʥʠ-

ʱʝʥʥʷ ʚʦʜʥʦʾ ʦʙʦʣʦʥʢʠ ʥʝʦʙʭʽʜʥʘ ʜʫʞʝ ʚʝʣʠʢʘ ʝʥʝʨʛʽʷ. ʊʦʤʫ ʚʦʥʠ ʥʝʟʜʘʪʥʽ 

ʧʨʦʥʠʢʘʪʠ ʚ FES. ʎʽ ʽʦʥʠ ʩʦʨʙʫʶʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ ʥʘ ʧʣʘʥʘʨʥʠʭ ʧʦʚʝʨʭʥʝ-

ʚʠʭ ʤʽʩʮʷʭ. ʂʦʝʬʽʮʽʻʥʪ ʩʝʣʝʢʪʠʚʥʦʩʪʽ ʩʦʨʙʮʽʾ ʮʝʟʽʶ ʥʘ FES ʧʦ ʚʽʜʥʦʰʝʥʥʶ 

ʜʦ K+ ʨʽʚʥʠʡ 100, ʘ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ NH4
+ ï 200. ʎʽ ʩʝʣʝʢʪʠʚʥʽ ʩʦʨʙʮʽʡʥʽ 

ʤʽʩʮʷ FES ʜʣʷ ʙʽʣʴʰʦʩʪʽ ˇʨʫʥʪʽʚ ʩʢʣʘʜʘʶʪʴ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʠʡ ʚʽʜʩʦʪʦʢ 

ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʩʦʨʙʮʽʡʥʠʭ ʤʽʩʮʴ (1ï5%). ɺʥʘʩʣʽʜʦʢ ʚʠʩʦʢʦʾ ʩʝʣʝʢ-

ʪʠʚʥʦʩʪʽ FES ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ Cs+ ʽ ʚʨʘʭʦʚʫʶʯʠ ʪʝ, ʱʦ 137Cs ʽ ʥʘʚʽʪʴ ʩʪʘ-

ʙʽʣʴʥʠʡ Cs+ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʟʘʣʠʰʢʦʚʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʫ ʥʘʚʢʦʣʠʰʥʴʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ, ʧʨʘʢʪʠʯʥʦ ʚʝʩʴ 137Cs ʫ ʙʽʣʴʰʦʩʪʽ ˇʨʫʥʪʽʚ ʩʦʨʙʦʚʘʥʠʡ ʥʘ FES. 

ɿʚʝʜʝʥʥʷ ʚʫʟʣʽʚ ʩʦʨʙʮʽʾ ʥʘ ʛʣʠʥʠʩʪʽʡ ʩʪʨʫʢʪʫʨʥʽʡ ʦʩʥʦʚʽ ʜʦ ʪʨʴʦʭ 

ʛʨʫʧ ʻ ʜʦʩʠʪʴ ʫʤʦʚʥʠʤ. ɼʽʡʩʥʦ, ʦʩʢʽʣʴʢʠ ʩʧʝʮʠʬʽʯʥʽ ʩʦʨʙʮʽʡʥʽ ʚʫʟʣʠ ʨʦʟ-

ʪʘʰʦʚʘʥʽ ʚ ʨʦʟʱʝʧʣʝʥʠʭ ʢʨʘʷʭ, ʪʦ ʽʟ-ʟʘ ʢʣʠʥʦʧʦʜʽʙʥʦʾ ʬʦʨʤʠ ʮʠʭ ʨʦʟʱʝʧ-



 

ʣʝʥʠʭ ʢʨʘʾʚ, ʙʫʣʦ ʙ ʣʦʛʽʯʥʦ ʢʦʥʩʪʘʪʫʚʘʪʠ ʽʩʥʫʚʘʥʥʷ ʢʦʥʪʠʥʫʫʤʘ ʚʫʟʣʽʚ ʟ ʨʽ-

ʟʥʠʤʠ ʚʥʫʪʨʽʰʥʽʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʚʠʙʦʨʥʦʩʪʽ ʽ ʡʤʦʚʽʨʥʦ ʟ ʨʽʟʥʠʤʠ ʩʪʫʧʝ-

ʥʷʤʠ ʩʦʨʙʦʚʘʥʠʭ ʽʦʥʽʚ. ʆʜʥʘʢ, ʜʘʥʽ ʤʦʜʝʣʶʚʘʥʥʷ, ʥʘʧʝʚʥʝ ʜʦʟʚʦʣʷʶʪʴ 

ʟʨʦʙʠʪʠ ʛʨʫʙʝ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ FES ʤʦʞʫʪʴ ʙʫʪʠ ʨʦʟʜʽʣʝʥʽ ʥʘ ʦʙʤʽʥʥʽ ʚʫʟ-

ʣʠ, ʱʦ ʤʘʶʪʴ ʚʠʩʦʢʫ ʚʠʙʦʨʥʽʩʪʴ Cs+ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ K+ (ʚʢʣʶʯʘʶʯʠ ʚʫ-

ʟʣʠ ʟ ʤʽʩʮʝʤ ʟʥʘʭʦʜʞʝʥʥʷ ɯ ʪʘ ɯɯ ʟʽ ʟʥʘʯʝʥʥʷʤʠ ln(KcFES(Cs+/K+)) º12 ʪʘ º 9 

ʚʽʜʧʦʚʽʜʥʦ) ʽ ʦʙʤʽʥʥʽ ʚʫʟʣʠ (ʚʫʟʣʠ III), ʷʢʽ ʚ ʦʩʥʦʚʥʦʤʫ ʥʝ ʚʽʜʨʽʟʥʷʶʪʴʩʷ 

ʚʽʜ ʧʣʦʩʢʠʭ ʚʫʟʣʽʚ ʦʙʤʽʥʫ (lnKcFES(Cs+/K+)  º2ï4). ʍʦʯ ʚʫʟʣʠ III ʧʦʛʘʥʦ ʨʦ-

ʟʨʽʟʥʷʶʪʴ Cs+ ʽ K+, ʚʦʥʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʧʣʦʩʢʠʭ ʚʫʟʣʽʚ ʦʙʤʽʥʫ, ʦʩʢʽʣʴʢʠ 

ʚʦʥʠ ʚʽʜʥʦʩʥʦ ʩʠʣʴʥʦ ʨʦʟʨʽʟʥʷʶʪʴ Cs+ ʽ Ca2+ (ʘʙʦ Sr2+, Mg2+). ɺʫʟʣʠ ɯ ʪʘ ɯɯ 

ʨʘʟʦʤ ʻ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʤʠ ʚʫʟʣʘʤʠ (HAS) ï ʚʦʥʠ ʩʢʣʘʜʘʶʪʴ 0,02ï0,06% 

CEC ʤʽʥʝʨʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʚ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ˇʨʫʥʪʘʭ. 

ɼʨʫʛʠʤ ʚʘʞʣʠʚʠʤ ʧʘʨʘʤʝʪʨʦʤ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʨʫʭʦʤʽʩʪʴ ʨʘʜʽʦʥʫʢ-

ʣʽʜʽʚ ʻ ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʧʦʜʽʣʫ KD, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʚʽʜʥʦʰʝʥʥʷ ʨʽʚʥʦʚʘʞ-

ʥʦʾ ʩʫʤʘʨʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʪʚʝʨʜʽʡ ʬʘʟʽ ʜʦ ʾʭ ʨʽʚʥʦʚʘʞʥʦʾ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʫ ʨʦʟʯʠʥʽ. ʂʦʥʦʧʣʴʦʚ ɸ.ɺ [51] ʫʚʽʚ ʧʦʥʷʪʪʷ ʦʙʤʽʥʥʦʛʦ ʢʦʝʬʽ-

ʮʽʻʥʪʘ ʨʦʟʧʦʜʽʣʫ KD
ex, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʚʽʜʥʦʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʦʙ-

ʤʽʥʥʦʾ ʯʘʩʪʠʥʠ ʨʘʜʽʦʥʫʢʣʽʜʘ ʜʦ ʡʦʛʦ ʢʦʥʮʝʥʪʨʘʮʽʾ ʫ ʨʦʟʯʠʥʽ [51]. ʏʘʩʪʢʘ 

ʥʝʦʙʤʽʥʥʦʾ ʯʘʩʪʠʥʠ ʨʘʜʽʦʥʫʢʣʽʜʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦʯʘʪʢʦʚʠʤʠ ʬʦʨʤʘʤʠ ʚʠ-

ʧʘʜʘʥʥʷ ʪʘ ʬʽʢʩʫʶʯʦʶ ʟʜʘʪʥʽʩʪʶ ˇʨʫʥʪʫ ʽ ʚʘʞʢʦ ʧʽʜʜʘʻʪʴʩʷ ʦʮʽʥʮʽ ʥʘ ʦʩʥʦ-

ʚʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʝʨʝʜʦʚʠʱʘ. ʇʝʨʝʚʘʛʘ ʚʚʝʜʝʥʥʷ ʪʘʢʦʛʦ ʦʙʤʽʥʥʦʛʦ ʢʦʝʬʽʮʽ-

ʻʥʪʘ ʨʦʟʧʦʜʽʣʫ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʩʫʤʘʨʥʠʡ KD ʩʫʪʪʻʚʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʘʩʪ-

ʢʠ ʥʝʦʙʤʽʥʥʦʛʦ ʨʘʜʽʦʥʫʢʣʽʜʘ, ʪʦʜʽ ʷʢ KD
ex ʻ ʬʫʥʢʮʽʻʶ ʩʦʨʙʮʽʡʥʠʭ ʚʣʘʩʪʠ-

ʚʦʩʪʝʡ ˇʨʫʥʪʫ ʪʘ ʢʦʥʢʫʨʝʥʪʥʠʭ ʽʦʥʽʚ, ʽ ʪʦʤʫ ʤʦʞʝ ʧʨʦʛʥʦʟʫʚʘʪʠʩʷ ʥʘ ʾʭ ʦʩ-

ʥʦʚʽ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʽʚʥʷʥʥʷ ʽʦʥʥʦʾ ʨʽʚʥʦʚʘʛʠ ʜʣʷ ʩʦʨʙʮʽʾ Cs+ ʥʘ FES ʟʘ 

ʥʘʷʚʥʦʩʪʽ ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʽʦʥʫ M+, ʥʝʚʘʞʢʦ ʦʪʨʠʤʘʪʠ ʚʠʨʘʟ, ʱʦ ʧʦʚôʷʟʫʻ 

ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʧʦʜʽʣʫ Cs+ ʟ ʻʤʥʽʩʪʶ  FES ʪʚʝʨʜʦʾ ʬʘʟʠ ʽ ʢʦʥʮʝʥʪʨʘʮʽʻʶ M+ 

ʫ ʨʦʟʯʠʥʽ: 
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ʜʝ KC(Cs/M) ï ʢʦʝʬʽʮʽʻʥʪ ʩʝʣʝʢʪʠʚʥʦʩʪʽ ʽʦʥʥʦʛʦ ʦʙʤʽʥʫ Cs+ ʥʘ FES ʧʦ 

ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʽʦʥʫ  M+. ɸʙʦ  
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ʎʝʡ ʚʠʨʘʟ ʻ ʚʠʟʥʘʯʝʥʥʷʤ ʱʝ ʦʜʥʦʛʦ ʚʘʞʣʠʚʦʛʦ ʧʘʨʘʤʝʪʨʘ ʩʝʣʝʢʪʠʚ-

ʥʦʾ ʩʦʨʙʮʽʾ Cs+ ï ʦʙʤʽʥʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʧʝʨʝʭʦʧʣʝʥʥʷ ʨʘʜʽʦʮʝʟʽʶ 

(Radiocesium Interseption Potential-RIP) [52]. RIP ï ʧʦʩʪʽʡʥʘ ʚʝʣʠʯʠʥʘ ʜʣʷ 

ʜʘʥʦʛʦ ʩʦʨʙʝʥʪʫ, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻ ʡʦʛʦ ʟʜʘʪʥʽʩʪʴ ʩʝʣʝʢʪʠʚʥʦ ʽ ʟʚʦʨʦʪʥʦ 

ʟʚ'ʷʟʫʚʘʪʠ Cs+. ɯʟ ʡʦʛʦ ʜʦʧʦʤʦʛʦʶ ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʚʝʣʠʯʠʥʫ ʦʙʤʽʥʥʦʛʦ ʢʦʝ-

ʬʽʮʽʻʥʪʘ ʨʦʟʧʦʜʽʣʫ ʮʴʦʛʦ ʨʘʜʽʦʥʫʢʣʽʜʘ KD
ex.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʧʨʦʛʥʦʟʫ ʫʪʨʠʤʫʚʘʥʥʷ ʨʘʜʽʦʮʝʟʽʶ ʚ ˇʨʫʥʪʦʚʠʭ ʤʽ-

ʥʝʨʘʣʴʥʠʭ ʯʘʩʪʠʥʢʘʭ, ʥʘ ʜʫʤʢʫ ʂʦʥʦʧʣʴʦʚʘ ɸ.ɺ. ʽ ʩʧʽʚʘʚʪʦʨʽʚ [52], ʥʝʦʙʭʽ-

ʜʥʦ ʟʥʘʪʠ ʪʨʠ ʚʝʣʠʯʠʥʠ:  

ʧʦʚʥʫ ʻʤʥʽʩʪʴ ʩʧʝʮʠʬʽʯʥʠʭ FES; 

ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʽʦʥʽʚ ʮʝʟʽʶ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʽʥʰʠʭ ʢʦʥʢʫʨʝʥʪʥʦʟʜʘʪ-

ʥʠʭ, ʱʦ ʧʦʛʘʥʦ ʛʽʜʨʘʪʫʶʪʴʩʷ, ʢʘʪʽʦʥʽʚ X+ ʫ ʩʠʩʪʝʤʽ; 

ʢʦʥʮʝʥʪʨʘʮʽʶ ʢʦʥʢʫʨʫʶʯʦʛʦ ʽʦʥʘ ʚ ʨʽʜʢʽʡ ʬʘʟʽ. 

ʆʯʝʚʠʜʥʦ, ʟʥʘʯʝʥʥʷ [Kd.mx]  ï ʜʦʩʠʪʴ ʚʘʞʣʠʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʦʩʢʽ-

ʣʴʢʠ ʚʦʥʠ ʜʦʟʚʦʣʷʶʪʴ ʨʦʙʠʪʠ ʧʨʦʛʥʦʟʠ ʟ Kd
C ʥʘ ʦʩʥʦʚʽ ʟʥʘʯʝʥʴ mx ʫ ʨʽʜʢʽʡ 

ʬʘʟʽ, ʟʘ ʫʤʦʚʠ, ʱʦ ʚʩʽ ʽʥʰʽ ʢʘʪʽʦʥʠ, ʢʦʥʢʫʨʫʶʯʽ ʟʘ FES ʚʽʜʩʫʪʥʽ. ʇʨʦʪʝ, ʚ 

ˇʨʫʥʪʦʚʠʭ ʩʠʩʪʝʤʘʭ ʟʘʟʚʠʯʘʡ ʤʘʶʪʴ ʩʧʨʘʚʫ ʟ ʢʽʣʴʢʦʤʘ ʚʠʜʘʤʠ ʽʦʥʽʚ ʫ ʨʽʜ-

ʢʽʡ ʬʘʟʽ, ʩʝʨʝʜ ʷʢʠʭ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʽ ʽʦʥʠ K+ ʽ NH4
+.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ ʙʽʦʜʦʩʪʫʧʥʽʩʪʴ ʨʘʜʽʦʮʝʟʽʶ ʚʠʟʥʘʯʘ-

ʻʪʴʩʷ, ʚ ʦʩʥʦʚʥʦʤʫ, ʪʘʢʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ˇʨʫʥʪʫ, ʷʢ ʚʤʽʩʪ ʢʘʣʽʶ ʽ ʚʤʽʩʪ 

ʛʣʠʥʠʩʪʠʭ ʤʽʥʝʨʘʣʽʚ.  

ʎʝʡ ʚʘʞʣʠʚʠʡ ʚʠʩʥʦʚʦʢ ʤʦʞʝ ʙʫʪʠ ʦʩʥʦʚʦʶ ʜʣʷ ʧʦʙʫʜʦʚʠ ʪʝʦʨʝʪʠʯ-

ʥʦʾ ʤʦʜʝʣʽ ʤʽʛʨʘʮʽʾ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʫ ʩʠʩʪʝʤʽ ˇʨʫʥʪ  ʨʦʩʣʠʥʘ. 

ʋ 1999 ʨʦʮʽ ɸʙʩʦʣʦʤ [53]  ʧʨʝʜʩʪʘʚʠʚ ʥʘʧʽʚʤʝʭʘʥʽʩʪʠʯʥʫ ʤʦʜʝʣʴ, ʷʢʘ 

ʜʦʟʚʦʣʷʻ ʧʨʦʛʥʦʟʫʚʘʪʠ ʚʤʽʩʪ ʮʝʟʽʶ ʚ ʨʦʩʣʠʥʘʭ, ʚʠʭʦʜʷʯʠ ʟ ʜʘʥʠʭ ʧʨʦ ʯʘʩ 

ʢʦʥʪʘʢʪʫ ʽʦʥʽʚ ʮʝʟʽʶ ʟ ˇʨʫʥʪʦʤ ʧʨʦ ʧʨʦʮʝʥʪʥʠʡ ʚʤʽʩʪ ʛʣʠʥʠ ʚ ˇʨʫʥʪʽ, ʚʤʽʩʪ 

ʦʙʤʽʥʥʦʛʦ ʢʘʣʽʶ ʽ ʚʠʭʽʜʥʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʮʝʟʽʶ, ʱʦ ʚʠʧʘʚ ʥʘ ʧʦʚʝʨʭʥʶ 

ˇʨʫʥʪʫ. ʋ ʪʘʢʽʡ ʤʦʜʝʣʽ ʧʨʠʧʫʩʢʘʻʪʴʩʷ, ʱʦ ʩʦʨʙʮʽʷ Cs ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʦʩʥʦʚ-

ʥʦʤʫ ʥʘ ʛʣʠʥʠʩʪʠʭ ʯʘʩʪʠʥʢʘʭ, ʟʛʽʜʥʦ ʦʧʠʩʘʥʦʤʫ ʚʠʱʝ ʤʝʭʘʥʽʟʤʫ. ʆʩʥʦʚ-

ʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʚ ʮʽʡ ʤʦʜʝʣʽ ʻ ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʧʦʜʽʣʫ 137Cs ʤʽʞ ʪʚʝʨʜʦʶ 

ʬʘʟʦʶ ˇʨʫʥʪʫ ʽ ˇʨʫʥʪʦʚʠʤ ʨʦʟʯʠʥʦʤ (kd1,ʜʤ
3ʢʛ-1), ʷʢʠʡ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʫ 

ʚʠʛʣʷʜʽ ʬʫʥʢʮʽʾ ʚʤʽʩʪʫ ʚ ˇʨʫʥʪʽ ʛʣʠʥʠ ʽ  ʦʙʤʽʥʥʦʛʦ ʢʘʣʽʶ ʂ+. ʅʘʜʭʦʜʞʝʥʥʷ 

ʨʘʜʽʦʮʝʟʽʶ ʚ ʨʦʩʣʠʥʠ ʦʧʠʩʫʻʪʴʩʷ ʪʘʢ ʟʚʘʥʠʤ  ʢʦʥʮʝʥʪʨʘʮʽʡʥʠʤ ʬʘʢʪʦʨʦʤ  

(CF, ɹʢ/ʢʛ, ʨʦʩʣʠʥʘ / ɹʢ/ʜʤ3, ˇʨʫʥʪʦʚʠʡ ʨʦʟʯʠʥ), ʷʢʠʡ ʧʦʚ'ʷʟʘʥʠʡ ʟ ʢʦʥʮʝʥ-

ʪʨʘʮʽʻʶ ʂ+ ʚ ʨʦʟʯʠʥʽ ([mK], ʤʦʣʴ/ʜʤ
3). ɿʛʦʜʦʤ ʪʘʢʠʡ ʧʽʜʭʽʜ ʙʫʚ ʚʠʢʦʨʠʩʪʘ-

ʥʠʡ ʜʣʷ ʨʦʟʚʠʪʢʫ ʤʦʜʝʣʽ ʧʝʨʝʭʦʜʫ ʮʝʟʽʶ ʟ ˇʨʫʥʪʫ ʚ ʨʦʩʣʠʥʠ ʫ ʚʠʧʘʜʢʫ ʦʨ-

ʛʘʥʽʯʥʠʭ ˇʨʫʥʪʽʚ [53]. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʜʦʮʽʣʴʥʦ ʧʨʠʧʫʩʪʠʪʠ ʽʩʥʫʚʘʥʥʷ 

ʜʚʦʭ ʪʠʧʽʚ ʦʙʤʽʥʥʠʭ ʧʦʚʝʨʭʦʥʴ ï ʛʫʤʫʩʫ ʽ ʛʣʠʥʠ, ʪʘʢ ʱʦ ʝʬʝʢʪʠʚʥʘ ʢʘʪʽʦʥ-

ʥʘ ʦʙʤʽʥʥʘ ʻʤʥʽʩʪʴ ˇʨʫʥʪʫ CEC (CECsoil,ʩʤʦʣʴcʢʛ
-1 soil) ʤʦʞʝ ʙʫʪʠ ʦʙʯʠʩʣʝ-



 

ʥʘ ʷʢ ʩʫʤʘ CEC ʥʝʦʨʛʘʥʽʯʥʦʾ ʽ ʦʨʛʘʥʽʯʥʦʾ ʢʦʤʧʦʥʝʥʪ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʽʜʧʦ-

ʚʽʜʥʦʛʦ ʚʥʝʩʢʫ 

 

)CEC()CEC(CEC humus
humus

clay
claysoil qq +=               (5.13) 

 

ʜʝ qclay ̔  qhumus ï ʚʤʽʩʪ  ʛʨʘʚʽʤʝʪʨʠʯʥʦʾ ʛʣʠʥʠ ʽ ʛʫʤʫʩʫ, ʚʽʜʧʦʚʽʜʥʦ. 

ʆʩʦʙʣʠʚʽʩʪʶ ʮʴʦʛʦ ʧʽʜʭʦʜʫ, ʷʢ ʙʫʜʝ ʚʠʜʥʦ ʟ ʧʦʜʘʣʴʰʦʛʦ, ʻ ʚʠʢʦʨʠʩ-

ʪʘʥʥʷ ʝʤʧʽʨʠʯʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʤʽʞ ʨʷʜʦʤ ʧʘʨʘʤʝʪʨʽʚ ˇʨʫʥʪʽʚ.  

ʅʘʜʭʦʜʞʝʥʥʷ ʨʘʜʽʦʮʝʟʽʶ ʚ ʨʦʩʣʠʥʠ [54], ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʢʦʥʮʝʥʪʨʘ-

ʮʽʡʥʦʛʦ ʬʘʢʪʦʨʘ CF, ʷʢʠʡ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʷʢ ʚʽʜʥʦʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʢ-

ʪʠʚʥʦʩʪʽ ʚ ʨʦʩʣʠʥʽ (Csplant) ʜʦ ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʢʪʠʚʥʦʩʪʽ ʚ ˇʨʫʥʪʦʚʦʤʫ ʨʦʟʯʠ-

ʥʽ (Cssoil). ʇʨʦʪʝ, ʢʦʥʮʝʥʪʨʘʮʽʷ ʘʢʪʠʚʥʦʩʪʽ ʨʘʜʽʦʮʝʟʽʶ ʚ ʨʦʟʯʠʥʽ ʦʮʽʥʶʻʪʴʩʷ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʝʬʽʮʽʻʥʪʘ ʨʦʟʧʦʜʽʣʫ, kd1, ʷʢʠʡ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʝʦʨʛʘʥʽʯʥʦʾ ʽ 

ʦʨʛʘʥʽʯʥʦʾ ʢʦʤʧʦʥʝʥʪ ˇʨʫʥʪʫ ʽ ʢʦʥʮʝʥʪʨʘʮʽʡ K+ ʽ NH4
+ ʚ ˇʨʫʥʪʦʚʦʤʫ ʨʦʟʯʠ-

ʥʽ, [mK] ʽ [mNH4]. 

ʂʦʥʮʝʥʪʨʘʮʽʷ ʘʢʪʠʚʥʦʩʪʽ ʚ ʨʦʩʣʠʥʽ (Csplant, ɹʢ/ʢʛ) ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʛʦ ʬʘʢʪʦʨʘ (CF, ʜʤ3/ʢʛ), ʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʢʪʠʚ-

ʥʦʩʪʽ ʨʘʜʽʦʮʝʟʽʶ ʚ ˇʨʫʥʪʦʚʦʤʫ ʨʦʟʯʠʥʽ  (Cssoil, ɹʢ/ʜʤ
3): 

 

soilplant Cs CFCs = .                                                                    (5.14) 

 

ʇʨʠʯʦʤʫ, ʥʘ ʦʩʥʦʚʽ ʜʝʷʢʠʭ ʨʘʥʽʰʝ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ [55], 

ʘʚʪʦʨʠ ʧʨʠʧʫʩʢʘʶʪʴ, ʱʦ ʚʝʣʠʯʠʥʫ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʛʦ ʬʘʢʪʦʨʫ ʤʦʞʥʘ ʧʨʝʜ-

ʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ ʣʽʥʽʡʥʦʾ ʬʫʥʢʮʽʾ. 

 

]mlog[kk]CF[lg k21-=                                                  (5.15) 

 

ʋ ʮʴʦʤʫ ʚʠʨʘʟʽ k1 ʽ k2 ï ʥʝʚʽʜʦʤʽ ʝʤʧʽʨʠʯʥʽ ʢʦʥʩʪʘʥʪʠ.  

ʋ ʙʽʣʴʰʦʩʪʽ ˇʨʫʥʪʽʚ ʥʘ "ʽʥʜʠʬʝʨʝʥʪʥʠʭ" ʦʙʤʽʥʥʠʭ ʚʫʟʣʘʭ ʛʦʣʦʚʥʠʤʠ 

ʢʦʥʢʫʨʝʥʪʘʤʠ ʧʨʠ ʧʦʛʣʠʥʘʥʥʽ  ʂ+ ʻ ʢʘʣʴʮʽʡ ʽ ʤʘʛʥʽʡ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʧʽʜʭʦʜʽ, ʟʘʧʨʦʧʦʥʦʚʘʥʦʤʫ ʫ ʨʦʙʦʪʽ [54], ʜʣʷ ʟʥʘʭʦ-

ʜʞʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʢʪʠʚʥʦʩʪʽ ʚ ʨʦʩʣʠʥʽ ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ ʢʦʥʮʝʥʪʨʘʮʽʡʥʝ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ CF. 

 



 

5.5. ʂʦʥʮʝʥʪʨʘʮʽʡʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʣʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ  137Cs ʫ ʩʠʩʪʝ-

ʤʽ ˇʨʫʥʪïʨʦʩʣʠʥʘ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʢʦʥʢʫʨʫʶʯʦʛʦ ʤʘʢʨʦʝʣʝʤʝʥʪʘ  

ʂʦʥʮʝʥʪʨʘʮʽʷ ʦʜʥʦʛʦ ʽʟ ʥʘʡʙʽʣʴʰ ʟʥʘʯʫʱʠʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʥʘ ʚʝʣʠʢʠʭ 

ʪʝʨʠʪʦʨʽʷʭ ʫ ʧʦʩʪ ʯʦʨʥʦʙʠʣʴʩʴʢʠʡ ʧʝʨʽʦʜ 137Cs ʫ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦ-

ʚʠʱʽ ʜʫʞʝ ʥʠʟʴʢʘ ʽ ʚ ʦʙʨʦʙʣʶʚʘʥʦʤʫ ˇʨʫʥʪʽ ʨʽʚʥʘ, ʧʨʠʙʣʠʟʥʦ, 10-13 ï 10-12 

ʤʦʣʴ/ʜʤ3, ʧʨʠ ʧʦʚʝʨʭʥʝʚʦʤʫ ʟʘʙʨʫʜʥʝʥʥʽ ʪʝʨʠʪʦʨʽʾ 1·10 ʂʽ/ʢʤ2. ʊʘʢʽ çʟʘ-

ʣʠʰʢʦʚʽè ʢʽʣʴʢʦʩʪʽ ʨʘʜʽʦʮʝʟʽʷ ʚ ʥʝʦʨʛʘʥʽʯʥʠʭ ˇʨʫʥʪʘʭ ʫʪʨʠʤʫʶʪʴʩʷ ʤʽʥʝ-

ʨʘʣʴʥʠʤʠ ʯʘʩʪʠʥʢʘʤʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʨʝʘʢʮʽʡ ʪʠʧʫ ʩʦʨʙʮʽʷ ï ʜʝʩʦʨʙʮʽʷ ʤʽʞ 

ʽʦʥʘʤʠ Cs ʫ ʣʦʢʘʣʽʟʦʚʘʥʦʤʫ ʩʪʘʥʽ ʥʘ ʤʽʥʝʨʘʣʴʥʠʭ ʯʘʩʪʠʥʢʘʭ ʪʘ ʪʠʤʠ, ʱʦ 

ʟʥʘʭʦʜʷʪʴʩʷ ʫ ˇʨʫʥʪʦʚʦʤʫ ʨʦʟʯʠʥʽ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʷʢʝ ʭʘ-

ʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʦʤ ʨʦʟʧʦʜʽʣʫ  Kd.  ʎʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʦʥʪʨʦʣʶ-

ʻʪʴʩʷ ʝʥʝʨʛʽʻʶ ʟʚôʷʟʢʫ Cs ʽʟ ʤʽʥʝʨʘʣʴʥʠʤʠ ʯʘʩʪʠʥʢʘʤʠ, ʝʥʝʨʛʽʻʶ ʜʝʛʽʜʨʘʪʘ-

ʮʽʾ ʪʘ ʥʘʷʚʥʠʤʠ ʫ ˇʨʫʥʪʽ ʤʘʢʨʦʝʣʝʤʝʥʪʘʤʠ ï ʭʽʤʽʯʥʠʤʠ ʘʥʘʣʦʛʘʤʠ Cs. ʇʨʠ 

ʥʘʷʚʥʦʩʪʽ ʨʦʩʣʠʥ ʮʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʟʤʽʥʶʻʪʴʩʷ, ʟʘʚʜʷʢʠ ʟʘʭʦʧʣʝʥʥʶ ʽʦʥʽʚ 

Cs ʪʘ ʤʘʢʨʦʝʣʝʤʝʥʪʽʚ ʢʦʨʝʥʝʚʦʶ ʩʠʩʪʝʤʦʶ [56]. ʂʽʣʴʢʽʩʪʴ ʽʦʥʽʚ, ʷʢʽ ʧʝ-

ʨʝʡʰʣʠ ʫ ʨʦʩʣʠʥʠ, ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʷ ʥʝ ʪʽʣʴʢʠ ʟʛʘʜʘʥʠʤ ʚʠʱʝ ʢʦʝʬʽʮʽʻʥ-

ʪʦʤ ʨʦʟʧʦʜʽʣʫ ʮʝʟʽʶ, ʘʣʝ ʽ ʡʦʛʦ ʩʧʦʨʽʜʥʝʥʽʩʪʶ ʜʦ ʜʘʥʦʾ ʨʦʩʣʠʥʠ. 

ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʧʝʨʝʭʦʜʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ 137Cs ʽʟ ˇʨʫʥʪʫ ʚ ʨʦʩʣʠʥʠ ʚʠ-

ʟʥʘʯʘʻʪʴʩʷ, ʦʢʨʽʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʨʽʟʥʠʤʠ ʭʽʤʽʯʥʠʤʠ ʬʦʨʤʘʤʠ ʨʘʜʽʦ-

ʥʫʢʣʽʜʽʚ R ʫ ʪʚʝʨʜʽʡ ʬʘʟʽ ˇʨʫʥʪʫ ʽ ˇʨʫʥʪʦʚʦʤʫ ʨʦʟʯʠʥʽ, ʩʦʨʙʮʽʡʥʦʶ ʪʘ ʬʽʢ-

ʩʫʶʯʦʶ ʟʜʘʪʥʽʩʪʶ ˇʨʫʥʪʫ, ʘ ʪʘʢʦʞ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʨʦʩʣʠʥ. ʂʘʪʽʦʥʥʠʡ ʩʢʣʘʜ 

ˇʨʫʥʪʦʚʦʛʦ ʨʦʟʯʠʥʫ ʪʘʢʦʞ ʚʧʣʠʚʘʻ  ʥʘ ʧʨʦʮʝʩʠ ʚʟʘʻʤʦʜʽʾ R ʽʟ ˇʨʫʥʪʦʚʦï

ʚʙʠʨʥʠʤ ʢʦʤʧʣʝʢʩʦʤ (ɻɺʂ) ʪʘ ʢʦʨʝʥʝʚʦʶ ʩʠʩʪʝʤʦʶ (ʂʉ) ʨʦʩʣʠʥ, ʟʦʢʨʝʤʘ 

ʢʘʪʽʦʥʠ ʤʘʢʨʦʝʣʝʤʝʥʪʘ M, ʢʦʥʢʫʨʫʶʯʽ ʽʟ R ʟʘ ʦʜʥʽ ʽ ʪʽ ʞʝ ʤʽʩʮʷ  ʣʦʢʘʣʽʟʘʮʽʾ  

ʥʘ ʢʦʨʝʥʝʚʽʡ ʩʠʩʪʝʤʽ ʈ ʪʘ ʥʘ ʤʽʥʝʨʘʣʴʥʽʡ ʢʦʤʧʦʥʝʥʪʽ ɻɺʂ - S.  

ʂʽʣʴʢʽʩʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʝʨʝʭʦʜʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʽʟ 

ˇʨʫʥʪʫ ʚ ʨʦʩʣʠʥʠ ʻ ʢʦʝʬʽʮʽʻʥʪ ʥʘʢʦʧʠʯʝʥʥʷ Tr, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʚʽʜ-

ʥʦʰʝʥʥʷ ʚʤʽʩʪʫ ʘʢʪʠʚʥʦʩʪʽ ʚ ʨʦʩʣʠʥʥʠʭ ʪʢʘʥʠʥʘʭ Qp (ɹʢ/ʢʛ, ʩʫʭʘ ʘʙʦ ʩʚʽʞʘ 

ʤʘʩʘ) ʜʦ ʾʾ ʚʤʽʩʪʫ ʫ ˇʨʫʥʪʽ Qs (ɹʢ/ʢʛ, ʩʫʭʘ ʤʘʩʘ) [43]. ʇʽʜ Qs ʨʦʟʫʤʽʻʪʴʩʷ ʧʦ-

ʚʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʘʢʪʠʚʥʦʩʪʽ, ʪʦʙʪʦ ʚʨʘʭʦʚʫʶʪʴʩʷ ʨʘʜʽʦʥʫʢʣʽʜʠ, ʷʢ ʚ ʦʙ-

ʤʽʥʥʽʡ, ʨʫʭʦʤʽʡ, ʪʘʢ ʽ ʚ ʥʝʦʙʤʽʥʥʽʡ ʬʦʨʤʘʭ. ɿʤʽʥʘ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʤʽʞ ʢʦʥ-

ʮʝʥʪʨʘʮʽʷʤʠ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʚʢʘʟʘʥʠʭ ʬʦʨʤʘʭ ʧʨʠʚʦʜʠʪʴ ʜʦ ʨʽʟʥʦʾ ʯʘʩʪʢʠ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ, ʷʢʽ ʧʝʨʝʡʰʣʠ ʚ ʪʢʘʥʠʥʠ ʨʦʩʣʠʥʠ. ɯʟ ʮʠʤ ʟʚôʷʟʫʻʪʴʩʷ ʝʬʝʢʪ 

"ʩʪʘʨʽʥʥʷ" ʨʘʜʽʦʥʫʢʣʽʜʽʚ [57]. Tr ʪʘʢʦʞ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʘʢʨʦʝ-

ʣʝʤʝʥʪʽʚï ʭʽʤʽʯʥʠʭ ʘʥʘʣʦʛʽʚ ʜʘʥʦʛʦ ʨʘʜʽʦʥʫʢʣʽʜʘ, ʢʠʩʣʦʪʥʦʩʪʽ ˇʨʫʥʪʫ ʪʘ 

ʽʥʰʠʭ ʯʠʥʥʠʢʽʚ. ʊʦʤʫ, ʚʝʣʠʯʠʥʘ Tr ʻ ʝʬʝʢʪʠʚʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʽʥʪʝʥ-

ʩʠʚʥʦʩʪʽ ʧʝʨʝʭʦʜʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʽʟ ˇʨʫʥʪʫ ʚ ʨʦʩʣʠʥʠ, ʦʧʦʩʝʨʝʜʢʦʚʘʥʦ ʟʘ-

ʣʝʞʥʦʶ ʚʽʜ ʙʽʦʣʦʛʽʯʥʦ ʜʦʩʪʫʧʥʦʾ ʯʘʩʪʠʥʠ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ. ɽʢʩʧʝʨʠʤʝʥʪʘ-



 

ʣʴʥʽ ʟʘʣʝʞʥʦʩʪʽ Tr ʚʽʜ ʩʪʫʧʝʥʷ ʢʠʩʣʦʪʥʦʩʪʽ ˇʨʫʥʪʫ ʪʘ ʚʽʜ ʚʤʽʩʪʫ ʤʽʢʨʦʝʣʝ-

ʤʝʥʪʘ ï ʘʥʘʣʦʛʘ ʫ ˇʨʫʥʪʽ ʯʘʩʪʦ ʥʝ ʫʟʛʦʜʞʫʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ ʽ ʽʥʢʦʣʠ ʧʨʦʪʠ-

ʨʽʯʘʪʴ ʦʜʥʘ ʦʜʥʽʡ.  

ʇʽʩʣʷ ʧʦʷʚʠ ʨʦʙʦʪʠ [58] ʦʪʨʠʤʘʣʦ ʧʦʰʠʨʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʰʦʾ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʘ ʩʘʤʝ ʢʦʥʮʝʥʪʨʘʮʽʡʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ Cr ʤʽʞ Qp ʪʘ Qss ï 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʘʢʪʠʚʥʦʩʪʽ ʫ ˇʨʫʥʪʦʚʦʤʫ ʨʦʟʯʠʥʽ. ʆʩʥʦʚʥʘ ʧʨʠʯʠʥʘ ʮʴʦʛʦ 

ʧʦʣʷʛʘʻ ʚ ʥʝʦʙʭʽʜʥʦʩʪʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʫʨʘʭʫʚʘʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʙʽʦʣʦ-

ʛʽʯʥʦ ʜʦʩʪʫʧʥʽʡ ʬʦʨʤʽ. ʎʝʡ ʧʽʜʭʽʜ ʦʪʨʠʤʘʚ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʫ ʮʠʪʦʚʘ-

ʥʠʭ ʚʠʱʝ ʨʦʙʦʪʘʭ ɸ.ɺ. ʂʦʥʦʧʣʴʦʚʘ, ʜʝ ʪʘʢʦʞ ʙʫʣʦ ʚʚʝʜʝʥʝ ʧʦʥʷʪʪʷ ʦʙʤʽʥ-

ʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʨʦʟʧʦʜʽʣʫ Rd, ʨʽʚʥʦʛʦ ʚʽʜʥʦʰʝʥʥʶ ʢʦʥʮʝʥʪʨʘʮʽʾ ʦʙʤʽʥʥʦ-

ʛʦ ʨʘʜʽʦʥʫʢʣʽʜʘ ʜʦ ʡʦʛʦ ʢʦʥʮʝʥʪʨʘʮʽʾ ʫ ʨʦʟʯʠʥʽ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʚʠʥʠʢʘʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʨʽʚʥʶʚʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʚʝʣʠʯʠʥ Cr ʽ Tr, ʪʘ ʾʭ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʦʩʥʦʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ˇʨʫʥʪʫ.  

ɯʟ ʽʥʰʦʛʦ ʙʦʢʫ, ʧʨʠ ʘʥʘʣʽʟʽ ʟʘʣʝʞʥʦʩʪʽ Tr ʚʽʜ ʚʤʽʩʪʫ ʫ ˇʨʫʥʪʽ ʤʘʢʨʦʝ-

ʣʝʤʝʥʪʽʚ, ʫ ʣʽʪʝʨʘʪʫʨʽ [50] ʦʙʛʦʚʦʨʶʻʪʴʩʷ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʜʚʦʨʽʚʥʝʚʘ ʩʠʩ-

ʪʝʤ, ʘ ʩʘʤʝ, ʨʘʜʽʦʥʫʢʣʽʜʠ ʤʦʞʫʪʴ ʟʥʘʭʦʜʠʪʠʩʷ ʫ ʜʚʦʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʪʘʥʘʭ: 

ʫ ʨʦʩʣʠʥʽ ʪʘ ʫ ˇʨʫʥʪʽ (ʪʚʝʨʜʘ ʬʘʟʘ). ɺ ʜʽʡʩʥʦʩʪʽ, ʟʛʽʜʥʦ ʟ ʽʩʥʫʶʯʠʤ ʫʷʚʣʝʥ-

ʥʷʤ ʧʨʦ ʥʘʜʭʦʜʞʝʥʥʷ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʫ ʨʦʩʣʠʥʠ, ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʨʦʩʣʠʥʠ 

ʽʦʥʠ ʥʘʜʭʦʜʷʪʴ ʽʟ ʨʦʟʯʠʥʫ, ʦʜʥʘʢ ʢʦʥʮʝʥʪʨʘʮʽʷ  ʽʦʥʽʚ ʫ ʨʦʟʯʠʥʽ ʢʦʥʪʨʦʣʶ-

ʻʪʴʩʷ ʪʘʢʦʞ ʚʟʘʻʤʦʜʽʻʶ ʽʟ ʪʚʝʨʜʦʶ ʬʘʟʦʶ. ʊʦʙʪʦ ʨʦʟʛʣʷʜʫʚʘʥʘ ʩʠʩʪʝʤʘ ʻ 

ʪʨʠʨʽʚʥʝʚʦʶ.  

ʋ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʨʦʟʧʦʜʽʣʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʘʜʽʦʥʫʢ-

ʣʽʜʽʚ 137Cs ʤʽʞ ʤʽʥʝʨʘʣʴʥʦʶ ʢʦʤʧʦʥʝʥʪʦʶ ˇʨʫʥʪʦʚʦïʚʙʠʨʥʦʛʦ ʢʦʤʧʣʝʢʩʫ, 

ˇʨʫʥʪʦʚʠʤ ʨʦʟʯʠʥʦʤ ʪʘ ʢʦʨʝʥʝʚʦʶ ʩʠʩʪʝʤʦʶ ʨʦʩʣʠʥ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʫ ˇʨʫʥʪʽ 

ʤʘʢʨʦʝʣʝʤʝʥʪʘ M, ʷʢʠʡ ʤʦʞʝ ʣʦʢʘʣʽʟʫʚʘʪʠʩʷ ʥʘ ʪʠʭ ʞʝ ʤʽʩʮʷʭ ʥʘ ʤʽʥʝʨʘ-

ʣʴʥʠʭ ʯʘʩʪʠʥʢʘʭ ʽ ʚ ʢʦʨʝʥʝʚʽʡ ʩʠʩʪʝʤʽ, ʱʦ ʽ ʨʦʟʛʣʷʜʫʚʘʥʠʡ ʨʘʜʽʦʥʫʢʣʽʜ. 

ʆʪʨʠʤʘʥʽ ʚʠʨʘʟʠ ʟʚôʷʟʫʶʪʴ ʚʽʜʧʦʚʽʜʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʨʦʟʧʦʜʽʣʫ ʟ ʝʥʝʨʛʽʷʤʠ 

ʟʚôʷʟʢʫ  ʝʣʝʤʝʥʪʽʚ R ʪʘ M  ʟ ʢʦʨʝʥʝʚʦʶ ʩʠʩʪʝʤʦʶ ʪʘ ɻɺʂ, ʟ ʧʦʛʣʠʥʘʣʴʥʦʶ 

ʟʜʘʪʥʽʩʪʶ ʦʩʪʘʥʥʽʭ. ʎʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʟʚʦʣʷʶʪʴ ʥʘ ʦʩʥʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʠʭ ʜʘʥʠʭ ʚʠʟʥʘʯʘʪʠ ʦʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʧʦʚʝʜʽʥʢʫ ʤʽ-

ʢʨʦʝʣʝʤʝʥʪʽʚ ʫ ʩʠʩʪʝʤʽ ˇʨʫʥʪ ʨʦʩʣʠʥʘ. ʗʢ ʙʫʜʝ ʧʦʢʘʟʘʥʦ ʜʘʣʽ, ʢʦʥʮʝʥʪʨʘ-

ʮʽʡʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʣʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʨʦʩʣʠʥʽ ʪʘ ʚ ʨʽʟ-

ʥʠʭ ʢʦʤʧʦʥʝʥʪʘʭ ˇʨʫʥʪʫ ʚʠʟʥʘʯʘʶʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ ʤʽʞ ʧʦʛʣʠʥʘʣʴ-

ʥʠʤʠ ʟʜʘʪʥʦʩʪʷʤʠ ʨʦʩʣʠʥ ʽ ʚʙʠʨʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʪʘ ʝʥʝʨʛʽʷʤʠ ʟʚôʷʟʢʫ ʨʘ-

ʜʽʦʥʫʢʣʽʜʘ ʽ ʤʽʢʨʦʝʣʝʤʝʥʪʘ ʟ ʢʦʨʝʥʝʚʦʶ ʩʠʩʪʝʤʦʶ ʨʦʩʣʠʥʠ ʽ ʤʽʥʝʨʘʣʘʤʠ 

ˇʨʫʥʪʫ, ʘ ʪʘʢʦʞ ʚʝʣʠʯʠʥʘʤʠ ʾʭ ʝʥʝʨʛʽʡ ʛʽʜʨʘʪʘʮʽʾ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʨʽʟʥʠʭ 

ʾʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʚʽʜ ʧʦʚʥʦʛʦ ʚʤʽʩʪʫ M0 ʫ ˇʨʫʥʪʽ ʚʽʜʧʦʚʽʜʥʦ-

ʛʦ ʤʘʢʨʦʝʣʝʤʝʥʪʘ.  



 

ɿʛʽʜʥʦ [50], ʨʘʜʽʦʥʫʢʣʽʜʠ Cs ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʟ ʤʽʥʝʨʘʣʴʥʦʶ ʢʦʤʧʦʥʝʥ-

ʪʦʶ S ˇʨʫʥʪʦʚʦïʚʙʠʨʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʚʙʫʜʦʚʫʶʪʴʩʷ ʫ ʤʽʞ ʰʘʨʦʚʦʤʫ ʧʨʦʩ-

ʪʦʨʽ ʰʘʨʫʚʘʪʠʭ ʯʘʩʪʠʥʦʢ ʽʣʣʽʪʦʧʦʜʽʙʥʦʛʦ ʪʠʧʫ. ʊʘʢʝ ʚʙʫʜʦʚʫʚʘʥʥʷ ʢʦʥʪʨʦ-

ʣʶʻʪʴʩʷ ʧʨʦʮʝʩʦʤ ʜʝʛʽʜʨʘʪʘʮʽʾ ʽʦʥʽʚ, ʧʨʠ ʮʴʦʤʫ ʝʥʝʨʛʝʪʠʯʥʽ ʟʘʪʨʘʪʠ eRh ʥʘ 

ʩʢʠʜʘʥʥʷ ʛʽʜʨʘʪʦʚʘʥʦʾ ʦʙʦʣʦʥʢʠ ʢʦʤʧʝʥʩʫʶʪʴʩʷ ʝʥʝʨʛʝʪʠʯʥʠʤ ʚʠʛʨʘʰʝʤ e

SR ʧʨʠ ʣʦʢʘʣʽʟʘʮʽʾ ʽʦʥʘ ʤʽʞ ʧʣʦʱʠʥʘʤʠ ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ ʚ ʦʙʣʘʩʪʽ ʾʭ ʨʦ-

ʟʰʠʨʝʥʠʭ ʢʽʥʮʽʚ. ʃʦʢʘʣʽʟʦʚʘʥʽ ʽʦʥʠ ʨʘʜʽʦʥʫʢʣʽʜʘ SR ʤʦʞʫʪʴ, ʰʣʷʭʦʤ ʜʠ-

ʬʫʟʽʾ, ʧʝʨʝʤʽʱʫʚʘʪʠʩʷ ʚ ʛʣʠʙʠʥʫ ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ, ʧʝʨʝʭʦʜʷʯʠ ʫ ʬʽʢʩʦ-

ʚʘʥʠʡ ʩʪʘʥ SR*  ʟʘ ʭʘʨʘʢʪʝʨʥʠʡ ʯʘʩ t1. ʎʝʡ ʧʨʦʮʝʩ ʚʽʜʧʦʚʽʜʘʣʴʥʠʡ ʟʘ ʝʬʝʢʪ 

çʩʪʘʨʽʥʥʷè ʨʘʜʽʦʥʫʢʣʽʜʽʚ. ʏʘʩ t1, ʟʛʽʜʥʦ ʦʮʽʥʢʘʤ [85], ʤʘʻ ʧʦʨʷʜʦʢ 102 ʜʥʽʚ, 

ʪʦʤʫ, ʚ ʧʝʨʰʦʤʫ ʥʘʙʣʠʞʝʥʥʽ, ʤʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ ʧʨʦʮʝʩʠ ʦʙʤʽʥʫ R ʤʽʞ 

ˇʨʫʥʪʦʚʠʤ ʨʦʟʯʠʥʦʤ ʪʘ ʤʽʩʮʷʤʠ ʣʦʢʘʣʽʟʘʮʽʾ S ʥʘ ʨʦʟʰʠʨʝʥʠʭ ʢʨʘʷʭ ʤʽʥʝʨʘ-

ʣʽʚ ɻɺʂ ʥʦʩʷʪʴ ʨʽʚʥʦʚʘʞʥʠʡ ʭʘʨʘʢʪʝʨ: 

 

hRR         ,SRSR ÚÚ+ ,                                            (5.16)  

 

ʜʝ ʯʝʨʝʟ Rh ʧʦʟʥʘʯʝʥʦ ʨʘʜʽʦʥʫʢʣʽʜ ʫ ʛʽʜʨʘʪʦʚʘʥʦʤʫ ʩʪʘʥʽ. ɼʣʷ ʭʽʤʽʯ-

ʥʦʛʦ ʘʥʘʣʦʛʘ ʨʘʜʽʦʥʫʢʣʽʜʘ - ʤʘʢʨʦʝʣʝʤʝʥʪʘ M  ʤʘʶʪʴ ʤʽʩʮʝ ʘʥʘʣʦʛʽʯʥʽ ʨʝʘ-

ʢʮʽʾ 

 

hMM         ,SMSM ÚÚ+                                             (5.17) 

 

ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ  eMS ʪʘ eMh. 

ʅʘʷʚʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ [59] ʜʦʟʚʦʣʷʶʪʴ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ 

ʚʟʘʻʤʦʜʽʷ R ʽ M  ʟ ʢʦʨʝʥʝʚʦʶ ʩʠʩʪʝʤʦʶ ʨʦʩʣʠʥ ʪʘʢʦʞ ʥʦʩʠʪʴ ʭʘʨʘʢʪʝʨ ʩʦʨ-

ʙʮʽʾ: 

 

PMPM        ,PRPR Ú+Ú+                                     (5.18) 

 

ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʠʭ ʨʝʘʢʮʽʡ ʚʚʝʜʝʤʦ ʝʥʝʨʛʽʾ ʟʚôʷʟʢʫ ePR  ʽ ePM  ʨʘ-

ʜʽʦʥʫʢʣʽʜʘ ʽ ʤʘʢʨʦʝʣʝʤʝʥʪʘ ʟ ʢʦʨʝʥʝʚʦʶ ʩʠʩʪʝʤʦʶ. ɯʦʥʠ, ʱʦ ʣʦʢʘʣʽʟʦʚʘʥʽ 

ʥʘ ʧʦʚʝʨʭʥʽ ʂʉ, ʤʦʞʫʪʴ ʰʣʷʭʦʤ ʧʨʷʤʦʾ ʜʠʬʫʟʽʾ ʧʦ ʢʘʥʘʣʘʭ, ʘʙʦ ʟʘ ʜʦʧʦʤʦ-

ʛʦʶ ʤʝʭʘʥʽʟʤʫ ʄʽʭʘʝʣʽʩʘ - ʄʝʥʪʝʥ, ʧʝʨʝʭʦʜʠʪʠ ʫ ʚʥʫʪʨʽʰʥʽ ʪʢʘʥʠʥʠ ʨʦʩ-

ʣʠʥ.  

ʋ ʨʽʚʥʦʚʘʞʥʦʤʫ ʩʪʘʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʛʽʜʨʘʪʦʚʘʥʠʭ Rh ʽ Mh ʪʘ ʚʽʣʴʥʠʭ 

ʽʦʥʽʚ R ʽ M, ʟʚôʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ 
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ʜʝ q ï ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʝʥʝʨʛʝʪʠʯʥʠʭ ʦʜʠʥʠʮʷʭ (q=kT), ʘ ʢʚʘʜʨʘʪʥʽ ʜʫ-

ʞʢʠ ʧʦʟʥʘʯʘʶʪʴ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʽʜʧʦʚʽʜʥʠʭ ʯʘʩʪʠʥʦʢ. ʋ ʪʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ 

ʧʦʚʝʨʭʥʷ ʢʦʣʦʾʜʥʦʾ ʯʘʩʪʠʥʢʠ ʤʘʻ ʚʽʜôʻʤʥʠʡ ʟʘʨʷʜ, ʪʘ ʚʨʘʭʦʚʫʶʯʠ, ʱʦ ʚ ʨʝ-

ʘʢʮʽʾ ʩʦʨʙʮʽʾ  ʧʨʠʡʤʘʶʪʴ ʫʯʘʩʪʴ ʯʘʩʪʠʥʢʠ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʥʘʡʙʣʠʞʯʦʤʫ 

ʾʾ ʦʪʦʯʝʥʥʽ, ʪʦ ʧʽʜ  eRh ʪʘ eMh ʩʣʽʜ ʨʦʟʫʤʽʪʠ ʝʬʝʢʪʠʚʥʽ ʟʥʘʯʝʥʥʷ, ʷʢʽ ʤʦʞʫʪʴ 

ʙʫʪʠ ʟʥʘʯʥʦ ʤʝʥʰʠʤʠ ʥʽʞ ʾʭ ʟʥʘʯʝʥʥʷ ʜʣʷ ʦʙôʻʤʫ ʨʦʟʯʠʥʫ, ʜʘʣʝʢʦ ʚʽʜ S, ʽʟï

ʟʘ ʜʽʾ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʥʘ ʚʝʣʠʯʠʥʠ eRh ʪʘ eMh. ɻʨʫʙʘ ʦʮʽʥʢʘ ʚʝʣʠʯʠʥʠ 

ʝʥʝʨʛʽʾ ʜʝʛʽʜʨʘʪʘʮʽʾ ʫ ʥʝʟʙʫʨʝʥʽʡ ʦʙʣʘʩʪʽ ʨʦʟʯʠʥʫ ʤʦʞʝ ʙʫʪʠ ʟʜʽʡʩʥʝʥʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʬʦʨʤʫʣʠ ɹʦʨʥʘ:  
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ʜʝ e ï ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʦʩʪʽʡʥʘ ʨʦʟʯʠʥʫ, r ʽ Z ï ʽʦʥʥʠʡ ʨʘʜʽʫʩ ʽ ʟʘʨʷʜ ʜʘ-

ʥʦʛʦ ʭʽʤʽʯʥʦʛʦ ʝʣʝʤʝʥʪʘ,  rW =1.93 ¡ ï ʨʘʜʽʫʩ ʤʦʣʝʢʫʣʠ ʚʦʜʠ, ʘ e ï  ʟʘʨʷʜ 

ʝʣʝʢʪʨʦʥʫ. 

ʇʽʜ ʯʘʩʪʠʥʢʘʤʠ SR ʽ  SM ʩʣʽʜ ʨʦʟʫʤʽʪʠ ʟʚôʷʟʘʥʽ ʩʪʘʥʠ R ʽ M ʥʘ ʨʦʟʰʠ-

ʨʝʥʠʭ ʤʽʞ ʰʘʨʦʚʠʭ ʢʨʘʷʭ ʰʘʨʫʚʘʪʠʭ ʯʘʩʪʠʥʦʢ ʪʠʧʫ ʤʦʥʪïʤʦʨʠʣʦʥʽʪʫ. SR ʽ 

SM ʤʦʞʫʪʴ ʨʦʟʧʘʜʘʪʠʩʷ ʟʛʽʜʥʦ ʨʝʘʢʮʽʡ (5.16-5.172) ʟ ʫʪʚʦʨʝʥʥʷʤ ʚʽʣʴʥʠʭ 

ʽʦʥʽʚ ʫ ʨʦʟʯʠʥʽ ʪʘ ʚʽʣʴʥʠʭ ʚʫʟʣʽʚ S.  

ʗʢʱʦ ʭʘʨʘʢʪʝʨʥʽ ʯʘʩʠ ʨʝʘʢʮʽʡ (5.16-5.17) ʤʝʥʰʽ ʥʽʞ ʯʘʩʠ ʧʝʨʝʭʦʜʫ SR

SR*, SMSM* ʽ ʯʘʩʠ ʧʨʦʥʠʢʥʝʥʥʷ ʫ ʚʥʫʪʨʽʰʥʽ ʪʢʘʥʠʥʠ ʨʦʩʣʠʥ, ʪʦ ʜʣʷ 

ʘʥʘʣʽʟʫ, ʚʢʘʟʘʥʠʭ ʚʠʱʝ, ʨʝʘʢʮʽʡ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʢʚʘʟʽ ʨʽʚʥʦʚʘʞʥʝ ʥʘ-

ʙʣʠʞʝʥʥʷ ʽ ʟʘʩʪʦʩʫʚʘʪʠ ʧʨʠʥʮʠʧ ʜʝʪʘʣʴʥʦʾ ʨʽʚʥʦʚʘʛʠ:  
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ʋ ʬʦʨʤʫʣʽ (5.21) eSR (eSM) ʽ ePR  (ePM) ï ʝʥʝʨʛʽʾ ʟʚ'ʷʟʢʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ 

(ʤʘʢʨʦʝʣʝʤʝʥʪʘ) ʟ ɻɺʂ ʽ ʂʉ, ʚʽʜʧʦʚʽʜʥʦ. QSR (QSM) ï ʛʫʩʪʠʥʘ ʩʪʘʥʽʚ ʫ ʨʦʟ-

ʯʠʥʽ, ʜʦʩʪʫʧʥʠʭ ʜʣʷ ʨʘʜʽʦʥʫʢʣʽʜʘ ʽ ʤʘʢʨʦʝʣʝʤʝʥʪʘ, ʚʽʜʧʦʚʽʜʥʦ. ʆʯʝʚʠʜʥʦ, 

ʱʦ ʜʣʷ ʦʜʥʦʚʘʣʝʥʪʥʠʭ ʝʣʝʤʝʥʪʽʚ: QSR ºQSM = QS. 

ʈʽʚʥʷʥʥʷ (5.19)ï (5.21) ʩʣʽʜ ʜʦʧʦʚʥʠʪʠ ʫʤʦʚʘʤʠ ʟʙʝʨʝʞʝʥʥʷ ʯʘʩʪʠ-

ʥʦʢ: 
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ʜʝ [R0] ʽ [M0] ï ʧʦʚʥʽ ʚʠʭʽʜʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ R ʽ M ʫ ˇʨʫʥʪʽ, ʘ [S0] ʽ [P0] ï 

ʧʦʚʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦʩʪʫʧʥʠʭ ʜʣʷ ʣʦʢʘʣʽʟʘʮʽʾ ʽʦʥʽʚ ʤʽʩʮʴ (ʻʤʥʦʩʪʽ) ʥʘ ʤʽ-

ʥʝʨʘʣʴʥʽʡ ʢʦʤʧʦʥʝʥʪʽ ɻɺʂ ʪʘ ʧʦʚʝʨʭʥʽ ʢʦʨʝʥʝʚʦʾ ʩʠʩʪʝʤʠ ʨʦʩʣʠʥ, ʚʽʜʧʦ-

ʚʽʜʥʦ. ɿʛʽʜʥʦ ʧʨʠʡʥʷʪʠʭ ʪʫʪ ʥʘʙʣʠʞʝʥʴ, ʽʟïʟʘ ʧʦʚʽʣʴʥʦʩʪʽ ʧʨʦʮʝʩʽʚ, 

ʧʦʚôʷʟʘʥʠʭ ʽʟ ʧʝʨʝʭʦʜʘʤʠ SR ÝSR* , SMÝSM*, ʘ ʪʘʢʦʞ ʫ ʟʚôʷʟʢʫ ʽʟ ʨʦʩʪʦʤ 

ʧʦʚʝʨʭʥʽ ʢʦʨʝʥʝʚʦʾ ʩʠʩʪʝʤʠ, ʢʦʥʮʝʥʪʨʘʮʽʾ, ʷʢʽ ʬʽʛʫʨʫʶʪʴ ʫ (5.21-5.22) ʤʦ-

ʞʫʪʴ ʙʫʪʠ ʧʦʚʽʣʴʥʠʤʠ ʬʫʥʢʮʽʷʤʠ ʯʘʩʫ.  

ʅʘʩʣʽʜʢʦʤ ʚʠʨʘʟʽʚ (5.21-5.22) ʻ ʥʘʩʪʫʧʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʢʦʥʮʝʥ-

ʪʨʘʮʽʷʤʠ ʯʘʩʪʠʥʦʢ, ʣʦʢʘʣʽʟʦʚʘʥʠʭ ʥʘ ɻɺʂ: 
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ʣʦʢʘʣʽʟʦʚʘʥʠʤʠ ʥʘ ʂʉ ʪʘ ʪʠʤʠ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ˇʨʫʥʪʦʚʦʤʫ ʨʦʟʯʠʥʽ: 
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ʜʝ [RSS] ([MSS]) ï ʧʦʚʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʯʘʩʪʠʥʦʢ R (M) ʫ ˇʨʫʥʪʦʚʦʤʫ ʨʦ-

ʟʯʠʥʽ, ʘ  
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ʈʦʟʚôʷʟʦʢ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ (5.22)ï(5.24) ʫ ʪʦʯʥʦʤʫ ʚʠʛʣʷʜʽ ʟʥʘʡʪʠ ʥʝ-

ʤʦʞʣʠʚʦ, ʘʣʝ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʝʘʣʴʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʧʘʨʘʤʝʪʨʘʤʠ, 

ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʥʠʭ, ʤʦʞʥʘ ʟʥʘʡʪʠ ʥʘʙʣʠʞʝʥʽ ʨʦʟʚôʷʟʢʠ. ʊʘʢ, ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʤʘʢʨʦʝʣʝʤʝʥʪʘ ʄ ʫ ˇʨʫʥʪʽ ʻ ʥʘʡʙʽʣʴʰʦʶ ʽʟ ʚʝʣʠʯʠʥ, ʷʢʽ ʬʽʛʫʨʫʶʪʴ ʫ ʨʽʚ-

ʥʷʥʥʷʭ: 
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ɹʽʣʴʰ ʧʨʦʩʪʽ ʨʽʚʥʷʥʥʷ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʜʣʷ ʜʦʧʦʤʽʞʥʠʭ ʚʝʣʠʯʠʥ: 
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ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʧʦʜʽʣʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʤʽʞ ʨʦʩ-

ʣʠʥʦʶ ʪʘ ˇʨʫʥʪʦʚʠʤ ʨʦʟʯʠʥʦʤ, 

[ ]
[ ]SR

PR
RPS =

 

 

ï 

ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʧʦʜʽʣʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʤʽʞ ʨʦʩ-

ʣʠʥʦʶ ʪʘ ʪʚʝʨʜʦʶ ʬʘʟʦʶ ˇʨʫʥʪʫ. 

ʆʩʢʽʣʴʢʠ ʜʣʷ ʨʽʟʥʠʭ ˇʨʫʥʪʽʚ ʪʘ ʙʽʣʴʰʦʩʪʽ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʦʯʽʢʫʚʘʥʽ ʟʥʘ-

ʯʝʥʥʷ Rd>> 1 [43], ʪʦ ʽʟ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ (5.23-5.24), ʟ ʫʨʘʭʫʚʘʥʥʷʤ (5.25) ʽ 

ʥʦʚʠʭ ʧʦʟʥʘʯʝʥʴ, ʦʪʨʠʤʫʻʤʦ ʨʽʚʥʷʥʥʷ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ  Cr  ʽ RPS: 
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ʉʠʩʪʝʤʘ ʨʽʚʥʷʥʴ (5.26) ʨʦʟʚôʷʟʫʻʪʴʩʷ ʪʦʯʥʦ, ʘʣʝ ʦʪʨʠʤʫʚʘʥʽ ʧʨʠ ʮʴʦ-

ʤʫ ʚʠʨʘʟʠ ʜʣʷ Cr ʪʘ RPS ʟʘʥʘʜʪʦ ʛʨʦʤʽʟʜʢʽ ʜʣʷ ʘʥʘʣʽʟʫ. ʊʦʤʫ ʨʦʟʛʣʷʥʝʤʦ 

ʛʨʘʥʠʯʥʽ ʚʠʧʘʜʢʠ, ʘ ʩʘʤʝ, ʢʦʣʠ ʚʠʢʦʥʫʶʪʴʩʷ ʫʤʦʚʠ  RPS>>1 ʘʙʦ RPS<<1. 

ʆʩʢʽʣʴʢʠ Cr = RPS Rd, ʪʦ ʫ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʤʘʻʤʦ Cr>>1, ʘ ʫ ʜʨʫʛʦʤʫ ʤʦ-

ʞʫʪʴ ʨʝʘʣʽʟʫʚʘʪʠʩʷ ʩʠʪʫʘʮʽʾ ʷʢ Cr>>1 , ʪʘʢ ʽ Cr<<1.  

ʆʪʨʠʤʫʚʘʥʽ ʪʘʢʠʤ ʯʠʥʦʤ ʥʘʙʣʠʞʝʥʽ ʨʦʟʚôʷʟʢʠ ʤʘʶʪʴ ʚʠʛʣʷʜ: 
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ʷʢʱʦ RPS<<1, ʽ  
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ʷʢʱʦ RPS>>1. 

ɺʠʨʘʟʠ ʜʣʷ RPS ʽ Cr, ʱʦ ʨʝʘʣʽʟʫʶʪʴʩʷ ʫ ʚʠʧʘʜʢʫ  RPS>>1,  ʩʧʽʚʧʘʜʘʶʪʴ 

ʽʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʚʠʨʘʟʘʤʠ, ʩʧʨʘʚʝʜʣʠʚʠʤʠ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʫʤʦʚʠ RPS<<1, 

ʷʢʱʦ [R0]  0. ʏʣʝʥʠ, ʧʨʦʧʦʨʮʽʡʥʽ [R0], ʤʦʞʫʪʴ ʜʘʚʘʪʠ ʩʫʪʪʻʚʠʡ ʚʢʣʘʜ ʧʨʠ  

(ePR ï eSR)/q >>1 ʽ (ePM-eSM-ePR+eSR)/q >>1. ʎʽ ʯʣʝʥʠ ʫʨʘʭʦʚʫʶʪʴ ʢʦʥʝʯʥʽʩʪʴ 

ʤʽʩʮʴ ʣʦʢʘʣʽʟʘʮʽʾ ʥʘ ʤʽʥʝʨʘʣʴʥʠʭ ʯʘʩʪʠʥʢʘʭ ɻɺʂ ʽ ʥʘ ʢʦʨʝʥʝʚʽʡ ʩʠʩʪʝʤʽ. 

ʂʦʝʬʽʮʽʻʥʪ ʨʦʟʧʦʜʽʣʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʤʽʞ ʢʦʨʝʥʝʚʦʶ ʩʠʩʪʝʤʦʶ ʨʦʩʣʠʥʠ ʽ 

ʪʚʝʨʜʦʶ ʬʘʟʦʶ ˇʨʫʥʪʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʯʠʩʣʦʤ ʤʽʩʮʴ ʣʦʢʘʣʽʟʘʮʽʾ ʥʘ ʤʽʥʝʨʘʣʴ-

ʥʠʭ ʯʘʩʪʠʥʢʘʭ [S0] ʪʘ ʥʘ ʧʦʚʝʨʭʥʽ ʢʦʨʝʥʝʚʦʾ ʩʠʩʪʝʤʠ ʨʦʩʣʠʥ [P0], ʢʦʥʮʝʥʪ-

ʨʘʮʽʻʶ ʤʘʢʨʦʝʣʝʤʝʥʪʘ [M0], ʘ ʪʘʢʦʞ ʝʥʝʨʛʽʷʤʠ ʟʚôʷʟʢʫ ʨʘʜʽʦʥʫʢʣʽʜʘ (ʤʽʢ-

ʨʦʝʣʝʤʝʥʪʘ) ʟ ʤʽʥʝʨʘʣʴʥʠʤʠ ʯʘʩʪʠʥʢʘʤʠ eSR(eSM) ʽ ʢʦʨʝʥʝʚʦʾ ʩʠʩʪʝʤʠ ePR(e

PM).  

ʂʦʥʢʫʨʫʶʯʘ ʨʦʣʴ ʤʘʢʨʦʝʣʝʤʝʥʪʘ ʧʨʠ ʣʦʢʘʣʽʟʘʮʽʾ ʦʧʠʩʫʻʪʴʩʷ ʫ ʚʠʨʘ-

ʟʘʭ  (5.27) ʯʣʝʥʦʤ ʫ ʟʥʘʤʝʥʥʠʢʫ, ʧʨʦʧʦʨʮʽʡʥʠʤ [M0]. ʆʩʪʘʥʥʽʡ, ʚ ʟʘʣʝʞʥʦ-

ʩʪʽ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʝʥʝʨʛʽʷʤʠ eSM ʪʘ ePM  ʤʦʞʝ ʙʫʪʠ ʷʢ ʚʽʜôʻʤʥʠʤ, 

ʪʘʢ ʽ ʜʦʜʘʪʥʽʤ. ʎʷ ʦʙʩʪʘʚʠʥʘ ʧʨʠʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʧʨʠ ePM > eSM  ʚʝʣʠʯʠʥʘ 

RPS  ʟʤʝʥʰʫʻʪʴʩʷ ʟ ʨʦʩʪʦʤ [M0], ʘ ʧʨʠ eSM > ePM  ʟʙʽʣʴʰʫʻʪʴʩʷ. ɺ ʦʩʪʘʥʥʴʦʤʫ 

ʚʠʧʘʜʢʫ ʝʥʝʨʛʝʪʠʯʥʦ ʚʠʛʽʜʥʠʤ ʩʪʘʥʦʤ ʚʩʽʻʾ ʩʠʩʪʝʤʠ ʻ ʩʪʘʥ ʧʝʨʝʚʘʞʥʦʾ ʣʦ-

ʢʘʣʽʟʘʮʽʾ ʽʦʥʽʚ ʤʘʢʨʦʝʣʝʤʝʥʪʘ ʥʘ ɻɺʂ, ʘ ʤʽʢʨʦʝʣʝʤʝʥʪʘ ï ʥʘ ʂʉ. ɺʽʜʧʦʚʽʜ-

ʥʦ, ʧʦʭʽʜʥʘ dRPS/d[M0]  ʟʤʝʥʰʫʻʪʴʩʷ, ʘʙʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟ ʨʦʩʪʦʤ [M0]. ʋ ʚʠ-

ʧʘʜʢʫ ʞ Cr ʩʠʪʫʘʮʽʷ ʽʥʰʘ. ʅʝʟʘʣʝʞʥʦ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʝʥʝʨʛʽʷʤʠ ePM  

 ̔eSM, ʣʦʢʘʣʽʟʘʮʽʷ ʤʘʢʨʦʝʣʝʤʝʥʪʽʚ ʥʘ ɻɺʂ ʘʙʦ ʂʉ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ˇʨʫʥʪʦʚʦʤʫ ʨʦʟʯʠʥʽ, ʪʦʙʪʦ, ʜʦ ʟʤʝʥʰʝʥʥʷ ʚʝ-

ʣʠʯʠʥʠ Cr.  

ʋ ʨʦʙʦʪʘʭ [59] ʜʦʩʣʽʜʞʫʚʘʚʩʷ ʚʧʣʠʚ ʚʝʣʠʯʠʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʘʢʨʦʝ-

ʣʝʤʝʥʪʽʚ ʥʘ ʢʦʥʮʝʥʪʨʘʮʽʡʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ RPS. ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ [59] 

ʧʦʢʘʟʫʻ, ʱʦ ʜʣʷ ʚʩʽʭ ʜʦʩʣʽʜʞʝʥʠʭ ʧʘʨ (K ï Cs), (Ca ï Ba), (P ï Sb) ʪʘ (S ï 

Se) ʨʝʘʣʽʟʫʻʪʴʩʷ ʫʤʦʚʘ (ʚ ʧʨʠʡʥʷʪʠʭ ʪʫʪ ʧʦʟʥʘʯʝʥʥʷʭ) [Mo]>>[Ro]. ʊʦʤʫ,  

ʥʘʙʣʠʞʝʥʦ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ: 
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ʎʝʡ ʚʠʨʘʟ ʧʦ ʟʦʚʥʽʰʥʴʦʤʫ ʚʠʛʣʷʜʫ ʩʧʽʚʧʘʜʘʻ ʟ ʚʠʢʦʨʠʩʪʘʥʠʤ ʚ [59], 

ʦʪʨʠʤʘʥʠʤ ʫ ʧʨʠʧʫʱʝʥʥʽ, ʱʦ ʚʟʘʻʤʦʜʽʻʶ ʷʢ ʤʘʢʨʦʝʣʝʤʝʥʪʽʚ ʪʘʢ ʽ ʨʘʜʽʦʥʫ-

ʢʣʽʜʽʚ ʽʟ ˇʨʫʥʪʦʚʦïʚʙʠʨʥʠʤ ʢʦʤʧʣʝʢʩʦʤ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ ʊʦʤʫ, ʩʤʠʩʣ ʧʘ-

ʨʘʤʝʪʨʽʚ, ʷʢʽ ʥʘʚʝʜʝʥʽ ʚ (5.28) ʟʦʚʩʽʤ ʽʥʰʠʡ, ʥʽʞ ʫ ʬʦʨʤʫʣʘʭ, ʧʨʠʚʝʜʝʥʠʭ ʫ 

ʨʦʙʦʪʘʭ [59]. ʉʧʦʩʪʝʨʝʞʫʚʘʥʘ ʚ [59] ʟʘʣʝʞʥʽʩʪʴ RPS ʚʽʜ ʚʤʽʩʪʫ ʫ ˇʨʫʥʪʽ ʤʘ-

ʢʨʦʝʣʝʤʝʥʪʫ ʚʽʜʧʦʚʽʜʘʻ ʫʤʦʚʽ ePM > eSM. ʋ ʮʠʭ ʞʝ ʧʨʠʧʫʱʝʥʥʷʭ ʚʠʨʘʟ ʜʣʷ 

Cr ʧʨʠʡʤʘʻ ʚʠʛʣʷʜ: 
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ʌʽʛʫʨʫʶʯʘ ʪʫʪ ʚʝʣʠʯʠʥʘ ʝʥʝʨʛʽʾ ʜʝʛʽʜʨʘʪʘʮʽʾ eRh ʤʦʞʝ ʙʫʪʠ, ʟ ʜʦʩʪʘʪ-

ʥʴʦ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ, ʦʮʽʥʝʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʦʨʤʫʣʠ (5.20).  

ɺʝʣʠʯʠʥʠ RPS ̔  Cr, ʘ ʪʘʢʦʞ ʾʭ ʚʽʜʥʦʰʝʥʥʷ Rd=Cr/RʈS, ʷʢʝ ʭʘʨʘʢʪʝʨʠʟʫʻ 

ʨʦʟʧʦʜʽʣ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʤʽʞ ʪʚʝʨʜʦʶ ʬʘʟʦʶ ˇʨʫʥʪʫ ʪʘ ˇʨʫʥʪʦʚʠʤ ʨʦʟʯʠʥʦʤ, 

ʜʦʧʫʩʢʘʶʪʴ ʙʝʟʧʦʩʝʨʝʜʥʻ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʚʠʤʽʨʶʚʘʥʥʷ. ʊʦʤʫ, ʚʠʢʦʨʠʩ-

ʪʘʥʥʷ ʦʪʨʠʤʘʥʠʭ ʪʫʪ ʟʘʣʝʞʥʦʩʪʝʡ Cr([MO]) ʽ RPS([MO]) ʜʘʻ ʧʨʠʥʮʠʧʽʘʣʴʥʫ 

ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ ˇʨʫʥʪïʨʦʩʣʠʥʘ: ʝʥʝʨ-

ʛʽʾ ʚʟʘʻʤʦʜʽʾ ʷʢ ʤʘʢʨʦʝʣʝʤʝʥʪʽʚ, ʪʘʢ ʽ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ, ʟ ʨʦʩʣʠʥʘʤʠ ʪʘ ʤʽʥʝ-

ʨʘʣʴʥʦʶ ʩʢʣʘʜʦʚʦʶ ˇʨʫʥʪʦʚʦïʚʙʠʨʥʦʛʦ ʢʦʤʧʣʝʢʩʫ, ʝʬʝʢʪʠʚʥʽ ʧʦʛʣʠʥʘʣʴʥʽ 

ʻʤʥʦʩʪʽ ʦʙʤʽʥʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʢʦʨʝʥʝʚʦʾ ʩʠʩʪʝʤʠ ʽ ʤʽʥʝʨʘʣʴʥʠʭ ʯʘʩʪʠʥʦʢ 

ˇʨʫʥʪʫ, ʘʙʦ ʾʭ ʧʨʦʩʪʠʭ ʢʦʤʙʽʥʘʮʽʡ.  

ʗʢʱʦ ʝʥʝʨʛʽʷ ePM ʟʚôʷʟʢʫ ʤʘʢʨʦʝʣʝʤʝʥʪʘ ʽʟ ʛʨʫʥʪʦʚʦïʚʙʠʨʥʠʤ ʢʦʤ-

ʧʣʝʢʩʦʤ ʙʽʣʴʰʘ ʟʘ ʝʥʝʨʛʽʶ eSM  ʟʚôʷʟʢʫ ʮʴʦʛʦ ʞ ʝʣʝʤʝʥʪʫ ʽʟ ʦʙʤʽʥʥʠʤ ʢʦʤ-

ʧʣʝʢʩʦʤ ʥʘ ʧʦʚʝʨʭʥʽ ʢʦʨʝʥʝʚʦʾ ʩʠʩʪʝʤʠ ʨʦʩʣʠʥʠ ʽ ʙʽʣʴʰʘ ʟʘ ʝʥʝʨʛʽʶ ePR 

ʟʚôʷʟʢʫ ʤʽʢʨʦʝʣʝʤʝʥʪʘ ʽʟ ˇʨʫʥʪʦʚʠʤ ʢʦʤʧʣʝʢʩʦʤ, ʪʦ ʤʘʢʨʦʝʣʝʤʝʥʪ ʙʫʜʝ 

ʩʧʨʠʯʠʥʶʚʘʪʠ ʧʝʨʝʭʽʜ ʤʽʢʨʦʝʣʝʤʝʥʪʫ ʽʟ ˇʨʫʥʪʫ ʚ ʨʦʩʣʠʥʠ. ɯʩʥʫʶʪʴ ʜʘʥʽ [60], 

ʱʦ ʩʘʤʝ ʪʘʢʘ ʩʠʪʫʘʮʽʷ ʨʝʘʣʽʟʫʻʪʴʩʷ ʫ ʚʠʧʘʜʢʫ ʧʘʨʠ ʽʦʥʽʚ H+ ʪʘ Cs+. ʊʘʢ, ʟʛʽ-

ʜʥʦ ʨʦʙʦʪʠ [60], ʽʦʥʠ ʚʦʜʥʶ ʚʠʜʽʣʷʶʪʴʩʷ ʽʟ ʢʦʨʝʥʝʚʦʾ ʩʠʩʪʝʤʠ, ʨʫʭʘʶʪʴʩʷ ʚ 

ʥʘʧʨʷʤʢʫ ʜʦ ʛʨʫʥʪʦʚʦïʚʙʠʨʥʦʛʦ ʢʦʤʧʣʝʢʩʫ, ʧʨʠ ʮʴʦʤʫ, ʟʘ ʨʘʭʫʥʦʢ ʙʽʣʴʰʦʾ 

ʝʥʝʨʛʽʾ ʟʚôʷʟʢʫ ʽʦʥʽʚ ʚʦʜʥʶ ʽʟ ʮʠʤ ʢʦʤʧʣʝʢʩʦʤ ʙʽʣʴʰ ʡʤʦʚʽʨʥʠʤ ʪʝʨʤʦʜʠ-

ʥʘʤʽʯʥʠʤ ʩʪʘʥʦʤ ʻ ʨʦʟʪʘʰʫʚʘʥʥʷ ʽʦʥʽʚ ʚʦʜʥʶ ʫ ˇʨʫʥʪʦʚʦʤʫ ʢʦʤʧʣʝʢʩʽ, ʘ 



 

ʽʦʥʽʚ ʮʝʟʽʶ ʚ ʦʙʤʽʥʥʦʤʫ ʢʦʤʧʣʝʢʩʽ ʥʘ ʧʦʚʝʨʭʥʽ ʢʦʨʝʥʝʚʦʾ ʩʠʩʪʝʤʠ. ʅʘ ʨʦʣʴ 

ʚʠʜʽʣʝʥʥʷ ʧʨʦʪʦʥʽʚ ʟʚʝʨʪʘʣʘʩʷ ʫʚʘʛʘ ʱʝ ʚ ʨʦʙʦʪʘʭ [61]. ʋ ʪʘʢʦʤʫ ʞ ʚʽʜʥʦ-

ʰʝʥʥʽ ʻ ʡ ʝʥʝʨʛʽʾ ʟʚôʷʟʢʫ ʽʦʥʽʚ ʚʦʜʥʶ ʪʘ ʽʦʥʽʚ ʢʘʣʽʶ, ʯʠʤ ʬʘʢʪʠʯʥʦ ʟʘʙʝʟ-

ʧʝʯʫʻʪʴʩʷ ʞʠʚʣʝʥʥʷ ʨʦʩʣʠʥ.   

ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʧʘʨʠ ʽʦʥʽʚ ʂ+ ʪʘ Cs+, ʪʦ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʩʠʪʫʘʮʽʷ ʽʥ-

ʰʘ. ɽʥʝʨʛʽʷ ʟʚôʷʟʢʫ ʽʦʥʽʚ ʂ+ ʽʟ ʦʙʤʽʥʥʠʤ ʢʦʤʧʣʝʢʩʦʤ ʥʘ ʧʦʚʝʨʭʥʽ ʢʦʨʝʥʝʚʦʾ 

ʩʠʩʪʝʤʠ ʙʽʣʴʰʘ ʟʘ ʝʥʝʨʛʽʶ ʟʚôʷʟʢʫ ʽʦʥʽʚ Cs+, ʘ ʝʥʝʨʛʽʷ ʟʚôʷʟʢʫ ʽʦʥʽʚ Cs+ ʽʟ 

ˇʨʫʥʪʦʚʠʤ ʢʦʤʧʣʝʢʩʦʤ ʙʽʣʴʰʘ ʟʘ ʝʥʝʨʛʽʶ ʟʚôʷʟʢʫ ʽʦʥʽʚ ʂ+ ʽʟ ˇʨʫʥʪʦʚʠʤ 

ʢʦʤʧʣʝʢʩʦʤ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʥʘʡʙʽʣʴʰ ʝʥʝʨʛʝʪʠʯʥʦ ʚʠʛʽʜʥʠʤ ʩʪʘʥʦʤ ʻ ʩʠʪʫʘ-

ʮʽʷ ʢʦʣʠ ʜʦʩʪʫʧ Cs+ ʜʦ ʦʙʤʽʥʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʥʘ ʢʦʨʝʥʝʚʽʡ ʧʦʚʝʨʭʥʽ ʙʫʜʝ 

ʟʘʪʨʫʜʥʝʥʠʡ. ʋ ʮʴʦʤʫ ʽ ʧʨʦʷʚʣʷʻʪʴʩʷ ʢʦʥʢʫʨʝʥʪʥʽʩʪʴ ʽʦʥʽʚ ʢʘʣʽʶ ʫ ʚʠʧʘʜʢʫ 

ʧʝʨʝʭʦʜʫ ʽʦʥʽʚ Cs+ ʽʟ ˇʨʫʥʪʫ ʚ ʨʦʩʣʠʥʠ.  

ʇʨʝʜʩʪʘʚʣʝʥʽ ʪʫʪ ʚʠʨʘʟʠ ʜʣʷ RPS ʪʘ Cr ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʦʩʥʦʚʥʠʤʠ ʜʘ-

ʥʠʤʠ ʧʨʦ ʦʙʤʽʥ ʨʝʯʦʚʠʥʦʶ ʤʽʞ ʨʦʩʣʠʥʦʶ ʪʘ ʛʨʫʥʪʦʚʦïʚʙʠʨʥʠʤ ʢʦʤʧʣʝʢ-

ʩʦʤ. 

ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʫ ʚʠʱʝ ʥʘʚʝʜʝʥʠʭ ʚʠʩʥʦʚʢʘʭ ʤʦʚʘ ʥʝ ʡʜʝ ʧʨʦ 

ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʦʙʤʽʥ ʤʽʞ ʽʦʥʘʤʠ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʚʙʠʨʥʦʤʫ ʢʦʤʧʣʝʢʩʽ ʥʘ 

ʧʦʚʝʨʭʥʽ ʢʦʨʝʥʝʚʦʾ ʩʠʩʪʝʤʠ, ʫ ˇʨʫʥʪʦʚʦʤʫ ʨʦʟʯʠʥʽ ʪʘ ʫ ʛʨʫʥʪʦʚʦïʚʙʠʨʥʦʤʫ 

ʢʦʤʧʣʝʢʩʽ. ʊʘʢʠʡ ʦʙʤʽʥ ʥʝʤʦʞʣʠʚʠʡ, ʦʩʢʽʣʴʢʠ ʚ ʧʨʦʮʝʩʽ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʤʽʞ 

ʚʩʽʤʘ ʜʦʩʪʫʧʥʠʤʠ ʤʽʩʮʷʤʠ ʣʦʢʘʣʽʟʘʮʽʾ, ʷʢ ʥʘ ʧʦʚʝʨʭʥʽ ʢʦʨʝʥʝʚʦʾ ʩʠʩʪʝʤʠ, 

ʪʘʢ ʽ ʫ ʚʙʠʨʥʦʤʫ ˇʨʫʥʪʦʚʦʤʫ ʢʦʤʧʣʝʢʩʽ ʧʨʠʡʤʘʶʪʴ ʫʯʘʩʪʴ ʦʜʥʦʡʤʝʥʥʦ ʧʦ-

ʟʠʪʠʚʥʦ ʟʘʨʷʜʞʝʥʽ ʽʦʥʠ. ʌʘʢʪʠʯʥʦ ʤʦʚʘ ʡʜʝ ʧʨʦ ʩʪʘʪʠʩʪʠʯʥʫ ʚʟʘʻʤʦʜʽʶ 

ʮʠʭ ʽʦʥʽʚ ʫ ʩʠʩʪʝʤʽ ʛʨʫʥʪ ï ʨʦʩʣʠʥʘ. ɯʦʥʠ, ʫ ʧʨʦʮʝʩʽ ʚʩʪʘʥʦʚʣʝʥʥʷ ʙʽʣʴʰ 

ʚʽʨʦʛʽʜʥʦʛʦ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ ʩʪʘʥʫ, ʨʦʟʤʽʱʫʶʪʴʩʷ ʧʦ ʚʩʽʭ ʤʦʞʣʠʚʠʭ ʤʽʩ-

ʮʷʭ ʣʦʢʘʣʽʟʘʮʽʾ ʪʘʢ, ʱʦʙ ʨʝʘʣʽʟʫʚʘʚʩʷ ʤʽʥʽʤʫʤ ʚʽʣʴʥʦʾ ʝʥʝʨʛʽʾ. 

ʊʦʤʫ, ʨʝʘʢʮʽʾ ñʦʙʤʽʥʥʦʛʦò ʧʦʛʣʠʥʘʥʥʷ, ʷʢʽ ʯʘʩʪʦ ʟʘʧʠʩʫʶʪʴ ʫ ʚʠʛʣʷʜʽ:  
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ʩʣʽʜ ʨʦʟʫʤʽʪʠ ʷʢ  ʨʝʘʢʮʽʾ ʙʨʫʪʪʦ. 

 

5.6. ʄʦʜʝʣʴ ʧʝʨʝʭʦʜʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʨʦʩʣʠʥʠ 

ɼʦ ʛʦʣʦʚʥʠʭ ʯʠʥʥʠʢʽʚ, ʱʦ ʧʨʠʚʦʜʷʪʴ ʜʦ ʟʤʽʥ ʫ ʧʝʨʝʥʦʩʽ ʨʘʜʽʦʥʫʢʣʽʜʽʚ 

ʫ ʩʠʩʪʝʤʽ ˇʨʫʥʪïʨʦʩʣʠʥʘ, ʟʛʽʜʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʚʽʜʥʦ-

ʩʷʪʴʩʷ:  

ʧʨʦʮʝʩʠ, ʧʦʚôʷʟʘʥʽ ʟ ˇʨʫʥʪʦʤ ʽ ʚʠʟʥʘʯʘʶʯʽ ʢʦʥʮʝʥʪʨʘʮʽʶ ʨʘʜʽʦʥʫʢʣʽ-

ʜʽʚ ʫ ˇʨʫʥʪʦʚʦʤʫ ʨʦʟʯʠʥʽ; 



 

ʧʨʦʮʝʩʠ, ʟʚôʷʟʘʥʽ ʟ ʨʦʩʣʠʥʘʤʠ, ʷʢʽ ʫʧʨʘʚʣʷʶʪʴ ʧʦʛʣʠʥʘʣʴʥʦʶ ʟʜʘʪʥʽ-

ʩʪʶ ʢʦʨʝʥʝʚʦʾ ʩʠʩʪʝʤʠ ʽʟ ˇʨʫʥʪʦʚʦʛʦ ʨʦʟʯʠʥʫ ʽ ʷʢʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʦʪʦʯʫʶʯʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ʩʪʘʥʫ ˇʨʫʥʪʫ, ʪʠʧʫ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʽʥʰʠʭ ʽʦʥʽʚ ʫ ˇʨʫʥʪʦʚʦʤʫ 

ʨʦʟʯʠʥʽ.  

ʇʨʦʮʝʩʠ, ʧʦʚôʷʟʘʥʽ ʽʟ ˇʨʫʥʪʦʤ, ʨʦʟʛʣʷʜʘʣʠʩʷ ʚ ʜʝʷʢʠʭ ʤʝʭʘʥʽʩʪʠʯʥʠʭ 

ʤʦʜʝʣʷʭ ʧʨʦʮʝʩʽʚ ʧʝʨʝʥʦʩʫ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʽʟ ˇʨʫʥʪʫ ʚ ʨʦʩʣʠʥʠ, ʚ ʪʦʡ ʞʝ 

ʯʘʩ ʧʨʦʮʝʩʠ, ʟʘʣʝʞʥʽ ʚʽʜ ʨʦʩʣʠʥ, ʟʚʠʯʘʡʥʦ ʩʧʨʦʱʫʚʘʣʠʩʷ ʽ ʟʘʤʽʥʶʚʘʣʠʩʴ 

ʜʝʷʢʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʘʙʦ ʝʤʧʽʨʠʯʥʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ [62,63], ʥʝ ʜʠʚʣʷ-

ʯʠʩʴ ʥʘ ʧʨʦʛʨʝʩ ʫ ʨʦʟʫʤʽʥʥʽ ʪʨʘʥʩʧʦʨʪʥʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʜʦʩʷʛʥʫʪʠʡ ʫ ʨʦʙʦ-

ʪʘʭ ʽʟ ʤʦʣʝʢʫʣʷʨʥʦʾ ʙʽʦʣʦʛʽʾ. 

ʗʢ ʫʞʝ ʟʘʟʥʘʯʘʣʦʩʷ ʚʠʱʝ, ʨʦʟʧʦʜʽʣ ʨʘʜʽʦʮʝʟʽʶ ʫ ʩʠʩʪʝʤʽ ʪʚʝʨʜʝ ʪʽʣʦ ï 

ʨʽʜʠʥʘ (ʢʨʽʤ ʜʫʞʝ ʦʨʛʘʥʽʯʥʠʭ ˇʨʫʥʪʽʚ) ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʦʚʘʞʥʦʶ ʩʦʨʙʮʽʻʶ 

ʥʘ ʥʝʚʝʣʠʢʦʤʫ ʯʠʩʣʽ ʨʦʟʧʫʰʝʥʠʭ ʢʨʘʡʦʚʠʭ ʤʽʩʮʴ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʘ ʰʘʨʫ-

ʚʘʪʠʭ ʛʣʠʥʠʩʪʠʭ ʤʽʥʝʨʘʣʘʭ, ʪʠʧʫ ʽʣʣʽʪʫ, ʪʘ ʚ ʤʽʞ ʰʘʨʦʚʦʤʫ ʧʨʦʩʪʦʨʽ, ʯʘʩʪ-

ʢʦʚʦ ʧʦʨʫʰʝʥʠʭ (ʽ, ʪʘʢʠʤ ʯʠʥʦʤ, ʽʣʣʽʪ ïʧʦʜʽʙʥʠʭ) ʤʽʥʝʨʘʣʽʚ ʪʠʧʫ ʚʝʨʤʠʢʫ-

ʣʽʪʫ.  

ʂʣʶʯʦʚʠʤʠ ʢʦʥʢʫʨʝʥʪʥʦʟʜʘʪʥʠʤʠ ʽʦʥʘʤʠ ʚ ʮʴʦʤʫ ʧʨʦʮʝʩʽ ʻ K ʪʘ 

NH4. ʂʦʥʢʫʨʝʥʪʥʽʩʪʴ ʤʽʞ ʽʦʥʘʤʠ ʤʦʞʝ ʙʫʪʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʘ ʧʦʪʝʥʮʽʘʣʦʤ 

ʧʝʨʝʭʚʘʪʫ ʨʘʜʽʦʮʝʟʽʶ (RIP), ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʜʦʙʫʪʦʢ ʻʤʥʦʩʪʽ ʚʠʩʦʢʦ ʩʝʣʝʢ-

ʪʠʚʥʠʭ ʜʦ ʮʝʟʽʶ ʨʦʟʱʝʧʣʝʥʠʭ ʢʨʘʡʦʚʠʭ ʤʽʩʮʴ (FES) ʫ ʤʽʞ ʰʘʨʦʚʠʭ ʧʨʦʩ-

ʪʦʨʘʭ ʪʘ ʢʦʝʬʽʮʽʻʥʪʘ ʩʝʣʝʢʪʠʚʥʦʩʪʽ ʮʝʟʽʶ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʢʘʣʽʶ ʥʘ ʮʠʭ 

ʦʙʤʽʥʥʠʭ ʤʽʩʮʷʭ.  

ɿʘʟʥʘʯʠʤʦ, ʱʦ ʩʦʨʙʮʽʷ ʨʘʜʽʦʩʪʨʦʥʮʽʶ ʤʘʡʞʝ ʧʦʚʥʽʩʪʶ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʨʽʚʥʦʚʘʞʥʠʤ, ʘʙʦ ʢʚʘʟʽʨʽʚʥʦʚʘʞʥʠʤ, ʧʨʦʮʝʩʦʤ ʽʦʥʥʦʛʦ ʦʙʤʽʥʫ, ʚ ʷʢʦʤʫ 

ʢʣʶʯʦʚʠʤʠ ʢʦʥʢʫʨʝʥʪʥʦʟʜʘʪʥʠʤʠ ʽʦʥʘʤʠ ʫ ˇʨʫʥʪʦʚʦʤʫ ʨʦʟʯʠʥʽ ʻ Ca++ ʪʘ 

Mg++.   

ɺʢʘʟʘʥʽ ʚʠʱʝ ʨʝʟʫʣʴʪʘʪʠ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ˇʨʫʥʪʽʚ, ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʢʦʨʝ-

ʥʽʚ, ʘʣʝ ʻ ʜʘʥʽ ʧʨʦ ʚʧʣʠʚ ʢʦʨʝʥʝʚʦʾ ʩʠʩʪʝʤʠ ʥʘ ʨʦʟʧʦʜʽʣ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ 

ʤʽʞ ʪʚʝʨʜʦʶ ʪʘ ʨʽʜʢʦʶ ʬʘʟʘʤʠ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʜʽʾ ʢʦʨʝʥʝʚʦʾ ʩʠʩʪʝʤʠ ʤʦʞʝ 

ʟʙʽʣʴʰʫʚʘʪʠʩʴ ʽʤʤʦʙʽʣʽʟʘʮʽʷ ʝʣʝʤʝʥʪʽʚ ʮʝʟʽʶ ʫ ʨʠʟʦʩʬʝʨʥʦʤʫ ˇʨʫʥʪʽ, ʘ ʪʘ-

ʢʦʞ ʽʦʥʽʚ ʢʘʣʽʶ, ʙʽʣʴʰ ʥʽʞ ʥʘ ʧʦʨʷʜʦʢ ʧʦ ʚʝʣʠʯʠʥʽ. ʎʝ ʤʦʞʝ ʧʦʷʩʥʠʪʠ ʟʙʽ-

ʜʥʝʥʥʷ ʦʙʤʽʥʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʥʘ ʢʘʣʽʡ ʽ, ʥʘʚʽʪʴ, ʥʝʦʙʤʽʥʥʦʾ ʬʨʘʢʮʽʾ.  

ʈʽʟʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʚʢʘʟʫʶʪʴ, ʱʦ ʨʦʣʴ ʨʦʩʣʠʥ ʫ ʧʦʚʥʦʤʫ ʧʝ-

ʨʝʥʦʩʽ ñˇʨʫʥʪ ï ʨʦʩʣʠʥʘò ʻ ʜʦʩʠʪʴ ʟʤʽʥʥʦʶ ʫ ʯʘʩʽ, ʪʦʤʫ ʤʦʞʝ ʚʠʥʠʢʥʫʪʠ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʙʽʣʴʰ ʩʢʣʘʜʥʦʤʫ ʧʽʜʭʦʜʽ ʥʽʞ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʥʘ-

ʢʦʧʠʯʝʥʥʷ (ʯʠ ʧʝʨʝʭʦʜʫ) ʷʢ ʧʦʩʪʽʡʥʦʾ ʚʝʣʠʯʠʥʠ.   

ɸʢʪʠʚʥʽʩʪʴ ʫ ʧʨʠʨʦʜʥʽʡ ʪʨʘʚʽ ʟʤʽʥʶʻʪʴʩʷ ʟ ʩʝʟʦʥʥʠʤʠ ʫʤʦʚʘʤʠ ʨʦʩʪʫ, 

ʽ ʢʦʝʬʽʮʽʻʥʪ ʥʘʢʦʧʠʯʝʥʥʷ ʟʤʽʥʶʻʪʴʩʷ ʘʥʘʣʦʛʽʯʥʠʤ ʯʠʥʦʤ. ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ 

ʧʝʨʝʭʽʜ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʽʟ ˇʨʫʥʪʫ ʚ ʨʦʩʣʠʥʠ ʚʧʣʠʚʘʶʪʴ ʥʝ ʪʽʣʴʢʠ ʬʽʟʠʢʦï



 

ʭʽʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ˇʨʫʥʪʽ, ʘ ʪʘʢʦʞ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʪʘ 

ʢʣʽʤʘʪʠʯʥʽ ʫʤʦʚʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʨʽʩʪ ʫʨʦʞʘʶ. ʂʣʽʤʘʪʠʯʥʽ ʫʤʦʚʠ ʤʦʞʫʪʴ 

ʟʤʽʥʶʚʘʪʠ ʧʦʛʣʠʥʘʥʥʷ Cs ʽ Sr ʫʨʦʞʘʻʤ ʧʨʠʙʣʠʟʥʦ ʚ 10 ʨʘʟ ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʨʽʟʥʦʚʠʜʥʦʩʪʽ ʨʦʩʣʠʥ [64]. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʧʦʙʫʜʦʚʽ ʪʝʦʨʝʪʠʯʥʦʾ ʤʦʜʝʣʽ 

ʤʽʛʨʘʮʽʾ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʩʠʩʪʝʤʽ ˇʨʫʥʪïʨʦʩʣʠʥʘ ʥʝʦʙʭʽʜʥʦ ʧʨʠʡʤʘʪʠ ʜʦ 

ʫʚʘʛʠ ʬʽʟʽʦʣʦʛʽʶ ʧʦʛʣʠʥʘʥʥʷ ʢʦʨʝʥʝʚʦʾ ʩʠʩʪʝʤʠ ʽ ʟʘʣʝʞʥʽʩʪʴ ʮʴʦʛʦ ʧʦʛʣʠ-

ʥʘʥʥʷ ʚʽʜ ʦʪʦʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ.  

ʅʘ ʩʴʦʛʦʜʥʽ ʜʦʩʷʛʥʫʪʦ ʟʥʘʯʥʠʡ ʧʨʦʛʨʝʩ ʫ ʚʠʚʯʝʥʥʽ ʜʽʾ ʨʘʜʽʦʥʫʢʣʽʜʽʚ 

ʥʘ ʙʽʦʪʫ, ʨʘʟʦʤ ʟ ʪʠʤ ʚʠʷʚʠʣʠʩʴ ʥʦʚʽ ʦʙʩʪʘʚʠʥʠ, ʷʢʽ ʟʘʪʨʫʜʥʷʶʪʴ ʜʦʚʛʦ-

ʩʪʨʦʢʦʚʝ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʘʜʽʦʝʢʦʣʦʛʽʯʥʦʾ ʦʙʩʪʘʥʦʚʢʠ ʪʘ ʚʠʟʥʘʯʘʪʠ ʥʘʙʽʨ 

ʥʝʦʙʭʽʜʥʠʭ ʢʦʥʪʨʟʘʭʦʜʽʚ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʟʤʝʥʰʝʥʥʷ ʥʝʛʘʪʠʚʥʦʾ ʜʽʾ ʥʘ ʥʘ-

ʩʝʣʝʥʥʷ ʨʘʜʽʦʘʢʪʠʚʥʦ ʟʘʙʨʫʜʥʝʥʦʾ ʪʝʨʠʪʦʨʽʾ. ɼʦ ʥʠʭ ʚʽʜʥʦʩʷʪʴʩʷ ʟʥʘʡʜʝʥʽ 

ʧʽʩʣʷ ʏʦʨʥʦʙʠʣʴʩʴʢʦʾ ʘʚʘʨʽʾ ʟʥʘʯʥʽ ʟʤʽʥʠ ʢʦʝʬʽʮʽʻʥʪʽʚ ʥʘʢʦʧʠʯʝʥʥʷ ʚ ʨʦʩ-

ʣʠʥʥʽʡ ʧʨʦʜʫʢʮʽʾ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʷʢ ʫ ʧʨʦʩʪʦʨʽ, ʪʘʢ ʽ 

ʫ ʯʘʩʽ. ʉʪʘʣʘ ʟʨʦʟʫʤʽʣʦʶ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʚʯʝʥʥʷ ʚʧʣʠʚʫ ʥʘ ʚʝʣʠʯʠʥʫ ʢʦʝ-

ʬʽʮʽʻʥʪʘ ʥʘʢʦʧʠʯʝʥʥʷ ʷʢ ʬʽʟʠʢʦ ï ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ˇʨʫʥʪʫ, ʪʘʢ ʽ ʧʦ-

ʛʦʜʥʦ ï ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ. ɺʠʚʯʝʥʥʷ ʮʠʭ ʧʠʪʘʥʴ ʥʝʦʙʭʽʜʥʦ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʦʛʦ ʚʝʜʝʥʥʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʥʘ 

ʟʘʙʨʫʜʥʝʥʠʭ ʪʝʨʠʪʦʨʽʷʭ. 

ɺ ʜʠʥʘʤʽʯʥʠʭ ʤʦʜʝʣʷʭ [65,66,68, 69, 70] ʤʽʛʨʘʮʽʾ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʭʘʨ-

ʯʦʚʠʤʠ ʣʘʥʮʶʛʘʤʠ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʝʨʝʭʦʜʫ ʽʟ ˇʨʫʥʪʫ ʚ 

ʨʦʩʣʠʥʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʦʥʷʪʪʷ ʡʤʦʚʽʨʥʦʩʪʽ ʧʝʨʝʭʦʜʫ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ 

k (ʜʠʚ. ʬʦʨʤʫʣʫ 5.7).  

ɺʝʣʠʯʠʥʘ k ʚʘʞʢʦ ʜʦʩʪʫʧʥʘ ʜʣʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ, ʘʣʝ 

ʤʘʻ ʷʩʥʠʡ ʬʽʟʠʯʥʠʡ ʩʝʥʩ: ʧʦʪʽʢ ʯʘʩʪʠʥʦʢ ʯʝʨʝʟ ʧʦʚʝʨʭʥʶ ʢʦʨʝʥʝʚʦʾ ʩʠʩʪʝ-

ʤʠ ʨʦʩʣʠʥʠ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ. ʇʨʦʪʝ, ʚʝʣʠʯʠʥʘ k ʤʘʻ ʦʜʥʦʟʥʘʯʥʠʡ ʟʚôʷʟʦʢ ʟ 

ʽʥʰʦʶ ʚʝʣʠʯʠʥʦʶ, ʷʢʘ ʜʦʧʫʩʢʘʻ ʙʝʟʧʦʩʝʨʝʜʥʻ ʚʠʤʽʨʶʚʘʥʥʷ, ʘ ʩʘʤʝ ʢʦʝʬʽ-

ʮʽʻʥʪʦʤ ʥʘʢʦʧʠʯʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ï Tr . ʊʘʢ, ʘʚʪʦʨʠ [69,71] ʥʘʚʦʜʷʪʴ ʪʘ-

ʢʠʡ ʟʚôʷʟʦʢ ʤʽʞ k ʪʘ Tr:   

 

k
dt

)t(dB

P

T pr = ,                                                              (5.30) 

 

ʜʝ B(t) ï  ʩʫʭʘ ʙʽʦʤʘʩʘ ʨʦʩʣʠʥʠ, ʷʢ ʬʫʥʢʮʽʷ ʯʘʩʫ t. 

ʆʩʢʽʣʴʢʠ ʚʝʣʠʯʠʥʠ Tr ʽ k ʚʟʘʻʤʥʦ ʟʚôʷʟʘʥʽ, ʟʥʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʘ ʧʝʨʝʭʦʜʫ, ʘʙʦ ʥʘʢʦʧʠʯʝʥʥʷ, ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʙʯʠʩʣʝʥ-

ʥʷ k, ʘ ʚʽʜʪʘʢ, ʽ ʨʦʙʦʪʠ ʧʨʦʛʥʦʟʥʽ ʨʦʟʨʘʭʫʥʢʠ.   

ɼʣʷ ʦʙʯʠʩʣʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʧʦʛʣʠʥʘʥʥʷ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʢʦʨʝʥʝʚʦʶ 

ʩʠʩʪʝʤʦʶ ʚʠʢʦʨʠʩʪʘʻʤʦ ʧʽʜʭʽʜ, ʚʽʜʦʤʠʡ ʽʟ ʪʝʦʨʽʾ ʨʝʘʢʮʽʡ ʫ ʢʦʥʜʝʥʩʦʚʘʥʦʤʫ 



 

ʩʝʨʝʜʦʚʠʱʽ. ʍʘʨʘʢʪʝʨʥʦʶ ʨʠʩʦʶ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʨʝʘʛʫʶʯʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʫ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʻ ʪʝ, ʱʦ ʜʦʚʞʠʥʘ ʚʽʣʴʥʦʛʦ ʧʨʦʙʽʛʫ ʨʝʘʛʫʶʯʠʭ ʯʘʩʪʠʥʦʢ ʟʥʘ-

ʯʥʦ ʤʝʥʰʘ ʩʝʨʝʜʥʴʦʾ ʚʽʜʜʘʣʽ ʤʽʞ ʥʠʤʠ ʪʘ ʭʘʨʘʢʪʝʨʥʠʭ ʨʦʟʤʽʨʽʚ ʮʝʥʪʨʫ ʟʘ-

ʭʦʧʣʝʥʥʷ ï ʚʦʣʦʩʢʽʚ ʢʦʨʝʥʝʚʦʾ ʩʠʩʪʝʤʠ ʽ ʨʫʭ ʯʘʩʪʠʥʦʢ ʥʦʩʠʪʴ ʥʝʢʦʥʩʝʨʚʘ-

ʪʠʚʥʠʡ ʭʘʨʘʢʪʝʨ. ɺ ʪʘʢʽʡ ʩʠʪʫʘʮʽʾ ʚʝʣʠʯʠʥʘ k ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʘʢʪʦʤ 

ʝʣʝʤʝʥʪʘʨʥʦʾ ʨʝʘʢʮʽʾ ʪʠʧʫ ʩʦʨʙʮʽʾ ʥʘ ʧʦʚʝʨʭʥʽ ʢʦʨʝʥʝʚʦʾ ʩʠʩʪʝʤʠ (ʂʉ) ʘʣʝ ʽ 

ʭʘʨʘʢʪʝʨʦʤ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʯʘʩʪʠʥʦʢ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʢʦʨʝʥʝʚʠʭ 

ʚʦʣʦʩʢʽʚ, ʽʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʝʘʢʮʽʡ ʽʟ ˇʨʫʥʪʦʚʦïʚʙʠʨʥʠʤ ʢʦʤʧʣʝʢʩʦʤ, ʷʢʠʡ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʽʟ ʨʽʚʥʷʥʥʷ ʜʠʬʫʟʽʡʥʦʛʦ ʪʠʧʫ. 

 ʅʘ ʨʫʭ ʯʘʩʪʠʥʦʢ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʂʉ ʚʧʣʠʚʘʻ ʪʘʢʦʞ ʨʽʟʥʠʮʷ ʚʦʜ-

ʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʫʤʦʚʘʤʠ ʪʨʘʥʩʧʽʨʘʮʽʾ. ʆʪʞʝ, ʟʥʘʭʦʜʞʝʥ-

ʥʷ ʚʝʣʠʯʠʥʠ k ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟôʷʩʫʚʘʪʠ ʟʚôʷʟʦʢ ʡʤʦʚʽʨʥʦʩʪʽ ʧʦʛʣʠʥʘʥʥʷ 

ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʢʦʨʝʥʝʚʦʶ ʩʠʩʪʝʤʦʶ ʽʟ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ˇʨʫʥʪʫ ʪʘ ʬʘʢʪʦʨʘ-

ʤʠ ʟʦʚʥʽʰʥʽʤʠ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʩʠʩʪʝʤʠ ˇʨʫʥʪ ï ʨʦʩʣʠʥʘ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, 

ʟʥʘʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʧʦʛʣʠʥʘʥʥʷ k ʜʘʻ ʟʤʦʛʫ ʦʙʯʠʩʣʠʪʠ ʢʦʝʬʽʮʽʻʥʪ ʥʘʢʦʧʠ-

ʯʝʥʥʷ Tr, ʱʦ ʜʦʟʚʦʣʷʻ ʧʨʦʚʝʩʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ ʧʝʨʝʚʽʨʢʫ ʦʪʨʠʤʘʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ.  

ɺʽʜʤʽʪʠʤʦ ʪʘʢʦʞ, ʱʦ ʨʦʟʫʤʽʥʥʷ ʧʨʠʯʠʥ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʚʝʣʠʯʠʥʫ 

ʡʤʦʚʽʨʥʦʩʪʽ ʧʦʛʣʠʥʘʥʥʷ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʢʦʨʝʥʝʚʦʶ ʩʠʩʪʝʤʦʶ ʻ ʚʘʞʣʠʚʠʤ 

ʥʝ ʪʽʣʴʢʠ ʧʨʠ ʘʥʘʣʽʟʽ ʤʽʛʨʘʮʽʾ ʧʦʣʶʪʘʥʪʽʚ ʭʘʨʯʦʚʠʤʠ ʣʘʥʮʶʛʘʤʠ, ʘʣʝ ʡ ʤʦ-

ʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʨʽʟʥʠʭ ʘʩʧʝʢʪʽʚ ʤʽʥʝʨʘʣʴʥʦʛʦ ʞʠʚ-

ʣʝʥʥʷ ʨʦʩʣʠʥ ʯʝʨʝʟ ʢʦʨʝʥʝʚʫ ʩʠʩʪʝʤʫ.  

ɺʨʘʭʦʚʫʶʯʠ ʟʤʽʥʫ ʟ ʯʘʩʦʤ ʚʝʣʠʯʠʥʠ ʧʦʚʝʨʭʥʽ ʢʦʨʝʥʝʚʦʾ ʩʠʩʪʝʤʠ ʨʦʩ-

ʣʠʥʠ, ʚʝʣʠʯʠʥʫ k ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʨʘʟʫ [72] 
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ʜʝ S ï ʘʢʪʠʚʥʘ ʧʦʚʝʨʭʥʷ ʢʦʨʝʥʝʚʦʾ ʩʠʩʪʝʤʠ, ʘ j  ï ʧʦʪʽʢ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ 

ʯʝʨʝʟ ʦʜʠʥʠʯʥʠʡ ʝʣʝʤʝʥʪ ʧʦʚʝʨʭʥʽ ʚʠʜʽʣʝʥʦʛʦ ʢʦʨʝʥʝʚʦʛʦ ʚʦʣʦʩʢʘ, ʦʙʫʤʦ-

ʚʣʝʥʠʡ ʤʦʣʝʢʫʣʷʨʥʦʶ ʜʠʬʫʟʽʻʶ ʽʦʥʽʚ ʤʽʢʨʦʝʣʝʤʝʥʪʘ ʫ ˇʨʫʥʪʦʚʦʤʫ ʨʦʟʯʠʥʽ 

ʪʘ ʧʦʪʦʢʦʤ ʨʦʟʯʠʥʫ ʧʽʜ ʜʽʻʶ ʨʽʟʥʠʮʽ ʚʦʜʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ V: 

 

)t,r(N)r(V)t,r(ND)t,r(j -Ð= ,                                                 (5.32) 

 

ʜʝ D ï ʢʦʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʾ ʫ ʧʦʨʠʩʪʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, V(r) ï ʰʚʠʜʢʽʩʪʴ 

ʧʦʪʦʢʫ ˇʨʫʥʪʦʚʦʛʦ ʨʦʟʯʠʥʫ, ʟʘʣʝʞʥʘ, ʚʟʘʛʘʣʽ ʢʘʞʫʯʠ, ʚʽʜ ʚʽʜʜʘʣʽ r ʜʦ ʧʦʚʝ-

ʨʭʥʽ ʚʠʜʽʣʝʥʦʛʦ ʢʦʨʝʥʝʚʦʛʦ ʚʦʣʦʩʢʘ ʨʘʜʽʫʩʦʤ R0. ʋ (5.32) ʧʽʜ ʽʥʪʝʛʨʘʣʦʤ 



 

ʬʽʛʫʨʫʻ ʟʥʘʯʝʥʥʷ ʧʦʪʦʢʫ j(r,t)  ʥʘ ʧʦʚʝʨʭʥʽ ʢʦʨʝʥʝʚʦʾ ʩʠʩʪʝʤʠ (r=R0). ʇʨʠ 

ʟʘʧʠʩʫ ʚʠʨʘʟʫ (5.32) ʜʣʷ ʧʦʪʦʢʫ ʤʠ ʟʥʝʭʪʫʚʘʣʠ ʤʦʞʣʠʚʦʶ ʢʦʥʮʝʥʪʨʘʮʽʡ-

ʥʦʶ ʟʘʣʝʞʥʽʩʪʶ ʢʦʝʬʽʮʽʻʥʪʘ ʜʠʬʫʟʽʾ, ʘ ʪʘʢʦʞ ʚʧʣʠʚʦʤ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʾ 

ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʽʦʥʘʤʠ, ʱʦ ʚʠʧʨʘʚʜʘʥʦ ʟ ʧʦʛʣʷʜʫ ʥʝʚʝʣʠʢʠʭ ʟʥʘʯʝʥʴ ʢʦʥʮʝʥ-

ʪʨʘʮʽʾ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ. ʂʦʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʾ D ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʪʫʧʝʥʷ ʧʦʨʠʩ-

ʪʦʩʪʽ ˇʨʫʥʪʫ, ʨʦʟʤʽʨʽʚ ʧʦʨ ʽ ʟʛʽʜʥʦ, ʥʘʧʨʠʢʣʘʜ, ʤʦʜʝʣʽ ʄʽʣʣʽʥʛʪʦʥʘ ï ʂʚʽʨʢʘ 

[73] (ʦʜʥʦʨʽʜʥʝ ʧʦʨʠʩʪʝ ʩʝʨʝʜʦʚʠʱʝ, ʦʜʥʦʤʦʜʦʚʠʡ ʨʦʟʧʦʜʽʣ ʧʦʨ ʧʦ ʨʦʟʤʽ-

ʨʘʭ ʫ ʩʝʨʝʜʦʚʠʱʽ ʽʟ ʩʬʝʨʠʯʥʠʭ ʯʘʩʪʠʥʦʢ): 
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ʜʝ 0WD  ï ʢʦʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʾ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ˇʨʫʥʪʦʚʦʤʫ ʨʦʟʯʠʥʽ, q ï 

ʚʽʜʥʦʩʥʠʡ ʦʙôʻʤʥʠʡ ʚʤʽʩʪ ʚʦʣʦʛʠ ʫ ˇʨʫʥʪʽ, ʘ g ï ʧʦʨʠʩʪʽʩʪʴ ˇʨʫʥʪʫ. 

ʂʦʥʮʝʥʪʨʘʮʽʷ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʫ ˇʨʫʥʪʦʚʦʤʫ ʨʦʟʯʠʥʽ N(r,t) ʚʠʟʥʘʯʘʻʪʴ-

ʩʷ ʨʽʚʥʷʥʥʷʤ ʨʫʭʫ ʯʘʩʪʠʥʦʢ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʢʦʨʝʥʝʚʦʾ ʩʠʩʪʝʤʠ:  
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ʜʝ ʯʣʝʥ, ʧʨʦʧʦʨʮʽʡʥʠʡ ka, ʚʨʘʭʦʚʫʻ ʟʘʭʦʧʣʝʥʥʷ ʽʦʥʽʚ ʚʩʽʤʘ ʽʥʰʠʤʠ, 

ʢʨʽʤ ʪʦʛʦ ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʧʦʯʘʪʢʫ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ, ʢʦʨʝʥʝʚʠʤʠ ʚʦʣʦ-

ʩʢʘʤʠ, ʘ ʦʩʪʘʥʥʽ ʜʚʘ ʯʣʝʥʠ ʚʨʘʭʦʚʫʶʪʴ, ʚʽʜʧʦʚʽʜʥʦ, ʩʦʨʙʮʽʶ ʪʘ ʜʝʩʦʨʙʮʽʶ 

ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʥʘ ʤʽʥʝʨʘʣʴʥʽʡ ʢʦʤʧʦʥʝʥʪʽ ˇʨʫʥʪʦʚʦïʚʙʠʨʥʦʛʦ ʢʦʤʧʣʝʢʩʫ. Q 

ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʦʟʛʣʷʜʫʚʘʥʠʭ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʫ ʤʽʥʝʨʘʣʴʥʠʭ ʯʘʩʪʠʥʢʘʭ. 

ʂʦʥʢʨʝʪʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʘ ʟʘʣʝʞʥʽʩʪʴ V( r) ʚʠʟʥʘʯʘʻʪʴʩʷ ʛʝʦʤʝʪʨʽʻʶ ʟʘʜʘʯʽ.  

ɺʝʣʠʯʠʥʠ Q ʪʘ N ʟʚôʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ Q(r,t) = 

KDN(r,t), ʜʝ KD ï ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʧʦʜʽʣʫ, ʷʢʠʡ ʟʘʣʝʞʠʪʴ ʚʽʜ ʝʥʝʨʛʽʾ ʟʚôʷʟʢʫ 

ʤʽʢʨʦʝʣʝʤʝʥʪʘ ʟʽ ʩʪʨʫʢʪʫʨʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ɻɺʂ ʪʘ ʝʥʝʨʛʽʾ ʜʝʛʽʜʨʘʪʘʮʽʾ, ʘ 

ʪʘʢʦʞ, ʚʟʘʛʘʣʽ ʢʘʞʫʯʠ, ʚʽʜ  ʢʦʥʮʝʥʪʨʘʮʽʾ ʽʥʰʠʭ ʭʽʤʽʯʥʠʭ ʜʦʤʽʰʦʢ ʫ ˇʨʫʥʪʽ.  

ʇʦʨʷʜ ʽʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʯʘʩʪʠʥʦʢ, ʷʢ ʬʫʥʢʮʽʾ ʯʘʩʫ ʪʘ ʚʽʜʜʘʣʽ ʚʽʜ ʜʘ-

ʥʦʛʦ ʢʦʨʝʥʝʚʦʛʦ ʚʦʣʦʩʢʘ, ʤʦʞʥʘ ʪʘʢʦʞ ʨʦʟʛʣʷʜʘʪʠ ʩʝʨʝʜʥʽ ʧʦ ʦʙôʻʤʫ ʢʦʥ-

ʮʝʥʪʨʘʮʽʾ <N>, ʷʢʽ ʟʘʣʝʞʘʪʴ ʪʽʣʴʢʠ ʚʽʜ ʯʘʩʫ ʽ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʨʽʚʥʷʥʥʷ: 
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ʎʝ ʨʽʚʥʷʥʥʷ ʤʦʞʥʘ ʪʘʢʦʞ ʦʪʨʠʤʘʪʠ ʽʟ ʨʽʚʥʷʥʥʷ (5.35) ʰʣʷʭʦʤ ʽʥʪʝʛ-

ʨʫʚʘʥʥʷ ʧʦ ʚʩʴʦʤʫ ʦʙôʻʤʫ.  

ɿʨʫʯʥʦ ʚʚʝʩʪʠ ʚ ʨʦʟʛʣʷʜ ʚʽʜʥʦʩʥʠʡ ʨʦʟʧʦʜʽʣ ʯʘʩʪʠʥʦʢ 
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,                                                                         (5.36) 

 

ʷʢʠʡ ʟʘʜʦʚʦʣʴʥʷʻ, ʷʢ ʥʝʚʘʞʢʦ ʧʦʢʘʟʘʪʠ, ʙʽʣʴʰ ʧʨʦʩʪʝ ʨʽʚʥʷʥʥʷ ʩʪʘʥ-

ʜʘʨʪʥʦʛʦ ʜʠʬʫʟʽʡʥʦʛʦ ʪʠʧʫ: 
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ʆʯʝʚʠʜʥʦ, ʱʦ ʥʘ ʤʘʣʠʭ ʯʘʩʘʭ ʟʘʭʦʧʣʶʶʪʴʩʷ ʪʽ ʯʘʩʪʠʥʢʠ, ʷʢʽ ʟʥʘʭʦ-

ʜʷʪʴʩʷ ʧʦʙʣʠʟʫ ʧʦʚʝʨʭʥʽ ʢʦʨʝʥʝʚʦʾ ʩʠʩʪʝʤʠ. ʎʝ ʧʨʠʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ 

ʛʨʘʜʽʻʥʪʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʯʘʩʪʠʥʦʢ, ʷʢʠʡ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʧʦʩʪʽʡʥʠʤ ʥʘ ʚʝʣʠ-

ʢʠʭ ʯʘʩʘʭ, ʪʘʢ ʱʦ ʧʨʠ t  ¤ : 0µµ th . ʆʜʥʘʢ, ʟʥʘʢ ʪʘ ʚʝʣʠʯʠʥʘ ʛʨʘʜʽʻʥʪʘ 

ʬʫʥʢʮʽʾ h(r,t) ʚʠʟʥʘʯʘʻʪʴʩʷ ʛʨʘʥʠʯʥʦʶ ʫʤʦʚʦʶ ʥʘ ʧʦʚʝʨʭʥʽ ʢʦʨʝʥʝʚʦʾ ʩʠʩ-

ʪʝʤʠ.  

ʅʘʡʙʽʣʴʰ ʟʘʛʘʣʴʥʠʤ ʻ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʟʘʭʦʧʣʝʥʥʷ ʯʘʩʪʠʥʦʢ ʚʽʜʙʫʚʘ-

ʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʜʝʷʢʦʾ ʨʝʘʢʮʽʾ ʟ ʧʦʜʦʣʘʥʥʷʤ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʙʘʨ'ʻʨʫ eact (ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʟʘʪʨʘʪʠ ʝʥʝʨʛʽʾ ʥʘ ʟʥʷʪʪʷ ʩʦʣʴʚʘʪʥʦʾ ʦʙʦʣʦʥʢʠ, ʷʢʘ ʭʘʨʘʢʪʝʨʥʘ 

ʜʣʷ ʽʦʥʽʚ ʫ ʨʦʟʯʠʥʽ). ʋ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʥʘʜʭʦʜʞʝʥʥʷ ʯʘʩʪʠʥʦʢ ʫ ʚʥʫʪʨʽʰʥʽ 

ʪʢʘʥʠʥʠ ʨʦʩʣʠʥ ʤʦʞʝ ʢʦʥʪʨʦʣʶʚʘʪʠʩʷ ʥʝ ʪʽʣʴʢʠ ʧʽʜʪʦʢʦʤ ʯʘʩʪʠʥʦʢ ʟʟʦʚʥʽ, 

ʘ ʡ ʨʝʘʢʮʽʻʶ ʟʘʭʦʧʣʝʥʥʷ ʽʟ ʟʘʪʨʘʪʦʶ ʝʥʝʨʛʽʾ eact. ʇʨʠ ʮʴʦʤʫ, ʟʥʘʯʝʥʥʷ ʢʦʥ-

ʮʝʥʪʨʘʮʽʾ ʯʘʩʪʠʥʦʢ ʧʦʙʣʠʟʫ ʧʦʚʝʨʭʥʽ ʢʦʨʝʥʝʚʦʾ ʩʠʩʪʝʤʠ ʤʦʞʝ ʙʫʪʠ ʷʢ 

ʤʝʥʰʝ ʩʝʨʝʜʥʴʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʫ ʨʦʟʯʠʥʽ (10 <h )t,R( ), ʢʦʣʠ ʰʚʠʜʢʽʩʪʴ ʧʦʛ-

ʣʠʥʘʥʥʷ ʯʘʩʪʠʥʦʢ ʙʽʣʴʰʘ ʟʘ ʰʚʠʜʢʽʩʪʴ ʥʘʜʭʦʜʞʝʥʥʷ,  ʪʘʢ ʽ ʙʽʣʴʰʠʤ 

( 1),R( 0 >th ) ʫ ʧʨʦʪʠʣʝʞʥʦʤʫ ʚʠʧʘʜʢʫ. ʆʪʞʝ, ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ, ʧʦʪʽʢ 

ʯʘʩʪʠʥʦʢ ʯʝʨʝʟ ʧʦʚʝʨʭʥʶ ʢʦʨʝʥʝʚʦʾ ʩʠʩʪʝʤʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥ-

ʥʷʤ: 

 

)t,R(N)t,R(N)R(V)t,R(ND)t,R(J 00000 g=-Ð¹                     (5.38) 

 

ʜʝ g ï ʡʤʦʚʽʨʥʽʩʪʴ ʨʝʘʢʮʽʾ ʩʦʨʙʮʽʾ ʯʘʩʪʠʥʦʢ ʥʘ ʧʦʚʝʨʭʥʽ ʢʦʨʝʥʝʚʦʾ ʩʠ-

ʩʪʝʤʠ, ʘʙʦ ʞ ʡʤʦʚʽʨʥʽʩʪʴ ʨʝʘʢʮʽʾ ʚʟʘʻʤʦʜʽʾ ʯʘʩʪʠʥʢʠ ʟ ʧʝʨʝʥʦʩʥʠʢʦʤ, ʷʢʱʦ 

ʰʚʠʜʢʽʩʪʴ ʥʘʜʭʦʜʞʝʥʥʷ ʤʽʢʨʦʝʣʝʤʝʥʪʘ ʢʦʥʪʨʦʣʶʻʪʴʩʷ ʨʝʘʢʮʽʻʶ ʄʽʭʘʝʣʽʩʘ 

ï ʄʝʥʪʝʥ [74].  

ʗʢʱʦ g¤ ʽ N(R0,t)0, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʯʘʩʪʠʥʢʘ ʥʘʙʣʠ-

ʟʠʚʰʠʩʴ ʜʦ ʧʦʚʝʨʭʥʽ ʢʦʨʝʥʝʚʦʾ ʩʠʩʪʝʤʠ ʟʘʭʦʧʣʶʻʪʴʩʷ ʟ ʡʤʦʚʽʨʥʽʩʪʶ ʨʽʚʥʦʶ 

ʦʜʠʥʠʮʽ, ʪʦ ʧʨʠʭʦʜʠʤʦ ʜʦ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʉʤʦʣʫʭʦʚʩʴʢʦʛʦ, ʘ ʩʘʤʝ: 

0)t,Rr( 0 ==h                                                                               (5.39) 



 

ʇʨʠ ʮʴʦʤʫ J(R0,t) ʟʘʣʠʰʘʻʪʴʩʷ ʢʦʥʝʯʥʦʶ ʚʝʣʠʯʠʥʦʶ, ʘ ʰʚʠʜʢʽʩʪʴ ʥʘ-

ʜʭʦʜʞʝʥʥʷ ʪʘ ʟʘʭʦʧʣʝʥʥʷ ʯʘʩʪʠʥʦʢ ʢʦʥʪʨʦʣʶʻʪʴʩʷ ʚʠʢʣʶʯʥʦ ʜʠʬʫʟʽʻʶ ʯʘ-

ʩʪʠʥʦʢ ʫ ˇʨʫʥʪʦʚʦʤʫ ʨʦʟʯʠʥʽ ʽ ʧʦʙʣʠʟʫ ʧʦʚʝʨʭʥʽ ʢʦʨʝʥʝʚʦʾ ʩʠʩʪʝʤʠ ʫʪʚʦ-

ʨʶʻʪʴʩʷ ʟʦʥʘ ʟʙʽʜʥʝʥʥʷ ï ʟʦʥʘ ʧʦʥʠʞʝʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʯʘʩʪʠʥʦʢ, ʪʦʙʪʦ 

1),( 0 <tRh . 

ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʧʘʨʘʤʝʪʨʘ g, ʪʦ ʡʦʛʦ ʚʝʣʠʯʠʥʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʫʤʦʚ, ʚ 

ʷʢʠʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʝʘʢʮʽʷ ʟʘʭʦʧʣʝʥʥʷ ʯʘʩʪʠʥʦʢ ʢʦʨʝʥʝʚʦʶ ʩʠʩʪʝʤʦʶ ʽ, ʟʦ-

ʢʨʝʤʘ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʷʚʥʦʩʪʽ ʢʦʥʢʫʨʫʶʯʠʭ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʥʘʧʨʠʢʣʘʜ 

ʫ ʚʠʧʘʜʢʫ ʨʘʜʽʦʥʫʢʣʽʜʫ 137Cs, ʚʽʜ ʝʣʝʤʝʥʪʽʚ ʂ, ʅ, NH4 ʽ ʪ.ʜ.). ɼʣʷ ʟʥʘʭʦ-

ʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʘ g ʩʣʽʜ ʨʦʟʛʣʷʜʘʪʠ ʩʠʩʪʝʤʫ ʨʝʘʢʮʽʡ, ʚ ʷʢʠʭ ʧʨʠʡʤʘʶʪʴ 

ʫʯʘʩʪʴ ʤʽʢʨʦʝʣʝʤʝʥʪʠ ʪʘ ʚʽʜʧʦʚʽʜʥʽ ʤʘʢʨʦʝʣʝʤʝʥʪʠ. ɿʚʠʯʘʡʥʦ, ʧʨʠ ʪʘʢʦʤʫ 

ʨʦʟʛʣʷʜʽ, ʦʙʤʝʞʫʶʪʴʩʷ ʜʚʦʨʽʚʥʝʚʦʶ ʟʘʜʘʯʝʶ, ʪʦʙʪʦ ʚʨʘʭʦʚʫʶʪʴ ʪʽʣʴʢʠ ʜʚʘ 

ʤʦʞʣʠʚʽ ʝʥʝʨʛʝʪʠʯʥʽ ʩʪʘʥʠ ʜʣʷ ʯʘʩʪʠʥʦʢ, ʘ ʩʘʤʝ: ʩʪʘʥʠ ʫ ˇʨʫʥʪʦʚʦʤʫ ʨʦʟ-

ʯʠʥʽ, ʪʘ ʥʘ ʧʦʚʝʨʭʥʽ ʢʦʨʝʥʝʚʦʾ ʩʠʩʪʝʤʠ  (ʥʘʧʨ. [75,76]). ʇʨʦʪʝ, ʷʢ ʧʦʢʘʟʘʚ 

ʥʘʚʝʜʝʥʠʡ  ʫ ʧʦʧʝʨʝʜʥʴʦʤʫ ʨʦʟʜʽʣʽ ʘʥʘʣʽʟ ʮʽʻʾ ʟʘʜʘʯʽ, ʩʫʪʪʻʚʠʤ ʻ ʫʨʘʭʫʚʘʥ-

ʥʷ, ʪʘʢʦʞ, ʚʟʘʻʤʦʜʽʾ ʯʘʩʪʠʥʦʢ ʽʟ ˇʨʫʥʪʦʚʦïʚʙʠʨʥʠʤ ʢʦʤʧʣʝʢʩʦʤ. ʊʘʢ, ʚʠʢʦ-

ʨʠʩʪʦʚʫʶʯʠ ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ [77], ʤʦʞʥʘ ʟʥʘʡʪʠ, ʱʦ    
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ʜʝ g0 ï ʡʤʦʚʽʨʥʽʩʪʴ ʝʣʝʤʝʥʪʘʨʥʦʾ ʨʝʘʢʮʽʾ ʚʟʘʻʤʦʜʽʾ ʤʽʢʨʦʝʣʝʤʝʥʪʘ ʽʟ 

ʩʪʨʫʢʪʫʨʥʠʤʠ ʦʜʠʥʠʮʷʤʠ ʮʝʥʪʨʫ ʟʘʭʦʧʣʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ ʢʦʨʝʥʝʚʦʾ ʩʠʩʪʝ-

ʤʠ. ɿʥʘʭʦʜʞʝʥʥʷ ʮʽʻʾ ʚʝʣʠʯʠʥʠ ʧʦʪʨʝʙʫʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʽʢʨʦʩʢʦʧʽʯʥʠʭ 

ʧʽʜʭʦʜʽʚ. ʋ ʬʦʨʤʫʣʽ (5.6.11): [M0] ï ʩʫʤʘʨʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʤʘʢʨʦʝʣʝʤʝʥʪʘ ʫ 

ʩʠʩʪʝʤʽ ˇʨʫʥʪ-ʨʦʩʣʠʥʘ, [P0] ʪʘ [S0] ï ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦʩʪʫʧʥʠʭ ʮʝʥʪʨʽʚ ʟʘʭʦ-

ʧʣʝʥʥʷ ʥʘ ʢʦʨʝʥʝʚʽʡ ʩʠʩʪʝʤʽ ʪʘ ʥʘ ˇʨʫʥʪʦʚʦ ï ʚʙʠʨʥʦʤʫ ʢʦʤʧʣʝʢʩʽ (ʤʽʥʝʨʘ-

ʣʴʥʘ ʢʦʤʧʦʥʝʥʪʘ), ʚʽʜʧʦʚʽʜʥʦ, ʘ QS ï ʛʫʩʪʠʥʘ ʜʦʩʪʫʧʥʠʭ ʜʣʷ ʤʽʢʨʦʝʣʝʤʝʥʪʘ 

ʩʪʘʥʽʚ ʫ ˇʨʫʥʪʦʚʦʤʫ ʨʦʟʯʠʥʽ. ePR (ePM) ï ʝʥʝʨʛʽʾ ʟʚôʷʟʢʫ ʤʽʢʨʦʝʣʝʤʝʥʪʘ (ʤʘʢ-

ʨʦʝʣʝʤʝʥʪʘ) ʽʟ ʩʪʨʫʢʪʫʨʥʠʤʠ ʦʜʠʥʠʮʷʤʠ ʥʘ ʧʦʚʝʨʭʥʽ ʢʦʨʝʥʝʚʦʾ ʩʠʩʪʝʤʠ, e

SM  ï ʝʥʝʨʛʽʷ ʟʚôʷʟʢʫ ʤʘʢʨʦʝʣʝʤʝʥʪʘ ʽʟ ʤʽʥʝʨʘʣʴʥʦʶ ʢʦʤʧʦʥʝʥʪʦʶ ˇʨʫʥʪʦ-

ʚʦʛʦ ʚʙʠʨʥʦʛʦ ʢʦʤʧʣʝʢʩʫ, ʘ eRh ï ʝʥʝʨʛʽʷ ʜʝʛʽʜʨʘʪʘʮʽʾ ʨʦʟʛʣʷʜʫʚʘʥʦʛʦ ʤʽʢ-

ʨʦʝʣʝʤʝʥʪʘ. ʗʢ ʚʠʜʥʦ ʽʟ (5.6.11), ʚʝʣʠʯʠʥʘ g ʟʘʚʞʜʠ ʟʤʝʥʰʫʻʪʴʩʷ ʽʟ ʟʙʽʣʴ-

ʰʝʥʥʷʤ [M0], ʦʩʢʽʣʴʢʠ ʣʦʢʘʣʽʟʘʮʽʷ ʤʘʢʨʦʝʣʝʤʝʥʪʘ ʥʘ ʧʦʚʝʨʭʥʽ ʢʦʨʝʥʝʚʦʾ 

ʩʠʩʪʝʤʠ ʯʠ ʥʘ ʚʙʠʨʥʦʤʫ ʢʦʤʧʣʝʢʩʽ ʫ ˇʨʫʥʪʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ 



 

ʤʽʩʮʴ ʜʦʩʪʫʧʥʠʭ ʜʣʷ ʣʦʢʘʣʽʟʘʮʽʾ ʤʽʢʨʦʝʣʝʤʝʥʪʘ, ʪʦʙʪʦ ʜʦ ʚʠʪʽʩʥʝʥʥʷ 

ʦʩʪʘʥʥʴʦʛʦ ʫ ˇʨʫʥʪʦʚʠʡ ʨʦʟʯʠʥ.  

ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʜʨʫʛʦʾ ʛʨʘʥʠʯʥʦʾ ʫʤʦʚʠ, ʪʦ ʥʘ ʚʝʣʠʢʠʭ ʚʽʜʩʪʘʥʷʭ ʚʽʜ 

ʧʦʚʝʨʭʥʽ ʜʘʥʦʛʦ ʢʦʨʝʥʝʚʦʛʦ ʚʦʣʦʩʢʘ, ʢʦʥʮʝʥʪʨʘʮʽʷ ʯʘʩʪʠʥʦʢ ʟʨʽʚʥʶʻʪʴʩʷ ʽʟ 

ʩʝʨʝʜʥʴʦʶ ʧʦ ʦʙôʻʤʫ ˇʨʫʥʪʦʚʦʛʦ ʨʦʟʯʠʥʫ, ʪʦʙʪʦ:   

 

N(r¤,t)<N>, ʘʙʦ   h(r¤,t)1                                 (5.43) 

 

ʈʽʚʥʷʥʥʷ (5.37) ʥʘʡʙʽʣʴʰ ʧʨʦʩʪʦ ʜʦʩʣʽʜʞʫʚʘʪʠ ʰʣʷʭʦʤ ʧʝʨʝʭʦʜʫ ʜʦ 

ʟʚʠʯʘʡʥʦʛʦ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʽʥʪʝʛʨʘʣʴʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʃʘʧʣʘʩʘ ï ɻʘʨʩʦʥʘ 
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ʚʚʘʞʘʶʯʠ, ʱʦ ʢʦʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʾ D ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʯʘʩ-

ʪʠʥʦʢ. ʋ ʬʦʨʤʫʣʽ (5.42) h0(r) ï ʨʦʟʧʦʜʽʣ ʯʘʩʪʠʥʦʢ ʚʽʜʥʦʩʥʦ ʢʦʨʝʥʝʚʦʾ ʩʠʩ-

ʪʝʤʠ ʧʨʠ t=0. ʆʩʢʽʣʴʢʠ, ʚ ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʨʦʟʧʦʜʽʣ ʯʘʩʪʠʥʦʢ ʚʚʘ-

ʞʘʻʪʴʩʷ ʨʽʚʥʦʤʽʨʥʠʤ ʽ ʦʜʥʦʨʽʜʥʠʤ ʧʦ ʦʙôʻʤʫ, ʘ ʟʥʦʚʫ ʫʪʚʦʨʶʚʘʥʽ ʚ ʧʨʦʮʝʩʽ 

ʨʦʩʪʫ ʢʦʨʝʥʝʚʽ ʚʦʣʦʩʢʠ ʧʦʧʘʜʘʶʪʴ ʫ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʝ ʦʪʦʯʝʥʥʷ ʟʘ-

ʭʦʧʣʶʚʘʥʠʭ ʯʘʩʪʠʥʦʢ, ʪʦ ʩʣʽʜ ʚʚʘʞʘʪʠ, ʱʦ h0(r)=1. ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʬʫʥʢʮʽ-

ʦʥʘʣʴʥʦʾ ʟʘʣʝʞʥʦʩʪʽ V(r), ʪʦ ʚʠʭʦʜʷʯʠ ʽʟ ʤʽʨʢʫʚʘʥʴ ʧʨʦ ʥʝʧʝʨʝʨʚʥʽʩʪʴ ʧʦ-

ʪʦʢʫ, ʫ ʚʠʧʘʜʢʫ ʧʨʠʡʥʷʪʦʾ ʪʫʪ ʮʠʣʽʥʜʨʠʯʥʦʾ ʩʠʤʝʪʨʽʾ ʢʦʨʝʥʝʚʦʛʦ ʚʦʣʦʩʢʘ, 

ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ: V(r)=a/r. ʊʫʪ a ï ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʧʦʪʦʢʫ ʥʘ  ʧʦʚʝʨʭʥʽ 

ʚʦʣʦʩʢʘ ʨʘʜʽʫʩʦʤ R0.  

ʂʽʥʮʝʚʠʡ ʨʦʟʚôʷʟʦʢ ʨʽʚʥʷʥʥʷ (5.42) ʧʨʠ r¤ ʚʠʨʘʞʘʻʪʴʩʷ ʯʝʨʝʟ ʬʫʥ-

ʢʮʽʾ ʄʘʢʜʦʥʘʣʴʜʘ Kn(r(w/D)1/2):  
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-=                                                       (5.43) 

ʜʝ n=a/2D ï ʧʦʨʷʜʦʢ ʬʫʥʢʮʽʾ, ʘ ʧʦʩʪʽʡʥʘ ʽʥʪʝʛʨʫʚʘʥʥʷ C ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʽʟ ʛʨʘʥʠʯʥʦʾ ʫʤʦʚʠ (5.40).  

ʇʽʩʣʷ ʧʽʜʩʪʘʥʦʚʢʠ (5.43) ʚ ʧʝʨʝʪʚʦʨʝʥʫ ʧʦ ʃʘʧʣʘʩʫïʂʘʨʩʦʥʫ ʛʨʘʥʠʯʥʫ 

ʫʤʦʚʫ (5.38) ʽ ʧʦʩʣʽʜʫʶʯʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʧʦʩʪʽʡʥʦʾ ʽʥʪʝʛʨʫʚʘʥʥʷ ʉ, ʦʪʨʠʤʫʻʤʦ:  
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ɺʠʨʘʟʠ (5.43) ʪʘ (5.44) ʦʧʠʩʫʶʪʴ ʧʦʪʽʢ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʯʝʨʝʟ ʧʦʚʝʨʭ-

ʥʶ ʢʦʨʝʥʝʚʦʾ ʩʠʩʪʝʤʠ ʨʦʩʣʠʥʠ ʧʨʠ ʙʫʜʴï̫ ʢʠʭ ʟʥʘʯʝʥʥʷʭ w (ʪʦʙʪʦ ʯʘʩʘʭ) ʽ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ ʤʽʞ ʢʦʝʬʽʮʽʻʥʪʦʤ ʜʠʬʫʟʽʾ D, ʨʽʟʥʠʮʽ ʚʦʜʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ a 

ʪʘ ʰʚʠʜʢʦʩʪʽ ʘʜʩʦʨʙʮʽʾ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʥʘ ʧʦʚʝʨʭʥʽ ʢʦʨʝʥʝʚʦʾ ʩʠʩʪʝʤʠ ï g.  

ʅʘ ʨʠʩʫʥʢʫ 5.3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʣʝʞʥʽʩʪʴ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ h, ʦʙʯʠʩ-

ʣʝʥʦʾ ʫ ʪʦʯʮʽ r=R0 ʚʽʜ  ʚʝʣʠʯʠʥʠ  a/(2D) ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʚʽʜʥʦʰʝʥʥʷ 

b ʠ l<<1. 

ʆʪʞʝ, ʧʨʦʩʪʦʨʦʚʠʡ ʨʦʟʧʦʜʽʣ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʧʦʙʣʠʟʫ ʢʦʨʝʥʝʚʦʾ ʩʠʩ-

ʪʝʤʠ h(R0) ʩʫʪʪʻʚʠʤ ʯʠʥʦʤ ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ b ï ʚʽʜʥʦʰʝʥ-

ʥʷ ʚʝʣʠʯʠʥʠ a, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻ ʧʦʪʽʢ ˇʨʫʥʪʦʚʦʛʦ ʨʦʟʯʠʥʫ, ʜʦ ʡʤʦʚʽʨʥʦʩʪʽ 

ʨʝʘʢʮʽʾ ʘʜʩʦʨʙʮʽʾ g. ɹʽʣʴʰʽ ʟʥʘʯʝʥʥʷ b ʩʧʨʠʯʠʥʶʶʪʴ ʥʘʢʦʧʠʯʝʥʥʷ ʤʽʢʨʦʝ-

ʣʝʤʝʥʪʽʚ ʧʦʙʣʠʟʫ ʧʦʚʝʨʭʥʽ ʢʦʨʝʥʝʚʦʾ ʩʠʩʪʝʤʠ, ʘ ʧʨʠ  b<1 ʧʦʙʣʠʟʫ ʢʦʨʝʥʝ-

ʚʦʾ ʩʠʩʪʝʤʠ ʫʪʚʦʨʶʻʪʴʩʷ ʦʙʣʘʩʪʴ ʟʙʽʜʥʝʥʥʷ: h(R0)<1. ɹʽʣʴʰʽ ʟʥʘʯʝʥʥʷ b 

ʩʧʨʠʯʠʥʶʶʪʴ ʥʘʢʦʧʠʯʝʥʥʷ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʧʦʙʣʠʟʫ ʧʦʚʝʨʭʥʽ ʢʦʨʝʥʝʚʦʾ ʩʠ-

ʩʪʝʤʠ, ʘ ʧʨʠ b<1 ʧʦʙʣʠʟʫ ʢʦʨʝʥʝʚʦʾ ʩʠʩʪʝʤʠ ʫʪʚʦʨʶʻʪʴʩʷ ʦʙʣʘʩʪʴ ʟʙʽʜʥʝʥ-

ʥʷ: h(R0)<1. 

ʎʝʡ ʚʠʩʥʦʚʦʢ ʩʧʽʚʧʘʜʘʻ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʽʥʰʠʭ ʘʚʪʦʨʽʚ (ʜʠʚ. [78,79]). 

ʆʜʥʘʢ, ʷʢ ʚʠʜʥʦ ʽʟ ʦʪʨʠʤʘʥʠʭ ʪʫʪ  ʨʝʟʫʣʴʪʘʪʽʚ, ʟʥʘʯʝʥʥʷ h(R0) ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʚʝʣʠʯʠʥʦʶ b ʪʽʣʴʢʠ ʧʨʠ ʟʥʘʯʝʥʥʷʭ a/(2D), ̫ ʢʽ ʙʣʠʟʴʢʽ, ʘʙʦ ʙʽʣʴʰʽ ʟʘ 1. ʇʨʠ 

ʽʥʰʠʭ ʟʥʘʯʝʥʥʷʭ a/(2D) ʚʽʜʭʠʣʝʥʥʷ h(R0) ʚʽʜ ʦʜʠʥʠʮʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʝʣʠʯʠ-

ʥʦʶ a/(2D).   

ʆʪʨʠʤʘʥʠʡ ʚʠʨʘʟ (5.44) ʜʣʷ j(R0,w) ʟʘʥʘʜʪʦ ʛʨʦʤʽʟʜʢʠʡ ʜʣʷ ʘʥʘʣʽʟʫ ʽ 

ʟʥʘʭʦʜʞʝʥʥʷ ʟʚʦʨʦʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʃʘʧʣʘʩʘïʂʘʨʩʦʥʘ ʮʽʻʾ ʚʝʣʠʯʠʥʠ ʚʠ-

ʢʣʠʢʘʻ ʚʝʣʠʢʽ ʪʨʫʜʥʦʱʽ.  

ʉʢʦʨʠʩʪʘʻʤʦʩʷ ʪʽʻʶ ʦʙʩʪʘʚʠʥʦʶ, ʱʦ ʟʘʟʚʠʯʘʡ ʢʦʝʬʽʮʽʻʥʪ ʥʘʢʦʧʠʯʝʥ-

ʥʷ ʟʥʘʭʦʜʠʪʴʩʷ ʜʣʷ ʨʦʩʣʠʥ ʥʘ ʢʽʥʮʝʚʽʡ ʩʪʘʜʽʾ ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʨʦʟʚʠʪʢʫ, ʪʦʙʪʦ 

ʧʨʠ ʜʦʩʠʪʴ ʚʝʣʠʢʠʭ ʯʘʩʘʭ. ʊʦʤʫ, ʢʦʨʠʩʥʦ ʢʦʨʠʩʪʫʚʘʪʠʩʷ ʛʨʘʥʠʯʥʠʤʠ ʪʝʦ-

ʨʝʤʘʤʠ [80] ʪʝʦʨʽʾ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʃʘʧʣʘʩʘïʂʘʨʩʦʥʘ, ʘ ʩʘʤʝ: 

),r(~lim)t,r(lim
t

whh
w 0¤

Ú , ʪʦʙʪʦ ʧʽʩʣʷ ʟʜʽʡʩʥʝʥʥʷ ʛʨʘʥʠʯʥʦʛʦ ʧʝʨʝʭʦʜʫ ʧʦ w 

ʫ ʟʥʘʡʜʝʥʦʤʫ ʚʠʨʘʟʽ (5.44) ʧʦʪʨʽʙʥʦ ʚʠʢʦʥʘʪʠ ʦʙʝʨʥʝʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʃʘʧ-



 

ʣʘʩʘ ï ʂʘʨʩʦʥʘ ʽ, ʪʘʢʠʤ ʯʠʥʦʤ, ʟʥʘʡʪʠ k. ʄʘʣʝ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ w ʦʟʥʘ-

ʯʘʻ, ʫ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ, ʚʠʢʦʥʘʥʥʷ ʢʨʠʪʝʨʽʶ t>>T 1=R2/D. ʇʨʠ ʪʠʧʦʚʠʭ ʟʥʘ-

ʯʝʥʥʷʭ D=10-7 ï 10-8 ʩʤ2.ʩʝʢ, R¢10-1 ʩʤ, ʤʘʻʤʦ T1<105 ï 106 ʩʝʢ., ʱʦ ʩʫʪʪʻʚʦ 

ʤʝʥʰʝ ʭʘʨʘʢʪʝʨʥʠʭ ʚʝʛʝʪʘʮʽʡʥʠʭ ʯʘʩʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʙʣʠʞʝʥʠʡ 

ʨʦʟʚôʷʟʦʢ, ʦʪʨʠʤʫʚʘʥʠʡ ʧʨʠ ʛʨʘʥʠʯʥʦʤʫ ʧʝʨʝʭʦʜʽ 0w , ʙʫʜʝ ʚʽʜʧʦʚʽʜʘʪʠ 

ʩʫʪʪʻʚʽʡ ʯʘʩʪʠʥʽ ʞʠʪʪʷ ʨʦʩʣʠʥʠ. ʌʘʢʪʠʯʥʦ, ʪʘʢʠʡ ʛʨʘʥʠʯʥʠʡ ʧʝʨʝʭʽʜ ʚʽʜ-

ʧʦʚʽʜʘʻ ʟʥʘʭʦʜʞʝʥʥʶ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʧʦʪʦʢʫ ʯʘʩʪʠʥʦʢ ʥʘ ʧʦʚʝʨʭʥʶ ʢʦʨʝʥʝ-

ʚʦʾ ʩʠʩʪʝʤʠ, ʷʢʠʡ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʟ ʯʘʩʦʤ ʽ ʚʞʝ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʘʩʫ. (ʇʨʠ 

ʥʝʦʙʭʽʜʥʦʩʪʽ  ʨʦʟʛʣʷʜʫ ʥʘʜʭʦʜʞʝʥʥʷ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʥʘ ʤʘʣʠʭ ʯʘʩʘʭ  t<T1, 

ʥʝʦʙʭʽʜʥʦ ʩʢʦʨʠʩʪʫʚʘʪʠʩʷ ʽʥʰʦʶ ʛʨʘʥʠʯʥʦʶ ʪʝʦʨʝʤʦʶ, ʘ ʩʘʤʝ: 
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ʇʽʩʣʷ ʟʜʽʡʩʥʝʥʥʷ ʛʨʘʥʠʯʥʦʛʦ ʧʝʨʝʭʦʜʫ w0 ʚ (5.44), ʟʥʘʡʜʝʤʦ, ʱʦ  
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ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʧʦʛʣʠʥʘʥʥʷ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʢʦʨʝʥʝʚʦʶ 

ʩʠʩʪʝʤʦʶ k, ʥʝʦʙʭʽʜʥʦ, ʟʛʽʜʥʦ (5.31), ʟʥʘʪʠ ʷʢ ʟʤʽʥʶʻʪʴʩʷ ʟ ʯʘʩʦʤ ʧʦʚʝʨʭʥʷ 

ʢʦʨʝʥʝʚʦʾ ʩʠʩʪʝʤʠ ï S(t). ʈʽʚʥʷʥʥʷ, ʷʢʝ ʦʧʠʩʫʻ ʟʤʽʥʫ ʟ ʯʘʩʦʤ ʧʦʚʝʨʭʥʽ ʢʦ-

ʨʝʥʝʚʦʾ ʩʠʩʪʝʤʠ ʥʝʚʽʜʦʤʝ. ɸʣʝ ʤʦʞʥʘ ʫʷʚʠʪʠ, ʱʦ ʩʫʭʘ ʙʽʦʤʘʩʘ ʢʦʨʝʥʝʚʦʾ 

ʩʠʩʪʝʤʠ ʦʧʠʩʫʻʪʴʩʷ ʣʦʛʽʩʪʠʯʥʠʤ ʟʘʢʦʥʦʤ, ʪʦʙʪʦ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʽʜʤʠʨʘʥ-

ʥʷ ʢʦʨʝʥʝʚʠʭ ʚʦʣʦʩʢʽʚ, ʚʽʜʧʦʚʽʜʥʝ ʨʽʚʥʷʥʥʷ ʜʣʷ ʾʾ ʟʥʘʭʦʜʞʝʥʥʷ ʤʘʻ ʚʠʛʣʷʜ: 
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--=a ,                                                          (5.46) 

 

ʜʝ Bmax ï ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʩʫʭʦʾ ʙʽʦʤʘʩʠ ʢʦʨʝʥʝʚʦʾ ʩʠʩʪʝʤʠ, a ʽ 

b ïʢʦʥʩʪʘʥʪʠ ʰʚʠʜʢʦʩʪʽ ʨʦʩʪʫ ʪʘ ʚʽʜʤʠʨʘʥʥʷ, ʚʽʜʧʦʚʽʜʥʦ. ʊʦʜʽ, ʚʚʘʞʘʶʯʠ, 

ʱʦ ʢʦʨʝʥʝʚʘ ʩʠʩʪʝʤʘ ʨʦʩʣʠʥʠ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʢʦʨʝʥʝʚʠʭ ʚʦʣʦʩʢʽʚ ʽʟ ʨʘʜʽʫ-

ʩʦʤ R0, ʩʫʤʘʨʥʘ ʜʦʚʞʠʥʘ ʷʢʠʭ ʨʽʚʥʘ L, ʦʪʨʠʤʫʻʤʦ:  
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ʜʝ rr ï ʣʽʥʽʡʥʘ ʛʫʩʪʠʥʘ ʨʝʯʦʚʠʥʠ ʢʦʨʝʥʝʚʦʾ ʩʠʩʪʝʤʠ, T=(a - b)-1, ʘ    
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t                                                        (5.48) 

 

ʭʘʨʘʢʪʝʨʥʠʡ ʜʣʷ ʜʘʥʦʾ ʨʦʩʣʠʥʠ ʯʘʩ, ʥʘ ʷʢʦʤʫ ʰʚʠʜʢʽʩʪʴ ʾʾ ʨʦʩʪʫ ʤʘʢ-

ʩʠʤʘʣʴʥʘ. ʊʫʪ Bmin ï ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʙʽʦʤʘʩʠ. ʗʢ ʚʠʪʽʢʘʻ ʽʟ (5.47), ʬʫ-

ʥʢʮʽʷ dS/dt ʝʢʩʧʦʥʝʥʮʽʡʥʦ ʰʚʠʜʢʦ ʟʤʽʥʶʻʪʴʩʷ ʟ ʯʘʩʦʤ ʽ ʤʘʻ ʤʘʢʩʠʤʫʤ ʫ 

ʪʦʯʮʽ t=t, ʦʢʽʣ ʷʢʦʾ ʽ ʜʘʻ ʦʩʥʦʚʥʠʡ ʚʢʣʘʜ ʚ ʽʥʪʝʛʨʘʣ (5.31). ʋ ʩʠʣʫ ʦʮʽʥʦʢ, 

ʟʨʦʙʣʝʥʠʭ ʚʠʱʝ, t>>T1 ʽ, ʟʥʘʯʠʪʴ, ʧʨʠ ʪʘʢʠʭ ʯʘʩʘʭ ʧʦʪʽʢ ʯʘʩʪʠʥʦʢ ʯʝʨʝʟ 

ʧʦʚʝʨʭʥʶ ʢʦʨʝʥʝʚʦʾ ʩʠʩʪʝʤʠ ʻ ʫʞʝ ʫʩʪʘʣʝʥʠʤ ʽ ʥʝ ʟʘʣʝʞʥʠʤ ʚʽʜ ʯʘʩʫ, ʪʦʙʪʦ 

ʚʽʜʧʦʚʽʜʥʠʤ ʛʨʘʥʠʯʥʦʤʫ ʧʝʨʝʭʦʜʫ 0w . ʊʦʤʫ, ʚʠʨʘʟ ʜʣʷ ʡʤʦʚʽʨʥʦʩʪʽ ʟʘ-

ʭʦʧʣʝʥʥʷ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʧʦʚʝʨʭʥʝʶ ʢʦʨʝʥʝʚʦʾ ʩʠʩʪʝʤʠ ʧʨʠʡʤʘʻ ʧʨʦʩʪʠʡ 

ʚʠʛʣʷʜ: 
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ʎʝ ʽ ʻ ʟʘʛʘʣʴʥʠʡ ʚʠʨʘʟ ʜʣʷ ʡʤʦʚʽʨʥʦʩʪʽ ʟʘʭʦʧʣʝʥʥʷ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ 

ʢʦʨʝʥʝʚʦʶ ʩʠʩʪʝʤʦʶ ʨʦʩʣʠʥ.  

 



 

5.7. ʆʙʯʠʩʣʝʥʥʷ  ʢʦʝʬʽʮʽʻʥʪʘ ʥʘʢʦʧʠʯʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʨʦʩʣʠʥʘʤʠ 

ʈʦʟʛʣʷʥʝʤʦ ʧʠʪʘʥʥʷ ʧʨʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʡʤʦʚʽʨʥʽʩʪʶ ʟʘʭʦʧʣʝʥʥʷ 

ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʢʦʨʝʥʝʚʦʶ ʩʠʩʪʝʤʦʶ ʪʘ ʢʦʝʬʽʮʽʻʥʪʦʤ ʥʘʢʦʧʠʯʝʥʥʷ Tr. ɺʝ-

ʣʠʯʠʥʘ Tr ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʚʽʜʥʦʰʝʥʥʷ ʘʢʪʠʚʥʦʩʪʽ ʫ ʩʫʭʽʡ ʙʽʦʤʘʩʽ ʨʦʩʣʠʥ 

(ɹʢ/ʢʛ) ʜʦ ʧʦʚʥʦʛʦ ʚʤʽʩʪʫ ʘʢʪʠʚʥʦʩʪʽ (ʥʝ ʪʽʣʴʢʠ ʙʽʦʣʦʛʽʯʥʦ ʜʦʩʪʫʧʥʦʾ) ʫ ʩʫ-

ʭʽʡ ʤʘʩʽ ˇʨʫʥʪʫ (ɹʢ/ʢʛ) ʫ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʽʡ ʟʦʥʽ ʽʩʥʫʚʘʥʥʷ ʢʦʨʝʥʝʚʦʾ ʩʠʩʪʝ-

ʤʠ. ʊʘʢʠʤ ʯʠʥʦʤ Tr ʻ, ʧʦ ʩʫʪʽ, ʝʬʝʢʪʠʚʥʦʶ ʚʝʣʠʯʠʥʦʶ, ʟ ʥʝʜʦʩʪʘʪʥʴʦ ʚʠ-

ʟʥʘʯʝʥʠʤ ʙʽʦʬʽʟʠʯʥʠʤ ʟʤʽʩʪʦʤ.  

ɼʣʷ ʘʥʘʣʽʟʫ Tr ʙʫʜʝʤʦ ʚʠʭʦʜʠʪʠ ʽʟ ʨʽʚʥʷʥʥʷ ʪʠʧʫ (5.30), ʷʢʝ ʦʧʠʩʫʻ 

ʦʙʤʽʥ ʨʝʯʦʚʠʥʦʶ ʤʽʞ ʨʦʩʣʠʥʦʶ ʪʘ ˇʨʫʥʪʦʚʠʤ ʨʦʟʯʠʥʦʤ. ɹʫʜʝʤʦ ʚʨʘʭʦʚʫ-

ʚʘʪʠ ʧʝʨʝʭʽʜ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʽʟ ˇʨʫʥʪʫ ʚ ʨʦʩʣʠʥʠ ʪʘ ʟʚʦʨʦʪʥʽʡ ʾʭ ʚʠʭʽʜ, 

ʦʙʫʤʦʚʣʝʥʠʡ ʥʘʧʨʠʢʣʘʜ ʩʪʘʨʽʥʥʷʤ ʪʘ ʦʧʘʜʘʥʥʷʤ ʚʝʛʝʪʘʪʠʚʥʠʭ ʦʨʛʘʥʽʚ, ʚʠ-

ʜʽʣʝʥʥʷʤʠ ʢʦʨʝʥʝʚʦʾ ʩʠʩʪʝʤʠ, ʘʙʦ ʚʠʤʠʚʘʥʥʷʤ ʘʪʤʦʩʬʝʨʥʠʤʠ ʦʧʘʜʘʤʠ. 

ʆʩʪʘʥʥʽ ʧʨʦʮʝʩʠ ʙʫʜʝʤʦ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʟʘʛʘʣʴʥʦʶ ʢʦʥʩʪʘʥʪʦʶ c. ʊʦʜʽ, 

ʥʝʭʪʫʶʯʠ ʽʥʰʠʤʠ ʧʨʦʮʝʩʘʤʠ ʥʘʜʭʦʜʞʝʥʥʷ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʫ ʨʦʩʣʠʥʫ, ʢʨʽʤ 

ʢʦʨʝʥʝʚʦʛʦ, ʨʽʚʥʷʥʥʷ (5.30) ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ  ʚʠʛʣʷʜʽ:  
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=+c                                                         (5.50) 

 

ʜʝ qp ï ʚʤʽʩʪ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʫ ʨʦʩʣʠʥʽ, ʘ qs ï ʫ ʪʚʝʨʜʽʡ ʬʘʟʽ ˇʨʫʥʪʫ.  

ʇʨʠ ʪʘʢʦʤʫ ʟʘʧʠʩʫ ʚʚʘʞʘʻʪʴʩʷ, ʱʦ qp ʻ ʚʝʣʠʯʠʥʦʶ, ʫʩʝʨʝʜʥʝʥʦʶ ʧʦ 

ʨʦʩʣʠʥʘʭ ʜʘʥʦʛʦ ʚʠʜʫ, ʱʦ ʚʠʨʦʱʫʶʪʴʩʷ ʥʘ ʜʘʥʦʤʫ ˇʨʫʥʪʽ, ʘ qs ï ʩʫʤʘ ʚʤʽʩ-

ʪʽʚ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʷʢ ʚ ʦʙʤʽʥʥʽʡ qsc ʪʘʢ ʽ ʚ ʬʽʢʩʦʚʘʥʽʡ ʬʦʨʤʘʭ qsf , ʫʩʝʨʝʜ-

ʥʝʥʠʭ ʧʦ ʦʙ'ʻʤʫ ˇʨʫʥʪʫ ʚ ʤʝʞʘʭ ʢʦʨʝʥʝʚʦʾ ʩʠʩʪʝʤʠ. ʊʘʢʠʤ ʯʠʥʦʤ, 

f
d

Kkk /
*
= , sssfsc

f
d

qqqK /)( += , ʘ qss ï ʚʤʽʩʪ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʫ ˇʨʫʥʪʦʚʦʤʫ ʨʦ-

ʟʯʠʥʽ. ʉʫʪʴ ʟʨʦʙʣʝʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʧʦʣʷʛʘʻ ʚ ʫʨʘʭʫʚʘʥʥʽ ʪʽʻʾ ʦʙʩʪʘʚʠʥʠ, ʱʦ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʤʽʨʶʶʪʴʩʷ ʩʘʤʝ ʚʝʣʠʯʠʥʠ qp ʽ qs, ʚʽʜʥʝʩʝʥʽ ʜʦ ʦʜʠʥʠʮʽ 

ʚʘʛʠ ʚʠʩʫʰʝʥʠʭ ʨʦʩʣʠʥʠ ʪʘ ˇʨʫʥʪʫ.  

ɿʚʠʯʘʡʥʦ, ʟʘ ʯʘʩ ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʧʝʨʽʦʜʫ ʟʤʽʥʘ ʟ ʯʘʩʦʤ ʚʝʣʠʯʠʥʠ qs ʥʝ-

ʟʥʘʯʥʘ, ʪʦʤʫ ʚʚʘʞʘʶʪʴ, ʱʦ f
d

K  ʽ qs ʧʦʩʪʽʡʥʽ. ʊʦʜʽ, ʧʦʜʽʣʠʚʰʠ ʦʙʠʜʚʽ ʯʘʩʪʠ-

ʥʠ ʨʽʚʥʷʥʥʷ ʥʘ ʚʘʛʫ ˇʨʫʥʪʫ ʫ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʦʤʫ ʦʙ'ʻʤʽ Vr, ʷʢʠʡ ʟʘʡʤʘʻ ʢʦ-

ʨʝʥʝʚʘ ʩʠʩʪʝʤʘ Ps=rsVr, ʜʝ rs  ï ʛʫʩʪʠʥʘ ˇʨʫʥʪʫ ʽ ʧʨʝʜʩʪʘʚʠʚʰʠ qs ʯʝʨʝʟ ʙʽ-

ʦʤʘʩʫ ʨʦʩʣʠʥʠ Bp(t): qp =Qp(t)Bp(t), ʜʝ Qp(t) ï ʧʠʪʦʤʠʡ ʚʤʽʩʪ ʤʽʢʨʦʝʣʝʤʝʥ-

ʪʽʚ ʫ ʨʦʩʣʠʥʽ, ʦʪʨʠʤʘʻʤʦ ʨʽʚʥʷʥʥʷ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʥʘʢʦʧʠ-

ʯʝʥʥʷ Tr=Qp/Qs (Qs=qs/P): 
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ʎʝ ʨʽʚʥʷʥʥʷ ʧʨʠ c=0, ʪʘ ʚ ʧʨʠʧʫʱʝʥʥʷʭ, ʱʦ 1=
f
d

K , ʘ Tr ʥʝ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʯʘʩʫ (dTr(t)/dt=0), ʧʝʨʝʭʦʜʠʪʴ ʫ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʚ ʨʦʙʦʪʘʭ [69,71] ʚʠʨʘʟ 

(5.30). ʗʢ ʙʫʜʝ ʚʠʜʥʦ ʽʟ ʧʦʜʘʣʴʰʦʛʦ ʟʨʦʙʣʝʥʽ ʘʚʪʦʨʘʤʠ [69,71] ʧʨʠʧʫʱʝʥʥʷ 

ʻ ʜʦʩʠʪʴ ʛʨʫʙʠʤʠ, ʘ ʚʠʨʘʟ (5.30) ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʥʘʷʚʥʠʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ 

ʬʘʢʪʘʤ.  

ʈʽʚʥʷʥʥʷ (5.51) ʤʘʻ ʪʦʯʥʠʡ ʟʘʛʘʣʴʥʠʡ ʨʦʟʚôʷʟʦʢ, ʷʢʠʡ ʧʨʠ ʧʦʯʘʪʢʦʚʽʡ 

ʫʤʦʚʽ Tr(t=0)=0, ʤʘʻ ʚʠʛʣʷʜ: 
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ʜʝ ʚʝʣʠʯʠʥʘ G ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ (5.49).  

ɺʠʨʘʟ (5.52) ʜʘʻ ʟʚôʷʟʦʢ ʤʽʞ ʪʝʦʨʝʪʠʯʥʦʶ ʚʝʣʠʯʠʥʦʶ ʡʤʦʚʽʨʥʦʩʪʽ ʟʘ-

ʭʦʧʣʝʥʥʷ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʢʦʨʝʥʝʚʦʶ ʩʠʩʪʝʤʦʶ ʨʦʩʣʠʥ ʪʘ ʚʽʜʧʦʚʽʜʥʠʤ ʢʦʝ-

ʬʽʮʽʻʥʪʦʤ ʥʘʢʦʧʠʯʝʥʥʷ Tr ʧʨʠ ʜʦʚʽʣʴʥʽʡ ʟʘʣʝʞʥʦʩʪʽ ʙʽʦʤʘʩ ʨʦʩʣʠʥʠ ʪʘ ʾʾ 

ʢʦʨʝʥʝʚʦʾ ʩʠʩʪʝʤʠ ʚʽʜ ʯʘʩʫ.  

ɿʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ ʥʘʢʦʧʠʯʝʥʥʷ ʚʽʜ ʚʤʽʩʪʫ ʫ ˇʨʫʥʪʽ ʽʥʰʠʭ ʭʽʤʽʯ-

ʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʜʦʤ ʬʫʥʢʮʽʾ G, ʽ ʟʥʘʭʦʜʠʪʴʩʷ ʰʣʷʭʦʤ ʦʙʯʠʩ-

ʣʝʥʥʷ ʚʝʣʠʯʠʥʠ g ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʝʘʢʮʽʾ ʚʟʘʻʤʦʜʽʾ ʨʦʟʛʣʷʜʫʚʘʥʦʛʦ ʤʽʢʨʦ-

ʝʣʝʤʝʥʪʘ ʪʘ ʢʦʥʢʫʨʫʶʯʠʭ ʤʘʢʨʦʝʣʝʤʝʥʪʽʚ ʽʟ ˇʨʫʥʪʦʚʦïʚʙʠʨʥʠʤ ʢʦʤʧʣʝʢ-

ʩʦʤ ʪʘ ʧʦʚʝʨʭʥʝʶ ʢʦʨʝʥʝʚʦʾ ʩʠʩʪʝʤʠ, ʧʦʜʽʙʥʦ ʪʦʤʫ ʷʢ ʮʝ ʟʨʦʙʣʝʥʦ ʚ [77]. 

ɺʟʘʛʘʣʽ ʢʘʞʫʯʠ, ʥʘʷʚʥʽʩʪʴ ʢʦʥʢʫʨʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥ-

ʥʷ ʡʤʦʚʽʨʥʦʩʪʽ g ʟʘʭʦʧʣʝʥʥʷ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʧʦʚʝʨʭʥʝʶ ʢʦʨʝʥʝʚʦʾ ʩʠʩʪʝʤʠ, 

ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ, ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʪʝ, ʷʢʠʡ ʽʟ ʨʦʟʛʣʷʥʫʪʠʭ ʚʠʱʝ ʤʝʭʘʥʽʟ-

ʤʽʚ ʥʘʜʭʦʜʞʝʥʥʷ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʫ ʨʦʩʣʠʥʫ ʨʝʘʣʽʟʫʻʪʴʩʷ: ʜʠʬʫʟʽʡʥʠʡ, ʢʦʥ-

ʚʝʢʪʠʚʥʠʡ ʯʠ ʘʙʩʦʨʙʮʽʡʥʠʡ. 

ʌʫʥʢʮʽʷ S(t) ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʢʦʨʝʥʝʚʦʾ ʩʠʩʪʝʤʠ ʪʘ ʾʾ ʝʚʦ-

ʣʶʮʽʻʶ ʫ ʯʘʩʽ. ʋ ʧʨʠʧʫʱʝʥʥʽ ʧʨʦ ʣʦʛʽʩʪʠʯʥʠʡ ʭʘʨʘʢʪʝʨ ʟʘʣʝʞʥʦʩʪʽ ʙʽʦʤʘʩʠ 

ʢʦʨʝʥʝʚʦʾ ʩʠʩʪʝʤʠ ʚʽʜ ʯʘʩʫ, ʬʫʥʢʮʽʷ S(t) ʜʦʧʫʩʢʘʻ ʪʦʯʥʝ ʦʙʯʠʩʣʝʥʥʷ ʽ ʚʠ-

ʨʘʞʘʻʪʴʩʷ ʯʝʨʝʟ ʛʽʧʝʨʛʝʦʤʝʪʨʠʯʥʫ ʬʫʥʢʮʽʶ. ʆʪʨʠʤʫʚʘʥʠʡ ʧʨʠ ʮʴʦʤʫ ʩʢʣʘ-

ʜʥʠʡ ʚʠʨʘʟ ʪʫʪ ʥʝ ʧʨʠʚʦʜʠʪʴʩʷ.  

ʇʨʦʪʝ, ʷʢʱʦ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʭʘʨʘʢʪʝʨʥʽ ʯʘʩʠ T*, ʟʘ ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ 

ʩʫʪʪʻʚʽ ʟʤʽʥʠ ʫ ʬʫʥʢʮʽʾ S(t), ʟʥʘʯʥʦ ʙʽʣʴʰʽ ʟʘ ʯʘʩ ɢ-1, T* >> ɢ-1, ʪʦ ʦʩʥʦʚʥʠʡ 

ʚʢʣʘʜ ʚ ʽʥʪʝʛʨʘʣ ʫ ʚʠʨʘʟʽ ʜʣʷ Ɇ(t), ʙʫʜʝ ʜʘʚʘʪʠ ʬʫʥʢʮʽʷ exp(ɢ(x-t)) ʚ ʦʢʦʣʽ 



 

ʚʝʨʭʥʴʦʾ ʛʨʘʥʠʮʽ ʽʥʪʝʛʨʫʚʘʥʥʷ, ʘ ʩʘʤʝ  x = t. ʋ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ, ʦʪʨʠʤʫʻʤʦ 

ʧʨʦʩʪʠʡ ʚʠʨʘʟ: 

c)t(BK

)t(PGS
T

p
f

d

r =  ,                                                         (5.53) 

ʊʘʢʠʤ ʯʠʥʦʤ, ʢʦʝʬʽʮʽʻʥʪ ʥʘʢʦʧʠʯʝʥʥʷ Tr ʧʨʦʧʦʨʮʽʦʥʘʣʴʥʠʡ ʡʤʦʚʽʨ-

ʥʦʩʪʽ ʟʘʭʦʧʣʝʥʥʷ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʢʦʨʝʥʝʚʦʶ ʩʠʩʪʝʤʦʶ ʨʦʩʣʠʥ. ə=GS(t), 

ʦʙʝʨʥʝʥʦ ʧʨʦʧʦʨʮʽʡʥʠʡ ʙʽʦʤʘʩʽ ʚʩʽʻʾ ʨʦʩʣʠʥʠ Bp(t), ʢʦʝʬʽʮʽʻʥʪʫ ʨʦʟʧʦʜʽʣʫ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʤʽʞ ʨʽʜʢʦʶ ʪʘ ʪʚʝʨʜʦʶ ʬʘʟʘʤʠ ˇʨʫʥʪʫ -
f

d
K . ʂʦʝʬʽʮʽʻʥʪ ʥʘ-

ʢʦʧʠʯʝʥʥʷ ʪʘʢʦʞ ʧʨʦʧʦʨʮʽʡʥʠʡ ʭʘʨʘʢʪʝʨʥʦʤʫ ʯʘʩʫ ʟʚʦʨʦʪʥʦʛʦ ʚʠʭʦʜʫ ʨʘ-

ʜʽʦʥʫʢʣʽʜʽʚ ʽʟ ʨʦʩʣʠʥʠ ʫ ˇʨʫʥʪ ï ɢ-1. 

 

5.8. ʌʽʟʽʦʣʦʛʽʯʥʽ ʰʣʷʭʠ ʥʘʜʭʦʜʞʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʨʦʩʣʠʥʠ 

ɺʽʜʦʤʦ ʜʝʢʽʣʴʢʘ ʤʦʣʝʢʫʣʷʨʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʜʣʷ ʧʝʨʝʥʦʩʫ ʂ ʯʝʨʝʟ ʤʝʤ-

ʙʨʘʥʠ ʨʦʩʣʠʥ. ʉʝʨʝʜ ʮʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʽʜʝʥʪʠʬʽʢʦʚʘʥʠʭ ʜʣʷ ʧʝʨʝʥʦʩʫ ʂ ʚ 

ʢʦʨʝʥʝʚʽʡ ʩʠʩʪʝʤʽ, ʤʦʞʣʠʚʠʤʠ ʜʣʷ ʥʘʜʭʦʜʞʝʥʥʷ Cs  ʚʚʘʞʘʶʪʴʩʷ ʪʨʠ:  

ʧʝʨʝʥʦʩʥʠʢ ʟ ʚʠʩʦʢʦʶ ʩʧʦʨʽʜʥʝʥʽʩʪʶ; 

ʰʣʷʭ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻ ʥʝʯʫʪʣʠʚʽ ʜʦ ʥʘʧʨʫʛʠ ʢʘʪʽʦʥʥʽ ʢʘʥʘʣʠ; 

ʢʘʥʘʣ, ʥʘʧʨʘʚʣʝʥʠʡ ʟʦʚʥʽ, ʷʢʠʡ ʦʯʠʱʫʻ ʢʘʣʽʡ.  

ʇʝʨʝʥʦʩʥʠʢ ʂ ʟ ʚʠʩʦʢʦʶ ʩʧʦʨʽʜʥʝʥʽʩʪʶ ʧʨʘʮʶʻ ʧʨʠ ʥʠʟʴʢʽʡ ʟʦʚʥʽʰ-

ʥʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ ʂ (< 0,3 mM) ʽ ʤʘʻ ʥʘʡʙʽʣʴʰʫ ʜʠʩʢʨʠʤʽʥʘʮʽʶ ʤʽʞ  Cs ʪʘ 

ʂ. ʆʜʥʘʢ, ʮʷ ʘʢʪʠʚʥʽʩʪʴ ʦʙʤʝʞʝʥʘ ʪʽʣʴʢʠ 10 % ʢʣʽʪʠʥ ʢʦʨʝʥʷ [81]. ʅʝʯʫʪ-

ʣʠʚʽ ʜʦ ʥʘʧʨʫʛʠ ʢʘʪʽʦʥʥʽ ʢʘʥʘʣʠ ʩʧʦʩʪʝʨʽʛʘʣʠʩʷ ʥʘ ʚʩʽʭ ʪʠʧʘʭ ʢʣʽʪʠʥ ʢʦʨʝ-

ʥʷ ʽ ñʧʨʘʮʶʶʪʴò ʧʨʠ ʚʠʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʢʘʣʽʶ, ʙʽʣʴʰʠʭ ʟʘ 0,5ï1 mM. 

ɼʝʷʢʽ ʜʘʥʽ ʚʢʘʟʫʶʪʴ ʥʘ ʥʝʚʝʣʠʢʫ ʜʠʩʢʨʠʤʽʥʘʮʽʶ ʮʠʭ ʢʘʥʘʣʽʚ ʧʨʦʪʠ Cs. ʅʘ-

ʧʨʘʚʣʝʥʽ ʟʦʚʥʽ ʦʯʠʱʫʚʘʣʴʥʽ ʢʘʥʘʣʠ ʤʘʣʦʡʤʦʚʽʨʥʽ ʫ ʚʽʜʥʦʰʝʥʥʽ ʜʦ ʥʘʜʭʦ-

ʜʞʝʥʥʷ ʽʟ ˇʨʫʥʪʦʚʦʛʦ ʨʦʟʯʠʥʫ, ʘʣʝ ʤʦʞʫʪʴ ʚʽʜʽʛʨʘʚʘʪʠ ʧʝʚʥʫ ʨʦʣʴ ʧʨʠ ʧʝ-

ʨʝʭʦʜʽ Cs ʚ ʧʦʙʽʛ.  

ʅʘ ʩʴʦʛʦʜʥʽ ʥʝ ʽʩʥʫʻ ʥʽʷʢʠʭ ʜʘʥʠʭ ʧʨʦ ʨʦʣʴ Cs ʫ ʞʠʚʣʝʥʥʽ ʨʦʩʣʠʥ. 

ɺʚʘʞʘʻʪʴʩʷ, ʱʦ ʷʢ Cs, ʪʘʢ ʽ ʂ ʪʨʘʥʩʧʦʨʪʫʶʪʴʩʷ ʦʜʥʘʢʦʚʠʤʠ ʤʦʣʝʢʫʣʷʨʥʠ-

ʤʠ ʤʝʭʘʥʽʟʤʘʤʠ [82]. ʂ ʟʘʪʨʫʜʥʷʻ ʥʘʜʭʦʜʞʝʥʥʷ Cs. ʗʢ ʥʘʩʣʽʜʦʢ, ʢʦʥʮʝʥʪ-

ʨʘʮʽʡʥʠʡ ʬʘʢʪʦʨ Cs (Cs ʚ ʨʦʩʣʠʥʽ/Cs ʫ ˇʨʫʥʪʦʚʦʤʫ ʨʦʟʯʠʥʽ) ʟʤʝʥʰʫʻʪʴʩʷ ʽʟ 

ʟʙʽʣʴʰʝʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʂ ʫ ʨʦʟʯʠʥʽ. ʂʨʽʤ ʮʴʦʛʦ, ʚ ʨʦʙʦʪʽ ʧʦʚʽʜʦʤʣʷʻʪʴ-

ʩʷ, ʱʦ ʨʦʩʣʠʥʠ, ʷʢʽ ʚʠʨʦʱʫʶʪʴʩʷ ʚ ʫʤʦʚʘʭ ʥʝʜʦʩʪʘʪʢʫ ʂ, ʧʦʢʘʟʫʶʪʴ ʥʠʟʴʢʫ 

ʢʦʥʮʝʥʪʨʘʮʽʶ ʂ ʫ ʪʢʘʥʠʥʘʭ, ï ʦʩʦʙʣʠʚʽʩʪʴ, ʷʢʘ ʤʦʞʝ ʩʪʠʤʫʣʶʚʘʪʠ ʢʦʨʝʥʝ-

ʚʝ ʥʘʜʭʦʜʞʝʥʥʷ ʨʘʜʽʦʮʝʟʽʶ. ʉʪʘʪʫʩ K ï ʞʠʚʣʝʥʥʷ ʨʦʩʣʠʥ ï ʚʧʣʠʚʘʻ ʥʘ ʜʽʷ-

ʣʴʥʽʩʪʴ ʢʦʨʝʥʷ ʷʢ ʫ ʚʽʜʥʦʰʝʥʥʽ ʂ ʪʘʢ ʽ Cs. ʗʢ ʘʢʪʠʚʥʽʩʪʴ ʧʝʨʝʥʦʩʥʠʢʘ ʂ, 

ʪʘʢ ʽ ʰʚʠʜʢʽʩʪʴ ʩʠʥʪʝʟʫ ʨʝʛʫʣʶʻʪʴʩʷ ʨʦʩʣʠʥʦʶ ʜʣʷ ʧʨʠʩʪʦʩʫʚʘʥʥʷ ʥʘʜʭʦ-



 

ʜʞʝʥʥʷ  ʂ ʜʣʷ ʾʾ ʨʦʩʪʫ. ɺʧʣʠʚ ʂ ʥʘ ʥʘʜʭʦʜʞʝʥʥʷ Cs ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ 

ʯʝʨʝʟ ʨʝʛʫʣʶʚʘʥʥʷ ʨʦʩʣʠʥʦʶ ʢʽʥʝʪʠʢʠ ʩʠʩʪʝʤʠ ʥʘʜʭʦʜʞʝʥʥʷ ʫ ʚʽʜʧʦʚʽʜʴ 

ʥʘ ʙʘʣʘʥʩ ʤʽʞ ʥʘʜʭʦʜʞʝʥʥʷʤ  ʂ ʪʘ ʧʦʪʨʝʙʦʶ ʂ ʜʣʷ  ʨʦʩʪʫ. ʎʽ ʦʙʩʪʘʚʠʥʠ 

ʧʦʩʣʫʞʠʣʠ ʦʩʥʦʚʦʶ ʜʣʷ ʧʦʙʫʜʦʚʠ ʚ ʨʦʙʦʪʽ [83] ʤʝʭʘʥʽʩʪʠʯʥʦʾ ʤʦʜʝʣʽ ʥʘʜ-

ʭʦʜʞʝʥʥʷ Cs ʚ ʨʦʩʣʠʥʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʢʽʥʝʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ, ʚʠʟʥʘʯʝʥʽ 

ʜʣʷ K. ɼʘʥʽ ʧʨʦ ʚʽʜʥʦʩʥʫ ʧʨʦʥʠʢʣʠʚʽʩʪʴ Na ʪʘ K  ʢʘʥʘʣʽʚ ʤʝʤʙʨʘʥ, ʥʘʚʝʜʝ-

ʥʽ ʫ ʪʘʙʣ. 5.24. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʥʠʢʣʠʚʽʩʪʴ ʙʽʦʣʦʛʽʯʥʠʭ ʤʝʤʙʨʘʥ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ 

ʢʘʣʽʶ ʙʽʣʴʰ ʷʢ ʥʘ ʧʦʨʷʜʦʢ ʚʠʱʘ, ʥʽʞ ʫ ʚʠʧʘʜʢʫ ʮʝʟʽʶ. ʎʽ ʜʘʥʽ, ʫ ʚʠʧʘʜʢʫ 

ʥʘʜʭʦʜʞʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʫ ʨʦʩʣʠʥʠ, ʤʦʞʥʘ ʪʨʘʢʪʫʚʘʪʠ ʷʢ ʝʣʝʤʝʥʪʦʩʧʝʮʠʬʽ-

ʯʥʽʩʪʴ, ʷʢʱʦ ʧʨʦʮʝʩ ʧʨʦʥʠʢʥʝʥʥʷ ʯʝʨʝʟ ʤʝʤʙʨʘʥʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦ-

ʛʦʶ ʬʝʨʤʝʥʪʘʪʠʚʥʠʭ ʨʝʘʢʮʽʡ ʪʠʧʫ ʄʽʭʘʝʣʽʩʘ ï ʄʝʥʪʝʥ. 

 

ʊʘʙʣʠʮʷ 5.24. ɺʽʜʥʦʩʥʽ ʧʨʦʥʠʢʣʠʚʦʩʪʽ Na ʪʘ K  ʢʘʥʘʣʽʚ ʤʝʤʙʨʘʥ ʧʝʨʝʭʚʘʪʽʚ 

ʈʘʥʚôʻ ʜʣʷ ʦʜʥʦʚʘʣʝʥʪʥʠʭ ʢʘʪʽʦʥʽʚ [84] 

ɯʦʥ 

ʂʨʠʩʪʘʣʦʛʨʘʬʽʯ-

ʥʠʡ ʨʘʜʽʫʩ ʽʦʥʽʚ, 

ʥʤ 

ʈ̔ ʦʥ/ʈNa ʚ Na-ʢʘʥʘʣʽ 
ʈ̔ ʦʥ/ʈʂ ʚ ʂ-

ʢʘʥʘʣʽ 

ʃʽʪʽʡ 0,120 0,93 0,018 

ʅʘʪʨʽʡ 0,190 1,00 0,010 

ʂʘʣʽʡ 0,266 0,09 1,00 

ʊʘʣʽʡ 0,280 0,33 0,300 

ʈʫʙʽʜʽʡ 0,296 - 0,910 

ɸʤʦʥʽʡ 0,300 0,16 0,130 

ɻʽʜʨʦʢʩʠ-

ʣʠʤʽʥ 
0,330 0,94 0,025 

ɻʽʜʨʘʟʠʥ 0,333 0,59 0,029 

ʎʝʟʽʡ 0,338 - 0,077 

 



 

5.9. ʆʩʦʙʣʠʚʦʩʪʽ ʧʨʦʮʝʩʫ ʤʽʛʨʘʮʽʾ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʩʠʩʪʝʤʽ  

ˇʨʫʥʪ ï ʨʦʩʣʠʥʘ 

ʆʪʨʠʤʘʥʽ ʪʫʪ ʟʘʛʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʟʘ-

ʣʝʞʥʦʩʪʽ  ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʤʽʨʶʚʘʥʦʾ ʚʝʣʠʯʠʥʠ Tr ʚʽʜ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʘ-

ʤʦʾ ʨʦʩʣʠʥʠ ʯʝʨʝʟ ʧʘʨʘʤʝʪʨʠ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʾʾ ʙʽʦʤʘʩʠ ʽ ʢʦʨʝʥʝʚʦʾ ʩʠʩ-

ʪʝʤʠ, ʘ ʪʘʢʦʞ ʚʽʜ ʚʣʘʩʪʠʚʦʩʪʝʡ ˇʨʫʥʪʫ ʽ ʫʤʦʚ, ʟʦʚʥʽʰʥʽʭ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ 

ʩʠʩʪʝʤʠ ˇʨʫʥʪ ï ʨʦʩʣʠʥʘ. ʊʘʢ, ʚʝʣʠʯʠʥʘ g ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʛʣʠʥʘʣʴʥʦʾ ʟʜʘʪ-

ʥʦʩʪʽ ʢʦʨʝʥʝʚʦʾ ʩʠʩʪʝʤʠ  ʪʘ ˇʨʫʥʪʦʚʦʛʦ ʚʙʠʨʥʦʛʦ ʢʦʤʧʣʝʢʩʫ, ʚʤʽʩʪʫ ʫ ˇʨʫʥ-

ʪʽ ʤʘʢʨʦʝʣʝʤʝʥʪʽʚ ï ʘʥʘʣʦʛʽʚ ʜʘʥʦʛʦ ʤʽʢʨʦʝʣʝʤʝʥʪʫ. ɺʝʣʠʯʠʥʘ G ʟʘʣʝʞʠʪʴ, 

ʪʘʢʦʞ, ʚʽʜ ʚʝʣʠʯʠʥʠ ʘ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʧʦʪʦʢʫ ʨʝʯʦʚʠʥʠ ʯʝʨʝʟ ʧʦʚʝʨʭʥʶ ʢʦ-

ʨʝʥʝʚʦʾ ʩʠʩʪʝʤʠ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʨʘʥʩʧʽʨʘʮʽʻʶ.  

ʆʩʢʽʣʴʢʠ, ʧʦʚʝʨʭʥʶ ʢʦʨʝʥʝʚʠʭ ʚʦʣʦʩʢʽʚ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ 

S(t)=L(t)R0(t), ʪʦ ʽʟ (5.49) ʚʠʪʽʢʘʶʪʴ ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ.   

ʐʚʠʜʢʽʩʪʴ ʧʦʛʣʠʥʘʥʥʷ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʢʦʨʝʥʝʚʦʶ ʩʠʩʪʝʤʦʶ ʥʝ 

ʦʙʦʚôʷʟʢʦʚʦ ʦʙʫʤʦʚʣʝʥʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʝʣʠʯʠʥʦʶ a. ʧʦʪʦʢʫ ˇʨʫʥʪʦʚʦʛʦ 

ʨʦʟʯʠʥʫ ʯʝʨʝʟ ʢʦʨʝʥʝʚʫ ʧʦʚʝʨʭʥʶ, ʷʢ ʮʝ ʽʥʦʜʽ ʩʪʚʝʨʜʞʫʻʪʴʩʷ. ɿʦʢʨʝʤʘ, ʧʨʠ 

ʚʠʢʦʥʘʥʥʽ ʫʤʦʚʠ D>a ʡʤʦʚʽʨʥʽʩʪʴ ʟʘʭʦʧʣʝʥʥʷ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʟʥʘʯʝʥʥʷʤʠ ʢʦʝʬʽʮʽʻʥʪʘ ʜʠʬʫʟʽʾ ʪʘ ʰʚʠʜʢʦʩʪʽ ʨʝʘʢʮʽʾ ʥʘ ʧʦʚʝʨʭʥʽ ʢʦʨʝʥʝʚʦʾ 

ʩʠʩʪʝʤʠ ʽ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ a, ʪʦʙʪʦ ʚʽʜ ʚʝʣʠʯʠʥʠ ʧʦʪʦʢʫ ˇʨʫʥʪʦʚʦʛʦ ʨʦʟʯʠʥʫ 

ʯʝʨʝʟ ʧʦʚʝʨʭʥʶ ʢʦʨʝʥʝʚʦʾ ʩʠʩʪʝʤʠ.  ʇʝʨʰʠʡ ʽʟ ʧʨʠʚʝʜʝʥʠʭ ʚʠʨʘʟʽʚ ʫ (5.49), 

ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʫʤʦʚʠ gR0>>D, ʚʽʜʧʦʚʽʜʘʻ ʚʠʧʘʜʢʫ, ʚʽʜʦʤʦʤʫ ʽʟ ʪʝʦʨʽʾ ʨʝʘʢ-

ʮʽʡ ʫ ʢʦʥʜʝʥʩʦʚʘʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʷʢ ʟʘʭʦʧʣʝʥʥʷ ʯʘʩʪʠʥʦʢ ʢʦʥʪʨʦʣʴʦʚʘʥʝ 

ʾʭ ʜʠʬʫʟʽʻʶ, ʧʨʠʯʦʤʫ ʰʚʠʜʢʽʩʪʴ ʟʘʭʦʧʣʝʥʥʷ ʟʘʣʝʞʠʪʴ ʥʝ ʚʽʜ ʨʘʜʽʫʩʫ ʢʦʨʝ-

ʥʝʚʠʭ ʚʦʣʦʩʢʽʚ, ʘ ʚʽʜ ʾʭ ʜʦʚʞʠʥʠ. ɼʽʡʩʥʦ, ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ: 

 

)t(DL8
R

)t(S
D8)t(GS

0

=º=k                                               (5.54) 

 

ʪʦʙʪʦ, ʚʫʟʴʢʠʤ ʤʽʩʮʝʤ ʥʘʜʭʦʜʞʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʨʦʩʣʠʥʠ ʻ ʾʭ ʜʠ-

ʬʫʟʽʷ ʫ ˇʨʫʥʪʦʚʦʤʫ ʨʦʟʯʠʥʽ. ʇʨʠ ʮʴʦʤʫ ʚʝʣʠʯʠʥʘ ə, ʘ ʚʽʜʪʘʢ ʽ ʢʦʝʬʽʮʽʻʥʪ 

ʥʘʢʦʧʠʯʝʥʥʷ Tr, ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʝʣʠʯʠʥʠ ʧʦʪʦʢʫ ʮʴʦʛʦ ʨʦʟʯʠʥʫ ʯʝʨʝʟ ʢʦ-

ʨʝʥʝʚʫ ʩʠʩʪʝʤʫ, ʘʣʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʽʜʥʦʩʥʦʛʦ ʦʙôʻʤʥʦʛʦ ʚʤʽʩʪʫ q  ʨʽʜʠʥʠ  ʫ 

ˇʨʫʥʪʽ, ʦʩʢʽʣʴʢʠ ʢʦʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʾ D, ʟʛʽʜʥʦ (5.33), D  ́q 7/3. ʋ ʮʴʦʤʫ ʚʠ-

ʧʘʜʢʫ ʚʝʣʠʯʠʥʘ ə ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʨʦʭʦʜʞʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ 

ʯʝʨʝʟ ʧʦʚʝʨʭʥʶ ʢʦʨʝʥʝʚʦʾ ʩʠʩʪʝʤʠ.   

ʋ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʩʧʨʘʚʝʜʣʠʚʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ gR0<<D, ʚʫʟʴ-

ʢʠʤ ʤʽʩʮʝʤ ʻ ʧʨʦʮʝʩ ʚʭʦʜʞʝʥʥʷ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʫ ʢʦʨʝʥʝʚʫ ʩʠʩʪʝʤʫ, ʷʢʠʡ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʢʦʥʩʪʘʥʪʦʶ g ʨʝʘʢʮʽʾ ʟʘʭʦʧʣʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʶ ʢʦʨʝʥʝʚʦʾ 



 

ʩʠʩʪʝʤʠ. ʉʘʤʝ ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʨʦʷʚʣʷʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʢʦʥʢʫʨʫʶʯʠʭ 

ʤʘʢʨʦʝʣʝʤʝʥʪʽʚ, ʘ ʰʚʠʜʢʽʩʪʴ ʟʘʭʦʧʣʝʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʚʥʦʾ ʧʦʚʝʨʭʥʽ ʢʦ-

ʨʝʥʝʚʠʭ ʚʦʣʦʩʢʽʚ, ʦʩʢʽʣʴʢʠ ʯʠʩʣʦ ʮʝʥʪʨʽʚ ʩʦʨʙʮʽʾ (ʦʙʤʽʥʥʠʭ ʢʦʤʧʣʝʢʩʽʚ) 

ʢʦʨʝʥʝʚʦʾ ʩʠʩʪʝʤʠ ʧʨʦʧʦʨʮʽʡʥʝ  ʾʾ ʧʦʚʝʨʭʥʽ. 
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ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʨʦʮʝʩ ʧʝʨʝʭʦʜʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʽʟ ˇʨʫʥʪʫ ʚ ʨʦʩʣʠʥʠ 

ʥʝ ʟʘʣʝʞʠʪʴ ʥʽ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʜʠʬʫʟʽʡʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ, ʥʽ ʚʽʜ ʰʚʠʜʢʦʩʪʽ 

ʩʘʤʦʛʦ ʧʦʪʦʢʫ ˇʨʫʥʪʦʚʦʛʦ ʨʦʟʯʠʥʫ. ʇʨʦʪʝ ʥʝ ʩʣʽʜ ʚʚʘʞʘʪʠ, ʱʦ ʫ ʮʴʦʤʫ ʚʠ-

ʧʘʜʢʫ ʡʤʦʚʽʨʥʽʩʪʴ ʧʝʨʝʭʦʜʫ ʟʘʣʝʞʠʪʴ ʪʽʣʴʢʠ ʚʽʜ ʦʩʦʙʣʠʚʦʩʪʝʡ ʚʟʘʻʤʦʜʽʾ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʽʟ ʩʪʨʫʢʪʫʨʥʠʤʠ ʦʜʠʥʠʮʷʤʠ ʧʦʚʝʨʭʥʽ ʢʦʨʝʥʝʚʦʾ ʩʠʩʪʝʤʠ. 

ʑʦʙ ʧʨʦʽʣʶʩʪʨʫʚʘʪʠ ʮʶ ʜʫʤʢʫ, ʨʦʟʛʣʷʥʝʤʦ ʧʨʦʩʪʠʡ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʫ ʤʽʥʝ-

ʨʘʣʴʥʽʡ ʢʦʤʧʦʥʝʥʪʽ ˇʨʫʥʪʦʚʦïʚʙʠʨʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʚʩʽ ʨʘʜʽʦʥʫʢʣʽʜʠ ʟʥʘʭʦ-

ʜʷʪʴʩʷ ʚ ʦʙʤʽʥʥʽʡ ʬʦʨʤʽ (qSC >> q Sf), ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʧʦʜʽʣʫ  
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ɺʨʘʭʦʚʫʶʯʠ, ʱʦ k ǵ, ʜʝ g  ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʦʨʤʫʣʦʶ (5.40), ʦʪʨʠʤʫʻʤʦ 

ʚ ʨʝʟʫʣʴʪʘʪʽ, ʱʦ ʡʤʦʚʽʨʥʽʩʪʴ ʟʘʭʦʧʣʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʢʦʨʝʥʝʚʦʶ ʩʠʩʪʝ-

ʤʦʶ, ʘ ʚʽʜʪʘʢ ʽ ʢʦʝʬʽʮʽʻʥʪ ʥʘʢʦʧʠʯʝʥʥʷ, ʙʫʜʝ ʧʨʦʧʦʨʮʽʡʥʠʤ ʚʽʜʥʦʰʝʥʥʶ  
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ʊʦʙʪʦ, ʡʤʦʚʽʨʥʽʩʪʴ ʧʝʨʝʭʦʜʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʽʟ ˇʨʫʥʪʫ ʚ ʨʦʩʣʠʥʠ ʫ ʮʴʦ-

ʤʫ ʚʠʧʘʜʢʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʤʽʞ ʧʦʚʥʠʤ ʚʤʽʩʪʦʤ ʤʘʢʨʦʝʣʝ-

ʤʝʥʪʽʚ ʫ ˇʨʫʥʪʽ ʪʘ ʚʝʣʠʯʥʦʶ ʧʦʛʣʠʥʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ɻɺʂ - [S0] ʪʘ ʂʉ - [P0]. 

ʋ ʮʝʡ ʚʠʨʘʟ ʥʝ ʚʭʦʜʠʪʴ ʚʤʽʩʪ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʩʠʩʪʝʤʽ ʛʨʫʥʪ ï ʨʦʩʣʠʥʘ. ʎʝ ʻ 

ʥʘʩʣʽʜʢʦʤ ʪʠʭ ʥʘʙʣʠʞʝʥʴ, ʷʢʽ ʙʫʣʠ ʟʨʦʙʣʝʥʽ ʥʘ ʧʦʯʘʪʢʫ ʦʙʯʠʩʣʝʥʴ, ʘ ʩʘʤʝ 

ʙʫʣʦ ʧʨʠʡʥʷʪʦ, ʱʦ [R0]<<[M0].  

ɯʟ ʦʪʨʠʤʘʥʦʛʦ ʚʠʨʘʟʫ ʚʠʪʽʢʘʻ ʚʠʟʥʘʯʘʣʴʥʘ ʨʦʣʴ ʝʥʝʨʛʽʡ ʟʚôʷʟʢʫ ʤʽʢʨʦ-

ʝʣʝʤʝʥʪʘ ʽ ʤʘʢʨʦʣʝʤʝʥʪʘ ʽʟ ʩʪʨʫʢʪʫʨʥʠʤʠ ʦʜʠʥʠʮʷʤʠ ʥʘ ʧʦʚʝʨʭʥʽ ʢʦʨʝʥʝ-

ʚʦʾ ʩʠʩʪʝʤʠ ʪʘ ˇʨʫʥʪʦʚʦʛʦ ʚʙʠʨʥʦʛʦ ʢʦʤʧʣʝʢʩʫ. ʇʨʠʯʦʤʫ, ʢʦʣʠ ʝʥʝʨʛʽʷ 

ʟʚôʷʟʢʫ eSM ʤʘʢʨʦʝʣʝʤʝʥʪʘ ʽʟ ʤʽʥʝʨʘʣʴʥʦʶ ʢʦʤʧʦʥʝʥʪʦʶ ˇʨʫʥʪʦʚʦʛʦ ʢʦʤ-



 

ʧʣʝʢʩʫ ʙʽʣʴʰʘ ʟʘ ʝʥʝʨʛʽʶ ʟʚôʷʟʢʫ ePM  ʟʽ ʩʪʨʫʢʪʫʨʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʥʘ ʧʦ-

ʚʝʨʭʥʽ ʢʦʨʝʥʝʚʦʾ ʩʠʩʪʝʤʠ, ʢʦʝʬʽʮʽʻʥʪ ʥʘʢʦʧʠʯʝʥʥʷ ʤʽʢʨʦʝʣʝʤʝʥʪʘ ʙʫʜʝ ʟʙʽ-

ʣʴʰʫʚʘʪʠʩʷ ʽʟ ʨʦʩʪʦʤ ʚʽʜʧʦʚʽʜʥʦʛʦ ʤʘʢʨʦʝʣʝʤʝʥʪʘ (ʧʨʠ ʫʤʦʚʽ ʥʝʟʤʽʥʥʦʩʪʽ 

ePM ʥʘ ʧʨʦʪʷʟʽ ʚʩʴʦʛʦ ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʧʝʨʽʦʜʫ ʨʦʩʣʠʥʠ). ʗʢ ʟʘʟʥʘʣʦʩʷ ʚʠʱʝ, 

ʪʘʢʘ ʩʠʪʫʘʮʽʷ ʤʦʞʣʠʚʦ ʨʝʘʣʽʟʫʻʪʴʩʷ, ʢʦʣʠ ʨʦʣʴ ʤʘʢʨʦʝʣʝʤʝʥʪʘ ʚʽʜʽʛʨʘʻ ʽʦʥ 

ʚʦʜʥʶ. ɺ ʪʘʢʦʤʫ ʨʘʟʽ ʩʪʘʻ ʟʨʦʟʫʤʽʣʠʤ ʚʧʣʠʚ ʩʪʫʧʝʥʷ ʢʠʩʣʦʪʥʦʩʪʽ ˇʨʫʥʪʫ ʥʘ 

ʡʤʦʚʽʨʥʽʩʪʴ ʧʝʨʝʭʦʜʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʮʝʟʽʶ ï 137 ʽʟ ˇʨʫʥʪʫ ʚ ʨʦʩʣʠʥʠ. 

ʋ ʟʚʦʨʦʪʥʦʤʫ ʚʠʧʘʜʢʫ ʟʘʣʝʞʥʽʩʪʴ ʙʫʜʝ ʧʨʦʪʠʣʝʞʥʦʶ, ʱʦ ʩʘʤʝ ʽ ʩʧʦ-

ʩʪʝʨʽʛʘʻʪʴʩʷ, ʟʘʟʚʠʯʘʡ, ʫ ʚʠʧʘʜʢʫ Cs ʪʘ ʂ. ʇʨʠ ʮʴʦʤʫ ʟʘʟʥʘʯʠʤʦ, ʱʦ ʟʛʽʜʥʦ 

ʦʮʽʥʦʢ, ʧʨʠʚʝʜʝʥʠʭ ʫ ʨʦʙʦʪʽ [51], ʯʠʩʣʝʥʥʽ ʟʥʘʯʝʥʥʷ ʟʤʽʥʠ ʚʽʣʴʥʦʾ ʝʥʝʨʛʽʾ ʪʘ 

ʝʥʪʨʦʧʽʾ ʧʨʠ ʦʙʤʽʥʽ ʽʦʥʽʚ ʢʘʣʽʶ ʥʘ ʽʦʥʠ ʮʝʟʽʶ ʫ ʛʨʫʥʪʦʚʦï ʚʙʠʨʥʦʤʫ ʢʦʤʧʣʝʢ-

ʩʽ, ʥʝʚʝʣʠʢʽ ʽ ʨʽʚʥʽ ʚʽʜʧʦʚʽʜʥʦ: 110 ʢʘʣ/ʤʦʣʴ ʪʘ ï 0,37 ʢʘʣ/ʛʨʘʜ. ʊʘʢʽ ʥʝʚʝʣʠʢʽ 

ʟʥʘʯʝʥʥʷ ʮʠʭ ʚʝʣʠʯʠʥ ʛʦʚʦʨʷʪʴ ʧʨʦ ʚʝʣʠʢʫ ʩʪʫʧʽʥʴ ʜʠʥʘʤʽʯʥʦʩʪʽ ʨʝʘʢʮʽʡ 

ʦʙʤʽʥʫ ʚʢʘʟʘʥʠʭ ʝʣʝʤʝʥʪʽʚ. ʊʦʤʫ, ʥʘ ʜʫʤʢʫ ʘʚʪʦʨʽʚ [51], ʥʘʧʨʷʤʦʢ ʨʝʘʢʮʽʡ 

ʦʙʤʽʥʫ ʤʦʞʝ ʟʤʽʱʫʚʘʪʠʩʴ ʧʨʠ ʟʤʽʥʘʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʽʦʥʽʚ ʢʘʣʽʶ ʪʘ ʮʝʟʽʶ. 

ʊʘʢ, ʝʥʝʨʛʽʷ ʟʚôʷʟʢʫ ʘʪʦʤʽʚ ʢʘʣʽʶ ʽʟ ˇʨʫʥʪʦʚʠʤʠ ʢʦʣʦʾʜʘʤʠ ʙʽʣʴʰ ʥʠʟʴʢʘ, 

ʥʽʞ ʟ ʘʪʦʤʘʤʠ ʮʝʟʽʶ, ʪʦʤʫ ʦʙʤʽʥʥʘ ʩʦʨʙʮʽʷ ʂ+, Cs+ ʫ ˇʨʫʥʪʘʭ ʧʝʨʝʚʘʞʥʦ 

ʡʜʝ ʚ ʩʪʦʨʦʥʫ ʫʪʚʦʨʝʥʥʷ ʩʧʦʣʫʢ Cs ï ˇʨʫʥʪ. ʇʨʠʚʝʜʝʥʽ ʜʘʥʽ ʧʽʜʪʚʝʨʜʞʫ-

ʶʪʴʩʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ, ʦʪʨʠʤʘʥʠʤʠ ɼʨʠʯʢʦ ʽʟ ʩʧʽʚʘʚʪʦʨʘʤʠ 

[59].  

ɼʨʫʛʠʡ ʚʠʨʘʟ ʽʟ (5.49) ʚʽʜʧʦʚʽʜʘʻ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʩʫʪʪʻʚʫ ʨʦʣʴ ʚʽʜʽʛʨʘʻ 

ʨʽʟʥʠʮʷ ʚʦʜʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ (ʪʨʘʥʩʧʽʨʘʮʽʷ) ʽ ʰʚʠʜʢʽʩʪʴ ʟʘʭʦʧʣʝʥʥʷ ʚʠʟʥʘʯʘ-

ʻʪʴʩʷ ʩʫʤʘʨʥʦʶ ʜʦʚʞʠʥʦʶ ʚʦʣʦʩʢʽʚ:  

 

)t(aLºk  

 

ɿʘʣʝʞʥʽʩʪʴ ʡʤʦʚʽʨʥʦʩʪʽ ʟʘʭʦʧʣʝʥʥʷ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ, ʫ ʚʠʧʘʜʢʫ ʢʦʣʠ 

ʩʫʪʪʻʚʫ ʨʦʣʴ ʚʽʜʽʛʨʘʶʪʴ ʜʠʬʫʟʽʡʥʠʡ ʯʠ ʢʦʥʚʝʢʪʠʚʥʠʡ ʧʦʪʦʢʠ, ʪʽʣʴʢʠ ʚʽʜ 

ʜʦʚʞʠʥʠ ʚʦʣʦʩʢʽʚ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʚ ʩʠʣʫ ʥʝʨʦʟʨʠʚʥʦʩʪʽ ʧʦʪʦʢʫ, ʢʽʣʴ-

ʢʽʩʪʴ ʨʝʯʦʚʠʥʠ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʙʫʜʴï̫ ʢʫ ʧʦʚʝʨʭʥʶ, ʦʪʦʯʫʶʯʫ ʢʦʨʽʥʴ,  

ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʾʾ ʚʽʜʜʘʣʽ ʚʽʜ ʧʦʚʝʨʭʥʽ ʢʦʨʝʥʝʚʦʛʦ ʚʦʣʦʩʢʘ.  

ɺʽʜʦʤʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʥʝ ʜʦʟʚʦʣʷʶʪʴ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ 

ʨʝʘʣʽʟʘʮʽʶ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʤʽʞ ʧʘʨʘʤʝʪʨʘʤʠ, ʷʢʽ ʬʽʛʫʨʫʶʪʴ ʫ ʚʠʨʘʟʽ (5.49) 

ʜʣʷ ʡʤʦʚʽʨʥʦʩʪʽ ʟʘʭʦʧʣʝʥʥʷ ʽʦʥʽʚ ʢʦʨʝʥʝʚʦʶ ʩʠʩʪʝʤʦʶ ʨʦʩʣʠʥ. ʄʦʞʣʠʚʦ, 

ʱʦ ʨʝʘʣʽʟʘʮʽʷ ʫʤʦʚ a>D ʯʠ D>a ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʜʫ ʨʦʩʣʠʥʠ, ʦʩʢʽʣʴʢʠ ʚʝʣʠ-

ʯʠʥʘ ʘ ʧʨʦʧʦʨʮʽʡʥʘ ʨʽʟʥʠʮʽ ʚʦʜʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ, ʷʢʘ ʚ ʩʚʦʶ ʯʝʨʛʫ ʚʠʟʥʘʯʘ-

ʻʪʴʩʷ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʪʨʘʥʩʧʽʨʘʮʽʾ ʚʦʣʦʛʠ ʜʘʥʦʾ ʨʦʩʣʠʥʠ. ʇʨʦʪʝ ʚʽʜʦʤʦ [86], 

ʱʦ ʤʽʞ ʰʚʠʜʢʽʩʪʶ ʥʘʜʭʦʜʞʝʥʥʷʤ Rb86 ʫ ʨʦʩʣʠʥʠ ʢʫʢʫʨʫʜʟʠ ʪʘ ʢʦʝʬʽʮʽʻʥ-



 

ʪʦʤ ʜʠʬʫʟʽʾ ʨʫʙʽʜʽʶ ʫ ˇʨʫʥʪʽ ʽʩʥʫʻ ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ. ʊʘʢʘ ʟʘ-

ʣʝʞʥʽʩʪʴ ʚʽʜʧʦʚʽʜʘʻ ʨʝʘʣʽʟʘʮʽʾ ʧʝʨʰʦʛʦ ʚʠʨʘʟʫ ʽʟ (5.49).  

ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʥʘʷʚʥʽʩʪʴ ʟʘʣʝʞʥʦʩʪʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʝʨʝʭʦʜʫ ʤʽʢʨʦʝ-

ʣʝʤʝʥʪʽʚ ʽʟ ˇʨʫʥʪʫ ʚ ʨʦʩʣʠʥʠ ʚʽʜ ʚʤʽʩʪʫ ʤʘʢʨʦʝʣʝʤʝʥʪʽʚ ʻ ʦʟʥʘʢʦʶ ʪʦʛʦ, ʱʦ 

ʚʫʟʴʢʠʤ ʤʽʩʮʝʤ ʪʘʢʦʛʦ ʧʝʨʝʭʦʜʫ ʻ ʩʦʨʙʮʽʷ ʥʘ ʧʦʚʝʨʭʥʽ ʢʦʨʝʥʝʚʦʾ ʩʠʩʪʝʤʠ ʽ, 

ʟʥʘʯʠʪʴ ʨʝʘʣʽʟʫʻʪʴʩʷ ʩʠʪʫʘʮʽʷ. 

ɿʚʝʨʥʝʤʦ ʫʚʘʛʫ ʥʘ ʪʝ, ʱʦ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʥʝʨʽʚʥʦʩʪʽ D>>a  ʡʤʦʚʽʨʥʽʩʪʴ 

ʟʘʭʦʧʣʝʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʨʦʩʣʠʥʠ ʪʘ ˇʨʫʥʪʫ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʚʧʣʠʚ ʟʦʚʥʽʰʥʽʭ, ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʩʠʩʪʝʤʠ ˇʨʫʥʪ ï ʨʦʩʣʠʥʘ, ʬʘʢʪʦʨʽʚ ʧʨʦʷʚ-

ʣʷʻʪʴʩʷ ʣʠʰʝ ʯʝʨʝʟ ʪʝʤʧʝʨʘʪʫʨʫ.  

ʋ ʚʠʧʘʜʢʫ ʚʠʢʦʥʘʥʥʷ ʧʨʦʪʠʣʝʞʥʦʾ ʥʝʨʽʚʥʦʩʪʽ a>>D  ʥʘ ʡʤʦʚʽʨʥʽʩʪʴ 

ʟʘʭʦʧʣʝʥʥʷ ʚʧʣʠʚʘʻ ʙʽʣʴʰ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʚʠʟʥʘ-

ʯʘʶʪʴ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʪʨʘʥʩʧʽʨʘʮʽʾ: ʪʝʤʧʝʨʘʪʫʨʘ, ʚʦʣʦʛʽʩʪʴ, ʪʠʩʢ.  

ʇʨʦʪʝ, ʫʤʦʚʘ ʨʝʘʣʽʟʘʮʽʾ ʮʠʭ ʜʚʦʭ ʩʠʪʫʘʮʽʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʦʚʥʽʰʥʽʤʠ 

ʬʘʢʪʦʨʘʤʠ: ʩʘʤʝ ʚʽʜ ʥʠʭ ʟʘʣʝʞʠʪʴ ʚʝʣʠʯʠʥʘ a , ʘ ʚʽʜʪʘʢ ʨʝʘʣʽʟʫʻʪʴʩʷ ʥʝʨʽʚ-

ʥʽʩʪʴ a>>D ʯʠ D>> a. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʪʨʠʤʘʥʽ ʚ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʨʝʟʫʣʴʪʘʪʠ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ 

ʧʦʷʩʥʠʪʠ ʟʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ ʥʘʢʦʧʠʯʝʥʥʷ ʚʽʜ ʨʽʚʥʷ ʟʘʙʨʫʜʥʝʥʥʷ, ʷʢʘ 

ʜʦʩʠʪʴ ʯʘʩʪʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʨʘʜʽʦʝʢʦʣʦʛʽʯʥʦʤʫ ʤʦʥʽʪʦʨʠʥʛʫ ʪʝʨʠʪʦʨʽʾ 

[87] ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʛʘʨʷʯʠʭ ʯʘʩʪʠʥʦʢ. ʗʢ ʧʨʘʚʠʣʦ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʤʝʥ-

ʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʥʘʢʦʧʠʯʝʥʥʷ (ʘʙʦ ʢʦʝʬʽʮʽʻʥʪʘ ʧʝʨʝʭʦʜʫ) ʽʟ ʨʦʩʪʦʤ ʨʽʚ-

ʥʷ ʟʘʙʨʫʜʥʝʥʥʷ. ʊʘʢ, ʚ ʨʦʙʦʪʽ [87], ʧʨʠ ʘʥʘʣʽʟʽ 325 ʧʨʦʙ, ʚʟʷʪʠʭ ʫ ʨʽʟʥʠʭ 

ʤʽʩʮʷʭ, ʙʫʣʦ ʟʥʘʡʜʝʥʦ, ʱʦ Tr ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʤʽʩʪʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʨʘʜʽʦʮʝʟʽʶ 

ʫ ˇʨʫʥʪʽ [Cs], ʷʢ [Cs]-0.3. ɿʚʠʯʘʡʥʦ ʟʘ ʫʤʦʚʠ ʨʽʚʥʽʚ ʧʦʚʝʨʭʥʝʚʦʛʦ ʟʘʙʨʫʜʥʝʥ-

ʥʷ, ʷʢʽ ʨʝʘʣʴʥʦ ʤʘʶʪʴ ʤʽʩʮʝ, 1·10 ʂʽ/ʢʤ2, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 10-13 ï 10-12 

ʤʦʣʴ/ʜʤ3, ʛʦʚʦʨʠʪʠ ʧʨʦ ʩʘʤʦ ʚʧʣʠʚ ʥʘ ʚʭʦʜʞʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʨʦʩʣʠʥʠ, 

ʘʙʦ ʧʨʦ ʾʭ ʚʧʣʠʚ ʥʘ ʟʜʘʪʥʽʩʪʴ ʨʦʩʣʠʥ ʜʦ ʧʦʛʣʠʥʘʥʥʷ ʥʝ ʧʨʠʭʦʜʠʪʴʩʷ. ʗʢ 

ʚʠʜʥʦ ʽʟ ʚʠʨʘʟʫ (5.52), ʢʦʝʬʽʮʽʻʥʪ ʥʘʢʦʧʠʯʝʥʥʷ ʦʙʝʨʥʝʥʦ ʧʨʦʧʦʨʮʽʡʥʠʡ ʜʦ 

ʢʦʝʬʽʮʽʻʥʪʘ ʨʦʟʧʦʜʽʣʫ sssfsc
f
d

qqqK /)( += . ʈʽʚʥʦʚʘʞʥʠʡ ʨʦʟʧʦʜʽʣ ʨʘʜʽʦʥʫʢ-

ʣʽʜʽʚ ʤʦʞʝ ʚʩʪʘʥʦʚʠʪʠʩʷ ʣʠʰʝ ʤʽʞ ˇʨʫʥʪʦʚʠʤ ʨʦʟʯʠʥʦʤ ʪʘ ʦʙʤʽʥʥʠʤʠ ʤʽʩ-

ʮʷʤʠ ʣʦʢʘʣʽʟʘʮʽʾ ʾʭ ʥʘ ʤʽʥʝʨʘʣʴʥʽʡ ʢʦʤʧʦʥʝʥʪʽ ˇʨʫʥʪʦʚʦïʚʙʠʨʥʦʛʦ ʢʦʤʧʣʝ-

ʢʩʫ. ʇʨʠ ʮʴʦʤʫ ʚʽʜʥʦʰʝʥʥʷ qSC/qSS, ʟʛʽʜʥʦ ʟʘʢʦʥʫ ʜʽʶʯʠʭ ʤʘʩ, ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʣʠʰʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʨʦʟʯʠʥʫ ʪʘ ʚʙʠʨʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʽ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʢʦʥʮʝʥʪʨʘʮʽʾ qSC ʯʠ qSS. ʆʜʥʘʢ, ʤʽʞ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ qSf ʪʘ qSS ʪʘʢʦʛʦ ʧʨʦʩ-

ʪʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʥʝ ʽʩʥʫʻ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʛʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʧʦʜʽ-

ʣʫ ʤʦʞʝ ʙʫʪʠ ʟʘʣʝʞʥʠʤ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʘʜʽʦʥʫʢʣʽʜʽʚ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʫ 

ʬʽʢʩʦʚʘʥʦʤʫ ʩʪʘʥʽ. ʆʪʞʝ, ʩʧʦʩʪʝʨʝʞʫʚʘʥʘ ʟʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ ʥʘʢʦʧʠ-

ʯʝʥʥʷ ʚʽʜ ʨʽʚʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʦʙʫʤʦʚʣʝʥʘ ʤʝʪʦʜʠʢʦʶ ʡʦʛʦ ʚʠʤʽ-



 

ʨʶʚʘʥʥʷ, ʘ ʩʘʤʝ ʢʦʣʠ ʚʤʽʩʪ ʘʢʪʠʚʥʦʩʪʽ ʫ ʙʽʦʤʘʩʽ ʨʦʩʣʠʥ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʧʦ-

ʚʥʦʛʦ ʚʤʽʩʪʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʩʫʭʽʡ ʤʘʩʽ ˇʨʫʥʪʫ. ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʞ ʢʦʝʬʽʮʽ-

ʻʥʪʘ ʥʘʢʦʧʠʯʝʥʥʷ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʚʤʽʩʪʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ˇʨʫʥʪʦʚʦʤʫ ʨʦ-

ʟʯʠʥʽ, ʘ ʥʝ ʫ ʪʚʝʨʜʽʡ ʬʘʟʽ ʪʘʢʘ ʟʘʣʝʞʥʽʩʪʴ ʧʨʦʷʚʣʷʪʠʩʷ ʥʝ ʙʫʜʝ. ɯʟ (5.52) ʚʠ-

ʪʽʢʘʻ ʟʘʣʝʞʥʽʩʪʴ ʪʠʧʫ Tr  ́ [Cs]ʭ, ʜʝ  0<ʭ<1, ʱʦ ʽ ʚʽʜʧʦʚʽʜʘʻ ʝʢʩʧʝʨʠʤʝʥʪʘ-

ʣʴʥʠʤ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʠ ʜʦʩʪʘʪʥʽʡ ʩʪʘʪʠʩʪʠʮʽ ʜʘʥʠʭ. ʊʘʢʘ ʟʘʣʝʞʥʽʩʪʴ ʙʫʜʝ 

ʪʠʤ ʙʽʣʴʰ ʣʝʛʢʦ ʩʧʦʩʪʝʨʽʛʘʪʠʩʷ, ʯʠʤ ʙʽʣʴʰʝ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʟʥʘʭʦʜʠʪʴʩʷ ʫ 

ʪʚʝʨʜʽʡ ʬʘʟʽ ʫ ʬʽʢʩʦʚʘʥʽʡ ʬʦʨʤʽ. ʊʘʢ, ʫ ʚʠʧʘʜʢʫ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʟʘʙʨʫʜʥʝʥ-

ʥʷ ʪʘʢʘ ʟʘʣʝʞʥʽʩʪʴ ʙʫʜʝ ʙʽʣʴʰ ʭʘʨʘʢʪʝʨʥʦʶ ʜʣʷ ʚʝʣʠʢʠʭ ʯʘʩʽʚ ʧʽʩʣʷ ʡʦʛʦ 

ʚʠʧʘʜʘʥʥʷ. ʊʨʠʚʘʣʽʩʪʴ ʪʘʢʠʭ ʯʘʩʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʣʘʩʪʠʚʦʩʪʝʡ ˇʨʫʥʪʫ.  

ʉʪʦʩʦʚʥʦ ʟʘʣʝʞʥʦʩʪʽ ʡʤʦʚʽʨʥʦʩʪʽ ʟʘʭʦʧʣʝʥʥʷ ʨʝʯʦʚʠʥʠ ʢʦʨʝʥʝʚʦʶ 

ʩʠʩʪʝʤʦʶ, ʘ ʚʽʜʪʘʢ, ʽ ʢʦʝʬʽʮʽʻʥʪʘ ʥʘʢʦʧʠʯʝʥʥʷ ʚʽʜ ʚʝʣʠʯʠʥʠ ʧʦʪʦʢʫ ʨʦʟʯʠ-

ʥʫ ʯʝʨʝʟ ʧʦʚʝʨʭʥʶ ʢʦʨʝʥʝʚʦʾ ʩʠʩʪʝʤʠ, ʘ ʟʥʘʯʠʪʴ, ʩʪʫʧʝʥʷ ʚʦʣʦʛʦʩʪʽ ʩʣʽʜ ʟʘ-

ʟʥʘʯʠʪʠ ʥʘʩʪʫʧʥʝ. ɺʠʱʝ ʥʘʚʝʜʝʥʠʡ ʧʽʜʭʽʜ ʜʦ ʦʙʯʠʩʣʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʟʘ-

ʭʦʧʣʝʥʥʷ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʢʦʨʝʥʝʚʦʶ ʩʠʩʪʝʤʠ ʩʧʨʘʚʝʜʣʠʚʠʡ ʧʨʠ ʫʤʦʚʽ, ʢʦ-

ʣʠ ʤʦʞʥʘ ʛʦʚʦʨʠʪʠ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʩʧʽʣʴʥʦʛʦ ʨʽʚʥʷ ʧʨʦʪʽʢʘʥʥʷ ʚ ʩʠʩʪʝʤʽ ʧʦʨ 

ˇʨʫʥʪʫ, ʟʘʧʦʚʥʝʥʠʭ ʚʦʣʦʛʦʶ, ʪʦʙʪʦ ʢʦʣʠ ʟʘʧʦʚʥʝʥʽ ʚʦʣʦʛʦʶ ʧʦʨʠ ˇʨʫʥʪʫ ʚ 

ʦʙʣʘʩʪʽ ʨʠʟʦʩʬʝʨʠ ʪʘ ʢʦʨʝʥʝʚʫ ʩʠʩʪʝʤʫ ʨʦʩʣʠʥ ʤʦʞʥʘ ʟôʻʜʥʘʪʠ ʩʫʮʽʣʴʥʦʶ 

ʣʽʥʽʻʶ. ʂʦʣʠ ʞ ʪʘʢʦʛʦ ʨʽʚʥʷ ʥʝ ʽʩʥʫʻ, ʪʦʙʪʦ, ʧʦʨʠ ʟʘʧʦʚʥʝʥʽ ʚʦʜʦʶ ʥʝ ʤʦʞ-

ʥʘ ʟôʻʜʥʘʪʠ ʩʫʮʽʣʴʥʦʶ ʣʽʥʽʻʶ (ʚʦʣʦʛʘ ʟʥʘʭʦʜʠʪʴʩʷ ʣʠʰʝ ʚ ʦʢʨʝʤʠʭ 

ʨʦʟôʻʜʥʘʥʠʭ ʧʦʨʘʭ ï ʚ ʦʢʨʝʤʠʭ ʢʠʰʝʥʴʢʘʭ) ʩʠʪʫʘʮʽʷ ʟʥʘʯʥʦ ʫʩʢʣʘʜʥʶʻʪʴ-

ʩʷ. ʋ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʥʝʜʦʩʪʘʪʥʴʦ ʟʚʦʣʦʞʝʥʦʤʫ ˇʨʫʥʪʫ, ʨʽʚ-

ʥʷʥʥʷ (5.34) ʽ (5.42) ʟʥʘʯʥʦ ʫʩʢʣʘʜʥʶʶʪʴʩʷ, ʦʩʢʽʣʴʢʠ ʧʝʨʝʥʦʩ ʤʽʢʨʦʝʣʝʤʝ-

ʥʪʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʧʦ ʟʚʦʣʦʞʝʥʠʭ ʧʦʨʘʭ, ʘʣʝ ʡ ʽ ʚ ʛʘʟʦʚʽʡ ʬʘʟʽ. 

ʇʨʠ ʮʴʦʤʫ ʨʽʚʥʷʥʥʷ ʧʝʨʝʥʦʩʫ ʩʪʘʶʪʴ ʥʝʣʽʥʽʡʥʠʤʠ. ʆʯʝʚʠʜʥʦ, ʫ ʮʴʦʤʫ ʚʠ-

ʧʘʜʢʫ ʥʘʜʭʦʜʞʝʥʥʷ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʢʦʨʝʥʝʚʦʶ ʩʠʩʪʝʤʦʶ ʙʫʜʝ ʟʘʪʨʫʜʞʝ-

ʥʠʤ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʩʪʫʧʝʥʷ ʚʦʣʦʛʦʩʪʽ, ʧʨʠ 

ʧʦʷʚʽ ʟʘʛʘʣʴʥʦʛʦ ʨʽʚʥʷ ʧʨʦʪʽʢʘʥʥʷ ʚʦʣʦʛʠ, ʡʤʦʚʽʨʥʽʩʪʴ ʟʘʭʦʧʣʝʥʥʷ ʤʽʢʨʦʝ-

ʣʝʤʝʥʪʽʚ, ʘ ʚʽʜʪʘʢ ʽ ʢʦʝʬʽʮʽʻʥʪ ʥʘʢʦʧʠʯʝʥʥʷ, ʙʫʜʝ ʨʽʟʢʦ ʟʨʦʩʪʘʪʠ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʣʝʞʥʽʩʪʴ ʡʤʦʚʽʨʥʦʩʪʽ ʧʝʨʝʭʦʜʫ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʽʟ 

ˇʨʫʥʪʫ ʚ ʨʦʩʣʠʥʠ (ʢʦʝʬʽʮʽʻʥʪʫ ʥʘʢʦʧʠʯʝʥʥʷ), ʚʽʜ ʩʪʫʧʝʥʷ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ 

ʤʦʞʝ ʥʦʩʠʪʠ ʢʨʠʪʠʯʥʠʡ ʭʘʨʘʢʪʝʨ.  

 



 

ʈʦʟʜʽʣ 6.  ʆʩʥʦʚʠ ʤʦʜʝʣʶʚʘʥʥʷ ʤʽʛʨʘʮʽʾ ʧʦʣʶʪʘʥʪʽʚ ʭʘʨʯʦʚʠʤʠ ʣʘ-

ʥʮʶʛʘʤʠ. 

 

6.1. ʉʠʩʪʝʤʥʠʡ ʧʽʜʭʽʜ ʜʦ ʤʦʜʝʣʶʚʘʥʥʷ ʤʽʛʨʘʮʽʾ ʧʦʣʶʪʘʥʪʽʚ ʭʘʨʯʦ-

ʚʠʤʠ ʣʘʥʮʶʛʘʤʠ 

ʗʢ ʧʨʘʚʠʣʦ, ʚ ʧʨʦʮʝʩʽ  ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʰʠʨʝʥʥʷ ʧʦʣʶʪʘʥʪʽʚ ʫ ʥʘʚʢʦ-

ʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʨʦʙʣʷʪʴ ʧʨʠʧʫʱʝʥʥʷ. ʅʘʡʙʽʣʴʰ ʩʝʨʡʦʟʥʠʤʠ ʽʟ ʥʠʭ ʻ: 

ʚʽʜʩʫʪʥʽʩʪʴ ʨʽʟʢʠʭ ʟʤʽʥ ʫ ʙʽʦʩʬʝʨʽ, ʚʽʜʩʫʪʥʽʩʪʴ  ʝʚʦʣʶʮʽʡʥʠʭ ʟʤʽʥ, ʩʪʘʮʽʦʥʘʨ-

ʥʽʩʪʴ ʫʤʦʚ ʤʽʛʨʘʮʽʾ ʧʦʣʶʪʘʥʪʽʚ, ʣʽʥʽʡʥʽʩʪʴ ʧʝʨʝʥʦʩʫ ʧʦʣʶʪʘʥʪʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʦʥʷʪʪʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʝʨʝʭʦʜʫ, ʘʙʦ ʡʤʦʚʽʨʥʦʩʪʽ ʧʝʨʝʭʦʜʫ, 

ʚʽʜʩʫʪʥʽʩʪʴ ʪʦʢʩʠʯʥʦʾ ʜʽʾ ʧʦʣʶʪʘʥʪʽʚ, ʷʢʘ ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ ʧʦʨʫʰʝʥʥʷ ʭʘʨ-

ʯʦʚʦʛʦ ʣʘʥʮʶʛʘ ʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʟʚʠʯʘʡʥʦ ʤʘʣʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʦʣʶʪʘʥʪʽʚ, ʢʦ-

ʣʠ ʚʽʜʩʫʪʥʻ ʥʘʩʠʯʝʥʥʷ ʪʦʛʦ ʘʙʦ ʽʥʰʦʛʦ ʢʦʤʧʘʨʪʤʝʥʪʫ, ʪʦʙʪʦ ʣʘʥʢʠ, ʭʘʨʯʦʚʦ-

ʛʦ ʣʘʥʮʶʛʘ. 

ʇʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʦʙʽʛʫ ʧʦʣʶʪʘʥʪʽʚ ʫ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʪʘ 

ʦʮʽʥʢʠ ʨʠʟʠʢʫ ʧʨʦʞʠʚʘʥʥʷ ʥʘʩʝʣʝʥʥʷ ʥʘ ʟʘʙʨʫʜʥʝʥʽʡ ʪʝʨʠʪʦʨʽʾ, ʦʩʦʙʣʠʚʦ ʮʝ 

ʚʘʞʣʠʚʦ ʫ ʚʠʧʘʜʢʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ, ʚʨʘʭʦʚʫʶʪʴʩʷ ʽʟʦʪʦʧʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʤʽʛ-

ʨʫʶʯʦʛʦ ʭʽʤʽʯʥʦʛʦ ʝʣʝʤʝʥʪʫ. ʉʣʽʜ ʨʦʟʨʽʟʥʷʪʠ ʩʪʘʙʽʣʴʥʽ ʽ ʥʝʩʪʘʙʽʣʴʥʽ ʽʟʦʪʦʧʠ. 

ʊʘʢ,  ʣʶʜʠʥʠ ʜʦʩʷʛʘʶʪʴ ʽʟʦʪʦʧʠ ʽʟ ʧʦʨʽʚʥʷʥʦ ʪʨʠʚʘʣʠʤ ʯʘʩʦʤ ʞʠʪʪʷ, ʘ ʽʟʦʪʦ-

ʧʠ ʟ ʢʦʨʦʪʢʠʤ ʯʘʩʦʤ ʞʠʪʪʷ ʨʦʟʧʘʜʘʶʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʤʽʛʨʘʮʽʾ ʭʘʨʯʦʚʠʤʠ ʣʘʥ-

ʮʶʛʘʤʠ. ʆʜʥʘʢ, ʚʩʽ ʜʦʯʽʨʥʽ ʧʨʦʜʫʢʪʠ, ʱʦ ʥʝʧʝʨʝʚʥʦ ʫʪʚʦʨʶʶʪʴʩʷ ʤʦʞʫʪʴ ʜʦ-

ʩʷʛʘʪʠ ʣʶʜʠʥʠ, ʙʝʟʚʽʜʥʦʩʥʦ ʜʦ ʯʘʩʫ ʾʭ ʞʠʪʪʷ. ɿ ʧʦʛʣʷʜʫ ʮʽʻʾ ʦʙʩʪʘʚʠʥʠ, ʨʘ-

ʜʽʦʥʫʢʣʽʜʠ ʟʚʠʯʘʡʥʦ[88]ʨʦʟʜʽʣʷʶʪʴ ʥʘ ʯʦʪʠʨʠ ʛʨʫʧʠ, ʘ ʩʘʤʝ: 

ɻʨʫʧʘ 1. ʈʘʜʽʦʥʫʢʣʽʜʠ, ʱʦ ʥʝ ʤʘʶʪʴ ʜʦʯʽʨʥʽʭ ʥʫʢʣʽʜʽʚ ʽ ʤʘʶʪʴ ʜʦʩʪʘʪʥʽʡ 

ʯʘʩ ʞʠʪʪʷ, ʱʦʙ ʚ ʧʨʦʮʝʩʽ ʤʽʛʨʘʮʽʾ ʭʘʨʯʦʚʠʤʠ ʣʘʥʮʶʛʘʤʠ ʜʽʡʪʠ ʜʦ ʣʶʜʠʥʠ ʽ 

ʤʘʪʠ ʥʘ ʥʝʾ ʚʧʣʠʚ. ʊʘʢʽ ʨʘʜʽʦʥʫʢʣʽʜʠ ʜʘʶʪʴ ʚʢʣʘʜ ʷʢ ʫ ʚʥʫʪʨʽʰʥʻ ʦʧʨʦʤʽʥʝʥ-

ʥʷ, ʧʨʠ ʧʦʧʘʜʘʥʥʽ ʚ ʦʨʛʘʥʽʟʤ ʣʶʜʠʥʠ ʨʘʟʦʤ ʟ ʨʘʮʽʦʥʦʤ, ʪʘʢ ʽ ʚ ʟʦʚʥʽʰʥʻ 

ʦʧʨʦʤʽʥʝʥʥʷ ʣʶʜʠʥʠ (ʥʘʧʨ. 135Cs, 239Pu ʪʘ  99Tc). ʄʽʛʨʘʮʽʷ ʩʪʘʙʽʣʴʥʠʭ ʽʟʦʪʦʧʽʚ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʘʥʘʣʦʛʽʯʥʦ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʽʻʾ ʦʙʩʪʘʚʠʥʠ, ʱʦ ʚʦʥʠ ʚʘʞʣʠʚʽ 

ʣʠʰʝ ʧʨʠ ʧʦʧʘʜʘʥʥʽ  ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʞʠʚʠʡ ʦʨʛʘʥʽʟʤ.  

ɻʨʫʧʘ 2. ɼʦʯʽʨʥʽ ʥʫʢʣʽʜʠ ʟ ʯʘʩʦʤ ʥʘʧʽʚʞʠʪʪʷ ʙʽʣʴʰʠʤ 20 ʨʦʢʽʚ ʨʦʟʛʣʷ-

ʜʘʶʪʴʩʷ ʘʥʘʣʦʛʽʯʥʦ ʝʣʝʤʝʥʪʘʤ ʽʟ ʚʠʱʝʚʢʘʟʘʥʦʾ  ʧʝʨʰʦʾ ʛʨʫʧʠ (ʥʘʧʨ. 227Ac, 
226Ra ʽ 229Th).  

ɻʨʫʧʘ 3 ʚʢʣʶʯʘʻ ʨʘʜʽʦʥʫʢʣʽʜʠ ʟ ʯʘʩʦʤ ʥʘʧʽʚʞʠʪʪʷ ʤʽʞ 1 ʜʥʝʤ ʪʘ 20 ʨʦ-

ʢʘʤʠ. ʎʽ ʨʘʜʽʦʥʫʢʣʽʜʠ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʘʥʘʣʦʛʽʯʥʦ ʜʨʫʛʽʡ ʛʨʫʧʽ, ʘʣʝ ʟ ʫʨʘʭʫ-

ʚʘʥʥʷʤ ʪʽʻʾ ʦʙʩʪʘʚʠʥʠ, ʱʦ ʚʦʥʠ ʤʦʞʫʪʴ ʫʪʚʦʨʶʚʘʪʠʩʷ ʚ ʧʨʦʮʝʩʽ ʤʽʛʨʘʮʽʾ ʭʘʨ-

ʯʦʚʠʤʠ ʣʘʥʮʶʛʘʤʠ (ʥʘʧʨ. 210Bi, 126Sb, ʪʘ  228Th). 



 

ɻʨʫʧʘ 4. ɼʦ ʮʽʻʾ ʛʨʫʧʠ ʚʭʦʜʷʪʴ ʜʦʯʽʨʥʽ ʝʣʝʤʝʥʪʠ ʟ ʯʘʩʦʤ ʥʘʧʽʚʞʠʪʪʷ 

ʤʝʥʰʠʤ ʟʘ 1 ʜʝʥʴ, ʽ ʷʚʥʦ ʥʝ ʚʨʘʭʦʚʫʶʪʴʩʷ ʚ ʤʦʜʝʣʷʭ. ʇʨʠ ʦʙʯʠʩʣʝʥʥʽ ʜʦʟʦ-

ʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʟʘ ʨʘʭʫʥʦʢ ʚʥʫʪʨʽʰʥʴʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ, ʚʦʥʠ ʚʨʘʭʦʚʫʶʪʴʩʷ 

ʯʝʨʝʟ ʜʦʟʦʚʠʡ ʬʘʢʪʦʨ ʢʦʥʚʝʨʩʽʾ ʷʢ ʜʦʯʽʨʥʽ ʝʣʝʤʝʥʪʠ, ʱʦ ʫʪʚʦʨʠʣʠʩʴ in vivo, ʘ 

ʧʨʠ ʦʙʯʠʩʣʝʥʥʽ ʜʦʟʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʟʘ ʨʘʭʫʥʦʢ ʟʦʚʥʽʰʥʴʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ ʾʭ 

ʜʦʟʦʚʠʡ ʬʘʢʪʦʨ ʢʦʥʚʝʨʩʽʾ ʜʦʜʘʻʪʴʩʷ ʜʦ ʤʘʪʝʨʠʥʩʴʢʦʛʦ ʥʫʢʣʽʜʘ, ʧʨʠʧʫʩʢʘʶʯʠ 

ʩʝʢʫʣʷʨʥʫ ʨʽʚʥʦʚʘʛʫ (ʥʘʧʨ. 228Ac, 234Pa ʪʘ 211Po).  ʆʜʥʘʢ, ʫ ʧʝʨʝʚʘʞʥʽʡ ʙʽʣʴ-

ʰʦʩʪʽ ʽʩʥʫʶʯʠʭ ʤʦʜʝʣʝʡ ʚʩʽ ʭʽʤʽʯʥʽ ʝʣʝʤʝʥʪʠ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʦʜʥʘʢʦʚʦ. 

 ɿʘʛʘʣʴʥʝ ʫʷʚʣʝʥʥʷ ʧʨʦ ʤʽʛʨʘʮʽʶ ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ, ʨʦʟʛ-

ʣʷʥʫʚʰʠ ʥʘʩʪʫʧʥʫ ʢʦʥʮʝʧʪʫʘʣʴʥʫ ʩʭʝʤʫ ʥʘ ʨʠʩʫʥʢʫ 6.1. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʧʨʠʨʦʜʠ ʜʞʝʨʝʣʘ, ʧʦʣʶʪʘʥʪʠ ʤʦʞʫʪʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘʜʭʦʜʠʪʠ ʚ ʧʦʚʽʪʨʷ, ʚ 

ˇʨʫʥʪ ʪʘ ʫ ʚʦʜʥʝ ʩʝʨʝʜʦʚʠʱʝ. ʋ ʧʦʜʘʣʴʰʦʤʫ, ʟʘʙʨʫʜʥʝʥʥʷ ʽʟ ʧʦʚʽʪʨʷ ʧʦʧʘʜʘʻ 

ʥʘ ˇʨʫʥʪ, ʘʙʦ ʥʘ ʧʦʚʝʨʭʥʶ ʚʦʜʠ. ʗʢʱʦ ʜʞʝʨʝʣʦ ʟʘʙʨʫʜʥʝʥʥʷ ʟʥʘʭʦʜʠʣʦʩʷ ʫ 

ˇʨʫʥʪʽ (ʪʠʧʦʚʠʤ ʧʨʠʢʣʘʜʦʤ ʪʘʢʦʛʦ ʜʞʝʨʝʣʘ ʻ ʩʭʦʚʠʱʝ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʚʽʜʭʦ-

ʜʽʚ), ʪʦ ʟʘʙʨʫʜʥʝʥʥʷ ʤʦʞʝ ʧʝʨʝʡʪʠ ʫ ˇʨʫʥʪʦʚʽ ʚʦʜʠ. 

ɺʠʭʽʜʥʽ ʟʥʘʯʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ, ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʩʣʷ ʜʞʝʨʝʣʘ, ʻ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʘ ʩʘʤʦʛʦ ʜʞʝʨʝʣʘ, ʥʘʧʨʠʢʣʘʜ, ʢʽʣʴʢʽʩʪʴ ʜʘʥʦʛʦ ʭʽʤʽʯʥʦʛʦ ʝʣʝʤʝʥʪʘ, ʱʦ 

ʚʠʢʠʜʘʻʪʴʩʷ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ. ɿʘʢʦʥʦʤʽʨʥʦʩʪʽ ʧʦʰʠʨʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʫ ʧʦ-

ʚʽʪʨʽ ʪʘ ʡʦʛʦ ʚʠʧʘʜʘʥʥʷ ʥʘ ˇʨʫʥʪ ʽ ʧʦʚʝʨʭʥʶ ʧʨʽʩʥʦʚʦʜʥʠʭ ʙʘʩʝʡʥʽʚ ʙʫʜʫʪʴ 

ʨʦʟʛʣʷʥʫʪʽ ʫ ʧʦʜʘʣʴʰʦʤʫ. ʐʣʷʭʠ ʤʽʛʨʘʮʽʾ ʧʦʣʶʪʘʥʪʽʚ ʪʘ ʧʨʦʮʝʩʠ ʚ ʙʽʦʩʬʝʨʽ 

ʚʢʘʟʘʥʽ ʥʘ ʨʠʩ. 6.1 ʻ: 1) ʽʥʛʘʣʷʮʽʡʥʝ ʥʘʜʭʦʜʞʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʦʨʛʘʥʽʟʤ ʣʶ-

ʜʠʥʠ; 2)ʚʠʧʘʜʘʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʶ ʣʠʩʪʷ ʨʦʩʣʠʥ; 3) ʥʘʜʭʦʜʞʝʥʥʷ ʚ 

ʦʨʛʘʥʽʟʤ ʣʶʜʠʥʠ ʨʘʟʦʤ ʟ ʨʦʩʣʠʥʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʨʘʮʽʦʥʫ; 4)ʥʘʜʭʦʜʞʝʥʥʷ 

ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʦʨʛʘʥʽʟʤ ʪʚʘʨʠʥ ʨʘʟʦʤ ʟ ʯʘʩʪʠʥʢʘʤʠ ˇʨʫʥʪʫ; 5)ʥʘʜʭʦʜʞʝʥʥʷ 

ʧʦʣʶʪʘʥʪʽʚ ʽʟ ˇʨʫʥʪʫ ʚ ʪʢʘʥʠʥʠ ʨʦʩʣʠʥ ʯʝʨʝʟ ʢʦʨʝʥʝʚʫ ʩʠʩʪʝʤʫ; 

6)ʥʘʜʭʦʜʞʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʦʨʛʘʥʽʟʤ ʪʚʘʨʠʥ ʨʘʟʦʤ ʟ ʨʦʩʣʠʥʘʤʠ; 

7)ʥʘʜʭʦʜʞʝʥʥʷ ʧʦʣʶʪʘʥʪʽʚ ʚ ʦʨʛʘʥʽʟʤ ʣʶʜʠʥʠ ʨʘʟʦʤ ʟ ʪʚʘʨʠʥʦʶ ʢʦʤʧʦʥʝʥ-

ʪʦʶ ʨʘʮʽʦʥʫ; 8)ʥʘʜʭʦʜʞʝʥʥʷ ʚ ʦʨʛʘʥʽʟʤ ʣʶʜʠʥʠ ʨʘʟʦʤ ʟ ʯʘʩʪʠʥʢʘʤʠ ˇʨʫʥʪʫ; 

9)ʥʘʜʭʦʜʞʝʥʥʷ ʚ ʪʢʘʥʠʥʠ ʪʚʘʨʠʥ ʟʘ ʨʘʭʫʥʦʢ ʩʧʦʞʠʚʘʥʥʷ ʧʠʪʥʦʾ ʚʦʜʠ; 

10)ʜʦʜʘʪʢʦʚʝ ʥʘʜʭʦʜʞʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʨʦʩʣʠʥʠ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚʦʜʠ 

ʜʣʷ ʟʨʦʰʫʚʘʥʥʷ; 11)ʧʝʨʝʭʽʜ ʜʦ ʦʨʛʘʥʽʟʤʫ ʧʨʽʩʥʦʚʦʜʥʦʾ ʨʠʙʠ; 12)ʥʘʜʭʦʜʞʝʥʥʷ 

ʚ ʦʨʛʘʥʽʟʤ ʣʶʜʠʥʠ ʧʨʠ ʩʧʦʞʠʚʘʥʥʽ ʟʘʙʨʫʜʥʝʥʦʾ ʨʠʙʠ  ʽ 13)ʥʘʜʭʦʜʞʝʥʥʷ ʟʘ-

ʙʨʫʜʥʝʥʥʷ ʚ ʦʨʛʘʥʽʟʤ ʣʶʜʠʥʠ ʨʘʟʦʤ ʟ ʧʠʪʥʦʶ ʚʦʜʦʶ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʟʘʙʨʫʜʥʝʥʥʷ QH, ʱʦ ʙʫʜʝ ʟʥʘ-

ʭʦʜʠʪʠʩʷ ʚ ʦʨʛʘʥʽʟʤʽ ʣʶʜʠʥʠ, ʧʦʪʨʽʙʥʦ ʟʥʘʪʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʥʘʜʭʦʜʞʝʥʥʷ 

ʟʘʙʨʫʜʥʝʥʥʷ ʽʟ ˇʨʫʥʪʫ ʚ ʾʩʪʽʚʥʽ ʯʘʩʪʠʥʠ ʨʦʩʣʠʥ,  ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʟʘ-

ʙʨʫʜʥʝʥʥʷ ʚ ʦʨʛʘʥʽʟʤʽ ʪʚʘʨʠʥ, ʟʦʢʨʝʤʘ ʚ ʪʠʭ ʦʨʛʘʥʘʭ ʪʚʘʨʠʥ, ʷʢʽ ʤʘʶʪʴ ʭʘʨ-

ʯʦʚʫ ʮʽʥʥʽʩʪʴ. ʂʽʣʴʢʽʩʪʴ ʟʘʙʨʫʜʥʝʥʥʷ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʚ ʦʨʛʘʥʽʟʤ ʣʶʜʠʥʠ, ʚʠ-



 

ʟʥʘʯʘʻʪʴʩʷ ʨʘʮʽʦʥʦʤ ʾʾ ʭʘʨʯʫʚʘʥʥʷ ʪʘ ʤʝʪʘʙʦʣʽʟʤʦʤ ʜʘʥʦʛʦ ʭʽʤʽʯʥʦʛʦ ʝʣʝʤʝʥ-

ʪʫ ʚ ʦʨʛʘʥʽʟʤʽ ʣʶʜʠʥʠ.  

ɼʠʥʘʤʽʢʫ ʟʘʙʨʫʜʥʝʥʥʷ ʽ -ʛʦ ʚʠʜʫ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʚ ʦʨʛʘʥʽʟʤ ʣʶʜʠʥʠ, 

ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʣʽʥʽʡʥʠʤ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤ ʨʽʚʥʷʥʥʷʤ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ: 
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ʈʠʩʫʥʦʢ 6.1    .ʂʦʥʮʝʧʪʫʘʣʴʥʘ ʤʦʜʝʣʴ ʤʽʛʨʘʮʽʾ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʭʘʨ-

ʯʦʚʠʤʠ ʣʘʥʮʶʛʘʤʠ ʫ ʙʽʦʩʬʝʨʽ. 

 

ʊʘʢʠʡ ʟʘʧʠʩ ʮʴʦʛʦ ʨʽʚʥʷʥʥʷ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʨʠʧʫʱʝʥʥʽ, ʱʦ ʦʨʛʘʥʽʟʤ ʣʶ-

ʜʠʥʠ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʷʢ ʻʜʠʥʝ ʮʽʣʝ, ʘ ʤʝʪʘʙʦʣʽʟʤ ʝʣʝʤʝʥʪʫ ʚ ʦʨʛʘʥʽʟʤʽ 

ʣʶʜʠʥʠ ʦʧʠʩʫʻʪʴʩʷ ʦʜʥʽʻʶ ʚʝʣʠʯʠʥʦʶ - ʯʘʩʦʤ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʟʘʙʨʫʜ-

ʥʝʥʥʷ ʚ ʦʨʛʘʥʽʟʤʽ ʊɯ. ɿʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʦʨʛʘʥʽʟʤʽ ʤʦʞʝ ʙʫʪʠ 

ʦʙʫʤʦʚʣʝʥʝ ʙʽʦʣʦʛʽʯʥʦʶ ʝʣʽʤʽʥʘʮʽʻʶ ʟ ʭʘʨʘʢʪʝʨʥʠʤ ʯʘʩʦʤ Tɹ, ʘ ʫ ʚʠʧʘʜʢʫ ʨʘ-

ʜʽʦʥʫʢʣʽʜʽʚ, ʪʘʢʦʞ,  ʭʘʨʘʢʪʝʨʥʠʤ ʯʘʩʦʤ ʾʭ ʨʦʟʧʘʜʫ ʊʌ. ʊʦʙʪʦ: 
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ɺʝʣʠʯʠʥʘ Fɯ - ʰʚʠʜʢʽʩʪʴ ʥʘʜʭʦʜʞʝʥʥʷ ɯ -ʛʦ ʚʠʜʫ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʦʨʛʘʥʽʟʤ 

ʣʶʜʠʥʠ, ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʚʠʛʣʷʜʽ:  
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ʜʝ Cɯʂ - ʩʧʦʞʠʚʘʥʥʷ ʣʶʜʠʥʦʶ ʂ-ʛʦ ʢʦʤʧʦʥʝʥʪʫ ʨʘʮʽʦʥʫ ʭʘʨʯʫʚʘʥʥʷ ʟʘ 

ʦʜʠʥʠʮʶ ʯʘʩʫ (ʢʛ/ʜʝʥʴ), Vɯʂ - ʚʝʣʠʯʠʥʘ ʧʠʪʦʤʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʂ-ʛʦ ʢʦʤʧʦʥʝ-

ʥʪʫ ʨʘʮʽʦʥʫ ʭʘʨʯʫʚʘʥʥʷ, ʥʘʧʨʠʢʣʘʜ ʫ ʚʠʧʘʜʢʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ - ɹʢ/ʢʛ.  

ʗʢʱʦ, ʩʢʘʞʽʤʦ, ʚ ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ ʯʘʩʫ t=0, ʚʤʽʩʪ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʦʨ-

ʛʘʥʽʟʤʽ ʣʶʜʠʥʠ ʩʪʘʥʦʚʠʚ QI0, ʪʦ ʦʯʝʚʠʜʥʦ, ʱʦ  
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ʇʝʨʰʠʡ ʜʦʜʘʥʦʢ ʫ ʮʴʦʤʫ ʚʠʨʘʟʽ ʦʧʠʩʫʻ ʟʤʽʥʫ ʚ ʯʘʩʽ ʪʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ, 

ʷʢʝ ʙʫʣʦ ʚ ʦʨʛʘʥʽʟʤʽ ʚ ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ ʯʘʩʫ. ʎʷ ʢʦʤʧʦʥʝʥʪʘ ʟ ʯʘʩʦʤ ʧʨʷ-

ʤʫʻ ʜʦ ʥʫʣʷ. ɼʨʫʛʠʡ ʜʦʜʘʥʦʢ ʦʧʠʩʫʻ ʜʠʥʘʤʽʢʫ ʟʘʙʨʫʜʥʝʥʥʷ, ʱʦ ʧʦʯʘʣʦ ʥʘʜ-

ʭʦʜʠʪʠ ʟʘ ʧʨʦʤʽʞʦʢ ʯʘʩʫ t>0. ɿ ʯʘʩʦʤ ʮʷ ʚʝʣʠʯʠʥʘ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʥʘʜʭʦ-

ʜʞʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʦʨʛʘʥʽʟʤ ʧʨʷʤʫʻ ʜʦ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʟʥʘʯʝʥʥʷ Fɯʊɯ. 

ʆʩʢʽʣʴʢʠ QI(t) - ʚʤʽʩʪ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʦʨʛʘʥʽʟʤʽ ʚ ʤʦʤʝʥʪ ʯʘʩʫ t, ʪʦ ʮʶ 

ʬʫʥʢʮʽʶ ʥʘʟʠʚʘʶʪʴ ʬʫʥʢʮʽʻʶ ʫʪʨʠʤʘʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʫ ʢʦʤʧʘʨʪʤʝʥʪʽ, ʫ ʜʘ-

ʥʦʤʫ ʚʠʧʘʜʢʫ - ʦʨʛʘʥʽʟʤʽ ʣʶʜʠʥʠ. ɯʥʢʦʣʠ ʬʫʥʢʮʽʻʶ ʫʪʨʠʤʘʥʥʷ ʥʘʟʠʚʘʶʪʴ ʚʽ-

ʜʥʦʰʝʥʥʷ QI(t)/QI0.   

ʋ ʚʠʧʘʜʢʫ ʙʽʣʴʰ ʩʢʣʘʜʥʦʛʦ ʦʙʽʛʫ ʨʦʟʛʣʷʜʫʚʘʥʦʛʦ ʭʽʤʽʯʥʦʛʦ ʝʣʝʤʝʥʪʘ ʚ 

ʦʨʛʘʥʽʟʤʽ ʣʶʜʠʥʠ, ʬʫʥʢʮʽʷ ʫʪʨʠʤʘʥʥʷ ʤʘʪʠʤʝ ʙʽʣʴʰ ʩʢʣʘʜʥʠʡ ʚʠʨʘʟ. ʅʘʧʨʠ-

ʢʣʘʜ ʜʣʷ ʨʘʜʽʦʥʫʢʣʽʜʘ 90Sr, ʧʨʠ ʨʘʟʦʚʦʤʫ ʚʚʝʜʝʥʥʽ ʚ ʦʨʛʘʥʽʟʤ ʣʶʜʠʥʠ, ʬʫʥʢ-

ʮʽʷ ʫʪʨʠʤʘʥʥʷ ʤʘʻ ʚʠʛʣʷʜ: 
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ʊʫʪ l=6,6 Ö10-5 ʜʥ-1- ʧʦʩʪʽʡʥʘ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʨʦʟʧʘʜʫ 90Sr. 

ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤ ʫ ʧʨʘʢʪʠʮʽ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʪʘʥʫ 

ʜʦʚʢʽʣʣʷ ʻ ʤʝʪʦʜ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ. ʋ ʮʴʦʤʫ ʤʝʪʦʜʽ ʚʩʷ ʝʢʦʩʠʩʪʝʤʘ ʨʦʟʙʠ-

ʚʘʻʪʴʩʷ ʥʘ ʢʦʤʧʦʥʝʥʪʠ. ɼʠʥʘʤʽʢʫ ʦʙʤʽʥʫ ʜʦʤʽʰʢʠ ʫ ʩʠʩʪʝʤʘʭ ʧʨʠʡʥʷʪʦ ʤʦ-

ʜʝʣʶʚʘʪʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ, ʚʟʘʛʘʣʽ ʢʘʞʫʯʠ 

ʥʝʣʽʥʽʡʥʠʤʠ: 
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ʜʝ Ai ð ʚʤʽʩʪ ʝʣʝʤʝʥʪʫ ʫ ʣʘʥʮʽ i, A0,i  - ʰʚʠʜʢʽʩʪʴ ʥʘʜʭʦʜʞʝʥʥʷ ʝʣʝʤʝʥ-

ʪʘ ʫ ʣʘʥʢʫ iʟ ʟʦʚʥʽ  ʩʠʩʪʝʤʠ, kij - ʢʦʥʩʪʘʥʪʘ ʧʝʨʝʥʦʩʫ ʜʘʥʦʛʦ ʝʣʝʤʝʥʪʘ ʽʟ ʣʘʥʢʠ 

i ʫ ʣʘʥʢʫ j, ʩ-1. ɼʦʜʘʪʥʽ ʯʣʝʥʠ ʩʫʤʠ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʥʘʜ-

ʭʦʜʞʝʥʥʷ ʜʦʤʽʰʢʠ ʫ ʣʘʥʢʫ  i ʟ ʽʥʰʠʭ ʣʘʥʦʢ, ʘ ʚʽʜ'ʻʤʥʽ ð ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʝʨʝ-

ʭʦʜʫ  ʾʾ ʽʟ ʜʘʥʦʾ ʣʘʥʢʠ ʫ ʽʥʰʽ. ʏʣʝʥʠ ʚʠʜʫ kjiAj  ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʰʚʠʜ-

ʢʽʩʪʴ ʧʝʨʝʥʦʩʫ ʜʦʤʽʰʢʠ ʽʟ ʣʘʥʢʠ i ʫ ʣʘʥʢʫ j. 

ʅʘʚʝʜʝʥʦʛʦ ʚʠʜʫ ʨʽʚʥʷʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʨʦʟʚ'ʷʟʘʥʽ ʚ ʘʥʘʣʽʪʠʯʥʦʤʫ ʚʠ-

ʛʣʷʜʽ ʪʽʣʴʢʠ ʜʣʷ ʧʨʦʩʪʠʭ ʩʠʩʪʝʤ. ɼʣʷ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫ-

ʚʘʪʠ ʢʦʤʧʶʪʝʨʠʟʦʚʘʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʧʘʢʝʪʠ, ʥʘʧʨʠʢʣʘʜ Mathematica, Mapple 

ʪʘ ʽʥʰʽ.  ʈʽʟʥʠʤ ʩʪʨʫʢʪʫʨʥʠʤ ʣʘʥʮʶʛʘʤ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʽʟʥʽ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ, 

ʷʢʽ ʧʨʠ ʫʤʦʚʽ ʧʦʩʪʽʡʥʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʽʚ kij, ʷʢ ʧʨʘʚʠʣʦ, ʜʦʧʫʩʢʘʶʪʴ ʨʦʟʚ'ʷʟʦʢ.  

ʈʦʟʚ'ʷʟʦʢ ʚʢʘʟʘʥʦʾ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʤʘʻ ʚʠʛʣʷʜ ʤʥʦʛʦʯʣʝʥʫ, ʢʦʞʥʠʡ ʜʦ-

ʜʘʥʦʢ ʷʢʦʛʦ ʟ ʪʦʯʥʽʩʪʶ ʜʦ ʢʦʝʬʽʮʽʻʥʪʘ ʻ ʜʦʙʫʪʢʦʤ ʝʢʩʧʦʥʝʥʪ ʝʭʨ(-ʘit), ʜʝ ʘi  

ð ʜʝʷʢʽ ʧʦʩʪʽʡʥʽ. ʊʦʤʫ ʪʘʢʽ ʤʘʪʝʤʘʪʠʯʥʽ ʧʦʙʫʜʦʚʠ ʥʘʟʠʚʘʶʪʴ,  ʪʘʢʦʞ, ʝʢʩʧʦ-

ʥʝʥʮʽʘʣʴʥʠʤʠ ʤʦʜʝʣʷʤʠ. ʆʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʻ ʧʨʠʧʫʱʝʥʥʷ 

ʧʨʦ ʥʝʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʯʘʩʫ ʢʦʥʩʪʘʥʪ ʧʝʨʝʥʦʩʫ ki. ɺ ʜʽʡʩʥʦʩʪʽ, ʤʽʛʨʘʮʽʷ ʝʣʝʤʝʥ-

ʪʽʚ ʫ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʤʘʻ ʙʽʣʴʰ ʩʢʣʘʜʥʠʡ ʭʘʨʘʢʪʝʨ ʽ ʨʦʟʚ'ʷʟʦʢ ʨʽ-

ʚʥʷʥʴ ʤʽʛʨʘʮʽʾ ʩʪʘʻ ʟʥʘʯʥʦ ʩʢʣʘʜʥʽʰʠʤ. 

ʉʣʽʜ ʤʘʪʠ ʥʘ ʫʚʘʟʽ, ʱʦ ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʦʶ, ʘ ʤʦʞʝ ʥʘʚʽʪʴ ʽ ʧʝʨʰʦ-

ʯʝʨʛʦʚʦʶ, ʻ ʟʘʜʘʯʘ ʚʠʷʩʥʝʥʥʷ ʧʨʠʨʦʜʠ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʝʨʝʥʦʩʫ ki, ʚʠʷʩʥʝʥʥʷ ʾʭ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ.   

ʉʠʩʪʝʤʘ ʨʽʚʥʷʥʴ ʥʘʚʝʜʝʥʦʛʦ ʪʠʧʫ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʨʽʟ-

ʥʦʤʘʥʽʪʥʠʭ ʧʨʦʮʝʩʽʚ: ʤʽʛʨʘʮʽʾ ʧʦʣʶʪʘʥʪʽʚ ʚ ʘʛʨʦʝʢʦʩʠʩʪʝʤʘʭ, ʛʣʦʙʘʣʴʥʦʛʦ 

ʧʦʰʠʨʝʥʥʷ ʧʨʦʜʫʢʪʽʚ ʷʜʝʨʥʠʭ ʚʠʙʫʭʽʚ ʽ ʪ. ʜ.  



 

6.2 ʄʦʜʝʣʴ ʤʽʛʨʘʮʽʾ ʝʣʝʤʝʥʪʽʚ ʜʣʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʨʦʩʣʠʥ  

ʆʜʥʘ ʽʟ ʢʦʥʮʝʧʪʫʘʣʴʥʠʭ ʩʭʝʤ ʤʽʛʨʘʮʽʾ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚ ʘʛʨʦ ʝʢʦʩʠ-

ʩʪʝʤʽ, ʱʦ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ[89], ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 2. ʃʘʥʢʘ 2 

ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʦʨʥʠʡ ʰʘʨ ˇʨʫʥʪʫ ʽʟ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʠʤ ʫ ʥʴʦʤʫ 

ʝʣʝʤʝʥʪʦʤ.  

ʆʯʝʚʠʜʥʦ, ʱʦ ʪʘʢʘ ʩʠʪʫʘʮʽʷ ʟʫʩʪʨʽʯʘʻʪʴʩʷ, ʢʦʣʠ ʚʥʘʩʣʽʜʦʢ ʦʙʨʦʙʽʪʢʫ 

ˇʨʫʥʪʫ ʚʝʨʭʥʽʡ ʰʘʨ ʡʦʛʦ ʧʝʨʝʤʽʰʫʻʪʴʩʷ, 1 ð ʥʘʟʝʤʥʽ ʯʘʩʪʠʥʠ ʨʦʩʣʠʥ,  5ð

ʧʽʜʟʝʤʥʘ ʯʘʩʪʠʥʘ ʫʨʦʞʘʶ, 6ð ʰʘʨʠ ˇʨʫʥʪʫ, ʱʦ ʨʦʟʤʽʱʝʥʽ ʥʠʞʯʝ ʢʦʨʝʥʝʚʤʽʩ-

ʥʦʛʦ ʰʘʨʫ.  

ɸʥʘʣʦʛʽʯʥʘ ʩʭʝʤʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʤʽʛʨʘʮʽʾ ʟʘʙʨʫʜ-

ʥʝʥʥʷ ʫ ʚʠʧʘʜʢʫ ʧʘʩʦʚʠʱ, ʟ ʚʠʢʣʶʯʝʥʥʷʤ ʢʦʤʧʘʨʪʤʝʥʪʫ 5.  

ʎʽʡ ʢʦʥʮʝʧʪʫʘʣʴʥʽʡ ʩʭʝʤʽ ʚʽʜʧʦʚʽʜʘʻ ʩʠʩʪʝʤʘ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ: 
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ʜʝ   ɸʝ - ʩʝʨʝʜʥʷ ʧʣʦʱʘ, ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʨʦʩʣʠʥʥʦʾ ʧʨʦʜʫʢ-

ʮʽʾ, ʱʦ ʩʧʦʞʠʚʘʻʪʴʩʷ ʦʜʥʽʻʶ ʣʶʜʠʥʦʶ (ʤ2), De - ʟʘʧʘʩ ʙʽʦʤʘʩʠ ʧʦʩʽʚʫ ʧʨʦʜʦ-

ʚʦʣʴʯʦʾ ʢʫʣʴʪʫʨʠ (ʢʛ/ʤ2),  Vh - ʜʦʙʦʚʝ ʩʧʦʞʠʚʘʥʥʷ ʨʦʩʣʠʥʥʦʩʪʽ ʣʶʜʠʥʦʶ, ʍʽ - 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘʙʨʫʜʥʝʥʥʷ, lR - ʧʦʩʪʽʡʥʘ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʨʦʟʧʘʜʫ (ʫ ʚʠʧʘʜʢʫ 

ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ) (1/ʜʝʥʴ).  

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ. 6.2. - ʂʦʥʮʝʧʪʫʘʣʴʥʘ ʩʭʝʤʘ ʤʽʛʨʘʮʽʾ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʜʣʷ ʩʽʣʴʩʴ-

ʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʨʦʩʣʠʥ 

 

ɿʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʬʽʛʫʨʫʶʪʴ ʫ ʮʠʭ ʨʽʚʥʷʥʥʷʭ, ʜʣʷ ʜʝʷʢʠʭ ʨʘʜʽʦ-

ʥʫʢʣʽʜʽʚ  ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ (6.1). 

1  ʅʘʟʝʤʥʘ ʯʘʩʪʠʥʘ 

ʫʨʦʞʘʶ 

5  ʇʽʜʟʝʤʥʘ ʯʘʩ-

ʪʠʥʘ ʫʨʦʞʘʶ 

2 ɻʨʫʥʪ ʧʽʜ ʫʨʦʞʘʻʤ 

6 ɻʣʠʙʦʢʽ ʰʘʨʠ 

ʛʨʫʥʪʫ 

t2
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ʊʘʙʣʠʮʷ 6.1. ɿʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʚ ʤʦʜʝʣʽ ʩʠʩʪʝʤʠ ˇʨʫʥʪ ï ʩʩʴʢʦʛʦʩʧʦ-

ʜʘʨʩʴʢʽ ʨʦʩʣʠʥʠ [90] 
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lR 

(ʜʝʥʴ-1) 

t12 

(ʜʝʥʴ-1) 

t21 

(ʜʝʥʴ-1) 

t52 

(ʜʝʥʴ-1) 

t62 

(ʜʝʥʴ-1) eD

hV

 
Ae 

90Sr 6,5 10-5 4.2 10-5 0.05 3.9 10-5 6.6 10-5 1.25 103 

137Cs 6,34 10-5 3.7 10-6 0.05 6.2 10-7 6.6 10-6 1.25 103 

241Am 4,39 10-6 3.9 10-6 0.05 9.0 10-7 1.0 10-4 1.25 103 

 

6.3. ʄʽʛʨʘʮʽʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʣʽʩʦʚʠʭ ʙʽʦʛʝʦʮʝʥʦʟʘʭ 

ʈʦʟʧʦʜʽʣ, ʧʝʨʝʨʦʟʧʦʜʽʣ ʪʘ ʢʨʫʛʦʦʙʽʛ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʣʽʩʦʚʠʭ ʮʝʥʦʟʘʭ 

ʤʘʶʪʴ ʩʚʦʶ ʩʧʝʮʠʬʽʢʫ  ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʤʽʛʨʘʮʽʻʶ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ ʫ 

ʽʥʰʠʭ ʪʠʧʘʭ ʧʨʠʨʦʜʥʠʭ ʮʝʥʦʟʽʚ. ʃʽʩʠ, ʷʢ ʩʘʤʦʩʪʽʡʥʽ ʧʨʠʨʦʜʥʽ ʫʪʚʦʨʝʥʥʷ, ʱʦ 

ʟʘʡʤʘʶʪʴ ʟʥʘʯʥʫ ʯʘʩʪʠʥʫ ʩʫʰʽ,  ʤʘʶʪʴ ʧʦʤʽʪʥʠʡ ʚʧʣʠʚ ʥʘ ʤʽʛʨʘʮʽʶ ʨʘʜʽʦʥʫ-

ʢʣʽʜʽʚ ʫ ʛʣʦʙʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʽ. ʃʽʩʦʚʽ ʥʘʩʘʜʞʝʥʥʷ ʻ ʘʢʫʤʫʣʷʪʦʨʦʤ ʨʘʜʽʦʘʢ-

ʪʠʚʥʠʭ ʨʝʯʦʚʠʥ, ʽ ʪʘʢʠʤ ʯʠʥʦʤ ʟʤʝʥʰʫʶʪʴ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʾʭ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ 

ʧʦ ʟʝʤʥʽʡ ʧʦʚʝʨʭʥʽ.  

ʃʽʩʦʚʽ ʝʢʦʩʠʩʪʝʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʙʨʫʜʥʝʥʽ ʚʥʘʩʣʽʜʦʢ ʚʠʧʘʜʘʥʥʷ ʽʟ ʘʪ-

ʤʦʩʬʝʨʠ ʨʽʟʥʠʭ ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʥʘ ʧʦʚʝʨʭʥʶ ʜʝʨʝʚ ʪʘ ʥʘ ʧʽʜʩʪʠʣʢʫ. ʇʽʩʣʷ ʦʩʽ-

ʜʘʥʥʷ ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʧʦʯʠʥʘʻʪʴʩʷ ʥʝʧʝʨʝʨʚʥʠʡ ʧʨʦʮʝʩ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʟʘʙʨʫ-

ʜʥʶʚʘʯʽʚ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ ʣʽʩʦʚʦʾ ʝʢʦʩʠʩʪʝʤʠ ʚʥʘʩʣʽʜʦʢ ʟʤʠʚʫ, ʚʠʣʫʛʦʚʫ-

ʚʘʥʥʷ, ʨʝʩʫʩʧʝʥʟʽʾ ʽ ʪ.ʜ. ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʮʠʭ ʧʨʦʮʝʩʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʠʧʦʤ ʣʽʩʫ 

(ʣʠʩʪʷʥʠʡ, ʭʚʦʡʥʠʡ), ʧʦʛʦʜʥʠʤʠ ʫʤʦʚʘʤʠ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʘʥʦʛʦ ʭʽʤʽʯ-

ʥʦʛʦ ʝʣʝʤʝʥʪʫ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʯʘʩʦʤ ʡʦʛʦ ʥʘʧʽʚʨʦʟʧʘʜʫ  

ɿʘʢʦʥʦʤʽʨʥʦʩʪʽ ʤʽʛʨʘʮʽʾ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʣʽʩʦʚʠʭ ʥʘʩʘʜʞʝʥʥʷʭ ʜʦʩʣʽʜʞʝ-

ʥʽ ʤʝʥʰ ʧʦʚʥʦ, ʥʽʞ ʤʽʛʨʘʮʽʷ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ ʥʘ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴ-

ʢʠʭ ʫʛʽʜʜʷʭ. ʆʜʥʘ ʽʟ ʧʨʠʯʠʥ ʚʽʜʥʦʩʥʦ ʩʣʘʙʢʦʾ ʚʠʚʯʝʥʦʩʪʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ 

ʧʝʨʝʥʦʩʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʣʽʩʦʚʠʭ ʙʽʦʛʝʦʮʝʥʦʟʘʭ ʧʦʣʷʛʘʻ ʫ ʤʝʪʦʜʠʯʥʠʭ ʪʨʫʜ-

ʥʦʱʘʭ ʚʠʚʯʝʥʥʷ ʤʽʛʨʘʮʽʾ ʨʝʯʦʚʠʥʠ ʫ ʣʽʩʘʭ, ʦʩʦʙʣʠʚʦ ʚ ʫʤʦʚʘʭ ʘʝʨʘʣʴʥʦʛʦ ʟʘ-

ʙʨʫʜʥʝʥʥʷ. ʎʽ ʪʨʫʜʥʦʱʽ ʧʦʚôʷʟʘʥʽ, ʧʝʨʰ ʘ ʚʩʝ, ʽʟ ʥʝʦʙʭʽʜʥʽʩʪʶ, ʧʨʠ ʧʦʣʴʦʚʠʭ 

ʜʦʩʣʽʜʞʝʥʥʷʭ,  ʚʥʝʩʝʥʥʷ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ ʥʘ ʟʥʘʯʥʽ ʧʣʦʱʽ ʫ ʟʚôʷʟʢʫ ʽʟ 

ʚʝʣʠʢʠʤʠ ʨʦʟʤʽʨʘʤʠ ʜʝʨʝʚʥʠʭ ʨʦʩʣʠʥ.  ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʜʦʩʪʦʚʽʨʥʠʭ ʨʝʟʫʣʴʪʘ-

ʪʽʚ ʧʨʠ ʦʜʥʦʤʫ ʽ ʪʦʤʫ ʞ ʯʠʩʣʽ ʧʨʦʙ ʨʦʩʣʠʥ ʫ ʣʽʩʽ ʜʦʚʦʜʠʪʴʩʷ ʦʙʨʦʙʣʷʪʠ ʙʽʣʴ-

ʰʫ ʧʣʦʱʫ ʥʽʞ ʥʘ ʫʛʽʜʜʷʭ ʽʟ ʪʨʘʚôʷʥʠʤ ʪʠʧʦʤ ʨʦʩʣʠʥ.  ʂʨʽʤ ʮʴʦʛʦ, ʧʨʠʡʤʘʶʯʠ 

ʜʦ ʫʚʘʛʠ, ʱʦ ʜʝʨʝʚʥʠʡ ʷʨʫʩ ʻ ʙʘʛʘʪʦʨʽʯʥʦʶ ʬʦʨʤʘʮʽʻʶ, ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ 

ʧʨʦ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʤʽʛʨʘʮʽʾ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʣʽʩʦʚʠʭ ʙʽʦʛʝʦʮʝʥʦʟʘʭ ʜʦʩʣʽ-

ʜʞʝʥʥʷ ʧʦʚʠʥʥʽ ʦʭʦʧʣʶʚʘʪʠ ʙʘʛʘʪʦʨʽʯʥʠʡ ʧʝʨʽʦʜ.  



 

ʆʩʥʦʚʥʘ ʟʘʜʘʯʘ ʣʽʩʦʚʦʾ ʨʘʜʽʦʝʢʦʣʦʛʽʾ ʧʦʣʷʛʘʻ ʫ ʧʦʙʫʜʦʚʽ ʢʘʨʪʠʥʠ ʨʫʭʫ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʧʨʦʩʪʦʨʽ ʪʘ ʯʘʩʽ ʚ ʤʝʞʘʭ ʦʢʨʝʤʦʛʦ ʙʽʦʛʝʦʮʝʥʦʟʫ ʥʘ ʧʨʦʪʷʟʽ 

ʧʝʨʽʦʜʫ ʯʘʩʫ, ʜʦʩʪʘʪʥʴʦʛʦ ʜʣʷ ʾʭ ʧʨʘʢʪʠʯʥʦ ʧʦʚʥʦʛʦ ʨʦʟʧʘʜʫ. 

ʆʜʠʥ ʽʟ ʦʩʥʦʚʥʠʭ ʰʣʷʭʽʚ ʥʘʜʭʦʜʞʝʥʥʷ ʨʘʜʽʦʘʢʪʠʚʥʦʾ ʨʝʯʦʚʠʥʠ ʥʘ ʨʦʩ-

ʣʠʥʥʠʡ ʧʦʢʨʠʚ ʻ ʚʠʧʘʜʘʥʥʷ ʯʘʩʪʠʥʦʢ ʽʟ ʘʪʤʦʩʬʝʨʠ. ʇʨʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʧʝ-

ʨʝʥʦʩʽ ʨʘʜʽʦʘʢʪʠʚʥʦʾ ʨʝʯʦʚʠʥʠ ʽʟ ʧʦʚʽʪʨʷʥʠʤ ʧʦʪʦʢʦʤ ʰʚʠʜʢʽʩʪʴ ʦʩʽʜʘʥʥʷ ʨʘ-

ʜʽʦʥʫʢʣʽʜʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʦʢ, ʪʦʧʦʛʨʘʬʽʯʥʠʭ ʪʘ ʤʝʪʝʦʨʦʣʦʛʽʯ-

ʥʠʭ ʫʤʦʚ ʽ ʭʘʨʘʢʪʝʨʫ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ.  ʅʘʷʚʥʽʩʪʴ ʥʘ ʰʣʷʭʫ ʛʦʨʠʟʦʥʪʘʣʴ-

ʥʠʭ ʧʦʚʽʪʨʷʥʠʭ ʧʦʪʦʢʽʚ ʢʨʫʧʥʠʭ ʤʘʩʠʚʽʚ ʣʽʩʫ ʽ ʥʘʚʽʪʴ ʦʢʨʝʤʠʭ ʜʝʨʝʚ ʙʫʜʝ 

ʧʨʠʚʦʜʠʪʠ ʜʦ ʬʽʣʴʪʨʘʮʽʾ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʜʦʤʽʰʦʢ ʽ ʾʭ ʦʩʽʜʘʥʥʶ ʥʘ ʩʪʦʚʙʫʨʘʭ, 

ʚʽʪʢʘʭ, ʣʠʩʪʷ ʪʘ ʭʚʦʾ ʜʝʨʝʚ ʽ ʽʥʰʠʭ ʧʦʚʝʨʭʥʷʭ. ɺ ʮʽʣʦʤʫ, ʙʽʦʛʝʦʬʽʟʠʯʥʽ ʟʘʢʦ-

ʥʦʤʽʨʥʦʩʪʽ ʚʟʘʻʤʦʜʽʾ ʯʘʩʪʠʥʦʢ, ʱʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʨʫʭʘʶʪʴʩʷ,  ʽʟ ʣʽʩʦʚʠʤʠ ʥʘ-

ʩʘʜʞʝʥʥʷʤ ʟʘʣʠʰʘʶʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʥʝʚʠʚʯʝʥʠʤʠ. 

ʐʚʠʜʢʽʩʪʴ ʚʠʜʘʣʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʟ ʣʽʩʦʚʦʾ ʧʽʜʩʪʠʣʢʠ, ʷʢʘ ʻ ʚʘʞʣʠʚʠʤ 

ʢʦʤʧʦʥʝʥʪʦʤ ʣʽʩʦʚʦʛʦ ʧʦʢʨʠʚʫ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʬʘʢʪʦʨʽʚ, ʚʢʣʶʯʘʶʯʠ 

ʪʝʤʧʝʨʘʪʫʨʫ, ʚʦʣʦʛʫ ʪʘ ʪʠʧ ʣʠʩʪʷ. ʇʽʜʩʪʠʣʢʘ, ʧʦʨʷʜ ʣʠʰʘʡʥʠʢʘʤʠ ʪʘ ʤʦʭʦʤ, ʻ 

ʚʘʞʣʠʚʠʡ ʨʝʟʝʨʚʫʘʨ ʚ ʷʢʦʤʫ ʨʘʜʽʦʥʫʢʣʽʜʠ ʤʦʞʫʪʴ ʘʢʫʤʫʣʶʚʘʪʠʩʷ ʥʘ ʧʨʦʪʷʟʽ 

ʙʘʛʘʪʴʦʭ ʨʦʢʽʚ. ʆʨʛʘʥʽʯʥʘ ʨʝʯʦʚʠʥʘ ʽʟ ʣʠʩʪʦʧʘʜʫ, ʣʠʰʘʡʥʠʢʽʚ, ʤʦʭʫ, ʛʨʠʙʽʚ,  

ʚʽʪʦʢ ʽ ʪ.ʜ. ʻ ʨʝʯʦʚʠʥʦʶ ʞʠʚʣʝʥʥʷ ʜʣʷ ʙʘʛʘʪʴʦʭ ʪʚʘʨʠʥ, ʷʢʽ ʻ ʯʘʩʪʠʥʦʶ ʭʘʨʯʦ-

ʚʠʭ ʰʣʷʭʽʚ ʫ ʥʘʧʨʷʤʢʫ ʜʦ ʣʶʜʠʥʠ. ɻʽʜʨʦʣʦʛʽʯʥʠʡ ʮʠʢʣ ʪʘ ʧʦʛʣʠʥʘʥʥʷ ʨʦʩʣʠ-

ʥʘʤʠ ʽ ʚʠʟʥʘʯʘʶʪʴ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ, ʜʦʣʶ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʣʽʩʦʚʠʭ ˇʨʫʥʪʘʭ. 

ʇʨʦʮʝʩ ʩʪʦʢʫ ʧʨʠʚʦʜʠʪʴ ʜʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʝʨʝʥʦʩʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʽ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʧʝʮʠʬʽʢʠ ʣʦʢʘʣʴʥʦʾ ʪʦʧʦʛʨʘʬʽʾ. ɼʣʷ ʧʣʦʱʠʥʥʦʛʦ ʦʜʥʦʨʽʜʥʦʛʦ 

ʣʽʩʫ, ʪʠʧʦʚʦʛʦ ʜʣʷ ʋʢʨʘʾʥʩʴʢʦʛʦ ʇʦʣʽʩʩʷ, ʟʤʠʚ ʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʘ ʨʝʩʫʩʧʝʥʟʽʷ 

ʤʘʣʦ ʟʥʘʯʫʱʽ. ʇʦʯʘʪʢʦʚʘ ʨʘʜʽʦʘʢʪʠʚʥʽʩʪʴ ʚʙʫʜʦʚʫʻʪʴʩʷ ʫ ʣʘʙʽʣʴʥʠʡ ʧʫʣ, ʜʘʣʽ  

ʚʠʣʫʛʦʚʫʻʪʴʩʷ, ʥʘʜʭʦʜʠʪʴ  ʫ ʢʦʨʝʥʝʚʫ ʩʠʩʪʝʤʫ ʨʽʟʥʦʛʦ ʪʠʧʫ ʨʦʩʣʠʥ ʪʘ ʘʙʩʦʨ-

ʙʫʻʪʴʩʷ ʥʝ ʣʘʙʽʣʴʥʠʤ ʧʫʣʦʤ.  

 ɺʠʤʠʚʘʥʥʷ ʫ ʛʣʠʙʦʢʽ ˇʨʫʥʪʦʚʽ ʛʦʨʠʟʦʥʪʠ ʘ ʧʦʪʽʤ ʫ ˇʨʫʥʪʦʚʽ ʚʦʜʠ ʻ ʜʫʞʝ 

ʧʦʚʽʣʴʥʽ ʧʨʦʮʝʩʠ ʫ ʥʝʟʙʫʨʝʥʠʭ ʣʽʩʦʚʠʭ ˇʨʫʥʪʘʭ. ʏʘʩ ʥʘʧʽʚʚʠʜʘʣʝʥʥʷ ʨʘʜʽʦʥʫ-

ʢʣʽʜʽʚ ʫ ʚʦʜʦʨʦʟʜʽʣʘʭ ʤʦʞʝ ʙʫʪʠ ʧʦʨʷʜʢʫ ʪʠʩʷʯʽ ʨʦʢʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ ʢʦʤʧʘʨ-

ʪʤʝʥʪʠ ʛʣʠʙʦʢʠʭ ʰʘʨʽʚ ˇʨʫʥʪʫ ʤʦʞʫʪʴ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʩʪʦʢʠ ʚ ʯʘʩʦʚʦʤʫ ʤʘ-

ʩʰʪʘʙʽ ʜʝʢʽʣʴʢʦʭ ʩʦʪʝʥʴ ʨʦʢʽʚ.  

ɺ ʫʤʦʚʘʭ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʝʨʝʥʦʩʫ ʥʘ ʧʦʚʝʨʭʥʶ ʟʝʤʣʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʪʫʨ-

ʙʫʣʝʥʪʥʦʾ ʜʠʬʫʟʽʾ, ʘʙʦ ʚʠʧʘʜʘʥʥʷ ʧʽʜ ʜʽʻʶ ʩʠʣʠ ʪʷʞʽʥʥʷ, ʥʘ ʰʣʷʭʫ ʯʘʩʪʠʥʦʢ 

ʪʘʢʦʞ ʟʥʘʭʦʜʠʪʴʩʷ ʬʽʣʴʪʨ ï ʥʘʟʝʤʥʽ ʦʨʛʘʥʠ ʜʝʨʝʚʥʦʾ ʨʦʩʣʠʥʥʦʩʪʽ ʟ ʨʦʟʛʘʣʫ-

ʞʝʥʦʶ ʧʦʚʝʨʭʥʝʶ, ʥʘ ʷʢʽʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʦʨʙʮʽʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ. ʎʝʡ ʧʨʦʮʝʩ 

ʟʘʭʦʧʣʝʥʥʷ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʯʘʩʪʠʥʦʢ, ʱʦ ʚʠʧʘʜʘʶʪʴ ʽʟ ʘʪʤʦʩʬʝʨʠ ʥʘ ʨʦʩʣʠʥ-

ʥʠʡ ʧʦʢʨʠʚ, ʥʘʟʠʚʘʻʪʴʩʷ ʧʝʨʚʠʥʥʠʤ ʟʘʪʨʠʤʘʥʥʷʤ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ ʥʘ 

ʨʦʩʣʠʥʥʦʩʪʽ. ɯʟ ʢʽʣʴʢʽʩʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʮʝʡ ʧʨʦʮʝʩ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥ-



 

ʪʦʤ ʧʝʨʚʠʥʥʦʛʦ ʟʘʭʦʧʣʝʥʥʷ ʂʧ.ʟ.=ɸ1/ɸ0. ɼʝ ɸ0 ï ʢʽʣʴʢʽʩʪʴ ʨʘʜʽʦʥʫʢʣʽʜʽʚ, ʱʦ 

ʚʠʧʘʣʘ ʥʘ ʦʜʠʥʠʮʶ ʧʦʚʝʨʭʥʽ, ʢʶʨʽ/ʢʤ2, ʘ ɸ1 ï ʢʽʣʴʢʽʩʪʴ ʨʘʜʽʦʥʫʢʣʽʜʽʚ, ʱʦ ʧʝ-

ʨʝʭʦʧʣʝʥʥʷ ʨʦʩʣʠʥʥʠʤ ʧʦʢʨʠʚʦʤ, ʢʶʨʽ/ʢʤ2.  

ʑʦʙ ʽʥʢʦʨʧʦʨʫʚʘʪʠʩʷ ʫ ʨʦʩʣʠʥʠ, ʨʘʜʽʦʥʫʢʣʽʜʠ  ʧʦʚʠʥʥʽ ʧʨʦʡʪʠ ʯʝʨʝʟ 

ʦʨʛʘʥʽʯʥʠʡ ʰʘʨ ʚ ʢʦʨʝʥʝʚʫ ʟʦʥʫ. ʇʨʠ  ʦʙʯʠʩʣʝʥʥʽ ʥʘʜʭʦʜʞʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ 

ʫ ʨʦʩʣʠʥʠ ʟʚʠʯʘʡʥʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʬʘʢʪʦʨ ʧʝʨʝʥʦʩʫ (ʽʥʰʘ  ʥʘʟʚʘ ʢʦʝʬʽʮʽ-

ʻʥʪ ʥʘʢʦʧʠʯʝʥʥʷ), TF, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʚʽʜʥʦʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʘʜʽʦʽ-

ʟʦʪʦʧʽʚ ʫ ʨʦʩʣʠʥʘʭ (ɹʢ/ʢʛ, ʩʫʭʘ ʘʙʦ ʚʦʣʦʛʘ ʤʘʩʘ) ʜʦ ʾʭ ʢʦʥʮʝʥʪʨʘʮʽʾ ʫ ˇʨʫʥʪʽ 

(ɹʢ/ʢʛ, ʩʫʭʘ ʘʙʦ ʚʦʣʦʛʘ ʤʘʩʘ).  ʏʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʽʥʰʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʝ-

ʨʝʭʦʜʫ (Tg), ʘ ʩʘʤʝ ʚʽʜʥʦʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʘʜʽʦʽʟʦʪʦʧʽʚ ʫ ʨʦʩʣʠʥʘʭ (ɹʢ/ʢʛ)  

ʜʦ ʧʦʚʝʨʭʥʝʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʫ (ɹʢ/ʤ2).  ɿʘʩʪʦʩʫʚʘʥʥʷ ʷʢ TF ʪʘʢ Tg ʚʠ-

ʧʨʘʚʜʘʥʝ ʪʽʣʴʢʠ ʫ ʚʠʧʘʜʢʫ ʜʦʩʷʛʥʝʥʥʷ ʜʠʥʘʤʽʯʥʦʾ ʨʽʚʥʦʚʘʛʠ ʫ ʣʽʩʦʚʽʡ ʝʢʦʩʠʩ-

ʪʝʤʽ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʫʨʽʚʥʦʚʘʞʝʥʦʩʪʽ ʧʦʪʦʢʽʚ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʥʝʦʙʭʽʜʥʦ ʜʝʢʽ-

ʣʴʢʘ ʜʝʩʷʪʠʣʽʪʴ.  ʋ ʪʘʙʣ.6.3.1 ʧʨʝʜʩʪʘʚʣʝʥʽ Tg ʜʣʷ ʢʦʤʧʦʥʝʥʪ ʣʽʩʦʚʦʾ ʝʢʦʩʠʩ-

ʪʝʤʠ, ʘ ʚ ʪʘʙʣ.6.3.2 ï ʾʭ ʟʥʘʯʝʥʥʷ ʜʣʷ ʨʷʜʫ ʛʨʠʙʽʚ 



 

ʊʘʙʣʠʮʷ 6.2 . ʉʪʨʫʢʪʫʨʘ ʣʽʩʦʚʦʾ ʝʢʦʩʠʩʪʝʤʠ 

ʂʦʤʧʘʨʪʤʝʥʪʠ ʣʽʩʦʚʦʾ 

ʝʢʦʩʠʩʪʝʤʠ 

ʂʦʤʧʦʥʝʥʪʠ ʢʦʤʧʘʨʪʤʝʥʪʫ 

ɼʝʨʝʚʦ ʃʠʩʪʷ, ɺʽʪʢʠ; ʉʪʦʚʙʫʨ;  ʢʦʨʝʥʽ 

ʇʽʜʣʽʩʦʢ ʊʨʘʚʘ; ʗʛʦʜʠ; ʂʫʱʽ; ɻʨʠʙʠ 

ʆʨʛʘʥʽʯʥʠʡ ʰʘʨ ʧʽʜʩʪʠʣʢʘ; ʣʠʰʘʡʥʠʢ; ʤʦʭ 

ʃʘʙʽʣʴʥʠʡ ˇʨʫʥʪ ɼʝʧʦ ʜʣʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ, ʽʟ ʷʢʦʛʦ ʚʦʥʠ ʤʦʞʫʪʴ ʥʘʜʭʦʜʠʪʠ ʫ ʢʦ-

ʨʝʥʝʚʫ ʩʠʩʪʝʤʫ, ʚʠʤʠʚʘʪʠʩʷ ʪʘ ʧʦʛʣʠʥʘʪʠʩʷ ʥʝ ʣʘʙʽʣʴʥʠʤ ʨʝʟʝ-

ʨʚʫʘʨʦʤ (0.1-80 ʩʤ) 

ʌʽʢʩʦʚʘʥʠʡ ˇʨʫʥʪ ʈʝʟʝʨʚʫʘʨ ʫ ʷʢʦʤʫ ʨʘʜʽʦʥʫʢʣʽʜʠ ʭʽʤʽʯʥʦ ʟʚôʷʟʘʥʽ  (0.1-80 ʩʤ) 

ɻʣʠʙʦʢʽ ʰʘʨʠ ˇʨʫʥʪʫ ɻʝʦʬʽʟʠʯʥʠʡ ʩʪʽʢ ʜʣʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ  

 

ʈʦʟʛʣʷʥʝʤʦ ʧʨʦʩʪʫ ʤʦʜʝʣʴ ʣʽʩʦʚʦʾ ʝʢʦʩʠʩʪʝʤʠ, ʷʢʘ ʻ ʧʝʚʥʠʤ ʘʥʘʣʦʛʦʤ 

ʤʦʜʝʣʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʐʝʣʣʦʤ, ʃʽʥʢʦʚʠʤ ʪʘ ʽʥ. [91], ʟ ʜʝʷʢʠʤʠ ʚʽʜʤʽʥʥʦʩʪʷ-

ʤʠ. ʋ ʪʘʢʦʤʫ ʞ  ʚʠʛʣʷʜʽ ʣʽʩʦʚʘ ʝʢʦʩʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʽ ʚ ʤʦʜʝʣʽ ñɽʂʆ-

ʄʆɼɽʃʔò [92], ʘʣʝ ʚ ʦʩʪʘʥʥʽʡ ʚʠʢʦʨʠʩʪʘʥʠʡ ʣʘʥʜʰʘʬʪʥʠʡ ʧʽʜʭʽʜ. 

ɺʤʽʩʪʠ Qi ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʧʝʨʝʣʽʯʝʥʠʭ ʢʦʤʧʘʨʪʤʝʥʪʘʭ ʟʘʜʦʚʦʣʴʥʷʶʪʴ 

ʥʘʩʪʫʧʥʫ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ:  
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ʜʝ Q1(t) ïʘʢʪʠʚʥʽʩʪʴ ʥʫʢʣʽʜʽʚ ʫ ʜʝʨʝʚʠʥʽ (ɹʢʤ-2); Q2(t) - ʘʢʪʠʚʥʽʩʪʴ ʥʫʢ-

ʣʽʜʽʚ ʚ ʦʨʛʘʥʽʯʥʦʤʫ ʰʘʨʽ (ɹʢʤ-2); Q3
1(t) - ʘʢʪʠʚʥʽʩʪʴ ʥʫʢʣʽʜʽʚ ʫ ʪʨʘʚʽ (ɹʢʤ-2); 

Q3
2(t) - ʘʢʪʠʚʥʽʩʪʴ ʥʫʢʣʽʜʽʚ ʫ ʷʛʦʜʘʭ (Bqm-2); Q3

3(t) - ʘʢʪʠʚʥʽʩʪʴ ʥʫʢʣʽʜʽʚ ʫ 



 

ʛʨʠʙʘʭ (ɹʢʤ-2); Q4(t) - ʘʢʪʠʚʥʽʩʪʴ ʥʫʢʣʽʜʽʚ ʫ ʣʘʙʽʣʴʥʦʤʫ ˇʨʫʥʪʽ (ɹʢʤ-2); Q5(t) - 

ʘʢʪʠʚʥʽʩʪʴ ʥʫʢʣʽʜʽʚ ʫ ʬʽʢʩʦʚʘʥʦʤʫ ˇʨʫʥʪʽ (ɹʢʤ-2); Q6(t) - ʘʢʪʠʚʥʽʩʪʴ ʥʫʢʣʽʜʽʚ ʫ 

ʛʣʠʙʦʢʦʤʫ ʰʘʨʽ ˇʨʫʥʪʫ (ɹʢʤ-2), Fi ï ʜʞʝʨʝʣʦ ʥʘʜʭʦʜʞʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʽʟ 

ʟʦʚʥʽ ʫ ʜʘʥʠʡ ʢʦʤʧʘʨʪʤʝʥʪ (ɹʢʤ-2t-1), aij ï ʰʚʠʜʢʽʩʪʴ ʤʽʞʢʦʤʧʘʨʪʤʝʥʪʥʦʛʦ ʧʝ-

ʨʝʭʦʜʫ (t-1). 

ɹʽʦʤʘʩʠ ʜʝʨʝʚ, ʧʽʜʣʽʩʢʫ ʽ ʦʨʛʘʥʽʯʥʦʛʦ ʰʘʨʫ ʧʨʠʡʤʘʶʪʴʩʷ ʨʽʚʥʠʤʠ 14, 

0.2 ʽ 6 ʢʛ/ʤ2, ʚʽʜʧʦʚʽʜʥʦ, ʱʦ ʪʠʧʦʚʦ ʜʣʷ ʭʚʦʡʥʠʭ ʣʽʩʽʚ ʋʢʨʘʾʥʩʴʢʦʛʦ ʇʦʣʽʩʩʷ.  

 

ʊʘʙʣʠʮʷ 6.3.   ʇʘʨʘʤʝʪʨʠ ʤʦʜʝʣʽ ʣʽʩʦʚʦʾ ʝʢʦʩʠʩʪʝʤʠ [91] 

ʇʘʨʘʤʝʪʨ ʇʦʟ-

ʥʘ- 

ʯʝʥʥʷ 

ʍʚʦʡʥʠʡ ʣʽʩ ʃʠʩʪʷʥʠʡ ʣʽʩ 

(ʆʜʠʥʠʮʽ ʚʠʤʽʨʶʚʘʥʥʷ)  ʋʟʘʛʘʣʴʥʝʥʝ 

ʟʥʘʯʝʥʥʷ 

ʆʙʣʘʩʪʴ 

ʟʥʘʯʝʥʴ 

ʋʟʘʛʘʣʴʥʝʥʝ 

ʟʥʘʯʝʥʥʷ 

ʆʙʣʘʩʪʴ  

ʟʥʘʯʝʥʴ 

ʏʘʩ ʘʙʩʦʨʙʮʽʾ (ʨ) Tab 0.64 0,15-5 0.64 0.15-5 

ɹʽʦʤʘʩʘ ʜʝʨʝʚ (%) Bt 60 45-75 60 45-75 

ɹʽʦʤʘʩʘ ʧʽʜʩʪʠʣʢʠ (%) Bu 20 5-35 20 5-35 

ʏʘʩ ʜʝʩʦʨʙʮʽʾ (ʨ) Tds 1.1 0.5-10 1.1 0.5-10 

ɼʦʣʷ ʧʝʨʝʭʦʧʣʝʥʥʷ  (%) f 0.8 0.6-0.9 0.5 0.2-07 

ʏʘʩ ʚʠʤʠʚʘʥʥʷ (ʨ) Tlc 400 100-600 400 100-600 

ʏʘʩ ʚʠʜʘʣʝʥʥʷ ʦʨʛʘʥʽʯ-

ʥʦʛʦ ʰʘʨʫ  (ʨ) 

Tor 8 1-100 3 1-50 

ʏʘʩ ʨʦʟʧʘʜʫ (ʨ) ln2/l 30.14  30.14  

ʏʘʩ ʧʦʛʣʠʥʘʥʥʷ ʜʝʨʝʚʠ-

ʥʦʶ  (ʨ) 

Ttu 2 1-100 1 0.5-50 

ʏʘʩ ʚʠʜʘʣʝʥʥʷ ʽʟ ʜʝʨʝʚʠ-

ʥʠ 

Ttr ʢʦʨʦʪʢʠʡ  3.6 ʜ 

ʧʨʦʤʽʞʥʠʡ .80 

ʜ 

ʜʦʚʛʠʡ   3   ʨ 

1.4-5    ʜ 

21-175 ʜ 

1-10     ʨ 

3.6     ʜ 

25      ʜ 

0.72   ʨ  

1.4-5   ʜ 

 

0.5-5    ʨ 

ʏʘʩ ʚʠʜʘʣʝʥʥʷ ʧʽʜʩʪʠʣʢʠ Tur ʂʦʨʦʪ- 

ʢʠʡ 12  ʜ 

ʧʨʦʤʽʞʥʠʡ .32 

ʜ 

ʜʦʚʛʠʡ  84  ʜ 

9-19     ʜ 

8-64     ʜ 

38-130 ʜ 

12   ʜ 

32   ʜ 

84   ʜ 

9-19     ʜ 

8-64     ʜ 

38-130 ʜ 

ʏʘʩ ʧʦʛʣʠʥʘʥʥʷ ʧʽʜʩʪʠʣ-

ʢʦʶ  (ʨ) 

Tuu 8 1-100 10 1-100 

  

ʋ ʧʦʜʘʣʴʰʦʤʫ ʦʙʛʦʚʦʨʝʥʥʽ ʜʣʷ ʦʢʨʝʤʠʭ ʢʦʤʧʘʨʪʤʝʥʪʽʚ, ʜʣʷ ʦʮʽʥʢʠ 

ʰʚʠʜʢʦʩʪʽ ʤʽʞʢʦʤʧʘʨʪʤʝʥʪʥʦʛʦ ʧʝʨʝʭʦʜʫ, ʙʫʜʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʯʘʩ ʥʘʧʽ-

ʚʞʠʪʪʷ ʫ ʜʘʥʦʤʫ ʢʦʤʧʘʨʪʤʝʥʪʽ. ʏʘʩ ʥʘʧʽʚʞʠʪʪʷ, tij, ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʯʘʩ ʥʝʦʙ-

ʭʽʜʥʠʡ ʜʣʷ ʧʦʣʦʚʠʥʠ ʢʽʣʴʢʦʩʪʽ ʨʘʜʽʦʥʫʢʣʽʜʽʚ, ʱʦ ʥʘʜʽʡʰʣʠ ʚ i-ʡ ʢʦʤʧʘʨʪʤʝʥʪ 

ʧʝʨʝʡʪʠ ʚ j-ʡ ʢʦʤʧʘʨʪʤʝʥʪ (ʚʚʘʞʘʻʪʴʩʷ ʱʦ ʽʥʰʽ ʧʨʦʮʝʩʠ ʫ ʩʠʩʪʝʤʽ ʥʝ ʚʧʣʠ-



 

ʚʘʶʪʴ ʥʘ ʧʝʨʝʭʽʜ ʤʽʞ i-ʠʤ ʽ j-ʠʤ  ʢʦʤʧʘʨʪʤʝʥʪʘʤʠ). ʏʘʩ ʥʘʧʽʚʞʠʪʪʷ ʟʚôʷʟʘʥʠʡ 

ʽʟ ʰʚʠʜʢʽʩʪʶ ʧʝʨʝʭʦʜʫ ʧʨʦʩʪʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ   

 

Tij=ln(2)/aij; 

 

 ʐʚʠʜʢʦʩʪʽ ʤʽʞʢʦʤʧʘʨʪʤʝʥʪʥʦʛʦ ʧʝʨʝʭʦʜʫ ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʘʩʪʫʧʥʠʤ 

ʯʠʥʦʤ: 

 

a11=a21=ln(2)/Ttr;    a14=ln(2)/Ttu;  a22=a44=ln(2)/Tor;   a23=a33=ln(2)/Tur;  

a34=ln(2)/Tuu; a45=a55=ln(2)/Tds;  a44=ln(2)/Tuu+ln(2)/Ttu+ln(2)/Tab+ln(2)/Tlc; 

a54=ln(2)/Tab;   a64=ln(2)/Tlc; 

    

ɿʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʪʘʙʣ.6.2 ʪʘ 6.3.  

 ʊʘʙʣʠʮʷ 6.4. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʽʛʨʘʮʽʾ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʣʽʩʦʚʽʡ ʝʢʦʩʠʩ-

ʪʝʤʽ  

ʇʘʨʘʤʝʪʨ  ʆʜʠʥʠʮʽ  ɿʥʘʯʝʥʥʷ  

ɸʢʫʤʫʣʷʮʽʷ ʦʨʛʘʥʽʯʥʠʤ ʰʘʨʦʤ  %  ʚʽʜ ʟʘʛʘʣʫ 55 

ɹʽʦʤʘʩʘ ʦʨʛʘʥʽʯʥʦʛʦ ʰʘʨʫ  ʢʛ/ʤ2 3.1 

ɹʽʦʤʘʩʘ ʧʽʜʩʪʠʣʢʠ  %  ʚʽʜ ʟʘʛʘʣʫ 0.2 

ɹʽʦʤʘʩʘ ʧʽʜʩʪʠʣʢʠ  ʢʛ/ʤ2 0.5 

ʉʧʦʞʠʚʘʥʥʷ ʛʨʠʙʽʚ  ʢʛ/ʨ 10 

ʋʪʨʠʤʘʥʥʷ ʛʨʠʙʘʤʠ ʧʽʩʣʷ ʦʙʨʦʙʢʠ  ʜʦʣʷ 0.2 

ʉʧʦʞʠʚʘʥʥʷ ʷʛʽʜ  ʢʛ/ʨ 6 

ʋʪʨʠʤʘʥʥʷ ʷʛʦʜʘʤʠ ʧʽʩʣʷ ʦʙʨʦʙʢʠ  ʜʦʣʷ 0.6 

 

"ɽʂʆʄʆɼɽʃʔ" ʤʦʜʝʣʶʻ ʯʘʩʦʚʫ ʟʘʣʝʞʥʽʩʪʴ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʟʘʙʨʫʜʥʝʥ-

ʥʷ ʚ ʥʘʩʪʫʧʥʠʭ ʢʦʤʧʘʨʪʤʝʥʪʘʭ ʣʽʩʦʚʦʾ ʝʢʦʩʠʩʪʝʤʠ: ʧʽʜʩʪʠʣʢʘ, ʜʝʨʝʚʦ, ʦʨʛʘʥʽ-

ʯʥʠʡ ʰʘʨ, ʣʘʙʽʣʴʥʠʡ ˇʨʫʥʪ, ʬʽʢʩʦʚʘʥʠʡ ˇʨʫʥʪ ʪʘ ʛʣʠʙʦʢʽ ʰʘʨʠ ˇʨʫʥʪʫ. ʅʘ ʚʽʜ-

ʤʽʥʫ ʚʽʜ ʤʦʜʝʣʽ [91] ʚ "ɽʂʆʄʆɼɽʃɯ" ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʛʨʠʙʠ, ʪʨʘʚʘ ʪʘ ʷʛʦʜʠ ʷʢ 

ʦʢʨʝʤʽ ʢʦʤʧʘʨʪʤʝʥʪʠ ʣʽʩʦʚʦʾ ʝʢʦʩʠʩʪʝʤʠ (ʈʠʩ.6.2).  

ʈʽʚʝʥʴ ʟʘʙʨʫʜʥʝʥʥʷ ʣʘʙʽʣʴʥʦʛʦ ʽ ʬʽʢʩʦʚʘʥʦʛʦ ˇʨʫʥʪʫ ʜʦʩʷʛʘʻ ʤʘʢʩʠʤʫʤʫ 

ʥʘ ʯʝʪʚʝʨʪʠʡ ʨʽʢ ʧʽʩʣʷ ʚʠʧʘʜʘʥʥʷ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʛʣʠʙʦʢʽ ʰʘʨʠ ˇʨʫʥʪʫ ʘʢʫʤʫ-

ʣʶʶʪʴ ʟʘʙʨʫʜʥʝʥʥʷ ʥʝʧʝʨʝʨʚʥʦ. 

ʋ ʭʚʦʡʥʠʭ ʣʽʩʘʭ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʘʥʘʣʦʛʽʯʥʘ ʧʦʚʝʜʽʥʢʘ, ʘʣʝ ʭʘʨʘʢʪʝʨʥʽ 

ʯʘʩʠ ʟʥʘʯʥʦ ʙʽʣʴʰʽ.  

ʂʽʣʴʢʽʩʪʴ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʢʦʤʧʘʨʪʤʝʥʪʘʭ ʧʽʜʣʽʩʢʫ ʽ ʜʝʨʝʚ ʟʥʘʯʥʦ ʙʽʣʴʰʘ 

ʫ ʚʠʧʘʜʢʫ ʭʚʦʡʥʠʭ ʣʽʩʽʚ ʧʦʨʽʚʥʷʥʦ ʽʟ ʣʠʩʪʷʥʠʤʠ ʽ ʜʦʩʷʛʘʶʪʴ ʤʘʢʩʠʤʫʤʫ ʯʝ-

ʨʝʟ ʜʝʩʷʪʴ ʨʦʢʽʚ ʧʽʩʣʷ ʚʠʧʘʜʘʥʥʷ.  



 

 
 

ʗʢ ʧʦʢʘʟʫʶʪʴ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʠ ʧʦʩʪʽʡʥʽʡ ʰʚʠʜʢʦʩʪʽ ʚʠʧʘ-

ʜʘʥʥʷ ʥʘ ʣʠʩʪʷʥʽ ʪʘ ʭʚʦʡʥʽ ʣʽʩʠ ʨʘʜʽʦʘʢʪʠʚʥʽʩʪʴ ʚ ʫʩʽʭ ʢʦʤʧʘʨʪʤʝʥʪʘʭ ʟʙʽʣʴ-

ʰʫʻʪʴʩʷ ʽʟ ʯʘʩʦʤ ʽ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʘ ʥʽʞ ʢʽʣʴʢʽʩʪʴ ʱʦʨʽʯʥʦʛʦ ʚʠʧʘʜʘʥʥʷ (ʜʝʨʝ-

ʚʘ ʤʘʶʪʴ ʚʤʽʩʪ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʧʨʠʙʣʠʟʥʦ ʚ ʰʽʩʪʴ ʨʘʟʽʚ ʙʽʣʴʰʝ ʟʘ ʨʽʯʥʝ ʚʠʧʘ-

ʜʘʥʥʷ). ʎʝ ʚʢʘʟʫʻ ʥʘ ʪʝ , ʱʦ ʣʽʩʠ ʘʢʫʤʫʣʶʶʪʴ ʨʘʜʽʦʥʫʢʣʽʜʠ.  

ɹʽʣʴʰʝ ʮʴʦʛʦ, ʙʽʣʴʰ ʥʽʞ ʧʦʣʦʚʠʥʘ ʨʘʜʽʦʥʫʢʣʽʜʽʚ Cs-137 ʘʢʫʤʫʣʶʻʪʴʩʷ ʫ 

ʧʽʜʣʽʩʢʫ, ʜʝʨʝʚʘʭ ʪʘ ʧʽʜʩʪʠʣʮʽ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʦʧʨʦʤʽ-

ʥʝʥʥʷ ʣʶʜʠʥʠ. ʊʽʣʴʢʠ ʥʝʟʥʘʯʥʘ ʯʘʩʪʠʥʘ Cs-137 ʜʦʩʷʛʘʻ ʛʣʠʙʦʢʠʭ ʰʘʨʽʚ ˇʨʫʥ-

ʪʫ. 

ɺʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʦʙʽʛʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʣʠʩʪʷʥʠʭ ʪʘ ʭʚʦʡʥʠʭ 

ʣʽʩʘʭ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʪʘʙʣ. 6.3 ʽ 6.4.  

 

ʊʘʙʣʠʮʷ 6.5. ʊʠʧʦʚʽ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʝʨʝʭʦʜʫ ʜʣʷ ʣʽʩʦʚʦʾ ʝʢʦʩʠʩ-

ʪʝʤʠ 

ʇʨʦʜʫʢʪʠ ʭʘʨʯʫʚʘʥʥʷ Tag (ʤ
2/ʢʛ) 

 ʅʘʡʢʨʘʱʘ ʦʮʽʥʢʘ ʆʙʣʘʩʪʴ ʟʥʘʯʝʥʴ 

ʗʛʦʜʠ   

ʤʽʣʢʘ ʢʣʶʢʚʘ 1*10-1 2*10-3 -  2.3*10-1 

 

ʈʠʩ. 6.3 ʂʦʥʮʝʧʪʫʘʣʴʥʘ ʤʦʜʝʣʴ ʤʽʛʨʘʮʽʾ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʣʽʩʦʚʽʡ  

ʝʢʦʩʠʩʪʝʤʽ 



 

ɹʨʫʩʥʠʢʘ 4*10-2 3.2*10-2 -  4*10-2 

ʏʦʨʥʠʢʘ 4*10-2 1.7*10-2-4.1*10-2 

ʄʝʜ 5*10-3 4*10-5 - 1.3*10-1 

ɼʠʢʽ ʪʚʘʨʠʥʠ   

ʄôʷʩʦ ʣʦʩʷ 2*10-2 6*10-3 - 3.2*10-2 

ʄôʷʩʦ ʢʦʟʫʣʽ 5*10-2 1*10-3  -  2*10-1 

ʄ'ʷʩʦ ʙʣʘʛʦʨʦʜʥʦʛʦ ʦʣʝʥʷ 4*10-2 2*10-2  -  7*10-2 

ʄ'ʷʩʦ ʧʽʚʥʽʯʥʦʛʦ ʟʘʡʮʷ 3*10-2 9*10-3 - 1.3*10-1 

ʄ'ʷʩʦ ʟʘʡʮʷ ʨʫʩʘʢʘ 4*10-3 2*10-3 - 5.3*10-2 

ʆʜʦʤʘʰʥʝʥʽ ʪʚʘʨʠʥʠ    

ʄôʷʩʦ ʚʽʚʮʽ 0.04 0.01-0.074 

ʄʦʣʦʢʦ ʢʦʟʠ 0.004 0.002-0.015 

ʂʦʨʦʚôʷʯʝ ʤʦʣʦʢʦ 0.002 0.001-0.018 

ʄ'ʷʩʦ ʪʝʣʷʪʠʥʠ 0.006  

ʆʣʝʥʠʥʘ (ʩʝʨʧʝʥʴ) 

           (ʟʠʤʘ) 

0.1 

0.8 

0.025-0.1 

0.6-1.1 

 

ʊʘʙʣʠʮʷ 6.6.  ʊʠʧʦʚʽ ʟʥʘʯʝʥʥʷ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʛʨʠʙʽʚ ʚ 

ʋʢʨʘʾʥʩʴʢʦʤʫ ʇʦʣʽʩʩʽ. 

ʅʘʟʚʘ ʛʨʠʙʽʚ ɸʢʪʠʚʥʽʩʪʴ  

ʛʨʠʙʽʚ(ʢɹʢ/ʢʛ) 

ɿʘʙʨʫʜʥʝʥʽʩʪʴ 

ˇʨʫʥʪʫ (ʢɹʢ/ʤ2) 

ʂʦʝʬʽʮʽʻʥʪ ʥʘʢʦʧʠ-

ʯʝʥʥʷ (Tr) 

(ʢɹʢ/ʢʛ)/( ʢɹʢ/ʢʛ) 

 ʄʽʥ. ʤʘʢʩ ʄʽʥ. ʤʘʢʩ ʤʽʥ ʤʘʢʩ ʩʝʨʝʜʥʻ 

ɹʽʣʠʡ ʛʨʠʙ 0.05 17.57 10.74 540.94 0.14 18.50 4.11 

ʍʨʷʱ ʯʦʨʥʠʡ 0.08 68.45 14.8 539.09 0.09 12.77 4.03 

ɿʘʷʯʠʡ ʛʨʠʙ 1.07 4.03 28.86 280.20 1.34 3.82 2.44 

ʃʠʩʠʯʢʘ  ʥʝ ʩʧʨʘʚʞʥʷ 0.32 2.88 54.76 93.98 0.73 5.63 2.84 

ʄʘʩʣʶʢ ʟʚʠʯʘʡʥʠʡ 4.00 25.27 69.15 183.52 2.86 29.85 16.87 

ʄʦʭʦʚʠʢ ʟʝʣʝʥʠʡ 0.01 16.58 3.70 484.70 0.25 41.45 8.66 

ʄʫʭʦʤʦʨ ʯʝʨʚʦʥʽʶ-

ʯʠʡ 

0.03 1.85 53.28 311.17 0.05 2.89 1.46 

ʆʧʝʥʴʦʢ ʩʧʨʘʚʞʥʽʡ 0.03 32.12 5.55 595.70 0.57 3.34 1.32 

ʇʽʜʙʝʨʝʟʦʚʠʢ 0.52 19,98 32.19 606.80 0.63 16.24 5.27 

ʇʽʜʦʩʠʥʦʚʠʢ 0.03 17.76 5.55 255.70 0.60 30.10 10.93 

ʇʦʣʴʩʴʢʠʡ ʛʨʠʙ 0.14 29.60 11.10 337.37 0.84 69.65 8.54 

Xʨʷʱ ʤʦʣʦʯʥʠʢ, 

ʛʽʨʯʘʢ 

1.81 83.25 94.35 370.10 1.34 38.01 10.38 

ʉʚʠʥʫʰʢʘ 0.16 196.1 5.55 732.60 0.09 33.40 10.21 

ʉʠʨʦʾʞʢʘ ʙʦʣʦʪʥʘ 0.10 75.11 5.55 679.32 1.16 86.79 6.76 



 

6.4. ʄʦʜʝʣʶʚʘʥʥʷ ʤʽʛʨʘʮʽʾ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʽʥʢʦʨʧʦʨʦʚʘʥʠʭ ʚ ʦʨ-

ʛʘʥʽʟʤ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʪʚʘʨʠʥ 

 

ʆʩʦʙʣʠʚʦʩʪʽ ʤʦʜʝʣʶʚʘʥʥʷ ʤʝʪʘʙʦʣʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʘʭ. 

ʄʝʪʦʜʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʤʝʪʘʙʦʣʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʞʠʚʠʭ ʦʨʛʘʥʽ-

ʟʤʘʭ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ, ʥʘʧʨʠʢʣʘʜ, ʫ ʚʝʪʝʨʠʥʘʨʥʽʡ ʤʝʜʠʮʠʥʽ ʽ, ʚʟʘʛʘʣʽ, 

ʫ ʬʘʨʤʘʮʽʾ. ʇʨʠ  ʧʦʙʫʜʦʚʽ ʙʫʜʴ - ʷʢʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʥʝʤʦʞʣʠʚʦ ʚʨʘʭʫ-

ʚʘʪʠ ʚʩʽ ʯʠʥʥʠʢʠ ʩʠʩʪʝʤʠ. ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʜʙʘʯʘʻ ʜʝʷʢʝ 

ʩʧʨʦʱʝʥʥʷ ʩʠʩʪʝʤʠ ʽ ʥʝʭʪʫʚʘʥʥʷ ʜʝʪʘʣʷʤʠ, ʱʦ ʥʝʟʥʘʯʥʠʤ ʯʠʥʦʤ ʚʧʣʠʚʘʶʪʴ 

ʥʘ ʧʨʦʮʝʩ. ʇʨʝʜʤʝʪʦʤ ʨʦʟʛʣʷʜʫ, ʥʘʧʨʠʢʣʘʜ,  ʬʘʨʤʘʢʦʢʽʥʝʪʠʢʠ  ̒ʟʤʽʥʘ ʚ ʯʘʩʽ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʝʯʦʚʠʥʠ ʚ ʢʣʽʪʠʥʽ, ʦʨʛʘʥʽ, ʪʢʘʥʠʥʽ ʘʙʦ  ʫ ʚʩʴʦʤʫ ʦʨʛʘʥʽʟʤʽ.  

ʇʨʠ ʮʴʦʤʫ ʟʚʠʯʘʡʥʦ ʥʝ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʧʨʠʯʠʥʠ ʟʤʝʥʰʝʥʥʷ ʘʙʦ ʟʙʽʣʴʰʝʥʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʨʝʧʘʨʘʪʫ, ʪʦʙʪʦ ʤʦʣʝʢʫʣʷʨʥʠʡ ʤʝʭʘʥʽʟʤʠ ʤʝʤʙʨʘʥʥʦʛʦ ʪʨʘʥʩ-

ʧʦʨʪʫ, ʬʽʢʩʘʮʽʾ ʽ ʨʦʟʧʘʜ ʨʝʯʦʚʠʥʠ.  

ʇʨʠ ʨʦʟʛʣʷʜʽ ʮʽʣʦʛʦ ʦʨʛʘʥʽʟʤʫ, ʘʙʦ ʷʢʦʛʦ-ʥʝʙʫʜʴ ʦʨʛʘʥʫ, ʟʘ ʦʜʠʥʠʮʶ 

ʩʠʩʪʝʤʠ ʙʫʣʦ ʙ ʨʦʟʫʤʥʦ ʚʠʙʨʘʪʠ ʢʣʽʪʠʥʫ. ʆʜʥʘʢ ʢʽʣʴʢʽʩʪʴ ʢʣʽʪʠʥ ʚ ʮʽʣʦʤʫ ʦʨ-

ʛʘʥʽʟʤʽ ʽ ʥʘʚʽʪʴ ʚ ʦʢʨʝʤʦʤʫ ʦʨʛʘʥʽ ʥʘʩʪʽʣʴʢʠ ʚʝʣʠʢʘ, ʱʦ ʨʦʟʛʣʷʜʘʪʠ ʢʦʞʥʫ ʟ 

ʥʠʭ ʥʝʤʦʞʣʠʚʦ. ʋ ʬʘʨʤʘʢʦʢʽʥʝʪʠʮʽ ʟʚʠʯʘʡʥʦ ʟʘ ʦʜʠʥʠʮʶ ʩʠʩʪʝʤʠ ʚʠʙʠʨʘ-

ʻʪʴʩʷ ʢʘʤʝʨʘ. ʌʘʨʤʘʢʦʢʽʥʝʪʠʯʥʦʶ ʢʘʤʝʨʦʶ  ̒ʯʘʩʪʠʥʘ ʩʠʩʪʝʤʠ, ʚ ʷʢʽʡ ʧʨʝʧʘ-

ʨʘʪ ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʨʽʚʥʦʤʽʨʥʦ. ʋ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʘʜʘʯʽ, ʱʦ ʚʠʨʽʰʫʻʪʴʩʷ,  ʷʢ 

ʢʘʤʝʨʘ ʤʦʞʝ ʚʠʩʪʫʧʘʪʠ ʢʣʽʪʢʘ, ʦʨʛʘʥ, ʪʢʘʥʠʥʘ ʽ ʥʘʚʽʪʴ ʚʝʩʴ ʦʨʛʘʥʽʟʤ [93]. 

ʇʨʠʧʫʱʝʥʥʷ ʧʨʦ ʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʧʨʝʧʘʨʘʪʫ ʚ ʢʘʤʝʨʽ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʬʽʟʽʦʣʦʛʽʾ ʥʝʜʦʧʫʩʪʠʤʝ. ʆʜʥʘʢ, ʷʢʱʦ ʧʝʨʝʚʽʨʢʘ ʧʦʢʘʟʘʣʘ ʘʜʝʢʚʘʪʥʽʩʪʴ ʤʦʜʝʣʽ 

ʜʘʥʦʛʦ ʧʨʦʮʝʩʫ, ʪʦ ʜʦʜʘʪʢʦʚʝ ʚʚʝʜʝʥʥʷ ʥʦʚʠʭ ʦʜʠʥʠʮʴ ʚ ʩʠʩʪʝʤʫ, ʱʦ ʨʦʟʛʣʷ-

ʜʘʻʪʴʩʷ,  ʪʦʙʪʦ ʨʦʟʙʠʪʪʷ ʬʘʨʤʘʢʦʢʽʥʝʪʠʯʥʦʾ ʢʘʤʝʨʠ ʥʘ ʜʝʢʽʣʴʢʘ ʢʘʤʝʨ, ʥʝ 

ʙʫʜʝ ʩʧʨʠʷʪʠ ʟʙʽʣʴʰʝʥʥʶ ʪʦʯʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ. ɺʚʝʜʝʥʥʷ ʥʦʚʠʭ ʢʘʤʝʨ ʤʦʞʝ 

ʙʫʪʠ ʟʫʤʦʚʣʝʥʝ ʪʽʣʴʢʠ ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʶ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʨʝʘʣʴʥʽʡ ʩʠʩʪʝ-

ʤʽ. ʋ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʢʘʤʝʨ ʬʘʨʤʘʢʦʢʽʥʝʪʠʯʥʽ ʤʦʜʝʣʽ ʨʦʟʜʽʣʷʶʪʴ ʥʘ 

ʦʜʥʦʯʘʩʪʠʥʥʽ, ʜʚʦʯʘʩʪʠʥʥʽ ʽ ʙʘʛʘʪʦʯʘʩʪʠʥʥʽ ʤʦʜʝʣʽ. 

ʇʨʠʧʫʩʪʠʤʦ, ʚ ʦʨʛʘʥʽʟʤ ʙʫʚ ʚʚʝʜʝʥʠʡ ʜʝʷʢʠʡ ʧʨʝʧʘʨʘʪ. ʈʦʟʛʣʷʥʝʤʦ ʤʦ-

ʜʝʣʴ ʡʦʛʦ ʚʠʚʝʜʝʥʥʷ ʟ ʦʨʛʘʥʽʟʤʫ. ʆʨʛʘʥʽʟʤ ʧʨʝʜʩʪʘʚʠʤʦ ʫ ʚʠʛʣʷʜʽ ʧʦʩʫʜʠʥʠ 

ɸ, ʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ - ʫ ʚʠʛʣʷʜʽ ʧʦʩʫʜʠʥʠ ɺ (ʈʠʩ. 6.4). ʇʦʩʫʜʠʥʘ ɺ 

ʤʘʻ ʥʝʩʢʽʥʯʝʥʥʦ ʚʝʣʠʢʠʡ ʦʙ'ʻʤ. ɿ ʮʴʦʛʦ ʚʠʪʽʢʘʻ, ʱʦ ʰʚʠʜʢʽʩʪʴ ʧʨʦʥʠʢʥʝʥʥʷ 

ʚʚʝʜʝʥʦʛʦ ʧʨʝʧʘʨʘʪʫ ʟʚʦʨʦʪʥʦ ʚ ʧʦʩʫʜʠʥʫ ɸ ʤʘʣʘ ʽ ʟ ʯʘʩʦʤ ʚʝʩʴ ʧʨʝʧʘʨʘʪ ʧʝ-

ʨʝʤʽʩʪʠʪʴʩʷ ʚ ʧʦʩʫʜʠʥʫ ɺ. 

ɼʘʥʘ ʤʦʜʝʣʴ ʻ ʦʜʥʦʯʘʩʪʠʥʥʦʶ (ʦʜʥʦʢʘʤʝʨʥʦʶ, ʦʜʥʦ ʢʦʤʧʘʨʪʤʝʥʪʥʦʶ) 

ʦʩʢʽʣʴʢʠ ʚʝʩʴ ʦʨʛʘʥʽʟʤ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʫ ʚʠʛʣʷʜʽ ʦʜʥʽʻʾ ʢʘʤʝʨʠ. 



 

. ʇʦʟʥʘʯʠʤʦ ʢʽʣʴʢʽʩʪʴ ʚʚʝʜʝʥʦʛʦ ʚ ʦʨʛʘʥʽʟʤ ʧʨʝʧʘʨʘʪʫ ʚ ʧʦʯʘʪʢʦʚʠʡ 

ʤʦʤʝʥʪ ʯʘʩʫ (t=0) ʯʝʨʝʟ  ʄ0,  ʘ ʢʽʣʴʢʽʩʪʴ ʧʨʝʧʘʨʘʪʫ ʚ ʦʨʛʘʥʽʟʤʽ ʚ ʜʦʚʽʣʴʥʠʡ 

ʤʦʤʝʥʪ ʯʘʩʫ t - ʄ, ʽ ʚ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ   ʄó. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʤʦʞʥʘ ʟʥʘʡʪʠ, ʱʦ ʥʘ ʧʦʯʘʪʢʫ ʧʨʦʮʝʩʫ ʧʨʝʧʘʨʘʪ ʙʫʜʝ ʚʠʚʦʜʠʪʠʩʷ ʰʚʠʜʢʦ, ʘʣʝ 

ʧʦʩʪʫʧʦʚʦ ʰʚʠʜʢʽʩʪʴ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʧʦʤʝʥʰʘʻ. 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 6.4. ʋʤʦʚʥʝ ʟʦʙʨʘʞʝʥʥʷ ʦʨʛʘʥʽʟʤʫ 

 

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ  ʧʝʨʝʛʦʨʦʜʢʘ ʤʽʞ ʢʘʤʝʨʘʤʠ ɸ ʽ ɺ ʧʨʦʧʫʩʢʘʻ ʧʨʝʧʘʨʘʪ ʚ 

ʦʙʠʜʚʽ ʩʪʦʨʦʥʠ, ʘʣʝ ʟ ʨʽʟʥʦʶ ʰʚʠʜʢʽʩʪʶ ( ʚ ʷʢʦʩʪʽ ʩʫʜʠʥ ɸ ʽ ɺ ʪʫʪ ʚʠʩʪʫʧʘʶʪʴ 

ʥʝ ʦʨʛʘʥʽʟʤ ʽ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, ʘ, ʥʘʧʨʠʢʣʘʜ, ʦʨʛʘʥ ʽ ʢʨʦʚ) ʋ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʢʽʣʴʢʽʩʪʴ ʧʨʝʧʘʨʘʪʫ ʚ ʢʘʤʝʨʽ ɸ ʥʝ ʙʫʜʝ ʜʦʨʽʚʥʶʻ ʢʽʣʴʢʦʩʪʽ ʮʴʦʛʦ 

ʧʨʝʧʘʨʘʪʫ ʚ ʢʘʤʝʨʽ ɺ. ʈʽʚʥʷʥʥʷ ʟʤʽʥʠ ʢʽʣʴʢʦʩʪʽ ʧʨʝʧʘʨʘʪʫ ʚ ʢʘʤʝʨʽ ɸ ʧʨʠʡʤʝ 

ʚʠʛʣʷʜ 

 

AMABkBMBAk
dt

AdM
-=                                                            (6.9) 

 

ʜʝ MS(B) - ʢʽʣʴʢʽʩʪʴ ʧʨʝʧʘʨʘʪʫ ʫ ʚʽʜʧʦʚʽʜʥʽʡ ʢʘʤʝʨʽ, kAB  ʢʦʥʩʪʘʥʪʘ ʰʚʠ-

ʜʢʦʩʪʽ ʧʝʨʝʥʝʩʝʥʥʷ ʧʨʝʧʘʨʘʪʫ ʟ ʢʘʤʝʨʠ ɸ ʚ ʢʘʤʝʨʫ ɺ,  kɺɸ - ʢʦʥʩʪʘʥʪʘ ʰʚʠʜ-

ʢʦʩʪʽ ʧʝʨʝʥʝʩʝʥʥʷ ʧʨʝʧʘʨʘʪʫ ʟ ʢʘʤʝʨʠ ɺ ʚ ʢʘʤʝʨʫ ɸ. 

ɿʥʘʢ ʤʽʥʫʩ ʩʚʽʜʯʠʪʴ ʧʨʦ ʟʤʝʥʰʝʥʥʷ  ʚʤʽʩʪʫ ʧʨʝʧʘʨʘʪʫ ʚ ʢʘʤʝʨʽ, ʘ ʟʥʘʢ + 

ʧʨʦ ʡʦʛʦ ʟʙʽʣʴʰʝʥʥʷ. ʇʽʩʣʷ  ʟʘʢʽʥʯʝʥʥʷ ʜʝʷʢʦʛʦ ʧʨʦʤʽʞʢʫ ʯʘʩʫ ʤʽʞ ʢʘʤʝʨʘʤʠ 

ʚʩʪʘʥʦʚʠʪʴʩʷ ʜʠʥʘʤʽʯʥʘ ʨʽʚʥʦʚʘʛʘ, ʪʦʙʪʦ ʢʦʥʮʝʥʪʨʘʮʽʷ ʧʨʝʧʘʨʘʪʫ ʥʝ ʙʫʜʝ 

ʟʤʽʥʶʚʘʪʠʩʷ ʟ ʯʘʩʦʤ:0
dt

dM A = . ɿ ʮʽʻʾ ʫʤʦʚʠ  ʚʠʪʽʢʘʻ ʨʽʚʥʽʩʪʴ 

¤¤= BBAAAB MkMk , ʜʝ ¤
AM   ̔ ¤

BM  - ʢʽʣʴʢʦʩʪʽ ʨʝʯʦʚʠʥʠ ʚ ʢʘʤʝʨʽ ɸ ʽ ɺ, ʚʽʜʧʦʚʽʜ-

ʥʦ, ʧʽʩʣʷ ʜʦʩʷʛʥʝʥʥʷ ʨʽʚʥʦʚʘʛʠ. ɯʟ ʮʽʻʾ ʨʽʚʥʦʩʪʽ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʚʠʨʘʟ ʜʣʷ 

ʢʦʥʩʪʘʥʪʠ ʜʠʥʘʤʽʯʥʦʾ ʨʽʚʥʦʚʘʛʠ ʂ: 

 

¤

¤
==

A
M

BM

BAk

ABk
K                                                            (6.10) 

 

 

ɸɺ 



 

ɿʘʤʽʩʪʴ ʢʽʣʴʢʦʩʪʽ ʧʨʝʧʘʨʘʪʫ ʄ ʤʦʞʥʘ ʧʝʨʝʡʪʠ ʜʦ ʡʦʛʦ ʢʦʥʮʝʥʪʨʘʮʽʾ  

ʩ(t)=M(t)/V, ʜʝ V - ʝʬʝʢʪʠʚʥʠʡ ʦʙ'ʻʤ ʨʦʟʧʦʜʽʣʫ ʧʨʝʧʘʨʘʪʫ.  

ʇʨʠ ʥʘʜʭʦʜʞʝʥʥʽ ʷʢʦʛʦ-ʥʝʙʫʜʴ ʭʽʤʽʯʥʦʛʦ ʝʣʝʤʝʥʪʫ (ʮʝ ʤʦʞʝ ʙʫʪʠ, ʧʦ-

ʣʶʪʘʥʪ, ʘʙʦ ʣʽʢʫʚʘʣʴʥʠʡ ʧʨʝʧʘʨʘʪ) ʯʘʩʪʦ ʧʦʪʨʽʙʥʦ ʟʥʘʪʠ ʭʘʨʘʢʪʝʨ (ʢʽʥʝʪʠʢʫ) 

ʡʦʛʦ ʨʦʟʧʦʜʽʣʫ ʚ ʦʨʛʘʥʽʟʤʽ ʫ ʯʘʩʽ.  

ʂʦʥʮʝʥʪʨʘʮʽʷ ʝʣʝʤʝʥʪʫ ʚ ʙʫʜʴ ï ʷʢʦʤʫ ʦʨʛʘʥʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʰʚʠʜʢʦʩʪʝʡ 

ʜʝʢʽʣʴʢʦʭ npʦʮʝʩʽʚ, ʢʦʞʥʠʡ ʟ ʷʢʠʭ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʣʘʩʥʦʶ ʢʦʥʩʪʘʥʪʦʶ ʢ, ʘ 

ʩʘʤʝ: 

1) ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʚʩʤʦʢʪʫʚʘʥʥʷ ʧʨʝʧʘʨʘʪʫ ʽʟ ʢʠʰʝʯʥʠʢʘ ʚ ʢʨʦʚ, ʷʢʱʦ 

ʚʽʜʩʫʪʥʻ ʙʝʟʧʦʩʝʨʝʜʥʻ ʚʚʝʜʝʥʥʷ  ʡʦʛʦ ʚ ʢʨʦʚʦʥʦʩʥʝ ʨʫʩʣʦ (ʢʦʥʩʪʘʥʪʘ ʢ12), 

2 ) ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʪʨʘʥʩʧʦʨʪʫ ʧʨʝʧʘʨʘʪʫ ʽʟ ʢʨʦʚʽ ʜʦ ʦʨʛʘʥʫ (ʢʦʥʩʪʘʥʪʘ 

ʢ23); 

3)ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʟʚʦʨʦʪʥʦʛʦ ʧʨʦʮʝʩʫ - ʪʨʘʥʩʧʦʨʪʫ ʧʨʝʧʘʨʘʪʫ ʽʟ ʦʨʛʘʥʫ ʚ 

ʢʨʦʚ (ʢʦʥʩʪʘʥʪʘ ʢ32); 

4) ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʚʠʚʝʜʝʥʥʷ ʧʨʝʧʘʨʘʪʫ ʟ ʦʨʛʘʥʽʟʤʫ ʚʠʜʽʣʴʥʦʶ ʩʠʩʪʝʤʦʶ 

(ʢʦʥʩʪʘʥʪʘ ʢ4). 

ʂʦʞʥʠʡ ʦʨʛʘʥ, ʚ ʷʢʦʤʫ ʤʦʞʝ ʟʥʘʭʦʜʠʪʠʩʷ ʧʨʝʧʘʨʘʪ (ʢʠʰʝʯʥʠʢ. ʢʨʦʚ, 

ʦʨʛʘʥ-ʤʽʰʝʥʴ, ʚʠʜʽʣʴʥʽ ʦʨʛʘʥʠ) ʧʨʝʜʩʪʘʚʠʤʦ ʫ ʚʠʛʣʷʜʽ ʦʢʨʝʤʠʭ ʙʣʦʢʽʚ (ʢʘ-

ʤʝʨ) (ʤʘʣ. 6.4.2), ʚ ʢʦʞʥʦʤʫ ʟ ʷʢʠʭ ʨʦʟʧʦʜʽʣ ʧʨʝʧʘʨʘʪʫ ʦʜʥʦʨʽʜʥʠʡ 

 
ʈʠʩʫʥʦʢ.6.5. ʇʨʠʢʣʘʜ ʢʦʤʧʘʨʪʤʝʥʪʥʦʾ ʤʦʜʝʣʽ 

 

ʄʦʞʥʘ ʩʢʣʘʩʪʠ ʩʠʩʪʝʤʫ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ, ʱʦ ʦʧʠʩʫʶʪʴ  ʧʨʦ-

ʮʝʩ, ʟʦʙʨʘʞʝʥʠʡ ʥʘ ʨʠʩ. 6.5. ʋ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʨʽʚʥʷʥʥʷ ʟʘʧʠʰʫʪʴʩʷ ʫ ʚʠ-

ʛʣʷʜʽ 

 

 ʢʨʦʚ ʆʨʛʘʥ - 

ʤʽʰʝʥʴ 

ʂʠʰʝʯʥʠʢ, 

ʰʢʽʨʘ, ʤôʷʟʠ  

ʂ12 
ʂ23 

ʂ32 

ʂ4 

ɯʥʘʢʪʠʚʘʮʽʷ, ʚʠʚʝʜʝʥʥʷ ʽʟ ʦʨʛʘʥʽʟʤʫ 



 

3c32k2c23k
dt

3dc

1c12k3c32k2c)23k4k(
dt

2dc

1c12k
dt

1dc

-=

+++-=

-=

                                           (6.11) 

 

ʜʝ ʩ1, ʩ2, c3- ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʝʯʦʚʠʥʠ ʚ ʧʝʨʰʦʤʫ, ʜʨʫʛʦʤʫ ʽ ʪʨʝʪʴʦʤʫ ʙʣʦ-

ʮʽ ʅʘ  ʥʘʩʪʫʧʥʦʤʫ ʝʪʘʧʽ ʧʦʙʫʜʦʚʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʧʦʪʨʽʙʥʦ ʟʥʘʡʪʠ 

ʨʦʟʚôʷʟʦʢ ʦʪʨʠʤʘʥʦʾ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ, ʱʦ ʥʝ ʟʘʚʞʜʠ ʤʦʞʣʠʚʦ ʟʨʦʙʠʪʠ ʫ ʟʘʛʘ-

ʣʴʥʦʤʫ ʚʠʛʣʷʜʽ.  ʋ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʽ ʤʘʪʝ-

ʤʘʪʠʯʥʽ ʧʘʢʝʪʠ , ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʠʤʚʦʣʴʥʫ ʤʦʚʫ, ʩʢʘʞʽʤʦ, Mathematica 

ʘʙʦ Maple.   

ɯʥʦʜʽ ʯʠʩʣʦ ʦʪʨʠʤʘʥʠʭ ʨʽʚʥʷʥʴ ʤʦʞʥʘ ʩʢʦʨʦʪʠʪʠ. ɺʩʽ ʧʨʦʮʝʩʠ ʨʦʟʜʽʣʷ-

ʶʪʴ ʥʘ ʰʚʠʜʢʽ, ʩʝʨʝʜʥʽ ʽ ʧʦʚʽʣʴʥʽ.  ʊʘʢʝ ʨʦʟʜʽʣʝʥʥʷ ʫʤʦʚʥʝ, ʽ ʟʘʣʝʞʠʪʴ ʧʦʚʥʽ-

ʩʪʶ ʚʽʜ ʜʦʩʚʽʜʫ çʤʦʜʝʣʴʻʨʘè. 

 ɼʦʧʫʩʪʠʤʦ, ʤʠ ʩʧʦʩʪʝʨʽʛʘʻʤʦ ʟʘ ʧʨʦʮʝʩʦʤ ʧʨʦʪʷʛʦʤ ʜʝʢʽʣʴʢʦʭ ʛʦʜʠʥ. 

ʋ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ, ʧʨʦʮʝʩʠ, ʱʦ ʟʜʽʡʩʥʶʶʪʴʩʷ ʧʨʦʪʷʛʦʤ ʜʝʢʽʣʴʢʦʭ ʭʚʠʣʠʥ 

ʙʫʜʫʪʴ ʰʚʠʜʢʠʤʠ, ʜʝʢʽʣʴʢʘ ʛʦʜʠʥ - ʩʝʨʝʜʥʽʤʠ, ʜʝʢʽʣʴʢʘ ʜʽʙ -  ʧʦʚʽʣʴʥʠʤʠ ʊʦ-

ʜʽ, ʩʧʦʩʪʝʨʽʛʘʶʯʠ ʟʘ ʧʨʦʮʝʩʦʤ ʜʝʢʽʣʴʢʘ ʛʦʜʠʥ. ʤʠ ʥʝ ʚʩʪʠʛʘʻʤʦ ʧʨʦʩʣʽʜʠʪʠ ʟʘ 

ʧʦʚʽʣʴʥʠʤʠ ʨʝʘʢʮʽʷʤʠ, ʽ ʟʤʽʥʥʽ, ʱʦ ʚʭʦʜʷʪʴ ʚ ʥʠʭ ʟʘʣʠʰʘʶʪʴʩʷ ʧʦʩʪʽʡʥʠʤʠ 

ʥʘ ʧʨʦʪʷʟʽ ʧʝʨʽʦʜʫ ʩʧʦʩʪʝʨʝʞʝʥʥʷ. ʋ ʪʦʡ ʞʝ ʯʘʩ ʰʚʠʜʢʽ ʧʨʦʮʝʩʠ ʚʩʪʠʛʘʶʪʴ 

ʧʨʦʡʪʠ ʥʘ ʩʘʤʦʤʫ ʧʦʯʘʪʢʫ ʧʝʨʽʦʜʫ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʽ ʜʘʣʽ ʪʘʢʦʞ ʟʘʣʠʰʘʶʪʴʩʷ 

ʧʦʩʪʽʡʥʠʤʠ. ʊʦʤʫ ʟʤʽʥʥʽ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʨʽʚʥʷʥʴ ʰʚʠʜʢʠʭ ʧʨʦʮʝʩʽʚ 

ʤʦʞʥʘ ʟʘʤʽʥʠʪʠ ʧʦʯʘʪʢʦʚʠʤʠ ʟʥʘʯʝʥʥʷʤʠ, ʘ ʟʤʽʥʥʽ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʨʽ-

ʚʥʷʥʴ ʧʦʚʽʣʴʥʠʭ ʧʨʦʮʝʩʽʚ - ʩʪʘʮʽʦʥʘʨʥʠʤʠ.. ɼʘʥʠʡ ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ ʩʢʦʨʦʪʠʪʠ 

ʯʠʩʣʦ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʽ ʯʠʩʣʦ ʟʤʽʥʥʠʭ. ʅʘʧʨʠʢʣʘʜ, ʫ ʚʠʱʝʥʘʚʝʜʝʥʽʡ 

ʩʠʩʪʝʤʽ ʨʽʚʥʷʥʴ ʢʦʥʮʝʥʪʨʘʮʽʶ ʩ2 ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʧʦʩʪʽʡʥʦʶ. 

ɺʠʢʦʨʠʩʪʘʻʤʦ ʨʦʟʛʣʷʥʫʪʠʡ ʧʽʜʭʽʜ ʜʣʷ ʘʥʘʣʽʟʫ ʤʽʛʨʘʮʽʾ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʽʥ-

ʢʦʨʧʦʨʦʚʘʥʠʭ ʚ ʦʨʛʘʥʽʟʤ ʪʚʘʨʠʥ 

ɺʘʞʣʠʚʘ ʨʦʣʴ, ʷʢʫ ʚʽʜʽʛʨʘʶʪʴ ʪʚʘʨʠʥʠ, ʦʩʦʙʣʠʚʦ ʜʦʤʘʰʥʽ, ʫ ʚʠʧʘʜʢʫ 

ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʭʘʨʯʦʚʠʭ ʣʘʥʮʶʛʽʚ, ʦʙʫʤʦʚʣʝʥʘ ʪʠʤ, ʱʦ ʪʘʢʽ 

ʧʨʦʜʫʢʪʠ, ʷʢ ʤʦʣʦʢʦ, ʤ'ʷʩʦ ʪʘ ʷʡʮʷ, ʩʢʣʘʜʘʶʪʴ ʩʫʪʪʻʚʫ ʯʘʩʪʠʥʫ ʭʘʨʯʫʚʘʥʥʷ 

ʣʶʜʠʥʠ. ɿʘʛʘʣʴʥʽ ʧʨʠʥʮʠʧʠ ʤʝʪʘʙʦʣʽʟʤʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʚ ʦʨʛʘʥʽʟʤʘʭ ʜʦʤʘʰ-

ʥʽʭ ʪʘ ʜʠʢʠʭ ʪʚʘʨʠʥ ʧʦʜʽʙʥʽ, ʪʦʤʫ ʾʭ ʤʦʞʥʘ ʥʝ ʦʙʛʦʚʦʨʶʚʘʪʠ ʦʢʨʝʤʦ.  

ʈʦʟʛʣʷʥʝʤʦ ʬʘʢʪʦʨʠ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʝʨʝʥʦʩ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʭ ʨʘ-

ʜʽʦʥʫʢʣʽʜʽʚ ʚ ʦʨʛʘʥʽʟʤ ʪʚʘʨʠʥ, ʷʢʽ ʚʽʜʽʛʨʘʶʪʴ ʛʦʣʦʚʥʫ ʨʦʣʴ ʫ ʚʠʨʦʙʥʠʮʪʚʽ 

ʧʨʦʜʫʢʪʽʚ ʭʘʨʯʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʾʭ ʚʢʣʶʯʝʥʥʷ ʚ ʤʝʪʘʙʦʣʽʟʤ, ʨʦʟʧʦʜʽʣ ʧʦ ʪʢʘ-

ʥʠʥʘʭ ʪʘ ʥʘʜʭʦʜʞʝʥʥʷ ʚ ʤʦʣʦʢʦ ʽ ʽʥʰʽ ʧʨʦʜʫʢʪʠ. 



 

 ʎʝʥʪʨʘʣʴʥʝ ʤʽʩʮʝ ʫ ʙʘʛʘʪʴʦʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʟʘʡʤʘʻ ʧʝʨʝʥʦʩ ʨʘʜʽʦʥʫʢʣʽ-

ʜʽʚ ʚ ʤʦʣʦʢʦ ʜʽʡʥʠʭ ʢʦʨʽʚ, ʦʩʢʽʣʴʢʠ ʤʦʣʦʢʦ ʚʽʜʽʛʨʘʻ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʨʘʮʽʦʥʽ 

ʭʘʨʯʫʚʘʥʥʷ ʣʶʜʠʥʠ, ʦʩʦʙʣʠʚʦ ʜʽʪʝʡ.  

 ʇʦʛʣʠʥʘʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ. ʇʝʨʝʯʠʩʣʠʤʦ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʽ ʧʘʨʘʤʝʪʨʠ 

ʧʝʨʝʥʦʩʫ ʪʘ  ʦʙʤʽʥʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʚ ʦʨʛʘʥʽʟʤʽ ʪʚʘʨʠʥ. ʑʦʙ ʚʢʣʶʯʠʪʠʩʷ ʚ ʦʙ-

ʤʽʥ ʨʝʯʦʚʠʥ, ʨʘʜʽʦʥʫʢʣʽʜʠ ʧʦʚʠʥʥʽ ʩʧʦʯʘʪʢʫ ʥʘʜʽʡʪʠ ʚ ʦʨʛʘʥʽʟʤ ʪʚʘʨʠʥʠ. ʉʣʽʜ 

ʨʦʟʛʣʷʥʫʪʠ ʪʨʠ ʤʦʞʣʠʚʠʭ ʩʧʦʩʦʙʠ: ʧʨʦʥʠʢʥʝʥʥʷ ʯʝʨʝʟ ʰʢʽʨʫ, ʦʨʛʘʥʠ ʜʠʭʘʥ-

ʥʷ ʪʘ ʦʨʘʣʴʥʝ ʥʘʜʭʦʜʞʝʥʥʷ.   

ɿʦʚʥʽʰʥʽʡ ʰʘʨ ʰʢʽʨʠ ʜʦʤʘʰʥʽʭ ʪʚʘʨʠʥ ʥʝʧʨʦʥʠʢʥʠʡ ʜʣʷ ʙʘʛʘʪʴʦʭ ʨʝ-

ʯʦʚʠʥ, ʥʘʚʽʪʴ, ʷʢʱʦ ʚʦʥʠ  ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʚʦʜʥʦʤʫ ʨʦʟʯʠʥʽ. ɺʠʢʣʶʯʝʥʥʷ ʩʢʣʘ-

ʜʘʻ ʪʨʠʪʽʡ, ʷʢʠʡ ʟʜʘʪʥʠʡ ʧʨʦʥʠʢʘʪʠ ʯʝʨʝʟ ʰʢʽʨʫ, ʷʢʱʦ ʚʽʥ ʨʦʟʯʠʥʝʥʠʡ ʫ ʚʦʜʽ.  

ʇʦʰʢʦʜʞʝʥʘ ʰʢʽʨʘ ʤʦʞʝ ʫ ʜʝʷʢʽʡ ʤʽʨʽ ʚʪʨʘʯʘʪʠ ʩʚʦʾ ʟʘʭʠʩʥʽ ʬʫʥʢʮʽʾ. 

ɺʢʨʘʡ ʤʘʣʦʡʤʦʚʽʨʥʦ, ʱʦ ʫ ʧʦʣʴʦʚʠʭ ʫʤʦʚʘʭ ʨʘʜʽʦʥʫʢʣʽʜʠ ʧʨʦʥʠʢʘʶʪʴ ʯʝʨʝʟ 

ʧʦʰʢʦʜʞʝʥʫ ʰʢʽʨʫ ʜʦʤʘʰʥʽʭ ʪʚʘʨʠʥ. ʇʨʦʮʝʩ  ʜʠʭʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʨʘʭʫ-

ʥʦʢ ʨʫʭʫ ʧʦʚʽʪʨʷ ʫ ʩʠʩʪʝʤʽ ʜʠʭʘʥʥʷ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʧʦʚʽʪʨʷʥʠʭ ʰʣʷʭʽʚ, ʷʢʽ 

ʚʝʜʫʪʴ ʫ ʣʝʛʝʥʽ, ʜʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʛʘʟʦʦʙʤʽʥ ʤʽʞ ʢʠʩʥʝʤ ʪʘ ʜʚʦʦʢʠʩʦʤ ʚʫʛʣʝʮʶ.  

ʈʘʜʽʦʥʫʢʣʽʜʠ ʤʦʞʫʪʴ ʧʦʧʘʜʘʪʠ ʫ ʜʠʭʘʣʴʥʫ ʩʠʩʪʝʤʫ ʫ ʚʠʛʣʷʜʽ ʛʘʟʫ ʘʙʦ 

ʨʘʟʦʤ ʽʟ ʯʘʩʪʠʥʢʘʤʠ ʨʽʟʥʦʛʦ ʨʦʟʤʽʨʫ. ʃʝʛʢʽ ʯʘʩʪʠʥʢʠ ʜʦʩʷʛʘʶʪʴ ʣʝʛʝʥʴ ʪʽʣʴʢʠ 

ʫ ʪʦʤʫ ʨʘʟʽ, ʷʢʱʦ ʚʦʥʠ ʜʦʩʠʪʴ ʤʘʣʽ, ʙʽʣʴʰ ʢʨʫʧʥʽ ʟʘʭʦʧʣʶʶʪʴʩʷ ʢʽʩʥʠʯʢʘʤʠ 

ʢʣʽʪʠʥ ʝʧʽʪʝʣʽʶ, ʷʢʽ ʧʦʢʨʠʚʘʶʪʴ ʩʣʠʟʠʩʪʫ ʦʙʦʣʦʥʢʫ ʧʦʚʽʪʨʷʥʠʭ ʰʣʷʭʽʚ ð 

ʪʨʘʭʝʾ, ʙʨʦʥʭʠ ʪʘ ʙʨʦʥʭʽʦʣʠ. ʊʘʢʽ ʧʝʨʝʭʦʧʣʝʥʽ ʯʘʩʪʠʥʢʠ ʜʦʩʠʪʴ ʝʬʝʢʪʠʚʥʦ 

ʚʠʜʘʣʷʶʪʴʩʷ ʟʘʚʜʷʢʠ ʨʫʭʫ ʨʽʩʥʠʯʦʢ ʥʘʚʝʨʭ. ɿʚʠʯʘʡʥʦ ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʯʘʩʪʠʥ-

ʢʠ ʜʽʘʤʝʪʨʦʤ ʙʽʣʴʰʝ 5-10 ʤʢʤ ʧʨʠʣʠʧʘʶʪʴ ʜʦ ʩʣʠʟʠʩʪʦʾ ʦʙʦʣʦʥʢʠ ʧʦʚʽʪʨʷʥʠʭ 

ʰʣʷʭʽʚ ʽ ʥʝ ʧʦʧʘʜʘʶʪʴ ʚ ʣʝʛʝʥʽ. 

ʏʠʤ ʤʝʥʰʽ ʨʦʟʤʽʨʠ ʯʘʩʪʠʥʦʢ, ʪʠʤ ʙʽʣʴʰʝ ʾʭ ʯʠʩʣʦ ʜʦʩʷʛʘʻ ʥʠʞʥʽʭ ʰʣʷ-

ʭʽʚ ʜʠʭʘʥʥʷ ʽ ʣʝʛʝʥʴ, ʜʝ ʚʦʥʠ ʤʦʞʫʪʴ ʫʪʨʠʤʫʚʘʪʠʩʴ.  

ʇʝʨʝʭʽʜ ʽʟ ʛʘʟʽʚ, ʱʦ ʚʜʠʭʘʶʪʴ ʩʷ ʚ ʽʥʰʽ ʪʢʘʥʠʥʠ ʟʘʣʝʞʠʪʴ ʛʦʣʦʚʥʠʤ ʯʠ-

ʥʦʤ ʚʽʜ ʾʭ ʨʦʟʯʠʥʥʦʩʪʽ. ʐʚʠʜʢʝ ʦʯʠʱʝʥʥʷ ʟ ʧʝʨʽʦʜʦʤ ʥʘʧʽʚʫʪʨʠʤʘʥʥʷ ʫ ʜʝʢʽ-

ʣʴʢʘ ʜʥʽʚ ʪʘ ʤʝʥʰʝ ʧʦʚʽʜʦʤʣʷʣʦʩʴ [41]  ʫ ʚʠʧʘʜʢʫ ʜʝʷʢʠʭ ʭʽʤʽʯʥʠʭ ʬʦʨʤ ʡʦʜʫ 

ʪʘ ʩʪʨʦʥʮʽʶ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʢʩʠʜ ʧʣʫʪʦʥʽʶ ʤʘʻ ʙʽʣʴʰʠʡ ʧʝʨʽʦʜ ʥʘʧʽʚʫʪ-

ʨʠʤʘʥʥʷ. 

ʇʦʛʣʠʥʘʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʪʚʘʨʠʥʘʤʠ ʫ ʧʨʦʮʝʩʽ ʜʠʭʘʥʥʷ ʤʘʻ ʦʙʤʝʞʝʥʝ 

ʟʥʘʯʝʥʥʷ. ɿʛʽʜʥʦ ʜʘʥʠʭ, ʥʘʚʝʜʝʥʠʭ ʫ [41]  ʧʦʛʣʠʥʘʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʧʨʠ ʜʠ-

ʭʘʥʥʽ, ʫ ʢʨʘʡʥʴʦʤʫ ʚʠʧʘʜʢʫ, ʥʘ ʪʨʠ ʧʦʨʷʜʢʠ ʥʠʞʯʝ, ʧʦʨʽʚʥʷʥʦ ʽʟ ʾʭ ʥʘʜʭʦ-

ʜʞʝʥʥʷʤ ʨʘʟʦʤ ʽʟ ʧʽʜʥʽʞʥʠʤ ʢʦʨʤʦʤ. ʆʩʢʽʣʴʢʠ ʪʨʘʢʪ ʜʠʭʘʥʥʷ ʪʚʘʨʠʥ, ʟʚʠ-

ʯʘʡʥʦ, ʥʝ ʩʧʦʞʠʚʘʻʪʴʩʷ ʣʶʜʠʥʦʶ,  ʮʝ ʜʝʱʦ ʟʥʠʞʫʻ ʟʥʘʯʝʥʥʷ ʨʦʟʛʣʷʥʫʪʦʛʦ 

ʤʝʭʘʥʽʟʤʫ ʟʘʙʨʫʜʥʝʥʥʷ ʫ ʟʘʙʨʫʜʥʝʥʥʽ ʭʘʨʯʦʚʠʭ ʣʘʥʮʶʛʽʚ.  

ɹʽʣʴʰʫ ʯʘʩʪʠʥʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʪʚʘʨʠʥʠ ʧʦʛʣʠʥʘʶʪʴ ʧʨʠ ʩʧʦʞʠʚʘʥʥʽ ʟʘ-

ʙʨʫʜʥʝʥʠʭ ʭʘʨʯʽʚ.  ɿʘʙʨʫʜʥʝʥʥʷ ʪʚʘʨʠʥʥʠʮʴʢʦʾ ʧʨʦʜʫʢʮʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʣʠʰʝ 



 

ʫ ʪʦʤʫ ʨʘʟʽ, ʷʢʱʦ ʨʦʟʛʣʷʜʫʚʘʥʠʡ ʨʘʜʽʦʥʫʢʣʽʜ ʚʩʤʦʢʪʫʻʪʴʩʷ ʢʠʰʝʯʥʦ ï ʰʣʫʥ-

ʢʦʚʠʤ ʪʨʘʢʪʦʤ. ʏʠ ʙʫʜʝ ʚʽʥ ʫʪʨʠʤʫʚʘʪʠʩʷ ʫ ʩʧʦʞʠʚʘʥʠʭ ʣʶʜʠʥʦʶ ʫ ʾʞʽ ʪʢʘ-

ʥʠʥʘʭ ʯʠ ʚʠʨʦʙʣʶʚʘʥʠʭ ʪʚʘʨʠʥʦʶ ʧʨʦʜʫʢʪʘʭ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʬʽʟʽʦʣʦʛʽʯʥʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʜʘʥʦʛʦ ʭʽʤʽʯʥʦʛʦ ʝʣʝʤʝʥʪʫ.  

ʍʘʨʯʦʪʨʘʚʥʠʡ ʪʨʘʢʪ ʭʠʞʠʭ, ʚʩʝʾʜʥʠʭ ʪʘ ʪʨʘʚʦʾʜʥʠʭ ʪʚʘʨʠʥ ʚʽʜʨʽʟʥʷʻʪʴ-

ʩʷ ʧʦ ʜʦʚʞʠʥʽ, ʨʦʟʤʽʨʫ ʪʘ ʩʪʨʫʢʪʫʨʽ. ʍʘʨʯʦʪʨʘʚʥʠʡ ʪʨʘʢʪ ʥʘʙʘʛʘʪʦ ʜʦʚʰʠʡ ʫ 

ʪʨʘʚʦʾʜʥʠʭ ʪʚʘʨʠʥ, ʷʢʽ  ʻ ʚʘʞʣʠʚʠʤʠ ʟ ʪʦʯʢʠ ʟʦʨʫ ʥʘʜʭʦʜʞʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ 

ʚ ʦʨʛʘʥʽʟʤ ʣʶʜʠʥʠ. ɾʫʡʥʽ ʪʚʘʨʠʥʠ ʤʘʶʪʴ ʩʢʣʘʜʥʠʡ ʰʣʫʥʦʢ, ʦʩʦʙʣʠʚʦ ʚʝʣʠ-

ʢʠʡ ʧʝʨʰʠʡ ʚʽʜʜʽʣ ʷʢʦʛʦ ʚʽʜʽʛʨʘʻ ʩʫʪʪʻʚʫ ʨʦʣʴ ʫ ʧʝʨʝʚʘʨʶʚʘʥʥʽ ʚʦʣʦʢʥʠʩʪʦʾ 

ʨʦʩʣʠʥʥʦʾ ʾʞʽ, ʷʢʘ ʤʽʩʪʠʪʴ ʮʝʣʶʣʦʟʫ. ʋ ʪʚʘʨʠʥ, ʷʢʽ ʥʝ ʤʘʶʪʴ ʨʫʙʮʷ, ʥʘʧʨʠ-

ʢʣʘʜ, ʫ ʢʦʥʝʡ ʪʘ ʢʨʦʣʽʚ, ʮʽ ʬʫʥʢʮʽʾ ʚʠʢʦʥʫʻ ʪʦʚʩʪʠʡ ʢʠʰʝʯʥʠʢ, ʦʩʦʙʣʠʚʦ ʧʨʷ-

ʤʘ ʢʠʰʢʘ. ʍʦʯ ʯʘʩʪʢʦʚʦ ʧʝʨʝʚʘʨʶʚʘʥʘ ʾʞʘ ʤʦʞʝ ʚʩʤʦʢʪʫʚʘʪʠʩʷ ʫ ʨʫʙʮʽ, ʥʘ-

ʧʨʠʢʣʘʜ 131I, ʘ ʪʘʢʦʞ ʫ ʪʦʚʩʪʦʤʫ ʢʠʰʝʯʥʠʢʫ, ʟʚʠʯʘʡʥʦ ʚʚʘʞʘʶʪʴ, ʱʦ ʦʩʥʦʚʥʘ 

ʤʘʩʘ ʧʝʨʝʚʘʨʶʚʘʥʠʭ ʭʘʨʯʽʚ ʚʩʤʦʢʪʫʻʪʴʩʷ ʫ ʪʦʥʢʦʤʫ ʢʠʰʝʯʥʠʢʫ. ʐʚʠʜʢʽʩʪʴ 

ʚʩʤʦʢʪʫʚʘʥʥʷ ʨʽʟʥʠʭ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʨʽʟʥʘ. ʎʝ ʦʙʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ ʝʧʽʪʝ-

ʣʽʡ, ʷʢʠʡ ʚʠʩʪʠʣʘʻ ʩʣʠʟʠʩʪʫ ʦʙʦʣʦʥʢʫ, ʫ ʧʨʠʥʮʠʧʽ ʥʝʧʨʦʥʠʢʣʠʚʠʡ ʜʣʷ ʙʽʣʴ-

ʰʦʩʪʽ ʝʣʝʢʪʨʦʣʽʪʽʚ ʪʘ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ.  

ɺʩʤʦʢʪʫʚʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʧʘʩʠʚʥʠʤ ʽ ʚʽʜʙʫʚʘʪʠʩʷ ʫ ʚʠʛʣʷʜʽ ʧʨʦʩʪʦʾ ʜʠ-

ʬʫʟʽʾ ʘʙʦ ʟʘʙʝʟʧʝʯʫʚʘʪʠʩʷ ʩʧʝʮʽʘʣʴʥʠʤʠ ʝʥʝʨʛʦʟʘʪʨʘʪʥʠʤʠ ʤʝʭʘʥʽʟʤʘʤʠ, ʷʢʽ 

ʩʧʨʠʷʶʪʴ ʰʚʠʜʢʦʤʫ ʽ ʝʬʝʢʪʠʚʥʦʤʫ ʧʝʨʝʥʦʩʫ ʽʟ ʧʨʦʩʚʽʪʫ ʢʠʰʝʯʥʠʢʘ ʯʝʨʝʟ 

ʢʣʽʪʠʥʠ ʝʧʽʪʝʣʽʶ ʫ ʢʨʦʚʦʥʦʩʥʽ ʢʘʧʽʣʷʨʠ ʽ ʤʽʣʢʽ ʣʽʤʬʘʪʠʯʥʽ ʧʦʩʫʜʠʥʠ ʫ ʩʪʽʥ-

ʢʘʭ ʪʨʘʚʥʦʛʦ ʪʨʘʢʪʫ. ɿʘʚʜʷʢʠ ʮʠʤ ʤʝʭʘʥʽʟʤʘʤ ʧʝʨʝʥʦʩʫ ʨʽʟʥʽ ʝʣʝʤʝʥʪʠ ʤʦ-

ʞʫʪʴ ʚʩʤʦʢʪʫʚʘʪʠʩʷ ʽʟ ʨʽʟʥʦʶ ʰʚʠʜʢʽʩʪʶ, ʱʦ ʚʽʜʧʦʚʽʜʥʦ ʽ ʦʙʫʤʦʚʣʶʻ ʾʭ ʬʽʟʽ-

ʦʣʦʛʽʯʥʫ ʟʥʘʯʠʤʽʩʪʴ. ʅʘʧʨʠʢʣʘʜ, ʚʩʤʦʢʪʫʚʘʥʥʷ ʢʘʣʴʮʽʶ ʚʽʜʙʫʚʘʻʪʴʩʷ ʷʢ ʚ ʨʝ-

ʟʫʣʴʪʘʪʽ ʘʢʪʠʚʥʦʛʦ ʧʝʨʝʥʦʩʫ, ʪʘʢ ʽ ʧʨʦʩʪʦʾ ʜʠʬʫʟʽʾ, ʘ ʩʪʨʦʥʮʽʶ ʪʽʣʴʢʠ ʚ ʨʝ-

ʟʫʣʴʪʘʪʽ ʧʨʦʩʪʦʾ ʜʠʬʫʟʽʾ. ʎʠʤ ʯʘʩʪʢʦʚʦ ʧʦʷʩʥʶʻʪʴʩʷ ʙʽʣʴʰ ʧʦʚʽʣʴʥʝ ʚʩʤʦʢʪʫ-

ʚʘʥʥʷ ʩʪʨʦʥʮʽʶ ʧʦʨʽʚʥʷʥʦ ʽʟ ʢʘʣʴʮʽʻʤ. ɼʣʷ ʙʘʛʘʪʴʦʭ ʝʣʝʤʝʥʪʽʚ, ʚ  ʪʦʤʫ ʯʠʩʣʽ 

ʜʣʷ ʨʽʜʢʦʟʝʤʝʣʴʥʠʭ, ʢʣʽʪʠʥʠ ʝʧʽʪʝʣʽʶ ʩʪʽʥʦʢ ʢʠʰʝʯʥʠʢʫ ʧʦʚʥʽʩʪʶ ʥʝʧʨʦʥʠʢ-

ʥʽ. ʊʘʢʘ ʞ ʥʝʧʨʦʥʠʢʥʽʩʪʴ ʟʥʘʡʜʝʥʘ ʜʣʷ ʙʘʨʽʶ ʪʘ ʘʢʪʠʥʦʾʜʽʚ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ 

ʾʭ ʚʢʨʘʡ ʩʣʘʙʢʦʛʦ ʚʩʤʦʢʪʫʚʘʥʥʷ. 

 

ʊʘʙʣʠʮʷ 6.7. ʂʦʝʬʽʮʽʻʥʪʠ ʧʝʨʝʥʦʩʫ (ʜʝʥʴ/ʢʛ ʘʙʦ ʜʝʥʴ/ʣ) ʜʣʷ ʮʝʟʽʶ, 

ʩʪʨʦʥʮʽʶ ʪʘ ʘʢʪʠʥʦʾʜʽʚ ʫ ʨʽʟʥʠʭ ʧʨʦʜʫʢʪʘʭ ʪʚʘʨʠʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ. 

ʊʚʘʨʠʥʘ  

 

ʇʨʦʜʫʢʪ ʅʫʢʣʽʜ 
134,137Cs 89,90Sr ɸʢʪʠʥʦʾʜʠ 

(241Am) 

ʂʦʨʦʚʘ ʄʦʣʦʢʦ 

ʄ'ʷʩʦ 

0,01 

0,06 

0,002 

3*10-4 

4*10-7 

2*10-5 

ʊʝʣʷ ʄ'ʷʩʦ 0,60 0,003 2*10-4 

ɺʽʚʮʷ ʄʦʣʦʢʦ 0,06 0,02 - 



 

ʄ'ʷʩʦ 0,3 0,002 2*10-4 

ʗʛʥʷ ʄ'ʷʩʦ 0,8 0,02 0,002 

ʂʫʨʠʮʷ ʄ'ʷʩʦ 

ʗʡʮʷ 

4,0 

3,0 

0,02 

0,3 

0,005 

0,008 

ʆʜʥʠʤ ʽʟ ʮʽʢʘʚʠʭ ʷʚʠʱ ʻ ʨʫʭ ʨʝʯʦʚʠʥʠ ʫ ʟʚʦʨʦʪʥʦʤʫ ʥʘʧʨʷʤʢʫ, ʘ ʩʘʤʝ 

ʚʠʜʽʣʝʥʥʷ ʽʟ ʢʨʦʚʽ ʫ ʧʨʦʩʚʽʪ ʢʠʰʝʯʥʠʢʫ. ʎʷ, ʪʘʢ ʟʚʘʥʘ, ʝʥʜʦʛʝʥʥʘ ʝʢʩʢʨʝʮʽʷ 

ʩʧʦʩʪʝʨʽʛʘʣʘʩʴ ʜʣʷ ʙʘʛʘʪʴʦʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ. ɺʦʥʘ ʤʦʞʝ ʙʫʪʠ ʜʦʩʠʪʴ ʩʫʪʪʻʚʦʶ 

ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʧʝʨʝʥʦʩ ʟʘ ʨʘʭʫʥʦʢ ʘʢʪʠʚʥʦʛʦ ʚʩʤʦʢʪʫʚʘʥʥʷ ʟʥʘʯʥʠʡ (ʥʘʧʨʠ-

ʢʣʘʜ, ʜʣʷ ʮʝʟʽʶ). 

 ʇʽʩʣʷ ʧʨʦʥʠʢʥʝʥʥʷ ʧʦʛʣʠʥʫʪʠʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʚʝʣʠʢʠʡ ʢʨʫʛ ʢʨʦʚʦʦʙʽ-

ʛʫ ʾʭ ʧʦʜʘʣʴʰʘ ʜʦʣʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʾʤ  ʚʣʘʩʪʠʚʠʤʠ ʬʽʟʽʦʣʦʛʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩ-

ʪʷʤʠ. ɺʦʥʠ ʤʦʞʫʪʴ ʥʘʢʦʧʠʯʫʚʘʪʠʩʷ ʚ ʦʢʨʝʤʦʤʫ ʦʨʛʘʥʽ, ʥʘʧʨʠʢʣʘʜ ʡʦʜ ʫ ʱʠ-

ʪʦʚʠʜʥʽʡ ʟʘʣʦʟʽ, ʩʪʨʦʥʮʽʡ ʫ ʢʽʩʪʢʘʭ, ʘ ʮʝʟʽʡ ʚ ʢʽʩʪʢʘʭ ʪʘ         ʤôʷʢʠʭ   ʪʢʘʥʠ-

ʥʘʭ. ʈʘʜʽʦʥʫʢʣʽʜʠ ʤʦʞʫʪʴ ʪʘʢʦʞ ʚʠʜʘʣʷʪʠʩʷ ʫ ʤʦʣʦʢʦ ʫ ʪʚʘʨʠʥ, ʷʢʽ ʟʥʘʭʦ-

ʜʷʪʴʩʷ ʫ ʧʝʨʽʦʜʽ ʣʘʢʪʘʮʽʾ ʽ ʪ.ʜ. ɺʽʜ ʩʝʣʝʢʪʠʚʥʦʾ ʟʜʘʪʥʦʩʪʽ ʢʣʽʪʠʥ ʝʧʽʪʝʣʽʶ ʤʦ-

ʣʦʯʥʦʾ  ʟʘʣʦʟʠ ʚʠʜʽʣʷʪʠ ʱʦ-ʥʝʙʫʜʴ ʫ ʤʦʣʦʢʦ ʟʘʣʝʞʠʪʴ, ʷʢʘ ʢʽʣʴʢʽʩʪʴ ʨʘʜʽʦʥʫ-

ʢʣʽʜʽʚ ʤʦʞʝ ʙʫʪʠ ʫ ʮʴʦʤʫ  ʧʨʦʜʫʢʪʽ. 

 ʇʝʨʝʥʦʩ ʨʘʜʽʦʥʫʢʣʽʜʫ ʽʟ ʢʦʨʤʫ ʫ ʤʦʣʦʢʦ ʘʙʦ ʤ'ʷʩʦ ʪʚʘʨʠʥ ʟʚʠʯʘʡʥʦ 

ʦʧʠʩʫʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʝʬʽʮʽʻʥʪʫ ʧʝʨʝʥʦʩʫ. ɼʣʷ ʤʦʣʦʢʘ ʫʤʦʚʥʝ ʧʦʟʥʘʯʝʥ-

ʥʷ ʮʴʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ Fm, ʘ ʜʣʷ ʤôʷʩʘ  Ff. ɺʠʢʦʨʠʩʪʘʥʥʷ ʮʴʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʜʣʷ 

ʩʢʣʘʜʘʥʥʷ ʧʨʦʛʥʦʟʽʚ, ʘ ʪʘʢʦʞ ʽʥʰʠʭ ʮʽʣʝʡ ʤʘʻ ʦʯʝʚʠʜʥʽ ʧʝʨʝʚʘʛʠ, ʘʣʝ ʻ ʽ ʥʝ-

ʜʦʣʽʢʠ, ʪʦʤʫ ʧʨʠ ʨʦʙʦʪʽ ʟ ʥʠʤ ʥʝʦʙʭʽʜʥʦ ʚʩʝ ʮʝ ʤʘʪʠ ʥʘ ʫʚʘʟʽ. ʋ ʪʘʙʣ. 6.4.1 

ʧʨʠʚʝʜʝʥʽ ʟʥʘʯʝʥʥʷ Fm ʽ Ff ʜʣʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ, ʷʢʽ ʤʘʶʪʴ ʥʘʡʙʽʣʴʰʝ ʨʘʜʽʦʣʦʛʽ-

ʯʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʣʶʜʠʥʠ ʚ ʫʤʦʚʘʭ ʾʭ ʩʧʦʞʠʚʘʥʥʷ ʥʘ ʧʨʦʪʷʟʽ ʚʝʣʠʢʠʭ ʯʘʩʽʚ.  

ʆʙʤʽʥ ʡʦʜʫ ʚ ʦʨʛʘʥʽʟʤʽ. ʇʽʩʣʷ ʘʚʘʨʽʡʥʠʭ ʚʠʢʠʜʽʚ, ʪʘʢʠʭ, ʷʢ ʚ ʋʽʥʜʩʢʝʡʣʽ 

ʪʘ ʏʦʨʥʦʙʠʣʽ, (ʧʝʨʽʦʜ ʥʘʧʽʚʨʦʟʧʘʜʫ ʙʽʣʷ 8 ʜʥ.) ʡʦʜ ʻ ʨʘʜʽʦʽʟʦʪʦʧʦʤ ʧʝʨʰʦʯʝʨ-

ʛʦʚʦʾ ʚʘʞʣʠʚʦʩʪʽ. ʋ ʨʦʟʯʠʥʥʽʡ  ʬʦʨʤʽ ʚʽʥ ʰʚʠʜʢʦ ʽ ʤʘʡʞʝ ʧʦʚʥʽʩʪʶ ʚʩʤʦʢʪʫ-

ʻʪʴʩʷ ʽʟ ʰʣʫʥʢʦʚʦ - ʢʠʰʝʯʥʦʛʦ ʪʨʘʢʪʫ. ɺʩʤʦʢʪʫʚʘʥʥʷ ʡʦʜʫ ʤʦʞʝ ʧʦʯʘʪʠʩʷ 

ʫʞʝ ʚ ʧʝʨʰʦʤʫ ʰʣʫʥʢʫ ʫ ʞʫʡʥʠʭ, ʯʠʤ ʧʦʷʩʥʶʻʪʴʩʷ ʰʚʠʜʢʘ ʡʦʛʦ ʧʦʷʚʘ ʫ ʤʦ-

ʣʦʮʽ, ʷʢʱʦ ʪʚʘʨʠʥʠ ʟʥʘʭʦʜʠʣʠʩʴ ʥʘ ʧʘʩʦʚʠʱʽ ʥʘ ʤʦʤʝʥʪ ʚʠʢʠʜʫ.  

ʍʘʨʘʢʪʝʨʥʦʶ ʨʠʩʦʶ ʦʙʤʽʥʫ ʡʦʜʫ ʻ ʡʦʛʦ ʟʜʘʪʥʽʩʪʴ ʥʘʢʦʧʠʯʫʚʘʪʠʩʴ ʫ ʧʝ-

ʚʥʠʭ ʪʢʘʥʠʥʘʭ. ʆʩʦʙʣʠʚʦ ʮʝ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʱʠʪʦʚʠʜʥʦʾ ʟʘʣʦʟʠ, ʜʝ ʚʽʜʙʫʚʘ-

ʻʪʴʩʷ ʚʢʣʶʯʝʥʥʷ ʡʦʜʫ ʫ ʛʦʨʤʦʥʠ. 

 ʄʦʣʦʯʥʘ ʟʘʣʦʟʘ ʪʘʢʦʞ ʟʜʘʪʥʘ ʥʘʢʦʧʠʯʫʚʘʪʠ ʡʦʜ ʽʟ ʧʣʘʟʤʠ ʢʨʦʚʽ, ʘʣʝ ʫ 

ʨʽʟʥʠʭ ʚʠʜʽʚ ʮʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʽʟ ʨʽʟʥʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ. ʄʦʣʦʯʥʽ ʟʘʣʦʟʠ ʜʽʡʥʠʭ 

ʢʦʨʽʚ ʜʽʶʪʴ ʫ ʮʴʦʤʫ ʨʦʟʫʤʽʥʥʽ  ʜʦʩʠʪʴ ʥʝʝʬʝʢʪʠʚʥʦ ʧʦʨʽʚʥʷʥʦ ʟ ʤʦʣʦʯʥʠʤʠ 

ʟʘʣʦʟʘʤʠ ʢʽʟ ʪʘ ʦʚʝʮʴ.  ʇʨʠ ʨʘʟʦʚʠʭ ʚʠʢʠʜʘʭ ʟʘʙʨʫʜʥʝʥʥʷ, ʪʚʘʨʠʥʠ ʟ ʯʘʩʦʤ 

ʦʪʨʠʤʫʶʪʴ ʚʩʝ ʤʝʥʰʽ ʢʽʣʴʢʦʩʪʽ ʨʘʜʽʦʥʫʢʣʽʜʽʚ.  ʄʘʢʩʠʤʘʣʴʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ 131I 

ʚ ʤʦʣʦʮʽ ʙʫʜʫʪʴ ʤʽʞ ʜʨʫʛʠʤ ʪʘ ʯʝʪʚʝʨʪʠʤ ʜʥʷʤʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʟʥʘʯʝʥʥʷʤ Fm 



 

0,002-0,004 ʜʝʥʴ/ʣ. ɿʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ 131I, ʱʦ ʥʘʜʭʦʜʠʪʴ ʚ ʦʨʛʘʥʽʟʤ ʚʽʜʙʫ-

ʚʘʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʚʥʘʩʣʽʜʦʢ  ʬʽʟʠʯʥʦʛʦ ʨʦʟʧʘʜʫ ʨʘʜʽʦʽʟʦʪʦʧʫ, ʘʣʝ ʡ ʟʘ ʨʘʭʫʥʦʢ 

ʚʠʥʦʩʫ ʡʦʛʦ ʽʟ ʧʘʩʦʚʠʱʘ ʧʽʜ ʜʽʻʶ ʤʝʪʝʦ ï ʪʘ ʽʥʰʠʭ ʫʤʦʚ.  

ʗʢ ʚʢʘʟʫʻʪʴʩʷ ʚ [41], ʤʦʞʥʘ ʦʯʽʢʫʚʘʪʠ, ʱʦ ʚ ʤʦʣʦʮʽ ʢʽʟ ʪʘ ʦʚʝʮʴ 131I ʙʫʜʝ 

ʚ 5-10 ʨʘʟʽʚ ʙʽʣʴʰʝ, ʥʽʞ ʚ ʤʦʣʦʮʽ ʜʽʡʥʠʭ ʢʦʨʽʚ. 

ʆʙʤʽʥ ʩʪʨʦʥʮʽʶ ʚ ʦʨʛʘʥʽʟʤʽ ʪʚʘʨʠʥ. ʉʪʨʦʥʮʽʡ ʥʘʣʝʞʠʪʴ ʜʦ ʛʨʫʧʠ ʣʫ-

ʞʥʦʟʝʤʝʣʴʥʠʭ ʤʝʪʘʣʽʚ, ʩʝʨʝʜ ʷʢʠʭ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʡ ʟ ʬʽʟʽʦʣʦʛʽʯʥʦʾ ʪʦʯʢʠ 

ʟʦʨʫ ð ʢʘʣʴʮʽʡ. ɿʨʫʯʥʦ ʨʦʟʛʣʷʜʘʪʠ ʦʙʤʽʥ ʩʪʨʦʥʮʽʶ ʱʦʜʦ ʦʙʤʽʥʫ ʢʘʣʴʮʽʶ, 

ʪʦʤʫ ʱʦ ʚʤʽʩʪ ʦʩʪʘʥʥʴʦʛʦ ʚ ʨʘʮʽʦʥʽ ʤʘʻ, ʷʢ ʚʠʷʚʠʣʦʩʷ,  ʚʠʨʽʰʘʣʴʥʠʡ ʚʧʣʠʚ ʥʘ 

ʫʩʤʦʢʪʫʚʘʥʥʷ ʩʪʨʦʥʮʽʶ ʟ ʪʨʘʚʥʦʛʦ ʪʨʘʢʪʫ. ʑʝ ʦʜʥʘ ʧʨʠʯʠʥʘ ʜʣʷ ʪʘʢʦʛʦ ʧʦʨʽ-

ʚʥʷʥʥʷ ð ʮʝ ʛʦʤʝʦʩʪʘʪʠʯʥʠʡ ʢʦʥʪʨʦʣʴ ʢʘʣʴʮʽʶ, ʱʦ ʚʝʜʝ ʜʦ ʧʦʤʽʪʥʦʾ ʩʪʘʣʦʩʪʽ 

ʚʤʽʩʪʫ ʢʘʣʴʮʽʶ, ʥʘʧʨʠʢʣʘʜ, ʫ ʧʣʘʟʤʽ ʢʨʦʚʽ ʽ ʤʦʣʦʮʽ. ʇʝʨʝʥʦʩ ʢʘʣʴʮʽʶ ʯʝʨʝʟ 

ʙʽʦʣʦʛʽʯʥʽ ʤʝʤʙʨʘʥʠ ʟʚʠʯʘʡʥʦ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʡ, ʯʠʤ ʧʝʨʝʥʦʩ ʩʪʨʦʥʮʽʶ, ʱʦ 

ʩʪʘʚʠʪʴ ʩʪʨʦʥʮʽʡ ʫ ʛʽʨʰʽ ʫʤʦʚʠ ʘʙʦ ñʜʠʩʢʨʠʤʽʥʫʻò ʡʦʛʦ. 

ɺʝʣʠʯʠʥʘ ʮʴʦʛʦ ʜʠʩʢʨʠʤʽʥʘʮʽʡʥʦʛʦ ʬʘʢʪʦʨʘ ʚ ʪʨʘʚʥʦʤʫ ʪʨʘʢʪʽ ʞʫʡʥʠʭ ʽ 

ʽʥhʠʭ ʪʚʘʨʠʥ ʜʦʨʽʚʥʶʻ ʧʨʠʙʣʠʟʥʦ 0,2, ʘ ʚ ʤʦʣʦʯʥʽʡ ʟʘʣʦʟʽ ð 0,5. ʎʝ ʦʟʥʘʯʘʻ, 

ʱʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʝʨʝʥʦʩʫ ʩʪʨʦʥʮʽʶ ʚ ʤʦʣʦʢʦ ʧʨʠʙʣʠʟʥʦ ʚ 10 ʨʘʟʽʚ ʥʠʞʯʝ, 

ʥʽʞ ʢʘʣʴʮʽʶ. ʅʘ ʧʨʘʢʪʠʮʽ ʙʽʣʴʰʽʩʪʴ ʩʧʽʚʚʽʜʥʦʰʝʥʴ, ʱʦ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ, ʤʽʞ  

ʚʤʽʩʪʘʤʠ ʩʪʨʦʥʮʽʶ ʽ ʢʘʣʴʮʽʶ ʚ ʤʦʣʦʮʽ ʡ ʫ ʩʧʦʞʠʚʘʥʦʤʫ ʢʦʨʤʽ ʢʦʣʠʚʘʻʪʴʩʷ ʚ 

ʤʝʞʘʭ 0,09-0,16, ʭʦʯʘ ʽʥʦʜʽ ʢʦʣʠʚʘʥʥʷ ʙʫʚʘʶʪʴ ʙʽʣʴʰ ʟʥʘʯʥʠʤʠ, ʥʘʧʨʠʢʣʘʜ 

ʜʦ 0,20 [41]. ɼʘʣʝʢʦ ʥʝ ʫ ʚʩʽʭ ʚʠʧʘʜʢʘʭ ʤʦʞʥʘ ʟʘʜʦʚʽʣʴʥʦ ʧʦʷʩʥʠʪʠ ʮʽ ʨʦʟʭʦ-

ʜʞʝʥʥʷ. ʇʽʩʣʷ ʫʩʤʦʢʪʫʚʘʥʥʷ ʚ ʪʨʘʚʥʦʤʫ ʪʨʘʢʪʽ ʩʪʨʦʥʮʽʡ, ʪʘʢ ʩʘʤʦ ʷʢ ʽ ʢʘʣʴ-

ʮʽʡ, ʤʦʞʝ ʚʢʣʶʯʘʪʠʩʷ ʚ ʢʽʩʪʢʦʚʫ ʪʢʘʥʠʥʫ, ʟ ʷʢʦʾ ʚʽʥ ʧʦʚʽʣʴʥʦ ʚʠʜʽʣʷʻʪʴʩʷ. 

ʇʨʦ ʦʙʤʽʥ ʩʪʨʦʥʮʽʶ ʚ ʢʽʩʪʘʭ ʽʩʥʫʻ ʚʝʣʠʢʘ ʽʥʬʦʨʤʘʮʽʷ, ʦʩʢʽʣʴʢʠ  ʨʘʜʽʘʮʽʷ ʩʪʘ-

ʥʦʚʠʪʴ ʥʝʙʝʟʧʝʢʫ ʜʣʷ ʢʽʩʪʢʦʚʦʛʦ ʤʦʟʢʫ ʣʶʜʠʥʠ. ʈʦʣʴ ʚʽʜʢʣʘʜʝʥʥʷ ʚ ʢʽʩʪʢʘʭ ʫ 

ʟʘʙʨʫʜʥʝʥʥʽ ʽʥʰʠʭ ʧʨʦʜʫʢʪʽʚ ʢʽʣʴʢʽʩʥʦ ʱʝ ʥʝ ʦʮʽʥʝʥʘ. 

ɺ ʝʢʩʧʝʨʠʤʝʥʪʽ, ʱʦ ʚʽʜʪʚʦʨʶʻ ʟʘʙʨʫʜʥʝʥʥʷ ʧʽʩʣʷ ʘʚʘʨʽʾ, ʤʘʢʩʠʤʘʣʴʥʠʡ 

ʚʤʽʩʪ ʩʪʨʦʥʮʽʶ ʚ ʤʦʣʦʮʽ ʢʦʨʽʚ, ʱʦ ʟʥʘʭʦʜʠʣʠʩʷ ʚ ʪʦʡ ʯʘʩ ʥʘ ʧʘʩʦʚʠʱʽ, ʙʫʣʦ 

ʚʠʷʚʣʝʥʦ ʥʘ ʪʨʝʪʽʡ-ʯʝʪʚʝʨʪʠʡ ʜʝʥʴ ʧʽʩʣʷ ʘʚʘʨʽʾ; ʚʽʜʧʦʚʽʜʥʦ Fm ʜʦʨʽʚʥʶʚʘʚ 

0,0005-0,0007 ʜʝʥʴ/ʣ. ɼʦʩʷʛʰʠ ʤʘʢʩʠʤʫʤʫ, ʨʽʚʝʥʴ ʚʤʽʩʪʫ ʟʥʠʞʫʚʘʚʩʷ. ʄʦʞʥʘ  

ʯʝʢʘʪʠ, ʱʦ ʩʪʚʦʨʝʥʥʷ ʥʘʜʣʠʰʢʫ ʢʘʣʴʮʽʶ ʚ ʦʨʛʘʥʽʟʤʽ ʧʨʠʚʝʜʝ ʜʦ ʟʥʠʞʝʥʥʷ 

ʫʩʤʦʢʪʫʚʘʥʥʷ ʩʪʨʦʥʮʽʶ. ɿʛʽʜʥʦ ʧʦʚʽʜʦʤʣʝʥʥʷʤ, ʪʘʢʠʡ ʝʬʝʢʪ ʩʧʦʩʪʝʨʽʛʘʚʩʷ ʚ 

ʜʝʢʽʣʴʢʦʭ ʝʢʩʧʝʨʠʤʝʥʪʘʭ. 

 ʆʙʤʽʥ ʮʝʟʽʶ ʚ ʦʨʛʘʥʽʟʤʽ. ʎʝʟʽʡ, ʪʘʢ ʩʘʤʦ ʷʢ ʢʘʣʽʡ ʽ ʨʫʙʽʜʽʡ, ʚʽʜʥʦʩʠʪʴʩʷ 

ʜʦ ʣʫʞʥʠʭ ʤʝʪʘʣʽʚ. ɼʦ ʘʚʘʨʽʾ ʥʘ ʏʦʨʥʦʙʠʣʴʩʴʢʽʡ ɸɽʉ ʚʚʘʞʘʣʦʩʷ, ʱʦ ʟʘʙʨʫʜ-

ʥʝʥʥʷ ʦʨʛʘʥʽʟʤʫ ʪʚʘʨʠʥ ʮʝʟʽʻʤ ʚʽʜʽʛʨʘʻ ʤʝʥʰʫ ʨʦʣʴ ʫ ʟʘʙʨʫʜʥʝʥʥʽ ʩʽʣʴʩʴʢʦʛʦ-

ʩʧʦʜʘʨʩʴʢʦʛʦ ʭʘʨʯʦʚʦʛʦ ʣʘʥʮʶʛʘ, ʥʽʞ ʫ ʚʠʧʘʜʢʫ ʡʦʜʫ ʘʙʦ ʩʪʨʦʥʮʽʶ, ʪʦʤʫ ʦʙ-

ʤʽʥʦʚʽ ʮʝʟʽʶ ʧʨʠʜʽʣʷʣʦʩʷ ʤʘʣʦ ʫʚʘʛʠ ɺʠʩʦʢʠʡ ʚʤʽʩʪ ʮʝʟʽʶ ʚ ʦʨʛʘʥʽʟʤʽ ʦʚʝʮʴ ʫ 

ʜʝʷʢʠʭ ʛʦʨʠʩʪʠʭ ʨʘʡʦʥʘʭ ɺʝʣʠʢʦʙʨʠʪʘʥʽʾ ʡ ɯʨʣʘʥʜʽʾ, ʘ ʪʘʢʦʞ ʚ ʦʨʛʘʥʽʟʤʽ ʪʘ-



 

ʢʠʭ ʜʠʢʠʭ ʪʚʘʨʠʥ, ʷʢ ʧʽʚʥʽʯʥʠʡ ʦʣʝʥʴ, ʘʤʝʨʠʢʘʥʩʴʢʠʡ ʣʦʩʴ ʽ ʦʣʝʥʴ, ʱʦ ʚʽʣʴʥʦ 

ʚʠʧʘʩʘʶʪʴʩʷ, ʫ ʉʢʘʥʜʠʥʘʚʽʾ ʽ ʫ ʨʷʜʽ ʘʣʴʧʽʡʩʴʢʠʭ ʨʘʡʦʥʽʚ, ʧʦʨʷʜ ʟʽ ʩʪʽʡʢʽʩʪʶ ʚ 

ʯʘʩʽ ʮʴʦʛʦ ʚʠʩʦʢʦʛʦ ʚʤʽʩʪʫ, ʩʧʨʠʷʚ ʦʨʛʘʥʽʟʘʮʽʾ ʽ ʧʨʦʚʝʜʝʥʥʶ ʚʝʣʠʢʦʛʦ ʯʠʩʣʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʦʙʽʪ. ʅʘʰʽ ʟʥʘʥʥʷ ʧʨʦ ʦʙʤʽʥ ʮʝʟʽʶ ʚ ʦʨʛʘʥʽʟʤʽ ʪʚʘʨʠʥ 

ʽʩʪʦʪʥʦ ʨʦʟʰʠʨʠʣʠʩʷ ʟ 1986 ʨ. ʎʝʟʽʡ ʜʫʞʝ ʣʝʛʢʦ ʧʦʛʣʠʥʘʻʪʴʩʷ ʽ ʚʢʣʶʯʘʻʪʴʩʷ ʚ 

ʦʙʤʽʥ ʨʝʯʦʚʠʥ ʫ ʩʩʘʚʮʽʚ. ʊʘʢ ʩʘʤʦ ʷʢ ʽ ʢʘʣʽʡ, ʚʽʥ ʧʦʰʠʨʶʻʪʴʩʷ ʧʦ ʤ'ʷʢʠʭ ʪʢʘ-

ʥʠʥʘʭ ʪʽʣʘ (ʤʫʩʢʫʣʠ ʡ ʦʨʛʘʥʠ) ʽ ʧʦʧʘʜʘʻ ʫʩʝʨʝʜʠʥʫ ʢʣʽʪʠʥ. ʆʜʥʘʢ ʥʝ ʩʧʦʩʪʝ-

ʨʽʛʘʻʪʴʩʷ ʪʦʛʦ ʞ ʩʪʫʧʝʥʷ ʚʟʘʻʤʦʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʮʝʟʽʻʤ ʽ ʢʘʣʽʻʤ, ʷʢ ʤʽʞ ʢʘʣʴʮʽ-

ʻʤ ʽ ʩʪʨʦʥʮʽʻʤ 

ʋʩʤʦʢʪʫʚʘʥʥʷ ʮʝʟʽʶ ʟʽ ʰʣʫʥʢʦʚʦ-ʢʠʰʢʦʚʦʛʦ ʪʨʘʢʪʫ ʚ ʨʽʟʥʠʭ ʪʚʘʨʠʥ ʧʦ-

ʨʽʟʥʦʤʫ. ʅʘ ʮʝʡ ʧʨʦʮʝʩ ʚʧʣʠʚʘʻ ʽ ʨʷʜ ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ, ʚʧʣʠʚ ʷʢʠʭ ʥʝ ʟʘʚʞʜʠ 

ʟʨʦʟʫʤʽʣʠʡ. ɺʠʜʠʤʝ ʫʩʤʦʢʪʫʚʘʥʥʷ ʮʝʟʽʶ ʫ ʪʚʘʨʠʥ ʟ ʦʜʥʠʤ ʚʽʜʜʽʣʦʤ ʰʣʫʥʢʘ, 

ʥʘʧʨʠʢʣʘʜ ʫ ʩʚʠʥʝʡ, ʤʦʞʝ ʙʫʪʠ ʬʘʢʪʠʯʥʦ ʧʦʚʥʠʤ, ʪʦʜʽ ʷʢ ʫ ʪʚʘʨʠʥ ʟ ʜʝʢʽʣʴ-

ʢʦʤʘ ʚʽʜʜʽʣʘʤʠ ʰʣʫʥʢʘ ʚʩʤʦʢʪʫʻʪʴʩʷ ʟʚʠʯʘʡʥʦ ʥʝ ʙʽʣʴʰ 60%. ʋʩʤʦʢʪʫʚʘʥʥʷ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʠʣʴʥʽʰʝ, ʷʢʱʦ ʮʝʟʽʡ ʥʘʜʭʦʜʠʪʴ ʚ ʦʨʛʘʥʽʟʤ ʫ ʨʦʟʯʠʥʥʽʡ ʬʦʨʤʽ, 

ʥʘʧʨʠʢʣʘʜ ʫ ʚʠʛʣʷʜʽ CsCI ʫ ʪʨʘʩʝʨʥʠʭ. ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʘʙʦ ʨʘʟʦʤ ʟ ʤʦʣʦʢʦʤ. 

ɺʽʜʦʤʦ, ʱʦ ʪʘʢʽ ʬʘʢʪʦʨʠ, ʷʢ ʚʤʽʩʪ ʛʨʫʙʠʭ ʚʦʣʦʢʦʥ ʫ ʢʦʨʤʽ ʽ ʢʽʣʴʢʽʩʪʴ ʛʣʠʥʠʩ-

ʪʠʭ ʯʘʩʪʦʢ, ʱʦ ʟʘʢʦʚʪʫʶʪʴʩʷ, ʟʤʝʥʰʫʶʪʴ ʫʩʤʦʢʪʫʚʘʥʥʷ ʮʝʟʽʶ. ʇʽʩʣʷ ʥʘʜʭʦ-

ʜʞʝʥʥʷ ʚ ʦʨʛʘʥʽʟʤ ʮʝʟʽʡ ʰʚʠʜʢʦ ʽ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʧʦ ʤ'ʷʢʠʭ ʪʢʘ-

ʥʠʥʘʭ. ʇʨʠ ʜʦʩʷʛʥʝʥʥʽ ʨʽʚʥʦʚʘʛʠ ʮʝʟʽʡ ʚʠʷʚʣʷʻʪʴʩʷ ʧʨʠʙʣʠʟʥʦ ʚ ʨʽʚʥʠʭ ʢʦʥ-

ʮʝʥʪʨʘʮʽʷʭ ʫ ʪʢʘʥʠʥʘʭ ʤʫʩʢʫʣʽʚ ʽ ʨʷʜʫ ʽʥʰʠʭ ʦʨʛʘʥʽʚ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʫ ʥʠʨ-

ʢʘʭ. ʋ ʧʝʯʽʥʮʽ ʽ ʩʝʣʝʟʽʥʮʽ ʡʦʛʦ ʧʦʤʽʪʥʦ ʤʝʥʰʝ. ʇʨʠ ʨʽʚʥʦʤʫ ʧʦʛʣʠʥʘʥʥʽ ʢʦʥ-

ʮʝʥʪʨʘʮʽʷ ʮʝʟʽʶ ʚ ʤ'ʷʟʘʭ ʽ ʦʨʛʘʥʘʭ ʫ ʤʦʣʦʜʠʭ ʦʩʽʙ ʟʚʠʯʘʡʥʦ ʚʠʱʝ, ʥʽʞ ʫ ʜʦʨʦ-

ʩʣʠʭ ʪʚʘʨʠʥ ʇʽʜʚʠʱʝʥʘ ʟʘʩʚʦʶʚʘʥʽʩʪʴ ʮʝʟʽʶ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʟ ʤʦʣʦʢʦʤ, ʱʦ 

ʧ'ʶʪʴ ʤʦʣʦʜʽ ʪʚʘʨʠʥʠ, ʟʜʘʪʥʽʩʪʴ ʾʭʥʴʦʛʦ ʪʨʘʚʥʦʛʦ ʪʨʘʢʪʫ ʘʢʪʠʚʥʽʰʝ ʟʘʩʚʦʶ-

ʚʘʪʠ ʮʝʟʽʡ (ʪʘʢ ʩʘʤʦ ʷʢ ʽ ʨʷʜ ʽʥʰʠʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ), ʚʝʣʠʢʘ ʟʜʘʪʥʽʩʪʴ ʪʢʘʥʠʥ ʜʦ 

ʫʪʨʠʤʘʥʥʷ ʮʝʟʽʶ, ʘ ʪʘʢʦʞ, ʤʦʞʣʠʚʦ, ʽʥʰʽ ʬʘʢʪʦʨʠ ʦʙʫʤʦʚʣʶʶʪʴ ʙʽʣʴʰ ʚʠʩʦ-

ʢʠʡ ʚʤʽʩʪ ʮʝʟʽʶ ʚ ʪʽʣʽ ʤʦʣʦʜʠʭ ʪʚʘʨʠʥ. ʇʨʦ ʮʝ ʩʚʽʜʯʘʪʴ ʨʽʟʥʽ ʟʥʘʯʝʥʥʷ F ʜʣʷ 

ʤ'ʷʟʽʚ ʷʛʥʷʪʠ ʽ ʚʽʚʮʽ ʧʨʠ ʨʽʟʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʫʤʦʚʘʭ ʫʚʝʜʝʥʥʷ ʮʝʟʽʶ. 

ʎʝʟʽʡ ʪʘʢʦʞ ʰʚʠʜʢʦ ʧʝʨʝʭʦʜʠʪʴ ʫ ʤʦʣʦʢʦ. ɺʽʜʦʤʦ, ʱʦ ʧʽʩʣʷ ʘʚʘʨʽʾ ʥʘ ʏʦʨʥʦ-

ʙʠʣʴʩʴʢʦʾ ɸɽʉ ʩʧʦʩʪʝʨʽʛʘʣʠʩʷ ʽʩʪʦʪʥʽ ʨʦʟʭʦʜʞʝʥʥʷ ʚ ʚʤʽʩʪʽ ʮʝʟʽʶ ʚ ʤʦʣʦʮʽ ʚ 

ʫʤʦʚʘʭ ʨʽʚʥʦʛʦ ʡʦʛʦ ʧʦʛʣʠʥʘʥʥʷ (ʥʘʧʨʠʢʣʘʜ, Fm = 0,002 - 0,02 ʜʝʥʴ/ʣ) ʋ ʚʠʧʘ-

ʜʢʫ ʪʨʠʚʘʣʦʛʦ ʧʦʛʣʠʥʘʥʥʷ ʮʝʟʽʶ ʪʠʧʦʚʽ ʟʥʘʯʝʥʥʷ ʜʣʷ ʢʦʨʦʚ'ʷʯʦʛʦ ʤʦʣʦʢʘ ʣʝ-

ʞʘʪʴ ʫ ʤʝʞʘʭ 0,008 ʜʝʥʴ/ʣ, ʜʣʷ ʢʦʟʷʯʦʛʦ ð 0,1 ʜʝʥʴ/ʣ ʜʣʷ ʦʚʝʯʦʛʦ ð 0,03 

ʜʝʥʴ/ʣ. ʇʽʩʣʷ ʨʘʟʦʚʦʛʦ ʘʚʘʨʽʡʥʦʛʦ ʚʠʢʠʜʫ ʫʪʨʠʤʘʥʥʷ ʚ ʤʦʣʦʮʽ ʙʫʜʝ ʥʠʞʯʝ, 

ʪʦʤʫ ʱʦ ʪʚʘʨʠʥʠ ʟ ʢʦʞʥʠʤ ʜʥʝʤ ʧʦʛʣʠʥʘʶʪʴ ʫʩʝ ʤʝʥʰʝ ʮʝʟʽʶ. ʋ ʪʨʘʚʥʽ 1986 

ʨ ʚʤʽʩʪ ʮʝʟʽʶ ʚ ʢʦʨʦʚ'ʷʯʦʤʫ ʤʦʣʦʮʽ ʩʢʣʘʜʘʚ 0,0026 ʜʝʥʴ/ʣ. ʎʽ ʜʘʥʽ ʜʦʙʨʝ ʫʟʛʦ-

ʜʞʫʶʪʴʩʷ ʟʽ ʟʥʘʯʝʥʥʷʤʠ 0,0031 ð 0,0045 ʜʝʥʴ/ʣ, ʦʪʨʠʤʘʥʠʤʠ ʚ ʝʢʩʧʝʨʠʤʝʥʪʽ, 

ʧʨʦʚʝʜʝʥʦʤʫ ʚ ʧʨʠʨʦʜʥʠʭ ʫʤʦʚʘʭ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʘʚʘʨʽʾ ʤʦʞʝ ʚʽʜʙʫʪʠʩʷ ʚʠʢʠʜ 



 

ʜʝʢʽʣʴʢʦʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ, ʦʜʥʘʢ ʾʭʥʽʡ ʧʝʨʝʥʦʩ ʚ ʦʨʛʘʥʽʟʤ ʣʶʜʠʥʠ ʯʝʨʝʟ ʪʚʘʨʠʥ 

ʤʘʻ ʦʙʤʝʞʝʥʝ ʟʥʘʯʝʥʥʷ, ʱʦ ʦʙʫʤʦʚʣʝʥʦ ʘʙʦ ʢʦʨʦʪʢʠʤ ʧʝʨʽʦʜʦʤ ʥʘʧʽʚʨʦʟʧʘ-

ʜʫ, ʷʢ, ʥʘʧʨʠʢʣʘʜ, ʫ Rb, ʘʙʦ ʜʫʞʝ ʩʣʘʙʢʠʤ ʫʩʤʦʢʪʫʚʘʥʥʷʤ ʽʟ ʪʨʘʚʥʦʛʦ ʪʨʘʢʪʫ, 

ʭʘʨʘʢʪʝʨʥʠʤ ʜʣʷ Zr, ʽʟʦʪʦʧʽʚ ʨʫʪʝʥʽʶ, ʮʝʨʽʶ ʡ ʽʥʰʠʭ ʝʣʝʤʝʥʪʽʚ ʛʨʫʧʠ ʣʘʥʪʘ-

ʥʦʾʜʽʚ. 

ʇʽʩʣʷ ʘʚʘʨʽʾ ʥʘ ʏʦʨʥʦʙʠʣʴʩʴʢʽʡ ɸɽʉ ʧʦʚʽʜʦʤʣʷʣʦʩʷ ʧʨʦ ʚʠʷʚʣʝʥʥʷ Ag ʫ 

ʧʝʯʽʥʮʽ ʢʦʨʽʚ ʽ ʦʚʝʮʴ. ɿ ʪʨʘʚʥʦʛʦ ʪʨʘʢʪʫ ʙʣʘʛʦʨʦʜʥʽ ʤʝʪʘʣʠ ʚʩʤʦʢʪʫʶʪʴʩʷ 

ʩʣʘʙʢʦ, ʘʣʝ ʮʝʡ ʧʨʦʮʝʩ ʤʦʞʝ ʧʽʜʩʠʣʠʪʠʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʫʪʚʦʨʝʥʥʷ ʢʦʤʧʣʝʢʩʽʚ, 

ʱʦ ʟ ʙʽʣʴʰ ʚʠʩʦʢʦʶ ʽʤʦʚʽʨʥʽʩʪʶ ʚʠʥʠʢʘʶʪʴ ʫ ʪʚʘʨʠʥ, ʷʢʽ ʤʘʶʪʴ ʰʣʫʥʦʢ ʟ ʜʝ-

ʢʽʣʴʢʦʭ ʚʽʜʜʽʣʽʚ.  Ag ʧʽʩʣʷ ʫʩʤʦʢʪʫʚʘʥʥʷ ʥʝ ʚʢʣʶʯʘʻʪʴʩʷ ʘʢʪʠʚʥʦ ʚ ʦʙʤʽʥ ʨʝ-

ʯʦʚʠʥ. ɺʝʣʠʢʘ ʡʦʛʦ ʯʘʩʪʠʥʘ ʟ ʧʣʘʟʤʠ ʢʨʦʚʽ ʚʽʜʬʽʣʴʪʨʦʚʫʻʪʴʩʷ ʚ ʧʝʯʽʥʮʽ. ʎʠʤ 

ʧʦʷʩʥʶʻʪʴʩʷ ʚʽʜʥʦʩʥʦ ʚʠʩʦʢʠʡ ʟʤʽʩʪ Ag ʫ ʪʢʘʥʠʥʽ ʧʝʯʽʥʢʠ ʽ ʡʦʛʦ ʬʘʢʪʠʯʥʘ 

ʚʽʜʩʫʪʥʽʩʪʴ ʫ ʤ'ʷʟʦʚʠʭ ʪʢʘʥʠʥʘʭ ʽ ʤʦʣʦʮʽ.  

ʊʨʘʥʩʫʨʘʥʦʚʽ ʝʣʝʤʝʥʪʠ (ʧʣʫʪʦʥʽʡ, ʘʤʝʨʠʮʽʡ ʽ ʥʝʧʪʫʥʽʡ) ʟʘʡʤʘʶʪʴ ʦʩʦʙ-

ʣʠʚʝ ʤʽʩʮʝ ʚʥʘʩʣʽʜʦʢ ʾʭ ʚʘʞʣʠʚʦʛʦ ʨʘʜʽʦʣʦʛʽʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʜʣʷ ʣʶʜʠʥʠ. 

ʆʩʦʙʣʠʚʦ ʮʝ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʧʣʫʪʦʥʽʶ, ʱʦ ʚʠʚʯʝʥʠʡ ʫ ʙʽʣʴʰʽʡ ʤʽʨʽ, ʯʠʤ ʽʥʰʽ 

ʝʣʝʤʝʥʪʠ. ʍʦʯʘ ʫʩʤʦʢʪʫʚʘʥʥʷ ʪʨʘʥʩʫʨʘʥʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʽʟ ʪʨʘʚʥʦʛʦ ʪʨʘʢʪʫ 

ʟʚʠʯʘʡʥʦ ʡʜʝ ʩʣʘʙʢʦ, ʚʦʥʦ ʤʦʞʝ ʚʘʨʽʶʚʘʪʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʭʽʤʽʯʥʦʾ ʬʦʨʤʠ 

ʝʣʝʤʝʥʪʘ, ʚʽʢʫ ʪʚʘʨʠʥʠ ʡ ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ. ɼʣʷ ʜʦʨʦʩʣʠʭ ʪʚʘʨʠʥ ʚʝʣʠʯʠʥʘ 

ʫʩʤʦʢʪʫʚʘʥʥʷ ʣʝʞʠʪʴ ʟʚʠʯʘʡʥʦ ʚ ʤʝʞʘʭ 0,01-0,001%, ʜʣʷ ʤʦʣʦʜʠʭ ʪʚʘʨʠʥ ʮʽ 

ʟʥʘʯʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʥʘ ʦʜʠʥ-ʜʚʘ ʧʦʨʷʜʢʠ ʚʠʱʝ. ʇʽʩʣʷ ʫʩʤʦʢʪʫʚʘʥʥʷ ʘʢʪʠ-

ʥʦʾʜʠ ʥʘʢʦʧʠʯʫʶʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʚ ʢʽʩʪʘʭ ʽ ʧʝʯʽʥʮʽ, ʭʦʯʘ ʚ ʦʩʪʘʥʥʽʡ,  ʟʚʠʯʘʡ-

ʥʦ, ʪʨʦʭʠ ʤʝʥʰʝ. ɺʦʥʠ ʚ ʨʽʟʥʽʡ ʩʪʫʧʝʥʽ, ʘʣʝ ʚ ʮʽʣʦʤʫ ʜʫʞʝ ʥʝʘʢʪʠʚʥʦ, ʧʝʨʝ-

ʥʦʩʷʪʴʩʷ ʚ ʤʦʣʦʢʦ, ʧʨʠʯʦʤʫ, Fm ʚʘʨʽʶʻ ʚ ʟʥʘʯʥʠʭ ʤʝʞʘʭ.   

ɺʧʣʠʚ ʚʠʙʽʨʢʦʚʦʛʦ ʚʠʧʘʩʫ ʽ ʤʝʪʦʜʽʚ ʚʝʜʝʥʥʷ ʛʦʩʧʦʜʘʨʩʪʚʘ ʋ ʨʷʜʽ ʜʦʩ-

ʣʽʜʞʝʥʴ, ʧʨʦʚʝʜʝʥʠʭ ʫ 1960-ʽ ʨʨ., ʧʨʝʜʩʪʘʚʣʝʥʽ ʜʦʢʘʟʠ ʪʦʛʦ, ʱʦ ʤʝʪʦʜʠ ʚʝ-

ʜʝʥʥʷ ʛʦʩʧʦʜʘʨʩʪʚʘ ʥʘ ʬʝʨʤʘʭ ʤʦʞʫʪʴ ʢʽʣʴʢʽʩʥʦ ʚʧʣʠʚʘʪʠ ʥʘ ʧʝʨʝʥʦʩ ʨʘʜʽʦ-

ʥʫʢʣʽʜʽʚ, ʱʦ ʚʠʧʘʣʠ ʟ ʘʪʤʦʩʬʝʨʠ, ʫ ʧʨʦʜʫʢʮʽʶ ʪʚʘʨʠʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ. ʇʨʠ 

ʧʽʜʚʠʱʝʥʥʽ ʢʫʣʴʪʫʨʠ ʧʘʩʦʚʠʱʥʦʛʦ ʪʚʘʨʠʥʥʠʮʪʚʘ ʽ ʧʨʠ ʚʥʝʩʝʥʥʽ ʜʦʩʪʘʪʥʴʦʾ 

ʢʽʣʴʢʦʩʪʽ ʜʦʙʨʠʚ ʧʽʜʚʠʱʫʻʪʴʩʷ ʚʨʦʞʘʡ ʪʨʘʚ. ʎʝ ʧʨʠʚʦʜʠʪʴ ʜʦ ʙʽʣʴʰʦʛʦ ʨʦʟ-

ʚʝʜʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ, ʱʦ ʚʠʧʘʣʠ ʥʘ ʦʜʠʥʠʮʶ ʧʦʚʝʨʭʥʽ, ʭʦʯʘ ʚ ʪʦʡ ʞʝ ʯʘʩ 

ʟʙʽʣʴʰʝʥʥʷ ʧʦʛʣʠʥʘʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʧʘʩʦʚʠʱʥʠʤʠ ʪʨʘʚʘʤʠ ʚʠʢʣʠʢʘʻ, ʦʯʝ-

ʚʠʜʥʦ, ʯʘʩʪʢʦʚʫ ʥʝʡʪʨʘʣʽʟʘʮʽʶ ʝʬʝʢʪʫ ʨʦʟʚʝʜʝʥʥʷ. ʆʜʥʘʢ, ʫ ʮʽʣʦʤʫ ʮʝ ʧʨʠʚʦ-

ʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʧʦʛʣʠʥʘʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʧʘʩʦʚʠʱʥʠʤʠ ʪʚʘʨʠʥʘʤʠ. 

ɿʘʙʨʫʜʥʝʥʥʷ ʚʝʣʠʯʝʟʥʠʭ ʪʝʨʠʪʦʨʽʡ ʩʫʰʽ ʽʟʦʪʦʧʘʤʠ ʮʝʟʽʶ ʧʽʩʣʷ ʏʦʨʥʦ-

ʙʠʣʴʩʴʢʦʾ ʘʚʘʨʽʾ ʧʨʠʚʝʨʥʫʣʦ ʫʚʘʛʫ ʜʦ ʧʨʦʙʣʝʤʠ ʚʠʙʽʨʢʦʚʦʛʦ ʚʠʧʘʩʫ ʪʚʘʨʠʥ 

ʧʨʠ ʙʝʟʧʨʠʚôʷʟʥʦʤʫ ʾʭ ʫʪʨʠʤʘʥʥʽ.. ʉʝʟʦʥʥʽ ʟʤʽʥʠ ʚ ʩʢʣʘʜʽ ʢʦʨʤʽʚ ʦʙʫʤʦʚʠʣʠ 

ʥʝ ʦʯʽʢʫʚʘʥʦ ʚʠʩʦʢʠʡ ʟʤʽʩʪ ʮʝʟʽʶ ʚ ʦʨʛʘʥʽʟʤʘʭ ʦʚʝʮʴ, ʘ ʪʘʢʦʞ ʜʠʢʠʭ ʪʚʘʨʠʥ. 

ʅʘʧʨʠʢʣʘʜ, ʟʙʽʣʴʰʝʥʝ ʩʧʦʞʠʚʘʥʥʷ ʛʨʠʙʽʚ ʢʦʟʫʣʷʤʠ ʡ ʽʥʰʠʤʠ ʪʚʘʨʠʥʘʤʠ ʚ 



 

ʦʩʽʥʥʽʡ ʯʘʩ ʧʨʠʚʝʣʦ ʜʦ ʥʘʛʨʦʤʘʜʞʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʮʝʟʽʶ ʚ ʦʨʛʘ-

ʥʽʟʤʽ ʮʠʭ ʪʚʘʨʠʥ ʫ ʤʠʩʣʠʚʩʴʢʠʡ ʩʝʟʦʥ. ɯʥʰʽ ʟʤʽʥʠ ʚ ʩʢʣʘʜʽ ʢʦʨʤʽʚ, ʥʘʧʨʠʢʣʘʜ 

ʨʽʩʪ ʩʧʦʞʠʚʘʥʥʷ ʣʠʰʘʡʥʠʢʽʚ, ʚʝʨʝʩʢʫ ʡ ʽʥʰʠʭ ʨʦʩʣʠʥ, ʤʘʣʠ ʪʘʢʠʡ ʞʝ ʚʧʣʠʚ.  

ʋ ʧʝʚʥʠʭ ʩʠʪʫʘʮʽʷʭ ʨʘʟʦʤ ʟ ʢʦʨʤʦʤ ʚ ʦʨʛʘʥʽʟʤʠ ʪʚʘʨʠʥ ʧʦʧʘʜʘʻ ˇʨʫʥʪ, 

ʱʦ ʤʦʞʝ ʩʣʫʛʫʚʘʪʠ ʚʘʞʣʠʚʠʤ ʜʞʝʨʝʣʦʤ ʥʘʜʭʦʜʞʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ. ʏʠ ʙʫ-

ʜʫʪʴ ʮʽ ʨʘʜʽʦʥʫʢʣʽʜʠ ʘʢʪʠʚʥʦ ʚʩʤʦʢʪʫʚʘʪʠʩʷ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʚ ʧʝʨʰʫ ʯʝʨʛʫ 

ʪʠʤ, ʥʘʩʢʽʣʴʢʠ ʤʽʮʥʦ ʚʦʥʠ ʟʚ'ʷʟʘʥʽ ʟ ˇʨʫʥʪʦʚʠʤʠ ʯʘʩʪʢʘʤʠ. ɺʽʜ ʩʧʝʮʠʬʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ˇʨʫʥʪʫ, ʥʘʧʨʠʢʣʘʜ ʚʤʽʩʪʫ ʚ ʥʽʡ ʛʣʠʥʠ, ʟʘʣʝʞʠʪʴ ʚ ʦʩʥʦʚʥʦʤʫ 

ʧʨʦʥʠʢʥʝʥʥʷ ʮʝʟʽʶ ʚ ʦʨʛʘʥʽʟʤ ʪʚʘʨʠʥ.  

ʄʦʜʝʣʴ ʤʝʪʘʙʦʣʽʟʤʫ ʚ ʦʨʛʘʥʽʟʤʽ ʢʦʨʽʚ. ʇʨʠʚʝʜʝʤʦ ʤʦʜʝʣʴ ʤʝʪʘʙʦʣʽʟʤʫ 

ʚ ʦʨʛʘʥʽʟʤʽ ʢʦʨʽʚ ʚʩʽʭ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʢʨʽʤ ʪʨʘʥʩʫʨʘʥʦʚʠʭ [90].  

ʎʷ ʤʦʜʝʣʴ, ʱʦ  ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 6.4.3, ʻ ʫʟʘʛʘʣʴʥʝʥʦʶ, ʚʠʢʦʨʠ-

ʩʪʘʥʽ ʚ ʥʽʡ ʧʘʨʘʤʝʪʨʠ ʤʽʞʢʦʤʧʘʨʪʤʝʥʪʥʦʛʦ ʧʝʨʝʥʦʩʫ, ʷʢ ʽ ʩʘʤʘ ʤʦʜʝʣʴ, ʧʦʪ-

ʨʝʙʫʶʪʴ ʫʪʦʯʥʝʥʥʷ.  

ʋ ʨʦʟʫʤʽʥʥʽ ʟʘʛʘʣʴʥʦʾ ʤʽʛʨʘʮʽʾ ʟʘʙʨʫʜʥʝʥʥʷ ʪʨʦʬʽʯʥʠʤʠ ʣʘʥʮʶʛʘʤʠ ʮʷ 

ʤʦʜʝʣʴ ʻ ʧʨʦʜʦʚʞʝʥʥʷʤ ʤʦʜʝʣʽ ʤʽʛʨʘʮʽʾ ʝʣʝʤʝʥʪʽʚ ʫ ʩʠʩʪʝʤʽ ˇʨʫʥʪ - ʨʦʩʣʠʥʘ, 

ʷʢʘ ʙʫʣʘ ʨʦʟʛʣʷʥʫʪʘ ʚʠʱʝ.  

ɿʥʘʯʝʥʥʷ ʢʦʥʩʪʘʥʪ ʧʝʨʝʥʦʩʫ ʚ ʦʨʛʘʥʽʟʤʽ ʢʦʨʽʚ (ʜʣʷ ʚʩʽʭ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝ-

ʥʪʽʚ, ʢʨʽʤ ʪʨʘʥʩʫʨʘʥʦʚʠʭ) ʪʘʢʽ ( ʩ-1): 

 

K11...............................................................     1,3 10-5 

K22..............................................................      1,2 10-5 

 

ʈʝʰʪʘ ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʝʨʝʥʦʩʫ ʥʘʚʝʜʝʥʘ ʫ ʪʘʙʣʠʮʽ 6.8 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 6.6 - ʉʭʝʤʘ ʤʝʪʘʙʦʣʽʟʤʫ ʚ ʦʨʛʘʥʽʟʤʽ ʢʦʨʽʚ ʚʩʽʭ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ, 

ʢʨʽʤ ʪʨʘʥʩʫʨʘʥʦʚʠʭ [90] 
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ʇʨʝʜʩʪʘʚʣʝʥʽʡ ʥʘ ʨʠʩ. 6.6. ʢʦʥʮʝʧʪʫʘʣʴʥʽʡ ʩʭʝʤʽ ʤʝʪʘʙʦʣʽʟʤʫ ʝʣʝʤʝʥʪʽʚ 

ʚ ʦʨʛʘʥʽʟʤʽ ʢʦʨʦʚʠ ʚʽʜʧʦʚʽʜʘʻ ʩʠʩʪʝʤʘ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ: 
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ʊʘʙʣʠʮʷ 6.8.   ʂʦʝʬʽʮʽʻʥʪʠ ʤʝʪʘʙʦʣʽʟʤʫ ʜʝʷʢʠʭ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ  

ʚ ʦʨʛʘʥʽʟʤʽ ʢʦʨʦʚʠ. 

ɽʣʤʝʥʪ K13 K14 K15 K23 K24 K25 K33 K44 

Rb 5,9 10-7 1,5 10-8 1,5 10-6 3,2 10-7 8,3 10 -9 8,0 10-7 2,0 10-7 2,0 10-7 
Sr 2,2 10-7 5,7 10 -

9 

1,3 10-7 3,6 10-7 9,3 10 -9 2,1 10-7 4,2 10-7 4,2 10-7 

I 3,0 10-6 7,8 10-8 1,8 10-6 1,5 10 -6 3,9 10-8 8,8 10-7 4,3 10-7 4,3 10-7 

Cs 6,9 10-7 1,8 10-8 1,0 10-6 3,8 10-7 9,8 10 -9 5,5 10-7 8,0 10-8 8,0 10-8 

 

6.5 ʆʙʯʠʩʣʝʥʥʷ ʜʦʟʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʦʨʛʘʥʽʟʤ ʣʶʜʠʥʠ. 

ɺ ʧʨʠʧʫʱʝʥʥʽ ʝʢʩʧʦʥʝʥʮʽʡʥʦʛʦ ʟʘʢʦʥʫ ʚʠʚʝʜʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʽʟ ʢʨʠ-

ʪʠʯʥʠʭ ʦʨʛʘʥʽʚ, ʜʦʣʷ ʥʫʢʣʽʜʘ f, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʦʨʛʘʥʽ, ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʰʚʠ-

ʜʢʽʩʪʶ F ʥʘʜʭʦʜʞʝʥʥʷ ʥʫʢʣʽʜʽʚ ʚ ʦʨʛʘʥʽʟʤ (ɹʢ/ʜʦʙʘ) ʪʘ ʾʭ ʥʘʢʦʧʠʯʝʥʥʷʤ q ʚ 

ʦʨʛʘʥʽʟʤʽ ʘʙʦ ʦʨʛʘʥʽ ʫ ʚʠʧʘʜʢʫ ʭʨʦʥʽʯʥʦʛʦ ʥʘʜʭʦʜʞʝʥʥʷ ʦʧʠʩʫʻʪʴʩʷ ʚʠʨʘʟʦʤ: 

 

)]t
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exp(1[efFT

2ln

1
q --= ,                                                  (6.13) 

 

ʜʝ F= SiCiVi, Ci(ɹʢ/ʢʛ)- ʢʦʥʮʝʥʪʨʘʮʽʷ ʥʫʢʣʽʜʘ ʫ  ̔-ʤʫ ʢʦʤʧʦʥʝʥʪʽ ʨʘʮʽʦʥʫ 

ʭʘʨʯʫʚʘʥʥʷ, Vi(ʢʛ/ʜʦʙʫ) - ʰʚʠʜʢʽʩʪʴ ʩʧʦʞʠʚʘʥʥʷ ʽ-ʛʦ ʢʦʤʧʦʥʝʥʪʫ ʨʘʮʽʦʥʫ. 

ʉʫʤʘ ʙʝʨʝʪʴʩʷ ʧʦ ʚʩʽʭ ʢʦʤʧʦʥʝʥʪʘʭ ʨʘʮʽʦʥʫ ʭʘʨʯʫʚʘʥʥʷ. Tef =T1/2Tb/(T1/2+Tb), 

T1/2 - ʧʝʨʽʦʜ ʥʘʧʽʚʨʦʟʧʘʜʫ ʥʫʢʣʽʜʘ, ʘ Tb - ʯʘʩ ʙʽʦʣʦʛʽʯʥʦʛʦ ʥʘʧʽʚʚʠʚʝʜʝʥʥʷ.  

ʇʨʠ ʢʦʞʥʦʤʫ ʘʢʪʽ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʨʦʟʧʘʜʫ ʚʠʜʽʣʷʻʪʴʩʷ ʝʥʝʨʛʽʷ ɽef, ʷʢʘ 

ʧʦʛʣʠʥʘʻʪʴʩʷ ʦʨʛʘʥʦʤ. ʊʦʤʫ, ʟʘ ʚʠʟʥʘʯʝʥʥʷʤ, ʧʦʪʫʞʥʽʩʪʴ ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʜʦʟʠ 

ʫ ʨʦʟʛʣʷʜʫʚʘʥʦʤʫ ʦʨʛʘʥʽ  ʜʦʨʽʚʥʶʻ 

 



 

m
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dH ef13-Ö=                                                                        (6.14) 

 

ɿʚʽʜʩʠ, ʜʣʷ ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʜʦʟʠ, ʦʪʨʠʤʘʥʦʾ ʦʨʛʘʥʦʤ ʟʘ ʯʘʩ t, ʦʪʨʠʤʫʻʤʦ: 
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ʋ ʥʘʚʝʜʝʥʠʭ ʚʠʨʘʟʘʭ m - ʤʘʩʘ ʦʨʛʘʥʫ, ʘ 1, 6 10-13 (ɼʞ/ʄʝɺ) - ʯʠʩʣʦʚʠʡ 

ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʚʦʜʫ ʄʝɺ ʫ ʜʞʦʫʣʽ ʚʚʝʜʝʥʦ ʜʣʷ ʟʨʫʯʥʦʩʪʽ, ʦʩʢʽʣʴʢʠ ʝʥʝʨʛʽʷ, 

ʷʢʘ ʚʠʜʽʣʷʻʪʴʩʷ ʧʨʠ ʨʦʟʧʘʜʽ, ʟʘʜʘʻʪʴʩʷ, ʷʢ ʧʨʘʚʠʣʦ, ʫ ʄʝɺ. ɿʥʘʯʝʥʥʷ ʝʥʝʨʛʽʾ 

ɽef ʜʣʷ ʨʽʟʥʠʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʥʘʚʝʜʝʥʽ ʚʠʱʝ.  

 



 

ʈʦʟʜʽʣ 7. ʉʪʦʭʘʩʪʠʯʥʠʡ ʧʽʜʭʽʜ ʜʦ ʤʦʜʝʣʶʚʘʥʥʷ ʩʪʘʥʫ ʜʦʚʢʽʣʣʷ. 

 

7.1. ʆʩʥʦʚʥʽ ʚʠʟʥʘʯʝʥʥʷ ʪʘ  ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ   

ʂʦʞʥʽʡ ʝʣʝʤʝʥʪʘʨʥʽʡ ʧʦʜʽʾ, ʷʢʘ ʤʦʞʝ ʚʳʜʙʫʪʠʩʷ ʘʙʦ ʥʝ ʚʳʜʙʫʪʠʩʷ, ʘʙʦ 

ʨʝʟʫʣʴʪʘʪʫ ʜʦʩʣʽʜʫ ʤʦʞʥʘ ʧʦʩʪʘʚʠʪʠ ʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʯʠʩʣʦ, ʷʢʝ ʥʘʟʠʚʘʻʪʴʩʷ 

ʚʠʧʘʜʢʦʚʦʶ ʚʝʣʠʯʠʥʦʶ. ʋ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʫ ʙʝʟʧʦʩʝʨʝʜ-

ʥʴʦ ʚʠʨʘʞʘʶʪʴʩʷ ʯʠʩʣʘʤʠ, ʷʢʽ ʟʤʽʥʶʶʪʴʩʷ ʚʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ ʚʽʜ ʜʦʩʣʽʜʫ ʜʦ 

ʜʦʩʣʽʜʫ. ʗʢʱʦ ʨʦʟʜʽʣʠʪʠ ʽʥʪʝʨʚʘʣ ʟʤʽʥʠ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ ʥʘ ʛʨʘʜʘʮʽʾ, ʪʦ 

ʧʦʧʘʜʘʥʥʶ ʫ ʜʘʥʫ ʛʨʘʜʘʮʽʶ ʤʦʞʥʘ ʧʦʩʪʘʚʠʪʠ ʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʘʙʦ ʥʦʤʝʨ ʛʨʘ-

ʜʘʮʽʾ, ʘʙʦ, ʩʢʘʞʽʤʦ, ʩʝʨʝʜʠʥʫ ʚʽʜʧʦʚʽʜʥʦʛʦ ʽʥʪʝʨʚʘʣʫ.  

ɺʠʧʘʜʢʦʚʽ ʚʝʣʠʯʠʥʠ ʙʫʚʘʶʪʴ ʜʠʩʢʨʝʪʥʠʤʠ (ʯʠʩʣʦ ʟʥʘʯʝʥʴ ʢʦʥʝʯʥʝ ʘʙʦ 

ʙʝʟʢʽʥʝʯʥʝ) ʽ ʥʝʧʝʨʝʨʚʥʽ (ʟʥʘʯʝʥʥʷ ʟʘʧʦʚʥʶʶʪʴ ʜʝʷʢʠʡ ʧʨʦʤʽʞʦʢ ʟʥʘʯʝʥʴ). ʋ 

ʚʠʧʘʜʢʫ ʜʠʩʢʨʝʪʥʦʾ ʚʝʣʠʯʠʥʠ ʚʦʥʘ ʟʘʜʘʻʪʴʩʷ ʪʘʙʣʠʮʝʶ, ʚ ʷʢʽʡ ʚʢʘʟʘʥʽ ʚʩʽ 

ʟʥʘʯʝʥʥʷ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ (ʭ)̔ ʽ ʾʭ ʡʤʦʚʽʨʥʦʩʪʽ (ʨ)̔, ʽʥʰʠʤʠ ʩʣʦʚʘʤʠ ï ʟʘ-

ʢʦʥʦʤ ʨʦʟʧʦʜʽʣʫ (ʊʘʙʣ.. 7.1). 

  

ʊʘʙʣʠʮʷ 7.1 ɿʘʢʦʥ ʨʦʟʧʦʜʽʣʫ ʜʠʩʢʨʝʪʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥʠ  

x ʭ1 ʭ2 ééééééééé ʭ̔  xn 

ʨ ʨ1 ʨ2 ééééééééé. ʨ̔  pn 

 

ʉʫʤʘ ʚʩʽʭ ʡʤʦʚʽʨʥʦʩʪʝʡ ʨ ̔ʟʘʚʞʜʠ ʨʽʚʥʘ 1 (Sʨ̔=1), ʦʩʢʽʣʴʢʠ ʩʫʤʘ ʚʽʜʧʦ-

ʚʽʜʥʠʭ ʝʣʝʤʝʥʪʘʨʥʠʭ ʧʦʜʽʡ ʻ ʜʦʩʪʦʚʽʨʥʘ ʧʦʜʽʷ (ʦʜʥʘ ʽʟ ʝʣʝʤʝʥʪʘʨʥʠʭ ʧʦʜʽʡ 

ʦʙʦʚôʷʟʢʦʚʦ ʚʽʜʙʫʚʘʻʪʴʩʷ). 

ʄʘʪʝʤʘʪʠʯʥʠʤ ʩʧʦʜʽʚʘʥʥʷʤ ʜʠʩʢʨʝʪʥʦʾ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ ʥʘʟʠʚʘ-

ʻʪʴʩʷ ʩʫʤʘ ʜʦʙʫʪʢʽʚ ʾʾ ʟʥʘʯʝʥʴ ʥʘ ʾʭ ʡʤʦʚʽʨʥʦʩʪʽ: 

 

ʄx=Sʭ̔ʨ̔ 

 

ʋ ʩʧʝʮʽʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʡʤʦʚʽʨʥʦʩʪʽ ʚʩʽʭ ʟʥʘʯʝʥʴ ʦʜʥʘʢʦʚʽ ʽ ʨʽʚʥʽ 

1/n (p̔=1/n) ʤʘʪʝʤʘʪʠʯʥʝ ʩʧʦʜʽʚʘʥʥʷ ʩʧʽʚʧʘʜʘʻ ʽʟ ʘʨʠʬʤʝʪʠʯʥʠʤ ʩʝʨʝʜʥʽʤ: 

 

ä == xx
n

M i
1

x  

 

ʋ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʚʘʞʝʥʝ ʩʝʨʝʜʥʻ, ʪʦʙʪʦ ʟʥʘʯʝʥʥʷ-

ʤʠ ʚʚʘʞʘʶʪʴʩʷ ʩʝʨʝʜʠʥʠ ʽʥʪʝʨʚʘʣʽʚ, ʥʘ ʷʢʽ ʨʦʟʙʠʪʘ ʦʙʣʘʩʪʴ ʟʤʽʥʠ ʜʘʥʦʾ ʚʝʣʠ-

ʯʠʥʠ, ʘ ʡʤʦʚʽʨʥʦʩʪʽ ʧʽʜʨʘʭʦʚʫʶʪʴʩʷ ʷʢ ʚʽʜʥʦʰʝʥʥʷ ʯʠʩʣʘ ʩʧʦʩʪʝʨʝʞʝʥʴ, ʷʢʽ 



 

ʧʦʧʘʣʠ ʚ ʟʘʜʘʥʠʡ ʽʥʪʝʨʚʘʣ ʜʦ ʟʘʛʘʣʴʥʦʛʦ ʯʠʩʣʘ ʩʧʦʩʪʝʨʝʞʝʥʴ (ʨ ̔= ni/N). ʊʦʜʽ, 

ʤʘʪʝʤʘʪʠʯʥʝ ʩʧʦʜʽʚʘʥʥʷ Mx=Sʭ̔ʨ̔=SxIni/N ʻ ʚʘʛʦʚʝ ʩʝʨʝʜʥʻ, ʜʝ ʚʘʛʘ ʨ=̔ni/N ʽ 

Sʨ̔=1. 

ɼʠʩʧʝʨʩʽʻʶ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ ʥʘʟʠʚʘʻʪʴʩʷ  ʤʘʪʝʤʘʪʠʯʥʝ ʩʧʦʜʽʚʘʥʥʷ 

ʢʚʘʜʨʘʪʘ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʩʧʦʜʽʚʘʥʥʷ: 

 

Dx=M(x-Mx)2. 

 

ʉʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ xs D=  ʭʘʨʘʢʪʝʨʠʟʫʻ ʩʝʨʝʜʥʽʡ ʨʦʟ-

ʢʠʜ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ ʚʽʜʥʦʩʥʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʯʽʢʫʚʘʥʥʷ. ɼʠʩʧʝʨʩʽʷ 

ʟʘʚʞʜʠ ʥʝʚʽʜôʻʤʥʘ Dx²0; Dx=0 ʪʽʣʴʢʠ ʫ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ x = const. ʗʢʱʦ 

ʚʩʽ ʟʥʘʯʝʥʥʷ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ x ʨʽʚʥʦ ʡʤʦʚʽʨʥʽ, ʪʦ ʜʠʩʧʝʨʩʽʷ ʜʦʨʽʚʥʶʻ: 

 

2
i )xx(

n

1
D -= äx  

 

ʄʘʪʝʤʘʪʠʯʥʝ ʩʧʦʜʽʚʘʥʥʷ ʩʫʤʠ (ʨʽʟʥʠʮʽ) ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ ʜʦʨʽʚʥʶʻ 

ʚʽʜʧʦʚʽʜʥʦ ʩʫʤʽ (ʨʽʟʥʠʮʽ) ʾʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʩʧʦʜʽʚʘʥʴ 

 

hxhx MM)(M °=°  

 

ʄʘʪʝʤʘʪʠʯʥʝ ʩʧʦʜʽʚʘʥʥʷ ʜʦʙʫʪʢʫ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ ʜʦʨʽʚʥʶʻ ʜʦʙʫʪ-

ʢʫ ʾʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʩʧʦʜʽʚʘʥʴ ʪʽʣʴʢʠ ʜʣʷ ʥʝʟʘʣʝʞʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ. 

ɼʠʩʧʝʨʩʽʷ ʷʢ ʩʫʤʠ, ʪʘʢ ʽ ʨʽʟʥʠʮʽ ʥʝʟʘʣʝʞʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ ʜʦʨʽʚ-

ʥʶʻ ʩʫʤʽ ʜʠʩʧʝʨʩʽʡ, ɼʽʡʩʥʦ 

 

)]M)(M[(M2DD)]M()M[(M)(D 2 hhxxhxhhxxhx --°+=-°-=°  

 

ɼʣʷ ʥʝʟʘʣʝʞʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ: 

 

0=--=-- )M(M)M(M)]M)(M[(M hhxxhhxx  

 

ɺʝʣʠʯʠʥʘ )]M)(M[(M hhxx -- ʥʘʟʠʚʘʻʪʴʩʷ ʢʦʚʘʨʽʘʮʽʻʶ ʜʚʦʭ ʚʠʧʘʜʢʦ-

ʚʠʭ ʚʝʣʠʯʠʥ (cov(x,h))  ʽ ʭʘʨʘʢʪʝʨʠʟʫʻ ʩʪʫʧʽʥʴ ʟʚôʷʟʢʫ ʤʽʞ ʥʠʤʠ. 

cov(x,h) ʜʣʷ ʥʝʟʘʣʝʞʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ ʨʽʚʥʘ ʥʫʣʶ ʽ ʪʠʤ ʙʽʣʴʰʝ 

ʯʠʤ ʙʽʣʴʰʘ ʟʚôʷʟʦʢ ʤʽʞ ʥʠʤʠ. ɿʥʘʢ ʢʦʚʘʨʽʘʮʽʾ ʚʢʘʟʫʻ ʥʘ ʭʘʨʘʢʪʝʨ ʟʚôʷʟʢʫ: 

ʧʨʷʤʘ cov(x,h)>0 ʘʙʦ ʦʙʝʨʥʝʥʘ cov(x,h)<0.  



 

cov(x,h) ʤʘʻ ʨʦʟʤʽʨʥʽʩʪʴ ʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʦʟʢʠʜʫ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ. 

ʇʦ ʮʽʡ ʧʨʠʯʠʥʽ ʚʚʦʜʷʪʴ ʙʝʟʨʦʟʤʽʨʥʫ ʚʝʣʠʯʠʥʫ, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻ ʪʽʣʴʢʠ ʚʝʣʠ-

ʯʠʥʫ ʟʚôʷʟʢʫ. ʊʘʢʘ ʙʝʟʨʦʟʤʽʨʥʘ ʚʝʣʠʯʠʥʘ ʥʘʟʠʚʘʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʦʤ ʢʦʨʝʣʷʮʽʾ 

ʽ ʜʦʨʽʚʥʶʻ 
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ʂʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʜʘʥʠʤʠ ʩʧʦʩʪʝʨʝʞʝʥʴ ʧʦ ʬʦʨ-

ʤʫʣʽ: 

 

ä

ä

--

--

=

i

2
i

2
i

i

ii

xy

)yy()xx(

)yy)(xx(

r  

 

ʂʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ ʟʤʽʥʶʻʪʴʩʷ ʚ ʤʝʞʘʭ -1¢ r ¢1, ʪʦʙʪʦ |r|¢1: ʢʦʝʬʽʮʽ-

ʻʥʪ ʢʦʨʝʣʷʮʽʾ ʜʦʨʽʚʥʶʻ °1 ʪʽʣʴʢʠ ʫ ʚʠʧʘʜʢʫ ʣʽʥʽʡʥʦʾ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʟʘʣʝʞ-

ʥʦʩʪʽ ʤʽʞ x ʪʘ h ʽ ʜʦʨʽʚʥʶʻ ʥʫʣʶ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʟʘʣʝʞʥʦʩʪʽ. 

ʅʝʧʝʨʝʨʚʥʘ ʚʠʧʘʜʢʦʚʘ ʚʝʣʠʯʠʥʘ ʥʝ ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʘ ʟʘʢʦʥʦʤ ʨʦʟʧʦ-

ʜʽʣʫ, ʦʩʢʽʣʴʢʠ ʥʝʤʦʞʣʠʚʦ ʧʝʨʝʯʠʩʣʠʪʠ ʚʩʽ ʾʾ ʟʥʘʯʝʥʥʷ. ɼʣʷ ʦʧʠʩʫ ʪʘʢʦʾ ʚʠʧʘ-

ʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʬʫʥʢʮʽʶ ʨʦʟʧʦʜʽʣʫ F(x).  

ʌʫʥʢʮʽʻʶ ʨʦʟʧʦʜʽʣʫ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ x  (F(x)) ʥʘʟʠʚʘʶʪʴ ʡʤʦʚʽʨ-

ʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʚʠʧʘʜʢʦʚʘ ʚʝʣʠʯʠʥʘ x ʤʝʥʰʝ x (ʭ ï ʙʫʜʴ ʷʢʝ ʜʽʡʩʥʝ ʯʠʩʣʦ). 

ʌʫʥʢʮʽʷ ʨʦʟʧʦʜʽʣʫ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʦʧʠʩʫ ʷʢ ʜʠʩʢʨʝʪʥʠʭ ʪʘʢ ʽ 

ʥʝʧʝʨʝʨʚʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ.  

ʄʘʪʝʤʘʪʠʯʥʝ ʩʧʦʜʽʚʘʥʥʷ ʥʝʧʝʨʝʨʚʥʦʾ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ ʚʠʨʘʞʘʻʪʴ-

ʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

 

ñ ñ
¤

¤-

¤

¤-

== )x(xdFdx)x(xfMx  

 

ʘ ʜʠʩʧʝʨʩʽʶ - ʬʦʨʤʫʣʦʶ: 

 

ñ ñ
¤

¤-

¤

¤-

-=-= )x(dF)Mx(dx)x(f)Mx(D 22 xxx  

ɺʝʣʠʯʠʥʘ F(x) ʥʝ ʟʤʝʥʰʫʻʪʴʩʷ ʽ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ 0¢ F(x) ¢1, F(-

¤)=0 ʘ F(¤)=1. ʁʤʦʚʽʨʥʽʩʪʴ ʧʦʧʘʜʘʥʥʷ ʥʘ ʙʫʜʴ ï ʷʢʠʡ ʚʽʜʨʽʟʦʢ (a,b)  ʨʽʚʥʘ ʨʽ-



 

ʟʥʠʮʽ F(b)-F(a). ʇʦʭʽʜʥʘ ʚʽʜ ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ ʧʦ ʭ ʥʘʟʠʚʘʻʪʴʩʷ ʛʫʩʪʠʥʦʶ ʨʦ-

ʟʧʦʜʽʣʫ f(x)=Fô(x). ɻʫʩʪʠʥʘ ʨʦʟʧʦʜʽʣʫ ʚʝʣʠʯʠʥʘ ʥʝʚʽʜôʻʤʥʘ , ʡʤʦʚʽʨʥʽʩʪʴ ʧʦ-

ʧʘʜʘʥʥʷ ʥʘ ʚʽʜʨʽʟʦʢ  

ñ=<¢

b

a

,dx)x(f)ba(P x  

ʦʩʢʽʣʴʢʠ ʡʤʦʚʽʨʥʽʩʪʴ ʜʦʩʪʦʚʽʨʥʦʾ ʧʦʜʽʾ ʜʦʨʽʚʥʶʻ ʦʜʠʥʠʮʽ, ʪʦ 

 

ñ
¤

¤-

=1dx)x(f  

 

ʇʨʠʢʣʘʜʦʤ ʥʝʧʝʨʝʨʚʥʠʭ ʨʦʟʧʦʜʽʣʽʚ ʻ ʨʽʚʥʦʤʽʨʥʠʡ ʪʘ ʥʦʨʤʘʣʴʥʠʡ ʨʦʟ-

ʧʦʜʽʣʠ. 

ʇʦʨʷʜ ʽʟ ʤʘʪʝʤʘʪʠʯʥʠʤ ʩʧʦʜʽʚʘʥʥʷʤ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʽʥʰʽ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʧʦʣʦʞʝʥʥʷ: ʤʦʜʘ ʪʘ ʤʝʜʽʘʥʘ. 

ʄʦʜʘ (Mo) ʜʠʩʢʨʝʪʥʦʾ ʚʝʣʠʯʠʥʠ ï ʮʝ ʾʾ ʥʘʡʙʽʣʴʰ ʡʤʦʚʽʨʥʝ ʟʥʘʯʝʥʥʷ. ʋ 

ʚʠʧʘʜʢʫ ʥʝʧʝʨʝʨʚʥʦʾ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ ʤʦʜʘ ʮʝ ʪʘʢʝ ʟʥʘʯʝʥʥʷ ʚʠʧʘʜʢʦʚʦʾ 

ʚʝʣʠʯʠʥʠ, ʧʨʠ ʷʢʦʤʫ ʛʫʩʪʠʥʘ ʨʦʟʧʦʜʽʣʫ f(x) ʜʦʩʷʛʘʻ ʤʘʢʩʠʤʫʤʫ.  

ʄʝʜʽʘʥʘ (Me) ï ʟʥʘʯʝʥʥʷ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ, ʧʨʠ ʷʢʦʤʫ ʬʫʥʢʮʽʷ ʨʦʟ-

ʧʦʜʽʣʫ F(x)=0,5. 

ɺʟʘʛʘʣʽ ʢʘʞʫʯʠ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʦʞʝʥʥʷ ʥʝ ʩʧʽʚʧʘʜʘʶʪʴ.  ɼʣʷ ʥʦʨ-

ʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʤʘʪʝʤʘʪʠʯʥʝ ʩʧʦʜʽʚʘʥʥʷ (ʩʝʨʝʜʥʻ), ʤʦʜʘ ʪʘ ʤʝʜʽʘʥʘ ʩʧʽʚ-

ʧʘʜʘʶʪʴ. 

ʄʦʤʝʥʪʦʤ ʢ-ʛʦ ʧʦʨʷʜʢʫ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ x ʚʽʜʥʦʩʥʦ ʪʦʯʢʠ ʩ ʥʘʟʠ-

ʚʘʻʪʴʩʷ  

 
k

k )c(M)c(a -= x  

 

ʧʨʠ ʩ=0 ʦʪʨʠʤʫʻʤʦ ʧʦʯʘʪʢʦʚʽ ʤʦʤʝʥʪʠ, ʘ ʧʨʠ ʩ= Mx - ʮʝʥʪʨʘʣʴʥʽ. 

ɸʩʠʤʝʪʨʽʷ ï ʚʽʜʥʦʰʝʥʥʷ ʮʝʥʪʨʘʣʴʥʦʛʦ ʤʦʤʝʥʪʫ ʪʨʝʪʴʦʛʦ ʧʦʨʷʜʢʫ ʜʦ 

ʢʫʙʫ ʩʝʨʝʜʥʴʦʛʦ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ: 
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xx-
=  

 

ʇʦʟʠʪʠʚʥʘ ʘʩʠʤʝʪʨʽʷ ʦʟʥʘʯʘʻ, ʱʦ ʤʦʜʘ ʨʦʟʧʦʜʽʣʫ ʙʽʣʴʰʘ ʟʘ ʚʝʣʠʯʠʥʫ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʩʧʦʜʽʚʘʥʥʷ, ʘ ʧʨʠ ʚʽʜôʻʤʥʽʡ ï ʤʝʥʰʘ. 

ɽʢʩʮʝʩ ï ʚʝʣʠʯʠʥʘ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʦʨʤʫʣʦʶ 
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ɽʢʩʮʝʩ ʧʦʢʘʟʫʻ ʢʨʫʪʠʟʥʫ ʢʨʠʚʦʾ ʛʫʩʪʠʥʠ ʨʦʟʧʦʜʽʣʫ, ʷʢʱʦ ʝʢʩʮʝʩ ʙʽʣʴ-

ʰʠʡ ʥʫʣʷ, ʪʦ ʢʨʠʚʘ ʤʘʻ ʙʽʣʴʰ ʛʦʩʪʨʫ ʪʘ ʚʠʩʦʢʫ ʚʝʨʰʠʥʫ ʧʦʨʽʚʥʷʥʦ ʟ ʥʦʨʤʘ-

ʣʴʥʠʤ ʨʦʟʧʦʜʽʣʦʤ, ʘ ʷʢʱʦ ʚʽʜôʻʤʥʠʡ ï ʪʦ ʙʽʣʴʰ ʥʠʟʴʢʫ ʪʘ ʧʣʦʩʢʫ. 

ʉʪʘʪʠʩʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʧʘʜʢʦʚʦʾ ʬʫʥʢʮʽʾ, ʚʠʟʥʘʯʘʶʪʴʩʷ, ʷʢ ʧʨʘ-

ʚʠʣʦ, ʧʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʽ ʚʥʘʩʣʽʜʦʢ ʨʷʜʫ ʧʨʠʯʠʥ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʪʦʯʥʽʩʪʴ ʾʭ ʚʠʟʥʘʯʝʥʥʷ, ʻ ʥʘʙʣʠʞʝʥʠʤʠ ʽ ʤʦʞʫʪʴ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʪʠʩʷ ʚʽʜ ʜʽʡ-

ʩʥʠʭ ʟʥʘʯʝʥʴ, ʥʘʧʨʠʢʣʘʜ,  ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʩʧʦʜʽʚʘʥʥʷ ʪʘ ʢʦʨʝʣʷʮʽʡʥʦʾ ʬʫʥʢ-

ʮʽʾ. ʇʨʠʯʠʥʘʤʠ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʪʦʯʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʩʪʘʪʠʩʪʠʯʥʠʭ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʭʠʙʢʠ, ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʠʭ ʜʘʥʠʭ. ʎʽ ʧʦʭʠʙʢʠ ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʦʯʥʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ  ʤʝʪʦʜʽʚ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʪʘ ʧʨʠʣʘʜʽʚ ʚʠʤʽʨʶʚʘʥʥʷ. 

ʅʝʭʘʡ ʧʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʴ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʚʠʧʘʜʢʦʚʠʡ ʧʨʦʮʝʩ Y(t) 

ʽʟ ʤʘʪʝʤʘʪʠʯʥʠʤ ʩʧʦʜʽʚʘʥʥʷʤ my(t) ʪʘ ʢʦʨʝʣʷʮʽʡʥʦʶ ʬʫʥʢʮʽʻʶ Ry(t1,t2). 

ʂʦʞʥʘ ʨʝʘʣʽʟʘʮʽʷ zi(t) ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ X(t), ʷʢʘ ʦʪʨʠʤʘʥʘ ʚ ʨʝʟʫʣʴ-

ʪʘʪʽ ʜʦʩʣʽʜʫ, ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʚʠʛʣʷʜʽ ʩʫʤʠ ʜʽʡʩʥʦʛʦ ʟʥʘʯʝʥʥʷ ʨʝʘ-

ʣʽʟʘʮʽʾ xi(t) ʪʘ ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʥʴ yi(t): )t(y)t(x)t(z iii += . ʇʨʠ ʮʴʦʤʫ ʩʪʘʪʠʩ-

ʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʩʧʦʜʽʚʘʥʥʷ )t(m~z  ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ 

 

ä
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jyjxjijijz )t(m~)t(m~)]t(y)t(x[
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)t(m~  

 

ʗʢʱʦ ʯʠʩʣʦ ʨʝʘʣʽʟʘʮʽʡ ʜʦʩʠʪʴ ʚʝʣʠʢʝ, ʪʘʢ ʱʦ ʩʪʘʪʠʩʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩ-

ʪʠʢʠ ʚʩʽʭ ʧʨʦʮʝʩʽʚ ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʚʽʜʧʦʚʽʜʥʠʭ ʜʽʡʩʥʠʭ ʟʥʘ-

ʯʝʥʴ, ʪʦ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ: )t(m)t(m)t(m~ jyjxjz += . ʊʦʙʪʦ, ʧʦʭʠʙʢʘ ʧʨʠ ʚʠʟʥʘ-

ʯʝʥʥʽ  ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʩʧʦʜʽʚʘʥʥʷ ʜʦʨʽʚʥʶʻ  ʤʘʪʝʤʘ-

ʪʠʯʥʦʤʫ ʩʧʦʜʽʚʘʥʥʶ ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʥʥʷ.  

ʉʪʘʪʠʩʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʢʦʨʝʣʷʮʽʡʥʦʾ ʬʫʥʢʮʽʾ ʚʠʟʥʘʯʠʤʦ ʫ ʚʠʛʣʷʜʽ: 
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ɹʫʜʝʤʦ ʚʚʘʞʘʪʠ, ʱʦ ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʥʴ ʥʘ ʧʦʚôʷʟʘʥʽ ʽʟ ʜʽʡʩʥʠʤʠ ʟʥʘ-

ʯʝʥʥʷʤʠ ʚʠʤʽʨʶʚʘʥʦʾ ʚʝʣʠʯʠʥʠ, ʧʦʭʠʙʢʠ ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʘʨʛʫʤʝʥʪʫ ʥʝ 

ʧʦʚôʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ, ʪʦʙʪʦ: 
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ʇʨʠ ʮʴʦʤʫ: 
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ʆʪʞʝ ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʥʴ ʥʝ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʪʘʪʠʩʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʢʦ-

ʨʝʣʷʮʽʡʥʦʾ ʬʫʥʢʮʽʾ ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ ʧʨʠ tj  ̧ti, ʘʣʝ ʟʘʚʠʱʫʶʪʴ ʩʪʘʪʠʩʪʠʯ-

ʥʝ ʟʥʘʯʝʥʥʷ ʜʠʩʧʝʨʩʽʾ )t(~
jzs  ʧʨʠ tj = t i ʥʘ ʚʝʣʠʯʠʥʫ ʜʠʩʧʝʨʩʽʾ ʧʦʭʠʙʦʢ ʚʠʤʽ-

ʨʶʚʘʥʴ )t( jys . 

ʉʪʘʪʠʩʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʥʦʨʤʦʚʘʥʦʾ ʢʦʨʝʣʷʮʽʡʥʦʾ ʬʫʥʢʮʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʪʘʢ: 
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ɿʚʽʜʩʠ ʚʠʜʥʦ, ʱʦ ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʥʥʷ ʟʘʥʠʞʫʶʪʴ ʩʪʘʪʠʩʪʠʯʥʝ ʟʥʘ-

ʯʝʥʥʷ ʢʦʨʝʣʷʮʽʡʥʦʾ ʬʫʥʢʮʽʾ. 

ɼʣʷ ʩʪʘʮʽʦʥʘʨʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ )t(X , )t(Y  ʢʦʨʝʣʷʮʽʡʥʽ ʬʫʥʢʮʽʾ 

ʟʘʣʝʞʘʪʴ ʣʠʰʝ ʚʽʜ ʦʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ |tt| jl -=t , ʘ ʜʠʩʧʝʨʩʽʾ 2
xs  ʪʘ 2ys  ʩʫʪʴ ʧʦ-

ʩʪʽʡʥʽ ʚʝʣʠʯʠʥʠ, ʪʦʤʫ ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ: 
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1
)(r~z . ʎʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʦ ʚʽʜʦʤʽʡ ʟʘʣʝʞʥʦʩ-

ʪʽ )(r~z t  ʚʠʟʥʘʯʠʪʠ  ʟʥʘʯʝʥʥʷ )0(r~z , ʘ ʦʪʞʝ ʽ d.  

ʊʘʢʠʤ ʯʠʥʦʤ ʟʘʥʠʞʝʥʝ ʟʥʘʯʝʥʥʷ ʩʪʘʪʠʩʪʠʯʥʦʾ ʥʦʨʤʦʚʘʥʦʾ ʢʦʨʝʣʷʮʽʡʥʦʾ 

ʬʫʥʢʮʽʾ ʤʦʞʥʘ ʚʽʜʢʦʨʠʛʫʚʘʪʠ, ʰʣʷʭʦʤ ʤʥʦʞʝʥʥʷ ʥʘ 1+ d.  

ɼʣʷ ʚʠʧʨʘʚʣʝʥʥʷ ʟʘʚʠʱʝʥʦʛʦ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ  ʜʠʩʧʝʨʩʽʾ ʚʠʧʘʜ-

ʢʦʚʦʾ ʬʫʥʢʮʽʾ, ʥʝʦʙʭʽʜʥʦ, ʟʛʽʜʥʦ ʬʦʨʤʫʣʽ )1/(~2
z

2
x dss += , ʨʦʟʜʽʣʠʪʠ ʟʥʘʡʜʝʥʝ 

ʟʥʘʯʝʥʥʷ 2
z

~s  ʥʘ 1+ d. 



 

 

7.2. ʈʝʛʨʝʩʽʡʥʠʡ ʘʥʘʣʽʟ 

ʈʦʟʛʣʷʥʝʤʦ ʧʨʦʩʪʫ ʟʘʜʘʯʫ, ʷʢʘ ʥʘ ʧʨʘʢʪʠʮʽ ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʜʦʩʠʪʴ ʯʘʩʪʦ. 

ʋ ʜʘʥʽʡ ʛʨʫʧʽ ʩʧʦʩʪʝʨʝʞʝʥʴ ʦʜʥʫ ʟʤʽʥʥʫ (ʫ) ʧʦʪʨʽʙʥʦ ʚʠʨʘʟʠʪʠ ʯʝʨʝʟ ʽʥʰʫ (ʭ) 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʽʥʽʡʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ. ʇʦʪʨʽʙʥʦ ʟʥʘʡʪʠ ʧʦʩʪʽʡʥʽ a ʽ  b ʫ ʚʠ-

ʨʘʟʽ: 

 

bxayĔ +Ö=                                                                                             (7.1) 

 

ʪʘʢ, ʱʦʙ yĔ ʥʘʡʢʨʘʱʠʤ ʯʠʥʦʤ ʚʠʟʥʘʯʘʣʦ ʜʘʥʫ ʟʤʽʥʥʫ. ʅʘ ʧʨʘʢʪʠʮʽ ʤʠ 

ʟʘʚʞʜʠ ʤʘʻʤʦ ʩʧʨʘʚʫ ʽʟ ʚʠʙʽʨʢʘʤʠ ʢʦʥʝʯʥʦʛʦ ʦʙôʻʤʫ. ʅʝʭʘʡ ʦʙôʻʤ ʚʠʙʽʨʢʠ 

ʙʫʜʝ N. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʥʘʤ ʜʘʥʽ N ʧʘʨ ʟʥʘʯʝʥʴ ʟʤʽʥʥʠʭ ʭ ʪʘ ʫ. ʊʦʜʽ ʧʦ ʟʨʘʟʢʫ 

ʨʽʚʥʷʥʥʷ  bxayĔ +Ö=  ʤʦʞʥʘ ʩʢʣʘʩʪʠ N ʨʽʚʥʷʥʴ: 
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                                                                                   (7.2) 

 

x1, x2,éxN ï ʮʝ ʟʥʘʯʝʥʥʷ ʜʝʷʢʦʾ ʚʝʣʠʯʠʥʠ ʭ, ʦʪʨʠʤʘʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʩʧʦʩ-

ʪʝʨʝʞʝʥʴ, ʘ ʫ1, ʫ2,é.,ʫN ï ʟʥʘʯʝʥʥʷ ʽʥʰʦʾ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ ʫ. ɿʘʜʘʯʘ ʧʦ-

ʣʷʛʘʻ ʚ ʦʤʫ, ʱʦʙ ʟʥʘʡʪʠ ʢʽʣʴʢʽʩʥʠʡ ʟʚôʷʟʦʢ ʤʽʞ ʚʝʣʠʯʠʥʘʤʠ ʫ ʪʘ ʭ. ɹʫʜʴ ï ʷʢʝ  

ʽʟ ʧʨʠʚʝʜʝʥʠʭ ʨʽʚʥʷʥʴ (7.2) ʚʠʢʦʥʫʻʪʴʩʷ, ʚʟʘʛʘʣʽ ʢʘʞʫʯʠ, ʥʝ ʪʦʯʥʦ. ʅʝʚʽʜʦʤʽ 

ʧʦʩʪʽʡʥʽ a ʪʘ b ʙʫʜʝʤʦ ʚʠʟʥʘʯʘʪʠ ʪʘʢ, ʱʦʙ ʧʦʤʠʣʢʠ ʮʠʭ ʨʽʚʥʷʥʴ ʙʫʣʠ ʥʘʡʤʝ-

ʥʰʠʤʠ. ɿʛʽʜʥʦ ʧʨʠʥʮʠʧʫ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ, ʧʦʪʨʝʙʫʻʤʦ, ʱʦ ʩʫʤʘ ʢʚʘʜʨʘ-

ʪʽʚ ʟʘʣʠʰʢʽʚ 

 

N)1,2,....,(i      bxayy iii =-Ö-=D  

 

ʤʘʣʘ ʥʘʡʤʝʥʰʝ ʟʥʘʯʝʥʥʷ, ʪʦʙʪʦ, ʱʦʙ 
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ɺʠʨʘʟ (7.3) ʻ ʬʫʥʢʮʽʷ ʥʝʚʽʜʦʤʠʭ ʧʘʨʘʤʝʪʨʽʚ a ʪʘ b. ʑʦʙ ʟʥʘʯʝʥʥʷ ʩʫʤʠ 

(7.3) ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ a ʪʘ b ʜʦʩʷʛʣʦ ʤʽʥʽʤʫʤʫ, ʮʽ ʧʘʨʘʤʝʪʨʠ ʥʝʦʙ-



 

ʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʽʟ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ, ʷʢʘ ʫʪʚʦʨʶʻʪʴʩʷ ʰʣʷʭʦʤ ʧʨʠʨʽʚʥʶʚʘʥʥʷ 

ʥʫʣʶ ʯʘʩʪʠʥʥʠʭ ʧʦʭʽʜʥʠʭ ʧʦ ʟʤʽʥʥʠʭ a ʪʘ b ʚʽʜ ʩʫʤʠ (7.3). ɼʽʡʩʥʦ, ʫʤʦʚʦʶ 
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ʚʽʜ ʮʴʦʛʦ ʚʠʨʘʟʫ ʧʦ ʟʤʽʥʥʠʭ a ʪʘ b. 
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ʜʝ ʨʠʩʢʘ ʟʚʝʨʭʫ ʦʟʥʘʯʘʻ ʟʥʘʢ ʫʩʝʨʝʜʥʝʥʥʷ.  ʋ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʮʝ ʙʫʜʝ 
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ʤʝʥʪʦʤ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʩʫʤʽʩʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʜʚʦʭ ʟʤʽʥʥʠʭ x ʪʘ y: ʧʨʠ ʭ=ʫ 

2
1112 xmm s== . ʇʽʜʩʪʘʚʣʷʶʯʠ ʚʠʨʘʟ (7.2.4) ʫ ʨʽʚʥʷʥʥʷ (7.2.1), ʦʪʨʠʤʫʻʤʦ 
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ʎʝ ʨʽʚʥʷʥʥʷ ʥʘʟʠʚʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ ʨʝʛʨʝʩʽʾ ʟʤʽʥʥʦʾ ʫ ʧʦ ʟʤʽʥʥʽʡ ʭ. 



 

ɺʽʜʤʽʪʠʤʦ, ʱʦ ʧʨʠ r=0 ʣʽʥʽʡʥʝ ʥʘʙʣʠʞʝʥʥʷ ʦʜʥʽʻʾ ʟʤʽʥʥʦʾ ʯʝʨʝʟ ʜʨʫʛʫ, 

ʷʢ ʮʝ ʚʠʜʥʦ ʽʟ ʨʽʚʥʷʥʥʷ (7.5) ʙʝʟʫʩʧʽʰʥʝ (ʧʨʠ ʮʴʦʤʫ m12=0). ɿ ʽʥʰʦʛʦ ʙʦʢʫ, 

ʷʢʱʦ ʫ=ʭ, ʘʙʦ ʫ= - ʭ, ʪʦ ʣʝʛʢʦ ʙʘʯʠʪʠ, ʱʦ r=1 ʘʙʦ r= -1,  ʚʽʜʧʦʚʽʜʥʦ.  

 



 

7.3. ʇʦʥʷʪʪʷ ʧʨʦ ʚʠʧʘʜʢʦʚʽ ʬʫʥʢʮʽʾ ʪʘ ʧʦʣʷ 

ʈʦʟʛʣʷʥʝʤʦ ʦʩʥʦʚʥʽ ʧʦʥʷʪʪʷ ʧʨʦ ʚʠʧʘʜʢʦʚʽ ʬʫʥʢʮʽʾ ʪʘ ʧʨʦʮʝʩʠ, ʷʢʽ ʰʠ-

ʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʘʥʘʣʽʟʽ ʩʪʘʥʫ ʜʦʚʢʽʣʣʷ. 

ɺ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ  ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʚʠʧʘʜʢʦʚʽ ʚʝʣʠʯʠ-

ʥʠ, ʷʢʽ ʟʤʽʥʶʶʪʴ ʩʚʦʾ ʟʥʘʯʝʥʥʷ ʚ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʫ. ʇʨʠʢʣʘʜʦʤ ʪʘʢʦʾ ʚʠʧʘʜʢʦ-

ʚʦʾ ʚʝʣʠʯʠʥʠ ʤʦʞʝ ʩʣʫʞʠʪʠ ʨʝʟʫʣʴʪʘʪ ʚʠʤʽʨʶʚʘʥʴ ʘʙʦ ʟʘʧʠʩʫ ʙʫʜʴ ï ʷʢʦʾ ʚʝ-

ʣʠʯʠʥʠ, ʷʢʘ ʻ ʬʫʥʢʮʽʻʶ ʯʘʩʫ, ʘʙʦ ʷʢʦʾ ï ʥʝ ʙʫʜʴ ʜʨʫʛʦʾ ʚʝʣʠʯʠʥʠ. ɺʠʧʘʜʢʦʚʘ 

ʚʝʣʠʯʠʥʘ, ʷʢʘ ʟʤʽʥʶʻ ʩʚʦʻ ʟʥʘʯʝʥʥʷ  ʚ ʧʨʦʮʝʩʽ ʦʜʥʦʛʦ ʜʦʩʣʽʜʫ, ʧʨʝʜʩʪʘʚʣʷʻ 

ʩʦʙʦʶ ʚʠʧʘʜʢʦʚʫ ʬʫʥʢʮʽʶ. ɺ ʟʘʜʘʯʘʭ ʧʨʘʢʪʠʢʠ ʥʘʡʯʘʩʪʽʰʝ ʟʫʩʪʨʽʯʘʶʪʴʩʷ 

ʚʠʧʘʜʢʦʚʽ ʬʫʥʢʮʽʾ ʯʘʩʫ. ʇʨʦʪʝ ʧʨʠʭʦʜʠʪʴʩʷ ʤʘʪʠ ʩʧʨʘʚʫ ʽʟ ʬʫʥʢʮʽʷʤʠ ʽʥʰʠʭ 

ʘʨʛʫʤʝʥʪʽʚ. ʅʘʧʨʠʢʣʘʜ ʧʦʚʝʨʭʥʷ ʤʦʨʷ ʚ ʢʦʞʥʠʡ ʜʘʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʧʨʝʜʩʪʘ-

ʚʣʷʻ ʩʦʙʦʶ ʚʠʧʘʜʢʦʚʫ ʧʦʚʝʨʭʥʶ. ɯʥʰʠʤ ʧʨʠʢʣʘʜʦʤ ʤʦʞʝ ʩʣʫʞʠʪʠ ʟʘʙʨʫʜʥʝ-

ʥʽʩʪʴ ˇʨʫʥʪʫ.  ʄʘʶʯʠ ʥʘ ʫʚʘʟʽ ʮʽ ʧʨʠʢʣʘʜʠ ʤʦʞʥʘ ʜʘʪʠ ʪʘʢʝ ʚʠʟʥʘʯʝʥʥʷ ʚʠʧʘ-

ʜʢʦʚʦʾ ʬʫʥʢʮʽʾ: ʚʠʧʘʜʢʦʚʦʶ  ʬʫʥʢʮʽʻʶ ʥʘʟʠʚʘʻʪʴʩʷ ʪʘʢʘ ʬʫʥʢʮʽʷ, ʟʥʘʯʝʥʥʷ 

ʷʢʦʾ ʧʨʠ  ʢʦʞʥʦʤʫ ʜʘʥʦʤʫ ʟʥʘʯʝʥʥʷ ʘʨʛʫʤʝʥʪʫ (ʘʙʦ ʘʨʛʫʤʝʥʪʽʚ) ʻ ʚʠʧʘʜʢʦ-

ʚʦʶ ʚʝʣʠʯʠʥʦʶ. ʂʦʞʥʘ ʢʦʥʢʨʝʪʥʘ ʬʫʥʢʮʽʷ, ʷʢʘ ʤʦʞʝ ʙʫʪʠ ʟʘʨʝʻʩʪʨʦʚʘʥʘ ʧʨʠ 

ʦʜʥʦʤʫ ʩʧʦʩʪʝʨʝʞʝʥʥʽ ʚʠʧʘʜʢʦʚʦʾ ʬʫʥʢʮʽʾ ʥʘʟʠʚʘʻʪʴʩʷ ʨʝʘʣʽʟʘʮʽʻʶ ʚʠʧʘʜʢʦ-

ʚʦʾ ʬʫʥʢʮʽʾ.  ʇʨʠ ʧʦʚʪʦʨʝʥʥʷʭ ʝʢʩʧʝʨʠʤʝʥʪʫ ʤʠ ʦʪʨʠʤʘʻʤʦ ʨʽʟʥʽ ʨʝʘʣʽʟʘʮʽʾ 

ʚʠʧʘʜʢʦʚʦʾ ʬʫʥʢʮʽʾ. (ʨʠʩ. 7.1). ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʮʴʦʛʦ ʤʦʞʥʘ ʜʘʪʠ ʽʥʰʝ ʚʠ-

ʟʥʘʯʝʥʥʷ ʚʠʧʘʜʢʦʚʦʾ ʬʫʥʢʮʽʾ, ʘ ʩʘʤʝ: ʚʠʧʘʜʢʦʚʘ ʬʫʥʢʮʽʷ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ 

ʜʝʷʢʫ ʤʥʦʞʠʥʫ ʢʦʥʢʨʝʪʥʠʭ ʬʫʥʢʮʽʡ ʽʟ ʟʘʜʘʥʠʤ ʥʘ ʮʽʡ ʤʥʦʞʠʥʽ ʨʦʟʧʦʜʽʣʦʤ 

ʡʤʦʚʽʨʥʦʩʪʝʡ.  

.  

 
ʈʠʩʫʥʦʢ.7.1. ʈʝʘʣʽʟʘʮʽʾ ʦʜʥʽʻʾ ʽ ʪʽʻʾ ʞ ʚʠʧʘʜʢʦʚʦʾ ʬʫʥʢʮʽʾ 

 

ɺʠʧʘʜʢʦʚʘ ʬʫʥʢʮʽʷ ʯʘʩʫ ʭʘʨʘʢʪʝʨʠʟʫʻ ʧʨʦʮʝʩ ʟʤʽʥʠ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠ-

ʥʠ ʟ ʯʘʩʦʤ, ʪʦʤʫ ʚʠʧʘʜʢʦʚʽ ʬʫʥʢʮʽʾ ʯʘʩʫ ʽʥʦʜʽ ʥʘʟʠʚʘʶʪʴ ʚʠʧʘʜʢʦʚʠʤʠ, ʘʙʦ 

ʩʪʦʭʘʩʪʠʯʥʠʤʠ,  ʧʨʦʮʝʩʘʤʠ. ɺʠʧʘʜʢʦʚʫ ʬʫʥʢʮʽʶ ʢʦʦʨʜʠʥʘʪ ʪʦʯʢʠ ʫ ʧʨʦʩʪʦʨʽ 

ʟʚʠʯʘʡʥʦ ʥʘʟʠʚʘʶʪʴ ʚʠʧʘʜʢʦʚʠʤ ʧʦʣʝʤ. ʊʘʢ, ʚʝʣʠʯʠʥʘ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʝʨʭʥʽ 

ˇʨʫʥʪʫ ʻ, ʷʢ ʧʨʘʚʠʣʦ ʚʠʧʘʜʢʦʚʦʶ ʚʝʣʠʯʠʥʦʶ, ʪʦʙʪʦ ʤʠ ʤʘʻʤʦ ʩʧʨʘʚʫ ʽʟ ʚʠʧʘ-

ʜʢʦʚʠʤ ʧʦʣʝʤ ʟʘʙʨʫʜʥʝʥʥʷ.   

ɺʠʧʘʜʢʦʚʫ ʬʫʥʢʮʽʶ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʩʫʢʫʧʥʽʩʪʴ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠ-

ʯʠʥ Xt, - ʟʥʘʯʝʥʴ ʬʫʥʢʮʽʾ ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ  t: )t(XX t = , ʜʝ t ʟʤʽʥʶʻʪʴʩʷ , 



 

ʩʢʘʞʽʤʦ ʚ ʦʙʣʘʩʪʽ ba <<t .ʆʪʞʝ ʚʠʧʘʜʢʦʚʘ ʬʫʥʢʮʽʷ ʨʽʚʥʦʮʽʥʥʘ ʙʝʟʢʽʥʝʯʥʽʡ 

ʤʥʦʞʠʥʽ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ.  

ɹʫʜʴ ï ʷʢʘ ʚʠʧʘʜʢʦʚʘ ʚʝʣʠʯʠʥʘ ʧʦʚʥʽʩʪʶ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʾʾ ʟʘʢʦʥʦʤ 

ʨʦʟʧʦʜʽʣʫ. ʇʦʚʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʟʥʘʯʝʥʴ ʚʠʧʘʜʢʦʚʦʾ ʬʫʥʢʮʽʾ X(t) ʜʣʷ 

ʙʫʜʴ ï ʷʢʦʛʦ ʬʽʢʩʦʚʘʥʦʛʦ ʤʦʤʝʥʪʫ ʯʘʩʫ t ʻ ʛʫʩʪʠʥʘ ʡʤʦʚʽʨʥʦʩʪʽ ʮʴʦʛʦ ʟʥʘʯʝʥ-

ʥʷ, ʷʢʫ ʧʦʟʥʘʯʠʤʦ ʯʝʨʝʟ f1(x,t). ʎʷ ʛʫʩʪʠʥʘ ʡʤʦʚʽʨʥʦʩʪʽ ʥʘʟʠʚʘʻʪʴʩʷ ʦʜʥʦʚʠ-

ʤʽʨʥʦʶ ʛʫʩʪʠʥʦʶ ʡʤʦʚʽʨʥʦʩʪʽ ʚʠʧʘʜʢʦʚʦʾ ʬʫʥʢʮʽʾ X(t) ʽ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʙʦʨʫ ʟʥʘʯʝʥʥʷ t, ʪʦʙʪʦ ʻ ʬʫʥʢʮʽʻʶ ʯʘʩʫ t, ʱʦ ʚʽʜʦʙʨʘʞʝʥʦ ʚ ʾʾ 

ʧʦʟʥʘʯʝʥʥʽ fl(x;t). ʊʫʪ ʧʝʨʰʠʡ ʘʨʛʫʤʝʥʪ x ʦʟʥʘʯʘʻ ʤʦʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʚʠʧʘʜ-

ʢʦʚʦʾ ʬʫʥʢʮʽʾ ʍ (t) ʧʨʠ ʬʽʢʩʦʚʘʥʦʤʫ ʟʥʘʯʝʥʥʽ t. ɼʨʫʛʠʡ ʘʨʛʫʤʝʥʪ t ʩʣʫʞʠʪʴ 

ʧʘʨʘʤʝʪʨʦʤ, ʚʽʜ ʷʢʦʛʦ ʟʘʣʝʞʠʪʴ ʛʫʩʪʠʥʘ ʡʤʦʚʽʨʥʦʩʪʽ fl(x; t).  

ʆʜʥʦʚʠʤʽʨʥʘ ʛʫʩʪʠʥʘ ʡʤʦʚʽʨʥʦʩʪʽ ʭʘʨʘʢʪʝʨʠʟʫʻ ʪʽʣʴʢʠ ʙʫʜʴ ï ʷʢʫ ʦʨʜʠ-

ʥʘʪʫ ʚʠʧʘʜʢʦʚʦʾ ʢʨʠʚʦʾ ʚʟʷʪʦʾ ʍ (t) ʽʟʦʣʴʦʚʘʥʦ. ʅʘ ʧʨʘʢʪʠʮʽ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜ-

ʥʽʩʪʴ ʧʨʦʚʦʜʠʪʠ ʨʽʟʥʽ ʦʧʝʨʘʮʽʾ ʥʘ ʚʠʧʘʜʢʦʚʠʤʠ ʬʫʥʢʮʽʷʤʠ, ʟʦʢʨʝʤʘ ʜʠʬʝʨʝʥ-

ʮʽʶʚʘʪʠ ʾʭ. ʇʨʠ ʮʴʦʤʫ ʥʝʦʙʭʽʜʥʦ ʨʦʟʛʣʷʜʘʪʠ ʟʥʘʯʝʥʥʷ ʚʠʧʘʜʢʦʚʦʾ ʬʫʥʢʮʽʾ 

ʧʨʠ ʨʽʟʥʠʭ ʙʣʠʟʴʢʠʭ ʟʥʘʯʝʥʥʷʭ ʘʨʛʫʤʝʥʪʫ t. ɿʘʬʽʢʩʫʻʤʦ ʜʚʘ ʟʥʘʯʝʥʥʷ ʘʨʛʫʤʝ-

ʥʪʫ t: t1 ʽ t2. ɺʽʜʧʦʚʽʜʥʽ ʮʠʤ ʟʥʘʯʝʥʥʷʤ ʘʨʛʫʤʝʥʪʫ ʟʥʘʯʝʥʥʷ ʚʠʧʘʜʢʦʚʦʾ ʬʫʥʢʮʽʾ 

X(t1) ʽ  X(t2) ʤʦʞʥʘ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʩʫʤʽʩʥʦʶ ʛʫʩʪʠʥʦʶ ʡʤʦʚʽʨʥʦʩʪʽ 

f2(x1,x2;t1,t2), ʷʢʘ ʥʘʟʠʚʘʻʪʴʩʷ ʜʚʦʚʠʤʽʨʥʦʶ ʛʫʩʪʠʥʦʶ ʡʤʦʚʽʨʥʦʩʪʽ ʚʠʧʘʜʢʦʚʦʾ 

ʬʫʥʢʮʽʾ  ʍ (t). ɼʚʦʚʠʤʽʨʥʘ ʛʫʩʪʠʥʘ ʡʤʦʚʽʨʥʦʩʪʽ f2(x1,x2;t1,t2) ʧʦʚʥʽʩʪʶ ʚʠʟʥʘ-

ʯʘʻ ʽ ʦʜʥʦʚʠʤʽʨʥʫ ʛʫʩʪʠʥʫ ʡʤʦʚʽʨʥʦʩʪʽ f1(x1;t1) ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʦʨʤʫʣʠ 

ñ
¤

¤-

= 22121211 dx)t,t;x,x(f)t,x(f  

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʥʝʦʙʭʽʜʥʦ ʚʚʦʜʠʪʠ ʫ ʨʦʟʛʣʷʜ ʽ ʙʽʣʴʰ ʚʠʩʦʢʦʛʦ 

ʧʦʨʷʜʢʫ ʛʫʩʪʠʥʠ ʡʤʦʚʽʨʥʦʩʪʽ ʚʠʧʘʜʢʦʚʠʭ ʬʫʥʢʮʽʡ (n ï ʚʠʤʽʨʥʫ ʛʫʩʪʠʥʫ ʡʤʦ-

ʚʽʨʥʦʩʪʽ). ʋ ʚʠʧʘʜʢʫ ʞ ʚʠʧʘʜʢʦʚʦʾ ʬʫʥʢʮʽʾ  ʟ ʥʦʨʤʘʣʴʥʠʤ ʨʦʟʧʦʜʽʣʦʤ, ʚʩʷ 

ʙʝʟʢʽʥʝʯʥʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʛʫʩʪʠʥ ʡʤʦʚʽʨʥʦʩʪʝʡ ʧʦʚʥʽʩʪʶ ʚʠʟʥʘʯʘʻʪʴʩʷ, ʷʢʱʦ 

ʟʘʜʘʥʘ ʜʚʦʚʠʤʽʨʥʘ ʛʫʩʪʠʥʘ ʡʤʦʚʽʨʥʦʩʪʽ.  

ʗʢʱʦ ʚʩʪʘʥʦʚʣʝʥʦ ʧʨʘʚʠʣʦ, ʟʛʽʜʥʦ ʷʢʦʤʫ ʢʦʞʥʽʡ ʬʫʥʢʮʽʾ ű(t) ʽʟ ʜʝʷʢʦʾ 

ʾʭ ʩʫʢʫʧʥʦʩʪʽ ʧʦʩʪʘʚʣʝʥʝ ʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʯʠʩʣʦ, ʪʦ ʛʦʚʦʨʷʪʴ, ʱʦ ʟʘʜʘʥʦ ʜʝ-

ʷʢʠʡ ʬʫʥʢʮʽʦʥʘʣ F[ű(t)]. ʇʨʠʢʣʘʜʘʤʠ ʬʫʥʢʮʽʦʥʘʣʽʚ ʻ: 

(ʘ)                                            ñ=
2

1

t

t

dt)t()t(a)]t([F jj  

ɼʝ a(t) ï ʟʘʜʘʥʘ ʬʽʢʩʦʚʘʥʘ ʬʫʥʢʮʽʷ, ʘ ʛʨʘʥʠʮʽ t1, t2 ʤʦʞʫʪʴ ʙʫʪʠ ʷʢ ʢʦʥʝ-

ʯʥʠʤʠ ʪʘʢ ʽ ʙʝʟʢʽʥʝʯʥʠʤʠ. ʎʝ ʧʨʠʢʣʘʜ ʣʽʥʽʡʥʦʛʦ ʬʫʥʢʮʽʦʥʘʣʫ.  

ʇʨʠʢʣʘʜʦʤ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʬʫʥʢʮʽʦʥʘʣʫ ʻ: 



 

(ʙ)                                  ññ=
2

1

2

1

t

t

t

t

212121 dd)()(),(B)]t([F tttjtjttj  

ʋ ʮʴʦʤʫ ʚʠʨʘʟʽ B(Ű1 Ű2) ïʬʽʢʩʦʚʘʥʘ ʟʘʜʘʥʘ ʬʫʥʢʮʽʷ. 

ʑʝ ʦʜʠʥ ʧʨʠʢʣʘʜ ʬʫʥʢʮʽʦʥʘʣʫ: 

ʚ)                                            )])t([(f)]t([F jFj = ,  

ʜʝ f(x) ï ʟʘʜʘʥʘ ʬʫʥʢʮʽʷ, ʘ ʚʝʣʠʯʠʥʘ ū[ű(t)]  ʩʘʤʘ ʻ ʬʫʥʢʮʽʦʥʘʣʦʤ 

ʆʮʽʥʠʤʦ ʨʽʟʥʠʮʶ ʦʜʥʦʛʦ ʽ ʪʦʛʦ ʞ ʬʫʥʢʮʽʦʥʘʣʫ, ʚʟʷʪʦʛʦ ʜʣʷ ʜʚʦʭ ʬʫʥʢ-

ʮʽʡ ű(t) ʽ ű(t)+ŭű(t), ʜʝ ŭű(t) (Í 0) ï ʜʝʷʢʝ ʟʙʫʨʝʥʥʷ ʬʫʥʢʮʽʾ ű(t) ʥʘ ʚʽʜʨʽʟʢʫ ʯʘ-

ʩʫ ȹt (ʨʠʩ. 7.3.2).  

 

 
 

ʈʠʩʫʥʦʢ. 7. 2. ɿʙʫʨʝʥʥʷ ʬʫʥʢʮʽʾ ű(t) ʥʘ ʚʽʜʨʽʟʢʫ ʯʘʩʫ ȹt. 

 

ɺʘʨʽʘʮʽʻʶ ʬʫʥʢʮʽʾ ʥʘʟʠʚʘʻʪʴʩʷ ʣʽʥʽʡʥʘ ʧʦ ŭű(t) ʯʘʩʪʠʥʘ ʨʽʟʥʠʮʽ 

 

][F][F][F jdjjjd -+=  

 

ɺʘʨʽʘʮʽʡʥʦʶ (ʘʙʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦʶ) ʧʦʭʽʜʥʦʶ ʥʘʟʠʚʘʻʪʴʩʷ ʛʨʘʥʠʮʷ 
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t

0t d)(

][F
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jd
 

ɺʘʨʽʘʮʽʡʥʘ ʧʦʭʽʜʥʘ ʚʽʜ ʬʫʥʢʮʽʦʥʘʣʫ F[ű(t)] ʻ ʟʥʦʚʫ ʬʫʥʢʮʽʦʥʘʣ ʚʽʜ ű(t), 

ʷʢʠʡ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʯʢʠ t ʷʢ ʚʽʜ ʧʘʨʘʤʝʪʨʘ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʘʨʽʘʮʽʡʥʘ ʧʦʭʽʜʥʘ 

ʙʫʜʝ ʤʘʪʠ ʧʦʭʽʜʥʽ ʥʘʩʪʫʧʥʦʛʦ ʚʠʜʫ: ʾʾ ʤʦʞʥʘ ʜʠʬʝʨʝʥʮʽʶʚʘʪʠ ʧʦ ʧʘʨʘʤʝʪʨʫ t, 

ʘ ʪʘʢʦʞ ʤʦʞʥʘ ʩʢʣʘʩʪʠ ʾʾ ʚʘʨʽʘʮʽʡʥʫ ʧʦʭʽʜʥʫ ʧʦ ű(t) ʚ ʪʦʯʮʽ t= t1, ʷʢʘ ʙʫʜʝ 

ʜʨʫʛʦʶ ʚʘʨʽʘʮʽʡʥʦʶ ʧʦʭʽʜʥʦʶ ʚʽʜ ʚʠʭʽʜʥʦʛʦ ʬʫʥʢʮʽʦʥʘʣʫ 
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ɺʘʨʽʘʮʽʡʥʽ ʧʦʭʽʜʥʽ ʚʽʜ ʧʨʠʚʝʜʝʥʠʭ ʚʠʱʝ ʬʫʥʢʮʽʦʥʘʣʽʚ: 
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ʄʦʞʥʘ ʬʦʨʤʘʣʴʥʦ ʜʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʜʣʷ ʚʘʨʽʘʮʽʡʥʦʾ ʧʦʭʽʜʥʦʾ ʬʫʥʢʮʽʦ-

ʥʘʣʫ ű(t0) ʧʦ ʬʫʥʢʮʽʾ ű(t) ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 

 

)t(
)t(

)(
0

0 -= td
dj

tdj
, 

 

ʜʝ ŭ(Ű0-t) ï ʬʫʥʢʮʽʷ ɼʽʨʘʢʘ. 

 



 

7.4. ʆʩʥʦʚʥʽ ʩʪʘʪʠʩʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʧʘʜʢʦʚʦʛʦ ʧʦʣʷ ʟʘʙʨʫ-

ʜʥʝʥʦʩʪʽ ʪʝʨʠʪʦʨʽʾ 

ʗʢ ʨʽʚʝʥʴ ʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʫ ʪʘʢ ʽ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʥʘʢʦʧʠʯʝʥʥʷ 

ʟʘʙʨʫʜʥʝʥʥʷ ʨʦʩʣʠʥʘʤʠ ʻ ʚʠʧʘʜʢʦʚʽ ʬʫʥʢʮʽʾ ʧʨʦʩʪʦʨʦʚʠʭ ʢʦʦʨʜʠʥʘʪ x, y ʽ, 

ʚʟʘʛʘʣʽ ʢʘʞʫʯʠ, ʯʘʩʫ t. ʊʦʤʫ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ x, y, t ʷʢ ʢʦʦʨʜʠʥʘʪʠ ʜʝʷʢʦʛʦ 

ʪʨʠʚʠʤʽʨʥʦʛʦ ʚʝʢʪʦʨʘ r(x,y,t), ʘ ʡʦʛʦ ʬʫʥʢʮʽʾ qS ʪʘ Tr ʷʢ ʚʠʧʘʜʢʦʚʝ ʧʦʣʝ. ʈʝʘ-

ʣʽʟʘʮʽʻʶ ʚʠʧʘʜʢʦʚʦʛʦ ʧʦʣʷ ʻ ʥʝʚʠʧʘʜʢʦʚʝ ʧʦʣʝ, ʷʢʝ ʦʜʝʨʞʫʻʪʴʩʷ ʫ ʨʝʟʫʣʴʪʘʪʽ 

ʝʢʩʧʝʨʠʤʝʥʪʫ ï ʚʠʤʽʨʶʚʘʥʥʷ. ʚʽʜʧʦʚʽʜʥʠʭ ʚʝʣʠʯʠʥ. ʆʩʢʽʣʴʢʠ ʟʘʣʝʞʥʽʩʪʴ ʨʽʚ-

ʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʚʽʜ ʯʘʩʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ ʬʽʟʠʯʥʠʤ ʨʦʟʧʘʜʦʤ ʨʘʜʽʦ-

ʥʫʢʣʽʜʽʚ, ʷʢʠʡ ʫ ʚʠʧʘʜʢʫ ʪʘʢʠʭ, ʥʘʡʙʽʣʴʰ ʘʢʪʫʘʣʴʥʠʭ ʧʽʩʣʷ ʏʦʨʥʦʙʠʣʴʩʴʢʦʾ 

ʘʚʘʨʽʾ, ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʷʢ 137Cs ʪʘ 90Sr ʩʢʣʘʜʘʻ ʙʽʣʷ 30 ʨʦʢʽʚ, ʘ ʾʭ ʚʝʨʪʠʢʘʣʴʥʘ ʤʽ-

ʛʨʘʮʽʷ ʫ ʚʠʧʘʜʢʫ ʪʠʧʦʚʠʭ ˇʨʫʥʪʽʚ ʥʝʟʥʘʯʥʘ, ʪʦ ʯʘʩʦʚʦʶ ʟʘʣʝʞʥʽʩʪʶ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢ qs ʪʘ Tr ʥʘ ʧʨʦʪʷʟʽ ʦʜʥʦʛʦ ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʧʝʨʽʦʜʫ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ.  

ɼʣʷ ʧʦʚʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʧʘʜʢʦʚʠʭ ʧʦʣʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʬʫʥʢ-

ʮʽʾ ʨʦʟʧʦʜʽʣʫ ʚʠʧʘʜʢʦʚʦʛʦ ʧʦʣʷ, ʘʙʦ ʛʫʩʪʠʥʠ ʨʦʟʧʦʜʽʣʫ ʟʘ ʫʤʦʚʠ ʽʩʥʫʚʘʥʥʷ 

ʧʦʭʽʜʥʠʭ ʚʽʜ ʬʫʥʢʮʽʡ ʨʦʟʧʦʜʽʣʫ. 

ʅʘ ʧʨʘʢʪʠʮʽ ʨʽʜʢʦ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʧʦʚʥʠʡ ʦʧʠʩ ʚʠʧʘʜʢʦʚʠʭ ʧʦʣʽʚ ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʫʥʢʮʽʡ ʨʦʟʧʦʜʽʣʫ ʘʙʦ ʛʫʩʪʠʥ ʨʦʟʧʦʜʽʣʫ. ɿʚʠʯʘʡʥʦ, ʜʣʷ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʠ ʚʠʧʘʜʢʦʚʠʭ ʧʦʣʽʚ ʙʽʣʴʰ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʦʙʤʝʞʝʥʠʡ ʦʧʠʩ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʤʝʥʪʽʚ ʨʦʟʧʦʜʽʣʫ.  

ʅʘʡʙʽʣʴʰ ʯʘʩʪʦ ʚʞʠʚʘʥʠʤʠ, ʽ ʥʝʦʙʭʽʜʥʠʤʠ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʜʘʥʠʭ 

ʨʝʢʦʤʝʥʜʘʮʽʷʭ, ʻ ʥʘʩʪʫʧʥʽ ʤʦʤʝʥʪʠ: 

ʄʦʤʝʥʪ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ: 

 

)(m)(Q)(m q1 rrr >==<  

 

- ʤʘʪʝʤʘʪʠʯʥʝ ʩʧʦʜʽʚʘʥʥʷ ʚʠʧʘʜʢʦʚʦʛʦ ʧʦʣʷ Q. 

ɿʨʫʯʥʦ, ʪʘʢʦʞ,  ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʮʝʥʪʨʦʚʘʥʽ ʤʦʤʝʥʪʠ ʽ-ʛʦ ʧʦʨʷʜʢʫ - 

m̔(r) ʚʽʜ ʮʝʥʪʨʦʚʘʥʦʛʦ ʚʠʧʘʜʢʦʚʦʛʦ ʧʦʣʷ: 

 

)(m)(Q)(Q q rrrd -=  

 

ʆʯʝʚʠʜʥʦ, ʱʦ 0)(1 =rm . 

ʎʝʥʪʨʦʚʘʥʠʡ ʤʦʤʝʥʪ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ, ʜʠʩʧʝʨʩʽʷ ʚʠʧʘʜʢʦʚʦʛʦ ʧʦʣʷ, ʚʠ-

ʟʥʘʯʘʻʪʴʩʷ ʪʘʢ: 

 

)(D))(m)(Q()( q
2

q2 rrrrm >=-=<  



 

 

ʄʘʪʝʤʘʪʠʯʥʝ ʦʯʽʢʫʚʘʥʥʷ ʽ ʜʠʩʧʝʨʩʽʷ ʚʠʧʘʜʢʦʚʦʛʦ ʧʦʣʷ ʻ ʥʝʚʠʧʘʜʢʦʚʽ 

ʬʫʥʢʮʽʾ ʢʦʦʨʜʠʥʘʪ ʪʦʯʦʢ ʫ ʧʨʦʩʪʦʨʦʚʦ ï ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ. 

 

)t,y,x()( 11 mrm =  

 

)t,y,x(D)t,y,x()(D)( q2q2 === mrrm  

 

ʆʢʨʽʤ ʮʠʭ ʚʝʣʠʯʠʥ  ʫ ʧʦʜʘʣʴʰʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʚʦʪʦʯʢʦʚʽ ʮʝʥʪ-

ʨʘʣʴʥʽ ʤʦʤʝʥʪʠ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ: 

),(R))(m)(Q)((m)(Q(),( 21q2q21q1211,1 rrrrrrrrm >=--=<  

- ʢʦʨʝʣʷʮʽʡʥʘ ʬʫʥʢʮʽʷ ʚʠʧʘʜʢʦʚʦʛʦ ʧʦʣʷ.  

ʇʨʠ ʦʜʥʘʢʦʚʠʭ ʟʥʘʯʝʥʥʷʭ ʘʨʛʫʤʝʥʪʽʚ r1= r2  = r ʢʦʨʝʣʷʮʽʡʥʘ ʬʫʥʢʮʽʷ 

ʩʧʽʚʧʘʜʘʻ ʽʟ ʜʠʩʧʝʨʩʽʻʶ ʚʠʧʘʜʢʦʚʦʛʦ ʧʦʣʷ: 

)(D),(R q21q rrr =  

ʆʩʢʽʣʴʢʠ, ʫ ʚʠʧʘʜʢʫ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ, ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʚʤʽʩʪ 

ʟʘʙʨʫʜʥʝʥʦʩʪʽ ʫ ˇʨʫʥʪʽ ʪʘ ʬʽʟʠʢʦ ï ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ˇʨʫʥʪʫ ʥʝʟʤʽʥʥʠʤʠ ʥʘ 

ʧʨʦʪʷʟʽ ʭʘʨʘʢʪʝʨʥʠʭ ʯʘʩʽʚ ʚʝʨʪʠʢʘʣʴʥʦʾ ʤʽʛʨʘʮʽʾ ʨʘʜʽʦʥʫʢʣʽʜʽʚ, ʪʦ ʤʦʞʥʘ ʬʽʢ-

ʩʫʚʘʪʠ ʤʦʤʝʥʪ ʯʘʩʫ ʽ ʚʠʚʯʘʪʠ ʚʠʧʘʜʢʦʚʝ ʧʦʣʝ ʫ ʜʘʥʠʡ ʯʘʩ. ʋ ʪʘʢʦʤʫ ʨʘʟʽ ʚʠ-

ʧʘʜʢʦʚʝ ʧʦʣʝ Q ʻ ʚʠʧʘʜʢʦʚʦʶ ʬʫʥʢʮʽʻʶ ʣʠʰʝ ʢʦʦʨʜʠʥʘʪ  ʪʦʯʦʢ ʧʨʦʩʪʦʨʫ 

Q(x,y).  

ʉʫʪʪʻʚʦ ʩʧʨʦʱʫʶʱʦʶ ʫʤʦʚʦʶ ʦʧʠʩʫ ʚʠʧʘʜʢʦʚʠʭ ʧʦʣʽʚ, ʷʢʠʤʠ ʻ ʟʘʙʨʫ-

ʜʥʝʥʽʩʪʴ ʪʘ ʬʽʟʠʢʦ ï ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ  ˇʨʫʥʪʫ ʚ ʘʛʨʦʝʢʦʩʠʩʪʝʤʽ, ʻ ʫʤʦʚʠ ʾʭ 

ʦʜʥʦʨʽʜʥʦʩʪʽ ʪʘ ʽʟʦʪʨʦʧʥʦʩʪʽ. ʆʜʥʦʨʽʜʥʠʤ ʧʦʣʝʤ ʻ ʧʦʣʝ ʜʣʷ ʷʢʦʛʦ ʤʘʪʝʤʘʪʠʯ-

ʥʝ ʦʯʽʢʫʚʘʥʥʷ  - ʧʦʩʪʽʡʥʘ ʚʝʣʠʯʠʥʘ, ʘ ʢʦʨʝʣʷʮʽʡʥʘ ʬʫʥʢʮʽʷ ʟʘʣʝʞʠʪʴ ʣʠʰʝ ʚʽʜ 

ʨʽʟʥʠʮʽ ʚʝʢʪʦʨʽʚ: 12l rr-=  ʋ ʚʠʧʘʜʢʫ ʽʟʦʪʨʦʧʥʦʛʦ ʚʠʧʘʜʢʦʚʦʛʦ ʧʦʣʷ ʢʦʨʝʣʷ-

ʮʽʡʥʘ ʬʫʥʢʮʽʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʘʙʩʦʣʶʪʥʦʛʦ ʟʥʘʯʝʥʥʷ ʨʽʟʥʠʮʽ 12l rr-= .  

ɺ ʧʨʦʮʝʩʽ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʱʝ ʚʠʢʣʘʜʝʥʠʭ ʚʠʟʥʘʯʝʥʴ, ʢʦ-

ʨʠʩʥʠʤ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʧʘʜʢʦʚʠʭ ʧʦʣʽʚ ʥʘ ʝʨʛʦʜʠʯʥʽʩʪʴ. ʋ ʚʠʧʘʜʢʫ ʜʚʦʚʠʤʽ-

ʨʥʠʭ ʝʨʛʦʜʠʯʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʧʦʣʽʚ ʤʝʪʦʜʠ ʫʩʝʨʝʜʥʝʥʥʷ ʧʦ ʩʫʢʫʧʥʦʩʪʽ ʚʩʽʭ 

ʚʠʧʘʜʢʦʚʠʭ ʨʝʘʣʽʟʘʮʽʡ ʪʘ ʧʦ ʧʣʦʱʽ ʫ ʚʠʧʘʜʢʫ ʦʜʥʽʻʾ ʨʝʘʣʽʟʘʮʽʾ ʩʧʽʚʧʘʜʘʶʪʴ. 

ɼʣʷ ʥʘʜʽʡʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʡʤʦʚʽʨʥʦʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʪʨʽʙʥʦ ʙʨʘʪʠ ʧʣʦ-

ʱʫ ʫʩʝʨʝʜʥʝʥʥʷ, ʨʦʟʤʽʨʠ ʷʢʦʾ ʟʥʘʯʥʦ ʙʽʣʴʰʽ ʟʘ ʭʘʨʘʢʪʝʨʥʫ ʜʦʚʞʠʥʫ ʢʦʨʝʣʷ-

ʮʽʾ. ʉʘʤʝ ʫ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ, ʟʛʽʜʥʦ ʪʝʦʨʝʤʽ ʊʝʡʣʦʨʘ, ʜʠʩʧʝʨʩʽʷ ʨʽʟʥʠʮʴ ʤʽʞ 

ʜʽʡʩʥʠʤ ʟʥʘʯʝʥʥʷʤ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʩʧʦʜʽʚʘʥʥʷ ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ ʪʘ ʟʥʘ-

ʯʝʥʥʷʤ ʦʪʨʠʤʘʥʠʤ ʧʨʠ ʫʩʝʨʝʜʥʝʥʥʽ ʧʦ ʦʜʥʽʡ ʨʝʘʣʽʟʘʮʽʾ ʙʫʜʝ ʤʘʣʦʶ. 



 

ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʧʘʜʢʦʚʦʛʦ ʧʦʣʷ, ʧʦʨʷʜ ʽʟ ʢʦʨʝʣʷʮʽʡʥʦʶ ʬʫʥʢʮʽ-

ʻʶ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʘʢʦʞ ʩʪʨʫʢʪʫʨʥʫ ʬʫʥʢʮʽʶ Bq(l): 

>-+=< 2
q ))(Q)l(Q()l(B rr  

ʉʪʨʫʢʪʫʨʥʘ ʬʫʥʢʮʽʷ ʚʠʧʘʜʢʦʚʦʛʦ ʧʦʣʷ ʦʜʥʦʟʥʘʯʥʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʯʝʨʝʟ 

ʡʦʛʦ ʢʦʨʝʣʷʮʽʡʥʫ ʬʫʥʢʮʽʶ, ʰʣʷʭʦʤ: 

[ ])l(R)0(R2)l(B qqq -=  

ɼʣʷ ʦʧʠʩʫ ʩʪʘʪʠʩʪʠʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʚʠʧʘʜʢʦʚʦʛʦ ʧʦʣʷ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ 

ʟʘʙʨʫʜʥʝʥʥʷ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ ʢʦʨʝʣʷʮʽʡʥʫ ʬʫʥʢʮʽʶ ʪʘʢ ʽ ʩʪʨʫʢʪʫʨ-

ʥʫ. ʇʨʦʪʝ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʨʫʢʪʫʨʥʦʾ ʬʫʥʢʮʽʾ ʤʦʞʝ ʙʫʪʠ ʙʽʣʴʰ ʥʘʜʽʡʥʠʤ, 

ʦʩʢʽʣʴʢʠ ʧʨʠ ʤʘʣʠʭ ʟʥʘʯʝʥʥʷʭ l ʩʠʩʪʝʤʘʪʠʯʥʽ ʧʦʤʠʣʢʠ ʫ ʚʠʟʥʘʯʝʥʥʷʭ ʟʥʘʯʝʥʴ 

ʚʠʧʘʜʢʦʚʦʛʦ ʧʦʣʷ ʥʝ ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʝʣʠʯʠʥʫ Bq(l), ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʟʥʠʢʘʶʪʴ 

ʧʨʠ ʦʙʯʠʩʣʝʥʥʽ ʨʽʟʥʠʮʽ q(r+l) - q(r).     

 ɿʘʣʝʞʥʽʩʪʴ ʢʦʨʝʣʷʮʽʡʥʦʾ ʪʘ ʩʪʨʫʢʪʫʨʥʦʾ ʬʫʥʢʮʽʡ ʚʽʜ ʘʨʛʫʤʝʥʪʫ l ʽʣʶʩʪ-

ʨʫʻʪʴʩʷ ʨʠʩ. 7.3  

ɯʟ ʟʙʽʣʴʰʝʥʥʷʤ ʚʽʜʜʘʣʽ r ʤʽʞ ʪʦʯʢʘʤʠ ʢʦʥʪʨʦʣʶ xi ʪʘ xj ʟʥʘʯʝʥʥʷ ʢʦʨʝ-

ʣʷʮʽʡʥʦʾ ʬʫʥʢʮʽʾ ʟʤʝʥʰʫʻʪʴʩʷ. ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʨʫʪʠʟʥʠ ʧʘʜʽʥʥʷ ʟʥʘʯʝʥʴ 

ʢʦʨʝʣʷʮʽʡʥʦʾ ʬʫʥʢʮʽʾ ʚʚʦʜʠʪʴʩʷ ʧʦʥʷʪʪʷ ʨʘʜʽʫʩʘ ʢʦʨʝʣʷʮʽʾ: 

ñ
¤

=

00
0 dr)r(R

R

1
r  

ʜʝ R0 ï ʟʥʘʯʝʥʥʷ ʢʦʨʝʣʷʮʽʡʥʦʾ ʬʫʥʢʮʽʾ ʧʨʠ r=x i ï xj =0, ʪʦʙʪʦ ʜʠʩʧʝʨʩʽʷ. 

ʇʦ ʩʚʦʻʤʫ ʩʤʠʩʣʫ r0 ïʮʝ ʪʘ ʚʽʜʩʪʘʥʴ, ʧʦʯʠʥʘʶʯʠ ʟ ʷʢʦʾ ʚʝʣʠʯʠʥʠ ʟʥʘʯʝʥʴ ʚʠ-

ʧʘʜʢʦʚʠʭ ʧʦʣʽʚ ʟʥʘʡʜʝʥʠʭ ʚ ʪʦʯʢʘʭ  xi ʪʘ xj ʫʞʝ ʧʨʘʢʪʠʯʥʦ ʥʝ ʢʦʨʝʣʶʶʪʴ ʤʽʞ 

ʩʦʙʦʶ. ʗʢʱʦ ʢʦʨʝʣʷʮʽʡʥʘ ʬʫʥʢʮʽʷ R(r ) ʽʟ ʨʦʩʪʦʤ r ʧʝʨʝʭʦʜʠʪʴ ʯʝʨʝʟ ʟʥʘʯʝʥ-

ʥʷ 0, ʪʦ ʚʽʜʧʦʚʽʜʥʝ ʟʥʘʯʝʥʥʷ r0 ʧʨʠʡʤʘʻʪʴʩʷ ʟʘ ʟʥʘʯʝʥʥʷ ʨʘʜʽʫʩʘ ʢʦʨʝʣʷʮʽʾ 

[95]. ɯʥʢʦʣʠ ʟʘ ʨʘʜʽʫʩ ʢʦʨʝʣʷʮʽʾ ʧʨʠʡʤʘʶʪʴ ʟʥʘʯʝʥʥʷ r ʥʘ ʷʢʦʤʫ ʢʦʨʝʣʷʮʽʡʥʘ 

ʬʫʥʢʮʽʷ ʟʤʝʥʰʫʻʪʴʩʷ ʚ e º2,72 ʨʘʟ. ɼʣʷ ʢʦʨʝʣʷʮʽʡʥʠʭ ʬʫʥʢʮʽʡ, ʷʢʽ ʥʝ ʧʝʨʝʪʠ-

ʥʘʶʪʴ ʚʽʩʴ ʘʙʩʮʠʩ, ʮʝ ʻʜʠʥʠʡ ʩʧʦʩʽʙ ʦʮʽʥʢʠ ʚʝʣʠʯʠʥʠ r0. 
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ʈʠʩʫʥʦʢ 7.3.  ʂʦʨʝʣʷʮʽʡʥʘ (1) ʪʘ ʩʪʨʫʢʪʫʨʥʘ (2) ʬʫʥʢʮʽʾ ʚʠʧʘʜʢʦʚʦʛʦ 

ʧʦʣʷ 

 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʢʦʨʝʣʷʮʽʡʥʠʭ ʪʘ ʩʪʨʫʢʪʫʨʥʠʭ ʬʫ-

ʥʢʮʽʡ ʚʽʜʦʤʽ ʽ ʦʧʠʩʘʥʽ ʫ ʙʘʛʘʪʴʦʭ ʧʦʩʽʙʥʠʢʘʭ (ʥʘʧʨ. [96]).  

ʇʽʩʣʷ ʚʠʟʥʘʯʝʥʥʷ ʜʦʩʪʘʪʥʴʦʛʦ ʯʠʩʣʘ ʦʨʜʠʥʘʪ ʢʦʨʝʣʷʮʽʡʥʦʾ ʬʫʥʢʮʽʾ ʪʘ 

ʧʦʙʫʜʦʚʠ ʾʾ ʛʨʘʬʽʢʘ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʘʧʨʦʢʩʠʤʘʮʽʾ ʾʾ ʧʨʦʩʪʠʤ ʘʥʘʣʽʪʠʯ-

ʥʠʤ ʚʠʨʘʟʦʤ, ʟʨʫʯʥʠʤ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ. ɺʠʨʘʟʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦ-

ʚʫʶʪʴʩʷ ʜʣʷ ʘʧʨʦʢʩʠʤʘʮʽʾ ʧʦʚʠʥʥʽ ʟʘʜʦʚʦʣʴʥʷʪʠ ʟʘʛʘʣʴʥʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤ ʢʦ-

ʨʝʣʷʮʽʡʥʠʭ ʬʫʥʢʮʽʡ, ʚʽʜʦʙʨʘʞʘʪʠ ʥʘʡʙʽʣʴʰ ʭʘʨʘʢʪʝʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʪʨʠʤʘʥʦʾ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʟʘʣʝʞʥʦʩʪʽ, ʪʘ ʙʫʪʠ ʜʚʽʯʽ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʦʶ. 

 

 

7.5. ɺʠʟʥʘʯʝʥʥʷ ʚʽʜʥʦʩʥʦʾ ʚʝʣʠʯʠʥʠ ʨʦʩʣʠʥʥʠʮʴʢʦʾ ʧʨʦʜʫʢʮʽʾ ʽʟ ʟʘʜʘ-

ʥʠʤ ʨʽʚʥʝʤ ʟʘʙʨʫʜʥʝʥʦʩʪʽ. 

ʅʘ ʨʠʩʫʥʢʫ 7.4ʘ ʚʽʜʦʙʨʘʞʝʥʘ ʫʷʚʥʘ ʪʝʨʠʪʦʨʽʷ, ʚʽʜʥʝʩʝʥʘ ʜʦ ʩʠʩʪʝʤʠ ʢʦ-

ʦʨʜʠʥʘʪ ʍʋZ, ʥʘ ʧʣʦʱʠʥʽ XOY ʷʢʦʾ ʚʝʣʠʯʠʥʘ ʟʘʙʨʫʜʥʝʥʦʩʪʽ QS ʧʨʠʡʤʘʻ ʚʠ-

ʧʘʜʢʦʚʽ ʟʥʘʯʝʥʥʷ qS(x,y), ʚʽʜʢʣʘʜʝʥʽ ʧʦ ʦʩʽ Z. ʇʨʠ ʚʽʜʦʤʦʤʫ ʢʦʝʬʽʮʽʻʥʪʽ ʥʘʢʦ-

ʧʠʯʝʥʥʷ Tr ʟʘʙʨʫʜʥʝʥʽʩʪʴ ʨʦʩʣʠʥʥʠʮʴʢʦʾ ʧʨʦʜʫʢʮʽʾ ʧʨʠʡʤʘʻ ʟʥʘʯʝʥʥʷ 

QP(x,y)= qS(x,y) Tr, ʚʽʜʢʣʘʜʝʥʽ ʧʦ ʦʩʽ Z. ɯʩʥʫʻ ʜʦʧʫʩʪʠʤʠʡ ʨʽʚʝʥʴ ʟʘʙʨʫʜʥʝʥʦʩ-

ʪʽ QP=ʘ ʧʨʦʜʫʢʮʽʾ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʦʨʤʘʪʠʚʥʠʤʠ ʘʢʪʘʤʠ. ʄʦʜʝʣʶʚʘʥʥʷ 

ʚʠʧʘʜʢʦʚʦʾ ʬʫʥʢʮʽʾ QP(x,y). ʧʨʦʚʦʜʠʣʦʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʝʥʝʨʘʪʦʨʘ ʚʠʧʘʜʢʦ-

ʚʠʭ ʯʠʩʝʣ  n ʚ ʤʝʞʘʭ: -4<n<+4 ʧʨʠ ʩʝʨʝʜʥʴʦʤʫ ʟʥʘʯʝʥʥʽ <QP>  =5. ʊʘʢʠʤ ʯʠ-

ʥʦʤ ʥʘʡʤʝʥʰʝ ʟʥʘʯʝʥʥʷ QP=1, ʘ ʤʘʢʩʠʤʘʣʴʥʝ ï QP =9.  

ʅʘ ʨʠʩʫʥʢʫ 7.4ʙ ʽ 7.4ʚ ʧʦʢʘʟʘʥʦ ʧʝʨʝʪʠʥ ʚʠʧʘʜʢʦʚʦʾ ʧʦʚʝʨʭʥʽ Z=QP(x,y) 

ʧʣʦʱʠʥʦʶ Z=a, ʚʽʜʧʦʚʽʜʥʦ ʧʨʠ ʘ=7 ʪʘ  ʘ=6.  
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ʈʠʩʫʥʦʢ 7.4. ʍʘʨʘʢʪʝʨʥʽ ʚʠʢʠʜʠ ʨʽʚʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʨʦʩʣʠʥʥʠʮʴʢʦʾ ʧʨʦ-

ʜʫʢʮʽʾ ʟʘ ʜʦʧʫʩʪʠʤʠʡ ʨʽʚʝʥʴ 

 

ʎʽ ʨʠʩʫʥʢʠ ʽʣʶʩʪʨʫʶʪʴ, ʱʦ ʚ ʜʝʷʢʠʭ ʤʽʩʮʷʭ ʨʽʚʝʥʴ ʟʘʙʨʫʜʥʝʥʦʩʪʽ ʨʦʩ-

ʣʠʥʥʦʾ ʧʨʦʜʫʢʮʽʾ ʧʝʨʝʚʠʱʫʻ ʜʦʧʫʩʪʠʤʠʡ ʨʽʚʝʥʴ, ʪʦʙʪʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚʠʢʠʜʠ. 

ʄʽʩʮʷ ʧʝʨʝʚʠʱʝʥʥʷ ʜʦʧʫʩʪʠʤʦʛʦ ʨʽʚʥʷ ʟʘʙʨʫʜʥʝʥʦʩʪʽ ʨʦʩʣʠʥʥʠʮʴʢʦʾ ʧʨʦʜʫ-

ʢʮʽʾ ʦʙʤʝʞʝʥʽ ʣʽʥʽʻʶ L, ʱʦ ʦʙʤʝʞʫʻ ʧʣʦʱʽ ʧʝʨʝʪʠʥʫ ʚʠʢʠʜʽʚ ʫʪʚʦʨʝʥʦʛʦ 

ʧʣʦʱʠʥʦʶ Z=a ʪʘ ʚʠʧʘʜʢʦʚʦʶ ʧʦʚʝʨʭʥʝʶ, ʷʢʘ ʚʽʜʦʙʨʘʞʘʻ ʭʘʨʘʢʪʝʨ ʟʘʙʨʫʜ-

ʥʝʥʦʩʪʽ ʪʝʨʠʪʦʨʽʾ. 

ʅʘ ʨʠʩ.7.5 ʧʦʢʘʟʘʥʘ ʫʷʚʥʘ ʧʨʦʝʢʮʽʷ ʦʜʥʦʛʦ ʽ ʪʘʢʠʭ ʢʦʥʪʫʨʽʚ L ʥʘ ʧʣʦ-

ʱʠʥʫ XOY.  

ʋ ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʚʽʜʥʦʰʝʥʥʽ ʟʘʜʘʯʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ ʱʦʙ ʟʥʘʡʪʠ ʡʤʦʚʽ-

ʨʥʦʩʪʽ ʚʠʢʠʜʽʚ ʟʥʘʯʝʥʴ ʚʠʧʘʜʢʦʚʦʛʦ ʧʦʣʷ QP(x,y) ʟʘ ʟʥʘʯʝʥʥʷ qp(x,y)=a  ʧʦ 

ʢʦʥʪʫʨʫ L. ʆʩʢʽʣʴʢʠ ʟʘʜʘʯʘ ʟʥʘʭʦʜʞʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʚʠʢʠʜʽʚ ʧʦʪʨʝʙʫʻ ʙʽʣʴʰ 

ʜʝʪʘʣʴʥʦʛʦ ʦʧʠʩʫ ʚʠʧʘʜʢʦʚʠʭ ʧʦʣʽʚ, ʥʽʞ ʟʥʘʭʦʜʞʝʥʥʷ ʟʚʠʯʘʡʥʠʭ ʩʝʨʝʜʥʽʭ, ʪʦ 

ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ  ʷʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʧʘʜʢʦʚʦʛʦ ʧʦʣʷ ï 

ʢʦʨʝʣʷʮʽʡʥʽ ʬʫʥʢʮʽʾ. ʉʘʤʝ ʯʝʨʝʟ ʾʭ ʟʥʘʯʝʥʥʷ ʚʠʨʘʞʘʻʪʴʩʷ, ʥʘʧʨʠʢʣʘʜ, ʯʠʩʣʦ 

ɜ(q) ʚʠʢʠʜʽʚ ʟʥʘʯʝʥʴ q ʚʠʧʘʜʢʦʚʦʛʦ ʧʦʣʷ ʟʘ ʟʘʜʘʥʠʡ ʨʽʚʝʥʴ a ʥʘ ʦʜʠʥʠʮʶ 

ʧʣʦʱʽ. 

 



 

 

 

 

 

 

 

 

 

                                                            

ʈʠʩʫʥʦʢ 7.5. ʇʣʦʱʘ ʟ ʨʽʚʥʝʤ ʟʘʙʨʫʜʥʝʥʥʷ ʚʠʱʠʤ ʟʘ ʟʘʜʘʥʠʡ ʦʙʤʝʞʝʥʘ 

ʢʦʥʪʫʨʦʤ L 

 

ɼʣʷ ʦʮʽʥʦʢ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʛʽʧʦʪʝʟʫ ʧʨʦ ʥʦʨʤʘʣʴʥʠʡ ʭʘʨʘʢʪʝʨ ʨʦʟ-

ʧʦʜʽʣʫ ʟʘʙʨʫʜʥʝʥʦʩʪʽ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʯʠʩʣʦ ʚʠʢʠʜʽʚ ʥʘ ʦʜʠʥʠʮʶ ʧʣʦʱʽ ʜʦ-

ʨʽʚʥʶʻ: 
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ʌʽʛʫʨʫʶʯʽ ʪʫʪ ʢʦʨʝʣʷʮʽʡʥʽ ʬʫʥʢʮʽʾ Rq(x,y)  ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʟʥʘʯʘ-

ʶʪʴʩʷ ʰʣʷʭʦʤ ʚʠʤʽʨʶʚʘʥʥʷ ʟʘʙʨʫʜʥʝʥʦʩʪʽ ʨʦʩʣʠʥ ʫ ʪʦʯʢʘʭ ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ x, 

y:  
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11i11iq )q)yy,xx(q)(q)y,x(q(
1n
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)y,x(R  

ʇʽʩʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʟʘʣʝʞʥʦʩʪʽ Rq(x,y), ʟʥʘʭʦʜʷʪʴ ʾʾ 

ʘʧʨʦʢʩʠʤʫʶʯʠʡ ʘʥʘʣʽʪʠʯʥʠʡ ʚʠʨʘʟ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ 

ʧʦʭʽʜʥʠʭ.  

ɺʽʜʥʦʰʝʥʥʷ ʩʫʤʘʨʥʦʾ ʧʣʦʱʽ, ʷʢʘ ʚʠʨʽʟʫʻʪʴʩʷ ʚʠʧʘʜʢʦʚʦʶ ʧʦʚʝʨʭʥʝʶ 

Q(x,y) ʽʟ ʧʣʦʱʠʥʠ Q=a ʜʦ ʟʘʛʘʣʴʥʦʾ ʧʣʦʱʽ S ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ ʜʘʻ ʡʤʦ-

ʚʽʨʥʽʩʪʴ w(a) ʪʦʛʦ, ʱʦ ʚʝʣʠʯʠʥʘ ʚʤʽʩʪʫ ʟʘʙʨʫʜʥʝʥʦʩʪʽ ʫ ʨʦʩʣʠʥʘʭ ʙʫʜʝ ʙʽʣʴ-

L 



 

ʰʦʶ ʟʘ ʜʦʧʫʩʪʠʤʠʡ ʨʽʚʝʥʴ a. ʊʦʙʪʦ ʙʫʜʝ ʨʽʚʥʦʶ 1 - Fq(a), ʜʝ Fq(q) ï ʬʫʥʢʮʽʷ 

ʨʦʟʧʦʜʽʣʫ ʟʥʘʯʝʥʥʷ qp ï ʚʝʣʠʯʠʥʠ ʧʠʪʦʤʦʛʦ ʚʤʽʩʪʫ ʟʘʙʨʫʜʥʝʥʥʷ ʫ ʨʦʩʣʠʥʘʭ.  

ʆʪʞʝ  
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ppq dQ)Q(f)a(w  

 

ʜʝ fq(Qp) ï ʛʫʩʪʠʥʘ ʨʦʟʧʦʜʽʣʫ ʟʘʙʨʫʜʥʝʥʥʷ ʨʦʩʣʠʥʥʠʮʴʢʦʾ ʧʨʦʜʫʢʮʽʾ.  

ʅʘ ʧʨʘʢʪʠʮʽ ʟʥʘʭʦʜʷʪʴ ʥʝ ʛʫʩʪʠʥʫ ʨʦʟʧʦʜʽʣʫ  fq(Qp) ʚ ʘʥʘʣʽʪʠʯʥʦʤʫ ʚʠ-

ʛʣʷʜʽ, ʘ, ʥʘʡʯʘʩʪʽʰʝ, ʧʝʨʰʽ ʤʦʤʝʥʪʠ ʨʦʟʧʦʜʽʣʫ (ʥʘʧʨʠʢʣʘʜ, ʦʧʠʩʦʚʘ ʩʪʘʪʠʩʪʠ-

ʢʘ ʫ ʬʦʨʤʘʪʽ Excel). ɰʭ ʟʥʘʥʥʷ ʜʦʟʚʦʣʷʻ ʧʦʙʫʜʫʚʘʪʠ ʥʘʙʣʠʞʝʥʫ ʬʫʥʢʮʽʶ ʨʦʟ-

ʧʦʜʽʣʫ. ɿʦʢʨʝʤʘ, ʜʣʷ ʮʽʻʾ ʤʝʪʠ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʨʷʜ ɽʜʞʚʦʨʪʘ [97]:   
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ɼʣʷ ʟʨʫʯʥʦʩʪʽ ʚʝʣʠʯʠʥʠ ʢʫʤʫʣʷʥʪʽʚ  ɚi ʚʠʨʘʞʝʥʽ ʯʝʨʝʟ ʮʝʥʪʨʘʣʴʥʽ ʤʦ-

ʤʝʥʪʠ ɔi, ʦʩʢʽʣʴʢʠ ʯʝʨʝʟ ʥʠʭ ʧʨʝʜʩʪʘʚʣʷʶʪʴʩʷ ʪʘʢʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʦʟʧʦʜʽʣʫ 

ʷʢ ʘʩʠʤʝʪʨʽʷ a ʪʘ ʝʢʩʮʝʩ E: 
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ʊʘʢʠʤ ʯʠʥʦʤ ʟʥʘʡʜʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʩʪʘʪʠʩʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʟʥʘʡʪʠ ʥʘʙʣʠʞʝʥʫ ʛʫʩʪʠʥʫ ʨʦʟʧʦʜʽʣʫ ʡʤʦʚʽʨʥʦʩʪʝʡ ʟʘʙʨʫ-

ʜʥʝʥʥʷ fq(Qp), ʘ ʚʽʜʪʘʢ ʽ ʡʤʦʚʽʨʥʽʩʪʴ ʟʥʘʯʝʥʴ ʟʘʙʨʫʜʥʝʥʦʩʪʽ ʨʦʩʣʠʥʥʦʾ ʧʨʦʜʫ-

ʢʮʽʾ, ʷʢʽ ʧʝʨʝʚʠʱʫʶʪʴ ʜʦʧʫʩʪʠʤʠʡ ʨʽʚʝʥʴ Qʜ  



 

ʈʦʟʜʽʣ 8.   ʉʪʦʭʘʩʪʠʯʥʽ ʧʨʦʙʣʝʤʠ ʚ ʨʘʜʽʦʝʢʦʣʦʛʽʾ 

 

8.1. ʉʪʦʭʘʩʪʠʯʥʘ ʧʨʠʨʦʜʘ ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ ʫ ʥʘʚʘʥʪʘʞʝʥʥʷʭ  ʥʘ 

ʞʠʚʽ ʦʨʛʘʥʽʟʤʠ 

ʇʨʠ ʦʮʽʥʮʽ ʽ ʧʨʦʛʥʦʟʫʚʘʥʥʽ ʜʠʥʘʤʽʢʠ ʨʦʟʚʠʪʢʫ ʨʘʜʽʦʝʢʦʣʦʛʽʯʥʦʾ  ʦʙʩʪʘ-

ʥʦʚʢʠ ʟʚʠʯʘʡʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʤʽʛʨʘʮʽʾ ʨʘʜʽʦʥʫʢʣʽʜʽʚ 

ʧʦ ʭʘʨʯʦʚʠʭ ʣʘʥʮʶʛʘʭ ˇʨʫʥʪ ï ʨʦʩʣʠʥʘ ï ʣʶʜʠʥʘ, ˇʨʫʥʪ ï ʨʦʩʣʠʥʘ ï ʪʚʘʨʠʥʘ ï 

ʣʶʜʠʥʘ, ʘ ʪʘʢʦʞ ʫ ʜʘʥʦʤʫ ʞʠʚʦʤʫ ʦʨʛʘʥʽʟʤʽ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʤʦʜʝʣʴʦʚʘʥʫ 

ʩʠʩʪʝʤʫ ʫ ʚʠʛʣʷʜʽ ʩʫʢʫʧʥʦʩʪʽ ʚʟʘʻʤʦʟʚôʷʟʘʥʠʭ ʢʦʤʧʘʨʪʤʝʥʪʽʚ. ʄʦʜʝʣʽ, ʱʦ ʜʦ-

ʟʚʦʣʷʶʪʴ ʦʧʠʩʫʚʘʪʠ ʤʽʛʨʘʮʽʶ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʙʽʦʣʦʛʽʯʥʠʭ ʣʘʥʮʶʛʘʭ, ʝʚʦʣʶ-

ʮʽʶ ʚ ʯʘʩʽ ʟʤʽʩʪʫ ʘʢʪʠʚʥʦʩʪʽ ʚ ʦʢʨʝʤʠʭ ʦʨʛʘʥʘʭ ʞʠʚʦʛʦ ʦʨʛʘʥʽʟʤʫ ʚʠʤʘʛʘʶʪʴ 

ʜʦʩʠʪʴ ʧʦʚʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʧʨʦ ʰʣʷʭʠ ʤʽʛʨʘʮʽʾ ʽ ʧʨʦʮʝʩʠ ʦʙʤʽʥʫ ʨʝʯʦʚʠ-

ʥʦʶ ʤʽʞ ʦʢʨʝʤʠʤʠ ʣʘʥʢʘʤʠ ʙʽʦʣʦʛʽʯʥʠʭ ʣʘʥʮʶʛʽʚ.  

ʋ ʟʚʠʯʘʡʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʤʝʪʦʜʘʭ ʦʮʽʥʦʢ  ʥʘʩʣʽʜʢʽʚ ʦʧʨʦʤʽʥʝʥʥʷ 

ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʽʚ  ʚʠʭʦʜʷʪʴ ʟ ʦʙʯʠʩʣʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʨʘʜʽʦʥʫʢʣʽʜʽʚ, ʱʦ ʧʦʧʘ-

ʜʘʶʪʴ ʚ ʦʨʛʘʥʽʟʤ ʨʽʟʥʠʤʠ ʰʣʷʭʘʤʠ (ʧʝʨʦʨʘʣʴʥʠʡ, ʽʥʛʘʣʷʮʽʡʥʠʡ, ʧʝʨʢʫʪʘʥ-

ʥʠʡ), ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʪʽ ʘʙʦ ʽʥʰʽ ʤʦʜʝʣʽ ʤʽʛʨʘʮʽʾ ʥʫʢʣʽʜʽʚ ʧʦ ʪʨʦʬʽʯʥʠʭ ʣʘʥ-

ʮʶʛʘʭ. ʇʨʠ ʮʴʦʤʫ ʚʠʭʦʜʷʪʴ (ʜʠʚ. ʥʘʧʨ.[42, 66-69]) ʟ ʜʦʙʦʚʠʭ ʧʦʪʨʝʙ, ʥʘʧʨʠ-

ʢʣʘʜ ʣʶʜʠʥʠ, ʫ ʧʦʚʽʪʨʽ, ʾʞʽ ʽ ʟ ʜʘʥʠʭ ʧʨʦ ʟʘʙʨʫʜʥʝʥʥʷ ʧʨʦʜʫʢʪʽʚ ʭʘʨʯʫʚʘʥʥʷ 

ʨʦʩʣʠʥʥʦʛʦ ʽ ʪʚʘʨʠʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʽ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʊʘʢʽ ʤʝ-

ʪʦʜʠ ʦʮʽʥʦʢ ʟʤʽʩʪʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʨʽʟʥʠʭ ʦʨʛʘʥʘʭ ʞʠʚʦʛʦ ʦʨʛʘʥʽʟʤʫ, ʘ ʚʽʜʪʘʢ 

ʽ ʜʦʟʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʪʝʦʨʽʾ ɹʣʝʨʘ-ɼʝʚʽʜʩʦʥʘ [98] ʻ 

ʜʝʪʝʨʤʽʥʦʚʘʥʠʤʠ, ʦʩʢʽʣʴʢʠ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʟʘʢʦʥ ʥʘʜʭʦʜʞʝʥʥʷ g(t)  ʨʘ-

ʜʽʦʥʫʢʣʽʜʽʚ ʚ ʦʨʛʘʥʽʟʤ ʚʽʜʦʤʠʡ ʫ ʜʝʪʘʣʷʭ, ʪʦʙʪʦ ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʚʩʽ ʧʘʨʘʤʝʪ-

ʨʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʤʽʛʨʘʮʽʶ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʧʦ ʭʘʨʯʦʚʠʭ ʣʘʥʮʶʞʢʘʭ ʽ ʧʘʨʘʤʝ-

ʪʨʠ, ʱʦ ʦʧʠʩʫʶʪʴ ʤʝʪʘʙʦʣʽʯʥʽ ʨʝʘʢʮʽʾ ʚ ʦʨʛʘʥʽʟʤʽ ʻ ʚʽʜʦʤʠʤʠ ʬʫʥʢʮʽʷʤʠ ʯʘʩʫ 

(ʚ ʦʢʨʝʤʦʤʫ ʚʠʧʘʜʢʫ, ʧʦʩʪʽʡʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ). ʊʠʤ ʯʘʩʦʤ, ʚʽʜʦʤʦʶ ʚʝʣʠʯʠ-

ʥʦʶ (ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʤʽʨʶʚʘʥʦʶ) ʻ ʣʠʰʝ ʟʘʙʨʫʜʥʝʥʥʷ ʩʝʨʝʜʦʚʠʱʘ ʽʩʥʫ-

ʚʘʥʥʷ. 

ʇʨʦʙʣʝʤʘ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʤʽʛʨʘʮʽʾ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʪʨʦʬʽʯʥʠʤʠ ʣʘ-

ʥʮʶʛʘʤʠ ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʨʷʜʦʤ ʦʙʩʪʘʚʠʥ, ʘʢʪʫʘʣʴʥʽʩʪʴ ʷʢʠʭ ʩʪʘʣʘ ʦʯʝʚʠʜʥʦʾ 

ʧʽʩʣʷ ʘʚʘʨʽʾ ʥʘ ʏɸɽʉ. ʊʘʢ ʨʘʜʽʦʘʢʪʠʚʥʝ ʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʫ, ʦʙʫʤʦʚʣʝʥʝ ʘʚʘ-

ʨʽʻʶ ʥʘ ʏɸɽʉ ʽʩʪʦʪʥʦ ʥʝʦʜʥʦʨʽʜʥʝ. ʊʘʢʘ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʦʙʫʤʦʚʣʝʥʘ ʷʢ ʦʙ-

ʩʪʘʚʠʥʘʤʠ ʚʠʙʫʭʫ ʥʘ ʏɸɽʉ, ʪʘʢ  ʽ  ʯʠʩʪʦ ʩʪʘʪʠʩʪʠʯʥʠʤ ʭʘʨʘʢʪʝʨʦʤ ʦʩʽʜʘʥʥʷ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʥʘ ʧʦʚʝʨʭʥʶ ˇʨʫʥʪʫ. ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ, ʧʨʦʜʫʢʪʠ ʩʽʣʴʩʴʢʦʛʦʩʧʦ-

ʜʘʨʩʴʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ (ʦʜʥʦʛʦ ʽ ʪʦʛʦ ʞ ʚʠʜʫ), ʱʦ ʚʠʨʦʙʣʷʶʪʴʩʷ ʥʘ ʟʘʙʨʫʜ-



 

ʥʝʥʽʡ ʪʝʨʠʪʦʨʽʾ, ʙʫʜʫʪʴ ʤʘʪʠ ʨʽʟʥʠʡ ʩʪʫʧʽʥʴ ʟʘʙʨʫʜʥʝʥʥʷ3. ʊʘʢʠʡ ʞʝ ʨʝʟʫʣʴ-

ʪʘʪ ʤʦʞʝ ʙʫʪʠ ʦʙʫʤʦʚʣʝʥʠʡ ʪʠʤ, ʱʦ ʢʦʝʬʽʮʽʻʥʪʠ ʧʝʨʝʭʦʜʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʽʟ 

ˇʨʫʥʪʫ ʚ ʨʦʩʣʠʥʠ ʤʽʥʷʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʬʣʫʢʪʫʘʮʽʡ ʚʣʘʩʪʠʚʦʩʪʝʡ ˇʨʫʥʪʫ. 

ʉʝʨʝʜ ʪʘʢʠʭ ʬʣʫʢʪʫʘʮʽʡ ʚʘʨʪʦ ʨʦʟʨʽʟʥʷʪʠ ʩʪʘʪʠʯʥʽ, ʦʙʫʤʦʚʣʝʥʽ ʬʣʫʢʪʫʘʮʽʷʤʠ 

ʫ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʷʭ ˇʨʫʥʪʫ ʪʘ  ʾʭ ʤʝʭʘʥʽʯʥʠʤ ʩʢʣʘʜʦʤ (ʥʘ ʪʝʨʠʪʦ-

ʨʽʾ ʦʜʥʦʛʦ ʽ ʪʦʛʦ ʞ ʛʦʩʧʦʜʘʨʩʪʚʘ ʤʦʞʫʪʴ ʙʫʪʠ ʨʽʟʥʽ ʚʠʜʠ ˇʨʫʥʪʽʚ ʟ ʨʽʟʥʠʤʠ  

ʟʥʘʯʝʥʥʷʤʠ ʨʅ, ʨʽʟʥʠʤ ʚʤʽʩʪʦʤ ʛʣʠʥʠ, ʛʫʤʫʩʫ ʽ ʪ.ʜ.), ʘ ʪʘʢʦʞ ʪʠʤʯʘʩʦʚʽ ʬʣʫʢ-

ʪʫʘʮʽʾ, ʦʙʫʤʦʚʣʝʥʽ ʟʤʽʥʘʤʠ, ʥʘʧʨʠʢʣʘʜ, ʧʦʛʦʜʥʠʭ ʫʤʦʚ. ʊʘʢ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʧʝʨʝʭʦʜʫ Kr,, ʤʘʻʤʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʚʤʽʩʪʦʤ ʨʘ-

ʜʽʦʥʫʢʣʽʜʽʚ ʫ ˇʨʫʥʪʽ q2(t)  ʽ ʨʦʩʣʠʥʘʭ q1(t): q1(t)= Krq2(t). ʆʩʢʽʣʴʢʠ, ʚʝʣʠʯʠʥʠ 

Kr ʽ q2 ʩʪʘʪʠʩʪʠʯʥʦ ʥʝʟʘʣʝʞʥʽ, ʪʝ ʧʽʩʣʷ ʚʠʜʽʣʝʥʥʷ ʚ ʮʠʭ ʚʝʣʠʯʠʥʘʭ ʬʣʫʢʪʫʶ-

ʯʠʭ ʯʘʩʪʠʥ dKr=(Kr-<Kr>)/<Kr>, dq2=(q2-<q2>)/<q2>, ʜʝ <...>  ʦʟʥʘʯʘʻ ʫʩʝʨʝʜ-

ʥʝʥʥʷ ʧʦ ʚʩʽʭ ʤʦʞʣʠʚʠʭ ʨʝʘʣʽʟʘʮʽʷʭ ʟʥʘʯʝʥʴ Kr ʽ  q2,  ʦʪʨʠʤʫʻʤʦ, ʱʦ ʩʝʨʝʜ-

ʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʨʦʩʣʠʥ ʟʚ'ʷʟʘʥʝ ʽʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʚʝʣʠ-

ʯʠʥʘʤʠ ʢʦʝʬʽʮʽʻʥʪʘ ʧʝʨʝʭʦʜʫ ʽ ʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ:  

<(dq1)
2>=<(dKr)

2>+<(dq2)
2>+<(dKr)

2><(dq2)
2>.                                  (8.1) 

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʪʘʪʠʩʪʠʯʥʽ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʚ ʟʤʽʩʪʽ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʨʦʩ-

ʣʠʥʘʭ, ʘ ʚʽʜʪʘʢ ʽ ʫ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʘʭ, ʙʫʜʫʪʴ ʚʠʟʥʘʯʘʪʠʩʷ ʥʝʚʠʟʥʘʯʝʥʦʩʪʷʤʠ ʫ 

ʟʘʙʨʫʜʥʝʥʥʽ ˇʨʫʥʪʫ ʽ ʢʦʝʬʽʮʽʻʥʪʘʭ ʧʝʨʝʭʦʜʫ.  

ʆʩʢʽʣʴʢʠ  ʧʨʦʜʫʢʮʽʷ, ʚʠʨʦʱʝʥʘ ʥʘ ʟʘʙʨʫʜʥʝʥʽʡ ʪʝʨʠʪʦʨʽʾ ʤʦʞʝ ʤʘʪʠ ʨʽ-

ʟʥʠʡ ʟʤʽʩʪ ʨʘʜʽʦʥʫʢʣʽʜʽʚ, ʪʦ ʟʚ'ʷʟʘʥʝ ʟ ʫʞʠʚʘʥʥʷʤ ʟʘʙʨʫʜʥʝʥʠʭ ʧʨʦʜʫʢʪʽʚ ʥʘ-

ʜʭʦʜʞʝʥʥʷ ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ g(t) ʚ ʦʨʛʘʥʽʟʤ ʣʶʜʠʥʠ ʽ/ʘʙʦ ʪʚʘʨʠʥ ʥʝ ʻ ʜʝʪʝʨʤʽ-

ʥʦʚʘʥʠʤ ʧʨʦʮʝʩʦʤ, ʘ ʩʢʦʨʽʰʝ ʚʠʧʘʜʢʦʚʠʤ, ʽ ʚ ʨʷʜʽ ʚʠʧʘʜʢʽʚ ʤʦʞʝ ʙʫʪʠ ʘʧʨʦʢ-

ʩʠʤʦʚʘʥʝ ʽʤʧʫʣʴʩʥʠʤ ʚʠʧʘʜʢʦʚʠʤ ʧʨʦʮʝʩʦʤ: 

),it-g(t

i
i = (t) äxg                                                                                      (8.2) 

ʜʝ ʚʠʧʘʜʢʦʚʽ ʚʝʣʠʯʠʥʠ ʘʤʧʣʽʪʫʜʠ ʽʤʧʫʣʴʩʽʚ xi   ʩʪʘʪʠʩʪʠʯʥʦ ʥʝʟʘʣʝʞʥʽ ʽ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʜʝʷʢʦʶ ʛʫʩʪʠʥʦʶ ʡʤʦʚʽʨʥʦʩʪʝʡ Â( )x, ʘ ʚʠʧʘʜʢʦʚʽ ʤʦʤʝʥʪʠ 

ʯʘʩʫ ʥʘʜʭʦʜʞʝʥʥʷ ʚ ʦʨʛʘʥʽʟʤ ʥʫʢʣʽʜʽʚ kt  ʨʦʟʧʦʜʽʣʝʥʽ (ʥʝ ʦʙʦʚ'ʷʟʢʦʚʦ ʨʽʚʥʦʤʽ-

ʨʥʦ) ʥʘ ʨʦʟʛʣʷʜʫʚʘʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʯʘʩʫ (0-T), ʪʘʢ ʱʦ ʾʭʥʻ ʯʠʩʣʦ n ʨʦʟʧʦʜʽʣʝʥʝ 

ʟʘ ʟʘʢʦʥʦʤ ʇʫʘʩʩʦʥʘ ʟ ʧʘʨʘʤʝʪʨʦʤ T = n nðà . ʇʘʨʘʤʝʪʨ n ʤʘʻ ʩʤʠʩʣ ʯʘʩʪʦʪʠ 

ʥʘʜʭʦʜʞʝʥʥʷ ʽʤʧʫʣʴʩʽʚ ʘʢʪʠʚʥʦʩʪʽ ʚ ʦʨʛʘʥʽʟʤ. ʇʨʠ ʦʮʽʥʮʽ, ʥʘʧʨʠʢʣʘʜ, ʟʦʚʥʽ-

ʰʥʴʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ ʫ ʚʠʧʘʜʢʫ ʧʝʨʝʤʽʱʝʥʥʷ ʧʦ ʪʝʨʠʪʦʨʽʾ ʟ ʚʠʧʘʜʢʦʚʠʤ ʣʦʢʘ-

ʣʴʥʠʤ ʟʘʙʨʫʜʥʝʥʥʷʤ, ʮʝʡ ʧʘʨʘʤʝʪʨ ʜʦʨʽʚʥʶʻ ʯʘʩʪʦʪʽ ʚʽʜʚʽʜʫʚʘʥʥʷ ʜʽʣʷʥʦʢ 

ʟʘʙʨʫʜʥʝʥʥʷ. ʌʫʥʢʮʽʷ g(t ) (g(t ) = 0 ʧʨʠ t<0), ʱʦ ʦʧʠʩʫʻ ʬʦʨʤʫ ʽʤʧʫʣʴʩʽʚ, ʻ 

ʜʝʪʝʨʤʽʥʦʚʘʥʦʶ ʬʫʥʢʮʽʻʶ ʯʘʩʫ. (ʋ ʚʠʧʘʜʢʫ ʙʘʛʘʪʦʢʦʤʧʘʨʪʤʝʥʪʥʠʭ ʤʦʜʝʣʝʡ 

                                           
3 ʇʨʦʩʪʦʨʦʚʽ ʤʘʩʰʪʘʙʠ ʬʣʫʢʪʫʘʮʽʡ ʚʣʘʩʪʠʚʦʩʪʝʡ ʛʨʫʥʪʫ ʟʚʠʯʘʡʥʦ ʥʝ ʙʽʣʴʰʽ ʭʘʨʘʢʪʝʨʥʠʭ ʨʘʟʤʽʨʽʚ ʧʦʣʽʚ, ʥʘ-

ʚʽʪʴ ʫ ʚʠʧʘʜʢʫ ʧʨʠʩʘʜʠʙʥʠʭ ʜʽʣʷʥʦʢ. 



 

ʦʨʛʘʥʽʟʤʫ, ʘʢʪʠʚʥʽʩʪʴ ʱʦ ʥʘʜʭʦʜʠʪʴ ʫ ʙʘʨ'ʻʨʥʠʡ ʦʨʛʘʥ ʥʘʚʽʪʴ ʫ ʚʠʛʣʷʜʽ ʽʤʧʫ-

ʣʴʩʽʚ ʜʨʦʙʦʚʦʛʦ ʰʫʤʫ (g(t ) = d(t ), d - ʬʫʥʢʮʽʷ ɼʽʨʘʢʘ), ʧʽʩʣʷ ʧʨʦʭʦʜʞʝʥʥʷ 

ʧʝʨʰʦʛʦ ʞ  ʢʦʤʧʘʨʪʤʝʥʪʫ ʧʨʠʡʤʘʻ ʬʦʨʤʫ ʽʤʧʫʣʴʩʽʚ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʾ ʬʦʨ-

ʤʠ. 

ʎʝ ʽ ʻ ʦʜʥʘ ʟ ʦʩʥʦʚʥʠʭ ʧʨʠʯʠʥ, ʱʦ ʚʠʤʽʨʶʚʘʥʽ ʟʥʘʯʝʥʥʷ ʨʘʜʽʘʮʽʡʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʥʘʩʝʣʝʥʥʷ  ʤʘʶʪʴ ʨʦʟʧʦʜʽʣ ʫ ʜʦʩʠʪʴ ʰʠʨʦʢʠʭ ʤʝʞʘʭ. ɺʥʘ-

ʩʣʽʜʦʢ ʽʩʥʫʚʘʥʥʷ ʪʘʢʦʛʦ ʨʦʟʧʦʜʽʣʫ, ʷʢ ʩʚʽʜʯʘʪʴ ʚʠʤʽʨʶʚʘʥʥʷ ʚʤʽʩʪʫ ʨʘʜʽʦʘʢ-

ʪʠʚʥʦʛʦ ʮʝʟʽʶ ʚ ʦʨʛʘʥʽʟʤʽ ʣʶʜʝʡ, ʧʨʦʚʝʜʝʥʽ, ʥʘʧʨʠʢʣʘʜ, ʚ ʭʦʜʽ ʚʠʤʽʨʶʚʘʣʴʥʦʾ 

ʢʦʤʧʘʥʽʾ ʌʈʅ (1992-1993ʨ.) ʫ ʨʷʜʽ ʩʽʣ ʋʢʨʘʾʥʩʴʢʦʛʦ ʇʦʣʽʩʩʷ [101] ʟʥʘʯʥʘ ʯʘ-

ʩʪʠʥʘ ʥʘʩʝʣʝʥʥʷ  (² 30 %)  ʫ ʩʩ. ʆʣʝʚʩʢ, ɹʘʟʘʨ, ʅʘʨʦʜʠʯʽ ʽ ʏʠʛʠʨʽ ʤʘʻ ʥʘʚʘʥ-

ʪʘʞʝʥʥʷ ʙʽʣʴʰʝ ʟʘ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ, ʭʘʨʘʢʪʝʨʥʝ ʜʣʷ ʮʠʭ ʩʽʣ (181.5, 240.7, 506 

ʪʘ 389.6 nCi, ʚʽʜʧʦʚʽʜʥʦ). ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʽʣʴʢʠ ʩʝʨʝʜʥʽʭ ʟʥʘ-

ʯʝʥʴ ʨʘʜʽʘʮʽʡʥʠʭ ʪʘ ʜʦʟʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʥʝ ʜʦʟʚʦʣʷʻ ʘʜʝʢʚʘʪʥʦ ʦʮʽʥʶʚʘʪʠ 

ʩʪʫʧʽʥʴ ʨʠʟʠʢʫ  ʧʨʦʞʠʚʘʥʥʷ ʚ ʟʘʙʨʫʜʥʝʥʠʭ ʨʘʜʽʦʥʫʢʣʽʜʘʤʠ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢ-

ʪʘʭ. ɯʥʰʠʤ ʬʘʢʪʦʨʦʤ, ʱʦ ʚʠʟʥʘʯʘʻ ʩʪʦʭʘʩʪʠʯʥʽʩʪʴ ʥʘʜʭʦʜʞʝʥʥʷ ʘʢʪʠʚʥʦʩʪʽ, 

ʫʞʝ, ʥʘʧʨʠʢʣʘʜ ʫ ʢʨʠʪʠʯʥʠʡ ʦʨʛʘʥ, ʻ ʪʠʤʯʘʩʦʚʽ ʬʣʫʢʪʫʘʮʽʾ ʚ ʧʘʨʘʤʝʪʨʘʭ, ʱʦ 

ʚʠʟʥʘʯʘʶʪʴ  ʰʚʠʜʢʽʩʪʴ ʤʝʪʘʙʦʣʽʟʤʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʚ ʦʨʛʘʥʽʟʤʽ. ʊʘʢʽ ʬʣʫʢʪʫʘ-

ʮʽʾ ʤʦʞʫʪʴ ʙʫʪʠ ʦʙʫʤʦʚʣʝʥʠʤʠ ʚʠʧʘʜʢʦʚʠʤʠ ʟʤʽʥʘʤʠ ʩʪʘʥʫ ʦʨʛʘʥʽʟʤʫ, ʱʦ 

ʧʨʠʚʦʜʠʪʴ ʜʦ ʩʪʦʭʘʩʪʠʯʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʦʙʤʽʥʫ ʨʝʯʦʚʠʥʦʶ. ʗʢ ʧʦʢʘʟʘʥʦ ʚ ʨʦ-

ʙʦʪʽ [102], ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʜʠʥʘʤʽʢʘ ʨʦʟʧʦʜʽʣʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʚ ʦʨʛʘʥʽʟʤʽ ʧʦ 

ʢʦʤʧʘʨʪʤʝʥʪʘʤ ʚ ʽʩʪʦʪʥʦʤʫ ʩʪʫʧʝʥʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ ʤʽʞ ʭʘ-

ʨʘʢʪʝʨʥʠʤʠ ʯʘʩʘʤʠ -1

ii k = t  ʧʝʨʝʭʦʜʫ ʥʫʢʣʽʜʽʚ ʤʽʞ ʢʦʤʧʘʨʪʤʝʥʪʘʤʠ, ʘ ʪʘʢʦʞ 

ʯʘʩʦʤ kt , ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʪʨʠʚʘʣʽʩʪʴ ʬʣʫʢʪʫʘʮʽʡ ʽ ʚʝʣʠʯʠʥʘʤʠ ʩʘʤʠʭ ʬʣʫ-

ʢʪʫʘʮʽʡ ikd  ʧʘʨʘʤʝʪʨʽʚ ʤʝʪʘʙʦʣʽʟʤʫ. ʎʝ ʚʽʜʥʦʩʠʪʴʩʷ ʚ ʦʜʥʘʢʦʚʽʡ ʤʽʨʽ ʽ ʜʦ ʚʠ-

ʧʘʜʢʫ ʩʠʩʪʝʤʠ ˇʨʫʥʪ ï ʨʦʩʣʠʥʠ, ʢʦʣʠ ʚʠʧʘʜʢʦʚʽ ʟʤʽʥʠ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ 

ʧʨʠʚʦʜʷʪʴ ʜʦ ʬʣʫʢʪʫʘʮʽʡ ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʘ ʧʝʨʝʭʦʜʫ Kr.   

ʍʦʯʘ ʚ ʨʦʙʦʪʘʭ [103,104] ʽ ʦʙʛʦʚʦʨʶʚʘʣʦʩʷ ʧʠʪʘʥʥʷ ʧʨʦ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ 

ʚ ʨʘʜʽʘʮʽʡʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʥʘ ʦʨʛʘʥʽʟʤ, ʦʙʫʤʦʚʣʝʥʠʭ ʥʘʷʚʥʽʩʪʶ ʬʣʫʢʪʫʘ-

ʮʽʡ ʘʢʪʠʚʥʦʩʪʽ ʚ ʧʦʚʽʪʨʽ ʽ ʧʝʨʝʙʫʚʘʥʥʷʤ ʣʶʜʝʡ ʥʘ ʪʝʨʠʪʦʨʽʾ ʟ ʥʝʦʜʥʦʨʽʜʥʠʤ 

ʟʘʙʨʫʜʥʝʥʥʷʤ ʘʢʪʠʚʥʦʩʪʽ, ʩʠʩʪʝʤʘʪʠʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʟʘʟʥʘʯʝʥʠʭ ʬʘʢ-

ʪʦʨʽʚ ʩʪʦʭʘʩʪʠʯʥʦʩʪʽ ʥʘ ʧʨʦʮʝʩʠ ʥʘʛʨʦʤʘʜʞʝʥʥʷ ʨʘʜʽʘʮʽʡʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʫ 

ʞʠʚʦʤʫ ʦʨʛʘʥʽʟʤʽ ʚʽʜʩʫʪʥʻ. 

ɼʣʷ ʫʨʘʭʫʚʘʥʥʷ ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʭʘʨʘʢʪʝʨʫ  ʤʽʛʨʘʮʽʾ ʪʨʦʬʽʯʥʠʤʠ ʣʘʥʮʶ-

ʛʘʤʠ ʥʝʦʙʭʽʜʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ. ʋ ʜʘʥʦʤʫ 

ʨʦʟʜʽʣʽ, ʥʘ ʧʨʠʢʣʘʜʽ ʪʠʧʦʚʠʭ ʜʣʷ ʨʘʜʽʦʝʢʦʣʦʛʽʾ  ʟʘʜʘʯ, ʱʦ ʚʠʤʘʛʘʶʪʴ ʚʠʢʦʨʠʩ-

ʪʘʥʥʷ ʧʦʥʷʪʴ ʩʪʦʭʘʩʪʠʯʥʦʩʪʽ ʧʨʦʮʝʩʽʚ,  ʜʝʤʦʥʩʪʨʫʻʪʴʩʷ ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ, 

ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʘʥʘʣʽʟʫ ʧʦʜʽʙʥʦʛʦ ʨʦʜʫ ʟʘʜʘʯ.  



 

ɿ ʚʠʱʝʩʢʘʟʘʥʦʛʦ ʚʠʧʣʠʚʘʻ, ʱʦ ʤʦʞʥʘ ʛʦʚʦʨʠʪʠ ʣʠʰʝ ʧʨʦ ʽʤʦʚʽʨʥʦʩʪʽ 

w(C(t)) ʪʦʛʦ, ʱʦ ʢʽʣʴʢʽʩʪʴ ʨʘʜʽʦʥʫʢʣʽʜʽʚ, ʱʦ ʥʘʜʽʡʰʣʠ ʚ ʦʨʛʘʥʽʟʤ ʜʦ ʤʦʤʝʥʪʫ 

ʯʘʩʫ t ʜʦʨʽʚʥʶʻ C(t). ʎʝ ʦʟʥʘʯʘʻ, ʱʦ, ʥʘʧʨʠʢʣʘʜ, ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʜʦʟʦʚʦʛʦ ʥʘ-

ʚʘʥʪʘʞʝʥʥʷ D, ʥʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ ʮʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠ ʬʽʢʩʦʚʘʥʦʤʫ ʟʘʢʦʥʽ 

ʥʘʜʭʦʜʞʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ, ʘ ʧʦʪʽʤ ʦʙʯʠʩʣʠʪʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʽʥʪʝʛʨʘʣ 

 

ñðà (t))dCD(C(t))w(C = D ,                                                         (8.3) 

 

ʗʢʠʡ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʜʦʟʫ ʫʩʝʨʝʜʥʝʥʫ  ʧʦ ʘʥʩʘʤʙʣʶ ʚʩʽʭ ʤʦʞʣʠʚʠʭ 

ʨʝʘʣʽʟʘʮʽʡ ʚʠʧʘʜʢʦʚʠʭ ʟʘʣʝʞʥʦʩʪʝʡ C(t). 

ʇʨʘʢʪʠʯʥʦ ʚʘʞʣʠʚʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʦʧʨʦʤʽʥʝʥʥʷ ʻ ʽʤʦʚʽʨʥʽʩʪʴ ʨʦʟ-

ʧʦʜʽʣʫ ʜʦʟʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ w(C), ʦʩʢʽʣʴʢʠ ʮʷ ʚʝʣʠʯʠʥʘ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘ-

ʪʠ ʥʝ ʪʽʣʴʢʠ ðàD  ʘʣʝ ʡ ʽʤʦʚʽʨʥʽʩʪʴ ʦʜʝʨʞʘʥʥʷ ʜʦʟʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʫ ʟʘʜʘ-

ʥʦʤʫ ʽʥʪʝʨʚʘʣʽ. ʊʘʢ,  ʽʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʟʥʘʯʝʥʥʷ C(t) ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ 

ʤʽʞ 21 C  C ʠ  ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʟʦʤ: 

ñ<
2

1

C

C

21 (C)dCw = )C<C(Cw                                                   (8.4) 

ɺʽʜʟʥʘʯʠʤʦ, ʪʘʢʦʞ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʫʩʝʨʝʜʥʝʥʥʷ (8.2) 

(ʘ ʥʝ ʯʘʩʦʚʦʛʦ) ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʭʦʜʷʯʠ ʟ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ  ʨʽʚʥʷʥʥʷ ʜʣʷ 

ʚʠʧʘʜʢʦʚʠʭ ʬʫʥʢʮʽʡ, ʤʠʥʘʶʯʠ ʟʥʘʭʦʜʞʝʥʥʷ ʡʦʛʦ ʘʥʘʣʽʪʠʯʥʦʛʦ ʨʦʟʚôʷʟʢʫ, 

ʦʪʨʠʤʫʚʘʪʠ ʨʽʚʥʷʥʥʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʣʷ  ʩʪʘʪʠʩʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʦʟʛ-

ʣʷʜʫʚʘʥʦʛʦ ʘʥʩʘʤʙʣʶ ʦʨʛʘʥʽʟʤʽʚ, ʱʦ ʫʨʘʞʘʶʪʴʩʷ, ʽ ʚʠʨʘʞʘʪʠ ʥʠʭ ʟʘ ʜʦʧʦʤʦ-

ʛʦʶ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʤʽʨʶʚʘʥʠʭ ʚʝʣʠʯʠʥ - ʧʘʨʘʤʝʪʨʽʚ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘ-

ʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʘʥʘʣʽʟʽ ʚʽʜʛʫʢʫ ʞʠʚʦʛʦ ʦʨʛʘʥʽʟʤʫ ʥʘ ʚʧʣʠʚ ʽʦʥʽʟʫʶʯʦ-

ʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʟʘʜʘʯʘ ʟʚʦʜʠʪʴʩʷ ʜʦ ʧʝʨʝʙʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʾ ʱʽʣʴʥʦʩʪʽ 

ʽʤʦʚʽʨʥʦʩʪʽ ʥʘ ʦʩʥʦʚʽ ʤʦʜʝʣʝʡ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʽʚ. ʊʘʢʽ ʤʦʜʝʣʽ ʟʚʠʯʘʡʥʦ 

[42,66,69] ʦʧʠʩʫʶʪʴʩʷ ʣʽʥʽʡʥʠʤʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ (ʘʙʦ ʾʭ ʩʠʩ-

ʪʝʤʘʤʠ) ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ, ʟʘʛʘʣʴʥʠʡ ʚʠʜ ʷʢʠʭ ʥʘʩʪʫʧʥʠʡ: 

(t), + (t)- = 
dt

(t)d
gnx

x
                                                            (8.5)     

ʜʝ x(t) ʭʘʨʘʢʪʝʨʠʟʫʻ ʚʽʜʛʫʢ ʦʨʛʘʥʽʟʤʫ (ʩʪʫʧʽʥʴ ʫʨʘʞʝʥʥʷ ʚ ʤʦʜʝʣʽ ɹʣʝʨʘ 

- ɼʝʚʽʜʩʦʥʘ, ʘʙʦ ʨʘʜʽʘʮʽʡʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʦʨʛʘʥ) ʥʘ ʚʠʧʘʜʢʦʚʠʡ ʟʦʚʥʽʰʥʽʡ 

ʚʧʣʠʚ g(t), ʘ ʧʘʨʘʤʝʪʨ n - ʰʚʠʜʢʽʩʪʴ ʚʠʚʝʜʝʥʥʷ ʥʫʢʣʽʜʽʚ ʟ ʜʘʥʦʛʦ ʦʨʛʘʥʫ ʫ ʚʠ-

ʧʘʜʢʫ ʢʦʤʧʘʨʪʤʝʥʪʥʠʭ ʤʦʜʝʣʝʡ, ʘʙʦ ʰʚʠʜʢʽʩʪʴ ʚʽʜʥʦʚʣʝʥʥʷ - ʫ ʤʦʜʝʣʽ ɹʣʝʨʘ 

- ɼʝʚʽʜʩʦʥʘ.  

ɿ ʧʦʛʣʷʜʫ ʧʽʜʭʦʜʫ, ʱʦ  ʥʠʞʯʝ ʨʦʟʚʠʚʘʻʪʴʩʷ, ʨʽʚʥʷʥʥʷ (8.5) ʽʥʪʝʨʧʨʝʪʫ-

ʻʪʴʩʷ ʷʢ ʨʽʚʥʷʥʥʷ ʃʘʥʞʝʚʝʥʘ [105]. ɹʝʟʣʽʯ ʨʝʘʣʽʟʘʮʽʡ ʟʦʚʥʽʰʥʴʦʛʦ ʚʧʣʠʚʫ f(t), 



 

ʫ ʩʠʣʫ ʦʜʥʦʟʥʘʯʥʦʩʪʽ ʨʦʟʚôʷʟʢʫ ʨʽʚʥʷʥʥʷ (8.5), ʧʦʨʦʜʞʫʻ ʙʝʟʣʽʯ ʨʝʘʣʽʟʘʮʽʡ 

ʚʽʜʛʫʢʫ ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ - x(t) (ʜʦʟʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʚʤʽʩʪ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʽ 

ʪ.ʜ.). 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʜʘʯʘ ʟʚʦʜʠʪʴʩʷ ʜʦ ʧʝʨʝʙʫʚʘʥʥʷ ʛʫʩʪʠʥʠ  ʡʤʦʚʽʨʥʦʩʪʝʡ  

 

>< x)-(t)( = t)w(x, xd                                                (8.6) 

 

ʨʽʰʝʥʴ ʨʽʚʥʷʥʥʷ (8.5). ʆʩʢʽʣʴʢʠ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʧʨʠ t=0 ʧʦʯʘʪʢʦʚʝ 

ʟʥʘʯʝʥʥʷ 0 = xx , ʪʦ  

 

( ).x = 0)=tw(x, 0-xd                                                      (8.7)  

                                        

ɿʥʘʭʦʜʞʝʥʥʷ ʩʪʦʭʘʩʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʽʜʛʫʢʫ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʽʚ ʥʘ 

ʚʧʣʠʚ ʷʜʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʽʣʶʩʪʨʫʻʪʴʩʷ ʥʘ ʧʨʠʢʣʘʜʽ ʜʝʷʢʠʭ ʤʦʜʝʣʝʡ, 

ʱʦ ʤʘʶʪʴ ʧʦʰʠʨʝʥʥʷ ʚ ʨʘʜʽʦʙʽʦʣʦʛʽʾ. 

 

 

8.2. ɼʠʥʘʤʽʯʥʘ ʤʦʜʝʣʴ ʫʨʘʞʝʥʥʷ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʽʚ ʧʨʠ ʜʽʾ ʷʜʝʨʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ  

ʋ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʤʫ ʧʽʜʭʦʜʽ ʜʦ ʦʮʽʥʦʢ ʜʦʟʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ 

ʞʠʚʽ ʦʨʛʘʥʽʟʤʠ ʚʠʭʦʜʷʪʴ ʟ ʤʦʜʝʣʴʥʠʭ ʫʷʚʣʝʥʴ ɹʣʝʨʘ-ɼʝʚʽʜʩʦʥʘ [98], ʷʢʽ ʙʘ-

ʟʫʶʪʴʩʷ ʥʘ ʥʘʩʪʫʧʥʠʭ ʧ'ʷʪʠ ʧʦʩʪʫʣʘʪʘʭ ɹʣʝʨʘ: 

1. ɿʘʛʘʣʴʥʝ ʫʨʘʞʝʥʥʷ, ʚʠʢʣʠʢʘʥʝ ʷʜʝʨʥʠʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ, ʧʨʦʧʦʨ-

ʮʽʡʥʝ ʜʦʟʽ ʜʽʶʯʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ: 

2. ʎʝ ʫʨʘʞʝʥʥʷ ʻ ʯʘʩʪʢʦʚʦ ʦʙʦʨʦʪʥʠʤ, ʘ ʯʘʩʪʢʦʚʦ ʥʝʦʙʦʨʦʪʥʠʤ:  

3. ʊʝʤʧ ʚʽʜʥʦʚʣʝʥʥʷ ʦʙʦʨʦʪʥʦʛʦ ʫʨʘʞʝʥʥʷ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʧʨʦʧʦʨʮʽʡʥʽʡ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʪʫʧʝʥʷ ʦʙʦʨʦʪʥʦʛʦ ʫʨʘʞʝʥʥʷ: 

4. ɺ ʩʠʣʫ ʫʤʦʚ 1 ʽ 2 ʥʝʨʝʧʘʨʦʚʘʥʽ ʫʨʘʞʝʥʥʷ ʘʢʫʤʫʣʶʶʪʴʩʷ ʧʨʦʧʦʨʮʽʡʥʦ 

ʟʘʛʘʣʴʥʽʡ ʜʦʟʽ: 

5. ʗʢ ʦʙʦʨʦʪʥʝ ʪʘʢ ʽ ʥʝʦʙʦʨʦʪʥʝ ʫʨʘʞʝʥʥʷ ʩʢʣʘʜʘʶʪʴʩʷ ʫ ʚʩʽʭ ʚʽʜʥʦ-

ʰʝʥʥʷʭ, ʘ ʟʘʛʠʙʝʣʴ ʦʨʛʘʥʽʟʤʫ ʥʘʩʪʘʻ ʢʦʣʠ ʾʭʥʷ ʩʫʤʘ ʧʨʦʧʦʨʮʽʡʥʘ ʦʯʽʢʫʚʘʥʽʡ 

ʪʨʠʚʘʣʦʩʪʽ ʞʠʪʪʷ, ʱʦ ʟʘʣʠʰʠʣʦʩʷ ʜʘʥʦʤʫ ʦʨʛʘʥʽʟʤʦʚʽ. 

ɺʚʝʜʝʥʥʷ ʧʦʥʷʪʪʷ ʝʬʝʢʪʠʚʥʦʾ ʜʦʟʠ ʷʢ ʤʽʨʠ ʙʽʦʣʦʛʽʯʥʦʛʦ ʝʬʝʢʪʫ, ʱʦ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʦʮʝʩʽʚ ʚʽʜʥʦʚʣʝʥʥʷ, ʻ ʥʘʡʙʽʣʴʰ ʨʝʘʣʴʥʠʤ 

ʩʧʦʩʦʙʦʤ ʧʦʨʽʚʥʷʥʥʷ ʨʽʟʥʠʭ ʚʠʜʽʚ ʚʧʣʠʚʫ ʷʜʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʊʦʤʫ 

ʙʘʛʘʪʦ ʜʦʩʣʽʜʞʝʥʴ ʧʨʠʩʚʷʯʝʥʽ ʥʘʡʙʽʣʴʰ ʢʦʨʝʢʪʥʽʡ ʦʮʽʥʮʽ ʚʝʣʠʯʠʥʠ ʽ ʜʠʥʘʤʽ-

ʢʫ ʬʦʨʤʫʚʘʥʥʷ ʮʽʻʾ ʜʦʟʠ [99]. ʇʨʠ ʮʴʦʤʫ, ʷʢ ʧʨʘʚʠʣʦ, ʥʝʦʙʦʨʦʪʥʝ ʫʨʘʞʝʥʥʷ 

ʦʮʽʥʶʻʪʴʩʷ ʚ ʦʜʠʥʠʮʷʭ ʩʢʦʨʦʯʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʞʠʪʪʷ ʜʘʥʦʛʦ ʦʨʛʘʥʽʟʤʫ ʘʙʦ 



 

ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʡʦʛʦ ʟʘʛʠʙʝʣʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʽʢʫ. ɼʣʷ ʙʽʦʬʽʟʠʯʥʦʾ 

ʥʘʧʦʚʥʝʥʦʩʪʽ ʟʛʘʜʘʥʠʭ ʚʠʱʝ ʧʦʩʪʫʣʘʪʽʚ ʧʦʪʨʽʙʥʽ ʽʥʰʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʢʨʠ-

ʪʝʨʽʾ ʥʘ ʙʽʣʴʰ ʥʠʟʴʢʦʤʫ, ʥʝ  ʦʨʛʘʥʽʟʤ ʝʥʥʦʤʫ, ʨʽʚʥʽ. 

ɼʣʷ ʢʽʣʴʢʽʩʥʦʛʦ ʘʥʘʣʽʟʫ ʟʘʣʝʞʥʦʩʪʝʡ ʜʦʟʘ - ʝʬʝʢʪ ʤʦʞʥʘ ʚʠʭʦʜʠʪʠ ʽʟ 

ʚʘʨʽʘʥʪʘ ʤʦʜʝʣʽ ʫʰʢʦʜʞʝʥʴ, ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʋʣʠʪʦʚʩʴʢʠʤ [100], ʋ ʪʘʢʠʭ ʤʦ-

ʜʝʣʷʭ ʤʽʨʦʶ ʫʰʢʦʜʞʝʥʥʷ ʻ ʯʠʩʣʦ ʫʰʢʦʜʞʝʥʠʭ ʢʣʽʪʦʢ ʪʢʘʥʠʥʠ, ʘ ʝʬʝʢʪ ʚʽʜ-

ʥʦʚʣʝʥʥʷ ʦʙʫʤʦʚʣʝʥʠʡ ʨʝʛʝʥʝʨʘʮʽʻʶ ʥʦʚʠʭ ʢʣʽʪʠʥ ʟʽ ʰʚʠʜʢʽʩʪʶ ʧʨʦʧʦʨʮʽʡ-

ʥʦʶ ʜʝʬʽʮʠʪʦʚʽ ʢʣʽʪʠʥ, ʨʽʚʥʦʤʫ ʯʠʩʣʫ ʚʠʣʫʯʝʥʠʭ ʫʰʢʦʜʞʝʥʠʭ ʢʣʽʪʠʥ. ɺʽʜ-

ʟʥʘʯʠʤʦ, ʱʦ ʧʨʦʮʝʩ ʚʽʜʥʦʚʣʝʥʥʷ ʚ ʨʘʤʢʘʭ ʬʝʥʦʤʝʥʦʣʦʛʽʯʥʠʭ ʪʝʦʨʽʡ ʥʝ ʜʦʧʫ-

ʩʢʘʻ ʦʜʥʦʟʥʘʯʥʦʾ ʽʥʪʝʨʧʨʝʪʘʮʽʾ. ʇʽʜ ʚʽʜʥʦʚʣʝʥʥʷʤ ʤʦʞʥʘ ʨʦʟʫʤʽʪʠ ʷʢ ʛʝʥʝʨʘ-

ʮʽʶ ʥʦʚʠʭ ʢʣʽʪʦʢ ʟʘʤʽʩʪʴ ʚʠʣʫʯʝʥʠʭ ʪʘʢ ʽ ʨʝʛʝʥʝʨʘʮʽʶ ʫʰʢʦʜʞʝʥʠʭ ʢʣʽʪʦʢ. ɺ 

ʦʩʪʘʥʥʴʦʤʫ ʚʠʧʘʜʢʫ ʧʨʠʧʫʩʢʘʻʪʴʩʷ. ʱʦ ʩʝʨʝʜ ʫʰʢʦʜʞʝʥʠʭ ʢʣʽʪʠʥ ʽʩʥʫʶʪʴ ʷʢ 

ʟ ʥʝʦʙʦʨʦʪʥʠʤʠ ʪʘʢ ʽ ʟ  ʦʙʦʨʦʪʥʠʤʠ ʫʰʢʦʜʞʝʥʥʷʤʠ.  ʈʝʟʝʨʚʦʤ ʧʨʦʣʽʬʝʨʘʮʽʾ 

ʢʣʽʪʠʥ ʢʨʠʪʠʯʥʠʭ ʪʢʘʥʠʥ ʽ ʦʨʛʘʥʽʚ ʤʦʞʫʪʴ ʙʫʪʠ ʥʝ ʪʽʣʴʢʠ ʥʝʫʨʘʞʝʥʽ ʢʣʽʪʠʥʠ 

ʘʣʝ ʽ ʢʣʽʪʠʥʠ, ʫʨʘʞʝʥʽ ʦʙʦʨʦʪʥʦ ʽ ʷʢʽ ʚʽʜʥʦʚʠʣʠ  ʞʠʪʪʻʟʜʘʪʥʽʩʪʴ, ʪʦʯʥʽʰʝ 

ʩʚʦʶ ʟʜʘʪʥʽʩʪʴ ʜʦ ʥʝʦʙʤʝʞʝʥʦʛʦ ʨʦʟʤʥʦʞʝʥʥʷ. 

ɼʣʷ ʚʠʢʣʘʜʫ ʩʫʪʽ ʩʧʨʘʚʠ ʨʦʟʛʣʷʥʝʤʦ ʧʨʦʩʪʫ ʜʠʥʘʤʽʯʥʫ ʩʠʩʪʝʤʫ, ʱʦ 

ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʜʝʷʢʠʡ ʢʨʠʪʠʯʥʠʡ ʦʨʛʘʥ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʫʤʘʨʥʠʤ 

ʯʠʩʣʦʤ   ʢʣʽʪʠʥ ¿, ʩʝʨʝʜ ʷʢʠʭ  ɼʆ ʢʣʽʪʠʥ ʫ ʥʦʨʤʽ ʽ P - ʯʠʩʣʦ ʫʰʢʦʜʞʝʥʠʭ, 

ʥʝʚʠʚʝʜʝʥʠʭ ʢʣʽʪʠʥ, ʘ dP - ʯʠʩʣʦ ʚʠʚʝʜʝʥʠʭ ʢʣʽʪʠʥ. ʊʦʜʽ ʟ ʫʤʦʚʠ ʟʙʝʨʝʞʝʥʥʷ 

(ʜʠʚ. ʪʘʢʦʞ 5-ʡ ʧʦʩʪʫʣʘʪ ɹʣʝʨʘ) ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ:¿=ɼʆ+P+dP .                                                  

ʑʦʙ ʚʨʘʭʫʚʘʪʠ ʦʙʠʜʚʘ, ʱʦ ʟʛʘʜʫʚʘʣʠʩʷ ʚʠʱʝ, ʤʝʭʘʥʽʟʤʠ ʚʽʜʥʦʚʣʝʥʥʷ 

ʢʣʽʪʠʥ ʫʚʝʜʝʤʦ ʱʝ ʦʜʠʥ ʚʠʜ ʢʣʽʪʠʥ ʇʈʆ - ʦʙʦʨʦʪʥʦ ʫʨʘʞʝʥʽ. ʊʦʜʽ 

 

P, + P = n    O,PPN dd ++=                                    (8.8)  

 

ʜʝ n ʧʦʚʥʝ ʯʠʩʣʦ ʥʝʦʙʦʨʦʪʥʝ ʫʨʘʞʝʥʠʭ ʢʣʽʪʠʥ. ɺʠʭʦʜʷʯʠ ʟ ʫʤʦʚʠ ʣʽʥʽʡ-

ʥʦʩʪʽ ʨʝʘʢʮʽʾ ʨʦʟʛʣʷʥʫʪʦʾ ʩʠʩʪʝʤʠ ʥʘ ʚʧʣʠʚ ʷʜʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (ʜʠʚ. 

ʧʦʩʪʫʣʘʪʠ 1 - 4 ɹʣʝʨʘ) ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʥʘʩʪʫʧʥʫ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ, ʱʦ ʦʧʠʩʫʻ 

ʝʚʦʣʶʮʽʶ ʨʦʟʛʣʷʥʫʪʦʾ ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ: 

( ) n),- (N - n) - )(+ ( = 
dt

dN
                                  ,N -  = 

dt

dn
nwaa ¿¿      (8.9)  

ʜʝ w ʽ n - ʰʚʠʜʢʦʩʪʽ ʫʪʚʦʨʝʥʥʷ ʽ ʚʽʜʥʦʚʣʝʥʥʷ, ʚʽʜʧʦʚʽʜʥʦ, ʦʙʦʨʦʪʥʦ 

ʫʨʘʞʝʥʠʭ ʢʣʽʪʦʢ. ɺ ʘʢʪʫʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ¿ >> N   ʤʘʻʤʦ dn/dt º a¿, ʚʽʜʢʽʣʷ, 

ʧʨʠ a = Const, ʦʜʝʨʞʫʻʤʦ 

 

t.  n ¿ºa                                                              (8.10) 

 

ʊʦʜʽ ʥʝʚʘʞʢʦ ʦʜʝʨʞʘʪʠ ʨʽʚʥʷʥʥʷ 



 

( ) ( ),t-N +  = 
dt

dN
¿-¿ anwa                                                             (8.11) 

ʷʢʝ ʩʧʽʚʧʘʜʘʻ ʧʦ ʚʠʜʫ ʟ ʨʽʚʥʷʥʥʷʤ ɹʣʝʨʘ ʷʢʱʦ ʧʽʜ ¿ ʨʦʟʫʤʽʪʠ ʪʨʠʚʘ-

ʣʽʩʪʴ ʞʠʪʪʷ, ʘ ʧʽʜ n ʾʾ ʩʢʦʨʦʯʝʥʥʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʽʾ  ʷʜʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

ʂʨʠʪʝʨʽʡ ʨʝʘʣʽʟʘʮʽʾ ʡʦʛʦ, ʧʦʨʷʜ ʟ ʫʤʦʚʘʤʠ ʩʪʘʣʦʩʪʽ ʚʝʣʠʯʠʥ a ʽ w,   ʤʘʻ 

ʚʠʛʣʷʜ ¿ >> N. ʇʨʠ ʟʥʷʪʪʽ ʦʙʤʝʞʝʥʥʷ ʩʪʘʣʦʩʪʽ ʥʘ ʚʝʣʠʯʠʥʠ a ʽ w, ʤʘʻʤʦ ʡʦ-

ʛʦ ʫʟʘʛʘʣʴʥʝʥʥʷ: 

,(t)dt +  +  + N- = 
dt

dN
t

0

¿ù
ú

ø
é
ê

è
ñanwan                               (8.12) 

ʈʽʚʥʷʥʥʷ (8.12) ʻ ʫʟʘʛʘʣʴʥʝʥʥʷʤ ʨʽʚʥʷʥʥʷ ʦʪʨʠʤʘʥʦʛʦ ʚ [98] ʽ ʧʨʠ a = 

Const ʧʝʨʝʭʦʜʠʪʴ ʫ (8.11). 

 

 

8.3. ʉʪʘʪʠʩʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʨʘʞʝʥʥʷ  ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʽʚ ʧʨʠ 

ʜʽʾ ʷʜʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

ɺʠʱʝ ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʩʪʫʧʽʥʴ ʧʦʨʘʟʢʠ N  ʞʠʚʦʛʦ ʦʨʛʘʥʽʟʤʫ ʚʠʟʥʘʯʘ-

ʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ (8.212). ʋʟʘʛʘʣʽ ʢʘʞʫʯʠ, ʧʘʨʘʤʝʪʨ ʚʽʜʥʦʚʣʝʥʥʷ n ʤʦʞʝ ʟʘʣʝ-

ʞʘʪʠ ʚʽʜ ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ g(t) ʥʝʫʧʝʨʝʜʞʫʶʯʠʤ ʩʠʥʦʤ:  

ñ+==

t

'.dt)'t()'t,t(][)t(
0

0 gcgnn  

ʆʜʥʘʢ ʫʨʘʭʫʚʘʥʥʷ ʮʽʻʾ ʦʙʩʪʘʚʠʥʠ ʚʠʤʘʛʘʻ ʧʝʚʥʠʭ ʤʦʜʝʣʴʥʠʭ ʫʷʚʣʝʥʴ, 

ʤʦʞʣʠʚʦ ʥʘ ʩʫʙʢʣʽʪʠʥʥʦʤʫ ʨʽʚʥʽ, ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʷʜʨʘ c(t,t'). ʊʫʪ ʤʠ ʙʫʜʝʤʦ 

ʚʚʘʞʘʪʠ ʚʝʣʠʯʠʥʫ n ʥʝ ʟʘʣʝʞʥʦʶ ʥʝ ʪʽʣʴʢʠ ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʘʣʝ ʽ ʩʪʘʪʠʩʪʠʯʥʦ 

ʚʽʜ ʧʨʦʮʝʩʫ g(t). 

ʋʩʝʨʝʜʥʶʶʯʠ ʦʜʝʨʞʠʤʦ ʨʽʚʥʷʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ 

ʧʦʨʘʟʢʠ àNð : 

ðà=ðà+
ðà

gnN
dt

Nd
                                                                                  (8.13) 

ɼʘʣʽ, ʚʠʜʽʣʷʶʯʠ ʬʣʫʢʪʫʶʯʫ ʯʘʩʪʠʥʫ dN ʫ N ʽ dg ʚ g (N=à Nð +d N, 

g g dg =   +  àð ), ʦʜʝʨʞʫʻʤʦ ʟ (8.13): 

                0=(t)            ,)t(N
dt

))t(N(d
ðà=+ dgdgnd

d
                                    (8.14) 

ʇʦʤʥʦʞʠʚʰʠ (8.14) ʥʘ dN(t) ʽ ʫʩʝʨʝʜʥʶʶʯʠ, ʦʜʝʨʞʠʤʦ ʨʽʚʥʷʥʥʷ ʜʣʷ 

ʜʠʩʧʝʨʩʽʾ ʚʽʜʭʠʣʝʥʥʷ ʧʦʨʘʟʢʠ ʚʽʜ ʡʦʛʦ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ: 

              )t()t(N))t(N(
dt

))t(N(d
ðà=ðà+

ðà
dgddn

d
22 2
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                                (8.15) 

ʈʽʰʝʥʥʷ ʨʽʚʥʷʥʴ (8.14) ʽ (8.15) ʤʘʶʪʴ ʚʠʛʣʷʜ, ʚʽʜʧʦʚʽʜʥʦ: 
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(8.16) 

ʋ ʨʽʚʥʷʥʥʽ (8.11) ʚʝʣʠʯʠʥʘ w ʭʘʨʘʢʪʝʨʠʟʫʻ ʰʚʠʜʢʽʩʪʴ ʫʪʚʦʨʝʥʥʷ ʦʙʦʨʦ-

ʪʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʘ a - ʥʝʦʙʦʨʦʪʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʧʦʨʘʟʢʠ. ʄʦʞʥʘ  ʦʯʽʢʫʚʘ-

ʪʠ, ʱʦ ʨʦʟʭʦʜʞʝʥʥʷ ʮʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʫʨʘʞʝʥʥʷ ʬʽʟʠʯʥʦ ʦʙʫʤʦʚʣʝʥʦ ʨʦʟʭʦ-

ʜʞʝʥʥʷʤ ʫ ʧʝʨʝʪʠʥʽ ʚʟʘʻʤʦʜʽʾ ʷʜʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʙʽʦ-

ʣʦʛʽʯʥʦ ʽʩʪʦʪʥʠʤʠ ʤʽʰʝʥʷʤʠ. ʗʢʱʦ ʮʝ ʪʘʢ, ʪʦ  ʧʨʠʙʣʠʟʥʦ ʤʦʞʥʘ  ʜʫʤʘʪʠ, ʱʦ 

w@ba,                                                                                                   (8.17)     

                                             

ʜʝ b - ʧʦʩʪʽʡʥʘ ʜʝʪʝʨʤʽʥʦʚʘʥʘ ʚʝʣʠʯʠʥʘ. 

ʆʯʝʚʠʜʥʦ, ʥʘʡʙʽʣʴʰ ʘʜʝʢʚʘʪʥʠʤ ʧʨʝʜʩʪʘʚʣʝʥʥʷʤ ʧʨʦʮʝʩʫ a(t) ʻ ʚʠʢʦ-

ʨʠʩʪʘʥʥʷ ʇʫʘʩʩʦʥʦʚʦʛʦ ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ ʚʠʜʫ 

),tt(g)t( k

n

1k

k -=ä
=

Va                                                                               (8.18)                             

ʢʦʣʠ ʧʨʦʮʝʩ ʚʧʣʠʚʫ ʨʘʜʽʘʮʽʾ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʫ ʚʠʜʽ ʩʫʧʝʨʧʦʟʠʮʽʾ ʦʜʥʘ-

ʢʦʚʠʭ ʟʘ ʬʦʨʤʦʶ ʽʤʧʫʣʴʩʽʚ, ʧʨʠʯʦʤʫ ʽʤʧʫʣʴʩʠ ʤʦʞʫʪʴ ʨʦʟʨʽʟʥʷʪʠʩʷ ʧʦ ʚʝʣʠ-

ʯʠʥʽ ʾʭ ʘʤʧʣʽʪʫʜʠ z
k
, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʜʝʷʢʦʶ ʛʫʩʪʠʥʦʶ ʡʤʦʚʽʨʥʦʩʪʝʡ p(

z ). ʋ (8.18)  kt  - ʚʠʧʘʜʢʦʚʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʧʨʠʭʦʜʫ ʽʤʧʫʣʴʩʫ ʚ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ. ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʬʫʥʢʮʽʷ  0= )(g( )tt(g k t- ʧʨʠ t <0), ʱʦ 

ʦʧʠʩʫʻ ʬʦʨʤʫ ʽʤʧʫʣʴʩʫ, ʜʦʩʠʪʴ ʰʚʠʜʢʦ ʧʨʷʤʫʻ ʜʦ ʥʫʣʷ ʧʨʠ ¤Ý- )tt( k . ʗʢ-

ʱʦ  kz ʽ kt  ʚʠʧʘʜʢʦʚʽ ʚʝʣʠʯʠʥʠ, ʪʦ a(t) - ʚʠʧʘʜʢʦʚʘ ʬʫʥʢʮʽʷ ʯʘʩʫ ʽ, ʦʪʞʝ, ʧʨʠ 

ʙʫʜʴ-ʷʢʦʤʫ t ʟʥʘʯʝʥʥʷ x(t) ʩʘʤʝ ʙʫʜʝ ʚʠʧʘʜʢʦʚʦʶ ʬʫʥʢʮʽʻʶ ʯʘʩʫ - ʬʫʥʢʮʽʦ-

ʥʘʣʦʤ ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ a(t). 

ʇʨʠʡʤʘʶʯʠ, ʱʦ )()exp()(g tqktt -= , ʟ  (8.16) ʤʦʞʥʘ ʦʜʝʨʞʘʪʠ: 

T
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k
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a                                                                  (8.19)  
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dada                                                                (8.20) 

ʇʽʩʣʷ ʥʝʩʢʣʘʜʥʠʭ, ʘʣʝ ʜʦʩʠʪʴ ʛʨʦʤʽʟʜʢʠʭ ʦʙʯʠʩʣʝʥʴ ʟʥʘʭʦʜʠʤʦ: 
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+ðà=ðà                                                (8.21) 
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(8.22) 

ɺ (8.21) 0ðàN  - ʚʝʣʠʯʠʥʘ ʫʨʘʞʝʥʥʷ ʚ ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ ʯʘʩʫ, ʜʨʫʛʠʡ 

ʜʦʜʘʥʦʢ ʦʧʠʩʫʻ ʥʝʦʙʦʨʦʪʥʠʡ ʢʦʤʧʦʥʝʥʪ ʫʨʘʞʝʥʥʷ, ʘ ʦʩʪʘʥʥʽʡ - ʦʙʦʨʦʪʥʫ. 

ʊʫʪ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʣʠʰʝ ʘʢʪʫʘʣʴʥʽ ʯʘʩʠ t ² t imp  ,  ʜʝ 
1-

impt k=  - ʪʨʠʚʘ-

ʣʽʩʪʴ ʽʤʧʫʣʴʩʫ ʨʘʜʽʘʮʽʾ. ɯʟ (8.21) ʽ (8.22) ʚʠʧʣʠʚʘʻ, ʱʦ ʷʢ ʧʨʠ ʚʝʣʠʢʠʭ (n t>>1)   

ʪʘʢ ʽ ʤʘʣʠʭ (n t<<1)  ʯʘʩʘʭ  

( )

t

1
p

2
 

)t(N
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ðà
=

ðà
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,                                                                    (8.23)  

ʜʝ p = Õb(2+b)/(1+b) ʫ ʚʠʧʘʜʢʫ nt <<1   ̔  p = 1  ʫ ʚʠʧʘʜʢʫ nt >>1.  

ʌʽʟʠʯʥʠʡ ʟʤʽʩʪ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ  ʬʫʥʢʮʽʷ ʨʦ-

ʟʧʦʜʽʣʫ ʫʨʘʞʝʥʴ ʨʦʟʧʣʠʚʘʻʪʴʩʷ ʟ ʯʘʩʦʤ ʟʘ ʟʘʢʦʥʘʤʠ ʜʠʬʫʟʽʾ (ʷʢʱʦ ʦʙʤʝʞʠʪʴ-

ʩʷ ʪʽʣʴʢʠ ʧʨʠʚʝʜʝʥʠʤʠ ʩʪʘʪʠʩʪʠʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ), ʦʜʥʘʢ ʟ ʨʦʩʪʦʤ 

ʩʪʫʧʝʥʷ ʫʨʘʞʝʥʥʷ ʚʽʜʥʦʩʥʘ ʡʦʛʦ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʫʙʫʚʘʻ ʦʙʝʨʥʝʥʦ ʧʨʦʧʦʨʮʽʡ-

ʥʦ ʢʦʨʝʥʝʚʽ ʢʚʘʜʨʘʪʥʦʤʫ ʟ ʯʘʩʫ. 

 

 

 

 

 



 

ʇʨʘʢʪʠʯʥʽ ʟʘʜʘʯʽ  

1. ɺʠʭʣʦʧʥʽ ʛʘʟʠ ʘʚʪʦʤʦʙʽʣʷ ʤʽʩʪʷʪʴ 1,5 % (ʧʦ ʦʙôʻʤʫ) ʦʢʠʩʫ ʚʫʛʣʝʮʶ. 

ʗʢʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʉʆ ʚ ʤʽʣʽʛʨʘʤʘʭ ʥʘ 1 ʤ 3 (ʤʛ/ʤ3) ʧʨʠ 25 ʦʉ ʽ ʪʠʩʢʫ 1 ʘʪʤ ? 

2. ʅʘʬʪʦʚʽ ʢʨʘʧʣʠʥʠ ʜʽʘʤʝʪʨʦʤ 0,6 ʤʢʤ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʧʦʚʽʪʨʽ ʫ ʜʝʥʥʠʡ 

ʯʘʩ. ɻʫʩʪʠʥʫ ʢʨʘʧʣʠʥ ʧʨʠʡʤʝʤʦ ʨʽʚʥʦʶ 0,90 ʛ/ʩʤ3. ʏʦʤʫ ʜʦʨʽʚʥʶʻ ʢʦʥʮʝʥʪ-

ʨʘʮʽʷ ʯʘʩʪʠʥʦʢ ʚ ʤʽʢʨʦʛʨʘʤʘʭ ʥʘ 1 ʤ3 ʧʨʠ ʚʠʜʠʤʦʩʪʽ ʚ 1610 ʤ, ʷʢʱʦ ʬʘʢʪʦʨ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʟʩʽʶʚʘʥʥʷ  ʂ= 4,1? ʗʢʘ ʢʦʥʮʝʥʪʨʘʮʽʷ  ʟʚʽʰʝʥʠʭ ʯʘʩʪʠʥʦʢ ʟ 

ʛʫʩʪʠʥʦʶ 2,5 ʛ/ʩʤ3 ʪʘ ʝʬʝʢʪʠʚʥʠʤ ʜʽʘʤʝʪʨʦʤ 1,0 ʤʢʤ, ʷʢʱʦ ʂ = 2,0, ʘ ʚʠʜʠ-

ʤʽʩʪʴ ʟʤʝʥʰʠʣʘʩʴ ʜʦ 5 ʤʠʣʴ. 

3. ɺ ʘʪʤʦʩʬʝʨʽ ʧʨʠʩʫʪʥʽʡ ʧʠʣ ʚ ʢʦʥʮʝʥʪʨʘʮʽʾ 200 ʤʢʤ/ʤ3. ʁʦʛʦ ʧʠʪʦʤʘ 

ʛʫʩʪʠʥʘ 1,4 ʛ/ʩʤ3, ʬʘʢʪʦʨ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʟʩʽʶʚʘʥʥʷ ʂ=2,2, ʘ ʝʬʝʢʪʠʚʥʠʡ ʜʽʘ-

ʤʝʪʨ 1,4 ʤʢʤ. ɿʥʘʡʪʠ ʛʨʘʥʠʮʶ ʚʠʜʠʤʦʩʪʽ ʚ ʢʽʣʦʤʝʪʨʘʭ. 

4. ʂʦʥʮʝʥʪʨʘʮʽʷ ʦʢʠʩʫ ʚʫʛʣʝʮʶ (ʉʆ) ʚ ʩʠʛʘʨʝʪʥʦʤʫ ʜʠʤʫ ʩʷʛʘʻ ʨʽʚʥʽʚ 

400 ʤʣʥ-1 ʽ ʚʠʱʝ. ɼʣʷ ʮʴʦʛʦ ʟʥʘʯʝʥʥʷ ʚʠʟʥʘʯʠʪʠ ʢʦʥʮʝʥʪʨʘʮʽʶ ʚ ʦʙôʻʤʥʠʭ 

ʧʨʦʮʝʥʪʘʭ ʪʘ ʚ ʤʽʣʽʛʨʘʤʘʭ ʥʘ 1 ʤ3 ʧʨʠ 25 ʦʉ ʪʘ ʪʠʩʢʫ 1 ʘʪʤ. 

5. ɺʠʟʥʘʯʠʪʠ ʘʢʪʠʚʥʽʩʪʴ 1 ʤʛ 226Ra  (ʊ1/2=1600 ʨ.)  

6. ɺʠʤʽʨʶʚʘʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʘʢʪʠʚʥʽʩʪʴ 1 ʢʛ ʢʘʨʪʦʧʣʽ ʦʙʫʤʦʚʣʝʥʘ ʥʷ-

ʚʥʽʩʪʶ ʨʘʜʽʦʥʫʢʣʽʜʽʚ 137Cs  ʽ ʩʪʘʥʦʚʠʪʴ 15 ɹʢ. ɿʥʘʡʪʠ ʟʘʛʘʣʴʥʫ ʤʘʩʫ ʥʫʢʣʽʜʽʚ 
137Cs, ʷʢʘ ʤʽʩʪʠʪʴʩʷ ʫ ʜʘʥʦʤʫ ʢʽʣʦʛʨʘʤʽ ʢʘʨʪʦʧʣʽ.  

7. ʍʘʨʘʢʪʝʨʥʽ ʟʥʘʯʝʥʥʷ ʱʽʣʴʥʦʩʪʽ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʪʝʨʠʪʦ-

ʨʽʾ ʩʪʘʥʦʚʣʷʪʴ 1 ʂʽ/ʢʤ2. ʇʦʙʫʜʫʚʘʪʠ ʛʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʘʢʪʠʚʥʦʩʪʽ ʚʽʜ ʯʘʩʫ, ʪʘ 

ʚʠʟʥʘʯʠʪʠ ʯʘʩ ʟʘ ʷʢʠʡ ʘʢʪʠʚʥʽʩʪʴ ʟʤʝʥʰʠʪʴʩʷ ʫ 10 ʨʘʟʽʚ. ɺʚʘʞʘʪʠ ʱʦ ʦʩʥʦʚ-

ʥʠʤ ʜʞʝʨʝʣʦʤ ʘʢʪʠʚʥʦʩʪʽ ʻ ʮʝʟʽʡ ï 137. 

8. ɼʚʦʦʢʠʩ ʩʽʨʢʠ ʚʠʢʠʜʘʻʪʴʩʷ ʫ ʢʽʣʴʢʦʩʪʽ 160 ʛ/ʩ ʽʟ ʪʨʫʙʠ  ʟ ʝʬʝʢʪʠʚ-

ʥʦʶ ʚʠʩʦʪʦʶ 60 ʤ. ʐʚʠʜʢʽʩʪʴ ʚʽʪʨʫ ʥʘ ʨʽʚʥʽ ʛʦʨʣʦʚʠʥʠ ʪʨʫʙʠ ʜʦʨʽʚʥʶʻ 6 ʤ/ʩ, 

ʘ ʘʪʤʦʩʬʝʨʥʘ ʩʪʽʡʢʽʩʪʴ ʚʽʜʧʦʚʽʜʘʻ ʢʣʘʩʫ D ʜʣʷ ʭʤʘʨʥʦʛʦ ʜʥʷ. ɺʠʟʥʘʯʠʪʠ ʧʨʠ-

ʟʝʤʥʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʥʘ ʮʝʥʪʨʘʣʴʥʽʡ ʣʽʥʽʾ ʥʘ ʚʽʜʜʘʣʽ 500 ʤ ʚʽʜ ʪʨʫʙʠ ʚ ʤʽʢʨʦʛ-

ʨʘʤʘʭ ʥʘ ʢʫʙʽʯʥʠʡ ʤʝʪʨ. 

9. ɼʣʷ ʫʤʦʚ ʧʦʧʝʨʝʜʥʴʦʛʦ ʧʨʠʢʣʘʜʫ ʚʠʟʥʘʯʠʪʠ ʢʦʥʮʝʥʪʨʘʮʽʶ ʫ ʪʦʯʮʽ, 

ʚʽʜʜʘʣʝʥʽʡ ʥʘ 50 ʤ ʫ ʥʘʧʨʷʤʢʫ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʮʝʥʪʨʘʣʴʥʽʡ ʣʽʥʽʾ ʽ ʱʦ 

ʚʠʭʦʜʠʪʴ ʟ ʪʦʯʢʠ ʥʘ ʮʽʡ ʣʽʥʽʾ, ʚʽʜʜʘʣʝʥʦʾ ʚʽʜ ʪʨʫʙʠ ʥʘ 500 ʤ. 

10.  ʆʮʽʥʠʪʠ ʢʦʥʮʝʥʪʨʘʮʽʶ ʩʫʤʠ ʚʫʛʣʝʚʦʜʽʚ ʫ ʪʦʯʮʽ, ʨʦʟʪʘʰʦʚʘʥʽʡ ʥʘ 

ʚʽʜʜʘʣʽ 300 ʤ ʟʘ ʥʘʧʨʷʤʢʦʤ ʚʽʪʨʫ ʚʽʜ ʰʚʠʜʢʽʩʥʦʾ ʘʚʪʦʩʪʨʘʜʠ ʫ ʭʤʘʨʥʠʡ ʜʝʥʴ ʚ 

5ʛʦʜʠʥ 30 ʭʚ ʧʽʩʣʷ ʦʧʽʚʜʥʷ. ʅʘʧʨʷʤʦʢ ʚʽʪʨʫ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʡ ʘʚʪʦʩʪʨʘʜʽ, ʘ 

ʡʦʛʦ ʰʚʠʜʢʽʩʪʴ ʜʦʨʽʚʥʶʻ 4 ʤ/ʩ. ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʨʫʭʫ ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ ʚʟʜʦʚʞ 

ʘʚʪʦʤʘʛʽʩʪʨʘʣʽ ʜʦʨʽʚʥʶʻ 8000 ʘʚʪʦʤʦʙʽʣʽʚ ʟʘ ʛʦʜʠʥʫ, ʩʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ ʜʦʨʽ-

ʚʥʶʻ 40 ʤʠʣʴ/ʛ. ʉʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ ʝʤʽʩʽʾ ʚʫʛʣʝʚʦʜʽʚ ʜʣʷ ʢʦʞʥʦʾ ʘʚʪʦʤʘʰʠʥʠ 

ʩʢʣʘʜʘʻ 2 10-2 ʛ/ʩ. 



 

11. ʐʚʠʜʢʽʩʪʴ ʚʽʪʨʫ ʥʘ ʚʠʩʦʪʽ 10 ʤ ʜʦʨʽʚʥʶʻ 2 ʤ/ʩ. ʆʮʽʥʠʪʠ ʰʚʠʜʢʽʩʪʴ 

ʚʽʪʨʫ ʥʘ ʚʠʩʦʪʽ 20 ʪʘ 300 ʤ ʜʣʷ ʫʤʦʚ ʤʽʩʴʢʦʾ ʟʘʙʫʜʦʚʠ ʪʘ ʩʽʣʴʩʴʢʦʾ ʤʽʩʮʝʚʦʩʪʽ. 

12. ɼʦʚʛʠʡ ʨʷʜ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʚʽʜʭʦʜʽʚ, ʷʢʽ ʛʦʨʷʪʴ ʥʘ ʧʦʣʽ, ʤʦʞ-

ʥʘ ʧʨʠʡʥʷʪʠ ʟʘ ʙʝʟʢʽʥʝʯʥʝ ʣʽʥʽʡʥʝ ʜʞʝʨʝʣʦ. ʗʩʥʠʡ ʜʝʥʴ, ʙʣʠʞʯʝ ʜʦ ʚʝʯʦʨʘ, 

ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ 4,5 ʤ/ʩ. ɺʠʟʥʘʯʠʪʠ ʢʦʥʮʝʥʪʨʘʮʽʶ ʜʨʽʙʥʠʭ ʟʚʘʞʝʥʠʭ ʯʘʩʪʠʥʦʢ 

ʥʘ ʚʽʜʜʘʣʽ 600 ʤ ʟʘ ʥʘʧʨʷʤʢʦʤ ʚʽʪʨʫ, ʷʢʱʦ ʧʠʪʦʤʘ ʧʦʪʫʞʥʽʩʪʴ ʪʘʢʦʛʦ ʜʞʝʨʝʣʘ 

ʜʦʨʽʚʥʶʻ 0,23 ʛ/(ʤ ʩ). 

13. ɼʣʷ ʦʮʽʥʢʠ ʨʦʟʤʽʨʽʚ ʟʦʥʠ ʟʘʙʨʫʜʥʝʥʥʷ ʚʠʢʦʨʠʩʪʘʪʠ ʧʘʨʘʤʝʪʨʠ, ʷʢʽ 

ʚʠʟʥʘʯʝʥʽ ʜʣʷ ʚʠʧʘʜʢʫ ʦʨʥʠʭ ʜʝʨʥʦʚʦ ï ʧʽʜʟʦʣʠʩʪʠʭ ʩʝʨʝʜʥʴʦ ï ʩʫʛʣʠʥʠʩʪʠʭ 

ˇʨʫʥʪʽʚ, ʷʢʽ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ. 

 

ɽʣʝʤʝʥʪ 
ʉʌ, ʤʣʥ-

1 

ʇʘʨʘʤʝʪʨ 

v r f d 

ʈʪʫʪʴ 0,05 0,040 0,005 0,60 0,06 

ʂʘʜʤʽʡ 0,50 0,035 0,004 - 0,35 

ʉʚʠʥʝʮʴ 22 0,010 0,004 - 0,20 

 

14. ʇʦʨʽʚʥʷʪʠ ʩʫʤʠ ʢʦʤʧʦʥʝʥʪʽʚ ʤʽʛʨʘʮʽʾ ʚʢʘʟʘʥʠʭ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ. ʗʢʘ 

ʢʦʤʧʦʥʝʥʪʘ ʤʽʛʨʘʮʽʾ ʚʥʦʩʠʪʴ ʥʘʡʙʽʣʴʰʠʡ ʚʢʣʘʜ ʫ ʤʽʛʨʘʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ ʚʢʘʟʘ-

ʥʠʭ ʝʣʝʤʝʥʪʽʚ? 

15. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ, ʧʘʨʘʤʝʪʨʦʤ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻ 

ʥʝʙʝʟʧʝʢʫ ʟʘʙʨʫʜʥʝʥʥʷ ʻ ʚʽʜʥʦʰʝʥʥʷ P0/Uʌ. ʎʝ ʚʽʜʥʦʰʝʥʥʷ ʧʦʢʘʟʫʻ ʫ ʩʢʽʣʴʢʠ 

ʨʘʟʽʚ ʧʦʪʽʢ ʝʣʝʤʝʥʪʘ ʥʘ ʦʜʠʥʠʮʶ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ ʧʝʨʝʚʠʱʫʻ ʟʘʧʘʩ ʮʴʦʛʦ 

ʝʣʝʤʝʥʪʘ ʚ ˇʨʫʥʪʽ.  9. ʇʦʙʫʜʫʚʘʪʠ ʛʨʘʬʽʯʥʫ ʟʘʣʝʞʥʽʩʪʴ ʨʦʟʤʽʨʽʚ ʟʦʥ ʟʘʙʨʫʜ-

ʥʝʥʥʷ ˇʨʫʥʪʽʚ ʨʪʫʪʪʶ, ʩʚʠʥʮʝʤ ʪʘ ʢʘʜʤʽʻʤ ʚʽʜ ʧʘʨʘʤʝʪʨʘ P0/Uʌ (ʚʠʢʦʨʠʩʪʘʪʠ 

ʤʘʪʝʤʘʪʠʯʥʠʡ ʧʘʢʝʪ MAPLE). 

16. ʈʦʟʨʘʭʫʚʘʪʠ ʧʣʦʱʫ ʟʦʥʠ ʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʫ ʧʨʠ ʧʘʨʘʤʝʪʨʘʭ ʤʽʛʨʘ-

ʮʽʾ, ʱʦ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʟʥʘʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʛʫʩʪʠʥʠ 

ʧʦʪʦʢʫ ʝʣʝʤʝʥʪʽʚ ʈ0=0,45-10-3 ʢʛ/(ʤ2 ʯʘʩ), ʪʦʚʱʠʥʫ ʢʦʨʝʥʝʚʦʛʦ ʰʘʨʫ h=0,1 ʤ, 

r=0,85-103 ʢʛ/ʤ3  ʪʘ, ʧʨʠʧʫʩʢʘʶʯʠ ʢʨʫʛʦʚʠʡ ʭʘʨʘʢʪʝʨ ʨʦʟʠ ʚʽʪʨʽʚ, k=0,2 1/ 

ʢʤ. 

17. ʈʦʟʨʘʭʫʚʘʪʠ ʧʣʦʱʫ ʟʦʥʠ ʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʫ, ʚʨʘʭʦʚʫʶʯʠ ʟʘʣʝʞ-

ʥʽʩʪʴ ʛʫʩʪʠʥʠ ʧʦʪʦʢʫ ʟʘʙʨʫʜʥʝʥʥʷ, ʦʪʨʠʤʘʥʫ ʫ ʧʦʧʝʨʝʜʥʴʦʤʫ ʨʦʟʜʽʣʽ, ʧʨʠ 

ʟʥʘʯʝʥʥʷʭ ʨʝʰʪʠ ʧʘʨʘʤʝʪʨʽʚ, ʚʢʘʟʘʥʠʭ ʫ ʧʦʧʝʨʝʜʥʴʦʤʫ ʟʘʚʜʘʥʥʽ. 

18. ɿʥʘʡʪʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʘʛʨʝʛʦʚʘʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʝʨʝʭʦʜʫ ʪʘ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʥʘʢʦʧʠʯʝʥʥʷ. 

19. ʆʪʨʠʤʘʪʠ ʚʠʨʘʟ ʜʣʷ ʢʦʝʬʽʮʽʻʥʪʘ ʚʠʥʦʩʫ. 



 

20. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʘʪʝʤʘʪʠʯʥʫ ʩʠʩʪʝʤʫ MAPLE ʨʦʟʚ'ʷʟʘʪʠ ʥʘʚʝʜʝʥʫ 

ʚʠʱʝ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ ʪʘ ʧʦʙʫʜʫʚʘʪʠ ʛʨʘʬʽʯʥʫ ʟʘʣʝʞʥʽʩʪʴ ʍ2(t). ɺʠʢʦʨʠʩʪʘʪʠ 

ʪʘʢʽ ʧʦʯʘʪʢʦʚʽ ʫʤʦʚʠ: ʍ1(0)=ʍ5(0)=ʍ6(0), ʍ2(0)=ʍ0. 

21. ɯʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʠʩʪʝʤʠ MAPLE ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ 

ʜʠʥʘʤʽʢʠ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʤʦʣʦʢʘ ʜʣʷ ʚʠʧʘʜʢʫ ʟʘʙʨʫʜʥʝʥʥʷ Cs. 

ɼʣʷ ʩʧʨʦʱʝʥʥʷ ʚʚʘʞʘʪʠ, ʱʦ ʟʘʙʨʫʜʥʝʥʥʷ ʥʦʩʠʪʴ ʨʘʟʦʚʠʡ ʭʘʨʘʢʪʝʨ, ʪʦʙʪʦ l1 

=  l2 = 0. Q1(0) = Q0. Q2(0) = Q3(0) = Q4(0) = Q5(0). ʇʦʙʫʜʫʚʘʪʠ ʛʨʘʬʽʢ ʟʘ-

ʣʝʞʥʦʩʪʽ Q5(t) ʪʘ ʧʦʷʩʥʠʪʠ ʦʪʨʠʤʘʪʠ ʛʨʘʬʽʯʥʫ ʟʘʣʝʞʥʽʩʪʴ. 

22. ʆʙʯʠʩʣʠʪʠ ʜʦʟʫ, ʷʢʫ ʦʪʨʠʤʫʻ ʣʶʜʠʥʘ ʧʨʠ ʱʦʜʝʥʥʦʤʫ ʩʧʦʞʠʚʘʥʥʽ 1 

ʣ ʤʦʣʦʢʘ, ʟʘʙʨʫʜʥʝʥʽʩʪʴ ʷʢʦʛʦ ʥʫʢʣʽʜʘʤʠ ʮʝʟʽʶ - 137 ʩʪʘʥʦʚʠʪʴ 100 ɹʢ/ʣ.  

(ɺʚʘʞʘʪʠ, ʱʦ ʨʘʜʽʦʥʫʢʣʽʜ 137Cs ʨʦʟʤʽʱʫʻʪʴʩʷ ʨʽʚʥʦʤʽʨʥʦ ʧʦ ʪʽʣʫ ʣʶʜʠʥʠ, ʟ 

ʚʘʛʘʶ 70 ʢʛ. ʏʘʩ ʙʽʦʣʦʛʽʯʥʦʾ ʝʣʽʤʽʥʘʮʽʾ ʨʘʜʽʦʥʫʢʣʽʜʽʚ 137Cs ʽʟ ʪʽʣʘ ʣʶʜʠʥʠ 

ʜʦʨʽʚʥʶʻ 100 ʜʥʽʚ. 

 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ 

1. ʗʢʽ ʪʨʠ ʦʩʥʦʚʥʽ ʤʝʭʘʥʽʟʤʠ ʚʠʟʥʘʯʘʶʪʴ ʨʦʟʩʽʶʚʘʥʥʷ ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʚ 

ʘʪʤʦʩʬʝʨʽ? 

2. ʋ ʯʦʤʫ ʧʦʣʷʛʘʻ ʨʽʟʥʠʮʷ ʚ ʨʦʟʧʦʚʩʶʜʞʝʥʥʽ ʛʘʟʦʧʦʜʽʙʥʠʭ ʟʘʙʨʫʜʥʶ-

ʚʘʯʽʚ ʪʘ ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʫ ʚʠʛʣʷʜʽ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ? 

3. ʑʦ ʪʘʢʝ ʝʬʝʢʪʠʚʥʘ ʚʠʩʦʪʘ ʪʨʫʙʠ? 

4. ʋ ʯʦʤʫ ʧʦʣʷʛʘʻ ʨʽʟʥʠʮʷ ʤʽʞ ʣʽʥʽʡʥʠʤʠ, ʪʦʯʢʦʚʠʤʠ ʪʘ ʨʦʟʧʦʜʽʣʝʥʠʤʠ 

ʜʞʝʨʝʣʘʤʠ ʟʘʙʨʫʜʥʝʥʥʷ? 

5. ɼʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʮʝʥʪʨʘʣʴʥʦʾ ʣʽʥʽʾ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ. 

6. ʗʢʽ ʩʢʣʘʜʦʚʽ ʤʽʛʨʘʮʽʡʥʦʾ ʟʜʘʪʥʦʩʪʽ ʧʦʣʶʪʘʥʪʽʚ? 

7. ʗʢʽ ʚʝʣʠʯʠʥʠ ʧʦʪʨʽʙʥʦ ʟʥʘʪʠ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʦʮʽʥʢʠ ʨʦʟʤʽʨʽʚ ʟʦʥʠ 

ʟʘʙʨʫʜʥʝʥʥʷ? 

8. ʏʦʤʫ ʥʘʜ ʤʽʩʪʦʤ ʫʪʚʦʨʶʻʪʴʩʷ "ʦʩʪʨʽʚ ʪʝʧʣʘ"? 

9. ɺ ʯʦʤʫ ʧʦʣʷʛʘʻ ʝʬʝʢʪ ʨʝʩʫʩʧʝʥʟʽʾ? 

10. ɼʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʨʝʩʫʩʧʝʥʟʽʾ. 

11. ʑʦ ʪʘʢʝ ʰʚʠʜʢʽʩʪʴ ʨʝʩʫʩʧʝʥʟʽʾ? 

12. ʏʠʤ ʦʙʫʤʦʚʣʝʥʘ ʚʘʨʽʘʙʝʣʴʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ ʨʝʩʫʩʧʝʥʟʽʾ? 

13. ɼʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʪʨʘʥʩʣʦʢʘʮʽʾ. 

14. ʂʦʣʠ ʧʦʪʨʽʙʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʘʜʛʝʟʽʶ ʧʨʠ ʦʮʽʥʮʽ ʟʘʙʨʫʜʥʝʥʦʩʪʽ ʨʦʩ-

ʣʠʥʥʠʮʴʢʦʾ ʧʨʦʜʫʢʮʽʾ? 

15. ʗʢʽ ʽʩʥʫʶʪʴ ʧʨʠʯʠʥʠ ʟʘʙʨʫʜʥʝʥʥʷ ʘʪʤʦʩʬʝʨʠ? 

16. ʗʢ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦʥʷʪʪʷ ʟʘʙʨʫʜʥʝʥʥʷ ʘʪʤʦʩʬʝʨʠ? 

17. ʗʢʠʡ ʤʝʭʘʥʽʟʤ ʜʽʾ ʉʆ ʥʘ ʦʨʛʘʥʽʟʤ ʣʶʜʠʥʠ? 

18. ʗʢ ʜʽʣʷʪʴʩʷ ʟʘʙʨʫʜʥʶʶʯʽ ʨʝʯʦʚʠʥʠ ʟʘ ʾʭ ʜʽʻʶ ʥʘ ʦʨʛʘʥʽʟʤ ʣʶʜʠʥʠ?  



 

19. ɺ ʷʢʠʭ ʦʜʠʥʠʮʷʭ ʚʠʤʽʨʶʻʪʴʩʷ ʨʘʜʽʦʘʢʪʠʚʥʝ ʟʘʙʨʫʜʥʝʥʥʷ? 

20. ɼʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʫʪʨʠʤʘʥʥʷ. 

21. ʑʦ ʪʘʢʝ ʜʦʟʘ ʦʧʨʦʤʽʥʝʥʥʷ? 

22. ʗʢʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʦʙʯʠʩʣʝʥʥʷ ʜʦʟʠ ʦʧʨʦʤʽʥʝʥʥʷ? 



 

ʈʦʟʜʽʣ 9. ʄʝʪʘʙʦʣʽʯʥʽ ʧʨʦʮʝʩʠ ʚ ʝʢʦʙʽʦʩʠʩʪʝʤʘʭ 

9.1. ʄʘʪʝʤʘʪʠʯʥʝ ʩʝʨʝʜʦʚʠʱʝ MathCAD ʫ ʩʪʘʠʪʩʪʠʯʥʠʭ ʽ ʤʘʪʝ-

ʤʘʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ ʝʢʦʩʠʩʪʝʤ ʪʘ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʝʡ 

ʇʘʢʝʪ ʧʨʦʛʨʘʤ "MathCAD" ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʙʯʠʩʣʶʚʘʪʠ ʯʠʩʣʦʚʽ ʚʠʨʘ-

ʟʠ ʽ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʡ, ʷʢʽ ʚʢʣʶʯʘʶʪʴ ʜʽʾ ʜʦʜʘʚʘʥʥʷ, ʚʽʜʥʽʤʘʥʥʷ, ʤʥʦʞʝʥʥʷ, 

ʜʽʣʝʥʥʷ, ʧʽʜʥʝʩʝʥʥʷ ʚ ʩʪʝʧʽʥʴ, ʣʦʛʘʨʠʬʤʫʚʘʥʥʷ, ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ, ʽʥʪʝʛʨʫ-

ʚʘʥʥʷ, ʟʥʘʭʦʜʞʝʥʥʷ ʨʦʟʚôʷʟʢʽʚ ʘʣʛʝʙʨʘʾʯʥʠʭ ʽ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʪʘ ʾʭ 

ʩʠʩʪʝʤ ʚ ʘʥʘʣʽʪʠʯʥʦʤʫ ʘʙʦ ʯʠʩʣʦʚʦʤʫ ʚʠʛʣʷʜʽ. ʊʘʢʦʛʦ ʪʠʧʫ ʟʘʜʘʯʽ ʚʠʥʠʢʘʶʪʴ 

ʧʨʠ ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʙʫʜʴ-ʷʢʠʭ ʧʨʦʮʝʩʽʚ, ʚʢʣʶʯʘʶʯʠ ʘʛʨʘʨʥʽ 

ʚʟʘʛʘʣʽ ʪʘ ʝʢʦʣʦʛʽʯʥʽ ʟʦʢʨʝʤʘ. 

ɺ ʦʩʥʦʚʫ "MathCAD"  ʧʦʢʣʘʜʝʥʘ ʪʨʘʜʠʮʽʡʥʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʟʘʧʠʩʫ ʽ ʧʨʦʚʝ-

ʜʝʥʥʷ ʦʙʯʠʩʣʝʥʴ ʟʘ ʯʠʩʣʦʚʠʤʠ ʚʠʨʘʟʘʤʠ ʯʠ ʬʦʨʤʫʣʘʤʠ. 

ʋ ʩʝʨʝʜʦʚʠʱʽ MathCAD ʻ ʨʷʜ ʦʩʦʙʣʠʚʦʩʪʝʡ,  ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘ-

ʪʠ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʦʙʯʠʩʣʝʥʴ: 

ü ʨʦʙʦʯʠʡ ʜʦʢʫʤʝʥʪ ʯʠʪʘʶʪʴ ʟʛʦʨʠ ʚʥʠʟ, ʟʣʽʚʘ ʥʘʧʨʘʚʦ. 

ü ʩʠʤʚʦʣʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʨʦʟʨʘʭʫʥʢʘʭ, ʢʨʽʤ ʪʝʢʩʪʦʚʠʭ ʟʦʥ, ʧʦ-

ʚʠʥʥʽ ʙʫʪʠ ʟʘʧʠʩʘʥʽ ʧʨʠ ʘʥʛʣʽʡʩʴʢʽʡ ʨʦʟʢʣʘʜʮʽ ʢʣʘʚʽʘʪʫʨʠ. 

ü ʜʝʩʷʪʢʦʚʽ ʟʥʘʯʝʥʥʷ ʯʠʩʝʣ ʚʽʜʦʢʨʝʤʣʶʶʪʴʩʷ ʢʨʘʧʢʦʶ.  

ü ʩʫʚʦʨʘ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʨʦʟʤʽʱʝʥʥʷ ʥʘ ʨʦʙʦʯʦʤʫ ʧʦʣʽ ʩʠʤʚʦʣʽʚ ʪʘ ʦʧʝʨʘ-

ʮʽʡ: 

- ʩʠʤʚʦʣʠ ʪʘ ʚʽʜʧʦʚʽʜʥʽ ʾʤ ʯʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ, ʷʢʽ ʚʭʦʜʷʪʴ ʜʦ ʚʠʨʘʟʫ; 

- ʦʙʣʘʩʪʴ ʘʙʦ ʢʦʥʢʨʝʪʥʽ ʟʥʘʯʝʥʥʷ ʟʤʽʥʥʠʭ; 

- ʚʠʨʘʟ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ; 

- ʨʝʟʫʣʴʪʘʪ ʦʙʯʠʩʣʝʥʴ; 

- ʛʨʘʬʽʯʥʘ ʟʘʣʝʞʥʽʩʪʴ ʥʘ ʦʩʥʦʚʽ ʟʘʧʠʩʘʥʦʛʦ ʚʠʨʘʟʫ. 

ʇʨʠ ʧʦʨʫʰʝʥʥʽ ʟʘʟʥʘʯʝʥʦʛʦ ʧʦʨʷʜʢʫ ʨʦʟʤʽʱʝʥʥʷ ʜʘʥʠʭ ʘʙʦ ʦʧʝʨʘʮʽʡ, 

ʯʝʨʚʦʥʠʤ ʢʦʣʴʦʨʦʤ ʚʠʜʽʣʷʶʪʴʩʷ ʪʽ ʩʠʤʚʦʣʠ ʫ ʚʠʨʘʟʘʭ, ʟʥʘʯʝʥʥʷ ʷʢʠʭ ʥʝ ʚʠ-

ʟʥʘʯʝʥʦ ʽ ʚʠʚʦʜʠʪʴʩʷ ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʨʦ ʧʦʤʠʣʢʫ ʚ ʪʦʤʫ ʤʽʩʮʽ ʜʝ ʚʦʥʘ ʜʦʧʫ-

ʱʝʥʘ.  

ɿʘʧʫʩʢ ʧʨʦʛʨʘʤʠ MathCAD   

Á ʟʘʚʘʥʪʘʞʠʪʠ ʦʧʝʨʘʮʽʡʥʫ ʩʠʩʪʝʤʫ Windows;  

Á ʢʣʘʮʥʫʪʠ  ʥʘ ʢʥʦʧʮʽ ñʇʫʩʢò; 

Á ʫ ʧʫʥʢʪʽ ʤʝʥʶ ñʇʨʦʛʨʘʤʤʳò ʚʠʙʨʘʪʠ ʧʽʜʧʫʥʢʪ ñʄʘthSoft Appsò, 

ʧʝʨʝʡʪʠ ʥʘ ʢʘʩʢʘʜʥʝ ʧʽʜʤʝʥʶ ʽ ʚʠʙʨʘʪʠ ʧʫʥʢʪ ñMathcad 14ò; 

Á ʥʘ ʝʢʨʘʥʽ ʟôʷʚʠʪʴʩʷ ʟʘʩʪʘʚʢʘ MathCAD,  ʧʦʪʽʤ ʚʽʢʥʦ MathCAD . 

ʇʝʨʝʜ ʧʦʯʘʪʢʦʤ ʧʨʦʚʝʜʝʥʥʷ ʙʫʜʴ-ʷʢʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʥʝʦʙʭʽʜʥʦ ʥʘʣʘʰʪʫʚʘʪʠ ʚ 

ʨʦʙʦʯʦʤʫ ʚʽʢʥʽ ʧʘʥʝʣʴ "ʄʘʪʝʤʘʪʠʢʘ", ʷʢʘ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʚʝʜʝʥʥʷ ʥʘ ʨʦʙʦ-



 

ʯʝ ʧʦʣʝ ʟʥʘʢʽʚ ʤʘʪʝʤʘʪʠʯʥʠʭ ʜʽʡ, ʩʠʤʚʦʣʽʚ, ʦʧʝʨʘʪʦʨʽʚ, ʰʘʙʣʦʥʽʚ ʛʨʘʬʽʢʽʚ 

ʪʦʱʦ. ʇʦʨʷʜʦʢ ʢʦʜʫʚʘʥʥʷ ʦʩʥʦʚʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʦʧʝʨʘʮʽʡ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʣʘʚʽʘʪʫʨʠ ʥʘʚʝʜʝʥʦ ʚ ʜʦʜʘʪʢʫ 1ʅʘʣʘʰʪʫʚʘʥʥʷ ʧʘʥʝʣʽ "ʄʘʪʝʤʘʪʠʢʘ" 

Á ʫ ʧʫʥʢʪʽ ʤʝʥʶ "ɺʠʜ" ʚʠʙʨʘʪʠ ʧʽʜʧʫʥʢʪ "ʇʘʥʝʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ"; 

Á ʧʝʨʝʡʪʠ ʥʘ ʢʘʩʢʘʜʥʝ ʧʽʜʤʝʥʶ ʽ ʚʽʜʤʽʪʠʪʠ ʧʫʥʢʪ "ʄʘʪʝʤʘʪʠʢʘ"; 

Á ʨʦʟʢʨʠʪʠ ʥʝʦʙʭʽʜʥʽ ʧʘʣʽʪʨʠ ʧʘʥʝʣʽ "ʄʘʪʝʤʘʪʠʢʘ" ʰʣʷʭʦʤ ʦʜʥʦʨʘʟʦʚʦʛʦ 

ʥʘʪʠʩʢʘʥʥʷ ʣʽʚʦʾ ʢʣʘʚʽʰʽ ʤʠʰʽ ʧʦ ʢʥʦʧʮʽ ʚʽʜʧʦʚʽʜʥʦʾ ʧʘʣʽʪʨʠ. 

ʄʘʪʝʤʘʪʠʯʥʝ ʩʝʨʝʜʦʚʠʱʝ MathCAD ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʩʢʣʘʜʥʠʭ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʦʙʯʠʩʣʝʥʴ, ʘʣʝ ʽ ʷʢ ʧʨʦʩʪʠʡ ʢʘʣʴʢʫʣʷʪʦʨ, ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʯʠ-

ʩʣʦʚʠʭ ʚʠʨʘʟʽʚ.  

ʆʙʯʠʩʣʝʥʥʷ ʚʠʨʘʟʫ ʚ ʯʠʩʣʦʚʦʤʫ ʚʠʛʣʷʜʽ 

Á ʚʩʪʘʥʦʚʠʪʠ ʢʫʨʩʦʨ ʫ ʙʫʜʴ-ʷʢʝ ʤʽʩʮʝ ʨʦʙʦʯʦʛʦ ʜʦʢʫʤʝʥʪʘ; 

Á ʟ ʢʣʘʚʽʘʪʫʨʠ ʘʙʦ ʧʘʣʽʪʨʠ "ʂʘʣʴʢʫʣʷʪʦʨ" ʚʠʚʝʩʪʠ: ʯʠʩʣʦ, ʥʘʜ ʷʢʠʤ ʙʫʜʝ 

ʧʨʦʚʦʜʠʪʠʩʷ ʤʘʪʝʤʘʪʠʯʥʘ ʜʽʷ, ʟʥʘʢ ʜʽʾ, ʯʠʩʣʦ, ʟʥʘʢ ʜʽʾ ʽ ʪ.ʜ.; 

Á ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʫ ʚʠʚʝʩʪʠ ʟʥʘʢ ʜʦʨʽʚʥʶʻ.  

ʇʨʠʢʣʘʜ: 

( )
4333.2

440174

367
69

245
73.26.24648

=
-

Öö
÷

õ
æ
ç

å
-Ö+

 
ʗʢ ʧʨʘʚʠʣʦ, ʚ ʜʘʥʦʤʫ ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʧʨʦʚʦʜʷʪʴ ʦʙʯʠʩʣʝʥʥʷ, ʚʠ-

ʢʦʨʠʩʪʦʚʫʶʯʠ ʟʘʧʠʩ ʤʘʪʝʤʘʪʠʯʥʠʭ ʜʽʡ ʥʝ ʚ ʯʠʩʣʦʚʠʭ, ʘ ʚ ʘʥʘʣʽʪʠʯʥʠʭ ʚʠʨʘ-

ʟʘʭ, ʱʦ ʟʥʘʯʥʦ ʨʦʟʰʠʨʶʻ ʤʦʞʣʠʚʦʩʪʽ ʦʙʯʠʩʣʝʥʴ ʪʘ ʩʢʦʨʦʯʫʻ ʯʘʩ ʧʨʠ ʨʦʟʨʘ-

ʭʫʥʢʘʭ ʟʥʘʯʝʥʴ ʬʫʥʢʮʽʡ ʧʨʠ ʟʘʜʘʥʠʭ ʟʥʘʯʝʥʥʷʭ ʘʨʛʫʤʝʥʪʫ. ɼʣʷ ʦʙʯʠʩʣʝʥʥʷ ʚ 

ʪʘʢʽʡ ʬʦʨʤʽ ʥʝʦʙʭʽʜʥʦ ʚʠʪʨʠʤʘʪʠ ʥʘʚʝʜʝʥʫ ʚʠʱʝ ʧʦʩʣʽʜʦʚʥʽʩʪʴ. 

ʅʘʧʨʠʢʣʘʜ, ʥʝʦʙʭʽʜʥʦ ʦʪʨʠʤʘʪʠ ʟʥʘʯʝʥʥʷ ʣʽʥʽʡʥʦʾ (ʫ=ʘ+bʭ) ʪʘ ʢʚʜʨʘʪʠ-

ʯʥʦʾ (z=ʘ+bx+cx2) ʬʫʥʢʮʽʡ ʜʣʷ ʟʥʘʯʝʥʴ ʟʤʽʥʥʦʾ x  ʚʽʜ 1 ʜʦ 5, ʪʘ ʧʦʙʫʜʫʚʘʪʠ ʚ 

ʦʜʥʠʭ ʢʦʦʨʜʠʥʘʪʥʠʭ ʦʩʷʭ ʛʨʘʬʽʢʠ ʮʠʭ ʬʫʥʢʮʽʡ. ʋ ʮʴʦʤʫ ʨʘʟʽ, ʬʫʥʢʮʽʾ ʧʦʟʥʘ-

ʯʘʶʪʴ ʨʽʟʥʠʤʠ ʩʠʤʚʦʣʘʤʠ. ɿʘʧʠʩ ʜʘʥʠʭ ʪʘ ʧʦʨʷʜʦʢ ʚʠʢʦʥʘʥʥʷ ʪʘʢʦʾ ʧʦʙʫʜʦʚʠ 

ʚ MCAD ʤʘʪʠʤʝ ʚʠʛʣʷʜ: 
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ɿʘʧʠʩ ʩʠʤʚʦʣʽʚ ʪʘ ʯʠʩʣʦʚʠʭ ʟʥʘʯʝʥʴ 

Á ʟ ʢʣʘʚʽʘʪʫʨʠ ʘʙʦ ʧʘʣʽʪʨʠ ʚʠʚʝʩʪʠ ʩʠʤʚʦʣ, ʷʢʠʡ ʚʭʦʜʠʪʴ ʜʦ ʚʠʨʘʟʫ ʽ 

ʤʘʻ ʯʠʩʣʦʚʝ ʟʥʘʯʝʥʥʷ; 

Á ʧʦʻʜʥʘʥʥʷʤ ʢʣʘʚʽʰ ñShift + :ò ʘʙʦ ʟ ʧʘʣʽʪʨʠ ʂʘʣʴʢʫʣʷʪʦʨ ʚʠʚʝʩʪʠ 

ʩʠʤʚʦʣ ñʥʘʜʘʪʠ ʟʥʘʯʝʥʥʷò, ʷʢʠʡ ʤʘʻ ʚʠʛʣʷʜ (:=); 

Á ʟ ʢʣʘʚʽʘʪʫʨʠ ʥʘʙʨʘʪʠ ʚʽʜʧʦʚʽʜʥʝ ʯʠʩʣʦʚʝ ʟʥʘʯʝʥʥʷ. 

ɿʥʘʯʝʥʥʷ ʟʤʽʥʥʦʾ, ʷʢʝ ʚʭʦʜʠʪʴ ʜʦ ʬʦʨʤʫʣʠ, ʤʦʞʝ ʥʘʙʫʚʘʪʠ  ʟʥʘʯʝʥʴ ʫ 

ʧʝʚʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʽʟ ʟʘʟʥʘʯʝʥʠʤ ʢʨʦʢʦʤ, ʘʙʦ ʮʽ ʟʥʘʯʝʥʥʷ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʥʘ-

ʙʽʨ ʢʦʥʢʨʝʪʥʠʭ ʯʠʩʝʣ.  

ɿʘʜʘʥʥʷ ʦʙʣʘʩʪʽ ʟʤʽʥʥʠʭ 

Á ʟ ʢʣʘʚʽʘʪʫʨʠ ʘʙʦ ʧʘʣʽʪʨʠ ʚʠʚʝʩʪʠ ʩʠʤʚʦʣ ʟʤʽʥʥʦʾ; 

Á ʚʠʚʝʩʪʠ ʩʠʤʚʦʣ ñʥʘʜʘʪʠ ʟʥʘʯʝʥʥʷò (:=); 

Á ʢʣʘʚʽʰʝʶ ñ:ò ʘʙʦ ʟ ʧʘʣʽʪʨʠ ʂʘʣʴʢʫʣʷʪʦʨ ʚʠʚʝʩʪʠ ʰʘʙʣʦʥ ñʜʠʘʧʘʟʦʥ 

ʜʠʩʢʨʝʪʥʦʡ ʚʝʣʠʯʠʥʳò (m ..n) ʪʘ ʟʘʧʠʩʘʪʠ ʫ ʚʽʣʴʥʽ ʟʦʥʠ ʧʦʯʘʪʢʦʚʝ ʪʘ ʢʽʥ-

ʮʝʚʝ ʟʥʘʯʝʥʥʷ ʽʥʪʝʨʚʘʣʫ;   

Á ʜʣʷ ʟʘʜʘʥʥʷ ʢʨʦʢʫ ʟʤʽʥʥʦʾ, ʚʽʜʤʽʥʥʦʾ ʚʽʜ ʦʜʠʥʠʮʽ ʟʘʧʠʩʘʪʠ, ʯʝʨʝʟ ʢʦʤʫ 

ʧʽʩʣʷ ʧʦʯʘʪʢʦʚʦʛʦ ʟʥʘʯʝʥʥʷ ʽʥʪʝʨʚʘʣʫ ʥʘʩʪʫʧʥʝ ʟʥʘʯʝʥʥʷ ʟʤʽʥʥʦʾ (ʥʘʧʨʠ-

ʢʣʘʜ ʭ := 0, 0.5 ..5). ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʢʨʦʢ ʟʤʽʥʥʦʾ ʙʫʜʝ ʩʪʘʥʦʚʠʪʠ 0,5. 

ɿʘʜʘʥʥʷ ʢʦʥʢʨʝʪʥʠʭ ʟʥʘʯʝʥʴ ʟʤʽʥʥʦʾ 

ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʟʥʘʯʝʥʥʷ ʟʤʽʥʥʦʾ ʥʝʤʦʞʣʠʚʦ ʧʨʝʜʩʪʘʚʠʪʠ ʽ ʚʠʛʣʷʜʽ ʜʽʘ-

ʧʘʟʦʥʫ (1...8),  ʘ ʥʝʦʙʭʽʜʥʦ ʚʢʘʟʘʪʠ ʾʭ ʢʦʥʢʨʝʪʥʽ ʟʥʘʯʝʥʥʷ, ʬʦʨʤʘ ʾʭ ʟʘʧʠʩʫ 

ʥʘʙʫʚʘʻ ʽʥʰʦʛʦ ʚʠʛʣʷʜʫ. ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ: 



 

Á ʟ ʢʣʘʚʽʘʪʫʨʠ ʚʠʚʝʩʪʠ ʣʽʪʝʨʫ ñò̔, ʟ ʧʘʣʽʪʨʠ "ʄʘʪʨʠʮʷ" ʚʠʚʝʩʪʠ ʩʠʤʚʦʣ 

ñʥʘʜʘʪʠ ʟʥʘʯʝʥʥʷò, ʚʠʚʝʩʪʠ ʰʘʙʣʦʥ ñʜʠʘʧʘʟʦʥ ʜʠʩʢʨʝʪʥʦʡ ʚʝʣʠʯʠʥʳò 

(m ..n) ; 

Á ʟʘʧʠʩʘʪʠ ʟʘʤʽʩʪʴ ʧʦʯʘʪʢʦʚʦʛʦ ʟʥʘʯʝʥʥʷ ʽʥʪʝʨʚʘʣʫ 1, ʟʘʤʽʩʪʴ ʢʽʥʮʝʚʦʛʦ ï 

ʯʠʩʣʦ, ʷʢʝ ʚʽʜʧʦʚʽʜʘʻ ʢʽʣʴʢʦʩʪʽ ʟʤʽʥʥʠʭ; 

Á ʟʘʧʠʩʘʪʠ ʩʠʤʚʦʣ ʟʤʽʥʥʦʾ, ʢʣʘʚʽʰʝʶ ñ[ò ʘʙʦ ʟ ʧʘʣʽʪʨʠ ʂʘʣʴʢʫʣʷʪʦʨ ʩʪʚʦ-

ʨʠʪʠ ʥʠʞʥʽʡ ʽʥʜʝʢʩ ʙʽʣʷ ʟʤʽʥʥʦʾ, ʟʘʧʠʩʘʪʠ ʫ ʚʽʣʴʥʝ ʤʽʩʮʝ ʽʥʜʝʢʩʫ ʣʽʪʝʨʫ ñò̔; 

Á ʚʠʚʝʩʪʠ ʩʠʤʚʦʣ ñʥʘʜʘʪʠ ʟʥʘʯʝʥʥʷò(:=); 

Á ʟ ʢʣʘʚʽʘʪʫʨʠ ʯʝʨʝʟ ʢʦʤʫ ʥʘʙʨʘʪʠ ʢʦʥʢʨʝʪʥʽ ʯʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ ʟʤʽʥʥʦʾ (ʚʦ-

ʥʠ ʙʫʜʫʪʴ ʦʬʦʨʤʣʝʥʽ ʷʢ ʪʘʙʣʠʮʷ).  

ɿʘʧʠʩ ʚʠʨʘʟʫ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ 

Á ʟʘʧʠʩʘʪʠ ʟ ʢʣʘʚʽʘʪʫʨʠ ʩʠʤʚʦʣ ʬʫʥʢʮʽʾ; 

Á ʫ ʜʫʞʢʘʭ ʙʽʣʷ ʩʠʤʚʦʣʫ ʬʫʥʢʮʽʾ ʟʘʧʠʩʘʪʠ ʩʠʤʚʦʣ ʟʤʽʥʥʦʾ, ʷʢʱʦ ʚʦʥʘ ʟʘʜʘ-

ʥʘ ʯʝʨʝʟ ʽʥʪʝʨʚʘʣ ʟʥʘʯʝʥʴ; 

Á ʙʽʣʷ ʩʠʤʚʦʣʫ ʬʫʥʢʮʽʾ ʚʠʚʝʩʪʠ ʟʥʘʯʦʢ ʥʠʞʥʴʦʛʦ ʽʥʜʝʢʩʫ ʽ ʟʘʧʠʩʘʪʠ ʚ ʽʥ-

ʜʝʢʩ ʣʽʪʝʨʫ ñò̔, ʷʢʱʦ ʟʤʽʥʥʘ ʟʘʜʘʥʘ ʢʦʥʢʨʝʪʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ; 

Á ʚʠʚʝʩʪʠ ʩʠʤʚʦʣ ñʥʘʜʘʪʠ ʟʥʘʯʝʥʥʷò; 

Á ʟʘʧʠʩʘʪʠ ʚʠʨʘʟ ʽʟ ʩʠʤʚʦʣʘʤʠ ʩʪʘʣʠʭ ʽ ʟʤʽʥʥʠʭ ʫ ʪʦʤʫ ʚʠʛʣʷʜʽ, ʚ ʷʢʦʤʫ 

ʚʦʥʠ ʙʫʣʠ ʟʘʧʠʩʘʥʽ ʨʘʥʽʰʝ, ʪʘ ʚʩʪʘʥʦʚʠʪʠ ʤʽʞ ʥʠʤʠ ʟʥʘʢʠ ʚʽʜʧʦʚʽʜʥʠʭ ʤʘ-

ʪʝʤʘʪʠʯʥʠʭ ʜʽʡ. 

ʆʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʫ ʦʙʯʠʩʣʝʥʴ 

Á ʟʘʧʠʩʘʪʠ ʩʠʤʚʦʣ ʬʫʥʢʮʽʾ ʚ ʪʦʤʫ ʚʠʛʣʷʜʽ, ʷʢ ʚʦʥʘ ʙʫʣʘ ʟʘʜʘʥʘ; 

Á ʚʠʚʝʩʪʠ ʟʥʘʢ (=) ʟ ʢʣʘʚʽʘʪʫʨʠ ʘʙʦ ʟ ʧʘʣʽʪʨʠ; 

Á ʨʝʟʫʣʴʪʘʪ ʦʙʯʠʩʣʝʥʴ ʙʫʜʝ ʦʬʦʨʤʣʝʥʠʡ ʷʢ ʪʘʙʣʠʮʷ.  

ʇʦʙʫʜʦʚʘ ʛʨʘʬʽʢʽʚ  ʜʚʦʚʠʤʽʨʥʠʭ  ʟʘʣʝʞʥʦʩʪʝʡ  

Á ʧʦʻʜʥʘʥʥʷʤ ʢʣʘʚʽʰ ñShift + 2ò ʘʙʦ ʤʠʰʢʦʶ ʟ ʧʘʣʽʪʨʠ ñɻʨʘʬʠʢʠò ʚʠʚʝʩ-

ʪʠ ʰʘʙʣʦʥ ʜʚʦʤʽʨʥʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ X-Y ɻʨʘʬʠʢ; 

Á ʫ ʚʽʣʴʥʫ ʟʦʥʫ ʧʽʜ ʚʽʩʩʶ ʘʙʩʮʠʩ ʟʘʧʠʩʘʪʠ ʩʠʤʚʦʣ ʘʨʛʫʤʝʥʪʫ; 

Á ʫ ʚʽʣʴʥʫ ʟʣʽʚʘ ʚʽʜ ʦʩʽ ʦʨʜʠʥʘʪ ʟʘʧʠʩʘʪʠ ʩʠʤʚʦʣ ʬʫʥʢʮʽʾ; 

Á ʜʣʷ ʧʦʙʫʜʦʚʠ ʛʨʘʬʽʢʽʚ ʜʚʦʭ ʘʙʦ ʙʽʣʴʰʝ ʬʫʥʢʮʽʡ ʚ ʦʜʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠ-

ʥʘʪ ʥʝʦʙʭʽʜʥʦ ʟʘʧʠʩʘʪʠ ʯʝʨʝʟ ʢʦʤʫ ʧʦ ʦʩʽ ʦʨʜʠʥʘʪ ʩʠʤʚʦʣʠ ʚʩʽʭ ʬʫʥʢʮʽʡ; 

Á ʜʣʷ ʧʦʙʫʜʦʚʠ ʛʨʘʬʽʢʘ ʥʘʪʠʩʥʫʪʠ ʢʣʘʚʽʰʫ ñEnterò ʘʙʦ ʢʣʘʮʥʫʪʠ ʤʠʰʢʦʶ 

ʥʘ ʚʽʣʴʥʦʤʫ ʤʽʩʮʽ ʧʦʟʘ ʧʦʣʝʤ ʛʨʘʬʽʢʘ. 

ʌʦʨʤʘʪʫʚʘʥʥʷ ʛʨʘʬʽʢʽʚ ʜʚʦʚʠʤʽʨʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ 

Á ʜʚʽʯʽ ʢʣʘʮʥʫʪʠ ʤʠʰʢʦʶ ʫ  ʧʦʣʽ ʛʨʘʬʽʢʘ; 



 

Á ʫ ʜʽʘʣʦʛʦʚʦʤʫ ʚʽʢʥʽ, ʱʦ ʟ'ʷʚʠʪʴʩʷ, ʚ ʟʘʢʣʘʜʮʽ X-Y ʆʩʠ (XïY Axes) ʟʘʜʘ-

ʻʪʴʩʷ ʪʠʧ ʢʦʦʨʜʠʥʘʪʥʠʭ ʦʩʝʡ, ʥʘʷʚʥʽʩʪʴ ʪʘ ʱʽʣʴʥʽʩʪʴ ʢʦʦʨʜʠʥʘʪʥʦʾ ʩʽʪʢʠ 

ʪʦɦʦ; 

Á ʫ ʟʘʢʣʘʜʮʽ ʉʣʝʜ (Traces) ʟʘʜʘʻʪʴʩʷ ʪʠʧ ʥʘʢʨʝʩʣʝʥʥʷ, ʢʦʣʽʨ, ʪʦʚʱʠʥʘ 

ʙʫʜʴ-ʷʢʦʾ ʟ ʣʽʥʽʡ ʛʨʘʬʽʢʽʚ ʬʫʥʢʮʽʡ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʧʠʩʢʠ ʩʠʩʪʝʤʠ. 

ɿʘʧʠʩ ʚʠʟʥʘʯʥʠʢʽʚ 

ʇʨʠ ʨʦʟʨʦʙʮʽ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʯʘʩʪʦ ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʚ ʟʥʘʭʦʜʞʝʥʥʽ 

ʨʦʟʚôʷʟʢʽʚ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʟ ʜʝʢʽʣʴʢʦʤʘ ʥʝʚʽʜʦʤʠʤʠ, ʥʘʧʨʠʢʣʘʜ, ʜʚʦʤʘ ʭ ʽ ʫ: 

111 cybxa =Ö+Ö  

222 cybxa =Ö+Ö  

ʈʦʟʚôʷʟʦʢ ʩʠʩʪʝʤʠ ʤʦʞʥʘ ʟʥʘʡʪʠ ʟʘ ʤʝʪʦʜʦʤ ʂʨʘʤʝʨʘ ʯʝʨʝʟ ʚʠʟʥʘʯʥʠʢʠ: 
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ɼʣʷ ʟʘʧʠʩʫ ʤʘʪʨʠʮʴ ʥʝʦʙʭʽʜʥʦ: 

Á ʟʘʧʠʩʘʪʠ ʩʠʤʚʦʣ, ʷʢʠʤ ʙʫʜʝ ʧʦʟʥʘʯʝʥʦ ʤʘʪʨʠʮʷ; 

Á ʚʠʚʝʩʪʠ ʟʥʘʢ ñʥʘʜʘʪʠ ʟʥʘʯʝʥʥʷò ʘʙʦ ʧʨʠʩʚʦʾʪʠ, ʱʦ ʤʘʻ ʚʠʛʣʷʜ (:=); 

Á ʫ ʧʘʣʽʪʨʽ ñʄʘʪʨʠʮʘò ʢʣʘʮʥʫʪʠ ʧʦ ʟʥʘʯʢʫ 
å
æ
æ
ç

õ
ö
ö
÷; 

Á ʘʙʦ ʩʧʦʣʫʯʝʥʥʷʤ ʢʣʘʚʽʰ <Ctrl >+<M> ʚʠʢʣʠʢʘʪʠ ʰʘʙʣʦʥ ʤʘʪʨʠʮʽ; 

Á ʫ ʜʽʘʣʦʛʦʚʦʤʫ ʚʽʢʥʽ, ʱʦ ʟôʷʚʠʪʴʩʷ, ʟʘʜʘʪʠ ʢʽʣʴʢʽʩʪʴ ʨʷʜʢʽʚ ʪʘ ʩʪʦʚʧʯʠʢʽʚ 

ʤʘʪʨʠʮʽ; 

Á ʟʘʧʦʚʥʠʪʠ ʚʠʚʝʜʝʥʠʡ ʰʘʙʣʦʥ ʤʘʪʨʠʮʽ ʚʽʜʧʦʚʽʜʥʠʤʠ ʩʠʤʚʦʣʘʤʠ ʘʙʦ ʟʥʘ-

ʯʝʥʥʷʤʠ. 

 

 

ʈʦʟʨʘʭʫʥʦʢ ʚʠʟʥʘʯʥʠʢʽʚ 

Á ʟ ʧʘʣʽʪʨʠ ñʄʘʪʨʠʮʘò ʚʠʚʝʩʪʠ ʩʠʤʚʦʣ ʚʠʟʥʘʯʥʠʢʘ, ʢʣʘʮʥʫʚʰʠ ʧʦ ʟʥʘʯʢʫ 

(  ); 

Á ʟʘʧʠʩʘʪʠ ʫ ʚʽʣʴʥʫ ʟʦʥʫ ʚʠʟʥʘʯʥʠʢʘ ʩʠʤʚʦʣ, ʷʢʠʤ ʧʦʟʥʘʯʝʥʦ ʡʦʛʦ ʤʘʪʨʠ-

ʮʷ; 

Á ʚʠʚʝʩʪʠ ʟʥʘʢ ʜʦʨʽʚʥʶʻ (=). ʅʘʧʨʠʢʣʘʜ: 
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ʈʦʟʚ'ʷʟʦʢ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ 

ʈʦʟʚ'ʷʟʦʢ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʟ ʚʽʜʧʦʚʽʜʥʦʶ ʢʽʣʴʢʽʩʪʶ ʥʝʚʽʜʦʤʠʭ ʤʦʞʥʘ ʧʨʦʚʝʩ-

ʪʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʙʣʦʢʫ Given/Find ʟʘ ʥʘʩʪʫʧʥʠʤ ʘʣʛʦ-

ʨʠʪʤʦʤ: 

Á ʟʘʧʠʩʫʶʪʴ ʜʘʥʽ, ʷʢʽ ʚʽʜʦʤʽ ʪʘ ʚʭʦʜʷʪʴ ʜʦ ʚʠʨʘʟʽʚ, ʱʦ ʫʪʚʦʨʶʶʪʴ ʩʠʩʪʝʤʫ 

ʨʽʚʥʷʥʴ; 

Á ʥʝʚʽʜʦʤʠʤ ʟʤʽʥʥʠʤ ʥʘʜʘʶʪʴ (:=) ʜʦʚʽʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ, ʟʘʟʚʠʯʘʡ ʮʝ 0 ʘʙʦ 1; 

Á ʟʘʧʠʩʫʶʪʴ ʢʣʶʯʦʚʝ ʩʣʦʚʦ ʧʦʯʘʪʢʫ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʙʣʦʢʫ Given (ɼʘʥʦ); 

Á ʟʘʧʠʩʫʶʪʴ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ, ʘʣʝ ʙʝʟ ʟʥʘʢʘ ʬʽʛʫʨʥʦʾ ʜʫʞʢʠ; 

Á ʟʘʤʽʩʪʴ ʟʥʘʢʘ ʜʦʨʽʚʥʶʻ (=) ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʟʥʘʢ "ʙʫʣʝʚʦ ʨʘʚʝʥʩʪʚʦ" (ʥʘ-

ʧʽʚʞʠʨʥʠʡ ʟʥʘʢ =), ʷʢʠʡ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ "ʃʦʛʠʯʝʩʢʠʝ" ʫ ʧʘʣʽʪʨʽ "ʄʘʪʝʤʘ-

ʪʠʢʘ"; 

 
Á ʚʠʚʦʜʷʪʴ ʰʘʙʣʦʥ ʤʘʪʨʠʮʽ ʚ n ʨʷʜʢʽʚ ʽ ʚ ʦʜʠʥ ʩʪʦʚʧʯʠʢ, ʜʝ n - ʯʠʩʣʦ ʥʝʚʽʜʦ-

ʤʠʭ; 

Á ʟʘʧʦʚʥʶʶʪʴ ʤʘʪʨʠʮʶ ʩʠʤʚʦʣʘʤʠ ʥʝʚʽʜʦʤʠʭ; 

Á ʥʘʜʘʶʪʴ ʤʘʪʨʠʮʽ ʟʥʘʯʝʥʥʷ ʫ ʚʠʛʣʷʜʽ ʩʣʦʚʘ Find (ɿʥʘʡʪʠ) ʽ ʚ ʜʫʞʢʘʭ ʧʽʩʣʷ 

ʩʣʦʚʘ ʧʝʨʝʣʽʯʫʶʪʴ, ʯʝʨʝʟ ʢʦʤʫ, ʥʝʚʽʜʦʤʽ; 

Á ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʟʥʘʯʝʥʴ ʥʝʚʽʜʦʤʠʭ ʟʘʧʠʩʫʶʪʴ ʾʭ ʩʠʤʚʦʣʠ ʽ ʧʠʰʫʪʴ ʟʥʘʢ 

ʜʦʨʽʚʥʶʻ (=). 

ʇʨʠʢʣʘʜ: ʟʥʘʡʪʠ ʨʦʟʚôʷʟʢʠ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʚʽʜʥʦʩʥʦ ʥʝʚʽʜʦʤʠʭ x, y, z: 

,

.872

1353

,422

î
í

î
ì

ë

=-+

=+-

=++

zyx

zyx

zyx

 

 

ʋ MathCAD  ʟʘʧʠʩ ʨʦʟʚôʷʟʢʫ ʤʘʪʠʤʝ ʚʠʛʣʷʜ: 



 

x 1:= y 1:= z 1:=

Given

2x 2y+ z+ 4

3x 5y- 3z+ 1

2x 7y+ z- 8

x

y

z

å
æ
æ
ç

õ
ö
ö
÷

Find x y, z,( ):=

x 1.941=

y 0.471=

z 0.824-=  
ɿʥʘʡʜʝʤʦ ʨʦʟʚôʷʟʢʠ ʮʽʻʾ ʩʠʩʪʝʤʠ ʤʝʪʦʜʦʤ ʚʠʟʥʘʯʥʠʢʽʚ. 

ʉʢʣʘʜʘʻʤʦ ʚʠʟʥʘʯʥʠʢʠ: 

ȹ ï ʛʦʣʦʚʥʠʡ ʚʠʟʥʘʯʥʠʢ, ʱʦ ʩʢʣʘʜʝʥʠʡ ʟ ʢʦʝʬʽʮʽʻʥʪʽʚ ʙʽʣʷ ʥʝʚʽʜʦʤʠʭ ʩʠʩʪʝʤʠ 

ʨʽʚʥʷʥʴ; 

ȹʭ ï ʚʠʟʥʘʯʥʠʢ, ʱʦ ʦʪʨʠʤʘʥʠʡ ʟ ʛʦʣʦʚʥʦʛʦ ʚʠʟʥʘʯʥʠʢʘ ȹ, ʟʘʤʽʥʦʶ ɯ-ʦʛʦ ʩʪʦ-

ʚʧʮʷ ʩʪʦʚʧʯʠʢʦʤ ʚʽʣʴʥʠʭ ʯʣʝʥʽʚ; 

ȹʫ - ʚʠʟʥʘʯʥʠʢ, ʱʦ ʦʪʨʠʤʘʥʠʡ ʟ ʛʦʣʦʚʥʦʛʦ ʚʠʟʥʘʯʥʠʢʘ ȹ, ʟʘʤʽʥʦʶ ɯɯ-ʦʛʦ ʩʪʦ-

ʚʧʮʷ ʩʪʦʚʧʯʠʢʦʤ ʚʽʣʴʥʠʭ ʯʣʝʥʽʚ; 

ȹz - ʚʠʟʥʘʯʥʠʢ, ʱʦ ʦʪʨʠʤʘʥʠʡ ʟ ʛʦʣʦʚʥʦʛʦ ʚʠʟʥʘʯʥʠʢʘ ȹ, ʟʘʤʽʥʦʶ ɯɯɯ-ʦʛʦ 

ʩʪʦʚʧʮʷ ʩʪʦʚʧʯʠʢʦʤ ʚʽʣʴʥʠʭ ʯʣʝʥʽʚ. 
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:= Dx

4

1

8
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1-
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æ
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:= Dy

2

3

2

4

1

8

1

3

1-

å
æ
æ
ç

õ
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÷

:= Dz

2

3

2

2

5-

7

4

1

8

å
æ
æ
ç

õ
ö
ö
÷

:=

x
Dx

D
:= y

Dy

D
:= z

Dz

D
:=

x 1.941=

y 0.471=

z 0.824-=  

ɿʘʩʦʙʠ MathCAD ʜʣʷ ʧʦʙʫʜʦʚʠ ʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʜʝʣʽ 

ʇʦʙʫʜʦʚʘ ʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʚʝʜʝʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʟʘʩʦʙʘʤʠ 

MathCAD ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʚʚʝʜʝʥʥʷ ʟʥʘʯʝʥʴ ʟʤʽʥʥʦʾ, ʪʦʙʪʦ ʯʘʩʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ, 



 

ʟʘʜʘʚʘʥʥʷ ʬʫʥʢʮʽʾ ʚʽʜ ʜʠʩʢʨʝʪʥʦʾ ʟʤʽʥʥʦʾ, ʪʘʙʫʣʶʚʘʥʥʷ ʬʫʥʢʮʽʾ, ʧʦʙʫʜʦʚʠ 

ʛʨʘʬʽʯʥʦʾ ʟʘʣʝʞʥʦʩʪʽ, ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ ʥʘ ʾʾ 

ʚʠʛʣʷʜ. 

ʇʨʘʚʠʣʘ ʟʘʧʠʩʫ ʜʠʩʢʨʝʪʥʦʾ ʟʤʽʥʥʦʾ ʫ MathCAD 

ɼʠʩʢʨʝʪʥʦʶ ʥʘʟʠʚʘʻʪʴʩʷ ʟʤʽʥʥʘ, ʷʢʘ ʤʦʞʝ ʥʘʙʫʚʘʪʠ ʦʢʨʝʤʠʭ ʽʟʦʣʴʦʚʘ-

ʥʠʭ ʢʦʥʢʨʝʪʥʠʭ ʟʥʘʯʝʥʴ. ʋ MathCAD ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʚʽ ʬʦʨʤʠ ʟʘʧʠʩʫ 

ʟʥʘʯʝʥʴ ʜʠʩʢʨʝʪʥʦʾ ʟʤʽʥʥʦʾ:  

Á ʫ ʚʠʛʣʷʜʽ ʜʽʘʧʘʟʦʥʫ ʟʥʘʯʝʥʴ ʽ ʢʨʦʢʫ; 

Á ʫ ʚʠʛʣʷʜʽ ʥʘʙʦʨʫ ʢʦʥʢʨʝʪʥʠʭ ʟʥʘʯʝʥʴ. 

ʋ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʟʘʧʠʩʫʻʪʴʩʷ  ʧʝʨʰʝ ʟʥʘʯʝʥʥʷ ʜʽʘʧʘʟʦʥʫ ʟʤʽʥʶʚʘʥʥʷ, 

ʟʘ ʥʠʤ ʯʝʨʝʟ ʢʦʤʫ ï ʜʨʫʛʝ ʟʥʘʯʝʥʥʷ. ʈʽʟʥʠʮʷ ʤʽʞ ʧʝʨʰʠʤ ʽ ʜʨʫʛʠʤ ʟʥʘʯʝʥʥʷ-

ʤʠ ʚʠʟʥʘʯʘʻ ʢʨʦʢ. ʇʽʩʣʷ ʜʨʫʛʦʛʦ ʟʥʘʯʝʥʥʷ ʽʟ ʧʘʣʽʪʨʠ ɸʨʠʬʤʝʪʠʢʘ ʟʘ ʜʦʧʦʤʦ-

ʛʦʶ ʰʘʙʣʦʥʫ ʜʠʘʧʘʟʦʥ ʜʠʩʢʨʝʪʥʦʡ ʚʝʣʠʯʠʥʳ ï m..n ʧʨʦʩʪʘʚʣʷʶʪʴʩʷ ʜʚʽ 

ʢʨʘʧʢʠ ʽ ʚʚʦʜʠʪʴʩʷ ʦʩʪʘʥʥʻ ʟʥʘʯʝʥʥʷ ʜʽʘʧʘʟʦʥʫ. 

ʅʘʧʨʠʢʣʘʜ: ɿʤʽʥʥʘ ʭ ʟʘʜʘʥʘ ʽʥʪʝʨʚʘʣʦʤ ʩʚʦʾʭ ʟʥʘʯʝʥʴ ʚʽʜ 2 ʜʦ 4 ʟ ʢʨʦʢʦʤ 0,1:   

x 2 2.1, 4..:=  
ʋ ʜʨʫʛʦʤʫ ʚʠʧʘʜʢʫ ʟʘʧʠʩʫʶʪʴʩʷ ʚʩʽ ʤʦʞʣʠʚʽ ʟʥʘʯʝʥʥʷ ʜʠʩʢʨʝʪʥʦʾ ʟʤʽʥ-

ʥʦʾ. ɿ ʮʽʻʶ ʤʝʪʦʶ: 

Á ʟ ʢʣʘʚʽʘʪʫʨʠ ʚʚʦʜʷʪʴ ʣʽʪʝʨʫ ,̔ ʩʠʤʚʦʣ ʥʘʜʘʪʠ ʟʥʘʯʝʥʥʷ ʽ ʰʘʙʣʦʥ ʜʠʘʧʘʟʦʥ 

ʜʠʩʢʨʝʪʥʦʡ ʚʝʣʠʯʠʥʳ (m ..n);   

Á ʟʘʧʠʩʫʶʪʴ ʟʘʤʽʩʪʴ ʧʦʯʘʪʢʦʚʦʛʦ ʟʥʘʯʝʥʥʷ ʽʥʪʝʨʚʘʣʫ 1, ʟʘʤʽʩʪʴ ʢʽʥʮʝʚʦʛʦ ï 

ʯʠʩʣʦ, ʷʢʝ ʚʽʜʧʦʚʽʜʘʻ ʢʽʣʴʢʦʩʪʽ ʟʤʽʥʥʠʭ, ʥʘʧʨʠʢʣʘʜ i 1 10..:=  

Á ʟʘʧʠʩʫʶʪʴ ʩʠʤʚʦʣ ʟʤʽʥʥʦʾ, ʟ ʧʘʣʽʪʨʠ ɸʨʠʬʤʝʪʠʢʘ ʢʥʦʧʢʦʶ  Xn ʧʝʨʝʭʦ-

ʜʷʪʴ ʜʦ  ʥʠʞʥʴʦʛʦ ʽʥʜʝʢʩʫ ʙʽʣʷ ʟʤʽʥʥʦʾ, ʟʘʧʠʩʫʶʪʴ ʫ ʚʽʣʴʥʝ ʤʽʩʮʝ ʥʠʞʥʴʦ-

ʛʦ ʽʥʜʝʢʩʫ ʣʽʪʝʨʫ ;̔ 

Á ʚʠʚʦʜʷʪʴ ʩʠʤʚʦʣ ʥʘʜʘʪʠ ʟʥʘʯʝʥʥʷ(:=); 

Á ʟ ʢʣʘʚʽʘʪʫʨʠ, ʯʝʨʝʟ ʢʦʤʫ, ʥʘʙʠʨʘʶʪʴ ʢʦʥʢʨʝʪʥʽ ʯʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ ʟʤʽʥʥʦʾ 

(ʚʦʥʠ ʙʫʜʫʪʴ ʦʬʦʨʤʣʝʥʽ ʫ ʚʠʛʣʷʜʽ  ʪʘʙʣʠʮʽ).  

ʅʘʧʨʠʢʣʘʜ: ɿʤʽʥʥʘ ʭ ʟʘʜʘʥʘ ʟʥʘʯʝʥʥʷʤʠ:  5, 5.2, 5.4, 5.6, 6, 6.2, 6.5 

 

 

 

 

 

 

 

ʊʘʙʫʣʶʚʘʥʥʷ ʬʫʥʢʮʽʾ ʜʠʩʢʨʝʪʥʦʾ ʟʤʽʥʥʦʾ 

i 1 7..:=  
x
i

5

5.2

5.4

5.6

6

6.2

6.5

:=

 



 

ɼʠʩʢʨʝʪʥʽ ʟʤʽʥʥʽ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʜʠʩʢʨʝʪ-

ʥʠʭ ʟʥʘʯʝʥʴ ʽʥʰʦʾ ʟʤʽʥʥʦʾ, ʷʢʘ ʟʚôʷʟʘʥʘ ʟ ʧʝʨʰʦʶ ʬʫʥʢʮʽʦʥʘʣʴʥʦʶ ʟʘʣʝʞʥʽʩ-

ʪʶ,  ʪʦʙʪʦ ʜʣʷ ʪʘʙʫʣʶʚʘʥʥʷ ʬʫʥʢʮʽʾ.  

ɿ ʮʽʻʶ ʤʝʪʦʶ ʟʘʧʠʩʫʶʪʴ ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʟʘʣʝʞʥʽʩʪʴ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠ-

ʛʣʷʜʽ: 

Á ʟʘʧʠʩʫʶʪʴ ʟ ʢʣʘʚʽʘʪʫʨʠ ʩʠʤʚʦʣ ʬʫʥʢʮʽʾ; 

Á ʫ ʜʫʞʢʘʭ ʙʽʣʷ ʩʠʤʚʦʣʫ ʬʫʥʢʮʽʾ ʟʘʧʠʩʫʶʪʴ ʩʠʤʚʦʣ ʟʤʽʥʥʦʾ, ʷʢʱʦ ʚʦʥʘ ʟʘ-

ʜʘʥʘ ʯʝʨʝʟ ʽʥʪʝʨʚʘʣ ʟʥʘʯʝʥʴ, ʥʘʧʨʠʢʣʘʜ  f(x); 

ʘʙʦ: 

Á ʙʽʣʷ ʩʠʤʚʦʣʫ ʬʫʥʢʮʽʾ ʚʠʚʦʜʷʪʴ ʟʥʘʯʦʢ ʥʠʞʥʴʦʛʦ ʽʥʜʝʢʩʫ ʽ ʟʘʧʠʩʫʶʪʴ ʚ ʽʥ-

ʜʝʢʩ ʣʽʪʝʨʫ ,̔ ʷʢʱʦ ʟʤʽʥʥʘ ʟʘʜʘʥʘ ʢʦʥʢʨʝʪʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ, ʥʘʧʨʠʢʣʘʜ fi; 

Á ʚʠʚʦʜʷʪʴ ʩʠʤʚʦʣ ʥʘʜʘʪʠ ʟʥʘʯʝʥʥʷ; 

Á ʟʘʧʠʩʫʶʪʴ ʚʠʨʘʟ ʽʟ ʩʠʤʚʦʣʘʤʠ ʩʪʘʣʠʭ ʽ ʟʤʽʥʥʠʭ, ʫ ʪʦʤʫ ʚʠʛʣʷʜʽ, ʚ ʷʢʦʤʫ 

ʚʦʥʠ ʙʫʣʠ ʟʘʧʠʩʘʥʽ ʨʘʥʽʰʝ ʪʘ ʚʩʪʘʥʦʚʣʶʶʪʴ ʤʽʞ ʥʠʤʠ ʟʥʘʢʠ ʚʽʜʧʦʚʽʜʥʠʭ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʜʽʡ. 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʫ ʦʙʯʠʩʣʝʥʴ: 

Á ʟʘʧʠʩʫʶʪʴ ʩʠʤʚʦʣ ʬʫʥʢʮʽʾ ʚ ʪʦʤʫ ʚʠʛʣʷʜʽ, ʷʢ ʚʦʥʘ ʙʫʣʘ ʟʘʜʘʥʘ; 

Á ʚʠʚʦʜʷʪʴ ʟʥʘʢ (=) ʟ ʢʣʘʚʽʘʪʫʨʠ ʘʙʦ ʟ ʧʘʣʽʪʨʠ; 

Á ʨʝʟʫʣʴʪʘʪ ʦʙʯʠʩʣʝʥʴ ʙʫʜʝ ʦʬʦʨʤʣʝʥʠʡ ʫ ʚʠʛʣʷʜʽ ʪʘʙʣʠʮʽ.  

ʇʦʙʫʜʦʚʘ ʛʨʘʬʽʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʤʽʞ ʟʥʘʯʝʥʥʷʤʠ ʟʤʽʥʥʠʭ 

ʇʦʙʫʜʦʚʘ  ʜʚʦʚʠʤʽʨʥʠʭ ʛʨʘʬʽʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ:  

Á ʟ ʧʘʣʽʪʨʠ ɻʨʘʬʠʢʠ ʚʠʚʦʜʷʪʴ ʰʘʙʣʦʥ ʜʚʦʚʠʤʽʨʥʦʛʦ ʛʨʘʬʽʢʘ; 

Á ʫ ʚʽʣʴʥʫ ʟʦʥʫ ʧʽʜ ʚʽʩʩʶ ʘʙʩʮʠʩ ʟʘʧʠʩʫʶʪʴ ʩʠʤʚʦʣ ʟʤʽʥʥʦʾ; 

Á ʫ ʚʽʣʴʥʫ ʟʦʥʫ ʟʣʽʚʘ ʚʽʜ ʦʩʽ ʦʨʜʠʥʘʪ ʟʘʧʠʩʫʶʪʴ ʩʠʤʚʦʣ ʬʫʥʢʮʽʾ; 

Á ʜʣʷ ʧʦʙʫʜʦʚʠ ʜʚʦʭ ʘʙʦ ʙʽʣʴʰʝ ʛʨʘʬʽʢʽʚ ʬʫʥʢʮʽʡ ʚ ʦʜʥʠʭ ʢʦʦʨʜʠʥʘʪʥʠʭ 

ʦʩʷʭ ʟʘʧʠʩʫʶʪʴ ʯʝʨʝʟ ʢʦʤʫ ʧʦ ʦʩʽ ʦʨʜʠʥʘʪ ʩʠʤʚʦʣʠ ʚʩʽʭ ʬʫʥʢʮʽʡ; 

Á ʥʘʪʠʩʢʫʶʪʴ ʢʣʘʚʽʰʫ Enter ʘʙʦ ʢʣʘʮʘʶʪʴ ʥʘ ʚʽʣʴʥʦʤʫ ʤʽʩʮʽ ʟʘ ʤʝʞʘʤʠ ʰʘ-

ʙʣʦʥʫ ʛʨʘʬʽʢʘ. 

ʌʦʨʤʘʪʫʚʘʥʥʷ ʜʚʦʚʠʤʽʨʥʠʭ ʛʨʘʬʽʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ 

Á ʜʚʽʯʽ ʢʣʘʮʘʶʪʴ ʣʽʚʦʶ ʢʣʘʚʽʰʝʶ ʤʠʰʽ ʫ  ʧʦʣʽ ʛʨʘʬʽʢʘ; 

Á ʫ ʜʽʘʣʦʛʦʚʦʤʫ ʚʽʢʥʽ, ʱʦ ʚʽʜʢʨʠʻʪʴʩʷ, ʥʘ ʟʘʢʣʘʜʮʽ X-Y ʆʩʠ (XïY Axes) ʟʘ-

ʜʘʶʪʴ ʪʠʧ ʢʦʦʨʜʠʥʘʪʥʠʭ ʦʩʝʡ, ʥʘʷʚʥʽʩʪʴ ʪʘ ʱʽʣʴʥʽʩʪʴ ʢʦʦʨʜʠʥʘʪʥʦʾ ʩʽʪʢʠ 

ʪʦʱʦ; 

Á ʥʘ ʟʘʢʣʘʜʮʽ ʉʣʝʜ (Traces) ʟʘʜʘʶʪʴ ʪʠʧ ʥʘʢʨʝʩʣʝʥʥʷ, ʢʦʣʽʨ, ʪʦʚʱʠʥʫ ʙʫʜʴ-

ʷʢʦʾ ʟ ʣʽʥʽʡ, ʷʢʽ ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʛʨʘʬʽʢʫ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʧʠʩʢʠ ʩʠʩʪʝʤʠ. 



 

ʇʨʠʢʣʘʜ. ʇʦʙʫʜʫʚʘʪʠ ʤʦʜʝʣʴ ʨʦʩʪʫ ʯʠʩʝʣʴʥʦʩʪʽ ʢʣʽʪʠʥ (ʤʦʜʝʣʴ ʄʘʣʴ-

ʪʫʩʘ) ʚʠʛʣʷʜʫ: 
trextx ÖÖ=)(  ʧʨʠ  ʟʥʘʯʝʥʥʷʭ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ : r=0.07, x=2.2 

ʧʨʠ ʟʤʽʥʶʚʘʥʥʽ ʯʘʩʫ ʩʧʦʩʪʝʨʝʞʝʥʴ t ʚʽʜ 1 ʜʦ 50 ʟ ʢʨʦʢʦʤ 5. 

ʈʦʟʚôʷʟʦʢ  

r 0.07:=  
x 2.2:=  
t 1 5, 50..:=  

x t( ) x e
r tÖ
Ö:=  

x t( )

2.36

3.122

4.131

5.466

7.232

9.568

12.66

16.751

22.164

29.325

38.801

51.339

67.929

=

 
 

ʂʦʧʽʶʚʘʥʥʷ ʦʙôʻʢʪʽʚ (ʬʦʨʤʫʣ, ʛʨʘʬʽʢʽʚ) 

ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʯʘʩʫ ʟʘʧʠʩʫ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʙʣʦʢʫ, ʷʢʠʡ ʤʽʩʪʠʪʴ ʦʜʥʦʪʠʧʥʽ 

ʬʦʨʤʫʣʠ, ʛʨʘʬʽʢʠ ʯʠ ʪʝʢʩʪʠ, ʜʦʮʽʣʴʥʦ ʧʨʦʚʦʜʠʪʠ ʾʭ ʢʦʧʽʶʚʘʥʥʷ ʟ ʧʦʜʘʣʴʰʠʤ 

ʥʝʟʥʘʯʥʠʤ ʬʦʨʤʘʪʫʚʘʥʥʷʤ. 

Á ʚʩʪʘʥʦʚʠʪʠ ʢʫʨʩʦʨ ʙʽʣʷ ʦʙôʻʢʪʘ, ʷʢʠʡ ʧʣʘʥʫʻʪʴʩʷ ʩʢʦʧʽʶʚʘʪʠ; 

Á ʚʠʜʽʣʠʪʠ ʦʙôʻʢʪ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʪʷʛʫʚʘʥʥʷ ʢʫʨʩʦʨʫ ʧʦ ʡʦʛʦ ʜʽʘʛʦʥʘʣʽ ʧʨʠ 

ʥʘʪʠʩʥʫʪʽʡ ʣʽʚʽʡ ʢʣʘʚʽʰʽ ʤʠʰʽ. ɺʠʜʽʣʝʥʠʡ ʦʙôʻʢʪ ʦʙʨʘʤʣʷʻʪʴʩʷ ʰʪʨʠʭʦ-

ʚʦʶ ʣʽʥʽʻʶ; 

Á ʩʢʦʧʽʶʚʘʪʠ ʚʠʜʽʣʝʥʠʡ ʦʙôʻʢʪ ʫ ʙʫʬʝʨ ʦʙʤʽʥʫ, ʢʣʘʮʥʫʚʰʠ ʧʦ ʢʥʦʧʮʽ ñʂʦ-

ʧʠʨʦʚʘʪʴò ʥʘ ʧʘʥʝʣʽ ʽʥʩʪʨʫʤʝʥʪʽʚ (); 

Á ʧʝʨʝʤʽʩʪʠʪʠ ʢʫʨʩʦʨ ʫ ʤʽʩʮʝ ʢʦʧʽʶʚʘʥʥʷ ʦʙôʻʢʪʘ;   

Á ʚʩʪʘʚʠʪʠ ʦʙôʻʢʪ ʟ ʙʫʬʝʨʫ ʦʙʤʽʥʫ, ʢʣʘʮʥʫʚʰʠ ʧʦ ʢʥʦʧʮʽ ñɺʩʪʘʚʠʪʴò ʥʘ ʧʘ-

ʥʝʣʽ ʽʥʩʪʨʫʤʝʥʪʽʚ (). 

ʇʝʨʝʤʽʱʝʥʥʷ ʦʙôʻʢʪʽʚ 
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ɯʥʦʜʽ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʟʥʘʯʝʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʨʦʟʤʽʱʝʥʥʷ ʦʧʝʨʘʮʽʡ ʪʘ ʩʠ-

ʤʚʦʣʽʚ ʥʘ ʨʦʙʦʯʦʤʫ ʧʦʣʽ, ʘʙʦ ʜʣʷ ʚʧʦʨʷʜʢʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʟʘʧʠʩʽʚ ʥʝʦʙʭʽʜʥʦ 

ʧʝʨʝʤʽʩʪʠʪʠ ʚʞʝ ʩʪʚʦʨʝʥʠʡ ʦʙôʻʢʪ. ɼʣʷ ʮʴʦʛʦ: 

Á ʚʠʜʽʣʠʪʠ ʦʙôʻʢʪ, ʢʣʘʮʥʫʚʰʠ ʧʦ ʥʴʦʤʫ. ɺʽʥ ʙʫʜʝ ʦʙʨʘʤʣʝʥʠʡ ʚ ʯʦʨʥʫ ʨʘʤ-

ʢʫ; 

Á ʚʩʪʘʥʦʚʠʪʠ ʢʫʨʩʦʨ ʥʘ ʣʽʥʽʶ ʨʘʤʢʠ, ʱʦʙ ʚʽʥ ʥʘʙʫʚ ʚʠʛʣʷʜʫ ʨʫʢʠ; 

Á ʧʨʠ ʥʘʪʠʩʥʫʪʽʡ ʣʽʚʽʡ ʢʣʘʚʽʰʽ ʤʠʰʽ ʧʝʨʝʤʽʩʪʠʪʠ ʦʙôʻʢʪ ʫ ʧʦʪʨʽʙʥʝ ʤʽʩʮʝ. 

ɿʙʝʨʝʞʝʥʥʷ ʬʘʡʣʫ 

Á ʫ ʧʫʥʢʪʽ ʤʝʥʶ ñʌʘʡʣò (File) ʚʠʙʨʘʪʠ ʧʽʜʧʫʥʢʪ ñʉʦʭʨʘʥʠʪʴ ʢʘʢò (Save 

as) - ʧʨʠ ʧʝʨʚʠʥʥʦʤʫ ʟʙʝʨʝʞʝʥʥʽ ʜʦʢʫʤʝʥʪʘ ʘʙʦ ñʉʦʭʨʘʥʠʪʴò (Save) - ʧʨʠ 

ʧʦʚʪʦʨʥʦʤʫ ʟʙʝʨʝʞʝʥʥʽ; 

Á ʫ ʜʽʘʣʦʛʦʚʦʤʫ ʚʽʢʥʽ, ʱʦ ʟôʷʚʠʪʴʩʷ, ʫ ʩʪʨʽʯʮʽ ñʉʦʭʨʘʥʠʪʴ ʚò ʚʢʘʟʘʪʠ ʽʤôʷ 

ʧʘʧʢʠ ʘʙʦ ʜʠʩʢʫ, ʜʝ ʙʫʜʝ ʟʙʝʨʽʛʘʪʠʩʷ ʬʘʡʣ, ʫ ʩʪʨʽʯʮʽ ñʀʤʷ ʬʘʡʣʘò ʟʘʧʠ-

ʩʘʪʠ ʥʘʟʚʫ ʬʘʡʣʫ. 

ɿʘʚʘʥʪʘʞʝʥʥʷ ʟʙʝʨʝʞʝʥʦʛʦ  ʬʘʡʣʫ 

Á ʫ ʧʫʥʢʪʽ ʤʝʥʶ ñʌʘʡʣò (File) ʚʠʙʨʘʪʠ ʧʽʜʧʫʥʢʪ ñʆʪʢʨʳʪʴò (Open);  

Á ʫ ʜʽʘʣʦʛʦʚʦʤʫ ʚʽʢʥʽ, ʱʦ ʟôʷʚʠʪʴʩʷ, ʟʥʘʡʪʠ ʽ ʚʽʜʢʨʠʪʠ ʧʦʪʨʽʙʥʫ ʧʘʧʢʫ, ʪʘ 

ʚʠʜʽʣʠʪʠ ʧʦʪʨʽʙʥʠʡ ʬʘʡʣ; 

Á ʥʘʪʠʩʥʫʪʠ ʢʥʦʧʢʫ ñʆʪʢʨʳʪʴò ʚ ʤʝʞʘʭ ʜʽʘʣʦʛʦʚʦʛʦ ʚʽʢʥʘ. 

ɿʘʚʝʨʰʝʥʥʷ ʨʦʙʦʪʠ ʟ "MathCAD"  

Á ʟʘʢʨʠʪʠ "MathCAD" , ʢʣʘʮʥʫʚʰʠ ʥʘ ʚʽʜʧʦʚʽʜʥʽʡ ʢʥʦʧʮʽ ʫ ʧʨʘʚʦʤʫ ʢʫʪʽ 

ʩʪʨʽʯʢʠ ʤʝʥʶ; 

ʇʨʘʢʪʠʯʥʘ ʨʦʙʦʪʘ 1. ʈʦʙʦʪʘ ʫ ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ 

Mathcad 

 

ʇʨʦʛʨʘʤʘ ʚʠʢʦʥʘʥʥʷ ʥʘ ʢʦʤʧôʶʪʝʨʽ. 

1. ɿʘʚʘʥʪʘʞʠʪʠ ʤʘʪʝʤʘʪʠʯʥʠʡ ʜʦʜʘʪʦʢ Mathcad. 

2. ɺʠʢʦʥʘʪʠ ʥʘʚʝʜʝʥʽ ʥʠʞʯʝ ʟʘʚʜʘʥʥʷ. 

3. ɿʙʝʨʝʛʪʠ ʩʪʚʦʨʝʥʠʡ ʜʦʢʫʤʝʥʪ ʫ ʚʣʘʩʥʽʡ ʧʘʧʮʽ. 

4. ɿʘʚʝʨʰʠʪʠ ʨʦʙʦʪʫ ʫ Mathcad. 

ɿʘʚʜʘʥʥʷ. 

ɯ. ʆʙʯʠʩʣʠʪʠ ʟʥʘʯʝʥʥʷ ʚʠʨʘʟʫ. ʅʦʤʝʨʠ ʚʠʨʘʟʽʚ ʚʠʟʥʘʯʘʻʤʦ ʟʘ ʦʩʪʘʥ-

ʥʴʦʶ ʮʠʬʨʦʶ ʚʣʘʩʥʦʛʦ ʚʘʨʽʘʥʪʫ. ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʦʩʪʘʥʥʷ ʮʠʬʨʘ ʚʘʰʦʛʦ ʚʘ-

ʨʽʘʥʪʫ 15, ʟʥʘʯʠʪʴ, ʚʠ ʦʙʠʨʘʻʪʝ ʟʘʚʜʘʥʥʷ ˉ5 ʽ ʥʘʩʪʫʧʥʝ ʟʘ ʥʠʤ ʟ ʥʝʧʘʨʥʠʤ 



 

ʥʦʤʝʨʦʤ, ʘ ʩʘʤʝ ˉ7. ʗʢʱʦ ʚʘʰ ʥʦʤʝʨ 8, ʪʦ ʚʠ ʦʙʠʨʘʻʪʝ ʥʘʩʪʫʧʥʝ ʟʘ ʥʠʤ ʟ ʧʘ-

ʨʥʠʤ ʥʦʤʝʨʦʤ - ˉ8 ʪʘ ˉ0 ʪʦʱʦ. 

ʇʘʤôʷʪʘʡʪʝ!  

ɸ. ʇʨʦʚʦʜʷʯʠ ʦʙʯʠʩʣʝʥʥʷ ʫ ʩʝʨʝʜʦʚʠʱʽ MATHCAD ʟ ʤʽʰʘʥʠʤʠ ʜʨʦ-

ʙʘʤʠ (ʜʨʦʙʠ, ʱʦ ʤʘʶʪʴ ʮʽʣʫ ʪʘ ʜʨʦʙʦʚʫ ʯʘʩʪʠʥʫ), ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʚʝʩʪʠ ʤʽʰʘ-

ʥʠʡ ʜʨʽʙ ʫ ʥʝʧʨʘʚʠʣʴʥʠʡ.  

ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ: 

1) ʟʥʘʤʝʥʥʠʢ ʤʽʰʘʥʦʛʦ ʜʨʦʙʫ ʧʦʤʥʦʞʠʪʠ ʥʘ ʡʦʛʦ ʮʽʣʫ ʯʘʩʪʠʥʫ ʽ ʜʦ-

ʜʘʪʠ ʜʦ ʯʠʩʝʣʴʥʠʢʘ; 

2) ʦʪʨʠʤʘʥʠʡ ʨʝʟʫʣʴʪʘʪ ʟʘʧʠʩʘʪʠ ʫ ʯʠʩʝʣʴʥʠʢʫ ʥʝʧʨʘʚʠʣʴʥʦʛʦ ʜʨʦ-

ʙʫ; 

3)  ʟʥʘʤʝʥʥʠʢ ʟʘʣʠʰʠʪʠ ʙʝʟ ʟʤʽʥʠ.  

ʅʘʧʨʠʢʣʘʜ, ʜʨʽʙ .
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ɯɯ. ʇʦʙʫʜʫʚʘʪʠ ʛʨʘʬʽʢʠ ʬʫʥʢʮʽʡ ʣʽʥʽʡʥʦʾ baxy += , ʢʚʘʜʨʘʪʠʯʥʦʾ  

cbxaxy ++= 2
, ʛʽʧʝʨʙʦʣʽʯʥʦʾ 

xb

xa
y

+

+
= : 

1) ʜʣʷ ʥʝʧʘʨʥʠʭ ʥʦʤʝʨʽʚ ʚʘʨʽʘʥʪʽʚ ʥʘ ʧʨʦʤʽʞʢʫ [-1;1] ʟ ʢʨʦʢʦʤ 0,1; 

2) ʜʣʷ ʧʘʨʥʠʭ - ʥʘ ʧʨʦʤʽʞʢʫ [-2;2] ʟ ʢʨʦʢʦʤ 0,2.  

ʂʦʝʬʽʮʽʻʥʪʠ a, b, c ʦʪʨʠʤʘʪʠ ʟ ʥʘʩʪʫʧʥʦʾ ʪʘʙʣʠʮʽ: 

ʊʘʙʣʠʮʷ 9.1. 

 ʅʝʧʘʨʥʽ ʚʘʨʽʘʥʪʠ  ʇʘʨʥʽ ʚʘʨʽʘʥʪʠ  

a ʅʦʤʝʨ ʚʘʨʽʘʥʪʫ  ʏʠʩʣʦ, ʧʨʦʪʠʣʝʞʥʝ ʥʦʤʝʨʫ ʚʘʨʽʘʥʪʫ  

b ʏʠʩʣʦ, ʧʨʦʪʠʣʝʞʥʝ ʥʦʤʝʨʫ ʚʘʨʽʘʥʪʫ ʏʠʩʣʦ, ʦʙʝʨʥʝʥʝ ʥʦʤʝʨʫ ʚʘʨʽʘʥʪʫ 

c ʏʠʩʣʦ, ʦʙʝʨʥʝʥʝ ʥʦʤʝʨʫ ʚʘʨʽʘʥʪʫ ʅʦʤʝʨ ʚʘʨʽʘʥʪʫ 

ɺʽʜʬʦʨʤʘʪʫʚʘʪʠ ʦʪʨʠʤʘʥʽ ʛʨʘʬʽʢʠ ʟʘ ʥʘʩʪʫʧʥʠʤʠ ʚʠʤʦʛʘʤʠ.  

ɼʣʷ ʣʽʥʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ: 

Üʉʠʤʚʦʣ ï ʨʦʤʙʠ; 

Üʃʽʥʽʷ ï ʧʫʥʢʪʠʨʥʘ; 

Üʂʦʣʽʨ ï ʩʠʥʽʡ; 

Üʊʠʧ ï ʣʽʥʽʷ: 

Üʈʦʟʤʽʨ ï 2. (ʜʠʚ. ʨʠʩ. 9.1) 

ɼʣʷ ʢʚʘʜʨʘʪʠʯʥʦʾ ʟʘʣʝʞʥʦʩʪʽ: 

¶ ʉʠʤʚʦʣ ï ʢʨʫʞʝʯʢʠ; 



 

¶ ʃʽʥʽʷ ï ʰʪʨʠʭʦʚʘ; 

¶ ʂʦʣʽʨ ï ʟʝʣʝʥʠʡ; 

¶ ʊʠʧ ï ʣʽʥʽʷ; 

¶ ʈʦʟʤʽʨ ï 3.(ʜʠʚ. ʨʠʩ. 9.2) 

ɼʣʷ ʛʽʧʝʨʙʦʣʽʯʥʦʾ ʟʘʣʝʞʥʦʩʪʽ: 

Á ʉʠʤʚʦʣ ï ʢʚʘʜʨʘʪʠʢʠ; 

Á ʃʽʥʽʷ ï ʰʪʨʠʭ-ʧʫʥʢʪʠʨʥʘ; 

Á ʂʦʣʽʨ ï ʢʦʨʠʯʥʝʚʠʡ; 

Á ʊʠʧ ï ʩʪʦʚʙʫʨ; 

Á ʈʦʟʤʽʨ ï 4. 

ʄʘʣʶʥʢʠ ʧʦʚʠʥʥʽ ʤʘʪʠ ʚʠʛʣʷʜ, ʱʦ ʚʽʜʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 9.1, 9.2. 

ɯɯɯ. ʇʦʙʫʜʫʚʘʪʠ ʛʨʘʬʽʢ ʬʫʥʢʮʽʾ cbxay += cos  ʜʣʷ ʟʘʜʘʥʠʭ ʟʥʘʯʝʥʴ 

ʟʤʽʥʥʦʾ ʜʠʚ. ʪʘʙʣ. 9.2  

 

ʊʘʙʣʠʮʷ 9.2. 

ʍ ī1 ī0,7 ī0,6 ī0,2 0 2,3 3,4 4,8 5 

ɺʽʜʬʦʨʤʘʪʫʚʘʪʠ ʛʨʘʬʽʢ ʟʛʽʜʥʦ ʥʘʩʪʫʧʥʠʭ ʚʠʤʦʛ: 

- ʉʠʤʚʦʣ ï ʧʣʶʩʠ; 

- ʃʽʥʽʷ ï ʧʫʥʢʪʠʨʥʘ; 

- ʂʦʣʽʨ ï ʯʦʨʥʠʡ; 

- ʊʠʧ ï ʤʘʣʶʥʦʢ 

- ʈʦʟʤʽʨ ï 3. 

ɯV. ʈʦʟʚôʷʟʘʪʠ ʦʜʥʫ ʩʠʩʪʝʤʫ ʣʽʥʽʡʥʠʭ ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ ʜʚʦʤʘ ʩʧʦ-

ʩʦʙʘʤʠ: ʤʝʪʦʜʦʤ ʚʠʟʥʘʯʥʠʢʽʚ ʪʘ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʙʣʦʢʫ 
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ʈʠʩʫʥʦʢ 9.1. 
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ʈʠʩʫʥʦʢ 9.2. 



 

9.2. ʇʦʙʫʜʦʚʘ ʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʜʝʣʽ ʥʝʦʙʤʝʞʝʥʦʛʦ ʨʦʩʪʫ ʄʘʣʴʪʫʩʘ 

ʈʝʘʢʮʽʾ ʢʣʽʪʠʥʥʦʛʦ ʤʝʪʘʙʦʣʽʟʤʫ ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʚʠʟʥʘʯʘʶʪʴʩʷ ʤʦʜʝʣʷʤʠ 

ʨʦʩʪʫ, ʷʢʠʤʠ ʦʧʠʩʫʶʪʴʩʷ ʧʨʦʮʝʩʠ ʜʽʣʝʥʥʷ ʢʣʽʪʠʥ. ʊʦʤʫ ʚʠʚʯʝʥʥʶ ʤʝʪʘʙʦʣʽʯ-

ʥʠʭ ʧʨʦʮʝʩʽʚ ʧʝʨʝʜʫʻ ʨʦʟʛʣʷʜ ʦʩʥʦʚʥʠʭ ʤʦʜʝʣʝʡ ʜʽʣʝʥʥʷ ʢʣʽʪʠʥ, ʪʘʢ ʟʚʘʥʠʭ, 

ʧʦʧʫʣʷʮʽʡʥʠʭ ʤʦʜʝʣʝʡ. 

ʅʝʦʙʤʝʞʝʥʠʡ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʡ ʨʽʩʪ.  

ʆʜʥʠʤ ʽʟ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʧʨʠʧʫʱʝʥʴ, ʷʢʽ ʣʝʞʘʪʴ ʚ ʦʩʥʦʚʽ ʚʩʽʭ ʤʦʜʝ-

ʣʝʡ ʨʦʩʪʫ ʻ ʧʨʦʧʦʨʮʽʡʥʽʩʪʴ ʰʚʠʜʢʦʩʪʽ ʨʦʩʪʫ ʧʦʧʫʣʷʮʽʾ ʾʾ ʯʠʩʝʣʴʥʦʩʪʽ. ɼʣʷ ʙʘ-

ʛʘʪʴʦʭ ʦʜʥʦʢʣʽʪʠʥʥʠʭ ʦʨʛʘʥʽʟʤʽʚ ʘʙʦ ʢʣʽʪʠʥ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʢʣʽʪʠʥʥʠʭ 

ʪʢʘʥʠʥ, ʨʦʟʤʥʦʞʝʥʥʷ ï ʮʝ ʧʨʦʩʪʦ ʜʽʣʝʥʥʷ, ʪʦʙʪʦ ʧʦʜʚʦʻʥʥʷ ʯʠʩʣʘ ʢʣʽʪʠʥ ʯʝ-

ʨʝʟ ʧʝʚʥʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ, ʷʢʠʡ ʥʘʟʠʚʘʻʪʴʩʷ ʯʘʩʦʤ ʜʽʣʝʥʥʷ. ɼʣʷ ʩʢʣʘʜʥʦ ʦʨ-

ʛʘʥʽʟʦʚʘʥʠʭ ʨʦʩʣʠʥʥʠʭ ʽ ʪʚʘʨʠʥʥʠʭ ʩʠʩʪʝʤ ʨʦʟʤʥʦʞʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ 

ʙʽʣʴʰ ʩʢʣʘʜʥʠʤ ʟʘʢʦʥʦʤ. ʋ ʥʘʡʧʨʦʩʪʽʰʦʤʫ ʚʠʧʘʜʢʫ ʧʨʠʧʫʩʢʘʶʪʴ, ʱʦ ʰʚʠʜ-

ʢʽʩʪʴ ʨʦʟʤʥʦʞʝʥʥʷ ʢʣʽʪʠʥ ʧʨʦʧʦʨʮʽʡʥʘ ʯʠʩʝʣʴʥʦʩʪʽ ʮʠʭ ʢʣʽʪʠʥ. ʎʝ ʚʽʜʙʫʚʘ-

ʻʪʴʩʷ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ, ʪʘʢ ʟʚʘʥʠʭ ñʚʦʨʦʛʽʚò, ʽ ʥʘʷʚʥʦʩʪʽ ʚ ʥʘʜʣʠʰʢʫ ʧʦʞʠʚʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ. ʄʦʜʝʣʴ ʻ ʩʧʨʦʱʝʥʦʶ, ʘʣʝ ʜʣʷ ʚʠʧʘʜʢʫ ʨʦʟʤʥʦʞʝʥʥʷ ʙʘʢʪʝʨʽʡ 

ʚʦʥʘ ʻ ʧʨʠʡʥʷʪʥʦʶ. ʊʘʢʘ ʤʦʜʝʣʴ ʦʧʠʩʫʻʪʴʩʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤ ʨʽʚʥʷʥʥʷʤ, ʣʽ-

ʥʽʡʥʠʤ ʚʽʜʥʦʩʥʦ ʟʤʽʥʥʦʾ ʭ, ʷʢʝ ʭʘʨʘʢʪʝʨʠʟʫʻ ʯʠʩʝʣʴʥʽʩʪʴ ʢʣʽʪʠʥ, ʦʩʦʙʠʥ ʚ ʧʦ-

ʧʫʣʷʮʽʾ ʪʦʱʦ.  

Rx
dt

dx
=

,                                                              (9.1) 

ʜʝ R ï ʢʦʝʬʽʮʽʻʥʪ ʧʨʠʨʦʩʪʫ, ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʤʦʞʝ ʙʫʪʠ ʬʫʥʢʮʽʻʶ ʷʢ 

ʩʘʤʦʾ ʯʠʩʝʣʴʥʦʩʪʽ, ʪʘʢ ʽ ʯʘʩʫ, ʘʙʦ ʽʥʰʠʭ ʚʥʫʪʨʽʰʥʽʭ ʽ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʥʠʭ 

ʦʟʥʘʢ. ɿʛʽʜʥʦ (9.1), ʷʢʱʦ R = r = const >0, ʷʢ ʮʝ ʧʨʠʧʫʩʢʘʚ ʄʘʣʴʪʫʩ*, ʪʦ ʯʠ-

ʩʝʣʴʥʽʩʪʴ ʙʫʜʝ ʨʦʩʪʠ ʥʝʦʙʤʝʞʝʥʦ ʟʘ ʝʢʩʧʦʥʝʥʪʦʶ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʽʥʪʝʛʨʫʚʘʥʥʷ 

ʨʽʚʥʷʥʥʷ (9.1) ʤʘʻʤʦ 

x=x0ert;  x0=x(t0),  (9.2) 

ʜʝ ʭ0 ï ʯʠʩʝʣʴʥʽʩʪʴ ʢʣʽʪʠʥ ʚ ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ï ʧʦʯʘʪʢʦʚʘ ʯʠʩʝʣʴ-

ʥʽʩʪʴ ʢʣʽʪʠʥ. 

 

 

 

ʇʨʘʢʪʠʯʥʘ ʨʦʙʦʪʘ ˉ2 ʇʦʙʫʜʦʚʘ ʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʜʝʣʽ ʥʝʦʙʤʝʞʝʥʦʛʦ ʨʦʩʪʫ 

ʄʘʣʴʪʫʩʘ 

 

                                           
* ɺʧʝʨʰʝ ʤʦʜʝʣʴ ʙʫʣʘ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʄʘʣʴʪʫʩʦʤ ʫ ʍVɯɯɯ ʩʪʦʣʽʪʪʽ 



 

ʄʝʪʘ ʨʦʙʦʪʠ: ʦʪʨʠʤʘʥʥʷ ʧʨʘʢʪʠʯʥʠʭ ʥʘʚʠʯʦʢ ʧʦʙʫʜʦʚʠ ʽ ʜʦʩʣʽ-

ʜʞʝʥʥʷ ʤʦʜʝʣʽ ʥʝʦʙʤʝʞʝʥʦʛʦ ʨʦʩʪʫ  

ʇʨʦʛʨʘʤʘ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ 

1. ɿʘʚʘʥʪʘʞʠʪʠ ʤʘʪʝʤʘʪʠʯʥʠʡ ʧʨʦʮʝʩʦʨ MathCAD. 

2. ʇʦʙʫʜʫʚʘʪʠ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʥʝʦʙʤʝʞʝʥʦʛʦ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʛʦ ʨʦʩ-

ʪʫ ʧʨʠ ʨʽʟʥʠʭ ʬʦʨʤʘʭ ʟʘʧʠʩʫ ʟʤʽʥʥʦʾ t. 

3. ʇʦʙʫʜʫʚʘʪʠ ʛʨʘʬʽʯʥʽ ʟʘʣʝʞʥʦʩʪʽ. 

4. ʉʢʦʧʽʶʚʘʪʠ ʦʜʝʨʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʥʘ ʥʦʚʫ ʩʪʦʨʽʥʢʫ ʧʦʪʦʯʥʦʛʦ ʜʦʢʫʤʝʥ-

ʪʘ. 

5. ɼʣʷ ʦʜʥʦʛʦ ʽʟ ʚʘʨʽʘʥʪʽʚ ʦʜʝʨʞʘʥʦʾ ʤʦʜʝʣʽ ʜʦʩʣʽʜʠʪʠ, ʟʘ ʷʢʠʭ ʟʥʘʯʝʥʴ 

ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ ʰʚʠʜʢʽʩʪʴ ʨʦʩʪʫ (ʢʫʪ ʥʘʭʠʣʫ ʛʨʘʬʽʢʘ ʜʦ ʦʩʽ ʘʙʩʮʠʩ)  

ʙʫʜʝ ʙʽʣʴʰʝ, ʥʽʞ ʫ ʟʘʚʜʘʥʥʽ ʽ ʟʘ ʷʢʠʭ ï ʤʝʥʰʝ.  

6. ʇʦʙʫʜʫʚʘʪʠ ʜʚʽ ʛʨʘʬʽʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʟ ʨʽʟʥʠʤʠ ʢʫʪʘʤʠ ʥʘʭʠʣʫ ʥʘ ʦʜʥʦʤʫ 

ʛʨʘʬʽʢʫ. 

ʊʘʙʣʠʮʷ 9.3. ɺʘʨʽʘʥʪʠ ʟʘʚʜʘʥʴ 

ˉ ʚʘʨ. r x t 

1 0.040 1.95 1,3..30 1, 5, 10, 15, 21, 26, 30 

2 0.045 1.90 1,5..50 1, 5, 9, 16, 20, 27, 32, 38, 42, 46,50 

3 0.050 1.85 1,5..45 1, 6, 11, 16, 21, 27, 31, 38, 45 

4 0.055 1.80 1,5..30 1, 3, 7, 10, 13, 17, 20, 23, 27, 30 

5 0.060 1.75 1,10..100 1, 11, 23, 32, 45, 56, 63, 74, 85, 100 

6 0.065 1.70 1,4..36 1, 4, 8, 12, 17, 21, 25, 28, 32, 36 

7 0.070 1.65 1,2..34 1, 5, 9, 13, 16, 22, 28, 34 

8 0.075 1.60 1,2..20 1, 2, 4, 5, 7,  9, 10, 13, 16, 20 

9 0.080 1.55 1,2..38 1, 6, 12, 18, 25, 32, 38 

10 0.085 1.50 1,5..50 1, 6, 11, 17, 21, 27, 31, 35, 40, 45, 50 

 

ɿʘʧʠʪʘʥʥʷ ʜʣʷ ʩʘʤʦʧʝʨʝʚʽʨʢʠ 

1. ʗʢʝ ʧʨʠʧʫʱʝʥʥʷ ʣʝʞʠʪʴ ʚ ʦʩʥʦʚʽ ʙʽʣʴʰʦʩʪʽ ʤʦʜʝʣʝʡ ʨʦʩʪʫ? 

2. ɺ ʯʦʤʫ ʧʦʣʷʛʘʻ ʩʫʪʥʽʩʪʴ ʤʦʜʝʣʽ ʥʝʦʙʤʝʞʝʥʦʛʦ ʨʦʩʪʫ. 

3. ʗʢʽ ʻ ʩʧʦʩʦʙʠ ʟʘʧʠʩʫ ʜʠʩʢʨʝʪʥʠʭ ʟʤʽʥʥʠʭ ʫ MathCAD? 

4. ʗʢ ʟʘʜʘʪʠ ʟʤʽʥʥʫ ʫ ʚʠʛʣʷʜʽ ʢʦʥʢʨʝʪʥʠʭ ʟʥʘʯʝʥʴ?  

5. ʗʢ ʟʘʜʘʪʠ ʟʤʽʥʥʫ ʫ ʚʠʛʣʷʜʽ ʜʽʘʧʘʟʦʥʫ ʾʾ ʟʤʽʥʶʚʘʥʥʷ ʽ ʢʨʦʢʫ? 

6. ʗʢ ʧʦʙʫʜʫʚʘʪʠ ʛʨʘʬʽʯʥʫ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ  ʜʚʦʤʘ ʟʤʽʥʥʠʤʠ? 

 



 

9.2. ʇʦʙʫʜʦʚʘ ʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʜʝʣʽ ʨʦʩʪʫ ʟʘ ʫʤʦʚʠ ʚʠʩʥʘʞʝʥʥʷ ʧʦ-

ʞʠʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

 ɿʘʢʦʥ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʛʦ ʨʦʩʪʫ ʜʽʡʩʥʠʡ ʥʘ ʧʝʚʥʽʡ ʩʪʘʜʽʾ ʨʦʩʪʫ ʧʦʧʫʣʷʮʽʡ 

ʢʣʽʪʠʥ ʫ ʪʢʘʥʠʥʘʭ. ɼʣʷ ʙʽʣʴʰʦʩʪʽ ʧʦʧʫʣʷʮʽʡ ʽʩʥʫʶʪʴ ʩʪʨʠʤʫʶʯʽ ʬʘʢʪʦʨʠ, ʽ ʟ 

ʪʠʭ ʯʠ ʽʥʰʠʭ ʧʨʠʯʠʥ ʨʽʩʪ ʧʨʠʧʠʥʷʻʪʴʩʷ. ʋ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʜʦ ʤʦʤʝʥʪʫ ʚʠ-

ʩʥʘʞʝʥʥʷ ʧʦʞʠʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʨʽʩʪ ʢʣʽʪʠʥ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʝʢʩʧʦʥʝʥʮʽʘʣʴ-

ʥʠʤ ʟʘʢʦʥʦʤ, ʘ ʧʦʪʽʤ, ʜʝʷʢʠʡ ʯʘʩ, ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʟʤʽʥʥʠʤ.  ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠ-

ʧʘʜʢʫ ʤʦʜʝʣʴ ʨʦʩʪʫ ʟʘ ʫʤʦʚʠ ʚʠʩʥʘʞʝʥʥʷ ʧʦʞʠʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʤʘʻ ʚʠʛʣʷʜ: 

îí

î
ì
ë

>Ö

¢¢Ö
=

Ö

Ö

f

tr

f

tr

t tʧʨʠex

tt0ʧʨʠex
x(t)

f

,                                       (9.3) 

ʜʝ tf ï ʯʘʩ ʚʠʩʥʘʞʝʥʥʷ ʧʦʞʠʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ; 

x ï ʧʦʯʘʪʢʦʚʘ ʯʠʩʝʣʴʥʽʩʪʴ ʢʣʽʪʠʥ; 

t ï ʯʘʩ ʩʧʦʩʪʝʨʝʞʝʥʴ; 

r ï const. 

ɸʣʛʦʨʠʪʤ ʦʙʯʠʩʣʝʥʴ ʰʚʠʜʢʦʩʪʽ ʨʦʩʪʫ ʤʽʩʪʠʪʴ ʜʚʽ ʛʽʣʢʠ, ʚʠʙʽʨ ʷʢʠʭ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʯʘʩʫ ʚʠʩʥʘʞʝʥʥʷ ʧʦʞʠʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʊʦʙʪʦ ʘʣʛʦʨʠʪʤ ʦʙʯʠʩʣʝʥʴ ʤʽʩ-

ʪʠʪʴ ʣʦʛʽʯʥʫ ʫʤʦʚʫ: ʷʢʱʦ ʯʘʩ ʩʧʦʩʪʝʨʝʞʝʥʴ ʤʝʥʰʝ ʘʙʦ ʜʦʨʽʚʥʶʻ ʯʘʩʫ ʚʠʩʥʘ-

ʞʝʥʥʷ ʧʦʞʠʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʪʦ ʰʚʠʜʢʽʩʪʴ ʨʦʩʪʫ ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʬʦʨʤʫ-

ʣʦʶ: 
trex ÖÖ ,  ʷʢʱʦ ʤʝʥʰʝ ï ʪʦ 

 ʟʘ ʬʦʨʤʫʣʦʶ 
ftr

ex
Ö

Ö . 

ɿʘʩʦʙʠ MathCAD ʜʣʷ ʧʦʙʫʜʦʚʠ ʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʜʝʣʽ  ʟʘ ʣʦʛʽʯʥʦʶ 

ʫʤʦʚʦʶ 

ɿʘʜʘʯʘ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ, ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʘ ʤʝʪʦʜʘʤʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

ʉʫʯʘʩʥʽ ʚʝʨʩʽʾ MathCAD ʥʘʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʰʣʷʭʦʤ ʟʘʩʪʦ-

ʩʫʚʘʥʥʷ, ʪʘʢ ʟʚʘʥʠʭ, ʧʨʦʛʨʘʤ-ʬʫʥʢʮʽʡ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʤʦʞʫʪʴ ʙʫʪʠ ʨʝʘ-

ʣʽʟʦʚʘʥʽ ʦʨʠʛʽʥʘʣʴʥʽ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʘʣʛʦʨʠʪʤʠ. ʊʘʢʝ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʩʢʣʘʜʘ-

ʻʪʴʩʷ ʽʟ ʜʚʦʭ ʝʪʘʧʽʚ: 

Á ʦʧʠʩ(ʟʘʜʘʚʘʥʥʷ) ʧʨʦʛʨʘʤʠ-ʬʫʥʢʮʽʾ; 

Á ʚʠʢʣʠʢ (ʚʠʢʦʨʠʩʪʘʥʥʷ) ʧʨʦʛʨʘʤʠ-ʬʫʥʢʮʽʾ. 

ʇʝʨʝʜ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘʤʠ-ʬʫʥʢʮʽʾ ʾʾ ʥʝʦʙʭʽʜʥʦ ʟʘʜʘʪʠ, ʪʦʙʪʦ ʦʧʠ-

ʩʘʪʠ. ʆʧʠʩ ʧʨʦʛʨʘʤʠ-ʬʫʥʢʮʽʾ ʨʦʟʤʽʱʫʻʪʴʩʷ ʥʘ ʨʦʙʦʯʦʤʫ ʘʨʢʫʰʽ ʧʝʨʝʜ ʾʾ ʚʠ-

ʢʣʠʢʦʤ ʽ ʤʽʩʪʠʪʴ ʽʤôʷ ʧʨʦʛʨʘʤʠ-ʬʫʥʢʮʽʾ, ʩʧʠʩʦʢ ʬʦʨʤʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ (ʤʦ-

ʞʝ ʙʫʪʠ ʚʽʜʩʫʪʥʽʤ) ʽ ʾʾ ʪʽʣʦ. 

ʂʦʞʥʘ ʧʨʦʛʨʘʤʘ-ʬʫʥʢʮʽʷ ʤʘʻ ʩʚʦʻ ʫʥʽʢʘʣʴʥʝ ʽʤôʷ, ʷʢʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʧʨʠ ʟʚʝʨʪʘʥʥʽ ʜʦ ʥʝʾ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʽʤʝʥʽ ʚʠʚʦʜʠʪʴʩʷ ʫ ʨʦʙʦʯʽʡ ʜʦʢʫʤʝʥʪ ʨʝ-

ʟʫʣʴʪʘʪ ʚʠʢʦʥʘʥʥʷ ʧʨʦʛʨʘʤʠ-ʬʫʥʢʮʽʾ.  



 

ʇʽʩʣʷ ʽʤʝʥʽ ʧʨʦʛʨʘʤʠ-ʬʫʥʢʮʽʾ ʫ ʢʚʘʜʨʘʪʥʠʭ ʜʫʞʢʘʭ ʨʦʟʤʽʱʫʶʪʴ ʩʧʠʩʦʢ 

ʬʦʨʤʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʝʣʝʤʝʥʪʠ ʷʢʦʛʦ ʚʽʜʜʽʣʷʶʪʴʩʷ ʢʦʤʦʶ. ɺ ʷʢʦʩʪʽ ʬʦʨ-

ʤʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʦʞʫʪʴ ʙʫʪʠ ʽʤʝʥʘ ʧʨʦʩʪʠʭ ʟʤʽʥʥʠʭ, ʤʘʩʠʚʽʚ ʽ ʬʫʥʢʮʽʡ. 

ʊʽʣʦ ʧʨʦʛʨʘʤʠ-ʬʫʥʢʮʽʾ ʤʦʞʝ ʤʽʩʪʠʪʠ ʜʦʚʽʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʣʦʢʘʣʴʥʠʭ ʦʧʝ-

ʨʘʪʦʨʽʚ, ʫʤʦʚʥʠʭ ʦʧʝʨʘʪʦʨʽʚ, ʘ ʪʘʢʦʞ ʽʥʰʽ ʧʨʦʛʨʘʤʠ-ʬʫʥʢʮʽʾ ʽ ʬʫʥʢʮʽʾ ʢʦʨʠʩ-

ʪʫʚʘʯʘ. 

ɼʣʷ ʦʧʠʩʫ ʧʨʦʛʨʘʤʠ-ʬʫʥʢʮʽʾ ʚʠʢʦʥʫʶʪʴ ʜʽʾ: 

Á ʚʚʦʜʷʪʴ ʽʤôʷ ʧʨʦʛʨʘʤʠ-ʬʫʥʢʮʽʾ ʽ ʩʧʠʩʦʢ ʬʦʨʤʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʨʦʟʤʽ-

ʱʝʥʠʡ ʫ ʜʫʞʢʘʭ; 

Á ʚʚʦʜʷʪʴ ʩʠʤʚʦʣ ñ:ò (ʜʚʽ ʢʨʘʧʢʠ), ʥʘ ʝʢʨʘʥʽ ʚʽʜʦʙʨʘʟʠʪʴʩʷ  ñ:=ò; 

Á ʚʠʢʣʠʢʘʶʪʴ ʧʘʥʝʣʴ ʇʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʽ ʚʠʙʠʨʘʶʪʴ Add line ï ʥʘ ʝʢ-

ʨʘʥʽ ʟôʷʚʠʪʴʩʷ ʚʝʨʪʠʢʘʣʴʥʽ ʨʠʩʢʘ ʽ ʩʪʦʚʧʯʠʢ ʟ ʜʚʦʤʘ ʯʦʨʥʠʤʠ ʢʚʘʜʨʘʪʠ-

ʢʘʤʠ (ʟʦʥʘʤʠ) ʜʣʷ ʚʚʝʜʝʥʥʷ ʦʧʝʨʘʪʦʨʽʚ, ʷʢʽ ʩʢʣʘʜʘʶʪʴ ʪʽʣʦ ʧʨʦʛʨʘʤʠ-

ʬʫʥʢʮʽʾ; 

Á ʧʝʨʝʭʦʜʷʪʴ ʚ ʦʙʣʘʩʪʴ ʧʝʨʰʦʾ (ʚʝʨʭʥʴʦʾ) ʟʦʥʠ ʽ ʚʚʦʜʷʪʴ ʧʝʨʰʠʡ ʦʧʝʨʘʪʦʨ 

ʪʽʣʘ ʧʨʦʛʨʘʤʠ-ʬʫʥʢʮʽʾ; 

Á  ʘʥʘʣʦʛʽʯʥʦ ʧʝʨʝʭʦʜʷʪʴ ʚ ʦʙʣʘʩʪʴ ʜʨʫʛʦʾ ʟʦʥʠ ʽ ʚʚʦʜʷʪʴ ʥʘʩʪʫʧʥʠʡ ʦʧʝʨʘ-

ʪʦʨ; 

Á ʟʘ ʥʝʦʙʭʽʜʥʦʩʪʽ ʢʽʣʴʢʽʩʪʴ ʦʧʝʨʘʪʦʨʽʚ ʤʦʞʥʘ ʟʙʽʣʴʰʫʚʘʪʠ. 

ɼʣʷ ʚʠʚʝʜʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʥʠʞʯʝ ʦʧʠʩʫ ʧʨʦʛʨʘʤʠ-ʬʫʥʢʮʽʾ ʚʚʦʜʷʪʴ ʾʾ 

ʽʤôʷ ʟʽ ʩʧʠʩʢʦʤ ʬʦʨʤʘʣʴʥʠʭ ʦʧʝʨʘʪʦʨʽʚ ʽ ʥʘʪʠʩʢʫʶʪʴ ʢʥʦʧʢʫ ñ=ò.   

ɼʣʷ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʨʦʟʛʘʣʫʞʝʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʚ ʪʽʣʽ ʧʨʦʛʨʘʤʠ-ʬʫʥʢʮʽʾ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ  ʫʤʦʚʥʠʡ ʦʧʝʨʘʪʦʨ.  ɿ ʮʽʻʶ ʤʝʪʦʶ: 

Á ʥʘ ʤʽʩʮʝ ʧʝʨʰʦʾ ʟʦʥʠ ʟ ʧʘʥʝʣʽ ʇʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʚʚʦʜʷʪʴ ʣʦʛʽʯʥʠʡ 

ʦʧʝʨʘʪʦʨ if ; 

Á ʟʘʤʽʩʪʴ ʦʜʥʽʻʾ ʟʦʥʠ ʟôʷʚʣʷʪʴʩʷ ʜʚʽ ʟʦʥʠ ʟ ʚʠʨʘʟʦʤ if  ʧʦ ʩʝʨʝʜʠʥʽ; 

Á ʚ ʧʝʨʰʫ (ʣʽʚʫ) ʽʟ ʥʠʭ ʚʚʦʜʷʪʴ ʚʠʨʘʟ, ʟʘ ʷʢʠʤ ʧʨʦʚʦʜʠʪʴʩʷ ʦʙʯʠʩʣʝʥʥʷ, 

ʷʢʱʦ ʣʦʛʽʯʥʘ ʫʤʦʚʘ ʩʪʚʝʨʜʞʫʻʪʴʩʷ; 

Á ʫ ʜʨʫʛʫ ʟʦʥʫ(ʩʧʨʘʚʘ) ʚʚʦʜʷʪʴ ʣʦʛʽʯʥʫ ʫʤʦʚʫ; 

Á ʫ ʟʦʥʫ, ʱʦ ʨʦʟʤʽʱʝʥʠʡ ʚʥʠʟʫ, ʽʟ ʧʘʥʝʣʽ ʇʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʚʚʦʜʠʪʴ ʚʠ-

ʨʘʟ otherwise; 

Á ʫ ʟʦʥʫ, ʱʦ ʟʘʣʠʰʠʪʴʩʷ, ʚʚʦʜʷʪʴ ʚʠʨʘʟ, ʟʘ ʷʢʠʤ ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʙʯʠʩʣʝʥʥʷ, 

ʷʢʱʦ ʣʦʛʽʯʥʘ ʫʤʦʚʘ ʥʝ ʩʪʚʝʨʜʞʫʻʪʴʩʷ. 

ɼʣʷ ʚʠʚʝʜʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʥʠʞʯʝ ʪʽʣʘ ʧʨʦʛʨʘʤʠ-ʬʫʥʢʮʽʾ ʚʚʦʜʠʪʴʩʷ ʾʾ 

ʽʤôʷ ʟʽ ʟʥʘʢʦʤ ñ=ò (ʜʦʨʽʚʥʶʻ). 

ʇʨʠʢʣʘʜ. 



 

ʇʦʯʘʪʢʦʚʘ ʯʠʩʝʣʴʥʽʩʪʴ ʢʣʽʪʠʥ  

 
x 2:= 
ʏʘʩ, ʟʘ ʷʢʦʛʦ ʥʘʩʪʘʻ ʚʠʩʥʘʞʝʥʥʷ ʧʦʞʠʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

 

f 25:= 
ʏʘʩ ʩʧʦʩʪʝʨʝʞʝʥʴ 

 

t 0 5, 50..:=  
 

ʊʽʣʦ ʧʨʦʛʨʘʤʠ-ʬʫʥʢʮʽʾ 

 

x t( ) x e
r tÖ
Ö t f¢if

x e
r fÖ
Ö otherwise

:=

 
 

ʈʝʟʫʣʴʪʘʪ ʦʙʯʠʩʣʝʥʴ ʟʘ ʧʨʦʛʨʘʤʦʶ-ʬʫʥʢʮʽʻʶ 

 

x t( )

2
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ʇʨʘʢʪʠʯʥʘ ʨʦʙʦʪʘ ˉ2 

 

ʄʝʪʘ ʨʦʙʦʪʠ: ʦʪʨʠʤʘʥʥʷ ʧʨʘʢʪʠʯʥʠʭ ʥʘʚʠʯʦʢ ʧʦʙʫʜʦʚʠ ʽ ʜʦʩʣʽ-

ʜʞʝʥʥʷ ʤʦʜʝʣʽ ʟʘ ʫʤʦʚʠ ʚʠʩʥʘʞʝʥʥʷ ʧʦʞʠʚʥʦʛʦ ʩʝ-

ʨʝʜʦʚʠʱʘ  

r 0.07:=
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x t( )

t

        ɻʨʘʬʽʢ ʬʫʥʢʮʽʾ ʧʨʠ f=25      ɻʨʘʬʽʢ ʬʫʥʢʮʽʾ x(t) ʧʨʠ f=15 



 

ʇʨʦʛʨʘʤʘ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ 

1. ɿʘʚʘʥʪʘʞʠʪʠ ʤʘʪʝʤʘʪʠʯʥʠʡ ʧʨʦʮʝʩʦʨ MathCAD. 

2. ʇʦʙʫʜʫʚʘʪʠ ʤʦʜʝʣʴ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʛʦ ʨʦʩʪʫ ʟʘ ʫʤʦʚʠ ʚʠʩʥʘʞʝʥʥʷ ʧʦʞʠ-

ʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʘʨʽʘʥʪʠ ʟʘʚʜʘʥʴ ʧʦʧʝʨʝʜʥʴʦʾ ʣʘʙʦʨʘ-

ʪʦʨʥʦʾ ʨʦʙʦʪʠ. 

3. ɺ ʷʢʦʩʪʽ ʯʘʩʫ ʚʠʩʥʘʞʝʥʥʷ ʧʦʞʠʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʧʨʠʡʥʷʪʠ ʩʝʨʝʜʥʻ ʟʥʘ-

ʯʝʥʥʷ ʧʨʠʡʥʷʪʦʛʦ ʯʘʩʦʚʦʛʦ  ʜʽʘʧʘʟʦʥʫ ʩʧʦʩʪʝʨʝʞʝʥʴ. 

4. ʇʦʙʫʜʫʚʘʪʠ ʛʨʘʬʽʢ ʦʜʝʨʞʘʥʦʾ ʤʦʜʝʣʽ. 

5. ʇʦʙʫʜʫʚʘʪʠ ʱʝ ʦʜʥʫ ʤʦʜʝʣʴ, ʟʤʽʥʠʚʰʠ ʯʘʩ ʚʠʩʥʘʞʝʥʥʷ ʧʦʞʠʚʥʦʛʦ ʩʝʨʝ-

ʜʦʚʠʱʘ ʚ ʩʪʦʨʦʥʫ ʟʙʽʣʴʰʝʥʥʷ, ʘʙʦ ʟʤʝʥʰʝʥʥʷ. 

6. ʇʦʙʫʜʫʚʘʪʠ ʛʨʘʬʽʢ ʟʘ ʦʜʝʨʞʘʥʦʶ ʤʦʜʝʣʣʶ ʽ ʧʦʨʽʚʥʷʪʠ ʡʦʛʦ ʟ ʧʦʧʝʨʝʜʥʽʤ 

(ʜʦʧʫʩʢʘʻʪʴʩʷ ʧʦʙʫʜʦʚʘ ʜʚʦʭ ʛʨʘʬʽʢʽʚ ʚ ʦʜʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ). 

ɿʘʧʠʪʘʥʥʷ ʜʣʷ ʩʘʤʦʧʝʨʝʚʽʨʢʠ 

1. ɿʘ ʷʢʠʭ ʫʤʦʚ ʨʽʩʪ ʢʣʽʪʠʥ ʤʦʞʝ ʧʨʠʧʠʥʷʪʠʩʷ? 

2. ɿʘ ʷʢʦʶ ʤʦʜʝʣʣʶ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʽʩʪ ʢʣʽʪʠʥ ʜʦ ʚʠʩʥʘʞʝʥʥʷ ʧʦʞʠʚʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ? 

3. ʗʢʘ ʤʦʜʝʣʴ ʦʧʠʩʫʻ ʰʚʠʜʢʽʩʪʴ ʨʦʩʪʫ ʟʘ ʫʤʦʚʠ ʚʠʩʥʘʞʝʥʥʷ ʧʦʞʠʚʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ? 

4. ʗʢʽ ʟʘʩʦʙʠ MathCAD ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʘʣʛʦʨʠʪʤʫ ʦʙʯʠʩ-

ʣʝʥʴ ʟʘ ʜʚʦʤʘ ʫʤʦʚʘʤʠ? 

5. ʗʢʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʛʨʘʤ-ʬʫʥʢʮʽʡ? 

6. ʗʢʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʚʝʜʝʥʥʷ ʪʽʣʘ ʧʨʦʛʨʘʤʠ-ʬʫʥʢʮʽʾ? 

7. ʗʢʽ ʦʧʝʨʘʪʦʨʠ ʨʝʘʣʽʟʫʶʪʴ ʣʦʛʽʯʥʫ ʫʤʦʚʫ? 

8. ʑʦ ʦʟʥʘʯʘʻ ʚʠʨʘʟ otherwise? 

 



 

9.3. ʄʦʜʝʣʴ ʦʙʤʝʞʝʥʦʛʦ ʨʦʩʪʫ ʌʝʨʭʶʣʴʩʪʘ 

 

ʆʙʤʝʞʝʥʠʡ ʨʽʩʪ. ʈʽʚʥʷʥʥʷ ʌʝʨʭʶʣʴʩʪʘ. ʄʦʜʝʣʴ ʄʘʣʴʪʫʩʘ ʚʚʘʞʘʶʪʴ 

ʽʜʝʘʣʽʩʪʠʯʥʦʶ. ʅʘʩʧʨʘʚʜʽ, ʽʩʥʫʻ ʙʝʟʣʽʯ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʩʪʨʠʤʫʶʪʴ ʨʽʩʪ ʯʠʩʣʘ 

ʢʣʽʪʠʥ. ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʧʦʧʫʣʷʮʽʷ ʢʣʽʪʠʥ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʦʙʤʝʞʝʥʽʡ ʪʝʨʠ-

ʪʦʨʽʾ, ʪʦ ʥʝʤʠʥʫʯʝ ʚʠʥʠʢʘʻ ʙʦʨʦʪʴʙʘ ʟʘ ʞʠʪʪʻʚʠʡ ʧʨʦʩʪʽʨ, ʟʫʩʪʨʽʯ ʦʩʦʙʠʥ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʰʠʨʝʥʥʷ ʭʚʦʨʦʙ, ʦʙʤʝʞʝʥʥʷ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ ʪʘ ʽʥ. ʄʘ-

ʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʜʘʥʠʡ ʝʬʝʢʪ, ʥʘʟʠʚʘʶʪʴʩʷ ʤʦʜʝʣʷʤʠ ʱʽʣʴ-

ʥʽʩʥʦ-ʟʘʣʝʞʥʦʛʦ ʨʦʩʪʫ. ʃʦʛʽʩʪʠʯʥʝ ʨʽʚʥʷʥʥʷ ʌʝʨʭʶʣʴʩʪʘ ʻ ʙʘʟʦʚʦʶ (ʥʘʡ-

ʧʨʦʩʪʽʰʦʶ) ʤʦʜʝʣʣʶ ʮʴʦʛʦ ʨʷʜʫ. ɺ ʜʘʥʽʡ ʤʦʜʝʣʽ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʧʠʪʦʤʘ 

ʰʚʠʜʢʽʩʪʴ ʨʦʩʪʫ ʧʦʧʫʣʷʮʽʾ ʣʽʥʽʡʥʦ ʟʤʝʥʰʫʻʪʴʩʷ ʟ ʨʦʩʪʦʤ ʯʠʩʝʣʴʥʦʩʪʽ, ʽ ʽʩʥʫʻ 

ʪʘʢʦʞ ʜʝʷʢʘ ʛʨʘʥʠʯʥʘ ʯʠʩʝʣʴʥʽʩʪʴ ʧʦʧʫʣʷʮʽʾ ʂ, ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ ʷʢʦʾ ʧʦʷʚʘ ʚ 

ʧʦʧʫʣʷʮʽʾ ʥʦʚʠʭ ʦʩʦʙʠʥ ʤʦʞʣʠʚʘ ʣʠʰʝ ʟʘ ʫʤʦʚʠ ʧʝʚʥʦʾ ʟʘʛʠʙʝʣʽ ʽʩʥʫʶʯʠʭ 

ʦʩʦʙʠʥ. ʎʷ ʛʨʘʥʠʯʥʘ ʯʠʩʝʣʴʥʽʩʪʴ ʂ ʥʦʩʠʪʴ ʥʘʟʚʫ ʻʤʥʦʩʪʽ ʧʦʧʫʣʷʮʽʾ. ʈʽʚʥʷʥʥʷ 

ʌʝʨʭʶʣʴʩʪʘ ʤʘʻ ʚʠʛʣʷʜ: 

)1(
K

x
rx

dt

dx
-=

,                                                (9.4) 

 

ʜʝ x ï ʧʦʯʘʪʢʦʚʘ ʯʠʩʝʣʴʥʽʩʪʴ ʢʣʽʪʠʥ; r ï const (ʧʘʨʘʤʝʪʨ ʄʘʣʴʪʫʩʘ);  ʂ ï 

ʻʤʥʽʩʪʴ ʧʦʧʫʣʷʮʽʾ, ʚʠʨʘʞʘʻʪʴʩʷ ʚ ʦʜʠʥʠʮʷʭ ʯʠʩʝʣʴʥʦʩʪʽ ʽ ʥʦʩʠʪʴ ʩʠʩʪʝʤʥʠʡ 

ʭʘʨʘʢʪʝʨ, ʪʦʙʪʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʮʽʣʦʛʦ ʨʷʜʫ ʦʙʩʪʘʚʠʥ, ʩʝʨʝʜ ʷʢʠʭ: ʦʙʤʝʞʝʥʥʷ ʥʘ 

ʢʽʣʴʢʽʩʪʴ ʩʫʙʩʪʨʘʪʫ ʜʣʷ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʘʙʦ ʜʦʩʪʫʧʥʦʛʦ ʦʙôʻʤʫ ʜʣʷ ʨʦʩʪʫ 

ʧʦʧʫʣʷʮʽʾ ʢʣʽʪʠʥ ʪʢʘʥʠʥʠ ʪʦʱʦ. 

ɸʥʘʣʽʪʠʯʥʝ ʨʽʰʝʥʥʷ ʨʽʚʥʷʥʥʷ (9.4) ʤʘʻ ʚʠʛʣʷʜ 
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ʌʦʨʤʫʣʘ (9.5) ʦʧʠʩʫʻ ʢʽʥʝʪʠʯʥʫ ʢʨʠʚʫ, ʪʦʙʪʦ ʟʘʣʝʞʥʽʩʪʴ ʯʠʩʝʣʴʥʦʩʪʽ ʧʦ-

ʧʫʣʷʮʽʾ ʚʽʜ ʯʘʩʫ. ʋ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʧʦʯʘʪʢʦʚʘ ʯʠʩʝʣʴʥʽʩʪʴ ʤʝʥʰʝ ʤʘʢʩʠʤʘʣʴ-

ʥʦʾ, ʢʨʠʚʘ x(t) ʤʘʻ ʪʦʯʢʫ ʧʝʨʝʛʠʥʫ ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ 
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ʆʨʜʠʥʘʪʦʶ ʪʦʯʢʠ ʧʝʨʝʛʠʥʫ ʻ ʧʦʣʦʚʠʥʘ ʤʘʢʩʠʤʘʣʴʥʦʾ ʯʠʩʝʣʴʥʦʩʪʽ, ʘ ʘʙʩ-

ʮʠʩʘ ʟʘʣʝʞʠʪʴ ʷʢ ʚʽʜ ʻʤʥʦʩʪʽ ʧʦʧʫʣʷʮʽʾ ʂ, ʪʘʢ ʽ ʚʽʜ ʢʦʥʩʪʘʥʪʠ ʚʣʘʩʥʦʾ ʰʚʠʜ-

ʢʦʩʪʽ ʨʦʩʪʫ r ï ʯʠʤ ʚʠʱʽ ʛʝʥʝʪʠʯʥʽ ʤʦʞʣʠʚʦʩʪʽ ʧʦʧʫʣʷʮʽʾ, ʪʠʤ ʰʚʠʜʰʝ ʥʘʩʪʘʻ 

ʧʝʨʝʛʠʥ ʥʘ ʢʨʠʚʽʡ ʯʠʩʝʣʴʥʦʩʪʽ.  ʇʨʠʢʣʘʜ ʜʠʥʘʤʽʢʠ ʧʦʧʫʣʷʮʽʾ ʟʘ ʨʽʚʥʷʥʥʷʤ 



 

ʌʝʨʭʶʣʴʩʪʘ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ.9.3. 

 

ʈʠʩʫʥʦʢ 9.3. ɼʠʥʘʤʽʢʘ ʧʦʧʫʣʷʮʽʾ ʟʘ ʤʦʜʝʣʣʶ ʌʝʨʭʶʣʴʩʪʘ 

ɹ̔ ʣʴʰ ʪʦʯʥʘ ʤʦʜʝʣʴ ʤʘʻ ʚʨʘʭʦʚʫʚʘʪʠ ʢʦʥʢʫʨʝʥʪʥʫ ʙʦʨʦʪʴʙʫ ʚ ʦʙʤʝʞʝʥʦʤʫ 

ʞʠʪʪʻʚʦʤʫ ʧʨʦʩʪʦʨʽ. ɿʨʦʙʠʤʦ ʚʽʜʥʦʩʥʦ ʤʦʜʝʣʽ ʪʘʢʝ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʧʽʜʪʚʝʨ-

ʜʞʫʻʪʴʩʷ ʧʨʘʢʪʠʯʥʠʤʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷʤʠ: ʩʝʨʝʜʥʴʦʩʪʘʪʠʩʪʠʯʥʘ ʢʽʣʴʢʽʩʪʴ ʧʦ-

ʧʘʨʥʠʭ ʩʫʪʠʯʦʢ ʫ ʧʦʧʫʣʷʮʽʾ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ ʧʨʦʧʦʨʮʽʡʥʘ 2N . ʊʦʜʽ ʨʽʚʥʷʥʥʷ 

ʙʘʣʘʥʩʫ ñʟʤʽʥʘ ʢʽʣʴʢʦʩʪʽò = ñʧʨʠʨʽʩʪò ï ñʚʪʨʘʪʠò ʤʦʞʥʘ ʧʦʜʘʪʠ ʫ ʚʠʛʣʷʜʽ 

0)(,0)(,)()( 2 >>-= ttkNtNtk
dt

dN
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,                         (9.7) 

ʎʝ ʨʽʚʥʷʥʥʷ ʚʠʚʽʚ ʫ 1837 ʨ. ʜʘʥʩʴʢʠʡ ʫʯʝʥʠʡ ʌʝʨʭʶʣʴʩʪ. ɺʦʥʦ ʥʘʟʠʚʘ-

ʻʪʴʩʷ ʣʦʛʽʩʪʠʯʥʠʤ ʽ ʻ ʤʘʪʝʤʘʪʠʯʥʦʶ ʤʦʜʝʣʣʶ ʦʜʥʦʚʠʜʦʚʦʾ ʧʦʧʫʣʷʮʽʾ ʟ ʫʨʘ-

ʭʫʚʘʥʥʷʤ ʝʬʝʢʪʫ ʥʘʩʠʯʝʥʥʷ. 

ʇʨʦʘʥʘʣʽʟʫʻʤʦ ʜʘʥʫ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ. ʆʩʥʦʚʥʘ ʚʠʤʦʛʘ ʜʦ ʥʝʾ ï ʜʦ-

ʩʠʪʴ ʪʦʯʥʦ ʦʧʠʩʫʚʘʪʠ ʨʝʘʣʴʥʠʡ ʧʨʦʮʝʩ ʟʘ ʚʝʣʠʢʠʭ ʟʥʘʯʝʥʴ t .  

ɿʘʤʽʥʦʶ ʟʤʽʥʥʠʭ t  ʽ N  ʨʽʚʥʷʥʥʷ (9.7) ʤʦʞʥʘ ʟʚʝʩʪʠ ʜʦ ʚʠʛʣʷʜʫ 

2NNN -=
A

,                                            (9.8) 

ʪʦʙʪʦ ʢʦʝʬʽʮʽʻʥʪʠ k  ʽ l ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʨʽʚʥʠʤʠ 1. 

ʈʦʟʚôʷʟʢʠ ʟʘʣʝʞʘʪʴ ʚʽʜ ʟʤʽʥʠ ʟʥʘʢʽʚ ʬʫʥʢʮʽʾ 
2)( NNNf -= . ʆʯʝʚʠʜʥʦ, ʱʦ 

( ) 0f N >  ʧʨʠ )1;0(ÍN  ʽ 0)( <Nf  ʧʨʠ 1>N  (ʥʘʩ ʮʽʢʘʚʠʪʴ ʚʠʧʘʜʦʢ 0²N ). 

ʆʪʞʝ, ʜʘʥʝ ʨʽʚʥʷʥʥʷ ʤʘʻ ʜʚʘ ʧʦʣʦʞʝʥʥʷ ʨʽʚʥʦʚʘʛʠ: 0=N  ʽ 1=N , ʧʨʠ-

ʯʦʤʫ ʧʝʨʰʝ ʟ ʥʠʭ ʻ ʥʝʩʪʽʡʢʠʤ, ʘ ʜʨʫʛʝ ï ʘʩʠʤʧʪʦʪʠʯʥʦ ʩʪʽʡʢʠʤ, ʫʩʽ ʨʦʟʚôʷʟʢʠ 

ʧʨʠ ¤t  ʥʘʙʣʠʞʫʶʪʴʩʷ ʜʦ ʥʴʦʛʦ. ʇʦʚʝʜʽʥʢʫ ʽʥʪʝʛʨʘʣʴʥʠʭ ʢʨʠʚʠʭ ʟʦʙʨʘʞʝʥʦ 

ʥʘ ʨʠʩ. 9.4. 
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ʈʠʩʫʥʦʢ 9.4. ɿʘʣʝʞʥʽʩʪʴ ʯʠʩʝʣʴʥʦʩʪʽ ʢʣʽʪʠʥ ʚʽʜ ʯʘʩʫ 

ʆʪʞʝ, ʫ ʣʦʛʽʩʪʠʯʥʽʡ ʤʦʜʝʣʽ ʚʩʽ ʨʦʟʚôʷʟʢʠ ʟ ʯʘʩʦʤ ʧʨʷʤʫʶʪʴ ʜʦ ʨʽʚʥʦʚʘʞ-

ʥʦʛʦ ʩʪʘʥʫ. 

  ɼʦʩʣʽʜʞʝʥʥʷ ʜʠʩʢʨʝʪʥʦʛʦ ʘʥʘʣʦʛʘ ʨʽʚʥʷʥʥʷ (9.5) ʜʦʟʚʦʣʠʣʦ ʚʩʪʘʥʦʚʠʪʠ 

ʨʷʜ ʜʦʜʘʪʢʦʚʠʭ ʡʦʛʦ ʚʣʘʩʪʠʚʦʩʪʝʡ. ʈʦʟʛʣʷʥʝʤʦ ʯʠʩʝʣʴʥʽʩʪʴ ʧʦʧʫʣʷʮʽʾ ʚ 

ʧʦʩʣʽʜʦʚʥʽ ʤʦʤʝʥʪʠ ʯʘʩʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʨʝʘʣʴʥʽʡ ʧʨʦʮʝʜʫʨʽ ʧʝʨʝʨʘʭʫʥʢʫ 

ʢʣʽʪʠʥ ʚ ʧʦʧʫʣʷʮʽʾ. ɿʘʣʝʞʥʽʩʪʴ ʯʠʩʝʣʴʥʦʩʪʽ ʥʘ ʯʘʩʦʚʦʤʫ ʢʨʦʮʽ  ʟʘ ʥʦʤʝʨʦʤ 

n+1 ʚʽʜ ʯʠʩʝʣʴʥʦʩʪʽ ʥʘ ʧʦʧʝʨʝʜʥʴʦʤʫ ʢʨʦʮʽ n ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ 

ʨʽʚʥʷʥʥʷ: 

)1(1 nnn xrxx -=+                                    (9.9) 

 ʇʦʚʝʜʽʥʢʘ ʚ ʯʘʩʽ ʟʤʽʥʥʦʾ xn ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʘʨʘʤʝʪʨʫ r ʤʦʞʝ ʤʘʪʠ ʭʘʨʘʢ-

ʪʝʨ ʥʝ ʪʽʣʴʢʠ ʦʙʤʝʞʝʥʦʛʦ ʨʦʩʪʫ, ʷʢ ʮʝ ʦʧʠʩʫʻʪʴʩʷ ʬʦʨʤʫʣʦʶ (9.5), ʘʣʝ ʽ ʤʦʞʝ 

ʙʫʪʠ ʢʦʣʠʚʘʣʴʥʦʶ, ʘʙʦ ʢʚʘʟʽʩʪʦʭʘʩʪʠʯʥʦʶ. ʎʷ ʰʚʠʜʢʽʩʪʴ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʘ ʤʘ-

ʣʦʾ ʯʠʩʝʣʴʥʦʩʪʽ, ʘ ʧʦʪʽʤ ʟʤʝʥʰʫʻʪʴʩʷ ʽ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʥʫʣʷ ʟʘ ʚʝʣʠʢʦʾ ʯʠ-

ʩʝʣʴʥʦʩʪʽ. ɼʠʥʘʤʽʯʥʠʡ ʪʠʧ ʢʨʠʚʦʾ ʨʦʩʪʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʛʦ, ʥʘʩʢʽʣʴʢʠ ʰʚʠʜʢʦ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʽʩʪ ʟʘ ʤʘʣʦʾ ʯʠʩʝʣʴʥʦʩʪʽ, ʪʦʙʪʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦʭʽʜʥʦʶ ʚ ʥʫ-

ʣʴʦʚʽʡ ʪʦʯʮʽ (ʪʘʥʛʝʥʩʦʤ ʢʫʪʘ ʥʘʭʠʣʫ  ʮʽʻʾ ʢʨʠʚʦʾ), ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʢʦʝʬʽʮʽʻʥʪʦʤ r: 

Á ʜʣʷ ʤʘʣʠʭ r ʯʠʩʝʣʴʥʽʩʪʴ ʧʦʧʫʣʷʮʽʾ ʧʨʷʤʫʻ ʜʦ ʩʪʽʡʢʦʾ ʨʽʚʥʦʚʘʛʠ; 

Á ʢʦʣʠ ʛʨʘʬʽʢ ʩʪʘʻ ʙʽʣʴʰ ʢʨʫʪʠʤ, ʩʪʽʡʢʘ ʨʽʚʥʦʚʘʛʘ ʧʝʨʝʭʦʜʠʪʴ ʫ ʩʪʽʡʢʽ 

ʮʠʢʣʠ, ʧʦ ʤʽʨʽ ʟʙʽʣʴʰʝʥʥʷ ʯʠʩʝʣʴʥʦʩʪʽ ʜʦʚʞʠʥʘ ʮʠʢʣʫ ʨʦʩʪʝ ʽ ʟʥʘʯʝʥʥʷ 

ʯʠʩʝʣʴʥʦʩʪʽ ʧʦʚʪʦʨʶʶʪʴʩʷ ʯʝʨʝʟ 2,4,8, é , 2n ʧʦʢʦʣʽʥʴ; 

Á ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʧʘʨʘʤʝʪʨʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʭʘʦʪʠʟʘʮʽʷ ʨʽʰʝʥʴ. ɿʘ ʜʦʩʪʘʪʥʴʦ 

ʚʝʣʠʢʠʭ r ʜʠʥʘʤʽʢʘ ʯʠʩʝʣʴʥʦʩʪʽ ʜʝʤʦʥʩʪʨʫʻ ʭʘʦʪʠʯʥʽ ʩʧʣʝʩʢʠ  ʯʠʩʝʣʴ-

ʥʦʩʪʽ. ʈʽʚʥʷʥʥʷ ʪʘʢʦʛʦ ʪʠʧʫ ʦʧʠʩʫʶʪʴ ʜʠʥʘʤʽʢʫ ʯʠʩʝʣʴʥʦʩʪʽ ʢʦʤʘʭ, ʷʢʽ 

ʨʦʟʤʥʦʞʫʶʪʴʩʷ ʩʝʟʦʥʘʤʠ, ʟ ʧʦʢʦʣʽʥʥʷʤʠ, ʷʢʽ ʥʝ ʧʝʨʝʢʨʠʚʘʶʪʴʩʷ.  

ʇʨʠʢʣʘʜ. 



 

 

 

 

ʇʨʘʢʪʠʯʥʘ ʨʦʙʦʪʘ ˉ3 

 

ʄʝʪʘ ʨʦʙʦʪʠ: ʦʪʨʠʤʘʥʥʷ ʧʨʘʢʪʠʯʥʠʭ ʥʘʚʠʯʦʢ ʧʦʙʫʜʦʚʠ ʽ ʜʦʩʣʽ-

ʜʞʝʥʥʷ ʤʦʜʝʣʽ ʦʙʤʝʞʝʥʦʛʦ ʨʦʩʪʫ  ʌʝʨʭʶʣʴʩʪʘ 



 

 

ʇʨʦʛʨʘʤʘ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ 

1. ɿʘʚʘʥʪʘʞʠʪʠ ʤʘʪʝʤʘʪʠʯʥʠʡ ʧʨʦʮʝʩʦʨ MathCAD. 

2. ɼʣʷ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʾ ʤʦʜʝʣʽ ʨʦʩʪʫ ʯʠʩʝʣʴʥʦʩʪʽ 
rtex:)t(x Ö=  ʧʦʙʫʜʫʚʘ-

ʪʠ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʰʚʠʜʢʦʩʪʽ ʨʦʩʪʫ ʯʠʩʝʣʴʥʦʩʪʽ ʚʽʜ ʧʦʧʝʨʝʜʥʴʦʾ 

ʯʠʩʝʣʴʥʦʩʪʽ: 
)

K

)t(x
1()t(xr:)t(v -ÖÖ=

, ʟʘʜʘʚʰʠ ʜʦʚʽʣʴʥʝ ʟʥʘʯʝʥʥʷ ʂ. 

3. ɺʠʢʦʥʘʪʠ ʜʽʾ, ʧʝʨʝʜʙʘʯʝʥʽ ʧ.2 ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚ ʷʢʦʩʪʽ ʤʦʜʝʣʽ ʨʦʩʪʫ 

ʯʠʩʝʣʴʥʦʩʪʽ ʨʽʚʥʷʥʥʷ (9.5). 

4. ʇʦʙʫʜʫʚʘʪʠ ʛʨʘʬʽʢʠ: ʰʚʠʜʢʦʩʪʽ ʨʦʩʪʫ ʢʣʽʪʠʥ ʚʽʜ ʯʘʩʫ, ʯʠʩʝʣʴʥʦʩʪʽ ʚʽʜ 

ʯʘʩʫ, ʰʚʠʜʢʦʩʪʽ ʨʦʩʪʫ ʚʽʜ ʯʠʩʝʣʴʥʦʩʪʽ.  

5. ɺʘʨʽʶʶʯʠ ʧʘʨʘʤʝʪʨʘʤʠ ʤʦʜʝʣʽ: x, r, K, t, ʚʠʟʥʘʯʠʪʠ, ʟʘ ʷʢʠʭ ʟʥʘʯʝʥʴ 

ʧʘʨʘʤʝʪʨʽʚ ʤʘʢʩʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʨʦʩʪʫ ʯʠʩʝʣʴʥʦʩʪʽ ʙʫʜʝ ʜʦʩʷʛʥʫʪʘ 

ʧʨʠ ʦʜʥʦʤʫ ʽʟ ʚʘʨʽʘʥʪʽʚ ʯʘʩʫ:  t=25, 30, 35, 40, 45, 50, 55, 60, 65, 70. 

6. ɺʠʟʥʘʯʠʪʠ ʢʨʠʪʠʯʥʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ ʟʘ ʷʢʠʭ ʰʚʠʜʢʽʩʪʴ ʨʦ-

ʩʪʫ ʯʠʩʝʣʴʥʦʩʪʽ ʧʝʨʝʪʠʥʘʻ ʚʽʩʴ ʘʙʩʮʠʩ. 

ɿʘʧʠʪʘʥʥʷ ʜʣʷ ʩʘʤʦʧʝʨʝʚʽʨʢʠ 

1. ʗʢ ʚʧʣʠʚʘʶʪʴ ʧʘʨʘʤʝʪʨʠ ʤʦʜʝʣʽ ʥʘ ʰʚʠʜʢʽʩʪʴ ʨʦʩʪʫ ʯʠʩʝʣʴʥʦʩʪʽ?  

2. ʗʢʽ ʧʘʨʘʤʝʪʨʠ ʻ ʬʘʢʪʦʨʘʤʠ, ʱʦ ʩʪʨʠʤʫʶʪʴ ʨʽʩʪ ʯʠʩʝʣʴʥʦʩʪʽ? 

3. ʏʠ ʻ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʤʦʞʣʠʚʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʧʘʨʘʤʝʪʨʽʚ, ʪʦʙʪʦ ʯʠ 

ʚʩʽ ʢʦʤʙʽʥʘʮʽʾ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ ʤʦʞʥʘ ʨʝʘʣʽʟʫʚʘʪʠ?   

4. ʏʠʤ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʟʤʝʥʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʦʩʪʫ ʯʠʩʝʣʴʥʦʩʪʽ? 

5. ʗʢ ʰʚʠʜʢʽʩʪʴ ʨʦʩʪʫ ʢʣʽʪʠʥ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʘʨʘʤʝʪʨʫ ʂ? 

6. ʗʢ ʰʚʠʜʢʽʩʪʴ ʨʦʩʪʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʢʘʟʥʠʢʘ r? 

 



 

9.4. ʄʦʜʝʣʴ ʚʟʘʻʤʦʜʽʾ ʜʚʦʚʠʜʦʚʦʾ ʧʦʧʫʣʷʮʽʾ 

 

ʂʦʥʢʫʨʝʥʮʽʷ. ɺʽʜʙʽʨ. ɹʽʦʣʦʛʽʯʥʽ ʩʠʩʪʝʤʠ ʚʟʘʻʤʦʜʽʶʪʴ ʦʜʥʘ ʟ ʦʜʥʽʻʶ ʥʘ ʚʩʽʭ 

ʨʽʚʥʷʭ, ʙʫʜʴ-ʪʦ ʚʟʘʻʤʦʜʽʷ ʙʽʦʤʘʢʨʦʤʦʣʝʢʫʣ ʚ ʧʨʦʮʝʩʽ ʙʽʦʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ, ʯʠ 

ʚʟʘʻʤʦʜʽʷ ʚʠʜʽʚ ʫ ʧʦʧʫʣʷʮʽʷʭ. ɺʟʘʻʤʦʜʽʷʪʠ ʤʦʞʫʪʴ ʷʢ ʙʽʦʣʦʛʽʯʥʽ ʚʠʜʠ, ʪʘʢ ʽ 

ʨʽʟʥʦʚʠʜʥʦʩʪʽ ʦʜʥʦʛʦ ʚʠʜʫ, ʥʘʧʨʠʢʣʘʜ, ʨʽʟʥʽ ʤʫʪʘʥʪʠ ʦʜʥʦʛʦ ʽ ʪʦʛʦ ʞʝ ʚʠʜʫ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʧʨʠ ʾʭ ʢʫʣʴʪʠʚʫʚʘʥʥʽ. ɺʟʘʻʤʦʜʽʷ ʤʦʞʝ ʧʨʦʪʽʢʘʪʠ ʫ ʩʪʨʫʢʪʫ-

ʨʘʭ, ʪʦʜʽ ʩʠʩʪʝʤʘ ʤʦʞʝ ʙʫʪʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʘ ʥʘʙʦʨʦʤ ʩʪʘʥʽʚ. ʎʝ ʚʽʜʙʫ-

ʚʘʻʪʴʩʷ ʥʘ ʨʽʚʥʽ ʩʫʙʢʣʽʪʠʥʥʠʭ ʪʘ ʢʣʽʪʠʥʥʠʭ ʩʪʨʫʢʪʫʨ ʽ ʩʪʨʫʢʪʫʨ ʦʨʛʘʥʽʟʤʽʚ. 

ʂʽʥʝʪʠʢʘ ʧʨʦʮʝʩʽʚ ʫ ʩʪʨʫʢʪʫʨʘʭ, ʚ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʷʭ, ʷʢ ʧʨʘʚʠʣʦ, ʦʧʠ-

ʩʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤ ʨʽʚʥʷʥʴ ʜʣʷ ʡʤʦʚʽʨʥʦʩʪʝʡ ʩʪʘʥʽʚ ʢʦʤʧʣʝʢʩʽʚ. ʋ 

ʚʠʧʘʜʢʫ, ʢʦʣʠ ʚʟʘʻʤʦʜʽʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʧʘʜʢʦʚʦ, ʾʾ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʠʟʥʘʯʘʻʪʴ-

ʩʷ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʚʟʘʻʤʦʜʽʶʯʠʭ ʢʦʤʧʦʥʝʥʪ ʽ ʾʭ ʨʫʭʦʤʽʩʪʶ ï ʫʟʘʛʘʣʴʥʝʥʦʶ 

ʜʠʬʫʟʽʻʶ. ʊʘʢʽ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʧʨʠʡʥʷʪʽ ʚ ʙʘʟʦʚʠʭ ʤʦʜʝʣʷʭ ʚʟʘʻʤʦʜʽʾ ʚʠʜʽʚ.  

ɺ. ɺʦʣʴʪʝʨʨʘ ʚʠʩʫʥʫʚ ʽʜʝʶ, ʱʦ, ʘʥʘʣʦʛʽʯʥʦ ʩʪʘʪʠʯʥʽʡ ʬʽʟʠʮʽ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʚʟʘʻʤʦʜʽʾ ʧʨʦʧʦʨʮʽʡʥʘ ʡʤʦʚʽʨʥʦʩʪʽ ʟʽʪʢʥʝʥʥʷ ʤʦʣʝʢʫʣ, ʪʦʙʪʦ ʜʦʙʫʪʢʫ ʢʦʥ-

ʮʝʥʪʨʘʮʽʡ. ʎʝ ʽ ʜʝʷʢʽ ʽʥʰʽ ʧʨʠʧʫʱʝʥʥʷ ʜʦʟʚʦʣʠʣʠ ʧʦʙʫʜʫʚʘʪʠ ʤʘʪʝʤʘʪʠʯʥʫ 

ʪʝʦʨʽʶ ʚʟʘʻʤʦʜʽʾ ʧʦʧʫʣʷʮʽʡ ʦʜʥʦʛʦ ʪʨʦʬʽʯʥʦʛʦ ʨʽʚʥʷ (ʢʦʥʢʫʨʝʥʮʽʷ, ʩʠʤʙʽʦʟ) 

ʘʙʦ ʨʽʟʥʠʭ ʪʨʦʬʽʯʥʠʭ ʨʽʚʥʽʚ ( ʭʠʞʘʢ-ʞʝʨʪʚʘ, ʧʘʨʘʟʠʪ-ʛʦʩʧʦʜʘʨ). ʇʨʦʩʪʽʰʘ ʽʟ 

ʤʦʜʝʣʝʡ ï ʤʦʜʝʣʴ ʚʽʜʙʦʨʫ ʥʘ ʦʩʥʦʚʽ ʢʦʥʢʫʨʫʶʯʠʭ ʚʟʘʻʤʦʜʽʡ ʣʶʙʦʾ ʧʨʠʨʦʜʠ: 

ʙʽʦʭʽʤʽʯʥʠʭ ʩʧʦʣʫʯʝʥʴ, ʢʦʥʢʫʨʫʶʯʠʭ ʢʣʽʪʠʥ, ʦʩʦʙʠʥ, ʧʦʧʫʣʷʮʽʡ ʪʦʱʦ.  

ʅʝʭʘʡ ʽʩʥʫʶʪʴ ʜʚʘ ʘʙʩʦʣʶʪʥʦ ʦʜʠʥʘʢʦʚʽ ʚʠʜʠ ʟ ʦʜʥʘʢʦʚʦʶ ʰʚʠʜʢʽʩʪʶ 

ʨʦʟʤʥʦʞʝʥʥʷ, ʷʢʽ ʻ ʘʥʪʘʛʦʥʽʩʪʘʤʠ, ʪʦʙʪʦ ʧʨʠ ʟʫʩʪʨʽʯʽ ʧʨʠʛʥʽʯʫʶʪʴ ʦʜʠʥ ʦʜ-

ʥʦʛʦ. ʄʦʜʝʣʴ ʾʭ ʚʟʘʻʤʦʜʽʾ ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʘ ʫ ʚʠʛʣʷʜʽ: 
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                                                         (9.10) 

ɿʛʽʜʥʦ ʥʘʚʝʜʝʥʦʾ ʤʦʜʝʣʽ, ʩʠʤʝʪʨʠʯʥʠʡ ʩʪʘʥ ʽʩʥʫʚʘʥʥʷ ʦʙʦʭ ʚʠʜʽʚ ʻ ʥʝ-

ʩʪʽʡʢʠʤ, ʦʜʠʥ ʽʟ ʚʟʘʻʤʦʜʽʶʯʠʭ ʚʠʜʽʚ ʦʙʦʚôʷʟʢʦʚʦ ʟʘʛʠʥʝ, ʘ ʽʥʰʠʡ ʨʦʟʤʥʦ-

ʞʠʪʴʩʷ ʜʦ ʥʝʩʢʽʥʯʝʥʥʦʩʪʽ. ɺʚʝʜʝʥʥʷ ʦʙʤʝʞʝʥʥʷ ʥʘ ʩʫʙʩʪʘʪ ʘʙʦ ʩʠʩʪʝʤʥʦʛʦ 

ʬʘʢʪʦʨʫ, ʷʢʠʡ ʦʙʤʝʞʫʻ ʯʠʩʝʣʴʥʽʩʪʴ ʢʦʞʥʦʛʦ ʽʟ ʚʠʜʽʚ, ʜʦʟʚʦʣʷʻ ʧʦʙʫʜʫʚʘʪʠ 

ʤʦʜʝʣʽ, ʚ ʷʢʠʭ ʦʜʠʥ ʽʟ ʚʠʜʽʚ ʚʠʞʠʚʘʻ ʽ ʜʦʩʷʛʘʻ ʧʝʚʥʦʾ ʩʪʘʙʽʣʴʥʦʾ ʯʠʩʝʣʴʥʦʩʪʽ. 

ɺʦʥʠ ʦʧʠʩʫʶʪʴ ʚʽʜʦʤʠʡ ʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽʡ ʝʢʦʣʦʛʽʾ ʧʨʠʥʮʠʧ ɻʘʫʟʝ, ʚʽʜʧʦ-

ʚʽʜʥʦ ʷʢʦʤʫ ʚ ʢʦʞʥʽʡ ʝʢʦʣʦʛʽʯʥʽʡ ʥʽʰʽ ʚʠʞʠʚʘʻ ʪʽʣʴʢʠ ʦʜʠʥ ʚʠʜ. ɿʘ ʨʽʟʥʠʭ 

ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʧʘʨʘʤʝʪʨʽʚ ʫ ʪʘʢʽʡ ʩʠʩʪʝʤʽ ʤʦʞʣʠʚʝ, ʷʢ ʚʠʞʠʚʘʥʥʷ ʦʜʥʦʛʦ ʽʟ 

ʜʚʦʭ ʚʠʜʽʚ ʽ ʟʘʛʠʙʝʣʴ ʽʥʰʦʛʦ (ʷʢʱʦ ʚʟʘʻʤʥʝ ʧʨʠʛʥʽʯʝʥʥʷ ʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʝ, 

ʥʽʞ ʩʘʤʦʨʝʛʫʣʷʮʽʷ ʯʠʩʝʣʴʥʦʩʪʽ), ʪʘʢ ʽ ʽʩʥʫʚʘʥʥʷ ʦʙʦʭ ʚʠʜʽʚ (ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ 



 

ʚʟʘʻʤʥʝ ʧʨʠʛʥʽʯʝʥʥʷ ʤʝʥʰʝ, ʥʽʞ ʩʘʤʦʦʙʤʝʞʝʥʥʷ ʯʠʩʝʣʴʥʦʩʪʽ ʢʦʞʥʦʛʦ ʽʟ ʚʠ-

ʜʽʚ).   

 ʋ ʜʠʥʘʤʽʮʽ ʧʦʧʫʣʷʮʽʡ ʻ ʙʘʛʘʪʦ ʧʨʠʢʣʘʜʽʚ, ʢʦʣʠ ʟʤʽʥʶʚʘʥʥʷ ʾʭ ʯʠʩʝʣʴʥʦ-

ʩʪʽ  ʟ ʯʘʩʦʤ ʥʦʩʠʪʴ ʢʦʣʠʚʘʣʴʥʠʡ ʭʘʨʘʢʪʝʨ. ʆʜʥʠʤ ʽʟ ʚʽʜʦʤʠʭ ʧʨʠʢʣʘʜʽʚ ʦʧʠʩʫ 

ʜʠʥʘʤʽʢʠ ʧʦʧʫʣʷʮʽʡ, ʱʦ ʚʟʘʻʤʦʜʽʶʪʴ, ʻ ʨʽʚʥʷʥʥʷ ɺʦʣʴʪʝʨʨʘ-ʃʦʪʢʠ.  

 ʈʦʟʛʣʷʥʝʤʦ ʤʦʜʝʣʴ ʚʟʘʻʤʦʜʽʾ ʭʠʞʘʢʽʚ ʽ ʾʭ ʟʜʦʙʠʯʽ, ʢʦʣʠ ʤʽʞ ʦʩʦʙʠʥʘʤʠ 

ʦʜʥʦʛʦ ʚʠʜʫ ʥʝʤʘʻ ʩʫʧʝʨʥʠʮʪʚʘ. ʅʝʭʘʡ ʭ1 ʽ ʭ2 ï ʯʠʩʣʦ ʟʜʦʙʠʯʽ ʽ ʭʠʞʘʢʽʚ ʚʽʜʧʦ-

ʚʽʜʥʦ. ʇʨʠʧʫʩʢʘʻʤʦ, ʱʦ ʚʽʜʥʦʩʥʠʡ ʧʨʠʨʽʩʪ ʟʜʦʙʠʯʽ 1

1

ʭ

ʭ¡

 ʜʦʨʽʚʥʶʻ:  

                                                     1

1

ʭ

ʭ¡

= 0,,2 >- babxa ,                                (9.11) 

ʜʝ a  ï ʰʚʠʜʢʽʩʪʴ ʨʦʟʤʥʦʞʝʥʥʷ ʟʜʦʙʠʯʽ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʭʠʞʘʢʽʚ; -- 2bx ʟʙʠʪ-

ʢʠ ʚʽʜ ʭʠʞʘʢʽʚ. 

 ʈʦʟʚʠʪʦʢ ʧʦʧʫʣʷʮʽʾ ʭʠʞʘʢʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʾʞʽ (ʟʜʦʙʠʯʽ). ʇʨʠ ʚʽ-

ʜʩʫʪʥʦʩʪʽ ʾʞʽ (ʭ1=0) ʚʽʜʥʦʩʥʘ ʰʚʠʜʢʽʩʪʴ ʟʤʽʥʠ ʧʦʧʫʣʷʮʽʾ ʭʠʞʘʢʽʚ  ʜʦʨʽʚʥʶʻ: 

0,
2

2 >-=
¡

ʩʩ
ʭ

ʭ

. ʅʘʷʚʥʽʩʪʴ ʾʞʽ ʢʦʤʧʝʥʩʫʻ ʚʠʨʦʜʞʝʥʥʷ ʽ ʧʨʠ ʭ1>0 ʤʘʻʤʦ: 

.0,1

2

2 >+-=
¡

ddxʩ
ʭ

ʭ

 
ʊʘʢʠʤ ʯʠʥʦʤ, ʩʠʩʪʝʤʘ ʨʽʚʥʷʥʴ ɺʦʣʴʪʝʨʨʘ-ʃʦʪʢʠ ʤʘʪʠʤʝ ʚʠʛʣʷʜ: 

í
ì
ë

+-=¡
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212

121

)(

)(

xdxcx

xbxax

, ʜʝ 0,,, >dcba .           (9.12) 

 ʈʦʟʨʽʟʥʷʶʪʴ ʜʝʢʽʣʴʢʘ ʚʠʜʽʚ ʚʟʘʻʤʦʜʽʡ: 

Á ʢʦʥʢʫʨʝʥʮʽʷ ï ʯʠʩʝʣʴʥʽʩʪʴ ʢʦʞʥʦʛʦ ʽʟ ʚʠʜʽʚ ʫ ʧʨʠʩʫʪʥʦʩʪʽ ʽʥʰʦʛʦ ʚʠʜʫ 

ʧʨʠʛʥʽʯʫʻʪʴʩʷ ï ʨʦʩʪʝ ʟ ʤʝʥʰʦʶ ʰʚʠʜʢʽʩʪʶ; 

Á ʩʠʤʙʽʦʟ ï ʚʠʜʠ ʩʧʨʠʷʶʪʴ ʨʦʩʪʫ ʦʜʠʥ ʦʜʥʦʛʦ; 

Á ñʭʠʞʘʢ-ʞʝʨʪʚʘò, ʘʙʦ ñʧʘʨʘʟʠʪ-ʛʦʩʧʦʜʘʨò ï ʯʠʩʝʣʴʥʽʩʪʴ ʚʠʜʫ-ʞʝʨʪʚʠ ʫ 

ʧʨʠʩʫʪʥʦʩʪʽ ʚʠʜʫ-ʭʠʞʘʢʘ ʟʨʦʩʪʘʻ ʧʦʚʽʣʴʥʽʰʝ, ʘ ʚʠʜʫ-ʭʠʞʘʢʘ ï ʰʚʠʜʰʝ; 

Á ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʚʟʘʻʤʦʜʽʾ, ʢʦʣʠ ʦʜʠʥ ʽʟ ʚʠʜʽʚ ʚʽʜʯʫʚʘʻ ʧʨʠʩʫʪʥʽʩʪʴ ʽʥʰʦʛʦ 

(ʘʤʝʥʩʘʣʽʟʤ), ʘ ʽʥʰʠʡ ï ʥʽ (ʢʦʤʝʥʩʘʣʽʟʤ), ʘʙʦ ʚʠʜʠ ʥʝʡʪʨʘʣʴʥʽ. 

ɺ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʨʽʚʥʷʥʥʷ ɺʦʣʴʪʝʨʘ ʤʘʶʪʴ ʚʠʛʣʷʜ: 

                  

2

11211211
1 xcxxbxa

dt

dx
-+=

 

                                  

2

22212122
2 xcxxbxa

dt

dx
-+=

,                                                        (9.13) 



 

ʜʝ ³à  - ʢʦʥʩʪʘʥʪʠ ʚʣʘʩʥʦʾ ʰʚʠʜʢʦʩʪʽ ʨʦʩʪʫ ʚʠʜʽʚ; ³ñ - ʢʦʥʩʪʘʥʪʠ ʩʘʤʦʦʙʤʝʞʝʥ-

ʥʷ ʯʠʩʝʣʴʥʦʩʪʽ (ʚʥʫʪʨʽʰʥʴʦʚʠʜʦʚʦʾ ʢʦʥʢʫʨʝʥʮʽʾ); j,ib  - ʢʦʥʩʪʘʥʪʠ ʚʟʘʻʤʦʜʽʾ 

ʚʠʜʽʚ (i,j =1,2). ɿʥʘʢʠ ʢʦʝʬʽʮʽʻʥʪʽʚ j,ib  ʚʠʟʥʘʯʘʶʪʴ ʪʠʧ ʚʟʘʻʤʦʜʽʾ 

(ʜʠʚ.ʪʘʙʣ.9.4.). 

 

 

ʊʘʙʣʠʮʷ 9.4. ʊʠʧ ʚʟʘʻʤʦʜʽʾ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʥʘʢʽʚ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʉʀʄɹɯʆɿ + + 12b , 21b  >0 

ʂʆʄʄɽʅʉɸʃɯɿʄ + 0 12b  >0, 21b =0 

ʍʀɾɸʂ-ɾɽʈʊɺɸ + ī 12b >0,  21b <0 

ɸʄɽʅʉɸʃɯɿʄ 0 ī 12b =0,  21b <0 

ʂʆʅʂʋʈɽʅʎɯʗ ī ī 12b , 21b <0 

ʅɽʁʊʈɸʃɯɿʄ 0 0 12b , 21b =0 

 

ɿʘʩʦʙʠ MathCAD ʜʣʷ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʩʠʩʪʝʤ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ 

 ʏʠʩʣʝʥʥʝ ʨʽʰʝʥʥʷ ʩʠʩʪʝʤ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʟʘʩʦʙʘʤʠ MathCAD 

ʟʚʦʜʠʪʴʩʷ ʜʦ ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʂʦʰʠ ʜʣʷ ʩʠʩʪʝʤ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ: 
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 ʏʠʩʝʣʴʥʝ ʨʽʰʝʥʥʷ ʮʽʻʾ ʟʘʜʘʯʽ ʧʦʣʷʛʘʻ ʚ ʧʦʙʫʜʦʚʽ ʪʘʙʣʠʮʽ ʥʘʙʣʠʞʝʥʠʭ 

ʟʥʘʯʝʥʴ 
,N,...2,1i,,.....yy,y ni,2,i1,i =
 ʨʽʰʝʥʥʷ )x(y....,),x(y),x(y n21   ʥʘ ʚʽʜʨʽʟʢʫ 

[ ]N0 x,x  ʚ ʪʦʯʢʘʭ N10 x...,,x,x , ʷʢʽ ʥʘʟʠʚʘʶʪʴ ʚʫʟʣʘʤʠ ʩʽʪʢʠ.  

 ʇʦʟʥʘʯʠʤʦ 

)....yy,x(f),....(....yy,x(f(),....yy,x(f(),x(

)),x(y),....,x(y),x(y(

),y,....,y,y(

),x(y...,),x(y),x(y()x(

n1Nn12n11

n21

n,01,00,00

n21

=

¡¡¡=¡

=

=

YF

Y

Y

Y

 
ʜʝ Y  - ʰʫʢʘʥʝ ʨʽʰʝʥʥʷ; Y0 ï ʚʝʢʪʦʨ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ;  F(x,Y) ï ʚʝʢʪʦʨ ʧʨʘ-

ʚʠʭ ʯʘʩʪʠʥ. 



 

 ʉʠʩʪʝʤʘ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʟʘʧʠʰʝʪʴʩʷ ʫ ʚʠʛʣʷʜʽ: 

00)(x ),(x, YY ==¡ YYF  
 ɼʣʷ ʯʠʩʝʣʴʥʦʛʦ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ʚ MathCAD ʽʩʥʫʻ ʜʝʢʽ-

ʣʴʢʘ ʟʘʩʦʙʽʚ, ʟʦʢʨʝʤʘ,  ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʙʫʜʦʚʘʥʘ ʬʫʥʢʮʽʷ rkfixed (y, x1, x2, 

npoints, D), ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʟʘʜʘʯʽ ʤʝʪʦʜʦʤ ʈʫʥʛʝ-ʂʫʪʘ ʥʘ ʟʘʜʘ-

ʥʦʤʫ ʚʽʜʨʽʟʢʫ ʟ ʧʦʩʪʽʡʥʠʤ ʢʨʦʢʦʤ.  

 ɸʨʛʫʤʝʥʪʘʤʠ ʬʫʥʢʮʽʾ ʻ: 

ʫ ï ʚʝʢʪʦʨ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ ii0 )(y, YY = ; 

ʭ1, ʭ2 ï ʧʦʯʘʪʢʦʚʘ ʽ ʢʽʥʮʝʚʘ ʪʦʯʢʠ ʚʽʜʨʽʟʢʘ ʽʥʪʝʛʨʫʚʘʥʥʷ; 

npoints ï ʯʠʩʣʦ ʚʫʟʣʽʚ ʥʘ ʚʽʜʨʽʟʢʫ [ ]2,1ʭʭ ;  

D ï ʽʤôʷ ʚʝʢʪʦʨʘ-ʬʫʥʢʮʽʾ ),( yxD  , ʷʢʠʡ ʤʽʩʪʠʪʴ ʧʨʘʚʽ ʯʘʩʪʠʥʠ 

)y...,,y,x(fy)(x,D),,x( n1ii =YF .  

(Derivative ï ʧʦʭʽʜʥʘ, ʽʤôʷ ʚʝʢʪʦʨʘ, ʷʢʠʡ ʤʽʩʪʠʪʴ ʚʠʨʘʟʠ ʜʣʷ ʧʦʭʽʜʥʠʭ (deriva-

tives) ʰʫʢʘʥʦʛʦ ʨʽʰʝʥʥʷ). 

1
Õ - ʧʝʨʰʠʡ ʩʪʦʚʧʯʠʢ ʤʘʪʨʠʮʽ; 

2
Õ  - ʜʨʫʛʠʡ ʩʪʦʚʧʯʠʢ ʤʘʪʨʠʮʽ; 

3
Õ  - ʪʨʝʪʽʡ ʩʪʦʚʧʯʠʢ ʤʘʪʨʠʮʽ.     



 

ʇʨʠʢʣʘʜ 

 

 

 

 



 

 

ʇʨʘʢʪʠʯʥʘ ʨʦʙʦʪʘ ˉ4 

 

ʄʝʪʘ ʨʦʙʦʪʠ: ʦʪʨʠʤʘʥʥʷ ʧʨʘʢʪʠʯʥʠʭ ʥʘʚʠʯʦʢ ʧʦʙʫʜʦʚʠ ʽ ʜʦʩʣʽ-

ʜʞʝʥʥʷ ʤʦʜʝʣʝʡ ʚʟʘʻʤʦʜʽʾ ʧʦʧʫʣʷʮʽʡ  

ʇʨʦʛʨʘʤʘ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ 

1. ʉʢʣʘʩʪʠ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʟʘʜʘʯʽ , ʷʢʘ ʚʢʣʶʯʘʻ ʧʦʯʘʪʢʦʚʽ ʜʘʥʽ ʽ ʩʠʩ-

ʪʝʤʫ ʨʽʚʥʷʥʴ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʘʥʽ ʽʟ ʟʘʚʜʘʥʥʷ. 

2. ʈʦʟʚôʷʟʘʪʠ ʦʜʝʨʞʘʥʫ ʩʠʩʪʝʤʫ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʤʝʪʦʜʦʤ ʈʫʥʛʝ-

ʂʫʪʪʘ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʙʫʜʦʚʘʥʫ ʬʫʥʢʮʽʶ rkfixed. 

3. ʇʦʙʫʜʫʚʘʪʠ ʛʨʘʬʽʢʠ ʜʠʥʘʤʽʢʠ ʯʠʩʝʣʴʥʦʩʪʽ ʧʦʧʫʣʷʮʽʡ ʪʘ ʬʘʟʦʚʦʛʦ ʧʨʦʩ-

ʪʦʨʫ.  

ɿʘʚʜʘʥʥʷ 

ʂʦʝʬʽʮʽʻʥʪ ʧʨʠʨʦʩʪʫ ʟʜʦʙʠʯʽ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʭʠʞʘʢʽʚ ï 1-5; 

ʂʦʝʬʽʮʽʻʥʪ ʚʠʤʠʨʘʥʥʷ ʭʠʞʘʢʽʚ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʟʜʦʙʠʯʽ ï 2-6; 

ʂʦʝʬʽʮʽʻʥʪ ʟʤʝʥʰʝʥʥʷ ʟʜʦʙʠʯʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʽʾ ʭʠʞʘʢʽʚ ï 2-4; 

ʂʦʝʬʽʮʽʻʥʪ ʧʨʠʨʦʩʪʫ ʭʠʞʘʢʽʚ ʧʨʠ ʟʘʙʝʟʧʝʯʝʥʥʽ ʟʜʦʙʠʯʯʶ ï 2-5; 

ɿʘ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ ʢʽʣʴʢʽʩʪʴ ʟʜʦʙʠʯʽ ʩʪʘʥʦʚʠʪʴ ï2-5 ʦʩʦʙʠʥʠ, ʘ ʢʽʣʴʢʽʩʪʴ ʭʠ-

ʞʘʢʽʚ ï 2-7 ʦʩʦʙʠʥʠ. 

ɿʘʧʠʪʘʥʥʷ ʜʣʷ ʩʘʤʦʧʝʨʝʚʽʨʢʠ 

1. ʗʢʦʛʦ ʪʠʧʫ ʙʽʦʣʦʛʽʯʥʽ ʩʠʩʪʝʤʠ ʣʝʞʘʪʴ ʚ ʦʩʥʦʚʽ ʤʦʜʝʣʝʡ ʚʟʘʻʤʦʜʽʾ ʧʦʧʫ-

ʣʷʮʽʡ? 

2. ɼʣʷ ʦʧʠʩʫ ʷʢʠʭ ʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʦʜʝʣʴ ɺʦʣʴʪʝʨʨʘ-

ʃʦʪʢʠ? 



 

3. ʗʢʘ ʚʙʫʜʦʚʘʥʘ ʬʫʥʢʮʽʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʯʠʩʝʣʴʥʦʛʦ ʨʦʟʚôʷʟʫʚʘʥʥʷ 

ʩʠʩʪʝʤ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʟʘ ʤʝʪʦʜʦʤ ʈʫʥʛʝ-ʂʫʪʘ? 

4. ʑʦ ʻ ʘʨʛʫʤʝʥʪʘʤʠ ʮʽʻʾ ʬʫʥʢʮʽʾ? 

5. ʅʘ ʱʦ ʚʧʣʠʚʘʶʪʴ ʚʝʣʠʯʠʥʘ ʚʽʜʨʽʟʢʫ, ʜʣʷ ʷʢʦʛʦ ʟʥʘʭʦʜʠʪʴʩʷ ʨʽʰʝʥʥʷ, ʽ  

ʢʽʣʴʢʽʩʪʴ ʚʫʟʣʽʚ ʩʽʪʢʠ ʥʘ ʟʘʜʘʥʦʤʫ ʚʽʜʨʽʟʢʫ? 

 

 

9.5. ʄʽʞʚʠʜʦʚʘ ʢʦʥʢʫʨʝʥʮʽʷ ʟʘ ʫʤʦʚʠ ʩʧʽʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʞʠʚʣʝʥʥʷ 

ʈʦʟʛʣʷʥʝʤʦ ʩʠʪʫʘʮʽʶ, ʢʦʣʠ ʜʚʘ ʚʠʜʠ ʢʣʽʪʠʥ ʚʞʠʚʘʶʪʴ ʦʜʠʥ ʽ ʪʦʡ ʞʝ ʚʠʜ 

ʧʨʦʜʫʢʪʫ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʯʠʩʝʣʴʥʽʩʪʴ ʦʜʥʦʛʦ ʚʠʜʫ ʢʣʽʪʠʥ ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʠ-

ʩʝʣʴʥʦʩʪʽ ʽʥʰʦʛʦ ʚʠʜʫ ʢʣʽʪʠʥ. ɼʠʥʘʤʽʢʘ ʯʠʩʝʣʴʥʦʩʪʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʠʩʪʝʤʦʶ 

ʨʽʚʥʷʥʴ 
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ʇʨʘʢʪʠʯʥʘ 

ʨʦʙʦʪʘ ˉ5 

 

ʄʝʪʘ ʨʦʙʦʪʠ: ʦʪʨʠʤʘʥʥʷ ʧʨʘʢʪʠʯʥʠʭ ʥʘʚʠʯʦʢ ʧʦʙʫʜʦʚʠ ʽ ʜʦʩʣʽ-

ʜʞʝʥʥʷ ʤʦʜʝʣʝʡ ʚʟʘʻʤʦʜʽʾ ʤʽʞʚʠʜʦʚʦʾ ʢʦʥʢʫʨʝʥʮʽʾ 

ʟʘ ʫʤʦʚʠ ʩʧʽʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʞʠʚʣʝʥʥʷ 

ʇʨʦʛʨʘʤʘ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ 

1. ɿʘʜʘʪʠ ʜʦʚʽʣʴʥʦ ʧʦʯʘʪʢʦʚʽ ʫʤʦʚʠ. 

2. ʉʢʣʘʩʪʠ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ. 

3. ʈʦʟʚôʷʟʘʪʠ ʦʪʨʠʤʘʥʫ ʩʠʩʪʝʤʫ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʤʝʪʦʜʦʤ ʈʫʥʛʝ-

ʂʫʪʪʘ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʙʫʜʦʚʘʥʫ ʬʫʥʢʮʽʶ rkfixed. 

4. ʇʦʙʫʜʫʚʘʪʠ ʛʨʘʬʽʢʠ ʜʠʥʘʤʽʢʠ ʯʠʩʝʣʴʥʦʩʪʽ ʧʦʧʫʣʷʮʽʡ.  

ɿʘʧʠʪʘʥʥʷ ʜʣʷ ʩʘʤʦʧʝʨʝʚʽʨʢʠ 

1. ʑʦ ʻ ʩʪʨʠʤʫʶʯʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʨʦʩʪʫ ʯʠʩʝʣʴʥʦʩʪʽ ʦʜʥʦʛʦ ʚʠʜʫ ʢʣʽʪʠʥ? 

2. ʑʦ ʚ ʜʘʥʥʦʤʫ ʚʠʧʘʜʢʫ ʻ ʘʨʛʫʤʝʥʪʘʤʠ ʬʫʥʢʮʽʾ rkfixed? 

3. ʅʘ ʱʦ ʚʧʣʠʚʘʻ ʯʠʩʣʦ ʽʪʝʨʘʮʽʡ? 

 

 

9.6. ʌʝʨʤʝʥʪʘʪʠʚʥʽ ʨʝʘʢʮʽʾ. ʆʙʤʝʞʝʥʥʷ ʧʦ ʩʫʙʩʪʘʪʫ. ʄʦʜʝʣʽ ʄʦʥʦ 

ʽ ʄʽʭʘʝʣʽʩʘ-ʄʝʥʪʝʥʘ 

 



 

 ʆʜʥʽʻʶ ʟ ʧʨʠʯʠʥ ʦʙʤʝʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʦʩʪʫ ʤʦʞʝ ʙʫʪʠ ʥʝʜʦʩʪʘʪʥʻ ʞʠʚ-

ʣʝʥʥʷ (ʣʽʤʽʪ ʧʦ ʩʫʙʩʪʨʘʪʫ). ʋ ʟʘʟʥʘʯʝʥʠʭ ʫʤʦʚʘʭ ʰʚʠʜʢʽʩʪʴ ʨʦʩʪʫ ʟʙʽʣʴ-

ʰʫʻʪʴʩʷ ʧʨʦʧʦʨʮʽʡʥʦ ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʫʙʩʪʨʘʪʫ, ʘ ʧʨʠ ʥʘʜʣʠʰʢʫ ʩʫʙʩʪʨʘʪʫ 

ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʧʦʩʪʽʡʥʦʾ ʚʝʣʠʯʠʥʠ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʛʝʥʝʪʠʯʥʠʤʠ ʤʦʞʣʠ-

ʚʦʩʪʷʤʠ ʧʦʧʫʣʷʮʽʾ. ʇʨʦʪʷʛʦʤ ʜʝʷʢʦʛʦ ʯʘʩʫ ʯʠʩʝʣʴʥʽʩʪʴ ʧʦʧʫʣʷʮʽʾ ʨʦʩʪʝ 

ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦ ʜʦ ʤʦʤʝʥʪʫ, ʢʦʣʠ ʰʚʠʜʢʽʩʪʴ ʨʦʩʪʫ ʥʝ ʙʫʜʝ ʦʙʤʝʞʫʚʘʪʠʩʷ 

ʽʥʰʠʤʠ ʬʘʢʪʦʨʘʤʠ.  ɿʘʣʝʞʥʽʩʪʴ ʰʚʠʜʢʦʩʪʽ ʨʦʩʪʫ ʚʽʜ ʩʫʙʩʪʨʘʪʫ ʦʧʠʩʫʻʪʴʩʷ 

ʨʽʚʥʷʥʥʷʤ: 
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 ,                                            (9.14) 

ʜʝ Ks ï ʢʦʥʩʪʘʥʪʘ, ʷʢʘ ʜʦʨʽʚʥʶʻ ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʫʙʩʪʘʪʫ ʟʘ ʷʢʦʾ ʰʚʠʜʢʽʩʪʴ ʨʦʩ-

ʪʫ ʜʦʨʽʚʥʶʻ ʧʦʣʦʚʠʥʽ ʤʘʢʩʠʤʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ; 0m- ʤʘʢʩʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ 

ʨʦʩʪʫ, ʷʢʘ ʜʦʨʽʚʥʶʻ ʚʝʣʠʯʠʥʽ r; S ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʩʫʙʩʪʘʪʫ. ʈʽʚʥʷʥʥʷ (9.14) 

ʥʘʟʠʚʘʻʪʴʩʷ ʤʦʜʝʣʣʶ ʄʦʥʦ. ɺʦʥʦ ʟʘ ʬʦʨʤʦʶ ʩʧʽʚʧʘʜʘʻ ʟ ʨʽʚʥʷʥʥʷʤ ʄʽʭʘʝʣʽ-

ʩʘ-ʄʝʥʪʝʥ, ʷʢʝ ʦʧʠʩʫʻ ʥʘʡʧʨʦʩʪʽʰʫ ʬʝʨʤʝʥʪʘʪʠʚʥʫ ʨʝʘʢʮʽʶ ʟʘ ʫʯʘʩʪʶ ʦʜʥʦ-

ʛʦ ʩʫʙʩʪʘʪʫ ʽ ʫʪʚʦʨʝʥʥʷʤ ʦʜʥʦʛʦ ʧʨʦʜʫʢʪʫ: 

 

ʜʝ  S ï ʩʫʙʩʪʘʪ; P ï ʧʨʦʜʫʢʪ; E ï ʬʝʨʤʝʥʪ; ES ï ʩʫʙʩʪʘʪ-ʬʝʨʤʝʥʪʥʠʡ ʢʦʤ-

ʧʣʝʢʩ; k1, k -1 ï ʢʦʥʩʪʘʥʪʠ ʧʨʷʤʦʾ ʽ ʟʚʦʨʦʪʥʦʾ ʨʝʘʢʮʽʡ ʫʪʚʦʨʝʥʥʷ ʬʝʨʤʝʥʪ-

ʩʫʙʩʪʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʫ; k2 ï ʢʦʥʩʪʘʥʪʘ ʰʚʠʜʢʦʩʪʽ ʫʪʚʦʨʝʥʥʷ ʧʨʦʜʫʢʪʫ. ʎʷ ʨʝ-

ʘʢʮʽʷ ʟʘ ʤʘʣʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʧʨʦʜʫʢʪʫ ʻ ʥʝʟʚʦʨʦʪʥʦʶ. ʂʦʥʩʪʘʥʪʘ ʝʬʝʢʪʠʚʥʦ-

ʛʦ ʨʦʟʧʘʜʫ ʬʝʨʤʝʥʪ-ʩʫʙʩʪʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʫ  k2 ʚʢʘʟʫʻ ʥʘ ʪʝ, ʩʢʽʣʴʢʠ ʘʢʪʽʚ ʢʘ-

ʪʘʣʽʟʫ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠ ʬʝʨʤʝʥʪ ʽ ʥʘʟʠʚʘʻʪʴʩʷ ʯʠʩʣʦʤ ʦʙʝ-

ʨʪʽʚ ʬʝʨʤʝʥʪʫ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʽʚʥʷʥʥʷ  ʄʽʭʘʝʣʽʩʘ-ʄʝʥʪʝʥ ʦʧʠʩʫʻ ʟʘʣʝʞʥʽʩʪʴ ʰʚʠʜʢʦʩʪʽ ʬʝ-

ʨʤʝʥʪʘʪʠʚʥʦʾ ʨʝʘʢʮʽʾ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʫʙʩʪʘʪʫ ʟʘ ʫʤʦʚʠ, ʢʦʣʠ ʟʘʛʘʣʴʥʘ ʢʽʣʴ-

ʢʽʩʪʴ ʤʦʣʝʢʫʣ ʬʝʨʤʝʥʪʫ ʧʦʩʪʽʡʥʘ ʽ ʟʥʘʯʥʦ ʤʝʥʰʝ ʢʽʣʴʢʦʩʪʽ ʤʦʣʝʢʫʣ ʩʫʙʩʪʨʘ-

ʪʫ:  
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ʜʝ ʂʄ ï ʢʦʥʩʪʘʥʪʘ ʄʽʭʘʝʣʽʩʘ, ʦʜʥʘ ʽʟ ʚʘʞʣʠʚʠʭ ʜʣʷ ʬʝʨʤʝʥʪʘʪʠʚʥʠʭ ʨʝʘʢ-

ʮʽʡ ʚʝʣʠʯʠʥʘ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʽ ʟʘ ʚʝʣʠʯʠʥʦʶ ʽ ʨʦʟʤʽʨʥʽʩ-

ʪʶ ʚʽʜʧʦʚʽʜʘʻ ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʫʙʩʪʘʪʫ, ʟʘ ʷʢʦʾ ʰʚʠʜʢʽʩʪʴ ʨʝʘʢʮʽʾ ʜʦʨʽʚʥʶʻ ʧʦ-

ʣʦʚʠʥʽ ʤʘʢʩʠʤʘʣʴʥʽʡ. ʌʦʨʤʫʣʘ ʄʽʭʘʝʣʽʩʘ-ʄʝʥʪʝʥ (9.15) ʚʽʜʦʙʨʘʞʘʻ ʙʽʣʴʰ 

ʛʣʠʙʦʢʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʢʽʥʝʪʠʢʠ ʬʝʨʤʝʥʪʘʪʠʚʥʠʭ ʨʝʘʢʮʽʡ. ʎʠʤ ʽ ʚʠʟʥʘʯʘʻʪʴ-

ʩʷ ʧʦʜʽʙʥʽʩʪʴ ʨʽʚʥʷʥʴ (9.14) ʽ (9.15). ʈʽʚʥʷʥʥʷ ʄʽʭʘʝʣʽʩʘ-ʄʝʥʪʝʥ ʚʽʜʦʙʨʘʞʘʻ 

ʩʭʝʤʫ ʙʘʟʦʚʦʾ ʬʝʨʤʝʥʪʘʪʠʚʥʦʾ ʨʝʘʢʮʽʾ ʽ ʙʫʣʘ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʄʽʭʘʝʣʽʩʦʤ ʽ 



 

ʄʝʥʪʝʥ ʚ 1913 ʨʦʮʽ.  

ɯʟ ʨʽʚʥʷʥʥʷ (9.15) ʚʠʜʥʦ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʫʙʩʪʘʪʫ S ʚʽʜ 0 

ʜʦ ¤ ʰʚʠʜʢʽʩʪʴ ʨʝʘʢʮʽʾ (ʪʘʥʛʝʥʩ ʢʫʪʘ ʥʘʭʠʣʫ ʧʦʯʘʪʢʦʚʠʭ ʜʽʣʷʥʦʢ ʢʽʥʝʪʠʯʥʠʭ 

ʢʨʠʚʠʭ S(t)) ʟʙʽʣʴʰʫʻʪʴʩʷ ʚʽʜ ʥʫʣʷ ʜʦ ʩʚʦʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʬʝʨʤʝʥʪʘʪʠʚʥʽ ʧʨʦʮʝʩʠ ï ʮʝ ʧʨʦʮʝʩʠ ʟ ʥʘʩʠʯʝʥʥʷʤ. ɯʟ ʨʽʚʥʷʥʥʷ (9.15) 

ʪʘʢʦʞ ʚʠʪʽʢʘʻ, ʱʦ ʧʨʠ ʂʄ=S ʰʚʠʜʢʽʩʪʴ ʨʝʘʢʮʽʾ ʜʦʨʽʚʥʶʻ 2/v . ʊʘʢʠʤ ʯʠʥʦʤ, 

ʢʦʥʩʪʘʥʪʘ ʄʽʭʘʝʣʽʩʘ ʟʘ ʬʽʟʠʯʥʠʤ ʟʤʽʩʪʦʤ ʽ ʯʠʩʣʦʚʠʤ ʟʥʘʯʝʥʥʷʤ ʜʦʨʽʚʥʶʻ ʧʦ-

ʣʦʚʠʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʫʙʩʪʘʪʫ, ʧʨʠ ʷʢʽʡ ʩʪʘʮʽʦʥʘʨʥʘ ʰʚʠʜʢʽʩʪʴ ʨʝʘʢʮʽʾ ʜʦʩʷʛʘʻ 

ʧʦʣʦʚʠʥʠ ʩʚʦʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ, ʘʙʦ ʽʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʢʦʣʠ ʧʦʣʦʚʠ-

ʥʘ ʤʦʣʝʢʫʣ ʬʝʨʤʝʥʪʫ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʩʪʘʥʽ ʢʦʤʧʣʝʢʩʫ ʟ ʩʫʙʩʪʨʘʪʦʤ. ɺ ʞʠʚʠʭ 

ʩʠʩʪʝʤʘʭ ʢʦʥʩʪʘʥʪʠ ʄʽʭʘʝʣʽʩʘ ʚʽʜʧʦʚʽʜʥʠʭ ʬʝʨʤʝʥʪʘʪʠʚʥʠʭ ʧʨʦʮʝʩʽʚ ʽ ʢʦʥ-

ʮʝʥʪʨʘʮʽʾ ʨʝʘʛʝʥʪʽʚ ʟʚʠʯʘʡʥʦ ʚʝʣʠʯʠʥʠ ʦʜʥʦʛʦ ʧʦʨʷʜʢʫ. ɺʝʣʠʯʠʥʘ ʂʄ ʤʦʞʝ 

ʚʘʨʽʶʚʘʪʠ ʚ ʟʥʘʯʥʠʭ ʤʝʞʘʭ (ʚʽʜ 1 ʜʦ 10-8 ʄ). ʅʘ ʨʠʩ.9.5 ʥʘʚʝʜʝʥʘ ʟʘʣʝʞʥʽʩʪʴ  

ʰʚʠʜʢʦʩʪʽ ʨʝʘʢʮʽʾ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʫʙʩʪʘʪʫ (ʛʽʧʝʨʙʦʣʘ ʄʽʭʘʝʣʽʩʘ). 

 

ʈʠʩʫʥʦʢ 9.5. ʂʨʠʚʘ ʄʽʭʘʝʣʽʩʘ 

ɺʧʣʠʚ ʽʥʛʽʙʽʪʦʨʽʚ. ʋ ʧʨʠʩʫʪʥʦʩʪʽ ʜʝʷʢʠʭ ʨʝʯʦʚʠʥ, ʷʢʽ ʥʘʟʠʚʘʶʪʴʩʷ 

ʽʥʛʽʙʽʪʦʨʘʤʠ, ʬʝʨʤʝʥʪʘʪʠʚʥʘ ʨʝʘʢʮʽʷ ʤʦʞʝ ʫʧʦʚʽʣʴʥʶʚʘʪʠʩʷ. ʊʘʢ, ʷʢʱʦ 

ʽʥʛʽʙʽʪʦʨ ʟʜʘʪʥʠʡ ʩʧʦʣʫʯʘʪʠʩʷ ʟ ʬʝʨʤʝʥʪʦʤ, ʪʦ ʛʦʚʦʨʷʪʴ ʧʨʦ ʨʝʘʢʮʽʶ ʚ ʧʨʠ-

ʩʫʪʥʦʩʪʽ ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʽʥʛʽʙʽʪʦʨʫ, ʷʢʠʡ ʫʧʦʚʽʣʴʥʶʻ ʩʫʙʩʪʨʘʪ.  ɺ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʬʦʨʤʫʣʘ ʜʣʷ ʰʚʠʜʢʦʩʪʽ ʨʝʘʢʮʽʾ ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʽ ʧʨʠʡʤʘʻ ʚʠʛʣʷʜ: 

IkSK

Sɛ
ɛ

1m

0
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=

,                                                 (9.16) 

ʜʝ ɯ ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʽʥʛʽʙʽʪʦʨʫ, k1 ï ʢʦʥʩʪʘʥʪʘ ʧʨʷʤʦʾ ʨʝʘʢʮʽʾ ʫʪʚʦʨʝʥʥʷ 

ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʢʦʤʧʣʝʢʩʫ. 

 

ɺʧʣʠʚ ʘʢʪʠʚʘʪʦʨʽʚ.  ʅʘʨʷʜʫ ʟ ʽʥʛʽʙʽʪʦʨʘʤʠ ʽʩʥʫʶʪʴ ʨʝʯʦʚʠʥʠ, ʷʢʽ 

ʟʜʘʪʥʽ ʟʙʽʣʴʰʠʪʠ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʬʝʨʤʝʥʪʫ. ɺʦʥʠ ʥʘʟʠʚʘʶʪʴʩʷ ʘʢʪʠ-



 

ʚʘʪʦʨʘʤʠ.  ʋʪʚʦʨʶʶʯʠ ʧʦʪʨʽʡʥʠʡ ʢʦʤʧʣʝʢʩ ʟ ʩʫʙʩʪʨʘʪʦʤ ʽ ʬʝʨʤʝʥʪʦʤ, ʚʦʥʠ 

ʟʙʽʣʴʰʫʶʪʴ ʰʚʠʜʢʽʩʪʴ ʫʪʚʦʨʝʥʥʷ ʧʨʦʜʫʢʪʫ: 

Ak
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.                                             (9.17) 

ʗʢʽʩʥʠʡ ʚʧʣʠʚ ʘʢʪʠʚʘʪʦʨʽʚ ʥʘ ʰʚʠʜʢʽʩʪʴ ʬʝʨʤʝʥʪʘʪʠʚʥʦʾ ʨʝʘʢʮʽʾ ʦʧʠʩʫʻʪʴ-

ʩʷ ʘʥʘʣʦʛʽʯʥʦ ʚʧʣʠʚʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʫʙʩʪʘʪʫ.  

 

ʇʨʘʢʪʠʯʥʘ ʨʦʙʦʪʘ ˉ6 

 

ʄʝʪʘ ʨʦʙʦʪʠ: ʦʪʨʠʤʘʥʥʷ ʧʨʘʢʪʠʯʥʠʭ ʥʘʚʠʯʦʢ ʧʦʙʫʜʦʚʠ ʽ ʜʦʩʣʽ-

ʜʞʝʥʥʷ ʤʦʜʝʣʽ ʬʝʨʤʝʥʪʘʪʠʚʥʦʾ ʨʝʘʢʮʽʾ ʟ ʦʙʤʝʞʝʥ-

ʥʷʤ ʧʦ ʩʫʙʩʪʘʪʫ  

ʇʨʦʛʨʘʤʘ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ 

1.ɿʘʚʘʥʪʘʞʠʪʠ ʤʘʪʝʤʘʪʠʯʥʠʡ ʧʨʦʮʝʩʦʨ MathCAD. 

2.ʇʦʙʫʜʫʚʘʪʠ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʄʽʭʘʝʣʽʩʘ-ʄʝʥʪʝʥ ʟʘ ʬʦʨʤʫʣʦʶ (9.15) 

ʪʘ ʾʾ ʛʨʘʬʽʢ ʧʨʠ ʟʥʘʯʝʥʥʷʭ ʧʘʨʘʤʝʪʨʽʚ, ʥʘʚʝʜʝʥʠʭ ʫ ʪʘʙʣ. 9.5. 

3.ʇʦʙʫʜʫʚʘʪʠ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʬʝʨʤʝʥʪʘʪʠʚʥʦʾ ʨʝʘʢʮʽʾ ʧʽʜ ʚʧʣʠʚʦʤ 

ʽʥʛʽʙʽʪʦʨʫ (9.16)  ʧʨʠ ʜʦʚʽʣʴʥʠʭ ʟʥʘʯʝʥʥʷʭ ʡʦʛʦ ʢʦʥʮʝʥʪʨʘʮʽʾ I  ʪʘ ʢʦʥʩ-

ʪʘʥʪʠ ʧʨʷʤʦʾ ʨʝʘʢʮʽʾ ʫʪʚʦʨʝʥʥʷ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʢʦʤʧʣʝʢʩʫ k1. 

4.ɺ ʦʜʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ (ʟ ʛʨʘʬʽʢʦʤ ʟʘ ʧ.2) ʧʦʙʫʜʫʚʘʪʠ ʛʨʘʬʽʢ ʦʜʝʨ-

ʞʘʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʰʚʠʜʢʦʩʪʽ ʨʝʘʢʮʽʾ Iɛ  ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʽʥʛʽʙʽʪʦʨʫ ʚʽʜ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʫʙʩʪʘʪʫ S.  

5.ɺʠʟʥʘʯʠʪʠ, ʟʘ ʷʢʠʭ ʟʥʘʯʝʥʴ I  ʪʘ k1 ʰʚʠʜʢʽʩʪʴ ʨʝʘʢʮʽʾ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʽʥʛʽ-

ʙʽʪʦʨʫ ʙʫʜʝ ʥʠʞʯʦʶ, ʥʽʞ ʙʝʟ ʥʴʦʛʦ. 

6.ʇʦʙʫʜʫʚʘʪʠ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʬʝʨʤʝʥʪʘʪʠʚʥʦʾ ʨʝʘʢʮʽʾ ʧʽʜ ʚʧʣʠʚʦʤ 

ʘʢʪʠʚʘʪʦʨʫ (9.17)  ʧʨʠ ʜʦʚʽʣʴʥʠʭ ʟʥʘʯʝʥʥʷʭ ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʢʪʠʚʘʪʦʨʫ ɸ 

ʪʘ ʢʦʥʩʪʘʥʪʠ kɸ. 

7.ʇʦʙʫʜʫʚʘʪʠ ʚ ʦʜʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ ʛʨʘʬʽʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʤʦʜʝʣʝʡ ʨʝʘ-

ʢʮʽʡ ʧʽʜ ʚʧʣʠʚʦʤ ʽʥʛʽʙʽʪʦʨʫ ʽ ʘʢʪʠʚʘʪʦʨʫ. 

8.ɺʠʟʥʘʯʠʪʠ ʧʨʠ ʷʢʠʭ ʟʥʘʯʝʥʥʷʭ ɸ ʪʘ kɸ h ʚʠʜʢʽʩʪʴ ʨʝʘʢʮʽʾ ʚ ʧʨʠʩʫʪʥʦʩʪʽ 

ʘʢʪʠʚʘʪʦʨʫ ʙʫʜʝ ʚʠʱʝ, ʥʽʞ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʽʥʛʽʙʽʪʦʨʫ.  

9.ʇʦʙʫʜʫʚʘʪʠ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʬʝʨʤʝʥʪʘʪʠʚʥʦʾ ʨʝʘʢʮʽʡ ʚ ʧʨʠʩʫʪʥʦʩʪʽ 

ʽʥʛʽʙʽʪʦʨʫ ʘʙʦ ʘʢʪʠʚʘʪʦʨʫ ʟʘ ʫʤʦʚʠ ʟʤʽʥʠ ʾʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʚ ʤʝʞʘʭ ʟʤʽ-

ʥʶʚʘʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʫʙʩʪʘʪʫ S. 

10.ɿʙʝʨʝʛʪʠ ʨʝʟʫʣʴʪʘʪʠ ʣʘʙʦʨʘʪʦʨʥʦʾ ʨʦʙʦʪʠ. 

11.ɿʘʚʝʨʰʠʪʠ ʨʦʙʦʪʫ ʟ MathCAD. 



 

mS( )

0

0.571

0.889
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1.697

...

=

ɿʘʧʠʪʘʥʥʷ ʜʣʷ ʩʘʤʦʧʝʨʝʚʽʨʢʠ 

1.ʗʢʽ ʧʨʦʮʝʩʠ ʦʧʠʩʫʻ ʤʦʜʝʣʴ ʄʽʭʘʝʣʽʩʘ-ʄʝʥʪʝʥ? 

2.ʗʢ ʚʧʣʠʚʘʶʪʴ ʧʘʨʘʤʝʪʨʠ ʤʦʜʝʣʽ ʥʘ ʭʘʨʘʢʪʝʨ ʾʾ ʛʨʘʬʽʯʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ. 

3.ʗʢ ʚʧʣʠʚʘʻ ʧʨʠʩʫʪʥʽʩʪʴ ʽʥʛʽʙʽʪʦʨʫ ʥʘ ʧʨʦʮʝʩ ʧʨʦʪʽʢʘʥʥʷ ʬʝʨʤʝʥʪʘʪʠʚʥʦʾ ʨʝ-

ʘʢʮʽʾ? 

4.ʏʠ ʟʘʣʝʞʠʪʴ ʩʧʦʚʽʣʴʥʝʥʥʷ ʨʝʘʢʮʽʾ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʽʥʛʽʙʽʪʦʨʫ? 

5.ʏʠ ʽʩʥʫʶʪʴ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʽʥʛʽʙʽʪʦʨʫ ʟʘ ʷʢʠʭ ʩʧʦʚʽʣʴʥʝʥʥʷ ʨʝʘʢʮʽʾ 

ʥʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ? 

6.ʗʢ ʚʧʣʠʚʘʻ ʧʨʠʩʫʪʥʽʩʪʴ ʘʢʪʠʚʘʪʦʨʫ ʥʘ ʭʽʜ ʬʝʨʤʝʥʪʘʪʠʚʥʦʾ ʨʝʘʢʮʽʾ? 

7.ɼʣʷ ʯʦʛʦ ʙʫʜʫʶʪʴ ʤʦʜʝʣʽ ʬʝʨʤʝʥʪʘʪʠʚʥʠʭ ʨʝʘʢʮʽʡ? 

ʊʘʙʣʠʮʷ 9.5. ɺʘʨʽʘʥʪʠ ʟʘʚʜʘʥʴ 

ˉ ʧ.ʧ. Õ0 S K 

1 1 0,1..25 3 

2 3 0,2..60 4 

3 4 0,4é80 5 

4 5 0,5...100 7 

5 1 0,10..100 2 

6 2 0,20..200 5 

7 7 0,2..60 3 

8 9 0,5...100 4 

9 6 0,4é80 6 

10 3 0,15..150 8 

 

ʇʨʠʢʣʘʜ 

ʇʦʙʫʜʦʚʘ ʛʨʘʬʽʯʥʦʾ ʟʘʣʝʞ-ʥʦʩʪʽ ʟʘ ʤʦʜʝʣʣʶ 

ʄʽʭʘʝʣʽʩʘ- ʄʝʥʪʝʥ (ʧ.2) 
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ʈʠʩʫʥʦʢ 9.6. ɻʨʘʬʽʯʥʘ ʟʘʣʝʞʥʽʩʪʴ ʰʚʠʜʢʦʩʪʽ ʬʝʨʤʝʥʪʘʪʠʚʥʦʾ 

ʨʝʘʢʮʽʾ ʧʨʠ ʦʜʥʦʯʘʩʥʦʤʫ ʟʤʽʥʶʚʘʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʡ ʩʫʙʩʪʘʪʫ ʽ 

ʽʥʛʽʙʽʪʦʨʫ (ʜʦ ʧ.9 ʟʘʚʜʘʥʥʷ) 

CreateMeshɛ( )
 

9.7. ɹʽʦʣʦʛʽʯʥʽ ʪʨʠʛʝʨʠ. ʊʨʠʛʝʨ ɾʘʢʦʙʘ ʽ ʄʦʥʦ 

 

ɺʘʞʣʠʚʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʙʽʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ ʻ ʾʭ ʟʜʘʪʥʽʩʪʴ ʧʝʨʝʢʣʶʯʘʪʠ-

ʩʷ ʽʟ ʦʜʥʦʛʦ ʨʝʞʠʤʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚ ʽʥʰʠʡ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʜʝʢʽʣʴʢʦʤ ʩʪʽʡ-

ʢʠʤ ʩʪʘʥʘʤ ʩʠʩʪʝʤʠ. ʇʨʠ ʮʴʦʤʫ, ʚ ʷʢʦʩʪʽ ʙʽʦʣʦʛʽʯʥʦʾ ʩʠʩʪʝʤʠ ʨʦʟʫʤʽʶʪʴ ʮʽʣʽ-

ʩʥʫ ʩʠʩʪʝʤʫ ʢʦʤʧʦʥʝʥʪʽʚ, ʷʢʽ ʚʠʢʦʥʫʶʪʴ ʧʝʚʥʫ ʬʫʥʢʮʽʶ ʚ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʘʭ. 

ʅʘʧʨʠʢʣʘʜ, ʜʦ ʙʽʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ ʚʽʜʥʦʩʷʪʴʩʷ ʩʢʣʘʜʥʽ ʩʠʩʪʝʤʠ ʨʽʟʥʦʛʦ ʨʽʚʥʷ 

ʦʨʛʘʥʽʟʘʮʽʾ: ʙʽʦʣʦʛʽʯʥʽ ʤʘʢʨʦʤʦʣʝʢʫʣʠ, ʩʫʙʢʣʽʪʠʥʥʽ ʦʨʛʘʥʝʣʠ, ʢʣʽʪʠʥʠ, ʦʨʛʘ-

ʥʠ, ʦʨʛʘʥʽʟʤʠ, ʧʦʧʫʣʷʮʽʾ. ʅʘ ʬʘʟʦʚʦʤʫ ʧʦʨʪʨʝʪʽ ʪʘʢʘ ʩʠʩʪʝʤʘ ʚʦʣʦʜʽʻ ʜʚʦʤʘ ʽ 

ʙʽʣʴʰʝ ʦʩʦʙʣʠʚʠʤʠ ʩʪʽʡʢʠʤʠ ʪʦʯʢʘʤʠ. ʌʘʟʦʚʠʡ ʧʦʨʪʨʝʪ ï ʮʝ ʛʨʘʬʽʯʥʝ ʟʦ-

ʙʨʘʞʝʥʥʷ ʩʠʩʪʝʤʠ ʥʘ ʬʘʟʦʚʽʡ ʧʣʦʱʠʥʽ (ʘʙʦ ʫ ʙʘʛʘʪʦʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ), ʧʦ 

ʢʦʦʨʜʠʥʘʪʥʠʤ ʦʩʷʤ ʷʢʦʛʦ ʚʽʜʢʣʘʜʝʥʽ ʟʥʘʯʝʥʥʷ ʟʤʽʥʥʠʭ ʩʠʩʪʝʤʠ. ʇʦʚʝʜʽʥʢʘ 

ʟʤʽʥʥʠʭ ʚ ʯʘʩʽ ʧʨʠ ʪʘʢʦʤʫ ʩʧʦʩʦʙʽ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʜʣʷ ʢʦʞʥʦʾ ʧʦʯʘʪʢʦʚʦʾ ʪʦʯ-

ʢʠ ʦʧʠʩʫʻʪʴʩʷ ʬʘʟʦʚʦʶ ʪʨʘʻʢʪʦʨʽʻʶ. ʉʫʢʫʧʥʽʩʪʴ ʪʘʢʠʭ ʬʘʟʦʚʠʭ ʪʨʘʻʢʪʦʨʽʡ 

ʜʣʷ ʣʶʙʠʭ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ ʷʚʣʷʻ ʩʦʙʦʶ ʬʘʟʦʚʠʡ ʧʦʨʪʨʝʪ. ʉʠʩʪʝʤʘ, ʷʢʘ ʚʦ-



 

ʣʦʜʽʻ ʜʚʦʤʘ ʽ ʙʽʣʴʰʝ ʩʪʽʡʢʠʤʠ ʩʪʘʮʽʦʥʘʨʥʠʤʠ ʩʪʘʥʘʤʠ, ʤʽʞ ʷʢʠʤʠ ʤʦʞʣʠʚʽ 

ʧʝʨʝʭʦʜʠ, ʥʘʟʠʚʘʻʪʴʩʷ  ʪʨʠʛʝʨʥʦʶ. ɺ ʪʨʠʛʝʨʥʠʭ ʩʠʩʪʝʤʘʭ ʩʪʘʮʽʦʥʘʨʥʽ ʟʥʘ-

ʯʝʥʥʷ ʟʤʽʥʥʠʭ ʟʘʣʝʞʘʪʴ ʚʽʜ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ. ʗʢʱʦ ʩʠʩʪʝʤʘ ʬʫʥʢʮʽʦʥʫʻ ʚ 

ʦʜʥʦʤʫ ʽʟ ʩʚʦʾʭ ʩʪʽʡʢʠʭ ʩʪʘʥʽʚ, ʤʘʣʠʤʠ ʚʽʜʭʠʣʝʥʥʷʤʠ ʾʾ ʥʝʤʦʞʣʠʚʦ ʚʠʚʝʩʪʠ ʽʟ 

ʮʴʦʛʦ ʨʝʞʠʤʫ. ɸʣʝ ʚ ʨʝʘʣʴʥʠʭ ʙʽʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤʘʭ ʽʩʥʫʶʪʴ ʩʧʦʩʦʙʠ ʧʝʨʝʢ-

ʣʶʯʝʥʥʷ ʩʪʽʡʢʠʭ ʩʪʘʮʽʦʥʘʨʥʠʭ ʩʪʘʥʽʚ. ʅʝʭʘʡ ʩʠʩʪʝʤʘ ʬʫʥʢʮʽʦʥʫʻ ʫ ʩʪʽʡʢʦʤʫ 

ʨʝʞʠʤʽ Ŭ ʽ ʾʾ ʪʨʝʙʘ ʧʝʨʝʚʝʩʪʠ ʚ ʽʥʰʠʡ ʩʪʽʡʢʠʡ ʨʝʞʠʤ ʩ. ʎʝ ʤʦʞʥʘ ʟʨʦʙʠʪʠ 

ʜʚʦʤʘ ʩʧʦʩʦʙʘʤʠ. ɿʘ ʨʘʭʫʥʦʢ ʟʦʚʥʽʰʥʴʦʛʦ ʚʧʣʠʚʫ ʤʦʞʥʘ ʪʘʢ ʟʤʽʥʠʪʠ ʟʥʘʯʝʥ-

ʥʷ ʟʤʽʥʥʠʭ ʭ ʽ ʫ, ʥʘʧʨʠʢʣʘʜ, ʨʽʟʢʦ ʟʙʽʣʴʰʠʚʰʠ ʭ, ʱʦ ʮʝ ʧʨʠʚʝʜʝ ʩʠʩʪʝʤʫ ʚ ʜʝ-

ʷʢʫ ʪʦʯʢʫ ñ¡. ʎʝ, ʪʘʢ ʟʚʘʥʠʡ, ʩʠʣʦʚʠʡ ʩʧʦʩʽʙ ʧʝʨʝʢʣʶʯʝʥʥʷ ʪʨʠʛʝʨʫ, ʚʽʥ ʱʝ 

ʥʘʟʠʚʘʻʪʴʩʷ ʩʧʝʮʠʬʽʯʥʠʤ. ʋ ʚʠʧʘʜʢʫ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ ʜʣʷ ʪʘʢʦʛʦ ʧʝʨʝʢʣʶʯʝʥ-

ʥʷ ʚ ʩʠʩʪʝʤʫ ʪʨʝʙʘ ʜʦʙʘʚʠʪʠ ʜʝʷʢʫ ʢʽʣʴʢʽʩʪʴ ʧʝʚʥʦʾ ʭʽʤʽʯʥʦʾ ʨʝʯʦʚʠʥʠ. ɯʥ-

ʰʠʤ, ʙʽʣʴʰ ʪʦʥʢʠʤ, ʩʧʦʩʦʙʦʤ ʻ ʩʧʦʩʽʙ ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʥʝʩʧʝʮʠʬʽʯʥʦʛʦ ʧʝ-

ʨʝʢʣʶʯʝʥʥʷ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʟʤʽʥʶʶʪʴʩʷ ʥʝ ʟʤʽʥʥʽ, ʘ ʧʘʨʘʤʝʪʨʠ ʩʠʩʪʝʤʠ, 

ʱʦ ʤʦʞʝ ʙʫʪʠ ʜʦʩʷʛʥʫʪʝ ʨʽʟʥʠʤʠ ʩʧʦʩʦʙʘʤʠ, ʥʘʧʨʠʢʣʘʜ, ʟʤʽʥʦʶ ʪʝʤʧʝʨʘʪʫ-

ʨʠ, ʨʅ ʘʙʦ ʰʚʠʜʢʦʩʪʽ ʥʘʜʭʦʜʞʝʥʥʷ ʩʫʙʩʪʘʪʫ. ʄʦʜʝʣʽ, ʷʢʽ ʚʦʣʦʜʽʶʪʴ ʪʨʠʛʝʨ-

ʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʥʝʟʘʤʽʥʥʽ ʜʣʷ ʦʧʠʩʫ ʧʨʦʮʝʩʫ ʝʚʦʣʶʮʽʾ. ʆʜʥʠʤ ʽʟ ʥʠʭ ʻ 

ʧʨʦʮʝʩ ʚʠʥʠʢʥʝʥʥʷ ʻʜʠʥʦʛʦ ʢʦʜʫ ʛʝʥʝʪʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʢʦʣʠ ʦʜʥʽʡ ʧʦʩʣʽʜʦ-

ʚʥʦʩʪʽ ʥʫʢʣʝʦʪʠʜʽʚ ʚʽʜʧʦʚʽʜʘʻ ʽʥʰʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʘʤʽʥʦʢʠʩʣʦʪ.  ʅʘʡʧʨʦʩʪʽʰʘ 

ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ ʚʽʜʙʦʨʫ ʦʜʥʦʛʦ ʽʟ ʜʚʦʭ ʨʽʚʥʦʧʨʘʚʥʠʭ ʙʽʦʣʦʛʽʯʥʠʭ ʦʙôʻʢʪʽʚ 

ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʩʠʩʪʝʤʫ ʜʚʦʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ: 
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ʜʝ ʭ ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʦʙôʻʢʪʽʚ ʧʝʨʰʦʛʦ ʪʠʧʫ; ʫ ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʦʙôʻʢʪʽʚ 

ʜʨʫʛʦʛʦ ʪʠʧʫ; S ïʢʦʥʮʝʥʪʨʘʮʽʷ ʩʫʙʩʪʘʪʫ, ʟʘʛʘʣʴʥʦʛʦ ʜʣʷ ʦʙʦʭ ʦʙôʻʢʪʽʚ; 

ɔ,ɓ,k,à S0  - ʢʦʥʩʪʘʥʪʠ. ɺ ʤʦʜʝʣʽ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʦʙôʻʢʪʠ ʦʙʦʭ ʪʠʧʽʚ ʧʨʠ 

ʚʟʘʻʤʦʜʽʾ ʛʠʥʫʪʴ (ʯʣʝʥʠ ʚʠʛʣʷʜʫ õóɔ ). ʉʫʙʩʪʨʘʪ S ʣʽʤʽʪʫʻ ʨʽʩʪ ʧʦʧʫʣʷʮʽʾ, 

ʰʚʠʜʢʽʩʪʴ ʧʨʠʨʦʩʪʫ ʙʽʦʤʘʩʠ ʦʙôʻʢʪʽʚ ʦʙʦʭ ʪʠʧʽʚ. ʗʢʱʦ ʨʽʩʪ ʚʽʜʧʦʚʽʜʘʻ ʨʽʚ-

ʥʷʥʥʶ ʄʦʥʦ, ʪʦ ʩʠʩʪʝʤʘ ʷʚʣʷʻ ʩʦʙʦʶ ʪʨʠʛʝʨ, ʜʚʽ ʩʪʽʡʢʽ ʪʦʯʢʠ ʷʢʦʛʦ ʨʦʟʪʘʰʦ-

ʚʘʥʽ ʥʘ ʢʦʦʨʜʠʥʘʪʥʠʭ ʦʩʷʭ ʬʘʟʦʚʦʛʦ ʧʦʨʪʨʝʪʫ ʩʠʩʪʝʤʠ (ʨʠʩ.9.7.). 

ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ ʪʨʘʻʢʪʦʨʽʾ ʩʠʩʪʝʤʠ ʥʘʧʨʘʚʣʷʶʪʴʩʷ 

ʘʙʦ ʜʦ ʦʜʥʦʾ, ʘʙʦ ʜʦ ʽʥʰʦʾ ʩʪʽʡʢʦʾ ʩʪʘʮʽʦʥʘʨʥʦʾ ʪʦʯʢʠ, ʷʢʽ ʣʝʞʽʪʴ ʩʠʤʝʪʨʠʯʥʦ 

ʧʦ ʦʙʠʜʚʽ ʩʪʦʨʦʥʠ ʩʝʧʘʨʘʪʨʠʩʠ 00 ¡ ʩʽʜʘʣʘ b. 



 

 
ʈʠʩʫʥʦʢ 9.7. ʌʘʟʦʚʠʡ ʧʦʨʪʨʝʪ ʩʠʩʪʝʤʠ ʘʥʪʘʛʦʥʽʩʪʠʯʥʠʭ ʚʠʜʽʚ 

ʉʝʧʘʨʘʪʨʠʩʘ ï ʣʽʥʽʷ, ʷʢʘ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʥʝʩʪʽʡʢʫ ʦʩʦʙʣʠʚʫ ʪʦʯʢʫ ʪʠ-

ʧʫ ñʩʽʜʘʣʦò. ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʦʩʦʙʣʠʚʘ ʪʦʯʢʘ b ʻ ʩʽʜʘʣʦʤ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ 

ʦʜʥʦʨʽʜʥʘ ʩʫʤʽʰ, ʷʢʘ ʤʽʩʪʠʪʴ ʨʽʚʥʫ ʢʽʣʴʢʽʩʪʴ ʦʙôʻʢʪʽʚ ʭ ʽ ʫ, ʥʝʩʪʽʡʢʘ ʽ ʧʽʜ 

ʚʧʣʠʚʦʤ ʷʢ ʟʘʚʛʦʜʥʦ ʤʘʣʦʛʦ ʟʙʫʨʝʥʥʷ ʧʝʨʝʭʦʜʠʪʴ ʘʙʦ ʚ ʨʝʞʠʤ ʟʘʛʠʙʝʣʽ ʭ ʽ ʢʽ-

ʥʮʝʚʠʭ ʟʥʘʯʝʥʴ ʯʠʩʝʣʴʥʦʩʪʽ ʫ (ʪʦʯʢʘ ʘ), ʘʙʦ ʚ ʨʝʞʠʤ ʟʘʛʠʙʝʣʽ ʫ ʽ ʢʽʥʮʝʚʠʭ 

ʟʥʘʯʝʥʴ ʯʠʩʝʣʴʥʦʩʪʽ ʭ (ʪʦʯʢʘ ʩ). ɯʟ ʤʦʜʝʣʽ ʚʠʪʽʢʘʻ ʚʠʩʥʦʚʦʢ, ʱʦ ʥʝʩʪʽʡʢʽʩʪʴ 

ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʩʪʘʥʫ ʤʦʞʝ ʙʫʪʠ ʦʜʥʽʻʶ ʽʟ ʦʩʥʦʚʥʠʭ ʧʨʠʯʠʥ ʙʽʦʣʦʛʽʯʥʦʛʦ ʚʽʜ-

ʙʦʨʫ (ʚʠʙʽʨ ʦʜʥʽʻʾ ʽʟ ʜʚʦʭ, ʘʙʦ ʙʘʛʘʪʴʦʭ ʨʽʚʥʦʧʨʘʚʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ).  

ɿʜʘʪʥʽʩʪʴ ʪʨʠʛʝʨʥʦʾ ʩʠʩʪʝʤʠ ʜʦ ʧʝʨʝʢʣʶʯʝʥʥʷ ʻ ʧʝʨʝʜʫʤʦʚʦʶ ʜʣʷ ʚʠ-

ʢʦʨʠʩʪʘʥʥʷ ʮʽʻʾ ʩʠʩʪʝʤʠ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʚʝʜʫʪʴ ʜʦ ʜʠʬʝʨʝʥʮʽ-

ʘʮʽʾ ʪʢʘʥʠʥ. ɿ ʮʽʻʾ ʪʦʯʢʠ ʟʦʨʫ ʢʦʞʥʘ ʢʣʽʪʠʥʘ ʚʦʣʦʜʽʻ ʥʘʙʦʨʦʤ ʤʦʞʣʠʚʠʭ ʩʪʽʡ-

ʢʠʭ ʩʪʘʮʽʦʥʘʨʥʠʭ ʨʝʞʠʤʽʚ, ʘʣʝ ʬʘʢʪʠʯʥʦ ʚ ʜʘʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʬʫʥʢʮʽʦʥʫʻ 

ʪʽʣʴʢʠ ʚ ʦʜʥʦʤʫ ʽʟ ʥʠʭ. ɺ ʧʨʦʮʝʩʽ ʜʠʬʝʨʝʥʮʽʘʮʽʾ ʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʢʣʶʯʝʥʥʷ 

ʢʣʽʪʠʥʠ ʽʟ ʦʜʥʦʛʦ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʨʝʞʠʤʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚ ʽʥʰʠʡ.  

ʄʦʜʝʣʴ ʛʝʥʝʪʠʯʥʦʛʦ ʪʨʠʛʝʨʫ, ʟʘʩʥʦʚʘʥʘ ʥʘ ʙʽʦʭʽʤʽʯʥʽʡ ʩʭʝʤʽ ʨʝʛʫʣʷʮʽʾ 

ʙʽʣʢʦʚʦʛʦ ʩʠʥʪʝʟʫ ʫ ʧʨʦʢʘʨʽʦʪ, ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ.9.8. 

ɻʝʥ ʨʝʛʫʣʷʪʦʨ (Reg) ʢʦʞʥʦʾ ʩʠʩʪʝʤʠ ʩʠʥʪʝʟʫʻ ʥʝʘʢʪʠʚʥʠʡ ʨʝʧʨʝʩʦʨ (r), 

ʷʢʠʡ, ʩʧʦʣʫʯʘʶʯʠʩʴ ʟ ʧʨʦʜʫʢʪʦʤ ʩʠʩʪʝʤʠ (P), ʫʪʚʦʨʶʻ ʘʢʪʠʚʥʠʡ ʢʦʤʧʣʝʢʩ 

( Ŭr ). ɸʢʪʠʚʥʠʡ ʢʦʤʧʣʝʢʩ, ʟʚʦʨʦʪʥʦ ʨʝʘʛʫʶʯʠ ʟ ʜʽʣʷʥʢʦʶ ʩʪʨʫʢʪʫʨʥʦʛʦ ʛʝʥʘ 

(G), ʷʢʠʡ ʥʘʟʠʚʘʻʪʴʩʷ ʦʧʝʨʦʥʦʤ (O), ʙʣʦʢʫʻ ʩʠʥʪʝʟ ʤʈʅʂ. 

ʇʝʨʝʪʚʦʨʝʥʥʷ ʩʫʙʩʪʘʪʫ s ʚ ʧʨʦʜʫʢʪ p ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʫʯʘʩʪʽ ʬʝʨʤʝʥʪʫ ɽ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʜʫʢʪ ʜʨʫʛʦʾ ʩʠʩʪʝʤʠ P2 ʻ ʢʦʨʝʧʨʝʩʦʨʦʤ ʧʝʨʰʦʾ ʩʠʩʪʝʤʠ, ʘ 

P1 ï ʢʦʨʝʧʨʝʩʦʨʦʤ ʜʨʫʛʦʾ.  ʇʨʠ ʮʴʦʤʫ ʚ ʧʨʦʮʝʩʽ ʢʦʨʝʧʨʝʩʽʾ ʤʦʞʝ ʧʨʠʡʤʘʪʠ 

ʫʯʘʩʪʴ ʦʜʥʘ, ʜʚʽ ʽ ʙʽʣʴʰʝ ʤʦʣʝʢʫʣ ʧʨʦʜʫʢʪʫ. ʊʘʢʠʡ ʭʘʨʘʢʪʝʨ ʚʟʘʻʤʦʜʽʾ ʧʨʠ ʽʥ-

ʪʝʥʩʠʚʥʽʡ ʨʦʙʦʪʽ ʧʝʨʰʦʾ ʩʠʩʪʝʤʠ ʩʧʨʠʷʻ ʙʣʦʢʘʜʽ ʜʨʫʛʦʾ ʽ ʥʘʚʧʘʢʠ. 



 

 

ʈʠʩʫʥʦʢ 9.8. ʉʭʝʤʘ ʚʟʘʻʤʦʨʝʛʫʣʷʮʽʾ ʜʚʦʭ ʩʠʩʪʝʤ ʩʠʥʪʝʟʫ ʬʝʨʤʝʥʪʽʚ 

(ʩʭʝʤʘ ɾʘʢʦʙʘ ʽ ʄʦʥʦ) 

ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ ʫ ʙʝʟʨʦʟʤʽʨʥʦʤʫ ʚʠʛʣʷʜʽ ʤʦʞʝ ʙʫʪʠ ʟʘʧʠ-

ʩʘʥʘ: 
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,                         (9.19) 

ɼʝ ʭ1 ʽ ʭ2 ï ʙʝʟʨʦʟʤʽʨʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʧʝʮʠʬʽʯʥʠʭ ʤʝʪʘʙʦʣʽʪʽʚ ï ʢʦʨʝʧ-

ʨʝʩʦʨʽʚ ʧʨʦʜʫʢʪʽʚ ʈ1 ʽ ʈ2. ʆʜʠʥʠʮʝʶ ʯʘʩʫ ʻ ʭʘʨʘʢʪʝʨʥʠʡ ʯʘʩ ʬʝʨʤʝʥʪʘʪʠʚʥʠʭ 

ʨʝʘʢʮʽʡ, ʷʢʠʡ ʤʘʻ ʧʦʨʷʜʦʢ ʜʝʢʽʣʴʢʘ ʭʚʠʣʠʥ. ʇʘʨʘʤʝʪʨ n ʚʽʜʦʙʨʘʞʘʻ ʧʦʨʷʜʦʢ 

ʨʝʘʢʮʽʡ ʨʝʧʨʝʩʽʾ. ʇʘʨʘʤʝʪʨʠ ɸ1 ʽ ɸ2 ʟʘʣʝʞʘʪʴ ʚʽʜ ʩʫʙʩʪʨʘʪʽʚ S1 ʽ S2, ʘʢʪʠʚʥʦʩʪʽ 

ʽ ʚʤʽʩʪʫ ʬʝʨʤʝʥʪʽʚ ʙʘʟʦʚʦʛʦ ʤʝʪʘʙʦʣʽʟʤʫ. ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʦʙʠʜʚʽ ʩʠʩʪʝʤʠ 

ʽʜʝʥʪʠʯʥʽ (ʩʧʦʞʠʚʘʶʪʴ ʦʜʥʘʢʦʚʫ ʢʽʣʴʢʽʩʪʴ ʝʥʝʨʛʽʾ) ʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʫʙʩʪʘʪʽʚ S1 

ʽ S2 ʦʜʠʥʘʢʦʚʽ, ʧʘʨʘʤʝʪʨʠ ɸ1 ʽ ɸ2 ʨʽʚʥʽ ʽ ʤʦʜʝʣʴ (1) ʩʠʤʝʪʨʠʯʥʘ. 

ʈʦʟʛʣʷʥʝʤʦ ʧʦʚʝʜʽʥʢʫ ʩʠʩʪʝʤʠ ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ n. ʇʨʠ n=1 ʩʠʩʪʝ-

ʤʘ ʤʘʻ ʦʜʥʝ ʩʠʤʝʪʨʠʯʥʝ ʩʪʘʮʽʦʥʘʨʥʝ ʨʽʰʝʥʥʷ, ʷʢʝ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʧʦʟʠʪʠʚ-

ʥʠʡ ʢʦʨʽʥʴ ʨʽʚʥʷʥʥʷ ʜʣʷ ʩʪʘʮʽʦʥʘʨʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ: 0Axx 2 =-+ . ʌʘʟʦʚʠʡ 

ʧʦʨʪʨʝʪ ʩʠʩʪʝʤʠ ʧʦʜʘʥʦ ʥʘ ʨʠʩ.9.9. ɺʽʥ ʤʘʻ ʦʜʥʫ ʩʪʽʡʢʫ ʦʩʦʙʣʠʚʫ ʪʦʯʢʫ ʪʠʧʫ 

ʚʫʟʣʘ. 

ʇʨʠ n=2 ʯʠʩʣʦ ʩʪʘʮʽʦʥʘʨʥʠʭ ʩʪʘʥʽʚ ʜʦʨʽʚʥʶʻ ʯʠʩʣʫ ʧʦʟʠʪʠʚʥʠʭ ʜʽʡʩʥʠʭ 

ʢʦʨʝʥʽʚ ʨʽʚʥʷʥʥʷ: 

[ ] 0õ)õ1/(À1À
1222 =-++
-

. 

ʇʨʠ ɸ<0 ̒  ʚʩʴʦʛʦ ʦʜʥʝ ʨʽʰʝʥʥʷ 1õõ <= . ɺʦʥʦ ʩʪʽʡʢʝ, ʘ ʬʘʟʦʚʠʡ ʧʦʨʪʨʝʪ 

ʩʠʩʪʝʤʠ ʤʘʻ ʪʦʡ ʞʝ ʚʠʛʣʷʜ, ʷʢ ʽ ʧʨʠ n=1. ʇʨʠ ɸ²2  



 

 

ʈʠʩʫʥʦʢ 9.9. ʌʘʟʦʚʠʡ ʧʦʨʪʨʝʪ ʧʨʠ n=1 

ʟôʷʚʣʷʶʪʴʩʷ ʪʨʠ ʩʪʘʮʽʦʥʘʨʥʠʭ ʩʪʘʥʠ ( ʨʠʩ.9.9.) ï ʩʠʩʪʝʤʘ ʩʪʘʻ ʪʨʠʛʝʨ-

ʥʦʶ. ɺʝʣʠʯʠʥʫ ɸ=2 ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʙʠʬʫʨʢʘʮʽʡʥʠʤ ʟʥʘʯʝʥʥʷʤ ʧʘʨʘʤʝʪʨʘ, 

ʧʨʠ ʷʢʦʤʫ ʚʫʟʦʣ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʩʽʜʣʦ ʽ ʙʣʠʟʴʢʦ ʜʦ ʥʴʦʛʦ ʚʠʥʠʢʘʶʪʴ ʜʚʘ 

ʩʪʽʡʢʠʭ ʚʫʟʣʘ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʪʨʠʛʝʨʥʠʡ ʨʝʞʠʤ ʚ ʩʠʩʪʝʤʽ ʚʠʥʠʢʘʻ ʫ ʪʦʤʫ ʚʠʧʘʜʢʫĚ ʢʦ-

ʣʠ  ʚ ʢʦʨʝʧʨʝʩʽʾ ʧʨʠʡʤʘʶʪʴ ʫʯʘʩʪʴ ʜʚʽ ʽ ʙʽʣʴʰʝ ʤʦʣʝʢʫʣʠ ʧʨʦʜʫʢʪʫ (n ²2) ʽ 

ʢʦʣʠ ʨʽʚʝʥʴ ʙʘʟʦʚʦʛʦ ʤʝʪʘʙʦʣʽʟʤʫ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʠʡ (ɸ²2). ɺ ʥʝʩʠʤʝʪʨʠʯʥʽʡ 

ʤʦʜʝʣʽ ʷʢʽʩʥʘ ʢʘʨʪʠʥʘ ʟʙʝʨʽʛʘʻʪʴʩʷ, ʘʣʝ ʭʘʨʘʢʪʝʨ ʙʽʬʫʨʢʘʮʽʾ ʜʝʱʦ ʟʤʽʥʶʻʪʴʩʷ.  

ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʻ ʜʚʘ ʧʘʨʘʤʝʪʨʠ ɸ1 ʽ ɸ2. ʊʨʠʛʝʨʥʠʡ ʨʝʞʠʤ ʥʘʩʪʘʻ ʪʦʜʽ, ʢʦʣʠ 

ʢʦʞʥʠʡ ʽʟ ʥʠʭ ʙʽʣʴʰʝ ʜʚʦʭ, ʧʨʠ ʮʴʦʤʫ ʬʘʟʦʚʠʡ ʧʦʨʪʨʝʪ ʩʪʘʻ ʥʝʩʠʤʝʪʨʠʯʥʠʤ. 

ʊʨʠʛʝʨʥʽ ʩʠʩʪʝʤʠ ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʫʶʪʴ ʦʜʥʫ ʽʟ ʦʩʥʦʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʙʽʦʣʦ-

ʛʽʯʥʠʭ ʩʠʩʪʝʤ ï ʾʭ ʟʜʘʪʥʽʩʪʴ ʜʦ ʧʝʨʝʢʣʶʯʝʥʥʷ ʽʟ ʦʜʥʦʛʦ ʨʝʞʠʤʫ ʚ ʽʥʰʠʡ.  

 

ʈʠʩʫʥʦʢ 9.10. ʌʘʟʦʚʠʡ ʧʦʨʪʨʝʪ ʪʨʠʛʝʨʥʦʾ ʩʠʩʪʝʤʠ ʟ ʪʨʴʦʤʘ ʩʪʽʡʢʠʤʠ 

ʦʩʦʙʣʠʚʠʤʠ ʪʦʯʢʘʤʠ 

ɿʘʩʦʙʠ MathCAD ʜʣʷ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʩʠʩʪʝʤ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ 

(ʦʧʠʩʘʥʽ ʫ ʇ.ʨ.ˉ5) 



 

ɼʣʷ ʯʠʩʝʣʴʥʦʛʦ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ʚ MathCAD ʽʩʥʫʻ ʜʝ-

ʢʽʣʴʢʘ ʟʘʩʦʙʽʚ, ʟʦʢʨʝʤʘ,  ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʙʫʜʦʚʘʥʘ ʬʫʥʢʮʽʷ 

rkfixed (y,x1,x2,npoints,D), ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʟʘʜʘʯʽ ʤʝʪʦʜʦʤ ʈʫʥ-

ʛʝ-ʂʫʪʘ ʥʘ ʟʘʜʘʥʦʤʫ ʚʽʜʨʽʟʢʫ ʟ ʧʦʩʪʽʡʥʠʤ ʢʨʦʢʦʤ.  

ɸʨʛʫʤʝʥʪʘʤʠ ʬʫʥʢʮʽʾ ʻ: 

ʫ ï ʚʝʢʪʦʨ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ ii0 )(y, YY = ; 

ʭ1, ʭ2 ï ʧʦʯʘʪʢʦʚʘ ʽ ʢʽʥʮʝʚʘ ʪʦʯʢʠ ʚʽʜʨʽʟʢʘ ʽʥʪʝʛʨʫʚʘʥʥʷ; 

npoints ï ʯʠʩʣʦ ʚʫʟʣʽʚ ʥʘ ʚʽʜʨʽʟʢʫ [ ]2,1ʭʭ ;  

D ï ʽʤôʷ ʚʝʢʪʦʨʘ-ʬʫʥʢʮʽʾ ),( yxD  , ʷʢʠʡ ʤʽʩʪʠʪʴ ʧʨʘʚʽ ʯʘʩʪʠʥʠ 

)y...,,y,x(fy)(x,D),,x( n1ii =YF .  

(Derivative ï ʧʦʭʽʜʥʘ, ʽʤôʷ ʚʝʢʪʦʨʘ, ʷʢʠʡ ʤʽʩʪʠʪʴ ʚʠʨʘʟʠ ʜʣʷ ʧʦʭʽʜʥʠʭ 

(derivatives) ʰʫʢʘʥʦʛʦ ʨʽʰʝʥʥʷ). 

ʋ ʧʨʠʢʣʘʜʽ:  

1
Õ - ʧʝʨʰʠʡ ʩʪʦʚʧʯʠʢ ʤʘʪʨʠʮʽ ʍ, ʤʽʩʪʠʪʴ ʟʥʘʯʝʥʥʷ 50 ʚʫʟʣʽʚ ʩʽʪʢʠ ʥʘ 

ʚʽʜʨʽʟʢʫ [0,6]; 

2
Õ  - ʜʨʫʛʠʡ ʩʪʦʚʧʯʠʢ ʤʘʪʨʠʮʽ ʍ, ʤʽʩʪʠʪʴ ʚʽʜʧʦʚʽʜʥʽ ʟʥʘʯʝʥʥʷ ʭ1; 

3
Õ  - ʪʨʝʪʽʡ ʩʪʦʚʧʯʠʢ ʤʘʪʨʠʮʽ ʍ, ʤʽʩʪʠʪʴ ʚʽʜʧʦʚʽʜʥʽ ʟʥʘʯʝʥʥʷ ʭ2.     

ʇʨʘʢʪʠʯʥʘ ʨʦʙʦʪʘ ˉ7 

 

ʄʝʪʘ ʨʦʙʦʪʠ: ʦʪʨʠʤʘʥʥʷ ʧʨʘʢʪʠʯʥʠʭ ʥʘʚʠʯʦʢ ʧʦʙʫʜʦʚʠ ʽ ʜʦʩʣʽ-

ʜʞʝʥʥʷ ʤʦʜʝʣʝʡ, ʷʢʽ ʨʝʘʣʽʟʫʶʪʴ ʪʨʠʛʝʨʥʫ ʩʭʝʤʫ  

  

ʇʨʦʛʨʘʤʘ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ 

1. ɿʘ ʥʘʚʝʜʝʥʠʤ ʧʨʠʢʣʘʜʦʤ ʟʥʘʡʪʠ ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʂʦʰʠ ʤʝʪʦʜʦʤ ʈʫʥʥʝ-

ʂʫʪʪʘ ʜʣʷ ʤʦʜʝʣʽ ʛʝʥʝʪʠʯʥʦʛʦ ʪʨʠʛʝʨʫ. 

2. ʉʢʦʧʽʶʚʘʪʠ ʦʜʝʨʞʘʥʝ ʨʽʰʝʥʥʷ ʚ ʜʝʢʽʣʴʢʘ ʥʦʚʠʭ ʜʦʢʫʤʝʥʪʽʚ MathCAD. 

3. ɿʥʘʡʪʠ ʜʝʢʽʣʴʢʘ ʦʩʦʙʣʠʚʠʭ ʪʦʯʦʢ (ʪʦʯʦʢ ʧʝʨʝʛʠʥʫ ʛʨʘʬʽʢʽʚ), ʟʤʽʥʶʶʯʠ ʪʘ-

ʢʽ ʧʘʨʘʤʝʪʨʠ ʤʦʜʝʣʽ: ɸ1, ɸ2, ʭ, n, i, ʘ ʪʘʢʦʞ ʘʨʛʫʤʝʥʪʠ ʬʫʥʢʮʽʾ rkfixed (ʥʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʘʥʘʣʦʛʽʯʥʽ ʟʥʘʯʝʥʥʷ ʽʟ ʧʨʠʢʣʘʜʫ). 

4. ɼʘʪʠ ʦʟʥʘʯʝʥʥʷ ʟʥʘʡʜʝʥʠʤ ʦʩʦʙʣʠʚʠʤ ʪʦʯʢʘʤ. 

5. ɿʙʝʨʝʛʪʠ ʜʦʢʫʤʝʥʪ ʚ ʦʩʦʙʠʩʪʽʡ ʧʘʧʮʽ. 

6. ɿʘʚʝʨʰʠʪʠ ʨʦʙʦʪʫ ʟ MathCAD. 

ɿʘʧʠʪʘʥʥʷ ʜʣʷ ʩʘʤʦʧʝʨʝʚʽʨʢʠ 



 

1. ʗʢʽ ʙʽʦʣʦʛʽʯʥʽ ʩʠʩʪʝʤʠ ʥʘʟʠʚʘʶʪʴ ʪʨʠʛʝʨʥʠʤʠ? 

2. ʗʢʽ ʻ ʩʧʦʩʦʙʠ ʧʝʨʝʢʣʶʯʝʥʥʷ ʪʨʠʛʝʨʽʚ? 

3. ʗʢʽ ʦʩʦʙʣʠʚʽ ʪʦʯʢʠ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʪʨʠʛʝʨʥʠʭ ʩʠʩʪʝʤ? 

4. ʗʢʠʡ ʟʘʩʽʙ MathCAD ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʯʠʩʝʣʴʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʩʠʩʪʝʤ 

ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ? 

5. ʑʦ ʻ ʘʨʛʫʤʝʥʪʘʤʠ ʬʫʥʢʮʽʾ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʰʫʢʘʥʦʛʦ ʨʽʰʝʥʥʷ ʤʝʪʦʜʦʤ 

ʈʫʥʛʝ-ʂʫʪʪʘ? 

 

ʇʨʠʢʣʘʜ 

 



 

 

 



 

 

9.8. ʄʦʜʝʣʶʚʘʥʥʷ ʢʦʣʠʚʘʣʴʥʠʭ ʤʝʪʘʙʦʣʽʯʥʠʭ ʧʨʦʮʝʩʽʚ 

 

ɼʣʷ ʙʽʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ ʭʘʨʘʢʪʝʨʥʝ ʧʝʨʽʦʜʠʯʥʝ ʟʤʽʥʶʚʘʥʥʷ ʨʽʟʥʦʤʘʥʽʪ-

ʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʇʝʨʽʦʜ ʮʠʭ ʢʦʣʠʚʘʥʴ ʤʦʞʝ ʙʫʪʠ ʟʚôʷʟʘʥʠʡ ʟ ʧʝʨʽʦʜʠʯʥʠ-

ʤʠ ʟʤʽʥʘʤʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ: ʟʤʽʥʘ ʧʦʨʠ ʨʦʢʫ, ʜʥʷ ʽ ʥʦʯʽ, ʩʦʥʷʯʥʽ, 

ʤʽʩʷʯʥʽ ʢʦʣʠʚʘʥʥʷ ʘʪʤʦʩʬʝʨʥʠʭ ʷʚʠʱ ʪʦʱʦ. ɹʘʛʘʪʦ ʧʝʨʽʦʜʠʯʥʠʭ ʧʨʦʮʝʩʽʚ 

ʤʘʶʪʴ ʯʘʩʪʦʪʫ ʟʤʽʥʶʚʘʥʥʷ  ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʝ ʟʚôʷʟʘʥʫ ʽʟ ʟʦʚʥʽʰʥʽʤʠ ʛʝʦ-

ʢʦʩʤʽʯʥʠʤʠ ʮʠʢʣʘʤʠ.   ʎʝ, ʪʘʢ ʟʚʘʥʽ, ñʙʽʦʣʦʛʽʯʥʽ ʛʦʜʠʥʥʠʢʠò ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ, 

ʧʦʯʠʥʘʶʯʠ ʚʽʜ ʙʽʦʤʘʢʨʦʤʦʣʝʢʫʣ, ʙʽʦʭʽʤʽʯʥʠʭ ʢʦʣʠʚʘʥʴ ʜʦ ʧʦʧʫʣʷʮʽʡʥʠʭ 

ʧʝʨʽʦʜʽʚ. ɼʣʷ ñʙʽʦʣʦʛʽʯʥʠʭ ʛʦʜʠʥʥʠʢʽʚò ʭʘʨʘʢʪʝʨʥʽ ʥʝʟʤʽʥʶʚʘʥʽʩʪʴ ʚ ʯʘʩʽ 

ʧʝʨʽʦʜʫ ʽ ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʴ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʩʪʘʮʽʦʥʘʨʥʽʩʪʴ ʽ ʩʪʽʡʢʽʩʪʴ ʢʦ-

ʣʠʚʘʣʴʥʦʛʦ ʨʝʞʠʤʫ.  ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʝʨʽʦʜʠʯʥʽ ʟʤʽʥʶʚʘʥʥʷ ʚʝʣʠʯʠʥ ʷʚʣʷ-

ʶʪʴ ʩʦʙʦʶ ʦʜʠʥ ʽʟ ʪʠʧʽʚ ʩʪʘʮʽʦʥʘʨʥʦʾ ʧʦʚʝʜʽʥʢʠ ʩʠʩʪʝʤʠ. ʈʝʞʠʤʠ, ʷʢʽ ʚʩʪʘ-

ʥʦʚʣʶʶʪʴʩʷ ʟ ʯʘʩʦʤ ʽ ʚ ʧʦʜʘʣʴʰʦʤʫ ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʟʤʽʥʥʠʤʠ, ʥʘʟʠʚʘʶʪʴʩʷ 

ʘʪʪʨʘʢʪʦʨʘʤʠ. ʗʢʱʦ ʢʦʣʠʚʘʥʥʷ ʚ ʩʠʩʪʝʤʽ ʤʘʶʪʴ ʧʦʩʪʽʡʥʽ ʧʝʨʽʦʜ ʽ ʘʤʧʣʽʪʫ-

ʜʫ, ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ ʽ ʧʽʜʪʨʠʤʫʶʪʴʩʷ ʟʘʚʜʷʢʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤ ʩʘʤʦʾ ʩʠʩʪʝʤʠ, ʘ ʥʝ  ʚʥʘʩʣʽʜʦʢ ʚʧʣʠʚʫ ʧʝʨʽʦʜʠʯʥʦʾ ʩʠʣʠ, ʪʦ ʪʘʢʘ 

ʩʠʩʪʝʤʘ ʥʘʟʠʚʘʻʪʴʩʷ ʘʚʪʦʢʦʣʠʚʘʣʴʥʦʶ. ʋ ʬʘʟʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʪʘʢʦʤʫ ʪʠʧʫ ʧʦ-

ʚʝʜʽʥʢʠ ʩʠʩʪʝʤʠ ʚʽʜʧʦʚʽʜʘʻ ʟʘʤʢʥʫʪʘ ʽʟʦʣʴʦʚʘʥʘ ʬʘʟʦʚʘ ʪʨʘʻʢʪʦʨʽʷ ï ʛʨʘʥʠʯ-

ʥʠʡ ʮʠʢʣ. ʅʝʟʘʪʫʭʘʶʯʽ ʢʦʣʠʚʘʥʥʷ ʚ ʪʘʢʽʡ ʩʠʩʪʝʤʽ ʻ ʩʪʽʡʢʠʤʠ, ʪʘʢ ʷʢ ʚʽʜʭʠʣʝʥ-

ʥʷ ʚʽʜ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʢʦʣʠʚʘʣʴʥʦʛʦ ʨʝʞʠʤʫ ʟʘʪʫʭʘʶʪʴ. ɼʦ ʢʣʘʩʫ ʘʚʪʦʢʦʣʠ-

ʚʘʣʴʥʠʭ ʩʠʩʪʝʤ ʚʽʜʥʦʩʷʪʴʩʷ ʢʦʣʠʚʘʥʥʷ ʚ ʤʝʪʘʙʦʣʽʯʥʠʭ ʩʠʩʪʝʤʘʭ, ʧʝʨʽʦʜʠʯʥʽ 

ʧʨʦʮʝʩʠ ʬʦʪʦʩʠʥʪʝʟʫ, ʢʦʣʠʚʘʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʘʣʴʮʽʶ ʚ ʢʣʽʪʠʥʽ, ʢʦʣʠʚʘʥʥʷ 

ʯʠʩʝʣʴʥʦʩʪʽ ʪʚʘʨʠʥ ʪʦʱʦ. 

ʆʜʥʠʤ ʽʟ ʧʨʠʢʣʘʜʽʚ ʢʦʣʠʚʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʻ ʚʥʫʪʨʽʰʥʴʦʢʣʽʪʠʥʥʝ ʢʦʣʠʚʘʥ-

ʥʷ ʢʘʣʴʮʽʶ, ʧʝʨʽʦʜ ʷʢʠʭ ʤʦʞʝ ʚʘʨʽʶʚʘʪʠ ʚʽʜ 0,5 ʜʦ 10 ʭʚʠʣʠʥ.. ɺ ʮʠʪʦʧʣʘʟʤʽ 

ʢʣʽʪʠʥ ʢʦʥʮʝʥʪʨʘʮʽʷ ʽʦʥʽʚ ʢʘʣʴʮʽʶ ʩʢʣʘʜʘʻ ʧʨʠʙʣʠʟʥʦ 50-100 ʥʄ, ʚ 

ʤʽʞʢʣʽʪʠʥʥʦʤʫ ʧʨʦʩʪʦʨʽ ï ʧʨʠʙʣʠʟʥʦ 3 ʤʄ, ʪʦʙʪʦ ʨʽʟʥʠʮʷ ʚ ʢʦʥʮʝʥʪʨʘʮʽʷʭ 

ʩʢʣʘʜʘʻ ʧʨʠʙʣʠʟʥʦ 4 ʧʦʨʷʜʢʠ. ʇʽʜʪʨʠʤʫʻʪʴʩʷ ʪʘʢʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘ ʜʦʧʦʤʦ-

ʛʦʶ ʛʨʫʧʠ ʬʝʨʤʝʥʪʽʚ. ʌʝʨʤʝʥʪʠ, ʷʢʽ ʚʭʦʜʷʪʴ ʫ ʮʶ ʛʨʫʧʫ, ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʘ 

ʙʫʜʦʚʦʶ, ʣʦʢʘʣʽʟʘʮʽʻʶ, ʩʧʦʩʦʙʦʤ ʨʝʛʫʣʷʮʽʾ. ɸʣʝ ʚʩʽ ʮʽ ʬʝʨʤʝʥʪʠ ʧʝʨʝʥʦʩʷʪʴ 

ʽʦʥʠ ʢʘʣʴʮʽʶ ʽʟ ʮʠʪʦʧʣʘʟʤʠ ʘʙʦ ʚ ʤʽʞʢʣʽʪʠʥʥʠʡ ʧʨʦʩʪʽʨ, ʘʙʦ ʫ ʚʥʫʪʨʽʰʥʴ-

ʦʢʣʽʪʠʥʥʝ ʜʝʧʦ.  

ʗʢ ʧʦʢʘʟʘʣʠ ʜʦʩʣʽʜʞʝʥʥʷ, ʢʣʽʪʠʥʘ ʚʠʪʨʘʯʘʻ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʝʥʝʨʛʽʾ ʽ ʧʣʘ-

ʩʪʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʥʠʟʴʢʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʽʦʥʽʚ ʢʘʣʴʮʽʶ. ʇʨʦ-

ʮʝʩ ʚʠʢʠʜʫ ʽʦʥʽʚ ʢʘʣʴʮʽʶ ʚ ʮʠʪʦʧʣʘʟʤʫ ʽ ʟʥʠʞʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʉʘ2+  ʚʠʢʦʨʠ-



 

ʩʪʦʚʫʻʪʴʩʷ ʢʣʽʪʠʥʘʤʠ ʫ ʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʚʠʧʘʜʢʽʚ. ʅʘʩʘʤʧʝʨʝʜ, ʽʦʥʠ ʢʘʣʴʮʽʶ 

ʻ ʫʥʽʚʝʨʩʘʣʴʥʠʤʠ ʚʥʫʪʨʽʰʥʴʦʢʣʽʪʠʥʥʠʤʠ ʨʝʛʫʣʷʪʦʨʘʤʠ ï ʚʦʥʠ ʧʝʨʝʜʘʶʪʴ 

ʩʠʛʥʘʣʠ, ʱʦ ʥʘʜʽʡʰʣʠ ʜʦ ʢʣʽʪʠʥʠ, ʜʦ ʬʝʨʤʝʥʪʘʪʠʚʥʠʭ ʩʠʩʪʝʤ.  

ʋ ʢʣʽʪʠʥʠ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʩʪʘʥʽ ʩʧʦʢʦʶ, ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʝʛʫʣʷʪʦʨʘ ʥʠʟʴ-

ʢʘ. ʋ ʚʽʜʧʦʚʽʜʴ ʥʘ ʩʠʛʥʘʣ, ʱʦ ʥʘʜʽʡʰʦʚ, ʫ ʢʣʽʪʠʥʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʣʘʚʠʥʦʧʦʜʽʙʥʝ 

ʟʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʝʛʫʣʷʪʦʨʘ. ʆʪʞʝ, ʧʦʚʠʥʥʽ ʽʩʥʫʚʘʪʠ ʩʠʩʪʝʤʠ, ʷʢʽ 

ʰʚʠʜʢʦ ʟʥʠʞʫʶʪʴ ʢʦʥʮʝʥʪʨʘʮʽʶ ʨʝʯʦʚʠʥ-ʨʝʛʫʣʷʪʦʨʽʚ ʜʦ ʚʠʭʽʜʥʦʛʦ ʨʽʚʥʷ. 

ʆʜʥʠʤ ʽʟ ʪʘʢʠʭ ʨʝʯʦʚʠʥ-ʨʝʛʫʣʷʪʦʨʽʚ, ʷʢ ʫʞʝ ʚʽʜʟʥʘʯʘʣʦʩʷ, ʻ ʢʘʣʴʮʽʡ.  

ʅʘ ʩʴʦʛʦʜʥʽ ʚʽʜʦʤʦ, ʱʦ ʥʘ ʧʦʚʝʨʭʥʽ ʢʣʽʪʠʥʠ ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʨʝʮʝʧʪʦʨʠ, 

ʟʜʘʪʥʽ ʩʧʝʮʠʬʽʯʥʦ ʚʟʘʻʤʦʜʽʷʪʠ ʟ ʛʦʨʤʦʥʘʤʠ. ʇʨʠ ʟʚôʷʟʫʚʘʥʥʽ ʛʦʨʤʦʥʫ ʟ ʨʝ-

ʮʝʧʪʦʨʦʤ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʚʽʜʢʨʠʪʪʷ ʩʧʝʮʽʘʣʴʥʠʭ ʢʘʥʘʣʽʚ, ʧʦ ʷʢʠʤ ʽʟ 

ʤʽʞʢʣʽʪʠʥʥʦʛʦ ʧʨʦʩʪʦʨʫ ʚ ʢʣʽʪʠʥʫ ʥʘʜʭʦʜʠʪʴ ʉʘ2+. ʇʽʜʚʠʱʝʥʥʷ ʽʦʥʽʚ ʢʘʣʴʮʽʶ 

ʚ ʢʣʽʪʠʥʽ ʻ ʩʚʦʻʨʽʜʥʠʤ ʩʠʛʥʘʣʦʤ ʪʨʠʚʦʛʠ. ʋ ʚʽʜʧʦʚʽʜʴ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʢʘʣʴʮʽʶ 

ʢʣʽʪʠʥʘ ʤʦʙʽʣʽʟʫʻ  ʚʩʽ ʩʚʦʾ ʩʠʩʪʝʤʠ, ʷʢʽ ʚʠʜʘʣʷʶʪʴ ʢʘʣʴʮʽʡ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʢʘʣʴʮʽʶ ʧʽʜʚʠʱʫʻʪʴʩʷ ʪʽʣʴʢʠ ʥʘ ʢʦʨʦʪʢʠʡ ʧʝʨʽʦʜ, ʱʦ ʽ ʜʘʻ ʤʦʞ-

ʣʠʚʽʩʪʴ ʧʝʨʝʜʘʯʽ ʽʤʧʫʣʴʩʫ. ʆʧʠʩʘʥʘ ʩʭʝʤʘ ʧʝʨʝʜʘʯʽ ʩʠʛʥʘʣʫ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʽʦʥʽʚ ʢʘʣʴʮʽʶ ʣʝʞʠʪʴ ʚ ʦʩʥʦʚʽ ʙʘʛʘʪʴʦʭ ʩʠʩʪʝʤ. 

ʅʘʡʧʨʦʩʪʽʰʘ ʩʭʝʤʘ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʛʦʨʤʦʥʘʣʴʥʦ ʦʙʫʤʦʚʣʝʥʠʭ 

ʢʦʣʠʚʘʥʴ ʢʘʣʴʮʽʶ, ʦʩʥʦʚʦʶ ʷʢʠʭ ʻ ʢʘʣʴʮʽʡ ʽʥʜʫʢʦʚʘʥʠʡ, ʚʠʭʦʜʫ ʢʘʣʴʮʽʶ ʽʟ 

ʢʣʽʪʠʥʠ, ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ.1.   

 

ʈʠʩʫʥʦʢ 1 -  ʉʭʝʤʘ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʚʥʫʪʨʽʰʥʴʦʢʣʽʪʠʥʥʠʭ ʢʦʣʠ-

ʚʘʥʴ ʢʘʣʴʮʽʶ. IP3 - ʨʝʮʝʧʪʦʨ, ʷʢʠʡ ʩʪʠʤʫʣʶʻ ʢʦʣʠʚʘʥʥʷ   

ʅʘ ʩʭʝʤʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʪʘʢʘ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ: 

Á ʧʨʠʪʽʢ ʽ ʚʽʜʪʽʢ ʮʠʪʦʟʦʣʴʥʦʛʦ ʢʘʣʴʮʽʶ ʚ ʢʣʽʪʠʥʽ ʯʝʨʝʟ ʧʣʘʟʤʘʪʠʯʥʫ ʤʝʤʙʨʘ-

ʥʫ (ʢʦʥʩʪʘʥʪʠ ʰʚʠʜʢʦʩʪʝʡ v1 ʽ v2  ʚʽʜʧʦʚʽʜʥʦ); 

Á ʛʦʨʤʦʥʘʣʴʥʦ ʘʢʪʠʚʦʚʘʥʝ ʚʠʚʽʣʴʥʝʥʥʷ ʢʘʣʴʮʽʶ ʽʟ ʚʥʫʪʨʽʢʣʽʪʠʥʥʦʛʦ ʧʫʣʫ, 

(ʰʚʠʜʢʽʩʪʴ v3);  



 

Á ʘʢʪʠʚʥʠʡ ʪʨʘʥʩʧʦʨʪ ʮʠʪʦʟʦʣʴʥʦʛʦ ʢʘʣʴʮʽʶ ʚ ʧʫʣ (v4); 

Á ʚʠʚʽʣʴʥʝʥʥʷ ʢʘʣʴʮʽʶ ʽʟ ʧʫʣʘ, ʷʢʝ ʘʢʪʠʚʫʻʪʴʩʷ ʮʠʪʦʟʦʣʴʥʠʤ ʢʘʣʴʮʽʻʤ (v5); 

Á ʚʽʣʴʥʠʡ ʚʽʜʪʽʢ ʢʘʣʴʮʽʶ ʽʟ ʧʫʣʘ ʚ ʮʠʪʦʟʦʣʴ (v6). 

ʄʦʜʝʣʴ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʜʚʦʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ: 

                      (9.20 )  

ʜʝ S1 ʢʦʥʮʝʥʪʨʘʮʽʷ ʢʘʣʴʮʽʶ ʚ ʮʠʪʦʟʦʣʽ, S2 ʢʦʥʮʝʥʪʨʘʮʽʷ ʢʘʣʴʮʽʶ ʚ ʛʦʨʤʦʥʘʣʴ-

ʥʦ ʯʫʪʪʻʚʦʤʫ ʧʫʣʽ. ʐʚʠʜʢʦʩʪʽ ʧʦʪʦʢʽʚ v1 ʽ v3 ʧʝʨʝʜʙʘʯʘʶʪʴʩʷ ʧʦʩʪʽʡʥʠʤʠ. ɺ 

ʧʦʜʘʣʴʰʦʤʫ ʙʫʜʝ ʟʘʤʽʥʝʥʦ v0= v3+v1ʙʫʜʝ ɺʠʨʘʟʠ ʜʣʷ ʚʝʣʠʯʠʥ ʰʚʠʜʢʦʩʪʝʡ 

ʤʘʶʪʴ ʚʠʛʣʷʜ:  

,            (9.21)  

ʜʝ ʰʚʠʜʢʦʩʪʽ  v2, v4, v6 ï ʧʨʦʧʦʨʮʽʡʥʽ ʢʦʥʮʝʥʪʨʘʮʽʷʤ ʮʠʪʦʟʦʣʴʥʦʛʦ ʢʘʣʴʮʽʶ ʽ 

ʢʘʣʴʮʽʶ ʛʦʨʤʦʥ-ʥʝ-ʯʫʪʣʠʚʦʛʦ ʧʫʣʫ; 

ɼʣʷ ʰʚʠʜʢʦʩʪʽ v5 ï ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʙʽʣʴʰ ʩʢʣʘʜʥʠʡ ʚʠʨʘʟ, ʷʢʠʡ ʥʘʟʠ-

ʚʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ ʍʽʣʣʘ, ʫ ʷʢʦʤʫ: 

K0.5 ï ʢʦʥʩʪʘʥʪʘ ʥʘʧʽʚʥʘʩʠʯʝʥʥʷ; 

nH ï ʢʦʝʬʽʮʽʻʥʪ ʍʽʣʣʘ. 

ʄʦʜʝʣʴ ʧʨʦʛʥʦʟʫʻ ʢʦʣʠʚʘʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡ ʢʘʣʴʮʽʶ ʟ ʯʘʩʦʤ ʟʘ ʬʦʨʤʦʶ, ʥʘ-

ʙʣʠʞʝʥʦʶ ʜʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʢʦʣʠʚʘʥʴ (ʨʠʩ. 2).  

ʍʘʦʪʠʯʥʽ ʧʨʦʮʝʩʠ ʚ ʙʽʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤʘʭ 

ɺ ʜʝʪʝʨʤʽʥʦʚʘʥʠʭ ʙʽʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤʘʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʝʟʥʘʯʥʝ ʟʤʽʥʶʚʘʥʥʷ ʾʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʽʜ ʜʽʻʶ ʥʝʟʥʘʯʥʠʭ ʟʤʽʥʶʚʘʥʴ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ. ʎʝ ʻ ʩʧʨʘʚʝʜ-

ʣʠʚʠʤ ʽ ʚʽʜʥʦʩʥʦ ʧʦʚʝʜʽʥʢʠ ʩʠʩʪʝʤ ʚ ʪʦʯʢʘʭ ʙʽʬʫʨʢʘʮʽʾ. ʅʝʟʥʘʯʥʽ ʟʙʫʨʝʥʥʷ 

ʧʝʨʝʚʦʜʷʪʴ ʩʠʩʪʝʤʫ ʚ ʦʜʠʥ ʽʟ ʾʾ ʤʦʞʣʠʚʠʭ ʨʝʞʠʤʽʚ. ɺ ʮʠʭ ʚʠʧʘʜʢʘʭ (ʪʨʠʛʝʨʥʝ 

ʧʝʨʝʢʣʶʯʝʥʥʷ, ʩʪʽʡʢʠʡ ʮʠʢʣ ʥʘʚʢʦʣʦ ʥʝʩʪʽʡʢʦʛʦ ʬʦʢʫʩʫ) ʚʽʜʧʦʚʽʜʥʽ ʬʘʟʦʚʽ 

ʪʨʘʻʢʪʦʨʽʾ ʥʦʩʷʪʴ ʮʽʣʢʦʤ ʚʠʟʥʘʯʝʥʠʡ ʭʘʨʘʢʪʝʨ, ʘ ʚʠʧʘʜʢʦʚʠʤ ʻ ʪʽʣʴʢʠ ʧʝʨʝʭʽʜ 

ʚ ʦʜʠʥ ʽʟ ʨʝʞʠʤʽʚ 



 

 

ʈʠʩʫʥʦʢ 9.11. ʄʦʜʝʣʴ ʚʥʫʪʨʽʰʥʴʦʢʣʽʪʠʥʥʠʭ ʢʦʣʠʚʘʥʴ ʢʘʣʴʮʽʶ  

ɼʦʩʣʽʜʞʝʥʥʷ ʦʩʪʘʥʥʽʭ ʨʦʢʽʚ ʧʦʢʘʟʘʣʠ, ʱʦ ʜʦʩʪʘʪʥʴʦ ʧʦʰʠʨʝʥʠʤ ʷʚʠʱʝʤ 

ʙʘʛʘʪʴʦʭ ʥʝʣʽʥʽʡʥʠʭ ʜʝʪʝʨʤʽʥʦʚʘʥʠʭ ʩʠʩʪʝʤ ʻ ʾʭ ʭʘʦʪʠʯʥʘ ʧʦʚʝʜʽʥʢʘ ʚ ʯʘʩʽ. ʋ 

ʙʘʛʘʪʴʦʭ ʙʽʦʣʦʛʽʯʥʠʭ, ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʪʘ ʽʥ. ʥʝʣʽʥʽʡʥʠʭ ʤʦʜʝʣʷʭ ʟ ʯʠʩʣʦʤ 

ʩʪʝʧʝʥʽʚ ʩʚʦʙʦʜʠ ʙʽʣʴʰʝ ʜʚʦʭ, ʧʨʠ ʧʝʚʥʠʭ ʢʨʠʪʠʯʥʠʭ ʟʥʘʯʝʥʥʷʭ ʾʭ 

ʚʥʫʪʨʽʰʥʽʭ ʧʘʨʘʤʝʪʨʽʚ ʚʠʷʚʣʷʻʪʴʩʷ ʭʘʦʩ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʥʘ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠ-

ʢʠʭ ʯʘʩʦʚʠʭ ʽʥʪʝʨʚʘʣʘʭ ʧʦʚʝʜʽʥʢʘ ʪʘʢʠʭ ʩʠʩʪʝʤ ʩʪʘʻ ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʦʶ, ʘ 

ʩʘʤʽ ʩʠʩʪʝʤʠ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʩʪʘʥʽ ʙʝʟʧʦʨʷʜʢʫ ʽ ʥʝʨʝʛʫʣʷʨʥʦʩʪʽ. ɺ ʜʘʥʦʤʫ 

ʚʠʧʘʜʢʫ ʭʘʦʩ ʚʠʥʠʢʘʻ, ʷʢ ʥʘʩʣʽʜʦʢ ʚʥʫʪʨʽʰʥʴʦʾ ʜʠʥʘʤʽʢʠ ʩʠʩʪʝʤʠ, ʘ ʥʝ ʚʥʘ-

ʩʣʽʜʦʢ ʟʦʚʥʽʰʥʽʭ ʜʞʝʨʝʣ, ʘʙʦ ʟʦʚʥʽʰʥʽʭ ʚʠʧʘʜʢʦʚʠʭ ʚʧʣʠʚʽʚ. ʉʧʨʘʚʞʥʷ ʧʨʠ-

ʯʠʥʘ ʥʝʨʝʛʫʣʷʨʥʦʩʪʽ ʽ ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʦʩʪʽ ʧʦʚʝʜʽʥʢʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʠʤ, ʱʦ ʚ 

ʪʘʢʠʭ ʥʝʣʽʥʽʡʥʠʭ ʩʠʩʪʝʤʘʭ ʥʝʚʝʣʠʢʽ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ  ʟʙʽʣʴ-

ʰʫʶʪʴʩʷ ʟ ʯʘʩʦʤ ʽ ʧʨʠʚʦʜʷʪʴ ʜʦ ʚʝʣʠʢʠʭ ʢʽʥʮʝʚʠʭ ʟʤʽʥ.  ʍʘʦʪʠʯʥʘ ʧʦʚʝʜʽʥʢʘ 

ʧʨʠʪʘʤʘʥʥʘ ʚʝʣʠʢʦʤʫ ʢʣʘʩʫ ʜʝʪʝʨʤʽʥʦʚʘʥʠʭ ʩʠʩʪʝʤ ʽ ʚʽʜʽʛʨʘʻ ʚʝʣʠʢʫ ʨʦʣʴ ʚ 

ʧʨʦʮʝʩʘʭ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ ʚ ʧʨʠʨʦʜʽ. 

ɼʠʥʘʤʽʢʘ ʧʦʧʫʣʷʮʽʡ ʚ ʟʘʤʢʥʫʪʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʤʦʞʝ ʪʘʢʦʞ ʚʦʣʦʜʽʪʠ ʭʘ-

ʦʪʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ.  

ɹʽʣʴʰ ʟʘʛʘʣʴʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʧʝʨʝʭʦʜʫ ʚʽʜ ʧʦʨʷʜʢʫ ʜʦ ʭʘʦʩʫ ʙʫʣʠ ʚʠ-

ʷʚʣʝʥʽ ʫ ʤʥʦʞʠʥʘʭ ʄʘʥʜʝʣʴʙʨʦʪʘ. 



 

ʉʮʝʥʘʨʽʡ ʧʦʜʚʦʻʥʥʷ ʧʝʨʽʦʜʫ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ.9.11. 

 

ʈʠʩʫʥʦʢ 9.11. ɹʽʬʫʢʘʨʮʽʡʥʘ ʜʽʘʛʨʘʤʘ 

ʇʘʨʘʤʝʪʨ ʨʦʩʪʫ ʟʤʽʥʶʻʪʴʩʷ ʧʦ ʦʩʽ ʘʙʩʮʠʩ (3r9,1 << ). ɼʣʷ ʢʦʞʥʦʛʦ ʟʥʘʯʝʥ-

ʥʷ r ʧʦ ʟʘʢʽʥʯʝʥʥʽ ʧʝʨʝʭʽʜʥʦʛʦ ʧʝʨʽʦʜʫ ʧʨʦʪʷʞʥʽʩʪʶ ʚ 5000 ʽʪʝʨʘʮʽʡ ʥʘ ʧʣʦ-

ʱʠʥʫ ʤʘʣʶʥʢʘ ʥʘʥʦʩʷʪʴʩʷ 120 ʽʪʝʨʘʮʽʡ ʪʦʯʢʠ ʭ.  

 

ʇʨʘʢʪʠʯʥʘ ʨʦʙʦʪʘ ˉ8 

 

ʄʝʪʘ ʨʦʙʦʪʠ: ʦʪʨʠʤʘʥʥʷ ʧʨʘʢʪʠʯʥʠʭ ʥʘʚʠʯʦʢ ʧʦʙʫʜʦʚʠ ʽ ʜʦʩʣʽ-

ʜʞʝʥʥʷ ʤʦʜʝʣʝʡ ʢʦʣʠʚʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ   

 

ʇʨʠʢʣʘʜ 

ɺ ʷʢʦʩʪʽ ʤʦʜʝʣʽ ʜʣʷ ʜʝʤʦʥʩʪʨʘʮʽʾ ʩʮʝʥʘʨʽʶ ʧʦʷʚʠ ʭʘʦʩʫ ʚʠʢʦʨʠʩʪʦ-

ʚʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷ ʟ ʦʜʥʽʻʶ ʟʤʽʥʥʦʶ: 

[ ]nn1n )Pb(aPP Ö-=+                                        (9.22) 

ʈʽʚʥʷʥʥʷ ʥʘʟʠʚʘʻʪʴʩʷ ʣʦʛʽʩʪʠʯʥʠʤ ʽ ʦʧʠʩʫʻ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʨʦʩʪʫ ʜʝ-

ʷʢʦʾ ʙʽʦʣʦʛʽʯʥʦʾ ʧʦʧʫʣʷʮʽʾ. ɺ ʤʦʜʝʣʽ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʯʠʩʝʣʴʥʽʩʪʴ ʚ n+1 

ʧʦʢʦʣʽʥʥʽ ʧʨʦʧʦʨʮʽʡʥʘ ʯʠʩʝʣʴʥʦʩʪʽ ʚ n-ʦʤʫ ʧʦʢʦʣʽʥʥʽ.  



 

ɺʚʝʜʝʤʦ ʟʘʤʽʥʫ: 
nn x

b

a
P =

. 

ʈʽʚʥʷʥʥʷ (9.22) ʧʨʠʡʤʝ ʚʠʛʣʷʜ: 

)x1(xr4x nn1n -ÖÖÖ=+ ,                                   (9.23) 

ʜʝ 4

a
r =

 . 

ɯʟ ʨʽʚʥʷʥʥʷ (9.23) ʚʠʭʦʜʠʪʴ, ʱʦ ʧʨʠ 1xn >  ʟʥʘʯʝʥʥʷ  1nX +  ʙʫʜʝ ʚʽʜôʻʤʥʠʤ, 

ʱʦ ʩʫʧʝʨʝʯʠʪʴ ʬʽʟʠʯʥʦʤʫ ʩʝʥʩʫ ʟʤʽʥʥʦʾ ʭ. ɼʣʷ ʥʝʜʦʧʫʱʝʥʥʷ ʟʘʟʥʘʯʝʥʦʾ ʩʠʪʫ-

ʘʮʽʾ ʚʚʦʜʷʪʴ ʦʙʤʝʞʝʥʥʷ: 

1r0,1x0 ¢¢¢¢  

 

 



 

 

 

 



 

 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 
 

 
 

 
 



 

 
 

 
 

 
 

 
 



 

 
 

 
 

 
 

 
 

 
 

 
 



 

 

 

 
 

 

 

 
 

 
 



 

 
 

 

 

 

ʇʨʦʛʨʘʤʘ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ 

1. ɿʘʚʘʥʪʘʞʠʪʠ ʤʘʪʝʤʘʪʠʯʥʠʡ ʧʨʦʮʝʩʦʨ MathCAD. 

2. ɺʽʜʪʚʦʨʠʪʠ ʤʦʜʝʣʴ ʩʮʝʥʘʨʽʶ ʭʘʦʩʫ, ʥʘʚʝʜʝʥʫ ʫ ʧʨʠʢʣʘʜʽ. 

3. ɼʦʩʣʽʜʠʪʠ ʧʦʚʝʜʽʥʢʫ ʤʦʜʝʣʽ, ʟʤʽʥʶʶʯʠ ʧʦʯʘʪʢʦʚʽ ʜʘʥʽ. 



 

4. ɼʘʪʠ ʧʦʷʩʥʝʥʥʷ ʦʜʝʨʞʘʥʠʤ ʨʝʟʫʣʴʪʘʪʘʤ. 

5. ɿʙʝʨʝʛʪʠ ʜʦʢʫʤʝʥʪ ʚ ʦʩʦʙʠʩʪʽʡ ʧʘʧʮʽ.  

6. ɿʘʚʝʨʰʠʪʠ ʨʦʙʦʪʫ ʟ MathCAD. 

ɿʘʧʠʪʘʥʥʷ ʜʣʷ ʩʘʤʦʧʝʨʝʚʽʨʢʠ 

1. ʗʢʽ ʧʨʠʯʠʥʠ ʚʠʥʠʢʥʝʥʥʷ ʢʦʣʠʚʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʙʽʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤʘʭ? 

2. ʗʢʽ ʢʦʣʠʚʘʣʴʥʽ ʧʨʦʮʝʩʠ ʪʨʘʢʪʫʶʪʴʩʷ, ʷʢ ñʙʽʦʣʦʛʽʯʥʠʡ ʛʦʜʠʥʥʠʢò? 

3. ʗʢʽ ʨʝʞʠʤʠ ʥʘʟʠʚʘʶʪʴʩʷ ʘʪʪʨʘʢʪʦʨʘʤʠ? 

4. ʗʢʽ ʩʠʩʪʝʤʠ ʥʘʟʠʚʘʶʪʴ ʘʚʪʦʢʦʣʠʚʘʣʴʥʠʤʠ? 

5. ʑʦ ʥʘʟʠʚʘʶʪʴ ʛʨʘʥʠʯʥʠʤ ʮʠʢʣʦʤ? 

6. ʅʘʟʚʘʪʠ ʧʨʠʢʣʘʜʠ ʢʦʣʠʚʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʤʝʪʘʙʦʣʽʟʤʫ? 

7. ʗʢʠʡ ʩʪʘʥ ʙʽʦʣʦʛʽʯʥʦʾ ʩʠʩʪʝʤʠ ʪʨʘʢʪʫʻʪʴʩʷ ʷʢ ñʭʘʦʩò? 

8. ʋ ʷʢʠʭ ʚʠʧʘʜʢʘʭ ʚʠʥʠʢʘʻ ñʭʘʦʩò? 

9. ʗʢʽ ʨʦʣʴ ʚʽʜʽʛʨʘʻ ʩʠʪʫʘʮʽʷ ʭʘʦʩʫ? 

 



 

ʈʦʟʜʽʣ 10. ɹʽʦʤʝʪʨʽʷ ʪʘ ʩʪʘʪʠʩʪʠʯʥʘ ʦʙʨʦʙʢʘ ʝʤʧʽʨʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ  

10.1. ɺʠʙʽʨʢʦʚʘ ʩʫʢʫʧʥʽʩʪʴ. ɺʘʨʽʘʮʽʡʥʽ ʪʘ ʢʫʤʫʣʷʪʠʚʥʽ ʨʷʜʠ. ɻʨʘʬʽ-

ʢʠ ʚʘʨʽʘʮʽʡʥʠʭ ʽ ʢʫʤʫʣʷʪʠʚʥʠʭ ʨʷʜʽʚ. 

ʄʘʪʝʤʘʪʠʯʥʘ ʩʪʘʪʠʩʪʠʢʘ ʷʢ ʨʦʟʜʽʣ ʚʠʱʦʾ ʤʘʪʝʤʘʪʠʢʠ, ʚʠʚʯʘʻ ʟʘʢʦʥʦʤʽ-

ʨʥʦʩʪʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʠʩʪʝʤ ʽʟ ʙʘʛʘʪʴʦʭ ʪʽʣ, ʦʙôʻʢʪʽʚ, ʩʫʙôʻʢʪʽʚ, ʷʚʠʱ ʪʦʱʦ. 

ɸʥʘʣʽʟʫʻ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʜʦʩʣʽʜʥʠʭ ʜʘʥʠʭ, ʷʢʽ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʜʘʥʦʾ ʩʧʝʮʽʘʣʽ-

ʟʘʮʽʾ - ʙʽʦʦʨʛʘʥʽʟʤʠ, ʦʩʦʙʠʥʠ, ʝʢʦʩʠʩʪʝʤʠ ʪʦʱʦ. 

ɿ ʤʝʪʦʶ ʟʤʝʥʰʝʥʥʷ ʤʘʪʝʨʽʘʣʴʥʠʭ ʟʘʪʨʘʪ ʽ ʯʘʩʫ ʥʘ ʜʦʩʣʽʜʞʝʥʥʷ (ʦʙʩʪʝ-

ʞʝʥʥʷ) ʛʝʥʝʨʘʣʴʥʦʾ ʩʫʢʫʧʥʦʩʪʽ (ʥʘʧʨʠʢʣʘʜ, ʬʝʨʤʝʨʩʴʢʠʭ ʛʦʩʧʦʜʘʨʩʪʚ ʽ ʪ.ʧ.) 

ʟʘ ʚʽʜʧʦʚʽʜʥʦʶ ʦʟʥʘʢʦʶ xi (xi ï ʝʢʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ, ʱʦ ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʚ 

ɸʇʂ). ɿ ʛʝʥʝʨʘʣʴʥʦʾ ʩʫʢʫʧʥʦʩʪʽ N ʦʩʦʙʠʥ ʚʠʙʠʨʘʶʪʴ ʯʘʩʪʠʥʫ n (n<N) ʨʝʧʨʝ-

ʟʝʥʪʦʚʘʥʦ, ʪʦʙʪʦ ʫ ʚʠʙʽʨʢʫ ʧʦʧʘʜʘʶʪʴ ʦʩʦʙʠʥʠ ʟ ʨʽʟʥʠʤ ʟʥʘʯʝʥʥʷʤ ʦʟʥʘʢʠ. 

ʉʢʣʘʜʘʶʪʴ ʚʘʨʽʘʮʽʡʥʠʡ ʨʷʜ: 

,...,,,:

...,,,:

21

21

Ki

Ki

ffff

XXXX                                                 (10.1) 

ʜʝ 
if  - ʯʘʩʪʦʪʘ ʧʦʚʪʦʨʶʚʘʥʦʩʪʽ ʦʟʥʘʢʠ, ʪʦʙʪʦ ʢʽʣʴʢʽʩʪʴ ʦʩʦʙʠʥ, ʷʢʽ ʤʘʶʪʴ ʦʜ-

ʥʘʢʦʚʝ ʟʥʘʯʝʥʥʷ ʦʟʥʘʢ xi, ʩʢʣʘʜʘʶʪʴ ʢʣʘʩʠ. ʇʨʠʯʦʤʫ ʨʷʜ (1) ʨʘʥʛʫʶʪʴ, ʪʦʙʪʦ 

ʨʦʟʤʽʱʫʶʪʴ ʟʘ ʟʨʦʩʪʘʶʯʠʤ ʧʦʨʷʜʢʦʤ 

.
21

21

...,,:

...,,:

Ki

Ki

ffff

XXXX

<<

<<  

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘ ʯʘʩʪʦʪʦʶ 
if  ʚʠʙʽʨʢʘ ʜʽʣʠʪʴʩʷ ʥʘ ʢʣʘʩʠ, ʢʽʣʴʢʽʩʪʴ K ʷʢʠʭ ʚʠ-

ʟʥʘʯʘʻʪʴʩʷ  ʟʘ ʬʦʨʤʫʣʦʶ ʉʪʝʨʜʞʝʨʩʘ (ʟʥʘʯʝʥʥʷ k ʟʘʦʢʨʫʛʣʶʻʪʴʩʷ): 

lg(n)3,321 Ö+=k                                                (10.2) 

ɯʥʪʝʨʚʘʣ [ ]maxmin xx - ʟʥʘʯʝʥʴ ʦʟʥʘʢʠ ʜʽʣʷʪʴ ʥʘ ʂ ʧʽʜʽʥʪʝʨʚʘʣʽʚ, ʜʦʚʞʠʥʘ ʷʢʠʭ 

ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

k

xx minmax-
=l .                                               (10.3) 

ʂʽʣʴʢʽʩʪʴ ʢʣʘʩʽʚ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘ 1 ʟʤʽʱʝʥʥʷʤ minx ʽ maxx ʚʽʜʧʦʚʽʜʥʦ 

ʚʣʽʚʦ ʽ ʚʧʨʘʚʦ ʥʘ 2/l , ʪʦʙʪʦ ʧʦʯʘʪʢʦʚʝ xʧ ʽ ʢʽʥʮʝʚʝ xʢ ʟʥʘʯʝʥʥʷ ʦʟʥʘʢʠ ʙʫʜʝ 

ʚʠʟʥʘʯʘʪʠʩʷ ʪʘʢ: 

2
min

l
-=xxn                                  (10.4) 

       2
max

l
+=xxʢ                                          (10.5) 

ɺʠʟʥʘʯʘʶʪʴ ʧʦʯʘʪʢʦʚʽ xni ʽ ʢʽʥʮʝʚʽ xki (i=1,2,é, k+1) ʟʥʘʯʝʥʥʷ ʽʥʪʝʨʚʘ-

ʣʽʚ ʰʣʷʭʦʤ ʜʦʜʘʚʘʥʥʷ l, ʪʦʙʪʦ: 



 

l+-== )1(1 , ii xnxnxnxn   1...3,2 += ki  

                      
).1( -+= lii xnxk                                                                 (10.6) 

ʊʫʪ ʢʽʥʮʝʚʝ ʟʥʘʯʝʥʥʷ ʢʦʞʥʦʛʦ ʽʥʪʝʨʚʘʣʫ ʟʤʝʥʰʫʶʪʴ ʥʘ 1, ʱʦʙ ʚʦʥʦ ʥʝ 

ʩʧʽʚʧʘʜʘʣʦ ʟ ʧʦʯʘʪʢʦʤ ʢʦʞʥʦʛʦ ʥʘʩʪʫʧʥʦʛʦ ʽʥʪʝʨʚʘʣʫ. ʆʙʯʠʩʣʶʶʪʴ ʩʝʨʝʜʥʻ 

ʘʨʠʬʤʝʪʠʯʥʝ ʟʥʘʯʝʥʥʷ xʩ̔ ʦʟʥʘʢʠ ʢʦʞʥʦʛʦ ʽʥʪʝʨʚʘʣʫ: 

2

i
ʢ

i
ʧ

i
c

xx
x

+
= .                                               (10.7) 

ɺʽʜʥʦʩʥʽ ʯʘʩʪʠʥʠ ʚ ʜʦʣʷʭ ʦʜʠʥʠʮʽ ʘʙʦ ʫ ʚʽʜʩʦʪʢʘʭ ʦʙʯʠʩʣʶʶʪʴ ʟʘ ʬʦʨʤʫʣʘ-

ʤʠ: 

   
,

n

i
f

i
v =                                                      (10.8) 

%100Ö=
n

i
f

i
v .                                              (10.9) 

ɿʘ ʚʘʨʽʘʮʽʡʥʠʤ ʨʷʜʦʤ (1) ʩʢʣʘʜʘʶʪʴ ʢʫʤʫʣʷʪʠʚʥʠʡ (ʥʘʢʦʧʠʯʫʶʯʠʡ) ʨʷʜ 

)1...,,2,1( += ki  

11
fSf =                                                 (10.10), 

)1...,,3,2(,
1

+=+
-

=
ö
÷
õæ

ç
å

ki
i

f
i

Sf
i

Sf ,                         (10.11) 

ʘ ʪʘʢʦʞ ʚʽʜʥʦʩʥʠʡ ʢʫʤʫʣʷʪʠʚʥʠʡ ʨʷʜ: 

,
n

i
Sf

i
Sv =                                                 (10.12) 

%100Ö=
n

i
Sf

i
Sv .                                        (10.13) 

ɿʘ ʜʘʥʠʤʠ ʨʦʟʨʘʭʫʥʢʽʚ ʙʫʜʫʶʪʴ ʛʨʘʬʽʢʠ ʚʘʨʽʘʮʽʡʥʦʛʦ (ʧʦʣʽʛʦʥ, ʛʽʩʪʦʛ-

ʨʘʤʘ) ʽ ʢʫʤʫʣʷʪʠʚʥʦʛʦ ʨʷʜʽʚ (ʢʫʤʫʣʷʪʘ) ʚ ʜʝʢʘʨʪʦʚʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ, ʚʽʜ-

ʢʣʘʜʘʶʯʠ ʥʘ ʦʩʽ ʘʙʩʮʠʩ ʟʥʘʯʝʥʥʷ ʭi, ʘ ʥʘ ʦʩʽ ʦʨʜʠʥʘʪ fi ʘʙʦ vi - ʜʣʷ ʚʘʨʽʘʮʽʡʥʦ-

ʛʦ, ʽ Sfi ʘʙʦ Svi - ʜʣʷ ʢʫʤʫʣʷʪʠʚʥʦʛʦ ʨʷʜʽʚ. ɿ ʛʨʘʬʽʢʘ ʢʫʤʫʣʷʪʠʚʥʦʛʦ ʨʷʜʫ (ʢʫ-

ʤʫʣʷʪʠ) ʚʠʟʥʘʯʘʶʪʴ ʢʽʣʴʢʽʩʪʴ ʦʩʦʙʠʥ '
i

Sn  ʫ ʚʽʜʩʦʪʢʘʭ, ʟʥʘʯʝʥʥʷ ʦʟʥʘʢʠ ʷʢʠʭ 

ʥʝ ʧʝʨʝʚʠʱʫʻ ʟʘʜʘʥʝ ʭ', ʚ ʤʝʞʘʭ ʽʥʪʝʨʚʘʣʫ [x', x''] ʘʙʦ ʜʝʢʽʣʴʢʦʭ  ʽʥʪʝʨʚʘʣʽʚ. 
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ʈʠʩ.10.1 ï ʚʘʨʽʘʮʽʡʥʘ ʢʨʠʚʘ ʪʘ ʛʽʩʪʦʛʨʘʤʘ 

ʈʠʩ.10.2 ï ʢʫʤʫʣʷʪʠʚʥʘ ʢʨʠʚʘ 
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ʈʠʩ.10.3 ï ʢʫʤʫʣʷʪʠʚʥʘ ʥʘʢʦʨʧʠʯʫʚʘʣʴʥʘ ʢʨʠʚʘ  

 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʜʦʜʘʪʢʘ Mathcad ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ. 

ɿʛʽʜʥʦ ʪʝʦʨʝʪʠʯʥʠʭ ʚʽʜʦʤʦʩʪʝʡ ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ, ʟʘʜʘʯʘ ʩʢʣʘʜʘʥʥʷ ʚʘʨʽʘʮʽʡ-

ʥʦʛʦ ʪʘ ʢʫʤʫʣʷʪʠʚʥʦʛʦ ʨʷʜʽʚ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʝʢʽʣʴʢʦʭ ʢʨʦʢʽʚ, ʘ ʩʘʤʝ: 

Xn ,̔ ʍci 

f i 
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1)ʨʘʥʞʫʚʘʥʥʷ ʚʘʨʽʘʮʽʡʥʦʛʦ ʨʷʜʫ; 

2)ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʢʣʘʩʽʚ ʪʘ ʜʦʚʞʠʥʠ ʢʣʘʩʦʚʦʛʦ ʽʥʪʝʨʚʘʣʫ; 

3)ʚʠʟʥʘʯʝʥʥʷ ʧʦʯʘʪʢʦʚʠʭ ʪʘ ʢʽʥʮʝʚʠʭ ʟʥʘʯʝʥʴ ʜʣʷ ʢʦʞʥʦʛʦ ʢʣʘʩʫ; 

4)ʚʠʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ ʢʣʘʩʦʚʠʭ ʽʥʪʝʨʚʘʣʽʚ 

5)ʟʥʘʭʦʜʞʝʥʥʷ ʯʘʩʪʦʪʠ ʧʦʧʘʜʘʥʥʷ ʟʥʘʯʝʥʥʷ ʦʟʥʘʢʠ; 

6)ʟʥʘʭʦʜʞʝʥʥʷ ʚʽʜʥʦʩʥʦʾ ʯʘʩʪʦʪʠ; 

7)ʟʥʘʭʦʜʞʝʥʥʷ ʥʘʢʦʧʠʯʝʥʦʾ ʯʘʩʪʦʪʠ; 

8)ʟʥʘʭʦʜʞʝʥʥʷ ʚʽʜʥʦʩʥʦʾ ʥʘʢʦʧʠʯʝʥʦʾ ʯʘʩʪʦʪʠ; 

ʈʦʟʛʣʷʥʝʤʦ ʨʝʘʣʽʟʘʮʽʶ ʥʘʚʝʜʝʥʠʭ ʢʨʦʢʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʜʦ-

ʜʘʪʢʫ Mathcad ʥʘ ʢʦʥʢʨʝʪʥʦʤʫ ʧʨʠʢʣʘʜʽ. 

ʇʨʠʢʣʘʜ 

ɿʘʜʘʯʘ. ʋ 62 ʧʨʦʙʘʭ ʧʽʜʟʝʤʥʠʭ ʜʞʝʨʝʣ ʚʦʜʠ ʚʤʽʩʪ ʭʣʦʨʫ (ʤʢʛ/ʣ) ʩʪʘʥʦ-

ʚʠʚ: 84,53, 67, 66, 61, 64, 56, 59, 38, 63, 60,  55, 47, 57, 54, 55, 55,  62, 62,60, 60, 

54, 61, 60, 68, 68, 44, 80, 82, 76, 71, 69, 69, 50, 86, 86, 76, 74, 72, 76, 53, 40, 43, 

74, 64, 62, 49, 68, 78, 57, 49, 64, 69, 44, 87, 52, 56, 66, 63, 54, 71, 74.        

ʉʢʣʘʩʪʠ ʚʘʨʽʘʮʽʡʥʠʡ ʪʘ ʢʫʤʫʣʷʪʠʚʥʠʡ ʨʷʜʠ. ʇʦʙʫʜʫʚʘʪʠ ʾʭ ʛʨʘʬʽʢʠ. 

ʈʦʟʚôʷʟʘʥʥʷ 

ɺʚʝʜʝʥʥʷ ʜʘʥʠʭ ʫ ʩʝʨʝʜʦʚʠʱʽ Mathcad ʜʣʷ ʾʭ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʤʘʻ 

ʜʝʷʢʽ ʦʩʦʙʣʠʚʦʩʪʽ. ɺʽʜʧʦʚʽʜʥʽ ʜʘʥʽ ʧʦʪʨʽʙʥʦ ʚʚʝʩʪʠ ʫ ʚʠʛʣʷʜʽ ʚʝʢʪʦʨʘ-ʩʪʦʚʧʮʷ 

ʘʙʦ ʚʝʢʪʦʨʘ-ʨʷʜʢʘ, ʱʦ ʪʨʘʥʩʧʦʥʦʚʘʥʠʡ. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʤʝʥʶ 

ɺʩʪʘʚʢʘ ʥʘ ʧʘʥʝʣʽ ʽʥʩʪʨʫʤʝʥʪʽʚ Mathcad. 

 
ʇʨʦʨʦʙʣʷʶʪʴ ʥʘʩʪʫʧʥʽ ʜʽʾ: 

¶ʦʙʠʨʘʶʪʴ ʤʽʩʮʝ ʜʝ ʙʫʜʝ ʚʚʝʜʝʥʦ ʚʽʜʧʦʚʽʜʥʠʡ ʚʝʢʪʦʨ, ʥʘʧʨʠʢʣʘʜ ʭ; 

¶ʟʘʧʠʩʫʶʪʴ ʩʠʤʚʦʣ ʭ ʪʘ ʟʥʘʢ ʧʨʠʩʚʦʶʚʘʥʥʷ ʫ ʚʠʛʣʷʜʽ ʭ:=; 

¶ʥʘ ʧʘʥʝʣʽ ʽʥʩʪʨʫʤʝʥʪʽʚ ʫ ʤʝʥʶ ɺʩʪʘʚʢʘ ʚʠʙʠʨʘʶʪʴ ʧʫʥʢʪ ʄʘʪʨʠʮʘ 

(ʜʠʚ. ʨʠʩ. ); 



 

¶ʫ ʤʝʥʶ ʄʘʪʨʠʮʘ (Matrix) ʦʙʠʨʘʶʪʴ ʢʽʣʴʢʽʩʪʴ ʨʷʜʢʽʚ ʪʘ ʩʪʦʚʧʮʽʚ (ʜʠʚ. 

ʨʠʩ. ); 

¶̫ ʢʱʦ ʦʙʠʨʘʶʪʴ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʜʘʥʠʭ ʫ ʚʠʛʣʷʜʽ ʚʝʢʪʦʨʘ-ʨʷʜʢʘ, ʪʦ ʢʽʣʴ-

ʢʽʩʪʴ ʨʷʜʢʽʚ ʜʦʨʽʚʥʶʻ 1, ʘ ʩʪʦʚʧʮʽʚ ï ʢʽʣʴʢʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʚʠʙʽʨʢʠ; 

¶̫ ʢʱʦ ʦʙʨʘʥʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʫ ʚʠʛʣʷʜʽ ʚʝʢʪʦʨʘ-ʩʪʦʚʧʮʷ, ʥʘʚʧʘʢʠ; 

¶ʫ ʢʽʥʮʽ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʚʝʢʪʦʨʘ-ʨʷʜʢʘ ʦʙʦʚôʷʟʢʦʚʦ ʩʪʘʚʣʷʪʴ ʩʠʤʚʦʣ ()ʊ , 

ʱʦ ʦʟʥʘʯʘʻ ʤʘʪʨʠʮʷ (ʚʝʢʪʦʨ) ʪʨʘʥʩʧʦʥʦʚʘʥʘ, ʷʢʠʡ ʚʠʢʣʠʢʘʶʪʴ ʥʘʪʠʩ-

ʢʘʥʥʷʤ ʚʽʜʧʦʚʽʜʥʦʛʦ ʩʠʤʚʦʣʫ ʄʊ ʥʘ ʧʘʥʝʣʽ ʄʘʪʨʠʮʘ (Matrix ); 

¶ʥʘʪʠʩʢʘʶʪʴ ʢʥʦʧʢʫ ʆʂ ʽ ʦʪʨʠʤʫʶʪʴ ʚʽʜʧʦʚʽʜʥʠʡ ʚʝʢʪʦʨ-ʨʷʜʦʢ ʘʙʦ ʚʝ-

ʢʪʦʨ-ʩʪʦʚʧʝʮʴ; 

¶ʫ ʦʪʨʠʤʘʥʽ ʢʦʤʽʨʢʠ ʚʚʦʜʷʪʴ ʜʘʥʽ. 

ʈʘʥʞʫʚʘʥʥʷ ʜʘʥʠʭ ʚʠʢʦʥʫʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʙʫʜʦʚʘʥʠʭ ʬʫʥʢʮʽʡ 

Mathcad. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʚʠʢʦʨʠʩʪʘʪʠ ʜʝʷʢʫ ʚʙʫʜʦʚʘʥʫ ʬʫʥʢʮʽʶ ʚʠʢʦʥʫʶʪʴ 

ʥʘʩʪʫʧʥʽ ʜʽʾ: 

¶ʆʙʠʨʘʶʪʴ ʤʽʩʮʝ ʫ ʜʦʢʫʤʝʥʪʽ, ʢʫʜʠ ʧʦʪʨʽʙʥʦ ʚʩʪʘʚʠʪʠ ʬʫʥʢʮʽʶ; 

¶ʅʘʜʘʶʪʴ ʽʤ'ʷ ʚʽʜʧʦʚʽʜʥʦʤʫ ʚʽʜʩʦʨʪʦʚʘʥʦʤʫ ʚʝʢʪʦʨʫ, ʥʘʧʨʠʢʣʘʜ ʍ ʪʘ 

ʥʘʙʠʨʘʶʪʴ ʩʠʤʚʦʣ ʧʨʠʩʚʦʾʪʠ (:=); 

¶ʅʘʪʠʩʢʘʶʪʴ ʢʥʦʧʢʫ ʟ ʥʘʜʧʠʩʦʤ f(x) ʥʘ ʩʪʘʥʜʘʨʪʥʽʡ ʧʘʥʝʣʽ ʽʥʩʪʨʫʤʝʥ-

ʪʽʚ ʘʙʦ ʫ ʤʝʥʶ ɺʩʪʘʚʢʘ ʟʥʘʭʦʜʷʪʴ ʤʝʥʶ ʌʫʥʢʮʠʷ; 

¶ʋ ʩʧʠʩʢʫ Function Category (ʂʘʪʝʛʦʨʠʷ ʬʫʥʢʮʠʠ) ʦʙʠʨʘʶʪʴ ʢʘʪʝʛʦ-

ʨʽʶ ʚʙʫʜʦʚʘʥʦʾ ʬʫʥʢʮʽʾ. ɺ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʮʝ ʩʦʨʪʫʚʘʥʥʷ Sorting ; 

¶ʋ ʩʧʠʩʢʫ Function Name ( ʀʤʷ ʬʫʥʢʮʠʠ) ʦʙʠʨʘʶʪʴ ʬʫʥʢʮʽʶ ʩsort 

(ʩʦʨʪʫʚʘʥʥʷ ʟʘ ʝʣʝʤʝʥʪʘʤʠ ʩʪʦʚʧʮʷ); 

¶ʋ ʚʽʜʧʦʚʽʜʥʦʤʫ ʜʽʘʣʦʛʦʚʦʤʫ ʚʽʢʥʽ ʚʢʘʟʫʻʤʦ ʚʝʢʪʦʨ, ʷʢʠʡ ʧʦʪʨʽʙʥʦ ʚʽʜ-

ʩʦʨʪʫʚʘʪʠ ʭ ʽ ʥʦʤʝʨ ʩʪʦʚʧʮʷ, ʱʦ ʜʦʨʽʚʥʶʻ 0. 

¶ɼʘʻʤʦ ʢʦʤʘʥʜʫ ʢʦʤʧôʶʪʝʨʫ ʟʘʩʪʦʩʫʚʘʪʠ ʬʫʥʢʮʽʶ ʍ=. 

¶ʆʪʨʠʤʘʻʤʦ ʚʽʜʩʦʨʪʦʚʘʥʽ (ʟʘʧʠʩʘʥʽ ʫ ʧʦʨʷʜʢʫ ʟʨʦʩʪʘʥʥʷ ʜʘʥʽ).  

 

ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʙʫʜʝ ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʟʥʘʯʝʥʴ. 

ɿʘʩʪʦʩʦʚʫʶʪʴ ʚʙʫʜʦʚʘʥʫ ʬʫʥʢʮʽʶ length. ʂʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ ʚʠʙʽʨʢʠ 

ʧʦʟʥʘʯʘʶʪʴ ʙʫʢʚʦʶ ʧ. ɺʠʢʦʥʫʶʪʴ ʥʘʩʪʫʧʥʽ ʜʽʾ: 

¶ʆʙʠʨʘʶʪʴ ʤʽʩʮʝ ʜʝ ʙʫʜʝ ʟʥʘʭʦʜʠʪʠʩʴ ʚʠʨʘʟ, ʚʚʦʜʷʪʴ ʧ ʧʨʠʩʚʦʾʪʠ (ʧ:=) 

¶ʅʘʪʠʩʢʘʶʪʴ ʢʥʦʧʢʫ ʟ ʥʘʜʧʠʩʦʤ f(x) ʥʘ ʩʪʘʥʜʘʨʪʥʽʡ ʧʘʥʝʣʽ ʽʥʩʪʨʫʤʝʥ-

ʪʽʚ ʘʙʦ ʫ ʤʝʥʶ ɺʩʪʘʚʢʘ ʟʥʘʭʦʜʷʪʴ ʤʝʥʶ ʌʫʥʢʮʠʷ; 

¶ʋ ʩʧʠʩʢʫ Function Name (ʀʤʷ ʬʫʥʢʮʠʠ) ʦʙʠʨʘʶʪʴ ʽʤ'ʷ ʚʙʫʜʦʚʘʥʦʾ 

ʬʫʥʢʮʽʾ length; 

¶ʋ ʚʽʜʧʦʚʽʜʥʦʤʫ ʜʽʘʣʦʛʦʚʦʤʫ ʚʽʢʥʽ ʚʢʘʟʫʻʤʦ ʚʝʢʪʦʨ, ʫ ʷʢʦʤʫ ʥʝʦʙʭʽʜʥʦ 

ʚʠʟʥʘʯʠʪʠ ʢʽʣʴʢʽʩʪʴ ʟʥʘʯʝʥʴ ï ʍ; 



 

¶ɼʘʻʤʦ ʢʦʤʘʥʜʫ ʢʦʤʧôʶʪʝʨʫ ʟʘʩʪʦʩʫʚʘʪʠ ʬʫʥʢʮʽʶ ʧ=. 

¶ʆʪʨʠʤʘʻʤʦ ʢʽʣʴʢʽʩʪʴ ʟʥʘʯʝʥʴ.  

ɺʠʟʥʘʯʘʻʤʦ ʢʽʣʴʢʽʩʪʴ ʢʣʘʩʽʚ ʟʘ ʬʦʨʤʫʣʦʶ (2).  

ʇʘʤ'ʷʪʢʘ! ʇʝʨʝʜ ʪʠʤ ʷʢ ʦʙʯʠʩʣʠʪʠ ʟʥʘʯʝʥʥʷ ʜʝʷʢʦʾ ʚʝʣʠʯʠʥʠ ʟʘ ʬʦʨ-

ʤʫʣʦʶ ʫ Mathcad, ʥʝʦʙʭʽʜʥʦ ʩʧʦʯʘʪʢʫ ʧʨʠʩʚʦʾʪʠ ʟʘʜʘʥʽʡ ʚʝʣʠʯʠʥʽ ʟʥʘʯʝʥʥʷ ʫ 

ʚʠʛʣʷʜʽ ʬʦʨʤʫʣʠ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ, ʘ ʧʦʪʽʤ ʚʞʝ ʦʙʯʠʩʣʠʪʠ. 

ɼʣʷ ʦʙʯʠʩʣʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʢʣʘʩʽʚ ʚʠʢʦʥʫʶʪʴ ʥʘʩʪʫʧʥʽ ʜʽʾ: 

¶ʆʙʠʨʘʶʪʴ ʤʽʩʮʝ, ʜʝ ʙʫʜʝ ʟʥʘʭʦʜʠʪʠʩʴ ʚʠʨʘʟ; 

¶ʇʨʠʩʚʦʶʶʪʴ ʚʝʣʠʯʠʥʽ ʢ ʟʥʘʯʝʥʥʷ ʟʘ ʬʦʨʤʫʣʦʶ; 

¶ʆʙʯʠʩʣʶʶʪʴ ʟʥʘʯʝʥʥʷ ʢ (ʜʠʚ. ʨʠʩ.). 

k 1 3.32 log n( )Ö+:=

k 6.951=  
ɸʥʘʣʦʛʽʯʥʦ ʟʘ ʬʦʨʤʫʣʦʶ (3) ʦʙʯʠʩʣʶʻʤʦ ʟʥʘʯʝʥʥʷ ʜʦʚʞʠʥʠ ʢʣʘʩʦʚʦʛʦ 

ʽʥʪʝʨʚʘʣʫ ɚ. 

ɿʙʽʣʴʰʫʻʤʦ ʢʽʣʴʢʽʩʪʴ ʢʣʘʩʽʚ ʥʘ 1 ʽ ʧʦʟʥʘʯʘʻʤʦ ʦʩʪʘʪʦʯʥʫ ʢʽʣʴʢʽʩʪʴ ʢʣʘ-

ʩʽʚ ʩʠʤʚʦʣʦʤ ʂ.  

ʆʢʨʫʛʣʶʻʤʦ ʦʪʨʠʤʘʥʫ ʚʝʣʠʯʠʥʫ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʙʫʜʦʚʘʥʫ ʬʫʥʢʮʽʶ 

round, ʘʨʛʫʤʝʥʪʘʤʠ ʷʢʦʾ ʻ ʯʠʩʣʦ, ʷʢʝ ʧʦʪʨʽʙʥʦ ʦʢʨʫʛʣʠʪʠ, ʪʘ ʢʽʣʴʢʽʩʪʴ ʟʥʘʢʽʚ 

ʧʽʩʣʷ ʢʦʤʠ ʜʣʷ ʦʢʨʫʛʣʝʥʥʷ. 

K k 1+:=

K 7.951=

round K 0,( ) 8=
 

ɺʠʟʥʘʯʘʻʤʦ ʧʦʯʘʪʢʦʚʝ ʟʥʘʯʝʥʥʷ ʧʝʨʰʦʛʦ ʢʣʘʩʫ (ʭn1)ʟʘ ʬʦʨʤʫʣʦʶ (4). 

ɺʠʟʥʘʯʘʻʤʦ ʢʽʥʮʝʚʝ ʟʥʘʯʝʥʥʷ ʧʝʨʰʦʛʦ ʢʣʘʩʫ, ʚʨʘʭʦʚʫʶʯʠ ʧʨʘʚʠʣʦ (6). 

ʆʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ ʦʢʨʫʛʣʶʻʤʦ ʜʦ ʮʽʣʠʭ. 

ɸʥʘʣʦʛʽʯʥʦ ʨʦʟʨʘʭʦʚʫʻʤʦ ʧʦʯʘʪʢʦʚʽ ʪʘ ʢʽʥʮʝʚʽ ʟʥʘʯʝʥʥʷ ʥʘʩʪʫʧʥʠʭ ʩʝ-

ʤʠ ʢʣʘʩʽʚ. 
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ʈʦʟʨʘʭʦʚʫʻʤʦ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʢʣʘʩʦʚʠʭ ʽʥʪʝʨʚʘʣʽʚ ʟʘ ʬʦʨʤʫʣʦʶ (7). 
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ɿʥʘʯʝʥʥʷ ʯʘʩʪʦʪ ʟʥʘʭʦʜʠʤʦ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʽʜʩʦʨʪʦʚʘʥʽ ʜʘʥʽ ʍ, ʚʠ-

ʟʥʘʯʘʶʯʠ ʢʽʣʴʢʽʩʪʴ ʦʟʥʘʢ, ʱʦ ʧʦʧʘʜʘʶʪʴ ʫ ʚʽʜʧʦʚʽʜʥʠʡ ʢʣʘʩʦʚʠʡ ʽʥʪʝʨʚʘʣ. 

ɿʘ ʬʦʨʤʫʣʘʤʠ (8), (10), (11), (12) ʦʙʯʠʩʣʶʻʤʦ ʚʝʣʠʯʠʥʠ ʚʽʜʥʦʩʥʠʭ ʯʘʩ-

ʪʦʪ, ʥʘʢʦʧʠʯʝʥʠʭ ʪʘ ʚʽʜʥʦʩʥʠʭ ʥʘʢʦʧʠʯʝʥʠʭ ʯʘʩʪʦʪ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʽʚ ʩʢʣʘʜʘʻʤʦ ʪʘʙʣʠʮʶ, ʧʦʜʽʙʥʫ ʜʦ ʧʨʝʜʩʪʘʚ-

ʣʝʥʦʾ ʫ ʣʘʙʦʨʘʪʦʨʥʽʡ ʨʦʙʦʪʽ. 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʚʩʪʘʚʠʪʠ ʪʘʙʣʠʮʶ ʫ ʜʦʢʫʤʝʥʪ Mathcad, ʥʝʦʙʭʽʜʥʦ ʧʨʦ-

ʨʦʙʠʪʠ ʥʘʩʪʫʧʥʽ ʜʽʾ. 

ʆʙʠʨʘʶʪʴ ʤʽʩʮʝ ʜʝ ʙʫʜʝ ʟʥʘʭʦʜʠʪʠʩʴ ʪʘʙʣʠʮʷ. 

¶ʋ ʤʝʥʶ ɺʩʪʘʚʢʘ ʥʘ ʧʘʥʝʣʽ ʽʥʩʪʨʫʤʝʥʪʽʚ Mathcad ʦʙʠʨʘʶʪʴ ʤʝʥʶ 

ʂʦʤʧʦʥʝʥʪ; 

¶ʋ ʚʽʜʧʦʚʽʜʥʦʤʫ ʜʽʘʣʦʛʦʚʦʤʫ ʚʽʢʥʽ ʚʢʘʟʫʶʪʴ ʪʠʧ ʪʘʙʣʠʮʽ - Excel. 

¶ʅʘʪʠʩʢʘʶʪʴ ʆʂ ʽ ʦʪʨʠʤʫʶʪʴ ʪʘʙʣʠʮʶ. 

ɺ ʦʜʝʨʞʘʥʽʡ ʪʘʙʣʠʮʽ ʨʦʙʠʤʦ ʥʘʩʪʫʧʥʽ ʩʪʦʚʧʮʽ: ˉ ʢʣʘʩʫ, ʢʣʘʩʦʚʽ ʽʥʪʝʨʚʘʣʠ, 

ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʢʣʘʩʦʚʦʛʦ ʽʥʪʝʨʚʘʣʫ, ʯʘʩʪʦʪʠ, ʚʽʜʥʦʩʥʽ ʯʘʩʪʦʪʠ, ʥʘʢʦʧʠʯʝʥʽ 

ʯʘʩʪʦʪʠ, ʚʽʜʥʦʩʥʽ ʥʘʢʦʧʠʯʝʥʽ ʯʘʩʪʦʪʠ. ʉʪʦʚʧʮʽ ʟʘʧʦʚʥʶʻʤʦ ʦʪʨʠʤʘʥʠʤʠ ʜʘ-

ʥʠʤʠ (ʜʠʚ.ʨʠʩ.) 



 

 
ɿʘ ʦʪʨʠʤʘʥʠʤʠ ʜʘʥʠʤʠ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʢʣʘʩʦʚʦʛʦ ʽʥʪʝʨʚʘʣʫ ʪʘ ʯʘʩʪʦʪʠ 

ʙʫʜʫʻʤʦ ʧʦʣʽʛʦʥ ʪʘ ʚʘʨʽʘʮʽʡʥʫ ʢʨʠʚʫ. 

ʇʝʨʝʜ ʧʦʙʫʜʦʚʦʶ ʛʨʘʬʽʢʘ ʚʚʦʜʠʤʦ ʢʽʣʴʢʽʩʪʴ ʟʥʘʯʝʥʴ (ʽ), ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʢʽʣʴ-

ʢʦʩʪʽ ʢʣʘʩʽʚ. ɿʥʘʯʝʥʥʷ ʮʽʻʾ ʚʝʣʠʯʠʥʠ ʟʤʽʥʶʻʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 1 ʜʦ 8. ɺʚʦʜʠʤʦ 

ʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪ ʪʘ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʢʣʘʩʦʚʠʭ ʽʥʪʝʨʚʘʣʽʚ. 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʛʽʩʪʦʛʨʘʤʠ ʧʦʪʨʽʙʥʦ: 

¶ʧʦʙʫʜʫʚʘʪʠ ʛʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʚʽʜ ʯʘʩʪʦʪʠ; 

¶ʟʤʽʥʠʪʠ ʬʦʨʤʘʪ ʣʽʥʽʾ, ʜʚʽʯʽ ʢʣʘʮʥʫʚʰʠ ʣʽʚʦʶ ʢʣʘʚʽʰʝʶ ʤʠʰʽ ʫ ʙʫʜʴ-ʷʢʽʡ ʪʦ-

ʯʮʽ ʛʨʘʬʽʢʘ; 

¶ʚʽʜʢʨʠʪʠ ʤʝʥʶ ʬʦʨʤʘʪʫʚʘʥʥʷ ʛʨʘʬʽʢʘ; 

¶ʥʘ ʟʘʢʣʘʜʮʽ ʉʣʝʜ, ʫ ʩʪʦʚʧʯʠʢʫ ʊʠʧ ʦʙʠʨʘʶʪʴ bar; 

¶ʥʘʪʠʩʢʘʶʪʴ ʆʂ ʽ ʦʪʨʠʤʫʶʪʴ ʛʽʩʪʦʛʨʘʤʫ. 
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xci  
ɼʣʷ ʧʦʙʫʜʦʚʠ ʢʫʤʫʣʷʪʠ ʙʫʜʫʻʤʦ ʟʘʣʝʞʥʽʩʪʴ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʢʣʘ-

ʩʦʚʦʛʦ ʽʥʪʝʨʚʘʣʫ ʚʽʜ ʥʘʢʦʧʠʯʝʥʦʾ ʯʘʩʪʦʪʠ (ʜʠʚ. ʨʠʩ. 2,3). 

 

ʇʨʘʢʪʠʯʥʘ ʨʦʙʦʪʘ  ˉ9 

 

ʄʝʪʘ ʨʦʙʦʪʠ: ʨʦʟʛʣʷʥʫʪʠ, ʱʦ ʪʘʢʝ ʛʝʥʝʨʘʣʴʥʘ ʩʫʢʫʧʥʽʩʪʴ, ʚʠʙʽʨʢʘ ʪʘ 

ʚʘʨʽʘʮʽʡʥʠʡ ʨʷʜ, ʢʫʤʫʣʷʪʠʚʥʠʡ ʨʷʜ. ʅʘʚʯʠʪʠʩʴ ʩʢʣʘʜʘʪʠ 

ʚʘʨʽʘʮʽʡʥʽ ʪʘ ʢʫʤʫʣʷʪʠʚʥʽ ʨʷʜʠ ʪʘ ʙʫʜʫʚʘʪʠ ʾʭ ʛʨʘʬʽʢʠ. 

 

ɿʘʚʜʘʥʥʷ ʜʣʷ ʩʘʤʦʩʪʽʡʥʦʾ ʧʽʜʛʦʪʦʚʢʠ: 

1. ɺʠʚʯʠʪʠ, ʱʦ ʪʘʢʝ ʤʘʪʝʤʘʪʠʯʥʘ ʩʪʘʪʠʩʪʠʢʘ, ʩʪʘʪʠʩʪʠʯʥʘ ʽ ʛʝʥʝʨʘʣʴʥʘ 

ʩʫʢʫʧʥʽʩʪʴ, ʚʘʨʽʘʮʽʷ ʪʘ ʚʘʨʽʘʥʪʘ. 

2. ʈʦʟʽʙʨʘʪʠʩʷ ʜʣʷ ʯʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʠʙʽʨʢʘ ʪʘ ʷʢʦʛʦ ʛʦʣʦʚʥʦʛʦ ʧʨʘ-

ʚʠʣʘ ʧʦʪʨʽʙʥʦ ʜʦʪʨʠʤʫʚʘʪʠʩʴ ʫ ʮʴʦʤʫ ʨʘʟʽ. 

3. ɺʠʚʯʠʪʠ ʤʝʪʦʜʠʢʫ ʩʢʣʘʜʘʥʥʷ ʙʝʟʽʥʪʝʨʚʘʣʴʥʠʭ ʪʘ ʽʥʪʝʨʚʘʣʴʥʠʭ ʚʘʨʽʘ-

ʮʽʡʥʠʭ ʽ ʢʫʤʫʣʷʪʠʚʥʠʭ ʨʷʜʽʚ, ʯʠʤ ʚʦʥʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ, ʢʦʣʠ ʟʘʩʪʦʩʦʚʫ-

ʶʪʴʩʷ ʪʘ ʷʢ ʟʦʙʨʘʞʘʶʪʴʩʷ ʥʘ ʛʨʘʬʽʢʘʭ (ʚʘʨʽʘʮʽʡʥʘ ʢʨʠʚʘ, ʛʽʩʪʦʛʨʘʤʘ, 

ʢʫʤʫʣʷʪʘ). 

 

ʇʨʦʛʨʘʤʘ ʚʠʢʦʥʘʥʥʷ ʥʘ ʢʦʤʧôʶʪʝʨʽ. 

1. ɿʘʚʘʥʪʘʞʠʪʠ ʤʘʪʝʤʘʪʠʯʥʠʡ ʜʦʜʘʪʦʢ Mathcad. 

2. ɺʠʢʦʥʘʪʠ ʥʘʚʝʜʝʥʝ ʥʠʞʯʝ ʟʘʚʜʘʥʥʷ ʟʛʽʜʥʦ ʟʨʘʟʢʘ. 

3. ɿʙʝʨʝʛʪʠ ʩʪʚʦʨʝʥʠʡ ʜʦʢʫʤʝʥʪ ʫ ʚʣʘʩʥʽʡ ʧʘʧʮʽ. 

4. ɿʘʚʝʨʰʠʪʠ ʨʦʙʦʪʫ ʫ Mathcad. 

ɿʘʚʜʘʥʥʷ. 



 

ʉʢʣʘʩʪʠ ʚʘʨʽʘʮʽʡʥʠʡ ʪʘ ʢʫʤʫʣʷʪʠʚʥʠʡ ʨʷʜʠ. ʇʦʙʫʜʫʚʘʪʠ ʚʘʨʽʘʮʽʡʥʫ 

ʢʨʠʚʫ, ʛʽʩʪʦʛʨʘʤʫ, ʢʫʤʫʣʷʪʠʚʥʫ ʢʨʠʚʫ. 

ɺʘʨʽʘʥʪʠ ʟʘʚʜʘʥʴ. 

1 ʚʘʨʽʘʥʪ:  58, 55, 56, 56, 63, 63, 61, 61, 55, 62, 61, 69, 69, 45, 81, 83, 85, 54, 68, 

67, 62, 57, 70, 70, 51, 87, 77, 75, 73, 77, 54, 54, 41, 44, 75, 65, 63, 44, 69, 79, 58, 

50, 60, 39, 64, 61, 56, 48, 65, 65, 70, 45, 88, 53, 57, 67, 64, 55, 72, 48, 77, 72. 

 

2 ʚʘʨʽʘʥʪ: 59, 56, 57, 57, 64, 64, 62, 62, 56, 63, 62, 70, 70, 46, 82, 84, 86, 55, 69, 

68, 63, 58, 71, 71, 52, 88, 78, 76, 74, 78, 55, 55, 42, 45, 76, 66, 64, 45, 70, 80, 59, 

51, 61, 40, 65, 62, 57, 49, 66, 66, 71, 46, 89, 54, 58, 68, 65, 56, 73, 49, 78, 73. 

 

3 ʚʘʨʽʘʥʪ: 54, 54, 61, 61, 59, 59, 63, 60, 59, 67, 67, 43, 79, 81, 83, 52, 66, 65, 60, 

55,68, 49, 85, 75, 52, 52, 39, 42, 73,  63, 61, 42, 67, 77, 56, 48, 58, 37, 62, 59, 54, 

46, 56, 53, 63, 68, 43, 86, 51, 55, 65, 62, 53, 70, 46, 75, 70, 53, 64, 70, 71, 72. 
 

 

 

10.2. ʉʝʨʝʜʥʽ ʚʝʣʠʯʠʥʠ ʚ ʙʽʦʤʝʪʨʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ 

 

ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʧʦʢʘʟʥʠʢʽʚ (ʦʟʥʘʢ) ʦʜʥʘʢʦʚʦʾ ʧʨʠʨʦʜʠ ʨʽʟʥʠʭ ʚʠʙʽʨʦʢ 

(ʥʘʧʨʠʢʣʘʜ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʩʦʙʠʥ ï ʥʘʜʽʡ ʤʦʣʦʢʘ ʢʦʨʽʚ, ʥʝʩʫʯʽʩʪʴ ʢʫʨʝʡ, 

ʥʘʩʪʨʠʛ ʰʝʨʩʪʽ ʦʚʝʮʴ, ʚʘʛʘ ʯʠ ʧʨʠʨʽʩʪ ʾʾ ʟʘ ʚʽʜʧʦʚʽʜʥʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ ʘʙʦ 

ʧʦʢʘʟʥʠʢʠ ʦʩʦʙʠʥ ʚʠʨʦʙʥʠʮʪʚʘ ʪʦʱʦ) ʚʚʦʜʷʪʴ ʧʦʥʷʪʪʷ ʩʝʨʝʜʥʽʭ ʚʝʣʠʯʠʥ ʪʘ-

ʢʠʭ ʪʠʧʽʚ. 

1. ʉʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ. ʇʦʟʥʘʯʘʻʪʴʩʷ ʯʝʨʝʟ x  ʽ ʚʠʨʘʞʘʻʪʴʩʷ ʬʦʨʤʫʣʦʶ 
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2. ʉʝʨʝʜʥʻ ʢʚʘʜʨʘʪʠʯʥʝ ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ  
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ʋ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ, ʥʘʧʨʠʢʣʘʜ ʚʠʟʥʘʯʝʥʥʷ ʨʘʜʳʫʩʫ ʢʫʣʳ ʜʣʷ ʧʦʜʘʣʴ-

ʰʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʦʙôʵʤʫ ʪʦʱʦ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʝʨʝʜʥʻ ʩʪʝʧʝʥʷ 
p
ix  

(p=1,2,é) ʷʢʝ ʚʠʨʘʞʘʻʪʴʩʷ ʬʦʨʤʫʣʦʶ 
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3.ʉʝʨʝʜʥʻ ʛʘʨʤʦʥʽʯʥʝ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

ä
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1
                                                    (10.17) 

ʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ , ʷʢʱʦ ʦʟʥʘʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻ ʰʚʠʜʢʽʩʪʴ ʧʨʦʮʝʩʫ, ʥʘʧʨʠ-

ʢʣʘʜ,  ʧʨʠʨʦʩʪʫ ʚʘʛʠ ʨʠʙ ʯʠ ʪʝʭʥʦʣʦʛʽʡ ʨʠʙʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. 

4. ʉʝʨʝʜʥʻ ʛʝʦʤʝʪʨʠʯʥʝ ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 
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ʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʪʝʤʧʫ ʨʦʩʪʫ ʯʠ ʧʨʠʨʦʩʪʫ 

ʦʟʥʘʢʠ ʟ ʯʘʩʦʤ (ʜʠʥʘʤʽʯʥʠʡ ʧʨʦʮʝʩ). ʅʘʧʨʠʢʣʘʜ, ʧʦʢʘʟʥʠʢʽʚ ʚʠʨʦʙʥʠʮʪʚʘ 

ʚʧʨʦʜʦʚʞ ʜʝʢʽʣʴʢʦʭ ʨʦʢʽʚ ʘʙʦ ʰʚʠʜʢʦʩʪʽ ʧʨʠʨʦʩʪʫ ʚʘʛʠ ʨʠʙ ʟʘ ʚʽʜʧʦʚʽʜʥʽ 

ʧʨʦʤʽʞʢʠ ʯʘʩʫ.  

ʉʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʚʽʜʥʦʩʥʠʭ ʟʤʽʥ ʦʟʥʘʢʠ 
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k  ʟʘ ʚʠʟʥʘʯʝʥʽ ʧʨʦʤʽʞʢʠ 

ʯʘʩʫ ʦʙʯʠʩʣʶʶʪʴ ʟʘ ʬʦʨʤʫʣʦʶ: 
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ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʜʦʜʘʪʢʫ Mathcad ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʩʝʨʝʜʥʽʭ. 

ɿʥʘʭʦʜʞʝʥʥʷ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ ʚʝʣʠʯʠʥ ʫ Mathcad ʤʘʻ ʜʝʷʢʽ ʦʩʦʙʣʠʚʦʩ-

ʪʽ. ʈʦʟʛʣʷʥʝʤʦ ʾʭ ʥʘ ʢʦʥʢʨʝʪʥʦʤʫ ʧʨʠʢʣʘʜʽ. 

ɿʘʜʘʯʘ. ʋ 10-ʠ ʩʚʠʥʦʤʘʪʦʢ ʧʣʦʜʶʯʽʩʪʴ ʩʪʘʥʦʚʠʣʘ: 3, 4, 5, 6, 7, 8, 9, 10, 

11, 12. ɺʠʟʥʘʯʠʪʠ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʧʣʦʜʶʯʦʩʪʽ.  

 

 

 

ʈʦʟʚôʷʟʘʥʥʷ.  

ɿʥʘʶʯʠ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʙʦʪʠ ʫ ʩʝʨʝʜʦʚʠʱʽ MathCAD  ʥʝʦʙʭʽʜʥʦ 

ʧʘʤôʷʪʘʪʠ, ʱʦ ʧʝʨʝʜ ʪʠʤ, ʷʢ ʨʦʙʠʪʠ ʙʫʜʴ-ʷʢʽ ʨʦʟʨʘʭʫʥʢʠ ʟʘ ʬʦʨʤʫʣʘʤʠ, ʧʦʪ-

ʨʽʙʥʦ ʚʚʝʩʪʠ ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥ, ʟʘ ʷʢʠʤʠ ʮʽ ʨʦʟʨʘʭʫʥʢʠ ʙʫʜʫʪʴ ʧʨʦʚʦʜʠʪʠʩʴ. 

ɸ ʩʘʤʝ, ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʘʨʠʬʤʝʪʠʯʥʦʛʦ, ʚʠʢʦʥʫʶʪʴ ʥʘʩʪʫʧʥʽ ʢʨʦ-

ʢʠ. 



 

¶ ʏʠʩʣʫ ʽ ʧʨʠʩʚʦʶʶʪʴ ʟʥʘʯʝʥʥʷ ʚʽʜ 1 ʜʦ ʥʦʤʝʨʘ ʦʩʪʘʥʥʴʦʛʦ ʟʥʘ-

ʯʝʥʥʷ ʦʟʥʘʢʠ. ɼʚʦʢʨʘʧʢʘ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʚʠʟʥʘʯʘʻ ʜʽʘʧʘʟʦʥ 

ʟʥʘʯʝʥʴ. 

i 1..:=  

¶ ɺʚʦʜʷʪʴ ʯʠʩʣʦ ʧ, ʷʢʝ ʚʠʟʥʘʯʘʻ ʢʽʣʴʢʽʩʪʴ ʟʥʘʯʝʥʴ ʦʟʥʘʢʠ ʽ ʧʦʜʘʻʪʴ-

ʩʷ ʦʜʥʠʤ ʯʠʩʣʦʤ; 

n:= 

¶ ɺʚʦʜʷʪʴ ʭ ̔ - ʟʥʘʯʝʥʥʷ ʦʟʥʘʢ ʚʝʣʠʯʠʥ, ʟʘ ʷʢʠʤʠ ʙʫʜʫʪʴ ʧʨʦʚʝʜʝʥʽ 

ʨʦʟʨʘʭʫʥʢʠ. ʎʽ ʟʥʘʯʝʥʥʷ ʧʦʪʨʽʙʥʦ ʚʚʦʜʠʪʠ ʯʝʨʝʟ ʢʦʤʫ. ʂʽʣʴʢʽʩʪʴ 

ʟʥʘʯʝʥʴ ʦʟʥʘʢ ʧʦʚʠʥʥʘ ʚʽʜʧʦʚʽʜʘʪʠ ʢʽʣʴʢʦʩʪʽ ʧ ʥʘʚʝʜʝʥʽʡ ʨʘʥʽʰʝ. 

ɯʥʘʢʰʝ ʧʨʦʛʨʘʤʘ ʙʫʜʝ ʚʢʘʟʫʚʘʪʠ ʥʘ ʧʦʤʠʣʢʫ. 

xi:= 

¶ ʇʽʩʣʷ ʪʦʛʦ, ʷʢ ʚʚʝʜʝʥʽ ʚʩʽ ʥʝʦʙʭʽʜʥʽ ʚʝʣʠʯʠʥʠ, ʟʘ ʷʢʠʤʠ ʙʫʜʝ ʧʨʦ-

ʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʢʠ, ʚʚʦʜʠʪʴʩʷ ʬʦʨʤʫʣʘ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ. ʎʷ ʬʦʨ-

ʤʫʣʘ ʫ Mathcad ʤʘʻ ʚʠʛʣʷʜ: 

Xc
i

xiä

n
:=

i

 
ʜʝ ʩʠʤʚʦʣ ʍʩ ʚʽʜʧʦʚʽʜʘʻ x - ʩʝʨʝʜʥʴʦʤʫ ʘʨʠʬʤʝʪʠʯʥʦʤʫ. 

¶ ʆʩʪʘʥʥʽʡ ʢʨʦʢ ï ʜʘʶʪʴ ʢʦʤʘʥʜʫ ʢʦʤʧôʶʪʝʨʫ ʟʜʽʡʩʥʠʪʠ ʨʦʟʨʘʭʫ-

ʥʦʢ ʟʘ ʬʦʨʤʫʣʦʶ. ɼʣʷ ʮʴʦʛʦ ʥʘʪʠʩʢʘʶʪʴ 

Xc =Xc  
 

ɿʘʜʘʯʘ 2. ɺʠʩʽʷʥʽ ʤʽʢʨʦʙʠ ʨʦʟʧʦʜʽʣʠʣʠʩʴ ʫ ʢʦʣʦʥʽʾ ʟ ʨʘʜʽʫʩʦʤ 2,5; 5; 7,5; 

10; 12,5 ʤʢʤ. ʆʙʯʠʩʣʠʪʠ ʩʝʨʝʜʥʶ ʧʣʦʱʫ ʢʦʣʦʥʽʡ.  

ʈʦʟʚôʷʟʘʥʥʷ.  

ɿʘʜʘʯʘ ʟʚʦʜʠʪʴʩʷ ʜʦ ʟʥʘʭʦʜʞʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʢʚʘʜʨʘʪʠʯʥʦʛʦ. ɼʣʷ ʡʦʛʦ 

ʚʠʟʥʘʯʝʥʥʷ ʚʠʢʦʥʫʶʪʴ ʥʘʩʪʫʧʥʽ ʜʽʾ. 

¶ ɺʚʦʜʷʪʴ ʯʠʩʣʦ k, ʷʢʝ ʧʦʢʘʟʫʻ ʷʢ ʙʫʜʝ ʟʤʽʥʶʻʪʴʩʷ ʟʥʘʯʝʥʥʷ ʦʟʥʘʢʠ 

ʽ ʚʽʜʧʦʚʽʜʥʦ ʧʦʜʘʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʜʽʘʧʘʟʦʥʫ ʚʽʜ 1 ʜʦ ʥʦʤʝʨʘ ʦʩʪʘʥ-

ʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʦʟʥʘʢʠ 

k 1..:=  

¶ ɺʚʦʜʷʪʴ ʯʠʩʣʦ ʪ, ʷʢʝ ʚʠʟʥʘʯʘʻ ʢʽʣʴʢʽʩʪʴ ʟʥʘʯʝʥʴ ʦʟʥʘʢʠ ʽ ʧʦʜʘ-

ʻʪʴʩʷ ʦʜʥʠʤ ʯʠʩʣʦʤ 

m:=
 

¶ ɿʘ ʜʦʧʦʤʦʛʦʶ ʭk ʚʚʦʜʷʪʴ ʟʥʘʯʝʥʥʷ ʦʟʥʘʢ ʚʝʣʠʯʠʥʠ, ʟʘ ʷʢʠʤʠ ʙʫʜʝ 

ʧʨʦʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʢʠ. 



 

xk:= 

¶ ʇʽʩʣʷ ʪʦʛʦ, ʷʢ ʚʚʝʜʝʥʽ ʚʩʽ ʥʝʦʙʭʽʜʥʽ ʚʝʣʠʯʠʥʠ, ʟʘ ʷʢʠʤʠ ʙʫʜʝ ʧʨʦ-

ʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʢʠ, ʚʚʦʜʠʪʴʩʷ ʬʦʨʤʫʣʘ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ. ʎʷ ʬʦʨ-

ʤʫʣʘ ʫ Mathcad ʤʘʻ ʚʠʛʣʷʜ  

Xq
k

xk()
2

ä

m
:=

k

 

ʜʝ ʩʠʤʚʦʣ ʍq ʚʽʜʧʦʚʽʜʘʻ ʩʠʤʚʦʣʫ 2x - ʩʝʨʝʜʥʴʦʤʫ ʢʚʘʜʨʘʪʠʯʥʦʤʫ. 

¶ ʆʩʪʘʥʥʽʡ ʢʨʦʢ ï ʜʘʪʠ ʢʦʤʘʥʜʫ ʢʦʤʧôʶʪʝʨʫ ʟʜʽʡʩʥʠʪʠ ʨʦʟʨʘʭʫʥʦʢ 

ʟʘ ʬʦʨʤʫʣʦʶ. ɼʣʷ ʮʴʦʛʦ 

Xq =Xq  
ɿʥʘʭʦʜʠʤʦ ʩʝʨʝʜʥʶ ʧʣʦʱʫ ʢʦʣʦʥʽʡ ʟʘ ʬʦʨʤʫʣʦʶ 

S pXq:=Xq
 

S= 

 

ɿʘʜʘʯʘ 3. ʐʚʠʜʢʽʩʪʴ ʜʦʾʥʥʷ ʢʦʨʽʚ ʥʘ ʧôʷʪʠ ʬʝʨʤʘʭ ʩʪʘʥʦʚʠʣʘ: 40; 50; 

60; 70; 80 (ʣ/ʛʦʜ). ɺʠʟʥʘʯʠʪʠ ʩʝʨʝʜʥʶ ʰʚʠʜʢʽʩʪʴ ʟʨʦʩʪʘʥʥʷ ʥʘʜʦʾʚ. 

ʈʦʟʚôʷʟʘʥʥʷ.  ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʛʘʨʤʦʥʽʡʥʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫ-

ʶʪʴ ʧʦʟʥʘʯʝʥʥʷ ʟ ʧʦʧʝʨʝʜʥʴʦʾ ʟʘʜʘʯʽ 2, ʜʝ k- ʥʦʤʝʨʠ ʟʥʘʯʝʥʴ ʰʚʠʜʢʦʩʪʽ, m ï 

ʢʽʣʴʢʽʩʪʴ ʮʠʭ ʟʥʘʯʝʥʴ.  

¶ ɺʚʦʜʷʪʴ ʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʝʡ ʯʝʨʝʟ ʢʦʤʫ ʫ ʚʠʛʣʷʜʽ 

zk:= 
zk - ʟʥʘʯʝʥʥʷ ʦʟʥʘʢ ʚʝʣʠʯʠʥ, ʟʘ ʷʢʠʤʠ ʙʫʜʫʪʴ ʧʨʦʚʝʜʝʥʽ ʨʦʟʨʘʭʫʥʢʠ. 

ʌʦʨʤʫʣʘ ʨʦʟʨʘʭʫʥʢʫ ʫ Mathcad ʤʘʻ ʚʠʛʣʷʜ  

Xh
m

k

1

zk
ä

:=

k
 

ɼʘʶʪʴ ʢʦʤʘʥʜʫ ʢʦʤʧôʶʪʝʨʫ ʟʨʦʙʠʪʠ ʨʦʟʨʘʭʫʥʦʢ 

Xh =Xh
 

ɿʘʜʘʯʘ 4. ʂʽʣʴʢʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʦʜʫʢʮʽʾ ʤôʷʩʥʦʛʦ  ʧʽʜʧʨʠʻʤʩʪʚʘ ʟʘ 

ʜʚʘ ʨʦʢʠ ʟʨʦʩʣʘ ʟ ʍo ʜʦ ʍn. ʆʙʯʠʩʣʠʪʠ ʩʝʨʝʜʥʴʦʨʽʯʥʝ ʟʨʦʩʪʘʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ 

ʧʨʦʜʫʢʮʽʾ. 

ʈʦʟʚôʷʟʘʥʥʷ.  

Xo:=

Xn:=

Xg
Xn

Xo
:=

Xn

 



 

Xg =Xg  
ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʙʫʜʦʚʘʥʠʭ ʬʫʥʢʮʽʡ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʩʝʨʝʜʥʽʭ ʚʝʣʠʯʠʥ. 

ʗʢ ʚʞʝ ʟʘʟʥʘʯʘʣʦʩʴ ʫ ʧʦʧʝʨʝʜʥʽʡ ʣʘʙʦʨʘʪʦʨʥʽʡ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʙʫʜʦʚʘ-

ʥʠʭ ʬʫʥʢʮʽʡ Mathcad ʜʝʱʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʟʚʠʯʘʡʥʦʛʦ ʚʚʝʜʝʥʥʷ ʪʘ ʧʨʦʚʝ-

ʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʟʘ ʬʦʨʤʫʣʘʤʠ. 

 

ɯ. ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʩʝʨʝʜʥʴʦʛʦ ʘʨʠʬʤʝʪʠʯʥʦʛʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʙʫʜʦʚʘʥʦʾ 

ʬʫʥʢʮʽʾ mean ʚʠʢʦʥʫʶʪʴ ʥʘʩʪʫʧʥʽ ʜʽʾ. 

ʇʨʦʨʦʙʣʷʶʪʴ ʥʘʩʪʫʧʥʽ ʜʽʾ: 

¶ ʦʙʠʨʘʶʪʴ ʤʽʩʮʝ ʜʝ ʙʫʜʝ ʚʚʝʜʝʥʦ ʚʽʜʧʦʚʽʜʥʠʡ ʚʝʢʪʦʨ, ʥʘʧʨʠʢʣʘʜ ʭ; 

¶ ʟʘʧʠʩʫʶʪʴ ʩʠʤʚʦʣ ʭ ʪʘ ʟʥʘʢ ʧʨʠʩʚʦʶʚʘʥʥʷ ʫ ʚʠʛʣʷʜʽ ʭ:=; 

¶ ʥʘ ʧʘʥʝʣʽ ʽʥʩʪʨʫʤʝʥʪʽʚ ʫ ʤʝʥʶ ɺʩʪʘʚʢʘ ʚʠʙʠʨʘʶʪʴ ʧʫʥʢʪ ʄʘʪ-

ʨʠʮʘ; 

¶ ʫ ʤʝʥʶ ʄʘʪʨʠʮʘ (Matrix) ʦʙʠʨʘʶʪʴ ʢʽʣʴʢʽʩʪʴ ʨʷʜʢʽʚ ʪʘ ʩʪʦʚʧʮʽʚ; 

¶ ʷʢʱʦ ʚʠ ʦʙʠʨʘʶʪʴ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʜʘʥʠʭ ʫ ʚʠʛʣʷʜʽ ʚʝʢʪʦʨʘ-ʨʷʜʢʘ, 

ʪʦ ʢʽʣʴʢʽʩʪʴ ʨʷʜʢʽʚ ʜʦʨʽʚʥʶʻ 1, ʘ ʩʪʦʚʧʮʽʚ ï ʢʽʣʴʢʦʩʪʽ ʝʣʝʤʝʥʪʽʚ 

ʚʠʙʽʨʢʠ; 

¶ ʷʢʱʦ ʦʙʨʘʥʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʫ ʚʠʛʣʷʜʽ ʚʝʢʪʦʨʘ-ʩʪʦʚʧʮʷ, ʥʘʚʧʘʢʠ; 

¶ ʫ ʢʽʥʮʽ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʚʝʢʪʦʨʘ-ʨʷʜʢʘ ʦʙʦʚôʷʟʢʦʚʦ ʩʪʘʚʣʷʪʴ ʩʠʤʚʦʣ 

()ʊ , ʱʦ ʦʟʥʘʯʘʻ ʤʘʪʨʠʮʷ (ʚʝʢʪʦʨ) ʪʨʘʥʩʧʦʥʦʚʘʥʘ, ʷʢʠʡ ʚʠʢʣʠʢʘ-

ʶʪʴ ʥʘʪʠʩʢʘʥʥʷʤ ʚʽʜʧʦʚʽʜʥʦʛʦ ʩʠʤʚʦʣʫ ʄʊ ʥʘ ʧʘʥʝʣʽ ʄʘʪʨʠʮʘ 

(Matrix ); 

¶ ʥʘʪʠʩʢʘʶʪʴ ʢʥʦʧʢʫ ʆʂ ʽ ʦʪʨʠʤʫʶʪʴ ʚʽʜʧʦʚʽʜʥʠʡ ʚʝʢʪʦʨ-ʨʷʜʦʢ 

ʘʙʦ ʚʝʢʪʦʨ-ʩʪʦʚʧʝʮʴ; 

¶ ʫ ʦʪʨʠʤʘʥʽ ʢʦʤʽʨʢʠ ʚʚʦʜʷʪʴ ʜʘʥʽ. 

¶ ʦʙʠʨʘʶʪʴ ʤʽʩʮʝ ʫ ʜʦʢʫʤʝʥʪʽ, ʢʫʜʠ ʧʦʪʨʽʙʥʦ ʚʩʪʘʚʠʪʠ ʬʫʥʢʮʽʶ; 

¶ ʥʘʪʠʩʢʘʶʪʴ ʢʥʦʧʢʫ ʟ ʥʘʜʧʠʩʦʤ f(x) ʥʘ ʩʪʘʥʜʘʨʪʥʽʡ ʧʘʥʝʣʽ ʽʥʩʪʨʫ-

ʤʝʥʪʽʚ ʘʙʦ ʫ ʤʝʥʶ ɺʩʪʘʚʢʘ ʟʥʘʭʦʜʷʪʴ ʤʝʥʶ ʌʫʥʢʮʠʷ; 

¶ ʫ ʩʧʠʩʢʫ Function Name (ʀʤʷ ʬʫʥʢʮʠʠ) ʦʙʠʨʘʶʪʴ ʽʤ'ʷ ʚʙʫʜʦʚʘ-

ʥʦʾ ʬʫʥʢʮʽʾ, ʧʽʜ ʷʢʠʤ ʚʦʥʘ ʬʽʛʫʨʫʻ ʫ Mathcad. ɺ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ 

ʮʝ mean; 

¶ ʫ ʚʽʜʧʦʚʽʜʥʦʤʫ ʜʽʘʣʦʛʦʚʦʤʫ ʚʽʢʥʽ ʚʢʘʟʫʻʤʦ ʚʝʢʪʦʨ, ʩʝʨʝʜʥʻ ʘʨʠ-

ʬʤʝʪʠʯʥʝ ʟʥʘʯʝʥʴ ʷʢʦʛʦ ʧʦʪʨʽʙʥʦ ʟʥʘʡʪʠ - ʭ . 

¶ ʜʘʻʤʦ ʢʦʤʘʥʜʫ ʢʦʤʧôʶʪʝʨʫ ʟʘʩʪʦʩʫʚʘʪʠ ʬʫʥʢʮʽʶ ʥʘʪʠʩʢʘʻʤʦ =. 

¶ ʦʪʨʠʤʘʻʤʦ ʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʘʨʠʬʤʝʪʠʯʥʦʛʦ.  

 

ɯɯ. ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʩʝʨʝʜʥʴʦʛʦ ʛʘʨʤʦʥʽʡʥʦʛʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʙʫʜʦʚʘʥʦʾ ʬʫ-

ʥʢʮʽʾ hmean ʚʠʢʦʥʫʶʪʴ ʥʘʩʪʫʧʥʽ ʜʽʾ. 



 

¶ ʦʙʠʨʘʶʪʴ ʤʽʩʮʝ ʜʝ ʙʫʜʝ ʚʚʝʜʝʥʦ ʚʽʜʧʦʚʽʜʥʠʡ ʚʝʢʪʦʨ, ʥʘʧʨʠʢʣʘʜ ʫ; 

¶ ʟʘʧʠʩʫʶʪʴ ʩʠʤʚʦʣ ʫ ʪʘ ʟʥʘʢ ʧʨʠʩʚʦʶʚʘʥʥʷ ʫ ʚʠʛʣʷʜʽ ʫ:=; 

¶ ʥʘ ʧʘʥʝʣʽ ʽʥʩʪʨʫʤʝʥʪʽʚ ʫ ʤʝʥʶ ɺʩʪʘʚʢʘ ʚʠʙʠʨʘʶʪʴ ʧʫʥʢʪ ʄʘʪ-

ʨʠʮʘ; 

¶ ʫ ʤʝʥʶ ʄʘʪʨʠʮʘ (Matrix) ʦʙʠʨʘʶʪʴ ʢʽʣʴʢʽʩʪʴ ʨʷʜʢʽʚ ʪʘ ʩʪʦʚʧʮʽʚ; 

¶ ʷʢʱʦ ʚʠ ʦʙʠʨʘʶʪʴ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʜʘʥʠʭ ʫ ʚʠʛʣʷʜʽ ʚʝʢʪʦʨʘ-ʨʷʜʢʘ, 

ʪʦ ʢʽʣʴʢʽʩʪʴ ʨʷʜʢʽʚ ʜʦʨʽʚʥʶʻ 1, ʘ ʩʪʦʚʧʮʽʚ ï ʢʽʣʴʢʦʩʪʽ ʝʣʝʤʝʥʪʽʚ 

ʚʠʙʽʨʢʠ; 

¶ ʷʢʱʦ ʦʙʨʘʥʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʫ ʚʠʛʣʷʜʽ ʚʝʢʪʦʨʘ-ʩʪʦʚʧʮʷ, ʥʘʚʧʘʢʠ; 

¶ ʫ ʢʽʥʮʽ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʚʝʢʪʦʨʘ-ʨʷʜʢʘ ʦʙʦʚôʷʟʢʦʚʦ ʩʪʘʚʣʷʪʴ ʩʠʤʚʦʣ 

()ʊ , ʱʦ ʦʟʥʘʯʘʻ ʤʘʪʨʠʮʷ (ʚʝʢʪʦʨ) ʪʨʘʥʩʧʦʥʦʚʘʥʘ, ʷʢʠʡ ʚʠʢʣʠʢʘ-

ʶʪʴ ʥʘʪʠʩʢʘʥʥʷʤ ʚʽʜʧʦʚʽʜʥʦʛʦ ʩʠʤʚʦʣʫ ʄʊ ʥʘ ʧʘʥʝʣʽ ʄʘʪʨʠʮʘ 

(Matrix ); 

¶ ʥʘʪʠʩʢʘʶʪʴ ʢʥʦʧʢʫ ʆʂ ʽ ʦʪʨʠʤʫʶʪʴ ʚʽʜʧʦʚʽʜʥʠʡ ʚʝʢʪʦʨ-ʨʷʜʦʢ 

ʘʙʦ ʚʝʢʪʦʨ-ʩʪʦʚʧʝʮʴ; 

¶ ʫ ʦʪʨʠʤʘʥʽ ʢʦʤʽʨʢʠ ʚʚʦʜʷʪʴ ʜʘʥʽ. 

¶ ʦʙʠʨʘʶʪʴ ʤʽʩʮʝ ʫ ʜʦʢʫʤʝʥʪʽ, ʢʫʜʠ ʧʦʪʨʽʙʥʦ ʚʩʪʘʚʠʪʠ ʬʫʥʢʮʽʶ; 

¶ ʥʘʪʠʩʢʘʶʪʴ ʢʥʦʧʢʫ ʟ ʥʘʜʧʠʩʦʤ f(x) ʥʘ ʩʪʘʥʜʘʨʪʥʽʡ ʧʘʥʝʣʽ ʽʥʩʪʨʫ-

ʤʝʥʪʽʚ ʘʙʦ ʫ ʤʝʥʶ ɺʩʪʘʚʢʘ ʟʥʘʭʦʜʷʪʴ ʤʝʥʶ ʌʫʥʢʮʠʷ; 

¶ ʫ ʩʧʠʩʢʫ Function Name (ʀʤʷ ʬʫʥʢʮʠʠ) ʦʙʠʨʘʶʪʴ ʽʤ'ʷ ʚʙʫʜʦʚʘ-

ʥʦʾ ʬʫʥʢʮʽʾ, ʧʽʜ ʷʢʠʤ ʚʦʥʘ ʬʽʛʫʨʫʻ ʫ Mathcad. ɺ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ 

ʮʝ hmean; 

¶ ʫ ʚʽʜʧʦʚʽʜʥʦʤʫ ʜʽʘʣʦʛʦʚʦʤʫ ʚʽʢʥʽ ʚʢʘʟʫʶʪʴ ʚʝʢʪʦʨ, ʩʝʨʝʜʥʻ ʛʘʨ-

ʤʦʥʽʡʥʝ ʟʥʘʯʝʥʴ ʷʢʦʛʦ ʧʦʪʨʽʙʥʦ ʟʥʘʡʪʠ - y . 

¶ ʜʘʻʤʦ ʢʦʤʘʥʜʫ ʢʦʤʧôʶʪʝʨʫ ʟʘʩʪʦʩʫʚʘʪʠ ʬʫʥʢʮʽʶ ʥʘʪʠʩʢʘʻʤʦ =. 

¶ ʦʪʨʠʤʘʻʤʦ ʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʛʘʨʤʦʥʽʡʥʦʛʦ.  

 

ɯɯɯ. ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʩʝʨʝʜʥʴʦʛʦ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʙʫʜʦʚʘʥʦʾ 

ʬʫʥʢʮʽʾ gmean ʚʠʢʦʥʫʶʪʴ ʥʘʩʪʫʧʥʽ ʜʽʾ: 

¶ ʧʨʠʩʚʦʶʶʪʴ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʚʝʣʠʯʠʥʘʤ x0, x1, x2éxn 

¶ ɿʥʘʭʦʜʷʪʴ ʚʽʜʥʦʰʝʥʥʷ 1-

=
i

i
i

x

x
k

, ʜʝ x0, x1, x2éxn ï ʧʦʢʘʟʥʠʢʠ ʟʘ 

ʚʽʜʧʦʚʽʜʥʽ ʨʦʢʠ; 

¶ ɺʝʢʪʦʨ ʢ ʟʘʜʘʶʪʴ ʫ ʚʠʛʣʷʜʽ ʚʝʢʪʦʨʘ-ʨʷʜʢʘ (ʢʽʣʴʢʽʩʪʴ ʨʷʜʢʽʚ -1, ʢʽ-

ʣʴʢʽʩʪʴ ʩʪʦʚʧʮʽʚ ï ʯʠʩʣʦ ʚʽʜʥʦʰʝʥʴ ʢ)̔; 

¶ ʇʨʠʩʚʦʶʶʪʴ ʚʝʣʠʯʠʥʽ ʭg ʟʥʘʯʝʥʥʷ gmean(k); 

¶ ʆʙʯʠʩʣʶʶʪʴ ʭg=; 

¶ ʆʙʯʠʩʣʶʶʪʴ ʚʝʣʠʯʠʥʫ ʭg ʟʘ ʬʦʨʤʫʣʦʶ (5); 



 

¶ ʇʦʨʽʚʥʶʶʪʴ ʦʜʝʨʞʘʥʽ ʜʘʥʽ: 

x0:= x1:= x2:=

x3:= x4:= x5:=

x6:=

k1
x1

x0
:=

x1

k2
x2

x1
:=

x2
k3

x3

x2
:=

x3

k4
x4

x3
:=

x4

k5
x5

x4
:=

x5
k6

x6

x5
:=

x6

k k1 k2 k3 k4 k5 k6( ):=k1

xg gmeank( ):= k

xg=xg  
 

ʇʨʘʢʪʠʯʥʘ ʨʦʙʦʪʘ ˉ10 

 

ʄʝʪʘ ʨʦʙʦʪʠ: ʟʘʩʚʦʾʪʠ, ʱʦ ʪʘʢʝ ʩʝʨʝʜʥʽ ʚʝʣʠʯʠʥʠ, ʾʭ ʪʠʧʠ ʪʘ ʚʠʧʘʜʢʠ ʟ ʟʘ-

ʩʪʦʩʫʚʘʥʥʷ. 

ɿʘʚʜʘʥʥʷ ʜʣʷ ʩʘʤʦʩʪʽʡʥʦʾ ʨʦʙʦʪʠ: 

1. ʈʦʟʽʙʨʘʪʠʩʷ, ʜʣʷ ʯʦʛʦ ʧʦʪʨʽʙʥʽ ʩʝʨʝʜʥʽ ʚʝʣʠʯʠʥʠ ʪʘ ʜʝ ʚʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫ-

ʶʪʴʩʷ. 

2. ɺʠʚʯʠʪʠ ʬʦʨʤʫʣʠ ʪʘ ʩʫʪʴ ʩʝʨʝʜʥʽʭ: 

- ʘʨʠʬʤʝʪʠʯʥʦʾ, 

- ʢʚʘʜʨʘʪʠʯʥʦʾ, 

- ʛʘʨʤʦʥʽʯʥʦʾ, 

- ʛʝʦʤʝʪʨʠʯʥʦʾ. 

ɺ ʷʢʠʭ ʚʠʧʘʜʢʘʭ ʚʦʥʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ? 

3. ɺʠʚʝʩʪʠ ʬʦʨʤʫʣʠ ʩʝʨʝʜʥʽʭ ʚʝʣʠʯʠʥ ʜʝʢʽʣʴʢʦʭ ʚʠʙʽʨʦʢ ʟʘ ʾʭ ʩʝʨʝʜʥʽʤʠ ʟʥʘ-

ʯʝʥʥʷʤʠ ʦʟʥʘʢʠ ʽ ʦʙôʻʤʘʤʠ. 

 

 

ʇʨʦʛʨʘʤʘ ʚʠʢʦʥʘʥʥʷ ʥʘ ʢʦʤʧôʶʪʝʨʽ. 

1. ɿʘʚʘʥʪʘʞʠʪʠ ʤʘʪʝʤʘʪʠʯʥʠʡ ʜʦʜʘʪʦʢ Mathcad. 

2. ʆʙʯʠʩʣʠʪʠ ʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʽʭ: ʘʨʠʬʤʝʪʠʯʥʦʛʦ (ʟʘʜʘʯʘ 1), ʛʘʨʤʦʥʽʡ-

ʥʦʛʦ (ʟʘʜʘʯʘ 3), ʛʝʦʤʝʪʨʠʯʥʦʛʦ (ʟʘʜʘʯʘ 4) ʟʘ ʬʦʨʤʫʣʘʤʠ ʪʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʚʙʫʜʦʚʘʥʠʭ ʬʫʥʢʮʽʡ Mathcad, . 



 

3. ɿʘʚʜʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʙʫʜʦʚʘʥʠʭ ʬʫʥʢʮʽʡ ʥʝʦʙʭʽʜʥʦ ʦʬʦʨʤʠʪʠ 

ʥʘ ʦʢʨʝʤʦʤʫ ʣʠʩʪʽ. 

4. ʆʙʯʠʩʣʠʪʠ ʟʥʘʯʝʥʥʷ ʨʘʜʽʫʩʫ ʟʦʥʠ ʟʘʨʘʞʝʥʦʾ ʙʘʢʪʝʨʽʦʣʦʛʽʯʥʠʤʠ ʤʽʢ-

ʨʦʙʘʤʠ ʟʘ ʩʝʨʝʜʥʽʤ ʢʚʘʜʨʘʪʠʯʥʠʤ (ʟʘʜʘʯʘ 2). 

5. ɿʙʝʨʝʛʪʠ ʩʪʚʦʨʝʥʠʡ ʜʦʢʫʤʝʥʪ ʫ ʚʣʘʩʥʽʡ ʧʘʧʮʽ. 

6. ɿʘʚʝʨʰʠʪʠ ʨʦʙʦʪʫ ʫ Mathcad. 

ɺʘʨʽʘʥʪʠ ʟʘʚʜʘʥʴ: 

1 ʟʘʜʘʯʘ (ʜʣʷ ʚʠʟʥʘʯʝʥʷ ʩʝʨʝʜʥʴʦʛʦ ʘʨʠʬʤʝʪʠʯʥʦʛʦ) 

1 ʚʘʨ. 
ʭ̔ 5 6 7 8 9 10 11 12 13 

f i 2 3 6 8 14 12 7 5 2 

2 ʚʘʨ. 
ʭ̔ 6 7 8 9 10 11 12 13 14 

f i 1 3 5 9 13 11 8 6 2 

3 ʚʘʨ. 
ʭ̔ 3 4 5 6 7 8 9 10 11 

f i 3 5 7 9 11 12 9 6 3 

2 ʟʘʜʘʯʘ (ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʢʚʘʜʨʘʪʠʯʥʦʛʦ) 

1 ʚʘʨ. 
ʭ̔ 5 6 7 8 9 10 11 12 13 

f i 2 3 6 8 14 12 7 5 2 

2 ʚʘʨ. 
ʭ̔ 6 7 8 9 10 11 12 13 14 

f i 1 3 5 9 13 11 8 6 2 

3 ʚʘʨ. 
ʭ̔ 3 4 5 6 7 8 9 10 11 

f i 3 5 7 9 11 12 9 6 3 

 

 

 

3 ʟʘʜʘʯʘ (ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʛʘʨʤʦʥʽʡʥʦʛʦ) 

 

1 ʚʘʨ. 
ʭ̔ 35 50 60 70 80 90 

f i 2 5 7 8 4 2 

2 ʚʘʨ. 
ʭ̔ 43 60 70 80 90 100 

f i 1 4 7 7 4 2 

3 ʚʘʨ. 
ʭ̔ 24 30 40 50 60 70 

f i 4 8 13 16 9 5 

 

 

4 ʟʘʜʘʯʘ 



 

ɺʠʟʥʘʯʠʪʠ ʩʝʨʝʜʥʽʡ ʪʝʤʧ ʟʨʦʩʪʘʥʥʷ ʚʠʣʦʚʫ ʨʠʙʠ (ʪ) ʟʘ ʚʠʜʘʤʠ ʟʘ ʧʝʨʽʦʜ ʟ 

2000 ʧʦ 2006 ʨʽʢ4, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʪʘʙʣʠʮʶ 

 2000 2001 2002 2003 2004 2005 2006 

ʦʩʝʣʝʜʮʽʚ 73 141 173 138 182 270 300 

ʩʘʨʜʠʥ 46874 28847 29815 24549 29873 38979 31845 

ʢʦʨʦʧʫ 8519 8651 10683 9777 10054 10531 10322 

 

 

 

                                           
4 ʉʪʘʪʠʩʪʠʯʥʠʡ ʱʦʨʽʯʥʠʢ ʋʢʨʘʾʥʠ ʟʘ 2006 ʨʽʢ / ɼʝʨʞʘʚʥʠʡ ʢʦʤʽʪʝʪ ʩʪʘʪʠʩʪʠʢʠ ʋʢʨʘʾʥʠ 

[ʟʘ ʨʝʜ. ʆ.ɻ. ʆʩʘʫʣʝʥʢʘ] ï  ʂ.: ɺʠʜ-ʚʦ Ăʂʦʥʩʫʣʴʪʘʥʪò, 2007. ï 551 ʩ. 



 

10.3. ʇʦʢʘʟʥʠʢʠ ʚʘʨʽʘʮʽʾ ʪʘ ʚʘʨʽʘʮʽʡʥʦʾ ʩʫʢʫʧʥʦʩʪʽ 

 

ɿ ʤʝʪʦʶ ʘʥʘʣʽʟʫ ʚʘʨʽʘʮʽʡʥʠʭ ʨʷʜʽʚ, ʢʨʽʤ ʩʝʨʝʜʥʽʭ ʚʝʣʠʯʠʥ, ʚʚʦʜʷʪʴ ʥʘ-

ʩʪʫʧʥʽ ʧʦʢʘʟʥʠʢʠ: 

1) ɻʨʘʥʠʮʽ (ʣʽʤʽʪʠ): ʮʝ ʛʨʘʥʠʯʥʽ ʟʥʘʯʝʥʥʷ ʦʟʥʘʢʠ Xmin (ʤʽʥʽʤʘʣʴʥʝ) ʽ 

Xmax  (ʤʘʢʩʠʤʘʣʴʥʝ), ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʤʝʞʫ ʟʤʽʥʠ ʚʘʨʽʶʶʯʦʾ ʚʝʣʠʯʠʥʠ (ʚʠʨʦ-

ʙʥʠʯʽ ʧʦʢʘʟʥʠʢʠ, ʧʘʨʘʤʝʪʨʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʦʦʽʥʞʝʥʝʨʽʾ ʪʦʱʦ). 

2) ʈʦʟʤʘʭ ʚʘʨʽʘʮʽʾ - ʮʝ ʨʽʟʥʠʮʷ ʤʽʞ ʛʨʘʥʠʯʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʦʟʥʘʢʠ: 

R = Xmax - Xmin. (1) 

3) ɼʠʩʧʝʨʩʽʷ D ʪʘ ʩʝʨʝʜʥʻ ʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ s: 
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s ,                              (10.21) 

ʜʝ ʜʦʜʘʚʘʥʥʷ ʧʦ  ̔ʚ (2), (3) ʧʨʦʚʦʜʠʪʴʩʷ ʟʘ ʥʦʤʝʨʘʤʠ ʚʦʜʥʠʭ ʦʨʛʘʥʽʟʤʽʚ ʚʠʙʽ-

ʨʢʠ ʽ ʾʾ ʢʣʘʩʽʚ ʚʽʜʧʦʚʽʜʥʦ, n - ʦʙ'ʻʤ ʚʠʙʽʨʢʠ, Ƕ - ʢʽʣʴʢʽʩʪʴ ʾʾ ʢʣʘʩʽʚ, fi - ʯʘʩʪʦʪʘ: 

ʢʽʣʴʢʽʩʪʴ ʦʩʦʙʠʥ ʟ ʦʜʥʘʢʦʚʠʤ ʟʥʘʯʝʥʥʷʤ ʦʟʥʘʢʠ , x  - ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ 

ʟʥʘʯʝʥʥʷ. 

ʈʦʟʢʨʠʚʰʠ ʢʚʘʜʨʘʪ ʨʽʟʥʠʮʽ ʜʚʦʭ ʯʠʩʝʣ, ʦʪʨʠʤʘʻʤʦ: 
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xx
22-=s ,                                      (10.23) 
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2 ,                                        (10.23¡) 

ʜʝ  x2 ï ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ ʢʚʘʜʨʘʪʘ xi
2  ʦʟʥʘʢʠ, x  ï ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯ-

ʥʝ (ʜʠʚ. ʧʦʧʝʨʝʜʥʶ ʣʘʙʦʨʘʪʦʨʥʫ ʨʦʙʦʪʫ).  

ʈʦʟʨʘʭʫʥʢʠ ʟʘ ʬʦʨʤʫʣʘʤʠ (2), (3) ʽ (4), (5) ʧʦʚʠʥʥʽ ʩʧʽʚʧʘʜʘʪʠ, ʱʦ ʩʣʫʞʠʪʴ 

ʧʝʨʝʚʽʨʢʦʶ ʚʽʨʥʦʩʪʽ ʮʠʭ ʦʙʯʠʩʣʝʥʴ. 



 

4) ʂʦʝʬʽʮʽʻʥʪ ʚʘʨʽʘʮʽʾ - ʮʝ ʚʽʜʥʦʩʥʝ ʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʚʽʜ-

ʭʠʣʝʥʥʷ:  

x
V
s
=   .                                          (10.24) 

5) ʇʘʨʮʽʘʣʴʥʝ ʘʙʦ ʥʦʨʤʦʚʘʥʝ ʚʽʜʭʠʣʝʥʥʷ - ʮʝ ʚʽʜʥʦʰʝʥʥʷ ʚʽʜʭʠʣʝʥʥʷ ʽ-

ʪʦʛʦ ʟʥʘʯʝʥʥʷ ʦʟʥʘʢʠ ʚʽʜ ʡʦʛʦ ʩʝʨʝʜʥʴʦʛʦ( )xix -  ʜʦ ʩʝʨʝʜʥʴʦʛʦ ʢʚʘʜʨʘʪʠʯʥʦ-

ʛʦ ʚʽʜʭʠʣʝʥʥʷ ů: 

s

xxi

it
-

=                                      (10.25) 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʜʦʜʘʪʢʫ Mathcad ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʧʦ-

ʢʘʟʥʠʢʽʚ ʚʘʨʽʘʮʽʾ 

ɺʠʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʚʘʨʽʘʮʽʾ ʟʘ ʬʦʨʤʫʣʘʤʠ. 

ɿʥʘʭʦʜʞʝʥʥʶ ʧʦʢʘʟʥʠʢʽʚ ʚʘʨʽʘʮʽʾ ʧʝʨʝʜʫʻ ʩʪʚʦʨʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʚʘʨʽ-

ʘʮʽʡʥʦʛʦ ʨʷʜʫ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʥʠʭ ʜʘʥʠʭ (ʜʠʚ. ʧʨ.ʨ. ˉ10.2). 

ʉʢʣʘʜʝʤʦ ʚʘʨʽʘʮʽʡʥʠʡ ʨʷʜ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ xi ʪʘ fi (ʜʠʚ. ʧʨ. ʨ.̄10.2).  

V ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʤʘʭʫ ʚʘʨʽʘʮʽʾ ʚʠʢʦʥʫʶʪʴ ʥʘʩʪʫʧʥʝ. 

¶ ɺʠʟʥʘʯʘʶʪʴ ʤʝʞʽ ʟʤʽʥʠ ʦʟʥʘʢʠ, ʱʦ ʚʘʨʽʶʻ. 

xmax:= 

xmin:= 

¶ ɺʚʦʜʷʪʴ ʬʦʨʤʫʣʫ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʨʦʟʤʘʭʫ ʚʘʨʽʘʮʽʾ 

R xmax xmin-:=  

¶ ɼʘʶʪʴ ʢʦʤʘʥʜʫ ʢʦʤʧôʶʪʝʨʫ ʟʨʦʙʠʪʠ ʨʦʟʨʘʭʫʥʦʢ 

R= 

 

V ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʜʠʩʧʝʨʩʽʾ ʩʧʦʯʘʪʢʫ ʚʠʟʥʘʯʘʶʪʴ ʩʝʨʝʜʥʻ ʘʨʠʬ-

ʤʝʪʠʯʥʝ ʭʩ (ʜʠʚ. ʧʨʘʢʪʠʯʥʫ ʨʦʙʦʪʫ 10.3).  

ʇʽʩʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʘʨʠʬʤʝʪʠʯʥʦʛʦ ʚʠʟʥʘʯʘʶʪʴ ʜʠʩʧʝʨʩʽʶ D. 

ʌʦʨʤʫʣʘ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʜʠʩʧʝʨʩʽʾ ʪʘ ʩʝʨʝʜʥʴʦʛʦ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʚʽʜʭʠ-

ʣʝʥʥʷ ʫ Mathcad ʤʘʻ ʚʠʛʣʷʜ  

D
i

f i xi xc-( )2Öä

n
:=

 
D= 

s D:=

s=  



 

ɸʥʘʣʦʛʽʯʥʦ ʟʘ ʬʦʨʤʫʣʘʤʠ (6) ʪʘ (7), ʘʜʘʧʪʫʶʯʠ ʬʦʨʤʫʣʠ ʜʣʷ Mathcad, 

ʦʙʯʠʩʣʶʻʤʦ ʢʦʝʬʽʮʽʻʥʪ ʚʘʨʽʘʮʽʾ ʪʘ ʟʥʘʯʝʥʥʷ ʧʘʨʮʽʘʣʴʥʠʭ ʚʽʜʭʠʣʝʥʴ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʙʫʜʦʚʘʥʠʭ ʬʫʥʢʮʽʡ Mathcad ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ 

ʚʘʨʽʘʮʽʾ 

ʈʦʟʨʘʭʫʥʦʢ ʩʝʨʝʜʥʴʦʛʦ ʘʨʠʬʤʝʪʠʯʥʦʛʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʙʫʜʦʚʘʥʦʾ ʬʫʥʢʮʽʾ 

mean ʦʧʠʩʘʥʦ ʫ ʣʘʙʦʨʘʪʦʨʥʽʡ ʨʦʙʦʪʽ 3. 

ʇʨʠʤʽʪʢʘ! ɺʚʝʜʝʥʥʷ ʜʘʥʠʭ ʧʦʪʨʽʙʥʦ ʚʠʢʦʥʘʪʠ ʫ ʚʠʛʣʷʜʽ ʚʝʢʪʦʨʘ-ʩʪʦʚʧʮʷ. 

ɼʣʷ ʚʚʝʜʝʥʥʷ ʜʘʥʠʭ ʚʠʢʦʥʫʶʪʴ ʥʘʩʪʫʧʥʽ ʜʽʾ. 

¶ ʦʙʠʨʘʶʪʴ ʤʽʩʮʝ ʜʝ ʙʫʜʝ ʚʚʝʜʝʥʦ ʚʽʜʧʦʚʽʜʥʠʡ ʚʝʢʪʦʨ, ʥʘʧʨʠʢʣʘʜ ʭ; 

¶ ʟʘʧʠʩʫʶʪʴ ʩʠʤʚʦʣ ʭ ʪʘ ʟʥʘʢ ʧʨʠʩʚʦʶʚʘʥʥʷ ʫ ʚʠʛʣʷʜʽ ʭ:=; 

¶ ʥʘ ʧʘʥʝʣʽ ʽʥʩʪʨʫʤʝʥʪʽʚ ʫ ʤʝʥʶ ɺʩʪʘʚʢʘ ʚʠʙʠʨʘʶʪʴ ʧʫʥʢʪ ʄʘʪ-

ʨʠʮʘ; 

¶ ʫ ʤʝʥʶ ʄʘʪʨʠʮʘ (Matrix) ʦʙʠʨʘʶʪʴ ʢʽʣʴʢʽʩʪʴ ʨʷʜʢʽʚ ʪʘ ʩʪʦʚʧʮʽʚ; 

¶ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʜʘʥʠʭ ʫ ʚʠʛʣʷʜʽ ʚʝʢʪʦʨʘ-ʩʪʦʚʧʮʷ, ʦʙʠʨʘʶʪʴ 

ʢʽʣʴʢʽʩʪʴ ʨʷʜʢʽʚ, ʱʦ ʜʦʨʽʚʥʶʻ ʢʽʣʴʢʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʚʠʙʽʨʢʠ, ʘ ʩʪʦ-

ʚʧʮʽʚ ï 1; 

¶ ʥʘʪʠʩʢʘʶʪʴ ʢʥʦʧʢʫ ʆʂ ʽ ʦʪʨʠʤʫʶʪʴ ʚʽʜʧʦʚʽʜʥʠʡ ʚʝʢʪʦʨ-

ʩʪʦʚʧʝʮʴ; 

¶ ʫ ʦʪʨʠʤʘʥʽ ʢʦʤʽʨʢʠ ʚʚʦʜʷʪʴ ʜʘʥʽ. 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʚʠʙʽʨʢʦʚʦʾ ʜʠʩʧʝʨʩʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʙʫʜʦʚʘʥʫ ʬʫʥʢʮʽʶ 

var(x), ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʩʝʨʝʜʥʴʦʛʦ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ï ʬʫʥʢʮʽʶ 

stdev(x), ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ - max(x), ʤʽʥʽʤʘʣʴʥʦʛʦ - 

min(x). 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʙʫʜʦʚʘʥʠʭ ʬʫʥʢʮʽʡ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʦʢʘʟʥʠʢʽʚ ʚʘʨʽʘʮʽʾ ʘʥʘʣʦ-

ʛʽʯʥʦ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʙʫʜʦʚʘʥʠʭ ʬʫʥʢʮʽʡ ʫ ʧʦʧʝʨʝʜʥʽʡ ʣʘʙʦʨʘʪʦʨʥʽʡ ʨʦʙʦ-

ʪʽ. 

ɿʘʛʘʣʴʥʠʡ ʧʣʘʥ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʙʫʜʦʚʘʥʠʭ ʬʫʥʢʮʽʡ ʫ Mathcad. 

¶ ʆʙʠʨʘʶʪʴ ʤʽʩʮʝ ʫ ʜʦʢʫʤʝʥʪʽ, ʢʫʜʠ ʧʦʪʨʽʙʥʦ ʚʩʪʘʚʠʪʠ ʬʫʥʢʮʽʶ; 

¶ ʅʘʪʠʩʢʘʶʪʴ ʢʥʦʧʢʫ ʟ ʥʘʜʧʠʩʦʤ f(x) ʥʘ ʩʪʘʥʜʘʨʪʥʽʡ ʧʘʥʝʣʽ ʽʥ-

ʩʪʨʫʤʝʥʪʽʚ ʘʙʦ ʫ ʤʝʥʶ ɺʩʪʘʚʢʘ ʟʥʘʭʦʜʷʪʴ ʤʝʥʶ ʌʫʥʢʮʠʷ; 

¶ ʋ ʩʧʠʩʢʫ Function Name (ʀʤʷ ʬʫʥʢʮʠʠ) ʦʙʠʨʘʶʪʴ ʽʤ'ʷ ʚʙʫʜʦʚʘ-

ʥʦʾ ʬʫʥʢʮʽʾ, ʧʽʜ ʷʢʠʤ ʚʦʥʘ ʬʽʛʫʨʫʻ ʫ Mathcad.  

¶ ʋ ʚʽʜʧʦʚʽʜʥʦʤʫ ʜʽʘʣʦʛʦʚʦʤʫ ʚʽʢʥʽ ʚʢʘʟʫʻʤʦ ʚʽʜʧʦʚʽʜʥʠʡ ʚʝʢʪʦʨ - 

ʭ . 

¶ ɼʘʻʤʦ ʢʦʤʘʥʜʫ ʢʦʤʧôʶʪʝʨʫ ʟʘʩʪʦʩʫʚʘʪʠ ʬʫʥʢʮʽʶ ʥʘʪʠʩʢʘʻʤʦ =. 

¶ ʆʪʨʠʤʘʻʤʦ ʥʝʦʙʭʽʜʥʝ ʟʥʘʯʝʥʥʷ.  

 



 

ʇʨʘʢʪʠʯʥʘ ʨʦʙʦʪʘ  ˉ11 

 

ʄʝʪʘ ʨʦʙʦʪʠ: ʚʠʚʯʠʪʠ ʘʣʛʦʨʠʪʤ ʨʦʟʨʘʭʫʥʢʫ ʧʦʢʘʟʥʠʢʽʚ ʚʘʨʽʘʮʽʾ. 

ɿʘʚʜʘʥʥʷ ʜʣʷ ʩʘʤʦʩʪʽʡʥʦʾ ʧʽʜʛʦʪʦʚʢʠ 

ɺʠʚʯʠʪʠ ʱʦ ʪʘʢʝ: 

- ʨʦʟʤʘʭ ʚʘʨʽʘʮʽʾ; 

- ʜʠʩʧʝʨʩʽʷ ʪʘ ʩʝʨʝʜʥʻ ʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ; 

- ʢʦʝʬʽʮʽʻʥʪ ʚʘʨʽʘʮʽʾ; 

- ʥʦʨʤʦʚʘʥʽ ʚʽʜʭʠʣʝʥʥʷ; 

 

ʇʨʦʛʨʘʤʘ ʚʠʢʦʥʘʥʥʷ ʥʘ ʢʦʤʧôʶʪʝʨʽ. 

1. ɿʘʚʘʥʪʘʞʠʪʠ ʤʘʪʝʤʘʪʠʯʥʠʡ ʜʦʜʘʪʦʢ Mathcad. 

2. ʆʙʯʠʩʣʠʪʠ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʚʘʨʽʘʮʽʾ ʟʘ ʬʦʨʤʫʣʘʤʠ ʪʘ ʟ ʚʠʢʦʨʠʩ-

ʪʘʥʥʷʤ ʚʙʫʜʦʚʘʥʠʭ ʬʫʥʢʮʽʡ Mathcad. 

3. ɿʘʚʜʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʙʫʜʦʚʘʥʠʭ ʬʫʥʢʮʽʡ ʥʝʦʙʭʽʜʥʦ ʦʬʦʨʤʠʪʠ 

ʥʘ ʦʢʨʝʤʦʤʫ ʣʠʩʪʽ. 

4. ɿʙʝʨʝʛʪʠ ʩʪʚʦʨʝʥʠʡ ʜʦʢʫʤʝʥʪ ʫ ʚʣʘʩʥʽʡ ʧʘʧʮʽ. 

5. ɿʘʚʝʨʰʠʪʠ ʨʦʙʦʪʫ ʫ Mathcad. 

ɺʘʨʽʘʥʪʠ ʟʘʚʜʘʥʴ: 

1 ʚʘʨ. 
ʭ̔ 45 49 67 88 94 96 

f i 2 3 6 7 5 2 

2 ʚʘʨ. 
ʭ̔ 48 52 70 91 97 99 

f i 1 3 7 9 5 2 

3 ʚʘʨ. 
ʭ̔ 47 51 69 84 96 98 

f i 3 5 9 7 4 2 

 

 



 

10.4. ʊʦʯʢʦʚʽ ʦʮʽʥʢʠ ʪʘ ʩʪʘʥʜʘʨʪʥʽ (ʩʝʨʝʜʥʽ) ʧʦʭʠʙʢʠ 

 

ʇʝʨʝʭʽʜ ʚʽʜ ʜʦʩʣʽʜʞʝʥʴ (ʦʙʩʪʝʞʝʥʴ) ʚʩʽʻʾ ʛʝʥʝʨʘʣʴʥʦʾ ʩʫʢʫʧʥʦʩʪʽ ʜʦ 

ʚʠʙʽʨʢʦʚʦʾ ʟʤʝʥʰʫʻ ʤʘʪʝʨʽʘʣʴʥʽ ʪʘ ʯʘʩʦʚʽ ʟʘʪʨʘʪʠ, ʘʣʝ ʦʙʫʤʦʚʣʶʻ ʧʦʷʚʫ 

ʩʪʘʪʠʩʪʠʯʥʠʭ ʧʦʭʠʙʦʢ.  

ɺʠʙʽʨʢʦʚʽ ʟʥʘʯʝʥʥʷ ʦʟʥʘʢʠ ʻ ʪʦʯʢʦʚʠʤʠ ʥʘʙʣʠʞʝʥʠʤʠ ʦʮʽʥʢʘʤʠ ʧʘʨʘ-

ʤʝʪʨʽʚ ʛʝʥʝʨʘʣʴʥʦʾ ʩʫʢʫʧʥʦʩʪʽ. ɺʽʜʭʠʣʝʥʥʷ ʚʠʙʽʨʢʦʚʦʛʦ ʧʦʢʘʟʥʠʢʘ ʚʽʜ ʡʦʛʦ 

ʛʝʥʝʨʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʝʨʝʜʥʽʤ ʢʚʘʜʨʘʪʠʯʥʠʤ ʚʽʜʭʠʣʝʥʥʷʤ, ʷʢʝ ʥʘ-

ʟʠʚʘʶʪʴ ʩʪʘʥʜʘʨʪʥʦʶ ʘʙʦ ʩʝʨʝʜʥʴʦʶ ʧʦʭʠʙʢʦʶ ʪʦʯʢʦʚʦʾ ʦʮʽʥʢʠ ʛʝʥʝʨʘʣʴʥʦʛʦ 

ʧʘʨʘʤʝʪʨʫ. 

ʇʦʭʠʙʢʠ ʩʝʨʝʜʥʴʦʾ ʘʨʠʬʤʝʪʠʯʥʦʾ ʚʝʣʠʯʠʥʠ sx
 , ʩʝʨʝʜʥʴʦʛʦ ʢʚʘʜʨʘ-

ʪʠʯʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ss ʽ ʢʦʝʬʽʮʽʻʥʪʫ ʚʘʨʽʘʮʽʾ sv ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ: 

n
x

s
s=  ,                                                 (10.26) 

n2

s
ss= ,                                                (10.27) 

n

V
V

2
=s    ,                                               (10.28) 

ʜʝ sʚʠʙʽʨʢʦʚʝ ʢʚʘʜʨʘʪʠʯʥʝ (ʩʪʘʥʜʘʨʪʥʝ) ʚʽʜʭʠʣʝʥʥʷ ʦʟʥʘʢʠ, n - ʦʙôʻʤ ʚʠʙʽʨ-

ʢʠ ʘʙʦ ʢʽʣʴʢʽʩʪʴ ʜʦʩʣʽʜʽʚ (ʝʢʩʧʝʨʠʤʝʥʪʽʚ). 

ɿ ʬʦʨʤʫʣ (1), (2), (3) ʚʠʧʣʠʚʘʻ ʱʦ ʟʥʘʯʝʥʥʷ ʧʦʭʠʙʦʢ ʟʤʝʥʰʫʻʪʴʩʷ ʽʟ 

ʟʤʝʥʰʝʥʥʷʤ ʚʘʨʽʘʮʽʾ ʦʟʥʘʢʠ (ʯʠʩʝʣʴʥʠʢ) ʽ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʦʙ`ʻʤʫ ʚʠʙʽʨʢʠ. ɿʘ-

ʧʠʩ ʚʠʙʽʨʢʦʚʠʭ ʚʘʨʽʘʮʽʡʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʟʘʜʘʻʪʴʩʷ ʟ ʪʦʯʥʽʩʪʶ ʜʦ ʩʪʘʪʠʩʪʠʯʥʠʭ 

ʧʦʭʠʙʦʢ ʫ ʚʠʛʣʷʜʽ: 

x
x s° ,                                               (10.29) 

sss° ,                                              (10.30) 

VV s° .                                            (10.31) 

ɺʽʜʥʦʩʥʽ ʟʥʘʯʝʥʥʷ ʧʦʭʠʙʦʢ (ʪʦʯʥʦʩʪʽ) EEE vx
,,
s

 ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʘʤʠ: 

x

x

xE
s
°= ,                                      (10.32) 

s

ss
s
°=E ,                                         (10.33) 



 

V

V

VE
s
°=   .                                          (10.34) 

 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʜʦʜʘʪʢʫ Mathcad ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʪʦʯʢʦʚʠʭ 

ʦʮʽʥʦʢ ʪʘ ʩʪʘʥʜʘʨʪʥʠʭ (ʩʝʨʝʜʥʽʭ) ʧʦʭʠʙʦʢ 

 

ʆʙʯʠʩʣʝʥʥʷ ʪʦʯʢʦʚʠʭ ʦʮʽʥʦʢ ʪʘ ʩʪʘʥʜʘʨʪʥʠʭ (ʩʝʨʝʜʥʽʭ) ʧʦʭʠʙʦʢ ʫ Mathcad 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ (1)-(3) ʪʘ (7)-(9).  

ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʦʙʯʠʩʣʝʥʴ ʧʦʪʨʽʙʥʦ ʘʜʘʧʪʫʚʘʪʠ ʚʽʜʧʦʚʽʜʥʽ ʬʦʨʤʫʣʠ ʜʦ 

Mathcad. ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʧʘʤôʷʪʘʪʠ ʩʫʪʪʻʚʫ ʦʩʦʙʣʠʚʽʩʪʴ, ʷʢʘ ʧʦʣʷʛʘʻ ʫ 

ʥʘʩʪʫʧʥʦʤʫ.  

ɿʘʟʚʠʯʘʡ, ʫ ʣʽʪʝʨʘʪʫʨʽ ʟ ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʦʟ-

ʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥ ʟ ʥʠʞʥʽʤʠ ʽʥʜʝʢʩʘʤʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ ʩʠʤʚʦʣʽʚ ʫ ʥʘʫʢʦ-

ʚʠʭ ʜʞʝʨʝʣʘʭ ʤʘʻ ʥʘ ʤʝʪʽ ʚʽʜʨʽʟʥʠʪʠ, ʷʢ ʫ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ, ʪʦʯʢʦʚʽ ʦʮʽʥʢʠ ʪʘ 

ʩʪʘʥʜʘʨʪʥʽ ʧʦʭʠʙʢʠ ʨʽʟʥʠʭ ʚʝʣʠʯʠʥ (ʩʝʨʝʜʥʴʦʛʦ ʘʨʠʬʤʝʪʠʯʥʦʛʦ, ʩʝʨʝʜʥʴʦʛʦ 

ʢʚʘʜʨʘʪʠʯʥʦʛʦ, ʢʦʝʬʽʮʽʻʥʪʘ ʚʘʨʽʘʮʽʾ). ʊʦʤʫ ʟʘʩʪʦʩʦʚʫʚʘʥʥʷ ʽʥʜʝʢʩʽʚ ʫ ʥʘʫʢʦ-

ʚʽʡ ʣʽʪʝʨʘʪʫʨʽ ʻ ʚʠʧʨʘʚʜʘʥʠʤ. 

ü ʅʠʞʥʽ ʽʥʜʝʢʩʠ ʫ ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʜʦʜʘʪʢʫ Mathcad ʧʝʨʝʜʙʘʯʘʶʪʴ ʽʩʥʫ-

ʚʘʥʥʷ ʜʝʢʽʣʴʢʦʭ ʟʥʘʯʝʥʴ ʦʜʥʽʻʾ ʚʝʣʠʯʠʥʠ. ʊʘʢʠʤ ʯʠʥʦʤ, Mathcad ʤʦʞʝ ʚʠʜʘʪʠ 

ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʨʦ ʧʦʤʠʣʢʫ ʷʢʱʦ ʚʝʣʠʯʠʥʘ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʦʜʥʠʤ ʟʥʘʯʝʥ-

ʥʷʤ, ʟʘʜʘʻʪʴʩʷ ʩʠʤʚʦʣʦʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʠʞʥʴʦʛʦ ʽʥʜʝʢʩʫ. 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʟʘʧʦʙʽʛʪʠ ʚʠʥʠʢʥʝʥʥʷ ʧʦʤʠʣʦʢ ʪʘʢʦʛʦ ʨʦʜʫ, ʧʦʪʨʽʙʥʦ ʧʦ-

ʟʥʘʯʘʪʠ ʚʝʣʠʯʠʥʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʦʜʥʠʤ ʟʥʘʯʝʥʥʷʤ, ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʠ-

ʞʥʴʦʛʦ ʽʥʜʝʢʩʫ. ɺʝʣʠʯʠʥʘ, ʷʢʘ ʧʦʚʠʥʥʘ ʙʫʪʠ ʽʥʜʝʢʩʦʤ, ʩʪʘʚʠʪʴʩʷ ʙʽʣʷ ʦʩʥʦʚ-

ʥʦʛʦ ʩʠʤʚʦʣʫ. ï ůʭʩ, ůů, ův ʪʦʱʦ. 

ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʦʙʯʠʩʣʝʥʴ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʟʤʽʥʥʦʶ. ʉʧʦʯʘʪʢʫ ʚʝʣʠʯʠʥʽ 

ʥʘʜʘʻʪʴʩʷ (ʧʨʠʩʚʦʶʻʪʴʩʷ) ʟʥʘʯʝʥʥʷ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʦʨʤʫʣʦʶ, ʘ ʧʦʪʽʤ ʮʝ 

ʟʥʘʯʝʥʥʷ ʦʙʯʠʩʣʶʻʪʴʩʷ.  

ʅʘʧʨʠʢʣʘʜ: 

=

=

xc

n
xc

s

s
s :

 

 

 

 

ʇʨʘʢʪʠʯʥʘ ʨʦʙʦʪʘ  ˉ10.4 

 

ʄʝʪʘ ʨʦʙʦʪʠ: ʚʠʚʯʠʪʠ ʷʢ ʚʠʟʥʘʯʘʶʪʴʩʷ ʪʦʯʢʦʚʽ ʦʮʽʥʢʠ, ʩʪʘʥʜʘʨʪʥʽ (ʩʝʨʝʜʥʽ) 

ʧʦʭʠʙʢʠ ʽ ʧʦʢʘʟʥʠʢʠ ʪʦʯʥʦʩʪʽ, ʷʢ ʾʭ ʧʦʪʨʽʙʥʦ ʟʘʧʠʩʫʚʘʪʠ ʚ ʢʦʞʥʦʤʫ ʚʠʧʘʜʢʫ 

ʧʨʠ ʨʦʟʚ'ʷʟʘʥʥʽ ʨʽʟʥʠʭ ʟʘʜʘʯ 



 

ɿʘʚʜʘʥʥʷ ʜʣʷ ʩʘʤʦʩʪʽʡʥʦʾ ʧʽʜʛʦʪʦʚʢʠ 

1. ʗʢʦʛʦ ʨʦʜʫ ʧʦʭʠʙʢʠ ʤʦʞʫʪʴ ʤʘʪʠ ʤʽʩʮʝ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʠʭ ʨʦʙʽʪ ʪʘ ʦʙʨʦʙʮʽ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ? 

2. ʑʦ ʪʘʢʝ ʚʠʧʘʜʢʦʚʽ ʧʦʭʠʙʢʠ? 

3. ʑʦ ʪʘʢʝ ʩʠʩʪʝʤʘʪʠʯʥʽ ʧʦʭʠʙʢʠ? 

4. ʑʦ ʪʘʢʝ ʩʪʘʪʠʩʪʠʯʥʽ ʧʦʭʠʙʢʠ? 

5. ɺʠʟʥʘʯʝʥʥʷ ʩʪʘʥʜʘʨʪʥʠʭ (ʩʝʨʝʜʥʽʭ) ʧʦʭʠʙʦʢ. 

6. ɺʠʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʪʦʯʥʦʩʪʽ. 

7. ʗʢ ʟʘʧʠʩʫʶʪʴʩʷ ʚʠʙʽʨʢʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʩʝʨʝʜʥʽ-

ʤʠ ʧʦʭʠʙʢʘʤʠ ? 

 

ʇʨʦʛʨʘʤʘ ʚʠʢʦʥʘʥʥʷ ʥʘ ʢʦʤʧôʶʪʝʨʽ. 

1. ɿʘʚʘʥʪʘʞʠʪʠ ʤʘʪʝʤʘʪʠʯʥʠʡ ʜʦʜʘʪʦʢ Mathcad. 

2. ɺʠʟʥʘʯʠʪʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʘʨʽʘʥʪʠ ʟʘʚʜʘʥʴ, ʟʘ ʬʦʨʤʫʣʘʤʠ (ʜʠʚ. 

ʣʘʙ.4) ʧʦʢʘʟʥʠʢʠ ʚʘʨʽʘʮʽʾ xc, ů, v. 

3.ʆʙʯʠʩʣʠʪʠ ʟʥʘʯʝʥʥʷ ʪʦʯʢʦʚʠʭ ʦʮʽʥʦʢ ʪʘ ʩʪʘʥʜʘʨʪʥʠʭ (ʩʝʨʝʜʥʽʭ) ʧʦ-

ʭʠʙʦʢ ʩʝʨʝʜʥʴʦʛʦ ʘʨʠʬʤʝʪʠʯʥʦʛʦ, ʢʚʘʜʨʘʪʠʯʥʦʛʦ, ʢʦʝʬʽʮʽʻʥʪʫ ʚʘʨʽʘʮʽʾ ʟʘ ʬʦ-

ʨʤʫʣʘʤʠ, ʧʦʧʝʨʝʜʥʴʦ ʘʜʘʧʪʫʚʘʚʰʠ ʾʭ ʜʦ Mathcad. 

3. ɺʠʟʥʘʯʠʪʠ ʤʘʢʩʠʤʘʣʴʥʽ ʪʘ ʤʽʥʽʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʚʠʙʽʨʢʦʚʠʭ ʚʘʨʽʘʮʽʡ-

ʥʠʭ ʧʦʢʘʟʥʠʢʽʚ (ʩʝʨʝʜʥʴʦʛʦ ʘʨʠʬʤʝʪʠʯʥʦʛʦ, ʩʝʨʝʜʥʴʦʛʦ ʢʚʘʜʨʘʪʠʯʥʦʛʦ, ʢʦʝ-

ʬʽʮʽʻʥʪʫ ʚʘʨʽʘʮʽʾ) ʟʘ ʬʦʨʤʫʣʘʤʠ (4)-(6), ʧʦʧʝʨʝʜʥʴʦ ʘʜʘʧʪʫʚʘʚʰʠ ʾʭ ʜʦ 

Mathcad. 

4. ɿʙʝʨʝʛʪʠ ʩʪʚʦʨʝʥʠʡ ʜʦʢʫʤʝʥʪ ʫ ʚʣʘʩʥʽʡ ʧʘʧʮʽ. 

5. ɿʘʚʝʨʰʠʪʠ ʨʦʙʦʪʫ ʫ Mathcad. 

ɺʘʨʽʘʥʪʠ ʟʘʚʜʘʥʴ: 

1 ʚʘʨ. 
ʭ̔ 45 49 67 88 94 96 

f i 2 3 6 7 5 2 

2 ʚʘʨ. 
ʭ̔ 48 52 70 91 97 99 

f i 1 3 7 9 5 2 

3 ʚʘʨ. 
ʭ̔ 47 51 69 84 96 98 

f i 3 5 9 7 4 2 

 



 

10.5. ʆʙʯʠʩʣʝʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ ʯʘʩʪʦʪ ʟʘ ʟʘʢʦʥʦʤ ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟ-

ʧʦʜʽʣʝʥʥʷ 

 

ʂʨʽʤ ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ, ʫ ʥʘʫʢʦʚʠʭ, ʪʝʭʥʽʯʥʠʭ ʽ ʚʠʨʦʙʥʠʯʠʭ ʜʦ-

ʩʣʽʜʘʭ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʘʛʨʘʨʥʠʭ, ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʝʦʨʽʷ ʡʤʦʚʽʨʥʦʩ-

ʪʝʡ, ʟʘ ʷʢʦʶ ʦʮʽʥʶʻʪʴʩʷ ʧʦʷʚʘ ʚʠʧʘʜʢʦʚʠʭ ʧʦʜʽʡ ɸ. ɼʦ ʪʘʢʠʭ ʥʘʣʝʞʘʪʴ ʚʠʨʦ-

ʙʥʠʯʽ ʧʦʢʘʟʥʠʢʠ, ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʽʚ ʪʦʱʦ. ʈʦʟʨʽʟʥʷʶʪʴ ʢʣʘʩʠʯʥʫ ʪʘ ʩʪʘʪʠʩ-

ʪʠʯʥʫ ʪʠʧʠ ʡʤʦʚʽʨʥʦʩʪʝʡ ʧʦʜʽʡ, ʧʝʨʰʘ ʟ ʷʢʠʭ ʻ ʚʽʜʥʦʰʝʥʥʷ ʯʠʩʣʘ m ʥʘʩʣʽʜ-

ʢʽʚ, ʱʦ ʩʧʨʠʷʶʪʴ ʧʦʜʽʾ ɸ, ʜʦ ʟʘʛʘʣʴʥʦʾ ʾʭ ʢʽʣʴʢʦʩʪʽ n (nmAP /)( = ), ʜʨʫʛʘ - ʚʽʜ-

ʥʦʰʝʥʥʷ ʜʦʩʣʽʜʽʚ m, ʚ ʷʢʠʭ ʟ'ʷʚʣʷʻʪʴʩʷ ʧʦʜʽʷ ɸ, ʜʦ ʾʭ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ n 

( nmAPn
/)( = ). ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ n  ʈn ʧʨʷʤʫʻ ʜʦ ʈ, ʪʦʙʪʦ )()( lim APAP

nn ¤
= . 

ʊʘʢʠʤ ʯʠʥʦʤ, ʢʣʘʩʠʯʥʘ ʽʤʦʚʽʨʥʽʩʪʴ ʻ ʪʝʦʨʝʪʠʯʥʦʶ, ʘ ʩʪʘʪʠʩʪʠʯʥʘ - ʝʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʦʶ ʚʝʣʠʯʠʥʦʶ. 

ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʦʙôʻʤʫ ʚʠʙʽʨʢʠ ʘʙʦ ʢʽʣʴʢʦʩʪʽ ʜʦʩʣʽʜʽʚ ʚʽʜʥʦʩʥʽ ʯʘʩʪʦʪʠ  

n

f
i

i
=n    ʥʘʙʣʠʞʘʶʪʴʩʷ ʜʦ ʟʥʘʯʝʥʴ ʡʤʦʚʽʨʥʦʩʪʝʡ pi, ʪʦʙʪʦ  

n

f
p i

i
=  .                                             (10.35) 

ɼʣʷ ʥʝʧʝʨʝʨʚʥʦʾ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ (ʦʟʥʘʢʠ) x, ʽʤʦʚʽʨʥʽʩʪʴ p(x) ʟʥʘʡ-

ʪʠ ʮʝ ʟʥʘʯʝʥʥʷ ʚ ʽʥʪʝʨʚʘʣʽ ʚʽʜ x ʜʦ xx D+  ʚʠʨʘʞʘʻʪʴʩʷ ʬʦʨʤʫʣʦʶ ʄʫʘʚʨʘ, 

ɻʘʫʩʘ, ʃʘʧʣʘʩʘ. 

xyp
ii
DÖ=  ,                                         (10.36) 

ʜʝ  ey
xix

i s
ps

22

)(

2

1
Ö

-
-

Ö

ÖÖ
=                                                            (10.37) 

- ʛʫʩʪʠʥʘ (ʱʽʣʴʥʽʩʪʴ) ʽʤʦʚʽʨʥʦʩʪʽ. 

ɺʚʝʜʝʤʦ ʧʝʨʰʫ ʬʫʥʢʮʽʶ ʥʦʨʤʦʚʘʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ: 

2

2

2

1 it

ʝF
i

-

Ö

Ö
=

p
,                                         (10.38) 

ʜʝ:                              

s

xx
t i
i

-
=                                                      (10.39) 

ʇʽʩʣʷ ʧʽʜʩʪʘʥʦʚʢʠ l=Dx  ʽ ʚʠʨʘʟʫ (1) ʚ ʬʦʨʤʫʣʫ (2) ʦʪʨʠʤʘʻʤʦ: 

i
i

F
n

f
Ö
Ö

=
s

l~                                                (10.40) 

ʜʝ                                   - ʪʝʦʨʝʪʠʯʥʽ ʯʘʩʪʦʪʠ.  
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ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʜʦʜʘʪʢʫ Mathcad ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʪʝʦʨʝʪʠʯ-

ʥʠʭ ʯʘʩʪʦʪ ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʝʥʥʷ. 

ʆʙʯʠʩʣʝʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ ʯʘʩʪʦʪ ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʝʥʥʷ ʫ Mathcad 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ (6). ɸʣʝ ʟʥʘʭʦʜʞʝʥʥʶ ʯʘʩʪʦʪ ʧʝʨʝʜʫʻ ʦʙʯʠʩʣʝʥʥʷ 

ʧʨʦʤʽʞʥʠʭ ʚʝʣʠʯʠʥ, ʷʢ ʪʦ ʩʝʨʝʜʥʴʦʛʦ ʘʨʠʬʤʝʪʠʯʥʦʛʦ, ʩʝʨʝʜʥʴʦʛʦ ʢʚʘʜʨʘʪʠʯ-

ʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ, ʧʝʨʰʦʾ ʬʫʥʢʮʽʾ ʥʦʨʤʦʚʘʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʪʦʱʦ. 

ʆʢʨʽʤ ʪʦʛʦ, ʧʨʘʮʶʶʯʠ ʟ ʤʘʪʝʤʘʪʠʯʥʠʤ ʜʦʜʘʪʢʦʤ Mathcad, ʧʦʪʨʽʙʥʦ 

ʧʘʤôʷʪʘʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʙʦʪʠ ʟ ʮʠʤ ʧʨʦʛʨʘʤʥʠʤ ʧʨʦʜʫʢʪʦʤ. ʗʢ ʚʞʝ ʟʘʟʥʘʯʘ-

ʣʦʩʴ ʫ ʧʦʧʝʨʝʜʥʽʭ ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʦʪʘʭ, ʧʝʨʝʜ ʪʠʤ, ʷʢ ʨʦʙʠʪʠ ʨʦʟʨʘʭʫʥʢʠ, 

ʧʦʪʨʽʙʥʦ ʚʚʝʩʪʠ ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥ, ʟʘ ʷʢʠʤʠ ʮʽ ʨʦʟʨʘʭʫʥʢʠ ʙʫʜʫʪʴ ʧʨʦʚʦʜʠ-

ʪʠʩʴ.  

ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ ʯʘʩʪʦʪ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʜʘʥʽ ʧʨʘʢʪʠʯʥʦʾ 

ʨʦʙʦʪʠ ˉ2.  

¶ ɺʚʦʜʷʪʴ ʟʥʘʯʝʥʥʷ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʥʦʤʝʨʠ ʦʟʥʘʢ 

i 1..:=  
ʜʝ ʯʠʩʣʦ ʽ ʧʦʢʘʟʫʻ ʢʽʣʴʢʽʩʪʴ ʢʣʘʩʽʚ, ʱʦ ʚʠʟʥʘʯʝʥʘ ʫ ʣʘʙʦʨʘʪʦʨʽʡ ʨʦʙʦʪʽ 

ˉ2 ʟ ʜʦʜʘʚʘʥʥʷʤ ʦʜʥʦʛʦ ʢʣʘʩʫ.  

¶ ʏʠʩʣʦ ʧ ʚʠʟʥʘʯʘʻ ʢʽʣʴʢʽʩʪʴ ʟʥʘʯʝʥʴ ʦʟʥʘʢ ʽ ʧʦʜʘʶʪʴ ʦʜʥʠʤ ʯʠʩ-

ʣʦʤ. ʎʝ ʯʠʩʣʦ ʜʦʨʽʚʥʶʻ ʩʫʤʽ ʯʘʩʪʦʪ f ̔(ʜʠʚ. ʣʘʙ. ˉ2); 

n:= 

¶ ʏʝʨʝʟ ʭ ̔ʚʚʦʜʷʪʴ ʟʥʘʯʝʥʥʷ ʦʟʥʘʢ ʚʝʣʠʯʠʥʠ, ʟʘ ʷʢʠʤʠ ʙʫʜʫʪʴ ʧʨʦ-

ʚʝʜʝʥʽ ʨʦʟʨʘʭʫʥʢʠ. ʎʽ ʟʥʘʯʝʥʥʷ ʧʦʪʨʽʙʥʦ ʚʚʦʜʠʪʠ ʯʝʨʝʟ ʢʦʤʫ. ɿʥʘʯʝʥʥʷʤ ʭ ̔

ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʢʣʘʩʦʚʠʭ ʽʥʪʝʨʚʘʣʽʚ. 

xi:= 

¶ ɺʚʦʜʷʪʴ ʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪ, ʦʙʯʠʩʣʝʥʠʭ ʜʦʩʣʽʜʥʠʤ ʰʣʷʭʦʤ. 

f i:= 

¶ ɺʚʦʜʷʪʴ ʟʥʘʯʝʥʥʷ ʜʦʚʞʠʥʠ ʢʣʘʩʦʚʦʛʦ ʽʥʪʝʨʚʘʣʫ 

l:= 
ʇʝʨʝʭʦʜʷʪʴ ʜʦ ʦʙʯʠʩʣʝʥʥʷ ʚʝʣʠʯʠʥ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʪʝʦ-

ʨʝʪʠʯʥʠʭ ʯʘʩʪʦʪ ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʝʥʥʷ. 

¶ ɿʥʘʭʦʜʷʪʴ ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ, ʷʢʝ ʚ ʣʽʪʝʨʘʪʫʨʽ ʟ ʩʪʘʪʠʩʪʠʢʠ 

ʧʦʟʥʘʯʘʻʪʴʩʷ ʩʠʤʚʦʣʦʤ .x  n

xf

x i
iiä Ö

=
 

¶ ɿʘ ʜʦʤʦʚʣʝʥʽʩʪʶ, ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ ʧʦʟʥʘʯʘʶʪʴ ʩʠʤʚʦʣʦʤ ʭʩ. 

ɸʜʘʧʪʫʻʤʦ ʬʦʨʤʫʣʫ ʜʣʷ Mathcad ʽ ʧʨʠʩʚʦʾʤʦ ʭʩ ʥʘʩʪʫʧʥʦʛʦ ʟʥʘʯʝʥʥʷ 

xc
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xi f iÖä

n
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       ʭʩ= 



 

ɸʥʘʣʦʛʽʯʥʦ ʨʦʟʨʘʭʦʚʫʶʪʴ ʟʘ ʬʦʨʤʫʣʘʤʠ ʥʘʩʪʫʧʥʽ ʚʝʣʠʯʠʥʠ, ʧʦʧʝʨʝʜ-

ʥʴʦ ʘʜʘʧʪʫʚʘʚʰʠ ʬʦʨʤʫʣʠ ʜʦ ʩʝʨʝʜʦʚʠʱʘ Mathcad. 

¶ ʦʙʯʠʩʣʶʶʪʴ ʩʝʨʝʜʥʻ ʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ s: 
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n

xxf
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s
 

ʋ ʩʝʨʝʜʦʚʠʱʽ çMathCADè ʮʝʡ ʚʠʨʘʟ ʤʘʻ ʚʠʛʣʷʜ 

l:=

s
f i xi xc-( )2Ö

n
:=

 

s=  

¶ ʦʙʯʠʩʣʶʶʪʴ ʥʦʨʤʦʚʘʥʽ ʚʽʜʭʠʣʝʥʥʷ:
s

xxi
it

-
= . 

ʇʝʨʝʪʚʦʨʝʥʥʷ ʥʘʩʪʫʧʥʠʭ ʬʦʨʤʫʣ ʜʣʷ ʩʝʨʝʜʦʚʠʱʘ Mathcad ʧʨʦʚʝʩʪʠ 

ʩʘʤʦʩʪʽʡʥʦ. 

¶ ʟʥʘʯʝʥʥʷ ʧʝʨʰʦʾ ʬʫʥʢʮʽʾ ʥʦʨʤʦʚʘʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ  
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¶ ʪʝʦʨʝʪʠʯʥʽ ʯʘʩʪʦʪʠ ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʝʥʥʷ ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʬʦ-

ʨʤʫʣʦʶ i
i

F
n

f
Ö
Ö

=
s

l~
.  

¶ ɼʦʮʽʣʴʥʦ ʚʝʣʠʯʠʥʫ ʪʝʦʨʝʪʠʯʥʠʭ ʯʘʩʪʦʪ ʧʦʟʥʘʯʠʪʠ ʧʦ-ʽʥʰʦʤʫ, ʙʝʟ 

ʩʠʤʚʦʣʫ "ʭʚʠʣʴʢʘ" ʚʛʦʨʽ, ʥʘʧʨʠʢʣʘʜ f1i. 

ɿʘ ʦʪʨʠʤʘʥʠʤʠ ʜʘʥʠʤʠ ʙʫʜʫʻʤʦ ʛʨʘʬʽʢʠ  
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ʇʨʘʢʪʠʯʥʘ ʨʦʙʦʪʘ  ˉ12 

 

ʄʝʪʘ ʨʦʙʦʪʠ: ʚʠʚʯʠʪʠ, ʷʢ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʪʝʦʨʝʪʠʯʥʽ ʯʘʩʪʦʪʠ, ʜʣʷ ʯʦʛʦ ʚʦʥʠ 

ʧʦʪʨʽʙʥʽ ʪʘ ʥʘ ʱʦ ʚʢʘʟʫʶʪʴ. 

ɿʘʚʜʘʥʥʷ ʜʣʷ ʩʘʤʦʩʪʽʡʥʦʾ ʧʽʜʛʦʪʦʚʢʠ 

ɺʠʚʯʠʪʠ: 

- ʷʢ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʙʣʠʞʝʥʝ ʟʥʘʯʝʥʥʷ ʽʤʦʚʽʨʥʦʩʪʽ ʥʝʧʝʨʝʨʚʥʦʾ ʚʠʧʘʜ-

ʢʦʚʦʾ ʚʝʣʠʯʠʥʠ ʪʘ ʷʢʠʡ ʚʦʥʘ ʤʘʻ ʟʚ'ʷʟʦʢ ʟ ʛʫʩʪʠʥʦʶ ʽʤʦʚʽʨʥʦʩʪʽ; 

- ʱʦ ʥʘʟʠʚʘʻʪʴʩʷ ʥʦʨʤʘʣʴʥʦʶ ʢʨʠʚʦʶ ʪʘ ʾʾ ʚʣʘʩʪʠʚʦʩʪʽ; 

- ʱʦ ʪʘʢʝ ʧʝʨʰʘ ʬʫʥʢʮʽʷ ʥʦʨʤʦʚʘʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʪʘ ʾʾ ʚʣʘʩʪʠʚʦʩʪʽ; 

- ʷʢ ʚʠʟʥʘʯʘʶʪʴʩʷ ʪʝʦʨʝʪʠʯʥʽ ʯʘʩʪʦʪʠ. 

ʇʨʦʛʨʘʤʘ ʚʠʢʦʥʘʥʥʷ ʥʘ ʢʦʤʧôʶʪʝʨʽ. 

1. ɿʘʚʘʥʪʘʞʠʪʠ ʤʘʪʝʤʘʪʠʯʥʠʡ ʜʦʜʘʪʦʢ Mathcad. 

2. ʆʙʯʠʩʣʠʪʠ ʟʥʘʯʝʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ ʯʘʩʪʦʪ ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʝʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʪʘʙʣʠʮʶ ʜʘʥʠʭ ʧʨʘʢʪʠʯʥʦʾ ʨʦʙʦʪʠ ˉ2 ʟʘ ʬʦʨʤʫʣʘʤʠ, ʧʦʧʝ-

ʨʝʜʥʴʦ ʘʜʘʧʪʫʚʘʚʰʠ ʾʭ ʜʦ Mathcad. 

3. ʇʦʙʫʜʫʚʘʪʠ ʚ ʦʜʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ ʛʨʘʬʽʢʠ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʜʦ-

ʩʣʽʜʥʠʭ ʯʘʩʪʦʪ ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʝʥʥʷ. 

ɺʽʜʬʦʨʤʘʪʫʚʘʪʠ ʛʨʘʬʽʢʠ ʟʛʽʜʥʦ ʚʠʤʦʛ: 

ɼʣʷ ʜʦʩʣʽʜʥʠʭ ʯʘʩʪʦʪ: 

Üʉʠʤʚʦʣ ï ʢʨʫʞʝʯʢʠ; 

Üʃʽʥʽʷ ï ʩʫʮʽʣʴʥʘ; 

Üʂʦʣʽʨ ï ʯʝʨʚʦʥʠʡ; 

Üʊʠʧ ï ʣʽʥʽʷ: 

Üʈʦʟʤʽʨ ï 2.  

ɼʣʷ ʪʝʦʨʝʪʠʯʥʠʭ ʯʘʩʪʦʪ: 

Üʉʠʤʚʦʣ ï ʢʚʘʜʨʘʪʠʢʠ; 

Üʃʽʥʽʷ ï ʧʫʥʢʪʠʨʥʘ; 

Üʂʦʣʽʨ ï ʯʦʨʥʠʡ; 

Üʊʠʧ ï ʣʽʥʽʷ: 

Üʈʦʟʤʽʨ ï 2.  

4. ɿʙʝʨʝʛʪʠ ʩʪʚʦʨʝʥʠʡ ʜʦʢʫʤʝʥʪ ʫ ʚʣʘʩʥʽʡ ʧʘʧʮʽ. 

5. ɿʘʚʝʨʰʠʪʠ ʨʦʙʦʪʫ ʫ Mathcad. 
 

 

10.6. ɺʠʟʥʘʯʝʥʥʷ ʽʤʦʚʽʨʥʦʩʪʽ ʧʦʧʘʜʘʥʥʷ ʟʥʘʯʝʥʥʷ ʦʟʥʘʢʠ ʚ ʟʘʜʘʥʠʡ 

ʽʥʪʝʨʚʘʣ 

 



 

ɺ ʥʘʫʢʦʚʠʭ, ʪʝʭʥʽʯʥʠʭ ʪʘ ʚʠʨʦʙʥʠʯʠʭ ʜʦʩʣʽʜʘʭ ʯʘʩʪʦ ʥʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ 

ʽʤʦʚʽʨʥʽʩʪʴ ʧʦʧʘʜʘʥʥʷ ʟʥʘʯʝʥʥʷ ʦʟʥʘʢʠ x ʚ ʟʘʜʘʥʠʡ ʽʥʪʝʨʚʘʣ [ba, ]. ʎʷ ʚʝʣʠ-

ʯʠʥʘ ʨʽʚʥʘ ʟʘʰʪʨʠʭʦʚʘʥʽʡ ʧʣʦʱʽ ʥʘ ʛʨʘʬʽʢʫ y(x) (ʨʠʩ. 1). 

 
ʈʠʩ. 10.4 ï ʢʨʠʚʘ ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ 

ʇʦʜʽʣʠʚʰʠ ʽʥʪʝʨʚʘʣ [Ŭ, ɓ] ʥʘ n ʨʽʚʥʠʭ ʧʽʜʽʥʪʝʨʚʘʣʽʚ ȹx ̔ʟ ʩʝʨʝʜʥʽʤ ʟʥʘ-

ʯʝʥʥʷʤ x ̔, ʷʢʦʤʫ ʚʽʜʧʦʚʽʜʘʻ ʫ ̔, ʧʣʦʱʘ S ʙʫʜʝ ʧʨʠʙʣʠʟʥʦ ʨʽʚʥʘ ʩʫʤʽ ʧʣʦʱ 

ʧʨʷʤʦʢʫʪʥʠʢʽʚ, ʪʦʙʪʦ 

ä DÖ==
=

n

i
iinn xySP

1

.                                 (10.41) 

ɯʟ ʟʤʝʥʰʝʥʥʷʤ ȹx ̔(ʟʙʽʣʴʰʝʥʥʷʤ n) ʮʷ ʧʣʦʱʘ ʧʨʠ nŸÐ ʙʫʜʝ ʥʘʙʣʠʞʘ-

ʪʠʩʷ ʜʦ ʜʽʡʩʥʦʛʦ ʟʥʘʯʝʥʥʷ S, ʷʢʝ ʜʦʨʽʚʥʶʻ ʚʠʟʥʘʯʝʥʦʤʫ ʽʥʪʝʛʨʘʣʫ: 
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lim .                   (10.42) 

ʇʽʜʩʪʘʚʠʚʰʠ ʫ(ʭ) (ʜʠʚ. (3) ʣʘʙ.ʨ.ˉ4) ʚ (2), ʦʪʨʠʤʘʻʤʦ ʚʠʨʘʟ: 
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ʜʝ f(ʭ) - ʬʫʥʢʮʽʷ ʃʘʧʣʘʩʘ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 
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ʇʨʠ ʚʠʚʦʜʽ ʬʦʨʤʫʣʠ (3), ʩʢʦʨʠʩʪʘʣʠʩʷ ʪʠʤ, ʱʦ ʧʣʦʱʘ ʟʘʰʪʨʠʭʦʚʘʥʦʾ 

ʬʽʛʫʨʠ (ʜʠʚ. ʨʠʩ. 1) ʨʽʚʥʘ ʨʽʟʥʠʮʽ ʧʣʦʱʽ ʬʽʛʫʨ ʚʽʜ 0 ʜʦ b ʪʘ ʚʽʜ 0 ʜʦ a, ʪʦʙʪʦ 

ʨʽʟʥʠʮʽ ʽʥʪʝʛʨʘʣʽʚ. 



 

ʌʫʥʢʮʽʶ f(ʭ) ʥʘʟʠʚʘʶʪʴ ʜʨʫʛʦʶ ʬʫʥʢʮʽʻʶ ʥʦʨʤʦʚʘʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ, 

ʜʣʷ ʷʢʦʾ ʪʝʞ ʩʢʣʘʜʝʥʦ ʪʘʙʣʠʮʽ (ʜʠʚ. ʜʦʜʘʪʢʠ)  ʘʙʦ ʾʾ ʨʦʟʨʘʭʦʚʫʶʪʴ ʟʘ ʜʦʧʦʤʦ-

ʛʦʶ ʢʦʤʧôʶʪʝʨʘ.  

ɻʨʘʬʽʢ ʬʫʥʢʮʽʾf(ʭ)  ʤʘʻ ʚʠʛʣʷʜ (ʜʠʚ. ʨʠʩ.10.5) 

 

 

 

 

 

 

 

ʈʠʩ 10.5 ï ʛʨʘʬʽʢ ʧʝʨʰʦʾ ʬʫʥʢʮʽʾ 

ɿ ʛʨʘʬʽʢʘ ʫ(ʭ) ʤʦʞʥʘ ʟʥʘʡʪʠ ʢʽʣʴʢʽʩʪʴ ʦʩʦʙʠʥ Dʫ ʫ ʚʽʜʩʦʪʢʘʭ, ʟʥʘʯʝʥʥʷ 

ʦʟʥʘʢʠ ʷʢʠʭ ʣʝʞʘʪʴ ʫ ʽʥʪʝʨʚʘʣʽ [a, b] (ʜʠʚ. ʨʠʩ.1) 

ʇʦʢʣʘʚʰʠ a =̀ʭ - d,  b =̀ʭ + d ʽ ʚʨʘʭʦʚʫʶʯʠ, ʱʦ f(ʭ) ʻ ʥʝʧʘʨʥʦʶ ʬʫʥ-

ʢʮʽʻʶ, ʪʦʙʪʦ f(-ʭ) = -f(ʭ), ʦʙʯʠʩʣʠʤʦ ʡʤʦʚʽʨʥʽʩʪʴ ʧʦʷʚʠ ʪʘʢʦʛʦ ʟʥʘʯʝʥʥʷ 

ʦʟʥʘʢʠ, ʱʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʭ̀  ʥʝ ʙʽʣʴʰʝ, ʥʽʞ ʥʘ d: 
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ʇʽʜʩʪʘʚʠʚʰʠ ʚ ʮʶ ʬʦʨʤʫʣʫ d = s, 2s, 3s ʦʪʨʠʤʘʻʤʦ ʚʽʜʧʦʚʽʜʥʦ ʈ1 = 

2ʌ(1) = 68.3%, ʈ2 = 2ʌ(2) = 95.5%, ʈ3 = 2ʌ(3) = 99.8%. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʽʥʪʝʨʚʘʣ [d = 3s] ʥʘʚʢʦʣʦ ʭ̀  ʧʦʧʘʜʘʶʪʴ ʟʥʘʯʝʥʥʷ ʦʟʥʘ-

ʢʠ ̀ʭ ʤʘʡʞʝ ʚʩʽʭ ʦʩʦʙʠʥ. ʎʝʡ ʨʝʟʫʣʴʪʘʪ ʚʽʜʦʤʠʡ ʷʢ ñʧʨʘʚʠʣʦ ʪʨʴʦʭ ʩʠʛʤò, ʟ 

ʷʢʦʛʦ ʦʪʨʠʤʘʻʤʦ: 

s3min -=xx , 

s3max +=xx , 

ɺʽʜʥʷʚʰʠ ʜʨʫʛʝ ʨʽʚʥʷʥʥʷ ʚʽʜ ʧʝʨʰʦʛʦ ʦʪʨʠʤʘʻʤʦ ʬʦʨʤʫʣʫ ʩʝʨʝʜʥʴʦʢ-

ʚʘʜʨʘʪʠʯʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ: 

6

minmax xx -
=s ,  

ʘ ʜʦʜʘʚʰʠ ʚʽʜʧʦʚʽʜʥʦ ʮʽ ʜʚʘ ʨʽʚʥʷʥʥʷ ʦʪʨʠʤʘʻʤʦ ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ:

.
2

maxmin xx
x

+
=  

  

f(ʭ) 

x 

0 

-0,5 

0,5 



 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʜʦʜʘʪʢʫ Mathcad ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʽʤʦʚʽʨʥʦʩʪʽ 

ʧʦʧʘʜʘʥʥʷ ʟʥʘʯʝʥʥʷ ʦʟʥʘʢʠ ʚ ʟʘʜʘʥʠʡ ʽʥʪʝʨʚʘʣ 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʽʤʦʚʽʨʥʦʩʪʽ ʧʦʧʘʜʘʥʥʷ ʟʥʘʯʝʥʥʷ ʦʟʥʘʢʠ ʚ ʟʘʜʘʥʠʡ ʽʥʪʝʨʚʘʣ 

ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʽʥʪʝʨʚʘʣʠ [a̔, b̔], ʱʦ ʧʦʚôʷʟʘʥʽ ʟ ʚʝʣʠʯʠʥʘʤʠ ʭ̀ ʪʘ ů.  

¶ ɺʚʦʜʷʪʴ (ʧʨʠʩʚʦʶʶʪʴ) ʘʙʦ ʦʙʯʠʩʣʶʶʪʴ ʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʘʨʠʬʤʝ-

ʪʠʯʥʦʛʦ ʪʘ ʩʝʨʝʜʥʴʦʛʦ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ. 

¶ ʉʧʦʯʘʪʢʫ ʧʨʠʩʚʦʶʶʪʴ ʟʥʘʯʝʥʥʷ ʽ ʫ ʚʠʟʥʘʯʝʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 1 ʜʦ 3. 

¶ ɯʥʪʝʨʚʘʣʠ [a̔, b̔] ʚʠʟʥʘʯʘʶʪʴ ʟ ʩʧʽʚʚʽʜʥʦʰʝʥʴ, ʧʦʧʝʨʝʜʥʴʦ ʧʨʠʩʚʦʾʚʰʠ 

ʚ̔ ʜʧʦʚʽʜʥʽ ʟʥʘʯʝʥʥʷ. 

a̔ =̀ʭ - ʽĿů,  ɓ ̔=̀ʭ + ʽĿů, 

¶ ʟʥʘʯʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʝʡ ʟʥʘʭʦʜʷʪʴ ʟʘ ʬʦʨʤʫʣʦʶ, ʱʦ ʤʘʻ ʚʠʛʣʷʜ 
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¶ ʌʦʨʤʫʣʫ ʧʝʨʝʪʚʦʨʶʶʪʴ ʚʨʘʭʦʚʫʶʯʠ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʙʦʪʠ ʚ Mathcad. 

¶ ʆʙʨʘʭʦʚʫʶʪʴ ʟʥʘʯʝʥʥʷ ʟʘ ʬʦʨʤʫʣʦʶ. 

 

ʇʨʘʢʪʠʯʥʘ ʨʦʙʦʪʘ  ˉ13 

 

ʄʝʪʘ ʨʦʙʦʪʠ: ʚʠʚʯʠʪʠ, ʷʢ ʚʠʟʥʘʯʘʻʪʴʩʷ ʽʤʦʚʽʨʥʽʩʪʴ ʧʦʧʘʜʘʥʥʷ ʟʥʘʯʝʥʥʷ 

ʦʟʥʘʢʠ ʚ ʟʘʜʘʥʠʡ ʽʥʪʝʨʚʘʣ 

ɿʘʚʜʘʥʥʷ ʜʣʷ ʩʘʤʦʩʪʽʡʥʦʾ ʧʽʜʛʦʪʦʚʢʠ 

1. ʗʢ ʦʙʯʠʩʣʶʻʪʴʩʷ ʽʤʦʚʽʨʥʽʩʪʴ ʧʦʧʘʜʘʥʥʷ ʟʥʘʯʝʥʥʷ ʦʟʥʘʢʠ ʚ ʟʘʜʘʥʠʡ ʽʥ-

ʪʝʨʚʘʣ ? 

2. ɺʠʚʯʠʪʠ, ʱʦ ʪʘʢʝ ʜʨʫʛʘ ʬʫʥʢʮʽʷ ʥʦʨʤʦʚʘʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʪʘ ʷʢ ʚʦʥʘ 

ʟʚ`ʷʟʘʥʘ ʟ ʧʝʨʰʦʶ ʬʫʥʢʮʽʻʶ ʥʦʨʤʦʚʘʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ? 

3. ʈʦʟʛʣʷʥʫʪʠ, ʷʢʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʻ ʜʨʫʛʘ ʬʫʥʢʮʽʷ ʥʦʨʤʦʚʘʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ 

? 

4. ʆʟʥʘʡʦʤʠʪʠʩʷ ʟ ʛʝʦʤʝʪʨʠʯʥʦʶ ʩʫʪʪʶ ʨʝʟʫʣʴʪʘʪʫ ʚʠʟʥʘʯʝʥʥʷ ʽʤʦʚʽʨʥʦ-

ʩʪʽ ʧʦʧʘʜʘʥʥʷ ʟʥʘʯʝʥʥʷ ʦʟʥʘʢʠ ʚ ʟʘʜʘʥʠʡ ʽʥʪʝʨʚʘʣ ? 

5. ʈʦʟʛʣʷʥʫʪʠ ʚ ʯʦʤʫ ʧʦʣʷʛʘʻ ʩʫʪʴ ʧʨʘʚʠʣʘ 3-ʦʭ ʩʠʛʤ ? 

 

ʇʨʦʛʨʘʤʘ ʚʠʢʦʥʘʥʥʷ ʥʘ ʢʦʤʧôʶʪʝʨʽ. 

1. ɿʘʚʘʥʪʘʞʠʪʠ ʤʘʪʝʤʘʪʠʯʥʠʡ ʜʦʜʘʪʦʢ Mathcad. 

2. ɺʠʟʥʘʯʠʪʠ ʽʤʦʚʽʨʥʦʩʪʽ ʧʦʧʘʜʘʥʥʷ ʟʥʘʯʝʥʥʷ ʦʟʥʘʢʠ ʚ ʟʘʜʘʥʠʡ ʽʥʪʝʨ-

ʚʘʣ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʪʘʙʣʠʮʶ ʜʘʥʠʭ ʧʨʘʢʪʠʯʥʦʾ ʨʦʙʦʪʠ ˉ2 ʟʘ ʬʦʨʤʫʣʘʤʠ, 

ʧʦʧʝʨʝʜʥʴʦ ʘʜʘʧʪʫʚʘʚʰʠ ʾʭ ʜʦ Mathcad. 



 

3. ʇʦʨʽʚʥʷʪʠ ʦʪʨʠʤʘʥʽ ʜʘʥʽ ʟ ʪʝʦʨʝʪʠʯʥʠʤʠ ʜʘʥʠʤʠ ʧʨʘʢʪʠʯʥʦʾ ʨʦʙʦʪʠ 

ˉ2. 

4. ɿʙʝʨʝʛʪʠ ʩʪʚʦʨʝʥʠʡ ʜʦʢʫʤʝʥʪ ʫ ʚʣʘʩʥʽʡ ʧʘʧʮʽ. 

5. ɿʘʚʝʨʰʠʪʠ ʨʦʙʦʪʫ ʫ Mathcad. 

 

10.7. ʅʫʣʴʦʚʘ ʛʽʧʦʪʝʟʘ H0. ʇʝʨʝʚʽʨʢʘ H0 ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʨʠʪʝʨʽʾʚ 

ʉʪôʶʜʝʥʪʘ ʽ ʌʽʰʝʨʘ 

 

ɿʘ ʨʽʟʥʠʮʝʶ ʧʦʢʘʟʥʠʢʽʚ ʚʠʙʽʨʦʢ ʨʦʙʣʷʪʴ ʧʦʨʽʚʥʷʣʴʥʽ ʦʮʽʥʢʠ ʛʝʥʝʨʘ-

ʣʴʥʠʭ ʧʦʢʘʟʥʠʢʽʚ. 

ʇʦʨʽʚʥʷʥʥʷ ʧʨʦʚʦʜʠʪʴʩʷ ʟʘ ʧʦʨʦʜʘʤʠ ʚʦʜʥʠʭ ʦʨʛʘʥʽʟʤʽʚ ʘʙʦ ʚ ʜʦʩʣʽʜʘʭ 

ʚʧʣʠʚʫ ʙʫʜʴ-ʷʢʦʛʦ ʬʘʢʪʦʨʘ (ʥʘʧʨʠʢʣʘʜ ʚʢʣʶʯʝʥʥʷ ʚ ʧʽʜʢʦʨʤʢʫ ʤʽʢʨʦʝʣʝʤʝʥ-

ʪʽʚ, ʚʽʪʘʤʽʥʽʚ ʽ ʪ. ʜ..) ʥʘ ʧʦʢʘʟʥʠʢʠ ʚʠʨʦʙʥʠʮʪʚʘ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʦʥʪʨʦʣʴʥʠʤʠ 

ʚʠʙʽʨʢʘʤʠ, ʜʣʷ ʷʢʠʭ ʚʧʣʠʚ ʚʽʜʩʫʪʥʽʡ. 

ʇʦʨʽʚʥʷʥʥʷ ʙʘʟʫʻʪʴʩʷ ʥʘ ʅʦ-ʛʽʧʦʪʝʟʽ, ʟʛʽʜʥʦ ʟ ʷʢʦʶ, ʨʽʟʥʠʮʷ ʤʽʞ ʧʦʢʘ-

ʟʥʠʢʘʤʠ ʛʝʥʝʨʘʣʴʥʠʭ ʩʫʢʫʧʥʦʩʪʝʡ ʜʦʨʽʚʥʶʻ 0, ʘ ʤʦʞʣʠʚʘ ʨʽʟʥʠʮʷ ʤʽʞ ʧʘʨʘ-

ʤʝʪʨʘʤʠ ʚʠʙʽʨʦʢ ʤʘʻ ʚʠʧʘʜʢʦʚʠʡ ʭʘʨʘʢʪʝʨ. 

ʇʦʟʥʘʯʠʤʦ ʯʝʨʝʟ kkx̔x ss ~,~~,~
00 ʧʦʢʘʟʥʠʢʠ ʜʦʩʣʽʜʥʦʾ ʽ ʢʦʥʪʨʦʣʴʥʦʾ ʛʝ-

ʥʝʨʘʣʴʥʦʾ ʩʫʢʫʧʥʦʩʪʝʡ ʚʽʜʧʦʚʽʜʥʦ. 

ʅ0-ʛʽʧʦʪʝʟʘ ʟʘʜʦʚʦʣʴʥʷʻʪʴʩʷ, ʷʢʱʦ kkxx ss ~~,~~
00 ==   ̔ʜʣʷ ʚʠʙʽʨʢʦʚʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʜʦʧʫʩʢʘʻʪʴʩʷ kkxx ss ~~,~~
00 ¸¸ . ʂʦʣʠ ʮʽ ʥʝʨʽʚʥʦʩʪʽ ʤʘʶʪʴ ʩʠʩʪʝʤ-

ʥʠʡ ʭʘʨʘʢʪʝʨ, ʅ0-ʛʽʧʦʪʝʟʘ ʚʽʜʭʠʣʷʻʪʴʩʷ. 

ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʅ0-ʛʽʧʦʪʝʟʠ ʨʦʟʨʦʙʣʝʥʦ ʩʧʝʮʽʘʣʴʥʽ ʩʪʘʪʠʩʪʠʯʥʽ ʢʨʠʪʝʨʽʾ 

ʟ ʨʽʚʥʷʤʠ ʟʥʘʯʠʤʦʩʪʽ a=1-R:  

a1=5%, a2=1%, a3=0.1%. 

ʆʜʥʠʤ ʽʟ ʪʘʢʠʭ ʢʨʠʪʝʨʽʾʚ ʻ t-ʢʨʠʪʝʨʽʡ ʉʪʴʶʜʝʥʪʘ: 
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21
ss ʽ - ʩʝʨʝʜʥʽ ʢʚʘʜʨʘʪʠʯʥʽ ʚʽʜʭʠʣʝʥʥʷ ʜʣʷ ʜʦʩʣʽʜʥʦʾ ʽ ʢʦʥʪʨʦʣʴʥʦʾ ʚʠʙʽ-

ʨʦʢ, n1 ̔  n2 - ʾʭ ʦʙ'ʻʤʠ. 

ʌʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ tʬ ʧʦʨʽʚʥʶʶʪʴ ʟ ʩʪʘʥʜʘʨʪʥʠʤ (ʪʘʙʣʠʯʥʠʤ) tst. ɿʘ 

ʚʽʜʧʦʚʽʜʥʠʤ ʨʽʚʥʝʤ ʟʥʘʯʠʤʦʩʪʽ Ŭ ʽ ʩʪʝʧʝʥʝʤ ʚʽʣʴʥʦʩʪʽ m = m1 + m2 = n1 - 1 + n2 



 

-1 = n1 + n2 - 2  ʟ ʪʘʙʣʠʮʽ ʚʠʟʥʘʯʘʪʴ tst. ʇʨʠ tʬ<tst H0-ʛʽʧʦʪʝʟʘ ʟʘʜʦʚʦʣʴʥʷʻʪʴʩʷ, 

ʘ ʧʨʠ tʬ>tst ʚʽʜʭʠʣʷʻʪʴʩʷ. ɸʣʝ ʜʣʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʅ0-ʛʽʧʦʪʝʟʫ ʧʨʦʚʽʨʷʶʪʴ ʥʘ ʙʽ-

ʣʴʰʦʤʫ ʨʽʚʥʽ ʟʥʘʯʠʤʦʩʪʽ a. t-ʢʨʠʪʝʨʽʡ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʛʝʥʝʨʘʣʴʥʠʭ ʩʫʢʫ-

ʧʥʦʩʪʝʡ ʟ ʥʦʨʤʘʣʴʥʠʤ ʟʘʢʦʥʦʤ ʨʦʟʧʦʜʽʣʫ ʽʟ ʙʫʜʴ-ʷʢʠʤ ʦʙôʻʤʦʤ ʚʠʙʽʨʢʠ ʘʙʦ ʟ 

ʥʝʥʦʨʤʘʣʴʥʠʤ ʧʨʠ n>30. 

ɼʣʷ ʧʝʨʝʚʽʨʢʠ H0ïʛʽʧʦʪʝʟʠ ʟʘ ʟʥʘʯʝʥʥʷʤʠ ʩʝʨʝʜʥʴʦʛʦ (ʩʪʘʥʜʘʨʪʥʦʛʦ) 

ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ Fïʢʨʠʪʝʨʽʡ ʌʽʰʝʨʘ: 

                                             1
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ʪʦʤʫ, ʱʦ ʚʠʙʠʨʘʶʪʴ 21 ss² . 

ɿʥʘʯʝʥʥʷ ʬF ʧʦʨʽʚʥʶʶʪʴ ʟ ʪʘʙʣʠʯʥʠʤʠ (ʩʪʘʥʜʘʨʪʥʠʤ) stF  ʟʘ ʚʽʜʦʤʠʤ 

ʨʽʚʥʝʤ ʟʥʘʯʠʤʦʩʪʽ a ʽ ʩʪʫʧʝʥʷʤʠ ʚʽʣʴʥʦʩʪʝʡ 111 -=nm , 122 -=nm  ʚʠʙʽʨʦʢ. 

ʗʢʱʦ stʬ FF < , ʪʦ H0 ïʛʽʧʦʪʝʟʘ ʟʘʜʦʚʦʣʴʥʷʻʪʴʩʷ, ʘ ʧʨʠ stʬ FF > - ʚʽʜʭʠʣʷʻʪʴ-

ʩʷ.  

 



 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʜʦʜʘʪʢʫ Mathcad ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʩʪʘʪʠʩʪʠʯ-

ʥʠʭ ʛʽʧʦʪʝʟ 

ʇʝʨʝʚʽʨʢʘ ʥʫʣʴʦʚʦʾ ʛʽʧʦʪʝʟʠ ʟʘ ʢʨʠʪʝʨʽʻʤ ʉʪʴʶʜʝʥʪʘ. 

1. ɿʥʘʭʦʜʠʤʦ ʨʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ t ʢʨʠʪʝʨʽʶ ʉʪʴʶʜʝʥʪʘ ʟʘ ʬʦʨʤʫ-

ʣʦʶ (1), ʧʦʧʝʨʝʜʥʴʦ ʟʨʦʙʠʚʰʠ ʦʙʨʘʭʫʥʦʢ ʚʝʣʠʯʠʥʠ ɮd ʟʘ ʬʦʨʤʫʣʦʶ (2). ɿʥʘ-

ʯʝʥʥʷ n1, n2, ů1, ů2 ʚʚʦʜʠʤʦ ʥʘ ʧʦʯʘʪʢʫ ʘʙʦ ʦʙʯʠʩʣʶʻʤʦ ʟʘ ʬʦʨʤʫʣʘʤʠ. 

2. ɿʘʜʘʻʤʦ ʨʽʚʝʥʴ ʟʥʘʯʫʱʦʩʪʽ Ŭ:=0,01 

3. ʂʨʠʪʠʯʥʝ (ʪʘʙʣʠʯʥʝ) ʟʥʘʯʝʥʥʷ t ʢʨʠʪʝʨʽʶ ʉʪʴʶʜʝʥʪʘ ʟʥʘʭʦʜʠʤʦ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʙʫʜʦʚʘʥʠʭ ʬʫʥʢʮʽʡ (ʜʠʚ.ʪʘʙʣ.1) 

ʊʘʙʣʠʮʷ 10.1 

ɺʙʫʜʦʚʘʥʽ ʬʫʥʢʮʽʾ ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʟʥʘ-

ʯʝʥʴ ʟʘ ʢʨʠʪʝʨʽʷʤʠ ʉʪʴʶʜʝʥʪʘ, ʇʽʨʩʦʥʘ, ʌʽʰʝʨʘ. 

ʂʨʠʪʝʨʽʡ 
ʂʘʪʝʛʦʨʽʷ ʬʫ-

ʥʢʮʽʾ 

ɺʙʫʜʦʚʘʥʘ 

ʬʫʥʢʮʽʷ, 

ʽʤ'ʷ ʬʫʥʢ-

ʮʽʾ 

ɸʨʛʫʤʝʥʪʠ ʬʫʥʢʮʽʾ 

ʉʪʴʶʜʝʥʪʘ 
ʌʫʥʢʮʠʷ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʷ 
qt 

ʡʤʦʚʽʨʥʽʩʪʴ 

2
1
a
- , Ŭ ï ʨʽʚʝʥʴ 

ʥʘʜʽʡʥʦʩʪʽ (ʟʥʘ-

ʯʫʱʦʩʪʽ) 

ʏʠʩʣʦ ʩʪʝʧʝ-

ʥʽʚ ʩʚʦʙʦʜʠ 

n-1 

ʌʽʰʝʨʘ 
ʌʫʥʢʮʠʷ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʷ 
qF 

ʁʤʦʚʽʨʥʽʩʪʴ 

1-Ŭ,  

Ŭ ï ʨʽʚʝʥʴ 

ʥʘʜʽʡʥʦʩʪʽ 

(ʟʥʘʯʫʱʦʩʪʽ) 

ʏʠʩʣʦ 

ʩʪʝʧʝʥʽʚ 

ʩʚʦʙʦʜʠ  

ɯ ʚʠʙʽʨ-

ʢʠ 

n1-1 

ʏʠʩʣʦ 

ʩʪʝʧʝʥʽʚ 

ʩʚʦʙʦʜʠ  

ɯɯ ʚʠʙʽ-

ʨʢʠ 

n2-1 

ʇʽʨʩʦʥʘ 
ʌʫʥʢʮʠʷ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʷ 
qchisq 

ʁʤʦʚʽʨʥʽʩʪʴ 

1-Ŭ, Ŭ ï ʨʽʚʝʥʴ 

ʥʘʜʽʡʥʦʩʪʽ (ʟʥʘ-

ʯʫʱʦʩʪʽ) 

ʏʠʩʣʦ ʩʪʝʧʝ-

ʥʽʚ ʩʚʦʙʦʜʠ  

 

 

4. ɸʣʛʦʨʠʪʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʙʫʜʦʚʘʥʦʾ ʬʫʥʢʮʽʾ  

¶ ʟʘʧʠʩʫʶʪʴ tʢʨʠʪ:= 

¶ ʥʘʪʠʩʢʘʶʪʴ ʢʥʦʧʢʫ ʟ ʥʘʜʧʠʩʦʤ f(x) ʥʘ ʩʪʘʥʜʘʨʪʥʽʡ ʧʘʥʝʣʽ ʽʥʩʪʨʫ-

ʤʝʥʪʽʚ ʘʙʦ ʫ ʤʝʥʶ ɺʩʪʘʚʢʘ ʟʥʘʭʦʜʷʪʴ ʤʝʥʶ ʌʫʥʢʮʠʷ; 

¶ ʫ ʤʝʥʶ ʂʘʪʝʛʦʨʠʷ ʌʫʥʢʮʠʠ ʦʙʠʨʘʶʪʴ ɺʩʝ; 



 

¶ ʫ ʩʧʠʩʢʫ Function Name (ʀʤʷ ʬʫʥʢʮʠʠ) ʦʙʠʨʘʶʪʴ ʽʤ'ʷ ʚʙʫʜʦʚʘ-

ʥʦʾ ʬʫʥʢʮʽʾ, ʧʽʜ ʷʢʠʤ ʚʦʥʘ ʬʽʛʫʨʫʻ ʫ Mathcad. ɺ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ 

ʮʝ qt ʪʦʱʦ; 

¶ ʫ ʚʽʜʧʦʚʽʜʥʦʤʫ ʜʽʘʣʦʛʦʚʦʤʫ ʚʽʢʥʽ ʚʢʘʟʫʻʤʦ ʘʨʛʫʤʝʥʪʠ ʬʫʥʢʮʽʾ ï 

ʽʤʦʚʽʨʥʽʩʪʴ (
2

1
a
- ), ʯʠʩʣʦ ʩʪʝʧʝʥʽʚ ʩʚʦʙʦʜʠ (n1+n2-2). 

¶ ʜʘʻʤʦ ʢʦʤʘʥʜʫ ʢʦʤʧôʶʪʝʨʫ ʟʘʩʪʦʩʫʚʘʪʠ ʬʫʥʢʮʽʶ ʥʘʪʠʩʢʘʻʤʦ =. 

¶ ʦʪʨʠʤʘʻʤʦ ʚʽʜʧʦʚʽʜʥʝ ʨʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʉʪʴʶʜʝʥ-

ʪʘ.  

5. ʇʦʨʽʚʥʶʻʤʦ ʢʨʠʪʠʯʥʝ ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ t ʢʨʠʪʝʨʽʶ 

ʉʪʴʶʜʝʥʪʘ. ɼʣʷ ʮʴʦʛʦ ʚʚʦʜʠʤʦ ʥʘʩʪʫʧʥʝ 

)1(0 ʘʙʦtʢʨʠʪt =<  

6. ʗʢʱʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʦʨʽʚʥʷʥʥʷ ʦʪʨʠʤʘʻʤʦ 0 (ʥʝʧʨʘʚʜʘ), ʫʤʦʚʘ ʥʝ ʚʠ-

ʢʦʥʫʻʪʴʩʷ, ʟʥʘʯʠʪʴ ʥʫʣʴʦʚʘ ʛʽʧʦʪʝʟʘ ʚʽʜʭʠʣʷʻʪʴʩʷ. 

7. ʗʢʱʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʦʨʽʚʥʷʥʥʷ ʦʪʨʠʤʘʻʤʦ 1 (ʽʩʪʠʥʘ), ʫʤʦʚʘ ʚʠʢʦʥʫ-

ʻʪʴʩʷ, ʟʥʘʯʠʪʴ ʥʫʣʴʦʚʘ ʛʽʧʦʪʝʟʘ ʟʘʜʦʚʦʣʴʥʷʻʪʴʩʷ. 

ʇʝʨʝʚʽʨʢʘ H0 ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʨʠʪʝʨʽʶ ʌʽʰʝʨʘ. 

1. ɿʥʘʭʦʜʠʤʦ ʨʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ F ʢʨʠʪʝʨʽʶ ʌʽʰʝʨʘ ʟʘ ʬʦʨʤʫʣʦʶ  

=

=

Fʨʦʟʨ

Fʨʦʟʨ
2

1
:
s

s

 

ʇʨʠʯʦʤʫ, ʚ ʯʠʩʝʣʴʥʠʢʫ ʜʨʦʙʫ ʟʥʘʯʝʥʥʷ ʙʽʣʴʰʦʾ ʜʠʩʧʝʨʩʽʾ. 

2. ɿʥʘʭʦʜʠʤʦ ʢʨʠʪʠʯʥʝ (ʪʘʙʣʠʯʥʝ) ʟʥʘʯʝʥʥʷ F ʢʨʠʪʝʨʽʶ ʌʽʰʝʨʘ ʟ ʚʠ-

ʢʦʨʠʩʪʘʥʥʷʤ ʚʙʫʜʦʚʘʥʦʾ ʬʫʥʢʮʽʾ qF. 

ɸʣʛʦʨʠʪʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʙʫʜʦʚʘʥʦʾ ʬʫʥʢʮʽʾ  

¶ ʟʘʧʠʩʫʶʪʴ Fʢʨʠʪ:= 

¶ ʥʘʪʠʩʢʘʶʪʴ ʢʥʦʧʢʫ ʟ ʥʘʜʧʠʩʦʤ f(x) ʥʘ ʩʪʘʥʜʘʨʪʥʽʡ ʧʘʥʝʣʽ ʽʥʩʪʨʫ-

ʤʝʥʪʽʚ ʘʙʦ ʫ ʤʝʥʶ ɺʩʪʘʚʢʘ ʟʥʘʭʦʜʷʪʴ ʤʝʥʶ ʌʫʥʢʮʠʷ; 

¶ ʫ ʤʝʥʶ ʂʘʪʝʛʦʨʠʷ ʌʫʥʢʮʠʠ ʦʙʠʨʘʶʪʴ ɺʩʝ; 

¶ ʫ ʩʧʠʩʢʫ Function Name (ʀʤʷ ʬʫʥʢʮʠʠ) ʦʙʠʨʘʶʪʴ ʽʤ'ʷ ʚʙʫʜʦʚʘ-

ʥʦʾ ʬʫʥʢʮʽʾ, ʧʽʜ ʷʢʠʤ ʚʦʥʘ ʬʽʛʫʨʫʻ ʫ Mathcad. ɺ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ 

qF ʪʦʱʦ; 

¶ ʫ ʚʽʜʧʦʚʽʜʥʦʤʫ ʜʽʘʣʦʛʦʚʦʤʫ ʚʽʢʥʽ ʚʢʘʟʫʻʤʦ ʘʨʛʫʤʝʥʪʠ ʬʫʥʢʮʽʾ ï 

ʽʤʦʚʽʨʥʽʩʪʴ (a-1 ), ʯʠʩʣʦ ʩʪʝʧʝʥʽʚ ʩʚʦʙʦʜʠ ʙʽʣʴʰʦʾ ʚʠʙʽʨʢʠ  

(n1-1), ʯʠʩʣʦ ʩʪʝʧʝʥʽʚ ʩʚʦʙʦʜʠ ʤʝʥʰʦʾ ʚʠʙʽʨʢʠ (n2-1) 

¶ ʜʘʻʤʦ ʢʦʤʘʥʜʫ ʢʦʤʧôʶʪʝʨʫ ʟʘʩʪʦʩʫʚʘʪʠ ʬʫʥʢʮʽʶ ʥʘʪʠʩʢʘʻʤʦ =. 

¶ ʦʪʨʠʤʘʻʤʦ ʚʽʜʧʦʚʽʜʥʝ ʨʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʌʽʰʝʨʘ.  



 

5. ʇʦʨʽʚʥʶʻʤʦ ʢʨʠʪʠʯʥʝ ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ F ʢʨʠʪʝʨʽʶ ʌʽʰʝ-

ʨʘ. ɼʣʷ ʮʴʦʛʦ ʚʚʦʜʠʤʦ ʥʘʩʪʫʧʥʝ 

)1(0 ʘʙʦFʢʨʠʪFʨʦʟʨ =<  

6. ʗʢʱʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʦʨʽʚʥʷʥʥʷ ʦʪʨʠʤʘʻʤʦ 0 (ʥʝʧʨʘʚʜʘ), ʫʤʦʚʘ ʥʝ ʚʠ-

ʢʦʥʫʻʪʴʩʷ, ʟʥʘʯʠʪʴ ʥʫʣʴʦʚʘ ʛʽʧʦʪʝʟʘ ʚʽʜʭʠʣʷʻʪʴʩʷ. 

7. ʗʢʱʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʦʨʽʚʥʷʥʥʷ ʦʪʨʠʤʘʻʤʦ 1 (ʽʩʪʠʥʘ), ʫʤʦʚʘ ʚʠʢʦʥʫ-

ʻʪʴʩʷ, ʟʥʘʯʠʪʴ ʥʫʣʴʦʚʘ ʛʽʧʦʪʝʟʘ ʟʘʜʦʚʦʣʴʥʷʻʪʴʩʷ. 

 



 

ʇʨʘʢʪʠʯʥʘ ʨʦʙʦʪʘ ˉ14 

 

ʄʝʪʘ ʨʦʙʦʪʠ: ʚʠʚʯʠʪʠ, ʷʢ ʧʝʨʝʚʽʨʠʪʠ ʥʫʣʴʦʚʫ ʛʽʧʦʪʝʟʫ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ tï

ʢʨʠʪʝʨʽʡ ʉʪʴʶʜʝʥʪʘ ʪʘ Fïʢʨʠʪʝʨʽʡ ʌʽʰʝʨʘ 

ɿʘʚʜʘʥʥʷ ʜʣʷ ʩʘʤʦʩʪʽʡʥʦʾ ʧʽʜʛʦʪʦʚʢʠ 

1. ʈʦʟʛʣʷʥʫʪʠ, ʱʦ ʪʘʢʝ ʥʫʣʴʦʚʘ ʛʽʧʦʪʝʟʘ ʪʘ ʚ ʯʦʤʫ ʚʦʥʘ ʧʦʣʷʛʘʻ. 

2. ɺʠʚʯʠʪʠ, ʷʢ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ t-ʢʨʠʪʝʨʽʡ ʉʪʴʶʜʝʥʪʘ ʜʣʷ ʧʝʨʝʚʽʨʢʠ H0. 

3. ɺʠʚʯʠʪʠ, ʷʢ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ F-ʢʨʠʪʝʨʽʡ ʌʽʰʝʨʘ ʜʣʷ ʧʝʨʝʚʽʨʢʠ H0. 

4. ɺʠʚʯʠʪʠ, ʱʦ ʦʟʥʘʯʘʻ ʯʠʩʣʦ ʩʪʝʧʝʥʽʚ ʚʽʣʴʥʦʩʪʽ, ʪʘ ʷʢ ʚʦʥʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʣʷ 

ʦʙʦʭ ʢʨʠʪʝʨʽʾʚ. 

 

ʇʨʦʛʨʘʤʘ ʚʠʢʦʥʘʥʥʷ ʥʘ ʢʦʤʧôʶʪʝʨʽ. 

1. ɿʘʚʘʥʪʘʞʠʪʠ ʤʘʪʝʤʘʪʠʯʥʠʡ ʜʦʜʘʪʦʢ Mathcad. 

2. ʇʝʨʝʚʽʨʠʪʠ ʛʽʧʦʪʝʟʫ ʧʨʦ ʨʽʚʥʽʩʪʴ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ ʜʚʦʭ ʥʝʟʘʣʝʞʥʠʭ 

ʚʠʙʽʨʦʢ ʟʘ ʢʨʠʪʝʨʽʻʤ ʉʪʴʶʜʝʥʪʘ ʪʘ ʟʨʦʙʠʪʠ ʘʥʘʣʽʟ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

3. ʇʝʨʝʚʽʨʠʪʠ ʦʜʥʦʨʽʜʥʽʩʪʴ ʜʠʩʧʝʨʩʽʡ ʜʚʦʭ ʚʠʙʽʨʦʢ ʟʘ ʢʨʠʪʝʨʽʻʤ ʌʽʰʝ-

ʨʘ. ʇʨʦʘʥʘʣʽʟʫʚʘʪʠ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ. 

4. ɿʙʝʨʝʛʪʠ ʩʪʚʦʨʝʥʠʡ ʜʦʢʫʤʝʥʪ ʫ ʚʣʘʩʥʽʡ ʧʘʧʮʽ. 

5. ɿʘʚʝʨʰʠʪʠ ʨʦʙʦʪʫ ʫ Mathcad. 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ 

1. ʑʦ ʪʘʢʝ ʥʫʣʴʦʚʘ ʛʽʧʦʪʝʟʘ,  ʾʾ ʩʫʪʴ ? 

2. ʗʢ ʨʦʟʨʘʭʫʚʘʪʠ ʬʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ t-ʢʨʠʪʝʨʽʶ ʉʪʴʶʜʝʥʪʘ ? 

3. ʗʢʽ ʚʝʣʠʯʠʥʠ ʧʦʪʨʽʙʥʦ ʟʥʘʪʠ ʪʘ ʷʢ ʾʭ ʟʥʘʡʪʠ, ʱʦʙ ʚʠʟʥʘʯʠʪʠ ʩʪʘʥʜʘ-

ʨʪʥʝ ʟʥʘʯʝʥʥʷ t-ʢʨʠʪʝʨʽʶ ʉʪʴʶʜʝʥʪʘ ? 

4. ʗʢ ʨʦʟʨʘʭʫʚʘʪʠ ʬʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ F- ʢʨʠʪʝʨʽʶ ʌʽʰʝʨʘ ? 

5. ʗʢʽ ʚʝʣʠʯʠʥʠ ʧʦʪʨʽʙʥʦ ʟʥʘʪʠ ʪʘ ʷʢ ʾʭ ʟʥʘʡʪʠ, ʱʦʙ ʚʠʟʥʘʯʠʪʠ ʩʪʘʥʜʘ-

ʨʪʥʝ ʟʥʘʯʝʥʥʷ F- ʢʨʠʪʝʨʽʶ ʌʽʰʝʨʘ ? 

 

 

10.8. ʅʫʣʴʦʚʘ ʛʽʧʦʪʝʟʘ (ʅ0). ʇʝʨʝʚʽʨʢʘ ʅ0 ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʨʠʪʝʨʽʶ 

ʇʽʨʩʦʥʘ 

 

ʂʨʠʪʝʨʽʡ ʇʽʨʩʦʥʘ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʨʠ ʧʝʨʝʚʽʨʮʽ ʛʽʧʦʪʝʟ ʩʪʦʩʦʚʥʦ ʟʘʢʦʥʽʚ ʨʦʟ-

ʧʦʜʽʣʫ. ʎʠʤ ʢʨʠʪʝʨʽʻʤ ʟôʷʩʦʚʫʻʪʴʩʷ ʫʟʛʦʜʞʝʥʽʩʪʴ ʜʦʩʣʽʜʥʠʭ ʟ ʪʝʦʨʝʪʠʯʥʠʤʠ 

ʨʦʟʧʦʜʽʣʘʤʠ, ʥʘʧʨʠʢʣʘʜ ʥʦʨʤʘʣʴʥʠʤ, ʽ ʷʚʣʷʻ ʩʦʙʦʶ ʩʪʝʧʽʥʴ ʨʦʟʙʽʞʥʦʩʪʝʡ ʤʽʞ 

ʥʠʤʠ ʚʽʜʥʦʩʥʦ ʯʘʩʪʦʪ: 
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                                  (10.50) 

ʜʝ if  ʽ if
~

- ʜʦʩʣʽʜʥʽ ʪʘ ʪʝʦʨʝʪʠʯʥʽ ʯʘʩʪʦʪʠ ʦʟʥʘʢʠ X, ʩʫʤʘ ʚʝʜʝʪʴʩʷ ʟʘ ʢʣʘʩʘʤʠ 

ʚʘʨʽʘʮʽʡʥʠʭ ʨʷʜʽʚ. 

ɿʥʘʯʝʥʥʷ 
2

ʬx  ʧʦʨʽʚʥʶʶʪʴ ʟ ʪʘʙʣʠʯʥʠʤʠ 2

stx  ʧʨʠ ʚʽʜʧʦʚʽʜʥʦʤʫ ʨʽʚʥʽ ʟʥʘ-

ʯʠʤʦʩʪʽ a ʽ ʩʪʝʧʝʥʷ ʚʽʣʴʥʦʩʪʽ m=k-3. 

ʗʢʱʦ 
2

ʬx <
2

stx , ʪʦ ʨʦʟʧʦʜʽʣ ʻ ʥʦʨʤʘʣʴʥʠʤ, ʘ ʧʨʠ 
2

ʬx >
2

stx  H0 ï ʛʽʧʦʪʝʟʘ ʥʝ 

ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ (ʩʧʨʦʩʪʦʚʫʻʪʴʩʷ). 

ʂʨʠʪʝʨʽʡ ʇʽʨʩʦʥʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʠ n>50 ʽ 5²kf , ʫ ʧʨʦʪʠʣʝʞʥʦʤʫ 

ʚʠʧʘʜʢʫ ʩʫʩʽʜʥʽ ʢʣʘʩʠ ʦʙôʻʜʥʫʶʪʴ. 

 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʜʦʜʘʪʢʫ Mathcad ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʥʫʣʴʦʚʦʾ ʛʽ-

ʧʦʪʝʟʠ ʟʘ ʢʨʠʪʝʨʽʻʤ ʇʽʨʩʦʥʘ 

ʂʨʠʪʝʨʽʡ ʇʽʨʩʦʥʘ ʜʦʟʚʦʣʷʻ ʧʝʨʝʚʽʨʠʪʠ ʛʽʧʦʪʝʟʫ ʧʨʦ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ 

ʯʘʩʪʦʪ ʥʦʨʤʘʣʴʥʦʤʫ ʨʦʟʧʦʜʽʣʫ, ʥʘʧʨʠʢʣʘʜ, ʷʢʱʦ Ŭ=0,01 (1%).  

ɿʥʘʯʝʥʥʷ ʯʘʩʪʦʪ fi, f1i, ʷʢʽ ʧʦʪʨʽʙʥʦ ʧʝʨʝʚʽʨʠʪʠ ʥʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʥʦʨʤʘ-

ʣʴʥʦʤʫ ʨʦʟʧʦʜʽʣʫ ʚʽʟʴʤʝʤʦ ʟ ʪʘʙʣʠʮʽ ʜʦ ʧʨʘʢʪʠʯʥʦʾ ʨʦʙʦʪʠ ˉ2 ʪʘ ʟ ʨʝʟʫʣʴʪʘ-

ʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ ʪʝʦʨʝʪʠʯʥʠʭ ʯʘʩʪʦʪ ʨʦʙʦʪʠ ˉ6 ʚʽʜʧʦʚʽʜʥʦ. ʆʢʨʫʛʣʝʥʽ ʜʦ ʮʽ-

ʣʠʭ ʟʥʘʯʝʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ ʯʘʩʪʦʪ ʚʠʣʫʯʘʻʤʦ ʟ ʧʨʘʢʪʠʯʥʦʾ ʨʦʙʦʪʠ ˉ6.  

ɿʛʽʜʥʦ ʚʠʤʦʛ ï ʢʨʠʪʝʨʽʡ ʇʽʨʩʦʥʘ ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ ʜʣʷ ʦʙôʻʤʽʚ ʚʠʙʽʨ-

ʢʠ n>50 ʽ 5²kf , ʫ ʧʨʦʪʠʣʝʞʥʦʤʫ ʚʠʧʘʜʢʫ ʩʫʩʽʜʥʽ ʢʣʘʩʠ ʧʦʪʨʽʙʥʦ ʦʙ'ʻʜʥʘʪʠ.  

 

ɿʥʘʯʝʥʥʷ if  ʽ if
~

 ʜʣʷ ʧʝʨʰʠʭ ʜʚʦʭ ʽ ʦʩʪʘʥʥʽʭ ʪʨʴʦʭ ʢʣʘʩʽʚ ʦʙôʻʜʥʘʻʤʦ. ʉʢʣʘʜʝʤʦ 

ʜʦʧʦʤʽʞʥʫ ʪʘʙʣʠʮʶ  

ɽʤʧʽʨʠʯʥʽ ʯʘʩ-

ʪʦʪʠ 

ʆʙóʻʜʥʘʥʽ ʝʤ-

ʧʽʨʠʯʥʽ ʯʘʩ-

ʪʦʪʠ 

ʊʝʦʨʝʪʠʯʥʽ ʯʘʩ-

ʪʦʪʠ (ʦʢʨʫʛʣʝʥʽ) 

ʆʙóʻʜʥʘʥʽ ʪʝ-

ʦʨʝʪʠʯʥʽ ʯʘʩ-

ʪʦʪʠ 

2 8 2 8 

6 6 



 

12 12 11 11 

14 14 15 15 

14 14 14 14 

8  

14 

9  

14 3 4 

3 1 

ʋ Mathcad ʚʚʝʜʝʥʥʶ ʯʘʩʪʦʪ ʧʝʨʝʜʫʻ ʟʘʜʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʢʣʘʩʽʚ ʫʪʚʦʨʝʥʠʭ 

ʦʙôʻʜʥʘʥʠʭ ʯʘʩʪʦʪ. ɺ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʰʣʷʭʦʤ ʧʦʻʜʥʘʥʥʷ ʫʪʚʦʨʠʣʦʩʴ 5 ʢʣʘ-

ʩʽʚ. ɸʣʝ ʮʝ ʥʝ ʻʜʠʥʠʡ ʩʧʦʩʽʙ. ʄʦʞʣʠʚʠʡ ʚʘʨʽʘʥʪ ʦʙôʻʜʥʘʥʥʷ ʧʝʨʰʦʛʦ ʟ ʜʨʫ-

ʛʠʤ ʪʘ ʜʚʦʭ (ʥʝ ʪʨʴʦʭ) ʦʩʪʘʥʥʽʭ ʢʣʘʩʽʚ. ʊʦʜʽ ʙ ʢʽʣʴʢʽʩʪʴ ʢʣʘʩʽʚ ʜʦʨʽʚʥʶʚʘʣʘ ʥʝ 

5, ʘ 6.  

k 1 5..:=

f k

8

12

14

14

14

:= f1k

8

11

15

14

14

:=

 
ɿʘ ʬʦʨʤʫʣʦʶ (1) ʦʙʯʠʩʣʶʻʤʦ ʬʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʇʽʨʩʦʥʘ. 

c2f

k

f k f1k-( )2

f1k
ä:=

 

=fc2  

ɺʠʟʥʘʯʘʻʤʦ ʯʠʩʣʦ ʩʪʝʧʝʥʽʚ ʩʚʦʙʦʜʠ m=k-3. ɿʘ ʟʥʘʯʝʥʥʷʤʠ m=2 ʥʘ ʨʽʚʥʽ 

ʟʥʘʯʫʱʦʩʪʽ a=0,01 ʟʥʘʭʦʜʠʤʦ ʩʪʘʥʜʘʨʪʥʝ (ʢʨʠʪʠʯʥʝ, ʪʘʙʣʠʯʥʝ) ʟʥʘʯʝʥʥʷ ʢʨʠ-

ʪʝʨʽʶ ʫʟʛʦʜʞʝʥʥʷ ʇʽʨʩʦʥʘ ɢ2
st ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʙʫʜʦʚʘʥʦʾ ʬʫʥʢʮʽʾ qchisq, ʘʨʛʫ-

ʤʝʥʪʘʤʠ ʷʢʦʾ ʻ ʽʤʦʚʽʨʥʽʩʪʴ 1-Ŭ ʽ ʯʠʩʣʦ ʩʪʝʧʝʥʽʚ ʩʚʦʙʦʜʠ m.  

a 0.01:= K 5:= m K 3-:=

c2st qchisq 1 a- m,( ):=

c2st 9.21=
 

ʇʦʨʽʚʥʷʥʥʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʪʘ ʬʘʢʪʠʯʥʦʛʦ ʟʥʘʯʝʥʴ ʢʨʠʪʝʨʽʶ ʇʽʨʩʦʥʘ ʧʨʦʚʦ-

ʜʠʤʦ ʫ ʚʠʛʣʷʜʽ  



 

c2f c2st< 1=
 

ʗʢʱʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʦʨʽʚʥʷʥʥʷ ʦʪʨʠʤʘʻʤʦ 1 (ʽʩʪʠʥʘ), ʟʥʘʯʠʪʴ ʛʽʧʦʪʝʟʘ ʥʘ 

ʜʘʥʦʤʫ ʨʽʚʥʽ ʟʥʘʯʫʱʦʩʪʽ ʧʨʠʡʤʘʻʪʴʩʷ: ʨʦʟʧʦʜʽʣ ʯʘʩʪʦʪ ʚʽʜʧʦʚʽʜʘʻ ʥʦʨʤʘ-

ʣʴʥʦʤʫ. ʗʢʱʦ ʞ ʦʪʨʠʤʘʻʤʦ 0 (ʥʝʧʨʘʚʜʘ) ʛʽʧʦʪʝʟʘ ʚʽʜʭʠʣʷʻʪʴʩʷ: ʨʦʟʧʦʜʽʣ 

ʯʘʩʪʦʪ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʥʦʨʤʘʣʴʥʦʤʫ. 

 

ʇʨʘʢʪʠʯʥʘ ʨʦʙʦʪʘ  ˉ15 

 

ʄʝʪʘ ʨʦʙʦʪʠ: ʦʧʨʘʮʶʚʘʪʠ ʤʝʪʦʜʠʢʫ ʧʝʨʝʚʽʨʢʠ ʥʫʣʴʦʚʦʾ ʛʽʧʦʪʝʟʠ ʚʠʢʦʨʠʩʪʦ-

ʚʫʶʯʠ ʢʨʠʪʝʨʽʡ ʇʽʨʩʦʥʘ. 

ɿʘʚʜʘʥʥʷ ʜʣʷ ʩʘʤʦʩʪʽʡʥʦʾ ʧʽʜʛʦʪʦʚʢʠ 

1. ʈʦʟʛʣʷʥʫʪʠ ʷʢʘ ʨʽʟʥʠʮʷ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʨʠʪʝʨʽʶ ʇʽʨʩʦʥʘ ʪʘ ʢʨʠʪʝʨʽʾʚ  

ʉʪʴʶʜʝʥʪʘ ʽ ʌʽʰʝʨʘ. 

2. ɺʠʚʯʠʪʠ, ʷʢ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʬʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ . 

3. ʈʦʟʽʙʨʘʪʠʩʷ, ʷʢʽ ʚʝʣʠʯʠʥʠ ʚʭʦʜʷʪʴ ʜʦ ʬʦʨʤʫʣʠ ʬʘʢʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ 

ʢʨʠʪʝʨʽʶ . 

4. ʈʦʟʛʣʷʥʫʪʠ, ʷʢʽ ʦʙʤʝʞʝʥʥʷ ʤʘʻ ʜʘʥʠʡ ʤʝʪʦʜ. 

 

ʇʨʦʛʨʘʤʘ ʚʠʢʦʥʘʥʥʷ ʥʘ ʢʦʤʧôʶʪʝʨʽ. 

1. ɿʘʚʘʥʪʘʞʠʪʠ ʤʘʪʝʤʘʪʠʯʥʠʡ ʜʦʜʘʪʦʢ Mathcad. 

2. ʉʢʦʧʽʶʚʘʪʠ ʥʘ ʦʢʨʝʤʠʡ ʣʠʩʪ ʨʝʟʫʣʴʪʘʪʠ ʟʥʘʭʦʜʞʝʥʥʷ ʝʤʧʽʨʠʯʥʠʭ 

ʯʘʩʪʦʪ ʟ ʧʨʘʢʪʠʯʥʦʾ ʨʦʙʦʪʠ ˉ2. 

3. ʉʢʦʧʽʶʚʘʪʠ ʥʘ ʮʝʡ ʩʘʤʠʡ ʨʦʙʦʯʠʡ ʣʠʩʪ ʨʝʟʫʣʴʪʘʪʠ ʟʥʘʭʦʜʞʝʥʥʷ ʪʝʦ-

ʨʝʪʠʯʥʠʭ ʯʘʩʪʦʪ ʟ ʧʨʘʢʪʠʯʥʦʾ ʨʦʙʦʪʠ ˉ6. 

4. ʆʢʨʫʛʣʠʪʠ ʟʥʘʯʝʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ ʯʘʩʪʦʪ f1i ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽʾ 

round, ʘʨʛʫʤʝʥʪʘʤʠ ʷʢʦʾ ʻ ʟʥʘʯʝʥʥʷ f1i ʪʘ ʢʽʣʴʢʽʩʪʴ ʟʥʘʢʽʚ ʧʽʩʣʷ ʢʦʤʠ ï 0. 

5. ʆʙôʻʜʥʘʪʠ ʚ ʢʣʘʩʠ ʝʤʧʽʨʠʯʥʽ ʪʘ ʪʝʦʨʝʪʠʯʥʽ ʯʘʩʪʦʪʠ ʟʛʽʜʥʦ ʧʨʘʚʠʣʘ, 

ʦʧʠʩʘʥʦʛʦ ʫ ʧʦʧʝʨʝʜʥʴʦʤʫ ʨʦʟʜʽʣʽ. 

6. ʇʝʨʝʚʽʨʠʪʠ ʛʽʧʦʪʝʟʫ ʧʨʦ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʯʘʩʪʦʪ ʥʦʨʤʘʣʴʥʦʤʫ 

ʨʦʟʧʦʜʽʣʫ ʟʘ ʤʝʪʦʜʠʢʦʶ, ʦʧʠʩʘʥʦʶ ʚʠʱʝ. 

7. ʇʨʦʘʥʘʣʽʟʫʚʘʪʠ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ. 

8. ɿʙʝʨʝʛʪʠ ʩʪʚʦʨʝʥʠʡ ʜʦʢʫʤʝʥʪ ʫ ʚʣʘʩʥʽʡ ʧʘʧʮʽ. 

9. ɿʘʚʝʨʰʠʪʠ ʨʦʙʦʪʫ ʫ Mathcad. 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ 

1. ɼʣʷ ʯʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʨʠʪʝʨʽʡ ʫʟʛʦʜʞʝʥʥʷ ʇʽʨʩʦʥʘ? 

2. ʗʢ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʬʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ɢ2? 



 

3. ʏʦʤʫ ʜʦ ʬʦʨʤʫʣʠ ʬʘʢʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ɢ2 ʚʭʦʜʷʪʴ ʣʠʰʝ ʯʘʩ-

ʪʦʪʠ? 

4. ʗʢʽ ʦʙʤʝʞʝʥʥʷ ʤʘʻ ʜʘʥʠʡ ʤʝʪʦʜ ʪʘ ʷʢ ʾʭ ʫʥʠʢʥʫʪʠ? 

 

 

10.9 ʂʦʝʬʽʮʽʻʥʪʠ ʢʦʨʝʣʷʮʽʾ ʣʽʥʽʡʥʦʾ ʨʝʛʨʝʩʽʾ ʪʘ ʾʭ ʟʚ'ʷʟʦʢ ʟ ʧʘʨʘʤʝʪ-

ʨʘʤʠ ʣʽʥʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ  

 

ʗʢ ʚʽʜʦʤʦ, ʬʦʨʤʫʣʠ ʢʦʝʬʽʮʽʻʥʪʽʚ ʢʦʨʝʣʷʮʽʾ r ʪʘ ʣʽʥʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ Rxy, 

Ryx ʤʘʶʪʴ ʚʠʛʣʷʜ: 
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- ʩʝʨʝʜʥʽ ʘʨʠʬʤʝʪʠʯʥʽ ʟʥʘʯʝʥʥʷ ʦʟʥʘʢ x i y, 
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s ,                                               (10.56) 
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- ʾʭ ʩʝʨʝʜʥʽ ʢʚʘʜʨʘʪʠʯʥʽ ʚʽʜʭʠʣʝʥʥʷ. 

ʇʽʜʩʪʘʚʠʚʰʠ ʚʠʨʘʟʠ (10.56), (10.57) ʚ (10.53)-(10.55), ʦʪʨʠʤʘʻʤʦ: 
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ɿ ʬʦʨʤʫʣʠ (10.58) ʽ (10.59) ʚʠʧʣʠʚʘʻ, ʱʦ ʢʦʝʬʽʮʽʻʥʪʠ r, Rxy ʽ Ryx ʤʦʞʫʪʴ 

ʧʨʠʡʤʘʪʠ ʟʥʘʯʝʥʥʷ ʚʽʜ -1 ʜʦ +1 (ʟʥʘʢʠ + ʽ - ʚʢʘʟʫʶʪʴ ʥʘ ʟʨʦʩʪʘʥʥʷ ʽ ʩʧʘʜʘʥʥʷ 

ʫ ʚʽʜ ʭ ʯʠ ʭ ʚʽʜ ʫ). 

ʃʽʥʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ Y ʚʽʜ x ʤʘʻ ʚʠʛʣʷʜ: 

baxY += ,                                                  (10.60) 

ʢʦʝʬʽʮʽʻʥʪʠ a  ̔b ʷʢʦʛʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ: 

yxRa= ,                                                (10.61) 

xRyb yxÖ-= .                                          (10.62) 

ɼʣʷ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ: 

byaX ¡+¡= ,                                             (10.63) 

ʜʝ 

                                          xyRa =¡ ,                                               

yRxb xyÖ-=¡ .                                         (10.64) 

ʌʦʨʤʫʣʠ (13) ʽ (16) ʚʠʧʣʠʚʘʶʪʴ ʽʟ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ ʚʠʨʘʟʽʚ (11) ʽ (14). 

ɺʽʨʦʛʽʜʥʽʩʪʴ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʟʥʘʭʦʜʠʪʴʩʷ ʟʘ ʢʨʠʪʝʨʽʻʤ ʌʽʰʝʨʘ: 

stʌ FF >=
2

1

2

2

s

s
.                                       (10.65) 

ʗʢʱʦ ʚʠʢʦʥʫʻʪʴʩʷ ʥʝʨʽʚʥʽʩʪʴ (24), ʪʦ ʛʽʧʦʪʝʟʘ, ʱʦ ʘ = 0 ʚʽʜʭʠʣʷʻʪʴʩʷ ʥʘ 

ʜʦʚʽʨʯʦʤʫ ʨʽʚʥʽ (1-Ŭ) (Ŭ ï ʡʤʦʚʽʨʥʽʩʪʴ ʧʦʭʠʙʢʠ). ʆʪʞʝ, ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ 

ʤʦʞʥʘ ʙʫʜʫʚʘʪʠ ʫ ʚʠʛʣʷʜʽ ʣʽʥʽʡʥʦʾ ʬʫʥʢʮʽʾ. 

 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʜʦʜʘʪʢʫ Mathcad ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʢʦʝʬʽʮʽʻ-

ʥʪʽʚ ʢʦʨʝʣʷʮʽʾ ʣʽʥʽʡʥʦʾ ʨʝʛʨʝʩʽʾ 

ɯ. ʆʙʯʠʩʣʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʢʦʨʝʣʷʮʽʾ ʣʽʥʽʡʥʦʾ ʨʝʛʨʝʩʽʾ ʟʘ ʬʦʨʤʫʣʘʤʠ 

ʇʦʯʘʪʦʢ ʦʙʯʠʩʣʝʥʴ ʫ Mathcad, ʷʢ ʚʽʜʦʤʦ, ʧʝʨʝʜʙʘʯʘʻ ʧʦʧʝʨʝʜʥʻ ʧʨʠʩ-

ʚʦʶʚʘʥʥʷ ʟʥʘʯʝʥʴ ʚʝʣʠʯʠʥʘʤ, ʱʦ ʙʫʜʫʪʴ ʬʽʛʫʨʫʚʘʪʠ ʫ ʟʘʣʝʞʥʦʩʪʷʭ.  

1. ʇʨʠʩʚʦʶʶʪʴ ʟʥʘʯʝʥʥʷ ʽʥʜʝʢʩʫ ʽ ʚ ʤʝʞʘʭ ʜʽʘʧʘʟʦʥʫ ʚʽʜ 1 ʜʦ ʥʦʤʝʨʘ 

ʦʩʪʘʥʥʴʦʛʦ ʝʣʝʤʝʥʪʘ ʚʠʙʽʨʢʠ. 

2. ɿʘʜʘʶʪʴ (ʧʨʠʩʚʦʶʶʪʴ) ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ ʚʠʙʽʨʢʠ ʧ. 

3. ʇʨʠʩʚʦʶʶʪʴ ʟʥʘʯʝʥʥʷ ʦʟʥʘʢ ʭ ̔ʪʘ ʫ.̔ 

4. ɿʥʘʭʦʜʷʪʴ ʟʘ ʬʦʨʤʫʣʘʤʠ (ʧʦʧʝʨʝʜʥʴʦ ʾʭ ʘʜʘʧʪʫʚʘʚʰʠ ʜʦ Mathcad) (4) 

ʽ (5) ʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʽʭ ʜʣʷ ʭ ʪʘ ʫ. ʇʦʟʥʘʯʘʶʪʴ ʮʽ ʚʝʣʠʯʠʥʠ ʭʩ ʪʘ ʫʩ. 



 

5. ɺʠʟʥʘʯʘʶʪʴ ʟʘ ʬʦʨʤʫʣʘʤʠ (10.56), (10.57) ʚʝʣʠʯʠʥʠ ʩʝʨʝʜʥʽʭ ʢʚʘʜʨʘ-

ʪʠʯʥʠʭ ʚʽʜʭʠʣʝʥʴ ʜʣʷ ʭ ʪʘ ʫ, ʚʨʘʭʦʚʫʶʯʠ ʧʦʧʝʨʝʜʥʽ ʧʦʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʽʭ. ʇʦ-

ʟʥʘʯʘʶʪʴ ʮʽ ʚʝʣʠʯʠʥʠ ůʭ, ůʫ. 

6. ɺʠʟʥʘʯʘʶʪʴ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ r ʟʘ ʬʦʨʤʫʣʦʶ (10.58). 

7. ɿʥʘʭʦʜʷʪʴ Rxy ʪʘ Ryx ʟʘ ʬʦʨʤʫʣʘʤʠ (10.52), (10ʶ53). 

8. ʇʨʠʩʚʦʶʶʪʴ ʟ ʥʘʩʪʫʧʥʠʤ ʦʙʯʠʩʣʝʥʥʷʤ ʟʥʘʯʝʥʥʷ: 

ʢʦʝʬʽʮʽʻʥʪʘʤ a, b, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (10.62), (10.63); 

ʢʦʝʬʽʮʽʻʥʪʘʤ a1, b1, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (10.65), (10.66). 

9. ʇʨʠʩʚʦʶʶʪʴ ʣʽʥʽʡʥʠʤ ʟʘʣʝʞʥʦʩʪʷʤ ʚʽʜʧʦʚʽʜʥʦʛʦ ʚʠʛʣʷʜʫ 

11:

:

bxaX

bxaY

ii

ii

+Ö=

+Ö=
 

10. ɹʫʜʫʶʪʴ ʛʨʘʬʽʢʠ ʜʦʩʣʽʜʥʠʭ ʽ ʪʝʦʨʝʪʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʫ ̔ʽ ʋ ̔ʚʽʜ ʭ,̔ 

ʘ ʪʘʢʦʞ ʛʨʘʬʽʢʠ ʟʘʣʝʞʥʦʩʪʝʡ ʭ ̔i X  ̔ʚʽʜ ʫ.̔  

11. ʌʦʨʤʘʪʫʶʪʴ ʛʨʘʬʽʢʠ ʟʛʽʜʥʦ ʥʘʚʝʜʝʥʠʭ ʤʘʣʶʥʢʽʚ. 

  

ɯɯ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʙʫʜʦʚʘʥʠʭ ʬʫʥʢʮʽʡ Mathcad ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʢʦʝʬʽʮʽʻ-

ʥʪʽʚ ʢʦʨʝʣʷʮʽʾ ʣʽʥʽʡʥʦʾ ʨʝʛʨʝʩʽʾ. 

1. ɿʘʜʘʶʪʴ ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥ ʭ ʪʘ ʫ ʚ ʚʠʛʣʷʜʽ ʚʝʢʪʦʨʘ-ʩʪʦʚʧʮʷ ʘʙʦ 

ʪʨʘʥʩʧʦʥʦʚʘʥʦʛʦ ʚʝʢʪʦʨʘ-ʨʷʜʢʘ.  

ɼʣʷ ʮʴʦʛʦ ʧʨʦʨʦʙʣʷʶʪʴ ʥʘʩʪʫʧʥʽ ʜʽʾ: 

¶ ʦʙʠʨʘʶʪʴ ʤʽʩʮʝ ʜʝ ʙʫʜʝ ʚʚʝʜʝʥʦ ʚʽʜʧʦʚʽʜʥʠʡ ʚʝʢʪʦʨ, ʥʘʧʨʠʢʣʘʜ ʭ; 

¶ ʟʘʧʠʩʫʶʪʴ ʩʠʤʚʦʣ ʭ ʪʘ ʟʥʘʢ ʧʨʠʩʚʦʶʚʘʥʥʷ ʫ ʚʠʛʣʷʜʽ ʭ:=; 

¶ ʥʘ ʧʘʥʝʣʽ ʽʥʩʪʨʫʤʝʥʪʽʚ ʫ ʤʝʥʶ ɺʩʪʘʚʢʘ ʚʠʙʠʨʘʶʪʴ ʧʫʥʢʪ ʄʘʪ-

ʨʠʮʘ; 

¶ ʫ ʤʝʥʶ ʄʘʪʨʠʮʘ (Matrix) ʦʙʠʨʘʶʪʴ ʢʽʣʴʢʽʩʪʴ ʨʷʜʢʽʚ ʪʘ ʩʪʦʚʧʮʽʚ; 
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¶ ʷʢʱʦ ʦʙʠʨʘʶʪʴ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʜʘʥʠʭ ʫ ʚʠʛʣʷʜʽ ʚʝʢʪʦʨʘ-ʨʷʜʢʘ, ʪʦ 

ʢʽʣʴʢʽʩʪʴ ʨʷʜʢʽʚ ʜʦʨʽʚʥʶʻ 1, ʘ ʩʪʦʚʧʮʽʚ ï ʢʽʣʴʢʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʚʠ-

ʙʽʨʢʠ; 

¶ ʷʢʱʦ ʦʙʨʘʥʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʫ ʚʠʛʣʷʜʽ ʚʝʢʪʦʨʘ-ʩʪʦʚʧʮʷ, ʥʘʚʧʘʢʠ; 

¶ ʫ ʢʽʥʮʽ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʚʝʢʪʦʨʘ-ʨʷʜʢʘ ʦʙʦʚôʷʟʢʦʚʦ ʩʪʘʚʣʷʪʴ ʩʠʤʚʦʣ 

( )ʊ , ʱʦ ʦʟʥʘʯʘʻ ʤʘʪʨʠʮʷ (ʚʝʢʪʦʨ) ʪʨʘʥʩʧʦʥʦʚʘʥʘ, ʷʢʠʡ ʚʠʢʣʠʢʘ-

ʶʪʴ ʥʘʪʠʩʢʘʥʥʷʤ ʚʽʜʧʦʚʽʜʥʦʛʦ ʩʠʤʚʦʣʫ ʄʊ ʥʘ ʧʘʥʝʣʽ ʄʘʪʨʠʮʘ 

(Matrix ); 

¶ ʥʘʪʠʩʢʘʶʪʴ ʢʥʦʧʢʫ ʆʂ ʽ ʦʪʨʠʤʫʶʪʴ ʚʽʜʧʦʚʽʜʥʠʡ ʚʝʢʪʦʨ-ʨʷʜʦʢ 

ʘʙʦ ʚʝʢʪʦʨ-ʩʪʦʚʧʝʮʴ; 

¶ ʫ ʦʪʨʠʤʘʥʽ ʢʦʤʽʨʢʠ ʚʚʦʜʷʪʴ ʜʘʥʽ. 

2. ɺʠʟʥʘʯʘʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʙʫʜʦʚʘʥʠʭ ʬʫʥʢʮʽʡ ʥʘʩʪʫʧʥʽ ʚʝʣʠʯʠʥʠ, 

ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʪʘʙʣʠʮʽ. 

ɿʘʛʘʣʴʥʠʡ ʧʣʘʥ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʙʫʜʦʚʘʥʠʭ ʬʫʥʢʮʽʡ ʫ Mathcad. 

¶ ʆʙʠʨʘʶʪʴ ʤʽʩʮʝ ʫ ʜʦʢʫʤʝʥʪʽ, ʢʫʜʠ ʧʦʪʨʽʙʥʦ ʚʩʪʘʚʠʪʠ ʬʫʥʢʮʽʶ; 

¶ ʅʘʪʠʩʢʘʶʪʴ ʢʥʦʧʢʫ ʟ ʥʘʜʧʠʩʦʤ f(x) ʥʘ ʩʪʘʥʜʘʨʪʥʽʡ ʧʘʥʝʣʽ ʽʥʩʪʨʫʤʝʥʪʽʚ 

ʘʙʦ ʫ ʤʝʥʶ ɺʩʪʘʚʢʘ ʟʥʘʭʦʜʷʪʴ ʤʝʥʶ ʌʫʥʢʮʠʷ; 

¶ ʫ ʤʝʥʶ ʂʘʪʝʛʦʨʠʷ ʌʫʥʢʮʠʠ ʦʙʠʨʘʶʪʴ ɺʩʝ; 

¶ ʋ ʩʧʠʩʢʫ Function Name (ʀʤʷ ʬʫʥʢʮʠʠ) ʦʙʠʨʘʶʪʴ ʽʤ'ʷ ʚʙʫʜʦʚʘʥʦʾ ʬʫʥ-

ʢʮʽʾ, ʧʽʜ ʷʢʠʤ ʚʦʥʘ ʬʽʛʫʨʫʻ ʫ Mathcad.  

¶ ʋ ʚʽʜʧʦʚʽʜʥʦʤʫ ʜʽʘʣʦʛʦʚʦʤʫ ʚʽʢʥʽ ʚʢʘʟʫʻʤʦ ʚʽʜʧʦʚʽʜʥʠʡ ʚʝʢʪʦʨ - ʭ . 

¶ ɼʘʻʤʦ ʢʦʤʘʥʜʫ ʢʦʤʧôʶʪʝʨʫ ʟʘʩʪʦʩʫʚʘʪʠ ʬʫʥʢʮʽʶ ʥʘʪʠʩʢʘʻʤʦ =. 

¶ ʆʪʨʠʤʘʻʤʦ ʥʝʦʙʭʽʜʥʝ ʟʥʘʯʝʥʥʷ.  

ʅʘʟʚʘ ʩʪʘʪʠʩʪʠʯʥʦʾ 

ʚʝʣʠʯʠʥʠ 

ɿʘʛʘʣʴʥʦ-

ʧʨʠʡʥʷʪʝ 

ʧʦʟʥʘʯʝʥʥʷ 

ɺʽʜʧʦʚʽʜʥʘ 

ʚʙʫʜʦʚʘʥʘ ʬʫ-

ʥʢʮʽʷ 

ʈʝʢʦʤʝʥʜʦʚʘʥʝ 

ʧʦʟʥʘʯʝʥʥʷ ʫ 

Mathcad 

ʉʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ 

ʦʟʥʘʢʠ ʭ 

ʭ mean(x) xc 

ʉʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ 

ʦʟʥʘʢʠ y 

y  mean(y) yc 

ʉʝʨʝʜʥʻ ʢʚʘʜʨʘʪʠʯʥʝ 

ʚʽʜʭʠʣʝʥʥʷ ʦʟʥʘʢʠ ʭ 
ʭ
s  

stdev(x) ůx 

ʉʝʨʝʜʥʻ ʢʚʘʜʨʘʪʠʯʥʝ 

ʚʽʜʭʠʣʝʥʥʷ ʦʟʥʘʢʠ y 
ʫ
s  

stdev(y) ůy 

ʂʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ r corr(x,y) r 

ʂʦʝʬʽʮʽʻʥʪ ʣʽʥʽʡʥʦʾ 

ʨʝʛʨʝʩʽʾ 

b intercept(x,y) b 

ʂʦʝʬʽʮʽʻʥʪ ʣʽʥʽʡʥʦʾ a slope(x,y) a 



 

ʨʝʛʨʝʩʽʾ 

ɺʝʢʪʦʨ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʣʽʥʽʡʥʦʾ ʨʝʛʨʝʩʽʾ 

(a,b) line(x,y)  

 

ʇʨʘʢʪʠʯʥʘ ʨʦʙʦʪʘ ˉ15 

 

ʄʝʪʘ ʨʦʙʦʪʠ: ʧʨʘʢʪʠʯʥʦ ʦʚʦʣʦʜʽʪʠ ʧʦʥʷʪʪʷʤʠ ʢʦʝʬʽʮʽʻʥʪʽʚ ʢʦʨʝʣʷʮʽʾ ʣʽʥʽʡ-

ʥʦʾ ʨʝʛʨʝʩʽʾ, ʯʝʨʝʟ ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʘʨʘʤʝʪʨʠ ʣʽʥʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ 

ʜʚʦʤʘ ʟʤʽʥʥʠʤʠ ʦʟʥʘʢʘʤʠ 

ɿʘʚʜʘʥʥʷ ʜʣʷ ʩʘʤʦʩʪʽʡʥʦʾ ʧʽʜʛʦʪʦʚʢʠ 

1.ɼʚʘ ʪʠʧʠ ʟʘʣʝʞʥʦʩʪʝʡ: ʢʦʨʝʣʷʮʽʡʥʘ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʘ. ʅʘʚʝʩʪʠ ʧʨʠʢʣʘʜʠ ʟ 

ʦʙʣʘʩʪʽ ʟʦʦʽʥʞʝʥʝʨʽʾ. 

2.ʂʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ r ʪʘ ʡʦʛʦ ʚʣʘʩʪʠʚʦʩʪʽ. 

3.ʂʦʝʬʽʮʽʻʥʪʠ ʣʽʥʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ Ryx i Rxy ʪʘ ʾʭ ʚʣʘʩʪʠʚʦʩʪʽ. 

4.ɺʠʚʝʜʝʥʥʷ ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʬʦʨʤʫʣ ůx, ůʫ, r, Ryx i Rxy. 

5.ʈʽʚʥʷʥʥʷ ʣʽʥʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ. 

6.ɿʚ'ʷʟʦʢ ʧʘʨʘʤʝʪʨʽʚ a i b ʣʽʥʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʟ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʨʝʛʨʝʩʽʾ Ryx 

(Rxy) ʽ ʩʝʨʝʜʥʽʤʠ ʟʥʘʯʝʥʥʷʤʠ xʽ y  

7.ʇʦʙʫʜʦʚʘ ʛʨʘʬʽʢʽʚ ʜʦʩʣʽʜʥʦʾ ʪʘ ʪʝʦʨʝʪʠʯʥʦʾ ʣʽʥʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ. 

ʇʨʦʛʨʘʤʘ ʚʠʢʦʥʘʥʥʷ ʥʘ ʢʦʤʧôʶʪʝʨʽ. 

1. ɿʘʚʘʥʪʘʞʠʪʠ ʤʘʪʝʤʘʪʠʯʥʠʡ ʜʦʜʘʪʦʢ Mathcad. 

2. ʆʙʯʠʩʣʠʪʠ ʢʦʝʬʽʮʽʻʥʪʠ ʢʦʨʝʣʷʮʽʾ ʣʽʥʽʡʥʦʾ ʨʝʛʨʝʩʽʾ ʟʘ ʬʦʨʤʫʣʘʤʠ, ʧʦ-

ʧʝʨʝʜʥʴʦ ʘʜʘʧʪʫʚʘʚʰʠ ʾʭ ʜʦ Mathcad. 

3. ʇʦʙʫʜʫʚʘʪʠ ʚ ʦʜʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ ʛʨʘʬʽʢʠ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʜʦ-

ʩʣʽʜʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ. ɺʽʜ ʬʦʨʤʘʪʫʚʘʪʠ ʛʨʘʬʽʢʠ ʟʛʽʜʥʦ ʤʘʣʶʥʢʘ. 

4. ɺʽʜʢʨʠʪʠ ʥʦʚʠʡ ʣʠʩʪ Mathcad. ʆʙʯʠʩʣʠʪʠ ʢʦʝʬʽʮʽʻʥʪʠ ʢʦʨʝʣʷʮʽʾ ʣʽ-

ʥʽʡʥʦʾ ʨʝʛʨʝʩʽʾ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʙʫʜʦʚʘʥʽ ʬʫʥʢʮʽʾ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʜʦʜʘʪʢʘ 

Mathcad. 

5. ʇʦʨʽʚʥʷʪʠ ʨʝʟʫʣʴʪʘʪʠ ʦʜʝʨʞʘʥʽ ʫ ʧʫʥʢʪʽ 2 ʪʘ 4. 

6. ɿʙʝʨʝʛʪʠ ʩʪʚʦʨʝʥʠʡ ʜʦʢʫʤʝʥʪ ʫ ʚʣʘʩʥʽʡ ʧʘʧʮʽ. 

7. ɿʘʚʝʨʰʠʪʠ ʨʦʙʦʪʫ ʫ Mathcad. 

 

ɿʘʚʜʘʥʥʷ ʜʦ ʧʨʘʢʪʠʯʥʦʾ ʨʦʙʦʪʠ 

1 ʚʘʨʽʘʥʪ. 

xi,% 3,30 3,37 3,96 3,81 3,47 3,81 4,00 3,85 3,65 4,25 3,54 3,85 

yi,% 3,85 3,31 3,77 3,81 3,44 3,91 3,81 4,18 3,65 3,99 3,50 4,09 

2 ʚʘʨʽʘʥʪ. 



 

xi, % 3,00 3,07 3,66 3,51 3,17 3,51 3,70 3,55 3,35 3,95 3,24 3,55 

yi,% 3,55 3,01 3,47 3,51 3,34 3,61 3,51 3,88 3,35 3,69 3,20 3,79 

3 ʚʘʨʽʘʥʪ. 

xi, % 2,90 2,97 3,56 3,41 3,07 3,41 3,60 3,45 3,25 3,85 3,14 3,45 

yi, % 3,45 2,91 3,37 3,41 3,24 3,51 3,41 3,78 3,25 3,59 3,10 3,69 

 



 

10.10 ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʣʽʥʽʡʥʦʾ ʪʘ ʢʨʠʚʦʣʽʥʽʡʥʦʾ (ʧʘʨʘʙʦʣʽʯʥʦʾ) ʟʘʣʝʞʥʦʩʪʝʡ  

 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ a i b ʣʽʥʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ 

baxY +=                                              (10.66) 

ʜʦʩʣʽʜʞʫʶʪʴ ʚʠʨʘʟ D: 
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                    (10.67) 

ʜʝ Yi i yi - ʪʝʦʨʝʪʠʯʥʽ (ʦʙʯʠʩʣʝʥʽ ʟʘ ʬʦʨʤʫʣʦʶ (1)) ʽ ʜʦʩʣʽʜʥʽ ʟʥʘʯʝʥʥʷ. ɺʠʨʘʟ 

(2) ʷʚʣʷʻ ʩʦʙʦʶ ʜʠʩʧʝʨʩʽʶ ʚʽʜʭʠʣʝʥʴ ʜʦʩʣʽʜʥʠʭ ʟʥʘʯʝʥʴ y ʚʽʜʥʦʩʥʦ ʪʝʦʨʝʪʠʯ-

ʥʠʭ ʟʥʘʯʝʥʴ Y. ʂʦʝʬʽʮʽʻʥʪʠ a i b ʧʦʪʨʽʙʥʦ ʧʽʜʽʙʨʘʪʠ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʚʠʨʘʟ 

D (2) ʤʘʚ ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ. ʈʽʚʥʷʥʥʷ ʧʨʷʤʦʾ (1) ʦʪʨʠʤʘʥʦ ʚ [14] ʽʟ ʧʦʜʽʙ-

ʥʦʩʪʽ ʪʨʠʢʫʪʥʠʢʽʚ, ʱʦ ʚʭʦʜʠʪʴ ʚ ʰʢʽʣʴʥʫ ʧʨʦʛʨʘʤʫ ʽ ʪʠʤ ʩʘʤʠʤ ʻ ʙʽʣʴʰ ʜʦʩ-

ʪʫʧʥʠʤ ʜʣʷ ʩʪʫʜʝʥʪʽʚ. ɿ ʤʘʪʝʤʘʪʠʢʠ ʚʽʜʦʤʦ, ʱʦ ʜʣʷ ʮʴʦʛʦ ʧʦʪʨʽʙʥʦ ʧʨʠʨʽʚʥʷ-

ʪʠ ʜʦ ʥʫʣʷ ʯʘʩʪʠʥʥʽ ʧʦʭʽʜʥʽ: 

.0   ,0 =
µ
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D
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D
                                       (10.68) 

ɿʥʘʡʰʦʚʰʠ ʧʦʭʽʜʥʽ, ʦʜʝʨʞʠʤʦ ʩʠʩʪʝʤʫ ʜʚʦʭ ʨʽʚʥʷʥʴ ʟ ʜʚʦʤʘ ʥʝʚʽʜʦʤʠʤʠ a i 

b:  
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ʉʠʩʪʝʤʘ ʨʽʚʥʷʥʴ (5) ʥʘʟʠʚʘʻʪʴʩʷ ʥʦʨʤʘʣʴʥʦʶ ʽ ʫ ʧʽʜʨʫʯʥʠʢʘʭ ʟʘʧʠʩʫ-

ʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ 
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ʷʢʘ ʚʠʚʦʜʠʪʴʩʷ ʟ ʫʤʦʚʠ ʤʽʥʽʤʫʤʫ ʚʠʨʘʟʫ 

                                                  
( )ä

=

-=
n

i

ii YyL
1

2
                             

ʘʙʦ ʤʥʦʞʝʥʥʷ ʩʠʩʪʝʤʠ (4) ʥʘ n. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ ʥʦʨʤʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʫ ʚʠʛʣʷʜʽ (5), ʤʘʻ ʥʘʦʯʥʠʡ 

ʟʤʽʩʪ, ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʚʠʨʘʞʘʻʪʴʩʷ ʯʝʨʝʟ ʚʽʜʧʦʚʽʜʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʘʨʽʘʮʽʡ-

ʥʠʭ ʨʷʜʽʚ, ʘ ʩʘʤʝ: ʩʝʨʝʜʥʽ ʘʨʠʬʤʝʪʠʯʥʽ 2,, xyx  ʪʘ ʢʦʝʬʽʮʽʻʥʪ ʢʦʚʘʨʽʘʮʽʾ 

ʩ = xy. 

ʈʦʟʛʣʷʥʝʤʦ ʧʨʠʢʣʘʜ, ʥʘʚʝʜʝʥʠʡ ʚ ʣʘʙʦʨʘʪʦʨʥʽʡ ʨʦʙʦʪʽ ˉ 11. 

ɿʛʽʜʥʦ ʟ ʫʤʦʚʦʶ ʟʘʜʘʯʽ, n = 12. 

ɿʥʘʡʜʝʤʦ ʨʦʟʚ'ʷʟʢʠ ʩʠʩʪʝʤʠ (5) ʤʝʪʦʜʦʤ ʧʽʜʩʪʘʥʦʚʢʠ. ɿ ʧʝʨʰʦʛʦ ʨʽʚʥʷʥʥʷ ʚʠ-

ʟʥʘʯʠʤʦ b ʽ ʧʽʜʩʪʘʚʠʤʦ ʫ ʜʨʫʛʝ, ʧʽʩʣʷ ʯʦʛʦ ʚʠʟʥʘʯʠʤʦ a. ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʜʝʨ-

ʞʠʤʦ: 

xayb -= ,                                                 (10.72) 

yxxaxayx Ö=+-Ö 22 ,                                      (10.78) 

( ) xyxyxxa -=- 22
,                                      (10.79) 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʬʦʨʤʫʣʘ ʢʦʝʬʽʮʽʻʥʪʘ ʣʽʥʽʡʥʦʾ ʨʝʛʨʝʩʽʾ Ryx ʚʠʚʦʜʠʪʴʩʷ ʤʝ-

ʪʦʜʦʤ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ. 

 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʜʦʜʘʪʢʫ Mathcad ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʧʘʨʘʤʝʪ-

ʨʽʚ ʣʽʥʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʤʝʪʦʜʦʤ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ 

ɯ. ʈʦʟʚôʷʟʘʥʥʷ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ (7) ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ a, b ʣʽ-

ʥʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʤʝʪʦʜʦʤ ʚʠʟʥʘʯʥʠʢʽʚ. 

ʇʦʯʘʪʦʢ ʦʙʯʠʩʣʝʥʴ ʫ Mathcad, ʷʢ ʚʽʜʦʤʦ, ʧʝʨʝʜʙʘʯʘʻ ʧʦʧʝʨʝʜʥʻ ʧʨʠʩ-

ʚʦʶʚʘʥʥʷ ʟʥʘʯʝʥʴ ʚʝʣʠʯʠʥʘʤ, ʱʦ ʙʫʜʫʪʴ ʬʽʛʫʨʫʚʘʪʠ ʫ ʟʘʣʝʞʥʦʩʪʷʭ.  

1. ʇʨʠʩʚʦʶʶʪʴ ʟʥʘʯʝʥʥʷ ʽʥʜʝʢʩʫ ʽ ʚ ʤʝʞʘʭ ʜʽʘʧʘʟʦʥʫ ʚʽʜ 1 ʜʦ ʥʦʤʝʨʘ 

ʦʩʪʘʥʥʴʦʛʦ ʝʣʝʤʝʥʪʘ ʚʠʙʽʨʢʠ. 

2. ɿʘʜʘʶʪʴ (ʧʨʠʩʚʦʶʶʪʴ) ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ ʚʠʙʽʨʢʠ ʧ. 

3. ʇʨʠʩʚʦʶʶʪʴ ʟʥʘʯʝʥʥʷ ʦʟʥʘʢ ʭ ̔ʪʘ ʫ.̔ 



 

4. ʋʪʚʦʨʶʶʪʴ ʤʘʪʨʠʮʶ ʩʠʩʪʝʤʠ æ, ʩʢʣʘʜʝʥʫ ʟ ʢʦʝʬʽʮʽʻʥʪʽʚ ʙʽʣʷ ʥʝʚʽʜʦ-

ʤʠʭ a, b. 

5. ɼʣʷ ʟʘʜʘʥʥʷ ʤʘʪʨʠʮʽ ʨʦʟʤʽʨʦʤ 2Ĭ2 ʧʨʦʨʦʙʣʷʶʪʴ ʥʘʩʪʫʧʥʽ ʜʽʾ: 

Á ʟʘʧʠʩʫʶʪʴ ʩʠʤʚʦʣ æ, ʷʢʠʤ ʙʫʜʝ ʧʦʟʥʘʯʝʥʦ ʤʘʪʨʠʮʷ; 

Á ʚʠʚʦʜʷʪʴ ʟʥʘʢ ñʥʘʜʘʪʠ ʟʥʘʯʝʥʥʷò ʘʙʦ ʧʨʠʩʚʦʾʪʠ, ʱʦ ʤʘʻ ʚʠʛʣʷʜ (:=); 

Á ʫ ʧʘʣʽʪʨʽ ñʄʘʪʨʠʮʘò ʢʣʘʮʥʫʪʠ ʧʦ ʟʥʘʯʢʫ 
å
æ
æ
ç

õ
ö
ö
÷; 

Á ʘʙʦ ʩʧʦʣʫʯʝʥʥʷʤ ʢʣʘʚʽʰ <Ctrl >+<M> ʚʠʢʣʠʢʘʪʠ ʰʘʙʣʦʥ ʤʘʪʨʠʮʽ; 

Á ʫ ʜʽʘʣʦʛʦʚʦʤʫ ʚʽʢʥʽ, ʱʦ ʟôʷʚʠʪʴʩʷ, ʟʘʜʘʶʪʴ ʢʽʣʴʢʽʩʪʴ ʨʷʜʢʽʚ 2 ʪʘ ʩʪʦʚʧʯʠ-

ʢʽʚ ʤʘʪʨʠʮʽ 2; 

Á ʟʘʧʦʚʥʶʶʪʴ ʚʠʚʝʜʝʥʠʡ ʰʘʙʣʦʥ ʤʘʪʨʠʮʽ ʚʽʜʧʦʚʽʜʥʠʤʠ ʩʠʤʚʦʣʘʤʠ  
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6. ɸʥʘʣʦʛʽʯʥʦ ʩʢʣʘʜʘʶʪʴ ʤʘʪʨʠʮʽ æa ʪʘ æb, ʟʘʤʽʥʶʶʯʠ ʧʝʨʰʠʡ ʪʘ ʜʨʫ-

ʛʠʡ ʩʪʦʚʧʮʽ ʛʦʣʦʚʥʦʛʦ ʚʠʟʥʘʯʥʠʢʘ æ ʩʪʦʚʧʯʠʢʦʤ ʚʽʣʴʥʠʭ ʯʣʝʥʽʚ ʩʠʩʪʝʤʠ (7) 
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7. ɺʠʟʥʘʯʘʶʪʴ ʢʦʝʬʽʮʽʻʥʪʠ a, b, ʧʦʧʝʨʝʜʥʴʦ ʧʨʠʩʚʦʾʚʰʠ ʾʤ ʚʽʜʧʦʚʽʜʥʽ 

ʟʥʘʯʝʥʥʷ ʟʘ ʬʦʨʤʫʣʘʤʠ 
D

D
=

D

D
=

b
b

a
a ::  

8. ʇʽʜʩʪʘʚʣʷʶʪʴ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ a, b ʫ ʨʽʚʥʷʥʥʷ ʧʨʷʤʦʾ Y i:=a+bÖxi 

ʪʘ ʙʫʜʫʶʪʴ ʛʨʘʬʽʢʠ ʝʤʧʽʨʠʯʥʠʭ ʪʦʯʦʢ ʪʘ ʣʽʥʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ. 

9. ɺʠʟʥʘʯʘʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʙʫʜʦʚʘʥʠʭ ʬʫʥʢʮʽʡ ʥʘʩʪʫʧʥʽ ʚʝʣʠʯʠʥʠ, 

ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʪʘʙʣʠʮʽ. 

 

ɿʘʛʘʣʴʥʠʡ ʧʣʘʥ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʙʫʜʦʚʘʥʠʭ ʬʫʥʢʮʽʡ ʫ Mathcad. 

¶ ʆʙʠʨʘʶʪʴ ʤʽʩʮʝ ʫ ʜʦʢʫʤʝʥʪʽ, ʢʫʜʠ ʧʦʪʨʽʙʥʦ ʚʩʪʘʚʠʪʠ ʬʫʥʢʮʽʶ; 

¶ ʥʘʪʠʩʢʘʶʪʴ ʢʥʦʧʢʫ ʟ ʥʘʜʧʠʩʦʤ f(x) ʥʘ ʩʪʘʥʜʘʨʪʥʽʡ ʧʘʥʝʣʽ ʽʥʩʪʨʫʤʝʥʪʽʚ 

ʘʙʦ ʫ ʤʝʥʶ ɺʩʪʘʚʢʘ ʟʥʘʭʦʜʷʪʴ ʤʝʥʶ ʌʫʥʢʮʠʷ; 

¶ ʫ ʤʝʥʶ ʂʘʪʝʛʦʨʠʷ ʌʫʥʢʮʠʠ ʦʙʠʨʘʶʪʴ ɺʩʝ; 

¶ ʫ ʩʧʠʩʢʫ Function Name (ʀʤʷ ʬʫʥʢʮʠʠ) ʦʙʠʨʘʶʪʴ ʽʤ'ʷ ʚʙʫʜʦʚʘʥʦʾ ʬʫ-

ʥʢʮʽʾ, ʧʽʜ ʷʢʠʤ ʚʦʥʘ ʬʽʛʫʨʫʻ ʫ Mathcad.  

¶ ʫ ʚʽʜʧʦʚʽʜʥʦʤʫ ʜʽʘʣʦʛʦʚʦʤʫ ʚʽʢʥʽ ʚʢʘʟʫʻʤʦ ʚʝʢʪʦʨ - ʭ . 

¶ ʥʘʜʘʻʤʦ ʢʦʤʘʥʜʫ ʢʦʤʧôʶʪʝʨʫ ʟʘʩʪʦʩʫʚʘʪʠ ʬʫʥʢʮʽʶ ʥʘʪʠʩʢʘʻʤʦ ʟʥʘʢ=. 

¶ ʆʪʨʠʤʘʻʤʦ ʥʝʦʙʭʽʜʥʝ ʟʥʘʯʝʥʥʷ.  



 

ʅʘʟʚʘ ʩʪʘʪʠʩʪʠʯʥʦʾ 

ʚʝʣʠʯʠʥʠ 

ɿʘʛʘʣʴʥʦ-

ʧʨʠʡʥʷʪʝ 

ʧʦʟʥʘʯʝʥʥʷ 

ɺʽʜʧʦʚʽʜʥʘ 

ʚʙʫʜʦʚʘʥʘ ʬʫ-

ʥʢʮʽʷ 

ʈʝʢʦʤʝʥʜʦʚʘʥʝ 

ʧʦʟʥʘʯʝʥʥʷ ʫ 

Mathcad 

ʉʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ 

ʦʟʥʘʢʠ ʭ 

ʭ mean(x) xc 

ʉʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ 

ʦʟʥʘʢʠ y 

y  mean(y) yc 

ʉʝʨʝʜʥʻ ʢʚʘʜʨʘʪʠʯʥʝ 

ʚʽʜʭʠʣʝʥʥʷ ʦʟʥʘʢʠ ʭ 
ʭ
s  

stdev(x) ůx 

ʉʝʨʝʜʥʻ ʢʚʘʜʨʘʪʠʯʥʝ 

ʚʽʜʭʠʣʝʥʥʷ ʦʟʥʘʢʠ y 
ʫ
s  

stdev(y) ůy 

ʂʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ r corr(x,y) r 

ʂʦʝʬʽʮʽʻʥʪ ʣʽʥʽʡʥʦʾ 

ʨʝʛʨʝʩʽʾ 

b intercept(x,y) b 

ʂʦʝʬʽʮʽʻʥʪ ʣʽʥʽʡʥʦʾ 

ʨʝʛʨʝʩʽʾ 

a slope(x,y) a 

ɺʝʢʪʦʨ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʣʽʥʽʡʥʦʾ ʨʝʛʨʝʩʽʾ 

(a,b) line(x,y)  

 

ɯɯ. ʈʦʟʚôʷʟʘʥʥʷ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ (7) ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ a, b ʣʽ-

ʥʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʙʣʦʢʫ Given/Find. 

1. ʇʨʦʚʦʜʷʪʴ ʧʽʜʛʦʪʦʚʯʫ ʨʦʙʦʪʫ ʘʥʘʣʦʛʽʯʥʦ ʜʦ ʧʫʥʢʪʫ 1-3 ʧʦʧʝʨʝʜʥʴʦʛʦ 

ʧʫʥʢʪʫ ʘʙʦ ʢʦʧʽʶʶʪʴ ʚʚʝʜʝʥʽ ʫ ʧ.1-3 ʜʘʥʽ ʥʘ ʥʦʚʠʡ ʣʠʩʪ Mathcad. 

2. ʇʦʪʽʤ ʧʨʦʨʦʙʣʷʶʪʴ ʥʘʩʪʫʧʥʝ: 

Á ʥʝʚʽʜʦʤʠʤ ʟʤʽʥʥʠʤ a, b ʥʘʜʘʶʪʴ (:=) ʜʦʚʽʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ, ʟʘʟʚʠʯʘʡ ʮʝ 0 

ʘʙʦ 1; 

Á ʟʘʧʠʩʫʶʪʴ ʢʣʶʯʦʚʝ ʩʣʦʚʦ ʧʦʯʘʪʢʫ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʙʣʦʢʫ Given (ɼʘʥʦ); 

Á ʟʘʧʠʩʫʶʪʴ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ, ʘʣʝ ʙʝʟ ʟʥʘʢʘ ʬʽʛʫʨʥʦʾ ʜʫʞʢʠ; 

Á ʟʘʤʽʩʪʴ ʟʥʘʢʘ ʜʦʨʽʚʥʶʻ (=) ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʟʥʘʢ "ʙʫʣʝʚʦ ʨʘʚʝʥʩʪʚʦ", ʷʢʠʡ 

ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ "ʃʦʛʠʯʝʩʢʠʝ" ʫ ʧʘʣʽʪʨʽ "ʄʘʪʝʤʘʪʠʢʘ"; 

 
Á ʚʠʚʦʜʷʪʴ ʰʘʙʣʦʥ ʤʘʪʨʠʮʽ ʚ n ʨʷʜʢʽʚ ʽ ʚ ʦʜʠʥ ʩʪʦʚʧʯʠʢ, ʜʝ n - ʯʠʩʣʦ ʥʝʚʽʜʦ-

ʤʠʭ; 

Á ʟʘʧʦʚʥʶʶʪʴ ʤʘʪʨʠʮʶ ʩʠʤʚʦʣʘʤʠ ʥʝʚʽʜʦʤʠʭ; 

Á ʥʘʜʘʶʪʴ ʤʘʪʨʠʮʽ ʟʥʘʯʝʥʥʷ ʫ ʚʠʛʣʷʜʽ ʩʣʦʚʘ Find (ɿʥʘʡʪʠ) ʽ ʚ ʜʫʞʢʘʭ ʧʽʩʣʷ 

ʩʣʦʚʘ ʧʝʨʝʣʽʯʫʶʪʴ, ʯʝʨʝʟ ʢʦʤʫ, ʥʝʚʽʜʦʤʽ; 



 

Á ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʟʥʘʯʝʥʴ ʥʝʚʽʜʦʤʠʭ ʟʘʧʠʩʫʶʪʴ ʾʭ ʩʠʤʚʦʣʠ ʽ ʧʠʰʫʪʴ ʟʥʘʢ 

ʜʦʨʽʚʥʶʻ (=). 

 

ʋ MathCAD  ʟʘʧʠʩ ʨʦʟʚôʷʟʢʫ ʤʘʪʠʤʝ ʚʠʛʣʷʜ: 
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ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ a, b, c ʢʨʠʚʦʣʽʥʽʡʥʦʾ (ʧʘʨʘʙʦʣʽʯʥʦʾ) 

ʟʘʣʝʞʥʦʩʪʽ  

cbxaxY ++= 2

                                             (10.82) 

ʧʨʦʚʝʜʝʤʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʨʘʟʫ 
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ʜʝ Yi, yi - ʪʝʦʨʝʪʠʯʥʽ (ʦʙʯʠʩʣʝʥʽ ʟʘ ʬʦʨʤʫʣʦʶ 1) ʪʘ ʜʦʩʣʽʜʥʽ ʟʥʘʯʝʥʥʷ. ʄʝʪʦʜ 

ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʪʨʝʙʘ ʧʽʜʽʙʨʘʪʠ ʪʘʢʽ ʟʥʘʯʝʥʥʷ a, b, c, 

ʧʨʠ ʷʢʠʭ ʚʠʨʘʟ (2) ʧʨʠʡʤʘʻ ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ. ʎʽ ʟʥʘʯʝʥʥʷ ʟʥʘʭʦʜʷʪʴ ʟ 

ʫʤʦʚ ʨʽʚʥʦʩʪʽ ʥʫʣʶ ʯʘʩʪʠʥʥʠʭ ʧʦʭʽʜʥʠʭ 
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ʆʙʯʠʩʣʶʶʯʠ ʧʦʭʽʜʥʽ, ʦʪʨʠʤʘʻʤʦ ʩʠʩʪʝʤʫ ʪʨʴʦʭ ʨʽʚʥʷʥʴ ʟ ʪʨʴʦʤʘ ʥʝʚʽ-

ʜʦʤʠʤʠ a, b, c: 
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ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʜʦʜʘʪʢʫ Mathcad ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʧʘʨʘʤʝʪ-

ʨʽʚ ʧʘʨʘʙʦʣʽʯʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʤʝʪʦʜʦʤ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ 



 

ɯ. ʈʦʟʚôʷʟʘʥʥʷ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ (4) ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ a, b, c ʧʘ-

ʨʘʙʦʣʽʯʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʤʝʪʦʜʦʤ ʚʠʟʥʘʯʥʠʢʽʚ. 

ʇʦʯʘʪʦʢ ʦʙʯʠʩʣʝʥʴ ʫ Mathcad, ʷʢ ʚʽʜʦʤʦ, ʧʝʨʝʜʙʘʯʘʻ ʧʦʧʝʨʝʜʥʻ ʧʨʠʩ-

ʚʦʶʚʘʥʥʷ ʟʥʘʯʝʥʴ ʚʝʣʠʯʠʥʘʤ, ʱʦ ʙʫʜʫʪʴ ʬʽʛʫʨʫʚʘʪʠ ʫ ʟʘʣʝʞʥʦʩʪʷʭ.  

1. ʇʨʠʩʚʦʶʶʪʴ ʟʥʘʯʝʥʥʷ ʽʥʜʝʢʩʫ ʽ ʚ ʤʝʞʘʭ ʜʽʘʧʘʟʦʥʫ ʚʽʜ 1 ʜʦ ʥʦʤʝʨʘ 

ʦʩʪʘʥʥʴʦʛʦ ʝʣʝʤʝʥʪʘ ʚʠʙʽʨʢʠ. 

2. ɿʘʜʘʶʪʴ (ʧʨʠʩʚʦʶʶʪʴ) ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ ʚʠʙʽʨʢʠ ʧ. 

3. ʇʨʠʩʚʦʶʶʪʴ ʟʥʘʯʝʥʥʷ ʦʟʥʘʢ ʭ ̔ʪʘ ʫ.̔ 

4. ʋʪʚʦʨʶʶʪʴ ʤʘʪʨʠʮʶ ʩʠʩʪʝʤʠ æ, ʩʢʣʘʜʝʥʫ ʟ ʢʦʝʬʽʮʽʻʥʪʽʚ ʢʦʣʦ ʥʝʚʽ-

ʜʦʤʠʭ a, b, c. 

5. ɼʣʷ ʟʘʜʘʥʥʷ ʤʘʪʨʠʮʽ ʨʦʟʤʽʨʦʤ 3Ĭ3 ʧʨʦʨʦʙʣʷʶʪʴ ʥʘʩʪʫʧʥʽ ʜʽʾ: 

Á ʟʘʧʠʩʫʶʪʴ ʩʠʤʚʦʣ æ, ʷʢʠʤ ʙʫʜʝ ʧʦʟʥʘʯʝʥʦ ʤʘʪʨʠʮʷ; 

Á ʚʠʚʦʜʷʪʴ ʟʥʘʢ ñʥʘʜʘʪʠ ʟʥʘʯʝʥʥʷò ʘʙʦ ʧʨʠʩʚʦʾʪʠ, ʱʦ ʤʘʻ ʚʠʛʣʷʜ (:=); 

Á ʫ ʧʘʣʽʪʨʽ ñʄʘʪʨʠʮʘò ʢʣʘʮʥʫʪʠ ʧʦ ʟʥʘʯʢʫ 
å
æ
æ
ç

õ
ö
ö
÷; 

Á ʘʙʦ ʩʧʦʣʫʯʝʥʥʷʤ ʢʣʘʚʽʰ <Ctrl >+<M> ʚʠʢʣʠʢʘʪʠ ʰʘʙʣʦʥ ʤʘʪʨʠʮʽ; 

Á ʫ ʜʽʘʣʦʛʦʚʦʤʫ ʚʽʢʥʽ, ʱʦ ʟôʷʚʠʪʴʩʷ, ʟʘʜʘʶʪʴ ʢʽʣʴʢʽʩʪʴ ʨʷʜʢʽʚ 3 ʪʘ ʩʪʦʚʧʯʠ-

ʢʽʚ ʤʘʪʨʠʮʽ 3; 

Á ʟʘʧʦʚʥʶʶʪʴ ʚʠʚʝʜʝʥʠʡ ʰʘʙʣʦʥ ʤʘʪʨʠʮʽ ʚʽʜʧʦʚʽʜʥʠʤʠ ʩʠʤʚʦʣʘʤʠ 

(ʜʠʚ. ʤʘʣ.) 
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6. ɸʥʘʣʦʛʽʯʥʦ ʩʢʣʘʜʘʶʪʴ ʤʘʪʨʠʮʽ æa, æb, æc ʟʘʤʽʥʶʶʯʠ ʧʝʨʰʠʡ, ʜʨʫ-

ʛʠʡ, ʪʨʝʪʽʡ ʩʪʦʚʧʮʽ ʛʦʣʦʚʥʦʛʦ ʚʠʟʥʘʯʥʠʢʘ æ ʩʪʦʚʧʯʠʢʦʤ ʚʽʣʴʥʠʭ ʯʣʝʥʽʚ ʩʠʩ-

ʪʝʤʠ (4) 
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7. ɺʠʟʥʘʯʘʶʪʴ ʢʦʝʬʽʮʽʻʥʪʠ a, b, c ʧʦʧʝʨʝʜʥʴʦ ʧʨʠʩʚʦʾʚʰʠ ʾʤ ʚʽʜʧʦʚʽʜʥʽ 

ʟʥʘʯʝʥʥʷ ʟʘ ʬʦʨʤʫʣʘʤʠ .:,:,:
D

D
=

D

D
=

D

D
=

c
c

b
b

a
a  

8. ɿʥʘʭʦʜʷʪʴ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ a, b, c. 

 

ɯɯ. ʈʦʟʚôʷʟʘʥʥʷ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ (4) ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ a, b, ʩ 

ʧʘʨʘʙʦʣʽʯʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʙʣʦʢʫ Given/Find. 

1. ʇʨʦʚʦʜʷʪʴ ʧʽʜʛʦʪʦʚʯʫ ʨʦʙʦʪʫ ʘʥʘʣʦʛʽʯʥʦ ʜʦ ʧʫʥʢʪʫ 1-3 ʧʦʧʝʨʝʜʥʴʦʛʦ 

ʧʫʥʢʪʫ ʘʙʦ ʢʦʧʽʶʶʪʴ ʚʚʝʜʝʥʽ ʫ ʧ.1-3 ʜʘʥʽ ʥʘ ʥʦʚʠʡ ʣʠʩʪ Mathcad. 

2. ʇʦʪʽʤ ʧʨʦʨʦʙʣʷʶʪʴ ʥʘʩʪʫʧʥʝ: 

Á ʥʝʚʽʜʦʤʠʤ ʟʤʽʥʥʠʤ a, b, ʩ ʥʘʜʘʶʪʴ (:=) ʜʦʚʽʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ, ʟʘʟʚʠʯʘʡ ʮʝ 0 

ʘʙʦ 1; 

Á ʟʘʧʠʩʫʶʪʴ ʢʣʶʯʦʚʝ ʩʣʦʚʦ ʧʦʯʘʪʢʫ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʙʣʦʢʫ Given (ɼʘʥʦ); 

Á ʟʘʧʠʩʫʶʪʴ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ, ʘʣʝ ʙʝʟ ʟʥʘʢʘ ʬʽʛʫʨʥʦʾ ʜʫʞʢʠ; 

Á ʟʘʤʽʩʪʴ ʟʥʘʢʘ ʜʦʨʽʚʥʶʻ (=) ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʟʥʘʢ "ʙʫʣʝʚʦ ʨʘʚʝʥʩʪʚʦ", ʷʢʠʡ 

ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ "ʃʦʛʠʯʝʩʢʠʝ" ʫ ʧʘʣʽʪʨʽ "ʄʘʪʝʤʘʪʠʢʘ"; 

 
Á ʚʠʚʦʜʷʪʴ ʰʘʙʣʦʥ ʤʘʪʨʠʮʽ ʚ n ʨʷʜʢʽʚ ʽ ʚ ʦʜʠʥ ʩʪʦʚʧʯʠʢ, ʜʝ n - ʯʠʩʣʦ ʥʝʚʽʜʦ-

ʤʠʭ; 

Á ʟʘʧʦʚʥʶʶʪʴ ʤʘʪʨʠʮʶ ʩʠʤʚʦʣʘʤʠ ʥʝʚʽʜʦʤʠʭ; 

Á ʥʘʜʘʶʪʴ ʤʘʪʨʠʮʽ ʟʥʘʯʝʥʥʷ ʫ ʚʠʛʣʷʜʽ ʩʣʦʚʘ Find (ɿʥʘʡʪʠ) ʽ ʚ ʜʫʞʢʘʭ ʧʽʩʣʷ 

ʩʣʦʚʘ ʧʝʨʝʣʽʯʫʶʪʴ, ʯʝʨʝʟ ʢʦʤʫ, ʥʝʚʽʜʦʤʽ; 

Á ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʟʥʘʯʝʥʴ ʥʝʚʽʜʦʤʠʭ ʟʘʧʠʩʫʶʪʴ ʾʭ ʩʠʤʚʦʣʠ ʽ ʧʠʰʫʪʴ ʟʥʘʢ 

ʜʦʨʽʚʥʶʻ (=). 

ʋ MathCAD  ʟʘʧʠʩ ʨʦʟʚôʷʟʢʫ ʤʘʪʠʤʝ ʚʠʛʣʷʜ: 
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ɯɯɯ. ɿʥʘʭʦʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʦʣʽʥʦʤʽʘʣʴʥʦʾ (ʧʘʨʘʙʦʣʽʯʥʦʾ) ʟʘʣʝʞʥʦʩʪʽ ʟ ʚʠ-

ʢʦʨʠʩʪʘʥʥʷʤ ʚʙʫʜʦʚʘʥʠʭ ʬʫʥʢʮʽʡ Mathcad. 

ʋ Mathcad ʧʦʣʽʥʦʤʽʘʣʴʥʘ ʨʝʛʨʝʩʽʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʢʦʤʙʽʥʘʮʽʻʶ ʚʙʫʜʦʚʘ-

ʥʠʭ ʬʫʥʢʮʽʡ regress ʪʘ ʧʦʣʽʥʦʤʽʘʣʴʥʦʾ ʽʥʪʝʨʧʦʣʷʮʽʾ.  

Á regress(x,y,k) ï ʚʝʢʪʦʨ ʢʦʝʬʽʮʽʻʥʪʽʚ ʜʣʷ ʧʦʙʫʜʦʚʠ ʧʦʣʽʥʦʤʽʘʣʴʥʦʾ 

ʨʝʛʨʝʩʽʾ ʜʘʥʠʭ; 

Á interp(s,x,y,t) ï ʨʝʟʫʣʴʪʘʪ ʧʦʣʽʥʦʤʽʘʣʴʥʦʾ ʨʝʛʨʝʩʽʾ; 

o s ï regress(x,y,k) 

o x ï ʚʝʢʪʦʨ ʜʽʡʩʥʠʭ ʜʘʥʠʭ ʘʨʛʫʤʝʥʪʫ, ʝʣʝʤʝʥʪʠ ʷʢʦʛʦ ʨʦʟ-

ʤʽʱʝʥʽ ʫ ʧʦʨʷʜʢʫ ʟʨʦʩʪʘʥʥʷ; 

o y ï ʚʝʢʪʦʨ ʜʽʡʩʥʠʭ ʟʥʘʯʝʥʴ ʪʦʛʦ ʞ ʨʦʟʤʽʨʫ; 

o k ï ʩʪʝʧʽʥʴ ʧʦʣʽʥʦʤʫ ʨʝʛʨʝʩʽʾ; 

o t ï ʟʥʘʯʝʥʥʷ ʘʨʛʫʤʝʥʪʫ ʧʦʣʽʥʦʤʫ ʨʝʛʨʝʩʽʾ. 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʧʦʣʽʥʦʤʽʘʣʴʥʦʾ ʨʝʛʨʝʩʽʾ ʧʽʩʣʷ ʬʫʥʢʮʽʾ regress 

ʦʙʦʚôʷʟʢʦʚʦ ʧʦʪʨʽʙʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʬʫʥʢʮʽʶ interp . 

ʗʢ ʚʞʝ ʟʘʟʥʘʯʘʣʦʩʴ ʫ ʧʦʧʝʨʝʜʥʽʭ ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʦʪʘʭ, ʚʚʝʜʝʥʥʷ ʜʘ-

ʥʠʭ ʟ ʥʘʩʪʫʧʥʠʤ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʟʘ ʚʙʫʜʦʚʘʥʠʤʠ ʬʫʥʢʮʽʷ-

ʤʠ ʫ ʩʝʨʝʜʦʚʠʱʽ Mathcad, ʤʘʻ ʜʝʷʢʽ ʦʩʦʙʣʠʚʦʩʪʽ.  

ɺʽʜʧʦʚʽʜʥʽ ʜʘʥʽ ʚʚʦʜʷʪʴ ʫ ʚʠʛʣʷʜʽ ʚʝʢʪʦʨʘ-ʩʪʦʚʧʮʷ ʘʙʦ ʚʝʢʪʦʨʘ-ʨʷʜʢʘ, 

ʱʦ ʪʨʘʥʩʧʦʥʦʚʘʥʠʡ. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʝʥʶ ɺʩʪʘʚʢʘ ʥʘ ʧʘʥʝʣʽ ʽʥ-

ʩʪʨʫʤʝʥʪʽʚ Mathcad. 

ʇʨʦʨʦʙʣʷʶʪʴ ʥʘʩʪʫʧʥʽ ʜʽʾ: 

¶ ʦʙʠʨʘʶʪʴ ʤʽʩʮʝ ʜʝ ʙʫʜʝ ʚʚʝʜʝʥʦ ʚʽʜʧʦʚʽʜʥʠʡ ʚʝʢʪʦʨ, ʥʘʧʨʠʢʣʘʜ ʭ; 

¶ ʟʘʧʠʩʫʶʪʴ ʩʠʤʚʦʣ ʭ ʪʘ ʟʥʘʢ ʧʨʠʩʚʦʶʚʘʥʥʷ ʫ ʚʠʛʣʷʜʽ ʭ:=; 

¶ ʥʘ ʧʘʥʝʣʽ ʽʥʩʪʨʫʤʝʥʪʽʚ ʫ ʤʝʥʶ ɺʩʪʘʚʢʘ ʚʠʙʠʨʘʶʪʴ ʧʫʥʢʪ ʄʘʪʨʠʮʘ; 



 

¶ ʫ ʤʝʥʶ ʄʘʪʨʠʮʘ (Matrix) ʦʙʠʨʘʶʪʴ ʢʽʣʴʢʽʩʪʴ ʨʷʜʢʽʚ ʪʘ ʩʪʦʚʧʮʽʚ; 

¶ ʷʢʱʦ ʦʙʠʨʘʶʪʴ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʜʘʥʠʭ ʫ ʚʠʛʣʷʜʽ ʚʝʢʪʦʨʘ-ʨʷʜʢʘ, ʪʦ ʢʽ-

ʣʴʢʽʩʪʴ ʨʷʜʢʽʚ ʜʦʨʽʚʥʶʻ 1, ʘ ʩʪʦʚʧʮʽʚ ï ʢʽʣʴʢʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʚʠʙʽʨʢʠ; 

¶ ʷʢʱʦ ʦʙʨʘʥʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʫ ʚʠʛʣʷʜʽ ʚʝʢʪʦʨʘ-ʩʪʦʚʧʮʷ, ʥʘʚʧʘʢʠ; 

¶ ʫ ʢʽʥʮʽ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʚʝʢʪʦʨʘ-ʨʷʜʢʘ ʦʙʦʚôʷʟʢʦʚʦ ʩʪʘʚʣʷʪʴ ʩʠʤʚʦʣ ()ʊ, 

ʱʦ ʦʟʥʘʯʘʻ ʤʘʪʨʠʮʷ (ʚʝʢʪʦʨ) ʪʨʘʥʩʧʦʥʦʚʘʥʘ, ʷʢʠʡ ʚʠʢʣʠʢʘʶʪʴ ʥʘʪʠʩ-

ʢʘʥʥʷʤ ʚʽʜʧʦʚʽʜʥʦʛʦ ʩʠʤʚʦʣʫ ʄʊ ʥʘ ʧʘʥʝʣʽ ʄʘʪʨʠʮʘ (Matrix ); 

¶ ʥʘʪʠʩʢʘʶʪʴ ʢʥʦʧʢʫ ʆʂ ʽ ʦʪʨʠʤʫʶʪʴ ʚʽʜʧʦʚʽʜʥʠʡ ʚʝʢʪʦʨ-ʨʷʜʦʢ ʘʙʦ 

ʚʝʢʪʦʨ-ʩʪʦʚʧʝʮʴ; 

¶ ʫ ʦʪʨʠʤʘʥʽ ʢʦʤʽʨʢʠ ʚʚʦʜʷʪʴ ʜʘʥʽ. 

ɸʥʘʣʦʛʽʯʥʽ ʜʽʾ ʚʠʢʦʥʫʶʪʴ ʜʣʷ ʚʚʝʜʝʥʥʷ ʜʨʫʛʦʛʦ ʚʝʢʪʦʨʘ ʫ. 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʚʠʢʦʨʠʩʪʘʪʠ ʜʝʷʢʫ ʚʙʫʜʦʚʘʥʫ ʬʫʥʢʮʽʶ ʚʠʢʦʥʫʶʪʴ ʥʘ-

ʩʪʫʧʥʽ ʜʽʾ: 

¶ ʆʙʠʨʘʶʪʴ ʤʽʩʮʝ ʫ ʜʦʢʫʤʝʥʪʽ, ʢʫʜʠ ʧʦʪʨʽʙʥʦ ʚʩʪʘʚʠʪʠ ʬʫʥʢʮʽʶ; 

¶ ʅʘʜʘʶʪʴ ʽʤ'ʷ ʚʽʜʧʦʚʽʜʥʽʡ ʬʫʥʢʮʽʾ, ʥʘʧʨʠʢʣʘʜ s ʪʘ ʥʘʙʠʨʘʶʪʴ ʩʠʤʚʦʣ 

ʧʨʠʩʚʦʾʪʠ (:=); 

¶ ʅʘʪʠʩʢʘʶʪʴ ʢʥʦʧʢʫ ʟ ʥʘʜʧʠʩʦʤ f(x) ʥʘ ʩʪʘʥʜʘʨʪʥʽʡ ʧʘʥʝʣʽ ʽʥʩʪʨʫʤʝʥ-

ʪʽʚ ʘʙʦ ʫ ʤʝʥʶ ɺʩʪʘʚʢʘ ʟʥʘʭʦʜʷʪʴ ʤʝʥʶ ʌʫʥʢʮʠʷ; 

¶ ʋ ʩʧʠʩʢʫ Function Category (ʂʘʪʝʛʦʨʠʷ ʬʫʥʢʮʠʠ) ʦʙʠʨʘʶʪʴ ʢʘʪʝʛʦ-

ʨʽʶ ʚʙʫʜʦʚʘʥʦʾ ʬʫʥʢʮʽʾ. ɺ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʮʝ Regression and 

Smoothing ; 

¶ ʋ ʩʧʠʩʢʫ Function Name ( ʀʤʷ ʬʫʥʢʮʠʠ) ʦʙʠʨʘʶʪʴ ʬʫʥʢʮʽʶ regress; 

¶ ʋ ʚʽʜʧʦʚʽʜʥʦʤʫ ʜʽʘʣʦʛʦʚʦʤʫ ʚʽʢʥʽ ʚʢʘʟʫʻʤʦ ʚʝʢʪʦʨʠ ʭ, ʫ, ʪʘ ʯʠʩʣʦ k, 

ʱʦ ʚʢʘʟʫʻ ʥʘ ʩʪʝʧʽʥʴ ʧʦʣʽʥʦʤʘ (ʚ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ 2); 

¶ ɼʘʻʤʦ ʢʦʤʘʥʜʫ ʢʦʤʧôʶʪʝʨʫ ʟʘʩʪʦʩʫʚʘʪʠ ʬʫʥʢʮʽʶ s=. 

¶ ʆʪʨʠʤʘʻʤʦ ʚʝʢʪʦʨ, ʩʢʣʘʜʝʥʠʡ ʟ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʦʣʽʥʦʤʘ.  

ɼʣʷ ʧʦʙʫʜʦʚʠ ʣʽʥʽʾ ʨʝʛʨʝʩʽʾ ʚʽʜʧʦʚʽʜʥʦʾ ʧʦʣʽʥʦʤʽʘʣʴʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʚʠʢʦʥʫʶʪʴ 

ʥʘʩʪʫʧʥʽ ʜʽʾ: 

¶ ɿʘʜʘʶʪʴ ʘʥʘʣʽʪʠʯʥʠʡ ʚʠʛʣʷʜ ʛʨʘʬʽʢʘ ʫ ʚʠʛʣʷʜʽ t)y,x,interp(s,:A(t) = ; 

¶ ɺʠʢʣʠʢʘʶʪʴ ʰʘʙʣʦʥ ʛʨʘʬʽʢʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʥʶ ɺʩʪʘʚʢʘŸɻʨʘʬʠʢ 

ʘʙʦ ʟ ʧʘʣʽʪʨʠ; 

¶ ʋ ʚʽʜʧʦʚʽʜʥʽ ʚʽʢʥʘ ʧʦ ʚʽʩʽ ʆʍ ʚʚʦʜʷʪʴ x,t; 

¶ ʇʦ ʚʽʩʽ ʆʋ ï y, ɸ(t); 

¶ ʅʘʪʠʩʢʘʶʪʴ Enter ʽ ʦʪʨʠʤʫʶʪʴ ʚʽʜʧʦʚʽʜʥʽ ʣʽʥʽʾ; 

¶ ʌʦʨʤʘʪʫʶʪʴ ʛʨʘʬʽʢ ʟʛʽʜʥʦ ʟʨʘʟʢʘ. 
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ʇʨʘʢʪʠʯʥʘ ʨʦʙʦʪʘ ˉ16 

 

ʄʝʪʘ ʨʦʙʦʪʠ: ʦʧʘʥʫʚʘʪʠ ʥʘʚʠʯʢʘʤʠ ʦʙʯʠʩʣʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʣʽʥʽʡʥʦʾ ʟʘʣʝʞ-

ʥʦʩʪʽ ʤʝʪʦʜʦʤ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ ʪʘ ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʽʟ ʩʪʘʪʠʩ-

ʪʠʯʥʠʤ (ʜʠʩʧʝʨʩʽʡʥʠʤ) ʘʥʘʣʽʟʦʤ (ʜʠʚ. ʣʘʙʦʨʘʪʦʨʥʫ ʨʦʙʦʪʫ ˉ11) 

ɿʘʚʜʘʥʥʷ ʜʣʷ ʩʘʤʦʩʪʽʡʥʦʾ ʧʽʜʛʦʪʦʚʢʠ 

1.ʈʽʚʥʷʥʥʷ ʣʽʥʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ. 

2.ʆʙʯʠʩʣʝʥʥʷ ʪʦʯʦʢ ʧʝʨʝʪʠʥʫ ʛʨʘʬʽʢʘ ʧʨʷʤʦʣʽʥʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʟ ʦʩʷʤʠ ʢʦ-

ʦʨʜʠʥʘʪ. 

3.ɿʨʦʩʪʘʶʯʘ ʪʘ ʩʧʘʜʥʘ ʣʽʥʽʡʥʽ ʟʘʣʝʞʥʦʩʪʽ. 

4.ɿʥʘʢʠ ʢʦʝʬʽʮʽʻʥʪʽʚ a i b ʧʨʠ ʟʨʦʩʪʘʶʯʽʡ ʪʘ ʩʧʘʜʥʽʡ ʣʽʥʽʡʥʠʭ ʟʘʣʝʞʥʦʩʪʷʭ. 

5.ʉʫʪʥʽʩʪʴ ʤʝʪʦʜʫ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ. 

6.ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʣʽʥʽʡʥʠʭ ʟʘ-

ʣʝʞʥʦʩʪʝʡ ʤʽʞ ʜʚʦʤʘ ʦʟʥʘʢʘʤʠ. 

7.ʈʽʚʥʷʥʥʷ ʢʨʠʚʦʣʽʥʽʡʥʦʾ ʧʘʨʘʙʦʣʽʯʥʦʾ ʟʘʣʝʞʥʦʩʪʽ . 

8.ɿʥʘʭʦʜʞʝʥʥʷ ʢʦʦʨʜʠʥʘʪ ʧʝʨʝʪʠʥʫ ʧʘʨʘʙʦʣʠ ʟ ʦʩʷʤʠ x i y. 

9.ɿʥʘʭʦʜʞʝʥʥʷ ʟʥʘʯʝʥʥʷ x, ʧʨʠ ʷʢʦʤʫ y ʥʘʙʫʚʘʻ ʝʢʩʪʨʝʤʫʤʫ. 

10.ʋʤʦʚʠ ʤʘʢʩʠʤʫʤʫ ʪʘ ʤʽʥʽʤʫʤʫ. 

11.ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ ʧʨʠ ʦʙʯʠʩʣʝʥʥʽ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʧʘʨʘʙʦʣʽʯʥʦʾ ʟʘʣʝʞʥʦʩʪʽ. 

 

ʇʨʦʛʨʘʤʘ ʚʠʢʦʥʘʥʥʷ ʥʘ ʢʦʤʧôʶʪʝʨʽ. 

1. ɿʘʚʘʥʪʘʞʠʪʠ ʤʘʪʝʤʘʪʠʯʥʠʡ ʜʦʜʘʪʦʢ Mathcad. 



 

2. ʆʙʯʠʩʣʠʪʠ ʧʘʨʘʤʝʪʨʠ a, b ʣʽʥʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʤʝʪʦʜʦʤ ʚʠʟʥʘʯʥʠʢʽʚ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʟʘʚʜʘʥʥʷ ʜʦ ʧʨʘʢʪʠʯʥʦʾ ʨʦʙʦʪʠ ˉ11.  

3. ʉʢʦʧʽʶʚʘʪʠ ʜʘʥʽ ʽ, n, ʭ ̔ʪʘ ʫ ̔ʥʘ ʥʦʚʠʡ ʣʠʩʪ Mathcad. 

4. ʆʙʯʠʩʣʠʪʠ ʧʘʨʘʤʝʪʨʠ a, b ʣʽʥʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʦʙʯʠ-

ʩʣʶʚʘʣʴʥʦʛʦ ʙʣʦʢʫ Given/Find. 

5. ʇʦʨʽʚʥʷʪʠ ʨʝʟʫʣʴʪʘʪʠ ʦʜʝʨʞʘʥʽ ʫ ʣʘʙʦʨʘʪʦʨʥʽʡ ʨʦʙʦʪʽ ˉ11 ʪʘ ʫ ʧʫʥ-

ʢʪʽ 2 ʪʘ 4 ʧʨʘʢʪʠʯʥʦʾ ʨʦʙʦʪʠ ˉ12. 

6. ʆʙʯʠʩʣʠʪʠ ʧʘʨʘʤʝʪʨʠ a, b, ʩ ʧʘʨʘʙʦʣʽʯʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʤʝʪʦʜʦʤ ʚʠʟʥʘ-

ʯʥʠʢʽʚ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʟʘʚʜʘʥʥʷ ʜʦ ʧʨʘʢʪʠʯʥʦʾ ʨʦʙʦʪʠ.  

7. ʉʢʦʧʽʶʚʘʪʠ ʜʘʥʽ ʽ, n, ʭ,̔ ʫ ̔ʥʘ ʥʦʚʠʡ ʣʠʩʪ Mathcad. 

8. ʆʙʯʠʩʣʠʪʠ ʧʘʨʘʤʝʪʨʠ a, b, ʩ ʧʘʨʘʙʦʣʽʯʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʟ ʟʘʩʪʦʩʫʚʘʥ-

ʥʷʤ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʙʣʦʢʫ Given/Find. 

9. ʇʦʨʽʚʥʷʪʠ ʨʝʟʫʣʴʪʘʪʠ ʦʜʝʨʞʘʥʽ ʫ ʧʫʥʢʪʽ 2 ʪʘ 4 ʧʨʘʢʪʠʯʥʦʾ ʨʦʙʦʪʠ. 

10. ɿʘʜʘʪʠ ʟʘʣʝʞʥʽʩʪʴ ʫ ʚʠʛʣʷʜʽ () cxbxaY iii +Ö+Ö=
2

: . 

11. ʇʦʙʫʜʫʚʘʪʠ ʛʨʘʬʽʢʠ ʟʘʣʝʞʥʦʩʪʝʡ xi ʚʽʜ yi ʪʘ Yi. 

12. ɺʽʜʢʨʠʪʠ ʥʦʚʠʡ ʣʠʩʪ Mathcad ʪʘ ʧʨʦʚʝʩʪʠ ʨʦʟʨʘʭʫʥʢʠ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʧʘʨʘʙʦʣʽʯʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʙʫʜʦʚʘʥʠʭ ʬʫʥʢʮʽʡ. 

13. ʇʦʙʫʜʫʚʘʪʠ ʚʽʜʧʦʚʽʜʥʽ ʛʨʘʬʽʢʠ. 

ɿʙʝʨʝʛʪʠ ʩʪʚʦʨʝʥʠʡ ʜʦʢʫʤʝʥʪ ʫ ʚʣʘʩʥʽʡ ʧʘʧʮʽ. 

14. ɿʘʚʝʨʰʠʪʠ ʨʦʙʦʪʫ ʫ Mathcad. 

 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ 

1.ʑʦ ʪʘʢʝ ʣʽʥʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ ʽ ʷʢʦʶ ʬʦʨʤʫʣʦʶ ʚʦʥʘ ʚʠʟʥʘʯʘʻʪʴʩʷ? 

2.ʑʦ ʦʟʥʘʯʘʶʪʴ ʢʦʝʬʽʮʽʻʥʪʠ a i b ʣʽʥʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ? 

3.ʗʢʽ ʟʥʘʢʠ ʤʘʶʪʴ a i b ʜʣʷ ʟʨʦʩʪʘʶʯʦʾ ʪʘ ʩʧʘʜʘʶʯʦʾ ʟʘʣʝʞʥʦʩʪʝʡ? 

4.ʋ ʯʦʤʫ ʧʦʣʷʛʘʻ ʩʫʪʴ ʤʝʪʦʜʘ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ? 

5.ɿ ʷʢʠʭ ʫʤʦʚ ʧʽʜʙʠʨʘʶʪʴʩʷ a i b  ʤʝʪʦʜʦʤ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ? 

6.ɺʠʚʝʩʪʠ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ ʚʽʜʥʦʩʥʦ ʧʘʨʘʤʝʪʨʽʚ a ʽ b ʣʽʥʽʾ ʨʝʛʨʝʩʽʾ. 

ɺʘʨʽʘʥʪʠ ʧʨʘʢʪʠʯʥʦʾ ʨʦʙʦʪʠ: 

1 ʚʘʨʽʘʥʪ. 

xi 4 4 4 5 5 5 6 6 6 7 7 8 8 8 9 9 10 10 11 11 

yi 9 8 9 10 9 10 11 10 12 13 11 13 14 13 16 13 12 11 9 8 

2 ʚʘʨʽʘʥʪ 

xi 5 5 5 6 6 6 7 7 7 8 8 9 9 9 10 10 11 11 12 12 

yi 10 9 10 11 10 11 12 11 13 14 12 14 15 14 11 14 13 12 10 9 

3 ʚʘʨʽʘʥʪ 

xi 2 2 2 3 3 3 4 4 4 5 5 6 6 6 7 7 8 8 9 9 

yi 7 6 7 8 7 8 9 8 10 11 9 11 12 11 14 11 10 9 7 6 

 



 

 

 

 

 

 

 

  



 

ʈʦʟʜʽʣ 11. ʉʪʘʪʠʩʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ 

11.1. ɺʠʙʽʨʢʦʚʠʡ ʤʝʪʦʜ. ʊʦʯʢʦʚʽ ʦʮʽʥʢʠ ʚʠʙʽʨʢʦʚʠʭ ʩʪʘʪʠʩʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʉʪʘʪʠʯʥʽ ʦʙ'ʻʢʪʠ, ʩʠʩʪʝʤʠ, ʧʨʦʮʝʩʠ ʪʦʱʦ, ʷʢ ʧʨʘʚʠʣʦ, ʚʽʜʟʥʘʯʘʶʪʴʩʷ 

ʩʢʣʘʜʥʽʩʪʶ, ʟʘʣʝʞʥʽʩʪʶ ʚʽʜ ʯʘʩʫ ʽ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʬʘʢʪʦʨʽʚ, 

ʚʧʣʠʚ ʷʢʠʭ ʥʘʧʝʨʝʜ ʥʝʤʦʞʣʠʚʦ ʚʨʘʭʫʚʘʪʠ, ʘʙʦ ʧʝʨʝʜʙʘʯʠʪʠ. ʈʝʟʫʣʴʪʘʪʠ ʚʠ-

ʤʽʨʶʚʘʥʴ ʦʟʥʘʢ ʪʘʢʠʭ ʦʙ'ʻʢʪʽʚ ʥʘʟʠʚʘʶʪʴ ʚʠʧʘʜʢʦʚʠʤʠ ʽ ʜʦ ʾʭ ʘʥʘʣʽʟʫ ʟʘʩʪʦʩʦ-

ʚʫʶʪʴ ʚʽʜʧʦʚʽʜʥʠʡ ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ. ɺʠʧʘʜʢʦʚʦʶ ʥʘʟʠʚʘʶʪʴ ʚʝʣʠʯʠʥʫ, 

ʷʢʘ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʠʤʽʨʶʚʘʥʴ ʤʦʞʝ ʧʨʠʡʥʷʪʠ ʦʜʥʝ ʤʦʞʣʠʚʝ ʥʘʧʝʨʝʜ ʥʝʚʽʜʦʤʝ 

ʟʥʘʯʝʥʥʷ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʧʘʜʢʦʚʠʭ ʯʠʥʥʠʢʽʚ, ʜʽʷ ʷʢʠʭ ʥʘʧʝʨʝʜ ʥʝ ʤʦʞʝ 

ʙʫʪʠ ʚʨʘʭʦʚʘʥʦʶ. ʈʦʟʨʽʟʥʷʶʪʴ ʚʠʧʘʜʢʦʚʽ ʚʝʣʠʯʠʥʠ ʷʢʽ ʤʦʞʫʪʴ ʧʨʠʡʤʘʪʠ ʣʠ-

ʰʝ ʦʢʨʝʤʽ, ʽʟʦʣʴʦʚʘʥʽ ʟʥʘʯʝʥʥʷ, ʽ ʚʠʧʘʜʢʦʚʽ ʚʝʣʠʯʠʥʠ, ʤʦʞʣʠʚʽ ʟʥʘʯʝʥʥʷ ʷʢʠʭ 

ʟʘʧʦʚʥʶʶʪʴ ʜʝʷʢʠʡ ʧʨʦʤʽʞʦʢ. 

ɼʠʩʢʨʝʪʥʦʶ (ʧʝʨʝʨʚʥʦʶ) ʥʘʟʠʚʘʶʪʴ ʚʠʧʘʜʢʦʚʫ ʚʝʣʠʯʠʥʫ, ʷʢʘ ʧʨʠʡʤʘʻ 

ʦʢʨʝʤʽ ʽʟʦʣʴʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ʟ ʚʠʟʥʘʯʝʥʠʤʠ ʡʤʦʚʽʨʥʦʩʪʷʤʠ. 

ʅʝʧʝʨʝʨʚʥʦʶ ʥʘʟʠʚʘʶʪʴ ʚʠʧʘʜʢʦʚʫ ʚʝʣʠʯʠʥʫ, ʷʢʘ ʤʦʞʝ ʧʨʠʡʤʘʪʠ ʚʩʽ 

ʟʥʘʯʝʥʥʷ ʽʟ ʜʝʷʢʦʛʦ ʢʽʥʮʝʚʦʛʦ ʘʙʦ ʥʝʩʢʽʥʯʝʥʥʦʛʦ ʧʨʦʤʽʞʢʫ. ʈʝʟʫʣʴʪʘʪʠ ʙʘʛʘ-

ʪʦʨʘʟʦʚʠʭ ʚʠʤʽʨʶʚʘʥʴ ʧʝʚʥʠʭ ʦʟʥʘʢ ʦʙ'ʻʢʪʽʚ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʚʠʧʘʜʢʦʚʠʭ ʜʠʩ-

ʢʨʝʪʥʠʭ ʚʝʣʠʯʠʥ. 

ɻʝʥʝʨʘʣʴʥʘ ʽ ʚʠʙʽʨʢʦʚʘ ʩʫʢʫʧʥʦʩʪʽ 

ɺ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʦʥʷʪʪʷ ʛʝʥʝʨʘʣʴ-

ʥʦʾ  ̔ʚʠʙʽʨʢʦʚʦʾ ʩʫʢʫʧʥʦʩʪʝʡ. ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʩʫʮʽʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʪʦʙʪʦ 

ʜʦʩʣʽʜʞʝʥʴ ʢʦʞʥʦʛʦ ʽʟ ʦʙ'ʻʢʪʽʚ ʩʫʢʫʧʥʦʩʪʽ ʚʽʜʥʦʩʥʦ ʦʟʥʘʢʠ, ʷʢʘ ʮʽʢʘʚʠʪʴ ʜʦʩ-

ʣʽʜʥʠʢʘ, ʛʦʚʦʨʷʪʴ ʧʨʦ ʥʘʣʝʞʥʽʩʪʴ ʮʠʭ ʦʙ'ʻʢʪʽʚ ʜʦ ʛʝʥʝʨʘʣʴʥʦʾ ʩʫʢʫʧʥʦʩʪʽ. ɻʝ-

ʥʝʨʘʣʴʥʦʶ ʥʘʟʠʚʘʶʪʴ ʩʫʢʫʧʥʽʩʪʴ ʦʙ'ʻʢʪʽʚ ʢʽʣʴʢʽʩʪʴ ʷʢʠʭ ʧ ʧʨʷʤʫʻ ʜʦ ʥʝʩʢʽʥ-

ʯʝʥʥʦʩʪʽ, ʪʦʙʪʦ ʧŸÐ. ʗʢ ʧʨʘʚʠʣʦ, ʧʨʦʚʦʜʠʪʠ ʩʫʮʽʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʥʝʤʦʞ-

ʣʠʚʦ ʽ/ʘʙʦ ʥʝʜʦʮʽʣʴʥʦ. ɿʘʟʚʠʯʘʡ ʚʽʜ ʫʩʽʻʾ ʢʽʣʴʢʦʩʪʽ ʦʙ'ʻʢʪʽʚ ʧʝʚʥʠʤ ʯʠʥʦʤ ʚʽʜ-

ʙʠʨʘʶʪʴ ʯʘʩʪʠʥʫ ʦʙ'ʻʢʪʽʚ ʽ ʧʨʦʚʦʜʷʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʚʽʜʥʦʩʥʦ ʧʝʚʥʦʾ ʦʟʥʘʢʠ ʚʽ-

ʜʽʙʨʘʥʠʭ ʦʙ'ʻʢʪʽʚ. ʉʫʢʫʧʥʽʩʪʴ ʚʠʧʘʜʢʦʚʦ ʚʽʜʽʙʨʘʥʠʭ ʽʟ ʛʝʥʝʨʘʣʴʥʦʾ ʩʫʢʫʧʥʦʩʪʽ 

ʦʙ'ʻʢʪʽʚ ʥʘʟʠʚʘʶʪʴ ʚʠʙʽʨʢʦʚʦʶ ʩʫʢʫʧʥʽʩʪʶ, ʘʙʦ ʚʠʙʽʨʢʦʶ. ʆʙʩʷʛʦʤ ʩʫʢʫʧʥʦʩ-

ʪʽ ʥʘʟʠʚʘʶʪʴ ʢʽʣʴʢʽʩʪʴ ʧ ʦʙ'ʻʢʪʽʚ ʮʽʻʾ ʩʫʢʫʧʥʦʩʪʽ. ɺʠʙʽʨʢʘ ʧʦʚʠʥʥʘ ʧʨʘʚʠʣʴʥʦ 

ʚʽʜʪʚʦʨʶʚʘʪʠ ʚʣʘʩʪʠʚʦʩʪʽ ʛʝʥʝʨʘʣʴʥʦʾ ʩʫʢʫʧʥʦʩʪʽ, ʚʽʜ ʷʢʦʾ ʚʦʥʘ ʚʽʜʽʙʨʘʥʘ. 

ʊʦʙʪʦ ʚʦʥʘ ʧʦʚʠʥʥʘ ʙʫʪʠ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʶ. 

ɺʠʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʩʪʘʪʠʩʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʚʠʙʽʨʢʦʚʦʾ ʩʫʢʫʧʥʦʩʪʽ 

ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ 

ʄʝʪʘ ʤʘʪʝʤʘʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʙʘʛʘʪʦʨʘʟʦʚʠʭ ʚʠʤʽʨʶʚʘʥʴ ʧʦ-

ʣʷʛʘʻ ʚ ʦʙʯʠʩʣʝʥʥʽ ʥʘʡʚʽʨʦʛʽʜʥʽʰʦʛʦ ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ, ʪʘ 

ʦʮʽʥʮʽ ʡʦʛʦ ʪʦʯʥʦʩʪʽ ʽ ʥʘʜʽʡʥʦʩʪʽ. ʊʘʢʘ ʦʙʨʦʙʢʘ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʤʝʪʦʜʘʭ ʪʝʦʨʽʾ 



 

ʽʤʦʚʽʨʥʦʩʪʽ ʪʘ ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʘʥʘʣʽʟʫ ʚʠ-

ʧʘʜʢʦʚʠʭ ʜʠʩʢʨʝʪʥʠʭ ʚʝʣʠʯʠʥ. 

ɿʘʢʦʥʦʤ ʨʦʟʧʦʜʽʣʫ ʜʠʩʢʨʝʪʥʦʾ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ ʥʘʟʠʚʘʶʪʴ ʚʽʜʧʦʚʽ-

ʜʥʽʩʪʴ ʤʽʞ ʤʦʞʣʠʚʠʤʠ ʾʾ ʟʥʘʯʝʥʥʷʤʠ ʽ ʡʤʦʚʽʨʥʦʩʪʷʤʠ ʾʭ ʧʦʷʚʠ. ɿʘʢʦʥ ʨʦʟʧʦ-

ʜʽʣʫ ʤʦʞʝ ʙʫʪʠ ʟʘʜʘʥʠʡ ʪʘʙʣʠʯʥʦ, ʘʥʘʣʽʪʠʯʥʦ  ̔ʛʨʘʬʽʯʥʦ. 

ɿʘ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʚʠʤʽʨʶʚʘʥʴ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ ʾʭ ʧʦʷ-

ʚʘ ʧʽʜʧʦʨʷʜʢʦʚʫʻʪʴʩʷ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ (ʟʘʢʦʥʫ ɻʘʫʩʘ), ʬʦʨʤʫʣʘ 

ʷʢʦʛʦ ʤʘʻ ʚʠʛʣʷʜ  
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exf  (11.1) 

 

f(x,ɛ,ů) - ʱʽʣʴʥʽʩʪʴ ʡʤʦʚʽʨʥʦʩʪʽ; ɛ - ʤʘʪʝʤʘʪʠʯʥʝ ʩʧʦʜʽʚʘʥʥʷ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠ-

ʯʠʥʠ (ʮʝʥʪʨ ʛʨʫʧʫʚʘʥʥʷ ʾʾ ʟʥʘʯʝʥʴ); ů2 - ʜʠʩʧʝʨʩʽʷ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ (ʤʽʨʘ ʨʦʟʩʽʶ-

ʚʘʥʥʷ ʟʥʘʯʝʥʴ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ ʚʽʜʥʦʩʥʦ ʮʝʥʪʨʫ ʛʨʫʧʫʚʘʥʥʷ); ů  ʩʝʨʝʜʥʻ ʢʚʘʜʨʘʪʠʯʥʝ 

ʚʽʜʭʠʣʝʥʥʷ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ (ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʦʟʩʽʶʚʘʥʥʷ ʟʥʘʯʝʥʴ ʚʠʧʘʜʢʦʚʦʾ 

ʚʝʣʠʯʠʥʠ ʚʽʜʥʦʩʥʦ ʮʝʥʪʨʫ ʛʨʫʧʫʚʘʥʥʷ, ʷʢʘ ʜʦʨʽʚʥʶʻ ʢʦʨʝʥʶ ʢʚʘʜʨʘʪʥʦʤʫ ʟ ʜʠʩ-

ʧʝʨʩʽʾ); ʝ - ʦʩʥʦʚʘ ʥʘʪʫʨʘʣʴʥʦʛʦ ʣʦʛʘʨʠʬʤʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʥʦʨʤʘʣʴʥʠʡ ʟʘʢʦʥ ʨʦʟ-

ʧʦʜʽʣʫ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʣʠʰʝ ʜʚʦʤʘ ʧʘʨʘʤʝʪʨʘʤʠ, ɛ -  ʤʘʪʝʤʘʪʠʯʥʠʤ ʩʧʦʜʽʚʘʥʥʷʤ ʽ ů 

- ʩʝʨʝʜʥʽʤ ʢʚʘʜʨʘʪʠʯʥʠʤ ʚʽʜʭʠʣʝʥʥʷʤ. 

ʅʦʨʤʘʣʴʥʠʡ ʟʘʢʦʥ ʨʦʟʧʦʜʽʣʫ ʤʦʞʝ ʪʦʯʥʦ ʦʧʠʩʫʚʘʪʠ ʣʠʰʝ ʥʝʩʢʽʥʯʝʥʥʦ 

ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ (ʛʝʥʝʨʘʣʴʥʫ ʩʫʢʫʧʥʽʩʪʴ). 

ʆʜʥʘʢ ʡʦʛʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʽ ʜʣʷ ʦʧʠʩʫ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʾ ʚʠʙʽʨʢʦʚʦʾ ʩʫ-

ʢʫʧʥʦʩʪʽ. ʋ ʚʠʙʽʨʢʘʭ ʟʽ ʩʢʽʥʯʝʥʠʤ ʯʠʩʣʦʤ ʚʠʤʽʨʶʚʘʥʴ ʧ, ʪʦʯʥʝ ʦʙʯʠʩʣʝʥʥʷ ɛ 

ʪʘ ů ʥʝʤʦʞʣʠʚʝ. ɿʘʤʽʩʪʴ ʥʠʭ ʨʦʟʨʘʭʦʚʫʶʪʴ ʩʝʨʝʜʥʻ ʚʠʙʽʨʢʦʚʝ ʟʥʘʯʝʥʥʷ ʚ
x

, 

ʚʠʙʽʨʢʦʚʝ ʩʝʨʝʜʥʻ ʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ůʚ ʚʠʙʽʨʢʦʚʫ ʜʠʩʧʝʨʩʽʶ Dʚ, ʪʘ 

ʩʪʘʪʠʩʪʠʯʥʽ ʦʮʽʥʢʠ ʚʽʜʧʦʚʽʜʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʛʝʥʝʨʘʣʴʥʦʾ ʩʫʢʫʧʥʦʩʪʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠʧʫʩʢʘʶʯʠ, ʱʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʧʽʜʧʦʨʷʜʢʦʚʫ-

ʶʪʴʩʷ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ, ʦʙʯʠʩʣʶʶʪʴ ʧʘʨʘʤʝʪʨʠ, ʱʦ ʡʦʛʦ ʭʘʨʘ-

ʢʪʝʨʠʟʫʶʪʴ: ʚʠʙʽʨʢʦʚʽ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ, ʜʠʩʧʝʨʩʽʶ ʽ ʩʝʨʝʜʥʻ ʢʚʘʜʨʘʪʠʯʥʝ ʚʽ-

ʜʭʠʣʝʥʥʷ. 

ʉʝʨʝʜʥʻ ʚʠʙʽʨʢʦʚʝ ʟʥʘʯʝʥʥʷ ʚ
x

 (ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʟʥʘʢʠ 

ʚʠʙʽʨʢʦʚʦʾ ʩʫʢʫʧʥʦʩʪʽ, ʱʦ ʜʦʩʣʽʜʞʫʻʪʴʩʷ) ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 
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xi ï ʟʥʘʯʝʥʥʷ -̔ʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ, ʧ ï ʢʽʣʴʢʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ. 



 

ɺʠʙʽʨʢʦʚʘ ʜʠʩʧʝʨʩʽʷ Dʚ (ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ ʢʚʘʜʨʘʪʽʚ ʚʽʜʭʠʣʝʥʴ ʟʥʘ-

ʯʝʥʴ ʦʟʥʘʢʠ ʭ̔ ʱʦ ʜʦʩʣʽʜʞʫʻʪʴʩʷ, ʚʽʜ ʩʝʨʝʜʥʴʦʛʦ ʚʠʙʽʨʢʦʚʦʛʦ ʟʥʘʯʝʥʥʷ ʚ
x

) 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 
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ɺʠʙʽʨʢʦʚʝ ʩʝʨʝʜʥʻ ʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ůʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫ-
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Dů                   (11.4) 

ɼʣʷ ʦʮʽʥʢʠ ʚʘʨʽʘʮʽʾ ʜʘʥʠʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʠʙʽʨʢʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʚʘʨʽ-

ʘʮʽʾ ʉʚ, ʷʢʠʡ ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 
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ʂʦʝʬʽʮʽʻʥʪ ʚʘʨʽʘʮʽʾ ʉʚ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʚʘʨʽʘʮʽʾ ʨʷʜʽʚ ʩʧʦʩ-

ʪʝʨʝʞʝʥʴ, ʱʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʩʝʨʝʜʥʽʤʠ ʟʥʘʯʝʥʥʷʤʠ ʽ ʜʠʩʧʝʨʩʽʻʶ. ʆʢʨʽʤ ʮʴʦ-

ʛʦ, ʉʚ - ʚʝʣʠʯʠʥʘ ʙʝʟʨʦʟʤʽʨʥʘ ʽ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʚʘʨʽ-

ʘʮʽʾ ʨʷʜʽʚ ʩʧʦʩʪʝʨʝʞʝʥʴ, ʱʦ ʤʘʶʪʴ ʨʽʟʥʽ ʦʜʠʥʠʮʽ ʚʠʤʽʨʶʚʘʥʥʷ. 

 

1.1.1.ʆʮʽʥʢʘ ʚʽʜʭʠʣʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʚʽʜ ʥʦʨʤʘʣʴʥʦʛʦ 

ʆʙʯʠʩʣʝʥʥʷ ʩʪʘʪʠʩʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʨʘʚʦʤʽʨʥʝ ʟʘ ʫʤʦʚʠ ʧʽʜʧʦʨʷʜʢʫ-

ʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ. ʇʨʠ ʚʠ-

ʚʯʝʥʥʽ ʥʝʚʽʜʦʤʠʭ (ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ) ʨʦʟʧʦʜʽʣʽʚ, ʘʙʦ ʨʦʟʧʦʜʽʣʽʚ, ʱʦ ʚʽʜʨʽʟ-

ʥʷʶʪʴʩʷ ʚʽʜ ʥʦʨʤʘʣʴʥʦʛʦ, ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʢʽʣʴʢʽʩʥʦ ʦʮʽʥʠʪʠ ʮʶ ʚʽʜʤʽʥʥʽʩʪʴ. 

ɿ ʮʽʻʶ ʤʝʪʦʶ ʟʘʩʪʦʩʦʚʫʶʪʴ ʩʧʝʮʽʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʟʦʢʨʝʤʘ ʘʩʠʤʝʪʨʽʶ 

(ʢʦʝʬʽʮʽʻʥʪ ʘʩʠʤʝʪʨʽʾ) ʽ ʝʢʩʮʝʩ (ʢʦʝʬʽʮʽʻʥʪ ʝʢʩʮʝʩʫ). ɸʩʠʤʝʪʨʽʷ ʧʦʢʘʟʫʻ, ʥʘ-

ʩʢʽʣʴʢʠ ʨʦʟʧʦʜʽʣ ʜʘʥʠʭ ʥʝʩʠʤʝʪʨʠʯʥʠʡ ʚʽʜʥʦʩʥʦ ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ. 

ʗʢʱʦ ʘʩʠʤʝʪʨʽʷ ʻ ʚʝʣʠʯʠʥʦʶ ʜʦʜʘʪʥʦʶ, ʪʦ ʙʽʣʴʰʘ ʯʘʩʪʠʥʘ ʜʘʥʠʭ ʤʘʻ ʟʥʘʯʝʥ-

ʥʷ, ʱʦ ʧʝʨʝʚʠʱʫʻ ʩʝʨʝʜʥʻ ʚʠʙʽʨʢʦʚʝ ʚ
x
. ʗʢʱʦ ʘʩʠʤʝʪʨʽʷ ʤʝʥʰʝ ʥʫʣʷ, ʪʦ ʙʽ-

ʣʴʰʘ ʯʘʩʪʠʥʘ ʜʘʥʠʭ ʤʘʻ ʟʥʘʯʝʥʥʷ ʤʝʥʰʝ ʟʘ . ɽʢʩʮʝʩ ʦʮʽʥʶʻ ʢʨʫʪʽʩʪʴ, ʪʦʙ-

ʪʦ ʚʝʣʠʯʠʥʫ ʙʽʣʴʰʦʛʦ, ʘʙʦ ʤʝʥʰʦʛʦ ʧʽʜʡʦʤʫ ʚʝʨʰʠʥʠ ʛʨʘʬʽʢʘ ʨʦʟʧʦʜʽʣʫ ʝʢʩ-

ʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʧʦʨʽʚʥʷʥʦ ʟ ʚʝʨʰʠʥʦʶ ʛʨʘʬʽʢʘ ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽ-

ʣʫ. ʗʢʱʦ ʝʢʩʮʝʩ ʻ ʚʝʣʠʯʠʥʦʶ ʜʦʜʘʪʥʦʶ, ʪʦ ʚʝʨʰʠʥʘ ʛʨʘʬʽʢʘ ʝʢʩʧʝʨʠʤʝʥʪʘ-

ʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʚʠʱʝ ʥʦʨʤʘʣʴʥʦʛʦ, ʷʢʱʦ ʝʢʩʮʝʩ ʤʝʥʰʝ ʥʫʣʷ, ʪʦ - ʥʠʞʯʝ 

ʥʦʨʤʘʣʴʥʦʛʦ. ɼʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʮʽ ʧʦʢʘʟʥʠʢʠ ʜʦʨʽʚʥʶʶʪʴ ʥʫʣʶ. 

ʚ
x



 

ʗʢʱʦ ʜʣʷ ʨʦʟʧʦʜʽʣʫ, ʱʦ ʚʠʚʯʘʻʪʴʩʷ, ʘʩʠʤʝʪʨʽʷ ʽ ʝʢʩʮʝʩ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʤʝʞʘʭ 

Ñ0,5, ʪʦ ʤʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʟʘʢʦʥ ʨʦʟʧʦʜʽʣʫ ʙʣʠʟʴʢʠʡ 

ʜʦ ʥʦʨʤʘʣʴʥʦʛʦ. ʇʨʠ ʮʴʦʤʫ ʧʨʠʧʫʩʢʘʶʪʴ, ʱʦ ʝʤʧʽʨʠʯʥʠʡ ʽ ʪʝʦʨʝʪʠʯʥʠʡ ʥʦ-

ʨʤʘʣʴʥʽ ʨʦʟʧʦʜʽʣʠ ʤʘʶʪʴ ʦʜʥʘʢʦʚʽ ʤʘʪʝʤʘʪʠʯʥʝ ʩʧʦʜʽʚʘʥʥʷ (ʩʝʨʝʜʥʻ) ʽ ʜʠʩ-

ʧʝʨʩʽʶ. ɿʘ ʫʤʦʚʠ ʤʘʣʦʾ ʢʽʣʴʢʦʩʪʽ ʩʧʦʩʪʝʨʝʞʝʥʴ, ʧʝʨʝʜ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʩʠʤʝ-

ʪʨʽʾ ʪʘ ʝʢʩʮʝʩʫ ʜʣʷ ʦʮʽʥʢʠ ʙʣʠʟʴʢʦʩʪʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʜʦ ʥʦʨ-

ʤʘʣʴʥʦʛʦ ʪʨʝʙʘ ʦʮʽʥʠʪʠ ʪʦʯʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʚʢʘʟʘʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ɸʩʠʤʝʪʨʽʷ ɸ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 

                      (11.6) 

ɽʢʩʮʝʩ ɽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 
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11.1.2. ɿʘʩʪʦʩʫʚʘʥʥʷ ʚʙʫʜʦʚʘʥʠʭ ʬʫʥʢʮʽʡ MS Excel ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʪʘʪʠ-

ʩʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʚʠʙʽʨʢʦʚʦʾ ʩʫʢʫʧʥʦʩʪʽ 

ʋ MS Excel ʦʩʥʦʚʥʽ ʩʪʘʪʠʩʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʙʽʨʢʦʚʦʾ ʩʫʢʫʧʥʦʩʪʽ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʙʫʜʦʚʘʥʠʭ ʬʫʥʢʮʽʡ ʢʘʪʝʛʦʨʽʾ ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ. 

ɼʣʷ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʢʦʥʫʶʪʴ ʪʘʢʽ ʜʽʾ: 

¶ ɺʩʪʘʚʢʘ=>ʌʫʥʢʮʠʷ; 

¶ ʘʙʦ ʢʦʨʠʩʪʫʶʪʴʩʷ ʧʽʢʪʦʛʨʘʤʦʶ fx (ɺʩʪʘʚʢʘ ʬʫʥʢʮʠʠ), ʷʢʘ ʨʦʟʪʘʰʦʚʘ-

ʥʘ ʥʘ ʧʘʥʝʣʽ ʽʥʩʪʨʫʤʝʥʪʽʚ; 

¶ ʫ ʜʽʘʣʦʛʦʚʦʤʫ ʚʽʢʥʽ ʄʘʩʪʝʨ ʬʫʥʢʮʠʡ, ʱʦ ʚʽʜʢʨʠʻʪʴʩʷ, ʫ ʧʦʣʽ ʂʘʪʝʛʦ-

ʨʠʷ ʚʠʙʠʨʘʶʪʴ ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ; 

¶ ʫ ʧʦʣʽ ɺʳʙʝʨʠʪʝ ʬʫʥʢʮʠʶ ʚʠʙʠʨʘʶʪʴ ʧʦʪʨʽʙʥʫ ʬʫʥʢʮʽʶ; 

¶ ʫ ʜʽʘʣʦʛʦʚʦʤʫ ʚʽʢʥʽ ɸʨʛʫʤʝʥʪʳ ʬʫʥʢʮʠʠ, ʱʦ ʚʽʜʢʨʠʻʪʴʩʷ ʧʽʩʣʷ ʚʠʙʦʨʫ 

ʬʫʥʢʮʽʾ, ʚʚʦʜʷʪʴ ʜʽʘʧʘʟʦʥ ʢʦʤʽʨʦʢ ʟ ʚʭʽʜʥʠʤʠ ʜʘʥʠʤʠ, ʘʙʦ ʧʝʨʝʚʽʨʷʶʪʴ, 

ʯʠ ʧʨʘʚʠʣʴʥʦ ʚʽʥ ʟʘʜʘʥʠʡ, ʷʢʱʦ ʜʽʘʧʘʟʦʥ ʢʦʤʽʨʦʢ ʙʫʚ ʧʦʧʝʨʝʜʥʴʦ ʚʠʙ-

ʨʘʥʠʡ; 

¶ ʥʘʪʠʩʢʫʶʪʴ ʢʥʦʧʢʫ ʆʂ. 
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ʇʝʨʝʣʽʢ ʽ ʧʨʠʟʥʘʯʝʥʥʷ ʩʪʘʪʠʩʪʠʯʥʠʭ ʬʫʥʢʮʽʡ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 

ɺʠʜ ʬʫʥʢʮʽʾ ʇʨʠʟʥʘʯʝʥʥʷ 

ʉʏɽʊ ʆʙʩʷʛ ʚʠʙʽʨʢʠ 

ʉʈɿʅɸʏ ɺʠʙʽʨʢʦʚʝ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ 

ɼʀʉʇʈ ɺʠʙʽʨʢʦʚʘ ʜʠʩʧʝʨʩʽʷ 

ʉʊɸʅɼʆʊʂʃʆʅʇ 
ɺʠʙʽʨʢʦʚʝ ʩʝʨʝʜʥʻ ʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜ-

ʭʠʣʝʥʥʷ 

ʄɸʂʉ 
ʄʘʢʩʠʤʘʣʴʥʝ ʯʠʩʣʦ ʚʠʙʽʨʢʦʚʦʾ ʩʫʢʫ-

ʧʥʦʩʪʽ 

ʄʀʅ 
ʄʽʥʽʤʘʣʴʥʝ ʯʠʩʣʦ ʚʠʙʽʨʢʦʚʦʾ ʩʫʢʫʧ-

ʥʦʩʪʽ 

ʉʂʆʉ ʇʦʢʘʟʥʠʢ ʘʩʠʤʝʪʨʽʾ ɸ 

ʕʂʉʎɽʉʉ ʇʦʢʘʟʥʠʢ ʝʢʩʮʝʩʫ ɽ 

 

11.1.3.ɺʠʟʥʘʯʝʥʥʷ ʚʠʙʽʨʢʦʚʠʭ ʩʪʘʪʠʩʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʤʥʦʞʠʥʠ ʦʟʥʘʢ, 

ʱʦ ʜʦʩʣʽʜʞʫʶʪʴʩʷ 

ʗʢʱʦ ʦʙ'ʻʢʪ, ʧʨʦʮʝʩ, ʘʙʦ ʩʠʩʪʝʤʘ, ʱʦ ʜʦʩʣʽʜʞʫʶʪʴʩʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ-

ʩʷ ʥʝ ʦʜʥʽʻʶ ʦʟʥʘʢʦʶ, ʘ ʤʥʦʞʠʥʦʶ ʦʟʥʘʢ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʩʚʦʾʤʠ ʨʷʜʘʤʠ 

ʩʧʦʩʪʝʨʝʞʝʥʴ, ʪʦ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʥʦʞʠʥʠ ʩʪʘʪʠʩʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʚʠʢʦʥʫ-

ʶʪʴ ʜʽʾ:  

¶ ʚʠʟʥʘʯʘʶʪʴ ʩʪʘʪʠʩʪʠʯʥʠʡ ʧʦʢʘʟʥʠʢ ʦʜʥʽʻʾ ʦʟʥʘʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʜʧʦ-

ʚʽʜʥʦʾ ʚʙʫʜʦʚʘʥʦʾ ʬʫʥʢʮʽʾ ʢʘʪʝʛʦʨʽʾ ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ;  

¶ ʨʦʟʧʦʚʩʶʜʞʫʶʪʴ, ʘʙʦ ʢʦʧʽʶʶʪʴ ʚʙʫʜʦʚʘʥʫ ʬʫʥʢʮʽʶ ʥʘ ʜʽʘʧʘʟʦʥ ʢʦʤʽ-

ʨʦʢ, ʱʦ ʧʦʪʨʝʙʫʶʪʴ ʘʥʘʣʦʛʽʯʥʦʛʦ ʚʠʜʫ ʦʙʯʠʩʣʝʥʴ. 

ɺʠʷʚʣʝʥʥʷ ʽ ʚʠʣʫʯʝʥʥʷ ʘʥʦʨʤʘʣʴʥʠʭ ʜʘʥʠʭ 

ʆʜʥʽʻʶ ʽʟ ʧʨʠʯʠʥ, ʢʦʣʠ ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ ʘʩʠʤʝʪʨʽʾ ʽ ʝʢʩʮʝʩʫ ʝʢʩʧʝʨʠʤʝ-

ʥʪʘʣʴʥʠʡ ʟʘʢʦʥ ʨʦʟʧʦʜʽʣʫ ʥʝ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʙʣʠʟʴʢʠʤ ʜʦ ʥʦʨʤʘʣʴʥʦʛʦ, ʻ ʥʘ-

ʷʚʥʽʩʪʴ ʫ ʚʠʙʽʨʢʦʚʽʡ ʩʫʢʫʧʥʦʩʪʽ ʘʥʦʨʤʘʣʴʥʠʭ ʜʘʥʠʭ, ʪʦʙʪʦ ʪʘʢʠʭ ʜʘʥʠʭ, ʷʢʽ ʟʘ 

ʩʚʦʾʤʠ ʟʥʘʯʝʥʥʷʤʠ ʨʽʟʢʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʨʝʰʪʠ. ʊʘʢʽ ʜʘʥʽ ʥʝ ʤʦʞʥʘ ʚʽʜʥʝʩ-

ʪʠ ʜʦ ʥʦʨʤʘʣʴʥʦ ʨʦʟʧʦʜʽʣʝʥʠʭ. ʋ ʨʘʟʽ ʧʽʜʦʟʨʠ ʥʘ ʥʘʷʚʥʽʩʪʴ ʘʥʦʨʤʘʣʴʥʠʭ ʜʘ-

ʥʠʭ ʧʝʨʝʚʽʨʮʽ ʧʽʜʣʷʛʘʶʪʴ ʤʘʢʩʠʤʘʣʴʥʝ ʽ ʤʽʥʽʤʘʣʴʥʝ ʚʠʙʽʨʢʦʚʽ ʟʥʘʯʝʥʥʷ. 

ʇʦʢʘʟʥʠʢʠ ʘʥʦʨʤʘʣʴʥʦʩʪʽ Vmax ʽ Vmin ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʬʦʨʤʫʣʘʤʠ 
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ʜʝ ʭmax, xmin ï ʚʽʜʧʦʚʽʜʥʦ ʤʘʢʩʠʤʘʣʴʥʝ ʽ ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʠʭ ʜʘʥʠʭ;  - ʚʠʙʽʨʢʦʚʝ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ; ůʚ ï ʚʠʙʽʨʢʦʚʝ ʩʝʨʝʜʥʻ ʢʚʘʜʨʘ-

ʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ.  

ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʘʥʦʨʤʘʣʴʥʦʩʪʽ ʜʘʥʠʭ ʟʘʩʪʦʩʦʚʫʶʪʴ ʧʨʘʚʠʣʦ ʪʨʴʦʭ ʩʠʛʤ: 

ʷʢʱʦ ʚʠʧʘʜʢʦʚʘ ʚʝʣʠʯʠʥʘ ʨʦʟʧʦʜʽʣʝʥʘ ʥʦʨʤʘʣʴʥʦ, ʪʦ ʘʙʩʦʣʶʪʥʘ ʚʝʣʠʯʠʥʘ ʾʾ 

ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʩʧʦʜʽʚʘʥʥʷ ʥʝ ʧʝʨʝʚʠʱʫʻ ʧʦʪʨʦʻʥʦʛʦ ʩʝʨʝʜ-

ʥʴʦʛʦ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ. ʊʦʙʪʦ, ʷʢʱʦ ʧʦʢʘʟʥʠʢʠ ʘʥʦʨʤʘʣʴʥʦʩʪʽ 

Vmax,min Ò 3, ʪʦ ʚʽʜʧʦʚʽʜʥʝ ʤʘʢʩʠʤʘʣʴʥʝ ʽ/ʘʙʦ ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʥʝ ʻ ʘʥʦʨ-

ʤʘʣʴʥʠʤ ʽ ʟ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ ʥʝ ʚʠʣʫʯʘʻʪʴʩʷ. ʗʢʱʦ Vmax,min >3, ʪʦ ʚʽʜʧʦ-

ʚʽʜʥʝ ʤʘʢʩʠʤʘʣʴʥʝ ʽ/ʘʙʦ ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʻ ʘʥʦʨʤʘʣʴʥʠʤ ʽ ʡʦʛʦ ʟ ʧʦʜʘʣʴ-

ʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʣʶʯʘʶʪʴ. 

ʇʽʩʣʷ ʚʠʣʫʯʝʥʥʷ ʘʥʦʨʤʘʣʴʥʠʭ ʜʘʥʠʭ ʯʠʩʣʦʚʽ ʩʪʘʪʠʩʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ 

ʚʠʙʽʨʢʠ ʦʙʯʠʩʣʶʶʪʴ ʧʦʚʪʦʨʥʦ ʽ ʧʝʨʝʚʽʨʷʶʪʴ ʥʘʩʪʫʧʥʽ ʤʘʢʩʠʤʘʣʴʥʝ ʽ ʤʽʥʽʤʘ-

ʣʴʥʝ ʟʥʘʯʝʥʥʷ ʥʘ ʘʥʦʨʤʘʣʴʥʽʩʪʴ. ʗʢʱʦ ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʟʘ ʬʦʨʤʫʣʘʤʠ ʚʠʢʦ-

ʨʠʩʪʦʚʫʚʘʪʠ ʧʦʩʠʣʘʥʥʷ ʥʘ ʘʜʨʝʩʠ ʢʦʤʽʨʦʢ ʟ ʧʦʪʨʽʙʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ, ʪʦ ʚ 

Excel ʧʝʨʝʨʘʭʫʥʦʢ ʧʦʢʘʟʥʠʢʽʚ ʚʠʢʦʥʘʻʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʦ. 

 

ʇʨʘʢʪʠʯʥʘ ʨʦʙʦʪʘ ˉ11.1 ɺʠʙʽʨʢʦʚʠʡ ʤʝʪʦʜ. ʊʦʯʢʦʚʽ ʦʮʽʥʢʠ ʚʠʙʽʨ-

ʢʦʚʠʭ ʩʪʘʪʠʩʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʄʝʪʘ ʨʦʙʦʪʠ: ʦʪʨʠʤʘʥʥʷ ʧʨʘʢʪʠʯʥʠʭ ʥʘʚʠʯʦʢ ʟ ʚʠʟʥʘʯʝʥʥʷ ʪʦʯʢʦʚʠʭ ʦʮʽ-

ʥʦʢ ʩʪʘʪʠʩʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʚʠʙʽʨʢʦʚʦʾ ʩʫʢʫʧʥʦʩʪʽ. 

 

ʇʨʦʛʨʘʤʘ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ 

1. ɿʘʚʘʥʪʘʞʠʪʠ ʪʘʙʣʠʯʥʠʡ ʧʨʦʮʝʩʦʨ MS Excel. 

2. ɺʠʙʨʘʪʠ ʽʟ ʪʘʙʣ.  ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʴ ʪʨʴʦʭ ʜʦʚʽʣʴʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʷʢʦʩʪʽ ˇʨʫʥʪʫ ʽ ʦʬʦʨʤʠʪʠ ʾʭ ʫ ʚʠʛʣʷʜʽ ʪʘʙʣʠʮʽ ʥʘ ʘʨʢʫʰʽ Excel. 

3. ʇʽʜ ʦʩʪʘʥʥʽʤ ʟʥʘʯʝʥʥʷʤ ʧʝʨʰʦʛʦ ʨʷʜʫ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʙʫʜʦʚʘʥʠʭ ʬʫʥʢʮʽʡ ʢʘʪʝʛʦʨʽʾ ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ: ʉʏɽʊ, ʉʈɿʅɸʏ, 

ɼʀʉʇʈ, ʉʊɸʅɼʆʊʂʃʆʅʇ, ʄɸʂʉ, ʄʀʅ, ʉʂʆʉ, ʕʂʉʎɽʉʉ ʚʠ-

ʟʥʘʯʠʪʠ ʚʽʜʧʦʚʽʜʥʽ ʩʪʘʪʠʩʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ, ʨʦʟʪʘʰʦʚʫʶʯʠ ʾʭ ʦʜʠʥ ʧʽʜ 

ʦʜʥʠʤ. 

4. ɺʠʟʥʘʯʠʪʠ ʚʠʙʽʨʢʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʚʘʨʽʘʮʽʾ ʟʘ ʬʦʨʤʫʣʦʶ (5). 

5. ʈʦʟʧʦʚʩʶʜʠʪʠ ʬʦʨʤʫʣʠ ʥʘ ʜʚʽ ʢʦʤʽʨʢʠ ʧʨʘʚʦʨʫʯ, ʱʦʙ ʚʠʟʥʘʯʠʪʠ ʚʽʜʧʦ-

ʚʽʜʥʽ ʧʦʢʘʟʥʠʢʠ ʜʣʷ ʽʥʰʠʭ ʚʠʙʨʘʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ˇʨʫʥʪʫ. 

6. ʆʮʽʥʠʪʠ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʦʟʧʦʜʽʣʽʚ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʟʥʘʯʝʥʴ ʘʩʠʤʝʪʨʽʾ ʪʘ ʝʢʩʮʝʩʫ (ʯʠ ʟʥʘʭʦʜʷʪʴʩʷ ʚʽʜʧʦʚʽʜʥʽ 

ʟʥʘʯʝʥʥʷ ʚ ʤʝʞʘʭ Ñ 0,5). 

7. ʉʢʦʧʽʶʚʘʪʠ ʦʜʝʨʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʥʘ ʥʦʚʠʡ ʘʨʢʫʰ. 

ʚ
x



 

8. ʅʘ ʥʦʚʦʤʫ ʘʨʢʫʰʽ ʚʠʟʥʘʯʠʪʠ ʧʦʢʘʟʥʠʢʠ ʘʥʦʨʤʘʣʴʥʦʩʪʽ ʜʣʷ ʤʽʥʽʤʘʣʴʥʦ-

ʛʦ ʽ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʴ ʚʠʙʽʨʢʠ ʟʘ ʬʦʨʤʫʣʘʤʠ (11.8). 

9. ɺʠʣʫʯʠʪʠ ʘʥʦʨʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʟ ʚʠʙʽʨʢʠ, ʷʢʱʦ ʪʘʢʽ ʚʠʷʚʣʝʥʦ. 

10. ʇʦʚʪʦʨʠʪʠʚʠʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʘʥʦʨʤʘʣʴʥʦʩʪʽ ʜʣʷ ʥʘʩʪʫʧʥʠʭ ʤʽʥʽ-

ʤʘʣʴʥʦʛʦ ʽ/ʘʙʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʴ ʚʠʙʽʨʢʠ. 

11. ɺʠʣʫʯʠʪʠ ʘʥʦʨʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʟ ʚʠʙʽʨʢʠ, ʷʢʱʦ ʪʘʢʽ ʚʠʷʚʣʝʥʽ ʧʦʚʪʦʨʥʦ. 

12. ʇʦʚʪʦʨʶʚʘʪʠ ʧʝʨʝʚʽʨʢʫ ʜʘʥʠʭ ʥʘ ʘʥʦʨʤʘʣʴʥʽʩʪʴ ʽ ʾʭ ʚʠʣʫʯʝʥʥʷ ʜʦ ʚʠ-

ʢʦʥʘʥʥʷ ʫʤʦʚʠ Vmax,min Ò 3. 

13. ʇʽʩʣʷ ʚʠʣʫʯʝʥʥʷ ʚʩʽʭ ʚʠʷʚʣʝʥʠʭ ʘʥʦʨʤʘʣʴʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʥʘ-

ʯʝʥʴ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʪʝ, ʷʢ ʟʤʽʥʷʪʴʩʷ ʩʪʘʪʠʩʪʠʯʥʽ ʯʠʩʣʦʚʽ ʧʦʢʘʟʥʠʢʠ 

ʚʠʙʽʨʢʠ. ʇʦʚʪʦʨʥʦ ʦʮʽʥʠʪʠ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽ-

ʣʫ ʥʦʨʤʘʣʴʥʦʤʫ ʨʦʟʧʦʜʽʣʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʥʘʯʝʥʴ ʘʩʠʤʝʪʨʽʾ ʪʘ ʝʢʩʮʝʩʫ. 

14. ʇʦʨʽʚʥʷʪʠ ʦʩʥʦʚʥʽ ʩʪʘʪʠʩʪʠʯʥʽ ʯʠʩʣʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʪʨʠʤʘʥʽ ʜʦ ʽ 

ʧʽʩʣʷ ʚʠʣʫʯʝʥʥʷ ʘʥʦʨʤʘʣʴʥʠʭ ʜʘʥʠʭ. 

15. ɺʽʜʤʽʪʠʪʠ, ʷʢʽ ʧʦʢʘʟʥʠʢʠ ʧʨʠ ʮʴʦʤʫ ʟʤʽʥʠʣʠʩʷ. 

16. ɼʘʪʠ ʧʦʷʩʥʝʥʥʷ ʦʪʨʠʤʘʥʠʤ ʨʝʟʫʣʴʪʘʪʘʤ. 

17. ɿʙʝʨʝʛʪʠ ʜʦʢʫʤʝʥʪ ʚ ʧʘʧʮʽ ʧʽʜ ʩʚʦʾʤ ʧʨʽʟʚʠʱʝʤ, ʷʢʫ ʧʦʤʽʩʪʠʪʠ ʚ ʧʘʧʢʫ 

"ʄʦʠ ʜʦʢʫʤʝʥʪʳ". 

 

ɿʘʧʠʪʘʥʥʷ ʜʣʷ ʩʘʤʦʧʝʨʝʚʽʨʢʠ 

1. ʗʢʽ ʚʝʣʠʯʠʥʠ ʥʘʟʠʚʘʶʪʴ ʚʠʧʘʜʢʦʚʠʤʠ? 

2. ʗʢʘ ʨʽʟʥʠʮʷ ʤʽʞ ʛʝʥʝʨʘʣʴʥʦʶ ʽ ʚʠʙʽʨʢʦʚʦʶ ʩʫʢʫʧʥʦʩʪʷʤʠ ʚʠʧʘʜʢʦʚʠʭ 

ʚʝʣʠʯʠʥ? 

3. ʋ ʯʦʤʫ ʧʦʣʷʛʘʶʪʴ ʤʝʪʘ ʽ ʩʫʪʥʽʩʪʴ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʜʦʩʣʽʜʥʠʭ ʜʘ-

ʥʠʭ? 

4. ʗʢʽ ʦʩʥʦʚʥʽ ʩʪʘʪʠʩʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʚʠʙʽʨʢʦʚʠʭ ʜʘʥʠʭ? 

5. ʑʦ ʦʮʽʥʶʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʙʽʨʢʦʚʦʾ ʜʠʩʧʝʨʩʽʾ? 

6. ʅʘ ʧʨʠʧʫʱʝʥʽ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʷʢʦʤʫ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠ-

ʯʠʥ ˇʨʫʥʪʫʻʪʴʩʷ ʩʪʘʪʠʩʪʠʯʥʘ ʦʙʨʦʙʢʘ ʜʘʥʠʭ? 

7. ʗʢʽ ʚʙʫʜʦʚʘʥʽ ʬʫʥʢʮʽʾ ʪʘʙʣʠʯʥʦʛʦ ʧʨʦʮʝʩʦʨʘ MS Excel ʚʠʢʦʨʠʩʪʦʚʫ-

ʶʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʠʙʽʨʢʦʚʠʭ ʩʪʘʪʠʩʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ? ʗʢ ʚʦʥʠ 

ʚʠʢʣʠʢʘʶʪʴʩʷ? 

8. ɺ ʯʦʤʫ ʧʦʣʷʛʘʶʪʴ ʤʝʪʘ ʽ ʩʫʪʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ ʪʘ ʚʠʣʫʯʝʥʥʷ ʘʥʦʨʤʘʣʴʥʠʭ 

ʟʥʘʯʝʥʴ ʽʟ ʦʪʨʠʤʘʥʦʾ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚʠʙʽʨʢʦʚʦʾ ʩʫʢʫʧʥʦʩʪʽ ʜʘ-

ʥʠʭ? 

9. ʗʢ ʦʮʽʥʠʪʠ ʙʣʠʟʴʢʽʩʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʚʠʧʘʜʢʦʚʠʭ ʚʝ-

ʣʠʯʠʥ ʜʦ ʥʦʨʤʘʣʴʥʦʛʦ? 

10. ʇʨʦ ʱʦ ʩʚʽʜʯʘʪʴ ʥʝʛʘʪʠʚʥʽ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʘʩʠʤʝʪʨʽʾ ʽ ʝʢʩʮʝʩʫ? 



 

11. ʗʢ ʧʨʦʚʝʩʪʠ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʩʪʘʪʠʩʪʠʯʥʠʭ ʬʫʥʢʮʽʡ ʥʘ ʜʽʘʧʘʟʦʥʠ ʢʦ-

ʤʽʨʦʢ? 

12. ʗʢʽ ʫ Excel ʧʨʘʚʠʣʘ ʨʦʟʨʘʭʫʥʢʫ ʟʘ ʬʦʨʤʫʣʦʶ? 

13. 3ʘ ʷʢʠʤ ʧʦʢʘʟʥʠʢʦʤ ʦʮʽʥʶʻʪʴʩʷ ʚʘʨʽʘʮʽʷ ʜʘʥʠʭ? 

14. ʗʢʠʡ ʧʦʢʘʟʥʠʢ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʚʘʨʽʘʮʽʾ ʨʷʜʽʚ ʩʧʦʩʪʝ-

ʨʝʞʝʥʴ, ʱʦ ʤʘʶʪʴ ʨʽʟʥʽ ʦʜʠʥʠʮʽ ʚʠʤʽʨʶʚʘʥʥʷ? 

 



 

ʊʘʙʣʠʮʷ  -ʇʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʯʦʨʥʦʟʝʤʫ ʪʠʧʦʚʦʛʦ 
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

1 1,13 117,36 2,61 6,79 5,89 22,31 2,54 123,37 27,85 58,08 0,41 15,96 0,04 2,69 

2 1,12 99,73 3,53 6,75 5,92 25,43 2,15 96,05 57,51 48,08 1,02 38,64 1,49 3,53 

3 1,13 95,44 1,85 6,50 6,03 4,25 2,54 87,14 310,33 39,18 0,01 13,74 1,39 10,96 

4 1,10 168,44 2,69 6,33 0,97 27,24 1,93 11,71 106,99 64,74 0,66 18,48 1,54 2,47 

5 1,06 103,41 3,38 6,78 6,33 25,27 2,47 70,84 74,57 42,14 0,61 16,32 1,42 3,85 

6 1,16 84,04 0,03 6,69 6,01 26,60 2,32 127,76 71,56 76,24 0,71 14,49 1,76 2,20 

7 1,15 123,81 3,22 6,04 6,06 31,53 2,51 92,67 98,31 24,57 0,44 15,51 1,62 3,59 

8 1,19 101,34 1,57 7,08 6,85 31,08 8,75 89,62 11,94 72,91 0,77 1,18 1,63 2,98 

9 1,29 85,53 2,62 7,03 6,30 27,43 2,45 128,88 100,73 185,87 0,67 15,21 1,56 0,66 

10 1,21 18,78 1,56 1,23 7,24 22,75 2,17 103,96 64,86 46,48 0,55 13,91 1,99 1,88 

11 1,22 108,62 1,43 7,09 5,42 30,66 3,23 98,42 38,45 39,59 0,60 18,01 1,85 3,52 

12 1,21 109,62 2,60 6,97 6,24 19,84 3,47 81,87 116,92 58,76 0,51 14,08 1,56 3,16 

13 1,22 114,17 0,96 6,45 6,41 27,72 1,47 109,04 37,48 54,35 0,60 18,12 1,93 2,90 



 

14 1,20 118,59 2,21 6,55 7,01 24,14 3,40 78,71 42,54 50,20 5,84 15,89 1,82 0,50 

15 1,10 113,65 2,59 7,01 6,51 25,95 1,68 70,34 164,04 7,35 0,65 14,08 1,91 3,68 

16 1,16 95,65 3,33 7,08 5,34 26,56 0,52 118,15 99,05 57,13 0,80 14,87 4,82 2,68 

17 1,12 77,51 1,44 6,82 5,51 27,72 2,14 52,47 132,62 47,16 0,80 14,98 1,72 2,36 

18 1,20 136,52 2,03 6,47 7,40 29,55 2,38 84,82 102,32 61,09 0,60 14,86 1,48 3,91 

19 1,15 127,95 2,63 6,51 6,57 32,13 2,95 81,18 120,79 20,38 0,48 16,19 1,83 4,56 

20 1,12 86,46 2,43 6,68 6,20 26,55 2,36 89,51 74,93 38,81 0,52 15,28 1,57 2,74 

21 1,12 111,80 2,44 7,12 5,78 26,54 1,40 115,49 142,30 48,36 0,73 14,07 1,71 4,23 

22 3,41 142,10 2,66 7,78 5,69 25,01 2,48 116,17 1,58 45,45 0,52 15,01 1,54 3,49 

23 1,19 102,76 5,88 6,64 5,39 26,82 2,76 74,80 101,95 66,62 0,63 15,20 1,69 2,44 

24 1,15 69,39 2,95 6,94 5,67 27,52 3,05 63,57 82,20 30,18 0,55 16,94 1,11 2,80 

25 1,17 81,48 2,93 6,93 6,76 28,03 3,63 280,12 112,42 50,82 0,55 14,99 1,60 4,23 

26 1,24 283,16 2,48 7,74 6,67 25,38 2,07 66,93 128,23 24,47 0,68  15,08 1,37 4,57 

27 1,12 98,92 1,82 7,49 6,58 27,59 2,60 117,22 85,28 64,58 0,71 16,79 1,46 4,19 

28 1,16 110,21 2,63 15,22 5,67 47,36 1,67 99,69 129,84 59,05 0,60 14,88 1,55 3,25 

29 1,23 97,38 2,19 7,00 15,99 24,84 0,66 111,95 33,34 72,81 0,85 18,29 1,40 3,05 

ɿʆ 1,21 102,55 1,70 6,34 7,00 28,20 3,56 127,42 165,28 67,70 0,56 15,58 1,71 3,04 

31 0,99 119,51 3,78 6,32 6,21 27,65 2,18 96,44 142,45 62,21 0,85 14,89 1,42 3,07 

32 1,03 113,26 1,44 6,65 6,03 23,59 1,24 113,01 95,81 39,52 0,61 15,66 1,31 2,70 

33 1,17 116,90 1,11 6,18 5,97 29,37 1,35 140,16 96,87 52,58 0,55 13,92 1,64 5,24 

34 1,12 86,46 2,57 6,81 6,40 29,83 2,66 51,36 43,84 58,98 0,61 14,35 1,38 2,97 

35 1,09 87,45 1,30 6,08 6,45 20,19 2,86 84,15 53,44 51,92 0,75 13,92 1,62 2,92 

36 1,17 87,48 2,01 7,74 6,16 24,67 1,86 103,63 89,04 67,82 0,67 17,64 1,59 1,87 

37 1,21 101,06 2,91 4,96 6,24 25,61 3,65 90,72 81,54 66,94 0,72 17,53 1,83 3,65 



 

38 1,18 83,39 1,90 7,12 6,41 31,13 2,92 103,26 127,76 35,69 0,77 15,55 1,88 2,27 

39 1,16 53,61 1,66 7,91 5,81 31,90 3,41 116,38 31,75 49,99 0,74 15,55 1,32 3,62 

40 1,11 133,89 1,69 7,25 6,13 25,94 2,84 103,97 115,31 58,63 0,73 14,32 1,43 5,35 

41 1,14 124,43 3,07 7,31 5,47 27,53 1,61 85,41 84,90 41,67 0,82 15,80 1,58 3,95 

42 1,12 111,79 1,58 6,02 6,30 28,09 3,20 86,03 93,12 43,76 0,56 15,67 1,58 3,65 

43 1,15 89,38 1,42 5,65 7,04 29,07 1,68 135,60 112,91 36,62 0,67 16,23 1,72 4,47 

44 1,22 90,92 2,74 6,88 5,75 28,41 2,48 69,94 53,53 23,21 0,57 18,09 2,21 5,68 



11.2. ʆʮʽʥʢʘ ʩʪʘʪʠʩʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʛʝʥʝʨʘʣʴʥʦʾ ʩʫʢʫʧʥʦʩʪʽ, 

ʚʠʟʥʘʯʝʥʥʷ ʜʦʚʽʨʯʠʭ ʧʦʭʠʙʦʢ ʪʘ ʽʥʪʝʨʚʘʣʽʚ 

11.2.1. ʆʮʽʥʢʘ ʩʪʘʪʠʩʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʛʝʥʝʨʘʣʴʥʦʾ ʩʫʢʫʧʥʦʩʪʽ 

ʊʦʯʥʝ ʚʠʟʥʘʯʝʥʥʷ ʩʪʘʪʠʩʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʛʝʥʝʨʘʣʴʥʦʾ ʩʫʢʫʧʥʦʩʪʽ 

ʥʝʤʦʞʣʠʚʝ, ʪʘʢ ʷʢ ʢʽʣʴʢʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ ʧʨʠ ʮʴʦʤʫ ʧ ŸÐ. ʊʦʤʫ ʚʠʢʦʨʠʩʪʦ-

ʚʫʶʪʴ ʦʮʽʥʢʠ ʚʽʜʧʦʚʽʜʥʠʭ ʧʦʢʘʟʥʠʢʽʚ. 

ɺ ʷʢʦʩʪʽ ʦʮʽʥʢʠ ʛʝʥʝʨʘʣʴʥʦʛʦ ʩʝʨʝʜʥʴʦʛʦ ʧʨʠʡʤʘʻʪʴʩʷ ʩʝʨʝʜʥʻ ʚʠʙʽʨ-

ʢʦʚʝ ʟʥʘʯʝʥʥʷ. 

ɺ ʷʢʦʩʪʽ ʦʮʽʥʢʠ ʜʠʩʧʝʨʩʽʾ ʛʝʥʝʨʘʣʴʥʦʾ ʩʫʢʫʧʥʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʚʠʧʨʘʚʣʝʥʫ ʚʠʙʽʨʢʦʚʫ ʜʠʩʧʝʨʩʽʶ  S2 (a6o Dʛ), ̫ ʢʘ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 
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ʜʝ ʜʨʽʙ 
1-n

n
 ʥʘʟʠʚʘʶʪʴ ʧʦʧʨʘʚʢʦʶ ɹʝʩʩʝʣʷ. ɿʘ ʤʘʣʠʭ ʟʥʘʯʝʥʴ ʧ ʧʦʧ-

ʨʘʚʢʘ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʦʜʠʥʠʮʽ, ʧʨʠ ʟʙʽʣʴʰʝʥʽ ʧ ʚʦʥʘ ʧʨʷʤʫʻ ʜʦ 

ʦʜʠʥʠʮʽ. ʇʨʠ ʧ > 50 ʧʨʘʢʪʠʯʥʦ ʥʝʤʘʻ ʨʽʟʥʠʮʽ ʤʽʞ S2 i Dʚ, 

ɼʣʷ ʦʮʽʥʢʠ ʩʝʨʝʜʥʴʦʛʦ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʛʝʥʝʨʘʣʴʥʦʾ ʩʫʢʫʧ-

ʥʦʩʪʽ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʠʧʨʘʚʣʝʥʝ ʚʠʙʽʨʢʦʚʝ ʩʝʨʝʜʥʻ 

ʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ S (ʘʙʦ ůʛ), ̫ ʢʝ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 

 

 

 

1.2.2.ɿʘʩʪʦʩʫʚʘʥʥʷ ʚʙʫʜʦʚʘʥʠʭ ʬʫʥʢʮʽʡ MS Excel ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʮʽʥʦʢ 

ʩʪʘʪʠʩʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʛʝʥʝʨʘʣʴʥʦʾ ʩʫʢʫʧʥʦʩʪʽ 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʮʽʥʦʢ ʩʪʘʪʠʩʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʛʝʥʝʨʘʣʴʥʦʾ ʩʫʢʫʧ-

ʥʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʙʫʜʦʚʘʥʽ ʬʫʥʢʮʽʾ ʢʘʪʝʛʦʨʽʾ ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ: 

ɼʀʉʇ - ʜʣʷ ʦʮʽʥʢʠ ʛʝʥʝʨʘʣʴʥʦʾ ʜʠʩʧʝʨʩʽʾ; 

ʉʊɸʅɼʆʊʂʃʆʅ ï ʜʣʷ ʦʮʽʥʢʠ ʛʝʥʝʨʘʣʴʥʦʛʦ ʩʝʨʝʜʥʴʦʛʦ ʢʚʘʜʨʘʪʠʯ-

ʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ. 

ɸʨʛʫʤʝʥʪʘʤʠ ʟʘʟʥʘʯʝʥʠʭ ʬʫʥʢʮʽʡ ʻ ʜʽʘʧʘʟʦʥ ʢʦʤʽʨʦʢ ʟ ʚʭʽʜʥʠʤʠ ʜʘ-

ʥʠʤʠ. 

ɺʠʟʥʘʯʝʥʥʷ ʜʦʚʽʨʯʠʭ ʧʦʭʠʙʦʢ i ʜʦʚʽʨʯʠʭ ʽʥʪʝʨʚʘʣʽʚ ʜʣʷ ʩʪʘʪʠʩʪʠ-

ʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʝʥʝʨʘʣʴʥʦʾ ʩʫʢʫʧʥʦʩʪʽ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ 

 

(11.10) 



 

ɺʠʟʥʘʯʝʥʥʷ ʜʦʚʽʨʯʠʭ ʧʦʭʠʙʦʢ i ʽʥʪʝʨʚʘʣʽʚ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʜʝʷʢʠʭ ʽʥʪʝ-

ʨʚʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ. 

ɼʦʚʽʨʯʠʤ ʽʥʪʝʨʚʘʣʦʤ ʥʘʟʠʚʘʶʪʴ ʽʥʪʝʨʚʘʣ, ʫ ʷʢʠʡ ʧʦʪʨʘʧʣʷʻ ʽʩʪʠʥʥʝ 

ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ, ʱʦ ʚʠʤʽʨʶʻʪʴʩʷ, ʟ ʟʘʜʘʥʦʶ ʡʤʦʚʽʨʥʽʩʪʶ ɔ. 

ʅʘʜʽʡʥʽʩʪʶ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ ʥʘʟʠʚʘʶʪʴ ʽʤʦʚʽʨʥʽʩʪʴ ɔ ʪʦʛʦ, 

ʱʦ ʽʩʪʠʥʥʝ ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ, ʱʦ ʚʠʤʽʨʶʻʪʴʩʷ, ʧʦʪʨʘʧʣʷʻ ʚ ʜʘʥʠʡ ʜʦʚʽʨ-

ʯʠʡ ʽʥʪʝʨʚʘʣ. ʅʘʜʽʡʥʽʩʪʴ ʚʠʨʘʞʘʻʪʴʩʷ ʚ ʯʘʩʪʢʘʭ ʦʜʠʥʠʮʽ, ʘʙʦ ʫ ʚʽʜʩʦʪʢʘʭ. 

ʈʽʚʥʝʤ ʟʥʘʯʫʱʦʩʪʽ ʥʘʟʠʚʘʻʪʴʩʷ ʚʝʣʠʯʠʥʘ Ŭ=1-ɔ, ̫ʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻ 

ʡʤʦʚʽʨʥʽʩʪʴ ʧʦʤʠʣʢʠ, ʪʦʙʪʦ ʯʘʩʪʢʫ ʨʠʟʠʢʫ ʚ ʦʮʽʥʮʽ ̔ʩʪʠʥʥʦʛʦ ʟʥʘʯʝʥʥʷ ʚʝ-

ʣʠʯʠʥʠ, ʱʦ ʚʠʤʽʨʶʻʪʴʩʷ. ʈʽʚʝʥʴ ʟʥʘʯʫʱʦʩʪʽ ï ʮʝ ʡʤʦʚʽʨʥʽʩʪʴ, ʷʢʦʶ ʚʠʨʽʰʝ-

ʥʦ ʟʥʝʭʪʫʚʘʪʠ ʚ ʟʘʜʘʥʽʡ ʦʙʣʘʩʪʽ ʜʦʩʣʽʜʞʝʥʴ. 

ɺʠʟʥʘʯʝʥʥʷ ʜʦʚʽʨʯʦʛʦ ʽʥʪʝʨʚʘʣʫ ʜʣʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʩʧʦʜʽʚʘʥʥʷ 

ʇʨʘʚʠʣʘ ʧʦʙʫʜʦʚʠ ʜʦʚʽʨʯʦʛʦ ʽʥʪʝʨʚʘʣʫ ʜʣʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʩʧʦʜʽʚʘʥʥʷ ʟʘ-

ʣʝʞʘʪʴ ʚʽʜ ʪʦʛʦ, ʚʽʜʦʤʘ ʯʠ ʥʝ ʚʽʜʦʤʘ ʜʠʩʧʝʨʩʽʷ ʛʝʥʝʨʘʣʴʥʦʾ ʩʫʢʫʧʥʦʩʪʽ Dʛ. 

ʈʦʟʛʣʷʥʝʤʦ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʜʠʩʧʝʨʩʽʷ ʚʽʜʦʤʘ, ʛʝʥʝʨʘʣʴʥʘ ʩʫʢʫʧʥʽʩʪʴ ʧʽʜʧʦ-

ʨʷʜʢʦʚʫʻʪʴʩʷ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ: 

ƴ ɺʠʟʥʘʯʘʻʪʴʩʷ ʘʙʩʦʣʶʪʥʘ ʜʦʚʽʨʯʘ ʧʦʭʠʙʢʘ 
ʚx
e  ʚʠʙʽʨʢʦʚʦʛʦ ʩʝʨʝʜ-

ʥʴʦʛʦ ʟʘ ʬʦʨʤʫʣʦʶ: 

n

t
ʚxʚ

gse =                            (11.11) 

ʜʝ ʧ ï ʢʽʣʴʢʽʩʪʴ ʩʧʦʩʪʝʨʝʞʝʥʴ; 

ůʚ ï ʚʠʙʽʨʢʦʚʝ ʩʝʨʝʜʥʻ ʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ; 

tɔ ï ʢʦʝʬʽʮʽʻʥʪ ʜʦʚʽʨʠ, ʱʦ ʙʝʨʝʪʴʩʷ ʽʟ ʪʘʙʣʠʮʽ ʟʥʘʯʝʥʴ ʬʫʥʢʮʽʾ ʃʘʧ-

ʣʘʩʘ ʌ(t) ʧʨʠ ʌ(t) =ɔ/2 , ʜʝ ɔï ʟʘʜʘʥʘ ʡʤʦʚʽʨʥʽʩʪʴ.  

ɼʣʷ ʧʨʠʢʣʘʜʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʨʠʡʤʘʻʪʴʩʷ ɔ=0,95 (ɔ=95%), ʱʦ ʚʽʜʧʦ-

ʚʽʜʘʻ ʨʽʚʥʶ ʟʥʘʯʫʱʦʩʪʽ Ŭ = 1ïɔ= 1ï0,95 = 0,05. ʇʨʠ ʮʴʦʤʫ tɔ =1,96. tɔ ʱʝ ʥʘ-

ʟʠʚʘʶʪʴ ʥʦʨʤʦʚʘʥʠʤ ʟʥʘʯʝʥʥʷʤ ʥʦʨʤʘʣʴʥʦ ʨʦʟʧʦʜʽʣʝʥʦʾ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠ-

ʯʠʥʠ. 

ɸʙʩʦʣʶʪʥʫ ʜʦʚʽʨʯʫ ʧʦʭʠʙʢʫ ʱʝ ʥʘʟʠʚʘʶʪʴ ʪʦʯʥʽʩʪʶ ʦʮʽʥʢʠ.  

ƴ   ɺʠʟʥʘʯʘʻʪʴʩʷ ʚʽʜʥʦʩʥʘ ʜʦʚʽʨʯʘ ʧʦʭʠʙʢʘ ʚʠʙʽʨʢʦʚʦʛʦ ʩʝʨʝʜʥʴʦʛʦ: 
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ɿʘ ʧʦʪʨʝʙʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ ʟʘʜʘʥʦʶ ʪʦʯʥʽʩʪʶ, 

ʪʦʙʪʦ ʥʝʦʙʭʽʜʥʦʶ ʚʽʜʥʦʩʥʦʶ ʜʦʚʽʨʯʦʶ ʧʦʭʠʙʢʦʶ, ʽʟ ʬʦʨʤʫʣʠ (12) ʚʠʟʥʘ-

ʯʘʶʪʴ ʧʦʪʨʽʙʥʝ ʯʠʩʣʦ ʩʧʦʩʪʝʨʝʞʝʥʴ ʧ: 
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                                (11.13) 

ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʚʠʤʽʨʶʚʘʥʴ, ʷʢʘ ʙ ʟʘʙʝʟʧʝʯʫʚʘ-

ʣʘ ʚʽʜʥʦʩʥʫ ʜʦʚʽʨʯʫ ʧʦʭʠʙʢʫ ʥʘ ʨʽʚʥʽ 5% ʬʦʨʤʫʣʘ (13) ʤʘʪʠʤʝ ʚʠʛʣʷʜ: 
2
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ʄʝʞʽ ʜʦʚʽʨʯʦʛʦ ʽʥʪʝʨʚʘʣʫ ʤʘʪʝʤʘʪʠʯʥʦʛʦ (ʛʝʥʝʨʘʣʴʥʦʛʦ ʩʝʨʝʜʥʴʦʛʦ) ʚʠʟʥʘ-

ʯʘʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ: 

ʥʠʞʥʷ ʤʝʞʘ:  
ʚxʚ

x em -=
min                                   (11.15) 

ʚʝʨʭʥʷ ʤʝʞʘ: 
ʚxʚ

x em +=
min                                    (11.16) 

ʐʠʨʠʥʘ ʜʦʚʽʨʯʦʛʦ ʽʥʪʝʨʚʘʣʫ h ʛʝʥʝʨʘʣʴʥʦʛʦ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʚʠ-

ʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

maxmin
mm -=h   (11.17) 

ʚʚ xʚxʚ
xx eme +¢¢-  (11.18) 

ʇʨʠ ʮʴʦʤʫ, geme =+¢¢- )(
ʚʚ xʚxʚ

xxP  (11.19) 

ʌʦʨʤʫʣʠ (12) i (13) ʫ ʧʨʠʢʣʘʜʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʟʘʡʤʘʶʪʴ ʦʩʦʙʣʠʚʝ 

ʤʽʩʮʝ. ɿʘ ʥʠʤʠ ʤʦʞʥʘ, ʥʘʧʨʠʢʣʘʜ, ʦʙʯʠʩʣʠʪʠ ʦʙʩʷʛ ʚʠʙʽʨʢʠ ʧ ʥʝʦʙʭʽʜʥʠʡ 

ʜʣʷ ʦʮʽʥʢʠ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʥʦʨʤʘʣʴʥʦ ʨʦʟʧʦʜʽʣʝʥʦʾ ʚʠʙʽʨʢʦʚʦʾ ʩʫʢʫʧ-

ʥʦʩʪʽ ʟ ʟʘʜʘʥʦʶ ʥʘʜʽʡʥʽʩʪʶ ɔ i ʪʦʯʥʽʩʪʶ 
ʚx
e , ʘ ʪʘʢʦʞ ʜʣʷ ʟʘʜʘʥʦʾ ʪʦʯʥʦʩʪʽ ʽ 

ʚʽʜʦʤʦʛʦ ʦʙʩʷʛʫ ʚʠʙʽʨʢʠ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʥʘʜʽʡʥʽʩʪʴ (ʽʤʦʚʽʨʥʽʩʪʴ). 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʘʙʩʦʣʶʪʥʦʾ ʜʦʚʽʨʯʦʾ ʧʦʭʠʙʢʠ ʚ Excel ʽʩʥʫʻ ʬʫʥʢʮʽʷ 

ɼʆɺɽʈʀʊ. ɿʘʟʥʘʯʝʥʘ ʬʫʥʢʮʽʷ ʤʘʻ ʪʨʠ ʘʨʛʫʤʝʥʪʘ: ɸʣʴʬʘ ï ʨ̔ ʚʝʥʴ ʟʥʘʯʫ-

ʱʦʩʪʽ (ʜʣʷ ʧʨʠʢʣʘʜʥʠʭ ʜʦʩʣʽʜʞʝʥʴ Ŭ=0,05); ʉʪʘʥʜ_ʦʪʢʣ ï ʦʮʽʥʢʘ ʩʝʨʝʜ-

ʥʴʦʛʦ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ (ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʙʫʜʦʚʘʥʦʾ 

ʬʫʥʢʮʽʾ ʉʊɸʅɼʆʊʂʃʆʅ); ʈʘʟʤʝʨ ï ʢʽʣʴʢʽʩʪʴ ʩʧʦʩʪʝʨʝʞʝʥʴ ʧ (ʚʠʟʥʘʯʘ-

ʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʙʫʜʦʚʘʥʦʾ ʬʫʥʢʮʽʾ ʉʏɽʊ). 

ɼʣʷ ʦʮʽʥʢʠ ʪʦʯʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʴ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʘʢʦʞ ʩʪʘʥʜʘʨʪʥʫ 

ʧʦʭʠʙʢʫ ʩʝʨʝʜʥʴʦʛʦ ȹ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

n

S
=D                                         (11.20) 

ʜʝ S - ʦʮʽʥʢʘ ʛʝʥʝʨʘʣʴʥʦʛʦ ʩʝʨʝʜʥʴʦʛʦ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ, ʧ 

ʢʽʣʴʢʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ. 



 

ɺʠʟʥʘʯʝʥʥʷ ʜʦʚʽʨʯʦʛʦ ʽʥʪʝʨʚʘʣʫ ʜʣʷ ʛʝʥʝʨʘʣʴʥʦʾ ʜʠʩʧʝʨʩʽʾ ɿʘʟʥʘʯʝʥʠʡ 

ʧʘʨʘʤʝʪʨ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

2

1

2

2
cc
ʚ

ʛ

ʚ
nD

D
nD

¢¢                                 (11.21) 

ʜʝ Dʚ - ʚʠʙʽʨʢʦʚʘ ʜʠʩʧʝʨʩʽʷ, n - ʢʽʣʴʢʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ, 2

2

2

1
,cc  ʢʨʠʪʝʨʽʾ 

ʇʽʨʩʦʥʘ. 

ʂʨʠʪʝʨʽʾ ʇʽʨʩʦʥʘ ʚʠʟʥʘʯʘʶʪʴʩʷ ʽʟ ʪʘʢʠʭ ʧʦʣʦʞʝʥʴ: 

( ) 975,0
2

05,0
1

2
12

1

2 =-=-=>
a

ccP  (11.22) 

( ) 025,0
2

05,0

2

2

2

2 ===>
a

ccP  (11.23) 

ɿʘ ʪʘʙʣʠʮʝʶ ɢ2-ʨʦʟʧʦʜʽʣʫ, ʘʙʦ ʽʥʰʠʤʠ ʟʘʩʦʙʘʤʠ ʜʣʷ ʯʠʩʣʘ ʩʪʝʧʝʥʽʚ 

ʩʚʦʙʦʜʠ f=n-1 ʪʘ ʦʜʝʨʞʘʥʠʭ ʽʤʦʚʽʨʥʦʩʪʝʡ 0,975 i 0,025 ʟʥʘʭʦʜʷʪʴ ʟʥʘʯʝʥʥʷ 
2

2

2

1
,cc . 

ɼʣʷ ʦʙʯʠʩʣʝʥʥʷ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶɢ 2 ʚ MS Excel ʻ ʚʙʫʜʦʚʘʥʘ ʬʫʥʢ-

ʮʽʷ ʍʀ20ɹʈ  ʘʨʛʫʤʝʥʪʘʤʠ ʷʢʦʾ ʻ ʟʘʜʘʥʘ ʡʤʦʚʽʨʥʽʩʪʴ i ʯʠʩʣʦ ʩʪʝʧʝʥʽʚ ʩʚʦ-

ʙʦʜʠ  

f=n-1. 

 

1.2.3.ɺʠʟʥʘʯʝʥʥʷ ʜʦʚʽʨʯʦʛʦ ʽʥʪʝʨʚʘʣʫ ʜʣʷ ʛʝʥʝʨʘʣʴʥʦʛʦ ʩʝʨʝʜʥʴʦʛʦ ʢʚʘʜ-

ʨʘʪʠʯʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ 

ɿʘʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨ ʧʨʠ ʧ Ò 30  ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

12
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                                          (11.24) 

ɿʘ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʚʠʙʽʨʢʠ ʧ>30 ʜʦʚʽʨʯʠʡ ʽʥʪʝʨʚʘʣ ʜʣʷ ʛʝʥʝʨʘʣʴʥʦʛʦ 

ʩʝʨʝʜʥʴʦʛʦ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

gg

s
s

s
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n
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ʛ

ʚ
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32

2

32

2
                           (11.25) 

ʜʝ tɔ - ʥʦʨʤʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʥʦʨʤʘʣʴʥʦ ʨʦʟʧʦʜʽʣʝʥʦʾ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠ-

ʯʠʥʠ, ʷʢʝ ʚʽʜʧʦʚʽʜʘʻ ʟʘʜʘʥʽʡ ʥʘʜʽʡʥʦʩʪʽ ɔ i ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʪʘʙʣʠʮʝʶ ʬʫʥʢ-

ʮʽʾ ʃʘʧʣʘʩʘ ū(t). 

ɺʠʟʥʘʯʝʥʥʷ ʩʪʘʪʠʩʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʘʩʦʙʫ "ʆʧʠ-

ʩʘʪʝʣʴʥʘʷ ʩʪʘʪʠʩʪʠʢʘ" 

ɼʦ ʤʝʪʦʜʽʚ ʦʧʠʩʦʚʦʾ ʩʪʘʪʠʩʪʠʢʠ ʚʽʜʥʦʩʷʪʴ ʤʝʪʦʜʠ ʦʧʠʩʫ ʚʠʙʽʨʢʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʨʽʟʥʠʭ ʯʠʩʣʦʚʠʭ ʧʦʢʘʟʥʠʢʽʚ. 



 

ɺ MS Excel ʽʩʥʫʻ ʟʘʩʽʙ ʆʧʠʩʘʪʝʣʴʥʘʷ ʩʪʘʪʠʩʪʠʢʘ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ 

ʦʜʥʦʯʘʩʥʦ ʚʠʟʥʘʯʠʪʠ ʨʷʜ ʩʪʘʪʠʩʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ. ʑʦʙ ʩʢʦʨʠʩʪʘʪʠʩʷ ʟʘ-

ʩʦʙʦʤ ʆʧʠʩʘʪʝʣʴʥʘʷ ʩʪʘʪʠʩʪʠʢʘ, ʚʠʢʦʥʫʶʪʴ ʜʽʾ: 

ƴ ʚʠʙʠʨʘʶʪʴ ʤʝʥʶ ʉʝʨʚʠʩ=>ɸʥʘʣʠʟ ʜʘʥʥʳʭ=>ʆʧʠʩʘʪʝʣʴʥʘʷ ʩʪʘ-

ʪʠʩʪʠʢʘ; 

ƴ ʫ ʚʽʜʧʦʚʽʜʥʦʤʫ ʜʽʘʣʦʛʦʚʦʤʫ ʚʽʢʥʽ ʚ ʧʦʣʝ ɺʭʦʜʥʳʝ ʜʘʥʥʳʝ ʚʚʦʜʷʪʴ 

ʜʽʘʧʘʟʦʥ ʢʦʤʽʨʦʢ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ; 

ƴ ʫ ʧʦʣʽ ʄʝʪʢʠ ʚ ʧʝʨʚʦʡ ʩʪʨʦʢʝ ʩʪʘʚʣʷʪʴ ʛʘʣʦʯʢʫ, ʷʢʱʦ ʧʝʨʰʠʡ ʨʷ-

ʜʦʢ ʚʭʽʜʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʤʽʩʪʠʪʴ ʟʘʛʦʣʦʚʦʢ ʩʪʦʚʧʯʠʢʘ, ʘʙʦ ʥʽʯʦʛʦ ʥʝ ʩʪʘʚʣʷʪʴ, 

ʷʢʱʦ ʟʘʛʦʣʦʚʢʘ ʥʝʤʘʻ; 

ƴ ʫ ʛʨʫʧʽ ʧʦʢʘʟʥʠʢʽʚ ʇʘʨʘʤʝʪʨʳ ʚʳʚʦʜʘ ʚʽʜʤʽʯʘʶʪʴ ʛʘʣʦʯʢʦʶ 

ʧʫʥʢʪ ʀʪʦʛʦʚʘʷ ʩʪʘʪʠʩʪʠʢʘ; 

ƴ ʨʽʚʝʥʴ ʥʘʜʽʡʥʦʩʪʽ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʜʦʨʽʚʥʶʻ 0,05 ï ʟʘ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʟʤʽʥʠ ʨʽʚʥʷ ʥʘʜʽʡʥʦʩʪʽ, ʘʢʪʠʚʽʟʫʶʪʴ ʧʝʨʝʤʠʢʘʯ ʋʨʦʚʝʥʴ ʥʘʜʝʞʥʦʩʪʠ i ʚʚʦ-

ʜʷʪʴ ʧʦʪʨʽʙʥʝ ʟʥʘʯʝʥʥʷ; 

ƴ ʥʘʪʠʩʢʫʶʪʴ ʢʥʦʧʢʫ OK ; 

ƴ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʥʘʥʠʭ ʜʽʡ ʟ'ʷʚʠʪʴʩʷ ʪʘʙʣʠʮʷ ʟ ʪʘʢʠʤʠ ʩʪʘʪʠʩʪʠʯ-

ʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ: 

ʅʘʟʚʘ ʧʦʢʘʟʥʠʢʘ ɿʤʽʩʪ ʧʦʢʘʟʥʠʢʘ 

ʉʨʝʜʥʝʝ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ 

ʉʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ 
ʩʪʘʥʜʘʨʪʥʘ ʧʦʭʠʙʢʘ ʩʝʨʝʜʥʴʦʛʦ , ʷʢʘ ʚʠʟʥʘʯʘ-

ʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ (20) 

ʄʝʜʠʘʥʘ 
ʟʥʘʯʝʥʥʷ, ʷʢʝ ʜʽʣʠʪʴ ʚʠʙʽʨʢʫ ʥʘ ʜʚʽ, ʨʽʚʥʽ ʟʘ 

ʯʠʩʣʦʤ ʚʠʤʽʨʶʚʘʥʴ, ʯʘʩʪʠʥʠ 

ʄʦʜʘ ʟʥʘʯʝʥʥʷ, ʷʢʝ ʤʘʻ ʥʘʡʙʽʣʴʰʫ ʯʘʩʪʦʪʫ ʧʦʷʚʠ 

ʉʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦ-

ʥʝʥʠʝ 

ʦʮʽʥʢʘ ʛʝʥʝʨʘʣʴʥʦʛʦ ʩʝʨʝʜʥʴʦʛʦ ʢʚʘʜʨʘʪʠʯʥʦ-

ʛʦ ʚʽʜʭʠʣʝʥʥʷ 

ɼʠʩʧʝʨʩʠʷ ʚʳʙʦʨʢʠ ʦʮʽʥʢʘ ʛʝʥʝʨʘʣʴʥʦʾ ʜʠʩʧʝʨʩʽʾ 

ʕʢʩʮʝʩʩ ʝʢʩʮʝʩ 

ɸʩʠʤʤʝʪʨʠʯʥʦʩʪʴ ʘʩʠʤʝʪʨʽʷ 

ʀʥʪʝʨʚʘʣ 
ʽʥʪʝʨʚʘʣ ʚʘʨʽʶʚʘʥʥʷ (ʨʦʟʤʘʭ ʚʠʙʽʨʢʠ ï ʨʽʟʥʠ-

ʮʷ ʤʽʞ ʤʘʢʩʠʤʘʣʴʥʠʤ i ʤʽʥʽʤʘʣʴʥʠʤ ʟʥʘʯʝʥ-

ʥʷʤʠ) 
ʄʠʥʠʤʫʤ ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʚʠʙʽʨʢʠ 

ʄʘʢʩʠʤʫʤ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʚʠʙʽʨʢʠ 

ʉʫʤʤʘ ʩʫʤʘ ʫʩʽʭ ʟʥʘʯʝʥʴ ʚʠʙʽʨʢʠ 

ʉʯʝʪ ʢʽʣʴʢʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ 

 



 

 

 

ʇʨʘʢʪʠʯʥʘ ʨʦʙʦʪʘ ˉ2. ʆʮʽʥʢʘ ʩʪʘʪʠʩʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʛʝʥʝʨʘʣʴʥʦʾ ʩʫʢʫʧʥʦʩʪʽ, ʚʠ-

ʟʥʘʯʝʥʥʷ ʜʦʚʽʨʯʠʭ ʧʦʭʠʙʦʢ ʪʘ ʽʥʪʝʨʚʘʣʽʚ 

ʄʝʪʘ ʨʦʙʦʪʠ: ʦʪʨʠʤʘʥʥʷ ʧʨʘʢʪʠʯʥʠʭ ʥʘʚʠʯʦʢ ʟ ʚʠʟʥʘʯʝʥʥʷ ʦʮʽʥʦʢ ʩʪʘʪʠ-

ʩʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʛʝʥʝʨʘʣʴʥʦʾ ʩʫʢʫʧʥʦʩʪʽ, ʜʦʚʽʨʯʠʭ ʧʦʭʠʙʦʢ ʪʘ ʜʦʚʽʨʯʠʭ ʽʥʪʝʨ-

ʚʘʣʽʚ 

 

ʇʨʦʛʨʘʤʘ ʚʠʢʦʥʘʥʥʷ  

1. ʉʢʦʧʽʶʚʘʪʠ ʚ ʥʦʚʠʡ ʜʦʢʫʤʝʥʪ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ i ʨʝʟʫʣʴʪʘʪʠ 

ʦʙʯʠʩʣʝʥʴ ʽʟ ʇ_ʨ_ˉ1 ï ʦʜʠʥ ʽʟ ʧʦʢʘʟʥʠʢʽʚ (ʧʽʩʣʷ ʚʠʣʫʯʝʥʥʷ ʘʥʦʨʤʘʣʴʥʠʭ 

ʟʥʘʯʝʥʴ). 

2. ɿʘ ʜʦʧʦʤʦʛʦʶ ʚʙʫʜʦʚʘʥʠʭ ʬʫʥʢʮʽʡ ʚʠʟʥʘʯʠʪʠ ʦʮʽʥʢʠ ʛʝʥʝʨʘʣʴʥʦʾ 

ʜʠʩʧʝʨʩʽʾ i ʛʝʥʝʨʘʣʴʥʦʛʦ ʩʝʨʝʜʥʴʦʛʦ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ. 

3. ɿʘ ʬʦʨʤʫʣʦʶ (11) ʚʠʟʥʘʯʠʪʠ ʘʙʩʦʣʶʪʥʫ ʜʦʚʽʨʯʫ ʧʦʭʠʙʢʫ ʩʝʨʝʜ-

ʥʴʦʛʦ. 

4. ɿʘ ʬʦʨʤʫʣʦʶ (12) ʚʠʟʥʘʯʠʪʠ ʚʽʜʥʦʩʥʫ ʜʦʚʽʨʯʫ ʧʦʭʠʙʢʫ ʩʝʨʝʜʥʴʦ-

ʛʦ. 

5. ɿʘ ʬʦʨʤʫʣʦʶ (20) ʚʠʟʥʘʯʠʪʠ ʩʪʘʥʜʘʨʪʥʫ ʧʦʭʠʙʢʫ ʩʝʨʝʜʥʴʦʛʦ. 

6. ɿʘ ʬʦʨʤʫʣʦʶ (13) ʦʙʯʠʩʣʠʪʠ ʥʝʦʙʭʽʜʥʫ ʢʽʣʴʢʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜʥʦʩʥʦʾ ʧʦʭʠʙʢʠ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘ ʨʽʚʥʽ 7%. 

7. ɿʘ ʬʦʨʤʫʣʘʤʠ (15) i (16) ʦʙʯʠʩʣʠʪʠ ʚʝʨʭʥʶ i ʥʠʞʥʶ ʤʝʞʽ ʜʦʚʽʨ-

ʯʦʛʦ ʽʥʪʝʨʚʘʣʫ ʜʣʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʩʧʦʜʽʚʘʥʥʷ. 

8. ʇʝʨʝʚʽʨʠʪʠ ʧʨʘʚʠʣʴʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʘʙʩʦʣʶʪʥʦʾ ʧʦʭʠʙʢʠ ʩʝʨʝʜ-

ʥʴʦʛʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʙʫʜʦʚʘʥʦʾ ʬʫʥʢʮʽʾ ɼʆɺɽʈʀʊ. 

9. ɿʘ ʬʦʨʤʫʣʦʶ (21) ʦʙʯʠʩʣʠʪʠ ʜʦʚʽʨʯʠʡ ʽʥʪʝʨʚʘʣ ʜʣʷ ʛʝʥʝʨʘʣʴʥʦʾ 

ʜʠʩʧʝʨʩʽʾ. 

10. 3ʘ ʬʦʨʤʫʣʘʤʠ (24) ʘʙʦ (25) ʦʙʯʠʩʣʠʪʠ ʜʦʚʽʨʯʠʡ ʽʥʪʝʨʚʘʣ ʜʣʷ ʛʝ-

ʥʝʨʘʣʴʥʦʛʦ ʩʝʨʝʜʥʴʦʛʦ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ. 

11. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʣʘʩʥʽ ʦʪʨʠʤʘʥʽ ʜʘʥʽ ʪʘ ʚʙʫʜʦʚʘʥʽ ʬʫʥʢʮʽʾ ʢʘʪʝ-

ʛʦʨʽʾ ʊʝʢʩʪʦʚʳʝ ʉʎɽʇʀʊʔ (ʘʙʦ ʦʧʝʨʘʪʦʨ &) ʪʘ ʌʀʂʉʀʈʆɺɸʅʅʓʁ, 

ʟʘʧʠʩʘʪʠ ʤʝʞʽ ʜʦʚʽʨʯʠʭ ʽʥʪʝʨʚʘʣʽʚ ʜʣʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʩʧʦʜʽʚʘʥʥʷ ɛ, ʛʝʥʝ-

ʨʘʣʴʥʦʾ ʜʠʩʧʝʨʩʽʾ Dʛ ̔ ʩʝʨʝʜʥʴʦʛʦ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ůʛ ʫ ʪʘʢʦʤʫ ʚʠ-

ʛʣʷʜʽ: 

ʄʝʞʽ ʜʦʚʽʨʯʦʛʦ ʽʥʪʝʨʚʘʣʫ ʜʣʷ Dʛ 4,8Ò DʛÒ7,2 

12. ʇʨʦʚʝʩʪʠ ʧʝʨʝʚʽʨʢʫ ʚʠʟʥʘʯʝʥʥʷ ʜʝʷʢʠʭ ʩʪʘʪʠʩʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʟʘʩʦʙʫ ʆʧʠʩʘʪʝʣʴʥʘʷ ʩʪʘʪʠʩʪʠʢʘ. 



 

13. ʇʦʨʽʚʥʷʪʠ ʨʝʟʫʣʴʪʘʪʠ, ʦʜʝʨʞʘʥʽ ʰʣʷʭʦʤ ʨʦʟʨʘʭʫʥʢʽʚ, ʟ ʨʝʟʫʣʴʪʘ-

ʪʘʤʠ, ʦʜʝʨʞʘʥʠʤʠ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʩʦʙʫ ʆʧʠʩʘʪʝʣʴʥʘʷ ʩʪʘʪʠʩʪʠ-

ʢʘ. 

ɿʘʧʠʪʘʥʥʷ ʜʣʷ ʩʘʤʦʧʝʨʝʚʽʨʢʠ 

1. ʑʦ ʥʘʟʠʚʘʻʪʴʩʷ ʧʦʧʨʘʚʢʦʶ ɹʝʩʩʝʣʷ? 

2. ʗʢ ʩʧʽʚʚʽʜʥʦʩʷʪʴʩʷ ʚʠʙʽʨʢʦʚʘ ʜʠʩʧʝʨʩʽʷ ʽ ʦʮʽʥʢʘ ʜʠʩʧʝʨʩʽʾ ʛʝʥʝʨʘ-

ʣʴʥʦʾ ʩʫʢʫʧʥʦʩʪʽ. 

3. ɺʽʜ ʯʦʛʦ ʟʘʣʝʞʠʪʴ ʚʝʣʠʯʠʥʘ ʘʙʩʦʣʶʪʥʦʾ ʧʦʭʠʙʢʠ ʩʝʨʝʜʥʴʦʛʦ? ʑʦ 

ʤʦʞʥʘ ʟʨʦʙʠʪʠ, ʱʦʙ ʧʦʭʠʙʢʘ ʙʫʣʘ ʤʝʥʰʦʶ? 

4. ʗʢʘ ʚʙʫʜʦʚʘʥʘ ʬʫʥʢʮʽʷ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʘʙʩʦʣʶʪʥʦʾ 

ʧʦʭʠʙʢʠ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ? 

5. ʑʦ ʥʘʟʠʚʘʶʪʴ ʜʦʚʽʨʯʠʤ ʽʥʪʝʨʚʘʣʦʤ? 

6. ʑʦ ʥʘʟʠʚʘʶʪʴ ʥʘʜʽʡʥʽʩʪʶ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ? 

7. ʑʦ ʥʘʟʠʚʘʶʪʴ ʨʽʚʥʝʤ ʟʥʘʯʫʱʦʩʪʽ? 

8. ʗʢʽ ʧʦʢʘʟʥʠʢʠ ʦʙʯʠʩʣʶʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʘʩʦʙʫ ʆʧʠʩʘʪʝʣʴʥʘʷ 

ʩʪʘʪʠʩʪʠʢʘ? 

9. ʋ ʷʢʠʭ ʚʠʧʘʜʢʘʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚʙʫʜʦʚʘʥʽ ʩʪʘʪʠʩʪʠʯʥʽ ʬʫʥʢʮʽʾ, 

ʘ ʫ ʷʢʠʭ - ʆʧʠʩʘʪʝʣʴʥʘʷ ʩʪʘʪʠʩʪʠʢʘ? 

 

11.3.ɼʦʩʣʽʜʞʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʦʟʧʦʜʽʣʽʚ 

ɽʤʧʽʨʠʯʥʠʤ (ʝʢʩʧʝʨʠʤʝʥʪʘʣʲʥʠʤ) ʥʘʟʠʚʘʶʪʴ ʨʦʟʧʦʜʽʣ ʚʽʜʥʦʩʥʠʭ ʯʘ-

ʩʪʦʪ. ɼʣʷ ʡʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʘʧʘʨʘʪ ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩ-

ʪʠʢʠ. 

ʊʝʦʨʝʪʠʯʥʠʤ ʥʘʟʠʚʘʶʪʴ ʨʦʟʧʦʜʽʣ ʽʤʦʚʽʨʥʦʩʪʝʡ. ɼʣʷ ʡʦʛʦ ʚʠʚʯʝʥʥʷ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʪʝʦʨʽʶ ʡʤʦʚʽʨʥʦʩʪʝʡ. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠ-

ʤʝʥʪʫ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʫ ʚʠʛʣʷʜʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʯʠʩʝʣ x1,x2,...xk. 

ʗʢʱʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʭ1 ʩʧʦʩʪʝʨʽʛʘʣʦʩʴ ʧ1 ʨʘʟ, ʟʥʘʯʝʥʥʷ 

ʭ2 ʩʧʦʩʪʝʨʽʛʘʣʦʩʴ ʧ2 ʨʘʟ i ʪ. ʜ., ʪʦ ʟʥʘʯʝʥʥʷ ʭ̔ ʥʘʟʠʚʘʶʪʴʩʷ ʚʘʨʽʘʥʪʘʤʠ, a ʯʠ-

ʩʣʘ ʾʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʧ̔ ï ʯʘʩʪʦʪʘʤʠ. ʇʨʦʮʝʜʫʨʘ ʧʽʜʨʘʭʫʥʢʫ ʯʘʩʪʦʪ ʥʘʟʠʚʘ-

ʻʪʴʩʷ ʛʨʫʧʫʚʘʥʥʷʤ ʜʘʥʠʭ. 

ʆʙʩʷʛ ʚʠʙʽʨʢʠ ʧ ʜʦʨʽʚʥʶʻ ʩʫʤʽ ʚʩʽʭ ʯʘʩʪʦʪ ʧ̔. 
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ɺʽʜʥʦʩʥʦʶ ʯʘʩʪʦʪʦʶ (ʯʘʩʪʽʩʪʶ) ʟʥʘʯʝʥʥʷ ʭ̔ ʥʘʟʠʚʘʻʪʴʩʷ ʚʽʜʥʦʰʝʥ-

ʥʷ ʯʘʩʪʦʪʠ ʩʧʦʩʪʝʨʝʞʝʥʴ ʮʴʦʛʦ ʟʥʘʯʝʥʥʷ ʧ̔ ʜʦ ʟʘʛʘʣʴʥʦʛʦ ʦʙʩʷʛʫ ʚʠʙʽʨʢʠ ʧ. 



 

n

n
nw i

i
=)(  (11.27) 

ʉʪʘʪʠʩʪʠʯʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʯʘʩʪʦʪ (ʘʙʦ ʧʨʦʩʪʦ ʨʦʟʧʦʜʽʣʦʤ ʯʘʩʪʦʪ) 

ʥʘʟʠʚʘʻʪʴʩʷ ʧʝʨʝʣʽʢ ʚʘʨʽʘʥʪ i ʚʽʜʧʦʚʽʜʥʠʭ ʾʤ ʯʘʩʪʦʪ, ʟʘʧʠʩʘʥʠʡ ʫ ʚʠʛʣʷʜʽ 

ʪʘʙʣʠʮʽ 

ʭ̔ ʭ1 x2 é xk 

ʧ̔ ʧ1 ʧ2 é ʧʢ 

ʈʦʟʧʦʜʽʣʦʤ ʚʽʜʥʦʩʥʠʭ ʯʘʩʪʦʪ ʥʘʟʠʚʘʻʪʴʩʷ ʧʝʨʝʣʽʢ ʚʘʨʽʘʥʪ i ʚʽʜʧʦʚʽʜ-

ʥʠʭ ʾʤ ʚʽʜʥʦʩʥʠʭ ʯʘʩʪʦʪ. 

ʇʦʣʽʛʦʥʦʤ ʯʘʩʪʦʪ ʥʘʟʠʚʘʶʪʴ ʣʘʤʘʥʫ, ʚʽʜʨʽʟʢʠ ʷʢʦʾ ʩʧʦʣʫʯʘʶʪʴ ʪʦʯʢʠ 

(x1;n1),(x2;n2),...(xk;nk). ɼʣʷ ʧʦʙʫʜʦʚʠ ʧʦʣʽʛʦʥʫ ʥʘ ʦʩʽ ʘʙʩʮʠʩ ʚʽʜʢʣʘʜʘʶʪʴ 

ʚʘʨʽʘʥʪʠ ʭ̔, ʘ ʥʘ ʦʩʽ ʦʨʜʠʥʘʪ ʚʽʜʧʦʚʽʜʥʽ ʾʤ ʯʘʩʪʦʪʠ ʧ̔. 

ʊʦʯʢʠ (ʭ̔;ʧ̔) ʩʧʦʣʫʯʘʶʪʴ ʚʽʜʨʽʟʢʘʤʠ ʧʨʷʤʠʭ i ʦʪʨʠʤʫʶʪʴ ʧʦʣʽʛʦʥ ʯʘʩ-

ʪʦʪ. 

ʇʦʣʽʛʦʥʦʤ ʚʽʜʥʦʩʥʠʭ ʯʘʩʪʦʪ (ʯʘʩʪʦʩʪʝʡ) ʥʘʟʠʚʘʶʪʴ ʣʘʤʘʥʫ, ʚʽʜʨʽʟʢʠ 

ʷʢʦʾ ʩʧʦʣʫʯʘʶʪʴ ʪʦʯʢʠ (x1;w1),(x2;w2)... (ʭʢ; wk). ɼʣʷ ʧʦʙʫʜʦʚʠ ʧʦʣʽʛʦʥʫ ʚʽʜ-

ʥʦʩʥʠʭ ʯʘʩʪʦʪ ʥʘ ʦʩʽ ʘʙʩʮʠʩ ʚʽʜʢʣʘʜʘʶʪʴ ʚʘʨʽʘʥʪʠ ʭ̔, ʘ ʥʘ ʦʩʽ ʦʨʜʠʥʘʪ ï ʚʽʜ-

ʧʦʚʽʜʥʽ ʾʤ ʚʽʜʥʦʩʥʽ ʯʘʩʪʦʪʠ w.̔. ʊʦʯʢʠ (ʭ̔; wi) ʩʧʦʣʫʯʘʶʪʴ ʚʽʜʨʽʟʢʘʤʠ ʧʨʷʤʠʭ i 

ʦʪʨʠʤʫʶʪʴ ʧʦʣʽʛʦʥ ʚʽʜʥʦʩʥʠʭ ʯʘʩʪʦʪ. 

ʉʪʘʪʠʩʪʠʯʥʠʡ ʨʦʟʧʦʜʽʣ ʚʠʙʽʨʢʠ ʟʘ ʯʘʩʪʦʪʘʤʠ ʤʦʞʝ ʙʫʪʠ ʛʨʘʬʽʯʥʦ ʟʦ-

ʙʨʘʞʝʥʠʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʽʩʪʦʛʨʘʤʠ. ɼʣʷ ʾʾ ʧʦʙʫʜʦʚʠ ʚʩʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 

ʟʥʘʯʝʥʥʷ ʨʦʟʙʠʚʘʶʪʴʩʷ ʥʘ ʜʝʢʽʣʴʢʘ ʽʥʪʝʨʚʘʣʽʚ [ʭ̔, xʽ+1), ʷʢʽ ʥʘʟʠʚʘʶʪʴʩʷ ʢʣʘ-

ʩʦʚʠʤʠ ʘʙʦ ʯʘʩʪʢʦʚʠʤʠ ʽʥʪʝʨʚʘʣʘʤʠ, ʘʙʦ ʢʠʰʝʥʷʤʠ. ɼʦʚʞʠʥʘ ɚ -̔ʛʦ ʢʣʘʩʦ-

ʚʦʛʦ ʽʥʪʝʨʚʘʣʫ ʜʦʨʽʚʥʶʻ: ɚ = ʭ̔+1ïʭ̔. ʗʢʱʦ ʦʙʩʷʛ ʚʠʙʽʨʢʠ ʚʝʣʠʢʠʡ, ʪʦ ʤʦʞʥʘ 

ʚʠʙʨʘʪʠ ʢ ʢʣʘʩʦʚʠʭ ʽʥʪʝʨʚʘʣʽʚ ʦʜʥʘʢʦʚʦʾ ʜʦʚʞʠʥʠ ɚ = (ʭmʘʭïʭmin)/k, ʜʝ ʭmʘʭ i 

ʭmin- ʥʘʡʙʽʣʴʰʘ ʽ ʥʘʡʤʝʥʰʘ ʚʘʨʽʘʥʪʠ ʚʽʜʧʦʚʽʜʥʦ. ʂʽʣʴʢʽʩʪʴ ʢʣʘʩʽʚ (k) ʚʠʟʥʘ-

ʯʘʶʪʴ ʟʘ ʬʦʨʤʫʣʦʶ 

k=l+3,32Ālog(n), (11.28) 

ʜʝ n - ʢʽʣʴʢʽʩʪʴ ʩʧʦʩʪʝʨʝʞʝʥʴ (ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʙʫʜʦʚʘʥʦʾ 

ʬʫʥʢʮʽʾ ʉʏɽʊ); log(n) ï ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʜʧʦʚʽʜʥʦʾ ʚʙʫʜʦʚʘ-

ʥʦʾ ʬʫʥʢʮʽʾ Excel ʢʘʪʝʛʦʨʽʾ ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ. 

ɻʽʩʪʦʛʨʘʤʦʶ ʯʘʩʪʦʪ ʥʘʟʠʚʘʶʪʴ ʬʽʛʫʨʫ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʨʷʤʦʢʫʪ-

ʥʠʢʽʚ, ʦʩʥʦʚʦʶ ʷʢʠʭ ʻ ʢʣʘʩʦʚʽ ʽʥʪʝʨʚʘʣʠ ʜʦʚʞʠʥʦʶ ɚ, ʘ ʚʠʩʦʪʠ ʜʦʨʽʚʥʶʶʪʴ 

ʧ̔. ɼʣʷ ʧʦʙʫʜʦʚʠ ʛʽʩʪʦʛʨʘʤʠ ʯʘʩʪʦʪ ʥʘ ʦʩʽ ʘʙʩʮʠʩ ʚʽʜʢʣʘʜʘʶʪʴ ʢʣʘʩʦʚʽ ʽʥʪʝʨ-

ʚʘʣʠ, ʘ ʥʘʜ ʥʠʤʠ ʧʨʦʚʦʜʷʪʴ ʚʽʜʨʽʟʢʠ, ʧʘʨʘʣʝʣʴʥʽ ʦʩʽ ʘʙʩʮʠʩ ʥʘ ʚʽʜʩʪʘʥʽ ʧ̔. 

ɻʽʩʪʦʛʨʘʤʦʶ ʚʽʜʥʦʩʥʠʭ ʯʘʩʪʦʪ ʥʘʟʠʚʘʶʪʴ ʬʽʛʫʨʫ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ 

ʧʨʷʤʦʢʫʪʥʠʢʽʚ, ʦʩʥʦʚʘʤʠ ʷʢʠʭ ʩʣʫʞʘʪʴ ʢʣʘʩʦʚʽ ʽʥʪʝʨʚʘʣʠ ʜʦʚʞʠʥʦʶ ɚ, ʘ 



 

ʚʠʩʦʪʠ ʨʽʚʥʽ wi. ɼʣʷ ʧʦʙʫʜʦʚʠ ʛʽʩʪʦʛʨʘʤʠ ʚʽʜʥʦʩʥʠʭ ʯʘʩʪʦʪ ʥʘ ʦʩʽ ʘʙʩʮʠʩ 

ʚʽʜʢʣʘʜʘʶʪʴ ʢʣʘʩʦʚʽ ʽʥʪʝʨʚʘʣʠ, ʘ ʥʘʜ ʥʠʤʠ ʧʨʦʚʦʜʷʪʴ ʚʽʜʨʽʟʢʠ, ʧʘʨʘʣʝʣʴʥʽ 

ʦʩʽ ʘʙʩʮʠʩ, ʥʘ ʚʽʜʩʪʘʥʽ wt. 

ʇʦʙʫʜʦʚʘ ʨʦʟʧʦʜʽʣʫ ʯʘʩʪʦʪ 

ʇʨʦʚʦʜʷʪʴ ʩʦʨʪʫʚʘʥʥʷ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʟʘ ʟʙʽʣʴʰʝʥʥʷʤ. ɼʣʷ ʮʴʦʛʦ ʚʠʦ-

ʢʨʝʤʣʶʶʪʴ ʜʽʘʧʘʟʦʥ ʢʦʤʽʨʦʢ ʟ ʚʭʽʜʥʠʤʠ ʜʘʥʠʤʠ, ʚʠʢʦʥʫʶʪʴ ʜʽʾ: 

ƴ ɼʘʥʥʳʝ=> ʉʦʨʪʠʨʦʚʢʘ; 

ƴ ʫ ʜʽʘʣʦʛʦʚʦʤʫ ʚʽʢʥʽ ʉʦʨʪʠʨʦʚʢʘ ʜʘʥʥʳʭ ʚʠʙʠʨʘʶʪʴ ʧʫʥʢʪ ʇʦ ʚʦ-

ʟʨʘʩʪʘʥʠʶ; 

ƴ ʥʘʪʠʩʢʫʶʪʴ ʢʥʦʧʢʫ ʆʂ. 

ʆʪʨʠʤʘʥʠʡ ʨʷʜ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʤʘʢʩʠʤʘʣʴʥʝ ʪʘ ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥ-

ʥʷ ʚʘʨʽʘʥʪ ʽ ʨʽʟʥʠʮʶ ʤʽʞ ʥʠʤʠ. ʎʷ ʽʥʬʦʨʤʘʮʽʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʽʜʨʘ-

ʭʫʥʢʫ ʧʦʪʨʽʙʥʦʛʦ ʯʠʩʣʘ ʢʣʘʩʽʚ ʧʨʠ ʧʦʙʫʜʦʚʽ ʟʛʨʫʧʦʚʘʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʯʘʩ-

ʪʦʪ. 

ʋ ʚʽʣʴʥʽʡ ʢʦʤʽʨʮʽ ʚʠʟʥʘʯʘʶʪʴ ʢʽʣʴʢʽʩʪʴ ʢʣʘʩʽʚ ʢ, ʥʘ ʷʢʽ ʪʨʝʙʘ ʨʦʟʧʦʜʽ-

ʣʠʪʠ ʜʦʩʣʽʜʥʽ ʜʘʥʽ ʟʘ ʬʦʨʤʫʣʦʶ (28). ʆʜʝʨʞʘʥʝ ʟʥʘʯʝʥʥʷ ʢ, ʦʢʨʫʛʣʶʶʪʴ ʜʦ 

ʮʽʣʦʛʦ. ɺʠʟʥʘʯʘʶʪʴ ʚʝʣʠʯʠʥʫ ʢʣʘʩʦʚʦʛʦ ʽʥʪʝʨʚʘʣʫ ʟʘ ʬʦʨʤʫʣʦʶ 

k

xx
minmax

-
=l                              (11.29) 

ɿʘ ʥʝʦʙʭʽʜʥʦʩʪʽ ʦʢʨʫʛʣʶʶʪʴ ʦʜʝʨʞʘʥʝ ʟʥʘʯʝʥʥʷ ʜʦ ʮʽʣʦʛʦ. ɼʣʷ ʦʜʝʨ-

ʞʘʥʥʷ ʤʘʩʠʚʫ ʢʣʘʩʦʚʠʭ ʽʥʪʝʨʚʘʣʽʚ ʤʦʞʥʘ ʟʘʜʘʚʘʪʠ ʾʭ ʚʨʫʯʥʫ, ʘʙʦ ʢʦʨʠʩʪʫ-

ʚʘʪʠʩʴ ʟʘʩʦʙʘʤʠ ʘʚʪʦʟʘʧʦʚʥʝʥʥʷ. ɺ ʦʩʪʘʥʥʴʦʤʫ ʚʠʧʘʜʢʫ: 

ƴ ʚʚʦʜʷʪʴ ʫ ʚʽʣʴʥʫ ʢʦʤʽʨʢʫ ʤʽʥʽʤʘʣʴʥʝ ʯʠʩʣʦ ʚʠʙʽʨʢʠ, ʥʘʪʠʩʢʫʶʪʴ 

ʢʣʘʚʽʰʫ Enter; 

ƴ ʘʢʪʠʚʽʟʫʶʪʴ ʢʦʤʽʨʢʫ ʟ ʤʽʥʽʤʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ ʚʠʙʽʨʢʠ, ʚʠʢʦʥʫʶʪʴ 

ʢʦʤʘʥʜʫ ʇʨʘʚʢʘ=>ɿʘʧʦʣʥʠʪʴ=>ʇʨʦʛʨʝʩʩʠʷ; 

ƴ ʫ ʜʽʘʣʦʛʦʚʦʤʫ ʚʽʢʥʽ ʇʨʦʛʨʝʩʩʠʷ ʫ ʧʦʣʽ ʐʘʛ ʫʩʪʘʥʦʚʣʶʶʪʴ ʜʦʚ-

ʞʠʥʫ ʢʣʘʩʦʚʦʛʦ ʽʥʪʝʨʚʘʣʫ, ʚ ʧʦʣʽ ʊʠʧ ʚʢʘʟʫʶʪʴ ɸʨʠʬʤʝʪʠʯʝ-

ʩʢʘʷ, ʚ ʧʦʣʽ ʇʨʝʜʝʣʴʥʦʝ ʟʘʯʝʥʠʝ - ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʚʠʙʽʨʢʠ; 

ƴ ʫ ʧʦʣʽ ʈʘʩʧʦʣʦʞʝʥʠʝ ʚʽʜʤʽʯʘʶʪʴ ʇʦ ʩʪʦʣʙʮʘʤ; 

ƴ ʥʘʪʠʩʢʫʶʪʴ ʢʥʦʧʢʫ ʆʂ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʥʘʥʠʭ ʜʽʡ ʙʫʜʝ ʚʠʚʝʜʝʥʦ ʤʘʩʠʚ ʢʣʘʩʦʚʠʭ ʽʥʪʝʨʚʘʣʽʚ 

(ʢʠʰʝʥʴ). ʗʢʱʦ ʢʽʥʮʝʚʝ ʟʥʘʯʝʥʥʷ ʤʘʩʠʚʫ ʢʣʘʩʦʚʠʭ ʽʥʪʝʨʚʘʣʽʚ ʚʠʷʚʠʣʦʩʷ 

ʤʝʥʰʠʤ ʟʘ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʚʠʙʽʨʢʠ, ʪʦʜʽ ʥʠʞʯʝ ʜʦʙʘʚʣʷʶʪʴ ʱʝ ʦʜʠʥ 

ʢʣʘʩʦʚʠʡ ʽʥʪʝʨʚʘʣ ʚʨʫʯʥʫ. 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʤʘʩʠʚʫ ʯʘʩʪʦʪ ʚʠʢʦʥʫʶʪʴ ʜʽʾ: 

ƴ ʧʨʘʚʦʨʫʯ ʚʽʜ ʜʽʘʧʘʟʦʥʫ ʢʦʤʽʨʦʢ ʟ ʤʘʩʠʚʦʤ ʢʣʘʩʦʚʠʭ ʽʥʪʝʨʚʘʣʽʚ ʚʠ-



 

ʦʢʨʝʤʣʶʶʪʴ ʢʦʤʽʨʢʠ ʩʪʦʚʧʯʠʢʘ ʜʣʷ ʚʠʚʝʜʝʥʥʷ ʯʘʩʪʦʪ, ʧʨʠʯʦʤʫ ʥʘ ʦʜʥʫ ʙʽ-

ʣʴʰʝ, ʥʽʞ ʟʘʡʤʘʻ ʤʘʩʠʚ ʢʣʘʩʦʚʠʭ ʽʥʪʝʨʚʘʣʽʚ; 

ƴ ʚʠʢʦʥʫʶʪʴ ʜʽʾ ɺʩʪʘʚʢʘ=> ʌʫʥʢʮʠʷ=> ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ => ʏʘʩ-

ʪʦʪʘ; 

ƴ ʫ ʜʽʘʣʦʛʦʚʦʤʫ ʚʽʢʥʽ ʬʫʥʢʮʽʾ ʏʘʩʪʦʪʘ ʫ ʚʽʜʧʦʚʽʜʥʽ ʧʦʣʷ ʚʚʦʜʷʪʴ ʘʜ-

ʨʝʩʠ ʢʦʤʽʨʦʢ, ʱʦ ʤʽʩʪʷʪʴ ʤʘʩʠʚ ʚʭʽʜʥʠʭ (ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ) ʜʘʥʠʭ i ʤʘ-

ʩʠʚ ʢʣʘʩʦʚʠʭ ʽʥʪʝʨʚʘʣʽʚ; 

ƴ ʥʘʪʠʩʢʫʶʪʴ  ʢʣʘʚʽʰʫ F2, ʘ ʧʦʪʽʤ ʦʜʥʦʯʘʩʥʦ ʢʣʘʚʽʰʽ 

<Ctrl>+<Shift>+<Enter>;  

ƴ ʚ ʨʝʟʫʣʴʪʘʪʽ ʫ ʚʠʙʨʘʥʠʡ ʜʽʘʧʘʟʦʥ ʢʦʤʽʨʦʢ ʙʫʜʝ ʚʠʚʝʜʝʥʦ ʤʘʩʠʚ ʯʘ-

ʩʪʦʪ; 

ƴ ʷʢʱʦ ʟʘʤʽʩʪʴ ʤʘʩʠʚʫ ʯʘʩʪʦʪ ʚʠʚʝʜʝʪʴʩʷ ʦʜʥʝ ʯʠʩʣʦ, ʪʨʝʙʘ ʚʧʝʚʥʠ-

ʪʠʩʷ, ʱʦ ʜʽʘʧʘʟʦʥ ʢʦʤʽʨʦʢ ʜʣʷ ʚʠʚʝʜʝʥʥʷ ʯʘʩʪʦʪ ʚʠʦʢʨʝʤʣʝʥʦ ʚʽʨʥʦ, ʘ ʧʦʪʽʤ 

ʱʝ ʨʘʟ ʥʘʪʠʩʥʫʪʠ ʢʣʘʚʽʰʫ F2 i ʦʜʥʦʯʘʩʥʦ ʢʣʘʚʽʰʽ 

<Ctrl>+<Shift>+<Enter>;  

ƴ ʧʨʘʚʠʣʴʥʽʩʪʴ ʧʽʜʨʘʭʫʥʢʽʚ ʧʝʨʝʚʽʨʷʶʪʴ ʰʣʷʭʦʤ ʦʙʯʠʩʣʝʥʥʷ ʩʫʤʠ 

ʦʪʨʠʤʘʥʠʭ ʯʘʩʪʦʪ, ʷʢʘ ʤʘʻ ʜʦʨʽʚʥʶʚʘʪʠ ʢʽʣʴʢʦʩʪʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘ-

ʥʠʭ. 

ɺʙʫʜʦʚʘʥʘ ʬʫʥʢʮʽʷ MS Excel ʏʘʩʪʦʪʘ ʜʦʟʚʦʣʷʻ ʦʜʝʨʞʘʪʠ ʨʦʟʧʦʜʽʣ 

ʯʘʩʪʦʪ ʧʦ ʢʣʘʩʦʚʠʤ ʽʥʪʝʨʚʘʣʘʤ, ʧʨʠʯʦʤʫ, ʷʢʱʦ ʨʦʟʧʦʜʽʣ ʢʣʘʩʦʚʠʭ ʽʥʪʝʨʚʘ-

ʣʽʚ ʨʦʟʧʦʯʠʥʘʻʪʴʩʷ ʟʽ ʟʥʘʯʝʥʥʷ ʭ̔, ʪʦ ʜʦ ʥʴʦʛʦ ʚʭʦʜʷʪʴ ʯʘʩʪʦʪʠ ʧʦʷʚʠ ʟʥʘ-

ʯʝʥʴ, ʷʢʽ Ò ʭ̔ . ʗʢʱʦ ʥʘʩʪʫʧʥʝ ʟʥʘʯʝʥʥʷ ʢʣʘʩʦʚʦʛʦ ʽʥʪʝʨʚʘʣʫ ʭ̔+1, ʪʦ ʜʦ ʥʴʦ-

ʛʦ ʚʭʦʜʷʪʴ ʯʘʩʪʦʪʠ ʧʦʷʚʠ ʟʥʘʯʝʥʴ, ʷʢʽ ʭ̔ < i < ʭi+1. 

11.3.1. ʇʦʙʫʜʦʚʘ ʨʦʟʧʦʜʽʣʫ ʚʽʜʥʦʩʥʠʭ ʯʘʩʪʦʪ 

ʗʢ ʚʽʜʦʤʦ, ʚʽʜʥʦʩʥʽ ʯʘʩʪʦʪʠ (ʯʘʩʪʦʩʪʽ) ï ʮʝ ʯʘʩʪʦʪʠ, ʧʦʜʽʣʝʥʽ ʥʘ ʟʘʛʘ-

ʣʴʥʝ ʯʠʩʣʦ ʩʧʦʩʪʝʨʝʞʝʥʴ (ʯʠʩʣʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ). ʉʪʦʚʧʯʠʢ ʟ 

ʚʽʜʥʦʩʥʠʤʠ ʯʘʩʪʦʪʘʤʠ ʙʫʜʫʶʪʴ ʧʦʨʫʯ ʟʽ ʩʪʦʚʧʯʠʢʦʤ ʟ ʯʘʩʪʦʪʘʤʠ. ɼʣʷ ʧʦ-

ʙʫʜʦʚʠ ʨʦʟʧʦʜʽʣʫ ʚʽʜʥʦʩʥʠʭ ʯʘʩʪʦʪ ʚʠʢʦʥʫʶʪʴ ʪʘʢʽ ʜʽʾ: 

ƴ ʫ ʚʽʣʴʥʽʡ ʢʦʤʽʨʮʽ, ʷʢʱʦ ʮʝ ʥʝ ʟʨʦʙʣʝʥʦ ʨʘʥʽʰʝ, ʧʽʜʨʘʭʦʚʫʶʪʴ ʢʽʣʴ-

ʢʽʩʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ (ʩʫʤʫ ʯʘʩʪʦʪ) ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʙʫʜʦʚʘʥʦʾ 

ʬʫʥʢʮʽʾ ʉʏɽʊ; 

ƴ ʫ ʧʝʨʰʫ ʢʦʤʽʨʢʫ ʩʪʦʚʧʯʠʢʘ ʜʣʷ ʧʦʙʫʜʦʚʠ ʨʦʟʧʦʜʽʣʫ ʚʽʜʥʦʩʥʠʭ ʯʘ-

ʩʪʦʪ ʚʚʦʜʷʪʴ ʬʦʨʤʫʣʫ ʜʽʣʝʥʥʷ ʟʥʘʯʝʥʥʷ ʧʝʨʰʦʾ ʢʦʤʽʨʢʠ ʟ ʯʘʩʪʦʪʦʶ ʥʘ ʢʽ-

ʣʴʢʽʩʪʴ ʩʧʦʩʪʝʨʝʞʝʥʴ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʽʜʧʦʚʽʜʥʽ ʧʦʩʠʣʘʥʥʷ ʥʘ ʘʜʨʝʩʠ ʢʦ-

ʤʽʨʦʢ; 

ƴ ʥʘ ʘʜʨʝʩʫ ʢʦʤʽʨʢʠ ʟ ʧʝʨʰʠʤ ʟʥʘʯʝʥʥʷʤ ʯʘʩʪʦʪʠ ʨʦʙʠʪʴʩʷ ʚʽʜʥʦʩʥʝ 

ʧʦʩʠʣʘʥʥʷ, ʥʘ ʘʜʨʝʩʫ ʢʦʤʽʨʢʠ ʟ ʩʫʤʦʶ ʯʘʩʪʦʪ ï ʘʙʩʦʣʶʪʥʝ; 



 

ƴ ʥʘʪʠʩʢʫʶʪʴ ʢʣʘʚʽʰʫ Enter; 

ƴ ʘʢʪʠʚʽʟʫʶʪʴ ʢʦʤʽʨʢʫ ʟ ʧʝʨʰʠʤ ʦʪʨʠʤʘʥʠʤ ʟʥʘʯʝʥʥʷʤ ʚʽʜʥʦʩʥʦʾ 

ʯʘʩʪʦʪʠ ʡ ʨʦʟʧʦʚʩʶʜʞʫʶʪʴ ʬʦʨʤʫʣʫ ʥʘ ʜʽʘʧʘʟʦʥ ʢʦʤʽʨʦʢ, ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ 

ʧʦʙʫʜʦʚʠ ʨʦʟʧʦʜʽʣʫ ʚʽʜʥʦʩʥʠʭ ʯʘʩʪʦʪ. 

ƴ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʧʨʘʚʠʣʴʥʦʩʪʽ ʨʦʟʨʘʭʫʥʢʽʚ ʚʠʟʥʘʯʘʶʪʴ ʩʫʤʫ ʚʽʜʥʦʩ-

ʥʠʭ ʯʘʩʪʦʪ, ʷʢʘ ʤʘʻ ʜʦʨʽʚʥʶʚʘʪʠ 1. 

11.3.2. ʇʦʙʫʜʦʚʘ ʨʦʟʧʦʜʽʣʽʚ ʥʘʢʦʧʠʯʝʥʠʭ ʯʘʩʪʦʪ i ʯʘʩʪʦʩʪʝʡ 

ɼʣʷ ʟʘʧʦʚʥʝʥʥʷ ʜʽʘʧʘʟʦʥʫ ʢʦʤʽʨʦʢ ʥʘʢʦʧʠʯʝʥʠʤʠ ʯʘʩʪʦʪʘʤʠ ʚʠʢʦʥʫ-

ʶʪʴ ʜʽʾ: 

ƴ ʫ ʚʠʙʨʘʥʽʡ ʢʦʤʽʨʮʽ ʧʽʩʣʷ ʟʥʘʢʫ "=" (ʜʦʨʽʚʥʶʻ) ʟʘʧʠʩʫʶʪʴ ʚʽʜʥʦʩʥʝ 

ʧʦʩʠʣʘʥʥʷ ʥʘ ʘʜʨʝʩʫ ʧʝʨʰʦʾ ʢʦʤʽʨʢʠ ʟʽ ʟʥʘʯʝʥʥʷʤ ʯʘʩʪʦʪʠ - ʮʝ ʙʫʜʝ ʧʝʨʰʝ 

ʟʥʘʯʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʥʘʢʦʧʠʯʝʥʠʭ ʯʘʩʪʦʪ; 

ƴ ʫ ʥʘʩʪʫʧʥʫ ʢʦʤʽʨʢʫ ʧʽʩʣʷ ʟʥʘʢʫ "=" ʚʚʦʜʷʪʴ ʘʜʨʝʩʫ ʜʨʫʛʦʾ ʢʦʤʽʨʢʠ 

ʟʽ ʟʥʘʯʝʥʥʷʤ ʯʘʩʪʦʪʠ, ʟʥʘʢ "+" i ʘʜʨʝʩʫ ʧʦʧʝʨʝʜʥʴʦʾ ʢʦʤʽʨʢʠ ʟʽ ʟʥʘʯʝʥʥʷʤ 

ʧʝʨʰʦʾ ʥʘʢʦʧʠʯʝʥʦʾ ʯʘʩʪʦʪʠ; 

ƴ ʥʘʪʠʩʢʫʶʪʴ ʢʣʘʚʽʰʫ Enter; 

ƴ ʘʢʪʠʚʽʟʫʶʪʴ ʢʦʤʽʨʢʫ, ʚ ʷʢʽʡ ʟ'ʷʚʠʣʦʩʷ ʜʨʫʛʝ ʟʥʘʯʝʥʥʷ ʥʘʢʦʧʠʯʝʥʦʾ 

ʯʘʩʪʦʪʠ; 

ƴ ʤʝʪʦʜʦʤ ʘʚʪʦʟʘʧʦʚʥʝʥʥʷ ʟʘʧʦʚʥʶʶʪʴ ʜʽʘʧʘʟʦʥ ʩʪʦʚʧʯʠʢʘ ʟʥʘʯʝʥ-

ʥʷʤʠ ʥʘʢʦʧʠʯʝʥʦʾ ʯʘʩʪʦʪʠ (ʧʨʦʪʷʛʫʶʪʴ ʤʘʨʢʝʨ ʘʚʪʦʟʘʧʦʚʥʝʥʥʷ); 

ƴ ʦʩʪʘʥʥʻ ʟʥʘʯʝʥʥʷ ʜʽʘʧʘʟʦʥʫ ʤʘʻ ʚʽʜʧʦʚʽʜʘʪʠ ʩʫʤʽ ʯʘʩʪʦʪ. 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʥʘʢʦʧʠʯʝʥʠʭ ʯʘʩʪʦʩʪʝʡ ʧʨʦʚʦʜʷʪʴ ʦʧʠʩʘʥʽ ʚʠʱʝ ʜʽʾ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʽʘʧʘʟʦʥ ʢʦʤʽʨʦʢ ʥʝ ʟ ʯʘʩʪʦʪʘʤʠ, a ʟ ʚʽʜʥʦʩʥʠʤʠ ʯʘʩʪʦʪʘ-

ʤʠ (ʯʘʩʪʦʩʪʷʤʠ). ʆʩʪʘʥʥʻ ʯʠʩʣʦ ʜʽʘʧʘʟʦʥʫ ʚʽʜʥʦʩʥʠʭ ʥʘʢʦʧʠʯʝʥʠʭ ʯʘʩʪʦʪ 

ʤʘʻ ʜʦʨʽʚʥʶʚʘʪʠ ʦʜʠʥʠʮʽ. 

11.3.3. ʇʦʙʫʜʦʚʘ ʧʦʣʽʛʦʥʫ, ʛʽʩʪʦʛʨʘʤʠ i ʢʫʤʫʣʷʪʠ 

ʇʦʙʫʜʦʚʘ ʧʦʣʽʛʦʥʽʚ: 

ƴ ʚʠʦʢʨʝʤʣʶʶʪʴ ʩʪʦʚʧʯʠʢʠ, ʷʢʽ ʤʽʩʪʷʪʴ ʢʣʘʩʦʚʽ ʽʥʪʝʨʚʘʣʠ (ʢʠʰʝʥʽ) i 

ʯʘʩʪʦʪʠ; 

ƴ ʚʠʢʦʥʫʶʪʴ ʜʽʾ: ɺʩʪʘʚʢʘ=>ɼʠʘʛʨʘʤʤʘ; 

ƴ ʫ ʜʽʘʣʦʛʦʚʦʤʫ ʚʽʢʥʽ ʄʘʩʪʝʨʘ ʜʠʘʛʨʘʤʤ (ʰʘʛ 1 ʠʟ 4): ʪʠʧ 

ʜʠʘʛʨʘʤʤʳ ʥʘ ʟʘʢʣʘʜʮʽ ʉʪʘʥʜʘʨʪʥʳʝ ʚ ʛʨʫʧʽ ʊʠʧ ʚʠʙʠʨʘʶʪʴ ʊʦʯʝʯʥʘʷ, 

ʚ ʛʨʫʧʽ ɺʠʜ ʚʠʙʠʨʘʶʪʴ ʊʦʯʝʯʥʘʷ ʜʠʘʛʨʘʤʤʘ, ʥʘ ʢʦʪʦʨʦʡ ʟʥʘʯʝʥʥʷ ʩʦ-

ʝʜʠʥʝʥʳ ʦʪʨʝʟʢʘʤʠ; 

ƴ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʧʝʨʝʛʣʷʥʫʪʠ, ʷʢ ʙʫʜʝ ʚʠʛʣʷʜʘʪʠ ʧʦʣʽʛʦʥ ʥʘ ʜʘʥʦʤʫ 

ʝʪʘʧʽ, ʥʘʪʠʩʢʫʶʪʴ ʢʥʦʧʢʫ ʇʨʦʩʤʦʪʨ ʨʝʟʫʣʴʪʘʪʘ ʚ ʮʴʦʤʫ ʞ ʜʽʘʣʦʛʦʚʦʤʫ 

ʚʽʢʥʽ - ʚ ʨʝʟʫʣʴʪʘʪʽ ʥʘ ʤʽʩʮʽ ʛʨʫʧʠ ɺʠʜ ʟ'ʷʚʠʪʴʩʷ ʧʦʣʝ ʆʙʨʘʟʝʮ, ʚ ʷʢʦʤʫ ʙʫ-



 

ʜʝ ʧʦʢʘʟʘʥʦ ʧʦʣʽʛʦʥ; 

ƴ ʥʘʪʠʩʢʫʶʪʴ ʢʥʦʧʢʫ ɼʘʣʝʝ; 

ƴ ʫ ʥʘʩʪʫʧʥʦʤʫ ʚʽʢʥʽ ʄʘʩʪʝʨʘ ʜʠʘʛʨʘʤʤ (ʰʘʛ 2 ʠʟ 4): ʠʩʪʦʯʥʠʢ 

ʜʘʥʥʳʭ ʥʽʯʦʛʦ ʥʝ ʟʤʽʥʶʶʪʴ, ʪʨʝʙʘ ʣʠʰʝ ʚʧʝʚʥʠʪʠʩʷ, ʱʦ ʚʽʜʤʽʯʝʥʦ 

ʈʷʜʳ ʚ ʩʪʦʣʙʠʢʘʭ i ʥʘʪʠʩʥʫʪʠ ʢʥʦʧʢʫ ɼʘʣʝʝ; 

ƴ ʫ ʥʘʩʪʫʧʥʦʤʫ ʚʽʢʥʽ ʄʘʩʪʝʨʘ ʜʠʘʛʨʘʤʤ (ʰʘʛ 3 ʠʟ 4): ʧʘʨʘʤʝʪʨʳ 

ʜʠʘʛʨʘʤʤʳ ʥʘ ʟʘʢʣʘʜʮʽ ɿʘʛʦʣʦʚʢʠ ʚʚʦʜʷʪʴ ʫ ʧʦʣʽ ʅʘʟʚʘʥʠʝ ʜʠʘʛʨʘʤʤʳ 

ʟʘʛʦʣʦʚʦʢ "ʇʦʣʽʛʦʥ ʯʘʩʪʦʪ"; ʫ ʧʦʣʽ ʆʩʴ X (ʢʘʪʝʛʦʨʠʡ) - ʥʘʟʚʫ ʦʩʽ X: "ʂʣʘ-

ʩʦʚʽ ʽʥʪʝʨʚʘʣʠ"; ʫ ʧʦʣʽ ʆʩʴ Y (ʟʥʘʯʝʥʥʠʡ) -ʥʘʟʚʫ oci Y: "ʏʘʩʪʦʪʠ"; 

ƴ ʥʘ ʟʘʢʣʘʜʮʽ ʃʠʥʠʠ ʩʝʪʢʠ ʟʥʽʤʘʶʪʴ ʛʘʣʦʯʢʫ ʟ ʧʝʨʝʤʠʢʘʯʘ ʆʩʴ Y 

(ʟʥʘʯʝʥʠʡ): ʦʩʥʦʚʥʳʝ ʣʠʥʠʠ; 

ƴ ʥʘ ʟʘʢʣʘʜʢʝ ʃʝʛʝʥʜʳ ʟʥʽʤʘʶʪʴ ʛʘʣʦʯʢʫ ʟ ʧʝʨʝʤʠʢʘʯʘ ɼʦʙʘʚʠʪʴ 

ʣʝʛʝʥʜʫ i ʥʘʪʠʩʢʫʶʪʴ ʢʥʦʧʢʫ ɻʦʪʦʚʦ; 

ƴ ʦʜʝʨʞʘʥʫ ʜʽʘʛʨʘʤʫ ʨʝʜʘʛʫʶʪʴ ʜʘʣʽ: ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʠʰʽ ʨʠʩʫʥʢʫ 

ʥʘʜʘʶʪʴ ʢʚʘʜʨʘʪʥʦʾ ʬʦʨʤʠ; 

ƴ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʧʨʠʙʨʘʪʠ ʩʽʨʠʡ ʬʦʥ ʜʽʘʛʨʘʤʠ, ʥʘʪʠʩʢʫʶʪʴ ʜʚʽʯʽ ʤʠ-

ʰʝʶ ʚ ʩʽʨʽʡ ʦʙʣʘʩʪʽ - ʚ ʨʝʟʫʣʴʪʘʪʽ ʟ'ʷʚʠʪʴʩʷ ʚʽʢʥʦ ʌʦʨʤʘʪ ʦʙʣʘʩʪʠ ʧʦʩʪʨʦ-

ʝʥʠʷ, ʚ ʷʢʦʤʫ ʚ ʛʨʫʧʽ ɿʘʣʠʚʢʘ ʚʽʜʤʽʯʘʶʪʴ ʇʨʦʟʨʘʯʥʘʷ i ʥʘʪʠʩʢʫʶʪʴ ʢʥʦ-

ʧʢʫ ʆʂ; 

ƴ ʫ ʜʽʘʣʦʛʦʚʦʤʫ ʚʽʢʥʽ ʌʦʨʤʘʪ ʦʩʠ, ʷʢʝ ʚʠʢʣʠʢʘʻʪʴʩʷ ʥʘʪʠʩʢʫʚʘʥʥʷʤ 

ʧʨʘʚʦʶ ʢʥʦʧʢʦʶ ʤʠʰʽ ʥʘ oci, ʥʘ ʟʘʢʣʘʜʮʽ ʐʢʘʣʘ ʟʘ ʧʦʪʨʝʙʠ ʟʤʽʥʶʶʪʴ ʧʦ-

ʯʘʪʢʦʚʝ ʟʥʘʯʝʥʥʷ ʚʽci i ʮʽʥʫ ʦʩʥʦʚʥʠʭ ʧʦʜʽʣʦʢ. 

ɸʥʘʣʦʛʽʯʥʠʤ ʯʠʥʦʤ ʙʫʜʫʻʪʴʩʷ ʧʦʣʽʛʦʥ ʯʘʩʪʦʩʪʝʡ. ʅʝʦʙʭʽʜʥʦ ʚʧʝʚʥʠ-

ʪʠʩʷ, ʱʦ ʧʨʘʚʠʣʴʥʦ ʟʘʜʘʥʽ ʽʥʪʝʨʚʘʣʠ ʢʦʤʽʨʦʢ ʟ ʢʣʘʩʦʚʠʤʠ ʽʥʪʝʨʚʘʣʘʤʠ i ʯʘ-

ʩʪʦʩʪʷʤʠ. ʇʽʩʣʷ ʜʽʡ ʟ ʬʦʨʤʘʪʫʚʘʥʥʷ ʜʽʘʛʨʘʤʠ ʥʝʦʙʭʽʜʥʦ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ 

ʪʝ, ʱʦ ʯʠʩʣʘ ʧʦ ʚʽci Y ʤʦʞʫʪʴ ʤʘʪʠ ʨʽʟʥʫ ʢʽʣʴʢʽʩʪʴ ʟʥʘʢʽʚ ʧʽʩʣʷ ʢʦʤʠ. ʑʦʙ 

ʢʽʣʴʢʽʩʪʴ ʟʥʘʢʽʚ ʧʽʩʣʷ ʢʦʤʠ ʙʫʣʘ ʦʜʥʘʢʦʚʦʶ ʚʠʢʦʥʫʶʪʴ ʜʽʾ: 

ƴ ʜʚʽʯʽ ʥʘʪʠʩʢʫʶʪʴ ʤʠʰʝʶ ʥʘ ʜʘʥʽʡ oci; 

ƴ ʚ ʜʽʘʣʦʛʦʚʦʤʫ ʚʽʢʥʽ ʌʦʨʤʘʪ ʦʩʠ ʚʠʙʠʨʘʶʪʴ ʟʘʢʣʘʜʢʫ ʏʠʩʣʦ; 

ƴ ʚ ʛʨʫʧʽ ʏʠʩʣʦʚʳʝ ʬʦʨʤʘʪʳ ʚʠʙʠʨʘʶʪʴ ʏʠʩʣʦʚʦʡ i ʚʩʪʘʥʦʚʣʶʶʪʴ 

ʏʠʩʣʦ ʜʝʩʷʪʠʯʥʳʭ ʟʥʘʢʦʚ: 2 ( ʮʝ ʯʠʩʣʦ ʟʘʜʘʥʝ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ); 

ƴ ʥʘʪʠʩʢʫʶʪʴ ʢʥʦʧʢʫ ʆʂ. 

ʇʦʙʫʜʦʚʘ ʛʽʩʪʦʛʨʘʤʠ 

ɺ ʇʘʢʝʪʝ ʘʥʘʣʠʟʘ ʤʝʥʶ ʉʝʨʚʠʩ ʻ ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ ʰʚʠʜʢʦʾ ʧʦʙʫʜʦʚʠ 

ʛʽʩʪʦʛʨʘʤʠ, ʷʢʠʡ ʪʘʢ i ʥʘʟʠʚʘʻʪʴʩʷ ɻʠʩʪʦʛʨʘʤʤʘ. ɼʣʷ ʧʦʙʫʜʦʚʠ ʛʽʩʪʦʛʨʘʤʠ: 

ƴ ʚʠʢʣʠʢʘʶʪʴ ʜʽʘʣʦʛʦʚʝ ʚʽʢʥʦ ɻʠʩʪʦʛʨʘʤʤʘ; 

ƴ ʟʘʜʘʶʪʴ ʜʽʘʧʘʟʦʥʠ ʢʦʤʽʨʦʢ ʟ ʚʭʽʜʥʠʤʠ ʜʘʥʠʤʠ i ʢʣʘʩʦʚʠʤʠ ʽʥʪʝʨ-



 

ʚʘʣʘʤʠ (ʢʠʰʝʥʷʤʠ); 

ƴ ʚʽʜʤʽʯʘʶʪʴ ʛʘʣʦʯʢʦʶ ʧʝʨʝʤʠʢʘʯ ɺʳʚʦʜ ʛʨʘʬʠʢʘ; 

ƴ ʥʘʪʠʩʢʫʶʪʴ ʢʥʦʧʢʫ ʆʂ. 

ɯʥʩʪʨʫʤʝʥʪ ɻʠʩʪʦʛʨʘʤʤʘ ʚʠʚʦʜʠʪʴ ʜʚʘ ʩʪʦʚʧʯʠʢʠ: ʂʘʨʤʘʥʳ i ʏʘʩʪʦʪʘ. 

ʋ ʩʪʦʚʧʯʠʢʫ ʂʘʨʤʘʥʳ ʜʫʙʣʶʶʪʴʩʷ ʟʘʜʘʥʽ ʨʘʥʽʰʝ ʢʣʘʩʦʚʽ ʽʥʪʝʨʚʘʣʠ. ʋ 

ʩʪʦʚʧʯʠʢʫ ʏʘʩʪʦʪʘ ʧʦʚʪʦʨʥʦ ʚʠʚʦʜʷʪʴʩʷ ʦʙʯʠʩʣʝʥʽ ʜʣʷ ʢʦʞʥʦʛʦ ʢʣʘʩʦʚʦʛʦ 

ʽʥʪʝʨʚʘʣʫ ʯʘʩʪʦʪʠ. ʉʘʤʘ ʛʽʩʪʦʛʨʘʤʘ ʚʠʚʦʜʠʪʴʩʷ ʩʧʨʘʚʘ ʚʽʜ ʩʪʦʚʧʯʠʢʘ ʯʘʩ-

ʪʦʪ. ʌʦʨʤʘʪʫʚʘʥʥʷ ʛʽʩʪʦʛʨʘʤʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʚʠʯʥʠʤʠ ʜʣʷ ʬʦʨʤʘʪʫʚʘʥʥʷ 

ʛʨʘʬʽʢʽʚ ʩʧʦʩʦʙʘʤʠ. ɼʣʷ ʟʘʤʽʱʝʥʥʷ ʟʘʟʦʨʽʚ ʤʽʞ ʧʨʷʤʦʢʫʪʥʠʢʘʤʠ ʥʘ ʛʽʩʪʦʛ-

ʨʘʤʽ ʚʠʢʣʠʢʘʶʪʴ ʤʝʥʶ ʌʦʨʤʘʪ ʨʷʜʦʚ ʜʘʥʥʳʭ. ɼʣʷ ʮʴʦʛʦ: 

ƴ ʚʩʪʘʥʦʚʣʶʶʪʴ ʢʫʨʩʦʨ ʥʘ ʧʦʣʝ ʦʜʥʦʛʦ ʽʟ ʧʨʷʤʦʢʫʪʥʠʢʽʚ ʽ ʥʘʪʠʩʢʫ-

ʶʪʴ ʧʨʘʚʫ ʢʣʘʚʽʰʫ ʤʠʰʽ; 

ƴ ʫ ʢʦʥʪʝʢʩʪʥʦʤʫ ʤʝʥʶ, ʱʦ ʚʽʜʢʨʠʻʪʴʩʷ, ʚʠʙʠʨʘʶʪʴ ʌʦʨʤʘʪ ʨʷʜʦʚ 

ʜʘʥʥʳʭ=>ʇʘʨʘʤʝʪʨʳ; 

ƴ ʫ ʚʽʢʥʽ ʐʠʨʠʥʘ ʟʘʟʦʨʘ ʚʩʪʘʥʦʚʣʶʶʪʴ 0; 

ƴ ʥʘʪʠʩʢʫʶʪʴ ʢʥʦʧʢʫ ʆʂ. 

ɻʽʩʪʦʛʨʘʤʫ ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ ʪʘʢʦʞ ʟʘ ʜʦʧʦʤʦʛʦʶ ʄʘʩʪʝʨʘ 

ʜʠʘʛʨʘʤʤ, ʚʠʙʨʘʚʰʠ ʚʽʜʧʦʚʽʜʥʠʡ ʚʠʜ ʛʨʘʬʽʢʘ. 

ʇʦʙʫʜʦʚʘ ʢʫʤʫʣʷʪʠʚʥʦʾ ʢʨʠʚʦʾ 

ʂʫʤʫʣʷʪʠʚʥʘ ʢʨʠʚʘ (ʢʨʠʚʘ ʥʘʢʦʧʠʯʝʥʠʭ ʯʘʩʪʦʪ, ʘʙʦ ʢʨʠʚʘ ʥʘʢʦʧʠʯʝ-

ʥʠʭ ʯʘʩʪʦʩʪʝʡ) ʙʫʜʫʻʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ: ʧʦ ʦʩʽ ʘʙʩʮʠʩ ʚʽʜʢʣʘʜʘʶʪʴ ʢʣʘʩʦʚʽ 

ʽʥʪʝʨʚʘʣʠ, ʘ ʧʦ ʦʩʽ ʦʨʜʠʥʘʪ ï ʥʘʢʦʧʠʯʝʥʽ ʯʘʩʪʦʪʠ, ʘʙʦ ʥʘʢʦʧʠʯʝʥʽ ʯʘʩʪʦʩʪʽ. 

ɼʨʫʛʠʤ ʚʘʨʽʘʥʪʦʤ ʧʦʙʫʜʦʚʠ ʢʫʤʫʣʷʪʠʚʥʦʾ ʢʨʠʚʦʾ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʩʪʨʫʤʝ-

ʥʪʫ ʉʝʨʚʠʩ => ʇʘʢʝʪ ʘʥʘʣʠʟʘ => ɻʠʩʪʦʛʨʘʤʤʘ: 

ƴ ʫ ʜʽʘʣʦʛʦʚʦʤʫ ʚʽʢʥʽ ɻʠʩʪʦʛʨʘʤʤʘ ʚʢʘʟʫʶʪʴ ɺʭʦʜʥʦʡ ʠʥʪʝʨʚʘʣ -

ʜʽʘʧʘʟʦʥ ʢʦʤʽʨʦʢ ʟ ʚʭʽʜʥʠʤʠ ʜʘʥʠʤʠ, ʀʥʪʝʨʚʘʣ ʢʘʨʤʘʥʦʚ -ʜʽʘʧʘʟʦʥ ʢʦʤʽ-

ʨʦʢ ʟ ʢʣʘʩʦʚʠʤʠ ʽʥʪʝʨʚʘʣʘʤʠ (ʢʠʰʝʥʷʤʠ); 

ƴ ʚʜ̔ʤʽʯʘʶʪʴ ʛʘʣʦʯʢʦʶ ʀʥʪʝʛʨʘʣʴʥʳʡ % i ɺʳʚʦʜ ʛʨʘʬʠʢʘ; 

ƴ ʥʘʪʠʩʢʫʶʪʴ ʢʥʦʧʢʫ ʆʂ - ʚ ʨʝʟʫʣʴʪʘʪʽ ʟ'ʷʚʠʪʴʩʷ ʪʘʙʣʠʮʷ ʟ ʜʘʥʠʤʠ i 

ʦʙ'ʻʢʪ ʟ ʜʚʦʤʘ ʛʨʘʬʽʢʘʤʠ; 

ƴ ʚ ʦʙʣʘʩʪʽ ʛʨʘʬʽʢʘ ʥʘʪʠʩʢʫʶʪʴ ʧʨʘʚʫ ʢʣʘʚʽʰʫ ʤʠʰʽ; 

ƴ ʫ ʢʦʥʪʝʢʩʪʥʦʤʫ ʤʝʥʶ, ʱʦ ʚʽʜʢʨʠʻʪʴʩʷ, ʚʠʙʠʨʘʶʪʴ ʧʫʥʢʪ ɺʭʦʜʥʳʝ 

ʜʘʥʥʳʝ; 

ƴ ʫ ʜʽʘʣʦʛʦʚʦʤʫ ʚʽʢʥʽ, ʱʦ ʚʽʜʢʨʠʻʪʴʩʷ, ʧʝʨʝʭʦʜʷʪʴ ʥʘ ʟʘʢʣʘʜʢʫ ʈʷʜ; 

ƴ ʚ ʦʜʥʦʡʤʝʥʥʦʤʫ ʧʦʣʽ ʈʷʜ ʚʠʣʫʯʘʶʪʴ ʨʷʜ, ʱʦ ʤʘʻ ʥʘʟʚʫ ʏʘʩʪʦʪʘ; 

ƴ ʥʘʪʠʩʢʫʶʪʴ ʢʥʦʧʢʫ ʆʂ; 

ƴ ʥʘʪʠʩʢʫʶʪʴ ʧʨʘʚʫ ʢʣʘʚʽʰʫ ʤʠʰʽ ʚ ʦʙʣʘʩʪʽ ʛʨʘʬʽʢʘ; 



 

ƴ ʚʠʙʠʨʘʶʪʴ ʫ ʢʦʥʪʝʢʩʪʥʦʤʫ ʤʝʥʶ ʧʫʥʢʪ ʇʘʨʘʤʝʪʨʳ ʜʠʘʛʨʘʤʤʳ; 

ƴ ʚʚʦʜʷʪʴ ʥʝʦʙʭʽʜʥʽ ʚʠʧʨʘʚʣʝʥʥʷ ʚ ʥʘʟʚʠ ʟʘʛʦʣʦʚʢʽʚ; 

ƴ ʥʘʪʠʩʢʫʶʪʴ ʧʨʘʚʫ ʢʣʘʚʽʰʫ ʤʠʰʽ ʥʘ ʦʩʽ ʋ; 

ƴ ʫ ʢʦʥʪʝʢʩʪʥʦʤʫ ʤʝʥʶ ʚʠʙʠʨʘʶʪʴ ʌʦʨʤʘʪ ʦʩʠ; 

ƴ ʧʝʨʝʭʦʜʷʪʴ ʥʘ ʟʘʢʣʘʜʢʫ ʏʠʩʣʦ, ʚʽʜʤʽʯʘʶʪʴ ʬʦʨʤʘʪ ʏʠʩʣʦʚʦʡ; 

ƴ ʥʘʪʠʩʢʫʶʪʴ ʢʥʦʧʢʫ ʆʂ. 

11.3.4. ɺʠʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪʠ ʧʦʧʘʜʘʥʥʷ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ ʚ ʟʘ-

ʜʘʥʠʡ ʢʣʘʩʦʚʠʡ ʽʥʪʝʨʚʘʣ 

ʈʦʟʧʦʜʽʣ ʯʘʩʪʦʪ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪʠ ʧʦʧʘʜʘʥʥʷ 

ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ ʚ ʟʘʜʘʥʠʡ ʢʣʘʩʦʚʠʡ ʽʥʪʝʨʚʘʣ. ʅʘʧʨʠʢʣʘʜ, ʨʝʟʫʣʴʪʘʪʠ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚʤʽʩʪʫ ʩʫʭʦʾ ʨʝʯʦʚʠʥʠ ʫ ʮʠʙʫʣʽ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣ.3 

ʊʘʙʣʠʮʷ 3 - ʏʘʩʪʦʪʥʠʡ ʨʦʟʧʦʜʽʣ ʚʤʽʩʪʫ ʩʫʭʦʾ ʨʝʯʦʚʠʥʠ ʚ ʮʠʙʫʣʽ, % 

 

ʂʣʘʩʦʚʽ ʽʥ-

ʪʝʨʚʘʣʠ 
ʏʘʩʪʦʪʠ ʏʘʩʪʦʩʪʽ 

ʅʘʢʦʧʠʯʝʥʽ 

ʯʘʩʪʦʪʠ 

ʅʘʢʦʧʠʯʝʥʽ 

ʯʘʩʪʦʩʪʽ 

15 1 0,0345 1 0,0345 

16 4 0,1379 5 0,1724 

17 8 0,2759 13 0,4483 

18 10 0,3448 23 0,7931 

19 4 0,1379 27 0,9310 

20 2 0,0690 29 1,0000 

ɿʛʽʜʥʦ ʟ ʧʨʝʜʩʪʘʚʣʝʥʠʤʠ ʜʘʥʠʤʠ, ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʤʽʩʪʫ ʩʫʭʦʾ ʨʝʯʦ-

ʚʠʥʠ ʚ ʮʠʙʫʣʽ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ 29 ʚʠʤʽʨʶʚʘʥʴ. ʂʽʣʴʢʽʩʪʴ ʚʠʧʘʜʢʽʚ, ʷʢʽ ʧʦʪ-

ʨʘʧʣʷʶʪʴ ʚ ʪʦʡ ʯʠ ʽʥʰʠʡ ʢʣʘʩʦʚʠʡ ʽʥʪʝʨʚʘʣ ʥʘʚʝʜʝʥʦ ʫ ʜʨʫʛʽʡ ʛʨʘʬʽ (ʨʦʟ-

ʧʦʜʽʣ ʯʘʩʪʦʪ). ʅʘʧʨʠʢʣʘʜ, ʚʠʤʘʛʘʻʪʴʩʷ ʚʠʟʥʘʯʠʪʠ, ʩʢʽʣʴʢʠ ʚʠʤʽʨʶʚʘʥʴ ʚʤʽ-

ʩʪʫ ʩʫʭʦʾ ʨʝʯʦʚʠʥʠ ʧʨʠʡʤʝ ʟʥʘʯʝʥʥʷ >16 i Ò18 %. ʇʽʜʨʘʭʦʚʫʶʯʠ ʯʘʩʪʦʪʠ, 

ʚʩʪʘʥʦʚʣʶʶʪʴ, ʱʦ ʽʟ 29 ʚʠʧʘʜʢʽʚ ʚʠʤʦʛʘʤ ʟʘʜʦʚʦʣʴʥʷʶʪʴ 18 ʟʥʘʯʝʥʴ. ʅʘ-

ʧʨʠʢʣʘʜ, ʚʠʤʘʛʘʻʪʴʩʷ ʚʠʟʥʘʯʠʪʠ, ʷʢʠʡ ʚʽʜʩʦʪʦʢ ʚʠʤʽʨʶʚʘʥʴ ʙʫʜʝ ʤʘʪʠ ʟʥʘ-

ʯʝʥʥʷ ʚʤʽʩʪʫ ʩʫʭʦʾ ʨʝʯʦʚʠʥʠ Ò17%. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʦʟʧʦʜʽʣ ʚʽʜʥʦʩʥʠʭ 

ʥʘʢʦʧʠʯʝʥʠʭ ʯʘʩʪʦʪ (ʥʘʢʦʧʠʯʝʥʠʭ ʯʘʩʪʦʩʪʝʡ), ʚʩʪʘʥʦʚʣʶʶʪʴ, ʱʦ ʚʠʤʦʛʘʤ 

ʚʽʜʧʦʚʽʜʘʻ 0,4483 (44,83%) ʚʠʤʽʨʶʚʘʥʴ. 

ʈʦʟʧʦʜʽʣ ʚʽʜʥʦʩʥʠʭ ʯʘʩʪʦʪ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʘʢʦʞ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ 

ʜʚʦʭ ʨʷʜʽʚ ʩʧʦʩʪʝʨʝʞʝʥʴ, ʱʦ ʤʘʶʪʴ ʨʽʟʥʫ ʢʽʣʴʢʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ. 

 

ʇʨʘʢʪʠʯʥʘ ʨʦʙʦʪʘ ˉ3. ɼʦʩʣʽʜʞʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʦʟʧʦʜʽʣʽʚ 

ʄʝʪʘ ʨʦʙʦʪʠ: ʦʜʝʨʞʘʥʥʷ ʧʨʘʢʪʠʯʥʠʭ ʥʘʚʠʯʦʢ ʜʦʩʣʽʜʞʝʥʥʷ ʝʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʠʭ ʨʦʟʧʦʜʽʣʽʚ ʰʣʷʭʦʤ ʛʨʫʧʫʚʘʥʥʷ ʪʘ ʛʨʘʬʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʝʢʩʧʝ-



 

ʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ, ʧʦʙʫʜʦʚʠ ʨʦʟʧʦʜʽʣʽʚ ʯʘʩʪʦʪ i ʯʘʩʪʦʩʪʝʡ, ʥʘʢʦʧʠʯʝʥʠʭ 

ʯʘʩʪʦʪ i ʯʘʩʪʦʩʪʝʡ, ʧʦʣʽʛʦʥʽʚ, ʛʽʩʪʦʛʨʘʤ 

 

ʇʨʦʛʨʘʤʘ ʚʠʢʦʥʘʥʥʷ  

1. ɺʽʜʢʨʠʪʠ ʜʦʢʫʤʝʥʪ MS Excel ʟ ʜʘʥʠʤʠ ʇ_ʨ_1. 

2. ʉʢʦʧʽʶʚʘʪʠ ʥʘ ʥʦʚʠʡ ʘʨʢʫʰ ʜʘʥʽ ʦʜʥʦʛʦ ʽʟ ʧʦʢʘʟʥʠʢʽʚ ʇ_ʨ_1, ʨʦʟ-

ʧʦʜʽʣ ʷʢʦʛʦ ʧʽʩʣʷ ʚʠʣʫʯʝʥʥʷ ʘʥʦʨʤʘʣʴʥʠʭ ʜʘʥʠʭ ʥʘʡʙʽʣʴʰ ʙʣʠʟʴʢʠʡ ʜʦ ʥʦ-

ʨʤʘʣʴʥʦʛʦ. 

3. ʇʝʨʝʡʤʝʥʫʚʘʪʠ ʘʨʢʫʰ ʟ ʜʘʥʠʤʠ, ʧʨʠʩʚʦʾʚʰʠ ʡʦʤʫ ʽʤ'ʷ ʇ_ʨ_3. 

4. ʇʨʦʚʝʩʪʠ ʩʦʨʪʫʚʘʥʥʷ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʟʘ ʟʙʽʣʴʰʝʥʥʷʤ. 

6. ɺʠʟʥʘʯʠʪʠ ʢʽʣʴʢʽʩʪʴ ʢʣʘʩʽʚ k, ʥʘ ʷʢʽ ʪʨʝʙʘ ʨʦʟʧʦʜʽʣʠʪʠ ʜʦʩʣʽʜʥʽ 

ʜʘʥʽ, k ʦʢʨʫʛʣʠʪʠ ʜʦ ʮʽʣʦʛʦ. 

7. ɺʠʟʥʘʯʠʪʠ ʚʝʣʠʯʠʥʫ ʢʣʘʩʦʚʦʛʦ ʽʥʪʝʨʚʘʣʫ ɚ. ɿʘ ʥʝʦʙʭʽʜʥʦʩʪʽ ʦʢʨʫ-

ʛʣʠʪʠ ʦʪʨʠʤʘʥʝ ʟʥʘʯʝʥʥʷ ʜʦ ʮʽʣʦʛʦ. 

8. ʇʦʙʫʜʫʚʘʪʠ ʨʦʟʧʦʜʽʣ ʯʘʩʪʦʪ . 

9. ʇʦʙʫʜʫʚʘʪʠ ʨʦʟʧʦʜʽʣ ʚʽʜʥʦʩʥʠʭ ʯʘʩʪʦʪ (ʯʘʩʪʦʩʪʝʡ). 

10. ʇʦʙʫʜʫʚʘʪʠ ʨʦʟʧʦʜʽʣʠ ʥʘʢʦʧʠʯʝʥʠʭ ʯʘʩʪʦʪ i ʯʘʩʪʦʩʪʝʡ . 

10.ʇʦʙʫʜʫʚʘʪʠ ʧʦʣʽʛʦʥʠ ʯʘʩʪʦʪ i ʚʽʜʥʦʩʥʠʭ ʯʘʩʪʦʪ, ʛʽʩʪʦʛʨʘʤʫ ʽ ʢʫʤʫ-

ʣʷʪʠʚʥʫ ʢʨʠʚʫ (ʜʠʚ. ʟʨʘʟʢʠ ʨʠʩ.).  

11.ɺʠʟʥʘʯʠʪʠ, ʷʢʠʡ ʚʽʜʩʦʪʦʢ ʚʠʤʽʨʶʚʘʥʴ Ò ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʢʣʘ-

ʩʦʚʠʭ ʽʥʪʝʨʚʘʣʽʚ ? 

ɿʘʧʠʪʘʥʥʷ ʜʣʷ ʩʘʤʦʧʝʨʝʚʽʨʢʠ 

1. ɼʣʷ ʯʦʛʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʨʦʟʧʦʜʽʣʠ ʯʘʩʪʦʪ, ʚʽʜʥʦʩʥʠʭ ʯʘʩʪʦʪ (ʯʘʩ-

ʪʦʩʪʝʡ), ʥʘʢʦʧʠʯʝʥʠʭ ʯʘʩʪʦʪ i ʥʘʢʦʧʠʯʝʥʠʭ ʯʘʩʪʦʩʪʝʡ? 

2. ʗʢ ʧʦʙʫʜʫʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʘʩʦʙʽʚ MS Excel ʨʦʟʧʦʜʽʣ ʯʘʩʪʦʪ? 

3. ʗʢʽ ʦʩʦʙʣʠʚʦʩʪʽ ʧʦʙʫʜʦʚʠ ʨʦʟʧʦʜʽʣʽʚ ʥʘʢʦʧʠʯʝʥʠʭ ʯʘʩʪʦʪ? 

4. ʗʢʽ ʦʩʦʙʣʠʚʦʩʪʽ ʧʦʙʫʜʦʚʠ ʧʦʣʽʛʦʥʽʚ ʯʘʩʪʦʪ i ʯʘʩʪʦʩʪʝʡ? 

5. ɿʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʟʘʩʦʙʽʚ MS Excel ʙʫʜʫʶʪʴ ʛʽʩʪʦʛʨʘʤʠ? 

6. ʗʢ ʚʠʟʥʘʯʠʪʠ ʯʘʩʪʦʪʫ ʧʦʧʘʜʘʥʥʷ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ ʚ ʟʘʜʘʥʠʡ 

ʢʣʘʩʦʚʠʡ ʽʥʪʝʨʚʘʣ? 

7. ʗʢ ʚʠʟʥʘʯʠʪʠ ʢʽʣʴʢʽʩʪʴ ʩʧʦʩʪʝʨʝʞʝʥʴ, ʷʢʘ ʥʝ ʧʝʨʝʚʠʱʫʻ ʟʘʜʘʥʫ 

ʤʝʞʫ? 

8. ʗʢ ʧʦʨʽʚʥʷʪʠ ʜʚʘ ʨʷʜʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ, ʱʦ ʤʘʶʪʴ ʨʽʟʥʫ 

ʢʽʣʴʢʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ? 



 

ɿʨʘʟʢʠ ʨʠʩʫʥʢʽʚ ʧʦʙʫʜʦʚʘʥʠʭ ʛʨʘʬʽʢʽʚ 

 

 



 

 

11.4.ɻʨʘʬʽʯʥʝ ʧʦʨʽʚʥʷʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟ ʪʝʦʨʝ-

ʪʠʯʥʠʤ 

11.4.1.ɼʠʬʝʨʝʥʮʽʘʣʴʥʘ i ʽʥʪʝʛʨʘʣʴʥʘ ʬʫʥʢʮʽʾ ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ 

ʊʝʦʨʝʪʠʯʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʥʘʟʠʚʘʶʪʴ ʨʦʟʧʦʜʽʣ ʡʤʦʚʽʨʥʦʩʪʝʡ ʧʦʷʚʠ 

ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʟʥʘʯʝʥʥʷ. 

ʗʢ ʫʞʝ ʚʽʜʟʥʘʯʘʣʦʩʷ, ʥʦʨʤʘʣʴʥʠʤ ʟʘʢʦʥʦʤ ʨʦʟʧʦʜʽʣʫ ʽʤʦʚʽʨʥʦʩʪʝʡ 

(ʘʙʦ ʧʨʦʩʪʦ ʥʦʨʤʘʣʴʥʠʤ ʨʦʟʧʦʜʽʣʦʤ) ʥʘʟʠʚʘʻʪʴʩʷ ʟʘʢʦʥ ʨʦʟʧʦʜʽʣʫ ʥʝʧʝʨʝʨ-

ʚʥʦʾ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ, ʟʘʜʘʥʠʡ ʱʽʣʴʥʽʩʪʶ ʨʦʟʧʦʜʽʣʫ ʫ ʚʠʛʣʷʜʽ ʬʦʨʤʫʣʠ 

(1). ʅʘʚʝʜʝʥʘ ʬʫʥʢʮʽʷ ʥʘʟʠʚʘʻʪʴʩʷ ʪʘʢʦʞ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʶ ʬʫʥʢʮʽʻʶ ʥʦʨ-

ʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ. 

ɯʥʪʝʛʨʘʣʴʥʘ ʬʫʥʢʮʽʷ ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 
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ñ=                                   (1) 

11.4.2.ɿʘʩʦʙʠ MS Excel ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʾ ʽ ʽʥʪʝʛʨʘʣʴʥʦʾ 

ʬʫʥʢʮʽʡ ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ 

ɺ Excel ʩʝʨʝʜ ʩʪʘʪʠʩʪʠʯʥʠʭ ʬʫʥʢʮʽʡ ʻ ʬʫʥʢʮʽʷ ʅʆʈʄʈɸʉʇ, ʷʢʘ ʜʦ-

ʟʚʦʣʷʻ ʦʙʯʠʩʣʠʪʠ ʷʢ ʜʠʬʝʨʝʥʮʽʘʣʴʥʫ ʬʫʥʢʮʽʶ ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ f(x), 

 



 

ʪʘʢ i ʽʥʪʝʛʨʘʣʴʥʫ ʬʫʥʢʮʽʶ ʨʦʟʧʦʜʽʣʫ F(x). ʎʷ ʬʫʥʢʮʽʷ ʤʘʻ ʥʘʩʪʫʧʥʽ ʧʘʨʘʤʝ-

ʪʨʠ: ʅʆʈʄʈɸʉʇ(ʭ;Ŭ;ů;ʪʠʧ), ʜʝ ʭ - ʟʥʘʯʝʥʥʷ ʟʤʽʥʥʦʾ, ʜʣʷ ʷʢʦʾ ʥʝʦʙʭʽʜʥʦ 

ʦʙʯʠʩʣʠʪʠ ʬʫʥʢʮʽʶ; Ŭ- ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ; ů - ʦʮʽʥʢʘ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʮʴʦʛʦ ʨʦʟʧʦʜʽʣʫ; ʪʠʧ - ʮʝ ʣʦʛʽʯʥʝ ʟʥʘʯʝʥʥʷ, ʱʦ 

ʚʠʟʥʘʯʘʻ ʪʠʧ ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ: ʪʠʧ - ʧʨʠʡʤʘʻ ʟʥʘʯʝʥʥʷ ʀʉʊʀʅɸ ʘʙʦ 

ʃʆɾʔ. ʗʢʱʦ ʚʢʘʟʘʪʠ ʚ ʷʢʦʩʪʽ ʮʴʦʛʦ ʧʘʨʘʤʝʪʨʫ ʀʉʊʀʅɸ, ʪʦ ʙʫʜʝ ʦʙʯʠʩ-

ʣʝʥʘ ʽʥʪʝʛʨʘʣʴʥʘ ʬʫʥʢʮʽʷ F(x) ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ, ʘ ʷʢʱʦ - ʃʆɾʔ, ʪʦ 

ʙʫʜʝ ʦʙʯʠʩʣʝʥʘ ʜʠʬʝʨʝʥʮʽʘʣʴʥʘ ʬʫʥʢʮʽʷ ʨʦʟʧʦʜʽʣʫ f(x). 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ ʟʘ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠ-

ʢʦʾ ʢʽʣʴʢʦʩʪʽ ʩʧʦʩʪʝʨʝʞʝʥʴ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʥʦʨʤʘʣʴʥʦʛʦ ʟʘʢʦʥʫ (ʟʘʢʦʥʫ 

ɻʘʫʩʘ). ʇʝʨʝʚʽʨʢʘ ʝʤʧʽʨʠʯʥʦʛʦ (ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ) ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ ʥʘ 

"ʥʦʨʤʘʣʴʥʽʩʪʴ" ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʢʦʨʝʢʪʥʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʩʪʘʪʠ-

ʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ, ʦʮʽʥʢʠ ʡʦʛʦ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʡ 

ʥʘʜʽʡʥʦʩʪʽ, ʚʠʙʦʨʫ ʩʪʘʪʠʩʪʠʯʥʠʭ ʢʨʠʪʝʨʽʾʚ ʱʦʜʦ ʧʦʨʽʚʥʷʥʥʷ ʩʝʨʝʜʥʽʭ ʟʥʘ-

ʯʝʥʴ i ʜʠʩʧʝʨʩʽʡ, ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘ-

ʣʴʥʠʭ ʜʘʥʠʭ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ. ʆʢʨʽʤ ʮʴʦʛʦ, ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ʝʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʪʝʦʨʝʪʠʯʥʦʤʫ ʥʦʨʤʘʣʴʥʦʤʫ ʤʦʞʝ ʙʫʪʠ ʚʠʢʣʠʢʘʥʘ ʥʘʷ-

ʚʥʽʩʪʶ ʫ ʚʠʙʽʨʮʽ ʘʥʦʨʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ, ʥʝʧʨʘʚʠʣʴʥʠʤ ʚʠʙʦʨʦʤ ʬʘʢʪʦʨʽʚ, 

ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʘʨʘʤʝʪʨ ʦʧʪʠʤʽʟʘʮʽʾ, ʘʙʦ ʾʭ ʨʽʚʥʽʚ ʚʘʨʽʶʚʘʥʥʷ, ʚʧʣʠʚʫ 

ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʠʭ, ʘʙʦ ʥʝʢʝʨʦʚʘʥʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ ʥʝ 

ʫʩʫʥʝʥʠʭ ʟʘʣʠʰʢʽʚ ʩʠʩʪʝʤʘʪʠʯʥʠʭ, ʤʝʪʦʜʠʯʥʠʭ, ʘʙʦ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʧʦ-

ʭʠʙʦʢ. ʎʝʡ ʬʘʢʪ ʚʠʤʘʛʘʻ ʜʦʜʘʪʢʦʚʦʛʦ ʘʥʘʣʽʟʫ ʫʤʦʚ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝ-

ʥʪʫ i ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ɻʨʘʬʽʯʥʠʡ ʩʪʘʪʠʩʪʠʯʥʠʡ ʘʥʘʣʽʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʜʦʟʚʦʣʷʻ 

ʚʽʟʫʘʣʴʥʦ ʦʮʽʥʠʪʠ ʚʠʛʣʷʜ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟʘ ʬʦʨʤʦʶ ʧʦʣʽ-

ʛʦʥʫ ʯʘʩʪʦʪ, ʘʙʦ ʯʘʩʪʦʩʪʝʡ, ʘ ʪʘʢʦʞ ʚʽʟʫʘʣʴʥʦ ʧʦʨʽʚʥʷʪʠ ʛʨʘʬʽʢʠ ʪʝʦʨʝʪʠʯ-

ʥʠʭ i ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʪʘ ʽʥʪʝʛʨʘʣʴʥʠʭ ʬʫʥʢʮʽʡ ʨʦʟʧʦ-

ʜʽʣʫ. 

ʆʩʪʘʪʦʯʥʠʡ ʚʠʩʥʦʚʦʢ ʱʦʜʦ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ ʚʠʙʽʨʢʦʚʦʾ ʩʫʢʫʧʥʦʩʪʽ 

ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʪʽʣʴʢʠ ʰʣʷʭʦʤ ʦʮʽʥʢʠ ʡʦʛʦ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʪʝʦʨʝʪʠʯʥʦʤʫ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʠʭ ʢʨʠʪʝʨʽʾʚ ʟʛʦʜʠ. 

1.4.3.ɻʨʘʬʽʯʥʝ ʧʦʨʽʚʥʷʥʥʷ ʝʤʧʽʨʠʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟ ʪʝʦʨʝʪʠʯʥʠʤ 

ɼʣʷ ʛʨʘʬʽʯʥʦʾ ʽʣʶʩʪʨʘʮʽʾ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʙʫʜʫʶʪʴ ʛʨʘʬʽʢʠ ʪʝ-

ʦʨʝʪʠʯʥʦʾ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʽʥʪʝʛʨʘʣʴʥʦʾ ʡ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʾ ʬʫʥʢʮʽʡ 

ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ.  

ɼʣʷ ʧʦʙʫʜʦʚʠ ʽʥʪʝʛʨʘʣʴʥʠʭ ʬʫʥʢʮʽʡ ʨʦʟʧʦʜʽʣʫ: 

ƴ ʢʦʧʽʶʶʪʴ ʚʽʜʩʦʨʪʦʚʘʥʽ ʟʘ ʟʙʽʣʴʰʝʥʥʷʤ ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʴ ʦʜʥʦʛʦ 



 

ʽʟ ʧʦʢʘʟʥʠʢʽʚ (ʇ_ʨ_3) ʥʘ ʥʦʚʠʡ ʘʨʢʫʰ, ʤʘʩʠʚʠ ʢʣʘʩʦʚʠʭ ʽʥʪʝʨʚʘʣʽʚ, 

ʚʽʜʥʦʩʥʠʭ ʯʘʩʪʦʪ i ʚʽʜʥʦʩʥʠʭ ʥʘʢʦʧʠʯʝʥʠʭ ʯʘʩʪʦʪ; 

ƴ ʫ ʚʽʣʴʥʠʭ ʢʦʤʽʨʢʘʭ ʚʠʟʥʘʯʘʶʪʴ, ʷʢʱʦ ʥʝ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʨʘʥʽʰʝ, 

ʩʝʨʝʜʥʻ ʚʠʙʽʨʢʦʚʝ ʟʥʘʯʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʙʫʜʦʚʘʥʦʾ ʬʫʥʢʮʽʾ ʉʈɿ-

ʅɸʏ i ʚʠʧʨʘʚʣʝʥʝ ʩʝʨʝʜʥʻ ʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ - ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʉʊɸʅɼʆʊʂʃʆʅ; 

ƴ ʫ ʧʝʨʰʫ ʢʦʤʽʨʢʫ ʚʽʣʴʥʦʛʦ ʩʪʦʚʧʯʠʢʘ, ʷʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʦʜʥʦʤʫ ʨʷʜʢʫ 

ʟ ʧʝʨʰʠʤ ʟʥʘʯʝʥʥʷʤ ʩʢʦʧʽʡʦʚʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ, ʚʚʦ-

ʜʷʪʴ ʬʦʨʤʫʣʫ ʜʣʷ ʧʽʜʨʘʭʫʥʢʫ ʽʥʪʝʛʨʘʣʴʥʦʾ ʬʫʥʢʮʽʾ ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟ-

ʧʦʜʽʣʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʚʝʣʠʯʠʥ: =ʅʆʈʄʈɸʉʇ (ʚʽʜʥʦʩʥʝ ʧʦʩʠ-

ʣʘʥʥʷ ʥʘ ʘʜʨʝʩʫ ʢʦʤʽʨʢʠ ʟ ʧʝʨʰʠʤ ʟʥʘʯʝʥʥʷʤ ʚʭʽʜʥʠʭ ʜʘʥʠʭ; ʘʙʩʦ-

ʣʶʪʥʝ ʧʦʩʠʣʘʥʥʷ ʥʘ ʘʜʨʝʩʫ ʢʦʤʽʨʢʠ ʟʽ ʟʥʘʯʝʥʥʷʤ ʩʝʨʝʜʥʴʦʛʦ; ʘʙʩʦ-

ʣʶʪʥʝ ʧʦʩʠʣʘʥʥʷ ʥʘ ʘʜʨʝʩʫ ʢʦʤʽʨʢʠ ʟʽ ʟʥʘʯʝʥʥʷʤ ʚʠʧʨʘʚʣʝʥʦʛʦ ʩʝʨʝ-

ʜʥʴʦʛʦ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ; ʀʉʊʀʅɸ); 

ƴ ʢʦʧʽʶʶʪʴ ʬʦʨʤʫʣʫ ʪʘʢ, ʱʦʙ ʙʫʣʠ ʟʘʜʽʷʥʽ ʚʩʽ ʚʭʽʜʥʽ ʜʘʥʽ, ʪʦʙʪʦ, ʜʦ 

ʨʷʜʢʘ, ʱʦ ʤʽʩʪʠʪʴ ʦʩʪʘʥʥʻ ʟʥʘʯʝʥʥʷ ʚʭʽʜʥʠʭ ʜʘʥʠʭ; 

ƴ ʚʠʦʢʨʝʤʣʶʶʪʴ ʜʽʘʧʘʟʦʥ ʢʦʤʽʨʦʢ ʟ ʚʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʪʘ ʜʽʘʧʘʟʦʥ ʢʦʤʽ-

ʨʦʢ ʟʽ ʟʥʘʯʝʥʥʷʤʠ ʽʥʪʝʛʨʘʣʴʥʦʾ ʬʫʥʢʮʽʾ ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ, ʚʠ-

ʢʦʨʠʩʪʦʚʫʶʯʠ ʢʣʘʚʽʰʫ Ctrl , ̫ ʢʱʦ ʚʦʥʠ ʥʝ ʩʫʤʽʩʥʽ; 

ƴ ʚʠʢʣʠʢʘʶʪʴ ʄʘʩʪʝʨ ʜʠʘʛʨʘʤʤ i ʙʫʜʫʶʪʴ ʛʨʘʬʽʢ, ʷʢ ʮʝ ʙʫʣʦ ʦʧʠʩʘʥʦ 

ʚ ʇ_ʨ_ ˉ 3; 

ƴ ʧʨʦʚʦʜʷʪʴ ʚʽʜʧʦʚʽʜʥʽ ʨʝʜʘʛʫʚʘʥʥʷ i ʬʦʨʤʘʪʫʚʘʥʥʷ ʛʨʘʬʽʢʘ, ʱʦʙ ʚʽʥ 

ʤʘʚ ʚʠʛʣʷʜ, ʧʦʜʘʥʠʡ ʥʘ ʨʠʩ.; 

ƴ ʜʣʷ ʧʦʙʫʜʦʚʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʽʥʪʝʛʨʘʣʴʥʦʾ ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ ʥʘʪʠ-

ʩʢʫʶʪʴ ʧʨʘʚʫ ʢʣʘʚʽʰʫ ʤʠʰʽ ʥʘ ʚʽʣʴʥʦʤʫ ʤʽʩʮʽ ʛʨʘʬʽʢʘ ʪʝʦʨʝʪʠʯʥʦʾ 

ʽʥʪʝʛʨʘʣʴʥʦʾ ʬʫʥʢʮʽʾ; 

ƴ ʫ ʢʦʥʪʝʢʩʪʥʦʤʫ ʤʝʥʶ, ʱʦ ʚʽʜʢʨʠʻʪʴʩʷ, ʚʠʙʠʨʘʶʪʴ ʧʫʥʢʪ ʀʩʭʦʜʥʳʝ 

ʜʘʥʥʳʝ; 

ƴ ʧʝʨʝʭʦʜʷʪʴ ʥʘ ʟʘʢʣʘʜʢʫ ʈʷʜ i ʥʘʪʠʩʢʫʶʪʴ ʢʥʦʧʢʫ ɼʦʙʘʚʠʪʴ; 

ƴ ʚ ʧʦʣʽ ʅʘʟʚʘʥʠʝ ʚʚʦʜʷʪʴ "ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ"; 

ƴ ʚ ʧʦʣʝ ɿʥʘʯʝʥʥʷ ʦʩʠ X ʚʚʦʜʷʪʴ ʜʽʘʧʘʟʦʥ ʢʦʤʽʨʦʢ ʟʽ ʟʥʘʯʝʥʥʷʤʠ ʢʣʘ-

ʩʦʚʠʭ ʽʥʪʝʨʚʘʣʽʚ; 

ƴ ʚ ʧʦʣʝ ɿʥʘʯʝʥʥʷ ʦʩʠ ʋ ʚʚʦʜʷʪʴ ʜʽʘʧʘʟʦʥ ʢʦʤʽʨʦʢ ʟʽ ʟʥʘʯʝʥʥʷʤʠ ʥʘ-

ʢʦʧʠʯʝʥʠʭ ʯʘʩʪʦʩʪʝʡ; 

ƴ ʧʨʦʚʦʜʷʪʴ ʨʝʜʘʛʫʚʘʥʥʷ i ʬʦʨʤʘʪʫʚʘʥʥʷ ʛʨʘʬʽʢʽʚ ʚʽʜʦʤʠʤʠ ʩʧʦʩʦʙʘʤʠ; 

ʘʙʦ:  

ƴ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʦʙʫʜʦʚʘʥʠʡ ʚ ʇ_ʨ_3 ʛʨʘʬʽʢ ʢʫʤʫʣʷʪʠʚʥʦʾ ʢʨʠʚʦʾ 



 

(ʥʘʢʦʧʠʯʝʥʠʭ ʚʽʜʥʦʩʥʠʭ ʯʘʩʪʦʪ) i ʜʦ ʥʴʦʛʦ ʜʦʙʘʚʣʷʶʪʴ ʛʨʘʬʽʢ ʪʝʦʨʝʪʠ-

ʯʥʦʾ ʽʥʪʝʛʨʘʣʴʥʦʾ ʬʫʥʢʮʽʾ ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ. 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʬʫʥʢʮʽʡ ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʚʠʢʦʥʫʶʪʴ 

ʜʽʾ: 

ƴ ʫ ʧʝʨʰʫ ʢʦʤʽʨʢʫ ʚʽʣʴʥʦʛʦ ʩʪʦʚʧʯʠʢʘ ʚʚʦʜʷʪʴ ʬʦʨʤʫʣʫ ʜʣʷ ʧʽʜʨʘʭʫʥʢʫ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʾ ʬʫʥʢʮʽʾ ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʚʝʣʠʯʠʥ, ʥʘʧʨʠʢʣʘʜ: = ʅʆʈʄʈɸʉʇ (ʘʜʨʝʩʘ ʢʦʤʽʨʢʠ ʟ ʧʝʨʰʠʤ ʟʥʘ-

ʯʝʥʥʷʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ; ʘʜʨʝʩʘ ʢʦʤʽʨʢʠ ʟʽ ʟʥʘʯʝʥʥʷʤ ʩʝʨʝ-

ʜʥʴʦʛʦ; ʘʜʨʝʩʘ ʢʦʤʽʨʢʠ ʟʽ ʟʥʘʯʝʥʥʷʤ ʚʠʧʨʘʚʣʝʥʦʛʦ ʩʝʨʝʜʥʴʦʛʦ ʢʚʘʜ-

ʨʘʪʠʯʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ; ʃʆɾʔ), ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʘʙʩʦʣʶʪʥʽ i ʚʽʜʥʦʩ-

ʥʽ ʧʦʩʠʣʘʥʥʷ ʥʘ ʘʜʨʝʩʠ ʢʦʤʽʨʦʢ; 

ƴ ʥʘʪʠʩʢʫʶʪʴ ʢʣʘʚʽʰʫ Enter; 

ƴ ʘʢʪʠʚʽʟʫʶʪʴ ʢʦʤʽʨʢʫ ʟ ʬʦʨʤʫʣʦʶ i ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʨʢʝʨʘ ʘʚʪʦ ʟʘʧʦʚ-

ʥʝʥʥʷ ʨʦʟʧʦʚʩʶʜʞʫʶʪʴ ʬʦʨʤʫʣʫ ʪʘʢ, ʱʦʙ ʚʢʘʟʘʥʘ ʬʫʥʢʮʽʷ ʙʫʣʘ ʚʠ-

ʟʥʘʯʝʥʘ ʜʣʷ ʚʩʽʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ; 

ƴ ʜʣʷ ʧʦʙʫʜʦʚʠ ʛʨʘʬʽʢʘ ʪʝʦʨʝʪʠʯʥʦʾ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʾ ʬʫʥʢʮʽʾ ʥʦʨʤʘʣʴ-

ʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʚʠʦʢʨʝʤʣʶʶʪʴ ʜʽʘʧʘʟʦʥ ʢʦʤʽʨʦʢ ʟ ʚʭʽʜʥʠʤʠ ʜʘʥʠʤʠ 

ʪʘ ʜʽʘʧʘʟʦʥ ʢʦʤʽʨʦʢ ʟʽ ʟʥʘʯʝʥʥʷʤʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʾ ʬʫʥʢʮʽʾ; 

ƴ ʚʠʢʣʠʢʘʶʪʴ ʄʘʩʪʝʨ ʜʠʘʛʨʘʤʤ i ʘʥʘʣʦʛʽʯʥʠʤ ʯʠʥʦʤ ʙʫʜʫʶʪʴ ʪʝʦʨʝ-

ʪʠʯʥʫ ʜʠʬʝʨʝʥʮʽʘʣʴʥʫ ʢʨʠʚʫ ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ; 

ƴ ʥʘʪʠʩʢʫʶʪʴ ʧʨʘʚʫ ʢʣʘʚʽʰʫ ʤʠʰʽ ʥʘ ʚʽʣʴʥʦʤʫ ʤʽʩʮʽ ʜʽʘʛʨʘʤʠ; 

ƴ ʫ ʢʦʥʪʝʢʩʪʥʦʤʫ ʤʝʥʶ, ʱʦ ʚʽʜʢʨʠʻʪʴʩʷ, ʚʠʙʠʨʘʶʪʴ ʧʫʥʢʪ ʀʩʭʦʜʥʳʝ 

ʜʘʥʥʳʝ; 

ƴ ʫ ʜʽʘʣʦʛʦʚʦʤʫ ʚʽʢʥʽ, ʱʦ ʚʽʜʢʨʠʻʪʴʩʷ, ʧʝʨʝʭʦʜʷʪʴ ʥʘ ʟʘʢʣʘʜʢʫ ʈʷʜ i 

ʥʘʪʠʩʢʫʶʪʴ ʢʥʦʧʢʫ ɼʦʙʘʚʠʪʴ; 

ƴ ʫ ʧʦʣʽ ʅʘʟʚʘʥʠʝ ʚʚʦʜʷʪʴ "ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ"; 

ƴ ʫ ʧʦʣʽ ɿʥʘʯʝʥʥʷ ʦʩʠ X ʚʚʦʜʷʪʴ ʜʽʘʧʘʟʦʥ ʢʦʤʽʨʦʢ ʟʽ ʟʥʘʯʝʥʥʷʤʠ ʢʣʘ-

ʩʦʚʠʭ ʽʥʪʝʨʚʘʣʽʚ; 

ƴ ʚ ʧʦʣʝ ɿʥʘʯʝʥʥʷ ʦʩʠ ʋ ʚʚʦʜʷʪʴ ʜʽʘʧʘʟʦʥ ʢʦʤʽʨʦʢ ʟʽ ʟʥʘʯʝʥʥʷʤʠ ʯʘʩ-

ʪʦʩʪʝʡ; 

ƴ ʧʨʦʚʦʜʷʪʴ ʨʝʜʘʛʫʚʘʥʥʷ i ʬʦʨʤʘʪʫʚʘʥʥʷ ʛʨʘʬʽʢʽʚ; 

ƴ ʧʨʠʢʣʘʜʠ ʧʦʙʫʜʦʚʘʥʠʭ ʛʨʘʬʽʢʽʚ ʧʦʜʘʥʦ ʥʘ ʨʠʩʫʥʢʘʭ. 

 



 

ʇʨʘʢʪʠʯʥʘ ʨʦʙʦʪʘ ˉ4. ɻʨʘʬʽʯʥʝ ʧʦʨʽʚʥʷʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʨʦʟʧʦʜʽʣʫ ʟ ʪʝʦʨʝʪʠʯʥʠʤ 

ʇʨʦʛʨʘʤʘ ʚʠʢʦʥʘʥʥʷ  

1. ɺʽʜʢʨʠʪʠ ʜʦʢʫʤʝʥʪ, ʱʦ ʤʽʩʪʠʪʴ ʇ_ʨ_ˉ4. 

2. ʉʢʦʧʽʶʚʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ, ʤʘʩʠʚ ʢʣʘʩʦʚʠʭ ʽʥʪʝʨʚʘʣʽʚ, ʤʘʩʠʚʠ 

ʯʘʩʪʦʩʪʝʡ i ʥʘʢʦʧʠʯʝʥʠʭ ʯʘʩʪʦʩʪʝʡ ʥʘ ʥʦʚʠʡ ʘʨʢʫʰ, ʘʙʦ ʚ ʥʦʚʠʡ ʜʦʢʫ-

ʤʝʥʪ. 

3. ʇʦʙʫʜʫʚʘʪʠ ʪʝʦʨʝʪʠʯʥʽ ʡ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʪʘ ʽʥʪʝʛʨʘ-

ʣʴʥʽ ʬʫʥʢʮʽʾ ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ. 

4. ʇʨʦʚʝʩʪʠ ʨʝʜʘʛʫʚʘʥʥʷ i ʬʦʨʤʘʪʫʚʘʥʥʷ ʛʨʘʬʽʢʽʚ ʟʛʽʜʥʦ ʟ ʨʠʩʫʥʢʘʤʠ. 

ɿʘʧʠʪʘʥʥʷ ʜʣʷ ʩʘʤʦʧʝʨʝʚʽʨʢʠ 

1. ʑʦ ʥʘʟʠʚʘʻʪʴʩʷ ʽʥʪʝʛʨʘʣʴʥʦʶ i ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʶ ʬʫʥʢʮʽʷʤʠ ʥʦʨʤʘʣʴ-

ʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ? 

2. ʗʢʘ ʚʙʫʜʦʚʘʥʘ ʬʫʥʢʮʽʷ Excel ʩʣʫʛʫʻ ʜʣʷ ʧʦʙʫʜʦʚʠ ʪʝʦʨʝʪʠʯʥʠʭ ʥʦʨʤʘ-

ʣʴʥʠʭ ʨʦʟʧʦʜʽʣʽʚ? 

3. ʗʢ ʦʙʯʠʩʣʠʪʠ ʟʥʘʯʝʥʥʷ i ʧʦʙʫʜʫʚʘʪʠ ʛʨʘʬʽʢ ʽʥʪʝʛʨʘʣʴʥʦʾ ʪʝʦʨʝʪʠʯʥʦʾ 

ʬʫʥʢʮʽʾ ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ? 

4. ʗʢʠʡ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ ʚʽʜʧʦʚʽʜʘʻ ʽʥʪʝʛʨʘʣʴʥʽʡ ʬʫʥʢʮʽʾ? 

5. ʗʢ ʦʙʯʠʩʣʠʪʠ ʟʥʘʯʝʥʥʷ i ʧʦʙʫʜʫʚʘʪʠ ʛʨʘʬʽʢ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʾ ʪʝʦʨʝʪʠʯ-

ʥʦʾ ʬʫʥʢʮʽʾ ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟʘʩʦʙʘʤʠ MS Excel? 

6. ʗʢʠʡ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ ʚʽʜʧʦʚʽʜʘʻ ʜʠʬʝʨʝʥʮʽʘʣʴʥʽʡ ʬʫʥʢʮʽʾ? 

7. ʑʦ ʻ ʘʨʛʫʤʝʥʪʘʤʠ ʬʫʥʢʮʽʾ ʅʆʈʄʈɸʉʇ? 

8. ʇʨʦ ʱʦ ʩʚʽʜʯʠʪʴ ʧʦʜʽʙʥʽʩʪʴ ʛʨʘʬʽʢʽʚ ʪʝʦʨʝʪʠʯʥʦʛʦ i ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʨʦʟʧʦʜʽʣʽʚ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ? 

 



 

 



 

 

11.5.ʇʦʨʽʚʥʷʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ 

11.5.1.ʇʦʥʷʪʪʷ ʧʨʦ ʩʪʘʪʠʩʪʠʯʥʽ ʛʽʧʦʪʝʟʠ i ʢʨʠʪʝʨʽʾ 

ɿʘʜʘʯʽ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ ʙʘʛʘʪʴʦʭ ʩʬʝʨʘʭ ʥʘʫ-

ʢʦʚʦʾ i ʧʨʦʬʝʩʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ. ʅʘʧʨʠʢʣʘʜ, ʧʨʠ ʦʮʽʥʮʽ ʷʢʦʩʪʽ ʥʦʚʦʾ ʪʝʭʥʦʣʦ-

ʛʽʾ - ʧʦʢʘʟʥʠʢʠ, ʦʜʝʨʞʘʥʽ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʥʦʚʦʾ ʪʝʭʥʦʣʦʛʽʾ, ʧʦʨʽʚʥʶʶʪʴʩʷ ʟ 

ʧʦʢʘʟʥʠʢʘʤʠ, ʦʜʝʨʞʘʥʠʤʠ ʟʘ ʪʨʘʜʠʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ. ʇʨʠ ʦʮʽʥʮʽ ʝʬʝʢʪʠʚ-

ʥʦʩʪʽ ʦʯʠʩʥʠʭ ʟʘʭʦʜʽʚ - ʧʦʢʘʟʥʠʢʠ, ʦʜʝʨʞʘʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʦʯʠʩʥʠʭ ʟʘʭʦʜʽʚ, 

ʧʦʨʽʚʥʶʶʪʴʩʷ ʟ ʥʦʨʤʘʪʠʚʥʠʤʠ ʪʦʱʦ. 

ɼʦ ʟʘʜʘʯ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʚʽʜʥʦʩʷʪʴ: ʧʦʨʽʚʥʷʥʥʷ ʝʤʧʽʨʠʯʥʠʭ 

ʟʘʢʦʥʽʚ ʨʦʟʧʦʜʽʣʫ, ʘʙʦ ʝʤʧʽʨʠʯʥʦʛʦ ʟ ʪʝʦʨʝʪʠʯʥʠʤ, ʘ ʪʘʢʦʞ ʧʘʨʘʤʝʪʨʽʚ ʮʠʭ 

ʨʦʟʧʦʜʽʣʽʚ. 

ʇʨʠ ʮʴʦʤʫ ʚʠʩʫʚʘʻʪʴʩʷ ʛʽʧʦʪʝʟʘ ʱʦʜʦ ʨʝʟʫʣʴʪʘʪʫ, ʱʦ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ. 

ʅʘʧʨʠʢʣʘʜ, ʱʦ ʧʦʢʘʟʥʠʢ ʥʦʚʦʾ ʪʝʭʥʦʣʦʛʽʾ ʧʝʨʝʚʠʱʫʻ ʧʦʢʘʟʥʠʢ ʢʣʘʩʠʯʥʦʾ, 

ʘʙʦ ʱʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʥʷ ʦʯʠʩʥʠʭ ʟʘʭʦʜʽʚ ʚʤʽʩʪ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ 

ʥʝ ʧʝʨʝʚʠʱʫʻ ʛʨʘʥʠʯʥʦʜʦʧʫʩʪʠʤʦʛʦ. 

ʉʪʘʪʠʩʪʠʯʥʦʶ ʛʽʧʦʪʝʟʦʶ ʥʘʟʠʚʘʻʪʴʩʷ ʧʨʠʧʫʱʝʥʥʷ ʚʽʜʥʦʩʥʦ ʚʠʜʫ 

ʥʝʚʽʜʦʤʦʛʦ ʨʦʟʧʦʜʽʣʫ ʘʙʦ ʚʽʜʥʦʩʥʦ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ ʝʤʧʽʨʠʯʥʦʛʦ ʨʦʟʧʦ-

ʜʽʣʫ. 

ʅʫʣʴʦʚʦʶ (ʦʩʥʦʚʥʦʶ) ʛʽʧʦʪʝʟʦʶ ʥʘʟʠʚʘʻʪʴʩʷ ʚʠʩʫʥʫʪʘ ʛʽʧʦʪʝʟʘ, ʷʢʘ 

ʧʦʟʥʘʯʘʻʪʴʩʷ ʅ0. ɸʣʴʪʝʨʥʘʪʠʚʥʦʶ (ʢʦʥʢʫʨʫʶʯʦʶ) ʥʘʟʠʚʘʻʪʴʩʷ ʛʽʧʦʪʝʟʘ, ʷʢʘ 

ʩʫʧʝʨʝʯʠʪʴ ʦʩʥʦʚʥʽʡ (ʧʦʟʥʘʯʘʻʪʴʩʷ H1). 

ʗʢʱʦ ʧʨʦʚʦʜʠʪʴʩʷ ʧʦʨʽʚʥʷʥʥʷ ʦʜʥʽʻʾ ʚʠʙʽʨʢʠ, ʛʝʥʝʨʘʣʴʥʠʡ ʧʘʨʘʤʝʪʨ 

ʷʢʦʾ z1, ʟ ʽʥʰʦʶ ʚʠʙʽʨʢʦʶ, ʛʝʥʝʨʘʣʴʥʠʡ ʧʘʨʘʤʝʪʨ ʷʢʦʾ z2, ʪʦ ʦʩʥʦʚʥʘ ʛʽʧʦʪʝʟʘ 

ʬʦʨʤʫʣʶʻʪʴʩʷ ʪʘʢ: ʛʝʥʝʨʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʚʠʙʽʨʦʢ, ʱʦ ʧʦʨʽʚʥʶʶʪʴʩʷ, ʨʽʚʥʽ, 

ʪʦʙʪʦ ʨʽʟʥʠʮʷ ʤʽʞ ʚʠʙʽʨʢʦʚʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʥʦʩʠʪʴ ʚʠʧʘʜʢʦʚʠʡ ʭʘʨʘʢʪʝʨ. 

ʋ ʮʴʦʤʫ ʨʘʟʽ ʦʩʥʦʚʥʫ ʛʽʧʦʪʝʟʫ ʟʘʧʠʩʫʶʪʴ ʫ ʚʠʛʣʷʜʽ: ʅ0: z1 =z2. 

ɸʣʴʪʝʨʥʘʪʠʚʥʽ ʛʽʧʦʪʝʟʠ ʧʨʠ ʮʴʦʤʫ ʤʦʞʫʪʴ ʤʘʪʠ ʦʜʠʥ ʽʟ ʥʘʩʪʫʧʥʠʭ 

ʚʠʜʽʚ: 

a)H1: z1>z2;    ʙ)ʅ1: z1< z2;   ʚ) H1: z1Íz2. 

ɻʽʧʦʪʝʟʠ   "ʘ)"   i   "ʙ)"ʥʘʟʠʚʘʶʪʴʩʷ ʥʘʧʨʘʚʣʝʥʠʤʠ, a ʛʽʧʦʪʝʟʘ "ʚ) " - ʥʝ-

ʥʘʧʨʘʚʣʝʥʦʶ. 

ʇʝʨʝʚʽʨʢʘ ʛʽʧʦʪʝʟʠ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʱʦʜʦ ʧʨʠʡʥʷʪʪʷ ʘʙʦ 

ʧʨʦʪʠʨʽʯʯʷ ʚʠʩʫʥʫʪʦʾ ʛʽʧʦʪʝʟʠ ʝʤʧʽʨʠʯʥʠʤ ʜʘʥʠʤ. 



 

ʉʪʘʪʠʩʪʠʯʥʠʤ ʢʨʠʪʝʨʽʻʤ ʥʘʟʠʚʘʻʪʴʩʷ ʩʧʝʮʽʘʣʴʥʦ ʥʘʧʨʘʮʴʦʚʘʥʘ ʚʠ-

ʧʘʜʢʦʚʘ ʚʝʣʠʯʠʥʘ ʟ ʚʽʜʦʤʦʶ ʬʫʥʢʮʽʻʶ ʨʦʟʧʦʜʽʣʫ, ʷʢʘ ʩʣʫʞʠʪʴ ʜʣʷ ʧʝʨʝʚʽʨ-

ʢʠ ʦʩʥʦʚʥʦʾ ʛʽʧʦʪʝʟʠ. ɿʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ, ʦʙʯʠʩʣʝʥʦʛʦ ʟʘ ʚʠʙʽʨʢʦʶ, ʥʘʟʠʚʘ-

ʻʪʴʩʷ "ʟʥʘʯʝʥʥʷʤ ʢʨʠʪʝʨʽʶ, ʱʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ" (ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʪʘʢʦʞ ʥʘ-

ʟʚʘ "ʨʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ"). ɿʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ, ʚʠʟʥʘʯʝʥʝ ʟʘ 

ʩʧʝʮʽʘʣʴʥʠʤʠ ʬʦʨʤʫʣʘʤʠ ʜʣʷ ʚʠʙʨʘʥʦʛʦ ʨʽʚʥʷ ʥʘʜʽʡʥʦʩʪʽ i ʨʦʟʨʘʭʦʚʘʥʦʛʦ 

ʯʠʩʣʘ ʩʪʝʧʝʥʽʚ ʩʚʦʙʦʜʠ, ʥʘʟʠʚʘʻʪʴʩʷ ʢʨʠʪʠʯʥʠʤ ʟʥʘʯʝʥʥʷʤ ʢʨʠʪʝʨʽʶ. 

ʂʨʠʪʠʯʥʦʶ ʦʙʣʘʩʪʶ ʥʘʟʠʚʘʻʪʴʩʷ ʤʥʦʞʠʥʘ ʟʥʘʯʝʥʴ ʢʨʠʪʝʨʽʶ, ʧʨʠ 

ʷʢʠʭ ʚʽʜʭʠʣʷʻʪʴʩʷ ʦʩʥʦʚʥʘ ʛʽʧʦʪʝʟʘ, ʪʦʙʪʦ ʤʥʦʞʠʥʘ ʢʨʠʪʠʯʥʠʭ ʟʥʘʯʝʥʴ 

ʢʨʠʪʝʨʽʶ. 

11.5.2.ʇʦʨʽʚʥʷʥʥʷ ʜʚʦʭ ʜʠʩʧʝʨʩʽʡ 

ʇʦʨʽʚʥʷʥʥʷ ʜʠʩʧʝʨʩʽʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʦʮʽʥʢʠ ʩʪʝʧʝʥʽ ʨʦʟʩʽʶ-

ʚʘʥʥʷ ʜʚʦʭ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ, ʦʮʽʥʢʠ ʪʦʯʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʧʝʚʥʠʭ ʧʦʢʘ-

ʟʥʠʢʽʚ ʪʦʱʦ. ʅʘʧʨʠʢʣʘʜ, ʧʨʠ ʧʦʨʽʚʥʷʥʥʽ ʜʚʦʭ ʪʝʭʥʦʣʦʛʽʡ ʨʝʤʝʜʠʘʮʽʾ ʥʘʬʪʦ-

ʟʘʙʨʫʜʥʝʥʠʭ ʩʝʨʝʜʦʚʠʱ ʢʨʘʱʦʶ ʙʫʜʝ ʪʘ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ, ʦʢʨʽʤ ʤʽʥʽʤʘʣʴ-

ʥʠʭ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ ʧʦʢʘʟʥʠʢʽʚ ʟʘʙʨʫʜʥʝʥʥʷ, ʤʽʥʽʤʘʣʴʥʽ ʚʽʜʭʠʣʝʥʥʷ ʦʢ-

ʨʝʤʠʭ ʚʠʤʽʨʶʚʘʥʴ ʮʠʭ ʧʦʢʘʟʥʠʢʽʚ ʚʽʜ ʩʚʦʾʭ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ. ʉʝʨʝʜʥʻ ʢʚʘ-

ʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ (ʢʦʨʽʥʴ ʢʚʘʜʨʘʪʥʠʡ ʟ ʜʠʩʧʝʨʩʽʾ) ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʦʮʽʥʢʠ ʪʦʯʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ ʧʦʢʘʟʥʠʢʽʚ, ʱʦ ʻ ʥʝʦʙʭʽʜʥʦʶ 

ʫʤʦʚʦʶ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʟʥʘʯʫʱʦʩʪʽ ʨʽʟʥʠʮʽ ʤʽʞ ʥʠʤʠ. ʇʦʨʽʚʥʷʥʥʷ ʜʠʩʧʝʨ-

ʩʽʡ ʧʝʨʝʜʫʻ ʧʦʨʽʚʥʷʥʥʶ ʩʝʨʝʜʥʽʭ, ʦʩʢʽʣʴʢʠ ʚʽʜ ʡʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʟʘʣʝʞʠʪʴ 

ʚʠʙʽʨ ʽʥʩʪʨʫʤʝʥʪʫ ʘʥʘʣʽʟʫ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ. 

ʂʨʠʪʝʨʽʡ ʌʽʰʝʨʘ (F- ʪʝʩʪ) ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʜʚʦʭ ʜʠʩʧʝʨʩʽʡ 

ɼʣʷ ʦʮʽʥʢʠ ʟʥʘʯʫʱʦʩʪʽ ʨʽʟʥʠʮʽ ʚʠʧʨʘʚʣʝʥʠʭ ʚʠʙʽʨʢʦʚʠʭ ʜʠʩʧʝʨʩʽʡ 

(ʦʮʽʥʦʢ ʜʠʩʧʝʨʩʽʡ ʛʝʥʝʨʘʣʴʥʠʭ ʩʫʢʫʧʥʦʩʪʝʡ) S2
x ʪʘ S2

y (ʥʝʭʘʡ S2
x>S2

y), ʨʦʟʨʘ-

ʭʦʚʘʥʠʭ ʟʘ ʜʚʦʤʘ ʚʠʙʽʨʢʘʤʠ ʽʟ ʛʝʥʝʨʘʣʴʥʠʭ ʩʫʢʫʧʥʦʩʪʝʡ X i ʋ, ʱʦ ʤʘʶʪʴ 

ʨʦʟʧʦʜʽʣ, ʙʣʠʟʴʢʠʡ ʜʦ ʥʦʨʤʘʣʴʥʦʛʦ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʨʠʪʝʨʽʡ ʌʽʰʝʨʘ (F- 

ʢʨʠʪʝʨʽʡ). 

ɺʠʤʘʛʘʻʪʴʩʷ ʧʝʨʝʚʽʨʠʪʠ ʥʫʣʴʦʚʫ ʛʽʧʦʪʝʟʫ ʅ0: z1 =z2. 

ɿʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʌʽʰʝʨʘ, ʱʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ (ʨʦʟʨʘʭʫʥʢʦʚʝ), ʦʙʯʠ-

ʩʣʶʶʪʴ ʟʘ ʬʦʨʤʫʣʦʶ 

.
2

2

ʨʦʟʨ

y

x

S

S
F =                                  (11.31) 

ʋ ʯʠʩʝʣʴʥʠʢʫ ʟʘʚʞʜʠ ʤʘʻ ʙʫʪʠ ʙʽʣʴʰʘ ʜʠʩʧʝʨʩʽʷ.!!! ʈʦʟʨʘʭʫʥʢʦʚʝ 

ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʧʦʨʽʚʥʶʶʪʴ ʟ ʢʨʠʪʠʯʥʠʤ, ʦʙʯʠʩʣʝʥʠʤ ʟ ʧʨʠʡʥʷʪʠʤ ʨʽʚ-

ʥʝʤ ʟʥʘʯʫʱʦʩʪʽ. ʗʢʱʦ ʨʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʧʝʨʝʚʠʱʫʻ ʢʨʠʪʠ-



 

ʯʥʝ, ʪʦ ʥʫʣʴʦʚʘ ʛʽʧʦʪʝʟʘ ʧʨʦ ʨʽʚʥʽʩʪʴ ʜʚʦʭ ʚʠʧʨʘʚʣʝʥʠʭ ʚʠʙʽʨʢʦʚʠʭ ʜʠʩʧʝʨ-

ʩʽʡ ʚʽʜʭʠʣʷʻʪʴʩʷ. ʊʦʙʪʦ ʨʽʟʥʠʮʷ ʤʽʞ ʥʠʤʠ ʥʝ ʻ ʚʠʧʘʜʢʦʚʦʶ, ʦʪʞʝ ʜʠʩʧʝʨʩʽʾ 

ʜʚʦʭ ʛʝʥʝʨʘʣʴʥʠʭ ʩʫʢʫʧʥʦʩʪʝʡ ʥʝʦʜʥʦʨʽʜʥʽ. ʗʢʱʦ ʨʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ 

ʢʨʠʪʝʨʽʶ ʌʽʰʝʨʘ ʤʝʥʰʝ ʢʨʠʪʠʯʥʦʛʦ, ʪʦ ʥʫʣʴʦʚʘ ʛʽʧʦʪʝʟʘ ʧʨʠʡʤʘʻʪʴʩʷ, ʪʦʙ-

ʪʦ ʜʠʩʧʝʨʩʽʾ ʦʜʥʦʨʽʜʥʽ. 

ʇʦʨʽʚʥʷʥʥʷ ʜʠʩʧʝʨʩʽʡ ʜʚʦʭ ʚʠʙʽʨʦʢ ʟʘʩʦʙʘʤʠ MS Excel 

ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʜʠʩʧʝʨʩʽʡ ʚ MS Excel ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʘʩʽʙ ʧʽʜ ʥʘ-

ʟʚʦʶ ɼʚʫʭʚʳʙʦʨʦʯʥʳʡ F-ʪʝʩʪ ʜʣʷ ʜʠʩʧʝʨʩʠʠ. ɼʣʷ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʠʢʦʥʫʶʪʴ ʪʘʢʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʜʽʡ: ʉʝʨʚʠʩ=>ɸʥʘʣʠʟ ʜʘʥʥʳʭ=> ɼʚʫ-

ʭʚʳʙʦʨʦʯʥʳʡ F-ʪʝʩʪ ʜʣʷ ʜʠʩʧʝʨʩʠʠ. 

ɺ ʜʽʘʣʦʛʦʚʦʤʫ ʚʽʢʥʽ ɼʚʫʭʚʳʙʦʨʦʯʥʳʡ F-ʪʝʩʪ ʜʣʷ ʜʠʩʧʝʨʩʠʠ ʚʚʦ-

ʜʷʪʴ ʪʘʢʽ ʜʘʥʽ: 

ƴ ʋ ʛʨʫʧʽ ɺʭʦʜʥʳʝ ʜʘʥʥʳʝ ʫ ʧʦʣʽ ʀʥʪʝʨʚʘʣ ʧʝʨʝʤʝʥʥʦʡ 1 ʚʚʦʜʷʪʴ ʘʜ-

ʨʝʩʫ ʽʥʪʝʨʚʘʣʫ ʢʦʤʽʨʦʢ, ʱʦ ʤʽʩʪʷʪʴ ʜʘʥʽ ʧʝʨʰʦʾ ʚʠʙʽʨʢʠ (ʜʠʩʧʝʨʩʽʷ 

ʷʢʦʾ ʤʘʝ ʙʫʪʠ ʙʽʣʴʰʘ), ʘ ʚ ʧʦʣʽ ʀʥʪʝʨʚʘʣ ʧʝʨʝʤʝʥʥʦʡ 2 ʚʚʦʜʷʪʴ ʘʜ-

ʨʝʩʫ ʽʥʪʝʨʚʘʣʫ ʢʦʤʽʨʦʢ, ʱʦ ʤʽʩʪʷʪʴ ʜʘʥʽ ʜʨʫʛʦʾ ʚʠʙʽʨʢʠ; 

ƴ ʫ ʧʦʣʽ ɸʣʴʬʘ ʚʩʪʘʥʦʚʣʶʶʪʴ ʨʽʚʝʥʴ ʟʥʘʯʫʱʦʩʪʽ (ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ 

ʚʩʪʘʥʦʚʣʝʥʦ ʘ =0,05); 

ƴ ʋ ʛʨʫʧʽ ʇʘʨʘʤʝʪʨʳ ʚʳʚʦʜʘ ʜʣʷ ʚʠʚʝʜʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʦʙʯʠʩʣʝʥʴ ʥʘ 

ʧʦʪʦʯʥʦʤʫ ʨʦʙʦʯʦʤʫ ʘʨʢʫʰʽ ʘʢʪʠʚʽʟʫʶʪʴ ʧʝʨʝʤʠʢʘʯ ɺʳʭʦʜʥʦʡ ʠʥ-

ʪʝʨʚʘʣ i ʚʢʘʟʫʶʪʴ ʫ ʧʦʣʽ ʩʧʨʘʚʘ ʚʽʜ ʧʝʨʝʤʠʢʘʯʘ ʘʜʨʝʩʫ ʢʦʤʽʨʢʠ ʜʣʷ 

ʚʠʚʝʜʝʥʥʷ ʜʘʥʠʭ (ʚʝʨʭʥʶ ʣʽʚʫ); 

ƴ ʜʣʷ ʚʠʚʝʜʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʦʙʯʠʩʣʝʥʴ ʥʘ ʥʦʚʠʡ ʘʨʢʫʰ ʘʢʪʠʚʽʟʫʶʪʴ 

ʧʝʨʝʤʠʢʘʯ ʅʦʚʳʡ ʨʘʙʦʯʠʡ ʣʠʩʪ; 

ƴ ʜʣʷ ʚʠʚʝʜʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʦʙʯʠʩʣʝʥʴ ʫ ʥʦʚʠʡ ʬʘʡʣ ʘʢʪʠʚʽʟʫʶʪʴ ʧʝʨʝ-

ʤʠʢʘʯ ʅʦʚʘʷ ʨʘʙʦʯʘʷ ʢʥʠʛʘ; 

ƴ ʧʽʩʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʩʽʭ ʥʝʦʙʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘʪʠʩʢʫʶʪʴ ʢʥʦʧʢʫ 

ʆʂ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʥʘʥʠʭ ʜʽʡ ʟ'ʷʚʠʪʴʩʷ ʪʘʙʣʠʮʷ, ʱʦ ʤʽʩʪʠʪʴ ʦʙʯʠʩʣʝʥʽ 

ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ, ʜʠʩʧʝʨʩʽʾ, ʯʠʩʣʦ ʩʪʝʧʝʥʽʚ ʩʚʦʙʦʜʠ ʜʣʷ ʢʦʞʥʦʾ ʚʠʙʽʨʢʠ (ʫ 

ʨʷʜʢʫ df), ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʌʽʰʝʨʘ, ʱʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ, (ʫ ʨʷʜʢʫ F), ʪʘ 

ʽʥʰʽ. ʗʢʱʦ ʜʠʩʧʝʨʩʽʷ ʧʝʨʰʦʾ ʟʤʽʥʥʦʾ ʚʠʷʚʠʪʴʩʷ ʤʝʥʰʦʶ ʟʘ ʜʠʩʧʝʨʩʽʶ ʜʨʫ-

ʛʦʾ ʟʤʽʥʥʦʾ, ʪʦ ʦʙʯʠʩʣʝʥʥʷ ʧʦʚʪʦʨʶʶʪʴ i ʚ ʷʢʦʩʪʽ ʧʝʨʰʦʾ ʟʤʽʥʥʦʾ ʚʠʢʦʨʠʩ-

ʪʦʚʫʶʪʴ ʪʫ, ʜʠʩʧʝʨʩʽʷ ʷʢʦʾ ʙʽʣʴʰʝ. 

ɼʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʧʦʨʽʚʥʶʶʪʴ ʨʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ 

ʌʽʰʝʨʘ ʫ ʨʷʜʢʫ F ʜʘʥʦʾ ʪʘʙʣʠʮʽ, ʟ ʢʨʠʪʠʯʥʠʤ ʟʥʘʯʝʥʥʷʤ ʨʦʟʧʦʜʽʣʫ ʌʽʰʝʨʘ 

Fʢʨʠʪ ʽʟ ʦʩʪʘʥʥʴʦʛʦ ʨʷʜʢʘ ʪʘʙʣʠʮʽ. ʗʢʱʦ F>Fʢʨʠʪ, ʪʦ ʜʠʩʧʝʨʩʽʾ, ʱʦ ʧʦʨʽʚʥʶʶʪʴ-



 

ʩʷ, ʥʝʦʜʥʦʨʽʜʥʽ (ʥʫʣʴʦʚʘ ʛʽʧʦʪʝʟʘ ʧʨʦ ʾʭ ʦʜʥʦʨʽʜʥʽʩʪʴ ʚʽʜʭʠʣʷʻʪʴʩʷ). ʗʢʱʦ 

F<Fʢʨʠʪ, ʪʦ ʜʠʩʧʝʨʩʽʾ, ʱʦ ʧʦʨʽʚʥʶʶʪʴʩʷ, ʦʜʥʦʨʽʜʥʽ (ʥʫʣʴʦʚʘ ʛʽʧʦʪʝʟʘ ʧʨʦ ʾʭ 

ʦʜʥʦʨʽʜʥʽʩʪʴ ʧʨʠʡʤʘʻʪʴʩʷ). 

ʇʨʠʢʣʘʜ. ɼʦʩʣʽʜʞʫʚʘʣʠ ʚʧʣʠʚ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʥʘ ʧʨʠʨʽʩʪ ʢʘʣʶʩʥʠʭ 

ʢʣʽʪʠʥ ʧʦʣʴʦʚʠʮʽ. ʈʝʟʫʣʴʪʘʪʠ ʫ ʚʽʜʩʦʪʢʘʭ ʚʽʜ ʢʦʥʪʨʦʣʴʥʦʛʦ ʚʘʨʽʘʥʪʫ ʥʘʚʝ-

ʜʝʥʽ ʫ ʪʘʙʣʠʮʽ 1. 

ɺʠʤʘʛʘʻʪʴʩʷ ʚʩʪʘʥʦʚʠʪʠ ʟ ʨʽʚʥʝʤ ʥʘʜʽʡʥʦʩʪʽ Ŭ=0,05, ʯʠ ʦʜʥʦʨʽʜʥʽ ʜʠ-

ʩʧʝʨʩʽʾ ʜʚʦʭ ʚʠʙʽʨʢʦʚʠʭ ʩʫʢʫʧʥʦʩʪʝʡ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ, ʚʠʢʦʥʘʥʠʭ ʫ 

Ms Excel ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 2. 

ʆʩʢʽʣʴʢʠ F=3,549>Fʢʨʠʪ=2,484, ʪʦ ʜʠʩʧʝʨʩʽʾ ʤʘʶʪʴ ʩʪʘʪʠʩʪʠʯʥʦ ʟʥʘ-

ʯʫʱʫ ʚʽʜʤʽʥʥʽʩʪʴ, ʪʦʙʪʦ ʚʦʥʠ ʥʝʦʜʥʦʨʽʜʥʽ. ʅʫʣʴʦʚʘ ʛʽʧʦʪʝʟʘ ʧʨʦ ʨʽʚʥʽʩʪʴ 

ʜʠʩʧʝʨʩʽʡ ʚʽʜʭʠʣʷʻʪʴʩʷ. 

ʊʘʙʣʠʮʷ 11.5.1 

ʇʨʠʨʽʩʪ ʢʘʣʶʩʥʠʭ ʢʣʽʪʠʥ ʧʦʣʴʦʚʠʮʽ 

ɺʧʣʠʚ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʥʘ ʧʨʠʨʽʩʪ 

ʢʘʣʶʩʥʠʭ ʢʣʽʪʠʥ ʧʦʣʴʦʚʠʮʽ, % ʚʽʜ 

ʢʦʥʪʨʦʣʶ 

 ̄

ʚʠʤʽʨʶʚʘʥʴ 
ʂʘʜʤʽʡ ʉʚʠʥʝʮʴ 

1  54 60 

2  58 57 

3  70 63 

4  66 59 

5  63 57 

6  69 57 

7  73 58 

8  71 62 

9  69 59 

10  65 60 

11  67 65 

12  66 57 

13  68 60 

14  74 64 

15  70 64 

 

 

 



 

ʊʘʙʣʠʮʷ 11.5.2 

ʈʝʟʫʣʴʪʘʪʠ ʧʝʨʝʚʽʨʢʠ ʦʜʥʦʨʽʜʥʦʩʪʽ ʜʠʩʧʝʨʩʽʡ ʟʘ ʢʨʠʪʝʨʽʻʤ ʌʽʰʝʨʘ 

ɼʚʫʭʚʳʙʦʨʦʯʥʳʡ F-ʪʝʩʪ ʜʣʷ ʜʠʩʧʝʨʩʠʠ 

 ʇʝʨʝʤʝʥʥʘʷ 

1 

ʇʝʨʝʤʝʥʥʘʷ 

2 

ʉʨʝʜʥʝʝ 66,9136 60,2414 

ɼʠʩʧʝʨʩʠʷ 27,32672583 7,698765971 

ʅʘʙʣʶʜʝʥʠʷ 15 15 

df 14 14 

F 3,549494286  

P(F<=f)  

ʦʜʥʦʩʪʦʨʦʥʥʝʝ 0,011977 
 

F ʢʨʠʪʠʯʝʩʢʦʝ ʦʜʥʦʩ-

ʪʦʨʦʥʥʝʝ 2,483723449 
 

 

ʇʨʘʢʪʠʯʥʘ ʨʦʙʦʪʘ ˉ5. ʇʦʨʽʚʥʷʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʧʦ-

ʜʽʣʫ 

ʄʝʪʘ ʨʦʙʦʪʠ - ʦʪʨʠʤʘʥʥʷ ʧʨʘʢʪʠʯʥʠʭ ʥʘʚʠʯʦʢ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʪʘ-

ʪʠʩʪʠʯʥʠʭ ʢʨʠʪʝʨʽʾʚ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʩʪʘʪʠʩʪʠʯʥʠʭ ʛʽʧʦʪʝʟ, ʟʦʢʨʝʤʘ, ʢʨʠʪʝʨʽʶ 

ʌʽʰʝʨʘ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʦʜʥʦʨʽʜʥʦʩʪʽ ʜʠʩʧʝʨʩʽʡ. 
 

ʇʨʦʛʨʘʤʘ ʚʠʢʦʥʘʥʥʷ 

1. ɿʘʚʘʥʪʘʞʠʪʠ ʪʘʙʣʠʯʥʠʡ ʧʨʦʮʝʩʦʨ MS Excel. 

2. ɺʠʙʨʘʪʠ ʦʜʠʥ ʚʘʨʽʘʥʪ ʜʘʥʠʭ ʽʟ ʟʘʚʜʘʥʥʷ ʪʘʙʣ. 

3. ʇʝʨʝʚʽʨʠʪʠ ʦʜʥʦʨʽʜʥʽʩʪʴ ʜʠʩʧʝʨʩʽʡ ʜʚʦʭ ʚʠʙʽʨʦʢ ʟʘ ʢʨʠʪʝʨʽʻʤ ʌʽʰʝʨʘ. 

4. ʇʨʦʘʥʘʣʽʟʫʚʘʪʠ ʦʜʝʨʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ. 

5. ɿʙʝʨʝʛʪʠ ʬʘʡʣ ʫ ʚʣʘʩʥʽʡ ʧʘʧʮʽ. ʅʘʜʽʩʣʘʪʠ ʥʘ ʧʝʨʝʚʽʨʢʫ ʚʠʢʣʘʜʘʯʫ 

 

ɿʘʚʜʘʥʥʷ  

ʊʘʙʣʠʮʷ  

ɺʧʣʠʚ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʥʘ ʩʭʦʞʽʩʪʴ ʨʦʩʣʠʥ ʧʦʣʴʦʚʠʮʽ, % 

ʉʭʦʞʽʩʪʴ ʨʦʩʣʠʥ ʧʦʣʴʦʚʠʮʽ ʧʽʜ ʜʽʻʶ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ, % ʚʽʜ ʢʦʥʪʨʦʣʶ 

1 ɺʘʨʽʘʥʪ 2 ɺʘʨʽʘʥʪ 3 ɺʘʨʽʘʥʪ 4 ɺʘʨʽʘʥʪ 5 ɺʘʨʽʘʥʪ 

ʂʘʜʤʽʡ ʉʚʠʥʝʮʴ ʂʘʜʤʽʡ ʉʚʠʥʝʮʴ ʂʘʜʤʽʡ ʉʚʠʥʝʮʴ ʂʘʜʤʽʡ ʉʚʠʥʝʮʴ ʂʘʜʤʽʡ ʉʚʠʥʝʮʴ 

99 95 85 84 91 85 80 75 79 81 

98 96 87 82 85 86 77 75 79 80 



 

99 96 85 82 89 86 76 74 79 82 

98 96 86 82 85 86 76 75 79 79 

99 93 89 85 85 85 80 75 80 85 

97 90 88 83 89 82 76 74 81 76 

97 99 88 87 83 85 75 76 79 83 

104 98 84 81 88 84 79 76 80 85 

97 92 84 85 89 82 76 76 80 83 

95 95 84 85 92 89 79 76 81 83 

100 100 86 88 85 81 79 76 81 79 

97 94 83 83 87 80 79 75 76 78 

96 89 78 85 89 85 78 75 80 82 

96 91 91 87 88 81 78 76 78 84 

11.6.ʇʝʨʝʚʽʨʢʘ ʛʽʧʦʪʝʟʠ ʧʨʦ ʨʽʚʥʽʩʪʴ ʩʝʨʝʜʥʽʭ 

11.6.1.ʂʨʠʪʝʨʽʡ ʉʪ'ʶʜʝʥʪʘ (t-mecm) ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʚʠʙʽʨʢʦʚʠʭ ʩʝ-

ʨʝʜʰʭ ʜʚʦʭ ʥʝʟʘʣʝʞʥʠʭ ʚʠʙʽʨʦʢ 

ʅʝʭʘʡ ʽʟ ʜʚʦʭ ʛʝʥʝʨʘʣʴʥʠʭ ʩʫʢʫʧʥʦʩʪʝʡ X i ʋ, ʱʦ ʤʘʶʪʴ ʨʦʟʧʦʜʽʣ 

ʙʣʠʟʴʢʠʡ ʜʦ ʥʦʨʤʘʣʴʥʦʛʦ, ʚʟʷʪʦ ʧʦ ʦʜʥʽʡ ʥʝʟʘʣʝʞʥʽʡ ʚʠʙʽʨʮʽ. ʆʙʯʠʩʣʝʥʽ 

ʜʣʷ ʮʠʭ ʚʠʙʽʨʦʢ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ 
ʚ

x  ʽ 
ʚ
ʫ, ʷʢ ʧʨʘʚʠʣʦ, ʙʫʜʫʪʴ ʚʽʜʨʽʟʥʷʪʠʩʷ. 

ʆʩʢʽʣʴʢʠ ʚʠʙʽʨʢʠ ʻ ʚʠʧʘʜʢʦʚʠʤʠ, ʪʦ ʮʷ ʨʽʟʥʠʮʷ ʤʦʞʝ ʙʫʪʠ ʚʠʧʘʜʢʦʚʦʶ i 

ʛʝʥʝʨʘʣʴʥʽ ʩʝʨʝʜʥʽ ʤʦʞʫʪʴ ʩʧʽʚʧʘʜʘʪʠ. 

ʇʦʪʨʽʙʥʦ ʧʝʨʝʚʽʨʠʪʠ ʥʫʣʴʦʚʫ ʛʽʧʦʪʝʟʫ ʧʨʦ ʨʽʚʥʽʩʪʴ ʛʝʥʝʨʘʣʴʥʠʭ ʩʝʨʝ-

ʜʥʽʭ: 
ʛʛo
ʫxH =: . ɻʽʧʦʪʝʟʘ ʧʨʦ ʨʽʚʥʽʩʪʴ ʛʝʥʝʨʘʣʴʥʠʭ ʩʝʨʝʜʥʽʭ ʧʝʨʝʚʽʨʷʻʪʴʩʷ 

ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ ʚʠʙʽʨʢʦʚʠʭ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ. ɿʥʘʯʫʱʽʩʪʴ ʨʽʟʥʠʮʽ ʤʽʞ 

ʜʚʦʤʘ ʚʠʙʽʨʢʦʚʠʤʠ ʩʝʨʝʜʥʽʤʠ 
ʚ

x  i 
ʚ
ʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʨʠʪʝʨʽʶ 

Cm'ʶʜʝʥʪʘ (ʘʙʦ t-ʢʨʠʪʝʨʽʶ). 

ɿʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʉʪ'ʶʜʝʥʪʘ, ʷʢʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ, (ʨʦʟʨʘʭʫʥʢʦʚʝ 

ʟʥʘʯʝʥʥʷ) tpoʟp ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 

ʫʭ

ʚʚ
ʫʭ

t
-

-
=
s

ʨʦʟʨ
                                       (11.32) 

ʜʝ ʚʝʣʠʯʠʥʘ 
ʚʚ ʫʭ-

s  ʥʘʟʠʚʘʻʪʴʩʷ ʧʦʭʠʙʢʦʶ ʨʽʟʥʠʮʽ ʜʚʦʭ ʩʝʨʝʜʥʽʭ. ɺʠ-

ʛʣʷʜ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ 
ʚʚ ʫʭ-

s  ʟʘʣʝʞʠʪʴ ʚʽʜ ʦʙʩʷʛʽʚ ʚʠʙʽʨʦʢ i ʚʽʜ ʪʦʛʦ, ʯʠ ʧʨʠ-

ʧʫʩʢʘʶʪʴʩʷ ʨʽʚʥʠʤʠ ʥʝʚʽʜʦʤʽ ʜʠʩʧʝʨʩʽʾ ʛʝʥʝʨʘʣʴʥʠʭ ʩʫʢʫʧʥʦʩʪʝʡ:  



 

ƴ ̫ ʢʱʦ ʦʙʩʷʛʠ ʚʠʙʽʨʦʢ ʽ yn  ʧʨʠʙʣʠʟʥʦ ʦʜʠʥʘʢʦʚʽ i ʜʦʩʪʘʪʥʴʦ ʚʝʣʠ-

ʢʽ, ʪʦʙʪʦ, ʷʢʱʦ ʧʭ>30 i yn  >30, ʪʦ ʧʦʭʠʙʢʘ ʨʽʟʥʠʮʽ ʜʚʦʭ 

ʩʝʨʝʜʥʽʭ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

y

y

x

x

yx
nn

22 ss
s +=-                                                   (11.33) 

ʜʝ 2xs ʽ 
2

ys - ʜʠʩʧʝʨʩʽʾ ʚʠʙʽʨʦʢ ʽʟ ʜʚʦʭ ʛʝʥʝʨʘʣʴʥʠʭ ʩʫʢʫʧʥʦʩʪʝʡ X i ʋ; 

ü ʷʢʱʦ ʦʙʩʷʛʠ ʚʠʙʽʨʦʢ ʽ yn ʤʘʣʽ, ʪʦʙʪʦ <30 ʽ <30, ʘ ʜʠʩʧʝʨʩʽʾ ʛʝʥʝ-

ʨʘʣʴʥʠʭ ʩʫʢʫʧʥʦʩʪʝʡ ʥʝʚʽʜʦʤʽ, ʘʙʦ ʧʨʠʧʫʩʢʘʶʪʴʩʷ ʨʽʚʥʠʤʠ, ʪʦ: 

yx

yx

yx

yyxx

yx
nn

nn

nn

snsn +
³

-+

-+-
=-

2

)1()1( 22

s ,                                      (11.34) 

ʜʝ 2xs ʽ 2ys - ʚʠʧʨʘʚʣʝʥʽ ʜʠʩʧʝʨʩʽʾ ʜʚʦʭ ʛʝʥʝʨʘʣʴʥʠʭ ʩʫʢʫʧʥʦʩʪʝʡ ʍ ʽ ʋ.  

ʊʦʙʪʦ, ʚʠʙʽʨ ʬʦʨʤʫʣʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʟʥʘʯʝʥʥʷ ʢʨʠ-

ʪʝʨʽʶ ʉʪ'ʶʜʝʥʪʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʝʟʫʣʴʪʘʪʫ ʧʝʨʝʚʽʨʢʠ ʦʜʥʦʨʽʜʥʦʩʪʽ ʜʠʩʧʝʨʩʽʾ 

ʚʠʙʽʨʦʢ, ʱʦ ʧʦʨʽʚʥʶʶʪʴʩʷ. ʊʦʤʫ ʟʘʩʪʦʩʫʚʘʥʥʶ ʢʨʠʪʝʨʽʶ ʉʪ'ʶʜʝʥʪʘ ʟʘʚʞʜʠ 

ʧʝʨʝʜʫʻ ʧʝʨʝʚʽʨʢʘ ʦʜʥʦʨʽʜʥʦʩʪʽ ʜʠʩʧʝʨʩʽʡ ʟʘ ʢʨʠʪʝʨʽʻʤ ʌʽʰʝʨʘ. 

ʇʦʨʽʚʥʷʥʥʷ ʩʝʨʝʜʥʽʭ ʜʚʦʭ ʥʝʟʘʣʝʞʥʠʭ ʚʠʙʽʨʦʢ ʟʘʩʦʚʘʤʠ MS Excel 

ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʩʪʘʪʠʩʪʠʯʥʦʾ ʛʽʧʦʪʝʟʠ ʧʨʦ ʨʽʚʥʽʩʪʴ ʩʝʨʝʜʥʽʭ ʚʠʢʦʨʠʩ-

ʪʦʚʫʶʪʴ ʇʘʢʝʪ ʘʥʘʣʠʟʘ. ʆʩʢʽʣʴʢʠ ʧʨʘʚʠʣʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʨʠʪʝʨʽʶ ʉʪ'ʶʜʝ-

ʥʪʘ ʟʘʣʝʞʘʪʴ ʚʽʜ ʨʝʟʫʣʴʪʘʪʽʚ ʧʝʨʝʚʽʨʢʠ ʦʜʥʦʨʽʜʥʦʩʪʽ ʜʠʩʧʝʨʩʽʡ ʛʝʥʝʨʘʣʴʥʠʭ 

ʩʫʢʫʧʥʦʩʪʝʡ, ʽʟ ʷʢʠʭ ʫʪʚʦʨʝʥʽ ʜʚʽ ʥʝʟʘʣʝʞʥʽ ʚʠʙʽʨʢʠ, ʪʦ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʩʝ-

ʨʝʜʥʽʭ ʮʠʭ ʚʠʙʽʨʦʢ, ʚʽʜʧʦʚʽʜʥʦ ʻ ʜʚʘ ʽʥʩʪʨʫʤʝʥʪʠ ʘʥʘʣʽʟʫ: ɼʚʫʭʚʳʙʦʨʦʯ-

ʥʳʡ t-ʪʝʩʪ ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʜʠʩʧʝʨʩʠʷʤʠ ʪʘ ɼʚʫʭʚʳʙʦʨʦʯʥʳʡ t-ʪʝʩʪ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʜʠʩʧʝʨʩʠʷʤʠ. 

ɼʣʷ ʚʠʢʣʠʢʫ ʙʫʜʴ-ʷʢʦʛʦ ʟ ʮʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʘʥʘʣʽʟʫ ʚʠʢʦʥʫʶʪʴ ʢʦʤʘʥ-

ʜʫ ʉʝʨʚʠʩ=> ɸʥʘʣʠʟ ʜʘʥʥʳʭ, a ʧʦʪʽʤ ʫ ʜʽʘʣʦʛʦʚʦʤʫ ʚʽʢʥʽ, ʱʦ ʚʽʜʢʨʠʻʪʴʩʷ, 

ʚʠʙʠʨʘʶʪʴ ʧʦʪʨʽʙʥʝ. 

ɺʠʙʽʨ t-ʪʝʩʪʫ ʟʜʽʡʩʥʶʶʪʴ ʣʠʰʝ ʧʽʩʣʷ ʪʦʛʦ, ʷʢ ʙʫʜʝ ʚʠʢʦʥʘʥʘ ʧʝʨʝʚʽʨ-

ʢʘ ʛʽʧʦʪʝʟʠ ʧʨʦ ʨʽʚʥʽʩʪʴ ʛʝʥʝʨʘʣʴʥʠʭ ʜʠʩʧʝʨʩʽʡ ʜʚʦʭ ʚʠʙʽʨʦʢ ʽ ʙʫʜʝ ʚʩʪʘʥʦ-

ʚʣʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʨʠʪʝʨʽʶ ʌʽʰʝʨʘ (F-ʪʝʩʪʫ) ʟʥʘʯʫʱʽʩʪʴ ʨʽʟʥʠʮʽ ʚʠʙʽʨ-

ʢʦʚʠʭ ʜʠʩʧʝʨʩʽʡ. ʗʢʱʦ ʜʠʩʧʝʨʩʽʾ ʚʠʙʽʨʦʢ ʚʠʷʚʠʣʠʩʷ ʨʽʚʥʠʤʠ, ʪʦʙʪʦ ʥʝ ʤʘ-

ʶʪʴ ʩʪʘʪʠʩʪʠʯʥʦ ʟʥʘʯʫʱʦʾ ʨʽʟʥʠʮʽ, ʪʦ ʚʠʙʠʨʘʶʪʴ ɼʚʫʭʚʳʙʦʨʦʯʥʳʡ t-ʪʝʩʪ 

ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʜʠʩʧʝʨʩʠʷʤʠ i ʥʘʪʠʩʢʫʶʪʴ ʢʥʦʧʢʫ ʆʂ. ɺʽʜʢʨʠʻʪʴʩʷ ʜʽʘʣʦ-

ʛʦʚʝ ʚʽʢʥʦ ʟ ʥʘʟʚʦʶ ʚʠʙʨʘʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʘʥʘʣʽʟʫ. ʇʦʨʷʜʦʢ ʚʚʝʜʝʥʥʷ ʜʘʥʠʭ 

ʫ ʮʴʦʤʫ ʚʽʢʥʽ ʪʘʢʠʡ ʞʝ, ʷʢ i ʫ ʜʽʘʣʦʛʦʚʦʤʫ ʚʽʢʥʽ F- ʪʝʩʪʫ. ʇʽʩʣʷ ʚʚʝʜʝʥʥʷ ʥʝ-

ʦʙʭʽʜʥʠʭ ʜʘʥʠʭ i ʥʘʪʠʩʢʘʥʥʷ ʢʥʦʧʢʠ OK ʟ'ʷʚʠʪʴʩʷ ʪʘʙʣʠʮʷ ʟ ʘʥʘʣʦʛʽʯʥʦʶ 

ʥʘʟʚʦʶ. 

xn

xn xn yn



 

ʋ ʪʘʙʣʠʮʽ ʙʫʜʫʪʴ ʤʽʩʪʠʪʠʩʷ ʦʙʯʠʩʣʝʥʽ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ i ʜʠʩʧʝʨʩʽʾ 

ʜʣʷ ʢʦʞʥʦʾ ʚʠʙʽʨʢʠ; ʦʙʩʷʛʠ ʮʠʭ ʚʠʙʽʨʦʢ (ʫ ʨʷʜʢʫ: ʅʘʙʣʶʜʝʥʠʷ); ʪʝʦʨʝʪʠʯ-

ʥʽ ʛʝʥʝʨʘʣʴʥʽ ʜʠʩʧʝʨʩʽʾ ʦʙʦʭ ʚʠʙʽʨʦʢ (ʫ ʨʷʜʢʫ: ʆʙʲʝʜʠʥʝʥʥʘʷ ʜʠʩʧʝʨʩʠʷ); 

ʯʠʩʣʦ ʩʪʝʧʝʥʽʚ ʩʚʦʙʦʜʠ ʨʦʟʧʦʜʽʣʫ ʉʪ'ʶʜʝʥʪʘ (ʫ ʨʷʜʢʫ: df); ʟʥʘʯʝʥʥʷ ʢʨʠʪʝ-

ʨʽʶ ʉʪ'ʶʜʝʥʪʘ, ʷʢʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ (ʫ ʨʷʜʢʫ: t-ʩʪʘʪʠʩʪʠʢʘ); ʢʨʠʪʠʯʥʘ ʪʦʯʢʘ 

ʨʦʟʧʦʜʽʣʫ ʉʪ'ʶʜʝʥʪʘ ʜʚʦʩʪʦʨʦʥʥʴʦʾ ʢʨʠʪʠʯʥʦʾ ʦʙʣʘʩʪʽ (ʫ ʨʷʜʢʫ: t ʢʨʠʪʠʯʝ-

ʩʢʦʝ ʜʚʫʩʪʦʨʦʥʥʝʝ) ʪʘ ʽʥʰʝ. 

ʗʢʱʦ ʧʽʩʣʷ ʚʠʢʦʥʘʥʥʷ F-ʪʝʩʪʫ ʜʠʩʧʝʨʩʽʾ ʚʠʙʽʨʦʢ ʚʠʷʚʣʷʶʪʴʩʷ ʨʽʟʥʠ-

ʤʠ, ʪʦ ʚʠʙʠʨʘʶʪʴ ɼʚʫʭʚʳʙʦʨʦʯʥʳʡ t-ʪʝʩʪ ʩ ʨʘʟʣʠʯʥʳʤʠ ʜʠʩʧʝʨʩʠʷʤʠ. 

ʇʽʩʣʷ ʥʘʪʠʩʢʘʥʥʷ ʢʥʦʧʢʠ ʆʂ ʚʽʜʢʨʠʻʪʴʩʷ ʜʽʘʣʦʛʦʚʝ ʚʽʢʥʦ ʟ ʘʥʘʣʦʛʽʯʥʦʶ 

ʥʘʟʚʦʶ. ʇʦʨʷʜʦʢ ʟʘʧʦʚʥʝʥʥʷ ʧʦʣʽʚ ʫ ʜʘʥʦʤʫ ʜʽʘʣʦʛʦʚʦʤʫ ʚʽʢʥʽ ʪʘʢʠʡ ʞʝ, ʷʢ 

i ʚ ʧʦʧʝʨʝʜʥʴʦʤʫ ʚʠʧʘʜʢʫ. ʊʘʙʣʠʮʷ ʚ  

t-ʪʝʩʪʽ ʟ ʨʽʟʥʠʤʠ ʜʠʩʧʝʨʩʽʷʤʠ ʧʨʘʢʪʠʯʥʦ ʩʧʽʚʧʘʜʘʻ ʟ ʪʘʙʣʠʮʝʶ ʫ  

t- ʪʝʩʪʽ ʟ ʦʜʥʘʢʦʚʠʤʠ ʜʠʩʧʝʨʩʽʷʤʠ ʟʘ ʚʠʥʷʪʢʦʤ ʪʦʛʦ, ʱʦ ʚ ʦʩʪʘʥʥʴʦʤʫ ʚʠ-

ʧʘʜʢʫ ʚʽʜʩʫʪʥʽʡ ʨʷʜʦʢ ʆʙʲʝʜʠʥʝʥʥʘʷ ʜʠʩʧʝʨʩʠʷ. 

ʇʦʨʽʚʥʶʶʪʴ ʟʘ ʘʙʩʦʣʶʪʥʦʶ ʚʝʣʠʯʠʥʦʶ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʉʪ'ʶʜʝʥ-

ʪʘ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʨʷʜʢʫ t-ʩʪʘʪʠʩʪʠʢʘ, ʟ ʢʨʠʪʠʯʥʦʶ ʪʦʯʢʦʶ ʨʦʟʧʦʜʽʣʫ 

ʉʪ'ʶʜʝʥʪʘ ʜʚʦʩʪʦʨʦʥʥʴʦʾ ʢʨʠʪʠʯʥʦʾ ʦʙʣʘʩʪʽ t ʢʨʠʪʠʯʝʩʢʦʝ ʜʚʫʭʩʪʦʨʦʥ-

ʥʝʝ. 

ʇʨʠʢʣʘʜ. ɿʘ ʜʘʥʠʤʠ ʪʘʙʣ. 4 ʧʝʨʝʚʽʨʷʣʘʩʷ ʦʜʥʦʨʽʜʥʽʩʪʴ ʜʠʩʧʝʨʩʽʡ ʟʘ 

ʢʨʠʪʝʨʽʻʤ ʌʽʰʝʨʘ. ɺʠʷʚʠʣʦʩʷ, ʱʦ ʜʠʩʧʝʨʩʽʾ ʦʜʥʦʨʽʜʥʽ. ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʩʝʨʝ-

ʜʥʽʭ ʟʥʘʯʝʥʴ ʙʫʚ ʟʘʩʪʦʩʦʚʘʥʠʡ ʢʨʠʪʝʨʽʡ ʉʪ'ʶʜʝʥʪʘ ʜʣʷ ʚʠʙʽʨʦʢ ʟ ʦʜʥʦʨʽʜ-

ʥʠʤʠ ʜʠʩʧʝʨʩʽʷʤʠ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣ. 

ʊʘʙʣʠʮʷ  

ʈʝʟʫʣʴʪʘʪʠ ʧʝʨʝʚʽʨʢʠ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ ʟʘ ʢʨʠʪʝʨʽʻʤ ʉʪ'ʶʜʝʥʪʘ 

ɼʚʫʭʚʳʙʦʨʦʯʥʳʡ t-ʪʝʩʪ ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʜʠʩʧʝʨʩʠʷʤʠ 

 ʇʝʨʝʤʝʥʥʘʷ 1 ʇʝʨʝʤʝʥʥʘʷ 2 

ʉʨʝʜʥʝʝ 10,35 8,45 

ɼʠʩʧʝʨʩʠʷ 1,5536 0,9754 

ʅʘʙʣʶʜʝʥʠʷ 12 12 

ʆʙʲʝʜʠʥʝʥʥʘʷ ʜʠʩʧʝʨʩʠʷ 1,26454  

ɻʠʧʦʪʝʪʠʯʝʩʢʘʷ ʨʘʟʥʦʩʪʴ ʩʨʝʜʥʠʭ 0  

df 22  

t-ʩʪʘʪʠʩʪʠʢʘ 4,1386  

P(T<=t) ʦʜʥʦʩʪʦʨʦʥʥʝʝ 0,0002  

t ʢʨʠʪʠʯʝʩʢʦʝ ʦʜʥʦʩʪʦʨʦʥʥʝʝ 1,7171  

P(T<=t) ʜʚʫʭʩʪʦʨʦʥʥʝʝ 0,0004  

t ʢʨʠʪʠʯʝʩʢʦʝ ʜʚʫʭʩʪʦʨʦʥʥʝʝ 2,0738  



 

ʆʩʢʽʣʴʢʠ tʩʪʘʪʠʩʪʠʢʘ=4,1386>tʂʨʠʪ.ʜʚʫʭʩʪ.=2,0738,  ʪʦ  ʤʽʞ ʩʝʨʝʜʥʽʤʠ, ʱʦ 

ʧʦʨʽʚʥʶʶʪʴʩʷ, ʻ ʩʪʘʪʠʩʪʠʯʥʦ ʟʥʘʯʫʱʘ ʨʽʟʥʠʮʷ, ʪʦʙʪʦ ʩʝʨʝʜʥʽ ʜʚʦʭ ʚʠʙʽʨʦʢ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ. ɿʥʘʯʝʥʥʷ t-ʩʪʘʪʠʩʪʠʢʠ ʟʘʚʞʜʠ ʙʝʨʝʪʴʩʷ ʟʘ ʤʦʜʫʣʝʤ (ʟʘ ʘʙʩʦ-

ʣʶʪʥʦʶ ʚʝʣʠʯʠʥʦʶ!). 

 

ʇʨʘʢʪʠʯʥʘ ʨʦʙʦʪʘ ˉ6. ʇʝʨʝʚʽʨʢʘ ʛʽʧʦʪʝʟʠ ʧʨʦ ʨʽʚʥʽʩʪʴ ʩʝʨʝʜʥʽʭ 

ʄʝʪʘ ʨʦʙʦʪʠ - ʦʪʨʠʤʘʥʥʷ ʧʨʘʢʪʠʯʥʠʭ ʥʘʚʠʯʦʢ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʪʘ-

ʪʠʩʪʠʯʥʠʭ ʢʨʠʪʝʨʽʾʚ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʩʪʘʪʠʩʪʠʯʥʠʭ ʛʽʧʦʪʝʟ, ʟʦʢʨʝʤʘ, ʢʨʠʪʝʨʽʶ 

ʉʪ'ʶʜʝʥʪʘ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʨʽʚʥʦʩʪʽ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ. 

 

ʇʨʦʛʨʘʤʘ ʚʠʢʦʥʘʥʥʷ  

1. ɿʘʚʘʥʪʘʞʠʪʠ ʪʘʙʣʠʯʥʠʡ ʧʨʦʮʝʩʦʨ MS Excel. 

2. ɺʠʙʨʘʪʠ ʦʜʠʥ ʚʘʨʽʘʥʪ ʜʘʥʠʭ ʽʟ ʪʘʙʣʠʮʽ ʟʘʚʜʘʥʥʷ ʜʦ ʧʨʘʢʪʠʯʥʦʾ 5. 

3. ʇʝʨʝʚʽʨʠʪʠ ʛʽʧʦʪʝʟʫ ʧʨʦ ʨʽʚʥʽʩʪʴ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ ʜʚʦʭ ʥʝʟʘʣʝʞʥʠʭ ʚʠ-

ʙʽʨʦʢ i ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʦʜʝʨʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ. 

4. ɿʙʝʨʝʛʪʠ ʜʦʢʫʤʝʥʪ ʫ ʚʣʘʩʥʽʡ ʧʘʧʮʽ ʽ ʥʘʜʽʩʣʘʪʠ ʥʝ ʧʝʨʝʚʽʨʢʫ ʚʠʢʣʘʜʘʯʫ. 

 

ɿʘʧʠʪʘʥʥʷ ʜʣʷ ʩʘʤʦʧʝʨʝʚʽʨʢʠ 

1. ʑʦ ʥʘʟʠʚʘʻʪʴʩʷ ʩʪʘʪʠʩʪʠʯʥʦʶ ʛʽʧʦʪʝʟʦʶ? 

2. ʗʢʽ ʙʫʚʘʶʪʴ ʩʪʘʪʠʩʪʠʯʥʽ ʛʽʧʦʪʝʟʠ? 

3. ʑʦ ʥʘʟʠʚʘʻʪʴʩʷ ʩʪʘʪʠʩʪʠʯʥʠʤ ʢʨʠʪʝʨʽʻʤ? 

4. ɼʣʷ ʯʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʦʨʽʚʥʷʥʥʷ ʜʚʦʭ ʜʠʩʧʝʨʩʽʡ? 

5. ɿʘ ʷʢʠʭ ʫʤʦʚ ʜʠʩʧʝʨʩʽʾ ʚʚʘʞʘʶʪʴ ʦʜʥʦʨʽʜʥʠʤʠ i ʟʘ ʷʢʠʭ - ʥʽ? 

6. ʇʨʦ ʱʦ ʩʚʽʜʯʠʪʴ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʜʠʩʧʝʨʩʽʡ? 

7. ɿʘ ʷʢʠʤ ʢʨʠʪʝʨʽʻʤ ʧʦʨʽʚʥʶʶʪʴ ʜʚʽ ʜʠʩʧʝʨʩʽʾ i ʷʢʠʡ ʧʦʨʷʜʦʢ ʡʦʛʦ ʟʘ-

ʩʪʦʩʫʚʘʥʥʷ? 

8. ʗʢʽ ʟʘʩʦʙʠ MS Excel ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʜʠʩʧʝʨʩʽʡ? 

9. ɿʘ ʷʢʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ, ʚʠʚʝʜʝʥʠʤʠ ʫ ʪʘʙʣʠʮʽ F-ʪʝʩʪʫ MS Excel, ʚʠ-

ʟʥʘʯʘʶʪʴ ʦʜʥʦʨʽʜʥʽʩʪʴ ʜʠʩʧʝʨʩʽʡ? 

10.3ʘ ʷʢʠʤ ʢʨʠʪʝʨʽʻʤ ʧʝʨʝʚʽʨʷʶʪʴ ʛʽʧʦʪʝʟʫ ʧʨʦ ʨʽʚʥʽʩʪʴ ʩʝʨʝʜʥʽʭ ʟʥʘ-

ʯʝʥʴ?  

11.ɺʽʜ ʯʦʛʦ ʟʘʣʝʞʠʪʴ ʚʠʙʽʨ ʚʠʜʫ ʢʨʠʪʝʨʽʶ ʉʪ'ʶʜʝʥʪʘ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ 

ʩʝʨʝʜʥʽʭ?  

12.ʗʢʽ ʧʨʘʚʠʣʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ t-ʪʝʩʪʫ?  

13.ʗʢ ʟʘʜʘʪʠ ʨʽʚʝʥʴ ʥʘʜʽʡʥʦʩʪʽ, ʟʘ ʷʢʠʤ ʪʨʝʙʘ ʧʝʨʝʚʽʨʠʪʠ ʛʽʧʦʪʝʟʫ?  

14.ʗʢʠʡ ʨʽʚʝʥʴ ʥʘʜʽʡʥʦʩʪʽ ʚʩʪʘʥʦʚʣʝʥʠʡ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʫ F- ʪʘ  

t-ʪʝʩʪʘʭ?  



 

15.ʗʢ ʚʧʣʠʚʘʻ ʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʥʘʜʽʡʥʦʩʪʽ ʥʘ ʨʝʟʫʣʴʪʘʪʠ ʧʦʨʽʚʥʷʥʥʷ? 

 

11.7.ʆʜʥʦʬʘʢʪʦʨʥʠʡ ʜʠʩʧʝʨʩʽʡʥʠʡ ʘʥʘʣʽʟ 

ʄʝʪʦʜ ʜʦʩʣʽʜʞʝʥʴ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʧʦʨʽʚʥʷʥʥʽ ʜʠʩʧʝʨʩʽʡ, ʥʘʟʠʚʘʻʪʴʩʷ 

ʜʠʩʧʝʨʩʽʡʥʠʤ ʘʥʘʣʽʟʦʤ. 

ʆʩʥʦʚʥʘ ʽʜʝʷ ʜʠʩʧʝʨʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʧʦʣʷʛʘʻ ʫ ʧʦʨʽʚʥʷʥʥʽ çʬʘʢʪʦʨʥʦʾ 

ʜʠʩʧʝʨʩʽʾè ʦʙʫʤʦʚʣʝʥʦʾ ʚʧʣʠʚʦʤ ʬʘʢʪʦʨʥʦʾ ʦʟʥʘʢʠ, ʽ çʟʘʣʠʰʢʦʚʦʾ ʜʠʩʧʝ-

ʨʩʽʾè ʦʙʫʤʦʚʣʝʥʦʾ ʚʧʣʠʚʦʤ ʚʠʧʘʜʢʦʚʠʭ ʯʠʥʥʠʢʽʚ. ʗʢʱʦ ʨʽʟʥʠʮʷ ʤʽʞ ʮʠ-

ʤʠ ʜʠʩʧʝʨʩʽʷʤʠ ʩʪʘʪʠʩʪʠʯʥʦ ʟʥʘʯʫʱʘ, ʪʦ ʚʧʣʠʚ ʬʘʢʪʦʨʥʦʾ ʦʟʥʘʢʠ, ʱʦ 

ʚʠʚʯʘʻʪʴʩʷ, ʥʘ ʨʝʟʫʣʴʪʘʪʠʚʥʫ ʦʟʥʘʢʫ ʪʘʢʦʞ ʻ ʩʪʘʪʠʩʪʠʯʥʦ ʟʥʘʯʫʱʠʤ. 

ɼʠʩʧʝʨʩʽʡʥʠʡ ʘʥʘʣʽʟ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʢʽʣʴʢʽʩʥʠʭ ʘʙʦ 

ʷʢʽʩʥʠʭ ʬʘʢʪʦʨʥʠʭ ʦʟʥʘʢ (ʬʘʢʪʦʨʽʚ). ʂʽʣʴʢʽʩʥʠʡ ʬʘʢʪʦʨ - ʬʘʢʪʦʨʥʘ ʦʟʥʘʢʘ, 

ʷʢʫ ʤʦʞʥʘ ʚʠʨʘʟʠʪʠ ʢʽʣʴʢʽʩʥʦ (ʤʦʞʥʘ ʚʠʤʽʨʷʪʠ), ʥʘʧʨʠʢʣʘʜ, ʢʽʣʴʢʽʩʪʴ 

ʚʥʝʩʝʥʠʭ ʜʦʙʨʠʚ, ʪʝʤʧʝʨʘʪʫʨʘ ʽ ʚʽʜʥʦʩʥʘ ʚʦʣʦʛʽʩʪʴ ʧʦʚʽʪʨʷ ʪʦʱʦ. ʈʽʚʥʽ ʚʘ-

ʨʽʶʚʘʥʥʷ ʢʽʣʴʢʽʩʥʦʛʦ ʬʘʢʪʦʨʘ - ʢʦʥʢʨʝʪʥʽ ʟʥʘʯʝʥʥʷ, ʷʢʽ ʮʽʢʘʚʣʷʪʴ ʜʦʩʣʽʜ-

ʥʠʢʘ, ʥʘʧʨʠʢʣʘʜ, ʧʝʚʥʘ ʢʽʣʴʢʽʩʪʴ ʚʥʝʩʝʥʠʭ ʜʦʙʨʠʚ, ʢʦʥʢʨʝʪʥʽ ʟʥʘʯʝʥʥʷ ʪʝ-

ʤʧʝʨʘʪʫʨʠ, ʘʙʦ ʚʦʣʦʛʦʩʪʽ ʧʦʚʽʪʨʷ ʪʦʱʦ. 

ʗʢʽʩʥʠʡ ʬʘʢʪʦʨ - ʬʘʢʪʦʨʥʘ ʦʟʥʘʢʘ, ʷʢʫ ʥʝ ʤʦʞʥʘ ʚʠʤʽʨʷʪʠ, ʪʦʙʪʦ ʷʢʘ 

ʧʨʠʡʤʘʻ ʪʽʣʴʢʠ ʷʢʽʩʥʽ ʟʥʘʯʝʥʥʷ, ʥʘʧʨʠʢʣʘʜ, ʚʠʜ ʜʦʙʨʠʚʘ, ʚʠʜ ʤʝʭʘʥʽʯʥʦʛʦ 

ʟʘʩʦʙʫ ʜʣʷ ʦʙʨʦʙʢʠ ˇʨʫʥʪʫ ʪʦʱʦ. ʈʽʚʥʽ ʚʘʨʽʶʚʘʥʥʷ ʷʢʽʩʥʦʛʦ ʬʘʢʪʦʨʫ - ʧʝʚ-

ʥʽ ʚʠʜʠ ʜʦʙʨʠʚ, ʧʝʚʥʽ ʚʠʜʠ ʟʘʩʦʙʽʚ ʪʦʱʦ. ʈʽʚʥʽ ʚʘʨʽʶʚʘʥʥʷ ʷʢʽʩʥʦʛʦ ʬʘʢ-

ʪʦʨʫ ʥʝ ʤʦʞʫʪʴ ʧʨʠʡʤʘʪʠ ʧʨʦʤʽʞʥʠʭ ʟʥʘʯʝʥʴ. 

ʋ MS Excel ʻ ʟʘʩʽʙ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʦʜʥʦʬʘʢʪʦʨʥʦʛʦ ʜʠʩʧʝʨʩʽʡʥʦʛʦ 

ʘʥʘʣʽʟʫ. ɼʣʷ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʢʦʥʫʶʪʴ ʜʽʾ: 

ʜʦʩʣʽʜʥʽ ʜʘʥʽ ʨʦʟʤʽʱʫʶʪʴ ʫ ʪʘʙʣʠʮʽ, ʜʝ: ʥʘʟʚʠ ʩʪʦʚʧʯʠʢʽʚ ï ʨʽʚʥʽ ʬʘʢʪʦʨ-

ʥʦʾ ʦʟʥʘʢʠ; ʨʷʜʢʠ - ʨʝʟʫʣʴʪʘʪʠ ʧʦʚʪʦʨʥʠʭ ʚʠʤʽʨʶʚʘʥʴ; 

ʚʠʢʦʥʫʶʪʴ ʜʽʾ: ɸʥʘʣʠʟ ʜʘʥʥʳʭ => ʆʜʥʦʬʘʢʪʦʨʥʳʡ ʜʠʩʧʝʨʩʠʦʥʡr ʘʥʘʣʠʟ; 

ʫ ʧʦʣʷ ʦʜʥʦʡʤʝʥʥʦʛʦ ʜʽʘʣʦʛʦʚʦʛʦ ʚʽʢʥʘ, ʱʦ ʚʽʜʢʨʠʻʪʴʩʷ, ʚʚʦʜʷʪʴ ʧʦʪʨʽʙʥʝ: 

- ʫ ʧʦʣʝ ɺʭʦʜʥʦʡ ʠʥʪʝʨʚʘʣ ʚʚʦʜʷʪʴ ʧʨʷʤʦʢʫʪʥʠʡ ʜʽʘʧʘʟʦʥ ʢʦʤʽʨʦʢ ʟ 

ʚʠʭʽʜʥʠʤʠ ʜʘʥʠʤʠ; 

- ʩʝʨʝʜ ʪʨʫʧʠ ʧʝʨʝʤʠʢʘʯʽʚ ɻʨʫʧʧʠʨʦʚʘʥʠʝ ʚʽʜʤʽʯʘʶʪʴ ʧʦ ʩʪʦʣʙʮʘʤ, 

ʦʩʢʽʣʴʢʠ ʜʘʥʽ, ʱʦ ʦʙʫʤʦʚʣʝʥʽ ʨʽʚʥʷʤʠ ʬʘʢʪʦʨʥʦʾ ʦʟʥʘʢʠ, ʨʦʟʤʽʱʝʥʽ 

ʫ ʩʪʦʚʧʯʠʢʘʭ; 

- ʷʢʱʦ ʫ ʚʚʝʜʝʥʠʡ ʜʽʘʧʘʟʦʥ ʜʘʥʠʭ ʫʚʽʡʰʣʠ ʥʘʟʚʠ ʩʪʦʚʧʯʠʢʽʚ, ʪʦ ʚʽʜ-

ʤʽʯʘʶʪʴ ʧʫʥʢʪ ʄʝʪʢʠ ʚ ʧʝʨʚʦʡ ʩʪʨʦʢʝ; 

- ʟʘʣʠʰʘʶʪʴ ʨʽʚʝʥʴ ʥʘʜʽʡʥʦʩʪʽ ɸʣʴʬʘ ʙʝʟ ʟʤʽʥ, ʷʢʱʦ ʟʥʘʯʝʥʥʷ 0,05 

ʟʘʜʦʚʦʣʴʥʷʻ, ʘʙʦ ʚʚʦʜʷʪʴ ʽʥʰʝ ʟʥʘʯʝʥʥʷ ʫ ʚʽʜʧʦʚʽʜʥʝ ʧʦʣʝ; 



 

- ʫ ʛʨʫʧʽ ʧʝʨʝʤʠʢʘʯʽʚ ʇʘʨʘʤʝʪʨʳ ʚʳʚʦʜʘ ʚʽʜʤʽʯʘʶʪʴ ɺʳʭʦʜʥʦʡ ʠʥ-

ʪʝʨʚʘʣ ʽ ʚʚʦʜʷʪʴ ʘʜʨʝʩʫ ʚʝʨʭʥʴʦʾ ʣʽʚʦʾ ʢʦʤʽʨʢʠ ʜʣʷ ʚʠʚʝʜʝʥʥʷ ʨʝ-

ʟʫʣʴʪʘʪʽʚ, ʘʙʦ ʚʠʙʠʨʘʶʪʴ ʽʥʰʝ; 

- ʥʘʪʠʩʢʫʶʪʴ ʢʥʦʧʢʫ ʆʂ. 

ʇʨʠʢʣʘʜ. ɺʠʚʯʘʣʠ ʚʧʣʠʚ ʷʢʽʩʥʦʛʦ ʬʘʢʪʦʨʘ ʥʘ ʪʨʴʦʭ ʨʽʚʥʷʭ ʚʘʨʽʶʚʘʥʥʷ 

(ʚʠʣʠʚ ʪʨʴʦʭ ʚʠʜʽʚ ʜʦʙʨʠʚ) ʥʘ ʢʽʣʴʢʽʩʪʴ ʟʝʨʝʥ ʚ ʢʦʣʦʩʽ ʷʨʦʾ ʧʰʝʥʠʮʽ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʷʭ.  

ʊʘʙʣʠʮʷ - ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʚʧʣʠʚʫ ʚʠʜʽʚ ʜʦʙʨʠʚ ʥʘ ʢʽʣʴʢʽʩʪʴ ʟʝʨʝʥ ʫ 

ʢʦʣʦʩʽ ʷʨʦʾ ʧʰʝʥʠʮʽ 

ʅʦʤʝʨ 

ʜʦʩʣʽʜʫ (ʧʦʚʪʦʨʥʦʩʪʽ) 

ɺʠʜ. ʜʦʙʨʠʚ 

ɸ ɺ ʉ 

ʂʽʣʴʢʽʩʪʴ ʟʝʨʝʥ ʫ ʢʦʣʦʩʽ, ʰʪ. 

1 51 52 42 

2 52 54 44 

3 56 56 50 

4 57 58 52 

ʇʽʩʣʷ ʟʘʧʦʚʥʝʥʥʷ ʧʦʣʽʚ ʦʜʥʦʡʤʝʥʥʦʛʦ ʜʽʘʣʦʛʦʚʦʛʦ ʚʽʢʥʘ ʚʠʚʦʜʷʪʴʩʷ 

ʜʚʽ ʪʘʙʣʠʮʽ. ɺ ʪʘʙʣ. 9 ʧʨʝʜʩʪʘʚʣʝʥʽ ʧʽʜʩʫʤʢʦʚʽ ʨʦʟʨʘʭʫʥʢʠ ʜʣʷ ʨʽʚʥʽʚ ʬʘʢ-

ʪʦʨʥʦʾ ʦʟʥʘʢʠ - ʜʣʷ ʢʦʞʥʦʛʦ ʽʟ ʚʠʜʽʚ ʜʦʙʨʠʚ, ʷʢʽ ʪʨʘʢʪʫʶʪʴʩʷ ʷʢ ʛʨʫʧʦʚʽ 

ʨʝʟʫʣʴʪʘʪʠ. ɺʠʟʥʘʯʘʶʪʴʩʷ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʽ ʜʠʩʧʝʨʩʽʾ ʚʩʝʨʝʜʠʥʽ ʛʨʫʧ 

(ʩʝʨʝʜ ʧʦʚʪʦʨʥʠʭ ʚʠʤʽʨʶʚʘʥʴ), ʦʙʫʤʦʚʣʝʥʽ ʚʧʣʠʚʦʤ ʚʠʧʘʜʢʦʚʠʭ ʯʠʥʥʠ-

ʢʽʚ. 

ʊʘʙʣʠʮʷ  - ʇʨʦʤʽʞʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʧʝʨʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ 

ʆʜʥʦ ʬʘʢʪʦʨʥʳʡ ʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ 

ʀʊʆɻʀ 

ɻʨʫʧʧʳ ʉʯʝʪ ʉʫʤʤʘ ʉʨʝʜʥʝʝ ɼʠʩʧʝʨʩʠʷ 

ʉʪʦʣʙʝʮ 1 4 216 54 8,6666 

ʉʪʦʣʙʝʮ 2 4 220 55 6,6666 

ʉʪʦʣʙʝʮ 3 4 188 47 22,6666 

*  ʉʪʦʣʙʝʮ 1, ʉʪʦʣʙʝʮ 2, ʉʪʦʣʙʝʮ 3 - ʨʽʚʥʽ ʚʘʨʽʶʚʘʥʥʷ ʷʢʽʩʥʦʾ ʬʘʢʪʦʨ-

ʥʦʾ ʦʟʥʘʢʠ - ʚʠʜʫ ʜʦʙʨʠʚ; 

*  ʉʯʝʪ - ʢʽʣʴʢʽʩʪʴ ʧʦʚʪʦʨʥʦʩʪʝʡ ʜʣʷ ʢʦʞʥʦʛʦ ʨʽʚʥʷ ʬʘʢʪʦʨʥʦʾ ʦʟʥʘʢʠ; 

*  ʉʫʤʤʘ - ʟʘʛʘʣʴʥʘ ʩʫʤʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ; 

*  ʉʨʝʜʥʝʝ - ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʨʝʟʫʣʴʪʘʪʠʚʥʦʾ ʦʟʥʘʢʠ ʜʣʷ ʢʦʞʥʦʛʦ ʨʽʚʥʷ 

ʬʘʢʪʦʨʥʦʾ ʦʟʥʘʢʠ; 

*  ɼʠʩʧʝʨʩʠʷ - ʜʠʩʧʝʨʩʽʷ, ʦʙʫʤʦʚʣʝʥʘ ʚʧʣʠʚʦʤ ʚʠʧʘʜʢʦʚʠʭ ʯʠʥʥʠʢʽʚ, 

ʪʦʙʪʦ ʚʽʜʤʽʥʥʦʩʪʷʤʠ ʤʽʞ ʧʦʚʪʦʨʥʠʤʠ ʚʠʤʽʨʶʚʘʥʥʷʤʠ 



 

ʋ ʪʘʙʣ. ʥʘʚʝʜʝʥʽ ʧʽʜʩʫʤʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʧʝʨʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ. 

ʊʘʙʣʠʮʷ - ʇʽʜʩʫʤʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʧʝʨʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ 

ɼʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ 

ʀʩʪʦʯʥʠʢ ʚʘ-

ʨʠʘʮʠʠ 

SS df MS F ʈ-ɿʥʘʯʝʥʠʝ F ʢʨʠʪʠʯʝʩʢʦʝ 

ʄʝʞʜʫ 

ʛʨʫʧʧʘʤʠ 

152 2 76 6 0,0220 4,2564 

ɺʥʫʪʨʠ ʛʨʫʧʧ 114 9 12,6666    

ʀʪʦʛʦ 266 11     

ÁSS - ʩʫʤʘ ʢʚʘʜʨʘʪʽʚ: 

- ʄʝʞʜʫ ʛʨʫʧʧʘʤʠ - ʤʽʞʛʨʫʧʦʚʘ ʩʫʤʘ ʢʚʘʜʨʘʪʽʚ (ʦʙʫʤʦʚʣʝʥʘ 

ʚʧʣʠʚʦʤ ʨʽʚʥʽʚ ʬʘʢʪʦʨʥʦʾ ʦʟʥʘʢʠ, ʱʦ ʚʠʚʯʘʻʪʴʩʷ): ( ),
1

2

ä
=

-
n

i
i

XX  

ʜʝ X  - ʟʘʛʘʣʴʥʝ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʨʝʟʫʣʴʪʘʪʠʚʥʦʾ ʦʟʥʘʢʠ; 
i

X  - ʩʝ-

ʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʨʝʟʫʣʴʪʘʪʠʚʥʦʾ ʦʟʥʘʢʠ, ʦʙʫʤʦʚʣʝʥʝ ʚʧʣʠʚʦʤ -̔ ʛʦ 

ʨʽʚʥʷ ʬʘʢʪʦʨʥʦʾ ʦʟʥʘʢʠ; ʽ =1éʧ, ʜʝ ʧ- ʢʽʣʴʢʽʩʪʴ ʨʽʚʥʽʚ ʬʘʢʪʦʨʥʦʾ 

ʦʟʥʘʢʠ; 

-ɺʥʫʪʨʠ ʛʨʫʧʧ - ʫ ʩʝʨʝʜʠʥʽ ʛʨʫʧ (ʚʠʧʘʜʢʦʚʠʡ ʚʧʣʠʚ): 

( ),
1 1

2

ää
= =

-
n

i

n

j
i

XX  ʜʝ ʍij - ʧʦʪʦʯʥʝ ʟʥʘʯʝʥʥʷ ʨʝʟʫʣʴʪʘʪʠʚʥʦʾ ʦʟʥʘʢʠ, 

ʚʧʣʠʚ ʥʘ ʷʢʫ ʚʠʚʯʘʻʪʴʩʷ; j = l..m - ʧʦʪʦʯʥʝ ʟʥʘʯʝʥʥʷ ʧʦʚʪʦʨʥʦʩʪʽ; 

ʪ - ʢʽʣʴʢʽʩʪʴ ʧʦʚʪʦʨʥʠʭ ʜʦʩʣʽʜʽʚ; 

-ʀʪʦʛʦ - ʟʘʛʘʣʴʥʘ ( ),
1 1

2

ää
= =

-
n

i

n

j
i

XX  ʜʝ ʪ=4 - ʢʽʣʴʢʽʩʪʴ ʜʦʩʣʽʜʽʚ; ʧ-

3 - ʢʽʣʴʢʽʩʪʴ ʨʽʚʥʽʚ ʬʘʢʪʦʨʥʦʾ ʦʟʥʘʢʠ;  

-df - ʯʠʩʣʦ ʩʪʝʧʝʥʽʚ ʩʚʦʙʦʜʠ;  

-MS - ʜʠʩʧʝʨʩʽʾ (ʩʝʨʝʜʥʻ ʢʚʘʜʨʘʪʽʚ: MS=SS/df);  

-F ʨʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʌʽʰʝʨʘ;  

-ʈ-ɿʥʘʯʝʥʠʝ - ʨʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ ʤʽʥʽʤʘʣʴʥʦʾ ʟʥʘʯʫʱʦʩʪʽ; 

-F-ʢʨʠʪʠʯʝʩʢʦʝ - ʢʨʠʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʌʽʰʝʨʘ. 

ʆʩʢʽʣʴʢʠ F>Fʢʨʠʪ, ʪʦ ʤʽʞ ʬʘʢʪʦʨʥʦʶ ʜʠʩʧʝʨʩʽʻʶ, ʦʙʫʤʦʚʣʝʥʦʶ 

ʚʧʣʠʚʦʤ ʨʽʚʥʽʚ ʬʘʢʪʦʨʥʦʾ ʦʟʥʘʢʠ - ʚʠʜʫ ʜʦʙʨʠʚ, ʽ ʟʘʣʠʰʢʦʚʦʶ ʜʠʩʧʝʨ-

ʩʽʻʶ, ʦʙʫʤʦʚʣʝʥʦʶ ʚʧʣʠʚʦʤ ʚʠʧʘʜʢʦʚʠʭ ʯʠʥʥʠʢʽʚ, ʽʩʥʫʻ ʩʪʘʪʠʩʪʠʯʥʦ 

ʟʥʘʯʫʱʘ ʨʽʟʥʠʮʷ. ʆʪʞʝ, ʟ ʨʽʚʥʝʤ ʥʘʜʽʡʥʦʩʪʽ 0,05 ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, 

ʱʦ ʚʧʣʠʚ ʚʠʜʽʚ ʜʦʙʨʠʚ ʥʘ ʢʽʣʴʢʽʩʪʴ ʟʝʨʝʥ ʫ ʢʦʣʦʩʽ ʷʨʦʾ ʧʰʝʥʠʮʽ ʻ ʩʪʘʪʠ-

ʩʪʠʯʥʦ ʟʥʘʯʫʱʠʤ. 



 

 

ʇʨʘʢʪʠʯʥʘ ʨʦʙʦʪʘ ˉ7. ʆʜʥʦʬʘʢʪʦʨʥʠʡ ʜʠʩʧʝʨʩʽʡʥʠʡ ʘʥʘʣʽʟ 

ʄʝʪʘ ʨʦʙʦʪʠ: ʥʘʙʫʪʪʷ ʥʘʚʠʯʦʢ ʧʨʦʚʝʜʝʥʥʷ ʦʜʥʦʬʘʢʪʦʨʥʦʛʦ ʜʠʩʧʝʨʩʽʡ-

ʥʦʛʦ ʘʥʘʣʽʟʫ ʟʘʩʦʙʘʤʠ Excel 

ʇʦʨʷʜʦʢ ʚʠʢʦʥʘʥʥ̫  

1.ɿʘʚʘʥʪʘʞʠʪʠ ʪʘʙʣʠʯʥʠʡ ʧʨʦʮʝʩʦʨ MS Excel. 

2. ɺʚʝʩʪʠ ʜʘʥʽ ʽʟ ʟʘʚʜʘʥʥʷ (ʦʜʠʥ ʽʟ ʚʘʨʽʘʥʪʽʚ ʪʘʙʣ.). 

3. ɺʠʟʥʘʯʠʪʠ ʟʥʘʯʫʱʽʩʪʴ ʚʧʣʠʚʫ ʨʽʚʥʽʚ ʬʘʢʪʦʨʥʦʾ ʦʟʥʘʢʠ, ʱʦ ʜʦʩʣʽʜʞʫ-

ʻʪʴʩʷ, ʥʘ ʨʝʟʫʣʴʪʘʪʠʚʥʫ ʦʟʥʘʢʫ. 

4.ʇʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

5.ɿʙʝʨʝʛʪʠ ʜʦʢʫʤʝʥʪ ʚ ʦʩʦʙʠʩʪʽʡ ʧʘʧʮʽ. 

6.ɿʘʚʝʨʰʠʪʠ ʨʦʙʦʪʫ ʟ Excel. 

ɿʘʚʜʘʥʥʷ  

ʊʘʙʣʠʮʷ - ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʚʧʣʠʚʫ ʚʠʜʫ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʱʫʚʘʥʥʷ ʥʘ 

ʧʦʢʘʟʥʠʢʠ ʚʨʦʞʘʶ ʦʟʠʤʦʾ ʧʰʝʥʠʮʽ 

ˉ ʜʦʩʣʽʜʫ (ʧʦ-

ʚʪʦʨʥʦʩʪʽ) 

ɺʠʜ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʱʫʚʘʥʥʷ ʧʰʝʥʠʮʽ 

1ʘ 2b ɿʩ 

3 ʚʘʨʽʘʥʪ ɻʫʩʪʦʪʘ ʩʪʦʷʥʥʷ, ʰʪ./ʤ2 

1 397 410 437 

2 399 412 432 

3 401 415 436 

4 389 409 429 

2 ʚʘʨʽʘʥʪ ɺʠʩʦʪʘ ʨʦʩʣʠʥ, ʩʤ 

1 90 98 110 

2 91 99 108 

3 93 97 109 

4 92 100 115 

3 ʚʘʨʽʘʥʪ ɿʘʛʘʣʴʥʝ ʢʫʱʝʥʥʷ, ʰʪ. 

1 2,4 2,7 3,2 

2 2,2 2,8 3,1 

3 2,3 2,5 3,3 

4 2,3 2,7 3,4 

4 ʚʘʨʽʘʥʪ ʇʨʦʜʫʢʪʠʚʥʝ ʢʫʱʝʥʥʷ, ʰʪ. 

1 2,0 2,5 3.1 

2 2,1 2,6 3,0 



 

3 2,2 2,4 3,2 

4 2,1 2,4 3,0 

5 ʚʘʨʽʘʥʪ ɼʦʚʞʠʥʘ ʢʦʣʦʩʘ, ʩʤ 

1 7,0 7,6 8,2 

2 7,1 7,5 8,4 

3 7,2 7,4 8,3 

4 7,1 7,5 8,6 

6 ʚʘʨʽʘʥʪ ʂʽʣʴʢʽʩʪʴ ʢʦʣʦʩʢʽʚ, ʰʪ. 

1 15 19 22 

2 16 ɻ __ ɯ? ....  23 

3 15 20 22 

7 ʚʘʨʽʘʥʪ ʂʽʣʴʢʽʩʪʴ ʟʝʨʝʥ ʚ ʢʦʣʦʩʽ, ʰʪ. 

1 35 39 42 

2 37 38 43 

3 34 41 45 

4 36 40 44 

8 ʚʘʨʽʘʥʪ ʄʘʩʘ ʟʝʨʝʥ ʟ 10 ʨʦʩʣʠʥ, ʛ 

1 25 31 33 

2 26 32 34 

3 28 30 37 

4 25 32 35 

9 ʚʘʨʽʘʥʪ ʄʘʩʘ ʩʦʣʦʤʠ, ʛ 

1 35 41 54 

2 36 42 57 

3 37 44 53 

4 36 43 58 

10 ʚʘʨʽʘʥʪ  ʄʘʩʘ 1000 ʟʝʨʝʥ, ʛ 

1 32 37 42 

2 33 38 43 

3 31 36 42 

4 32 38 44 
ɿʘʧʠʪʘʥʥʷ ʜʣʷ ʩʘʤʦʧʝʨʝʚʽʨʢʠ 

1. ʗʢʽ ʚʽʜʤʽʥʥʦʩʪʽ ʤʽʞ ʷʢʽʩʥʠʤʠ ʽ ʢʽʣʴʢʽʩʥʠʤʠ ʬʘʢʪʦʨʥʠʤʠ ʦʟʥʘʢʘʤʠ? 

2. ʋ ʯʦʤʫ ʧʦʣʷʛʘʻ ʩʫʪʥʽʩʪʴ ʜʠʩʧʝʨʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ? 

3. ɼʣʷ ʯʦʛʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʠʩʧʝʨʩʽʡʥʠʡ ʘʥʘʣʽʟ? 

4. ʗʢʽ ʦʩʦʙʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʩʦʙʫ MS Excel ʆʜʥʦʬʘʢʪʦʨʥʡr ʜʠʩʧʝ-

ʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ? 



 

5. ʗʢʽ ʨʝʟʫʣʴʪʘʪʠ ʚʠʚʦʜʷʪʴʩʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʟʘʩʦʙʫ ʆʜʥʦʬʘʢʪʦʨʥʳʡ 

ʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ? 

6. ʅʘ ʦʩʥʦʚʽ ʷʢʠʭ ʜʘʥʠʭ ʨʦʙʠʪʴʩʷ ʚʠʩʥʦʚʦʢ ʱʦʜʦ ʩʪʘʪʠʩʪʠʯʥʦʾ ʟʥʘʯʫʱʦʩʪʽ 

ʚʧʣʠʚʫ ʨʽʚʥʽʚ ʬʘʢʪʦʨʥʦʾ ʦʟʥʘʢʠ, ʱʦ ʚʠʚʯʘʻʪʴʩʷ? 

7. ʏʠ ʟʘʣʝʞʘʪʴ ʦʜʝʨʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʽʜ ʧʨʠʡʥʷʪʦʛʦ ʨʽʚʥʷ ʟʥʘʯʫʱʦʩʪʽ? 

8. ʗʢ ʟʘʜʘʪʠ ʧʦʪʨʽʙʥʠʡ ʨʽʚʝʥʴ ʟʥʘʯʫʱʦʩʪʽ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʜʠʩʧʝʨʩʽʡʥʦʛʦ 

ʘʥʘʣʽʟʫ? 

9. ʗʢ ʧʝʨʝʚʽʨʠʪʠ, ʯʠ ʽʩʥʫʻ ʩʪʘʪʠʩʪʠʯʥʦ ʟʥʘʯʫʱʘ ʨʽʟʥʠʮʷ ʤʽʞ ʚʧʣʠʚʦʤ ʜʚʦʭ 

ʨʽʚʥʽʚ ʬʘʢʪʦʨʥʦʾ ʦʟʥʘʢʠ? 

 

11.8.ɼʚʦʬʘʢʪʦʨʥʠʡ ʜʠʩʧʝʨʩʽʡʥʠʡ ʘʥʘʣʽʟ 

ɼʚʦʬʘʢʪʦʨʥʠʡ ʜʠʩʧʝʨʩʽʡʥʠʡ ʘʥʘʣʽʟ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʦʮʽʥʢʠ ʚʧʣʠʚʫ 

ʷʢ ʚʠʜʽʚ ʬʘʢʪʦʨʥʠʭ ʦʟʥʘʢ, ʪʘʢ ʽ ʾʭ ʨʽʚʥʽʚ. ʇʨʠʯʦʤʫ ʦʮʽʥʶʶʪʴ ʪʘʢʦʞ, ʱʦ ʽʟ 

ʥʠʭ ʤʘʻ ʙʽʣʴʰʠʡ ʚʧʣʠʚ: ʚʠʜ ʬʘʢʪʦʨʥʠʭ ʦʟʥʘʢ, ʯʠ ʨʽʚʥʽ ʾʭ ʚʘʨʽʶʚʘʥʥʷ. ɼʣʷ 

ʧʨʦʚʝʜʝʥʥʷ ʜʚʦʬʘʢʪʦʨʥʦʛʦ ʜʠʩʧʝʨʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʟʘʩʪʦʩʦʚʫʶʪʴ ʟʘʩʽʙ MS 

Excel ʟ ʘʥʘʣʦʛʽʯʥʦʶ ʥʘʟʚʦʶ: ɸʥʘʣʠʟ ʜʘʥʥʳʭ Ÿ ɼʚʫʭʬʘʢʪʦʨʥʳʡ ʜʠʩʧʝʨ-

ʩʠʦʥʥʳʡ ʘʥʘʣʠʟ ʙʝʟ ʧʦʚʪʦʨʝʥʠʡ. ʇʦʣʷ ʜʽʘʣʦʛʦʚʦʛʦ ʚʽʢʥʘ ʟʘʧʦʚʥʶʶʪʴʩʷ 

ʷʢ ʽ ʫ ʚʠʧʘʜʢʫ ʦʜʥʦʬʘʢʪʦʨʥʦʛʦ ʜʠʩʧʝʨʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ. 

ʇʨʠʢʣʘʜ. ɼʦʩʣʽʜʞʫʚʘʣʠ ʚʧʣʠʚ ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚʠʨʦʱʫʚʘʥʘʷ (ʷʢʽʩ-

ʥʠʡ ʬʘʢʪʦʨ) ʽ ʨʽʟʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʜʦʙʨʠʚ (ʢʽʣʴʢʽʩʥʠʡ ʬʘʢʪʦʨ) ʠ ʘ ʧʦʢʘʟ-

ʥʠʢʠ ʚʨʦʞʘʶ ʷʨʦʾ ʧʰʝʥʠʮʽ. ɺʠʤʘʛʘʻʪʴʩʷ ʦʮʽʥʠʪʠ ʟʥʘʯʫʱʽʩʪʴ ʚʠʣʠʚʫ ʟʘ-

ʟʥʘʯʝʥʠʭ ʬʘʢʪʦʨʥʠʭ ʦʟʥʘʢ ʥʘ ʨʝʟʫʣʴʪʘʪʠʚʥʫ ʦʟʥʘʢʫ. ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠ-

ʤʝʥʪʫ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣ. 

 

 

ʊʘʙʣʠʮʷ - ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʧʣʠʚʫ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʜʦʙʨʠʚ ʽ ʚʠʜʫ ʪʝʭʥʦʣʦʛʽʡ ʚʠʨʦʱʫʚʘʥʥʷ ʥʘ ʛʫʩʪʦʪʫ ʩʪʦʷʥʥʷ ʷʨʦʾ ʧʰʝʥʠʮʽ 

ɻʫʩʪʦʪʘ ʩʪʦʷʥʥʷ ʷʨʦʾ ʧʰʝʥʠʮʽ, ʰʪ./ʤ2 

ɺʘʨʽʘʥʪ ʜʦʩʣʽʜʫ ʊʝʭʥʦʣʦʛʽʷ 1 ʊʝʭʥʦʣʦʛʽʷ 2 ʊʝʭʥʦʣʦʛʽʷ 3 

N30P40K15 407 412 395 

N6OP8OK3O 437 442 405 

N90P120K45 455 469 425 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʚʠʚʦʜʷʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʪʘʙʣʠʮʴ. 



 

ʊʘʙʣʠʮʷ - ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʤʽʞʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʜʚʦʬʘʢʪʦʨʥʦʛʦ ʜʠʩʧʝʨʩʽʡʥʦ-

ʛʦ ʘʥʘʣʽʟʫ 

ɼʚʫʭʬʘʢʪʦʨʥʳʡ ʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ ʙʝʟ ʧʦʚʪʦʨʝʥʠʡ 

ʀʊʆɻʀ ʉʯʝʪ ʉʫʤʤʘ ʉʨʝʜʥʝʝ ɼʠʩʧʝʨʩʽʷ 

ʉʪʨʦʢʘ 1 3 1214 404,6666 76,3333 

ʉʪʨʦʢʘ 2 3 1284 428 403 

ʉʪʨʦʢʘ 3 3 1349 449,6666 505,3333 

ʉʪʦʣʙʝʮ 1 3 1299 433 588 

ʉʪʦʣʙʝʮ 2 3 1323 441 813 

ʉʪʦʣʙʝʮ 3 3 1225 408,3333 233,3333 

ʊʘʙʣʠʮʷ - ʇʽʜʩʫʤʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʜʚʦʬʘʢʪʦʨʥʦʛʦ ʜʠʩʧʝʨʩʽʡʥʦʛʦ 

ʘʥʘʣʽʟʫ 

ɼʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ 

ʀʩʪʦʯʥʠʢ ʚʘ-

ʨʠʘʮʠʠ 

SS df MS F ʈ-

ʟʥʘʯʝʥʠʝ 

F ʢʨʠʪʠʯ. 

ʉʪʨʦʢʠ 3038,88 2 1519,44 26,4506 0,0049 6,9442 

ʉʪʦʣʙʮʳ 1739,55 2 869,77 15,1411 0,0136 6,9442 

ʇʦʛʨʝʰʥʦʩʪʴ 229,77 4 57,44    

ʀʪʦʛʦ 5008,22 8     

 

ƴ SS ʩʪʨʦʢʠ - ʩʫʤʘ ʢʚʘʜʨʘʪʽʚ, ʦʙʫʤʦʚʣʝʥʘ ʚʠʣʠʚʦʤ ʨʽʚʥʽʚ ʬʘʢʪʦʨʥʦʾ 

ʦʟʥʘʢʠ ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʴ ʷʢʦʾ ʨʦʟʪʘʰʦʚʘʥʽ ʫ ʨʷʜʢʘʭ (ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʜʦʙʨʠʚ); 

ƴ SS ʩʪʦʣʙʮʳ - ʩʫʤʘ ʢʚʘʜʨʘʪʽʚ, ʦʙʫʤʦʚʣʝʥʘ ʚʧʣʠʚʦʤ ʨʽʚʥʽʚ ʬʘʢʪʦʨ-

ʥʦʾ ʦʟʥʘʢʠ ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʴ ʷʢʦʾ ʨʦʟʪʘʰʦʚʘʥʽ ʫ ʩʪʦʚʧʯʠʢʘʭ 

(ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʱʫʚʘʥʥʷ ʧʰʝʥʠʮʽ). 

ƴ ʇʦʛʨʝʰʥʦʩʪʴ - ʟʘʣʠʰʢʦʚʘ ʩʫʤʘ ʢʚʘʜʨʘʪʽʚ, ʦʙʫʤʦʚʣʝʥʘ ʚʠʧʘʜʢʦʚʦʶ 

ʧʦʭʠʙʢʦʶ; 

ƴ df - ʯʠʩʣʦ ʩʪʝʧʝʥʽʚ ʩʚʦʙʦʜʠ; 

ƴ MS - ʩʝʨʝʜʥʽʡ ʢʚʘʜʨʘʪ (ʬʘʢʪʠʯʥʘ ʜʠʩʧʝʨʩʽʷ ʨʝʟʫʣʴʪʘʪʠʚʥʦʾ ʦʟʥʘʢʠ); 

ƴ F - ʨʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʌʽʰʝʨʘ (ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ, ʱʦ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ), 

ʈ -ʟʥʘʯʝʥʠʝ - ʨʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ ʤʽʥʽʤʘʣʴʥʦʾ ʟʥʘʯʫʱʦʩʪʽ; 

F ʢʨʠʪʠʯʝʩʢʦʝ - ʢʨʠʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʌʽʰʝʨʘ. 

ɿʛʽʜʥʦ ʟ ʜʘʥʠʤʠ, ʥʘʚʝʜʝʥʠʤʠ ʫ ʪʘʙʣʠʡʷʭ, ʫ ʨʷʜʢʘʭ ʨʦʟʤʽʱʫʶʪʴʩʷ ʨʽʚʥʽ 

ʢʽʣʴʢʽʩʥʦʛʦ ʬʘʢʪʦʨʘ - ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦʙʨʠʚ, ʫ ʩʪʦʚʧʯʠʢʘʭ - ʨʽʚʥʽ ʷʢʽʩʥʦʛʦ 

ʬʘʢʪʦʨʘ - ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʱʫʚʘʥʥʷ. ʇʦʨʽʚʥʶʻʪʴʩʷ F ʟʥʘʯʝʥʥʷ ʟ Fʢʨʠʪ. ʆʩʢʽ-



 

ʣʴʢʠ ʫ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ F=26,45 > Fʢʨʠʪ=6,94, ʪʦ ʢʦʥʮʝʥʪʨʘʮʽʷ ʜʦʙʨʠʚ ʤʘʻ 

ʩʪʘʪʠʩʪʠʯʥʦ ʟʥʘʯʫʱʠʡ ʚʧʣʠʚ ʥʘ ʚʠʭʽʜʥʠʡ ʧʘʨʘʤʝʪʨ - ʛʫʩʪʦʪʫ ʩʪʦʷʥʥʷ ʷʨʦʾ 

ʧʰʝʥʠʮʽ. ʋ ʜʨʫʛʦʤʫ ʚʠʧʘʜʢʫ F=15,14> Fʢʨʠʪ=6,94, ʦʪʞʝ, ʚʠʜ ʪʝʭʥʦʣʦʛʽʾ ʚʠ-

ʨʦʱʫʚʘʥʥʷ ʪʘʢʦʞ ʤʘʻ ʩʪʘʪʠʩʪʠʯʥʦ ʟʥʘʯʫʱʠʡ ʚʧʣʠʚ ʥʘ ʚʠʭʽʜʥʠʡ ʧʘʨʘʤʝʪʨ. 

ʇʨʠʯʦʤʫ ʢʦʥʮʝʥʪʨʘʮʽʷ ʜʦʙʨʠʚ (F=26,45) ʤʘʻ ʙʽʣʴʰʠʡ ʚʧʣʠʚ ʧʦʨʽʚʥʷʥʦ ʟ 

ʚʠʜʦʤ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʱʫʚʘʥʥʷ (F=15,14). 

 

ʇʨʘʢʪʠʯʥʘ ʨʦʙʦʪʘ ˉ8. ɼʚʦʬʘʢʪʦʨʥʠʡ ʜʠʩʧʝʨʩʽʡʥʠʡ ʘʥʘʣʽʟ 

ʄʝʪʘ ʨʦʙʦʪʠ: ʥʘʙʫʪʪʷ ʥʘʚʠʯʦʢ ʧʨʦʚʝʜʝʥʥʷ ʜʚʦʬʘʢʪʦʨʥʦʛʦ ʜʠʩʧʝʨʩʽʡʥʦ-

ʛʦ ʘʥʘʣʽʟʫ ʟʘʩʦʙʘʤʠ Excel 

ʇʦʨʷʜʦʢ ʚʠʢʦʥʘʥʥʷ  

1.ɿʘʚʘʥʪʘʞʠʪʠ ʪʘʙʣʠʯʥʠʡ ʧʨʦʮʝʩʦʨ MS Excel.  

2.ɺʚʝʩʪʠ ʜʘʥʽ ʽʟ ʟʘʚʜʘʥʥʷ ʦʜʠʥ ʽʟ ʚʘʨʽʘʥʪʽʚ ʪʘʙʣ. . 

3.ɺʠʟʥʘʯʠʪʠ ʩʪʘʪʠʩʪʠʯʥʫ ʟʥʘʯʫʱʽʩʪʴ ʚʧʣʠʚʫ ʬʘʢʪʦʨʥʠʭ ʦʟʥʘʢ, ʱʦ ʜʦʩ-

ʣʽʜʞʫʶʪʴʩʷ, ʥʘ ʨʝʟʫʣʴʪʘʪʠʚʥʫ ʦʟʥʘʢʫ.  

4.ɺʩʪʘʥʦʚʠʪʠ, ʷʢʘ ʽʟ ʬʘʢʪʦʨʥʠʭ ʦʟʥʘʢ ʤʘʻ ʙʽʣʴʰ ʩʠʣʴʥʠʡ ʚʠʣʠʚ? 

5.ʗʢʫ ʬʘʢʪʦʨʥʫ ʦʟʥʘʢʫ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʜʦ ʷʢʽʩʥʦʾ, ʘ ʷʢʫ - ʜʦ ʢʽʣʴʢʽʩ-

ʥʦʾ? 

6.ʆʮʽʥʠʪʠ ʚʧʣʠʚ ʚʠʧʘʜʢʦʚʠʭ ʯʠʥʥʠʢʽʚ ʥʘ ʨʝʟʫʣʴʪʘʪʠʚʥʫ ʦʟʥʘʢʫ. 

7.ʇʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

8.ɿʙʝʨʝʛʪʠ ʜʦʢʫʤʝʥʪ ʚ ʦʩʦʙʠʩʪʽʡ ʧʘʧʮʽ. 

9.ɿʘʚʝʨʰʠʪʠ ʨʦʙʦʪʫ ʟ Excel . 

ɿʘʚʜʘʥʥʷ  

ʊʘʙʣʠʮʷ - ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʚʠʣʠʚʫ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʱʫʚʘʥʥʷ ʽ ʩʦʨ-

ʪʫ ʮʠʙʫʣʽ ʥʘ ʷʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ ʧʨʦʜʫʢʮʽʾ 

ɺʠʜ ʪʝʭʥʦʣʦʛʽʾ 

ʚʠʨʦʱʫʚʘʥʥʷ 

ʉʦʨʪ ʮʠʙʫʣʽ 

ɹʘʣʩʪʦʨʘ ʉʢʚʠʨʩʴʢʘ ʇʦʣʪʘʚʩʴʢʘ 

1 ʚʘʨʽʘʥʪ ɺʤʽʩʪ ʩʫʭʦʾ ʨʝʯʦʚʠʥʠ, % 

ɸ 12,1 13,2 16,1 

ɺ 12,6 13,7 16,0 

ʉ 12,4 14,1 15,9 

2 ʚʘʨʽʘʥʪ ɿʘʛʘʣʴʥʠʡ ʮʫʢʦʨ, % 

ɸ 6,9 8,4 7,7 

ɺ 7,0 8,6 7,6 

ʉ 7,1 8,9 7,8 

3 ʚʘʨʽʘʥʪ  ʉʘʭʘʨʦʟʘ, %  



 

ɸ 3,9 4,4 4,8 

ɺ 4,0 4,8 4,7 

ʉ 3,8 5,3 4,9 

4 ʚʘʨʽʘʥʪ ɺʽʪʘʤʽʥ ʉ, % 

ɸ 8,5 6,8 8,8 

ɺ 9,0 7,0 8,9 

ʉ 8,1 6,9 9,1 

5 ʚʘʨʽʘʥʪ ʅʽʪʨʘʪ, ʤʛ/ʢʛ 

ɸ 40,7 44,3 38,4 

ɺ 40,8 43,7 38,9 

ʉ 40.6 45,0 37,9 

6 ʚʘʨʽʘʥʪ ɽʬʽʨʥʽ ʤʘʩʣʘ, ʤʛ/ʢʛ 

ɸ 76,1 67,5 81,3 

ɺ 73,7 67,9 82,6 

ʉ 75,7 69,9 81,0 

7 ʚʘʨʽʘʥʪ ɺʄɯʉʊ ʩʫʭʦʾ ʨʝʯʦʚʠʥʠ, % 

ɸ 9,8 12,1 11,7 

ɺ 10,2 12,5 9,8 

ʉ 9,9 12,9 10,7 

8 ʚʘʨʽʘʥʪ ɿʘʛʘʣʴʥʠʡ ʮʫʢʦʨ, % 

ɸ 7,5 8,4 9,5 

ɺ 7,3 8,9 9,1 

ʉ 7.9 8,2 9,3 

9 ʚʘʨʽʘʥʪ ʉʘʭʘʨʦʟʘ, % 

ɸ 5,7 4.9 6,2 

ɺ 5,9 4,6 6,3 

ʉ 5,4 4,0 6,7 

10 ʚʘʨʽʘʥʪ ɺʽʪʘʤʽʥ ʉ, % 

ɸ 8,4 9,2 7,5 

ɺ 8,1 9,3 7,9 

ʉ 8,3 9,5 1,0 

 

ɿʘʧʠʪʘʥʥʷ ʜʣʷ ʩʘʤʦʧʝʨʝʚʽʨʢʠ 

1.ʋ ʷʢʠʭ ʚʠʧʘʜʢʘʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʚʦʬʘʢʪʦʨʥʠʡ ʜʠʩʧʝʨʩʽʡʥʠʡ ʘʥʘ-

ʣʽʟ? 



 

2.ʗʢʽ ʨʝʟʫʣʴʪʘʪʠ ʚʠʚʦʜʷʪʴʩʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʟʘʩʦʙʫ ɼʚʫʭʬʘʢʪʦʨ-

ʥʳʡ ʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ? 

3.ʅʘ ʦʩʥʦʚʽ ʷʢʠʭ ʜʘʥʠʭ ʨʦʙʠʪʴʩʷ ʚʠʩʥʦʚʦʢ ʱʦʜʦ ʩʪʘʪʠʩʪʠʯʥʦʾ ʟʥʘʯʫ-

ʱʦʩʪʽ ʚʧʣʠʚʫ ʬʘʢʪʦʨʥʠʭ ʦʟʥʘʢ, ʱʦ ʚʠʚʯʘʶʪʴʩʷ, ʥʘ ʨʝʟʫʣʴʪʘʪʠʚʥʫ 

ʦʟʥʘʢʫ? 

4.ʗʢ ʦʮʽʥʠʪʠ, ʷʢʘ ʽʟ ʬʘʢʪʦʨʥʠʭ ʦʟʥʘʢ ʤʘʻ ʙʽʣʴʰ ʩʠʣʴʥʠʡ ʚʧʣʠʚ? 

5.ʗʢ ʫʨʘʭʦʚʫʻʪʴʩʷ ʨʽʚʝʥʴ ʥʘʜʽʡʥʦʩʪʽ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʽʥʩʪʨʫʤʝʥʪʫ 

ʘʥʘʣʽʟʫ ɼʚʫʭʬʘʢʪʦʨʥʳʡ ʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ ʙʝʟ ʧʦʚʪʦʨʝ-

ʥʠʡ? 

6.ʏʠ ʤʦʞʥʘ ʟʘʩʦʙʘʤʠ ʜʠʩʧʝʨʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʚʠʚʯʘʪʠ ʚʧʣʠʚ ʪʽʣʴʢʠ ʢʽ-

ʣʴʢʽʩʥʠʭ, ʘʙʦ ʪʽʣʴʢʠ ʷʢʽʩʥʠʭ ʬʘʢʪʦʨʥʠʭ ʦʟʥʘʢ? 

7.ʗʢ ʦʮʽʥʠʪʠ ʚʧʣʠʚ ʚʠʧʘʜʢʦʚʠʭ ʯʠʥʥʠʢʽʚ ʥʘ ʨʝʟʫʣʴʪʘʪʠʚʥʫ ʦʟʥʘʢʫ? 

8.ʑʦ ʨʦʟʫʤʽʶʪʴ ʧʽʜ "ʚʧʣʠʚʦʤ ʚʠʧʘʜʢʦʚʠʭ ʯʠʥʥʠʢʽʚ" ? 

 

11.9.ʇʦʙʫʜʦʚʘ ʜʚʦʚʠʤʽʨʥʦʾ ʣʽʥʽʡʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʟʘ ʤʝʪʦ-

ʜʦʤ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ 

11.9.1.ʆʮʽʥʢʘ ʥʘʷʚʥʦʩʪʽ ʽ ʪʽʩʥʦʪʠ ʣʽʥʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʜʚʦʤʘ 

ʟʤʽʥʥʠʤʠ 

ʆʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʭ ʟʘʜʘʯ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʻ ʟʘ-

ʜʘʯʽ, ʧʦʚôʷʟʘʥʽ ʟ ʚʠʚʯʝʥʥʷʤ ʩʪʘʪʠʩʪʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʤʽʞ ʜʚʦʤʘ ʽ ʙʽʣʴʰʝ 

ʚʠʧʘʜʢʦʚʠʤʠ ʚʝʣʠʯʠʥʘʤʠ.  

ɿʘʣʝʞʥʽʩʪʴ ʤʽʞ ʜʚʦʤʘ ʟʤʽʥʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ, ʧʨʠ ʷʢʽʡ ʟʥʘʯʝʥʥʶ ʦʜ-

ʥʽʻʾ ʟʤʽʥʥʦʾ ʚʝʣʠʯʠʥʠ ʚʽʜʧʦʚʽʜʘʻ ʦʜʥʝ ʟʥʘʯʝʥʥʷ ʜʨʫʛʦʾ, ʥʘʟʠʚʘʻʪʴʩʷ ʬʫʥʢ-

ʮʽʦʥʘʣʴʥʦʶ. ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʜʚʦʤʘ ʚʝʣʠʯʠʥʘʤʠ ʟʫʩʪʨʽʯʘ-

ʻʪʴʩʷ ʜʫʞʝ ʨʽʜʢʦ. ʅʘʡʯʘʩʪʽʰʝ ʤʽʞ ʚʝʣʠʯʠʥʘʤʠ ʽʩʥʫʻ ʪʘʢ ʟʚʘʥʘ ʩʪʘʪʠʩʪʠʯʥʘ 

ʟʘʣʝʞʥʽʩʪʴ, ʧʨʠ ʷʢʽʡ ʢʦʞʥʦʤʫ ʟʥʘʯʝʥʥʶ ʦʜʥʽʻʾ ʽʟ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ ʚʽʜ-

ʧʦʚʽʜʘʻ ʟʘʢʦʥ ʨʦʟʧʦʜʽʣʫ ʜʨʫʛʦʾ.  

ʉʪʘʪʠʩʪʠʯʥʘ ʟʘʣʝʞʥʽʩʪʴ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ, ʧʨʠ ʷʢʽʡ ʜʦʩʣʽʜʞʫʻʪʴʩʷ 

ʚʧʣʠʚ ʟʤʽʥʠ ʦʜʥʽʻʾ ʽʟ ʚʝʣʠʯʠʥ ʥʘ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʜʨʫʛʦʾ ʥʘʟʠʚʘʻʪʴʩʷ ʢʦʨʝ-

ʣʷʮʽʡʥʦʶ. 

ʂʦʨʝʣʷʮʽʡʥʫ ʟʘʣʝʞʥʽʩʪʴ ʋ ʚʽʜ ʍ ʚʠʨʘʞʘʻ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ ʋ ʥʘ ʍ, ʱʦ 

ʟʘʜʘʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ  ̖̔ • .̖ 

ʇʝʨʰʦʶ ʟʘʜʘʯʝʶ ʢʦʨʝʣʷʮʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʻ ʟôʷʩʫʚʘʥʥʷ ʬʦʨʤʠ ʢʦʨʝʣʷ-

ʮʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ, ʪʦʙʪʦ ʚʠʛʣʷʜʫ ʬʫʥʢʮʽʾ ʨʝʛʨʝʩʽʾ •̖. ʗʢʱʦ ʬʫʥʢʮʽʷ •  ̖



 

ï ʣʽʥʽʡʥʘ, ʪʦ ʢʦʨʝʣʷʮʽʶ ʥʘʟʠʚʘʶʪʴ ʣʽʥʽʡʥʦʶ. ɯʥʘʢʰʝ ʢʦʨʝʣʷʮʽʷ ʥʘʟʠʚʘʻʪʴʩʷ 

ʥʝʣʽʥʽʡʥʦʶ. 

ɺʠʱʝʟʛʘʜʘʥʘ ʟʘʜʘʯʘ ʨʦʟʚôʷʟʫʻʪʴʩʷ ʰʣʷʭʦʤ ʧʦʙʫʜʦʚʠ ʟʘ ʚʠʙʽʨʢʦʚʠʤʠ 

ʜʘʥʠʤʠ ʝʤʧʽʨʠʯʥʦʾ ʬʫʥʢʮʽʾ ʨʝʛʨʝʩʽʾ, ʷʢʫ ʧʽʜʙʠʨʘʶʪʴ ʪʘʢ, ʱʦʙ ʚʦʥʘ ʷʢʦʤʦʛʘ 

ʢʨʘʱʝ ʚʽʜʦʙʨʘʞʘʣʘ ʭʘʨʘʢʪʝʨʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ. ʇʨʘʢʪʠʯʥʦ 

ʮʷ ʟʘʜʘʯʘ ʟʙʽʛʘʻʪʴʩʷ ʟ ʟʘʜʘʯʝʶ ʧʽʜʙʦʨʫ ʝʤʧʽʨʠʯʥʠʭ ʬʦʨʤʫʣ ʟʘ ʝʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ ʽ ʥʘʡʯʘʩʪʽʰʝ ʨʦʟʚôʷʟʫʻʪʴʩʷ ʤʝʪʦʜʦʤ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘ-

ʪʽʚ. 

ɼʨʫʛʘ ʟʘʜʘʯʘ ʢʦʨʝʣʷʮʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʦʮʽʥʠʪʠ, ʥʘ-

ʩʢʽʣʴʢʠ ʪʽʩʥʦʶ (ʩʠʣʴʥʦʶ) ʻ ʢʦʨʝʣʷʮʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʚʠʧʘʜʢʦʚʠʤʠ ʚʝ-

ʣʠʯʠʥʘʤʠ. 

ʉʠʣʘ ʢʦʨʝʣʷʮʽʡʥʦʛʦ ʟʚôʷʟʢʫ ʋ ʚʽʜ ʍ ʦʮʽʥʶʻʪʴʩʷ ʟʘ ʚʝʣʠʯʠʥʦʶ ʨʦʟʩʽ-

ʶʚʘʥʥʷ ʟʥʘʯʝʥʴ ʋ ʥʘʚʢʦʣʦ ʫʤʦʚʥʦʛʦ ʩʝʨʝʜʥʴʦʛʦ ̖̔. ɿʥʘʯʥʝ ʨʦʟʩʽʶʚʘʥʥʷ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʩʣʘʙʢʫ ʟʘʣʝʞʥʽʩʪʴ ʋ ʚʽʜ ʍ ʘʙʦ ʥʘʚʽʪʴ ʧʨʦ ʚʽʜʩʫʪʥʽʩʪʴ ʪʘʢʦʾ ʟʘ-

ʣʝʞʥʦʩʪʽ. ʄʘʣʝ ʨʦʟʩʽʶʚʘʥʥʷ ʛʦʚʦʨʠʪʴ ʧʨʦ ʽʩʥʫʚʘʥʥʷ ʩʠʣʴʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʋ 

ʚʽʜ ʍ. 

ʆʩʥʦʚʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʱʦ ʦʧʠʩʫʶʪʴ ʩʠʣʫ ʟʚôʷʟʢʫ ʤʽʞ ʩʢʣʘ-

ʜʦʚʠʤʠ ʍ ʽ ʋ ʜʚʦʚʠʤʽʨʥʦʾ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ (ʍ, ʋ) ʻ ʢʦʨʝʣʷʮʽʡʥʠʡ ʤʦ-

ʤʝʥʪ (ʘʙʦ ʢʦʚʘʨʽʘʮʽʷ),  

yxxyxy Ö-=m , (1) 

ʜʝ ̖ȟ ,̔ ̖ ̔- ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ ʭ ʪʘ ʫ ʪʘ ʾʭ ʜʦʙʫʪ-

ʢʫ; 

ʽ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ    

yxyx

xy

yx

yxxy
r

ssss

m

Ö

Ö-
==

, (2) 

ʜʝ ůʭ, ůʫ ï ʩʝʨʝʜʥʽ ʢʚʘʜʨʘʪʠʯʥʽ ʚʽʜʭʠʣʝʥʥʷ ʚʝʣʠʯʠʥ ʍ ʪʘ ʋ. 

ʂʦʝʬʽʮʽʻʥʪ ʧʘʨʥʦʾ ʢʦʨʝʣʷʮʽʾ ʻ ʙʝʟʨʦʟʤʽʨʥʦʶ ʚʝʣʠʯʠʥʦʶ, ʥʝ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʚʠʙʦʨʫ ʦʜʠʥʠʮʴ ʚʠʤʽʨʶʚʘʥʥʷ ʚʝʣʠʯʠʥ, ʱʦ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʽ ʤʘʻ ʪʘʢʽ 

ʚʣʘʩʪʠʚʦʩʪʽ: 

1.ʂʦʝʬʽʮʽʻʥʪ ʧʘʨʥʦʾ ʢʦʨʝʣʷʮʽʾ ʟʘ ʤʦʜʫʣʝʤ ʤʝʥʰʝ ʘʙʦ ʜʦʨʽʚʥʶʻ 

ʦʜʠʥʠʮʽ, 1¢r . ɸ ʩʘʤʝ ρ ὶ ρȢ  

2.ʗʢʱʦ ʢʦʝʬʽʮʽʻʥʪ ʧʘʨʥʦʾ ʢʦʨʝʣʷʮʽʾ ʜʦʨʽʚʥʶʻ ʦʜʠʥʠʮʽ, ʪʦ ʚʠʙʽ-

ʨʢʦʚʽ ʟʥʘʯʝʥʥʷ ʦʟʥʘʢ ʍ ʪʘ ʋ ʟʚôʷʟʘʥʽ ʣʽʥʽʡʥʦʶ ʬʫʥʢʮʽʦʥʘʣʴʥʦʶ ʟʘʣʝ-

ʞʥʽʩʪʶ. 



 

3.ʗʢʱʦ ʢʦʝʬʽʮʽʻʥʪ ʧʘʨʥʦʾ ʢʦʨʝʣʷʮʽʾ ʜʦʨʽʚʥʶʻ ʥʫʣʶ, ʪʦ ʚʠʙʽʨ-

ʢʦʚʽ ʟʥʘʯʝʥʥʷ ʦʟʥʘʢ ʍ ʪʘ ʋ ʥʝ ʟʚôʷʟʘʥʽ ʣʽʥʽʡʥʦʶ ʢʦʨʝʣʷʮʽʡʥʦʶ ʟʘʣʝ-

ʞʥʽʩʪʶ. 

4.ʇʨʠ ʟʨʦʩʪʘʥʥʽ ʘʙʩʦʣʶʪʥʦʾ ʚʝʣʠʯʠʥʠ ʢʦʝʬʽʮʽʻʥʪʘ ʧʘʨʥʦʾ ʢʦʨʝ-

ʣʷʮʽʾ, ʣʽʥʽʡʥʘ ʢʦʨʝʣʷʮʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʍ ʪʘ ʋ ʩʪʘʻ ʙʽʣʴʰ ʪʽʩʥʦʶ, ʘ 

ʧʨʠ ʟʤʝʥʰʝʥʥʽ ï ʟʚ'ʷʟʦʢ ʩʣʘʙʢʠʡ. 

  0 

ʟʚ'ʷʟʦʢ ʚʽʜʩʫʪ-

ʥʽʡ 

0,1 0,29 ʩʣʘʙʢʠʡ 

0,3 0,49 ʧʦʤʽʨʥʠʡ 

0,5 0,69 ʟʥʘʯʥʠʡ 

0,7 0,89 ʚʠʩʦʢʠʡ 

0,9 0,99 ʜʫʞʝ ʚʠʩʦʢʠʡ 

  1 

ʟʚ'ʷʟʦʢ ʬʫʥʢʮʽ-

ʦʥʘʣʴʥʠʡ 

 

ʗʢʱʦ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ ʩʪʘʪʠʩʪʠʯʥʦ ʟʥʘʯʫʱʠʡ, ʪʦ ʤʽʞ ʟʤʽʥʥʠʤʠ 

ʽʩʥʫʻ ʣʽʥʽʡʥʠʡ ʟʚôʷʟʦʢ. ʗʢʱʦ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ ʙʽʣʴʰʝ ʥʫʣʷ, ʪʦ ʟʚôʷʟʦʢ 

ʤʽʞ ʟʤʽʥʥʠʤʠ ʧʨʷʤʠʡ, ʷʢʱʦ ʤʝʥʰʝ ʥʫʣʷ, ʪʦ ʟʚôʷʟʦʢ ʦʙʝʨʥʝʥʠʡ. ʗʢʱʦ ʢʦʝ-

ʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ ʩʪʘʪʠʩʪʠʯʥʦ ʥʝʟʥʘʯʫʱʠʡ, ʘʙʦ ʜʦʨʽʚʥʶʻ ʥʫʣʶ, ʪʦ ʜʚʽ ʚʠ-

ʧʘʜʢʦʚʽ ʚʝʣʠʯʠʥʠ ʍ ʽ ʋ ʥʝ ʧʦʚôʷʟʘʥʽ ʣʽʥʽʡʥʦʶ ʟʘʣʝʞʥʽʩʪʶ. ɸʣʝ ʮʝ ʥʝ ʦʟʥʘ-

ʯʘʻ, ʱʦ ʤʽʞ ʚʠʧʘʜʢʦʚʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʚʟʘʛʘʣʽ ʥʝʤʘʻ ʢʦʨʝʣʷʮʽʡʥʦʛʦ ʟʚôʷʟʢʫ. 

ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʤʽʞ ʟʤʽʥʥʠʤʠ ʤʦʞʝ ʽʩʥʫʚʘʪʠ ʥʝʣʽʥʽʡʥʠʡ ʟʚôʷʟʦʢ.  

ʉʪʘʪʠʩʪʠʯʥʫ ʟʥʘʯʫʱʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ ʧʘʨʥʦʾ ʢʦʨʝʣʷʮʽʾ ʚʠʟʥʘʯʘʶʪʴ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʨʠʪʝʨʽʶ ʉʪʴʶʜʝʥʪʘ. ʇʨʠ ʮʴʦʤʫ ʧʝʨʝʚʽʨʷʶʪʴ ʥʫʣʴʦʚʫ ʛʽʧʦʪʝʟʫ 

ʧʨʦ ʨʽʚʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʨʝʣʷʮʽʾ ʥʫʣʶ. 

ʈʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ t ï ʢʨʠʪʝʨʽʶ, ʚʣʘʩʥʝ t - ʨʦʟʨʘʭʫʥʢʦʚʝ 

ʨʦʟʨt ʦʙʯʠʩʣʶʶʪʴ ʟʘ ʬʦʨʤʫʣʦʶ:  
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)2(

r

nr
tʨʦʟʨ

-

-
= , (3) 

ʜʝ r- ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʧʘʨʥʦʾ ʢʦʨʝʣʷʮʽʾ; 

n- ʢʽʣʴʢʽʩʪʴ ʩʧʦʩʪʝʨʝʞʝʥʴ.  

ʈʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ t ʢʨʠʪʝʨʽʶ ʉʪʴʶʜʝʥʪʘ ʧʦʨʽʚʥʶʶʪʴ ʟ ʪʘʙʣʠʯ-

ʥʠʤ (ʢʨʠʪʠʯʥʠʤ) ʟʥʘʯʝʥʥʷʤ, ʚʠʟʥʘʯʝʥʠʤ ʥʘ ʜʝʷʢʦʤʫ ʨʽʚʥʽ ʟʥʘʯʫʱʦʩʪʽ Ŭ 

(ʥʘʡʯʘʩʪʽʰʝ Ŭ ʧʨʠʡʤʘʶʪʴ ʨʽʚʥʠʤ 0,05) ʪʘ ʟ n-2 ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʠ. ʗʢʱʦ 



 

ʨʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ t ʢʨʠʪʝʨʽʶ ʙʽʣʴʰʝ ʪʘʙʣʠʯʥʦʛʦ, ʪʦ ʧʨʠʡʥʷʪʘ ʥʫʣʴʦʚʘ 

ʛʽʧʦʪʝʟʘ ʧʨʦ ʨʽʚʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʨʝʣʷʮʽʾ ʥʫʣʶ ʚʽʜʭʠʣʷʻʪʴʩʷ, ʫ ʧʨʦʪʠʣʝ-

ʞʥʦʤʫ ʚʠʧʘʜʢʫ ʧʨʠʡʤʘʻʪʴʩʷ. 

ʂʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ, ʦʙʯʠʩʣʝʥʠʡ ʟʘ ʜʘʥʠʤʠ ʚʠʙʽʨʢʠ, ʥʘʟʠʚʘʻʪʴʩʷ 

ʚʠʙʽʨʢʦʚʠʤ ʽ ʧʦʟʥʘʯʘʻʪʴʩʷ ʚr . ɺʠʙʽʨʢʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ ʻ ʦʮʽʥʢʦʶ 

ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʨʝʣʷʮʽʾ ʛʝʥʝʨʘʣʴʥʦʾ ʩʫʢʫʧʥʦʩʪʽ. ʂʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ ʛʝʥʝ-

ʨʘʣʴʥʦʾ ʩʫʢʫʧʥʦʩʪʽ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ ʜʦʚʽʨʯʦʛʦ ʽʥʪʝʨʚʘʣʫ.  

ʇʦʣʦʚʠʥʫ ʰʠʨʠʥʠ ʜʦʚʽʨʯʦʛʦ ʽʥʪʝʨʚʘʣʫ ʜʣʷ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʨʝʣʷʮʽʾ ʚʠ-

ʟʥʘʯʘʶʪʴ ʟʘ ʬʦʨʤʫʣʦʶ: 

n

rt
ʚʨʦʟʨ

)1(
2

-
=d ,(4) 

ʜʝ n- ʯʠʩʣʦ ʩʧʦʩʪʝʨʝʞʝʥʴ, 

rʚ - ʚʠʙʽʨʢʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ; 

tʨʦʟʨ ï ʨʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ t- ʢʨʠʪʝʨʽʶ ʉʪʴʶʜʝʥʪʘ. 

ʄʝʞʽ ʢʦʝʬʽʮʽʻʥʪʫ ʢʦʨʝʣʷʮʽʾ ʛʝʥʝʨʘʣʴʥʦʾ ʩʫʢʫʧʥʦʩʪʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʦʜʚʽʡʥʦʾ ʥʝʨʽʚʥʦʩʪʽ 

rʚ - ŭÒ rʚ Ò rʚ + ŭ(5) 

 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʟʘʩʦʙʽʚ MS Excel ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʘʨʥʦʾ 

ʢʦʨʝʣʷʮʽʾ 

ʂʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ ʟʥʘʭʦʜʷʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʙʫʜʦʚʘʥʦʾ ʬʫʥʢʮʽʾ 

ʂʆʈʈɽʃ. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʥʫʶʪʴ ʪʘʢʽ ʜʽʾ: 

Á ʚʠʦʢʨʝʤʣʶʶʪʴ ʢʦʤʽʨʢʫ, ʚ ʷʢʽʡ ʙʫʜʝ ʟʥʘʭʦʜʠʪʠʩʴ ʨʝʟʫʣʴʪʘʪ ʦʙʯʠ-

ʩʣʝʥʥʷ rʚ; 

Á ʥʘ ʧʘʥʝʣʽ ʽʥʩʪʨʫʤʝʥʪʽʚ ʚ ʤʝʥʶ ɺʩʪʘʚʢʘŸʌʫʥʢʮʠʷ ʫ ʧʦʣʽ ʂʘʪʝ-

ʛʦʨʠʷ ʚʠʙʠʨʘʶʪʴ ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ; 

Á ʫ ʧʦʣʽ ʌʫʥʢʮʠʷ ʦʙʠʨʘʶʪʴ ʂʆʈʈɽʃ; 

Á ʥʘʪʠʩʢʘʶʪʴ ʢʥʦʧʢʫ ʆʂ (ʜʠʚ. ʨʠʩ.); 



 

 
Á ʫ ʜʽʘʣʦʛʦʚʦʤʫ ʚʽʢʥʽ, ʱʦ ʟôʷʚʠʪʴʩʷ, ʫ ʨʷʜʢʫ ʄʘʩʩʠʚ 1 ʟʘʧʠʩʫʶʪʴ 

ʜʽʘʧʘʟʦʥ ʢʦʤʽʨʦʢ ʦʜʥʽʻʾ ʟʤʽʥʥʦʾ, ʘ ʫ ʨʷʜʢʫ ʄʘʩʩʠʚ 2 - ʜʽʘʧʘʟʦʥ 

ʢʦʤʽʨʦʢ ʜʨʫʛʦʾ, ʘʙʦ ʚʠʦʢʨʝʤʣʶʶʪʴ ʜʽʘʧʘʟʦʥ ʢʦʤʽʨʦʢ ʟʽ ʟʤʽʥʥʠ-

ʤʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʫ ʪʘʙʣʠʮʽ; 

Á ʥʘʪʠʩʢʘʶʪʴ ʢʥʦʧʢʫ ʆʂ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʥʘʯʫʱʦʩʪʽ ʦʪʨʠʤʘʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʨʝʣʷʮʽʾ ʦʙʯʠʩ-

ʣʶʶʪʴ ʟʥʘʯʝʥʥʷ t ʢʨʠʪʝʨʽʶ ʉʪʴʶʜʝʥʪʘ ï ʨʦʟʨʘʭʫʥʢʦʚʝ ʪʘ ʢʨʠʪʠʯʥʝ (ʪʘʙʣʠ-

ʯʥʝ).  

ʊʘʙʣʠʯʥʝ (ʢʨʠʪʠʯʥʝ) ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʦʙʯʠʩʣʶʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʙʫʜʦʚʘʥʦʾ ʬʫʥʢʮʽʾ MS Excel ʉʊʔʖɼʈɸʉʇʆɹʈ ʢʘʪʝʛʦʨʽʾ ʉʪʘʪʠʩʪʠʯʝ-

ʩʢʠʝ, ʘʨʛʫʤʝʥʪʘʤʠ ʷʢʦʾ ʻ ʨʽʚʝʥʴ ʟʥʘʯʫʱʦʩʪʽ (Ŭ=0,05) ʽ ʯʠʩʣʦ ʩʪʝʧʝʥʽʚ ʩʚʦ-

ʙʦʜʠ n-2. 

ʏʠʩʣʦ ʩʪʫʧʝʥʽʚ ʩʚʦʙʦʜʠ ʚʠʟʥʘʯʘʶʪʴ, ʧʦʧʝʨʝʜʥʴʦ ʚʠʟʥʘʯʠʚʰʠ ʯʠʩʣʦ 

ʩʧʦʩʪʝʨʝʞʝʥʴ. ɿ ʮʽʻʶ ʤʝʪʦʶ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʬʫʥʢʮʽʶ ʉʏɽʊ ʢʘʪʝʛʦʨʽʾ 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʥʫʶʪʴ ʪʘʢʽ ʜʽʾ: 

Á ʘʢʪʠʚʽʟʫʶʪʴ ʢʦʤʽʨʢʫ, ʚ ʷʢʽʡ ʙʫʜʝ ʟʥʘʭʦʜʠʪʠʩʴ ʨʝʟʫʣʴʪʘʪ; 

Á ʥʘ ʧʘʥʝʣʽ ʽʥʩʪʨʫʤʝʥʪʽʚ ʚ ʤʝʥʶ ɺʩʪʘʚʢʘŸʌʫʥʢʮʽʷ ʫ ʧʦʣʽ ʂʘʪʝ-

ʛʦʨʠʷ ʚʠʙʠʨʘʶʪʴ ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ; 

Á ʫ ʧʦʣʽ ʌʫʥʢʮʠʷ ʦʙʠʨʘʶʪʴ ʉʏɽʊ; 

Á ʫ ʜʽʘʣʦʛʦʚʦʤʫ ʚʽʢʥʽ, ʱʦ ʟôʷʚʠʪʴʩʷ ʚʠʦʢʨʝʤʣʶʶʪʴ ʜʽʘʧʘʟʦʥ ʢʦʤʽ-

ʨʦʢ ʟ ʜʘʥʠʤʠ; 

Á ʥʘʪʠʩʢʘʶʪʴ ʢʥʦʧʢʫ ʆʂ; 

Á ʫ ʚʽʜʧʦʚʽʜʥʽʡ ʢʦʤʽʨʮʽ ʟôʷʚʠʪʴʩʷ ʟʥʘʯʝʥʥʷ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʯʠʩʣʫ 

ʩʧʦʩʪʝʨʝʞʝʥʴ ʧ. 



 

ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʟʥʘʯʝʥʥʷ ʪʘʙʣʠʯʥʦʛʦ (ʢʨʠʪʠʯʥʦʛʦ) ʟʥʘʯʝʥʥʷ t ʢʨʠ-

ʪʝʨʽʶ ʉʪʴʶʜʝʥʪʘ ʚʠʢʦʥʫʶʪʴ ʥʘʩʪʫʧʥʝ: 

Á ʘʢʪʠʚʽʟʫʶʪʴ ʢʦʤʽʨʢʫ, ʚ ʷʢʽʡ ʙʫʜʝ ʟʥʘʭʦʜʠʪʠʩʴ ʨʝʟʫʣʴʪʘʪ; 

Á ʥʘ ʧʘʥʝʣʽ ʽʥʩʪʨʫʤʝʥʪʽʚ ʚ ʤʝʥʶ ɺʩʪʘʚʢʘŸʌʫʥʢʮʽʷ ʫ ʧʦʣʽ ʂʘʪʝ-

ʛʦʨʠʷ ʚʠʙʠʨʘʶʪʴ ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ; 

Á ʫ ʧʦʣʽ ʌʫʥʢʮʠʷ ʦʙʠʨʘʶʪʴ ʉʊʔʖɼʈɸʉʇʆɹʈ; 

Á ʫ ʜʽʘʣʦʛʦʚʦʤʫ ʚʽʢʥʽ, ʱʦ ʟôʷʚʠʪʴʩʷ ʫ ʨʷʜʦʢ ɺʝʨʦʷʪʥʦʩʪʴ ʚʚʦʜʷʪʴ 

ʯʠʩʣʦ, ʱʦ ʜʦʨʽʚʥʶʻ ʨʽʚʥʶ ʟʥʘʯʫʱʦʩʪʽ 0,05; 

Á ʫ ʨʷʜʦʢ ʉʪʝʧʝʥʴ_ʩʚʦʙʦʜʳ ʚʚʦʜʷʪʴ ʘʜʨʝʩʫ ʢʦʤʽʨʢʠ, ʚ ʷʢʽʡ ʟʥʘʭʦ-

ʜʠʪʴʩʷ ʟʥʘʯʝʥʥʷ ʯʠʩʣʘ ʩʧʦʩʪʝʨʝʞʝʥʴ ʽ ʚʽʜ ʥʴʦʛʦ ʚʽʜʥʽʤʘʶʪʴ 2; 

 
Á ʥʘʪʠʩʢʘʶʪʴ ʢʥʦʧʢʫ ʆʂ; 

Á ʫ ʚʽʜʧʦʚʽʜʥʽʡ ʢʦʤʽʨʮʽ ʟôʷʚʠʪʴʩʷ ʟʥʘʯʝʥʥʷ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʪʘʙʣʠʯ-

ʥʦʤʫ (ʢʨʠʪʠʯʥʦʤʫ) ʟʥʘʯʝʥʥʶ t ʢʨʠʪʝʨʽʶ ʉʪʴʶʜʝʥʪʘ. 

ʈʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ t ʢʨʠʪʝʨʽʶ ʉʪʴʶʜʝʥʪʘ ʦʙʯʠʩʣʶʶʪʴ ʙʝʟʧʦʩʝ-

ʨʝʜʥʴʦ ʟʘ ʬʦʨʤʫʣʦʶ (3). ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʥʫʶʪʴ ʥʘʩʪʫʧʥʽ ʜʽʾ: 

Á ʚʠʦʢʨʝʤʣʶʶʪʴ ʢʦʤʽʨʢʫ, ʚ ʷʢʽʡ ʙʫʜʝ ʟʥʘʭʦʜʠʪʠʩʴ ʨʝʟʫʣʴʪʘʪ; 

Á ʟ ʢʣʘʚʽʘʪʫʨʠ ʚʚʦʜʷʪʴ ʟʥʘʢ =; 

Á ʧʝʨʝʤʠʢʘʶʪʴ ʢʣʘʚʽʘʪʫʨʫ ʥʘ ʣʘʪʠʥʩʴʢʫ ʨʦʟʢʣʘʜʢʫ; 

Á ʚʚʦʜʷʪʴ ʥʝʦʙʭʽʜʥʫ ʬʦʨʤʫʣʫ ʫ ʚʠʛʣʷʜʽ  

 
Á ʥʘʪʠʩʢʫʶʪʴ ʢʣʘʚʽʰʫ Enter; 

Á ʫ ʚʽʜʧʦʚʽʜʥʦʤʫ ʚʽʢʥʽ ʟôʷʚʠʪʴʩʷ ʨʝʟʫʣʴʪʘʪ. 

ʇʦʨʽʚʥʶʻʤʦ ʦʪʨʠʤʘʥʽ ʨʦʟʨʘʭʫʥʢʦʚʝ ʪʘ ʢʨʠʪʠʯʥʝ (ʪʘʙʣʠʯʥʝ) ʟʥʘʯʝʥʥʷ 

t ʢʨʠʪʝʨʽʶ ʉʪʴʶʜʝʥʪʘ. ʈʦʙʠʤʦ ʚʠʩʥʦʚʦʢ ʧʨʦ ʩʪʘʪʠʩʪʠʯʥʫ ʟʥʘʯʫʱʽʩʪʴ 

ʦʪʨʠʤʘʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ ʢʦʨʝʣʷʮʽʾ. 

ʗʢʱʦ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ ʚʠʷʚʠʚʩʷ ʩʪʘʪʠʩʪʠʯʥʦ ʟʥʘʯʫʱʠʤ, ʪʦ ʚʠ-

ʟʥʘʯʘʶʪʴ ʚʝʣʠʯʠʥʫ ʜʦʚʽʨʯʦʛʦ ʽʥʪʝʨʚʘʣʫ ʟʘ ʬʦʨʤʫʣʦʶ (4). ɼʣʷ ʮʴʦʛʦ ʚʠʢʦ-

ʥʫʶʪʴ ʥʘʩʪʫʧʥʝ: 

Á ʚʠʦʢʨʝʤʣʶʶʪʴ ʢʦʤʽʨʢʫ, ʚ ʷʢʽʡ ʙʫʜʝ ʟʥʘʭʦʜʠʪʠʩʴ ʨʝʟʫʣʴʪʘʪ; 

Á ʟ ʢʣʘʚʽʘʪʫʨʠ ʚʚʦʜʷʪʴ ʟʥʘʢ =; 

Á ʧʝʨʝʤʠʢʘʶʪʴ ʢʣʘʚʽʘʪʫʨʫ ʥʘ ʣʘʪʠʥʩʴʢʫ ʨʦʟʢʣʘʜʢʫ; 

Á ʚʚʦʜʷʪʴ ʥʝʦʙʭʽʜʥʫ ʬʦʨʤʫʣʫ ʫ ʚʠʛʣʷʜʽ  

 



 

Á ʥʘʪʠʩʢʫʶʪʴ ʢʣʘʚʽʰʫ Enter; 

Á ʫ ʚʽʜʧʦʚʽʜʥʦʤʫ ʚʽʢʥʽ ʟôʷʚʠʪʴʩʷ ʨʝʟʫʣʴʪʘʪ. 

ɺʠʟʥʘʯʘʶʪʴ ʤʝʞʽ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʨʝʣʷʮʽʾ ʟʘ ʬʦʨʤʫʣʦʶ (5). ɼʣʷ ʚʠʟʥʘ-

ʯʝʥʥʷ ʥʠʞʥʴʦʾ ʤʝʞʽ: ʚʽʜ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʢʦʨʝʣʷʮʽʾ rʚ ʚʽʜʥʽʤʘʶʪʴ ʟʥʘ-

ʯʝʥʥʷ ŭ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʝʨʭʥʴʦʾ ʤʝʞʽ: ʜʦ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʢʦʨʝʣʷʮʽʾ 

rʚ ʜʦʜʘʶʪʴ ʟʥʘʯʝʥʥʷ ŭ.  

11.9.2.ɺʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʽ ʧʦʭʠʙʢʠ ʤʦʜʝʣʽ 

ʇʽʩʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʘʷʚʥʦʩʪʽ ʪʘ ʦʮʽʥʢʠ ʪʽʩʥʦʪʠ ʣʽʥʽʡʥʦʛʦ ʟʚôʷʟʢʫ ʤʽʞ 

ʟʤʽʥʥʠʤʠ, ʧʝʨʝʭʦʜʷʪʴ ʜʦ ʧʦʙʫʜʦʚʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ. ɿʘʜʘʯʘ ʤʦʜʝʣʶ-

ʚʘʥʥʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʧʨʠʧʫʩʢʘʶʯʠ ʣʽʥʽʡʥʫ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʟʤʽʥʥʠʤʠ 

X i Y , ʦʜʝʨʞʘʪʠ ʥʘʡʢʨʘʱʫ ʨʝʛʨʝʩʽʡʥʫ ʧʨʷʤʫ ʫ ʚʠʛʣʷʜʽ ʨʽʚʥʷʥʥʷ 

baxY += (1) 

 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ a i b ʣʽʥʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʜʦʩʣʽʜʞʫʶʪʴ ʚʠʨʘʟ D: 
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ʜʝ Yi i yi - ʪʝʦʨʝʪʠʯʥʽ (ʦʙʯʠʩʣʝʥʽ ʟʘ ʬʦʨʤʫʣʦʶ (1)) ʽ ʜʦʩʣʽʜʥʽ ʟʥʘʯʝʥʥʷ. ɺʠ-

ʨʘʟ (2) ʷʚʣʷʻ ʩʦʙʦʶ ʜʠʩʧʝʨʩʽʶ ʚʽʜʭʠʣʝʥʴ ʜʦʩʣʽʜʥʠʭ ʟʥʘʯʝʥʴ y ʚʽʜʥʦʩʥʦ ʪʝ-

ʦʨʝʪʠʯʥʠʭ ʟʥʘʯʝʥʴ Y. ʂʦʝʬʽʮʽʻʥʪʠ a i b ʧʦʪʨʽʙʥʦ ʧʽʜʽʙʨʘʪʠ ʪʘʢʠʤ ʯʠʥʦʤ, 

ʱʦʙ ʚʠʨʘʟ D (2) ʤʘʚ ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ. ɿ ʤʘʪʝʤʘʪʠʢʠ ʚʽʜʦʤʦ, ʱʦ ʜʣʷ 

ʮʴʦʛʦ ʧʦʪʨʽʙʥʦ ʧʨʠʨʽʚʥʷʪʠ ʜʦ ʥʫʣʷ ʯʘʩʪʠʥʥʽ ʧʦʭʽʜʥʽ: 
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ɿʥʘʡʰʦʚʰʠ ʧʦʭʽʜʥʽ, ʦʜʝʨʞʠʤʦ ʩʠʩʪʝʤʫ ʜʚʦʭ ʨʽʚʥʷʥʴ ʟ ʜʚʦʤʘ ʥʝʚʽʜʦʤʠʤʠ a 
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(4) 

ʘʙʦ 

í
ì
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,

,
2 xyxaxb

yxab
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ʜʝ 

 



 

n

x

x

n

i
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n

i
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== 1 , 

n

x

x

n

i
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== 1

2

2 , 
n

yx

xy

n

i

iiä
== 1   .(6) 

ʉʠʩʪʝʤʘ ʨʽʚʥʷʥʴ (5) ʥʘʟʠʚʘʻʪʴʩʷ ʥʦʨʤʘʣʴʥʦʶ ʽ ʫ ʧʽʜʨʫʯʥʠʢʘʭ ʟʘʧʠʩʫ-

ʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ 
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î
í
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ì
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yxxaxb
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2

11 ,(7) 

ʷʢʘ ʚʠʚʦʜʠʪʴʩʷ ʟ ʫʤʦʚʠ ʤʽʥʽʤʫʤʫ ʚʠʨʘʟʫ 

( )ä
=

-=
n

i

ii YyL
1

2
(8) 

ʘʙʦ ʤʥʦʞʝʥʥʷ ʩʠʩʪʝʤʠ (4) ʥʘ n. 

ɿʥʘʡʜʝʤʦ ʨʦʟʚ'ʷʟʢʠ ʩʠʩʪʝʤʠ (5) ʤʝʪʦʜʦʤ ʧʽʜʩʪʘʥʦʚʢʠ. ɿ ʧʝʨʰʦʛʦ ʨʽʚʥʷʥʥʷ 

ʚʠʟʥʘʯʠʤʦ b ʽ ʧʽʜʩʪʘʚʠʤʦ ʫ ʜʨʫʛʝ, ʧʽʩʣʷ ʯʦʛʦ ʚʠʟʥʘʯʠʤʦ a. ɺ ʨʝʟʫʣʴʪʘʪʽ 

ʦʜʝʨʞʠʤʦ: 

xayb -= , 

yxxaxayx Ö=+-Ö 22 , 

( ) xyxyxxa -=- 22
, 

yxR
xx

yxxy
a =

-

Ö-
=

22
, 

xRyx
xx

yxyx
yb yx Ö-=Ö

-

Ö-Ö
-=

22
. 

1.9.3.ɺʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʜʚʦʚʠʤʽʨʥʦʾ ʣʽʥʽʡʥʦʾ ʤʦʜʝʣʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʙʫʜʦʚʘʥʦʾ ʬʫʥʢʮʽʾ ʃʀʅɽʁʅ 

 

ʌʫʥʢʮʽʷ ʃʀʅɽʁʅ ʢʘʪʝʛʦʨʽʾ ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʦʟʚʦʣʷʻ ʟʘ ʤʝʪʦʜʦʤ 

ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ ʚʠʟʥʘʯʠʪʠ ʧʘʨʘʤʝʪʨʠ ʣʽʥʽʡʥʦʾ ʤʦʜʝʣʽ, ʷʢʘ ʥʘʡʢʨʘ-

ʱʠʤ ʯʠʥʦʤ ʘʧʨʦʢʩʠʤʫʻ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ. ʌʫʥʢʮʽʷ ʧʦʚʝʨʪʘʻ ʤʘʩʠʚ 

ʟʥʘʯʝʥʴ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻ ʪʝʦʨʝʪʠʯʥʫ ʧʨʷʤʦʣʽʥʽʡʥʫ ʟʘʣʝʞʥʽʩʪʴ. 

ʉʠʥʪʘʢʩʠʩ ʬʫʥʢʮʽʾ: ʃʀʅɽʁʅ (ʠʟʚʝʩʪʥʳʝ_ʟʥʘʯʝʥʠʷ_ʫ; ʠʟʚʝʩʪ-

ʥʳʝ_ʟʥʘʯʝʥʠʷ_ʭ; ʢʦʥʩʪ; ʩʪʘʪʠʩʪʠʢʘ), 

ʜʝ ʠʟʚʝʩʪʥʳʝ_ʟʥʘʯʝʥʠʷ_ʫ - ʜʽʘʧʘʟʦʥ ʢʦʤʽʨʦʢ ʟʽ ʟʥʘʯʝʥʥʷʤʠ ʨʝʟʫʣʴʪʘʪʠʚ-

ʥʦʾ ʦʟʥʘʢʠ; 

ʠʟʚʝʩʪʥʳʝ ʟʥʘʯʝʥʠʷ ʭ - ʜʽʘʧʘʟʦʥ ʢʦʤʽʨʦʢ ʟʽ ʟʥʘʯʝʥʥʷʤʠ ʬʘʢʪʦʨʥʦʾ 

ʦʟʥʘʢʠ; 



 

ʢʦʥʩʪ - ʣʦʛʽʯʥʝ ʟʥʘʯʝʥʥʷ, ʷʢʝ ʚʢʘʟʫʻ ʥʘ ʥʘʷʚʥʽʩʪʴ ʫ ʣʽʥʽʡʥʦʾ ʤʦʜʝʣʽ 

ʚʽʣʴʥʦʛʦ ʯʣʝʥʘ. ʗʢʱʦ ʢʦʥʩʪ ʤʘʻ ʟʥʘʯʝʥʥʷ ʀʉʊʀʅɸ, ʘʙʦ ʟʥʘʯʝʥʥʷ ʥʝ 

ʚʢʘʟʫʻʪʴʩʷ, ʪʦ ʤʦʜʝʣʴ ʤʘʪʠʤʝ ʚʠʛʣʷʜ: Y=a+bX, ʷʢʱʦ ʢʦʥʩʪ ʤʘʻ ʟʥʘʯʝʥʥʷ 

ʃʆɾʔ, ʪʦ ʤʦʜʝʣʴ ʤʘʪʠʤʝ ʚʠʛʣʷʜ Y=bX. 

ʩʪʘʪʠʩʪʠʢʘ - ʣʦʛʽʯʥʝ ʟʥʘʯʝʥʥʷ, ʷʢʝ ʚʢʘʟʫʻ, ʯʠ ʪʨʝʙʘ ʚʠʚʦʜʠʪʠ ʜʦʜʘ-

ʪʢʦʚʽ ʩʪʘʪʠʩʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ. ʗʢʱʦ ʘʨʛʫʤʝʥʪ ʩʪʘʪʠʩʪʠʢʘ ʤʘʻ ʟʥʘʯʝʥʥʷ 

ʀʉʊʀʅɸ, ʪʦ ʬʫʥʢʮʽʷ ʃʀʅɽʁʅ ʧʦʚʝʨʪʘʻ ʜʦʜʘʪʢʦʚʫ ʨʝʛʨʝʩʽʡʥʫ ʩʪʘʪʠʩ-

ʪʠʢʫ; ʷʢʱʦ ʘʨʛʫʤʝʥʪ ʩʪʘʪʠʩʪʠʢʘ ʤʘʻ ʟʥʘʯʝʥʥʷ ʃʆɾʔ, ʪʦ ʚʠʚʦʜʷʪʴʩʷ ʣʠʰʝ 

ʢʦʝʬʽʮʽʻʥʪʠ ʨʽʚʥʷʥʥʷ.  

ɼʦʜʘʪʢʦʚʘ ʨʝʛʨʝʩʽʡʥʘ ʩʪʘʪʠʩʪʠʢʘ ʚʢʣʶʯʘʻ: 

se1 - ʩʪʘʥʜʘʨʪʥʝ ʟʥʘʯʝʥʥʷ ʧʦʭʠʙʢʠ ʦʮʽʥʢʠ ʢʦʝʬʽʮʽʻʥʪʘ b; 

se2 - ʩʪʘʥʜʘʨʪʥʝ ʟʥʘʯʝʥʥʷ ʧʦʭʠʙʢʠ ʦʮʽʥʢʠ ʢʦʝʬʽʮʽʻʥʪʘ ʘ - ʚʽʣʴʥʦʛʦ ʯʣʝʥʘ; 

r2 - ʢʦʝʬʽʮʽʻʥʪ ʜʝʪʝʨʤʽʥʘʮʽʾ;  

sey - ʩʪʘʥʜʘʨʪʥʘ ʧʦʭʠʙʢʘ ʦʮʽʥʢʠ Y; 

F - F-ʩʪʘʪʠʩʪʠʢʘ - ʨʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʌʽʰʝʨʘ; 

df -  ʯʠʩʣʦ ʩʪʝʧʝʥʽʚ ʩʚʦʙʦʜʠ; 

 sspeʛʨ - ʨʝʛʨʝʩʽʡʥʘ ʩʫʤʘ ʢʚʘʜʨʘʪʽʚ; 

ssʟʘʣ, - ʟʘʣʠʰʢʦʚʘ ʩʫʤʘ ʢʚʘʜʨʘʪʽʚ. 

m1 a 

se1 se2 

ʛ2 sev 

F df 

sspeʛʨ ssʟʘʣ 

ɼʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʫʥʢʮʽʾ ʃʀʅɽʁʅ ʚʠʢʦʥʫʶʪʴ ʜʽʾ: 

ƴ ʥʘ ʚʽʣʴʥʦʤʫ ʤʽʩʮʽ ʘʨʢʫʰʘ ʚʠʦʢʨʝʤʣʶʶʪʴ ʧʨʷʤʦʢʫʪʥʠʡ ʜʽʘʧʘʟʦʥ ʢʦʤʽ-

ʨʦʢ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʜʚʦʭ ʩʪʦʚʧʯʠʢʽʚ ʽ ʧ'ʷʪʠ ʨʷʜʢʽʚ ʜʣʷ ʚʠʚʝʜʝʥʥʷ 

ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʫ; 

ƴ ʚʚʦʜʷʪʴ ʟʥʘʢ "=" (ʜʦʨʽʚʥʶʻ); 

ƴ ʚʠʢʦʥʫʶʪʴ ʜʽʾ: ɺʩʪʘʚʢʘ=> ʌʫʥʢʮʠʷ :=>ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʃʀʅɽʁʅ; 

Áʟʘʧʦʚʥʶʶʪʴ ʧʦʣʷ ʜʽʘʣʦʛʦʚʦʛʦ ʚʽʢʥʘ, ʱʦ ʚʽʜʢʨʠʻʪʴʩʷ: 

- ʫ ʧʦʣʝ ʠʟʚʝʩʪʥʳʝ _ʟʥʘʯʝʥʠʷ_ʫ ʚʚʦʜʷʪʴ ʜʽʘʧʘʟʦʥ ʢʦʤʽʨʦʢ ʟʽ ʟʥʘ-

ʯʝʥʥʷʤʠ ʨʝʟʫʣʴʪʘʪʠʚʥʦʾ ʦʟʥʘʢʠ; 

- ʫ ʧʦʣʝ ʠʟʚʝʩʪʥʳʝ ʟʥʘʯʝʥʠʷ ʭ - ʜʽʘʧʘʟʦʥ ʢʦʤʽʨʦʢ ʟʽ ʟʥʘʯʝʥʥʷʤʠ ʬʘ-

ʢʪʦʨʥʦʾ ʦʟʥʘʢʠ; 

- ʫ ʧʦʣʝ ʢʦʥʩʪ ʚʚʦʜʷʪʴ ʣʦʛʽʯʥʝ ʟʥʘʯʝʥʥʷ ʀʉʊʀʅɸ (ʘʙʦ 1); 

- ʫ ʧʦʣʝ ʩʪʘʪʠʩʪʠʢʘ - ʣʦʛʽʯʥʝ ʟʥʘʯʝʥʥʷ ʀʉʊʀʅɸ (ʘʙʦ 1); 

- ʥʘʪʠʩʢʫʶʪʴ ʢʣʘʚʽʰʫ F2, ɦ ʦʙ ʚʠʚʝʩʪʠ ʤʘʩʠʚ ʟʥʘʯʝʥʴ; 



 

- ʥʘʪʠʩʢʫʶʪʴ ʦʜʥʦʯʘʩʥʦ ʢʣʘʚʽʰʽ Ctrl + Shift + Enter; 

- ʧʽʩʣʷ ʮʴʦʛʦ ʜʽʘʧʘʟʦʥ ʢʦʤʽʨʦʢ 2x5 ʙʫʜʝ ʟʘʧʦʚʥʝʥʦ ʟʥʘʯʝʥʥʷʤʠ ʟʛʽʜ-

ʥʦ ʥʘʚʝʜʝʥʦʾ ʪʘʙʣʠʯʢʠ; 

- ʷʢʱʦ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʥʘʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʜʽʡ, ʙʫʜʝ ʚʠʚʝʜʝʥʝ ʦʜʥʝ 

ʯʠʩʣʦ, ʪʨʝʙʘ ʚʧʝʚʥʠʪʠʩʷ, ʱʦ ʥʝʦʙʭʽʜʥʠʡ ʜʽʘʧʘʟʦʥ ʢʦʤʽʨʦʢ ʚʠʦʢʨʝʤ-

ʣʝʥʦ, ʷʢʱʦ - ʥʽ, ʪʦ ʚʠʦʢʨʝʤʠʪʠ ʡʦʛʦ; 

- ʱʝ ʨʘʟ ʥʘʪʠʩʢʘʁ ʪʴ ʢʣʘʚʽʰʫ F2, ɦ ʦʙ ʚʠʚʝʩʪʠ ʤʘʩʠʚ ʟʥʘʯʝʥʴ; 

- ʥʘʪʠʩʢʫʶʪʴ ʦʜʥʦʯʘʩʥʦ ʢʣʘʚʽʰʽ Ctrl + Shift + Enter. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʥʘʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʜʽʡ ʙʫʜʝ ʚʠʚʝʜʝʥʦ ʤʘʩʠʚ ʟʥʘʯʝʥʴ, 

ʷʢʠʡ ʤʽʩʪʠʪʴ ʧʘʨʘʤʝʪʨʠ ʤʦʜʝʣʽ ʽ ʦʮʽʥʢʫ ʾʭ ʪʦʯʥʦʩʪʽ. 

11.9.4.ʇʝʨʝʚʽʨʢʘ ʧʨʘʚʠʣʴʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ  ̔ʧʦʙʫʜʦʚʘ 

ʛʨʘʬʽʯʥʦʾ ʟʘʣʝʞʥʦʩʪʽ 

ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʧʨʘʚʠʣʴʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʨʽʚʥʷʥʥʷ, ʷʢʝ ʙ 

ʦʧʠʩʫʚʘʣʦ ʜʘʥʫ ʟʘʣʝʞʥʽʩʪʴ, ʟʘʩʦʙʘʤʠ Excel ʚʠʢʦʥʫʶʪʴ ʜʽʾ:  

ʙʫʜʫʶʪʴ ʪʦʯʢʦʚʠʡ ʛʨʘʬʽʢ ʥʘ ʦʩʥʦʚʽ ʜʚʦʭ ʨʷʜʽʚ ʩʧʦʩʪʝʨʝʞʝʥʴ (x ,̔ ʫ̔), ʤʽʞ 

ʷʢʠʤʠ ʧʣʘʥʫʻʪʴʩʷ ʚʠʟʥʘʯʠʪʠ ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʟʘʣʝʞʥʽʩʪʴ: 

- ʚʠʦʢʨʝʤʣʶʶʪʴ ʨʷʜʠ ʩʧʦʩʪʝʨʝʞʝʥʴ; 

- ʚʠʢʦʥʫʶʪʴ ʜʽʾ ɺʩʪʘʚʢʘ => ɼʠʘʛʨʘʤʤʘ; 

- ʫ ʜʽʘʣʦʛʦʚʦʤʫ ʚʽʢʥʽ, ʱʦ ʚʽʜʢʨʠʻʪʴʩʷ, ʥʘ ʟʘʢʣʘʜʮʽ ʉʪʘʥʜʘʨʪʥʘʷ ʚʠʙʠ-

ʨʘʶʪʴ ʊʦʯʝʯʥʘʷ, ʫ ʧʦʣʽ ɺʠʜ ʚʠʙʠʨʘʶʪʴ ʊʦʯʝʯʥʘʷ ʜʠʘʛʨʘʤʤʘ ʧʦʟʚʦ-

ʣʷʝʪ ʩʨʘʚʥʠʚʘʪʴ ʧʘʨʳ ʟʥʘʯʝʥʠʡ, ʥʘʪʠʩʢʫʶʪʴ ʢʥʦʧʢʫ ɼʘʣʝʝ; 

- ʧʨʦʜʦʚʞʫʶʪʴ ʧʦʙʫʜʦʚʫ ʛʨʘʬʽʯʥʦʾ ʟʘʣʝʞʥʦʩʪʽ, ʷʢ ʦʧʠʩʘʥʦ ʚ ʧʦʧʝʨʝʜʥʽʭ 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʦʪʘʭ; 

ʚʠʦʢʨʝʤʣʶʶʪʴ ʧʦʙʫʜʦʚʘʥʠʡ ʛʨʘʬʽʢ (ʦʜʠʥ ʨʘʟ ʢʣʘʮʘʶʪʴ ʣʽʚʦʶ ʢʣʘʚʽʰʝʶ 

ʤʠʰʽ ʧʦ ʦʜʥʽʡ ʟ ʪʦʯʦʢ ʛʨʘʬʽʢʘ); 

ʢʣʘʮʘʶʪʴ ʧʨʘʚʦʶ ʢʣʘʚʽʰʝʶ ʤʠʰʽ ʧʦ ʛʨʘʬʽʢʫ, ʚʠʢʣʠʢʘʶʯʠ ʢʦʥʪʝʢʩʪʥʝ 

ʤʝʥʶ;  

ʫ ʢʦʥʪʝʢʩʪʥʦʤʫ ʤʝʥʶ ʚʠʙʠʨʘʶʪʴ ʧʫʥʢʪ ɼʦʙʘʚʠʪʴ ʣʠʥʠʶ ʪʨʝʥʜʘ; 

ʘʙʦ ʚʠʢʦʥʫʶʪʴ ʜʽʾ: ʤʝʥʶ ɼʠʘʛʨʘʤʤʘʤ /ɼʦʙʘʚʠʪʴ ʣʠʥʠʶ ʪʨʝʥʜʘ;  

ʫ ʜʽʘʣʦʛʦʚʦʤʫ ʚʽʢʥʽ, ʱʦ ʚʽʜʢʨʠʻʪʴʩʷ, ʥʘ ʟʘʢʣʘʜʮʽ ʊʠʧ ʚʠʙʠʨʘʶʪʴ ʟʘʧʨʦ-

ʧʦʥʦʚʘʥʫ ʣʽʥʽʡʥʫ ʟʘʣʝʞʥʽʩʪʴ, ʷʢʦʶ ʧʣʘʥʫʻʪʴʩʷ ʘʧʨʦʢʩʠʤʫʚʘʪʠ ʝʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʽ ʪʦʯʢʠ; 

ƴ ʥʘ ʟʘʢʣʘʜʮʽ ʇʘʨʘʤʝʪʨʠ ʚʽʜʤʽʯʘʶʪʴ ʧʫʥʢʪ ʧʦʢʘʟʳʚʘʪʴ ʫʨʘʚʥʝʥʠʝ ʥʘ 

ʜʠʘʛʨʘʤʝ  ̔ʧʦʤʝʩʪʠʪʴ ʥʘ ʜʠʘʛʨʘʤʤʫ ʚʝʣʠʯʠʥʫ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʘʧʨʦʢ-

ʩʠʤʘʮʠʠ; 

ʥʘʪʠʩʢʫʶʪʴ ʢʥʦʧʢʫ ʆʂ; 



 

ƴ ʥʘ ʛʨʘʬʽʢʫ ʟ'ʷʚʠʪʴʩʷ ʘʧʨʦʢʩʠʤʫʶʯʘ ʣʽʥʽʷ ʟ ʨʽʚʥʷʥʥʷʤ, ʟʘ ʷʢʠʤ ʚʦʥʘ ʧʦ-

ʙʫʜʦʚʘʥʘ. 

ɿʘ ʚʝʣʠʯʠʥʦʶ ʢʦʝʬʽʮʽʻʥʪʘ ʜʝʪʝʨʤʽʥʘʮʽʾ R2 (ʢʚʘʜʨʘʪ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʨʝ-

ʣʷʮʽʾ) ʦʮʽʥʶʶʪʴ ʷʢʽʩʪʴ ʦʜʝʨʞʘʥʦʾ ʤʦʜʝʣʽ. ʏʠʤ ʙʽʣʴʰʝ ʢʦʝʬʽʮʽʻʥʪ R2 ʥʘ-

ʙʣʠʞʘʻʪʴʩʷ ʜʦ ʦʜʠʥʠʮʽ, ʪʠʤ ʢʨʘʱʝ ʤʘʪʝʤʘʪʠʯʥʘ ʟʘʣʝʞʥʽʩʪʴ ʦʧʠʩʫʻ ʝʢʩ-

ʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ. ʗʢʱʦ, ʥʘʧʨʠʢʣʘʜ, Rz=0,9144, ʪʦ, ʫ ʚʠʧʘʜʢʫ ʣʽʥʽʡʥʦʾ 

ʟʘʣʝʞʥʦʩʪʽ, 91,44% ʜʠʩʧʝʨʩʽʾ ʨʝʟʫʣʴʪʘʪʠʚʥʦʾ ʦʟʥʘʢʠ ʦʙʫʤʦʚʣʝʥʦ ʚʧʣʠʚʦʤ 

ʬʘʢʪʦʨʥʦʾ ʦʟʥʘʢʠ, ʱʦ ʜʦʩʣʽʜʞʫʻʪʴʩʷ, ʘ ʨʝʰʪʘ - ʚʧʣʠʚʦʤ ʚʠʧʘʜʢʦʚʠʭ ʯʠʥ-

ʥʠʢʽʚ. 

ɼʣʷ ʦʙʯʠʩʣʝʥʥʷ ʧʦʭʠʙʢʠ ʤʦʜʝʣʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʙʫʜʦʚʘʥʫ ʬʫʥʢʮʽʶ 

ʉʊʆʐʋʍ ʢʘʪʝʛʦʨʽʾ ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ, ʘʨʛʫʤʝʥʪʘʤʠ ʷʢʦʾ ʻ ʜʽʘʧʘʟʦʥ ʢʦ-

ʤʽʨʦʢ ʟʽ ʟʥʘʯʝʥʥʷʤʠ ʨʝʟʫʣʴʪʘʪʠʚʥʦʾ ʦʟʥʘʢʠ ʫʽ: ʽ ʜʽʘʧʘʟʦʥ ʢʦʤʽʨʦʢ ʟʽ ʟʥʘ-

ʯʝʥʥʷʤʠ ʬʘʢʪʦʨʥʦʾ ʦʟʥʘʢʠ xt. 

 

ʇʨʘʢʪʠʯʥʘ ʨʦʙʦʪʘ ˉ9. ʇʦʙʫʜʦʚʘ ʜʚʦʚʠʤʽʨʥʦʾ ʣʽʥʽʡʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ 

ʤʦʜʝʣʽ ʟʘ ʤʝʪʦʜʦʤ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ 

ʄʝʪʘ ʨʦʙʦʪʠ: ʦʪʨʠʤʘʥʥʷ ʧʨʘʢʪʠʯʥʠʭ ʥʘʚʠʯʦʢ ʧʦʙʫʜʦʚʠ ʜʚʦʚʠʤʽʨʥʦʾ ʣʽ-

ʥʽʡʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʟʘ ʤʝʪʦʜʦʤ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ 

ʟʘʩʦʙʘʤʠ MS Excel 

ʇʨʦʛʨʘʤʘ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ 

1. ɿʘʚʘʥʪʘʞʠʪʠ ʪʘʙʣʠʯʥʠʡ ʧʨʦʮʝʩʦʨ Excel. 

2. ɺʠʢʦʨʠʩʪʘʪʠ ʜʘʥʽ ʜʚʦʭ ʩʪʦʚʧʯʠʢʽʚ ʽʟ ʪʘʙʣ. ʜʦ ʟʘʚʜʘʥʥʷ, ʧʨʠʯʦʤʫ ʚ ʷʢʦʩ-

ʪʽ ʬʘʢʪʦʨʥʦʾ ʦʟʥʘʢʠ ʚʟʷʪʠ ʢʦʥʮʝʥʪʨʘʮʽʶ ʤʽʜʽ, ʘ ʚ ʷʢʦʩʪʽ ʨʝʟʫʣʴʪʘʪʠʚʥʦʾ ï 

ʦʜʠʥ ʟ ʧʦʢʘʟʥʠʢʽʚ. 

3. ʋʩʪʘʥʦʚʠʪʠ ʥʘʷʚʥʽʩʪʴ ʪʘ ʦʮʽʥʠʪʠ ʪʽʩʥʦʪʫ ʣʽʥʽʡʥʦʛʦ ʟʚ'ʷʟʢʫ ʤʽʞ ʚʠʙʨʘ-

ʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʨʝʣʷʮʽʾ. 

4. ʇʝʨʝʚʽʨʠʪʠ ʩʪʘʪʠʩʪʠʯʥʫ ʟʥʘʯʫʱʽʩʪʴ ʦʜʝʨʞʘʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʨʝʣʷʮʽʾ. 

5. ɺʠʟʥʘʯʠʪʠ ʧʘʨʘʤʝʪʨʠ ʤʦʜʝʣʽ ʽ ʜʦʜʘʪʢʦʚʫ ʨʝʛʨʝʩʽʡʥʫ ʩʪʘʪʠʩʪʠʢʫ ʟʘ ʜʦ-

ʧʦʤʦʛʦʶ ʬʫʥʢʮʽʾ ʃʀʅɽʁʅ. 

6. ʇʝʨʝʚʽʨʠʪʠ ʧʨʘʚʠʣʴʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʘʩʦʙʫ ɼʦʙʘʚʠʪʴ 

ʣʠʥʠʶ ʪʨʝʥʜʘ. 

7. ɿʥʘʡʪʠ ʧʦʭʠʙʢʫ ʤʦʜʝʣʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽʾ ʉʊʆʐʋʍ. 

8. ʇʦʨʽʚʥʷʪʠ ʦʜʝʨʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ. 

9. ɿʙʝʨʝʛʪʠ ʜʦʢʫʤʝʥʪ ʚ ʦʩʦʙʠʩʪʽʡ ʧʘʧʮʽ. 
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1 100 61 34 33 21 

2 150 37 29 21 18 

3 200 20 11 6 5 

4 300 4 3 2,5 2,5 

5 350 1,2 0,6 0,5 0,9 

 
 

11.10.ɺʠʷʚʣʝʥʥʷ ʥʘʷʚʥʦʩʪʽ ʽ ʦʮʽʥʢʘ ʪʽʩʥʦʪʠ ʩʪʘʪʠʩʪʠʯʥʦʾ ʟʘʣʝʞ-

ʥʦʩʪʽ ʤʽʞ ʟʤʽʥʥʠʤʠ ʪʘ ʨʦʙʦʪʘ ʟ ʬʦʨʤʫʣʘʤʠ ʤʘʩʠʚʽʚ 

ɿʘʣʝʞʥʽʩʪʴ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ, ʧʨʠ ʷʢʽʡ ʢʦʞʥʦʤʫ ʟʥʘʯʝʥʥʶ ʦʜʥʽʻʾ 

ʽʟ ʥʠʭ ʚʽʜʧʦʚʽʜʘʻ ʟʘʢʦʥ ʨʦʟʧʦʜʽʣʫ ʜʨʫʛʦʾ, ʪʦʙʪʦ ʟʤʽʥʘ ʦʜʥʽʻʾ ʽʟ ʚʝʣʠʯʠʥ 

ʩʧʨʠʯʠʥʷʻ ʟʤʽʥʶʚʘʥʥʷ ʨʦʟʧʦʜʽʣʫ ʟʥʘʯʝʥʥʷ ʜʨʫʛʦʾ, ʥʘʟʠʚʘʻʪʴʩʷ ʩʪʘʪʠʩʪʠ-

ʯʥʦʶ. ʉʪʘʪʠʩʪʠʯʥʘ ʟʘʣʝʞʥʽʩʪʴ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ, ʧʨʠ ʷʢʽʡ ʜʦʩʣʽʜʞʫʻʪʴ-

ʩʷ ʚʧʣʠʚ ʟʤʽʥʠ ʦʜʥʽʻʾ ʽʟ ʚʝʣʠʯʠʥ ʥʘ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʜʨʫʛʦʾ ʥʘʟʠʚʘʻʪʴʩʷ 

ʢʦʨʝʣʷʮʽʡʥʦʶ. ʅʘʧʨʠʢʣʘʜ, ʢʦʨʝʣʷʮʽʡʥʦʶ ʻ ʟʘʣʝʞʥʽʩʪʴ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ ʛʝ-

ʤʘʪʦʣʦʛʽʯʥʠʭ ʽ ʙʽʦʭʽʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʝʨʠʬʝʨʠʯʥʦʾ ʢʨʦʚʽ ʩʚʠʥʝʡ ʚʽʜ ʪʝʨ-

ʤʽʥʫ, ʷʢʠʡ ʧʨʦʡʰʦʚ ʚʽʜ ʯʘʩʫ ʚʚʝʜʝʥʥʷ ʧʨʝʧʘʨʘʪʫ, ʱʦ ʥʘ ʮʽ ʧʦʢʘʟʥʠʢʠ 

ʚʧʣʠʚʘʻ. 



 

ʆʜʥʠʤ ʽʟ ʧʦʢʘʟʥʠʢʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʩʪʘʥʦʚʠʪʠ ʥʘʷʚʥʽʩʪʴ ʣʽʥʽʡʥʦʾ ʟʘ-

ʣʝʞʥʦʩʪʽ ʤʽʞ ʜʚʦʤʘ ʟʤʽʥʥʠʤʠ ʽ ʦʮʽʥʠʪʠ ʾʾ ʪʽʩʥʦʪʫ, ʻ ʢʦʝʬʽʮʽʻʥʪ ʧʘʨʥʦʾ ʢʦ-

ʨʝʣʷʮʽʾ. 

ʂʦʝʬʽʮʽʻʥʪ ʧʘʨʥʦʾ ʢʦʨʝʣʷʮʽʾ yxr ,  ʜʚʦʭ ʚʝʣʠʯʠʥ ʍ ʽ Y ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨ-

ʤʫʣʦʶ: 
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ʜʝ  X,̔ Y̔  ï  ʟʤʽʥʥʽ, ʟʚôʷʟʦʢ ʤʽʞ ʷʢʠʤʠ ʚʠʚʯʘʻʪʴʩʷ; 

YX , ï  ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʟʤʽʥʥʠʭ, ʱʦ ʚʠʚʯʘʶʪʴʩʷ; 

n ï ʢʽʣʴʢʽʩʪʴ ʩʧʦʩʪʝʨʝʞʝʥʴ. 

ʄʦʜʫʣʴ ʢʦʝʬʽʮʽʻʥʪʘ ʧʘʨʥʦʾ ʢʦʨʝʣʷʮʽʾ ʥʝ ʧʝʨʝʚʠʱʫʻ ʦʜʠʥʠʮʽ, ʪʦʙʪʦ 

1, ¢ʫʭr , ʱʦ ʝʢʚʽʚʘʣʝʥʪʥʝ ʧʦʜʚʽʡʥʽʡ ʥʝʨʽʚʥʦʩʪʽ: 11 , ¢¢- ʫʭr . ʗʢʱʦ ʢʦʝʬʽʮʽʻʥʪ 

ʢʦʨʝʣʷʮʽʾ ʩʪʘʪʠʩʪʠʯʥʦ ʟʥʘʯʫʱʠʡ, ʪʦ ʤʽʞ ʟʤʽʥʥʠʤʠ ʽʩʥʫʻ ʣʽʥʽʡʥʠʡ ʟʚôʷʟʦʢ. 

ʗʢʱʦ yxr , >0, ʪʦ ʟʚôʷʟʦʢ ʤʽʞ ʟʤʽʥʥʠʤʠ ʧʨʷʤʠʡ, ʷʢʱʦ ï yxr , <0, ʪʦ ʟʚôʷʟʦʢ 

ʦʙʝʨʥʝʥʠʡ. ʗʢʱʦ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ ʩʪʘʪʠʩʪʠʯʥʦ ʥʝʟʥʘʯʫʱʠʡ, ʘʙʦ ʜʦʨʽ-

ʚʥʶʻ ʥʫʣʶ, ʪʦ ʜʚʽ ʚʠʧʘʜʢʦʚʽ ʚʝʣʠʯʠʥʠ ʍ ʽ Y ʥʝ ʤʘʶʪʴ ʣʽʥʽʡʥʦʾ ʟʘʣʝʞʥʽ, ʘʣʝ 

ʤʦʞʫʪʴ ʤʘʪʠ ʥʝʣʽʥʽʡʥʫ.  

ʉʪʘʪʠʩʪʠʯʥʫ ʟʥʘʯʫʱʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ ʧʘʨʥʦʾ ʢʦʨʝʣʷʮʽʾ ʚʠʟʥʘʯʘʶʪʴ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʨʠʪʝʨʽʶ ʉʪʴʶʜʝʥʪʘ.  

ʈʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʨʦʟʨt ʦʙʯʠʩʣʶʶʪʴ ʟʘ ʬʦʨʤʫʣʦʶ: 
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ʜʝ  r ʭ, ʫ  ï ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʧʘʨʥʦʾ ʢʦʨʝʣʷʮʽʾ; 

n ï ʢʽʣʴʢʽʩʪʴ ʩʧʦʩʪʝʨʝʞʝʥʴ. 

ʈʦʟʨʘʭʫʥʢʦʚʝ ʘʙʩʦʣʶʪʥʝ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʉʪʴʶʜʝʥʪʘ ʧʦʨʽʚʥʶʶʪʴ 

ʟ ʪʘʙʣʠʯʥʠʤ (ʢʨʠʪʠʯʥʠʤ) ʟʥʘʯʝʥʥʷʤ. ʗʢʱʦ ʨʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝ-

ʨʽʶ ʙʽʣʴʰʝ ʪʘʙʣʠʯʥʦʛʦ, ʪʦ ʧʨʠʡʥʷʪʘ ʥʫʣʴʦʚʘ ʛʽʧʦʪʝʟʘ ʧʨʦ ʨʽʚʥʽʩʪʴ ʢʦʝʬʽʮʽ-

ʻʥʪʘ ʢʦʨʝʣʷʮʽʾ ʥʫʣʶ ʚʽʜʭʠʣʷʻʪʴʩʷ, ʪʦʙʪʦ ʚʝʣʠʯʠʥʘ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʨʝʣʷʮʽʾ ʻ 

ʩʪʘʪʠʩʪʠʯʥʦ ʟʥʘʯʫʱʦʶ. 

ʊʘʙʣʠʯʥʝ (ʢʨʠʪʠʯʥʝ) ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʙʫʜʦʚʘʥʦʾ ʬʫʥʢʮʽʾ MS Excel ʉʊʔʖɼʈɸʉʇʆɹʈ ʢʘʪʝʛʦʨʽʾ ʉʪʘʪʠʩʪʠʯʝ-



 

ʩʢʠʝ, ʘʨʛʫʤʝʥʪʘʤʠ ʷʢʦʾ ʻ ʨʽʚʝʥʴ ʟʥʘʯʫʱʦʩʪʽ ( 05,0=a ) ʽ ʯʠʩʣʦ ʩʪʫʧʝʥʽʚ ʩʚʦ-

ʙʦʜʠ ( f=(n-2)). 

ɺʙʫʜʦʚʘʥʽ ʬʦʨʤʫʣʠ ʤʘʩʠʚʽʚ MS Excel ʜʣʷ ʨʦʙʦʪʠ ʟ ʜʘʥʠʤʠ 

ɼʣʷ ʩʧʨʦʱʝʥʥʷ ʩʢʣʘʜʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʙʫʜʦʚʘʥʽ ʬʦ-

ʨʤʫʣʠ  ʤʘʩʠʚʽʚ MS Excel, ʚʠʢʦʥʫʶʯʠ ʜʽʾ: ɺʩʪʘʚʢʘ ÝʌʫʥʢʮʽʷÝ ʄʘʪʝʤʘ-

ʪʠʯʝʩʢʠʝ. ɿʘ ʬʦʨʤʫʣʦʶ ʤʘʩʠʚʫ ʦʜʥʦʯʘʩʥʦ ʤʦʞʝ ʚʠʢʦʥʫʚʘʪʠʩʷ  ʜʝʢʽʣʴʢʘ 

ʚʠʜʽʚ ʦʙʯʠʩʣʝʥʴ, ʨʝʟʫʣʴʪʘʪʦʤ ʷʢʠʭ ʤʦʞʝ ʙʫʪʠ ʦʜʥʝ ʟʥʘʯʝʥʥʷ, ʘʙʦ ʤʘʩʠʚ 

ʟʥʘʯʝʥʴ.   ʌʦʨʤʫʣʘ ʤʘʩʠʚʫ ʦʙʨʦʙʣʷʻ ʜʝʢʽʣʴʢʘ ʥʘʙʦʨʽʚ ʟʥʘʯʝʥʴ, ʷʢʽ ʥʘʟʠʚʘ-

ʶʪʴʩʷ ʘʨʛʫʤʝʥʪʘʤʠ ʤʘʩʠʚʫ. ʂʦʞʥʠʡ ʘʨʛʫʤʝʥʪ ʤʘʩʠʚʫ ʧʦʚʠʥʝʥ ʚʢʣʶʯʘʪʠ 

ʦʜʥʘʢʦʚʝ ʯʠʩʣʦ ʩʪʦʚʧʯʠʢʽʚ ʽ ʨʷʜʢʽʚ. ɸʨʛʫʤʝʥʪʠ ʚʽʜʜʽʣʷʶʪʴʩʷ ñ;ò. 

ɼ ʦ ʬʦʨʤʫʣ ʤʘʩʠʚʫ ʚʽʜʥʦʩʷʪʴʩʷ: 

ʉʋʄʄʂɺʈɸɿʅ(ʤʘʩʩʠʚ_ʭ;ʤʘʩʩʠʚ_ʫ) ï ʩʫʤʘ ʢʚʘʜʨʘʪʽʚ ʨʽʟʥʠʮʽ 

ʚʽʜʧʦʚʽʜʥʠʭ ʟʥʘʯʝʥʴ ʜʚʦʭ ʤʘʩʠʚʽʚ. 

ʉʋʄʄʇʈʆʀɿɺ(ʤʘʩʩʠʚ_ʭ;ʤʘʩʩʠʚ_ʫ) ï ʩʫʤʘ ʜʦʙʫʪʢʽʚ ʚʽʜʧʦʚʽʜʥʠʭ ʝʣʝ-

ʤʝʥʪʽʚ ʜʚʦʭ ʤʘʩʠʚʽʚ. 

ɺʙʫʜʦʚʘʥʽ ʬʫʥʢʮʽʾ MS Excel ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʨʝʣʷʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ 

ɺʙʫʜʦʚʘʥʽ ʬʫʥʢʮʽʾ MS Excel ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʨʝʣʷʮʽʡʥʠʭ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢ ʟʛʨʫʧʦʚʘʥʽ ʚ ʢʘʪʝʛʦʨʽʾ ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ.  

ʂʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ ʦʙʯʠʩʣʶʻʪʴʩʷ ʦʜʥʽʻʶ ʽʟ ʜʚʦʭ ʚʙʫʜʦʚʘʥʠʭ ʬʫʥʢ-

ʮʽʾ: ʂʆʈʈɽʃ ʘʙʦ ʇʀʈʉʆʅ ʘʨʛʫʤʝʥʪʘʤʠ ʷʢʠʭ ʻ ʜʽʘʧʘʟʦʥʠ ʢʦʤʽʨʦʢ ʟ ʚʭʽʜ-

ʥʠʤʠ ʜʘʥʠʤʠ.  



 

 

 

ʇʨʘʢʪʠʯʥʘ ʨʦʙʦʪʘ ˉ10. ɺʠʷʚʣʝʥʥʷ ʥʘʷʚʥʦʩʪʽ ʽ ʦʮʽʥʢʘ ʪʽʩʥʦʪʠ 

ʩʪʘʪʠʩʪʠʯʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʟʤʽʥʥʠʤʠ ʪʘ ʨʦʙʦʪʘ ʟ ʬʦʨʤʫʣʘʤʠ 

ʤʘʩʠʚʽʚ 

ʄʝʪʘ ʨʦʙʦʪʠ: ʦʪʨʠʤʘʥʥʷ ʧʨʘʢʪʠʯʥʠʭ ʥʘʚʠʯʦʢ ʧʦʙʫʜʦʚʠ ʜʚʦʚʠʤʽʨʥʦʾ ʣʽ-

ʥʽʡʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʟʘ ʤʝʪʦʜʦʤ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ 

ʟʘʩʦʙʘʤʠ MS Excel 

 

ʇʨʦʛʨʘʤʘ ʚʠʢʦʥʘʥʥʷ 

1. ɿʘʚʘʥʪʘʞʠʪʠ ʪʘʙʣʠʯʥʠʡ ʧʨʦʮʝʩʦʨ MS Excel. 

2. ɺʚʝʩʪʠ ʜʘʥʽ ʽʟ ʟʘʚʜʘʥʥʷ ʪʘʙʣ. ʟʥʘʯʝʥʥʷ ʦʜʥʦʛʦ ʽʟ ʧʦʢʘʟʥʠʢʽʚ (Y) ʽ ʩʪʦ-

ʚʧʯʠʢʘ ñɼʦʙʘ ʩʧʦʩʪʝʨʝʞʝʥʴò(ʍ).   

3. ʆʙʯʠʩʣʠʪʠ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʨʷʜʽʚ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʜ-

ʧʦʚʽʜʥʦʾ ʚʙʫʜʦʚʘʥʦʾ ʬʫʥʢʮʽʾ.  

4. ɼʦʧʦʚʥʠʪʠ ʪʘʙʣʠʮʶ ʪʘʢʠʤʠ ʩʪʦʚʧʯʠʢʘʤʠ: 

ɿʘʛʘʣʴʥʠʡ 

ʙʽʣʦʢ, ʛ/ʣ  

(Y i) 

ɼʦʙʘ ʩʧʦʩʪʝ-

ʨʝʞʝʥʴ (Xi) 
Yʩ Y i - Yʩ  ʍʩ  ʍ̔-ʍʩ 

ʜʝ Yʩ, ʍʩ ï ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ. 

5. ɿʘʧʦʚʥʠʪʠ ʪʘʙʣʠʮʶ ʟʥʘʯʝʥʥʷʤʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʽʜʥʦʩʥʽ ʽ ʘʙʩʦʣʶ-

ʪʥʽ ʧʦʩʠʣʘʥʥʷ ʥʘ ʘʜʨʝʩʠ ʢʦʤʽʨʦʢ ʟ ʜʘʥʠʤʠ. 

6. ɿʘ ʜʦʧʦʤʦʛʦʶ ʬʦʨʤʫʣ ʤʘʩʠʚʽʚ ʉʋʄʄʇʈʆʀɿɺ ʽ ʉʋʄʄʂɺʈɸɿʅ 

ʦʙʯʠʩʣʠʪʠ ʩʢʣʘʜʦʚʽ ʬʦʨʤʫʣʠ (1). 

7. ʆʙʯʠʩʣʠʪʠ ʢʦʝʬʽʮʽʻʥʪ ʧʘʨʥʦʾ ʢʦʨʝʣʷʮʽʾ ʟʘ ʬʦʨʤʫʣʦʶ (1), ʚʠʢʦʨʠʩʪʦ-

ʚʫʶʯʠ ʦʙʯʠʩʣʝʥʽ ʟʥʘʯʝʥʥʷ ʩʢʣʘʜʦʚʠʭ.  

8. ʇʝʨʝʚʽʨʠʪʠ ʧʨʘʚʠʣʴʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʽʚ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʙʫʜʦʚʘʥʫ 

ʬʫʥʢʮʽʶ ʂʆʈʈɽʃ ʘʙʦ ʇʀʈʉʆʅ. 

9. ʆʙʯʠʩʣʠʪʠ ʨʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʉʪʴʶʜʝʥʪʘ ʟʘ ʬʦʨʤʫʣʦʶ 

(2). 

10. ʆʙʯʠʩʣʠʪʠ ʢʨʠʪʠʯʥʝ (ʪʘʙʣʠʯʥʝ) ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʉʪʴʶʜʝʥʪʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʚʙʫʜʦʚʘʥʦʾ ʬʫʥʢʮʽʾ ʉʊʔʖɼʈɸʉʇʆɹʈ. 

11. ʋ ʚʽʣʴʥʫ ʢʦʤʽʨʢʫ ʚʚʝʩʪʠ ʬʦʨʤʫʣʫ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʽ 

ʢʨʠʪʠʯʥʦʛʦ ʟʥʘʯʝʥʴ ʢʨʠʪʝʨʽʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʙʫʜʦʚʘʥʦʾ ʣʦʛʽʯʥʦʾ ʬʫ-

ʥʢʮʽʾ ɽʉʃʀ ʪʘʢ, ʱʦʙ ʫ ʚʠʧʘʜʢʫ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʟʥʘʯʫʱʦʩʪʽ ʢʦʝʬʽʮʽʻ-



 

ʥʪʘ ʢʦʨʝʣʷʮʽʾ ʙʫʣʦ ʚʠʚʝʜʝʥʦ ʥʘʜʧʠʩ ñɿʥʘʯʫʱʠʡ!ò, ʘ ʚ ʧʨʦʪʠʣʝʞʥʦʤʫ 

ʨʘʟʽ ï òʅʝ ʟʥʘʯʫʱʠʡò. 

12. ɿʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ ʱʦʜʦ ʥʘʷʚʥʦʩʪʽ ʽ ʪʽʩʥʦʪʠ ʣʽʥʽʡʥʦʛʦ ʟʚôʷʟʢʫ ʤʽʞ 

ʟʤʽʥʥʠʤʠ.  

 

ɿʘʚʜʘʥʥʷ  

ɿʘʣʝʞʥʽʩʪʴ ʧʦʢʘʟʥʠʢʽʚ ʢʨʦʚʽ ʩʚʠʥʝʡ ʚʽʜ ʯʘʩʫ 

ɼʠʥʘʤʽʢʘ ʙʽʦʭʽʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʩʠʨʦʚʘʪʢʠ ʢʨʦʚʽ ʩʚʠʥʝʡ 

ʧʽʩʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʽʟʦʪʦʥʽʯʥʦʛʦ ʨʦʟʯʠʥʫ 

ˉ 

ʧ.ʧ. 
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ʫ
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b
-ʛ
ʣ
ʦ
ʙ
ʫ
ʣ
ʽ
ʥ
,
 
%

 

g-
 ʛ
ʣ
ʦ
ʙ
ʫ
ʣ
ʽ
ʥ
,

 %
 

1 5 52,9 48,4 51,58 24,21 15,12 12,25 

2 14 53,7 47,6 52,4 24,86 15,2 12,34 

3 30 56,9 47,4 52,6 21,56 16,4 14,64 

4 60 63,4 48,5 51,48 19,88 16,8 14,8 

5 90 69,1 41,55 58,45 21,16 16,1 21,19 

6 150 72,1 41,51 58,49 20,9 16,2 21,3 

7 270 76 41,18 58,82 19,85 16,82 22,16 

  

ɿʘʧʠʪʘʥʥʷ ʜʣʷ ʩʘʤʦʧʝʨʝʚʽʨʢʠ 

1. ʗʢʠʡ ʟʚôʷʟʦʢ ʤʽʞ ʟʤʽʥʥʠʤʠ ʥʘʟʠʚʘʶʪʴ ʢʦʨʝʣʷʮʽʡʥʠʤ?  

2. ʗʢʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʘʷʚʥʦʩʪʽ ʢʦʨʝ-

ʣʷʮʽʡʥʦʛʦ ʟʚ'ʷʟʢʫ ʤʽʞ ʜʚʦʤʘ ʚʠʧʘʜʢʦʚʠʤʠ ʚʝʣʠʯʠʥʘʤʠ?  

3. ʇʨʦ ʱʦ ʩʚʽʜʯʘʪʴ ʚʝʣʠʯʠʥʘ ʽ ʟʥʘʢ ʢʦʝʬʽʮʽʻʥʪʘ ʧʘʨʥʦʾ ʢʦʨʝʣʷʮʽʾ? 

4. ʗʢ ʧʝʨʝʚʽʨʷʻʪʴʩʷ ʩʪʘʪʠʩʪʠʯʥʘ ʟʥʘʯʫʱʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ ʧʘʨʥʦʾ ʢʦʨʝʣʷ-

ʮʽʾ? 

5. ʗʢʽ ʚʙʫʜʦʚʘʥʽ ʬʫʥʢʮʽʾ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ 

ʢʦʨʝʣʷʮʽʾ? 

6. ɼʣʷ ʯʦʛʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʬʦʨʤʫʣʠ ʤʘʩʠʚʽʚ? 

7. ʑʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚ ʷʢʦʩʪʽ ʘʨʛʫʤʝʥʪʽʚ ʬʦʨʤʫʣ ʤʘʩʠʚʽʚ? 

 



 

11.11.ɺʠʢʦʨʠʩʪʘʥʥʷ ʬʦʨʤʫʣ ʤʘʩʠʚʽʚ ʚ MS Excel   

ʆʜʥʘ ʟ ʥʘʡʙʽʣʴʰ ʮʽʢʘʚʠʭ ʪʘ ʧʦʪʫʞʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʚ Excel ï ʚʠʢʦ-

ʨʠʩʪʘʥʥʷ ʤʘʩʠʚʽʚ ʫ ʬʦʨʤʫʣʘʭ. 

ʄʘʩʠʚ ï ʮʝ ʥʘʙʽʨ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʤʦʞʝ ʦʙʨʦʙʣʷʪʠʩʷ ʷʢ ʻʜʠʥʘ ʛʨʫʧʘ ʘʙʦ 

ʢʦʞʝʥ ʦʢʨʝʤʦ. ɺ Excel ʤʘʩʠʚʠ ʤʦʞʫʪʴ ʙʫʪʠ ʦʜʥʦ- ʘʙʦ ʜʚʦʚʠʤʽʨʥʠʤʠ. ɺʠʤʽ-

ʨʠ ʤʘʩʠʚʽʚ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʷʜʢʘʤ ʪʘ ʩʪʦʚʧʯʠʢʘʤ ʪʘʙʣʠʮʽ 

Excel. ʅʘʧʨʠʢʣʘʜ, ʦʜʥʦʚʠʤʽʨʥʠʡ ʤʘʩʠʚ ʤʦʞʝ ʙʫʪʠ ʛʨʫʧʦʶ ʢʦʤʽʨʦʢ, ʨʦʟʤʽ-

ʱʝʥʠʭ ʫ ʦʜʥʦʤʫ ʨʷʜʢʫ (ʛʦʨʠʟʦʥʪʘʣʴʥʠʡ ʤʘʩʠʚ) ʘʙʦ ʫ ʦʜʥʦʤʫ ʩʪʦʚʧʯʠʢʫ 

(ʚʝʨʪʠʢʘʣʴʥʠʡ ʤʘʩʠʚ). ɼʚʦʚʠʤʽʨʥʠʡ ʤʘʩʠʚ ʨʦʟʤʽʱʫʻʪʴʩʷ ʫ ʜʝʢʽʣʴʢʦʭ ʨʷʜ-

ʢʘʭ ʪʘ ʩʪʦʚʧʯʠʢʘʭ. ʊʨʠʚʠʤʽʨʥʽ ʤʘʩʠʚʠ Excel ʥʝ ʧʽʜʪʨʠʤʫʻ.  

ʈʦʙʦʪʘ ʟ ʬʦʨʤʫʣʘʤʠ ʤʘʩʠʚʽʚ  

ɺʚʝʜʝʥʥʷ ʬʦʨʤʫʣʠ ʤʘʩʠʚʫ  

ɼʣʷ ʚʚʝʜʝʥʥʷ ʬʦʨʤʫʣʠ ʤʘʩʠʚʫ ʫ ʢʦʤʽʨʢʫ ʘʙʦ ʫ ʜʽʘʧʘʟʦʥ ʢʦʤʽʨʦʢ ʚʠʢʦʥʫʶʪʴ 

ʧʝʚʥʫ ʧʨʦʮʝʜʫʨʫ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʧʨʦʛʨʘʤʥʠʤ ʟʘʩʦʙʘʤ Excel ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ 

ʚʚʝʜʝʥʠʡ ʚʠʨʘʟ, ʷʢ ʬʦʨʤʫʣʫ ʤʘʩʠʚʫ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʟʚʠʯʘʡʥʦʾ ʬʦʨʤʫʣʠ. ɸ 

ʩʘʤʝ, ʟʘʢʽʥʯʝʥʥʷ ʥʘʙʦʨʫ ʬʦʨʤʫʣʠ ʦʙʦʚôʷʟʢʦʚʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʦʜʥʦʯʘʩ-

ʥʠʤ ʥʘʪʠʩʢʘʥʥʷʤ ʢʦʤʙʽʥʘʮʽʾ ʢʣʘʚʽʰ Ctrl+Shift+Enter , ʧʽʩʣʷ ʯʦʛʦ ʩʠʩʪʝʤʘ 

ʘʚʪʦʤʘʪʠʯʥʦ ʨʦʟʤʽʱʫʻ ʬʦʨʤʫʣʫ ʫ ʬʽʛʫʨʥʠʭ ʜʫʞʢʘʭ.  

ɺʠʦʢʨʝʤʣʝʥʥʷ ʤʘʩʠʚʫ 

ɺʠʦʢʨʝʤʣʝʥʥʷ ʜʽʘʧʘʟʦʥʫ ʢʦʤʽʨʦʢ, ʚ ʷʢʦʤʫ ʨʦʟʤʽʱʝʥʦ ʤʘʩʠʚ, ʚʠʢʦʥʫʶʪʴ 

ʦʜʥʠʤ ʽʟ ʩʧʦʩʦʙʽʚ:  

ʨʦʟʤʽʱʫʶʪʴ ʢʫʨʩʦʨ ʚ ʦʜʥʽʡ ʽʟ ʢʦʤʽʨʦʢ ʤʘʩʠʚʫ;  

ʚʠʢʦʥʫʶʪʴ ʜʽʾ: ʇʨʘʚʢʘÝʇʝʨʝʡʪʠ, ʘʙʦ ʥʘʪʠʩʢʘʶʪʴ ʢʣʘʚʽʰʫ F5; 

ʫ ʜʽʘʣʦʛʦʚʦʤʫ ʚʽʢʥʽ ʇʝʨʝʭʦʜ, ʱʦ ʚʽʜʢʨʠʻʪʴʩʷ, ʥʘʪʠʩʢʘʶʪʴ ʢʥʦʧʢʫ ɺʳʜʝ-

ʣʠʪʴ; 

ʫ ʥʘʩʪʫʧʥʦʤʫ ʜʽʘʣʦʛʦʚʦʤʫ ʚʽʢʥʽ ɺʳʜʝʣʝʥʠʝ ʛʨʫʧʧʳ ʷʯʝʝʢ ʚʠʙʠʨʘʶʪʴ ʧʝ-

ʨʝʤʠʢʘʯ ʊʝʢʫʱʠʡ ʤʘʩʩʠʚ; 

ʥʘʪʠʩʢʘʶʪʴ  ʢʥʦʧʢʫ ʆʂ, ʱʦʙ ʟʘʢʨʠʪʠ ʜʽʘʣʦʛʦʚʝ ʚʽʢʥʦ; 

ʘʙʦ: 

ʨʦʟʤʽʱʫʶʪʴ ʢʫʨʩʦʨ ʚ ʦʜʥʽʡ ʽʟ ʢʦʤʽʨʦʢ ʤʘʩʠʚʫ;  

ʥʘʪʠʩʢʘʶʪʴ ʢʦʤʙʽʥʘʮʽʶ ʢʣʘʚʽʰ Ctrl+/ . 

ʈʝʜʘʛʫʚʘʥʥʷ ʬʦʨʤʫʣʠ ʤʘʩʠʚʫ 

ʗʢʱʦ ʬʦʨʤʫʣʘ ʤʘʩʠʚʫ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʜʝʢʽʣʴʢʦʭ ʢʦʤʽʨʢʘʭ, ʨʝʜʘʛʫʚʘʥʥʷ 

ʟʜʽʡʩʥʶʶʪʴ ʚ ʫʩʽʭ ʢʦʤʽʨʢʘʭ ʜʽʘʧʘʟʦʥʫ ʷʢ ʚ ʦʜʥʽʡ.  

ʇʨʠ ʨʝʜʘʛʫʚʘʥʥʽ ʬʦʨʤʫʣ ʤʘʩʠʚʽʚ ʜʦʪʨʠʤʫʶʪʴʩʷ ʪʘʢʠʭ ʧʨʘʚʠʣ:  



 

ʥʝ ʤʦʞʥʘ ʟʤʽʥʶʚʘʪʠ ʚʤʽʩʪ ʞʦʜʥʦʾ ʟ ʢʦʤʽʨʦʢ, ʟʥʘʯʝʥʥʷ ʷʢʠʭ ʦʜʝʨʞʘʥʦ ʰʣʷ-

ʭʦʤ ʨʦʟʨʘʭʫʥʢʽʚ ʟʘ ʬʦʨʤʫʣʦʶ ʤʘʩʠʚʫ ï ʧʨʠ ʩʧʨʦʙʽ ʮʝ ʟʨʦʙʠʪʠ, Excel ʚʠ-

ʜʘʩʪʴ ʧʦʚʽʜʦʤʣʝʥʥʷ ñʅʝʣʴʟʷ ʠʟʤʝʥʠʪʴ ʯʘʩʪʴ ʤʘʩʩʠʚʘò;  

ʥʝ ʤʦʞʥʘ ʧʝʨʝʤʽʱʫʚʘʪʠ ʟʥʘʯʝʥʥʷ ʦʢʨʝʤʠʭ ʢʦʤʽʨʦʢ, ʥʘ ʷʢʽ ʨʦʟʧʦʚʩʶʜʞʫ-

ʻʪʴʩʷ ʬʦʨʤʫʣʘ ʤʘʩʠʚʫ (ʧʝʨʝʤʽʱʫʶʪʴ ʚʩʽ ʢʦʤʽʨʢʠ ʟ ʬʦʨʤʫʣʦʶ ʤʘʩʠʚʫ ʨʘ-

ʟʦʤ); 

ʥʝ ʤʦʞʥʘ ʚʠʣʫʯʘʪʠ ʦʢʨʝʤʽ ʢʦʤʽʨʢʠ, ʥʘ ʷʢʽ ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ ʬʦʨʤʫʣʘ ʤʘ-

ʩʠʚʫ (ʚʠʣʫʯʘʶʪʴ ʣʠʰʝ ʚʝʩʴ ʤʘʩʠʚ ʧʦʚʥʽʩʪʶ); 

ʥʝ ʤʦʞʥʘ ʚʩʪʘʚʣʷʪʠ ʥʦʚʽ ʢʦʤʽʨʢʠ ʫ ʤʘʩʠʚ (ʮʝ ʧʨʘʚʠʣʦ ʚʽʜʥʦʩʠʪʴʩʷ ʪʘʢʦʞ 

ʜʦ ʚʩʪʘʚʢʠ ʥʦʚʠʭ ʨʷʜʢʽʚ ʪʘ ʩʪʦʚʧʯʠʢʽʚ). 

ʑʦʙ ʚʽʜʨʝʜʘʛʫʚʘʪʠ ʬʦʨʤʫʣʫ ʤʘʩʠʚʫ: 

ʚʠʦʢʨʝʤʣʶʶʪʴ ʚʩʽ ʢʦʤʽʨʢʠ ʤʘʩʠʚʫ; 

ʧʝʨʝʚʦʜʷʪʴ ʢʫʨʩʦʨ ʫ ʨʷʜʦʢ ʬʦʨʤʫʣ, ʘʙʦ ʥʘʪʠʩʢʘʶʪʴ ʢʥʦʧʢʫ F2; 

ʬʽʛʫʨʥʽ ʜʫʞʢʠ ʧʨʠ ʮʴʦʤʫ ʚʠʣʫʯʘʶʪʴʩʷ; 

ʚʥʦʩʷʪʴ ʧʦʪʨʽʙʥʽ ʟʤʽʥʠ ʫ ʬʦʨʤʫʣʫ ʤʘʩʠʚʫ; 

ʧʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʨʝʜʘʛʫʚʘʥʥʷ ʬʦʨʤʫʣʠ ʥʘʪʠʩʢʘʶʪʴ Ctrl+Shift+Enter , ʱʦʙ 

ʧʽʜʪʚʝʨʜʠʪʠ ʚʥʝʩʝʥʥʷ ʟʤʽʥ. 

ʇʽʩʣʷ ʚʠʢʦʥʘʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʜʽʡ ʚʤʽʩʪ ʚʩʽʭ ʢʦʤʽʨʦʢ ʤʘʩʠʚʫ ʟʤʽʥʠʪʴʩʷ ʫ ʚʽʜ-

ʧʦʚʽʜʥʦʩʪʽ ʟ ʚʥʝʩʝʥʠʤʠ ʟʤʽʥʘʤʠ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʬʦʨʤʫʣʠ  ʤʘʩʠʚʽʚ ʜʣʷ ʜʽʘʧʘʟʦʥʫ ʢʦʤʽʨʦʢ 

ʅʘ ʨʠʩ. ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʦʙʦʯʠʡ ʘʨʢʫʰ ʜʦʢʫʤʝʥʪʘ Excel ʟ ʨʦʟʨʘʭʫʥʢʘʤʠ ʦʙ-

ʩʷʛʽʚ ʧʨʦʜʘʞʫ ʜʦʙʨʠʚ. ʑʦʙ ʦʙʯʠʩʣʠʪʠ ʚʘʨʪʽʩʪʴ  ʧʨʦʜʘʞʫ ʢʦʞʥʦʛʦ ʚʠʜʫ ʜʦ-

ʙʨʠʚʘ (ʟʥʘʯʝʥʥʷ ʫ ʩʪʦʚʧʯʠʢʫ D) ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʬʦʨʤʫʣʫ ʤʥʦ-

ʞʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʪʦʚʘʨʫ (ʩʪʦʚʧʯʠʢ ɺ) ʥʘ ʮʽʥʫ ʪʦʚʘʨʫ (ʩʪʦʚʧʯʠʢ ʉ). ʅʘʧʨʠ-

ʢʣʘʜ, ʟʥʘʯʝʥʥʷ ʢʦʤʽʨʢʠ D2 ʤʦʞʝ ʙʫʪʠ ʦʙʯʠʩʣʝʥʝ ʟʘ ʬʦʨʤʫʣʦʶ: =ɺ2*ʉ2, 

ʷʢʘ ʧʦʪʽʤ ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ ʥʘ ʜʽʘʧʘʟʦʥ ʢʦʤʽʨʦʢ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʢʦʤʽʨʢʘʤ 

ʟʽ ʟʥʘʯʝʥʥʷʤʠ ʘʨʛʫʤʝʥʪʽʚ. ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʦʪʨʠʤʘʻʤʦ ʧôʷʪʴ ʦʢʨʝʤʠʭ ʬʦ-

ʨʤʫʣ ʫ ʩʪʦʚʧʯʠʢʫ D.  

ɼʨʫʛʠʡ ʩʧʦʩʽʙ ʦʙʯʠʩʣʝʥʥʷ ʧôʷʪʠ ʟʥʘʯʝʥʴ ʫ ʩʪʦʚʧʯʠʢʫ D ï ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʦʜʥʽʻʾ ʬʦʨʤʫʣʠ ʤʘʩʠʚʫ. ʎʷ ʬʦʨʤʫʣʘ ʙʫʜʝ ʨʦʟʤʽʱʝʥʘ ʚ ʜʽʘʧʘʟʦʥʽ ʢʦʤʽʨʦʢ 

D2:D6, ʨʝʟʫʣʴʪʘʪʦʤ ʨʦʟʨʘʭʫʥʢʫ ʟʘ ʷʢʦʶ ʙʫʜʝ ʧôʷʪʴ ʰʫʢʘʥʠʭ ʟʥʘʯʝʥʴ. 

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʬʦʨʤʫʣʠ ʤʘʩʠʚʫ ʜʣʷ ʜʽʘʧʘʟʦʥʫ ʢʦʤʽʨʦʢ ʚʠʢʦʥʫʶʪʴ ʜʽʾ: 

ʚʠʦʢʨʝʤʣʶʶʪʴ ʜʽʘʧʘʟʦʥ ʢʦʤʽʨʦʢ, ʚ ʷʢʦʤʫ ʧʦʚʠʥʝʥ ʟʥʘʭʦʜʠʪʠʩʴ ʨʝʟʫʣʴʪʘʪ 

ʨʦʟʨʘʭʫʥʢʽʚ ʟʘ ʬʦʨʤʫʣʦʶ ʤʘʩʠʚʫ (ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʮʝ ï D2:D6); 

ʚʚʦʜʷʪʴ ʬʦʨʤʫʣʫ =ɺ2:ɺ6*ʉ2:ʉ6; 

ʥʘʪʠʩʢʘʶʪʴ ʢʦʤʙʽʥʘʮʽʶ ʢʣʘʚʽʰ Ctrl+Shift+Enter .  

 



 

 
 

ʈʠʩ.2. ʇʨʠʢʣʘʜ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʦʨʤʫʣʠ ʤʘʩʠʚʫ ʜʣʷ ʜʽʘʧʘʟʦʥʫ ʢʦʤʽʨʦʢ 

 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʬʦʨʤʫʣʠ ʤʘʩʠʚʫ  ʫ ʦʜʥʽʡ ʢʦʤʽʨʮʽ 

ʌʦʨʤʫʣʠ ʤʘʩʠʚʽʚ ʪʘʢʦʞ ʤʦʞʫʪʴ ʧʦʚʝʨʪʘʪʠ ʨʝʟʫʣʴʪʘʪ ʫ ʦʜʥʫ ʢʦʤʽʨʢʫ. ʅʘ 

ʨʠʩ. ʫ ʢʦʤʽʨʢʫ D8 ʚʚʝʜʝʥʦ ʬʦʨʤʫʣʫ ʤʘʩʠʚʫ {=ʉʋʄʄ(ɺ2:ɺ6*ʉ2:ʉ6)}. ʎʷ 

ʬʦʨʤʫʣʘ ʦʙʯʠʩʣʶʻ ʟʘʛʘʣʴʥʫ ʩʫʤʫ ʧʨʦʜʘʞʫ ʽ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʩʫʤʫ ʜʦ-

ʙʫʪʢʽʚ ʯʠʩʝʣ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʫ ʢʦʤʽʨʢʘʭ ɺ2 ʽ ʉ2, ɺ3 ʽ ʉ3, ... ɺ6 ʽ ʉ6. ʊʦʙʪʦ, 

ʩʧʦʯʘʪʢʫ ʟʥʘʭʦʜʷʪʴʩʷ ʜʦʙʫʪʢʠ ʚʽʜʧʦʚʽʜʥʠʭ ʧʘʨ ʯʠʩʝʣ ʤʘʩʠʚʫ, ʘ ʧʦʪʽʤ ʮʽ ʨʝ-

ʟʫʣʴʪʘʪʠ ʜʦʜʘʶʪʴʩʷ. 

ɼʣʷ ʚʚʝʜʝʥʥʷ ʬʦʨʤʫʣʠ ʤʘʩʠʚʫ ʫ ʦʜʥʫ ʢʦʤʽʨʢʫ ʚʠʢʦʥʫʶʪʴ ʜʽʾ: 

ʚʠʙʠʨʘʶʪʴ ʢʦʤʽʨʢʫ, ʚ ʷʢʫ ʙʫʜʝ ʚʚʦʜʠʪʠʩʷ ʬʦʨʤʫʣʘ (ʢʣʘʮʘʶʪʴ ʧʦ ʥʽʡ ʤʠ-

ʰʝʶ); 

ɺʩʪʘʚʢʘÝʌʫʥʢʮʠʷ;  

ʫ ʜʽʘʣʦʛʦʚʦʤʫ ʚʽʢʥʽ, ʱʦ ʚʽʜʢʨʠʻʪʴʩʷ, ʫ ʩʧʠʩʢʫ ʂʘʪʝʛʦʨʠʷ ʚʠʙʠʨʘʶʪʴ ʄʘ-

ʪʝʤʘʪʠʯʝʩʢʠʝ;  

ʫ ʧʦʣʽ ɺʳʙʝʨʠʪʝ ʬʫʥʢʮʠʶ ʚʠʙʠʨʘʶʪʴ ʽʟ ʩʧʠʩʢʫ ʉʋʄʄ; 

ʫ ʚʽʜʧʦʚʽʜʥʦʤʫ ʜʽʘʣʦʛʦʚʦʤʫ ʚʽʢʥʽ, ʱʦ ʚʽʜʢʨʠʻʪʴʩʷ ʫ ʨʷʜʢʫ ʤʘʩʠʚ 1 ʚʚʦʜʷʪʴ 

ʬʦʨʤʫʣʫ =ɺ2:ɺ6*ʉ2:ʉ6; 

ʥʘʪʠʩʢʘʶʪʴ ʢʦʤʙʽʥʘʮʽʶ ʢʣʘʚʽʰ Ctrl+Shift+Enter . 



 

 
 

ʈʠʩ.3. ʇʨʠʢʣʘʜ ʚʚʝʜʝʥʥʷ ʬʦʨʤʫʣʠ ʤʘʩʠʚʫ ʫ ʦʜʥʫ ʢʦʤʽʨʢʫ  

 

 

ɺʠʜʠ ʬʦʨʤʫʣ ʤʘʩʠʚʽʚ 

ʆʢʨʽʤ ʥʘʚʝʜʝʥʠʭ ʧʨʠʢʣʘʜʽʚ ʜʣʷ ʨʦʙʦʪʠ ʟ ʤʘʩʠʚʘʤʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʙʫʜʦ-

ʚʘʥʽ ʬʫʥʢʮʽʾ ʤʘʩʠʚʽʚ, ʱʦ ʥʘʣʝʞʘʪʴ ʜʦ ʢʘʪʝʛʦʨʽʾ ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ:  

ʉʋʄʄʉʋʄʄʂɺ(ʤʘʩcʠʚ_x; ʤʘʩcʠʚ_y) ï ʩʫʤʘ ʩʫʤ ʢʚʘʜʨʘʪʽʚ ʚʽʜʧʦʚʽʜʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʜʚʦʭ ʤʘʩʠʚʽʚ.  

ʄʘʩcʠʚ_ʭ ï ʜʽʘʧʘʟʦʥ ʢʦʤʽʨʦʢ ʟʽ ʟʥʘʯʝʥʥʷʤʠ ʧʝʨʰʦʾ ʟʤʽʥʥʦʾ, ʥʘʧʨʠʢʣʘʜ 

ɸ1:ɸ10; 

ʄʘʩcʠʚ_ʫ ï ʜʽʘʧʘʟʦʥ ʢʦʤʽʨʦʢ ʟʽ ʟʥʘʯʝʥʥʷʤʠ ʜʨʫʛʦʾ ʟʤʽʥʥʦʾ, ʥʘʧʨʠʢʣʘʜ 

ɺ1:ɺ10. 

ɸʣʛʦʨʠʪʤ ʦʙʯʠʩʣʝʥʥʷ ʟʘ ʜʘʥʦʶ ʬʦʨʤʫʣʦʶ ʤʘʩʠʚʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʪʘʢʦʤʫ 

ʧʦʨʷʜʢʫ:  

ʩʧʦʯʘʪʢʫ ʦʙʯʠʩʣʶʶʪʴʩʷ ʢʚʘʜʨʘʪʠ ʟʥʘʯʝʥʴ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʢʦʤʽʨʢʘʭ ʤʘ-

ʩʠʚʽʚ, ʥʘʧʨʠʢʣʘʜ, =(ɸ1)^2; =(B1)^2; =(ɸ2)^2; =(B2)^2 ; ...=(ɸ10)^2; 

=(B10)^2; 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʫʤʘ ʢʚʘʜʨʘʪʽʚ ʧʘʨ ʟʥʘʯʝʥʴ: =(ɸ2)^2 +(B2)^2 ; ... 

=(ɸ12)^2+(B10)^2; 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʫʤʘ ʧʘʨ ʩʫʤ ʢʚʘʜʨʘʪʽʚ: =((ɸ2)^2 +(B2)^2)+... +( 

(ɸ12)^2+(B10)^2).  

ɿʘ ʬʦʨʤʫʣʦʶ ʤʘʩʠʚʫ ʉʋʄʄʉʋʄʄʂɺ(ʤʘʩcʠʚ_x; ʤʘʩcʠʚ_y) ʟʘʟʥʘʯʝʥʘ 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʽʚ ʨʝʘʣʽʟʫʻʪʴʩʷ ʦʜʥʦʯʘʩʥʦ. 

ɼʣʷ ʚʚʝʜʝʥʥʷ ʜʘʥʦʾ ʬʦʨʤʫʣʠ ʤʘʩʠʚʫ ʚʠʢʦʥʫʶʪʴ ʜʽʾ: 



 

ʚʠʙʠʨʘʶʪʴ ʢʦʤʽʨʢʫ ʜʣʷ ʚʚʝʜʝʥʥʷ ʬʦʨʤʫʣʠ (ʢʣʘʮʘʶʪʴ ʧʦ ʥʽʡ ʤʠʰʝʶ); 

ɺʩʪʘʚʢʘÝʌʫʥʢʮʠʷ;  

ʫ ʜʽʘʣʦʛʦʚʦʤʫ ʚʽʢʥʽ, ʱʦ ʚʽʜʢʨʠʻʪʴʩʷ, ʚʠʙʠʨʘʶʪʴ ʢʘʪʝʛʦʨʽʶ ʬʫʥʢʮʽʡ ʄʘʪʝ-

ʤʘʪʠʯʝʩʢʠʝ;  

ʽʟ ʩʧʠʩʢʫ ʚʠʙʠʨʘʶʪʴ ʬʫʥʢʮʽʶ ʉʋʄʄʉʋʄʄʂɺ; 

ʫ ʜʽʘʣʦʛʦʚʦʤʫ ʚʽʢʥʽ, ʱʦ ʚʽʜʢʨʠʻʪʴʩʷ, ʫ ʧʦʣʽ ʤʘʩʠʚ ʭ ʚʢʘʟʫʶʪʴ ʜʽʘʧʘʟʦʥ ʢʦ-

ʤʽʨʦʢ ʟʽ ʟʥʘʯʝʥʥʷʤʠ ʧʝʨʰʦʛʦ ʘʨʛʫʤʝʥʪʫ, ʥʘʧʨʠʢʣʘʜ ɸ1:ɸ10; 

ʫ ʨʷʜʢʫ ʤʘʩʠʚ ʫ ï ʜʽʘʧʘʟʦʥ  ʢʦʤʽʨʦʢ ʟʽ ʟʥʘʯʝʥʥʷʤʠ ʜʨʫʛʦʛʦ ʘʨʛʫʤʝʥʪʫ, ʥʘ-

ʧʨʠʢʣʘʜ ɺ1:ɺ10; 

ʥʘʪʠʩʢʫʶʪʴ ʢʦʤʙʽʥʘʮʽʶ ʢʣʘʚʽʰ Ctrl+Shift+Enter . 

ʉʋʄʄʂɺʈɸɿʅ(ʤʘʩcʠʚ_ʭ;ʤʘʩcʠʚ_ʫ) ï ʩʫʤʘ ʢʚʘʜʨʘʪʽʚ ʨʽʟʥʠʮʽ ʚʽʜʧʦʚʽʜ-

ʥʠʭ ʟʥʘʯʝʥʴ ʜʚʦʭ ʤʘʩʠʚʽʚ.  

ɸʣʛʦʨʠʪʤ ʦʙʯʠʩʣʝʥʴ ʟʘ ʥʘʚʝʜʝʥʦʶ ʬʦʨʤʫʣʦʶ ʤʘʩʠʚʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʪʘʢʦ-

ʤʫ ʧʦʨʷʜʢʫ:  

ʩʧʝʨʰʫ ʚʽʜʥʽʤʘʶʪʴ ʚʽʜʧʦʚʽʜʥʽ ʟʥʘʯʝʥʥʷ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʢʦʤʽʨʢʘʭ ʤʘʩʠ-

ʚʽʚ, ʥʘʧʨʠʢʣʘʜ, =ɸ1īB1; =ɸ2īB2; ...=ɸ10īB10; 

ʚʠʟʥʘʯʘʶʪʴ ʢʚʘʜʨʘʪ ʨʽʟʥʠʮʽ ʚʽʜʧʦʚʽʜʥʠʭ ʧʘʨ ʟʥʘʯʝʥʴ: =(ɸ2īB2)^2; ... 

=(ɸ10īB10)^2; 

ʚʠʟʥʘʯʘʶʪʴ ʩʫʤʫ ʢʚʘʜʨʘʪʽʚ ʨʽʟʥʠʮʽ ʚʽʜʧʦʚʽʜʥʠʭ ʧʘʨ ʟʥʘʯʝʥʴ: =(ɸ2īB2)^2 

+... +(ɸ10īB10)^2). 

ʆʢʨʽʤ ʨʦʟʛʣʷʥʫʪʠʭ ʬʦʨʤʫʣ ʤʘʩʠʚʽʚ ʚ Excel ʻ ʱʝ ʪʘʢʽ ʚʙʫʜʦʚʘʥʽ ʬʫʥʢʮʽʾ 

(ʬʦʨʤʫʣʠ) ʤʘʩʠʚʽʚ: 

ʉʋʄʄʂɺ(ʤʘʩcʠʚ_ʭ; ʤʘʩcʠʚ_ʫ) ï ʩʫʤʘ ʢʚʘʜʨʘʪʽʚ ʚʽʜʧʦʚʽʜʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʜʚʦʭ ʤʘʩʠʚʽʚ. 

ʉʋʄʄʇʈʆʀɿɺ(ʤʘʩcʠʚ_ʭ; ʤʘʩcʠʚ_ʫ) ï ʩʫʤʘ ʜʦʙʫʪʢʽʚ ʚʽʜʧʦʚʽʜʥʠʭ ʝʣʝ-

ʤʝʥʪʽʚ ʜʚʦʭ ʤʘʩʠʚʽʚ. 

ʉʋʄʄʈɸɿʅʂɺ(ʤʘʩcʠʚ_ʭ;ʤʘʩcʠʚ_ʫ) ï ʩʫʤʘ ʨʽʟʥʠʮʴ ʢʚʘʜʨʘʪʽʚ ʚʽʜʧʦʚʽʜ-

ʥʠʭ ʝʣʝʤʝʥʪʽʚ ʜʚʦʭ ʤʘʩʠʚʽʚ. 

ɺʚʝʜʝʥʥʷ ʬʦʨʤʫʣ ʤʘʩʠʚʽʚ, ʘʣʛʦʨʠʪʤ ʦʙʯʠʩʣʝʥʥʷ ʟʘ ʥʠʤʠ ʽ ʚʠʚʝʜʝʥʥʷ ʨʝ-

ʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ ʚʽʜʙʫʚʘʶʪʴʩʷ ʘʥʘʣʦʛʽʯʥʦ ʥʘʚʝʜʝʥʠʤ ʧʨʠʢʣʘʜʘʤ. 

 

ʇʨʘʢʪʠʯʥʘ ʨʦʙʦʪʘ ˉ11 ɺʠʢʦʨʠʩʪʘʥʥʷ ʬʦʨʤʫʣ ʤʘʩʠʚʽʚ ʚ MS Excel 

ʄʝʪʘ ʨʦʙʦʪʠ: ʆʟʥʘʡʦʤʠʪʠʩʷ ʟ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʨʦʙʦʪʠ ʟ ʬʦʨʤʫʣʘʤʠ ʤʘ-

ʩʠʚʽʚ ʚ Excel, ʾʭ ʧʨʠʟʥʘʯʝʥʥʷʤ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʇʨʦʛʨʘʤʘ ʚʠʢʦʥʘʥʥʷ  

1. ɿʘʚʘʥʪʘʞʠʪʠ ʪʘʙʣʠʯʥʠʡ ʧʨʦʮʝʩʦʨ Excel. 

2. ɺʚʝʩʪʠ ʟʥʘʯʝʥʥʷ ʜʚʦʭ ʤʘʩʠʚʽʚ ʽʟ ʟʘʚʜʘʥʥʷ. 



 

3. ɿʘ ʜʦʧʦʤʦʛʦʶ ʬʦʨʤʫʣ ʤʘʩʠʚʽʚ ʦʙʯʠʩʣʠʪʠ ʜʦʙʫʪʦʢ ʜʚʦʭ ʤʘʩʠʚʽʚ ʪʘ ʟʥʘʡ-

ʪʠ ʾʭ ʩʫʤʫ (ʜʠʚ. ʧʨʠʢʣʘʜʠ, ʱʦ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʨʠʩ.2, 3). 

4. ʆʙʯʠʩʣʠʪʠ ʩʫʤʫ ʩʫʤ ʢʚʘʜʨʘʪʽʚ ʚʽʜʧʦʚʽʜʥʠʭ ʝʣʝʤʝʥʪʽʚ ʥʘʚʝʜʝʥʠʭ ʤʘʩʠ-

ʚʽʚ.  

5. ʆʙʯʠʩʣʠʪʠ ʩʫʤʫ ʢʚʘʜʨʘʪʽʚ ʨʽʟʥʠʮʽ ʚʽʜʧʦʚʽʜʥʠʭ ʟʥʘʯʝʥʴ ʜʚʦʭ ʤʘʩʠʚʽʚ.  

6. ʆʙʯʠʩʣʠʪʠ ʩʫʤʫ ʢʚʘʜʨʘʪʽʚ ʚʽʜʧʦʚʽʜʥʠʭ ʝʣʝʤʝʥʪʽʚ ʜʚʦʭ ʤʘʩʠʚʽʚ. 

7. ʆʙʯʠʩʣʠʪʠ ʩʫʤʫ ʜʦʙʫʪʢʽʚ ʚʽʜʧʦʚʽʜʥʠʭ ʝʣʝʤʝʥʪʽʚ ʜʚʦʭ ʤʘʩʠʚʽʚ. 

8. ʆʙʯʠʩʣʠʪʠ ʩʫʤʫ ʨʽʟʥʠʮʴ ʢʚʘʜʨʘʪʽʚ ʚʽʜʧʦʚʽʜʥʠʭ ʝʣʝʤʝʥʪʽʚ ʜʚʦʭ ʤʘʩʠʚʽʚ. 

9. ɿʙʝʨʝʛʪʠ ʩʪʚʦʨʝʥʠʡ ʜʦʢʫʤʝʥʪ ʫ ʚʣʘʩʥʽʡ ʧʘʧʮʽ. 

10. ɿʘʚʝʨʰʠʪʠ ʨʦʙʦʪʫ ʟ Excel. 

ɿʘʚʜʘʥʥʷ  

 

ˉ 

ʧ.ʧ. 
ʄʘʩʠʚ ʍ ʄʘʩʠʚ ʋ 

1 5,4 21,9 

2 7,3 20,2 

3 9,8 19,8 

4 11,4 18,7 

5 13,5 17,8 

6 14,2 17,1 

ɿʘʧʠʪʘʥʥʷ ʜʣʷ ʩʘʤʦʧʝʨʝʚʽʨʢʠ 

1. ʑʦ ʥʘʟʠʚʘʻʪʴʩʷ ʤʘʩʠʚʦʤ ʚ Excel? 

2. ʗʢʽ ʚʠʜʠ ʤʘʩʠʚʽʚ ʧʽʜʪʨʠʤʫʻ Excel? 

3. ʗʢʽ ʦʩʦʙʣʠʚʦʩʪʽ ʩʪʚʦʨʝʥʥʷ ʬʦʨʤʫʣ ʤʘʩʠʚʽʚ? 

4. ʗʢ ʚʽʜʨʝʜʘʛʫʚʘʪʠ ʬʦʨʤʫʣʫ ʤʘʩʠʚʫ? 

5. ʗʢʽ ʜʽʾ ʥʝʜʦʧʫʩʪʠʤʽ ʧʨʠ ʨʦʙʦʪʽ ʟ ʬʦʨʤʫʣʘʤʠ ʤʘʩʠʚʽʚ? 

6. ʗʢ ʚʚʝʩʪʠ ʬʦʨʤʫʣʫ ʤʘʩʠʚʫ ʜʣʷ ʚʠʚʝʜʝʥʥʷ ʨʝʟʫʣʴʪʘʪʫ ʫ ʦʜʥʫ ʢʦʤʽʨʢʫ? 

7. ʗʢ ʚʚʝʩʪʠ ʬʦʨʤʫʣʫ ʤʘʩʠʚʫ ʫ ʜʽʘʧʘʟʦʥ ʢʦʤʽʨʦʢ? 

8. ʗʢʽ ʚʠʜʠ ʦʙʯʠʩʣʝʥʴ ʟʘʤʽʥʶʻ ʬʦʨʤʫʣʘ ʤʘʩʠʚʫ ʉʋʄʄʉʋʄʄʂɺ?  

9. ʗʢʽ ʚʠʜʠ ʦʙʯʠʩʣʝʥʴ ʟʘʤʽʥʶʻ ʚʚʝʜʝʥʥʷ ʬʦʨʤʫʣʠ ʤʘʩʠʚʫ ʉʋʄʄʂɺʈɸ-

ɿʅ? 

10. ʗʢʽ ʦʙʯʠʩʣʝʥʥʷ ʟʘʤʽʥʶʻ ʚʚʝʜʝʥʥʷ ʬʦʨʤʫʣʠ ʤʘʩʠʚʫ ʉʋʄʄʂɺ? 

 



 

11.12.ɿʘʩʪʦʩʫʚʘʥʥʷ ʬʦʨʤʫʣ ʤʘʩʠʚʽʚ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʜʽʡ ʥʘʜ ʤʘʪ-

ʨʠʮʷʤʠ ʚ MS Excel 

ʆʩʥʦʚʥʽ ʧʦʥʷʪʪʷ ʪʘ ʚʠʟʥʘʯʝʥʥʷ 

ʗʢ ʚʽʜʦʤʦ ʟ ʤʘʪʝʤʘʪʠʢʠ, ʤʘʪʨʠʮʝʶ ʥʘʟʠʚʘʻʪʴʩʷ ʧʨʷʤʦʢʫʪʥʘ ʪʘʙʣʠʮʷ ʯʠ-

ʩʝʣ (ʘʙʦ ʝʣʝʤʝʥʪʽʚ ʦʜʥʦʛʦ ʪʠʧʫ), ʨʦʟʪʘʰʦʚʘʥʠʭ ʫ ʨʷʜʢʘʭ ʽ ʩʪʦʚʧʯʠʢʘʭ. ʏʠʩ-

ʣʘ, ʱʦ ʫʪʚʦʨʶʶʪʴ ʤʘʪʨʠʮʶ, ʥʘʟʠʚʘʶʪʴʩʷ ʾʾ ʝʣʝʤʝʥʪʘʤʠ. ɽʣʝʤʝʥʪʠ ʤʘʪʨʠʮʽ 

ʧʦʟʥʘʯʘʶʪʴʩʷ ʘij, ʜʝ ʽʥʜʝʢʩ ʽ ï ʥʦʤʝʨ ʨʷʜʢʘ, j ï ʥʦʤʝʨ ʩʪʦʚʧʯʠʢʘ. ʗʢʱʦ ʤʘʪ-

ʨʠʮʷ ʤʘʻ ʪ ʨʷʜʢʽʚ ʪʘ ʧ ʩʪʦʚʧʯʠʢʽʚ, ʪʦ ʛʦʚʦʨʷʪʴ, ʱʦ ʚʦʥʘ ʚʠʤʽʨʥʦʩʪʽ (ʪĬʧ). 

ʄʘʪʨʠʮʷ ʥʝ ʤʘʻ ʯʠʩʣʦʚʦʾ ʚʝʣʠʯʠʥʠ. ʎʝ ʫʤʦʚʥʠʡ ʩʧʦʩʽʙ ʧʦʟʥʘʯʝʥʥʷ ʪʘʙ-

ʣʠʮʴ ʟ ʯʠʩʣʘʤʠ. ʇʨʠʢʣʘʜʠ ʤʘʪʨʠʮʴ: 
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ʄʘʪʨʠʮʷ ɸ ʚʠʤʽʨʥʦʩʪʽ (2Ĭ2), ɺ ï ʚʠʤʽʨʥʦʩʪʽ (3Ĭ1).  

ʄʘʪʨʠʮʷ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʜʥʦʛʦ ʨʷʜʢʘ ʽ ʧ ʩʪʦʚʧʯʠʢʽʚ ʘʙʦ ʟ ʦʜʥʦʛʦ ʩʪʦʚʧ-

ʯʠʢʘ ʽ ʧ ʨʷʜʢʽʚ, ʥʘʟʠʚʘʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʤʘʪʨʠʮʝʶ-ʨʷʜʢʦʤ ʘʙʦ ʤʘʪʨʠʮʝʶ-

ʩʪʦʚʧʯʠʢʦʤ. 

ʄʘʪʨʠʮʷ, ʯʠʩʣʦ ʨʷʜʢʽʚ ʷʢʦʾ ʜʦʨʽʚʥʶʻ ʯʠʩʣʫ ʩʪʦʚʧʯʠʢʽʚ, ʥʘʟʠʚʘʻʪʴʩʷ ʢʚʘʜ-

ʨʘʪʥʦʶ ʤʘʪʨʠʮʝʶ. ɺʦʥʘ ʤʘʻ ʚʠʤʽʨʥʽʩʪʴ (ʧĬ ʧ).  

ɿ ʢʦʞʥʦʶ ʢʚʘʜʨʘʪʥʦʶ ʤʘʪʨʠʮʝʶ ɸ ʧʦʚôʷʟʘʥʝ ʯʠʩʣʦ ï ʚʠʟʥʘʯʥʠʢ ʮʽʻʾ ʤʘʪ-

ʨʠʮʽ, ʷʢʠʡ ʧʦʟʥʘʯʘʻʪʴʩʷ |ɸ| ʘʙʦ det A ï ʜʝʪʝʨʤʽʥʘʥʪ ʤʘʪʨʠʮʽ ɸ.  

ʂʚʘʜʨʘʪʥʘ ʤʘʪʨʠʮʷ ʥʘʟʠʚʘʻʪʴʩʷ ʜʽʘʛʦʥʘʣʴʥʦʶ, ʷʢʱʦ ʚʽʜʤʽʥʥʽ ʚʽʜ ʥʫʣʷ ʣʠʰʝ 

ʝʣʝʤʝʥʪʠ ʾʾ ʛʦʣʦʚʥʦʾ ʜʽʘʛʦʥʘʣʽ. ɼʽʘʛʦʥʘʣʴʥʘ ʤʘʪʨʠʮʷ ʥʘʟʠʚʘʻʪʴʩʷ ʦʜʠʥʠʯ-

ʥʦʶ ʤʘʪʨʠʮʝʶ ɽ, ʷʢʱʦ ʚʩʽ ʝʣʝʤʝʥʪʠ ʾʾ ʛʦʣʦʚʥʦʾ ʜʽʘʛʦʥʘʣʽ ʜʦʨʽʚʥʶʶʪʴ ʦʜʠ-

ʥʠʮʽ (ʽʥʰʽ ʝʣʝʤʝʥʪʠ ï ʥʫʣʽ), ʘ ʩʘʤʝ: 
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ɼʽʾ ʥʘʜ ʤʘʪʨʠʮʷʤʠ 

ʉʫʤʦʶ ʜʚʦʭ ʤʘʪʨʠʮʴ ɸ ʪʘ ɺ ʦʜʥʘʢʦʚʦʾ ʚʠʤʽʨʥʦʩʪʽ ʥʘʟʠʚʘʻʪʴʩʷ ʤʘʪʨʠʮʷ 

ʉ=ɸ+ɺ ʪʽʻʾ ʞ ʚʠʤʽʨʥʦʩʪʽ, ʜʝ ʢʦʞʝʥ ʝʣʝʤʝʥʪ cij ʤʘʪʨʠʮʽ ʉ ʚʠʟʥʘʯʘʻʪʴʩʷ: 

ʩij=aij+bij. 

ɼʦʙʫʪʢʦʤ ʩʢʘʣʷʨʘ ɚ ʥʘ ʤʘʪʨʠʮʶ ɸ ʻ ʤʘʪʨʠʮʷ ʉ= ɚɸ ʪʽʻʾ ʞ ʚʠʤʽʨʥʦʩʪʽ, ʢʦ-

ʞʝʥ ʝʣʝʤʝʥʪ ʷʢʦʾ ʻ ʜʦʙʫʪʢʦʤ ɚ ʥʘ ʚʽʜʧʦʚʽʜʥʠʡ ʝʣʝʤʝʥʪ ʤʘʪʨʠʮʽ ɸ.  



 

ɼʦʙʫʪʢʦʤ ʤʘʪʨʠʮʽ ɸ ʚʠʤʽʨʥʦʩʪʽ (mĬn) ʥʘ ʤʘʪʨʠʮʶ ɺ ʚʠʤʽʨʥʦʩʪʽ (nĬr) ʥʘ-

ʟʠʚʘʻʪʴʩʷ ʤʘʪʨʠʮʷ ʉ=ɸĿɺ=(ʩij)mĬr ʢʦʞʝʥ ʝʣʝʤʝʥʪ ʩij ʷʢʦʾ ʻ ʜʦʙʫʪʢʦʤ -̔ʦʛʦ 

ʨʷʜʢʘ ʤʘʪʨʠʮʽ ɸ ʥʘ j-ʠʡ ʩʪʦʚʧʝʮʴ ʤʘʪʨʠʮʽ ɺ. 

ʂʚʘʜʨʘʪʥʘ ʤʘʪʨʠʮʷ ɺ ʥʘʟʠʚʘʻʪʴʩʷ ʦʙʝʨʥʝʥʦʶ ʜʦ ʜʝʷʢʦʾ ʤʘʪʨʠʮʽ ɸ, ʷʢʱʦ 

ɸɺ=ɺɸ=ɽ. ʇʦʟʥʘʯʝʥʥʷ ʢʚʘʜʨʘʪʥʦʾ ʤʘʪʨʠʮʽ: ɺ=ɸ-1, ʧʨʠʯʦʤʫ  

ɸɸ-1=ɸ-1ɸ=ɽ. 

 

ɺʚʝʜʝʥʥʷ ʤʘʪʨʠʮʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʦʨʤʫʣ ʤʘʩʠʚʽʚ  

ʗʢ ʟʘʟʥʘʯʝʥʦ ʫ ʧʦʧʝʨʝʜʥʽʡ ʣʘʙʦʨʘʪʦʨʥʽʡ ʨʦʙʦʪʽ, ʤʘʩʠʚ ï ʮʝ ʥʘʙʽʨ ʝʣʝʤʝʥ-

ʪʽʚ, ʱʦ ʤʦʞʝ ʦʙʨʦʙʣʷʪʠʩʷ ʷʢ ʻʜʠʥʘ ʛʨʫʧʘ. ʉʘʤʝ ʮʷ ʚʣʘʩʪʠʚʽʩʪʴ ʤʘʩʠʚʽʚ ʥʘ-

ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʜʽʡ ʥʘʜ ʤʘʪʨʠʮʷʤʠ, ʚʚʘʞʘ-

ʶʯʠ, ʱʦ ʚʚʝʜʝʥʠʡ ʤʘʩʠʚ ʚʽʜʧʦʚʽʜʘʻ ʜʝʷʢʽʡ ʤʘʪʨʠʮʽ.  

ʇʨʠ ʩʪʚʦʨʝʥʥʽ ʤʘʪʨʠʮʽ-ʩʪʦʚʧʯʠʢʘ (ʦʜʥʦʚʠʤʽʨʥʦʛʦ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʤʘʩʠʚʫ) 

ʜʦʪʨʠʤʫʶʪʴʩʷ ʪʘʢʠʭ ʧʨʘʚʠʣ:  

ʝʣʝʤʝʥʪʠ ʫ ʦʜʥʦʚʠʤʽʨʥʠʭ ʚʝʨʪʠʢʘʣʴʥʠʭ ʤʘʩʠʚʘʭ ʨʦʟʜʽʣʷʶʪʴ ʜʚʦʢʨʘʧʢʦʶ, 

ʥʘʧʨʠʢʣʘʜ {=10:20:30:40:50:60};  

ʜʣʷ ʨʦʟʤʽʱʝʥʥʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʤʘʩʠʚʫ ʚʠʦʢʨʝʤʣʶʶʪʴ ʚʝʨʪʠʢʘʣʴʥʠʡ ʜʽʘʧʘ-

ʟʦʥ ʢʦʤʽʨʦʢ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʢʽʣʴʢʦʩʪʽ ʨʷʜʢʽʚ ʤʘʪʨʠʮʽ (ʫ ʥʘʰʦʤʫ ʧʨʠʢʣʘʜʽ 

ʰʽʩʪʴ ʩʫʤʽʞʥʠʭ ʢʦʤʽʨʦʢ ʫ ʦʜʥʦʤʫ ʩʪʦʚʧʯʠʢʫ); 

ʚʚʦʜʷʪʴ ʬʦʨʤʫʣʫ ={10:20:30:40:50:60}; 

ʥʘʪʠʩʢʘʶʪʴ ʢʦʤʙʽʥʘʮʽʶ ʢʣʘʚʽʰ Ctrl+Shift+Ent er.  

ʇʨʠʢʣʘʜ ʚʚʝʜʝʥʥʷ ʤʘʪʨʠʮʽ-ʩʪʦʚʧʯʠʢʘ ʚ ʩʝʨʝʜʦʚʠʱʽ Excel ʧʦʜʘʥʦ ʥʘ ʨʠʩ.4. 

 
ʈʠʩ.4. ʇʨʠʢʣʘʜ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʦʨʤʫʣʠ ʤʘʩʠʚʫ ʜʣʷ ʚʚʝʜʝʥʥʷ  ʤʘʪʨʠʮʽ-

ʩʪʦʚʧʯʠʢʘ 

ʇʨʠ ʩʪʚʦʨʝʥʥʽ ʤʘʪʨʠʮʽ-ʨʷʜʢʘ (ʦʜʥʦʚʠʤʽʨʥʦʛʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʤʘʩʠʚʫ) 

ʚʠʢʦʥʫʶʪʴ ʜʽʾ:  



 

ʝʣʝʤʝʥʪʠ ʫ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʤʘʩʠʚʘʭ ʨʦʟʜʽʣʷʶʪʴ ʢʨʘʧʢʦʶ ʟ ʢʦʤʦʶ, ʥʘʧʨʠ-

ʢʣʘʜ: {1;2;3;4;5}; 

ʜʣʷ ʨʦʟʤʽʱʝʥʥʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʤʘʩʠʚʫ ʚʠʦʢʨʝʤʣʶʶʪʴ ʜʽʘʧʘʟʦʥ ʛʦʨʠʟʦʥ-

ʪʘʣʴʥʠʭ ʢʦʤʽʨʦʢ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʢʽʣʴʢʦʩʪʽ ʩʪʦʚʧʯʠʢʽʚ ʤʘʪʨʠʮʽ (ʫ ʥʘʰʦʤʫ 

ʧʨʠʢʣʘʜʽ ʧôʷʪʴ ʩʫʤʽʞʥʠʭ ʢʦʤʽʨʦʢ ʫ ʦʜʥʦʤʫ ʨʷʜʢʫ); 

ʚʚʦʜʷʪʴ ʬʦʨʤʫʣʫ ={1;2;3;4;5}; 

ʥʘʪʠʩʢʘʶʪʴ ʢʦʤʙʽʥʘʮʽʶ ʢʣʘʚʽʰ Ctrl+Shift+Enter . 

ʇʨʠʢʣʘʜ ʚʚʝʜʝʥʥʷ ʤʘʪʨʠʮʽ-ʨʷʜʢʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʦʨʤʫʣʠ ʤʘʩʠʚʫ ʧʦʜʘʥʦ ʥʘ 

ʨʠʩ. 5. 

 
ʈʠʩ. 5. ʇʨʠʢʣʘʜ ʚʚʝʜʝʥʥʷ ʤʘʪʨʠʮʽ-ʨʷʜʢʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʦʨʤʫʣʠ ʤʘʩʠʚʫ 

ʇʨʠ ʩʪʚʦʨʝʥʥʽ ʤʘʪʨʠʮʽ ʚʠʤʽʨʥʦʩʪʽ ʪĬʧ (ʜʚʦʚʠʤʽʨʥʠʡ ʤʘʩʠʚ) ʢʨʘʧʢʘ ʟ ʢʦ-

ʤʦʶ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʚʽʜʦʢʨʝʤʣʝʥʥʷ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʘ ʜʚʦʢ-

ʨʘʧʢʘ ï ʜʣʷ ʚʝʨʪʠʢʘʣʴʥʠʭ. ʅʘʧʨʠʢʣʘʜ, ʤʘʩʠʚ, ʟʘʜʘʥʠʡ ʫ ʚʠʛʣʷʜʽ 

{1;2;3;4:5;6;7;8:9;10;11;12}, ʚʠʟʥʘʯʘʻ ʤʘʪʨʠʮʶ ʚʠʤʽʨʥʽʩʪʶ 3Ĭ4. ɼʣʷ ʚʚʝ-

ʜʝʥʥʷ ʥʘʚʝʜʝʥʦʛʦ ʤʘʩʠʚʫ ʚʠʢʦʥʫʶʪʴ ʪʘʢʽ ʜʽʾ: 

ʚʠʦʢʨʝʤʣʶʶʪʴ ʜʽʘʧʘʟʦʥ ʩʫʤʽʞʥʠʭ ʢʦʤʽʨʦʢ, ʨʦʟʤʽʱʝʥʠʡ ʫ ʪʨʴʦʭ ʨʷʜʢʘʭ ʪʘ 

ʯʦʪʠʨʴʦʭ ʩʪʦʚʧʯʠʢʘʭ; 

ʚʚʦʜʷʪʴ ʬʦʨʤʫʣʫ ={1;2;3;4:5;6;7;8:9;10;11;12}; 

ʥʘʪʠʩʢʘʶʪʴ ʢʦʤʙʽʥʘʮʽʶ ʢʣʘʚʽʰ Ctrl+Shift+Enter . 

ʇʨʠʢʣʘʜ ʚʚʝʜʝʥʥʷ ʤʘʪʨʠʮʽ ʚʠʤʽʨʥʦʩʪʽ 3Ĭ4 ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʦʨʤʫʣʠ ʤʘʩʠʚʫ, 

ʥʘʚʝʜʝʥʠʡ ʥʘ ʨʠʩ. 6. 



 

 
 

ʈʠʩ. 6. ʇʨʠʢʣʘʜ ʚʚʝʜʝʥʥʷ ʤʘʪʨʠʮʽ ʚʠʤʽʨʥʦʩʪʽ 3Ĭ4 ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʦʨʤʫʣʠ 

ʤʘʩʠʚʫ 

ʗʢʱʦ ʜʣʷ ʚʚʝʜʝʥʥʷ ʤʘʩʠʚʫ ʚʠʦʢʨʝʤʣʶʶʪʴ ʙʽʣʴʰʝ ʢʦʤʽʨʦʢ, ʥʽʞ ʝʣʝʤʝʥʪʽʚ ʫ 

ʤʘʩʠʚʽ, ʪʦ ʫ ʥʝʟʘʧʦʚʥʝʥʠʭ ʢʦʤʽʨʢʘʭ ʟ'ʷʚʠʪʴʩʷ ʟʥʘʯʝʥʥʷ ʧʦʤʠʣʢʠ #ʅ/ɼ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʬʦʨʤʫʣ ʤʘʩʠʚʽʚ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʜʽʡ ʥʘʜ ʤʘʪʨʠʮʷʤʠ 

ɿʥʘʭʦʜʞʝʥʥʷ ʩʫʤʠ ʤʘʪʨʠʮʴ 

ʑʦʙ ʜʦʜʘʪʠ ʤʘʪʨʠʮʽ ʦʜʥʘʢʦʚʦʾ ʚʠʤʽʨʥʦʩʪʽ, ʚʠʢʦʥʫʶʪʴ ʜʽʾ:  

ʚʚʦʜʷʪʴ ʤʘʪʨʠʮʽ ʦʜʥʘʢʦʚʦʾ ʚʠʤʽʨʥʦʩʪʽ ʫ ʚʠʛʣʷʜʽ ʤʘʩʠʚʽʚ ʘʙʦ ʫ ʚʠʛʣʷʜʽ ʜʽʘ-

ʧʘʟʦʥʽʚ ʢʦʤʽʨʦʢ; 

ʚʠʦʢʨʝʤʣʶʶʪʴ ʜʽʘʧʘʟʦʥ ʢʦʤʽʨʦʢ ʪʘʢʦʾ ʚʠʤʽʨʥʦʩʪʽ ʱʦ ʽ ʤʘʪʨʠʮʽ-ʜʦʜʘʥʢʠ; 

ʚʚʦʜʷʪʴ ʬʦʨʤʫʣʫ ʩʫʤʠ ʚʽʜʧʦʚʽʜʥʠʭ ʤʘʩʠʚʽʚ; 

ʥʘʪʠʩʢʘʶʪʴ ʢʦʤʙʽʥʘʮʽʶ ʢʣʘʚʽʰ Ctrl+Shift+Enter . 

ʅʘ ʨʠʩ. 7 ʥʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜ ʜʦʜʘʚʘʥʥʷ ʤʘʪʨʠʮʴ ʚʠʤʽʨʥʽʩʪʶ 2Ĭ2 ʟʘʜʘʥʠʭ ʜʽ-

ʘʧʘʟʦʥʦʤ ʢʦʤʽʨʦʢ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʦʨʤʫʣ ʤʘʩʠʚʽʚ. 

 



 

 
ʈʠʩ. 7. ʇʨʠʢʣʘʜ ʜʦʜʘʚʘʥʥʷ ʤʘʪʨʠʮʴ (ʜʚʦʚʠʤʽʨʥʠʭ ʤʘʩʠʚʽʚ) 

ɿʥʘʭʦʜʞʝʥʥʷ ʜʦʙʫʪʢʫ ʤʘʪʨʠʮʴ 

ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʜʦʙʫʪʢʫ ʤʘʪʨʠʮʴ ʚ Excel ʟʘʩʪʦʩʦʚʫʶʪʴ ʚʙʫʜʦʚʘʥʫ ʬʫʥʢ-

ʮʽʶ ʄʋʄʅʆɾ ʢʘʪʝʛʦʨʽʾ ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ. ʈʝʟʫʣʴʪʘʪʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʬʫʥʢʮʽʾ ʻ ʤʘʩʠʚ (ʤʘʪʨʠʮʷ) ʟ ʪʘʢʦʶ ʩʘʤʦʶ ʢʽʣʴʢʽʩʪʶ ʨʷʜʢʽʚ, ʷʢ ʤʘʩʠʚ (ʤʘʪ-

ʨʠʮʷ) 1 ʽ ʟ ʪʘʢʦʶ ʞ ʢʽʣʴʢʽʩʪʶ ʩʪʦʚʧʯʠʢʽʚ, ʷʢ ʤʘʩʠʚ (ʤʘʪʨʠʮʷ) 2.  

ʇʨʠ ʟʥʘʭʦʜʞʝʥʥʽ ʜʦʙʫʪʢʫ ʤʘʪʨʠʮʴ ʜʦʪʨʠʤʫʶʪʴʩʷ ʪʘʢʠʭ ʦʙʤʝʞʝʥʴ:  

ʢʽʣʴʢʽʩʪʴ ʩʪʦʚʧʯʠʢʽʚ ʤʘʩʠʚʫ (ʤʘʪʨʠʮʽ) 1 ʧʦʚʠʥʥʘ ʙʫʪʠ ʪʘʢʦʶ ʩʘʤʦʶ ʷʢ ʢʽ-

ʣʴʢʽʩʪʴ ʨʷʜʢʽʚ ʤʘʩʠʚʫ (ʤʘʪʨʠʮʽ) 2; 

ʤʘʪʨʠʮʽ ʚʚʦʜʷʪʴ ʷʢ ʬʦʨʤʫʣʠ ʤʘʩʠʚʽʚ.  

ɸʣʛʦʨʠʪʤ  ʟʥʘʭʦʜʞʝʥʥʷ ʜʦʙʫʪʢʫ ʤʘʪʨʠʮʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʙʫʜʦʚʘʥʦʾ ʬʫ-

ʥʢʮʽʾ ʄʋʄʅʆɾ ʨʦʟʛʣʷʥʝʤʦ ʥʘ ʧʨʠʢʣʘʜʽ: 
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= DADA  

ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʜʦʙʫʪʢʫ ʤʘʪʨʠʮʴ ʚʠʢʦʥʫʶʪʴ ʜʽʾ: 

ʚʚʦʜʷʪʴ ʤʘʪʨʠʮʶ (ʤʘʩʠʚ) 1, ʜʣʷ ʮʴʦʛʦ:  

ʚʠʦʢʨʝʤʣʶʶʪʴ ʜʽʘʧʘʟʦʥ ʢʦʤʽʨʦʢ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʨʦʟʤʽʨʘʤ ʤʘʪʨʠʮʽ ɸ, ʥʘ-

ʧʨʠʢʣʘʜ ɺ2:D4 (ʜʠʚ. ʚʚʝʜʝʥʥʷ ʜʚʦʚʠʤʽʨʥʦʛʦ ʤʘʩʠʚʫ); 

ʫ ʨʷʜʢʫ ʬʦʨʤʫʣ ʚʚʦʜʷʪʴ ={1;2;4:3;2;0:ī1;4;2}; 

ʥʘʪʠʩʢʘʶʪʴ ʢʦʤʙʽʥʘʮʽʶ ʢʣʘʚʽʰ Ctrl+Shift+Enter ; 

ɺʚʦʜʷʪʴ ʤʘʪʨʠʮʶ (ʤʘʩʠʚ) 2: 

ʚʠʦʢʨʝʤʣʶʶʪʴ ʜʽʘʧʘʟʦʥ ʢʦʤʽʨʦʢ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʨʦʟʤʽʨʘʤ ʤʘʪʨʠʮʽ D, ʥʘ-

ʧʨʠʢʣʘʜ F2:F4 (ʜʠʚ. ʚʚʝʜʝʥʥʷ ʦʜʥʦʚʠʤʽʨʥʦʛʦ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʤʘʩʠʚʫ); 

ʫ ʨʷʜʢʫ ʬʦʨʤʫʣ ʚʚʦʜʷʪʴ: ={1:2:3}; 



 

ʥʘʪʠʩʢʘʶʪʴ ʢʦʤʙʽʥʘʮʽʶ ʢʣʘʚʽʰ Ctrl+Shift+Enter . 

ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʫ ʜʦʙʫʪʢʫ ʜʚʦʭ ʤʘʪʨʠʮʴ ʚʽʜʧʦʚʽʜʥʫ ʬʦʨʤʫʣʫ 

ʚʚʦʜʷʪʴ ʷʢ ʬʦʨʤʫʣʫ ʤʘʩʠʚʫ. ɿ ʮʽʻʶ ʤʝʪʦʶ: 

ʚʠʦʢʨʝʤʣʶʶʪʴ ʜʽʘʧʘʟʦʥ ʢʦʤʽʨʦʢ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʢʽʣʴʢʦʩʪʽ ʨʷʜʢʽʚ ʤʘʩʠʚʫ 1 ʽ 

ʢʽʣʴʢʦʩʪʽ ʩʪʦʚʧʯʠʢʽʚ ʤʘʩʠʚʫ 2; 

ʧʝʨʝʭʦʜʷʪʴ ʫ ʨʷʜʦʢ ʬʦʨʤʫʣ; 

ʚʠʢʦʥʫʶʪʴ ʜʽʾ: ɺʩʪʘʚʢʘÝʌʫʥʢʮʠʷ;  

ʫ ʜʽʘʣʦʛʦʚʦʤʫ ʚʽʢʥʽ, ʱʦ ʚʽʜʢʨʠʻʪʴʩʷ, ʚʠʙʠʨʘʶʪʴ ʢʘʪʝʛʦʨʽʶ ʬʫʥʢʮʽʡ ʄʘʪʝ-

ʤʘʪʠʯʝʩʢʠʝ;  

ʫ ʜʘʥʽʡ ʢʘʪʝʛʦʨʽʾ ʚʠʙʠʨʘʶʪʴ ʽʟ ʩʧʠʩʢʫ ʬʫʥʢʮʽʶ ʄʋʄʅʆɾ; 

ʫ ʚʽʜʧʦʚʽʜʥʦʤʫ ʜʽʘʣʦʛʦʚʦʤʫ ʚʽʢʥʽ, ʱʦ ʚʽʜʢʨʠʻʪʴʩʷ, ʫ ʧʦʣʝ ʤʘʩʠʚ ʭ ʚʚʦʜʷʪʴ 

ʜʽʘʧʘʟʦʥ ʢʦʤʽʨʦʢ ʟ ʝʣʝʤʝʥʪʘʤʠ ʧʝʨʰʦʾ ʤʘʪʨʠʮʽ (ʥʘʧʨʠʢʣʘʜ, ɺ2:D4); 

ʫ ʧʦʣʝ ʤʘʩʠʚ ʫ ʚʚʦʜʷʪʴ ʜʽʘʧʘʟʦʥ ʢʦʤʽʨʦʢ ʟ ʝʣʝʤʝʥʪʘʤʠ ʜʨʫʛʦʾ ʤʘʪʨʠʮʽ (ʥʘ-

ʧʨʠʢʣʘʜ, F2:F4); 

ʥʘʪʠʩʢʘʶʪʴ ʢʦʤʙʽʥʘʮʽʶ ʢʣʘʚʽʰ Ctrl+Shift+Enter . 

ʘʙʦ: 

ʚʚʦʜʷʪʴ =ʄʋʄʅʆɾ(ɺ2:D4; F2:F4);  

ʥʘʪʠʩʢʘʶʪʴ ʢʦʤʙʽʥʘʮʽʶ ʢʣʘʚʽʰ Ctrl+Shift+Enter . 

ʈʝʟʫʣʴʪʘʪ ʜʦʙʫʪʢʫ ʤʘʪʨʠʮʴ ʙʫʜʝ ʚʠʚʝʜʝʥʠʡ ʫ ʚʠʛʣʷʜʽ ʤʘʩʠʚʫ (ʨʠʩ. 8). 

 
ʈʠʩ. 8. ʇʨʠʢʣʘʜ ʟʥʘʭʦʜʞʝʥʥʷ ʜʦʙʫʪʫ ʤʘʪʨʠʮʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʦʨʤʫʣ ʤʘʩʠ-

ʚʫ 

 

ʈʝʟʫʣʴʪʘʪ ʤʥʦʞʝʥʥʷ ʤʘʪʨʠʮʴ, ʥʘʚʝʜʝʥʠʭ ʫ ʧʨʠʢʣʘʜʽ, ʚʽʜʧʦʚʽʜʘʻ ʤʘʪʝʤʘʪʠ-

ʯʥʦʤʫ ʚʠʨʘʟʫ: 
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ɿʥʘʭʦʜʞʝʥʥʷ ʚʠʟʥʘʯʥʠʢʘ ʤʘʪʨʠʮʽ 

ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʚʠʟʥʘʯʥʠʢʽʚ ʤʘʪʨʠʮʴ ʚ Excel ʽʩʥʫʻ ʬʫʥʢʮʽʷ ʄʆʇʈɽɼ ʢʘ-

ʪʝʛʦʨʽʾ ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ. ɺʠʟʥʘʯʥʠʢ ʤʘʪʨʠʮʽ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʩʠʩʪʝʤ ʨʽʚʥʷʥʴ ʟ ʢʽʣʴʢʦʤʘ ʥʝʚʽʜʦʤʠʤʠ. ɼʣʷ ʦʙʯʠʩʣʝʥʥʷ 

ʚʠʟʥʘʯʥʠʢʘ ʤʘʪʨʠʮʷ ʧʦʚʠʥʥʘ ʤʽʩʪʠʪʠ ʦʜʥʘʢʦʚʫ ʢʽʣʴʢʽʩʪʴ ʨʷʜʢʽʚ ʪʘ ʩʪʦʚʧ-

ʯʠʢʽʚ. 

ʄʘʪʨʠʮʷ (ʤʘʩʠʚ) ʤʦʞʝ ʙʫʪʠ ʟʘʜʘʥʘ ʷʢ ʽʥʪʝʨʚʘʣ ʢʦʤʽʨʦʢ, ʥʘʧʨʠʢʣʘʜ ɸ1:ʉ3, 

ʘʙʦ ʷʢ ʤʘʩʠʚ ʢʦʥʩʪʘʥʪ, ʥʘʧʨʠʢʣʘʜ {1;2;3:4;5;6:7;8;9}.  

ʌʫʥʢʮʽʷ ʄʆʇʈɽɼ ʪʘʢʦʞ ʧʦʚʝʨʪʘʻ ʟʥʘʯʝʥʥʷ ʧʦʤʠʣʢʠ #ɿʅɸʏ!, ʷʢʱʦ ʤʘ-

ʩʠʚ ʤʘʻ ʥʝʦʜʥʘʢʦʚʫ ʢʽʣʴʢʽʩʪʴ ʨʷʜʢʽʚ ʪʘ ʩʪʦʚʧʯʠʢʽʚ. 

ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʚʠʟʥʘʯʥʠʢʘ ʤʘʪʨʠʮʽ, ʱʦ ʟʘʜʘʥʘ ʜʽʘʧʘʟʦʥʦʤ ʟʥʘʯʝʥʴ, ʚʠ-

ʢʦʥʫʶʪʴ ʜʽʾ: 

ʘʢʪʠʚʽʟʫʶʪʴ ʢʦʤʽʨʢʫ ʜʣʷ ʚʠʚʝʜʝʥʥʷ ʨʝʟʫʣʴʪʘʪʫ ʦʙʯʠʩʣʝʥʴ; 

ʚʠʢʦʥʫʶʪʴ ʜʽʾ: ɺʩʪʘʚʢʘÝʌʫʥʢʮʠʷ;  

ʫ ʜʽʘʣʦʛʦʚʦʤʫ ʚʽʢʥʽ, ʱʦ ʚʽʜʢʨʠʻʪʴʩʷ, ʚʠʙʠʨʘʶʪʴ ʢʘʪʝʛʦʨʽʶ ʬʫʥʢʮʽʡ ʄʘʪʝ-

ʤʘʪʠʯʝʩʢʠʝ;  

ʚ ʜʘʥʽʡ ʢʘʪʝʛʦʨʽʾ ʚʠʙʠʨʘʶʪʴ ʽʟ ʩʧʠʩʢʫ ʬʫʥʢʮʽʶ ʄʆʇʈɽɼ; 

ʫ ʚʽʜʧʦʚʽʜʥʦʤʫ ʜʽʘʣʦʛʦʚʦʤʫ ʚʽʢʥʽ, ʱʦ ʚʽʜʢʨʠʻʪʴʩʷ, ʫ ʨʷʜʢʫ ʤʘʩʠʚ ʚʚʦʜʷʪʴ 

ʚʽʜʧʦʚʽʜʥʫ ʤʘʪʨʠʮʶ ʫ ʚʠʛʣʷʜʽ ʜʽʘʧʘʟʦʥʫ ʟʥʘʯʝʥʴ; 

ʥʘʪʠʩʢʘʶʪʴ ʢʣʘʚʽʰʫ Enter; 

ʘʙʦ: 

ʘʢʪʠʚʽʟʫʶʪʴ ʢʦʤʽʨʢʫ ʜʣʷ ʚʠʚʝʜʝʥʥʷ ʨʝʟʫʣʴʪʘʪʫ ʦʙʯʠʩʣʝʥʴ; 

ʫ ʨʷʜʦʢ ʬʦʨʤʫʣ ʚʚʦʜʷʪʴ =ʄʆʇʈɽɼ(ɸ1:D4); 

ʥʘʪʠʩʢʘʶʪʴ ʢʣʘʚʽʰʫ Enter. 

ʑʦʙ ʟʥʘʡʪʠ ʚʠʟʥʘʯʥʠʢ ʤʘʪʨʠʮʽ, ʱʦ ʟʘʜʘʥʘ ʷʢ ʤʘʩʠʚ, ʥʘʧʨʠʢʣʘʜ ʨʦʟʤʽʨʦʤ 

3Ĭ3 ʫ ʚʠʛʣʷʜʽ ={2;-1;3:1;-2;4:3;-3;0}, ʚʠʢʦʥʫʶʪʴ ʪʘʢʽ ʜʽʾ: 

ʘʢʪʠʚʽʟʫʶʪʴ ʢʦʤʽʨʢʫ ʜʣʷ ʚʠʚʝʜʝʥʥʷ ʨʝʟʫʣʴʪʘʪʫ ʦʙʯʠʩʣʝʥʴ; 

ʚʠʢʦʥʫʶʪʴ ʜʽʾ: ɺʩʪʘʚʢʘÝʌʫʥʢʮʠʷ;  

ʫ ʜʽʘʣʦʛʦʚʦʤʫ ʚʽʢʥʽ, ʱʦ ʚʽʜʢʨʠʻʪʴʩʷ, ʚʠʙʠʨʘʶʪʴ ʢʘʪʝʛʦʨʽʶ ʬʫʥʢʮʽʡ ʄʘʪʝ-

ʤʘʪʠʯʝʩʢʠʝ;  

ʚ ʜʘʥʽʡ ʢʘʪʝʛʦʨʽʾ ʚʠʙʠʨʘʶʪʴ ʽʟ ʩʧʠʩʢʫ ʬʫʥʢʮʽʶ ʄʆʇʈɽɼ; 

ʫ ʚʽʜʧʦʚʽʜʥʦʤʫ ʜʽʘʣʦʛʦʚʦʤʫ ʚʽʢʥʽ, ʱʦ ʚʽʜʢʨʠʻʪʴʩʷ, ʫ ʨʷʜʢʫ ʤʘʩʠʚ ʚʚʦʜʷʪʴ 

ʚʽʜʧʦʚʽʜʥʫ ʤʘʪʨʠʮʶ ʫ ʚʠʛʣʷʜʽ ʜʽʘʧʘʟʦʥʫ ʢʦʤʽʨʦʢ ɺ2:D4; 



 

ʥʘʪʠʩʢʘʶʪʴ ʢʣʘʚʽʰʫ Enter. 

ʇʨʠʢʣʘʜ ʦʙʯʠʩʣʝʥʥʷ ʚʠʟʥʘʯʥʠʢʘ ʤʘʪʨʠʮʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʙʫʜʦʚʘʥʦʾ ʬʫʥʢʮʽʾ 

ʄʆʇʈɽɼ, ʧʦʜʘʥʠʡ ʥʘ ʨʠʩ. 9. 

 

 
ʈʠʩ. 9. ʇʨʠʢʣʘʜ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʫʥʢʮʽʾ ʄʆʇʈɽɼ 

 

ɿʥʘʭʦʜʞʝʥʥʷ ʤʘʪʨʠʮʽ, ʦʙʝʨʥʝʥʦʾ ʜʦ ʜʘʥʦʾ 

ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʤʘʪʨʠʮʽ, ʦʙʝʨʥʝʥʦʾ ʜʦ ʜʘʥʦʾ, ʚ Excel ʽʩʥʫʻ ʬʫʥʢʮʽʷ ʄʆ-

ɹʈ ʢʘʪʝʛʦʨʽʾ ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ. ʆʙʝʨʥʝʥʽ ʤʘʪʨʠʮʽ, ʷʢ ʽ ʚʠʟʥʘʯʥʠʢʠ, ʟʘʟʚʠ-

ʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʩʠʩʪʝʤ ʨʽʚʥʷʥʴ ʟ ʢʽʣʴʢʦʤʘ ʥʝʚʽʜʦ-

ʤʠʤʠ.  

ʄʘʪʨʠʮʷ (ʤʘʩʠʚ) ʧʦʚʠʥʥʘ ʙʫʪʠ ʟʘʜʘʥʘ ʷʢ ʯʠʩʣʦʚʠʡ ʤʘʩʠʚ ʟ ʦʜʥʘʢʦʚʦʶ ʢʽ-

ʣʴʢʽʩʪʶ ʨʷʜʢʽʚ ʪʘ ʩʪʦʚʧʯʠʢʽʚ. ʆʢʨʽʤ ʪʦʛʦ, ʤʘʩʠʚ ʤʦʞʝ ʙʫʪʠ ʟʘʜʘʥʠʡ ʷʢ ʜʽʘ-

ʧʘʟʦʥ ʢʦʤʽʨʦʢ (ʥʘʧʨʠʢʣʘʜ ɸ2:ʉ4) ʘʙʦ ʷʢ ʤʘʩʠʚ ʢʦʥʩʪʘʥʪ, ʥʘʧʨʠʢʣʘʜ 

{1;2;3:4;5;6:7;8;9}.  

ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʤʘʪʨʠʮʽ, ʦʙʝʨʥʝʥʦʾ ʜʦ ʜʘʥʦʾ: 

ʘʢʪʠʚʽʟʫʶʪʴ ʜʽʘʧʘʟʦʥ ʢʦʤʽʨʦʢ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʨʦʟʤʽʨʘʤ ʚʠʭʽʜʥʦʾ ʤʘʪʨʠʮʽ; 

ʚʠʢʦʥʫʶʪʴ ʜʽʾ: ɺʩʪʘʚʢʘÝʌʫʥʢʮʠʷ;  

ʫ ʜʽʘʣʦʛʦʚʦʤʫ ʚʽʢʥʽ, ʱʦ ʚʽʜʢʨʠʻʪʴʩʷ, ʚʠʙʠʨʘʶʪʴ ʢʘʪʝʛʦʨʽʶ ʬʫʥʢʮʽʡ ʄʘʪʝ-

ʤʘʪʠʯʝʩʢʠʝ;  

ʚ ʜʘʥʽʡ ʢʘʪʝʛʦʨʽʾ ʚʠʙʠʨʘʶʪʴ ʟ ʩʧʠʩʢʫ ʬʫʥʢʮʽʶ ʄʆɹʈ; 

ʫ ʚ̔ʜʧʦʚʽʜʥʦʤʫ ʜʽʘʣʦʛʦʚʦʤʫ ʚʽʢʥʽ, ʱʦ ʚʽʜʢʨʠʻʪʴʩʷ, ʫ ʨʷʜʢʫ ʤʘʩʠʚ ʚʚʦʜʷʪʴ 

ʚʽʜʧʦʚʽʜʥʫ ʤʘʪʨʠʮʶ ʫ ʚʠʛʣʷʜʽ ʜʽʘʧʘʟʦʥʫ ʢʦʤʽʨʦʢ ɺ2:D4; 

ʥʘʪʠʩʢʘʶʪʴ ʢʦʤʙʽʥʘʮʽʶ ʢʣʘʚʽʰ Ctrl+Shift+Enter ; 

ʘʙʦ: 

ʘʢʪʠʚʽʟʫʶʪʴ ʜʽʘʧʘʟʦʥ ʢʦʤʽʨʦʢ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʨʦʟʤʽʨʘʤ ʚʠʭʽʜʥʦʾ ʤʘʪʨʠʮʽ; 

ʫ ʨʷʜʦʢ ʬʦʨʤʫʣ ʚʚʦʜʷʪʴ =ʄʆɹʈ(ɸ2:ʉ4); 



 

ʥʘʪʠʩʢʘʶʪʴ ʢʦʤʙʽʥʘʮʽʶ ʢʣʘʚʽʰ Ctrl+Shift+Enter . 

ʇʨʠʢʣʘʜ ʟʥʘʭʦʜʞʝʥʥʷ ʤʘʪʨʠʮʽ, ʦʙʝʨʥʝʥʦʾ ʜʦ ʜʘʥʦʾ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽʾ 

ʄʆɹʈ ʧʦʜʘʥʠʡ ʥʘ ʨʠʩ. 10. 

 
ʈʠʩ. 10. ʇʨʠʢʣʘʜ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʫʥʢʮʽʾ ʄʆɹʈ 

 

ʇʨʘʢʪʠʯʥʘ ʨʦʙʦʪʘ ˉ12. ɿʘʩʪʦʩʫʚʘʥʥʷ ʬʦʨʤʫʣ ʤʘʩʠʚʽʚ ʜʣʷ ʚʠʢʦʥʘʥ-

ʥʷ ʜʽʡ ʥʘʜ ʤʘʪʨʠʮʷʤʠ ʚ MS Excel 

ʄʝʪʘ ʨʦʙʦʪʠ: ʆʟʥʘʡʦʤʠʪʠʩʷ ʟ ʤʦʞʣʠʚʦʩʪʷʤʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʦʨʤʫʣ ʤʘ-

ʩʠʚʽʚ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʜʽʡ ʥʘʜ ʤʘʪʨʠʮʷʤʠ  

ʇʨʦʛʨʘʤʘ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ 

1. ɿʘʚʘʥʪʘʞʠʪʠ ʪʘʙʣʠʯʥʠʡ ʧʨʦʮʝʩʦʨ Excel. 

2. ɺʚʝʩʪʠ ʤʘʪʨʠʮʽ ʫ ʚʠʛʣʷʜʽ ʯʠʩʣʦʚʦʛʦ ʤʘʩʠʚʫ. ɿʥʘʡʪʠ ʩʫʤʫ ʤʘʪʨʠʮʴ, ʚʠ-

ʢʦʨʠʩʪʦʚʫʶʯʠ ʬʦʨʤʫʣʠ ʤʘʩʠʚʽʚ.  

. ̔ ʤʘʪʨʠʮʴʩʫʤʫ   ɿʥʘʡʪʠ.
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3. ɿʘʜʘʪʠ ʤʘʪʨʠʮʽ ʘ), ʷʢ ʜʽʘʧʘʟʦʥ ʢʦʤʽʨʦʢ; ʙ) ï ʫ ʚʠʛʣʷʜʽ ʯʠʩʣʦʚʦʛʦ ʤʘʩʠʚʫ 

(ʤʘʩʠʚʫ ʢʦʥʩʪʘʥʪ).  ɿʥʘʡʪʠ ʜʦʙʫʪʦʢ ʤʘʪʨʠʮʴ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʬʫʥʢʮʽʶ 

ʄʋʄʅʆɾ. 
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4. ɿʥʘʡʪʠ ʤʘʪʨʠʮʶ, ʦʙʝʨʥʝʥʫ ʜʦ ʜʘʥʦʾ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʬʫʥʢʮʽʶ ʄʆɹʈ. 

ɿʘʜʘʪʠ ʤʘʪʨʠʮʶ ʘ), ʷʢ ʜʽʘʧʘʟʦʥ ʢʦʤʽʨʦʢ; ʙ) ï ʫ ʚʠʛʣʷʜʽ ʯʠʩʣʦʚʦʛʦ ʤʘʩʠ-

ʚʫ.  



 

.

3212

4311

0023

0012

)ʙ,

121

011

322

)a

ö
ö
ö
ö
ö

÷

õ

æ
æ
æ
æ
æ

ç

å

-

ö
ö
ö

÷

õ

æ
æ
æ

ç

å

-

-  

5. ɿʥʘʡʪʠ ʚʠʟʥʘʯʥʠʢʠ ʤʘʪʨʠʮʴ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʬʫʥʢʮʽʶ ʄʆʇʈɽɼ. ɿʘ-

ʜʘʪʠ ʤʘʪʨʠʮʽ ʘ), ʷʢ ʜʽʘʧʘʟʦʥ ʢʦʤʽʨʦʢ; ʙ) ï ʫ ʚʠʛʣʷʜʽ ʯʠʩʣʦʚʦʛʦ ʤʘʩʠʚʫ. 
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6. ɿʙʝʨʝʛʪʠ ʩʪʚʦʨʝʥʠʡ ʜʦʢʫʤʝʥʪ ʫ ʚʣʘʩʥʽʡ ʧʘʧʮʽ. 

7. ɿʘʚʝʨʰʠʪʠ ʨʦʙʦʪʫ ʟ Excel. 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ 

1. ʗʢʽ ʽʩʥʫʶʪʴ ʩʧʦʩʦʙʠ ʚʚʝʜʝʥʥʷ ʤʘʪʨʠʮʴ ʫ Excel? 

2. ʗʢ ʟʥʘʡʪʠ ʩʫʤʫ ʤʘʪʨʠʮʴ, ʟʘʜʘʥʠʭ ʫ ʚʠʛʣʷʜʽ ʯʠʩʣʦʚʦʛʦ ʤʘʩʠʚʫ? 

3. ʗʢʽ ʦʩʦʙʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʫʥʢʮʽʾ ʄʋʄʅʆɾ ʢʘʪʝʛʦʨʽʾ ʄʘʪʝʤʘ-

ʪʠʯʝʩʢʠʝ? 

4. ʗʢʽ ʦʩʦʙʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʫʥʢʮʽʾ ʄʆɹʈ ʢʘʪʝʛʦʨʽʾ ʄʘʪʝʤʘʪʠʯʝ-

ʩʢʠʝ? 

5. ʋ ʷʢʦʤʫ ʚʠʛʣʷʜʽ ʚʠʚʦʜʠʪʴʩʷ ʨʝʟʫʣʴʪʘʪ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʫʥʢʮʽʾ ʄʆɹʈ? 



 

ʈʦʟʜʽʣ 12. ʆʩʥʦʚʠ ʨʦʙʦʪʠ ʽʟ ʩʠʩʪʝʤʦʶ MAPLE  

 

12.1 ʆʩʥʦʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʤʦʞʣʠʚʦʩʪʽ ʧʘʢʝʪʫ MAPLE  

MAPLE ï ʩʝʨʝʜʦʚʠʱʝ, ʦʩʥʦʚʥʝ ʧʨʠʟʥʘʯʝʥʥʷ ʷʢʦʛʦ ʧʦʣʷʛʘʻ ʫ 

ʨʦʟʚôʷʟʫʚʘʥʥʽ ʤʘʪʝʤʘʪʠʯʥʠʭ ʟʘʜʘʯ ʨʽʟʥʦʛʦ ʨʽʚʥʷ ʪʘ ʩʪʫʧʝʥʷ ʩʢʣʘʜʥʦʩʪʽ.  ʋ 

ʮʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʻ ʟʤʦʛʘ ʚʠʨʽʰʫʚʘʪʠ ʰʠʨʦʢʝ ʢʦʣʦ ʧʨʦʙʣʝʤ ʥʘ ʟʨʘʟʦʢ ʯʠ-

ʩʝʣʴʥʦʛʦ ʘʥʘʣʽʟʫ, ʩʠʤʚʦʣʽʯʥʦʾ ʘʣʛʝʙʨʠ ʪʘ ʛʨʘʬʽʢʠ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʤʘʪʝʤʘʪʠ-

ʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ MAPLE ʻ ʟʤʦʛʘ ʧʨʦʚʦʜʠʪʠ ʨʦʟʨʘʭʫʥʢʠ ʧʦʯʠʥʘʶʯʠ ʚʽʜ 

ʝʣʝʤʝʥʪʘʨʥʦʾ ʘʨʠʬʤʝʪʠʢʠ, ʟʘʢʽʥʯʫʶʯʠ ʟʘʛʘʣʴʥʦʶ ʪʝʦʨʽʻʶ ʚʽʜʥʦʩʥʦʩʪʽ. ɺʩʝ 

ʮʝ ʩʧʨʠʷʻ ʰʠʨʦʢʽʡ ʧʦʧʫʣʷʨʥʦʩʪʽ ʮʴʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʨʦʜʫʢʪʫ ʚ ʫʩʴʦʤʫ 

ʩʚʽʪʽ. ɺʝʣʠʢʘ ʙʽʙʣʽʦʪʝʢʘ ʚʙʫʜʦʚʘʥʠʭ ʩʧʝʮʽʘʣʴʥʠʭ ʬʫʥʢʮʽʡ ʪʘ ʢʦʥʩʪʘʥʪ ʨʦ-

ʙʠʪʴ ʩʠʩʪʝʤʫ MAPLE ʥʘʜʟʚʠʯʘʡʥʦ ʢʦʨʠʩʥʦʶ ʧʨʠ ʨʦʟʛʣʷʜʽ ʟʘʜʘʯ ʽʟ ʨʽʟʥʠʭ 

ʦʙʣʘʩʪʝʡ ʬʽʟʠʢʠ, ʪʝʭʥʽʢʠ ʪʘ, ʟʦʢʨʝʤʘ, ʧʨʠ ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʚ 

ʝʢʦʣʦʛʽʾ. ɿʘ ʩʚʦʻʶ ʧʦʪʫʞʥʽʩʪʶ ʪʘ ʢʦʤʬʦʨʪʥʽʩʪʶ ʫ ʨʦʙʦʪʽ MAPLE ʩʪʦʾʪʴ 

ʧʦʨʷʜ ʟ ʪʘʢʠʤʠ ʧʘʢʝʪʘʤʠ ʷʢ MATHEMATICA, MathCad, MatLab ʪʘ ʽʥʰʠ-

ʤʠ.  

ɿ ʧʦʷʚʦʶ ʧʦʜʽʙʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʧʘʢʝʪʽʚ ʨʦʙʦʪʘ ʬʘʭʽʚʮʽʚ, ʷʢʽ ʫ ʩʚʦ-

ʾʡ ʜʽʷʣʴʥʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʘʪʝʤʘʪʠʯʥʽ ʤʝʪʦʜʠ, ʟʥʘʯʥʦ ʟʤʽʥʠʣʘʩʷ. ʇʨʠ 

ʛʨʦʤʽʟʜʢʠʭ ʦʙʯʠʩʣʝʥʥʷʭ (ʚʨʫʯʥʫ) ʫ ʘʥʘʣʽʪʠʯʥʦʤʫ ʯʠ ʯʠʩʣʦʚʦʤʫ ʚʠʛʣʷʜʽ, 

ʟʘʚʞʜʠ ʻ ʚʝʣʠʢʘ ʡʤʦʚʽʨʥʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʧʦʤʠʣʦʢ, ʷʢʽ ʟʚʦʜʷʪʴ ʥʘʥʽʚʝʮʴ ʢʣʦ-

ʧʽʪʢʫ ʨʦʙʦʪʫ. ɺʠʥʠʢʘʣʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʙʘʛʘʪʦʨʘʟʦʚʦʾ ʥʝʟʘʣʝʞʥʦʾ ʧʝʨʝʚʽʨʢʠ 

ʦʙʯʠʩʣʝʥʴ ʥʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ. ɿ ʧʦʷʚʦʶ ʜʦʩʪʫʧʥʦʾ ʢʦʤʧôʶʪʝʨʥʦʾ ʪʝʭʥʽʢʠ ʪʘ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʧʘʢʝʪʽʚ, ʨʦʣʴ ʣʶʜʠʥʠ ʩʪʘʻ ʚʘʞʣʠʚʦʶ ʥʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ  - 

ʩʢʣʘʜʘʥʥʽ ʤʘʪʝʤʘʪʠʯʥʠʭ ʨʽʚʥʷʥʴ, ʪʘ ʥʘ ʦʩʪʘʥʥʴʦʤʫ ï ʘʥʘʣʽʟʽ ʦʪʨʠʤʘʥʠʭ ʨʝ-

ʟʫʣʴʪʘʪʽʚ. ʇʨʦʪʝ, ʽʥʢʦʣʠ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ñʧʽʜʢʘʟʘʪʠò ʢʦʤʧôʶʪʝʨʫ ʤʝ-

ʪʦʜ ʟʥʘʭʦʜʞʝʥʥʷ ʨʦʟʚôʷʟʢʫ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʯʠ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ, 

ʘʙʦ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʡʦʤʫ ʚʠʢʦʨʠʩʪʘʪʠ ʪʝ ʯʠ ʽʥʰʝ ʥʘʙʣʠʞʝʥʥʷ.   

ʋ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʚʠʩʚʽʪʣʝʥʽ ʦʩʥʦʚʥʽ ʪʝʤʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ 

ʧʨʘʢʪʠʯʥʽʡ ʜʽʷʣʴʥʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʽʚ ʰʠʨʦʢʦʛʦ ʢʦʣʘ: ʯʠʩʣʦʚʽ ʦʙʯʠʩʣʝʥʥʷ, 

ʘʣʛʝʙʨʘʾʯʥʝ ʯʠʩʣʝʥʥʷ, ʧʦʙʫʜʦʚʘ ʛʨʘʬʽʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ, ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ 

ʨʽʚʥʷʥʥʷ, ʣʽʥʽʡʥʘ ʘʣʛʝʙʨʘ ʪʘ ʩʪʘʪʠʩʪʠʢʘ.  ɺʽʜʦʙʨʘʞʝʥʽ ʪʘʢʦʞ ʦʩʥʦʚʥʽ 

ʧʨʠʡʦʤʠ, ʷʢʽ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʧʨʦʮʝʩʽ ʘʥʘʣʽʟʫ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴ-

ʪʘʪʽʚ. ʉʶʜʠ ʚʽʜʥʦʩʠʪʴʩʷ, ʟʦʢʨʝʤʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʬʫʥʢʮʽʡ ʫ ʚʠʛʣʷʜʽ ʨʷʜʽʚ, 

ʫ ʪʦʤʫ ʯʠʩʣʽ ʽ ʘʩʠʤʧʪʦʪʠʯʥʠʭ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʽʟʥʠʭ ʤʘʥʽʧʫʣʷʮʽʡ ʽʟ ʤʘʪʝʤʘ-

ʪʠʯʥʠʤʠ ʚʠʨʘʟʘʤʠ: ʨʦʟʢʣʘʜʘʥʥʷ ʥʘ ʤʥʦʞʥʠʢʠ, ʟʛʦʨʪʘʥʥʷ ʚʠʨʘʟʽʚ ʫ ʙʽʣʴʰ 

ʧʨʦʩʪʽ ʬʦʨʤʠ ʟʘʧʠʩʫ, ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʪʨʠʛʦʥʦʤʝʪʨʠʯʥʠʭ ʚʠʨʘʟʽʚ ʚ ʝʢʩʧʦʥʝ-



 

ʥʮʽʘʣʴʥʽʡ ʬʦʨʤʽ, ʘʧʨʦʢʩʠʤʘʮʽʷ ʩʪʘʪʠʩʪʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʘʥʘʣʽʪʠʯʥʠʤʠ 

ʚʠʨʘʟʘʤʠ, ʟʥʘʭʦʜʞʝʥʥʷ ʦʩʥʦʚʥʠʭ ʩʪʘʪʠʩʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʢʩʧʝʨʠʤʝ-

ʥʪʘʣʴʥʠʭ ʜʘʥʠʭ,  ʪʦʱʦ.  

ʊʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ ʘʜʘʧʪʦʚʘʥʽ ʜʦ ʚʝʨʩʽʾ MAPLE ï 6. ʎʷ ʚʝʨʩʽʷ ʜʦ-

ʟʚʦʣʷʻ ʧʨʘʮʶʚʘʪʠ ʽʟ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʫ ʧʦʧʝʨʝʜʥʽʭ ʚʝʨʩʽʷʭ, ʘʣʝ 

ʥʝ ʩʧʨʠʡʤʘʻʪʴʩʷ ʮʠʤʠ ʧʦʧʝʨʝʜʥʽʤʠ ʚʝʨʩʽʷʤʠ.   

ɿʘʟʥʘʯʠʤʦ, ʱʦ MAPLE ʫ ʩʚʦʾʡ ʩʠʤʚʦʣʴʥʽʡ ʯʘʩʪʠʥʽ ʩʢʣʘʜʘʻ ʦʩʥʦʚʫ 

ʧʦʧʫʣʷʨʥʦʛʦ ʧʘʢʝʪʫ MatLab, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʬʘʭʽʚʮʷʤʠ ʫ ʨʽʟʥʠʭ 

ʛʘʣʫʟʷʭ. ʎʷ ʦʙʩʪʘʚʠʥʘ, ʪʘʢʦʞ, ʫ ʧʝʚʥʽʡ ʤʽʨʽ ʦʙˇʨʫʥʪʦʚʫʻ ʜʦʮʽʣʴʥʽʩʪʴ ʦʟʥʘ-

ʡʦʤʣʝʥʥʷ ʽʟ ʮʠʤ ʧʘʢʝʪʦʤ.  

ʅʘʡʙʽʣʴʰʘ ʫʚʘʛʘ ʧʨʠʜʽʣʝʥʘ ʧʨʠʢʣʘʜʘʤ, ʷʢʽ ʙʫʜʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘ-

ʪʠʩʷ ʫ ʜʨʫʛʦʤʫ ʨʦʟʜʽʣʽ ʧʦʩʽʙʥʠʢʘ, ʷʢʠʡ ʧʨʠʩʚʷʯʝʥʠʡ ʘʥʘʣʽʟʫ ʢʦʥʢʨʝʪʥʠʭ 

ʟʘʜʘʯ ʽʟ ʢʫʨʩʫ çʄʦʜʝʣʶʚʘʥʥʷ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʪʘʥʫ ʜʦʚʢʽʣʣʷè.   

ʋ ʜʦʜʘʪʢʫ 1 ʧʨʝʜʩʪʘʚʣʝʥʽ ʢʦʤʘʥʜʠ MAPLE, ʷʢʽ ʥʘʡʙʽʣʴʰ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʫ ʪʝʢʩʪʦʚʦʤʫ ʪʘʢ ʽ ʫ ʩʪʘʥʜʘʨʪʥʦʤʫ  ʤʘʪʝʤʘʪʠʯʥʦʤʫ 

ʚʘʨʽʘʥʪʘʭ. 

 

12.2 ʉʪʨʫʢʪʫʨʘ ʚʽʢʥʘ ʧʘʢʝʪʫ MAPLE 

ɯʥʩʪʨʫʤʝʥʪʘʣʴʥʘ ʧʘʥʝʣʴ.  

ɯʥʩʪʨʫʤʝʥʪʘʣʴʥʘ ʧʘʥʝʣʴ - ʦʙʣʘʩʪʴ ʚʽʢʥʘ MAPLE, ʚ ʷʢʦʤʫ ʟʥʘʭʦʜʷʪʴ-

ʩʷ ʢʥʦʧʢʠ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʟʘʛʘʣʴʥʠʭ ʢʦʤʘʥʜ ʪʘ ʟʘʜʘʯ.  

ʅʘʚʝʜʝʤʦ ʧʝʨʝʣʽʢ ʢʥʦʧʦʢ ʥʘ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʽʡ ʧʘʥʝʣʽ ʨʦʙʦʯʦʛʦ ʚʽʢ-

ʥʘ. 

 ʋʪʚʦʨʝʥʥʷ ʥʦʚʦʛʦ ʨʦʙʦʯʦʛʦ ʚʽʢʥʘ.  

 ɺʽʜʢʨʠʪʠ ʽʩʥʫʶʯʝ ʨʦʙʦʯʝ ʚʽʢʥʦ.  

 ɺʽʜʢʨʠʪʠ ʚʢʘʟʘʥʠʡ  URL.  

 ɿʙʝʨʝʛʪʠ ʘʢʪʠʚʥʝ ʨʦʙʦʯʝ ʚʽʢʥʦ.   

 ɼʨʫʢ ʚʤʽʩʪʫ ʘʢʪʠʚʥʦʛʦ ʨʦʙʦʯʦʛʦ  ʚʽʢʥʘ.  

 ɺʠʨʽʟʘʪʠ ʚʠʜʽʣʝʥʫ ʯʘʩʪʠʥʫ ʚʽʢʥʘ ʽ ʧʝʨʝʥʝʩʪʠ ʚ ʙʫʬʝʨ.  

 ʂʦʧʽʶʚʘʪʠ ʚʠʜʽʣʝʥʫ ʯʘʩʪʠʥʫ ʚʽʢʥʘ ʚ ʙʫʬʝʨ.  

 ɺʩʪʘʚʠʪʠ ʚʤʽʩʪ ʙʫʬʝʨʫ ʚ ʘʢʪʠʚʥʝ ʚʽʢʥʦ.  

 ɺʽʜʤʽʥʠʪʠ ʦʩʪʘʥʥʶ ʦʧʝʨʘʮʽʶ.   

 ɺʽʜʪʚʦʨʠʪʠ ʘʥʫʣʴʦʚʘʥʫ ʦʧʝʨʘʮʽʶ 

 ɺʩʪʘʚʠʪʠ ʥʝʚʠʢʦʥʫʚʘʥʠʡ ʤʘʪʝʤʘʪʠʯʥʠʡ ʚʠʨʘʟ ʫ ʪʝʢʩʪʦʚʫ ʦʙ-

ʣʘʩʪʴ.  



 

 ɺʩʪʘʚʠʪʠ ʪʝʢʩʪ ʥʘ ʤʽʩʮʝ ʢʫʨʩʦʨʘ.   

 ɺʩʪʘʚʠʪʠ ʥʦʚʫ ʚʠʢʦʥʫʚʘʥʫ ʛʨʫʧʫ ʧʽʩʣʷ ʢʫʨʩʦʨʘ.   

 ɺʠʜʘʣʝʥʥʷ ʨʦʟʜʽʣʫ, ʷʢʠʡ ʤʽʩʪʠʪʴ ʚʠʜʽʣʝʥʫ ʯʘʩʪʠʥʫ.  

 ɺʢʣʶʯʠʪʠ ʚʠʜʽʣʝʥʫ ʯʘʩʪʠʥʫ ʚ ʨʦʟʜʽʣ, ʯʠ ʧʽʜʨʦʟʜʽʣ.  

 ʇʝʨʝʡʪʠ ʥʘ ʢʨʦʢ ʥʘʟʘʜ ʚ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʛʽʧʝʨʟʚôʷʟʢʽʚ.  

 ʇʝʨʝʡʪʠ ʥʘ ʢʨʦʢ ʚʧʝʨʝʜ ʚ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʛʽʧʝʨʟʚôʷʟʢʽʚ.  

 ɿʫʧʠʥʠʪʠ ʦʙʯʠʩʣʝʥʥʷ..  

 ʉʠʩʪʝʤʘ ʟʙʽʣʴʰʝʥʥʷ ʤʘʩʰʪʘʙʫ ʜʦ 100%.  

 ʉʠʩʪʝʤʘ ʟʙʽʣʴʰʝʥʥʷ ʤʘʩʰʪʘʙʫ ʜʦ 150%.  

 ʉʠʩʪʝʤʘ ʟʙʽʣʴʰʝʥʥʷ ʤʘʩʰʪʘʙʫ ʜʦ 200%.  

 ʇʦʢʘʟʘʪʠ ʩʠʤʚʦʣʠ, ʷʢʽ ʥʝ ʜʨʫʢʫʶʪʴʩʷ 

 ɿʤʽʥʠʪʠ ʨʦʟʤʽʨʠ ʘʢʪʠʚʥʦʛʦ ʚʽʢʥʘ 

 

ʋ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʢʫʨʩʦʨ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʢʦʤʘʥʜʥʽʡ ʩʪʨʽʯʮʽ (ʧʽʩʣʷ 

ʟʥʘʢʫ ʟʘʧʨʦʰʝʥʥʷ  ñ[>ò), ʜʦʩʪʫʧʥʠʤʠ ʻ ʪʘʢʽ ʢʥʦʧʢʠ:  

  ʇʝʨʝʢʣʶʯʝʥʥʷ ʤʽʞ ʟʦʙʨʘʞʝʥʥʷʤ ʩʪʘʥʜʘʨʪʥʠʤ ʜʣʷ MAPLE ʪʘ 

ʩʪʘʥʜʘʨʪʥʠʤ ʤʘʪʝʤʘʪʠʯʥʠʤ.   

  ʇʝʨʝʢʣʶʯʝʥʥʷ ʤʽʞ ʚʠʢʦʥʘʚʯʦʶ ʪʘ ʥʝ ʚʠʢʦʥʘʚʯʦʶ ʬʦʨʤʘʤʠ ʟʘ-

ʧʠʩʫ ʚʠʨʘʟʫ.   

  ʉʠʥʪʘʢʩʠʯʥʝ ʧʨʘʚʣʝʥʥʷ ʚʠʨʘʟʫ.  

 ʂʦʤʘʥʜʘ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʚʢʘʟʘʥʠʭ ʫ ʢʦʤʘʥʜʥʽʡ ʩʪʨʽʯʮʽ ʤʘʪʝʤʘʪʠ-

ʯʥʠʭ ʦʧʝʨʘʮʽʡ.  

 

12.3 ʈʦʙʦʯʠʡ ʜʦʢʫʤʝʥʪ ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʠʩʪʝʤʠ MAPLE ʪʘ ʦʩʥʦ-

ʚʥʽ ʤʝʪʦʜʠ ʦʙʯʠʩʣʝʥʴ 

12.3.1 ʏʠʩʣʦʚʽ ʦʙʯʠʩʣʝʥʥʷ ʪʘ ʪʝʢʩʪʦʚʝ ʦʬʦʨʤʣʝʥʥʷ ʜʦʢʫʤʝʥʪʫ 

ɺʟʘʻʤʦʜʽʷ ʽʟ ʦʙʯʠʩʣʶʚʘʣʴʥʦʶ ʩʠʩʪʝʤʦʶ MAPLE ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʜʦʢʫʤʝʥʪʽʚ, ʷʢʽ ʥʘʟʠʚʘʶʪʴʩʷ ʨʦʙʦʯʠʤʠ ʣʠʩʪʘʤʠ. ʈʦʙʦʯʽ ʣʠʩʪʠ 

ʩʢʣʘʜʘʶʪʴʩʷ ʽʟ ʢʣʽʪʠʥʦʢ, ʚ ʷʢʠʭ ʤʦʞʝ ʟʥʘʭʦʜʠʪʠʩʷ ʪʝʢʩʪ, ʦʙʯʠʩʣʝʥʥʷ, ʘʙʦ 

ʛʨʘʬʽʢʠ. ʈʦʙʦʯʽ ʜʦʢʫʤʝʥʪʠ MAPLE ʚʠʢʦʥʫʶʪʴ ʨʦʣʴ ʩʝʨʝʜʦʚʠʱʘ ʜʣʷ ʽʥʪʝ-

ʨʘʢʪʠʚʥʦʛʦ ʚʠʨʽʰʝʥʥʷ ʨʽʟʥʠʭ ʟʘʜʘʯ ʘʙʦ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʜʦʢʫʤʝʥʪʘʮʽʾ.  

ʌʫʥʜʘʤʝʥʪʘʣʴʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʦʙʯʠʩʣʝʥʴ ʫ ʨʦʙʦʯʠʭ ʣʠʩʪʘʭ ʻ ʚʠ-

ʢʦʥʘʚʯʽ ʛʨʫʧʠ ʪʘ ʝʣʝʢʪʨʦʥʥʽ ʪʘʙʣʠʮʽ.  



 

ɺʠʢʦʥʘʚʯʽ ʛʨʫʧʠ ʪʘ ʝʣʝʢʪʨʦʥʥʽ ʪʘʙʣʠʮʽ ʜʦʧʦʤʘʛʘʶʪʴ ʚʟʘʻʤʦʜʽʷʪʠ ʽʟ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ ʧʨʦʛʨʘʤʘʤʠ MAPLE. ɺʦʥʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʦʩʥʦʚʥʽ ʟʘʩʦ-

ʙʠ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʩʪʚʦʨʶʻʪʴʩʷ ʟʘʧʠʪ ʜʦ ʧʨʦʛʨʘʤ MAPLE ʪʘ ʚʽʜʦʙʨʘ-

ʞʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʂʦʤʘʥʜʠ MAPLE ʤʦʞʫʪʴ ʙʫʪʠ ʚʚʝʜʝʥʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʦʜʥʦʛʦ ʽʟ ʮʠʭ ʟʘʩʦʙʽʚ.  

 

ɺʠʢʦʥʘʚʯʽ ʛʨʫʧʠ 

ɺʠʢʦʥʘʚʯʽ ʛʨʫʧʠ ʦʙôʻʜʥʫʶʪʴ ʦʜʥʫ ʘʙʦ ʙʽʣʴʰʫ ʢʽʣʴʢʽʩʪʴ ʢʦʤʘʥʜ MAPLE ʪʘ 

ʨʝʟʫʣʴʪʘʪʠ ʾʭ ʚʠʢʦʥʘʥʥʷ ʚ ʦʜʠʥ ʚʠʢʦʥʘʚʯʠʡ ʤʦʜʫʣʴ. ɻʨʫʧʫ ʚʠʢʦʥʘʥʥʷ ʤʦ-

ʞʥʘ ʨʦʟʧʽʟʥʘʪʠ ʧʦ ʢʚʘʜʨʘʪʥʽʡ ʜʫʞʮʽ ñ[ñ, ʷʢʘ ʧʝʨʝʜʫʻ  ʟʘʧʨʦʰʝʥʥʶ ñ[>ò ʜʦ ʚʚʝ-

ʜʝʥʥʷ ʢʦʤʘʥʜʠ. ʅʘʧʨʠʢʣʘʜ:  

[> solve(a*x^2 = 4,{x});  

ʎʷ ʢʦʤʘʥʜʘ ʨʦʙʠʪʴ ʟʘʧʠʪ ʜʦ ʧʨʦʛʨʘʤʠ ʩʪʦʩʦʚʥʦ ʟʥʘʭʦʜʞʝʥʥʷ 

ʨʦʟʚôʷʟʢʫ (solve) ʨʽʚʥʷʥʥʷ a*x2=4 ʚʽʜʥʦʩʥʦ ʭ. ʂʦʣʠ ʢʫʨʩʦʨ ʧʦʤʽʱʫʻʪʴʩʷ ʥʘ 

ʙʫʜʴ ï ʷʢʫ ʢʦʤʘʥʜʥʫ ʣʽʥʽʶ ʫ ʚʠʢʦʥʘʚʯʽʡ ʛʨʫʧʽ ʽ ʩʪʚʦʨʶʻʪʴʩʷ ʚʚʝʜʝʥʥʷ (ʢʣʘ-

ʚʽʰʘ Enter), ʚʩʽ ʢʦʤʘʥʜʠ ʫ ʜʘʥʽʡ ʛʨʫʧʽ ʚʠʢʦʥʫʶʪʴʩʷ ʧʦʩʣʽʜʦʚʥʦ, ʘ ʨʝʟʫʣʴʪʘʪ 

ʨʦʟʤʽʱʫʻʪʴʩʷ ʫ ʢʽʥʮʽ ʚʠʢʦʥʘʚʯʦʾ ʛʨʫʧʠ. ʂʦʤʘʥʜʠ ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʾʭ ʚʠʢʦʥʘʥ-

ʥʷ ʧʨʝʜʩʪʘʚʣʷʶʪʴʩʷ ʫ ʤʦʜʫʣʽ ʨʽʟʥʠʤʠ ʢʦʣʴʦʨʘʤʠ. ʇʽʩʣʷ ʚʠʢʦʥʘʥʥʷ ʢʦʤʘʥ-

ʜʠ ʢʫʨʩʦʨ ʘʚʪʦʤʘʪʠʯʥʦ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʥʘ ʧʝʨʰʫ ʢʦʤʘʥʜʥʫ ʣʽʥʽʶ ʫ ʥʦʚʽʡ 

ʚʠʢʦʥʘʚʯʽʡ ʛʨʫʧʽ.   

ʅʘ ʜʦʧʦʚʥʝʥʥʷ ʜʦ ʢʦʤʘʥʜ MAPLE ʪʘ ʨʝʟʫʣʴʪʘʪʽʚ ʾʭ ʚʠʢʦʥʘʥʥʷ ʚʠ-

ʢʦʥʘʚʯʘ ʛʨʫʧʘ ʤʦʞʝ ʤʽʩʪʠʪʠ ʦʧʠʩʦʚʫ ʯʘʩʪʠʥʫ, ʷʢʘ ʚʽʜʦʢʨʝʤʣʶʻʪʴʩʷ  ʚʽʜ ʯʘ-

ʩʪʠʥʠ, ʱʦ ʧʦʪʨʝʙʫʻ ʯʠʩʣʦʚʠʭ ʦʙʯʠʩʣʝʥʴ, ʘʙʦ ʩʠʤʚʦʣʴʥʠʭ, ʟʥʘʢʦʤ ñ#ò.  

ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʚʠʢʦʥʘʚʯʘ ʛʨʫʧʘ ʤʽʩʪʠʪʴ ʦʜʥʫ ʢʦʤʘʥʜʫ, ʪʦ ʧʽʩʣʷ ʨʦ-

ʟʤʽʱʝʥʥʷ ʢʫʨʩʦʨʫ ʫ ʢʦʤʘʥʜʥʽʡ ʣʽʥʽʾ ʽ ʥʘʩʪʫʧʥʦʛʦ ʥʘʪʠʩʢʘʥʥʷ ʢʣʘʚʽʰʽ 

ñEnterò ʦʪʨʠʤʫʻʤʦ ʨʝʟʫʣʴʪʘʪ ʚʠʢʦʥʘʥʥʷ ʢʦʤʘʥʜʠ:  

[> expand((a+b)^3); #expand -  ʢʦʤʘʥʜʘ ʜʣʷ ʨʦʟʢʨʠʪ-

ʪʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʚʠʨʘʟʫ  

 

ʂʦʞʥʠʡ ʥʦʚʠʡ ʨʦʙʦʯʠʡ ʜʦʢʫʤʝʥʪ MAPLE ʧʦʯʠʥʘʻʪʴʩʷ ʽʟ ʚʠʢʦʥʘʚ-

ʯʦʾ ʛʨʫʧʠ, ʷʢʘ ʤʽʩʪʠʪʴ ʟʘʧʨʦʰʝʥʥʷ ñ[>ò ʜʦ ʨʦʙʦʪʠ.  

ʈʝʟʫʣʴʪʘʪʠ ʚʠʢʦʥʘʥʥʷ ʢʦʤʘʥʜ ʤʦʞʫʪʴ ʙʫʪʠ ʯʠʩʣʦʚʠʤʠ, ʩʠʤʚʦʣʽʯ-

ʥʠʤʠ, ʘʙʦ ʛʨʘʬʽʯʥʠʤʠ. ʅʘʩʪʫʧʥʘ ʢʦʤʘʥʜʘ ʛʝʥʝʨʫʻ ʛʨʘʬʽʢ (plot) ʪʨʠʚʠʤʽʨʥʦʾ 

(3d) ʧʦʚʝʨʭʥʽ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʟʘʜʘʥʽʡ ʬʫʥʢʮʽʾ:  

[> plot3d(sin(x*y),x= - 2..2,y= - 1..1);  

 +  +  + a3 3 a2 b 3 a b2 b3



 

 
 

ɽʣʝʢʪʨʦʥʥʽ ʪʘʙʣʠʮʽ 

MAPLE ʜʦʟʚʦʣʷʻ ʚʚʦʜʠʪʠ ʝʣʝʢʪʨʦʥʥʽ ʪʘʙʣʠʮʽ, ʷʢʽ ʤʦʞʫʪʴ ʤʽʩʪʠʪʠ 

ʽʥʬʦʨʤʘʮʽʶ ʷʢ ʯʠʩʣʦʚʦʛʦ, ʪʘʢ ʽ ʩʠʤʚʦʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʫ. ʊʘʢʽ ʪʘʙʣʠʮʽ 

ʦʙôʻʜʥʫʶʪʴ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʞʣʠʚʦʩʪʽ MAPLE ʽʟ ʬʦʨʤʘʪʦʤ ñʢʦʣʦʥʢʘ ï ʨʷ-

ʜʦʢò ʟʚʠʯʘʡʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʪʘʙʣʠʮʴ. ʎʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʪʠ 

MAPLE ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʪʘʙʣʠʮʴ ʬʦʨʤʫʣ. ɯʣʶʩʪʨʘʮʽʻʶ ʻ ʥʘʚʝʜʝʥʘ ʥʠʞʯʝ ʩʠ-

ʤʚʦʣʽʯʥʘ ʪʘʙʣʠʮʷ, ʷʢʘ ʤʽʩʪʠʪʴ ʽʥʪʝʛʨʘʣʠ ʚʽʜ ʢʦʤʙʽʥʘʮʽʾ ʬʫʥʢʮʽʾ   ʟ ʨʽʟʥʠ-

ʤʠ ʘʣʛʝʙʨʘʾʯʥʠʤʠ ʚʠʨʘʟʘʤʠ.  ʌʦʨʤʫʣʠ ʫ ʢʦʣʦʥʢʘʭ B ʪʘ C ʟʘʣʝʞʘʪʴ ʚʽʜ ʬʦ-

ʨʤʫʣ ʫ ʢʦʣʦʥʮʽ A.  

 A B C 
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ʉʪʚʦʨʝʥʥʷ  ʪʘ ʚʠʢʦʥʘʥʥʷ ʢʦʤʘʥʜ ʫ  MAPLE  

ʅʘʡʙʽʣʴʰ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʤʝʪʦʜ ʧʦʙʫʜʦʚʠ  ʢʦʤʘʥʜ  ʪʘ ʨʝ-

ʟʫʣʴʪʘʪʽʚ, ʷʢʠʡ ʧʦʣʷʛʘʻ ʫ ʧʨʝʜʩʪʘʚʣʝʥʥʽ ʾʭ  ʫ  ʜʨʫʢʦʚʘʥʦʤʫ ʚʠʛʣʷʜʽ. 

ʄʦʞʥʘ ʚʚʦʜʠʪʠ ʢʦʤʘʥʜʠ ʩʣʽʜʫʶʯʠ ʚʢʘʟʽʚʢʘʤ MAPLE ʪʘ ʥʘʩʪʫʧʥʦʛʦ 

ʾʭ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʰʣʷʭʦʤ ʥʘʪʠʩʢʘʥʥʷ ʢʣʘʚʽʰʽ ñEnterò.  ʄʦʞʥʘ ʚʽʜʦʙʨʘʞʘʪʠ 

ʢʦʤʘʥʜʠ ʫ ʚʠʛʣʷʜʽ ʟʘʧʠʩʫ MAPLE, ʘʙʦ ʩʪʘʥʜʘʨʪʥʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʟʘʧʠʩʫ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʥʦʧʢʠ. ɼʣʷ ʮʴʦʛʦ ʧʦʪʨʽʙʥʦ ʨʦʟʤʽʩʪʠʪʠ ʢʫʨʩʦʨ ʫ ʜʘʥʽʡ 

ʢʦʤʘʥʜʥʽʡ ʩʪʨʽʯʮʽ, ʘ ʧʦʢʘʞʯʠʢʦʤ ʤʠʰʽ ʢʣʘʮʥʫʪʠ ʧʦ ʚʢʘʟʘʥʽʡ ʢʥʦʧʮʽ. 

ɼʣʷ ʧʦʣʝʛʰʝʥʥʷ ʥʘʙʦʨʫ ʢʦʤʘʥʜ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫ-

ʚʘʪʠ ʪʘʢʦʞ ʧʘʣʽʪʨʠ. ɼʣʷ ʚʠʚʝʜʝʥʥʷ ʧʘʣʽʪʨ ʥʝʦʙʭʽʜʥʦ ʫ 

ʧʫʥʢʪʽ ʤʝʥʶ ñViewò ʚʠʙʨʘʪʠ ñPalettesò. ɯʩʥʫʻ ʪʨʠ ʚʠʜʠ 

ʧʘʣʽʪʨ. ʉʠʤʚʦʣʴʥʘ ʧʘʣʽʪʨʘ ʩʣʫʛʫʻ ʜʣʷ ʥʘʙʦʨʫ ʣʽʪʝʨ 

ʛʨʝʮʴʢʦʛʦ ʘʣʬʘʚʽʪʫ ʪʘ ʜʝʷʢʠʭ ʽʥʰʠʭ ʩʠʤʚʦʣʽʚ, ʤʘʪʨʠʮʴ, 

ʨʽʟʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʦʧʝʨʘʮʽʡ ʘʨʠʬʤʝʪʠʯʥʦʛʦ ʭʘʨʘʢʪʝʨʫ 

ʪʘ ʚʠʱʦʾ ʤʘʪʝʤʘʪʠʢʠ). 

ɺʠʨʘʟ, ʦʪʨʠʤʘʥʠʡ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʥʘʥʥʷ ʢʦʤʘʥʜ MAPLE,  ʤʦʞʝ 

ʙʫʪʠ ʧʝʨʝʤʽʱʝʥʠʡ ʥʘ ʛʨʘʬʽʢ, ʘʙʦ ʽʟ ʛʨʘʬʽʢʘ. ʈʝʟʫʣʴʪʘʪ ʚʠʢʦʥʘʥʥʷ ʢʦʤʘʥʜʠ 

ʤʦʞʥʘ ʢʦʧʽʶʚʘʪʠ ʽ ʨʦʟʤʽʱʫʚʘʪʠ ʫ ʥʘʩʪʫʧʥʠʭ ʢʦʤʘʥʜʘʭ. ʌʦʨʤʫʣʘ ʪʘʢʦʞ 

ʤʦʞʝ ʙʫʪʠ ʧʝʨʝʤʽʱʝʥʘ ʽʟ ʨʦʙʦʯʦʛʦ ʚʽʢʥʘ ʚ ʢʣʽʪʠʥʢʫ ʝʣʝʢʪʨʦʥʥʦʾ ʪʘʙʣʠʮʽ ʽ 

ʥʘʚʧʘʢʠ. 

ɸʥʦʪʫʚʘʥʥʷ ʪʘ ʩʪʨʫʢʪʫʨʫʚʘʥʥʷ ʜʦʢʫʤʝʥʪʽʚ 

ʇʘʨʘʛʨʘʬʠ ʪʘ ʨʦʟʜʽʣʠ ʽʩʥʫʶʪʴ ʜʣʷ ʜʦʧʦʤʦʛʠ ʚ ʦʨʛʘʥʽʟʘʮʽʾ ʜʦʢʫʤʝʥʪʘ 

ʚ ʮʽʣʦʤʫ,  ʚʨʘʭʦʚʫʶʯʠ ʽ ʨʝʟʫʣʴʪʘʪʠ.  

ʇʘʨʘʛʨʘʬ ʫ ʨʦʙʦʯʦʤʫ ʜʦʢʫʤʝʥʪʽ MAPLE ʘʥʘʣʦʛʽʯʥʠʡ ʧʘʨʘʛʨʘʬʫ 

ʟʚʠʯʘʡʥʦʛʦ ʪʝʢʩʪʦʚʦʛʦ ʧʨʦʮʝʩʦʨʘ. ɺʽʥ ʤʦʞʝ ʤʽʩʪʠʪʠ ʪʝʢʩʪ, ʤʘʪʝʤʘʪʠʯʥʽ 

ʬʦʨʤʫʣʠ ʽ ʛʨʘʬʽʢʫ, ʚʢʣʶʯʘʶʯʠ ʨʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʝʥʴ. ʇʘʨʘʛʨʘʬ ʤʦʞʝ ʙʫʪʠ 

ʨʦʟʤʽʱʝʥʠʡ ʫ ʚʠʢʦʥʘʚʯʽʡ ʛʨʫʧʽ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ:  ʧʦ ʮʝʥʪʨʫ, ʣʽʚʦʨʫʯ, ʧʨʘ-

ʚʦʨʫʯ. 

ʊʝʢʩʪ ʤʦʞʝ ʙʫʪʠ ʧʨʦʧʠʩʥʠʤ, ʧʽʜʢʨʝʩʣʝʥʠʤ, ʥʘʧʽʚʞʠʨʥʠʤ. ɼʦʧʫʩʢʘ-

ʻʪʴʩʷ ʟʤʽʥʘ ʨʦʟʤʽʨʫ ʰʨʠʬʪʘ ʪʘ ʡʦʛʦ ʚʠʜʫ.  

MAPLE ʧʽʜʨʠʤʫʻ ʚʙʫʜʦʚʘʥʫ ʤʘʪʝʤʘʪʠʢʫ ʪʘʢ, ʱʦʙ ʤʘʪʠ ʟʤʦʛʫ ʨʦʟ-

ʨʦʙʣʷʪʠ ʩʢʣʘʜʥʽ ʜʦʢʫʤʝʥʪʠ, ʷʢʽ ʤʽʩʪʷʪʴ ʨʽʚʥʷʥʥʷ ʪʘ ʛʨʘʬʽʢʫ ʫ ʪʝʢʩʪʦʚʽʡ ʦʙ-

ʣʘʩʪʽ. ʅʘʧʨʠʢʣʘʜ, ʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʙʦʯʦʛʦ ʚʽʢʥʘ ʜʣʷ ʥʘʙʦʨʫ 

ʪʝʢʩʪʫ, ʟʘʤʽʥʠ ʤʘʪʝʤʘʪʠʯʥʠʭ ʢʦʤʘʥʜ ʾʭ ʪʝʢʩʪʦʚʠʤ ʚʘʨʽʘʥʪʦʤ ʪʘ ʜʘʚʘʪʠ ʪʝʢ-

ʩʪʦʚʽ ʧʦʷʩʥʝʥʥʷ ʽ ʢʦʤʝʥʪʘʨʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʫ ʢʦʤʘʥʜʥʽʡ ʩʪʨʽʯʮʽ ʊʘʢ, ʜʣʷ 

ʦʙʯʠʩʣʝʥʥʷ ʽʥʪʝʛʨʘʣʘ ʽʟ ʚʠʟʥʘʯʝʥʠʤʠ ʛʨʘʥʠʮʷʤʠ  ʽʟ ʟʘʟʥʘ-dò

ô
óó

0

b

x2 ( )sin ax x



 

ʯʝʥʥʷʤ, ʱʦ a ʪʘ b - ʜʽʡʩʥʽ ʜʦʜʘʪʥʽ ʯʠʩʣʘ, ʫ ʢʦʤʘʥʜʥʽʡ ʩʪʨʽʯʮʽ ʥʝʦʙʭʽʜʥʦ ʥʘ-

ʜʨʫʢʫʚʘʪʠ:  
[> int( x^2*sin(alpha*x), x=0..beta ); # alpha ʽ beta ï 

ʜʽʡʩʥʽ ʯʠʩʣʘ, alpha ʽ beta [>0.   

ʇʨʠ ʮʴʦʤʫ, ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʢʦʤʘʥʜʠ ʧʦ ʦʙʯʠʩʣʝʥʥʶ ʽʥʪʝʛʨʘʣʘ,  

MAPLE ʽʛʥʦʨʫʻ  ʟʘʧʠʩ ʧʽʩʣʷ ʩʠʤʚʦʣʫ #  ʽ ñʙʘʯʠʪʴò ʪʽʣʴʢʠ ʪʝ, ʱʦ ʟʥʘʭʦʜʠʪʴ-

ʩʷ ʟʣʽʚʘ ʚʽʜ ʮʴʦʛʦ ʩʠʤʚʦʣʫ. 

ʆʙʯʠʩʣʝʥʥʷ ʤʦʞʥʘ ʨʦʙʠʪʠ ʢʨʦʢ ʟʘ ʢʨʦʢʦʤ, ʥʘʪʠʩʢʘʶʯʠ ʧʽʩʣʷ ʢʦʞ-

ʥʦʾ ʢʦʤʘʥʜʠ ñEnterò, ʘʙʦ ʢʥʦʧʢʫ.  ɯʥʰʠʡ ʤʝʪʦʜ ï ʚʠʙʨʘʪʠ ʫ ʧʫʥʢʪʽ ʤʝʥʶ 

ñEditò ʢʦʤʘʥʜʫ ñExucuteò. ɼʘʣʽ, ʚʠʙʠʨʘʶʯʠ ñSelectionò ʘʙʦ ñWorksheetò ʙʫ-

ʜʫʪʴ ʚʠʢʦʥʫʚʘʪʠʩʷ ʦʧʝʨʘʮʽʾ ʫ ʚʠʜʽʣʝʥʽʡ ʯʘʩʪʠʥʽ ʨʦʙʦʯʦʛʦ ʣʠʩʪʘ ʘʙʦ ʥʘ 

ʚʩʴʦʤʫ ʨʦʙʦʯʦʤʫ ʣʠʩʪʽ.   

ʏʠʩʣʦʚʽ ʦʙʯʠʩʣʝʥʥʷ 

ʆʙʯʠʩʣʝʥʥʷ ʽʟ ʮʽʣʠʤʠ ʯʠʩʣʘʤʠ.  

ʅʘ ʙʘʟʦʚʦʤʫ ʨʽʚʥʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ MAPLE ʷʢ ʢʘʣʴʢʫʣʷʪʦʨ. 

ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ   (32)(), ʥʝʦʙʭʽʜʥʦ ʚʚʝʩʪʠ ʥʘʩʪʫʧʥʝ:  

[> 32*12^13;  

 

MAPLE ʨʦʟʧʽʟʥʘʻ ʙʘʛʘʪʦ ʤʘʪʝʤʘʪʠʯʥʠʭ ʦʧʝʨʘʪʦʨʽʚ, ʚʢʣʶʯʘʶʯʠ ʬʘ-

ʢʪʦʨʽʘʣ, ʥʘʡʙʽʣʴʰʠʡ ʩʧʽʣʴʥʠʡ ʜʽʣʴʥʠʢ, ʥʘʡʤʝʥʰʠʡ ʩʧʽʣʴʥʠʢ ʤʥʦʞʥʠʢ, 

ʦʧʝʨʘʮʽʾ ʽʟ ʘʙʩʦʣʶʪʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ. ʅʘʧʨʠʢʣʘʜ ʦʧʝʨʘʮʽʷ ʬʘʢʪʦʨʽʘʣ ʤʘʻ 

ʚʠʛʣʷʜ:  

[> 200!;  

 
ʆʧʝʨʘʪʦʨ,  ʷʢʠʡ ʤʘʻ ʚʠʛʣʷʜ ʟʥʘʢʘ ʧʨʦʮʝʥʪ (%), ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ 

ʦʩʪʘʥʥʴʦʛʦ ʚʠʨʘʟʫ, ʦʙʯʠʩʣʝʥʦʛʦ MAPLE, ʘ (%%) ï ʜʦ ʧʝʨʝʜʦʩʪʘʥʥʴʦʛʦ ʽ 

ʪ.ʜ. ʅʘʧʨʠʢʣʘʜ, ʢʦʤʘʥʜʘ ifactor(%) ʨʦʟʢʣʘʜʘʻ ʥʘ ʤʥʦʞʥʠʢʠ ʧʦʧʝʨʝʜʥʽʡ ʨʝ-

ʟʫʣʴʪʘʪ.   

[> ifactor(%);   

ʅʘʩʪʫʧʥʘ ʢʦʤʘʥʜʘ ʦʙʯʠʩʣʶʻ ʜʦʙʫʪʦʢ ʟʥʦʚʫ:  

1213

3423782572130304

788657867364790503552363213932185062295135977687173263294742533244359\

449963403342920304284011984623904177212138919638830257642790242637\

105061926624952829931113462857270763317237396988943922445621451664\

240254033291864131227428294853277524242407573903240321257405579568\

660226031904170324062351700858796178922222789623703897374720000000\

( ) 2 197 ( ) 3 97 ( ) 5 49 ( ) 7 32 ( ) 11 19 ( ) 13 16 ( ) 17 11 ( ) 19 10 ( ) 23 8 ( ) 29 6 ( ) 31 6 ( ) 37 5

( ) 41 4 ( ) 43 4 ( ) 47 4 ( ) 53 3 ( ) 59 3 ( ) 61 3 ( ) 67 2 ( ) 71 2 ( ) 73 2 ( ) 79 2 ( ) 83 2 ( ) 89 2

( ) 97 2 ( ) 101 ( ) 103 ( ) 107 ( ) 109 ( ) 113 ( ) 127 ( ) 131 ( ) 137 ( ) 139 ( ) 149 ( ) 151

( ) 157 ( ) 163 ( ) 167 ( ) 173 ( ) 179 ( ) 181 ( ) 191 ( ) 193 ( ) 197 ( ) 199



 

[> expand(%);  

 

ɿ ʤʝʪʦʶ ʟʘʧʦʙʽʛʘʥʥʷ ʧʦʤʠʣʦʢ ʧʨʠ ʦʢʨʫʛʣʝʥʥʽ,  MAPLE ʥʝ ʧʝʨʝʪʚʦ-

ʨʶʻ ʜʨʦʙʦʚʽ ʚʠʨʘʟʠ ʪʘ ʨʘʜʠʢʘʣʠ ʫ ʜʝʩʷʪʢʦʚʠʡ  ʜʨʽʙ. ɼʣʷ ʘʧʨʦʢʩʠʤʘʮʽʾ ʧʦʜʽ-

ʙʥʠʭ ʚʠʨʘʟʽʚ ʜʝʩʷʪʢʦʚʠʤʠ ʜʨʦʙʘʤʠ, ʫ MAPLE  ʧʝʨʝʜʙʘʯʝʥʘ ʩʧʝʮʽʘʣʴʥʘ ʢʦ-

ʤʘʥʜʘ, ʘ ʩʘʤʝ evalf. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ  ʚʠʨʘʟʫ  ʽ ʧʨʝʜ-

ʩʪʘʚʣʝʥʥʷ ʡʦʛʦ ʫ ʚʠʛʣʷʜʽ ʜʝʩʷʪʢʦʚʦʛʦ ʜʨʦʙʫ ʚʚʦʜʠʪʴʩʷ  ʢʦʤʘʥʜʥʘ ʩʪʨʽʯʢʘ:  

[> (2^30/3^20)*sqrt(3);  

ʇʽʩʣʷ ʥʘʪʠʩʢʘʥʥʷ ʢʣʘʚʽʰʽ ñEnterò ʦʪʨʠʤʫʻʤʦ ʨʝʟʫʣʴʪʘʪ.  

 

ɼʘʣʽ, ʱʦʙ ʦʪʨʠʤʘʪʠ ʨʝʟʫʣʴʪʘʪ ʦʙʯʠʩʣʝʥʴ ʫ ʬʦʨʤʽ ʜʝʩʷʪʢʦʚʦʛʦ ʜʨʦʙʫ 

ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʢʦʤʘʥʜʫ:  

[> evalf(%);  

ʽ ʧʽʩʣʷ ʾʾ ʚʚʝʜʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʣʘʚʽʰʽ Enter ʦʪʨʠʤʘʻʤʦ: 

 

 

ʆʙʯʠʩʣʝʥʥʷ ʢʽʥʝʯʥʠʭ ʪʘ ʙʝʟʢʽʥʝʯʥʠʭ ʩʫʤ ʪʘ ʜʦʙʫʪʢʽʚ  

ʂʽʥʝʯʥʘ ʩʫʤʘ  ʟʘʜʘʻʪʴʩʷ ʚʠʨʘʟʦʤ:  

[> sum( (1+i)/(1+i^4), i=1..10 );  

 

ɹʝʟʢʽʥʝʯʥʘ ʩʫʤʘ  ʦʙʯʠʩʣʶʻʪʴʩʷ ʪʘʢ (infinity -  ʙʝʟʢʽʥʝʯ-

ʥʽʩʪʴ):  

[> sum( 1/k^2, k=1..infinity );  

 

ɼʦʙʫʪʦʢ (product)  ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʘʥ-

ʜʠ:  

[> product( ((i^2+3*i - 11)/(i+3)), i=0..10 );  

788657867364790503552363213932185062295135977687173263294742533244359\
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ʆʙʯʠʩʣʝʥʥʷ ʫ ʚʠʛʣʷʜʽ ʜʝʩʷʪʢʦʚʠʭ ʜʨʦʙʽʚ ʤʦʞʥʘ ʨʦʙʠʪʠ ʫ ʩʠʩʪʝʤʽ MAPLE ʟ 

ʙʫʜʴ ʷʢʦʶ ʪʦʯʥʽʩʪʶ. ʌʘʢʪʠʯʥʦ, ʦʙʨʦʙʣʷʶʪʴʩʷ ʯʠʩʣʘ ʟ ʪʦʯʥʽʩʪʶ ʜʦ ʩʦʪʝʥʴ 

ʪʠʩʷʯ ʮʠʬʨ. ʈʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʝʥʴ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʣʷʪʠ ʽʟ ʟʘʜʘʥʦʶ ʪʦʯʥʽʩ-

ʪʶ. ʊʘʢ, ʧʦʧʝʨʝʜʥʽʡ ʨʝʟʫʣʴʪʘʪ ʪʦʯʥʽʩʪʶ ʜʦ 50 ʟʥʘʢʽʚ ʤʘʻ ʚʠʛʣʷʜ:  

[> evalf( % , 50 );  

 

 

 

ʂʦʤʧʣʝʢʩʥʽ ʯʠʩʣʘ ʪʘ ʩʧʝʮʽʘʣʴʥʽ ʬʫʥʢʮʽʾ  
MAPLE ʚʠʢʦʥʫʻ ʦʙʯʠʩʣʝʥʥʷ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʤʧʣʝʢʩʥʠʭ ʯʠʩʝʣ. 

ʂʦʤʧʣʝʢʩʥʘ ʦʜʠʥʠʮʷ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʧʨʦʧʠʩʥʦʾ ʙʫʢʚʠ I . ʅʘʧʨʠ-

ʢʣʘʜ: 

[> (3+5*I)/(7+4*I);  

 

ʂʦʤʧʣʝʢʩʥʝ ʯʠʩʣʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʘʥʜʠ convert   ʤʦʞʥʘ ʪʘʢʦʞ 

ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʧʦʣʷʨʥʽʡ ʬʦʨʤʽ polar(), ʜʝ r ʻ ʤʦʜʫʣʴ, ʘ  ʘʨʛʫʤʝʥʪ ʢʦʤ-

ʧʣʝʢʩʥʦʛʦ ʯʠʩʣʘ. ʊʘʢ, ʜʣʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʚʠʨʘʟʫ ʤʘʻʤʦ: 

[> convert( % , polar );  

 

ɿʘ ʜʦʧʦʤʦʛʦʶ MAPLE ʤʦʞʥʘ ʟʥʘʭʦʜʠʪʠ ʯʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ ʙʘʛʘʪʴʦʭ 

ʩʧʝʮʽʘʣʴʥʠʭ ʬʫʥʢʮʽʡ ʪʘ ʢʦʥʩʪʘʥʪ.  ʅʘʧʨʠʢʣʘʜ, ʦʙʯʠʩʣʠʤʦ ʟʥʘʯʝʥʥʷ - ʦʩ-

ʥʦʚʫ ʥʘʪʫʨʘʣʴʥʦʛʦ ʣʦʛʘʨʠʬʤʘ ʟ ʪʦʯʥʽʩʪʶ ʜʦ 40 ʟʥʘʢʽʚ:   

[> evalf( exp(1.0), 40 );  

 

ɿʥʘʯʝʥʥʷ  ɻʘʤʘ ï ʬʫʥʢʮʽʾ ʧʨʠ ʘʨʛʫʤʝʥʪʽ 2,5 :  

[> evalf( GAMMA(2.5) );  

 

ʏʠʩʣʦ  ʟ ʪʦʯʥʽʩʪʶ ʜʦ 500 ʟʥʘʢʽʚ:  

[> evalf( Pi, 500 );  

ɸʣʛʝʙʨʘʾʯʥʽ ʦʙʯʠʩʣʝʥʥʷ  

MAPLE ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ ʦʙʨʦʙʣʷʪʠ ʘʣʛʝʙʨʘʾʯʥʽ ʚʠʨʘʟʠ ʽ 

ʧʨʝʜʩʪʘʚʣʷʪʠ ʾʭ ʫ ʟʨʫʯʥʽʡ ʬʦʨʤʽ, ʰʣʷʭʦʤ ʩʧʨʦʱʝʥʴ ʪʘ ʧʝʨʝʪʚʦʨʝʥʴ. ʄʦʞʥʘ 

ʨʦʟʢʣʘʜʘʪʠ ʘʣʛʝʙʨʘʾʯʥʽ ʚʠʨʘʟʠ ʥʘ ʤʥʦʞʥʠʢʠ, ʩʧʨʦʱʫʚʘʪʠ ʪʨʠʛʦʥʦʤʝʪʨʠʯʥʽ 

ʚʠʨʘʟʠ ʪʘ ʥʘʜʘʚʘʪʠ ʾʤ ʨʽʟʥʽ ʬʦʨʤʠ:  

ʈʦʟʢʣʘʜʘʥʥʷ ʪʘ ʬʘʢʪʦʨʠʟʘʮʽʷ ʚʠʨʘʟʽʚ.  
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ʇʦʟʥʘʯʠʤʦ ʙʽʥʦʤ   ʙʫʢʚʦʶ A ʽ ʟʘʜʘʤʦ ʚʠʨʘʟ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʦʤʘʥʜʠ MAPLE:  

[> A:= (x+y)^15;  

 

ʎʝʡ ʚʠʨʘʟ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʨʦʟʛʦʨʥʫʪʦʤʫ  ʚʠʛʣʷʜʽ ʟʘ ʜʦʧʦʤʦ-

ʛʦʶ ʢʦʤʘʥʜʠ:  

[> expand(A);  
 

ɼʣʷ ʟʛʦʨʪʘʥʥʷ ʪʘʢʦʛʦ ʚʠʛʣʷʜʫ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʢʦʤʘʥʜʫ factor  

ʽ, ʪʘʢʠʤ ʯʠʥʦʤ, ʧʝʨʝʚʽʨʠʪʠ ʨʝʟʫʣʴʪʘʪ ʜʽʾ ʧʦʧʝʨʝʜʥʴʦʾ ʢʦʤʘʥʜʠ.  

[> factor(%);  

 
ʉʧʨʦʱʝʥʥʷ ʚʠʨʘʟʽʚ 

ʐʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ ʪʦʪʦʞʥʦʩʪʝʡ, MAPLE ʤʦʞʝ ʩʧʨʦʱʫ-

ʚʘʪʠ ʛʨʦʤʽʟʜʢʽ ʚʠʨʘʟʠ. ɼʣʷ ʧʨʠʢʣʘʜʫ ʨʦʟʛʣʷʥʝʤʦ ʪʨʠʛʦʥʦʤʝʪʨʠʯʥʠʡ ʚʠʨʘʟ, 

ʷʢʠʡ ʤʘʻ ʚʠʛʣʷʜ:  

.  

ɼʣʷ ʮʽʻʾ ʤʝʪʠ  ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʦʤʘʥʜʘ simplify  -  ʩʧʨʦʩʪʠʪʠ:   

[> simplify( cos(x)^5 + sin(x)^4 + 2*cos(x )^2 -  

2*sin(x)^2 -  cos(2*x) );  

ɺ ʨʝʟʫʣʴʪʘʪʽ,  ʦʪʨʠʤʫʻʤʦ: 

 

ɯʥʰʠʡ ʩʧʦʩʽʙ ʩʧʨʦʱʝʥʥʷ ʘʣʛʝʙʨʘʾʯʥʠʭ ʚʠʨʘʟʽʚ ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʨʠʩ-

ʪʘʥʥʽ ʢʦʤʘʥʜʠ normal , ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʾ ʧʨʦʚʦʜʠʪʴʩʷ ʩʢʦʨʦʯʝʥʥʷ ʥʘ ʟʘ-

ʛʘʣʴʥʽ ʤʥʦʞʥʠʢʠ ʫ ʯʠʩʝʣʴʥʠʢʫ ʪʘ ʟʥʘʤʝʥʥʠʢʫ, ʪʦʙʪʦ ʚʠʨʘʟ ʧʨʠʡʤʘʻ ñʥʦʨ-

ʤʘʣʴʥʠʡò ʚʠʛʣʷʜ. ʅʘʧʨʠʢʣʘʜ:  

[> normal( (x^3 - y^3)/(x^2+x - y- y^2) );  

 
 

ɺʚʝʜʝʥʥʷ ʧʦʟʥʘʯʝʥʴ ʜʣʷ ʟʤʽʥʥʠʭ  

ʇʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʨʽʟʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʦʙʯʠʩʣʝʥʴ ʯʘʩʪʦ ʙʫʚʘʻ 

ʟʨʫʯʥʦ ʚʚʦʜʠʪʠ ʩʢʦʨʦʯʝʥʫ ʥʘʟʚʫ ʜʣʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʚʠʨʘʟʫ, ʆʩʦʙʣʠʚʦ ʮʝ 

ʢʦʨʠʩʥʦ, ʢʦʣʠ ʪʘʢʽ ʚʠʨʘʟʠ ʛʨʦʤʽʟʜʢʽ ʽ ʤʽʩʪʷʪʴ ʙʘʛʘʪʦ ʤʘʪʝʤʘʪʠʯʥʠʭ ʦʧʝʨʘ-

ʮʽʡ. ʅʘʧʨʠʢʣʘʜ, ʟʘʧʠʰʝʤʦ ʚʠʨʘʟ ʽ ʟʘʧʘʤôʷʪʘʻʤʦ ʡʦʛʦ 

( ) + x y 15

 := expr ( ) + x y 15

x15 15y x14 105y2 x13 455y3 x12 1365y4 x11 3003y5 x10 5005y6 x9 6435y7 x8 +  +  +  +  +  +  + 

6435y8 x7 5005y9 x6 3003y10 x5 1365y11 x4 455y12 x3 105y13 x2 +  +  +  +  +  + 

15y14 x y15 +  + 

( ) + x y 15

 +  +  -  - ( )cos x 5 ( )sin x 4 2 ( )cos x 2 2 ( )sin x 2 ( )cos 2 x

 + ( )cos x 5 ( )cos x 4

 +  + x2 y x y2

 +  + x 1 y

( ) +  + 41x2 x 1
2

( ) - 2 x 1



 

ʧʽʜ ʽʤôʷʤ . ɼʣʷ ʧʦʟʥʘʯʝʥʥʷ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʙʫʜʴ ï ʷʢʫ ʣʽʪʝʨʫ, 

ʘʙʦ ʾʭ ʢʦʤʙʽʥʘʮʽʶ, ʢʨʽʤ ʪʠʭ, ʷʢʽ ʧʦʟʥʘʯʘʶʪʴ ʚʙʫʜʦʚʘʥʽ ʬʫʥʢʮʽʾ  e, I ʪʘ Pi, ʘ 

ʪʘʢʦʞ ln, log, sin ʽ ʪ.ʜ. ʋ ʧʦʜʘʣʴʰʦʤʫ MAPLE  ʦʧʝʨʫʻ ʽʟ ʚʢʘʟʘʥʠʤ ʚʠʨʘʟʦʤ 

ʧʽʜ ʽʤôʷʤ ʩʘʤʝ   

[> expr1 := (41*x^2+x+ 1)^2*(2*x - 1);# expr ï ʩʢʦʨʦʯʝʥʥʷ 

ʚʽʜ ʘʥʛʣʽʡʩʴʢʦʛʦ ʩʣʦʚʘ expression -  ʚʠʨʘʟ 

 

ɺʠʢʦʨʠʩʪʘʻʤʦ ʢʦʤʘʥʜʫ expand  ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ  ʽ ʟʘ-

ʧʘʤôʷʪʘʻʤʦ ʨʝʟʫʣʴʪʘʪ ʾʾ ʚʠʢʦʥʘʥʥʷ ʧʽʜ ʽʤôʷʤ . :  
expr2 := expand(expr1);  

 

ʆʙʯʠʩʣʠʤʦ ʚʠʨʘʟ  ʧʨʠ  x=1. (ʆʩʦʙʣʠʚʽʩʪʶ ʻ ʥʘʧʠʩʘʥʥʷ ʢʦʤʘʥ-

ʜʠ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ eval (ʚʽʜ evaluate ï ʦʙʯʠʩʣʠʪʠ), ʘ ʥʝ 

evalf!):  

[> eval(expr2 , x=1 );   

 

ʅʘʩʪʫʧʥʠʡ ʧʨʠʢʣʘʜ ʽʣʶʩʪʨʫʻ ʢʦʨʠʩʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʟʥʘʯʝʥʴ ʜʷ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʚʠʨʘʟʽʚ:  

[> top := expr2;#  top ï ʚʝʨʭʥʷ ʯʘʩʪʠʥʘ 

 

[> bottom := expand((3*x+5)*(2*x - 1));#bottom ï ʥʠʞʥʷ ʯʘʩ-

ʪʠʥʘ 

 

[> answer := normal( top/bottom );  

 
[> convert(answer, parfrac, x);  

 

ʆʩʪʘʥʥʷ ʢʦʤʘʥʜʘ ʚʠʜʽʣʷʻ ʮʽʣʫ ʯʘʩʪʠʥʫ ʫ ʘʣʛʝʙʨʘʾʯʥʦʤʫ ʜʨʦʙʫ.  

ʇʝʨʝʪʚʦʨʝʥʥʷ ʚʠʨʘʟʽʚ ʜʦ ʨʽʟʥʠʭ ʬʦʨʤ  

ʂʦʤʘʥʜʘ ʧʝʨʝʪʚʦʨʝʥʥʷ convert  ʜʦʟʚʦʣʷʻ ʧʝʨʝʭʦʜʠʪʠ ʚʽʜ ʦʜʥʽʻʾ ʬʦʨ-

ʤʠ ʚʠʨʘʟʫ ʜʦ ʽʥʰʦʾ ʇʦʚʥʠʡ ʩʧʠʩʦʢ ʤʦʞʣʠʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ 

ʩʪʦʨʽʥʮʽ ñHelpò. ʅʘʧʨʠʢʣʘʜ, ʧʦʪʨʽʙʥʦ ʧʝʨʝʪʚʦʨʠʪʠ ʨʘʮʽʦʥʘʣʴʥʫ ʬʫʥʢʮʽʶ 

. ɿʘʧʠʰʝʤʦ ʮʝʡ ʚʠʨʘʟ ʫ ʢʦʤʘʥʜʥʽʡ ʩʪʨʽʯʮʽ:  

[> my_expr := (a*x^2+b)/(x*( - 3*x^2 - x+4));  

expr1

expr1

 := expr1 ( ) +  + 41x2 x 1
2

( ) - 2 x 1

expr1

expr2

 := expr2  -  +  -  - 3362x5 1517x4 84x3 79x2 1

expr2

1849

 := top  -  +  -  - 3362x5 1517x4 84x3 79x2 1

 := bottom  +  - 6 x2 7 x 5

 := answer
 +  +  +  + 1681x4 82x3 83x2 2 x 1

 + 3 x 5

 -  +  -  + 
1681

3
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9
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 + 243x 405
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x ( )-  -  + 3 x2 x 4



 

 

ɼʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʮʴʦʛʦ ʚʠʨʘʟʫ ʫ ʯʘʩʪʢʦʚʠʡ ʜʨʽʙ ʚʚʝʜʝʤʦ ʢʦʤʘʥʜʫ  

[> convert( my_expr, parfrac, x );  # parfrac ï ʩʢʦʨʦʯʝʥʥʷ 

ʚʽʜ  partial fraction ï ʯʘʩʪʢʦʚʠʡ ʜʨʽʙ. 

 

 

ʋ ʥʘʩʪʫʧʥʦʤʫ ʧʨʠʢʣʘʜʽ ʧʨʠʚʦʜʠʪʴʩʷ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʪʨʠʛʦʥʦʤʝʪʨʠ-

ʯʥʦʾ ʬʫʥʢʮʽʾ ʚ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʽʡ ʬʦʨʤʽ:  

[> convert( cot(x), exp );  

 

ʊʫʪ ʩʠʤʚʦʣ I ʦʟʥʘʯʘʻ ʫʷʚʥʫ ʦʜʠʥʠʮʶ:1-=I  

ʈʦʟʚôʷʟʦʢ ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ ʪʘ ʩʠʩʪʝʤ ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ.   

MAPLE ʜʦʟʚʦʣʷʻ ʣʝʛʢʦ ʟʥʘʭʦʜʠʪʠ ʨʦʟʚôʷʟʢʠ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʨʽʚʥʷʥʴ 

ʪʘ ʾʭ ʩʠʩʪʝʤ.  

ʈʦʟʚôʷʟʦʢ ʨʽʚʥʷʥʴ.  

ɺʠʢʦʨʠʩʪʘʻʤʦ MAPLE ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʨʦʟʚôʷʟʢʫ ʨʽʚʥʷʥʥʷ 

 .  

ɿʘʠʧʠʰʝʤʦ ʮʝ ʨʽʚʥʷʥʷ (ʚʠʢʦʨʠʩʪʘʚʰʠ ʧʦʟʥʘʯʝʥʥʷ eqn , ʚʽʜ  equation 

(ʨʽʚʥʷʥʥʷ)):: 

[> eqn := x^3 - 1/2*a *x^2+13/3*x^2 = 13/6*a*x+10/3*x - 5/3*a;  

 

ɿʘʧʠʩʫʻʤʦ ʢʦʤʘʥʜʫ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʨʦʟʚôʷʟʢʽʚ ʮʴʦʛʦ ʢʫʙʽʯʥʦʛʦ ʨʽ-

ʚʥʷʥʥʷ: 

[> solve( eqn, {x} );  

 

ʇʝʨʝʚʽʨʠʤʦ ʧʨʘʚʠʣʴʥʽʩʪʴ ʟʥʘʡʜʝʥʠʭ ʨʦʟʚôʷʟʢʽʚ ʥʘ ʧʨʠʢʣʘʜʽ ʦʜʥʦʛʦ 

ʽʟ ʢʦʨʝʥʽʚ, ʘ ʩʘʤʝ x=(1/2)a:  

[> eval( eqn , x=1/2*a );  

 

ʈʦʟʚôʷʟʦʢ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʷʴ. 

ʈʦʟʛʣʷʥʝʤʦ ʥʘʙʽʨ ʯʦʪʠʨʴʦʭ ʨʽʚʥʷʥʴ ʟ ʧôʷʪʴʤʘ ʥʝʚʽʜʦʤʠʤʠ, ʧʦʟʥʘʯʠ-

ʚʰʠ ʾʭ ʩʢʦʨʦʯʝʥʦ eqn: 

 := my_expr
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[> eqn1 := a+2*b+3*c+4*d+5*e=41;  

 

[> eqn2 := 5*a+5*b+4*c+3*d+2*e=20;  

 

[> eqn3 := 3*b+4*c - 8*d+2*e=125;  

 

[> eqn4 := a+b+c+d+e=9;  

 

ʂʦʤʘʥʜʘ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʨʦʟʚôʷʟʢʽʚ ʮʽʻʾ ʩʠʩʪʝʤʠ, ʪʦʙʪʦ ʟʥʘʭʦ-

ʜʞʝʥʥʷ ʚʝʣʠʯʠʥ a,b,c ʪʘ d ʚʠʛʣʷʜʘʻ ʪʘʢ (solve ï ʨʦʟʚôʷʟʘʪʠ):  

[> solve( {eqn1, eqn2, eqn3, eqn4}, {a, b, c, d} );  

 

ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʧʨʘʚʠʣʴʥʦʩʪʽ ʨʦʟʚôʷʟʢʽʚ ʦʙʯʠʩʣʠʤʦ ʜʚʘ ʽʟ ʨʽʚʥʷʥʴ ʧʨʠ 

ʟʥʘʡʜʝʥʠʭ ʟʥʘʯʝʥʥʷʭ  ʢʦʨʝʥʽʚ:  

[> eval( {eqn1, eqn2} , % );  

 

ʋ ʥʘʩʪʫʧʥʠʭ ʧʨʠʢʣʘʜʘʭ MAPLE ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ 

ʨʦʟʚôʷʟʢʽʚ ʽʥʰʦʛʦ ʚʠʜʫ ʨʽʚʥʷʥʥʷ, ʘ ʩʘʤʝ ʷʢʝ ʤʽʩʪʠʪʴ ʪʨʠʛʦʥʦʤʝʪʨʠʯʥʽ ʬʫʥ-

ʢʮʽʾ: arccos(x) -  arctan(x)= 0  . ʄʘʻʤʦ: 

[> solve( arccos(x) -  arctan(x)= 0,  {x} );  

 

ʈʦʟʛʣʷʥʝʤʦ ʚʠʧʘʜʦʢ ʨʽʚʥʷʥʥʷ, ʷʢʝ ʤʽʩʪʠʪʴ ʘʙʩʦʣʶʪʥʝ ʟʥʘʯʝʥʥʷ (abs 

= absolute): .  

[> abs((z+abs(z+2))^2 - 1)^2 = 9;  

 
[> solve(abs((z+abs(z+2))^2 - 1 )^2 = 9,{z});  

 
 

ʈʦʟʚôʷʟʦʢ ʥʝʨʽʚʥʦʩʪʝʡ 

ʅʘʩʪʫʧʥʽ ʧʨʠʢʣʘʜʠ ʧʦʢʘʟʫʶʪʴ, ʥʘʩʢʽʣʴʢʠ ʧʨʦʩʪʦ ʟʥʘʭʦʜʷʪʴʩʷ 

ʨʦʟʚôʷʟʢʠ ʥʝʨʽʚʥʦʩʪʝʡ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ MAPLE.  ʅʝʭʘʡ ʧʦʪʨʽʙʥʦ ʟʥʘʡʪʠ 

ʟʥʘʯʝʥʥʷ ʭ ʪʘ ʫ, ʷʢʽ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʥʝʨʽʚʥʦʩʪʽ:  . ʄʘʻʤʦ: 

[> solve( {x^2<1, y^2<=1, x+y<1/2}, {x,y} );  

 := eqn1  =  +  +  +  + a 2 b 3 c 4 d 5 e 41

 := eqn2  =  +  +  +  + 5 a 5 b 4 c 3 d 2 e 20

 := eqn3  =  +  -  + 3 b 4 c 8 d 2 e 125

 := eqn4  =  +  +  +  + a b c d e 9
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ɯʥʰʠʡ ʧʨʠʢʣʘʜ ʥʝʨʽʚʥʦʩʪʽ (inequality = ineq) , ʇʦʪʨʽ-

ʙʥʦ ʟʥʘʡʪʠ ʟʥʘʯʝʥʥʷ ʭ, ʚʠʨʘʟʠʚʰʠ ʡʦʛʦ ʯʝʨʝʟ ʫ. ʆʪʨʠʤʘʻʤʦ:  

[> ineq := x+y+4/(x+y) < 10;  

 

[> solve( ineq, {x} );  

 

 

12.3.2 ɻʨʘʬʽʯʥʽ ʟʦʙʨʘʞʝʥʥʷ ʬʫʥʢʮʽʡ  

ɿʘ ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤʠ MAPLE   ʤʦʞʥʘ ʙʫʜʫʚʘʪʠ ʷʢ ʜʚʦʚʠʤʽʨʥʽ ʪʘʢ 

ʽ ʪʨʠʚʠʤʽʨʥʽ ʛʨʘʬʽʢʠ. ɼʫʞʝ ʮʽʥʥʠʤ ʻ ʪʝ, ʱʦ ʫ ʜʘʥʽʡ ʩʠʩʪʝʤʽ ʻ ʤʦʞʣʠʚʽʩʪʴ 

ʙʫʜʫʚʘʪʠ ʛʨʘʬʽʢʠ ʬʫʥʢʮʽʡ ʟʘʜʘʥʠʭ ʥʝʷʚʥʠʤ ʯʠʥʦʤ.  ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ 

ʙʽʣʴʰʽʩʪʴ ʛʨʘʬʽʯʥʠʭ ʢʦʤʘʥʜ ʧʦʪʨʝʙʫʻ ʥʝ ʤʝʥʰʝ  8 ʄɹ ʧʘʤôʷʪʽ.  

ʉʧʦʨʽʜʥʝʥʽ ʬʫʥʢʮʽʾ ʫ  MAPLE ʟʛʨʫʧʦʚʘʥʽ ʚ ʧʘʢʝʪʠ. ɿʚʝʨʪʘʪʠʩʷ ʜʦ 

ʮʠʭ ʬʫʥʢʮʽʡ ʫ ʙʽʙʣʽʦʪʝʯʥʦʤʫ ʧʘʢʝʪʽ ʤʦʞʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʘʥʜʠ with . 

ʅʘʧʨʠʢʣʘʜ: 

[> with(plots):  

[> with(plottools):  

ʇʽʩʣʷ ʪʘʢʦʛʦ ʟʚʝʨʥʝʥʥʷ ʜʦ ʚʽʜʧʦʚʽʜʥʦʛʦ ʙʽʙʣʽʦʪʝʯʥʦʛʦ ʧʘʢʝʪʫ ʚʚʦ-

ʜʠʪʴʩʷ ʥʝʦʙʭʽʜʥʘ ʢʦʤʘʥʜʘ ʧʦʙʫʜʦʚʠ ʛʨʘʬʽʢʘ. ʗʢʱʦ ʧʽʩʣʷ ʢʦʤʘʥʜʠ with(   

)  ʩʪʘʚʠʪʠ ʥʝ ʜʚʽ ʢʨʘʧʢʠ, ʘ ʢʨʘʧʢʫ ʟ ʢʦʤʦʶ, ʪʦ ʚ ʨʦʙʦʯʦʤʫ ʚʽʢʥʽ ʟôʷʚʠʪʴʩʷ 

ʩʧʠʩʦʢ ʬʫʥʢʮʽʡ, ʜʦʩʪʫʧʥʠʭ ʫ ʜʘʥʦʤʫ ʧʘʢʝʪʽ.  

 

 

 

ɼʚʦʚʠʤʽʨʥʽ ʛʨʘʬʽʢʠ 

ɼʚʦʚʠʤʽʨʥʽ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʽ ʟʘʩʦʙʠ MAPLE ʜʦʟʚʦʣʷʶʪʴ ʙʫʜʫʚʘʪʠ 

ʛʨʘʬʽʢʠ (plot) ʫ ʨʽʟʥʠʭ ʩʠʩʪʝʤʘʭ ʢʦʦʨʜʠʥʘʪ (ʧʨʷʤʦʢʫʪʥʽ, ʧʦʣʷʨʥʽ) ʫ ʨʽʟʥʠʭ 

ʤʘʩʰʪʘʙʘʭ ʧʦ ʦʩʷʭ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʣʦʛʘʨʠʬʤʽʯʥʽ,  ʥʘʧʽʚʣʦʛʘʨʠʬʤʽʯʥʽ ʽ ʪ. ʽʥ.  

ʂʨʽʤ ʪʦʛʦ, ʻ ʟʤʦʛʘ ʟʤʽʥʶʚʘʪʠ ʭʘʨʘʢʪʝʨ ʣʽʥʽʡ ʥʘ ʨʠʩʫʥʢʘʭ, ʾʭ ʢʦʣʽʨ, ʩʪʚʦʨʶ-

ʚʘʪʠ ʥʘʟʚʫ ʨʠʩʫʥʢʫ.  

[>  plot(x^2,x=-2..2,discont=true, title=èy = (x^2)è ); 
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ʅʘ ʮʴʦʤʫ ʧʨʠʢʣʘʜʽ ʚʠʜʥʦ ʷʢ MAPLE ʦʧʨʘʮʴʦʚʫʻ ʥʘʡʧʨʦʩʪʽʰʫ ʧʘʨʘ-

ʙʦʣʽʯʥʫ ʬʫʥʢʮʽʶ. 

ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʛʨʘʬʽʯʥʠʭ ʟʘʜʘʯ ʧʨʠ ʬʫʥʢʮʽʷʭ ʟʘʜʘʥʠʭ ʫ ʥʝʷʚʥʦʤʫ ʚʠʛʣʷʜʽ ʧʦʪʨʽ-

ʙʥʦ ʟʚʝʨʪʘʪʠʩʷ ʜʦ ʙʽʙʣʽʦʪʝʯʥʦʛʦ ʧʘʢʝʪʫ with(plots). ɻʨʘʬʽʢ ʬʫʥʢʮʽʾ ʙʝʟ ʪʦʯʥʦʛʦ 

ʨʦʟʚôʷʟʢʫ ʚʽʜʥʦʩʥʦ ʙʫʜʴ ï ʷʢʦʾ ʟʤʽʥʥʦʾ ʙʫʜʫʻʪʴʩʷ ʧʽʩʣʷ ʢʦʤʘʥʜʠ implicitplot  

(implicit ï ʥʝʷʚʥʠʡ).  

ʅʘʚʝʜʝʤʦ ʧʨʠʢʣʘʜ ʦʜʥʦʯʘʩʥʦʾ ʧʦʙʫʜʦʚʠ ʛʨʘʬʽʢʽʚ ʜʚʦʭ ʬʫʥʢʮʽʡ ʟʘ-

ʜʘʥʠʭ ʥʝʷʚʥʠʤ ʯʠʥʦʤ: ʢʦʣʦ ʟ ʦʜʠʥʠʯʥʠʤ ʨʘʜʽʫʩʦʤ  ʪʘ ʝʢʩʧʦʥʝʥʮʽ-

ʘʣʴʥʦʾ ʬʫʥʢʮʽʾ .  

ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʢʦʤʘʥʜ ʪʘʢʘ:  

[> with(plots):  

[> implicitplot( { x^2+y^2=1, y=exp(x) }, x= - Pi..Pi, y= -

Pi..Pi);  

 

 =  + x2 y2 1

 = y ex



 

 
 

ʅʘʩʪʫʧʥʠʡ ʧʨʠʢʣʘʜ ʥʘʚʝʜʝʤʦ ʜʣʷ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʛʨʘʬʽʢ ʙʫʜʫʻʪʴʩʷ ʫ 

ʧʦʣʷʨʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ:  

[> with(plots):  

implicitplot(r = 1 -  cos(theta), 

r=0..2,theta=0..2*Pi,coords=polar);  

 

 

ʊʘʢʠʤ ʯʠʥʦʤ ʢʦʤʘʥʜʘ implicitplot ʚʚʦʜʠʪʴʩʷ ʫ ʪʘʢʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ:   

implicitplot(f,a..b,c..d,<options[>) ʜʝ  ʧʘʨʘʤʝʪʨʠ: f -  ʨʽʚʥʷʥʥʷ, ʷʢʝ 

ʤʘʻ ʙʫʪʠ ʟʦʙʨʘʞʝʥʦ ʛʨʘʬʽʯʥʦ,  a,b,c,d ï ʜʽʡʩʥʽ ʢʦʥʩʪʘ-



 

ʥʪʠ, ʘ ʦptions ï ʦʧʮʽʾ ʷʢʽ ʚʢʘʟʫʶʪʴ ʥʘ ʜʝʪʘʣʽ ʨʠʩʫʥʢʘ (ʜʠʚ. ʩʪʦʨʽʥʢʫ ʜʣʷ 

ʛʨʘʬʽʢʘ [options] ʫ ñHelpò.  

ɼʣʷ ʧʦʙʫʜʦʚʠ ʛʨʘʬʽʢʽʚ, ʚ ʷʢʠʭ ʟʥʘʯʝʥʥʷ ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʪʘ ʚʝʨ-

ʪʠʢʘʣʴʥʽʡ ʦʩʷʭ ʚʽʜʢʣʘʜʝʥʽ ʫ ʣʦʛʘʨʠʬʤʽʯʥʦʤʫ ʤʘʩʰʪʘʙʽ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʢʦʤʘʥʜʘ loglogplot(f(x),x=a..b), ʜʝ  f ï ʜʽʡʩʥʘ ʬʫʥʢʮʽʷ x ʘ a ʪʘ..b ï ʦʙʣʘʩʪʴ 

ʟʥʘʯʝʥʴ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʦʩʽ, ʚ ʷʢʽʡ ʙʫʜʫʻʪʴʩʷ ʛʨʘʬʽʢ  f.  

ʇʨʠ ʮʴʦʤʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʢʦʤʘʥʜ ʪʘʢʘ:  

[> with(plots):  

loglogplot(10^x,x=1..10);  

loglogplot(cos(x) + sin(x), x=1..Pi);  

ʂʦʣʠ  ʥʝʦʙʭʽʜʥʦ ʙʫʜʫʚʘʪʠ ʛʨʘʬʽʢʠ ʟ ʣʦʛʘʨʠʬʤʽʯʥʠʤ ʤʘʩʰʪʘʙʦʤ ʧʦ 

ʦʜʥʽʡ ʽʟ ʦʩʝʡ, ʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʢʦʤʘʥʜʠ: 

ɺ ʣʦʛʘʨʠʬʤʽʯʥʦʤʫ ʤʘʩʰʪʘʙʽ ʚʽʜʢʣʘʜʝʥʽ ʟʥʘʯʝʥʥʷ ʧʦ ʚʝʨʪʠʢʘʣʴʥʽʡ 

ʦʩʽ:  

[> logplot(x - [>10^x,1..10);  

logplot(cos + sin, 0..Pi);  

ɿ ʚʠʟʥʘʯʝʥʥʷʤ ʢʦʣʴʦʨʫ ʣʽʥʽʡ: 

[> logplot([x,tan(x),x=1..10], color = green);  

logplot([cos,sin, - Pi..Pi], color = yellow);  

ʋ ʚʠʧʘʜʢʫ ʦʜʥʦʯʘʩʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʜʝʢʽʣʴʢʦʭ ʬʫʥʢʮʽʡ ʥʘ ʦʜʥʦʤʫ 

ʨʠʩʫʥʢʫ: 

[> logplot({ x - [>2^(sin(x)), x - [>2^(cos(x))}, 

1..10);  

ɺʠʧʘʜʦʢ, ʢʦʣʠ ʬʫʥʢʮʽʷ ʟʘʜʘʥʘ ʪʦʯʢʘʤʠ: 

[> logplot([1,2],[3,4],[5,6],[7,8]]);  

ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʥʝʦʙʭʽʜʥʦ ʚʽʜʦʙʨʘʟʠʪʠ ʛʦʨʠʟʦʥʪʘʣʴʥʫ ʚʽʩʴ ʫ ʣʦʛʘ-

ʨʠʬʤʽʯʥʦʤʫ ʤʘʩʰʪʘʙʽ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʦʤʘʥʜʘ semilogplot  . 

ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʢʦʤʘʥʜ ʤʘʻ ʚʠʛʣʷʜ:  

[> with(plots):  

[> semilogplot(cos(x) + sin(x), x=1..2*Pi);  

ʇʨʠ ʦʜʥʦʯʘʩʥʦʤʫ ʟʦʙʨʘʞʝʥʥʽ ʜʝʢʽʣʴʢʦʭ ʬʫʥʢʮʽʡ ʥʘ ʦʜʥʦʤʫ ʛʨʘʬʽʢʫ 

ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʢʦʤʘʥʜ:  

[> with (plots):  

F:=plot(cos(x),x= - Pi..Pi,y= - Pi..Pi,style=line):  

G:=plot(tan(x),x= - Pi..Pi,y= - Pi..Pi,style=point):  

display({F,G},axes=boxed, title=óCosine and 

Tangentó); 



 

ʊʨʠʚʠʤʽʨʥʽ ʛʨʘʬʽʢʠ 

MAPLE ʜʘʻ ʟʤʦʛʫ ʙʫʜʫʚʘʪʠ ʛʨʘʬʽʯʥʽ ʧʦʚʝʨʭʥʽ ʪʘ ʢʨʠʚʽ ʚ ʪʨʴʦʭ ʚʠ-

ʤʽʨʘʭ. ʋ ʪʘʢʦʤʫ ʛʨʘʬʽʢʫ ʤʦʞʥʘ ʟʤʽʥʶʚʘʪʠ ʰʨʠʬʪ, ʢʦʣʽʨ ʪʘ ʷʩʢʨʘʚʽʩʪʴ. ʇʦ-

ʙʫʜʫʻʤʦ ʛʨʘʬʽʢ ʬʫʥʢʮʽʾ  

ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʢʦʤʘʥʜ ʥʘʩʪʫʧʥʘ: 

[>with(plots): 

[> plot3d( x*exp( - x^2 - y^2), x= - 2..2, y= - 2..2, axes=BOXED,  

title=èA Surface Plotè ); 

ʆʩʪʘʥʥʷ ʢʦʤʘʥʜʘ title=èA Surface Plotè ʫ ʜʨʫʛʽʡ ʢʦʤʘʥʜʥʽʡ 

ʩʪʨʽʯʮʽ ʦʟʥʘʯʘʻ, ʱʦ ʥʘ ʛʨʘʬʽʢʫ ʙʫʜʝ ʚʽʜʦʙʨʘʞʝʥʘ ʥʘʟʚʘ ʛʨʘʬʽʢʫ 

ʘʥʛʣʽʡʩʴʢʦʶ ʤʦʚʦʶ. ʅʘʟʚʘ ʤʦʞʝ ʙʫʪʠ ʥʘʧʠʩʘʥʘ ʙʫʜʴ ï ʷʢʦʶ ʤʦʚʦʶ.  

 
ɼʣʷ ʟʜʽʡʩʥʝʥʥʷ ʧʦʚʦʨʦʪʫ ʛʨʘʬʽʢʫ, ʱʦ ʙʫʚʘʻ ʽʥʢʦʣʠ ʥʝʦʙʭʽʜʥʦ ʜʣʷ 

ʢʨʘʱʦʛʦ ʨʦʟʫʤʽʥʥʷ ʘʥʘʣʽʪʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʫʨʩʦʨ 

ʤʠʰʽ, ʷʢʠʡ ʨʦʟʤʽʱʫʻʪʴʩʷ ʚ ʟʦʥʽ ʛʨʘʬʽʢʘ, ʘʣʝ ʥʝ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʧʦʚʝʨʭʥʽ. 

ʇʦʚʦʨʦʪ ʛʨʘʬʽʢʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʣʷʭʦʤ ʧʝʨʝʤʽʱʝʥʥʷ ʢʫʨʩʦʨʘ ʧʨʠ ʥʘʪʠʩʥʫ-

ʪʽʡ ʣʽʚʽʡ ʢʣʘʚʽʰʽ ʤʠʰʽ.  

ʇʨʠ ʦʜʥʦʯʘʩʥʦʤʫ ʟʦʙʨʘʞʝʥʥʽ ʜʝʢʽʣʴʢʦʭ ʧʦʚʝʨʭʦʥʴ ʥʘ ʦʜʥʦʤʫ ʨʠʩʫ-

ʥʢʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʢʦʤʘʥʜʠ, ʧʦʜʽʙʥʽ ʨʦʟʛʣʷʥʫʪʠʤ ʫ ʜʚʦʚʠʤʽʨʥʦʤʫ ʚʠ-

ʧʘʜʢʫ:  

[> with(plots):  

F:=plot3d(sin(x*y),x= - Pi..Pi,y= - Pi..Pi):  

G:=plot3d(x + y,x= - Pi..Pi,y= - Pi..Pi):  

H:=plot3d([2*sin( t)*cos(s),2*cos(t)*cos(s),2*sin

(s)],s=0..Pi,t= - Pi..Pi):  

 = z x e
( )-  - x

2
y
2



 

display({F,G,H});  

ʄʫʣʴʪʠʧʣʽʢʘʮʽʷ  

ɼʣʷ ʽʣʶʩʪʨʘʮʽʾ ʛʨʘʬʽʯʥʦ ʟʦʙʨʘʞʝʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, 

ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʢʦʤʘʥʜʫ animate.  ʅʘʧʨʠʢʣʘʜ:  

[> with(plots):  

[>animate( sin(x*t),x= - 10..10,t=1..2,frames=50); 

# ʘʥʽʤʘʮʽʷ ʜʚʦʚʠʤʽʨʥʦʛʦ ʛʨʘʬʽʢʘ 

[> animate3d( cos(t*x)*sin(t*y), x= - Pi..Pi, y= - Pi..Pi, 

t=1..2 );#  ʘʥʽʤʘʮʽʷ ʪʨʠʚʠʤʽʨʥʦʛʦ ʛʨʘʬʽʢʘ 

ɼʣʷ ʧʦʯʘʪʢʫ ʤʫʣʴʪʠʧʣʽʢʘʮʽʾ ʩʧʦʯʘʪʢʫ ʧʦʪʨʽʙʥʦ ʘʢʪʠʚʽʟʫʚʘʪʠ ʛʨʘʬʽʢ, 

ʧʽʩʣʷ ʯʦʛʦ ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʾ ʧʘʥʝʣʽ ʟôʷʚʣʷʻʪʴʩʷ ʤʝʥʶ 

Animation. ʋ ʮʴʦʤʫ ʤʝʥʶ ʚʠʙʠʨʘʻʪʴʩʷ ʢʦʤʘʥʜʘ Play. ɼʣʷ ʟʫʧʠʥʢʠ ʘʥʽʤʘʮʽʾ ʽʟ ʪʦʛʦ 

ʞ  ʤʝʥʶ ʚʠʙʠʨʘʻʪʴʩʷ ʢʦʤʘʥʜʘ Stop. ɸʥʽʤʘʮʽʷ ʤʦʞʝ ʧʨʦʚʦʜʠʪʠʩʴ ʫ ʨʝʞʠʤʽ ʦʜʥʦʛʦ 

ʮʠʢʣʫ (ʢʦʤʘʥʜʘ ñSingle cycleò), ʘʙʦ ʥʝʧʝʨʝʨʚʥʦʤʫ ʨʝʞʠʤʽ (ʢʦʤʘʥʜʘ ñContinuousò). 

ɺʢʘʟʘʥʽ ʢʦʤʘʥʜʠ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʤʝʥʶ Animation. ʎʝʡ ʚʠʜ ʛʨʘʬʽʯʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ 

ʢʦʨʠʩʥʠʡ ʜʣʷ ʘʥʘʣʽʟʫ ʚʧʣʠʚʫ ʧʘʨʘʤʝʪʨʽʚ ʫ ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʚʠʨʘʟʽ ʥʘ ʩʪʨʫʢʪʫʨʫ 

ʛʨʘʬʽʢʘ. ʋ ʥʘʚʝʜʝʥʦʤʫ ʧʨʠʢʣʘʜʽ ʜʚʦʚʠʤʽʨʥʦʛʦ ʛʨʘʬʽʢʘ ʧʽʩʣʷ ʬʫʥʢʮʽʾ sin(x*t) 

ʚʢʘʟʫʻʪʴʩʷ ʦʙʣʘʩʪʴ ʟʤʽʥʠ ʘʨʛʫʤʝʥʪʘ ʭ, ʘ ʧʦʪʽʤ ʦʙʣʘʩʪʴ 

ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʘ t.   

1.3.3 ɽʣʝʤʝʥʪʠ ʚʠʱʦʾ ʤʘʪʝʤʘʪʠʢʠ 

MAPLE ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʚʦʜʠʪʠ ʦʙʯʠʩʣʝʥʥʷ ʫ ʨʽʟʥʠʭ ʩʬʝʨʘʭ ʚʠʱʦʾ ʤʘʪʝʤʘ-

ʪʠʢʠ: ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ, ʽʥʪʝʛʨʫʚʘʥʥʷ, ʟʥʘʭʦʜʠʪʠ ʛʨʘʥʠʮʽ, ʨʦʟʢʣʘʜʝʥʥʷ ʚ ʨʷʜʠ, ʩʫʤʠ ʪʘ 

ʜʦʙʫʪʢʠ, ʽʥʪʝʛʨʘʣʴʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ (ʃʘʧʣʘʩ, ʌʫʨôʻ, ʄʝʣʣʽʥ ʪʘ ʽʥ.).  

ɼʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʪʘ ʽʥʪʝʛʨʫʚʘʥʥʷ.  

MAPLE ʜʘʻ ʟʤʦʛʫ ʧʨʦʚʦʜʠʪʠ ʦʙʯʠʩʣʝʥʥʷ ʧʦʭʽʜʥʠʭ  ʪʘ ʽʥʪʝʛʨʘʣʽʚ ʫ 

ʩʠʤʚʦʣʴʥʦʤʫ ʚʠʛʣʷʜʽ. ʅʘʧʨʠʢʣʘʜ (diff ʚʽʜ differentiate ï ʜʠʬʝʨʝʥʮʽʶʚʘʪʠ): 

[> diff(sin(x),x);  

 

[> f:=x*sin(a*x)+b*x^2;  

 

[> g:=diff(f, x);  

 
ɺʠʟʥʘʯʠʤʦ ʥʝʚʠʟʥʘʯʝʥʠʡ ʽʥʪʝʛʨʘʣ ʚʽʜ ʬʫʥʢʮʽʾ g (int ʚʽʜ integrate ï 

ʽʥʪʝʛʨʫʚʘʪʠ): 

[> f1:=int(g,x);  

 
ʉʧʨʦʩʪʠʤʦ ʮʝʡ ʚʠʨʘʟ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʘʥʜʠ simplify (ʩʧʨʦʩ-

ʪʠʪʠ) 

( )cos x

 := f  + x ( )sin a x b x2

 := g  +  + ( )sin a x x ( )cos a x a 2 b x

 := f1 -  +  + 
( )cos a x

a

 + ( )cos a x a x ( )sin a x

a
b x2



 

[> simplify(%);  

 

ʊʦʙʪʦ, ʤʠ ʦʪʨʠʤʘʣʠ ʚʠʭʽʜʥʫ ʬʫʥʢʮʽʶ f. 

ʂʦʤʘʥʜʘ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʚʠʟʥʘʯʝʥʦʛʦ ʽʥʪʝʛʨʘʣʘ, ʥʘʧʨʠʢʣʘʜ, ʤʘʻ ʚʠ-

ʛʣʷʜ:  

[> int(g,x=1..5);  

 

ɿʥʘʭʦʜʞʝʥʥʷ ʛʨʘʥʠʮʴ 

MAPLE ʤʦʞʝ ʦʙʯʠʩʣʶʚʘʪʠ ʛʨʘʥʠʮʽ ʬʫʥʢʮʽʡ, ʧʨʠ ʩʧʨʷʤʫʚʘʥʥʽ ʘʨ-

ʛʫʤʝʥʪʫ ʜʦ ʢʽʥʝʯʥʦʾ ʘʙʦ ʙʝʟʢʽʥʝʯʥʦʾ ʚʝʣʠʯʠʥʠ. ʇʨʦʛʨʘʤʘ ʨʦʟʧʽʟʥʘʻ ʪʘʢʦʞ 

ʥʝʚʠʟʥʘʯʝʥʽ ʛʨʘʥʠʮʽ.  

ʅʝʭʘʡ ʟʘʜʘʥʦ ʚʠʨʘʟ  

[> expr := (2*x+3)/(7*x+5);  

ʽ ʥʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ ʛʨʘʥʠʮʶ ʮʽʻʾ ʬʫʥʢʮʽʾ ʧʨʠ ʫʤʦʚʽ, ʱʦ ʭ ʧʨʷʤʫʻ ʜʦ 

ʙʝʟʢʽʥʝʯʥʦʩʪʽ. ɺʽʜʧʦʚʽʜʥʘ ʢʦʤʘʥʜʘ ʽ ʚʽʜʧʦʚʽʜʴ ʤʘʶʪʴ ʚʠʛʣʷʜ:  

[> limit( expr, x=infinity );  

 
ʑʝ ʦʜʠʥ ʧʨʠʢʣʘʜ: 

[> limit(sin(x)/x, x=0);  

 

ʈʦʟʢʣʘʜʘʥʥʷ ʬʫʥʢʮʽʡ ʚ ʨʷʜ ʧʦʙʣʠʟʫ ʟʘʜʘʥʦʾ ʪʦʯʢʠ 

MAPLE ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ ʥʘʙʣʠʞʝʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʬʫʥʢ-

ʮʽʡ ʫ ʚʠʛʣʷʜʽ ʨʷʜʽʚ. ʅʘʧʨʠʢʣʘʜ ʟʘʜʘʥʦ ʬʫʥʢʮʽʶ (ʫ ʧʦʟʥʘʯʝʥʥʷʭ, ʧʨʠʡʥʷʪʠʭ 

ʫ ʩʠʩʪʝʤʽ MAPLE) 

[> expr := sin(4*x)*cos(x):  

ʤʦʞʥʘ ʥʘʙʣʠʞʝʥʦ (approximately)  ʧʨʝʜʩʪʘʚʠʪʠ ʧʦʙʣʠʟʫ ʪʦʯʢʠ ʭ=0, 

ʫ ʚʠʛʣʷʜʽ ʩʪʝʧʝʥʝʚʦʛʦ ʨʷʜʫ. (ʄʦʞʥʘ ʨʦʟʛʣʷʥʫʪʠ ʨʷʜ ʨʦʟʢʣʘʜʘʥʥʷ ʧʦʙʣʠʟʫ 

ʙʫʜʴ ï ʷʢʦʾ ʪʦʯʢʠ).  ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʘʻʤʦ ʢʦʤʘʥʜʫ ʽ ʦʪʨʠʤʘʻʤʦ ʧʨʝʜʩʪʘ-

ʚʣʝʥʥʷ ʫ ʚʠʛʣʷʜʽ ʨʷʜʫ (series):  

[> approx1 := seri es( expr, x=0 );  

 

ʋ ʮʴʦʤʫ ʚʠʨʘʟʽ  ʆ(ʭ6) ʦʟʥʘʯʘʻ ʥʝʩʢʽʥʯʝʥʥʦ ʤʘʣʫ ʚʝʣʠʯʠʥʫ ʰʦʩʪʦʛʦ 

ʧʦʨʷʜʢʫ. ɯʟ ʮʴʦʛʦ ʨʷʜʫ ʦʪʨʠʤʫʻʤʦ ʧʦʣʽʥʦʤ, ʷʢʠʡ  ʥʘʙʣʠʞʝʥʦ ʩʧʽʚʧʘʜʘʻ ʽʟ 

ʬʫʥʢʮʽʻʶ expr ʧʦʙʣʠʟʫ ʪʦʯʢʠ ʭ=0.  

[> poly1 := convert( approx1, polynom );  

x ( ) + ( )sin a x b x

dò
ô
ó

1

5

g x

 +  - 5 ( )sin 5 a 24b ( )sin a

2

7

1

 := approx1  -  +  + 4 x
38

3
x3 421

30
x5 ( )O x6



 

 

ʊʝʧʝʨ ʧʦʨʽʚʥʷʻʤʦ ʚʠʭʽʜʥʫ  ʬʫʥʢʮʽʶ ʪʘ ʾʾ ʥʘʙʣʠʞʝʥʥʷ ʟ ʧʦʣʽʥʦʤʦʤ, 

ʦʪʨʠʤʘʥʠʤ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʢʣʘʜʘʥʥʷ ʚʠʭʽʜʥʦʾ ʬʫʥʢʮʽʾ ʧʦʙʣʠʟʫ ʪʦʯʢʠ ʭ=0, 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʨʘʬʽʯʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ:  

[> plot( {expr, poly1}, x= - 1..1, y= -2..2, title =è 

sin(4*x)*cos(x): vs. ʅʘʙʣʠʞʝʥʥʷ ʨʷʜʦʤè ) ); 

 

 
ɿʥʘʭʦʜʞʝʥʥʷ ʘʩʠʤʧʪʦʪʠʯʥʦʛʦ ʨʷʜʫ  

 

ɿʘ ʜʦʧʦʤʦʛʦʶ MAPLE ʤʦʞʥʘ ʟʥʘʭʦʜʠʪʠ ʪʘ ʘʥʘʣʽʟʫʚʘʪʠ ʧʦʚʝʜʽʥʢʫ 

ʬʫʥʢʮʽʡ ʧʨʠ ʚʝʣʠʢʠʭ ʟʥʘʯʝʥʥʷʭ ʘʨʛʫʤʝʥʪʫ.  ʎʝ ʜʦʩʷʛʘʻʪʴʩʷ ʰʣʷʭʦʤ ʟʘʩʪʦ-

ʩʫʚʘʥʥʷ ʢʦʤʘʥʜʠ asympt (f, x, n), ʜʝ f  - ʟʘʜʘʥʘ ʬʫʥʢʮʽʷ,  x ï ʘʨʛʫʤʝʥʪ, ʘ  n ï 

ʜʦʜʘʪʥʻ ʮʽʣʝ ʯʠʩʣʦ, ʷʢʝ ʚʢʘʟʫʻ ʧʦʨʷʜʦʢ ʯʣʝʥʽʚ ʚʨʘʭʦʚʘʥʠʭ ʚ ʘʩʠʤʧʪʦʪʠʯ-

ʥʦʤʫ ʨʷʜʽ. ʈʦʟʛʣʷʥʝʤʦ ʘʩʠʤʧʪʦʪʠʯʥʠʡ (asymptotical) ʨʷʜ ʬʫʥʢʮʽʾ 

exp(x^2)*(1 -erf(x))ʧʨʠ ʟʥʘʯʝʥʥʷʭ ʭ, ʟʥʘʯʥʦ ʙʽʣʴʰʠʭ ʟʘ 

ʦʜʠʥʠʮʶ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʢʦʣʠ ʭ ʧʨʷʤʫʻ ʜʦ ʙʝʟʢʽʥʝʯʥʦ-

ʩʪʽ.  ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʦʤʘʥʜʘ 

[> asympt(exp(x^2)*(1 - erf(x)),x,12);  

ɸʩʠʤʧʪʦʪʠʯʥʠʡ ʨʷʜ ʤʘʻ ʚʠʛʣʷʜ: 
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ʊʦʙʪʦ, ʬʫʥʢʮʽʷ exp(x^2)*(1 -erf(x)) ʧʨʠ ʚʝʣʠʢʠʭ ʟʥʘ-

ʯʝʥʥʷʭ ʘʨʛʫʤʝʥʪʘ (x  ¤)   ʤʘʻ ʟʘʣʝʞʥʽʩʪʴ 1/x (ʛʦʣʦʚʥʠʡ ʯʣʝʥ 

ʨʷʜʫ). 

 

12.4 ɼʠʬʝʨʝʥʮʽʘʣʴʥʽ ʨʽʚʥʷʥʥʷ   

ʉʠʩʪʝʤʘ MAPLE ʜʦʟʚʦʣʷʻ ʨʦʟʚôʷʟʫʚʘʪʠ ʙʘʛʘʪʦ ʚʠʜʽʚ ʜʠʬʝʨʝʥʮʽʘʣʴ-

ʥʠʭ ʨʽʚʥʷʥʴ, ʷʢ ʟʚʠʯʘʡʥʠʭ ʪʘʢ ʽ ʯʘʩʪʠʥʥʠʭ ʧʦʭʽʜʥʠʭ, ʚʢʣʶʯʘʶʯʠ ʟʘʜʘʯʫ 

ʂʦʰʽ ʪʘ ʛʨʘʥʠʯʥʽ ʟʘʜʘʯʽ. 

ɺ MAPLE ʻ ʜʚʘ ʚʽʜʧʦʚʽʜʥʽ ʧʘʢʝʪʠ DEtools ʪʘ PDEtools ʜʣʷ ʜʦʧʦʤʦʛʠ 

ʚ ʤʘʥʽʧʫʣʷʮʽʷʭ ʟ  ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ ʟʚʠʯʘʡʥʠʤʠ ʪʘ ʚ ʯʘʩʪʠʥ-

ʥʠʭ ʧʦʭʽʜʥʠʭ, ʚʽʜʧʦʚʽʜʥʦ. ɿʚʝʨʥʝʥʥʷ ʜʦ ʮʠʭ ʧʘʢʝʪʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦ-

ʤʦʛʦʶ ʢʦʤʘʥʜ:  

[> with(DEtools);  

[> with(PDEtools);  

 

 

ɿʚʠʯʘʡʥʽ ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʨʽʚʥʷʥʥʷ  

ʆʩʥʦʚʥʦʶ ʢʦʤʘʥʜʦʶ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʨʦʟʚôʷʟʢʽʚ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ 

ʨʽʚʥʷʥʴ ʻ ʢʦʤʘʥʜʘ dsolve. ʄʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ  ʦʧʝʨʘʪʦʨʠ 

ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ D ʪʘ diff  . ʇʨʠ ʮʴʦʤʫ  MAPLE ʚʠʢʦʨʠʩʪʦʚʫʻ ʙʘʛʘʪʦ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʬʫʥʢʮʽʡ, ʪʠʧʫ ʜʝʣʴʪʘ ï ʬʫʥʢʮʽʾ ɼʽʨʘʢʘ.  

ʇʨʠ ʢʦʤʘʥʜʽ diff ʢʦʤʧôʶʪʝʨ ʦʙʯʠʩʣʶʻ ʧʦʭʽʜʥʫ ʚʽʜ ʚʠʨʘʟʫ 

ʚʽʜʥʦʩʥʦ ʜʘʥʦʾ ʟʤʽʥʥʦʾ. ʆʧʝʨʘʪʦʨ  D ʟʥʘʭʦʜʠʪʴ ʧʦʭʽʜʥʫ ʚʽʜ ʬʫʥʢʮʽʾ. ʅʘʧʨʠ-

ʢʣʘʜ, ʜʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ 

 ʫ ʩʠʩʪʝʤʽ MAPLE ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʥʘʩʪʫʧ-

ʥʠʤ ʯʠʥʦʤ:  

[> diff_eq1 := D(D(y))(x) + 5*D(y)(x) + 6*y(x) = 0;  

ʋ ʮʴʦʤʫ ʚʠʨʘʟʽ ʦʧʝʨʘʪʦʨ  D ʟʥʘʭʦʜʠʪʴ ʧʦʭʽʜʥʫ ʚʽʜ ʬʫʥʢʮʽʾ. ʇʦʯʘʪ-

ʢʦʚʽ ʫʤʦʚʠ, ʥʘʧʨʠʢʣʘʜ y(0) = 0 ʽ, ʟʘʜʘʶʪʴʩʷ ʪʘʢ:  

[> init_con := y(0)=0, D(y)(0)=1;  

ʊʦʜʽ, ʟʘʧʠʪ ʥʘ ʟʥʘʭʦʜʞʝʥʥʷ ʨʦʟʚôʷʟʢʫ ʨʽʚʥʷʥʥʷ, ʧʨʠ ʟʘʜʘʥʠʭ ʧʦʯʘʪ-

ʢʦʚʠʭ ʫʤʦʚʘʭ, ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ  ʚʠʛʣʷʜʽ: 

[> dsolve( {diff_eq1, init _con} , {y(x)} );  

ɺʽʜʧʦʚʽʜʴ: 

 

 =  +  + 
å

ç

æ
ææ

õ

÷

ö
ööµ

µ2

x2
( )y x 5å

ç
ææ

õ

÷
ööµ

µ

x
( )y x 6 ( )y x 0

 = ( )( )D y 0 1

 = ( )y x -  + e
( )-3 x

e
( )-2 x



 

ʈʦʟʛʣʷʥʝʤʦ ʱʝ ʦʜʠʥ ʚʠʧʘʜʦʢ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ, ʘ ʩʘʤʝ ʨʽ-

ʚʥʷʥʥʷ ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʫ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʫʥʢʮʽʡ ɼʽʨʘʢʘ:  

=  Dirac(t-2) - Dirac(t-4).   

ʋ ʟʘʧʠʩʫ MAPLE ʤʘʻʤʦ:   

[> diff_eq2 := 10^6*(D@@4)(y)(t) = Dirac(t - 2) -  Dirac(t -

4);  

ʊʫʪ ʧʦʟʥʘʯʝʥʥʷ D@@4 ʦʟʥʘʯʘʻ, ʱʦ ʦʧʝʨʘʪʦʨ D ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʯʦʪʠ-

ʨʠ ʨʘʟʠ ʜʦ ʬʫʥʢʮʽʾ y(t). ɼʣʷ ʦʜʥʦʟʥʘʯʥʦʩʪʽ ʨʦʟʚôʷʟʢʫ ʜʘʥʦʛʦ ʜʠʬʝʨʝʥʮʽʘʣʴ-

ʥʦʛʦ ʨʽʚʥʷʥʥʷ ʟʘʜʘʻʤʦ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ (bound condition). ʅʘʧʨʠʢʣʘʜ: 

, , , and , ʘʙʦ ʫ ʩʠʩʪʝʤʽ MAPLE: 

[> bound_con := y(0) = 0, y(5) = 1, D(y)(0) = 0, 

(D@@2)(y)(5) = 1;  

ʈʦʟʚôʷʟʫʻʤʦ ʛʨʘʥʠʯʥʫ ʟʘʜʘʯʫ ʽ ʧʦʟʥʘʯʠʤʦ ʨʝʟʫʣʴʪʘʪ ʽʤôʷʤ solution. 

[> solution := dsolve( {diff_eq2, bound_con}, {y(t)} );  

 

ʅʘʷʚʥʽʩʪʴ ʫ ʨʽʚʥʷʥʥʽ ʬʫʥʢʮʽʡ ɼʽʨʘʢʘ ʦʙʫʤʦʚʠʣʘ ʧʦʷʚʫ ʫ ʨʦʟʚôʷʟʢʫ 

ʩʪʫʧʽʥʯʘʪʠʭ ʬʫʥʢʮʽʡ ʍʝʚʽʩʘʡʜʘ. 

ɼʣʷ ʚʠʙʦʨʫ ʨʦʟʚôʷʟʢʫ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʢʦʤʘʥʜʫ subs.  

[> expr := subs(solution, y(t));  

ʊʝʧʝʨ, ʢʦʣʠ ʤʠ ʟʥʘʻʤʦ ʨʦʟʚôʷʟʦʢ ʜʘʥʦʛʦ ʨʽʚʥʷʥʥʷ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ 

ʛʨʘʥʠʯʠʤʠ ʫʤʦʚʘʤʠ, ʤʦʞʥʘ ʡʦʛʦ ʚʽʜʦʙʨʘʟʠʪʠ ʛʨʘʬʽʯʥʦ. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠ-

ʩʪʦʚʫʻʤʦ ʢʦʤʘʥʜʠ:  

[> plot( expr, t=0..5);  

 

106å

ç

æ
ææ

õ

÷

ö
ööµ

µ4

t4
( )y t

 = ( )y 0 0  = ( )y 5 1  = ( )( )D y 0 0  = ( )( )( )D
( )2

y 5 1

solution ( )y t
1

6000000
( )Heaviside  - t 2 t3 1

750000
( )Heaviside  - t 2 -  =  := 

1

500000
( )Heaviside  - t 2 t

1

1000000
( )Heaviside  - t 2 t2 +  - 

1

6000000
( )Heaviside  - t 4 t3 1

93750
( )Heaviside  - t 4

1

125000
( )Heaviside  - t 4 t -  +  - 

1

500000
( )Heaviside  - t 4 t2 17249969

375000000
t3 2374997

12500000
t2 +  +  - 



 

 
 

ʈʦʟʛʣʷʥʝʤʦ ʩʠʩʪʝʤʫ ʜʚʦʭ ʨʽʚʥʷʥʴ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ. 

 

ʘʙʦ ʫ ʟʘʧʠʩʽ, ʭʘʨʘʢʪʝʨʥʦʤʫ ʜʣʷ MAPLE: 
sys := (D@@2)(y)(x) = z(x), (D@@2)(z)(x) = y(x);  

ʇʨʠ ʟʥʘʭʦʜʞʝʥʥʽ ʨʦʟʚôʷʟʢʫ ʮʽʻʾ ʩʠʩʪʝʤʠ ʥʝ ʙʫʜʝʤʦ ʢʦʥʢʨʝʪʠʟʫʚʘʪʠ 

ʧʦʯʘʪʢʦʚʽ, ʘʙʦ ʛʨʘʥʠʯʥʽ  ʫʤʦʚʠ. ʊʘʢʠʤ ʯʠʥʦʤ  ʫ ʨʦʟʚôʷʟʢʫ ʙʫʜʫʪʴ ʬʽʛʫʨʫʚʘ-

ʪʠ ʧʦʩʪʽʡʥʽ ʽʥʪʝʛʨʫʚʘʥʥʷ:, , , , ʪʘ .  

[> dsolve( {sys}, {y(x), z(x)} );  

ʄʘʻʤʦ ʨʝʟʫʣʴʪʘʪ ʨʦʟʚôʷʟʢʫ ʮʽʻʾ ʩʠʩʪʝʤʠ: 
 

ʇʦʩʪʽʡʥʽ ʽʥʪʝʛʨʫʚʘʥʥʷ , , , ʪʘ  ʟʥʘʭʦʜʷʪʴʩʷ ʰʣʷʭʦʤ 

ʥʘʢʣʘʜʘʥʥʷ ʧʝʚʥʠʭ ʫʤʦʚ ʥʘ y(x) ʪʘ z(x) ʚ ʟʘʜʘʥʠʭ ʪʦʯʢʘʭ ʭ. 

ʂʦʨʠʩʥʦʶ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ ʻ ʥʘʩʪʫʧʥʘ ʩʠʩʪʝʤʘ 

ʢʦʤʘʥʜ ʜʣʷ ʨʦʟʚʷʟʢʫ (ans1)  ʩʠʩʪʝʤʠ (sys)  ʟʚʠʯʘʡʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ 

ʨʽʚʥʷʥʴ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʽʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ (IC_1 ) : 

[> sys := {diff(y(t),t)= - x(t),diff(x(t),t)=y(t)};  

 

[> IC_1 := {x(a)=A,y(b)=B};  

 

[> ans1 := combine(dsolve(sys union 

IC_1,{x(t),y(t)}));  
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ɼʠʬʝʨʝʥʮʽʘʣʴʥʽ ʨʽʚʥʷʥʥʷ ʚ ʯʘʩʪʠʥʥʠʭ ʧʦʭʽʜʥʠʭ  

ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʨʦʟʚôʷʟʢʫ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʚ ʯʘʩʪʠʥʥʠʭ 

(partial) ʧʦʭʽʜʥʠʭ  ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʢʦʤʘʥʜʘ pdsolve  . ʗʢ ʧʨʠʢʣʘʜ ʨʦʟʛʣʷ-

ʥʝʤʦ ʨʽʚʥʷʥʥʷ   .   

ʅʘ ʤʦʚʽ MAPLE ʤʘʻʤʦ: 

[> pde := D[1, 1, 2, 2, 2](U)(x, y) = 0;   

ʊʫʪ D[1](U)  ʦʟʥʘʯʘʻ ʧʦʭʽʜʥʫ ʚʽʜ  U ʚʽʜʥʦʩʥʦ ʧʝʨʰʦʾ ʟʤʽʥʥʦʾ,  

D[1,1,2,2,2](U) ï ʜʚʽʯʽ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʧʦ ʧʝʨʰʽʡ ʟʤʽʥʥʽʡ ʽ ʪʨʠʯʽ 

ʧʦ ʜʨʫʛʽʡ.  pde ï ʧʦʟʥʘʯʝʥʥʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ (ʩʢʦʨʦʯʝʥ-

ʥʷ ʚʽʜ ʘʥʛʣʽʡʩʴʢʦʛʦ partial differential equation). 

[> pdsolve(pde, U(x, y));  

ʆʩʪʘʥʥʷ ʢʦʤʘʥʜʘ ʜʘʻ ʨʦʟʚôʷʟʦʢ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ: 

 

ʊʫʪ _F4(x) ʽ _F5(x) ï ʜʦʚʽʣʴʥʽ ʬʫʥʢʮʽʾ ʭ, ʘ _F1(y) ʪʘ  F2(y) ï ʜʦʚʽʣʴʥʽ 

ʬʫʥʢʮʽʾ ʫ. 

1.3.4 ʃʽʥʽʡʥʘ ʘʣʛʝʙʨʘ  

ɼʫʞʝ ʯʘʩʪʦ ʥʘ ʧʨʘʢʪʠʮʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʘʢʝʪ ʣʽʥʽʡʥʦʾ ʘʣʛʝʙʨʠ: 

LinearAlgebra . ʎʝʡ ʧʘʢʝʪ ʟʘʙʝʟʧʝʯʫʻ ʥʘʙʽʨ ʢʦʤʘʥʜ ʜʣʷ ʨʦʙʦʪʠ ʽʟ ʤʘʪ-

ʨʠʮʷʤʠ ʪʘ ʚʝʢʪʦʨʘʤʠ.  

ɿʘʧʫʩʢ ʮʴʦʛʦ ʧʘʢʝʪʫ ʧʦʯʠʥʘʻʪʴʩʷ ʽʟ ʢʦʤʘʥʜʠ  

with(LinearAlgebra) ʽ, ʟʚʠʯʘʡʥʦ, ʧʦʩʣʽʜʫʶʯʦʛʦ ʥʘʪʠʩʢʘʥʥʷ ʥʘ ʢʣʘ-

ʚʽʰʫ ñEnterò.  

ɼʝʪʝʨʤʽʥʘʥʪʠ ʪʘ ʦʙʝʨʥʝʥʽ ʤʘʪʨʠʮʽ.  

ʄʘʪʨʠʮʷ  ɸ ʪʨʠ ʥʘ ʪʨʠ, ʟ ʢʦʥʢʨʝʪʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ,  ʚʠʟʠʚʘʻʪʴʩʷ 

ʪʘʢ:  
[> A := Matrix( 3, 3, [1/2, - 1/3, 2], [ - 5, 14/3, 9], [0, 

11, - 5/6]]);  

 

 

 := ans1 { }, = ( )x t
 + B ( )sin  - t a A ( )cos  - t b

( )cos  - a b
 = ( )y t

 - B ( )cos  - t a A ( )sin  - t b

( )cos  - a b

 = 
µ µ

µ5

y3 x2
( )U ,x y 0

 = ( )U ,x y  +  +  +  + ( )_F5 x ( )_F4 x y
1

2
( )_F3 x y2 ( )_F2 y ( )_F1 y x

 := A
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ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʢʦʤʘʥʜʫ Determinant  ʟʥʘʭʦʜʠʤʦ ʜʝʪʝʨʤʽʥʘʥʪ 

ʤʘʪʨʠʮʽ ɸ: 

[> Determinant(A);  

 

ʆʙʝʨʥʝʥʘ ʤʘʪʨʠʮʷ ʟʥʘʭʦʜʠʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʘʥʜʠ 

[> MatrixInverse(A);  

 

ɿʘʜʘʤʦ ʽʥʰʫ ʤʘʪʨʠʮʶ, ʷʢʘ ʤʽʩʪʠʪʴ ʥʝʚʽʜʦʤʽ ʟʤʽʥʥʽ  ʪʘ .  

[> B := Matrix( 3, 3, [phi, 0, 0], [0, 3, 2], [ - 1, 2/3, 

theta]] );  

 

ʇʨʠ ʤʥʦʞʝʥʥʽ ʮʠʭ  ʤʘʪʨʠʮʴ ʦʜʥʘ ʥʘ ʽʥʰʫ, ʫʪʚʦʨʶʻʪʴʩʷ ʪʨʝʪʷ ʤʘʪ-

ʨʠʮʷ: 

[> C := A * B;  

 

 

ɼʝʪʝʨʤʽʥʘʥʪ ʤʘʪʨʠʮʽ ɺ ʜʦʨʽʚʥʶʻ: 

[> Determinant(B);  

 

 

4.4.ʉʪʘʪʠʩʪʠʢʘ 

ɼʦʩʪʫʧ ʜʦ ʩʪʘʪʠʩʪʠʯʥʦʛʦ  ʧʘʢʝʪʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦ-

ʤʘʥʜʠ:  

[> with(stats);  
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ʉʪʘʪʠʩʪʠʯʥʠʡ ʧʘʢʝʪ ʟʘʙʝʟʧʝʯʫʻ ʧʨʦʛʨʘʤʘʤʠ ʜʣʷ ʩʧʨʦʱʝʥʥʷ ʘʥʘʣʽʟʫ 

ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ.  

ʊʘʢ ʜʣʷ ʘʥʘʣʽʟʫ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʪʦʜ 

ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ, ʦʩʦʙʣʠʚʦ ʜʣʷ ʥʘʙʣʠʞʝʥʦʾ ʘʥʘʣʽʪʠʯʥʦʾ ʘʧʨʦʢʩʠʤʘʮʽʾ 

ʨʽʟʥʠʭ ʯʠʩʝʣʴʥʠʭ ʜʘʥʠʭ. ʎʝʡ ʤʝʪʦʜ ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʢʦʤʘʥʜʠ (ʟʚʠʯʘʡʥʦ ʚ ʨʘ-

ʤʢʘʭ ʧʘʢʝʪʫ with(stats);)  

[>  with(fit):  

ʅʝʭʘʡ ʤʘʻʤʦ ʜʚʽ ʩʠʩʪʝʤʠ ʜʘʥʠʭ: 

[> Xvalues := [1, 2, 3, 4];  

[>Yvalues := [0, 6, 14, 24];  

ʅʝʭʘʡ, ʟʘʣʝʞʥʽʩʪʴ Y(X) ʧʦʪʨʽʙʥʦ ʦʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ ʘʥʘʣʽʪʠʯʥʦʛʦ 

ʚʠʨʘʟʫ: ʫ= ʰʣʷʭʦʤ ʧʽʜʛʦʥʢʠ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ , , ʪʘ. ʎʝ 

ʜʦʩʷʛʘʻʪʴʩʷ ʰʣʷʭʦʤ ʧʽʜʙʦʨʫ ʧʘʢʝʪʦʤ MAPLE  ʪʘʢʠʭ ʟʥʘʯʝʥʴ , , ʪʘ, ʷʢʽ 

ʙ ʟʘʙʝʟʧʝʯʫʚʘʣʠ ʥʘʡʤʝʥʰʽ ʢʚʘʜʨʘʪʠ ʚʽʜʭʠʣʝʥʴ ʟʥʘʡʜʝʥʠʭ  ʫ ʪʘ ʭ ʚʽʜ ʟʘʜʘ-

ʥʠʭ ʚʠʱʝ ʫ ʩʠʩʪʝʤʽ ʜʘʥʠʭ. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʢʦʤʘʥʜʠ: 

[> leastsquare[ [x, y], y=a*x^2+b*x+c, {a, b, c}  

]([Xvalues, Yvalues]);  

ɺʽʜʧʦʚʽʜʴ: 

 

ɼʘʣʽ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʘʢʝʪ 

[> with(plots):  

ʤʦʞʝʤʦ ʛʨʘʬʽʯʥʦ ʚʽʜʦʙʨʘʟʠʪʠ ʥʘ ʨʠʩʫʥʢʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ (ʫ 

ʚʠʛʣʷʜʽ ʪʦʯʦʢ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʘʥʜʠ scatterplot):  

[> f1:=scatterplot(Xvalues, Yvalues, color=black 

);  

ʪʘ ʦʪʨʠʤʘʥʫ ʘʥʘʣʽʪʠʯʥʫ ʟʘʣʝʞʥʽʩʪʴ  

[> f2:=plot(x^2+3*x - 4,x=1..4);  

ʥʘ ʦʜʥʦʤʫ ʽ ʪʦʤʫ ʞ ʨʠʩʫʥʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʘʥʜʠ: 

display({f1,f2});  

 

ɺ ʩʝʨʝʜʦʚʠʱʽ  MAPLE ʤʦʞʥʘ ʣʝʛʢʦ ʟʥʘʭʦʜʠʪʠ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ, 

ʤʝʜʽʘʥʫ, ʜʠʩʧʝʨʩʽʶ ʪʘ ʩʪʘʥʜʘʨʪʥʝ ʚʽʜʭʠʣʝʥʥʷ ʜʣʷ ʜʘʥʦʾ ʩʠʩʪʝʤʠ ʩʪʘʪʠʩʪʠʯ-

ʥʠʭ ʜʘʥʠʭ. 

 +  + a x2 b x c a b c

a b c

 = y  +  - x2 3 x 4



 

 

 

ɼʘʥʽ ʧʨʝʜʩʪʘʚʣʷʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ:  

[> data := [1.1, 5.8, 3.4, 4.2, 3.9, 5, 0.9, 6.2];  

ɼʦʩʪʫʧ ʜʦ ʦʧʠʩʦʚʦʾ ʩʪʘʪʠʩʪʠʢʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʘʧʠʪʫ:  
[>with(describe);  

ɺʠʱʝ ʧʝʨʝʨʘʭʦʚʘʥʽ ʩʪʘʪʠʩʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʯʠʩʣʶʶʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʦʤʘʥʜ:  
[>my_mean := mean(data);  

 
[> median(data);  

 
[> variance(data);  

 
[> my_sdev := standarddeviation(data);  

 
ɿʥʘʭʦʜʞʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʣʽʥʽʡʥʦʾ ʢʦʨʝʣʷʮʽʾ ʤʽʞ ʜʚʦʤʘ ʩʠʩʪʝʤʘʤʠ 

ʜʘʥʠʭ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʩʪʫʧʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʢʦʤʘʥʜ. 

ʇʦ ʧʝʨʰʝ, ʥʝʦʙʭʽʜʥʦ ʚʠʢʣʠʢʘʪʠ ʩʪʘʪʠʩʪʠʯʥʠʡ ʧʘʢʝʪ: 

[> with(stats):  

ɼʘʣʽ ʚʚʦʜʷʪʴʩʷ ʩʠʩʪʝʤʠ ʜʘʥʠʭ data1 ʪʘ data2:   

[> data1:=[1,2,3];  

 

[> data2:=[3,5,7];  

 

 := my_mean 3.812500000

4.050000000

3.403593750

 := my_sdev 1.844883126

 := data1 [ ], ,1 2 3

 := data2 [ ], ,3 5 7



 

 

ʇʽʩʣʷ ʯʦʛʦ ʦʙʯʠʩʣʶʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪ ʣʽʥʽʡʥʦʾ ʢʦʨʝʣʷʮʽʾ, ʟʘ ʜʦʧʦʤʦ-

ʛʦʶ ʢʦʤʘʥʜʠ: 

[> describe[linearcorrelation](data1,data2): 

evalf(%);  

1.3.5 ɼʽʘʣʦʛʦʚʘ ʜʦʧʦʤʦʛʘ 

ɺʽʜʦʤʦʩʪʽ ʧʨʦ ʢʦʤʘʥʜʠ ʫ ʩʠʩʪʝʤʽ MAPLE ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʨʽʟʥʠʤʠ 

ʩʧʦʩʦʙʘʤʠ.  

ɼʦʧʦʤʦʛʘ ʧʦ ʢʦʥʪʝʢʩʪʫ: ʢʫʨʩʦʨ ʤʠʰʽ ʥʝʦʙʭʽʜʥʦ ʨʦʟʤʽʩʪʠʪʠ ʥʘ ʥʝʚʽ-

ʜʦʤʦʤʫ ʩʣʦʚʽ, ʽʥʬʦʨʤʘʮʽʶ ʚʽʜʥʦʩʥʦ ʷʢʦʛʦ ʧʦʪʨʽʙʥʦ ʦʪʨʠʤʘʪʠ. ɼʘʣʽ, ʧʨʠ  

ʦʜʥʦʯʘʩʥʦʤʫ ʥʘʪʠʩʢʘʥʥʽ ʥʘ ʢʣʘʚʽʰʽ  Ctrl ʪʘ F1 ʟôʷʚʣʷʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʘ ʪʝʤʘ 

ʽʟ ʜʦʧʦʤʦʛʠ  MAPLE .  

ɹʨʦʫʟʝʨʥʘ ʜʦʧʦʤʦʛʘ:  ʫ ʧʫʥʢʪʽ ʤʝʥʶ Help ʚʠʙʨʘʪʠ ʢʦʤʘʥʜʫ  Introduction ʽ 

ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʨʦʙʦʯʦʛʦ ʚʽʢʥʘ ʚ ʧʝʨʰʽʡ ʢʦʣʦʥʮʽ ʚʠʙʨʘʪʠ ʟʘʛʘʣʴʥʫ ʪʝʤʫ, ʷʢʘ 

ʧʨʝʜʩʪʘʚʣʷʻ ʽʥʪʝʨʝʩ. ɺ ʽʥʰʠʭ ʢʦʣʦʥʢʘʭ ʙʨʦʫʟʝʨʘ ʧʝʨʝʛʣʷʥʫʪʠ ʽʥʰʽ ʧʽʜʪʝʤʠ, ʜʣʷ 

ʧʦʰʫʢʫ ʚʽʜʧʦʚʽʜʽ ʥʘ ʟʘʧʠʪʘʥʥʷ. 

ʇʦʰʫʢ ʪʝʤʠ: ʫ ʧʫʥʢʪʽ ʤʝʥʶ Help ʚʠʙʨʘʪʠ ʢʦʤʘʥʜʫ Topic Search. ʋ ʚʝʨ-

ʭʥʽʡ ʯʘʩʪʠʥʽ ʜʽʘʣʦʛʦʚʦʛʦ ʚʽʢʥʘ, ʷʢʝ ʟôʷʚʠʪʴʩʷ, ʥʘʙʨʘʪʠ ʣʘʪʠʥʩʴʢʠʤʠ ʣʽʪʝʨʘʤʠ ʪʝʤʫ, ʷʢʘ 

ʮʽʢʘʚʠʪʴ. ʋ ʮʴʦʤʫ ʞ ʜʽʘʣʦʛʦʚʦʤʫ ʚʽʢʥʽ ʟôʷʚʣʷʪʴʩʷ ʩʪʦʨʽʥʢʠ ʜʦʧʦʤʦʛʠ, ʥʘ ʷʢʠʭ ʟʫʩʪʨʽʯʘ-

ʻʪʴʩʷ ʰʫʢʘʥʘ ʪʝʤʘ.  

ʅʘʟʚʘ ʪʝʤʠ: ʧʨʠ ʚʽʜʦʤʦʤʫ ʩʣʦʚʽ, ʥʘʙʨʘʪʠ ʡʦʛʦ ʘʥʛʣʽʡʩʴʢʦʶ ʤʦʚʦʶ ʫ 

ʨʦʙʦʯʦʤʫ ʚʽʢʥʽ ʫ ʢʦʤʘʥʜʥʽʡ ʩʪʨʽʯʮʽ ʟʘ ʟʥʘʢʦʤ ʟʘʧʠʪʘʥʥʷ. ʋ ʨʝʟʫʣʴʪʘʪʽ  ʫ 

ʨʦʙʦʯʦʤʫ ʚʽʢʥʽ ʟôʷʚʠʪʴʩʷ ʚʽʜʧʦʚʽʜʥʘ ʩʪʦʨʽʥʢʘ ʜʦʧʦʤʦʛʠ.  

ʇʦʚʥʠʡ ʪʝʢʩʪʦʚʠʡ ʧʦʰʫʢ: ʫ ʧʫʥʢʪʽ ʤʝʥʶ Help ʚʠʙʨʘʪʠ ʢʦʤʘʥʜʫ Full 

Text Search. ʋ ʜʽʘʣʦʛʦʚʦʤʫ ʚʽʢʥʽ ʟʘʧʠʩʘʪʠ ʰʫʢʘʥʝ ʩʣʦʚʦ, ʘʙʦ ʩʣʦʚʘ (ʟ ʚʠʢʦ-

ʨʠʩʪʘʥʥʷʤ ʘʥʛʣʽʡʩʴʢʦʾ ʤʦʚʠ). ʋ ʜʽʘʣʦʛʦʚʦʤʫ ʚʽʢʥʽ ʟôʷʚʠʪʴʩʷ ʚʽʜʧʦʚʽʜʥʘ ʪʝ-

ʤʘ ï ʩʪʦʨʽʥʢʘ ʜʦʧʦʤʦʛʠ. 

ɯʩʪʦʨʽʷ ʧʦʰʫʢʫ: ʫ ʧʫʥʢʪʽ ʤʝʥʶ Help ʤʦʞʥʘ ʚʠʙʨʘʪʠ ʢʦʤʘʥʜʫ History . 

ʇʨʠ ʮʴʦʤʫ ʩʪʚʦʨʶʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʧʦʚʪʦʨʥʦʛʦ ʧʝʨʝʛʣʷʜʫ ʩʪʦʨʽʥʦʢ  ʜʦʧʦ-

ʤʦʛʠ, ʷʢʽ ʚʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʧʨʠ ʜʘʥʦʤʫ ʩʝʘʥʩʽ ʨʦʙʦʪʠ ʽʟ ʩʠʩʪʝʤʦʶ 

MAPLE.  

ʗʢ ʧʨʘʚʠʣʦ, ʢʦʞʥʘ ʩʪʦʨʽʥʢʘ ʜʦʧʦʤʦʛʠ ʤʽʩʪʠʪʴ ʧʨʠʢʣʘʜʠ ʥʘ ʚʠʢʦʨʠ-

ʩʪʘʥʥʷ ʰʫʢʘʥʦʾ ʢʦʤʘʥʜʠ. ɺʠʜʽʣʠʚʰʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʫʨʩʦʨʘ ʤʠʰʽ ʧʨʠʢʣʘʜ, 

ʤʦʞʥʘ ʩʢʦʧʽʶʚʘʪʠ ʪʘ ʟʘʥʝʩʪʠ ʡʦʛʦ ʫ ʨʦʙʦʯʝ ʚʽʢʥʦ. ʇʽʩʣʷ ʮʴʦʛʦ ʟʘʣʠʰʘʻʪʴʩʷ 

ʣʠʰʝ ʚʥʝʩʪʠ ʧʨʘʚʢʠ ʫ ʢʦʥʢʨʝʪʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʚʠʨʘʟʠ ʽ ʧʨʦʚʦʜʠʪʠ ʚʽʜʧʦʚʽʜ-

ʥʽ ʦʙʯʠʩʣʝʥʥʷ. ʊʘʢʘ ʧʨʘʢʪʠʢʘ ʢʦʨʠʩʥʘ, ʥʘ ʧʝʨʰʠʭ ʝʪʘʧʘʭ ʨʦʙʦʪʠ ʽʟ 

MAPLE, ʢʦʣʠ ʢʦʨʠʩʪʫʚʘʯ ʥʝ ʤʘʻ ʜʦʩʪʘʪʥʴʦʾ ʧʨʘʢʪʠʢʠ ʢʦʨʠʩʪʫʚʘʥʥʷ ʩʠʩʪʝ-

ʤʦʶ.  



 

12.6. ʆʩʥʦʚʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʦʧʝʨʘʮʽʾ ʥʘ ʤʦʚʽ MAPLE  

(ʢʦʞʥʘ ʢʦʤʘʥʜʥʘ ʩʪʨʽʯʢʘ ʟʘʢʽʥʯʫʻʪʴʩʷ ʩʠʤʚʦʣʦʤ ñ;ò) 

ɿʤʽʩʪ ʢʦʤʘʥ-

ʜʠ 

ʂʦ-

ʤʘʥʜʘ ʥʘ 

ʤʦʚʽ 

MAPLE 

ʄʘʪʝʤʘʪʠʯʥʠʡ ʩʠʤʚʦʣ 

ɺʽʜʦʢʨʝʤ-

ʣʝʥʥʷ  ʫ ʢʦʤʘʥʜʥʽʡ 

ʩʪʨʽʯʮʽ ʥʝ ʚʠʢʦʥʫ-

ʚʘʥʦʾ ʯʘʩʪʠʥʠ  ʟʘʧʠ-

ʩʫ ʫ ʢʦʤʘʥʜʥʽʡ 

ʩʪʨʽʯʮʽ (ʥʘʧʨʠʢʣʘʜ 

ʪʝʢʩʪʦʚʝ ʧʦʷʩʥʝʥʥʷ)    

ɿʥʘʢ ñ;ò ʧʽʩʣʷ # ʥʝ 

ʚʞʠʚʘʻʪʴʩʷ. 

 # 

 
 

ʏʠʩʣʦ p Pi; 
  

 

ʏʠʩʣʦ e 
 

exp(1)  

  

 

ɹʝʟʢʽʥʝʯʥʽʩʪʴ 

 

infinity

;  

 

  

 

ʋʷʚʥʘ ʦʜʠ-

ʥʠʮʷ 

 I;  

 

  

 

ɸʙʩʦʣʶʪʥʝ 

ʟʥʘʯʝʥʥʷ ʘʣʛʝʙʨʘʾʯ-

ʥʦʾ ʚʝʣʠʯʠʥʠ ʘ 

abs

(a);  

 

 

 

ɼʦʜʘʚʘʥʥʷ 

a+b 
a+b; 

  

 

ʄʥʦʞʝʥʥʷ 

a*b 
a*b;   

ɺʽʜʥʽʤʘʥʥʷ 

a-b  
a-b;   

ɼʽʣʝʥʥʷ a:b a/b;   

p

e

¤

I

a

 + a b

a b

 - a b

a

b



 

ʂʦʨʽʥʴ ʢʚʘʜ-

ʨʘʪʥʠʡ ʽʟ a 

 

sqrt(a);  
 

a ʚ ʩʪʝʧʝʥʽ b a^b;   

ʉʧʨʦʱʝʥʥʷ 

ʚʠʨʘʟʫ expr 

simpl

ify(expr); 
 

ɿʛʨʫʧʫʚʘʪʠ 

ʯʣʝʥʠ ʫ ʚʠʨʘʟʽ expr 

ʟʘ ʦʟʥʘʢʦʶ ʭ 

 

collect(

expr,x);  

 

 

ʇʦʭʽʜʥʘ ʚʽʜ 

ʬʫʥʢʮʽʾ f ʧʦ ʘʨʛʫʤʝ-

ʥʪʫ x 

diff 

(f,x); 
  

ʅʝʚʠʟʥʘʯʝ-

ʥʠʡ  ʽʥʪʝʛʨʘʣ ʚʽʜ 

ʬʫʥʢʮʽʾ f ʧʦ ʘʨʛʫʤʝ-

ʥʪʫ x 

int(f,

x); 
 

ɺʠʟʥʘʯʝʥʠʡ  

ʽʥʪʝʛʨʘʣ ʚʽʜ ʬʫʥʢʮʽʾ 

f ʧʦ ʘʨʛʫʤʝʥʪʫ x ʚ 

ʤʝʞʘʭ ʚʽʜ a ʜʦ b 

int(f,

x=a..b); 
 

 

ʉʫʤʘ ʚʠʨʘʟʫ 

 

ʜʝ ʢ ʧʨʦʙʽʛʘʻ 

ʟʥʘʯʝʥʥ ʚʽʜ  1 ʜʦ 

ʙʝʟʢʽʥʝʯʥʦʩʪʽ 

sum(

1/k^2, 

k=1..infin

ity );  

 

 

 

ɻʨʘʥʠʮʷ ʚʠ-

ʨʘʟʫ sin(x)/x 

ʧʨʠ ʫʤʦʚʽ, ʱʦ 

ʭ=0 

 

limit(si

n(x)/x, 

x=0);  

 

 

ɼʚʦʚʠʤʽʨʥʠʡ 

ʛʨʘʬʽʢ ʬʫʥʢʮʽʾ 

sin(x), ʘʨʛʫʤʝʥʪ ʭ 

ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 0 ʜʦ 

10 

 

plot(sin

(x), 

x=0..10)

;  

 

 

a

ab

µ

µ

x
f

dò
ô
óf x

dò
ô
ó

a

b

f x

ä
 = k 1

¤
1

k2 ä
 = k 1

¤
1

k2

lim
  x 0

( )sin x

x

( )plot ,( )sin x  = x  .. 0 10



 

ɻʨʘʬʽʢ  ʟʘʜʘ-

ʥʦʾ ʥʝʷʚʥʦ ʬʫʥʢʮʽʾ 

ʫ(ʭ)(x^2 + y^2 = 

1) , ʧʨʠ ʫʤʦʚʽ, ʱʦ ʭ 

ʟʤʽʥʶʻʪʴʩʷ ʚ ʤʝʞʘʭ 

ï1 ..1, ʘ ʫ ʚ ʤʝʞʘʭ ï

1..1.  

imp

licitplo

t(x^2 + 

y^2 = 

1,x= -

1..1,y= -

1..1);  

 

 

ʊʨʠʚʠʤʽʨʥʠʡ 

ʛʨʘʬʽʢ ʧʦʚʝʨʭʥʽ 

sin(x+y), ʭ ʟʤʽʥʶ-

ʻʪʴʩʷ ʚʽʜ -1 ʜʦ 1, ʘ ʫ 

ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ ï1 ʜʦ 

1 

plo

t3d(sin(

x+y),x= -

1..1,y= -

1..1);  

 

 

 

ʈʦʟʚôʷʟʦʢ ʘʣ-

ʛʝʙʨʘʾʯʥʦʛʦ ʨʽʚʥʷʥ-

ʥʷ ax2+bx+c=0 

solve

(a*x^2+b*x

+c=0,{x});  

 

 

ʈʦʟʚôʷʟʦʢ 

ʟʚʠʯʘʡʥʦʛʦ ʜʠʬʝʨʝ-

ʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ 

ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ 

0)sin()(
)(

=-- xxy
dx

xdy

 

dso

lve(diff

(y(x),x)

- y(x) -

sin(x)=0

);  

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

( )implicitplot , , =  + x2 y2 1  = x  .. -1 1  = y  .. -1 1

( )plot3d , ,( )sin  + x y  = x  .. -1 1  = y  .. -1 1

( )solve , =  +  + a x2 b x c 0 { }x

å

ç
ææ

õ

÷
öödsolve  =  -  - å

ç
ææ

õ

÷
ööµ

µ

x
( )y x ( )y x ( )cos x 0



 

12.7. ʇʨʘʢʪʠʯʥʽ ʨʦʙʦʪʠ ʚ MAPLE 

  

ʇʨʘʢʪʠʯʥʘ ʨʦʙʦʪʘ ˉ1. 

ʈʦʟʩʽʶʚʘʥʥʷ ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʚ ʘʪʤʦʩʬʝʨʽ.  ɻʘʫʩʦʚʘ  ʤʦʜʝʣʴ ʨʦʟ-

ʩʽʶʚʘʥʥʷ 

ʄʝʪʘ ʨʦʙʦʪʠ: ʚʤʽʪʠ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʚʝʣʠʯʠʥʫ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘ ʧʦʚʝ-

ʨʭʥʽ ʟʝʤʣʽ, ʦʙʫʤʦʚʣʝʥʦʛʦ ʚʠʢʠʜʘʤʠ ʽʟ ʪʦʯʢʦʚʠʭ ʜʞʝʨʝʣ ʟʘʙʨʫʜʥʝʥʥʷ.  

ʊʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ. 

ʈʦʟʩʽʶʚʘʥʥʷ ʚ ʘʪʤʦʩʬʝʨʽ ʚʠʢʠʜʽʚ ʽʟ ʪʨʫʙ ʪʘ ʚʝʥʪʠʣʷʮʽʡʥʠʭ ʧʨʠʩʪʨʦ-

ʾʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʬʘʢʪʦʨʽʚ: ʬʽʟʠʯʥʠʭ ʪʘ ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʝ-

ʯʦʚʠʥʠ, ʱʦ ʚʠʢʠʜʘʻʪʴʩʷ, ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʚ ʦʪʦʯʫʶʯʽʡ ʘʪʤʦʩʬʝʨʽ, ʨʦ-

ʟʤʽʱʝʥʥʷ ʪʨʫʙʠ ʚʽʜʥʦʩʥʦ ʧʝʨʝʧʦʥ ʨʫʭʫ ʧʦʚʽʪʨʷ ʪʘ ʭʘʨʘʢʪʝʨʫ ʤʽʩʮʝʚʦʩʪʽ ʫ 

ʥʘʧʨʷʤʢʫ ʚʽʪʨʫ.  

ɼʣʷ ʚʠʢʠʜʫ ʽʟ ʪʨʫʙʠ ʟ ʝʬʝʢʪʠʚʥʦʶ ʚʠʩʦʪʦʶ ʅ ʽʟ ʫʨʘʭʫʚʘʥʥʷʤ ʝʬʝʢ-

ʪʫ ʚʽʜʜʟʝʨʢʘʣʝʥʥʷ, ʚʠʨʘʟ ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʙʨʫʜʥʝʥʥʷ ʫ ʚʠʢʠʜʽ ʧʨʠ ʧʽʜʥʷ-

ʪʦʛʦ ʜʞʝʨʝʣʘ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʥʘʩʪʫʧʥʠʡ ʚʠʨʘʟ: 
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ʜʝ sy  ̔   sz ï ʜʠʩʧʝʨʩʽʾ ʨʦʟʩʽʶʚʘʥʥʷ ʚ ʥʘʧʨʷʤʢʘʭ  y  ̔  z. 

ɼʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʚʝʜʝʥʠʭ ʬʦʨʤʫʣ, ʦʢʨʽʤ ʬʽʟʠʯʥʠʭ 

ʜʘʥʠʭ ʪʘʢʠʭ ʷʢ ʢʦʦʨʜʠʥʘʪʠ x, y, z ,  ʧʦʪʫʞʥʽʩʪʴ ʜʞʝʨʝʣʘ Q ʪʘ ʝʬʝʢʪʠʚʥʘ ʚʠ-

ʩʦʪʘ ʅ,  ʧʦʪʨʽʙʥʦ ʟʥʘʪʠ ʚʝʣʠʯʠʥʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ u, ʘ 

ʪʘʢʦʞ sy ʪʘ sz - . ɺʝʣʠʯʠʥʘ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʻ ʬʫʥʢʮʽʻʶ ʚʠʩʦʪʠ z. ʊʠʧʦʚʦʶ 

ʟʘʣʝʞʥʽʩʪʶ u(z) ʻ ʚʠʨʘʟ 

 

 

p

1
1

z

z
u)z(u öö

÷

õ
ææ
ç

å
=                                                                     

ʜʝ u1 - ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ ʥʘ ʚʠʩʦʪʽ z1. ʇʨʘʢʪʠʯʥʦ ʟʘ ʚʝʣʠʯʠʥʫ u1 

ʧʨʠʡʤʘʶʪʴ ʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʚʠʤʽʨʷʥʝ ʥʘ ʚʠʩʦʪʽ z1 =10 ʤ. 

ʇʨʦʬʽʣʴ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ, ʘ ʦʪʞʝ ʽ ʧʦʢʘʟʥʠʢ ʨ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢ ʘʪʤʦʩʬʝʨʠ.  

ɿʦʢʨʝʤʘ, ʜʣʷ ʤʽʩʴʢʦʾ ʟʘʙʫʜʦʚʠ ʤʦʞʥʘ ʚʟʷʪʠ ʨ=0.40, ʜʣʷ ʨʘʡʦʥʽʚ ʛʫʩ-

ʪʦʛʦ ʣʽʩʫ, ʤʽʩʪ ʪʘ ʧʨʠʤʽʩʴʢʠʭ ʟʦʥ ʨ=0.28, ʘ ʜʣʷ ʧʣʦʩʢʦʾ ʚʽʜʢʨʠʪʦʾ ʩʽʣʴʩʴʢʦʾ 

ʤʽʩʮʝʚʦʩʪʽ, ʦʟʝʨ ʪʘ ʤʦʨʽʚ ʤʦʞʥʘ ʧʨʠʡʥʷʪʠ ʨ=0.16. ɿʥʘʯʝʥʥʷ sy ʪʘ sz 

ʟʚôʷʟʘʥʽ ʟ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʜʠʬʫʟʽʾ ʚ ʥʘʧʨʷʤʢʫ ʦʩʝʡ y ʪʘ   z. ʎʽ ʚʝʣʠʯʠʥʠ ʻ 



 

ʬʫʥʢʮʽʷʤʠ ʧʦʣʦʞʝʥʥʷ ʪʦʯʢʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʚ ʥʘʧʨʷʤʢʫ ʚʽʪʨʫ ʚʽʜ ʜʞʝʨʝʣʘ, 

ʘ ʪʘʢʦʞ ʬʫʥʢʮʽʷʤʠ ʫʤʦʚ ʩʪʽʡʢʦʩʪʽ ʘʪʤʦʩʬʝʨʠ. ɼʣʷ ʦʮʽʥʢʠ ʮʠʭ ʚʝʣʠʯʠʥ ʙʫ-

ʣʦ ʧʨʦʚʝʜʝʥʦ ʜʦʩʠʪʴ ʙʘʛʘʪʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʷʢʠʭ ʦʪʨʠʤʘʥʽ ʜʽʘʛʨʘʤʠ (ʜʠʚ. ɼʦʜʘʪʢʠ 1 -3). .  

ʇʝʨʝʯʠʩʣʝʥʽ ʥʠʞʯʝ ʧʫʥʢʪʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʣʘʩʘʤ ʧʨʦʥʫʤʝʨʦʚʘʥʠʤ ʚ 

ʪʘʙʣʠʮʽ 4.1: 

ʃʽʥʽʡʥʽ ʜʞʝʨʝʣʘ. ʋ ʨʷʜʽ ʚʠʧʘʜʢʽʚ, ʢʦʣʠ ʨʷʜ ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠ-

ʻʤʩʪʚ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʚʟʜʦʚʞ ʨʽʯʢʠ.  ʧʦʨʪʫ, ʘʙʦ ʧʨʷʤʘ ʘʚʪʦʤʘʛʽʩʪʨʘʣʴ ʟ ʽʥ-

ʪʝʥʩʠʚʥʠʤ ʨʫʭʦʤ ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ, ʟʘʙʨʫʜʥʝʥʥʷ ʤʦʞʝ ʤʦʜʝʣʶʚʘʪʠʩʷ ʥʝʧʝ-

ʨʝʨʚʥʠʤ ʙʝʟʢʽʥʝʯʥʠʤ ʣʽʥʽʡʥʠʤ ʜʞʝʨʝʣʦʤ. ʂʦʣʠ ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ ʧʝʨʧʝʥʜʠ-

ʢʫʣʷʨʥʘ  ʜʦ ʪʘʢʦʛʦ ʜʞʝʨʝʣʘ, ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘʙʨʫʜʥʶʚʘʯʘ ʫ ʥʘʧʨʷʤʢʫ ʚʽʪʨʫ 

ʚʽʜ ʜʞʝʨʝʣʘ ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʘ ʫ ʚʠʛʣʷʜʽ: 
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ʜʝ q ï ʧʦʪʫʞʥʽʩʪʴ ʜʞʝʨʝʣʘ ʥʘ ʦʜʠʥʠʮʶ ʜʦʚʞʠʥʠ (ʥʘʧʨʠʢʣʘʜ ʚʦʥʘ 

ʤʦʞʝ ʙʫʪʠ ʚʠʨʘʞʝʥʘ ʚ ʛ/ʩ ʤ). ʋ ʮʝʡ ʚʠʨʘʟ ʥʝ ʚʭʦʜʠʪʴ ʩʪʘʥʜʘʨʪʥʝ ʚʽʜʭʠʣʝʥ-

ʥʷ ʫ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ  sy, ʦʩʢʽʣʴʢʠ ʨʦʟʩʽʶʚʘʥʥʷ ʛʘʟʽʚ ʧʦʧʝʨʝʢ 

ʥʘʧʨʷʤʢʫ ʚʽʪʨʫ ʚʽʜ ʨʽʟʥʠʭ ʜʽʣʴʥʠʮʴ ʣʽʥʽʡʥʦʛʦ ʜʞʝʨʝʣʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʚʟʘʻʤʥʦ ʢʦʤʧʝʥʩʫʻʪʴʩʷ.   

ʗʢʱʦ ʥʝʧʝʨʝʨʚʥʝ ʣʽʥʽʡʥʝ ʜʞʝʨʝʣʦ ʤʘʻ ʦʙʤʝʞʝʥʫ ʜʦʚʞʠʥʫ, ʤʠ ʧʦ-

ʚʠʥʥʽ ʚʨʘʭʦʚʫʚʘʪʠ ʢʨʘʡʦʚʽ ʝʬʝʢʪʠ ʊʦʜʽ ʢʦʥʮʝʥʪʨʘʮʽʷ ʚʟʜʦʚʞ ʦʩʽ ʭ ʥʘ ʨʽʚʥʽ 

ʟʝʤʣʽ ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʷ ʚʠʨʘʟʦʤ: 
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ʪʫʪ ʨ1=ʫ1/sy ʽ ʨ2=ʫ2/sy.  ʗʢʱʦ ʛʨʘʥʠʮʽ ʽʥʪʝʛʨʫʚʘʥʥʷ ʚʽʜʦʤʽ, ʪʦ ʟʥʘ-

ʯʝʥʥʷ ʽʥʪʝʛʨʘʣʘ ʤʦʞʥʘ ʟʥʘʡʪʠ ʚ ʩʪʘʥʜʘʨʪʥʠʭ ʪʘʙʣʠʮʷʭ.  

 

ɿʘʚʜʘʥʥʷ ʜʣʷ ʧʨʘʢʪʠʯʥʦʾ ʨʦʙʦʪʠ 

ʇʨʠʢʣʘʜ 1. ɼʚʦʦʢʠʩ ʩʽʨʢʠ ʚʠʢʠʜʘʻʪʴʩʷ ʫ ʢʽʣʴʢʦʩʪʽ 160 ʛ/ʩ ʽʟ ʪʨʫʙʠ  ʟʽ 

ʝʬʝʢʪʠʚʥʦʶ ʚʠʩʦʪʦʶ 60 ʤ. ʐʚʠʜʢʽʩʪʴ ʚʽʪʨʫ ʥʘ ʨʽʚʥʽ ʛʦʨʣʦʚʠʥʠ ʪʨʫʙʠ ʨʽʚʥʘ 

6 ʤ/ʩ, ʘ ʘʪʤʦʩʬʝʨʥʘ ʩʪʽʡʢʽʩʪʴ ʚʽʜʧʦʚʽʜʘʻ ʢʣʘʩʫ D ʜʣʷ ʭʤʘʨʥʦʛʦ ʜʥʷ. ɺʠʟʥʘ-

ʯʠʪʠ ʧʨʠʟʝʤʥʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʥʘ ʮʝʥʪʨʘʣʴʥʽʡ ʣʽʥʽʾ ʥʘ ʚʽʜʜʘʣʽ 500 ʤ ʚʽʜ ʪʨʫ-

ʙʠ ʚ ʤʽʢʨʦʛʨʘʤʘʭ ʥʘ ʢʫʙʽʯʥʠʡ ʤʝʪʨ. 



 

ʈʦʟʚôʷʟʦʢ. ɯʟ ʥʦʤʦʛʨʘʤ ɼʦʜʘʪʢʽʚ 2 ʽ 3 ʟʥʘʭʦʜʠʤʦ, ʱʦ sy  ʽ   sz ʜʣʷ 

ʚʽʜʜʘʣʽ 500 ʤ ʨʽʚʥʽ 36 ʽ 18,5 ʤ, ʚʽʜʧʦʚʽʜʥʦ ʇʽʜʩʪʘʚʣʷʶʯʠ ʮʽ ʟʥʘʯʝʥʥʷ ʪʘ ʽʥʰʽ 

ʜʘʥʽ ʽʟ ʫʤʦʚʠ ʟʘʜʘʯʽ, ʟʥʘʡʜʝʤʦ, ʱʦ ʧʨʠ ʫ=0: 

2
3332

6

0661025510712
518

60
50

518366

10160
00500 SOʤ/ʤʢʛ,,,))

,
(,exp(

,
),,C =ÖÖÖ=Ö-

ÖÖÖ

Ö
= -

p

  

ʇʨʠʢʣʘʜ 2. ɼʣʷ ʫʤʦʚ ʧʦʧʝʨʝʜʥʴʦʛʦʧʨʠʢʣʘʜʫ ʚʠʟʥʠʯʠʪʠ ʢʦʥʮʝʥʪʨʘ-

ʮʽʶ ʫ ʪʦʯʮʽ, ʚʽʜʜʘʣʝʥʽʡ ʥʘ 50 ʤ ʫ ʥʘʧʨʷʤʢʫ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʮʝʥʪʨʘʣʴ-

ʥʽʡ ʣʽʥʽʾ ʽ ʱʦ ʚʠʭʦʜʠʪʴ ʟ ʪʦʯʢʠ ʥʘ ʮʽʡ ʣʽʥʽʾ, ʚʽʜʜʘʣʝʥʦʾ ʚʽʜ ʪʨʫʙʠ ʥʘ 500 ʤ. 

ʈʦʟʚ'ʷʟʦʢ. ʑʦʙ ʨʦʟʨʘʭʫʚʘʪʠ ʢʦʥʮʝʥʪʨʘʮʽʶ ʥʘ ʨʽʚʥʽ ʟʝʤʣʽ ʫ ʥʘʧʨʷʤ-

ʢʫ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʥʘʧʨʷʤʢʫ ʚʽʪʨʫ, ʥʝʦʙʭʽʜʥʦ ʨʝʟʫʣʴʪʘʪ ʧʦʧʝʨʝʜʥʴʦʛʦ 

ʧʨʠʢʘʜʫ ʧʦʤʥʦʞʠʪʠ ʥʘ exp(-0,5(y/sy)
2), ʊʦʜʽ ʦʪʨʠʤʘʻʤʦ: 
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ʆʪʞʝ, ʧʨʠ ʚʽʜʜʘʣʝʥʥʽ ʚʽʜ ʮʝʥʪʨʘʣʴʥʦʾ ʣʽʥʽʾ ʥʘ ʚʽʜʩʪʘʥʴ, ʷʢʘ ʩʢʣʘʜʘʻ 

ʚʩʴʦʛʦ ʣʠʰʝ 10 % ʚʽʜ ʚʽʜʜʘʣʽ ʜʦ ʜʞʝʨʝʣʘ ʫ ʥʘʧʨʷʤʢʫ ʚʽʪʨʫ, ʦʮʽʥʶʚʘʥʘ ʢʦʥ-

ʮʝʥʪʨʘʮʽʷ ʟʤʝʥʰʫʻʪʴʩʷ ʤʘʡʞʝ ʥʘ 60%. 

 

ʇʨʠʢʣʘʜ 3. ʆʮʽʥʠʪʠ ʢʦʥʮʝʥʪʨʘʮʽʶ ʩʫʤʠ ʚʫʛʣʝʚʦʜʽʚ ʫ ʪʦʯʮʽ, ʨʦʟʪʘ-

ʰʦʚʘʥʽʡ ʥʘ ʚʽʜʜʘʣʽ 300 ʤ ʧʦ ʥʘʧʨʷʤʢʫ ʚʽʪʨʫ ʚʽʜ ʰʚʠʜʢʽʩʥʦʾ ʘʚʪʦʩʪʨʘʜʠ, ʫ 

ʭʤʘʨʥʠʡ ʜʝʥʴ ʚ 5ʛ 30 ʭʚ ʧʽʩʣʷ ʧʦʣʫʜʥʷ. ɺʽʪʝʨ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʡ ʘʚʪʦʩʪʨʘ-

ʜʽ, ʘ ʡʦʛʦ ʰʚʠʜʢʽʩʪʴ ʜʦʨʽʚʥʶʻ 4 ʤ/ʩ. ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʧʨʫʭʫ ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ 

ʚʟʜʦʚʞ ʘʚʪʦʤʘʛʽʩʪʨʘʣʽ ʜʦʨʽʚʥʶʻ 8000 ʘʚʪʦʤʦʙʽʣʝʡ ʟʘ ʛʦʜʠʥʫ, ʩʝʨʝʜʥʷ ʰʚʠ-

ʜʢʽʩʪʴ ʜʦʨʽʚʥʶʻ 80 ʢʤ/ʛʦʜ. ʉʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ ʝʤʽʩʽʾ ʚʫʛʣʝʚʦʜʽʚ ʜʣʷ ʢʦʞʥʦʾ 

ʘʚʪʦʤʘʰʠʥʠ ʩʢʣʘʜʘʻ 2 10-2 ʛ/ʩ. 

ʈʦʟʚôʷʟʦʢ. ʇʨʠʡʤʝʤʦ ʘʚʪʦʩʪʨʘʜʫ ʟʘ ʜʦʚʛʠʡ ʧʨʷʤʦʣʽʥʽʡʥʠʡ ʚʽʜʨʽʟʦʢ 

ʰʣʷʭʫ, ʙʫʜʝʤʦ ʚʚʘʞʘʪʠ, ʱʦ ʚʫʛʣʝʚʦʜʠ ʚʠʢʠʜʘʶʪʴʩʷ ʚ ʘʪʤʦʩʬʝʨʫ ʽʟ ʧʝʨʝʨʚ-

ʥʦʛʦ ʣʽʥʽʡʥʦʛʦ ʜʞʝʨʝʣʘ. ʇʠʪʦʤʘ ʧʦʪʫʞʥʽʩʪʴ ʜʞʝʨʝʣʘ ʥʘ ʦʜʠʥʠʮʶ ʰʣʷʭʫ q 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʫ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʜʦʙʫʪʢʦʤ ʰʚʠʜʢʦʩʪʽ ʚʠʢʠʜʫ ʦʢʨʝʤʦʛʦ ʘʚ-

ʪʦʤʦʙʽʣʷ ʥʘ ʯʠʩʣʦ ʘʚʪʦʤʦʙʽʣʽʚ, ʚʽʜʥʝʩʝʥʠʭ ʜʦ ʦʜʠʥʠʮʽ ʰʣʷʭʫ. ʆʩʪʘʥʥʷ ʚʝ-

ʣʠʯʠʥʘ ʤʦʞʝ ʙʫʪʠ ʟʥʘʡʜʝʥʘ ʜʽʣʝʥʥʷʤ ʯʠʩʣʘ ʘʚʪʦʤʦʙʽʣʽʚ, ʷʢʽ ʧʨʦʭʦʜʷʪʴ ʯʝ-

ʨʝʟ ʜʘʥʫ ʪʦʯʢʫ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ, ʥʘ ʩʝʨʝʜʥʶ ʰʚʠʜʢʽʩʪʴ ʾʭ ʨʫʭʫ. ʆʪʞʝ: 
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ɼʣʷ ʭʤʘʨʥʦʛʦ ʜʥʷ ʫ ʧʽʩʣʷʧʦʣʫʜʝʥʥʠʡ ʯʘʩ ʢʣʘʩ ʩʪʽʡʢʦʩʪʽ ʘʪʤʦʩʬʝʨʠ 

ʚʽʜʧʦʚʽʜʘʻ ʽʥʜʝʢʩʫ D. ʊʦʜʽ, ʟʛʽʜʥʦ ʥʦʤʦʛʨʘʤʽ, ʜʣʷ ʚʽʜʜʘʣʽ 300 ʤ  sz = 12 ʤ. 

ʇʨʠʡʤʘʶʯʠ ʅ=0 ʜʣʷ ʧʨʠʟʝʤʥʦʛʦ ʜʞʝʨʝʣʘ, ʦʪʨʠʤʫʻʤʦ: 
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ʇʨʠʢʣʘʜ 4. ɼʦʚʛʠʡ ʨʷʜ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʚʽʜʭʦʜʽʚ, ʷʢʽ  ʛʦʨʷʪʴ 

ʥʘ ʧʦʣʽ ʤʦʞʥʘ ʧʨʠʡʥʷʪʠ ʟʘ ʙʝʟʢʽʥʝʯʥʝ ʣʽʥʽʡʥʝ ʜʞʝʨʝʣʦ. ʗʩʥʠʡ ʜʝʥʴ, ʙʣʠʞ-

ʯʝ ʜʦ ʚʝʯʦʨʘ, ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ 4,5 ʤ/ʩ. ɺʠʟʥʘʯʠʪʠ ʢʦʥʮʝʥʪʨʘʮʽʶ ʜʨʽʙʥʠʭ 

ʟʚʽʰʝʥʠʭ ʯʘʩʪʠʥʦʢ ʥʘ ʚʽʜʜʘʣʽ 600 ʤ ʧʦ ʚʽʪʨʫ, ʷʢʱʦ ʧʠʪʦʤʘ ʧʦʪʫʞʥʽʩʪʴ ʪʘ-

ʢʦʛʦ ʜʞʝʨʝʣʘ ʜʦʨʽʚʥʶʻ 0,23 ʛ/(ʤ ʩ). 

 

ʇʨʘʢʪʠʯʥʘ ʨʦʙʦʪʘ ˉ2 

ɺʠʧʘʜʘʥʥʷ ʯʘʩʪʠʥʦʢ, ʚʠʢʠʥʫʪʠʭ ʜʠʤʦʚʠʤʠ ʪʨʫʙʘʤʠ. 

ʄʝʪʘ ʨʦʙʦʪʠ: ʚʤʽʪʠ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʚʝʣʠʯʠʥʫ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘ ʧʦʚʝ-

ʨʭʥʽ ʟʝʤʣʽ, ʦʙʫʤʦʚʣʝʥʦʛʦ ʚʠʢʠʜʘʤʠ ʽʟ ʪʦʯʢʦʚʠʭ ʜʞʝʨʝʣ ʥʝʛʘʟʦʧʦʜʽʙʥʦʛʦ 

ʟʘʙʨʫʜʥʝʥʥʷ.  

ʊʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ. 

ʋ ʙʽʣʴʰʦʩʪʽ ʽʥʜʫʩʪʨʽʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʘʝʨʘʣʴʥʘ ʨʝʯʦʚʠʥʘ ʫʪʚʦʨʶʻʪʴ-

ʩʷ ʘʙʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʫ ʛʘʟʦʚʦʤʫ ʧʦʪʦʮʽ (ʥʘʧʨʠʢʣʘʜ ʫ ʧʨʦʮʝʩʽ ʟʛʦʨʘʥʥʷ), 

ʘʙʦ ʫ ʧʨʦʮʝʩʽ ʚʠʨʦʙʥʠʮʪʚʘ ʟ ʧʦʩʣʽʜʫʶʯʠʤ ʥʘʜʭʦʜʞʝʥʥʷʤ ʫ ʩʠʩʪʝʤʫ ʚʠʢʠ-

ʜʽʚ ʛʘʟʫ. ʂʽʣʴʢʽʩʪʴ ʘʝʨʦʟʦʣʴʥʦʾ ʨʝʯʦʚʠʥʠ, ʷʢʘ ʤʦʞʝ ʙʫʪʠ ʚʠʢʠʥʫʪʘ ʫ ʥʘʚʢʦ-

ʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, ʦʙʤʝʞʫʻʪʴʩʷ ʟʘʢʦʥʦʤ ʜʣʷ ʨʷʜʫ ʩʧʝʮʠʬʽʯʥʠʭ ʧʽʜʧʨʠ-

ʻʤʩʪʚ. ɼʣʷ ʦʙʤʝʞʝʥʥʷ ʨʽʚʥʷ ʝʤʽʩʽʾ ʫ ʟʘʜʘʥʠʭ ʛʨʘʥʠʮʷʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʩʠʩʪʝʤʘ ʨʝʛʫʣʶʚʘʥʥʷ. ɸʣʝ ʥʘʚʽʪʴ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʘʢʦʛʦ ʨʦʜʫ ʩʠʩʪʝʤ ʜʝ-

ʷʢʘ ʢʽʣʴʢʽʩʪʴ ʯʘʩʪʠʥʦʢ ʧʦʧʘʜʘʻ ʚ ʘʪʤʦʩʬʝʨʫ ʽʟ ʛʘʟʘʤʠ, ʱʦ ʚʽʜʭʦʜʷʪʴ ʚ ʘʪʤʦ-

ʩʬʝʨʫ. ɼʣʷ ʢʦʥʪʨʦʣʶ ʩʠʩʪʝʤ ʦʯʠʱʝʥʥʷ ʥʝʦʙʭʽʜʥʦ ʚʤʽʪʠ ʧʝʨʝʜʙʘʯʫʚʘʪʠ ʽʥ-

ʪʝʥʩʠʚʥʽʩʪʴ ʚʠʧʘʜʘʥʥʷ ʘʝʨʦʟʦʣʴʥʦʾ ʨʝʯʦʚʠʥʠ ʥʘ ʧʽʜʩʪʠʣʘʶʯʠ ʧʦʚʝʨʭʥʶ ʥʘ 

ʨʽʟʥʠʭ ʚʽʜʜʘʣʷʭ ʚʽʜ ʜʞʝʨʝʣʘ. 

ɺʥʘʩʣʽʜʦʢ ʜʽʾ ʩʠʣ ʪʷʞʽʥʥʷ ʚʝʣʠʯʠʥʘ ʝʬʝʢʪʠʚʥʦʾ ʚʠʩʦʪʠ ʪʨʫʙʠ ʅ ʧʦ-

ʚʠʥʥʘ ʙʫʪʠ ʩʢʦʨʠʛʦʚʘʥʘ ʚʽʜʥʦʩʥʦ ʧʦʩʪʽʡʥʦʛʦ ʦʩʽʜʘʥʥʷ ʯʘʩʪʠʥʦʢ. ɼʦʚʞʠʥʘ 

ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ ʧʽʩʣʷ ʚʠʣʴʦʪʫ ʽʟ ʪʨʫʙʠ ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ ʜʦʙʫʪʢʫ ʰʚʠʜ-

ʢʦʩʪʽ ʦʩʽʜʘʥʥʷ ʯʘʩʪʠʥʦʢ Vt  ʥʘ ʯʘʩ t ʟʘ ʷʢʠʡ  ʦʩʥʦʚʥʠʡ ʧʦʪʽʢ ʟʘʙʨʫʜʥʶʚʘʯʽʚ 

ʜʦʩʷʛʥʝ ʚʽʜʜʘʣʽ ʍ ʧʦ ʚʽʪʨʫ. ʎʝʡ ʯʘʩ ʜʦʨʽʚʥʶʻ x/u. ʆʪʞʝ, ʜʦʚʞʠʥʘ ʚʽʣʴʥʦʛʦ 

ʧʘʜʽʥʥʷ, ʥʘ ʷʢʫ ʧʦʚʠʥʥʘ ʙʫʪʠ ʟʢʦʨʠʛʦʚʘʥʘ ʚʝʣʠʯʠʥʘ ʅ, ʩʢʣʘʜʘʻ Vt x/u. ʎʝ 

ʝʢʚʽʚʘʣʝʥʪʥʦ ʧʦʥʠʞʝʥʥʶ ʦʩʴʦʚʦʾ ʣʽʥʽʾ ʛʘʫʩʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʧʦ ʦʩʽ z  ʥʘ ʚʝ-

ʣʠʯʠʥʫ Vt x/u. 



 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʠʣʠ ʪʷʞʽʥʥʷ, ʟʤʽʥʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʯʘʩ-

ʪʠʥʦʢ ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʘ ʥʘʩʪʫʧʥʠʤ ʨʽʚʥʷʥʥʷʤ: 
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ʊʫʪ QP- ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʠʢʠʜʫ ʘʝʨʦʟʦʣʴʥʠʭ  ʯʘʩʪʠʥʦʢ. ʎʷ ʚʝʣʠʯʠʥʘ 

ʤʦʞʝ ʙʫʪʠ ʚʠʨʘʞʝʥʘ ʚ ʪʘʢʠʭ ʦʜʠʥʠʮʷʭ, ʷʢ ʛ/ʩ, ʫy  ʪʘ ʫz ï ʚʠʨʘʞʘʶʪʴʩʷ ʚ ʤ ʽ 

u ʚ ʤ/ʩ. ɺʝʣʠʯʠʥʠ Q ʽ Vt ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʧʝʚʥʦʛʦ ʚʠʜʫ ʯʘʩʪʠʥʦʢ ʦʜʥʦʛʦ ʨʦʟ-

ʤʽʨʫ. 

ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʚʠʧʘʜʘʥʥʷ ʯʘʩʪʠʥʦʢ ʥʘ ʧʽʜʩʪʠʣʘʶʯʫ ʧʦʚʝʨʭʥʶ 

ʚʟʜʦʚʞ ʦʩʴʦʚʦʾ ʣʽʥʽʾ ʰʣʝʡʬʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʘʢ: 
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ɻʫʩʪʠʥʘ ʟʘʙʨʫʜʥʝʥʥʷ ʤʽʩʮʝʚʦʩʪʽ P(x,y,t) ʟʘ ʯʘʩ t ʦʪʨʠʤʫʻʪʴʩʷ ʽʟ ʮʴʦ-

ʛʦ ʚʠʨʘʟʫ ʤʥʦʞʝʥʥʷʤ ʥʘ ʝʬʝʢʪʠʚʥʫ ʰʚʠʜʢʽʩʪʴ ʦʩʽʜʘʥʥʷ ʧʨʦʜʫʢʪʽʚ ʚʠʢʠʜʽʚ 

ʥʘ ʧʦʚʝʨʭʥʶ ʛʨʫʥʪʦʚʦ - ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʦʚʫ vg ʪʘ ʥʘ ʯʘʩ ʜʽʾ ʜʞʝʨʝʣʘ t. 

twtV)z,y,x(C)y,x(P t Ö¹ÖÖ=  
ʅʘʚʝʜʝʥʽ ʬʦʨʤʫʣʠ ʜʘʶʪʴ ʧʨʠʜʘʪʥʽ ʦʮʽʥʢʠ ʜʣʷ ʧʨʦʩʪʠʭ ʽ ʦʜʥʦʨʽʜʥʠʭ 

ʫʤʦʚ ʨʝʣʴʻʬʫ ʪʘ ʜʣʷ ʩʝʨʝʜʥʽʭ ʰʠʨʦʪ.  

 

ɿʘʚʜʘʥʥʷ ʜʣʷ ʧʨʘʢʪʠʯʥʦʾ ʨʦʙʦʪʠ 

ʇʠʣ ʛʫʩʪʠʥʦʶ 1.54 ʛ/ʩʤ3 ʚʠʢʠʜʘʻʪʴʩʷ ʽʟ ʪʨʫʙʠ, ʻʬʝʢʪʠʚʥʘ ʚʠʩʦʪʘ 

ʷʢʦʾ ʜʦʨʽʚʥʶʻ 120 ʤ. ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʚʠʢʠʜʽʚ ʜʣʷ ʯʘʩʪʠʥʦʢ ʜʽʘʤʝʪʨʦʤ 40 ʤʢʤ 

ʩʢʣʘʜʘʻ 4 ʛ/ʩ. ʐʚʠʜʢʽʩʪʴ ʚʽʪʨʫ ʜʦʨʽʚʥʶʻ 3 ʤ/ʩ.ɸʪʤʦʩʬʝʨʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʢʣʘʩʦʤ ʩʪʽʡʢʦʩʪʽ D. ɿʥʘʡʪʠ: ʘ)ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʠʧʘʜʘʥʴ ʚ ʛ/(ʤ2ʩ) ʜʣʷ ʚʽʜʜʘʣʝʡ 

ʧʦ ʚʽʪʨʫ 200 ʽ 5000 ʤ; 

 

ʇʨʘʢʪʠʯʥʘ ʨʦʙʦʪʘ ˉ3 

ɺʠʟʥʘʯʝʥʥʷ ʨʦʟʤʽʨʽʚ ʟʦʥʠ ʟʘʙʨʫʜʥʝʥʥʷ ʛʨʫʥʪʽʚ. 

ʄʝʪʘ ʨʦʙʦʪʠ: ʚʤʽʪʠ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʨʦʟʤʽʨʠ ʟʦʥʠ ʟʘʙʨʫʜʥʝʥʥʷ ʪʝʨʠ-

ʪʦʨʽʾ ʧʦʚʝʨʭʥʽ ʟʝʤʣʽ, ʦʙʫʤʦʚʣʝʥʦʛʦ ʚʠʢʠʜʘʤʠ ʽʟ ʪʦʯʢʦʚʠʭ ʜʞʝʨʝʣ ʟʘʙʨʫʜ-

ʥʝʥʥʷ ʪʘ ʚʠʨʦʙʠʪʠ ʫʷʚʣʝʥʥʷ ʧʨʦ ʤʽʛʨʘʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ ʟʘʙʨʫʜʥʶʚʘʯʽʚ 

ʊʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ. 

ʗʢʱʦ ʨʦʟʛʣʷʜʘʪʠ ʪʝʨʤʽʥ ñʟʘʙʨʫʜʥʝʥʥʷò ʷʢ ʟʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ ʷʢʦʛʦ 

ï ʥʝʙʫʜʴ ʭʽʤʽʯʥʦʛʦ ʝʣʝʤʝʥʪʘ, ʘʙʦ ʾʭ ʩʫʢʫʧʥʦʩʪʽ, ʪʦ ʧʦʥʷʪʪʷ ñʟʘʙʨʫʜʥʝʥʥʷ 

ʛʨʫʥʪʽʚ ʜʘʥʠʤ ʧʦʣʶʪʘʥʪʦʤò ï ʮʝ ʟʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʘʥʦʛʦ ʧʦʣʶʪʘ-



 

ʥʪʘ ʫ ʰʘʨʽ ʛʨʫʥʪʫ. ʆʙʤʝʞʠʤʦʩʷ ʨʦʟʛʣʷʜʦʤ ʚʝʨʭʥʴʦʛʦ ʰʘʨʫ ʛʨʫʥʪʫ, ʚ ʷʢʦʤʫ 

ʨʦʟʤʽʱʫʻʪʴʩʷ ʢʦʨʝʥʝʚʘ ʩʠʩʪʝʤʘ ʨʦʩʣʠʥ. ʎʝʡ ʰʘʨ ʛʨʫʥʪʫ ʤʦʞʝ ʙʫʪʠ ʜʞʝʨʝ-

ʣʦʤ ʟʘʙʨʫʜʥʝʥʥʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʧʨʦʜʫʢʮʽʾ, ʘ ʪʘʢʦʞ ʚʪʦʨʠʥʥʠʤ 

ʜʞʝʨʝʣʦʤ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ. ʅʘ ʧʦʚʝʨʭʥʝʚʠʡ ʰʘʨ ʧʦʩʪʽʡʥʦ ʥʘʜʭʦʜʷʪʴ 

ʟʘʙʨʫʜʥʶʚʘʯʽ  ʚʽʜ ʨʽʟʥʠʭ ʜʞʝʨʝʣ. ʎʽ ʟʘʙʨʫʜʥʶʚʘʯʽ ʚʢʣʶʯʘʶʪʴʩʷ ʫ ʨʽʟʥʽ ʙʽʦ-

ʛʝʦʭʽʤʽʯʥʽ ʧʨʦʮʝʩʠ ʤʽʛʨʘʮʽʾ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʨʠʨʦʜʦʶ ʧʦʣʶʪʘʥʪʘ, ʽ ʚʠ-

ʥʦʩʷʪʴʩʷ ʽʟ ʨʦʟʛʣʷʜʫʚʘʥʦʛʦ ʰʘʨʫ ʛʨʫʥʪʫ. ɺʤʽʩʪ ʭʽʤʽʯʥʦʛʦ ʝʣʝʤʝʥʪʘ ʫ ʧʦʚʝ-

ʨʭʥʝʚʦʤʫ ʰʘʨʽ ʫ ʙʫʜʴ ï ʷʢʠʡ ʤʦʤʝʥʪ ʯʘʩʫ t ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʷʢ ʬʫʥʢʮʽʶ 

ʨʷʜʫ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʤʽʛʨʘʮʽʶ ʝʣʝʤʝʥʪʘ:  

),...,,,t(CC n21t aaa=              

ʜʝ aI ð ʧʘʨʘʤʝʪʨ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻ ʤʽʛʨʘʮʽʶ ʨʦʟʛʣʷʜʫʚʘʥʦʛʦ ʝʣʝ-

ʤʝʥʪʘ ʥʘ ʛʨʘʥʠʮʽ ʛʨʫʥʪʫ ʽʟ ʩʫʩʽʜʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ.  

ʋ ʧʝʨʰʦʤʫ ʥʘʙʣʠʞʝʥʥʽ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʧôʷʪʴ ʦʩʥʦʚʥʠʭ ʧʨʦʮʝʩʽʚ, 

ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʤʽʛʨʘʮʽʶ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ: 1) ʥʘʜʭʦʜʞʝʥʥʷ ʝʣʝʤʝʥʪʘ ʥʘ 

ʧʦʚʝʨʭʥʶ ʛʨʫʥʪʫ, 2) ʚʠʥʦʩ ʽʟ ʧʦʚʝʨʭʥʝʚʠʤ ʚʦʜʥʠʤ ʩʪʦʢʦʤ, 3) ʤʽʛʨʘʮʽʷ ʫ 

ʛʣʠʙʦʢʽ ʰʘʨʠ ʛʨʫʥʪʫ, 4) ʚʽʜʯʫʞʝʥʥʷ ʽʟ ʫʨʦʞʘʻʤ ʽ 5) ʚʠʧʘʨʦʚʫʚʘʥʥʷ.  

ʄʘʶʯʠ ʮʽ ʧʨʦʮʝʩʠ ʥʘ ʫʚʘʟʽ, ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʟʤʽʥʫ ʟʘʧʘʩʫ ʝʣʝʤʝ-

ʥʪʘ ʫ ʛʨʫʥʪʦʚʦʤʫ ʰʘʨʽ ʥʘ ʦʜʠʥʠʮʽ ʧʣʦʱʽ ʟʘ ʧʨʦʤʽʞʦʢ ʯʘʩʫ dt ʫ ʚʠʛʣʷʜʽ:   

 

dM-dF-dR-dV-dW dU=      

ʜʝ dU ð ʟʤʽʥʘ ʟʘʧʘʩʫ ʽʥʛʨʝʜʽʻʥʪʘ ʫ ʰʘʨʽ ʛʨʫʥʪʫ ʟʘ ʯʘʩ dt ʥʘ ʦʜʠʥʠʮʽ 

ʧʣʦʱʽ; dW ð ʥʘʜʭʦʜʞʝʥʥʷ ʽʥʛʨʝʜʽʻʥʪʘ ʥʘ ʝʣʝʤʝʥʪʘʨʥʫ ʧʣʦʱʫ ʟʘ ʯʘʩ  dt; dV 

ð ʚʠʥʦʩ ʽʥʛʨʝʜʽʻʥʪʘ ʽʟ ʰʘʨʫ ʛʨʫʥʪʫ ʚʦʜʥʠʤ ʩʪʦʢʦʤ; dR ð ʚʠʥʦʩ ʚ ʨʦʩʣʠʥʠ 

ʽ ʚʽʜʯʫʞʝʥʥʷ ʽʟ ʫʨʦʞʘʻʤ; dF ð ʚʠʧʘʨʦʚʫʚʘʥʥʷ; dM ð ʚʠʥʦʩ ʫ ʙʽʣʴʰ ʛʣʠʙʦ-

ʢʽ ʰʘʨʠ ʛʨʫʥʪʫ. ʆʯʝʚʠʜʥʦ, ʱʦ ʧʨʦ ʟʘʙʨʫʜʥʝʥʥʷ ʤʦʞʥʘ ʛʦʚʦʨʠʪʠ ʢʦʣʠ ʥʘʜ-

ʭʦʜʞʝʥʥʷ ʝʣʝʤʝʥʪʘ ʙʫʜʝ ʙʽʣʴʰʠʤ ʟʘ ʡʦʛʦ ʚʠʥʦʩ: 

dMdFdRdVdW +++>        

ɿʨʫʯʥʦ ʦʧʝʨʫʚʘʪʠ ʥʝ ʟ ʘʙʩʦʣʶʪʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʢʦʤʧʦʥʝʥʪʽʚ ʤʽʛ-

ʨʘʮʽʾ, ʘ ʟ ʾʭ ʚʽʜʥʦʰʝʥʥʷʤ ʜʦ ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʬʦʥʦʚʦʛʦ ʨʽʚʥʷ  Uʌ  ʟʘʙʨʫʜʥʝʥ-

ʥʷ ʢʦʨʝʥʝʚʦʛʦ ʰʘʨʫ ʛʨʫʥʪʫ ʜʘʥʠʤ ʝʣʝʤʝʥʪʦʤ: 

dW

dM
d  ,

U

dF
f  ,

U

dR
r   ,

U

dV
v ====

FFF

 

v, r, f ʠ d ð ʧʘʨʘʤʝʪʨʠ, ʷʢʽ  ʭʘʨʘʢʪʝʨʠʟʫʪʴ ʯʘʩʪʠʥʫ ʟʘʧʘʩʫ ʝʣʝʤʝʥʪʘ, 

ʱʦ ʚʠʥʦʩʠʪʴʩʷ, ʚʽʜʧʦʚʽʜʥʦ, ʚʦʜʥʠʤ ʩʪʦʢʦʤ, ʫʨʦʞʘʻʤ, ʚʠʨʦʚʫʚʘʥʥʷʤ ʪʘ ˇʨʫ-

ʥʪʦʚʠʤʠ ʧʨʦʮʝʩʘʤʠ ʤʽʛʨʘʮʽʾ. 

ʆʪʞʝ ʫʤʦʚʫ ʟʘʙʨʫʜʥʝʥʦʩʪʽ ʛʨʫʥʪʫ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ:   



 

        
F

-<++
U

dW
)d(frv 1                        

ɺʢʘʟʘʥʽ ʪʫʪ ʦʩʥʦʚʥʽ ʝʣʝʤʝʥʪʠ ʙʘʣʘʥʩʫ ʨʝʯʦʚʠʥʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʛʨʫʥ-

ʪʦʚʦ ï ʢʣʽʤʘʪʠʯʥʠʤʠ ʫʤʦʚʘʤʠ ʽ ʪʽʣʴʢʠ ʾʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʚʠʟʥʘʯʝʥʥʷ ʜʦ-

ʟʚʦʣʠʪʴ ʧʨʘʚʠʣʴʥʦ ʦʮʽʥʠʪʠ ʟʦʥʫ ʪʝʭʥʦʛʝʥʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ.  

ʈʦʟʛʣʷʥʝʤʦ ʚʧʘʜʦʢ ʟʘʙʨʫʜʥʝʥʥʷ ʛʨʫʥʪʫ ʘʪʤʦʩʬʝʨʥʠʤʠ ʚʠʢʠʜʘʤʠ  

ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʥʘʩʪʫʧʥʫ 

ʘʧʨʦʢʩʠʤʘʮʽʶ, ʟʘʧʨʦʧʦʥʦʚʘʥʫ ɹʣʽʥʦʚʠʤ, ʟʘʣʝʞʥʦʩʪʽ ʛʫʩʪʠʥʠ ʧʦʪʦʢʫ ʟʘ-

ʙʨʫʜʥʝʥʥʷ ʥʘ ʧʽʜʩʪʠʣʘʶʯʠ ʧʦʚʝʨʭʥʶ ʚʽʜ ʚʽʜʜʘʣʽ  ʭ ʜʦ ʜʞʝʨʝʣʘ:  

dtPdtePdW kx
F+= -

0  

(ʜʝ k ð ʢʦʝʬʽʮʽʻʥʪ, ʟʘʣʝʞʥʠʡ ʚʽʜ ʥʘʧʨʷʤʢʫ ʪʘ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ;  P0 

ð ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʛʫʩʪʠʥʠ ʧʦʪʦʢʫ ʝʣʝʤʝʥʪʘ ʚ ʨʘʡʦʥʽ ʜʞʝʨʝʣʘ; ʈʌ ð 

ʬʦʥʦʚʳʡ ʨʽʚʝʥʴ ʧʦʪʦʢʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʚʽʜʜʘʣʽ ʚʽʜ ʜʞʝʨʝʣʘ ʥʘ ʷʢʽʡ ʙʫʜʝ 

ʚʽʜʙʫʚʘʪʠʩʷ ʘʙʨʫʜʥʝʥʥʷ ʦʪʨʠʤʫʻʤʦ: 
)d1(tP)fvr(hC

dt0P
ln

k

1
x

--++
<

FrF
 

ʜʝ h ð ʪʦʚʱʠʥʘ ʢʦʨʝʥʝʚʦʛʦ ʰʘʨʫ ʛʨʫʥʪʫ, ʉʬ ð ʨʝʛʽʦʥʘʣʴʥʘ ʬʦʥʦʚʘ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʝʣʝʤʝʥʪʘ ʫ ʛʨʫʥʪʽ, r ð ʦʙôʻʤʥʘ ʛʫʩʪʠʥʘ ʛʨʫʥʪʫ. 

ʋ ʧʝʨʰʦʤʫ ʥʘʙʣʠʞʝʥʥʽ, ʚ ʨʘʤʢʘʭ ʦʜʥʦʛʦ ʽ ʪʦʛʦ ʞ ʛʨʫʥʪʦʚʦ ï ʢʣʽʤʘ-

ʪʠʯʥʦʛʦ ʨʝʛʽʦʥʫ ʧʘʨʘʤʝʪʨʠ ʉʬ, r, v, f ʽ d ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʧʦʩʪʽʡʥʠʤʠ. ʊʦʜʽ 

ʨʦʟʤʽʨʠ ʟʦʥʠ ʟʘʙʨʫʜʥʝʥʥʷ ʙʫʜʫʪʴ ʟʘʣʝʞʘʪʠ ʣʠʰʝ ʚʽʜ ʤʘʢʩʠʤʘʣʴʥʦʾ ʛʫʩʪʠʥʠ 

ʧʦʪʦʢʫ ʝʣʝʤʝʥʪʫ ʥʘ ʧʦʚʝʨʭʥʶ, ʪʦʙʪʦ ʚʽʜ ʘʪʤʦʩʬʝʨʥʠʭ ʚʠʢʠʜʽʚ. 

ʇʨʠʢʣʘʜ 1 ɼʣʷ ʦʮʽʥʢʠ ʨʦʟʤʽʨʽʚ ʟʦʥʠ ʟʘʙʨʫʜʥʝʥʥʷ ʚʠʢʦʨʠʩʪʘʪʠ ʧʘ-

ʨʘʤʝʪʨʠ, ʚʠʟʥʘʯʝʥʽ ʜʣʷ ʚʠʧʘʜʢʫ ʦʨʥʠʭ ʜʝʨʥʦʚʦ ï ʧʽʜʟʦʣʠʩʪʠʭ ʩʝʨʝʜʥʴʦ ï 

ʩʫʛʣʠʥʠʩʪʠʭ ʛʨʫʥʪʽʚ, ʧʨʠʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ. 

 

ʊʘʙʣʠʮʷ. ɿʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʤʽʛʨʘʮʽʾ 

ɽʣʝʤʝʥʪ ʉʌ, ʤʣʥ
-1 ʇʘʨʘʤʝʪʨ 

v r f d 

ʈʪʫʪʴ 0,05 0,040 0,005 0,60 0,06 

ʂʘʜʤʽʡ 0,50 0,035 0,004 - 0,35 

ʉʚʠʥʝʮʴ 22 0,010 0,004 - 0,20 

 

ʇʨʠʢʣʘʜ 2. ʇʦʨʽʚʥʷʪʠ ʩʫʤʠ ʢʦʤʧʦʥʝʥʪʽʚ ʤʽʛʨʘʮʽʾ ʚʢʘʟʘʥʠʭ ʚʘʞʢʠʭ 

ʤʝʪʘʣʽʚ. ʗʢʘ ʢʦʤʧʦʥʝʥʪʘ ʤʽʛʨʘʮʽʾ ʚʥʦʩʠʪʴ ʥʘʡʙʽʣʴʰʠʡ ʚʢʣʘʜ ʫ ʤʽʛʨʘʮʽʡʥʫ 

ʜʘʪʥʽʩʪʴ ʚʢʘʟʘʥʠʭ ʝʣʝʤʝʥʪʽʚ? 



 

ʇʨʠʢʣʘʜ 3 ɿʛʽʜʥʦ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʤʦʞʥʘ ʙʘʯʠʪʠ, ʱʦ ʧʘʨʘʤʝ-

ʪʨʦʤ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻ ʥʝʙʝʟʧʝʢʫ ʟʘʙʨʫʜʥʝʥʥʷ ʻ ʚʽʜʥʦʰʝʥʥʷ  P0/Uʌ. ʎʝ 

ʚʽʜʥʦʰʝʥʥʷ ʧʦʢʘʟʫʻ ʫ ʩʢʽʣʴʢʠ ʨʘʟʽʚ ʧʦʪʽʢ ʝʣʝʤʝʥʪʘ ʥʘ ʦʜʠʥʠʮʶ ʧʦʚʝʨʭʥʽ 

ʛʨʫʥʪʫ ʧʝʨʝʚʠʱʫʻ ʟʘʧʘʩ ʮʴʦʛʦ ʝʣʝʤʝʥʪʘ ʫ ʛʨʫʥʪʽ.  ʇʦʙʫʜʫʚʘʪʠ ʛʨʘʬʽʯʥʫ ʟʘ-

ʣʝʞʥʽʩʪʴ ʨʦʟʤʽʨʽʚ ʟʦʥ ʟʘʙʨʫʜʥʝʥʥʷ ʛʨʫʥʪʽʚ ʨʪʫʪʪʶ, ʩʚʠʥʮʝʤ ʪʘ ʢʘʜʤʽʻʤ ʚʽʜ 

ʧʘʨʘʤʝʪʨʘ Po/Uʌ (ʚʠʢʦʨʠʩʪʘʪʠ ʧʘʢʝʪ ʧʨʦʛʨʘʤ MAPLE). 

ʇʨʠʢʣʘʜ 4 ʈʦʟʨʘʭʫʚʘʪʠ ʧʣʦʱʫ ʟʦʥʠ ʟʘʙʨʫʜʥʝʥʥʷ ʛʨʫʥʪʫ ʧʨʠ ʧʘ-

ʨʘʤʝʪʨʘʭ ʤʽʛʨʘʮʽʾ ʥʘʚʝʜʝʥʠʭ ʫ ʪʘʙʣʠʮʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʟʥʘʯʝʥʥʷ ʤʘʢʩʠ-

ʤʘʣʴʥʦʾ ʛʫʩʪʠʥʠ ʧʦʪʦʢʫ ʝʣʝʤʝʥʪʽʚ ʈ0=0,45-10-3 ʢʛ/(ʤ2 ʯʘʩ), ʪʦʚʱʠʥʫ ʢʦʨʝ-

ʥʝʚʦʛʦ ʰʘʨʫ h=0,1 ʤ, r=0,85-103 ʢʛ/ʤ3  ʪʘ, ʧʨʠʧʫʩʢʘʶʯʠ ʢʨʫʛʦʚʠʡ ʭʘʨʘʢʪʝʨ 

ʨʦʟʠ ʚʽʪʨʽʚ, k=0,2 1/ ʢʤ. 

ʇʨʠʢʣʘʜ 5 ʈʦʟʨʘʭʫʚʘʪʠ ʧʣʦʱʫ ʟʦʥʠ ʟʘʙʨʫʜʥʝʥʥʷ ʛʨʫʥʪʫ ʚʨʘʭʦʚʫ-

ʶʯʠ ʟʘʣʝʞʥʽʩʪʴ ʛʫʩʪʠʥʠ ʧʦʪʦʢʫ ʟʘʙʨʫʜʥʝʥʥʷ, ʦʪʨʠʤʘʥʫ ʫ ʧʦʧʝʨʝʜʥʴʦʤʫ 

ʨʦʟʜʽʣʽ, ʧʨʠ ʟʥʘʯʝʥʥʷʭ ʨʝʰʪʠ ʧʘʨʘʤʝʪʨʽʚ, ʚʢʘʟʘʥʠʭ ʫ ʧʦʧʝʨʝʜʥʴʦʤʫ ʟʘ-

ʚʜʘʥʥʽ. 

 

 

ʇʨʘʢʪʠʯʥʘ ʨʦʙʦʪʘ ˉ4 

ʇʦʥʷʪʪʷ ʧʨʦ ʘʚʪʦʥʦʤʥʽ ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʩʠʩʪʝʤʠ 

ʄʝʪʘ ʨʦʙʦʪʠ: ʚʤʽʪʠ ʧʨʘʮʶʚʘʪʠ ʽʟ ʘʚʪʦʥʦʤʥʦʶ ʩʠʩʪʝʤʦʶ ʜʠʬʝʨʝʥ-

ʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ, ʘʥʘʣʽʟʫʚʘʪʠ ʾʾ ʪʘ ʙʫʜʫʚʘʪʠ ʬʘʟʦʚʽ ʧʦʨʪʨʝʪʠ, ʚʠʢʦʨʠʩʪʦ-

ʚʫʶʯʠ ʤʘʪʝʤʘʪʠʯʥʠʡ ʧʘʢʝʪ MAPLE 

ʊʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ. 

ʉʠʩʪʝʤʘ ʟʚʠʯʘʡʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʚ ʷʢʽ ʥʝʟʘʣʝʞʥʘ ʟʤʽʥ-

ʥʘ ʥʝ ʚʭʦʜʠʪʴ ʷʚʥʠʤ ʯʠʥʦʤ ʥʘʟʠʚʘʻʪʴʩʷ ʘʚʪʦʥʦʤʥʦʶ ʩʠʩʪʝʤʦʶ: dy/dt = f(y). 

ʅʘʧʨʠʢʣʘʜ ʨʽʚʥʷʥʥʷ dx/dt = x ʻ ʘʚʪʦʥʦʤʥʠʤ, ʘ  ʨʽʚʥʷʥʥʷ dx/dt = t ʥʝ ʘʚʪʦ-

ʥʦʤʥʝ. ɿʚʠʯʘʡʥʝ ʜʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʤʦʞʝ ʙʫʪʠ 

ʧʨʠʚʝʜʝʥʝ ʜʦ ʨʽʚʥʷʥʴ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʰʣʷʭʦʤ ʟʘʤʽʥʠ: du/dt = p, (d2u/dt2 = 

pdp/du, ʨʦʟʛʣʷʜʘʶʯʠ u ʷʢ ʥʝʟʘʣʝʞʥʫ ʟʤʽʥʥʫ. ʊʫʪ  u ʻ ʟʘʣʝʞʥʘ ʟʤʽʥʥʘ ʘ t ʥʝ-

ʟʘʣʝʞʥʘ ʟʤʽʥʥʘ ʜʘʥʦʛʦ ʨʽʚʥʷʥʥʷ. 

ʌʘʟʦʚʠʡ ʧʦʨʪʨʝʪ ʻ ʨʠʩʫʥʦʢ, ʷʢʠʡ ʧʦʢʘʟʫʻ ʪʨʘʝʢʪʦʨʽʾ ʫ ʬʘʟʦʚʦʤʫ 

ʧʨʦʩʪʦʨʽ. ɿʦʢʨʝʤʘ, ʜʣʷ ʘʚʪʦʥʦʤʥʦʾ ʩʠʩʪʝʤʠ ʟʚʠʯʘʡʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽ-

ʚʥʷʥʴ ʚ ʜʚʦʭ ʟʤʽʥʥʠʭ, ʬʘʟʦʚʠʤ ʧʨʦʩʪʦʨʦʤ ʻ ʧʣʦʱʠʥʘ, ʘ ʬʘʟʦʚʠʡ ʧʦʨʪʨʝʪ 

ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʢʨʠʚʠʭ ʨʦʨʟʚʷʟʢʽʚ ʚ ʮʽʡ ʧʣʦʱʠʥʽ.  

ʇʨʠʢʣʘʜ 1. ʇʦʙʫʜʫʚʘʪʠ ʬʘʟʦʚʠʡ ʧʦʨʪʨʝʪ ʩʠʩʪʝʤʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ 

ʨʽʚʥʷʥʴ: 



 

 
ʈʦʟʛʣʷʜʘʻʤʦ ʽʥʪʝʨʚʘʣ ʟʤʽʥʠ ʘʨʛʫʤʝʥʪʘ t=-2..2. ʇʨʠʡʤʘʻʤʦ ʧʦʯʘʪʢʦʚʽ 

ʫʤʦʚʠ x(0)=1,y(0)=0,z(0)=2. ʆʩʢʽʣʴʢʠ ʤʘʻʤʦ ʪʨʠʟʘʣʝʞʥʽ ʟʤʽʥʥʽ x(t),y(t),z(t), 

ʪʦ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʧʦʧʘʨʥʽ ʚʟʘʻʤʦʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʥʠʤʠ. ɺʽʜʧʦʚʽʜʥʘ ʢʦ-

ʤʘʥʜʘ ʥʘ ʤʦʚʽ MAPLE ʤʘʻ ʚʠʛʣʷʜ: scene=[z(t),x(t)], scene=[y(t),x(t)],ʘʙʦ 

scene=[z(t),y(t)]. ʂʦʤʘʥʜʘ linecolour=sin(t*Pi/2)ʛʦʚʦʨʠʪʴ ʧʨʦʪʝ, ʱʦ ʢʦʣʽʨ 

ʚʟʜʦʚʞ ʢʨʠʚʦʾ ʟʤʽʥʶʻʪʴʩʷ ʧʦ ʟʘʢʦʥʫ ʩʠʥʫʩʘ. ʈʝʰʪʘ ʢʦʤʘʥʜ ʢʦʥʢʨʝʪʠʟʫʻ 

ʢʨʦʢ ʨʦʟʨʘʭʫʥʢʽʚ ʧʦ ʥʝʟʘʣʝʞʥʽʡ ʟʤʽʥʥʽʡ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʡʡ ʧʨʠ ʮʴʦʤʫ 

ʤʝʪʦʜ ʯʠʩʣʝʥʥʠʭ ʦʙʯʠʩʣʝʥʴ (ʥʘʧʨ. classical[foreuler]).  

ɺʽʜʧʦʚʽʜʥʘ ʩʠʩʪʝʤʘ ʢʦʤʘʥʜ ʫ ʬʦʨʤʘʪʽ MAPLE ʤʘʻ ʚʠʛʣʷʜ: 

 [> with(DEtools): 

[> phaseportrait([D(x)(t)=y(t)-z(t),D(y)(t)=z(t)-x(t),D(z)(t)=x(t)-y(t)*2], 

[x(t),y(t),z(t)],t=-2..2,[[x(0)=1,y(0)=0,z(0)=2]],stepsize=.05, 

scene=[z(t),x(t)],linecolour=sin(t*Pi/2),method=classical[foreuler]); 

 

  ʇʨʠʢʣʘʜ 2. ʇʦʙʫʜʫʚʘʪʠ ʬʘʟʦʚʠʡ ʧʦʨʪʨʝʪ ʟʚʠʯʘʡʥʦʛʦ ʜʠʬʝʨʝʥʮʽʘ-

ʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ D(y)(x)=-y(x)-x^2 ʧʨʠ ʪʨʴʦʭ ʨʽʟʥʠʭ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚʘʭ, ʘ 

ʩʘʤʝ: y(0)=0,y(0)=1,[y(0)=-1] 

ʄʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʥʘʩʪʫʧʥʫ ʩʠʩʪʝʤʫ ʢʦʤʘʥʜ MAPLE: 

 [> phaseportrait(D(y)(x)=-y(x)-x^2,y(x),x=-

1..2.5,[[y(0)=0],[y(0)=1],[y(0)=-1]],title=`Asymptotic 

solution`,colour=magenta,linecolor=[gold,yellow,wheat]); 

 

 

ʇʨʘʢʪʠʯʥʘ ʨʦʙʦʪʘ ˉ5 

ʄʘʪʝʤʘʪʠʯʥʘ ʪʝʦʨʽʷ ʝʧʽʜʝʤʽʾ. 

ʄʝʪʘ ʨʦʙʦʪʠ: ʚʤʽʪʠ ʘʥʘʣʽʟʫʚʘʪʠ ʧʦʰʠʨʝʥʥʷ ʽʥʬʝʢʮʽʡʥʠʭ ʟʘʭʚʦʨʶ-

ʚʘʥʴ 

ʊʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ. 

ʈʦʟʛʣʷʥʝʤʦ ʟʘʜʘʯʫ ʧʦʰʠʨʝʥʥʷ ʝʧʽʜʝʤʽʾ, ʘʙʦ ʚʽʨʫʩʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ.  

ʅʝʭʘʡ ʜʝʷʢʘ ʧʦʧʫʣʷʮʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ N ʦʨʛʘʥʽʟʤʽʚ, ʷʢʽ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ 

ʪʨʠ ʛʨʫʧʠ. ɼʦ ʧʝʨʰʦʾ ʛʨʫʧʠ ʚʢʣʶʯʠʤʦ ʦʨʛʘʥʽʟʤʠ, ʷʢʽ ʩʧʨʠʡʥʷʪʣʠʚʽ ʜʦ ʜʝ-

ʷʢʦʾ ʭʚʦʨʦʙʠ, ʘʣʝ ʟʜʦʨʦʚʽ. ʏʠʩʣʦ ʪʘʢʠʭ ʦʨʛʘʥʽʟʤʽʚ ʧʦʟʥʘʯʠʤʦ ʯʝʨʝʟ S(t). ɺ 

ʜʨʫʛʫ ʛʨʫʧʫ ʚʢʣʶʯʠʤʦ ʦʨʛʘʥʽʟʤʠ, ʷʢʽ ʻ ʽʥʬʽʢʦʚʘʥʠʤ ï ʚʦʥʠ ʭʚʦʨʽ ʽ ʻ ʜʞʝʨʝ-

ʣʦʤ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʭʚʦʨʦʙʠ. ʏʠʩʣʦ ʪʘʢʠʭ ʦʨʛʘʥʽʟʤʽʚ ʚ ʤʦʤʝʥʪ ʯʘʩʫ t ʜʦ-

ʨʽʚʥʶʻ  I(t). ʅʘʨʝʰʪʽ ʪʨʝʪʷ ʛʨʫʧʘ ʮʝ ʦʨʛʘʥʽʟʤʠ ʷʢʽ ʟʜʦʨʦʚʽ ʽ ʤʘʶʪʴ ʽʤʫʥʽʪʝʪ 

ʜʦ ʜʘʥʦʾ ʭʚʦʨʦʙʠ. ɺ ʜʘʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ t ʯʠʩʣʦ ʪʘʢʠʭ ʦʨʛʘʥʽʟʤʽʚ ʻ R(t). ʊʘ-



 

ʢʠʤ ʯʠʥʦʤ ʤʘʻʤʦ ʟʘʢʦʥ ʟʙʝʨʝʞʝʥʥʷ ʯʠʩʣʘ ʦʩʽʙ,  ʘʙʦ ʷʢ ʽʥʢʦʣʠ ʛʦʚʦʨʷʪʴ ï 

ʽʥʪʝʛʨʘʣ ʩʠʩʪʝʤʠ, S(t)+I(t)+R(t)=N ɺ ʣʽʥʽʡʥʦʤʫ ʥʘʙʣʠʞʝʥʥʽ ʚʚʘʞʘʻʪʴʩʷ, ʱʦ 

ʟʤʽʥʘ ʯʠʩʣʘ ʩʧʨʠʡʥʷʪʣʠʚʠʭ ʜʦ ʭʚʦʨʦʙʠ ʦʨʛʘʥʽʟʩʤʽʚ ʧʨʦʧʦʨʮʽʡʥʘ ʯʠʩʣʫ ʮʠʭ 

ʦʨʛʘʥʽʟʤʽʚ. ʐʚʠʜʢʽʩʪʴ ʟʤʽʥʠ ʯʠʩʣʘ ʽʥʬʝʢʦʚʘʥʠʭ ʦʨʛʘʥʽʟʤʽʚ, ʘʣʝ ʚʠʟʜʦʨʦʚ-

ʣʶʶʯʠʭ, ʪʘʢʦʞ ʙʫʜʝʤʦ ʚʚʘʞʘʪʠ ʧʨʦʧʦʨʮʽʡʥʠʤʠ ʯʠʩʣʫ ʽʥʬʝʢʦʚʘʥʠʭ ʦʨʛʘʥʽ-

ʟʤʽʚ.  

ʂʦʞʥʠʡ ʦʨʛʘʥʽʟʤ, ʩʧʨʠʡʥʷʪʣʠʚʠʡ ʜʦ ʟʘʭʚʦʨʝʥʥʥʷ, ʧʨʠ ʟʘʭʚʦʨʶʚʘʥ-

ʥʽ ʩʘʤ ʩʪʘʻ ʽʥʬʝʢʮʽʡʥʠʤ, ʪʦʤʫ ʰʚʠʜʢʽʩʪʴ ʟʤʽʥʠ ʯʠʩʣʘ ʽʥʬʝʢʦʚʘʥʠʭ ʦʨʛʘʥʽʟ-

ʤʽʚ ʻ ʨʽʟʥʠʮʷ ʤʽʞ ʟʘʭʚʦʨʽʚʰʠʤʠ ʪʘ ʪʠʤʠ, ʱʦ ʚʠʟʜʦʨʦʚʽʣʠ. ʆʪʞʝ, ʚʚʘʞʘʶʯʠ, 

ʱʦ ʝʧʽʜʝʤʽʷ ʧʦʰʠʨʶʻʪʴʩʷ ʙʝʟ ʙʫʜʴ ʷʢʠʭ ʦʙʤʝʞʝʥʴ ʥʘ ʯʠʩʣʦ ʟʘʭʚʦʨʽʚʰʠʭ 

ʦʨʛʘʥʽʟʤʽʚ, ʪʘ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʟʦʚʥʽʰʥʽʭ ʚʧʣʠʚʽʚ,  ʪʠʧʫ ʢʘʨʘʥʪʠʥʫ, ʤʘʻʤʦ: 

 ,I))t(I)t(RN(
dt

dI
Ö---Ö= ba  

ʈʽʚʥʷʥʥʷ ʟʤʽʥʠ ʟ ʯʘʩʦʤ ʯʠʩʣʘ ʦʨʛʘʥʽʟʤʽʚ, ʷʢʽ ʚʠʟʜʦʨʦʚʣʶʶʪʴ, ʤʘʻ 

ʚʠʛʣʷʜ: 

I
dt

dR
Ö=b                                                                  

ʂʦʝʬʽʮʽʻʥʪʠ a ʽ b ʥʘʟʠʚʘʶʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʟʘʭʚʦʨʶʚʘʥʦʩʪʽ ʪʘ ʚʠ-

ʟʜʦʨʦʚʣʝʥʥʷ, ʚʽʜʧʦʚʽʜʥʦ.  

ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ, ʪʦ ʧʨʠʧʫʩʪʠʤʦ, ʱʦ ʤʘʻʤʦ ʩʠʪʫʘ-

ʮʽʶ, ʢʦʣʠ ʚ ʤʦʤʝʥʪ ʯʘʩʫ t=0 ʫ ʧʦʧʫʣʷʮʽʾ ʥʝʤʘ ʦʨʛʘʥʽʟʤʽʚ ʽʟ ʽʤʫʥʽʪʝʪʦʤ 

(R(0)=0) ʽ ʤʘʻʤʦ ʯʠʩʣʦ ʽʥʬʝʢʦʚʘʥʠʭ ʦʨʛʘʥʽʟʤʽʚ I(0). ʆʯʝʚʠʜʥʦ, ʱʦ ʜʦʣʷ ʧʦ-

ʧʫʣʷʮʽʾ ʚ ʩʠʣʴʥʽʡ ʤʽʨʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʠʧʫ ʟʝʧʽʜʝʤʽʾ, ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʨʛʘʥʽ-

ʟʤʽʚ ï ʩʢʣʘʜʦʚʠʭ ʧʦʧʫʣʷʮʽʾ. ʎʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʧʠʩʫʶʪʴʩʷ ʧʘʨʘʤʝʪʨʘʤʠ a 

ʪʘ b. ʈʦʟʚôʷʟʘʚʰʠ ʚʢʘʟʘʥʫ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ, ʟʥʘʡʜʝʤʦ ʜʠʥʘʤʽʢʫ, ʥʘʧʨʠʢʣʘʜ 

ʯʠʩʣʘ ʽʥʬʽʢʦʚʘʥʠʭ ʦʨʛʘʥʽʟʤʽʚ              

ɿʤʽʥʘ ʟ ʯʘʩʦʤ ʯʠʩʣʽ ʽʥʬʝʢʦʚʘʥʠʭ ʦʨʛʘʥʽʟʤʽʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥ-

ʢʫ.   

ɿʦʢʨʝʤʘ, ʽʟ ʨʽʰʝʥʥʷ ʮʽʻʾ ʟʘʜʘʯʽ ʚʠʜʥʦ, ʱʦ ʽʩʥʫʻ ʪʘʢʠʡ ʤʦʤʝʥʪ ʯʘʩʫ, 

ʧʨʠ ʷʢʦʤʫ ʯʠʩʣʦ ʽʥʬʝʢʦʚʘʥʠʭ ʦʨʛʘʥʽʟʤʽʚ ʜʦʩʷʛʘʻ ʤʘʢʩʠʤʫʤʫ.   

 

 

 



 

 
 

 

 

ʇʨʘʢʪʠʯʥʘ ʨʦʙʦʪʘ ˉ6 

ʄʦʜʝʣʽ ʪʠʧʫ "ʭʠʞʘʢ - ʞʝʨʪʚʘ". 

ʄʝʪʘ ʨʦʙʦʪʠ: ʚʤʽʪʠ ʘʥʘʣʽʟʫʚʘʪʠ ʤʘʭʘʥʽʟʤʠ ʤʽʞʧʦʧʫʣʷʮʽʡʥʦʾ ʚʟʘʻ-

ʤʦʜʽʾ 

ʊʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ. 

ʂʦʣʠ ʛʦʚʦʨʷʪʴ ʧʨʦ ʝʢʦʣʦʛʽʶ, ʪʦ ʯʘʩʪʦ ʧʽʜ ʮʠʤ ʩʣʦʚʦʤ ʨʦʟʫʤʽʶʪʴ ʚʟʘʻ-

ʤʦʚʽʜʥʦʩʠʥʠ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʽʚ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʣʶʜʠʥʠ, ʽʟ ʥʘʚʢʦʣʠʰʥʽʤ, 

ʦʪʦʯʫʶʯʠʤ, ʩʝʨʝʜʦʚʠʱʝʤ. ʆʩʥʦʚʥʝ ʧʠʪʘʥʥʷ, ʷʢʝ ʚʠʥʠʢʘʻ ʧʨʠ ʮʴʦʤʫ 

ʧʦʚôʷʟʘʥʝ ʽʟ ʟʤʽʥʦʶ ʫ ʯʘʩʽ ʧʦʧʫʣʷʮʽʾ ʨʦʟʛʣʷʜʫʚʘʥʠʭ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʽʚ. ʅʘʡ-

ʙʽʣʴʰ ʧʨʦʩʪʠʤʠ ʤʦʜʝʣʷʤʠ ʧʦʧʫʣʷʮʽʡ, ʷʢʽ ʟʚôʷʟʘʥʽ ʽʟ ʨʦʟʤʥʦʞʝʥʥʷʤ ʘʙʦ ʚʠ-

ʤʠʨʘʥʥʷʤ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʽʚ , ʘ ʪʘʢʦʞ ʽʟ ʽʩʥʫʚʘʥʥʷʤ ʨʽʟʥʠʭ ʚʠʜʽʚ ʞʠʚʠʭ ʦʨ-

ʛʘʥʽʟʤʽʚ ʚ ʩʠʪʫʘʮʽʾ ʢʦʣʠ ʻ ʭʠʞʘʢ ʪʘ ʞʝʨʪʚʘ. 

ʅʝʭʘʡ x(t) ï ʯʠʩʣʦ ʦʨʛʘʥʽʟʤʽʚ ʫ ʧʦʧʫʣʷʮʽʾ ʚ ʤʦʝʥʪ ʯʘʩʫ t. ʊʦʜʽ ʷʢʱʦ 

ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʯʠʩʣʦ ʦʨʛʘʥʽʟʤʽʚ ʫ ʧʦʧʫʣʷʮʽʾ, ʷʢʽ ʥʘʨʦʜʞʫʶʪʴʩʷ ʟʘ ʦʜʠʥʠ-

ʮʶ ʯʘʩʫ ʧʨʦʧʦʨʮʽʡʥʝ ʯʠʩʣʫ ʥʘʷʚʥʠʭ ʚ ʮʝʡ ʞʝ ʤʦʤʝʥʪ ʯʘʩʫ ï ʘʭ,  ʘ ʯʠʩʣʦ 

ʦʨʛʘʥʽʟʤʽʚ, ʷʢʽ ʚʤʠʨʘʶʪʴ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ ʪʘʢʦʞ ʧʨʦʧʦʨʮʽʡʥʝ ʟʘʛʘʣʴʥʦʤʫ 

ʯʠʩʣʫ ʦʨʛʘʥʽʟʤʽʚ - bʭ, ʪʦ ʰʚʠʜʢʽʩʪʴ ʟʤʽʥʠ ʦʨʛʘʥʽʟʤʽʚ ʟ ʯʘʩʦʤ ʙʫʜʝ ʚʠʟʥʘʯʘ-

ʪʠʩʷ ʬʦʨʤʫʣʦʶ 

x)ba(xbxa
dt

dx
Ö-=Ö-Ö=                              

I(t) 

t 



 

ɿʚʽʜʩʠ ʚʠʜʥʦ, ʱʦ ʧʨʠ a>b ʧʦʭʽʜʥʘ ʧʦ ʯʘʩʫ ʚʽʜ x(t) ʙʫʜʝ ʧʦʟʠʪʠʚʥʦʶ, 

ʪʦʙʪʦ x(t) ʻ ʟʨʦʩʪʘʶʯʦʶ ʽʟ ʯʘʩʦʤ ʬʫʥʢʮʽʻʶ, ʘ ʧʨʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ b>a, ʧʦ-

ʭʽʜʥʘ ï ʚʽʜôʻʤʥʘ ʽ ʧʦʧʫʣʷʮʽʷ ʟ ʯʘʩʦʤ ʟʤʝʥʰʫʻʪʴʩʷ, ʪʦʙʪʦ ʚʠʤʠʨʘʻ. ɹʽʣʴʰ 

ʪʦʯʥʦ, ʷʢʱʦ ʧʦʟʥʘʯʠʪʠ ʯʠʩʣʦ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʽʚ ʚ ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ ʯʘʩʫ 

t0 ʯʝʨʝʟ x0, ʪʦ ʨʦʟʚôʷʟʦʢ ʨʽʚʥʷʥʥʷ ʤʘʪʠʤʝ ʚʠʛʣʷʜ: 

                              
)tt()ba(

ex)t(x 0
0

-Ö-
=  

ʍʦʯ ʥʘʚʝʜʝʥʘ ʤʦʜʝʣʴ ʽ ʚʽʜʧʦʚʽʜʘʻ ʜʝʷʢʠʤ ʨʝʘʣʴʥʠʤ ʚʠʧʘʜʢʘʤ, ʚʦʥʘ 

ʟʘʥʘʜʪʦ ʩʧʨʦʱʝʥʘ. ɹʽʣʴʰ ʨʝʘʣʴʥʠʤʠ ʤʦʜʝʣʷʤʠ ʻ ʪʽ ʷʢʽ ʦʧʠʩʫʶʪʴʩʷ ʥʝʣʽʥʽʡ-

ʥʠʤʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ. ɺʦʣʴʪʝʨʨʘ ʘʥʘʣʽʟʫʶʯʠ ʨʠʙʥʽ ʫʣʦʚʠ ʫ 

ɸʜʨʽʘʪʠʯʥʦʤʫ ʤʦʨʽ, ʚʽʜʽʤʽʪʠʚ ʢʦʣʠʚʘʥʥʷ ʚʝʣʠʯʠʥʠ ʫʣʦʚʫ ʨʽʟʥʠʭ ʚʠʜʽʚ ʨʠʙ. 

ʎʽ ʢʦʣʠʚʘʥʥʷ ʤʘʣʠ ʧʨʠʙʣʠʟʥʦ ʦʜʠʥ ʽ ʪʦʡ ʞʝ ʧʝʨʽʦʜ, ʘʣʝ ʙʫʣʠ ʟʩʫʥʫʪʠʤʠ ʧʦ 

ʬʘʟʽ ɼʣʷ ʧʦʷʩʥʝʥʥʷ ʮʴʦʛʦ ʬʘʢʪʫ ɺʦʣʴʪʝʨʨʘ ʟʘʧʨʦʧʦʥʫʚʘʚ ʜʫʞʝ ʧʨʦʩʪʫ ʤʦ-

ʜʝʣʴ. ʅʝʭʘʡ x(t) ï ʯʠʩʣʦ ʚʝʣʠʢʠʭ ʨʠʙ ï ʭʠʞʘʢʽʚ, ʜʣʷ ʷʢʠʭ ʧʨʦʜʫʢʪʦʤ ʭʘʨʯʫ-

ʚʘʥʥʷ ʚʠʩʪʫʧʘʶʪʴ ʤʝʥʰʽ ʨʠʙʠ ï ʞʝʨʪʚʠ. ʏʠʩʣʦ ʞʝʨʪʚ ʚ ʤʦʤʝʥʪ ʯʘʩʫ t ï 

y(t).  

ɼʠʥʘʤʽʢʘ ʧʦʧʫʣʷʮʽʾ ʨʠʙ ʫ ʤʦʜʝʣʽ ɺʦʣʴʪʝʨʨʘ ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤʠ: 

yxdcy
dt

dy

yxbxa
dt

dx

ÖÖ-=

ÖÖ+Ö-=

                                  

ɺʚʘʞʘʻʪʴʩʷ, ʱʦ ʰʚʠʜʢʽʩʪʴ ʧʨʠʨʦʩʪʫ ʨʠʙ ï ʭʠʞʘʢʽʚ ʧʨʦʧʦʨʮʽʡʥʘ ʥʘ-

ʷʚʥʦʤʫ ʯʠʩʣʫ ʤʘʣʠʭ ʨʠʙ ʞʝʨʪʚ ï ʦʧʠʩʫʻʪʴʩʷ ʯʣʝʥʦʤ  bxy, ɺʽʜʧʦʚʽʜʥʦ ʯʣʝʥ, 

ʧʦʜʽʙʥʦʛʦ ʪʠʧʫ ï dxy  ʦʧʠʩʫʻ  ʟʤʝʥʰʝʥʥʷ ʯʠʣʩʘ ʤʘʣʠʭ ʨʠʙ ʟʘ ʨʘʭʫʥʦʢ ʜʽʡ 

ʭʠʞʘʢʽʚ. ʎʽ ʨʽʚʥʷʥʥʷ ʤʦʞʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʚʝʜʝʥʥʷ ʥʦʚʠʭ ʧʦʟʥʘʯʝʥʴ  

c

a
   y, 

a

b
)v(  x,

c

d
)u(  ,tc ===Ö= attt                          

ʟʚʝʩʪʠ ʜʦ ʚʠʜʫ  

)u(v
d

dv
  ),v(u

d

du
-=-= 11

t
a

t
                                           

ɿʘʫʚʘʞʠʤʦ, ʱʦ ʚʚʝʜʝʥʽ ʫ ʮʶ ʤʦʜʝʣʴ ʧʦʩʪʽʡʥʽ ʻ ʜʦʜʘʪʥʽʤʠ. ɺ ʧʦʯʘʪ-

ʢʦʚʠʡ ʤʦʤʝʥʪ ʯʘʩʫ t =t0  ʯʠʩʣʘ ʚʝʣʠʢʠʭ ʽ ʤʘʣʠʭ ʨʠʙ ʚʽʜʦʤʽ ʽ ʜʦʨʽʚʥʶʶʪʴ 

ʚʽʜʧʦʚʽʜʥʦ: 000 v)v(  ,u)(u 0 == tt  
ʇʨʠʢʣʘʜ 1. ʇʨʦʘʥʘʣʽʟʫʚʘʪʠ ʤʦʜʝʣʴ ʃʦʪʪʢʠ ï ɺʦʣʴʪʝʨʨʠ.  

ʗʢʘ ʽʟ ʟʤʽʥʥʠʭ y(t) ʽ (x(t)ʚʽʜʧʦʚʽʜʘʻ ʞʝʨʪʚʘʤ ʽ ʭʠʞʘʢʘʤ? 
with(DEtools): 

 DEplot([diff(x(t),t)=x(t)*(1-y(t)),diff(y(t),t)=.3*y(t)*(x(t) -

1)],[x(t),y(t)],t=-



 

7..7,[[x(0)=1.2,y(0)=1.2],[x(0)=1,y(0)=.7]],stepsize=.2,title=`Lotka-Volterra 

model`,color=[.3*y(t)*(x(t)-1),x(t)*(1-

y(t)),.1],linecolor=t/2,arrows=MEDIUM,method=rkf45); 

 

 

ʇʨʘʢʪʠʯʥʘ ʨʦʙʦʪʘ ˉ7. 

ʄʦʜʝʣʴ ʤʽʛʨʘʮʽʾ ʝʣʝʤʝʥʪʽʚ ʜʣʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʨʦʩʣʠʥ 

ʄʝʪʘ ʨʦʙʦʪʠ: ʆʙʯʠʩʣʝʥʥʷ ʚʤʽʩʪʫ ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʚ ʨʦʩʣʠʥʘʭ ʧʨʠ 

ʟʘʜʘʥʥʦʤʫ ʟʘʙʨʫʜʥʝʥʥʽ ʛʨʫʥʪʫ 

ʊʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ. 

ʆʜʥʘ ʽʟ ʥʘʡʧʨʦʩʪʽʰʠʭ ʢʦʥʮʝʧʪʫʘʣʴʥʠʭ ʩʭʝʤ ʤʽʛʨʘʮʽʾ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥ-

ʪʽʚ ʚ ʘʛʨʦ ʝʢʦʩʠʩʪʝʤʽ, ʱʦ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫ-

ʥʢʫ. ʃʘʥʢʘ 2 ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʦʨʥʠʡ ʰʘʨ ˇʨʫʥʪʫ ʽʟ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽ-

ʣʝʥʠʤ ʫ ʥʴʦʤʫ ʝʣʝʤʝʥʪʦʤ.  

 

 

 

 

 

 

           t62 

 

 

 

 

ʆʯʝʚʠʜʥʦ, ʱʦ ʪʘʢʘ ʩʠʪʫʘʮʽʷ ʟʫʩʪʨʽʯʘʻʪʴʩʷ, ʢʦʣʠ ʚʥʘʩʣʽʜʦʢ ʦʙʨʦʙʽʪʢʫ 

ˇʨʫʥʪʫ ʚʝʨʭʥʽʡ ʰʘʨ ʡʦʛʦ ʧʝʨʝʤʽʰʫʻʪʴʩʷ, 1 ð ʥʘʟʝʤʥʽ ʯʘʩʪʠʥʠ ʨʦʩʣʠʥ,  5ð

ʧʽʜʟʝʤʥʘ ʯʘʩʪʠʥʘ ʫʨʦʞʘʶ, 6ð ʰʘʨʠ ˇʨʫʥʪʫ, ʱʦ ʨʦʟʤʽʱʝʥʽ ʥʠʞʯʝ ʢʦʨʝʥʝʚ-

ʤʽʩʥʦʛʦ ʰʘʨʫ.  

ɸʥʘʣʦʛʽʯʥʘ ʩʭʝʤʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʤʽʛʨʘʮʽʾ ʟʘʙʨʫʜ-

ʥʝʥʥʷ ʫ ʚʠʧʘʜʢʫ ʧʘʩʦʚʠʱ, ʟʘ ʚʠʢʣʶʯʝʥʥʷʤ ʢʦʤʧʘʨʪʤʝʥʪʫ 5.  

ʇʨʝʜʩʪʘʚʣʝʥʽʡ ʢʦʥʮʝʧʪʫʘʣʴʥʽʡ ʩʭʝʤʽ ʚʽʜʧʦʚʽʜʘʻ ʩʠʩʪʝʤʘ ʜʠʬʝʨʝʥʮʽʘ-

ʣʴʥʠʭ ʨʽʚʥʷʥʴ: 

 

1  ʅʘʟʝʤʥʘ ʯʘʩ-

ʪʠʥʘ ʫʨʦʞʘʶ 

5  ʇʽʜʟʝʤʥʘ 

ʯʘʩʪʠʥʘ ʫʨʦ-

ʞʘ ʁ

2 ɻʨʫʥʪ ʧʽʜ ʫʨʦ-

ʞʘʻʤ 

6 ɻʣʠʙʦʢʽ ʰʘ-

ʨʠ ʛʨʫʥʪʫ 

t2

1 

t12 



 

5X)
eDeA

hV
R(52

dt

5dX

2X)625212R(2X21
dt

2dX

1X)
eDeA

hV
12R(2X12

dt

1dX

+-=

+++-=

++-=

lt

tttlt

tlt

          
ʜʝ   ɸʝ - ʩʝʨʝʜʥʷ ʧʣʦʱʘ, ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʨʦʩʣʠʥʥʦʾ ʧʨʦʜʫ-

ʢʮʽʾ, ʱʦ ʩʧʦʞʠʚʘʻʪʴʩʷ ʦʜʥʽʻʶ ʣʶʜʠʥʦʶ (ʤ2), De - ʟʘʧʘʩ ʙʽʦʤʘʩʠ ʧʦʩʽʚʫ 

ʧʨʦʜʦʚʦʣʴʯʦʾ ʢʫʣʴʪʫʨʠ (ʢʛ/ʤ2),  Vh - ʜʦʙʦʚʝ ʩʧʦʞʠʚʘʥʥʷ ʨʦʩʣʠʥʥʦʩʪʽ ʣʶ-

ʜʠʥʦʶ, ʍʽ - ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘʙʨʫʜʥʝʥʥʷ, lR - ʧʦʩʪʽʡʥʘ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʨʦʟ-

ʧʘʜʫ (ʫ ʚʠʧʘʜʢʫ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ) (1/ʜʝʥʴ).  

ʇʨʠʢʣʘʜ 1. ʆʙʯʠʩʣʠʪʠ ʚʤʽʩʪ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʥʘʟʝʤʥʽʡ ʯʘʩʪʠʥʽ ʫʨʦʞʘʶ 

ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ ʤʽʛʨʘʮʽʾ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʫ ʪʘʙʣʠʮʽ. 

 

ʇʘʨʘ-

ʤʝʪʨʠ 

lR 

(ʜʝʥʴ-1) 

t12 

(ʜʝʥʴ-1) 

t21 

(ʜʝʥʴ-

1) 

t52 

(ʜʝʥʴ-1) 

t62 

(ʜʝʥʴ-1) eD

hV

 
Ae 

90Sr 6,5 10-5 4.2 10-5 0.05 3.9 10-5 6.6 10-5 1.25 103 

137Cs 6,34 10-5 3.7 10-6 0.05 6.2 10-7 6.6 10-6 1.25 103 

241Am 4,39 10-6 3.9 10-6 0.05 9.0 10-7 1.0 10-4 1.25 103 

 

ɿʘʫʚʘʞʝʥʥʷ. ʂʦʨʠʩʥʦʶ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʜʘʥʦʾ ʧʨʘʢʪʠʯʥʦʾ ʨʦʙʦʪʠ ʻ 

ʥʘʩʪʫʧʥʘ ʩʠʩʪʝʤʘ ʢʦʤʘʥʜ ʜʣʷ ʨʦʟʚʷʟʢʫ (ans1)  ʩʠʩʪʝʤʠ (sys)  ʟʚʠʯʘʡʥʠʭ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʽʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʯʘʪʢʦʚʠʭ 

ʫʤʦʚ (IC_1 ) : 

[> sys := {diff(y(t),t)= - x(t),diff(x(t),t)=y(t)};  

[> IC_1 := {x(a)=A,y(b)=B};  

[> ans1 := combine(dsolve(sys union 

IC_1,{x(t),y(t)}));  

ɺʚʘʞʘʪʠ, ʱʦ ʚ ʧʦʯʘʪʢʦʚʠʡ ʯʘʩ X2(0)=1 ʢɹʢ/ʤ2. ɺʩʽ ʽʥʰʽ ʚʝʣʠʯʠʥʠ 

X i(0)=0. 

 



 

 ʇʨʘʢʪʠʯʥʘ ʨʦʙʦʪʘ ˉ8. 

ʄʦʜʝʣʴ ʤʽʛʨʘʮʽʾ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʣʽʩʦʚʽʡ ʝʢʦʩʠʩʪʝʤʽ 

ʄʝʪʘ ʨʦʙʦʪʠ: ʇʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʤʽʛʨʘʮʽʾ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʣʽʩʦʚʽʡ 

ʝʢʦʩʠʩʪʝʤʽ 

ʊʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ. 

ʈʦʟʧʦʜʽʣ, ʧʝʨʝʨʦʟʧʦʜʽʣ ʪʘ ʢʨʫʛʦʦʙʽʛ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʣʽʩʦʚʠʭ ʮʝʥʦʟʘʭ 

ʤʘʶʪʴ ʩʚʦʶ ʩʧʝʮʠʬʽʢʫ  ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʤʽʛʨʘʮʽʻʶ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ ʫ 

ʽʥʰʠʭ ʪʠʧʘʭ ʧʨʠʨʦʜʥʠʭ ʮʝʥʦʟʽʚ. ʃʽʩʦʚʽ ʝʢʦʩʠʩʪʝʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʙʨʫʜʥʝ-

ʥʽ ʚʥʘʩʣʽʜʦʢ ʚʠʧʘʜʘʥʥʷ ʽʟ ʘʪʤʦʩʬʝʨʠ ʨʽʟʥʠʭ ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʥʘ ʧʦʚʝʨʭʥʶ 

ʜʝʨʝʚ ʪʘ ʥʘ ʧʽʜʩʪʠʣʢʫ. ʇʽʩʣʷ ʦʩʽʜʘʥʥʷ ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʧʦʯʠʥʘʻʪʴʩʷ ʥʝʧʝʨʝʨ-

ʚʥʠʡ ʧʨʦʮʝʩ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ ʣʽʩʦʚʦʾ ʝʢʦ-

ʩʠʩʪʝʤʠ ʚʥʘʩʣʽʜʦʢ ʟʤʠʚʫ, ʚʠʣʫʛʦʚʫʚʘʥʥʷ, ʨʝʩʫʩʧʝʥʟʽʾ ʽ ʪ.ʜ. ɯʥʪʝʥʩʠʚʥʽʩʪʴ 

ʮʠʭ ʧʨʦʮʝʩʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ, ʟʦʢʨʝʤʘ, ʪʠʧʦʤ ʣʽʩʫ (ʣʠʩʪʷʥʠʡ, ʭʚʦʡʥʠʡ).  

ʐʚʠʜʢʽʩʪʴ ʚʠʜʘʣʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʟ ʣʽʩʦʚʦʾ ʧʽʜʩʪʠʣʢʠ, ʷʢʘ ʻ ʚʘʞʣʠ-

ʚʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʣʽʩʦʚʦʛʦ ʧʦʢʨʠʚʫ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʬʘʢʪʦʨʽʚ, ʚʢʣʶ-

ʯʘʶʯʠ ʪʝʤʧʝʨʘʪʫʨʫ, ʚʦʣʦʛʫ ʪʘ ʪʠʧ ʣʠʩʪʷ. ʇʽʜʩʪʠʣʢʘ, ʧʦʨʷʜ ʣʠʰʘʡʥʠʢʘʤʠ 

ʪʘ ʤʦʭʦʤ, ʻ ʚʘʞʣʠʚʠʡ ʨʝʟʝʨʚʫʘʨ ʚ ʷʢʦʤʫ ʨʘʜʽʦʥʫʢʣʽʜʠ ʤʦʞʫʪʴ ʘʢʫʤʫʣʶʚʘ-

ʪʠʩʷ ʥʘ ʧʨʦʪʷʟʽ ʙʘʛʘʪʴʦʭ ʨʦʢʽʚ. ʆʨʛʘʥʽʯʥʘ ʨʝʯʦʚʠʥʘ ʽʟ ʣʠʩʪʦʧʘʜʫ, ʣʠʰʘʡʥʠ-

ʢʽʚ, ʤʦʭʫ, ʛʨʠʙʽʚ,  ʚʽʪʦʢ ʽ ʪ.ʜ. ʻ ʨʝʯʦʚʠʥʦʶ ʞʠʚʣʝʥʥʷ ʜʣʷ ʙʘʛʘʪʴʦʭ ʪʚʘʨʠʥ, 

ʷʢʽ ʻ ʯʘʩʪʠʥʦʶ ʭʘʨʯʦʚʠʭ ʰʣʷʭʽʚ ʫ ʥʘʧʨʷʤʢʫ ʜʦ ʣʶʜʠʥʠ. ɻʽʜʨʦʣʦʛʽʯʥʠʡ 

ʮʠʢʣ ʪʘ ʧʦʛʣʠʥʘʥʥʷ ʨʦʩʣʠʥʘʤʠ ʽ ʚʠʟʥʘʯʘʶʪʴ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ, ʜʦʣʶ ʨʘʜʽʦ-

ʥʫʢʣʽʜʽʚ ʫ ʣʽʩʦʚʠʭ ˇʨʫʥʪʘʭ. 

ʇʦʯʘʪʢʦʚʘ ʨʘʜʽʦʘʢʪʠʚʥʽʩʪʴ ʚʙʫʜʦʚʫʻʪʴʩʷ ʫ ʣʘʙʽʣʴʥʠʡ ʧʫʣ, ʜʘʣʽ  ʚʠʣʫ-

ʛʦʚʫʻʪʴʩʷ, ʥʘʜʭʦʜʠʪʴ  ʫ ʢʦʨʝʥʝʚʫ ʩʠʩʪʝʤʫ ʨʽʟʥʦʛʦ ʪʠʧʫ ʨʦʩʣʠʥ ʪʘ ʘʙʩʦʨʙʫ-

ʻʪʴʩʷ ʥʝ ʣʘʙʽʣʴʥʠʤ ʧʫʣʦʤ.  

 ɺʠʤʠʚʘʥʥʷ ʫ ʛʣʠʙʦʢʽ ˇʨʫʥʪʦʚʽ ʛʦʨʠʟʦʥʪʠ ʘ ʧʦʪʽʤ ʫ ˇʨʫʥʪʦʚʽ ʚʦʜʠ ʻ 

ʜʫʞʝ ʧʦʚʽʣʴʥʽ ʧʨʦʮʝʩʠ ʫ ʥʝʟʙʫʨʝʥʠʭ ʣʽʩʦʚʠʭ ˇʨʫʥʪʘʭ. ʏʘʩ ʥʘʧʽʚʚʠʜʘʣʝʥʥʷ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʚʦʜʦʨʦʟʜʽʣʘʭ ʤʦʞʝ ʙʫʪʠ ʧʦʨʷʜʢʫ ʪʠʩʷʯʽ ʨʦʢʽʚ. ʊʘʢʠʤ ʯʠ-

ʥʦʤ ʢʦʤʧʘʨʪʤʝʥʪʠ ʛʣʠʙʦʢʠʭ ʰʘʨʽʚ ˇʨʫʥʪʫ ʤʦʞʫʪʴ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʩʪʦʢʠ ʚ 

ʯʘʩʦʚʦʤʫ ʤʘʩʰʪʘʙʽ ʜʝʢʽʣʴʢʦʭ ʩʦʪʝʥʴ ʨʦʢʽʚ.  

ɺ ʫʤʦʚʘʭ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʝʨʝʥʦʩʫ ʥʘ ʧʦʚʝʨʭʥʶ ʟʝʤʣʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʪʫʨ-

ʙʫʣʝʥʪʥʦʾ ʜʠʬʫʟʽʾ, ʘʙʦ ʚʠʧʘʜʘʥʥʷ ʧʽʜ ʜʽʻʶ ʩʠʣʠ ʪʷʞʽʥʥʷ, ʥʘ ʰʣʷʭʫ ʯʘʩʪʠ-

ʥʦʢ ʪʘʢʦʞ ʟʥʘʭʦʜʠʪʴʩʷ ʬʽʣʴʪʨ ï ʥʘʟʝʤʥʽ ʦʨʛʘʥʠ ʜʝʨʝʚʥʦʾ ʨʦʩʣʠʥʥʦʩʪʽ ʟ ʨʦʟ-

ʛʘʣʫʞʝʥʦʶ ʧʦʚʝʨʭʥʝʶ, ʥʘ ʷʢʽʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʦʨʙʮʽʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ. ʎʝʡ 

ʧʨʦʮʝʩ ʟʘʭʦʧʣʝʥʥʷ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʯʘʩʪʠʥʦʢ, ʱʦ ʚʠʧʘʜʘʶʪʴ ʽʟ ʘʪʤʦʩʬʝʨʠ ʥʘ 

ʨʦʩʣʠʥʥʠʡ ʧʦʢʨʠʚ, ʥʘʟʠʚʘʻʪʴʩʷ ʧʝʨʚʠʥʥʠʤ ʟʘʪʨʠʤʘʥʥʷʤ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʨʝ-

ʯʦʚʠʥ ʥʘ ʨʦʩʣʠʥʥʦʩʪʽ. ɯʟ ʢʽʣʴʢʽʩʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʮʝʡ ʧʨʦʮʝʩ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴ-



 

ʩʷ ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʝʨʚʠʥʥʦʛʦ ʟʘʭʦʧʣʝʥʥʷ ʂʧ.ʟ.=ɸ1/ɸ0. ɼʝ ɸ0 ï ʢʽʣʴʢʽʩʪʴ ʨʘ-

ʜʽʦʥʫʢʣʽʜʽʚ, ʱʦ ʚʠʧʘʣʘ ʥʘ ʦʜʠʥʠʮʶ ʧʦʚʝʨʭʥʽ, ʢʶʨʽ/ʢʤ2, ʘ ɸ1 ï ʢʽʣʴʢʽʩʪʴ ʨʘ-

ʜʽʦʥʫʢʣʽʜʽʚ, ʱʦ ʧʝʨʝʭʦʧʣʝʥʥʷ ʨʦʩʣʠʥʥʠʤ ʧʦʢʨʠʚʦʤ, ʢʶʨʽ/ʢʤ2.  

ʑʦʙ ʽʥʢʦʨʧʦʨʫʚʘʪʠʩʷ ʫ ʨʦʩʣʠʥʠ, ʨʘʜʽʦʥʫʢʣʽʜʠ  ʧʦʚʠʥʥʽ ʧʨʦʡʪʠ ʯʝʨʝʟ 

ʦʨʛʘʥʽʯʥʠʡ ʰʘʨ ʚ ʢʦʨʝʥʝʚʫ ʟʦʥʫ. ʇʨʠ  ʦʙʯʠʩʣʝʥʥʽ ʥʘʜʭʦʜʞʝʥʥʷ ʨʘʜʽʦʥʫʢ-

ʣʽʜʽʚ ʫ ʨʦʩʣʠʥʠ ʟʚʠʯʘʡʥʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʬʘʢʪʦʨ ʧʝʨʝʥʦʩʫ (ʽʥʰʘ  ʥʘʟʚʘ 

ʢʦʝʬʽʮʽʻʥʪ ʥʘʢʦʧʠʯʝʥʥʷ), TF, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʚʽʜʥʦʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘ-

ʮʽʾ ʨʘʜʽʦʽʟʦʪʦʧʽʚ ʫ ʨʦʩʣʠʥʘʭ (ɹʢ/ʢʛ, ʩʫʭʘ ʘʙʦ ʚʦʣʦʛʘ ʤʘʩʘ) ʜʦ ʾʭ ʢʦʥʮʝʥʪʨʘ-

ʮʽʾ ʫ ˇʨʫʥʪʽ (ɹʢ/ʢʛ, ʩʫʭʘ ʘʙʦ ʚʦʣʦʛʘ ʤʘʩʘ).  ʏʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʽʥʰʠʡ 

ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʭʦʜʫ (Tg), ʘ ʩʘʤʝ ʚʽʜʥʦʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʘʜʽʦʽʟʦʪʦʧʽʚ ʫ 

ʨʦʩʣʠʥʘʭ (ɹʢ/ʢʛ)  ʜʦ ʧʦʚʝʨʭʥʝʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʫ (ɹʢ/ʤ2).  ɿʘʩʪʦʩʫ-

ʚʘʥʥʷ ʷʢ TF ʪʘʢ ʽ Tg ʚʠʧʨʘʚʜʘʥʝ ʪʽʣʴʢʠ ʫ ʚʠʧʘʜʢʫ ʜʦʩʷʛʥʝʥʥʷ ʜʠʥʘʤʽʯʥʦʾ 

ʨʽʚʥʦʚʘʛʠ ʫ ʣʽʩʦʚʽʡ ʝʢʦʩʠʩʪʝʤʽ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʫʨʽʚʥʦʚʘʞʝʥʦʩʪʽ ʧʦʪʦʢʽʚ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʥʝʦʙʭʽʜʥʦ ʜʝʢʽʣʴʢʘ ʜʝʩʷʪʠʣʽʪʴ.  ʋ ʪʘʙʣ.6.3.1 ʧʨʝʜʩʪʘʚʣʝʥʽ Tg 

ʜʣʷ ʢʦʤʧʦʥʝʥʪ ʣʽʩʦʚʦʾ ʝʢʦʩʠʩʪʝʤʠ, ʘ ʚ ʪʘʙʣ.6.3.2 ï ʾʭ ʟʥʘʯʝʥʥʷ ʜʣʷ ʨʷʜʫ 

ʛʨʠʙʽʚ 

ʉʪʨʫʢʪʫʨʘ ʣʽʩʦʚʦʾ ʝʢʦʩʠʩʪʝʤʠ 

ʂʦʤʧʘʨʪʤʝʥʪʠ ʣʽʩʦʚʦʾ 

ʝʢʦʩʠʩʪʝʤʠ 

ʂʦʤʧʦʥʝʥʪʠ ʢʦʤʧʘʨʪʤʝʥʪʫ 

ɼʝʨʝʚʦ ʃʠʩʪʷ, ɺʽʪʢʠ; ʉʪʦʚʙʫʨ;  ʢʦʨʝʥʽ 

ʇʽʜʣʽʩʦʢ ʊʨʘʚʘ; ʗʛʦʜʠ; ʂʫʱʽ; ɻʨʠʙʠ 

ʆʨʛʘʥʽʯʥʠʡ ʰʘʨ ʧʽʜʩʪʠʣʢʘ; ʣʠʰʘʡʥʠʢ; ʤʦʭ 

ʃʘʙʽʣʴʥʠʡ ˇʨʫʥʪ ɼʝʧʦ ʜʣʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ, ʽʟ ʷʢʦʛʦ ʚʦʥʠ ʤʦ-

ʞʫʪʴ ʥʘʜʭʦʜʠʪʠ ʫ ʢʦʨʝʥʝʚʫ ʩʠʩʪʝʤʫ, ʚʠʤʠ-

ʚʘʪʠʩʷ ʪʘ ʧʦʛʣʠʥʘʪʠʩʷ ʥʝ ʣʘʙʽʣʴʥʠʤ ʨʝʟʝʨ-

ʚʫʘʨʦʤ (0.1-80 ʩʤ) 

ʌʽʢʩʦʚʘʥʠʡ ˇʨʫʥʪ ʈʝʟʝʨʚʫʘʨ ʫ ʷʢʦʤʫ ʨʘʜʽʦʥʫʢʣʽʜʠ ʭʽʤʽʯʥʦ 

ʟʚôʷʟʘʥʽ  (0.1-80 ʩʤ) 

ɻʣʠʙʦʢʽ ʰʘʨʠ ˇʨʫʥʪʫ ɻʝʦʬʽʟʠʯʥʠʡ ʩʪʽʢ ʜʣʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ  

 

ʈʦʟʛʣʷʥʝʤʦ ʧʨʦʩʪʫ ʤʦʜʝʣʴ ʣʽʩʦʚʦʾ ʝʢʦʩʠʩʪʝʤʠ, ʷʢʘ ʻ ʧʝʚʥʠʤ ʘʥʘʣʦʛʦʤ 

ʤʦʜʝʣʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʐʝʣʣʦʤ, ʃʽʥʢʦʚʠʤ ʪʘ ʽʥ. ɺʤʽʩʪʠ Qi ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ 

ʧʝʨʝʣʽʯʝʥʠʭ ʢʦʤʧʘʨʪʤʝʥʪʘʭ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʥʘʩʪʫʧʥʫ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ:  
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ʜʝ Q1(t) ïʘʢʪʠʚʥʽʩʪʴ ʥʫʢʣʽʜʽʚ ʫ ʜʝʨʝʚʠʥʽ (ɹʢʤ
-2); Q2(t) - ʘʢʪʠʚʥʽʩʪʴ ʥʫʢ-

ʣʽʜʽʚ ʚ ʦʨʛʘʥʽʯʥʦʤʫ ʰʘʨʽ (ɹʢʤ-2); Q3
1(t) - ʘʢʪʠʚʥʽʩʪʴ ʥʫʢʣʽʜʽʚ ʫ ʪʨʘʚʽ (ɹʢʤ-2); 

Q3
2(t) - ʘʢʪʠʚʥʽʩʪʴ ʥʫʢʣʽʜʽʚ ʫ ʷʛʦʜʘʭ (Bqm-2); Q3

3(t) - ʘʢʪʠʚʥʽʩʪʴ ʥʫʢʣʽʜʽʚ ʫ 

ʛʨʠʙʘʭ (ɹʢʤ-2); Q4(t) - ʘʢʪʠʚʥʽʩʪʴ ʥʫʢʣʽʜʽʚ ʫ ʣʘʙʽʣʴʥʦʤʫ ˇʨʫʥʪʽ (ɹʢʤ
-2); Q5(t) 

- ʘʢʪʠʚʥʽʩʪʴ ʥʫʢʣʽʜʽʚ ʫ ʬʽʢʩʦʚʘʥʦʤʫ ˇʨʫʥʪʽ (ɹʢʤ-2); Q6(t) - ʘʢʪʠʚʥʽʩʪʴ ʥʫʢʣʽ-

ʜʽʚ ʫ ʛʣʠʙʦʢʦʤʫ ʰʘʨʽ ˇʨʫʥʪʫ (ɹʢʤ-2), Fi ï ʜʞʝʨʝʣʦ ʥʘʜʭʦʜʞʝʥʥʷ ʨʘʜʽʦʥʫʢ-

ʣʽʜʽʚ ʽʟ ʟʦʚʥʽ ʫ ʜʘʥʠʡ ʢʦʤʧʘʨʪʤʝʥʪ (ɹʢʤ-2t-1), aij ï ʰʚʠʜʢʽʩʪʴ ʤʽʞʢʦʤʧʘʨ-

ʪʤʝʥʪʥʦʛʦ ʧʝʨʝʭʦʜʫ (t-1). 

ɹʽʦʤʘʩʠ ʜʝʨʝʚ, ʧʽʜʣʽʩʢʫ ʽ ʦʨʛʘʥʽʯʥʦʛʦ ʰʘʨʫ ʧʨʠʡʤʘʶʪʴʩʷ ʨʽʚʥʠʤʠ 14, 

0.2 ʽ 6 ʢʛ/ʤ2, ʚʽʜʧʦʚʽʜʥʦ, ʱʦ ʪʠʧʦʚʦ ʜʣʷ ʭʚʦʡʥʠʭ ʣʽʩʽʚ ʋʢʨʘʾʥʩʴʢʦʛʦ ʇʦ-

ʣʽʩʩʷ.  

ʋ ʧʦʜʘʣʴʰʦʤʫ ʙʫʜʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʯʘʩ ʥʘʧʽʚʞʠʪʪʷ ʫ ʜʘʥʦʤʫ ʢʦʤ-

ʧʘʨʪʤʝʥʪʽ. ʏʘʩ ʥʘʧʽʚʞʠʪʪʷ, tij, ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʯʘʩ ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʧʦʣʦʚʠ-

ʥʠ ʢʽʣʴʢʦʩʪʽ ʨʘʜʽʦʥʫʢʣʽʜʽʚ, ʱʦ ʥʘʜʽʡʰʣʠ ʚ i-ʡ ʢʦʤʧʘʨʪʤʝʥʪ ʧʝʨʝʡʪʠ ʚ j-ʡ 

ʢʦʤʧʘʨʪʤʝʥʪ (ʚʚʘʞʘʻʪʴʩʷ ʱʦ ʽʥʰʽ ʧʨʦʮʝʩʠ ʫ ʩʠʩʪʝʤʽ ʥʝ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʝ-

ʨʝʭʽʜ ʤʽʞ i-ʠʤ ʽ j-ʠʤ  ʢʦʤʧʘʨʪʤʝʥʪʘʤʠ). ʏʘʩ ʥʘʧʽʚʞʠʪʪʷ ʟʚôʷʟʘʥʠʡ ʽʟ ʰʚʠʜ-

ʢʽʩʪʶ ʧʝʨʝʭʦʜʫ ʧʨʦʩʪʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ   

 

 Tij=ln(2)/aij; 
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 ʐʚʠʜʢʦʩʪʽ ʤʽʞʢʦʤʧʘʨʪʤʝʥʪʥʦʛʦ ʧʝʨʝʭʦʜʫ ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʘʩʪʫʧʥʠʤ 

ʯʠʥʦʤ: 

 

a11=a21=ln(2)/Ttr;    a14=ln(2)/Ttu;  a22=a44=ln(2)/Tor;   a23=a33=ln(2)/Tur;  

a34=ln(2)/Tuu; a45=a55=ln(2)/Tds;  a44=ln(2)/Tuu+ln(2)/Ttu+ln(2)/Tab+ln(2)/Tlc; 

a54=ln(2)/Tab;   a64=ln(2)/Tlc; 

    

ɿʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ɼʦʜʘʪʢʫ 5, ʘ ʢʦʥʮʝʧʪʫʘʣʴ-

ʥʘ ʤʦʜʝʣʴ ʤʽʛʨʘʮʽʾ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʣʽʩʦʚʽʡ ʝʢʦʩʠʩʪʝʤʽ ï ʫ ɼʦʜʘʪʢʫ 6.  

 

ʈʽʚʝʥʴ ʟʘʙʨʫʜʥʝʥʥʷ ʣʘʙʽʣʴʥʦʛʦ ʽ ʬʽʢʩʦʚʘʥʦʛʦ ˇʨʫʥʪʫ ʜʦʩʷʛʘʻ ʤʘʢʩʠʤʫ-

ʤʫ ʥʘ ʯʝʪʚʝʨʪʠʡ ʨʽʢ ʧʽʩʣʷ ʚʠʧʘʜʘʥʥʷ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʛʣʠʙʦʢʽ ʰʘʨʠ ˇʨʫʥʪʫ 

ʘʢʫʤʫʣʶʶʪʴ ʟʘʙʨʫʜʥʝʥʥʷ ʥʝʧʝʨʝʨʚʥʦ. 

ʋ ʭʚʦʡʥʠʭ ʣʽʩʘʭ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʘʥʘʣʦʛʽʯʥʘ ʧʦʚʝʜʽʥʢʘ, ʘʣʝ ʭʘʨʘʢʪʝʨʥʽ 

ʯʘʩʠ ʟʥʘʯʥʦ ʙʽʣʴʰʽ.  

ʂʽʣʴʢʽʩʪʴ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʢʦʤʧʘʨʪʤʝʥʪʘʭ ʧʽʜʣʽʩʢʫ ʽ ʜʝʨʝʚ ʟʥʘʯʥʦ ʙʽʣʴ-

ʰʘ ʫ ʚʠʧʘʜʢʫ ʭʚʦʡʥʠʭ ʣʽʩʽʚ ʧʦʨʽʚʥʷʥʦ ʽʟ ʣʠʩʪʷʥʠʤʠ ʽ ʜʦʩʷʛʘʶʪʴ ʤʘʢʩʠʤʫʤʫ 

ʯʝʨʝʟ ʜʝʩʷʪʴ ʨʦʢʽʚ ʧʽʩʣʷ ʚʠʧʘʜʘʥʥʷ.  

ʗʢ ʧʦʢʘʟʫʶʪʴ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʠ ʧʦʩʪʽʡʥʽʡ ʰʚʠʜʢʦʩʪʽ ʚʠʧʘ-

ʜʘʥʥʷ ʥʘ ʣʠʩʪʷʥʽ ʪʘ ʭʚʦʡʥʽ ʣʽʩʠ ʨʘʜʽʦʘʢʪʠʚʥʽʩʪʴ ʚ ʫʩʽʭ ʢʦʤʧʘʨʪʤʝʥʪʘʭ ʟʙʽ-

ʣʴʰʫʻʪʴʩʷ ʽʟ ʯʘʩʦʤ ʽ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʘ ʥʽʞ ʢʽʣʴʢʽʩʪʴ ʱʦʨʽʯʥʦʛʦ ʚʠʧʘʜʘʥʥʷ 

(ʜʝʨʝʚʘ ʤʘʶʪʴ ʚʤʽʩʪ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʧʨʠʙʣʠʟʥʦ ʚ ʰʽʩʪʴ ʨʘʟʽʚ ʙʽʣʴʰʝ ʟʘ ʨʽʯʥʝ 

ʚʠʧʘʜʘʥʥʷ). ʎʝ ʚʢʘʟʫʻ ʥʘ ʪʝ , ʱʦ ʣʽʩʠ ʘʢʫʤʫʣʶʶʪʴ ʨʘʜʽʦʥʫʢʣʽʜʠ.  

ɹʽʣʴʰʝ ʮʴʦʛʦ, ʙʽʣʴʰ ʥʽʞ ʧʦʣʦʚʠʥʘ ʨʘʜʽʦʥʫʢʣʽʜʽʚ Cs-137 ʘʢʫʤʫʣʶʻʪʴʩʷ 

ʫ ʧʽʜʣʽʩʢʫ, ʜʝʨʝʚʘʭ ʪʘ ʧʽʜʩʪʠʣʮʽ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʦʧʨʦ-

ʤʽʥʝʥʥʷ ʣʶʜʠʥʠ. ʊʽʣʴʢʠ ʥʝʟʥʘʯʥʘ ʯʘʩʪʠʥʘ Cs-137 ʜʦʩʷʛʘʻ ʛʣʠʙʦʢʠʭ ʰʘʨʽʚ 

ˇʨʫʥʪʫ. 

ɺʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʦʙʽʛʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʣʠʩʪʷʥʠʭ ʪʘ ʭʚʦʡ-

ʥʠʭ ʣʽʩʘʭ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʪʘʙʣ. 6.3 ʽ 6.4.  

where 

Ad crowns = dry deposition to tree crowns (Bq m-2) 

Ad trunks = dry deposition to tree trunks (Bq m-2) 

Ad understorey = dry deposition to understorey (Bq m-2) 

Ad soil = dry deposition to soil (Bq m-2) 

Vg crowns max = dry deposition velocity for tree crowns (m s-1) 

Vg trunks = dry deposition velocity for tree trunks (m s-1) 

Vg understorey max = dry deposition velocity for understorey (m s-1) 



 

Vg soil = dry deposition velocity for soil (m s-1) 

LAIi / LAIi max = ratio between the leaf area index of tree crowns or of 

understorey 

at time of deposition and the maximum leaf area index, respectively 

Ca = time-integrated concentration of radionuclides in air (Bq s m-3) 

The values for Vg, i and LAIi are given in Appendix B. 

 

 Tij=ln(2.0)/aij; 

> Tds:=1.1; 

> Tab:=0.64; 

> Bt:=60; 

> Bu:=20; 

> f:=0.8; 

> Tlc:=400; 

> Tor:=8; 

> lambda:=ln(2.0)/30.14; 

> Ttu:=2; 

> Ttr:=80/365; 

> Tur:=32/365; 

> Tuu:=8; 

> a11:=ln(2.0)/Ttr;  

> a21:=ln(2.0)/Ttr; 

> a45:=ln(2.0)/Tds; 

> a23:=ln(2.0)/Tur; 

> a33:=ln(2.0)/Tur; 

> a14:=ln(2.0)/Ttu; 

> a22:=ln(2.0)/Tor;  

> a44:=ln(2.0)/Tor; 

> a54:=ln(2.0)/Tab; 

> a42:=ln(2.0)/Tor; 

> a64:=ln(2.0)/Tlc; 

> a34:=ln(2.0)/Tuu;  

> Io:=0; 

> F1:=Io*f*Bt/(Bt+Bu);   

> F3:=Io*f*Bu/(Bt+Bu); 



 

> F2:=Io-F1-F3; 

> Q0:=1; 

> Q10:=Q0*f*Bt/(Bt+Bu); 

> Q30:=Q0*f*Bu/(Bt+Bu); 

> Q20:=Q0-Q10-Q30; 

> with(plots): 

> sys:=diff(Q1(t),t)=-a21*Q1(t)+a14*Q4(t)-

lambda*Q1(t),diff(Q2(t),t)=a21*Q1(t)-a22*Q2(t)+a33*Q3(t)-

lambda*Q2(t),diff(Q3(t),t)=-a23*Q3(t)+a34*Q4(t)-

lambda*Q3(t),diff(Q4(t),t)=a42*Q2(t)-(a14+a34+a54+a64)*Q4(t)+a45*Q5(t)-

lambda*Q4(t),diff(Q5(t),t)=a54*Q4(t)-a45*Q5(t)-

lambda*Q5(t),diff(Q6(t),t)=a64*Q4(t)-lambda*Q6(t): 

fcns:={Q1(t),Q2(t),Q3(t),Q4(t),Q5(t),Q6(t)}: 

 

> 

p:=dsolve({sys,Q1(0)=Q10,Q3(0)=Q30,Q2(0)=Q20,Q4(0)=0,Q5(0)=0,Q6(0)=0},fc

ns,type=numeric): 

> odeplot(p, [t,Q1(t)], 5..40, numpoints=50,tƛǘƭŜҐϦ˽͙ͭͦͣ͊ ͙͍͊ͭͤͫͭ͟͜Έ ͔͔͍͙͒ͪπ

͙ͤϦύΤ 

> ƻŘŜǇƭƻǘόǇΣ ώǘΣvнόǘύϐΣ лΦΦмлΣ ƴǳƳǇƻƛƴǘǎҐрлΣǘƛǘƭŜҐϦ˽͙ͭͦͣ͊ ͙͍͊ͭͤͫͭ͟͜Έ ͎ͦͪ͊ͤ͜;π

͎ͤͦͦ ΄͊ͪͯϦύΤ 

> ƻŘŜǇƭƻǘόǇΣ ώǘΣvоόǘύϐΣ рΦΦнлΣ ƴǳƳǇƻƛƴǘǎҐрлΣǘƛǘƭŜҐϦ˽͙ͭͦͣ͊ ͙͍͊ͭͤͫͭ͟͜Έ ͙ͤ͗ͤΈͦπ

͎ͦ ΎͪͯͫͯϦύΤ 

> odeplot(p, [t,Q4(t)], 5..40, numpoints=50,ǘƛǘƭŜҐϦ˽͙ͭͦͣ͊ ͙͍͊ͭͤͫͭ͟͜Έ ͊͋͜͡͡Έͤͦ͝ 

ͺͪ͊͟ͼ͜͝ϦύΤ 

> ƻŘŜǇƭƻǘόǇΣ ώǘΣvрόǘύϐΣ рΦΦплΣ ƴǳƳǇƻƛƴǘǎҐрлΣǘƛǘƭŜҐϦ˽͙ͭͦͣ͊ ͙͍͊ͭͤͫͭ͟͜Έ ͺ͍ͫͦ͊͜͟π

ͤͦ͝ ͺͪ͊͟ͼ͜͝ϦύΤ 

> ƻŘŜǇƭƻǘόǇΣ ώǘΣvсόǘύϐΣ рΦΦнлΣ ƴǳƳǇƻƛƴǘǎҐрлΣǘƛǘƭŜҐϦ˽͙ͭͦͣ͊ ͙͍͊ͭͤͫͭ͟͜Έ ͎͙͙͋ͦ͟͡ͻ 

΄͍͊ͪ͜ ͎ͪͯͤͭͯϦύΤ 

>  

>  

 



 

ɼʆɼɸʊʂʀ 

 

 

ɼʦʜʘʪʦʢ 1. ʂʦʜʫʚʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʦʧʝʨʘʮʽʡ ʚ MathCAD 

 

ʄʘʪʝʤʘʪʠʯʥʘ 

ʜʽʷ 

ʉʧʦʣʫʯʝʥʥʷ ʢʣʘʚʽʰ, ʧʦ-

ʩʣʽʜʦʚʥʽʩʪʴ ʚʚʝʜʝʥʥʷ 
ʅʘʟʚʘ ʜʽʾ 

x+y x+y ɼʦʜʘʚʘʥʥʷ x ʜʦ y 

x-y x-y ɺʽʜʥʽʤʘʥʥʷ x ʚʽʜ y 

xĿy x*y ʄʥʦʞʝʥʥʷ x ʥʘ y 

x 
y 

x/y ɼʽʣʝʥʥʷ x ʥʘ y 

xy x <Shift+6> y ʟʚʝʜʝʥʥʷ x ʚ  ʩʪʫʧʽʥʴ y 

x  \ x ʂʦʨʽʥʴ ʟ x 

¼x¼ <Shift+\> x ʄʦʜʫʣʴ x 

x i   x [ i 
ɿʘʧʠʩ ʟʤʽʥʥʦʾ x ʟ ʥʠʞʥʽʤ 

ʽʥʜʝʢʩʦʤ  ̔

(x) <Shift+9> x <Shift+0> ɿʥʘʯʝʥʥʷ x ʚ ʜʫʞʢʘʭ 

y := x y <Shift+ɾ> x 
ʅʘʜʘʪʠ ʟʥʘʯʝʥʥʶ y ʟʥʘ-

ʯʝʥʥʷ x 

:̔=0,1..8 
i <Shift+ɾ> 0<,>1<ɾ> 

8 

ʅʘʜʘʥʥʷ ʟʤʽʥʽʡ ʨʷʜʫ ʯʠ-

ʩʝʣ ʟ ʬʽʢʩʦʚʘʥʠʤ ʢʨʦʢʦʤ 

yºx y <Alt+=> x 
y ʥʘʙʣʠʞʝʥʦ ʜʦʨʽʚʥʶʻ x 

(ʫʤʦʚʘ) 

y²x y <Alt+0> x y ʙʽʣʴʰʝ-ʨʽʚʥʝ x (ʫʤʦʚʘ) 

y¢x y <Alt+9> x y ʤʝʥʴʰʝ-ʨʽʚʥʝ x (ʫʤʦʚʘ) 

y i

a

b

c

:=

 

y <[>I x <Shift+ɾ> a 

<,> b <,> c 

ʅʘʜʘʪʠ ʟʤʽʥʥʽʡ yi ʨʷʜʫ 

ʯʠʩʝʣ [a,b,c] 

x
y x( )

d

d  
<Shift+/> f <x> 

ɼʠʬʝʨʝʥʮʽʘʣ ʬʫʥʢʮʽʾ f(x) 

ʧʦ x 

ä
i

ix  <Shift+4> x 
ʉʫʤʘ  ʟʤʽʥʥʠʭ x ʢʽʣʴʢʽʩ-

ʪ  ʁ  ̔



 

ñ
b

a

dxxf )(  <Shift+7> f(x) 
ɯʥʪʝʛʨʘʣ ʬʫʥʢʮʽʾ f(x) ʧʦ 

dx ʚ ʤʝʞʘʭ ʚʽʜ a ʜʦ b 

M  <Shift+\>M  ɺʠʟʥʘʯʥʠʢ ʤʘʪʨʠʮʽ ʄ  

 

<Shift + 2> ɺʠʚʝʩʪʠ ʰʘʙʣʦʥ ʛʨʘʬʽʢʘ 

 

 

 <Alt+M> a <Space*> b 

ɿʘʜʘʪʠ ʰʘʙʣʦʥ ʤʘʪʨʠʮʽ, 

ʜʝ a ïʢʽʣʴʢʽʩʪʴ ʩʪʦʚʧʯʠ-

ʢʽʚ, b ï ʢʽʣʴʢʽʩʪʴ ʨʷʜʢʽʚ 

 

ʂʦʜʫʚʘʥʥʷ ʢʦʤʘʥʜ ʤʝʥʶ ʪʘ ʧʘʥʝʣʽ ʽʥʩʪʨʫʤʝʥʪʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʣʘ-

ʚʽʘʪʫʨʠ  

ʄʝʥʶ ʂʦʤʘʥʜʘ ʇʝʨʝʢʣʘʜ ʉʧʦʣʫʯʝʥʥʷ 

ʢʣʘʚʽʰ 

ʆʧʠʩ 

File 

(ʌʘʡʣ) 

New ʉʪʚʦʨʠʪʠ <Ctrl>+<N> ʉʪʚʦʨʠʪʠ ʥʦʚʠʡ 

ʜʦʢʫʤʝʥʪ 

 Open ɺʽʜʢʨʠʪʠ <Ctrl>+<O> ɺʽʜʢʨʠʪʠ ʽʩʥʫʶ-

ʯʠʡ ʜʦʢʫʤʝʥʪ 

 Close ɿʘʢʨʠʪʠ <Ctrl>+<W> ɿʘʢʨʠʪʠ ʘʢʪʠʚʥʠʡ 

ʜʦʢʫʤʝʥʪ 

 Save ɿʙʝʨʝʛʪʠ <Ctrl>+<S> ɿʙʝʨʝʛʪʠ ʘʢʪʠʚ-

ʥʠʡ ʜʦʢʫʤʝʥʪ 

 Print  ɼʨʫʢʫʚʘʪʠ <Ctrl>+<P> ɼʨʫʢʫʚʘʪʠ ʘʢʪʠʚ-

ʥʠʡ ʜʦʢʫʤʝʥʪ 

Edit 

(ʇʨʘʚʢʘ) 

Undo ɺʽʜʤʽʥʠʪʠ <Ctrl>+<Z> ɺʽʜʤʽʥʠʪʠ ʦʩʪʘʥ-

ʥʶ ʜʽʶ 

 Redo ʇʦʚʪʦʨʠʪʠ <Ctrl>+Y> ʇʦʚʪʦʨʠʪʠ ʦʩʪʘʥ-

ʥʶ ʚʽʜʤʽʥʝʥʫ ʜʽʶ 

 Cut ɺʠʨʽʟʘʪʠ <Ctrl>+<X> ɺʠʨʽʟʘʪʠ ʚʠʜʽʣʝ-

ʥʠʡ ʬʨʘʛʤʝʥʪ 

 Copy ʂʦʧʽʶʚʘʪʠ <Ctrl>+<C> ʂʦʧʽʶʚʘʪʠ ʚʠʜʽ-



 

ʣʝʥʠʡ ʬʨʘʛʤʝʥʪ 

 Paste ɺʩʪʘʚʠʪʠ <Ctrl>+<V> ɺʩʪʘʚʠʪʠ ʚʠʨʘʟ ʟ 

ʙʫʬʝʨʫ 

 Delete ɺʠʜʘʣʠʪʠ <Ctrl>+<D> ɺʠʜʘʣʠʪʠ ʦʙʨʘ-

ʥʠʡ ʬʨʘʛʤʝʥʪ 

 Select All ɺʠʦʢʨʝʤʠʪʠ <Ctrl>+<A> ɺʠʦʢʨʝʤʠʪʠ ʚʝʩʴ 

ʨʦʙʦʯʠʡ ʣʠʩʪ 

 Find ɿʥʘʡʪʠ <Ctrl>+<F> ʇʦʰʫʢ ʪʝʢʩʪʫ 

 Replace ɿʘʤʽʥʠʪʠ <Ctrl>+<H> ɿʘʤʽʥʘ ʜʝʷʢʦʛʦ 

ʪʝʢʩʪʫ ʽʥʰʠʤ 

View 

(ɺʠʜ) 

Refresh ʇʦʥʦʚʠʪʠ <Ctrl>+<R> ʇʦʥʦʚʠʪʠ ʜʦʢʫ-

ʤʝʥʪ 

Insert 

(ɺʩʪʘʚʢʘ) 

Matrix  ʄʘʪʨʠʮʷ <Ctrl>+<M> ɺʩʪʘʚʠʪʠ ʤʘʪʨʠ-

ʮʶ ʘʙʦ ʚʝʢʪʦʨ 

 Function ʌʫʥʢʮʽʷ <Ctrl>+<E> ɺʩʪʘʚʠʪʠ ʚʙʫʜʦ-

ʚʘʥʫ ʬʫʥʢʮʽʶ 

 Unit  ʆʜʠʥʠʮʽ <Ctrl>+<U> ɺʩʪʘʚʠʪʠ ʦʜʠ-

ʥʠʮʽ ʚʠʤʽʨʶ-

ʚʘʥʥʷ ʚʝʣʠʯʠ-ʥʠ 

ʜʝʷʢʦʾ ʨʦʟʤʽʨʥʦʩ-

ʪʽ 

 Picture ʄʘʣʶʥʦʢ <Ctrl>+<T> ʉʪʚʦʨʠʪʠ ʤʘʣʶ-

ʥʦʢ ʜʣʷ ʚʽʜʦʙʨʘ-

ʞʝʥʥʷ ʤʘʪʨʠʮʽ 

 Hyperlink  ɻʽʧʝʨʧʦʩʠʣʘʥʥʷ <Ctrl>+<K> ɺʩʪʘʚʠʪʠ ʛʽʧʝʨ-

ʧʦʩʠʣʘʥʥʷ 
 



 

ɼʦʜʘʪʦʢ 2. ʊʘʙʣʠʮʷ ʦʩʥʦʚʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʢʣʘʚʽʰ 
 

F1 ɼʦʧʦʤʦʛʘ 

F2 ʉʢʦʧʽʶʚʘʪʠ ʚʠʨʘʟ 

F3 ɺʠʨʽʟʘʪʠ ʚʠʨʘʟ 

F4 ɺʩʪʘʚʠʪʠ ʚʠʨʘʟ 

F5 ɺʠʟʚʘʪʠ ʬʘʡʣ 

Ctrl+ F5 ɻʣʦʙʘʣʴʥʠʡ ʧʦʰʫʢ ʚʠʨʘʟʫ 

F6 ɿʙʝʨʝʛʪʠ ʬʘʡʣ 

Ctrl+ F6 ɻʣʦʙʘʣʴʥʘ ʟʤʽʥʘ ʦʜʥʦʛʦ ʚʠʨʘʟʫ ʥʘ ʽʥʰʠʡ 

F7 ʇʦʜʽʣ ʝʢʨʘʥʘ ʥʘ ʜʚʘ ʚʽʢʥʘ 

Ctrl+ F7 ɿʘʢʨʠʪʠ ʚʽʢʥʦ 

F8 ʇʝʨʝʤʠʢʘʥʥʷ ʤʽʞ ʚʽʢʥʘʤʠ 

F9 ʇʨʦʚʝʩʪʠ ʦʙʯʠʩʣʝʥʥʷ (ʧʨʘʮʶʻ, ʷʢʱʦ ʘʚʪʦʤʘ-

ʪʠʯʥʠʡ ʨʝʞʠʤ ʚʠʤʢʥʫʪʦ) 

F10 ɺʚʽʡʪʠ ʚ ʩʠʩʪʝʤʥʝ ʤʝʥʶ 

 



 

ɼʦʜʘʪʦʢ 3. ʇʝʨʰʘ )(tf ʪʘ ʜʨʫʛʘ )(tʌ  ʬʫʥʢʮʽʾ ʥʦʨʤʦʚʘʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ 

s)( xxt -=  

t f(t) ʌ(t) 

0,00 0,39894 0,00000 

0,1 0,39695 0,03983 

0,2 0,39104 0,07926 

0,3 0,38139 0,11791 

0,4 0,36827 0,15542 

0,5 0,35207 0,19146 

0,6 0,333322 0,22575 

0,7 0,31225 0,25804 

0,8 0,28969 0,28814 

0,9 0,26609 0,31594 

1,0 0,24197 0,34134 

1,1 0,21785 0,36433 

1,2 0,19419 0,38493 

1,3 0,17137 0,40320 

1,4 0,14973 0,41924 

1,5 0,12952 0,43319 

1,6 0,11092 0,44520 

1,7 0,09405 0,45543 

1,8 0,07895 0,46407 

1,9 0,06562 0,47128 

2,0 0,05399 0,47725 

2,1 0,04398 0,48214 

2,2 0,03547 0,48610 

2,3 0,02833 0,48928 

2,4 0,02239 0,49180 

2,5 0,01753 0,49379 

2,6 0,01358 0,49534 

2,7 0,01042 0,49653 

2,8 0,00792 0,49744 

2,9 0,00595 0,49813 

3,0 0,00443 0,49865 

3,5 0,00087 0,49977 

3,99 0,000014 0,49997 
 



 

ɼʦʜʘʪʦʢ 4. ʂʨʠʪʠʯʥʽ ʪʦʯʢʠ  t-ʢʨʠʪʝʨʽʶ ʉʪôʶʜʝʥʪʘ ʧʨʠ ʨʽʟʥʠʭ ʟʥʘ-

ʯʝʥʥʷʭ ʟʥʘʯʠʤʦʩʪʽ a  ʪʘ ʩʪʫʧʝʥʷʭ ʚʽʣʴʥʦʩʪʽ  m 
 

m 
a 

5 1 0,1 

1 12,71 63,66 64,60 

2 4,30 9,92 31,60 

3 3,18 5,84 12,92 

4 2,78 4,60 8,61 

5 2,57 4,03 6,87 

6 2,45 3,71 5,96 

7 2,37 3,50 5,41 

8 2,31 3,36 5,04 

9 2,26 3,25 4,78 

10 2,23 3,17 4,59 

11 2,20 3,11 4,44 

12 2,18 3,05 4,32 

13 2,16 3,01 4,22 

14 2,14 2,98 4,14 

15 2,13 2,95 4,07 

16 2,12 2,92 4,02 

17 2,11 2,90 3,97 

18 2,10 2,88 3,92 

19 2,09 2,86 3,88 

20 2,09 2,85 3,85 

21 2,08 2,83 3,82 

22 2,07 2,82 3,79 

23 2,07 2,81 3,77 

24 2,06 1,80 3,75 

25 2,06 2,79 3,73 

26 2,06 2,78 3,71 

27 2,05 2,77 3,69 

28 2,05 2,76 3,67 

29 2,05 2,76 3,66 

30 2,04 2,75 3,65 

40 2,02 2,70 3,55 

60 2,00 2,66 3,46 



 

m 
a 

5 1 0,1 

120 1,98 2,62 3,37 

¤ 1,96 2,58 3,29 

 



 

ɼʦʜʘʪʦʢ 5. ɿʥʘʯʝʥʥʷ F-ʢʨʠʪʝʨʽʶ ʌʽʰʝʨʘ ʧʨʠ ʟʥʘʯʠʤʦʩʪʽ Ŭ=5% (ʚʝʨ-

ʭʥʽʡ ʨʷʜʦʢ) ʪʘ Ŭ=1% (ʥʠʞʥʽʡ ʨʷʜʦʢ) ʧʨʠ ʩʪʝʧʝʥʷʭ ʚʽʣʴʥʦʩʪʽ m1 ʽ m2 ʚʠʙʽʨʦʢ 
 

m2 
m1 

7 8 9 10 12 15 20 30 Ð 

1 
237 239 241 242 244 246 248 250 254 

5928 5982 6022 6056 6106 6157 6209 6261 6366 

2 
19,35 19,37 19,38 19,40 19,41 19,43 19,45 19,46 19,50 

99,36 99,37 99,39 99,40 99,42 99,43 99,45 99,47 99,50 

3 
8,89 8,85 8,81 8,79 8,74 8,70 8,66 8,62 8,53 

27,67 27,49 27,35 27,23 27,05 26,87 26,69 26,50 26,13 

4 
6,04 6,00 5,94 5,94 5,91 5,86 5,80 5,75 5,63 

14,98 14,80 14,66 14,55 14,37 14,20 14,02 13,84 13,46 

5 
4,88 4,82 4,77 4,74 4,68 4,62 4,56 4,50 4,36 

10,46 10,29 10,16 10,05 9,89 9,72 9,55 9,38 9,02 

6 
4,21 4,15 4,10 4,06 4,00 3,94 3,87 3,81 3,67 

8,26 8,10 7,98 7,87 7,72 7,56 7,40 7,23 6,88 

7 
3,79 3,73 3,68 3,64 3,57 3,51 3,44 3,38 3,23 

6,99 6,84 6,72 6,62 6,47 6,31 6,16 5,99 5,65 

8 
3,50 3,44 3,39 3,35 3,28 3,22 3,15 3,08 2,93 

6,18 6,03 5,91 5,81 5,67 5,52 5,36 5,20 4,86 

9 
3,29 3,23 3,18 3,14 3,07 3,01 2,94 2,86 2,71 

5,61 5,47 5,35 5,26 5,11 4,96 4,81 4,65 4,31 

10 
3,14 3,07 3,02 2,98 2,91 2,85 2,77 2,70 2,54 

5,20 5,06 4,94 4,85 4,71 4,56 4,41 4,25 3,91 

11 
3,01 2,95 2,90 2,85 2,79 2,72 2,65 2,57 2,40 

4,89 4,74 4,63 4,54 4,40 4,25 4,10 3,94 3,60 

12 
2,91 2,85 2,80 2,75 2,69 2,62 2,54 2,47 2,30 

4,64 4,50 4,39 4,30 4,16 4,01 3,86 3,70 3,36 

13 
2,83 2,77 2,71 2,67 2,60 2,53 2,46 2,38 2,21 

4,44 4,30 4,19 4,10 3,96 3,82 3,66 3,51 3,16 

14 
2,76 2,70 2,65 2,60 2,53 2,47 2,39 2,31 2,13 

4,28 4,14 4,03 3,94 3,80 3,66 3,51 3,36 3,00 

15 
2,71 2,04 2,59 2,54 2,48 2,40 2,33 2,25 2,07 

4,14 4,00 3,89 3,80 3,67 3,52 3,37 3,21 2,87 

20 
2,51 2,45 2,39 2,35 2,28 2,20 2,12 2,04 1,84 

3,70 3,56 3,46 3,37 3,09 2,94 2,78 2,62 2,26 



 

m2 
m1 

7 8 9 10 12 15 20 30 Ð 

30 
2,33 2,27 2,21 2,16 2,11 1,03 1,93 1,84 1,62 

3,30 3,17 3,00 2,97 2,84 2,69 2,55 2,38 2,01 

50 
2,20 2,13 2,07 2,03 1,99 1,95 1,82 1,69 1,44 

3,02 2,89 2,79 2,70 2,63 2,56 2,26 2,10 1,68 



 

ɼʦʜʘʪʦʢ 6. ɿʥʘʯʝʥʥʷ ɢ2-ʢʨʠʪʝʨʽʷ ʇʽʨʩʦʥʘ ʧʨʠ ʽʤʦʚʽʨʥʦʩʪʷʭ ʈ1=0,95, 

ʈ2=0,99, ʈ3=0,999 ʽ ʩʪʝʧʝʥʽ ʚʽʣʴʥʦʩʪʽ m 

m ɢ1
2 ɢ2

2 ɢ3
2 

1 3,9 6,6 10,8 

2 13,8 9,2 13,8 

3 7,8 11,3 16,3 

4 9,5 13,3 18,5 

5 11,1 15,1 20,5 

6 12,6 16,8 22,5 

7 14,1 18,5 24,3 

8 15,5 20,1 26,1 

9 16,9 21,7 27,9 

10 18,3 23,2 29,6 

11 19,7 24,7 31,3 

12 21,0 26,2 32,9 

13 22,4 27,7 34,5 

14 23,7 29,1 36,1 

15 25,0 30,6 37,7 

16 26,3 32,0 39,3 

17 27,6 33,4 40,8 

18 28,9 34,8 42,3 

19 30,1 36,2 43,8 

20 31,4 37,6 45,3 

21 32,7 38,9 46,8 

22 33,9 40,3 48,3 

23 35,2 41,6 49,7 

24 36,4 43,0 51,2 

25 37,7 44,3 52,6 

26 38,9 45,6 54,1 

27 40,1 47,0 55,5 



 

ɼʦʜʘʪʦʢ 7. ʊʣʫʤʘʯʥʠʡ ʩʣʦʚʥʠʢ ʪʝʨʤʽʥʽʚ ʪʘ ʚʠʟʘʥʯʝʥʴ 

 

  ɸʙʠʦʛʝʥʝʟ ð ʛʠʧʦʪʝʟʘ ʦ ʧʨʦʠʩʭʦʞʜʝʥʠʠ ʞʠʟʥʠ, ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʞʠ-

ʚʦʛʦ ʠʟ ʥʝʞʠʚʦʛʦ.  

  ɸʙʠʦʛʝʥʥʳʡ, ʘʙʠʦʛʝʥʥʘʷ ʵʚʦʣʶʮʠʷ, ʘʙʠʦʛʝʥʥʦʝ ʚʝʱʝʩʪʚʦ ð ʥʝ-

ʞʠʚʦʛʦ, ʥʝʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ.  

  ɸʙʩʪʨʘʢʪʥʳʡ ð ʦʪʚʣʝʯʝʥʥʳʡ.  

  ɸʚʪʦʠʥʛʠʙʠʪʦʨʳ ð ʚʝʱʝʩʪʚʘ, ʩʘʤʠ ʧʦ ʩʝʙʝ ʩʥʠʞʘʶʱʠʝ ʩʢʦʨʦʩʪʴ 

ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʧʦʜʘʚʣʷʶʱʠʝ ʘʢʪʠʚʥʦʩʪʴ ʬʝʨʤʝʥʪʦʚ.  

  ɸʚʪʦʢʘʪʘʣʠʟ ð ʫʩʢʦʨʝʥʠʝ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʦʜʥʠʤ ʠʟ ʫʯʘʩʪʚʫ-

ʶʱʠʭ ʚ ʥʝʡ ʚʝʱʝʩʪʚ, ʠʛʨʘʶʱʠʤ ʨʦʣʴ ʢʘʪʘʣʠʟʘʪʦʨʘ.  

  ɸʚʪʦʪʨʦʬʳ ð ʦʨʛʘʥʠʟʤʳ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʝ ʩʠʥʪʝʟ ʥʝʦʙʭʦʜʠʤʳʭ 

ʜʣʷ ʞʠʟʥʠ ʚʝʱʝʩʪʚ ʠʟ ʧʨʦʩʪʳʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ. ʉʠʥʪʝʟ ʤʦʞʝʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʟʘ ʩʯʝʪ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ (ʬʦʪʦʩʠʥʪʝʟ) ʠ ʟʘ ʩʯʝʪ ʭʠʤʠʯʝ-

ʩʢʠʭ ʨʝʘʢʮʠʡ (ʭʝʤʦʩʠʥʪʝʟ).  

  ɸʜʘʧʪʘʮʠʷ ð ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ. ɺ ʙʠʦʣʦʛʠʠ ð ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ 

ʩʪʨʦʝʥʠʷ ʠ ʬʫʥʢʮʠʡ ʦʨʛʘʥʠʟʤʦʚ ʢ ʫʩʣʦʚʠʷʤ ʩʫʱʝʩʪʚʦʚʘʥʠʷ, ʚ ʬʠʟʠʦʣʦʛʠʠ 

ð ʧʨʠʚʳʢʘʥʠʝ.  

  ɸʜʛʝʟʠʷ (ʣʘʪ. ð ʧʨʠʣʠʧʘʥʠʝ) ð ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʩʮʝʧʣʝʥʠʝ.  

  ɸʜʜʠʪʠʚʥʦʩʪʴ (ʣʘʪ. ð ʧʨʠʙʘʚʣʷʝʤʳʡ) ð ʩʚʦʡʩʪʚʦ, ʧʦʢʘʟʳʚʘʶʱʝʝ, 

ʯʪʦ ʟʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʮʝʣʦʤʫ, ʨʘʚʥʦ ʩʫʤʤʝ ʚʝʣʠʯʠʥ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʝʛʦ ʯʘʩʪʷʤ.  

  ɸʜʝʥʠʥ ð ʧʫʨʠʥʦʚʦʝ ʦʩʥʦʚʘʥʠʝ, ʩʦʜʝʨʞʠʪʩʷ ʚʦ ʚʩʝʭ ʞʠʚʳʭ ʦʨʛʘ-

ʥʠʟʤʘʭ ʚ ʩʦʩʪʘʚʝ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ, ʦʜʥʘ ʠʟ ʯʝʪʳʨʝʭ çʙʫʢʚè ʛʝʥʝʪʠʯʝ-

ʩʢʦʛʦ ʢʦʜʘ.  

  ɸʜʝʥʦʟʠʥ ð ʥʫʢʣʝʦʪʠʜ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʦʩʥʦʚʘʥʠʷ ʘʜʝʥʠʥʘ ʠ ʤʦʥʦʩʘ-

ʭʘʨʠʜʘ ʨʠʙʦʟʳ.  

  ɸʜʝʥʦʟʠʥʪʨʠʬʦʩʬʘʪ (ɸʊʌ) ð ʥʫʢʣʝʦʪʠʜ, ʦʙʨʘʟʦʚʘʥʥʳʡ ʘʜʝʥʦʟʠ-

ʥʦʤ ʠ 3 ʦʩʪʘʪʢʘʤʠ ʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʳ. ɺʦ ʚʩʝʭ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʘʭ ʚʳʧʦʣ-

ʥʷʝʪ ʨʦʣʴ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʘʢʢʫʤʫʣʷʪʦʨʘ ʵʥʝʨʛʠʠ.  

  ɸʜʠʘʙʘʪʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ð ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʚ ʦʪʩʫʪ-

ʩʪʚʠʝ ʦʙʤʝʥʘ ʪʝʧʣʦʤ ʤʝʞʜʫ ʩʠʩʪʝʤʦʡ ʠ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ.  

  ɸʢʩʠʦʤʘ ð ʠʩʭʦʜʥʦʝ ʧʦʣʦʞʝʥʠʝ, ʧʨʠʥʠʤʘʝʤʦʝ ʙʝʟ ʣʦʛʠʯʝʩʢʠʭ ʜʦ-

ʢʘʟʘʪʝʣʴʩʪʚ.  

  ɸʢʩʦʥ (ʛʨʝʯ. ð ʦʩʴ) ð ʦʪʨʦʩʪʦʢ ʥʝʡʨʦʥʘ, ʧʨʦʚʦʜʷʱʠʡ ʥʝʨʚʥʳʡ ʠʤ-

ʧʫʣʴʩ ʦʪ ʪʝʣʘ ʢʣʝʪʢʠ ʢ ʠʥʥʝʨʚʠʨʫʝʤʳʤ ʦʨʛʘʥʘʤ.  



 

  ɸʣʛʦʨʠʪʤ (ʣʘʪ. ð ʪʨʘʥʩʣʠʪʝʨʘʮʠʷ ʠʤʝʥʠ ʘʨʘʙʩʢʦʛʦ ʤʘʪʝʤʘʪʠʢʘ ʘʣʴ 

ʍʦʨʝʟʤʠ) ð ʢʦʜ, ʧʨʠʥʮʠʧ, ʥʘʙʦʨ ʧʨʘʚʠʣ ʠʣʠ ʩʠʩʪʝʤʘ ʦʧʝʨʘʮʠʡ, ʧʨʝʜʧʠʩʳ-

ʚʘʶʱʠʝ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʧʦʨʷʜʢʝ ʜʝʡʩʪʚʠʷ ʠ ʧʦʟʚʦʣʷʶʱʠʝ ʯʠʩʪʦ ʤʝʭʘʥʠ-

ʯʝʩʢʠ ʨʝʰʘʪʴ ʣʶʙʫʶ ʟʘʜʘʯʫ ʠʟ ʢʣʘʩʩʘ ʦʜʥʦʪʠʧʥʳʭ ʟʘʜʘʯ.  

  ɸʣʣʝʣʠ ð ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʚʘʨʠʘʥʪʳ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʦʜʥʦʛʦ ʠ ʪʦʛʦ 

ʞʝ ʛʝʥʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʦʜʠʥʘʢʦʚʳʭ ʫʯʘʩʪʢʘʭ (ʣʦʢʫʩʘʭ) ʧʘʨʥʳʭ ʭʨʦʤʦ-

ʩʦʤ. ʆʧʨʝʜʝʣʷʶʪ ʚʘʨʠʘʥʪʳ ʨʘʟʚʠʪʠʷ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʧʨʠʟʥʘʢʘ.  

  ɸʣɹ ʙʝʜʦ (ʣʘʪ. ð ʙʝʣʠʟʥʘ) ð ʚʝʣʠʯʠʥʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʩʧʦʩʦʙ-

ʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʣʘ ʦʪʨʘʞʘʪʴ ʧʘʜʘʶʱʠʡ ʥʘ ʥʝʝ ʧʦʪʦʢ ʵʣʝʢʪʨʦʤʘʛʥʠʪ-

ʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠʣʠ ʯʘʩʪʠʮ.  

ɸʤʠʥʦʛʨʫʧʧʘ ð ʙʦʢʦʚʘʷ ʛʨʫʧʧʘ ʘʤʠʥʦʢʠʩʣʦʪʳ, ʢʦʪʦʨʘʷ ʦʙʨʘʟʫʝʪʩʷ 

ʠʟ 

  ʧʨʦʩʪʦʡ ʤʦʣʝʢʫʣʳ ʘʤʤʠʘʢʘ.  

  ɸʤʠʥʦʢʠʩʣʦʪʘ ð ʦʨʛʘʥʠʯʝʩʢʦʝ ʭʠʤʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ, ʩʦʜʝʨʞʘ-

ʱʝʝ ʘʤʠʥʦʛʨʫʧʧʫ NH2 ʠ ʢʘʨʙʦʢʩʠʣʴʥʳʡ ʨʘʜʠʢʘʣ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʣʝʡ 

COOH. ʉʣʫʞʠʪ ʦʩʥʦʚʥʳʤ ʵʣʝʤʝʥʪʦʤ ʧʦʩʪʨʦʝʥʠʷ ʨʘʩʪʠʪʝʣʴʥʳʭ ʠ ʞʠʚʦʪ-

ʥʳʭ ʙʝʣʢʦʚ, ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʞʠʟʥʠ ʦʨʛʘʥʠʟʤʦʚ.  

  ɸʤʧʣʠʪʫʜʘ (ʛʨʝʯ. ð ʚʝʣʠʯʠʥʘ) ð ʥʘʠʙʦʣʴʰʝʝ ʦʪʢʣʦʥʝʥʠʝ ʚʝʣʠʯʠ-

ʥʳ ʧʘʨʘʤʝʪʨʘ, ʠʟʤʝʥʷʶʱʝʡʩʷ ʧʦ ʧʝʨʠʦʜʠʯʝʩʢʦʤʫ ʟʘʢʦʥʫ.  

  ɸʥʘʙʠʦʟ (ʛʨʝʯ. ð ʦʞʠʚʣʝʥʠʝ) ð ʩʦʩʪʦʷʥʠʝ ʦʨʛʘʥʠʟʤʘ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʞʠʟʥʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʨʝʟʢʦ ʟʘʤʝʜʣʷʶʪʩʷ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʳʞʠʚʘʥʠʶ ʝʛʦ 

ʚ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʷʭ.  

  ɸʥʘʣʦʛʠʷ (ʛʨʝʯ.) ð ʩʦʦʪʚʝʪʩʪʚʠʝ, ʩʭʦʜʩʪʚʦ ʧʨʝʜʤʝʪʦʚ (ʷʚʣʝʥʠʡ, 

ʧʨʦʮʝʩʩʦʚ); ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʥʦʩʠʪʴ ʟʥʘʥʠʝ ʩ ʠʟʫʯʝʥʥʦʛʦ ʦʙʲʝʢʪʘ ʥʘ ʥʝʠʟʫ-

ʯʝʥʥʳʡ ʧʨʠ ʠʭ ʩʭʦʜʩʪʚʝ.  

  ɸʥʘʵʨʦʙ ð ʦʨʛʘʥʠʟʤ, ʩʧʦʩʦʙʥʳʡ ʞʠʪʴ ʚ ʦʪʩʫʪʩʪʚʠʝ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʢʠʩʣʦʨʦʜʘ.  

  ɸʥʘʵʨʦʙʥʳʡ (ʛʨʝʯ. ð ʙʝʟ ʚʦʟʜʫʭʘ) ð ʧʨʦʮʝʩʩʳ ʚ ʦʪʩʫʪʩʪʚʠʝ ʢʠʩʣʦ-

ʨʦʜʘ.  

  ɸʥʦʤʘʣʠʷ ð ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʥʦʨʤʳ.  

  ɸʥʪʠʙʠʦʪʠʢʠ ð ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ, ʦʙʨʘʟʫʝʤʳʝ ʤʠʢʨʦʦʨʛʘ-

ʥʠʟʤʘʤʠ ʠ ʦʙʣʘʜʘʶʱʠʝ ʩʧʦʩʦʙʥʦʩʪʴʶ ʫʙʠʚʘʪʴ ʤʠʢʨʦʙʦʚ ʠ ʠʟʙʠʨʘʪʝʣʴʥʳʤ 

ʠʥʛʠʙʠʨʫʶʱʠʤ ʜʝʡʩʪʚʠʝʤ ʥʘ ʞʠʚʳʝ ʢʣʝʪʢʠ.  

  ɸʥʪʠʪʝʣʘ ð ʠʤʤʫʥʦʛʣʦʙʫʣʠʥʳ ʧʣʘʟʤʳ ʢʨʦʚʠ ʯʝʣʦʚʝʢʘ ʠ ʪʝʧʣʦ-

ʢʨʦʚʥʳʭ ʞʠʚʦʪʥʳʭ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʝ ʨʘʟʤʥʦʞʝʥʠʶ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʚʳ-

ʟʳʚʘʶʱʠʭ ʦʪʨʘʚʣʝʥʠʝ ʦʨʛʘʥʠʟʤʘ.  



 

  ɸʥʪʨʦʧʥʳʡ ʧʨʠʥʮʠʧ ð ʨʘʩʩʤʦʪʨʝʥʠʝ ʟʘʢʦʥʦʚ ɺʩʝʣʝʥʥʦʡ ʠ ʝʝ 

ʩʪʨʦʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʪʦʛʦ, ʯʪʦ ʧʦʟʥʘʥʠʝ ʚʝʜʝʪʩʷ ʏʝʣʦʚʝʢʦʤ ʨʘʟʫʤʥʳʤ. ʇʨʠ-

ʨʦʜʘ ʪʘʢʦʚʘ, ʢʘʢ ʦʥʘ ʝʩʪʴ, ʪʦʣʴʢʦ ʧʦʪʦʤʫ, ʯʪʦ ʚ ʥʝʡ ʞʠʚʝʪ ʯʝʣʦʚʝʢ. ɸʥ-

ʪʨʦʧʥʳʡ ʧʨʠʥʮʠʧ ʥʝ ʧʨʦʪʠʚʦʨʝʯʠʪ ʚʦʟʤʦʞʥʦʩʪʠ ʞʠʟʥʠ ʥʘ ʜʨʫʛʠʭ ʢʦʩʤʠ-

ʯʝʩʢʠʭ ʦʙʲʝʢʪʘʭ, ʥʦ ʚ ʜʨʫʛʦʤ ʜʣʷ ʥʘʩ ʚʠʜʝ.  

  ɸʥʪʨʦʧʦʛʝʥʝʟ ð ʵʚʦʣʶʮʠʷ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʯʝʣʦ-

ʚʝʢʘ.  

  ɸʥʪʨʦʧʦʛʝʥʥʳʡ ð ʩʚʷʟʘʥʥʳʡ ʩ ʯʝʣʦʚʝʢʦʤ, ʚʦʟʥʠʢʰʠʡ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ.  

ɸʨʪʝʬʘʢʪ (ʣʘʪ. ð ʠʩʢʫʩʩʪʚʝʥʥʦ ʩʜʝʣʘʥʥʦʝ) ð ʧʨʦʮʝʩʩ (ʠʣʠ ʦʙʨʘʟʦ-

ʚʘʥʠʝ), ʥʝ ʩʚʦʡʩʪʚʝʥʥʳʡ ʠʟʫʯʘʝʤʦʤʫ ʦʙʲʝʢʪʫ ʚ ʥʦʨʤʝ ʠ ʚʦʟʥʠʢʘʶʱʠʡ ʚ 

ʧʨʦʮʝʩʩʝ ʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʄʦʞʝʪ ʙʳʪʴ ʬʘʢʪʦʤ, ʩʦʟʜʘʥʥʳʤ ʠʩʢʫʩʩʪʚʝʥʥʦ 

ʚ ʩʠʣʫ ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ ʦʩʤʳʩʣʝʥʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢ ʘʨʪʝʬʘʢʪʘʤ ʦʪʥʦ-

ʩʷʪ ʧʘʨʘʥʦʨʤʘʣʴʥʳʝ ʷʚʣʝʥʠʷ. 

  ɸʩʠʤʧʪʦʪʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ (ʛʨʝʯ. ð ʥʝʩʦʚʧʘʜʘʶʱʠʡ) ð ʧʨʦʮʝʩʩ, 

ʥʝʦʛʨʘʥʠʯʝʥʥʦ ʧʨʠʙʣʠʞʘʶʱʠʡʩʷ ʢ ʢʘʢʦʡ-ʪʦ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ.  

  ɸʩʩʠʤʠʣʷʮʠʷ (ʣʘʪ. ð ʫʧʦʜʦʙʣʝʥʠʝ, ʩʣʠʷʥʠʝ) ð ʫʩʚʦʝʥʠʝ, ʩʣʠʷʥʠʝ. 

ɺ ʙʠʦʣʦʛʠʠ ð ʫʩʚʦʝʥʠʝ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʞʠʚʳʤʠ ʢʣʝʪʢʘʤʠ, ʘʥʘʙʦ-

ʣʠʟʤ.  

  ɸʫʨʘ (ʛʨʝʯ.ð ʚʝʷʥʠʝ) ð ʩʚʦʝʦʙʨʘʟʥʳʝ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʝ ʟʨʠʪʝʣʴ-

ʥʳʝ, ʩʣʫʭʦʚʳʝ, ʵʤʦʮʠʦʥʘʣʴʥʳʝ ʠ ʜʨʫʛʠʝ ʦʱʫʱʝʥʠʷ ʠ ʧʝʨʝʞʠʚʘʥʠʷ; ʩʚʝʪʷ-

ʱʘʷʩʷ ʦʙʦʣʦʯʢʘ ʚʦʢʨʫʛ ʪʝʣʘ ʯʝʣʦʚʝʢʘ, ʠʤʝʶʱʘʷ ʦʧʨʝʜʝʣʝʥʥʫʶ ʮʚʝʪʦʚʫʶ 

ʦʢʨʘʩʢʫ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʠʟʠʯʝʩʢʦʛʦ ʠ ʧʩʠʭʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ; ʦʩʦʙʘʷ 

ʘʪʤʦʩʬʝʨʘ, ʦʙʨʘʟʫʶʱʘʷʩʷ ʚʦʢʨʫʛ ʣʶʜʝʡ ʠʣʠ ʚʝʱʝʡ, ʢʘʢ ʙʳ ʩʦʟʜʘʚʘʝʤʘʷ 

ʠʣʠ ʠʟʣʫʯʘʝʤʘʷ ʠʤʠ, ʙʠʦʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʦʙʦʣʦʯʢʘ ʞʠʚʳʭ ʩʫʱʝʩʪʚ.  

  ɸʵʨʦʙ ð ʦʨʛʘʥʠʟʤ, ʩʧʦʩʦʙʥʳʡ ʞʠʪʴ ʪʦʣʴʢʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʠʩʣʦʨʦ-

ʜʘ.  

  ɸʵʨʦʙʥʳʡ ð ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʠʩʣʦʨʦʜʘ. ɸʵʨʦʙʳ ð ʦʨʛʘʥʠʟʤʳ, ʢʦ-

ʪʦʨʳʝ ʤʦʛʫʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʪʦʣʴʢʦ ʧʨʠ ʥʘʣʠʯʠʠ ʩʚʦʙʦʜʥʦʛʦ ʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʢʠʩʣʦʨʦʜʘ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʯʝʣʦʚʝʢ, ʞʠʚʦʪʥʳʝ, ʨʘʩʪʝʥʠʷ, ʘ ʪʘʢʞʝ ʤʥʦʛʠʝ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ.  

ɹ  

  ɹʘʢʪʝʨʠʠ ð ʛʨʫʧʧʘ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʜʥʦʢʣʝ-

ʪʦʯʥʳʭ, ʦʨʛʘʥʠʟʤʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʢʣʝʪʦʯʥʦʡ ʩʪʝʥʢʦʡ, ʥʦ ʥʝ ʠʤʝʶʱʠʭ ʷʜʨʘ 

ʠ ʨʘʟʤʥʦʞʘʶʱʠʭʩʷ ʜʝʣʝʥʠʝʤ.  

  ɹʝʣʢʠ ð ʤʘʢʨʦʤʦʣʝʢʫʣʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʘʤʠʥʦʢʠʩ-

ʣʦʪ, ʩʦʝʜʠʥʝʥʥʳʭ ʧʝʧʪʠʜʥʳʤʠ ʩʚʷʟʷʤʠ.  



 

  ɹʠʦʛʝʥʝʟ ð ʦʙʨʘʟʦʚʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʞʠʚʳʤʠ ʦʨʛʘ-

ʥʠʟʤʘʤʠ; ʧʨʦʮʝʩʩ ʚʦʟʥʠʢʥʦʚʝʥʠʷ, ʟʘʨʦʞʜʝʥʠʷ ʞʠʚʦʛʦ. ʇʦ ʵʪʦʡ ʢʦʥʮʝʧʮʠʠ 

ʚʩʝ ʞʠʚʦʝ ʨʦʞʜʘʝʪʩʷ ʪʦʣʴʢʦ ʦʪ ʞʠʚʦʛʦ.  

  ɹʠʦʛʝʥʝʪʠʯʝʩʢʠʡ ʟʘʢʦʥ ð ʵʤʧʠʨʠʯʝʩʢʦʝ ʦʙʦʙʱʝʥʠʝ, ʩʦʛʣʘʩʥʦ ʢʦ-

ʪʦʨʦʤʫ ʠʥʜʠʚʠʜʫʘʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʦʩʦʙʠ (ʦʥʪʦʛʝʥʝʟ) ʷʚʣʷʝʪʩʷ ʧʦʚʪʦʨʝʥʠʝʤ 

ʚʘʞʥʝʡʰʠʭ ʵʪʘʧʦʚ ʵʚʦʣʶʮʠʠ (ʬʠʣʦʛʝʥʝʟ) ʛʨʫʧʧ, ʢ ʢʦʪʦʨʦʡ ʵʪʘ ʦʩʦʙʴ ʦʪʥʦ-

ʩʠʪʩʷ. ʆʪʢʨʳʪ ʕ. ɻʝʢʢʝʣʝʤ ʚ 1866 ʛ.  

  ɹʠʦʛʝʥʥʳʡ ð ʧʨʦʠʩʭʦʜʷʱʠʡ ʦʪ ʞʠʚʦʛʦ ʦʨʛʘʥʠʟʤʘ, ʩʚʷʟʘʥʥʳʡ ʩ 

ʥʠʤ.  

  ɹʠʦʛʝʥʳ ð ʚʝʱʝʩʪʚʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʭʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ, ʘʙʩʦʣʶʪʥʦ 

ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ ʠ ʦʙʷʟʘʪʝʣʴʥʦ ʚʭʦʜʷ-

ʱʠʝ ʚ ʠʭ ʩʦʩʪʘʚ.  

  ɹʠʦʛʝʦʮʝʥʦʟ ð ʦʧʨʝʜʝʣʝʥʥʳʡ ʫʯʘʩʪʦʢ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʦʧʨʝ-

ʜʝʣʝʥʥʳʤ ʩʦʩʪʘʚʦʤ ʞʠʚʳʭ ʠ ʢʦʩʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʜʠʥʘʤʠʯʝʩʢʦʤ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʠ ʤʝʞʜʫ ʥʠʤʠ.  

  ɹʠʦʢʦʩʥʦʝ ʚʝʱʝʩʪʚʦ ð ʚʝʱʝʩʪʚʦ, ʩʦʜʝʨʞʘʱʝʝʩʷ ʚ ʧʦʯʚʘʭ ʠ ʛʦʨʥʳʭ 

ʧʦʨʦʜʘʭ.  

  ɹʠʦʣʦʛʠʯʝʩʢʦʝ ʚʨʝʤʷ ð ʚʥʫʪʨʝʥʥʝʝ ʚʨʝʤʷ ʞʠʚʦʛʦ ʦʨʛʘʥʠʟʤʘ, ʩʚʷ-

ʟʘʥʥʦʝ ʩ ʮʠʢʣʠʯʥʦʩʪʴʶ ʞʠʟʥʝʥʥʳʭ ʨʠʪʤʦʚ ʦʨʛʘʥʠʟʤʘ.  

ɹʠʦʧʦʣʠʤʝʨʳ ð ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʧʨʠʨʦʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ð 

ʙʝʣʢʠ, ʥʫʢʣʝʠʥʦʚʳʝ ʢʠʩʣʦʪʳ, ʧʦʣʠʩʘʭʘʨʠʜʳ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʝ. ʗʚʣʷʶʪʩʷ 

ʩʪʨʫʢʪʫʨʥʦʡ ʦʩʥʦʚʦʡ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ ʠ ʠʛʨʘʶʪ ʦʧʨʝʜʝʣʷʶʱʫʶ ʨʦʣʴ ʚ 

ʧʨʦʮʝʩʩʘʭ 

  ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ.  

  ɹʠʦʩʬʝʨʘ ð ʦʙʣʘʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʘʢʪʠʚʥʦʡ ʞʠʟʥʠ ʥʘ ɿʝʤʣʝ, 

ʚʢʣʶʯʘʷ ʘʪʤʦʩʬʝʨʫ, ʛʠʜʨʦʩʬʝʨʫ ʠ ʣʠʪʦʩʬʝʨʫ, ʟʘʩʝʣʝʥʥʳʝ ʞʠʚʳʤʠ ʦʨʛʘ-

ʥʠʟʤʘʤʠ.  

  ɹʠʦʪʘ (ʛʨʝʯ. ð ʞʠʟʥʴ) ð ʠʩʪʦʨʠʯʝʩʢʠ ʩʣʦʞʠʚʰʘʷʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ, ʞʠʚʦʪʥʳʭ ʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʝʨʨʠʪʦ-

ʨʠʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʙʠʦʮʝʥʦʟʘ ʤʦʞʝʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷ ʦʪʩʫʪʩʪʚʠʝʤ ʵʢʦʣʦ-

ʛʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʚʠʜʘʤʠ.  

  ɹʠʦʵʪʠʢʘ ð ʧʦʥʷʪʠʝ ʥʘ ʩʪʳʢʝ ʬʠʣʦʩʦʬʠʠ, ʙʠʦʣʦʛʠʠ, ʵʪʠʢʠ, ʤʝʜʠ-

ʮʠʥʳ ʠ ʪ.ʜ. ʢʘʢ ʨʝʘʢʮʠʷ ʥʘ ʥʦʚʳʝ ʧʨʦʙʣʝʤʳ ʞʠʟʥʠ ʠ ʩʤʝʨʪʠ (ʘʙʦʨʪ, ʢʣʦʥ ʠ 

ʪ.ʜ.). ʕʪʠʢʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʝʣʦʚʝʢʘ ʩ ʞʠʚʦʡ ʧʨʠʨʦʜʦʡ.  

  ɹʠʦʮʝʥʦʟ (ʛʨʝʯ. ð ʦʙʱʠʡ) ð ʩʦʚʦʢʫʧʥʦʩʪʴ ʞʠʚʦʪʥʳʭ, ʨʘʩʪʝʥʠʡ ʠ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʥʘʩʝʣʷʶʱʠʭ ʫʯʘʩʪʦʢ ʩʨʝʜʳ ʩ ʦʜʥʦʨʦʜʥʳʤʠ ʫʩʣʦʚʠʷʤʠ 



 

ʞʠʟʥʠ (ʣʫʛ, ʦʟʝʨʦ, ʙʝʨʝʛ ʨʝʢʠ ʠ ʪ.ʜ.) ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʦʧʨʝʜʝʣʝʥʥʳʤʠ 

ʦʪʥʦʰʝʥʠʷʤʠ  

  ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʧʨʠʩʧʦʩʦʙʣʷʝʤʦʩʪʴʶ ʢ ʚʥʝʰʥʝʡ ʩʨʝʜʝ.  

  ɹʠʦʪʦʧ ð ʫʯʘʩʪʦʢ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʩʫʰʠ ʠʣʠ ʚʦʜʦʝʤʘ) ʩ ʦʜʥʦ-

ʪʠʧʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʩʨʝʜʳ, ʟʘʥʷʪʳʡ ʙʠʦʮʝʥʦʟʦʤ; ʝʩʪʝʩʪʚʝʥʥʦʝ, ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʦʜʥʦʨʦʜʥʦʝ ʞʠʟʥʝʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʙʠʦʮʝʥʦʟʘ.  

  ɹʠʦʬʠʟʠʢʘ ð ʨʘʟʜʝʣ ʬʠʟʠʢʠ, ʠʟʫʯʘʶʱʠʡ ʬʠʟʠʯʝʩʢʠʝ ʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʘʭ ʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʧʨʦ-

ʮʝʩʩʳ, ʣʝʞʘʱʠʝ ʚ ʦʩʥʦʚʝ ʞʠʚʦʡ ʧʨʠʨʦʜʳ. ʆʬʦʨʤʠʣʘʩʴ ʚ 1961 ʛ.  

  ɹʠʬʫʨʢʘʮʠʷ (ʣʘʪ. ð ʨʘʟʜʚʦʝʥʠʝ) ð ʢʨʠʪʠʯʝʩʢʘʷ ʧʦʨʦʛʦʚʘʷ ʪʦʯʢʘ, ʚ 

ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʢʘʯʝʩʪʚʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʧʦʚʝʜʝʥʠʷ ʦʙʲʝʢʪʘ. ʊʦʯʢʘ 

ʚʝʪʚʣʝʥʠʷ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ (ʠʟʤʝʥʝʥʠʷ) ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʩʠʩʪʝʤʳ ʚ 

ʤʦʤʝʥʪ ʝʝ ʩʪʨʫʢʪʫʨʥʦʡ ʧʝʨʝʩʪʨʦʡʢʠ. ɺ ʪʦʯʢʘʭ ʙʠʬʫʨʢʘʮʠʠ ʩʠʩʪʝʤʘ ʥʘʭʦ-

ʜʠʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʢʘʢ ʙʳ ʚ ʜʚʫʭ ʩʦʩʪʦʷʥʠʷʭ ʠ ʧʨʝʜʩʢʘʟʘʪʴ ʝʝ ʜʝʪʝʨʤʠ-

ʥʠʨʦʚʘʥʥʦʝ ʧʦʚʝʜʝʥʠʝ ʥʝʚʦʟʤʦʞʥʦ.  

  ɹʣʠʟʢʦʜʝʡʩʪʚʠʝ ð ʧʝʨʝʜʘʯʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʩʨʝʜʩʪʚʦʤ ʧʦʣʝʡ ʦʪ 

ʪʦʯʢʠ ʢ ʪʦʯʢʝ ʩ ʢʦʥʝʯʥʦʡ ʩʢʦʨʦʩʪʴʶ, ʥʝ ʧʨʝʚʳʰʘʶʱʝʡ ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ 

ʚʘʢʫʫʤʝ.  

  ɹʳʪʠʝ ð ʬʠʣʦʩʦʬʩʢʦʝ ʧʦʥʷʪʠʝ, ʦʟʥʘʯʘʶʱʝʝ ʩʫʱʝʩʪʚʫʶʱʠʡ ʥʝʟʘ-

ʚʠʩʠʤʦ ʦʪ ʩʦʟʥʘʥʠʷ ʦʙʲʝʢʪʠʚʥʳʡ ʤʠʨ, ʤʘʪʝʨʠʶ.  

ɺ  

  ɺʘʢʫʦʣʠ ð ʧʦʣʦʩʪʠ ʚ ʞʠʚʦʪʥʳʭ ʠ ʨʘʩʪʠʪʝʣʴʥʳʭ ʢʣʝʪʢʘʭ.  

  ɺʘʢʫʫʤ (ʣʘʪ. ð ʧʫʩʪʦʪʘ) ð ʧʨʦʩʪʨʘʥʩʪʚʦ, ʚ ʢʦʪʦʨʦʤ ʦʪʩʫʪʩʪʚʫʶʪ 

ʨʝʘʣʴʥʳʝ ʯʘʩʪʠʮʳ ʠ ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ ʤʠʥʠʤʫʤʘ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ ʚ 

ʜʘʥʥʦʤ ʦʙʲʝʤʝ. ɺ ʢʚʘʥʪʦʚʦʡ ʪʝʦʨʠʠ ʧʦʣʷ ð ʥʘʠʥʠʟʰʝʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʩʦ-

ʩʪʦʷʥʠʝ.  

  ɺʝʨʠʬʠʮʠʨʫʝʤʦʩʪʴ ð ʵʤʧʠʨʠʯʝʩʢʦʝ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ ʥʘʫʢʠ ʧʫʪʝʤ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʠʭ ʩ ʯʫʚʩʪʚʝʥʥʳʤʠ ʜʘʥʥʳʤʠ, ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʤʠ.  

ɺʝʨʦʷʪʥʦʩʪʴ ð ʯʠʩʣʦʚʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʷʚʣʝʥʠʷ 

ʢʘʢʦʛʦ-ʣʠʙʦ ʩʣʫʯʘʡʥʦʛʦ ʩʦʙʳʪʠʷ ʧʨʠ ʪʝʭ ʠʣʠ ʠʥʳʭ ʫʩʣʦʚʠʷʭ.  

  ɺʝʱʝʩʪʚʦ ð ʥʝʢʘʷ ʩʫʙʩʪʘʥʮʠʷ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʚʠʜ ʤʘʪʝʨʠʠ ʠ ʩʦ-

ʩʪʦʷʱʘʷ ʠʟ ʜʠʩʢʨʝʪʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ, ʦʙʣʘʜʘʶʱʠʭ ʤʘʩʩʦʡ ʧʦʢʦʷ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʠʟ ʥʝʜʝʣʠʤʳʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ, ʦʙʣʘʜʘʶʱʠʭ ʬʠʟʠʯʝʩʢʠʤʠ ʧʘ-

ʨʘʤʝʪʨʘʤʠ (ʟʘʨʷʜ, ʤʘʩʩʘ, ʵʥʝʨʛʠʷ, ʩʧʠʥ ʠ ʪ.ʜ.). ʕʪʘ ʩʫʙʩʪʘʥʮʠʷ ʩʪʨʫʢʪʫʨʠ-

ʨʦʚʘʥʘ, ʠ ʝʝ ʩʪʨʫʢʪʫʨʥʳʝ ʵʣʝʤʝʥʪʳ ʥʘʭʦʜʷʪʩʷ ʚ ʙʝʩʧʨʝʨʳʚʥʦʤ ʜʚʠʞʝʥʠʠ, 



 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʠ ʦʙʨʘʟʫʶʪ ʤʘʪʝʨʠʘʣʴʥʳʝ ʪʝʣʘ. ɺ ʬʠʟʠʯʝ-

ʩʢʦʤ ʩʤʳʩʣʝ ʧʨʠʨʦʜʘ ʚʝʱʝʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʱʝʩʪʚʦʤ.  

  ɺʠʜ ð ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʦʧʫʣʷʮʠʡ ʦʩʦʙʝʡ, ʩʧʦʩʦʙʥʳʭ ʢ ʩʢʨʝʱʠʚʘʥʠʶ 

ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʦʪʦʤʩʪʚʘ ʠ ʦʙʣʘʜʘʶʱʠʭ ʨʷʜʦʤ ʦʙʱʠʭ ʧʨʠʟʥʘʢʦʚ.  

  ɺʠʨʪʫʘʣʴʥʘʷ ʨʝʘʣʴʥʦʩʪʴ ð ʚʦʟʤʦʞʥʘʷ, ʥʦ ʤʥʠʤʘʷ (ʥʝ ʧʨʦʷʚʣʝʥ-

ʥʘʷ) ʨʝʘʣʴʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʧʨʦʷʚʠʪʴʩʷ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ; ʠʩ-

ʢʫʩʩʪʚʝʥʥʘʷ ʩʨʝʜʘ, ʩʦʟʜʘʥʥʘʷ ʢʦʤʧʴʶʪʝʨʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ.  

  ɺʠʨʪʫʘʣʴʥʦʩʪʴ ð ʚ ʦʙʱʝʤ ʩʤʳʩʣʝ ʧʦʥʠʤʘʝʪʩʷ ʢʘʢ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ (ʚʠʨʪʫʘʣʴʥʳʝ ʤʠʨʳ, ʚʠʨʪʫʘʣʴʥʳʝ ʯʘʩʪʠʮʳ, ʚʠʨʪʫʘʣʴʥʳʝ 

ʧʝʨʝʤʝʱʝʥʠʷ ð ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʳʝ ʧʝʨʝʤʝʱʝʥʠʷ ʯʘʩʪʠʮ ʙʝʟ ʥʘʨʫʰʝʥʠʷ 

ʩʚʷʟʝʡ ʚ ʩʠʩʪʝʤʝ).  

  ɺʠʨʫʩʳ ð ʚʦʟʙʫʜʠʪʝʣʠ ʠʥʬʝʢʮʠʦʥʥʳʭ ʙʦʣʝʟʥʝʡ ʨʘʩʪʝʥʠʡ, ʞʠʚʦʪ-

ʥʳʭ ʠ ʯʝʣʦʚʝʢʘ, ʨʘʟʤʥʦʞʘʶʪʩʷ ʪʦʣʴʢʦ ʚʥʫʪʨʠ ʞʠʚʳʭ ʢʣʝʪʦʢ.  

  ɺʠʪʘʤʠʥʳ ð ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ ʦʨʛʘʥʠʟʤʘʭ 

ʞʠʚʦʪʥʳʭ ʠ ʯʝʣʦʚʝʢʘ ʠʣʠ ʧʦʩʪʫʧʘʶʱʠʝ ʩ ʧʠʱʝʡ; ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʥʦʨ-

ʤʘʣʴʥʦʛʦ ʦʙʤʝʥʘ ʚʝʱʝʩʪʚ ʠʣʠ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ.  

  ɺʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ ð ʵʥʝʨʛʠʷ ʬʠʟʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʟʘʚʠʩʷʱʘʷ ʦʪ 

ʝʝ ʚʥʫʪʨʝʥʥʝʛʦ ʩʦʩʪʦʷʥʠʷ, ʦʥʘ ʚʢʣʶʯʘʝʪ ʵʥʝʨʛʠʶ ʭʘʦʪʠʯʝʩʢʦʛʦ ʜʚʠʞʝʥʠʷ 

ʚʩʝʭ ʤʠʢʨʦʯʘʩʪʠʮ ʩʠʩʪʝʤʳ ʠ ʵʥʝʨʛʠʶ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʇʦʥʷʪʠʝ ʚʚʝʣ ʚ 

1851 ʛ. ʂʝʣʴʚʠʥ (ʋ. ʊʦʤʩʦʥ).  

  ɺʦʣʥʳ ʞʠʟʥʠ (ʠʣʠ ʧʦʧʫʣʷʮʠʦʥʥʳʝ ʚʦʣʥʳ) ð ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʢʦ-

ʣʝʙʘʥʠʷ ʚ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʡ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʨʘʟʣʠʯʥʳʭ ʧʨʠʯʠʥ ð 

ʩʝʟʦʥʥʦʡ ʧʝʨʠʦʜʠʢʠ, ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠ ʪ.ʜ.  

  ɺʨʝʤʷ ð ʧʦʥʷʪʠʝ, ʦʧʠʩʳʚʘʶʱʝʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʤʝʥʳ ʷʚʣʝ-

ʥʠʡ ʠ ʩʦʩʪʦʷʥʠʡ ʤʘʪʝʨʠʠ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ. ʌʦʨʤʘ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

(ʥʘʨʷʜʫ ʩ ʧʨʦʩʪʨʘʥʩʪʚʦʤ) ʤʘʪʝʨʠʠ, ʩʫʱʝʩʪʚʫʝʪ ʦʙʲʝʢʪʠʚʥʦ ʠ ʩʚʷʟʘʥʦ ʩ 

ʜʚʠʞʝʥʠʝʤ ʤʘʪʝʨʠʠ.  

ɺʳʨʦʞʜʝʥʠʝ ð ʚ ʬʠʟʠʢʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʟʥʘʯʝʥʠʝ ʥʝʢʦʪʦʨʦʡ 

ʬʠʟʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡ ʩʠʩʪʝʤʫ (ʥʘʧʨʠʤʝʨ, ʵʥʝʨʛʠʠ) 

ʦʜʠʥʘʢʦʚʦ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʦʷʥʠʡ ʩʠʩʪʝʤʳ. ʏʠʩʣʦ ʪʘʢʠʭ ʩʦʩʪʦʷʥʠʡ 

ʥʘʟʳʚʘʝʪʩʷ ʢʨʘʪʥʦʩʪʴʶ.  

ɻ  

  ɻʘʤʝʪʘ ð ʧʦʣʦʚʘʷ ʢʣʝʪʢʘ ʦʨʛʘʥʠʟʤʘ.  

  ɻʝʤ ð ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʝʝ ʩʦʝʜʠʥʝʥʠʝ ʠʟ ʛʨʫʧʧʳ ʧʦʨʬʠʨʠʥʦʚ; ʚʭʦ-

ʜʠʪ ʚ ʩʦʩʪʘʚ ʩʣʦʞʥʳʭ ʙʝʣʢʦʚ.  

  ɻʝʤʦʛʣʦʙʠʥ ð ʢʨʘʩʥʳʡ ʧʠʛʤʝʥʪ ʢʨʦʚʠ ʯʝʣʦʚʝʢʘ, ʧʦʟʚʦʥʦʯʥʳʭ ʠ 

ʥʝʢʦʪʦʨʳʭ ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ ʞʠʚʦʪʥʳʭ. ʉʦʩʪʦʠʪ ʠʟ ʙʝʣʢʘ (ʛʣʦʙʠʥʘ) ʠ ʞʝʣʝ-



 

ʟʦʪʝʦʬʠʨʠʥʘ ð ʛʝʤʘ. ʇʝʨʝʥʦʩʠʪ ʢʠʩʣʦʨʦʜ ʦʪ ʦʨʛʘʥʦʚ ʜʳʭʘʥʠʷ ʢ ʪʢʘʥʷʤ ʠ 

ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ ʦʪ ʪʢʘʥʝʡ ʢ ʜʳʭʘʪʝʣʴʥʳʤ ʦʨʛʘʥʘʤ.  

  ɻʝʥ (ʛʨʝʯ. ð ʧʨʦʠʩʭʦʞʜʝʥʠʝ) ð ʤʘʪʝʨʠʘʣʴʥʳʡ ʥʦʩʠʪʝʣʴ ʥʘʩʣʝʜ-

ʩʪʚʝʥʥʦʩʪʠ, ʝʜʠʥʠʮʘ ʥʘʩʣʝʜʩʪʚʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʦʪʚʝʯʘʶʱʘʷ ʟʘ ʬʦʨʤʠ-

ʨʦʚʘʥʠʝ ʢʘʢʦʛʦ-ʣʠʙʦ ʧʨʠʟʥʘʢʘ, ʩʧʦʩʦʙʥʘʷ ʢ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʶ ʠ ʨʘʩʧʦʣʦ-

ʞʝʥʥʘʷ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʫʯʘʩʪʢʝ ʭʨʦʤʦʩʦʤʳ.  

  ɻʝʥʝʟʠʩ ð ʧʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʩʪʘʥʦʚʣʝʥʠʷ ʢʘʢʦʛʦ-ʣʠʙʦ ʧʨʠʨʦʜ-

ʥʦʛʦ ʠ ʩʦʮʠʘʣʴʥʦʛʦ ʷʚʣʝʥʠʷ.  

  ɻʝʥʝʪʠʢʘ ð ʥʘʫʢʘ ʦ ʟʘʢʦʥʘʭ ʥʘʩʣʝʜʩʪʚʝʥʥʦʩʪʠ ʠ ʠʟʤʝʥʯʠʚʦʩʪʠ ʦʨ-

ʛʘʥʠʟʤʦʚ ʠ ʤʝʪʦʜʘʭ  

  ɻʝʥʥʘʷ ʠʥʞʝʥʝʨʠʷ ð ʠʩʢʫʩʩʪʚʝʥʥʦʝ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʛʝʥʦʚ.  

  ɻʝʥʝʪʠʯʝʩʢʠʡ ʢʦʜ ð ʩʚʦʡʩʪʚʝʥʥʘʷ ʞʠʚʳʤ ʦʨʛʘʥʠʟʤʘʤ ʝʜʠʥʘʷ ʩʠ-

ʩʪʝʤʘ çʟʘʧʠʩʠè ʥʘʩʣʝʜʩʪʚʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʤʦʣʝʢʫʣʘʭ ʥʫʢʣʝʠʥʦʚʳʭ 

ʢʠʩʣʦʪ ʚ ʚʠʜʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʫʢʣʝʦʪʠʜʦʚ.  

  ɻʝʥʦʤ ð ʩʦʚʦʢʫʧʥʦʩʪʴ ʛʝʥʦʚ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʦʜʠʥʘʨʥʦʤ ʥʘʙʦʨʝ 

ʭʨʦʤʦʩʦʤ ʜʘʥʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʡ ʠʣʠ ʞʠʚʦʪʥʦʡ ʢʣʝʪʢʠ.  

  ɻʝʥʦʪʠʧ ð ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʩʝʭ ʛʝʥʦʚ ʦʨʛʘʥʠʟʤʘ, ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʚ 

ʝʛʦ ʭʨʦʤʦʩʦʤʘʭ.  

  ɻʝʥʦʬʦʥʜ ð ʢʘʯʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʠ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʯʠʩʣʝʥʥʦʩʪʴ 

ʨʘʟʥʳʭ ʬʦʨʤ (ʘʣʣʝʣʝʡ) ʨʘʟʣʠʯʥʳʭ ʛʝʥʦʚ ʚ ʧʦʧʫʣʷʮʠʷʭ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʚʠʜʘ 

ʦʨʛʘʥʠʟʤʦʚ.  

  ɻʝʦʛʨʘʬʠʯʝʩʢʘʷ ʩʨʝʜʘ ð ʟʝʤʥʘʷ ʧʨʠʨʦʜʘ, ʚʢʣʶʯʝʥʥʘʷ ʚ ʩʬʝʨʫ ʯʝ-

ʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ.  

  ɻʝʪʝʨʦʪʨʦʬʳ ð ʦʨʛʘʥʠʟʤʳ, ʧʠʪʘʶʱʠʝʩʷ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʚʝʱʝ-

ʩʪʚʘʤʠ.  

  ɻʠʙʨʠʜ ð ʦʨʛʘʥʠʟʤ, ʧʦʣʫʯʝʥʥʳʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʢʨʝʱʠʚʘʥʠʷ ʛʝʥʝʪʠ-

ʯʝʩʢʠ ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʨʦʜʠʪʝʣʴʩʢʠʭ ʬʦʨʤ.  

  ɻʠʙʨʠʜʠʟʘʮʠʷ ð ʩʢʨʝʱʠʚʘʥʠʝ ʨʘʟʥʦʨʦʜʥʳʭ ʚ ʥʘʩʣʝʜʩʪʚʝʥʥʦʤ ʦʪ-

ʥʦʰʝʥʠʠ ʦʨʛʘʥʠʟʤʦʚ.  

ɻʠʜʨʦʣʠʟ ð ʨʝʘʢʮʠʷ ʦʙʤʝʥʘ (ʦʙʤʝʥʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ) ʩʦʝʜʠʥʝʥʠʡ ʩ 

ʚʦʜʦʡ.  

ɻʠʜʨʦʬʠʣʴʥʦʩʪʴ ð ʩʧʦʩʦʙʥʦʩʪʴ ʚʝʱʝʩʪʚʘ (ʤʘʪʝʨʠʘʣʘ) ʩʤʘʯʠʚʘʪʴʩʷ 

ʚʦʜʦʡ.  

  ɻʠʜʨʦʬʦʙʥʦʩʪʴ ð ʥʝʩʧʦʩʦʙʥʦʩʪʴ ʚʝʱʝʩʪʚʘ (ʤʘʪʝʨʠʘʣʘ) ʩʤʘʯʠʚʘʪʴ-

ʩʷ ʚʦʜʦʡ.  

  ɻʠʧʦʪʝʟʘ (ʛʨʝʯ. ð ʦʩʥʦʚʘʥʠʝ, ʧʨʝʜʧʦʣʦʞʝʥʠʝ) ð ʥʘʫʯʥʦʝ ʧʨʝʜʧʦ-

ʣʦʞʝʥʠʝ, ʚʳʜʚʠʛʘʝʤʦʝ ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ ʢʘʢʦʛʦ-ʪʦ ʷʚʣʝʥʠʷ ʠ ʪʨʝʙʫʶʱʝʝ 



 

ʧʨʦʚʝʨʢʠ ʥʘ ʦʧʳʪʝ ʠ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʪʘʪʴ 

ʜʦʩʪʦʚʝʨʥʦʡ ʥʘʫʯʥʦʡ ʪʝʦʨʠʝʡ.  

  ɻʣʦʙʘʣʠʟʘʮʠʷ ð ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʜʝʡʩʪʚʠʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʬʘʢʪʦʨʘ 

ʜʘʣʝʢʦ ʟʘ ʧʨʝʜʝʣʘʤʠ ʩʪʨʘʥʳ ʠʣʠ ʩʬʝʨʳ ʜʝʷʪʝʣʴʥʦʩʪʠ.  

  ɻʣʦʙʘʣʴʥʳʡ ʵʚʦʣʶʮʠʦʥʠʟʤ ð ʨʘʟʚʠʪʠʝ ʚʦ ʚʨʝʤʝʥʠ ʧʨʠʨʦʜʳ ʢʘʢ 

ʮʝʣʦʛʦ. ɺʩʝ ʨʘʟʚʠʚʘʝʪʩʷ ʠ ʚʩʝ ʚʣʠʷʝʪ ʥʘ ʚʩʝ. ʇʦʚʳʰʝʥʠʝ ʩʪʨʫʢʪʫʨʥʦʡ ʦʨ-

ʛʘʥʠʟʘʮʠʠ, ʩʘʤʦʨʘʟʚʠʪʠʷ ʠ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ.  

  ɻʣʦʙʫʣʘ ð ʤʘʢʨʦʤʦʣʝʢʫʣʘ (ʥʘʧʨʠʤʝʨ, ʙʝʣʢʘ), ʩʚʝʨʥʫʪʘʷ ʚ ʢʣʫʙʦʢ.  

  ɻʣʫʙʠʥʥʘʷ ʵʢʦʣʦʛʠʷ ð ʦʪʥʦʰʝʥʠʝ ʢ ʧʨʠʨʦʜʝ ʩ ʧʦʟʠʮʠʡ ʵʢʦʣʦʛʠʯʝ-

ʩʢʦʡ ʵʪʠʢʠ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʡ ʤʦʨʘʣʴʥʳʝ ʧʨʠʥʮʠʧʳ ʥʘ ʛʘʨʤʦʥʠʯʝʩʢʠʝ 

ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʯʝʣʦʚʝʢʘ ʠ ʧʨʠʨʦʜʳ.  

  ɻʣʶʢʦʟʘ ð ʫʛʣʝʚʦʜ ʠʟ ʛʨʫʧʧʳ ʤʦʥʦʩʘʭʘʨʠʜʦʚ.  

  ɻʦʤʝʦʩʪʘʟ (ʛʨʝʯ. ð ʥʝʧʦʜʚʠʞʥʦʩʪʴ, ʩʦʩʪʦʷʥʠʝ) ð ʩʚʦʡʩʪʚʦ ʩʠʩʪʝ-

ʤʳ ʧʦʜʜʝʨʞʠʚʘʪʴ ʩʚʦʠ ʧʘʨʘʤʝʪʨʳ ʠ ʬʫʥʢʮʠʠ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ, 

ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʥʫʪʨʝʥʥʝʡ ʩʨʝʜʳ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʚʦʟʤʫʱʝ-

ʥʠʷʤ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. ɺ ʬʠʟʠʢʝ ð ʩʪʨʝʤʣʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʚʝʨ-

ʥʫʪʴʩʷ ʚ ʨʘʚʥʦʚʝʩʥʦʝ ʩʦʩʪʦʷʥʠʝ.  

  ɻʦʤʦʣʦʛʠʯʥʳʡ (ʛʨʝʯ.) ð ʩʦʦʪʚʝʪʩʪʚʝʥʥʳʡ, ʧʦʜʦʙʥʳʡ, ʨʦʜʩʪʚʝʥ-

ʥʳʡ.  

  ɻʦʨʤʦʥʳ ð ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ, ʚʳʨʘʙʘʪʳʚʘʝʤʳʝ ʚ 

ʦʨʛʘʥʠʟʤʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʢʣʝʪʢʘʤʠ ʠʣʠ ʦʨʛʘʥʘʤʠ ʠ ʦʢʘʟʳʚʘʶʱʠʝ 

ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʜʝʷʪʝʣʴʥʦʩʪʴ ʜʨʫʛʠʭ ʦʨʛʘʥʦʚ ʠ ʪʢʘʥʝʡ.  

  ɼʘʣʴʥʦʜʝʡʩʪʚʠʝ ð ʜʝʡʩʪʚʠʝ ʥʘ ʨʘʩʩʪʦʷʥʠʠ, ʧʨʠ ʢʦʪʦʨʦʤ ʜʝʡʩʪʚʠʝ 

ʪʝʣ ʜʨʫʛ ʥʘ ʜʨʫʛʘ ʧʝʨʝʜʘʝʪʩʷ ʤʛʥʦʚʝʥʥʦ ʯʝʨʝʟ ʧʫʩʪʦʪʫ ʥʘ ʣʶʙʳʝ ʨʘʩʩʪʦʷ-

ʥʠʷ ʙʝʟ ʢʘʢʠʭðʣʠʙʦ ʧʦʩʨʝʜʩʪʚʫʶʱʠʭ ʟʚʝʥʴʝʚ.  

  ɼʘʦ (ʢʠʪ. ð ʧʫʪʴ) ð ʚ ʜʘʦʩʠʟʤʝ ʠ ʚʦʩʪʦʯʥʦʤ ʤʠʩʪʠʮʠʟʤʝ ʠʤʝʝʪ 

ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʦʥʪʦʣʦʛʠʯʝʩʢʠʡ ʩʤʳʩʣ: ʧʝʨʚʦʧʨʠʯʠʥʘ ɺʩʝʣʝʥʥʦʡ, ʧʫʪʴ ʏʝ-

ʣʦʚʝʢʘ, ʮʝʣʦʩʪʥʦʩʪʴ ʞʠʟʥʠ, ʥʝʧʦʟʥʘʚʘʝʤʘʷ ʨʘʟʫʤʦʤ ʠ ʥʝ ʚʳʨʘʞʘʝʤʘʷ ʩʣʦ-

ʚʘʤʠ.  

  ɼʚʠʞʝʥʠʝ ð ʩʧʦʩʦʙ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʤʘʪʝʨʠʠ; ʚ ʦʙʱʝʤ ʩʤʳʩʣʝ ð 

ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʝʣ, ʚ ʛʝʦʤʝʪʨʠʠ ð 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʩʦʭʨʘʥʷʶʱʝʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʬʦʨʤʳ ʬʠʛʫʨ.  

  ɼʝʩʪʨʫʢʮʠʷ (ʣʘʪ. ð ʨʘʟʨʫʰʝʥʠʝ) ð ʥʘʨʫʰʝʥʠʝ, ʨʘʟʨʫʰʝʥʠʝ ʥʦʨ-

ʤʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʯʝʛʦ-ʣʠʙʦ.  

  ɼʝʪʝʨʤʠʥʠʟʤ (ʣʘʪ. ð ʦʧʨʝʜʝʣʷʪʴ) ð ʫʯʝʥʠʝ ʦʙ ʦʙʲʝʢʪʠʚʥʦʡ ʟʘʢʦ-

ʥʦʤʝʨʥʦʩʪʠ ʚʟʘʠʤʦʩʚʷʟʠ ʠ ʧʨʠʯʠʥʥʦʡ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ ʚʩʝʭ ʷʚʣʝʥʠʡ ʧʨʠ-

ʨʦʜʳ ʠ ʦʙʱʝʩʪʚʘ.  



 

  ɼʝʪʝʨʤʠʥʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ð ʜʠʥʘʤʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, ʬʫʥʢʮʠʦ-

ʥʠʨʦʚʘʥʠʝ ʢʦʪʦʨʦʡ ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʝʥʦ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʤ 

ʠʥʪʝʨʚʘʣʝ ʟʘʢʦʥʘʤʠ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ ʧʨʠ ʟʘʜʘʥʠʠ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦ-

ʚʠʡ.  

  ɼʠʥʘʤʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ð ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʨʝʘʣʴʥʳʭ 

ʩʠʩʪʝʤ (ʬʠʟʠʯʝʩʢʠʭ, ʭʠʤʠʯʝʩʢʠʭ, ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʣʶʙʳʭ ʜʨʫʛʠʭ), ʵʚʦʣʶ-

ʮʠʷ ʢʦʪʦʨʳʭ ʚʦ ʚʨʝʤʝʥʠ ʥʘ ʙʝʩʢʦʥʝʯʥʦʤ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ ʦʜʥʦʟʥʘʯʥʦ 

ʦʧʨʝʜʝʣʝʥʘ ʥʘʯʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ.  

  ɼʠʩʧʝʨʩʠʷ (ʣʘʪ. ð ʦʪʢʣʦʥʝʥʠʝ) ð ʚ ʤʘʪʝʤʘʪʠʢʝ ð ʦʪʢʣʦʥʝʥʠʝ ʦʪ 

ʩʨʝʜʥʝʛʦ. ɺ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡð ʜʠʩʧʝʨʩʠʷ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ ʝʩʪʴ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʢʚʘʜʨʘʪʘ ʦʪʢʣʦʥʝʥʠʷ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ ʦʪ ʝʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ. ɺ ʬʠʟʠʢʝ ð ʟʘʚʠʩʠʤʦʩʪʴ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʠ 

ʚʦʣʥ ʚ ʩʨʝʜʝ ʦʪ ʯʘʩʪʦʪʳ ʠʭ ʢʦʣʝʙʘʥʠʡ.  

  ɼʠʩʩʠʧʘʪʠʚʥʳʝ ʩʪʨʫʢʪʫʨʳ ð ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦðʚʨʝʤʝʥʥʘʷ ʩʪʨʫʢ-

ʪʫʨʘ, ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʴ ʠ ʢʦʛʝʨʝʥʪʥʦʩʪʴ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯ-

ʥʳʤ ʧʦʪʦʢʦʤ ʚʥʝʰʥʝʡ ʵʥʝʨʛʠʠ ʠ ʠʥʪʝʥʩʠʚʥʦʡ ʜʠʩʩʠʧʘʮʠʝʡ, ʩʦʩʪʦʷʥʠʷ ʯʘ-

ʩʪʠʯʥʦʡ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʚʜʘʣʠ ʦʪ ʨʘʚʥʦʚʝʩʠʷ.  

  ɼʠʩʩʠʧʘʮʠʷ (ʣʘʪ. ð ʨʘʩʩʝʷʥʠʝ) ð ʧʝʨʝʭʦʜ ʵʥʝʨʛʠʠ ʫʧʦʨʷʜʦʯʝʥʥʦʛʦ 

ʜʚʠʞʝʥʠʷ ʚ ʵʥʝʨʛʠʶ ʭʘʦʪʠʯʝʩʢʦʛʦ ʜʚʠʞʝʥʠʷ (ʪʝʧʣʦʪʫ).  

  ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʠʩʯʠʩʣʝʥʠʝ ð ʨʘʟʜʝʣ ʤʘʪʝʤʘʪʠʢʠ, ʚ ʢʦʪʦʨʦʤ 

ʠʟʫʯʘʶʪʩʷ ʧʦʥʷʪʠʷ ʧʨʦʠʟʚʦʜʥʦʡ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʘ ʠ ʩʧʦʩʦʙʳ ʠʭ ʧʨʠʤʝʥʝ-

ʥʠʷ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʬʫʥʢʮʠʡ.  

  ɼʠʭʦʪʦʤʠʷ (ʛʨʝʯ. ð ʨʘʟʜʝʣʝʥʠʝ ʥʘʜʚʦʝ) ð ʩʧʦʩʦʙ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʧʫʪʝʤ ʨʘʟʙʠʝʥʠʷ ʥʘ ʧʘʨʳ ʩʦʧʦʜʯʠʥʝʥʥʳʭ ʠʣʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʧʦ ʩʤʳʩ-

ʣʫ ʵʣʝʤʝʥʪʦʚ (ʣʝʛʢʠʡ ð ʪʷʞʝʣʳʡ, ʭʦʨʦʰʠʡ ð ʧʣʦʭʦʡ ʠ ʪ.ʜ.).  

Ⱥ  

  ɽʩʪʝʩʪʚʝʥʥʳʡ ʦʪʙʦʨ ð ʦʩʦʙʳʡ ʤʝʭʘʥʠʟʤ ʚʳʞʠʚʘʥʠʷ ʠ ʚʦʩʧʨʦʠʟʚʝ-

ʜʝʥʠʷ ʦʨʛʘʥʠʟʤʦʚ ʚ ʧʨʠʨʦʜʝ, ʦʪʙʦʨ ʚ ʭʦʜʝ ʵʚʦʣʶʮʠʠ ʥʘʠʙʦʣʝʝ ʧʨʠʩʧʦʩʦʙ-

ʣʝʥʥʳʭ ʢ ʫʩʣʦʚʠʷʤ ʩʨʝʜʳ ʠ ʛʠʙʝʣʴ ʥʝʧʨʠʩʧʦʩʦʙʣʝʥʥʳʭ, ʩʣʝʜʩʪʚʠʝ ʙʦʨʴʙʳ 

ʟʘ ʩʫʱʝʩʪʚʦʚʘʥʠʝ.  

ɾ  

ɾʠʚʦʝ ʚʝʱʝʩʪʚʦ ð ʚ ʢʦʥʮʝʧʮʠʠ ʀ.ɺ. ɺʝʨʥʘʜʩʢʦʛʦ ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʚʩʝʭ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ ʙʠʦʩʬʝʨʳ ɿʝʤʣʠ, ʨʘʩʪʝʥʠʡ ʠ ʞʠʚʦʪʥʳʭ, ʚʢʣʶʯʘʷ 

ʯʝʣʦʚʝʯʝʩʪʚʦ, ʚʳʨʘʞʝʥʥʘʷ ʚ ʵʣʝʤʝʥʪʘʨʥʦʤ ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ, ʤʘʩʩʝ ʠ 

ɿʘʢʦʥ ð ʥʝʦʙʭʦʜʠʤʦʝ, ʩʫʱʝʩʪʚʝʥʥʦʝ, ʫʩʪʦʡʯʠʚʦʝ, ʧʦʚʪʦʨʷʶʱʝʝʩʷ ʦʪʥʦ-

ʰʝʥʠʝ ʤʝʞʜʫ ʷʚʣʝʥʠʷʤʠ ʚ ʧʨʠʨʦʜʝ ʠ ʦʙʱʝʩʪʚʝ, ʦʙʲʝʢʪʠʚʥʘʷ ʩʚʷʟʴ ʷʚʣʝʥʠʡ 

ʠ ʧʨʝʜʤʝʪʦʚ.  



 

  ɿʘʢʦʥ ɻʝʢʢʝʣʷ ð çʆʥʪʦʛʝʥʝʟ ʧʦʚʪʦʨʷʝʪ ʬʠʣʦʛʝʥʝʟè, ʪ.ʝ. ʩʪʘʜʠʠ, 

ʢʦʪʦʨʳʝ ʧʨʦʭʦʜʠʪ ʦʨʛʘʥʠʟʤ ʚ ʧʨʦʮʝʩʩʝ ʩʚʦʝʛʦ ʨʘʟʚʠʪʠʷ, ʧʦʚʪʦʨʷʶʪ ʵʚʦ-

ʣʶʮʠʦʥʥʫʶ ʠʩʪʦʨʠʶ ʪʦʡ ʛʨʫʧʧʳ, ʢ ʢʦʪʦʨʦʡ ʦʥ ʦʪʥʦʩʠʪʩʷ.  

  ɿʘʢʦʥ ɻʝʩʩʘ ð çʇʨʠ ʭʠʤʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ ʚʳʜʝʣʷʝʪʩʷ ʚʩʝʛʜʘ ʦʜʥʦ 

ʠ ʪʦ ʞʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʘ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ, ʧʨʦʪʝʢʘʝʪ ʣʠ ʧʨʦʮʝʩʩ ʚ ʦʜʥʫ 

ʩʪʘʜʠʶ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʩʪʘʜʠʡè.  

  ɿʘʢʦʥ ʜʠʚʝʨʩʠʬʠʢʘʮʠʠ ð ʧʨʦʮʝʩʩ ʨʘʟʚʠʪʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʝ-

ʧʨʝʨʳʚʥʳʤ ʫʩʣʦʞʥʝʥʠʝʤ ʠ ʨʦʩʪʦʤ ʨʘʟʥʦʦʙʨʘʟʠʷ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʬʦʨʤ 

ʤʘʪʝʨʠʠ.  

  ɿʘʢʦʥ ʂʘʤʠʥʢʝʨʘ (ʚ ʵʢʦʣʦʛʠʠ) ð çʅʠʯʪʦ ʥʝ ʜʘʝʪʩʷ ʜʘʨʦʤ!è  

  ɿʘʢʦʥ ʄʝʥʜʝʣʷ (ʥʘʩʣʝʜʩʪʚʝʥʥʦʩʪʠ) ð ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʷ ʚ ʧʦʪʦʤʩʪʚʝ ʥʘʩʣʝʜʩʪʚʝʥʥʳʭ ʬʘʢʪʦʨʦʚ.  

  ɿʘʢʦʥ ʄʝʨʬʠ ð ʚʩʝ, ʯʪʦ ʤʦʞʝʪ ʠʩʧʦʨʪʠʪʴʩʷ, ʧʦʨʪʠʪʩʷ.  

  ɿʘʢʦʥ ʇʘʨʝʪʦ ð çʇʨʠ ʤʘʣʳʭ ʟʥʘʯʝʥʠʷʭ ɺʅʇ ʥʘ ʜʫʰʫ ʥʘʩʝʣʝʥʠʷ 

ʝʛʦ ʨʦʩʪ ʚʝʜʝʪ ʢ ʩʦʮʠʘʣʴʥʦʤʫ ʥʝʨʘʚʝʥʩʪʚʫ, ʘ ʫʚʝʣʠʯʝʥʠʝ ʵʪʦʛʦ ʧʦʢʘʟʘʪʝʣʷ 

ʧʦʩʣʝ ʜʦʩʪʠʞʝʥʠʷ ʢʨʠʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ ʫʤʝʥʴʰʘʝʪ ʨʘʟʣʠʯʠʝ ʚ ʠʥʜʠʚʠ-

ʜʫʘʣʴʥʳʭ ʜʦʭʦʜʘʭè.  

  ɿʘʢʦʥ ʧʦʩʪʦʷʥʩʪʚʘ ʩʦʩʪʘʚʘ ð çʍʠʤʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ ʠʤʝʝʪ ʧʦ-

ʩʪʦʷʥʥʳʡ ʩʦʩʪʘʚ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʩʧʦʩʦʙʘ ʧʦʣʫʯʝʥʠʷè (ʇʨʫʩʪ, 1806 ʛ.).  

  ɿʘʢʦʥʳ ʩʦʭʨʘʥʝʥʠʷ ð ʟʘʢʦʥʳ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʳʤ ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝ-

ʥʠʷ ʥʝʢʦʪʦʨʳʭ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ (ʠʥʪʝʛʨʘʣʳ ʜʚʠʞʝʥʠʷ ʚ ʤʝʭʘʥʠʢʝ) ʥʝ 

ʠʟʤʝʥʷʶʪʩʷ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʧʨʦʮʝʩʩʘʭ (ʟʘʢʦʥʳ ʩʦʭʨʘ-

ʥʝʥʠʷ ʵʥʝʨʛʠʠ, ʠʤʧʫʣʴʩʘ, ʤʦʤʝʥʪʘ ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ, ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠ 

ʙʘʨʠʦʥʥʦʛʦ ʟʘʨʷʜʘ ʠ ʨʷʜ ʜʨʫʛʠʭ).  

  ɿʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʤʘʩʩʳ ð çʄʘʩʩʘ ʚʝʱʝʩʪʚ, ʚʩʪʫʧʠʚʰʠʭ ʚ ʨʝʘʢ-

ʮʠʶ, ʨʘʚʥʘ ʤʘʩʩʝ ʚʝʱʝʩʪʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠè (ʃʦʤʦʥʦ-

ʩʦʚ, 1748 ʛ.).  

  ɿʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ð çʕʥʝʨʛʠʷ ʥʝ ʚʦʟʥʠʢʘʝʪ ʠʟ ʥʠʯʝʛʦ ʠ ʥʝ 

ʠʩʯʝʟʘʝʪ, ʘ ʠʟ ʦʜʥʦʛʦ ʚʠʜʘ ʧʝʨʝʭʦʜʠʪ ʚ ʜʨʫʛʦʡ ʚ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʢʦʣʠʯʝ-

ʩʪʚʘʭè (ʄʘʡʝʨ, 1840 ʛ.).  

  ɿʘʢʦʥ ʩʪʦʠʤʦʩʪʠ ð ʧʦ ʄʘʨʢʩʫ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʦʙʤʝʥ ʪʦʚʘʨʦʚ ʦʩʫ-

ʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʠʭ ʩʪʦʠʤʦʩʪʠ.  

  ɿʘʢʦʥ ʩʮʝʧʣʝʥʠʷ ʛʝʥʦʚ (ʄʦʨʛʘʥʘ) ð ʛʝʥʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʦʜʥʦʡ 

ʭʨʦʤʦʩʦʤʝ, ʩʮʝʧʣʷʶʪʩʷ ʠ ʥʘʩʣʝʜʫʶʪʩʷ ʩʦʚʤʝʩʪʥʦ.  

  ɿʘʢʦʥ ʪʨʘʥʟʠʪʠʚʥʦʛʦ ʧʦʣʠʤʦʨʬʠʟʤʘ ð ʧʝʨʝʥʦʩ ʦʪʜʝʣʴʥʳʭ ʢʘ-

ʯʝʩʪʚ ʩʠʩʪʝʤʳ ʯʝʨʝʟ ʵʪʘʧʳ ʩʪʨʫʢʪʫʨʦʛʝʥʝʟʘ.  



 

  ɿʘʢʦʥ ʍʘʨʜʠ ð ɺʝʡʙʝʨʛʘ ð çʀʜʝʘʣʴʥʘʷ ʧʦʧʫʣʷʮʠʷ ʩʪʨʝʤʠʪʩʷ ʩʦ-

ʭʨʘʥʠʪʴ ʨʘʚʥʦʚʝʩʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʛʝʥʦʚ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʬʘʢʪʦʨʦʚ, ʠʟʤʝ-

ʥʷʶʱʠʭ ʝʛʦè.  

  ɿʘʢʦʥ ʕʰʙʠ (ʥʝʦʙʭʦʜʠʤʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ) ð çʀʥʬʦʨʤʘʮʠʶ ʥʝʣʴ-

ʟʷ ʧʝʨʝʜʘʪʴ ʚ ʙʦʣʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ, ʯʝʤ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʥʦʦʙ-

ʨʘʟʠʷè.  

  ɿʠʛʦʪʘ ð ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʢʣʝʪʢʘ, ʦʙʨʘʟʫʶʱʘʷʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʣʠʷ-

ʥʠʷ ʜʚʫʭ ʧʦʣʦʚʳʭ ʢʣʝʪʦʢ ʚ ʧʨʦʮʝʩʩʝ ʦʧʣʦʜʦʪʚʦʨʝʥʠʷ ʫ ʞʠʚʦʪʥʳʭ ʠ ʨʘʩʪʝ-

ʥʠʡ.  

ʀ  

  ʀʛʨʘ ð ʬʦʨʤʘ ʩʚʦʙʦʜʥʦʛʦ ʩʘʤʦʚʳʨʘʞʝʥʠʷ ʯʝʣʦʚʝʢʘ, ʥʝ ʩʚʷʟʘʥʥʘʷ ʩ 

ʜʦʩʪʠʞʝʥʠʝʤ ʢʘʢʦʡ-ʣʠʙʦ ʮʝʣʠ, ʜʦʩʪʘʚʣʷʶʱʘʷ ʨʘʜʦʩʪʴ ʠ ʫʜʦʚʦʣʴʩʪʚʠʝ ʩʘʤʘ 

ʧʦ ʩʝʙʝ. ʀʛʨʦʚʦʝ ʧʦʚʝʜʝʥʠʝ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʩʣʦʞʥʳʭ, ʦʪʢʨʳʪʳʭ, ʥʝʨʘʚʥʦ-

ʚʝʩʥʳʭ ʩʪʨʫʢʪʫʨ.  

  ʀʜʝʥʪʠʯʥʦʩʪʴ (ʣʘʪ. ð ʪʦʞʜʝʩʪʚʝʥʥʳʡ, ʦʜʠʥʘʢʦʚʳʡ) ð ʦʜʠʥʘʢʦ-

ʚʦʩʪʴ, ʪʦʞʜʝʩʪʚʝʥʥʦʩʪʴ.  

  ʀʜʝʷ ð ʧʦʥʷʪʠʝ, ʧʨʝʜʩʪʘʚʣʝʥʠʝ, ʦʪʨʘʞʘʶʱʝʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʴ ʚ 

ʩʦʟʥʘʥʠʠ ʯʝʣʦʚʝʢʘ ʠ ʚʳʨʘʞʘʶʱʝʝ ʝʛʦ ʦʪʥʦʰʝʥʠʝ ʢ ʦʢʨʫʞʘʶʱʝʤʫ ʤʠʨʫ; 

ʛʣʘʚʥʘʷ ʤʳʩʣʴ.  

  ʀʝʨʘʨʭʠʷ (ʛʨʝʯ. ð ʩʚʷʱʝʥʥʳʡ ʠ ʚʣʘʩʪʴ) ð ʨʘʩʧʦʣʦʞʝʥʠʝ ʯʘʩʪʝʡ 

ʠʣʠ ʵʣʝʤʝʥʪʦʚ ʮʝʣʦʛʦ ʚ ʧʦʨʷʜʢʝ ʦʪ ʚʳʩʰʝʛʦ ʢ ʥʠʟʰʝʤʫ (ʠʣʠ ʥʘʦʙʦʨʦʪ). ɺ 

ʩʠʥʝʨʛʝʪʠʢʝ ð ʩʪʨʫʢʪʫʨʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ, ʫʧʦʨʷʜʦʯʠʚʘʶ-

ʱʘʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʫʨʦʚʥʷʤʠ ʚ ʧʦʨʷʜʢʝ ʦʪ ʚʳʩʰʝʛʦ ʢ ʥʠʟʰʝʤʫ.  

  ʀʟʤʝʥʯʠʚʦʩʪʴ ð ʠʟʤʝʥʝʥʠʝ ʠ ʧʨʝʚʨʘʱʝʥʠʝ ʦʨʛʘʥʠʟʤʦʚ ʧʦʜ ʜʝʡ-

ʩʪʚʠʝʤ ʚʥʝʰʥʝʡ ʩʨʝʜʳ.  

  ʀʟʦʣʷʮʠʷ (ʬʨ. ð ʦʪʜʝʣʝʥʠʝ) ð ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʙʘʨʴʝʨʦʚ, ʧʨʝʧʷʪ-

ʩʪʚʫʶʱʠʭ ʩʚʦʙʦʜʥʦʤʫ ʩʢʨʝʱʠʚʘʥʠʶ ʦʨʛʘʥʠʟʤʦʚ, ʦʜʥʘ ʠʟ ʧʨʠʯʠʥ ʨʘʟʦʙ-

ʱʝʥʠʷ ʠ ʫʛʣʫʙʣʝʥʠʷ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʙʣʠʟʢʠʤʠ ʬʦʨʤʘʤʠ ʠ ʦʙʨʘʟʦʚʘʥʠʷ 

ʥʦʚʳʭ ʚʠʜʦʚ.  

  ʀʟʦʤʝʨʳ (ʛʨʝʯ. ð ʚ ʨʘʚʥʳʭ ʜʦʣʷʭ) ð ʭʠʤʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʦʜʠ-

ʥʘʢʦʚʳʝ ʧʦ ʤʘʩʩʝ ʠ ʩʦʩʪʘʚʫ, ʥʦ ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʧʦ ʩʪʨʦʝʥʠʶ ʠ ʩʚʦʡʩʪʚʘʤ.  

  ʀʟʦʤʦʨʬʠʟʤ (ʛʨʝʯ. ð ʨʘʚʥʦʡ ʬʦʨʤʳ) ð ʩʧʦʩʦʙʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ, ʥʦ 

ʨʦʜʩʪʚʝʥʥʳʭ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʚʝʱʝʩʪʚ ʢʨʠʩʪʘʣʣʠʟʦʚʘʪʴʩʷ ʚ ʦʜʠʥʘ-

ʢʦʚʳʭ ʩʪʨʫʢʪʫʨʘʭ ʧʨʠ ʦʜʥʦʤ ʪʠʧʝ ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ, ʩʧʦʩʦʙʥʦʩʪʴ ʘʪʦʤʦʚ 

ʨʘʟʣʠʯʥʳʭ ʚʝʱʝʩʪʚ ʟʘʤʝʱʘʪʴ ʜʨʫʛ ʜʨʫʛʘ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʨʝʰʝʪʢʘʭ, ʦʙ-

ʨʘʟʫʷ ʩʦʝʜʠʥʝʥʠʷ ʧʝʨʝʤʝʥʥʦʛʦ ʩʦʩʪʘʚʘ (ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ ʟʘʤʝʱʝʥʠʷ, ʚʳ-

ʯʠʪʘʥʠʷ, ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʩʪʝʭʠʦʤʝʪʨʠʠ).  



 

  ʀʟʦʪʦʧʳ (ʛʨʝʯ. ð ʨʘʚʥʦʝ ʤʝʩʪʦ) ð ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ 

ʭʠʤʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʤʘʩʩʦʡ ʘʪʦʤʦʚ. ʗʜʨʘ ʘʪʦʤʦʚ ʠʟʦʪʦ-

ʧʦʚ ʩʦʜʝʨʞʘʪ ʨʘʚʥʦʝ ʯʠʩʣʦ ʧʨʦʪʦʥʦʚ, ʥʦ ʨʘʟʣʠʯʘʶʪʩʷ ʯʠʩʣʦʤ ʥʝʡʪʨʦʥʦʚ. 

ʀʟʦʪʦʧʳ ʟʘʥʠʤʘʶʪ ʦʜʥʦ ʠ ʪʦ ʞʝ ʤʝʩʪʦ ʚ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʵʣʝʤʝʥ-

ʪʦʚ, ʙʳʚʘʶʪ ʩʪʘʙʠʣʴʥʳʤʠ ʠ ʨʘʜʠʦʘʢʪʠʚʥʳʤʠ.  

541  

  ʀʤʤʫʥʠʪʝʪ ð ʩʧʦʩʦʙʥʦʩʪʴ ʦʨʛʘʥʠʟʤʘ ʨʘʩʧʦʟʥʘʚʘʪʴ ʠ ʨʘʟʨʫʰʘʪʴ 

ʧʦʧʘʚʰʠʝ ʚ ʥʝʛʦ ʯʫʞʝʨʦʜʥʳʝ ʵʣʝʤʝʥʪʳ; ʥʝʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʢ ʢʘʢʦʤʫ-

ʣʠʙʦ ʟʘʙʦʣʝʚʘʥʠʶ.  

  ʀʤʧʨʠʥʪʠʥʛ (ʟʘʧʝʯʘʪʣʝʥʠʝ) ð ʚ ʵʪʦʣʦʛʠʠ ʩʧʝʮʠʬʠʯʝʩʢʘʷ ʬʦʨʤʘ 

ʟʘʧʦʤʠʥʘʥʠʷ ʨʦʜʠʪʝʣʝʡ ʫ ʞʠʚʦʪʥʳʭ ʠ ʯʝʣʦʚʝʢʘ, ʬʠʢʩʘʮʠʷ ʚ ʠʭ ʧʘʤʷʪʠ ʦʪ-

ʣʠʯʠʪʝʣʴʥʳʭ ʧʨʠʟʥʘʢʦʚ ʦʙʲʝʢʪʦʚ ʠ ʠʭ ʧʦʚʝʜʝʥʠʷ.  

  ʀʥʛʠʙʠʪʦʨʳ ð ʚʝʱʝʩʪʚʘ, ʟʘʤʝʜʣʷʶʱʠʝ ʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ.  

  ʀʥʥʦʚʘʮʠʷ ð ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʝ, ʥʦʚʦʚʚʝʜʝʥʠʝ; ʦʙʥʦʚʣʝʥʠʝ, ʩʦʟʜʘ-

ʥʠʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ.  

  ʀʥʪʝʣʣʝʢʪ (ʣʘʪ. ð ʧʦʟʥʘʥʠʝ, ʧʦʥʠʤʘʥʠʝ, ʨʘʩʩʫʜʦʢ) ð ʚʨʦʞʜʝʥʥʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʛʣʫʙʦʢʦʤʫ ʠ ʚʩʝʦʭʚʘʪʳʚʘʶʱʝʤʫ ʧʦʥʠʤʘʥʠʶ ʩʫʱʥʦʩʪʠ ʷʚ-

ʣʝʥʠʡ, ʨʘʮʠʦʥʘʣʴʥʦʩʪʴ ʧʦʟʥʘʥʠʷ, ʩʧʦʩʦʙ ʤʳʰʣʝʥʠʷ.  

  ̔ ʥʬʦʨʤʘʮʽʷ 

  ʀʦʥʠʟʘʮʠʷ (ʛʨʝʯ. ð ʠʦʥ ð ʠʜʫʱʠʡ) ð ʧʨʝʚʨʘʱʝʥʠʝ ʥʝʡʪʨʘʣʴʥʳʭ 

ʘʪʦʤʦʚ ʠ ʤʦʣʝʢʫʣ ʚ ʟʘʨʷʞʝʥʥʳʝ ʠʦʥʳ.  

  ʀʦʥʦʩʬʝʨʘ ð ʚʝʨʭʥʠʝ ʩʣʦʠ ʘʪʤʦʩʬʝʨʳ ʦʪ 50 ʜʦ 80 ʢʤ, ʩʦʜʝʨʞʠʪ 

ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʩʚʦʙʦʜʥʳʭ ʠʦʥʦʚ ʠ ʵʣʝʢʪʨʦʥʦʚ.  

  ʀʥʬʦʨʤʘʮʠʷ ð ʩʚʝʜʝʥʠʷ ʦʙ ʦʢʨʫʞʘʶʱʝʤ ʤʠʨʝ ʠ ʧʨʦʪʝʢʘʶʱʠʭ 

ʧʨʦʮʝʩʩʘʭ, ʧʦʣʫʯʘʝʤʳʝ ʦʨʛʘʥʘʤʠ ʯʫʚʩʪʚ ʯʝʣʦʚʝʢʘ ʠʣʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʠ ʧʝ-

ʨʝʜʘʚʘʝʤʳʝ ʣʶʜʴʤʠ ʫʩʪʥʦ, ʧʠʩʴʤʝʥʥʦ ʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʨʝʜʩʪʚʘʤʠ. ʉʚʦʡ-

ʩʪʚʦ ʤʘʪʝʨʠʠ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʦʤʫ ʦʥʘ ʚ ʣʠʮʝ ʯʝʣʦʚʝʢʘ ʧʦʟʥʘʝʪ ʩʘʤʦʝ ʩʝʙʷ; 

ʩʣʫʞʠʪ ʤʦʩʪʦʤ ʤʝʞʜʫ ʞʠʚʦʡ ʠ ʥʝʞʠʚʦʡ ʧʨʠʨʦʜʦʡ, ʧʦʢʘʟʘʪʝʣʝʤ ʨʘʟʚʠʪʠʷ 

ʤʘʪʝʨʠʠ.  

  ʀʥʬʨʘʟʚʫʢ (ʣʘʪ. ð ʥʠʞʝ ʟʚʫʢʘ) ð ʥʝ ʩʣʳʰʠʤʳʝ ʯʝʣʦʚʝʯʝʩʢʠʤ 

ʫʭʦʤ ʫʧʨʫʛʠʝ ʢʦʣʝʙʘʥʠʷ ʥʠʟʢʦʡ ʯʘʩʪʦʪʳ (ʥʠʞʝ 16 ɻʮ), ʩʣʘʙʦ ʧʦʛʣʦʱʘʝʤʳʝ 

ʩʨʝʜʦʡ ʠ ʧʦʵʪʦʤʫ ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʝʩʷ ʥʘ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ. ɺʦʟʥʠʢʘʶʪ 

ʧʨʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷʭ, ʮʫʥʘʤʠ, ʝʩʪʝʩʪʚʝʥʥʳʭ ʠ ʪʝʭʥʦʛʝʥʥʳʭ ʚʟʨʳʚʘʭ.  

ʂ  

ʂʘʪʘʩʪʨʦʬʘ (ʛʨʝʯ. ð ʧʝʨʝʚʦʨʦʪ) ð ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ð ʚʥʝʟʘʧʥʦʝ 

ʙʝʜʩʪʚʠʝ; ʩʦʙʳʪʠʝ, ʚʣʝʢʫʱʝʝ ʟʘ ʩʦʙʦʡ ʪʷʞʝʣʳʝ ʧʦʩʣʝʜʩʪʚʠʷ. ɺ ʪʝʦʨʠʠ ʩʘ-



 

ʤʦʦʨʛʘʥʠʟʘʮʠʠ ʠ ʩʠʥʝʨʛʝʪʠʢʝ ð ʩʢʘʯʢʦʦʙʨʘʟʥʦʝ ʠʟʤʝʥʝʥʠʝ, ʚʦʟʥʠʢʘʶʱʝʝ 

ʚ ʚʠʜʝ ʚʥʝʟʘʧʥʦʛʦʘʪʨʦʬʠʷ ʦʨʛʘʥʦʚ ʧʨʠ ʧʘʪʦʣʦʛʠʠ ʠ ʩʪʘʨʝʥʠʠ.  

  ʀʥʛʠʙʠʪʦʨʳ ð ʚʝʱʝʩʪʚʘ, ʟʘʤʝʜʣʷʶʱʠʝ ʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ.  

  ʀʥʥʦʚʘʮʠʷ ð ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʝ, ʥʦʚʦʚʚʝʜʝʥʠʝ; ʦʙʥʦʚʣʝʥʠʝ, ʩʦʟʜʘ-

ʥʠʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ.  

  ʀʥʩʫʣʠʥ ð ʙʝʣʢʦʚʳʡ ʛʦʨʤʦʥ ʞʠʚʦʪʥʳʭ ʠ ʯʝʣʦʚʝʢʘ, ʚʳʨʘʙʘʪʳʚʘʝ-

ʤʳʡ ʧʦʜʞʝʣʫʜʦʯʥʦʡ ʞʝʣʝʟʦʡ, ʧʦʥʠʞʘʝʪ ʩʦʜʝʨʞʘʥʠʝ ʩʘʭʘʨʘ ʚ ʢʨʦʚʠ.  

  ʀʥʩʪʠʥʢʪ ð ʚʨʦʞʜʝʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʦʚʝʨʰʘʪʴ ʮʝʣʝʩʦʦʙʨʘʟʥʳʝ 

ʜʝʡʩʪʚʠʷ ʧʦ ʙʝʟʦʪʯʝʪʥʦʤʫ ʧʦʙʫʞʜʝʥʠʶ.  

  ʀʥʪʝʣʣʝʢʪ (ʣʘʪ. ð ʧʦʟʥʘʥʠʝ, ʧʦʥʠʤʘʥʠʝ, ʨʘʩʩʫʜʦʢ) ð ʚʨʦʞʜʝʥʥʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʛʣʫʙʦʢʦʤʫ ʠ ʚʩʝʦʭʚʘʪʳʚʘʶʱʝʤʫ ʧʦʥʠʤʘʥʠʶ ʩʫʱʥʦʩʪʠ ʷʚ-

ʣʝʥʠʡ, ʨʘʮʠʦʥʘʣʴʥʦʩʪʴ ʧʦʟʥʘʥʠʷ, ʩʧʦʩʦʙ ʤʳʰʣʝʥʠʷ.  

  ʀʦʥʠʟʘʮʠʷ (ʛʨʝʯ. ð ʠʦʥ ð ʠʜʫʱʠʡ) ð ʧʨʝʚʨʘʱʝʥʠʝ ʥʝʡʪʨʘʣʴʥʳʭ 

ʘʪʦʤʦʚ ʠ ʤʦʣʝʢʫʣ ʚ ʟʘʨʷʞʝʥʥʳʝ ʠʦʥʳ.  

  ʀʦʥʦʩʬʝʨʘ ð ʚʝʨʭʥʠʝ ʩʣʦʠ ʘʪʤʦʩʬʝʨʳ ʦʪ 50 ʜʦ 80 ʢʤ, ʩʦʜʝʨʞʠʪ 

ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʩʚʦʙʦʜʥʳʭ ʠʦʥʦʚ ʠ ʵʣʝʢʪʨʦʥʦʚ.  

  ʀʥʬʦʨʤʘʮʠʷ ð ʩʚʝʜʝʥʠʷ ʦʙ ʦʢʨʫʞʘʶʱʝʤ ʤʠʨʝ ʠ ʧʨʦʪʝʢʘʶʱʠʭ 

ʧʨʦʮʝʩʩʘʭ, ʧʦʣʫʯʘʝʤʳʝ ʦʨʛʘʥʘʤʠ ʯʫʚʩʪʚ ʯʝʣʦʚʝʢʘ ʠʣʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʠ ʧʝ-

ʨʝʜʘʚʘʝʤʳʝ ʣʶʜʴʤʠ ʫʩʪʥʦ, ʧʠʩʴʤʝʥʥʦ ʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʨʝʜʩʪʚʘʤʠ. ʉʚʦʡ-

ʩʪʚʦ ʤʘʪʝʨʠʠ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʦʤʫ ʦʥʘ ʚ ʣʠʮʝ ʯʝʣʦʚʝʢʘ ʧʦʟʥʘʝʪ ʩʘʤʦʝ ʩʝʙʷ; 

ʩʣʫʞʠʪ ʤʦʩʪʦʤ ʤʝʞʜʫ ʞʠʚʦʡ ʠ ʥʝʞʠʚʦʡ ʧʨʠʨʦʜʦʡ, ʧʦʢʘʟʘʪʝʣʝʤ ʨʘʟʚʠʪʠʷ 

ʤʘʪʝʨʠʠ.  

  ʀʥʬʨʘʟʚʫʢ (ʣʘʪ. ð ʥʠʞʝ ʟʚʫʢʘ) ð ʥʝ ʩʣʳʰʠʤʳʝ ʯʝʣʦʚʝʯʝʩʢʠʤ 

ʫʭʦʤ ʫʧʨʫʛʠʝ ʢʦʣʝʙʘʥʠʷ ʥʠʟʢʦʡ ʯʘʩʪʦʪʳ (ʥʠʞʝ 16 ɻʮ), ʩʣʘʙʦ ʧʦʛʣʦʱʘʝʤʳʝ 

ʩʨʝʜʦʡ ʠ ʧʦʵʪʦʤʫ ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʝʩʷ ʥʘ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ. ɺʦʟʥʠʢʘʶʪ 

ʧʨʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷʭ, ʮʫʥʘʤʠ, ʝʩʪʝʩʪʚʝʥʥʳʭ ʠ ʪʝʭʥʦʛʝʥʥʳʭ ʚʟʨʳʚʘʭ.  

ʂ  

ʂʘʪʘʩʪʨʦʬʘ (ʛʨʝʯ. ð ʧʝʨʝʚʦʨʦʪ) ð ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ð ʚʥʝʟʘʧʥʦʝ 

ʙʝʜʩʪʚʠʝ; ʩʦʙʳʪʠʝ, ʚʣʝʢʫʱʝʝ ʟʘ ʩʦʙʦʡ ʪʷʞʝʣʳʝ ʧʦʩʣʝʜʩʪʚʠʷ. ɺ ʪʝʦʨʠʠ ʩʘ-

ʤʦʦʨʛʘʥʠʟʘʮʠʠ ʠ ʩʠʥʝʨʛʝʪʠʢʝ ð ʩʢʘʯʢʦʦʙʨʘʟʥʦʝ ʠʟʤʝʥʝʥʠʝ, ʚʦʟʥʠʢʘʶʱʝʝ 

ʚ ʚʠʜʝ ʚʥʝʟʘʧʥʦʛʦ ʦʪʚʝʪʘ ʩʠʩʪʝʤʳ (ʩʢʘʯʦʢ) ʥʘ ʧʣʘʚʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚʥʝʰʥʠʭ 

ʫʩʣʦʚʠʡ. ɺ ʥʝʣʠʥʝʡʥʦʡ ʤʝʭʘʥʠʢʝ ð ʨʘʟʜʝʣ ʪʝʦʨʠʠ ʢʘʪʘʩʪʨʦʬ, ʨʘʩʩʤʘʪʨʠ-

ʚʘʝʪ ʟʘʜʘʯʠ, ʩʚʷʟʘʥʥʳʝ ʩʦ ʩʢʘʯʢʦʦʙʨʘʟʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʪʨʘʝʢʪʦʨʠʡ ʜʚʠʞʝ-

ʥʠʡ ʧʨʠ ʤʘʣʳʭ ʫʧʨʘʚʣʷʶʱʠʭ ʧʘʨʘʤʝʪʨʘʭ. 

   



 

ʂʠʙʝʨʥʝʪʠʢʘ (ʛʨʝʯ. ð ʠʩʢʫʩʩʪʚʦ ʫʧʨʘʚʣʷʪʴ) ð ʥʘʫʢʘ ʦʙ ʦʙʱʠʭ 

ʧʨʠʥʮʠʧʘʭ ʫʧʨʘʚʣʝʥʠʷ ʠ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʚ ʤʘʰʠʥʘʭ, ʞʠʚʳʭ ʦʨʛʘ-

ʥʠʟʤʘʭ ʠ ʦʙʱʝʩʪʚʝ. 

ʂʣʝʪʢʘ ð ʵʣʝʤʝʥʪʘʨʥʘʷ ʞʠʚʘʷ ʩʠʩʪʝʤʘ, ʦʩʥʦʚʘ ʩʪʨʦʝʥʠʷ ʠ ʞʠʟʥʝʜʝ-

ʷʪʝʣʴʥʦʩʪʠ ʚʩʝʭ ʞʠʚʦʪʥʳʭ ʠ ʨʘʩʪʝʥʠʡ. 

ʂʣʝʪʯʘʪʢʘ (ʮʝʣʣʶʣʦʟʘ) ð ʧʦʣʠʩʘʭʘʨʠʜ, ʦʙʨʘʟʦʚʘʥʥʳʡ ʦʩʪʘʪʢʘʤʠ 

ʛʣʶʢʦʟʳ. 

ʂʦʛʝʨʝʥʪʥʦʩʪʴ (ʣʘʪ. ð ʥʘʭʦʜʷʱʠʡʩʷ ʚ ʩʚʷʟʠ) ð ʩʦʛʣʘʩʦʚʘʥʥʦʝ ʧʨʦ-

ʪʝʢʘʥʠʝ ʚʦ ʚʨʝʤʝʥʠ ʥʝʩʢʦʣʴʢʠʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʠʣʠ ʚʦʣʥʦʚʳʭ ʧʨʦʮʝʩʩʦʚ. 

ɽʩʣʠ ʨʘʟʥʦʩʪʴ ʬʘʟ 2 ʢʦʣʝʙʘʥʠʡ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ ʠʣʠ ʤʝʥʷʝʪʩʷ ʧʦ ʩʪʨʦ-

ʛʦ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʟʘʢʦʥʫ, ʪʦ ʪʘʢʠʝ ʢʦʣʝʙʘʥʠʷ ʥʘʟʳʚʘʶʪʩʷ ʢʦʛʝʨʝʥʪʥʳʤʠ. 

ɽʩʣʠ ʨʘʟʥʦʩʪʴ ʤʝʥʷʝʪʩʷ ʙʝʩʧʦʨʷʜʦʯʥʦ ʠ ʙʳʩʪʨʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʠʦʜʦʤ 

ʢʦʣʝʙʘʥʠʡ, ʪʦ ʪʘʢʠʝ ʢʦʣʝʙʘʥʠʷ ʷʚʣʷʶʪʩʷ ʥʝʢʦʛʝʨʝʥʪʥʳʤʠ. 

ʂʦʛʝʨʝʥʪʥʳʝ ʩʪʨʫʢʪʫʨʳ ð ʦʙʣʘʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʛʜʝ ʩʦʙʣʶʜʘʶʪʩʷ 

ʫʩʣʦʚʠʷ ʢʦʛʝʨʝʥʪʥʦʩʪʠ; ʩʦʛʣʘʩʦʚʘʥʥʦʝ ʧʨʦʪʝʢʘʥʠʝ ʧʨʦʮʝʩʩʦʚ. 

ʂʦʣʣʝʢʪʠʚʥʳʝ ʧʨʦʮʝʩʩʳ (ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ) ð ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, 

ʦʭʚʘʪʳʚʘʶʱʝʝ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʯʘʩʪʠʮ ʬʠʟʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʠ ʧʨʦʷʚ-

ʣʷʶʱʝʝʩʷ ʚ ʠʭ ʩʦʛʣʘʩʦʚʘʥʥʦʤ ʜʚʠʞʝʥʠʠ. 

ʂʦʣʣʦʠʜʳ ð ʜʠʩʧʝʨʩʥʳʝ ʩʠʩʪʝʤʳ ʩ ʯʘʩʪʠʮʘʤʠ ʨʘʟʤʝʨʦʤ 10-5 ð 10-

7 ʩʤ. ʂʦʤʤʫʥʠʢʘʮʠʷ (ʣʘʪ. ð ʜʝʣʘʶ ʦʙʱʠʤ, ʩʚʷʟʳʚʘʶ) ð ʩʚʷʟʴ ʦʙʲʝʢʪʦʚ ʠ 

ʦʨʛʘʥʠʟʤʦʚ, ʦʙʱʝʥʠʝ, ʚʟʘʠʤʥʘʷ ʧʝʨʝʜʘʯʘ ʠ ʚʦʩʧʨʠʷʪʠʝ ʠʥʬʦʨʤʘʮʠʠ. 

ʂʦʤʧʘʨʪʤʝʥʪʳ ð ʦʪʩʝʢʠ ʚ ʮʠʪʦʧʣʘʟʤʝ ʢʣʝʪʢʠ, ʟʘʧʦʣʥʝʥʥʳʝ ʚʦʜ-

ʥʳʤ ʩʦʜʝʨʞʠʤʳʤ. 

ʂʦʤʧʣʝʢʩʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ð ʧʨʦʩʪʨʘʥʩʪʚʦ ʢʦʤʧʣʝʢʩʥʳʭ ʯʠʩʝʣ, 

ʚʠʜʘ z = ʭ + iy, ʛʜʝ x ʠ ʫ ð ʜʝʡʩʪʚʠʪʝʣʴʥʳʝ ʯʠʩʣʘ, ʘ i ð ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ 

ʤʥʠʤʘʷ ʝʜʠʥʠʮʘ. 

ʂʦʤʧʣʝʤʝʥʪʘʨʥʦʩʪʴ (ʣʘʪ. ð ʜʦʧʦʣʥʝʥʠʝ) ð ʚ ʤʦʣʝʢʫʣʷʨʥʦʡ ʙʠʦʣʦ-

ʛʠʠ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʭʠʤʠʯʝʩʢʠʡ ʤʝʭʘʥʠʟʤ ʤʘʪʨʠʯʥʦʛʦ ʭʨʘʥʝʥʠʷ ʠ ʧʝʨʝʜʘ-

ʯʠ ʛʝʥʝʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʚ ʙʠʦʭʠʤʠʠ ð ʚʟʘʠʤʥʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ, ʦʙʝʩ-

ʧʝʯʠʚʘʶʱʝʝ ʩʚʷʟʴ ʜʦʧʦʣʥʷʶʱʠʭ ʜʨʫʛ ʜʨʫʛʘ ʩʪʨʫʢʪʫʨ (ʤʘʢʨʦʤʦʣʝʢʫʣ, ʨʘ-

ʜʠʢʘʣʦʚ) ʠ ʦʧʨʝʜʝʣʷʝʤʦʝ ʠʭ ʩʚʦʡʩʪʚʘʤʠ. ʂʦʤʧʣʝʤʝʥʪʘʨʥʳʝ ʩʪʨʫʢʪʫʨʳ 

ʧʦʜʭʦʜʷʪ ʜʨʫʛ ʜʨʫʛʫ ʢʘʢ ʢʣʶʯ ʢ ʟʘʤʢʫ (ɼʞ. ʋʦʪʩʦʥ). 

ʂʦʤʧʣʝʤʝʥʪʘʨʥʳʡ ð ʚʟʘʠʤʥʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʚ ʭʠʤʠʯʝʩʢʦʤ ʩʪʨʦʝ-

ʥʠʠ ʜʚʫʭ ʤʘʢʨʦʤʦʣʝʢʫʣ, ʧʦʜʭʦʜʷʱʠʭ ʜʨʫʛ ʜʨʫʛʫ, ʢʘʢ ʢʣʶʯ ʢ ʟʘʤʢʫ, ʦʙʝʩ-

ʧʝʯʠʚʘʶʱʝʝ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. 

ʂʦʥʚʝʢʮʠʷ (ʣʘʪ. ð ʜʦʩʪʘʚʢʘ) ð ʧʝʨʝʤʝʱʝʥʠʝ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʯʘ-

ʩʪʝʡ ʩʨʝʜʳ (ʛʘʟʘ, ʞʠʜʢʦʩʪʠ), ʧʨʠʚʦʜʷʱʝʝ ʢ ʧʝʨʝʥʦʩʫ ʤʘʩʩʳ, ʚʝʱʝʩʪʚʘ, ʪʝʧ-



 

ʣʦʚʦʡ ʵʥʝʨʛʠʠ ʠ ʠʟʤʝʥʝʥʠʶ ʜʨʫʛʠʭ ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʭʘʨʘʢʪʝʨʠʟʫ-

ʶʱʠʭ ʩʨʝʜʫ. 

ʂʦʥʪʠʥʫʫʤ (ʣʘʪ. ð ʥʝʧʨʝʨʳʚʥʦʝ, ʩʧʣʦʰʥʦʝ) ð ʩʧʣʦʰʥʘʷ ʤʘʪʝʨʠ-

ʘʣʴʥʘʷ ʩʨʝʜʘ, ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʦʡ ʠʟʤʝʥʷʶʪʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʥʝʧʨʝʨʳʚʥʦ. 

ʂʦʥʪʨʘʜʠʢʘʮʠʷ ð ʣʦʛʠʯʝʩʢʠ ʧʨʦʪʠʚʦʨʝʯʠʚʦʝ ʚʳʩʢʘʟʳʚʘʥʠʝ. 

ʂʦʥʬʘʡʥʤʝʥʪ ð ʫʜʝʨʞʘʥʠʝ. 

ʂʦʥʬʝʨʤʝʥʪ ð ʚʝʱʝʩʪʚʦ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʪʘʣʠʪʠ-

ʯʝʩʢʦʡ . ʘʢʪʠʚʥʦʩʪʠ ʜʘʥʥʦʛʦ ʬʝʨʤʝʥʪʘ. 

ʂʦʥʬʦʨʤʘʮʠʷ ð ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ ʙʝʣʢʘ. 

ʂʦʥʮʝʥʪʨʘʮʠʷ ð ʩʦʩʨʝʜʦʪʦʯʝʥʠʝ, ʩʢʘʧʣʠʚʘʥʠʝ, ʩʦʙʠʨʘʥʠʝ ʢʦʛʦ-

ʣʠʙʦ, ʯʝʛʦ-ʣʠʙʦ ʚ ʢʘʢʦʤ-ʥʠʙʫʜʴ ʤʝʩʪʝ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ʂʦʥʮʝʧʮʠʷ (ʣʘʪ. ð ʧʦʥʠʤʘʥʠʝ, ʩʠʩʪʝʤʘ) ð ʩʦʚʦʢʫʧʥʦʩʪʴ ʥʘʠʙʦʣʝʝ 

ʩʫʱʝʩʪʚʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʪʝʦʨʠʠ, ʩʠʩʪʝʤʘ ʚʟʛʣʷʜʦʚ, ʪʦ ʠʣʠ ʠʥʦʝ ʧʦʥʠʤʘʥʠʝ 

ʷʚʣʝʥʠʡ ʠ ʧʨʦʮʝʩʩʦʚ, ʠʟʣʦʞʝʥʥʳʝ ʚ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʬʦʨ-

ʤʝ; ʘʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ. 

ʂʦʩʤʠʟʤ ð ʫʯʝʥʠʝ ʦ ʩʚʷʟʠ ʚʩʝʭ ʧʨʦʮʝʩʩʦʚ ʠ ʦʨʛʘʥʠʟʤʦʚ ʥʘ ɿʝʤʣʝ ʩ 

ʂʦʩʤʦʩʦʤ, ʯʝʣʦʚʝʢ ʯʘʩʪʴ ʇʨʠʨʦʜʳ. 

ʂʦʩʤʦʣʦʛʠʷ ð ʠʟʫʯʝʥʠʝ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ɺʩʝʣʝʥʥʦʡ ʢʘʢ ʝʜʠʥʦʤ 

ʮʝʣʦʤ. 

ʂʦʩʥʦʝ ʚʝʱʝʩʪʚʦ ð ʚʝʱʝʩʪʚʦ, ʦʙʨʘʟʦʚʘʚʰʝʝʩʷ ʙʝʟ ʫʯʘʩʪʠʷ ʞʠʚʳʭ 

ʦʨʛʘʥʠʟʤʦʚ (ʧʦ ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʤʫ). 

ʂʦʵʚʦʣʶʮʠʷ ð ʩʦʚʤʝʩʪʥʘʷ ʵʚʦʣʶʮʠʷ ʥʝʩʢʦʣʴʢʠʭ ʩʠʩʪʝʤ, ʥʘʧʨʠʤʝʨ 

ʯʝʣʦʚʝʢʘ ʠ ʙʠʦʩʬʝʨʳ, ʇʨʠʨʦʜʳ ʚ ʮʝʣʦʤ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʩʪʠ ð ʧʦʢʘʟʘʪʝʣʴ ʫʤʩʪʚʝʥʥʦʛʦ ʨʘʟ-

ʚʠʪʠʷ, ʫʨʦʚʥʷ ʟʥʘʥʠʡ ʠ ʦʩʚʝʜʦʤʣʝʥʥʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʡ ʥʘ ʦʩʥʦʚʝ ʨʘʟʣʠʯ-

ʥʳʭ ʪʝʩʪʦʚ. 

ʂʨʘʩʥʦʝ ʩʤʝʱʝʥʠʝ ð ʫʚʝʣʠʯʝʥʠʝ ʜʣʠʥ ʚʦʣʥ ʣʠʥʠʡ ʚ ʩʧʝʢʪʨʝ ʠʟʣʫ-

ʯʝʥʠʷ ʠʩʪʦʯʥʠʢʘ (ʩʤʝʱʝʥʠʝ ʣʠʥʠʡ ʚ ʩʪʦʨʦʥʫ ʢʨʘʩʥʦʡ ʯʘʩʪʠ ʩʧʝʢʪʨʘ) ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʣʠʥʠʷʤʠ ʵʪʘʣʦʥʥʳʭ ʩʧʝʢʪʨʦʚ, ʚʦʟʥʠʢʘʝʪ, ʢʦʛʜʘ ʨʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʠʩʪʦʯʥʠʢʦʤ ʠʟʣʫʯʝʥʠʷ ʠ ʧʨʠʝʤʥʠʢʦʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʇʦ ʢʨʘʩʥʦʤʫ 

ʩʤʝʱʝʥʠʶ ʠʟʣʫʯʝʥʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʧʦʜʪʚʝʨʞʜʝʥʘ ʤʦʜʝʣʴ ʨʘʩʰʠ-

ʨʷʶʱʝʡʩʷ ɺʩʝʣʝʥʥʦʡ. 

ʂʨʝʘʪʠʚʥʳʡ ð ʪʚʦʨʯʝʩʢʠʡ, ʩʦʟʠʜʘʪʝʣʴʥʳʡ. 

ʂʨʝʘʪʠʥ ð ʘʟʦʪʩʦʜʝʨʞʘʱʘʷ ʦʨʛʘʥʠʯʝʩʢʘʷ ʢʠʩʣʦʪʘ. 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʨʝʰʝʪʢʘ ð ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʧʝʨʠʦʜʠʯʝʩʢʦʝ 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʘʪʦʤʦʚ ʚ ʢʨʠʩʪʘʣʣʝ; ʪʦʯʢʠ, ʛʜʝ ʨʘʩʧʦʣʦʞʝʥʳ ʘʪʦʤʳ ʠʣʠ ʠʦ-

ʥʳ, ʥʘʟʳʚʘʶʪʩʷ ʫʟʣʘʤʠ. 



 

ʂʨʠʪʝʨʠʡ (ʛʨʝʯ. ð ʩʨʝʜʩʪʚʦ ʜʣʷ ʩʫʞʜʝʥʠʷ) ð ʧʨʠʟʥʘʢ, ʥʘ ʦʩʥʦʚʘ-

ʥʠʠ ʢʦʪʦʨʦʛʦ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʮʝʥʢʘ, ʦʧʨʝʜʝʣʝʥʠʝ ʠʣʠ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʯʝʛʦ-

ʣʠʙʦ, ʤʝʨʠʣʦ ʦʮʝʥʢʠ. 

ʂʫʤʫʣʷʮʠʷ (ʣʘʪ. ð ʩʢʦʧʣʝʥʠʝ) ð ʵʬʬʝʢʪ ʥʘʢʦʧʣʝʥʠʷ, ʩʫʤʤʠʨʦʚʘ-

ʥʠʝ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʜʝʡʩʪʚʠʷ (ʥʘʧʨʠʤʝʨ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʚʟʨʳʚ); ʚ ʤʝʜʠʮʠʥʝ 

ð ʥʘʢʦʧʣʝʥʠʝ ʚ ʦʨʛʘʥʠʟʤʝ ʠ ʩʫʤʤʠʨʦʚʘʥʠʝ ʜʝʡʩʪʚʠʷ ʣʝʢʘʨʩʪʚʝʥʥʳʭ (ʠʣʠ 

ʦʪʨʘʚʣʷʶʱʠʭ) ʚʝʱʝʩʪʚ. 

ʃ 

ʃʘʙʠʣʴʥʦʩʪʴ (ʣʘʪ. ð ʩʢʦʣʴʟʷʱʠʡ, ʥʝʫʩʪʦʡʯʠʚʳʡ) ð ʥʝʫʩʪʦʡʯʠ-

ʚʦʩʪʴ, ʠʟʤʝʥʯʠʚʦʩʪʴ. 

ʃʘʥʜʰʘʬʪ ð ʧʨʠʨʦʜʥʳʡ ʛʝʦʛʨʘʬʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ. ɽʛʦ ʢʦʤʧʦʥʝʥ-

ʪʳ: ʨʝʣʴʝʬ, ʢʣʠʤʘʪ, ʧʦʯʚʳ, ʚʦʜʳ, ʨʘʩʪʠʪʝʣʴʥʳʡ ʠ ʞʠʚʦʪʥʳʡ ʤʠʨ ð ʚʟʘʠ-

ʤʦʩʚʷʟʘʥʳ ʠ ʦʙʨʘʟʫʶʪ ʥʝʨʘʟʨʳʚʥʫʶ ʩʠʩʪʝʤʫ. 

ʃʘʤʠʥʘʨʥʦʝ ʪʝʯʝʥʠʝ (ʣʘʪ. ð ʧʣʘʩʪʠʥʢʘ, ʧʦʣʦʩʢʘ) ð ʪʝʯʝʥʠʝ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʞʠʜʢʦʩʪʴ ʠʣʠ ʛʘʟ ʜʚʠʞʝʪʩʷ ʩʣʦʷʤʠ ʙʝʟ ʧʝʨʝʤʝʰʠʚʘʥʠʷ. 

ʃʝʚʠʪʘʮʠʷ ð ʧʨʝʜʧʦʣʘʛʘʝʤʘʷ ʤʘʛʠʯʝʩʢʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʯʝʣʦʚʝʯʝʩʢʦ-

ʛʦ ʦʨʛʘʥʠʟʤʘ ʢ ʧʨʝʦʜʦʣʝʥʠʶ ʟʝʤʥʦʛʦ ʧʨʠʪʷʞʝʥʠʷ ʠ ʧʝʨʝʤʝʱʝʥʠʶ ʧʨʝʜʤʝ-

ʪʦʚ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ʃʝʡʢʦʮʠʪʳ ð ʙʝʣʳʝ ʢʨʦʚʷʥʳʝ ʢʣʝʪʢʠ ʢʨʦʚʠ ʯʝʣʦʚʝʢʘ ʠ ʞʠʚʦʪʥʳʭ, 

ʧʦʛʣʦʱʘʶʪ ʙʘʢʪʝʨʠʠ ʠ ʦʪʤʝʨʰʠʝ ʢʣʝʪʢʠ, ʚʳʨʘʙʘʪʳʚʘʶʪ ʘʥʪʠʪʝʣʘ. 

ʃʠʥʝʡʥʘʷ ʬʫʥʢʮʠʷ ð ʬʫʥʢʮʠʷ ʚʠʜʘ ʫ = ʘʭ + b, ʦʩʥʦʚʥʦʝ ʩʚʦʡʩʪʚʦ 

ʢʦʪʦʨʦʡ: ʧʨʠʨʘʱʝʥʠʝ ʬʫʥʢʮʠʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʧʨʠʨʘʱʝʥʠʶ ʘʨʛʫʤʝʥʪʘ, 

ʘ ʠ b ð ʧʦʩʪʦʷʥʥʳʝ ʚʝʣʠʯʠʥʳ. ɻʨʘʬʠʯʝʩʢʠ ʣʠʥʝʡʥʘʷ ʬʫʥʢʮʠʷ ʠʟʦʙʨʘʞʘʝʪ-

ʩʷ ʧʨʷʤʦʡ. 

ʃʠʧʠʜʳ ð ʛʨʫʧʧʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʚʢʣʶʯʘʶʱʘʷ ʞʠʨʳ ʠ ʞʠ-

ʨʦʧʦʜʦʙʥʳʝ ʚʝʱʝʩʪʚʘ. ɺʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʚʩʝʭ ʞʠʚʳʭ ʢʣʝʪʦʢ.  

ʃʠʪʦʩʬʝʨʘ ð ʚʝʨʭʥʷʷ ʪʚʝʨʜʘʷ ʦʙʦʣʦʯʢʘ ɿʝʤʣʠ, ʨʘʩʧʦʣʘʛʘʶʱʘʷʩʷ ʥʘ 

ʤʘʥʪʠʠ. 

ʃʦʢʫʩ ð ʤʝʩʪʦ ʣʦʢʘʣʠʟʘʮʠʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʛʝʥʘ ʚ ʭʨʦʤʦʩʦʤʝ; ʤʝ-

ʩʪʦʧʦʣʦʞʝʥʠʝ ʯʝʛʦ-ʣʠʙʦ. 

ʄ 

ʄʘʢʨʦʤʦʣʝʢʫʣʘ ð ʤʦʣʝʢʫʣʘ ʧʦʣʠʤʝʨʘ, ʩʦʜʝʨʞʘʱʘʷ ʙʦʣʴʰʦʝ ʯʠʩʣʦ 

ʤʦʥʦʤʝʨʦʚ, ʩʦʝʜʠʥʝʥʥʳʭ ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʷʟʷʤʠ. 

ʄʘʥʪʠʷ ð ʚ ʛʝʦʣʦʛʠʠ ʦʙʦʣʦʯʢʘ çʪʚʝʨʜʦʡè ɿʝʤʣʠ, ʨʘʩʧʦʣʦʞʝʥʥʘʷ 

ʤʝʞʜʫ ʟʝʤʥʦʡ ʢʦʨʦʡ ʠ ʷʜʨʦʤ ɿʝʤʣʠ. ɺ ʙʠʦʣʦʛʠʠ ʩʢʣʘʜʢʘ ʢʦʞʠ ʫ ʥʝʢʦʪʦʨʳʭ 

ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ, ʦʭʚʘʪʳʚʘʶʱʘʷ ʚʩʝ ʪʝʣʦ ʞʠʚʦʪʥʦʛʦ ʠʣʠ ʝʛʦ ʯʘʩʪʴ. ɺ ʦʙ-



 

ʱʝʧʨʠʥʷʪʦʤ ʩʤʳʩʣʝ ð ʰʠʨʦʢʘʷ ʜʣʠʥʥʘʷ (ʜʦ ʟʝʤʣʠ) ʦʜʝʞʜʘ (ʮʘʨʠ, ʜʝʷʪʝʣʠ 

ʮʝʨʢʚʠ, ʘʜʚʦʢʘʪʳ, ʚ ʪʦʨʞʝʩʪʚʝʥʥʳʭ ʩʣʫʯʘʷʭ ð ʯʣʝʥʳ ʘʢʘʜʝʤʠʡ ʥʘʫʢ). 

ʄʘʨʢʦʚʩʢʠʝ ʧʨʦʮʝʩʩʳ ð ʩʧʝʮʠʘʣʴʥʳʝ ʚʠʜʳ ʩʣʫʯʘʡʥʳʭ ʧʨʦʮʝʩʩʦʚ, 

ʥʝ ʫʯʠʪʳʚʘʶʱʠʭ ʧʨʝʜʳʩʪʦʨʠʶ ʧʨʦʮʝʩʩʘ. 

ʄʘʩʩʘ ð ʦʜʥʘ ʠʟ ʦʩʥʦʚʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʠʠ, 

ʦʧʨʝʜʝʣʷʶʱʘʷ ʝʝ ʠʥʝʨʮʠʦʥʥʳʝ ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ. ɺ ʤʝʭʘʥʠʢʝ ð 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ ʤʝʞʜʫ ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʪʝʣʦ ʩʠʣʦʡ ʠ 

ʫʩʢʦʨʝʥʠʝʤ: ʚʝʣʠʯʠʥʘ, ʠʟʤʝʨʷʶʱʘʷ ʢʦʣʠʯʝʩʪʚʦ ʚʝʱʝʩʪʚʘ ʚ ʪʝʣʝ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ð ʧʦʥʷʪʠʝ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʠ, ʩʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ, ʷʚʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʩʣʫʯʘʡʥʦʡ 

ʚʝʣʠʯʠʥʳ. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ X, ʢʦʪʦʨʘʷ ʤʦ-

ʞʝʪ ʧʨʠʥʠʤʘʪʴ ʟʥʘʯʝʥʠʝ X1, ʍ2, ʍ3, ..., ʍʧ ʩ ʚʝʨʦʷʪʥʦʩʪʷʤʠ ʈ1, ʈ2, ..., ʈk, 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ Ⱥɉ = Ɇ ʈʂʍʂ- ɽʩʣʠ ʞʝ X ð ʥʝʧʨʝʨʳʚʥʘʷ ʩʣʫʯʘʡʥʘʷ ʚʝ-

ʣʠʯʠʥʘ ʩ ʬʫʥʢʮʠʝʡ ʧʣʦʪʥʦʩʪʠ f, ʪʦ ɽʍ = xf(x) dx. 

ʄʘʪʝʨʠʷ (ʣʘʪ.) ð ʦʙʲʝʢʪʠʚʥʘʷ ʨʝʘʣʴʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʜʘʥʘ ʯʝʣʦʚʝʢʫ ʚ 

ʝʛʦ ʦʱʫʱʝʥʠʷʭ ʠ ʩʫʱʝʩʪʚʫʝʪ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʥʠʭ, ʥʝʢʘʷ ʩʫʙʩʪʘʥʮʠʷ, ʦʩʥʦʚʘ 

ʚʩʝʭ ʨʝʘʣʴʥʦ ʩʫʱʝʩʪʚʫʶʱʠʭ ʦʙʲʝʢʪʦʚ ʠ ʩʠʩʪʝʤ, ʠʭ ʩʚʦʡʩʪʚ, ʩʚʷʟʝʡ ʤʝʞʜʫ 

ʥʠʤʠ ʠ ʬʦʨʤ ʜʚʠʞʝʥʠʷ, ʝʩʪʴ ʪʦ, ʠʟ ʯʝʛʦ ʩʦʩʪʦʷʪ ʚʩʝ ʪʝʣʘ. ʌʦʨʤʳ ʩʫʱʝ-

ʩʪʚʦʚʘʥʠʷ ʤʘʪʝʨʠʠ ð ʧʨʦʩʪʨʘʥʩʪʚʦ ʠ ʚʨʝʤʷ. 

ʄʘʪʨʠʮʘ (ʥʝʤ.) ð ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʦʚʦʢʫʧʥʦʩʪʠ ʚʝ-

ʣʠʯʠʥ Ŭ ʚ ʚʠʜʝ m ʩʪʨʦʢ ʠ n ʩʪʦʣʙʮʦʚ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʚ ʤʘʪʝʤʘʪʠʢʝ, ʬʠʟʠʢʝ ʠ 

ʜʨʫʛʠʭ ʥʘʫʢʘʭ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʙʠʦʣʦʛʠʠ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʣʦʞʥʳʭ ʷʚʣʝ-

ʥʠʡ ʠ ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʦʧʠʩʘʪʴ m ʣʠʥʝʡʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʩ n 

ʥʝʠʟʚʝʩʪʥʳʤʠ. 

ʄʘʪʨʠʯʥʳʡ ʘʥʘʣʠʟ ð ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ 

ʦʙʲʝʢʪʘʤʠ ʩ ʧʦʤʦʱʴʶ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʚʠʜʝ ʤʘʪʨʠʮ, ʪ.ʝ. 

ʤʘʪʨʠʯʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʄʝʞʢʣʝʪʦʯʥʦʝ ʚʝʱʝʩʪʚʦ ð ʙʝʩʩʪʨʫʢʪʫʨʥʘʷ ʘʤʦʨʬʥʘʷ ʤʘʩʩʘ, ʩʦʩʪʦ-

ʷʱʘʷ ʠʟ ʪʦʥʯʘʡʰʠʭ ʥʠʪʝʚʠʜʥʳʭ ʩʪʨʫʢʪʫʨ (ʬʠʙʨʠʣʣ), ʨʘʟʚʠʪʘʷ ʚ ʩʦʝʜʠʥʠ-

ʪʝʣʴʥʳʭ ʪʢʘʥʷʭ ʠ ʦʧʨʝʜʝʣʷʶʱʘʷ ʠʭ ʩʪʨʫʢʪʫʨʫ. 

ʄʝʡʦʟ ð ʩʧʦʩʦʙ ʜʝʣʝʥʠʷ ʢʣʝʪʦʢ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʠʪ 

ʫʤʝʥʴʰʝʥʠʝ (ʨʝʜʫʢʮʠʷ) ʯʠʩʣʘ ʭʨʦʤʦʩʦʤ ʚ ʜʦʯʝʨʥʠʭ ʢʣʝʪʢʘʭ. 

ʄʝʣʘʥʠʥ ð ʧʠʛʤʝʥʪ ʯʝʨʥʦʛʦ ʠ ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ. 

ʄʝʤʙʨʘʥʘ (ʣʘʪ. ð ʧʝʨʝʧʦʥʢʘ) -ʚ ʪʝʭʥʠʢʝ ʪʦʥʢʘʷ ʧʣʝʥʢʘ, ʟʘʢʨʝʧʣʝʥ-

ʥʘʷ ʧʦ ʢʦʥʪʫʨʫ. ɺ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ð ʙʝʩʢʦʥʝʯʥʦ ʪʦʥʢʘʷ ʧʣʝʥʢʘ, ʤʦʜʫʣʴ 

ʫʧʨʫʛʦʩʪʠ ʢʦʪʦʨʦʡ ʚ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʢ ʥʝʡ ʥʘʧʨʘʚʣʝʥʠʠ ʨʘʚʝʥ ʥʫʣʶ. ɺ 

ʙʠʦʣʦʛʠʠ ð ʙʝʣʢʦʚʦ-ʣʠʧʠʜʥʳʝ ʩʪʨʫʢʪʫʨʳ ʤʦʣʝʢʫʣʷʨʥʳʭ ʨʘʟʤʝʨʦʚ, ʨʘʩʧʦ-



 

ʣʦʞʝʥʥʳʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʝʪʦʢ ʠ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ ʯʘʩʪʠʮ (ʷʜʨʘ, ʤʠʪʦ-

ʭʦʥʜʨʠʡ ʠ ʪ.ʜ.). ʆʙʣʘʜʘʷ ʠʟʙʠʨʘʪʝʣʴʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ, ʨʝʛʫʣʠʨʫʶʪ ʚ 

ʢʣʝʪʢʘʭ ʢʦʥʮʝʥʪʨʘʮʠʶ ʩʦʣʝʡ, ʩʘʭʘʨʦʚ, ʘʤʠʥʦʢʠʩʣʦʪ ʠ ʜʨʫʛʠʭ ʧʨʦʜʫʢʪʦʚ 

ʦʙʤʝʥʘ ʚʝʱʝʩʪʚ. 

ʄʝʪʘʙʦʣʠʟʤ (ʛʨʝʯ. ð ʧʝʨʝʤʝʥʘ, ʧʨʝʚʨʘʱʝʥʠʝ) ð ʩʚʦʡʩʪʚʦ ʦʪʢʨʳ-

ʪʳʭ ʩʠʩʪʝʤ ʢ ʦʙʤʝʥʫ ʚʝʱʝʩʪʚʦʤ ʠ ʵʥʝʨʛʠʝʡ ʢʘʢ ʚʥʫʪʨʠ ʩʝʙʷ, ʪʘʢ ʠ ʩ ʦʢʨʫ-

ʞʘʶʱʝʡ ʩʨʝʜʦʡ. ɺ ʙʠʦʣʦʛʠʠ ð ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʘʩʩʠʤʠʣʷʮʠʠ ʠ 

ʜʠʩʩʠʤʠʣʷʮʠʠ ʧʨʠ ʦʙʤʝʥʝ ʚʝʱʝʩʪʚ ʚ ʞʠʚʦʪʥʳʭ, ʨʘʩʪʝʥʠʷʭ ʠ ʤʠʢʨʦʦʨʛʘ-

ʥʠʟʤʘʭ.  

  ʄʝʪʘʤʦʨʬʠʟʤ ð ʧʨʦʮʝʩʩ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ, 

ʪʝʢʩʪʫʨʳ ʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʪʝʤʧʝ-

ʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʡ.  

  ʄʝʪʘʤʦʨʬʦʟ ð ʚʠʜʦʠʟʤʝʥʝʥʠʝ ʦʩʥʦʚʥʳʭ ʦʨʛʘʥʦʚ ʧʦʩʣʝ ʵʤʙʨʠʦ-

ʥʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ (ʥʘʧʨʠʤʝʨ, ʧʨʝʚʨʘʱʝʥʠʝ ʛʦʣʦʚʘʩʪʠʢʘ ʚ ʣʷʛʫʰʢʫ, ʣʠʯʠʥ-

ʢʠ ð ʚ ʙʘʙʦʯʢʫ ʠ ʪ.ʜ.)  

  ʄʝʪʘʬʠʟʠʢʘ (çʧʦʩʣʝ ʬʠʟʠʢʠè) ð ʥʘʟʚʘʥʠʝ ʬʠʣʦʩʦʬʩʢʠʭ ʩʦʯʠʥʝ-

ʥʠʡ ɸʨʠʩʪʦʪʝʣʷ ʦ ʥʘʯʘʣʘʭ ʙʳʪʠʷ, ʧʦʤʝʱʝʥʥʳʭ ʧʦʩʣʝ ʝʛʦ ʪʨʘʢʪʘʪʦʚ ʧʦ ʬʠ-

ʟʠʢʝ; ʫʯʝʥʠʝ, ʨʘʩʩʤʘʪʨʠʚʘʶʱʝʝ ʧʨʝʞʜʝ ʚʩʝʛʦ ʚʝʱʠ ʠ ʷʚʣʝʥʠʷ, ʘ ʥʝ ʠʭ ʠʟ-

ʤʝʥʝʥʠʷ ʠ ʟʘʚʠʩʠʤʦʩʪʴ ʜʨʫʛ ʦʪ ʜʨʫʛʘ; ʘʙʩʦʣʶʪʠʟʘʮʠʷ ʧʦʟʥʘʚʘʪʝʣʴʥʦʛʦ 

ʧʨʦʮʝʩʩʘ; ʬʠʣʦʩʦʬʩʢʦʝ ʫʯʝʥʠʝ ʦ ʥʝʜʦʩʪʫʧʥʳʭ (ʥʝʠʟʚʝʜʘʥʥʳʭ) ʩʚʝʨʭʯʫʚ-

ʩʪʚʠʪʝʣʴʥʳʭ ʬʦʨʤʘʭ ʙʳʪʠʷ.  

  ʄʝʪʦʜ (ʛʨʝʯ. ð ʧʫʪʴ) ð ʩʦʚʦʢʫʧʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʨʘʚʠʣ, ʧʨʠʝ-

ʤʦʚ, ʥʦʨʤ ʧʦʟʥʘʥʠʷ ʠ ʜʝʡʩʪʚʠʷ.  

  ʄʝʪʦʜ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ð ʤʝʪʦʜ ʦʮʝʥʢʠ ʧʦʛʨʝʰʥʦʩʪʝʡ ʠʟ-

ʤʝʨʝʥʠʷ.  

  ʄʠʢʨʦʙʳ ð ʦʙʱʝʝ ʥʘʟʚʘʥʠʝ ʚʩʝʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ð ʙʘʢʪʝʨʠʡ ʠ 

ʛʨʠʙʦʚ, ʠʩʢʣʶʯʘʷ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʚʦʜʦʨʦʩʣʠ ʠ ʚʠʨʫʩʳ.  

  ʄʠʦʟʠʥ ð ʤʳʰʝʯʥʳʡ ʙʝʣʦʢ.  

  ʄʠʪʦʟ ð ʦʜʥʘ ʠʟ ʬʦʨʤ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ, ʥʘ ʢʦʪʦʨʦʡ ʨʝʧʣʠʮʠʨʦ-

ʚʘʥʥʳʝ ʭʨʦʤʦʩʦʤʳ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʜʦʯʝʨʥʠʤ ʢʣʝʪʢʘʤ.  

  ʄʠʪʦʭʦʥʜʨʠʷ ð ʢʣʝʪʦʯʥʘʷ ʦʨʛʘʥʝʣʣʘ, ʚ ʢʦʪʦʨʦʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʩʠʥʪʝʟ ɸʊʌ ʫ ʵʫʢʘʨʠʦʪ.  

  ʄʦʜʘ ð ʚ ʧʨʦʮʝʩʩʘʭ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʢʦʣʣʝʢʪʠʚʥʳʝ ʬʦʨʤʳ ʜʚʠʞʝ-

ʥʠʷ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʦʪʙʦʨʫ ʥʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʭ, ʠ ʩʧʦʥʪʘʥʥʦʤʫ ʚʦʟʥʠʢʥʦ-

ʚʝʥʠʶ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ.  

  ʄʦʣʝʢʫʣʘ (ʣʘʪ. ð ʫʤʝʥʴʰʠʪʝʣʴʥʦʝ ʦʪ ʤʘʩʩʳ) ð ʥʘʠʤʝʥʴʰʘʷ ʯʘ-

ʩʪʠʮʘ ʚʝʱʝʩʪʚʘ, ʦʙʣʘʜʘʶʱʘʷ ʚʩʝʤʠ ʝʛʦ ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ.  



 

  ʄʦʤʝʥʪ (ʣʘʪ. ð ʜʚʠʞʫʱʘʷʩʷ ʩʠʣʘ, ʪʦʣʯʦʢ) ð ʧʦʥʷʪʠʝ ʪʝʦʨʠʠ ʚʝʨʦ-

ʷʪʥʦʩʪʝʡ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ.  

  ʄʦʥʦʤʝʨ (ʤʦʥʦ... ʠ ʛʨʝʯ. ð ʯʘʩʪʴ) ð ʚʝʱʝʩʪʚʦ, ʤʦʣʝʢʫʣʳ ʢʦʪʦʨʦʛʦ 

ʩʧʦʩʦʙʥʳ ʨʝʘʛʠʨʦʚʘʪʴ ʤʝʞʜʫ ʩʦʙʦʡ ʠʣʠ ʩ ʤʦʣʝʢʫʣʘʤʠ ʜʨʫʛʠʭ ʚʝʱʝʩʪʚ, ʦʙ-

ʨʘʟʫʷ ʧʦʣʠʤʝʨ.  

  ʄʦʥʦʩʘʭʘʨʠʜʳ ð ʧʨʦʩʪʳʝ ʫʛʣʝʚʦʜʳ, ʩʦʜʝʨʞʘʱʠʝ ʛʠʜʨʦʢʩʠʣʴʥʳʝ, 

ʘʣʴʜʝʛʠʜʥʳʝ ʠʣʠ ʢʝʪʦʥʥʳʝ ʛʨʫʧʧʳ.  

  ʄʦʨʬʦʛʝʥʝʟ ð ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʠ ʥʘʧʨʘʚʣʝʥʥʦʝ ʨʘʟʚʠʪʠʝ ʦʨʛʘʥʦʚ, 

ʩʠʩʪʝʤ ʠ ʯʘʩʪʝʡ ʪʝʣʘ ʦʨʛʘʥʠʟʤʦʚ ʢʘʢ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ, ʪʘʢ ʠ ʠʩʪʦʨʠʯʝ-

ʩʢʦʤ ʨʘʟʚʠʪʠʠ.  

  ʄʫʪʘʛʝʥʝʟ ð ʧʨʦʮʝʩʩ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʘʩʣʝʜʩʪʚʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ð 

ʤʫʪʘʮʠʡ, ʧʦʷʚʣʷʶʱʠʭʩʷ ʩʧʦʥʪʘʥʥʦ ʠʣʠ ʚʳʟʳʚʘʝʤʳʭ ʤʫʪʘʛʝʥʘʤʠ.  

  ʄʫʪʘʮʠʠ ð ʩʪʦʡʢʠʝ ʠʟʤʝʥʝʥʠʷ ʥʘʩʣʝʜʩʪʚʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʞʠʚʦʡ 

ʤʘʪʝʨʠʠ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʭʨʘʥʝʥʠʝ ʠ ʧʝʨʝʜʘʯʫ ʛʝʥʝʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘ-

ʮʠʠ.  

ȼ  

  ʅʘʩʣʝʜʩʪʚʝʥʥʦʩʪʴ ð ʩʚʦʡʩʪʚʦ ʦʨʛʘʥʠʟʤʦʚ ʧʦʚʪʦʨʷʪʴ ʚ ʨʷʜʫ ʧʦʢʦ-

ʣʝʥʠʡ ʩʭʦʜʥʳʝ ʪʠʧʳ ʦʙʤʝʥʘ ʚʝʱʝʩʪʚ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʚ ʮʝʣʦʤ.  

  ʅʘʪʫʨʬʠʣʦʩʦʬʠʷ ð ʬʠʣʦʩʦʬʠʷ ʧʨʠʨʦʜʳ, ʦʩʦʙʝʥʥʦʩʪʴʶ ʢʦʪʦʨʦʡ 

ʷʚʣʷʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʫʤʦʟʨʠʪʝʣʴʥʦʝ ʠʩʪʦʣʢʦʚʘʥʠʝ ʧʨʠʨʦʜʳ, ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʤʦʡ ʚ ʝʝ ʮʝʣʦʩʪʥʦʩʪʠ; ʚ ɼʨʝʚʥʝʡ ɻʨʝʮʠʠ ð ʝʜʠʥʘʷ ʥʘʫʢʘ, ʦʙʲʷʩ-

ʥʷʶʱʘʷ ʄʠʨ.  

  ʅʘʫʢʘ ð ʜʠʥʘʤʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʦʙʲʝʢʪʠʚʥʦ ʠʩʪʠʥʥʳʭ ʟʥʘʥʠʡ ʦ ʩʫ-

ʱʝʩʪʚʫʶʱʠʭ ʩʚʷʟʷʭ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʦʜʥʘ ʠʟ ʬʦʨʤ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʩʦ-

ʟʥʘʥʠʷ, ʚʢʣʶʯʘʝʪ ʢʘʢ ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʦ ʧʦʣʫʯʝʥʠʶ ʟʥʘʥʠʡ, ʪʘʢ ʠ ʝʝ ʨʝʟʫʣʴ-

ʪʘʪ ð ʩʫʤʤʫ ʟʥʘʥʠʡ, ʣʝʞʘʱʠʭ ʚ ʦʩʥʦʚʝ ʥʘʫʯʥʦʡ ʢʘʨʪʠʥʳ ʤʠʨʘ.  

  ʅʘʫʯʥʘʷ ʢʘʨʪʠʥʘ ʤʠʨʘ ð ʩʠʩʪʝʤʥʳʝ ʥʘʫʯʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ 

ʩʪʨʦʝʥʠʠ ʤʠʨʘ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ, ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʭ ʠ ʪʝʥʜʝʥʮʠʷʭ ʝʛʦ ʵʚʦ-

ʣʶʮʠʠ.  

  ʅʘʫʯʥʘʷ ʨʝʚʦʣʶʮʠʷ ð ʨʘʜʠʢʘʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ 

ʥʘʫʯʥʦʛʦ ʟʥʘʥʠʷ, ʧʨʠʚʦʜʷʱʝʝ ʢ ʩʤʝʥʝ ʥʘʫʯʥʦʡ ʢʘʨʪʠʥʳ ʤʠʨʘ.  

  ʅʝʚʝʨʠʬʠʮʠʨʫʝʤʦʩʪʴ ð ʦʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʠʩʪʠʥʥʦʩʪʠ ʚʦʩʧʨʠʥʷʪʦʛʦ.  

  ʅʝʛʵʥʪʨʦʧʠʷ ð ʤʝʨʘ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʩʠʩʪʝʤʳ, ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʵʥ-

ʪʨʦʧʠʷ.  

  ʅʝʡʨʦʥ (ʛʨʝʯ. ð ʥʝʨʚ) ð ʥʝʨʚʥʘʷ ʢʣʝʪʢʘ.  



 

ʅʝʡʪʨʦʥ (ʘʥʛʣ.) ð ʥʝʡʪʨʘʣʴʥʘʷ ʵʣʝʤʝʥʪʘʨʥʘʷ ʯʘʩʪʠʮʘ ʩʦ ʩʧʠʥʦʤ 1/2, 

ʦʪʥʦʩʷʱʘʷʩʷ ʢ ʙʘʨʠʦʥʘʤ, ʚʤʝʩʪʝ ʩ ʧʨʦʪʦʥʘʤʠ ʦʙʨʘʟʫʶʪ ʷʜʨʘ ʘʪʦʤʦʚ.  

  ʅʝʣʠʥʝʡʥʦʩʪʴ ð ʨʘʟʥʦʢʦʤʧʦʥʝʥʪʥʦʩʪʴ ʩʠʩʪʝʤʳ, ʧʨʠ ʢʦʪʦʨʦʡ 

ʥʘʨʫʰʘʝʪʩʷ ʧʨʠʥʮʠʧ ʩʫʧʝʨʧʦʟʠʮʠʠ ʠ ʨʝʟʫʣʴʪʘʪ ʢʘʞʜʦʛʦ ʠʟ ʚʦʟʜʝʡʩʪʚʠʡ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʜʨʫʛʦʛʦ ʦʢʘʞʝʪʩʷ ʠʥʳʤ, ʯʝʤ ʚ ʩʣʫʯʘʝ ʝʛʦ ʦʪʩʫʪʩʪʚʠʷ; ʤʥʦʛʦ-

ʚʘʨʠʘʥʪʥʦʩʪʴ, ʘʣʴʪʝʨʥʘʪʠʚʥʦʩʪʴ ʵʚʦʣʶʮʠʠ, ʫʩʢʦʨʝʥʠʷ ʪʝʤʧʦʚ ʨʘʟʚʠʪʠʷ, 

ʠʥʠʮʠʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʙʳʩʪʨʦʛʦ ʥʝʣʠʥʝʡʥʦʛʦ ʨʦʩʪʘ.  

  ʅʝʣʠʥʝʡʥʳʝ ʩʠʩʪʝʤʳ ð ʩʠʩʪʝʤʳ, ʧʨʦʮʝʩʩʳ ʚ ʢʦʪʦʨʳʭ ʦʧʠʩʳʚʘʶʪ-

ʩʷ ʥʝʣʠʥʝʡʥʳʤʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ. ʉʚʦʡʩʪʚʘ ʠ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʠ ʟʘʚʠʩʷʪ ʦʪ ʠʭ ʩʦʩʪʦʷʥʠʷ, ʧʨʠ ʥʝʣʠʥʝʡʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʥʘʙʣʶʜʘʝʪ-

ʩʷ ʫʩʢʦʨʝʥʠʝ ʪʝʤʧʦʚ ʨʘʟʚʠʪʠʷ.  

  ʅʝʣʠʥʝʡʥʳʝ ʫʨʘʚʥʝʥʠʷ ð ʫʨʘʚʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, 

ʟʘʚʠʩʷʱʠʝ ʦʪ ʩʨʝʜʳ, ʦʥʠ ʤʦʛʫʪ ʠʤʝʪʴ ʥʝʩʢʦʣʴʢʦ ʢʘʯʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʥʳʭ 

ʨʝʰʝʥʠʡ.  

  ʅʝʦʙʨʘʪʠʤʳʝ ʧʨʦʮʝʩʩʳ ð ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʚ ʢʦʪʦʨʳʭ ʩʠʩʪʝ-

ʤʘ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʥʝʨʘʚʥʦʚʝʩʥʳʝ ʩʦʩʪʦʷʥʠʷ (ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝ-

ʥʠʷ ʧʣʦʪʥʦʩʪʠ ʚʝʱʝʩʪʚʘ, ʪʝʤʧʝʨʘʪʫʨʳ, ʜʘʚʣʝʥʠʷ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʪ.ʜ.). ʅʝ-

ʦʜʥʦʨʦʜʥʦʩʪʴ ʩʠʩʪʝʤʳ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʨʘʪʠʤʳʤ ʧʨʦʮʝʩʩʘʤ.  

  ʅʝʨʘʚʥʦʚʝʩʥʳʝ ʧʨʦʮʝʩʩʳ (ʩʦʩʪʦʷʥʠʷ) ð ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, 

ʢʦʪʦʨʳʝ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦ ʤʦʛʫʪ ʧʨʦʪʝʢʘʪʴ ʪʦʣʴʢʦ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ð 

ʚ ʩʪʦʨʦʥʫ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩ-  

  ʧʨʝʜʝʣʝʥʠʷ ʚʝʱʝʩʪʚʘ, ʪʝʧʣʦʪʳ ʠ ʪ.ʜ. (ʜʠʬʬʫʟʠʷ, ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, 

ʚʷʟʢʦʝ ʪʝʯʝʥʠʝ ʞʠʜʢʦʩʪʠ, ʛʘʟʘ).  

ʅʝʨʘʚʥʦʚʝʩʥʳʝ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ ð ʧʝʨʝʭʦʜʳ ʠʟ ʦʜʥʦʡ ʬʘʟʳ ʚ 

ʜʨʫʛʫʶ ʚ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʩʠʩʪʝʤʘʭ ʠʣʠ ʫʩʣʦʚʠʷʭ. 

  ʅʝʨʚʳ ð ʰʥʫʨʦʚʠʜʥʳʝ ʪʷʞʠ ʥʝʨʚʥʦʡ ʪʢʘʥʠ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʥʝʨʚ-

ʥʳʤʠ ʚʦʣʦʢʥʘʤʠ, ʩʚʷʟʳʚʘʶʪ ʤʦʟʛ ʠ ʥʝʨʚʥʳʝ ʫʟʣʳ ʩ ʜʨʫʛʠʤʠ ʦʨʛʘʥʘʤʠ ʠ 

ʦʩʫʱʝʩʪʚʣʷʶʱʠʝ ʢʦʦʨʜʠʥʘʮʠʶ ʬʫʥʢʮʠʡ ʦʨʛʘʥʠʟʤʘ ʠ ʦʧʦʩʨʝʜʫʶʱʠʝ ʝʛʦ 

ʨʝʘʢʮʠʶ ʥʘ ʨʘʟʣʠʯʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ.  

  ʅʦʦʩʬʝʨʘ (ʛʨʝʯ. ð ʩʬʝʨʘ ʨʘʟʫʤʘ) ð ʚ ʫʯʝʥʠʠ ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦ ð 

ʯʘʩʪʴ ʙʠʦʩʬʝʨʳ, ʧʨʝʦʙʨʘʟʦʚʘʥʥʘʷ ʯʝʣʦʚʝʯʝʩʢʦʡ ʤʳʩʣʴʶ ʠ ʪʨʫʜʦʤ ʚ ʢʘʯʝ-

ʩʪʚʝʥʥʦ ʥʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ð ʩʬʝʨʘ ʈʘʟʫʤʘ. ʊʝʨʤʠʥ ʙʳʣ ʚʚʝʜʝʥ ʃʝʨʫʘ ʚ 

1924 ʛ. ʥʘ ʩʝʤʠʥʘʨʝ ɹʝʨʛʩʦʥʘ ʚ ʇʘʨʠʞʝ, ʛʜʝ ɺʝʨʥʘʜʩʢʠʡ ʚʳʩʪʫʧʘʣ ʩ ʜʦʢʣʘ-

ʜʦʤ, ʚʧʦʩʣʝʜʩʪʚʠʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʊʝʡʷʨ ʜʝ ʐʘʨʜʝʥʦʤ ʠ ʜʨʫʛʠʤʠ, ʚ ʥʘʩʪʦ-

ʷʱʝʝ ʚʨʝʤʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʝʩʪʝʩʪʚʦʟʥʘʥʠʠ. ɼʣʷ ʥʦ-

ʦʩʬʝʨʳ ʭʘʨʘʢʪʝʨʥʘ ʪʝʩʥʘʷ ʚʟʘʠʤʦʩʚʷʟʴ ʟʘʢʦʥʦʚ ʧʨʠʨʦʜʳ, ʤʳʰʣʝʥʠʷ ʠ ʩʦ-

ʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʟʘʢʦʥʦʚ, ʚ ʥʝʡ ʨʘʟʫʤʥʘʷ ʯʝʣʦʚʝʯʝʩʢʘʷ ʜʝʷʪʝʣʴ-



 

ʥʦʩʪʴ ʩʪʘʥʦʚʠʪʩʷ ʦʧʨʝʜʝʣʷʶʱʠʤ ʬʘʢʪʦʨʦʤ ʜʠʥʘʤʠʢʠ ʦʙʱʝʩʪʚʘ ʠ ʧʨʠʨʦʜʳ, 

ʢʦʛʜʘ ʨʘʟʫʤ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʧʨʘʚʣʷʪʴ ʨʘʟʚʠʪʠʝ ʙʠʦʩʬʝʨʳ ʚ ʠʥʪʝʨʝ-

ʩʘʭ ʯʝʣʦʚʝʢʘ, ʝʛʦ ʙʫʜʫʱʝʛʦ.  

  ʅʫʢʣʝʦʪʠʜ ð ʬʦʩʬʦʨʥʳʡ ʵʬʠʨ ʥʫʢʣʝʦʟʠʜʘ; ʤʦʥʦʤʝʨ, ʩʦʩʪʦʷʱʠʡ ʠʟ 

ʦʩʥʦʚʘʥʠʷ (ʧʫʨʠʥʦʚʦʛʦ ʠʣʠ ʧʠʨʠʤʠʜʠʥʦʚʦʛʦ), ʫʛʣʝʚʦʜʘ (ʨʠʙʦʟʳ ʠʣʠ 

ʜʝʟʠʢʩʠʨʠʙʦʟʳ) ʠ ʬʦʩʬʦʨʥʦʛʦ ʦʩʪʘʪʢʘ. ʗʚʣʷʝʪʩʷ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʥʫʢʣʝ-

ʠʥʦʚʳʭ ʢʠʩʣʦʪ. ɼʅʂ ʀ ʈʅʂ ð ʵʪʦ ʧʦʣʠʥʫʢʣʝʠʜʳ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʥʫʢʣʝʦ-

ʪʠʜʦʚ.  

  ʅʫʢʣʝʦʟʠʜ ð ʥʫʢʣʝʦʪʠʜ ʙʝʟ ʬʦʩʬʘʪʥʦʡ ʛʨʫʧʧʳ.  

  ʅʫʢʣʝʠʥʦʚʳʝ ʢʠʩʣʦʪʳ ð ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦ-

ʝʜʠʥʝʥʠʷ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʦʩʪʘʪʢʘʤʠ ʥʫʢʣʝʦʪʠʜʦʚ; ʧʦʩʪʦʷʥʥʘʷ ʠ ʥʝʦʙʭʦʜʠ-

ʤʘʷ ʩʦʩʪʘʚʥʘʷ ʯʘʩʪʴ ʚʩʝʭ ʞʠʚʳʭ ʩʠʩʪʝʤ, ʠʛʨʘʶʱʘʷ ʚʝʜʫʱʫʶ ʨʦʣʴ ʚ ʧʝʨʝ-

ʜʘʯʝ ʥʘʩʣʝʜʩʪʚʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ ʠ ʩʚʦʡʩʪʚ ʦʨʛʘʥʠʟʤʘ ʠ ʙʠʦʩʠʥʪʝʟʝ ʙʝʣʢʦʚ.  

  ʅʫʢʣʦʥ (ʣʘʪ. ð ʷʜʨʦ) ð ʦʙʱʝʝ ʥʘʟʚʘʥʠʝ ʧʨʦʪʦʥʘ ʠ ʥʝʡʪʨʦʥʘ ð ʯʘ-

ʩʪʠʮ, ʠʟ ʢʦʪʦʨʳʭ ʧʦʩʪʨʦʝʥʳ ʷʜʨʘ.  

ʆ  

  ʆʙʨʘʪʥʘʷ ʩʚʷʟʴ ð ʚʦʟʜʝʡʩʪʚʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʘ-

ʢʦʡ-ʣʠʙʦ ʩʠʩʪʝʤʳ (ʦʙʲʝʢʪʘ) ʥʘ ʭʘʨʘʢʪʝʨ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. ʇʦʣʦʞʠʪʝʣʴ-

ʥʘʷ ð ʫʩʠʣʠʚʘʝʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʠ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ, 

ʦʪʨʠʮʘʪʝʣʴʥʘʷ ð ʦʩʣʘʙʣʷʝʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʠ ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʝʛʦ.  

  ʆʙʲʝʢʪ ð ʚ ʬʠʣʦʩʦʬʠʠ ʚʩʷʢʦʝ ʷʚʣʝʥʠʝ, ʩʫʱʝʩʪʚʫʶʱʝʝ ʥʝʟʘʚʠʩʠʤʦ 

ʦʪ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʩʦʟʥʘʥʠʷ. ɺ ʦʙʱʝʤ ʩʤʳʩʣʝ ð ʧʨʝʜʤʝʪ, ʷʚʣʝʥʠʝ, ʢʦʪʦʨʦʝ 

ʯʝʣʦʚʝʢ ʧʳʪʘʝʪʩʷ ʧʦʟʥʘʪʴ ʠ ʥʘ ʢʦʪʦʨʦʝ ʥʘʧʨʘʚʣʝʥʘ ʝʛʦ ʜʝʷʪʝʣʴʥʦʩʪʴ.  

  ʆʙʲʝʢʪʠʚʥʘʷ ʠʩʪʠʥʘ ð ʥʝʟʘʚʠʩʠʤʦʝ ʦʪ ʯʝʣʦʚʝʢʘ ʠ ʯʝʣʦʚʝʯʝʩʪʚʘ 

ʩʦʜʝʨʞʘʥʠʝ ʟʥʘʥʠʷ.  

  ʆʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʨʝʘʢʮʠʠ ð ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢ-

ʮʠʠ, ʧʨʠ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʥʦʩ ʵʣʝʢʪʨʦʥʦʚ.  

  ʆʡʢʫʤʝʥʘ ð ʟʘʩʝʣʝʥʥʘʷ ʯʝʣʦʚʝʢʦʤ ʯʘʩʪʴ ɿʝʤʣʠ, ʦʩʚʦʝʥʥʘʷ ʠʤ.  

  ʆʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ ð ʩʦʚʦʢʫʧʥʦʩʪʴ ʦʙʲʝʢʪʦʚ, ʩ ʢʦʪʦʨʳʤʠ ʢʘʢʘʷ-

ʣʠʙʦ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʚʩʪʫʧʘʪʴ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ; ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʥʝʰʥʠʭ 

ʫʩʣʦʚʠʡ, ʚʣʠʷʶʱʠʭ ʥʘ ʣʶʙʫʶ ʩʠʩʪʝʤʫ.  

  ʆʥʪʦʛʝʥʝʟ (ʛʨʝʯ. ð ʦʙʨʘʟʦʚʘʥʠʝ ʩʫʱʝʛʦ) ð ʠʥʜʠʚʠʜʫʘʣʴʥʦʝ ʨʘʟʚʠ-

ʪʠʝ ʦʨʛʘʥʠʟʤʦʚ, ʦʭʚʘʪʳʚʘʶʱʝʝ ʚʩʝ ʠʟʤʝʥʝʥʠʷ ʦʪ ʟʘʨʦʞʜʝʥʠʷ ʜʦ ʩʤʝʨʪʠ.  

  ʆʨʛʘʥʝʣʣʳ ð ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʢʣʝʪʢʝ ʩʫʙʩʪʨʫʢʪʫʨʳ, ʚʳʧʦʣʥʷʶʱʠʝ 

ʪʝ ʠʣʠ ʠʥʳʝ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ. 

  ʦʨʛʘʥʽʟʦʚʘʥʽʩʪʴ  



 

ʆʨʛʘʥʦʛʝʥʳ ð ʭʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ, ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʦʨʛʘʥʠʯʝ-

ʩʢʠʭ ʚʝʱʝʩʪʚ. ʆʨʛʘʥʦʠʜʳ ð ʧʦʩʪʦʷʥʥʳʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʩʪʨʫʢʪʫʨʳ 

ʚ ʢʣʝʪʢʘʭ ʞʠʚʦʪʥʳʭ ʠ ʨʘʩʪʝʥʠʡ.  

  ʆʩʥʦʚʘʥʠʷ ð ʢʣʘʩʩ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ 

ʜʠʩʩʦʮʠʘʮʠʝʡ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʠʦʥʘ ʆʅx.  

  ʆʩʤʦʩ (ʛʨʝʯ. ð ʪʦʣʯʦʢ, ʜʘʚʣʝʥʠʝ) ð ʦʜʥʦʩʪʦʨʦʥʥʷʷ ʜʠʬʬʫʟʠʷ ʨʘʩ-

ʪʚʦʨʠʪʝʣʷ ʯʝʨʝʟ ʧʦʣʫʧʨʦʥʠʮʘʝʤʫʶ ʧʝʨʝʛʦʨʦʜʢʫ (ʤʝʤʙʨʘʥʫ), ʦʪʜʝʣʷʶʱʫʶ 

ʨʘʩʪʚʦʨ ʦʪ ʯʠʩʪʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ.  

  ʆʪʢʨʳʪʳʝ ʩʠʩʪʝʤʳ ð ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʙʤʝʥʠʚʘʪʴʩʷ ʚʝ-

ʱʝʩʪʚʦʤ, ʵʥʝʨʛʠʝʡ ʠ ʠʥʬʦʨʤʘʮʠʝʡ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ.  

Ʉ  

  ʇʘʤʷʪʴ ð ʩʧʦʩʦʙʥʦʩʪʴ ʩʦʭʨʘʥʷʪʴ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʚ ʩʦʟʥʘʥʠʠ 

ʧʨʝʞʥʠʝ ʚʧʝʯʘʪʣʝʥʠʷ, ʦʧʳʪ, ʚʦʩʧʦʣʥʠʤʳʡ ʠ ʭʨʘʥʷʱʠʡʩʷ ʚ ʩʦʟʥʘʥʠʠ.  

  ʇʘʥʩʧʝʨʤʠʷ ð ʛʠʧʦʪʝʟʘ ʦ ʨʘʩʧʦʣʦʞʝʥʠʠ ʚʦ ɺʩʝʣʝʥʥʦʡ ʟʘʨʦʜʳʰʝʡ 

ʞʠʚʳʭ ʩʫʱʝʩʪʚ ʧʦʷʚʣʝʥʠʝ ʞʠʟʥʠ ʥʘ ɿʝʤʣʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʥʦʩʘ ʩ ʜʨʫʛʠʭ 

ʧʣʘʥʝʪ ʥʝʢʠʭ ʟʘʨʦʜʳʰʝʡ ʞʠʟʥʠ.  

  ʇʘʨʘʜʠʛʤʘ (ʛʨʝʯ. ð ʧʨʠʤʝʨ, ʦʙʨʘʟʝʮ) ð ʥʘʫʯʥʘʷ ʪʝʦʨʠʷ, ʚʦʧʣʦ-

ʱʝʥʥʘʷ ʚ ʩʠʩʪʝʤʝ ʧʦʥʷʪʠʡ, ʚʳʨʘʞʘʶʱʠʭ ʩʫʱʝʩʪʚʝʥʥʳʝ ʯʝʨʪʳ ʜʝʡʩʪʚʠ-

ʪʝʣʴʥʦʩʪʠ, ʠʩʭʦʜʥʘʷ ʢʦʥʮʝʧʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ ʧʦʩʪʘʥʦʚʢʠ ʧʨʦʙʣʝʤ ʠ ʠʭ ʨʝ-

ʰʝʥʠʷ, ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʛʦʩʧʦʜʩʪʚʫʶʱʠʭ ʚ ʪʝʯʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ 

ʚʨʝʤʝʥʠ ʚ ʥʘʫʯʥʦʤ ʩʦʦʙʱʝʩʪʚʝ, ʠ ʜʘʶʱʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʤʠʨʝ. ʉʤʝʥʘ 

ʧʘʨʘʜʠʛʤ ʧʨʦʠʩʭʦʜʠʪ ʚ ʭʦʜʝ ʥʘʫʯʥʳʭ ʨʝʚʦʣʶʮʠʡ.  

  ʇʘʨʘʜʦʢʩ (ʛʨʝʯ. ð ʥʝʦʞʠʜʘʥʥʳʡ, ʩʪʨʘʥʥʳʡ) ð ʥʝʦʞʠʜʘʥʥʦʝ, ʥʝ-

ʧʨʠʚʳʯʥʦʝ, ʨʘʩʭʦʜʷʱʝʝʩʷ ʩ ʠʤʝʶʱʠʤʠʩʷ ʟʥʘʥʠʷʤʠ ʠʣʠ ʪʨʘʜʠʮʠʷʤʠ 

ʫʪʚʝʨʞʜʝʥʠʝ, ʨʘʩʩʫʞʜʝʥʠʝ ʠʣʠ ʚʳʚʦʜ. ɺ ʣʦʛʠʢʝð ʧʨʦʪʠʚʦʨʝʯʠʝ, ʧʦʣʫʯʝʥ-

ʥʦʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʥʝʰʥʝ ʣʦʛʠʯʝʩʢʠ ʧʨʘʚʠʣʴʥʦʛʦ ʨʘʩʩʫʞʜʝʥʠʷ, ʥʦ ʧʨʠʚʦ-

ʜʷʱʝʝ ʢ ʚʟʘʠʤʥʦ ʧʨʦʪʠʚʦʨʝʯʘʱʠʤ ʟʘʢʣʶʯʝʥʠʷʤ. ɺ ʦʙʱʝʤ ʩʤʳʩʣʝ ð ʥʝ-

ʦʙʳʯʥʳʝ ʷʚʣʝʥʠʷ ʚ ʧʨʠʨʦʜʝ, ʧʨʦʪʠʚʦʨʝʯʘʱʠʝ ʣʦʛʠʯʝʩʢʦʤʫ ʨʘʟʚʠʪʠʶ ʩʦ-

ʙʳʪʠʡ, ʠʣʠ ʥʝʦʨʜʠʥʘʨʥʳʝ ʫʤʦʟʘʢʣʶʯʝʥʠʷ ʚ ʪʝʦʨʠʠ, ʥʝ ʧʦʜʜʘʶʱʠʝʩʷ ʣʦʛʠ-

ʯʝʩʢʦʤʫ ʦʙʲʷʩʥʝʥʠʶ.  

  ʇʘʨʘʜʦʢʩ (ʧʨʠʥʮʠʧ) ʨʘʟʚʠʪʠʷ ʚ ʙʠʦʣʦʛʠʠ ð ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʦʙʲ-

ʷʩʥʠʪʴ ʚʳʩʰʠʡ ʫʨʦʚʝʥʴ ʨʘʟʚʠʪʠʷ ʥʘ ʦʩʥʦʚʝ ʥʠʟʰʝʛʦ, ʪʘʢ ʢʘʢ ʣʶʙʦʡ ʙʦʣʝʝ 

ʚʳʩʦʢʠʡ ʩʪʨʫʢʪʫʨʥʳʡ ʫʨʦʚʝʥʴ ʞʠʚʦʛʦ ʥʝʧʨʝʤʝʥʥʦ ʩʦʜʝʨʞʠʪ ʦʧʨʝʜʝʣʝʥ-

ʥr ʝ ʥʦʚʳʝ ʢʘʯʝʩʪʚʘ, ʢʦʪʦʨʳʤʠ ʥʝ ʦʙʣʘʜʘʶʪ ʥʠʟʰʠʝ, ʪ.ʝ. ʥʝʣʴʟʷ ʥʘʧʨʷʤʫʶ 

ʚʳʚʝʩʪʠ ʚʳʩʰʝʝ ʠʟ ʥʠʟʰʝʛʦ.  

  ʇʘʨʘʜʦʢʩ ʌʦʨʩʪʝʨʘ ð ʫʩʪʦʡʯʠʚʦʩʪʴ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʫʤʝʥʴʰʘ-

ʝʪʩʷ, ʘ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ð ʚʦʟʨʘʩʪʘʝʪ ʩ ʨʦʩʪʦʤ ʠʭ ʩʣʦʞʥʦʩʪʠ.  



 

  ʇʘʨʘʟʠʪ ð ʞʠʚʦʪʥʳʡ ʠʣʠ ʨʘʩʪʠʪʝʣʴʥʳʡ ʦʨʛʘʥʠʟʤ, ʞʠʚʫʱʠʡ ʥʘ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʠʣʠ ʚʥʫʪʨʠ ʜʨʫʛʦʛʦ ʦʨʛʘʥʠʟʤʘ ʠ ʧʠʪʘʶʱʠʡʩʷ ʟʘ ʝʛʦ ʩʯʝʪ.  

  ʇʘʨʘʤʝʪʨ ð ʚʝʣʠʯʠʥʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʢʘʢʦʝ-ʣʠʙʦ ʩʚʦʡʩʪʚʦ ʧʨʦ-

ʮʝʩʩʘ, ʷʚʣʝʥʠʷ ʠʣʠ ʩʠʩʪʝʤʳ.  

ʇʘʨʘʥʘʫʢʘ (ʧʩʝʚʜʦʥʘʫʢʘ) ð ʥʘʫʯʥʳʝ ʧʨʝʜʨʘʩʩʫʜʢʠ ʠ ʩʫʝʚʝʨʠʷ, 

ʨʘʟʣʠʯʥʳʝ ʬʦʨʤʳ ʥʘʫʢʦʦʙʨʘʟʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʠʟʫʯʝʥʠʝ 

ʧʘʨʘʥʦʨʤʘʣʴʥʳʭ ʷʚʣʝʥʠʡ.  

ʇʘʨʘʥʦʨʤʘʣʴʥʳʝ ʷʚʣʝʥʠʷ ð ʥʝʦʙʳʯʥʳʝ ʷʚʣʝʥʠʷ, ʧʦʢʘ ʥʝ ʦʙʲʷʩʥʷ-

ʝʤʳʝ ʥʘʫʢʦʡ, ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʠʭ ʥʝ ʧʦʜʪʚʝʨʞʜʝʥʘ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʦʡ.  

  ʇʘʨʘʬʠʥ ð ʚʦʩʢʦʧʦʜʦʙʥʦʝ ʚʝʱʝʩʪʚʦ, ʩʤʝʩʴ ʧʨʝʜʝʣʴʥʳʭ ʫʛʣʝʚʦʜʦ-

ʨʦʜʦʚ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʩʦʩʪʘʚʘ.  

  ʇʘʨʝʥʭʠʤʘ ð ʫ ʨʘʩʪʝʥʠʡ ʦʩʥʦʚʥʘʷ ʪʢʘʥʴ ʠʟ ʢʣʝʪʦʢ ʙʦʣʝʝ ʠʣʠ ʤʝʥʝʝ 

ʦʜʠʥʘʢʦʚʦʛʦ ʨʘʟʤʝʨʘ, ʫ ʞʠʚʦʪʥʳʭ ð ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʡ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢ 

ʥʘʩʪʦʷʱʝʡ ʪʢʘʥʠ.  

  ʇʘʨʥʠʢʦʚʳʡ ʵʬʬʝʢʪ ð ʥʘʛʨʝʚ ʚʥʫʪʨʝʥʥʠʭ ʩʣʦʝʚ ʘʪʤʦʩʬʝʨʳ, ʧʨʦ-

ʟʨʘʯʥʳʭ ʜʣʷ ʩʧʝʢʪʨʘ ʩʦʣʥʝʯʥʳʭ ʣʫʯʝʡ, ʥʦ ʧʦʛʣʦʱʘʶʱʠʭ ʪʝʧʣʦʚʦʝ ʠʟʣʫʯʝ-

ʥʠʝ ɿʝʤʣʠ.  

  ʇʘʪʪʝʨʥʳ ð ʣʶʙʦʝ ʫʟʥʘʚʘʝʤʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʦʙʲʝʢʪʦʚ ʚ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝ ʠ ʚʨʝʤʝʥʠ; ʢʘʢ ʙʳ ʢʘʨʪʠʥʳ (ʬʦʨʤʳ) ʧʦʚʝʜʝʥʠʷ ʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʙʲ-

ʝʢʪʦʚ ʚ ʩʦʟʥʘʥʠʠ ʯʝʣʦʚʝʢʘ.  

  ʇʝʧʪʠʜʥʘʷ ʩʚʷʟʴ ð ʭʠʤʠʯʝʩʢʘʷ ʩʚʷʟʴ, ʩʦʝʜʠʥʷʶʱʘʷ ʘʤʠʥʦʛʨʫʧʧʫ 

(Ɂȼ2) ʦʜʥʦʡ ʘʤʠʥʦʢʠʩʣʦʪʳ ʩ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʦʡ (COOH) ʜʨʫʛʦʡ ʚ 

ʤʦʣʝʢʫʣʘʭ ʧʝʧʪʠʜʦʚ ʠ ʙʝʣʢʦʚ.  

  ʇʝʧʪʠʜʳ ð ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʦʩʪʘʪʢʦʚ ʘʤʠʥʦ-

ʢʠʩʣʦʪ, ʩʦʝʜʠʥʝʥʥʳʭ ʧʝʧʪʠʜʥʦʡ ʩʚʷʟʴʶ.  

  ʇʝʨʠʦʜ (ʛʨʝʯ. ð ʦʙʭʦʜ, ʢʨʫʛʦʚʦʨʦʪ) ð ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ, ʦʭʚʘ-

ʪʳʚʘʶʱʠʡ ʢʘʢʦʡ-ʣʠʙʦ ʟʘʢʦʥʯʝʥʥʳʡ ʧʨʦʮʝʩʩ.  

  ʇʝʨʠʦʜʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ð ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʠʟʤʝʥʝʥʠʝ ʢʘʢʦʛʦ-ʣʠʙʦ 

ʧʘʨʘʤʝʪʨʘ (ʮʚʝʪʘ ʚ ʨʝʘʢʮʠʠ ɹʝʣʦʫʩʦʚʘ ð ɾʘʙʦʪʠʥʩʢʦʛʦ) ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʣʠ 

ʭʦʜʝ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ.  

  ʇʝʩʪʠʮʠʜʳ (ʦʪ ʣʘʪ. pestis ð ʟʘʨʘʟʘ ʠ caedo ð ʫʙʠʚʘʶ) ð ʷʜʦʭʠʤʠ-

ʢʘʪʳ, ʭʠʤʠʯʝʩʢʠʝ ʧʨʝʧʘʨʘʪʳ ʜʣʷ ʙʦʨʴʙʳ ʩ ʩʦʨʥʷʢʘʤʠ (ʛʝʨʙʠʮʠʜʳ), ʩ ʚʨʝ-

ʜʠʪʝʣʷʤʠ (ʠʥʩʝʢʪʠʮʠʜʳ, ʘʢʘʨʠʮʠʜʳ), ʙʦʣʝʟʥʷʤʠ (ʬʫʥʛʠʮʠʜʳ, ʙʘʢʪʝʨʠʮʠ-

ʜʳ) ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʨʘʩʪʝʥʠʡ, ʜʝʨʝʚʴʝʚ, ʢʫʩʪʘʨʥʠʢʦʚ, ʟʝʨʥʘ ʠ ʪ.ʜ.  

  ʇʠʛʤʝʥʪʳ ð ʦʢʨʘʰʝʥʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ. ɺ ʙʠʦʣʦʛʠʠ ð 

ʦʢʨʘʰʝʥʥʳʝ ʚʝʱʝʩʪʚʘ ʪʢʘʥʝʡ ʦʨʛʘʥʠʟʤʦʚ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʠʭ ʞʠʟʥʝʜʝʷ-

ʪʝʣʴʥʦʩʪʠ ʠ ʦʙʫʩʣʦʚʣʠʚʘʶʱʠʝ ʦʢʨʘʩʢʫ ʦʨʛʘʥʠʟʤʦʚ.  



 

  ʇʣʘʥʢʪʦʥ ð ʩʦʚʦʢʫʧʥʦʩʪʴ ʦʨʛʘʥʠʟʤʦʚ, ʦʙʠʪʘʶʱʠʭ ʚ ʪʦʣʱʝ ʚʦʜʳ ʠ 

ʥʝʩʧʦʩʦʙʥʳʭ ʧʨʦʪʠʚʦʩʪʦʷʪʴ ʧʝʨʝʥʦʩʫ ʪʝʯʝʥʠʝʤ.  

  ʇʣʦʪʥʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʠ (ʧʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ) 

ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ X ð ʵʪʦ ʬʫʥʢʮʠʷ ʨ(ʭ) ʪʘʢʘʷ, ʯʪʦ ʧʨʠ ʨ(ʭ) > 0; P(x)dx = 

1 ʠ ʧʨʠ ʣʶʙʳʭ ʘ < b ʚʝʨʦʷʪʥʦʩʪʴ ʩʦʙʳʪʠʷ ʘ < x < b ʨʘʚʥʘ P(x)dx.  

  ʇʦʜʦʙʠʝ ð ʪʘʢʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʷʚʣʝʥʠʡ ʠʣʠ ʧʨʦʮʝʩʩʦʚ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʚ ʩʭʦʜʩʪʚʝʥʥʳʝ ʚʨʝʤʝʥʘ ʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥ, ʭʘʨʘʢʪʝʨʠʟʫʶ-

ʱʠʭ ʩʦʩʪʦʷʥʠʝ ʦʜʥʦʡ ʩʠʩʪʝʤʳ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʟʥʘ-

ʯʝʥʠʷʤ ʚʝʣʠʯʠʥ ʜʣʷ ʜʨʫʛʦʡ ʩʠʩʪʝʤʳ.  

  ʇʦʡʢʠʣʦʪʝʨʤʥʳʡ ð ʪʝʧʣʦʢʨʦʚʥʳʡ.  

ʇʦʣʝ ð ʚ ʬʠʟʠʢʝ ʩʧʝʮʠʬʠʯʥʘʷ ʬʦʨʤʘ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʤʘʪʝʨʠʠ, ʢʦʪʦ-

ʨʘʷ ʩʚʷʟʳʚʘʝʪ ʯʘʩʪʠʮʳ (ʦʙʲʝʢʪʳ) ʚʝʱʝʩʪʚʘ ʚ ʝʜʠʥʳʝ ʩʠʩʪʝʤʳ ʠ ʧʝʨʝʜʘʝʪ ʩ 

ʢʦʥʝʯʥʦʡ ʩʢʦʨʦʩʪʴʶ ʜʝʡʩʪʚʠʝ ʦʜʥʠʭ ʯʘʩʪʠʮ (ʦʙʲʝʢʪʦʚ, ʧʦʥʷʪʠʡ ð ʩʤʳʩ-

ʣʦʚʦʝ ʧʦʣʝ) ʥʘ ʜʨʫʛʠʝ. ʇʦʩʢʦʣʴʢʫ ʚ ʨʝʘʣʴʥʦʤ ʤʠʨʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʥʝʧʨʝ-

ʨʳʚʥʦ, ʪʦ ʥʘʙʦʨ ʣʶʙʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʪʦʯʢʘʭ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ 

ʚʨʝʤʝʥʠ ʠʤʝʝʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʠ ʪʘʢʦʡ ʥʘʙʦʨ ʷʚʣʷʝʪʩʷ ʬʠʟʠʯʝʩʢʦʡ 

ʤʦʜʝʣʴʶ ʧʦʣʷ. ɺ ʮʝʣʦʤ ʧʦʣʝ ð ʵʪʦ ʥʝʢʦʝ ʘʙʩʪʨʘʢʪʥʦʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʩʢʘʣʷʨʥʳʭ ʠ ʚʝʢʪʦʨʥʳʭ ʚʝʣʠʯʠʥ, ʦʧʠʩʳ-

ʚʘʁʱʠʭ ʨʝʘʣʴʥʳʡ ʤʠʨ (ʧʨʠʤʝʨʳ ʧʦʣʝʡ ð ʩʢʘʣʷʨʥʦʝ ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ, 

ʚʝʢʪʦʨʥʳʝ ʧʦʣʷ ʪʝʢʫʱʝʡ ʞʠʜʢʦʩʪʠ, ʚʝʢʪʦʨʳ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʦʤʘʛ-

ʥʠʪʥʦʛʦ ʧʦʣʷ, ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʧʦʣʝ ʠ ʪ.ʜ.). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʠʟʠʯʝʩʢʦʝ ʧʦ-

ʣʝ ð ʵʪʦ ʣʶʙʘʷ ʬʠʟʠʯʝʩʢʘʷ ʚʝʣʠʯʠʥʘ, ʢʦʪʦʨʘʷ ʚ ʨʘʟʥʳʭ ʪʦʯʢʘʭ ʧʨʦʩʪʨʘʥ-

ʩʪʚʘ ʧʨʠʥʠʤʘʝʪ ʨʘʟʣʠʯʥʳʝ ʟʥʘʯʝʥʠʷ. ɺ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʩʤʳʩʣʝ ʧʦʣʝ ʤʦʞ-

ʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʚʨʝʤʝʥʠ. ɺ 

ʩʠʣʫ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʬʫʥʢʮʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʧʦʣʝ, ʦʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʙʝʩ-

ʢʦʥʝʯʥʳʤ ʯʠʩʣʦʤ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ. ʊʘʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʧʦʣʝ ʧʨʠʤʝ-

ʥʠʤʦ ʢʦ ʤʥʦʛʠʤ ʷʚʣʝʥʠʷʤ ʧʨʠʨʦʜʳ, ʩʦʮʠʫʤʘ ʠ ʙʠʦʩʬʝʨʳ.  

  ʇʦʣʠʤʝʨʳ (ʧʦʣʠ... ʠ ʛʨʝʯ. ð ʜʦʣʷ, ʯʘʩʪʴ) ð ʚʝʱʝʩʪʚʘ, ʤʦʣʝʢʫʣʳ 

(ʤʘʢʨʦʤʦʣʝʢʫʣʳ), ʢʦʪʦʨʳʝ ʩʦʩʪʦʷʪ ʠʟ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʟʚʝʥʴʝʚ. ʇʦʣʠʤʝʨʠ-

ʟʘʮʠʷð ʧʨʦʮʝʩʩ ʠʣʠ ʩʠʥʪʝʟ ʧʦʣʫʯʝʥʠʷ ʧʦʣʠʤʝʨʦʚ.  

  ʇʦʣʠʤʦʨʬʠʟʤ (ʧʦʣʠ... ʠ ʛʨʝʯ. ð ʬʦʨʤʘ) ð ʩʚʦʡʩʪʚʦ ʥʝʢʦʪʦʨʳʭ ʚʝ-

ʱʝʩʪʚ ʩʫʱʝʩʪʚʦʚʘʪʴ ʚ ʥʝʩʢʦʣʴʢʠʭ ʬʦʨʤʘʭ, ʥʘʧʨʠʤʝʨ, ʚ ʥʝʩʢʦʣʴʢʠʭ ʢʨʠ-

ʩʪʘʣʣʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʷʭ (ʤʦʜʠʬʠʢʘʮʠʷʭ) ʩ ʨʘʟʥʦʡ ʩʪʨʫʢʪʫʨʦʡ (ʥʘʧʨʠʤʝʨ, 

ʘʣʤʘʟ ʠ ʛʨʘʬʠʪ). ɺ ʙʠʦʣʦʛʠʠ ð ʥʘʣʠʯʠʝ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʚʠʜʘ 

ʞʠʚʦʪʥʳʭ ʠʣʠ ʨʘʩʪʝʥʠʡ ʦʩʦʙʝʡ, ʨʝʟʢʦ ʦʪʣʠʯʘʶʱʠʭʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ.  

  ʇʦʧʫʣʷʮʠʦʥʥʘʷ ʛʝʥʝʪʠʢʘ ð ʨʘʟʜʝʣ ʛʝʥʝʪʠʢʠ, ʠʟʫʯʘʶʱʠʡ ʛʝʥʝʪʠ-

ʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʠ ʜʠʥʘʤʠʢʫ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʧʫʣʷʮʠʡ.  



 

  ʇʦʧʫʣʷʮʠʷ ð ʩʦʚʦʢʫʧʥʦʩʪʴ ʦʩʦʙʝʡ ʜʘʥʥʦʛʦ ʚʠʜʘ, ʟʘʥʠʤʘʶʱʠʭ ʪʝʨ-

ʨʠʪʦʨʠʶ ʚʥʫʪʨʠ ʘʨʝʘʣʘ ʚʠʜʘ, ʩʚʦʙʦʜʥʦ ʩʢʨʝʱʠʚʘʶʱʠʭʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʠ 

ʯʘʩʪʠʯʥʦ ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʦʪ ʩʦʩʝʜʥʠʭ ʩʦʚʦʢʫʧʥʦʩʪʝʡ ʪʦʛʦ 

ʞʝ ʚʠʜʘ. ʆʙʣʘʜʘʝʪ ʦʧʨʝʜʝʣʝʥʥʳʤ ʛʝʥʦʬʦʥʜʦʤ ʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʵʣʝ-

ʤʝʥʪʘʨʥʘʷ ʝʜʠʥʠʮʘ ʵʚʦʣʶʮʠʠ ʥʘ ʧʦʧʫʣʷʮʠʦʥʥʦʤ ʫʨʦʚʥʝ ʦʨʛʘʥʠʟʘʮʠʠ ʞʠʟ-

ʥʠ.  

  ʇʦʨʷʜʦʢ ð ʨʝʛʫʣʷʨʥʦʝ (ʧʝʨʠʦʜʠʯʝʩʢʦʝ) ʨʘʩʧʦʣʦʞʝʥʠʝ ʯʘʩʪʠʮ, ʦʙʲ-

ʝʢʪʦʚ, ʧʨʝʜʤʝʪʦʚ ʧʦ ʚʩʝʤʫ ʟʘʥʠʤʘʝʤʦʤʫ ʧʨʦʩʪʨʘʥʩʪʚʫ (ʦʙʲʝʤʫ); ʧʦʩʣʝʜʦ-

ʚʘʪʝʣʴʥʳʡ ʭʦʜ ʯʝʛʦ-ʥʠʙʫʜʴ; ʧʨʘʚʠʣʘ, ʧʦ ʢʦʪʦʨʳʤ ʩʦʚʝʨʰʘʝʪʩʷ ʯʪʦ-ʥʠʙʫʜʴ; 

ʯʠʩʣʦʚʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʦʡ ʠʣʠ ʠʥʦʡ ʚʝʣʠʯʠʥʳ.  

  ʇʦʪʝʥʮʠʘʣ (ʣʘʪ. ð ʩʠʣʘ) (ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʬʫʥʢʮʠʷ) ð ʚ ʬʠʟʠʢʝ 

ʧʦʥʷʪʠʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝ ʰʠʨʦʢʠʡ ʢʣʘʩʩ ʧʦʣʝʡ, ʬʠʟʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 

ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʝʢʪʦʨʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ. ʇʦʪʝʥʮʠʘʣ ʚʝʢʪʦʨʥʦʛʦ 

ʧʦʣʷ a (x,y, z) ʝʩʪʴ ʩʢʘʣʷʨʥʘʷ ʚʝʣʠʯʠʥʘ U {x,y. z), ʢʦʪʦʨʘʷ ʩʚʷʟʘʥʘ ʩ ʘ ʯʝʨʝʟ 

ʛʨʘʜʠʝʥʪ ʘ = grad U. ɺ ʦʙʱʝʤ ʩʤʳʩʣʝ ð ʠʩʪʦʯʥʠʢ, ʚʦʟʤʦʞʥʦʩʪʴ, ʩʨʝʜʩʪʚʦ, 

ʟʘʧʘʩ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʠʣʠ ʜʦʩʪʠʞʝ-

ʥʠʷ ʮʝʣʠ.  

  ʇʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ð ʯʘʩʪʴ ʦʙʱʝʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʩʠ-

ʩʪʝʤʳ, ʟʘʚʠʩʷʱʘʷ ʦʪ ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʝʝ ʯʘʩʪʠʮ ʠ ʦʪ ʠʭ ʧʦʣʦʞʝʥʠʷ 

ʚʦ ʚʥʝʰʥʝʤ ʩʠʣʦʚʦʤ ʧʦʣʝ (ʥʘʧʨʠʤʝʨ, ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ).  

  ʇʨʝʜʚʟʷʪʳʡ ð ʟʘʨʘʥʝʝ ʣʦʞʥʦ ʧʨʠʥʷʪʳʡ (ʦ ʤʳʩʣʠ, ʨʝʰʝʥʠʠ), ʦʩʥʦ-

ʚʘʥʥʳʡ ʥʘ ʧʨʝʜʫʙʝʞʜʝʥʠʠ.  

  ʇʨʝʜʚʠʜʝʥʠʝ (ʧʨʝʢʦʛʥʠʮʠʷ) ð ʩʧʦʩʦʙʥʦʩʪʴ ʯʝʣʦʚʝʢʘ ʧʦʣʫʯʘʪʴ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʦʙʳʪʠʷʭ ʠʣʠ ʩʚʦʡʩʪʚʘʭ ʧʨʝʜʤʝʪʦʚ, ʧʨʦʮʝʩʩʦʚ ʠ ʷʚʣʝʥʠʡ 

ʨʘʥʴʰʝ, ʯʝʤ ʵʪʠ ʩʦʙʳʪʠʷ ʧʨʦʠʟʦʰʣʠ, ʧʨʦʷʚʠʣʠʩʴ; ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʭʦʜʘ 

ʩʦʙʳʪʠʡ ʥʘ ʦʩʥʦʚʝ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʦʧʳʪʘ.  

ʇʨʝʜʠʢʪʦʨ ð ʧʨʦʛʥʦʟʠʨʫʝʤʘʷ ʩʠʩʪʝʤʘ. 

ʇʨʝʜʧʦʩʳʣʢʘ ð ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʫʩʣʦʚʠʝ ʯʝʛʦ-ʣʠʙʦ, ʠʩʭʦʜʥʳʡ 

ʧʫʥʢʪ ʢʘʢʦʛʦ-ʣʠʙʦ ʨʘʩʩʫʞʜʝʥʠʷ. 

ʇʨʝʜʩʪʘʚʣʝʥʠʝ ð ʯʫʚʩʪʚʝʥʥʦ-ʥʘʛʣʷʜʥʳʡ ʦʙʨʘʟ ʧʨʝʜʤʝʪʦʚ ʠ ʷʚʣʝ-

ʥʠʡ, ʩʦʭʨʘʥʷʝʤʳʡ ʚ ʩʦʟʥʘʥʠʠ ʙʝʟ ʠʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ; ʟʥʘ-

ʥʠʝ, ʧʦʥʠʤʘʥʠʝ ʯʝʛʦ-ʣʠʙʦ. 

ʇʨʠʟʥʘʢ ð ʩʚʦʡʩʪʚʦ, ʦʩʦʙʝʥʥʦʩʪʴ, ʧʦ ʢʦʪʦʨʳʤ ʤʦʞʥʦ ʫʟʥʘʪʴ, ʦʧʨʝ-

ʜʝʣʠʪʴ ʯʪʦðʣʠʙʦ. 

ʇʨʠʤʠʪʠʚ ð ʥʝʯʪʦ ʧʨʦʩʪʦʝ, ʥʝʨʘʟʚʠʚʰʝʝʩʷ. 

ʇʨʠʤʠʪʠʚʠʟʤ ð ʫʧʨʦʱʝʥʥʳʡ ʧʦʜʭʦʜ ʢ ʩʣʦʞʥʳʤ ʧʨʦʙʣʝʤʘʤ. 



 

ʇʨʠʥʮʠʧ ð ʫʪʚʝʨʞʜʝʥʠʝ, ʦʩʥʦʚʥʦʝ ʧʦʣʦʞʝʥʠʝ; ʚʥʫʪʨʝʥʥʝʝ ʫʙʝʞʜʝ-

ʥʠʝ ʯʝʣʦʚʝʢʘ; ʦʩʥʦʚʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʫʩʪʨʦʡʩʪʚʘ ʤʝʭʘʥʠʟʤʘ ʠʣʠ ʧʨʠʙʦʨʘ. 

ʇʨʠʥʮʠʧ ʠʝʨʘʨʭʠʯʝʩʢʦʛʦ ʧʦʜʯʠʥʝʥʠʷ (ʍʘʛʝʥʘ) ð ʜʦʣʛʦʞʠʚʫʱʠʝ 

ʧʝʨʝʤʝʥʥʳʝ ʧʦʜʯʠʥʷʶʪ ʩʝʙʝ ʢʦʨʦʪʢʦʞʠʚʫʱʠʝ. 

ʇʨʠʥʮʠʧ ʢʦʤʧʣʝʤʝʥʪʘʨʥʦʩʪʠ ð ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʩʥʦʚʘʥʠʡ ʚ 

ʦʜʥʦʡ ʥʠʪʠ ɼʅʂ ʚ ʪʦʯʥʦʩʪʠ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʩʥʦʚʘ-

ʥʠʡ ʚ ʜʨʫʛʦʡ ʥʠʪʠ. 

ʇʨʠʥʮʠʧ ʃʝ ʐʘʪʝʣʴʝ ð ʚʥʝʰʥʝʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʚʳʚʦʜʷʱʝʝ ʩʠʩʪʝʤʫ 

ʠʟ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ, ʚʳʟʳʚʘʝʪ ʚ ʥʝʡ ʧʨʦʮʝʩʩʳ, ʩʪʨʝʤʷʱʠʝ-

ʩʷ ʦʩʣʘʙʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʵʪʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. 

ʇʨʠʥʮʠʧ ʄʘʭʘ ð ʠʜʝʷ ʦʙ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ ʣʦʢʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʤʘ-

ʪʝʨʠʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚʩʝʡ ʤʘʪʝ-

ʨʠʠ ʤʠʨʘ, ʪ.ʝ. ʛʣʦʙʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʚʩʝʡ ɺʩʝʣʝʥʥʦʡ. 

ʇʨʠʥʮʠʧ ʤʠʥʠʤʘʢʩʘ ð ʤʠʥʠʤʫʤ ʧʦʪʝʨʴ ʠ ʤʘʢʩʠʤʫʤ ʜʦʩʪʠʞʝʥʠʡ 

ʧʨʠ ʨʝʰʝʥʠʠ ʣʶʙʳʭ ʧʨʦʙʣʝʤ; ʜʦʣʞʝʥ ʣʝʞʘʪʴ ʚ ʦʩʥʦʚʝ ʜʝʷʪʝʣʴʥʦʩʪʠ ʣʶʙʦ-

ʛʦ ʩʦʮʠʘʣʴʥʦʛʦ ʩʫʙʲʝʢʪʘ. 

ʇʨʠʥʮʠʧ ʥʘʠʤʝʥʴʰʝʛʦ ʜʝʡʩʪʚʠʷ ð ʦʜʠʥ ʠʟ ʚʘʨʠʘʮʠʦʥʥʳʭ ʧʨʠʥ-

ʮʠʧʦʚ ʤʝʭʘʥʠʢʠ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʜʣʷ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʩʨʘʚʥʠʚʘʝʤʳʭ 

ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʜʚʠʞʝʥʠʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʦ, ʜʣʷ ʢʦ-

ʪʦʨʦʛʦ ʜʝʡʩʪʚʠʝ ʤʠʥʠʤʘʣʴʥʦ. 

  ʇʨʠʥʮʠʧ ʆʥʩʘʛʝʨʘ ð ʪʝʦʨʝʤʘ ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʪʝʨʤʦʜʠʥʘʤʠʢʠ, 

ʫʩʪʘʥʘʚʣʠʚʘʶʱʘʷ ʣʠʥʝʡʥʫʶ ʩʚʷʟʴ ʤʝʞʜʫ ʧʦʪʦʢʘʤʠ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤʠ 

ʩʠʣʘʤʠ. ʇʨʠ ʥʝʙʦʣʴʰʠʭ ʦʪʢʣʦʥʝʥʠʷʭ ʦʪ ʨʘʚʥʦʚʝʩʠʷ ʧʦʪʦʢʠ ʪʝʧʣʘ ʠ ʚʝʱʝ-

ʩʪʚʘ ʷʚʣʷʶʪʩʷ ʣʠʥʝʡʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʛʨʘʜʠʝʥʪʦʚ ʪʝʤʧʝʨʘʪʫʨ ʠ ʭʠʤʠʯʝ-

ʩʢʠʭ ʧʦʪʝʥʮʠʘʣʦʚ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤʳ (ʩʦʦʪʥʦʰʝʥʠʝ ʆʥʩʘʛʝ-

ʨʘ). ʕʪʦʪ ʧʨʠʥʮʠʧ ʧʦʟʚʦʣʷʝʪ ʝʜʠʥʳʤ ʦʙʨʘʟʦʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʷʚʣʝʥʠʷ ʧʝʨʝ-

ʥʦʩʘ.  

  ʇʨʠʥʮʠʧ ʦʧʪʠʤʘʣʴʥʦʩʪʠ (ʵʢʩʪʨʝʤʘʣʴʥʦʩʪʠ, ʚʘʨʠʘʮʠʦʥʥʳʡ 

ʧʨʠʥʮʠʧ) ð ʧʨʠʥʮʠʧ, ʧʦʟʚʦʣʷʶʱʠʡ ʥʘʡʪʠ ʦʙʦʙʱʝʥʥʫʶ ʦʧʪʠʤʘʣʴʥʫʶ 

(ʥʘʠʣʫʯʰʫʶ) ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʧʨʦʮʝʩʩʘ ʚ ʫʩʣʦʚʠʷʭ, ʙʣʠʟʢʠʭ (ʦʧʪʠʤʘʣʴʥʳʭ) 

ʢ ʨʘʚʥʦʚʝʩʥʳʤ; ʦʪʨʘʞʘʝʪ ʥʘʠʙʦʣʝʝ ʦʙʱʠʝ ʩʚʦʡʩʪʚʘ ʩʠʩʪʝʤʳ, ʠʟ ʢʦʪʦʨʳʭ 

ʤʦʞʥʦ ʥʘʡʪʠ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʠʣʠ ʫʩʣʦʚʠʷ ʨʘʚʥʦʚʝʩʠʷ.  

  ʇʨʠʥʮʠʧ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ  

  ʇʨʠʥʮʠʧ ʀ.ʈ. ʇʨʠʛʦʞʠʥʘ (ʧʨʠʥʮʠʧ ʧʝʨʝʭʦʜʘ ʦʪ ʭʘʦʩʘ ʢ ʧʦʨʷʜ-

ʢʫ) ð çʀʩʪʦʯʥʠʢʦʤ ʧʦʨʷʜʢʘ ʷʚʣʷʝʪʩʷ ʥʝʨʘʚʥʦʚʝʩʥʦʩʪʴ. ʅʝʨʘʚʥʦʚʝʩʥʦʩʪʴ 

ʝʩʪʴ ʪʦ, ʯʪʦ ʧʦʨʦʞʜʘʝʪ ʧʦʨʷʜʦʢ ʠʟ ʭʘʦʩʘè.  



 

  ʇʨʠʥʮʠʧ ʧʨʠʯʠʥʥʦʩʪʠ ð ʚ ʬʠʟʠʢʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʧʨʠʯʠʥʥʦ-

ʩʣʝʜʩʪʚʝʥʥʫʶ ʩʚʷʟʴ ʤʝʞʜʫ ʷʚʣʝʥʠʷʤʠ ʠ ʜʦʧʫʩʪʠʤʳʤʠ ʧʨʝʜʝʣʘʤʠ ʚʣʠʷʥʠʷ 

ʬʠʟʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ ʜʨʫʛ ʥʘ ʜʨʫʛʘ. ʆʥ ʠʩʢʣʶʯʘʝʪ ʚʣʠʷʥʠʝ ʜʘʥʥʦʛʦ ʩʦʙʳ-

ʪʠʷ ʥʘ ʚʩʝ ʧʨʦʠʩʰʝʜʰʠʝ, ʘ ʪʘʢʞʝ ʪʨʝʙʫʝʪ ʦʪʩʫʪʩʪʚʠʷ ʚʟʘʠʤʥʦʛʦ ʚʣʠʷʥʠʷ 

ʩʦʙʳʪʠʡ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʩʪʦʷʥʠʝ  

  ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʩʪʦʣʴ ʚʝʣʠʢʦ, ʘ ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ ʥʠʤʠ 

ʩʪʦʣʴ ʤʘʣ, ʯʪʦ ʦʥʠ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩʠʛʥʘʣʦʤ (ʥʘʧʨʠʤʝʨ, ʩʚʝʪʦʚʳʤ).  

  ʇʨʠʥʮʠʧ ʌ. ʈʝʜʠ ð ʚʩʝ ʞʠʚʦʝ ʦʪ ʞʠʚʦʛʦ.  

  ʇʨʠʥʮʠʧ ʈʦʜʝʥʘ ð ʦʪʩʝʢʘʪʴ ʚʩʝ ʣʠʰʥʝʝ, ʨʘʮʠʦʥʘʣʴʥʦʝ ʩʦʯʝʪʘʥʠʝ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʠ ʚʦʣʝʚʳʭ ʢʘʯʝʩʪʚ ʚ ʨʫʢʦʚʦʜʩʪʚʝ ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʢʘʢʦ-

ʛʦðʣʠʙʦ ʜʝʣʘ.  

  ʇʨʠʥʮʠʧ ʩʪʨʫʢʪʫʨʥʦʩʪʠ ʚ ʙʠʦʣʦʛʠʠ ð ʚʩʝ ʞʠʚʦʝ ʩʦʩʪʦʠʪ ʠʟ ʢʣʝ-

ʪʦʢ.  

  ʇʨʠʥʮʠʧ ʩʫʧʝʨʧʦʟʠʮʠʠ ð ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʬʠʟʠʢʝ: ʨʝʟʫʣʴʪʠʨʫʶ-

ʱʠʡ ʵʬʬʝʢʪ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʥʝʟʘʚʠʩʠʤʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʫʤʤʫ ʵʬʬʝʢʪʦʚ, ʚʳʟʳʚʘʝʤʳʭ ʢʘʞʜʳʤ ʵʬʬʝʢʪʦʤ ʚ ʦʪʜʝʣʴʥʦʩʪʠ; ʩʧʨʘʚʝʜ-

ʣʠʚ ʜʣʷ ʩʠʩʪʝʤ, ʦʧʠʩʳʚʘʝʤʳʭ ʣʠʥʝʡʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ. ɺ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘ-

ʥʠʢʝ ð ʝʩʣʠ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʩʦʩʪʦʷʥʠʷʭ, ʦʧʠʩʳʚʘʝʤʳʭ ʥʝ-

ʩʢʦʣʴʢʠʤʠ ʚʦʣʥʦʚʳʤʠ ʬʫʥʢʮʠʷʤʠ, ʪʦ ʦʥʘ ʤʦʞʝʪ ʙʳʪʴ ʪʘʢʞʝ ʠ ʚ ʩʦʩʪʦʷʥʠʠ, 

ʦʧʠʩʳʚʘʝʤʦʤ ʣʶʙʦʡ ʣʠʥʝʡʥʦʡ ʢʦʤʙʠʥʘʮʠʝʡ ʵʪʠʭ ʬʫʥʢʮʠʡ.  

  ʇʨʠʥʮʠʧ ʬʘʣʴʩʠʬʠʢʘʮʠʠ (ʚʚʝʜʝʥ ʂ. ʇʦʧʧʝʨʦʤ) ð ʢʨʠʪʝʨʠʝʤ 

ʥʘʫʯʥʦʩʪʠ ʪʝʦʨʠʠ ʷʚʣʷʝʪʩʷ ʝʝ ʬʘʣʴʩʠʬʠʮʠʨʫʝʤʦʩʪʴ ʠʣʠ ʦʧʨʦʚʝʨʞʠʤʦʩʪʴ. 

ɽʩʣʠ ʫʯʝʥʠʝ (ʘʩʪʨʦʣʦʛʠʷ, ʠʜʝʦʣʦʛʠʷ, ʪʝʦʣʦʛʠʷ ʠ ʪ.ʜ.) ʩʧʦʩʦʙʥʦ ʠʩʪʦʣʢʦʚʘʪʴ 

ʣʶʙʳʝ ʬʘʢʪʳ ʚ ʩʚʦʶ ʧʦʣʴʟʫ, ʪ.ʝ. ʥʝʦʧʨʦʚʝʨʞʠʤʦ ʚ ʧʨʠʥʮʠʧʝ, ʪʦ ʦʥʦ ʥʝ 

ʤʦʞʝʪ ʧʨʝʪʝʥʜʦʚʘʪʴ ʥʘ ʩʪʘʪʫʩ ʥʘʫʯʥʦʛʦ.  

  ʇʨʠʥʮʠʧ ʮʝʣʦʩʪʥʦʩʪʠ ð ʤʠʨ ʨʘʩʪʝʥʠʡ ʠ ʞʠʚʦʪʥʳʭ ʝʜʠʥ.  

  ʇʨʠʥʮʠʧ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ ð ʚ ʬʠʟʠʢʝ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʴ ʠʥʝʨʮʠ-

ʦʥʥʦʡ ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʤʘʩʩ. ɹ ʦʙʱʝʤ ʩʤʳʩʣʝ ð ʦʪʥʦʰʝʥʠʝ ʪʠʧʘ ʨʘʚʝʥ-

ʩʪʚʘ.  

  ʇʨʠʥʮʠʧ ʵʨʛʦʜʠʯʥʦʩʪʠ ð ʨʝʟʫʣʴʪʘʪʳ ʥʝʢʦʪʦʨʦʛʦ ʢʦʥʝʯʥʦʛʦ ʯʠʩʣʘ 

ʠʩʧʳʪʘʥʠʡ ʦʜʥʦʛʦ ʵʣʝʤʝʥʪʘ ʥʝ ʜʦʣʞʥʳ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʨʝʟʫʣʴʪʘʪʦʚ ʪʦʛʦ ʞʝ 

ʯʠʩʣʘ ʦʜʠʥʘʢʦʚʳʭ ʵʣʝʤʝʥʪʦʚ.  

  ʇʨʠʦʨʠʪʝʪ ð ʧʝʨʚʝʥʩʪʚʦ ʚʦ ʚʨʝʤʝʥʠ ʚ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʢʘʢʦʡ-ʣʠʙʦ 

ʜʝʷʪʝʣʴʥʦʩʪʠ; ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʩʪʴ, ʧʨʝʦʙʣʘʜʘʶʱʝʝ, ʧʝʨʚʝʥʩʪʚʫʶʱʝʝ ʟʥʘ-

ʯʝʥʠʝ ʯʝʛʦ-ʣʠʙʦ.  



 

  ʇʨʠʨʦʜʘ ð ʚ ʰʠʨʦʢʦʤ ʩʤʳʩʣʝ ð ʚʩʝ ʩʫʱʝʝ, ʚʝʩʴ ʤʠʨ ʚ ʤʥʦʛʦʦʙʨʘ-

ʟʠʠ ʝʛʦ ʬʦʨʤ; ʫʧʦʪʨʝʙʣʷʝʪʩʷ ʚ ʦʜʥʦʤ ʨʷʜʫ ʩ ʪʘʢʠʤʠ ʧʦʥʷʪʠʷʤʠ, ʢʘʢ ʤʘʪʝ-

ʨʠʷ, ʫʥʠʚʝʨʩʫʤ, ɺʩʝʣʝʥʥʘʷ; ʷʚʣʷʝʪʩʷ ʦʙʲʝʢʪʦʤ ʝʩʪʝʩʪʚʦʟʥʘʥʠʷ.  

ʇʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʝ ð ʩʬʝʨʘ ʦʙʱʝʩʪʚʝʥʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʥʘ ʫʜʦʚʣʝʪʚʦʨʝʥʠʝ ʧʦʪʨʝʙʥʦʩʪʝʡ ʯʝʣʦʚʝʢʘ ʩ ʧʦ-

ʤʦʱʴʶ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ.  

  ʇʨʠʯʠʥʘ ð ʷʚʣʝʥʠʝ (ʠʟʤʝʥʝʥʠʝ), ʚʳʟʳʚʘʶʱʝʝ, ʦʙʫʩʣʦʚʣʠʚʘʶʱʝʝ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʜʨʫʛʦʛʦ ʷʚʣʝʥʠʷ (ʠʟʤʝʥʝʥʠʷ, ʩʣʝʜʩʪʚʠʷ); ʦʩʥʦʚʘʥʠʝ, ʧʨʝʜ-

ʣʦʛ ʜʣʷ ʢʘʢʠʭ-ʣʠʙʦ ʜʝʡʩʪʚʠʡ.  

  ʇʨʠʯʠʥʥʦʩʪʴ (ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʘʷ ʩʚʷʟʴ) ð ʬʠʟʠʯʝʩʢʘʷ ʠ 

ʬʠʣʦʩʦʬʩʢʘʷ ʢʘʪʝʛʦʨʠʷ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ ʩʚʷʟʠ ʷʚʣʝʥʠʡ, ʠʟ 

ʢʦʪʦʨʳʭ ʦʜʥʦ (ʧʨʠʯʠʥʘ) ʦʙʫʩʣʦʚʣʠʚʘʝʪ, ʧʦʨʦʞʜʘʝʪ ʜʨʫʛʦʝ (ʩʣʝʜʩʪʚʠʝ ʠʣʠ 

ʜʝʡʩʪʚʠʝ).  

  ʇʨʦʙʣʝʤʘ ð ʩʣʦʞʥʳʡ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʠʣʠ ʧʨʘʢʪʠʯʝʩʢʠʡ ʚʦʧʨʦʩ, 

ʪʨʝʙʫʶʱʠʡ ʠʟʫʯʝʥʠʷ ʠ ʨʘʟʨʝʰʝʥʠʷ; ʦʩʦʙʘʷ ʬʦʨʤʘ ʟʥʘʥʠʷ; ʥʘʯʘʣʴʥʳʡ ʵʪʘʧ 

ʧʦʟʥʘʚʘʪʝʣʴʥʦʡ (ʚ ʪʦʤ ʯʠʩʣʝ ʥʘʫʯʥʦʡ) ʜʝʷʪʝʣʴʥʦʩʪʠ; ʚʦʧʨʦʩ, ʚʦʟʥʠʢʘʶʱʠʡ 

ʚ ʭʦʜʝ ʧʦʟʥʘʥʠʷ ʠ ʪʨʝʙʫʶʱʠʡ ʦʪʚʝʪʘ.  

  ʇʨʦʛʥʦʟ (ʧʨʝʜʚʠʜʝʥʠʝ, ʧʨʝʜʩʢʘʟʘʥʠʝ) ð ʚʝʨʦʷʪʥʦʩʪʥʦʝ ʧʨʝʜʩʪʘʚ-

ʣʝʥʠʝ, ʩʫʞʜʝʥʠʝ, ʟʘʢʣʶʯʝʥʠʝ ʦ ʧʨʝʜʩʪʦʷʱʝʤ ʨʘʟʚʠʪʠʠ ʠ ʠʩʭʦʜʷ ʠʟ ʯʝʛʦ-

ʥʠʙʫʜʴ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ.  

  ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ð ʨʘʟʨʘʙʦʪʢʘ ʚʝʨʦʷʪʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʭʦʜʘ ʩʦ-

ʙʳʪʠʡ, ʨʘʟʚʠʪʠʷ ʩʠʪʫʘʮʠʠ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ.  

  ʇʨʦʜʫʮʝʥʪʳ ð ʦʨʛʘʥʠʟʤʳ, ʧʨʦʠʟʚʦʜʷʱʠʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ 

ʠʟ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ, ʪ.ʝ. ʚʩʝ ʘʚʪʦʪʨʦʬʥʳʝ ʦʨʛʘʥʠʟʤʳ; ʦʨʛʘʥʠʟʤʳ, ʩʣʫʞʘʱʠʝ 

ʠʩʪʦʯʥʠʢʦʤ ʢʘʢʠʭðʣʠʙʦ ʚʝʱʝʩʪʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʯʝʣʦʚʝʢʦʤ; ʧʨʦʠʟʚʦʜʠʪʝ-

ʣʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʪʦʚʘʨʦʚ.  

ʇʨʦʠʟʚʦʜʩʪʚʦ ʵʥʪʨʦʧʠʠ ð ʧʦʥʷʪʠʝ, ʚʚʝʜʝʥʥʦʝ ʇʨʠʛʦʞʠʥʳʤ ʜʣʷ 

ʦʙʦʟʥʘʯʝʥʠʷ ʨʦʩʪʘ ʵʥʪʨʦʧʠʠ ʙʝʟ ʫʯʝʪʘ ʧʨʠʪʦʢʘ ʵʥʝʨʛʠʠ ʠʟʚʥʝ. ɺ ʦʪʢʨʳʪʦʡ 

ʩʠʩʪʝʤʝ ð ʦʙʱʝʝ ʠʟʤʝʥʝʥʠʝ ʵʥʪʨʦʧʠʠ dS = dSi + dSe, ʛʜʝ dSe ð ʦʙʝʩʧʝʯʠ-

ʚʘʝʪʩʷ ʢʦʥʪʘʢʪʦʤ ʩʦ ʩʨʝʜʦʡ, dSi ð ʠʟʤʝʥʝʥʠʷʤʠ ʚʥʫʪʨʝʥʥʠʭ ʧʨʦʮʝʩʩʦʚ. 

dSi/dt ð ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʵʥʪʨʦʧʠʠ, ʦʙʝʩʧʝʯʠʚʘʝʤʘʷ ʚʥʫʪʨʝʥʥʠʤʠ ʧʨʦʮʝʩʩʘ-

ʤʠ ʚ ʩʠʩʪʝʤʝ. ʆʪʥʦʰʝʥʠʝ ʵʪʦʡ ʚʝʣʠʯʠʥʳ ʢ ʝʜʠʥʠʮʝ ʦʙʲʝʤʘ dV ʠ ʥʘʟʳʚʘʝʪ-

ʩʷ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʵʥʪʨʦʧʠʠ. ʊʘʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʚʳʪʝʢʘʝʪ ʠʟ ʣʦʢʘʣʴʥʦʡ 

ʬʦʨʤʫʣʠʨʦʚʢʠ ʚʪʦʨʦʛʦ ʥʘʯʘʣʘ ʪʝʨʤʦʜʠʥʘʤʠʢʠ.  

  ʇʨʦʢʘʨʠʦʪʳ ð ʦʨʛʘʥʠʟʤʳ, ʥʝ ʦʙʣʘʜʘʶʱʠʝ ʦʬʦʨʤʣʝʥʥʳʤ ʢʣʝʪʦʯ-

ʥʳʤ ʷʜʨʦʤ. ɻʝʥʝʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʚ ʚʠʜʝ ʢʦʣʴʮʝʚʦʡ ʮʝʧʠ ɼʅʂ ʥʘʭʦʜʠʪʩʷ 

ʚ ʥʫʢʣʝʦʪʠʜʝ ʠ ʥʝ ʦʙʨʘʟʫʝʪ ʥʘʩʪʦʷʱʠʭ ʭʨʦʤʦʩʦʤ.  



 

  ʇʨʦʩʪʨʘʥʩʪʚʦ ð ʦʙʲʝʢʪʠʚʥʘʷ ʨʝʘʣʴʥʦʩʪʴ; ʬʦʨʤʘ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʤʘʪʝʨʠʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʝʝ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʠ ʦʙʲʝʤ; ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʝ ʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʘʪʝʨʠʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʧʨʦʮʝʩʩʦʚ; ʩʦʚʦʢʫʧʥʦʩʪʴ ʦʪʥʦ-

ʰʝʥʠʡ ʢʦʦʨʜʠʥʘʮʠʠ ʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʙʲʝʢʪʦʚ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ.  

  ʇʨʦʪʠʚʦʨʝʯʠʝ ð ʢʘʪʝʛʦʨʠʷ, ʚʳʨʘʞʘʶʱʘʷ ʚ ʜʠʘʣʝʢʪʠʢʝ ʚʥʫʪʨʝʥʥʠʡ 

ʠʩʪʦʯʥʠʢ ʚʩʷʢʦʛʦ ʜʚʠʞʝʥʠʷ; ʧʦʣʦʞʝʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʜʥʦ (ʚʳʩʢʘʟʳʚʘʥʠʝ, 

ʧʦʩʪʫʧʦʢ, ʤʳʩʣʴ) ʠʩʢʣʶʯʘʝʪ ʜʨʫʛʦʝ, ʥʝʩʦʚʤʝʩʪʠʤʦʝ ʩ ʥʠʤ.  

  ʇʨʦʪʦʥ (ʛʨʝʯ. ð ʧʝʨʚʳʡ) ð ʩʪʘʙʠʣʴʥʘʷ ʵʣʝʤʝʥʪʘʨʥʘʷ ʯʘʩʪʠʮʘ ʩʦ 

ʩʧʠʥʦʤ 1/2 ʠ ʤʘʩʩʦʡ ʨʘʚʥʦʡ 1836 ʤʘʩʩ ʵʣʝʢʪʨʦʥʘ, ʦʪʥʦʩʠʪʩʷ ʢ ʙʘʨʠʦʥʘʤ. 

ɺʤʝʩʪʝ ʩ ʥʝʡʪʨʦʥʘʤʠ ʧʨʦʪʦʥʳ ʦʙʨʘʟʫʶʪ ʚʩʝ ʘʪʦʤʥʳʝ ʷʜʨʘ.  

  ʇʨʦʪʝʠʥʳ ð- ʙʝʣʢʠ, ʩʦʩʪʦʷʱʠʝ ʪʦʣʴʢʦ ʠʟ ʦʩʪʘʪʢʦʚ ʘʤʠʥʦʢʠʩʣʦʪ, ʢ 

ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʬʝʨʤʝʥʪʳ.  

  ʇʨʦʪʦʧʣʘʟʤʘ ð ʩʦʜʝʨʞʠʤʦʝ ʞʠʚʦʪʥʳʭ ʠ ʨʘʩʪʠʪʝʣʴʥʳʭ ʢʣʝʪʦʢ, 

ʚʢʣʶʯʘʷ ʠʭ ʷʜʨʘ ʠ ʮʠʪʦʧʣʘʟʤʫ; ʞʠʚʦʝ ʚʝʱʝʩʪʚʦ, ʠʟ ʢʦʪʦʨʦʛʦ ʩʦʩʪʦʷʪ ʦʨʛʘ-

ʥʠʟʤʳ.  

ʇʨʷʤʳʝ ʠ ʦʙʨʘʪʥʳʝ ʟʘʜʘʯʠ ð ʚ ʬʠʟʠʢʝ ʧʦʜ ʧʨʷʤʳʤʠ ʟʘʜʘʯʘʤʠ ʧʦ-

ʥʠʤʘʝʪʩʷ ʨʘʩʯʝʪ ʠ ʦʜʥʦʟʥʘʯʥʦʝ ʧʨʝʜʩʢʘʟʘʥʠʝ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʥʘʙʣʶʜʘ-

ʝʤʳʭ ʧʨʦʷʚʣʝʥʠʡ ʩʚʦʡʩʪʚ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʦʙʲʝʢʪʘ ʧʦ ʟʘʜʘʥʥʳʤ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʘʤ ʤʦʜʝʣʠ ʦʙʲʝʢʪʘ ʠʣʠ ʷʚʣʝʥʠʷ. ʇʦʜ ʦʙʨʘʪʥʳʤʠ ʟʘʜʘʯʘʤʠ ð ʚʦʩʩʪʘ-

ʥʦʚʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʦʙʲʝʢʪʘ ʧʦ ʟʘʜʘʥʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ 

ʥʘʙʣʶʜʝʥʠʷʤ.  

ʇʩʠʣʦʬʠʪʳ ð ʧʝʨʚʳʝ ʥʘʟʝʤʥʳʝ ʨʘʩʪʝʥʠʷ.  

  ʇʩʠʭʦʣʦʛʠʯʝʩʢʦʝ ʚʨʝʤʷ ð ʚʨʝʤʷ, ʩʚʷʟʘʥʥʦʝ ʩ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʡ ʜʝ-

ʷʪʝʣʴʥʦʩʪʴʶ ʯʝʣʦʚʝʢʘ ʠ ʝʛʦ ʚʦʩʧʨʠʷʪʠʝʤ ʦʙʲʝʢʪʠʚʥʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʚʨʝ-

ʤʝʥʠ.  

  ʇʫʨʠʥʳ, ʧʫʨʠʥʦʚʳʝ ʦʩʥʦʚʘʥʠʷ ð ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ. 

ʇʫʨʠʥʳ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʝ ð ʧʫʨʠʥʦʚʳʝ ʦʩʥʦʚʘʥʠʷ (ʘʜʝʥʠʥ, ʛʫʘʥʠʥ, ʢʩʘʥ-

ʪʠʥ ʠ ʜʨʫʛʠʝ) ʠʛʨʘʶʪ ʙʦʣʴʰʫʶ ʨʦʣʴ ʚ ʞʠʚʦʡ ʧʨʠʨʦʜʝ ʠ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ 

ʚʩʝʭ ʦʨʛʘʥʠʟʤʦʚ, ʦʙʨʘʟʫʷ ʥʫʢʣʝʦʪʠʜʳ, ʥʫʢʣʝʠʥʦʚʳʝ ʢʠʩʣʦʪʳ ʠ ʜʨʫʛʠʝ ʙʠʦ-

ʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʩʦʝʜʠʥʝʥʠʷ.  

Ʌ  

  ʈʘʙʦʪʘ ð ʚ ʪʝʭʥʠʢʝ ʠ ʬʠʟʠʢʝ ʤʝʨʘ ʜʝʡʩʪʚʠʷ ʩʠʣʳ, ʟʘʚʠʩʷʱʘʷ ʦʪ 

ʯʠʩʣʝʥʥʦʡ ʚʝʣʠʯʠʥʳ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʜʝʡʩʪʚʠʷ ʩʠʣʳ ʠ ʦʪ ʧʝʨʝʤʝʱʝʥʠʷ ʪʦʯ-

ʢʠ ʝʝ ʧʨʠʣʦʞʝʥʠʷ. ɺ ʪʝʨʤʦʜʠʥʘʤʠʢʝ ð ʧʨʦʮʝʩʩ ʧʨʝʚʨʘʱʝʥʠʷ ʦʜʥʦʛʦ ʚʠʜʘ 

ʵʥʝʨʛʠʠ ʚ ʜʨʫʛʦʡ, ʩʧʦʩʦʙ ʦʙʤʝʥʘ ʵʥʝʨʛʠʝʡ ʤʝʞʜʫ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠ-

ʩʪʝʤʦʡ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ.  



 

  ʈʘʚʥʦʚʝʩʠʝ ð ʩʦʩʪʦʷʥʠʝ ʬʠʟʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʚ ʢʦʪʦʨʦʤ ʦʥʘ ʧʨʠ 

ʥʝʠʟʤʝʥʥʳʭ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʷʭ ʠʣʠ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʨʘʟʥʳʭ ʧʨʦʪʠʚʦʧʦ-

ʣʦʞʥʦ ʥʘʧʨʘʚʣʝʥʥʳʭ ʠ ʚʟʘʠʤʥʦ ʫʥʠʯʪʦʞʘʶʱʠʭʩʷ ʩʠʣ ʤʦʞʝʪ ʧʨʝʙʳʚʘʪʴ 

ʩʢʦʣʴ ʫʛʦʜʥʦ ʜʦʣʛʦ; ʚʩʝ ʪʦʯʢʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʥʝʧʦʜʚʠʞʥʳ ʧʦ ʦʪ-

ʥʦʰʝʥʠʶ ʢ ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ.  

  ʈʘʜʠʢʘʣʳ ʩʚʦʙʦʜʥʳʝ ð ʢʠʥʝʪʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʳʝ ʯʘʩʪʠʮʳ (ʘʪʦʤʳ 

ʠʣʠ ʠʭ ʛʨʫʧʧʳ), ʦʙʣʘʜʘʶʱʠʝ ʥʝʩʧʘʨʝʥʥʳʤʠ ʵʣʝʢʪʨʦʥʘʤʠ ʠ ʧʦʵʪʦʤʫ ʦʯʝʥʴ 

ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʝ; ʩ ʠʭ ʧʦʤʦʱʴʶ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʚʘʞʥʳʝ ʙʠʦʭʠʤʠ-

ʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, (ʥʘʧʨʠʤʝʨ, ʬʝʨʤʝʥʪʘʪʠʚʥʦʝ ʦʢʠʩʣʝʥʠʝ).  

  ʈʘʜʠʦʘʢʪʠʚʥʦʩʪʴ (ʨʘʜʠʦʘʢʪʠʚʥʳʡ ʨʘʩʧʘʜ) ð ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʝ 

ʧʨʝʚʨʘʱʝʥʠʝ ʥʝʩʪʘʙʠʣʴʥʳʭ ʘʪʦʤʥʳʭ ʷʜʝʨ ʚ ʷʜʨʘ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ, ʩʦʧʨʦ-

ʚʦʞʜʘʶʱʝʝʩʷ ʠʩʧʫʩʢʘʥʠʝʤ ʷʜʝʨʥʳʭ ʠʟʣʫʯʝʥʠʡ.  

  ʈʘʜʠʘʮʠʦʥʥʳʝ ʧʦʷʩʘ ʧʣʘʥʝʪ ð ʚʥʫʪʨʝʥʥʠʝ ʦʙʣʘʩʪʠ ʧʣʘʥʝʪʥʳʭ 

ʤʘʛʥʠʪʦʩʬʝʨ, ʚ ʢʦʪʦʨʳʭ ʩʦʙʩʪʚʝʥʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʧʣʘʥʝʪʳ ʫʜʝʨʞʠʚʘʝʪ 

ʟʘʨʷʞʝʥʥʳʝ ʯʘʩʪʠʮʳ.  

  ʈʘʟʚʠʪʠʝ ð ʧʨʦʛʨʝʩʩʠʚʥʳʝ ʢʘʯʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʩʠʩʪʝʤʝ.  

  ʈʘʟʤʝʨʥʦʩʪʴ ð ʚ ʛʝʦʤʝʪʨʠʠ ʯʠʩʣʦ ʠʟʤʝʨʝʥʠʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʠ-

ʛʫʨʳ: ʣʠʥʠʷ ʠʤʝʝʪ ʨʘʟʤʝʨʥʦʩʪʴ, ʨʘʚʥʫʶ 1, ʧʣʦʩʢʦʩʪʴ ð 2, ʧʨʦʩʪʨʘʥʩʪʚʦ ð 

3. ɺ ʬʠʟʠʢʝ ð ʚʳʨʘʞʝʥʠʝ, ʧʦʢʘʟʳʚʘʶʱʝʝ ʩʚʷʟʴ ʜʘʥʥʦʡ ʚʝʣʠʯʠʥʳ ʩ ʬʠʟʠ-

ʯʝʩʢʠʤʠ ʚʝʣʠʯʠʥʘʤʠ, ʧʦʣʦʞʝʥʥʳʤʠ ʚ ʦʩʥʦʚʫ ʩʠʩʪʝʤʳ ʝʜʠʥʠʮ.  

  ʈʘʟʫʤ ð ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʥʠʤʘʥʠʷ ʠ ʦʩʤʳʩʣʝʥʠʷ; ʚ ʨʷʜʝ ʬʠʣʦʩʦʬ-

ʩʢʠʭ ʫʯʝʥʠʡ ð ʚʳʩʰʝʝ ʥʘʯʘʣʦ ʠ ʩʫʱʥʦʩʪʴ, ʦʩʥʦʚʘ ʧʦʟʥʘʥʠʷ ʠ ʧʦʚʝʜʝʥʠʷ 

ʣʶʜʝʡ; ʚʳʩʰʠʡ ʫʨʦʚʝʥʴ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʤʳʰʣʝʥʠʷ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʭʘʨʘʢʪʝʨ-

ʥʦ ʪʚʦʨʯʝʩʢʦʝ ʦʧʝʨʠʨʦʚʘʥʠʝ ʘʙʩʪʨʘʢʮʠʷʤʠ ʠ ʩʦʟʥʘʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʠʭ ʩʦʙʩʪʚʝʥʥʦʡ ʧʨʠʨʦʜʳ (ʩʘʤʦʨʝʬʣʝʢʩʠʷ).  

  ʈʘʩʧʨʝʜʝʣʝʥʠʝ ð ʦʜʥʦ ʠʟ ʦʩʥʦʚʥʳʭ ʧʦʥʷʪʠʡ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ ʠ 

ʩʪʘʪʠʩʪʠʢʠ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ ʢʘʢʦʡ-ʣʠʙʦ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ 

ʟʘʜʘʝʪʩʷ ʫʢʘʟʘʥʠʝʤ ʚʦʟʤʦʞʥʳʭ ʟʥʘʯʝʥʠʡ ʵʪʦʡ ʚʝʣʠʯʠʥʳ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʠʭ ʠʤ ʚʝʨʦʷʪʥʦʩʪʝʡ ʠʣʠ ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ.  

ʈʘʮʠʦʥʘʣʴʥʳʡ ð ʨʘʟʫʤʥʳʡ, ʮʝʣʝʩʦʦʙʨʘʟʥʳʡ, ʦʙʦʩʥʦʚʘʥʥʳʡ.  

  ʈʝʘʛʝʥʪʳ ð ʚʝʱʝʩʪʚʘ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʣʘʙʦʨʘʪʦʨʠʷʭ ʜʣʷ ʭʠʤʠʯʝ-

ʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʥʘʫʯʥʦðʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʠ ʜʨʫʛʠʭ ʨʘʙʦʪ.  

  ʈʝʘʢʮʠʷ ð ʜʝʡʩʪʚʠʝ, ʩʦʩʪʦʷʥʠʝ, ʧʨʦʮʝʩʩ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʦʪʚʝʪ ʥʘ 

ʢʘʢʦʝðʣʠʙʦ ʚʦʟʜʝʡʩʪʚʠʝ.  

  ʈʝʘʢʮʠʷ ɹʝʣʦʫʩʦʚʘðɾʘʙʦʪʠʥʩʢʦʛʦ ð ʦʪʢʨʳʪʘʷ ʚ 1951 ʛ. ʭʠʤʠʯʝ-

ʩʢʘʷ ʨʝʘʢʮʠʷ, ʚ ʢʦʪʦʨʦʡ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠ 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʧʨʦʠʩʭʦʜʷʪ ʪʘʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʢʦʣʝʙʘʥʠʷ, ʯʪʦ ʮʚʝʪ 



 

ʨʝʘʢʮʠʠ ʧʝʨʠʦʜʠʯʝʩʢʠ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦ ʠʟʤʝʥʷʝʪʩʷ. ɺ ʩʠʥʝʨʛʝʪʠʢʝ ʷʚʣʷ-

ʝʪʩʷ ʢʣʘʩʩʠʯʝʩʢʠʤ ʧʨʠʤʝʨʦʤ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʦʪ ʭʘʦʩʘ ʢ ʧʦʨʷʜ-

ʢʫ.  

  ʈʝʜʫʢʮʠʦʥʠʟʤ (ʣʘʪ. ð ʚʦʟʚʨʘʱʝʥʠʝ ʦʙʨʘʪʥʦ) ð ʦʙʨʘʟ ʤʳʰʣʝʥʠʷ, 

ʧʨʦʷʚʣʷʶʱʠʡʩʷ ʚ ʩʪʨʝʤʣʝʥʠʠ ʫʧʨʦʩʪʠʪʴ ʦʙʲʷʩʥʝʥʠʝ ʩʣʦʞʥʳʭ ʷʚʣʝʥʠʡ ʠ 

ʧʨʦʮʝʩʩʦʚ; ʦʙʲʷʩʥʝʥʠʝ ʚʩʝʭ ʤʥʦʛʦʦʙʨʘʟʥʳʭ ʷʚʣʝʥʠʡ ʚ ʧʨʠʨʦʜʝ ʠ ʦʙʱʝʩʪʚʝ 

ʥʘ ʙʘʟʝ ʥʝʢʦʪʦʨʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʚʩʝʦʙʱʠʭ ʟʘʢʦʥʦʚ ʠ ʧʨʠʥʮʠʧʦʚ; ʩʚʝʜʝʥʠʝ 

ʩʣʦʞʥʦʛʦ ʢ ʧʨʦʩʪʦʤʫ, ʩʦʩʪʘʚʥʦʛʦ ð ʢ ʵʣʝʤʝʥʪʘʨʥʦʤʫ.  

  ʈʝʜʫʧʣʠʢʘʮʠʷ (ʨʝʧʣʠʢʘʮʠʷ) ð ʫʜʚʦʝʥʠʝ ʤʦʣʝʢʫʣ ɼʅʂ ʧʨʠ ʫʯʘ-

ʩʪʠʠ ʩʧʝʮʠʘʣʴʥʳʭ ʬʝʨʤʝʥʪʦʚ. ʈʝʜʫʧʣʠʢʘʮʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʦʯʥʦʝ ʢʦʧʠʨʦ-

ʚʘʥʠʝ ʛʝʥʝʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʟʘʢʣʶʯʝʥʥʦʡ ʚ ʤʦʣʝʢʫʣʘʭ ɼʅʂ.  

  ʈʝʜʫʧʣʠʢʘʮʠʷ ʢʦʥʚʘʨʠʘʥʪʥʘʷ ð ʩʘʤʦʚʦʩʧʨʦʠʟʚʝʜʝʥʠʝ ʩ ʠʟʤʝʥʝ-

ʥʠʷʤʠ, ʦʩʫʱʝʩʪʚʣʷʝʤʦʝ ʥʘ ʦʩʥʦʚʝ  

  ʤʘʪʨʠʯʥʦʛʦ ʧʨʠʥʮʠʧʘ ʩʠʥʪʝʟʘ ʤʘʢʨʦʤʦʣʝʢʫʣ (ɼʅʂ, ʈʅʂ).  

  ʈʝʜʫʮʝʥʪʳ ð ʦʨʛʘʥʠʟʤʲ5, ʨʘʟʣʘʛʘʶʱʠʝ ʤʝʨʪʚʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝ-

ʱʝʩʪʚʘ ʠ ʧʨʝʚʨʘʱʘʶʱʠʝ ʠʭ ʚ ʤʠʥʝʨʘʣʴʥʳʝ (ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ) ʚʝʱʝʩʪʚʘ, 

ʫʩʚʘʠʚʘʝʤʳʝ ʜʨʫʛʠʤʠ ʦʨʛʘʥʠʟʤʘʤʠ (ʧʨʦʜʫʮʝʥʪʘʤʠ).  

  ʈʝʟʝʨʚʘʪ ð ʦʭʨʘʥʷʝʤʘʷ ʧʨʠʨʦʜʥʘʷ ʪʝʨʨʠʪʦʨʠʷ.  

  ʈʝʟʠʩʪʠʚʥʦʩʪʴ ð ʫʩʪʦʡʯʠʚʦʩʪʴ ʦʨʛʘʥʠʟʤʘ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʚʥʝʰʥʝʡ 

ʩʨʝʜʳ; ʩʚʦʡʩʪʚʦ ʩʦʧʨʦʪʠʚʣʷʪʴʩʷ.  

  ʈʝʟʦʥʘʥʩ (ʣʘʪ.ð ʦʪʢʣʠʢʘʶʩʴ) ð ʨʝʟʢʦʝ ʚʦʟʨʘʩʪʘʥʠʝ ʘʤʧʣʠʪʫʜʳ (ʧʘ-

ʨʘʤʝʪʨʘ) ʚʳʥʫʞʜʝʥʥʳʭ ʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʢʦʣʝʙʘʥʠʡ ʧʨʠ ʧʨʠʙʣʠʞʝʥʠʠ ʯʘ-

ʩʪʦʪʳ ʚʥʝʰʥʝʛʦ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʢ ʯʘʩʪʦʪʝ ʦʜʥʦʛʦ ʠʟ ʩʦʙ-

ʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʠʩʪʝʤʳ.  

  ʈʝʢʦʛʥʠʮʠʷ ð ʫʟʥʘʚʘʥʠʝ.  

  ʈʝʢʦʤʙʠʥʘʮʠʷ (ʣʘʪ. ð ʩʦʝʜʠʥʝʥʠʝ) ð ʚ ʬʠʟʠʢʝ ʦʙʨʘʟʦʚʘʥʠʝ 

ʥʝʡʪʨʘʣʴʥʳʭ ʘʪʦʤʦʚ ʠ ʤʦʣʝʢʫʣ ʠʟ ʠʦʥʦʚ ʠ ʵʣʝʢʪʨʦʥʦʚ, ʧʨʦʮʝʩʩ ʦʙʨʘʪʥʳʡ 

ʠʦʥʠʟʘʮʠʠ; ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʭ ð ʠʩʯʝʟʥʦʚʝʥʠʝ ʧʘʨʳ ʵʣʝʢʪʨʦʥðʜʳʨʢʘ 

ʧʨʠ ʧʝʨʝʭʦʜʝ ʵʣʝʢʪʨʦʥʘ ʠʟ ʟʦʥʳ ʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ʚʘʣʝʥʪʥʫʶ ʟʦʥʫ.  

  ʈʝʢʫʨʨʝʥʪʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, ʨʝʢʫʨʝʥʪʥʳʡ (ʣʘʪ. ð ʚʦʟʚʨʘ-

ʱʘʶʱʠʡʩʷ) ð ʯʠʩʣʦʚʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, ʚ ʢʦʪʦʨʦʡ ʢʘʞʜʳʡ ʧʦʩʣʝʜʫ-

ʶʱʠʡ ʝʝ ʯʣʝʥ ʦʙʨʘʟʫʝʪʩʷ ʧʫʪʝʤ ʩʣʦʞʝʥʠʷ ʜʚʫʭ ʧʨʝʜʳʜʫʱʠʭ (ʨʷʜ ʌʠʙʦʥʘ-

ʯʯʠ, ʨʷʜ ʃʶʢʘ). ɺ ʦʙʱʝʤ ʩʤʳʩʣʝ ð ʧʦʚʪʦʨʥʦʝ ʧʦʷʚʣʝʥʠʝ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ 

ʬʦʨʤ ʚ ʨʘʟʥʳʭ ʩʣʦʷʭ, ʟʦʥʘʭ, ʦʙʲʝʢʪʘʭ. ʈʝʢʫʨʝʥʪʥʳʡ ð ʚʦʟʚʨʘʪʥʳʡ.  

  ʈʝʢʫʨʩʠʚʥʦʩʪʴ ð ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʧʨʦʮʝʩʩʦʚ, ʷʚʣʝʥʠʡ ʠ ʬʦʨʤ ʯʝʣʦ-

ʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ.  



 

  ʈʝʣʘʢʩʘʮʠʷ (ʣʘʪ. ð ʦʩʣʘʙʣʝʥʠʝ) ð ʚ ʬʠʟʠʢʝ ʧʨʦʮʝʩʩ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʨʘʚʥʦʚʝʩʠʷ ʚ ʩʠʩʪʝʤʝ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʯʘʩʪʠʮ. ɺ ʬʠʣʦʣʦʛʠʠ 

ð ʨʘʩʩʣʘʙʣʝʥʠʝ. ʉʥʷʪʠʝ ʥʘʧʨʷʞʝʥʠʡ ʚ ʤʘʪʝʨʠʘʣʘʭ, ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ, ʪʝʨ-

ʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ.  

  ʈʝʣʝʚʘʥʪʥʳʡ ð ʩʫʱʝʩʪʚʝʥʥʳʡ ʜʣʷ ʜʝʣʘ, ʫʤʝʩʪʥʳʡ.  

  ʈʝʣʠʢʪ (ʣʘʪ.ð ʦʩʪʘʪʦʢ) ð ʦʨʛʘʥʠʟʤ, ʧʨʝʜʤʝʪ ʠʣʠ ʷʚʣʝʥʠʝ, ʩʦʭʨʘ-

ʥʠʚʰʝʝʩʷ ʢʘʢ ʧʝʨʝʞʠʪʦʢ ʦʪ ʜʨʝʚʥʠʭ ʵʧʦʭ.  

  ʈʝʧʘʨʘʮʠʷ ð ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʦʪ ʧʦʚʨʝ-

ʞʜʝʥʠʡ, ʚʳʟʚʘʥʥʳʭ ʠʦʥʠʟʠʨʫʶʱʠʤ ʠʟʣʫʯʝʥʠʝʤ; ʚʦʟʤʝʱʝʥʠʝ ʛʦʩʫʜʘʨ-

ʩʪʚʦʤ ʧʨʠʯʠʥʝʥʥʦʛʦ ʠʤ ʫʱʝʨʙʘ ʚ ʜʝʥʝʞʥʦʡ ʠʣʠ ʠʥʦʡ ʬʦʨʤʝ ʣʠʮʫ ʠʣʠ ʜʨʫ-

ʛʦʤʫ ʛʦʩʫʜʘʨʩʪʚʫ.  

  ʈʝʧʣʠʢʘʮʠʷ (ʣʘʪ. ð ʧʦʚʪʦʨʝʥʠʝ) ð ʚ ʤʦʣʝʢʫʣʷʨʥʦʡ ʙʠʦʣʦʛʠʠ 

ʫʜʚʦʝʥʠʝ ʤʦʣʝʢʫʣʳ ɼʅʂ, ʫʜʚʦʝʥʠʝ ʭʨʦʤʦʩʦʤ. ʈʝʧʣʠʢʘʮʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʪʦʯʥʦʝ ʢʦʧʠʨʦʚʘʥʠʝ ʛʝʥʝʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʧʝʨʝʜʘʯʫ ʝʝ ʦʪ ʧʦʢʦʣʝʥʠʷ 

ʢ ʧʦʢʦʣʝʥʠʶ.  

  ʈʝʧʨʦʜʫʢʪʠʚʥʳʡ ʧʦʪʝʥʮʠʘʣ ð ʩʢʦʨʦʩʪʴ, ʩ ʢʦʪʦʨʦʡ ʯʠʩʣʝʥʥʦʩʪʴ 

ʧʦʧʫʣʷʮʠʠ ʤʦʛʣʘ ʙʳ ʨʘʩʪʠ ʧʨʠ ʥʘʣʠʯʠʠ ʥʝʦʛʨʘʥʠʯʝʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, 

ʦʙʠʣʠʷ ʧʠʱʠ ʠ ʜʨʫʛʠʭ ʨʝʩʫʨʩʦʚ ʧʨʠ ʧʦʣʥʦʤ ʦʪʩʫʪʩʪʚʠʠ ʣʶʙʳʭ ʬʘʢʪʦʨʦʚ, 

ʧʨʝʧʷʪʩʪʚʫʶʱʠʭ ʨʦʩʪʫ ʠ ʨʘʟʤʥʦʞʝʥʠʶ.  

  ʈʝʧʨʦʜʫʢʮʠʷ (ʣʘʪ.) ð ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʝ.  

  ʈʝʮʝʧʪʦʨʳ ð ʦʢʦʥʯʘʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʥʝʨʚʥʳʭ ʚʦʣʦʢʦʥ ʠʣʠ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʢʣʝʪʢʠ, ʧʨʝʦʙʨʘʟʫʶʱʠʝ ʨʘʟʜʨʘʞʝʥʠʷ, ʚʦʩʧʨʠʥʠʤʘʝ-

ʤʳʝ ʠʟʚʥʝ ʠʣʠ ʠʟ ʚʥʫʪʨʝʥʥʝʡ ʩʨʝʜʳ ʦʨʛʘʥʠʟʤʘ, ʚ ʥʝʨʚʥʦʝ ʚʦʟʙʫʞʜʝʥʠʝ, 

ʧʝʨʝʜʘʚʘʝʤʦʝ ʚ ʮʝʥʪʨʘʣʴʥʫʶ ʥʝʨʚʥʫʶ ʩʠʩʪʝʤʫ.  

  ʈʝʮʝʩʩʠʚʥʦʩʪʴ ð ʬʦʨʤʘ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʜʚʫʭ ʘʣʣʝʣʴʥʳʭ ʛʝʥʦʚ, 

ʧʨʠ ʢʦʪʦʨʦʡ ʦʜʠʥ ʠʟ ʥʠʭ ð ʨʝʮʝʩʩʠʚʥʳʡ ð ʦʢʘʟʳʚʘʝʪ ʤʝʥʝʝ ʩʠʣʴʥʦʝ ʚʣʠ-

ʷʥʠʝ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʠʟʥʘʢʠ ʦʩʦʙʠ, ʯʝʤ ʜʨʫʛʦʡ ð ʜʦʤʠʥʘʥʪʥʳʡ.  

  ʈʝʮʝʩʩʠʚʥʳʡ ð ʧʦʜʘʚʣʷʝʤʳʡ, ʟʘʤʝʜʣʝʥʥʳʡ.  

  ʈʝʮʠʧʠʝʥʪ (ʧʦʣʫʯʘʶʱʠʡ, ʧʨʠʥʠʤʘʶʱʠʡ) ð ʦʨʛʘʥʠʟʤ, ʢʦʪʦʨʦʤʫ 

ʧʝʨʝʩʘʞʠʚʘʶʪ ʦʨʛʘʥʳ (ʪʢʘʥʠ, ʢʣʝʪʢʠ) ʜʨʫʛʦʛʦ ʦʨʛʘʥʠʟʤʘ; ʬʠʟʠʯʝʩʢʦʝ ʠʣʠ 

ʶʨʠʜʠʯʝʩʢʦʝ ʣʠʮʦ, ʧʦʣʫʯʘʶʱʝʝ ʜʦʭʦʜʳ, ʧʣʘʪʝʞʠ.  

  ʈʅʂ ð ʨʠʙʦʥʫʢʣʝʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ð ʦʜʥʘ ʠʟ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ, 

ʭʘʨʘʢʪʝʨʥʘʷ ʩʦʩʪʘʚʥʘʷ ʯʘʩʪʴ ʮʠʪʦʧʣʘʟʤʳ ʞʠʚʦʪʥʳʭ ʠ ʨʘʩʪʠʪʝʣʴʥʳʭ ʢʣʝ-

ʪʦʢ.  

  ʈʠʛʠʜʥʦʩʪʴ ð ʞʝʩʪʢʦʩʪʴ, ʥʝʛʠʙʢʦʩʪʴ, ʩʥʠʞʝʥʠʝ ʧʨʠʩʧʦʩʘʙʣʠʚʘʝ-

ʤʦcʪʠ ʩʠʩʪʝʤʳ ʢ ʤʝʥʷʶʱʠʤʩʷ ʫʩʣʦʚʠʷʤ ʩʨʝʜʳ.  

ʉ  



 

  ʉʘʣʴʪʘʮʠʦʥʠʟʤ ð ʦʜʥʦ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʘʥʪʠʜʘʨʚʠʥʠʟʤʘ, ʦʩʥʦʚʘʥʦ 

ʚ 1860 ð 70-ʭ ʛʛ. ɸ. ɿʶʩʩʦʤ ʠ ɸ. ʂʝʣʣʠʢʝʨʦʤ. ʋʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʚʝʩʴ ʧʣʘʥ 

ʙʫʜʫʱʝʛʦ ʨʘʟʚʠʪʠʷ ʞʠʟʥʠ ʚʦʟʥʠʢ ʝʱʝ ʚ ʤʦʤʝʥʪ ʝʝ ʧʦʷʚʣʝʥʠʷ, ʘ ʚʩʝ ʵʚʦʣʶ-

ʮʠʦʥʥʳʝ ʩʦʙʳʪʠʷ ʧʨʦʠʩʭʦʜʷʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʢʘʯʢʦʦʙʨʘʟʥʳʭ ʠʟʤʝʥʝʥʠʡ 

(ʩʘʣʴʪʘʮʠʡ) ʵʤʙʨʠʦʛʝʥʝʟʘ.  

  ʉʘʣʴʪʘʮʠʷ ð ʩʢʘʯʦʢ, ʩʧʦʥʪʘʥʥʦʝ ʢʘʯʝʩʪʚʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʩʠʩʪʝʤʳ 

(ʥʘʧʨʠʤʝʨ, ʛʝʥʦʚ); ʢʨʫʧʥʦʝ ʥʘʩʣʝʜʩʪʚʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ.  

  ʉʘʤʦʦʨʛʘʥʠʟʘʮʠʷ ð ʧʨʦʮʝʩʩ ʩʧʦʥʪʘʥʥʦʛʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʨʷʜʢʘ 

ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʠʟ ʭʘʦʩʘ ʠ ʙʝʩʧʦʨʷʜʢʘ ʚ ʦʪʢʨʳʪʳʭ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʩʠʩʪʝʤʘʭ. 

ɿʘ ʩʯʝʪ ʥʝʦʛʨʘʥʠʯʝʥʥʦʛʦ ʨʦʩʪʘ ʬʣʫʢʪʫʘʮʠʡ ʧʨʠ ʧʦʛʣʦʱʝʥʠʠ ʵʥʝʨʛʠʠ ʠʟ 

ʩʨʝʜʳ ʩʠʩʪʝʤʘ ʜʦʩʪʠʛʘʝʪ ʥʝʢʦʪʦʨʦʛʦ ʢʨʠʪʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʧʝʨʝʭʦʜʠʪ 

ʚ ʥʦʚʦʝ ʫʩʪʦʡʯʠʚʦʝ ʩʦʩʪʦʷʥʠʝ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʩʣʦʞʥʦʩʪʠ ʠ ʫʧʦ-

ʨʷʜʦʯʝʥʥʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʳʜʫʱʠʤ.  

  ʉʘʤʦʨʝʬʝʨʝʥʪʥʦʩʪʴ ð ʤʝʥʪʘʣʴʥʳʝ ʩʦʩʪʦʷʥʠʷ ʯʝʣʦʚʝʢʘ, ʢʦʛʜʘ ʦʥ 

ʚʠʜʠʪ ʠ ʘʥʘʣʠʟʠʨʫʝʪ, ʢʘʢ ʦʥ ʚʠʜʠʪ.  

ʉʘʤʦʩʙʦʨʢʘ ð ʧʨʦʮʝʩʩ, ʧʨʠ ʢʦʪʦʨʦʤ ʤʦʣʝʢʫʣʳ çʨʘʩʧʦʟʥʘʶʪè ʜʨʫʛ 

ʜʨʫʛʘ ʠ ʩʦʙʠʨʘʶʪʩʷ ʚ ʢʦʤʧʣʝʢʩʳ ʠ ʨʘʟʣʠʯʥʳʝ ʩʪʨʫʢʪʫʨʳ. ʕʪʦʪ ʧʨʦʮʝʩʩ 

ʚʳʩʦʢʦʩʧʝʮʠʬʠʯʝʥ ʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʵʥʪʨʦʧʠʠ ʘʩʩʦʮʠʠʨʦ-

ʚʘʥʥʳʭ ʤʦʣʝʢʫʣ.  

   

  ʉʚʦʙʦʜʥʘʷ ʵʥʝʨʛʠʷ (ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ɻʝʣʴʤʛʦʣʴ-

ʮʘ) ð ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʝʡ ʩʠʩʪʝʤʳ ʠ 

ʧʨʦʠʟʚʝʜʝʥʠʝʤ ʵʥʪʨʦʧʠʠ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʊ: F = U ð TS, ʚʝʣʠʯʠʥʫ TS 

ʥʘʟʳʚʘʶʪ ʩʚʷʟʘʥʥʦʡ ʵʥʝʨʛʠʝʡ.  

  ʉʚʷʟʴ ð ʚʟʘʠʤʦʦʙʫʩʣʦʚʣʝʥʥʦʩʪʴ ʠ ʚʟʘʠʤʦʩʚʷʟʘʥʥʦʩʪʴ ʩʫʱʝʩʪʚʦʚʘ-

ʥʠʷ ʷʚʣʝʥʠʡ ʠ ʦʙʲʝʢʪʦʚ, ʨʘʟʜʝʣʝʥʥʳʭ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚʦ ʚʨʝʤʝʥʠ. ɺ ʠʥ-

ʬʦʨʤʘʪʠʢʝ ʠ ʢʠʙʝʨʥʝʪʠʢʠ ð ʧʨʠʝʤ ʠ ʧʝʨʝʜʘʯʘ ʠʥʬʦʨʤʘʮʠʠ ʩ ʧʦʤʦʱʴʶ 

ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ. ɺ ʦʙʱʝʤ ʩʤʳʩʣʝ ð ʚʩʝ, ʯʪʦ ʩʦʙʨʘʥʦ ʠʟ 

ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʝʡ, ʥʦ ʩʦʩʪʘʚʣʷʝʪ ʦʜʥʦ ʮʝʣʦʝ.  

  ʉʝʛʨʝʛʘʮʠʷ ð ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʨʘʟʣʠʯʠʡ ʚ ʩʦʩʪʘʚʝ ʠ ʩʚʦʡʩʪʚʘʭ ʨʘʟ-

ʥʳʭ ʫʯʘʩʪʢʦʚ ʮʠʪʦʧʣʘʟʤʳ ʚ ʧʝʨʠʦʜ ʨʦʩʪʘ ʦʦʮʠʪʘ, ʘ ʪʘʢʞʝ ʚ ʦʧʣʦʜʦʪʚʦʨʝʥ-

ʥʦʤ ʷʡʮʝ.  

  ʩʝʣʬʽʥʛ 

  ʉʝʣʝʢʮʠʷ ð ʨʘʟʜʝʣ ʘʛʨʦʥʦʤʠʠ ʠ ʟʦʦʪʝʭʥʠʠ, ʠʟʫʯʘʶʱʠʡ ʤʝʪʦʜʳ ʩʦ-

ʟʜʘʥʠʷ ʩʦʨʪʦʚ ʠ ʛʠʙʨʠʜʦʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʨʘʩʪʝʥʠʡ ʠ ʧʦʨʦʜ ʞʠʚʦʪ-

ʥʳʭ ʩ ʥʫʞʥʳʤʠ ʯʝʣʦʚʝʢʫ ʧʨʠʟʥʘʢʘʤʠ.  



 

  ʉʠʛʥʘʪʫʨʘ (ʣʘʪ. ð ʫʢʘʟʳʚʘʶ) ð ʫʢʘʟʘʥʠʝ. ɺ ʧʦʣʠʛʨʘʬʠʠ ð ʧʦʩʣʝ-

ʜʦʚʘʪʝʣʴʥʘʷ ʥʫʤʝʨʘʮʠʷ ʧʝʯʘʪʥʦʛʦ  

  ʣʠʩʪʘ, ʧʨʦʩʪʘʚʣʷʝʤʘʷ ʘʨʘʙʩʢʠʤʠ ʮʠʬʨʘʤʠ ʥʘ 1-ʡ ʠ 3-ʡ ʝʛʦ ʧʦʣʦʩʘʭ. ɺ 

ʤʝʜʠʮʠʥʝ ð ʯʘʩʪʴ ʨʝʮʝʧʪʘ ʩ ʫʢʘʟʘʥʠʝʤ ʩʧʦʩʦʙʘ ʫʧʦʪʨʝʙʣʝʥʠʷ ʣʝʢʘʨʩʪʚʘ.  

  ʉʠʣʘ ð ʚʝʢʪʦʨʥʘʷ ʚʝʣʠʯʠʥʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʤʝʨʫ ʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʜʝʡʩʪʚʠʷ ʥʘ ʜʘʥʥʦʝ ʤʘʪʝʨʠʘʣʴʥʦʝ ʪʝʣʦ ʩʦ ʩʪʦʨʦʥʳ ʜʨʫʛʠʭ ʪʝʣ. ʕʪʦ ʜʝʡ-

ʩʪʚʠʝ ʚʳʟʳʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʪʦʯʝʢ ʪʝʣʘ ʠʣʠ ʝʛʦ ʜʝʬʦʨʤʘʮʠʶ ʠ ʤʦ-

ʞʝʪ ʠʤʝʪʴ ʤʝʩʪʦ ʢʘʢ ʧʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʢʦʥʪʘʢʪʝ, ʪʘʢ ʠ ʯʝʨʝʟ ʧʦʩʨʝʜ-

ʩʪʚʦ ʩʦʟʜʘʚʘʝʤʳʭ ʪʝʣʘʤʠ ʧʦʣʝʡ.  

  ʉʠʣʣʦʛʠʟʤ ð ʣʦʛʠʯʝʩʢʦʝ ʫʤʦʟʘʢʣʶʯʝʥʠʝ, ʚ ʢʦʪʦʨʦʤ ʠʟ ʜʚʫʭ ʜʘʥ-

ʥʳʭ ʩʫʞʜʝʥʠʡ (ʧʦʩʳʣʦʢ) ʧʦʣʫʯʘʝʪʩʷ ʪʨʝʪʴʝ (ʚʳʚʦʜ).  

  ʉʠʤʙʠʦʟ (ʛʨʝʯ. ð ʩʦʞʠʪʝʣʴʩʪʚʦ) ð ʜʣʠʪʝʣʴʥʦʝ ʩʦʞʠʪʝʣʴʩʪʚʦ ʦʨʛʘ-

ʥʠʟʤʦʚ ʨʘʟʥʳʭ ʚʠʜʦʚ, ʦʙʳʯʥʦ ʧʨʠʥʦʩʷʱʝʝ ʠʤ ʚʟʘʠʤʥʫʶ ʧʦʣʴʟʫ.  

  ʉʠʤʧʪʦʤ ð ʚʥʝʰʥʠʡ ʧʨʠʟʥʘʢ, ʚʥʝʰʥʝʝ ʧʨʦʷʚʣʝʥʠʝ ʯʝʛʦ-ʥʠʙʫʜʴ.  

  ʉʠʥʘʧʩ ð ʦʙʣʘʩʪʴ ʢʦʥʪʘʢʪʘ (ʩʚʷʟʠ) ʥʝʨʚʥʳʭ ʢʣʝʪʦʢ (ʥʝʡʨʦʥʦʚ) ʜʨʫʛ 

ʩ ʜʨʫʛʦʤ ʠ ʩ ʢʣʝʪʢʘʤʠ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʦʨʛʘʥʦʚ.  

  ʉʠʥʘʥʪʨʦʧʥʳʝ ʦʨʛʘʥʠʟʤʳ ð ʞʠʚʦʪʥʳʝ ʠ ʨʘʩʪʝʥʠʷ, ʩʫʱʝʩʪʚʦʚʘʥʠʝ 

ʢʦʪʦʨʳʭ ʪʝʩʥʦ ʩʚʷʟʘʥʦ ʩ ʯʝʣʦʚʝʢʦʤ ʠ ʩ ʥʘʩʝʣʝʥʥʳʤʠ ʧʫʥʢʪʘʤʠ.  

  ʉʠʥʛʫʣʷʨʥʦʩʪʴ (ʣʘʪ. ð ʦʪʜʝʣʴʥʳʡ, ʦʩʦʙʳʡ) ð ʪʦʯʝʯʥʳʡ ʦʙʲʝʤ ʩ 

ʙʝʩʢʦʥʝʯʥʦ ʙʦʣʴʰʦʡ ʧʣʦʪʥʦʩʪʴʶ.  

  ʉʠʥʜʨʦʤ ð ʩʦʯʝʪʘʥʠʝ ʧʨʠʟʥʘʢʦʚ (ʩʠʤʧʪʦʤʦʚ) ʜʣʷ ʢʘʢʦʡðʪʦ ʙʦʣʝʟ-

ʥʠ, ʢʘʢʦʛʦðʣʠʙʦ ʷʚʣʝʥʠʷ, ʦʙʲʝʜʠʥʝʥʥʳʭ ʝʜʠʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʚʦʟʥʠʢʥʦ-

ʚʝʥʠʷ.  

  ʉʠʥʝʨʛʝʪʠʢʘ (ʛʨʝʯ.ð ʩʦʛʣʘʩʦʚʘʥʥʦʝ ʜʝʡʩʪʚʠʝ) ð ʦʙʣʘʩʪʴ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʯʘʩʪʝʡ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ, ʩʚʷʟʘʥ-

ʥʳʭ ʩ ʥʝʫʩʪʦʡʯʠʚʦʩʪʷʤʠ ʠ ʢʘʩʘʶʱʠʭʩʷ ʧʨʦʮʝʩʩʦʚ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ. ʉʠ-

ʥʝʨʛʝʪʠʢʘ ʷʚʣʷʝʪʩʷ ʪʝʦʨʠʝʡ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʩʠʩʪʝʤ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ. 

ʊʝʨʤʠʥ ʚʚʝʣ ɻ. ʍʘʢʝʥ.  

  ʉʠʥʝʨʛʝʪʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʷ ð ʪʘʢʘʷ, ʢʦʪʦʨʘʷ ʧʨʠʚʦʜʠʪ ʢ ʧʦ-

ʨʦʞʜʝʥʠʶ ʩʦʚʤʝʩʪʥʳʭ, ʩʦʛʣʘʩʦʚʘʥʥʳʭ, ʢʦʦʧʝʨʘʪʠʚʥʳʭ ʜʝʡʩʪʚʠʡ ʩʠʩʪʝʤʳ.  

  ʉʠʥʦʥʠʤʳ ð ʩʣʦʚʘ ʠʣʠ ʚʳʨʘʞʝʥʠʷ, ʠʤʝʶʱʠʝ ʧʦʣʥʦʩʪʴʶ ʠʣʠ  

  ʯʘʩʪʠʯʥʦ ʩʦʚʧʘʜʘʶʱʠʝ ʟʥʘʯʝʥʠʷ.  

  ʉʠʥʪʝʟ (ʛʨʝʯ.) ð ʩʦʝʜʠʥʝʥʠʝ (ʤʳʩʣʝʥʥʦʝ ʠʣʠ ʨʝʘʣʴʥʦʝ) ʨʘʟʜʝʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʦʙʲʝʢʪʘ ʚ ʝʜʠʥʦʝ ʮʝʣʦʝ; ʭʠʤʠʯʝʩʢʠʡ ʩʠʥʪʝʟ ð ʮʝʣʝʥʘʧʨʘʚʣʝʥ-

ʥʦʝ ʧʦʣʫʯʝʥʠʝ  

  ʩʣʦʞʥʳʭ ʚʝʱʝʩʪʚ ʠʟ ʙʦʣʝʝ ʧʨʦʩʪʳʭ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʟʥʘʥʠʠ ʤʦʣʝʢʫ-

ʣʷʨʥʦʛʦ ʩʪʨʦʝʥʠʷ ʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦʩʣʝʜʥʠʭ.  



 

  ʉʠʥʪʝʪʠʯʝʩʢʘʷ ʪʝʦʨʠʷ ʵʚʦʣʶʮʠʠ (ʥʝʦʜʘʨʚʠʥʠʟʤ) ð ʪʝʦʨʠʷ ʦʨʛʘ-

ʥʠʯʝʩʢʦʡ ʵʚʦʣʶʮʠʠ ʧʫʪʝʤ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʪʙʦʨʘ ʧʨʠʟʥʘʢʦʚ, ʜʝʪʝʨʤʠʥʠʨʦ-

ʚʘʥʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠ.  

  ʉʠʩʪʝʤʘ (ʛʨʝʯ. ð ʮʝʣʦʝ) ð ʫʧʦʨʷʜʦʯʝʥʥʦʝ ʤʥʦʞʝʩʪʚʦ ʚʟʘʠʤʦʩʚʷ-

ʟʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʦʧʨʝʜʝʣʝʥʥʘʷ ʮʝʣʦʩʪʥʦʩʪʴ, ʧʨʦʷʚʣʷʶʱʘʷʩʷ ʢʘʢ ʥʝʯʪʦ 

ʝʜʠʥʦʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʨʫʛʠʤ ʦʙʲʝʢʪʘʤ ʠʣʠ ʚʥʝʰʥʠʤ ʫʩʣʦʚʠʷʤ.  

  ʉʠʩʪʝʤʥʳʡ ʧʦʜʭʦʜ ð ʤʝʪʦʜ ʥʘʫʯʥʦʛʦ ʧʦʟʥʘʥʠʷ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ 

ʣʝʞʠʪ ʨʘʩʩʤʦʪʨʝʥʠʝ ʦʙʲʝʢʪʦʚ, ʚʳʷʚʣʝʥʠʝ ʤʥʦʛʦʦʙʨʘʟʥʳʭ ʩʚʷʟʝʡ ʠ ʩʚʝʜʝ-

ʥʠʝ ʚ ʝʜʠʥʫʶ ʢʘʨʪʠʥʫ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʷʚʣʝʥʠʷ, ʦʙʲʝʢʪʦʚ, ʧʨʝʜʤʝʪʦʚ. ʇʨʠʥ-

ʮʠʧʳ ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʝʩʪʝʩʪʚʦ-

ʟʥʘʥʠʠ ʚ ʮʝʣʦʤ ʠ ʚ ʬʠʟʠʢʝ, ʠʥʬʦʨʤʘʪʠʢʝ, ʪʝʭʥʠʢʝ, ʙʠʦʣʦʛʠʠ, ʵʢʦʣʦʛʠʠ, 

ʵʢʦʥʦʤʠʢʝ, ʫʧʨʘʚʣʝʥʠʠ ʠ ʪ.ʜ.  

  ʉʢʘʣʷʨ (ʩʢʘʣʷʨʥʘʷ ʚʝʣʠʯʠʥʘ) (ʛʨʝʯ. ð ʩʪʫʧʝʥʯʘʪʳʡ) ð ʚʝʣʠʯʠʥʘ, 

ʢʘʞʜʦʝ ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʡ (ʚ ʦʪʣʠʯʠʝ ʦʪ ʚʝʢʪʦʨʘ) ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʦ ʦʜ-

ʥʠʤ (ʜʝʡʩʪʚʠʪʝʣʴʥʳʤ) ʯʠʩʣʦʤ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʟʥʘʯʝʥʠʡ 

ʩʢʘʣʷʨʘ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʥʘ ʣʠʥʝʡʥʦʡ ʰʢʘʣʝ (ʩʢʘʣʝ ð ʦʪʩʶʜʘ ʥʘʟʚʘʥʠʝ). 

ʇʨʠʤʝʨʳ ʪʘʢʠʭ ʚʝʣʠʯʠʥ ð ʜʣʠʥʘ, ʧʣʦʱʘʜʴ, ʚʨʝʤʷ, ʪʝʤʧʝʨʘʪʫʨʘ.  

  ʉʤʳʩʣ ð ʚʥʫʪʨʝʥʥʝʝ ʩʦʜʝʨʞʘʥʠʝ, ʩʫʱʥʦʩʪʴ, ʠʜʝʷ, ʟʥʘʯʝʥʠʝ ʯʝʛʦ-

ʥʠʙʫʜʴ, ʧʦʩʪʠʛʘʝʤʦʝ ʨʘʟʫʤʦʤ, ʢʦʥʝʯʥʘʷ ʮʝʣʴ, ʨʘʟʫʤʥʦʝ ʦʩʥʦʚʘʥʠʝ ʯʝʛʦ-

ʣʠʙʦ.  

  ʉʦʙʳʪʠʝ ð ʪʦ, ʯʪʦ ʧʨʦʠʟʦʰʣʦ; ʪʦ ʠʣʠ ʠʥʦʝ ʟʥʘʯʠʪʝʣʴʥʦʝ ʷʚʣʝʥʠʝ, 

ʬʘʢʪ ʦʙʱʝʩʪʚʝʥʥʦʡ ʠʣʠ ʣʠʯʥʦʡ ʞʠʟʥʠ. ɺ ʬʠʟʠʢʝ ð ʥʘʣʠʯʠʝ ʦʙʲʝʢʪʘ ʠ ʝʛʦ 

ʩʦʩʪʦʷʥʠʝ (ʧʝʨʝʤʝʱʝʥʠʝ); ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ, ʩʚʷʟʘʥʥʦʝ ʩ ʜʠʥʘʤʠʢʦʡ ʧʨʦ-

ʩʪʨʘʥʩʪʚʘ ʠ ʚʨʝʤʝʥʠ. ɼʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʝ ʩʦʙʳʪʠʷ ð ʧʨʝʜʩʢʘʟʫʝʤʳʝ, ʩʪʦ-

ʭʘʩʪʠʯʝʩʢʠʝ ð ʚʝʨʦʷʪʥʦʩʪʥʳʝ.  

  ʉʦʟʥʘʥʠʝ ð ʦʩʦʙʘʷ ʬʦʨʤʘ ʙʳʪʠʷ, ʦʩʦʟʥʘʥʥʦʝ ʙʳʪʠʝ; ʧʦʩʪʠʞʝʥʠʝ 

ʙʳʪʠʷ, ʚʳʩʰʘʷ, ʩʚʦʡʩʪʚʝʥʥʘʷ ʣʠʰʴ ʯʝʣʦʚʝʢʫ ʬʦʨʤʘ ʠʜʝʘʣʴʥʦʛʦ ʦʪʨʘʞʝʥʠʷ 

ʠ ʜʫʭʦʚʥʦʛʦ ʦʩʚʦʝʥʠʷ ʦʙʲʝʢʪʠʚʥʦʡ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ; ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʩʠ-

ʭʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʘʢʪʠʚʥʦ ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʦʩʤʳʩʣʝʥʠʠ ʯʝʣʦʚʝʢʦʤ ʦʙʲ-

ʝʢʪʠʚʥʦʛʦ ʤʠʨʘ ʠ ʩʚʦʝʛʦ ʩʦʙʩʪʚʝʥʥʦʛʦ ʙʳʪʠʷ.  

  ʉʦʤʘ ð ʪʝʣʦ ʦʨʛʘʥʠʟʤʘ.  

  ʉʦʤʘʪʠʯʝʩʢʠʡ ð ʪʝʣʝʩʥʳʡ.  

  ʉʦʤʘʪʠʯʝʩʢʠʝ ʢʣʝʪʢʠ ð ʢʣʝʪʢʠ ʪʝʣʘ.  

  ʉʦʨʘʟʤʝʨʥʦʩʪʴ ð ʩʦʦʪʥʦʰʝʥʠʝ ʠʟʤʝʨʝʥʠʡ (ʰʠʨʠʥʳ, ʜʣʠʥʳ, ʚʳʩʦ-

ʪʳ), ʦʧʨʝʜʝʣʷʝʪ ʮʝʣʦʝ, ʣʠʙʦ ʝʛʦ ʩʦʩʪʘʚʥʫʶ ʯʘʩʪʴ. ʅʘʧʨʠʤʝʨ, ʩʦʦʪʥʦʰʝʥʠ-

ʝʤ ʜʣʠʥʳ ʢ ʰʠʨʠʥʝ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʩʦʨʘʟʤʝʨʥʦʩʪʴ ʦʙʲʝʢʪʘ, ʪʝʣʘ, ʞʠʚʦʛʦ 

ʦʨʛʘʥʠʟʤʘ, ʨʘʩʪʝʥʠʡ. ɺ ʦʙʱʝʤ ʩʤʳʩʣʝ ʩʦʟʚʫʯʥʘ ʛʘʨʤʦʥʠʠ.  



 

  ʉʦʩʪʦʷʥʠʝ ð ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʠʩʪʝʤʳ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʟʥʘʯʝʥʠʷʤʠ 

ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʧʘʨʘʤʝʪʨʦʚ (ʝʩʣʠ ʦʥʠ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʚʨʝ-

ʤʝʥʠ, ʪʦ ʫʩʪʦʡʯʠʚʦʝ ʩʪʘʮʠʦʥʘʨʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʝʩʣʠ ʠʟʤʝʥʷʶʪʩʷ ʚʦ ʚʨʝʤʝ-

ʥʠ, ʪʦ ʧʨʦʮʝʩʩ).  

  ʉʧʦʥʪʘʥʥʳʡ ð ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʳʡ.  

  ʉʧʦʨʘʜʠʯʝʩʢʠʡ ð ʝʜʠʥʠʯʥʳʡ, ʩʣʫʯʘʡʥʳʡ, ʧʦʷʚʣʷʶʱʠʡʩʷ ʦʪ ʩʣʫ-

ʯʘʷ ʢ ʩʣʫʯʘʶ.  

  ʉʨʝʜʘ (ʦʢʨʫʞʘʶʱʘʷ) ð ʩʨʝʜʘ ʦʙʠʪʘʥʠʷ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ. ɺ ʦʙʱʝʤ ʩʤʳʩʣʝ ð ʪʦ, ʯʪʦ ʠʤʝʝʪ ʢʦʥʪʘʢʪ ʩ ʩʠʩʪʝʤʦʡ, 

ʥʦ ʥʝ ʷʚʣʷʝʪʩʷ ʝʝ ʯʘʩʪʴʶ.  

  ʉʨʝʜʘ ʦʙʠʪʘʥʠʷ ʯʝʣʦʚʝʢʘ ð ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʨʠʨʦʜʥʳʭ ʠ ʩʦʮʠʘʣʴ-

ʥʳʭ ʫʩʣʦʚʠʡ, ʚ ʢʦʪʦʨʳʭ ʧʨʦʪʝʢʘʝʪ ʜʝʷʪʝʣʴʥʦʩʪʴ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘ.  

  ʉʨʦʜʩʪʚʦ ʢ ʵʣʝʢʪʨʦʥʫ ð ʩʧʦʩʦʙʥʦʩʪʴ ʥʝʢʦʪʦʨʳʭ ʘʪʦʤʦʚ ʠ ʤʦʣʝʢʫʣ 

ʧʨʠʩʦʝʜʠʥʷʪʴ ʜʦʙʘʚʦʯʥʳʡ ʵʣʝʢʪʨʦʥ ʠ ʧʨʝʚʨʘʱʘʪʴʩʷ ʚ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʠʦʥ. 

ʄʝʨʦʡ ʩʨʦʜʩʪʚʘ ʩʣʫʞʠʪ ʚʳʜʝʣʷʶʱʘʷʩʷ ʧʨʠ ʵʪʦʤ ʵʥʝʨʛʠʷ.  

  ʉʪʘʪʠʩʪʠʢʘ (ʠʪʘʣ. ð ʛʦʩʫʜʘʨʩʪʚʦ) ð ʧʦʣʫʯʝʥʠʝ, ʦʙʨʘʙʦʪʢʘ, ʘʥʘʣʠʟ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʚ ʙʦʣʝʝ ʫʟʢʦʤ ʩʤʳʩʣʝ ð ʩʦʚʦʢʫʧʥʦʩʪʴ ʜʘʥʥʳʭ ʦ ʢʘʢʦʤ-

ʣʠʙʦ ʷʚʣʝʥʠʠ ʠʣʠ ʧʨʦʮʝʩʩʝ. ɺ ʬʠʟʠʢʝ ð ʠʟʫʯʝʥʠʝ ʩʚʦʡʩʪʚ ʤʘʢʨʦʩʢʦʧʠʯʝ-

ʩʢʠʭ ʪʝʣ ʢʘʢ ʩʠʩʪʝʤ ʠʟ ʦʯʝʥʴ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʯʘʩʪʠʮ (ʤʦʣʝʢʫʣ, ʘʪʦʤʦʚ, 

ʵʣʝʢʪʨʦʥʦʚ ʠ ʪ.ʜ.). ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʩʥʦʚʘʥʳ ʥʘ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦ-

ʩʪʝʡ.  

  ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʩʘʤʙʣʴ ð ʩʦʚʦʢʫʧʥʦʩʪʴ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʥʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʦʜʠʥʘʢʦʚʳʭ ʬʠʟʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʦʜʠ-

ʥʘʢʦʚʳʭ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ, ʥʦ ʨʘʟʥʳʭ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʷʭ.  

  ʉʪʘʮʠʦʥʘʨʥʳʝ ʩʦʩʪʦʷʥʠʷ ð ʫʩʪʦʡʯʠʚʳʝ ʩʦʩʪʦʷʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʚʩʝ 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʩʠʩʪʝʤʫ ʬʠʟʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʚʨʝʤʝʥʠ.  

ʉʪʝʧʝʥʠ ʩʚʦʙʦʜʳ ð ʯʠʩʣʦ ʥʝʟʘʚʠʩʠʤʳʭ ʢʦʦʨʜʠʥʘʪ, ʢʦʪʦʨʳʝ ʧʦʣʥʦ-

ʩʪʴʶ ʦʧʨʝʜʝʣʷʶʪ ʧʦʣʦʞʝʥʠʝ ʪʝʣ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ.  

  ʉʪʦʭʘʩʪʠʯʝʩʢʠʡ ð ʩʣʫʯʘʡʥʳʡ, ʚʝʨʦʷʪʥʦʩʪʥʳʡ.  

  ʉʪʦʭʘʩʪʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʩʠʩʪʝʤʘ, ʩʪʨʫʢʪʫʨʳ, ʤʝʪʦʜ (ʛʨʝʯ.ð ʫʤʝ-

ʶʱʠʡ ʫʛʘʜʳʚʘʪʴ) ð ʩʣʫʯʘʡʥʳʡ, ʚʝʨʦʷʪʥʦʩʪʥʳʡ ʧʨʦʮʝʩʩ ʚ ʩʠʩʪʝʤʘʭ, ʛʜʝ 

ʩʦʩʪʦʷʥʠʷ ʠʣʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʥʷʶʪʩʷ ʩʣʫʯʘʡʥʦ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʨʘʟʥʳʭ 

ʬʘʢʪʦʨʦʚ; ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ; ʙʝʩʧʦʨʷʜʦʯʥʳʝ 

ʭʘʦʪʠʯʥʳʝ ʩʪʨʫʢʪʫʨʳ.  

  ʉʪʨʫʢʪʫʨʘ (ʣʘʪ. ð ʩʪʨʦʝʥʠʝ, ʨʘʩʧʦʣʦʞʝʥʠʝ) ð ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʫʩʪʦʡʯʠʚʳʭ ʩʚʷʟʝʡ ʦʙʲʝʢʪʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʝʛʦ ʮʝʣʦʩʪʥʦʩʪʴ ʠ ʪʦʞʜʝ-

ʩʪʚʝʥʥʦʩʪʴ ʩʘʤʦʤʫ ʩʝʙʝ, ʪ.ʝ. ʩʦʭʨʘʥʝʥʠʝ ʦʩʥʦʚʥʳʭ ʩʚʦʡʩʪʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 



 

ʚʥʝʰʥʠʭ ʠ ʚʥʫʪʨʝʥʥʠʭ ʠʟʤʝʥʝʥʠʷʭ; ʚʟʘʠʤʦʨʘʩʧʦʣʦʞʝʥʠʝ ʠ ʩʚʷʟʴ ʩʦʩʪʘʚ-

ʥʳʭ ʯʘʩʪʝʡ ʯʝʛʦ-ʣʠʙʦ, ʩʪʨʦʝʥʠʝ.  

  ʉʫʙʩʪʨʘʪ ð ʚʝʱʝʩʪʚʦ, ʥʘ ʢʦʪʦʨʦʝ ʜʝʡʩʪʚʫʝʪ ʬʝʨʤʝʥʪ.  

  ʉʫʙʲʝʢʪ ð ʚ ʬʠʣʦʩʦʬʠʠ ʧʦʟʥʘʶʱʠʡ ʠ ʜʝʡʩʪʚʫʶʱʠʡ ʯʝʣʦʚʝʢ; ʧʨʦ-

ʪʠʚʦʩʪʦʠʪ ʚʥʝʰʥʝʤʫ ʤʠʨʫ ʢʘʢ ʦʙʲʝʢʪʫ ʧʦʟʥʘʥʠʷ; ʣʠʯʥʦʩʪʴ.  

  ʉʫʧʝʨʧʦʟʠʮʠʷ ð ʥʘʣʦʞʝʥʠʝ ʥʝʟʘʚʠʩʠʤʳʭ ʩʦʙʳʪʠʡ, ʩʦʩʪʦʷʥʠʡ, ʷʚ-

ʣʝʥʠʡ.  

  ʉʮʝʧʣʝʥʠʝ ʛʝʥʦʚ (ʟʘʢʦʥ ʄʦʨʛʘʥʘ) ð ʩʚʷʟʴ ʤʝʞʜʫ ʛʝʥʘʤʠ, ʦʙʫ-

ʩʣʦʚʣʝʥʥʘʷ ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʚ ʦʜʥʦʡ ʭʨʦʤʦʩʦʤʝ. ʂʘʞʜʦʤʫ ʙʠʦʣʦʛʠʯʝ-

ʩʢʦʤʫ ʚʠʜʫ ʧʨʠʩʫʱʝ ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʝʥʥʦʝ ʯʠʩʣʦ ʭʨʦʤʦʩʦʤ.  

ɇ  

  ʊʘʢʩʦʥ ð ʛʨʫʧʧʘ ʦʨʛʘʥʠʟʤʦʚ ʠʣʠ ʜʠʩʢʨʝʪʥʳʭ ʦʙʲʝʢʪʦʚ, ʩʚʷʟʘʥʥʳʭ 

ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʴʶ ʨʦʜʩʪʚʘ ʠʣʠ ʦʙʱʥʦʩʪʴʶ ʩʚʦʡʩʪʚ; ʧʦʜ-  

  ʨʘʟʜʝʣʝʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʘʪʠʢʠ.  

  ʊʘʢʩʦʥʳ (ʛʨʝʯ.) ð ʛʠʧʦʪʝʪʠʯʝʩʢʠʝ ʯʘʩʪʠʮʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʜʚʠ-

ʛʘʪʴʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ, ʙʦʣʴʰʝʡ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ. ʌʦʨʤʘʣʴʥʦ ʠʭ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʥʝ ʧʨʦʪʠʚʦʨʝʯʠʪ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ, ʥʦ ʜʣʷ ʥʠʭ ʥʝ 

ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʠʥʮʠʧ ʧʨʠʯʠʥʥʦʩʪʠ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʝ ʦʙʥʘʨʫʞʝʥʳ.  

  ʊʝʟʠʩ ð ʚ ʣʦʛʠʢʝ ʧʦʣʦʞʝʥʠʝ, ʠʩʪʠʥʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʪʨʝʙʫʝʪʩʷ ʜʦʢʘ-

ʟʘʪʴ; ʧʦʣʦʞʝʥʠʝ, ʢʨʘʪʢʦ ʠʟʣʘʛʘʶʱʝʝ ʢʘʢʫʶ-ʥʠʙʫʜʴ ʠʜʝʶ.  

  ʊʝʢʪʦʣʦʛʠʷ ð ʚʩʝʦʙʱʘʷ ʦʨʛʘʥʠʟʘʮʠʦʥʥʘʷ ʥʘʫʢʘ, ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ 

ʦʨʛʘʥʠʟʦʚʘʥʥʦʛʦ ʦʧʳʪʘ ʚ ʧʨʠʨʦʜʝ ʠ ʦʙʱʝʩʪʚʝ. ɺʚʝʣ A.A. ɹʦʛʜʘʥʦʚ.  

  ʊʝʣʝʦʛʝʥʝʟ ð ʥʘʧʨʘʚʣʝʥʠʝ ʘʥʪʠʜʘʨʚʠʥʠʟʤʘ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʫʙʝʞʜʝ-

ʥʠʠ ʦ ʧʨʝʜʥʘʯʝʨʪʘʥʥʦʤ ʭʦʜʝ ʵʚʦʣʶʮʠʠ.  

ʊʝʤʧʝʨʘʪʫʨʘ (ʣʘʪ. ð ʥʦʨʤʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ) ð ʬʠʟʠʯʝʩʢʘʷ ʚʝʣʠʯʠ-

ʥʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʩʦʩʪʦʷʥʠʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʩʠʩʪʝʤʳ, 

ʩʪʝʧʝʥʴ ʥʘʛʨʝʪʦʩʪʠ ʪʝʣ. ʊʝʤʧʝʨʘʪʫʨʘ ʚʩʝʭ ʯʘʩʪʝʡ ʠʟʦʣʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ, 

ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʨʘʚʥʦʚʝʩʠʠ, ʦʜʠʥʘʢʦʚʘ. ɺ ʪʝʨʤʦʜʠʥʘʤʠʢʝ ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʣʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʦʠʟʚʦʜʥʦʡ ʦʪ ʵʥʝʨʛʠʠ ʧʦ ʝʛʦ ʵʥʪʨʦʧʠʠ.  

  ʊʝʦʨʝʤʳ ɻʝʜʝʣʷ ð ʪʝʦʨʝʤʳ ʦ ʧʦʣʥʦʪʝ ʪʝʦʨʠʡ, ʚ ʦʙʱʝʤ ʩʤʳʩʣʝ ð 

ʟʥʘʥʠʡ, ʠʟ ʢʦʪʦʨʳʭ ʩʣʝʜʫʝʪ, ʯʪʦ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʧʦʣʥʦʡ ʬʦʨʤʘʣʴʥʦʡ ʪʝʦ-

ʨʠʠ, ʛʜʝ ʙʳʣʠ ʙʳ ʦʜʥʦʟʥʘʯʥʦ ʜʦʢʘʟʫʝʤʳ ʚʩʝ ʠʩʪʠʥʥʳʝ ʪʝʦʨʝʤʳ. ʐʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʝʩʪʝʩʪʚʦʟʥʘʥʠʠ ʢʘʢ ʧʨʠʥʮʠʧ ʧʨʠʚʣʝʯʝʥʠʷ 

ʨʘʟʥʳʭ ʢʫʣʴʪʫʨ (ʛʫʤʘʥʠʪʘʨʥʦʡ ʠ ʝʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʦʡ), ʧʦʜʭʦʜʦʚ ʜʣʷ ʦʙʲ-

ʷʩʥʝʥʠʷ ʷʚʣʝʥʠʡ ʚ ʧʨʠʨʦʜʝ ʠ ʦʙʱʝʩʪʚʝ.  

  ʊʝʦʨʝʤʘ ʇʨʠʛʦʞʠʥʘ (ʪʝʦʨʝʤʘ ʦ ʤʠʥʠʤʫʤʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʥʪʨʦ-

ʧʠʠ, ʪʘʢʞʝ ʧʨʠʥʮʠʧ ɻʣʝʥʩʜʦʨʬʘðʇʨʠʛʦʞʠʥʘ) ð ʧʨʦʠʟʚʦʜʩʪʚʦ ʵʥʪʨʦ-



 

ʧʠʠ ʚ ʩʠʩʪʝʤʝ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ, ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʦʤ ʢ ʨʘʚʥʦ-

ʚʝʩʠʶ, ʩʦʩʪʦʷʥʠʠ, ʤʠʥʠʤʘʣʴʥʦ.  

  ʊʝʦʨʠʷ (ʛʨʝʯ.ð ʨʘʩʩʤʦʪʨʝʥʠʝ) ð ʩʦʚʦʢʫʧʥʦʩʪʴ ʥʘʫʯʥʳʭ ʧʦʣʦʞʝ-

ʥʠʡ, ʦʙʨʘʟʫʶʱʠʭ ʢʘʢʫʶðʣʠʙʦ ʥʘʫʢʫ ʠʣʠ ʨʘʟʜʝʣ, ʬʦʨʤʘ ʥʘʫʯʥʦʛʦ ʟʥʘʥʠʷ, 

ʜʘʶʱʘʷ ʮʝʣʦʩʪʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʭ ʠ ʩʫʱʝʩʪʚʝʥʥʳʭ ʩʚʷ-

ʟʷʭ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ.  

  ʊʝʦʨʠʷ ʢʘʪʘʩʪʨʦʬ ð ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʪʝʦʨʠʷ, ʦʧʠʩʳʚʘʶʱʘʷ ʩʢʘʯ-

ʢʦʦʙʨʘʟʥʦʝ ʠʟʤʝʥʝʥʠʝ (çʢʘʪʘʩʪʨʦʬʫè) ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ ʢʘʢ ʝʝ ʚʥʝʟʘʧ-

ʥʳʡ ʦʪʚʝʪ ʥʘ ʧʣʘʚʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ, ʧʨʠʚʦʜʷʱʝʝ ʢ ʧʦʪʝʨʝ 

ʫʩʪʦʡʯʠʚʦʩʪʠ. ʉ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ð ʵʪʦ ʦʙʦʙʱʝʥʠʝ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ ʬʫʥʢʮʠʡ ʥʘ ʵʢʩʪʨʝʤʫʤ ʥʘ ʩʣʫʯʘʡ ʤʥʦʛʠʭ ʧʝʨʝʤʝʥʥʳʭ.  

  ʊʝʦʨʠʷ ʥʘʨʦʜʦʥʘʩʝʣʝʥʠʷ ʉʇ. ʂʘʧʠʮʳ ð ʨʦʩʪ ʥʘʩʝʣʝʥʠʷ ʦʧʨʝʜʝ-

ʣʷʝʪʩʷ ʥʝ ʯʠʩʣʦʤ ʣʶʜʝʡ, ʘ ʯʠʩʣʦʤ ʧʘʨʥʳʭ ʩʪʦʣʢʥʦʚʝʥʠʡ ʤʝʞʜʫ ʥʠʤʠ ʩ ʧʦ-

ʨʦʞʜʝʥʠʝʤ. ʉʢʦʨʦʩʪʴ ʨʦʩʪʘ dN/dt = Ɂ2 ʦʢʘʟʳʚʘʝʪʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ 

ʢʚʘʜʨʘʪʫ ʯʠʩʣʘ ʣʶʜʝʡ.  

  ʊʝʦʨʠʷ ʧʦʟʥʘʥʠʷ (ʛʥʦʩʝʦʣʦʛʠʷ, ʵʧʠʩʪʝʤʦʣʦʛʠʷ) ð ʫʯʝʥʠʝ ʦ ʩʫʱ-

ʥʦʩʪʠ, ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʭ ʠ ʬʦʨʤʘʭ ʧʦʟʥʘʥʠʷ.  

  ʊʝʧʣʦʪʘ ð ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʦʮʝʩʩʘ ʪʝʧʣʦʦʙʤʝʥʘ, 

ŭQ = CdT, ʛʜʝ ʉ ð ʪʝʧʣʦʝʤʢʦʩʪʴ, dT ð ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ; ʥʝʫʧʦʨʷ-

ʜʦʯʝʥʥʘʷ ʬʦʨʤʘ ʨʘʙʦʪʳ; ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʧʨʦʮʝʩʩʘ, ʪ.ʝ. ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴ-

ʢʦ ʦʪ ʥʘʯʘʣʴʥʦʛʦ ʠ ʢʦʥʝʯʥʦʛʦ ʪʝʣʘ, ʥʦ ʠ ʦʪ ʚʠʜʘ ʧʨʦʮʝʩʩʘ.  

  ʊʝʨʤʦʜʠʥʘʤʠʢʘ ð ʨʘʟʜʝʣ ʬʠʟʠʢʠ, ʠʟʫʯʘʶʱʠʡ ʥʘʠʙʦʣʝʝ ʦʙʱʠʝ 

ʩʚʦʡʩʪʚʘ ʪʝʣ, ʚ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʦʙʤʝʥ ʵʥʝʨʛʠʝʡ ʚ ʪʝʧʣʦʚʳʭ ʧʨʦʮʝʩʩʘʭ 

ʠ ʧʨʦʮʝʩʩʘʭ ʧʝʨʝʥʦʩʘ ʠ ʧʨʝʚʨʘʱʝʥʠʝ ʪʝʧʣʦʪʳ ʚ ʜʨʫʛʠʝ ʝʝ ʚʠʜʳ.  

  ʊʝʨʤʦʷʜʝʨʥʘʷ ʵʥʝʨʛʠʷ ð ʨʝʘʢʮʠʷ ʩʠʥʪʝʟʘ ʘʪʦʤʥʳʭ ʷʜʝʨ ʧʨʠ 

ʩʚʝʨʭʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʧʦʜʜʝʨʞʠʚʘʶʱʘʷ ʵʪʠ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘ ʩʯʝʪ 

ʙʦʣʴʰʦʛʦ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ.  

  ʊʝʨʥʘʨʠʟʤ ð ʢʦʥʮʝʧʮʠʷ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʢʘʨʪʠʥʘ ʤʠʨʘ ʩʚʦʜʠʪʩʷ 

ʢ ʩʦʚʤʝʩʪʥʦʤʫ ʜʝʡʩʪʚʠʶ ʪʨʝʭ ʥʘʯʘʣ (ʵʥʝʨʛʠʠ, ʤʘʪʝʨʠʠ ʠ ʠʥʬʦʨʤʘʮʠʠ).  

  ʊʝʩʪ (ʧʨʦʙʘ, ʠʩʧʳʪʘʥʠʝ, ʠʩʩʣʝʜʦʚʘʥʠʝ) ð ʩʧʝʮʠʘʣʴʥʳʝ ʟʘʜʘʥʠʷ 

ʠʩʧʳʪʫʝʤʦʤʫ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʝʡ ʠʣʠ ʟʥʘʥʠʡ.  

ʊʝʭʥʦʩʬʝʨʘ ð ʩʦʟʜʘʥʥʘʷ ʣʶʜʴʤʠ ʚ ʨʘʤʢʘʭ ʙʠʦʩʬʝʨʳ ʠʩʢʫʩʩʪʚʝʥʥʘʷ 

ʩʪʨʫʢʪʫʨʘ, ʜʣʷ ʢʦʪʦʨʦʡ ʭʘʨʘʢʪʝʨʥʦ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʩʣʦʞʥʦʡ ʤʘʰʠʥʥʦʡ 

ʪʝʭʥʠʢʠ ʚʦ ʚʩʝ ʩʬʝʨʳ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ (ʟʘʚʦʜʳ, ʜʦʨʦʛʠ, ʵʣʝʢ-

ʪʨʦʩʪʘʥʮʠʠ, ʛʘʟʦð ʠ ʥʝʬʪʝʧʨʦʚʦʜʳ, ʠʨʨʠʛʘʮʠʷ, ʩʝʣʴʭʦʟʫʛʦʜʴʷ ʠ ʪ.ʜ.) ʠ ʠʟ-

ʤʝʥʝʥʠʝ ʧʨʠʨʦʜʥʳʡ ʫʩʣʦʚʠʷ.  



 

  ʊʦʞʜʝʩʪʚʦ ð ʢʘʪʝʛʦʨʠʷ, ʚʳʨʘʞʘʶʱʘʷ ʨʘʚʝʥʩʪʚʦ; ʦʜʠʥʘʢʦʚʦʩʪʴ 

ʧʨʝʜʤʝʪʘ, ʷʚʣʝʥʠʷ ʩ ʩʘʤʠʤ ʩʦʙʦʡ.  

  ʊʦʤʦʛʨʘʬʠʷ ð ʨʝʥʪʛʝʥʦʣʦʛʠʯʝʩʢʠʡ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʲʝʢʪʘ ʩ 

ʧʦʣʫʯʝʥʠʝʤ ʠʟʦʣʠʨʦʚʘʥʥʦʛʦ ʪʝʥʝʚʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʣʶʙʦʛʦ ʩʣʦʷ ʦʙʲʝʢʪʘ.  

  ʊʦʯʢʘ ʆʤʝʛʘ ð ʧʦ ɺʝʨʥʘʜʩʢʦʤʫ, ʪʦʯʢʘ ʧʦʣʥʦʛʦ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʥʦ-

ʦʩʬʝʨʳ.  

  ʊʨʘʝʢʪʦʨʠʷ (ʣʘʪ.ð ʦʪʥʦʩʷʱʠʡʩʷ ʢ ʧʝʨʝʤʝʱʝʥʠʶ) ð ʥʝʧʨʝʨʳʚʥʘʷ 

ʣʠʥʠʷ, ʧʦ ʢʦʪʦʨʦʡ ʜʚʠʞʝʪʩʷ ʪʦʯʢʘ ʠʣʠ ʮʝʥʪʨ ʤʘʩʩ ʪʝʣʘ ʧʨʠ ʜʚʠʞʝʥʠʠ ʚ ʢʦ-

ʦʨʜʠʥʘʪʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ.  

  ʊʨʘʥʩʢʨʠʧʮʠʷ (ʣʘʪ. ð ʧʝʨʝʧʠʩʳʚʘʥʠʝ) ð ʩʧʦʩʦʙ ʧʠʩʴʤʝʥʥʦʡ ʬʠʢ-

ʩʘʮʠʠ ʫʩʪʥʦʡ ʨʝʯʠ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʳʭ ʟʥʘʢʦʚ. ɺ ʤʫʟʳʢʝð ʘʨʘʥʞʠ-

ʨʦʚʢʘ, ʦʙʨʘʙʦʪʢʘ ʧʨʦʠʟʚʝʜʝʥʠʷ. ɺ ʙʠʦʣʦʛʠʠð ʧʝʨʝʥʦʩ ʢʦʜʘ ɼʅʂ ʧʫʪʝʤ 

ʦʙʨʘʟʦʚʘʥʠʷ ʦʜʥʦʮʝʧʦʯʝʯʥʦʡ ʤʦʣʝʢʫʣʳ ʈʅʂ ʥʘ ʦʜʥʦʡ ʥʠʪʠ ɼʅʂ.  

  ʊʨʝʥʜ ð ʜʣʠʪʝʣʴʥʘʷ, ʧʨʝʦʙʣʘʜʘʶʱʘʷ ʪʝʥʜʝʥʮʠʷ, ʧʨʝʚʘʣʠʨʫʶʱʝʝ 

ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʟʚʠʪʠʷ.  

  ʊʨʦʬʠʯʝʩʢʠʡ ð ʧʠʱʝʚʦʡ.  

  ʊʫʨʙʫʣʝʥʪʥʦʝ ʪʝʯʝʥʠʝ (ʣʘʪ. ð ʙʫʨʥʳʡ, ʙʝʩʧʦʨʷʜʦʯʥʳʡ) ð ʭʘʦʪʠ-

ʯʝʩʢʦʝ ʜʚʠʞʝʥʠʝ ʞʠʜʢʦʩʪʠ ʠ ʛʘʟʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʯʘʩʪʠʮʳ ʩʦʚʝʨʰʘʶʪ ʥʝʫʧʦ-

ʨʷʜʦʯʝʥʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦ ʩʣʦʞʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ, ʢʦʛʜʘ ʧʨʦʠʩʭʦʜʠʪ ʧʝ-

ʨʝʤʝʰʠʚʘʥʠʝ ʧʦʪʦʢʘ ʚʝʱʝʩʪʚʘ.  

ʋ  

  ʋʛʣʝʚʦʜʳ ð ʛʨʫʧʧʘ ʧʨʠʨʦʜʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʭʠʤʠʯʝ-

ʩʢʘʷ ʬʦʨʤʫʣʘ ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʉm(ʅ2O)n, ʪ.ʝ. ʫʛʣʝʨʦʜ + ʚʦʜʘ, ʦʪʩʶ-

ʜʘ ʥʘʟʚʘʥʠʝ. ʇʦʜʚʝʨʛʘʷʩʴ ʦʢʠʩʣʠʪʝʣʴʥʳʤ ʧʨʝʚʨʘʱʝʥʠʷʤ, ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʚʩʝ ʞʠʚʳʝ ʢʣʝʪʢʠ ʵʥʝʨʛʠʝʡ (ʛʣʶʢʦʟʘ).  

  ʋʥʠʚʝʨʩʫʤ (ʣʘʪ.) ð ʬʠʣʦʩʦʬʩʢʠʡ ʪʝʨʤʠʥ, ʦʟʥʘʯʘʶʱʠʡ ʤʠʨ ʢʘʢ ʮʝ-

ʣʦʝ.  

  ʋʧʨʘʚʣʷʶʱʠʡ ʧʘʨʘʤʝʪʨ ð ʚʝʣʠʯʠʥʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʙʳʩʪʨʦʪʫ 

ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ.  

  ʋʩʪʦʡʯʠʚʦʩʪʴ ð ʩʚʦʡʩʪʚʦ ʩʠʩʪʝʤʳ ʚʦʟʚʨʘʱʘʪʴʩʷ ʢ ʠʩʭʦʜʥʦʤʫ ʩʦ-

ʩʪʦʷʥʠʶ ʧʦʩʣʝ ʦʪʢʣʦʥʝʥʠʷ ʠʟ ʵʪʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʥʝʩʤʦʪʨʷ ʥʘ ʜʝʡʩʪʚʠʝ ʨʘʟ-

ʣʠʯʥʳʭ ʩʠʣ; ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʪʠʚʦʩʪʦʷʪʴ ʚʦʟʜʝʡʩʪʚʠʷʤ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʬʘʢ-

ʪʦʨʦʚ ʩʨʝʜʳ.  

  ʋʬʦʣʦʛʠʷ ð ʥʘʫʢʘ ʦ ʥʝʦʧʦʟʥʘʥʥʳʭ ʣʝʪʘʶʱʠʭ ʦʙʲʝʢʪʘʭ.  

ū  

  ʌʘʟʘ (ʛʨʝʯ. ð ʧʦʷʚʣʝʥʠʝ) ð ʦʪʜʝʣʴʥʘʷ ʩʪʘʜʠʷ ʚ ʨʘʟʚʠʪʠʠ ʢʘʢʦʛʦð

ʣʠʙʦ ʷʚʣʝʥʠʷ ʠʣʠ ʧʨʦʮʝʩʩʘ ʚ ʧʨʠʨʦʜʝ ʠʣʠ ʦʙʱʝʩʪʚʝ. ɺ ʬʠʟʠʢʝ ð ʩʦʩʪʦʷ-



 

ʥʠʝ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʦʧʨʝʜʝʣʝʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. ɺ ʭʠʤʠʠ 

(ʤʝʪʘʣʣʦʚʝʜʝʥʠʠ) ð ʦʜʥʦʨʦʜʥʘʷ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʠ ʬʠʟʠʯʝʩʢʠʤ 

ʩʚʦʡʩʪʚʘʤ ʯʘʩʪʴ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ.  

  ʌʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ ð ʬʘʟʦʚʳʝ ʧʨʝʚʨʘʱʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʧʣʦʪ-

ʥʦʩʪʴ, ʧʦʪʝʥʮʠʘʣʳ ʠ ʵʥʪʨʦʧʠʷ (ʧʝʨʝʭʦʜʳ ʧʝʨʚʦʛʦ ʨʦʜʘ) ʠʣʠ ʪʝʧʣʦʝʤʢʦʩʪʴ, 

ʩʞʠʤʘʝʤʦʩʪʴ, ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ (ʧʝʨʝʭʦʜʳ ʚʪʦʨʦʛʦ 

ʧʦʨʷʜʢʘ) ʤʝʥʷʶʪʩʷ ʩʢʘʯʢʦʤ.  

ʌʘʟʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ð ʚ ʬʠʟʠʢʝ ʘʙʩʪʨʘʢʪʥʦʝ ʤʥʦʛʦʤʝʨʥʦʝ ʧʨʦ-

ʩʪʨʘʥʩʪʚʦ, ʛʜʝ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʷʚʣʷʶʪʩʷ ʚʝʣʠʯʠʥʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʩʠ-

ʩʪʝʤʳ ð ʝʝ ʬʘʟʫ. ɺ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʝ ð ʵʪʦ ʦʙʦʙʱʝʥʠʝ ʢʦʦʨʜʠʥʘʪʳ 

q ʠ ʠʤʧʫʣʴʩʘ p ʠʣʠ ʩʢʦʨʦʩʪʠ ɜ ʚʩʝʭ ʯʘʩʪʠʮ. ʉʦʩʪʦʷʥʠʝ ʠʟʦʙʨʘʞʘʝʪʩʷ ʪʦʯ-

ʢʦʡ ʚ ʬʘʟʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʘ ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʚʦ ʚʨʝʤʝʥʠ ð ʜʚʠʞʝ-

ʥʠʝʤ ʪʦʯʢʠ ʚʜʦʣʴ ʣʠʥʠʠ, ʥʘʟʳʚʘʝʤʦʡ ʬʘʟʦʚʦʡ ʪʨʘʝʢʪʦʨʠʝʡ. ɺ ʬʘʟʦʚʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʯʠʩʣʦ ʠʟʤʝʨʝʥʠʡ ʨʘʚʥʦ ʯʠʩʣʫ ʧʝʨʝʤʝʥʥʳʭ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ 

ʩʦʩʪʦʷʥʠʝ ʩʠʩʪʝʤʳ (ʥʘʧʨʠʤʝʨ, ʢʦʦʨʜʠʥʘʪ ʠ ʩʢʦʨʦʩʪʠ ʚʩʝʭ ʯʘʩʪʠʮ).  

  ʌʘʟʦʚʘʷ ʪʨʘʝʢʪʦʨʠʷ ð ʪʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ ʚ ʬʘʟʦʚʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ.  

  ʌʘʢʪʦʨʠʘʣ ð ʧʨʦʠʟʚʝʜʝʥʠʝ ʥʘʪʫʨʘʣʴʥʳʭ ʯʠʩʝʣ ʦʪ ʝʜʠʥʠʮʳ ʜʦ ʢʘ-

ʢʦʛʦ-ʣʠʙʦ ʜʘʥʥʦʛʦ ʯʠʩʣʘ ʧ. ʆʙʦʟʥʘʯʘʝʪʩʷ ʧ!, ʪ.ʝ. 1 Ŀ 2 Ŀ 3n = n! ʅʘʧʨʠʤʝʨ 5! 

= 1 Ŀ 2 Ŀ 3 Ŀ 4 Ŀ 5 = 120.  

  ʌʘʫʥʘ ð ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʩʝʭ ʚʠʜʦʚ ʞʠʚʦʪʥʳʭ ʢʘʢʦʡðʣʠʙʦ ʤʝʩʪʥʦ-

ʩʪʠ ʠʣʠ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʧʝʨʠʦʜʘ.  

  ʌʝʥʦʤʝʥ (ʛʨʝʯ. ð ʷʚʣʷʶʱʠʡʩʷ) ð ʥʝʦʙʳʯʥʳʡ, ʠʩʢʣʶʯʠʪʝʣʴʥʳʡ 

ʬʘʢʪ; ʷʚʣʝʥʠʝ, ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ; ʬʠʣʦʩʦʬʩʢʦʝ ʧʦʥʷʪʠʝ, ʦʟʥʘʯʘ-

ʶʱʝʝ ʷʚʣʝʥʠʝ, ʜʘʥʥʦʝ ʥʘʤ ʚ ʦʧʳʪʝ, ʯʫʚʩʪʚʝʥʥʦʤ ʧʦʟʥʘʥʠʠ.  

  ʌʝʥʦʪʠʧ ð ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʩʝʭ ʧʨʠʟʥʘʢʦʚ ʠ ʩʚʦʡʩʪʚ ʦʨʛʘʥʠʟʤʘ, 

ʩʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ; ʩʢʣʘʜʳʚʘʝʪ-

ʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʝʥʦʪʠʧʘ ʠ ʦʢʨʫʞʘʶʱʝʡ  

  ʩʨʝʜʳ. ɺ ʦʙʱʝʤ ʩʤʳʩʣʝ ð ʢʦʥʩʪʨʫʢʪʠʨʦʚʘʥʠʝ ʦʨʛʘʥʠʟʤʘ.  

  ʌʝʨʤʝʥʪʳ ð ʙʠʦʤʦʣʝʢʫʣʳ ð ʢʘʪʘʣʠʟʘʪʦʨʳ, ʨʝʛʫʣʠʨʫʶʱʠʝ (ʫʩʢʦ-

ʨʷʶʱʠʝ) ʩʢʦʨʦʩʪʴ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ.  

  ʌʝʨʤʝʥʪʘʪʠʚʥʳʡ ʢʘʪʘʣʠʟ ð ʫʩʢʦʨʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʟʘ 

ʩʯʝʪ ʬʝʨʤʝʥʪʦʚ.  

  ʌʠʙʨʠʣʣʳ ð ʥʠʪʝʚʠʜʥʳʝ ʙʝʣʢʦʚʳʝ ʩʪʨʫʢʪʫʨʳ ʚ ʢʣʝʪʢʘʭ ʠ ʪʢʘʥʷʭ 

ʞʠʚʦʪʥʳʭ.  

  ʌʠʙʨʠʥ ð ʥʝʨʘʩʚʦʨʠʤʳʡ ʙʝʣʦʢ, ʦʙʨʘʟʫʶʱʠʡʩʷ ʚ ʧʨʦʮʝʩʩʝ ʩʚʝʨʪʳ-

ʚʘʥʠʷ ʢʨʦʚʠ.  



 

  ʌʠʟʠʢʘʣʠʟʤ ð ʥʘʧʨʘʚʣʝʥʠʝ ʚ ʥʘʫʢʝ, ʧʨʝʜʧʦʣʘʛʘʶʱʝʝ, ʯʪʦ ʚʩʝ ʷʚ-

ʣʝʥʠʷ ʚ ʧʨʠʨʦʜʝ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʟʘʢʦʥʘʤʠ ʬʠʟʠʢʠ.  

  ʌʠʪʦʥʮʠʜʳ ð ʦʙʨʘʟʫʝʤʳʝ ʨʘʩʪʝʥʠʷʤʠ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʚʝ-

ʱʝʩʪʚʘ, ʫʙʠʚʘʶʱʠʝ ʠʣʠ ʧʦʜʘʚʣʷʶʱʠʝ ʨʦʩʪ ʠ ʨʘʟʚʠʪʠʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ; 

ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʠʤʤʫʥʠʪʝʪʝ.  

  ʌʣʦʨʘ ð ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʩʝʭ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ ʢʘʢʦʡ-ʣʠʙʦ ʤʝʩʪʥʦʩʪʠ 

ʠʣʠ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʧʝʨʠʦʜʘ.  

  ʌʣʫʢʪʫʘʮʠʷ (ʣʘʪ. ð ʢʦʣʝʙʘʥʠʷ) ð ʩʣʫʯʘʡʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʩʠʩʪʝʤʳ 

ʦʪ ʨʘʚʥʦʚʝʩʠʷ.  

  ʌʦʨʤʫʣʘ (ʣʘʪ. ð ʦʙʨʘʟ, ʚʠʜ) ð ʢʦʤʙʠʥʘʮʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʠʣʠ 

ʬʠʟʠʯʝʩʢʠʭ ʟʘʢʦʥʦʚ, ʢʨʘʪʢʦ ʚʳʨʘʞʘʶʱʘʷ ʢʘʢʦʝ-ʥʠʙʫʜʴ ʩʤʳʩʣʦʚʦʝ ʚʳʨʘ-

ʞʝʥʠʝ, ʩʠʤʚʦʣʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʢʘʢʦʛʦ-ʣʠʙʦ ʧʨʘʚʠʣʘ, ʧʦʣʦʞʝʥʠʷ.  

  ʌʦʨʤʫʣʘ ʂʦʥʪʘ ð çɿʥʘʪʴ, ʯʪʦʙʳ ʧʨʝʜʚʠʜʝʪʴ; ʧʨʝʜʚʠʜʝʪʴ, ʯʪʦʙʳ 

ʫʧʨʘʚʣʷʪʴè.  

  ʌʦʩʬʘʛʝʥ ð ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʥʦʝ ʬʦʩʬʘʪʩʦʜʝʨʞʘʱʝʝ ʩʦʝʜʠʥʝʥʠʝ, 

ʠʩʧʦʣʴʟʫʝʤʦʝ ʞʠʚʳʤʠ ʦʨʛʘʥʠʟʤʘʤʠ ʜʣʷ ʟʘʧʘʩʘʥʠʷ ʵʥʝʨʛʠʠ, ʥʝʦʙʭʦʜʠʤʦʡ 

ʜʣʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʨʛʘʥʠʟʤʘ.  

  ʌʦʩʬʘʪ ð ʤʦʣʝʢʫʣʷʨʥʘʷ ʬʦʨʤʘ ʬʦʩʬʦʨʘ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʞʠʚʦʪʥʳʤʠ 

ʦʨʛʘʥʠʟʤʘʤʠ. ʆʥ ʩʦʜʝʨʞʠʪ 4 ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ ʠ 3 ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ, ʢʦʚʘ-

ʣʝʥʪʥʦ ʩʚʷʟʘʥʥʳʭ ʩ ʘʪʦʤʘʤʠ ʬʦʩʬʦʨʘ.  

  ʌʦʩʬʘʪʥʘʷ ʩʚʷʟʴ ð ʩʚʷʟʴ, ʦʙʨʘʟʫʶʱʘʷʩʷ ʤʝʞʜʫ ʤʦʣʝʢʫʣʦʡ ʩʫʙ-

ʩʪʨʘʪʘ ʠ ʬʦʩʬʘʪʘ.  

  ʌʦʩʬʦʣʠʧʠʜ ð ʣʠʧʠʜʥʘʷ ʤʦʣʝʢʫʣʘ, ʩʦʜʝʨʞʘʱʘʷ ʩʘʭʘʨ.  

  ʌʦʪʦʩʠʥʪʝʟ ð ʦʙʨʘʟʦʚʘʥʠʝ ʚ ʢʣʝʪʢʘʭ ʟʝʣʝʥʳʭ ʨʘʩʪʝʥʠʡ, ʚʦʜ-ʨʦʩʣʝʡ 

ʠ ʚ ʥʝʢʦʪʦʨʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʭ ʢʠʩʣʦʨʦʜʘ ʠʟ ʫʛʣʝʢʠʩʣʦʪʳ ʠ ʚʦʜʳ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʩʚʝʪʘ.  

  ʌʨʘʢʪʘʣʳ (ʘʥʛʣ. ð ʜʨʦʙʥʳʡ) ð ʦʙʲʝʢʪʳ, ʢʦʪʦʨʳʝ ʚ ʤʝʥʴʰʠʭ ʤʘʩ-

ʰʪʘʙʘʭ ʚʳʛʣʷʜʷʪ ʢʘʢ ʚ ʙʦʣʴʰʠʭ, ʯʘʩʪʴ ʬʨʘʢʪʘʣʘ ʧʦʭʦʞʘ ʥʘ ʮʝʣʦʝ (ʢʦʚʨʳ 

ʉʝʨʧʠʥʩʢʦʛʦ), ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʦʙʲʝʢʪʘ ʧʨʦʷʚʣʷʝʪʩʷ ʚʩʝ ʙʦʣʴʰʝʝ ʯʠʩʣʦ 

ʜʝʪʘʣʝʡ, ʧʦʜʦʙʥʳʭ ʪʦʤʫ, ʯʪʦ ʙʳʣʦ ʜʣʷ ʤʘʣʦʛʦ ʦʙʲʝʢʪʘ. ʇʦʥʷʪʠʝ ʙʳʣʦ ʚʚʝ-

ʜʝʥʦ ɹ. ʄʘʥʜʝʣʴʙʨʦʪʦʤ ʚ 1977 ʛ. ʌʨʘʢʪʘʣʴʥʘʷ ʨʘʟʤʝʨʥʦʩʪʴ ʜʨʦʙʥʘʷ (ʦʪʨʝ-

ʟʦʢ ʠʤʝʝʪ ʨʘʟʤʝʨʥʦʩʪʴ 1, ʢʚʘʜʨʘʪ ð 2, ʢʫʙ ð 3). ɺʚʝʜʝʥʠʝ ʧʦʥʷʪʠʷ ʬʨʘʢ-

ʪʘʣʴʥʳʭ ʤʥʦʞʝʩʪʚ ʥʘʭʦʜʠʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʠʥʝʨʛʝʪʠʢʝ ʜʣʷ ʦʧʠʩʘʥʠʷ ʭʘʦʪʠ-

ʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʡ ʠ ʜʚʠʞʝʥʠʡ, ʘ ʪʘʢʞʝ ʚ ʢʦʩʤʦʣʦʛʠʠ, ʭʠʤʠʯʝʩʢʦʡ ʢʠʥʝʪʠ-

ʢʝ, ʬʠʟʠʢʝ ʧʦʣʠʤʝʨʦʚ ʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ, ʪʝʦʨʠʠ ʨʦʩʪʘ ʛʦʨʦʜʦʚ ʠ ʪ.ʜ. 

ʌʨʘʢʪʘʣʳ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʭʦʜʠʪʴ ʩʢʨʳʪʳʡ ʧʦʨʷʜʦʢ ʚ ʭʘʦʪʠʯʝʩʢʠʭ 

ʩʪʨʫʢʪʫʨʘʭ.  



 

ʌʫʥʢʮʠʦʥʘʣ ð ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʧʦʥʷʪʠʝ ʚʘʨʠʘʮʠʦʥʥʦʛʦ ʠʩʯʠʩʣʝʥʠʷ 

ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʧʝʨʝʤʝʥʥʦʡ ʚʝʣʠʯʠʥʳ, ʟʘʜʘʥʥʦʡ ʥʘ ʤʥʦʞʝʩʪʚʝ ʬʫʥʢʮʠʡ, 

ʪ.ʝ. ʟʘʚʠʩʷʱʝʡ ʦʪ ʚʳʙʦʨʘ ʦʜʥʦʡ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʬʫʥʢʮʠʡ.  

  ʌʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ð ʦʩʥʦʚʥʦʝ ʧʦʥʷʪʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʬʠ-

ʟʠʢʠ. ɺ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʝ ʠ ʬʠʟʠʢʝ ð ʧʣʦʪʥʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʠ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ ʠ ʠʤʧʫʣʴ-

ʩʘʤ. ɺ ʢʚʘʥʪʦʚʦʡ ʬʠʟʠʢʝ ð ʚʝʨʦʷʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʢʚʘʥʪʦʚʦ-

ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʦʩʪʦʷʥʠʷʤ.  

  ʌʫʪʫʨʦʣʦʛʠʷ ð ʚ ʦʙʱʝʤ ʩʤʳʩʣʝ ð ʦʙʱʘʷ ʢʦʥʮʝʧʮʠʷ ʙʫʜʫʱʝʛʦ 

ɿʝʤʣʠ ʠ ʯʝʣʦʚʝʯʝʩʪʚʘ.  

X  

  ʍʘʦʩ (ʛʨʝʯ.) ð ʚ ʜʨʝʚʥʝʛʨʝʯʝʩʢʦʡ ʬʠʣʦʩʦʬʠʠ ʙʝʩʧʨʝʜʝʣʴʥʘʷ ʧʝʨʚʦ-

ʙʳʪʥʘʷ ʤʘʩʩʘ, ʥʝʫʧʦʨʷʜʦʯʝʥʥʘʷ ʧʝʨʚʦʧʦʪʝʥʮʠʷ ʤʠʨʘ, ʠʟ ʢʦʪʦʨʦʡ ʦʙʨʘʟʦʚʘ-

ʣʦʩʴ ʚʧʦʩʣʝʜʩʪʚʠʠ ʚʩʝ ʩʫʱʝʩʪʚʫʶʱʝʝ. ɺ ʦʙʱʝʤ ʩʤʳʩʣʝ ð ʧʦʣʥʳʡ ʙʝʩʧʦ-

ʨʷʜʦʢ, ʥʘʨʫʰʝʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʩʪʨʦʡʥʦʩʪʠ. ɺ ʬʠʟʠʢʫ ʧʦʥʷʪʠʝ ʭʘʦ-

ʩʘ ʚʚʝʣʠ ɹʦʣʴʮʤʘʥ ʠ ɻʠʙʙʩ.  

  ʍʠʤʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ð ʧʘʨʘʤʝʪʨ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷ-

ʥʠʷ ʩʠʩʪʝʤʳ, ʠʛʨʘʶʱʠʡ ʨʦʣʴ ʩʠʣʳ ʧʨʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʠ ʤʘʩʩ ʢʦʤʧʦ-

ʥʝʥʪʦʚ ʠ ʧʨʠʚʦʜʷʱʠʡ ʢ ʧʝʨʝʭʦʜʫ ʢʦʤʧʦʥʝʥʪʘ ʦʪ ʬʘʟʳ ʩ ʙʦʣʴʰʠʤ ʝʛʦ ʟʥʘ-

ʯʝʥʠʝʤ ʢ ʬʘʟʝ ʩ ʤʝʥʴʰʠʤ ʟʥʘʯʝʥʠʝʤ; ʚʳʯʠʩʣʷʝʪʩʷ ʢʘʢ ʧʨʦʠʟʚʦʜʥʘʷ ʦʪ 

ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʧʦ ʝʛʦ ʤʘʩʩʝ ʧʨʠ ʧʦʩʪʦʷʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʝ, ʜʘʚʣʝʥʠʠ ʠ 

ʤʘʩʩʘʭ ʜʨʫʛʠʭ ʢʦʤʧʦʥʝʥʪʦʚ.  

  ʍʠʨʘʣʴʥʦʩʪʴ ð ʧʦʥʷʪʠʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝ ʩʚʦʡʩʪʚʦ ʦʙʲʝʢʪʘ ʙʳʪʴ 

ʥʝʩʦʚʤʝʩʪʠʤʳʤ ʩʦ ʩʚʦʠʤ ʦʪʦʙʨʘʞʝʥʠʝʤ ʚ ʠʜʝʘʣʴʥʦʤ ʧʣʦʩʢʦʤ ʟʝʨʢʘʣʝ; ʪʦ 

ʞʝ, ʯʪʦ ʢʠʨʘʣʴʥʦʩʪʴ.  

  ʍʣʦʨʦʬʠʣʣ ð ʟʝʣʝʥʳʡ ʧʠʛʤʝʥʪ ʨʘʩʪʝʥʠʡ. ɺ ʧʨʦʮʝʩʩʝ ʬʦʪʦʩʠʥʪʝʟʘ 

ʧʦʛʣʦʱʘʝʪ ʩʚʝʪʦʚʫʶ ʵʥʝʨʛʠʶ ʠ ʧʨʝʚʨʘʱʘʝʪ ʝʝ ʚ ʵʥʝʨʛʠʶ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷ-

ʟʝʡ.  

  ʍʦʣʠʟʤ (ʛʨʝʯ. ð ʚʝʩʴ, ʮʝʣʳʡ) ð ʭʦʣʠʩʪʠʯʝʩʢʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ;  

  ʬʠʣʦʩʦʬʠʷ ʮʝʣʦʩʪʥʦʩʪʠ, ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʤʠʨʝ ʢʘʢ ʦ ʮʝʣʦʤ.  

ʎ  

  ʎʝʣʣʶʣʦʟʘ ð ʧʦʣʠʩʘʭʘʨʠʜ, ʦʙʨʘʟʦʚʘʥʥʳʡ ʦʩʪʘʪʢʘʤʠ ʛʣʶʢʦʟʳ, 

ʛʣʘʚʥʘʷ ʩʦʩʪʘʚʥʘʷ ʯʘʩʪʴ ʢʣʝʪʦʯʥʳʭ ʩʪʝʥʦʢ ʨʘʩʪʝʥʠʡ, ʦʙʫʩʣʦʚʣʠʚʘʶʱʘʷ 

ʤʝʭʘʥʠʯʝʩʢʫʶ ʧʨʦʯʥʦʩʪʴ ʠ ʵʣʘʩʪʠʯʥʦʩʪʴ ʨʘʩʪʠʪʝʣʴʥʳʭ ʪʢʘʥʝʡ.  

ʎʝʣʦʩʪʥʦʩʪʴ ð ʚʥʫʪʨʝʥʥʝʝ ʝʜʠʥʩʪʚʦ ʦʙʲʝʢʪʘ, ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʦʪ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ; ʚ ʠʩʢʫʩʩʪʚʝ ð ʵʬʬʝʢʪ ʚʦʩʧʨʠʷʪʠʷ ʦʙʲʝʢʪʘ ʠʩʢʫʩʩʪʚʘ 

ʢʘʢ ʝʜʠʥʦʛʦ ʦʨʛʘʥʠʟʤʘ, ʚ ʢʦʪʦʨʦʤ ʚʩʝ ʯʘʩʪʠ ʟʘʢʦʥʦʤʝʨʥʦ ʩʣʠʪʳ ʚ ʦʜʥʦ ʮʝ-



 

ʣʦʝ; ʦʙʲʝʢʪʠʚʥʳʡ ʢʨʠʪʝʨʠʡ ʛʘʨʤʦʥʠʠ, ʜʦʩʪʠʛʘʝʪʩʷ ʧʦʜʯʠʥʝʥʠʝʤ ʩʪʨʫʢʪʫʨ-

ʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʦʙʲʝʢʪʘ, ʟʘʢʦʥʘʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʦʙʨʘʟʦʚʘʥʠʝ ʬʦʨʤ ʞʠ-

ʚʦʡ ʧʨʠʨʦʜʳ ʠ ʬʦʨʤ ʢʨʠʩʪʘʣʣʦʚ.  

  ʎʝʥʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʠ ð ʧʦʥʷʪʠʝ ʚ ʪʝʦʨʠʠ ʠʥʬʦʨʤʘʮʠʠ, ʚʚʝʜʝʥ-

ʥʦʝ ʃ. ɹʨʠʣʣʶʵʥʦʤ, ʩʚʷʟʘʥʥʦʝ ʩ ʪʝʤ, ʯʪʦ ʠʥʬʦʨʤʘʮʠʷ ʧʝʨʝʜʘʝʪʩʷ ʯʝʨʝʟ 

ʬʫʥʢʮʠʶ, ʢʦʪʦʨʫʶ ʦʥʘ ʩʘʤʘ ʞʝ ʢʦʜʠʨʫʝʪ, ʪ.ʝ. ʠʥʬʦʨʤʘʮʠʷ çʧʦʨʦʞʜʘʝʪʩʷè 

ʠʣʠ ʧʨʠʦʙʨʝʪʘʝʪ ʮʝʥʥʦʩʪʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʝʢʦʪʦʨʦʛʦ çʦʪʙʦʨʘè, ʧʝʨʝʜʘʝʪʩʷ ʥʝ 

ʚʩʷ ʠʥʬʦʨʤʘʮʠʷ, ʘ ʢʘʢ ʙʳ ʝʝ ʥʘʠʙʦʣʝʝ ʮʝʥʥʘʷ ʯʘʩʪʴ. ɺ ʵʪʦʤ ʩʤʳʩʣʝ ʚʝʣʠ-

ʯʠʥʘ ʮʝʥʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʫʨʦʚʝʥʴ ʵʚʦʣʶʮʠʠ.  

  ʎʠʚʠʣʠʟʘʮʠʷ ð ʫʨʦʚʝʥʴ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʤʘʪʝʨʠʘʣʴʥʦʡ ʠ 

ʜʫʭʦʚʥʦʡ ʢʫʣʴʪʫʨʳ.  

  ʎʠʢʣ ð ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʨʘʙʦʪ, ʷʚʣʝʥʠʡ, 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʨʝʛʫʣʷʨʥʳʡ ʢʨʫʛʦʦʙʦʨʦʪ ʚ ʪʝʯʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʨʦʤʝ-

ʞʫʪʢʘ ʚʨʝʤʝʥʠ. ɺ ʰʠ-  

  ʨʦʢʦʤ ʩʤʳʩʣʝ ð ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʧʨʦʮʝʩʩʦʚ.  

  ʎʠʪʦʧʣʘʟʤʘ ð ʞʠʚʘʷ ʢʦʣʣʦʠʜʥʘʷ ʩʠʩʪʝʤʘ ʩ ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʩʫʙ-

ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʩʦʜʝʨʞʠʪ ʚʩʝ ʦʨʛʘʥʦʠʜʳ ʠ ʦʙʫʩʣʦʚʣʠʚʘʝʪ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴ ʢʣʝʪʢʠ ʚ ʮʝʣʦʤ.  

  ʎʠʪʦʵʢʦʣʦʛʠʷ ð ʢʣʝʪʦʯʥʦʝ ʧʦʚʝʜʝʥʠʝ.  

ʏ  

  ʏʘʩʪʴ ʠ ʮʝʣʦʝ ð ʬʠʣʦʩʦʬʩʢʠʝ ʢʘʪʝʛʦʨʠʠ, ʚʳʨʘʞʘʶʱʠʝ ʦʪʥʦʰʝʥʠʝ 

ʤʝʞʜʫ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʧʨʝʜʤʝʪʦʚ ʠ ʦʙʲʝʢʪʠʚʥʦʡ ʩʚʷʟʴʶ, ʢʦʪʦʨʘʷ ʠʭ ʦʙʲ-

ʝʜʠʥʷʝʪ ʠ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʥʦʚʳʭ ʩʚʦʡʩʪʚ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ. ʕʪʘ 

ʩʚʷʟʴ ʚʳʩʪʫʧʘʝʪ ʢʘʢ ʮʝʣʦʝ, ʘ ʧʨʝʜʤʝʪʳ ð ʚ ʢʘʯʝʩʪʚʝ ʝʛʦ ʯʘʩʪʝʡ. ʉʚʦʡʩʪʚʘ 

ʮʝʣʦʛʦ ʥʝʩʚʦʜʠʤʳ ʢ ʩʚʦʡʩʪʚʘʤ ʝʛʦ ʯʘʩʪʝʡ.  

ʏʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ ð ʩʦʚʦʢʫʧʥʦʩʪʴ ʜʝʣʦʚʳʭ, ʥʨʘʚʩʪʚʝʥʥʳʭ, ʧʦ-

ʣʠʪʠʯʝʩʢʠʭ, ʬʠʟʠʯʝʩʢʠʭ, ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʠ ʜʨʫʛʠʭ ʢʘʯʝʩʪʚ ʯʝʣʦʚʝʢʘ, ʧʨʦ-

ʷʚʣʷʶʱʠʭʩʷ ʚ ʝʛʦ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʩʠʩʪʝʤʝ ʵʢʦʥʦʤʠʯʝʩʢʠʭ, ʩʦʮʠʘʣʴʥʳʭ, 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʦʪʥʦʰʝʥʠʡ ʠ ʜʨʫʛʠʭ 

ʩʬʝʨʘʭ ʝʛʦ ʦʙʱʝʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ.  

  ʏʝʨʥʳʡ ʷʱʠʢ ð ʪʝʨʤʠʥ, ʧʨʠʜʫʤʘʥʥʳʡ ʠ ʫʧʦʪʨʝʙʣʷʝʤʳʡ ʜʣʷ ʦʧʠ-

ʩʘʥʠʷ ʩʠʩʪʝʤ, ʩʪʨʫʢʪʫʨʘ ʠ ʚʥʫʪʨʝʥʥʠʝ ʧʨʦʮʝʩʩʳ ʚ ʢʦʪʦʨʳʭ ʥʝʠʟʚʝʩʪʥʳ ʠʣʠ 

ʧʨʦʪʝʢʘʶʪ ʦʯʝʥʴ ʩʣʦʞʥʦ. ʅʘ ʚʭʦʜ ʪʘʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʦʜʘʶʪʩʷ ʩʠʛʥʘʣ, 

ʚʚʦʜʥʳʝ ʜʘʥʥʳʝ, ʥʘ ʚʳʭʦʜʝ ʧʦʣʫʯʘʝʪʩʷ ʨʝʟʫʣʴʪʘʪ, ʘ ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʚʥʫʪʨʠ 

ʯʝʨʥʦʛʦ ʷʱʠʢʘ, ʥʝʠʟʚʝʩʪʥʦ.  

ʐ  



 

  ʐʪʘʤʤ ð ʯʠʩʪʘʷ ʢʫʣʴʪʫʨʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʦʜʥʦʛʦ ʚʠʜʘ, ʫ ʢʦʪʦʨʦ-

ʛʦ ʠʟʫʯʝʥʳ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ.  

ʕ  

  ʕʚʦʣʶʮʠʦʥʠʟʤ ð ʪʝʦʨʠʷ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʨʘʟʚʠʪʠʝ ʪʦʣʴʢʦ ʢʘʢ ʧʦ-

ʩʪʝʧʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ, ʦʪʨʠʮʘʶʱʝʝ ʩʢʘʯʢʦʦʙʨʘʟʥʳʝ ʧʝʨʝ-

ʭʦʜʳ.  

  ʕʚʦʣʶʮʠʦʥʥʦʝ ʜʝʨʝʚʦ ð ʩʭʝʤʘ ʚʝʪʚʣʝʥʠʡ ʙʠʬʫʨʢʘʮʠʡ.  

  ʕʚʦʣʶʮʠʷ (ʣʘʪ. ð ʨʘʟʚʝʨʪʳʚʘʥʠʝ) ð ʧʨʦʮʝʩʩ ʥʝʧʨʝʨʳʚʥʦʛʦ ʨʘʟʚʠ-

ʪʠʷ, ʠʟʤʝʥʝʥʠʷ ʚ ʞʠʚʦʡ ʠ ʥʝʞʠʚʦʡ ʧʨʠʨʦʜʝ ʠ ʩʦʮʠʫʤʝ, ʠʭ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ 

ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʭ. ɺ ʙʠʦʣʦʛʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʩʣʝʜʩʪʚʝʥʥʦʩʪʴʶ, ʠʟʤʝʥ-

ʯʠʚʦʩʪʴʶ ʠ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʪʙʦʨʦʤ. ɺ ʢʣʘʩʩʠʯʝʩʢʦʡ ʬʠʟʠʢʝ ʵʚʦʣʶʮʠʷ ð 

ʵʪʦ ʩʪʨʝʤʣʝʥʠʝ ʢ ʨʘʚʥʦʚʝʩʠʶ.  

  ʕʟʦʪʝʨʠʯʝʩʢʠʡ (ʚʥʫʪʨʝʥʥʠʡ, ʩʦʢʨʦʚʝʥʥʳʡ) ð ʪʘʡʥʳʡ, ʩʢʨʳʪʥʳʡ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʜʣʷ ʧʦʩʚʷʱʝʥʥʳʭ.  

ʕʡʜʝʪʠʢʘ ð ʫʯʝʥʠʝ ʦ ʩʫʱʥʦʩʪʠ.  

ʕʡʜʦʩ ð ʜʫʰʘ, ʦʙʨʘʟ, ʬʦʨʤʘ, ʩʫʱʥʦʩʪʴ, ʧʦʥʷʪʠʝ, ʠʜʝʷ.  

  ʕʢʟʦʙʠʦʣʦʛʠʷ ð ʨʘʟʜʝʣ ʙʠʦʣʦʛʠʠ, ʠʟʫʯʘʶʱʠʡ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦ-

ʚʠʷ ʚʥʝʟʝʤʥʦʡ ʞʠʟʥʠ.  

  ʕʢʟʦʪʝʨʠʯʝʩʢʠʡ (ʚʥʝʰʥʠʡ) ð ʥʝ ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʪʘʡʥʳ, ʧʨʝʜʥʘ-

ʟʥʘʯʝʥʥʳʡ ʜʣʷ ʥʝʧʦʩʚʷʱʝʥʥʳʭ.  

  ʕʢʟʦʪʝʨʤʠʯʝʩʢʘʷ (ʨʝʘʢʮʠʷ) ð ʭʠʤʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ, ʧʨʦʪʝʢʘʶʱʘʷ 

ʩ ʚʳʜʝʣʝʥʠʝʤ ʪʝʧʣʘ.  

  ʕʢʦʛʝʥʝʟ ð ʧʨʦʮʝʩʩ ʨʘʟʚʠʪʠʷ ʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʦʨʛʘʥʠʟʤʘʤʠ ʠ 

ʩʨʝʜʦʡ ʠʭ ʦʙʠʪʘʥʠʷ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ.  

  ʕʢʦʣʦʛʠʷ (ʛʨʝʯ. ð ʜʦʤ, ʤʝʩʪʦʧʨʝʙʳʚʘʥʠʝ) ð ʥʘʫʢʘ, ʠʩʩʣʝʜʫʶʱʘʷ 

ʧʨʦʙʣʝʤʳ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʯʝʣʦʚʝʢʘ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ, ʚ ʮʝʣʦʤ ʦʨ-

ʛʘʥʠʟʤʦʚ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʠ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ.  

  ʕʢʦʥʦʤʠʢʘ ð ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʪʥʦʰʝʥʠʡ, ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʭ ʜʘʥʥʦʡ ʩʪʫʧʝʥʠ ʨʘʟʚʠʪʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʩʠʣ ʠ ʩʦʩʪʘʚʣʷ-

ʶʱʠʭ ʙʘʟʠʩ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʩʪʨʦʷ.  

  ʕʢʦʨʘʟʚʠʪʠʝ ð ʬʦʨʤʘ ʩʦʮʠʘʣʴʥʦðʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ, ʫʯʠ-

ʪʳʚʘʶʱʘʷ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ.  

  ʕʢʦʩʠʩʪʝʤʘ ð ʝʜʠʥʳʡ ʧʨʠʨʦʜʥʳʡ ʢʦʤʧʣʝʢʩ, ʦʙʨʘʟʦʚʘʥʥʳʡ ʞʠʚʳ-

ʤʠ ʦʨʛʘʥʠʟʤʘʤʠ ʠ ʩʨʝʜʦʡ ʠʭ ʦʙʠʪʘʥʠʷ.  

  ʕʢʦʮʠʪʦʟ ð ʚʳʜʝʣʝʥʠʝ ʯʘʩʪʠʮ ʠʟ ʢʣʝʪʢʠ.  



 

  ʕʢʩʧʝʨʠʤʝʥʪ (ʣʘʪ. ð ʧʨʦʙʘ, ʦʧʳʪ) ð ʤʝʪʦʜ ʥʘʫʯʥʦʛʦ ʧʦʟʥʘʥʠʷ, ʧʨʠ 

ʧʦʤʦʱʠ ʢʦʪʦʨʦʛʦ ʚ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʫʩʣʦʚʠʷʭ ʠʩʩʣʝʜʫʶʪʩʷ ʷʚʣʝʥʠʷ ʜʝʡ-

ʩʪʚʠʪʝʣʴʥʦʩʪʠ.  

  ʕʢʩʪʠʥʢʮʠʷ (ʣʘʪ. ð ʛʘʰʝʥʠʝ) ʩʚʝʪʘ ð ʦʩʣʘʙʣʝʥʠʝ ʩʚʝʪʘ ʧʨʠ ʨʘʩ-

ʧʨʦʩʪʨʘʥʝʥʠʠ ʚ ʩʨʝʜʝ ʟʘ ʩʯʝʪ ʧʦʛʣʦʱʝʥʠʷ ʠ ʨʘʩʩʝʷʥʠʷ.  

  ʕʢʩʪʨʝʤʘʣʴʥʳʡ ð ʢʨʘʡʥʠʡ, ʧʨʝʜʝʣʴʥʳʡ, ʚʳʭʦʜʷʱʠʡ ʟʘ ʨʘʤʢʠ 

ʦʙʳʯʥʦʛʦ.  

  ʕʢʩʪʨʝʤʫʤ (ʣʘʪ. ð ʢʨʘʡʥʝʝ) ð ʚ ʤʘʪʝʤʘʪʠʢʝ ʥʘʠʙʦʣʴʰʠʝ ʠ 

ʥʘʠʤʝʥʴʰʠʝ ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʠ (ʤʘʢʩʠʤʫʤ ʠ ʤʠʥʠʤʫʤ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʝʝ 

ʟʥʘʯʝʥʠʷʤʠ ʚ ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʠʭ ʪʦʯʢʘʭ.  

  ʕʣʠʤʠʥʘʮʠʷ (ʣʘʪ. ð ʚʳʥʦʰʫ ʟʘ ʧʦʨʦʛ, ʫʜʘʣʷʶ) ð ʠʩʢʣʶʯʝʥʠʝ ʠʟ-

ʣʠʰʥʝʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʠ ʦʪʙʦʨ ʥʝʦʙʭʦʜʠʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʫʜʝʨʞʘʥʠʷ ʩʠ-

ʩʪʝʤʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʘʢʪʠʚʥʦʩʪʠ ʨʘʟʚʠʪʠʷ; ʫʜʘʣʝʥʠʝ, ʫʩʪʨʘʥʝʥʠʝ.  

  ʕʤʙʨʠʦʛʝʥʝʟ ð ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʟʘʨʦʜʳʰʘ ʦʨʛʘʥʠʟʤʘ.  

  ʕʤʙʨʠʦʥ (ʛʨʝʯ.) ð ʦʨʛʘʥʠʟʤ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʨʘʟʚʠʪʠʷ.  

  ʕʤʝʨʛʝʥʮʠʷ ð ʚʦʟʥʠʢʥʦʚʝʥʠʝ, ʧʦʷʚʣʝʥʠʝ ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʦʛʦ.  

  ʕʤʠʩʩʠʷ (ʣʘʪ. ð ʚʳʧʫʩʢ) ð ʬʠʟʠʯʝʩʢʠ ʦʟʥʘʯʘʝʪ ʠʟʣʫʯʝʥʠʝ (ʵʤʠʩ-

ʩʠʷ ʵʣʝʢʪʨʦʥʦʚ). ɺ ʵʢʦʥʦʤʠʢʝ ð ʚʳʧʫʩʢ ʚ ʦʙʨʘʱʝʥʠʝ ʙʘʥʢʦʚʩʢʠʭ ʙʠʣʝʪʦʚ, 

ʙʫʤʘʞʥʳʭ ʜʝʥʝʛ ʠ ʮʝʥʥʳʭ ʙʫʤʘʛ.  

  ʕʤʧʠʨʠʯʝʩʢʠʡ ð ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʦʧʳʪʝ.  

  ʕʥʘʥʪʠʦʤʝʨʥʦʩʪʴ ð ʩʧʦʩʦʙʥʦʩʪʴ ʤʦʣʝʢʫʣ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ʢ ʘʩʠʤʤʝʪʨʠʯʥʦʩʪʠ. ʉʤʝʩʴ ʨʘʚʥʳʭ ʢʦʣʠʯʝʩʪʚ ʵʥʘʥʪʠʦʤʝʨʦʚ ʥʘʟʳʚʘʝʪʩʷ ʨʘ-

ʮʝʤʘʪʦʤ.  

  ʕʥʛʨʘʤʤʘ ð ʠʟʤʝʥʝʥʠʷ ʚ ʤʦʟʛʫ, ʩʣʝʜʳ ʧʘʤʷʪʠ.  

  ʕʥʜʦʛʝʥʥʳʡ ð ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʚʳʟʚʘʥʥʳʡ ʚʥʫʪʨʝʥ-

ʥʠʤʠ ʧʨʠʯʠʥʘʤʠ.  

  ʕʥʜʦʮʠʪʦʟ ð ʟʘʭʚʘʪ ʯʘʩʪʠʮ ʠʟʚʥʝ ʢʣʝʪʢʠ.  

ʕʥʝʨʛʠʷ (ʛʨʝʯ. ð ʜʝʡʩʪʚʠʝ) ð ʦʙʱʘʷ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʤʝʨʘ ʨʘʟʣʠʯ-

ʥʳʭ ʬʦʨʤ ʜʚʠʞʝʥʠʷ ʤʘʪʝʨʠʠ, ʤʝʨʘ ʨʘʟʣʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʚʠʜʦʚ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʷ, ʚʩʷʢʦʝʠʟʤʝʥʝʥʠʝ ʚ ʩʚʦʡʩʪʚʘʭ ʚʝʱʝʩʪʚʘ, ʜʘʶʱʝʝ ʝʤʫ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʧʨʦʠʟʚʦʜʠʪʴ ʨʘʙʦʪʫ; ʠʤʝʝʪ ʨʘʟʤʝʨʥʦʩʪʴ ʨʘʙʦʪʳ, ʩʚʷʟʳʚʘʝʪ ʚʦʝʜʠʥʦ 

ʚʩʝ ʷʚʣʝʥʠʷ ʧʨʠʨʦʜʳ.  

  ʕʥʝʨʛʠʷ ɻʠʙʙʩʘ ð ʦʜʠʥ ʠʟ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʪʝʥʮʠʘʣʦʚ G, 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʥʦʩʪʴʶ ʤʝʞʜʫ ʵʥʪʘʣʴʧʠʝʡ ȼ ʠ ʧʨʦʠʟʚʝʜʝʥʠʝʤ ʵʥʪʨʦʧʠʠ S 

ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ T: G = ȼð TS. ʀʟʦʪʝʨʤʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʙʝʟ ʟʘʪʨʘʪʳ ʚʥʝʰ-

ʥʠʭ ʩʠʣ ʤʦʞʝʪ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦ ʠʜʪʠ ʪʦʣʴʢʦ ʚ ʩʪʦʨʦʥʫ ʫʤʝʥʴʰʝʥʠʷ ʵʥʝʨ-

ʛʠʠ ɻʠʙʙʩʘ.  



 

  ʕʥʝʨʛʦʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʦʙʤʝʥ ð ʧʨʝʜʧʦʣʘʛʘʝʤʳʡ ʦʙʤʝʥ ʢʘʢʠʤʠ-

ʪʦ ʚʠʜʘʤʠ ʵʥʝʨʛʠʠ ʠ ʠʥʬʦʨʤʘʮʠʠ ʤʝʞʜʫ ʞʠʚʳʤʠ ʠ ʥʝʞʠʚʳʤʠ ʦʙʲʝʢʪʘʤʠ 

ʧʨʠʨʦʜʳ.  

  ʕʥʟʠʤʦʣʦʛʠʷ ð ʙʠʦʭʠʤʠʯʝʩʢʘʷ ʥʘʫʢʘ ʦ ʬʝʨʤʝʥʪʘʭ.  

  ʕʥʪʨʦʧʠʷ (ʛʨʝʯ. ð ʧʦʚʦʨʦʪ, ʧʨʝʚʨʘʱʝʥʠʝ) ð ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ 

ʬʫʥʢʮʠʷ S, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʤʝʨʫ ʚʥʫʪʨʝʥʥʝʡ ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʩʠʩʪʝ-

ʤʳ; ʚ ʠʟʦʣʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʝ ʵʥʪʨʦʧʠʷ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ ʧʨʠ ʦʙʨʘʪʠ-

ʤʳʭ ʧʨʦʮʝʩʩʘʭ ʠ ʚ ʨʘʚʥʦʚʝʩʠʠ, ʤʘʢʩʠʤʘʣʴʥʘ ʠʣʠ ʚʦʟʨʘʩʪʘʝʪ ð ʧʨʠ ʥʝʦʙʨʘ-

ʪʠʤʳʭ; ʨʘʚʥʘ ʦʪʥʦʰʝʥʠʶ ʚ ʨʘʚʥʦʚʝʩʥʦʤ ʧʨʦʮʝʩʩʝ ʢʦʣʠʯʝʩʪʚʫ ʪʝʧʣʦʪʳ Q ʢ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 7: dS= Q/dT, ʦʧʠʩʳʚʘʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʪʝʨ-

ʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ɺʚʝʜʝʥʘ ʂʣʘʫʟʠʫʩʦʤ (ʈ. ʕʤʘʥʫʵʣʴ) ʚ 1865 ʛ. ʠ 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʬʠʟʠʢʝ, ʭʠʤʠʠ, ʙʠʦʣʦʛʠʠ, ʪʝʦʨʠʠ ʠʥʬʦʨʤʘʮʠʠ ʠ ʚ 

ʮʝʣʦʤ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʝʩʪʝʩʪʚʦʟʥʘʥʠʠ.  

  ʕʧʠʟʦʦʪʠʷ (ʛʨʝʯ. ð ʞʠʚʦʪʥʦʝ) ð ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʟʘʨʘʟʥʦʡ ʙʦʣʝʟ-

ʥʠ ʞʠʚʦʪʥʳʭ, ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʶʱʝʝ ʫʨʦʚʝʥʴ ʦʙʳʯʥʦʡ ʟʘʙʦʣʝʚʘʝʤʦ-

ʩʪʠ ʥʘ ʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ.  

  ʕʧʠʪʝʣʠʡ ð ʫ ʯʝʣʦʚʝʢʘ ʠ ʞʠʚʦʪʥʳʭ ʧʣʘʩʪ ʪʝʩʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ 

ʢʣʝʪʦʢ, ʧʦʢʨʳʚʘʶʱʠʡ  

  ʧʦʚʝʨʭʥʦʩʪʴ ʦʨʛʘʥʠʟʤʘ, ʚʳʩʪʠʣʘʶʱʠʡ ʚʩʝ ʠʭ ʧʦʣʦʩʪʠ ʠ ʚʳʧʦʣʥʷʶ-

ʱʠʡ ʟʘʱʠʪʥʫʶ, ʚʳʜʝʣʠʪʝʣʴʥʫʶ ʠ ʚʩʘʩʳʚʘʶʱʫʶ ʬʫʥʢʮʠʠ.  

  ʕʧʠʬʝʥʦʤʝʥ ð ʩʦʧʫʪʩʪʚʫʶʱʝʝ, ʧʦʙʦʯʥʦʝ ʷʚʣʝʥʠʝ. ɺ ʬʠʣʦʩʦʬʠʠ 

ʦʟʥʘʯʘʝʪ ʩʦʟʥʘʥʠʝ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʝ ʢʘʢ ʷʚʣʝʥʠʝ, ʩʦʧʫʪʩʪʚʫʶʱʝʝ ʥʝʢʦʪʦ-

ʨʳʤ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʘʤ.  

  ʕʨʛʦʜʠʯʝʩʢʘʷ ʛʠʧʦʪʝʟʘ (ʛʨʝʯ. ð ʨʘʙʦʪʘ ʥʘ ʧʫʪʠ) ð ʚ ʩʪʘʪʠʩʪʠʯʝ-

ʩʢʦʡ ʪʝʦʨʠʠ ʩʦʩʪʦʠʪ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʩʨʝʜʥʠʝ ʧʦ ʚʨʝʤʝʥʠ ʟʥʘʯʝʥʠʷ 

ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʦʪ ʬʫʥʢʮʠʡ, ʟʘʚʠʩʷʱʠʭ ʦʪ ʠʤʧʫʣʴʩʦʚ ʠ ʢʦʦʨʜʠʥʘʪ 

ʚʩʝʭ ʯʘʩʪʠʮ ʩʠʩʪʝʤʳ (ʬʘʟʦʚʳʭ ʧʝʨʝʤʝʥʥʳʭ), ʚʟʷʪʳʝ ʧʦ ʪʨʘʝʢʪʦʨʠʷʤ ʜʚʠ-

ʞʝʥʠʷ ʩʠʩʪʝʤʳ ʢʘʢ ʪʦʯʢʠ ʚ ʬʘʟʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʨʘʚʥʳ ʩʨʝʜʥʠʤ ʩʪʘʪʠ-

ʩʪʠʯʝʩʢʠʤ ʟʥʘʯʝʥʠʷʤ. ʊʘʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʟʳʚʘʝʪʩʷ ʤʠʢʨʦʢʘʥʦʥʠʯʝ-

ʩʢʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ɻʠʙʙʩʘ. ʌʠʟʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʜʣʷ ʢʦʪʦʨʳʭ ʩʧʨʘʚʝʜ-

ʣʠʚʦ ʪʘʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʥʘʟʳʚʘʶʪʩʷ ʵʨʛʦʜʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ. ʉʦʛʣʘʩ-

ʥʦ ʢʣʘʩʩʠʯʝʩʢʦʡ ʬʦʨʤʫʣʠʨʦʚʢʝ ʵʨʛʦʜʠʯʝʩʢʦʡ ʛʠʧʦʪʝʟʳ ɹʦʣʴʮʤʘʥʘ, ʜʚʠʞʝ-

ʥʠʝ ʟʘʤʢʥʫʪʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʩ ʧʦʩʪʦʷʥʥʦʡ ʵʥʝʨʛʠʝʡ Ⱥ ʠ ʙʦʣʴʰʠʤ 

ʯʠʩʣʦʤ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʩʪʦʣʴ çʟʘʧʫʪʘʥʦè, ʯʪʦ ʧʨʠ ʥʝʦʛʨʘʥʠʯʝʥʥʦʤ ʚʦʟ-

ʨʘʩʪʘʥʠʠ ʚʨʝʤʝʥʠ ʬʘʟʦʚʘʷ ʪʨʘʝʢʪʦʨʠʷ ʩʠʩʪʝʤʳ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʚʩʝ ʪʦʯʢʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʅ(ʨ, q) = ɽ; ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʝ ʨʘʚʥʦʚʝʩʠʝ, 

ʧʦ ʵʪʦʡ ʛʠʧʦʪʝʟʝ, ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʩʠʩʪʝʤʘ, ʙʫʜʫʯʠ ʧʨʝʜʦʩʪʘʚʣʝʥʥʦʡ ʩʘ-



 

ʤʘ ʩʝʙʝ, ʚ ʣʶʙʦʤ ʤʛʥʦʚʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʜʚʠʞʝʥʠʷ ʨʘʥʦ ʠʣʠ ʧʦʟʜʥʦ ʧʨʦʡ-

ʜʝʪ ʣʶʙʫʶ ʬʘʟʫ, ʩʦʚʤʝʩʪʠʤʫʶ ʩ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ.  

  ʕʨʠʩʪʠʢʘ ð ʠʩʢʫʩʩʪʚʦ ʚʝʩʪʠ ʩʧʦʨ, ʧʦʣʝʤʠʢʫ.  

ʕʨʠʪʨʦʮʠʪʳ ð ʢʨʘʩʥʳʝ ʢʨʦʚʷʥʳʝ ʢʣʝʪʢʠ ʯʝʣʦʚʝʢʘ ʠ ʞʠʚʦʪʥʳʭ, ʩʦ-

ʜʝʨʞʘʱʠʝ ʛʝʤʦʛʣʦʙʠʥ. ʇʝʨʝʥʦʩʷʪ ʢʠʩʣʦʨʦʜ ʦʪ ʣʝʛʢʠʭ ʢ ʪʢʘʥʷʤ ʠ ʜʚʫʦʢʠʩʴ 

ʫʛʣʝʨʦʜʘ ð ʦʪ ʪʢʘʥʝʡ ʢ ʦʨʛʘʥʘʤ ʜʳʭʘʥʠʷ.  

  ʕʪʠʢʘ ð ʬʠʣʦʩʦʬʩʢʦʝ ʫʯʝʥʠʝ ʦ ʤʦʨʘʣʠ (ʥʨʘʚʩʪʚʝʥʥʦʩʪʠ), ʦ ʝʝ ʧʨʠ-

ʨʦʜʝ, ʩʫʱʥʦʩʪʠ, ʩʪʨʫʢʪʫʨʝ ʠ ʬʫʥʢʮʠʷʭ.  

  ʕʪʠʤʦʣʦʛʠʷ ð ʨʘʟʜʝʣ ʷʟʳʢʦʟʥʘʥʠʷ, ʠʟʫʯʘʶʱʠʡ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʠ 

ʨʘʟʚʠʪʠʝ ʩʣʦʚ, ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʠ ʠʟʤʝʥʝʥʠʝ ʟʥʘʯʝʥʠʡ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʩʣʦʚʘ 

ʠʣʠ ʚʳʨʘʞʝʥʠʷ.  

  ʕʪʠʦʣʦʛʠʷ ð ʫʯʝʥʠʝ ʦ ʧʨʠʯʠʥʘʭ, ʦʙʲʷʩʥʝʥʠʝ ʧʨʦʠʩʭʦʞʜʝʥʠʷ.  

ʕʪʥʦʛʝʥʝʟ (ʛʨʝʯ. ð ʧʣʝʤʷ, ʥʘʨʦʜ ʠ ...ʛʝʥʝʟ) ð ʧʨʦʮʝʩʩ ʨʘʟʚʠʪʠʷ ʵʪ-

ʥʦʩʘ ʦʪʚʦʟʥʠʢʥʦʚʝʥʠʷ ʜʦ ʠʩʯʝʟʥʦʚʝʥʠʷ ʝʛʦ ʧʦʜ ʚʣʠʷʥʠʝʤ ʵʥʪʨʦʧʠʡʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʧʦʪʝʨʠ ʧʘʩʩʠʦʥʘʨʥʦʩʪʠ. ɺ ʦʙʱʝʤ ʩʤʳʩʣʝ ð ʧʨʦʠʩʭʦʞʜʝʥʠʝ 

ʥʘʨʦʜʦʚ. 

ʕʪʥʦʣʦʛʠʷ ð ʥʘʫʢʘ, ʠʟʫʯʘʶʱʘʷ ʵʪʥʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʙʳʪʦʚʳʝ ʠ ʢʫʣʴ-

ʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʥʘʨʦʜʦʚ ʤʠʨʘ, ʧʨʦʙʣʝʤʳ ʠʭ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʨʘʩʩʝʣʝ-

ʥʠʷ ʠ ʢʫʣʴʪʫʨʥʦðʠʩʪʦʨʠʯʝʩʢʠʭ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ. 

ʕʪʥʦʩ ð ʠʩʪʦʨʠʯʝʩʢʠ ʩʣʦʞʠʚʰʘʷʩʷ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʪʝʨʨʠʪʦʨʠʠ 

ʫʩʪʦʡʯʠʚʘʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʣʶʜʝʡ (ʧʣʝʤʷ, ʥʘʨʦʜʥʦʩʪʴ, ʥʘʮʠʷ), ʦʙʣʘʜʘʶʱʠʭ 

ʦʙʱʠʤʠ ʯʝʨʪʘʤʠ ʠ ʩʪʘʙʠʣʴʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʷʟʳʢʘ, ʢʫʣʴʪʫʨʳ, ʧʩʠʭʦʣʦ-

ʛʠʯʝʩʢʦʛʦ ʩʢʣʘʜʘ, ʘ ʪʘʢʞʝ ʦʩʦʟʥʘʥʠʝʤ ʩʚʦʠʭ ʠʥʪʝʨʝʩʦʚ ʠ ʮʝʣʝʡ, ʩʚʦʝʛʦ 

ʝʜʠʥʩʪʚʘ, ʦʪʣʠʯʠʷ ʦʪ ʜʨʫʛʠʭ ʧʦʜʦʙʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ, ʩʘʤʦʩʦʟʥʘʥʠʝʤ ʠ ʠʩ-

ʪʦʨʠʯʝʩʢʦʡ ʧʘʤʷʪʴʶ. 

ʕʪʦʣʦʛʠʷ (ʛʨʝʯ. ð ʦʙʳʯʘʡ, ʭʘʨʘʢʪʝʨ ʠ ...ʣʦʛʠʷ) ð ʙʠʦʣʦʛʠʯʝʩʢʘʷ 

ʥʘʫʢʘ, ʠʟʫʯʘʶʱʘʷ ʧʦʚʝʜʝʥʠʝ ʞʠʚʦʪʥʳʭ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʕʪʦʩ ð ʫʩʪʦʡʯʠʚʘʷ ʧʨʠʨʦʜʘ ʢʘʢʦʛʦ-ʣʠʙʦ ʷʚʣʝʥʠʷ, ʦʙʦʙʱʝʥʥʘʷ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʘ ʢʫʣʴʪʫʨʳ ʜʘʥʥʦʡ ʩʦʮʠʘʣʴʥʦʡ ʦʙʱʥʦʩʪʠ, ʚʳʨʘʞʝʥʥʘʷ ʚ ʵʪʠ-

ʯʝʩʢʠʭ ʮʝʥʥʦʩʪʷʭ ʠ ʥʦʨʤʘʭ ʩʦʮʠʘʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ. 

ʕʫʢʘʨʠʦʪʳ (ʛʨʝʯ. ð ʧʦʣʥʦʩʪʴʶ ʠ ʷʜʨʦ) ð ʦʨʛʘʥʠʟʤʳ, ʦʙʣʘʜʘʶʱʠʝ 

ʦʬʦʨʤʣʝʥʥʳʤ ʢʣʝʪʦʯʥʳʤ ʷʜʨʦʤ, ʦʪʜʝʣʝʥʥʳʤ ʦʪ ʮʠʪʦʧʣʘʟʤʳ ʷʜʝʨʥʦʡ ʦʙʦ-

ʣʦʯʢʦʡ. 

ʕʬʬʝʢʪ ɼʦʧʣʝʨʘ ð ʠʟʤʝʥʝʥʠʝ ʜʣʠʥʳ ʚʦʣʥʳ (ʠʣʠ ʯʘʩʪʦʪʳ), ʥʘʙʣʶ-

ʜʘʝʤʦʝ ʧʨʠ ʜʚʠʞʝʥʠʠ ʠʩʪʦʯʥʠʢʘ ʚʦʣʥ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʭ ʧʨʠʝʤʥʠʢʘ. ʍʘʨʘʢ-

ʪʝʨʝʥ ʜʣʷ ʣʶʙʳʭ ʚʦʣʥ (ʩʚʝʪ, ʟʚʫʢ ʠ ʪ.ʜ.) 



 

ʕʬʬʝʢʪ ʍʦʢʠʥʛʘ ð ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʚʨʘʱʝʥʠʷ ʚʠʨʪʫʘʣʴʥʳʭ ʯʘʩʪʠʮ 

ʚ ʨʝʘʣʴʥʳʝ ʚ ʧʦʣʝ ʪʷʛʦʪʝʥʠʷ ʯʝʨʥʳʭ ʜʳʨ, ʢʦʛʜʘ ʬʠʟʠʯʝʩʢʠʡ ʚʘʢʫʫʤ ʩʪʘʥʦ-

ʚʠʪʩʷ ʥʝʫʩʪʦʡʯʠʚʳʤ. ʂʚʘʥʪʦʚʳʝ ʩʚʦʡʩʪʚʘ ʚʘʢʫʫʤʘ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʯʝʨʥʘʷ ʜʳʨʘ ʨʦʞʜʘʝʪ ʧʘʨʳ ʯʘʩʪʠʮ, ʦʜʥʘ ʠʟ ʢʦʤʧʦʥʝʥʪ ʧʘʨʳ ʫʭʦʜʠʪ ʚʥʫʪʨʴ 

ʯʝʨʥʦʡ ʜʳʨʳ ʠ ʟʘʥʠʤʘʝʪ ʩʦʩʪʦʷʥʠʝ ʩ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʵʥʝʨʛʠʝʡ, ʘ ʜʨʫʛʘʷ, ʩ 

ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʵʥʝʨʛʠʝʡ, ʚʳʣʝʪʘʝʪ ʥʘʨʫʞʫ. ʆʥʘ ʫʞʝ ʤʦʞʝʪ ʙʳʪʴ ʥʘʙʣʶʜʘ-

ʝʤʘ, ʠ ʚ ʵʪʦʤ ʩʤʳʩʣʝ ʯʝʨʥʘʷ ʜʳʨʘ ʧʝʨʝʩʪʘʝʪ ʦʧʨʘʚʜʳʚʘʪʴ ʩʚʦʝ ʥʘʟʚʘʥʠʝ. 

ʕʬʬʝʢʪ ʐʥʦʣʷ ð ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʬʣʫʢʪʫʘʮʠʠ ʨʘʟʥʦʡ ʧʨʠʨʦʜʳ ʚ 

ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʂʦʩʤʦʩʘ. 

ʕʬʬʝʢʪʦʨ ð ʤʦʣʝʢʫʣʘ, ʨʝʛʫʣʠʨʫʶʱʘʷ ʨʘʙʦʪʫ ʙʝʣʢʘ. 

ʗ 

ʗʚʣʝʥʠʷ ʧʝʨʝʥʦʩʘ (ʢʠʥʝʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ) ð ʥʝʦʙʨʘʪʠʤʳʝ ʧʨʦ-

ʮʝʩʩʳ ʧʝʨʝʥʦʩʘ ʤʘʩʩʳ, ʵʥʝʨʛʠʠ, ʠʤʧʫʣʴʩʘ, ʟʘʨʷʜʘ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʩʨʝʜʘʭ 

ʚʩʣʝʜʩʪʚʠʝ ʜʚʠʞʝʥʠʷ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʠʢʨʦʯʘʩʪʠʮ. ʇʨʠʯʠʥʦʡ ʷʚʣʷʝʪʩʷ 

ʥʘʣʠʯʠʝ ʚ ʩʨʝʜʝ ʛʨʘʜʠʝʥʪʦʚ ʪʝʤʧʝʨʘʪʫʨʳ, ʢʦʥʮʝʥʪʨʘʮʠʡ ʠ ʪ.ʜ. ʂ ʵʪʠʤ ʷʚ-

ʣʝʥʠʷʤ ʦʪʥʦʩʷʪʩʷ ʪʝʧʣʦ- ʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ, ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʷʚʣʝ-

ʥʠʷ, ʪʝʨʤʦʜʠʬʬʫʟʠʷ ʠ ʜʨ. 

ʗʜʨʦ ʢʣʝʪʢʠ ð ʩʘʤʳʡ ʙʦʣʴʰʦʡ ʦʨʛʘʥʦʠʜ ʢʣʝʪʢʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ 

ʚʘʞʥʝʡʰʠʝ ʤʝʪʘʙʦʣʠʯʝʩʢʠʝ ʠ ʛʝʥʝʪʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ. 

ʗʟʳʢ ð ʠʩʪʦʨʠʯʝʩʢʠ ʩʣʦʞʠʚʰʘʷʩʷ ʩʠʩʪʝʤʘ ʟʚʫʢʦʚʳʭ, ʩʣʦʚʘʨʥʳʭ ʠ 

ʛʨʘʤʤʘʪʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʚʳʧʦʣʥʷʶʱʘʷ ʬʫʥʢʮʠʠ ʧʦʟʥʘʥʠʷ ʠ ʦʙʱʝʥʠʷ ʚ 

ʧʨʦʮʝʩʩʝ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ; ʩʠʩʪʝʤʘ ʟʥʘʢʦʚ, ʥʝʩʫʱʠʭ ʠʥʬʦʨʤʘ-

ʮʠʶ. 

ʗʥ ʠ ʀʥʴ ð ʚ ʜʨʝʚʥʝʢʠʪʘʡʩʢʦʡ ʬʠʣʦʩʦʬʠʠ ʠ ʤʝʜʠʮʠʥʝ ʩʠʤʚʦʣʳ 

ʤʫʞʩʢʦʛʦ ʠ ʞʝʥʩʢʦʛʦ ʥʘʯʘʣ, ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠ-

ʢʦʤ ʞʠʟʥʠ ʠ ʚʩʝʛʦ ʩʫʱʝʩʪʚʫʶʱʝʛʦ. çʗʥè ð ʤʫʞʩʢʦʝ, ʧʦʣʦʞʠʪʝʣʴʥʦʝ, 

ʩʚʝʪʣʦʝ, ʪʚʝʨʜʦʝ, ʨʘʮʠʦʥʘʣʴʥʦʝ. çʀʥʴè ð ʞʝʥʩʪʚʝʥʥʦʝ, ʧʦʨʦʞʜʘʶʱʝʝ, ʪʝ-

ʢʫʯʝʝ, ʪʝʤʥʦʝ, ʠʨʨʘʮʠʦʥʘʣʴʥʦʝ. 

ʗʨʢʦʩʪʴ ð ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʚʝʪʷʱʠʭʩʷ ʪʝʣ, ʨʘʚʥʘʷ ʦʪʥʦʰʝʥʠʶ ʩʠʣʳ 

ʩʚʝʪʘ ʚ ʢʘʢʦʤ-ʣʠʙʦ ʥʘʧʨʘʚʣʝʥʠʠ ʢ ʧʣʦʱʘʜʠ ʧʨʦʝʢʮʠʠ ʩʚʝʪʷʱʝʡʩʷ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʥʘ ʧʣʦʩʢʦʩʪʴ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʫʶ ʵʪʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ. 

ʆʉʅʆɺʅɯ ʊɽʈʄɯʅʀ ʇʆ ɽʂʆʃʆɻɯɰ 

ɽʂʆʃʆɻɯʗ - ʥʘʫʢʘ ʧʨʦ ʚʟʘʻʤʠʥʠ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʽʚ ʤʽʞ ʩʦʙʦʶ ʪʘ 

ʫʤʦʚʘʤʠ ʩʝʨʝʜʦʚʠʱʘ. ʆʩʥʦʚʥʽ ʤʝʪʦʜʠ ʥʘʫʢʠ: ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʝʢʩʧʝʨʠʤʝʥʪ, 

ʤʦʜʝʣʶʚʘʥʥʷ, ʦʙʣʽʢ ʯʠʩʝʣʴʥʦʩʪʽ ʦʩʦʙʠʥ ʽ ʽʥ. ʊʝʨʤʽʥ çʝʢʦʣʦʛʽʷè ʚʚʝʜʝʥʠʡ 

ʥʽʤʝʮʴʢʠʤ ʟʦʦʣʦʛʦʤ ɽ. ɻʝʢʢʝʣʝʤ (1866ʛ.) 



 

ʉʝʨʝʜʘ ɯʉʅʋɺɸʅʅʗ - ʮʝ ʪʝ, ʱʦ ʦʪʦʯʫʻ ʦʨʛʘʥʽʟʤ. ʆʩʥʦʚʥʽ ʩʝʨʝʜʦʚʠ-

ʱʘ ʽʩʥʫʚʘʥʥʷ: ʚʦʜʥʘ, ʥʘʟʝʤʥʦ-ʚʦʜʥʘ, ʥʘʟʝʤʥʦ-ʧʦʚʽʪʨʷʥʘ, ʛʨʫʥʪʦʚʘ. 

ɽʂʆʃʆɻɯʏʅɯ ʏʀʅʅʀʂʀ - ʮʝ ʚʩʝ, ʱʦ ʨʦʙʠʪʴ ʧʨʷʤʠʡ ʘʙʦ ʥʝʧʨʷ-

ʤʠʡ ʚʧʣʠʚ ʥʘ ʦʨʛʘʥʽʟʤʠ. 

ɸʙʽʦʪʠʯʥʽ ʬʘʢʪʦʨʠ - ʬʘʢʪʦʨʠ ʥʝʞʠʚʦʾ ʧʨʠʨʦʜʠ-ʩʚʽʪʣʦ, ʪʝʤʧʝʨʘʪʫʨʘ, 

ʪʠʩʢ, ʢʣʽʤʘʪ, ʪʝʯʽʾ ʚʦʜʠ ʽ ʧʦʚʽʪʨʷ, ʩʢʣʘʜ ʚʦʜʠ, ʛʨʫʥʪʫ, ʧʦʚʽʪʨʷ ʪʘ ʽʥ 

ɹʽʦʪʠʯʥʽ ʯʠʥʥʠʢʠ - ʯʠʥʥʠʢʠ ʞʠʚʦʾ ʧʨʠʨʦʜʠ, ʪʦʙʪʦ ʚʧʣʠʚ ʨʦʩʣʠʥ, 

ʪʚʘʨʠʥ, ʙʘʢʪʝʨʽʡ, ʛʨʠʙʽʚ, ʚʽʨʫʩʽʚ. 

ɸʥʪʨʦʧʦʛʝʥʥʠʭ ʬʘʢʪʦʨʽʚ - ʮʝ ʚʧʣʠʚ ʣʶʜʠʥʠ (ʧʦʣʶʚʘʥʥʷ, ʨʠʙʘʣʴ-

ʩʪʚʦ, ʦʭʦʨʦʥʘ, ʚʠʥʠʱʫʚʘʥʥʷ, ʟʘʙʨʫʜʥʝʥʥʷ, ʦʨʘʥʢʘ ʟʝʤʝʣʴ, ʨʫʙʢʘ ʣʽʩʫ ʽ ʪ.ʜ.). 

ɹʽʦʮʝʥʦʟ (ʉʇɯʃʔʅʆʊɸ) - ʮʝ ʚʩʽ ʚʠʜʠ, ʩʧʽʣʴʥʦ ʤʝʰʢʘʶʪʴ ʥʘ ʷʢʽʡʩʴ 

ʪʝʨʠʪʦʨʽʾ ʽ ʚʟʘʻʤʦʧʦʚ'ʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ (ʥʘʧʨʠʢʣʘʜ, ʙʽʦʮʝʥʦʟ ʦʟʝʨʘ, ʪʘʡʛʦʚʦ-

ʛʦ ʣʽʩʫ ʽ ʪ.ʜ.). 

ɹʦ̔ʛʝʦʮʝʥʦʟ (ʝʢʦʩʠʩʪʝʤʘ) - ʮʝ ʩʢʣʘʜʥʘ ʩʘʤʦʨʝʛʫʣʶʶʯʘ ʩʠʩʪʝʤʘ, ʚ ʷʢʽʡ 

ʽʩʥʫʻ ʚʟʘʻʤʦʟʚ'ʷʟʦʢ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʽʚ ʜʦ ʫʤʦʚ ʾʭ ʧʨʦʞʠʚʘʥʥʷ (ʙʽʦʛʝʦʮʝʥʦʟ 

= ʙʽʦʮʝʥʦʟ + ʫʤʦʚʠ ʩʝʨʝʜʦʚʠʱʘ). 

ɹʽʦʪʠʯʥʽ ɿɺ'ʗɿʂʋ - ʮʝ ʨʽʟʥʽ ʪʠʧʠ ʚʟʘʻʤʠʥ ʤʽʞ ʞʠʚʠʤʠ ʦʨʛʘʥʽʟʤʘʤʠ. 

ʍʠʞʘʮʪʚʦ (- +) - ʪʠʧ ʚʽʜʥʦʩʠʥ, ʢʦʣʠ ʦʜʠʥ ʦʨʛʘʥʽʟʤ ʧʦʾʜʘʻ ʽʥʰʠʡ. ʈʦ-

ʟʨʽʟʥʷʶʪʴ ʭʠʞʘʢʽʚ-ʤʠʩʣʠʚʮʽʚ (ʚʦʚʢ, ʪʠʛʨ, ʣʝʚ ʪʘ ʽʥ) ʽ ʭʠʞʘʢʽʚ-ʟʙʠʨʘʯʽʚ (ʢʦ-

ʤʘʭʦʾʜʥʽ, ʪʨʘʚʦʾʜʥʽ). ɭ ʭʠʞʽ ʨʦʩʣʠʥʠ (ʨʦʩʠʯʢʘ, ʚʝʥʝʨʠʥʘ ʤʫʭʦʣʦʚʢʘ, ʧʫ-

ʭʠʨʯʘʪʢʘ ʪʘ ʽʥ) 

ʇʘʨʘʟʠʪʠʟʤ (+ -) - ʪʠʧ ʚʽʜʥʦʩʠʥ, ʢʦʣʠ ʦʜʠʥ ʚʠʜ ʞʠʚʝ ʟʘ ʨʘʭʫʥʦʢ ʽʥ-

ʰʦʛʦ ʽ ʟʘʧʦʜʽʶʻ ʡʦʤʫ ʰʢʦʜʫ. ʈʦʟʨʽʟʥʷʶʪʴ ʝʢʪʦʧʘʨʘʟʠʪʽʚ (ʞʠʚʫʪʴ ʥʘ ʪʽʣʽ 

ʛʦʩʧʦʜʘʨʷ) ʽ ʝʥʜʦʧʘʨʘʟʠʪʽʚ (ʞʠʚʫʪʴ ʚʩʝʨʝʜʠʥʽ ʪʽʣʘ ʭʘʟʷʾʥʘ). ʆʨʛʘʥʽʟʤ, ʚ 

ʷʢʦʤʫ ʞʠʚʫʪʴ ʜʦʨʦʩʣʽ ʧʘʨʘʟʠʪʠ, ʥʘʟʠʚʘʻʪʴʩʷ ʦʩʥʦʚʥʠʤ (ʦʩʪʘʪʦʯʥʠʤ), ʷʢʱʦ 

ʞʠʚʫʪʴ ʣʠʯʠʥʢʠ ʧʘʨʘʟʠʪʘ - ʧʨʦʤ̔ʞʥʠʤ. ʇʘʨʘʟʠʪʠʟʤ ʭʘʨʘʢʪʝʨʥʠʡ ʜʣʷ ʧʨʝʜ-

ʩʪʘʚʥʠʢʽʚ ʫʩʽʭ ʮʘʨʩʪʚ ʦʨʛʘʥʽʟʤʽʚ. ʇʘʨʘʟʠʪʠ ʧʦʚʽʣʴʥʦ ʧʦʩʣʘʙʣʶʶʪʴ ʛʦʩʧʦ-

ʜʘʨʷ ʽ ʥʝ ʧʨʠʚʦʜʷʪʴ ʡʦʛʦ ʚʽʜʨʘʟʫ ʜʦ ʟʘʛʠʙʝʣʽ. ʇʨʠʢʣʘʜʠ: ɺʽʨʫʩʠ, ʭʚʦʨʦʙʦʪ-

ʚʦʨʥʽ ʙʘʢʪʝʨʽʾ, ʧʘʨʘʟʠʪʠʯʥʽ ʛʨʠʙʠ (ʪʨʫʪʦʚʠʢʠ, ʩʘʞʢʘ, ʨʽʞʢʠ), ʨʦʩʣʠʥʠ-

ʧʘʨʘʟʠʪʠ (ʚʦʚʯʦʢ, ʦʤʝʣʘ, ʧʦʚʠʪʠʮʷ), ʢʦʤʘʭʠ ʧʘʨʘʟʠʪʠ (ʚʦʰʽ, ʢʣʦʧʠ, ʙʣʦʭʠ), 

ʧʘʨʘʟʠʪʠʯʥʽ ʥʘʡʧʨʦʩʪʽʰʽ (ʤʘʣʷʨʽʡʥʠʡ ʧʣʘʟʤʦʜʽʡ, ʣʷʤʙʣʽʾ, ʜʠʟʝʥʪʝʨʽʡʥʘ 

ʘʤʝʙʘ), ʧʣʦʩʢʽ ʪʘ ʢʨʫʛʣʽ ʯʝʨʚ'ʷʢʠ (ʣʝʥʪʝʮʠ, ʮʽʧ'ʷʢʠ, ʘʩʢʘʨʠʜʠ) 

ʂʆʅʂʋʈɽʅʎɯʗ (-) ʚʽʜʥʦʩʠʥʠ ʩʫʧʝʨʥʠʮʪʚʘ, ʟʤʘʛʘʥʥʷ. ʅʘʡʙʽʣʴʰ 

ʛʦʩʪʨʦ ʡʜʝ ʢʦʥʢʫʨʝʥʮʽʷ ʚʩʝʨʝʜʠʥʽ ʚʠʜʫ ʽ ʤʽʞ ʩʧʦʨʽʜʥʝʥʠʤʠ ʚʠʜʘʤʠ, ʪʘʢ ʷʢ 

ʫ ʥʠʭ ʩʧʽʣʴʥʽ ʧʦʪʨʝʙʠ ʚ ʾʞʽ ʪʘ ʫʤʦʚʘʭ ʧʨʦʞʠʚʘʥʥʷ. ʇʨʠʢʣʘʜʠ: ʣʠʩʠʮʷ-ʚʦʚʢ, 

ʩʦʚʘ - ʧʫʛʘʯ, ʩʦʩʥʘ - ʙʝʨʝʟʘ, ʱʫʢʘ - ʦʢʫʥʴ, ʢʦʨʦʧ - ʢʘʨʘʩʴ ʪʘ ʽʥ 



 

ʅʝʡʪʨʘʣʽʟʤʘ (ɻʆ) - ʚʽʜʥʦʩʠʥʠ, ʢʦʣʠ ʥʝʤʘʻ ʧʨʷʤʠʭ ʟʚ'ʷʟʢʽʚ ʤʽʞ ʚʠʜʘ-

ʤʠ (ʚʦʚʢʠ ʽ ʢʦʥʠʢʠ, ʣʦʩʽ ʽ ʙʽʣʢʠ, ʙʜʞʦʣʠ ʽ ʟʘʡʮʽ) 

ʂʦʤʝʥʩʘʣʽʟʤ (ʆ +) - ʚʽʜʥʦʩʠʥʠ, ʢʦʣʠ ʦʜʠʥ ʚʠʜ ʦʪʨʠʤʫʻ ʚʽʜ ʽʥʰʦʛʦ 

ʢʦʨʠʩʪʴ, ʥʝ ʟʘʚʜʘʶʯʠ ʡʦʤʫ ʰʢʦʜʠ. ʈʦʟʨʽʟʥʷʶʪʴ ʜʝʢʽʣʴʢʘ ʨʽʟʥʦʚʠʜʽʚ: 

ʢʚʘʨʪʽʨʘʥʪʩʪʚʦ (ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʘʭʘʤʠ ʥʽʨ, ʛʥʽʟʜ ʽʥʰʠʭ ʪʚʘʨʠʥ, ʷʢ ʞʠʪ-

ʣʦ), ʅʘʭʣʝʙʥʽʯʝʩʪʚʦ (ʭʘʨʯʫʚʘʥʥʷ ʰʘʢʘʣʽʚ, ʛʽʻʥ, ʛʨʠʬʽʚ ʟʘʣʠʰʢʘʤʠ ʾʞʽ ʭʠ-

ʞʠʭ ʪʚʘʨʠʥ), ʉʦʪʨʘʧʝʟʥʽʯʝʩʪʚʦ (ʭʘʨʯʫʚʘʥʥʷ ʨʽʟʥʠʤʠ ʯʘʩʪʠʥʘʤʠ ʦʜʥʦʛʦ ʽ 

ʪʦʛʦ ʞ ʨʝʩʫʨʩʫ, ʥʘʧʨʠʢʣʘʜ, ʭʚʦʝʛʨʠʟʫʱʽʭ ʽ ʢʦʨʦʾʜʠ ʩʦʩʥʠ, ʛʨʫʥʪʦʚʽ ʤʝʰ-

ʢʘʥʮʽ, ʷʢʽ ʩʧʦʞʠʚʘʶʪʴ ʨʽʟʥʽ ʨʦʩʣʠʥʥʽ ʟʘʣʠʰʢʠ) 

ɸʄɽʅʉɸʃɯɿʄ (ʆ-) - ʚʽʜʥʦʩʠʥʠ ʢʦʣʠ ʦʜʠʥ ʚʠʜ ʧʨʠʛʥʽʯʫʻʪʴʩʷ, ʘ ʽʥ-

ʰʦʤʫ ʚʠʜʫ ʙʘʡʜʫʞʝ (ʥʘʧʨʠʢʣʘʜ, ʪʨʘʚʠ, ʱʦ ʨʦʩʪʫʪʴ ʧʽʜ ʷʣʠʥʦʶ) 

ʉʠʤʙʽʦʟ (+ +) - ʚʟʘʻʤʦʚʠʛʽʜʥʽ ʚʽʜʥʦʩʠʥʠ ʤʽʞ ʚʠʜʘʤʠ. ʂʦʣʠ ʩʧʽʣʴʥʝ 

ʞʠʪʪʷ ʦʙʦʚ'ʷʟʢʦʚʝ ʜʣʷ ʦʙʦʭ ʚʠʜʽʚ - ʮʝ ʤʫʪʫʘʣʽʟʤ (ʩʠʤʙʽʦʟ ʢʦʨʝʥʽʚ ʙʝʨʽʟ ʽ 

ʛʨʠʙʥʠʮʽ ʧʽʜʙʝʨʝʟʥʠʢʠ, ʛʨʠʙʠ ʽ ʚʦʜʦʨʦʩʪʽ ʚ ʪʽʣʽ ʣʠʰʘʡʥʠʢʘ), ʷʢʱʦ 

ʥʝʦʙʦʚ'ʷʟʢʦʚʘ, ʪʦ - ʇʨʦʪʦʢʦʦʧʝʨʘʮʽʷ (ʥʘʧʨʠʢʣʘʜ, ʣʫʛʦʚʽ ʨʦʩʣʠʥʠ ʽ ʾʭ ʟʘʧʠ-

ʣʶʚʘʯʽ). 

ʆʙʤʝʞʫʶʯʠʤ ʬʘʢʪʦʨʦʤ - ʯʠʥʥʠʢ, ʱʦ ʟʥʠʞʫʻ ʞʠʪʪʻʟʜʘʪʥʽʩʪʴ ʦʨ-

ʛʘʥʽʟʤʫ (ʪʦʙʪʦ ʪʦʡ ʬʘʢʪʦʨ, ʷʢʠʡ ʚ ʜʘʥʠʡ ʤʦʤʝʥʪ ʧʨʠʛʥʽʯʫʻ ʦʨʛʘʥʽʟʤ). 

ʅʘʧʨʠʢʣʘʜ, ʭʠʞʘʢʠ ʻ ʦʙʤʝʞʫʶʯʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʪʨʘʚʦʾʜʥʠʭ, ʧʘʨʘʟʠʪʠ - 

ʜʣʷ ʾʭ ʛʦʩʧʦʜʘʨʽʚ, ʙʨʘʢ ʩʚʽʪʣʘ ʥʘ ʚʝʣʠʢʠʭ ʛʣʠʙʠʥʘʭ - ʜʣʷ ʨʦʩʣʠʥ, ʥʝʜʦʣʽʢ 

ʢʠʩʥʶ ʫ ʚʦʜʽ - ʜʣʷ ʤʝʰʢʘʥʮʽʚ ʚʦʜʦʡʤʠ ʽ ʪ.ʜ. 

ɹɯʆʃʆɻɯʏʅʀʁ ʆʧʪʠʤʫʤ - ʮʝ ʥʘʷʚʥʽʩʪʴ ʚʩʽʭ ʩʧʨʠʷʪʣʠʚʠʭ ʫʤʦʚ ʜʣʷ 

ʞʠʪʪʷ ʦʨʛʘʥʽʟʤʫ. 

ʌʦʪʦʧʝʨʽʦʜʠʟʤ - ʮʝ ʧʨʠʩʪʦʩʦʚʘʥʽʩʪʴ ʦʨʛʘʥʽʟʤʽʚ ʜʦ ʟʤʽʥʠ ʜʦʚʞʠʥʠ 

ʩʚʽʪʣʦʚʦʛʦ ʜʥʷ, ʪʦʙʪʦ ʜʦ ʩʝʟʦʥʥʠʭ ʟʤʽʥ (ʚʝʩʥʷʥʘ ʽ ʦʩʽʥʥʷ ʣʠʥʴʢʘ, ʟʠʤʦʚʘ 

ʩʧʣʷʯʢʘ, ʩʝʟʦʥʥʽ ʧʝʨʝʣʴʦʪʠ ʽ ʤʽʛʨʘʮʽʾ, ʣʠʩʪʦʧʘʜ, ʧʝʨʽʦʜ ʨʦʟʤʥʦʞʝʥʥʷ, 

ʛʥʽʟʜʫʚʘʥʥʷ, ʰʣʶʙʥʽ ʽʛʨʠ). 

ɸʥʘʙʽʦʟʫ - ʮʝ ʟʜʘʪʥʽʩʪʴ ʦʨʛʘʥʽʟʤʽʚ ʧʝʨʝʥʦʩʠʪʠ ʥʝʩʧʨʠʷʪʣʠʚʽ ʫʤʦʚʠ ʚ 

ʩʪʘʥʽ, ʧʨʠ ʷʢʦʤʫ ʟʥʠʞʫʻʪʴʩʷ ʦʙʤʽʥ ʨʝʯʦʚʠʥ ʽ ʚʽʜʩʫʪʥʽ ʚʩʽ ʚʠʜʠʤʽ ʧʨʦʷʚʠ 

ʞʠʪʪʷ (ʥʘʧʨʠʢʣʘʜ, ʩʪʘʥ ʮʠʩʪʠ ʚ ʥʘʡʧʨʦʩʪʽʰʠʭ, ʩʫʧʝʨʝʯʢʠ ʫ ʙʘʢʪʝʨʽʡ, ʟʠʤʦ-

ʚʘ ʽ ʣʽʪʥʽ ʩʧʣʷʯʢʠ ʪʚʘʨʠʥ) 

ɸʢʣʽʤʘʪʠʟʘʮʽʷ - ʬʽʟʽʦʣʦʛʽʯʥʝ ʧʨʠʩʪʦʩʫʚʘʥʥʷ ʜʦ ʧʝʨʝʥʝʩʝʥʥʷ ʩʧʝʢʠ 

ʘʙʦ ʭʦʣʦʜʫ. 

ɿʠʤʽʚʣʷ - ʚʧʘʜʽʥʥʷ ʚʟʠʤʢʫ ʚ ʩʧʣʷʯʢʫ. 

ɼʽʘʧʘʫʟʠ - ʟʫʧʠʥʢʘ ʚ ʨʦʟʚʠʪʢʫ ʚ ʥʝʩʧʨʠʷʪʣʠʚʠʡ ʧʝʨʽʦʜ ʨʦʢʫ. 

ɽʂʆʃʆɻɯʏʅɸ ʉʊʈɸʊɽɻɯʗ ɺʀɾʀɺɸʅʅʗ - ʧʨʘʛʥʝʥʥʷ ʦʨ-

ʛʘʥʽʟʤʽʚ ʜʦ ʚʠʞʠʚʘʥʥʷ. 



 

 r - ʩʪʨʘʪʝʛʽʷ - ʚʠʞʠʚʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʢʽʣʴʢʦʩʪʽ - ʚʠʩʦʢʘ ʧʣʦʜʶʯʽʩʪʴ, 

ʰʚʠʜʢʝ ʩʪʘʪʝʚʝ ʜʦʟʨʽʚʘʥʥʷ, ʢʦʨʦʪʢʠʡ ʞʠʪʪʻʚʠʡ ʮʠʢʣ, ʰʚʠʜʢʝ ʧʦʰʠʨʝʥʥʷ. 

(ʙʘʢʪʝʨʽʾ, ʢʦʤʘʭʠ, ʦʜʥʦʨʽʯʥʽ ʨʦʩʣʠʥʠ, ʟʦʦʧʣʘʥʢʪʦʥ, ʛʨʠʟʫʥʠ, ʧʘʨʘʟʠʪʠʯʥʽ 

ʯʝʨʚ'ʷʢʠ ʪʘ ʽʥ) 

ʂ-ʩʪʨʘʪʝʛʽʷ - ʚʠʞʠʚʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ çʷʢʦʩʪʽè - ʚʠʩʦʢʘ ʧʨʠʩʪʦʩʦ-

ʚʘʥʽʩʪʴ, ʢʦʥʢʫʨʝʥʪʥʦʟʜʘʪʥʽʩʪʴ, ʟʘʭʠʩʪ ʧʦʪʦʤʩʪʚʘ, ʩʪʽʡʢʽʩʪʴ ʜʦ ʟʘʭʚʦʨʶʚʘʥʴ 

ʪʘ ʽʥ (ʚʝʣʠʢʽ ʩʩʘʚʮʽ, ʧʪʘʭʠ, ʣʶʜʠʥʘ) 

ʃɸʅʎʖɻɸ ʍɸʈʏʋɺɸʅʅʗ (ʪʨʦʬʽʯʥʽ ʣʘʥʮʶʛʠ) - ʮʝ ʧʦʩʣʽʜʦʚʥʽ 

ʟʚ'ʷʟʢʠ ʦʨʛʘʥʽʟʤʽʚ, ʢʦʣʠ ʦʨʛʘʥʽʟʤʠ ʧʦʧʝʨʝʜʥʴʦʛʦ ʣʘʥʢʠ ʻ ʾʞʝʶ ʜʣʷ ʥʘʩʪʫʧ-

ʥʦʛʦ. 

ʇʘʩʦʚʠʱʥʦʛʦ ʃɸʅʎʖɻɸ (ʣʘʥʮʶʛʠ ʚʠʾʜʘʥʥʷʤ) - ʣʘʥʮʶʛʘ ʞʠʚʣʝʥ-

ʥʷ, ʚ ʷʢʠʭ ʧʝʨʰʦʶ ʣʘʥʢʦʶ ʻ ʟʝʣʝʥʽ ʨʦʩʣʠʥʠ (ʪʨʘʚʘ --- ʛʫʩʝʥʠʮʷ --- ʩʠʥʠʮʷ -

--- ʩʦʢʽʣ) 

ɼʝʪʨʽʪʥʠʝ ʣʘʥʮʶʛʘ (ʣʘʥʮʶʛʠ ʨʦʟʢʣʘʜʘʥʥʷ) - ʣʘʥʮʶʛʠ ʞʠʚʣʝʥʥʷ, ʷʢʽ 

ʧʦʯʠʥʘʶʪʴʩʷ ʟ ʤʝʨʪʚʦʾ ʦʨʛʘʥʽʢʠ (ʣʠʩʪʦʚʠʡ ʦʧʘʜ --- ʜʦʱʦʚʠʡ ʯʝʨʚ'ʷʢ --- ʩʠ-

ʥʠʮʷ --- ʩʦʢʽʣ) 

ʊʨʦʬʽʯʥʠʡ ʨʽʚʝʥʴ - ʚʩʽ ʚʠʜʠ, ʷʢʽ ʩʧʦʞʠʚʘʶʪʴ ʧʦʜʽʙʥʫ ʾʞʫ (ʥʘʧʨʠ-

ʢʣʘʜ, ʚʩʽ ʨʦʩʣʠʥʦʾʜʥʽ ʫʪʚʦʨʶʶʪʴ ʦʜʠʥ ʪʨʦʬʽʯʥʠʡ ʨʽʚʝʥʴ; ʤ'ʷʩʦʾʜʥʽ - ʽʥʰʠʡ 

ʨʽʚʝʥʴ) 

ɹʝʥʪʦʩ - ʚʩʽ ʤʝʰʢʘʥʮʽ ʜʦʥʥʦʾ ʯʘʩʪʠʥʠ ʚʦʜʦʡʤʠʱʘ (ʢʨʘʙʠ, ʜʚʦʩʪʫʣ-

ʢʦʚʽ ʤʦʣʶʩʢʠ, ʘʢʪʠʥʽʾ, ʚʦʩʴʤʠʥʦʛʠ, ʢʦʨʘʣʦʚʽ ʧʦʣʽʧʠ ʪʘ ʽʥ) 

ʇʣʘʥʢʪʦʥ - ʤʽʢʨʦʩʢʦʧʽʯʥʽ ʚʦʜʦʨʦʩʪʽ ʽ ʪʚʘʨʠʥʠ, ʱʦ ʞʠʚʫʪʴ ʫ ʪʦʚʱʽ 

ʚʦʜʠ. ʉʢʣʘʜʘʻʪʴʩʷ ʟ ʬʽʪʦ-ʽ ʟʦʦʧʣʘʥʢʪʦʥʫ. 

ʅʝʢʪʦʥ - ʚʝʣʠʢʽ ʤʝʰʢʘʥʮʽ ʪʦʚʱʽ ʚʦʜʠ (ʨʠʙʠ, ʢʘʣʴʤʘʨʠ, ʜʝʣʴʬʽʥʠ, ʢʠ-

ʪʠ ʽ ʪ.ʜ.) 

ʇʝʨʽʬʽʪʦʥʦʤ - ʧʨʠʢʨʽʧʣʝʥʽ ʜʦ ʚʦʜʥʠʭ ʨʦʩʣʠʥ ʘʙʦ ʜʦ ʧʽʜʚʦʜʥʠʭ ʩʢʝʣʴ 

ʦʨʛʘʥʽʟʤʠ (ʨʘʯʢʠ, ʜʚʦʩʪʫʣʢʦʚʽ ʤʦʣʶʩʢʠ, ʤʦʨʩʴʢʽ ʞʦʣʫʜʽ, ʘʩʮʠʜʽʾ) 

ʇʣʝʡʩʪʦʥ - ʩʫʢʫʧʥʽʩʪʴ ʚʦʜʥʠʭ ʦʨʛʘʥʽʟʤʽʚ, ʧʣʘʚʘʶʯʠʭ ʥʘ ʧʦʚʝʨʭʥʽ 

ʚʦʜʠ ʘʙʦ ʚ ʥʘʧʽʚʟʘʥʫʨʝʥʦʤʫ ʩʪʘʥʽ. 

ʇʨʘʚʠʣʦ ʝʢʦʣʦʛʽʯʥʦʾ ʧʽʨʘʤʽʜʠ - ʧʨʠ ʧʝʨʝʭʦʜʽ ʟ ʦʜʥʽʻʾ ʣʘʥʢʠ ʭʘʨʯʫ-

ʚʘʥʥʷ ʜʦ ʽʥʰʦʛʦ, ʙʽʦʤʘʩʘ, ʯʠʩʝʣʴʥʽʩʪʴ ʦʩʦʙʠʥ ʽ ʢʽʣʴʢʽʩʪʴ ʝʥʝʨʛʽʾ ʟʤʝʥ-

ʰʫʻʪʴʩʷ ʚ ʢʽʣʴʢʘ ʨʘʟʽʚ (ʧʨʠʙʣʠʟʥʦ 10 ʨʘʟʽʚ). ʇʨʠʯʠʥʘ ʮʽʻʾ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ 

ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʦʨʛʘʥʽʟʤʠ 90% ʝʥʝʨʛʽʾ ʾʞʽ ʟʘʪʨʘʯʘʶʪʴ ʥʘ ʧʨʦʮʝʩʠ ʞʠʪ-

ʪʻʜʽʷʣʴʥʦʩʪʽ (ʝʥʝʨʛʽʷ ç ʜʠʭʘʥʥʷ è), ʽ ʪʽʣʴʢʠ 10% ʡʜʝ ʥʘ ʨʽʩʪ ʪʽʣʘ ʽ ʪʽʣʴʢʠ ʮʷ 

ʯʘʩʪʠʥʘ ʧʝʨʝʭʦʜʠʪʴ ʜʦ ʥʘʩʪʫʧʥʦʛʦ ʣʘʥʮʽ ʣʘʥʮʶʛʘ ʭʘʨʯʫʚʘʥʥʷ. 

ʊʆʃɽʈɸʅʊʅɯʉʊʔ - ʟʜʘʪʥʽʩʪʴ ʦʨʛʘʥʽʟʤʽʚ ʚʠʪʨʠʤʫʚʘʪʠ ʟʤʽʥʠ ʫʤʦʚ 

ʩʝʨʝʜʦʚʠʱʘ. ʆʨʛʘʥʽʟʤʠ ʟ ʚʠʩʦʢʦʶ ʪʦʣʝʨʘʥʪʥʽʩʪʶ ʤʦʞʫʪʴ ʚʠʪʨʠʤʫʚʘʪʠ 



 

ʟʤʽʥʠ ʫʤʦʚ ʚ ʰʠʨʦʢʠʭ ʜʽʘʧʘʟʦʥʘʭ, ʽ ʚʦʥʠ ʪʦʤʫ ʤʘʶʪʴ ʙʽʣʴʰʝ ʰʘʥʩʽʚ ʚʠʞʠ-

ʪʠ, ʘ ʟ ʥʠʟʴʢʦʶ ʪʦʣʝʨʘʥʪʥʽʩʪʶ ʤʦʞʫʪʴ ʞʠʪʠ ʪʽʣʴʢʠ ʚ ʧʝʚʥʠʭ ʫʤʦʚʘʭ. 

ɹʽʦʥʪ - ʤʝʰʢʘʥʝʮʴ ʩʝʨʝʜʦʚʠʱʘ (ʛʽʜʨʦʙʽʦʥʪʽʚ - ʤʝʰʢʘʥʝʮʴ ʚʦʜʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ʛʝʦʙʽʦʥʪ (ʝʜʘʬʦʙʽʦʥʪ, ʧʝʜʦʬʘʫʥʘ) - ʛʨʫʥʪʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, 

ʩʪʝʥʦʙʽʦʥʪ - ʦʨʛʘʥʽʟʤ, ʱʦ ʚʠʤʘʛʘʻ ʩʪʨʦʛʦ ʧʝʚʥʠʭ ʫʤʦʚ, ʪʦʙʪʦ ʟ ʥʠʟʴʢʦʶ ʪʦ-

ʣʝʨʘʥʪʥʽʩʪʶ; ʝʚʨʽʙʽʦʥʪ - ʦʨʛʘʥʽʟʤ, ʟʜʘʪʥʠʡ ʞʠʪʠ ʚ ʨʽʟʥʠʭ ʫʤʦʚʘʭ ʽ ʪ. ʜ.) 

ɾʀʊʊɭɺɸ ʌʆʈʄɸ ʆʈɻɸʅɯɿʄʋ - ʪʠʧ ʧʨʠʩʪʦʩʦʚʘʥʦʩʪʽ ʦʨ-

ʛʘʥʽʟʤʽʚ ʜʦ ʝʢʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʧʨʦʞʠʚʘʥʥʷ. ʅʘʧʨʠʢʣʘʜ, ʞʠʪʪʻʚʽ ʬʦʨʤʠ ʨʦʩ-

ʣʠʥ: ʜʝʨʝʚʘ, ʪʨʘʚʠ, ʯʘʛʘʨʥʠʢʠ, ʣʽʘʥʠ, ʩʫʢʫʣʝʥʪʠ ʪʘ ʽʥ; ʫ ʪʚʘʨʠʥ ʟʘ ʩʧʦʩʦʙʦʤ 

ʧʝʨʝʩʫʚʘʥʥʷ - ʣʽʪʘʶʯʽ, ʩʪʨʠʙʫʯʽ, ʱʦ ʧʣʘʟʫʶʪʴ, ʱʦ ʨʠʻ, ʙʽʛʘʶʯʽ, ʧʣʘʚʘʶʯʽ, 

ʧʨʠʢʨʽʧʣʝʥʽ, ʟʘ ʤʽʩʮʝʤ ʧʨʦʞʠʚʘʥʥʷ - ʚʦʜʦʧʣʘʚʥʽ, ʣʽʩʦʚʽ, ʩʪʝʧʦʚʽ, ʛʨʫʥʪʦʚʽ ʽ 

ʪ.ʜ. 

ʗʨʫʩʥʘ - ʧʨʠʩʪʦʩʦʚʘʥʽʩʪʴ ʨʦʩʣʠʥ, ʱʦ ʜʦʟʚʦʣʷʻ ʙʽʣʴʰ ʧʦʚʥʦ ʚʠʢʦʨʠ-

ʩʪʦʚʫʚʘʪʠ ʨʝʩʫʨʩʠ ʩʝʨʝʜʦʚʠʱʘ: ʩʚʽʪʣʦ, ʪʝʧʣʦ, ʚʦʣʦʛʫ, ʧʦʞʠʚʥʽ ʨʝʯʦʚʠʥʠ 

ʛʨʫʥʪʫ. ʗʨʫʩʥʽʩʪʴ ʙʫʚʘʻ ʛʦʨʠʟʦʥʪʘʣʴʥʘ ʽ ʚʝʨʪʠʢʘʣʴʥʘ (ʚ ʛʨʫʥʪʽ). 

ʌʋʅʂʎɯʆʅɸʃʔʅɯ ɻʈʋʇʀ ɽʂʆʉʀʉʊɽʄʀ - ʮʝ ʪʨʠ ʛʨʫʧʠ ʦʨ-

ʛʘʥʽʟʤʽʚ ʚ ʙʫʜʴ-ʷʢʽʡ ʝʢʦʩʠʩʪʝʤʽ, ʱʦ ʟʜʽʡʩʥʶʶʪʴ ʦʩʥʦʚʥʽ ʧʨʦʮʝʩʠ ʚ ʝʢʦʩʠ-

ʩʪʝʤʽ: ʧʨʦʜʫʮʝʥʪʠ, ʢʦʥʩʫʤʝʥʪʠ, ʨʝʜʫʮʝʥʪʠ. ɿʘʚʜʷʢʠ ʾʤ ʚ ʝʢʦʩʠʩʪʝʤʽ ʚʽʜʙʫ-

ʚʘʻʪʴʩʷ ʧʦʪʽʢ ʨʝʯʦʚʠʥ ʽ ʧʦ ʣʘʥʮʶʛʘʭ ʭʘʨʯʫʚʘʥʥʷ, ʱʦ ʩʪʘʥʦʚʠʪʴ ʦʩʥʦʚʫ ʢʨʫ-

ʛʦʦʙʽʛʫ ʨʝʯʦʚʠʥ, ʩʘʤʦʚʽʜʪʚʦʨʝʥʥʷ ʝʢʦʩʠʩʪʝʤʠ. 

ʇʨʦʜʫʮʝʥʪʠ - ʮʝ ʚʠʨʦʙʥʠʢʠ ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ (ʘʚʪʦʪʨʦʬʠ), ʪʦʙʪʦ 

ʨʦʩʣʠʥʠ, ʭʝʤʦʩʠʥʪʝʟʠʨʫʶʱʠʝ ʙʘʢʪʝʨʽʾ ʪʘ ʩʠʥʴʦ-ʟʝʣʝʥʽ ʚʦʜʦʨʦʩʪʽ. 

ɻʝʪʝʨʦʪʨʦʬʠ - ʮʝ ʩʧʦʞʠʚʘʯʽ ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ, ʪʦʙʪʦ ʪʨʘʚʦʾʜʥʽ, 

ʭʠʞʘʢʠ, ʚʩʝʾʜʥʽ. ʂʦʥʩʫʤʝʥʪʠ ʙʫʚʘʶʪʴ 1-ʛʦ ʧʦʨʷʜʢʫ (ʪʨʘʚʦʾʜʥʘ ʢʦʤʘʭʘ, ʧʪʘʭ 

ʽ ʽʥ), 2-ʛʦ ʧʦʨʷʜʢʫ (ʢʦʤʘʭʦʾʜʥʽ, ʨʠʙʦʷʜʥʠʝ ʘʙʦ ʭʠʞʘʢʠ), 3-ʛʦ ʧʦʨʷʜʢʫ 

(ʭʠʞʘʢʠ). 

ʈʝʜʫʮʝʥʪʠ - ʮʝ ʨʫʡʥʽʚʥʠʢʠ ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ (ʙʘʢʪʝʨʽʾ ʛʥʠʪʪʷ ʽ 

ʙʨʦʜʽʥʥʷ, ʧʣʽʩʥʷʚʽ ʛʨʠʙʠ, ʛʨʫʥʪʦʚʽ ʢʣʽʱʽ, ʭʨʦʙʘʢʠ, ʪʨʫʧʦʷʜʥʠʭ ʢʦʤʘʭʠ, 

ʪʚʘʨʠʥʠ, ʷʢʽ ʭʘʨʯʫʶʪʴʩʷ ʚʠʜʽʣʝʥʥʷʤʠ ʽʥʰʠʭ ʪʚʘʨʠʥ ʽ ʪ.ʜ.). 

ʉʊɯʁʂɯʉʊʔ ɽʂʆʉʀʉʊɽʄʀ - ʮʝ ʟʜʘʪʥʽʩʪʴ ʝʢʦʩʠʩʪʝʤʠ ʧʨʦʪʠʩʪʦʷ-

ʪʠ ʨʽʟʥʠʤ ʚʧʣʠʚʘʤ, ʟʙʝʨʽʛʘʪʠ ʚʽʜʥʦʩʥʫ ʩʪʘʣʽʩʪʴ ʯʠʩʝʣʴʥʦʩʪʽ ʚʠʜʽʚ ʽ ʧʽʜʪʨʠ-

ʤʫʚʘʪʠ ʦʩʥʦʚʥʽ ʧʨʦʮʝʩʠ ʚ ʨʽʚʥʦʚʘʟʽ. ʉʪʽʡʢʽʩʪʴ ʥʘʧʨʷʤʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʽʣʴ-

ʢʦʩʪʽ ʚʠʜʽʚ! ʏʠʤ ʙʽʣʴʰʝ ʚʠʜʦʚʝ ʨʽʟʥʦʤʘʥʽʪʪʷ, ʪʠʤ ʩʪʽʡʢʽʰʝ ʝʢʦʩʠʩʪʝʤʘ! 

ʇʨʠʯʠʥʘ ʮʽʻʾ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ: ʯʠʤ ʙʽʣʴʰʝ ʚʠʜʽʚ ʚ ʝʢʦʩʠʩʪʝʤʽ, ʪʠʤ ʙʽʣʴʰʝ 

ʤʦʞʣʠʚʦʩʪʝʡ ʫ ʦʨʛʘʥʽʟʤʽʚ ʤʘʪʠ ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʚʠʜʠ ʾʞʽ, ʽ ʪʠʤ ʙʽʣʴʰʝ 

ʰʘʥʩʽʚ ʚʠʞʠʪʠ - ʧʨʠ ʙʨʘʢʫ ʦʜʥʽʻʾ ʾʞʽ, ʻ ʤʦʞʣʠʚʽʩʪʴ ʭʘʨʯʫʚʘʪʠʩʷ ʽʥʰʦʶ 



 

ʾʞʝʶ. ʊʦʤʫ ʜʫʞʝ ʚʘʞʣʠʚʦ ʚ ʧʨʠʨʦʜʽ ʙʽʦʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ, ʪʦʤʫ ʮʝ ʚʘʞʣʠʚʘ 

ʫʤʦʚʘ ʝʢʦʣʦʛʽʯʥʦʾ ʨʽʚʥʦʚʘʛʠ ʫ ʚʩʽʡ ʧʨʠʨʦʜʽ, ʚ ʙʽʦʩʬʝʨʽ. 

ʉʘʤʦʨʝʛʫʣʷʮʽʷ ɽʂʆʉʀʉʊɽʄʀ - ʚʣʘʩʪʠʚʽʩʪʴ ʝʢʦʩʠʩʪʝʤʠ ʧʽʜʪʨʠ-

ʤʫʚʘʪʠ ʯʠʩʝʣʴʥʽʩʪʴ ʦʩʦʙʠʥ ʫ ʧʦʧʫʣʷʮʽʷʭ ʥʘ ʚʽʜʥʦʩʥʦ ʩʪʘʣʦʤʫ ʨʽʚʥʽ. ʉʘʤʦ-

ʨʝʛʫʣʷʮʽʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘʚʜʷʢʠ ʥʘʷʚʥʦʩʪʽ ʚ ʝʢʦʩʠʩʪʝʤʽ ʧʨʷʤʠʭ, ʟʚʦʨʦʪʥʠʭ ʽ 

ʥʝʧʨʷʤʠʭ ʟʚ'ʷʟʢʽʚ ʤʽʞ ʦʨʛʘʥʽʟʤʘʤʠ. ʅʘʧʨʠʢʣʘʜ, ʟʙʽʣʴʰʝʥʥʷ ʯʠʩʝʣʴʥʦʩʪʽ 

ʨʦʩʣʠʥ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʯʠʩʝʣʴʥʦʩʪʽ ʪʨʘʚʦʾʜʥʠʭ, ʘ ʮʝ - ʜʦ ʟʙʽʣʴ-

ʰʝʥʥʷ ʯʠʩʝʣʴʥʦʩʪʽ ʭʠʞʘʢʽʚ (ʧʨʷʤʽ ʟʚ'ʷʟʢʠ). ɸʣʝ ʟʙʽʣʴʰʝʥʥʷ ʯʠʩʝʣʴʥʦʩʪʽ 

ʭʠʞʘʢʽʚ ʧʨʠʟʚʝʜʝ ʟ ʯʘʩʦʤ ʜʦ ʟʤʝʥʰʝʥʥʷ ʯʠʩʝʣʴʥʦʩʪʽ ʪʨʘʚʦʾʜʥʠʭ, ʘ ʟʙʽʣʴ-

ʰʝʥʥʷ ʯʠʩʝʣʴʥʦʩʪʽ ʪʨʘʚʦʾʜʥʠʭ - ʜʦ ʟʤʝʥʰʝʥʥʷ ʯʠʩʝʣʴʥʦʩʪʽ ʨʦʩʣʠʥ (ʟʚʦ-

ʨʦʪʥʽ ʟʚ'ʷʟʢʠ). ʍʠʞʘʢʠ ʚʧʣʠʚʘʶʪʴ ʥʘ ʯʠʩʝʣʴʥʽʩʪʴ ʨʦʩʣʠʥ ʯʝʨʝʟ ʪʨʘʚʦʾʜʥʠʭ 

(ʥʝʧʨʷʤʠʡ ʟʚ'ʷʟʦʢ). 

ʎɯʃɯʉʅɯʉʊʔ ɽʂʆʉʀʉʊɽʄʀ - ʮʝ ʚʟʘʻʤʦʧʦʚ'ʷʟʘʥʽʩʪʴ ʦʨʛʘʥʽʟʤʽʚ ʚ 

ʝʢʦʩʠʩʪʝʤʽ, ʱʦ ʥʝ ʜʦʟʚʦʣʷʻ ʾʤ ʽʩʥʫʚʘʪʠ ʦʜʠʥ ʙʝʟ ʦʜʥʦʛʦ ʽ ʟʘʙʝʟʧʝʯʫʻ 

ʧʨʦʪʽʢʘʥʥʷ ʚʩʽʭ ʧʨʦʮʝʩʽʚ ʚ ʝʢʦʩʠʩʪʝʤʽ (ʧʦʪʽʢ ʨʝʯʦʚʠʥ ʽ ʧʦ ʣʘʥʮʶʛʘʭ ʭʘʨʯʫ-

ʚʘʥʥʷ, ʩʘʤʦʨʝʛʫʣʷʮʽʶ, ʢʨʫʛʦʦʙʽʛ ʨʝʯʦʚʠʥ). 

ɺɯɼʂʈʀʊɯʉʊʔ ɽʂʆʉʀʉʊɽʄʀ - ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʝʢʦʩʠʩʪʝʤʘ 

ʤʦʞʝ ʽʩʥʫʚʘʪʠ ʪʽʣʴʢʠ ʪʦʜʽ, ʢʦʣʠ ʚ ʥʝʾ ʙʫʜʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʧʨʠʧʣʠʚ ʝʥʝʨʛʽʾ 

ʟʟʦʚʥʽ! (ɺʽʜʢʨʠʪʽʩʪʴ ʙʫʜʴ-ʷʢʦʾ ʩʠʩʪʝʤʠ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʦʥʘ ʧʦʪʨʝʙʫʻ 

ʧʨʠʧʣʠʚʫ ʝʥʝʨʛʽʾ ʽ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ ʟʟʦʚʥʽ) 

ʉʫʢʮʝʩʽʷ - ʮʝ ʧʦʩʣʽʜʦʚʥʘ ʟʤʽʥʘ ʚ ʯʘʩʽ ʦʜʥʠʭ ʝʢʦʩʠʩʪʝʤ ʽʥʰʠʤʠ ʥʘ 

ʧʝʚʥʽʡ ʪʝʨʠʪʦʨʽʾ ʚ ʭʦʜʽ ʾʭ ʩʘʤʦʨʦʟʚʠʪʢʫ. ʅʘʧʨʠʢʣʘʜ, ʥʘ ʤʽʩʮʽ ʤʘʣʝʥʴʢʦʛʦ 

ʦʟʝʨʘ ʤʦʞʝ ʫʪʚʦʨʠʪʠʩʷ ʙʦʣʦʪʦ ʯʝʨʝʟ ʧʦʩʪʫʧʦʚʦʛʦ ʦʙʤʽʣʽʥʥʷ ʽ ʚʠʩʠʭʘʥʥʷ; 

ʥʘ ʤʽʩʮʽ ʙʦʣʦʪʘ - ʣʫʛ; ʥʘ ʤʽʩʮʽ ʣʽʩʫ - ʣʫʛ, ʥʘ ʤʽʩʮʽ ʙʝʟʞʠʚʥʦʛʦ ʚʫʣʢʘʥʽʯʥʦʛʦ 

ʦʩʪʨʦʚʘ ʯʝʨʝʟ ʩʪʦʨʽʯʯʷ ʤʦʞʝ ʚʠʨʦʩʪʠ ʣʽʩ ʽ ʪ.ʜ. ʋ ʭʦʜʽ ʩʫʢʮʝʩʽʾ ʧʨʦʮʝʩʠ 

ʟʘʚʞʜʠ ʡʜʫʪʴ ʚ ʥʘʧʨʷʤʢʫ ʜʦʩʷʛʥʝʥʥʷ ʨʽʚʥʦʚʘʛʠ ʚ ʝʢʦʩʠʩʪʝʤʽ - ʢʣʽʤʘʢʩʫ! 

ʂʃɯʄɸʂʉ - ʩʪʘʥ ʚ ʝʢʦʩʠʩʪʝʤʽ, ʢʦʣʠ ʚʦʥʘ ʙʝʟ ʚʪʨʫʯʘʥʥʷ ʟʟʦʚʥʽ ʟʥʘʭʦ-

ʜʠʪʴʩʷ ʚ ʨʽʚʥʦʚʘʟʽ. 

ʇɽʈɺʀʅʅɸ ʩʫʢʮʝʩʽʷ - ʧʨʦʮʝʩ ʨʦʟʚʠʪʢʫ ʨʽʟʥʠʭ ʝʢʦʩʠʩʪʝʤ ʥʘ ʥʝʞʠ-

ʚʠʭ ʪʝʨʠʪʦʨʽʷʭ (ʥʘ ʧʽʱʘʥʠʭ ʜʶʥʘʭ, ʥʘ ʚʫʣʢʘʥʽʯʥʠʭ ʦʩʪʨʦʚʘʭ, ʥʘ ʤʽʩʮʽ ʩʢʝ-

ʣʷʩʪʠʭ ʛʽʨ). ʎʷ ʩʫʢʮʝʩʽʷ ʥʘʡʪʨʠʚʘʣʽʰʘ, ʪʦʤʫ ʩʧʦʯʘʪʢʫ ʧʦʪʨʽʙʝʥ ʯʘʩ ʜʣʷ 

ʬʦʨʤʫʚʘʥʥʷ ʛʨʫʥʪʫ. ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʧʨʦʮʝʩʽʚ: 

ʅʘ ʥʝʞʠʚʠʭ ʤʽʩʮʷʭ ʧʦʩʝʣʷʶʪʴʩʷ çʧʽʦʥʝʨʠè, ʧʝʨʰʦʧʦʩʝʣʝʥʮʽ - ʩʠʥʴʦ-

ʟʝʣʝʥʽ ʚʦʜʦʨʦʩʪʽ, ʣʠʰʘʡʥʠʢʠ. ɺʽʜʤʠʨʘʶʯʠ, ʚʦʥʠ ʫʪʚʦʨʶʶʪʴ ʪʦʥʢʠʡ ʰʘʨ 

ʛʨʫʥʪʫ, ʥʘ ʷʢʽʡ ʤʦʞʫʪʴ ʧʦʩʝʣʷʪʠʩʷ ʩʧʦʯʘʪʢʫ ʤʦʭʠ. ʇʦʪʽʤ, ʫ ʤʽʨʫ ʟʙʽʣʴʰʝʥ-

ʥʷ ʛʨʫʥʪʦʚʦʛʦ ʰʘʨʫ, ʤʦʞʫʪʴ ʟʨʦʩʪʠ ʪʨʘʚʠ, ʯʘʛʘʨʥʠʢʠ, ʜʝʨʝʚʘ. 



 

ɺʪʦʨʠʥʥʘ ʩʫʢʮʝʩʽʷ - ʮʝ ʨʦʟʚʠʪʦʢ ʦʜʥʽʻʾ ʝʢʦʩʠʩʪʝʤʠ ʥʘ ʤʽʩʮʽ ʽʥʰʦʾ. 

ʇʨʠʯʠʥʠ ʚʪʦʨʠʥʥʠʭ ʩʫʢʮʝʩʽʡ: ʟʤʽʥʘ ʢʣʽʤʘʪʫ (ʧʦʩʪʫʧʦʚʝ ʟʘʙʦʣʦʯʫʚʘʥʥʷ 

ʤʽʩʮʝʚʦʩʪʽ ʯʝʨʝʟ ʚʦʣʦʛʦʛʦ ʢʣʽʤʘʪʫ), ʧʨʠʨʦʜʥʽ ʢʘʪʘʢʣʽʟʤʠ (ʟʝʤʣʝʪʨʫʩʠ, ʧʦ-

ʚʝʥʽ, ʫʨʘʛʘʥʠ ʪʦʱʦ), ʣʶʜʩʴʢʘ ʜʽʷʣʴʥʽʩʪʴ (ʚʠʨʫʙʫʚʘʥʥʷ ʣʽʩʽʚ, ʟʘʙʨʫʜʥʝʥʥʷ, 

ʦʨʘʥʢʘ ʟʝʤʝʣʴ, ʚʠʜʦʙʫʪʦʢ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ ʽ ʪ.ʜ .), ʥʘʚʘʣʘ ʰʢʽʜʥʠʢʽʚ ʘʙʦ 

ʟʘʭʚʦʨʶʚʘʥʥʷ. ʇʨʠʤʽʪʢʘ: ʷʢʱʦ ʚ ʭʦʜʽ ʚʪʦʨʠʥʥʦʾ ʩʫʢʮʝʩʽʾ ʟʥʠʢ ʛʨʫʥʪʦʚʠʡ 

ʰʘʨ (ʯʝʨʝʟ ʝʨʦʟʽʶ ʛʨʫʥʪʫ), ʧʨʦʮʝʩʠ ʧʽʜʫʪʴ ʟʘ ʪʠʧʦʤ ʧʝʨʚʠʥʥʦʾ ʩʫʢʮʝʩʽʾ. 

ɸʛʨʦʮʝʥʦʟʽʚ (ʘʛʨʦʝʢʦʩʠʩʪʝʤʠ, ʰʪʫʯʥʽ ʝʢʦʩʠʩʪʝʤʠ) - ʝʢʦʩʠʩʪʝʤʠ, 

ʩʪʚʦʨʝʥʽ ʣʶʜʠʥʦʶ (ʧʦʣʷ, ʩʘʜʠ, ʘʢʚʘʨʽʫʤ, ʛʦʨʦʜʠ, ʩʪʘʚʢʠ, ʣʽʩʦʧʦʩʘʜʢʠ, ʧʘʨ-

ʢʠ ʽ ʪ. ʜ.) ʆʟʥʘʢʠ ʘʛʨʦʮʝʥʦʟʽʚ: ʥʝʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʚʠʜʽʚ; ʢʦʨʦʪʢʽ ʣʘʥʮʶʛʘ 

ʭʘʨʯʫʚʘʥʥʷ; ʥʝʟʘʤʢʥʫʪʠʡ ʢʨʫʛʦʦʙʽʛ ʨʝʯʦʚʠʥ (ʪ.ʢ . ʯʘʩʪʠʥʘ ʨʝʯʦʚʠʥ ʚʠʥʦ-

ʩʠʪʴʩʷ ʟ ʫʨʦʞʘʻʤ ʽ ʚʠʤʘʛʘʻ ʚʥʝʩʝʥʥʷ ʜʦʙʨʠʚ ʫ ʛʨʫʥʪ); ʥʝʩʪʽʡʢʽʩʪʴ; ʧʨʦʮʝʩʠ 

ʨʝʛʫʣʶʶʪʴʩʷ ʣʶʜʠʥʦʶ; ʢʨʽʤ ʝʥʝʨʛʽʾ ʩʦʥʮʷ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʝʥʝʨʛʽʷ ʤʘ-

ʰʠʥ, ʧʨʘʮʷ ʣʶʜʠʥʠ ʽ ʪ.ʜ. 

ɿɸʇʆɺɯɼʅʀʂʀ - ʦʩʦʙʣʠʚʦ ʦʭʦʨʦʥʶʚʘʥʽ ʧʨʠʨʦʜʥʽ ʪʝʨʠʪʦʨʽʾ, ʥʘ 

ʷʢʠʭ ʟʘʙʦʨʦʥʝʥʽ ʚʩʽ ʚʠʜʠ ʛʦʩʧʦʜʘʨʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ ʣʶʜʠʥʠ. ɼʦʟʚʦʣʝʥʽ ʪʽʣʴ-

ʢʠ ʥʘʫʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʩʧʦʩʪʝʨʝʞʝʥʥʷ. 

ɿɸʂɸɿʅʀʂʀ - ʮʝ ʦʩʦʙʣʠʚʦ ʦʭʦʨʦʥʶʚʘʥʽ ʧʨʠʨʦʜʥʽ ʪʝʨʠʪʦʨʽʾ, ʥʘ 

ʷʢʠʭ ʚ ʧʝʚʥʠʡ ʧʝʨʽʦʜ ʨʦʢʫ ʜʦʟʚʦʣʝʥʽ ʜʝʷʢʽ ʚʠʜʠ ʛʦʩʧʦʜʘʨʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ 

ʣʶʜʠʥʠ, ʱʦ ʥʝ ʟʘʚʜʘʶʪʴ ʩʠʣʴʥʦʾ ʰʢʦʜʠ. 

ɹɯʆʉʌɽʈɸ - ʮʝ ʦʩʦʙʣʠʚʘ ʦʙʦʣʦʥʢʘ ɿʝʤʣʽ, ʥʘʩʝʣʝʥʘ ʞʠʚʠʤʠ ʦʨ-

ʛʘʥʽʟʤʘʤʠ. ʄʝʞʽ ʙʽʦʩʬʝʨʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚ ʘʪʤʦʩʬʝʨʽ ʜʽʻʶ ʋʌ - ʧʨʦʤʝʥʽʚ 

(ʜʦ ʦʟʦʥʦʚʦʛʦ ʰʘʨʫ, ʪʦʙʪʦ ʥʘ ʚʠʩʦʪʽ 20 -25 ʢʤ), ʚ ʛʽʜʨʦʩʬʝʨʽ ʜʽʻʶ ʚʠʩʦʢʦʛʦ 

ʪʠʩʢʫ ʽ ʚʽʜʩʫʪʥʽʩʪʶ ʩʚʽʪʣʘ ʽ ʙʨʘʢʦʤ ʢʠʩʥʶ (ʥʘ ʛʣʠʙʠʥʽ 11 ʢʤ), ʚ ʣʽʪʦʩʬʝʨʽ - 

ʚʠʩʦʢʠʤ ʪʠʩʢʦʤ ʽ ʪʝʤʧʝʨʘʪʫʨʦʶ, ʚʽʜʩʫʪʥʽʩʪʶ ʢʠʩʥʶ (ʥʘ ʛʣʠʙʠʥʽ ʜʦ 3 ʢʤ). 

ɺʯʝʥʥʷ ʧʨʦ ʙʽʦʩʬʝʨʫ ʩʪʚʦʨʠʚ ɺ.ɯ.ɺʝʨʥʘʜʩʴʢʠʡ, ʘʣʝ ʪʝʨʤʽʥ çʙʽʦʩʬʝʨʘè ʚʚʽʚ 

ɽ ɿʶʩʩ (1873 ʨ.). 

ʅʆʆʉʌɽʈɸ (çʩʬʝʨʘ ʨʦʟʫʤʫè) - ʥʦʚʠʡ ʩʪʘʥ ʙʽʦʩʬʝʨʠ, ʢʦʣʠ ʾʾ 

ʽʩʥʫʚʘʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʦʟʫʤʥʦʾ ʛʦʩʧʦʜʘʨʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ ʣʶʜʠʥʠ. ʊʝʨʤʽʥ 

ʚʚʝʜʝʥʠʡ ɺ.ɯ.ɺʝʨʥʘʜʩʴʢʠʤ. 

ɹɯʆʄɸʉɸ (ʞʠʚʘ ʨʝʯʦʚʠʥʘ ʙʽʦʩʬʝʨʠ) - ʤʘʩʘ ʚʩʽʭ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʽʚ. 

ʈʦʟʨʽʟʥʷʶʪʴ ʙʽʦʤʘʩʫ ʩʫʰʽ, ʙʽʦʤʘʩʫ ʉʚʽʪʦʚʦʛʦ ʦʢʝʘʥʫ, ʙʽʦʤʘʩʫ ʨʦʩʣʠʥ, ʙʽʦ-

ʤʘʩʫ ʪʚʘʨʠʥ, ʙʽʦʤʘʩʫ ʛʨʫʥʪʫ ʽ ʪ.ʜ. ʈʦʟʧʦʜʽʣ ʙʽʦʤʘʩʠ ʨʽʟʥʦʤʫ: ʚ ʙʽʦʩʬʝʨʽ ʧʝ-

ʨʝʚʘʞʘʻ ʙʽʦʤʘʩʘ ʩʫʰʽ, ʥʘ ʩʫʰʽ ʧʝʨʝʚʘʞʘʻ ʙʽʦʤʘʩʘ ʨʦʩʣʠʥ (ʪ.ʢ.ʧʨʝʦʙʣʘʜʘʝʪ 

ʥʘʛʨʦʤʘʜʞʝʥʥʷ ʙʽʦʤʘʩʠ ʚ ʨʦʩʣʠʥʘʭ 

 



 

ʉʃʆɺɸʈʔ ʊɽʈʄʀʅʆɺ 

 

ɸʙʠʦʪʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ - ʬʘʢʪʦʨʳ ʥʝʞʠʚʦʡ ʧʨʠʨʦʜʳ (ʢʦʩʤʠʯʝʩʢʠʝ, 

ʛʝʦʬʠʟʠʯʝʩʢʠʝ, ʢʣʠʤʘʪʠʯʝʩʢʠʝ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ, ʚʨʝʤʝʥʥʳʝ ʠ ʪ.ʧ.), 

ʦʢʘʟʳʚʘʶʱʠʝ ʧʨʷʤʦʝ ʠʣʠ ʢʦʩʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʞʠʚʳʝ ʦʨʛʘʥʠʟʤʳ. 

ɸʙʩʦʨʙʮʠʷ - ʧʦʛʣʦʱʝʥʠʝ ʚʝʱʝʩʪʚʘ ʚʩʝʡ ʤʘʩʩʦʡ (ʦʙʲʝʤʦʤ) ʧʦʛʣʦ-

ʱʘʶʱʝʛʦ ʪʝʣʘ (ʜʨʫʛʦʛʦ ʚʝʱʝʩʪʚʘ): ʛʘʟʘ - ʞʠʜʢʠʤ ʠʣʠ ʪʚʝʨʜʳʤ ʚʝʱʝʩʪʚʦʤ, 

ʣʶʙʦʛʦ ʟʘʛʨʷʟʥʠʪʝʣʷ - ʠʤ ʞʝ. 

ɸʚʪʦʪʨʦʬʳ - ʦʨʛʘʥʠʟʤʳ, ʩʧʦʩʦʙʥʳʝ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʦʨʛʘʥʠʯʝʩʢʦʝ 

ʚʝʱʝʩʪʚʦ ʠʟ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ, ʚʦʜʳ ʠ ʤʠʥʝʨʘʣʴʥʳʭ ʩʦʣʝʡ. ʀʩʪʦʯʥʠʢʘʤʠ 

ʵʥʝʨʛʠʠ ʜʣʷ ʙʠʦʩʠʥʪʝʟʘ ʩʣʫʞʘʪ ʩʚʝʪ (ʫ ʬʦʪʦʘʚʪʦʪʨʦʬʦʚ) ʠʣʠ ʦʢʠʩʣʝʥʠʝ ʨʷ-

ʜʘ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ (ʫ ʭʝʤʦʘʚʪʦʪʨʦʬʦʚ). 

ɸʛʨʦʮʝʥʦʟ - ʩʦʦʙʱʝʩʪʚʦ ʦʨʛʘʥʠʟʤʦʚ, ʢʫʣʴʪʠʚʠʨʫʝʤʳʭ ʠ ʩʦʧʫʪʩʪʚʫ-

ʶʱʠʭ ʠʤ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ. 

ɸʜʘʧʪʘʮʠʷ - ʧʨʦʮʝʩʩ ʠ ʨʝʟʫʣʴʪʘʪ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʦʨʛʘʥʠʟʤʦʚ ʢ 

ʫʩʣʦʚʠʷʤ ʩʫʱʝʩʪʚʦʚʘʥʠʷ. ʈʘʟʣʠʯʘʶʪ ʚʠʜʦʚʫʶ (ʛʝʥʦʪʠʧʠʯʝʩʢʫʶ) ʘʜʘʧ-

ʪʘʮʠʶ, ʧʨʦʠʩʭʦʜʷʱʫʶ ʚ ʨʷʜʝ ʧʦʢʦʣʝʥʠʡ ʠ ʩʚʷʟʘʥʥʫʶ ʩ ʧʨʦʮʝʩʩʦʤ ʚʠʜʦʦʙ-

ʨʘʟʦʚʘʥʠʷ, ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʫʶ (ʬʝʥʦʪʠʧʠʯʝʩʢʫʶ) ʘʜʘʧʪʘʮʠʶ - ʘʢʢʣʠʤʘʮʠʶ, 

ʧʨʦʠʩʭʦʜʷʱʫʶ ʚ ʧʨʝʜʝʣʘʭ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʦʨʛʘʥʠʟʤʘ ʠ ʥʝ ʟʘ-

ʪʨʘʛʠʚʘʶʱʫʶ ʝʛʦ ʛʝʥʦʪʠʧ. 

ɸʜʩʦʨʙʮʠʷ - ʧʦʛʣʦʱʝʥʠʝ ʚʝʱʝʩʪʚʘ ʠʟ ʨʘʩʪʚʦʨʘ ʠʣʠ ʛʘʟʘ ʧʦʚʝʨʭʥʦʩʪ-

ʥʳʤʠ ʩʣʦʷʤʠ ʞʠʜʢʦʩʪʠ ʠʣʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ (ʥʘʟʳʚʘʝʤʳʭ ʘʜʩʦʨʙʝʥʪʘʤʠ); 

ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, ʘ ʪʘʢʞʝ ʚ ʧʨʦʮʝʩʩʘʭ ʦʯʠʩ-

ʪʢʠ ʚʝʱʝʩʪʚ ʠ ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ. 

ɸʢʢʣʠʤʘʪʠʟʘʮʠʷ - ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ ʦʨʛʘʥʠʟʤʦʚ ʢ ʠʟʤʝʥʝʥʥʳʤ 

ʥʦʚʳʤ ʢʣʠʤʘʪʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʩʫʱʝʩʪʚʦʚʘʥʠʷ. 

ɸʢʢʣʠʤʘʮʠʷ - ʠʥʜʠʚʠʜʫʘʣʴʥʘʷ   (ʬʝʥʦʪʠʧʠʯʝʩʢʘʷ) ʘʜʘʧʪʘʮʠʷ ʢ ʬʘʢ-

ʪʦʨʘʤ ʩʨʝʜʳ; ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʙʨʘʪʠʤʳʤʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʬʠʟʠʦʣʦ-

ʛʠʯʝʩʢʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʦʨʛʘʥʠʟʤʘ. 

ɸʣʘʨʤʠʟʤ. - ʘʢʮʝʥʪʠʨʦʚʘʥʠʝ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʚʥʠʤʘʥʠʷ ʥʘ ʪʨʝʚʦʞʥʳʭ 

(ʥʝʛʘʪʠʚʥʳʭ, ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʭ, ʢʨʠʟʠʩʥʳʭ) ʘʢʪʫʘʣʴʥʳʭ ʠ ʧʦʪʝʥʮʠʘʣʴʥʳʭ 

ʧʦʩʣʝʜʩʪʚʠʷʭ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ. 

ɸʤʝʥʩʘʣʠʟʤ - ʪʠʧ ʤʝʞʚʠʜʦʚʳʭ ʦʪʥʦʰʝʥʠʡ, ʧʨʠ ʢʦʪʦʨʦʤ ʚ ʩʦʚʤʝʩʪ-

ʥʦʡ ʩʨʝʜʝ ʦʜʠʥ ʚʠʜ ʦʨʛʘʥʠʟʤʦʚ ʧʦʜʘʚʣʷʝʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʜʨʫʛʦʛʦ ʚʠʜʘ, ʥʝ 

ʠʩʧʳʪʳʚʘʷ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ. 




