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ɺɺɽɼɽʅʀɽ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʌʝʜʝʨʘʣʴʥʳʤ ɿʘʢʦʥʦʤ ʈʌ ˉ 261-ʌɿ çʆʙ ʵʥʝʨʛʦʩʙʝ-

ʨʝʞʝʥʠʠ ʠ ʦ ʧʦʚʳʰʝʥʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʦ ʚʥʝʩʝʥʠʠ ʠʟʤʝ-

ʥʝʥʠʡ ʚ ʦʪʜʝʣʴʥʳʝ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʝ ʘʢʪʳ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠè ʦʪ 

23.11.2009 ʛ. ʧʦʚʳʰʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʥʝʬʪʷʥʦʡ ʦʪʨʘʩʣʠ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. ʂʨʦʤʝ ʪʦʛʦ, ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʉʪʨʘʪʝʛʠʝʡ ʜʦʣʛʦʩʨʦʯʥʦʛʦ ʨʘʟʚʠʪʠʷ ʈʌ ʩ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ 

ʚʳʙʨʦʩʦʚ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʜʦ 2050 ʛ. ʦʪ ʥʝʬʪʝʛʘʟʦʜʦʙʳʚʘʶʱʠʭ ʢʦʤʧʘʥʠʡ 

ʪʨʝʙʫʶʪ ʨʘʟʚʠʪʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʦʧʪʠʤʠʟʘʮʠʠ ʧʦʪʨʝʙʣʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝ-

ʩʫʨʩʦʚ ʧʨʠ ʜʦʙʳʯʝ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ. 

ɸʥʘʣʠʟ ʟʘʪʨʘʪ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ ʧʨʦʮʝʩʩʘʤ ʥʝʬʪʝ-

ʜʦʙʳʚʘʶʱʝʡ ʢʦʤʧʘʥʠʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʵʥʝʨʛʦʝʤʢʠʤ ʷʚʣʷʝʪʩʷ ʧʨʦ-

ʮʝʩʩ ʜʦʙʳʯʠ ʥʝʬʪʠ (ʨʠʩʫʥʦʢ 1) [1, 2]. 

 

 

ʈʠʩʫʥʦʢ 1 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʪʨʘʪ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ  

ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ ʧʨʦʮʝʩʩʘʤ ʥʝʬʪʝʜʦʙʳʚʘʶʱʝʡ ʢʦʤʧʘʥʠʠ 
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ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʠ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʦʙʳʯʠ ʥʝʬʪʠ. 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʧʨʦʙʣʝʤʳ. 

ʆʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʚʳʩʠʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʴ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʦʙʳʯʠ ʥʝʬʪʠ ʟʘʢʣʶʯʘʶʪʩʷ ʚ 

ʩʣʝʜʫʶʱʝʤ: 

¶ ʧʨʠʤʝʥʝʥʠʝ ʥʘʩʦʩʦʚ ʠ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʢʦʬɻ-

ʬʠʮʠʝʥʪʦʤ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ (ʂʇɼ); 

¶ ʧʨʠʤʝʥʝʥʠʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʤʝʥʴʰʝʡ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ; 

¶ ʧʨʠʤʝʥʝʥʠʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʯʘʩʪʦʪʳ; 

¶ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʤʝʥʴʰʝʡ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ; 

¶ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʡ ʜʠʟʘʡʥ ʫʩʪʘʥʦʚʦʢ ʵʣʝʢʪʨʦʮʝʥʪʨʦʙʝʞʥʳʭ ʥʘʩʦ-

ʩʦʚ; 

¶ ʧʨʠʤʝʥʝʥʠʝ ʢʦʥʜʝʥʩʘʪʦʨʥʳʭ ʙʘʪʘʨʝʡ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʨʝʘʢʪʠʚʥʦʡ 

ʤʦʱʥʦʩʪʠ. 

ʆʜʥʘʢʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʥʘ ʧʦʪʨʝʙʣʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ ʧʨʠ ʜʦʙʳʯʝ ʥʝʬʪʠ ʪʘʢʞʝ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʫʨʦʚʝʥʴ 

ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ [4-6]. ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʤʧʣʝʢʪʘʮʠʠ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʜʦʙʳʚʘʶ-

ʱʠʭ ʩʢʚʘʞʠʥ (ʕʂɼʉ) ʠ ʦʪʭʦʜʷʱʝʡ ʦʪ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʣʠʥʠʠ ʚʝʣʠ-

ʯʠʥʘ ʥʘʧʨʷʞʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʤʠʥʠʤʫʤ ʧʦʪʝʨʴ ʚ ʵʣʝʤʝʥʪʘʭ ʦʪʭʦʜʷʱʝʡ 

ʣʠʥʠʠ ʠʣʠ ʫʜʝʣʴʥʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʥʘ ʢʫʙʦʤʝʪʨ ʜʦʙʳ-

ʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ, ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʥʦʡ [4-6]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ 

ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʳ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʪʦʪ ʠʣʠ ʠʥʦʡ ʢʨʠʪʝʨʠʡ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʠ ʜʦʙʳʯʝ ʥʝʬʪʠ. 

ʄʝʪʦʜʘʤ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʞʠʤʦʚ ʨʘʙʦʪ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʝ ʧʦʩʚʷʱʝʥʦ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ [7-11]. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪ ɹʨʘʙʦʪʳ ʪʘ-

ʢʠʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʫʯʝʥʳʭ, ʢʘʢ ʄʝʣʴʥʠʢʦʚ ʅ.ɸ., ɻʦʣʦʚʘʥʦʚ, ɸ.ʇ., ʉʫʰʢʦʚ 

ɺ.ɺ., ʍʘʣʠʣʦʚ ʌ.ʍ., ʉʪʨʦʝʚ ɺ.ɸ., ɺʝʥʠʢʦʚ ɺ.ɸ., ʍʘʯʘʪʨʷʥ ɺ.ʉ., ɹʘʨʪʦʣʦʤʝʡ 
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ʇ.ʀ., ɸʨʟʘʤʘʩʮʝʚ ɼ.ɸ., ɻʦʨʥʰʪʝʡʥ ɺ.ʄ., ʀʜʝʣʴʯʠʢ ɺ.ʀ., ɻʝʨʘʩʠʤʝʥʢʦ ɸ.ɸ., 

ɸʙʨʘʤʦʚʠʯ ɹ.ʅ., ɽʨʰʦʚ ʄ.ʉ., ɾʝʞʝʣʝʥʢʦ ʀ.ɺ., ɾʝʣʝʟʢʦ ʖ.ʉ., ʂʫʜʨʠʥ ɹ.ʀ., 

ʂʦʥʶʭʦʚʘ ɽ.ɸ., ʄʠʱʝʥʢʦ ʀ.ʊ., ʍʘʢʠʤʴʷʥʦʚ ʄ.ʀ. [12-45]. 

ʇʨʠ ʵʪʦʤ ʚʦʧʨʦʩʘʤ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʤʳʩʣʦ-

ʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʧʦʩʚʷʱʝʥʳ ʨʘʙʦʪʳ ʅʫʨʙʦʩʳʥʦʚʘ ɼ.ʅ., ʊʘʙʘʯʥʠʢʦʚʦʡ ʊ.ɺ., 

ʐʚʝʮʢʦʚʦʡ ʃ.ɺ., ʄʫʢʘʥʠ ʕ.ɹ. [3, 46-49].  

ʆʜʥʘʢʦ ʜʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝ ʫʯʠʪʳʚʘʶʪ ʚʣʠʷʥʠʷ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʢ 

ʚ ʚʳʭʦʜʥʦʤ ʥʘʧʨʷʞʝʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʯʘʩʪʦʪʳ ʩʪʘʥʮʠʡ ʫʧʨʘʚʣʝʥʠʷ ʧʦ-

ʛʨʫʞʥʳʤʠ ʥʘʩʦʩʘʤʠ ʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʦʪʝʨʠ ʚ ʵʣʝʤʝʥʪʘʭ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝ-

ʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʜʦʙʳʚʘʶʱʠʭ ʩʢʚʘʞʠʥ [50] ʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝ-

ʣʝʡ ʯʘʩʪʦʪʳ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʘʤʧʣʠʪʫʜʫ ʥʘʧʨʷʞʝʥʠʷ [51]. ʂʨʦʤʝ ʪʦʛʦ, ʤʘʣʦ 

ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʥʘʧʦʨʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʫʥʞʝʨʥʦʛʦ ʥʘʩʦʩʘ ʥʘ ʚʝʣʠʯʠʥʫ 

ʩʢʦʨʦʩʪʠ ʠ ʧʦʪʨʝʙʣʷʝʤʫʶ ʤʦʱʥʦʩʪʴ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʰʪʘʥʛʦʚʦʡ 

ʩʢʚʘʞʠʥʥʦʡ ʥʘʩʦʩʥʦʡ ʫʩʪʘʥʦʚʢʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʥʘʧʨʷʞʝʥʠʷ ʧʠʪʘʥʠʷ. 

ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʘ-

ʧʨʷʞʝʥʠʷ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʧʨʠʤʝʥʷʶʪʩʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ ʩ ʨʝʛʫʣʠ-

ʨʦʚʘʥʠʝʤ ʥʘʧʨʷʞʝʥʠʷ ʧʦʜ ʥʘʛʨʫʟʢʦʡ (ʈʇʅ), ʧʨʠʯʝʤ ʵʪʦ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʦʩʫ-

ʱʝʩʪʚʣʷʝʪʩʷ ʜʠʩʢʨʝʪʥʦ. ʇʦʵʪʦʤʫ ʘʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʪʨʝʙʣʷʝʤʦʡ ʤʦʱʥʦʩʪʠ ʕʂɼʉ ʦʪʭʦʜʷʱʝʡ ʦʪ ʧʨʦʤʳʩʣʦʚʦʡ 

ʧʦʜʩʪʘʥʮʠʠ ʣʠʥʠʠ ʩ ʫʯʝʪʦʤ ʜʠʩʢʨʝʪʥʦʩʪʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʘʧʨʷʞʝʥʠʷ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʮʝʣʴ ʠ ʟʘʜʘʯʠ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ. 

ʎʝʣʴ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ï ʧʦʚʳʰʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʠ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʦʙʳʯʠ ʥʝʬʪʠ ʟʘ ʩʯʝʪ ʢʚʘʟʠʦʧʪʠ-

ʤʘʣʴʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ. 

ɿʘʜʘʯʠ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ 

ʟʘʜʘʯʠ: 
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1. ʆʧʨʝʜʝʣʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʠ ʧʦʪʨʝʙʣʷʝʤʦʡ ʤʦʱʥʦ-

ʩʪʠ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʰʪʘʥʛʦʚʦʡ ʩʢʚʘʞʠʥʥʦʡ ʥʘʩʦʩʥʦʡ ʫʩʪʘʥʦʚʢʠ ʧʨʠ 

ʚʘʨʠʘʮʠʠ ʥʘʧʨʷʞʝʥʠʷ ʩʪʘʪʦʨʘ. 

2. ʆʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʯʘʩʪʦʪʳ ʩʪʘʥʮʠʡ ʫʧʨʘʚʣʝʥʠʷ ʧʦ-

ʛʨʫʞʥʳʤʠ ʥʘʩʦʩʘʤʠ ʥʘ ʧʦʪʨʝʙʣʷʝʤʫʶ ʤʦʱʥʦʩʪʴ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʤʠ ʢʦʤ-

ʧʣʝʢʩʘʤʠ ʜʦʙʳʚʘʶʱʠʭ ʩʢʚʘʞʠʥ. 

3. ʈʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜʠʢʫ ʠ ʘʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 

ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ, ʫʯʠʪʳʚʘʶʱʠʝ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʢʦʤʧʣʝʢʪʘʮʠʠ 

ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʜʦʙʳʚʘʶʱʠʭ ʩʢʚʘʞʠʥ.  

4. ʆʧʨʝʜʝʣʠʪʴ ʚʣʠʷʥʠʝ ʜʠʩʢʨʝʪʥʦʩʪʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʘʧʨʷʞʝʥʠʷ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʤʠ ʩ ʈʇʅ ʥʘ ʧʨʦʛʥʦʟʠʨʫʝʤʫʶ ʧʦʪʨʝʙʣʷʝʤʫʶ ʤʦʱʥʦʩʪʴ ʠ ʧʦ-

ʪʝʨʠ ʚ ʵʣʝʤʝʥʪʘʭ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ ʠ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʘʭ ʜʦʙʳ-

ʚʘʶʱʠʭ ʩʢʚʘʞʠʥ. 

5. ʇʨʦʚʝʩʪʠ ʘʧʨʦʙʘʮʠʶ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʩʨʘʚʥʝ-

ʥʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʩ ʬʘʢʪʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥ-

ʮʠʠ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʪʁʩʷ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʜʦ-

ʙʳʚʘʶʱʠʭ ʩʢʚʘʞʠʥ ʥʝʬʪʷʥʦʛʦ ʧʨʦʤʳʩʣʘ. 

ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʧʨʦʮʝʩʩʳ ʦʙʝʩʧʝʯʝʥʠʷ ʵʥʝʨʛʦʵʬ-

ʬʝʢʪʠʚʥʦʩʪʠ ʣɻʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʦʙʳʯʠ ʥʝʬʪʠ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʪʝʦʨʠʠ ʵʣʝʢʪʨʠʯʝ-

ʩʢʠʭ ʮʝʧʝʡ, ʪʝʦʨʠʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ, ʪʝʦʨʠʠ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ, ʯʠʩʣʝʥʥʦ-

ʛʦ ʨʝʰʝʥʠʷ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʤʘʪʝʤʘʪʠʯʝʩʢʦ-

ʛʦ ʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ. 

1. ʆʧʨʝʜʝʣʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʨʘʩʯʝʪʘ ʩʢʦʨʦʩʪʠ ʠ ʧʦ-

ʪʨʝʙʣʷʝʤʦʡ ʤʦʱʥʦʩʪʠ ʘʩʠʥʭʨʦʥʥʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ ʰʪʘʥʛʦʚʦʡ ʩʢʚʘʞʠʥʥʦʡ 

ʥʘʩʦʩʥʦʡ ʫʩʪʘʥʦʚʢʠ ʠ ʧʦʛʨʫʞʥʦʛʦ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʥʘʩʦʩʘ ʧʨʠ ʚʘʨʠʘʮʠʠ ʧʠ-

ʪʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʫʯʝʪʦʤ ʥʘʧʦʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʩʦ-
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ʩʦʚ, ʢʠʥʝʤʘʪʠʢʠ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝ-

ʣʝʡ ʯʘʩʪʦʪʳ (ʧ. 1 ʧʘʩʧʦʨʪʘ ʩʧʝʮʠʘʣʴʥʦʩʪʠ). 

2. ʆʧʨʝʜʝʣʝʥʳ ʫʩʣʦʚʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʧʨʠʤʝʥʝʥʠʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩ-

ʪʦʪʳ ʚ ʩʪʘʥʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʧʦʛʨʫʞʥʳʤ ʮʝʥʪʨʦʙʝʞʥʳʤ ʥʘʩʦʩʦʤ ʧʨʠʚʦʜʠʪ ʢ 

ʩʥʠʞʝʥʠʶ ʟʘʪʨʘʪ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʫʯʝʪʦʤ ʥʘʧʦʨʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʩʦʩʘ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʦʪʝʨʴ ʚ ʧʦʚʳʰʘʶʱʝʤ ʪʨʘʥʩʬʦʨ-

ʤʘʪʦʨʝ ʠ ʧʦʛʨʫʞʥʦʤ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝ ʦʪ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʢ ʚ ʚʳʭʦʜʥʦʤ ʥʘ-

ʧʨʷʞʝʥʠʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ (ʧ. 2 ʧʘʩʧʦʨʪʘ ʩʧʝʮʠʘʣʴʥʦʩʪʠ). 

3. ʈʘʟʨʘʙʦʪʘʥ rʤʝʪʦʜʠʢʘ ʠ ʘʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʦʧʪʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʳ 

ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʤʠʥʠʤʫʤ ʫʜʝʣʴʥʳʭ 

ʟʘʪʨʘʪ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʨʠ ʜʦʙʳʯʝ ʥʝʬʪʠ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʫʯʝʪʦʤ ʦʩʦʙʝʥʥʦ-

ʩʪʝʡ ʥʘʧʦʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʛʨʫʞʥʳʭ ʥʘʩʦʩʦʚ, ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʯʘʩʪʦʪʳ 

ʩʪʘʥʮʠʡ ʫʧʨʘʚʣʝʥʠʷ ʠ ʜʠʩʢʨʝʪʥʦʩʪʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʘʧʨʷʞʝʥʠʷ (ʧ. 3 ʧʘʩʧʦʨ-

ʪʘ ʩʧʝʮʠʘʣʴʥʦʩʪʠ). 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ. 

1. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ ʦʙʦʩʥʦʚʘʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʥʘʧʨʷ-

ʞʝʥʠʝ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʩ ʮʝʣʴʶ ʩʥʠʞʝʥʠʷ ʫʜʝʣʴʥʳʭ ʟʘʪʨʘʪ ʵʣʝʢʪʨʠ-

ʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʧʨʠ ʜʦʙʳʯʝ ʥʝʬʪʠ. 

2. ʇʦʣʫʯʝʥʥʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ ʮʝ-

ʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʯʘʩʪʦʪʳ ʚ ʩʪʘʥʮʠʷʭ ʫʧʨʘʚʣʝ-

ʥʠʷ ʧʦʛʨʫʞʥʳʤʠ ʮʝʥʪʨʦʙʝʞʥʳʤʠ ʥʘʩʦʩʘʤʠ ʩ ʧʦʟʠʮʠʠ ʵʢʦʥʦʤʠʠ ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʡ ʵʥʝʨʛʠʠ. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʢʦʨʨʝʢʪʥʳʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ, ʚʳʯʠʩʣʠʪʝʣʴ-

ʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ ʩʦʚʧʘ-

ʜʝʥʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʦʚ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. 

ʈʝʘʣʠʟʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ. 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ɸʆ çʉʘʤʘʨʩʢʘʷ ʩʝʪʝ-

ʚʘʷ ʢʦʤʧʘʥʠʷè (ʛ. ʉʘʤʘʨʘ) ʠ ʆʆʆ çʉʝʪʝʚʠʢè (ʛ. ʉʘʤʘʨʘ) ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʥʘ-

ʜʝʞʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢ-
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ʩʦʚ ʜʦʙʳʚʘʶʱʠʭ ʩʢʚʘʞʠʥ, ʘ ʪʘʢʞʝ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʌɻɹʆʋ ɺʆ çʉʘʤʘʨ-

ʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè (ʛ. ʉʘʤʘʨʘ), ʯʪʦ ʧʦʜʪʚʝʨ-

ʞʜʘʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʘʢʪʘʤʠ ʚʥʝʜʨʝʥʠʷ. 

ɸʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ.  

ʆʪʜʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʠ ʦʙʩʫʞʜʘʣʠʩʴ ʥʘ 

ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çɸʢʪʫʘʣʴʥʳʝ ʚʦʧʨʦʩʳ ʠ 

ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʨʝʰʝʥʠʷ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠè (ʛ. ʄʦʩʢʚʘ, 2021 ʛ.), ʥʘ 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çɸʰʠʨʦʚʩʢʠʝ ʯʪʝʥʠʷè 

(ʉʘʤɻʊʋ, ʛ. ʉʘʤʘʨʘ, 2023 ʛ.), ʥʘ IV ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ çʕʥʝʨʛʝʪʠʢʘ ʙʫʜʫʱʝʛʦ ï ʮʠʬʨʦʚʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷè (ʃɻʊʋ, 

ʛ. ʃʠʧʝʮʢ, 2023 ʛ.), ʥʘ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

çʕʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʠ ʩʠʩʪʝʤʳ UralCon-2023è (ʄɻʊʋ ʠʤ. 

ɻ.ʀ. ʅʦʩʦʚʘ, ʛ. ʄʘʛʥʠʪʦʛʦʨʦʩʢ, 2023 ʛ.), ʥʘ ʥʘʫʯʥʳʭ ʩʝʤʠʥʘʨʘʭ ʢʘʬʝʜʨʳ 

çɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳè. 

ʇʫʙʣʠʢʘʮʠʠ.  

ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 10 ʨʘʙʦʪ, ʚ ʪʦʤ ʯʠʩʣʝ 5 ʥʘʫʯʥʳʭ 

ʩʪʘʪʝʡ ʚ ʚʝʜʫʱʠʭ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ ʠ ʠʟʜʘʥʠʷʭ, ʚʭʦʜʷʱʠʭ ʚ 

ʧʝʨʝʯʝʥʴ ɺɸʂ ʈʌ, 5 ʧʫʙʣʠʢʘʮʠʡ ʚ ʤʘʪʝʨʠʘʣʘʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʚʩʝʨʦʩʩʠʡ-

ʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʡ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ.  

ɺ ʨʘʙʦʪʘʭ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʚ ʩʦʘʚʪʦʨʩʪʚʝ, ʘʚʪʦʨʫ ʧʨʠʥʘʜʣʝʞʘʪ: ʨʘʟʨʘ-

ʙʦʪʢʘ ʘʣʛʦʨʠʪʤʦʚ ʨʘʩʯʝʪʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥ-

ʮʠʠ ʠ ʧʨʦʛʥʦʟʠʨʫʝʤʦʡ ʧʦʪʨʝʙʣʷʝʤʦʡ ʤʦʱʥʦʩʪʠ ʩ ʫʯʝʪʦʤ ʜʠʩʢʨʝʪʥʦʩʪʠ ʨʝʛʫ-

ʣʠʨʦʚʘʥʠʷ ʥʘʧʨʷʞʝʥʠʷ; ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʨʘʩʯʝʪʘ ʩʢʦʨʦʩʪʠ 

ʘʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʰʪʘʥʛʦʚʳʭ ʩʢʚʘʞʠʥʥʳʭ ʥʘʩʦʩʥʳʭ ʫʩʪʘʥʦʚʦʢ ʠ ʧʦ-

ʛʨʫʞʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʩ ʫʯʝʪʦʤ ʥʘʧʦʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʩʦʩʦʚ ʠ ʦʩʦʙʝʥʥʦ-

ʩʪʝʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʯʘʩʪʦʪʳ ʩʪʘʥʮʠʡ ʫʧʨʘʚʣʝʥʠʷ; ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʠ 

ʠʭ ʘʥʘʣʠʟ. 
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ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ. 

1. ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʨʘʩʯʝʪʘ ʩʢʦʨʦʩʪʠ ʠ ʧʦʪʨʝʙʣʷʝʤʦʡ 

ʤʦʱʥʦʩʪʠ ʘʩʠʥʭʨʦʥʥʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ ʰʪʘʥʛʦʚʦʡ ʩʢʚʘʞʠʥʥʦʡ ʥʘʩʦʩʥʦʡ ʫʩ-

ʪʘʥʦʚʢʠ ʠ ʧʦʛʨʫʞʥʦʛʦ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʥʘʩʦʩʘ ʧʨʠ ʚʘʨʠʘʮʠʠ ʧʠʪʘʶʱʝʛʦ ʥʘ-

ʧʨʷʞʝʥʠʷ. 

2. ʄʝʪʦʜʠʢʘ ʠ ʘʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʦʧʪʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʳ ʥʘʧʨʷʞʝʥʠʷ 

ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʤʠʥʠʤʫʤ ʫʜʝʣʴʥʳʭ ʟʘʪʨʘʪ ʵʣʝʢ-

ʪʨʦʵʥʝʨʛʠʠ ʧʨʠ ʜʦʙʳʯʝ ʥʝʬʪʠ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʫʯʝʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʥʘʧʦʨ-

ʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʛʨʫʞʥʳʭ ʥʘʩʦʩʦʚ ʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʯʘʩʪʦʪʳ ʩʪʘʥʮʠʡ 

ʫʧʨʘʚʣʝʥʠʷ.  

3. ʄʝʪʦʜʠʢʘ ʠ ʘʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʧʨʦʛʥʦʟʠʨʫʝʤʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ʵʥʝʨʛʠʠ 

ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʜʦʙʳʚʘʶʱʠʭ ʩʢʚʘʞʠʥ, ʦʪʣʠʯʘʶʱʠʝʩʷ 

ʫʯʝʪʦʤ ʜʠʩʢʨʝʪʥʦʩʪʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʸʤ ʨʘʙʦʪʳ. 

ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʯʝʪʳʨʝʭ ʛʣʘʚ, ʟʘʢʣʶʯʝʥʠʷ, ʙʠʙʣʠʦ-

ʛʨʘʬʠʯʝʩʢʦʛʦ ʩʧʠʩʢʘ ʠ ʧʨʠʣʦʞʝʥʠʡ. ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ ʨʘʙʦʪʳ ʠʟʣʦʞʝʥʘ ʥʘ 

201 ʩʪʨʘʥʠʮʝ ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ, ʠʣʣʶʩʪʨʠʨʦʚʘʥʘ 38 ʨʠʩʫʥʢʘʤʠ ʠ 

20 ʪʘʙʣʠʮʘʤʠ. ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ ʩʦʜʝʨʞʠʪ 88 ʥʘʠʤʝʥʦʚʘʥʠʡ ʥʘ 

10 ʩʪʨʘʥʠʮʘʭ.  

ɺʦ ʚʚʝʜʝʥʠʠ ʜʘʥʦ ʦʙʦʩʥʦʚʘʥʠʝ ʘʢʪʫʘʣʴʥʦʩʪʠ ʟʘʜʘʯʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʩʥʠʞʝʥʠʝ ʟʘʪʨʘʪ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʧʨʠ ʜʦʙʳʯʝ ʥʝʬʪʠ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʮʝʣʴ ʠ ʟʘʜʘʯʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʪʤʝʯʝʥʘ ʥʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʜʠʩʩʝʨ-

ʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ.  

ɺ ʧʝʨʚʦʡ ʛʣʘʚʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʩʭʝʤ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ 

ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʧʨʝʜʧʨʠʷʪʠʡ ʥʝʬʪʝʜʦʙʳʚʘʶʱʝʡ ʧʨʦʤʳʰ-

ʣʝʥʥʦʩʪʠ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʠ ʜʦʙʳʯʠ ʥʝʬʪʠ ʠ ʦʮʝʥʝʥ ʠʭ ʚʢʣʘʜ ʚ ʨʝʰʝʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ. ʈʘʩ-

ʩʤʦʪʨʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʦʛʨʫʞʥʦʛʦ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʠ ʜʚʠ-

ʛʘʪʝʣʷ ʰʪʘʥʛʦʚʦʡ ʩʢʚʘʞʠʥʥʦʡ ʥʘʩʦʩʥʦʡ ʫʩʪʘʥʦʚʢʠ (ʐʉʅʋ), ʢʦʪʦʨʘʷ ʘʜʘʧʪʠ-
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ʨʦʚʘʥʘ ʢ ʟʘʜʘʯʘʤ ʦʧʨʝʜʝʣʝʥʠʷ ʚʣʠʷʥʠʷ ʠʟʤʝʥʝʥʠʷ ʜʝʡʩʪʚʫʶʱʝʛʦ ʟʥʘʯʝʥʠʷ 

ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʝʛʦ ʩʢʦʨʦʩʪʴ ʠ ʧʦʪʨʝʙʣʝʥʠʷ ʘʢʪʠʚʥʦʡ ʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ. 

ʈʘʩʩʤʦʪʨʝʥ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʩ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝ-

ʥʠʷ ʤʠʥʠʤʫʤʘ ʧʦʪʝʨʴ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʵʣʝʢʪʨʠ-

ʯʝʩʢʦʡ ʩʝʪʠ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʩʫʪʦʯʥʳʭ ʛʨʘʬʠʢʦʚ ʥʘʧʨʷʞʝʥʠʡ ʠ ʪʦʢʦʚ ʧʨʦ-

ʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ. 

ɺʦ ʚʪʦʨʦʡ ʛʣʘʚʝ ʨʘʩʩʤʦʪʨʝʥʳ ʥʘʧʦʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʛʨʫʞʥʳʭ 

ʮʝʥʪʨʦʙʝʞʥʳʭ ʥʘʩʦʩʦʚ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʨʘʩʯʝʪʘ ʤʦʤʝʥʪʘ ʠ 

ʤʦʱʥʦʩʪʠ ʥʘ ʚʭʦʜʥʦʤ ʚʘʣʫ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʯʝʡ ʪʦʯʢʠ ʥʘʩʦ-

ʩʘ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʜʦʙʳʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ. ʇʨʦʚʝʜʝʥʦ ʦʙʦʩʥʦʚʘʥʠʝ ʮʝʣʝʩʦʦʙ-

ʨʘʟʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʯʘʩʪʦʪʳ ʚ ʩʪʘʥʮʠʷʭ ʫʧʨʘʚʣʝʥʠʷ ʧʦ-

ʛʨʫʞʥʳʤʠ ʥʘʩʦʩʘʤʠ ʩ ʧʦʟʠʮʠʡ ʵʢʦʥʦʤʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. ʈʘʩʩʤʦʪʨʝ-

ʥʦ ʜʚʘ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʩʢʚʘʞʠʥʳ. ɺ ʧʝʨʚʦʤ ʨʝʞʠʤʝ ʪʨʝʙʫʝʤʘʷ ʧʦʜʘʯʘ ʥʘʩʦʩʘ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʝʤ ʰʪʫʮʝʨʘ, ʘ ʚʦ ʚʪʦʨʦʤ ï ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ 

ʩʢʦʨʦʩʪʠ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʥʘʩʦʩʘ ʩ ʧʦʤʦʱʴʶ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ. ʇʨʠ-

ʚʝʜʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʨʘʩʯʝʪʘ ʧʦʪʨʝʙʣʷʝʤʦʡ ʩʪʘʥʮʠʝʡ 

ʫʧʨʘʚʣʝʥʠʷ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʧʨʝʜʝʣʠʪʴ, ʧʨʠ ʢʘʢʦʤ ʜʝʙʠʪʝ 

ʩʢʚʘʞʠʥʳ ʧʦʪʨʝʙʣʝʥʠʝ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʙʫʜʝʪ ʨʘʚʥʳʤ ʜʣʷ ʦʙʦʠʭ ʩʣʫʯʘʝʚ. 

ʇʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʨʘʩʯʝʪʘ ʜʣʷ ʛʠʧʦʪʝʪʠʯʝʩʢʦʡ ʩʢʚʘʞʠʥʳ ʠ ʧʦʢʘʟʘʥʘ ʦʞʠʜʘʝ-

ʤʘʷ ʵʢʦʥʦʤʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ 

ʯʘʩʪʦʪʳ. ʈʘʩʩʤʦʪʨʝʥʳ ʥʘʧʦʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʫʥʞʝʨʥʳʭ ʥʘʩʦʩʦʚ ʠ ʧʦ-

ʣʫʯʝʥʦ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʨʝʜʥʝʡ ʟʘ ʧʝʨʠʦʜ ʢʘʯʘ-

ʥʠʷ ʧʦʪʨʝʙʣʷʝʤʦʡ ʤʦʱʥʦʩʪʠ ʘʩʠʥʭʨʦʥʥʳʤ ʜʚʠʛʘʪʝʣʝʤ ʐʉʅʋ. ʇʦʩʢʦʣʴʢʫ 

ʧʦʪʨʝʙʣʷʝʤʘʷ ʘʢʪʠʚʥʘʷ ʠ ʨʝʘʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʠ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ 

ʐʉʅʋ ʟʘʚʠʩʪ̫ ʦʪ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ, ʥʘʡʜʝʥʦ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ, 

ʧʦʟʚʦʣʷʶʱʝʝ ʨʘʩʩʯʠʪʘʪʴ ʩʨʝʜʥʶʶ ʩʢʦʨʦʩʪʴ ʧʨʠ ʚʘʨʠʘʮʠʠ ʥʘʧʨʷʞʝʥʠʷ ʩʪʘʪʦ-

ʨʘ ʩ ʫʯʝʪʦʤ ʥʘʧʦʨʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʫʥʞʝʨʥʦʛʦ ʥʘʩʦʩʘ ʠ ʢʠʥʝʤʘʪʠʢʠ ʠʩ-

ʧʦʣʥʠʪʝʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ. ʆʧʨʝʜʝʣʝʥʳ ʪʘʢʞʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʦʛʨʫʞʥʳʭ ʘʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ (ʇʕɼ) ʠ ʧʦ-

ʪʨʝʙʣʷʝʤʦʡ ʤʦʱʥʦʩʪʠ ʧʨʠ ʚʘʨʠʘʮʠʠ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʭʦʜʝ ʩʪʘʥʮʠʝʡ ʫʧʨʘʚʣʝ-
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ʥʠʷ ʩ ʫʯʝʪʦʤ ʥʘʧʦʨʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʥʘʩʦʩʘ ʠ ʦʩʦʙʝʥʥʦ-

ʩʪʝʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʯʘʩʪʦʪʳ. 

ɺ ʪʨʝʪʴʝʡ ʛʣʘʚʝ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʚʦʟʤʦʞʥʳʝ ʢʨʠʪʝʨʠʠ ʦʧʪʠʤʠʟʘʮʠʠ 

ʜʣʷ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ. ʈʘʩʩʤʦʪʨʝ-

ʥʘ ʛʠʧʦʪʝʪʠʯʝʩʢʘʷ ʦʪʭʦʜʷʱʘʷ ʣʠʥʠʷ ʩ ʪʨʝʤʷ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʤʠ ʢʦʤʧʣʝʢ-

ʩʘʤʠ ʜʦʙʳʚʘʶʱʠʭ ʩʢʚʘʞʠʥ (ʕʂɼʉ), ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʠʪ ʇʕɼ, 

ʧʨʠʚʦʜʷʱʠʡ ʚ ʜʚʠʞʝʥʠʝ ʧʦʛʨʫʞʥʦʡ ʮʝʥʪʨʦʙʝʞʥʳʡ ʥʘʩʦʩ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʘʥʘ-

ʣʠʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʦʪʚʝʯʘʶʱʝʤʫ ʢʘʢʦ-

ʤʫ-ʣʠʙʦ ʢʨʠʪʝʨʠʶ ʦʧʪʠʤʠʟʘʮʠʠ ʥʝ ʩʫʱʝʩʪʚʫʝʪ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʨʘʟʨʘʙʦʪʘʥ 

ʘʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʜʣʷ 

ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ, ʩʦʜʝʨʞʘʱʝʡ ʧʨʦʠʟʚʦʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʕʂɼʉ ʩ ʧʦʛʨʫʞʥʳ-

ʤʠ ʮʝʥʪʨʦʙʝʞʥʳʤʠ ʥʘʩʦʩʘʤʠ, ʥʦ ʙʝʟ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʯʘʩʪʦʪʳ ʚ ʩʪʘʥʮʠʷʭ 

ʫʧʨʘʚʣʝʥʠʷ. ʇʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʨʘʩʯʝʪʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʤʳ-

ʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʚʘʨʠʘʥʪʦʚ ʢʦʤʧʣʝʢʪʘʮʠʠ ʕʂɼʉ ʨʘʩʩʤʘʪ-

ʨʠʚʘʝʤʦʛʦ ʪʠʧʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜ-

ʩʪʘʥʮʠʠ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʧʦʪʨʝʙʣʝʥʠʝ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʜʦ 6 %, ʘ ʧʦʣʥʦʡ 

ʤʦʱʥʦʩʪʠ ï ʜʦ 18 %, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʴ ʜʦʙʳʯʠ ʥʝʬʪʠ. ʈʘʩʩʤʦʪʨʝʥʘ ʦʪʭʦʜʷʱʘʷ ʣʠʥʠʷ ʩ ʪʨʝʤʷ ʕʂɼʉ ʩʦ ʰʪʘʥ-

ʛʦʚʳʤʠ ʩʢʚʘʞʠʥʥʳʤʠ ʥʘʩʦʩʥʳʤʠ ʫʩʪʘʥʦʚʢʠ. ʈʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʜʣʷ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ, 

ʩʦʜʝʨʞʘʱʝʡ ʧʨʦʠʟʚʦʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʕʂɼʉ ʩ ʐʉʅʋ. ʇʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ 

ʨʘʩʯʝʪʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ, ʧʠʪʘʶʱʝʡ ʦʪ-

ʭʦʜʷʱʫʶ ʣʠʥʠʶ ʪʘʢʦʛʦ ʪʠʧʘ. ʇʨʠʚʝʜʝʥ ʪʘʢʞʝ ʧʨʠʤʝʨ ʨʘʩʯʝʪʘ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ, ʧʠʪʘʶʱʝʡ ʦʪʭʦʜʷʱʫʶ ʣʠʥʠʶ ʩ ʕʂɼʉ 

ʩ ʧʦʛʨʫʞʥʳʤʠ ʮʝʥʪʨʦʙʝʞʥʳʤʠ ʥʘʩʦʩʘʤʠ, ʩʪʘʥʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʢʦʪʦʨʳʭ ʦʩ-

ʥʘʱʝʥʳ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ ʯʘʩʪʦʪʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʘʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ ʠʤʝʝʪ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʚʦʟʤʦʞʥʦ-

ʩʪʷʤʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʯʘʩʪʦʪʳ. ɸʥʘʣʠʟ ʨʘʩʯʝʪʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʧ-

ʪʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ 

ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʤʧʣʝʢʪʘʮʠʠ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ 
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ʢʦʤʧʣʝʢʩʦʚ ʜʦʙʳʚʘʶʱʠʭ ʩʢʚʘʞʠʥ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʨʘʟʨʘʙʦʪʘʥ ʫʥʠʚʝʨʩʘʣʴʥʳʡ 

ʘʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ, ʫʯʠ-

ʪʳʚʘʶʱʠʡ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʢʦʤʧʣʝʢʪʘʮʠʡ ʕʂɼʉ ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʥʘʩʦ-

ʩʦʚ ʠ ʧʦʟʚʦʣʷʶʱʠʡ ʧʨʦʠʟʚʦʜʠʪʴ ʦʧʪʠʤʠʟʘʮʠʶ ʧʦ ʣʶʙʦʤʫ ʢʨʠʪʝʨʠʶ. ɸʣʛʦ-

ʨʠʪʤ ʩʦʜʝʨʞʠʪ ʥʝʩʢʦʣʴʢʦ ʮʠʢʣʦʚ: ʮʠʢʣ ʧʝʨʝʙʦʨʘ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʩʘʤʦʤ ʫʜʘ-

ʣʝʥʥʦʤ ʜʚʠʛʘʪʝʣʝ ʠʣʠ ʩʪʘʥʮʠʠ ʫʧʨʘʚʣʝʥʠʷ; ʮʠʢʣ ʧʝʨʝʙʦʨʘ ʫʟʣʦʚ ʦʪʭʦʜʷʱʝʡ 

ʣʠʥʠʠ ʠ ʮʠʢʣ ʧʝʨʝʙʦʨʘ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʜʚʠʛʘʪʝʣʝ ʠʣʠ ʩʪʘʥʮʠʠ ʫʧʨʘʚʣʝʥʠʷ, 

ʧʦʜʢʣʶʯʝʥʥʳʤ ʢ ʢʘʞʜʦʤʫ ʫʟʣʫ. 

ɺ ʯʝʪʚʝʨʪʦʡ ʛʣʘʚʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ ʩ ʈʇʅ, ʠʩʧʦʣʴʟʫʝ-

ʤʳʝ ʥʘ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʠʤʝʶʪ ʩʚʦʶ ʜʠʩʢʨʝʪʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʥʘʧʨʷʞʝʥʠʷ. ʇʦʵʪʦʤʫ ʧʨʝʜʣʦʞʝʥʦ ʚʳʙʠʨʘʪʴ ʪʘʢʫʶ ʩʪʫʧʝʥʴ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, 

ʢʦʪʦʨʘʷ ʜʘʝʪ ʙʣʠʞʘʡʰʝʝ ʢ ʦʧʪʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʦʞʠʜʘʝʤʳʭ ʢʚʘʟʠʦʧ-

ʪʠʤʘʣʴʥʳʭ ʧʦʪʝʨʴ ʥʘ ʵʣʝʤʝʥʪʘʭ ʕʂɼʉ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ ʠ ʧʦʪʨʝʙʣʷʝʤʦʡ ʦʪ 

ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʤʦʱʥʦʩʪʠ ʩ ʫʯʝʪʦʤ ʜʠʩʢʨʝʪʥʦʩʪʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʥʘʧʨʷʞʝʥʠʷ. ʆʥ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʚ ʪʨʝʪʴʝʡ ʛʣʘʚʝ ʫʥʠʚʝʨʩʘʣʴʥʦʤ 

ʘʣʛʦʨʠʪʤʝ ʨʘʩʯʝʪʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʥʦ ʦʪʣʠʯʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʚʳʯʠʩ-

ʣʝʥʠʷ ʟʘʢʘʥʯʠʚʘʶʪʩʷ ʧʦʩʣʝ ʫʨʘʚʥʠʚʘʥʠʷ ʨʘʩʯʝʪʥʦʛʦ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ 

ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʩ ʚʳʙʨʘʥʥʦʡ ʚʝʣʠʯʠʥʦʡ ʥʘʧʨʷʞʝʥʠʷ ʩʪʫʧʝʥʠ ʨʝʛʫ-

ʣʠʨʦʚʘʥʠʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʩ ʈʇʅ. ɼʣʷ ʦʮʝʥʢʠ ʘʜʝʢʚʘʪʥʦʩʪʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʨʘʩʯʝʪʘ ʨʘʩʩʤʦʪʨʝʥʘ ʨʝʘʣʴʥʘʷ ʦʪ-

ʭʦʜʷʱʘʷ ʣʠʥʠʷ ʥʝʬʪʷʥʦʛʦ ʧʨʦʤʳʩʣʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʨʘʩʯʝʪʘ ʦʧʪʠʤʘʣʴʥʦ-

ʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʝʩʪʠ ʧʦʜʛʦʪʦʚʢʫ 

ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʧʦʛʨʫʞʥʳʭ ʥʘʩʦʩʦʚ, ʜʚʠʛʘʪʝʣʝʡ, 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ, ʚʦʟʜʫʰʥʳʭ ʠ ʢʘʙʝʣʴʥʳʭ ʣʠʥʠʡ. ʇʨʦʚʝʜʝʥʦ ʢʦʤʧʴʶʪʝʨʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʩʝʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ, ʧʨʠʚʦʜʷʱʠʭ ʚ ʜʚʠʞʝʥʠʝ ʧʦʛʨʫʞʥʳʝ 

ʥʘʩʦʩʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʩʚʷʟʳʚʘʶʱʠʭ ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʜʚʠʛʘʪʝʣʝʡ ʩ ʚʘʨʠʘʮʠʝʡ 

ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʩʪʘʪʦʨʝ. ʉ ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʨʦʠʟʚʝʜʝʥ 

ʨʘʩʯʝʪ ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʠ ʚʳʙʨʘʥʘ ʩʪʫ-
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ʧʝʥʴ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʩ ʈʇʅ, ʜʘʶʱʝʛʦ ʙʣʠʞʘʡʰʝʝ ʙʦʣʴʰʝʝ 

ʥʘʧʨʷʞʝʥʠʝ. ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʨʦʛʥʦʟʠʨʫʝʤʦʡ ʧʦʪʨʝʙʣʷʝʤʦʡ 

ʦʪ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʥʘ ʵʪʦʡ ʩʪʫʧʝʥʠ ʨʝʛʫʣʠʨʦ-

ʚʘʥʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʙʦʩʥʦʚʘʥʥʳʡ ʚʳʙʦʨ ʥʘʧʨʷʞʝʥʠʷ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ ʧʦʟʚʦʣʠʣ ʩʥʠʟʠʪʴ ʫʜʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʥʘ 

ʜʦʙʳʯʫ ʢʫʙʦʤʝʪʨʘ ʞʠʜʢʦʩʪʠ ʥʘ 3,3 %, ʘ ʧʦʣʥʦʡ ʤʦʱʥʦʩʪʠ ï ʥʘ 25 %. ʉʣʝʜʦ-

ʚʘʪʝʣʴʥʦ, ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʠ ʦʙʝʩʧʝʯʝ-

ʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʦʚʳʰʘʝʪ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝ-

ʭʘʥʠʟʠʨʦʚʘʥʥʦʡ ʜʦʙʳʯʠ ʥʝʬʪʠ. ʇʨʦʠʟʚʝʜʝʥ ʪʘʢʞʝ ʨʘʩʯʝʪ ʧʦʪʨʝʙʣʷʝʤʦʡ ʦʪ 

ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʧʨʠ ʚʳʚʦʜʝ ʦʜʥʦʡ ʠʟ ʩʢʚʘʞʠʥ 

ʚ ʨʝʤʦʥʪ. ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʩ ʬʘʢʪʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥ-

ʥʳʤʠ ʩ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʦʛʨʝʰʥʦʩʪʴ ʨʘʩʯʝʪʘ ʥʝ 

ʧʨʝʚʳʰʘʝʪ 2,8 %. ɺ ʠʪʦʛʝ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝ-

ʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʠ ʦʞʠʜʘʝʤʦʛʦ ʧʦ-

ʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʩ ʫʯʝʪʦʤ ʜʠʩʢʨʝʪʥʦʩʪʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʘ-

ʧʨʷʞʝʥʠʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʤʠ ʩ ʈʇʅ, ʢʦʪʦʨʘʷ ʩʦʜʝʨʞʠʪ ʨʷʜ ʜʝʡʩʪʚʠʡ, ʩʚʷʟʘʥ-

ʥʳʭ ʩ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʠ ʧʦʜʛʦʪʦʚʢʦʡ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʠ ʩʦʙʩʪʚʝʥʥʦ ʨʘʩʯʝʪ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ.  
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1 ʆɹɿʆʈ ʄɽʊʆɼʆɺ ʇʆɺʓʐɽʅʀʗ  

ʕʅɽʈɻɽʊʀʏɽʉʂʆʁ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ɼʆɹʓʏʀ ʅɽʌʊʀ 

1.1 ʆʩʦʙʝʥʥʦʩʪʠ ʩʭʝʤ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ  

ʢʦʤʧʣʝʢʩʦʚ ʧʨʝʜʧʨʠʷʪʠʡ ʥʝʬʪʝʜʦʙʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

 

ʕʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʝʪʠ ʧʨʝʜʧʨʠʷʪʠʡ ʥʝʬʪʝʛʘʟʦʜʦʙʳʚʘʶʱʝʡ ʧʨʦ-

ʤʳʰʣʝʥʥʦʩʪʠ ʠʤʝʶʪ ʨʘʜʠʘʣʴʥʦ-ʤʘʛʠʩʪʨʘʣʴʥʫʶ ʠ ʨʘʜʠʘʣʴʥʫʶ ʩʭʝʤʳ ʩʦʝʜʠ-

ʥʝʥʠʷ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʳʤʠ ʪʨʘʥʩʬʦʨʤʘʮʠʷʤʠ. ʇʨʠ 

ʵʪʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʦʤʠʥʘʣʴʥʳʝ ʫʨʦʚʥʠ ʥʘʧʨʷʞʝʥʠʷ ï 220 ʢɺ, 110 ʢɺ, 35 ʢɺ, 

10 ʢɺ, 6 ʢɺ. ʅʘʧʨʷʞʝʥʠʷ 10 ʠ 6 ʢɺ ʪʨʘʥʩʬʦʨʤʠʨʫʶʪʩʷ ʥʘ 0,4 ʢɺ ʠ ʜʘʣʝʝ ʥʘ 

ʥʝʩʪʘʥʜʘʨʪʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ. ʃʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ (ʃʕʇ) ʚʳʧʦʣ-

ʥʷʶʪʩʷ ʧʨʦʚʦʜʘʤʠ ʤʘʨʢʠ ɸʉ ʠ ʉʀʇ-3 ʩ ʩʝʯʝʥʠʝʤ 50 ʤʤ
2
, 70 ʤʤ

2
, 95 ʤʤ

2
, 

120 ʤʤ
2
 ʠ 150 ʤʤ

2
. 

ʕʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ ʥʝʬʪʝʜʦʙʳʚʘʶʱʝʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʩʦ-

ʜʝʨʞʠʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʛʣʘʚʥʫʶ ʧʦʥʠʟʠʪʝʣʴʥʫʶ ʧʦʜʩʪʘʥʮʠʶ ʠʣʠ ʧʨʦʤʳʩʣʦʚʫʶ 

ʧʦʜʩʪʘʥʮʠʶ. ʅʝʬʪʝʜʦʙʳʚʘʶʱʠʝ ʧʨʝʜʧʨʠʷʪʠʷ ʦʪʥʦʩʷʪʩʷ ʢʦ ʚʪʦʨʦʡ ʢʘʪʝʛʦʨʠʠ 

ʥʘʜʝʞʥʦʩʪʠ ʠ ʠʤʝʶʪ ʜʚʘ ʥʝʟʘʚʠʩʠʤʳʭ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ, ʪ.ʝ. ʜʚʘ ʩʠʣʦʚʳʭ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʩ ʥʦʤʠʥʘʣʴʥʦʡ ʤʦʱʥʦʩʪʴʶ ʦʪ 2500 ʜʦ 10000 ʢɺɸ ʢʘʞʜʳʡ. 

ɺ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʪʘʢʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʪʩʷ ʦʜʠʥ ʚʚʦʜ ʩʠʣʦʚʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʢ ʢʦʪʦʨʦʤʫ ʧʦʜʢʣʶʯʝʥʳ 

ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʦʪʭʦʜʷʱʠʭ ʣʠʥʠʡ, ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʝ ʢʦʤ-

ʧʣʝʢʩʳ ʜʦʙʳʚʘʶʱʠʭ ʩʢʚʘʞʠʥ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʝ ʢʦʤ-

ʧʣʝʢʩʳ. ɺʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ 

ʜʦʞʠʤʥʳʝ ʥʘʩʦʩʥʳʝ ʩʪʘʥʮʠʠ (ɼʅʉ), ʢʫʩʪʦʚʳʝ ʥʘʩʦʩʥʳʝ ʩʪʘʥʮʠʠ (ʂʅʉ) ʠ 

ʙʫʨʦʚʳʝ ʫʩʪʘʥʦʚʢʠ (ɹʋ), ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʜʢʣʶʯʝʥʳ ʢ ʦʙʱʝʡ ʃʕʇ ʚ 

ʣʶʙʦʡ ʝʝ ʪʦʯʢʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ (ʨʠʩʫʥʦʢ 2). 

ʅʝʩʢʦʣʴʢʦ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʧʨʝʜʧʨʠʷʪʠʷ, ʪʝʨʨʠʪʦʨʠ-

ʘʣʴʥʦ ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʭ ʚ ʦʜʥʦʤ ʨʘʡʦʥʝ, ʷʚʣʷʶʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʦʡ 

ʫʟʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ. ʋʟʣʦʚʘʷ ʧʦʜʩʪʘʥʮʠʷ ʪʘʢʞʝ ʠʤʝʝʪ ʜʚʘ ʥʝʟʘʚʠʩʠʤʳʭ ʠʩ-
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ʪʦʯʥʠʢʘ ʩ ʥʦʤʠʥʘʣʴʥʦʡ ʤʦʱʥʦʩʪʴʶ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʦʪ 25000 ʢɺɸ ʜʦ 

100000 ʢɺɸ ʢʘʞʜʳʡ. 

 

ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ  

ʧʨʝʜʧʨʠʷʪʠʷ ʥʝʬʪʝʜʦʙʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

 

ɺ ʕʂɼʉ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʥʘʩʦʩʦʚ ʠ ʠʭ ʧʨʠʚʦʜʦʚ ï 

ʚʠʥʪʦʚʳʝ ʥʘʩʦʩʥʳʝ ʫʩʪʘʥʦʚʢʠ ʩ ʧʦʛʨʫʞʥʳʤ ʘʩʠʥʭʨʦʥʥʳʤ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ 

(ɺʅʋ ʩ ʇʕɼ), ʚʠʥʪʦʚʳʝ ʥʘʩʦʩʥʳʝ ʫʩʪʘʥʦʚʢʠ ʩ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʧʨʠʚʦʜʦʤ 
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(ɺʅʋ ʩ ʇʇ), ʰʪʘʥʛʦʚʳʝ ʩʢʚʘʞʠʥʥʳʝ ʥʘʩʦʩʥʳʝ ʫʩʪʘʥʦʚʢʠ (ʐʉʅʋ) ʠ ʫʩʪʘ-

ʥʦʚʢʠ ʵʣʝʢʪʨʦʮʝʥʪʨʦʙʝʞʥʳʭ ʥʘʩʦʩʦʚ ʩ ʧʦʛʨʫʞʥʳʤʠ ʘʩʠʥʭʨʦʥʥʳʤʠ ʵʣʝʢʪʨʦ-

ʜʚʠʛʘʪʝʣʷʤʠ (ʋʕʎʅ ʩ ʇʕɼ). 

ʂ ʢʘʞʜʦʡ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ ʧʦʜʢʣʶʯʝʥʳ ʦʪ 10 ʜʦ 25 ʵʣʝʢʪʨʦʪʝʭʥʠʯʝ-

ʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʜʦʙʳʚʘʶʱʠʭ ʩʢʚʘʞʠʥ (ʕʂɼʉ). ʉʨʝʜʥʷʷ ʜʣʠʥʘ ʦʪʭʦʜʷʱʝʡ 

ʣʠʥʠʠ 6 ʢʤ, ʜʣʠʥʘ ʦʪʧʘʝʢ ʜʦ 2 ʢʤ [52]. 

ɺ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʥʘʩʦʩʦʚ ʚ ʕʂɼʉ ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʩʠʥʭʨʦʥ-

ʥʳʝ ʜʚʠʛʘʪʝʣʠ (ɸɼ) ʩ ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʳʤ ʨʦʪʦʨʦʤ ʠʣʠ ʧʦʛʨʫʞʥʳʝ ʵʣʝʢʪʨʦ-

ʜʚʠʛʘʪʝʣʠ (ʇʕɼ).  

ɺ ʢʘʯʝʩʪʚʝ ʥʘʟʝʤʥʦʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʧʨʠʤʝʥʷʶʪʩʷ ʚʟʨʳʚʦʟʘʱʠʱʝʥ-

ʥʳʝ ʘʩʠʥʭʨʦʥʥʳʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ ʦʙʱʝʧʨʦʤʳʰʣʝʥʥʦʛʦ ʠʩʧʦʣʥʝʥʠʷ ʩ ʢʦ-

ʨʦʪʢʦʟʘʤʢʥʫʪʳʤ ʨʦʪʦʨʦʤ ʩ ʧʦʚʳʰʝʥʥʳʤ ʤʦʤʝʥʪʦʤ ʤʦʱʥʦʩʪʴʶ 5,5-55 ʢɺʪ. 

ɼʠʘʧʘʟʦʥ ʤʦʱʥʦʩʪʝʡ ʇʕɼ ʛʦʨʘʟʜʦ ʰʠʨʝ. ʅʝʩʢʦʣʴʢʦ ʟʘʚʦʜʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚʳʧʫʩʢʘʪʁ ʧʦʛʨʫʞʥʳʝ ʘʩʠʥʭʨʦʥʥʳʝ ʜʚʠʛʘʪʝʣʠ ʤʦʱ-

ʥʦʩʪʴʶ 12-750 ʢɺʪ.  

ʐʪʘʥʛʦʚʳʝ ʩʢʚʘʞʠʥʥʳʝ ʥʘʩʦʩʥʳʝ ʫʩʪʘʥʦʚʢʠ ʢʦʤʧʣʝʢʪʫʶʪʩʷ ɸɼ ʩ ʢʦ-

ʨʦʪʢʦʟʘʤʢʥʫʪʳʤ ʨʦʪʦʨʦʤ, ʫʩʪʘʥʦʚʢʠ ʵʣʝʢʪʨʦʮʝʥʪʨʦʙʝʞʥʦʛʦ ʥʘʩʦʩʘ ʢʦʤʧʣʝʢ-

ʪʫʶʪʩʷ ʇʕɼ, ʘ ʚʠʥʪʦʚʳʝ ʥʘʩʦʩʥʳʝ ʫʩʪʘʥʦʚʢʠ ʤʦʛʫʪ ʢʦʤʧʣʝʢʪʦʚʘʪʴʩʷ ʢʘʢ ɸɼ 

ʦʙʱʝʧʨʦʤʳʰʣʝʥʥʦʛʦ ʠʩʧʦʣʥʝʥʠʷ, ʪʘʢ ʠ ʇʕɼ. ʐʉʅʋ ʩ ʥʘʟʝʤʥʳʤ ʵʣʝʢʪʨʦ-

ʧʨʠʚʦʜʦʤ ʧʦʜʢʣʶʯʘʶʪʩʷ ʢ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ ʯʝʨʝʟ ʦʜʠʥ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨ (ʨʠʩʫʥʦʢ 3, ʘ). ʋʕʎʅ ʠ ɺʅʋ ʩ ʧʦʛʨʫʞʥʳʤ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʤ 

ʧʦʜʢʣʶʯʘʶʪʩʷ ʢ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ ʣʠʙʦ ʯʝʨʝʟ ʜʚʘ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʜʚʫʭʦʙ-

ʤʦʪʦʯʥʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ (ʨʠʩʫʥʦʢ 3, ʙ), ʣʠʙʦ ʯʝʨʝʟ ʦʜʠʥ ʪʨʝʭʦʙʤʦʪʦʯʥʳʡ. 

ʇʨʠ ʵʪʦʤ ʚ ʧʝʨʚʦʤ ʚʘʨʠʘʥʪʝ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʩʝʪʠ, ʧʝʨʚʳʡ ʩʠʣʦʚʦʡ ʪʨʘʥʩʬʦʨ-

ʤʘʪʦʨ ʠʤʝʝʪ ʥʦʤʠʥʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ 6000(10000)/380 ɺ, ʘ ʚʪʦʨʦʡ ʪʨʘʥʩ-

ʬʦʨʤʘʪʦʨ ʠʤʝʝʪ ʥʦʤʠʥʘʣʴʥʦʝ ʧʝʨʚʠʯʥʦʝ ʥʘʧʨʷʞʝʥʠʝ 380 ɺ, ʘ ʚʪʦʨʠʯʥʦʝ ï 

ʥʝʩʪʘʥʜʘʨʪʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʟʘʚʠʩʷʱʝʝ ʦʪ ʤʦʱʥʦʩʪʠ ʠ ʠʩʧʦʣʥʝʥʠʷ ʧʦʛʨʫʞʥʦ-

ʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ. ɺʦ ʚʪʦʨʦʤ ʚʘʨʠʘʥʪʝ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʩʝʪʠ ʪʨʸʭʦʙʤʦʪʦʯ-

ʥʳʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʠʤʝʝʪ ʦʜʥʫ ʦʙʤʦʪʢʫ ʩ ʥʝʩʪʘʥʜʘʨʪʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ.  
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ʘ) ʙ) 

ʈʠʩʫʥʦʢ 3 ï ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʦʜʥʦʣʠʥʝʡʥʘʷ ʩʭʝʤʘ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʕʂɼʉ:  

ʘ) ʩ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʤ;   ʙ) ʩ ʧʦʛʨʫʞʥʳʤ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʤ 

 

ɼʦʞʠʤʥʳʝ ʠ ʢʫʩʪʦʚʳʝ ʥʘʩʦʩʥʳʝ ʩʪʘʥʮʠʠ ʢʦʤʧʣʝʢʪʫʶʪʩʷ, ʩʦʦʪʚʝʪʩʪ-

ʚʝʥʥʦ, ʚʟʨʳʚʦʟʘʱʠʱʝʥʥʳʤʠ ʘʩʠʥʭʨʦʥʥʳʤʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷʤʠ ʥʦʤʠʥʘʣʴ-

ʥʦʡ ʤʦʱʥʦʩʪʴʶ ʦʪ 200 ʜʦ 400 ʢɺʪ ʠ ʩʠʥʭʨʦʥʥʳʤʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷʤʠ ʩ ʥʦ-

ʤʠʥʘʣʴʥʦʡ ʤʦʱʥʦʩʪʴʶ ʦʪ 1250 ʢɺʪ ʜʦ 1600 ʢɺʪ ʥʘ ʥʘʧʨʷʞʝʥʠʝ 6 ʢɺ [52]. 

ʆʧʪʠʤʠʟʘʮʠʷ ʚʝʣʠʯʠʥʳ ʥʘʧʨʷʞʝʥʠʷ ʠ ʦʙʲʝʤʘ ʵʣʝʢʪʨʦʧʦʪʨʝʙʣʝʥʠʷ 

ʕʂɼʉ ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʝʰʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʡ ʟʘʜʘʯʠ ʧʦ ʥʘʭʦʞʜʝʥʠʶ ʚʝʣʠʯʠʥʳ 

ʢʘʢʦʛʦ-ʪʦ ʢʨʠʪʝʨʠʷ ʦʧʪʠʤʠʟʘʮʠʠ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʤʘʪʝʤʘʪʠʯʝ-

ʩʢʫʶ ʤʦʜʝʣʴ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʦʙʳʚʘʶʱʝʡ ʩʢʚʘʞʠʥʳ ʠ ʩʠʩ-

ʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʢʘʢ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ.  

  



19 

 

1.2 ɸʥʘʣʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦʚʳʰʝʥʠʷ  

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʦʙʳʯʠ ʥʝʬʪʠ 

 

ʅʘʧʨʘʚʣʝʥʠʷ (ʤʝʨʦʧʨʠʷʪʠʷ) ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʜʦʙʳʯʠ ʥʝʬʪʠ, ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʚʳʰʝ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʧʷʪʴ ʦʩʥʦʚʥʳʭ 

ʛʨʫʧʧ. ɺ ʧʝʨʚʫʶ ʧʦ ʟʥʘʯʠʤʦʩʪʠ ʜʦʩʪʠʞʠʤʦʛʦ ʵʬʬʝʢʪʘ ʚʭʦʜʠʪ ʵʥʝʨʛʦʵʬʬʝʢ-

ʪʠʚʥʳʡ ʜʠʟʘʡʥ ʫʩʪʘʥʦʚʦʢ ʵʣʝʢʪʨʦʮʝʥʪʨʦʙʝʞʥʳʭ ʥʘʩʦʩʦʚ, ʚʦ ʚʪʦʨʫʶ ï ʧʨʠ-

ʤʝʥʝʥʠʝ ʥʘʩʦʩʦʚ ʠ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʂʇɼ, ʚ ʪʨʝʪʴʶ ï 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʤʝʥʴʰʝʡ ʫʩʪʘʥʦʚʣʝʥ-

ʥʦʡ ʤʦʱʥʦʩʪʠ, ʚ ʯʝʪʚʝʨʪʫʶ ï ʧʨʠʤʝʥʝʥʠʝ ʢʦʥʜʝʥʩʘʪʦʨʥʳʭ ʙʘʪʘʨʝʡ ʜʣʷ ʢʦʤ-

ʧʝʥʩʘʮʠʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʠ ʚ ʧʷʪʫʶ ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ 

ʯʘʩʪʦʪʳ ʚ ʩʪʘʥʮʠʷʭ ʫʧʨʘʚʣʝʥʠʷ ʧʦʛʨʫʞʥʳʤʠ ʥʘʩʦʩʘʤʠ. 

ɽʩʣʠ ʚʝʩʴ ʩʫʤʤʘʨʥʳʡ ʵʬʬʝʢʪ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʦʪ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʤʝ-

ʨʦʧʨʠʷʪʠʡ ʧʨʠʥʷʪʴ ʟʘ 100 %, ʪʦ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʡ ʜʠʟʘʡʥ ʫʩʪʘʥʦʚʦʢ ʵʣʝʢ-

ʪʨʦʮʝʥʪʨʦʙʝʞʥʳʭ ʥʘʩʦʩʦʚ ʧʦ ʠʟʚʝʩʪʥʳʤ ʦʮʝʥʢʘʤ ʤʦʞʝʪ ʧʨʠʥʝʩʪʠ ʜʦ 60 % 

ʵʢʦʥʦʤʠʠ [53]. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʩʫʪʴ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʛʦ ʜʠʟʘʡʥʘ ʫʩʪʘʥʦʚʢʠ 

ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʥʘʩʦʩʘ ʩ ʇʕɼ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʧʳʪʢʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʦʜʙʦʨʘ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʢʚʘʞʠʥʳ ʠ ʵʣʝʤʝʥʪʦʚ ʕʂɼʉ, ʯʪʦʙʳ ʦʥʦ ʨʘʙʦʪʘʣʦ ʩ ʤʘʢʩʠ-

ʤʘʣʴʥʳʤʠ ʂʇɼ, ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʤʦʱʥʦʩʪʠ ʠ ʥʘʠʤʝʥʴʰʠʤʠ ʧʦʪʝʨʷʤʠ. ɼʣʷ 

ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ, ʯʪʦ ʩʢʚʘʞʠʥʘ, ʦʩʥʘʱʝʥʥʘʷ ʧʦʛʨʫʞʥʳʤ ʵʣʝʢʪʨʦʮʝʥ-

ʪʨʦʙʝʞʥʳʤ ʥʘʩʦʩʦʤ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʙʩʘʜʥʫʶ ʢʦʣʦʥʥʫ 2, ʢʦʪʦʨʘʷ ʧʦ-

ʩʨʝʜʩʪʚʦʤ ʧʝʨʬʦʨʠʨʦʚʘʥʥʳʭ ʦʪʚʝʨʩʪʠʡ ʠʤʝʝʪ ʛʠʜʨʘʚʣʠʯʝʩʢʫʶ ʩʚʷʟʴ ʩ ʧʣʘ-

ʩʪʦʤ 1 (ʨʠʩʫʥʦʢ 4) [54]. ɺʥʫʪʨʠ ʦʙʩʘʜʥʦʡ ʢʦʣʦʥʥʳ, ʥʘ ʛʣʫʙʠʥʝ ʩʧH  ʥʘʭʦʜʠʪ-

ʩʷ ʧʦʛʨʫʞʥʦʡ ʵʣʝʢʪʨʦʮʝʥʪʨʦʙʝʞʥʳʡ ʥʘʩʦʩ 4 ʩ ʘʩʠʥʭʨʦʥʥʳʤ ʢʦʨʦʪʢʦʟʘʤʢʥʫ-

ʪʳʤ ʜʚʠʛʘʪʝʣʝʤ 3. ɻʦʣʦʚʢʘ ʥʘʩʦʩʘ ʢʨʝʧʠʪʩʷ ʢ ʢʦʣʦʥʥʝ ʥʘʩʦʩʥʦ-

ʢʦʤʧʨʝʩʩʦʨʥʳʭ ʪʨʫʙ (ʅʂʊ) 6, ʢʦʪʦʨʘʷ ʩʣʫʞʠʪ ʜʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ ʦʪʢʘ-

ʯʠʚʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ. ɺʥʫʪʨʠ ʅʂʊ ʥʘʭʦʜʠʪʩʷ ʦʙʨʘʪʥʳʡ ʢʣʘ-

ʧʘʥ 5. ʆʥ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʩʣʠʚ ʞʠʜʢʦʩʪʠ ʚ ʩʣʫʯʘʝ ʦʩʪʘʥʦʚʢʠ ʥʘʩʦʩʘ. ɺʝʨʭʥʷʷ 

ʯʘʩʪʴ ʅʂʊ ʢʨʝʧʠʪʩʷ ʥʘ ʫʩʪʴʝ ʩʢʚʘʞʠʥʳ. ʇʠʪʘʥʠʝ ʜʚʠʛʘʪʝʣʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʦʪ ʧʦʚʳʰʘʶʱʝʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 12 ʩ ʧʦʤʦʱʴʶ ʢʘʙʝʣʷ 7. ɿʘʧʫʩʢ ʠ ʦʪʢʣʶ-
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ʯʝʥʠʝ ʧʦʛʨʫʞʥʦʛʦ ʥʘʩʦʩʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʪʘʥʮʠʷ ʫʧʨʘʚʣʝʥʠʷ 13. ɺʳʢʠʜʥʘʷ 

ʣʠʥʠʷ 10 ʩʣʫʞʠʪ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ʅʂʊ ʩ ʤʘʛʠʩʪʨʘʣʴʥʳʤ ʪʨʫʙʦʧʨʦʚʦʜʦʤ ʠ 

ʩʦʜʝʨʞʠʪ ʟʘʜʚʠʞʢʫ 9. ɼʣʷ ʢʦʥʪʨʦʣʷ ʟʘ ʫʩʪʴʝʚʳʤ ʠ ʟʘʪʨʫʙʥʳʤ ʜʘʚʣʝʥʠʝʤ ʠʩ-

ʧʦʣʴʟʫʶʪʩʷ ʤʘʥʦʤʝʪʨʳ 8 ʠ 11. 

 

ʈʠʩʫʥʦʢ 4 ï ʉʢʚʘʞʠʥʘ, ʦʩʥʘʱʝʥʥʘʷ ʧʦʛʨʫʞʥʳʤ ʵʣʝʢʪʨʦʮʝʥʪʨʦʙʝʞʥʳʤ ʥʘʩʦʩʦʤ 

 

ɺʳʙʦʨ ʚʘʨʠʘʥʪʘ ʢʦʤʧʣʝʢʪʘʮʠʠ ʧʦʛʨʫʞʥʦʡ ʫʩʪʘʥʦʚʢʠ ʥʘʯʠʥʘʝʪʩʷ ʩ ʥʘ-

ʩʦʩʘ, ʥʘʧʦʨ ʥʘʩH  ʠ ʧʦʜʘʯʘ ʥʘʩQ  ʢʦʪʦʨʦʛʦ ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʛʣʫʙʠʥʝ 

ʩʧH  ʩʧʫʩʢʘ ʠ, ʚ ʠʜʝʘʣʝ, ʧʨʠʪʦʢʫ ʧʣQ  ʞʠʜʢʦʩʪʠ ʠʟ ʥʝʬʪʷʥʦʛʦ ʧʣʘʩʪʘ. ʊʦʛʜʘ 

ʧʦʛʨʫʞʥʦʡ ʥʘʩʦʩ ʙʫʜʝʪ ʨʘʙʦʪʘʪʴ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʂʇɼ ʥʘʩh  ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪ-

ʚʠʷ. 
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ɻʣʫʙʠʥʘ ʩʧʫʩʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ [53]  

ʪʨ

ʩʧ ʜʠʥ ʧH H H= + , ʤ,                                              (1) 

ʛʜʝ ʪʨ
ʜʠʥH  ï ʟʘʜʘʥʥʘʷ ʪʝʭʥʦʣʦʛʘʤʠ ʚʝʣʠʯʠʥʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʠ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʪʨʝʙʫʝʤʦʤʫ ʜʝʙʠʪʫ 
ʪʨQ  ʩʢʚʘʞʠʥʳ, ʠʟʤʝʨʷʝʤʦʤʫ 

ʚ ʤ
3
/ʩʫʪʢʠ; ʧH  ï ʛʣʫʙʠʥʘ ʧʦʛʨʫʞʝʥʠʷ ʥʘʩʦʩʘ ʧʦʜ ʜʠʥʘʤʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʥʝʦʙʭʦʜʠʤʦʝ ʜʘʚʣʝʥʠʝ ʥʘʩʳʱʝʥʠʷ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʛʘʟʦ-

ʩʦʜʝʨʞʘʥʠʝ ʥʘ ʚʭʦʜʝ ʚ ʥʘʩʦʩ. 

ʇʨʠ ʚʳʭʦʜʝ ʥʘ ʩʪʘʮʠʦʥʘʨʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʩ ʟʘʜʘʥʥʳʤ ʜʠʥʘʤʠʯʝʩʢʠʤ 

ʫʨʦʚʥʝʤ ʪʨ

ʜʠʥH  ʜʝʙʠʪ ʩʢʚʘʞʠʥʳ ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʧʨʠʪʦʢʫ ʞʠʜʢʦʩʪʠ ʠʟ 

ʥʝʬʪʷʥʦʛʦ ʧʣʘʩʪʘ, ʠ ʚ ʠʜʝʘʣʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʥʘʩʦʩʘ ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʚʥʘ 

( );

,

ʦʧʪ ʪʨ

ʥʘʩ ʪʨ ʧʣ ʧʨ ʜʠʥ ʩʪ

ʙʫʬʦʧʪ

ʥʘʩ ʜʠʥ ʪʨ ʛ

Q Q Q k H H

P
H H H H

g

û= = = -
î
ü

= + + - î
r ý

, ʤ
3
/ʩʫʪʢʠ,                       (2) 

ʛʜʝ 
ʧʨk  ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʥʝʬʪʷʥʦʛʦ ʧʣʘʩʪʘ, ʤ

3
/ʇʘÖʩʫʪ.; ʩʪH  ï 

ʩʪʘʪʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʞʠʜʢʦʩʪʠ ʚ ʩʢʚʘʞʠʥʝ, ʤ; ʙʫʬP  ï ʙʫʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ ʥʘ 

ʫʩʪʴʝ ʩʢʚʘʞʠʥʳ; r ï ʧʣʦʪʥʦʩʪʴ ʥʝʬʪʷʥʦʡ ʩʤʝʩʠ; g  ï ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ 

ʧʘʜʝʥʠʷ. 
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ʛʜʝ QK n ʠ QK b ï ʢʦʵʬʬʠʮʠʝʥʪʳ, ʫʯʠʪʳʚʘʶʱʠʝ ʠʟʤʝʥʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦ-

ʩʪʠ ʥʘʩʦʩʘ ʧʦʜ ʚʣʠʷʥʠʝʤ ʚʷʟʢʦʩʪʠ ʠ ʛʘʟʦʩʦʜʝʨʞʘʥʠʷ ʞʠʜʢʦʩʪʠ, ʩʦʦʪʚʝʪʩʪ-

ʚʝʥʥʦ; HK n ʠ HK b 
ï ʢʦʵʬʬʠʮʠʝʥʪʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʠʟʤʝʥʝʥʠʝ ʥʘʧʦʨʘ ʥʘ-

ʩʦʩʘ ʧʦʜ ʚʣʠʷʥʠʝʤ ʚʷʟʢʦʩʪʠ ʠ ʛʘʟʦʩʦʜʝʨʞʘʥʠʷ [55]. 

ʌʦʨʤʫʣʳ (2) ʠ (3) ʦʧʨʝʜʝʣʷʶʪ ʪʨʝʙʫʝʤʳʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʧʪ

ʥʘʩQ  ʠ 

ʥʘʧʦʨ ʦʧʪ

ʥʘʩH  ʥʘʩʦʩʘ ʧʨʠ ʦʪʢʘʯʢʝ ʠʟ ʩʢʚʘʞʠʥʳ ʞʠʜʢʦʩʪʠ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʚʷʟ-

ʢʦʩʪʴʶ n ʠ ʛʘʟʦʩʦʜʝʨʞʘʥʠʝʤ b. ɺ ʢʘʪʘʣʦʛʘʭ ʞʝ ʧʨʠʚʦʜʷʪʩʷ ʥʘʧʦʨʥʳʝ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʠ ʧʦʛʨʫʞʥʳʭ ʥʘʩʦʩʦʚ ʧʨʠ ʨʘʙʦʪʝ ʥʘ ʚʦʜʝ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʜʣʷ ʚʳ-
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ʙʦʨʘ ʥʘʩʦʩʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʧʝʨʝʩʯʝʪ ʪʨʝʙʫʝʤʦʛʦ ʥʘʧʦʨʘ ʠ ʧʨʦʠʟʚʦʜʠ-

ʪʝʣʴʥʦʩʪʠ ʥʘʩʦʩʘ [55]. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʦʨʠʝʥʪʠʨʫʷʩʴ ʥʘ ʘʛʨʝʛʘʪ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʂʇɼ, ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʥʝʦʙʭʦʜʠʤʫʶ ʤʠʥʠʤʘʣʴʥʫʶ ʤʦʱʥʦʩʪʴ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʜʝʙʠʪʘ ʩʢʚʘʞʠʥʳ  
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-= Ö , ʢɺʪ,                                  (4) 

ʛʜʝ Kh ï ʧʦʧʨʘʚʦʯʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʩʥʠʞʝʥʠʝ ʂʇɼ ʥʘʩʦʩʘ 

ʧʨʠ ʨʘʙʦʪʝ ʩ ʞʠʜʢʦʩʪʴʶ ʦʧʨʝʜʝʣʝʥʥʦʡ ʚʷʟʢʦʩʪʠ ʠ ʛʘʟʦʩʦʜʝʨʞʘʥʠʝʤ [55, 56]; 

PK  ï ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʧʦ ʤʦʱʥʦʩʪʠ, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʦʪ-

ʢʘʯʢʠ ʚʦ ʚʨʝʤʷ ʦʩʚʦʝʥʠʷ ʩʢʚʘʞʠʥʳ ʞʠʜʢʦʩʪʠ ʛʣʫʰʝʥʠʷ, ʠʤʝʶʱʝʡ ʙʦʣʴʰʫʶ 

ʧʣʦʪʥʦʩʪʴ, ʯʝʤ ʜʦʙʳʚʘʝʤʘʷ ʥʝʬʪʷʥʘʷ ʩʤʝʩʴ. 

ɿʥʘʯʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʨʘʩʯʝʪʝ ʧʦ ʬʦʨʤʫʣʘʤ (1) ï (4), ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʜʣʷ ʚʳʙʦʨʘ ʧʦʛʨʫʞʥʦʛʦ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʥʘʩʦʩʘ ʠ ʜʚʠʛʘʪʝʣʷ. ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ 

ʦʞʠʜʘʪʴ, ʯʪʦ ʠ ʥʘʩʦʩ, ʠ ʜʚʠʛʘʪʝʣʴ ʙʫʜʫʪ ʨʘʙʦʪʘʪʴ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʂʇɼ, ʯʪʦ 

ʠ ʧʨʠʚʦʜʠʪ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʢ ʵʢʦʥʦʤʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ.  

ʆʜʥʘʢʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʪʦʯʥʦʛʦ ʧʦʜʙʦʨʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦ ʧʦʣʫʯʝʥʥʳʤ 

ʜʘʥʥʳʤ ʦʩʫʱʝʩʪʚʠʪʴ ʥʝ ʧʦʣʫʯʘʝʪʩʷ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʧʦʛʨʫʞʥʦʝ ʦʙʦʨʫ-

ʜʦʚʘʥʠʝ ʚʳʧʫʩʢʘʝʪʩʷ ʟʘʚʦʜʘʤʠ-ʠʟʛʦʪʦʚʠʪʝʣʷʤʠ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ ʰʘʛʦʤ. 

ʇʨʠ ʚʳʙʦʨʝ ʥʘʩʦʩʘ ʩ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʤʝʥʴʰʝ .

ʦʧʪ

ʥʘʩʚQ  ʫʩʪʘʥʦʚʢʘ 

ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʜʝʙʠʪ ʩʢʚʘʞʠʥʳ 

ʤʝʥʴʰʝ ʪʨʝʙʫʝʤʦʛʦ. ʇʨʠ ʚʳʙʦʨʝ ʥʘʩʦʩʘ ʩ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʙʦʣʴʰʝ, ʯʝʤ 

ʦʧʪ

ʥʘʩQ , ʦʯʝʚʠʜʥʦ, ʯʪʦ ʫʩʪʘʥʦʚʢʘ ʧʦʛʨʫʞʥʦʛʦ ʥʘʩʦʩʘ ʜʦʣʞʥʘ ʙʫʜʝʪ ʨʘʙʦʪʘʪʴ ʚ 

ʮʠʢʣʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʧʫʩʢʘ ʨʘʙʦʪʳ ʥʘ ʥʦʤʠʥʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʠ ʦʩʪʘʥʦʚʢʠ, 

ʝʩʣʠ ʝʝ ʥʝ ʦʩʥʘʩʪʠʪʴ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʯʘʩʪʦʪʳ. ʇʨʠʤʝʥʝʥʠʝ ʞʝ ʯʘʩʪʦʪʥʦ-

ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʧʦʟʚʦʣʷʝʪ ʜʣʠʪʝʣʴʥʦ ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴ ʩʢʚʘ-

ʞʠʥʫ ʩ ʪʨʝʙʫʝʤʳʤ ʜʝʙʠʪʦʤ ʪʨQ . 

ʇʦʣʫʯʝʥʥʦʝ ʧʦ ʬʦʨʤʫʣʝ (4) ʟʥʘʯʝʥʠʝ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʚʳʙʦʨʘ ʠʟ ʢʘʪʘ-

ʣʦʛʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʙʣʠʞʘʡʰʝʡ ʙʦʣʴʰʝʡ ʤʦʱʥʦʩʪʠ, ʧʨʠʯʝʤ ʜʣʷ ʫʤʝʥʴʰʝ-
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ʥʠʷ ʧʦʪʝʨʴ ʚ ʩʦʝʜʠʥʠʪʝʣʴʥʦʤ ʢʘʙʝʣʝ ʥʦʤʠʥʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ 1ʥʦʤU  ʩʪʘʪʦʨʘ 

ʜʦʣʞʥʦ ʙʳʪʴ ʤʘʢʩʠʤʘʣʴʥʳʤ. 

ʇʦʛʨʫʞʥʳʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ ʨʘʟʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʦʪʣʠʯʘʶʪʩʷ ʢʦʥ-

ʩʪʨʫʢʪʠʚʥʳʤ ʠʩʧʦʣʥʝʥʠʝʤ (ʥʘʧʨʠʤʝʨ, ʥʘʨʷʜʫ ʩ ʘʩʠʥʭʨʦʥʥʳʤʠ ʚʳʧʫʩʢʘʶʪ 

ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʚʝʥʪʠʣʴʥʳʝ ʜʚʠʛʘʪʝʣʠ) ʠ ʂʇɼ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʧʦʚʳʰʝ-

ʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʩʪʘʥʦʚʦʢ ʜʣʷ ʜʦʙʳʯʠ ʥʝʬʪʠ ʥʝʦʙʭʦʜʠʤʦ 

ʚʳʙʠʨʘʪʴ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʂʇɼ. ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ ʠʤʝʪʴ ʚ 

ʚʠʜʫ, ʯʪʦ ʧʦʛʨʫʞʥʳʝ ʜʚʠʛʘʪʝʣʠ ʪʘʢʞʝ ʚʳʧʫʩʢʘʶʪʩʷ ʩ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʤ 

ʰʘʛʦʤ ʧʦ ʤʦʱʥʦʩʪʠ [57]. ʆʪʣʠʯʠʝ ʥʦʤʠʥʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ 

ʦʪ ʟʥʘʯʝʥʠʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʦ ʬʦʨʤʫʣʝ (4), ʧʨʠʚʝʜʝʪ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʨʘʩ-

ʭʦʜʫ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ʇʦʚʳʰʘʶʱʠʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʪʘʢʞʝ ʚʳʙʠʨʘʝʪʩʷ ʙʣʠʞʘʡʰʠʡ ʧʦ ʤʦʱ-

ʥʦʩʪʠ ʩ ʫʯʝʪʦʤ ʧʦʣʥʦʡ ʤʦʱʥʦʩʪʠ, ʧʦʪʨʝʙʣʷʝʤʦʡ ʇʕɼ, ʠ ʧʦʪʝʨʴ ʘʢʪʠʚʥʦʡ ʠ 

ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʥʘ ʩʦʝʜʠʥʠʪʝʣʴʥʦʤ ʢʘʙʝʣʝ. ʇʨʠʯʝʤ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ 

ʧʦʪʝʨʴ ʥʘ ʢʘʙʝʣʝ ʝʛʦ ʩʝʯʝʥʠʝ ʚʳʙʠʨʘʝʪʩʷ ʢʘʢ ʤʦʞʥʦ ʙʦʣʴʰʠʤ. 

ɺʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʩʙʝʨʝʞʝʥʠʝ ʵʣʝʢ-

ʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ. ʇʨʠʤʝʥʝʥʠʝ ʥʘʩʦʩʦʚ ʩ ʙʦʣʝʝ ʚʳʩʦ-

ʢʠʤ ʂʇɼ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ ʤʝʥʴʰʝʡ ʫʩʪʘʥʦʚʣʝʥʥʦʡ 

ʤʦʱʥʦʩʪʠ, ʘ ʝʩʣʠ ʢ ʪʦʤʫ ʞʝ ʧʨʠʤʝʥʠʪʴ ʚ ʫʩʪʘʥʦʚʢʝ ʵʣʝʢʪʨʦʮʝʥʪʨʦʙʝʞʥʦʛʦ 

ʥʘʩʦʩʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʢʣʘʩʩʘ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦ-

ʩʪʠ, ʪʦ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʩʥʠʞʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠʤʝʥʝʥʠʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʩʠʣʦʚʳʭ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴ-

ʥʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʚ ʩʭʝʤʝ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʕʂɼʉ, ʪʘʢʠʭ ʢʘʢ ʪʨʘʥʩ-

ʬʦʨʤʘʪʦʨʦʚ ʩ ʘʤʦʨʬʥʳʤ ʤʘʛʥʠʪʦʧʨʦʚʦʜʦʤ ʠ ʦʙʤʦʪʢʘʤʠ ʠʟ ʩʚʝʨʭʧʨʦʚʦʜʥʠ-

ʢʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦʟʚʦʣʠʪ ʩʥʠʟʠʪʴ ʧʦʪʝʨʠ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʩʝʪʠ ʚ ʮʝʣʦʤ. 

ʇʨʠʤʝʥʝʥʠʝ ʚ ʪʘʢʠʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʭ ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ, ʚʳʧʦʣʥʝʥʥʦʛʦ ʠʟ 

ʘʤʦʨʬʥʦʛʦ ʩʧʣʘʚʘ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʧʦʪʝʨʠ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. ʆʙʤʦʪʢʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʚʳʧʦʣʥʝʥʥʳʝ ʠʟ ʩʚʝʨʭʧʨʦʚʦʜʥʠ-

ʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʟʚʦʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʥʘʛʨʫʟʦʯʥʳʝ ʧʦʪʝʨʠ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. ʂʨʦʤʝ ʵʪʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ ʩʦ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚʳʤʠ ʦʙ-



24 

 

ʤʦʪʢʘʤʠ ʦʙʣʘʜʘʶʪ ʪʘʢʠʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʢʘʢ ʚʦʟʤʦʞʥʦʩʪʴ ʦʛʨʘʥʠʯʝʥʠʷ 

ʪʦʢʦʚ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ, ʤʝʥʴʰʠʝ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʝ ʧʦʢʘʟʘʪʝʣʠ, ʵʢʦʣʦʛʠ-

ʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʧʦʞʘʨʦʙʝʟʦʧʘʟʥʦʩʪʴ ʠ ʜʨ [58, 59]. 

ʉʫʤʤʘʨʥʳʡ ʦʞʠʜʘʝʤʳʡ ʚʢʣʘʜ ʚ ʧʦʚʳʰʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʠ ʦʪ ʧʨʠʤʝʥʝʥʠʷ ʥʘʩʦʩʦʚ ʠ ʇʕɼ ʩ ʧʦʚʳʰʝʥʥʳʤ ʂʇɼ ʦʮʝʥʠʚʘʝʪʩʷ ʚ 

10 %, ʘ ʫʚʝʣʠʯʝʥʠʝ ʩʝʯʝʥʠʷ ʩʦʝʜʠʥʠʪʝʣʴʥʦʛʦ ʢʘʙʝʣʷ ï ʚ 16 % [60]. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʢʦʥʜʝʥʩʘʪʦʨʥʳʭ ʙʘʪʘʨʝʡ, ʫʩʪʘʥʘʚʣʠ-

ʚʘʝʤʳʭ ʥʘ ʇʕɼ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʧʦʪʨʝʙʣʷʝʤʦʡ ʜʚʠʛʘʪʝʣʝʤ ʨʝʘʢʪʠʚʥʦʡ 

ʤʦʱʥʦʩʪʠ, ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʧʦʪʝʨʴ ʥʘ ʩʦʝʜʠʥʠʪʝʣʴʥʦʤ ʢʘʙʝʣʝ, ʧʨʠʯʝʤ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʙʦʣʴʰʦʡ ʛʣʫʙʠʥʝ ʩʧʫʩʢʘ. ʉʥʠʞʝʥʠʝ 

ʧʦʪʝʨʴ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʧʦ ʬʦʨʤʫʣʝ [59]: 

( ) ( )3 2 2

13 10 1 cosʢʣ ʢʣP I R-D D = Ö - j,                                   (5) 

ʛʜʝ ʢʣPD  ï ʘʢʪʠʚʥʳʝ ʧʦʪʝʨʠ ʤʦʱʥʦʩʪʠ ʥʘ ʩʦʝʜʠʥʠʪʝʣʴʥʦʤ ʢʘʙʝʣʝ; ʢʣR  ï ʘʢ-

ʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʘʙʝʣʷ; 1I  ï ʬʘʟʥʳʡ ʪʦʢ ʜʚʠʛʘʪʝʣʷ; cosj ï ʢʦʵʬʬʠʮʠ-

ʝʥʪ ʤʦʱʥʦʩʪʠ ʜʚʠʛʘʪʝʣʷ. 

ʇʨʠʤʝʥʝʥʠʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʯʘʩʪʦʪʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʨʝʰʘʝʪ ʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʠʝ ʟʘʜʘʯʠ ʧʣʘʚʥʦʛʦ ʧʫʩʢʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ, ʫʚʝʣʠʯʝʥʠʷ ʤʝʞʨʝʤʦʥʪʥʦ-

ʛʦ ʧʝʨʠʦʜʘ ʩʢʚʘʞʠʥʳ ʠ ʧʦʜʜʝʨʞʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ 

ʞʠʜʢʦʩʪʠ. ʅʦ ʩ ʧʦʟʠʮʠʡ ʵʢʦʥʦʤʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ 

ʥʝʦʜʥʦʟʥʘʯʥʦ ʠ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʩʢʦʣʴʢʫ ʧʨʝʦʙʨʘ-

ʟʦʚʘʪʝʣʴ ʯʘʩʪʦʪʳ ʠʤʝʝʪ ʩʚʦʡ ʂʇɼ, ʢʦʪʦʨʳʡ ʫ ʣʫʯʰʠʭ ʤʠʨʦʚʳʭ ʦʙʨʘʟʮʦʚ ʥʝ 

ʧʨʝʚʳʰʘʝʪ ʚʝʣʠʯʠʥʳ 0,97. ʂʨʦʤʝ ʪʦʛʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʘ ʚʳʭʦʜʝ ʧʨʝʦʙʨʘʟʦʚʘ-

ʪʝʣʷ ʧʨʠʭʦʜʠʪʩʷ ʩʪʘʚʠʪʴ ʩʠʥʫʩʥʳʝ ʬʠʣʴʪʨʳ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʠʤʝʶʪ ʩʚʦʡ 

ʂʇɼ, ʪʦ ʝʩʪʴ ʫʚʝʣʠʯʠʚʘʶʪ ʧʦʪʝʨʠ. ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʟʘ ʩʯʝʪ ʜʝʡ-

ʩʪʚʠʷ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʢ ʚ ʚʳʭʦʜʥʦʤ ʥʘʧʨʷʞʝʥʠʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ 

ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʧʦʪʝʨʠ ʚ ʧʦʚʳʰʘʶʱʝʤ ʪʨʘʥʩʬʦʨʤʘʪʦʨʝ ʠ ʧʦʛʨʫʞʥʦʤ ʵʣʝʢ-

ʪʨʦʜʚʠʛʘʪʝʣʝ [61]. 

ʂʘʢ ʚʠʜʥʦ, ʪʠʧʦʚʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʠ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʦʙʳʯʠ ʥʝʬʪʠ ʥʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ 
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ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ, ʭʦʪʷ ʨʘʙʦʪʳ ʚ ʵʪʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʚʝʜʫʪʩʷ [62]. 

 

1.3 ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʦʛʨʫʞʥʳʭ ʘʩʠʥʭʨʦʥʥʳʭ  

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʠ ʜʚʠʛʘʪʝʣʝʡ ʰʪʘʥʛʦʚʳʭ ʩʢʚʘʞʠʥʥʳʭ ʥʘʩʦʩʥʳʭ  

ʫʩʪʘʥʦʚʦʢ, ʘʜʘʧʪʠʨʦʚʘʥʥʘʷ ʢ ʟʘʜʘʯʘʤ ʦʧʨʝʜʝʣʝʥʠʷ ʚʣʠʷʥʠʷ  

ʜʝʡʩʪʚʫʶʱʝʛʦ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʠʭ ʨʘʙʦʪʫ 

 

ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ, ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʩʪʘʥʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘ-

ʪʝʣʴ ʯʘʩʪʦʪʳ ʠʣʠ ʥʝʪ, ʜʚʠʞʝʥʠʝ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʧʨʠ ʣʠʥʝʡʥʦʤ ʟʘʢʦ-

ʥʝ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʚ ʬʫʥʢʮʠʠ ʯʘʩʪʦʪʳ ʦʧʠʩʳʚʘʝʪʩʷ ʩʠʩʪʝʤʦʡ 

ʫʨʘʚʥʝʥʠʡ [63, 64]: 
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ʛʜʝ 1xy  ʠ 1yy  ï ʧʨʦʝʢʮʠʠ ʚʝʢʪʦʨʘ ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʷ ʩʪʘʪʦʨʘ ʚ ʦʨʪʦʛʦʥʘʣʴʥʦʡ 

ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 0xy, ʚʨʘʱʘʶʱʝʡʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ; 1xU  ʠ 

1yU  ï ʧʨʦʝʢʮʠʠ ʠʟʦʙʨʘʞʘʶʱʝʛʦ ʚʝʢʪʦʨʘ ʬʘʟʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚ ʪʦʡ ʞʝ ʩʠʩ-

ʪʝʤʝ ʢʦʦʨʜʠʥʘʪ; 2xy  ʠ 2yy  ï ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʦʝʢʮʠʠ ʚʝʢʪʦʨʘ ʧʦʪʦʢʦʩʮʝ-

ʧʣʝʥʠʷ ʨʦʪʦʨʘ; 1L  ʠ 1R  ï ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʠ ʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʮʝʧʠ ʩʪʘ-
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ʪʦʨʘ; /

2L  ʠ /

2R  ï ʧʨʠʚʝʜʝʥʥʳʝ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʠ ʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʮʝʧʠ 

ʨʦʪʦʨʘ; 0L  ï ʚʟʘʠʤʥʘʷ ʠʥʜʫʢʪʠʚʥʦʩʪʴ; 0w  ï ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʤʘʛ-

ʥʠʪʥʦʛʦ ʧʦʣʷ; w ï ʫʛʣʦʚʘʷ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʜʚʠʛʘʪʝʣʷ; 
ʧʨJ  ï ʧʨʠʚʝ-

ʜʝʥʥʳʡ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʨʦʪʦʨʘ; 1m  ï ʯʠʩʣʦ ʬʘʟ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ; ʧZ  ï ʯʠʩ-

ʣʦ ʧʘʨ ʧʦʣʶʩʦʚ; ʩM  ï ʤʦʤʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘ ʚʘʣʫ ʧʦʛʨʫʞʥʦʛʦ ʵʣʝʢʪʨʦ-

ʜʚʠʛʘʪʝʣʷ; / 2

1 2 0L L LD= -; 1f ï ʯʘʩʪʦʪʘ ʧʠʪʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ; 1Uk  ï ʢʦʵʬʬʠ-

ʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ, 0U  ï ʥʘʧʨʷʞʝʥʠʝ ʧʨʠ ʥʫʣʝʚʦʡ ʯʘʩʪʦʪʝ;  

t  ï ʚʨʝʤʷ. 

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (6) ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʚ ʩʪʘʥʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʧʦ-

ʛʨʫʞʥʳʤ ʥʘʩʦʩʦʤ ʧʨʠʤʝʥʝʥ ʯʘʩʪʦʪʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʩ ʣʠʥʝʡʥʳʤ ʟʘʢʦʥʦʤ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʚ ʬʫʥʢʮʠʠ ʯʘʩʪʦʪʳ. ɺ ʩʣʫʯʘʝ ʝʛʦ ʦʪʩʫʪʩʪʚʠʷ ʟʥʘ-

ʯʝʥʠʝ ʯʘʩʪʦʪʳ ʧʠʪʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʳʤ 1 50f =  ɻʮ, ʘ ʥʘ-

ʧʨʷʞʝʥʠʝ ʧʨʠ ʥʫʣʝʚʦʡ ʯʘʩʪʦʪʝ ï 0 0U =  ɺ. 

ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (6) ʷʚʣʷʝʪʩʷ ʥʝʣʠʥʝʡ-

ʥʦʡ, ʧʦʩʢʦʣʴʢʫ ʚ ʥʝʡ ʥʘʙʣʶʜʘʶʪʩʷ ʪʘʢʠʝ ʧʨʦʠʟʚʝʜʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ, ʢʘʢ 

0 1ywy , 0 1xwy , ( )0 2yw w y- , ( )0 2xw w y- , 
1 2y xy y  ʠ 

1 2x yy y . ʃʠʥʝʘʨʠʟʘʮʠʷ ʵʪʠʭ 

ʫʨʘʚʥʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʥʘʡʪʠ ʧʝʨʝʜʘʪʦʯʥʫʶ ʬʫʥʢʮʠʶ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ 

ʢʘʢ ʧʦʛʨʫʞʥʦʛʦ, ʪʘʢ ʠ ʥʘʟʝʤʥʦʛʦ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʟʤʝʥʝʥʠʶ ʥʘʧʨʷʞʝʥʠʷ. 

ʇʨʠ ʵʪʦʤ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ, ʫʯʠʪʳʚʘʶʱʠʭ ʚʣʠʷʥʠʝ ʠʟʤʝʥʝʥʠʷ ʜʝʡʩʪʚʫʶʱʝ-

ʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʩʪʘʪʦʨʝ ʜʚʠʛʘʪʝʣʷ ʥʘ ʝʛʦ ʩʢʦʨʦʩʪʴ ʠ ʧʦʪʨʝʙʣʝʥʠʝ ʘʢʪʠʚʥʦʡ 

ʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʜʦʩʪʘʪʦʯʥʦ ʟʥʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ ʵʪʦʡ ʬʫʥʢ-

ʮʠʠ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʫʣʦʡ [52]: 

2 71 65 62 76

1 71 84 63 76

U

du

A A A A
k

U A A A A

Dw +
= =
D +

,                                       (7) 

ʛʜʝ ( )( )2

62 20 301A B DF AB C D A A= + - - + ; 

( )( )2 2

63 2 0 20 2 0 21 1y xA A B DF B Tè ø= y +y + - +
ê ú

; 
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( )
( )( ) ( )

2

65 30 1 0 2 0 2 0

2

2 0 2 0

1

1

y x y

x y

A A B BF F

B DF C AB A BC

è ø= + y - y - y +
ê ú

è ø+ + - - y - + yê ú

; 

( )
2

2 2

71 201A B DF A= + - +; 

( )( )
( )

2 2

76 1 0 2 0 2 0

2

20 1 0 2 0 2 0

1 1

1

x x y

y x y

A B DF B F BF

A B BF F

è ø= + - + y - y + y -
ê ú

è ø- + y - y - y
ê ú

; 

( ) ( )2 2

84 2 0 1 0 2 0 2 0 21 1y y y xA B B F BF Tè ø= + y + y - y - y
ê ú

; 

1A C T= =; 1 102

p

T f
B

Z

p
= ; 0

1

L
D

L
= ; 0

/

2

L
F

L
= ; 2 102

ʧ

T f
H

Z

p
= ; 

( )( )220 2 00 1A H T B BDF= - w + + ; ( )30A D A BC= + , 

ʛʜʝ 00w  ʠ 10f  ï ʥʘʯʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʠ ʯʘʩʪʦʪʳ ʧʠʪʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ; 1 0xy , 
1 0yy , 2 0xy  ʠ 

2 0yy  ï ʥʘʯʘʣʴʥʳʝ 

ʫʩʣʦʚʠʷ ʧʨʦʝʢʮʠʡ ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʡ ʩʪʘʪʦʨʘ ʠ ʨʦʪʦʨʘ ʥʘ ʚʨʘʱʘʶʱʫʶʩʷ ʚʤʝ-

ʩʪʝ ʩ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ 0xy; 1 /

1 2

T
R L

D
= , 2 /

2 1

T
R L

D
=  ï ʵʣʝʢ-

ʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʩʪʦʷʥʥʳʝ ʚʨʝʤʝʥʠ ʮʝʧʝʡ ʩʪʘʪʦʨʘ ʠ ʨʦʪʦʨʘ. 

ʌʦʨʤʫʣʘ (7) ʧʨʠʤʝʥʷʣʘʩʴ ʜʣʷ ʚʳʧʦʣʥʝʥʠ ̫ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ. 

 

1.4 ʄʝʪʦʜʳ ʨʘʩʯʝʪʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ  

ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ 

 

ʈʘʩʩʤʦʪʨʠʤ ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 

ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʚ ʠʩʪʦʨʠʯʝʩʢʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. 

ʇʨʝʞʜʝ ʚʩʝʛʦ, ʦʙʨʘʪʠʤ ʚʥʠʤʘʥʠʝ ʥʘ ʤʝʪʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʠ ʠ ʨʘʩʯʝʪʝ ʧʦʪʨʝʙʣʷʝʤʦʡ ʤʦʱʥʦʩʪʠ ʢʘʞʜʦʡ ʜʦʙʳʚʘʶʱʝʡ ʩʢʚʘʞʠʥʳ ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʥʘʧʨʷʞʝʥʠʷ ʚ ʫʟʣʝ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ ʦʪ 0,8 ʥʦʤU  ʜʦ 1,1 ʥʦʤU , ʨʝ-

ʟʫʣʴʪʘʪʳ ʢʦʪʦʨʳʭ ʚ ʜʘʣʴʥʝʡʰʝʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠ-

ʨʦʚʘʥʠʷ ʠ ʨʘʩʯʝʪʘ ʚʩʝʡ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ (ʨʠʩʫʥʦʢ 5) [4].  
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ʈʠʩʫʥʦʢ 5 ï ɹʣʦʢ ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʨʘʩʯʝʪʘ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ 

 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʠʣ ʦʧʨʝʜʝʣʠʪʴ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ 

ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʜʦʣʞʥʦ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0,93 ʥʦʤU  ʜʦ 

0,95 ʥʦʤU . ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʵʪʦʛʦ ʤʝʪʦʜʘ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʪʦ, ʯʪʦ ʦʥ ʥʝ ʫʯʠʪʳʚʘ-
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ʝʪ ʚʣʠʷʥʠʝ ʥʘʧʦʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʛʨʫʞʥʳʭ ʥʘʩʦʩʦʚ ʥʘ ʧʦʪʨʝʙʣʷʝʤʫʶ 

ʤʦʱʥʦʩʪʴ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʯʘʩʪʦʪʳ ʥʘ ʨʘʙʦʪʫ ʕʂɼʉ. 

ʄʝʪʦʜʦʤ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʫʯʝʪʦʤ ʥʘʧʦʨʥʳʭ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢ ʮʝʥʪʨʦʙʝʞʥʳʭ ʥʘʩʦʩʦʚ ʠ ʩʢʚʘʞʠʥ ʚ ʨʘʙʦʪʝ [4] ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʦʧʪʠ-

ʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʩ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ-

ʤʠ 35/6 ʢɺ ʥʘʭʦʜʠʪʩʷ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʤ ʫʨʦʚʥʝ. ʆʜʥʘʢʦ, ʪʘʢʦʡ 

ʧʦʜʭʦʜ ʥʝ ʫʯʠʪʳʚʘʝʪ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʩ ʧʦʚʳʰʝʥʠʝʤ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʩʪʘʪʦʨʝ 

ʚʳʰʝ ʥʦʤʠʥʘʣʴʥʦʛʦ ʨʝʟʢʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦʪʨʝʙʣʝʥʠʝ ʇʕɼ ʨʝʘʢʪʠʚʥʦʡ 

ʤʦʱʥʦʩʪʠ, ʯʪʦ ʥʝ ʤʦʞʝʪ ʥʝ ʩʢʘʟʘʪʴʩʷ ʥʘ ʦʙʱʠʭ ʧʦʪʝʨʷʭ ʥʘ ʪʘʢʠʭ ʵʣʝʤʝʥʪʘʭ 

ʕʂɼʉ, ʢʘʢ ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ ʠ ʩʦʝʜʠʥʠʪʝʣʴʥʳʡ ʢʘʙʝʣʴ, ʘ ʪʘʢʞʝ ʥʘ ʜʨʫʛʠʭ 

ʵʣʝʤʝʥʪʘʭ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ.  

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʕʂɼʉ ʩʦ ʰʪʘʥʛʦʚʳʤʠ ʩʢʚʘʞʠʥʥʳʤʠ ʥʘʩʦʩʥʳʤʠ ʫʩ-

ʪʘʥʦʚʢʘʤʠ ʩ ʮʝʧʥʳʤ ʧʨʠʚʦʜʦʤ ʦʧʷʪʴ ʞʝ ʤʝʪʦʜʦʤ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʷ ʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʨʝʞʠʤʦʚ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʩʥʠʞʝʥʠʷ ʧʦʪʨʝʙʣʝʥʠʷ ʘʢ-

ʪʠʚʥʦʡ ʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʜʝʨʞʠʚʘʪʴ ʥʘʧʨʷʞʝʥʠʝ ʧʨʦ-

ʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʥʘ ʫʨʦʚʥʝ 0,992 ʥʦʤU  [4]. ʆʜʥʘʢʦʩʧʝʢʪʨ ʚʦʟʤʦʞʥʳʭ 

ʢʦʤʧʣʝʢʪʘʮʠʠ ʕʂɼʉ ʙʦʣʝʝ ʰʠʨʦʢ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʨʘʩʧʨʦʩʪʨʘʥʠʪʴ ʧʦʣʫ-

ʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʥʘ ʚʩʝ ʥʝʬʪʝʜʦʙʳʚʘʶʱʠʝ ʧʨʝʜʧʨʠʷʪʠʷ. 

ɼʨʫʛʦʡ ʧʦʜʭʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʩʯʝʪʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦ-

ʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʥʘ ʦʩʥʦʚʝ ʩʫʪʦʯʥʳʭ ʛʨʘʬʠʢʦʚ ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʘ ʥʘ-

ʛʨʫʟʢʠ ʚ ʮʝʥʪʨʝ ʧʠʪʘʥʠʷ (ʨʠʩʫʥʢʠ 6-7) [3]. ʇʨʠ ʵʪʦʤ ʟʘ ʮʝʣʝʚʫʶ ʬʫʥʢʮʠʶ 

ʧʨʠʥʠʤʘʝʪʩʷ ʤʠʥʠʤʫʤ ʧʦʪʝʨʴ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ  

( , , , ,cos ) minf f D D DW f U I U I fD = ­ ,                                 (8) 

ʛʜʝ fU , fI  ʠ DU , DI  ï ʜʝʡʩʪʚʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʬʘʢʪʠʯʝʩʢʠʭ ʠ ʟʘʜʘʥʥʳʭ ʫʨʦʚ-

ʥʝʡ ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʘ ʚ ʫʟʣʝ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʫʯʝʪʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʟʘ 

ʟʘʜʘʥʥʳʡ ʠ ʨʘʩʯʝʪʥʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ; 

cos Df  ï ʟʘʜʘʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʱʥʦʩʪʠ. 
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ʈʠʩʫʥʦʢ 6 ï ʉʫʪʦʯʥʳʡ ʛʨʘʬʠʢ ʥʘʧʨʷʞʝʥʠʷ ʚ ʮʝʥʪʨʝ ʧʠʪʘʥʠʷ 

 

 

ʈʠʩʫʥʦʢ 7 ï ʉʫʪʦʯʥʳʡ ʛʨʘʬʠʢ ʪʦʢʘ ʥʘʛʨʫʟʢʠ ʚ ʮʝʥʪʨʝ ʧʠʪʘʥʠʷ 
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ʅʘ ʨʠʩʫʥʢʘʭ 6 ʠ 7 ʧʨʠʚʝʜʝʥʳ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ: cpU  ʠ cpI  ï 

ʩʨʝʜʥʝʩʫʪʦʯʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʘ; maxU , minU  ʠ maxI , minI  ï ʤʘʢ-

ʩʠʤʘʣʴʥʳʝ ʠ ʤʠʥʠʤʘʣʴʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʘ; ɼU , ɼI  ï ʩʨʝʜ-

ʥʝʢʚʘʜʨʘʪʠʯʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʘ; max.usD , min.usD ʠ, max.isD , 

min.isD ï ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʟʥʘʯʝʥʠʡ ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʘ; 

max.uɼU sD+ ; min.uɼU sD+ ; max.iɼI sD+ ; min.iɼI sD+  ï ʤʘʢʩʠʤʘʣʴʥʳʝ ʠ 

ʤʠʥʠʤʘʣʴʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʘ. 

ʉʦʛʣʘʩʥʦ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʝ, ʪʨʝʙʫʝʪʩʷ ʥʘʡʪʠ ʦʧʪʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʪʝʢʫʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ fU . ʇʨʠ ʨʝʰʝʥʠʠ ʵʪʦʡ ʟʘʜʘʯʠ ʜʣʷ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ 

ʧʦʪʝʨʴ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʩʦʩʪʘʚʣʷʝʪʩʷ ʬʫʥʢʮʠʷ ʃʘʛʨʘʥʞʘ, ʢʦʪʦʨʘʷ ʟʘ-

ʧʠʩʳʚʘʝʪʩʷ ʚ ʦʙʱʝʤ ʚʠʜʝ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ 
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ʛʜʝ il ï ʤʥʦʞʠʪʝʣʠ ʃʘʛʨʘʥʞʘ; if ï ʦʛʨʘʥʠʯʝʥʠʷ. 
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1
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1
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3
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ʈʝʰʝʥʠʝ ʧʦʣʫʯʝʥʥʦʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʤʝʪʦʜʦʤ ɻʘʫʩʩʘ ʧʦʟʚʦʣʷʝʪ 

ʦʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʳʡ ʠ ʨʘʮʠʦʥʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʥʘʧʨʷʞʝʥʠʷ, ʢʦʪʦʨʳʡ ʥʝ-

ʦʙʭʦʜʠʤʦ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʚ ʮʝʥʪʨʝ ʧʠʪʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦ-

ʛʦ ʠʝʨʘʨʭʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʩ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʤʠʥʠʤʫʤʘ ʧʦʪʝʨʴ ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ [3]. ʆʜʥʘʢʦ, ʦʪʩʫʪʩʪ-

ʚʠʝ ʢʦʥʢʨʝʪʥʳʭ ʩʚʝʜʝʥʠʡ ʦ ʪʦʤ, ʢʘʢ ʚʣʠʷʝʪ ʠʟʤʝʥʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʤʳ-

ʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʥʘ ʧʦʪʨʝʙʣʝʥʠʝ ʘʢʪʠʚʥʦʡ ʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʜʚʠʛʘ-

ʪʝʣʷʤʠ, ʚʭʦʜʷʱʠʤʠ ʚ ʩʦʩʪʘʚ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʜʦʙʳʚʘʶʱʠʭ 

ʩʢʚʘʞʠʥ. ʇʨʝʜʣʦʞʝʥʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʥʝʫʩ-

ʪʦʡʯʠʚʳʤ. 

 

1.5 ɺʳʚʦʜʳ ʧʦ ʧʝʨʚʦʡ ʛʣʘʚʝ 

 

1. ɸʥʘʣʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʭʝʤ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ 

ʢʦʤʧʣʝʢʩʦʚ ʧʨʝʜʧʨʠʷʪʠʡ ʥʝʬʪʝʜʦʙʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʦʢʘʟʳʚʘʝʪ, 

ʯʪʦ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ 

ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʜʦʙʳʚʘʶʱʝʡ ʩʢʚʘʞʠʥʳ ʠ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʢʘʢ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝ-

ʥʠʷ. 

2. ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʠ ʜʦʙʳʯʠ ʥʝʬʪʠ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʦʥʠ ʥʝ ʧʨʝʜʫʩʤʘʪ-

ʨʠʚʘʶʪ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ, ʭʦʪʷ ʨʘʙʦʪʳ ʚ 

ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚʝʜʫʪʩʷ. 

3. ʆʧʨʝʜʝʣʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʦʛʨʫʞʥʳʭ ʘʩʠʥʭʨʦʥʥʳʭ ʵʣʝʢ-

ʪʨʦʜʚʠʛʘʪʝʣʝʡ ʠ ʜʚʠʛʘʪʝʣʝʡ ʰʪʘʥʛʦʚʳʭ ʩʢʚʘʞʠʥʥʳʭ ʥʘʩʦʩʥʳʭ ʫʩʪʘʥʦʚʦʢ, 
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ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʘʷ ʢ ʟʘʜʘʯʘʤ ʦʧʨʝʜʝʣʝʥʠʷ ʚʣʠʷʥʠʷ ʜʝʡʩʪʚʫʶʱʝʛʦ ʟʥʘʯʝ-

ʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʠʭ ʨʘʙʦʪʫ 

4. ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʤr-

ʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʥʝ ʫʯʠʪʳʚʘʶʪ ʩʦʚʦʢʫʧʥʦʝ ʚʣʠʷʥʠʝ ʥʘʧʦʨʥʳʭ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʧʦʛʨʫʞʥʳʭ ʥʘʩʦʩʦʚ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʯʘʩʪʦʪʳ ʩʪʘʥʮʠʡ 

ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʧʦʪʨʝʙʣʷʝʤʫʶ ʤʦʱʥʦʩʪʴ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ 

ʜʦʙʳʚʘʶʱʠʭ ʩʢʚʘʞʠʥ. 
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2 ɺʃʀʗʅʀɽ ʆʉʆɹɽʅʅʆʉʊɽʁ ʇʆɻʈʋɾʅʓʍ ʅɸʉʆʉʆɺ,  

ʇʈɽʆɹʈɸɿʆɺɸʊɽʃɽʁ ʏɸʉʊʆʊʓ ʀ ɺɽʃʀʏʀʅʓ  

ʇʀʊɸʖʑɽɻʆ ʅɸʇʈʗɾɽʅʀʗ ʅɸ ʇʆʊʈɽɹʃɽʅʀɽ  

ʕʃɽʂʊʈʀʏɽʉʂʆʁ ʕʅɽʈɻʀʀ ʕʃɽʂʊʈʆʊɽʍʅʀʏɽʉʂʀʄʀ  

ʂʆʄʇʃɽʂʉɸʄʀ ɼʆɹʓɺɸʖʑʀʍ ʉʂɺɸɾʀʅ 

 

2.1 ʅʘʧʦʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʝʥʪʨʦʙʝʞʥʳʭ ʥʘʩʦʩʦʚ ʠ ʠʭ ʚʣʠʷʥʠʝ 

ʥʘ ʧʦʪʨʝʙʣʝʥʠʝ ʤʦʱʥʦʩʪʠ ʧʦʛʨʫʞʥʳʭ ʘʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ 

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝ-

ʩʢʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʜʦʙʳʚʘʶʱʠʭ ʩʢʚʘʞʠʥ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʜʦʙʳʯʠ ʥʝʬʪʠ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʩʚʷʟʳʚʘʶʱʠʝ 

ʤʦʱʥʦʩʪʴ ʥʘ ʚʘʣʫ ʧʦʛʨʫʞʥʦʛʦ ʥʘʩʦʩʘ ʩʦ ʩʢʦʨʦʩʪʴʶ ʚʨʘʱʝʥʠʷ ʠʩʧʦʣʥʠʪʝʣʴ-

ʥʦʛʦ ʜʚʠʛʘʪʝʣʷ. ʈʘʩʩʤʦʪʨʠʤ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʧʦʛʨʫʞʥʦʡ ʮʝʥʪʨʦʙʝʞʥʳʡ ʥʘʩʦʩ, 

ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʥʝʬʪʝʜʦʙʳʚʘʶʱʝʡ ʦʪʨʘʩʣʠ. 

ʎʝʥʪʨʦʙʝʞʥʳʡ ʥʘʩʦʩ ʦʙʣʘʜʘʝʪ ʥʝʣʠʥʝʡʥʦʡ ʥʘʧʦʨʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ 

(ʨʠʩʫʥʦʢ 8), ʢʦʪʦʨʫʶ ʧʨʠʙʣʠʞʝʥʥʦ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʫʨʘʚʥʝʥʠʝʤ [1]: 

2 2

1 1 1ʥʘʩ ʥʘʩ ʥʘʩH a Q b Q cw w= + + ,                                       (11) 

ʛʜʝ ʥʘʩH  ï ʥʘʧʦʨ ʧʦʛʨʫʞʥʦʛʦ ʥʘʩʦʩʘ, ʠʟʤʝʨʷʝʤʳʡ ʚ ʤʝʪʨʘʭ; ʥʘʩQ  ï ʝʛʦ ʧʨʦʠʟ-

ʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʤ
3
/ʩʫʪʢʠ; w ï ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʚʭʦʜʥʦʛʦ ʚʘʣʘ ʥʘʩʦʩʘ (ʩʢʦ-

ʨʦʩʪʴ ʨʦʪʦʨʘ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ), ʨʘʜ/ʩ; 1a , 1b  ʠ 1c  ï ʢʦʵʬʬʠ-

ʮʠʝʥʪʳ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʠʩʧʦʣʥʝʥʠʷ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʧʨʠʚʝʜʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 8, ʚʟʷʪʘ ʠʟ ʢʘʪʘʣʦʛʘ 

ʆʆʆ çʈʠʤʝʨʘè [57], ʧʨʠ ʵʪʦʤ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʚʭʦʜ-

ʥʦʛʦ ʚʘʣʘ ʥʘʩʦʩʘ 2910ʥʘʩn =  ʦʙ/ʤʠʥ ʧʨʠ ʯʘʩʪʦʪʝ ʧʠʪʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʦ-

ʛʨʫʞʥʦʛʦ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ 1 50f =  ɻʮ. ʇʨʠ ʚʘʨʠʘʮʠʠ ʯʘʩʪʦʪʳ ʠ, ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ, ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʧʦʣʫʯʘʝʪʩʷ ʩʣʝʜʫʶʱʝʝ ʩʝʤʝʡʩʪʚʦ ʥʘʧʦʨʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʪʦʛʦ ʥʘʩʦʩʘ (ʨʠʩʫʥʦʢ 9). 
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ʈʠʩʫʥʦʢ 8 ï ʅʘʧʦʨʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʥʘʩʦʩʘ 

0215ʕʎʅɸʂʀ5-125 ʧʨʠ ʨʘʙʦʪʝ ʥʘ ʚʦʜʝ ʧʣʦʪʥʦʩʪʴʶ 1000r=  ʢʛ/ʤ
3 
 

 

 

ʈʠʩʫʥʦʢ 9 ï ʅʘʧʦʨʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʥʘʩʦʩʘ  

0215ʕʎʅɸʂʀ5-125 ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʢʦʨʦʩʪʷʭ ʚʨʘʱʝʥʠʷ
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ʀʟ ʘʥʘʣʠʟʘ ʩʝʤʝʡʩʪʚ ʥʘʧʦʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʶʙʦʛʦ ʮʝʥʪʨʦʙʝʞʥʦʛʦ 

ʥʘʩʦʩʘ [1] ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʥʘʧʦʨ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʢʚʘʜʨʘʪʫ ʩʢʦʨʦ-

ʩʪʠ ʚʨʘʱʝʥʠʷ 

2

ʥʘʩ HH k= w,                                               (12) 

ʛʜʝ Hk  ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ, ʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ (ʧʦʜʘʯʘ) 

ʧʦʜʯʠʥʷʝʪʩʷ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʥʘʩ QQ k= w,                                                (13) 

ʛʜʝ 
Qk  ï ʢʦʵʬʬʠʮʠʝʥʪ, ʩʚʷʟʳʚʘʶʱʠʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʦ ʩʢʦʨʦʩʪʴʶ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʛʨʘʬʠʢʠ, ʧʨʠʚʝʜʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 9, ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ, 

ʥʘʧʨʠʤʝʨ, ʧʨʠ ʧʦʜʘʯʝ ʥʘʩʦʩʘ 0ʥʘʩQ =  ʤ
3
/ʩʫʪ. ʥʘʧʦʨ ʥʘʩʦʩʘ ʥʘʩH  ʠʟʤʝʥʷʝʪʩʷ ʚ 

ʬʫʥʢʮʠʠ ʯʘʩʪʦʪʳ 1f  ʧʦ ʩʣʝʜʫʶʱʝʤʫ ʟʘʢʦʥʫ (ʪʘʙʣʠʮʘ 1). 

 

ʊʘʙʣʠʮʘ 1 ï ɿʘʚʠʩʠʤʦʩʪʴ ʥʘʧʦʨ ʥʘʩʦʩʘ ʥʘʩH  ʚ ʬʫʥʢʮʠʠ ʯʘʩʪʦʪʳ 1f  

ʥʘʩH , ʤ 410 520 640 775 926 1082 1256 

1f , ɻʮ 40 45 50 55 60 65 70 

 

ɼʘʥʥʳʝ ʪʘʙʣʠʮʳ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ, ʯʪʦ ʥʘʧʦʨ, ʨʘʟʚʠʚʘʝʤʳʡ ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʤʳʤ ʥʘʩʦʩʦʤ 0215ʕʎʅɸʂʀ5-125 ʧʨʠ 0ʥʘʩQ =  ʤ
3
/ʩʫʪ., ʧʦʜʯʠʥʷʝʪʩʷ 

ʟʘʚʠʩʠʤʦʩʪʠ 

2

1ʥʘʩ HfH k f= ,                                            (14) 

ʛʜʝ 0,256Hfk =  ʤ/ɻʮ. 

ʇʦʩʢʦʣʴʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʩʦʩʘ, ʧʨʠʚʝʜʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 8, ʧʦʩʪʨʦʝ-

ʥʳ ʜʣʷ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʚʭʦʜʥʦʛʦ ʚʘʣʘ ʥʘʩʦʩʘ 2910ʥʘʩn =  ʦʙ/ʤʠʥ, ʢʦʪʦʨʘʷ 

ʜʦʣʞʥʘ ʥʘʙʣʶʜʘʪʴʩʷ ʧʨʠ ʯʘʩʪʦʪʝ ʧʠʪʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ 1 50f =  ɻʮ, ʪʦ ʤʦʞ-

ʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʥʘʧʦʨ ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ w ʚ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩ ʬʦʨʤʫʣʦʡ (12), ʧʨʠʯʝʤ 0,00689Hk =  ʤʩ/ʨʘʜ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ 

ʧʨʠ ʯʘʩʪʦʪʥʦʤ ʫʧʨʘʚʣʝʥʠʠ ʧʦʛʨʫʞʥʳʤ ʘʩʠʥʭʨʦʥʥʳʤ ʜʚʠʛʘʪʝʣʝʤ ʤʦʞʥʦ ʧʦ-

ʣʘʛʘʪʴ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʩʢʦʨʦʩʪʴʶ ʥʘʩn  ʦʪ 1f  [8, 63, 64] 
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1ʥʘʩ nn k f= ,                                                  (15) 

ʧʨʠʯʝʤ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʣʫʯʘʷ 58,2nk =  ʦʙ/ʤʠʥĿɻʮ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ 

30

ʥʘʩnp
w= ,                                                 (16) 

ʧʦʵʪʦʤʫ, ʧʦʜʩʪʘʚʣʷʷ (15) ʚ (16), ʧʦʣʫʯʠʤ 

1

30

nk fp
w= .                                                (17) 

ɺʳʨʘʟʠʤ ʠʟ (17) 1f  ʠ ʧʦʜʩʪʘʚʠʤ ʵʪʦ ʟʥʘʯʝʥʠʝ ʚ (14). ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫ-

ʯʘʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʧʦʨʘ ʦʪ ʥʘʩʦʩʘ ʥʘʩH  ʦʪ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ 

( ) ( )
2 2 2

2 2

900 900 0,256
0,00689

58,2

Hf

ʥʘʩ

n

k
H

k
w w w

pp

Ö
= = =

Ö
, 

ʢʦʪʦʨʘʷ ʧʦʣʥʦʩʪʴʶ ʩʦʚʧʘʜʘʝʪ ʩ ʬʦʨʤʫʣʦʡ (12). 

ʆʧʨʝʜʝʣʠʤ ʪʘʢʞʝ ʠʟ ʛʨʘʬʠʢʦʚ, ʧʨʠʚʝʜʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 9 ʟʘʚʠʩʠʤʦʩʪʴ 

ʧʦʜʘʯʠ ʥʘʩʦʩʘ ʥʘʩQ  ʯʘʩʪʦʪʳ 1f  ʧʨʠ 0ʥʘʩH =  (ʪʘʙʣʠʮʘ 2). 

 

ʊʘʙʣʠʮʘ 2 ï ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʜʘʯʠ ʥʘʩʦʩʘ ʥʘʩQ  ʚ ʬʫʥʢʮʠʠ ʯʘʩʪʦʪʳ 1f  

ʥʘʩQ , ʤ
3
/ʩʫʪ. 180 203 225 248 270 292 315 

1f , ɻʮ 40 45 50 55 60 65 70 

 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ 2 ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

1ʥʘʩ QfQ k f= ,                                                  (18) 

ʛʜʝ 4,5Qfk =  ʤ
3
/ɻʮĿʩʫʪ. 

ʉ ʫʯʝʪʦʤ ʬʦʨʤʫʣʳ (17) ʚʳʨʘʞʝʥʠʝ (18) ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ 

30 30 4,5
0,738

58,2

Qf

ʥʘʩ

n

k
Q

k
w w w

p p

Ö
= = =

Ö
. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʬʦʨʤʫʣʘ (13) ʩʧʨʘʚʝʜʣʠʚʘ, ʧʨʠʯʝʤ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝ-

ʤʦʛʦ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʥʘʩʦʩʘ 0215ʕʎʅɸʂʀ5-125 0,738Qk =  ʤ
3
ʩ/ʨʘʜĿʩʫʪ. 
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ʄʦʱʥʦʩʪʴ ʥʘ ʚʭʦʜʥʦʤ ʚʘʣʫ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʥʘʩʦʩʘ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘ 

ʚʘʣʫ ʧʦʛʨʫʞʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʫʣʦʡ  

0
86400

ʥʘʩ ʥʘʩ
ʥʘʩ ʇʕɼ ʇʕɼ

ʥʘʩ

gH Q
P P M

r
= = + w

h
,                               (19) 

ʛʜʝ r ï ʧʣʦʪʥʦʩʪʴ, ʜʦʙʳʚʘʝʤʦʡ ʠʟ ʩʢʚʘʞʠʥʳ ʞʠʜʢʦʩʪʠ; g  ï ʫʩʢʦʨʝʥʠʝ ʩʚʦ-

ʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ; ʥʘʩh  ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʥʘʩʦʩʘ, ʟʘʚʠʩʷʱʠʡ 

ʦʪ ʨʘʩʧʦʣʦʞʝʥʠʷ ʨʘʙʦʯʝʡ ʪʦʯʢʠ ʥʘ ʥʘʧʦʨʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ; 0ʇʕɼM  ï ʤʦ-

ʤʝʥʪ, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʧʨʦʚʦʨʘʯʠʚʘʥʠʷ ʚʘʣʘ ʜʚʠʛʘʪʝʣʷ ʩʦʚʤʝʩʪʥʦ ʩ ʥʘʩʦʩʦʤ 

ʥʘ ʭʦʣʦʩʪʦʤ ʭʦʜʫ (ʤʦʤʝʥʪ ʪʨʦʛʘʥʠʷ). 

ʇʦʜʩʪʘʚʣʷʷ (12) ʠ (13) ʚ (19) ʧʦʣʫʯʠʤ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʣʝʟʥʦʡ ʤʦʱʥʦʩʪʠ 

ʥʘ ʚʘʣʫ ʇʕɼ ʦʪ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ 

3

0
86400

H Q

ʇʕɼ ʇʕɼ

ʥʘʩ

gk k
P M

r w
= + w

h
.                                   (20) 

ʄʦʤʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘ ʚʘʣʫ ʇʕɼ ʧʨʠ ʨʘʙʦʪʝ ʩ ʧʦʛʨʫʞʥʳʤ ʮʝʥʪʨʦ-

ʙʝʞʥʳʤ ʥʘʩʦʩʦʤ ʨʘʚʝʥ 

0

ʇʕɼ

ʩ ʇʕɼ

P
M M= +

w
,                                           (21) 

ʇʦʜʩʪʘʚʣʷʷ (20) ʚ (21), ʧʦʣʫʯʠʤ 

2

0ʩ M ʇʕɼM k M= w + ,                                          (22) 

ʛʜʝ 
86400

H Q

M

ʥʘʩ

gk k
k

r
=

h
. 

 

2.2 ɺʣʠʷʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʯʘʩʪʦʪʳ ʥʘ ʧʦʪʨʝʙʣʝʥʠʝ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʧʨʠ ʜʦʙʳʯʝ ʥʝʬʪʠ  

ʠ ʦʙʦʩʥʦʚʘʥʠʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʠʭ ʧʨʠʤʝʥʝʥʠʷ  

ʚ ʩʪʘʥʮʠʷʭ ʫʧʨʘʚʣʝʥʠʷ ʧʦʛʨʫʞʥʳʤʠ ʮʝʥʪʨʦʙʝʞʥʳʤʠ ʥʘʩʦʩʘʤʠ 

 

ʇʦʣʫʯʝʥʥʳʝ ʚʳʰʝ ʬʦʨʤʫʣʳ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʝʩʪʠ ʦʙʦʩʥʦʚʘʥʠʝ ʮʝʣʝʩʦ-

ʦʙʨʘʟʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʯʘʩʪʦʪʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʚ ʩʪʘʥʮʠʷʭ ʫʧʨʘʚʣʝʥʠʷ 
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ʧʦʛʨʫʞʥʳʤʠ ʮʝʥʪʨʦʙʝʞʥʳʤʠ ʥʘʩʦʩʘʤʠ ʩ ʧʦʟʠʮʠʠ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝ-

ʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʡ ʜʦʙʳʯʠ ʥʝʬʪʠ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʯʘʩʪʦʪʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝ-

ʥʠʝ ʚ ʩʪʘʥʮʠʷʭ ʫʧʨʘʚʣʝʥʠʷ ʧʦʛʨʫʞʥʳʤʠ ʮʝʥʪʨʦʙʝʞʥʳʤʠ ʥʘʩʦʩʘʤʠ. ʇʨʠ ʵʪʦʤ 

ʦʥʠ ʚʳʧʦʣʥʷʶʪ ʮʝʣʳʡ ʨʷʜ ʚʘʞʥʳʭ ʟʘʜʘʯ: ʧʣʘʚʥʳʡ ʧʫʩʢ ʧʦʛʨʫʞʥʦʛʦ ʵʣʝʢʪʨʦ-

ʜʚʠʛʘʪʝʣʷ, ʚʳʚʦʜ ʥʝʬʪʷʥʦʡ ʩʢʚʘʞʠʥʳ ʥʘ ʩʪʘʮʠʦʥʘʨʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʧʦ 

ʪʨʝʙʫʝʤʦʤʫ ʟʘʢʦʥʫ, ʩʪʘʙʠʣʠʟʘʮʠʶ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʠ ʚ ʩʢʚʘ-

ʞʠʥʝ [67-71].  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʣʘʚʥʳʡ ʧʫʩʢ ʇʕɼ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʤʝʞʨʝ-

ʤʦʥʪʥʳʡ ʧʝʨʠʦʜ ʩʢʚʘʞʠʥʳ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʧʫʩʢʦʚʳʭ ʪʦʢʦʚ ʠ ʦʛʨʘʥʠʯʝʥʠʷ 

ʤʦʤʝʥʪʘ ʥʘʛʨʫʟʢʠ ʥʘ ʚʭʦʜʥʦʤ ʚʘʣʫ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʥʘʩʦʩʘ. ʆʨʛʘʥʠʟʘʮʠʷ ʪʨʝ-

ʙʫʝʤʦʛʦ ʟʘʢʦʥʘ ʠʟʤʝʥʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʠ ʚ ʩʢʚʘʞʠʥʝ ʦʙʝʩ-

ʧʝʯʠʚʘʝʪ ʚʳʚʦʜ ʥʝʬʪʷʥʦʡ ʩʢʚʘʞʠʥʳ ʥʘ ʫʩʪʘʥʦʚʠʚʰʠʡʩʷ ʨʝʞʠʤ ʨʘʙʦʪʳ ʙʝʟ 

ʧʝʨʝʛʨʝʚʘ ʇʕɼ. ʉʪʘʙʠʣʠʟʘʮʠʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʠ ʧʦʟʚʦʣʷʝʪ 

ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴ ʩʢʚʘʞʠʥʫ ʚ ʜʣʠʪʝʣʴʥʦʤ ʨʝʞʠʤʝ ʩʦ ʩʪʨʦʛʦ ʟʘʜʘʥʥʳʤ ʜʝʙʠ-

ʪʦʤ.  

ɺʩʝ ʵʪʠ ʘʩʧʝʢʪʳ ʦʯʝʥʴ ʚʘʞʥʳ ʩ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʜʦʙʳʯʠ 

ʥʝʬʪʠ ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʦʣʴʰʦʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ. ʆʜʥʘʢʦ, ʧʨʠʤʝʥʝʥʠʝ 

ʯʘʩʪʦʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʚ ʩʪʘʥʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʧʦʛʨʫʞʥʳʤ ʮʝʥʪʨʦʙʝʞ-

ʥʳʤ ʥʘʩʦʩʦʤ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʫʚʝʣʠʯʝʥʠʶ ʫʜʝʣʴʥʳʭ ʟʘʪʨʘʪ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʯʘʩʪʦʪʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʦʙʣʘʜʘʝʪ ʩʦʙʩʪʚʝʥʥʳʤ ʢʦʵʬʬʠ-

ʮʠʝʥʪʦʤ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʤʦʱʥʦʩʪʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʟʘʪʨʘʪʘʤ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʘʨʠʘʥʪʦʤ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʩʪʘʥʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʙʝʟ ʯʘʩʪʦʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ. ʂʨʦʤʝ ʪʦ-

ʛʦ, ʚʳʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʠʥʚʝʨʪʦʨʘ ʩʦʜʝʨʞʠʪ ʚʳʩʰʠʝ ʛʘʨʤʦʥʠʢʠ, ʢʦʪʦʨʳʝ 

ʧʨʠʚʦʜʷʪ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʧʦʪʝʨʷʤ ʚ ʧʦʚʳʰʘʶʱʝʤ ʪʨʘʥʩʬʦʨʤʘʪʦʨʝ ʠ ʧʦ-

ʛʨʫʞʥʦʤ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝ [72].  

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʜʝʙʠʪʘ ʩʢʚʘʞʠʥʳ, ʦʩ-

ʥʘʱʝʥʥʦʡ ʧʦʛʨʫʞʥʳʤ ʥʘʩʦʩʦʤ ʩʦ ʩʪʘʥʮʠʝʡ ʫʧʨʘʚʣʝʥʠʷ ʙʝʟ ʯʘʩʪʦʪʥʦʛʦ ʧʨʝ-

ʦʙʨʘʟʦʚʘʪʝʣʷ, ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʝ ʰʪʫʮʝʨʘ, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ 
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ʥʘ ʫʩʪʴʝ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘ ʰʪʫʮʝʨʝ ʙʫʜʫʪ ʧʨʦʠʩʭʦʜʠʪʴ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʧʦʪʝ-

ʨʠ, ʢʦʪʦʨʳʝ ʚʳʟʳʚʘʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. ʏʘʩ-

ʪʦʪʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʧʦʟʚʦʣʷʝʪ ʨʝʛʫʣʠʨʦʚʘʪʴ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʧʦʛʨʫʞ-

ʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʪʨʝʙʫʝʤʳʡ ʜʝʙʠʪ ʩʢʚʘʞʠʥʳ ʧʨʠ ʧʦʣ-

ʥʦʩʪʴʶ ʦʪʢʨʳʪʦʤ ʰʪʫʮʝʨʝ.  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʦʷʚʣʷʝʪʩʷ ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʣʦʚʠʡ, ʧʨʠ ʢʦʪʦʨʳʭ 

ʧʨʠʤʝʥʝʥʠʝ ʯʘʩʪʦʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʚ ʩʪʘʥʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ 

ʩʥʠʞʝʥʠʶ ʟʘʪʨʘʪ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʠ ʩʪʘʥʦʚʠʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʩ ʵʥʝʨ-

ʛʝʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʪʝʨʴ ʚ ʵʣʝʤʝʥʪʘʭ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʜʦʙʳʚʘʶʱʝʡ ʩʢʚʘʞʠʥʳ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʚʝʣʠʯʠʥʫ ʘʢʪʠʚʥʦʡ 

ʤʦʱʥʦʩʪʠ, ʢʦʪʦʨʫʶ ʪʨʝʙʫʝʪʩʷ ʧʦʜʚʝʩʪʠ ʢ ʚʭʦʜʥʦʤʫ ʚʘʣʫ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʥʘ-

ʩʦʩʘ ʦʪ ʇʕɼ. ʆʥʘ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʚʳʨʘʞʝʥʠʝʤ (20) [4, 73]. 

ʆʜʥʘʢʦ, ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʥʘʧʦʨʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʮʝʥʪʨʦʙʝʞ-

ʥʦʛʦ ʥʘʩʦʩʘ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ [4, 61] 

2 2

ʥʘʩ ʥʘʩ ʥʘʩH aQ b Q cw w= + + ,                                      (23) 

ʛʜʝ a , b ʠ c  ï ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʪʨʝʤ ʭʘʨʘʢʪʝʨʥʳʤ ʪʦʯʢʘʤ ʥʘʧʦʨʥʦʡ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʠ ʥʘʩʦʩʘ, ʧʨʠʚʝʜʝʥʥʦʡ ʚ ʢʘʪʘʣʦʛʝ ʠ ʧʝʨʝʩʯʠʪʘʥʥʦʡ ʥʘ ʦʪʢʘʯʢʫ ʥʝʬ-

ʪʷʥʦʡ ʩʤʝʩʠ ʩ ʫʯʝʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 
QK n, 

QK b, HK n ʠ 
HK b, ʭʘʨʘʢʪʝʨʠʟʫʶ-

ʱʠʭ ʩʥʠʞʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʥʘʧʦʨʘ ʠʟ-ʟʘ ʚʣʠʷʥʠʷ ʚʷʟʢʦʩʪʠ ʞʠʜʢʦ-

ʩʪʠ ʠ ʛʘʟʦʚʦʛʦ ʬʘʢʪʦʨʘ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʝʨʚʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʥʘʩʦʩʘ, ʢʦʛʜʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝ-

ʙʫʝʤʦʛʦ ʜʝʙʠʪʘ ʩʢʚʘʞʠʥʳ ʧʨʠʤʝʥʷʝʪʩʷ ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʝ ʰʪʫʮʝʨʘ. 

ʇʦʜʩʪʘʚʣʷʷ (23) ʚ (20) ʧʦʣʫʯʠʤ ʬʦʨʤʫʣʫ, ʩʚʷʟʳʚʘʶʱʫʶ ʤʦʱʥʦʩʪʴ 1ʥʘʩP

ʧʦʜʚʦʜʠʤʫʶ ʢ ʚʘʣʫ ʥʘʩʦʩʘ ʚ ʵʪʦʤ ʨʝʞʠʤʝ, ʩ ʧʦʜʘʯʝʡ ʥʘʩQ  ʠ ʩʢʦʨʦʩʪʴʶ 1w 

( )3 2 2

1 1

1 0 1

186400
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ʥʘʩ
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P M

w w r
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h

+ +
= + ,                      (24) 

ʛʜʝ 1ʥʘʩh  ï ʂʇɼ ʥʘʩʦʩʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʨʘʙʦʯʝʡ ʪʦʯʢʝ. 
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ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʚ ʩʪʘʥʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʧʦʛʨʫʞʥʳʤ ʥʘʩʦʩʦʤ ʥʝ ʠʩʧʦʣʴ-

ʟʫʝʪʩʷ ʯʘʩʪʦʪʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ, ʨʘʙʦʯʘʷ ʪʦʯʢʘ ʥʘʩʦʩʘ ʩ ʪʨʝʙʫʝʤʦʡ ʧʨʦʠʟ-

ʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʥʘʩQ  ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʠʤʝʥʥʦ ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʝʤ ʰʪʫʮʝʨʘ. 

ʇʨʠ ʵʪʦʤ ʥʘʛʨʫʟʢʘ ʧʦʛʨʫʞʥʦʛʦ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ (ʤʦʤʝʥʪ) ʠʟʤʝʥʷʝʪʩʷ, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʠ ʢ ʚʘʨʠʘʮʠʠ ʩʢʦʨʦʩʪʠ 1w. ɼʣʷ ʝʝ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʝʜʧʦʣʦʞʠʤ, 

ʯʪʦ ʥʘ ʨʘʙʦʯʝʤ ʫʯʘʩʪʢʝ ʤʝʭʘʥʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝ-

ʣʷ ʙʣʠʟʢʘ ʢ ʣʠʥʝʡʥʦʡ. ʊʦʛʜʘ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʩʣʝʜʫʶʱʝʝ ʨʘʚʝʥʩʪʚʦ [5] 

0_50 1 0_50

1

ʥʦʤ

ʥʦʤM M

w w w w- -
= ,                                        (25) 

ʛʜʝ ʥʦʤw  ʠ ʥʦʤM  ï ʥʦʤʠʥʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʠ ʤʦʤʝʥʪʘ ʇʕɼ; 
0_50w  ï 

ʩʢʦʨʦʩʪʴ ʠʜʝʘʣʴʥʦʛʦ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʜʚʠʛʘʪʝʣʷ ʧʨʠ ʯʘʩʪʦʪʝ ʧʠʪʘʶʱʝʛʦ ʥʘ-

ʧʨʷʞʝʥʠʷ 50 ɻʮ; 1M  ï ʬʘʢʪʠʯʝʩʢʘʷ ʚʝʣʠʯʠʥʘ ʤʦʤʝʥʪʘ ʥʘ ʚʘʣʫ ʇʕɼ, ʢʦʪʦʨʫʶ 

ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʬʦʨʤʫʣʝ 

1
1

1

ʥʘʩP
M

w
= .                                               (26) 

ʇʦʜʩʪʘʚʣʷʷ (24) ʚ (26) ʠ ʟʘʪʝʤ ʚ (25), ʧʦʣʫʯʠʤ ʢʚʘʜʨʘʪʥʦʝ ʫʨʘʚʥʝʥʠʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʇʕɼ ʠ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʥʘʩʦʩʘ 1w 
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ʀʩʭʦʜʷ ʠʟ ʨʝʘʣʴʥʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʩʤʳʩʣʘ ʠʟ (27) ʩʣʝʜʫʝʪ ʬʦʨʤʫʣʘ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ 1w 
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ʇʦʜʩʪʘʥʦʚʢʘ (28) ʚ (23) ʠ (24) ʧʦʟʚʦʣʷʝʪ ʥʘʡʪʠ ʬʘʢʪʠʯʝʩʢʠʡ ʥʘʧʦʨ 

1ʥʘʩH , ʨʘʟʚʠʚʘʝʤʳʡ ʥʘʩʦʩʦʤ ʠ ʧʦʪʨʝʙʣʷʝʤʫʶ ʠʤ ʤʦʱʥʦʩʪʴ 1ʥʘʩP . ʇʨʠ ʵʪʦʤ 

ʘʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ, ʧʦʜʚʦʜʠʤʘʷ ʢ ʩʪʘʪʦʨʥʦʡ ʦʙʤʦʪʢʝ ʇʕɼ, ʙʫʜʝʪ ʨʘʚʥʘ 

1
1

ʥʘʩ
ʇʕɼ

ʇʕɼ

P
P

h
= ,                                                (29) 

ʛʜʝ ʇʕɼh  ï ʂʇɼ ʧʦʛʨʫʞʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ. 

ʈʝʘʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ, ʧʦʪʨʝʙʣʷʝʤʘʷ ʇʕɼ, ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʬʦʨʤʫ-

ʣʦʡ [4, 6] 
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ʛʜʝ 11U  ï ʬʘʟʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʩʪʘʪʦʨʘ ʇʕɼ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ; 

0_50 1
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0_50

s
w w

w

-
=  ï ʬʘʢʪʠʯʝʩʢʦʝ ʩʢʦʣʴʞʝʥʠʝ ʨʦʪʦʨʘ ʜʚʠʛʘʪʝʣʷ; 2ɻR , ʢX  ʠ mX  ï 

ʧʘʨʘʤʝʪʨʳ ɻ-ʦʙʨʘʟʥʦʡ ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ ʇʕɼ; v  ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳ-

ʚʘʶʱʠʡ ʥʝʣʠʥʝʡʥʦʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ. 

ɽʩʣʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʦʙʤʦʪʢʝ ʩʪʘʪʦʨʘ ʇʕɼ ʧʦʜʢʣʶʯʝʥʘ ʪʨʝʭʬʘʟʥʘʷ 

ʢʦʥʜʝʥʩʘʪʦʨʥʘʷ ʙʘʪʘʨʝʷ, ʪʦ ʦʥʘ ʢʦʤʧʝʥʩʠʨʫʝʪ ʧʦʪʨʝʙʣʷʝʤʫʶ ʨʝʘʢʪʠʚʥʫ  ʁ

ʤʦʱʥʦʩʪʴ ʥʘ ʚʝʣʠʯʠʥʫ 
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ʛʜʝ ʢʫX  ï ʨʝʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʦʥʜʝʥʩʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ ʧʨʠ ʯʘʩʪʦʪʝ 

ʧʠʪʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ 50 ɻʮ. 

ʉʫʤʤʘʨʥʘʷ ʨʝʘʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ, ʧʦʪʨʝʙʣʷʝʤʘʷ ʇʕɼ ʩ ʫʯʝʪʦʤ ʠʥʜʠʚʠ-

ʜʫʘʣʴʥʦʡ ʢʦʥʜʝʥʩʘʪʦʨʥʦʡ ʙʘʪʘʨʝʠ [4] 
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ʌʦʨʤʫʣʘ (31) ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʦʙʱʝʡ, ʥʦ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʢʦʥʜʝʥʩʘʪʦʨʥʘʷ ʙʘʪʘ-

ʨʝʷ ʦʪʩʫʪʩʪʚʫʝʪ, ʚ ʥʝʡ ʧʨʠʥʠʤʘʝʪʩʷ 1CUX =¤. 
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ʈʘʩʩʯʠʪʘʚ ʧʦ ʬʦʨʤʫʣʘʤ (29) ʠ (31) ʘʢʪʠʚʥʫʶ ʠ ʨʝʘʢʪʠʚʥʫʶ ʤʦʱʥʦʩʪʴ, ʧʦ-

ʪʨʝʙʣʷʝʤʫʶ ʇʕɼ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦʪʝʨʠ ʘʢʪʠʚʥʦʡ ʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦ-

ʩʪʠ ʥʘ ʢʘʙʝʣʝ, ʩʦʝʜʠʥʷʶʱʝʤ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʩ ʧʦʚʳʰʘʶʱʠʤ ʪʨʘʥʩʬʦʨʤʘ-

ʪʦʨʦʤ [6]  

( )2 2

1 1

1 2

11

ʇʕɼ ʇʕɼ ʢʣ

ʢʣ

P Q R
P

U

+
D = ;                                       (32) 

( )2 2

1 1

1 2

11

ʇʕɼ ʇʕɼ ʢʣ

ʢʣ

P Q X
Q

U

+
D = ,                                      (33) 

ʛʜʝ ʢʣR  ʠ ʢʣX  ï ʘʢʪʠʚʥʦʝ ʠ ʠʥʜʫʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʜʥʦʡ ʞʠʣʳ ʩʦʝʜʠ-

ʥʠʪʝʣʴʥʦʛʦ ʢʘʙʝʣʷ. 

ɸʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʞʠʣʳ ʩʦʝʜʠʥʠʪʝʣʴʥʦʛʦ ʢʘʙʝʣʷ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʧʦ ʬʦʨʤʫʣʝ [55] 

( )( )0,0175 1 0,004 20 50ʢʣ ʩʧ

ʢʣ

ʢʣ

T H
R

S

è øÖ + Ö - +ê ú= ,                       (34) 

ʛʜʝ ʢʣT  ʠ ʢʣS  ï ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʩʝʯʝʥʠʝ ʩʦʝʜʠʥʠʪʝʣʴʥʦʛʦ ʢʘʙʝʣʷ; ʩʧH  ï 

ʛʣʫʙʠʥʘ ʩʧʫʩʢʘ ʧʦʛʨʫʞʥʦʡ ʫʩʪʘʥʦʚʢʠ, ʘ ʠʥʜʫʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘʭʦ-

ʜʠʪʩʷ ʠʟ ʩʧʨʘʚʦʯʥʳʭ ʜʘʥʥʳʭ [74]. 

ɸʢʪʠʚʥʘʷ, ʨʝʘʢʪʠʚʥʘʷ ʠ ʧʦʣʥʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʚʳʭʦʜʝ ʧʦʚʳʰʘʶʱʝʛʦ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʫʣʘʤʠ: 

1 1 1ʊʄʇʅ ʇʕɼ ʢʣP P P= +D;                                        (35) 

1 1 1ʊʄʇʅ ʇʕɼ ʢʣQ Q Q= +D ;                                       (36) 

2 2

1 1 1ʊʄʇʅ ʊʄʇʅ ʊʄʇʅS P Q= + .                                    (37) 

ɿʥʘʯʝʥʠʝ, ʧʦʣʫʯʝʥʥʦʝ ʩ ʧʦʤʦʱʴʶ ʬʦʨʤʫʣʳ (37), ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʘʪʴ 

ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʛʨʫʟʢʠ ʧʦʚʳʰʘʶʱʝʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

1
1 3

.10

ʊʄʇʅ
ʊʄʇʅ

ʊʄʇʅ ʥʦʤ

S

S
b = ,                                           (38) 

ʛʜʝ .ʊʄʇʅ ʥʦʤS  ï ʥʦʤʠʥʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʧʦʚʳʰʘʶʱʝʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʚʳ-

ʨʘʞʝʥʥʘʷ ʚ ʢɺɸ. 
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ɸʢʪʠʚʥʳʝ ʧʦʪʝʨʠ ʚ ʧʦʚʳʰʘʶʱʝʤ ʪʨʘʥʩʬʦʨʤʘʪʦʨʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ [4, 73]: 

( )3 2

1 . 1 .10ʊʄʇʅ ʭʭʊʄʇʅ ʊʄʇʅ ʢʟʊʄʇʅP P PbD = D + D ;                          (39) 

ʛʜʝ .ʭʭʊʄʇʅPD  ʠ .ʢʟʊʄʇʅPD  ï ʘʢʪʠʚʥʳʝ ʧʦʪʝʨʠ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʠ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳ-

ʢʘʥʠʷ ʧʦʚʳʰʘʶʱʝʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʙʝʨʫʱʠʝʩʷ ʠʟ ʝʛʦ ʧʘʩʧʦʨʪʥʳʭ ʜʘʥʥʳʭ. 

ɸʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ, ʩʥʠʤʘʝʤʘʷ ʩ ʚʳʭʦʜʘ ʩʪʘʥʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ, ʙʫʜʝʪ ʨʘʚʥʘ 

1 1 1ʩʫ ʊʄʇʅ ʊʄʇʅP P P= +D .                                          (40) 

ʌʦʨʤʫʣʳ (23) ï (40) ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʨʘʩʯʝʪʘ ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢ-

ʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʤ ʢʦʤʧʣʝʢʩʦʤ ʥʝʬʪʝʜʦʙʳʚʘʶʱʝʡ 

ʩʢʚʘʞʠʥʳ ʜʣʷ ʩʣʫʯʘʷ, ʢʦʛʜʘ ʩʪʘʥʮʠʷ ʫʧʨʘʚʣʝʥʠʷ ʧʦʛʨʫʞʥʳʤ ʥʘʩʦʩʦʤ ʥʝ ʦʩ-

ʥʘʱʝʥʘ ʯʘʩʪʦʪʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ, ʘ ʪʨʝʙʫʝʤʳʡ ʜʝʙʠʪ ʩʢʚʘʞʠʥʳ ʥʘʩQ  

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʝʤ ʰʪʫʮʝʨʘ. ʂʦʣʠʯʝʩʪʚʦ ʧʦʪʨʝʙʣʷʝʤʦʡ ʩʪʘʥ-

ʮʠʝʡ ʫʧʨʘʚʣʝʥʠʷ ʘʢʪʠʚʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʩʫʪʢʠ ʧʨʠ 

ʵʪʦʤ ʙʫʜʝʪ ʨʘʚʥʦ 

1 13

24

10
ʘʵ ʩʫW P= ,                                              (41) 

ʘ ʫʜʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʵʥʝʨʛʠʠ ʥʘ ʜʦʙʳʯʫ ʢʫʙʦʤʝʪʨʘ ʞʠʜʢʦʩʪʠ ʠʟ ʩʢʚʘʞʠʥʳ ʩʦ-

ʩʪʘʚʷʪ 

1

1 3

24

10

ʩʫ

ʘʵ

ʥʘʩ

P
E

Q
= .                                              (42) 

ɺ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ ʚ ʩʪʘʥʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʧʦʛʨʫʞʥʳʤ ʥʘʩʦʩʦʤ ʧʨʝ-

ʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ ʩʢʦʨʦʩʪʴ ʇʕɼ 2w  ʜʦʣʞʥʘ ʙʳʪʴ ʪʘʢʦʡ, ʯʪʦʙʳ ʥʘʩʦʩ 

ʦʙʝʩʧʝʯʠʚʘʣ ʥʝ ʪʦʣʴʢʦ ʪʨʝʙʫʝʤʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʥʘʩQ , ʥʦ ʠ ʨʘʟʚʠʚʘʣ 

ʥʘʧʦʨ [76] 

ʙʫʬ

ʥʘʩ ʜʠʥ ʪʨ ʛ

P
H H H H

gr
= + + -,                                 (43) 
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ʛʜʝ ʜʠʥH  ï ʜʠʥʘʤʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʞʠʜʢʦʩʪʠ ʚ ʩʢʚʘʞʠʥʝ; ʪʨH  ï ʛʠʜʨʘʚʣʠʯʝ-

ʩʢʠʝ ʧʦʪʝʨʠ ʥʘʧʦʨʘ ʚ ʥʘʩʦʩʥʦ-ʢʦʤʧʨʝʩʩʦʨʥʳʭ ʪʨʫʙʘʭ; ʙʫʬP  ï ʙʫʬʝʨʥʦʝ ʜʘʚʣʝ-

ʥʠʝ ʥʘ ʫʩʪʴʝ ʩʢʚʘʞʠʥʳ; ʛH  ï ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʥʘʧʦʨ, ʩʦʟʜʘʚʘʝʤʳʡ ʜʘʚʣʝʥʠʝʤ 

ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ ʜʦʙʳʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ ʛʘʟʘ. 

ʇʦʜʩʪʘʚʣʷʷ (43) ʚ (23), ʧʦʣʫʯʠʤ ʢʚʘʜʨʘʪʥʦʝ ʫʨʘʚʥʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʩʢʦʨʦʩʪʠ 2w  

2 2

2 2

ʙʫʬ

ʜʠʥ ʪʨ ʛ ʥʘʩ ʥʘʩ

P
H H H aQ bQ c

g
w w

r
+ + - = + +.                   (44) 

ɸʥʘʣʠʟ ʢʦʨʥʝʡ ʫʨʘʚʥʝʥʠʷ (44) ʧʦʟʚʦʣʷʝʪ ʩʢʘʟʘʪʴ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʇʕɼ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝʙʫʝʤʦʡ ʧʦʜʘʯʠ ʥʘʩʦʩʘ ʥʘʩQ  ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʝʦʙʨʘ-

ʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ ʠ ʨʘʙʦʪʝ ʥʘ ʧʦʣʥʦʩʪʴʶ ʦʪʢʨʳʪʳʡ ʰʪʫʮʝʨ ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʚ-

ʥʘ 

2 2 2

2

4

2

ʙʫʬ

ʥʘʩ ʥʘʩ ʜʠʥ ʪʨ ʛ ʥʘʩ

P
bQ b Q c H H H aQ

g

c

r
w

å õ
- + + + + - -æ ö

ç ÷
= .            (45) 

ʕʪʘ ʩʢʦʨʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʘ, ʝʩʣʠ ʯʘʩʪʦʪʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ 

ʩʬʦʨʤʠʨʫʝʪ ʥʘ ʩʚʦʝʤ ʚʳʭʦʜʝ ʪʨʝʭʬʘʟʥʫʶ ʩʠʩʪʝʤʫ ʥʘʧʨʷʞʝʥʠʡ ʯʘʩʪʦʪʦʡ 

( )( )3 2 2

0_50 2 2 2 0 2

1

2 2

2

86400

172800

2

ʧ ʥʦʤ ʥʘʩ ʥʘʩ ʥʘʩ ʥʘʩ ʇʕɼ

ʥʘʩ ʥʦʤ

ʧ

Z aQ bQ cQ g M
f

M

Z

w w w w r h w

ph w

w

p

è ø- + + +
ê ú= +

+

, 

(46) 

ʛʜʝ ʧZ  ï ʯʠʩʣʦ ʧʘʨ ʧʦʣʶʩʦʚ ʇʕɼ; 2ʥʘʩh  ï ʂʇɼ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʥʘʩʦʩʘ, ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʡ ʥʦʚʦʡ ʨʘʙʦʯʝʡ ʪʦʯʢʝ. 

ʌʦʨʤʫʣʘ (46) ʧʦʣʫʯʝʥʘ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʞʝʩʪʢʦʩʪʴ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ ʥʘ ʣʶʙʦʡ ʯʘʩ-

ʪʦʪʝ ʧʠʪʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʪʦ ʝʩʪʴ ʩʧʨʘʚʝʜʣʠʚʦ ʩʦʦʪʥʦʰʝʥʠʝ 
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1
2

0 _ 50

2

2

ʥʦʤʧ

ʥʦʤ

f

Z

M M

p
w

w w
-

-
= ,                                      (47) 

ʛʜʝ 2M  ï ʬʘʢʪʠʯʝʩʢʘʷ ʚʝʣʠʯʠʥʘ ʤʦʤʝʥʪʘ ʥʘ ʚʘʣʫ ʇʕɼ ʧʨʠ ʨʘʙʦʪʝ ʚ ʵʪʦʤ ʨʝ-

ʞʠʤʝ. 

ʇʦʩʢʦʣʴʢʫ ʤʦʱʥʦʩʪʴ, ʢʦʪʦʨʫʶ ʥʘʜʦ ʧʝʨʝʜʘʪʴ ʥʘ ʚʭʦʜʥʦʡ ʚʘʣ ʥʘʩʦʩʘ 

ʧʨʠ ʩʢʦʨʦʩʪʠ 2w, ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʫʣʦʡ, ʘʥʘʣʦʛʠʯʥʦʡ (24) 

( )3 2 2

2 2

2 0 2

286400

ʥʘʩ ʥʘʩ ʥʘʩ

ʥʘʩ ʇʕɼ

ʥʘʩ

aQ bQ cQ g
P M

w w r
w

h

+ +
= + , 

ʪʦ ʤʦʤʝʥʪ 2M  ʙʫʜʝʪ ʨʘʚʝʥ 

( )3 2 2

2 2 2 0 2

2

2 2

86400

86400

ʥʘʩ ʥʘʩ ʥʘʩ ʥʘʩ ʇʕɼ

ʥʘʩ

aQ bQ cQ g M
M

w w r h w

h w

+ + +
= ,              (48) 

ʇʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ (48) ʚ (47) ʠ ʥʝʩʣʦʞʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘ-

ʟʦʚʘʥʠʡ ʠ ʧʦʣʫʯʘʝʪʩʷ ʬʦʨʤʫʣʘ (46). 

ʊʦʛʜʘ ʘʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ, ʧʦʪʨʝʙʣʷʝʤʘʷ ʇʕɼ ʧʨʠ ʨʘʙʦʪʝ ʩʦ ʩʢʦʨʦʩʪʴʶ 

2w, ʙʫʜʝʪ ʨʘʚʥʘ 

( )3 2 2

2 2 2 0 2

2

2

86400

86400

ʥʘʩ ʥʘʩ ʥʘʩ ʥʘʩ ʇʕɼ

ʇʕɼ

ʥʘʩ ʇʕɼ ʇʕɼ

aQ bQ cQ g M
P

kh

w w r h w

h h

+ + +
= ,            (49) 

ʇʕɼkh  ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʫʚʝʣʠʯʝʥʠʝ ʧʦʪʝʨʴ ʚ ʧʦʛʨʫʞʥʦʤ ʵʣʝʢ-

ʪʨʦʜʚʠʛʘʪʝʣʝ ʟʘ ʩʯʝʪ ʜʝʡʩʪʚʠʷ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʢ ʚ ʚʳʭʦʜʥʦʤ ʥʘʧʨʷʞʝʥʠʠ 

ʯʘʩʪʦʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ.  

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʯʘʩʪʦʪʳ ʩʪʘʥʮʠʠ ʫʧʨʘʚʣʝʥʠʷ 

ʟʘʜʘʝʪ ʯʘʩʪʦʪʫ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʩʪʘʪʦʨʥʳʭ ʦʙʤʦʪʢʘʭ ʇʕɼ ʤʝʥʴʰʝ ʥʦʤʠʥʘʣʴ-

ʥʦʡ, ʠ ʨʝʘʢʪʠʚʥʫʶ ʤʦʱʥʦʩʪʴ, ʧʦʪʨʝʙʣʷʝʤʫ  ʁʇʕɼ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ ʦʪ ʯʘʩʪʦʪ-

ʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ, ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʧʦ ʬʦʨʤʫʣʝ 

2 1
2

2

2 12 2
1 12 2 1

2 2

1 1503

50 5050

ʢ

ʇʕɼ

m ʢʫ
ɻ k

f
s X

Q U
f ff X XR s X

è ø
é ù
é ù= + -
é ùå õ

+é ùæ ö
ç ÷ê ú

,                  (50) 
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ʛʜʝ 12U  ï ʜʝʡʩʪʚʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ʬʘʟʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʩʪʘʪʦʨʝ ʇʕɼ ʚ ʩʣʫ-

ʯʘʝ ʫʧʨʘʚʣʝʥʠʷ ʦʪ ʯʘʩʪʦʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ; 1 2
2

1

2

2

ʧf Z
s

f

p w

p

-
= . 

ʇʦʪʝʨʠ ʘʢʪʠʚʥʦʡ ʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʥʘ ʢʘʙʝʣʝ, ʩʦʝʜʠʥʷʶʱʝʤ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʩ ʧʦʚʳʰʘʶʱʠʤ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʤ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʬʦʨ-

ʤʫʣʘʤ, ʘʥʘʣʦʛʠʯʥʳʤ (32) ʠ (33)  

( )2 2

2 2

2 2

12

ʇʕɼ ʇʕɼ ʢʣ

ʢʣ

P Q R
P

U

+
D = ;                                      (51) 

( )2 2

2 2

2 2

12

ʇʕɼ ʇʕɼ ʢʣ

ʢʣ

P Q X
Q

U

+
D = ,                                     (52) 

ʛʜʝ ʠʥʜʫʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʣX  ʧʝʨʝʩʯʠʪʳʚʘʝʪʩʷ ʥʘ ʯʘʩʪʦʪʫ ʥʘʧʨʷʞʝʥʠʷ 

1f . 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʘʢʪʠʚʥʘʷ, ʨʝʘʢʪʠʚʥʘʷ ʠ ʧʦʣʥʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʚʳʭʦʜʝ ʧʦ-

ʚʳʰʘʶʱʝʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʯʘʩʪʦʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ 

ʚ ʩʪʘʥʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʨʘʚʥʳ 

2 2 2ʊʄʇʅ ʇʕɼ ʢʣP P P= +D ;                                          (53) 

2 2 2ʊʄʇʅ ʇʕɼ ʢʣQ Q Q= +D ;                                         (54) 

2 2

2 2 2ʊʄʇʅ ʊʄʇʅ ʊʄʇʅS P Q= + ,                                      (55) 

ʘ ʫʪʦʯʥʝʥʥʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʨʘʩʯʝʪʘ ʘʢʪʠʚʥʳʭ ʧʦʪʝʨʴ ʧʦʚʳʰʘʶʱʝʛʦ ʪʨʘʥʩ-

ʬʦʨʤʘʪʦʨʘ ʙʫʜʝʪ ʚʳʛʣʷʜʝʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ 

( )3 2

2 . 2 .10ʊʄʇʅ ʭʭʊʄʇʅ ʊʄʇʅ ʢʟʊʄʇʅ PP P P kb DD = D + D ,                    (56) 

ʛʜʝ 2
2 3

.10

ʊʄʇʅ
ʊʄʇʅ

ʊʄʇʅ nom

S

S
b = ; PkD  ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʫʚʝʣʠʯʝʥʠʝ ʧʦ-

ʪʝʨʴ ʚ ʧʦʚʳʰʘʶʱʝʤ ʪʨʘʥʩʬʦʨʤʘʪʦʨʝ ʟʘ ʩʯʝʪ ʜʝʡʩʪʚʠʷ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʢ ʚ 

ʚʳʭʦʜʥʦʤ ʥʘʧʨʷʞʝʥʠʠ ʯʘʩʪʦʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣ ̫[77].  

ʏʘʩʪʦʪʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʦʙʣʘʜʘʝʪ ʩʦʙʩʪʚʝʥʥʳʤ ʂʇɼ ʧʯh , ʧʦʵʪʦʤʫ 

ʘʢʪʠʚʥʫʶ ʤʦʱʥʦʩʪʴ, ʧʦʪʨʝʙʣʷʝʤʫʶ ʩʪʘʥʮʠʝʡ ʫʧʨʘʚʣʝʥʠʷ ʧʦʛʨʫʞʥʳʤ ʥʘʩʦ-

ʩʦʤ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʧʦ ʬʦʨʤʫʣʝ [77] 
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2 2
2

ʊʄʇʅ ʊʄʇʅ
ʩʫ

ʧʯ

P P
P

h

+D
= .                                         (57) 

ʂʦʣʠʯʝʩʪʚʦ ʧʦʪʨʝʙʣʷʝʤʦʡ ʩʪʘʥʮʠʝʡ ʫʧʨʘʚʣʝʥʠʷ, ʦʩʥʘʱʝʥʥʦʡ ʯʘʩʪʦʪ-

ʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ, ʘʢʪʠʚʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʩʫ-

ʪʢʠ ʧʨʠ ʵʪʦʤ ʙʫʜʝʪ ʨʘʚʥʦ 

2 23

24

10
ʘʵ ʩʫW P= ,                                              (58) 

ʘ ʫʜʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʵʥʝʨʛʠʠ ʥʘ ʜʦʙʳʯʫ ʢʫʙʦʤʝʪʨʘ ʞʠʜʢʦʩʪʠ ʠʟ ʩʢʚʘʞʠʥʳ ʩʦ-

ʩʪʘʚʷʪ 

2

2 3

24

10

ʩʫ

ʘʵ

ʥʘʩ

P
E

Q
= .                                               (59) 

ʇʨʠʨʘʚʥʠʚʘʷ 2ʩʫP  ʢ 1ʩʫP , ʪʦ ʝʩʪʴ ʬʦʨʤʫʣʳ (57) ʠ (40), ʧʦʣʫʯʠʤ ʫʩʣʦʚʠʝ, 

ʧʨʠ ʢʦʪʦʨʦʤ ʫʜʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ ʜʦʙʳʯʫ ʢʫʙʦʤʝʪʨʘ ʞʠʜʢʦ-

ʩʪʠ ʙʫʜʫʪ ʨʘʚʥʳ ʢʘʢ ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʯʘʩʪʦʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʚ 

ʩʪʘʥʮʠʠ ʫʧʨʘʚʣʝʥʠʷ, ʪʘʢ ʠ ʙʝʟ ʥʝʛʦ 

2 2
1 1

ʊʄʇʅ ʊʄʇʅ
ʊʄʇʅ ʊʄʇʅ

ʧʯ

P P
P P

h

+D
= +D .                            (60) 

ʇʦʜʩʪʘʚʣʷʷ ʚ (60) ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʬʦʨʤʫʣʳ (24), (28), (29), (32), (34) ï 

(40) ʠ (45), (49), (51) ï (57), ʤʦʞʥʦ ʥʘʡʪʠ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʯ-

ʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʝʙʠʪʘ ʩʢʚʘʞʠʥʳ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʵʢʦʥʦʤʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʥʝ ʙʫʜʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʧʨʠ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʠ ʯʘʩʪʦʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʚ ʩʪʘʥʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʧʦʛʨʫʞʥʳʤ ʥʘʩʦ-

ʩʦʤ [76]. ʆʥʦ ʙʫʜʝʪ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʩʣʦʞʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʤʦʱʥʦʩʪʠ, ʧʦ-

ʪʨʝʙʣʷʝʤʦʡ ʩʪʘʥʮʠʝʡ ʫʧʨʘʚʣʝʥʠʷ ʩ ʯʘʩʪʦʪʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ, ʦʪ ʧʨʦʠʟ-

ʚʦʜʠʪʝʣʴʥʦʩʪʠ ʥʘʩʦʩʘ ( )2ʩʫ ʥʘʩP Q   

( )2 1 1ʩʫ ʥʘʩ ʊʄʇʅ ʊʄʇʅP Q P P= +D .                                     (61) 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʝʰʝʥʠʝ (61) ʠʤʝʝʪ ʩʤʳʩʣ ʧʨʦʠʟʚʦʜʠʪʴ ʯʠʩʣʝʥ-

ʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʥʘʧʨʠʤʝʨ, ʚ ʧʨʦʛʨʘʤʤʝ MathCAD, ʚʘʨʴʠʨʫʷ ʚʝʣʠʯʠʥʫ ʥʘʩQ  

ʦʪ ʥʦʤʠʥʘʣʴʥʦʡ ʚʝʣʠʯʠʥʳ ʚʥʠʟ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ ʰʘʛʦʤ. 
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2.3 ʇʨʠʤʝʨ ʨʘʩʯʝʪʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ  

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ ʚ ʩʪʘʥʮʠʠ ʫʧʨʘʚʣʝʥʠʷ  

ʧʦʛʨʫʞʥʳʤ ʵʣʝʢʪʨʦʮʝʥʪʨʦʙʝʞʥʳʤ ʥʘʩʦʩʦʤ 

 

ʈʘʩʩʤʦʪʨʠʤ ʛʠʧʦʪʝʪʠʯʝʩʢʫʶ ʩʢʚʘʞʠʥʫ, ʢʦʪʦʨʘʷ ʦʙʣʘʜʘʝʪ ʩʣʝʜʫʶʱʠʤʠ 

ʪʝʭʥʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: ʪʨʝʙʫʝʤʳʡ ʜʝʙʠʪ ʩʢʚʘʞʠʥʳ  

98ʪʨQ =  ʤ
3
/ʩʫʪ.; ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʥʝʬʪʷʥʦʛʦ ʧʣʘʩʪʘ 

69,118 10ʧʨk -= Ö  ʤ
3
/ʇʘÖʩʫʪ.; 

61,5 10ʙʫʬP = Ö  ʇʘ; ʩʪʘʪʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʞʠʜʢʦʩʪʠ ʚ 

ʩʢʚʘʞʠʥʝ 180ʩʪH =  ʤ; 1235ʜʠʥH =  ʤ; ʛʣʫʙʠʥʘ ʩʧʫʩʢʘ ʥʘʩʦʩʘ 1470ʩʧH =  ʤ; 

1041r=  ʢʛ/ʤ
3
. ɺʦʩʧʦʣʴʟʫʝʤʩʷ ʤʝʪʦʜʠʢʦʡ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʳʙʦʨʘ ʦʙʦʨʫʜʦʚʘ-

ʥʠʷ ʧʦʛʨʫʞʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ [4, 78], ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʪʦʨʦʡ ʦʧʪʠʤʘʣʴʥʳʡ 

ʥʘʧʦʨ ʥʘʩʦʩʘ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʢʚʘʞʠʥʳ ʜʦʣʞʝʥ ʙʳʪʴ ʨʘʚʝʥ 

1500000
1235 10 1392

1041 9,81

ʙʫʬʦʧʪ

ʥʘʩ ʜʠʥ ʪʨ ʛ

P
H H H H

g
= + + - = + + =

r Ö
 ʤ, 

ʘ ʦʧʪʠʤʘʣʴʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ (ʧʦʜʘʯʘ) 

98ʦʧʪ

ʥʘʩ ʪʨQ Q= =  ʤ
3
/ʩʫʪ. 

ʇʨʠ ʨʘʩʯʝʪʘʭ ʙʳʣʦ ʧʨʠʥʷʪʦ, ʯʪʦ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʧʦʪʝʨʷʤʠ ʥʘʧʦʨʘ ʥʘ 

ʪʨʝʥʠʝ ʚ ʥʘʩʦʩʥʦ-ʢʦʤʧʨʝʩʩʦʨʥʳʭ ʪʨʫʙʘʭ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʥʘʧʦʨʦʤ, ʩʦʟʜʘ-

ʚʘʝʤʳʤ ʨʘʙʦʪʦʡ ʛʘʟʘ ʨʘʚʥʘ 

10ʪʨ ʛH H- =  ʤ. 

ʇʦʣʫʯʝʥʥʳʝ ʦʧʪʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʜʘʯʠ ʠ ʥʘʧʦʨʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʪ-

ʢʘʯʢʝ ʠʟ ʩʢʚʘʞʠʥʳ ʞʠʜʢʦʩʪʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʚʷʟʢʦʩʪʠ ʠ ʛʘʟʦʩʦʜʝʨʞʘʥʠʷ. ʕʪʠ 

ʬʘʢʪʦʨʳ ʩʥʠʞʘʶʪ ʥʘʧʦʨ ʠ ʧʦʜʘʯʫ ʥʘʩʦʩʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʘʩʧʦʨʪʥʳʤʠ ʜʘʥ-

ʥʳʤʠ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪʩʷ ʚ ʢʘʪʘʣʦʛʘʭ ʜʣʷ ʨʘʙʦʪʳ ʥʘ ʚʦʜʝ. ʇʦʵʪʦʤʫ ʧʦʣʫ-

ʯʝʥʥʳʝ ʜʘʥʥʳʝ ʥʘʜʦ ʧʝʨʝʩʯʠʪʘʪʴ ʩ ʫʯʝʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪʦʚ QK n, QK b, HK n ʠ 

HK b, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʩʥʠʞʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʥʘʧʦʨʘ ʠʟ-ʟʘ ʚʣʠʷ-

ʥʠʷ ʚʷʟʢʦʩʪʠ ʞʠʜʢʦʩʪʠ ʠ ʛʘʟʦʚʦʛʦ ʬʘʢʪʦʨʘ. ʇʨʠʥʠʤʘʷ 
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0,96Q Q H HK K K Kn n n b= = , ʥʘʡʜʝʤ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʥʘʩʦʩʘ ʧʨʠ ʨʘʙʦʪʝ 

ʥʘ ʚʦʜʝ 

.

98
102

0,96

ʦʧʪ
ʦʧʪ ʥʘʩ
ʥʘʩʚ

Q Q

Q
Q

K Kn b

= = =  ʤ
3
/ʩʫʪ., .

1392
1450

0,96

ʦʧʪ
ʦʧʪ ʥʘʩ
ʥʘʩʚ

H H

H
H

K Kb n

= = =  ʤ. 

ɸʥʘʣʠʟʠʨʫʷ ʜʘʥʥʳʝ ʢʘʪʘʣʦʛʘ ʧʦʛʨʫʞʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʆʆʆ çʈʠʤʝʨʘè 

[57], ʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʢʚʘʞʠʥʳ ʧʦʜʭʦʜʠʪ ʥʘʩʦʩ 

0215ʕʎʅɸʂʀ5-125ʀ ʩ ʥʦʤʠʥʘʣʴʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʥʘ ʚʦʜʝ 

. 125ʥʦʤ

ʥʘʩʚQ =  ʤ
3
/ʩʫʪ., ʥʘʧʦʨʦʤ . 1450ʥʦʤ

ʥʘʩʚH =  ʤ ʚʦʜ., ʤʘʢʩʠʤʘʣʴʥʳʤ ʂʇɼ 

max

. 0,53ʥʘʩʚh =  ʠ ʤʦʤʝʥʪʦʤ ʪʨʦʛʘʥʠʷ 0 8,2ʇʕɼM =  ʅʤ. ʇʨʠ ʚʳʙʦʨʝ ʥʘʩʦʩʘ ʦʨʠʝʥ-

ʪʠʨʦʚʘʣʠʩʴ ʥʘ ʪʦ, ʯʪʦʙʳ ʥʦʤʠʥʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʙʳʣʠ ʨʘʚʥʳ ʠʣʠ ʙʳʣʠ 

ʙʦʣʴʰʝ ʦʧʪʠʤʘʣʴʥʳʭ ʨʘʩʯʝʪʥʳʭ ʚʝʣʠʯʠʥ. ʇʨʠ ʵʪʦʤ ʥʘ ʥʦʤʠʥʘʣʴʥʦʡ ʩʢʦʨʦ-

ʩʪʠ ʚʨʘʱʝʥʠʷ ʩ ʫʯʝʪʦʤ ʚʷʟʢʦʩʪʠ ʠ ʛʘʟʦʩʦʜʝʨʞʘʥʠʷ ʞʠʜʢʦʩʪʠ ʙʫʜʫʪ ʥʘʙʣʶ-

ʜʘʪʴʩʷ ʨʝʘʣʴʥʳʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʥʘʩʦʩʘ . 120ʥʘʩ ʥʦʤQ =  ʤ
3
/ʩʫʪ. ʠ ʥʘʧʦʨ 

. 1392ʥʘʩ ʥʦʤH =  ʤ. ʀʟ ʥʘʧʦʨʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʧʨʠʚʝʜʝʥʥʦʡ ʚ ʢʘʪʘʣʦʛʝ [61] ʠ 

ʥʘ ʨʠʩʫʥʢʝ 8, ʩʣʝʜʫʶʪ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʦʧʠʩʳʚʘʶʱʠʭ ʝʝ ʚʠʜ: 

0,062685a=- ʩʫʪ.
2
/ʤ

5
; 0,021534b=  ʩʫʪ.ʩ/ʤ

2
ʨʘʜ; 0,01623c=  ʤʩ

2
/ʨʘʜ

2
.  

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʦʨʠʝʥʪʠʨʫʷʩʴ ʥʘ ʘʛʨʝʛʘʪ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʂʇɼ, ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʥʝʦʙʭʦʜʠʤʫʶ ʤʠʥʠʤʘʣʴʥʫʶ ʤʦʱʥʦʩʪʴ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʜʝʙʠʪʘ ʩʢʚʘʞʠʥʳ  

3 3

.

.
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ʛʜʝ 0,93Kh=  ï ʧʦʧʨʘʚʦʯʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʩʥʠʞʝʥʠʝ ʂʇɼ 

ʥʘʩʦʩʘ ʧʨʠ ʨʘʙʦʪʝ ʩ ʞʠʜʢʦʩʪʴʶ ʦʧʨʝʜʝʣʝʥʥʦʡ ʚʷʟʢʦʩʪʠ ʠ ʛʘʟʦʩʦʜʝʨʞʘʥʠʝʤ 

[69, 70]; 1,15PK =  ï ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʧʦ ʤʦʱʥʦʩʪʠ. 

ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ʚʳʙʝʨʝʤ ʠʟ ʢʘʪʘʣʦʛʘ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʮʝʥʪʨʦ-

ʙʝʞʥʦʛʦ ʥʘʩʦʩʘ ʧʦʛʨʫʞʥʦʡ ʘʩʠʥʭʨʦʥʥʳʡ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʕɼʊ45-103ʄ1 ʩʦ 

ʩʣʝʜʫʶʱʠʤʠ ʥʦʤʠʥʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ: ʤʦʱʥʦʩʪʴ . 45SM nomP =  ʢɺʪ; ʣʠʥʝʡʥʦʝ 

ʥʘʧʨʷʞʝʥʠʝ 1 . 1400ʣʥʦʤU =  ɺ; ʪʦʢ 1. 28ʥʦʤI =  ɸ; ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪ-
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ʚʠ̫ 81ʇʕɼh =  %; cos 0,83ʇʕɼj = ; ʩʢʦʣʴʞʝʥʠʝ 0,055ʥʦʤs = ; ʯʠʩʣʦ ʧʘʨ ʧʦʣʶʩʦʚ 

1pZ =; ʩʢʦʨʦʩʪʴ ʠʜʝʘʣʴʥʦʛʦ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ 0_50 314w =  ʨʘʜ/ʩ; ʥʦʤʠʥʘʣʴʥʘʷ 

ʩʢʦʨʦʩʪʴ 296,9ʥʦʤw =  ʨʘʜ/ʩ; ʥʦʤʠʥʘʣʴʥʳʡ ʤʦʤʝʥʪ 151,6ʥʦʤM =  ʅʤ; 

2 1,868ɻR =  ʆʤ; 6,884ʢX =  ʆʤ; 68,414mX =  ʆʤ; 0,94ʇʕɼkh = .  

ʇʨʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʛʣʫʙʠʥʝ ʩʧʫʩʢʘ ʫʩʪʘʥʦʚʢʠ ʧʦʛʨʫʞʥʦʛʦ ʵʣʝʢʪʨʦ-

ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʥʘʩʦʩʘ, ʩʝʯʝʥʠʠ ʢʘʙʝʣʷ 25ʢʣS =  ʤʤ
2
 ʠ ʝʛʦ ʩʨʝʜʥʝʡ ʪʝʤʧʝʨʘʪʫ-

ʨʝ 50ʢʣT =  ʛʨʘʜʫʩʦʚ ʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʨʘʩʩʯʠʪʘʥʥʦʝ ʧʦ ʬʦʨʤʫʣʝ (34) 

ʙʫʜʝʪ ʨʘʚʥʦ 1,199ʢʣR =  ʆʤ, ʘ ʠʥʜʫʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘ ʥʦʤʠʥʘʣʴʥʦʡ 

ʯʘʩʪʦʪʝ ʩʦʩʪʘʚʠʪ 0,126ʢʣX =  ʆʤ.  

ɼʣʷ ʩʦʛʣʘʩʦʚʘʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʇʕɼ ʩ ʥʘʧʨʷʞʝʥʠʝʤ ʩʪʘʥʮʠʠ ʫʧʨʘʚʣʝʥʠʷ 

ʫʩʪʘʥʦʚʣʝʥ ʧʦʚʳʰʘʶʱʠʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʊʄʇʅɻ100/3 ʥʦʤʠʥʘʣʴʥʦʡ ʤʦʱ-

ʥʦʩʪʴʶ 100 ʢɺɸ, ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʧʦʪʝʨʷʤʠ: ʭʦʣʦʩʪʦʛʦ 

ʭʦʜʘ . 0,31ʭʭʊʄʇʅPD =  ʢɺʪ, ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ . 2,4ʢʟʊʄʇʅPD =  ʢɺʪ [57]. ʇʨʠ 

ʵʪʦʤ ʜʣʷ ʫʯʝʪʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʦʪʝʨʴ ʦʪ ʜʝʡʩʪʚʠʷ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʢ ʚ ʚʳ-

ʭʦʜʥʦʤ ʥʘʧʨʷʞʝʥʠʠ ʯʘʩʪʦʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʧʨʠʤʝʤ 1,05PkD = . ʊʘʢʞʝ 

ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʚʘʨʠʘʥʪʝ ʢʦʤʧʣʝʢʪʘʮʠʠ ʧʦʛʨʫʞʥʦ-

ʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʘʷ ʢʦʥʜʝʥʩʘʪʦʨʥʘʷ ʙʘʪʘʨʝʷ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ 

ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʇʕɼ ʥʝ ʧʨʠʤʝʥʷʝʪʩʷ, ʘ ʂʇɼ ʯʘʩʪʦʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘ-

ʪʝʣʷ (ʚ ʩʣʫʯʘʝ ʝʛʦ ʫʩʪʘʥʦʚʢʠ ʚ ʩʪʘʥʮʠʶ ʫʧʨʘʚʣʝʥʠʷ) ʨʘʚʥʦ 0,96ʇʏh = . 

ʇʦʜʩʪʘʚʣʷʷ ʵʪʠ ʜʘʥʥʳʝ ʚ ʬʦʨʤʫʣʳ (24) ï (60), ʥʘʙʨʘʥʥʳʝ ʚ ʧʨʦʛʨʘʤʤʝ 

MathCAD, ʠ ʚʘʨʴʠʨʫʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʥʘʩʦʩʘ ʥʘʩQ  ʦʪ 120 ʤ
3
/ʩʫʪ. ʚʥʠʟ ʩ 

ʧʝʨʝʤʝʥʥʳʤ ʰʘʛʦʤ, ʥʘʡʜʝʤ ʛʨʘʥʠʯʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ .ʥʘʩ ʛʨQ , 

ʧʨʠ ʢʦʪʦʨʦʤ ʧʦʪʨʝʙʣʷʝʤʘʷ ʘʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʤ ʢʦʤʧʣʝʢ-

ʩʦʤ ʥʝʬʪʷʥʦʡ ʩʢʚʘʞʠʥʳ, ʢʘʢ ʚ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ ʯʘʩʪʦʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘ-

ʪʝʣʷ, ʪʘʢ ʠ ʙʝʟ ʥʝʛʦ ʙʫʜʝʪ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ. ʇʨʦʚʝʜʝʥʥʳʝ ʨʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ, 

ʯʪʦ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʢʚʘʞʠʥʳ . 98,91ʥʘʩʛʨQ =  ʤ
3
/ʩʫʪ., ʧʨʠ ʵʪʦʤ ʚ ʦʙʦʠʭ 

ʩʣʫʯʘʷʭ ʧʦʪʨʝʙʣʷʝʪʩʷ ʩʪʘʥʮʠʝʡ ʫʧʨʘʚʣʝʥʠʷ ʧʦʛʨʫʞʥʳʤ ʥʘʩʦʩʦʤ ʘʢʪʠʚʥʘʷ 
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ʤʦʱʥʦʩʪʴ 52,7 ʢɺʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʣʝʜʫʝʪ ʦʞʠʜʘʪʴ, ʯʪʦ ʧʨʠ ʪʨʝʙʫʝʤʦʤ ʜʝ-

ʙʠʪʝ 98ʪʨQ =  ʤ
3
/ʩʫʪ. ʧʨʠʤʝʥʝʥʠʝ ʯʘʩʪʦʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʧʨʠʚʝʜʝʪ ʢ 

ʵʢʦʥʦʤʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʨʘʩʯʝʪ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ 

98ʥʘʩQ =  ʤ
3
/ʩʫʪ. ʧʦʪʨʝʙʣʷʝʤʘʷ ʩʪʘʥʮʠʝʡ ʫʧʨʘʚʣʝʥʠʷ ʘʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ ʚ 

ʩʣʫʯʘʝ ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʷ ʰʪʫʮʝʨʘ ʨʘʚʥʘ 52,12 ʢɺʪ, ʘ ʚ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ 

ʯʘʩʪʦʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ï 51,57 ʢɺʪ. ʊʦ ʝʩʪʴ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʧʨʠʤʝ-

ʥʝʥʠʝ ʯʘʩʪʦʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʚ ʩʪʘʥʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʧʦʛʨʫʞʥʳʤ ʥʘʩʦʩʦʤ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʛʠʧʦʪʝʪʠʯʝʩʢʦʡ ʩʢʚʘʞʠʥʳ ʧʨʠʚʝʜʝʪ ʢ ʩʥʠʞʝʥʠʶ ʧʦʪʨʝʙ-

ʣʷʝʤʦʡ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʥʘ 0,54 ʢɺʪ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʫʪʦʯʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʩʥʠʟʠʪʩʷ ʥʘ 13,1 ʢɺʪÖʯʘʩ. 

ɽʩʣʠ ʞʝ ʚ ʧʨʦʮʝʩʩʝ ʧʦʜʙʦʨʘ ʧʦʛʨʫʞʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʝ ʠʩʧʦʣʴʟʦʚʘ-

ʣʘʩʴ ʤʝʪʦʜʠʢʘ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʛʦ ʜʠʟʘʡʥʘ ʠ ʧʦʛʨʫʞʥʦʡ ʥʘʩʦʩ ʩʦʚʤʝʩʪʥʦ ʩ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ ʙʳʣʠ ʚʳʙʨʘʥʳ ʩ ʙʦʣʴʰʠʤ ʟʘʧʘʩʦʤ, ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʯʘʩʪʦʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʝʱʝ ʙʦʣʝʝ ʚʦʟʨʘʩʪʝʪ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʝʩʣʠ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʢʚʘʞʠʥʳ ʠ ʚʳʙʨʘʥʥʦʡ ʫʩʪʘʥʦʚʢʠ 

ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʥʘʩʦʩʘ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʜʝʙʠʪ ʚ 90 ʤ
3
/ʩʫʪ., ʪʦ ʧʦʪʨʝʙ-

ʣʷʝʤʘʷ ʩʪʘʥʮʠʝʡ ʫʧʨʘʚʣʝʥʠʷ ʘʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ ʧʨʠ ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʷ ʰʪʫ-

ʮʝʨʘ ʙʫʜʝʪ ʨʘʚʥʘ 51,41 ʢɺʪ, ʘ ʚ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ ʯʘʩʪʦʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘ-

ʪʝʣʷ ï 44,89 ʢɺʪ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʙʫʜʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʵʢʦʥʦʤʠʷ ʧʦʪʨʝʙʣʷʝʤʦʡ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ 156,4 ʢɺʪÖʯʘʩ ʚ ʩʫʪʢʠ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʩʥʠʞʝʥʠʶ ʫʜʝʣʴʥʳʭ 

ʟʘʪʨʘʪ ʧʨʠ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʡ ʜʦʙʳʯʝ ʥʝʬʪʠ ʥʘ 1 2 1,738ʘʵ ʘʵE E- =  ʢɺʪÖʯʘʩ /ʤ
3
. 

ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʢʦʥʦʤʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʷʚʣʷʝʪ-

ʩʷ ʥʝ ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʯʘʩʪʦʪʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʩʪʘʥʮʠ-

ʷʭ ʫʧʨʘʚʣʝʥʠʷ ʧʦʛʨʫʞʥʳʤʠ ʥʘʩʦʩʘʤʠ. ʏʘʩʪʦʪʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʟʘ ʩʯʝʪ 

ʩʚʦʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʦʟʚʦʣʷʶʪ ʫʚʝʣʠʯʠʪʴ ʤʝʞʨʝʤʦʥʪʥʳʡ 

ʧʝʨʠʦʜ ʩʢʚʘʞʠʥʳ ʢʘʢ ʤʠʥʠʤʫʤ ʚ 2 ʨʘʟʘ [79], ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ 

ʵʢʦʥʦʤʠʯʝʩʢʦʤʫ ʵʬʬʝʢʪʫ. 
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2.4 ʅʘʧʦʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʰʪʘʥʛʦʚʳʭ ʩʢʚʘʞʠʥʥʳʭ  

ʥʘʩʦʩʥʳʭ ʫʩʪʘʥʦʚʦʢ ʠ ʠʭ ʚʣʠʷʥʠʝ  

ʥʘ ʧʦʪʨʝʙʣʝʥʠʝ ʤʦʱʥʦʩʪʠ ʧʨʠʚʦʜʥʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ 

 

ʐʪʘʥʛʦʚʳʝ ʩʢʚʘʞʠʥʥʳʝ ʥʘʩʦʩʥʳʝ ʫʩʪʘʥʦʚʢʠ, ʪʘʢʞʝ ʢʘʢ, ʠ ʧʦʛʨʫʞʥʳʝ 

ʮʝʥʪʨʦʙʝʞʥʳʝ ʥʘʩʦʩʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʧʦʜʲʝʤʘ ʧʣʘʩʪʦʚʦʡ ʞʠʜʢʦʩʪʠ ʠʟ 

ʩʢʚʘʞʠʥʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʟʝʤʣʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʐʉʅʋ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʧʨʠʤʝʥʷʶʪ ʥʘ ʩʢʚʘʞʠʥʘʭ ʩ ʜʝʙʠʪʦʤ ʜʦ 30...40 ʤ
3
 ʞʠʜʢʦʩʪʠ ʚ ʩʫʪʢʠ, ʨʝʞʝ ʜʦ 

50 ʤ
3
 ʧʨʠ ʩʨʝʜʥʠʭ ʛʣʫʙʠʥʘʭ ʧʦʜʚʝʩʢʠ 1000...1500 ʤ. ɺ ʥʝʛʣʫʙʦʢʠʭ ʩʢʚʘʞʠʥʘʭ 

ʫʩʪʘʥʦʚʢʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʜʲʝʤ ʞʠʜʢʦʩʪʠ ʜʦ 200 ʤ
3
/ʩʫʪ. ɺ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘ-

ʷʭ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʧʦʜʚʝʩʢʘ ʥʘʩʦʩʘ ʥʘ ʛʣʫʙʠʥʫ ʜʦ 3000 ʤ. 

ʐʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʐʉʅʋ ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʩʣʝʜʫʶʱʠʝ ʬʘʢʪʦ-

ʨʳ: 

¶ ʧʨʦʩʪʦʪʘ ʝʝ ʢʦʥʩʪʨʫʢʮʠʠ; 

¶ ʧʨʦʩʪʦʪʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ ʚ ʧʨʦʤʳʩʣʦʚʳʭ ʫʩʣʦʚʠʷʭ; 

¶ ʫʜʦʙʩʪʚʦ ʨʝʛʫʣʠʨʦʚʢʠ; 

¶ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʩʣʫʞʠʚʘʥʠʷ ʫʩʪʘʥʦʚʢʠ ʨʘʙʦʪʥʠʢʘʤʠ ʥʠʟʢʦʡ ʢʚʘʣʠ-

ʬʠʢʘʮʠʠ; 

¶ ʤʘʣʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʙʦʪʫ ʐɻʅʋ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʪʢʘ-

ʯʠʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ; 

¶ ʚʳʩʦʢʠʡ ʂʇɼ; 

¶ ʚʦʟʤʦʞʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʢʚʘʞʠʥ ʤʘʣʳʭ ʜʠʘʤʝʪʨʦʚ. 

ʋʩʪʘʥʦʚʢʘ ʩʦʩʪʦʠʪ ʠʟ ʧʨʠʚʦʜʘ, ʫʩʪʴʝʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʘʩʦʩʥʳʭ 

ʰʪʘʥʛ, ʛʣʫʙʠʥʥʦʛʦ ʥʘʩʦʩʘ, ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʧʦʜʟʝʤʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʘ-

ʩʦʩʥʦ-ʢʦʤʧʨʝʩʩʦʨʥʳʭ ʪʨʫʙ. ʇʨʠʚʦʜ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨ-

ʛʠʠ ʜʚʠʛʘʪʝʣʷ ʚ ʚʦʟʚʨʘʪʥʦ-ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʢʦʣʦʥʥʳ ʥʘʩʦʩʥʳʭ 

ʰʪʘʥʛ. 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʐʉʅʋ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʚʦʜʘ ʧʨʠʤʝʥʷʶʪ ʙʘʣʘʥʩʠʨʥʳʝ 

ʩʪʘʥʢʠ-ʢʘʯʘʣʢʠ (ʨʠʩʫʥʦʢ 10).  
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ʈʠʩʫʥʦʢ 10 ï ʐʪʘʥʛʦʚʘʷ ʩʢʚʘʞʠʥʥʘʷ ʥʘʩʦʩʥʘʷ ʫʩʪʘʥʦʚʢʘ  

ʩ ʙʘʣʘʥʩʠʨʥʳʤ ʩʪʘʥʢʦʤ-ʢʘʯʘʣʢʦʡ 

 

ɹʘʣʘʥʩʠʨʥʳʡ ʩʪʘʥʦʢ-ʢʘʯʘʣʢʘ ʩʦʩʪʦʠʪ ʠʟ ʨʘʤʳ 13, ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʘ 

ʤʘʩʩʠʚʥʦʤ ʬʫʥʜʘʤʝʥʪʝ 14. ʅʘ ʨʘʤʝ ʩʤʦʥʪʠʨʦʚʘʥʳ: ʩʪʦʡʢʘ, ʥʘ ʢʦʪʦʨʦʡ ʩ ʧʦ-

ʤʦʱʴʶ ʰʘʨʥʠʨʘ ʫʢʨʝʧʣʝʥ ʙʘʣʘʥʩʠʨ 8, ʠʤʝʶʱʠʡ ʥʘ ʦʜʥʦʤ ʢʦʥʮʝ ʛʦʣʦʚʢʫ 7 ʥʘ 

ʜʨʫʛʦʤ ï ʰʘʨʥʠʨ, ʩʦʝʜʠʥʷʶʱʠʡ ʝʛʦ ʩ ʰʘʪʫʥʦʤ 9. ʐʘʪʫʥ ʩʦʝʜʠʥʝʥ ʩ ʢʨʠʚʦ-
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ʰʠʧʦʤ 10, ʫʢʨʝʧʣʝʥʥʦʤ ʥʘ ʚʳʭʦʜʥʦʤ ʚʘʣʫ ʨʝʜʫʢʪʦʨʘ. ɺʭʦʜʥʦʡ ʚʘʣ ʨʝʜʫʢʪʦ-

ʨʘ 11 ʧʦʩʨʝʜʩʪʚʦʤ ʢʣʠʥʦʨʝʤʝʥʥʦʡ ʧʝʨʝʜʘʯʠ ʩʦʝʜʠʥʝʥ ʩ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ 

12. ɻʦʣʦʚʢʘ ʙʘʣʘʥʩʠʨʘ 7 ʩʦʝʜʠʥʝʥʘ ʩʦ ʰʪʦʢʦʤ 5 ʩ ʧʦʤʦʱʴʶ ʢʘʥʘʪʥʦʡ ʧʦʜʚʝʩ-

ʢʠ 6. ʋʩʪʴʝʚʘʷ ʘʨʤʘʪʫʨʘ 4 ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʛʝʨʤʝʪʠʟʘʮʠʠ ʧʦʣʠʨʦʚʦʯʥʦʛʦ 

ʰʪʦʢʘ 5, ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ ʧʦʪʨʝʙʠʪʝʣʶ, ʧʦʜʚʝʰʠʚʘʥʠʷ ʥʘʩʦʩʥʦ-

ʢʦʤʧʨʝʩʩʦʨʥʳʭ ʪʨʫʙ, ʟʘʤʝʨʘ ʟʘʪʨʫʙʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘ-

ʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʚ ʩʢʚʘʞʠʥʝ ʠ ʩʦʝʜʠʥʝʥʠʷ ʢʘʥʘʪʥʦʡ ʧʦʜʚʝʩʢʠ 6 ʥʘʩʦʩʘ 2 ʩ 

ʧʣʫʥʞʝʨʦʤ ʛʣʫʙʠʥʥʦʛʦ ʥʘʩʦʩʘ. ʂʦʣʦʥʥʘ ʩʦʙʠʨʘʝʪʩʷ ʠʟ ʦʪʜʝʣʴʥʳʭ ʰʪʘʥʛ 3. 

ʐʉʅʋ ʚʤʝʩʪʦ ʙʘʣʘʥʩʠʨʥʳʭ ʩʪʘʥʢʦʚ-ʢʘʯʘʣʦʢ ʤʦʛʫʪ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʮʝʧʥʳʝ ʧʨʠʚʦʜʳ. 

ʐʪʘʥʛʦʚʳʝ ʛʣʫʙʠʥʥʳʝ ʥʘʩʦʩʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʣʫʥʞʝʨʥʳʝ, ʦʙʣʘʜʘʶʪ 

ʦʪʣʠʯʥʦʡ ʦʪ ʮʝʥʪʨʦʙʝʞʥʦʡ ʥʘʧʦʨʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʨʠʩʫʥʦʢ 11) [80].  

 

ʈʠʩʫʥʦʢ 11 ï ʅʘʧʦʨʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʣʫʥʞʝʨʥʦʛʦ ʥʘʩʦʩʘ 

 

ʇʣʫʥʞʝʨʥʳʝ ʥʘʩʦʩʳ ʦʪʥʦʩʷʪʩʷ ʢ ʦʙʲʝʤʥʳʤ ʥʘʩʦʩʘʤ, ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ 

ʢʦʪʦʨʳʭ ʦʩʥʦʚʘʥ ʥʘ ʚʳʪʝʩʥʝʥʠʠ ʟʘʤʢʥʫʪʳʭ ʦʙʲʝʤʦʚ ʞʠʜʢʦʩʪʠ. ɺ ʪʘʢʠʭ ʥʘʩʦ-

ʩʘʭ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʥʘʧʦʨʦʤ ʥʘʩH  ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʥʘʩQ  ʧʨʝʜʩʪʘʚ-

ʣʷʝʪ ʩʦʙʦʡ ʚʝʨʪʠʢʘʣʴʥʫʶ ʣʠʥʠʶ, ʢʦʪʦʨʘʷ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʦʜʘʯʘ ʥʘʩʦʩʘ ʷʚ-

ʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ ʚʝʣʠʯʠʥʦʡ, ʥʝ ʟʘʚʠʩʷʱʝʡ ʦʪ ʥʘʧʦʨʘ. ʆʜʥʘʢʦ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ 
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ʫʪʝʯʝʢ ʞʠʜʢʦʩʪʠ ʯʝʨʝʟ ʫʧʣʦʪʥʝʥʠʷ, ʚʦʟʨʘʩʪʘʶʱʠʭ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʘʚʣʝʥʠʷ, 

ʨʝʘʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʪʝʦʨʝʪʠʯʝʩʢʦʡ. 

ʉʠʣʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʨʝʜʫʢʪʦʨ ʐʉʅʋ, ʥʘʧʨʠʤʝʨ, ʩ ʮʝʧʥʳʤ ʧʨʠʚʦʜʦʤ 

(ʨʠʩʫʥʦʢ 12) [81] ʧʨʠ ʧʦʜʲʝʤʝ ʞʠʜʢʦʩʪʠ ʠ ʜʚʠʞʝʥʠʠ ʰʪʘʥʛʠ ʚʚʝʨʭ ʧʨʠʙʣʠ-

ʟʠʪʝʣʴʥʦ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʫʨʘʚʥʝʥʠʝʤ  

1 1

ʙʫʬ

ʨʝʜ ʰʪ ʞ v ʰʪ ʧʚ

P
F G G k V G

g
= + + + -

r
,                              (62) 

ʛʜʝ ʰʪG  ï ʩʠʣʘ ʚʝʩʘ ʰʪʘʥʛ; ʞG  ï ʩʠʣʘ ʚʝʩʘ ʩʪʦʣʙʘ ʞʠʜʢʦʩʪʠ; ʧʚG  ï ʩʠʣʘ, ʩʦʟ-

ʜʘʚʘʝʤʘʷ ʧʨʦʪʠʚʦʚʝʩʦʤ; vk  ï ʢʦʵʬʬʠʮʠʝʥʪ, ʩʚʷʟʳʚʘʶʱʠʡ ʩʠʣʳ ʚʷʟʢʦʛʦ ʠ ʩʫ-

ʭʦʛʦ ʪʨʝʥʠʷ ʩʦ ʩʢʦʨʦʩʪʴʶ ʧʝʨʝʤʝʱʝʥʠʷ ʰʪʘʥʛ; 1ʰʪV  ï ʣʠʥʝʡʥʘʷ ʩʢʦʨʦʩʪʴ 

ʜʚʠʞʝʥʠʷ ʰʪʘʥʛʠ ʚʚʝʨʭ. 

 

ʛʨF  

ʩʢʚF  

ʟʚw  

ʈʠʩʫʥʦʢ 12 ï ʂʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʐʉʅʋ ʩ ʮʝʧʥʳʤ ʧʨʠʚʦʜʦʤ 

 

ʇʨʠ ʜʚʠʞʝʥʠʠ ʧʣʫʥʞʝʨʘ ʥʘʩʦʩʘ ʚʥʠʟ, ʩʠʣʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʨʝʜʫʢʪʦʨ 

ʙʫʜʝʪ ʨʘʚʥʘ  
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2 2ʨʝʜ ʧʚ ʰʪ v ʰʪF G G k V= - + ,                                        (63) 

ʛʜʝ 2ʰʪV  ï ʣʠʥʝʡʥʘʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʰʪʘʥʛʠ ʚʥʠʟ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘ ʚʘʣ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ, ʧʨʠʚʦʜʷʱʝʛʦ ʚ ʜʚʠʞʝ-

ʥʠʝ ʩʪʘʥʦʢ-ʢʘʯʘʣʢʫ, ʜʝʡʩʪʚʫʝʪ ʧʝʨʝʤʝʥʥʳʡ ʤʦʤʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʨʘʚʥʳʡ, 

ʠʩʭʦʜʷ ʠʟ ʬʦʨʤʫʣ (62) ʠ (63) 
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ʛʜʝ 1Gʄ  ï ʤʦʤʝʥʪ, ʩʦʟʜʘʚʘʝʤʳʡ ʩʠʣʘʤʠ ʚʝʩʘ ʠ ʙʫʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʧʨʠ ʜʚʠ-

ʞʝʥʠʠ ʰʪʘʥʛ ʚʚʝʨʭ; 2Gʄ  ï ʤʦʤʝʥʪ, ʩʦʟʜʘʚʘʝʤʳʡ ʩʠʣʘʤʠ ʚʝʩʘ ʧʨʠ ʜʚʠʞʝʥʠʠ 

ʰʪʘʥʛ ʚʥʠʟ; 2Mk  ï ʢʦʵʬʬʠʮʠʝʥʪ, ʩʚʷʟʳʚʘʶʱʠʡ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʤʦʤʝʥʪ ʥʘ 

ʚʘʣʫ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ, ʚʳʟʚʘʥʥʳʡ ʩʠʣʘʤʠ ʚʷʟʢʦʛʦ ʠ ʩʫʭʦʛʦ ʪʨʝʥʠʷ, ʩʦ 

ʩʢʦʨʦʩʪʴʶ ʚʨʘʱʝʥʠʷ w, 1w ʠ 2w  ï ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ʘʩʠʥʭʨʦʥʥʦʛʦ 

ʜʚʠʛʘʪʝʣʷ ʐʉʅʋ ʧʨʠ ʜʚʠʞʝʥʠʠ ʚʚʝʨʭ ʠ ʚʥʠʟ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; ʨʝʜi ï ʦʙʱʝʝ 

ʧʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ ʨʝʤʝʥʥʦʡ ʧʝʨʝʜʘʯʠ ʠ ʨʝʜʫʢʪʦʨʘ; ʨʝʜh  ï ʦʙʱʠʡ ʢʦʵʬʬʠ-

ʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʨʝʤʝʥʥʦʡ ʧʝʨʝʜʘʯʠ ʠ ʨʝʜʫʢʪʦʨʘ; ʟʚr  ï ʨʘʜʠʫʩ ʧʨʠ-

ʣʦʞʝʥʠʷ ʩʠʣʳ ʢ ʮʝʧʥʦʤʫ ʧʨʠʚʦʜʫ.  

ʉʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʜʚʠʛʘʪʝʣʷ ʧʨʠ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʟʥʘʯʝʥʠʠ ʥʘ-

ʧʨʷʞʝʥʠʷ ʩʪʘʪʦʨʘ ʙʫʜʝʪ ʤʝʥʷʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ 

ʰʪʘʥʛ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʤʦʤʝʥʪ ʥʘʛʨʫʟʢʠ ʥʘ ʚʘʣʫ ʜʚʠʛʘʪʝʣʷ ʙʫʜʝʪ 

ʠʤʝʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʥʫʶ ʚʝʣʠʯʠʥʫ ʧʨʠ ʜʚʠʞʝʥʠʠ ʰʪʘʥʛ ʚʚʝʨʭ ʠ ʚʥʠʟ. ʉʣʝ-

ʜʦʚʘʪʝʣʴʥʦ, ʧʘʜʝʥʠʝ ʩʢʦʨʦʩʪʠ 1wD , ʪʘʢʞʝ ʙʫʜʝʪ ʤʝʥʷʪʴ ʩʚʦʝ ʟʥʘʯʝʥʠʝ. ʊʝʤ ʥʝ 

ʤʝʥʝʝ, ʧʦʣʴʟʫʷʩʴ ʬʦʨʤʫʣʦʡ (25) ʤʦʞʥʦ ʥʘʡʪʠ ʩʨʝʜʥʝʝ ʧʘʜʝʥʠʝ ʩʢʦʨʦʩʪʠ ʟʘ 

ʧʝʨʠʦʜ ʢʘʯʘʥʠʷ ʐʉʅʋ 
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ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʜʚʠʛʘʪʝʣʷ 

ʐʉʅʋ ʧʨʠ ʥʦʤʠʥʘʣʴʥʦʤ ʥʘʧʨʷʞʝʥʠʠ ʩʪʘʪʦʨʘ ʙʫʜʝʪ ʨʘʚʥʘ 

( )( )0_50 1 2

0_50
2
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M M
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w w
w w

- +
= - .                              (67) 

ʌʦʨʤʫʣʘʤʠ ʘʥʘʣʦʛʠʯʥʳʤʠ (62) ï (67) ʦʧʠʩʳʚʘʶʪʩʷ ʩʠʣʳ, ʤʦʤʝʥʪʳ ʠ 

ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʥʘʟʝʤʥʳʭ ʘʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʠ ʐʉʅʋ ʚ ʚʠʜʝ ʪʨʘ-

ʜʠʮʠʦʥʥʳʭ ʩʪʘʥʢʦʚ-ʢʘʯʘʣʦʢ.  

ʄʦʤʝʥʪʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʚʘʣ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʩʪʘʥʢʘ-ʢʘʯʘʣʢʠ ʠʣʠ 

ʐʉʅʋ ʩ ʮʝʧʥʳʤ ʧʨʠʚʦʜʦʤ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʜʠʥʘʤʦʛʨʘʤʤʝ, ʬʠʢʩʠʨʫʝ-

ʤʦʡ ʜʘʪʯʠʢʦʤ ʩʠʣʳ. ɼʣʷ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʠʤ ʬʘʢʪʠʯʝʩʢʫʶ ʜʠʥʘʤʦʛʨʘʤʤʫ, 

ʧʦʣʫʯʝʥʥʫʶ ʩʦ ʩʢʚʘʞʠʥʳ, ʦʙʦʨʫʜʦʚʘʥʥʦʡ ʧʨʠʚʦʜʦʤ ʎʇ-60 (ʨʠʩʫʥʦʢ 13) [81]. 

 

ʈʠʩʫʥʦʢ 13 ï ʌʘʢʪʠʯʝʩʢʘʷ ʜʠʥʘʤʦʛʨʘʤʤʘ ʨʘʙʦʪʳ ʐʉʅʋ ʩ ʮʝʧʥʳʤ ʧʨʠʚʦʜʦʤ 

 

ʀʟ ʜʠʥʘʤʦʛʨʘʤʤʳ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ ʧʦʜʲʝʤʝ ʩʠʣʘ 

1 9,81 4750 46598F = Ö =  ʅ, ʘ ʧʨʠ ʩʧʫʩʢʝ ʰʪʘʥʛ ï 2 9,81 2250 22073F = Ö =  ʅ. 
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ʋʩʪʘʥʦʚʢʘ ʦʩʥʘʱʝʥʘ ʧʣʫʥʞʝʨʥʳʤ ʥʘʩʦʩʦʤ ʅʉʅ 2ɺ ʩ ʜʠʘʤʝʪʨʦʤ ʧʣʫʥ-

ʞʝʨʘ 0,044ʧʣd =  ʤ. ʅʘʩʦʩ ʩʧʫʱʝʥ ʥʘ ʛʣʫʙʠʥʫ 875ʩʧL =  ʤ ʥʘ ʥʘʩʦʩʥʦ-

ʢʦʤʧʨʝʩʩʦʨʥʳʭ ʪʨʫʙʘʭ ʩ ʜʠʘʤʝʪʨʦʤ 0,06ʥʢʪd =  ʤ, ʧʨʠ ʯʝʤ ʜʠʘʤʝʪʨ ʰʪʘʥʛ 

ʨʘʚʝʥ 0,022ʰʪd = ʤ. ʉʠʣʘ, ʩʦʟʜʘʚʘʝʤʘʷ ʧʨʦʪʠʚʦʚʝʩʦʤ ʨʘʚʥʘ 24000ʧʚG =  ʅ. ʀʟ 

ʵʪʠʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ, ʯʪʦ ʩʠʣʘ, ʚʳʟʚʘʥʥʘʷ ʚʝʩʦʤ ʰʪʘʥʛʠ, ʙʫʜʝʪ 

ʨʘʚʥʘ 25451ʰʪG =  ʅ. ʇʨʠ ʜʣʠʥʝ ʭʦʜʘ ʧʣʫʥʞʝʨʘ 3ʭʦʜʘL =  ʤ, ʧʝʨʠʦʜʝ ʮʠʢʣʘ 

ʢʘʯʘʥʠʷ 41ʮt =  ʩ, ʨʘʜʠʫʩʝ 0,112ʟʚr =  ʤ ʠ ʦʙʱʝʤ ʢʦʵʬʬʠʮʠʝʥʪʝ ʨʝʜʫʢʮʠʠ 

ʨʝʜ80i =  ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ʧʨʠʚʦʜʥʦʛʦ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʙʫʜʝʪ 

ʨʘʚʥʘ 104w=  ʨʘʜ/ʩ.  

ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʫʯʝʩʪʴ, ʯʪʦ 2 2ʰʪ MG F k w- = . ʊʦʛʜʘ ʠʟ ʜʠʥʘʤʦʛʨʘʤʤʳ 

ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʚʝʣʠʯʠʥʫ ʢʦʵʬʬʠʮʠʝʥʪʘ 2 0,0495Mk =  ʅʤʩ/ʨʘʜ ʠ ʚʝʣʠʯʠʥʫ 

2 8,061Gʄ =  ʅʤ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘʜʦ ʠʤʝʪʴ ʚʚʠʜʫ, ʯʪʦ 

1 1

ʙʫʬ

ʰʪ ʞ v ʰʪ

P
F G G k V

g
= + + +

r
. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʤʦʤʝʥʪ ʥʘ ʚʘʣʫ ʜʚʠʛʘ-

ʪʝʣʷ, ʚʳʟʚʘʥʥʳʡ ʩʠʣʘʤʠ ʚʝʩʘ ʠ ʜʘʚʣʝʥʠʷ 1 39,46Gʄ =  ʅʤ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʘʢʩʠʤʘʣʴʥʳʡ ʤʦʤʝʥʪ ʥʘ ʚʘʣʫ ʘʩʠʥʭʨʦʥʥʦʛʦ ʵʣʝʢʪʨʦ-

ʜʚʠʛʘʪʝʣʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʦʜʲʝʤʫ ʞʠʜʢʦʩʪʠ, ʨʘʚʝʥ 1 44,593ʩM =  ʅʤ, ʘ 

ʤʠʥʠʤʘʣʴʥʳʡ (ʧʨʠ ʩʧʫʩʢʝ ʰʪʘʥʛ) ï 2 13,193ʩM =  ʅʤ. 

ɸʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ, ʧʦʪʨʝʙʣʷʝʤʘʷ ʘʩʠʥʭʨʦʥʥʳʤ ʜʚʠʛʘʪʝʣʝʤ ʐʉʅʋ ʟʘ 

ʧʝʨʠʦʜ ʢʘʯʘʥʠʷ ʙʫʜʝʪ ʨʘʚʥʘ 
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ʛʜʝ ɸɼh  ï ʂʇɼ ʥʘʟʝʤʥʦʛʦ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ. 

ʀʣʠ ʩ ʫʯʝʪʦʤ ʬʦʨʤʫʣ (64) ï (67) 
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ʈʝʘʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ, ʧʦʪʨʝʙʣʷʝʤʘʷ ʜʚʠʛʘʪʝʣʝʤ ʐʉʅʋ, ʙʫʜʝʪ ʦʧʨʝʜʝ-

ʣʷʪʴʩʷ ʬʦʨʤʫʣʘʤʠ, ʘʥʘʣʦʛʠʯʥʳʤʠ (30) ʠʣʠ (31) 
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ɸʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ, ʧʦʪʨʝʙʣʷʝʤʘʷ ʩʪʘʥʮʠʝʡ ʫʧʨʘʚʣʝʥʠʷ ʐʉʅʋ ʙʝʟ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ ʙʫʜʝʪ ʨʘʚʥʘ    

1ʩʫ ɸɼP P= .                                                     (71) 

ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʩʪʘʥʮʠʷ ʫʧʨʘʚʣʝʥʠʷ ʐʉʅʋ ʦʩʥʘʱʝʥʘ ʧʨʝʦʙʨʘʟʦʚʘʪʝ-

ʣʝʤ ʯʘʩʪʦʪʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʤ ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʘʧʦʣʥʝʥʠʷ ʧʣʫʥʞʝʨʥʦʛʦ 

ʥʘʩʦʩʘ, ʧʦʪʨʝʙʣʝʥʠʝ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʩʪʘʥʮʠʠ ʤʦʞʥʦ ʧʦʩʯʠʪʘʪʴ ʧʦ ʬʦʨ-

ʤʫʣʝ 

2

ɸɼ

ʩʫ

ʧʯ

P
P

h
= .                                                    (72) 

 

2.5 ɺʣʠʷʥʠʝ ʚʝʣʠʯʠʥʳ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʩʪʘʪʦʨʥʳʭ ʦʙʤʦʪʢʘʭ  

ʘʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʥʘ ʧʦʪʨʝʙʣʷʝʤʫʶ ʘʢʪʠʚʥʫʶ ʠ ʨʝʘʢʪʠʚʥʫʶ 

ʤʦʱʥʦʩʪʴ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʜʦʙʳʚʘʶʱʠʭ ʩʢʚʘʞʠʥ 

 

ʎʝʣʴʶ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʡ ʜʦʙʳʯʠ ʥʝʬʪʠ ʧʦʩʨʝʜʩʪʚʦʤ ʨʝʛʫʣʠʨʦʚʘ-

ʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ. ʆʜʥʘʢʦ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʚʘʨʠʘʮʠʷ 

ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʧʨʠʚʝʜʝʪ ʢ ʠʟʤʝʥʝʥʠʶ ʥʘʧʨʷʞʝʥʠʷ ʥʘ 
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ʚʭʦʜʝ ʩʪʘʥʮʠʡ ʫʧʨʘʚʣʝʥʠʷ ʧʦʛʨʫʞʥʳʤʠ ʥʘʩʦʩʘʤʠ ʠ ʥʘ ʩʪʘʪʦʨʥʳʭ ʦʙʤʦʪʢʘʭ 

ʜʚʠʛʘʪʝʣʝʡ, ʧʨʠʚʦʜʷʱʠʭ ʚ ʜʚʠʞʝʥʠʝ ʥʘʩʦʩʳ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʝʦʙʭʦʜʠʤʦ 

ʟʥʘʪʴ, ʢʘʢ ʚʣʠʷʝʪ ʠʟʤʝʥʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʧʠʪʘʥʠʷ ʇʕɼ ʮʝʥʪʨʦʙʝʞʥʳʭ ʥʘʩʦ-

ʩʦʚ ʠ ʥʘʟʝʤʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʐʉʅʋ ʥʘ ʧʦʪʨʝʙʣʝʥʠʝ ʘʢʪʠʚʥʦʡ ʠ ʨʝʘʢʪʠʚʥʦʡ 

ʤʦʱʥʦʩʪʠ. 

ɽʩʣʠ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʚʦʜʘ ʥʘʩʦʩʦʚ ʧʨʠʤʝʥʷʶʪʩʷ ʘʩʠʥʭʨʦʥʥʳʝ ʜʚʠʛʘʪʝʣʠ, 

ʪʦ ʠʟʤʝʥʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʧʠʪʘʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʨʠʩʫʥʦʢ 14) [5, 82]. 
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ʈʠʩʫʥʦʢ 14 ï ʄʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ 

ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʩʪʘʪʦʨʝ 

 

ʉʪʘʪʠʯʝʩʢʦʝ ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ 2Dw ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʘʨʠʘʮʠʠ ʥʘʧʨʷ-

ʞʝʥʠʷ ʩʪʘʪʦʨʘ ʠ ʤʦʤʝʥʪʘ ʥʘʛʨʫʟʢʠ ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʩ ʧʦʤʦʱʴʶ ʣʠʥʝʘʨʠʟʦ-

ʚʘʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ [83], ʚ ʢʦʪʦʨʫʶ ʚʭʦ-

ʜʠʪ ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 
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ʂʦʵʬʬʠʮʠʝʥʪ (73) ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʣʷ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ, ʩʦʦʪʚʝʪʩʪ-

ʚʫʶʱʠʭ ʥʦʤʠʥʘʣʴʥʦʡ ʯʘʩʪʦʪʝ ʧʠʪʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ ʥʦʤʠʥʘʣʴʥʦʤʫ ʤʦ-

ʤʝʥʪʫ ʥʘʛʨʫʟʢʠ ʜʚʠʛʘʪʝʣʷ. ʊʦʛʜʘ, ʧʨʝʜʧʦʣʘʛʘʷ ʣʠʥʝʡʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʧʘʜʝ-

ʥʠʷ ʩʢʦʨʦʩʪʠ 2Dw ʦʪ ʤʦʤʝʥʪʘ ʥʘʛʨʫʟʢʠ 
ʩ

M , ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʠʟʤʝʥʝʥʠʝ 

ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʧʨʠ ʚʘʨʠʘʮʠʠ ʥʘʧʨʷʞʝ-

ʥʠʷ ʩʪʘʪʦʨʘ ʧʦ ʬʦʨʤʫʣʝ 

1

2

U

du ʩ

ʥʦʤ

k U M

M
w

D
D = .                                               (74) 

ʉ ʫʯʝʪʦʤ (74) ʠ ʬʦʨʤʫʣ (22) ʠ (25) ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʚʳ-

ʨʘʞʝʥʠʝ ʜʣʷ ʨʘʩʯʝʪʘ ʩʢʦʨʦʩʪʠ ʇʕɼ, ʧʨʠʚʦʜʷʱʝʛʦ ʚ ʜʚʠʞʝʥʠʝ ʧʦʛʨʫʞʥʦʡ 

ʮʝʥʪʨʦʙʝʞʥʳʡ ʥʘʩʦʩ, ʧʨʠ ʚʘʨʠʘʮʠʠ ʥʘʧʨʷʞʝʥʠʷ ʩʪʘʪʦʨʘ 
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.              (75) 

ʇʨʠ ʵʪʦʤ ʧʦʪʨʝʙʣʝʥʠʝ ʘʢʪʠʚʥʦʡ ʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʧʦʛʨʫʞʥʳʤ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ, ʩʦʝʜʠʥʠʪʝʣʴʥʳʤ ʢʘʙʝʣʝʤ, ʧʦʚʳʰʘʶʱʠʤ ʪʨʘʥʩʬʦʨʤʘʪʦ-

ʨʦʤ ʠ ʩʪʘʥʮʠʝʡ ʫʧʨʘʚʣʝʥʠʷ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʬʦʨʤʫʣʘʤʠ (29) ï (30). 
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ɽʩʣʠ ʩʪʘʥʮʠʷ ʫʧʨʘʚʣʝʥʠʷ ʧʦʛʨʫʞʥʳʤ ʮʝʥʪʨʦʙʝʞʥʳʤ ʥʘʩʦʩʦʤ ʦʩʥʘʱʝ-

ʥʘ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʯʘʩʪʦʪʳ, ʪʦ ʬʦʨʤʫʣʘ (75) ʜʣʷ ʨʘʩʯʝʪʘ ʩʢʦʨʦʩʪʠ ʇʕɼ 

ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʚ ʚʳʨʘʞʝʥʠʝ 
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ʛʜʝ 
1 0_50 1

U

ʥʦʤ dud k Uw w= - - D, ʘ ʧʦʪʨʝʙʣʝʥʠʝ ʘʢʪʠʚʥʦʡ ʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ 

ʧʦʛʨʫʞʥʳʤ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ, ʩʦʝʜʠʥʠʪʝʣʴʥʳʤ ʢʘʙʝʣʝʤ, ʧʦʚʳʰʘʶʱʠʤ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʤ ʠ ʩʪʘʥʮʠʝʡ ʫʧʨʘʚʣʝʥʠʷ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʬʦʨʤʫʣʘʤʠ 

(49) ï (60). 

ʇʨʠ ʵʪʦʤ ʨʘʩʯʝʪ ʧʦʪʨʝʙʣʝʥʠʷ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʇʕɼ ʤʦʞʥʦ ʧʨʦʠʟ-

ʚʦʜʠʪʴ ʧʦ ʬʦʨʤʫʣʝ 
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ɸʥʘʣʦʛʠʯʥʳʤ ʤʝʪʦʜʦʤ, ʠʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʳ (64) ï (67) ʠ (74), ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʜʣʷ ʨʘʩʯʝʪʘ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʥʘʟʝʤʥʦʛʦ ʘʩʠʥʭʨʦʥʥʦʛʦ 

ʜʚʠʛʘʪʝʣʷ ʐʉʅʋ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʬʘʟʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʩʪʘʪʦʨʘ 1ɸɼUD  ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʥʦʤʠʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ 
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ʛʜʝ 1 2
0

2

G G
ɸɼ

M M
M

+
= . 

ʇʨʠ ʵʪʦʤ ʘʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ, ʧʦʪʨʝʙʣʷʝʤʘʷ ʘʩʠʥʭʨʦʥʥʳʤ ʜʚʠʛʘʪʝʣʝʤ 

ʐʉʅʋ, ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʬʦʨʤʫʣʦʡ 
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w w
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= ,                                      (79) 

ʘ ʨʝʘʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (69) ʠʣʠ (70). 
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2.6 ɺʳʚʦʜʳ ʧʦ ʚʪʦʨʦʡ ʛʣʘʚʝ 

 

1. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʘʜʝʢʚʘʪʥʦ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ 

ʥʘʧʦʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʛʨʫʞʥʳʭ ʮʝʥʪʨʦʙʝʞʥʳʭ ʠ ʧʣʫʥʞʝʨʥʳʭ ʥʘʩʦʩʦʚ 

ʥʘ ʧʦʪʨʝʙʣʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʧʨʠ ʜʦʙʳʯʝ ʥʝʬʪʠ. 

2. ʅʘʡʜʝʥʳ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʫʜʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʵʣʝʢ-

ʪʨʦʵʥʝʨʛʠʠ ʥʘ ʜʦʙʳʯʫ ʢʫʙʦʤʝʪʨʘ ʞʠʜʢʦʩʪʠ ʧʦʛʨʫʞʥʳʤ ʮʝʥʪʨʦʙʝʞʥʳʤ ʥʘʩʦ-

ʩʦʤ ʙʫʜʫʪ ʨʘʚʥʳ ʢʘʢ ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ, ʪʘʢ ʠ 

ʙʝʟ ʥʝʛʦ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʙʦʩʥʦʚʘʥʥʦ ʧʦʜʭʦʜʠʪʴ ʢ ʚʳʙʦʨʫ ʢʦʤʧʣʝʢʪʘʮʠʠ 

ʩʪʘʥʮʠʠ ʫʧʨʘʚʣʝʥʠʷ. 

3. ʇʦʣʫʯʝʥʥʘʷ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʜʣʷ ʨʘʩʯʝʪʘ ʩʨʝʜʥʝʡ ʩʢʦʨʦ-

ʩʪʠ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʰʪʘʥʛʦʚʦʡ ʩʢʚʘʞʠʥʥʦʡ ʥʘʩʦʩʥʦʡ ʫʩʪʘʥʦʚʢʠ ʧʨʠ 

ʚʘʨʠʘʮʠʠ ʥʘʧʨʷʞʝʥʠʷ ʩʪʘʪʦʨʘ ʫʯʠʪʳʚʘʝʪ ʦʩʦʙʝʥʥʦʩʪʠ ʥʘʧʦʨʥʦʡ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʧʣʫʥʞʝʨʥʦʛʦ ʥʘʩʦʩʘ ʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʘ ʧʨʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ 

ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʪʘʢʦʛʦ ʪʠʧʘ. 
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3 ʈɸɿʈɸɹʆʊʂɸ ʄɽʊʆɼʀʂʀ ʈɸʉʏɽʊɸ ʀ ɺʓɹʆʈɸ ʆʇʊʀʄɸʃʔʅʆʁ 

ɺɽʃʀʏʀʅʓ ʅɸʇʈʗɾɽʅʀʗ ʇʈʆʄʓʉʃʆɺʆʁ ʇʆɼʉʊɸʅʎʀʀ 

 

3.1 ʇʦʠʩʢ ʦʧʪʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʳ ʥʘʧʨʷʞʝʥʠʷ  

ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ,  

ʧʠʪʘʶʱʝʡ ʦʪʭʦʜʷʱʫʶ ʣʠʥʠʶ ʩ ʪʨʝʤʷ ʇʕɼ 

 

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ ʠ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʳ 

ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʧʨʝʞʜʝ ʚʩʝʛʦ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴʩʷ ʩ ʢʨʠʪʝʨʠ-

ʝʤ ʦʧʪʠʤʠʟʘʮʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ ʠʥʦʛʜʘ ʚʳʙʠʨʘʶʪ ʤʠʥʠʤʫʤ 

ʧʦʪʝʨʴ ʚ ʚʦʟʜʫʰʥʳʭ ʠ ʢʘʙʝʣʴʥʳʭ ʣʠʥʠʷʭ ʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʭ [57] 

( )
1

min
m

k ʇʉ

k

P U
=

D ­ä ,                                           (80) 

ʛʜʝ kPD  ï ʧʦʪʝʨʠ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʥʘ ʦʜʥʦʤ ʠʟ ʵʣʝʤʝʥʪʦʚ ʦʪʭʦʜʷʱʝʡ ʦʪ 

ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʣʠʥʠʠ; ʇʉU  ï ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʚʳʭʦʜʝ ʧʨʦʤʳʩʣʦʚʦʡ 

ʧʦʜʩʪʘʥʮʠʠ. 

ɼʨʫʛʦʡ ʚʦʟʤʦʞʥʦʡ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʝʡ ʤʦʞʝʪ ʙʳʪʴ ʩʪʨʝʤʣʝʥʠʝ ʜʦʩʪʠʯʴ 

ʤʠʥʠʤʫʤʘ ʧʦʪʨʝʙʣʷʝʤʦʡ ʦʪ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ 

( ) minʇʉ ʇʉP U ­ .                                              (81) 

ʊʘʢʞʝ ʘʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʩʪʨʝʤʣʝʥʠʝ ʜʦʩʪʠʯʴ ʤʠʥʠʤʫʤʘ ʫʜʝʣʴʥʳʭ 

ʟʘʪʨʘʪ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʥʘ ʜʦʙʳʯʫ ʢʫʙʦʤʝʪʨʘ ʞʠʜʢʦʩʪʠ 

( ) minʘʵ ʇʉE U ­ .                                              (82) 

ʄʦʞʥʦ ʪʘʢʞʝ ʧʦʩʪʘʚʠʪʴ ʟʘʜʘʯʫ ʧʦʠʩʢʘ ʥʘʧʨʷʞʝʥʠʷ ʇʉU  ʧʨʦʤʳʩʣʦʚʦʡ 

ʧʦʜʩʪʘʥʮʠʠ, ʜʦʩʪʘʚʣʷʶʱʝʛʦ ʤʠʥʠʤʫʤ ʧʦʪʨʝʙʣʷʝʤʦʡ ʧʦʣʥʦʡ ʤʦʱʥʦʩʪʠ 

( ) minʇʉ ʇʉS U ­                                              (83) 

ʠʣʠ ʫʜʝʣʴʥʳʭ ʟʘʪʨʘʪ ʧʦʣʥʦʡ ʤʦʱʥʦʩʪʠ 

( ) minʧʵ ʇʉE U ­ .                                             (84) 

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ ʦʧʪʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʳ ʥʘʧʨʷʞʝʥʠʷ 

ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʨʘʩʩʤʦʪʨʠʤ ʛʠʧʦʪʝʪʠʯʝʩʢʫʶ ʦʪʭʦʜʷʱʫʶ ʣʠʥʠʶ 

ʥʝʬʪʷʥʦʛʦ ʧʨʦʤʳʩʣʘ, ʢ ʢʦʪʦʨʦʡ ʧʦʜʢʣʶʯʝʥʳ ʪʨʠ ʦʜʠʥʘʢʦʚʳʭ ʧʦʛʨʫʞʥʳʭ 



67 

 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʩ ʮʝʥʪʨʦʙʝʞʥʳʤʠ ʥʘʩʦʩʘʤʠ, ʜʦʙʳʚʘʶʱʠʤʠ ʥʝʬʪʴ ʠʟ ʘʙʩʦ-

ʣʶʪʥʦ ʦʜʠʥʘʢʦʚʳʭ ʩʢʚʘʞʠʥ (ʨʠʩʫʥʦʢ 15).  

 

 

ʈʠʩʫʥʦʢ 15 ï ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʛʠʧʦʪʝʪʠʯʝʩʢʦʡ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ ʩ ʪʨʝʤʷ ʇʕɼ 

 

ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʚ ʢʘʞʜʦʤ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʤ ʢʦʤʧʣʝʢʩʝ ʩʢʚʘʞʠʥʳ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦʛʨʫʞʥʳʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ ʕɼʊ45-103ʄ1, ʧʨʠʚʦʜʷʱʠʝ ʚ 

ʜʚʠʞʝʥʠʝ ʮʝʥʪʨʦʙʝʞʥʳʝ ʥʘʩʦʩʳ 0215ʕʎʅɸʂʀ5-125, ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʠ ʢʦʪʦʨʳʭ ʙʳʣʠ ʧʨʠʚʝʜʝʥʳ ʚʳʰʝ. ʂʘʞʜʘʷ ʩʢʚʘʞʠʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʩʣʝʜʫʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: 1620ʥʘʩH =  ʤ, 87ʥʘʩQ =  ʤ
3
/ʩʫʪʢʠ, 0,47ʥʘʩh = , 

1067r=  ʢʛ/ʤ
3
; 31,328 10Mk -= Ö ʅʤʩ

2
/ʨʘʜ

2
. ɼʣʷ ʧʠʪʘʥʠʷ ʇʕɼ ʥʝʩʪʘʥʜʘʨʪʥʳʤ 

ʟʥʘʯʝʥʠʝʤ ʥʘʧʨʷʞʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥʳ ʧʦʚʳʰʘʶʱʠʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ ʊʄʇʅ 

ʥʦʤʠʥʘʣʴʥʦʡ ʤʦʱʥʦʩʪʴʶ 100 ʢɺɸ, ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

0,274ʊʄʇʅk =  ʠ ʩʣʝʜʫʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: . 0,31ʭʭʊʄʇʅPD =  ʢɺʪ; 
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. 2,4ʢʟʊʄʇʅPD = ; . ,% 5,5ʢʊʄʇʅU = %; . ,% 2,2ʭʭʊʄʇʅI = %. ɼʣʷ ʩʦʧʨʷʞʝʥʠʷ ʩ ʚʦʟʜʫʰ-

ʥʦʡ ʣʠʥʠʝʡ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ ʚ ʢʘʞʜʦʤ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʤ ʢʦʤʧʣʝʢʩʝ ʜʦʙʳ-

ʚʘʶʱʝʡ ʩʢʚʘʞʠʥʳ ʧʨʠʤʝʥʝʥ ʧʦʥʠʞʘʶʱʠʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ 6/0,4 ʢɺ ʩ ʥʦʤʠ-

ʥʘʣʴʥʦʡ ʤʦʱʥʦʩʪʴʶ 100 ʢɺɸ, ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 15ʧʪk =  ʠ ʩʣʝ-

ʜʫʶʱʠʤʠ ʧʘʩʧʦʨʪʥʳʤʠ ʜʘʥʥʳʤʠ: . 0,29ʭʭʧʪPD =  ʢɺʪ; . 1,98ʢʟ ʧʪPD =  ʢɺʪ; 

. ,% 4,5ʢʧʪU = %; . ,% 2,2ʭʭʧʪI = %. 

ʉʦʝʜʠʥʠʪʝʣʴʥʳʝ ʢʘʙʝʣʠ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʧʦʛʨʫʞʥʳʝ ʜʚʠʛʘʪʝʣʠ 

ʧʦʜʢʣʶʯʝʥʳ ʢ ʧʦʚʳʰʘʶʱʠʤ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʤ, ʠʤʝʶʪ ʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝ-

ʥʠʝ 1 2 3 1,191ʢʣ ʢʣ ʢʣR R R= = =  ʆʤ ʠ ʨʝʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

1 2 3 0,126ʢʣ ʢʣ ʢʣX X X= = =  ʆʤ. ʉʦʧʨʦʪʠʚʣʝʥʠʷ ʚʦʟʜʫʰʥʳʭ ʣʠʥʠʡ, ʩʦʝʜʠʥʷʶ-

ʱʠʭ ʧʦʥʠʞʘʶʱʠʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ ʩ ʫʟʣʘʤʠ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ, ʠʤʝʶʪ ʩʣʝ-

ʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ: 1 2 3 0,92ʣ ʣ ʣR R R= = =  ʆʤ, 1 2 3 0,77ʣ ʣ ʣX X X= = =  ʆʤ. ʋʯʘ-

ʩʪʢʠ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ ʤʝʞʜʫ ʫʟʣʘʤʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷʤʠ: 

1 1,02ʮʧR -=  ʆʤ; 
1 0,85ʮʧX -=  ʆʤ; 1 2 1,224R- =  ʆʤ; 1 2 1,202X - =  ʆʤ; 

2 3 0,612R- =  ʆʤ; 2 3 0,51X - =  ʆʤ.  

ʃʶʙʦʡ ʘʩʠʥʭʨʦʥʥʳʡ ʜʚʠʛʘʪʝʣʴ ʦʧʠʩʳʚʘʝʪʩʷ ʩʠʩʪʝʤʦʡ ʧʷʪʠ ʥʝʣʠʥʝʡ-

ʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʢʦʪʦʨʳʭ ʧʨʠʥ-

ʮʠʧʠʘʣʴʥʦ ʥʝ ʩʫʱʝʩʪʚʫʝʪ. ʇʦʵʪʦʤʫ ʜʘʞʝ ʜʣʷ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʦ ʢʘʢʦ-

ʤʫ-ʣʠʙʦ ʢʨʠʪʝʨʠʶ ʫʨʦʚʥʷ ʥʘʧʨʷʞʝʥʠʷ ʧʠʪʘʥʠʷ ʦʜʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʥʝʦʙʭʦʜʠʤʦ 

ʧʦʣʴʟʦʚʘʪʴʩʷ ʯʠʩʣʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʨʘʩʯʝʪʘ [4-6]. 

ɿʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʳ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʤʳʩʣʦʚʦʡ 

ʧʦʜʩʪʘʥʮʠʠ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ ʥʘ ʥʝʬʪʷʥʦʤ ʧʨʦʤʳʩʣʝ ʝʱʝ ʙʦʣʝʝ ʦʩʣʦʞʥʷʝʪ-

ʩʷ, ʧʦʩʢʦʣʴʢʫ ʢ ʦʜʥʦʡ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ ʤʦʞʝʪ ʙʳʪʴ ʧʦʜʢʣʶʯʝʥʦ 10 ʠ ʙʦʣʝʝ 

ʩʢʚʘʞʠʥ, ʠ ʢʦʣʠʯʝʩʪʚʦ ʨʝʰʘʝʤʳʭ ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʨʘʚʥʝʥʠʡ ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟ-

ʨʘʩʪʘʝʪ. ʇʦʵʪʦʤʫ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʧʦʠʩʢ ʦʧʪʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʳ ʥʘʧʨʷʞʝʥʠʷ 

ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʜʦʣʞʝʥ ʧʨʦʠʟʚʦʜʠʪʩʷ ʯʠʩʣʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʩ 

ʧʨʠʚʣʝʯʝʥʠʝʤ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʧʦʠʩʢʦʚʳʝ ʘʣʛʦʨʠʪʤʳ [4-6]. 
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ʆʯʝʚʠʜʥʦ, ʯʪʦ ʨʘʩʯʝʪ ʥʝʦʙʭʦʜʠʤʦ ʚʝʩʪʠ ʦʪ ʩʘʤʦʛʦ ʫʜʘʣʝʥʥʦʛʦ ʵʣʝʢʪʨʦ-

ʧʨʠʝʤʥʠʢʘ, ʪʦ ʝʩʪʴ ʦʪ ʇʕɼ, ʧʦʜʢʣʶʯʝʥʥʦʛʦ ʢ 3-ʤʫ ʫʟʣʫ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ. 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʜʣʷ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʤʳʩʣʦʚʦʡ 

ʧʦʜʩʪʘʥʮʠʠ ʧʨʦʠʟʚʦʜʠʪʴ ʚʘʨʠʘʮʠʶ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʩʪʘʪʦʨʝ ʘʩʠʥʭʨʦʥʥʦʛʦ 

ʜʚʠʛʘʪʝʣʷ ʩʘʤʦʡ ʫʜʘʣʝʥʥʦʡ ʩʢʚʘʞʠʥʳ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 10,9 ʥʦʤU  ʜʦ 11,1 ʥʦʤU  ʩ ʥʝ-

ʢʦʪʦʨʳʤ ʰʘʛʦʤ 
.step nUD . ʊʦʛʜʘ ʤʝʪʦʜʠʢʫ ʨʘʩʯʝʪʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 

ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʜʣʷ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ, ʩʦʜʝʨʞʘʱʝʡ ʵʣʝʢʪʨʦʪʝʭʥʠ-

ʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʜʦʙʳʚʘʶʱʠʭ ʩʢʚʘʞʠʥ ʩ ʧʦʛʨʫʞʥʳʤʠ ʮʝʥʪʨʦʙʝʞʥʳʤʠ ʥʘ-

ʩʦʩʘʤʠ, ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʘʣʛʦʨʠʪʤʘ (ʨʠʩʫʥʦʢ 16). 

ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʨʘʩʯʝʪʘ ʷʚʣʷʶʪʩʷ: ʢʦʣʠʯʝʩʪʚʦ ʫʟʣʦʚ ; 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ  ï  ʥʘʩʦʩʦʚ ʧʨʠ ʥʦʤʠʥʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʛʘʪʝʣʝʡ; 

ʢʦʵʬʬʠʮʠʝʥʪʳ  ï ; ʧʘʨʘʤʝʪʨʳ ɻ-ʦʙʨʘʟʥʦʡ ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ 

ʧʦʛʨʫʞʥʳʭ ʘʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ  ï ,  ï ,  ï ; 

ʩʢʦʨʦʩʪʠ ʠʜʝʘʣʴʥʦʛʦ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ 
0_50.1w  ï 

0_50.nw ʠ ʥʦʤʠʥʘʣʴʥʳʝ ʩʢʦʨʦʩʪʠ 

ʚʨʘʱʝʥʠʷ ʜʚʠʛʘʪʝʣʝʡ  ï ; ʥʦʤʠʥʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʤʦʤʝʥʪʦʚ 

ʜʚʠʛʘʪʝʣʝʡ  ï ; ʤʦʤʝʥʪʳ ʪʨʦʛʘʥʠʷ 0 .1ʇʕɼM  ï 0 .ʇʕɼ nM ; ʤʠʥʠʤʘʣʴʥʦ 

ʜʦʧʫʩʪʠʤʳʝ ʟʥʘʯʝʥʠʷ ʬʘʟʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʜʚʠʛʘʪʝʣʝʡ  ï ; ʰʘʛ 

ʧʨʠʨʘʱʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʜʚʠʛʘʪʝʣʷ ʩʘʤʦʛʦ ʫʜʘʣʝʥʥʦʛʦ ʫʟʣʘ ; ʰʘʛ 

ʧʨʠʨʘʱʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ  ʜʚʠʛʘʪʝʣʝʡ ʩ 1-ʛʦ ʜʦ -ʛʦ ʫʟʣʘ; 

ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʝ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʩʪʘʪʦʨʝ ʩʘʤʦʛʦ ʫʜʘʣʝʥʥʦʛʦ 

ʜʚʠʛʘʪʝʣʷ ; ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʜʚʠʛʘʪʝʣʝʡ  ï ; 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʝʨʝʜʘʯʠ 1

U

ʜʫk  ï 
U

ʜʫnk ; ʧʘʩʧʦʨʪʥʳʝ ʜʘʥʥʳʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ 

 ï ;  ï ;  ï ;  ï 

;  ï ;  ï  ï ; 

 ï ;  ï ;  ï ;  ï ;  

ï ;  ï ;  ï ;  ï ;  ï ; 

ʘʢʪʠʚʥʳʝ ʠ ʠʥʜʫʢʪʠʚʥʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʘʙʝʣʴʥʳʭ ʣʠʥʠʡ  ï  ʠ  ï 

; ʘʢʪʠʚʥʳʝ ʠ ʠʥʜʫʢʪʠʚʥʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʦʟʜʫʰʥʳʭ ʣʠʥʠʡ  ï  ʠ 

 ï ; ʘʢʪʠʚʥʳʝ ʠ ʠʥʜʫʢʪʠʚʥʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 1ʇʉR - , 1 2R-  ï ( )1n n
R
- -

; 

n

1Q nQ

1Mk Mnk

2 1ɻR 2ɻnR
1kX knX 1mX mnX

1ʥʦʤw ʥʦʤnw

1ʥʦʤM ʥʦʤnM

1min.1U 1.minnU

.step nUD

UD ( 1)n-

1.maxnU 1h nh

. 1ʥʦʤʊʄʇʅS .ʥʦʤʊʄʇʅnS . 1ʥʦʤʊʄʇʅU .ʥʦʤʊʄʇʅnU . 1ʭʭʊʄʇʅPD .ʭʭʊʄʇʅnPD . 1ʢʟʊʄʇʅPD

.ʢʟʊʄʇʅnPD . 1ʭʭʊʄʇʅQD .ʭʭʊʄʇʅnQD . 1ʢʟʊʄʇʅQD .ʢʟʊʄʇʅnQD . 1,%ʢʊʄʇʅU . ,%ʢʊʄʇʅnU

1ʊʄʇʅk ʊʄʇʅnk . 1ʥʦʤʧʪS .ʥʦʤ ʧʪnS . 1ʥʦʤ ʧʪU .ʥʦʤʧʪnU . 1ʭʭ ʧʪPD .ʭʭ ʧʪnPD . 1ʢʟ ʧʪPD

.ʢʟ ʧʪnPD . 1ʭʭ ʧʪQD .ʭʭ ʧʪnQD . 1ʢʟ ʧʪQD .ʢʟ ʧʪnQD . 1,%ʢʧʪU . ,%ʢʧʪnU 1ʧʪk ʧʪnk

1ʢʣR ʢʣnR 1ʢʣX

ʢʣnX 1ʣR ʣnR

1ʣX ʣnX
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1ʇʉX - , 1 2X -ï ( )1n n
X

- -
 ʤʝʞʜʫ ʫʟʣʘʤʠ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ; ʨʝʘʢʪʠʚʥʳʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʦʥʜʝʥʩʘʪʦʨʥʳʭ ʙʘʪʘʨʝʡ, ʧʦʜʢʣʶʯʝʥʥʳʭ ʢ ʩʪʘʪʦʨʥʳʤ 

ʦʙʤʦʪʢʘʤ ʘʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ  ï ; ʜʦʧʫʩʪʠʤʘʷ ʧʦʛʨʝʰʥʦʩʪʴ 

ʥʘʧʨʷʞʝʥʠʷ 2UD . 

 

ɼʘ 

 

ʅʝʪ 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʅʘʯʘʣʦ 

 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ: n ; 
1Q  ï 

nQ ;
1Mk  ï 

Mnk ; 
2 1ɻR  ï 

2ɻnR ; 
1kX  ï 

knX ; 
1mX  ï 

mnX ; 
0_50.1w  ï 

0_50.nw ; 
1ʥʦʤw  ï 

ʥʦʤnw ; 
1ʥʦʤM ï 

ʥʦʤnM

;   
 

1 

0. 1ʇʕɼM  ï 0.ʇʕɼnM ; 
1min.1U  ï 

1min.nU ; .nstepUD ; UD ; 
1max.nU ; 

        
. 1ʥʦʤʊʄʇʅS  ï 

.ʥʦʤʊʄʇʅnS ; 
. 1ʥʦʤʊʄʇʅU  ï 

.ʥʦʤʊʄʇʅnU ; 
. 1ʭʭʊʄʇʅPD  ï   

 
.ʭʭʊʄʇʅnPD ;  

. 1ʢʟʊʄʇʅPD  ï 
.ʢʟʊʄʇʅnPD ; 

. 1ʭʭʊʄʇʅQD  ï 
.ʭʭʊʄʇʅnQD ;  

. 1ʢʟʊʄʇʅQD  ï 
.ʢʟʊʄʇʅnQD ; . 1,%ʢʊʄʇʅU  ï . ,%ʢʊʄʇʅnU ; 

1ʊʄʇʅk  ï 

 
 
ʊʄʇʅnk ; 

. 1ʥʦʤʧʪS  ï
.ʥʦʤʧʪnS ; 

. 1ʥʦʤʧʪU  ï 
.ʥʦʤʧʪnU ; 

. 1ʭʭʧʪPD  ï 
.ʭʭʧʪnPD ; 

. 1ʢʟ ʧʪPD  ï 
.ʢʟʧʪnPD ; 

. 1ʭʭʧʪQD  ï 
.ʭʭʧʪnQD ; 

. 1ʢʟ ʧʪQD  ï 
.ʢʟʧʪnQD ;  

. 1,%ʢ ʧʪU  ï . ,%ʢ ʧʪnU ; 
1ʧʪk  ï 

ʧʪnk ; 
1ʢʣR  ï 

ʢʣnR ; 
1ʢʣX  ï 

ʢʣnX ; 
1ʣR  ï 

ʣnR ; 
1ʣX  ï 

ʣnX ; 1ʇʉR - , 
1 2R-  ï 

( )1n n
R
- -

; 1ʇʉX - , 
1 2X -
ï 

( )1n n
X

- -
; 

1ʢʫX  ï ʢʫnX ; 2UD ;
1

U

ʜʫk  ï 
U

ʜʫnk ; 

 
 1i=- 

2

2 

1i i= + 

ʢ 46 

3 

ʢ 8 

4 

1q=- 

1q q= + 

0q= ? 

ʢ 38 

5 

6 

ʢ 14 
7 

ɿʘʜʘʥʠʝ ʬʘʟʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʩʪʘʪʦʨʝ n-ʛʦ ʜʚʠʛʘʪʝʣʷ 

1 1 .min 1 .n n step nU U i U= + D  

 

 

1ʢʫX ʢʫnX
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ʈʘʩʯʝʪ ʧʦʪʝʨʴ ʘʢʪʠʚʥʦʡ ʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ  

ʥʘ ʚʦʟʜʫʰʥʦʡ ʣʠʥʠʠ, ʩʦʝʜʠʥʷʶʱʝʡ ( )n q- -ʳʡ ʫʟʝʣ ʩ ( 1)n q- +-ʳʤ  

( )2 2

( 1) ( 1) ( ),( 1)

( ),( 1) 2

( 1)

n q n q ʣ n q n q

ʣ n q n q

n q

P Q R
P

U

- + - + - - +

- - +

- +

+
D = ;  

( )2 2

( 1) ( 1) ( ),( 1)

( ),( 1) 2

( 1)

n q n q ʣ n q n q

ʣ n q n q

n q

P Q X
Q

U

- + - + - - +

- - +

- +

+
D =  

1

11

1 

 

ʈʘʩʯʝʪ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ( )n q- -ʦʤ ʫʟʣʝ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ 

2

( 1) ( ),( 1) ( 1) ( ),( 1)

( 1)

( 1)

( ) 2

( 1) ( ),( 1) ( 1) ( ),( 1)

( 1)

n q ʣ n q n q n q ʣ n q n q

n q

n q

n q ʫ

n q ʣ n q n q n q ʣ n q n q

n q

P R Q X
U

U
U

P X Q R

U

- + - - + - + - - +

- +

- +

-

- + - - + - + - - +

- +

å õ+
+ +æ öæ ö

ç ÷
=

å õ-
+æ öæ ö
ç ÷

  

ʈʘʩʯʝʪ ʘʢʪʠʚʥʦʡ ʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ, ʩʥʠʤʘʝʤʦʡ ʩ ( )n q- -ʛʦ ʫʟʣʘ  

ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ ʩ ʫʯʝʪʦʤ ʧʦʪʨʝʙʣʷʝʤʦʡ ʤʦʱʥʦʩʪʠ ʧʨʝʜʳʜʫʱʠʤ ʫʟʣʦʤ 

( ),( 1) ( 1) ( ),( 1)n q n q n q ʣ n q n qP P P- - + - + - - += +D ; ( ),( 1) ( 1) ( ),( 1)n q n q n q ʣ n q n qQ Q Q- - + - + - - += +D  

 

1m=- 

ʢ 7 

8 

9 

10 

11

1 

ʢ 14 

ʢ 40 

1m m= + 

 
ɿʘʜʘʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʩʪʘʪʦʨʝ ( )n q- -ʛʦ ʜʚʠʛʘʪʝʣʷ  

1( ) 1min( )n q n qU U m U- -= + D 

12 

13 

ʢ 7 
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ʈʘʩʯʝʪ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ( )n q- -ʛʦ ʜʚʠʛʘʪʝʣʷ

( )2

( ) ( ) 1 ( ) 0_50( ) 1 0 ( ) ( )

( )

( ) 1

4

2

ʥʦʤ n q M n q ʥʦʤ n q n q ʇʕɼ n q ʥʦʤ n q

n q

M n q

M k d M d M M

k d

w
w

- - - - - -

-

-

+ - -
= , 

͎͔͒ ( )1

1 0( ) ( ) ( ) 1( ). 1( )

U

n q ʥʦʤ n q ʜʫ n q n q ʥʦʤ n qd k U U- - - - -= - - -w w  

 

ʢ 13 

 

ʈʘʩʯʝʪ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ, ʧʦʪʨʝʙʣʷʝʤʦʡ ( )n q- -ʳʤ ʜʚʠʛʘʪʝʣʝʤ 
3

( ) ( ) 0 ( ) ( )

( )

( )

M n q n q ʇʕɼ n q n q

ʇʕɼ n q

n q

k M
P

- - - -

-

-

w + w
=

h
 

ʈʘʩʯʝʪ ʩʢʦʣʴʞʝʥʠʷ ʨʦʪʦʨʘ ( )n q- -ʦʛʦ ʜʚʠʛʘʪʝʣʷ 

0_50( ) ( )

( )

0_50( )

n q n q

n q

n q

s
- -

-

-

w -w
=

w
 

0 

ʈʘʩʯʝʪ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ, ʧʦʪʨʝʙʣʷʝʤʦʡ ( )n q- -ʳʤ ʜʚʠʛʘʪʝʣʝʤ 

2

( ) ( ) 1( )2

( ) 1( ) 2 2 2

2 ( ) ( ) ( ) ( ) ( )

1
3

v

n q k n q n q

ʇʕɼ n q n q

ɻ n q n q k n q m n q ʢʫ n q

s X U
Q U

R s X X X

- - -

- -

- - - - -

è ø
= + -é ù

+é ùê ú
 

15 

17 

16 

ʢ 20 

14 

0 

ʈʘʩʯʝʪ ʧʦʪʝʨʴ ʘʢʪʠʚʥʦʡ ʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ  

ʥʘ ʩʦʝʜʠʥʠʪʝʣʴʥʦʤ ʢʘʙʝʣʝ ( )n q- -ʛʦ ʇʕɼ 

( )2 2

( ) ( ) ( )

( ) 2

1( )3

ʇʕɼ n q ʇʕɼ n q ʢʣ n q

ʢʣ n q

n q

P Q R
P

U

- - -

-

-

+
D = ; 

( )2 2

( ) ( ) ( )

( ) 2

1( )3

ʇʕɼ n q ʇʕɼ n q ʢʣ n q

ʢʣ n q

n q

P Q X
Q

U

- - -

-

-

+
D =  

0 

ʈʘʩʯʝʪ ʘʢʪʠʚʥʦʡ, ʨʝʘʢʪʠʚʥʦʡ ʠ ʧʦʣʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʚʳʭʦʜʝ 

( )n q- -ʛʦ ʊʄʇʅ ( ) ( ) ( )ʊʄʇʅ n q ʇʕɼ n q ʢʣ n qP P P- - -= +D ;  

( ) ( ) ( )ʊʄʇʅ n q ʇʕɼ n q ʢʣ n qQ Q Q- - -= +D ; 2 2

( ) ( ) ( )ʊʄʇʅ n q ʊʄʇʅ n q ʊʄʇʅ n qS P Q- - -= +   

18 

19 
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ʢ 19 

ʈʘʩʯʝʪ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʳʭʦʜʝ( )n q- -ʛʦ ʊʄʇʅ 

2

( ) ( ) ( ) ( )

1( )

1( )

( ) 2

( ) ( ) ( ) ( )

1( )

3
3

3

ʇʕɼ n q ʢʣ n q ʇʕɼ n q ʢʣ n q

n q

n q

ʊʄʇʅ n q

ʇʕɼ n q ʢʣ n q ʇʕɼ n q ʢʣ n q

n q

P R Q X
U

U
U

P X Q R

U

- - - -

-

-

-

- - - -

-

å õ+
+ +æ ö

æ ö
ç ÷

=
å õ-
+æ ö
æ ö
ç ÷

  
0 

20

\5 

0 
ʈʘʩʯʝʪ ʧʘʜʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʩʦʝʜʠʥʠʪʝʣʴʥʦʤ ʢʘʙʝʣʝ 

( )n q- -ʛʦ ʇʕɼ        ( ) ( ) 1( )3ʢʣ n q ʊʄʇʅ n q n qU U U- - -D = -  

ʈʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʛʨʫʟʢʠ ( )n q- -ʦʛʦ ʊʄʇʅ 

( )

( ) 3

. ( )10

ʊʄʇʅ n q

ʊʄʇʅ n q

ʥʦʤʊʄʇʅ n q

S

S

-

-

-

b =  

 

0 

 

22 

21 

ʈʘʩʯʝʪ ʧʦʪʝʨʴ ʘʢʪʠʚʥʦʡ, ʨʝʘʢʪʠʚʥʦʡ ʠ ʧʦʣʥʦʡ ʤʦʱʥʦʩʪʠ ʥʘ ( )n q- -ʦʤ ʊʄʇʅ 

( )3 2

( ) . ( ) ( ) . ( )10ʊʄʇʅ n q ʭʭʊʄʇʅ n q ʊʄʇʅ n q ʢʟʊʄʇʅ n qP P P- - - -D = D + Db ;  

( )3 2

( ) . ( ) ( ) . ( )10ʊʄʇʅ n q ʭʭʊʄʇʅ n q ʊʄʇʅ n q ʢʟʊʄʇʅ n qQ Q Q- - - -D = D + Db ;  

2 2

( ) ( ) ( )ʊʄʇʅ n q ʊʄʇʅ n q ʊʄʇʅ n qS P Q- - -D = D +D  

0 

23 

ʢ 25 

/  

24 
ʈʘʩʯʝʪ ʧʦʪʝʨʴ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ( )n q- -ʦʤ ʊʄʇʅ 

2

( ) ( ) ( ) ( ) ( )

( )

( )

ʊʄʇʅ n q ʊʄʇʅ n q ʊʄʇʅ n q ʊʄʇʅ n q ʊʄʇʅ n q

ʊʄʇʅ n q

ʊʄʇʅ n q

k R P X Q
U

U

- - - - -

-

-

è ø+ê úD = , 

ʛʜʝ 

3 2

. ( ) . ( )

( ) 2

. ( )

10 ʢʟʊʄʇʅ n q ʥʦʤʊʄʇʅ n q

ʊʄʇʅ n q

ʥʦʤʊʄʇʅ n q

P U
R

S

- -

-

-

D
= ; 

2

. ( )

( ) . ( ),%

. ( )

10
ʥʦʤʊʄʇʅ n q

ʊʄʇʅ n q ʢʊʄʇʅ n q

ʥʦʤʊʄʇʅ n q

U
X U

S

-

- -

-

=  
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ʢ 24 

ʈʘʩʯʝʪ ʘʢʪʠʚʥʦʡ, ʨʝʘʢʪʠʚʥʦʡ ʠ ʧʦʣʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʚʳʭʦʜʝ  

( )n q- -ʛʦ ʧʦʥʠʞʘʶʱʝʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

2 ( ) ( ) ( )ʧʪ n q ʊʄʇʅ n q ʊʄʇʅ n qP P P- - -= +D ; 2 ( ) ( ) ( )ʧʪ n q ʊʄʇʅ n q ʊʄʇʅ n qQ Q Q- - -= +D ; 

2 2

2 ( ) 2 ( ) 2 ( )ʧʪ n q ʧʪ n q ʧʪ n qS P Q- - -= +   

0 

ʈʘʩʯʝʪ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʳʭʦʜʝ ( )n q- -ʛʦ ʧʦʥʠʞʘʶʱʝʛʦ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ        2 ( ) ( ) ( ) ( )ʧʪ n q ʊʄʇʅ n q ʊʄʇʅ n q ʊʄʇʅ n qU k U U- - - -= +D   
0 

0 

ʈʘʩʯʝʪ ʧʦʪʝʨʴ ʘʢʪʠʚʥʦʡ, ʨʝʘʢʪʠʚʥʦʡ ʠ ʧʦʣʥʦʡ ʤʦʱʥʦʩʪʠ  

ʥʘ ( )n q- -ʦʤ ʧʦʥʠʞʘʶʱʝʤ ʪʨʘʥʩʬʦʨʤʘʪʦʨʝ 

( )3 2

( ) . ( ) ( ) . ( )10ʧʪ n q ʭʭʧʪ n q ʧʪ n q ʢʟ ʧʪ n qP P P- - - -D = D + Db ;  

( )3 2

( ) . ( ) ( ) . ( )10ʧʪ n q ʭʭʧʪ n q ʧʪ n q ʢʟ ʧʪ n qQ Q Q- - - -D = D + Db ; 
2 2

( ) ( ) ( )ʧʪ n q ʧʪ n q ʧʪ n qS P Q- - -D = D +D  

ʈʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʛʨʫʟʢʠ ( )n q- -ʦʛʦ ʧʦʥʠʞʘʶʱʝʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

( )

( ) 3

. ( )10

ʧʪ n q

ʧʪ n q

ʥʦʤʧʪ n q

S

S

-

-

-

b =  

0 
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28

 

25 

26 

ʢ 31 

0 

ʈʘʩʯʝʪ ʘʢʪʠʚʥʦʡ, ʨʝʘʢʪʠʚʥʦʡ ʠ ʧʦʣʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʚʭʦʜʝ  

( )n q- -ʛʦ ʧʦʥʠʞʘʶʱʝʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

1 ( ) 2 ( ) ( )ʧʪ n q ʪʧ n q ʪʧ n qP P P- - -= +D ; 1 ( ) 2 ( ) ( )ʧʪ n q ʪʧ n q ʪʧ n qQ Q Q- - -= +D ;  

2 2

1 ( ) 1 ( ) 1 ( )ʧʪ n q ʧʪ n q ʧʪ n qS P Q- - -= +   

29

 

0 

30

 
ʈʘʩʯʝʪ ʧʦʪʝʨʴ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ( )n q- -ʦʤ ʧʦʥʠʞʘʶʱʝʤ ʪʨʘʥʩʬʦʨʤʘʪʦʨʝ 

( ) 2 ( ) ( ) 2 ( )

( )

2 ( )

ʧʪ n q ʧʪ n q ʧʪ n q ʧʪ n q

ʧʪ n q

ʧʪ n q

R P X Q
U

U

- - - -

-

-

+
D = , 

ʛʜʝ 

2

. ( ) 2 . ( )

( )

( )

ʢʟʧʪ n q ʥʦʤʧʪ n q

ʧʪ n q

ʧʪ n q

P U
R

S

- -

-

-

D
=

2

2 . ( )

( ) . ( ),%

. ( )

10
ʥʦʤʧʪ n q

ʧʪ n q ʢ ʧʪ n q

ʥʦʤʧʪ n q

U
X U

S

-

- -

-

=  
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ɼʘ 

ʅʝʪ 

ʅʝʪ 

ɼʘ 

 

ʢ 30 

ʢ 38 

 

 

ʈʘʩʯʝʪ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʭʦʜʝ ( )n q- -ʛʦ ʧʦʥʠʞʘʶʱʝʛʦ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ     1 ( ) 2 ( ) ( ) ( )ʧʪ n q ʪʧ n q ʪʧ n q ʪʧ n qU U k U- - - -= +D   

31 

0000000000 

ʈʘʩʯʝʪ ʧʦʪʝʨʴ ʘʢʪʠʚʥʦʡ ʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ  

ʥʘ ʚʦʟʜʫʰʥʦʡ ʣʠʥʠʠ, ʦʪʭʦʜʷʱʝʡ ʦʪ ( )n q- -ʛʦ ʫʟʣʘ 
2

1 ( ) ( )

( ) 2

1 ( )

ʧʪ n q ʣ n q

ʣ n q

ʧʪ n q

S R
P

U

- -

-

-

D = ; 
2

1 ( ) ( )

( ) 2

1 ( )

ʧʪ n q ʣ n q

ʣ n q

ʧʪ n q

S X
Q

U

- -

-

-

D =  

32 

0 

ʈʘʩʯʝʪ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ( )n q- -ʦʤ ʫʟʣʝ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ 

2

1 ( ) ( ) 1 ( ) ( )

1 ( )

1 ( )

( ) ,2 2

1 ( ) ( ) 1 ( ) ( )

1 ( )

ʪʧ n q ʣ n q ʪʧ n q ʣ n q

ʪʧ n q

ʪʧ n q

n q ʫ

ʪʧ n q ʣ n q ʪʧ n q ʣ n q

ʪʧ n q

P R Q X
U

U
U

P X Q R

U

- - - -

-

-

-

- - - -

-

å õ+
+ +æ öæ ö

ç ÷
=

å õ-
+æ öæ ö
ç ÷

  

33 

1 
34 

0q= ? 

ʢ 12 1 
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36 

 

37 
ʈʘʩʯʝʪ ʘʢʪʠʚʥʦʡ ʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ, ʩʥʠʤʘʝʤʦʡ ʩ ( )n q- -ʛʦ ʫʟʣʘ  

( ) ( 1) 1 ( ) ( )n q n q ʧʪ n q ʣ n qP P P P- - + - -= + +D ; ( ) ( 1) 1 ( ) ( )n q n q ʧʪ n q ʣ n qQ Q Q Q- - + - -= + +D  

ʈʘʩʯʝʪ ʧʘʜʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʦʟʜʫʰʥʦʡ ʣʠʥʠʠ, ʦʪʭʦʜʷʱʝʡ 

ʦʪ ( )n q- -ʛʦ ʫʟʣʘ 

( ) ( ) 1 ( )ʣ n q n q ʪʧ n qU U U- - -D = -  

( ) ( ) ,2 2n q ʫ n q ʫU U U- -- ¢D? 
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ʢ 46 

1 1n q- =? 
38 

 

39 

 

40 
ʈʘʩʯʝʪ ʘʢʪʠʚʥʦʡ, ʨʝʘʢʪʠʚʥʦʡ ʠ ʧʦʣʥʦʡ ʤʦʱʥʦʩʪʠ, ʩʥʠʤʘʝʤʦʡ 

ʩ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ  

1ʇʉ ʇʉP P P= +D ; 1ʇʉ ʇʉQ Q Q= +D ; 2 2

ʇʉ ʇʉ ʇʉS P Q= +  

 

ʈʘʩʯʝʪ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ 
2 2

1 1 1 1 1 1 1
1

1 1

ʇʉ ʇʉ ʇʉ ʇʉ ʇʉ
ʇʉ ʫ

ʫ ʫ

PR Q X P X Q R
U U

U U

- - - -
å õ å õ+ -

= + +æ ö æ öæ ö æ ö
ç ÷ ç ÷

  

41 

ʈʘʩʯʝʪ ʧʦʪʝʨ ɹʘʢʪʠʚʥʦʡ ʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʝʡ ʥʘ ʫʯʘʩʪʢʝ  

ʚʦʟʜʫʰʥʦʡ ʣʠʥʠʠ ʤʝʞʜʫ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʝʡ ʠ 1-ʳʤ ʫʟʣʦʤ ʦʪʭʦʜʷʱʝʡ  

ʣʠʥʠʠ 

( )2 2

1 1 1

2

1

ʇʉ

ʇʉ

ʫ

P Q R
P

U

-+
D = ; 

( )2 2

1 1 1

2

1

ʇʉ

ʇʉ

ʫ

P Q X
Q

U

-+
D =  

 

42 
ʈʘʩʯʝʪ ʧʘʜʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʫʯʘʩʪʢʝ ʚʦʟʜʫʰʥʦʡ ʣʠʥʠʠ 

ʤʝʞʜʫ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʝʡ ʠ 1-ʳʤ ʫʟʣʦʤ 

1 1 ,2ʇʉ ʇʉ ʫU U U-D = -  

ʢ 6 

 
43 

ʈʘʩʯʝʪ ʩʫʤʤʘʨʥʳʭ ʧʦʪʝʨʴ ʘʢʪʠʚʥʦʡ ʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ 

ʠ ʧʘʜʝʥʠʡ ʥʘʧʨʷʞʝʥʠʡ 

0 

ʈʘʩʯʝʪ ʩʫʤʤʘʨʥʦʛʦ ʜʝʙʠʪʘ ʚʩʝʭ ʩʢʚʘʞʠʥ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ 

1

n
k k

k ʥʦʤk

Q
Q

=

w
=

w
ä  
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0 
ʈʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʫʜʝʣʴʥʳʭ ʟʘʪʨʘʪ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ  

ʵʬ

ʎʇ

Q
k

P
= ; 

24 ʇʉ
ʘʵ

P
E

Q
= ; 

24 ʇʉ
ʧʵ

S
E

Q
=  
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ʂʦʥʝʮ 

ɼʘ 

 

 

 

 

 

 

 

 

1 

ɺʳʙʦʨ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʇʉU , ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ   

ʪʨʝʙʫʝʤʦʤʫ ʢʨʠʪʝʨʠʶ ʦʧʪʠʤʠʟʘʮʠʠ  

 

1. 1. .maxn nU U² ? 

ʢ 44 

0 

46 
ʢ 3 

ʅʝʪ 

47 

 

ʈʠʩʫʥʦʢ 16 ï ɸʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ  

ʜʣʷ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ, ʩʦʜʝʨʞʘʱʝʡ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ  

ʜʦʙʳʚʘʶʱʠʭ ʩʢʚʘʞʠʥ ʩ ʧʦʛʨʫʞʥʳʤʠ ʮʝʥʪʨʦʙʝʞʥʳʤʠ ʥʘʩʦʩʘʤʠ  

 

ɺʦ ʚʪʦʨʦʤ ʙʣʦʢʝ ʧʨʠʩʚʘʠʚʘʝʪʩʷ ʫʩʣʦʚʥʳʡ ʥʦʤʝʨ ʰʘʛʘ ʨʘʩʯʝʪʦʚ . 

ɿʘʪʝʤ ʦʨʛʘʥʠʟʫʝʪʩʷ ʮʠʢʣ ʨʘʩʯʝʪʦʚ ʩ ʚʘʨʠʘʮʠʝʡ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʩʘʤʦʤ ʫʜʘʣʝʥ-

ʥʦʤ ʜʚʠʛʘʪʝʣʝ ʩ ʧʦʛʨʫʞʥʳʤ ʥʘʩʦʩʦʤ. ɺ ʪʨʝʪʴʝʤ ʙʣʦʢʝ (ʦʧʝʨʘʪʦʨʝ ʧʨʠʩʚʦʝ-

ʥʠʷ) ʢ ʧʨʝʜʳʜʫʱʝʤʫ ʥʦʤʝʨʫ ʰʘʛʘ ʨʘʩʯʝʪʘ ʧʨʠʙʘʚʣʷʝʪʩʷ 1. ʇʦʵʪʦʤʫ ʨʘʩʯʝʪ 

ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ  ʠ ʚ ʯʝʪʚʝʨʪʦʤ ʦʧʝʨʘʪʦʨʝ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʥʘʧʨʷʞʝʥʠʝ ʥʘ 

ʩʘʤʦʤ ʫʜʘʣʝʥʥʦʤ ʜʚʠʛʘʪʝʣʝ, ʧʦʜʢʣʶʯʝʥʥʦʤ ʢ -ʦʤʫ ʫʟʣʫ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ 

1 1 .min .n n step nU U i U= + D . ʊʦ ʝʩʪʴ ʩʥʘʯʘʣʘ ʧʨʠʥʠʤʘʝʪʩʷ ʤʠʥʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ 

ʚʝʣʠʯʠʥʘ ʬʘʟʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʩʘʤʦʤ ʫʜʘʣʝʥʥʦʤ ʜʚʠʛʘʪʝʣʝ. 

ɺ ʧʷʪʦʤ ʙʣʦʢʝ ʧʝʨʝʤʝʥʥʦʡ , ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ ʦʨʛʘʥʠʟʫʝʪʩʷ ʮʠʢʣ 

ʨʘʩʯʝʪʦʚ ʜʣʷ ʢʘʞʜʦʛʦ ʫʟʣʘ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ, ʧʨʠʩʚʘʠʚʘʝʪʩʷ ʟʥʘʯʝʥʠʝ . 

ɺ ʰʝʩʪʦʤ ʙʣʦʢʝ ʢ ʧʨʝʜʳʜʫʱʝʤʫ ʟʥʘʯʝʥʠʶ  ʧʨʠʙʘʚʣʷʝʪʩʷ 1, ʪʦ ʝʩʪʴ  ʩʪʘ-

ʥʦʚʠʪʩʷ ʨʘʚʥʦʡ 0. ʉʣʝʜʫʶʱʠʡ ʙʣʦʢ ʧʨʦʠʟʚʦʜʠʪ ʩʨʘʚʥʝʥʠʝ ʚʝʣʠʯʠʥʳ  ʩ ʥʫ-

ʣʝʤ ʠ ʧʦʩʢʦʣʴʢʫ ʥʘ ʧʝʨʚʦʤ ʰʘʛʝ ʵʪʦʛʦ ʮʠʢʣʘ (ʮʠʢʣʘ ʫʟʣʦʚ) ʪʘʢ ʦʥʦ ʠ ʝʩʪʴ, ʪʦ 

ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʠ ʘʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʦʪʧʨʘʚʣʷʶʪ ʥʘʩ ʢ ʙʣʦʢʫ 14, ʚ ʢʦ-

ʪʦʨʦʤ ʧʦ ʬʦʨʤʫʣʝ (75) ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ( )n q- -ʛʦ ʇʕɼ 

. ɿʘʪʝʤ ʚ ʙʣʦʢʘʭ 15 ï 24 ʧʦ ʬʦʨʤʫʣʘʤ (30) ï (39) ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʬʘʢ-

1i=-

0i=

n

q

1q=-

q q

q

( )n q-w
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ʪʠʯʝʩʢʠʝ ʩʢʦʣʴʞʝʥʠʷ ; ʧʦʪʨʝʙʣʝʥʠʝ ʜʚʠʛʘʪʝʣʝʤ ʘʢʪʠʚʥʦʡ  ʠ ʨʝ-

ʘʢʪʠʚʥʦʡ  ʤʦʱʥʦʩʪʠ; ʧʦʪʝʨʠ ʤʦʱʥʦʩʪʠ  ʠ  ʥʘ ʩʦʝʜʠ-

ʥʠʪʝʣʴʥʦʤ ʢʘʙʝʣʝ, ʘʢʪʠʚʥʘʷ , ʨʝʘʢʪʠʚʥʘʷ  ʠ ʧʦʣʥʘʷ 

 ʥʘʛʨʫʟʢʘ ʥʘ ʚʳʭʦʜʝ ʧʦʚʳʰʘʶʱʝʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ; ʧʘʜʝʥʠʝ ʥʘ-

ʧʨʷʞʝʥʠʷ  ʥʘ ʩʦʝʜʠʥʠʪʝʣʴʥʦʤ ʢʘʙʝʣʝ, ʥʘʧʨʷʞʝʥʠʝ  ʥʘ ʚʳ-

ʭʦʜʝ ʊʄʇʅ; ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʛʨʫʟʢʠ , ʧʦʪʝʨʠ ʤʦʱʥʦʩʪʠ , 

,  ʠ ʧʘʜʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʵʪʦʤ ʪʨʘʥʩʬʦʨ-

ʤʘʪʦʨʝ. 

ɿʘʪʝʤ ʨʘʩʯʝʪ ʧʝʨʝʭʦʜʠʪ ʚ ʙʣʦʢ 25, ʚ ʢʦʪʦʨʦʤ ʧʦ ʬʦʨʤʫʣʝ 

( )

2 ( ) ( )

( )

ʊʄʇʅ n q

ʧʪ n q ʊʄʇʅ n q

ʊʄʇʅ n q

U
U U

k

-

- -

-

= +D                                        (85) 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʧʨʷʞʝʥʠʝ  ʥʘ ʚʪʦʨʠʯʥʦʡ ʦʙʤʦʪʢʝ ʧʦʥʠʞʘʶʱʝʛʦ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʪʨʝʙʫʝʤʦʝ ʥʘʧʨʷʞʝʥʠʝ 1( )n qU -  ʥʘ ʩʪʘʪʦʨʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʇʕɼ. ɺ ʙʣʦʢʘʭ 26 ï 31 ʧʦ ʬʦʨʤʫʣʘʤ 

2 ( ) ( ) ( )ʧʪ n q ʊʄʇʅ n q ʊʄʇʅ n qP P P- - -= +D ;                                    (86) 

2 ( ) ( ) ( )ʧʪ n q ʊʄʇʅ n q ʊʄʇʅ n qQ Q Q- - -= +D ;                                   (87) 

2 2

2 ( ) 2 ( ) 2 ( )ʧʪ n q ʧʪ n q ʧʪ n qS P Q- - -= + ;                                     (88) 

2 ( )

( ) 3

. ( )10

ʧʪ n q

ʧʪ n q

ʥʦʤʧʪ n q

S

S

-

-

-

b = ;                                         (89) 

( )3 2

( ) . ( ) ( ) . ( )10ʧʪ n q ʭʭ ʧʪ n q ʧʪ n q ʢʟ ʧʪ n qP P Pb- - - -D = D + D ;                       (90) 

( )3 2

( ) . ( ) ( ) . ( )10ʧʪ n q ʭʭ ʧʪ n q ʧʪ n q ʢʟ ʧʪ n qQ Q Qb- - - -D = D + D ;                      (91) 

2 2

( ) ( ) ( )ʧʪ n q ʧʪ n q ʧʪ n qS P Q- - -D = D +D ;                                  (92) 

1 ( ) 2 ( ) ( )ʧʪ n q ʪʧ n q ʪʧ n qP P P- - -= +D ;                                     (93) 

1 ( ) 2 ( ) ( )ʧʪ n q ʪʧ n q ʪʧ n qQ Q Q- - -= +D ;                                    (94) 

2 2

1 ( ) 1 ( ) 1 ( )ʧʪ n q ʧʪ n q ʧʪ n qS P Q- - -= + ;                                    (95) 

( )n qs - ( )ʇʕɼ n qP -

( )ʇʕɼ n qQ - ( )ʢʣ n qP -D ( )ʢʣ n qQ -D

( )ʊʄʇʅ n qP - ( )ʊʄʇʅ n qQ -

( )ʊʄʇʅ n qS -

( )ʢʣ n qU -D ( )ʊʄʇʅ n qU -

( )ʊʄʇʅ n q-b ( )ʊʄʇʅ n qP -D

( )ʊʄʇʅ n qQ -D ( )ʊʄʇʅ n qS -D ( )ʊʄʇʅ n qU -D

2 ( )ʧʪ n qU -



79 

 

( ) 2 ( ) ( ) 2 ( )

( )

2 ( )

ʧʪ n q ʧʪ n q ʧʪ n q ʧʪ n q

ʧʪ n q

ʧʪ n q

R P X Q
U

U

- - - -

-

-

+
D = ;                        (96) 

1 ( ) 2 ( ) ( ) ( )ʧʪ n q ʪʧ n q ʪʧ n q ʪʧ n qU U k U- - - -= +D                                (97) 

ʥʘʭʦʜʷʪʩʷ ʘʢʪʠʚʥʘʷ , ʨʝʘʢʪʠʚʥʘʷ , ʧʦʣʥʘʷ  ʥʘʛʨʫʟʢʘ, 

ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʛʨʫʟʢʠ 
( )ʧʪ n q-b , ʧʦʪʝʨʠ ʤʦʱʥʦʩʪʠ  

( )ʧʪ n qP -D , ( )ʧʪ n qQ -D , 
( )ʧʪ n qS -D  

( )n q- -ʛʦ ʧʦʥʠʞʘʶʱʝʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʘ ʪʘʢʞʝ ʘʢʪʠʚʥʘʷ 
1 ( )ʧʪ n qP -

, ʨʝʘʢ-

ʪʠʚʥʘʷ  ʠ ʧʦʣʥʘʷ  ʤʦʱʥʦʩʪʴ ʥʘ ʚʭʦʜʝ ʧʦʥʠʞʘʶʱʝʛʦ ʪʨʘʥʩ-

ʬʦʨʤʘʪʦʨʘ, ʧʘʜʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ  ʠ ʥʘʧʨʷʞʝʥʠʝ 
1 ( )ʧʪ n qU -

 ʧʝʨʚʠʯʥʦʡ 

ʦʙʤʦʪʢʠ ʵʪʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ.  

ɿʘʪʝʤ ʚ ʙʣʦʢʘʭ 32 ʠ 33 ʧʦ ʬʦʨʤʫʣʘʤ  

2

1 ( ) ( )

( ) 2

1 ( )

ʧʪ n q ʣ n q

ʣ n q

ʧʪ n q

S R
P

U

- -

-

-

D = ;                                         (98) 

2

1 ( ) ( )

( ) 2

1 ( )

ʧʪ n q ʣ n q

ʣ n q

ʧʪ n q

S X
Q

U

- -

-

-

D = ;                                        (99) 

2

1 ( ) ( ) 1 ( ) ( )

1 ( )

1 ( )

( ) ,2 2

1 ( ) ( ) 1 ( ) ( )

1 ( )

ʧʪ n q ʣ n q ʧʪ n q ʣ n q

ʧʪ n q

ʧʪ n q

n q ʫ

ʧʪ n q ʣ n q ʧʪ n q ʣ n q

ʧʪ n q

P R Q X
U

U
U

P X Q R

U

- - - -

-

-

-

- - - -

-

å õ+
+ +æ öæ ö

ç ÷
=

å õ-
+æ öæ ö
ç ÷

                    (100) 

ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʦʪʝʨʠ ʘʢʪʠʚʥʦʡ  ʠ ʨʝʘʢʪʠʚʥʦʡ  ʤʦʱʥʦʩʪʠ ʥʘ 

ʚʦʟʜʫʰʥʦʡ ʣʠʥʠʠ, ʩʦʝʜʠʥʷʶʱʝʡ -ʳʡ ʫʟʝʣ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ ʩ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʤ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʤ, ʠ ʥʘʧʨʷʞʝʥʠʝ  ʥʘ ʵʪʦʤ ʫʟʣʝ. 

ɽʩʣʠ ʠʜʝʪ ʧʝʨʚʳʡ ʰʘʛ ʮʠʢʣʘ ʫʟʣʦʚ, ʪʦ ʝʩʪʴ , ʪʦ ʚ ʘʣʛʦʨʠʪʤʝ ʨʘʩ-

ʯʝʪʘ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʚ ʙʣʦʢ 36, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʯʝʪ ʧʘʜʝʥʠʷ ʥʘʧʨʷʞʝ-

ʥʠʷ 

( ) ( ) 1 ( )ʣ n q n q ʧʪ n qU U U- - -D = -                                         (101) 

ʥʘ ʚʦʟʜʫʰʥʦʡ ʣʠʥʠʠ, ʩʦʝʜʠʥʷʶʱʝʡ -ʳʡ ʫʟʝʣ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ ʩ ʧʦ-

ʥʠʞʘʶʱʠʤ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʤ. ɿʘʪʝʤ ʚ ʙʣʦʢʝ 37 ʥʘʭʦʜʠʪʩʷ ʘʢʪʠʚʥʘʷ  ʠ 

2 ( )ʧʪ n qP - 2 ( )ʧʪ n qQ - 2 ( )ʧʪ n qS -

1 ( )ʧʪ n qQ - 1 ( )ʧʪ n qS -

( )ʧʪ n qU -D

( )ʣ n qP -D ( )ʣ n qQ -D

( )n q-

( ) ,2n q ʫU -

0q=

( )n q-

( )n qP -
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ʨʝʘʢʪʠʚʥʘʷ  ʤʦʱʥʦʩʪʴ, ʩʥʠʤʘʝʤʘʷ ʩ -ʦʛʦ ʫʟʣʘ 

( ) ( 1) 1 ( ) ( )n q n q ʧʪ n q ʣ n qP P P P- - + - -= + +D ;                                 (102) 

( ) ( 1) 1 ( ) ( )n q n q ʧʪ n q ʣ n qQ Q Q Q- - + - -= + +D .                                (103) 

ʀ ʧʦʩʢʦʣʴʢʫ ʥʘ ʧʝʨʚʦʤ ʰʘʛʝ ʮʠʢʣʘ ʫʟʣʦʚ , ʪʦ ʚ ʘʣʛʦʨʠʪʤʝ ʨʘʩʯʝʪʘ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʚ 

ʙʣʦʢ 6, ʛʜʝ ʥʘʯʠʥʘʝʪʩʷ ʥʦʚʳʡ ʰʘʛ ʚ ʮʠʢʣʝ ʫʟʣʦʚ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ , ʧʦʵʪʦ-

ʤʫ ʚ ʙʣʦʢʘʭ 8 ï 10 ʧʦ ʬʦʨʤʫʣʘʤ 

( )2 2

( 1) ( 1) ( ),( 1)

( ),( 1) 2

( 1)

n q n q ʣ n q n q

ʣ n q n q

n q

P Q R
P

U

- + - + - - +

- - +

- +

+
D = ;                        (104) 

( )2 2

( 1) ( 1) ( ),( 1)

( ),( 1) 2

( 1)

n q n q ʣ n q n q

ʣ n q n q

n q

P Q X
Q

U

- + - + - - +

- - +

- +

+
D = ;                       (105) 

( ),( 1) ( 1) ( ),( 1)n q n q n q ʣ n q n qP P P- - + - + - - += +D ;                                 (106) 

( ),( 1) ( 1) ( ),( 1)n q n q n q ʣ n q n qQ Q Q- - + - + - - += +D ;                               (107) 

2

( 1) ( ),( 1) ( 1) ( ),( 1)

( 1)

( 1)

( ) 2

( 1) ( ),( 1) ( 1) ( ),( 1)

( 1)

n q ʣ n q n q n q ʣ n q n q

n q

n q

n q ʫ

n q ʣ n q n q n q ʣ n q n q

n q

P R Q X
U

U
U

P X Q R

U

- + - - + - + - - +

- +

- +

-

- + - - + - + - - +

- +

å õ+
+ +æ öæ ö

ç ÷
=

å õ-
+æ öæ ö
ç ÷

         (108) 

ʚʳʯʠʩʣʷʶʪʩʷ ʘʢʪʠʚʥʳʝ  ʠ ʨʝʘʢʪʠʚʥʳʝ  ʧʦʪʝʨʠ ʤʦʱ-

ʥʦʩʪʠ ʥʘ ʚʦʟʜʫʰʥʦʡ ʣʠʥʠʠ, ʩʦʝʜʠʥʷʶʱʝʡ -ʳʡ ʠ -ʳʡ ʫʟʣʳ ʦʪ-

ʭʦʜʷʱʝʡ ʣʠʥʠʠ ʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʟʥʘʯʝʥʠʷ ʘʢʪʠʚʥʦʡ  ʠ ʨʝʘʢʪʠʚʥʦʡ 

 ʤʦʱʥʦʩʪʠ, ʩʥʠʤʘʝʤʦʡ ʩ -ʛʦ ʫʟʣʘ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ ʜʣʷ ʧʠʪʘ-

ʥʠʷ ʙʦʣʝʝ ʫʜʘʣʝʥʥʳʭ ʫʟʣʦʚ, ʠ ʥʘʧʨʷʞʝʥʠʝ  ʥʘ ʫʟʣʝ ʩ ʥʦʤʝʨʦʤ . 

ɿʘʪʝʤ ʘʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʧʝʨʝʭʦʜʠʪ ʚ ʙʣʦʢ 11, ʛʜʝ ʧʝʨʝʤʝʥʥʦʡ m ʧʨʠ-

ʩʚʘʠʚʘʝʪʩʷ ʥʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ , ʧʦʩʣʝ ʯʝʛʦ ʚ ʙʣʦʢʝ 12 ʢ ʵʪʦʤʫ ʟʥʘʯʝ-

ʥʠʶ ʧʨʠʙʘʚʣʷʝʪʩʷ 1 ʠ ʥʘʯʠʥʘʝʪʩʷ ʮʠʢʣ ʧʦʜʙʦʨʘ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʩʪʘʪʦʨʝ 

-ʛʦ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ, ʢʦʪʦʨʦʝ ʜʦʣʞʥʦ ʙʳʪʴ ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ 

( )n qQ -
( )n q-

( ) 1n q- ¸

0q¸

( ),( 1)ʣ n q n qP - - +D ( ),( 1)ʣ n q n qQ - - +D

( )n q- ( 1)n q- +

( ),( 1)n q n qP - - +

( ),( 1)n q n qQ - - +
( )n q-

( )n q ʫU -
( )n q-

1m=-

( )n q-
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. ʇʦʵʪʦʤʫ ʚ ʙʣʦʢʝ 13 ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʟʥʘʯʝʥʠʝ ʬʘʟʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘ 

ʩʪʘʪʦʨʝ -ʛʦ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ 

1( ) 1min( )n q n qU U m U- -= + D.                                        (109) 

ɼʘʣʝʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʧʨʦʮʝʜʫʨʳ ʧʝʨʝʭʦʜʷʪ ʚ ʙʣʦʢ 14 ʠ ʧʦʚʪʦʨʷʶʪʩʷ ʪʝ ʞʝ 

ʩʘʤʳʝ ʨʘʩʯʝʪʳ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʨʠ . ɽʜʠʥʩʪʚʝʥʥʘʷ ʦʪʣʠʯʠʪʝʣʴʥʘʷ ʦʩʦ-

ʙʝʥʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʡ ʧʨʠ  ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʦʩʣʝ ʙʣʦʢʘ 33 ʧʨʦ-

ʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʚ ʙʣʦʢ 35, ʛʜʝ ʩʨʘʚʥʠʚʘʶʪʩʷ ʟʥʘʯʝʥʠʷ  ʩ . ɽʩ-

ʣʠ ʦʥʠ ʥʝ ʩʦʚʧʘʜʘʶʪ, ʦʧʷʪʴ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʚ ʙʣʦʢ 12 ʠ ʧʦʚʪʦʨʷʶʪʩʷ ʚʩʝ 

ʨʘʩʯʝʪʳ, ʧʦʢʘ  ʠ  ʥʝ ʩʦʚʧʘʜʫʪ ʩ ʥʝʢʦʪʦʨʦʡ ʜʦʧʫʩʪʠʤʦʡ ʧʦ-

ʛʨʝʰʥʦʩʪʴʶ 2UD . 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʷ ( ) ( ) ,2 2n q ʫ n q ʫU U U- -- ¢D ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʧʨʦʮʝ-

ʜʫʨʳ ʧʝʨʝʭʦʜʷʪ ʚ ʙʣʦʢʠ 36 ʠ 37 ʠ ʟʘʪʝʤ ʮʠʢʣʳ ʫʟʣʦʚ ʠ ʧʦʜʙʦʨʘ ʥʘʧʨʷʞʝʥʠʷ 

ʥʘ ʩʪʘʪʦʨʝ -ʛʦ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʧʦʚʪʦʨʷʶʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʚ 

ʙʣʦʢʝ 38 ʥʝ ʟʘʬʠʢʩʠʨʫʝʪʩʷ ʟʥʘʯʝʥʠʝ , ʧʦʜʪʚʝʨʞʜʘʶʱʝʝ, ʯʪʦ ʨʘʩʯʝ-

ʪʳ ʧʦ ʚʩʝʤ ʫʟʣʘʤ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ ʟʘʚʝʨʰʝʥʳ. 

ʇʦʩʣʝ ʵʪʦʛʦ ʚ ʙʣʦʢʘʭ 39 ï 45 ʧʦ ʬʦʨʤʫʣʘʤ 

( )2 2

1 1 1

2

1

ʇʉ

ʇʉ

ʫ

P Q R
P

U

-+
D = ;                                         (110) 

( )2 2

1 1 1

2

1

ʇʉ

ʇʉ

ʫ

P Q X
Q

U

-+
D = ;                                         (111) 

1ʇʉ ʇʉP P P= +D ;                                                (112) 

1ʇʉ ʇʉQ Q Q= +D ;                                              (113) 

2 2

ʇʉ ʇʉ ʇʉS P Q= + ;                                             (114) 

2 2

1 1 1 1 1 1 1
1

1 1

ʇʉ ʇʉ ʇʉ ʇʉ ʇʉ
ʇʉ ʫ

ʫ ʫ

PR Q X PX Q R
U U

U U

- - - -
å õ å õ+ -

= + +æ ö æ öæ ö æ ö
ç ÷ ç ÷

;           (115) 

1 1 ,2ʇʉ ʇʉ ʫU U U-D = -                                             (116) 

( )n q ʫU -

( )n q-

0q=

0q¸

( ) ,2n q ʫU - ( )n q ʫU -

( ) ,2n q ʫU - ( )n q ʫU -

( )n q-

( ) 1n q- =
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ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʨʘʩʯʝʪ ʘʢʪʠʚʥʳʭ ʇʉPD  ʠ ʨʝʘʢʪʠʚʥʳʭ ʇʉQD  

ʧʦʪʝʨʴ ʤʦʱʥʦʩʪʠ ʥʘ ʚʦʟʜʫʰʥʦʡ ʣʠʥʠʠ, ʩʦʝʜʠʥʷʶʱʝʡ ʧʨʦʤʳʩʣʦʚʫʶ ʧʦʜ-

ʩʪʘʥʮʠʶ ʩ 1-ʳʤ ʫʟʣʦʤ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ; ʘʢʪʠʚʥʦʡ ʇʉP , ʨʝʘʢʪʠʚʥʦʡ ʇʉQ  ʠ 

ʧʦʣʥʦʡ ʇʉS  ʤʦʱʥʦʩʪʠ, ʧʦʪʨʝʙʣʷʝʤʦʡ ʦʪ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ; ʥʘʧʨʷʞʝ-

ʥʠʷ ʇʉU  ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ; ʧʘʜʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ 1ʇʉU -D  ʥʘ ʚʦʟʜʫʰ-

ʥʦʡ ʣʠʥʠʠ, ʩʦʝʜʠʥʷʶʱʝʡ ʮʝʥʪʨ ʧʠʪʘʥʠʷ ʩ ʧʝʨʚʳʤ ʫʟʣʦʤ, ʩʫʤʤʘʨʥʳʝ ʧʦʪʝʨʠ 

ʘʢʪʠʚʥʦʡ ʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ; ʩʫʤʤʘ ʚʩʝʭ ʧʘʜʝʥʠʡ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʚʩʝʭ 

ʵʣʝʤʝʥʪʘʭ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʩʭʝʤʳ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ. ʂʨʦʤʝ ʪʦʛʦ ʩʫʤʤʘʨʥʳʡ 

ʜʝʙʠʪ Q  ʚʩʝʭ ʩʢʚʘʞʠʥ, ʧʦʜʢʣʶʯʝʥʥʳʭ ʢ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ; 

ʢʦʵʬʬʠʮʠʝʥʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 
ʵʬk  ʠ ʫʜʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʵʥʝʨʛʠʠ ʘʢʪʠʚʥʦʡ ʘʵE  ʠ 

ʧʦʣʥʦʡ ʧʵE  ʵʥʝʨʛʠʠ 

1

n
k k

k ʥʦʤk

Q
Q

=

w
=

w
ä ;                                              (117) 

ʵʬ

ʎʇ

Q
k

P
= ;                                                 (118) 

24 ʇʉ
ʘʵ

P
E

Q
= ;                                              (119) 

24 ʇʉ
ʧʵ

S
E

Q
= .                                              (120) 

ɼʘʣʝʝ ʚ ʙʣʦʢʝ 46 ʩʨʘʚʥʠʚʘʝʪʩʷ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʩʘʤʦʤ ʫʜʘʣʝʥʥʦʤ ʜʚʠʛʘ-

ʪʝʣʝ ʩ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʳʤ ʟʥʘʯʝʥʠʝʤ . ɽʩʣʠ ʦʥʦ ʥʝ ʜʦʩʪʠʛʥʫʪʦ, 

ʪʦ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʚ ʪʨʝʪʠʡ ʙʣʦʢ ʠ ʧʦʚʪʦʨʷʶʪʩʷ ʚʩʝ ʦʧʠʩʘʥʥʳʝ ʚʳʰʝ 

ʨʘʩʯʝʪʳ ʜʣʷ ʜʨʫʛʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʩʪʘʪʦʨʝ ʩʘʤʦʛʦ ʫʜʘʣʝʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩ 

ʥʦʤʝʨʦʤ . 

ʇʦʩʣʝ ʧʝʨʝʙʦʨʘ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʟʥʘʯʝʥʠʡ  ʩ ʰʘʛʦʤ  ʚʳʯʠʩ-

ʣʠʪʝʣʴʥʳʝ ʧʨʦʮʝʜʫʨʳ ʟʘʢʘʥʯʠʚʘʶʪʩʷ ʠ ʚ ʙʣʦʢʝ 47 ʧʨʦʠʩʭʦʜʠʪ ʚʳʙʦʨ ʦʧʪʠ-

ʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʪʨʝʙʫʝʤʦʤʫ ʢʨʠʪʝʨʠʶ ʦʧʪʠʤʠʟʘʮʠʠ. 

ʇʨʠʚʝʜʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʜʦʚʦʣʴʥʦ ʧʨʦʩʪʦ ʨʝʘʣʠʟʫʝʪʩʷ, ʥʘʧʨʠʤʝʨ, ʚ ʧʨʦ-

1.maxnU

n

1.nU .step nUD
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ʛʨʘʤʤʥʦʡ ʩʨʝʜʝ MathCAD. 

ɺʦʩʧʦʣʴʟʫʝʤʩʷ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʘʣʛʦʨʠʪʤʦʤ ʜʣʷ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʜʣʷ ʛʠʧʦʪʝʪʠʯʝʩʢʦʡ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ, 

ʧʨʠʚʝʜʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 15. ʇʨʦʠʟʚʦʜʷ ʨʘʩʯʝʪʳ ʜʣʷ ʨʷʜʘ ʟʥʘʯʝʥʠʡ ʥʘʧʨʷʞʝ-

ʥʠʷ ʩʪʘʪʦʨʘ ʩʘʤʦʛʦ ʫʜʘʣʝʥʥʦʛʦ ʇʕɼ: 
1 3 1. . 30,1ʇʕɼ ʥʦʤ ʇʕɼU UD =- ; 

1 3 1. . 30,05ʇʕɼ ʥʦʤ ʇʕɼU UD =- , 
1 3 1. . 30,025ʇʕɼ ʥʦʤ ʇʕɼU UD =- , 

1 3 0ʇʕɼUD =, 

1 3 1. . 30,025ʇʕɼ ʥʦʤ ʇʕɼU UD = , 
1 3 1. . 30,05ʇʕɼ ʥʦʤ ʇʕɼU UD =  ʠ 

1 3 1. . 30,1ʇʕɼ ʥʦʤ ʇʕɼU UD = , ï 

ʧʦʣʫʯʠʤ ʜʘʥʥʳʝ ʜʣʷ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʤʳʩʣʦ-

ʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʛʠʧʦʪʝʪʠʯʝʩʢʦʡ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ ʥʝʬʪʷʥʦʛʦ ʧʨʦʤʳʩʣʘ ʇʉU  

(ʪʘʙʣʠʮʘ 3). 

 

ʊʘʙʣʠʮʘ 3 ï ɿʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʪ ʥʘʧʨʷʞʝʥʠʷ  

ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʜʣʷ ʛʠʧʦʪʝʪʠʯʝʩʢʦʡ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ 

3UD , % -10 -5 -2,5 0 2,5 5 10 

PD , ʢɺʪ 15,83 15,68 15,64 16,44 16,93 16,99 17,18 

ʇʉU , ɺ 5486 5765 5905 6047 6192 6333 6614 

ʇʉP , ʢɺʪ 153,2 155,1 156,1 158,0 159,6 160,7 163,2 

ʇʉQ , ʢɺɸʨ 125,7 132,2 135,5 147,8 156,5 160,5 168,7 

Q, ʤ
3
/ʩʫʪ 260,8 262,1 262,8 263,5 264,2 264,9 266,4 

ʵʬ

ʇʉ

Q
k

P
= , ʤ

3
/ʩʫʪÖʢɺʪ 1,702 1,69 1,683 1,668 1,656 1,648 1,632 

24 ʇʉ
ʘʵ

P
E

Q
= , ʢɺʪÖʯʘʩ/ʤ

3 
14,10 14,20 14,26 14,39 14,50 14,56 14,70 

ʇʉS , ʢɺɸ 198,2 203,8 206,7 216,4 223,5 227,1 234,7 

24 ʇʉ
ʧʵ

S
E

Q
= , ʢɺɸÖʯʘʩ/ʤ

3
 18,24 18,66 18,88 19,71 20,3 20,6 21,1 

 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ 3 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʨʠʪʝʨʠʷ 

ʦʧʪʠʤʠʟʘʮʠʠ ʥʘʧʨʷʞʝʥʠʝ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʠʨʘʪʴ 

ʨʘʟʥʳʤ.  

ɽʩʣʠ ʠʩʭʦʜʠʪʴ ʠʟ ʦʙʝʩʧʝʯʝʥʠʷ ʤʠʥʠʤʫʤʘ ʘʢʪʠʚʥʳʭ ʧʦʪʝʨʴ ʚ ʚʦʟʜʫʰ-

ʥʳʭ ʠ ʢʘʙʝʣʴʥʳʭ ʣʠʥʠʷʭ ʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʭ, ʪʦ ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʥʘʧʨʷ-
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ʞʝʥʠʝ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ 5905ʇʉU =  ɺ, ʧʨʠ ʢʦʪʦʨʦʤ ʥʘ ʩʪʘʪʦʨʝ ʩʘʤʦ-

ʛʦ ʫʜʘʣʝʥʥʦʛʦ ʇʕɼ3 ʥʘʧʨʷʞʝʥʠʝ ʙʫʜʝʪ ʤʝʥʴʰʝ ʥʦʤʠʥʘʣʴʥʦʛʦ ʥʘ 2,5 %. ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʪʝʨʠ ʚ ʣʠʥʠʷʭ ʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʭ ʩʦʩʪʘʚʷʪ15,64PD =  ʢɺʪ. 

ɽʩʣʠ ʚ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʦʧʪʠʤʠʟʘʮʠʠ ʚʳʙʨʘʪʴ ʤʠʥʠʤʫʤ ʧʦʪʨʝʙʣʝʥʠʷ 

ʘʢʪʠʚʥʦʡ ʇʉP  ʠ ʧʦʣʥʦʡ ʤʦʱʥʦʩʪʠ ʇʉS  ʦʪʭʦʜʷʱʝʡ ʦʪ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥ-

ʮʠʠ ʣʠʥʠʠ ʤʠʥʠʤʫʤ ʫʜʝʣʴʥʳʭ ʟʘʪʨʘʪ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʘʵE  ʠ ʧʵE  ʥʘ ʜʦʙʳʯʫ 

ʢʫʙʦʤʝʪʨʘ ʞʠʜʢʦʩʪʠ ʠʟ ʩʢʚʘʞʠʥ ʠʣʠ ʤʘʢʩʠʤʫʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʬʬʝʢʪʠʚʥʦ-

ʩʪʠ, ʪʦ ʦʧʪʠʤʘʣʴʥʳʤ ʙʫʜʝʪ ʥʘʧʨʷʞʝʥʠʝ 5486ʇʉU =  ɺ, ʧʨʠ ʢʦʪʦʨʦʤ ʥʘ ʩʪʘʪʦ-

ʨʝ ʩʘʤʦʛʦ ʫʜʘʣʝʥʥʦʛʦ ʇʕɼ3 ʥʘʧʨʷʞʝʥʠʝ ʙʫʜʝʪ ʤʝʥʴʰʝ ʥʦʤʠʥʘʣʴʥʦʛʦ ʥʘ 

10 %. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʟʥʦʩʪʴ ʧʦʪʨʝʙʣʝʥʠʷ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʧʨʠ 

ʚʘʨʠʘʮʠʠ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʦʪ 5486 ɺ ʜʦ 6614 ɺ ʩʦʩʪʘʚ-

ʣʷʝʪ 10 ʢɺʪ, ʪʦ ʝʩʪʴ ʠʟʤʝʥʷʝʪʩʷ ʥʘ 6,5% ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝ-

ʥʠʷ. ʇʦʪʨʝʙʣʝʥʠʝ ʧʦʣʥʦʡ ʤʦʱʥʦʩʪʠ ʧʨʠ ʵʪʦʤ ʠʟʤʝʥʷʝʪʩʷ ʥʘ 36,5 ʢɺɸ, ʯʪʦ 

ʩʦʩʪʘʚʣʷʝʪ 18,4 % ʦʪ ʦʧʪʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʳ. 

ɽʩʣʠ ʢʘʞʜʳʡ ʠʟ ʇʕɼ ʩʥʘʙʜʠʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʢʦʥʜʝʥʩʘʪʦʨʥʦʡ ʫʩʪʘ-

ʥʦʚʢʦʡ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ, ʪʦ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʛʠʧʦʪʝʪʠʯʝʩʢʦʡ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ ʧʨʠʤʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ 

(ʨʠʩʫʥʦʢ 17). 

ʇʨʠʤʝʥʠʤ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʘʣʛʦʨʠʪʤ (ʨʠʩʫʥʦʢ 16) ʜʣʷ ʨʘʩʯʝʪʘ ʠ ʚʳʙʦʨʘ 

ʦʧʪʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʳ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʜʣʷ ʵʪʦʛʦ ʩʣʫʯʘʷ. ʇʨʦʠʟʚʝ-

ʜʝʤ ʚʘʨʠʘʮʠʶ ʥʘʧʨʷʞʝʥʠʷ 
1 3ʇʕɼU  ʚ ʪʝʭ ʞʝ ʩʘʤʳʭ ʧʨʝʜʝʣʘʭ ʦʪ 

1 3.0,9 ʇʕɼ ʥʦʤU  ʜʦ 

1 3.1,1 ʇʕɼ ʥʦʤU  ʠ ʩʚʝʜʝʤ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʪʘʙʣʠʮʫ 4.  
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ʈʠʩʫʥʦʢ 17 ï ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʛʠʧʦʪʝʪʠʯʝʩʢʦʡ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ ʩ ʪʨʝʤʷ ʇʕɼ,  

ʦʩʥʘʱʝʥʥʳʤʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʢʦʥʜʝʥʩʘʪʦʨʥʳʤʠ ʙʘʪʘʨʝʷʤʠ 

 

ʊʘʙʣʠʮʘ 4 ï ɿʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʪ ʥʘʧʨʷʞʝʥʠʷ  

ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʜʣʷ ʛʠʧʦʪʝʪʠʯʝʩʢʦʡ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ, ʧʨʠʚʝʜʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 

17, ʩ ʫʯʝʪʦʤ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʢʦʥʜʝʥʩʘʪʦʨʥʳʭ ʙʘʪʘʨʝʡ 

3UD , % -10 -5 -2,5 0 2,5 5 10 

PD , ʢɺʪ 11,36 10,89 10,69 10,75 10,71 10,55 10,27 

ʇʉU , ɺ 5444 5720 5858 5999 6143 6282 6561 

ʇʉP , ʢɺʪ 148,7 150,3 151,1 152,2 153,3 154,2 156,2 

ʇʉQ , ʢɺɸʨ 53,5 51,9 50,8 58,2 61,9 61,2 59,6 

Q, ʤ
3
/ʩʫʪ 260,7 262,1 262,8 263,5 264,2 264,9 266,3 

ʵʬ

ʇʉ

Q
k

P
= , ʤ

3
/ʩʫʪÖʢɺʪ 1,754 1,744 1,739 1,731 1,723 1,717 1,705 

24 ʇʉ
ʘʵ

P
E

Q
= , 

ʢɺʪÖʯʘʩ/ʤ
3 

13,68 13,76 13,80 13,87 13,93 13,97 14,08 

ʇʉS , ʢɺɸ 158,0 159,0 159,4 163,0 165,3 165,9 167,2 

24 ʇʉ
ʧʵ

S
E

Q
= , 

ʢɺɸÖʯʘʩ/ʤ
3
 

14,545 14,557 14,562 14,85 15,02 15,03 15,07 
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ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ. ɼʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʤʠʥʠʤʫʤʘ ʘʢʪʠʚʥʳʭ ʧʦʪʝʨʴ ʚ ʚʦʟʜʫʰʥʳʭ ʠ ʢʘʙʝʣʴʥʳʭ ʣʠʥʠʷʭ ʠ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʭ ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʥʘʧʨʷʞʝʥʠʝ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ 

6561ʇʉU =  ɺ, ʧʨʠ ʢʦʪʦʨʦʤ ʥʘ ʩʪʘʪʦʨʝ ʩʘʤʦʛʦ ʫʜʘʣʝʥʥʦʛʦ ʇʕɼ3 ʥʘʧʨʷʞʝʥʠʝ 

ʙʫʜʝʪ ʙʦʣʴʰʝ ʥʦʤʠʥʘʣʴʥʦʛʦ ʥʘ 10 %. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʪʝʨʠ ʚ ʣʠʥʠʷʭ ʠ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʭ ʩʦʩʪʘʚʷʪ10,27PD =  ʢɺʪ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʠʥʠʤʫʤʘ ʧʦ-

ʪʨʝʙʣʝʥʠʷ ʘʢʪʠʚʥʦʡ ʇʉP  ʠ ʧʦʣʥʦʡ ʤʦʱʥʦʩʪʠ ʇʉS  ʦʪʭʦʜʷʱʝʡ ʦʪ ʧʨʦʤʳʩʣʦʚʦʡ 

ʧʦʜʩʪʘʥʮʠʠ ʣʠʥʠʠ ʠ ʤʠʥʠʤʫʤʘ ʫʜʝʣʴʥʳʭ ʟʘʪʨʘʪ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʘʵE  ʠ ʧʵE  ʥʘ 

ʜʦʙʳʯʫ ʢʫʙʦʤʝʪʨʘ ʞʠʜʢʦʩʪʠ ʠʟ ʩʢʚʘʞʠʥ ʠʣʠ ʤʘʢʩʠʤʫʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʠ ʦʧʪʠʤʘʣʴʥʳʤ ʙʫʜʝʪ ʥʘʧʨʷʞʝʥʠʝ 5444ʇʉU =  ɺ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫ-

ʝʪ ʥʘʧʨʷʞʝʥʠʶ ʥʘ ʩʘʤʦʤ ʫʜʘʣʝʥʥʦʤ ʇʕɼ ʥʘ 10 % ʤʝʥʴʰʝ ʥʦʤʠʥʘʣʴʥʦʛʦ.  

ʀʟʤʝʥʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʦʪ 5444 ɺ ʜʦ 6561 ɺ 

ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʧʦʪʨʝʙʣʝʥʠʷ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠ-

ʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʜʦʙʳʚʘʶʱʠʭ ʩʢʚʘʞʠʥ ʥʘ 7,5 ʢɺʪ, ʪʦ ʝʩʪʴ ʠʟʤʝʥʷʝʪʩʷ ʥʘ 5 %. 

ʇʦʪʨʝʙʣʝʥʠʝ ʧʦʣʥʦʡ ʤʦʱʥʦʩʪʠ ʧʨʠ ʵʪʦʤ ʠʟʤʝʥʷʝʪʩʷ ʥʘ 9,2 ʢɺɸ, ʯʪʦ ʩʦʩʪʘʚ-

ʣʷʝʪ 5,8 % ʦʪ ʦʧʪʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʳ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʷʚʣʷʶʪʩʷ ʫʙʝʜʠʪʝʣʴʥʳʤ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʥʝ-

ʦʙʭʦʜʠʤʦʩʪʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ. 

 

3.2 ʈʘʩʯʝʪ ʦʧʪʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʳ ʥʘʧʨʷʞʝʥʠʷ  

ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʜʣʷ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ ʩ ʪʨʝʤʷ ʐʉʅʋ 

 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʪʠʧ ʧʦʛʨʫʞʥʦʛʦ ʥʘʩʦʩʘ ʪʘʢʞʝ ʚʣʠʷʝʪ ʥʘ ʚʝʣʠʯʠʥʫ ʦʧʪʠ-

ʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ. ʇʦʵʪʦʤʫ ʨʘʩʩʤʦʪʨʠʤ ʛʠʧʦ-

ʪʝʪʠʯʝʩʢʫʶ ʦʪʭʦʜʷʱʫʶ ʣʠʥʠʶ, ʢ ʢʦʪʦʨʦʡ ʧʦʜʢʣʶʯʝʥʳ ʪʨʠ ʦʜʠʥʘʢʦʚʳʭ 

ʰʪʘʥʛʦʚʳʭ ʩʢʚʘʞʠʥʥʳʭ ʥʘʩʦʩʥʳʭ ʫʩʪʘʥʦʚʦʢ (ʨʠʩʫʥʦʢ 18). 
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ʐʉʅʋ ʦʩʥʘʱʝʥʳ ʘʩʠʥʭʨʦʥʥʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ ɺɸ132S6 ʩʦ ʩʣʝʜʫʶʱʠ-

ʤʠ ʥʦʤʠʥʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ: ʤʦʱʥʦʩʪʴ 5,5ʥʦʤP =  ʢɺʪ; ʣʠʥʝʡʥʦʝ ʥʘʧʨʷʞʝʥʠʝ 

1 . 380ʣʥʦʤU =  ɺ; ʪʦʢ 1. 12,3ʥʦʤI =  ɸ; ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ  

85ʥʦʤh =  %; cos 0,8j= ; ʩʢʦʣʴʞʝʥʠʝ 0,033ʥʦʤs = ; ʯʠʩʣʦ ʧʘʨ ʧʦʣʶʩʦʚ 3ʧZ = ; 

ʩʢʦʨʦʩʪʴ ʠʜʝʘʣʴʥʦʛʦ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ 0 _50 104,7w =  ʨʘʜ/ʩ; ʥʦʤʠʥʘʣʴʥʘʷ ʩʢʦ-

ʨʦʩʪʴ 101,264ʥʦʤw =  ʨʘʜ/ʩ; ʥʦʤʠʥʘʣʴʥʳʡ ʤʦʤʝʥʪ 54,313ʥʦʤM =  ʅʤ;  

2 0,732ɻR =  ʆʤ; 3,249kX =  ʆʤ; 33,921mX =  ʆʤ; 1 0,0096U

ʜʫk =  ʨʘʜ/ɺʩ. 

ʂʘʞʜʘʷ ʩʢʚʘʞʠʥʘ ʦʩʥʘʱʝʥʘ ʧʣʫʥʞʝʨʥʳʤ ʥʘʩʦʩʦʤ ʅʉʅ 2ɺ ʩ ʮʝʧʥʳʤ 

ʧʨʠʚʦʜʦʤ ʎʇ-60, ʨʘʩʩʤʦʪʨʝʥʥʳʤ ʚʳʰʝ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʧʘ-

ʨʘʤʝʪʨʘʤʠ: 9,5ʥʘʩQ =  ʤ
3
/ʩʫʪʢʠ, 2 0,0495Mk =  ʅʤʩ

2
/ʨʘʜ

2
, 1 39,46Gʄ =  ʅʤ, 

2 8,061Gʄ =  ʅʤ. 

 

ʈʠʩʫʥʦʢ 18 ï ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʛʠʧʦʪʝʪʠʯʝʩʢʦʡ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ  

ʩ ʪʨʝʤʷ ʐʉʅʋ 

 

ɼʣʷ ʩʦʧʨʷʞʝʥʠʷ ʩ ʚʦʟʜʫʰʥʦʡ ʣʠʥʠʝʡ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ ʚ ʢʘʞʜʦʤ ʵʣʝʢ-

ʪʨʦʪʝʭʥʠʯʝʩʢʦʤ ʢʦʤʧʣʝʢʩʝ ʜʦʙʳʚʘʶʱʝʡ ʩʢʚʘʞʠʥʳ ʧʨʠʤʝʥʝʥ ʧʦʥʠʞʘʶʱʠʡ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨ 6/0,4 ʢɺ ʩ ʥʦʤʠʥʘʣʴʥʦʡ ʤʦʱʥʦʩʪʴʶ 25 ʢɺɸ, ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ 15ʧʪk =  ʠ ʩʣʝʜʫʶʱʠʤʠ ʧʘʩʧʦʨʪʥʳʤʠ ʜʘʥʥʳʤʠ:  
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. 0,11ʭʭ ʧʪPD =  ʢɺʪ; . 0,6ʢʟ ʧʪPD =  ʢɺʪ; . ,% 4,5ʢʧʪU = %; . ,% 2,7ʭʭʧʪI =
 
%. ʉʦʧʨʦʪʠʚ-

ʣʝʥʠʷ ʚʦʟʜʫʰʥʳʭ ʣʠʥʠʡ, ʩʦʝʜʠʥʷʶʱʠʭ ʧʦʥʠʞʘʶʱʠʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ ʩ ʫʟ-

ʣʘʤʠ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ, ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ: 1 0,69ʣR =  ʆʤ; 

1 0,578ʣX =  ʆʤ; 2 0,368ʣR =  ʆʤ; 2 0,308ʣX =  ʆʤ; 3 0,92ʣR =  ʆʤ;  

3 0,77ʣX =  ʆʤ. ʋʯʘʩʪʢʠ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ ʤʝʞʜʫ ʫʟʣʘʤʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷʤʠ: 1 0,825ʇʉR -=  ʆʤ; 1 0,585ʇʉX -=  ʆʤ; 1 2 0,99R- =  ʆʤ; 

1 2 0,702X - =  ʆʤ; 2 3 0,495R- =  ʆʤ; 2 3 0,351X - =  ʆʤ.  

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʨʘʩʯʝʪ ʥʝʦʙʭʦʜʠʤʦ ʚʝʩʪʠ ʦʪ ʩʘʤʦʛʦ ʫʜʘ-

ʣʝʥʥʦʛʦ ʵʣʝʢʪʨʦʧʨʠʝʤʥʠʢʘ, ʪʦ ʝʩʪʴ ʦʪ ʥʘʟʝʤʥʦʛʦ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ 

ɸɼ3, ʧʦʜʢʣʶʯʝʥʥʦʛʦ ʢ 3-ʤʫ ʫʟʣʫ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ. ʆʜʥʘʢʦ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ 

ʧʠʪʘʥʠʠ ʜʚʠʛʘʪʝʣʝʡ ʐʉʅʋ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʚʳʰʘʶʱʠʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʠ 

ʜʣʠʥʥʘʷ ʢʘʙʝʣʴʥʘʷ ʣʠʥʠʷ ʘʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʙʫʜʝʪ 

ʚʳʛʣʷʜʝʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ (ʨʠʩʫʥʦʢ 19). 

ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʨʘʩʯʝʪʘ ʷʚʣʷʶʪʩʷ: ʢʦʣʠʯʝʩʪʚʦ ʫʟʣʦʚ ; 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ  ï  ʥʘʩʦʩʦʚ ʧʨʠ ʥʦʤʠʥʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʛʘʪʝʣʝʡ; 

ʢʦʵʬʬʠʮʠʝʥʪʳ 2.1Mk  ï 2.M nk ; ʧʘʨʘʤʝʪʨʳ ɻ-ʦʙʨʘʟʥʦʡ ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ 

ʥʘʟʝʤʥʳʭ ʘʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ  ï ,  ï ,  ï ; 

ʩʢʦʨʦʩʪʠ ʠʜʝʘʣʴʥʦʛʦ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ 0_50.1w  ï 0_50.nw  ʠ ʥʦʤʠʥʘʣʴʥʳʝ ʩʢʦʨʦʩʪʠ 

ʚʨʘʱʝʥʠʷ ʜʚʠʛʘʪʝʣʝʡ  ï ; ʥʦʤʠʥʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʤʦʤʝʥʪʦʚ 

ʜʚʠʛʘʪʝʣʝʡ  ï ; ʤʦʤʝʥʪʳ 0 .1ɸɼM  ï 0 .ɸɼ nM ; ʤʠʥʠʤʘʣʴʥʦ 

ʜʦʧʫʩʪʠʤʳʝ ʟʥʘʯʝʥʠʷ ʬʘʟʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʜʚʠʛʘʪʝʣʝʡ  ï ; ʰʘʛ 

ʧʨʠʨʘʱʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʜʚʠʛʘʪʝʣʷ ʩʘʤʦʛʦ ʫʜʘʣʝʥʥʦʛʦ ʫʟʣʘ ; ʰʘʛ 

ʧʨʠʨʘʱʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ  ʜʚʠʛʘʪʝʣʝʡ ʩ 1-ʛʦ ʜʦ -ʛʦ ʫʟʣʘ; 

ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʝ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʩʪʘʪʦʨʝ ʩʘʤʦʛʦ ʫʜʘʣʝʥʥʦʛʦ 

ʜʚʠʛʘʪʝʣʷ ; ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʜʚʠʛʘʪʝʣʝʡ  ï ; 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʝʨʝʜʘʯʠ 1

U

ʜʫk  ï 
U

ʜʫnk ; ʧʘʩʧʦʨʪʥʳʝ ʜʘʥʥʳʝ ʧʦʥʠʞʘʶʱʠʭ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ . 1ʥʦʤʧʪS  ï .ʥʦʤ ʧʪnS ; . 1ʥʦʤ ʧʪU  ï .ʥʦʤʧʪnU ; . 1ʭʭʧʪPD  ï .ʭʭʧʪnPD ;  

. 1ʢʟ ʧʪPD  ï .ʢʟ ʧʪnPD ; . 1ʭʭ ʧʪQD  ï .ʭʭ ʧʪnQD ; . 1ʢʟ ʧʪQD  ï .ʢʟ ʧʪnQD ; . 1,%ʢʧʪU  ï . ,%ʢʧʪnU ;  

n

1Q nQ

2 1ɻR 2ɻnR
1kX knX 1mX mnX

1ʥʦʤw ʥʦʤnw

1ʥʦʤM ʥʦʤnM

1min.1U 1.minnU

.step nUD

UD ( 1)n-

1.maxnU 1h nh
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1ʧʪk  ï ʧʪnk ; 1ʣR  ï ʣnR ; 1ʣX  ï ʣnX ; ʘʢʪʠʚʥʳʝ ʠ ʠʥʜʫʢʪʠʚʥʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʚʦʟʜʫʰʥʳʭ ʣʠʥʠʡ  ï  ʠ  ï ; ʘʢʪʠʚʥʳʝ ʠ ʠʥʜʫʢʪʠʚʥʳʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ 1ʇʉR - , 1 2R-  ï ( )1n n
R
- -

; 1ʇʉX - , 1 2X -ï ( )1n n
X

- -
 ʤʝʞʜʫ ʫʟʣʘʤʠ 

ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ; ʨʝʘʢʪʠʚʥʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʦʥʜʝʥʩʘʪʦʨʥʳʭ ʙʘʪʘʨʝʡ (ʝʩʣʠ 

ʪʘʢʠʝ ʫʩʪʘʥʦʚʣʝʥʳ), ʧʦʜʢʣʶʯʝʥʥʳʭ ʢ ʩʪʘʪʦʨʥʳʤ ʦʙʤʦʪʢʘʤ ʘʩʠʥʭʨʦʥʥʳʭ 

ʜʚʠʛʘʪʝʣʝʡ  ï . ʇʨʠʯʝʤ 1 2
0 .

2

G G
ɸɼ

M M
M

+
=  

ɼʘ 

 

ʅʝʪ 

  

 

 

 

 

 

 

 

 

 

            

 

 

 

 

 

 

 

 

 

 

1ʢʫX  ï ʢʫnX  

 
 1i=- 

ʅʘʯʘʣʦ 

 

 

 

 

 

 

 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ: n ; 
1Q  ï 

nQ ; 2.1Mk  ï 2.M nk ; 
2 1ɻR  ï 

2ɻnR ; 

 
1kX  ï 

knX ; 
1mX  ï 

mnX ; 0 _ 50.1w  ï 0_50.nw ; 
1ʥʦʤw  ï 

ʥʦʤnw ;  

1ʥʦʤM ï 
ʥʦʤnM ; 0 .1ɸɼM  ï 0 .ɸɼ nM ;

1min.1U  ï 
1min.nU ; .nstepUD ; 

   
 

1 

UD ; 
1max.nU ;

1

U

ʜʫk  ï 
U

ʜʫnk ; 
. 1ʥʦʤʧʪS  ï

.ʥʦʤʧʪnS ; 
. 1ʥʦʤʧʪU  ï 

.ʥʦʤʧʪnU ;     

. 1ʭʭʧʪPD  ï 
.ʭʭʧʪnPD ;

. 1ʢʟ ʧʪPD  ï 
.ʢʟʧʪnPD ; 

. 1ʭʭʧʪQD  ï 
.ʭʭʧʪnQD ; 

. 1ʢʟ ʧʪQD  ï 
.ʢʟʧʪnQD ; . 1,%ʢ ʧʪU  ï . ,%ʢ ʧʪnU ; 

1ʧʪk  ï 
ʧʪnk ;  

1ʣR  ï 
ʣnR ; 

1ʣX  ï 
ʣnX ; 2UD ; 1ʇʉR - , 

1 2R-  ï 
( )1n n

R
- -

; 1ʇʉX - , 
1 2X -
ï 

( )1n n
X

- -
; 

2

2 

1i i= + 

ʢ 38 

3 

ʢ 8 

4 

1q=- 

1q q= + 

0q= ? 

ʢ 30 

5 

6 

ʢ 14 
7 

ɿʘʜʘʥʠʝ ʬʘʟʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʩʪʘʪʦʨʝ n-ʛʦ ʜʚʠʛʘʪʝʣʷ 

1 1 .min 1 .n n step nU U i U= + D  

 

 

 

1ʣR ʣnR 1ʣX ʣnX

1ʢʫX ʢʫnX
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0 

ʈʘʩʯʝʪ ʧʦʪʝʨʴ ʘʢʪʠʚʥʦʡ ʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ  

ʥʘ ʚʦʟʜʫʰʥʦʡ ʣʠʥʠʠ, ʩʦʝʜʠʥʷʶʱʝʡ ( )n q- -ʳʡ ʫʟʝʣ ʩ ( 1)n q- +-ʳʤ  

( )2 2

( 1) ( 1) ( ),( 1)

( ),( 1) 2

( 1)

n q n q ʣ n q n q

ʣ n q n q

n q

P Q R
P

U

- + - + - - +

- - +

- +

+
D = ;  

( )2 2

( 1) ( 1) ( ),( 1)

( ),( 1) 2

( 1)

n q n q ʣ n q n q

ʣ n q n q

n q

P Q X
Q

U

- + - + - - +

- - +

- +

+
D =  

0 

ʈʘʩʯʝʪ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ( )n q- -ʦʤ ʫʟʣʝ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ 

2

( 1) ( ),( 1) ( 1) ( ),( 1)

( 1)

( 1)

( ) 2

( 1) ( ),( 1) ( 1) ( ),( 1)

( 1)

n q ʣ n q n q n q ʣ n q n q

n q

n q

n q ʫ

n q ʣ n q n q n q ʣ n q n q

n q

P R Q X
U

U
U

P X Q R

U

- + - - + - + - - +

- +

- +

-

- + - - + - + - - +

- +

å õ+
+ +æ öæ ö

ç ÷
=

å õ-
+æ öæ ö
ç ÷

  

ʈʘʩʯʝʪ ʘʢʪʠʚʥʦʡ ʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ, ʩʥʠʤʘʝʤʦʡ ʩ ( )n q- -ʛʦ ʫʟʣʘ  

ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ ʩ ʫʯʝʪʦʤ ʧʦʪʨʝʙʣʷʝʤʦʡ ʤʦʱʥʦʩʪʠ ʧʨʝʜʳʜʫʱʠʤ ʫʟʣʦʤ 

( ),( 1) ( 1) ( ),( 1)n q n q n q ʣ n q n qP P P- - + - + - - += +D ; ( ),( 1) ( 1) ( ),( 1)n q n q n q ʣ n q n qQ Q Q- - + - + - - += +D  

0 

1m=- 

ʢ 7 

8 

9 

10 

11

1 

ʢ 14 

ʢ 27 

1m m= + 

0 
ɿʘʜʘʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʩʪʘʪʦʨʝ ( )n q- -ʛʦ ʜʚʠʛʘʪʝʣʷ  

1( ) 1min( )n q n qU U m U- -= + D 

12 

13 

ʢ 7 
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0 

0 

ʢ 13 

ʈʘʩʯʝʪ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ( )n q- -ʛʦ ʜʚʠʛʘʪʝʣʷ  

( )

( )

1

1

( ) 0_50( ) 0 ( ) 0_50( ) ( ) ( ) 1( ). 1( )

( )

( ) 2( ) 0_50( ) ( ) ( ) 1( ). 1( )

U

ʥʦʤ n q n q ɸɼ n q n q ʥʦʤ n q ʜʫ n q n q ʥʦʤ n q

n q U

ʥʦʤ n q M n q n q ʥʦʤ n q ʜʫ n q n q ʥʦʤ n q

M M k U U

M k k U U

- - - - - - - -

-

- - - - - - -

è øw - w -w - -
ê úw =

è ø+ w -w - -
ê ú

 

ʈʘʩʯʝʪ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ, ʧʦʪʨʝʙʣʷʝʤʦʡ ( )n q- -ʳʤ ʜʚʠʛʘʪʝʣʝʤ 
2

2( ) ( ) 0 ( ) ( )

( )

( )

M n q n q ɸɼ n q n q

ɸɼ n q

n q

k M
P

- - - -

-

-

w + w
=

h
 

0 

14 

15 

ʈʘʩʯʝʪ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ, ʧʦʪʨʝʙʣʷʝʤʦʡ ( )n q- -ʳʤ ʜʚʠʛʘʪʝʣʝʤ 

2

( ) ( ) 1( )2

( ) 1( ) 2 2 2

2 ( ) ( ) ( ) ( ) ( )

1
3

v

n q k n q n q

ɸɼ n q n q

ɻ n q n q k n q m n q ʢʫ n q

s X U
Q U

R s X X X

- - -

- -

- - - - -

è ø
= + -é ù

+é ùê ú

 
0 

16 

ʈʘʩʯʝʪ ʥʘʧʨʷʞʝʥʠʷ ʠ ʘʢʪʠʚʥʦʡ, ʨʝʘʢʪʠʚʥʦʡ ʠ ʧʦʣʥʦʡ ʥʘʛʨʫʟʢʠ 

ʥʘ ʚʳʭʦʜʝ ( )n q- -ʛʦ ʧʦʥʠʞʘʶʱʝʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

2 ( ) 1( )3ʧʪ n q n qU U- -= ; 2 ( ) ( )ʧʪ n q ɸɼ n qP P- -= ; 2 ( ) ( )ʧʪ n q ɸɼ n qQ Q- -= ; 

2 2

2 ( ) ( ) ( )ʧʪ n q ɸɼ n q ɸɼ n qS P Q- - -= +   

ʢ 20 

17 

ʈʘʩʯʝʪ ʩʨʝʜʥʝʛʦ ʩʢʦʣʴʞʝʥʠʷ ʨʦʪʦʨʘ ( )n q- -ʦʛʦ ʜʚʠʛʘʪʝʣʷ 

0_50( ) ( )

( )

0_50( )

n q n q

n q

n q

s
- -

-

-

w -w
=

w
 

18 

0 

 

ʈʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʛʨʫʟʢʠ ( )n q- -ʦʛʦ ʧʦʥʠʞʘʶʱʝʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

2 ( )

( ) 3

. ( )10

ʧʪ n q

ʧʪ n q

ʥʦʤʧʪ n q

S

S

-

-

-

b =  

19 
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ʢ 19 

0 

ʈʘʩʯʝʪ ʧʦʪʝʨʴ ʘʢʪʠʚʥʦʡ, ʨʝʘʢʪʠʚʥʦʡ ʠ ʧʦʣʥʦʡ ʤʦʱʥʦʩʪʠ  

ʥʘ ( )n q- -ʦʤ ʧʦʥʠʞʘʶʱʝʤ ʪʨʘʥʩʬʦʨʤʘʪʦʨʝ 

( )3 2

( ) . ( ) ( ) . ( )10ʧʪ n q ʭʭʧʪ n q ʧʪ n q ʢʟ ʧʪ n qP P P- - - -D = D + Db ;  

( )3 2

( ) . ( ) ( ) . ( )10ʧʪ n q ʭʭ ʧʪ n q ʧʪ n q ʢʟ ʧʪ n qQ Q Q- - - -D = D + Db ; 
2 2

( ) ( ) ( )ʧʪ n q ʧʪ n q ʧʪ n qS P Q- - -D = D +D  

20

 

ʢ 26 

0 

ʈʘʩʯʝʪ ʘʢʪʠʚʥʦʡ, ʨʝʘʢʪʠʚʥʦʡ ʠ ʧʦʣʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʚʭʦʜʝ  

( )n q- -ʛʦ ʧʦʥʠʞʘʶʱʝʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

1 ( ) 2 ( ) ( )ʧʪ n q ʪʧ n q ʪʧ n qP P P- - -= +D ; 1 ( ) 2 ( ) ( )ʧʪ n q ʪʧ n q ʪʧ n qQ Q Q- - -= +D ;  

2 2

1 ( ) 1 ( ) 1 ( )ʧʪ n q ʧʪ n q ʧʪ n qS P Q- - -= +   

21

 

0 

22

 

 ʈʘʩʯʝʪ ʧʦʪʝʨʴ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ( )n q- -ʦʤ ʧʦʥʠʞʘʶʱʝʤ ʪʨʘʥʩʬʦʨʤʘʪʦʨʝ 

( ) ( ) ( ) ( )

( ) 2

( ) ( )

ʧʪ n q ʧʪ n q ʧʪ n q ʧʪ n q

ʧʪ n q

ʧʪ n q ʧʪ n q

R P X Q
U

k U

- - - -

-

- -

+
D = , 

ʛʜʝ 

3 2

. ( ) . ( )

( ) 2

( )

10 ʢʟʧʪ n q ʥʦʤʧʪ n q

ʧʪ n q

ʧʪ n q

P U
R

S

- -

-

-

D
=

2

. ( )

( ) . ( ),%

. ( )

10
ʥʦʤʧʪ n q

ʧʪ n q ʢ ʧʪ n q

ʥʦʤʧʪ n q

U
X U

S

-

- -

-

=  

 

 

ʈʘʩʯʝʪ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʭʦʜʝ ( )n q- -ʛʦ ʧʦʥʠʞʘʶʱʝʛʦ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ     1 ( ) 2 ( ) ( ) ( )ʧʪ n q ʪʧ n q ʪʧ n q ʪʧ n qU U k U- - - -= +D   

23

 

0000000000 

ʈʘʩʯʝʪ ʧʦʪʝʨʴ ʘʢʪʠʚʥʦʡ ʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ  

ʥʘ ʚʦʟʜʫʰʥʦʡ ʣʠʥʠʠ, ʦʪʭʦʜʷʱʝʡ ʦʪ ( )n q- -ʛʦ ʫʟʣʘ 
2

1 ( ) ( )

( ) 2

1 ( )

ʧʪ n q ʣ n q

ʣ n q

ʧʪ n q

S R
P

U

- -

-

-

D = ; 
2

1 ( ) ( )

( ) 2

1 ( )

ʧʪ n q ʣ n q

ʣ n q

ʧʪ n q

S X
Q

U

- -

-

-

D =  

24

 

0 

25

 

ʈʘʩʯʝʪ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ( )n q- -ʦʤ ʫʟʣʝ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ 

2

1 ( ) ( ) 1 ( ) ( )

1 ( )

1 ( )

( ) ,2 2

1 ( ) ( ) 1 ( ) ( )

1 ( )

ʪʧ n q ʣ n q ʪʧ n q ʣ n q

ʪʧ n q

ʪʧ n q

n q ʫ

ʪʧ n q ʣ n q ʪʧ n q ʣ n q

ʪʧ n q

P R Q X
U

U
U

P X Q R

U

- - - -

-

-

-

- - - -

-

å õ+
+ +æ öæ ö

ç ÷
=

å õ-
+æ öæ ö
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ɼʘ 

ʅʝʪ 

ɼʘ 

ʅʝʪ 

ɼʘ 

 

ʢ 25 

ʢ 33 

1 
26 

0q= ? 

ʢ 12 

ʅʝʪ 

1 

 

27 

28  ʈʘʩʯʝʪ ʧʘʜʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʦʟʜʫʰʥʦʡ ʣʠʥʠʠ, ʦʪʭʦʜʷʱʝʡ 

ʦʪ ( )n q- -ʛʦ ʫʟʣʘ 

( ) ( ),2 1 ( )ʣ n q n q ʪʧ n qU U U- - -D = -  

 

29 

ʈʘʩʯʝʪ ʘʢʪʠʚʥʦʡ ʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ, ʩʥʠʤʘʝʤʦʡ ʩ ( )n q- -ʛʦ ʫʟʣʘ  

( ) ( 1) 1 ( ) ( )n q n q ʧʪ n q ʣ n qP P P P- - + - -= + +D ; ( ) ( 1) 1 ( ) ( )n q n q ʧʪ n q ʣ n qQ Q Q Q- - + - -= + +D  

1 1n q- =? 
30 

ʢ 6 

 

ʈʘʩʯʝʪ ʧʦʪʝʨ ɹʘʢʪʠʚʥʦʡ ʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʝʡ ʥʘ ʫʯʘʩʪʢʝ  

ʚʦʟʜʫʰʥʦʡ ʣʠʥʠʠ ʤʝʞʜʫ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʝʡ ʠ 1-ʳʤ ʫʟʣʦʤ ʦʪʭʦʜʷʱʝʡ  

ʣʠʥʠʠ 

( )2 2

1 1 1

2

1

ʇʉ

ʇʉ

ʫ

P Q R
P

U

-+
D = ; 

( )2 2

1 1 1

2

1

ʇʉ

ʇʉ

ʫ

P Q X
Q

U

-+
D =  

31 

 

32 
ʈʘʩʯʝʪ ʘʢʪʠʚʥʦʡ, ʨʝʘʢʪʠʚʥʦʡ ʠ ʧʦʣʥʦʡ ʤʦʱʥʦʩʪʠ, ʩʥʠʤʘʝʤʦʡ 

ʩ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ  

1ʇʉ ʇʉP P P= +D ; 1ʇʉ ʇʉQ Q Q= +D ; 2 2

ʇʉ ʇʉ ʇʉS P Q= +  

( ) ( ) ,2 2n q ʫ n q ʫU U U- -- ¢D? 
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ɼʘ 

ʂʦʥʝʮ 

 

ʢ 32 

 

ʈʘʩʯʝʪ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ 
2 2

1 1 1 1 1 1 1
1

1 1

ʇʉ ʇʉ ʇʉ ʇʉ ʇʉ
ʇʉ ʫ

ʫ ʫ

PR Q X P X Q R
U U

U U

- - - -
å õ å õ+ -

= + +æ ö æ öæ ö æ ö
ç ÷ ç ÷

  

33 

 

34 
ʈʘʩʯʝʪ ʧʘʜʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʫʯʘʩʪʢʝ ʚʦʟʜʫʰʥʦʡ ʣʠʥʠʠ 

ʤʝʞʜʫ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʝʡ ʠ 1-ʳʤ ʫʟʣʦʤ 

1 1 ,2ʇʉ ʇʉ ʫU U U-D = -  

 
35 

ʈʘʩʯʝʪ ʩʫʤʤʘʨʥʳʭ ʧʦʪʝʨʴ ʘʢʪʠʚʥʦʡ ʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ 

ʠ ʧʘʜʝʥʠʡ ʥʘʧʨʷʞʝʥʠʡ 

0 
ʈʘʩʯʝʪ ʩʫʤʤʘʨʥʦʛʦ ʜʝʙʠʪʘ ʚʩʝʭ ʩʢʚʘʞʠʥ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ 

1

n
k k

k ʥʦʤk

Q
Q

=

w
=

w
ä  

 

36 

0 
ʈʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʫʜʝʣʴʥʳʭ ʟʘʪʨʘʪ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ  

ʵʬ

ʎʇ

Q
k

P
= ; 

24 ʇʉ
ʘʵ

P
E

Q
= ; 

24 ʇʉ
ʧʵ

S
E

Q
=  
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1 
38 

1. 1. .maxn nU U² ? 

0 

39 

ɺʳʙʦʨ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʇʉU , ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ   

ʪʨʝʙʫʝʤʦʤʫ ʢʨʠʪʝʨʠʶ ʦʧʪʠʤʠʟʘʮʠʠ  

 

ʅʝʪ 
ʢ 3 

 

ʈʠʩʫʥʦʢ 19 ï ɸʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ  

ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʜʣʷ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ,  

ʩʦʜʝʨʞʘʱʝʡ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʜʦʙʳʚʘʶʱʠʭ ʩʢʚʘʞʠʥ ʩ ʐʉʅʋ 

 

ʂʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʝʤ ʘʣʛʦʨʠʪʤʝ ʚʦ ʚʪʦʨʦʤ ʙʣʦʢʝ ʧʨʠʩʚʘʠʚʘʝʪʩʷ ʫʩʣʦʚ-

ʥʳʡ ʥʦʤʝʨ ʰʘʛʘ ʨʘʩʯʝʪʦʚ . ɿʘʪʝʤ ʦʨʛʘʥʠʟʫʝʪʩʷ ʮʠʢʣ ʨʘʩʯʝʪʦʚ ʩ ʚʘʨʠʘ-

ʮʠʝʡ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʩʘʤʦʤ ʫʜʘʣʝʥʥʦʤ ʜʚʠʛʘʪʝʣʝ ʐʉʅʋ. ɺ ʪʨʝʪʴʝʤ ʙʣʦʢʝ ʢ 

ʧʨʝʜʳʜʫʱʝʤʫ ʥʦʤʝʨʫ ʰʘʛʘ ʨʘʩʯʝʪʘ ʧʨʠʙʘʚʣʷʝʪʩʷ 1. ʇʦʵʪʦʤʫ ʨʘʩʯʝʪ ʥʘʯʠʥʘ-

1i=-
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ʝʪʩʷ ʧʨʠ , ʠ ʚ ʯʝʪʚʝʨʪʦʤ ʦʧʝʨʘʪʦʨʝ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʩʘʤʦʤ 

ʫʜʘʣʝʥʥʦʤ ʜʚʠʛʘʪʝʣʝ, ʧʦʜʢʣʶʯʝʥʥʦʤ ʢ -ʦʤʫ ʫʟʣʫ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ 

1 1 .min .n n step nU U i U= + D .  

ɿʘʪʝʤ ʚ ʧʷʪʦʤ ʙʣʦʢʝ ʧʝʨʝʤʝʥʥʦʡ , ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ ʦʨʛʘʥʠʟʫʝʪʩʷ 

ʮʠʢʣ ʨʘʩʯʝʪʦʚ ʜʣʷ ʢʘʞʜʦʛʦ ʫʟʣʘ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ, ʧʨʠʩʚʘʠʚʘʝʪʩʷ ʟʥʘʯʝʥʠʝ 

. ɺ ʰʝʩʪʦʤ ʙʣʦʢʝ ʢ ʧʨʝʜʳʜʫʱʝʤʫ ʟʥʘʯʝʥʠʶ  ʧʨʠʙʘʚʣʷʝʪʩʷ 1, ʪʦ ʝʩʪʴ 

 ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʦʡ 0. ʉʣʝʜʫʶʱʠʡ ʙʣʦʢ ʧʨʦʠʟʚʦʜʠʪ ʩʨʘʚʥʝʥʠʝ ʚʝʣʠʯʠʥʳ  

ʩ ʥʫʣʝʤ, ʠ ʧʦʩʢʦʣʴʢʫ ʥʘ ʧʝʨʚʦʤ ʰʘʛʝ ʮʠʢʣʘ ʫʟʣʦʚ ʪʘʢ ʦʥʦ ʠ ʝʩʪʴ, ʪʦ ʨʘʟʨʘʙʦ-

ʪʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʠ ʘʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʦʪʧʨʘʚʣʷʶʪ ʥʘʩ ʢ ʙʣʦʢʫ 14, ʚ ʢʦʪʦʨʦʤ ʧʦ 

ʬʦʨʤʫʣʝ (78) ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ( )n q- -ʛʦ ʘʩʠʥʭʨʦʥʥʦʛʦ 

ʜʚʠʛʘʪʝʣʷ . ɿʘʪʝʤ ʚ ʙʣʦʢʝ 15 ʧʦ ʬʦʨʤʫʣʝ (79) ʚʳʯʠʩʣʷʝʪʩʷ ʧʦʪʨʝʙʣʝʥʠʝ 

ʜʚʠʛʘʪʝʣʝʤ ʐʉʅʋ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ 
( )ɸɼ n qP -
. ʇʦʩʣʝ ʵʪʦʛʦ ʚ ʙʣʦʢʘʭ 16 ʠ 17 

ʧʦ ʬʦʨʤʫʣʘʤ, ʘʥʘʣʦʛʠʯʥʳʤ (31), 

0_50( ) ( )

( )

0_50( )

n q n q

n q

n q

s
- -

-

-

w -w
=

w
;                                        (121) 

2

( ) ( ) 1( )2

( ) 1( ) 2 2 2

2 ( ) ( ) ( ) ( ) ( )

1
3

v

n q k n q n q

ɸɼ n q n q

ɻ n q n q k n q m n q ʢʫ n q

s X U
Q U

R s X X X

- - -

- -

- - - - -

è ø
= + -é ù

+é ùê ú

            (122) 

ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʬʘʢʪʠʯʝʩʢʦʝ ʩʢʦʣʴʞʝʥʠʷ  ʠ ʧʦʪʨʝʙʣʝʥʠʝ ʜʚʠʛʘʪʝʣʝʤ 

ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ 
( )ɸɼ n qQ -
. ɿʘʪʝʤ ʚ ʙʣʦʢʝ 18 ʦʧʨʝʜʝʣʷʶʪʩʷ ʟʥʘʯʝʥʠʷ ʥʘ-

ʧʨʷʞʝʥʠʷ 2 ( )ʧʪ n qU -  ʥʘ ʚʪʦʨʠʯʥʦʡ ʦʙʤʦʪʢʝ ʧʦʥʠʞʘʶʱʝʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʠ 

ʘʢʪʠʚʥʦʡ 2 ( )ʧʪ n qP - , ʨʝʘʢʪʠʚʥʦʡ 2 ( )ʧʪ n qQ -  ʠ ʧʦʣʥʦʡ 2 ( )ʧʪ n qS -  ʤʦʱʥʦʩʪʠ, ʩʥʠʤʘʝ-

ʤʦʡ ʩ ʵʪʦʡ ʦʙʤʦʪʢʠ 

2 ( ) 1( )3ʧʪ n q n qU U- -= ;                                         (123) 

2 ( ) ( )ʧʪ n q ɸɼ n qP P- -= ;                                           (124) 

2 ( ) ( )ʧʪ n q ɸɼ n qQ Q- -= ;                                           (125) 

2 2

2 ( ) ( ) ( )ʧʪ n q ɸɼ n q ɸɼ n qS P Q- - -= + .                                  (126) 

ʇʦʩʣʝ ʵʪʦʛʦ ʚ ʙʣʦʢʘʭ 19 ï 39 ʧʨʦʠʟʚʦʜʷʪʩʷ ʪʝ ʞʝ ʩʘʤʳʝ ʜʝʡʩʪʚʠʷ, ʯʪʦ ʠ 

ʚ ʙʣʦʢʘʭ 27 ï 47 ʘʣʛʦʨʠʪʤʘ (ʨʠʩʫʥʦʢ 16) ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʳ 

0i=

n

q

1q=- q

q q

( )n q-w

( )n qs -
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ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ, ʧʠʪʘʶʱʝʡ ʦʪʭʦʜʷʱʫʶ ʣʠʥʠʶ ʩ 

ʕʂɼʉ, ʦʩʥʘʱʝʥʥʳʤʠ ʇʕɼ, ʩ ʦʨʛʘʥʠʟʘʮʠʝʡ ʪʝʭ ʞʝ ʮʠʢʣʦʚ ʨʘʩʯʝʪʘ. ʇʨʠ ʵʪʦʤ 

ʚ ʙʣʦʢʝ 39 ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʤʳʩʣʦʚʦʡ 

ʧʦʜʩʪʘʥʮʠʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʪʨʝʙʫʝʤʦʤʫ ʢʨʠʪʝʨʠʶ ʦʧʪʠʤʠʟʘʮʠʠ. 

ɺʦʩʧʦʣʴʟʫʝʤʩʷ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʘʣʛʦʨʠʪʤʦʤ (ʨʠʩʫʥʦʢ 19) ʠ ʦʧʨʝʜʝʣʠʤ ʩ 

ʝʛʦ ʧʦʤʦʱʴʶ ʦʧʪʠʤʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ, ʧʠʪʘʶʱʝʡ 

ʛʠʧʦʪʝʪʠʯʝʩʢʫʶ ʦʪʭʦʜʷʱʫʶ ʣʠʥʠʶ, ʢ ʢʦʪʦʨʦʡ ʧʦʜʢʣʶʯʝʥʳ ʪʨʠ ʦʜʠʥʘʢʦʚʳʭ 

ʰʪʘʥʛʦʚʳʭ ʩʢʚʘʞʠʥʥʳʭ ʥʘʩʦʩʥʳʭ ʫʩʪʘʥʦʚʦʢ (ʨʠʩʫʥʦʢ 18). ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝ-

ʪʘ ʧʨʠ ʚʘʨʠʘʮʠʠ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʩʪʘʪʦʨʝ ʩʘʤʦʛʦ ʫʜʘʣʝʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ 
1 3ɸɼU  ʚ 

ʧʨʝʜʝʣʘʭ ʦʪ 
1 3.0,9 ɸɼ ʥʦʤU  ʜʦ 

1 3.1,1 ɸɼ ʥʦʤU  ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 5. 

 
ʊʘʙʣʠʮʘ 5 ï ɿʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʪ ʥʘʧʨʷʞʝʥʠʷ  

ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʜʣʷ ʛʠʧʦʪʝʪʠʯʝʩʢʦʡ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ ʩ ʐʉʅʋ, ʧʨʠʚʝʜʝʥʥʦʡ  

ʥʘ ʨʠʩʫʥʢʝ 18 

3UD , % -10 -5 -2,5 0 2,5 5 10 

PD , ʢɺʪ 0,42 0,43 0,44 0,45 0,46 0,47 0,49 

ʇʉU , ɺ 5157 5443 5586 5729 5872 6015 6301 

ʇʉP , ʢɺʪ 11,43 11,44 11,45 11,46 11,48 11,5 11,52 

ʇʉQ , ʢɺɸʨ 12,9 14,1 14,8 16,4 17,7 18,4 20,0 

Q, ʤ
3
/ʩʫʪ 29,040 29,054 29,061 29,069 29,076 29,083 29,098 

ʵʬ

ʎʇ

Q
k

P
= , ʤ

3
/ʩʫʪÖʢɺʪ 2,542 2,539 2,538 2,535 2,532 2,530 2,526 

24 ʇʉ
ʘʵ

P
E

Q
= , 

ʢɺʪÖʯʘʩ/ʤ
3 

9,44 9,45 9,46 9,47 9,48 9,49 9,50 

ʇʉS , ʢɺɸ 17,2 18,2 18,7 20,0 21,1 21,7 23,1 

2

24 ʎʇS
E

Q
= , ʢɺɸÖʯʘʩ/ʤ

3
 14,24 15,01 15,43 16,52 17,38 17,92 19,05 

 

ɼʘʥʥʳʝ ʪʘʙʣʠʮʳ 5 ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʳʤ ʩʦ ʚʩʝʭ ʪʦʯʝʢ ʟʨʝʥʠʷ 

ʷʚʣʷʝʪʩʷ ʥʘʧʨʷʞʝʥʠʝ ʚ ʮʝʥʪʨʝ ʧʠʪʘʥʠʷ ʛʠʧʦʪʝʪʠʯʝʩʢʦʡ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ 

ʨʘʚʥʦʝ 5157 ɺ, ʧʨʠ ʢʦʪʦʨʦʤ ʥʘ ʩʘʤʦʤ ʫʜʘʣʝʥʥʦʤ ʘʩʠʥʭʨʦʥʥʦʤ ʜʚʠʛʘʪʝʣʝ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʬʘʟʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʩʪʘʪʦʨʘ ï 198 ɺ. 
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ɽʩʣʠ ʢ ʩʪʘʪʦʨʥʳʤ ʦʙʤʦʪʢʘʤ ʘʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʧʦʜʢʣʶʯʠʪʴ ʢʦʥ-

ʜʝʥʩʘʪʦʨʥʳʝ ʙʘʪʘʨʝʠ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʩ 

1 2 3 32ʢʫ ʢʫ ʢʫX X X= = =
 
ʆʤ (ʨʠʩʫʥʦʢ 20), ʪʦ ʨʘʩʯʝʪ ʩ ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ 

ʘʣʛʦʨʠʪʤʘ ʧʦʢʘʟʳʚʘʝʪ (ʪʘʙʣʠʮʘ 6), ʯʪʦ ʦʧʪʠʤʘʣʴʥʳʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʜʦʩʪʠ-

ʞʝʥʠʷ ʤʠʥʠʤʫʤʘ ʫʜʝʣʴʥʳʭ ʟʘʪʨʘʪ ʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ ʥʘ ʜʦʙʳʯʫ ʢʫʙʦʤʝʪʨʘ 

ʞʠʜʢʦʩʪʠ ʙʫʜʝʪ ʥʘʧʨʷʞʝʥʠʝ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʨʘʚʥʦʝ 5151 ɺ. ɽʩʣʠ 

ʜʦʙʠʚʘʪʴʩʷ ʤʠʥʠʤʫʤʘ ʫʜʝʣʴʥʳʭ ʟʘʪʨʘʪ ʧʦʣʥʦʡ ʵʥʝʨʛʠʠ, ʪʦ ʵʪʦʛʦ ʤʦʞʥʦ ʜʦʩ-

ʪʠʯʴ ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ 5579ʇʉU =  ɺ. 

 

ʈʠʩʫʥʦʢ 20 ï ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʛʠʧʦʪʝʪʠʯʝʩʢʦʡ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ ʩ ʪʨʝʤʷ ʐʉʅʋ  

ʠ ʢʦʥʜʝʥʩʘʪʦʨʥʳʤʠ ʙʘʪʘʨʝʷʤʠ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ 

 

ʊʘʙʣʠʮʘ 6 ï ɿʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʪ ʥʘʧʨʷʞʝʥʠʷ  

ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʜʣʷ ʛʠʧʦʪʝʪʠʯʝʩʢʦʡ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ ʩ ʐʉʅʋ, ʧʨʠʚʝʜʝʥʥʦʡ  

ʥʘ ʨʠʩʫʥʢʝ 20, ʩ ʫʯʝʪʦʤ ʢʦʥʜʝʥʩʘʪʦʨʥʳʭ ʙʘʪʘʨʝʡ 

3UD , % -10 -5 -2,5 0 2,5 5 10 

PD , ʢɺʪ 0,376 0,375 0,375 0,375 0,375 0,375 0,375 

ʇʉU , ɺ 5151 5436 5579 5722 5865 6008 6293 

ʇʉP , ʢɺʪ 11,380 11,385 11,388 11,391 11,395 11,398 11,404 

ʇʉQ , ʢɺɸʨ 1,851 1,801 1,775 2,723 3,264 3,317 3,427 

Q, ʤ
3
/ʩʫʪ 29,039 29,054 29,061 29,068 29,075 29,082 29,097 

ʵʬ

ʎʇ

Q
k

P
= , ʤ

3
/ʩʫʪÖʢɺʪ 2,552 2,552 2,552 2,552 2,552 2,552 2,552 
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24 ʇʉ
ʘʵ

P
E

Q
= , ʢɺʪÖʯʘʩ/ʤ

3 
9,405 9,405 9,405 9,405 9,406 9,406 9,406 

ʇʉS , ʢɺɸ 11,529 11,527 11,526 11,712 11,853 11,871 11,908 

2

24 ʎʇS
E

Q
= , ʢɺɸÖʯʘʩ/ʤ

3
 9,528 9,522 9,518 9,670 9,784 9,796 9,822 

 

3.3 ʈʘʩʯʝʪ ʦʧʪʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʳ ʥʘʧʨʷʞʝʥʠʷ  

ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʩ ʫʯʝʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ  

ʯʘʩʪʦʪʳ ʩʪʘʥʮʠʡ ʫʧʨʘʚʣʝʥʠʷ ʧʦʛʨʫʞʥʳʤʠ ʥʘʩʦʩʘʤʠ 

 

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʘʣʛʦʨʠʪʤ rʨʘʩʯʝʪʘ ʦʧʪʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʳ ʥʘʧʨʷʞʝʥʠʷ 

ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʥʝ ʫʯʠʪʳʚʘʶʪ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʯʘʩ-

ʪʦʪʳ, ʢʦʪʦʨʳʝ ʩʝʛʦʜʥʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʪʘʥʮʠʷʭ ʫʧʨʘʚʣʝʥʠʷ ʧʦʛʨʫʞ-

ʥʳʤʠ ʥʘʩʦʩʘʤʠ. ʂ ʪʘʢʠʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʩʦʙʩʪʚʝʥʥʳʡ ʂʇɼ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʱʥʦʩʪʠ ʠʥʚʝʨʪʦʨʘ, ʚʦʟʤʦʞʥʦʩʪʴ ʩʪʘʙʠʣʠʟʘʮʠʠ ʘʤʧʣʠʪʫʜʳ 

ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ ʢʦʤʧʝʥʩʘʮʠʷ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʥʘʛʨʫʟʢʠ [84]. 

ʂʨʦʤʝ ʪʦʛʦ, ʢʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʧʨʠ ʨʘʙʦʪʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ ʚ ʝʛʦ 

ʚʳʭʦʜʥʦʤ ʥʘʧʨʷʞʝʥʠʠ ʧʦʷʚʣʷʶʪʩʷ ʚʳʩʰʠʝ ʛʘʨʤʦʥʠʢʠ, ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʶʪ 

ʚʣʠʷʥʠʝ ʥʘ ʧʦʪʝʨʠ ʚ ʧʦʚʳʰʘʶʱʝʤ ʪʨʘʥʩʬʦʨʤʘʪʦʨʝ ʠ ʧʦʛʨʫʞʥʦʤ ʵʣʝʢʪʨʦʜʚʠ-

ʛʘʪʝʣʝ, ʯʪʦ ʩʥʠʞʘʝʪ ʂʇɼ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʦ-

ʙʳʚʘʶʱʝʡ ʩʢʚʘʞʠʥʳ.  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ ʦʧʪʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠ-

ʥʳ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ, ʫʯʠʪʳʚʘʶʱʝʡ ʩʚʦʡʩʪʚʘ ʧʨʝʦʙʨʘ-

ʟʦʚʘʪʝʣʝʡ ʯʘʩʪʦʪʳ ʩʪʘʥʮʠʡ ʫʧʨʘʚʣʝʥʠʷ ʠ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʨʘʙʦʪʫ ʧʦʛʨʫʞʥʦʛʦ ʠ 

ʥʘʟʝʤʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʝʬʪʷʥʦʡ ʩʢʚʘʞʠʥʳ, ʨʘʩʩʤʦʪʨʠʤ ʦʪʭʦʜʷʱʫʶ ʦʪ 

ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʇʉ ʣʠʥʠʶ (ʨʠʩʫʥʦʢ 21).  

2 3R-  
2 3X -

 
1 2X -

 
1 2R-  1ʧʩR -  1ʧʩX -

 

ʕʂɼʉ 

1 
ʕʂɼʉ 
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ʕʂɼʉ 

3 
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1 2 3 

  

 

ʈʠʩʫʥʦʢ 21 ï ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʛʠʧʦʪʝʪʠʯʝʩʢʦʡ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ ʩ ʪʨʝʤʷ ʕʂɼʉ 
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ʂʘʞʜʳʡ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ ʜʦʙʳʚʘʶʱʝʡ ʩʢʚʘʞʠʥʳ ʩʦʜʝʨ-

ʞʠʪ ʚʦʟʜʫʰʥʫʶ ʣʠʥʠʶ, ʩʦʝʜʠʥʷʶʱʫʶ ʫʟʝʣ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ ʩ ʧʦʥʠʞʘʶʱʠʤ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʤ ʇʊ, ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʯʘʩʪʦʪʳ ʇʏ, ʧʦʚʳʰʘʶʱʠʡ ʪʨʘʥʩ-

ʬʦʨʤʘʪʦʨ ʊʄʇʅ, ʩʦʝʜʠʥʠʪʝʣʴʥʳʡ ʢʘʙʝʣʴ ʂʃ ʠ ʧʦʛʨʫʞʥʦʡ ʘʩʠʥʭʨʦʥʥʳʡ 

ʜʚʠʛʘʪʝʣʴ ʄ, ʧʨʠʚʦʜʷʱʠʡ ʚ ʜʚʠʞʝʥʠʝ ʮʝʥʪʨʦʙʝʞʥʳʡ ʥʘʩʦʩ (ʨʠʩʫʥʦʢ 22) [75]. 

ɺʃ ʇʊ 

ʇʏ 

ʊʄʇʅ ʂʃ 

ʄ 

ʚʣR  ʚʣX  ʢʣX  
ʢʣR  

 

 

 

ʈʠʩʫʥʦʢ 22 ï ʉʭʝʤʘ ʕʂɼʉ ʧʦʛʨʫʞʥʦʛʦ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʥʘʩʦʩʘ 

ʩ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʯʘʩʪʦʪʳ ʚ ʩʪʘʥʮʠʠ ʫʧʨʘʚʣʝʥʠʷ 

 

ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʚ ʢʘʞʜʦʤ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʤ ʢʦʤʧʣʝʢʩʝ ʩʢʚʘʞʠʥʳ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦʛʨʫʞʥʳʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ ʕɼʊ45-103ʄ1, ʧʨʠʚʦʜʷʱʠʝ ʚ 

ʜʚʠʞʝʥʠʝ ʮʝʥʪʨʦʙʝʞʥʳʝ ʥʘʩʦʩʳ 0215ʕʎʅɸʂʀ5-125ʀ, ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʠ ʢʦʪʦʨʳʭ ʙʳʣʠ ʧʨʠʚʝʜʝʥʳ ʚʳʰʝ. ɼʣʷ ʧʠʪʘʥʠʷ ʇʕɼ ʥʝʩʪʘʥʜʘʨʪʥʳʤ 

ʥʘʧʨʷʞʝʥʠʝʤ ʫʩʪʘʥʦʚʣʝʥʳ ʧʦʚʳʰʘʶʱʠʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ ʊʄʇʅ ʥʦʤʠʥʘʣʴ-

ʥʦʡ ʤʦʱʥʦʩʪʴʶ 100 ʢɺɸ, ʘ ʜʣʷ ʩʦʧʨʷʞʝʥʠʷ ʩ ʚʦʟʜʫʰʥʦʡ ʣʠʥʠʝʡ ʵʣʝʢʪʨʦʧʝ-

ʨʝʜʘʯ ʚ ʢʘʞʜʦʤ ʕʂɼʉ ʧʨʠʤʝʥʝʥ ʧʦʥʠʞʘʶʱʠʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ 6/0,4 ʢɺ ʩ ʥʦ-

ʤʠʥʘʣʴʥʦʡ ʤʦʱʥʦʩʪʴʶ 100 ʢɺɸ, ʪʝʭʥʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʳ 

ʚ ʨʘʟʜʝʣʝ 3.1. 

ʉʦʝʜʠʥʠʪʝʣʴʥʳʝ ʢʘʙʝʣʠ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʧʦʛʨʫʞʥʳʝ ʜʚʠʛʘʪʝʣʠ 

ʧʦʜʢʣʶʯʝʥʳ ʢ ʧʦʚʳʰʘʶʱʠʤ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʤ, ʠʤʝʶʪ ʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝ-

ʥʠʝ 1 2 3 1,191ʢʣ ʢʣ ʢʣR R R= = =  ʆʤ ʠ ʨʝʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

1 2 3 0,126ʢʣ ʢʣ ʢʣX X X= = =  ʆʤ. ʉʦʧʨʦʪʠʚʣʝʥʠʷ ʚʦʟʜʫʰʥʳʭ ʣʠʥʠʡ, ʩʦʝʜʠʥʷʶ-

ʱʠʭ ʧʦʥʠʞʘʶʱʠʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ ʩ ʫʟʣʘʤʠ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ, ʠʤʝʶʪ ʩʣʝ-

ʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ: 1 2 3 0,92ʣ ʣ ʣR R R= = =  ʆʤ, 1 2 3 0,77ʣ ʣ ʣX X X= = =  ʆʤ. ʋʯʘ-

ʩʪʢʠ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ ʤʝʞʜʫ ʫʟʣʘʤʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷʤʠ: 

1 1,02ʇʉR -=  ʆʤ; 1 0,85ʇʉX -=  ʆʤ; 1 2 1,224R- =  ʆʤ; 1 2 1,202X - =  ʆʤ; 

2 3 0,612R- =  ʆʤ; 2 3 0,51X - =  ʆʤ.  



100 

 

ʂʘʞʜʘʷ ʩʢʚʘʞʠʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʜʝʙʠʪʦʤ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʨʦʠʟ-

ʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 87ʥʘʩQ =  ʤ
3
/ʩʫʪʢʠ. ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʯʘʩʪʦ-

ʪʳ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʙʦʪʫ ʥʘʩʦʩʘ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʂʇɼ 0,53ʥʘʩh =  ʧʨʠ ʩʢʦʨʦ-

ʩʪʠ ʚʨʘʱʝʥʠʷ 215,5w=  ʨʘʜ/ʩ ʧʨʠ ʯʘʩʪʦʪʝ ʧʠʪʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ  

1 36,25f =  ɻʮ, ʢʦʵʬʬʠʮʠʝʥʪ Mk  ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʳʤ 31,52 10Mk -= Ö  ʅʤʩ
2
/ʨʘʜ

2
. 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʜʣʷ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʤʳ-

ʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ, ʧʠʪʘʶʱʝʡ ʦʪʭʦʜʷʱʫʶ ʣʠʥʠʶ ʩ ʕʂɼʉ ʩ ʧʨʝʦʙʨʘʟʦʚʘʪʝ-

ʣʷʤʠ ʯʘʩʪʦʪʳ, ʧʨʦʠʟʚʦʜʠʪʴ ʚʘʨʠʘʮʠʶ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʪʦʨʠʯʥʦʡ ʦʙʤʦʪʢʝ ʧʦ-

ʥʠʞʘʶʱʝʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʩʘʤʦʡ ʫʜʘʣʝʥʥʦʡ ʩʢʚʘʞʠʥʳ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 

10,9 ʥʦʤU  ʜʦ 11,1 ʥʦʤU  ʩ ʥʝʢʦʪʦʨʳʤ ʰʘʛʦʤ 
2 . .ʧʪnstepUD . ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʬʫʥʢʮʠʦ-

ʥʘʣʴʥʦʡ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʥʘʧʨʷʞʝ-

ʥʠʝ ʥʘ ʚʳʭʦʜʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʠʟʤʝʥʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʩʪʘʪʦʨʝ ʧʦʛʨʫʞ-

ʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʧʨʠ ʚʘʨʠʘʮʠʠ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʭʦʜʝ ʩʪʘʥʮʠʠ ʫʧʨʘʚʣʝʥʠʷ. ʊʦ-

ʛʜʘ ʤʝʪʦʜʠʢʫ ʨʘʩʯʝʪʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ 

ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ, ʩʦʜʝʨʞʘʱʝʡ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʝ 

ʢʦʤʧʣʝʢʩʳ ʜʦʙʳʚʘʶʱʠʭ ʩʢʚʘʞʠʥ ʩ ʧʦʛʨʫʞʥʳʤʠ ʮʝʥʪʨʦʙʝʞʥʳʤʠ ʥʘʩʦʩʘʤʠ, 

ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʩʣʝʜʫʶʱʝʛʦ ʘʣʛʦʨʠʪʤʘ (ʨʠʩʫʥʦʢ 23). 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʨʘʩʯʝʪʘ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʶʪ ʩ ʜʘʥʥʳʤʠ, ʠʩ-

ʧʦʣʴʟʫʝʤʳʤʠ ʚ ʘʣʛʦʨʠʪʤʝ, ʧʨʠʚʝʜʝʥʥʦʤ ʥʘ ʨʠʩʫʥʢʝ 16, ʪʦʣʴʢʦ ʜʦʙʘʚʣʷʶʪʩʷ 

ʟʥʘʯʝʥʠʷ ʯʘʩʪʦʪ ʥʘʧʨʷʞʝʥʠʷ, ʬʦʨʤʠʨʫʝʤʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ 1.1f  ï 1.nf , 

ʂʇɼ .1ʧʯh  ï .ʧʯ nh  ʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʤʦʱʥʦʩʪʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ .1cos ʧʯj  ï 

.cos ʧʯ nj  ʠ ʢʦʵʬʬʠʮʠʝʥʪʳ khʠ PkD , ʫʯʠʪʳʚʘʶʱʠʝ ʠʟʤʝʥʝʥʠʷ ʂʇɼ ʘʩʠʥʭʨʦʥ-

ʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʠ ʧʦʪʝʨʴ ʚ ʧʦʚʳʰʘʶʱʝʤ ʪʨʘʥʩʬʦʨʤʘʪʦʨʝ ʦʪ ʜʝʡʩʪʚʠʷ ʚʳʩʰʠʭ 

ʛʘʨʤʦʥʠʢ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʟʘʜʘʥʠʝ ʤʠʥʠʤʘʣʴ-

ʥʦʛʦ 2 . .minʧʪ nU  ʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 2 . .ʧʪn maxU  ʟʥʘʯʝʥʠʡ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʚʳʭʦʜʝ ʩʘ-

ʤʦʛʦ ʫʜʘʣʝʥʥʦʛʦ ʧʦʥʠʞʘʶʱʝʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʠ ʰʘʛʘ ʧʨʠʨʘʱʝʥʠʷ 

2 . .ʧʪnstepUD . 

ɺ ʙʣʦʢʘʭ 2 ï 13 ʧʨʦʠʩʭʦʜʷʪ ʧʨʘʢʪʠʯʝʩʢʠ ʪʝ ʞʝ ʩʘʤʳʝ ʜʝʡʩʪʚʠʷ, ʯʪʦ ʠ 

ʜʣʷ ʨʘʩʯʝʪʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʜʣʷ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ, ʧʠʪʘʶʱʠʝ ʇʕɼ 

ʙʝʟ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʯʘʩʪʦʪʳ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ 
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ʚ ʙʣʦʢʘʭ 4 ʠ 13 ʟʘʜʘʶʪʩʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʳʭʦʜʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʥʠ-

ʞʘʶʱʠʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ, ʘ ʥʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʩʪʘʪʦʨʘʭ ʇʕɼ. 

 

ɼʘ 

 

ʅʝʪ 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʅʘʯʘʣʦ 

 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ: n ; 
1Q  ï 

nQ ;
1Mk  ï 

Mnk ; 
2 1ɻR  ï 

2ɻnR ; 
1kX  ï 

knX ; 
1mX  ï 

mnX ; 0 _ 50.1w  ï 0_50.nw ; 
1ʥʦʤw  ï 

ʥʦʤnw ; 
1ʥʦʤM ï 

ʥʦʤnM ;   

 

1 

0 .1ʇʕɼM  ï 0 .ʇʕɼ nM ; 
1min.1U  ï 

1min.nU ; .nstepUD ; UD ; 
1max.nU ; 

        
. 1ʥʦʤʊʄʇʅS  ï 

.ʥʦʤʊʄʇʅnS ; 
. 1ʥʦʤʊʄʇʅU  ï 

.ʥʦʤʊʄʇʅnU ; 
. 1ʭʭʊʄʇʅPD  ï   

 
.ʭʭʊʄʇʅnPD ;  

. 1ʢʟʊʄʇʅPD  ï 
.ʢʟʊʄʇʅnPD ; 

. 1ʭʭʊʄʇʅQD  ï 
.ʭʭʊʄʇʅnQD ;  

. 1ʢʟʊʄʇʅQD  ï 
.ʢʟʊʄʇʅnQD ; . 1,%ʢʊʄʇʅU  ï . ,%ʢʊʄʇʅnU ; 

1ʊʄʇʅk  ï 

 
 
ʊʄʇʅnk ; 

. 1ʥʦʤʧʪS  ï
.ʥʦʤʧʪnS ; 

. 1ʥʦʤʧʪU  ï 
.ʥʦʤʧʪnU ; 

. 1ʭʭʧʪPD  ï 
.ʭʭʧʪnPD ; 

. 1ʢʟ ʧʪPD  ï 
.ʢʟʧʪnPD ; 

. 1ʭʭʧʪQD  ï 
.ʭʭʧʪnQD ; 

. 1ʢʟ ʧʪQD  ï 
.ʢʟʧʪnQD ;  

. 1,%ʢ ʧʪU  ï . ,%ʢ ʧʪnU ; 
1ʧʪk  ï 

ʧʪnk ; 
1ʢʣR  ï 

ʢʣnR ; 
1ʢʣX  ï 

ʢʣnX ; 
1ʣR  ï 

ʣnR ; 
1ʣX  ï 

ʣnX ; 1ʇʉR - , 
1 2R-  ï 

( )1n n
R
- -

; 1ʇʉX - , 
1 2X -
ï 

( )1n n
X

- -
; 

1ʢʫX  ï ʢʫnX ; 1.1f  ς 1.nf ; kh; PkD ; .1ʧʯh  ς .ʧʯ nh ; .1cos ʧʯj  ς 

.cos ʧʯnj ; 2 . .minʧʪnU ; 2 . .ʧʪn stepUD ; 2 . .ʧʪnmaxU ; 2UD ;
1

U

ʜʫk  ï 
U

ʜʫnk  

 

 
 

1i=- 
2

2 

1i i= + 

ʢ 49 

3 

ʢ 8 

4 

1q=- 

1q q= + 

0q= ? 

ʢ 41 

5 

6 

ʢ 14 
7 

ɿʘʜʘʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʳʭʦʜʝ n-ʛʦ ʧʦʥʠʞʘʶʱʝʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

2 . 2 . .min 2 . .ʧʪn ʧʪn ʧʪn stepU U i U= + D  
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0 

ʈʘʩʯʝʪ ʧʦʪʝʨʴ ʘʢʪʠʚʥʦʡ ʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ  

ʥʘ ʚʦʟʜʫʰʥʦʡ ʣʠʥʠʠ, ʩʦʝʜʠʥʷʶʱʝʡ ( )n q- -ʳʡ ʫʟʝʣ ʩ ( 1)n q- +-ʳʤ  

( )2 2

( 1) ( 1) ( ),( 1)

( ),( 1) 2

( 1)

n q n q ʣ n q n q

ʣ n q n q

n q

P Q R
P

U

- + - + - - +

- - +

- +

+
D = ;  

( )2 2

( 1) ( 1) ( ),( 1)

( ),( 1) 2

( 1)

n q n q ʣ n q n q

ʣ n q n q

n q

P Q X
Q

U

- + - + - - +

- - +

- +

+
D =  

0 

ʈʘʩʯʝʪ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ( )n q- -ʦʤ ʫʟʣʝ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ 

2

( 1) ( ),( 1) ( 1) ( ),( 1)

( 1)

( 1)

( ) 2

( 1) ( ),( 1) ( 1) ( ),( 1)

( 1)

n q ʣ n q n q n q ʣ n q n q

n q

n q

n q ʫ

n q ʣ n q n q n q ʣ n q n q

n q

P R Q X
U

U
U

P X Q R

U

- + - - + - + - - +

- +

- +

-

- + - - + - + - - +

- +

å õ+
+ +æ öæ ö

ç ÷
=

å õ-
+æ öæ ö
ç ÷

  

ʈʘʩʯʝʪ ʘʢʪʠʚʥʦʡ ʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ, ʩʥʠʤʘʝʤʦʡ ʩ ( )n q- -ʛʦ ʫʟʣʘ  

ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ ʩ ʫʯʝʪʦʤ ʧʦʪʨʝʙʣʷʝʤʦʡ ʤʦʱʥʦʩʪʠ ʧʨʝʜʳʜʫʱʠʤ ʫʟʣʦʤ 

( ),( 1) ( 1) ( ),( 1)n q n q n q ʣ n q n qP P P- - + - + - - += +D ; ( ),( 1) ( 1) ( ),( 1)n q n q n q ʣ n q n qQ Q Q- - + - + - - += +D  

0 

1m=- 

ʢ 7 

8 

9 

10 

11

1 

ʢ 14 

ʢ 38 

1m m= + 

0 

12 

13 

ʢ 7 

ɿʘʜʘʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʳʭʦʜʝ ( )n q- -ʛʦ ʧʦʥʠʞʘʶʱʝʛʦ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 2 ( ) 2 ( ).minʧʪ n q ʧʪ n qU U m U- -= + D 
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ʈʘʩʯʝʪ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ( )n q- -ʛʦ ʜʚʠʛʘʪʝʣʷ 

2

( ) ( ) 1( ) ( ) 0 ( )

( ) 2 2

( ) 1( ) ( ) 1( ) ( ) 1( ) ( ) ( )

2

2 4

ʥʦʤ n q ʥʦʤ n q n q ʥʦʤ n q ʇʕɼ n q

n q

M n q n q M n q n q M n q n q ʧ n q M n q

M M f ʄ M

k d k d k d Z k

- - - - -

-

- - - - - - - -

p
w =- + + - , 

͎͔͒ ( )1

1( ) 0_ ( ) ( ) ( ) 1( ). 1( )50

U

n q n q ʥʦʤ n q ʜʫ n q n q f n qd k U Uw w- - - - - -= - - -  

 

ʢ 13 

ʈʘʩʯʝʪ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ, ʧʦʪʨʝʙʣʷʝʤʦʡ ( )n q- -ʳʤ ʜʚʠʛʘʪʝʣʝʤ 
3

( ) ( ) 0 ( ) ( )

( )

( )

M n q n q ʇʕɼ n q n q

ʇʕɼ n q

n q

k M
P

k

- - - -

-

h -

w + w
=

h
 

ʈʘʩʯʝʪ ʩʢʦʣʴʞʝʥʠʷ ʨʦʪʦʨʘ ( )n q- -ʦʛʦ ʜʚʠʛʘʪʝʣʷ 

1( ) ( ) ( )

( )

1( )

2

2

n q ʧ n q n q

n q

n q

f Z
s

f

- - -

-

-

p - w
=

p
 

 

0 

ʈʘʩʯʝʪ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ, ʧʦʪʨʝʙʣʷʝʤʦʡ ( )n q- -ʳʤ ʜʚʠʛʘʪʝʣʝʤ 

1( )2 2
2 2

1( ) ( ) ( )
1( ) 1( )

( ) 2
1( ) 1( )

1( )2 2
( ) ( )

2 ( ) ( ) ( )

503

50 5050

n q

n q n q k n q
n q n q

ʇʕɼ n q
n q n q

n q
m n q ʢʫ n q

ɻ n q n q k n q

f
U s X U U

Q
f ff

X XR s X

-

- - -
- -

-
- -

-
- -

- - -

è ø
é ù
é ù

= + -
é ù

å õé ù+ æ ö
é ùç ÷ê ú

 

ʢ 20 

14 

15 

16 

17 

0 

ʈʘʩʯʝʪ ʧʦʪʝʨʴ ʘʢʪʠʚʥʦʡ ʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ  

ʥʘ ʩʦʝʜʠʥʠʪʝʣʴʥʦʤ ʢʘʙʝʣʝ ( )n q- -ʛʦ ʇʕɼ 

( )2 2

( ) ( ) ( )

( ) 2

1( )3

ʇʕɼ n q ʇʕɼ n q ʢʣ n q

ʢʣ n q

n q

P Q R
P

U

- - -

-

-

+
D = ; 

( )2 2

( ) ( ) ( )

( ) 2

1( )3

ʇʕɼ n q ʇʕɼ n q ʢʣ n q

ʢʣ n q

n q

P Q X
Q

U

- - -

-

-

+
D =  

18 

0 

ʈʘʩʯʝʪ ʘʢʪʠʚʥʦʡ, ʨʝʘʢʪʠʚʥʦʡ ʠ ʧʦʣʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʚʳʭʦʜʝ 

( )n q- -ʛʦ ʊʄʇʅ ( ) ( ) ( )ʊʄʇʅ n q ʇʕɼ n q ʢʣ n qP P P- - -= +D ;  

( ) ( ) ( )ʊʄʇʅ n q ʇʕɼ n q ʢʣ n qQ Q Q- - -= +D ; 2 2

( ) ( ) ( )ʊʄʇʅ n q ʊʄʇʅ n q ʊʄʇʅ n qS P Q- - -= +   

19 
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 0  

ʈʘʩʯʝʪ ʧʦʪʝʨʴ ʘʢʪʠʚʥʦʡ, ʨʝʘʢʪʠʚʥʦʡ ʠ ʧʦʣʥʦʡ ʤʦʱʥʦʩʪʠ ʥʘ ( )n q- -ʦʤ ʊʄʇʅ 

( )3 2

( ) . ( ) ( ) . ( )10ʊʄʇʅ n q ʭʭʊʄʇʅ n q ʊʄʇʅ n q ʢʟʊʄʇʅ n q PP P P k- - - - DD = D + Db ;  

( )3 2

( ) . ( ) ( ) . ( )10ʊʄʇʅ n q ʭʭʊʄʇʅ n q ʊʄʇʅ n q ʢʟʊʄʇʅ n qQ Q Q- - - -D = D + Db ;  

2 2

( ) ( ) ( )ʊʄʇʅ n q ʊʄʇʅ n q ʊʄʇʅ n qS P Q- - -D = D +D  

ʢ 19 

ʈʘʩʯʝʪ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʳʭʦʜʝ( )n q- -ʛʦ ʊʄʇʅ 

2

( ) ( ) ( ) ( )

1( )

1( )

( ) 2

( ) ( ) ( ) ( )

1( )

3
3

3

ʇʕɼ n q ʢʣ n q ʇʕɼ n q ʢʣ n q

n q

n q

ʊʄʇʅ n q

ʇʕɼ n q ʢʣ n q ʇʕɼ n q ʢʣ n q

n q

P R Q X
U

U
U

P X Q R

U

- - - -

-

-

-

- - - -

-

å õ+
+ +æ ö

æ ö
ç ÷

=
å õ-
+æ ö
æ ö
ç ÷

  
0 

0 
ʈʘʩʯʝʪ ʧʘʜʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʩʦʝʜʠʥʠʪʝʣʴʥʦʤ ʢʘʙʝʣʝ 

( )n q- -ʛʦ ʇʕɼ        ( ) ( ) 1( )3ʢʣ n q ʊʄʇʅ n q n qU U U- - -D = -  

ʈʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʛʨʫʟʢʠ ( )n q- -ʦʛʦ ʊʄʇʅ 

( )

( ) 3

. ( )10

ʊʄʇʅ n q

ʊʄʇʅ n q

ʥʦʤʊʄʇʅ n q

S

S

-

-

-

b =  

0 

 

ʢ 25 

20 

21

5 

22

5 

23

\5 

0 

ʈʘʩʯʝʪ ʧʦʪʝʨʴ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ( )n q- -ʦʤ ʊʄʇʅ 
2

( ) ( ) ( ) ( ) ( )

( )

( )

ʊʄʇʅ n q ʊʄʇʅ n q ʊʄʇʅ n q ʊʄʇʅ n q ʊʄʇʅ n q

ʊʄʇʅ n q

ʊʄʇʅ n q

k R P X Q
U

U

- - - - -

-

-

è ø+ê úD = , 

ʛʜʝ 

3 2

. ( ) . ( )

( ) 2

. ( )

10 ʢʟʊʄʇʅ n q ʥʦʤʊʄʇʅ n q

ʊʄʇʅ n q

ʥʦʤʊʄʇʅ n q

P U
R

S

- -

-

-

D
= ; 

2

. ( )

( ) . ( ),%

. ( )

10
ʥʦʤʊʄʇʅ n q

ʊʄʇʅ n q ʢʊʄʇʅ n q

ʥʦʤʊʄʇʅ n q

U
X U

S

-

- -

-

=  

24

\5 
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0  

ʈʘʩʯʝʪ ʘʢʪʠʚʥʦʡ, ʨʝʘʢʪʠʚʥʦʡ ʠ ʧʦʣʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʚʳʭʦʜʝ  

( )n q- -ʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ 

( ) ( ) ( )ʇʏ n q ʊʄʇʅ n q ʊʄʇʅ n qP P P- - -= +D ; ( ) ( ) ( )ʇʏ n q ʊʄʇʅ n q ʊʄʇʅ n qQ Q Q- - -= +D ; 

2 2

) ( ) ( )ʇʏn q ʇʏ n q ʇʏ n qS P Q- - -= +   

0 

0 

0 

ʢ 24 

0 

 

ʢ 31 

25 

26 

27 
ʈʘʩʯʝʪ ʘʢʪʠʚʥʦʡ, ʨʝʘʢʪʠʚʥʦʡ ʠ ʧʦʣʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʚʳʭʦʜʝ  

( )n q- -ʛʦ ʧʦʥʠʞʘʶʱʝʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

( )

2 ( )

( )

ʇʏ n q

ʧʪ n q

ʇʏ n q

P
P

-

-

-

=
h

; 
2

( ) ( )

2 ( )

( )

1 cos

cos

ʇʏ n q ʇʏ n q

ʧʪ n q

ʇʏ n q

P
Q

- -

-

-

- j
=

j
; 

2 2

2 ( ) 2 ( ) 2 ( )ʧʪ n q ʧʪ n q ʧʪ n qS P Q- - -= +  

ʈʘʩʯʝʪ ʧʦʪʝʨʴ ʘʢʪʠʚʥʦʡ ʠ ʨʝʘʢʪʠʚʥʦʡ ʠ ʤʦʱʥʦʩʪʠ  

ʥʘ ( )n q- -ʦʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝ ʯʘʩʪʦʪʳ 

( ) 2 ( ) ( )ʇʏ n q ʧʪ n q ʇʏ n qP P P- - -D = - ; ( ) 2 ( ) ( )ʇʏ n q ʧʪ n q ʇʏ n qQ Q Q- - -D = -  

28 

ʈʘʩʯʝʪ ʧʘʜʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ( )n q- -ʦʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝ ʯʘʩʪʦʪʳ        

( ) 2 ( ) ( )ʇʏ n q ʧʪ n q ʇʏ n qU U U- - -D = -  

29 

ʈʘʩʯʝʪ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʳʭʦʜʝ ( )n q- -ʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ 

ʯʘʩʪʦʪʳ        ( ) ( ) ( ) ( )ʇʏ n q ʊʄʇʅ n q ʊʄʇʅ n q ʊʄʇʅ n qU k U U- - - -= +D   

0 

 

30 

ʈʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʛʨʫʟʢʠ ( )n q- -ʦʛʦ ʧʦʥʠʞʘʶʱʝʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

2 ( )

( ) 3

. ( )10

ʧʪ n q

ʧʪ n q

ʥʦʤʧʪ n q

S

S

-

-

-

b =  
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ʢ 30 

0 

ʈʘʩʯʝʪ ʧʦʪʝʨʴ ʘʢʪʠʚʥʦʡ, ʨʝʘʢʪʠʚʥʦʡ ʠ ʧʦʣʥʦʡ ʤʦʱʥʦʩʪʠ  

ʥʘ ( )n q- -ʦʤ ʧʦʥʠʞʘʶʱʝʤ ʪʨʘʥʩʬʦʨʤʘʪʦʨʝ 

( )3 2

( ) . ( ) ( ) . ( )10ʧʪ n q ʭʭʧʪ n q ʧʪ n q ʢʟ ʧʪ n qP P P- - - -D = D + Db ;  

( )3 2

( ) . ( ) ( ) . ( )10ʧʪ n q ʭʭ ʧʪ n q ʧʪ n q ʢʟ ʧʪ n qQ Q Q- - - -D = D + Db ; 
2 2

( ) ( ) ( )ʧʪ n q ʧʪ n q ʧʪ n qS P Q- - -D = D +D  

31

 

ʢ 37 

0 

ʈʘʩʯʝʪ ʘʢʪʠʚʥʦʡ, ʨʝʘʢʪʠʚʥʦʡ ʠ ʧʦʣʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʚʭʦʜʝ  

( )n q- -ʛʦ ʧʦʥʠʞʘʶʱʝʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

1 ( ) 2 ( ) ( )ʧʪ n q ʪʧ n q ʪʧ n qP P P- - -= +D ; 1 ( ) 2 ( ) ( )ʧʪ n q ʪʧ n q ʪʧ n qQ Q Q- - -= +D ;  

2 2

1 ( ) 1 ( ) 1 ( )ʧʪ n q ʧʪ n q ʧʪ n qS P Q- - -= +   

32

 

0 

33

 

 

 

ʈʘʩʯʝʪ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʭʦʜʝ ( )n q- -ʛʦ ʧʦʥʠʞʘʶʱʝʛʦ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ     1 ( ) 2 ( ) ( ) ( )ʧʪ n q ʪʧ n q ʪʧ n q ʪʧ n qU U k U- - - -= +D   

34

 

0000000000 

ʈʘʩʯʝʪ ʧʦʪʝʨʴ ʘʢʪʠʚʥʦʡ ʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ  

ʥʘ ʚʦʟʜʫʰʥʦʡ ʣʠʥʠʠ, ʦʪʭʦʜʷʱʝʡ ʦʪ ( )n q- -ʛʦ ʫʟʣʘ 
2

1 ( ) ( )

( ) 2

1 ( )

ʧʪ n q ʣ n q

ʣ n q

ʧʪ n q

S R
P

U

- -

-

-

D = ; 
2

1 ( ) ( )

( ) 2

1 ( )

ʧʪ n q ʣ n q

ʣ n q

ʧʪ n q

S X
Q

U

- -

-

-

D =  

35

 

0 

36

 

ʈʘʩʯʝʪ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ( )n q- -ʦʤ ʫʟʣʝ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ 

2

1 ( ) ( ) 1 ( ) ( )

1 ( )

1 ( )

( ) ,2 2

1 ( ) ( ) 1 ( ) ( )

1 ( )

ʪʧ n q ʣ n q ʪʧ n q ʣ n q

ʪʧ n q

ʪʧ n q

n q ʫ

ʪʧ n q ʣ n q ʪʧ n q ʣ n q

ʪʧ n q

P R Q X
U

U
U

P X Q R

U

- - - -

-

-

-

- - - -

-

å õ+
+ +æ öæ ö

ç ÷
=

å õ-
+æ öæ ö
ç ÷

  

ʈʘʩʯʝʪ ʧʦʪʝʨʴ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ( )n q- -ʦʤ ʧʦʥʠʞʘʶʱʝʤ ʪʨʘʥʩʬʦʨʤʘʪʦʨʝ 

( ) ( ) ( ) ( )

( ) 2

( ) ( )

ʧʪ n q ʧʪ n q ʧʪ n q ʧʪ n q

ʧʪ n q

ʧʪ n q ʧʪ n q

R P X Q
U

k U

- - - -

-

- -

+
D =  
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ɼʘ 

ʅʝʪ 

ɼʘ 

ʅʝʪ 

ɼʘ 

 

ʢ 36 

ʢ 44 

1 
37 

0q= ? 

ʢ 12 

ʅʝʪ 

1 

 

38 

39  ʈʘʩʯʝʪ ʧʘʜʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʦʟʜʫʰʥʦʡ ʣʠʥʠʠ, ʦʪʭʦʜʷʱʝʡ 

ʦʪ ( )n q- -ʛʦ ʫʟʣʘ 

( ) ( ),2 1 ( )ʣ n q n q ʪʧ n qU U U- - -D = -  

 

40 

ʈʘʩʯʝʪ ʘʢʪʠʚʥʦʡ ʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ, ʩʥʠʤʘʝʤʦʡ ʩ ( )n q- -ʛʦ ʫʟʣʘ  

( ) ( 1) 1 ( ) ( )n q n q ʧʪ n q ʣ n qP P P P- - + - -= + +D ; ( ) ( 1) 1 ( ) ( )n q n q ʧʪ n q ʣ n qQ Q Q Q- - + - -= + +D  

1 1n q- =? 
41 

ʢ 6 

 

ʈʘʩʯʝʪ ʧʦʪʝʨ ɹʘʢʪʠʚʥʦʡ ʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʝʡ ʥʘ ʫʯʘʩʪʢʝ  

ʚʦʟʜʫʰʥʦʡ ʣʠʥʠʠ ʤʝʞʜʫ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʝʡ ʠ 1-ʳʤ ʫʟʣʦʤ ʦʪʭʦʜʷʱʝʡ  

ʣʠʥʠʠ 

( )2 2

1 1 1

2

1

ʇʉ

ʇʉ

ʫ

P Q R
P

U

-+
D = ; 

( )2 2

1 1 1

2

1

ʇʉ

ʇʉ

ʫ

P Q X
Q

U

-+
D =  

42 

 

43 
ʈʘʩʯʝʪ ʘʢʪʠʚʥʦʡ, ʨʝʘʢʪʠʚʥʦʡ ʠ ʧʦʣʥʦʡ ʤʦʱʥʦʩʪʠ, ʩʥʠʤʘʝʤʦʡ 

ʩ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ  

1ʇʉ ʇʉP P P= +D ; 1ʇʉ ʇʉQ Q Q= +D ; 2 2

ʇʉ ʇʉ ʇʉS P Q= +  

( ) ( ) ,2 2n q ʫ n q ʫU U U- -- ¢D? 
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ɼʘ 

ʂʦʥʝʮ 

 

ʢ 43 

 

ʈʘʩʯʝʪ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ 
2 2

1 1 1 1 1 1 1
1

1 1

ʇʉ ʇʉ ʇʉ ʇʉ ʇʉ
ʇʉ ʫ

ʫ ʫ

PR Q X P X Q R
U U

U U

- - - -
å õ å õ+ -

= + +æ ö æ öæ ö æ ö
ç ÷ ç ÷

  

44 

 

45 
ʈʘʩʯʝʪ ʧʘʜʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʫʯʘʩʪʢʝ ʚʦʟʜʫʰʥʦʡ ʣʠʥʠʠ 

ʤʝʞʜʫ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʝʡ ʠ 1-ʳʤ ʫʟʣʦʤ 

1 1 ,2ʇʉ ʇʉ ʫU U U-D = -  

 
46 

ʈʘʩʯʝʪ ʩʫʤʤʘʨʥʳʭ ʧʦʪʝʨʴ ʘʢʪʠʚʥʦʡ ʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ 

ʠ ʧʘʜʝʥʠʡ ʥʘʧʨʷʞʝʥʠʡ 

0 
ʈʘʩʯʝʪ ʩʫʤʤʘʨʥʦʛʦ ʜʝʙʠʪʘ ʚʩʝʭ ʩʢʚʘʞʠʥ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ 

1

n
k k

k ʥʦʤk

Q
Q

=

w
=

w
ä  

 

47 

0 
ʈʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʫʜʝʣʴʥʳʭ ʟʘʪʨʘʪ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ  

ʵʬ

ʎʇ

Q
k

P
= ; 

24 ʇʉ
ʘʵ

P
E

Q
= ; 

24 ʇʉ
ʧʵ

S
E

Q
=  

 

48 

1 
49 

1. 1. .maxn nU U² ? 

0 

50 

ɺʳʙʦʨ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʇʉU , ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ   

ʪʨʝʙʫʝʤʦʤʫ ʢʨʠʪʝʨʠʶ ʦʧʪʠʤʠʟʘʮʠʠ  

 

ʅʝʪ 
ʢ 3 

 

ʈʠʩʫʥʦʢ 23 ï ɸʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ  

ʜʣʷ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ, ʩʦʜʝʨʞʘʱʝʡ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʜʦʙʳʚʘʶʱʠʭ ʩʢʚʘʞʠʥ 

ʩ ʧʦʛʨʫʞʥʳʤʠ ʮʝʥʪʨʦʙʝʞʥʳʤʠ ʥʘʩʦʩʘʤʠ ʠ ʯʘʩʪʦʪʥʳʤʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ  

ʚ ʩʪʘʥʮʠʷʭ ʫʧʨʘʚʣʝʥʠʷ 

 

ɼʘʣʝʝ ʚ ʙʣʦʢʘʭ 14 ï 18 ʧʦ ʬʦʨʤʫʣʘʤ (76), (77), (50) ï (52) ʨʘʩʩʯʠʪʳʚʘ-

ʶʪʩʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ( )n q- -ʛʦ ʇʕɼ ; ʬʘʢʪʠʯʝʩʢʦʝ ʩʢʦʣʴʞʝʥʠʷ 

; ʧʦʪʨʝʙʣʝʥʠʝ ʜʚʠʛʘʪʝʣʝʤ ʘʢʪʠʚʥʦʡ  ʠ ʨʝʘʢʪʠʚʥʦʡ  

( )n q-w

( )n qs - ( )ʇʕɼ n qP - ( )ʇʕɼ n qQ -
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ʤʦʱʥʦʩʪʠ; ʧʦʪʝʨʠ ʤʦʱʥʦʩʪʠ  ʠ  ʥʘ ʩʦʝʜʠʥʠʪʝʣʴʥʦʤ ʢʘʙʝʣʝ. 

ɿʘʪʝʤ ʚ ʙʣʦʢʘʭ 19 ï 24 ʧʨʦʠʟʚʦʜʷʪʩʷ ʪʝ ʞʝ ʚʳʯʠʩʣʝʥʠʷ, ʯʪʦ ʠ ʚ ʘʣʛʦʨʠʪʤʝ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʥʘ ʨʠʩʫʥʢʝ 16. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʪʦ, 

ʯʪʦ ʧʦʪʝʨʠ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʚ ʧʦʚʳʰʘʶʱʝʤ ʪʨʘʥʩʬʦʨʤʘʪʦʨʝ ʨʘʩʩʯʠʪʳ-

ʚʘʶʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (56). 

ʇʦʩʣʝ ʵʪʦʛʦ ʚ ʙʣʦʢʘʭ 25 ï 29 ʧʦ ʬʦʨʤʫʣʘʤ 

( ) ( ) ( ) ( )ʇʏ n q ʊʄʇʅ n q ʊʄʇʅ n q ʊʄʇʅ n qU k U U- - - -= +D ;                         (127) 

( ) ( ) ( )ʇʏ n q ʊʄʇʅ n q ʊʄʇʅ n qP P P- - -= +D ;                                  (128) 

( ) ( ) ( )ʇʏ n q ʊʄʇʅ n q ʊʄʇʅ n qQ Q Q- - -= +D ;                                 (129) 

2 2

) ( ) ( )ʇʏn q ʇʏ n q ʇʏ n qS P Q- - -= + ;                                    (130) 

( )

2 ( )

( )

ʇʏ n q

ʧʪ n q

ʇʏ n q

P
P

-

-

-

=
h

;                                             (131) 

2

( ) ( )

2 ( )

( )

1 cos

cos

ʇʏ n q ʇʏ n q

ʧʪ n q

ʇʏ n q

P
Q

- -

-

-

- j
=

j
;                                (132) 

2 2

2 ( ) 2 ( ) 2 ( )ʧʪ n q ʧʪ n q ʧʪ n qS P Q- - -= + ;                                    (133) 

( ) 2 ( ) ( )ʇʏ n q ʧʪ n q ʇʏ n qP P P- - -D = - ;                                     (134) 

( ) 2 ( ) ( )ʇʏ n q ʧʪ n q ʇʏ n qQ Q Q- - -D = - ;                                    (135) 

( ) 2 ( ) ( )ʇʏ n q ʧʪ n q ʇʏ n qU U U- - -D = -                                     (136) 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʥʘʧʨʷʞʝʥʠʝ ( )ʇʏ n qU - , ʘʢʪʠʚʥʘʷ ( )ʇʏ n qP - , ʨʝ-

ʘʢʪʠʚʥʘʷ ( )ʇʏ n qQ -  ʠ ʧʦʣʥʘʷ )ʇʏn qS -  ʤʦʱʥʦʩʪʴ ʥʘ ʚʳʭʦʜʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩ-

ʪʦʪʳ, ʘʢʪʠʚʥʘʷ 2 ( )ʧʪ n qP - , ʨʝʘʢʪʠʚʥʘʷ 2 ( )ʧʪ n qQ -  ʠ ʧʦʣʥʘʷ 2 ( )ʧʪ n qS -  ʤʦʱʥʦʩʪʴ 

ʩʥʠʤʘʝʤʘʷ ʩʦ ʚʪʦʨʠʯʥʦʡ ʦʙʤʦʪʢʠ ʧʦʥʠʞʘʶʱʝʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʠ ʧʦʪʝʨʠ 

ʤʦʱʥʦʩʪʠ ( )ʇʏ n qP -D , ( )ʇʏ n qQ -D  ʠ ʧʘʜʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ( )ʇʏ n qU -D  ʥʘ ʧʨʝʦʙʨʘʟʦ-

ʚʘʪʝʣʝ ʯʘʩʪʦʪʳ. 

ɿʘʪʝʤ ʚ ʙʣʦʢʘʭ 30 ï 50 ʧʨʦʠʟʚʦʜʷʪʩʷ ʪʝ ʞʝ ʜʝʡʩʪʚʠʷ ʠ ʚʳʯʠʩʣʝʥʠʷ, ʯʪʦ 

ʠ ʚ ʙʣʦʢʘʭ 27 ï 47 ʘʣʛʦʨʠʪʤʘ, ʧʨʠʚʝʜʝʥʥʦʛʦ ʥʘ ʨʠʩʫʥʢʝ 16, ʠ ʦʧʠʩʘʥʥʳʝ ʚʳ-

ʰʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʪʩʷ ʘʣʛʦʨʠʪʤ, ʠʤʝʶʱʠʡ ʚʥʝʰʥʠʡ ʮʠʢʣ ʧʝʨʝʙʦʨʘ 

( )ʢʣ n qP -D ( )ʢʣ n qQ -D
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ʟʥʘʯʝʥʠʡ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʪʦʨʠʯʥʦʡ ʦʙʤʦʪʢʝ ʧʦʥʠʞʘʶʱʝʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

ʩʘʤʦʛʦ ʫʜʘʣʝʥʥʦʛʦ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʦʙʳʚʘʶʱʝʡ ʩʢʚʘʞʠʥʳ ʠ 

ʚʥʫʪʨʝʥʥʠʝ ʮʠʢʣʳ ʧʝʨʝʙʦʨʘ ʫʟʣʦʚ ʠ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʚʳʭʦʜʝ ʜʨʫʛʠʭ ʧʦʥʠ-

ʞʘʶʱʠʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ. 

ʇʨʠʤʝʥʠʤ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʚʝ-

ʣʠʯʠʥʳ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ, ʧʠʪʘʶʱʝʡ ʛʠʧʦʪʝʪʠʯʝʩʢʫʶ 

ʦʪʭʦʜʷʱʫʶ ʣʠʥʠʶ, ʧʨʠʚʝʜʝʥʥʫʶ ʥʘ ʨʠʩʫʥʢʘʭ 21 ʠ 22. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ 

ʧʨʠ ʚʘʨʠʘʮʠʠ ʥʘʧʨʷʞʝʥʠʷ ʧʦʥʠʞʘʶʱʝʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 2 .3ʧʪU  ʚ ʧʨʝʜʝʣʘʭ 

ʦʪ 2 .3.0,9 ʧʪ ʥʦʤU  ʜʦ 2 .3.1,1 ʧʪ ʥʦʤU  ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 7.  

 

ʊʘʙʣʠʮʘ 7 ï ɿʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʪ ʥʘʧʨʷʞʝʥʠʷ  

ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʜʣʷ ʛʠʧʦʪʝʪʠʯʝʩʢʦʡ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ, ʧʨʠʚʝʜʝʥʥʦʡ  

ʥʘ ʨʠʩʫʥʢʘʭ 21 ʠ 22 

2 .3ʧʪUD , % -10 -5 -2,5 0 2,5 5 10 

PD , ʢɺʪ 9,99 9,95 9,93 9,91 9,90 9,88 9,85 

ʇʉU , ɺ 5446 5743 5892 6041 6190 6339 6637 

ʇʉP , ʢɺʪ 79,70 79,66 79,64 79,62 79,61 79,59 79,57 

ʇʉQ , ʢɺɸʨ 31,30 31,27 31,25 31,23 31,22 31,21 31,18 

Q, ʤ
3
/ʩʫʪ 264,74 264,74 264,74 264,74 264,74 264,74 264,74 

ʵʬ

ʇʉ

Q
k

P
= , ʤ

3
/ʩʫʪÖʢɺʪ 3,322 3,323 3,324 3,325 3,326 3,326 3,327 

24 ʇʉ
ʘʵ

P
E

Q
= , ʢɺʪÖʯʘʩ/ʤ

3 
7,225 7,222 7,22 7,218 7,217 7,215 7,213 

ʇʉS , ʢɺɸ 85,63 85,58 85,55 85,53 85,51 85,49 85,46 

24 ʇʉ
ʧʵ

S
E

Q
= , ʢɺɸÖʯʘʩ/ʤ

3
 7,763 7,758 7,756 7,754 7,752 7,750 7,747 

 

ʆʥʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʳʤ ʧʦ ʚʩʝʤ ʢʨʠʪʝʨʠʷʤ ʷʚʣʷʝʪʩʷ ʥʘ-

ʧʨʷʞʝʥʠʝ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ 6637ʇʉU =  ɺ. ʇʨʠ ʵʪʦʤ ʩʫʤʤʘʨʥʦʝ ʧʦ-

ʪʨʝʙʣʝʥʠʝ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʦʪ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʨʘʚʥʦ 

79,57ʇʉP =  ʢɺʪ, ʯʪʦ ʚ 1,92 ʨʘʟʘ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʩʪʘʥʮʠʠ ʫʧʨʘʚ-

ʣʝʥʠʷ ʥʝ ʠʤʝʪʁ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʯʘʩʪʦʪʳ (ʩʤ. ʪʘʙʣʠʮʫ 3), 

ʭʦʪʷ ʨʘʩʩʤʦʪʨʝʥʳ ʦʜʠʥʘʢʦʚʳʝ ʩʢʚʘʞʠʥʳ ʩ ʠʜʝʥʪʠʯʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʇʦ-
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ʪʨʝʙʣʝʥʠʝ ʞʝ ʧʦʣʥʦʡ ʤʦʱʥʦʩʪʠ ʫʤʝʥʴʰʘʝʪʩʷ ʚ 2,32 ʨʘʟʘ, ʧʦʩʢʦʣʴʢʫ ʧʨʝʦʙʨʘ-

ʟʦʚʘʪʝʣʠ ʯʘʩʪʦʪʳ ʢʦʤʧʝʥʩʠʨʫʶʪ ʨʝʘʢʪʠʚʥʫʶ ʤʦʱʥʦʩʪʴ, ʧʦʪʨʝʙʣʷʝʤʫʶ ʇʕɼ, 

ʩʦʝʜʠʥʠʪʝʣʴʥʳʤʠ ʢʘʙʝʣʷʤʠ ʠ ʧʦʚʳʰʘʶʱʠʤʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʤʠ. ʕʪʦ ʷʚʣʷ-

ʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʘʨʛʫʤʝʥʪʦʤ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʯʘʩʪʦʪʳ 

ʚ ʩʪʘʥʮʠʷʭ ʫʧʨʘʚʣʝʥʠʷ ʧʦʛʨʫʞʥʳʤʠ ʥʘʩʦʩʘʤʠ. 

 

3.4 ʋʥʠʚʝʨʩʘʣʴʥʘʷ ʤʝʪʦʜʠʢʘ ʠ ʘʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ  

ʦʧʪʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʳ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ 

 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʩʯʝʪʳ ʧʦʟʚʦʣʷʶʪ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʫʥʠ-

ʚʝʨʩʘʣʴʥʫʶ ʤʝʪʦʜʠʢʫ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʤʳʩʣʦʚʦʡ 

ʧʦʜʩʪʘʥʮʠʠ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʛʦ ʣʶʙʦʤʫ ʢʨʠʪʝʨʠʶ ʦʧʪʠʤʠʟʘʮʠʠ ʩ ʫʯʝʪʦʤ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʥʘʧʦʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʛʨʫʞʥʳʭ ʥʘʩʦʩʦʚ ʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝ-

ʣʝʡ ʯʘʩʪʦʪʳ. ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʦʪʭʦʜʷʱʘʷ ʣʠʥʠʷ ʥʝʬʪʷʥʦʛʦ ʧʨʦʤʳʩʣʘ, ʥʘ-

ʧʨʠʤʝʨ, ʧʠʪʘʶʱʘʷ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ ʜʦʙʳʚʘʶʱʠʭ ʩʢʚʘʞʠʥ, ʷʚ-

ʣʷʝʪʩʷ ʥʝʨʘʟʚʝʪʚʣʝʥʥʦʡ ʠ ʩʦʜʝʨʞʠʪ n  ʫʟʣʦʚ (ʨʠʩʫʥʦʢ 24). 

 

ʈʠʩʫʥʦʢ 24 ï ʅʝʨʘʟʚʝʪʚʣʝʥʥʘʷ ʦʪʭʦʜʷʱʘʷ ʣʠʥʠʷ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʜʦʙʳʚʘʶʱʠʭ ʩʢʚʘʞʠʥ ʩ ʧʨʦʠʟʚʦʣʴʥʳʤ ʯʠʩʣʦʤ ʫʟʣʦʚ 

 

ʕʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʜʦʙʳʚʘʶʱʠʭ ʩʢʚʘʞʠʥ ʕʂɼʉ1ïʕʂɼʉn 

ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ ʮʝʥʪʨʦʙʝʞʥʳʝ ʠʣʠ ʚʠʥʪʦʚʳʝ ʥʘʩʦʩʳ ʩ ʧʦʛʨʫʞʥʳʤʠ ʵʣʝʢ-

ʪʨʦʜʚʠʛʘʪʝʣʷʤʠ, ʪʘʢ ʠ ʰʪʘʥʛʦʚʳʝ ʩʢʚʘʞʠʥʥʳʝ ʥʘʩʦʩʥʳʝ ʫʩʪʘʥʦʚʢʠ, ʧʨʠʚʦ-

ʜʠʤʳʝ ʚ ʜʚʠʞʝʥʠʷ ʦʙʳʯʥʳʤʠ ʘʩʠʥʭʨʦʥʥʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʨʘʩʯʝʪʘ (ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ) ʩʢʦʨʦʩʪʠ ʘʩʠʥ-

ʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʐʉʅʋ ʩ ʮʝʧʥʳʤ ʧʨʠʚʦʜʦʤ, ʩʧʨʘʚʝʜʣʠʚʳ ʠ ʜʣʷ ʩʪʘʥʢʦʚ-

ʢʘʯʘʣʦʢ. 
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ʇʦʩʢʦʣʴʢʫ ʛʣʦʙʘʣʴʥʦ ʚʳʜʝʣʷʶʪʩʷ ʜʚʘ ʪʠʧʘ ʧʦʛʨʫʞʥʳʭ ʥʘʩʦʩʦʚ ʩ ʭʘ-

ʨʘʢʪʝʨʥʳʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʪʦ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʤʝʪʦʜʠʢʘ 

ʨʘʩʯʝʪʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʮʝʥʪʨʘ ʧʠʪʘʥʠʷ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ ʫʯʠʪʳ-

ʚʘʝʪ ʵʪʫ ʦʩʦʙʝʥʥʦʩʪʴ. ʊʘʢʞʝ ʤʝʪʦʜʠʢʘ ʫʯʠʪʳʚʘʝʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʝʦʙʨʘʟʦ-

ʚʘʪʝʣʝʡ ʯʘʩʪʦʪʳ ʠ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʧʦʪʝʨʠ ʚ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʘʭ ʧʠʪʘʶʱʝʡ ʩʝʪʠ. 

ʄʝʪʦʜʠʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʧʨʝʜʝʣʝʥʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʳʯʠʩʣʠ-

ʪʝʣʴʥʳʭ ʧʨʦʮʝʜʫʨ, ʢʦʪʦʨʫʶ ʫʜʦʙʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʘʣʛʦʨʠʪʤʘ (ʨʠʩʫ-

ʥʦʢ 25). 

ɸʣʛʦʨʠʪʤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʘʣʛʦʨʠʪʤʦʚ, ʨʘʟʨʘʙʦʪʘʥ-

ʥʳʭ ʠ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʳʰʝ ʠ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʚ ʝʜʠʥʦʝ ʮʝʣʦʝ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ ʠʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʨʘʩʯʝʪʘ ʷʚʣʷʶʪʩʷ ʚʩʝ ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʦʚ 

ʕʂɼʉ ʠ ʧʦʛʨʫʞʥʳʭ ʥʘʩʦʩʦʚ. 

ɺ ʮʠʢʣʝ ʧʝʨʝʙʦʨʘ ʥʘʧʨʷʞʝʥʠʡ ʕʂɼʉ ʩʘʤʦʛʦ ʫʜʘʣʝʥʥʦʛʦ ʫʟʣʘ n  ʚ ʙʣʦʢʝ 

4 ʘʥʘʣʠʟʠʨʫʝʪʩʷ, ʷʚʣʷʝʪʩʷ ʣʠ ʜʚʠʛʘʪʝʣ ɹʧʦʛʨʫʞʥʦʛʦ ʥʘʩʦʩʘ ʧʦʛʨʫʞʥʳʤ. ɽʩʣʠ 

ʜʘ, ʪʦ ʘʣʛʦʨʠʪʤ ʦʪʧʨʘʚʣʷʝʪ ʥʘʩ ʚ ʙʣʦʢ 5, ʚ ʢʦʪʦʨʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʩʥʘʱʝʥʘ ʣʠ 

ʩʪʘʥʮʠʷ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʯʘʩʪʦʪʳ. ɺ ʩʣʫʯʘʝ ʥʘʣʠʯʠʷ ʧʨʝʦʙʨʘʟʦ-

ʚʘʪʝʣʷ ʯʘʩʪʦʪʳ ʘʣʛʦʨʠʪʤ ʧʝʨʝʭʦʜʠʪ ʚ ʙʣʦʢ 6, ʚ ʢʦʪʦʨʦʤ ʟʘʜʘʝʪʩʷ ʥʘʧʨʷʞʝʥʠʝ 

ʥʘ ʚʳʭʦʜʝ n -ʛʦ ʧʦʥʠʞʘʶʱʝʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 2 .ʧʪ nU . ɼʘʣʝʝ ʘʣʛʦʨʠʪʤ ʧʝʨʝ-

ʭʦʜʠʪ ʚ ʙʣʦʢ 8. ɽʩʣʠ ʚ ʙʣʦʢʘʭ 4 ʠ 5 ʧʦʣʫʯʘʝʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʦʪʚʝʪ, ʪʦ ʚ 

ʙʣʦʢʝ 7 ʟʘʜʘʝʪʩʷ ʬʘʟʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʩʪʘʪʦʨʝ ʩʘʤʦʛʦ ʫʜʘʣʝʥʥʦʛʦ n -ʛʦ ʜʚʠ-

ʛʘʪʝʣʷ 1nU , ʠ ʜʘʣʝʝ ʜʝʡʩʪʚʠʝ ʘʣʛʦʨʠʪʤʘ ʧʝʨʝʭʦʜʠʪ ʚ ʙʣʦʢ 8, ʧʦʩʣʝ ʢʦʪʦʨʦʛʦ 

ʥʘʯʠʥʘʝʪʩʷ ʮʠʢʣ ʧʝʨʝʙʦʨʘ ʫʟʣʦʚ. ɽʩʣʠ ʫʟʝʣ ʩʘʤʳʡ ʜʘʣʴʥʠʡ, ʪʦ ʚ ʙʣʦʢʘʭ 17 ʠ 

18 ʧʨʦʠʟʚʦʜʠʪʩʷ ʪʘʢʦʡ ʞʝ ʘʥʘʣʠʟ, ʢʘʢ ʠ ʚ ʙʣʦʢʘʭ 4 ʠ 5, ʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʠʧʘ ʜʚʠʛʘʪʝʣʷ ʠ ʥʘʣʠʯʠʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ ʚ ʩʪʘʥʮʠʠ ʫʧʨʘʚʣʝʥʠʷ 

ʜʝʡʩʪʚʠʷ ʘʣʛʦʨʠʪʤʘ ʧʝʨʝʭʦʜʷʪ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʦʪʚʝʪʚʣʝʥʠʝ ʩʦ ʩʧʝʮʠʬʠ-

ʯʝʩʢʠʤʠ ʚʳʯʠʩʣʝʥʠʷʤʠ, ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʥʳʤʠ ʚʳʰʝ. ɺʩʝ ʚʝʪʦʯʢʠ ʘʣʛʦ-

ʨʠʪʤʘ ʩʭʦʜʷʪʩʷ ʚ ʙʣʦʢʝ 32, ʚ ʢʦʪʦʨʦʤ ʥʘʯʠʥʘʝʪʩʷ ʦʙʱʘʷ ʯʘʩʪʴ ʨʘʩʯʝʪʦʚ 

(ʚʧʣʦʪʴ ʜʦ ʙʣʦʢʘ 71) ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʠʧʘ ʜʚʠʛʘʪʝʣʷ ʠ ʩʪʘʥʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʧʦ-

ʛʨʫʞʥʳʤ ʥʘʩʦʩʦʤ, ʩʚʷʟʘʥʥʘʷ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʧʦʪʝʨʴ ʤʦʱʥʦʩʪʠ ʥʘ ʧʦʥʠʞʘʶ-
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ʱʠʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʭ ʠ ʚʦʟʜʫʰʥʳʭ ʣʠʥʠʷʭ, ʘ ʪʘʢʞʝ ʥʘʧʨʷʞʝʥʠʷ ʠ ʧʦʪʨʝʙ-

ʣʷʝʤʦʡ ʤʦʱʥʦʩʪʠ ʦʪ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ. 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʅʘʯʘʣʦ 

 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ: n ; 
1Q  ï 

nQ ;
1Mk  ï 

Mnk  
2.1Mk  ï 

2.M nk ; 
2 1ɻR  ï 

2ɻnR ; 
1kX  ï 

knX ; 
1mX  ï 

mnX ; 0 _ 50.1w  ï 0_50.nw ; 
1ʥʦʤw  ï 

ʥʦʤnw ;  

1 

1ʥʦʤM  ï 
ʥʦʤnM ; 

0.1M  ï 
0.nM ; 

1min.1U  ï 
1min.nU ; .nstepUD ; 

1max.nU ; 

UD ; 1

1

U

ʜʫk  ï 1U

ʜʫnk ; 
. 1ʥʦʤʊʄʇʅS  ï 

.ʥʦʤʊʄʇʅnS ; 
. 1ʥʦʤʊʄʇʅU  ï 

.ʥʦʤʊʄʇʅnU ;  

 
 

. 1ʭʭʊʄʇʅPD  ï 
.ʭʭʊʄʇʅnPD ;  

. 1ʢʟʊʄʇʅPD  ï 
.ʢʟʊʄʇʅnPD ; 

. 1ʭʭʊʄʇʅQD  ï 

.ʭʭʊʄʇʅnQD ; 
. 1ʢʟʊʄʇʅQD  ï 

.ʢʟʊʄʇʅnQD ; . 1,%ʢʊʄʇʅU  ï . ,%ʢʊʄʇʅnU ; 

 
 

1ʊʄʇʅk  ï 
ʊʄʇʅnk ; 

. 1ʥʦʤʧʪS  ï
.ʥʦʤʧʪnS ; 

. 1ʥʦʤʧʪU  ï 
.ʥʦʤʧʪnU ; 

. 1ʭʭʧʪPD  ï 

.ʭʭʧʪnPD ; 
. 1ʢʟ ʧʪPD  ï 

.ʢʟʧʪnPD ; 
. 1ʭʭʧʪQD  ï 

.ʭʭʧʪnQD ; 
. 1ʢʟ ʧʪQD  ï  

.ʢʟʧʪnQD ; . 1,%ʢ ʧʪU  ï . ,%ʢ ʧʪnU ; 
1ʧʪk  ï 

ʧʪnk ; 

1ʢʣR  ï 
ʢʣnR ; 

1ʢʣX  ï 
ʢʣnX ; 

1ʣR  ï 
ʣnR ; 

1ʣX  ï 
ʣnX ; 1ʮʧR - , 

1 2R-  ï 

( )1n n
R
- -

; 1ʮʧX - , 
1 2X -
ï 

( )1n n
X

- -
; 1ʢʫX  ï ʢʫnX ; 2UD  

1( )n qf - ; kh; PkD ; ( )ʇʏ n q-h ; ( )cos ʇʏ n q-j ; 2 . .minʧʪnU ; 2 . .ʧʪn stepUD  

 
 1i=- 

2

2 

1i i= + 

ʢ 75 
3 

ʕʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ n-ʛʦ ʫʟʣʘ 

ʧʦʛʨʫʞʥʦʡ? 

4 
ʢ 7 

ʢ 74 

ʅʝʪ 

ɼʘ 

ʅʝʪ 
5 ʉʪʘʥʮʠʷ ʫʧʨʘʚʣʝʥʠʷ ʇʕɼ n -ʛʦ  

ʫʟʣʘ ʦʩʥʘʱʝʥʘ ʇʏ? 

 

ʢ 7 

ɼʘ 

ɿʘʜʘʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʳʭʦʜʝ n-ʛʦ ʧʦʥʠʞʘʶʱʝʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

2 . 2 . .min 2 . .ʧʪn ʧʪn ʧʪn stepU U i U= + D  

6 

ʢ 8 
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0  

ʈʘʩʯʝʪ ʧʦʪʝʨʴ ʘʢʪʠʚʥʦʡ ʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ  

ʥʘ ʚʦʟʜʫʰʥʦʡ ʣʠʥʠʠ, ʩʦʝʜʠʥʷʶʱʝʡ ( )n q- -ʳʡ ʫʟʝʣ ʩ ( 1)n q- +-ʳʤ  

( )2 2

( 1) ( 1) ( ),( 1)

( ),( 1) 2

( 1)

n q n q ʣ n q n q

ʣ n q n q

n q

P Q R
P

U

- + - + - - +

- - +

- +

+
D = ;  

( )2 2

( 1) ( 1) ( ),( 1)

( ),( 1) 2

( 1)

n q n q ʣ n q n q

ʣ n q n q

n q

P Q X
Q

U

- + - + - - +

- - +

- +

+
D =  

0 

ʈʘʩʯʝʪ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ( )n q- -ʦʤ ʫʟʣʝ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ 

2

( 1) ( ),( 1) ( 1) ( ),( 1)

( 1)

( 1)

( ) 2

( 1) ( ),( 1) ( 1) ( ),( 1)

( 1)

n q ʣ n q n q n q ʣ n q n q

n q

n q

n q ʫ

n q ʣ n q n q n q ʣ n q n q

n q

P R Q X
U

U
U

P X Q R

U

- + - - + - + - - +

- +

- +

-

- + - - + - + - - +

- +

å õ+
+ +æ öæ ö

ç ÷
=

å õ-
+æ öæ ö
ç ÷

  

ʈʘʩʯʝʪ ʘʢʪʠʚʥʦʡ ʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ, ʩʥʠʤʘʝʤʦʡ ʩ ( )n q- -ʛʦ ʫʟʣʘ  

ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ ʩ ʫʯʝʪʦʤ ʧʦʪʨʝʙʣʷʝʤʦʡ ʤʦʱʥʦʩʪʠ ʧʨʝʜʳʜʫʱʠʤ ʫʟʣʦʤ 

( ),( 1) ( 1) ( ),( 1)n q n q n q ʣ n q n qP P P- - + - + - - += +D ; ( ),( 1) ( 1) ( ),( 1)n q n q n q ʣ n q n qQ Q Q- - + - + - - += +D  

0 

1m=- 

8 

ʢ 4 

11 

12 

13 

14 

ʢ 15 

ʢ 40 

ʢ 5 

7 
ɿʘʜʘʥʠʝ ʬʘʟʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʩʪʘʪʦʨʝ n-ʛʦ ʜʚʠʛʘʪʝʣʷ 

1 1 .min 1 .n n step nU U i U= + D  

1q=- 

1q q= + 

0q= ? 

ʢ 43 

10 ʢ 17 

ʢ 6 
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ɼʘ 

ʅʝʪ 

ɼʘ 

ʅʝʪ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1m m= + 

0 

ɿʘʜʘʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʩʪʘʪʦʨʝ ( )n q- -ʛʦ ʜʚʠʛʘʪʝʣʷ ʠʣʠ ʥʘ ʚʳʭʦʜʝ 

( )n q- -ʛʦ ʧʦʥʠʞʘʶʱʝʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

1( ) 1min( )n q n qU U m U- -= + D; 2 ( ) 2 ( ).minʧʪ n q ʧʪ n qU U m U- -= + D 

ʈʘʩʯʝʪ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ( )n q- -ʛʦ ʜʚʠʛʘʪʝʣʷ

( )2

( ) ( ) 1 ( ) 0_50( ) 1 0( ) ( )

( )

( ) 1

4

2

ʥʦʤ n q M n q ʥʦʤ n q n q n q ʥʦʤ n q

n q

M n q

M k d M d M M

k d

w
w

- - - - - -

-

-

+ - -
= , 

͎͔͒ ( )1

1 0_50( ) ( ) ( ) 1( ). 1( )

U

n q ʥʦʤ n q ʜʫ n q n q ʥʦʤ n qd k U Uw w- - - - -= - - -  

 

ʕʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ( )n q- -ʛʦ ʫʟʣʘ 

ʧʦʛʨʫʞʥʦʡ? 

ʢ 14 

15 

16 

ʢ 53 

ʢ 48 

ʢ 10 

18 

ʉʪʘʥʮʠʷ ʫʧʨʘʚʣʝʥʠʷ ʇʕɼ ( )n q- -ʛʦ  

ʫʟʣʘ ʦʩʥʘʱʝʥʘ ʇʏ? 

 

ʈʘʩʯʝʪ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ, ʧʦʪʨʝʙʣʷʝʤʦʡ ( )n q- -ʳʤ ʜʚʠʛʘʪʝʣʝʤ 
3

( ) ( ) 0( ) ( )

( )

( )

M n q n q n q n q

ʇʕɼ n q

n q

k M
P

- - - -

-

-

w + w
=

h
 

ʈʘʩʯʝʪ ʩʢʦʣʴʞʝʥʠʷ ʨʦʪʦʨʘ ( )n q- -ʦʛʦ ʜʚʠʛʘʪʝʣʷ 

0_50( ) ( )

( )

0_50( )

n q n q

n q

n q

s
- -

-

-

w -w
=

w
 

0 

ʈʘʩʯʝʪ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ, ʧʦʪʨʝʙʣʷʝʤʦʡ ( )n q- -ʳʤ ʜʚʠʛʘʪʝʣʝʤ 
2

( ) ( ) 1( )2

( ) 1( ) 2 2 2

2 ( ) ( ) ( ) ( ) ( )

1
3

v

n q k n q n q

ʇʕɼ n q n q

ɻ n q n q k n q m n q ʢʫ n q

s X U
Q U

R s X X X

- - -

- -

- - - - -

è ø
= + -é ù

+é ùê ú
 

19 

20 

21 

22 

ʢ 23 

17 

18 
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ʢ 22 

ʈʘʩʯʝʪ ʧʦʪʝʨʴ ʘʢʪʠʚʥʦʡ ʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ  

ʥʘ ʩʦʝʜʠʥʠʪʝʣʴʥʦʤ ʢʘʙʝʣʝ ( )n q- -ʛʦ ʇʕɼ 

( )2 2

( ) ( ) ( )

( ) 2

1( )3

ʇʕɼ n q ʇʕɼ n q ʢʣ n q

ʢʣ n q

n q

P Q R
P

U

- - -

-

-

+
D = ; 

( )2 2

( ) ( ) ( )

( ) 2

1( )3

ʇʕɼ n q ʇʕɼ n q ʢʣ n q

ʢʣ n q

n q

P Q X
Q

U

- - -

-

-

+
D =  

0 

23 

0 

ʈʘʩʯʝʪ ʘʢʪʠʚʥʦʡ, ʨʝʘʢʪʠʚʥʦʡ ʠ ʧʦʣʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʚʳʭʦʜʝ 

( )n q- -ʛʦ ʊʄʇʅ ( ) ( ) ( )ʊʄʇʅ n q ʇʕɼ n q ʢʣ n qP P P- - -= +D ;  

( ) ( ) ( )ʊʄʇʅ n q ʇʕɼ n q ʢʣ n qQ Q Q- - -= +D ; 2 2

( ) ( ) ( )ʊʄʇʅ n q ʊʄʇʅ n q ʊʄʇʅ n qS P Q- - -= +   

24 

ʈʘʩʯʝʪ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʳʭʦʜʝ( )n q- -ʛʦ ʊʄʇʅ 

2

( ) ( ) ( ) ( )

1( )

1( )

( ) 2

( ) ( ) ( ) ( )

1( )

3
3

3

ʇʕɼ n q ʢʣ n q ʇʕɼ n q ʢʣ n q

n q

n q

ʊʄʇʅ n q

ʇʕɼ n q ʢʣ n q ʇʕɼ n q ʢʣ n q

n q

P R Q X
U

U
U

P X Q R

U

- - - -

-

-

-

- - - -

-

å õ+
+ +æ ö

æ ö
ç ÷

=
å õ-
+æ ö
æ ö
ç ÷

  
0 

25

\5 

0 
ʈʘʩʯʝʪ ʧʘʜʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʩʦʝʜʠʥʠʪʝʣʴʥʦʤ ʢʘʙʝʣʝ 

( )n q- -ʛʦ ʇʕɼ        ( ) ( ) 1( )3ʢʣ n q ʊʄʇʅ n q n qU U U- - -D = -  

ʈʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʛʨʫʟʢʠ ( )n q- -ʦʛʦ ʊʄʇʅ 

( )

( ) 3

. ( )10

ʊʄʇʅ n q

ʊʄʇʅ n q

ʥʦʤʊʄʇʅ n q

S

S

-

-

-

b =  

0 

 

27 

26 

ʈʘʩʯʝʪ ʧʦʪʝʨʴ ʘʢʪʠʚʥʦʡ, ʨʝʘʢʪʠʚʥʦʡ ʠ ʧʦʣʥʦʡ ʤʦʱʥʦʩʪʠ ʥʘ ( )n q- -ʦʤ ʊʄʇʅ 

( )3 2

( ) . ( ) ( ) . ( )10ʊʄʇʅ n q ʭʭʊʄʇʅ n q ʊʄʇʅ n q ʢʟʊʄʇʅ n qP P P- - - -D = D + Db ;  

( )3 2

( ) . ( ) ( ) . ( )10ʊʄʇʅ n q ʭʭʊʄʇʅ n q ʊʄʇʅ n q ʢʟʊʄʇʅ n qQ Q Q- - - -D = D + Db ;  

2 2

( ) ( ) ( )ʊʄʇʅ n q ʊʄʇʅ n q ʊʄʇʅ n qS P Q- - -D = D +D  

0 

28 

ʢ 29 

 

 

 

 



117 

 

 

 

 

0  

ʈʘʩʯʝʪ ʧʦʪʝʨʴ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ( )n q- -ʦʤ ʊʄʇʅ 

( ) ( ) ( ) ( )

( ) 2

( ) ( )

ʊʄʇʅ n q ʊʄʇʅ n q ʊʄʇʅ n q ʊʄʇʅ n q

ʊʄʇʅ n q

ʊʄʇʅ n q ʊʄʇʅ n q

R P X Q
U

k U

- - - -

-

- -

+
D = , 

ʛʜʝ 

3 2

. ( ) . ( )

( ) 2

. ( )

10 ʢʟʊʄʇʅ n q ʥʦʤʊʄʇʅ n q

ʊʄʇʅ n q

ʥʦʤʊʄʇʅ n q

P U
R

S

- -

-

-

D
= ; 

2

. ( )

( ) . ( ),%

. ( )

10
ʥʦʤʊʄʇʅ n q

ʊʄʇʅ n q ʢʊʄʇʅ n q

ʥʦʤʊʄʇʅ n q

U
X U

S

-

- -

-

=  

ʢ 28 

29 

ʈʘʩʯʝʪ ʘʢʪʠʚʥʦʡ, ʨʝʘʢʪʠʚʥʦʡ ʠ ʧʦʣʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʚʳʭʦʜʝ  

( )n q- -ʛʦ ʧʦʥʠʞʘʶʱʝʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

2 ( ) ( ) ( )ʧʪ n q ʊʄʇʅ n q ʊʄʇʅ n qP P P- - -= +D ; 2 ( ) ( ) ( )ʧʪ n q ʊʄʇʅ n q ʊʄʇʅ n qQ Q Q- - -= +D ; 

2 2

2 ( ) 2 ( ) 2 ( )ʧʪ n q ʧʪ n q ʧʪ n qS P Q- - -= +   

0 

ʈʘʩʯʝʪ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʳʭʦʜʝ ( )n q- -ʛʦ ʧʦʥʠʞʘʶʱʝʛʦ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ        
( )

2 ( ) ( )

( )

ʊʄʇʅ n q

ʧʪ n q ʊʄʇʅ n q

ʊʄʇʅ n q

U
U U

k

-

- -

-

= +D   
0 

0 

ʈʘʩʯʝʪ ʧʦʪʝʨʴ ʘʢʪʠʚʥʦʡ, ʨʝʘʢʪʠʚʥʦʡ ʠ ʧʦʣʥʦʡ ʤʦʱʥʦʩʪʠ  

ʥʘ ( )n q- -ʦʤ ʧʦʥʠʞʘʶʱʝʤ ʪʨʘʥʩʬʦʨʤʘʪʦʨʝ 

( )3 2

( ) . ( ) ( ) . ( )10ʧʪ n q ʭʭʧʪ n q ʧʪ n q ʢʟ ʧʪ n qP P P- - - -D = D + Db ;  

( )3 2

( ) . ( ) ( ) . ( )10ʧʪ n q ʭʭʧʪ n q ʧʪ n q ʢʟ ʧʪ n qQ Q Q- - - -D = D + Db ; 
2 2

( ) ( ) ( )ʧʪ n q ʧʪ n q ʧʪ n qS P Q- - -D = D +D  

ʈʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʛʨʫʟʢʠ ( )n q- -ʦʛʦ ʧʦʥʠʞʘʶʱʝʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

( )

( ) 3

. ( )10

ʧʪ n q

ʧʪ n q

ʥʦʤʧʪ n q

S

S

-

-

-

b =  

0 
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ʢ 52 

33
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ʢ 34 
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ʢ 33 

ʢ 40 
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34 
ʈʘʩʯʝʪ ʘʢʪʠʚʥʦʡ, ʨʝʘʢʪʠʚʥʦʡ ʠ ʧʦʣʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʚʭʦʜʝ  

( )n q- -ʛʦ ʧʦʥʠʞʘʶʱʝʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

1 ( ) 2 ( ) ( )ʧʪ n q ʪʧ n q ʪʧ n qP P P- - -= +D ; 1 ( ) 2 ( ) ( )ʧʪ n q ʪʧ n q ʪʧ n qQ Q Q- - -= +D ;  

2 2

1 ( ) 1 ( ) 1 ( )ʧʪ n q ʧʪ n q ʧʪ n qS P Q- - -= +   

0 

ʈʘʩʯʝʪ ʧʦʪʝʨʴ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ( )n q- -ʦʤ ʧʦʥʠʞʘʶʱʝʤ ʪʨʘʥʩʬʦʨʤʘʪʦʨʝ 

( ) ( ) ( ) ( )

( ) 2

( ) ( )

ʧʪ n q ʧʪ n q ʧʪ n q ʧʪ n q

ʧʪ n q

ʧʪ n q ʧʪ n q

R P X Q
U

k U

- - - -

-

- -

+
D = , 

ʛʜʝ 

3 2

. ( ) . ( )

( ) 2

( )

10 ʢʟʧʪ n q ʥʦʤʧʪ n q

ʧʪ n q

ʧʪ n q

P U
R

S

- -

-

-

D
=

2

. ( )

( ) . ( ),%

. ( )

10
ʥʦʤʧʪ n q

ʧʪ n q ʢ ʧʪ n q

ʥʦʤʧʪ n q

U
X U

S

-

- -

-

=  

35 

 

 

ʈʘʩʯʝʪ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʭʦʜʝ ( )n q- -ʛʦ ʧʦʥʠʞʘʶʱʝʛʦ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ     1 ( ) 2 ( ) ( ) ( )ʧʪ n q ʪʧ n q ʪʧ n q ʪʧ n qU U k U- - - -= +D   

36 
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( ) ( ),2 1 ( )ʣ n q n q ʪʧ n qU U U- - -D = -  

41 
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ʇʨʠ ʵʪʦʤ ʟʘʜʝʡʩʪʚʫʶʪʩʷ ʚʳʯʠʩʣʝʥʠʷ ʚ ʙʣʦʢʘʭ 11 ï 16, ʧʨʠʯʝʤ ʚ ʮʠʢʣʝ 

ʧʝʨʝʙʦʨʘ ʥʘʧʨʷʞʝʥʠʡ ʕʂɼʉ ʩ ʥʦʤʝʨʘʤʠ ʦʪ 1 ʜʦ ( )1n-  ʚʘʨʴʠʨʫʝʪʩʷ ʣʠʙʦ ʥʘ-

ʧʨʷʞʝʥʠʝ 
1( )n qU -
, ʣʠʙʦ 2 ( )ʧʪ n qU -  ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʤʧʣʝʢʪʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʩʢʚʘʞʠʥʳ. 

ʇʦʩʣʝ ʧʝʨʝʙʦʨʘ ʚʩʝʛʦ ʟʘʜʘʥʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʥʘʧʨʷʞʝʥʠʡ 1nU  ʠʣʠ 2 .ʧʪ nU , 

ʯʪʦ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʙʣʦʢʘʤʠ 74 ʠ 75, ʘʣʛʦʨʠʪʤ ʧʝʨʝʭʦʜʠʪ ʚ ʙʣʦʢ 76, ʚ ʢʦʪʦʨʦʤ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ 

ʇʉU , ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʪʨʝʙʫʝʤʦʤʫ ʢʨʠʪʝʨʠʶ ʦʧʪʠʤʠʟʘʮʠʠ. 

ʇʨʦʜʝʤʦʥʩʪʨʠʨʫʝʤ ʨʘʟʨʘʙʦʪʘʥʥʫʶ ʤʝʪʦʜʠʢʫ ʨʘʩʯʝʪʘ ʥʘ ʧʨʠʤʝʨʝ ʛʠʧʦ-

ʪʝʪʠʯʝʩʢʦʡ ʦʪʭʦʜʷʱʝʡ ʦʪ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʥʝʨʘʟʚʝʪʚʣʝʥʥʦʡ ʣʠʥʠʠ, 

ʧʠʪʘʶʱʝʡ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʜʦʙʳʚʘʶʱʠʭ ʩʢʚʘʞʠʥ (ʨʠʩʫʥʦʢ 

26). ʆʥʘ ʩʦʜʝʨʞʠʪ 3 ʫʟʣʘ, ʢ ʢʦʪʦʨʳʤ ʧʦʜʢʣʶʯʝʥʳ ʕʂɼʉ ʩ ʨʘʟʣʠʯʥʦʡ ʢʦʤ-

ʧʣʝʢʪʘʮʠʝʡ ʥʘʟʝʤʥʦʛʦ ʠ ʧʦʛʨʫʞʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʇʨʦʤʳʩʣʦʚʘʷ ʧʦʜʩʪʘʥʮʠʷ 

ʇʉ ʩʦʝʜʠʥʝʥʘ ʩ ʧʝʨʚʳʤ ʠ ʧʦʩʣʝʜʫʶʱʠʤ ʫʟʣʘʤʠ ʚʦʟʜʫʰʥʳʤʠ ʣʠʥʠʷʤʠ, 

ʠʤʝʶʱʠʤʠ ʘʢʪʠʚʥʳʝ ʠ ʠʥʜʫʢʪʠʚʥʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 1ʇʉR -, 1ʇʉX - , 1 2R- , 1 2X - , 

2 3R-  ʠ 2 3X -. ʇʝʨʚʳʡ ʫʟʝʣ ʧʠʪʘʝʪ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʝʡ ʘʩʠʥʭʨʦʥʥʳʡ ʜʚʠ-

ʛʘʪʝʣʴ ʄ1 ʰʪʘʥʛʦʚʦʡ ʩʢʚʘʞʠʥʥʦʡ ʥʘʩʦʩʥʦʡ ʫʩʪʘʥʦʚʢʠ ʯʝʨʝʟ ʧʦʥʠʞʘʶʱʠʡ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʇʊ1 ʠ ʚʦʟʜʫʰʥʫʶ ʣʠʥʠʶ ʩ ʧʘʨʘʤʝʪʨʘʤʠ 1ʣR  ʠ 1ʣX . ɺʪʦʨʦʡ 

ʫʟʝʣ ʦʩʫʱʝʩʪʚʣʷʝʪ ʩʥʘʙʞʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʝʡ ʘʩʠʥʭʨʦʥʥʳʡ ʧʦʛʨʫʞ-

ʥʦʡ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʄ2, ʧʨʠʚʦʜʷʱʠʡ ʚ ʜʚʠʞʝʥʠʝ ʮʝʥʪʨʦʙʝʞʥʳʡ ʥʘʩʦʩ. 

ʇʨʠ ʵʪʦʤ ʥʘʧʨʷʞʝʥʠʝ ʦʪ ʫʟʣʘ 2 ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʜʚʠʛʘʪʝʣʴ ʯʝʨʝʟ ʚʦʟʜʫʰʥʫʶ 

ʣʠʥʠʶ 2ʣR , 2ʣX , ʧʦʥʠʞʘʶʱʠʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʇʊ2, ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʯʘʩʪʦʪʳ 

ʇʏ2, ʧʦʚʳʰʘʶʱʠʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʊʄʇʅ2 ʠ ʩʦʝʜʠʥʠʪʝʣʴʥʳʡ ʢʘʙʝʣʴ 2ʢʣR ,

2ʢʣX . ɺ ʩʦʩʪʘʚ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʧʦʜʢʣʶʯʝʥʥʦʛʦ ʢ ʪʨʝʪʴʝʤʫ 

ʫʟʣʫ, ʚʭʦʜʠʪ ʚʦʟʜʫʰʥʘʷ ʣʠʥʠʷ 3ʣR , 3ʣX , ʧʦʥʠʞʘʶʱʠʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʇʊ3, 

ʧʦʚʳʰʘʶʱʠʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʊʄʇʅ3, ʩʦʝʜʠʥʠʪʝʣʴʥʳʡ ʢʘʙʝʣʴ 3ʢʣR , 3ʢʣX  ʠ 

ʧʦʛʨʫʞʥʦʡ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʄ3 ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʥʘʩʦʩʘ. ɼʣʷ ʢʦʤʧʝʥʩʘʮʠʠ 
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ʨʝʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ ʢ ʩʪʘʪʦʨʥʳʤ ʦʙʤʦʪʢʘʤ ʜʚʠʛʘʪʝʣʷ ʄɿ ʧʦʜʢʣʶʯʝʥʘ ʠʥʜʠ-

ʚʠʜʫʘʣʴʥʘʷ ʢʦʥʜʝʥʩʘʪʦʨʥʘʷ ʫʩʪʘʥʦʚʢʘ ʂʋ3. 
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ʈʠʩʫʥʦʢ 26 ï ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʛʠʧʦʪʝʪʠʯʝʩʢʦʡ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ  

ʩ ʪʨʝʤʷ ʨʘʟʣʠʯʥʳʤʠ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʜʦʙʳʚʘʶʱʠʭ ʩʢʚʘʞʠʥ 

 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ 

ʜʦʙʳʚʘʶʱʠʭ ʩʢʚʘʞʠʥ ʛʠʧʦʪʝʪʠʯʝʩʢʦʡ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ ʦʩʥʘʱʝʥʳ ʧʦʛʨʫʞ-

ʥʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ ʇʕɼ2 ʠ ʇʕɼ3 ʪʠʧʘ ʕɼʊ45-103ʄ1 ʠ ʘʩʠʥʭʨʦʥʥʳʤ ʜʚʠʛʘ-

ʪʝʣʝʤ ɺɸ132S6 ʚ ʩʦʩʪʘʚʝ ʐʉʅʋ. ɼʚʠʛʘʪʝʣʠ ʧʨʠʚʦʜʷʪ ʚ ʜʚʠʞʝʥʠʝ ʮʝʥʪʨʦ-

ʙʝʞʥʳʝ ʥʘʩʦʩʳ 0215ʕʎʅɸʂʀ5-125ʀ ʩ ʥʦʤʠʥʘʣʴʥʳʤ ʥʘʧʦʨʦʤ 1450 ʤ ʧʨʠ 

ʨʘʙʦʪʝ ʥʘ ʚʦʜʝ ʠ ʥʦʤʠʥʘʣʴʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 125 ʤ
3
/ʩʫʪ. ʠ ʧʣʫʥʞʝʨ-

ʥʡr ʥʘʩʦʩ ʅʉʅ 2ɺ ʩ ʮʝʧʥʳʤ ʧʨʠʚʦʜʦʤ ʎʇ-60.  

ɺ ʩʦʩʪʘʚ ʢʦʤʧʣʝʢʩʦʚ ʚʭʦʜʷʪ ʧʦʥʠʞʘʶʱʠʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ ʊʄɻʌ 

25/10 (ʇʊ1), ʊʄɻʌ 100/10 (ʇʊ2 ʠ ʇʊ3) ʠ ʧʦʚʳʰʘʶʱʠʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ 



127 

 

 

ʊʄʇʅɻ100/3 (ʊʄʇʅ2 ʠ ʊʄʇʅ3). ʉʦʝʜʠʥʠʪʝʣʴʥʳʝ ʢʘʙʝʣʠ, ʩ ʧʦʤʦʱʴʶ ʢʦ-

ʪʦʨʳʭ ʧʦʛʨʫʞʥʳʝ ʜʚʠʛʘʪʝʣʠ ʧʦʜʢʣʶʯʝʥʳ ʢ ʧʦʚʳʰʘʶʱʠʤ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʤ 

ʠʤʝʶʪ ʘʢʪʠʚʥʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 2 3 1,119ʢʣ ʢʣR R= =  ʆʤ ʠ ʨʝʘʢʪʠʚʥʳʝ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʷ2 3 0,126ʢʣ ʢʣX X= =  ʆʤ, ʉʦʧʨʦʪʠʚʣʝʥʠʷ ʚʦʟʜʫʰʥʳʭ ʣʠʥʠʡ, ʩʦʝʜʠ-

ʥʷʶʱʠʭ ʧʦʥʠʞʘʶʱʠʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ ʩ ʫʟʣʘʤʠ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ, ʠʤʝʶʪ 

ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ: 1 2 3 0,207ʣ ʣ ʣR R R= = =  ʆʤ, 1 2 3 0,172ʣ ʣ ʣX X X= = =  ʆʤ. 

ʋʯʘʩʪʢʠ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ ʤʝʞʜʫ ʫʟʣʘʤʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷʤʠ: 

1 1,02ʇʉR -=  ʆʤ; 1 0,85ʇʉX -=  ʆʤ; 1 2 1,224R- =  ʆʤ; 1 2 1,202X - =  ʆʤ; 

2 3 0,612R- =  ʆʤ; 2 3 0,51X - =  ʆʤ. ʀʥʜʠʚʠʜʫʘʣʴʥʳʝ ʢʦʥʜʝʥʩʘʪʦʨʥʳʝ ʙʘʪʘʨʝʠ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʇʕɼ ʠʤʝʶʪ ʨʝʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

70,771ʢʫX =  ʆʤ. 

ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʩʢʚʘʞʠʥʘ ʩ ʕʂɼʉ3 ʨʘʙʦʪʘʝʪ ʚ ʪʘʢʦʤ ʞʝ ʨʝʞʠʤʝ, ʢʘʢ 

ʨʘʩʩʤʦʪʨʝʥʦ ʚ ʧʨʠʤʝʨʝ, ʧʨʠʚʝʜʝʥʥʦʤ ʥʘ ʨʠʩʫʥʢʝ 17, ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʥʘʩʦʩʘ 87ʥʘʩQ =  ʤ
3
/ʩʫʪʢʠ ʧʨʠ ʥʦʤʠʥʘʣʴʥʦʤ ʥʘʧʨʷʞʝʥʠʠ ʜʦʩʪʠʛʘʝʪʩʷ ʜʨʦʩʩʝ-

ʣʠʨʦʚʘʥʠʝʤ ʰʪʫʮʝʨʘ. ʊʘʢʘʷ ʞʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʥʘʩʦʩʘ ʚʦ ʚʪʦʨʦʡ ʩʢʚʘ-

ʞʠʥʝ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ ʚ ʕʂɼʉ2, 

ʧʨʠʯʝʤ ʧʘʨʘʤʝʪʨʳ ʩʢʚʘʞʠʥʳ ʘʥʘʣʦʛʠʯʥʳ ʧʘʨʘʤʝʪʨʘʤ, ʨʘʩʩʤʦʪʨʝʥʥʳʤ ʚ 

ʧʨʠʤʝʨʝ, ʧʨʠʚʝʜʝʥʥʦʤ ʥʘ ʨʠʩʫʥʢʝ 21. 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ 8 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʨʘʤʢʘʭ ʧʨʠʥʷʪʳʭ ʦʛʨʘʥʠ-

ʯʝʥʠʡ ʥʘ ʠʟʤʝʥʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʩʘʤʦʛʦ ʫʜʘʣʝʥʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʤʠʥʠ-

ʤʫʤ ʧʦʪʨʝʙʣʝʥʠʝ ʘʢʪʠʚʥʦʡ ʇʉP  ʠ ʧʦʣʥʦʡ ʤʦʱʥʦʩʪʠ ʇʉS  ʙʫʜʝʪ ʜʦʩʪʠʛʘʪʴʩʷ 

ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ 5421ʇʉU =  ɺ. ʇʨʠ ʵʪʦʤ ʩʥʠʞʘʝʪʩʷ 

ʫʜʝʣʴʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʘʵE  ʠ ʧʵE  ʥʘ ʢʫʙʦʤʝʪʨ ʜʦʙʳʪʦʡ 

ʠʟ ʩʢʚʘʞʠʥ ʞʠʜʢʦʩʪʠ ʠ ʧʦʚʳʰʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʠ effk . ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʝʩʣʠ ʙʫʜʝʪ ʧʦʩʪʘʚʣʝʥʘ ʮʝʣʴ ʜʦʙʠʚʘʪʴʩʷ ʩʥʠʞʝʥʠʷ 

ʧʦʪʝʨʴ ʚ ʢʘʙʝʣʴʥʳʭ, ʚʦʟʜʫʰʥʳʭ ʣʠʥʠʷʭ ʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʭ, ʪʦ ʤʠʥʠʤʫʤʫ 

ʧʦʪʝʨʴ ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʥʘʧʨʷʞʝʥʠʝ 6540ʇʉU =  ɺ. 
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ʇʨʦʚʝʜʝʥʥʳʝ ʨʘʩʯʝʪʳ ʪʘʢʞʝ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʦʪʨʝʙʣʷʝ-

ʤʘʷ ʘʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ ʇʉP  ʠʟʤʝʥʷʝʪʩʷ ʥʘ 3,2 % ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʠʥʠʤʘʣʴʥʦ-

ʛʦ ʟʥʘʯʝʥʠʷ ʧʨʠ ʟʘʜʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʤʳʩʣʦʚʦʡ 

ʧʦʜʩʪʘʥʮʠʠ ʦʪ 5421 ɺ ʜʦ 6540 ɺ. 

 

ʊʘʙʣʠʮʘ 8 ï ɿʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʪ ʥʘʧʨʷʞʝʥʠʷ  

ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʜʣʷ ʛʠʧʦʪʝʪʠʯʝʩʢʦʡ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ, ʧʨʠʚʝʜʝʥʥʦʡ 

ʥʘ ʨʠʩʫʥʢʝ 26 

2 .3ʧʪUD , % -10 -5 -2,5 0 2,5 5 10 

PD , ʢɺʪ 7,16 7,00 6,93 6,87 6,93 6,88 6,78 

ʇʉU , ɺ 5421 5698 5837 5976 6120 6339 6540 

ʇʉP , ʢɺʪ 77,82 78,35 78,63 78,92 79,35 79,66 80,32 

ʇʉQ , ʢɺɸʨ 33,10 32,90 33,30 33,20 37,48 37,51 37,53 

Q, ʤ
3
/ʩʫʪ 160,61 161,07 161,3 161,53 161,77 162,01 162,49 

ʵʬ

ʇʉ

Q
k

P
= , ʤ

3
/ʩʫʪÖʢɺʪ 2,064 2,056 2,051 2,047 2,039 2,034 2,023 

24 ʇʉ
ʘʵ

P
E

Q
= , ʢɺʪÖʯʘʩ/ʤ

3 
11,63 11,67 11,70 11,73 11,77 11,80 11,86 

ʇʉS , ʢɺɸ 84,55 84,98 85,40 85,61 87,75 88,05 88,66 

24 ʇʉ
ʧʵ

S
E

Q
= , ʢɺɸÖʯʘʩ/ʤ

3
 12,64 12,66 12,71 12,72 13,02 13,04 13,09 

 

3.5 ɺʳʚʦʜʳ ʧʦ ʪʨʝʪʴʝʡ ʛʣʘʚʝ 

 

1. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʠ ʘʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ 

ʦʧʪʠʤʘʣʴʥʫʶ ʚʝʣʠʯʠʥʫ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʜʣʷ ʰʠʨʦʢʦʛʦ 

ʩʧʝʢʪʨʘ ʢʨʠʪʝʨʠʝʚ ʦʧʪʠʤʠʟʘʮʠʠ. 

2. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʤʳ-

ʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʫʯʠʪʳʚʘʝʪ ʦʩʦʙʝʥʥʦʩʪʠ ʥʘʧʦʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʮʝʥʪʨʦ-

ʙʝʞʥʳʭ ʠ ʧʣʫʥʞʝʨʥʳʭ ʥʘʩʦʩʦʚ ʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʯʘʩʪʦʪʳ ʠ ʠʭ ʚʣʠʷʥʠʝ ʥʘ 

ʧʦʪʨʝʙʣʝʥʠʝ ʘʢʪʠʚʥʦʡ ʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʤʠ ʢʦʤ-

ʧʣʝʢʩʘʤʠ ʜʦʙʳʚʘʶʱʠʭ ʩʢʚʘʞʠʥ. 

3. ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʨʘʟʣʠʯʥʳʝ ʧʨʠʤʝʨʳ ʢʦʤʧʣʝʢʪʘʮʠʠ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝ-

ʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʜʦʙʳʚʘʶʱʠʭ ʩʢʚʘʞʠʥ ʠ ʧʨʦʚʝʜʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʦ-
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ʪʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʳ ʜʦʢʘʟʳʚʘʶʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʘʧʨʷʞʝ-

ʥʠʷ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ, ʧʦʩʢʦʣʴʢʫ ʧʦʟʚʦʣʷʶʪ ʩʥʠʟʠʪʴ ʧʦʪʨʝʙʣʝʥʠʝ ʘʢ-

ʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʜʦ 6 %, ʘ ʧʦʣʥʦʡ ʤʦʱʥʦʩʪʠ ï ʜʦ 18 %, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦ-

ʚʳʰʘʝʪ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʦ-

ʙʳʯʠ ʥʝʬʪʠ. 

4. ʇʨʦʚʝʜʝʥʥʳʡ ʢʦʤʧʣʝʢʩ ʨʘʩʯʝʪʦʚ ʧʦʟʚʦʣʷʝʪ ʪʘʢʞʝ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʩʥʠʞʝʥʠʷ ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʠ 

ʚʝʣʠʯʠʥʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʩʫʱʝʩʪʚʝʥʥʦ 

ʚʣʠʷʝʪ ʥʘʣʠʯʠʝ ʢʦʥʜʝʥʩʘʪʦʨʥʳʭ ʫʩʪʘʥʦʚʦʢ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʨʝʘʢʪʠʚʥʦʡ 

ʤʦʱʥʦʩʪʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʯʘʩʪʦʪʳ ʚ ʩʪʘʥʮʠʷʭ ʫʧʨʘʚʣʝʥʠʷ ʧʦʛʨʫʞʥʳʤʠ ʥʘ-

ʩʦʩʘʤʠ  
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4 ɼʆʉʊʀɾʀʄʓɽ ʇʆʂɸɿɸʊɽʃʀ ʇʆɺʓʐɽʅʀʗ  

ʕʅɽʈɻɽʊʀʏɽʉʂʆʁ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ɼʆɹʓʏʀ ʅɽʌʊʀ  

ʉ ʋʏɽʊʆʄ ɼʀʉʂʈɽʊʅʆʉʊʀ ʈɽɻʋʃʀʈʆɺɸʅʀʗ  

ʅɸʇʈʗɾɽʅʀʗ ʇʈʆʄʓʉʃʆɺʆʁ ʇʆɼʉʊɸʅʎʀʀ 

 

4.1 ɺʣʠʷʥʠʝ ʜʠʩʢʨʝʪʥʦʩʪʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʘʧʨʷʞʝʥʠʷ  

ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʥʘ ʧʦʪʨʝʙʣʷʝʤʫʶ ʤʦʱʥʦʩʪʴ 

ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʧʦʛʨʫʞʥʳʭ ʥʘʩʦʩʦʚ 

 

ʂʘʢ ʧʨʘʚʠʣʦ, ʧʨʦʤʳʩʣʦʚʳʝ ʧʦʜʩʪʘʥʮʠʠ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʝ ʧʠʪʘʥʠʝ 

ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʧʦʛʨʫʞʥʳʭ ʥʘʩʦʩʦʚ, ʦʩʥʘʱʝʥʳ ʪʨʘʥʩʬʦʨʤʘ-

ʪʦʨʘʤʠ ʩ ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʥʘʧʨʷʞʝʥʠʷ ʧʦʜ ʥʘʛʨʫʟʢʦʡ (ʈʇʅ). ʂʘʢ ʙʳʣʦ ʧʦʢʘ-

ʟʘʥʦ ʚ ʧʨʝʜʳʜʫʱʝʡ ʛʣʘʚʝ, ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʤʳʩʣʦ-

ʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʭʘʥʠ-

ʟʠʨʦʚʘʥʥʦʡ ʜʦʙʳʯʠ ʥʝʬʪʠ, ʧʦʩʢʦʣʴʢʫ ʩʫʱʝʩʪʚʫʝʪ ʥʝʣʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʤʝʞʜʫ ʥʘʧʨʷʞʝʥʠʝʤ, ʧʠʪʘʶʱʠʤ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʜʦʙʳʚʘʶ-

ʱʠʭ ʩʢʚʘʞʠʥ, ʠ ʧʦʪʨʝʙʣʷʝʤʦʡ ʤʦʱʥʦʩʪʴʶ.  

ʈʘʩʯʝʪ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ 

ʧʦʟʚʦʣʷʝʪ ʚʳʙʨʘʪʴ ʪʘʢʫʶ ʚʝʣʠʯʠʥʫ ʇʉU , ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʦʪ ʠʣʠ ʠʥʦʡ 

ʢʨʠʪʝʨʠʡ ʦʧʪʠʤʠʟʘʮʠʠ [53, 78, 84-86]. ʆʜʥʘʢʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ ʩ ʈʇʅ ʧʦʟʚʦ-

ʣʷʶʪ ʨʝʛʫʣʠʨʦʚʘʪʴ ʥʘʧʨʷʞʝʥʠʝ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ ʰʘʛʦʤ, ʟʘʚʠʩʷʱʠʤ ʦʪ ʢʦʥʩʪ-

ʨʫʢʪʠʚʥʦʛʦ ʠʩʧʦʣʥʝʥʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʪʦʯʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʪʨʝʙʫʝʤʦʡ ʦʧʪʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʳ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʘʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʦʧ-

ʨʝʜʝʣʝʥʠʝ ʚʣʠʷʥʠʷ ʜʠʩʢʨʝʪʥʦʩʪʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʤʳʩʣʦʚʦʡ 

ʧʦʜʩʪʘʥʮʠʠ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝ-

ʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʦʙʳʯʠ ʥʝʬʪʠ. 

ɼʣʷ ʫʯʝʪʘ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʤʳʩʣʦʚʦʡ ʇʉ ʩ 

ʧʦʤʦʱʴʶ ʫʩʪʨʦʡʩʪʚʘ ʈʇʅ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʆʥʠ 

ʟʘʜʘʶʪʩʷ ʚ ʚʠʜʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʯʠʩʣʘ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʦʩʥʦʚʥʦʤʫ ʚʳʚʦʜʫ ʦʙʤʦʪʢʠ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʨʝʛʫʣʠʨʦ-

ʚʦʯʥʳʭ ʦʪʚʝʪʚʣʝʥʠʡ ʩ ʫʢʘʟʘʥʠʝʤ ʰʘʛʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʘʥʩʬʦʨʤʘʮʠʠ  
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ʚ ʚʠʜʝ Ὦ TkD , ʛʜʝ TkD  ï ʚʝʣʠʯʠʥʘ ʠʟʤʝʥʝʥʠʷ ʥʦʤʠʥʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘ 

ʰʠʥʘʭ ʥʠʟʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʚ %, j  ï ʥʦʤʝʨ ʦʪʧʘʡ-

ʢʠ ʫʩʪʨʦʡʩʪʚʘ ʈʇʅ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʰʠʥʘʭ ʥʠʟʢʦʛʦ ʥʘʧʨʷʞʝ-

ʥʠʷ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʩ ʫʯʝʪʦʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʫʩʪʨʦʡʩʪʚʦʤ ʈʇʅ 

ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʬʦʨʤʫʣʝ 
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ʛʜʝ .ʇʉ ʥʦʤU  ï ʚʝʣʠʯʠʥʘ ʥʦʤʠʥʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʰʠʥʘʭ ʥʠʟʢʦʛʦ ʥʘʧʨʷ-

ʞʝʥʠʷ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʳ ʥʘʧʨʷʞʝʥʠʷ 

.ʇʉ ʦʧʪU , ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʙʣʠʞʘʡʰʝʝ ʙʦʣʴʰʝʝ ʠʣʠ ʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ 

.ʇʉ jU . ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʝʩʣʠ .ʇʉ ʦʧʪU  ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʤʠʥʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ 1.nU  ʠʣʠ 2 .ʧʪ nU , ʪʦ ʜʦʣʞʥʦ ʚʳʧʦʣʥʷʪʴʩʷ ʥʝʨʘʚʝʥʩʪ-

ʚʦ . .ʇʉ j ʇʉ ʥʦʤU U² . ʀ ʥʘʦʙʦʨʦʪ, ʝʩʣʠ .ʇʉ ʦʧʪU  ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʢʩʠʤʘʣʴʥʦʤʫ 

ʟʥʘʯʝʥʠʶ 1.nU  ʠʣʠ 2 .ʧʪ nU , ʪʦ ʚʳʙʠʨʘʝʪʩʷ 
. .ʇʉ j ʇʉ ʥʦʤU U¢ . 

ɼʣʷ ʥʝʨʘʟʚʝʪʚʣʝʥʥʦʡ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ ʩ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʤʠ ʢʦʤ-

ʧʣʝʢʩʘʤʠ ʜʦʙʳʚʘʶʱʠʭ ʩʢʚʘʞʠʥ, ʧʨʠʚʝʜʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 24, ʩ ʧʨʦʠʟʚʦʣʴ-

ʥʳʤ ʯʠʩʣʦʤ ʫʟʣʦʚ n  ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʦʞʠʜʘʝʤʳʭ ʢʚʘʟʠʦʧ-

ʪʠʤʘʣʴʥʳʭ ʧʦʪʝʨʴ ʥʘ ʵʣʝʤʝʥʪʘʭ ʕʂɼʉ ʠ ʧʦʪʨʝʙʣʷʝʤʦʡ ʘʢʪʠʚʥʦʡ ʇʉP , ʨʝʘʢ-

ʪʠʚʥʦʡ ʇʉQ  ʠ ʧʦʣʥʦʡ ʇʉS  ʤʦʱʥʦʩʪʠ ʦʪ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʩ ʫʯʝʪʦʤ 

ʜʠʩʢʨʝʪʥʦʩʪʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʘʧʨʷʞʝʥʠʷ (ʨʠʩʫʥʦʢ 27) [87]. ʇʨʠ ʝʛʦ ʨʘʟʨʘ-

ʙʦʪʢʝ ʟʘ ʦʩʥʦʚʫ ʙʳʣ ʚʟʷʪ ʘʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦ-

ʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ, ʧʨʠʚʝʜʝʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 25 [84]. ʇʨʠ ʵʪʦʤ ʧʨʘʢʪʠʯʝ-

ʩʢʠ ʚʩʝ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʨʘʩʯʝʪʘ, ʟʘʜʘʚʘʝʤʳʝ ʚ ʙʣʦʢʝ 1, ʩʦʚʧʘʜʘʶʪ ʚ 

ʵʪʠʭ ʘʣʛʦʨʠʪʤʘʭ. ʀʩʢʣʶʯʝʥʠʷʤʠ ʷʚʣʷʶʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʚ ʥʦʚʦʤ ʘʣʛʦʨʠʪʤʝ ʟʘ-

ʜʘʥʥʳʭ ʚʝʣʠʯʠʥ .nstepUD  ʠ 2 . .ʧʪn stepUD . 

ɺʝʩʴ ʘʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 27 ʫʢʨʫʧʥʝʥʥʦ, ʧʦ-

ʚʪʦʨʷʝʪ ʘʣʛʦʨʠʪʤ, ʧʨʠʚʝʜʝʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 25. 
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ɿʘʜʘʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʳʭʦʜʝ n -ʛʦ ʧʦʥʠʞʘʶʱʝʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

2 . 2 . .minʧʪn ʧʪnU U i U= + D 

3 
ʢ 28 

ʕʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ n -ʛʦ ʫʟʣʘ 

ʧʦʛʨʫʞʥʦʡ? 
4 

ʉʪʘʥʮʠʷ ʫʧʨʘʚʣʝʥʠʷ ʇʕɼ n -ʛʦ  

ʫʟʣʘ ʦʩʥʘʱʝʥʘ ʇʏ? 

 

1 

ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʦʚ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ 

ʢʦʤʧʣʝʢʩʦʚ ʜʦʙʳʚʘʶʱʠʭ ʩʢʚʘʞʠʥ 

ʠ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ 

 

ɿʘʜʘʥʠʝ ʬʘʟʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʩʪʘʪʦʨʝ n -ʛʦ ʜʚʠʛʘʪʝʣʷ 

1 1 .minn nU U i U= + D 

8 
1q=- 

1q q= + 

0q= ? 

7 

ʢ 11 

ʢ 15 

ʢ 22 
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6 

10 
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1m=- 

ʢ 10 

ʢ 18 

1m m= + 

ʢ 20 

ɿʘʜʘʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʩʪʘʪʦʨʝ ( )n q- -ʛʦ ʜʚʠʛʘʪʝʣʷ  

ʠʣʠ ʥʘ ʚʳʭʦʜʝ ( )n q- -ʛʦ ʧʦʥʠʞʘʶʱʝʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

1( ) 1min( )n q n qU U m U- -= + D; 2 ( ) 2 ( ).minʧʪ n q ʧʪ n qU U m U- -= + D 

12 

ʕʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ( )n q- -ʛʦ ʫʟʣʘ 

ʧʦʛʨʫʞʥʦʡ? 

ɼʘ 

ʢ 25 

ʢ 24 

ʢ 10 

ʉʪʘʥʮʠʷ ʫʧʨʘʚʣʝʥʠʷ ʇʕɼ ( )n q- -ʛʦ  

ʫʟʣʘ ʦʩʥʘʱʝʥʘ ʇʏ? 

 

14 

ʈʘʩʯʝʪ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ( )n q- -ʛʦ ʜʚʠʛʘʪʝʣʷ, ʤʦʱʥʦʩʪʠ, 

ʧʦʪʨʝʙʣʷʝʤʦʡ, ʜʚʠʛʘʪʝʣʝʤ, ʧʦʪʝʨʴ ʤʦʱʥʦʩʪʠ ʠ ʥʘʧʨʷʞʝʥʠʷ ʥʘ 

ʢʘʙʝʣʴʥʦʡ ʣʠʥʠʠ ʠ ʧʦʚʳʰʘʶʱʝʤ ʪʨʘʥʩʬʦʨʤʘʪʦʨʝ, ʥʘʧʨʷʞʝʥʠʷ ʠ 

ʤʦʱʥʦʩʪʠ, ʩʥʠʤʘʝʤʦʡ ʩ ʚʳʭʦʜʘ ʧʦʥʠʞʘʶʱʝʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʧʨʠ 

1( )n qU -  

 

17 

ʈʘʩʯʝʪ ʧʦʪʝʨʴ ʘʢʪʠʚʥʦʡ ʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ  

ʥʘ ʚʦʟʜʫʰʥʦʡ ʣʠʥʠʠ, ʩʦʝʜʠʥʷʶʱʝʡ ( )n q- -ʳʡ ʫʟʝʣ ʩ ( 1)n q- + -ʳʤ,  

ʥʘʧʨʷʞʝʥʠʷ ( )n q ʫU -  ʠ ʤʦʱʥʦʩʪʠ, ʩʥʠʤʘʝʤʦʡ ʩ ( )n q- -ʛʦ ʫʟʣʘ 
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ʅʝʪ 

ɼʘ 

ʅʝʪ 

 

 

 

ʅʝʪ 

 

ʢ 17 

( ) ,2 ( ) 2n q ʫ n q ʫU U U- -- ¢D? ʢ 13 

ʢ 24 

ʈʘʩʯʝʪ ʧʘʜʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʦʟʜʫʰʥʦʡ ʣʠʥʠʠ, ʦʪʭʦʜʷʱʝʡ 

ʦʪ ( )n q- -ʛʦ ʫʟʣʘ, ʤʦʱʥʦʩʪʠ, ʩʥʠʤʘʝʤʦʡ ʩ ( )n q- -ʛʦ ʫʟʣʘ 

18 

1n q- =? 

ɼʘ 

ʈʘʩʯʝʪ ʧʦʪʝʨʴ ʤʦʱʥʦʩʪʠ ʥʘ ʫʯʘʩʪʢʝ ʚʦʟʜʫʰʥʦʡ ʣʠʥʠʠ ʤʝʞʜʫ 

ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʝʡ ʠ 1 ʫʟʣʦʤ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ, ʤʦʱʥʦʩʪʠ  

ʠ ʥʘʧʨʷʞʝʥʠʷ ʇʉU , ʩʥʠʤʘʝʤʳʭ ʩ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ; ʨʘʩʯʝʪ 

ʧʘʜʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʫʯʘʩʪʢʝ ʚʦʟʜʫʰʥʦʡ ʣʠʥʠʠ ʤʝʞʜʫ ʮʝʥʪʨʦʤ 

ʧʠʪʘʥʠʷ ʠ 1-ʳʤ ʫʟʣʦʤ 

 

 

 

ʢ 9 

ʢ 27 

ʢ 26 

ʈʘʩʯʝʪ ʧʦʪʝʨʴ ʤʦʱʥʦʩʪʠ ʠ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ( )n q- -ʦʤ  

ʧʦʥʠʞʘʶʱʝʤ ʪʨʘʥʩʬʦʨʤʘʪʦʨʝ ʠ ʚʦʟʜʫʰʥʦʡ ʣʠʥʠ, ʦʪʭʦʜʷʱʝʡ ʦʪ 

( )n q- -ʛʦ ʫʟʣʘ, ʠ ʚʪʦʨʦʛʦ ʟʥʘʯʝʥʠʷ ( ) ,2n q ʫU -  ʥʘʧʨʷʞʝʥʠʷ 

ʥʘ ( )n q- -ʦʤ ʫʟʣʝ 

 

19 
0q= ? 
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21 

22 

23 ɼʘ 
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ɼʘ 
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ʢ 15 

ʢ 18 

24 

ʈʘʩʯʝʪ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ( )n q- -ʛʦ ʜʚʠʛʘʪʝʣʷ, ʤʦʱʥʦʩʪʠ, 

ʧʦʪʨʝʙʣʷʝʤʦʡ, ʜʚʠʛʘʪʝʣʝʤ, ʧʦʪʝʨʴ ʤʦʱʥʦʩʪʠ ʠ ʥʘʧʨʷʞʝʥʠʷ ʥʘ 

ʢʘʙʝʣʴʥʦʡ ʣʠʥʠʠ, ( )n q- -ʦʤ ʧʦʚʳʰʘʶʱʝʤ ʪʨʘʥʩʬʦʨʤʘʪʦʨʝ, ʧʨʠ 

ʥʘʧʨʷʞʝʥʠʠ 1( ).n q fU - , ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʯʘʩʪʦʪʝ 1( )n qf -  ʩ ʫʯʝʪʦʤ 

ʚʣʠʷʥʠʷ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʢ ʥʘ ʚʳʭʦʜʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ 

 

ʈʘʩʯʝʪ ʘʢʪʠʚʥʦʡ, ʨʝʘʢʪʠʚʥʦʡ ʠ ʧʦʣʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʚʳʭʦʜʝ  

( )n q- -ʛʦ ʧʦʥʠʞʘʶʱʝʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʨʘʩʯʝʪ ʧʦʪʝʨʴ ʤʦʱʥʦʩʪʠ 

ʠ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ( )n q- -ʦʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝ ʯʘʩʪʦʪʳ 

 

 

25 

ʈʘʩʯʝʪ ʩʫʤʤʘʨʥʳʭ ʧʦʪʝʨʴ ʤʦʱʥʦʩʪʠ ʠ ʧʘʜʝʥʠʡ ʥʘʧʨʷʞʝʥʠʡ, 

ʤʦʱʥʦʩʪʠ, ʩʥʠʤʘʝʤʦʡ ʩ ʰʠʥ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ, ʩʫʤʤʘʨʥʦʛʦ 

ʜʝʙʠʪʘ ʚʩʝʭ ʩʢʚʘʞʠʥ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ, ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʫʜʝʣʴʥʳʭ ʟʘʪʨʘʪ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 

ʢ 3 

ʢ 23 

. 2ʇʉ ʇʉ jU U U- ¢D? 

ʈʘʩʯʝʪ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ( )n q- -ʛʦ ʜʚʠʛʘʪʝʣʷ, ʤʦʱʥʦʩʪʠ, 

ʧʦʪʨʝʙʣʷʝʤʦʡ, ʜʚʠʛʘʪʝʣʝʤ ʠ ʤʦʱʥʦʩʪʠ, ʩʥʠʤʘʝʤʦʡ ʩ ʚʳʭʦʜʘ 

ʧʦʥʠʞʘʶʱʝʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʧʨʠ 1( )n qU -  

 

ʢ 18 

ʢ 16 

 

26 

 

27 

28 

 

 

ʈʠʩʫʥʦʢ 27 ï ɸʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʦʞʠʜʘʝʤʳʭ ʢʚʘʟʠʦʧʪʠʤʘʣʴʥʳʭ ʧʦʪʝʨʴ ʥʘ ʵʣʝʤʝʥʪʘʭ ʕʂɼʉ 

ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ ʠ ʧʦʪʨʝʙʣʷʝʤʦʡ ʘʢʪʠʚʥʦʡ ʨʝʘʢʪʠʚʥʦʡ ʠ ʧʦʣʥʦʡ ʤʦʱʥʦʩʪʠ  

ʦʪ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʩ ʫʯʝʪʦʤ ʜʠʩʢʨʝʪʥʦʩʪʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʘʧʨʷʞʝʥʠʷ 
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ʆʜʥʘʢʦ ʧʨʠ ʟʘʜʘʥʠʠ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʳʭʦʜʝ n -ʛʦ ʧʦʥʠʞʘʶʱʝʛʦ ʪʨʘʥʩ-

ʬʦʨʤʘʪʦʨʘ ʠʣʠ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠʨʘʱʝʥʠʝ UD , ʪʘʢʦʝ 

ʞʝ, ʢʘʢ ʠ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʕʂɼʉ, ʧʦʜʢʣʶʯʝʥʥʳʭ ʢ ʫʟʣʘʤ ʩ 

ʤʝʥʴʰʠʤʠ ʥʦʤʝʨʘʤʠ. ʇʨʠ ʵʪʦʤ ʨʘʩʯʝʪʳ, ʧʨʦʠʟʚʦʜʠʤʳʝ ʚ ʙʣʦʢʝ 27 ʘʣʛʦʨʠʪ-

ʤʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʥʘ ʨʠʩʫʥʢʝ 27, ʩʦʚʧʘʜʘʶʪ ʩ ʚʳʯʠʩʣʝʥʠʷʤʠ, ʧʨʠʚʝʜʝʥ-

ʥʳʤʠ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʙʣʦʢʦʚ 69 ï 71, ʘʣʛʦʨʠʪʤʘ, ʧʨʠʚʝʜʝʥʥʦʛʦ ʥʘ ʨʠʩʫʥ-

ʢʝ 25. 

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʘʣʛʦʨʠʪʤʘ ʨʘʩʯʝʪʘ ʦʞʠʜʘʝʤʳʭ ʢʚʘʟʠʦʧ-

ʪʠʤʘʣʴʥʳʭ ʧʦʪʝʨʴ ʥʘ ʵʣʝʤʝʥʪʘʭ ʕʂɼʉ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ ʠ ʧʦʪʨʝʙʣʷʝʤʦʡ ʘʢ-

ʪʠʚʥʦʡ ʨʝʘʢʪʠʚʥʦʡ ʠ ʧʦʣʥʦʡ ʤʦʱʥʦʩʪʠ ʦʪ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʩ ʫʯʝʪʦʤ 

ʜʠʩʢʨʝʪʥʦʩʪʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʪʦ, ʯʪʦ ʨʘʩʯʝʪ ʟʘ-

ʢʘʥʯʠʚʘʝʪʩʷ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʚ ʙʣʦʢʝ 28 ʚʳʧʦʣʥʠʪʩʷ ʫʩʣʦʚʠʝ 

. 2ʇʉ ʇʉ jU U U- ¢D. 

ɼʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʜʠʩʢʨʝʪʥʦʩʪʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʤʳ-

ʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʥʘ ʧʦʪʨʝʙʣʷʝʤʫʶ ʤʦʱʥʦʩʪʴ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʤʠ ʢʦʤ-

ʧʣʝʢʩʘʤʠ ʜʦʙʳʚʘʶʱʠʭ ʩʢʚʘʞʠʥ ʨʘʩʩʤʦʪʨʠʤ ʪʦʪ ʞʝ ʩʘʤʳʡ ʧʨʠʤʝʨ ʛʠʧʦʪʝʪʠ-

ʯʝʩʢʦʡ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ, ʩʦʜʝʨʞʘʱʝʡ 3 ʫʟʣʘ ʠ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 

26. ʇʨʠ ʵʪʦʤ ʧʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʧʨʦʤʳʩʣʦʚʘʷ ʧʦʜʩʪʘʥʮʠʷ, ʦʩʥʘʱʝʥʘ ʫʩʪʨʦʡ-

ʩʪʚʦʤ ʈʇʅ Ñ 8 ʭ 1,5 %.  

ʈʘʩʯʝʪ, ʧʨʠʚʝʜʝʥʥʳʡ ʚʳʰʝ, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʥʘ-

ʧʨʷʞʝʥʠʷ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 5421 ɺ. ʇʨʠ ʵʪʦʤ ʨʘʩʩʤʘʪʨʠ-

ʚʘʝʤʘʷ ʦʪʭʦʜʷʱʘʷ ʣʠʥʠʷ ʧʦʪʨʝʙʣʷʝʪ ʘʢʪʠʚʥʫʶ ʤʦʱʥʦʩʪʴ . 77,82ʇʉ ʦʧʪP =  ʢɺʪ, 

ʧʦʣʥʫʶ ʤʦʱʥʦʩʪʴ . 84,55ʇʉ ʦʧʪS =  ʢɺɸ, ʘ ʦʙʱʠʡ ʜʝʙʠʪ ʩʢʚʘʞʠʥ ʩʦʩʪʘʚʣʷʝʪ 

160,61ʦʧʪQ =  ʤ
3
/ʩʫʪ. ʋʜʝʣʴʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʨʘʚʥʦ 

. 11,63ʘʵʦʧʪE =  ʢɺʪÖʯʘʩ/ʤ
3
, ʘ ʢʦʵʬʬʠʮʠʝʥʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ï  

. 2,064ʵʬʦʧʪk =  ʤ
3
/ʩʫʪÖʢɺʪ. 

ʆʜʥʘʢʦ ʙʣʠʞʘʡʰʝʝ ʟʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩ 

ʚʳʭʦʜʘ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʩ ʫʩʪʨʦʡʩʪʚʦʤ ʈʇʅ Ñ 8 ʭ 1,5 %, ʩʦʦʪʚʝʪʩʪ-
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ʚʫʝʪ ʫʩʪʘʥʦʚʢʝ ʦʪʧʘʡʢʠ 8j =- ʠ ʩʦʩʪʘʚʣʷʝʪ 
. 5544ʇʉ jU =  ɺ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ 

ʘʣʛʦʨʠʪʤ, ʧʨʠʚʝʜʝʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 27, ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʘʪʴ ʧʦʪʨʝʙʣʷʝʤʫʶ 

ʤʦʱʥʦʩʪʴ ʠ ʫʜʝʣʴʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʧʨʠ ʪʘʢʦʤ ʫʨʦʚʥʝ 

ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ: 78,05ʇʉP =  ʢɺʪ, 84,75ʇʉS =  ʢɺɸ, 

160,81Q=  ʤ
3
/ʩʫʪ., 11,65ʘʵE =  ʢɺʪÖʯʘʩ/ʤ

3
, 2,06ʵʬk =  ʤ

3
/ʩʫʪÖʢɺʪ. 

ʉʨʘʚʥʝʥʠʝ ʨʘʩʯʝʪʥʳʭ ʜʘʥʥʳʭ ʧʦ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʶ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ, 

ʢʘʢ ʠ ʦʞʠʜʘʣʦʩʴ, ʫʚʝʣʠʯʝʥʠʝ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥ-

ʮʠʠ ʜʦ ʙʣʠʞʘʡʰʝʛʦ ʙʦʣʴʰʝʛʦ ʟʥʘʯʝʥʠʷ, ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʦʪ-

ʧʘʡʢʦʡ, ʧʨʠʚʦʜʠʪ ʢ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʫʜʝʣʴʥʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʩʥʠʞʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, 

ʧʦʪʨʝʙʣʝʥʠʝ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʫʚʝʣʠʯʠʣʦʩʴ ʥʘ 0,3 %, ʧʦʣʥʦʡ ʤʦʱʥʦʩʪʠ ï 

ʥʘ 0,2 %, ʫʜʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ ʥʘ ʜʦʙʳʯʫ 1 ʤ
3
 ʞʠʜʢʦʩʪʠ ï  

ʥʘ 0,17 %. ʇʨʠ ʵʪʦʤ ʦʙʲʝʤ ʜʦʙʳʚʘʝʤʦʡ ʠʟ ʩʢʚʘʞʠʥʳ ʞʠʜʢʦʩʪʠ ʫʚʝʣʠʯʠʣʩʷ 

ʚʩʝʛʦ ʣʠʰʴ ʥʘ 0,12 %. 

ʋʤʝʥʴʰʝʥʠʝ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ (ʝʩʣʠ ʙʳ ʵʪʦ ʙʳʣʦ ʚʦʟʤʦʞʥʦ) 

ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʝʡ, ʦʩʥʘʱʝʥʥʦʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʤ ʩ ʈʇʅ, ʪʘʢʞʝ ʥʝ-

ʮʝʣʝʩʦʦʙʨʘʟʥʦ, ʧʦʩʢʦʣʴʢʫ ʚʦʟʥʠʢʘʝʪ ʨʠʩʢ ʩʨʳʚʘ ʨʘʙʦʪʳ ʧʦʛʨʫʞʥʳʭ ʥʘʩʦʩʦʚ 

ʧʨʠ ʧʨʦʚʘʣʘʭ ʥʘʧʨʷʞʝʥʠʷ ʩʝʪʠ, ʚʳʟʚʘʥʥʳʭ ʟʘʧʫʩʢʦʤ ʤʦʱʥʳʭ ʵʣʝʢʪʨʦʜʚʠʛʘ-

ʪʝʣʝʡ ʥʘʟʝʤʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

 

4.2 ʇʦʜʛʦʪʦʚʢʘ ʜʘʥʥʳʭ ʜʣʷ ʨʘʩʯʝʪʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ 

ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ, ʧʠʪʘʶʱʝʡ ʨʝʘʣʴʥʫʶ ʦʪʭʦʜʷʱʫʶ ʣʠʥʠʶ 

 

ʇʨʠʤʝʥʠʤ ʨʘʟʨʘʙʦʪʘʥʥʫʶ ʫʥʠʚʝʨʩʘʣʴʥʫʶ ʤʝʪʦʜʠʢʫ ʠ ʘʣʛʦʨʠʪʤ ʨʘʩʯʝ-

ʪʘ ʦʧʪʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʳ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ, ʧʠʪʘʶʱʝʡ 

ʨʝʘʣʴʥʫʶ ʦʪʭʦʜʷʱʫʶ ʣʠʥʠʶ ʥʘ ʥʝʬʪʷʥʦʤ ʧʨʦʤʳʩʣʝ. ʇʦʦʧʦʨʥʘʷ ʩʭʝʤʘ ʪʘʢʦʡ 

ʣʠʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 28, ʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ï ʥʘ ʨʠʩʫʥʢʝ 29. 

ʆʥʘ ʩʦʜʝʨʞʠʪ 6 ʫʟʣʦʚ, ʢ ʢʦʪʦʨʳʤ ʧʦʜʢʣʶʯʝʥʳ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢ-

ʩʳ 11-ʪʠ ʜʦʙʳʚʘʶʱʠʭ ʩʢʚʘʞʠʥ. 

ɼʣʷ ʨʘʩʯʝʪʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜ-

ʩʪʘʥʮʠʠ, ʧʠʪʘʶʱʝʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʫʶ ʦʪʭʦʜʷʱʫʶ ʣʠʥʠʶ, ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʛʦ-

ʪʦʚʠʪʴ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ.  
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ʉʢʚ. 
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3.2 
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ʉʢʚ. 

2.1 

2.2 

ʉʢʚ. 1 

 

ʈʠʩʫʥʦʢ 28 ï ʇʨʠʤʝʨ ʨʝʘʣʴʥʦʡ ʧʦʦʧʦʨʥʦʡ ʩʭʝʤʳ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ 

 

ʇʨʝʞʜʝ ʚʩʝʛʦ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʨʠʤʝʥʷʝʤʦʝ ʧʦʜʟʝʤʥʦʝ 

ʠ ʥʘʟʝʤʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʩʢʚʘʞʠʥ, ʢʦʪʦʨʳʝ ʦʩʥʘʱʝʥʳ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ 

ʧʦʛʨʫʞʥʳʭ ʥʘʩʦʩʦʚ, ʢʘʢ ʮʝʥʪʨʦʙʝʞʥʳʭ ʩ ʇʕɼ, ʪʘʢ ʠ ʧʣʫʥʞʝʨʥʳʭ ʩʦ ʩʪʘʥʢʘ-

ʤʠ-ʢʘʯʘʣʢʘʤʠ (ʪʘʙʣʠʮʘ 9). 

ɺ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʘʭ ʜʦʙʳʚʘʶʱʠʭ ʩʢʚʘʞʠʥ ʧʨʠʤʝʥʝʥ 

ʮʝʣʳʡ ʨʷʜ ʧʦʥʠʞʘʶʱʠʭ ʠ ʧʦʚʳʰʘʶʱʠʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ, ʪʝʭʥʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 10. ɼʣʷ ʩʦʝʜʠʥʝʥʠʷ ʤʝʞʜʫ 

ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʝʡ ʠ ʫʟʣʘʤʠ, ʘ ʪʘʢʞʝ ʤʝʞʜʫ ʫʟʣʘʤʠ ʠ ʧʦʥʠʞʘʶʱʠʤʠ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʤʠ ʧʨʠʤʝʥʝʥʳ ʚʦʟʜʫʰʥʳʝ ʣʠʥʠʠ, ʧʘʨʘʤʝʪʨʳ ʢʦʪʦʨʳʭ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 11. ʅʘʧʨʷʞʝʥʠʝ ʥʘ ʩʪʘʪʦʨʳ ʧʦʛʨʫʞʥʳʭ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʧʦʜʘʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʢʘʙʝʣʝʡ, 

ʧʘʨʘʤʝʪʨʳ ʢʦʪʦʨʳʭ ʪʘʢʞʝ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 11. 



139 

 

 

 
 

ʈʠʩʫʥʦʢ 29 ï ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʨʝʘʣʴʥʦʡ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ  

ʥʝʬʪʷʥʦʛʦ ʧʨʦʤʳʩʣʘ 
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ʊʘʙʣʠʮʘ 9 ï ɼʘʥʥʳʝ ʧʦ ʧʦʛʨʫʞʥʳʤ ʥʘʩʦʩʘʤ, ʩʪʘʥʢʘʤ-ʢʘʯʘʣʢʘʤ ʠ ʜʚʠʛʘʪʝʣʷʤ,  

ʧʨʠʤʝʥʷʝʤʳʤ ʥʘ ʩʢʚʘʞʠʥʘʭ 
 

ˉ ʩʢʚʘʞʠʥʳ 
ʊʠʧ ʥʘʩʦʩʘ 

ʠʣʠ ʩʪʘʥʢʘ-ʢʘʯʘʣʢʠ 
ʊʠʧ ʜʚʠʛʘʪʝʣʷ 

ʄʦʱʥʦʩʪʴ  

ʜʚʠʛʘʪʝʣʷ, ʢɺʪ 

1 ʉʂɼʈ6-3,0 ɸʀʈ160ʄ8 11 

2.1 ʕʎʅɸ5-125-1450 ʕɼʊ45-103ʄ1 45 

2.2 ʇʅʐ 80-3-40-01 ɸʀʈ200ʄ8 18,5 

3.1 UP-12T-3000-5500 ɸʀʈ200L8 22 

3.2 UP-12T-3000-5500 ɸʀʈ200L8 22 

3.3 UP-12T-3000-5500 ɸʀʈ200L8 22 

4 UP-12T-3000-5500 ASI250 S75-8 37 

5.1 ʕʎʅɸ5-30-1300 ʕɼʊ16-117ʄ 16 

5.2 ʇʅʐ 80-3-40-01 ɸʀʈ200ʄ8 18,5 

5.3 UP-12T-3000-5500 ASI250 M75-8 45 

6 ʕʎʅɸ5-125-1450 ʕɼʊ45-103ʄ1 45 

 

ʊʘʙʣʠʮʘ 10 ï ɼʘʥʥʳʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ, ʧʦʜʢʣʶʯʝʥʥʳʭ ʢ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʦʪʭʦʜʷʱʝʡ  

ʣʠʥʠʠ ʥʝʬʪʷʥʦʛʦ ʧʨʦʤʳʩʣʘ 
 

ʊʨʘʥʩʬʦʨ-

ʤʘʪʦʨ 

ʊʠʧ ʪʨʘʥʩʬʦʨ-

ʤʘʪʦʨʘ 
ʥʦʤS , 

ʢɺɸ 
ʅʅU , 

ʢɺ 
ɺʅU , 

ʢɺ 
ʭʭPD , 

ʢɺʪ 
ʢʟPD ,  

ʢɺʪ 

Ὥ̖,̖ 

% 

Ὗ̋,  

% 

ʇʊ1 ʊʄɻ 63/10 63 0,4 6 0,22 1,28 2,4 4,5 

ʇʊ2 ʊʄɻ 100/10 100 0,4 6 0,29 1,98 2,2 4,5 

ʇʊ3 ʊʄɻ 63/10 63 0,4 6 0,22 1,28 2,4 4,5 

ʇʊ4 ʊʄɻ 100/10 100 0,4 6 0,29 1,98 2,2 4,5 

ʇʊ5 ʊʄɻ 100/10 100 0,4 6 0,29 1,98 2,2 4,5 

ʇʊ6 ʊʄɻ 63/10 63 0,4 6 0,22 1,28 2,4 4,5 

ʊʄʇʅ2 ʊʄʇʅɻ100/3 100 0,4 1,46 0,31 2,4 2,2 5,5 

ʊʄʇʅ5 ʊʄʇʅɻ100/3 100 0,4 0,82 0,31 2,4 2,2 5,5 

ʊʄʇʅ6 ʊʄʇʅɻ100/3 100 0,4 1,46 0,31 2,4 2,2 5,5 
 

ʊʘʙʣʠʮʘ 11 ï ɸʢʪʠʚʥʳʝ ʠ ʠʥʜʫʢʪʠʚʥʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʢʘʙʝʣʝʡ 

ʠ ʚʦʟʜʫʰʥʳʭ ʣʠʥʠʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ 
 

 1ʇʉR - , 

ʆʤ 

 1ʇʉX - , 

ʆʤ 

 1 2R- , 

ʆʤ 

 1 2X - , 

ʆʤ 

 2 3R- , 

ʆʤ 

 2 3X - , 

ʆʤ 

 3 4R- , 

ʆʤ 

 3 4X - , 

ʆʤ 

 3 5R- , 

ʆʤ 

 3 5X - , 

ʆʤ 

1,024 0,828 0,138 0,115 0,322 0,267 0,345 0,287 0,069 0,057 

 5 6R- , 

ʆʤ 

 5 6X - , 

ʆʤ 

 1ʣR , 

ʆʤ 

 1ʣX , 

ʆʤ 

 2ʣR , 

ʆʤ 

 2ʣX , 

ʆʤ 

 3ʣR , 

ʆʤ 

 3ʣX , 

ʆʤ 

 4ʣR , 

ʆʤ 

 4ʣX , 

ʆʤ 

0,299 0,248 0,023 0,019 0,046 0,038 0,023 0,019 0 0 

 5ʣR , 

ʆʤ 

 5ʣX , 

ʆʤ 

 6ʣR , 

ʆʤ 

 6ʣX , 

ʆʤ 

 2ʢʣR , 

ʆʤ 

 2ʢʣX , 

ʆʤ 

 5ʢʣR , 

ʆʤ 

 5ʢʣX , 

ʆʤ 

 6ʢʣR , 

ʆʤ 

 6ʢʣX , 

ʆʤ 

0,046 0,038 0,023 0,019 1,098 0,14 1,776 0,145 1,254 0,16 
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ɼʣʷ ʨʘʩʯʝʪʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜ-

ʩʪʘʥʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ Mk  ʜʣʷ ʮʝʥʪʨʦʙʝʞʥʳʭ 

ʥʘʩʦʩʦʚ ʠ 2Mk  ʜʣʷ ʧʣʫʥʞʝʨʥʳʭ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʠʪʴ ʚʝʣʠʯʠʥʫ ʤʦʤʝʥʪʘ 0M . 

ʂʨʦʤʝ ʪʦʛʦ, ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʧʘʨʘʤʝʪʨʳ ɻ-ʦʙʨʘʟʥʦʡ ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ 

ʘʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʢʘʢ ʧʦʛʨʫʞʥʳʭ, ʪʘʢ ʠ ʥʘʟʝʤʥʳʭ, ʠ ʢʦʵʬʬʠʮʠʝʥ-

ʪ r
U

ʜʫk . 

ʇʘʨʘʤʝʪʨʳ ɻ-ʦʙʨʘʟʥʳʭ ʩʭʝʤ ʟʘʤʝʱʝʥʠʡ ʘʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ 

ɸʀʈ160ʄ8, ɸʀʈ200ʄ8 ʠ ɸʀʈ200L8, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʩʪʘʥʢʘʭ-ʢʘʯʘʣʢʘʭ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʩʧʨʘʚʦʯʥʳʤ ʜʘʥʥʳʤ [4]. ɼʣʷ ʧʦ-

ʛʨʫʞʥʳʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʕɼʊ16-117ʄ ʠ ʕɼʊ45-103ʄ1 ʠ ʥʘʟʝʤʥʳʭ ʘʩʠʥ-

ʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʠʤʧʦʨʪʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ASI250 S75-8 ʠ ASI250 M75-8 

ʵʪʠ ʧʘʨʘʤʝʪʨʳ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ, ʠʩʭʦʜʷ ʠʟ ʥʦʤʠʥʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʧʨʠʚʝ-

ʜʝʥʥʳʭ ʚ ʢʘʪʘʣʦʛʘʭ, ʧʦ ʩʣʝʜʫʶʱʠʤ ʬʦʨʤʫʣʘʤ [4]  

( )( )0 1 1
1ʥʦʤ ʥʦʤ

ʥʦʤ ʥʦʤ

d s
d

s

-h -
= -

xh
;                                   (138) 

( )

( )
1 .3 1

2 1

ʬʥʦʤ ʥʦʤ

m

ʥʦʤ

U s
R

P

-
=

l+x-
;                                        (139) 

2

2

1 2

ʥʦʤ ʥʦʤ

d
G d

s s
= + +;                                         (140) 

1
e
l+x-
=

x
;                                               (141) 

2

2
m

ɻ

ʥʦʤ ʥʦʤ

R e e
R d d G

G s s

è ø
å õ

é ù= + + + -æ ö
é ùç ÷
ê ú

;                        (142) 

1 2ɻ ɻR dR= ;                                                (143) 

2

12k m m ɻX R R R= - ;                                         (144) 

1 0,42ɻ kX X= ;                                              (145) 

2 0,58ɻ kX X= ;                                               (146) 
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2

1 .

2

22
1

ʥʦʤ ʣʥʦʤ k
m

ʥʦʤ
ɻ

ɻ k

ʥʦʤ

P tg U X
Q

R
R X

j
= -
h å õ

+ +æ ö
hç ÷

;                              (147) 

2

1 .
1

ʣʥʦʤ
m ɻ

m

U
X X

Q
= - ,                                         (148) 

ʛʜʝ l ï ʧʝʨʝʛʨʫʟʦʯʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ, 1,02x= , 0 0,58d =  ï ʨʝʢʦʤʝʥʜʫʝʤʳʝ ʢʦ-

ʵʬʬʠʮʠʝʥʪʳ [4]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʥʦʤʠʥʘʣʴʥʳʝ 

ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʧʘʨʘʤʝʪʨʳ ɻ-ʦʙʨʘʟʥʳʭ ʩʭʝʤ ʟʘʤʝʱʝʥʠʷ ʙʫʜʫʪ 

ʠʤʝʪʴ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ (ʪʘʙʣʠʮʘ 12). 

 

ʊʘʙʣʠʮʘ 12 ï ʅʦʤʠʥʘʣʴʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʧʘʨʘʤʝʪʨʳ ɻ-ʦʙʨʘʟʥʦʡ ʩʭʝʤʳ 

ʟʘʤʝʱʝʥʠʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʮʝʥʪʨʦʙʝʞʥʳʭ ʥʘʩʦʩʦʚ ʠ ʩʪʘʥʢʦʚ-ʢʘʯʘʣʦʢ 
 

ɼʚʠʛʘʪʝʣʴ ʇʘʨʘʤʝʪʨʳ 

ɸʀʈ160ʄ8 

ʥʦʤP
, ʢɺʪ 1 .ʣ ʥʦʤU

, ɺ ʥʦʤw
, ʨʘʜ/ʩ ʥʦʤh

 
cos ʥʦʤj

 ʥʦʤs
 

11 380 76,58 0,87 0,75 0,025 

1ɻR
, ʆʤ 2ɻR

, ʆʤ 1ɻX
, ʆʤ 2ɻX

, ʆʤ kX
, ʆʤ mX

, ʆʤ 

0,565 0,266 1,114 1,542 2,655 17,131 

ɸʀʈ200ʄ8 

ʥʦʤP
, ʢɺʪ 1 .ʣ ʥʦʤU

, ɺ ʥʦʤw
, ʨʘʜ/ʩ ʥʦʤh

 
cos ʥʦʤj

 ʥʦʤs
 

18,5 380 0,885 0,885 0,84 0,026 

1ɻR
, ʆʤ 2ɻR

, ʆʤ 1ɻX
, ʆʤ 2ɻX

, ʆʤ kX
, ʆʤ mX

, ʆʤ 

0,331 0,151 0,754 1,044 1,799 15,087 

ɸʀʈ200L8 

ʥʦʤP
, ʢɺʪ 1 .ʣ ʥʦʤU

, ɺ ʥʦʤw
, ʨʘʜ/ʩ ʥʦʤh

 
cos ʥʦʤj

 ʥʦʤs
 

22 380 76,42 0,885 0,84 0,027 

1ɻR
, ʆʤ 2ɻR

, ʆʤ 1ɻX
, ʆʤ 2ɻX

, ʆʤ kX
, ʆʤ mX

, ʆʤ 

0,303 0,142 0,683 0,878 1,561 15,126 

ASI250 S75-8 

ʥʦʤP
, ʢɺʪ 1 .ʣ ʥʦʤU

, ɺ ʥʦʤw
, ʨʘʜ/ʩ ʥʦʤh

 
cos ʥʦʤj

 ʥʦʤs
 

37 400 76,97 0,92 0,81 0,02 

1ɻR
, ʆʤ 2ɻR

, ʆʤ 1ɻX
, ʆʤ 2ɻX

, ʆʤ kX
, ʆʤ mX

, ʆʤ 

0,106 0,075 0,373 0,514 0,887 7,646 

ASI250 M75-8 

ʥʦʤP
, ʢɺʪ 1 .ʣ ʥʦʤU

, ɺ ʥʦʤw
, ʨʘʜ/ʩ ʥʦʤh

 
cos ʥʦʤj

 ʥʦʤs
 

45 400 76,97 0,924 0,81 0,02 

1ɻR
, ʆʤ 2ɻR

, ʆʤ 1ɻX
, ʆʤ 2ɻX

, ʆʤ kX
, ʆʤ mX

, ʆʤ 

0,08 0,062 0,31 0,428 0,738 6,349 

ʕɼʊ16-117ʄ ʥʦʤP
, ʢɺʪ 1 .ʣ ʥʦʤU

, ɺ ʥʦʤw
, ʨʘʜ/ʩ ʥʦʤh

 
cos ʥʦʤj

 ʥʦʤs
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ɼʚʠʛʘʪʝʣʴ ʇʘʨʘʤʝʪʨʳ 

16 750 298,45 0,84 0,85 0,05 

1ɻR
, ʆʤ 2ɻR

, ʆʤ 1ɻX
, ʆʤ 2ɻX

, ʆʤ kX
, ʆʤ mX

, ʆʤ 

1,497 1,416 2,605 3,597 6,201 67,343 

ʕɼʊ45-

103ʄ1 

ʥʦʤP
, ʢɺʪ 1 .ʣ ʥʦʤU

, ɺ ʥʦʤw
, ʨʘʜ/ʩ ʥʦʤh

 
cos ʥʦʤj

 ʥʦʤs
 

45 1400 296,88 0,81 0,83 0,055 

1ɻR
, ʆʤ 2ɻR

, ʆʤ 1ɻX
, ʆʤ 2ɻX

, ʆʤ kX
, ʆʤ mX

, ʆʤ 

2,413 1,868 2,891 3,993 6,884 68,414 

 

ɼʣʷ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 
U

ʜʫk  ʧʦ ʬʦʨʤʫʣʝ (73) ʜʣʷ ʢʘʞʜʦʛʦ ʵʣʝʢʪʨʦ-

ʜʚʠʛʘʪʝʣʷ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʧʘʨʘʤʝʪʨʳ ʊ-ʦʙʨʘʟʥʦʡ ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ ʠ ʥʘ-

ʯʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʨʦʝʢʮʠʡ ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʡ 1 0xy , 1 0yy , 2 0xy  ʠ 2 0yy  ʧʨʠ ʥʦ-

ʤʠʥʘʣʴʥʦʡ ʥʘʛʨʫʟʢʝ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʝʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʫʨʘʚ-

ʥʝʥʠʡ ʜʚʠʛʘʪʝʣʝʡ, ʥʘʧʨʠʤʝʨ, ʚ ʧʨʦʛʨʘʤʤʝ Matlab Simulink. ʇʘʨʘʤʝʪʨʳ ʜʚʠʛʘ-

ʪʝʣʝʡ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʫ 13. 

 

ʊʘʙʣʠʮʘ 4.5 ï ʇʘʨʘʤʝʪʨʳ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ  

ʮʝʥʪʨʦʙʝʞʥʳʭ ʥʘʩʦʩʦʚ ʠ ʩʪʘʥʢʦʚ-ʢʘʯʘʣʦʢ 
 

ɼʚʠʛʘʪʝʣʴ ʇʘʨʘʤʝʪʨʳ 

ɸʀʈ160ʄ8 

1R
, ʆʤ 

/

2R
, ʆʤ 1L

, ɻʥ 
/

2L
, ɻʥ 0L

, ɻʥ nZ
 

0,531 0,234 0,0579 0,0589 0,0546 4 

1T
, ʩ 2T

, ʩ 0

1

L

L
 

0

/

2

L

L
 

03

2

ZL

D  

J, ʢʛʤ 

0,0138 0,0319 0,9425 0,9265 757 0,18 

ɸʀʈ200ʄ8 

1R
, ʆʤ 

/

2R
, ʆʤ 1L

, ɻʥ 
/

2L
, ɻʥ 0L

, ɻʥ nZ
 

0,315 0,137 0,0489 0,0497 0,0467 4 

1T
, ʩ 2T

, ʩ 0

1

L

L
 

0

/

2

L

L
 

03

2

ZL

D  

J, ʢʛʤ 

0,0163 0,038 0,9533 0,9393 1100 0,4 

ɸʀʈ200L8 

1R
, ʆʤ 

/

2R
, ʆʤ 1L

, ɻʥ 
/

2L
, ɻʥ 0L

, ɻʥ nZ
 

0,29 0,13 0,0503 0,0507 0,0482 4 

1T
, ʩ 2T

, ʩ 0

1

L

L
 

0

/

2

L

L
 

03

2

ZL

D  

J, ʢʛʤ 

0,0156 0,0352 0,9586 0,9495 1262 0,45 

ASI250 S75-8 

1R
, ʆʤ 

/

2R
, ʆʤ 1L

, ɻʥ 
/

2L
, ɻʥ 0L

, ɻʥ nZ
 

0,101 0,068 0,0255 0,0258 0,0243 4 

1T
, ʩ 2T

, ʩ 0

1

L

L
 

0

/

2

L

L
 

03

2

ZL

D  

J, ʢʛʤ 
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0,0251 0,0379 0,9556 0,9423 2230 1,11 

ASI250 M75-8 

1R
, ʆʤ 

/

2R
, ʆʤ 1L

, ɻʥ 
/

2L
, ɻʥ 0L

, ɻʥ nZ
 

0,076 0,056 0,0212 0,0215 0,0202 4 

1T
, ʩ 2T

, ʩ 0

1

L

L
 

0

/

2

L

L
 

03

2

ZL

D  

J, ʢʛʤ 

0,0278 0,0382 0,9555 0,9422 2681 0,14 

ʕɼʊ16-117ʄ 

1R
, ʆʤ 

/

2R
, ʆʤ 1L

, ɻʥ 
/

2L
, ɻʥ 0L

, ɻʥ nZ
 

1,442 1,312 0,2225 0,2251 0,2145 2 

1T
, ʩ 2T

, ʩ 0

1

L

L
 

0

/

2

L

L
 

03

2

ZL

D  

J, ʢʛʤ 

0,0126 0,014 0,9641 0,9528 79 0,05 

ʕɼʊ45-103ʄ1 

1R
, ʆʤ 

/

2R
, ʆʤ 1L

, ɻʥ 
/

2L
, ɻʥ 0L

, ɻʥ nZ
 

2,324 1,938 0,1485 0,1511 0,1399 2 

1T
, ʩ 2T

, ʩ 0

1

L

L
 

0

/

2

L

L
 

03

2

ZL

D  

J, ʢʛʤ 

0,0086 0,0117 0,961 0,949 71,4 0,12 

 

ʈʘʩʯʝʪʥʳʝ ʤʦʜʝʣʠ ʧʦʛʨʫʞʥʳʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ 

ʩʪʘʥʢʦʚ-ʢʘʯʘʣʦʢ, ʧʦʜʢʣʶʯʝʥʥʳʭ ʢ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 30 ï 36. ʆʥʠ ʧʦʟʚʦʣʠʣʠ ʦʧʨʝʜʝʣʠʪʴ ʥʘʯʘʣʴʥʳʝ ʟʥʘʯʝ-

ʥʠʷ 1 0xy , 
1 0yy , 2 0xy  ʠ 

2 0yy  ʠ ʨʘʩʩʯʠʪʘʪʴ ʟʥʘʯʝʥʠʷ 
U

ʜʫk  ʜʣʷ ʢʘʞʜʦʛʦ ʵʣʝʢʪʨʦ-

ʜʚʠʛʘʪʝʣʷ (ʪʘʙʣʠʮʘ 14). 

 

ʊʘʙʣʠʮʘ 4.6 ï ʇʨʦʝʢʮʠʠ ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʡ 1 0xy , 
1 0yy , 2 0xy  ʠ 

2 0yy  ʩʪʘʪʦʨʘ ʠ ʨʦʪʦʨʘ, ʧʦ-

ʣʫʯʝʥʥʳʝ ʚ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʠ ʨʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 
U

ʜʫk  ʨʘʩʩʤʘʪ-

ʨʠʚʘʝʤʳʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ 
 

ɼʚʠʛʘʪʝʣʴ 

ʇʘʨʘʤʝʪʨʳ 

1 0xy , ɺʩ 1 0yy , ɺʩ 2 0xy , ɺʩ 2 0yy , ɺʩ 
U

ʜʫk
, ʨʘʜ/ɺʩ 

ɸʀʈ160ʄ8 3,05 -2,147 2,842 -2,717 0,004 

ɸʀʈ200ʄ8 2,97 -2,535 2,796 -2,464 0,0035 

ɸʀʈ200L8 2,952 -2,553 2,789 -2,493 0,0043 

ASI250 S75-8 3,062 -2,768 2,886 -2,688 0,0039 

ASI250 M75-8 3,051 -2,785 2,874 -2,704 0,0037 

ʕɼʊ16-117ʄ 1,353 -1,276 0,998 -1,443 0,0847 

ʕɼʊ45-103ʄ1 2,518 -2,312 1,908 -2,596 0,0561 
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ʈʠʩʫʥʦʢ 30 ï ʈʘʩʯʝʪʥʘʷ ʤʦʜʝʣʴ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ɸʀʈ160ʄ8 
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ʈʠʩʫʥʦʢ 31 ï ʈʘʩʯʝʪʥʘʷ ʤʦʜʝʣʴ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ɸʀʈ200ʄ8 
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ʈʠʩʫʥʦʢ 32 ï ʈʘʩʯʝʪʥʘʷ ʤʦʜʝʣʴ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ɸʀʈ200L8 
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ʈʠʩʫʥʦʢ 33 ï ʈʘʩʯʝʪʥʘʷ ʤʦʜʝʣʴ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ASI250 S75-8 



149 

 

 

 

 

 

ʈʠʩʫʥʦʢ 34 ï ʈʘʩʯʝʪʥʘʷ ʤʦʜʝʣʴ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ASI250 M75-8 
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ʈʠʩʫʥʦʢ 35 ï ʈʘʩʯʝʪʥʘʷ ʤʦʜʝʣʴ ʧʦʛʨʫʞʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʕɼʊ16-117ʄ 
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ʈʠʩʫʥʦʢ 36 ï ʈʘʩʯʝʪʥʘʷ ʤʦʜʝʣʴ ʧʦʛʨʫʞʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʕɼʊ45-103ʄ1 
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ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ Mk  ʜʣʷ ʮʝʥʪʨʦʙʝʞʥʳʭ ʥʘʩʦʩʦʚ ʤʦʞʥʦ ʨʘʩ-

ʩʯʠʪʘʪʴ ʧʦ ʬʦʨʤʫʣʝ 

386400

ʥʘʩ ʥʘʩ
M

ʥʘʩ ʥʘʩ

gH Q
k

r

h w
= ,                                       (149) 

ʠʩʭʦʜʷ ʠʟ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʯʝʡ ʪʦʯʢʠ ʥʘʩʦʩʘ, ʘ ʠʤʝʥʥʦ, ʥʘʧʦʨʘ ʥʘʩH , ʧʦʜʘʯʠ 

(ʨʘʚʥʦʛʦ ʜʝʙʠʪʫ ʩʢʚʘʞʠʥʳ) ʥʘʩQ , ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʥʘʩh , ʩʢʦ-

ʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʥʘʩw  ʠ ʧʣʦʪʥʦʩʪʠ ʜʦʙʳʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ r. ɼʣʷ ʩʢʚʘʞʠʥ 2.1, 

5.1 ʠ 6 ʩ ʧʦʛʨʫʞʥʳʤʠ ʮʝʥʪʨʦʙʝʞʥʳʤʠ ʥʘʩʦʩʘʤʠ ʵʪʠ ʜʘʥʥʳʝ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙ-

ʣʠʮʝ 15. 

 

ʊʘʙʣʠʮʘ 15 ï ɿʥʘʯʝʥʠʷ ʥʘʩH
, ʥʘʩQ

, ʥʘʩh
, ʥʘʩw

, r ʠ M
k

 ʜʣʷ ʩʢʚʘʞʠʥ 2.1, 5.1 ʠ 6  

ʩ ʧʦʛʨʫʞʥʳʤʠ ʮʝʥʪʨʦʙʝʞʥʳʤʠ ʥʘʩʦʩʘʤʠ 
 

ʉʢʚʘʞʠʥʘ 
ʥʘʩH

, 

ʤ 

ʥʘʩQ
 

ʤ
3
/ʩʫʪ. 

ʥʘʩh
 

ʥʘʩw
, 

ʨʘʜ/ʩ 

r, 

ʢʛ/ʤ
3 

Mk
, 

ʅʤʩ
2
/ʨʘʜ

2
 

2.1 1595 87 0,456 304,7 1067 31,303 10-Ö  

5.1 1195 30 0,316 304,7 1032 44,69 10-Ö  

6 1330 130 0,484 304,7 1036 31,486 10-Ö  
 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ 2Mk  ʠ ʤʦʤʝʥʪʘ 0M  ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ 

ʪʠʧ ʧʣʫʥʞʝʨʥʦʛʦ ʥʘʩʦʩʘ, ʛʣʫʙʠʥʫ ʝʛʦ ʩʧʫʩʢʘ ʩʧH , ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʥʘʩʦʩʘ 

ʥʘʩQ , ʧʣʦʪʥʦʩʪʴ ʜʦʙʳʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ rʠ ʦʙʱʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ ʨʝ-

ʜʫʢʪʦʨʘ ʩʦʚʤʝʩʪʥʦ ʩ ʨʝʤʝʥʥʦʡ ʧʝʨʝʜʘʯʝʡ ʨʝʜi  ʠ ʨʘʜʠʫʩʘ ʢʨʠʚʦʰʠʧʘ ʢʨr  ʩʪʘʥʢʘ 

ʢʘʯʘʣʢʠ. ʊʦʛʜʘ ʧʦ ʬʦʨʤʫʣʘʤ [88] ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʚʝʩ ʰʪʘʥʛʠ ʠ ʩʪʦʣʙʘ 

ʞʠʜʢʦʩʪʠ ʚ ʥʘʩʦʩʥʦ-ʢʦʤʧʨʝʩʩʦʨʥʳʭ ʪʨʫʙʘʭ ʠ ʩ ʫʯʝʪʦʤ ʜʝʡʩʪʚʠʷ ʧʨʦʪʠʚʦʚʝʩʘ 

ʠ ʥʘʡʪʠ ʚʝʣʠʯʠʥʫ 0M , ʘ ʪʘʢʞʝ ʨʘʩʩʯʠʪʘʪʴ ʩʠʣʳ ʩʫʭʦʛʦ ʠ ʚʷʟʢʦʛʦ ʪʨʝʥʠʷ [86] 

ʠ ʚ ʠʪʦʛʝ ʦʧʨʝʜʝʣʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ 2Mk  ʧʣʫʥʞʝʨʥʦʛʦ ʥʘʩʦʩʘ. ʊʘʢʠʝ ʜʘʥʥʳʝ 

ʜʣʷ ʩʢʚʘʞʠʥ 1, 2.2, 3.1, 3.2, 3.3, 4, 5.2 ʠ 5.3 ʩʦ ʩʪʘʥʢʘʤʠ ʢʘʯʘʣʢʘʤʠ ʠ ʨʝʟʫʣʴʪʘ-

ʪʳ ʨʘʩʯʝʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 16. 
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ʊʘʙʣʠʮʘ 16 ï ʊʠʧ ʧʣʫʥʞʝʨʥʦʛʦ ʥʘʩʦʩʘ, ʧʘʨʘʤʝʪʨʳ  ʩʧH , ʥʘʩQ , r ʠ ʟʥʘʯʝʥʠʷ 2Mk  ʠ 0M   

ʜʣʷ ʩʢʚʘʞʠʥ 1, 2.2, 3.1, 3.2, 3.3, 4, 5.2 ʠ 5.3 ʩʦ ʩʪʘʥʢʘʤʠ ʢʘʯʘʣʢʘʤʠ 
 

ʉʢʚʘ-

ʞʠʥʘ 
ʊʠʧ ʥʘʩʦʩʘ 

ʩʧH
, 

ʤ 

ʥʘʩQ
 

ʤ
3
/ʩʫʪ. 

r, 

ʢʛ/ʤ
3 ʨʝʜi

 
ʢʨr

, 

ʤ 

2Mk
, 

ʅʤʩ/ʨʘʜ 

0M
, 

ʅʤ 

1 ʅɺ1ʉ-32-30-15 1050 11,0 1041 224 0,75 0,098 28,0 

2.2 ʅɺ1ʉ-29-30-25 1600 8,0 1014 167 0,75 0,126 54,5 

3.1 ʅɺ1ʉ-38-30-20 1000 31,0 1027 116 1,00 0,401 170,0 

3.2 ʅɺ1ʉ-38-30-20 1000 27,9 1029 116 1,00 0,400 171,0 

3.3 ʅɺ1ʉ-38-30-20 1100 3,1 1030 116 1,00 0,400 171,0 

4 ʅɺ1ɹ-32-12-15 1400 5,8 1039 116 0,40 0,060 35,0 

5.2 ʅɺ1ʉ-38-30-20 700 23,0 1086 133 0,75 0,190 82,0 

5.3 ʅɺ1ʉ-38-25-20 1500 20,0 1108 116 0,83 0,282 228,0 

 

4.3 ʈʘʩʯʝʪ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ  

ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ, ʧʠʪʘʶʱʝʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʫʶ  

ʦʪʭʦʜʷʱʫʶ ʣʠʥʠʶ, ʠ ʦʮʝʥʢʘ ʘʜʝʢʚʘʪʥʦʩʪʠ ʨʘʩʯʝʪʘ 

 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ (ʨʠʩʫʥʦʢ 25) ʜʦʚʦʣʴʥʦ ʧʨʦʩʪʦ ʨʝʘʣʠ-

ʟʫʝʪʩʷ ʚ ʣʶʙʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʘʭ, ʥʘʧʨʠʤʝʨ, ʚ ʧʨʦ-

ʛʨʘʤʤʝ MathCAD. ʃʠʩʪʠʥʛ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʨʘʩʯʝʪʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝ-

ʥʠʷ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ, ʧʠʪʘʶʱʝʡ ʦʪʭʦʜʷʱʫʶ ʣʠʥʠʶ, ʧʨʠʥʮʠʧʠʘʣʴ-

ʥʘʷ ʩʭʝʤʘ ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 29, ʧʨʠʚʝʜʝʥ ʚ ʇʨʠʣʦʞʝʥʠʠ 1. 

ʕʪʘ ʧʨʦʛʨʘʤʤʘ ʧʦʟʚʦʣʠʣʘ ʨʘʩʩʯʠʪʘʪʴ ʥʘʧʨʷʞʝʥʠʝ ʇʉU , ʧʦʪʨʝʙʣʷʝʤʫʶ ʤʦʱ-

ʥʦʩʪʴ ʇʉP , ʇʉQ , ʇʉS , ʩʫʤʤʘʨʥʳʝ ʧʦʪʝʨʠ ʤʦʱʥʦʩʪʠ PD  ʚ ʢʘʙʝʣʴʥʳʭ ʠ ʚʦʟ-

ʜʫʰʥʳʭ ʣʠʥʠʷʭ ʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʭ, ʢʦʵʬʬʠʮʠʝʥʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʝʬʪʷʥʦʡ 

ʜʦʙʳʯʠ ʵʬk  ʠ ʫʜʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʘʵE  ʠ ʧʵE  ʧʨʠ ʚʘʨʠʘʮʠʠ ʥʘ-

ʧʨʷʞʝʥʠʷ 1 6ʇʕɼU  ʩʢʚʘʞʠʥʳ 6 ʚ ʧʨʝʜʝʣʘʭ ʦʪ 1 6.0,9 ʇʕɼ ʥʦʤU  ʜʦ 1 6.1,1 ʇʕɼ ʥʦʤU  (ʪʘʙ-

ʣʠʮʘ 17). 

ɼʘʥʥʳʝ ʪʘʙʣʠʮʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʳʤ ʩ ʧʦʟʠʮʠʡ ʣʶʙʦʛʦ ʢʨʠ-

ʪʝʨʠʷ ʦʧʪʠʤʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʥʘʧʨʷʞʝʥʠʝ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ 

. 5506ʇʉ ʦʧʪʠʤU =  ɺ. ʇʨʠ ʵʪʦʤ ʧʦʪʝʨʠ ʚ ʚʦʟʜʫʰʥʳʭ ʠ ʢʘʙʝʣʴʥʳʭ ʣʠʥʠʷʭ ʠ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʭ ʩʦʩʪʘʚʷʪ 18,84PD =  ʢɺʪ, ʧʦʪʨʝʙʣʷʝʤʳʝ ʦʪ ʧʨʦʤʳʩʣʦʚʦʡ 

ʧʦʜʩʪʘʥʮʠʠ ʘʢʪʠʚʥʘʷ ʠ ʧʦʣʥʘʷ ʤʦʱʥʦʩʪʠ ʙʫʜʫʪ ʨʘʚʥʳ 221,4ʇʉP =  ʢɺʪ, 
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315,3ʇʉS =  ʢɺɸ, ʜʝʙʠʪ ʚʩʝʭ ʩʢʚʘʞʠʥ ʩʦʩʪʘʚʠʪ 377,7Q=  ʤ
3
/ʩʫʪ., ʫʜʝʣʴʥʳʝ 

ʟʘʪʨʘʪʳ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ ʜʦʙʳʯʫ ʢʫʙʦʤʝʪʨʘ ʞʠʜʢʦʩʪʠ ʩʦʩʪʘʚʷʪ  

14,07ʘʵE =  ʢɺʪÖʯʘʩ/ʤ
3
, 20,03ʧʵE =  ʢɺɸ/ʤ

3
, ʘ ʢʦʵʬʬʠʮʠʝʥʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʙʫʜʝʪ ʨʘʚʝʥ 1,706ʵʬk =  ʤ
3
/ʩʫʪÖʢɺʪ. 

 

ʊʘʙʣʠʮʘ 17 ï ɿʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʪ ʥʘʧʨʷʞʝʥʠʷ 

ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʜʣʷ ʛʠʧʦʪʝʪʠʯʝʩʢʦʡ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ, ʧʨʠʚʝʜʝʥʥʦʡ  

ʥʘ ʨʠʩʫʥʢʝ 29 
 

6ʇʕɼUD , % -10 -5 -2,5 0 2,5 5 10 

PD , ʢɺʪ 18,84 19,00 19,60 20,21 21,20 21,46 22,16 

ʇʉU , ɺ 5506 5786 5928 6069 6216 6357 6640 

ʇʉP , ʢɺʪ 221,4 223,4 225,0 226,5 228,5 229,8 232,5 

ʇʉQ , ʢɺɸʨ 224,4 241,9 259,6 273,4 294,0 304,0 325,9 

Q, ʤ
3
/ʩʫʪ 377,7 379,2 379,9 380,6 381,4 382,2 383,7 

ʵʬ

ʎʇ

Q
k

P
= , ʤ

3
/ʩʫʪÖʢɺʪ 1,706 1,697 1,689 1,680 1,669 1,663 1,650 

24 ʇʉ
ʘʵ

P
E

Q
= , ʢɺʪÖʯʘʩ/ʤ

3 
14,07 14,14 14,21 14,28 14,38 14,43 14,54 

ʇʉS , ʢɺɸ 315,3 329,3 343,5 355,1 372,4 381,1 400,3 

24 ʎʇ

ʧʵ

S
E

Q
= , ʢɺɸÖʯʘʩ/ʤ

3
 20,03 20,85 21,70 22,39 23,43 23,93 25,04 

 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ ʦʧʪʠʤʘʣʴʥʦʤ ʥʘʧʨʷʞʝʥʠʠ 

ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʧʦʪʨʝʙʣʷʝʤʦʡ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʥʘ 5 % ʧʦ ʩʨʘʚʥʝ-

ʥʠʶ ʩ ʥʘʧʨʷʞʝʥʠʝʤ ʇʉU , ʦʙʝʩʧʝʯʠʚʘʶʱʝʤ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʩʘʤʦʤ ʫʜʘʣʝʥʥʦʤ 

ʜʚʠʛʘʪʝʣʝ 
1 6.1,1 ʇʕɼ ʥʦʤU . ʇʨʠ ʵʪʦʤ ʫʜʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ ʜʦʙʳʯʫ 

ʢʫʙʦʤʝʪʨʘ ʞʠʜʢʦʩʪʠ ʩʥʠʞʘʶʪʩʷ ʥʘ 3,3 %. ʉʥʠʞʝʥʠʝ ʧʦʪʨʝʙʣʝʥʠʷ ʧʦʣʥʦʡ 

ʤʦʱʥʦʩʪʠ ʦʢʘʟʳʚʘʝʪʩʷ ʝʱʝ ʚʥʫʰʠʪʝʣʴʥʝʡ ʠ ʩʦʩʪʘʚʣʷʝʪ 30 %, ʘ ʫʜʝʣʴʥʳʝ ʟʘ-

ʪʨʘʪʳ ʧʦʣʥʦʡ ʤʦʱʥʦʩʪʠ ʫʤʝʥʴʰʘʶʪʩʷ ʥʘ 25 %. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʝʛʫʣʠʨʦʚʘ-

ʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʘ-

ʧʨʷʞʝʥʠʷ ʧʦʚʳʰʘʝʪ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʜʦʙʳʯʠ ʥʝʬʪʠ. 
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ʅʘ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ, ʧʠʪʘʶʱʝʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʫʶ ʦʪʭʦʜʷʱʫʶ 

ʣʠʥʠʶ ʫʩʪʘʥʦʚʣʝʥ ʤʘʩʣʷʥʳʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʩ ʈʇʅ ʪʠʧʘ ʊʄʅ-2500/35-ʋ1 ʩ 

ʥʦʤʠʥʘʣʴʥʦʡ ʤʦʱʥʦʩʪʴʶ 2500 ʢɺɸ. ɼʠʘʧʘʟʦʥ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʫʩʪʨʦʡʩʪʚʘ 

ʈʇʅ ʜʘʥʥʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ +4ʭ2,5 %, ʪ.ʝ. +10 % ʦʪ ʥʦʤʠʥʘʣʴʥʦʛʦ ʥʘʧʨʷ-

ʞʝʥʠʷ, ʢʦʪʦʨʦʝ ʩʦʩʪʘʚʣʷʝʪ 6300 ɺ. ɿʘʚʠʩʠʤʦʩʪʴ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦ-

ʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʅʅU  ʦʪ ʩʪʫʧʝʥʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ j  ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣʠ-

ʮʝ 18. 

 

ʊʘʙʣʠʮʘ 4.9 ï ɿʘʚʠʩʠʤʦʩʪʴ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʅʅU   

ʦʪ ʩʪʫʧʝʥʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ j
 

 

j  -4 -3 -2 -1 0 1 2 3 4 

ʅʅU , ɺ 5670 5857 6015 6172 6300 6458 6615 6773 6930 

 

ɹʣʠʞʘʡʰʠʤ ʢ ʦʧʪʠʤʘʣʴʥʦʤʫ ʥʘʧʨʷʞʝʥʠʶ . 5506ʇʉ ʦʧʪʠʤU =  ɺ ʷʚʣʷʝʪʩʷ 

ʥʘʧʨʷʞʝʥʠʝ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ 5670ʇʉU =  ɺ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʘʣʛʦ-

ʨʠʪʤ, ʧʨʠʚʝʜʝʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 27 ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʘʪʴ ʫʪʦʯʥʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʠ ʜʝʙʠʪ ʩʢʚʘʞʠʥ ʧʨʠ ʵʪʦʤ ʫʨʦʚʥʝ ʥʘ-

ʧʨʷʞʝʥʠʷ: 18,9PD =  ʢɺʪ, 222,6ʇʉP =  ʢɺʪ, 323ʇʉS =  ʢɺɸ,  

378,6Q=  ʤ
3
/ʩʫʪ., 14,11ʘʵE =  ʢɺʪÖʯʘʩ/ʤ

3
, 20,47ʧʵE =  ʢɺɸ/ʤ

3
,  

1,701ʵʬk =  ʤ
3
/ʩʫʪÖʢɺʪ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʠʥʠʤʘʣʴʥʳʭ ʟʥʘʯʝ-

ʥʠʡ. 

ɼʣʷ ʦʮʝʥʢʠ ʘʜʝʢʚʘʪʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʩ ʧʦʤʦʱʴʶ ʨʘʟʨʘ-

ʙʦʪʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ, ʧʨʦʠʟʚʝʜʝʤ ʨʘʩʯʝʪ ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʤʳ-

ʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʨʝʘʣʴʥʦʡ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ ʚ ʩʣʫʯʘʝ 

ʚʳʚʦʜʘ ʩʢʚʘʞʠʥʳ 2.1 ʚ ʨʝʤʦʥʪ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 19. 
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ʊʘʙʣʠʮʘ 19 ï ɿʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʪ ʥʘʧʨʷʞʝʥʠʷ 

ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʜʣʷ ʛʠʧʦʪʝʪʠʯʝʩʢʦʡ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ, ʧʨʠʚʝʜʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 

29, ʧʨʠ ʚʳʚʦʜʝ ʩʢʚʘʞʠʥʳ 2.1 ʚ ʨʝʤʦʥʪ 
 

3UD , % -10 -5 -2,5 0 2,5 5 10 

PD , ʢɺʪ 13,43 13,61 14,16 14,32 15,23 15,45 16,02 

ʇʉU , ɺ 5489 5769 5912 6052 6199 6340 6623 

ʇʉP , ʢɺʪ 172,2 173,5 174,6 175,3 176,9 177,7 179,5 

ʇʉQ , ʢɺɸʨ 184,4 199,8 216,3 224,5 243,7 252,3 271,4 

Q, ʤ
3
/ʩʫʪ 290,6 291,6 292,1 292,6 293,1 293,6 294,6 

ʵʬ

ʎʇ

Q
k

P
= , ʤ

3
/ʩʫʪÖʢɺʪ 1,688 1,681 1,673 1,668 1,657 1,652 1,641 

24 ʇʉ
ʘʵ

P
E

Q
= , ʢɺʪÖʯʘʩ/ʤ

3 
14,22 14,28 14,35 14,39 14,48 14,53 14,62 

ʇʉS , ʢɺɸ 225,3 264,6 278,0 284,8 301,1 308,6 325,4 

24 ʎʇ

ʧʵ

S
E

Q
= , ʢɺɸÖʯʘʩ/ʤ

3
 20,84 21,78 22,84 23,37 24,66 25,23 26,51 

 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʥʘ-

ʧʨʷʞʝʥʠʝ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ 5489ʇʉU =  ɺ. ʇʨʠ ʵʪʦʤ ʦʞʠʜʘʝʤʦʝ ʧʦ-

ʪʨʝʙʣʝʥʠʝ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʦʪ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʨʘʚʥʦ 

172,2ʇʉP =  ʢɺʪ. ʉ ʫʯʝʪʦʤ ʜʠʩʢʨʝʪʥʦʩʪʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʪʨʘʥʩ-

ʬʦʨʤʘʪʦʨʘ ʊʄʅ-2500/35-ʋ1 ʥʘ ʩʪʫʧʝʥʠ 5670ʇʉU =  ɺ ʧʦʪʨʝʙʣʝʥʠʝ ʘʢʪʠʚʥʦʡ 

ʤʦʱʥʦʩʪʠ ʙʫʜʝʪ ʩʦʩʪʘʚʣʷʪʴ 173ʇʉP = ʢɺʪ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ 

ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ 5670ʇʉU =  ɺ ʧʨʠ ʚʳʚʦʜʝ ʩʢʚʘʞʠʥʳ 2.1 ʚ ʨʝʤʦʥʪ 

ʦʞʠʜʘʝʤʦʝ ʩʥʠʞʝʥʠʝ ʧʦʪʨʝʙʣʝʥʠʝ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʩʦʩʪʘʚʠʪ  

49,6ʇʉPD = ʢɺʪ. 

ʉʨʘʚʥʠʤ ʨʝʟʫʣʴʪʘʪ rʨʘʩʯʝʪʘ ʩ ʬʘʢʪʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʩ 

ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʧʨʠ ʚʳʚʦʜʝ ʩʢʚʘʞʠʥʳ 2.1 ʚ ʨʝʤʦʥʪ. ʌʘʢʪʠʯʝʩʢʦʝ 

ʧʦʪʨʝʙʣʝʥʠʝ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʝ ʩʦ ʩʯʸʪʯʠʢʘ, ʟʘ 17.11.2023 ʛ. ʠ 

18.11.2023 ʛ. ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 20.  
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ʊʘʙʣʠʮʘ 20 ï ʉʫʪʦʯʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʧʦ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ 

90-10 90.10 (ʚ ʢɺʪ) 
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ɼʦʩʪʦʚʝʨʥʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ 17.11.2023 ʛ. ʩʢʚʘʞʠʥʘ 2.1 ʵʢʩʧʣʫʘʪʠʨʦʚʘ-

ʣʘʩʴ, ʥʦ ʥʝʠʟʚʝʩʪʥʦ ʪʦʯʥʦ, ʢʘʢʠʝ ʩʢʚʘʞʠʥʳ ʝʱʝ ʥʘʭʦʜʠʣʠʩʴ ʚ ʨʘʙʦʯʝʤ ʨʝʞʠ-

ʤʝ. ʊʘʢʞʝ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʩʢʚʘʞʠʥʘ 2.1 ʚ 11 ʯʘʩʦʚ 18.11.2023 ʛ. ʙʳʣʘ ʚʳʚʝʜʝʥʘ 

ʚ ʨʝʤʦʥʪ. ʅʘ ʨʠʩʫʥʢʘʭ 37 ʠ 38 ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʠ ʧʦʪʨʝʙʣʝʥʠʷ ʘʢʪʠʚʥʦʡ 

ʤʦʱʥʦʩʪʠ ʟʘ ʜʚʦʝ ʩʫʪʦʢ. 

 

ʈʠʩʫʥʦʢ 37 ï ɻʨʘʬʠʢ ʧʦʪʨʝʙʣʝʥʠʷ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ  

ʦʪ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ 17.11.2023 ʛ. 
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ʌʘʢʪʠʯʝʩʢʦʝ ʩʥʠʞʝʥʠʝ ʧʦʪʨʝʙʣʝʥʠʷ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʧʨʠ ʚʳʚʦʜʝ 

ʩʢʚʘʞʠʥʳ 2.1 ʚ ʨʝʤʦʥʪ ʩʦʩʪʘʚʠʣʦ 
. 48,24ʇʉ ʬʘʢʪPD = ʢɺʪ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʘʩ-

ʭʦʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʩ ʬʘʢʪʠʯʝʩʢʠʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳ-

ʤʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 2,8 %. 

ʊʘʢʞʝ ʙʳʣʦ ʨʘʩʩʯʠʪʘʥʦ ʧʦ ʬʦʨʤʫʣʘʤ, ʧʨʠʚʝʜʝʥʥʳʤ ʚʦ ʚʪʦʨʦʡ ʠ ʪʨʝʪʴ-

ʝʡ ʛʣʘʚʘʭ, ʧʦʪʨʝʙʣʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʩʪʘʥʮʠʝʡ ʫʧʨʘʚʣʝʥʠʷ ʧʦʛʨʫʞ-

ʥʳʤ ʮʝʥʪʨʦʙʝʞʥʳʤʠ ʥʘʩʦʩʦʤ ʩʢʚʘʞʠʥʳ 2.1 ʜʣʷ ʩʣʫʯʘʷ, ʢʦʛʜʘ ʥʘ ʧʦʚʳʰʘʶ-

ʱʠʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʧʦʜʘʝʪʩʷ ʣʠʥʝʡʥʦʝ ʥʘʧʨʷʞʝʥʠʝ 380 ɺ, ʘ ʬʘʟʥʦʝ ʥʘʧʨʷ-

ʞʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 220 ɺ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʨʘʩʯʝʪʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʘʢʪʠʚʥʦʡ 

ʤʦʱʥʦʩʪʠ ʩʪʘʥʮʠʝʡ ʫʧʨʘʚʣʝʥʠʷ ʙʫʜʝʪ ʨʘʚʥʦ 47,7ʩʫP =  ʢɺʪ. 

 

ʈʠʩʫʥʦʢ 38 ï ɻʨʘʬʠʢ ʧʦʪʨʝʙʣʝʥʠʷ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ  

ʦʪ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ 18.11.2023 ʛ. 

 

ʌʘʢʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʩʦ ʩʪʘʥʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʩʢʚʘʞʠʥʳ 2.1 ʧʦʢʘʟʳʚʘʶʪ, 

ʯʪʦ ʧʨʠ ʬʘʟʥʦʤ ʥʘʧʨʷʞʝʥʠʠ 220 ɺ, ʧʦʪʨʝʙʣʝʥʠʝ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʨʘʚʥʦ 

. 46,7ʩʫʬʘʢʪP =  ʢɺʪ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʘʩʭʦʞʜʝʥʠʝ ʨʘʩʯʝʪʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩʦʩʪʘʚʣʷʝʪ 2,14 %. 

ɸʥʘʣʠʟ ʬʘʢʪʠʯʝʩʢʠʭ ʠ ʨʘʩʯʝʪʥʳʭ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʨʘʩʯʝʪʘ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʚʝʣʠʯʠʥʳ Mk  

ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʥʘʩʦʩʘ. ɽʩʣʠ ʜʣʷ ʥʘʩʦʩʘ ʩʢʚʘʞʠʥʳ 2.1 ʧʨʠ ʨʘʩʯʝʪʝ ʚʟʷʪʴ ʚʝ-
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ʣʠʯʠʥʫ 31,271 10Mk -= Ö  ʚʤʝʩʪʦ 31,303 10Mk -= Ö , ʪʦ ʧʦʛʨʝʰʥʦʩʪʴ ʨʘʩʯʝʪʘ ʩʚʝ-

ʜʝʪʩʷ ʢ ʥʫʣʶ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʨʘʩʯʝʪʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝ-

ʥʠʷ ʠ ʦʞʠʜʘʝʤʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʦʪ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜ-

ʩʪʘʥʮʠʠ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʧʫʪʝʤ ʢʦʨʨʝʢʮʠʠ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʧʦʢʘʟʘʥʠʷʤʠ ʜʘʪʯʠʢʦʚ ʥʘʧʨʷʞʝʥʠʷ ʠ ʤʦʱʥʦʩʪʠ ʩʪʘʥʮʠʡ ʫʧʨʘʚʣʝʥʠʷ ʧʦ-

ʛʨʫʞʥʳʤʠ ʥʘʩʦʩʘʤʠ. 

ʇʦʜʚʦʜʷ ʠʪʦʛ ʚʳʰʝʩʢʘʟʘʥʥʦʤʫ, ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʫʥʠʚʝʨʩʘʣʴʥʫʶ 

ʤʝʪʦʜʠʢʫ ʨʘʩʯʝʪʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ, ʧʠ-

ʪʘʶʱʝʡ ʦʪʭʦʜʷʱʫʶ ʣʠʥʠʶ ʩ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʜʦʙʳʚʘʶ-

ʱʠʭ ʩʢʚʘʞʠʥ, ʠ ʦʞʠʜʘʝʤʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʩ ʫʯʝʪʦʤ 

ʜʠʩʢʨʝʪʥʦʩʪʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʤʠ ʩ ʈʇʅ ʩʣʝʜʫʶ-

ʱʠʤ ʦʙʨʘʟʦʤ: 

1. ɸʥʘʣʠʟ ʥʘʧʦʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʛʨʫʞʥʳʭ ʮʝʥʪʨʦʙʝʞʥʳʭ ʥʘʩʦʩʦʚ, 

ʦʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʯʝʡ ʪʦʯʢʠ ʥʘʩʦʩʘ ʠ ʨʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ Mk , 

ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʧʦʛʨʫʞʥʦʛʦ ʜʚʠʛʘʪʝʣʷ. 

2. ɸʥʘʣʠʟ ʧʘʨʘʤʝʪʨʦʚ ʩʢʚʘʞʠʥʳ, ʦʩʥʘʱʝʥʥʦʡ ʧʣʫʥʞʝʨʥʳʤʠ ʥʘʩʦʩʘʤʠ, 

ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʪʘʥʢʦʚ-ʢʘʯʘʣʦʢ ʠ ʩʪʘʥʢʦʚ ʩ ʮʝʧʥʳʤ ʧʨʠʚʦ-

ʜʦʤ ʠ ʨʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 2Mk  ʠ ʤʦʤʝʥʪʘ 0ɸɼM , ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʨʘʩʯʝʪʘ 

ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʘʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʧʨʠʚʦʜʷʱʠʭ ʚ ʜʚʠʞʝʥʠʝ ʪʘʢʦʛʦ 

ʪʠʧʘ ʥʘʩʦʩʳ. 

3. ʇʦʜʛʦʪʦʚʢʘ ʜʘʥʥʳʭ ʧʦ ʪʝʭʥʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʧʦʛʨʫʞʥʳʭ ʠ 

ʥʘʟʝʤʥʳʭ ʘʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʚʢʣʶʯʘʷ ʧʘʨʘʤʝʪʨʳ ɻ-ʦʙʨʘʟʥʳʭ ʠ ʊ-

ʦʙʨʘʟʥʳʭ ʩʭʝʤ ʟʘʤʝʱʝʥʠʷ ʜʚʠʛʘʪʝʣʝʡ. 

4. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʛʨʫʞʥʳʭ ʠ ʥʘʟʝʤʥʳʭ ʘʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʧʨʠ 

ʥʦʤʠʥʘʣʴʥʦʡ ʥʘʛʨʫʟʢʝ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʥʘʯʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʧʨʦʝʢʮʠʡ ʧʦʪʦ-

ʢʦʩʮʝʧʣʝʥʠʡ 1 0xy , 1 0yy , 2 0xy  ʠ 2 0yy  ʩʪʘʪʦʨʘ ʠ ʨʦʪʦʨʘ ʥʘ ʦʩʠ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠ-

ʥʘʪ, ʚʨʘʱʘʶʱʝʡʩʷ ʚʤʝʩʪʝ ʩ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʩʪʘʪʦʨʘ ʧʨʠ ʯʘʩʪʦʪʝ ʧʠʪʘʶʱʝ-

ʛʦ ʥʘʧʨʷʞʝʥʠʷ 50 ɻʮ. 
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5. ʈʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 
U

ʜʫk , ʩʚʷʟʳʚʘʶʱʠʭ ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚʨʘ-

ʱʝʥʠʷ ʘʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʩ ʠʟʤʝʥʝʥʠʝʤ ʬʘʟʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʩʪʘʪʦʨʘ. 

6. ʇʦʜʛʦʪʦʚʢʘ ʜʘʥʥʳʭ ʧʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʤ, ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤ ʯʘʩʪʦʪʳ 

ʩʪʘʥʮʠʡ ʫʧʨʘʚʣʝʥʠʷ ʧʦʛʨʫʞʥʳʤʠ ʥʘʩʦʩʘʤʠ, ʚʦʟʜʫʰʥʳʤ ʠ ʢʘʙʝʣʴʥʳʤ ʣʠʥʠ-

ʷʤ, ʚʭʦʜʷʱʠʤ ʚ ʩʦʩʪʘʚ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ ʠ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ 

ʜʦʙʳʚʘʶʱʠʭ ʩʢʚʘʞʠʥ. 

7. ʈʘʩʯʝʪ ʦʧʪʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʳ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ 

ʩ ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ, ʧʨʠʚʝʜʝʥʥʦʛʦ ʥʘ ʨʠʩʫʥʢʝ 25. 

8. ɸʥʘʣʠʟ ʜʠʩʢʨʝʪʥʦʩʪʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʤ ʩ 

ʈʇʅ, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʥʘ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ, ʠ ʚʳʙʦʨ ʩʪʫʧʝʥʠ ʨʝʛʫʣʠ-

ʨʦʚʘʥʠʷ ʩ ʙʣʠʞʘʡʰʠʤ ʙʦʣʴʰʠʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʝʤ. 

9.  ʈʘʩʯʝʪ ʦʞʠʜʘʝʤʳʭ ʟʥʘʯʝʥʠʡ ʧʦʪʨʝʙʣʷʝʤʦʡ ʦʪ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜ-

ʩʪʘʥʮʠʠ ʤʦʱʥʦʩʪʠ, ʦʙʲʝʤʦʚ ʜʦʙʳʚʘʝʤʦʡ ʠʟ ʩʢʚʘʞʠʥ ʞʠʜʢʦʩʪʠ ʠ ʦʧʨʝʜʝʣʝ-

ʥʠʝ ʫʜʝʣʴʥʳʭ ʟʘʪʨʘʪ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʨʠ ʜʦʙʳʯʝ ʥʝʬʪʠ ʩ ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʦ-

ʪʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ, ʧʨʠʚʝʜʝʥʥʦʛʦ ʥʘ ʨʠʩʫʥʢʝ 27. 

 

4.4 ɺʳʚʦʜʳ ʧʦ ʯʝʪʚʝʨʪʦʡ ʛʣʘʚʝ 

 

1. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʨʘʩʯʝʪ ʦʞʠʜʘʝʤʦʡ 

ʩʫʤʤʘʨʥʦʡ ʧʦʪʨʝʙʣʷʝʤʦʡ ʦʪ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʤʦʱʥʦʩʪʠ ʵʣʝʢʪʨʦ-

ʪʝʭʥʠʯʝʩʢʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʜʦʙʳʚʘʶʱʠʭ ʩʢʚʘʞʠʥ ʩ ʫʯʝʪʦʤ ʜʠʩʢʨʝʪʥʦʩʪʠ ʨʝ-

ʛʫʣʠʨʦʚʘʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʤʠ ʩ ʈʇʅ.  

2. ʇʨʠʚʝʜʝʥʥʳʡ ʧʨʠʤʝʨ ʨʘʩʯʝʪʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʤʳʩʣʦ-

ʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʜʣʷ ʨʝʘʣʴʥʦʡ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʫʱʝʩʪʚʝʥ-

ʥʦ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ ʧʦʜʛʦʪʦʚʢʠ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʚʢʣʶʯʘʶʱʠʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʘʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʧʨʠ ʥʦʤʠʥʘʣʴʥʦʡ ʥʘʛʨʫʟʢʝ ʠ ʥʦʤʠ-

ʥʘʣʴʥʦʤ ʥʘʧʨʷʞʝʥʠʠ. 

3. ɼʦʢʘʟʘʥʦ, ʯʪʦ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ 

ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʦʚʳʰʘʝʪ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʴ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʡ ʜʦʙʳʯʠ ʥʝʬʪʠ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʨʘʩʯʝʪ ʜʣʷ ʢʦʥ-
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ʢʨʝʪʥʦʛʦ ʧʨʠʤʝʨʘ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ ʧʦʢʘʟʘʣ ʩʥʠʞʝʥʠʝ ʧʦʪʨʝʙʣʷʝʤʦʡ ʘʢʪʠʚ-

ʥʦʡ ʤʦʱʥʦʩʪʠ ʥʘ 5 %, ʘ ʫʜʝʣʴʥʳʭ ʟʘʪʨʘʪ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ ʜʦʙʳʯʫ ʢʫʙʦʤʝʪ-

ʨʘ ʞʠʜʢʦʩʪʠ ï ʥʘ 3,3 %. ʇʨʠ ʵʪʦʤ ʩʥʠʞʝʥʠʝ ʧʦʪʨʝʙʣʝʥʠʷ ʧʦʣʥʦʡ ʤʦʱʥʦʩʪʠ 

ʩʦʩʪʘʚʣʷʝʪ 30 %, ʘ ʫʜʝʣʴʥʳʭ ʟʘʪʨʘʪ ʧʦʣʥʦʡ ʤʦʱʥʦʩʪʠ ï 25 %. 

4. ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʦʞʠʜʘʝʤʦʡ ʩʫʤʤʘʨʥʦʡ ʧʦʪʨʝʙʣʷʝʤʦʡ 

ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʩ ʬʘʢʪʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʨʘʩʭʦʞʜʝʥʠʝ 

ʥʝ ʧʨʝʚʳʰʘʝʪ 2,8 %. 

5. ʇʦʛʨʝʰʥʦʩʪʴ ʨʘʩʯʝʪʘ ʦʞʠʜʘʝʤʦʡ ʩʫʤʤʘʨʥʦʡ ʧʦʪʨʝʙʣʷʝʤʦʡ ʤʦʱʥʦ-

ʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʩʥʠʞʝʥʘ ʟʘ ʩʯʝʪ ʢʦʨʨʝʢʮʠʠ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʧʦʢʘʟʘʥʠʷʤʠ ʜʘʪʯʠʢʦʚ ʥʘʧʨʷʞʝʥʠʷ ʠ ʤʦʱʥʦʩʪʠ ʩʪʘʥʮʠʡ ʫʧʨʘʚʣʝʥʠʷ ʧʦ-

ʛʨʫʞʥʳʤʠ ʥʘʩʦʩʘʤʠ. 

6. ʉʬʦʨʤʫʣʠʨʦʚʘʥʥʘʷ ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ, ʧʠʪʘʶʱʝʡ ʦʪʭʦʜʷʱʫʶ ʣʠʥʠʶ ʩ ʵʣʝʢ-

ʪʨʦʪʝʭʥʠʯʝʩʢʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʜʦʙʳʚʘʶʱʠʭ ʩʢʚʘʞʠʥ, ʠ ʦʞʠʜʘʝʤʦʛʦ ʧʦʪʨʝʙ-

ʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʩ ʫʯʝʪʦʤ ʜʠʩʢʨʝʪʥʦʩʪʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʘʧʨʷ-

ʞʝʥʠʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʤʠ ʩ ʈʇʅ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʯʝʪʢʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴ-

ʥʦʩʪʴ ʜʝʡʩʪʚʠʡ ʠ ʨʘʩʯʝʪʦʚ ʩ ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ. 
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ɿɸʂʃʖʏɽʅʀɽ 

 

1. ʅʘʡʜʝʥʳ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʫʜʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʵʣʝʢ-

ʪʨʦʵʥʝʨʛʠʠ ʥʘ ʜʦʙʳʯʫ ʢʫʙʦʤʝʪʨʘ ʞʠʜʢʦʩʪʠ ʧʦʛʨʫʞʥʳʤ ʮʝʥʪʨʦʙʝʞʥʳʤ ʥʘʩʦ-

ʩʦʤ ʙʫʜʫʪ ʨʘʚʥʳ ʢʘʢ ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ, ʪʘʢ ʠ 

ʙʝʟ ʥʝʛʦ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʙʦʩʥʦʚʘʥʥʦ ʧʦʜʭʦʜʠʪʴ ʢ ʚʳʙʦʨʫ ʢʦʤʧʣʝʢʪʘʮʠʠ 

ʩʪʘʥʮʠʠ ʫʧʨʘʚʣʝʥʠʷ. 

2. ʇʦʣʫʯʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʨʘʩʯʝʪʘ ʩʢʦʨʦʩʪʠ ʠ ʧʦ-

ʪʨʝʙʣʷʝʤʦʡ ʤʦʱʥʦʩʪʠ ʘʩʠʥʭʨʦʥʥʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ ʰʪʘʥʛʦʚʦʡ ʩʢʚʘʞʠʥʥʦʡ 

ʥʘʩʦʩʥʦʡ ʫʩʪʘʥʦʚʢʠ ʠ ʧʦʛʨʫʞʥʦʛʦ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʥʘʩʦʩʘ ʧʨʠ ʚʘʨʠʘʮʠʠ ʧʠ-

ʪʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʫʯʠʪʳʚʘʶʪ ʦʩʦʙʝʥʥʦʩʪʠ ʥʘʧʦʨʥʳʭ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʥʘʩʦʩʦʚ, ʢʠʥʝʤʘʪʠʢʠ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ 

ʯʘʩʪʦʪʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʨʘʩʭʦʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʩ ʬʘʢʪʠʯʝʩʢʠʤʠ 

ʜʘʥʥʳʤʠ ʩ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʤʝʥʝʝ 2,2 %. 

3. ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʠ ʘʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 

ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ, ʢʦʪʦʨʘʷ ʫʯʠʪʳʚʘʝʪ ʚʣʠʷʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʥʘʧʦʨ-

ʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʮʝʥʪʨʦʙʝʞʥʳʭ, ʧʣʫʥʞʝʨʥʳʭ ʥʘʩʦʩʦʚ ʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ 

ʯʘʩʪʦʪʳ ʥʘ ʧʦʪʨʝʙʣʝʥʠʝ ʘʢʪʠʚʥʦʡ ʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝ-

ʩʢʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʜʦʙʳʚʘʶʱʠʭ ʩʢʚʘʞʠʥ ʠ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʧʦʪʨʝʙʣʝʥʠʝ 

ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʜʦ 6 %, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʴ ʜʦʙʳʯʠ ʥʝʬʪʠ. 

4. ʈʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʨʦʠʟʚʦʜʠʪʴ ʨʘʩʯʝʪ ʦʞʠʜʘʝʤʦʡ 

ʩʫʤʤʘʨʥʦʡ ʧʦʪʨʝʙʣʷʝʤʦʡ ʦʪ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʤʦʱʥʦʩʪʠ ʵʣʝʢʪʨʦ-

ʪʝʭʥʠʯʝʩʢʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʜʦʙʳʚʘʶʱʠʭ ʩʢʚʘʞʠʥ ʩ ʫʯʝʪʦʤ ʜʠʩʢʨʝʪʥʦʩʪʠ ʨʝ-

ʛʫʣʠʨʦʚʘʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʤʠ ʩ ʈʇʅ, ʧʨʠʯʝʤ ʨʘʩʭʦʞʜʝʥʠʝ 

ʨʘʩʯʝʪʥʳʭ ʟʥʘʯʝʥʠʡ ʩ ʬʘʢʪʠʯʝʩʢʠʤ ʜʘʥʥʳʤʠ ʩ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʧʨʠ 

ʠʭ ʩʨʘʚʥʝʥʠʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 2,8 %.  

5. ʇʨʦʠʟʚʝʜʝʥ ʨʘʩʯʝʪ ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜ-

ʩʪʘʥʮʠʠ ʜʣʷ ʨʝʘʣʴʥʦʡ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ, ʢʦʪʦʨʳʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʝʛʦ ʧʨʠʤʝʥʝ-

ʥʠʝ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʧʦʪʨʝʙʣʝʥʠʝ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʜʦ 5 %, ʘ ʫʜʝʣʴʥʳʭ 

ʟʘʪʨʘʪ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ ʜʦʙʳʯʫ ʢʫʙʦʤʝʪʨʘ ʞʠʜʢʦʩʪʠ ï ʥʘ 3,3 %. ʇʨʠ ʵʪʦʤ 

ʚʦʟʤʦʞʥʦʝ ʩʥʠʞʝʥʠʝ ʧʦʪʨʝʙʣʝʥʠʷ ʧʦʣʥʦʡ ʤʦʱʥʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ 30 %.  
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ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ʅʫʨʙʦʩʳʥʦʚ, ɼ.ʅ. ʄʝʪʦʜʳ ʨʘʩʯʝʪʦʚ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘ-

ʥʠʝ ʨʝʞʠʤʘ ʥʘʧʨʷʞʝʥʠʷ ʠ ʵʣʝʢʪʨʦʧʦʪʨʝʙʣʝʥʠʷ ʚ ʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʠ ʧʝʨʝʭʦʜ-

ʥʳʭ ʧʨʦʮʝʩʩʘʭ. ï ʉʇʙ.: ʕʥʝʨʛʦʘʪʦʤʠʟʜʘʪ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʦʝ ʦʪʜʝʣʝʥʠʝ, 

1999.  

2. ʅʫʨʙʦʩʳʥʦʚ, ɼ.ʅ., ʊʘʙʘʯʥʠʢʦʚʘ ʊ.ɺ. ʄʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʮʠʦ-

ʥʘʣʴʥʳʭ ʫʨʦʚʥʝʡ ʥʘʧʨʷʞʝʥʠʷ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʝʜʧʨʠʷʪʠʷ 
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