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ʄɽʊʆɼ ʋʇʈɸɺʃɽʅʀʗ ʈɸɿɺʀʊʀɽʄ 

ʉʆʎʀɸʃʔʅʆɻʆ ʈɽʉʋʈʉɸ ʈɽɻʀʆʅɸ ʅɸ ʆʉʅʆɺɽ 

ʈɽɻʈɽʉʉʀʆʅʅʆ-ɼʀʌʌɽʈɽʅʎʀɸʃʔʅʆɻʆ 

ʄʆɼɽʃʀʈʆɺɸʅʀʗ 

ɿʘʪʦʥʩʢʠʡ ɸ. ɺ.1, ʗʥʯʝʥʢʦ ʊ. ɺ.2 

(ʌɻɹʆʋ ɺʇʆ ʇʝʨʤʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ 

ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɹʝʨʝʟʥʠʢʦʚʩʢʠʡ ʬʠʣʠʘʣ, 

ɹʝʨʝʟʥʠʢʠ) 
 

ʇʦʢʘʟʘʥʘ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʨʘʜʠʮʠʦʥʥʳʭ ʵʢʦ-

ʥʦʤʝʪʨʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠ ʤʦʜʝʣʝʡ ʥʘ ʦʩʥʦʚʝ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʜʣʷ ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʷ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʩʦʮʠʘʣʴʥʦʛʦ ʨʝʩʫʨʩʘ. ʈʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ 

ʥʘ ʦʩʥʦʚʝ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʚʪʦ-

ʨʦʛʦ ʧʦʨʷʜʢʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʚ ʪʘʢʪʠʯʝʩʢʦʡ ʧʝʨʩʧʝʢʪʠʚʝ ʧʨʦ-

ʛʥʦʟʠʨʦʚʘʪʴ ʧʦʩʣʝʜʩʪʚʠʷ ʨʝʰʝʥʠʡ ʧʦ ʨʘʟʚʠʪʠʶ ʩʦʮʠʘʣʴʥʦʛʦ 

ʨʝʩʫʨʩʘ. ʆʧʨʝʜʝʣʝʥʳ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʦʙʣʘ-

ʩʪʠ ʧʨʦʛʥʦʟʘ, ʜʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʫʣʫʯʰʝʥʠʶ ʜʠʥʘʤʠʢʠ 

ʩʦʮʠʘʣʴʥʦʛʦ ʨʝʩʫʨʩʘ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, ʤʦʜʝ-

ʣʠʨʦʚʘʥʠʝ, ʨʝʛʨʝʩʩʠʦʥʥʦʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ. 

1. ɺʚʝʜʝʥʠʝ 

ʉʦʮʠʘʣʴʥʳʡ ʨʝʩʫʨʩ (ʉʈ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʨʝʘʣʴʥʳʭ ʠʣʠ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʥʘʩʝʣʝʥʠʷ, ʦʧʨʝʜʝʣʷʶ-

ʱʠʭ ʭʘʨʘʢʪʝʨ ʩʦʮʠʘʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʩʚʷʟʝʡ ʠ ʦʙʲʝʜʠʥʝ-

ʥʠʡ ʣʶʜʝʡ ʚ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ. ɽʛʦ ʥʘʣʠʯʠʝ 

                                           

1 ɸʥʜʨʝʡ ɺʣʘʜʠʤʠʨʦʚʠʯ ɿʘʪʦʥʩʢʠʡ, ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩ-

ʩʦʨ (zxenon@narod.ru). 
2 ʊʘʪʴʷʥʘ ɺʘʩʠʣʴʝʚʥʘ ʗʥʯʝʥʢʦ, ʘʩʧʠʨʘʥʪ (yagyumunenori@mail.ru). 
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ʠ ʩʪʝʧʝʥʴ ʨʘʟʚʠʪʠʷ ʧʦʟʚʦʣʷʶʪ ʨʝʘʣʠʟʦʚʘʪʴ ʩʦʮʠʘʣʴʥʳʝ ʠ ʵʢʦʥʦ-

ʤʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʦʙʱʝʩʪʚʘ, ʪʝʨʨʠʪʦʨʠʠ, 

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʝʛʠʦʥʘ [33]. ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʉʈ 

ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʧʦ ʨʘʟʚʠʪʠʶ ʩʦʮʠʘʣʴ-

ʥʳʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʣʶʙʦʛʦ ʦʙʱʝʩʪʚʘ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʣʶʙʦʛʦ ʨʝʛʠʦʥʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 

ɺ ʫʩʣʦʚʠʷʭ ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ, ʥʘʩʝʣʝʥʠʝ ʢʦʪʦʨʦʛʦ ʩ 1990-ʭ 

ʛʦʜʦʚ ʤʝʜʣʝʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ, ʚʦʧʨʦʩ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʡ, 

ʩʦʮʠʘʣʴʥʦʡ ʠ ʦʙʱʝʩʪʚʝʥʥʦʡ ʩʬʝʨʳ ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʤ, ʪʨʫʜʦ-

ʚʳʤ, ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤ ʠ ʢʫʣʴʪʫʨʥʳʤ ʧʦʪʝʥ-

ʮʠʘʣʦʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ [34]. ʆʩʦʙʫʶ ʦʩʪʨʦ-

ʪʫ ʦʥʘ ʧʨʠʦʙʨʝʪʘʝʪ ʩʝʡʯʘʩ ʚ ʥʝʩʢʦʣʴʢʠʭ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦ-

ʧʨʦʤʳʰʣʝʥʥʳʤ ʢʦʤʧʣʝʢʩʘʭ (ʊʇʂ) ʢʨʘʷ, ʛʜʝ ʦʪʪʦʢ ʥʘʩʝʣʝʥʠʷ 

ʥʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥ, ʘ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʥʘʨʘʱʠʚʘʥʠʠ ʉʈ, ʪʝʤ ʥʝ 

ʤʝʥʝʝ, ʝʩʪʴ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ɺʝʨʭʥʝʢʘʤʴʝ (ʦʙʨʘʟʦʚʘʥʥʦʤ ʛʦʨʦʜʘ-

ʤʠ ɹʝʨʝʟʥʠʢʠ, ʋʩʦʣʴʝ ʠ ʉʦʣʠʢʘʤʩʢ) ʨʘʩʧʦʣʦʞʝʥ r ʥʝʩʢʦʣʴʢʦ 

ʢʨʫʧʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʩʦʧʨʦʚʦʞʜʘʶʱʘʷ ʠʭ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ, 

ʢʦʪʦʨʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʚʠʚʘʶʪʩʷ ʠ ʠʩʧʳʪʳʚʘʶʪ ʧʨʦʙʣʝ-

ʤʳ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʉʈ. ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʦʜʦʙʥʳʤʠ ʊʇʂ ʦʩʦ-

ʙʝʥʥʦ ʚʘʞʥʦ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʧʨʦʛʥʦʟʠʨʦ-

ʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʉʈ. ʊʘ ʞʝ ʟʘʜʘʯʘ ʚʩʪʘʝʪ ʧʝʨʝʜ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʠ 

ʦʨʛʘʥʠʟʘʮʠʷʤʠ, ʣʠʰʝʥʥʳʤʠ ʜʦʩʪʫʧʘ ʢ ʟʘʢʨʳʪʳʤ ʜʘʥʥʳʤ 

ʄʠʥʵʢʦʥʦʤʨʘʟʚʠʪʠʷ ʠ ʩʧʦʩʦʙʥʳʤʠ ʧʦʣʴʟʦʚʘʪʴʩʷ ʪʦʣʴʢʦ ʦʪʢʨʳ-

ʪʳʤʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ ʩ ʠʭ ʠʟʚʝʩʪʥʳʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ. 

ʇʦʵʪʦʤʫ ʟʘʜʘʯʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʉʈ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʇʝʨʤʩʢʦʤ 

ʢʨʘʝ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʡ ʠ ʘʢʪʫʘʣʴʥʦʡ. 

ʀʩʩʣʝʜʦʚʘʥʠʶ ʉʈ ʠ ʦʪʜʝʣʴʥʳʭ ʝʛʦ ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʦʩʚʷʪʠ-

ʣʠ ʩʚʦʠ ʪʨʫʜʳ ʠʟʚʝʩʪʥʳʝ ʫʯʝʥʳʝ ɸʡʚʘʟʷʥ ʉ.ɸ. [2], ʋʣʴʷʥʦʚ-

ʩʢʠʡ ɺ.ʀ. [8], ʂʦʰʢʠʥ ɸ.ɸ. [13], ɸʙʘʣʢʠʥ ʃ.ʅ. [1], ɹʦʡʢʦʚ ɺ.ʕ. 

[5] ʠ ʜʨ [27, 29, 31].  

ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʨʝ-

ʰʝʥʠʡ ʧʦ ʨʘʟʚʠʪʠʶ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠʭ ʧʦʩʣʝʜʩʪʚʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠʣʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩ-

ʧʝʯʝʥʠʷ. ʇʨʠ ʠʟʚʝʩʪʥʳʭ ʥʝʜʦʩʪʘʪʢʘʭ ʵʪʠ ʧʦʜʭʦʜʳ ʧʦʟʚʦʣʷʶʪ 

ʦʮʝʥʠʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʥʳʭ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ 
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ʧʦ ʨʘʟʚʠʪʠʶ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʚʳʙʦʨʘ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʠʣʠ ʥʘʠʣʫʯʰʝʛʦ. 

2. ʆʙʟʦʨ ʩʦʩʪʦʷʥʠʷ ʧʨʦʙʣʝʤʳ ʠ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʵʢʦʥʦʤʝʪʨʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʨʝʛʨʝʩʩʠʦʥʥʳʤʠ ʵʢʦʥʦʤʠʢʦ-

ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʤʦʜʝʣʷʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʚ 

ʮʝʣʷʭ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʷʚʣʷʶʪʩʷ ʤʦʜʝʣʠ ʜʠʥʘʤʠʢʠ ʚʠʜʘ 

 , 

ʛʜʝ  ï ʚʝʢʪʦʨ ʬʘʢʪʦʨʦʚ;  

ï ʚʝʢʪʦʨ ʚʦʟʤʫʱʝʥʠʡ; y(Ŀ)ï ʨʝʘʢʮʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ. ʂʘʢ 

ʚʘʨʠʘʥʪ, ʧʨʠʤʝʥʷʶʪʩʷ ʤʦʜʝʣʠ 

 , 

ʣʠʙʦ ʜʣʷ ʬʫʥʢʮʠʡ ʦʜʥʦʛʦ ʘʨʛʫʤʝʥʪʘ  

 , 

ʣʠʙʦ ʤʦʜʝʣʠ ʚʨʝʤʝʥʥrӢʭ ʨ̫ʜʦʚ ʚ ʬʦʨʤʝ  

 .  

ʇʦʜʦʙʥʳʝ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʫʶʪʩʷ, ʚ ʪʦʤ ʯʠʩʣʝ, ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ 

ʜʣʷ ʜʦʢʪʦʨʩʢʠʭ ʨʘʙʦʪ: [7, 17, 16] ʠ ʜʨ. ʊʘʢʠʝ ʤʦʜʝʣʠ ʤʦʞʥʦ 

ʫʧʨʦʱʝʥʥʦ çʧʨʦʯʠʪʘʪʴè, ʥʘʧʨʠʤʝʨ, ʪʘʢ: ʝʩʣʠ ʚʚʦʜʠʪʴ ʚ ʵʢʩʧʣʫʘ-

ʪʘʮʠʶ ʥʦʚʳʝ ʞʠʣʳʝ ʧʦʤʝʱʝʥʠʷ ʧʦ ʛʨʘʬʠʢʫ x1(t), ʪʦ ʥʘ ʚʳʭʦʜʝ 

ʧʦʣʫʯʠʤ ʨʦʩʪ ʥʘʩʝʣʝʥʠʷ ʢʨʘʷ (ʠʣʠ ʜʨʫʛʦʡ ʧʦʢʘʟʘʪʝʣʴ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʠ ʩʦʮʠʘʣʴʥʦʛʦ ʨʝʩʫʨʩʘ) y(x1(t), z1(t)) ʩ ʫʯʝʪʦʤ ʜʠʥʘʤʠʢʠ 

ʫʨʦʚʥʷ ʦʧʣʘʪʳ ʪʨʫʜʘ ʚ ʨʝʛʠʦʥʝ (ʚʦʟʤʫʱʘʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ) 

z1(t). ɼʘʣʴʰʝ ʦʙʳʯʥʦ ʨʝʯʴ ʠʜʝʪ ʦʙ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ai ʠ bj, ʦʙ 

ʫʯʝʪʝ ʦʙʨʘʪʥʳʭ ʩʚʷʟʝʡ, ʚʳʨʘʞʝʥʥʳʭ ʥʝʢʦʪʦʨʦʡ ʬʫʥʢʮʠʝʡ F(y), ʘ 

ʪʦʯʥʝʝ 
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