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ʄɸÆɸʃʃɸʀ ʀʃʄ ʉʆʃʀ 2016 ʊɸʒʉʀʉ ɪʌʊɸɸʉʊ. 

 
ʈʝʜʘʢʮʠʦʥʥʳʡ ʩʦʚʝʪ: 

ʉʘʜʦʚʥʠʯʠʡ ɺʠʢʪʦʨ ɸʥʪʦʥʦʚʠʯ - ʜʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, 

ʘʢʘʜʝʤʠʢ ʈɸʅ; ɼʝʤʠʜʦʚʠʯ ʇʘʚʝʣ ʅʠʢʦʣʘʝʚʠʯ - ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʥʘʫʢ, ʜʦʮʝʥʪ; ʄʠʨʟʦʝʚ ʉʘʡʲʣʦ ʍʘʙʠʙʫʣʣʦʝʚʠʯ-ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʥʘʫʢ, ʜʦʮʝʥʪ; ʀʣʦʣʦʚ ʄʘʤʘʜʰʦ-ʜʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, 

ʘʢʘʜʝʤʠʢ ɸʅ ʈʊ; ɸʢʙʘʨ ʊʫʨʩʦʥ - ʜʦʢʪʦʨ ʬʠʣʦʩʦʬʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʘʢʘʜʝʤʠʢ ɸʅ 

ʈʊ. 
 

ʈʝʜʘʢʮʠʦʥʥʘʷ ʢʦʣʣʝʛʠʷ: 
 ɻʣʘʚʥʳʡ ʨʝʜʘʢʪʦʨ: ʄʠʨʟʦʝʚ ʉʘʡʲʣʦ ʍʘʙʠʙʫʣʦʝʚʠʯ-ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʥʘʫʢ, ʜʦʮʝʥʪ;  
 ʏʣʝʥʳ ʨʝʜʢʦʣʣʝʛʠʠ: 

ʌʝʜʷʥʠʥ ɸʥʜʨʝʡ ɸʥʘʪʦʣʴʝʚʠʯ  - ʜʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ; 

ʇʫʱʘʨʦʚʩʢʠʡ ɼʤʠʪʨʠʡ ʖʨʴʝʚʠʯ - ʜʦʢʪʦʨ ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ,  
ʘʢʘʜʝʤʠʢ ʈɸʅ;  

ʏʫʙʘʨʠʢʦʚ ɺʣʘʜʠʤʠʨ ʅʠʢʦʣʘʝʚʠʯ - ʜʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ;  

ʌʘʨʭʦʜ ʈʘʭʠʤʠ - ʜʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ; 

ʀʣʦʣʦʚ ʄʘʤʘʜʰʦ - ʜʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ; 

ʋʩʤʦʥʦʚ ɿʘʬʘʨ ɼʞʫʨʘʝʚʠʯ - ʜʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ; 

ʐʘʙʦʟʦʚ ʄʠʨʛʘʥʜ ʐʘʙʦʟʦʚʠʯ - ʜʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ;  

ʈʘʭʤʦʥʦʚ ɿʘʨʫʣʣʦ ʍʫʩʝʡʥʦʚʠʯ - ʜʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ; 

ʄʫʤʠʥʦʚ ʍʠʢʤʘʪ ʍʘʣʠʤʦʚʠʯ - ʜʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ;  

ʍʘʣʠʢʦʚ ɼʞʫʨʘʙʦʡ ʍʘʣʠʢʦʚʠʯ - ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ;  

ʖʥʫʩʠ ʄʘʭʤʘʜʶʩʫʬ ʂʘʤʘʨʟʦʜʘ - ʜʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ; 

ʇʘʯʘʜʞʘʥʦʚ ɼʘʣʝʨ ʅʘʙʠʜʞʘʥʦʚʠʯ - ʜʦʢʪʦʨ ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ; 

ʌʘʡʟʠʝʚ ɸʙʜʫʣʭʘʢ ʈʘʜʞʘʙʦʚʠʯ - ʜʦʢʪʦʨ ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ; 

ʂʦʤʠʣʦʚ ʌʘʡʟʘʣʠ ʉʘʲʜʫʣʣʦʝʚʠʯ - ʜʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ; 

ʋʤʘʨʦʚʘ ʊʘʪʴʷʥʘ ʄʫʭʩʠʥʦʚʥʘ - ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ;        

ɼʝʤʠʜʦʚʠʯ ʇʘʚʝʣ ʅʠʢʦʣʘʝʚʠʯ- ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ; 

ʈʝʡʤʝʨʩ ɸʣʝʢʩʝʡ ʅʠʢʦʣʘʝʚʠʯ - ʢʘʥʜʠʜʘʪ ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ;                                                                                                                                                                                                                                                                                                                                                                                                                                                                                

ɸʙʜʫʢʘʨʠʤʦʚ ʄʘʭʤʘʜʩʘʣʠʤ ʌʘʡʟʫʣʣʦʝʚʠʯ - ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ; 

ʆʜʠʥʘʙʝʢʦʚ ɼʞʘʩʫʨ ʄʫʟʦʬʠʨʦʚʠʯ - ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ; 

ʐʦʟʠʸʝʚ ɻʫʣʤʫʨʦʜ ʇʘʨʚʦʥʘʰʦʝʚʠʯ - ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ; 

ʐʠʨʦʢʦʚ ɺʣʘʜʠʤʠʨ ʅʠʢʦʣʘʝʚʠʯ - ʢʘʥʜʠʜʘʪ ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ; 

ʉʘʣʠʭʦʚ ʌʘʨʠʜ ʉʘʣʦʭʠʜʜʠʥʦʚʠʯ -  ʢʘʥʜʠʜʘʪ ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ. 

 

 ɺ ʞʫʨʥʘʣʝ ʩʪʘʪʴʠ ʧʝʯʘʪʘʶʪʩʷ ʥʘ ʨʫʩʩʢʦʤ, ʪʘʜʞʠʢʩʢʦʤ ʠ ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʘʭ. 

 ɼʘʨ ʤʘʘ̞ʣʣʘ ʤʘϨʦʣʘϲʦ ʙʦ ʟʘʙʦʥϲʦʠ ʨʫʩ,̓ ʪʦ̞ʠʢ̓  ʚʘ ʘʥʛʣʠʩ ̓ʥʘʰʨ ʤʝʰʘʚʘʥʜ. 
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ʄ ɸ ʊ ɽ ʄ ɸ ʊ ʀ ʂ ɸ  ʀ  ʀ ʅ ʌ ʆ ʈ ʄ ɸ ʊ ʀ ʂ ɸ 

 

ʋɼʂ 517.984.5 

ʆ ɻʈɸʅʀʏʅʆʄ ʋʇʈɸɺʃɽʅʀʀ, ʇʈʆʀɿɺʆɼʀʄʆʄ ʋʇʈʋɻʆʁ ʉʀʃʆʁ 

ʅɸ ʆɼʅʆʄ ʂʆʅʎɽ ʇʈʀ ɿɸʂʈɽʇʃɽʅʅʆʄ ɺʊʆʈʆʄ ʇʈʆʎɽʉʉɸ 

ɺʓʅʋɾɼɽʅʅʓʍ ʂʆʃɽɹɸʅʀʁ ʉʊʈʋʅʓ, ɿɸ ʄɸʃʓɽ ɺʈɽʄɽʅɸ 

ɸʙʜʫʢʘʨʠʤʦʚ ʄ. ʌ. 

ʌʠʣʠʘʣ ʄɻʋ ʠʤʝʥʠ ʄ. ɺ. ʃʦʤʦʥʦʩʦʚʘ ʚ ʛ. ɼʫʰʘʥʙʝ 

 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʘ ʟʘʜʘʯʘ ʛʨʘʥʠʯʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʫʧʨʫʛʦʡ ʩʠʣʦʡ ʥʘ ʦʜʥʦʤ ʢʦʥʮʝ 

ʧʨʠ ʟʘʢʨʝʧʣʝʥʥʦʤ ʚʪʦʨʦʤ ʧʨʦʮʝʩʩʘ ʚʳʥʫʞʜʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʪʨʫʥʳ. ʇʨʠ lT 2¢ , ʛʜʝ l ï 

ʜʣʠʥʘ ʩʪʨʫʥʳ ʠ T - ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʧʨʠʚʝʜʝʥʳ ʩʦʦʪʥʦʰʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʦʜʥʦʟʥʘʯʥʫʶ 

ʨʘʟʨʝʰʠʤʦʩʪʴ ʠʩʢʦʤʦʛʦ ʛʨʘʥʠʯʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. ʊʘʢʞʝ ʧʦʣʫʯʝʥʘ ʷʚʥʘʷ ʘʥʘʣʠʪʠʯʝʩʢʘʷ 

ʬʦʨʤʫʣʘ ʜʣʷ ʝʛʦ ʚʳʯʠʩʣʝʥʠʷ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ:   ʛʨʘʥʠʯʥʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʧʨʦʮʝʩʩ ʚʳʥʫʞʜʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʪʨʫʥʳ, 

ʫʧʨʫʛʘʷ ʩʠʣʘ, ʠʥʪʝʛʨʘʣʴʥʦʝ ʪʦʞʜʝʩʪʚʦ. 

 

10
. ɺʚʝʜʝʥʠʝ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚ ʪʝʨʤʠʥʘʭ ʦʙʦʙʱʝʥʥʦʛʦ ʨʝʰʝʥʠʷ 

ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʚʦʣʥʦʚʦʛʦ ʫʨʘʚʥʝʥʠʷ ),(),(),( txftxutxu xxtt =- , ,0,0 Ttlx <<<<  

ʩ ʢʦʥʝʯʥʦʡ ʵʥʝʨʛʠʝʡ ʠʟʫʯʘʝʪʩʷ ʚʦʧʨʦʩ ʦ ʛʨʘʥʠʯʥʦʤ ʫʧʨʘʚʣʝʥʠʠ, ʧʨʦʠʟʚʦʜʠʤʦʤ 

ʫʧʨʫʛʦʡ ʩʠʣʦʡ ʥʘ ʢʦʥʮʝ x=0, ʧʨʦʮʝʩʩʘ ʚʳʥʫʞʜʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʪʨʫʥʳ ʧʨʠ 

ʫʩʣʦʚʠʠ, ʯʪʦ ʢʦʥʝʮ x=l ʟʘʢʨʝʧʣʝʥ. ɼʣʷ ʩʣʫʯʘʷ lT 2¢  ʫʩʪʘʥʦʚʣʝʥʳ ʥʝʦʙʭʦʜʠʤʳʝ 

ʠ ʜʦʩʪʘʪʦʯʥʳʝ ʫʩʣʦʚʠʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʛʨʘʥʠʯʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

)(),0( ttux m= , ʧʝʨʝʚʦʜʷʱʝʛʦ ʧʨʦʮʝʩʩ ʚʳʥʫʞʜʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʪʨʫʥʳ ʠʟ 

ʥʘʯʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ { })()0,(),()0,( xxuxxu t yj ==  ʚ ʬʠʥʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ 

{ })(),(),(),( 11 xTxuxTxu t yj == , ʠ ʵʪʦ ʛʨʘʥʠʯʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʷʚʥʦʤ 

ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʚʠʜʝ.   

ʆʪʤʝʪʠʤ, ʯʪʦ ʘʥʘʣʦʛʠʯʥʘʷ ʟʘʜʘʯʘ ʜʣʷ ʧʨʦʮʝʩʩʘ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʪ.ʝ. 

ʢʦʣʝʙʘʥʠʡ, ʦʧʠʩʳʚʘʝʤʳʭ ʦʜʥʦʨʦʜʥʳʤ ʚʦʣʥʦʚʳʤ ʫʨʘʚʥʝʥʠʝʤ, ʙʳʣʘ 

ʨʘʩʩʤʦʪʨʝʥʘ ʚ [1].  

ɼʣʷ ʨʝʰʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʛʨʘʥʠʯʥʳʤʠ ʫʧʨʘʚʣʝʥʠʷʤʠ  

ɺ.ɸ.ʀʣʴʠʥ, ɽ.ʀ.ʄʦʠʩʝʝʚ ʠ ʠʭ ʫʯʝʥʠʢʠ ʦʧʫʙʣʠʢʦʚʘʣʠ ʮʝʣʳʡ ʨʷʜ ʨʘʙʦʪ (ʩʤ., 

ʥʘʧʨʠʤʝʨ, [2-5]). ʀʟ ʙʦʣʝʝ ʨʘʥʥʠʭ ʨʘʙʦʪ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʜʘʥʥʦʡ ʪʝʤʘʪʠʢʝ, 

ʧʨʠʚʝʜʝʤ [6-9].  

ʈʘʥʝʝ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʥʘʤʠ ʨʘʙʦʪʳ [10-19] ʪʘʢʞʝ ʧʦʩʚʷʱʝʥʳ ʠʟʫʯʘʝʤʦʡ 

ʪʝʤʘʪʠʢʝ. 

20
. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʠ ʥʝʦʙʭʦʜʠʤʳʝ ʦʧʨʝʜʝʣʝʥʠʷ. ɺ ʧʨʷʤʦʫʛʦʣʴʥʠʢʝ 

( )( )TtlxQT ¢¢³¢¢= 00  ʨʘʩʩʤʦʪʨʠʤ ʚ ʦʙʦʙʱʝʥʥʦʡ ʪʨʘʢʪʦʚʢʝ ʩʣʝʜʫʶʱʠʝ 

ʟʘʜʘʯʠ. 
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ʉʤʝʰʘʥʥʘʷ ʟʘʜʘʯʘ I:  

,),(),(),( Txxtt QʚtxftxutxuLu =-¹                                 (1) 

                   ,00),(),(),0( Ttʧʨʠtluttux ¢¢==m                                (2) 

,0)()0,(),()0,( lxʧʨʠxxuxxu t ¢¢== yj                            (3) 

ʚ ʢʦʪʦʨʦʡ ],0[)(],,0[)(],,0[)(),(),( 2

1

222 lLxlWxTLtQLtxf T ÍÍÍÍ yjm  ʠ 

ʚʳʧʦʣʥʝʥʦ ʫʩʣʦʚʠʝ ʩʦʛʣʘʩʦʚʘʥʠʷ 

0)( =lj                                                      (4) 

ɿʘʜʘʯʘ ʛʨʘʥʠʯʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ II : (1), (2), (3) ʠ ʬʠʥʘʣʴʥʦʝ ʫʩʣʦʚʠʝ 

,0)(),(),(),( 11 lxʧʨʠxTxuxTxu t ¢¢== yj                        (5) 

ʚ ʢʦʪʦʨʦʡ ],0[)(),(],,0[)(),(),(),( 21

1

212 lLxxlWxxQLtxf T ÍÍÍ yyjj  ʠ 

ʚʳʧʦʣʥʝʥʦ ʫʩʣʦʚʠʷ ʩʦʛʣʘʩʦʚʘʥʠʷ (4) ʠ .0)(1 =lj  

ʈʝʰʝʥʠʝ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʙʫʜʝʤ ʠʩʢʘʪʴ ʚ ʢʣʘʩʩʝ ( ),Ĕ1

2 TQW  ʚʧʝʨʚʳʝ 

ʚʚʝʜʝʥʥʦʤ ʚ ʨʘʙʦʪʝ [2]. ʇʨʠʚʝʜʝʤ ʦʧʨʝʜʝʣʝʥʠʝ ʵʪʦʛʦ ʢʣʘʩʩʘ. 

ʆʧʨʝʜʝʣʝʥʠʝ 1. ɹʫʜʝʤ ʛʦʚʦʨʠʪʴ, ʯʪʦ ʬʫʥʢʮʠʷ ʜʚʫʭ ʧʝʨʝʤʝʥʥʳʭ u(x, t) 

ʧʨʠʥʘʜʣʝʞʠʪ ʢʣʘʩʩʫ ( ),Ĕ1

2 TQW  ʝʩʣʠ ʦʥʘ ʥʝʧʨʝʨʳʚʥʘ ʚ ʟʘʤʢʥʫʪʦʤ ʧʨʷʤʦʫʛʦʣʴʥʠʢʝ 

TQ  ʠ ʠʤʝʝʪ ʚ ʥʝʤ ʦʙʦʙʱʝʥʥʳʝ ʯʘʩʪʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ, ʢʘʞʜʘʷ 

ʠʟ ʢʦʪʦʨʳʭ ʧʨʠʥʘʜʣʝʞʠʪ ʢʣʘʩʩʫ )(2 TQL , ʠ ʢʨʦʤʝ ʪʦʛʦ, ʧʨʠʥʘʜʣʝʞʠʪ ʢʣʘʩʩʫ 

[ ]lxL ¢¢02
  ʧʨʠ ʣʶʙʦʤ ʬʠʢʩʠʨʦʚʘʥʥʦʤ [ ]Tt ,0Í  ʠ ʧʨʠʥʘʜʣʝʞʠʪ ʢʣʘʩʩʫ [ ]TtL ¢¢02  

ʧʨʠ ʣʶʙʦʤ ʬʠʢʩʠʨʦʚʘʥʥʦʤ [ ].,0 lxÍ  
ɽʩʪʝʩʪʚʝʥʥʦʩʪʴ ʵʪʦʛʦ ʢʣʘʩʩʘ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʟʘʜʘʯ ʦʙʦʩʥʦʚʘʥʘ ʚ [2]. 

ʊʝʧʝʨʴ ʜʘʜʠʤ ʦʧʨʝʜʝʣʝʥʠʷ ʨʝʰʝʥʠʡ ʟʘʜʘʯ I ʠ II . 

ʆʧʨʝʜʝʣʝʥʠʝ 2. ʈʝʰʝʥʠʝʤ ʠʟ ʢʣʘʩʩʘ ( )TQW1

2
Ĕ  ʩʤʝʰʘʥʥʦʡ ʟʘʜʘʯʠ I ʥʘʟʦʚʝʤ 

ʬʫʥʢʮʠʶ u(x,t) ʠʟ ʵʪʦʛʦ ʢʣʘʩʩʘ, ʢʦʪʦʨʘʷ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʪʦʞʜʝʩʪʚʫ 

[ ] [ ]

ñ ññ

ññ ñ

=F-F+

+F-F+F-F

T l T

l T l

txxtt

dxdttxtxfdttt

dxxxxxdxdttxtxtxu

0 0 0

0 0 0

0),(),(),0()(

)0,()()0,()(),(),(),(

m

yj

       (6) 

ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʫʥʢʮʠʠ ),( txF  ʠʟ ʢʣʘʩʩʘ ( ),Ĕ2

2 TQW ʧʦʜʯʠʥʝʥʥʦʡ ʫʩʣʦʚʠʷʤ 

0),(,0),0( ¹F¹F tltx  ʧʨʠ Tt¢¢0  ʠ ʫʩʣʦʚʠʷʤ 0),(,0),( ¹F¹F TxTx t  ʧʨʠ .0 lx¢¢  

 ʆʧʨʝʜʝʣʝʥʠʝ 3. ʈʝʰʝʥʠʝʤ ʠʟ ʢʣʘʩʩʘ ( )TQW1

2
Ĕ  ʟʘʜʘʯʠ ʛʨʘʥʠʯʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ II  ʥʘʟʦʚʝʤ ʨʝʰʝʥʠʝ u(x,t) ʠʟ ʵʪʦʛʦ ʢʣʘʩʩʘ ʩʤʝʰʘʥʥʦʡ ʟʘʜʘʯʠ I, 

ʢʦʪʦʨʦʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʧʦʣʥʝʥʠʝ ʧʝʨʚʦʛʦ ʨʘʚʝʥʩʪʚʘ (5) ʚ ʢʣʘʩʩʠʯʝʩʢʦʤ 

ʩʤʳʩʣʝ, ʘ ʚʪʦʨʦʛʦ ʨʘʚʝʥʩʪʚʘ (5) ï ʚ ʩʤʳʩʣʝ ʩʦʚʧʘʜʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ].,0[2 lL   

 3
0
. ɺʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʫʪʚʝʨʞʜʝʥʠʷ. ʀʟ ʪʦʞʜʝʩʪʚʘ (6) ʠ ʩʭʝʤʳ 

ʨʘʩʩʫʞʜʝʥʠʡ, ʠʟʣʦʞʝʥʥʦʡ ʚ ʨʘʙʦʪʝ [20], ʚʳʪʝʢʘʝʪ ʩʣʝʜʫʶʱʝʝ 
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ʋʪʚʝʨʞʜʝʥʠʝ 1. ɼʣʷ ʣʶʙʦʛʦ T>0 ʩʤʝʰʘʥʥʘʷ ʟʘʜʘʯʘ I ʤʦʞʝʪ ʠʤʝʪʴ 

ʪʦʣʴʢʦ ʦʜʥʦ ʨʝʰʝʥʠʝ ʠʟ ʢʣʘʩʩʘ ( )TQW1

2
Ĕ . 

ʈʘʩʩʤʦʪʨʠʤ ʪʝʧʝʨʴ ʩʤʝʰʘʥʥʫʶ ʟʘʜʘʯʫ I, ʫ ʢʦʪʦʨʦʡ 0)( ¹xj  ʥʘ ʩʝʛʤʝʥʪʝ 

],0[ l , 0)( =xy  ʧʦʯʪʠ ʚʩʶʜʫ ʥʘ ],0[ l , ʘ ʛʨʘʥʠʯʥʦʝ ʟʥʘʯʝʥʠʝ )(tm  ʷʚʣʷʝʪʩʷ 

ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʫʥʢʮʠʝʡ ʠʟ ʢʣʘʩʩʘ ].,0[2 TL  ʇʨʠ ʵʪʦʤ ʚ ʩʠʣʫ ʫʩʣʦʚʠʷ 

ʩʦʛʣʘʩʦʚʘʥʠʷ (4) ʜʦʣʞʥʦ ʚʳʧʦʣʥʠʪʴʩʷ ʨʘʚʝʥʩʪʚʦ 0)0( =m . ʆʙʦʟʥʘʯʠʤ ʩʠʤʚʦʣʦʤ 

)(tm
 
ʬʫʥʢʮʠʶ, ʩʦʚʧʘʜʘʶʱʫʶ ʩ )(tm  ʧʨʠ Tt¢¢0  ʠ ʧʨʦʜʦʣʞʝʥʥʫʶ ʥʫʣʝʤ ʧʨʠ 

.0<t  ʆʯʝʚʠʜʥʦ, ʯʪʦ .0],,[)( 1

2 >"-Í eem TWt  

ʋʪʚʝʨʞʜʝʥʠʝ 2. ʇʫʩʪʴ lT 2¢ . ʊʦʛʜʘ ʝʜʠʥʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ u(x,t) ʠʟ 

ʢʣʘʩʩʘ ( )TQW1

2
Ĕ  ʩʤʝʰʘʥʥʦʡ ʟʘʜʘʯʠ I, ʧʨʠ ʧʨʠʚʝʜʝʥʥʳʭ ʧʨʝʜʧʦʣʦʞʝʥʠʷʭ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʚʝʥʩʪʚʦʤ 

ññññ
-+

+-

-+-

++-=

t tx

tx

lxtxt

ddfddtxu
0

2

00

,),(
2

1
)()(),(

t

t

txtxttmttm                    (7) 

ʛʜʝ ʧʦʜʳʥʪʝʛʨʘʣʴʥʘʷ ʬʫʥʢʮʠʷ f ʧʦʣʫʯʝʥʘ ʠʟ ʬʫʥʢʮʠʠ ʧʨʘʚʦʡ ʯʘʩʪʠ 

ʫʨʘʚʥʝʥʠʷ (1) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʯʝʪʥʳʤ ʠ ʥʝʯʝʪʥʳʤ ʧʨʦʜʦʣʞʝʥʠʝʤ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʨʘʥʠʮ x=0 ʠ  x=l ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ TQ . 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʉ ʧʦʤʦʱʴʶ ʩʚʦʡʩʪʚ ʬʫʥʢʮʠʡ )(tm  ʠ ),( txf  ʪʨʠʚʠʘʣʴʥʦ 

ʧʨʦʚʝʨʷʝʪʩʷ, ʯʪʦ ʧʨʠ lT 2¢ ʬʫʥʢʮʠʷ (7) ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʶ )(),0( ttux m=  ʜʣʷ 

ʧʦʯʪʠ ʚʩʝʭ ],0[ TtÍ , ʫʩʣʦʚʠʶ 0),( =tlu  ʜʣʷ ʣʶʙʦʛʦ ],0[ TtÍ  ʠ ʧʝʨʚʦʤʫ ʥʘʯʘʣʴʥʦʤʫ 

ʫʩʣʦʚʠʶ ],0[0)0,( lxxu Í"= , ʘ ʚʪʦʨʦʤʫ ʥʘʯʘʣʴʥʦʤʫ ʫʩʣʦʚʠʶ 0)0,( =xut  - ʧʦʯʪʠ 

ʚʩʶʜʫ ʥʘ ],0[ l . ʇʦʵʪʦʤʫ ʜʦʩʪʘʪʦʯʥʦ ʫʙʝʜʠʪʴʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥʘ ʫʜʦʚʣʝʪʚʦʨʷʝʪ 

ʪʦʞʜʝʩʪʚʫ (6), ʚ ʢʦʪʦʨʦʤ ],,0[0)( lxx Í"¹j ʘ )(xy  ʷʚʣʷʝʪʩʷ ʥʫʣʝʚʳʤ ʵʣʝʤʝʥʪʦʤ 

],,0[2 lL  ʪ.ʝ. ʩʦʦʪʥʦʰʝʥʠʶ 

[ ]ññ ñ =F+F-F¹F

l T T

fu dtttdxdttxtxftxLtxuL
0 0 0

,, 0),0()(),(),(),(),( m          (8) 

ʜʣʷ ʣʶʙʦʡ ʬʫʥʢʮʠʠ ),( txF  ʠʟ ʦʧʨʝʜʝʣʝʥʠʷ 2. ʉ ʧʦʤʦʱʴʶ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ 

ʧʦ ʯʘʩʪʷʤ ʧʨʠʜʘʜʠʤ ʣʝʚʦʡ ʯʘʩʪʠ (8) ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

[ ]ññ F-F-F=F

l T

ttxxfu dxdttxtxftxtxutxtxuL
0 0

,, .),(),(),(),(),(),(               (9) 

 ʀʪʘʢ, ʥʘʤ ʥʘʜʦ ʜʦʢʘʟʘʪʴ, ʯʪʦ ʧʨʘʚʘʷ ʯʘʩʪʴ (9) ʨʘʚʥʘ ʥʫʣʶ. ʆʙʦʟʥʘʯʠʤ 

ʯʝʨʝʟ ),(Ĕ txf  ʧʨʦʠʟʚʦʣʴʥʫʶ ʧʝʨʚʦʦʙʨʘʟʥʫʶ ʧʦ x ʬʫʥʢʮʠʠ  f(x,t). ʅʘʡʜʷ ʠʟ (7) ʩ  

),(),,( txutxu tx  ʠ ʧʦʜʩʪʘʚʣʷʷ ʠʭ ʚ ʧʨʘʚʫʶ ʯʘʩʪʴ (9), ʜʘʣʝʝ ʩ ʧʦʤʦʱʴʶ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦ ʯʘʩʪʷʤ ʠ ʩ ʫʯʝʪʦʤ ʩʚʦʡʩʪʚ ʬʫʥʢʮʠʡ )(tm  ʠ ),( txF  ʧʦʣʫʯʠʤ: 
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ʋʪʚʝʨʞʜʝʥʠʝ 2 ʜʦʢʘʟʘʥʦ.  

ʇʦʚʪʦʨʷʷ ʨʘʩʩʫʞʜʝʥʠʷ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ [1] ʤʦʞʥʦ ʫʙʝʜʠʪʴʩʷ ʚ 

ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʩʣʝʜʫʶʱʝʛʦ ʫʪʚʝʨʞʜʝʥʠʷ. 

ʋʪʚʝʨʞʜʝʥʠʝ 3. ɼʣʷ ʣʶʙʦʛʦ lT 2¢  ʤʦʞʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʪʦʣʴʢʦ ʦʜʥʦ 

ʨʝʰʝʥʠʝ ʠʟ ʢʣʘʩʩʘ ( )TQW1

2
Ĕ  ʟʘʜʘʯʠ ʛʨʘʥʠʯʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ II . 

 4
0
. ʇʦʩʪʨʦʝʥʠʝ ʛʨʘʥʠʯʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠ ʚʨʝʤʝʥʠ, ʤʝʥʴʰʝʤ ʠʣʠ 

ʨʘʚʥʦʤ ʢʨʠʪʠʯʝʩʢʦʤʫ
1
. ɺ ʵʪʦʤ ʨʘʟʜʝʣʝ ʨʘʩʩʤʦʪʨʠʤ ʟʘʜʘʯʫ ʛʨʘʥʠʯʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ II ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ  T ʧʨʠʥʘʜʣʝʞʠʪ ʧʦʣʫʩʝʛʤʝʥʪʫ 

( ]l2,0 . ʉʧʨʘʚʝʜʣʠʚʘ ʩʣʝʜʫʶʱʘʷ ʪʝʦʨʝʤʘ. 

 ʊʝʦʨʝʤʘ 1. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʨʠ lT 2¢  ʜʣʷ ʥʘʧʝʨʝʜ ʟʘʜʘʥʥʳʭ ʧʷʪʠ 

ʬʫʥʢʮʠʡ ],0[)(),(],,0[)(),( 21

1

21 lLxxlWxx ÍÍ yyjj  ʠ ),(),( 2 TQLtxf Í  ʩʫʱʝʩʪʚʦʚʘʣʦ 

ʝʜʠʥʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʛʨʘʥʠʯʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ II ʠʟ ʢʣʘʩʩʘ ( )TQW1

2
Ĕ , 

ʥʝʦʙʭʦʜʠʤʦ ʠ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʚʳʧʦʣʥʷʣʠʩʴ  

1) ʫʩʣʦʚʠʷ ʟʘʢʨʝʧʣʝʥʠʷ ;0)(,0)( 1 == ll jj  

                                                           

1 ʇʦʜ ʪʝʨʤʠʥʦʤ çʢʨʠʪʠʯʝʩʢʠʡè ʧʦʥʠʤʘʝʪʩʷ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʧʨʠ ʢʦʪʦʨʦʤ ʨʝʰʝʥʠʝ 

ʠʟʫʯʘʝʤʦʡ ʟʘʜʘʯʠ ʛʨʘʥʠʯʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩʫʱʝʩʪʚʫʝʪ ʠ ʝʜʠʥʩʪʚʝʥʥʦ ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ 

ʦʛʨʘʥʠʯʝʥʠʷʭ. ɼʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʣʫʯʘʷ ʢʨʠʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʷʚʣʷʝʪʩʷ T=2l.  
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2) ʬʫʥʢʮʠʠ ),()(),(),(),( 11 txfʠxxxx yjyj ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʫʜʦʚʣʝʪʚʦʨʷʣʠ:  

ʘ) ʜʣʷ ʩʣʫʯʘʷ lT<<0  ʪʨʝʤ ʪʦʞʜʝʩʪʚʘʤ:
 

,00),(Ĕ)()(Ĕ)()(Ĕ

0

11 TltʧʨʠdTtfTtTttt

T

-¢¢¹-+-+-+-+ ñ tttjyjy      (10) 

,0),(Ĕ)2()2(Ĕ)()(Ĕ

0

11 ltTlʧʨʠdTtftTltTltt

T

¢¢-¹-+---+---+ ñ tttjyjy   

(11) 

,0),(Ĕ)()(Ĕ)()(Ĕ

0

11 ltTʧʨʠdTtfTtTttt

T

¢¢¹+---+--- ñ tttjyjy            (12) 

ʚ ʢʦʪʦʨʳʭ ʩʠʤʚʦʣʘʤʠ )(Ĕ),(Ĕ 1 xx yy  ʠ ),(Ĕ txf  ʦʙʦʟʥʘʯʝʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʧʝʨʚʦʦʙʨʘʟʥʳʝ ʬʫʥʢʮʠʡ )(),( 1 xx yy ʠ ),( txf  ʧʦ x, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ 

ʩʦʦʪʥʦʰʝʥʠʷʤ  

                              ,0),(Ĕ)()(Ĕ)0()0(Ĕ

0

11 =----+ ñ tttjyjy dTfTT

T

               (13) 

;0),(Ĕ)()(Ĕ)()(Ĕ

0

11 =+---+--- ñ tttjyjy dTlfTlTlll

T

               (14) 

b) ʜʣʷ ʩʣʫʯʘʷ lTl 2<¢  ʪʦʞʜʝʩʪʚʫ 

,200),(Ĕ)2()2(Ĕ)()(Ĕ

0

11 TltʧʨʠdTtftTltTltt

T

-¢¢¹-+---+---+ ñ tttjyjy

   
(15) 

ʚ ʢʦʪʦʨʦʤ ʩʠʤʚʦʣʘʤʠ )(Ĕ),(Ĕ 1 xx yy  ʠ ),(Ĕ txf  ʦʙʦʟʥʘʯʝʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʧʝʨʚʦʦʙʨʘʟʥʳʝ ʬʫʥʢʮʠʡ )(),( 1 xx yy ʠ ),( txf  ʧʦ x, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ 

ʩʦʦʪʥʦʰʝʥʠʶ 

.0),(Ĕ)2()2(Ĕ)0()0(Ĕ

0

11 =---+--+ ñ tttjyjy dTfTlTl

T

               (16) 

ʇʨʠ T=2l ʥʝʦʙʭʦʜʠʤʳʤ ʠ ʜʦʩʪʘʪʦʯʥʳʤ ʫʩʣʦʚʠʷʤʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʠʟ ʢʣʘʩʩʘ ( )TQW1

2
Ĕ  ʟʘʜʘʯʠ ʛʨʘʥʠʯʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ II  

ʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʪʨʝʙʦʚʘʥʠʝ 1) (ʩʤ. [19] ). 

 ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʵʪʠʭ ʫʩʣʦʚʠʡ ʨʝʰʝʥʠʝ ʫʢʘʟʘʥʥʦʡ ʟʘʜʘʯʠ ʜʘʝʪʩʷ 

ʬʦʨʤʫʣʦʡ 

,),(
2

1
)2()(),(

0

ññ
-+

+-

++--+=

t tx

tx

ddflxtFxtFtxu

t

t

txtx                     (17) 

ʛʜʝ ʬʫʥʢʮʠʷ )(tF ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʷʤʠ 

[ ] ,0)()(Ĕ
2

1
ltʧʨʠtt ¢¢+jy                                        (18) 
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[ ] ,2)2()2(Ĕ
2

1
ltlʧʨʠtltl ¢¢--- jy                                 (19) 

,),(Ĕ)()(Ĕ
2

1

0

11 lTtTʧʨʠdtfTtTt

T

+¢¢ù
ú

ø
é
ê

è
---+- ñ tttjy                        (20) 

.2),2(Ĕ)2()2(Ĕ
2

1

0

11 lTtlTʧʨʠdtlftTltTl

T

+¢¢+ù
ú

ø
é
ê

è
+---+--+ ñ tttjy           

(21) 

ʚ ʢʦʪʦʨʳʭ ʩʠʤʚʦʣʳ )(Ĕ),(Ĕ 1 xx yy  ʠ ),(Ĕ txf  ʦʙʦʟʥʘʯʘʶʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʧʝʨʚʦʦʙʨʘʟʥʳʝ ʬʫʥʢʮʠʡ )(),( 1 xx yy ʠ ),( txf  ʧʦ x, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʚ ʩʣʫʯʘʝ 

lT<<0  ʩʦʦʪʥʦʰʝʥʠʷʤ (13) ʠ (14), ʚ ʩʣʫʯʘʝ lTl 2<¢   ʩʦʦʪʥʦʰʝʥʠʶ (16), ʘ ʚ 

ʩʣʫʯʘʝ lT 2=  ʩʦʦʪʥʦʰʝʥʠʶ  

.0),(Ĕ)0()0(Ĕ)0()0(Ĕ
2

0

11 =-+-+ ñ tttjyjy df

l

                     (22) 

 ʇʨʠ ʵʪʦʤ ʠʩʢʦʤʦʝ ʛʨʘʥʠʯʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ],,0[)(),0( 2 TLttux Í=m  

ʧʝʨʝʚʦʜʷʱʝʝ ʧʨʦʮʝʩʩ ʚʳʥʫʞʜʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʠʟ ʥʘʯʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (3) ʚ 

ʬʠʥʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ (5), ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

 a) ʚ ʩʣʫʯʘʝ lT<<0  

;),()(')()(')(
2

1
)(

0

11 ù
ú

ø
é
ê

è
-+---++= ñ

T

dtftTtTttt tttjyjym  

b) ʚ ʩʣʫʯʘʝ  lTl 2<¢  

î
î
î
î

í

î
î
î
î

ì

ë

¢¢ù
ú

ø
é
ê

è
-+---+---

¢¢-ù
ú

ø
é
ê

è
-+---++

-¢¢ù
ú

ø
é
ê

è
-+++--+--+

=

ñ

ñ

ñ

;),()(')()2()2('
2

1

,),()(')()(')(
2

1

,0),2()2(')2()(')(
2

1

)(

0

11

0

11

0

11

TtlʧʨʠdtftTtTtltl

ltlTʧʨʠdtftTtTtt

lTtʧʨʠdltftTltTltt

t

T

T

T

tttjyyj

tttjyjy

tttjyjy

m

 

ʩ) ʚ ʩʣʫʯʘʝ T=2l 

î
î

í

î
î

ì

ë

¢¢ù
ú

ø
é
ê

è
-+---+---

¢¢ù
ú

ø
é
ê

è
-++--+

=

ñ

ñ

.2),()2(')2()2()2('
2

1

,0),2()(')()(')(
2

1

)(
2

0

11

2

0

11

ltlʧʨʠdtftltltltl

ltʧʨʠdltftttt

t
l

l

tttjyyj

tttjyjy

m

 

 ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ.  ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʪʨʝʙʦʚʘʥʠʷ 1) 

ʚʳʪʝʢʘʝʪ ʠʟ ʛʨʘʥʠʯʥʦʛʦ ʫʩʣʦʚʠʷ  [ ].,00),( Tttlu Í"¹  ʇʝʨʝʡʜʝʤ ʢ ʦʙʦʩʥʦʚʘʥʠʶ 
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ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʪʨʝʙʦʚʘʥʠʷ 2). ʉʥʘʯʘʣʘ ʨʘʩʩʤʦʪʨʠʤ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʚ 

ʟʘʜʘʯʝ II  0)( ¹xj  ʥʘ ʩʝʛʤʝʥʪʝ ],0[ l , ʘ 0)( =xy  ʧʦʯʪʠ ʚʩʶʜʫ ʥʘ ],0[ l . ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ, ʝʩʣʠ ʨʝʰʝʥʠʝ  u(x, t) ʠʟ ʢʣʘʩʩʘ ( )TQW1

2
Ĕ  ʟʘʜʘʯʠ II ʩʫʱʝʩʪʚʫʝʪ, ʪʦ ʦʥʦ 

ʷʚʣʷʝʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʨʝʰʝʥʠʝʤ ʠʟ ʪʦʛʦ ʞʝ ʢʣʘʩʩʘ ʩʤʝʰʘʥʥʦʡ ʟʘʜʘʯʠ I, ʫ 

ʢʦʪʦʨʦʡ 0)( ¹xj  ʥʘ ],0[ l , ʘ )(xy  ʝʩʪʴ ʥʫʣʝʚʦʡ ʵʣʝʤʝʥʪ ].,0[2 lL  ɽʜʠʥʩʪʚʝʥʥʦʝ 

ʨʝʰʝʥʠʝ ʧʦʩʣʝʜʥʝʡ ʟʘʜʘʯʠ ʚ ʩʠʣʫ ʫʪʚʝʨʞʜʝʥʠʷ 2 ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ (7). 

 ʉʥʘʯʘʣʘ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʦʜʩʣʫʯʘʡ .0 lT<< ɼʣʷ ʥʝʛʦ ʚʪʦʨʦʡ ʯʣʝʥ ʚ 

ʧʨʘʚʦʡ ʯʘʩʪʠ ʨʘʚʝʥʩʪʚʘ (7) ʷʚʣʷʝʪʩʷ ʪʦʞʜʝʩʪʚʝʥʥʳʤ ʥʫʣʝʤ ʜʣʷ ʚʩʝʭ [ ]lx ;0Í  ʠ 

[ ].;0 TtÍ ʀʟ ʧʦʣʫʯʘʝʤʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʠʤʝʝʤ: 

[ ] ,),(),(
2

1
)()(

0

1 ñ +-+-++--=

T

dTxfTxfxTx tttttmy                    (23) 

[ ] ,),(),(
2

1
)()('

0

1 ñ +---++-=

T

dTxfTxfxTx tttttmj                    (24) 

ʢʦʪʦʨʳʝ ʚʳʧʦʣʥʝʥʳ ʜʣʷ ʧʦʯʪʠ ʚʩʝʭ [ ]lx ;0Í .  

 ʀʟ (23) ʠ (24) ʚʳʪʝʢʘʝʪ ʩʧʨʘʚʝʜʣʠʚʦʝ ʚ ʩʤʳʩʣʝ ʨʘʚʝʥʩʪʚʘ ʵʣʝʤʝʥʪʦʚ 

[ ]lL ;02  ʩʦʦʪʥʦʰʝʥʠʝ 

.),()(')(
0

11 ñ -+=+

T

dTxfxx tttjy                                   (25) 

 ʀʥʪʝʛʨʠʨʫʷ (25) ʧʦ ʭ ʚ ʧʨʝʜʝʣʘʭ ʦʪ ʥʫʣʷ ʜʦ t, ʧʦʣʫʯʠʤ ʩʧʨʘʚʝʜʣʠʚʦʝ ʜʣʷ 

ʚʩʝʭ [ ]lt ;0Í  ʩʦʦʪʥʦʰʝʥʠʝ  

,),(Ĕ)0()0(Ĕ),(Ĕ)()(Ĕ

0

11

0

11 ññ --+=-+-+

TT

dTfdTtftt tttjytttjy        (26) 

ʚ ʢʦʪʦʨʦʤ ʩʠʤʚʦʣʘʤʠ )(Ĕ1 xy ʠ ),(Ĕ txf  ʦʙʦʟʥʘʯʝʥʳ ʧʦʢʘ ʧʨʦʠʟʚʦʣʴʥʳʝ 

ʧʝʨʚʦʦʙʨʘʟʥʳʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʬʫʥʢʮʠʡ )(1 xy ʠ ),( txf ʧʦ ʭ. ɽʩʣʠ ʤʳ ʧʦʪʨʝʙʫʝʤ, 

ʯʪʦʙʳ ʵʪʠ ʧʝʨʚʦʦʙʨʘʟʥʳʝ ʫʜʦʚʣʝʪʚʦʨʷʣʠ ʫʩʣʦʚʠʶ 

,0),(Ĕ)0()0(Ĕ

0

11 ñ =--+

T

dTf tttjy                                       (27) 

ʪʦ ʧʦʣʫʯʠʤ ʩʧʨʘʚʝʜʣʠʚʦʝ ʜʣʷ ʚʩʝʭ [ ]lt ;0Í  ʪʦʞʜʝʩʪʚʦ 

.0),(Ĕ)()(Ĕ

0

11 ¹-+-+ ñ
T

dTtftt tttjy                                        (28) 

 ʊʝʧʝʨʴ ʧʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ [ ]lTx ;Í . ɺʳʯʠʪʘʷ ʠʟ (23) ʨʘʚʝʥʩʪʚʦ (24), 

ʧʦʣʫʯʠʤ ʩʦʦʪʥʦʰʝʥʠʝ  

,),()(')(
0

11 ñ +-=-

T

dTxfxx tttjy                                      (29) 
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ʧʦʥʠʤʘʝʤʦʝ ʢʘʢ ʨʘʚʝʥʩʪʚʦ ʵʣʝʤʝʥʪʦʚ [ ].;2 lTL  

 ʀʥʪʝʛʨʠʨʫʷ (29) ʧʦ ʭ ʚ ʧʨʝʜʝʣʘʭ ʦʪ t ʜʦ l, ʧʦʣʫʯʠʤ ʩʧʨʘʚʝʜʣʠʚʦʝ ʜʣʷ ʚʩʝʭ 

[ ]lTt ;Í  ʩʦʦʪʥʦʰʝʥʠʝ  

,),(Ĕ)()(Ĕ),(Ĕ)()(Ĕ

0

11

0

11 ññ +---=+---

TT

dTlflldTtftt tttjytttjy        (26) 

ʚ ʢʦʪʦʨʦʤ )(Ĕ1 xy  ʠ ),(Ĕ txf  - ʧʦʢʘ ʧʨʦʠʟʚʦʣʴʥʳʝ ʧʝʨʚʦʦʙʨʘʟʥʳʝ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʬʫʥʢʮʠʡ )(1 xy  ʠ ),( txf ʧʦ ʭ. ɽʩʣʠ ʤʳ ʧʦʪʨʝʙʫʝʤ, ʯʪʦʙʳ ʵʪʠ 

ʧʝʨʚʦʦʙʨʘʟʥʳʝ ʫʜʦʚʣʝʪʚʦʨʷʣʠ ʫʩʣʦʚʠʶ 

,0),(Ĕ)()(Ĕ

0

11 ñ =+---

T

dTlfll tttjy                                       (31) 

ʪʦ ʧʦʣʫʯʠʤ ʩʧʨʘʚʝʜʣʠʚʦʝ ʜʣʷ ʚʩʝʭ [ ]lTt ;Í  ʪʦʞʜʝʩʪʚʦ 

.0),(Ĕ)()(Ĕ

0

11 ¹+--- ñ
T

dTtftt tttjy                                        (32) 

 ʈʘʩʩʤʦʪʨʝʥʠʝ ʧʦʜʩʣʫʯʘʷ lT<<0  ʟʘʚʝʨʰʝʥʦ. ʇʝʨʝʭʦʜʠʤ ʢ ʨʘʩʩʤʦʪʨʝʥʠʶ 

ʧʦʜʩʣʫʯʘʷ lTl 2<¢ . ʅʘ ʵʪʦʪ ʨʘʟ ʠʟ (7) ʤʳ ʧʦʣʫʯʠʤ ʩʦʦʪʥʦʰʝʥʠʝ  

[ ]ñ +-+-++-++--=

T

dTxfTxflxTxTx
0

1 ),(),(
2

1
)2()()( tttttmmy ,        (33) 

ʩʧʨʘʚʝʜʣʠʚʦʝ ʜʣʷ ʧʦʯʪʠ ʚʩʝʭ [ ].;0 lxÍ   

 ʇʨʦʠʥʪʝʛʨʠʨʦʚʘʚ (33) ʧʦ ʭ ʚ ʧʨʝʜʝʣʘʭ ʦʪ ʥʫʣʷ ʜʦ t, ʤʳ ʧʦʣʫʯʠʤ, ʯʪʦ ʜʣʷ 

ʣʶʙʦʛʦ [ ]Tlt -Í 2;0  ʩʧʨʘʚʝʜʣʠʚʦ ʩʦʦʪʥʦʰʝʥʠʝ  

,),(Ĕ
2

1
),(Ĕ

2

1
)()0(Ĕ)(Ĕ

0 0

11 ñ ññ +-+-++-=-
-

T TT

tT

dTtfdTtfdt ttttttttmyy             (34) 

ʚ ʢʦʪʦʨʦʤ ʩʠʤʚʦʣʘʤʠ )(Ĕ1 xy ʠ ),(Ĕ txf  ʦʙʦʟʥʘʯʝʥʳ ʧʦʢʘ ʧʨʦʠʟʚʦʣʴʥʳʝ 

ʧʝʨʚʦʦʙʨʘʟʥʳʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʬʫʥʢʮʠʡ )(1 xy ʠ ),( txf ʧʦ ʭ. 

 ʀʟ ʨʘʚʝʥʩʪʚʘ (7) ʧʨʠ Tttx ==, ʠ Ttx == ,0 ʚʳʪʝʢʘʝʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʩʣʝʜʫʶʱʠʝ ʨʘʚʝʥʩʪʚʘ: 

,),(Ĕ
2

1
),(Ĕ

2

1
)()(

0 00

1 ñ ññ +---++-=

- T TtT

dTtfdTtfdt ttttttttmj  

.),(Ĕ)()0(
00

1 ññ -+-=

TT

dTfd tttttmj  

 ʀʟ ʧʦʩʣʝʜʥʠʭ ʜʚʫʭ ʨʘʚʝʥʩʪʚ ʠ ʨʘʚʝʥʩʪʚʘ (34), ʧʦʣʫʯʠʤ: 

.),(Ĕ)0()0(Ĕ),(Ĕ)()(Ĕ

0

11

0

11 ññ --+=-+-+

TT

dTfdTtftt tttjytttjy                 (35) 
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 ʀʟ (35) ʚʳʪʝʢʘʝʪ, ʯʪʦ ʝʩʣʠ ʯʝʨʝʟ )(Ĕ1 xy ʠ ),(Ĕ txf  ʦʙʦʟʥʘʯʠʪʴ ʪʝ 

ʧʝʨʚʦʦʙʨʘʟʥʳʝ ʬʫʥʢʮʠʡ )(1 xy  ʠ ),( txf ʧʦ ʭ, ʢʦʪʦʨʳʝ ʫʜʦʚʣʝʪʚʦʨʷʶʪ 

ʩʦʦʪʥʦʰʝʥʠʶ ʚʠʜʘ (27), ʪʦ ʜʣʷ ʚʩʝʭ [ ]Tlt -Í 2;0  ʙʫʜʝʪ ʩʧʨʘʚʝʜʣʠʚʦ ʪʦʞʜʝʩʪʚʦ 

ʚʠʜʘ (28). ʊʝʤ ʩʘʤʳʤ, ʜʣʷ ʯʘʩʪʥʦʛʦ ʩʣʫʯʘʷ, ʢʦʛʜʘ 0)( ¹xj  ʥʘ ʩʝʛʤʝʥʪʝ ],0[ l , ʘ 

0)( =xy  ʧʦʯʪʠ ʚʩʶʜʫ ʥʘ ],0[ l , ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʪʨʝʙʦʚʘʥʠʷ 2) ʜʦʢʘʟʘʥʘ. 

 ʈʘʩʩʤʦʪʨʠʤ ʪʝʧʝʨʴ ʦʙʱʠʡ ʩʣʫʯʘʡ, ʢʦʛʜʘ )(xj ʷʚʣʷʝʪʩʷ ʧʨʦʠʟʚʦʣʴʥʦʡ  

ʬʫʥʢʮʠʝʡ ʠʟ ʢʣʘʩʩʘ ],0[1

2 lW , ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʡ ʫʩʣʦʚʠʶ 0)( =lj , ʘ )(xy  - 

ʧʨʦʠʟʚʦʣʴʥʳʡ ʵʣʝʤʝʥʪ ʧʨʦʩʪʨʘʥʩʪʚʘ ].,0[2 lL  

 ʇʨʦʜʦʣʞʠʤ ʬʫʥʢʮʠʠ )(xj  ʠ )(xy  ʩʥʘʯʘʣʘ ʥʘ ʩʝʛʤʝʥʪ ]2,[ ll  ʥʝʯʝʪʥʦ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʯʢʠ  x=l, ʘ ʟʘʪʝʤ ʥʘ ʩʝʛʤʝʥʪ ]0,[ l-  ʚ ʧʦʜʩʣʫʯʘʝ lT<<0  ʠ ʥʘ 

ʩʝʛʤʝʥʪʳ ]0,2[ l-  ʠ ]3,2[ ll  ʚ ʧʦʜʩʣʫʯʘʝ  lTl 2¢¢  ʪʘʢ, ʯʪʦʙʳ ],2,[)( 1

2 llWx -Íj  

]2,[)( 2 llLx -Íy ʚ ʧʦʜʩʣʫʯʘʝ lT<<0  ʠ ],3,2[)( 1

2 llWx -Íj  ]3,2[)( 2 llLx -Íy ʚ 

ʧʦʜʩʣʫʯʘʝ lTl 2<¢  ʠ ʚ ʵʪʦʤ ʧʦʩʣʝʜʥʝʤ ʧʦʜʩʣʫʯʘʝ ʬʫʥʢʮʠʠ )(xj  ʠ )(xy  

ʦʩʪʘʚʘʣʠʩʴ ʥʝʯʝʪʥʳʤʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʯʢʠ x=l ʚ ʧʨʝʜʝʣʘʭ ʩʝʛʤʝʥʪʘ ].3,[ ll-

 ʇʨʦʜʦʣʞʠʤ ʪʘʢʞʝ ʬʫʥʢʮʠʶ f(x,t) ʧʦ ʧʝʨʚʦʡ ʧʝʨʝʤʝʥʥʦʡ ʯʝʪʥʦ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʯʢʠ x=0 ʥʘ ʩʝʛʤʝʥʪ ]0,[ l-  ʠ ʥʝʯʝʪʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʯʢʠ x=l ʥʘ 

]2,[ ll . 

 ʉ ʪʘʢ ʧʨʦʜʦʣʞʝʥʥʳʤʠ ʬʫʥʢʮʠʷʤʠ )(),( xx yj  ʠ ),( txf ʨʘʩʩʤʦʪʨʠʤ ʬʫʥʢʮʠʶ 

[ ] ,),(Ĕ),(Ĕ
2

1
),(~),(

0

ttttt dtxftxftxvtxv

t

ñ +---++=                           (36) 

ʚ ʢʦʪʦʨʦʡ [ ])(Ĕ)(Ĕ)()(
2

1
),(~ txtxtxtxtxv --++-++= yyjj , ʘ )(Ĕxy  ʠ ),(Ĕ txf

ʦʙʦʟʥʘʯʘʶʪ ʧʦʢʘ ʧʨʦʠʟʚʦʣʴʥʳʝ ʧʝʨʚʦʦʙʨʘʟʥʳʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʬʫʥʢʮʠʡ  )(xy  

ʠ ),( txf  ʧʦ ʭ. 

 ɿʘʤʝʪʠʤ, ʯʪʦ ʵʪʠ ʧʝʨʚʦʦʙʨʘʟʥʳʝ ʙʫʜʫʪ ʯʝʪʥʳʤʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʯʢʠ x=l 

ʬʫʥʢʮʠʷʤʠ ʚ ʧʨʝʜʝʣʘʭ ʩʝʛʤʝʥʪʘ [0,2l] ʚ ʧʦʜʩʣʫʯʘʝ 0<T<l  ʠ ʚ ʧʨʝʜʝʣʘʭ ʩʝʛʤʝʥʪʘ 

[-l,3l] ʚ ʧʦʜʩʣʫʯʘʝ .2lTl <¢  

 ʋʙʝʜʠʤʩʷ ʚ ʪʦʤ, ʯʪʦ ʬʫʥʢʮʠʷ (36) ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʷʚʣʷʝʪʩʷ ʦʙʦʙʱʝʥʥʳʤ 

ʨʝʰʝʥʠʝʤ ʠʟ ʢʣʘʩʩʘ ( )TQW1

2
Ĕ  ʩʤʝʰʘʥʥʦʡ ʟʘʜʘʯʠ ʪʠʧʘ I, ʫ ʢʦʪʦʨʦʡ 

[ ] )()0,(,,0)()0,( xxvlxxxv t yj =Í"=  ʧʦʯʪʠ ʚʩʶʜʫ ʥʘ [0,l], [ ]Tttlv ,00),( Í"¹ , ʘ 

ʛʨʘʥʠʯʥʦʝ ʟʥʘʯʝʥʠʝ )(),0( ttvx m=  ʙʝʨʸʪʩʷ ʠʟ (36). ʅʫʞʥʦ ʪʦʣʴʢʦ ʜʦʢʘʟʘʪʴ, ʯʪʦ  

ʦʥʘ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʠʥʪʝʛʨʘʣʴʥʦʤʫ ʪʦʞʜʝʩʪʚʫ (6), ʚ ʢʦʪʦʨʦʤ ),( txu ʠ )(tm  

ʟʘʤʝʥʝʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ ),( txv ʠ ),0( tvx  ʜʣʷ ʣʶʙʦʡ ʬʠʛʫʨʠʨʫʶʝɦʡ ʚ 

ʦʧʨʝʜʝʣʝʥʠʠ 2 ʬʫʥʢץʠʠ ʌ(x,t). 

 ʉ ʧʦʤʦʱʴʶ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦ ʯʘʩʪʷʤ ʧʝʨʝʧʠʰʝʤ (6) ʚ ʚʠʜʝ 
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[ ] ñññññ F=F-F-F

l

t

l Tl T

ttxx dxxxvdxdttxtxfdxdttxtxvtxtxv
00 00 0

)37(.)0,()0,(),(),(),(),(),(),(

  

 ɺ [1] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʬʫʥʢץʠʷ ),(~ txv  ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʩʦʦʪʥʦʰʝʥʠʶ (37) ʚ 

ʩʣʫʯʘʝ, ʢʦʛʜʘ ʚ ʥʝʤ ʦʪʩʫʪʩʪʚʫʝʪ ññ F

l T

dxdttxtxf
0 0

),(),( . ʇʦʵʪʦʤʫ ʥʘʤ ʜʦʩʪʘʪʦʯʥʦ 

ʜʦʢʘʟʘʪʴ, ʯʪʦ ʜʣʷ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʩʣʘʛʘʝʤʦʛʦ, ʩʪʦʷʱʝʛʦ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ (36), 

ʩʧʨʘʚʝʜʣʠʚʦ (37), ʥʦ ʵʪʦ ʫʞʝ ʩʜʝʣʘʥʦ ʧʨʠ ʜʦʢʘʟʘʪʝʣʴʩʪʚʝ ʫʪʚʝʨʞʜʝʥʠʷ 2. 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʫʥʢʮʠʷ (36) ʷʚʣʷʝʪʩʷ ʦʙʦʙʱʝʥʥʳʤ ʨʝʰʝʥʠʝʤ ʠʟ ʢʣʘʩʩʘ 

( )TQW1

2
Ĕ  ʩʤʝʰʘʥʥʦʡ ʟʘʜʘʯʠ ʪʠʧʘ I. ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʨʘʟʥʦʩʪʴ )],(),([ txvtxu -  

ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʚʩʝʤ ʪʨʝʙʦʚʘʥʠʷʤ ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʚʳʰʝ ʯʘʩʪʥʦʛʦ ʩʣʫʯʘʷ. 

ʇʦʵʪʦʤʫ ʜʣʷ ʥʝʸ ʙʫʜʫʪ ʩʧʨʘʚʝʜʣʠʚʳ ʪʦʞʜʝʩʪʚʘ ʚʠʜʘ (28) ʠ (32) ʩ ʫʩʣʦʚʠʷʤʠ 

(27) ʠ (31) ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʝʨʚʦʦʙʨʘʟʥʳʭ ʚ ʧʦʜʩʣʫʯʘʝ 0<T<l ʠ ʪʦʞʜʝʩʪʚʦ 

ʚʠʜʘ (28) ʩ ʫʩʣʦʚʠʝʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʝʨʚʦʦʙʨʘʟʥʳʭ (27) ʧʦʜʩʣʫʯʘʝ .2lTl <¢

ʕʪʠ ʪʦʞʜʝʩʪʚʘ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

 ʘ) ʚ ʩʣʫʯʘʝ 0<T<l: 

[ ][ ] )38(,00),()(),(Ĕ)(Ĕ 11 ltʧʨʠTtvtTtvt t ¢¢¹-+- jy  

[ ][ ] )39(0),()(),(Ĕ)(Ĕ 11 ltTʧʨʠTtvtTtvt t ¢¢¹--- jy  

 

ʩʦ ʩʧʨʘʚʝʜʣʠʚʤrʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ  

[ ][ ] )40(,0),0()0(),0(Ĕ)0(Ĕ 11 =-+- TvTvt jy  

[ ][ ] )41(,0),()(),(Ĕ)(Ĕ 11 ¹--- TlvlTlvl t jy  

 b) :2lTl <¢  

[ ][ ] )42(200),()(),(Ĕ)(Ĕ 11 TltʧʨʠTtvtTtvt t -¢¢¹-+- jy  

ʩʦ ʩʧʨʘʚʝʜʣʠʚʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ 

[ ][ ] )43(,0),0()0(),0(Ĕ)0(Ĕ 11 =-+- TvTvt jy  

 

ʚ ʢʦʪʦʨʳʭ ʩʠʤʚʦʣ ),(Ĕ txvt  ʦʙʦʟʥʘʯʘʝʪ ʧʝʨʚʦʦʙʨʘʟʥʫʶ ʬʫʥʢʮʠʠ ),( txvt  ʧʦ ʭ ʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʚʝʥʩʪʚʦʤ  

[

[ ] )44(.),(Ĕ),(Ĕ

)(Ĕ)(Ĕ)()(
2

1
),(Ĕ

0

ù
ú

ø
+-+-++

+-+++--+=

ñ ttttt

yyjj

dtxftxf

txtxtxtxtxv

t

t

  

ʈʘʚʝʥʩʪʚʘ (36) ʠ (44) ʧʦʟʚʦʣʷʶʪ ʧʝʨʝʧʠʩʘʪʴ (38) - (43) ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 
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ñ ¢¢¹-+-+-+-+

T

ltʧʨʠdTtfTtTttt
0

11 )45(,00),(Ĕ)(Ĕ)()()(Ĕ tttyjjy

 

ñ ¢¢¹+-----+-

T

ltTʧʨʠdTtfTtTttt
0

11 0),(Ĕ)(Ĕ)()()(Ĕ tttyjjy
 

ʩʦ ʩʧʨʘʚʝʜʣʠʚʳʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ 

ñ ¢¢=----+

T

ltʧʨʠdTfTT
0

11 ,00),(Ĕ)(Ĕ)()0()0(Ĕ tttyjjy  

;0),(Ĕ)(Ĕ)()()(Ĕ

0

11 ñ ¢¢=+-----+-

T

ltTʧʨʠdTlfTlTlll tttyjjy  

ñ -¢¢¹-+-+-+-+

T

TltʧʨʠdTtfTtTttt
0

11 )46(200),(Ĕ)(Ĕ)()()(Ĕ tttyjjy  

ʩʦ ʩʧʨʘʚʝʜʣʠʚʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ 

ñ ¢¢=----+

T

ltʧʨʠdTfTT
0

11 )47(.00),(Ĕ)(Ĕ)()0()0(Ĕ tttyjjy  

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʩʦʦʪʥʦʰʝʥʠʡ (10) - (16) 

ʥʘʤ ʦʩʪʘʝʪʩʷ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʪʘʢ ʢʘʢ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʯʢʠ x=l ʬʫʥʢʮʠʷ )(xj  

ʷʚʣʷʝʪʩʷ ʥʝʯʝʪʥʦʡ, ʘ ʬʫʥʢʮʠʷ )(Ĕxy - ʯʝʪʥʦʡ, ʪʦ ʚʩʷʢʠʡ ʨʘʟ, ʢʦʛʜʘ ʘʨʛʫʤʝʥʪ t+T 

ʠʣʠ T ʙʦʣhɹʝ ʠʣʠ ʨʘʚʝʥ l, ʩʧʨʘʚʝʜʣʠʚʳ ʨʘʚʝʥʩʪʚʘ )2()( tTlTt ---=+ jj  ʠ 

).2(Ĕ)(Ĕ TtlTt --=+ yy ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʪʦʞʜʝʩʪʚʦ (45) ʜʦʣʞʥʦ ʙʳʪʴ 

ʧʝʨʝʧʠʩʘʥʦ ʚ ʚʠʜʝ ʜʚʫʭ ʪʦʞʜʝʩʪʚ (10) ʠ (11), ʘ ʪʦʞʜʝʩʪʚʦ (46) ʠ ʩʦʦʪʥʦʰʝʥʠʝ 

(47) ʜʦʣʞʥʳ ʙʳʪʴ ʧʝʨʝʧʠʩʘʥʳ ʚ ʚʠʜʝ (15) ʠ (16). ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʦʪʥʦʰʝʥʠʡ 

(10) - (12) ʠ (15) ʧʦʣʥʦʩʪʴʶ ʜʦʢʘʟʘʥʘ.  

 ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʜʦʩʪʘʪʦʯʥʦʩʪʠ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʜʦʢʘʟʘʪʴ, ʯʪʦ 

ʬʫʥʢʮʠʷ u(x, t), ʦʧʨʝʜʝʣʷʝʤʘʷ ʨʘʚʝʥʩʪʚʦʤ (17), ʧʨʠʥʘʜʣʝʞʠʪ ʢʣʘʩʩʫ )(Ĕ1

2 TQW , 

ʜʦʩʪʘʪʦʯʥʦ ʫʙʝʜʠʪʴʩʷ ʚ ʪʦʤ, ʯʪʦ ʬʫʥʢʮʠʷ F(t), ʦʧʨʝʜʝʣʷʝʤʘʷ ʩʦʦʪʥʦʰʝʥʠʷʤʠ 

(18) ï (21), ʧʨʠʥʘʜʣʝʞʠʪ ʢʣʘʩʩʫ ].2,0[1

2 lTW + ʉʦʦʪʥʦʰʝʥʠʷ (18) ï (21) ʧʦʟʚʦʣʷʶʪ 

ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʬʫʥʢʮʠʷ F(t) ʧʨʠʥʘʜʣʝʞʠʪ ʢʣʘʩʩʫ 1

2W  ʥʘ ʢʘʞʜʦʤ ʠʟ ʩʝʛʤʝʥʪʦʚ 

],2,[],,0[ lll ],[ lTT + ʠ ].2,[ lTlT ++  

 ʇʦʵʪʦʤʫ ʚ ʩʣʫʯʘʝ lT<<0 , ʪ. ʝ. ʢʦʛʜʘ  ,220 lTllTlT +<<+<<< ʜʣʷ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ  F(t)  ʢʣʘʩʩʫ ]2,0[1

2 lTW +  ʜʦʩʪʘʪʦʯʥʦ ʧʦʢʘʟʘʪʴ, 

ʯʪʦ: 1) ʟʥʘʯʝʥʠʷ F(t), ʦʧʨʝʜʝʣʷʝʤʳʝ ʨʘʚʝʥʩʪʚʘʤʠ (18) ʠ (20), ʩʦʚʧʘʜʘʶʪ ʤʝʞʜʫ 

ʩʦʙʦʡ ʧʨʠ ;ltT ¢¢  2) ʟʥʘʯʝʥʠʷ F(t), ʦʧʨʝʜʝʣʷʝʤʳʝ ʨʘʚʝʥʩʪʚʘʤʠ (19) ʠ (20), 
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ʩʦʚʧʘʜʘʶʪ ʤʝʞʜʫ ʩʦʙʦʡ ʧʨʠ ;lTtl +¢¢  3) ʟʥʘʯʝʥʠʷ F(t), ʦʧʨʝʜʝʣʷʝʤʳʝ 

ʨʘʚʝʥʩʪʚʘʤʠ (19) ʠ (21), ʩʦʚʧʘʜʘʶʪ ʤʝʞʜʫ ʩʦʙʦʡ ʧʨʠ .2ltlT ¢¢+  ʅʦ ʵʪʦ ʩʨʘʟʫ 

ʚʳʪʝʢʘʝʪ ʠʟ ʪʦʞʜʝʩʪʚ (10) ï (12). 

 ɺ ʩʣʫʯʘʝ lTl 2¢¢ , ʪʦ ʝʩʪʴ ʢʦʛʜʘ  ,2320 lTllTlTl +¢¢+¢¢¢<  ʜʣʷ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ  F(t) ʢʣʘʩʩʫ ]2,0[1

2 lTW +  ʜʦʩʪʘʪʦʯʥʦ ʫʙʝʜʠʪʴʩʷ 

ʚ ʪʦʤ, ʯʪʦ: 1) ʟʥʘʯʝʥʠʷ F(l), ʦʧʨʝʜʝʣʷʝʤʳʝ ʠʟ ʨʘʚʝʥʩʪʚ (18) ʠ (19), ʩʦʚʧʘʜʘʶʪ 

ʤʝʞʜʫ ʩʦʙʦʡ; 2) ʟʥʘʯʝʥʠʷ F(T+l), ʦʧʨʝʜʝʣʷʝʤʳʝ ʠʟ ʨʘʚʝʥʩʪʚ (20) ʠ (21), 

ʩʦʚʧʘʜʘʶʪ ʤʝʞʜʫ ʩʦʙʦʡ; 3) ʚ ʩʣʫʯʘʝ ,2lTl <¢  ʟʥʘʯʝʥʠʷ F(t), ʦʧʨʝʜʝʣʷʝʤʳʝ ʠʟ 

ʨʘʚʝʥʩʪʚ (19) ʠ (20), ʩʦʚʧʘʜʘʶʪ ʤʝʞʜʫ ʩʦʙʦʡ ʧʨʠ ltT 2¢¢ ; 4) ʚ ʩʣʫʯʘʝ T=2l 

ʟʥʘʯʝʥʠʷ F(2l), ʦʧʨʝʜʝʣʷʝʤʳʝ ʠʟ ʨʘʚʝʥʩʪʚ (19) ʠ (20),  ʩʦʚʧʘʜʘʶʪ ʤʝʞʜʫ ʩʦʙʦʡ. 

ʅʦ 1) ʠ 2) ʧʨʦʚʝʨʷʶʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʩʦʦʪʥʦʰʝʥʠʡ (18) ï (21), 

ʩʧʨʘʚʝʜʣʠʚʦʩʪʴ 3) ʩʨʘʟʫ ʚʳʪʝʢʘʝʪ ʠʟ ʪʦʞʜʝʩʪʚʘ (15), ʘ ʩʧʨʘʚʝʜʣʠʚʦʩʪʴ 4)  - ʠʟ 

ʩʦʦʪʥʦʰʝʥʠʷ (22). 

 ʀʪʘʢ, F(t) ʧʨʠʥʘʜʣʝʞʠʪ ʢʣʘʩʩʫ ]2,0[1

2 lTW +  ʠ ʧʦʵʪʦʤʫ ʬʫʥʢʮʠʷ u(x, t), 

ʦʧʨʝʜʝʣʷʝʤʘʷ ʨʘʚʝʥʩʪʚʦʤ (17), ʧʨʠʥʘʜʣʝʞʠʪ ʢʣʘʩʩʫ )(Ĕ1

2 TQW . 

 ʉ ʧʦʤʦʱʴʶ ʩʦʦʪʥʦʰʝʥʠʡ (18) ï (21) ʣʝʛʢʦ ʧʨʦʚʝʨʷʝʪʩʷ, ʯʪʦ ʜʣʷ ʚʩʝʭ 

],0[ lxÍ  ʩʧʨʘʚʝʜʣʠʚʳ ʨʘʚʝʥʩʪʚʘ )(),(),()0,( 1 xTxuxxu jj ==  ʠ ʜʣʷ ʧʦʯʪʠ ʚʩʝʭ 

],0[ lxÍ  - ʨʘʚʝʥʩʪʚʘ ).(),(),()0,( 1 xTxuxxu tt yy ==  

 ʆʩʪʘʝʪʩʷ ʜʦʢʘʟʘʪʴ, ʯʪʦ ʜʣʷ ʬʫʥʢʮʠʠ u(x, t), ʦʧʨʝʜʝʣʷʝʤʦʡ ʨʘʚʝʥʩʪʚʦʤ (17) 

ʠ ʜʣʷ ʛʨʘʥʠʯʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ),(),0( ttux m=  ʚʟʷʪʦʛʦ ʢʘʢ ʫʢʘʟʘʥʦ ʚ ʫʩʣʦʚʠʠ 

ʪʝʦʨʝʤʳ, ʩʧʨʘʚʝʜʣʠʚʦ ʪʦʞʜʝʩʪʚʦ (6) ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʫʥʢʮʠʠ ),( txF  ʠʟ 

ʦʧʨʝʜʝʣʝʥʠʷ 2.  

 ɺ ʩʠʣʫ (37) ʜʦʩʪʘʪʦʯʥʦ ʜʦʢʘʟʘʪʴ ʩʧʨʘʚʝʜʣʠʚʦʩʪʴ ʩʦʦʪʥʦʰʝʥʠʷ 

[ ] )48(.)0,()(),(),(),(),(),(),(
0 0 0 0 0

ññ ññ ñ F=F-F-F

l T l T l

ttxx dxxxdxdttxtxfdxdttxtxutxtxu y  

 ʆʪʤʝʪʠʤ, ʯʪʦ ʩʧʨʘʚʝʜʣʠʚʦʩʪʴ ʩʦʦʪʥʦʰʝʥʠʷ (48) ʜʣʷ ʬʫʥʢʮʠʠ (17) ʙʝʟ 

ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʩʣʘʛʘʝʤʦʛʦ, ʩʪʦʷʱʝʛʦ ʚ ʝʝ ʧʨʘʚʦʡ ʯʘʩʪʠ, ʫʩʪʘʥʦʚʣʝʥʘ ʚ [1]. 

ʇʦʵʪʦʤʫ ʥʘʤ ʜʦʩʪʘʪʦʯʥʦ ʜʦʢʘʟʘʪʴ, ʯʪʦ ʜʣʷ ʫʢʘʟʘʥʥʦʛʦ ʠʥʪʝʛʨʘʣʴʥʦʛʦ 

ʩʣʘʛʘʝʤʦʛʦ ʩʧʨʘʚʝʜʣʠʚʦ ʩʦʦʪʥʦʰʝʥʠʝ (48), ʚ ʢʦʪʦʨʦʤ ʧʨʘʚʘʷ ʯʘʩʪʴ ʦʪʩʫʪʩʪʚʫʝʪ, 

ʘ ʵʪʦ ʫʞʝ ʧʦʢʘʟʘʥʦ ʚ ʧʨʦʮʝʩʩʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʫʪʚʝʨʞʜʝʥʠʷ 2. ʊʝʦʨʝʤʘ  

ʧʦʣʥʦʩʪʴʶ ʜʦʢʘʟʘʥʘ. 

 ɿʘʤʝʯʘʥʠʝ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʘʥʘʣʦʛʠʯʥʳʭ ʟʘʜʘʯ ʜʣʷ ʪʝʣʝʛʨʘʬʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʩ ʧʝʨʝʤʝʥʥʳʤ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʚʠʜʘ 
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 ɼʘʨ ʤʘץʦʣʘ ʤʘʩʲʘʣʘʠ ʠʜʦʨʘʢʫʥʠʠ ʩʘʨ״ʘʜʠʠ ʨʘʚʘʥʜʠ ʣʘʧʠʰ״ʦʠ ʤʘĔʙʫʨ ʪʘʚʘʩʩʫʪʠ 

 .ʢʘʤ ʙʫʜʘʥʠ ʦʭʠʨʠ ʦʥ ʜʠʜʘ ʙʘʨʦʤʘʜʘ ʰʫʜʘʘʩʪ״ʘʥʛʦʤʠ ʤʫʩʪʘ״ ʫʚʚʘʠ ʯʘʥʜʠʨʠʠ ʘʚʚʘʣʠ ʪʦʨץ

ʘʥʛʦʤʠ 4׳ Ì ʙʫʜʘʥ, ʢʠ ʜʘʨ ʠʥ Ĕʦ l - ʜʘʨʦʟʠʠ ʪʦʨ ʚʘ T - ʣʘ״ʟʘʠ ʚʘץʪ ʤʝʙʦʰʘʜ, ʤʫʥʦʩʠʙʘʪ״ʦʝ 

ʦʚʘʨʜʘ ʰʫʜʘʘʥʜ, ʢʠ ʷʢץôøìþì ״ì÷Ąìîìùðìïôô ôðúüìöÿùôô ýìü״ìðôô ĔÿýþÿĔĘĄìîìùðìüú 

þìĆøôù øñùìøúċùð. Ôùăÿùôù, íìüúô ״ôýúíô úù Āúüøÿ÷ìô ìùì÷ôþôöôô úĄöúü ״úýô÷ 

öìüðì Ąÿðììýþ. 

ʂʘʣʠʤʘ״ʦʠ ʢʘʣʠʜ: ʠʜʦʨʘʢʫʥʠʠ ʩʘʨ״ʘʜ, ʨʘʚʘʥʜʠ ʣʘʧʠʰ״ʦʠ ʤʘĔʙʫʨʠʠ ʪʦʨ, ץʫʚʚʘʠ 

ʯʘʥʜʠʨ, ʘʡʥʠʷʪʠ ʠʥʪʝʛʨʘʣ. 

 

ON THE BOUNDARY CONTROL PRODUCED BY AN ELASTIC FORCE PROCESS 

AT ONE END OF THE SECOND IS FIXED THE FORCED STRINGS OSCILLATIONS 

FOR SMALL TIMES  

Abdukarimov M.F. 

Dushanbe branch of Lomonosov Moscow State University 

 In this article we considers the problem of boundary control of the elastic force at one end 

with the second fixed the process of forced vibrations of a string. When lT 2¢ , where l - length of 

the string and the T - point in time, given the ratio, ensuring the unique solubility of the desired 

boundary control. Explicit analytical formula to calculate it is also obtained.  

Key words: boundary control, process of forced vibrations of a string, the elastic force, the 

integral identity. 
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ʋʈɸɺʅɽʅʀʗ 

ɼʞʘʥʛʠʙʝʢʦʚ ɻ., ɸʨʘʙʟʦʜʘ ʂ. 

 ʊʘʜʞʠʢʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 ɺ ʨʘʙʦʪʝ ʥʘʡʜʝʥʦ ʷʚʥʦʝ ʨʝʰʝʥʠʝ ʦʜʥʦʛʦ ʜʚʫʤʝʨʥʦʛʦ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʚ ʩʝʨʠʠ 

ʚʝʩʦʚʳʭ ʙʘʥʘʭʦʚʳʭ ʧʨʦʩʪʨʘʥʩʪʚ ʬʫʥʢʮʠʡ 1)|<(|
~

zEb , ʛʜʝ ʠʥʪʝʛʨʘʣ ʧʦʥʠʤʘʝʪʩʷ ʚ 

ʩʧʝʮʠʘʣʴʥʦʤ ʩʤʳʩʣʝ, ʘ ʪʘʢʞʝ ʚ ʦʙʳʯʥʦʤ ʩʤʳʩʣʝ ʛʣʘʚʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʦ ʂʦʰʠ 

 ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʥʛʫʣʷʨʥʳʝ ʠʥʪʝʛʨʘʣʴʥʳʝ ʦʧʝʨʘʪʦʨʳ,  ʦʛʨʘʥʠʯʝʥʥʳʝ ʦʧʝʨʘʪʦʨʳ,  

ʨʷʜ ʌʫʨʴʝ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʌʫʨʴʝ. 

  

ɺ ʨʘʙʦʪʝ [1] ʜʘʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ  
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ʛʜʝ 21=),(exp==),(exp== lllarhxzj iiiiriyxz +++  ï ʧʨʦʠʟʚʦʣʴʥʳʡ 

ʢʦʤʧʣʝʢʩʥʳʡ ʧʘʨʘʤʝʪʨ, zds  ï ʵʣʝʤʝʥʪ ʧʣʦʱʘʜʠ, ʠʥʪʝʛʨʘʣ ʥʘʨʷʜʫ ʩ ʦʙʳʯʥʳʤ 

ʛʣʘʚʥʳʤ ʟʥʘʯʝʥʠʝʤ ʧʦ ʂʦʰʠ (ʢʦʛʜʘ ʦʥ ʧʦʥʠʤʘʝʪʩʷ ʢʘʢ ʧʨʝʜʝʣ ʠʥʪʝʛʨʘʣʘ ʧʦ 

ʦʙʣʘʩʪʠ ʩ ʚʳʨʝʟʘʥʥʳʤ ʢʨʫʛʦʤ ʩ ʮʝʥʪʨʦʤ ʚ ʪʦʯʢʝ z), ʪʘʢʞʝ ʧʦʥʠʤʘʝʪʩʷ ʚ 

ʩʧʝʮʠʘʣʴʥʦʤ ʩʤʳʩʣʝ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ )(zf  ʠ )(zg  ʚ ʦʙʣʘʩʪʠ 1|| ¢z  

ʧʨʠʥʘʜʣʝʞʘʪ ʦʜʥʦʤʫ ʠʟ ʩʝʨʠʠ ʩʧʝʮʠʘʣʴʥʦ ʧʦʩʪʨʦʝʥʥʳʭ ʙʘʥʘʭʦʚʳʭ ʧʨʦʩʪʨʘʥʩʪʚ 

ʬʫʥʢʮʠʡ ¤- <<12,<<0,
~

,
~

,
~

,
~

:
~

2/

0 pLMCCE p

p bbbbbb  (ʦʧʨʝʜʝʣʝʥʠʝ ʩʤ. ʚ [1]). 

ɼʦʢʘʟʘʥʦ, ʯʪʦ ʢʘʨʪʠʥʘ ʨʘʟʨʝʰʠʤʦʩʪʠ (1) ʟʘʚʠʩʠʪ ʦʪ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ 

l ʠ ,b ʠ ʢʦʥʝʯʥʦ ʦʪ ʪʦʛʦ, ʚ ʢʘʢʦʤ ʩʤʳʩʣʝ ʧʦʥʠʤʘʝʪʩʷ ʠʥʪʝʛʨʘʣ ʠʟ (1). ɺ 

ʥʘʩʪʦʷʱʝʡ ʟʘʤʝʪʢʝ, ʦʧʠʨʘʷʩʴ ʥʘ ʵʪʠ ʨʝʟʫʣʴʪʘʪʳ, ʤʳ ʜʘʝʤ ʷʚʥʦʝ ʨʝʰʝʥʠʝ 

ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (1) ʚ ʩʝʨʠʠ ʧʨʦʩʪʨʘʥʩʪʚ ʬʫʥʢʮʠʡ 1)|<(|
~

zEb . 

 1. ʋʨʘʚʥʝʥʠʝ (1) ʩʦ ʩʧʝʮʠʘʣʴʥʦʤ ʦʧʨʝʜʝʣʝʥʠʝʤ ʠʥʪʝʛʨʘʣʘ. 

ʈʘʩʩʤʦʪʨʠʤ ʫʨʘʚʥʝʥʠʝ (1) ʩʦ ʩʣʝʜʫʶʱʠʤ ʦʧʨʝʜʝʣʝʥʠʝʤ ʠʥʪʝʛʨʘʣʘ  
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ʛʜʝ 1,|<<|0 z  )(zf  - ʩʫʤʤʠʨʫʝʤʘʷ ʬʫʥʢʮʠʷ. ɺ ʪʦʯʢʘʭ 1|=|0,= zz  ʣʝʚʘʷ ʯʘʩʪʴ (2) 

ʜʦʦʧʨʝʜʝʣʷʝʪʩʷ ʩʚʦʠʤʠ ʧʨʝʜʝʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ, ʝʩʣʠ ʦʥʠ ʩʫʱʝʩʪʚʫʶʪ. ɺ 

ʜʘʣʴʥʝʡʰʝʤ ʦʧʝʨʘʪʦʨ, ʦʧʨʝʜʝʣʝʥʥʳʡ ʨʘʚʝʥʩʪʚʦʤ (2), ʙʫʜʝʤ ʦʙʦʟʥʘʯʘʪʴ ʯʝʨʝʟ 

),)(( zQf  ʘ ʫʨʘʚʥʝʥʠʝ (1) ʩ ʵʪʠʤ ʦʧʝʨʘʪʦʨʦʤ ʦʙʦʟʥʘʯʠʤ ʯʝʨʝʟ (11). ɺ ʵʪʦʤ ʧʫʥʢʪʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝ  

                   ).(=))(()( zgzQfzf l-                                ( 11 )                    

ʇʨʝʞʜʝ ʚʩʝʛʦ ʜʦʢʘʞʝʤ, ʯʪʦ ʠʤʝʝʪ ʤʝʩʪʦ  

ʃʝʤʤʘ 1.  ɽʩʣʠ ʚ (1) ʬʫʥʢʮʠʷ )(zf  ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʶ ɻʝʣʴʜʝʨʘ, ʪʦ 

ʠʥʪʝʛʨʘʣ ʩʫʱʝʩʪʚʫʝʪ ʚ ʩʤʳʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ (2) ʜʣʷ ʚʩʷʢʦʛʦ 0.¸z   

 

 ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʇʫʩʪʴ z  ʚʥʫʪʨʝʥʥʷʷ ʪʦʯʢʘ  
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 ʇʝʨʚʳʡ ʠʥʪʝʛʨʘʣ ʩʫʱʝʩʪʚʫʝʪ ʚ ʦʙʳʯʥʦʤ ʩʤʳʩʣʝ, ʘ ʚʪʦʨʦʡ ʠʥʪʝʛʨʘʣ  
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 ʇʨʦʠʟʚʦʜʷ ʟʘʤʝʥʫ zsz=  ʠ ʧʝʨʝʭʦʜʷ ʢ ʧʦʣʷʨʥʳʤ ʢʦʦʨʜʠʥʘʪʘʤ ),(exp= gts i  

ʧʦʣʫʯʠʤ  
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 ʇʦʵʪʦʤʫ  
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 ʠ ʩʫʱʝʩʪʚʫʝʪ ʧʨʝʜʝʣ  
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 ʕʪʦʪ ʧʨʝʜʝʣ ʩʫʱʝʩʪʚʫʝʪ ʠ ʜʣʷ z  ʣʝʞʘʱʝʛʦ ʥʘ ʛʨʘʥʠʮʝ, ʪ.ʝ. 1.|=| z  ɼʘʣʝʝ  
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ɽʩʣʠ z  ʣʝʞʠʪ ʥʘ ʛʨʘʥʠʮʝ, ʪʦ ʠʩʭʦʜʷ ʠʟ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʧʝʨʚʦʛʦ ʧʨʝʜʝʣʘ, 

ʠʩʭʦʜʥʳʡ ʧʨʝʜʝʣ ʥʫʞʥʦ ʧʦʥʠʤʘʪʴ ʢʘʢ ʝʛʦ ʧʨʝʜʝʣ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ 0̧z   
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 ʕʪʦ ʬʘʢʪʠʯʝʩʢʠ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʠʥʪʝʛʨʘʣ ʚ ʢʨʫʛʝ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ 

ʧʦʚʪʦʨʥʳʡ ʠʥʪʝʛʨʘʣ.  

ʃʝʤʤʘ 2.  ɽʩʣʠ 1),|<(|
~

)( zEzf bÍ  ʪʦ ʠʥʪʝʛʨʘʣ  ʚ ʩʤʳʩʣʝ (2) ʩʫʱʝʩʪʚʫʝʪ 

(ʜʣʷ 1)|<(|
~

2/ zLf p

p-Í b  ʧʦʯʪʠ ʧʨʠ ʚʩʝʭ 1<<,0 rr ), ʩʭʦʜʠʪʩʷ ʨʘʚʥʦʤʝʨʥʦ 

ʦʪʥʦʩʠʪʝʣʴʥʦ zarg=j  ʠ ʦʧʨʝʜʝʣʷʝʪ ʦʧʝʨʘʪʦʨ ))(( zQf  ʦʛʨʘʥʠʯʝʥʥʳʡ ʚ 

1),|<(|
~

zEb  ʧʨʠʯʝʤ  
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ừ
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ứ
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ȟ             ̐̑ ̉   π  ‍ ρȟ
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ς ‍
ȟ       ̐̑ ̉    ρ  ‍ ςȢ

 

  

  ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. a). ʉʣʫʯʘʡ .<<1),1|<(|
~

)( ¤Í pzLzf p  

ʇʨʝʜʩʪʘʚʠʤ ʬʫʥʢʮʠʶ )(zf  ʚ ʚʠʜʝ ʝʸ  ʨʷʜʘ ʌʫʨʴʝ ʧʦ ʫʛʣʫ za arg=   
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 (3) 

 ʇʨʝʞʜʝ ʚʩʝʛʦ ʧʦʢʘʞʝʤ, ʯʪʦ ʨʷʜ (3) ʩʭʦʜʠʪʩʷ ʧʨʠ ʧʦʯʪʠ ʚʩʝʭ r ʨʘʚʥʦʤʝʨʥʦ 

ʦʪʥʦʩʠʪʝʣʴʥʦ .a ʆʥ ʩʭʦʜʠʪʩʷ ʪʘʢʞʝ ʚ ʥʦʨʤʝ 1)|<(|
~
zpL  ʠ 1),|<(|zpL  ʝʩʣʠ )(rkf  

ʪʘʢʦʚʳ, ʯʪʦ (0,1).)(

1

pk

p Lf Írr  

ɼʝʡʩʪʚʠʪʝʣʴʥʦ ʜʣʷ ʚʩʷʢʦʡ ʬʫʥʢʮʠʠ 1,>1),|<(|
~

)( pLf p zzÍ  ʩʭʦʜʠʪʩʷ ʨʷʜ  
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 ʯʪʦ ʩʣʝʜʫʝʪ ʠʟ ʥʝʨʘʚʝʥʩʪʚʘ  
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 ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʦʯʪʠ ʜʣʷ ʚʩʝʭ r ʩʭʦʜʠʪʩʷ ʨʷʜ rr dfkk
|)(|

=ä
¤

-¤
, 

ʦʪʢʫʜʘ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʚʳʪʝʢʘʝʪ ʨʘʚʥʦʤʝʨʥʘʷ ʩʭʦʜʠʤʦʩʪʴ ʨʷʜʘ ʌʫʨʴʝ ʬʫʥʢʮʠʠ 

)(zf  ʧʦʯʪʠ ʜʣʷ ʚʩʝʭ r ʦʪʥʦʩʠʪʝʣʴʥʦ .a 

ɼʘʣʝʝ, ʝʩʣʠ )(rfk  ʪʘʢʦʚʳ, ʯʪʦ (0,1))(

1

pk

p Lf Írr  ʠ  
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df rrr  (4) 

 ʪʦ ʨʷʜ (3) ʩʭʦʜʠʪʩʷ ʚ ʩʤʳʩʣʝ 1)|<(| zLp  ʢ ʥʝʢʦʪʦʨʦʡ ʬʫʥʢʮʠʠ ),(zf  ʜʣʷ ʢʦʪʦʨʦʡ 

)(rkf  ʷʚʣʷʶʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʌʫʨʴʝ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ ʩʭʦʜʠʤʦʩʪʴ ʚʳʪʝʢʘʝʪ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʩʭʦʜʠʤʦʩʪʠ ʨʷʜʘ (4), ʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʯʣʝʥʥʦʛʦ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦ a ʩʣʝʜʫʝʪ ʠʟ ʨʘʚʥʦʤʝʨʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦ a ʩʭʦʜʠʤʦʩʪʠ 

ʧʦʯʪʠ ʜʣʷ ʚʩʝʭ .r 

ʀʪʘʢ, ʨʘʩʩʤʦʪʨʠʤ ʦʧʝʨʘʪʦʨ  
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ʛʜʝ ʠʥʪʝʛʨʘʣ ʧʦʥʠʤʘʝʪʩʷ ʚ ʩʤʳʩʣʝ (2). ʇʨʝʞʜʝ ʚʩʝʛʦ ʜʦʢʘʞʝʤ, ʯʪʦ ʠʥʪʝʛʨʘʣ (5) 

ʩʫʱʝʩʪʚʫʝʪ ʜʣʷ ʚʩʝʭ ,j ʧʨʠ ʧʦʯʪʠ ʚʩʝʭ ,r  ʧʨʠʯʝʤ ʩʭʦʜʠʪʩʷ ʨʘʚʥʦʤʝʨʥʦ 

ʦʪʥʦʩʠʪʝʣʴʥʦ j ʠ ʜʘʝʪ ʥʝʧʨʝʨʳʚʥʫʶ ʬʫʥʢʮʠʶ ʧʦ .j ʇʦʜʩʪʘʚʣʷʷ ʨʷʜ (3) ʚ (5), 

ʧʨʦʠʟʚʦʜʷ ʟʘʤʝʥʫ ,=,=,exp=,= jgatrgtssz +riz  ʧʦʣʫʯʠʤ  
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ʇʦʩʢʦʣʴʢʫ ʧʨʠ 0¢k  

                        
ρȟ             ̐̑ ̉   π  ‍ ρȟ

ȟ       ̐̑ ̉    ρ  ‍ ς
  

  

 ʠ ʧʨʠ 2²k  

                    
ȟ          ̐̑ ̉   π  ‍ ρȟ

ρ ȟ         ̐̑ ̉    ρ  ‍ ςȟ
  

  

 ʪʦ ʧʦʣʫʯʘʝʤ ʥʫʞʥʫʶ ʦʮʝʥʢʫ 

 

                    ᴁὗᴁ
ȟ             ̐̑ ̉   π  ‍ ρȟ

ȟ       ̐̑ ̉    ρ  ‍ ςȢ
  

  

ʏʪʦ ʢʘʩʘʝʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚ 1),|<(|
~

zCb  ʪʦ ʜʦʩʪʘʪʦʯʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʌʫʨʴʝ )(rkW  ʷʚʣʷʶʪʩʷ ʥʝʧʨʝʨʳʚʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʥʘ [0,1], 

ʧʨʠʯʝʤ 0=(0)kW  ʧʨʠ 0,¸k  ʯʪʦ ʩʣʝʜʫʝʪ ʠʟ ʪʦʛʦ ʞʝ ʬʘʢʪʘ ʜʣʷ )(rFk  ʠ 

ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʦʜʥʦʤʝʨʥʳʭ ʠʥʪʝʛʨʘʣʴʥʳʭ ʦʧʝʨʘʪʦʨʦʚ ʚ (0,1)0

bC  (ʯʠʩʣʠʪʝʣʠ 

ʥʝʧʨʝʨʳʚʥʦʡ ʬʫʥʢʮʠʠ ʦʙʨʘʱʘʝʪʩʷ ʚ ʥʫʣʴ ʧʨʠ 0=r ). 

ʅʝʪʨʫʜʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʫʢʘʟʘʥʥʳʝ ʦʮʝʥʢʠ ʥʦʨʤʳ ʜʘʶʪ ʝʝ ʪʦʯʥʦʝ ʟʥʘʯʝʥʠʝ. 

ɼʣʷ ʵʪʦʛʦ ʜʦʩʪʘʪʦʯʥʦ, ʧʨʠ 2<1 b¢  ʚʟʷʪʴ ʚ ʢʘʯʝʩʪʚʝ )(zf  ʬʫʥʢʮʠʶ ,
||

1
bz

 ʘ ʧʨʠ 

1<0 ¢b  ʬʫʥʢʮʠʶ .|| 2jbe iez -  

ʇʝʨʝʡʜʝʤ ʪʝʧʝʨʴ ʢ ʨʘʩʩʤʦʪʨʝʥʠʶ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʠʥʪʝʛʨʘʣʴʥʦʛʦ 

ʫʨʘʚʥʝʥʠʷ )(11 , ʛʜʝ ʠʥʪʝʛʨʘʣ ʧʦʥʠʤʘʝʪʩʷ ʚ ʩʤʳʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ (2). ɺ [1] ʜʘʥʘ 

ʧʦʣʥʘʷ ʢʘʨʪʠʥʘ ʨʘʟʨʝʰʠʤʦʩʪʠ ʫʨʘʚʥʝʥʠʝ ʚ ʩʝʨʠʠ ʙʘʥʘʭʦʚʳʭ ʧʨʦʩʪʨʘʥʩʪʚ 

ʬʫʥʢʮʠʡ 1)|<(|
~

zE  (ʩʤ.ʪʝʦʨʝʤʫ 2 ʠʟ [1]). ɺ ʯʘʩʪʥʦʩʪʠ ʠʟ ʫʢʘʟʘʥʥʦʡ ʨʘʙʦʪʳ 

ʩʣʝʜʫʝʪ, ʯʪʦ ʝʩʣʠ ʚʳʧʦʣʥʝʥʦ ʫʩʣʦʚʠʝ  

      ὙὩ‗
ȟ             ̐̑ ̉   π  ‍ ρȟ

ȟ       ̐̑ ̉    ρ  ‍ ςȟ
                                          (7) 

 ʪʦ ʫʨʘʚʥʝʥʠʝ )(11  ʙʝʟʫʩʣʦʚʥʦ ʨʘʟʨʝʰʠʤʦ ʝʜʠʥʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʚ 1).|<(| zEb  

ɿʜʝʩʴ ʥʘʩ ʠʥʪʝʨʝʩʫʝʪ ʚʦʧʨʦʩ ʥʘʭʦʞʜʝʥʠ ̫ʷʚʥʦʛʦ ʚʠʜʘ ʫʢʘʟʘʥʥʦʛʦ ʨʝʰʝʥʠʷ. 
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ʇʦ ʩʭʝʤʝ [1], ʫʤʥʦʞʘʷ ʫʨʘʚʥʝʥʠʝ )(11  ʥʘ )(exp)(2 1 jp ik--  ʠ ʠʥʪʝʛʨʠʨʫʷ ʧʦ j 

ʦʪ 0 ʜʦ ,2p ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʌʫʨʴʝ ʠʩʢʦʤʦʡ ʬʫʥʢʮʠʠ ʧʦ 

ʘʨʛʫʤʝʥʪʫ j ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʫʶ ʩʠʩʪʝʤʫ ʥʝʟʘʚʠʩʠʤʳʭ ʤʝʞʜʫ ʩʦʙʦʡ 

ʦʜʥʦʤʝʨʥʳʭ ʠʥʪʝʛʨʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩ ʷʜʨʘʤʠ, ʦʜʥʦʨʦʜʥʳʤʠ ʧʦʨʷʜʢʘ (-1):  
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 (8) 

ʉʦʛʣʘʩʦʚʘʥʠʝ ʢʣʘʩʩʦʚ ʧʨʠʚʦʜʠʪ ʢ ʟʘʢʣʶʯʝʥʠʶ, ʯʪʦ ʝʩʣʠ ʠʩʭʦʜʥʦʝ 

ʫʨʘʚʥʝʥʠʝ )(11  ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ 1),|<(| zEb  ʪʦ ʦʜʥʦʤʝʨʥʳʝ ʠʥʪʝʛʨʘʣʴʥʳʝ 

ʫʨʘʚʥʝʥʠʷ (8) ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʧʨʦʩʪʨʘʥʩʪʚʘʭ p

p

LMCC 1

0 ,,,
-b

bbb  ʥʘ ʦʪʨʝʟʢʝ 

[0,1]. ʅʝʪʨʫʜʥʦ ʧʨʦʚʝʨʠʪʴ ʚʳʧʦʣʥʝʥʠʝ ʫʩʣʦʚʠʡ ʩʫʤʤʠʨʫʝʤʦʩʪʠ ʥʘ ʷʜʨʘ 

ʫʨʘʚʥʝʥʠʡ (8) (ʩʤ.[2],[3]). 

ʇʫʩʪʴ ʪʝʧʝʨʴ ʫʩʣʦʚʠʝ (7) ʚʳʧʦʣʥʝʥʦ. ʊʦʛʜʘ ʧʦʢʘʞʝʤ, ʯʪʦ ʢʘʞʜʦʝ ʠʟ 

ʦʜʥʦʤʝʨʥʳʭ ʫʨʘʚʥʝʥʠʡ (8) ʠʤʝʶʪ ʝʜʠʥʩʪʚʝʥʥʳʝ ʨʝʰʝʥʠʷ ʚʠʜʘ  
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   (9) 

 ʛʜʝ ).(122= kk --- lm  

ʇʨʝʞʜʝ ʚʩʝʛʦ ʥʝʪʨʫʜʥʦ ʧʨʦʚʝʨʠʪʴ, ʯʪʦ ʝʩʣʠ )(rgk  ʧʨʠʥʘʜʣʝʞʠʪ ʦʜʥʦʤʫ ʠʟ 

ʧʨʦʩʪʨʘʥʩʪʚ (0,1),
~
bE  ʪʦ ʪʘʢʦʡ ʞʝ ʙʫʜʝʪ ),(rfk  ʪ.ʝ. ʦʧʝʨʘʪʦʨʳ 1,2

kI Gl-  ʧʝʨʝʚʦʜʷʪ 

ʵʪʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʩʝʙʷ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ ʫʩʣʦʚʠʝ ʩʫʤʤʠʨʫʝʤʦʩʪʠ ʧʨʠ 0¢k  ʠʤʝʝʪ ʚʠʜ  

 ,<||

1

0

1 ¤ñ
-- rr bm d  

ʪ.ʝ.  0>)(122 bl ---- kRek , ʘ ʧʦʩʢʦʣʴʢʫ l ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʥʝʨʘʚʝʥʩʪʚʫ (7), ʪʦ 

ʫʩʣʦʚʠʝ ʚʳʧʦʣʥʝʥʦ. 

ʋʩʣʦʚʠʝ ʩʫʤʤʠʨʫʝʤʦʩʪʠ ʧʨʠ 2²k  ʚʦ ʚʪʦʨʦʡ ʬʦʨʤʫʣʝ (9) ʠʤʝʝʪ ʚʠʜ  

 ,<||
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1 ¤ñ
¤

-- rr bm d  

ʪ.ʝ.  0,<)(122 bl ---- kRek  ʯʪʦ ʪʘʢʞʝ ʚ ʩʠʣʫ (7) ʚʳʧʦʣʥʝʥʦ. 

ʆʮʝʥʢʘ ʥʦʨʤʳ ʦʧʝʨʘʪʦʨʦʚ ))(( rfQ kk  ʚʦ ʚʩʝʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ (0,1)bE  ʙʫʜʝʪ 

ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ 01,<<0 ¢kb  ʠ 1,<2 lRe  ʪʦ ʦʙʦʟʥʘʯʠʚ ʯʝʨʝʟ  
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ʇʨʠʤʝʥʷʷ ʢ ʚʥʫʪʨʝʥʥʝʤʫ ʠʥʪʝʛʨʘʣʫ ʥʝʨʘʚʝʥʩʪʚʦ ɻʝʣʴʜʝʨʘ, ʧʦʣʫʯʠʤ:  
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ʊʝʧʝʨʴ, ʝʩʣʠ ʬʫʥʢʮʠʷ )(rgk  ʧʨʠʥʘʜʣʝʞʠʪ ʧʨʦʩʪʨʘʥʩʪʚʫ (0,1)
~
bE  (ʧʨʠ ʣʶʙʳʭ 

)<< ¤¤- k , ʪʦ ʬʫʥʢʮʠʷ )(rfk  ʦʧʨʝʜʝʣʷʝʤʦʝ ʧʦ ʬʦʨʤʫʣʝ (9), ʫʜʦʚʣʝʪʚʦʨʷʝʪ 
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ʫʨʘʚʥʝʥʠʶ (8). ɼʝʡʩʪʚʠʪʝʣʴʥʦ ʵʪʦ ʩʣʝʜʫʝʪ ʠʟ ʣʝʛʢʦ ʧʨʦʚʝʨʷʝʤʦʛʦ ʪʦʞʜʝʩʪʚʘ 

ʜʣʷ ʦʧʝʨʘʪʦʨʦʚ kQ  ʠ kG  ʠʟ (8) ʠ (9):  

 .= kkkk QQ -GGl   (10) 

 

ʊʝʧʝʨʴ ʠʟ ʨʝʰʝʥʠʷ (9) ʦʜʥʦʤʝʨʥʳʭ ʠʥʪʝʛʨʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ (8) ʧʦ 

ʬʦʨʤʫʣʝ jik
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=ä
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-¤
 ʩʦʩʪʘʚʠʤ ʨʝʰʝʥʠʝ ʠʩʭʦʜʥʦʛʦ ʫʨʘʚʥʝʥʠʝ (11 )  
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ʇʨʦʩʫʤʤʠʨʦʚʘʚ ʧʦʣʫʯʝʥʥʳʡ ʨʷʜ, ʦʢʦʥʯʘʪʝʣʴʥʦ ʧʦʣʫʯʠʤ  

ʊʝʦʨʝʤʘ 1.  ʇʫʩʪʴ )(zg  ʧʨʠʥʘʜʣʝʞʠʪ ʦʜʥʦʤʫ ʠʟ ʙʘʥʘʭʦʚʳʭ ʧʨʦʩʪʨʘʥʩʪʚ 

ʬʫʥʢʮʠʡ ,<<12,<<0,
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ʫʩʣʦʚʠʶ  
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 ʊʦʛʜʘ ʫʨʘʚʥʝʥʠʝ )(11  ʚ 2<<1),0|<(|
~

bb zE  ʙʝʟʫʩʣʦʚʥʦ ʨʘʟʨʝʰʠʤʦ 

ʝʜʠʥʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ:  
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 ʛʜʝ ʠʥʪʝʛʨʘʣ ʧʦʥʠʤʘʝʪʩʷ ʚ ʩʧʝʮʠʘʣʴʥʦʤ ʩʤʳʩʣʝ (2).  

 

  2. ʋʨʘʚʥʝʥʠʝ (1) ʩ ʦʙʳʯʥʳʤ ʛʣʘʚʥʳʤ ʟʥʘʯʝʥʠʝʤ ʠʥʪʝʛʨʘʣʘ. 

ʇʝʨʝʭʦʜʠʤ ʢ ʨʘʩʩʤʦʪʨʝʥʠʶ ʫʨʘʚʥʝʥʠʷ )(12  ʩ ʦʙʳʯʥʳʤ ʛʣʘʚʥʳʤ 

ʟʥʘʯʝʥʠʝʤ ʠʥʪʝʛʨʘʣʘ  
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 ʊʝʦʨʝʤʘ 2.  ʆʧʝʨʘʪʦʨ ))(( zPf  ʦʛʨʘʥʠʯʝʥ ʚ ʢʘʞʜʦʤ ʠʟ ʧʨʦʩʪʨʘʥʩʪʚ 
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 ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʂʦʛʜʘ )(zf  ʧʨʠʥʘʜʣʝʞʠʪ ʦʜʥʦʤʫ ʠʟ ʫʢʘʟʘʥʥʳʭ 

ʧʨʦʩʪʨʘʥʩʪʚ, ʪʦ ʠʥʪʝʛʨʘʣ (12) ʩʫʱʝʩʪʚʫʝʪ ʜʣʷ ʧʦʯʪʠ ʚʩʝʭ .z ɼʝʡʩʪʚʠʪʝʣʴʥʦ, 

ʝʩʣʠ 1)|<(|)( zz bCf Í  ʠʣʠ 1)|<(|zbM  ʧʨʠ 2,<<0 b  ʪʦ ʦʯʝʚʠʜʥʦ, 1)|<(|)( zz qLf Í  ʩ 

ʥʝʢʦʪʦʨʳʤ 1,>q  ʘ ʪʦʛʜʘ ʫʪʚʝʨʞʜʘʝʤʳʡ ʬʘʢʪ ʠʟʚʝʩʪʝʥ (ʩʤ.ʥʘʧʨ.[4]). 
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ʇʦʣʘʛʘʷ db -2=  ʠ ʚʳʙʠʨʘʷ 0q  ʠ 1>q  ʪʘʢ, ʯʪʦʙʳ ʚʳʧʦʣʥʷʣʠʩʴ ʥʝʨʘʚʝʥʩʪʚʘ 
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ʇʦʵʪʦʤʫ ʚʪʦʨʦʡ ʤʥʦʞʠʪʝʣʴ ʚ (14) ʢʦʥʝʯʝʥ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ  
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ʇʨʝʩʣʝʜʫʷ ʮʝʣʴ ʚʳʯʠʩʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʌʫʨʴʝ ʧʦ zarg=j  ʟʥʘʯʝʥʠʷ 

ʦʧʝʨʘʪʦʨʘ ),)(( zPf  ʧʦʢʘʞʝʤ ʧʨʝʞʜʝ ʚʩʝʛʦ ʜʦʧʫʩʪʠʤʦʩʪʴ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦ j 

ʧʦʜ ʟʥʘʢʦʤ ʠʥʪʝʛʨʘʣʘ ʚ (12), ʧʨʠʯʝʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚ (12) ʧʨʦʠʟʚʝʜʝʤ ʟʘʤʝʥʫ 

.= zsz  ʕʪʠ ʟʘʤʝʥʳ ʜʦʧʫʩʪʠʤʳ, ʪʘʢ ʢʘʢ ʠʭ ʤʦʞʥʦ ʤʳʩʣʠʪʴ ʩʜʝʣʘʥʥʳʤʠ ʜʦ 

ʧʨʝʜʝʣʴʥʦʛʦ ʧʝʨʝʭʦʜʘ, ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʛʣʘʚʥʦʝ ʟʥʘʯʝʥʠʝ ʠʥʪʝʛʨʘʣʘ, ʘ 

ʧʦʣʫʯʝʥʥʳʡ ʧʦʩʣʝ ʟʘʤʝʥ ʠʥʪʝʛʨʘʣ ʧʦʥʠʤʘʪʴ ʢʘʢ ʧʨʝʜʝʣ ʠʥʜʫʮʠʨʦʚʘʥʥʳʡ 

ʧʝʨʚʦʥʘʯʘʣʴʥʳʤ ʧʨʝʜʝʣʦʤ. ʇʨʠ ʵʪʦʤ ʙʫʜʝʤ ʩʥʘʯʘʣʘ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ )(zf  

ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʶ ɻʝʣʴʜʝʨʘ ʩ ʧʦʢʘʟʘʪʝʣʝʤ .a 

ʀʪʘʢ ʠʤʝʝʤ  
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ʧʨʠʯʝʤ, ʢʘʢ ʫʞʝ ʫʢʘʟʳʚʘʣʦʩʴ ʚʳʰʝ ʵʪʦʪ ʧʨʝʜʝʣ ʩʫʱʝʩʪʚʫʝʪ ʧʦʯʪʠ ʜʣʷ ʚʩʝʭ ,z  

ʢʦʛʜʘ )(zf  ʧʨʠʥʘʜʣʝʞʠʪ ʦʜʥʦʤʫ ʠʟ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʨʦʩʪʨʘʥʩʪʚ (ʧʦʢʘ 

az Hf Í)(  ʠ ʠʥʪʝʛʨʘʣ ʥʝʧʨʝʨʳʚʝʥ ʧʦ j ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʳʭ 0,1|| ¸z ). 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʫʩʪʘʥʦʚʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦ j ʧʦʜ 

ʟʥʘʢʦʤ ʨʘʩʩʤʘʪʨʠʚʘʤʦʛʦ ʠʥʪʝʛʨʘʣʘ, ʜʦʩʪʘʪʦʯʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʧʨʝʜʝʣ 

ʜʦʩʪʠʛʘʝʪʩʷ ʨʘʚʥʦʤʝʨʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ,j ʠʥʳʤʠ ʩʣʦʚʘʤʠ, ʯʪʦ ʜʣʷ ʚʩʷʢʦʛʦ d 

ʥʘʡʜʝʪʩʷ ʪʘʢʦʝ ,0e  ʯʪʦ  
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ɺʪʦʨʦʡ ʠʥʪʝʛʨʘʣ, ʧʦʥʠʤʘʝʤʳʡ ʚ ʩʤʳʩʣʝ ʛʣʘʚʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʨʘʚʝʥ ʥʫʣʶ, ʘ 

ʧʝʨʚʳʡ ʦʮʝʥʠʚʘʝʪʩʷ ʠʥʪʝʛʨʘʣʦʤ, ʢʦʪʦʨʳʡ ʩʢʦʣʴ ʫʛʦʜʥʦ ʤʘʣ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ 

ʤʘʣʦʤ e ʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ .j ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʚʥʦʤʝʨʥʘʷ ʩʭʦʜʠʤʦʩʪʴ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ,j ʘ ʪʝʤ ʩʘʤʳʤ ʜʦʧʫʩʪʠʤʦʩʪʴ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦʜ ʟʥʘʢʦʤ 

ʠʥʪʝʛʨʘʣʘ ʜʣʷ )(zf  ʥʝʧʨʝʨʳʚʥʳʭ ʧʦ ɻʝʣʴʜʝʨʫ ʜʦʢʘʟʘʥʘ. 

ʇʝʨʝʭʦʜʷ ʢ ʚʳʯʠʩʣʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʌʫʨʴʝ ʟʥʘʯʝʥʠʷ ʦʧʝʨʘʪʦʨʘ 

),(=))(( zzPf w  ʧʨʠʤʝʤ ʚʦ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʬʫʥʢʮʠʷ ),(zf  ʧʨʠʥʘʜʣʝʞʘʱʘʷ ʦʜʥʦʤʫ 

ʠʟ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʨʦʩʪʨʘʥʩʪʚ, ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʵʣʝʤʝʥʪʦʤ 1)|<(|zqL  ʩ 

ʥʝʢʦʪʦʨʳʤ 1,>q  ʘʧʧʨʦʢʩʠʤʠʨʫʝʤ ʝʝ ʬʫʥʢʮʠʷʤʠ ),()( znf  ʥʝʧʨʝʨʳʚʥʳʤʠ ʧʦ 



34 
 

ɻʝʣʴʜʝʨʫ, ʚ ʥʦʨʤʝ 1)|<(|zqL . ɺʳʯʠʩʣʷʷ ʩ ʧʦʤʦʱʴʶ ʚʳʯʝʪʦʚ ʧʦʣʫʯʝʥʥʳʡ 

ʠʥʪʝʛʨʘʣ ʧʦ ʫʛʣʫ za arg=  ʙʫʜʝʤ ʠʤ 

‫ ὶ
ὋὪ ὶ Ὢ ὶȟ      ̐̑ ̉ Ὧ πȟ

ὋὪ ὶ Ὢ ὶȟ      ̐̑ ̉ Ὧ ρȟ
                  (15) 

 ʛʜʝ ʦʧʝʨʘʪʦʨʳ ))(( )(1,2 rf n

kkG  ʦʧʨʝʜʝʣʝʥʳ ʚ (9). ʇʦʢʘʞʝʤ ʪʝʧʝʨʴ, ʯʪʦ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʌʫʨʴʝ ʜʣʷ ʟʥʘʯʝʥʠʷ ʦʧʝʨʘʪʦʨʘ )(zw  ʥʘ ʬʫʥʢʮʠʠ ),(zf  

ʧʨʠʥʘʜʣʝʞʘʱʝʡ ʦʜʥʦʤʫ ʠʟ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʨʦʩʪʨʘʥʩʪʚ, ʪʘʢʞʝ ʚʳʨʘʞʘʶʪʩʷ 

ʬʦʨʤʫʣʘʤʠ ʚʠʜʘ (15). 

ʉ ʵʪʦʡ ʮʝʣʴʶ ʧʨʝʞʜʝ ʚʩʝʛʦ ʟʘʤʝʪʠʤ, ʯʪʦ ʚ ʩʠʣʫ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʦʧʝʨʘʪʦʨʘ 

))(( zPf  ʚ 1)|<(| zLq  ʠʟ ʩʭʦʜʠʤʦʩʪʠ )()()( zfzf n ­  ʚ ʥʦʨʤʝ 1)|<(| zLq  ʚʳʪʝʢʘʝʪ, ʯʪʦ 

)()()( zzn ww ­  ʚ ʥʦʨʤʝ 1)|<(| zLq . ɼʘʣʝʝ ʦʪʤʝʪʠʤ, ʯʪʦ ʝʩʣʠ )(zg  ʧʨʠʥʘʜʣʝʞʠʪ 

1,>1),|<(| qzLq  ʪʦ ʝʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʌʫʨʴʝ, ʦʙʣʘʜʘʶʪ ʩʚʦʡʩʪʚʦʤ: (0,1),)(
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ɸʥʘʣʦʛʠʯʥʳʝ ʦʮʝʥʢʠ ʧʦʣʫʯʘʶʪʩʷ ʜʣʷ ʦʧʝʨʘʪʦʨʦʚ .(2)
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 ɸʃʃʀ ʆʐʂʆʈʀ ʗʂ ʄʋʆɼʀʃɸʀ ʀʅʊɽɻʈɸʃʀʀ ɼʋʏɽʅɸʂɸ׳

Ṉʘʥʛʠʙʝʢʦʚ ɻ., ɸʨʘʙʟʦʜʘ ʂ. 

ɼʦʥʠʰʛʦ״ʠ ʤʠʣʣʠʠ ʊʦֹוʠʢʠʩʪʦʥ 

ɼʘʨ ʤʘץʦʣʘ ״ʘʣʣʠ ʦʰʢʦʨʠ ʷʢ ʤʫʦʜʠʣʘʠ ʠʥʪʝʛʨʘʣʠʠ ʜʫʯʝʥʘʢʘ ʜʘʨ ʩʠʣʩʠʣʘʠ ʬʘʟʦ״ʦʠ 

ʚʘʟʥʜʦʨʠ ʬʫʥʢʩʠʷ״ʦʠ  % ȿÚ ȿ  ρ ʸʬʪʘ ʰʫʜʘʘʩʪ, ʢʠ ʜʘʨ ʦʥ ʠʥʪʝʛʨʘʣ ʙʘ ʪʘʚʨʠ ʤʘʭʩʫʩ ʚʘ 

ʠʥʯʫʥʠʥ ʙʘ ʤʘʲʥʦʠ ץʠʤʘʪʠ ʘʩʦʩʠʠ ʂʦʰʠ ʬʘ״ʤʠʜʘ ʤʝʰʘʚʘʥʜ. 

ʂʘʣʠʤʘ״ʦʠ ʢʘʣʠʜ : ʦʧʝʨʘʪʦʨʠ ʠʥʪʝʛʨʘʣʠʠ ʩʠʥʛʫʣʷʨ , ʤʘ״ʜʫʜʠʷʪʠ ʦʧʝʨʘʪʦʨ״ʦ,  ץʘʪʦʨʠ 

ʌʫʨʡʝ, ʢʦʵʬʬʠʩʠʝʥʪ״ʦʠ ʌʫʨʡʝ. 

  

OF SOME SINGULAR INTEGRAL OPERATOR WITH EVEN CHARACTERISTIC  

Jangibekov G., Arabzoda K. 

Tajik national University  

In explores some classes of systems of two dimensional singular integral operators and on a 

limited area. Found effective necessary and sufficient conditions for Noetherian in the space of 

lebeg and the formula for the rate us index. 

  Key words:   singular integral operators, noetherian operators, the index of operator, 

operator. 

 

ʉʚʝʜʝʥʠʷ ʦʙ ʘʚʪʦʨʘʭ. ɼʞʘʥʛʠʙʝʢʦʚ ɻʫʣʭʦʜʞʘ, ʜʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʌɸɼʋ ʊʘʜʞʠʢʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. 734025, ʈʝʩʧʫʙʣʠʢʘ 

ʊʘʜʞʠʢʠʩʪʘʥ, ʛ. ɼʫʰʘʥʙʝ, ʧʨ. ʈʫʜʘʢʠ, 17. ʊʝʣ.: +992 (93) 503-6342, E-mail: gulkhoja@list.ru 

ɸʨʘʙʟʦʜʘ ʂ., ʘʩʧʠʨʘʥʪ ʢʘʬʝʜʨʳ ʌɸɼʋ ʊʘʜʞʠʢʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ʊʝʣ.: 

+992 (93) 526-0291.  

 

 

 

ʋɼʂ 517.968.73 

 

ʆɹ ʆɼʅʆʄ ʂʃɸʉʉɽ ʄʆɼɽʃʔʅʓʍ ʀʅʊɽɻʈʆ-

ɼʀʌʌɽʈɽʅʎʀɸʃʔʅʓʍ ʋʈɸɺʅɽʅʀʁ ʇɽʈɺʆɻʆ ʇʆʈʗɼʂɸ ʉ 

ʇʈɸɺʆʁ ʉʀʅɻʋʃʗʈʅʆʁ ʊʆʏʂʆʁ ɺ ʗɼʈɽ  

ɿʘʨʠʧʦʚ ʉ.ʂ. 

ʊʘʜʞʠʢʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ɼʣʷ ʦʜʥʦʛʦ ʤʦʜʝʣʴʥʦʛʦ ʠʥʪʝʛʨʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʩ ʦʜʥʦʡ 

ʧʨʘʚʦʡ ʩʠʥʛʫʣʷʨʥʦʡ ʪʦʯʢʦʡ ʚ ʷʜʨʝ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʨʥʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ 

ʫʨʘʚʥʝʥʠʷ, ʥʘʡʜʝʥʳ ʠʥʪʝʛʨʘʣʴʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʤʥʦʛʦʦʙʨʘʟʠʷ ʨʝʰʝʥʠʡ. ʇʦʩʪʨʦʝʥʳ 

ʘʥʘʣʦʛʠ ʪʝʦʨʝʤʳ ʌʨʝʜʛʦʣʴʤʘ ʜʣʷ ʜʘʥʥʦʛʦ ʠʥʪʝʛʨʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ. 

ʀʩʧʦʣʴʟʦʚʘʥʥʳʡ ʤʝʪʦʜ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʜʣʷ ʠʟʫʯʝʥʠʷ ʤʦʜʝʣʴʥʳʭ ʠ ʥʝʤʦʜʝʣʴʥʳʭ ʠʥʪʝʛʨʦ-

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚʳʩʰʝʛʦ ʧʦʨʷʜʢʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ:  ʤʦʜʝʣʴʥʦʝ ʠʥʪʝʛʨʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʝ, ʛʨʘʥʠʯʥʳʝ 

ʩʠʥʛʫʣʷʨʥʳʝ ʪʦʯʢʠ, ʠʥʪʝʛʨʘʣʴʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ, ʠʥʪʝʛʨʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ, 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ. 
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ɺɺɽɼɽʅʀɽ 

ʊʝʦʨʠʷ ʠʥʪʝʛʨʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʪʠʧʘ ɺʦʣʴʪʝʨʘ, ʥʘʯʠʥʘʷ ʩ 

ʢʣʘʩʩʠʯʝʩʢʠʭ, ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʦʨʠʛʠʥʘʣʴʥʳʭ ʨʘʙʦʪ ʩʘʤʦʛʦ ɺ. ɺʦʣʴʪʝʨʘ, ʠ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʭʦʜʠʪ ʩʚʦʸ ʨʘʟʚʠʪʠʝ. ʀʤʝʝʪʩʷ ʦʙʰʠʨʥʳʡ ʩʧʠʩʦʢ 

ʧʫʙʣʠʢʘʮʠʡ [][]201- , ʧʦʩʚʷʱʸʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʶ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ ʠʥʪʝʛʨʦ-

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʪʠʧʘ ʌʨʝʜʛʦʣʴʤʘ ʠ ɺʦʣʴʪʝʨʘ. ʅʘʧʨʠʤʝʨ, ʚ []2  

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʙʳʢʥʦʚʝʥʥʦʝ ʠʥʪʝʛʨʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ  
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ʧʨʠʯʸʤ ʣʠʙʦ b=x , ʣʠʙʦ x=x . ʕʪʦ ʫʨʘʚʥʝʥʠʝ ʚ ʣʠʥʝʡʥʦʤ ʩʣʫʯʘʝ, ʪ.ʝ., ʢʦʛʜʘ  
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ʠ b=x  ʠʟʫʯʝʥʦ ʚ ʠʟʚʝʩʪʥʦʡ ʨʘʙʦʪʝ ɸ.ʀ.ʅʝʢʨʘʩʦʚʘ []3, ʘ ʚ ʜʨʫʛʠʭ ʩʣʫʯʘʷʭ - ʝʛʦ 

ʧʦʩʣʝʜʦʚʘʪʝʣʷʤʠ. 

 ʄʥʦʛʠʝ ʟʘʜʘʯʠ, ʠʤʝʶʱʠʝ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ, ʧʨʠʚʦʜʷʪʩʷ ʢ ʠʟʫʯʝʥʠʶ 

ʩʠʥʛʫʣʷʨʥʦʛʦ ʠʥʪʝʛʨʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʚʠʜʘ 
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ʢʦʪʦʨʦʝ ʚʧʝʨʚʳʝ ʨʘʩʩʤʦʪʨʝʣ ʃ.ɻ. ʄʘʛʥʘʨʘʜʟʝ ʚ ʨʘʙʦʪʝ []4. ʏʘʩʪʥʳʤ ʩʣʫʯʘʝʤ 
ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʷʚʣʷʝʪʩʷ ʩʠʥʛʫʣʷʨʥʦʝ ʠʥʪʝʛʨʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ 

ʇʨʘʥʜʪʣʷ 
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ʥʘʭʦʞʜʝʥʠʶ ʨʝʰʝʥʠʷ ʢʦʪʦʨʦʛʦ ʧʦʩʚʷʱʝʥʦ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʨʘʙʦʪ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʨʘʙʦʪʳ ʀ.ʅ. ɺʝʢʫʘ []6  ʠ ʃ.ɻ. ʄʘʛʥʘʨʘʜʟʝ []5 . 

ʊʘʢʞʝ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʪʝʦʨʠʷ ʣʠʥʝʡʥʳʭ ʠ ʥʝʣʠʥʝʡʥʳʭ ʧʨʷʤʳʭ ʠ 

ʦʙʨʘʪʥʳʭ ʟʘʜʘʯ ʜʣʷ ʠʥʪʝʛʨʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʢʦʪʦʨʳʝ 

ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʨʘʙʦʪʘʭ [][]157 - , ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʱʝʝʩʷ 

ʥʘʧʨʘʚʣʝʥʠʝ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʦʨʠʠ ʠʥʪʝʛʨʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ.  

ɺʘʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ ʨʘʙʦʪʘʭ ʅ. ʈʘʜʞʘʙʦʚʘ [][]1816-  

ʙʳʣʘ ʩʦʟʜʘʥʘ ʥʦʚʘʷ ʤʝʪʦʜʠʢʘ ʜʣʷ ʠʟʫʯʝʥʠʷ ʠʥʪʝʛʨʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩ 

ʩʠʥʛʫʣʷʨʥʳʤʠ ( )1=a  ʠ ʩʚʝʨʭʩʠʥʛʫʣʷʨʥʳʤʠ ( )1>a  ʷʜʨʘʤʠ ʚʠʜʘ 
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ɿʘʤʝʪʠʤ, ʯʪʦ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ, ʚ ʦʩʥʦʚʥʦʤ, ʠʟʫʯʘʣʠʩʴ ʠʥʪʝʛʨʦ-

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʩ ʨʝʛʫʣʷʨʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʠʣʠ 

ʩʠʥʛʫʣʷʨʥʳʝ ʠʥʪʝʛʨʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʩ ʠʥʪʝʛʨʘʣʘʤʠ, 

ʧʦʥʠʤʘʝʤʳʤʠ ʚ ʩʤʳʩʣʝ ʛʣʘʚʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʦ ʂʦʰʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʧʨʦʩ ʦʙ 

ʠʟʫʯʝʥʠʠ ʠʥʪʝʛʨʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ  ʷʜʨʘ, ʢʦʪʦʨʳʭ ʠʤʝʶʪ 

ʦʩʦʙʝʥʥʦʩʪʠ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʠ ʚʳʰʝ, ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʦʩʪʘʸʪʩʷ 

ʦʪʢʨʳʪʳʤ. ʇʦʵʪʦʤʫ ʚ ʦʪʣʠʯʠʝ ʦʪ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʨʘʙʦʪ ʤʳ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ 

ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠʥʪʝʛʨʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ, ʷʜʨʦ ʢʦʪʦʨʦʛʦ 

ʠʤʝʝʪ ʦʩʦʙʝʥʥʦʩʪʠ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʠ ʩ ʠʥʪʝʛʨʘʣʘʤʠ, ʧʦʥʠʤʘʝʤʳʤʠ ʥʝ ʚ 

ʩʤʳʩʣʝ ʛʣʘʚʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʦ ʂʦʰʠ. 

 

ʇʆʉʊɸʅʆɺʂɸ ɿɸɼɸʏʀ ʀ ɽɽ ʈɽʐɽʅʀɽ 

ʇʫʩʪʴ { }bxax <<=G :  - ʤʥʦʞʝʩʪʚʦ ʪʦʯʝʢ ʥʘ ʚʝʱʝʩʪʚʝʥʥʦʡ ʦʩʠ. ʅʘ G 

ʨʘʩʩʤʦʪʨʠʤ ʤʦʜʝʣʴʥʦʝ ʠʥʪʝʛʨʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ 

ʩ ʦʜʥʦʡ ʧʨʘʚʦʡ ʩʠʥʛʫʣʷʨʥʦʡ ʪʦʯʢʦʡ ʚ ʷʜʨʝ 
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xy
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M
xy

2
,               (1) 

ʛʜʝ NM ,  - ʟʘʜʘʥʥʳʝ ʧʦʩʪʦʷʥʥʳʝ ʯʠʩʣʘ, ()xg  - ʟʘʜʘʥʥʘʷ ʬʫʥʢʮʠʷ ʥʘ G, ()xy  - 

ʠʩʢʦʤʘʷ ʬʫʥʢʮʠʷ.  

ʆʧʨʝʜʝʣʝʥʠʝ 1. ʋʨʘʚʥʝʥʠʝ (1) ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʠʥʪʝʛʨʦ-

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʝʤ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʩ ʩʠʥʛʫʣʷʨʥʳʤ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ, ʢʦʛʜʘ ʩʪʝʧʝʥʴ ʚʳʨʘʞʝʥʠʷ ( )tb-  ʚ ʟʥʘʤʝʥʘʪʝʣʝ ʧʦʜ 

ʠʥʪʝʛʨʘʣʦʤ ʨʘʚʥʘ ʜʚʫʤ; ʩʦ ʩʚʝʨʭʩʠʥʛʫʣʷʨʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʦʤ, ʢʦʛʜʘ ʵʪʘ 

ʩʪʝʧʝʥʴ ʙʦʣʴʰʝ ʜʚʫʭ ʠ ʩʦ ʩʣʘʙʦʩʠʥʛʫʣʷʨʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ, ʢʦʛʜʘ ʦʥʘ 

ʤʝʥʴʰʝ ʜʚʫʭ.  

ʂʘʢ ʚʠʜʥʦ ʠʟ (1) ʷʜʨʦ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʷʚʣʷʝʪʩʷ ʥʝ ʬʨʝʜʛʦʣʴʤʦʚʳʤ ʠ 

ʧʦʵʪʦʤʫ ʩʫʱʝʩʪʚʫʝʪ ʪʘʢʦʝ ʤʥʝʥʠʝ, ʯʪʦ ʠʟʫʯʝʥʠʝ ʪʘʢʠʭ ʫʨʘʚʥʝʥʠʡ ʥʝ ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʳʤ, ʪʘʢ  ʢʘʢ ʥʘʭʦʜʷʱʠʝʩʷ ʪʘʤ ʠʥʪʝʛʨʘʣʳ ʙʫʜʫʪ ʨʘʩʭʦʜʷʱʠʤʠʩʷ. 

ʆʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʚ ʢʘʢʦʤ ʢʣʘʩʩʝ ʤʳ ʙʫʜʝʤ ʠʩʢʘʪʴ 

ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (1), ʚʦʧʨʦʩ ʦʙ ʠʟʫʯʝʥʠʠ ʫʨʘʚʥʝʥʠʷ (1) ʩʪʘʥʦʚʠʪʩʷ 

ʘʢʪʫʘʣʴʥʳʤ ʠ, ʧʨʠʯʸʤ ʜʘʸʪ ʪʘʢʠʝ ʵʬʬʝʢʪʳ, ʢʦʪʦʨʳʝ ʚ ʩʫʱʝʩʪʚʫʶʱʝʡ ʪʝʦʨʠʠ ʥʝ 

ʥʘʙʣʶʜʘʣʠʩʴ, ʠ ʦʥʠ ʚ ʥʝʢʦʪʦʨʦʤ ʩʤʳʩʣʝ ʦʙʦʙʱʘʶʪ ʵʪʫ ʪʝʦʨʠʶ.  

ʇʨʝʞʜʝ ʚʩʝʛʦ, ʯʝʨʝʟ [ ]baC
b

,¡  ʦʙʦʟʥʘʯʠʤ ʢʣʘʩʩ ʪʘʢʠʭ ʬʫʥʢʮʠʡ, ʢʦʪʦʨʳʝ 

ʠʤʝʶʪ ʧʨʦʠʟʚʦʜʥʳʝ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʠ ʚ ʪʦʯʢʝ bx=  ʦʙʨʘʱʘʶʪʩʷ ʚ ʥʫʣʴ ʩ 

ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʤ ʧʦʚʝʜʝʥʠʝʤ 

() ( )[ ] 1,
1

1 >-= g
g

xboxy  .    (2) 
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ʀʩʧʦʣʴʟʫʷ ʤʝʪʦʜʳ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʚ [][]2019- , ʨʝʰʝʥʠʝ ʦʜʥʦʨʦʜʥʦʛʦ 

ʫʨʘʚʥʝʥʠʷ (1) ʙʫʜʝʤ ʠʩʢʘʪʴ ʚ ʢʣʘʩʩʝ [ ]baC
b

,¡ , ʪ.ʝ. ʚ ʚʠʜʝ ()( )mxbxy -= , ʛʜʝ 1>m . 

ʊʦʛʜʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ m ʧʦʣʫʯʠʤ ʘʣʛʝʙʨʘʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ  

( ) 012 =-++- NMM mm ,     (3) 

ʢʦʪʦʨʦʝ ʥʘʟʦʚʸʤ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʤ ʫʨʘʚʥʝʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʦʜʥʦʨʦʜʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (1). ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʨʥʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ 

ʫʨʘʚʥʝʥʠʷ (3) ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (1) ʧʦʣʫʯʠʤ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

I . 1. ʇʫʩʪʴ ( ) ( ) 041
2

>--+= NMMD , ʪʦʛʜʘ ʦʙʱʝʝ ʨʝʰʝʥʠʝ ʦʜʥʦʨʦʜʥʦʛʦ 

ʫʨʘʚʥʝʥʠʷ (1) ʜʘʸʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʬʦʨʤʫʣʳ  

()( ) ( )
21

21 cxbcxbxy
mm

-+-= , 

ʛʜʝ 
2

1
2,1

DM °+
=m , 

21
, cc  - ʧʨʦʠʟʚʦʣʴʥʳʝ ʧʦʩʪʦʷʥʥʳʝ ʯʠʩʣʘ. 

ʇʫʩʪʴ ʢʦʨʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ (3) ʫʜʦʚʣʝʪʚʦʨʷʶʪ 

ʥʝʨʘʚʝʥʩʪʚʫ 
21

1 mm<< , ʪʦʛʜʘ, ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜ ʚʘʨʠʘʮʠʠ ʧʨʦʠʟʚʦʣʴʥʳʭ 

ʧʦʩʪʦʷʥʥʳʭ, ʨʝʰʝʥʠʝ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (1), ʣʝʛʢʦ ʥʘʭʦʜʠʤ ʚ ʪʘʢʦʤ 

ʚʠʜʝ: 

()( ) ( )
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ɼʣʷ ʩʭʦʜʠʤʦʩʪʠ ʠʥʪʝʛʨʘʣʦʚ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ (4), ʪʨʝʙʫʝʤ, ʯʪʦʙʳ ʬʫʥʢʮʠʷ 

()xg  ʚ ʪʦʯʢʝ bx=  ʦʙʨʘʱʘʣʘʩʴ ʚ ʥʫʣʴ ʩ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʤ ʧʦʚʝʜʝʥʠʝʤ:  

() ( )[ ] 1,
21

1 ->-= md
d

xboxg .      (5) 

ɿʘʤʝʪʠʤ, ʯʪʦ ʝʩʣʠ ʚʳʧʦʣʥʷʝʪʩʷ ʥʝʨʘʚʝʥʩʪʚʦ 
21

1 mm<< , ʪʦʛʜʘ ʧʦʣʫʯʝʥʥʦʝ 

ʨʝʰʝʥʠʝ (4) ʧʨʠʥʘʜʣʝʞʠʪ ʢʣʘʩʩʫ [ ]baC
b

,¡ . 

ʇʦʜʩʪʘʚʣʷʷ ʚʳʨʘʞʝʥʠʷ (4) ʚ ʫʨʘʚʥʝʥʠʝ (1) ʣʝʛʢʦ ʥʘʭʦʜʠʤ, ʯʪʦ ʦʥʦ ʚ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʵʪʦʤʫ ʫʨʘʚʥʝʥʠʶ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʦʢʘʟʘʥʦ: 

ʊʝʦʨʝʤʘ 1. ʇʫʩʪʴ ʚ ʠʥʪʝʛʨʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤ ʫʨʘʚʥʝʥʠʠ (1) 

ʢʦʵʬʬʠʮʠʝʥʪʳ M  ʠ N  ʪʘʢʠʝ, ʯʪʦ ʢʦʨʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ (3) 

ʷʚʣʷʶʪʩʷ ʚʝʱʝʩʪʚʝʥʥʳʤʠ ʠ ʨʘʟʥʳʤʠ ʠ 
21

1 mm<< . ʌʫʥʢʮʠʷ () [ ]baCxg ,Í  ʠ 

() 0=bg  ʩ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʤ ʧʦʚʝʜʝʥʠʝʤ (5). 

ʊʦʛʜʘ ʦʜʥʦʨʦʜʥʦʝ ʫʨʘʚʥʝʥʠʝ (1) ʠʤʝʝʪ ʜʚʘ ʣʠʥʝʡʥʦ ʥʝʟʘʚʠʩʠʤʳʭ ʨʝʰʝʥʠʷ, 

ʘ ʥʝʦʜʥʦʨʦʜʥʦʝ ʫʨʘʚʥʝʥʠʝ (1) ʚ ʢʣʘʩʩʝ ʬʫʥʢʮʠʡ () [ ]baCxy
b

,¡Í , ʦʙʨʘʱʘʶʱʠʭʩʷ ʚ 

ʥʫʣʴ ʚ ʪʦʯʢʝ bx= , ʚʩʝʛʜʘ ʨʘʟʨʝʰʠʤʦ ʠ ʝʛʦ ʦʙʱʝʝ ʨʝʰʝʥʠʝ ʩʦʜʝʨʞʠʪ ʜʚʝ 

ʧʨʦʠʟʚʦʣʴʥʳʭ ʧʦʩʪʦʷʥʥʳʭ ʠ ʜʘʸʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʬʦʨʤʫʣʳ (4). 
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ʊʝʧʝʨʴ ʧʫʩʪʴ 
21

1 mm << . ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʠʟ ʚʳʨʘʞʝʥʠʷ (4) ʩʣʝʜʫʝʪ, ʯʪʦ ʝʩʣʠ 

ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (1) ʧʨʠ 1
1
<m  ʩʫʱʝʩʪʚʫʝʪ, ʪʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʥʦ 

ʧʨʠʥʘʜʣʝʞʘʣʦ ʢʣʘʩʩʫ [ ]baC
b

,¡ , ʧʨʦʠʟʚʦʣʴʥʘʷ ʧʦʩʪʦʷʥʥʘʷ 
1
ʩ ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʚʥʘ 

ʥʫʣʶ, ʪ.ʝ. ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (1) ʠʤʝʝʪ ʚʠʜ: 

()( )

( ) ( ) () ()[ ].,,011
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  (6) 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʪʦʞʝ ʜʣʷ ʩʭʦʜʠʤʦʩʪʠ ʠʥʪʝʛʨʘʣʦʚ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ (6) ʬʫʥʢʮʠʷ 

()xg  ʜʦʣʞʥʘ ʦʙʨʘʱʘʪʴʩʷ ʚ ʥʫʣʴ ʩ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʤ ʧʦʚʝʜʝʥʠʝʤ (5). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʤʝʝʪ ʤʝʩʪʦ ʩʣʝʜʫʶʱʘʷ ʪʝʦʨʝʤʘ: 

ʊʝʦʨʝʤʘ 2. ʇʫʩʪʴ ʚ ʠʥʪʝʛʨʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤ ʫʨʘʚʥʝʥʠʠ (1) 

ʢʦʵʬʬʠʮʠʝʥʪʳ M  ʠ N  ʪʘʢʠʝ, ʯʪʦ ʢʦʨʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ (3) 

ʷʚʣʷʶʪʩʷ ʚʝʱʝʩʪʚʝʥʥʳʤʠ ʠ ʨʘʟʥʳʤʠ ʠ 
21

1 mm << . ʌʫʥʢʮʠʷ () [ ]baCxg ,Í  ʠ 

() 0=bg  ʩ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʤ ʧʦʚʝʜʝʥʠʝʤ (5). 

ʊʦʛʜʘ ʦʜʥʦʨʦʜʥʦʝ ʫʨʘʚʥʝʥʠʝ (1) ʠʤʝʝʪ ʦʜʥʦ ʣʠʥʝʡʥʦ ʥʝʟʘʚʠʩʠʤʦʝ ʨʝʰʝʥʠʝ, 

ʘ ʥʝʦʜʥʦʨʦʜʥʦʝ ʫʨʘʚʥʝʥʠʝ (1) ʚ ʢʣʘʩʩʝ ʬʫʥʢʮʠʡ () [ ]baCxy
b

,¡Í , ʦʙʨʘʱʘʶʱʠʭʩʷ ʚ 

ʥʫʣʴ ʚ ʪʦʯʢʝ bx= , ʚʩʝʛʜʘ ʨʘʟʨʝʰʠʤʦ ʠ ʝʛʦ ʦʙʱʝʝ ʨʝʰʝʥʠʝ ʩʦʜʝʨʞʠʪ ʦʜʥʫ 

ʧʨʦʠʟʚʦʣʴʥʫʶ ʧʦʩʪʦʷʥʥʫʶ ʠ ʜʘʸʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʬʦʨʤʫʣʳ (6).  

ɽʩʣʠ 1
21
<<mm , ʪʦʛʜʘ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (1) 

ʧʨʠʥʘʜʣʝʞʘʣʦ ʢʣʘʩʩʫ [ ]baC
b

,¡ , ʦʙʝ ʧʨʦʠʟʚʦʣʴʥʳʭ ʧʦʩʪʦʷʥʥʳʭ 
1
ʩ ʠ 

2
ʩ ʜʦʣʞʥʳ 

ʨʘʚʥʷʪʴʩʷ ʥʫʣʶ, ʪ.ʝ. ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʦʜʥʦʨʦʜʥʦʝ ʫʨʘʚʥʝʥʠʝ (1) ʠʤʝʝʪ ʪʦʣʴʢʦ 

ʥʫʣʝʚʦʝ ʨʝʰʝʥʠʝ, ʘ ʥʝʦʜʥʦʨʦʜʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʢʘʞʜʦʡ ʬʫʥʢʮʠʠ () [ ]baCxg ,Í  

ʠ () 0=bg  ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ, ʢʦʪʦʨʦʝ ʜʘʸʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʬʦʨʤʫʣʳ: 
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mm  (7) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʤʝʝʪ ʤʝʩʪʦ ʩʣʝʜʫʶʱʘʷ ʪʝʦʨʝʤʘ: 

ʊʝʦʨʝʤʘ 3. ʇʫʩʪʴ ʚ ʠʥʪʝʛʨʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤ ʫʨʘʚʥʝʥʠʠ (1) 

ʢʦʵʬʬʠʮʠʝʥʪʳ M  ʠ N  ʪʘʢʠʝ, ʯʪʦ ʢʦʨʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ (3) 

ʷʚʣʷʶʪʩʷ ʚʝʱʝʩʪʚʝʥʥʳʤʠ ʠ ʨʘʟʥʳʤʠ ʠ 1
21
<<mm . ʌʫʥʢʮʠʷ () [ ]baCxg ,Í  ʠ 

() 0=bg .ʊʦʛʜʘ ʦʜʥʦʨʦʜʥʦʝ ʫʨʘʚʥʝʥʠʝ (1) ʠʤʝʝʪ ʪʦʣʴʢʦ ʪʨʠʚʠʘʣʴʥʦʝ ʨʝʰʝʥʠʝ, ʘ 

ʥʝʦʜʥʦʨʦʜʥʦʝ ʫʨʘʚʥʝʥʠʝ (1) ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ, ʢʦʪʦʨʦʝ ʜʘʸʪʩʷ ʧʨʠ 

ʧʦʤʦʱʠ ʬʦʨʤʫʣʳ (7).  

ʆʙʲʝʜʠʥʷʷ ʚʳʰʝʧʨʠʚʝʜʸʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʠʥʪʝʛʨʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ 

ʫʨʘʚʥʝʥʠʷ (1), ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʘʥʘʣʦʛ ʦʙ ʘʣʴʪʝʨʥʘʪʠʚʝ ʌʨʝʜʛʦʣʴʤʘ ʚ ʪʘʢʦʤ 

ʚʠʜʝ: 
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ɸʥʘʣʦʛ ʪʝʦʨʝʤʳ ʦʙ ʘʣʴʪʝʨʥʘʪʠʚʝ ʌʨʝʜʛʦʣʴʤʘ ʜʣʷ ʠʥʪʝʛʨʦ-

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (1) ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʢʦʨʥʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ (3) ʷʚʣʷʶʪʩʷ ʚʝʱʝʩʪʚʝʥʥʳʤʠ ʠ ʨʘʟʥʳʤʠ: 

ɽʩʣʠ ʢʦʨʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ (3) ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʫʩʣʦʚʠʶ 

1
21
<<mm , ʪʦ ʦʜʥʦʨʦʜʥʦʝ ʫʨʘʚʥʝʥʠʝ (1) ʠʤʝʝʪ ʪʦʣʴʢʦ ʪʨʠʚʠʘʣʴʥʦʝ ʨʝʰʝʥʠʝ, ʘ 

ʥʝʦʜʥʦʨʦʜʥʦʝ ʫʨʘʚʥʝʥʠʝ (1) ʜʣʷ ʢʘʞʜʦʡ ʬʫʥʢʮʠʠ () [ ]baCxg ,Í  ʠ () 0=bg  ʠʤʝʝʪ 

ʨʝʰʝʥʠʝ, ʠ ʧʨʠʪʦʤ ʝʜʠʥʩʪʚʝʥʥʦʝ, ʢʦʪʦʨʦʝ ʜʘʸʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (7). ɽʩʣʠ ʢʦʨʥʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ (3) ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʫʩʣʦʚʠʶ 
21

1 mm << , ʪʦ 

ʦʜʥʦʨʦʜʥʦʝ ʫʨʘʚʥʝʥʠʝ (1) ʠʤʝʝʪ ʥʝʪʨʠʚʠʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ʠ ʝʛʦ ʦʙʱʝʝ ʨʝʰʝʥʠʝ 

ʩʦʜʝʨʞʠʪ ʦʜʥʫ ʧʨʦʠʟʚʦʣʴʥʫʶ ʧʦʩʪʦʷʥʥʫʶ, ʘ ʥʝʦʜʥʦʨʦʜʥʦʝ ʫʨʘʚʥʝʥʠʝ (1) 

ʨʘʟʨʝʰʠʤʦ ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʝʛʦ ʧʨʘʚʘʷ ʯʘʩʪʴ ʫʜʦʚʣʝʪʚʦʨʷʝʪ 

ʫʩʣʦʚʠʶ (5). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝʦʜʥʦʨʦʜʥʦʝ ʫʨʘʚʥʝʥʠʝ (1) ʠʤʝʝʪ ʙʝʩʢʦʥʝʯʥʦʝ 

ʯʠʩʣʦ ʨʝʰʝʥʠʡ ʠ ʝʛʦ ʦʙʱʝʝ ʨʝʰʝʥʠʝ ʪʦʞʝ ʩʦʜʝʨʞʠʪ ʦʜʥʫ ʧʨʦʠʟʚʦʣʴʥʫʶ 

ʧʦʩʪʦʷʥʥʫʶ, ʢʦʪʦʨʦʝ ʜʘʸʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʬʦʨʤʫʣʳ (6). ɽʩʣʠ ʢʦʨʥʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ (3) ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʫʩʣʦʚʠʶ 
21

1 mm<< , ʪʦ 

ʦʜʥʦʨʦʜʥʦʝ ʫʨʘʚʥʝʥʠʝ (1) ʠʤʝʝʪ ʜʚʘ ʣʠʥʝʡʥʦ ʥʝʟʘʚʠʩʠʤʳʭ ʨʝʰʝʥʠʷ ʠ ʝʛʦ ʦʙʱʝʝ 

ʨʝʰʝʥʠʝ ʩʦʜʝʨʞʠʪ ʜʚʝ ʧʨʦʠʟʚʦʣʴʥʳʭ ʧʦʩʪʦʷʥʥʳʭ, ʘ ʥʝʦʜʥʦʨʦʜʥʦʝ ʫʨʘʚʥʝʥʠʝ 

(1) ʨʘʟʨʝʰʠʤʦ ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʝʛʦ ʧʨʘʚʘʷ ʯʘʩʪʴ ʫʜʦʚʣʝʪʚʦʨʷʝʪ 

ʫʩʣʦʚʠʶ (5). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʪʦʞʝ ʥʝʦʜʥʦʨʦʜʥʦʝ ʫʨʘʚʥʝʥʠʝ (1) ʠʤʝʝʪ 

ʙʝʩʢʦʥʝʯʥʦʝ ʯʠʩʣʦ ʨʝʰʝʥʠʡ ʠ ʝʛʦ ʦʙʱʝʝ ʨʝʰʝʥʠʝ ʟʘʚʠʩʠʪ ʦʪ ʜʚʫʭ ʧʨʦʠʟʚʦʣʴʥʳʭ 

ʧʦʩʪʦʷʥʥʳʭ, ʢʦʪʦʨʦʝ ʜʘʸʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (4). 

II . ʇʫʩʪʴ 0=D  ʠ 1
2

1
>

+
=

M
m , ʪʦʛʜʘ ʣʝʛʢʦ ʤʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʦʙʱʝʝ 

ʨʝʰʝʥʠʝ ʦʜʥʦʨʦʜʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (1) ʜʘʸʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʬʦʨʤʫʣʳ  

()( ) ( ) ( )
43

ln ʩxbxbʩxbxy --+-=
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ʘ ʨʝʰʝʥʠʝ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (1) ʜʘʸʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʬʦʨʤʫʣʳ  
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  (8) 

ʛʜʝ 
43

, cc  - ʧʨʦʠʟʚʦʣʴʥʳʝ ʧʦʩʪʦʷʥʥʳʝ ʯʠʩʣʘ.  

ɿʘʤʝʪʠʤ, ʯʪʦ ʝʩʣʠ ʧʦʚʝʜʝʥʠʝ ʬʫʥʢʮʠʠ ()xg  ʚ ʪʦʯʢʝ bx=  ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ 

ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʡ ʬʦʨʤʫʣʳ  

() ( )[ ] 1,
2

2 ->-= md
d

xboxg , ʢʦʛʜʘ bx­ ,           (9) 

ʪʦʛʜʘ ʠʥʪʝʛʨʘʣʳ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ (8) ʙʫʜʫʪ ʩʭʦʜʷʱʠʤʠʩʷ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʤʝʝʪ ʤʝʩʪʦ ʩʣʝʜʫʶʱʘʷ ʪʝʦʨʝʤʘ: 
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ʊʝʦʨʝʤʘ 4. ʇʫʩʪʴ ʚ ʠʥʪʝʛʨʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤ ʫʨʘʚʥʝʥʠʠ (1) 

ʢʦʵʬʬʠʮʠʝʥʪʳ M  ʠ N  ʪʘʢʠʝ, ʯʪʦ ʢʦʨʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ (3) 

ʷʚʣʷʶʪʩʷ ʚʝʱʝʩʪʚʝʥʥʳʤʠ ʠ ʨʘʚʥʳʤʠ ʠ 1
2

1
>

+
=

M
m . ʌʫʥʢʮʠʷ () [ ]baCxg ,Í  ʠ 

() 0=bg  ʩ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʤ ʧʦʚʝʜʝʥʠʝʤ (9). ʊʦʛʜʘ ʦʜʥʦʨʦʜʥʦʝ ʫʨʘʚʥʝʥʠʝ (1) 

ʠʤʝʝʪ ʜʚʘ ʣʠʥʝʡʥʦ ʥʝʟʘʚʠʩʠʤʳʭ ʨʝʰʝʥʠʷ, ʘ ʥʝʦʜʥʦʨʦʜʥʦʝ ʫʨʘʚʥʝʥʠʝ ʚʩʝʛʜʘ 

ʨʘʟʨʝʰʠʤʦ ʠ ʝʛʦ ʦʙʱʝʝ ʨʝʰʝʥʠʝ ʩʦʜʝʨʞʠʪ ʜʚʝ ʧʨʦʠʟʚʦʣʴʥʳʭ ʧʦʩʪʦʷʥʥʳʭ ʠ 

ʜʘʸʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʬʦʨʤʫʣʳ (8). 

ɽʩʣʠ 1<m , ʪʦʛʜʘ ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʨʝʰʝʥʠʝ ʚʠʜʘ (8) ʧʨʠʥʘʜʣʝʞʘʣʦ ʢʣʘʩʩʫ 

[ ]a,bCb
¡ , ʧʨʦʠʟʚʦʣʴʥʳʝ ʧʦʩʪʦʷʥʥʳʝ 

3
c  ʠ 

4
c  ʜʦʣʞʥʳ ʨʘʚʥʷʪʴʩʷ ʥʫʣʶ, ʪ.ʝ. 0

3
=c , 

0
4
=c . ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (1) ʠʤʝʝʪ ʚʠʜ:  
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  (10) 

ɿʘʤʝʪʠʤ, ʯʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝʦʜʥʦʨʦʜʥʦʝ ʫʨʘʚʥʝʥʠʝ (1) ʜʣʷ ʢʘʞʜʦʡ 

ʬʫʥʢʮʠʠ () [ ]baCxg ,Í  ʠ () 0=bg  ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ. 

ʊʝʦʨʝʤʘ 5. ʇʫʩʪʴ ʚ ʠʥʪʝʛʨʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤ ʫʨʘʚʥʝʥʠʠ (1) 

ʢʦʵʬʬʠʮʠʝʥʪʳ M  ʠ N  ʪʘʢʠʝ, ʯʪʦ ʢʦʨʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ (3) 

ʷʚʣʷʶʪʩʷ ʚʝʱʝʩʪʚʝʥʥʳʤʠ ʠ ʨʘʚʥʳʤʠ ʠ 1<m . ʌʫʥʢʮʠʷ () [ ]baCxg ,Í  ʠ () 0=bg .  

ʊʦʛʜʘ ʦʜʥʦʨʦʜʥʦʝ ʫʨʘʚʥʝʥʠʝ (1) ʠʤʝʝʪ ʪʦʣʴʢʦ ʥʫʣʝʚʦʝ ʨʝʰʝʥʠʝ, ʘ 

ʥʝʦʜʥʦʨʦʜʥʦʝ ʫʨʘʚʥʝʥʠʝ ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ, ʢʦʪʦʨʦʝ ʜʘʸʪʩʷ ʧʨʠ 

ʧʦʤʦʱʠ ʬʦʨʤʫʣʳ (10). 

 ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʘʥʘʣʦʛ ʦʙ ʘʣʴʪʝʨʥʘʪʠʚʝ ʌʨʝʜʛʦʣʴʤʘ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʚ 

ʪʘʢʦʤ ʚʠʜʝ. 

ɸʥʘʣʦʛ ʪʝʦʨʝʤʳ ʦʙ ʘʣʴʪʝʨʥʘʪʠʚʝ ʌʨʝʜʛʦʣʴʤʘ ʜʣʷ ʠʥʪʝʛʨʦ-

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (1) ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʢʦʨʥʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ (3) ʷʚʣʷʶʪʩʷ ʚʝʱʝʩʪʚʝʥʥʳʤʠ ʠ ʨʘʚʥʳʤʠ. 

 ɽʩʣʠ ʢʦʨʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ (3) ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʫʩʣʦʚʠʶ 

1<m , ʪʦ ʦʜʥʦʨʦʜʥʦʝ ʫʨʘʚʥʝʥʠʝ (1) ʠʤʝʝʪ ʪʦʣʴʢʦ ʪʨʠʚʠʘʣʴʥʦʝ ʨʝʰʝʥʠʝ, ʘ 

ʥʝʦʜʥʦʨʦʜʥʦʝ ʫʨʘʚʥʝʥʠʝ (1) ʜʣʷ ʢʘʞʜʦʡ ʬʫʥʢʮʠʠ () [ ]baCxg ,Í  ʠ () 0=ag  ʠʤʝʝʪ 

ʨʝʰʝʥʠʝ ʠ ʧʨʠʪʦʤ ʝʜʠʥʩʪʚʝʥʥʦʝ, ʢʦʪʦʨʦʝ ʜʘʸʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (10). ɽʩʣʠ ʢʦʨʥʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ (3) ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʫʩʣʦʚʠʶ 1>m , ʪʦ 

ʦʜʥʦʨʦʜʥʦʝ ʫʨʘʚʥʝʥʠʝ (1) ʠʤʝʝʪ ʜʚʘ ʣʠʥʝʡʥʦ ʥʝʟʘʚʠʩʠʤʳʭ ʨʝʰʝʥʠʷ ʠ ʝʛʦ ʦʙʱʝʝ 

ʨʝʰʝʥʠʝ ʩʦʜʝʨʞʠʪ ʜʚʝ ʧʨʦʠʟʚʦʣʴʥʳʭ ʧʦʩʪʦʷʥʥʳʭ, ʘ ʥʝʦʜʥʦʨʦʜʥʦʝ ʫʨʘʚʥʝʥʠʝ 

(1) ʨʘʟʨʝʰʠʤʦ ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʝʛʦ ʧʨʘʚʘʷ ʯʘʩʪʴ ʫʜʦʚʣʝʪʚʦʨʷʝʪ 

ʫʩʣʦʚʠʶ (9). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝʦʜʥʦʨʦʜʥʦʝ ʫʨʘʚʥʝʥʠʝ (1) ʠʤʝʝʪ ʙʝʩʢʦʥʝʯʥʦʝ 

ʯʠʩʣʦ ʨʝʰʝʥʠʡ ʠ ʝʛʦ ʦʙʱʝʝ ʨʝʰʝʥʠʝ ʟʘʚʠʩʠʪ ʦʪ ʜʚʫʭ ʧʨʦʠʟʚʦʣʴʥʳʭ 

ʧʦʩʪʦʷʥʥʳʭ, ʢʦʪʦʨʦʝ ʜʘʸʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (8). 
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III . ɽʩʣʠ 0<D , 
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M
a  ʪʦʛʜʘ 

ʨʝʰʝʥʠʝ ʦʜʥʦʨʦʜʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (1) ʜʘʸʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

()( ) ( )[ ] ( ) ( )[ ].lnsinlncos
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cxbxbcxbxbxy --+--= bb
aa

  (11) 

ʀʩʧʦʣʴʟʫʷ ʤʝʪʦʜ, ʧʦʜʦʙʥʳʡ ʤʝʪʦʜʫ ʚʘʨʠʘʮʠʠ ʧʨʦʠʟʚʦʣʴʥʳʭ ʧʦʩʪʦʷʥʥʳʭ, 

ʨʝʰʝʥʠʝ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (1) ʣʝʛʢʦ ʥʘʭʦʜʠʤ ʚ ʪʘʢʦʤ ʚʠʜʝ: 
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  (12) 

ɼʣʷ ʩʭʦʜʠʤʦʩʪʠ ʠʥʪʝʛʨʘʣʦʚ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʨʘʚʝʥʩʪʚʘ (12) ʪʨʝʙʫʝʤ, ʯʪʦʙʳ 

ʬʫʥʢʮʠʷ ()xg  ʚ ʪʦʯʢʝ bx­  ʦʙʨʘʱʘʣʘʩʴ ʚ ʥʫʣʴ ʩ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʤ ʧʦʚʝʜʝʥʠʝʤ  

() ( )[ ] 1,
3

3 ->-= ad
d

xboxg , ʢʦʛʜʘ bx­ .       (13) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʤʝʝʪ ʤʝʩʪʦ ʩʣʝʜʫʶʱʘʷ ʪʝʦʨʝʤʘ: 

ʊʝʦʨʝʤʘ 6. ʇʫʩʪʴ ʚ ʠʥʪʝʛʨʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤ ʫʨʘʚʥʝʥʠʠ (1) 

ʢʦʵʬʬʠʮʠʝʥʪʳ M  ʠ N  ʪʘʢʠʝ, ʯʪʦ ʢʦʨʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ (3) 

ʷʚʣʷʶʪʩʷ ʢʦʤʧʣʝʢʩʥʦ-ʩʦʧʨʷʞʝʥʥʳʤʠ ʠ .1
2

1
>

+
=

M
a  ʂʨʦʤʝ ʪʦʛʦ () [ ]baCxg ,Í  

ʠ ʚ ʪʦʯʢʝ bx=  ʦʙʨʘʱʘʝʪʩʷ ʚ ʥʫʣʴ ʩ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʤ ʧʦʚʝʜʝʥʠʝʤ (13). ʊʦʛʜʘ 

ʦʜʥʦʨʦʜʥʦʝ ʫʨʘʚʥʝʥʠʝ (1) ʠʤʝʝʪ ʜʚʘ ʣʠʥʝʡʥʦ ʥʝʟʘʚʠʩʠʤʳʭ ʨʝʰʝʥʠʷ ʠ ʝʛʦ ʦʙʱʝʝ 

ʨʝʰʝʥʠʝ ʜʘʸʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʬʦʨʤʫʣʳ (11). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝʦʜʥʦʨʦʜʥʦʝ 

ʫʨʘʚʥʝʥʠʝ (1) ʚʩʝʛʜʘ ʨʘʟʨʝʰʠʤʦ ʠ ʝʛʦ ʦʙʱʝʝ ʨʝʰʝʥʠʝ ʪʦʞʝ ʩʦʜʝʨʞʠʪ ʜʚʝ 

ʧʨʦʠʟʚʦʣʴʥʳʭ ʧʦʩʪʦʷʥʥʳʭ, ʢʦʪʦʨʦʝ ʜʘʸʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʬʦʨʤʫʣʳ (12).  

ʇʫʩʪʴ ʚ ʠʥʪʝʛʨʘʣʴʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ (12) 1<a , ʪʦʛʜʘ ʝʩʣʠ ʨʝʰʝʥʠʝ 

ʫʨʘʚʥʝʥʠʷ (1) ʠʟ ʢʣʘʩʩʘ [ ]a,bC
b
¡  ʧʨʠ 1<a  ʩʫʱʝʩʪʚʫʝʪ, ʪʦ ʦʥʦ ʠʤʝʝʪ ʚʠʜ: 
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    (14) 

ʪ.ʝ. ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʦʠʟʚʦʣʴʥʳʝ ʧʦʩʪʦʷʥʥʳʝ 65
, cc  ʜʦʣʞʥʳ ʨʘʚʥʷʪʴʩʷ ʥʫʣʶ.  

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʪʦʞʝ ʦʪ ʬʫʥʢʮʠʠ ()xg  ʥʠʢʘʢʠʭ ʫʩʣʦʚʠʡ, ʢʨʦʤʝ ʝʝ 

ʥʝʧʨʝʨʳʚʥʦʩʪʠ, ʪ.ʝ. () [ ]baCxg ,Í  ʠ () 0=bg  ʥʝ ʪʨʝʙʫʝʪʩʷ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʤʝʝʤ: 
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ʊʝʦʨʝʤʘ 7. ʇʫʩʪʴ ʚ ʠʥʪʝʛʨʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤ ʫʨʘʚʥʝʥʠʠ (1) 

ʢʦʵʬʬʠʮʠʝʥʪʳ M  ʠ N  ʪʘʢʠʝ, ʯʪʦ ʢʦʨʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ (3) 

ʷʚʣʷʶʪʩʷ ʢʦʤʧʣʝʢʩʥʦ-ʩʦʧʨʷʞʝʥʥʳʤʠ ʠ .1<a  ʂʨʦʤʝ ʪʦʛʦ () [ ]baCxg ,Í  ʠ 

() 0=bg . ʊʦʛʜʘ ʦʜʥʦʨʦʜʥʦʝ ʫʨʘʚʥʝʥʠʝ (1) ʠʤʝʝʪ ʪʦʣʴʢʦ ʥʫʣʝʚʦʝ ʨʝʰʝʥʠʝ ʘ 

ʥʝʦʜʥʦʨʦʜʥʦʝ ʫʨʘʚʥʝʥʠʝ ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ, ʢʦʪʦʨʦʝ ʜʘʸʪʩʷ ʧʨʠ 

ʧʦʤʦʱʠ ʬʦʨʤʫʣʳ (14).  

ʊʝʧʝʨʴ ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʡ ʘʥʘʣʦʛ ʦʙ ʘʣʴʪʝʨʥʘʪʠʚʝ 

ʌʨʝʜʛʦʣʴʤʘ ʜʣʷ ʠʥʪʝʛʨʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (1). 

ɸʥʘʣʦʛ ʪʝʦʨʝʤʳ ʦʙ ʘʣʴʪʝʨʥʘʪʠʚʝ ʌʨʝʜʛʦʣʴʤʘ ʜʣʷ ʠʥʪʝʛʨʦ-

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (1) ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʢʦʨʥʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ (3) ʷʚʣʷʶʪʩʷ ʢʦʤʧʣʝʢʩʥʦ ʩʦʧʨʷʞʸʥʥʳʤʠ. 

 ɽʩʣʠ ʢʦʨʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ (3) ʷʚʣʷʶʪʩʷ ʢʦʤʧʣʝʢʩʥʦ 

ʩʦʧʨʷʞʸʥʥʳʤʠ ʠ 1<a , ʪʦ ʦʜʥʦʨʦʜʥʦʝ ʫʨʘʚʥʝʥʠʝ (1) ʠʤʝʝʪ ʪʦʣʴʢʦ 

ʪʨʠʚʠʘʣʴʥʦʝ ʨʝʰʝʥʠʝ, ʘ ʥʝʦʜʥʦʨʦʜʥʦʝ ʫʨʘʚʥʝʥʠʝ (1) ʜʣʷ ʢʘʞʜʦʡ ʬʫʥʢʮʠʠ 

() [ ]baCxg ,Í  ʠ () 0=bg  ʠʤʝʝʪ ʨʝʰʝʥʠʝ, ʠ ʧʨʠʪʦʤ ʝʜʠʥʩʪʚʝʥʥʦʝ ʠ ʜʘʸʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ (14). ɽʩʣʠ ʢʦʨʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ (3) ʪʘʢʠʝ, ʯʪʦ 

ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ 1>a , ʪʦ ʦʜʥʦʨʦʜʥʦʝ ʫʨʘʚʥʝʥʠʝ (1) ʠʤʝʝʪ ʜʚʘ ʣʠʥʝʡʥʦ 

ʥʝʟʘʚʠʩʠʤʳʭ ʨʝʰʝʥʠʷ ʠ ʝʛʦ ʦʙʱʝʝ ʨʝʰʝʥʠʝ ʩʦʜʝʨʞʠʪ ʜʚʝ ʧʨʦʠʟʚʦʣʴʥʳʭ 

ʧʦʩʪʦʷʥʥʳʭ, ʘ ʥʝʦʜʥʦʨʦʜʥʦʝ ʫʨʘʚʥʝʥʠʝ (1) ʨʘʟʨʝʰʠʤʦ ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, 

ʢʦʛʜʘ ʝʛʦ ʧʨʘʚʘʷ ʯʘʩʪʴ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʶ (13). ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʥʝʦʜʥʦʨʦʜʥʦʝ ʫʨʘʚʥʝʥʠʝ (1) ʠʤʝʝʪ ʙʝʩʢʦʥʝʯʥʦʝ ʯʠʩʣʦ ʨʝʰʝʥʠʡ ʠ ʝʛʦ ʦʙʱʝʝ 

ʨʝʰʝʥʠʝ ʟʘʚʠʩʠʪ ʦʪ ʜʚʫʭ ʧʨʦʠʟʚʦʣʴʥʳʭ ʧʦʩʪʦʷʥʥʳʭ, ʢʦʪʦʨʦʝ ʜʘʸʪʩʷ ʧʨʠ 

ʧʦʤʦʱʠ ʬʦʨʤʫʣʳ (12). 

 

ɿɸʂʃʖʏɽʅʀɽ 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʟʘʤʝʪʠʤ, ʯʪʦ ʚ ʦʙʱʝʡ ʪʝʦʨʠʠ ʠʥʪʝʛʨʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ʫʨʘʚʥʝʥʠʡ ʪʠʧʘ ɺʦʣʴʪʝʨʘ  ʨʝʰʝʥʠʝ ʩʦʜʝʨʞʠʪ ʩʪʦʣʴʢʦ ʧʨʦʠʟʚʦʣʴʥʳʭ 

ʧʦʩʪʦʷʥʥʳʭ, ʢʘʢʦʚ ʥʘʠʙʦʣʴʰʠʡ ʧʦʨʷʜʦʢ ʧʨʦʠʟʚʦʜʥʦʡ, ʚʭʦʜʷʱʝʡ ʚ ʫʨʘʚʥʝʥʠʝ, ʠ 

ʵʪʠ ʧʨʦʠʟʚʦʣʴʥʳʝ  ʧʦʩʪʦʷʥʥʳʝ ʣʝʛʢʦ ʥʘʭʦʜʷʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʦʩʪʘʥʦʚʦʢ  

ʨʘʟʣʠʯʥʳʭ ʥʘʯʘʣʴʥʳʭ ʠ ʢʨʘʝʚʳʭ ʟʘʜʘʯ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʵʪʦʛʦ ʤʳ ʦʧʨʝʜʝʣʠʣʠ 

ʢʣʘʩʩ ʪʘʢʠʭ ʠʥʪʝʛʨʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʳʭ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʷʜʨʘ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ ʦʪ ʦʜʥʦʛʦ ʜʦ n  

ʧʨʦʠʟʚʦʣʴʥʳʭ ʧʦʩʪʦʷʥʥʳʭ ʙʦʣʴʰʝ,  ʯʝʤ ʧʦʨʷʜʦʢ ʧʨʦʠʟʚʦʜʥʳʭ, ʚʭʦʜʷʱʠʭ ʚ ʵʪʠ 

ʫʨʘʚʥʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʫʨʘʚʥʝʥʠʝ (1) ʵʪʦ ʠʥʪʝʛʨʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ 

ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ, ʘ ʝʛʦ ʨʝʰʝʥʠʝ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʩʦʜʝʨʞʠʪ ʜʚʝ ʧʨʦʠʟʚʦʣʴʥʳʝ 

ʧʦʩʪʦʷʥʥʳʝ. ʊʘʢʞʝ ʚʳʜʝʣʷʶʪʩʷ ʩʣʫʯʘʠ, ʢʦʛʜʘ ʫʨʘʚʥʝʥʠʝ (1) ʩʦʜʝʨʞʠʪ ʦʜʥʫ 

ʧʨʦʠʟʚʦʣʴʥʫʶ ʧʦʩʪʦʷʥʥʫʶ ʠʣʠ ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ ʙʝʟ ʧʦʩʪʘʥʦʚʢʠ 

ʢʘʢʠʭ-ʣʠʙʦ ʥʘʯʘʣʴʥʳʭ ʠʣʠ ʢʨʘʝʚʳʭ ʟʘʜʘʯ. ʆʪʩʶʜʘ ʚʳʪʝʢʘʝʪ, ʯʪʦ ʪʦʣʴʢʦ ʚ ʦʜʥʦʤ 
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ʩʣʫʯʘʝ ʥʘʡʜʝʥʥʦʝ ʥʘʤʠ ʨʝʰʝʥʠʝ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʩʫʱʝʩʪʚʫʶʱʝʡ ʪʝʦʨʠʝʡ, ʘ ʚ ʜʚʫʭ 

ʜʨʫʛʠʭ ʩʣʫʯʘʷʭ ʥʘʡʜʝʥʥʳʝ ʨʝʰʝʥʠʷ ʚʳʭʦʜʷʪ ʟʘ ʨʘʤʢʠ ʵʪʦʡ ʪʝʦʨʠʠ ʠ 

ʧʦʢʘʟʳʚʘʶʪ ʥʦʚʠʟʥʫ ʜʘʥʥʦʡ ʨʘʙʦʪʳ. ɼʘʣʝʝ ʟʘʤʝʪʠʤ, ʯʪʦ ʦʙʳʯʥʦ ʜʣʷ ʠʥʪʝʛʨʦ-

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʪʠʧʘ ɺʦʣʴʪʝʨʘ ʘʥʘʣʦʛ ʪʝʦʨʝʤʳ ʌʨʝʜʛʦʣʴʤʘ ʥʝ 

ʩʪʨʦʠʪʩʷ. ʅʦ ʧʨʠʨʦʜʘ ʫʨʘʚʥʝʥʠʡ ʚʠʜʘ (1) ʠ ʝʛʦ ʨʝʰʝʥʠʝ ʪʘʢʦʚʳ, ʯʪʦ ʧʦʩʪʨʦʝʥʠʝ 

ʪʘʢʠʭ ʘʥʘʣʦʛʦʚ ʜʣʷ ʵʪʠʭ ʫʨʘʚʥʝʥʠʡ ʩʪʘʥʦʚʷʪʩʷ ʚʘʞʥʳʤ.  

ɼʘʣʝʝ ʠʥʪʝʛʨʘʣʴʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ, ʤʦʛʫʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʦʩʪʘʥʦʚʢʠ ʠ ʨʝʰʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʥʘʯʘʣʴʥʳʭ ʠ ʢʨʘʝʚʳʭ 

ʟʘʜʘʯ.  
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ɼɸʈ ɹʆʈɸʀ ʗʂ ʉʀʅʌʀ ʄʋʆɼʀʃɸ׳ʆʀ ʀʅʊɽɻʈʆ-ɼʀʌʌɽʈɽʅʉʀɸʃʀʀ 

ʄʆɼɽʃʀʀ ʊɸʈʊʀɹʀ ʗʂʋʄ ɹʆ ʅʋפʊɸʀ ʈʆʉʊʀ ʉʀʅɻʋʃʗʈ ɼɸʈ ʗɼʈʆʗʐ 

ɿʘʨʠʧʦʚ ʉ.É. 

ɼʦʥʠʰʛʦ״ʠ ʤʠʣʣʠʠ ʊʦֹוʠʢʠʩʪʦʥ 

ɹʘʨʦʠ ʷʢ ʩʠʥʬʠ ʤʫʦʜʠʣʘ״ʦʠ ʠʥʪʝʛʨʦ-ʜʠʬʬʝʨʝʥʩʠʘʣʠʠ ʪʘʨʪʠʙʠ ʷʢʫʤ ʙʦ ʥʫץʪʘʠ ʨʦʩʪʠ 

ʩʠʥʛʫʣʷʨ, ʚʦʙʘʩʪʘ ʘʟ ʨʝʰʘ״ʦʠ ʤʫʦʜʠʣʘʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʪʘʩʚʠʨʠ ʠʥʪʝʛʨʘʣʠʠ ״ʘʣ ʙʦ ʸʨʠʠ 

ʜʦʠʤʠ״ʦʠ ʠʭʪʠʸʨ ʸʬʪʘ ʰʫʜʘʘʩʪ. ʐʘʙʝ״ʠ ʪʝʦʨʝʤʘ״ʦʠ ʌʨʝʜʛʦʣʤ ʙʘʨʦʠ ʤʫʦʜʠʣʘʠ 

ʦʤ˄ʭʪʘʰʘʚʘʥʜʘ ʩʦʭʪʘ ʰʫʜʘʘʩʪ. ʄʝʪʦʜʠ ʦʚʘʨʜʘʰʫʜʘʨʦ ʙʘʨʦʠ ʦʤ˄ʟʠʰʠ ʤʫʦʜʠʣʘ״ʦʠ ʠʥʪʝʛʨʦ-

ʜʠʬʬʝʨʝʥʩʠʘʣʠʠ ʤʦʜʝʣ ʚʘ סʘʡʨʠʤʦʜʝʣʠʠ ʪʘʨʪʠʙʘʰʦʥ ʙʘʣʘʥʜ ʥʠʟ ʠʩʪʠʬʦʜʘ ʙʫʨʜʘʥ ʤʫʤʢʠʥ 

ʘʩʪ.  

ʂʘʣʠʤʘ״ʦʠ ʢʘʣʠʜ: ʤʫʦʜʠʣʘʠ ʠʥʪʝʛʨʦ-ʜʠʬʬʝʨʝʥʩʠʘʣʠʠ ʤʦʜʝʣ, ʥʫץʪʘ״ʦʠ ʩʘʨ״ʘʜʠʠ 

ʩʠʥʛʫʣʷʨ, ʪʘʩʚʠʨʠ ʠʥʪʝʛʨʘʣʠʠ ״ʘʣ, ʤʫʦʜʠʣʘʠ ʠʥʪʝʛʨʘʣ, ʤʫʦʜʠʣʘʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

 

 

ABOUT ONE CLASS OF FIRST ORDER MODEL INTEGRO -DIFFERENTIAL 

EQUATION WITH RIGHT SINGULAR POINT IN THE KERNEL  

Zaripov S.K. 

Tajik national University  

In this work for the one class first order model integro-differential equation with right singular 

point in the kernel, obtained integral representation manifold solution by two arbitrary constants. It 

was built the analogue of theorems of Fredgolm for given integro-differential equation. The method 

of solving this problem can be used for the solving of higher order model and non-model integro-

differential equations with singular coefficients. 

Key words: integro-differential equation, boundary singular points, manifold solution, 

integral representation, integral equation. 
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ɿɸʄɽʏɸʅʀɽ ʆ ʂɺɸɿʀʅʆʈʄɸʃʔʅʓʍ ʆʇɽʈɸʊʆʈɸʍ 

ʀʢʨʘʤʦʚ ʍ.ɼ. 

ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ 

 

ʉʫʱʝʩʪʚʫʝʪ ʨʷʜ ʦʙʦʙʱʝʥʠʡ ʧʦʥʷʪʠʷ ñʥʦʨʤʘʣʴʥʳʡ ʦʧʝʨʘʪʦʨò ʥʘ ʩʣʫʯʘʡ ʙʝʩʢʦʥʝʯʥʳʭ 

ʤʘʪʨʠʮ ʠ ʣʠʥʝʡʥʳʭ ʦʧʝʨʘʪʦʨʦʚ, ʜʝʡʩʪʚʫʶʱʠʭ ʚ ʙʝʩʢʦʥʝʯʥʦʤʝʨʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʜʥʦ ʠʟ ʵʪʠʭ ʦʙʦʙʱʝʥʠʡ, ʘ ʠʤʝʥʥʦ, ʧʦʥʷʪʠʝ ʢʚʘʟʠʥʦʨʤʘʣʴʥʦʛʦ ʦʧʝʨʘʪʦʨʘ 

ʙʝʩʩʦʜʝʨʞʘʪʝʣʴʥʦ ʚ ʢʦʥʝʯʥʦʤʝʨʥʦʤ ʩʣʫʯʘʝ ʚ ʪʦʤ ʩʤʳʩʣʝ, ʯʪʦ ʢʣʘʩʩ ʢʚʘʟʠʥʦʨʤʘʣʴʥʳʭ 

ʦʧʝʨʘʪʦʨʦʚ ʩʦʚʧʘʜʘʝʪ ʩ ʢʣʘʩʩʦʤ ʦʙʳʯʥʳʭ ʥʦʨʤʘʣʴʥʳʭ ʦʧʝʨʘʪʦʨʦʚ. 
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ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʚʘʟʠʥʦʨʤʘʣʴʥʳʝ ʦʧʝʨʘʪʦʨʳ, ʫʥʠʪʘʨʥʳʝ ʤʘʪʨʠʮʳ, ʩʦʙʩʪʚʝʥʥʳʝ 

ʟʥʘʯʝʥʠʷ 

 

ʉʫʱʝʩʪʚʫʝʪ ʨʷʜ ʦʙʦʙʱʝʥʠʡ ʧʦʥʷʪʠʷ ñʥʦʨʤʘʣʴʥʳʡ ʦʧʝʨʘʪʦʨò ʥʘ ʩʣʫʯʘʡ 

ʙʝʩʢʦʥʝʯʥʳʭ ʤʘʪʨʠʮ ʠ ʣʠʥʝʡʥʳʭ ʦʧʝʨʘʪʦʨʦʚ, ʜʝʡʩʪʚʫʶʱʠʭ ʚ ʙʝʩʢʦʥʝʯʥʦ-

ʤʝʨʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʵʪʠʭ ʦʙʦʙʱʝʥʠʡ ʚʧʦʣʥʝ ʩʦʜʝʨʞʘʪʝʣʴʥʳ ʠ 

ʚ ʢʦʥʝʯʥʦʤʝʨʥʦʤ ʩʣʫʯʘʝ. ʊʘʢʦʚʦ, ʥʘʧʨʠʤʝʨ, ʧʦʥʷʪʠʝ ʙʠʥʦʨʤʘʣʴʥʦʛʦ ʦʧʝʨʘʪʦʨʘ, 

ʦʙʩʫʞʜʘʝʤʦʝ ʚ ʨʘʙʦʪʝ [1]. ɽʩʪʴ, ʦʜʥʘʢʦ, ʠ ñʥʝ ʨʘʙʦʪʘʶʱʠʝò ʦʙʦʙʱʝʥʠʷ, ʥʝ 

ʨʘʩʰʠʨʷʶʱʠʝ ʢʣʘʩʩ ʢʦʥʝʯʥʳʭ ʥʦʨʤʘʣʴʥʳʭ ʤʘʪʨʠʮ. ʈʘʩʩʤʦʪʨʠʤ ʩ ʵʪʦʡ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʦʧʨʝʜʝʣʝʥʠʝ ʢʚʘʟʠʥʦʨʤʘʣʴʥʦʛʦ ʦʧʝʨʘʪʦʨʘ. ʅʘʟʦʚʝʤ ʦʧʝʨʘʪʦʨ ! 

ʢʚʘʟʠʥʦʨʤʘʣʴʥʳʤ, ʝʩʣʠ ! ʢʦʤʤʫʪʠʨʫʝʪ ʩ ʦʧʝʨʘʪʦʨʦʤ !ᶻ!, ʪ.ʝ. 

!ȟ!ᶻ! π. 

ʇʫʩʪʴ ! ï ʢʚʘʟʠʥʦʨʤʘʣʴʥʳʡ ʦʧʝʨʘʪʦʨ ʚ ὅ  ʠ ὩȟὩȟȣȟὩ  ï 

ʦʨʪʦʥʦʨʤʠʨʦʚʘʥʥʳʡ ʙʘʟʠʩ ʠʟ ʩʦʙʩʪʚʝʥʥʳʭ ʚʝʢʪʦʨʦʚ ʩʘʤʦʩʦʧʨʷʞʝʥʥʦʛʦ 

ʦʧʝʨʘʪʦʨʘ !ᶻ!. ʇʨʠ ʥʘʣʠʯʠʠ ʢʨʘʪʥʳʭ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʫ !ᶻ! ʚʳʙʝʨʝʤ 

ʵʪʦʪ ʙʘʟʠʩ ʪʘʢ, ʯʪʦʙʳ ʚʝʢʪʦʨʳ, ʦʪʚʝʯʘʶʱʠʝ ʦʜʥʦʤʫ ʠ ʪʦʤʫ ʞʝ ʩʦʙʩʪʚʝʥʥʦʤʫ 

ʟʥʘʯʝʥʠʶ, ʙʳʣʠ ʟʘʥʫʤʝʨʦʚʘʥʳ ʚ ʙʘʟʠʩʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʠʥʜʝʢʩʘʤʠ. ɺ 

ʚʳʙʨʘʥʥʦʤ ʙʘʟʠʩʝ ʦʧʝʨʘʪʦʨ !ᶻ! ʠʤʝʝʪ ʜʠʘʛʦʥʘʣʴʥʫʶ ʤʘʪʨʠʮʫ 

ȿ=diagɚȟɚ, é,ɚ . 

ɺ ʵʪʦʤ ʞʝ ʙʘʟʠʩʝ ʚʩʷʢʠʡ ʦʧʝʨʘʪʦʨ, ʢʦʤʤʫʪʠʨʫʶʱʠʡ ʩ !ᶻ!, ʧʨʠʦʙʨʝʪʘʝʪ 

ʙʣʦʯʥʦ-ʜʠʘʛʦʥʘʣʴʥʫʶ ʬʦʨʤʫ, ʚ ʢʦʪʦʨʦʡ ʢʘʞʜʳʡ ʙʣʦʢ ʧʦʨʷʜʢʘ 2 ʠ ʚʳʰʝ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʛʨʫʧʧʝ ʩʦʚʧʘʜʘʶʱʠʭ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʦʧʝʨʘʪʦʨʘ !ᶻ!. ʕʪʦ 

ʩʧʨʘʚʝʜʣʠʚʦ, ʚ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʦʧʝʨʘʪʦʨʦʚ ! ʠ !ᶻ. 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʦʧʝʨʘʪʦʨ ! ʚʳʨʦʞʜʝʥ. ʊʦʛʜʘ ʚʳʨʦʞʜʝʥ ʠ ʦʧʝʨʘʪʦʨ !ᶻ! 

ʠ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʦʙʘ ʦʧʝʨʘʪʦʨʘ ʠʤʝʶʪ ʦʜʥʦ ʠ ʪʦ ʞʝ ʷʜʨʦ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ 

ʛʨʫʧʧʝ ʠʟ Ë ʥʫʣʝʚʳʭ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʤʘʪʨʠʮʳ ȿ ʦʪʚʝʯʘʝʪ ʪʘʢʘʷ ʞʝ 

ʛʨʫʧʧʘ ʜʠʘʛʦʥʘʣʴʥʳʭ ʥʫʣʝʡ ʚ ʤʘʪʨʠʮʝ - ʦʧʝʨʘʪʦʨʘ !. 

ʈʘʩʩʤʦʪʨʠʤ ʪʝʧʝʨʴ ʥʝʥʫʣʝʚʦʝ ʢʨʘʪʥʦʝ ʩʦʙʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ɚ ʦʧʝʨʘʪʦʨʘ 

!ᶻ!. ɽʩʣʠ L ð ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʩʦʙʩʪʚʝʥʥʦʝ ʧʦʜʧʨʦʩʪʨʘʥʩʪʚʦ ʵʪʦʛʦ ʦʧʝʨʘʪʦʨʘ, 

ʪʦ ʩʫʞʝʥʠʝ A ʥʘ L ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʨʘʚʝʥʩʪʚʫ 

ὃ ᶻὃ ɚI, 

ʪ.ʝ. ὃ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʤʥʦʞʠʪʝʣʷ ʷʚʣʷʝʪʩʷ ʫʥʠʪʘʨʥʳʤ ʦʧʝʨʘʪʦʨʦʤ. 

ʊʝʤ ʩʘʤʳʤ ʢʚʘʟʠʥʦʨʤʘʣʴʥʳʡ ʦʧʝʨʘʪʦʨ ! ʦʢʘʟʳʚʘʝʪʩʷ ʦʨʪʦʛʦʥʘʣʴʥʦʡ 

ʩʫʤʤʦʡ ʦʧʝʨʘʪʦʨʦʚ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʭ ʫʥʠʪʘʨʥʳʤ ʦʧʝʨʘʪʦʨʘʤ, ʠ, ʚʦʟʤʦʞʥʦ, 

ʥʫʣʝʚʦʛʦ ʦʧʝʨʘʪʦʨʘ. ʊʘʢʦʡ ʦʧʝʨʘʪʦʨ ʥʦʨʤʘʣʝʥ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚʩʷʢʠʡ 

ʥʦʨʤʘʣʴʥʳʡ ʦʧʝʨʘʪʦʨ ! ʢʦʤʤʫʪʠʨʫʝʪ ʩ !ᶻ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩ !ᶻ!. ʕʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʢʣʘʩʩʳ ʥʦʨʤʘʣʴʥʳʭ ʠ ʢʚʘʟʠʥʦʨʤʘʣʴʥʳʭ ʦʧʝʨʘʪʦʨʦʚ ʪʦʞ-

ʜʝʩʪʚʝʥʥʳ. 
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ʃʠʪʝʨʘʪʫʨʘ 

ʀʢʨʘʤʦʚ ʍ.ɼ. ɹʠʥʦʨʤʘʣʴʥʳʝ ʤʘʪʨʠʮʳ. ɿʘʧ. ʥʘʫʯʥ. ʩʝʤʠʥʘʨʦʚ ʇʆʄʀ. ï 
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ʕɿʆÇ ɼʆʀʈ ɹɸ ʆʇɽʈɸʊʆʈÇʆʀ ʂɺɸɿʀʅʆʈʄɸʃÄ 

ʀʢʨʦʤʦʚ Ç.ɼ. 

ɼʦʥʠʰʛʦĕʠ ʜʘʚʣʘʪʠʠ ʄʦʩʢʚʘ ʙʘ ʥʦʤʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚ 

ʗʢ ėʘʪʦʨ ʤʘʬĕʫʤĕʦʠ ʫʤʫʤʠʢʘʨʜʘʰʫʜʘʠ çʦʧʝʨʘʪʦʨʠ ʥʦʨʤʘʣĒè ʜʘʨ ĕʦʣʘʪʠ ʤʘʪʨʠʩʘĕʦʠ 

ʙʝʦʭʠʨ ʚʘ ʦʧʝʨʘʪʦʨĕʦʠ ʭʘʪʪʠʠ ʜʘʨ ʬʘʟʦĕʦʠ ʙʝʯʝʥʘʢʘ ʘʤʘʣʢʫʥʘʥʜʘ ʤʘʚĔʫʜʘʥʜ. ʅʠʰʦʥ ʜʦʜʘ 

ʰʫʜʘʘʩʪ, ʢʠ ʷʢʝ ʘʟ ʠʥ ʫʤʫʤʠʢʫʥʠĕʦ, ʭʫʩʫʩʘʥ, ʤʘʬĕʫʤʠ ʦʧʝʨʘʪʦʨʠ ʢʚʘʟʠʥʦʨʤʘʣĒ ʜʘʨ ĕʦʣʘʪʠ 

ʯʝʥʘʢʜʦʨ ʙʫʜʘʥ ʜʘʨʙʘʨʥʘʛʠʨʘʥʜʘ ʘʩʪ, ʙʘ ʦʥ ʤʘʲʥʦ, ʢʠ ʩʠʥʬʠ ʦʧʝʨʘʪʦʨĕʦʠ ʢʚʘʟʠʥʦʨʤʘʣĒ ʙʦ 

ʩʠʥʬʠ ʦʧʝʨʘʪʦʨĕʦʠ ʥʦʨʤʘʣʠʠ ʦʜĒ ʤʫʚʦʬʠėʘʪ ʤʝʢʫʥʘʜ.   

 ʂʘʣʠʤʘĕʦʠ ʢʘʣʠʜĒ: ʦʧʝʨʘʪʦʨĕʦʠ ʢʚʘʟʠʥʦʨʤʘʣĒ, ʤʘʪʨʠʩʘĕʦʠ ʫʥʠʪʘʨĒ, ėʠʤʘʪĕʦʠ ʭʦʩ. 
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Ikramov  Kh.D. 

Lomonosov Moscow State University 

There exists a number of extensions of the concept of a normal operator to the case of infinite 

matrices and linear operators acting in infinite-dimensional spaces. We show that one of these 

extensions, namely, the concept of a quasinormal operator is meaningless in the finite-dimensional 

case in the sense that the class of quasi-normal operators is identical to the class of conventional 

normal operators. 
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ʆ ʊɽʍʅʆʃʆɻʀʗʍ ɺʓʈɸʑʀɺɸʅʀʗ  

ʆʇʓʊʅʆɻʆ ʅɸɻʋʃʔʅʆɻʆ ʈʓɹʆɺʆɼʅʆɻʆ ʇʈʋɼɸ 

ʂʦʤʠʣʦʚ ʌ.ʉ., ʄʠʨʟʦʝʚ ʉ.ʍ. 

ʌʠʣʠʘʣ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ ʚ ʛ. ɼʫʰʘʥʙʝ 

ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʪʝʭʥʦʣʦʛʠʷʤ ʚʳʨʘʱʠʚʘʥʠʷ ʦʧʳʪʥʦʛʦ ʨʳʙʦʚʦʜʥʦʛʦ ʧʨʫʜʘ, ʝʛʦ 

ʟʘʨʳʙʣʝʥʠʷ, ʢʦʨʤʣʝʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʚʝʩʦʚʳʤ ʨʦʩʪʦʤ ʨʳʙ. ɺ ʥʝʡ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʦʧʳʪʥʦʤʫ ʧʨʫʜʫ, ʩ ʮʝʣʴʶ ʜʘʣʴʥʝʡʰʝʡ 

ʨʘʟʨʘʙʦʪʢʠ ʝʛʦ ʢʦʤʧʴʶʪʝʨʥʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ï ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʧʦ 

ʠʟʫʯʝʥʠʶ, ʠʩʩʣʝʜʦʚʘʥʠʶ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʶ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʵʢʦʩʠʩʪʝʤ 

ʨʳʙʦʚʦʜʥʳʭ ʧʨʫʜʦʚ. 

mailto:ikramov@cs.msu.su
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ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ:  ʪʝʭʥʦʣʦʛʠʷ, ʚʳʨʘʱʠʚʘʥʠʝ, ʵʢʦʩʠʩʪʝʤʘ, ʨʳʙʦʚʦʜʥʳʡ ʧʨʫʜ, ʨʳʙʘ, 

ʟʘʨʳʙʣʝʥʠʝ, ʫʧʨʘʚʣʝʥʠʝ, ʙʠʦʤʘʩʩʘ, ʙʝʣʳʡ ʪʦʣʩʪʦʣʦʙʠʢ, ʢʘʨʧ, ʙʝʣʳʡ ʘʤʫʨ. 

 

ɺʳʩʦʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʦʪ ʚʳʨʘʱʠʚʘʥʠʷ ʨʳʙʳ ʚ ʨʳʙʦʚʦʜʥʦʤ ʧʨʫʜʫ ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʚ ʝʛʦ ʵʢʦʩʠʩʪʝʤʝ ʟʘʨʘʥʝʝ ʧʨʦʚʦʜʠʪʴ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʥʦʨʤʘʪʠʚʥʦ-ʩʘʥʠʪʘʨʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ. ʅʘʧʨʠʤʝʨ, ʚ 1986 ʛ. 

ʨʳʙʦʚʦʜʥʳʡ 8-ʤʠʛʝʢʪʘʨʥʳʡ ʥʘʛʫʣʴʥʳʡ ʦʧʳʪʥʳʡ ʧʨʫʜ, ʥʘʭʦʜʷʱʠʡʩʷ ʚ 

ʭʦʟʷʡʩʪʚʝ ʠʤ. ɸ. ɼʞʘʤʠ ʍʘʪʣʦʥʩʢʦʡ ʦʙʣʘʩʪʠ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ, ʜʦ 

ʟʘʧʦʣʥʝʥʠʷ ʝʛʦ ʚʦʜʦʡ ʙʳʣ ʧʦʜʛʦʪʦʚʣʝʥ ʢ ʚʳʨʘʱʠʚʘʥʠʶ ʚ ʥʸʤ ʨʳʙʳ ʧʫʪʸʤ 

ʧʨʦʚʝʜʝʥʠʷ ʩʣʝʜʫʶʱʠʭ ʤʝʨʦʧʨʠʷʪʠʡ [1, 2]: 

- ʧʨʦʩʫʰʢʘ ʣʦʞʘ ʧʨʫʜʘ; 

- ʧʝʨʝʧʘʰʢʘ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʧʝʨʝʜ ʚʦʜʦʚʳʧʫʩʢʦʤ, ʛʜʝ ʩʢʦʧʠʣʩʷ 

ʩʣʦʡ ʠʣʘ; 

- ʦʙʨʘʙʦʪʢʘ ʭʣʦʨʥʦʡ ʠʟʚʝʩʪʴʶ ʤʝʩʪ ʩʢʦʧʣʝʥʠʷ ʥʝ ʧʨʦʩʳʭʘʶʱʠʭ 

ʠʣʦʚʳʭ ʦʪʣʦʞʝʥʠʡ; 

- ʧʝʨʝʥʦʩ ʥʝʛʘʰʝʥʦʡ ʠʟʚʝʩʪʠ ʥʘ ʦʩʪʘʣʴʥʫʶ ʯʘʩʪʴ ʨʳʙʦʚʦʜʥʦʛʦ ʧʨʫʜʘ; 

- ʫʜʘʣʝʥʠʝ ʚʳʩʦʭʰʝʡ ʧʨʦʰʣʦʛʦʜʥʝʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʧʦʧʘʚʰʝʡ ʧʦʜ 

ʟʘʣʠʪʠʝ ʚʦʜʦʡ; 

- ʟʘʚʦʟ ʥʘʚʦʟʘ ʚ ʧʨʫʜ ʚ ʢʦʣʠʯʝʩʪʚʝ 26 ʪʦʥʥ; 

- ʟʘʩʳʧʢʘ ʛʨʫʥʪʦʤ ʤʝʩʪ ʬʠʣʴʪʨʘʮʠʠ ʚʦʜʳ ʯʝʨʝʟ ʜʘʤʙʳ. 

ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ ʠ ʩʘʥʠʪʘʨʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʚ ʥʘʯʘʣʝ 

ʚʪʦʨʦʡ ʜʝʢʘʜʳ ʤʘʷ (11-ʛʦ ʤʘʷ) ʧʨʠʩʪʫʧʠʣʠ ʢ ʟʘʣʠʪʠʶ ʧʨʫʜʘ ʚʦʜʦʡ. ʂʦʛʜʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʚ ʧʨʫʜʫ ʜʦʩʪʠʛʣʘ 22ʉ̄, ʚ ʥʝʛʦ ʚʥʝʩʣʠ ʤʠʥʝʨʘʣʴʥʳʝ 

ʫʜʦʙʨʝʥʠʷ ʚ ʢʦʣʠʯʝʩʪʚʝ 500 ʢʛ ʘʤʤʠʘʯʥʦʡ ʩʝʣʠʪʨʳ ʠ 350 ʢʛ ʩʫʧʝʨʬʦʩʬʘʪʘ. ʇʨʠ 

ʵʪʦʤ ʦʙʲʸʤ ʚʦʜʳ ʵʢʦʩʠʩʪʝʤʳ ʧʨʫʜʘ ʩʦʩʪʘʚʠʣ ʦʢʦʣʦ 40 ʪʳʩ.ʤ
3
, ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʘʟʦʪʘ ʚ ʚʦʜʝ ʙʳʣʘ ʦʢʦʣʦ 5 ʤʛ/ʣ, ʘ ʬʦʩʬʦʨʘ ʦʢʦʣʦ 1 ʤʛ/ʣ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʦʛʦ 

ʨʘʟʚʠʪʠʷ ʵʢʦʩʠʩʪʝʤʳ ʧʨʫʜʘ ʫʞʝ ʥʘ ʪʨʝʪʠʡ ʜʝʥʴ ʥʘʙʣʶʜʘʣʦʩʴ ʠʥʪʝʥʩʠʚʥʦʝ 

ʨʘʟʚʠʪʠʝ ʚʦʜʦʨʦʩʣʝʡ, ʘ ʥʘ ʦʪʜʝʣʴʥʳʭ ʝʛʦ ʫʯʘʩʪʢʘʭ ʥʘʯʘʣʦʩʴ çʮʚʝʪʝʥʠʝè ʚʦʜʳ [3, 

4]. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ 1985-1987 ʛʛ. ʥʘʫʯʥʳʤʠ ʩʦʪʨʫʜʥʠʢʘʤʠ ʀʥʩʪʠʪʫʪʘ 

ʟʦʦʣʦʛʠʠ ʠ ʧʘʨʘʟʠʪʦʣʦʛʠʠ ɸʅ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ ʩʦʚʤʝʩʪʥʦ ʩ ʫʯʸʥʳʤʠ 

ʨʘʟʣʠʯʥʳʭ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʠʥʪʠʪʫʪʦʚ ʠ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ 

ʨʝʩʧʫʙʣʠʢʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʢʦʤʧʣʝʢʩʥʳʝ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʨʘʙʦʪʳ 

ʧʦ ʧʦʜʛʦʪʦʚʢʝ ʢ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʶ ʵʢʦʩʠʩʪʝʤʳ ʦʧʳʪʥʦʛʦ ʨʳʙʦʚʦʜʥʦʛʦ ʧʨʫʜʘ, 

ʠʟʫʯʝʥʠʶ ʠ ʠʩʩʣʝʜʦʚʘʥʠʶ ʝʛʦ ʛʠʜʨʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ, ʙʠʦʣʦʛʠʯʝʩʢʠʭ, ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ  ʩʦʩʪʦʷʥʠʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʚʩʝ ʜʘʥʥʳʝ, 

ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ, ʚ ʦʩʥʦʚʥʦʤ, ʙʘʟʠʨʦʚʘʣʠʩʴ ʥʘ ʵʪʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ [3, 4].  
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ʊʘʢ ʢʘʢ ʚʩʝ ʨʳʙʦʚʦʜʥʳʝ ʧʨʫʜʳ ʶʞʥʦʛʦ ʨʝʛʠʦʥʘ ʊʘʜʞʠʢʠʩʪʘʥʘ ʦʪʥʦʩʷʪʩʷ ʢ 

ʪʸʧʣʦʚʦʜʥʳʤ ʧʨʫʜʘʤ, ʚ ʠʭ ʵʢʦʩʠʩʪʝʤʘʭ, ʚ ʦʩʥʦʚʥʦʤ, ʚʳʨʘʱʠʚʘʶʪʩʷ 

ʪʝʧʣʦʣʶʙʠʚʳʝ ʚʠʜʳ ʨʳʙ, ʪʘʢʠʝ ʢʘʢ ʙʝʣʳʡ ʠ ʧʸʩʪʨʳʡ ʪʦʣʩʪʦʣʦʙʠʢʠ, ʙʝʣʳʡ 

ʘʤʫʨ, ʢʘʨʧ, ʙʫʬʬʘʣʦ ʠ ʪ.ʜ.  

ʈʠʩ. 1. ɿʘʨʳʙʣʝʥʠʝ 8-ʤʠ ʛʝʢʪʘʨʥʦʛʦ ʦʧʳʪʥʦʛʦ ʨʳʙʦʚʦʜʥʦʛʦ ʧʨʫʜʘ ʠʤ. ɸ. ɼʞʘʤʠ (1986 ʛ). 

 

ɿʘʨʳʙʣʝʥʠʝ ʦʧʳʪʥʦʛʦ ʥʘʛʫʣʴʥʦʛʦ ʨʳʙʦʚʦʜʥʦʛʦ ʧʨʫʜʘ ʠʤ. ɸ. ɼʞʘʤʠ  

ʛʦʜʦʚʠʢʘʤʠ ʙʝʣʦʛʦ ʪʦʣʩʪʦʣʦʙʠʢʘ, ʢʘʨʧʘ ʠ ʙʝʣʦʛʦ ʘʤʫʨʘ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʪʦʡ ʞʝ 

(ʚʪʦʨʦʡ) ʜʝʢʘʜʝ ʤʘʷ (ʩ 13-ʛʦ ʧʦ 19-ʛʦ ʤʘʷ) 1986 ʛʦʜʘ. ɺ ʦʧʳʪʥʳʡ ʧʨʫʜ (8 ʛʘ) 

ʚʩʝʛʦ ʙʳʣʦ ʟʘʨʳʙʣʝʥʦ 69,9 ʪʳʩ.ʰʪ. ʨʳʙ ʩ ʦʙʱʠʤ ʚʝʩʦʤ ʚ 2504 ʢʛ. ɺ ʪʦʤ ʯʠʩʣʝ, 

ʙʝʣʳʡ ʪʦʣʩʪʦʣʦʙʠʢ 35,7 ʪʳʩ.ʰʪ. (1470 ʢʛ), ʢʘʨʧ 29,2 ʪʳʩ.ʰʪ. (584 ʢʛ) ʠ ʙʝʣʳʡ 

ʘʤʫʨ 5 ʪʳʩ.ʰʪ. (450 ʢʛ). ʉʨʝʜʥʠʝ ʙʠʦʤʘʩʩʳ ʵʪʠʭ ʨʳʙ ʩʦʩʪʘʚʠʣʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

41,2 ʛ ʜʣʷ ʙʝʣʦʛʦ ʪʦʣʩʪʦʣʦʙʠʢʘ, 20 ʛ ʜʣʷ ʢʘʨʧʘ ʠ 90 ʛ ʜʣʷ ʙʝʣʦʛʦ ʘʤʫʨʘ [3, 4]  

(ʨʠʩ. 1). 

ʇʠʪʘʪʝʣʴʥʳʝ ʚʝʱʝʩʪʚʘ (ʤʠʥʝʨʘʣʴʥʳʝ ʫʜʦʙʨʝʥʠʷ) ʜʣʷ ʬʠʪʦʧʣʘʥʢʪʦʥʘ  ï 

ʠʟʣʶʙʣʝʥʥʦʛʦ ʠ ʦʩʥʦʚʥʦʛʦ ʢʦʨʤʘ ʙʝʣʦʛʦ ʪʦʣʩʪʦʣʦʙʠʢʘ ï ʩʦ ʚʪʦʨʦʡ ʜʝʢʘʜʳ ʤʘʷ 

ʜʦ ʩʝʨʝʜʠʥʝ ʠʶʣʷ ʚ ʦʧʳʪʥʳʡ ʧʨʫʜ ʚʥʦʩʠʣʠ ʚʨʫʯʥʫʶ ʩ ʣʦʜʢʠ, ʨʘʟʙʨʘʩʳʚʘʷ ʠʭ ʚ 

ʩʫʭʦʤ ʚʠʜʝ ʧʦ ʚʦʜʝ. ʅʘʯʠʥʘʷ ʩ ʢʦʥʮʘ ʠʶʣʷ ʠ ʜʦ ʢʦʥʮʘ ʩʝʥʪʷʙʨʷ ʠʭ ʥʘʯʘʣʠ 

ʚʥʦʩʠʪʴ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʫʩʪʘʥʦʚʢʠ (ʦʪʧʝʨʬʦʨʠʨʦʚʘʥʥʦʡ 

ʪʨʫʙʳ) ʧʦ ʚʥʝʩʝʥʠʶ ʨʘʩʪʚʦʨʸʥʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ, ʩʪʘʮʠʦʥʘʨʥʦ 

ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʘʜ ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʨʫʜʘ. 

ʂʦʨʤʣʝʥʠʝ ʢʘʨʧʘ ʢʦʤʙʠʢʦʨʤʘʤʠ ʠ ʢʫʢʦʣʢʦʡ ʪʫʪʦʚʦʛʦ ʰʝʣʢʦʧʨʷʜʘ 

ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ 22-ʛʦ ʤʘʷ ʦʜʠʥ ʨʘʟ ʚ ʩʫʪʢʠ. ʂʘʨʧʘ ʢʦʨʤʠʣʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʦʝʜʘʝʤʦʩʪʠ. ʉ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ʚ ʧʨʫʜʫ ʠ ʨʦʩʪʦʤ ʢʘʨʧʘ 
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ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʣʠ ʥʦʨʤʫ ʠ ʢʨʘʪʥʦʩʪʴ ʚʥʝʩʝʥʠʷ ʢʦʨʤʦʚ ʜʦ 2-3 ʨʘʟ ʚ 

ʩʫʪʢʠ. ɺ ʪʦʪ ʞʝ ʚʨʝʤʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦʜʥʠʤʘʣʠ ʠ ʛʦʨʠʟʦʥʪ ʚʦʜʳ ʧʨʫʜʘ. 

ʊʦʯʥʦ ʪʘʢʠʤ ʞʝ ʦʙʨʘʟʦʤ ʧʨʦʠʩʭʦʜʠʣʘ ʧʨʦʮʝʜʫʨʘ ʢʦʨʤʣʝʥʠʷ ʙʝʣʦʛʦ ʘʤʫʨʘ. 

ʆʩʥʦʚʥʳʤ ʝʛʦ ʢʦʨʤʦʤ ʷʚʣʷʝʪʩʷ ʢʦʨʤʦʚʦʝ ʨʘʩʪʝʥʠʝ. ɹʝʣʦʛʦ ʘʤʫʨʘ ʪʘʢʞʝ 

ʢʦʨʤʠʣʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʝʜʘʝʤʦʩʪʠ 1-2 ʨʘʟʘ ʚ ʩʫʪʢʠ. ʂʦʨʤʦʚʳʝ ʨʘʩʪʝʥʠʷ ʚ 

ʧʨʫʜ ʚʥʦʩʠʣʠ ʚʨʫʯʥʫʶ, ʨʘʟʙʨʘʩʳʚʘʷ ʠʭ ʧʦ ʝʛʦ ʘʢʚʘʪʦʨʠʠ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʘ 

ʨʦʩʪʘ ʨʳʙ ʦʜʠʥ ʨʘʟ, ʘ ʠʥʦʛʜʘ ʜʚʘ ʨʘʟʘ ʚ ʤʝʩʷʮ ʧʨʦʚʦʜʠʣʠ ʢʦʥʪʨʦʣʴʥʳʝ ʦʪʣʦʚʳ. 

ʇʦ ʨʠʩ. 2 ʚʠʜʥʦ, ʯʪʦ ʘʙʩʦʣʶʪʥʳʝ ʚʝʣʠʯʠʥʳ ʧʨʠʨʦʩʪʘ ʚʝʩʘ ʙʝʣʦʛʦ ʪʦʣʩʪʦʣʦʙʠʢʘ 

ʙʳʣʠ ʭʦʨʦʰʠʤʠ ʚ ʦʩʥʦʚʥʦʤ ʚ ʠʶʣʝ-ʘʚʛʫʩʪʝ. ɹʝʣʳʡ ʪʦʩʪʦʣʦʙʠʢ ʝʞʝʩʫʪʦʯʥʦ 

ʧʨʠʙʘʚʣʷʣ ʚ ʚʝʩʝ ʦʪ 7,74 ʜʦ 10 ʛ. ɽʛʦ ʧʨʠʚʝʩʳ ʫʤʝʥʴʰʠʣʠʩʴ ʜʦ 0,6-1,66 ʛ/ʩʫʪʢʠ 

ʪʦʣʴʢʦ ʣʠʰʴ ʚ ʩʝʥʪʷʙʨʝ-ʦʢʪʷʙʨʝ. ɺ ʠʶʥʝ-ʠʶʣʝ ʝʛʦ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʧʨʠʨʦʩʪʳ 

ʚʝʩʘ ʩʦʩʪʘʚʣʷʣʠ 3.07-3.09%, ʘ ʚ ʩʝʥʪʷʙʨʝ-ʦʢʪʷʙʨʝ ʦʥʠ ʫʤʝʥʴʰʠʣʠʩʴ ʜʦ 0.07-

0.22% (ʨʠʩ. 3). 

ʇʨʦʚʝʜʸʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʪʝʤʧ ʨʦʩʪʘ ʙʝʣʦʛʦ ʪʦʣʩʪʦʣʦʙʠʢʘ 

ʙʳʣ ʩʚʷʟʘʥ ʩ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʚʦʜʳ ʚ ʧʨʫʜʫ ʚ ʠʶʥʝ-ʠʶʣʝ (27-29 
ʦ
ʉ), ʘ 

ʪʘʢʞʝ ʩ ʫʩʠʣʝʥʥʳʤ ʚʥʝʩʝʥʠʝʤ ʚ ʧʨʫʜ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʭʦʨʦʰʠʤ ʨʘʟʚʠʪʠʝʤ ʬʠʪʦʧʣʘʥʢʪʦʥʘ. ʇʦʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚʦʜʳ ʚ ʩʝʥʪʷʙʨʝ-ʦʢʪʷʙʨʝ ʜʦ 18-20 
ʦ
ʉ ʩʨʘʟʫ ʞʝ ʦʪʨʘʟʠʣʦʩʴ ʠ ʥʘ ʩʥʠʞʝʥʠʠ ʪʝʤʧʘ 

ʨʦʩʪʘ ʙʝʣʦʛʦ ʪʦʣʩʪʦʣʦʙʠʢʘ. 

 

 
ʈʠʩ. 2. ɺʝʩʦʚʦʡ ʨʦʩʪ ʨʳʙ ʚ ʦʧʳʪʥʦʤ ʧʨʫʜʫ ʠʤ. ɸ. ɼʞʘʤʠ (1986 ʛ). 
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ʇʨʠʚʝʜʸʥʥʳʝ ʜʘʥʥʳʝ ʥʘ ʨʠʩ. 2 ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʝʞʝʩʫʪʦʯʥʳʝ 

ʘʙʩʦʣʶʪʥʳʝ ʧʨʠʨʦʩʪʳ ʚʝʩʘ ʢʘʨʧʘ ʙʳʣʠ ʚʳʩʦʢʠʤʠ ʚ ʥʘʯʘʣʝ ʠ ʩʝʨʝʜʠʥʝ 

ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ, ʜʦʩʪʠʛʰʠʝ ʚ ʠʶʣʝ 6,45 ʛ/ʩʫʪʢʠ. ʆʪʥʦʩʠʪʝʣʴʥʳʡ 

ʧʨʠʨʦʩʪ ʚʝʩʘ ʢʘʨʧʘ ʚ ʠʶʥʝ ʩʦʩʪʘʚʣʷʣ 3,82%. ɺ ʩʚʷʟʠ ʩ ʫʤʝʥʴʰʝʥʠʝʤ 

ʘʙʩʦʣʶʪʥʦʛʦ ʧʨʠʚʝʩʘ ʢʘʨʧʘ ʚ ʦʢʪʷʙʨʝ (0,32 ʛ/ʩʫʪʢʠ) ʝʛʦ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʧʨʠʨʦʩʪ 

ʫʤʝʥʴʰʠʣʩʷ ʦʩʦʙʝʥʥʦ ʨʝʟʢʦ, ʩʦʩʪʘʚʠʚ ʚ ʩʨʝʜʥʝʤ 0,04% ʟʘ ʩʫʪʢʠ (ʨʠʩ.3). 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʪʝʤʧ ʨʦʩʪʘ ʢʘʨʧʘ ʧʨʝʞʜʝ ʚʩʝʛʦ ʟʘʚʠʩʝʣ ʦʪ ʥʦʨʤʳ 

ʚʥʝʩʝʥʠʷ ʢʦʨʤʦʚ ʚ ʧʨʫʜ. 

ʊʝʤʧ ʨʦʩʪʘ ʙʝʣʦʛʦ ʘʤʫʨʘ ʪʘʢʞʝ ʠʣʣʶʩʪʨʠʨʦʚʘʥ ʥʘ ʨʠʩ. 2. ʀʟ ʜʠʘʛʨʘʤʤʳ 

ʚʠʜʥʦ, ʯʪʦ ʙʝʣʳʡ ʘʤʫʨ ʦʩʦʙʝʥʥʦ ʭʦʨʦʰʦ ʧʨʠʙʘʚʣʷʣ ʚ ʚʝʩʝ ʚ ʠʶʥʝ-ʠʶʣʝ ï ʦʪ 4 

ʜʦ 6,45 ʛ/ʩʫʪʢʠ. ʕʪʦ ʧʨʦʠʟʦʰʣʦ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʚ ʵʪʦʪ ʧʝʨʠʦʜ ʚ ʧʨʫʜʫ ʙʳʣʦ 

ʤʥʦʛʦ ʚʳʩʰʝʡ ʚʦʜʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ. ɺ ʢʦʥʮʝ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʩ 

ʫʤʝʥʴʰʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʘʢʨʦʬʠʪʦʚ ʩʫʪʦʯʥʳʡ ʧʨʠʚʝʩ ʙʝʣʦʛʦ ʘʤʫʨʘ 

ʩʥʠʟʠʣʩʷ ʜʦ 0,68 ʛ/ʩʫʪʢʠ. ɽʛʦ ʩʘʤʳʡ ʚʳʩʦʢʠʡ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʧʨʠʨʦʩʪ 

ʥʘʙʣʶʜʘʣʩʷ ʚ ʥʘʯʘʣʝ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʦʪ 1,84 ʜʦ 2,35% ʚ ʩʨʝʜʥʝʤ ʟʘ 

ʩʫʪʢʠ. ɺ ʩʝʥʪʷʙʨʝ-ʦʢʪʷʙʨʝ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʧʨʠʨʦʩʪ ʙʝʣʦʛʦ ʘʤʫʨʘ ʧʦʥʠʟʠʣʩʷ ʜʦ 

0,11-0,14% ʟʘ ʩʫʪʢʠ (ʨʠʩ.3).  

ɺ ʮʝʣʦʤ, ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ 1986 ʛʦʜʫ ʥʘ 8-ʤʠʛʝʢʪʘʨʥʦʤ ʦʧʳʪʥʳʡ 

ʥʘʛʫʣʴʥʳʡ ʧʨʫʜ ʠʤ. ɸ. ɼʞʘʤʠ ʚʩʝʛʦ ʠʟʨʘʩʭʦʜʦʚʘʥʦ 106500 ʢʛ ʢʦʤʙʠʢʦʨʤʘ, 220 

ʢʛ ʢʫʢʦʣʦʢ ʪʫʪʦʚʦʛʦ  ʰʝʣʢʦʧʦʨʷʜʘ, 107055 ʢʛ ʢʦʨʤʦʚʳʭ ʨʘʩʪʝʥʠʷʭ, 28950 ʢʛ 

ʘʤʤʠʘʯʥʦʡ ʩʝʣʠʪʨʳ, 14550 ʢʛ ʩʫʧʝʨʬʦʩʬʦʪʘ, 330 ʢʛ ʥʝʛʘʰʝʥʦʡ ʠʟʚʝʩʪʠ ʠ 40 ʢʛ 

ʭʣʦʨʥʦʡ ʠʟʚʝʩʪʠ. ʂʦʨʤʘ ʨʘʩʭʦʜʦʚʘʣʠ ʧʦ  ʤʝʩʷʮʘʤ ʚ ʩʣʝʜʫʶʱʝʤ ʩʦʦʪʥʦʰʝʥʠʠ: 

ʤʘʡ ï 1,6%, ʠʶʥʴ ï 11,3%, ʠʶʣʴ ï 44,8%, ʘʚʛʫʩʪ ï 23,3%, ʩʝʥʪʷʙʨʴ ï 14,1% ʠ 

ʦʢʪʷʙʨʴ ï 4,9% [3, 4]. ʇʨʦʚʝʜʸʥʥʳʝ ʥʦʨʤʘʪʠʚʥʦ-ʩʘʥʠʪʘʨʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ 

ʧʦʟʚʦʣʠʣʠ ʧʦʣʫʯʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʩʯʸʪʳ ʨʳʙʦʚʦʜʥʦʛʦ ʵʬʬʝʢʪʘ ʧʦ 

ʦʧʳʪʥʦʤʫ ʧʨʫʜʫ, ʧʦʢʘʟʘʥʥʳʝ ʥʘ ʨʠʩ. 3. 

ʆʪʣʦʚ ʦʧʳʪʥʦʛʦ ʧʨʫʜʘ ʦʩʫʱʝʩʪʚʣʷʣʠ ʚ ʢʦʥʮʝ ʦʢʪʷʙʨʷ. ɺʩʝʛʦ ʙʳʣʦ 

ʧʦʣʫʯʝʥʦ 42825 ʢʛ ʪʦʚʘʨʥʦʡ ʨʳʙʳ, ʚ ʪʦʤ ʯʠʩʣʝ: 24130 ʢʛ ʙʝʣʦʛʦ ʪʦʣʩʪʦʣʦʙʠʢʘ 

ʩʦ ʩʨʝʜʥʝʡ ʤʘʩʩʦʡ 785 ʛ, 16100 ʢʛ ʢʘʨʧʘ ʩʦ ʩʨʝʜʥʝʡ ʤʘʩʩʦʡ  

648 ʛ ʠ 2595 ʢʛ ʙʝʣʦʛʦ ʘʤʫʨʘ ʩʦ ʩʨʝʜʥʝʡ ʤʘʩʩʦʡ 617 ʛ. ʈʳʙʦʧʨʦʜʫʢʪʠʚʥʦʩʪʴ 

ʦʧʳʪʥʦʛʦ ʥʘʛʫʣʴʥʦʛʦ ʧʨʫʜʘ ʩʦʩʪʘʚʠʣʘ 50,4 ʮ/ʛʘ. ʇʨʦʮʝʥʪ ʢʘʨʧʘ ʚ ʦʙʱʝʤ ʫʣʦʚʝ 

ʪʦʚʘʨʥʦʡ ʨʳʙʳ ʩʦʩʪʘʚʠʣ 37,6%, ʘ ʨʘʩʪʠʪʝʣʴʥʦʷʜʥʳʭ (ʙʝʣʦʛʦ ʪʦʣʩʪʦʣʦʙʠʢʘ ʠ 

ʙʝʣʦʛʦ ʘʤʫʨʘ) ï 62,4% (ʨʠʩ. 3).  
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ʈʠʩ. 3. ʈʘʩʯʸʪʳ ʨʳʙʦʚʦʜʥʦʛʦ ʵʬʬʝʢʪʘ ʧʦ ʦʧʳʪʥʦʤʫ ʥʘʛʫʣʴʥʦʤʫ ʧʨʫʜʫ. 

 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʳʩʦʢʦʧʨʦʜʫʢʪʠʚʥʘʷ ʵʢʦʩʠʩʪʝʤʘ ʨʳʙʦʚʦʜʥʦʛʦ ʧʨʫʜʘ ʧʨʠ 

ʥʦʨʤʘʪʠʚʥʳʭ ʧʦʩʘʜʢʘʭ ʙʝʣʦʛʦ ʪʦʣʩʪʦʣʦʙʠʢʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʚʳʩʦʢʠʡ 

ʫʨʦʞʘʡ ʚʩʝʛʦ ʢʦʤʧʣʝʢʩʘ ʧʦʩʘʞʝʥʥʳʭ ʚʠʜʦʚ ʨʳʙ (1986 ʛ. ï 50 ʮ/ʛʘ). ʇʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʧʣʦʪʥʦʩʪʠ ʧʦʩʘʜʦʢ ʙʝʣʦʛʦ ʪʦʣʩʪʦʣʦʙʠʢʘ ʦʙʱʘʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ 

ʧʦʩʘʞʝʥʥʳʭ ʚ ʧʨʫʜ ʨʳʙ ʥʝʩʢʦʣʴʢʦ ʫʤʝʥʴʰʠʣʘʩʴ (1987 ʛ. ï 49 ʮ/ʛʘ) [4]. 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ ʦʧʳʪʥʦʤʫ 

ʨʳʙʦʚʦʜʥʦʤʫ ʧʨʫʜʫ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʝʛʦ ʢʦʤʧʴʶʪʝʨʥʦ-

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ï ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʧʦ ʠʟʫʯʝʥʠʶ ʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʶ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʵʢʦʩʠʩʪʝʤ ʨʳʙʦʚʦʜʥʳʭ 

ʧʨʫʜʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʦʧʳʪʥʦʤʫ ʥʘʛʫʣʴʥʦʤʫ ʧʨʫʜʫ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ ʥʘʫʯʥʦ-

ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ:  

ɺʳʩʦʢʦʡ ʨʳʙʦʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʤʦʞʥʦ ʜʦʩʪʠʛʥʫʪʴ ʪʦʣʴʢʦ ʧʫʪʸʤ 

ʧʨʘʚʠʣʴʥʦʛʦ ʧʦʜʙʦʨʘ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ ʨʳʙ, ʢʦʪʦʨʳʝ ʙʳ ʤʘʢʩʠʤʘʣʴʥʦ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʚʳʩʦʢʦʧʨʦʜʫʢʪʠʚʥʫʶ ʢʦʨʤʦʚʫʶ ʙʘʟʫ ʨʳʙʦʚʦʜʥʦʛʦ ʧʨʫʜʘ. 

ʕʢʦʩʠʩʪʝʤʘ ʨʳʙʦʚʦʜʥʦʛʦ ʧʨʫʜʘ ʤʦʞʝʪ ʩʪʘʪʴ ʚʳʩʦʢʦʧʨʦʜʫʢʪʠʚʥʦʡ ʪʦʣʴʢʦ ʚ 

ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚʩʝʭ ʟʚʝʥʴʝʚ ʝʸ ʙʠʦʪʠʯʝʩʢʦʡ ʮʝʧʠ 

ʙʫʜʫʪ ʧʨʦʪʝʢʘʪʴ ʥʘ ʚʳʩʦʢʦʧʨʦʜʫʢʪʠʚʥʦʤ ʫʨʦʚʥʝ.  

ɺʳʩʦʢʠʡ ʧʨʦʮʝʥʪ ʨʳʙʦʧʨʦʜʫʢʮʠʠ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʚ ʧʦʣʠʢʫʣʴʪʫʨʝ ʨʳʙ,  

ʩʦʩʪʦʷʱʝʡ ʠʟ ʢʘʨʧʘ, ʙʝʣʦʛʦ ʪʦʣʩʪʦʣʦʙʠʢʘ ʠ ʙʝʣʦʛʦ ʘʤʫʨʘ. ʇʨʠʥʷʪʦ ʩʯʠʪʘʪʴ, ʯʪʦ 

ʵʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʚʠʜʦʚ ʦʧʪʠʤʘʣʴʥʦ ʠʟ-ʟʘ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʤʠ 
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ʝʩʪʝʩʪʚʝʥʥʦʡ ʢʦʨʤʦʚʦʡ ʙʘʟʳ ʧʨʫʜʘ: ʙʝʣʳʡ ʪʦʣʩʪʦʣʦʙʠʢ ʧʦʪʨʝʙʣʷʝʪ 

ʬʠʪʦʧʣʘʥʢʪʦʥ, ʢʘʨʧ ï ʙʝʥʪʦʩ ʠ ʟʦʦʧʣʘʥʢʪʦʥ, ʙʝʣʳʡ ʘʤʫʨ ï ʤʘʢʨʦʬʠʪ. 

ʇʦʣʠʢʫʣʴʪʫʨʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʚʳʩʦʢʠʡ ʫʨʦʞʘʡ ʚʩʝʛʦ ʢʦʤʧʣʝʢʩʘ 

ʧʦʩʘʞʝʥʥʳʭ ʚʠʜʦʚ ʨʳʙ ʪʦʣʴʢʦ ʧʨʠ ʥʦʨʤʘʪʠʚʥʳʭ ʧʦʩʘʜʢʘʭ ʙʝʣʦʛʦ 

ʪʦʣʩʪʦʣʦʙʠʢʘ, ʪʘʢ ʢʘʢ ʨʳʙʦʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʧʨʫʜʘ ʪʝʩʥʝʡʰʠʤ ʦʙʨʘʟʦʤ ʩʚʷʟʘʥʘ ʩ 

ʧʨʦʜʫʢʮʠʝʡ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʟʘ ʩʯʸʪ ʬʦʪʦʩʠʥʪʝʟʘ ʬʠʪʦʧʣʘʥʢʪʦʥʘ, ʪ.ʝ. 

ʧʣʦʪʥʦʩʪʴ ʧʦʩʘʞʝʥʥʳʭ ʨʳʙ ʜʦʣʞʥʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʫʨʦʚʝʥʴ ʧʝʨʚʠʯʥʦ-

ʧʨʦʜʫʢʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. 
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The article is devoted to the technology of preparation of experimental cultivation of 

fishpond, its stocking feeding and managing fish weight and growth. The collected data was 

analyzed for further development its computer-mathematical model which would be an effective 

tool for study, research and prediction of regularities of fishponds ecosystems. 
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ʋɼʂ 517. 946 

 

ɼɺʋʍʉʊʆʈʆʅʅʀɽ ʆʎɽʅʂʀ ɼʃʗ ʈɽʐɽʅʀʗ ʉʆʇʈʗɾɽʅʅʆʁ 

ʉʄɽʐɸʅʅʆʁ ɿɸɼɸʏʀ ɼʃʗ ʅɽʆɼʅʆʈʆɼʅʆɻʆ ɺʆʃʅʆɺʆɻʆ 

ʋʈɸɺʅɽʅʀʗ ɺ ʊʈɽʍʄɽʈʅʆʄ ʇʈʆʉʊʈɸʅʉʊɺɽ 

ʄʠʨʟʦʨʘʭʠʤʦʚ ʄ.ʍ. 

ʌʠʥʘʥʩʦʚʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʊʘʜʞʠʢʠʩʪʘʥʘ   

ɺ ʨʘʙʦʪʝ ʜʣʷ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʦʜʥʦʡ ʩʦʧʨʷʞʝʥʥʦʡ ʩʤʝʰʘʥʥʦʡ ʟʘʜʘʯʠ ʜʣʷ 

ʚʦʣʥʦʚʦʛʦ ʫʨʘʚʥʝʥʠ ̫ ʚ ʪʨʝʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦʣʫʯʝʥʳ ʘʧʨʠʦʨʥʳʝ ʦʮʝʥʢʠ ʚ ʥʦʨʤʘʭ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʉʦʙʦʣʝʚʘ 
1

2W , ʠʟ ʢʦʪʦʨʳʭ ʩʣʝʜʫʝʪ ʥʝʧʨʝʨʳʚʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʨʝʰʝʥʠʷ ʦʪ 

ʧʨʘʚʦʡ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʧʨʠʦʨʥʳʝ ʦʮʝʥʢʠ, ʩʦʧʨʷʞʝʥʥʘʷ ʩʤʝʰʘʥʥʘʷ ʟʘʜʘʯʘ, ʚʦʣʥʦʚʦʝ 

ʫʨʘʚʥʝʥʠʝ ʚ ʪʨʝʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʥʝʣʦʢʘʣʴʥʘʷ ʟʘʜʘʯʘ. 

 

ɺ ʨ̫ʜʝ ʨʘʙʦʪ ɺ.ɸ.ʀʣʴʠʥʘ ʠ ʄ.ʀʩʤʘʪʠ (ʩʤ.[1]-[6]) ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ 

ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʫʨʘʚʥʝʥʠʡ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ. ʀʤʠ ʙʳʣʠ 

ʨʘʩʩʤʦʪʨʝʥʳ ʥʝʣʦʢʘʣʴʥʳʝ ʟʘʜʘʯʠ ʫʨʘʚʥʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʜʣʷ 

ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʚʦʣʥʦʚʦʛʦ ʫʨʘʚʥʝʥʠʷ.  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʩʷ ʜʚʫʭʩʪʦʨʦʥʥʠʝ ʦʮʝʥʢʠ ʩʦʧʨʷʞʝʥʥʦʡ 

ʩʤʝʰʘʥʥʦʡ ʟʘʜʘʯʠ ʜʣʷ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʚʦʣʥʦʚʦʛʦ ʫʨʘʚʥʝʥʠʷ. 

ʈʘʩʩʤʦʪʨʠʤ ʩʣʝʜʫʶʱʫʶ ʩʤʝʰʘʥʥʫʶ ʟʘʜʘʯʫ: 

mailto:komfaiz@mail.ru
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 ʇʦʩʢʦʣʴʢʫ ,0 Tt¢¢  ʪʦ ʥʝʨʘʚʝʥʩʪʚʦ (3) ʤʦʞʝʤ ʧʝʨʝʧʠʩʘʪʴ  ʚ ʚʠʜʝ 
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 ʀʟ (4) ʘʥʘʣʦʛʠʯʥʦ ʧʦʣʫʯʠʤ: 

,),,,( fRtzyʭW ¢               (5) 

ʛʜʝ 
r

tC
R

)(1= . ʕʪʦ ʝʩʪʴ ʧʨʘʚʘʷ ʯʘʩʪʴ ʧʝʨʚʦʛʦ ʥʝʨʘʚʝʥʩʪʚʘ (5). ʃʝʚʘʷ ʯʘʩʪʴ 

ʜʦʢʘʟʳʚʘʝʪʩʷ ʘʥʘʣʦʛʠʯʥʦ. 

 ʊʝʧʝʨʴ ʧʝʨʝʭʦʜʠʤ ʢ ʜʦʢʘʟʘʪʝʣʴʩʪʚʫ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʚʪʦʨʦʡ ʦʮʝʥʢʠ (2). 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʚ ʩʠʣʫ ʚʪʦʨʦʡ ʦʮʝʥʢʠ (5) ʜʣʷ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ t , 

ʧʦʣʫʯʠʤ: 

 

 

 

 

 


