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ʄɸÆɸʃʃɸʀ ʀʃʄ ʉʆʃʀ 2016 ʊɸʒʉʀʉ ɪʌʊɸɸʉʊ. 

 
ʈʝʜʘʢʮʠʦʥʥʳʡ ʩʦʚʝʪ: 

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

  



3 
 

 

ʉʆɼɽʈɾɸʅʀɽ - ʄʋʅɼɸʈʀÆɸ 

 

ʄ ɸ ʊ ɽ ʄ ɸ ʊ ʀ ʂ ɸ  ʀ  ʀ ʅ ʌ ʆ ʈ ʄ ɸ ʊ ʀ ʂ ɸ ............................................. 5 

ɸʙʜʫʢʘʨʠʤʦʚ ʄ.ʌ. ʆ ɻʈɸʅʀʏʅʆʄ ʋʇʈɸɺʃɽʅʀʀ, ʇʈʆʀɿɺʆɼʀʄʆʄ 

ʋʇʈʋɻʆʁ ʉʀʃʆʁ ʅɸ ʆɼʅʆʄ ʂʆʅʎɽ ʇʈʀ ɿɸʂʈɽʇʃɽʅʅʆʄ ɺʊʆʈʆʄ 

ʇʈʆʎɽʉʉɸ ɺʓʅʋɾɼɽʅʅʓʍ ʂʆʃɽɹɸʅʀʁ ʉʊʈʋʅʓ, ɿɸ ʄɸʃʓɽ 

ɺʈɽʄɽʅɸ .................................................................................................................... 5 

ɼʞʘʥʛʠʙʝʢʦʚ ɻ., ɸʨʘʙʟʦʜʘ ʂ. ʆ ʗɺʅʆʄ ʈɽʐɽʅʀʀ ʆɼʅʆɻʆ ɼɺʋʄɽʈʅʆɻʆ 

ʀʅʊɽɻʈɸʃʔʅʆɻʆ ʋʈɸɺʅɽʅʀʗ ......................................................................... 19 

ɿʘʨʠʧʦʚ ʉ.ʂ. ʆɹ ʆɼʅʆʄ ʂʃɸʉʉɽ ʄʆɼɽʃʔʅʓʍ ʀʅʊɽɻʈʆ-

ɼʀʌʌɽʈɽʅʎʀɸʃʔʅʓʍ ʋʈɸɺʅɽʅʀʁ ʇɽʈɺʆɻʆ ʇʆʈʗɼʂɸ ʉ ʇʈɸɺʆʁ 

ʉʀʅɻʋʃʗʈʅʆʁ ʊʆʏʂʆʁ ɺ ʗɼʈɽ ....................................................................... 40 

ʀʢʨʘʤʦʚ ʍ.ɼ. ɿɸʄɽʏɸʅʀɽ ʆ ʂɺɸɿʀʅʆʈʄɸʃʔʅʓʍ ʆʇɽʈɸʊʆʈɸʍ ......... 51 

ʂʦʤʠʣʦʚ ʌ.ʉ., ʄʠʨʟʦʝʚ ʉ.ʍ. ʆ ʊɽʍʅʆʃʆɻʀʗʍ ɺʓʈɸʑʀɺɸʅʀʗ  

ʆʇʓʊʅʆɻʆ ʅɸɻʋʃʔʅʆɻʆ ʈʓɹʆɺʆɼʅʆɻʆ ʇʈʋɼɸ ..................................... 53 

ʄʠʨʟʦʨʘʭʠʤʦʚ ʄ.ʍ. ɼɺʋʍʉʊʆʈʆʅʅʀɽ ʆʎɽʅʂʀ ɼʃʗ ʈɽʐɽʅʀʗ 

ʉʆʇʈʗɾɽʅʅʆʁ ʉʄɽʐɸʅʅʆʁ ɿɸɼɸʏʀ ɼʃʗ ʅɽʆɼʅʆʈʆɼʅʆɻʆ 

ɺʆʃʅʆɺʆɻʆ ʋʈɸɺʅɽʅʀʗ ɺ ʊʈɽʍʄɽʈʅʆʄ ʇʈʆʉʊʈɸʅʉʊɺɽ .................. 60 

ʌ ʀ ɿ ʀ ʂ ɸ  ʀ  ʊ ɽ ʍ ʅ ʀ ʂ ɸ ............................................................................. 69 

ʃʘʪʠʧʦʚʘ ʉ.ɿ., ɻʘʣʢʠʥ ɺ.ʀ., ʐʦʟʠʸʝʚ ɻ.ʇ. ʇʆʇɽʈɽʏʅʆɽ ʈɸʉʇʈɽɼɽʃɽʅʀɽ 

ʏɽʈɽʅʂʆɺʉʂʆɻʆ ʉɺɽʊɸ ʐʀʈʆʂʀʍ ɸʊʄʆʉʌɽʈʅʓʍ ʃʀɺʅɽʁ ʆʊ 

ʈɸɿʃʀʏʅʓʍ ʗɼɽʈ ʉ ʕʅɽʈɻʀɽʁ 1 ʇʕɺ ʅɸ ɺʓʉʆʊɽ 4250ʄ ʅɸɼ 

ʋʈʆɺʅɽʄ ʄʆʈʗ ..................................................................................................... 69 

ʈʘʭʤʦʥʦʚ ʈ.ʂ., ɸʭʤʝʜʞʘʥʦʚʘ ʂ.ʄ., ɿʦʠʨʦʚʘ ɿ.ʆ. ʀɿʋʏɽʅʀɽ ʂʆʅʊʋʈɸ 

ʄɸɻʅʀʊʅʆɻʆ ʇʆʃʗ ʇʆʉʈɽɼʉʊɺʆʄ ɼɸʊʏʀʂɸ ʍʆʃʃɸ ɺʆʂʈʋɻ 

ʂɸʊʋʐʂʀ, ʇʆ ʂʆʊʆʈʆʄʋ ʊɽʏɽʊ ʊʆʂ ........................................................... 75 

ʉʘʬʘʨʦʚ ʄ.ʄ., ʄʠʨʟʦʝʚ ʉ.ʍ., ɿʘʨʠʧʦʚʘ ʄ.ɸ.,  ɻʫʣʦʤʦʚ ʄ.ʄ., ɼʘʚʣʘʪʦʚ ɹ.ʅ., 

ʉʦʙʠʨʦʚ ɼʞ.ʌ., ʌʘʡʟʠʝʚ ɹ.ɻ. ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʂʆʕʌʌʀʎʀɽʅʊɸ  

ʊɽʇʃʆʆʊɼɸʏʀ (ʯʠʩʣʦ ɹʠʦ) ʅɸʅʆʂʆʄʇʆɿʀʊʆɺ .......................................... 83 

ʊʘʛʦʝʚ ʉ.ɸ., ɿʦʠʨʦʚ ʍ.ɸ., ʉʘʬʘʨʦʚ ʄ.ʄ. ɺʗɿʂʆʉʊʔ ʊʋʈɹʀʅʅʆɻʆ ʄɸʉʃɸ 

ɺ ɿɸɺʀʉʀʄʆʉʊʀ ʆʊ ʊɽʄʇɽʈɸʊʋʈʓ ............................................................. 90 

ʍ ʀ ʄ ʀ ʗ  ʀ  ɻ ɽ ʆ ʃ ʆ ɻ ʀ ʗ ............................................................................ 94 

ɽʨʝʤʠʥ ʅ.ʅ., ʋʣʘʥʦʚʘ ɸ.ʉ., ʄʘʨʯʝʥʢʦ ɽ.ʀ. ʈɸɿʈɸɹʆʊʂɸ ʄʆɼɽʃʀ 

ʄɽɾɸʊʆʄʅʓʍ ʇʆʊɽʅʎʀɸʃʆɺ ʀ ɸʊʆʄʀʉʊʀʏɽʉʂʆɽ 



4 
 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʂʈʀʉʊɸʃʃʀʏɽʉʂʀʍ ʉʊʈʋʂʊʋʈ ʄʆʅɸʎʀʊʆɺ 

ʃɽɻʂʀʍ ʈɽɼʂʆɿɽʄɽʃʔʅʓʍ ʕʃɽʄɽʅʊʆɺ .................................................... 94 

ɼʞʘʣʦʣʦʚ ʌ.ʅ., ʋʤʘʨʦʚʘ ʊ.ʄ. ʉʀʅʊɽɿ ʀ ʌʀɿʀʂʆ-ʍʀʄʀʏɽʉʂʀɽ 

ʉɺʆʁʉʊɺɸ ʉʇʃɸɺʆɺ ʉʀʉʊɽʄʓ Al-Fe (1,8%), ʄʆɼʀʌʀʎʀʈʆɺɸʅʅʓʍ 

ɽɺʈʆʇʀɽʄ ............................................................................................................. 108 

ʇʠʨʘʢʦʚ ɻ., ʄʠʨʟʦʝʚ ɹ., ʌʘʢʝʨʦʚ ɻ.ʄ., ʅʝʲʤʘʪʟʦʜʘ ɹ. ɻɽʆʃʆɻʀʏɽʉʂʀɽ 

ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ʋɻʆʃʔʅʆɻʆ ʄɽʉʊʆʈʆɾɼɽʅʀʗ ʌɸʅ-ʗɻʅʆɹ ....... 113 

ʉʘʡʬʫʣʣʦʝʚ ʂ.ʅ., ʋʤʘʨʦʚʘ ʊ.ʄ. ʉʀʅʊɽɿ ʀ ʌʀɿʀʂʆ-ʍʀʄʀʏɽʉʂʀɽ 

ʉɺʆʁʉʊɺɸ ʉʇʃɸɺʆɺ ʉʀʉʊɽʄʓ Al-Mn ........................................................ 119 

ʉʘʣʠʭʦʚ ʌ.ʉ., ɹʘʭʪʜʘʚʣʘʪʦʚ ʈ.ɼ., ɹʦʙʦʝʚ ʉ.ʅ. ʄɽɼɽʅʆʉʅʆʉʊʔ ʇɽʈʄʆ-

ʊʈʀɸʉʆɺʓʍ ʆʊʃʆɾɽʅʀʁ ʇʈʀɻʈɸʅʀʏʅʓʍ ʊɽʈʈʀʊʆʈʀʁ 

ʊɸɼɾʀʂʀʉʊɸʅɸ, ʂʓʈɻʓɿʉʊɸʅɸ ʀ ʂʀʊɸʗ (ɿɸɸʃɸʁʉʂʀʁ ʍʈɽɹɽʊ) 124 

 

  



5 
 

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: 



8 
 

[ ] [ ]ññññ +
ý
ü
û

í
ì
ë

F-++---
ý
ü
û

í
ì
ë

F-++-

l T

t

T l

x dxdttxlxtxtdtdxtxlxtxt
0 00 0

),()2()(),()2()( mmmm  

[ ]

[ ]ñ ññññ

ñññ

=F-
îý

î
ü
û

îí

î
ì
ë

F
ö
ö

÷

õ

æ
æ

ç

å
+-+-+-

-
îý

î
ü
û

îí

î
ì
ë

F
ö
ö

÷

õ

æ
æ

ç

å
+---++

T l Tl

t

t

l T

x

t

dxdttxtxfdtdxtxdtxftxf

dxdttxdtxftxf

0 0 00 0

0 0 0

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

1

),(),(),(
2

1

ttttt

ttttt

 

ññ ñññ ññ -F
ö
ö

÷

õ

æ
æ

ç

å
+--

ù
ù
ú

ø

é
é
ê

è

ö
ö

÷

õ

æ
æ

ç

å
+-F=

-+--+- T l

xt

lxtxtlT lxtxt

x dxdttxdddtddtx
0 0

2

0000

2

00

),()()()()(),( ttmttmttmttm  

ññ ñññ ññ -F
ö
ö

÷

õ

æ
æ

ç

å
+-+

ù
ù
ú

ø

é
é
ê

è

ö
ö

÷

õ

æ
æ

ç

å
+-F-

-+--+- T l

tx

lxtxtTl lxtxt

t dxdttxdddxddtx
0 0

2

0000

2

00

),()()()()(),( ttmttmttmttm  

[ ]ñññ +F
ö
ö

÷

õ

æ
æ

ç

å
+-+-+-

l T

xt

t

dtdxtxdtxftxf
0 0 0

),(),(Ĕ),(Ĕ
2

1
ttttt  

[ ]

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

),(),(),(),(),(),(

),(),(Ĕ),(Ĕ
2

1
),(),(Ĕ

0 00 0

0 00 0 00 0

0 0 00 0 0

ññññ

ñññññññ

ññññññ

=F-F=

=F-
îý

î
ü
û

îí

î
ì
ë

Fù
ú

ø
é
ê

è
-=F-

-F
ö
ö

÷

õ

æ
æ

ç

å
+-+-++

îý

î
ü
û

îí

î
ì
ë

F
ö
ö

÷

õ

æ
æ

ç

å
+

l Tl T

l Tl T

t

tl T

l T

tx

tT l

xt

t

dxdttxtxfdxdttxtxf

dxdttxtxfdxdttxdxfdxdttxtxf

dtdxtxdtxftxfdtdxtxdxf

tt

ttttttt

 

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  

 }.{lim
1

)(

1

1|<|||||<||
0

1|<|

2 ññññññ
¢+-

­

+¹
-

zeez
e

z

z

pzp
zzz

z

z

ds

z

z
 

 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=   

 .)(
2

1
=)(,)(=)(

2

0=
ñä -

¤

-¤

p
aaa ar

p
rrz deeffeff iki
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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  



33 
 

 .<|)(|
1|<|

0 ¤ññ z

z

z dsf
q

 

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  

 ,
1)(

)(1
lim=))((

)
||

|>1(|)
||

1
|<(|

2
0

s

e
ss

e s

s

p
ds

zf
zPf

zz

ññ
-Æ

­ -
 

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 
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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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1

21121

21

21

21

xgccEdttg
tb

xb

tb

xb

D

ʩxbʩxbxy

b

x

-¹ù
ú

ø
é
ê

è
ö
÷

õ
æ
ç

å

-

-
--ö

÷

õ
æ
ç

å

-

-
-+

+-+-=

ñ

mm

mm

mm
 (4) 

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. 

 

A NOTE ON QUASI-NORMAL OPERATORS  
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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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ʯʪʦ ʠ ʪʨʝʙʦʚʘʣʦʩʴ ʜʦʢʘʟʘʪʴ. 

ʀʤʝʝʪ ʤʝʩʪʦ 
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ʋɼʂ 524.1 

ʇʆʇɽʈɽʏʅʆɽ ʈɸʉʇʈɽɼɽʃɽʅʀɽ ʏɽʈɽʅʂʆɺʉʂʆɻʆ ʉɺɽʊɸ 

ʐʀʈʆʂʀʍ ɸʊʄʆʉʌɽʈʅʓʍ ʃʀɺʅɽʁ ʆʊ ʈɸɿʃʀʏʅʓʍ ʗɼɽʈ ʉ 

ʕʅɽʈɻʀɽʁ 1 ʇʕɺ ʅɸ ɺʓʉʆʊɽ 4250ʄ ʅɸɼ ʋʈʆɺʅɽʄ ʄʆʈʗ 

ʃʘʪʠʧʦʚʘ ʉ.ɿ., ɻʘʣʢʠʥ ɺ.ʀ., ʐʦʟʠʸʝʚ ɻ.ʇ.  

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

ʊʘʜʞʠʢʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʅʀʀʗʌ, ʄɻʋ ʠʤʝʥʠ ʄ. ɺ. ʃʦʤʦʥʦʩʦʚʘ  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʣʦʩʴ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʯʝʨʝʥʢʦʚʩʢʦʛʦ ʩʚʝʪʘ ʦʪ ʰʠʨʦʢʠʭ 

ʘʪʤʦʩʬʝʨʥʳʭ ʣʠʚʥʝʡ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʛʦʨʴʷ ʇʘʤʠʨʘ. ʀʟʫʯʘʣʠʩʴ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʥʳʝ 

ʜʘʥʥʳʝ ʧʦ ʬʫʥʢʮʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʣʠʚʥʝʡ, ʬʣʫʢʪʫʘʮʠʠ ʧʦʧʝʨʝʯʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʪ ʧʝʨʚʠʯʥʳʭ ʷʜʝʨ ʅʝ, p, N, S, Fe ʩ ʵʥʝʨʛʠʝʡ 1 ʇʵɺ.  

 

ɺʚʝʜʝʥʠʝ 

 

ʀʟʫʯʝʥʠʝ ʧʨʠʨʦʜʳ ʯʝʨʝʥʢʦʚʩʢʦʛʦ ʩʚʝʪʘ ʦʪ ʰʠʨʦʢʠʭ ʘʪʤʦʩʬʝʨʥʳʭ ʣʠʚʥʝʡ 

(ʐɸʃ) ʙʝʨʝʪ ʥʘʯʘʣʦ ʩ 50-ʭ ʛʦʜʦʚ XX ʚʝʢʘ. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʯʝʨʝʥʢʦʚʩʢʦʛʦ ʩʚʝʪʘ ʦʪ ʰʠʨʦʢʠʭ ʘʪʤʦʩʬʝʨʥʳʭ ʣʠʚʥʝʡ ʠʟʫʯʘʝʝʪʩʷ ʫʞʝ ʙʦʣʝʝ 70 

ʣʝʪ.  ɺ ʨʘʥʥʠʭ ʨʘʙʦʪʘʭ ʠʟʫʯʘʣʠ ʪʘʢʞʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʯʝʨʝʥʢʦʚʩʢʦʛʦ ʩʚʝʪʘ ʦʪ 

ʐɸʃ [1]. 

ʕʬʬʝʢʪ ɺʘʚʠʣʦʚʘ ð ʏʝʨʝʥʢʦʚʘ ʠʣʠ ʠʟʣʫʯʝʥʠʝ 

ɺʘʚʠʣʦʚʘ ð ʏʝʨʝʥʢʦʚʘ ʝʩʪʴ ʩʚʝʯʝʥʠʝ [2, 3, 4], 

ʚʳʟʳʚʘʝʤʦʝ ʚ ʧʨʦʟʨʘʯʥʦʡ ʩʨʝʜʝ ʟʘʨʷʞʝʥʥʦʡ ʯʘʩʪʠʮʝʡ, 

ʢʦʪʦʨʘʷ ʜʚʠʞʝʪʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ, ʧʨʝʚʳʰʘʶʱʝʡ ʬʘʟʦʚʫʶ 

ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʚʝʪʘ ʚ ʵʪʦʡ ʩʨʝʜʝ (
n

c
v> ). 

ʋʛʦʣ ʧʦʜ ʢʦʪʦʨʳʤ ʩʨʝʜʘ ʠʟʣʫʯʘʝʪ ʵʪʦʪ ʩʚʝʪ ʨʘʚʥʘ 

b
q

n
cher

1
cos = . ʏʝʨʝʥʢʦʚʩʢʠʝ ʬʦʪʦʥʳ ʠʩʧʫʩʢʘʝʤʳʝ 

ʝʜʠʥʠʯʥʳʤ ʨʝʣʷʪʠʚʠʩʪʩʢʠʤ ʬʦʪʦʥʦʤ ʥʘ ʜʣʠʥʝ ʧʫʪʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʫʣʦʡ:  

ñ öö
÷

õ
ææ
ç

å
-=

2

1

222

)1(
1

1
2

l

l

g

l

l

br

pa d

ndX

dN
,     (1) 

ʛʜʝ ˊ ʠ Ŭ ï ʧʦʩʪʦʷʥʥʳʝ, ɟ ï ʧʣʦʪʥʦʩʪʴ ʩʨʝʜʳ (ʛ/ʩʤ
3
), n ï 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʝʣʦʤʣʝʥʠʷ ʩʨʝʜʳ, ɓ ï ʣʦʨʝʥʮ-ʬʘʢʪʦʨ, ɚ 

ï ʜʣʠʥʘ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ. 

ʈʠʩʫʥʦʢ 2. ʉʭʝʤʘ 

ʠʟʣʫʯʝʥʠʷ ʬʦʪʦʥʦʚ ʦʪ 

ʧʝʨʚʠʯʥʦ ʧʘʜʘʶʱʝʛʦ 

ʨʝʣʷʪʠʚʠʩʪʩʢʦʛʦ 

ʣɻʝʢʪʨʦʥʘ ʚ ʘʪʤʦʩʬʝʨʝ 

ʟʝʤʣʠ. 
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ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʠʚʝʜʝʥʘ ʩʭʝʤʘ ʨʦʞʜʝʥʠʷ ʬʦʪʦʥʦʚ ʥʘ ʨʘʟʥʳʭ ʚʳʩʦʪʘʭ ʚ 

ʘʪʤʦʩʬʝʨʝ ʦʪ ʧʝʨʚʠʯʥʦʛʦ ʨʝʣʷʪʠʚʠʩʪʩʢʦʛʦ ʝʣʝʢʪʨʦʥʘ, ʛʜʝ 1 ï ʪʨʘʝʢʪʦʨʠʷ 

ʜʚʠʞʝʥʠʷ ʵʣʝʢʪʨʦʥʘ, 2 ï ʠʟʣʫʯʘʝʤʳʝ ʩʚʝʪʦʚʳʝ ʢʦʥʫʩʳ ʨʘʟʣʠʯʥʳʭ ʬʦʪʦʥʦʚ, 3 ï 

ʫʛʦʣ ʨʘʩʪʚʦʨʘ ʯʝʨʝʥʢʦʚʩʢʦʛʦ ʢʦʥʫʩʘ, ʢʦʪʦʨʳʡ ʤʝʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʣʦʪʥʦʩʪʠ ʠ ʩʦʩʪʘʚʘ ʘʪʤʦʩʬʝʨʳ.  

ɺ ʪʚʸʨʜʳʭ ʚʝʱʝʩʪʚʘʭ ʠ ʞʠʜʢʦʩʪʷʭ ʫʩʣʦʚʠʝ (1) ʥʘʯʠʥʘʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʜʣʷ 

ʵʣʝʢʪʨʦʥʦʚ ʫʞʝ ʧʨʠ ʵʥʝʨʛʠʷʭ ~ 10
5
 ʵɺ, ʜʣʷ ʧʨʦʪʦʥʦʚ, ʤʘʩʩʘ ʢʦʪʦʨʳʭ ʚ ~2000 ʨʘʟ 

ʙʦʣʴʰʝ ʵʣʝʢʪʨʦʥʥʦʡ, ʧʨʠ ʵʥʝʨʛʠʷʭ ï 10
8
 ʵɺ. 

ʏʝʨʝʥʢʦʚʩʢʦʝ ʠʟʣʫʯʝʥʠʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʘʭ ʚ 

ʬʠʟʠʢʝ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ [5, 6]. 

ɺ ʨʘʙʦʪʘʭ [7-15] ʚ ʨʘʤʢʘʭ ʥʦʚʦʛʦ ʤʝʪʦʜʘ ʨʘʩʯʝʪʘ ʬʫʥʢʮʠʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (ʌʇʈ) ʯʝʨʝʥʢʦʚʩʢʦʛʦ ʩʚʝʪʘ (ʏʉ) ʚ ʐɸʃ 

ʙʳʣʠ ʦʪʨʘʙʦʪʘʥʳ ʠ ʠʩʧʦʣʴʟʦʦʚʘʥʳ ʛʠʙʨʠʜʥʳʝ ʩʭʝʤʳ ʨʘʩʯʝʪʦʚ ʜʣʷ ʦʮʝʥʢʠ 

ʵʥʝʨʛʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʗʢʫʐɸʃ. ʋʯʠʪʳʚʘʷ ʪʘʢʞʝ ʠ ʜʘʥʥʳʝ ʨʘʙʦʪʳ ʙʳʣʦ 

ʧʨʦʤʦʜʝʣʠʨʦʚʘʥʦ ʧʨʦʭʦʞʜʝʥʠʝ ʐɸʃ ʜʦ ʫʨʦʚʥ ̫ʥʘʙʣʶʜʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʛʦʨ 

ʇʘʤʠʨʘ. 

 

ɺʳʙʦʨ ʧʘʨʘʤʝʪʨʦʚ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

 

ʂʣʘʩʩʠʯʝʩʢʠʤʠ ʟʘʜʘʯʘʤʠ ʬʠʟʠʢʠ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʷʚʣʷʶʪʩʷ 

ʦʧʨʝʜʝʣʝʥʠʝ ʤʘʩʩʦʚʦʛʦ ʩʦʩʪʘʚʘ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ ʧʝʨʚʠʯʥʦʛʦ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʇʂʀ). ɺ ʦʙʣʘʩʪʠ ʩʚʝʨʭʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ (ɽ0>10
15

 ʵɺ) 

ʵʪʠ ʟʘʜʘʯʠ ʨʝʰʘʶʪʩʷ ʧʫʪʝʤ ʠʟʤʝʨʝʥʠʷ ʵʥʝʨʛʠʠ, ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʠʭʦʜʘ ʠ ʪʠʧʘ 

ʧʝʨʚʠʯʥʦʡ ʯʘʩʪʠʮʳ ʦʪ ʐɸʃ. ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʣʠʚʥʷ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ, ʫʛʣʦʚʦʝ ʠ ʚʨʝʤʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʯʝʨʝʥʢʦʚʩʢʦʛʦ ʩʚʝʪʘ ʐɸʃ, ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʤʘʩʩʦʚʳʡ 

ʩʦʩʪʘʚ ʇʂʀ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʛʦʨʴʷ. 

ɸʥʘʣʠʟ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʫʛʣʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (ʇʋʈ) ʏʉ ʐɸʃ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʘʜʠʮʠʦʥʥʳʭ ʠ ʚʥʦʚʴ ʚʚʦʜʠʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʫʛʣʦʚʦʛʦ 

ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʨʘʟʣʠʯʥʳʭ ʨʘʩʩʪʦʷʥʠʷʭ ʦʪ ʦʩʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʤʦʞʥʦ ʠʟʤʝʨʠʪʴ 

ʤʘʩʩʫ ʧʝʨʚʠʯʥʦʡ ʯʘʩʪʠʮʳ ʩ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ ʩ ʧʦʤʦʱʴʶ 

ʥʘʙʦʨʘ ʯʝʨʝʥʢʦʚʩʢʠʭ ʪʝʣʝʩʢʦʧʦʚ ʩ ʧʦʣʝʤ ʟʨʝʥʠʷ ʥʝ ʤʝʥʝʝ 20Á ʠ ʨʘʟʤʝʨʦʤ 

ʧʠʢʩʝʣʷ 0,5-0,8Ü ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʩʝʪʠ ʙʳʩʪʨʳʭ ʦʧʪʠʯʝʩʢʠʭ ʜʝʪʝʢʪʦʨʦʚ ʩ 

ʨʘʟʤʝʨʦʤ ʷʯʝʡʢʠ ~ 25 ʤ. ʂʨʠʪʝʨʠʡ ʨʘʟʜʝʣʝʥʠʷ ʩʦʙʳʪʠʡ ʧʦ ʤʘʩʩʝ ʧʝʨʚʠʯʥʦʛʦ 

ʷʜʨʘ ʪʨʝʙʫʝʪ ʪʦʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʧʝʨʚʠʯʥʦʡ ʯʘʩʪʠʮʳ (ʩ ʦʰʠʙʢʦʡ 

ʥʝ ʙʦʣʝʝ 0,1 ʛʨʘʜʫʩʘ ʜʫʛʠ). ʉʦʟʜʘʥ ʘʣʛʦʨʠʪʤ ʦʮʝʥʢʠ ʧʝʨʚʠʯʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚ 

ʨʘʩʯʝʪʥʳʝ ʤʦʜʝʣʠ ʯʝʨʝʥʢʦʚʩʢʦʛʦ ʬʨʦʥʪʘ ʠ ʧʦʧʝʨʝʯʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʯʝʨʝʥʢʦʚʩʢʦʛʦ ʩʚʝʪʘ ʐɸʃ ʦʪ ʨʘʟʥʳʭ ʧʝʨʚʠʯʥʳʭ ʷʜʝʨ. 
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ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʧʘʢʝʪʘ CORSIKA 

[6]. ɹʳʣʘ ʧʨʦʚʝʜʝʥʘ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʩʨʝʜʥʠʭ ʬʫʥʢʮʠʡ ʠ ʬʣʫʢʪʫʘʮʠʡ ʬʨʦʥʪʘ ʠ 

ʧʦʧʝʨʝʯʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʏʉ. ɺ ʢʘʯʝʩʪʚʝ ʧʝʨʚʠʯʥʳʭ ʷʜʝʨ ʤʳ ʚʳʙʨʘʣʠ 

ʧʨʦʪʦʥʳ, ʷʜʨʘ ʅʝ, N, S, Fe ʩ ʵʥʝʨʛʠʝʡ 1 ʇʵɺ ʥʘ ʚʳʩʦʪʝ ʥʘʙʣʶʜʝʥʠʷ 4250ʤ ʥʘʜ 

ʫʨʦʚʥʝʤ ʤʦʨʷ. ʇʦʜ ʬʨʦʥʪʦʤ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʥʠʤʘʝʪʩʷ ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʤʝʩʪʦ 

ʪʦʯʝʢ ʜʚʠʞʫʱʠʭʩʷ ʯʝʨʝʥʢʦʚʩʢʠʭ ʬʦʪʦʥʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʘʟʝ Ű 

ʯʝʨʝʥʢʦʚʩʢʦʛʦ ʠʤʧʫʣʴʩʘ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʢʘʢ ʤʦʤʝʥʪ ʜʦʩʪʠʞʝʥʠʷ ʠʥʪʝʛʨʘʣʦʤ ʦʪ 

ʠʤʧʫʣʴʩʘ ʫʨʦʚʥʷ 50%. ʉʝʪʢʘ ʙʳʩʪʨʳʭ ʜʝʪʝʢʪʦʨʦʚ  ʧʦʟʚʦʣʷʝʪ  ʦʧʨʝʜʝʣʷʪʴ 

ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʠʭʦʜʘ ʣʠʚʥʝʡ ʧʦ ʟʘʜʝʨʞʢʘʤ ʬʨʦʥʪʘ, ʘ ʧʦʣʦʞʝʥʠʷ ʦʩʝʡ ʠ ʵʥʝʨʛʠʠ 

ʧʦ ʧʦʣʥʳʤ ʠʥʪʝʛʨʘʣʘʤ ʠʤʧʫʣʴʩʦʚ, ʜʘʶʱʠʤ ʧʦʧʝʨʝʯʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʯʝʨʝʥʢʦʚʩʢʦʛʦ ʩʚʝʪʘ. 

 

ʌʣʫʢʪʫʘʮʠʠ ʧʦʧʝʨʝʯʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʏʉ ʐɸʃ 

 

ɹʳʣʠ ʧʨʦʤʦʜʝʣʠʨʦʚʘʥʳ ʠ ʧʦʩʯʠʪʘʥʳ ʬʫʥʢʮʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ (ʌʇʈ) ʐɸʃ ʜʣʷ ʧʨʦʪʦʥʘ ʠ ʨʘʟʣʠʯʥʳʭ ʷʜʝʨ. ʅʘ ʨʠʩʫʥʢʝ 2 

ʧʨʠʚʦʜʠʪʩʷ ʧʨʠʤʝʨ ʜʣʷ ʷʜʨʘ ʅʝ ʩ ʵʥʝʨʛʠʝʡ 1ʇʵɺ ʠ ʣʠʥʠʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 

ʩʨʝʜʥʝʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʀʟ ʜʘʥʥʦʛʦ ʨʠʩʫʥʢʘ ʣʝʛʢʦ ʚʠʜʝʪʴ 

ʬʣʫʢʪʫʘʮʠʠ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʦʩʠ ʣʠʚʥʷ. 

ʌʣʫʢʪʫʘʮʠʠ ʌʇʈ ʨʘʩʪʫʪ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʤʝʥʝʝ 1 ʤʝʪʨʘ ʦʪ ʦʩʠ ʠ ʩ ʫʜʘʣʝʥʠʝʤ 

ʩʚʳʰʝ 500 ʤʝʪʨʦʚ. ɼʘʥʥʳʤʠ ʬʣʫʢʪʫʘʮʠʠ ʚ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ 

ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʩʪʘʪʠʩʪʠʢʠ ʩʦʙʳʪʠʡ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ. 

ɸʧʧʨʦʢʩʠʤʘʮʠʠ ʌʇʈ (Q(R)), ʬʣʫʢʪʫʘʮʠʠ (ŭQ(R)), ʚʨʝʤʳ ʧʨʠʭʦʜʘ (Ű(R)), 

ʬʣʫʢʪʫʘʮʠʠ ʚʨʝʤʝʥʠ ʧʨʠʭʦʜʘ (ŭŰ(R)) ʜʣʷ ʧʨʦʪʦʥʥʳʭ ʣʠʚʥʝʡ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʨʦʮʝʜʫʨʳ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʦʩʠ ʠ 

ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʠʭʦʜʘ ʧʨʦʪʦʥʥʳʭ ʣʠʚʥʝʡ ʩ ʨʘʟʣʠʯʥʳʤʠ ʟʝʥʠʪʥʳʤʠ (0-30Ü) ʠ 

ʘʟʠʤʫʪʘʣʴʥʳʤʠ ʫʛʣʘʤʠ (0-360Ü) [2]. ʅʘʧʨʘʚʣʝʥʠʷ ʣʠʚʥʝʡ ʚʦʩʩʪʘʥʘʚʣʠʚʘʣʠʩʴ ʩʦ 

ʩʨʝʜʥʝʡ ʪʦʯʥʦʩʪʴʶ ʥʝ ʭʫʞʝ 0.1Ü, ʘ ʧʦʣʦʞʝʥʠʷ ʦʩʝʡ ð ʩ ʪʦʯʥʦʩʪʴʶ ~1 ʤ. 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʠʚʝʜʝʥʳ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʩʨʝʜʥʝʛʦ  ʬʨʦʥʪʘ (Ű(R))  ʠ 

ʬʣʫʢʪʫʘʮʠʷ ʬʨʦʥʪʘ (ŭŰ(R))  ʩʚʝʪʘ ʐɸʃ ʦʪ ʧʝʨʚʠʯʥʳʭ ʷʜʝʨ p, ʅʝ, N, S, Fe ʩ 

ʵʥʝʨʛʠʝʡ 1 ʇʵɺ ʥʘ ʚʳʩʦʪʝ 4250ʤ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ. 
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ʈʠʩʫʥʦʢ 3. ɸʧʧʨʦʢʩʠʤʘʮʠʠ (ʣʠʥʠʠ) ʩʨʝʜʥʝʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʬʣʫʢʪʫʘʮʠʡ 

ʧʦʧʝʨʝʯʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʝʨʝʥʢʦʚʩʢʦʛʦ ʩʚʝʪʘ ʐɸʃ ʦʪ ʧʝʨʚʠʯʥʦʛʦ ʷʜʨʘ ʅʝ ʩ ʵʥʝʨʛʠʠ 1 

ʇʵɺ ʠ ʨʘʩʯʝʪʥʳʝ ʜʘʥʥʳʝ (ʢʨʫʞʢʠ ʠ ʪʨʝʫʛʦʣʴʥʠʢʠ). 
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ʈʠʩʫʥʦʢ 4. ɸʧʧʨʦʢʩʠʤʘʮʠʠ 

ʩʨʝʜʥʝʛʦ  ʬʨʦʥʪʘ  ʩʚʝʪʘ ʐɸʃ ʦʪ 

ʧʝʨʚʠʯʥʳʭ ʷʜʝʨ p, ʅʝ, N, S, Fe ʩ 

ʵʥʝʨʛʠʝʡ 1 ʇʵɺ. 

ʈʠʩʫʥʦʢ 5. ɸʧʧʨʦʢʩʠʤʘʮʠʠ ʩʨʝʜʥʝʛʦ  

ʬʨʦʥʪʘ  ʩʚʝʪʘ ʐɸʃ ʦʪ ʧʝʨʚʠʯʥʳʭ ʷʜʝʨ p, 

ʅʝ, N, S, Fe ʩ ʵʥʝʨʛʠʝʡ 1 ʇʵɺ. 

 

ʅʘ ʨʠʩʫʥʢʘʭ 3 ʠ 4 ʧʨʠʚʝʜʝʥʳ ʢʨʠʚʠʟʥʘ ʬʨʦʥʪʘ ʠ ʧʦʧʝʨʝʯʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʝʨʝʥʢʦʚʩʢʦʛʦ ʩʚʝʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʧʝʨʚʠʯʥʦʡ ʯʘʩʪʠʮʳ. 

ɼʘʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʜʘʥʥʳʝ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʠʧʘ ʧʝʨʚʠʯʥʦʡ ʯʘʩʪʠʮʳ. 

 

ɺʳʚʦʜʳ 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʦʜʩʯʝʪʦʚ ʧʦ ʧʨʠʥʷʪʦʡ ʤʦʜʝʣʠ ʥʘʤʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʚʳʚʦʜʳ: 

1) ʌʦʨʤʘ ʬʨʦʥʪʘ ʠ ʦʩʦʙʝʥʥʦ ʬʦʨʤʘ ʧʦʧʝʨʝʯʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʚʝʪʘ ʟʘʚʠʩʷʪ 

ʦʪ ʤʘʩʩʳ ʧʝʨʚʠʯʥʦʛʦ ʷʜʨʘ. 

2) ʈʝʰʝʥʠʝ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ ʜʣʷ ʧʨʦʪʦʥʥʳʭ ʣʠʚʥʝʡ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʪʦʯʥʦʩʪʴ 

ʧʦʣʫʯʝʥʥʳʭ ʘʧʧʨʦʢʩʠʤʘʮʠʡ ʜʦʩʪʘʪʦʯʥʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ 

ʣʠʚʥʷ ʩ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴʶ ~0,1 ʛʨʘʜ ʠ ʪʦʯʢʠ ʧʘʜʝʥʠʷ ʦʩʠ ʩ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴʶ ~1 ʤ. 
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ɺ ʩʪʘʪʴʝ ʧʦʜʨʦʙʥʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʠʟʤʝʨʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʦ ʢʦʥʪʫʨʫ ʚʦʢʨʫʛ 

ʢʘʪʫʰʢʠ ʢʨʫʛʦʚʦʡ ʬʦʨʤʳ,  ʧʦ ʢʦʪʦʨʦʤʫ ʪʝʯʝʪ ʪʦʢ ʤʝʪʦʜʦʤ ʵʬʬʝʢʪʘ ʍʦʣʣʘ. ʂʘʢ 

ʧʨʦʷʚʣʷʝʪ ʩʝʙʷ ʧʦʣʝ ʦʙʨʘʟʦʚʘʥʥʦʝ ʦʜʥʦʡ ʢʘʪʫʰʢʦʡ ʠ ʜʚʫʤʷ  ʢʘʪʫʰʢʘʤʠ ʚʜʦʣʴ ʠ ʚ ʧʦʧʝʨʝʯʥʦʝ 

ʩʝʯʝʥʠʝ ʢʘʪʫʰʝʢ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʟʫʯʝʥʦ ʫʚʝʣʠʯʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʪʦʢʘ, ʚʣʠʷʥʠʝ ʥʘ ʥʝʛʦ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ: ʩʫʧʝʨʧʦʟʠʮʠʷ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ 

ʧʨʷʤʦʛʦ ʠ ʢʨʫʛʦʚʦʛʦ ʧʨʦʚʦʜʥʠʢʘ, ʧʦ ʢʦʪʦʨʳʤ ʪʝʯʝʪ ʪʦʢ ʠ ʘʢʪʠʚʥʦʩʪʴ ʩʦʣʥʮʘ.  

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʝʩʣʠ ʧʦ ʧʨʦʚʦʜʥʠʢʫ  ʪʝʯʝʪ  ʪʦʢ, ʪʦ ʚʦʢʨʫʛ ʧʨʦʚʦʜʥʠʢʘ 

ʦʙʨʘʟʫʝʪʩʷ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ.  ʅʘ ʠʟʫʯʝʥʠʝ ʵʪʦʛʦ ʦʯʝʚʠʜʥʦʛʦ ʩʝʡʯʘʩ ʟʘʢʦʥʘ 

ʬʠʟʠʢʠ, ʧʦʩʣʝ ʦʪʢʨʳʪʠʷ ʕʨʩʪʝʜʘ, ʫʰʣʦ ʤʥʦʛʦ ʣʝʪ ʠ ʧʦʣʫʯʝʥʠʝʤ ʵʣʝʢʪʨʠʯʝʩʪʚʘ 

ʠʟ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʟʘʥʠʤʘʣʩʷ ʘʥʛʣʠʡʩʢʠʡ ʫʯʝʥʳʡ ʄʘʡʢʣ ʌʘʨʘʜʝʡ. ɼʝʣʘʣʠʩʴ 

ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ ʠ ʨʘʟʤʝʨʦʚ ʧʨʦʚʦʜʥʠʢʠ ʠ ʤʘʛʥʠʪʳ, ʠʩʢʘʣʠʩʴ ʚʘʨʠʘʥʪʳ ʠʭ 

ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ. ʀ ʪʦʣʴʢʦ, ʚʠʜʠʤʦ, ʩʣʫʯʘʡʥʦ ʫʯʝʥʳʡ ʦʙʥʘʨʫʞʠʣ, ʯʪʦ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘ ʢʦʥʮʘʭ ʧʨʦʚʦʜʥʠʢʘ ʕɼʉ ʥʝʦʙʭʦʜʠʤʦ ʝʱʝ ʦʜʥʦ ʩʣʘʛʘʝʤʦʝ ï 

ʜʚʠʞʝʥʠʝ ʤʘʛʥʠʪʘ, ʪ.ʝ. ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʜʦʣʞʥʦ ʙʳʪʴ ʦʙʷʟʘʪʝʣʴʥʦ ʧʝʨʝʤʝʥʥʳʤ. 

ʉʝʡʯʘʩ ʵʪʦ ʥʠʢʦʛʦ ʫʞʝ ʥʝ ʫʜʠʚʣʷʝʪ. ʀʤʝʥʥʦ ʪʘʢ ʨʘʙʦʪʘʶʪ ʚʩʝ 

ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʛʝʥʝʨʘʪʦʨʳ, ʧʨʠ ʚʨʘʱʝʥʠʠ ʨʦʪʦʨʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ 

ʚʳʨʘʙʘʪʳʚʘʝʪʩʷ. ʆʩʪʘʥʦʚʠʣʠ, ʧʝʨʝʩʪʘʣʠ ʚʨʘʱʘʪʴ, ʠ ʣʘʤʧʦʯʢʘ ʧʦʛʘʩʣʘ. 

ɽʩʣʠ ʧʦʤʝʩʪʠʪʴ ʧʣʘʩʪʠʥʢʫ ʠʟ ʧʨʦʚʦʜʥʠʢʘ ʠʣʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ ʧʦ 

ʢʦʪʦʨʦʤʫ ʪʝʯʝʪ ʪʦʢ   ʚ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʥʘʧʨʘʚʣʝʥʠʝ ʫ ʢʦʪʦʨʦʛʦ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʥʘʧʨʘʚʣʝʥʠʶ ʚʝʢʪʦʨʫ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ, ʵʣʝʢʪʨʦʥʳ 

ʠʩʧʳʪʳʚʘʶʪ ʜʝʡʩʪʚʠʝ ʩʠʣ rʃʦʨʝʥʮʘ ʠ ʫ ʚʝʨʭʥʝʛʦ ʢʨʘʷ ʧʣʘʩʪʠʥʢʠ ʚʦʟʥʠʢʥʝʪ 

ʧʦʚʳʰʝʥʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʢʪʨʦʥʦʚ, ʦʥ ʟʘʨʷʜʠʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʦ, ʘ ʫ ʥʠʞʥʝʛʦ 

ʥʝʜʦʩʪʘʪʦʢ ʵʣʝʢʪʨʦʥʦʚ ʟʘʨʷʜʠʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʦ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʤʝʞʜʫ 

ʢʨʘʷʤʠ ʧʣʘʩʪʠʥʢʠ ʚʦʟʥʠʢʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʧʦʧʝʨʝʯʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ, 

ʢʦʪʦʨʦʝ ʚʧʝʨʚʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʢʘʟʘʣ  ʍʦʣʣ. ʕʪʦʪ ʵʢʩʧʝʨʠʤʝʥʪ  ʙʳʣ 

ʥʘʟʚʘʥ ʵʬʬʝʢʪʦʤ ʍʦʣʣʘ. 

ʉʠʣʘ ʃʦʨʝʥʮʘ ʧʨʠʚʝʜʝʪ ʢ ʨʘʩʩʣʘʠʚʘʥʠʶ ʟʘʨʷʜʦʚ, ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʟʘʨʷʜʦʚ ʧʨʝʢʨʘʪʠʪʩʷ, ʢʦʛʜʘ ʢʫʣʦʥʦʚʩʢʘʷ  ʩʠʣʘ ʧʨʠʪʷʞʝʥʠʷ ʤʝʞʜʫ ʧʣʘʩʪʠʥʘʤʠ  

ʫʨʘʚʥʦʚʝʩʠʪ ʩʠʣʫ ʃʦʨʝʥʮʘ. ʇʨʠʨʦʚʥʷʝʤ ʵʪʠʭ ʜʚʝ ʩʠʣr ʠ ʧʦʣʫʯʠʤ:   

 

ʃʂʣ FF = ,                                                                  (1) 

eEFʂʣ= ,                                                                  (2) 
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BeFʃ J= ,                                                                 (3) 

ʧʦʜʩʪʘʚʣʷʷ (2) ʠ (3) ʚ (1),  ʧʦʣʫʯʘʝʤ: 

BE J= ,                                                                   (4) 

ʛʜʝ J - ʩʢʦʨʦʩʪʴ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʩ ʠʥʜʫʢʮʠʝʡ B , E -

ʚʝʢʪʦʨ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʢʦʪʦʨʳʡ ʩʚʷʟʘʥ ʩ ʨʘʟʥʦʩʪʴʶ 

ʧʦʪʝʥʮʠʘʣʦʚ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

d
E

jD
= ,                                                                  (5) 

ʛʜʝ jD  ï ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʤʝʞʜʫ ʧʦʣʦʞʠʪʝʣʴʥʦ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦ 

ʟʘʨʷʞʝʥʥʳʤʠ ʧʣʦʩʢʦʩʪʷʤʠ, d  ï ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʧʣʦʩʢʦʩʪʷʤʠ (ʤ).   

ʋʯʠʪʳʚʘʷ (4) ʠ (5), ʧʦʣʫʯʠʤ: 

BdJj=D ,                                                               (6) 

 ʉʚʷʟʳʚʘʷ ʪʦʢ ʠ ʩʢʦʨʦʩʪʴ, ʧʦʣʫʯʠʤ:  

sen
t

ensl

t

enV

t

eN

t

Q
I J===== ,                              (7) 

ʜʘʣʝʝ: 

ens

I
=J .                                                              (8) 

ʇʦʜʩʪʘʚʣʷʷ (8) ʚ  (6), ʠʤʝʝʤ: 

a

IB

enena

IB

enda

IBd
Bd

ens

I 1
====Dj , 

ʪ. ʝ. 

a

IB

en

1
=Dj ,                                                              (9) 

ʛʜʝ n  ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʢʪʨʦʥʦʚ (ʤ
-3
), e ï ʟʘʨʷʜ ʵʣʝʢʪʨʦʥʘ, I ï ʚʝʣʠʯʠʥʘ ʪʦʢʘ 

(A), B  ï ʚʝʢʪʦʨ ʠʥʜʫʢʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣ ̫(ʊʣ), a  ï ʰʠʨʠʥʘ ʧʣʦʩʢʦʩʪʠ (ʤ). ɺ 

ʬʦʨʤʫʣʝ (9)  ʚʝʣʠʯʠʥʘ 

en
R

1
= ,                                                             (10) 

R - ʧʦʩʪʦʷʥʥʘʷ ʍʦʣʣʘ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʕɼʉ ʍʦʣʣʘ ʧʨʠʚʝʣʠ ʢ ʫʜʠʚʠʪʝʣʴʥʳʤ ʚʳʚʦʜʘʤ. ɿʥʘʷ 

ʧʦʩʪʦʷʥʥʫʶ ʍʦʣʣʘ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪ  ʦʜʥʦ ʠʟ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʢʦʥʩʪʘʥʪ 

ʟʘʨʷʜʘ ʵʣʝʢʪʨʦʥʘ.  ʀʟ ʬʦʨʤʫʣʳ (9) ʤʦʞʥʦ ʥʘʡʪʠ ʯʠʩʣʦ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ:  

 

n=BI/eaȹ◖                                                        (11) 

 

  ɹʣʘʛʦʜʘʨʷ ʪʦʤʫ, ʯʪʦ ʚʳʭʦʜʥʦʡ ʵʬʬʝʢʪ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʦʠʟʚʝʜʝʥʠʝʤ 

ʚʝʣʠʯʠʥ ɺ ʠ I, ʜʘʪʯʠʢʠ ʍʦʣʣʘ ʠʤʝʶʪ ʚʝʩʴʤʘ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ.  
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ʄʝʪʘʣʣ (ʩʧʣʘʚ) ʊ, ʂ ɺ, ʊʣ R, m
3
/ʂʣ 

ɸʣʶʤʠʥʠʡ 300 0,54 0,39 

ɿʦʣʦʪʦ 300 0,54 0,721 

ʉʝʨʝʙʨʦ 190 0,54 0,925 

ɾʝʣʝʟʦ 300 0,3...1,7 +5,5 

 

ɺ ʪʘʙʣʠʮʝ  ʧʨʠʚʝʜʝʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʍʦʣʣʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʦʚ ʠ 

ʩʧʣʘʚʦʚ. ʆʙʦʟʥʘʯʝʥʠʷ: ʊ ï ʪʝʤʧʝʨʘʪʫʨʘ (ʂ); ɺ - ʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢ (ʊʣ); R ï 

ʧʦʩʪʦʷʥʥʘʷ  ʍʦʣʣʘ ʚ ʝʜʠʥʠʮʘʭ  ʤ
3
/ʂʣ.  ɹʝʩʢʦʥʪʘʢʪʥʳʝ ʢʣʘʚʠʰʥʳʝ 

ʧʝʨʝʢʣʶʯʘʪʝʣʠ ʥʘ ʦʩʥʦʚʝ ʵʬʬʝʢʪʘ ʍʦʣʣʘ ʧʨʠʤʝʥʷʣʠʩʴ ʜʦʚʦʣʴʥʦ ʰʠʨʦʢʦ. 

ɼʦʩʪʦʠʥʩʪʚʘ ʵʪʦʛʦ ʧʝʨʝʢʣʶʯʘʪʝʣʷ - ʚʳʩʦʢʘʷ ʥʘʜʝʞʥʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ, 

ʤʘʣʳʝ ʛʘʙʘʨʠʪʳ, ʘ ʥʝʜʦʩʪʘʪʢʠ - ʧʦʩʪʦʷʥʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʵʥʝʨʛʠʠ ʠ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ. 

 

 

 

 

 
ʈʠʩ.1. ɿʘʚʠʩʠʤʦʩʪʴ ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ ʦʪ ʩʠʣʳ ʪʦʢʘ 
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ʈʠʩ.2. ɿʘʚʠʩʠʤʦʩʪʴ ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ ʦʪ ʨʘʩʩʪʦʷʥʠʷ (ʚʪʦʨʘʷ ʢʘʪʫʰʢʘ) 

 

 
ʈʠʩ.3. ɿʘʚʠʩʠʤʦʩʪʴ ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʜʣʷ ʦʙʦʠʭ 

ʢʘʪʫʰʝʢ. 
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ʈʠʩ. 4. ɿʘʚʠʩʠʤʦʩʪʴ ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ ʦʪ ʫʛʣʘ (ʰʘʛ ï  15Ü). 

 
ʈʠʩ. 5. ɿʘʚʠʩʠʤʦʩʪʴ ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ ʦʪ ʨʘʩʩʪʦʷʥʠʷ (ʩʨʘʚʥʝʥʠʝ). 

 

ɺ ʥʠʞʝʧʝʨʝʚʝʜʝʥʥʦʤ ʛʨʘʬʠʢʝ ʧʨʠʚʝʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ  ʚʝʢʪʦʨʘ ʤʘʛʥʠʪʥʦʡ 

ʠʥʜʫʢʮʠʠ ʦʪ ʨʘʩʪʦʷʥʠʷ ʥʘ ʧʨʦʜʦʣʞʝʥʠʠ ʦʩʠ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʮʝʥʪʨ 

ʢʨʫʛʦʚʦʛʦ ʧʨʦʚʦʜʥʠʢʘ ʩ ʪʦʢʦʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʢʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʷ ʚʝʢʪʦʨ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʫʤʝʥʰʘʝʪʩʷ, ʯʪʦ  

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʦʨʠʠ.  ʊʝʦʨʝʪʠʯʝʩʢʘʷ  ʢʨʠʚʘʷ ʧʨʦʚʝʜʝʥʘ ʥʘ ʦʩʥʦʚʝ ʨʘʩʯʝʪʘ 

ʚʝʢʪʦʨʘ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʧʦʩʨʝʜʩʪʚʦʤ ʟʘʢʦʥʘ ɹʠʦïʉʘʚʘʨʘïʃʘʧʣʘʩʩʘ.  
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ʈʠʩ. 6. ɿʘʚʠʩʠʤʦʩʪʴ ʚʝʢʪʦʨʘ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʦʪ ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ. 

 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣ̫ ʢʘʪʫʰʝʢ, ʧʦʩʨʝʜʩʪʚʦʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʦʧʳʪʦʚ, ʦʰʠʙʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʪʦʨʘ ʦʢʘʟʘʣʘʩʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴʶ ʠ ʧʦʚʪʦʨʷʣʘʩʴ ʚ 

ʢʘʞʜʦʤ ʦʧʳʪʝ. ʕʪʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʙʳʣʘ ʚʳʟʚʘʥʘ ʩʫʧʝʨʧʦʟʠʮʠʝʡ ʤʘʛʥʠʪʥʳʭ 

ʧʦʣʝʡ  ʧʨʦʚʦʜʥʠʢʘ ʠ ʢʨʫʛʦʚʫʶ ʢʘʪʫʰʢʫ, ʧʦ ʢʦʪʦʨʳʤ ʪʝʯʝʪ ʧʦʩʪʦʷʥʥʳʡ ʪʦʢ, ʪ. ʝ. 

ʧʨʦʠʩʭʦʜʠʣʦ ʩʣʦʞʝʥʠʝ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʧʨʦʚʦʜʥʠʢ ʩ ʪʦʢʦʤ ʠ ʩʘʤʠʭ ʢʘʪʫʰʝʢ 

(ʈʠʩʫʥʦʢ 1, 2).   

 ʄʳ ʧʨʦʚʝʣʠ ʨʷʜ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʠ ʧʦʤʦʱʠ ʢʘʪʫʰʝʢ ɻʝʣʴʤʛʦʣʴʮʘ ʠ 

ʜʘʪʯʠʢʘ ʍʦʣʣʘ. ʅʘʤʠ ʙʳʣʦ ʠʟʤʝʨʝʥʦ ʧʦʣʝ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ: 

ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʘ ʦʪ ʩʠʣʳ ʪʦʢʘ; ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʘ ʦʪ ʨʘʩʩʪʦʷʥʠʷ; ʚʝʢʪʦʨ 

ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʧʦ ʢʦʥʪʫʨʫ ʚʦʢʨʫʛ ʢʘʪʫʰʝʢ. (ʈʠʩʫʥʦʢ 3,4,5,6). 
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ʌʠʣʠʘʣʠ ɼʦʥʠʰʛʦϲʠ ʜʘʚʣʘʪʠʠ ʄʦʩʢʚʘ ʙʘ ʥʦʤʠ ʄ.ɺ.ʃʦʤʦʥʦʩʦʚ ʜʘʨ ʰ.ɼʫʰʘʥʙʝ 

ɼʘʨ ʤʘץʦʣʘ  ʪʘʢʩʠʤʦʪʠ ʤʘʡʜʦʥʠ ʤʘʛʥʠʪʠ ʜʘʨ ʘʪʨʦʬʠ ʛʘʣʪʘʢʭʦʠ ʜʘʚʨʘʰʘʢʣʠ ʯʘʨʘʸʥʜʦʨ 

ʙʦ ʚʦʩʠʪʘʠ ʜʘʪʯʠʢʠ ʍʦʣʣ ʙʘ ʪʘʚʨʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʠ ʤʫʘʡʷʥ ʢʘʨʜʘ ʰʫʜʘʘʩʪ. ʊʘʢʩʠʤʦʪʠ 

ʤʘʡʜʦʥʠ ʤʘʛʥʠʪʠ ʜʘʨ ʜʘʚʦʤʠ ʪʠʨʠ ʘʟ ʤʘʨʢʘʟʠ ʛʘʣʪʘʢʠ ʯʘʨʘʸʥʜʦʨ ʛʫʟʘʨʘʥʜʘ ʙʘ ʨʘʚʠʰʭʦʠ 

ʢʘʜʜʠ ʘʤʫʜʠ ʚʘ ʜʘʚʨʘʚʠ ʦʤʫʭʪʘ ʰʫʜʘʘʩʪ. ʀʥʯʫʥʠʥ ʩʫʧʝʨʧʦʟʠʪʩʠʷʠ ʤʘʡʜʦʥʭʦʠ ʤʘʛʥʠʪʠ ʚʘ 

ʪʘʲʩʠʨʠ ʤʘʡʜʦʥʭʦʠ ʙʝʨʫʥʘ ʙʘ ʤʠʩʣʠ ʭʫʨʫʯʠ ʦʬʪʦʙ ʥʠʟ ʪʘʭʣʠʣ ʰʫʜʘʘʩʪ.  
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ʜʘʚʨʘʰʘʢʣ,  ʠʥʜʫʢʩʠʷʠ ʚʘ ʤʘʡʜʦʥ. 

 

STUDYING THE CONTOUR OF THE MAGNETIC FIELD BY MEANS OF A HALL 

SENSOR IN A CIRCULAR-SHAPED COIL OVER WHICH THE CURRENT  FLOWS 

Rakhmonov R.K., Akhmedzhanova K.M., Zoirova Z.O . 

Dushanbe branch of Lomonosov Moscow State University 

The article gives a detailed analysis of the measurement of the magnetic field along the 

contour around a circular- shaped coil over which the current flows by the Hall Effect method. As 

manifested by the field formed by a single coil and two coils along and into the cross section of the 

coils. Experimentally studied the increase of the magnetic field with increasing current. Influence of 

various factors on it, such as: superposition of magnetic fields of direct and circular conductors 

along which the current flows and the activity of the sun.  

Key words: Hall Effect, superposition of magnetic fields, activity of the sun and magnetic 

fields. 
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʂʆʕʌʌʀʎʀɽʅʊɸ  ʊɽʇʃʆʆʊɼɸʏʀ (ʯʠʩʣʦ ɹʠʦ) 

ʅɸʅʆʂʆʄʇʆɿʀʊʆɺ 

ʉʘʬʘʨʦʚ ʄ.ʄ., ʄʠʨʟʦʝʚ ʉ.ʍ., ɿʘʨʠʧʦʚʘ ʄ.ɸ.,  ɻʫʣʦʤʦʚ ʄ.ʄ., ɼʘʚʣʘʪʦʚ ɹ.ʅ., 

ʉʦʙʠʨʦʚ ɼʞ.ʌ., ʌʘʡʟʠʝʚ ɹ.ɻ. 

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

ʂʫʨʛʘʥ-ʪʶʙʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ.ʅ.ʍʫʩʨʘʚʘ 

ʊʝʭʥʠʯʝʩʢʠʡ ʢʦʣʣʝʜʞ ʊʊʋ ʠʤ. ʘʢʘʜ. ʄ.ʉ.ʆʩʠʤʠ 

 

ɺ ʨʘʙʦʪʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʦʜʝʣʠ ʜʣʷ ʨʘʩʯʝʪʘ  ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʝʧʣʦʦʪʜʘʯʠ (ʯʠʩʣʦ ɹʠʦ) ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʤ  ʩʚʦʡʩʪʚ, ʪ.ʝ. 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʝʤʢʦʩʪʠ, ʧʣʦʪʥʦʩʪʠ ʠ 

ʪʝʤʧʝʨʘʪʫʨʘʧʨʦʚʦʜʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʧʦʣʫʯʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʤʝʪʦʜʘʤʠ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʥʘʥʦʯʘʩʪʠʮ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ, ʯʠʩʣʦ ɹʠʦ, ʥʘʥʦʢʦʤʧʦʟʠʪ, ʢʦʵʬʬʠʮʠʝʥʪ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ, ʧʣʦʪʥʦʩʪʴ ʠ ʪʝʤʧʝʨʘʪʫʨʘʧʨʦʚʦʜʥʦʩʪʴ. 

 

 ʌʠʟʠʯʝʩʢʠʝ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʦʩʥʦʚʘʥʳ ʥʘ ʙʘʟʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪ. ʈʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʠʟ ʤʦʜʝʣʝʡ, ʧʨʠʤʝʥʷʝʤʳʭ 

ʧʨʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʘʭ ʠ ʦʙʲʷʩʥʝʥʠʠ ʤʝʭʘʥʠʟʤʦʚ ʧʝʨʝʜʘʯʠ ʪʝʧʣʘ, 

ʵʣʝʢʪʨʠʯʝʩʪʚʘ, ʤʘʛʥʝʪʠʟʤʘ, ʭʠʤʠʯʝʩʢʠʭ ʠ ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ.  

 ʇʝʨʚʘʷ ʤʦʜʝʣʴ ʧʨʠʚʳʯʥʘ ʜʣʷ ʪʝʦʨʝʪʠʢʘ, ʠ ʦʥ ʤʦʞʝʪ ʟʘʙʳʪʴ, ʯʪʦ ʵʪʦ 

ʪʦʣʴʢʦ ʤʦʜʝʣʴ ʨʝʘʣʴʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʠʤ 

ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ. 

ɸ. ʂʣʘʩʩʠʯʝʩʢʠʡ - ʢʦʥʪʠʥʫʘʣʴʥʳʝ ʛʘʟʳ ʠʣʠ ʥʘʥʦʞʠʜʢʦʩʪʠ. 

ʕʪʘ ʤʦʜʝʣʴ ʦʙʳʯʥʦ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʪʨʠ ʛʠʧʦʪʝʟʳ: 

ʘ) ʧʨʠʤʝʥʠʤʦʩʪʴ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ, 

ʙ) ʧʘʨʥʳʡ ʭʘʨʘʢʪʝʨ ʩʠʣ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, 

ʚ) ʮʝʥʪʨʘʣʴʥʳʝ ʩʠʣʳ 

 ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ ʢʘʞʝʪʩʷ ʚʧʦʣʥʝ 

ʜʦʧʫʩʪʠʤʦʡ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʛʘʟʦʚ ʠ ʥʘʥʦʞʠʜʢʦʩʪʝʡ ʚʙʣʠʟʠ ʠʭ ʢʨʠʪʠʯʝʩʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʠ ʜʘʚʣʝʥʠʡ. 

 ʂʚʘʥʪʦʚʦ-ʤʝʭʘʥʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʩʠʣ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʘʪʦʤʘʤʠ, 

ʤʦʣʝʢʫʣʘʤʠ, ʬʦʥʦʥʘʤʠ ʠ ʜʨ. ʚ ʧʨʦʙʣʝʤʝ ʤʥʦʛʠʭ ʥʘʥʦʯʘʩʪʠʮ ʧʦʢʘʟʘʣʠ, ʯʪʦ 
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ʛʠʧʦʪʝʟʘ ʙ) ʥʝ ʩʦʚʩʝʤ ʢʦʨʨʝʢʪʥʘ. ʆʜʥʘʢʦ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʦʯʝʥʴ ʧʣʦʪʥʳʭ ʩʨʝʜ, 

ʪʨʦʡʥʳʝ (ʠ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʧʦʨʷʜʢʘ) ʩʠʣʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʛʫʪ ʙʳʪʴ ʤʘʣʳ ʠ, 

ʧʦ-ʚʠʜʠʤʦʤʫ, ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʠʤʠ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ ʚʙʣʠʟʠ 

ʢʨʠʪʠʯʝʩʢʠʭ ʧʣʦʪʥʦʩʪʝʡ (ɟʩ ʦʙʳʯʥʦ ʧʦʨʷʜʢʘ 1/3 ʦʪ ɟʤʘʭ). 

 ʅʘʜʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʛʠʧʦʪʝʟʘ (ʙ) ʚ ʩʣʫʯʘʝ ʥʘʥʦʞʠʜʢʦʩʪʝʡ (ʫʛʣʝʨʦʜʥʳʝ 

ʥʘʥʦʪʨʫʙʢʠ, ʥʘʥʦʤʝʪʘʣʣʳ, ʥʘʥʦʦʢʩʠʜʳ ʠ ʦʨʛʘʥʠʯʝʩʢʠʝ ʞʠʜʢʦʩʪʠ) ʩʨʘʚʥʠʤʘ ʠ 

ʤʦʞʥʦ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠʭ ʫʯʝʩʪʴ. 

 ɻʠʧʦʪʝʟʘ (ʚ) ʦ ʮʝʥʪʨʘʣʴʥʦʤ ʭʘʨʘʢʪʝʨʝ ʩʠʣ ʩ ʧʦʪʝʥʮʠʘʣʦʤ ű(r) ʙʳʣʘ ʙʳ 

ʚʧʦʣʥʝ ʧʨʘʚʠʣʴʥʦʡ ʜʣʷ ʦʜʥʦʘʪʦʤʥʳʭ ʛʘʟʦʚ. ɺʝʨʦʷʪʥʦ, ʦʥʘ ʤʝʥʝʝ ʪʦʯʥʘ ʜʣʷ 

ʜʚʫʭʘʪʦʤʥʳʭ ʠ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʤʦʣʝʢʫʣ, ʚ ʯʘʩʪʥʦʩʪʠ ʥʘʥʦʞʠʜʢʦʩʪʝʡ, ʦʜʥʘʢʦ 

ʟʘʢʦʥ ʩʦʦʪʚʝʪʩʪʚʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʫʙʝʜʠʪʝʣʴʥʦ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʵʪʦ 

ʥʝʩʫʱʝʩʪʚʝʥʥʦ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʢʨʠʪʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ. 

 ʀʟʚʝʩʪʥʦ, ʢʦʥʝʯʥʦ, ʯʪʦ ʧʨʘʚʠʣʴʥʳʡ ʧʘʨʥʳʡ ʧʦʪʝʥʮʠʘʣ ű(r), ʢʘʢ 

ʫʯʠʪʳʚʘʝʪ ʤʦʜʝʣʴ ʄʦʥʪʝ-ʂʘʨʣʦ, ʜʦʣʞʝʥ ʠʤʝʪʴ ʦʙʣʘʩʪʴ ʩʠʣʴʥʦʛʦ ʦʪʪʘʣʢʠʚʘʥʠʷ, 

ʟʘʪʝʤ ʥʝʛʣʫʙʦʢʫʶ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʷʤʫ ʠ, ʥʘʢʦʥʝʮ, ʦʙʣʘʩʪʴ ʧʨʠʪʷʞʝʥʠʷ, 

ʫʙʳʚʘʶʱʝʛʦ ʢʘʢ 1/r
6
. ʆʜʥʘʢʦ ʜʣʷ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʮʝʣʝʡ ʯʘʩʪʦ ʧʦʣʝʟʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʦʪʝʥʮʠʘʣ ʣʠʰʴ ʚ ʦʛʨʘʥʠʯʝʥʥʦʡ ʦʙʣʘʩʪʠ [ű(r)ſ0  ʧʨʠ r>b]; ʪʘʢʦʝ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʥʝ ʜʦʣʞʥʦ ʩʣʠʰʢʦʤ ʚʣʠʷʪʴ ʥʘ ʨʝʟʫʣʴʪʘʪ. 

 ʈʘʩʩʤʘʪʨʠʚʘʷ   ű(r) ʢʘʢ çʵʬʬʝʢʪʠʚʥʳʡ ʧʦʪʝʥʮʠʘʣ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷè ʤʝʞʜʫ 

ʤʦʣʝʢʫʣʘʤʠ ʦʜʥʦʛʦ ʩʦʨʪʘ ʠ ʧʨʝʥʝʙʨʝʛʘʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʤʦʣʝʢʫʣʘʤʠ ʜʨʫʛʦʛʦ 

ʩʦʨʪʘ, ʤʳ ʤʦʞʝʤ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʫ ʤʦʜʝʣʴ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ 

ʙʠʥʘʨʥʳʭ ʨʘʩʪʚʦʨʦʚ ʠ ʥʘʥʦʞʠʜʢʦʩʪʝʡ. 

 ʀʟ ʪʨʝʭ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʤʦʜʝʣʝʡ ʥʘʠʙʦʣʝʝ ʨʝʘʣʠʩʪʠʯʥʘ ʤʦʜʝʣʴ 

ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʢʦʥʪʠʥʫʘʣʴʥʦʛʦ ʛʘʟʘ ʠʣʠ ʥʘʥʦʞʠʜʢʦʩʪʝʡ ʩʠʩʪʝʤʳ (ʦʨʛʘʥʠʯʝʩʢʠʝ 

ʞʠʜʢʦʩʪʠ ʠ ʥʘʥʦʯʘʩʪʠʮʳ). ʂ ʩʦʞʘʣʝʥʠʶ, ʦʥʘ ʩʣʠʰʢʦʤ ʩʣʦʞʥʘ ʜʣʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʩʣʫʯʘʷ ʤʘʣʳʭ ʧʣʦʪʥʦʩʪʝʡ, 

ʢʦʪʦʨʳʡ, ʚ ʩʫʱʥʦʩʪʠ, ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʝʥ ʧʨʠ ʨʘʩʯʝʪʝ ʢʨʠʪʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ. ʇʦʵʪʦʤʫ ʧʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʨʠʥʠʤʘʶʪ ʧʫʪʠ 

ʫʧʨʦʱʝʥʠʷ ʠ ʩʭʝʤʘʪʠʟʘʮʠʠ. 

 ʊʝʤ ʥʝ ʤʝʥʝʝ, ʵʪʘ ʤʦʜʝʣʴ, ʢʘʢ ʤʳ ʧʦʢʘʞʝʤ ʜʘʣʴʰʝ, ʤʘʪʝʤʘʪʠʯʝʩʢʠ 

ʵʢʚʠʚʘʣʝʥʪʥʘ ʤʦʜʝʣʠ (ʚ) ʙʠʥʘʨʥʳʭ ʩʧʣʘʚʦʚ (ʢʨʦʤʝ ʟʥʘʢʘ ű(ů)) ʠ ʧʨʠʚʦʜʠʪ ʢ 

ʥʝʦʞʠʜʘʥʥʦʡ ʪʦʯʥʦʩʪʠ ʧʨʠ ʨʘʩʯʝʪʝ ʷʚʣʝʥʠʡ ʚ ʢʨʠʪʠʯʝʩʢʦʡ ʪʦʯʢʝ, ʦʩʦʙʝʥʥʦ ʢ 

ʢʨʠʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʞʠʜʢʠʭ ʧʨʦʩʪʳʭ ʵʬʠʨʦʚ. 

 ʅʘʢʦʥʝʮ, ʫʧʨʦʩʪʠʤ ʤʦʜʝʣʴ ɻʝʡʟʝʥʙʝʨʛʘ, ʢʦʪʦʨʘʷ ʚʦ ʤʥʦʛʠʭ ʦʪʥʦʰʝʥʠʷʭ 

ʧʨʦʱʝ ʤʦʜʝʣʠ ʢʦʥʪʠʥʫʘʣʴʥʦʛʦ ʛʘʟʘ (ʪʘʢ, ʦʥʘ ʩʪʨʦʛʦ, ʭʦʪʷ ʠ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ, 

ʦʧʠʩʳʚʘʝʪ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʩʚʦʡʩʪʚʘ ʚ ʪʝʨʤʠʥʘʭ ʩʧʠʥʦʚʳʭ ʚʦʣʥ; ʤʦʞʥʦ, 

ʢʨʦʤʝ ʪʦʛʦ, ʧʦʣʫʯʠʪʴ ʥʝʢʦʪʦʨʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʚ ʦʙʣʘʩʪʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ). 

ʆʜʥʘʢʦ ʥʝʢʦʤʤʫʪʘʪʠʚʥʦʩʪʴ ʦʧʝʨʘʪʦʨʦʚ ʚ ʤʦʜʝʣʠ ɻʝʡʟʝʥʙʝʨʛʘ ʧʨʠʚʦʜʠʪ ʢ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʪʨʫʜʥʦʩʪʷʤ. ʂʦʥʝʯʥʦ, ʪʘʢʠʝ ʪʨʫʜʥʦʩʪʠ ʙʳʣʠ ʚ 
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ʧʨʦʰʣʦʤ ʚʝʢʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩ ʧʦʷʚʣʝʥʠʝʤ ʥʦʚʦʡ ʪʝʭʥʠʢʠ ʠ ʚʝʢʘ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʵʪʠ ʪʨʫʜʥʦʩʪʠ ʧʨʝʦʜʦʣʠʤʳ. 

 ʆʜʥʦ ʠʟ ʥʘʠʙʦʣʝʝ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʜʦʧʫʱʝʥʠʡ ʤʦʜʝʣʠ ʀʟʠʥʛʘ ï ʝʝ 

ʘʥʠʟʦʪʨʦʧʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʧʨʠʚʦʜʠʪʴ ʢ ʧʦʣʥʦʤʫ ʦʪʩʫʪʩʪʚʠʶ ʩʧʠʥʦʚʳʭ ʚʦʣʥ ʧʨʠ 

ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʆʜʥʘʢʦ ʜʣʷ ʥʘʩ ʙʦʣʝʝ ʠʥʪʝʨʝʩʥʘ ʦʙʣʘʩʪʴ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ, ʙʣʠʟʢʠʭ ʢ ʢʨʠʪʠʯʝʩʢʦʡ ʪʦʯʢʝ, ʛʜʝ ʤʦʞʥʦ ʦʞʠʜʘʪʴ, ʯʪʦ: ʵʪʦʪ 

ʥʝʜʦʩʪʘʪʦʢ ʤʝʥʝʝ ʚʘʞʝʥ (ʠ ʧʦʥʷʪʠʝ ʦ ʩʧʠʥʦʚʳʭ ʚʦʣʥʘʭ ʫʞʝ ʥʝʧʨʠʤʝʥʠʤʦ)  [1]. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʦʙʥʘʨʫʞʝʥʳ ʥʝʢʦʪʦʨʳʝ ʩʠʣʴʥʦ ʘʥʠʟʦʪʨʦʧʥʳʝ ʤʘʛʥʠʪʥʳʝ 

ʢʨʠʩʪʘʣʣʳ (ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʡ ʜʠʩʧʨʦʟʠʝʚʦïʘʣʶʤʠʥʠʝʚʳʡ ʛʨʘʥʘʪ  [2,3]), 

ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʭʦʨʦʰʦ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʪʴʩʷ ʤʦʜʝʣʴʶ ʀʟʠʥʛʘ ʜʘʞʝ ʧʨʠ 

ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

 ɺʳʙʨʘʚ ʤʦʜʝʣʴ ʬʠʟʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʤʳ ʜʦʣʞʥʳ ʨʘʩʩʯʠʪʘʪʴ ʝʝ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʨʠ ʧʦʤʦʱʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ. ɼʣʷ 

ʫʷʩʥʝʥʠʷ ʥʘʰʠʭ ʦʙʦʟʥʘʯʝʥʠʡ ʚʳʧʠʰʝʤ ʦʩʥʦʚʥʳʝ ʬʦʨʤʫʣʳ, ʢʦʪʦʨʳʤʠ ʠ ʙʫʜʝʤ 

ʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʜʘʣʴʥʝʡʰʝʤ. 

 ɺ ʩʣʫʯʘʝ ʢʣʘʩʩʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ N ʦʜʠʥʘʢʦʚʳʭ ʯʘʩʪʠʮ ʤʘʩʩʳ m ʩ 

ʢʦʦʨʜʠʥʘʪʘʤʠ r1é., rN, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʥʝʢʦʪʦʨʦʡ ʦʙʣʘʩʪʠ ɋ ʦʙʲʝʤʘ V=V(ɋ), 

ʢʘʥʦʥʠʯʝʩʢʠʡ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʳʡ ʠʥʪʝʛʨʘʣ ʠʤʝʝʪ ʚʠʜ: 

 

                                      ὗὔȟ 
Ȧ᷿
Ὠὶȣ ᷿ὨὶὩ     ,                               (1) 

ʛʜʝ ‍ ȟ  ʘ UN=UN(r1é, rN) ï ʧʦʣʥʘʷ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ʄʥʦʞʠʪʝʣʴ (1/N!) ʧʦʷʚʣʷʝʪʩʷ ʠʟ-ʟʘ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʯʝʩʪʴ ʪʦʣʴʢʦ ʨʘʟʣʠʯʥʳʝ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʥʘʥʦʯʘʩʪʠʮ ʠ ʢʨʫʧʥʳʭ ʯʘʩʪʠʮ. 

 ʉʚʷʟʴ ʩ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: 

 

                                    ὰὲὗὔȟ  σὰὲΏ,                                   (2) 

 

ʛʜʝ ʩʚʦʙʦʜʥʘʷ ʵʥʝʨʛʠʷ ɻʝʣʴʤʛʦʣʴʮʘ  ʥʘ ʦʜʥʫ ʯʘʩʪʠʮʫ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʬʫʥʢʮʠʝʡ 

ʪʝʤʧʝʨʘ-ʪʫʨʳ ʊ (ʠʣʠ ɓ) ʠ ʫʜʝʣʴʥʦʛʦ ʦʙʲʝʤʘ 

 

                                         ‮ ,                                                                        (3) 

ʠ ʛʜʝ  

                                         Ώ ,                                                                       (4) 

(k ï ʧʦʩʪʦʷʥʥʘʷ ʇʣʘʥʢʘ). 

 ʋʨʘʚʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʠʤʝʝʪ ʚʠʜ: 
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                       ὖ ὖ‍ȟ(5)                                               ȟ‮ 

 

 ɽʩʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʙʠʥʘʨʥʳʝ ʩʠʩʪʝʤʳ ʨʘʟʣʠʯʥʳʝ (ʤʘʪʝʨʠʘʣʳ 1 ʠ 2), 

ʪʦ ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʙʘʣʣʠʩʪʠʯʝʩʢʠʡ ʧʝʨʝʥʦʩ ʠʩʭʦʜʷ ʠʟ ʩʣʝʜʫʶʱʠʭ 

ʜʦʧʫʱʝʥʠʡ. ɺʦ-ʧʝʨʚʳʭ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘ ʛʨʘʥʠʮʝ ʠʤʝʝʪ ʤʝʩʪʦ ʦʪʨʘʞʝʥʠʝ 

ʬʦʥʦʥʦʚ. ɺʦ-ʚʪʦʨʳʭ, ʝʩʣʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʦʪʨʘʞʝʥʠʷ ʠ ʧʨʦʭʦʞʜʝʥʠʷ ʬʦʥʦʥʦʚ 

ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʠʭ ʯʘʩʪʦʪʳ, ʪʦ 

 

 ήВ ήᴼ ήᴼ В ’Ⱦτ ʠ (ʊ1) - В   ʠ ˟ В

В ’ ὅὝȾτ ,    (6) 

 

ʛʜʝ ɜ1, ɜ2  - ʛʨʫʧʧʦʚʘʷ ʩʢʦʨʦʩʪʴ ʬʦʥʦʥʦʚ ʚ ʤʘʪʝʨʠʘʣʘʭ 1 ʠ 2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 

U(T) ï ʚʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ ʚ i ï ʤ ʤʘʪʝʨʠʘʣʝ. 

 ɼʣʷ ʚʳʯʠʩʣʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʨʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʥʘʥʦʞʠʜʢʦʩʪʝʡ ʩʠʩʪʝʤʳ (ʦʨʛʘʥʠʯʝʩʢʠʡ 

ʞʠʜʢʦʩʪʝʡ ʠ ʥʘʥʦʯʘʩʪʠʮ) ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʦʜʝʣʴ ʄʘʢʩʚʝʣʣʘ.  

 ɼʣʷ ʪʘʢʦʛʦ ʚʳʯʠʩʣʝʥʠʷ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʠʬʬʫʟʠʦʥʥʫʶ ʤʦʜʝʣʴ 

ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ, ʯʪʦ ʜʘʝʪ ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʨʦʭʦʞʜʝʥʠʷ ʩʣʝʜʫʶʱʠʝ 

ʫʩʣʦʚʠʷ: 

 

                                     В ρ В                                                                 (7) 

 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʘʥʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʠ ʧʨʠʥʮʠʧʦʤ ʜʝʪʘʣʴʥʦʛʦ ʙʘʣʘʥʩʘ 

ʣʝʛʢʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ 

                               ή В               (8) 

ʛʜʝ                    Ὑ
В

                                                               (9) 

- ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦʝ  ʛʨʘʥʠʯʥʦʝ ʪʝʨʤʦʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʣʷ ʢʨʫʛʦʚʦʛʦ 

ʢʦʥʪʘʢʪʘ. 

                     ὙВ ρȾτ‗ὥ ὙȾ“ὥ ρȾτ‗ὥȟ            (10) 

ʛʜʝ  ɚ1, ɚ2 ï ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʩʨʝʜ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 ɺ ʨʘʙʦʪʝ [4] ʧʨʝʥʝʙʨʝʛʘʣʩʷ ʚʢʣʘʜ ʙʘʣʣʠʩʪʠʯʝʩʢʦʛʦ ʪʝʨʤʦʩʦʧʨʦʪʠʚʣʝʥʠʷ 

Rb ʚ ʩʫʤʤʘʨʥʦʝ ʪʝʨʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʇʦʵʪʦʤʫ ʨʘʚʝʥʩʪʚʦ (10) ʤʦʞʥʦ ʧʝʨʝʧʠʩʘʪʴ ʚ ʚʠʜʝ: 

 

           ὙВ ρȾς‗Ӷὥ ρ ςȾ“ Ὑ‗Ӷὥ ρȾς‗Ӷὥ ρ ςȾ“ὄὭ              (11) 
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ʛʜʝ  ὄὭ - ʯʠʩʣʦ ɹʠʦ ʜʣʷ ʬʦʥʦʥʦʚ, ʟʘʚʠʩʷʱʝʝ ʦʪ ʥʘʥʦʨʘʟʤʝʨʘ ʘ (ʨʘʜʠʫʩʘ 

ʢʦʥʪʘʢʪʘ); 

                                          ‗Ӷ                                                               (12) 

‗Ӷ   - ʩʨʝʜʥʷʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʜʚʫʭ ʤʘʪʝʨʠʘʣʦʚ, ɺʪ/(ʤĀʂ). 

 ʏʠʩʣʦ ɹʠʦ ʧʦʜʯʝʨʢʠʚʘʝʪ ʚʘʞʥʦʩʪʴ ʜʦʤʠʥʠʨʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʚ 

ʪʝʨʤʦʩʦʧʨʦʪʠʚ-ʣʝʥʠʠ. ʇʦʩʣʝʜʥʝʝ ʩʦʦʪʥʦʰʝʥʠʷ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʝʩʣʠ ʯʠʩʣʦ 

ɹʠʦph ʙʦʣʴʰʦʝ, ʪʦ ʧʨʝʦʙʣʘʜʘʝʪ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʪʝʨʤʦʩʦʧʨʦʪʠʚʣʝʥʠʝ. ʏʠʩʣʦ   Biph  

ʚʝʣʠʢʦ ʜʣʷ ʤʘʣʳʭ ʟʥʘʯʝʥʠʡ ʘ, ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʡ Rb  ʠʣʠ ʙʦʣʴʰʠʭ ɚ. ʊʠʧʠʯʥʘʷ 

ʚʝʣʠʯʠʥʘ  Rb ʜʣʷ ʪʚʝʨʜʳʭ ʪʝʣ ʚ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ 150-300ʂ ʣʝʞʠʪ ʚ 

ʜʠʘʧʘʟʦʥʝ  ʟʥʘʯʝʥʠʡ Rbå1Ā10
-8

 5Ā10
-8
 ʂĀʤ

2
/ɺʪ. 

 ʍʘʨʘʢʪʝʨʥʳʡ ʨʘʜʠʫʩ ʢʦʥʪʘʢʪʘ ʤʝʞʜʫ ʥʘʥʦʯʘʩʪʠʮʝʡ ʠ ʧʣʦʩʢʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʚʩʣʝʜʩʪʚʠʝ ʜʝʬʦʨʤʘʮʠʠ ʘ å1-5ʥʤ. ɽʩʣʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮ ʣʝʞʠʪ ʚ ʜʠʘʧʘʟʦʥʝ ɚå1-10 ɺʪ/(ʤĀʂ), ʪʦ ʯʠʩʣʦ ɹʠʦ 

ʜʣʷ ʬʦʥʦʥʦʚ  Biph-2-500. ʊʘʢʦʡ ʧʦʨʷʜʦʢ ʚʝʣʠʯʠʥʳ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ  

ὙВ ʜʦʤʠʥʠʨʫʝʪ   Rb ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʠʬʬʫʟʠʦʥʥʳʤ ʩʦʧʨʦ-ʪʠʚʣʝʥʠʝʤ.  

 ɼʣʷ ʠʥʪʝʨʬʝʡʩʘ ʥʘʥʦʧʨʦʚʦʣʢʘ ï ʧʣʦʩʢʘʷ ʧʦʜʣʦʞʢʘ ʠʤʝʝʤ: 

 

          ὙВ ρȾ“‗ ὰὲςȾˑὥ ὰὲ
ˑ
ὙȾςὥȢ            (13) 

 ɺ ʨʘʙʦʪʝ [5] ʙʳʣʘ ʚʳʙʨʘʥʘ ʤʦʜʝʣʴ [6] ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʪʘʢʪʥʦʛʦ 

ʪʝʧʣʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʋʅʊ ʠ ʧʣʦʩʢʦʡ ʧʣʘʪʠʥʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʅʘʡʜʝʥʥʘʷ 

ʚʝʣʠʯʠʥʘ ʩʦʩʪʘʚʣʷʝʪ  ὙВ =0,15ʂĀʤ
2
/ɺʪ. 

 ɺʤʝʩʪʝ ʩ ʪʝʤ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʦʚ  [5] ʩʣʝʜʫʝʪ, ʯʪʦ  ὙВ =3,6 ʂĀʤ
2
/ɺʪ, ʯʪʦ 

ʧʨʠʤʝʨʥʦ ʥʘ ʧʦʨʷʜʦʢ ʚʳʰʝ, ʯʝʤ ʧʨʝʜʩʢʘʟʳʚʘʝʪ ʪʝʦʨʠʷ. ʀʩʧʦʣʴʟʫʷ ʨʘʥʝʝ 

ʫʢʘʟʘʥʥʦʝ ʟʥʘʯʝʥʠʝ       Rbå1Ā10
-8

 5Ā10
-8
 ʂĀʤ

2
/ɺʪ ʠ ʩʦʦʪʥʦʰʝʥʠʝ (14), ʘ ʪʘʢʞʝ 

ʧʦʣʦʛʘʷ, ʯʪʦ ʢʦʥʪʘʢʪʥʘʷ ʦʙʣʘʩʪʴ ʩʦʩʪʘʚʣʷʝʪ a å5ʥʤ, ʧʦʣʫʯʠʤ, ʯʪʦ Rbå1,15 ï 5,15 

ʂĀʤ
2
/ɺʪ, ʯʪʦ ʙʣʠʞʝ ʢ ʦʧʳʪʥʳʤ ʜʘʥʥʳʤ ʨʘʙʦʪʳ [5]. 

 

           Ὑ ςὒ‗᷿ Ⱦˑς
ˑ

י ςὫΏ Ὠί
Ⱦˑ

                         (14) 

 

 ʀʥʪʝʨʝʩʥʳ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʪʝʨʤʠʯʝʩʢʦʤʫ ʩʦʧʨʦʪʠʚʣʝʥʠʶ, ʢʦʛʜʘ 

ʚʥʫʪʨʠ ʟʘʟʦʨʘ ʥʘʭʦʜʠʪʩʷ ʥʝ ʚʦʟʜʫʭ, ʘ ʚʦʜʘ [6,9]. ʇʦʩʢʦʣʴʢʫ ʨʘʟʤʝʨ ʟʘʟʦʨʘ ʤʘʣ, 

ʪʝʨʤʠʯʝʩʢʠʝ ʛʨʘʥʠʯʥʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʝʞʜʫ ʥʘʥʦʧʨʦʚʦʣʦʢʦʡ ʠ ʚʦʜʦʡ, ʘ 

ʪʘʢʞʝ ʚʦʜʦʡ ʠ ʧʦʜʣʦʞʢʦʡ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʪʝʧʣʦʧʝʨʝʥʦʩʘ ʯʝʨʝʟ ʚʦʜʷʥʦʡ 

ʟʘʟʦʨ. ʇʦʩʣʝʜʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ [7,8] ʧʦ ʙʘʣʣʠʩʪʠʯʝʩʢʦʤʫ ʪʝʧʣʦʩʦʧʨʦʪʠʚʣʝʥʠʶ 

ʤʝʞʜʫ ʚʦʜʦʡ ʠ ʨʘʟʣʠʯʥʳʤʠ ʪʚʝʨʜʳʤʠ ʪʝʣʘʤʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ Rbå10
-8
 ʂĀʤ

2
/ɺʪ. 
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 ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʚʝʣʠʯʠʥʘ Ὑ  ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥʘ ʜʣʷ 

ʞʠʜʢʦʩʪʠ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 

 

                  Ὑ ςὒ‗ Ⱦˑς
ˑ

י ς‗Ὑ Ὠ(15)                י 

 

ʛʜʝ Rbe ï ʪʝʨʤʠʯʝʩʢʦʝ ʛʨʘʥʠʯʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʞʠʜʢʦʩʪʠ. 

 ɺʳʯʠʩʣʝʥʠʷ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ (15) ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʙʘʣʣʠʩʪʠʯʝʩʢʠʡ ʚʢʣʘʜ 

ʚ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ, ʯʝʤ ʜʠʬʬʫʟʠʦʥʥʳʡ; ʢʨʦʤʝ ʪʦʛʦ, ʜʣʷ 

ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʛʝʦʤʝʪʨʠʡ ʪʝʨʤʠʯʝʩʢʦʝ ʛʨʘʥʠʯʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʝʞʜʫ 

ʞʠʜʢʦʩʪʴʶ ʠ ʪʚʝʨʜʳʤ ʪʝʣʦʤ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʷʶʱʠʤ. 
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ʄʆɼɽʃʀ ׳ʀʉʆɹ ʅɸʄʋɼɸʅʀ ʂʆʕʌʌʀʉʀɽʅʊʀ  ɻɸʈʄʀɼʀ׳ʀ (ʘʜʘʜʠ ɹʠʦ) 

ɹɸʈʆʀ ʅɸʅʆʂʆʄʇʆɿʀʊ׳ʆ 

ʉʘʬʘʨʦʚ ʄ.ʄ., ʄʠʨʟʦʝʚ ʉ.ʍ., ɿʘʨʠʧʦʚʘ ʄ.ɸ., ɻʫʣʦʤʦʚ ʄ., ɼʘʚʣʘʪʦʚ ɹ., ʉʦʙʠʨʦʚ 

 .ʌʘʡʟʠʝʚ ɹ ,.תּ

ʌʠʣʠʘʣʠ ɼʦʥʠʰʛʦϲʠ ʜʘʚʣʘʪʠʠ ʄʦʩʢʚʘ ʙʘ ʥʦʤʠ ʄ.ɺ.ʃʦʤʦʥʦʩʦʚ ʜʘʨ ʰ.ɼʫʰʘʥʙʝ 

ɼʦʥʠʰʛʦ״ʠ ʜʘʚʣʘʪʠʠ פ ʨסʦʥʪʝʧʧʘ ʙʘ ʥʦʤʠ ʅ. ʍʫʩʨʘʚʘ 

ʂʦʣʣʝֹוʠ ʪʝʭʥʠʢʠʠ ɼʦʥʠʰʛʦ״ʠ ʪʝʭʥʠʢ ʙʘ ʥʦʤʠ ʄ.ʉ.ʆʩʠʤʠ 

ɼʘʨ ʤʘʢʦʣʘʠ ʤʘʟʢʫʨ  ʤʦʜʝʣʠ ʭʠʩʦʙ ʥʘʤʫʜʘʥʠ ʢʦʵʬʬʠʩʠʝʥʪʠ ʛʘʨʤʠʜʠʭʠʠ ʥʘʥʦʢʦʤ-

ʧʦʟʠʪʭʦ (ʘʜʘʜʠ ɹʠʦ) ʦʚʘʨʜʘ ʰʫʜʘʘʩʪ. ɹʦʷʜ ʟʠʢʨ ʥʘʤʫʜ,ʢʠ  ʤʦʜʝʣʠ ʩʦʭʪʘʰʫʜʘ ʜʘʨ ʘʩʦʩʠ 

ʥʘʪʠʯʘʭʦʠ ʪʘʯʨʠʙʘʚʠʠ ʭʦʩʠʷʪʭʦʠ ʛʘʨʤʦʬʠʟʠʢʠʠ ʥʘʥʦʢʦʤʧʦʟʠʪʭʦ ʙʘ ʜʘʩʪ ʦʚʘʨʜʘ ʰʫʜʘʘʩʪ. 

ʄʦʜʝʣʠ ʪʘʨʪʠʙ ʜʦʜʘʰʫʜʘ  ʠʤʢʦʥʠʷʪ ʤʝʜʠʭʘʜ, ʢʠ ʢʦʵʬʬʠʩʠʝʥʪʠ ʛʘʨʤʠʜʠʭʠʠ ʥʘʥʦʢʦʤʧʦ-

ʟʠʪʭʦ ʚʦʙʘʩʪʘ ʙʦ ʭʘʨʦʨʘʪ ʚʘ ʢʦʥʩʝʥʪʨʘʮʠʷʠ ʥʘʥʦʟʘʨʘʯʘʭʦ ʭʠʩʦʙ ʢʘʨʜʘʥ ʤʫʤʢʠʥ ʘʩʪ. 

ʂʘʣʠʤʘ״ʦʠ ʢʘʣʠʜ: ʢʦʵʬʬʠʩʠʝʥʪʠ ʛʘʨʤʠʜʠʭʠ, ʘʜʘʜʠ ɹʠʦ, ʥʘʥʦʢʦʤʧʦʟʠʪʭʦ, 

ʢʦʵʬʬʠʩʠʝʥʪʠ ʛʘʨʤʠʛʫʟʘʨʦʥʠ, ʛʘʨʤʠʛʫʥʯʦʠʰʠ ʭʦʩ, ʟʠʯʠ ʚʘ ʭʘʨʦʨʘʪʛʫʟʘʨʦʥʠ. 
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 The results of the developed model for calculating the coefficient of heat transfer (the number 
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ʋɼʂ 536.12.63 

 

ɺʗɿʂʆʉʊʔ ʊʋʈɹʀʅʅʆɻʆ ʄɸʉʃɸ ɺ ɿɸɺʀʉʀʄʆʉʊʀ 

ʆʊ ʊɽʄʇɽʈɸʊʋʈʓ 

ʊʘʛʦʝʚ ʉ.ɸ., ɿʦʠʨʦʚ ːȭʥȭȮ ʉʘʬʘʨʦʚ ʄ.ʄ. 

ʊʘʜʞʠʢʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ʉ.ʆʩʠʤʠ, 

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

 

ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ  ʚʷʟʢʦʩʪʴ 

ʪʫʨʙʠʥʥʦʛʦ ʤʘʩʣʘ, ʧʨʠʤʝʥʷʝʤʦʛʦ ʥʘ ɼʊʕʎ-2. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʟʤʝʨʝʥʠʡ ʧʨʝʜʣʦʞʝʥʘ ʵʤʧʠʨʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ, ʫʩʪʘʥʘʚʣʠʚʘʶʱʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʚʷʟʢʦʩʪʠ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ:   ʜʠʥʘʤʠʯʝʩʢʘʷ  ʠ ʢʠʥʝʪʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ,  ʪʨʫʙʦʧʨʦʚʦʜ, ʪʫʨʙʠʥʥʦʝ 

ʤʘʩʣʦ, ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ, ʵʤʧʠʨʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ. 

 

ɺʷʟʢʦʩʪʴ ʪʫʨʙʠʥʥʳʭ ʤʘʩʝʣ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʧʘʨʘʤʝʪʨʦʤ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ. ʆʪ ʥʝʛʦ ʟʘʚʠʩʠʪ ʥʘʜʝʞʥʦʩʪʴ 

ʩʤʘʟʢʠ ʪʨʫʱʠʭʩʷ ʧʦʚʝʨʭʥʦʩʪʝʡ.  

ʈʘʟʣʠʯʘʶʪ ʘʙʩʦʣʶʪʥʫʶ (ʜʠʥʘʤʠʯʝʩʢʫʶ ʠ ʢʠʥʝʤʘʪʠʯʝʩʢʫʶ) ʠ ʫʩʣʦʚʥʫʶ 

ʚʷʟʢʦʩʪʠ.ɼʠʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʚʥʫʪʨʝʥʥʝʛʦ 

ʪʨʝʥʠʷ, ʨʘʚʥʳʡ ʧʦ ʚʝʣʠʯʠʥʝ ʦʪʥʦʰʝʥʠʶ ʩʠʣʳ ʪʨʝʥʠʷ, ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʞʠʜʢʦʩʪʠ ʧʨʠ ʛʨʘʜʠʝʥʪʝ ʩʢʦʨʦʩʪʠ, ʨʘʚʥʦʤ ʝʜʠʥʠʮʝ, ʢ ʧʣʦʱʘʜʠ 

ʵʪʦʛʦ ʩʣʦʷ. ɺ ʩʠʩʪʝʤʝ ʉʀ ʜʠʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʠʟʤʝʨʷʝʪʩʷ ʚ ʇʘÖʩ - ʵʪʦ 

ʚʷʟʢʦʩʪʴ ʪʘʢʦʡ ʞʠʜʢʦʩʪʠ, ʢʦʪʦʨʘʷ ʦʢʘʟʳʚʘʝʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʟʘʠʤʥʦʤʫ 

ʧʝʨʝʤʝʱʝʥʠʶ ʜʚʫʭ ʩʣʦʝʚ ʞʠʜʢʦʩʪʠ ʧʣʦʱʘʜʴʶ 1ʤ
2
, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 

1ʤ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʠ ʧʝʨʝʤʝʱʘʶʱʠʭʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ ʩʦ ʩʢʦʨʦʩʪʴʶ 1 

ʤ/ʩ ʠ ʩʠʣʦʡ ʚ 1ʅ. 

ʂʠʥʝʤʘʪʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʴʶ ʥʘʟʳʚʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ 

ʠʣʠ ʦʪʥʦʰʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ t. ʂʠʥʝʤʘʪʠʯʝʩʢʘʷ 

ʚʷʟʢʦʩʪʴ ʠʟʤʝʨʷʝʪʩʷ ʚ ʩʠʩʪʝʤʝ ʉʀ ʚ ʤ
2
/ʩ. ʋʩʣʦʚʥʘʷ ʚʷʟʢʦʩʪʴ - ʚʝʣʠʯʠʥʘ 

ʙʝʟʨʘʟʤʝʨʥʘʷ, ʧʦʢʘʟʳʚʘʶʱʘʷ, ʚʦ ʩʢʦʣʴʢʦ ʨʘʟ ʚʷʟʢʦʩʪʴ ʞʠʜʢʦʩʪʠ ʙʦʣʴʰʝ ʠʣʠ 

ʤʝʥʴʰʝ ʚ ʛʨʘʜʫʩʘʭ ʫʩʣʦʚʥʦʡ ʚʷʟʢʦʩʪʠ. 
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ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʚ ɻʆʉʊʘʭ ʥʘ ʥʝʬʪʝʧʨʦʜʫʢʪʘʭ ʧʨʠʤʝʥʷʝʪʩʷ 

ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ. ʆʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ɻʆʉʊ 33-82 ʩ ʧʦʤʦʱʴʶ 

ʩʪʝʢʣʷʥʥʳʭ ʢʘʧʠʣʣʷʨʥʳʭ ʚʠʩʢʦʟʠʤʝʪʨʘʭ (ɻʆʉʊ 10028-81). ɼʠʥʘʤʠʯʝʩʢʘʷ 

ʚʷʟʢʦʩʪʴ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʧʣʦʭʦʡ ʪʝʢʫʯʝʩʪʠ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʝʡ ʩʠʣʳ. 

ʇʨʠ ʙʦʣʴʰʦʡ ʚʷʟʢʦʩʪʠ ʤʘʩʝʣ ʟʘʪʨʫʜʥʷʝʪʩʷ ʠʭ ʧʨʦʢʘʯʠʚʘʝʤʦʩʪʴ ʧʦ 

ʪʨʫʙʦʧʨʦʚʦʜʘʤ ʠ ʤʘʛʠʩʪʨʘʣʷʤ, ʯʝʨʝʟ ʬʠʣʴʪʨʳ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʧʦʜʚʦʜ ʢ 

ʪʨʫʱʠʤʩʷ ʧʦʚʝʨʭʥʦʩʪʷʤ ʠ ʩʦʟʜʘʝʪ ʙʦʣʴʰʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ ʨʘʙʦʪʝ ʫʟʣʦʚ, 

ʧʨʠʚʦʜʷʱʠʝ ʢ ʩʥʠʞʝʥʠʶ ʂʇɼ ʤʝʭʘʥʠʟʤʦʚ. ʇʦʚʳʰʝʥʠʝ ʚʷʟʢʦʩʪʠ ʪʦʧʣʠʚ 

ʧʨʠʚʦʜʠʪ ʢ ʧʣʦʭʦʤʫ ʨʘʩʧʳʣʠʚʘʥʠʶ ʝʛʦ ʧʨʠ ʚʧʨʳʩʢʝ. 

ʇʨʠ ʧʨʠʤʝʥʝʥʠʠ ʤʘʩʝʣ ʩ ʦʯʝʥʴ ʤʘʣʦʡ ʚʷʟʢʦʩʪʴʶ ʫʭʫʜʰʘʶʪʩʷ ʩʤʘʟʦʯʥʳʝ 

ʩʚʦʡʩʪʚʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚʦʟʨʘʩʪʘʝʪ ʠʟʥʦʩ ʪʨʫʱʠʭʩʷ ʧʦʚʝʨʭʥʦʩʪʝʡ, 

ʟʘʪʨʫʜʥʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʫʩʣʦʚʠʡ ʞʠʜʢʦʩʪʥʦʛʦ ʪʨʝʥʠʷ ʚ ʧʦʜʰʠʧʥʠʢʘʭ 

ʩʢʦʣʴʞʝʥʠʷ. 

ɺʷʟʢʦʩʪʴ ʞʠʜʢʦʩʪʝʡ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʠ ʝʝ 

ʫʚʝʣʠʯʝʥʠʠ ʚʷʟʢʦʩʪʴ ʩʥʠʞʘʝʪʩʷ, ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ - ʚʦʟʨʘʩʪʘʝʪ ʚʧʣʦʪʴ ʜʦ ʧʦʣʥʦʡ 

ʧʦʪʝʨʠ ʧʦʜʚʠʞʥʦʩʪʝʡ. ʇʦʩʢʦʣʴʢʫ ʤʘʩʣʘ ʨʘʙʦʪʘʶʪ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ 

ʪʝʤʧʝʨʘʪʫʨ, ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʦʥʠ ʦʙʣʘʜʘʣʠ ʜʦʩʪʘʪʦʯʥʦʡ ʚʷʟʢʦʩʪʴʶ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʥʘʜʝʞʥʦʩʪʴ ʤʘʩʣʷʥʦʛʦ ʩʣʦʷ ʧʨʠ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

(100̄ ʉ), ʘ ʧʨʠ ʥʠʟʢʠʭ ʠʤʝʣʠ ʜʦʩʪʘʪʦʯʥʫʶ ʧʦʜʚʠʞʥʦʩʪʴ. 

ʅʘʤʠ ʠʩʩʣʝʜʦʚʘʥʳ ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʜʠʥʘʤʠʯʝʩʢʫʶ ʚʷʟʢʦʩʪʴ (h, 10
-

3
, ʇʘÖʩ)  ʠ ʢʠʥʝʤʘʪʠʯʝʩʢʫʶ ʚʷʟʢʦʩʪʴ (n, 10

-6
, ʤ

2
/ʩ) ʪʫʨʙʠʥʥʦʛʦ ʤʘʩʣʘ 

(ʂʠʪʘʡʩʢʦʛʦ ʧʨʦʠʟʚʦʜʠʪʝʣʷ) ʩʠʩʪʝʤʳ ʤʘʩʣʦʩʥʘʙʞʝʥʠʷ ʪʫʨʙʠʥʥʦʛʦ ʘʛʨʝʛʘʪʘ ʥʘ 

ɼʊʕʎ-2 ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 293-363 ʂ. (ʪʘʙʣ. 1) ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʚʷʟʢʦʩʪʠ 

ʧʨʠʤʝʥʝʥ ʤʝʪʦʜ ʢʘʧʠʣʣʷʨʥʦʛʦ ʚʠʩʢʦʟʠʤʝʪʨʘ. 

 

ʊʘʙʣʠʮʘ 1. ɺʷʟʢʦʩʪʴ ʪʫʨʙʠʥʥʦʛʦ ʤʘʩʣʘ ʩʠʩʪʝʤʳ ʤʘʩʣʦʩʥʘʙʞʝʥʠʷ 

ʪʫʨʙʠʥʥʦʛʦ ʘʛʨʝʛʘʪʘ ʥʘ ɼʊʕʎ-2 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ 

ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ 

ʊ, ʂ 293 305 315 325 338 350 363 

h, 10
-3
, ʇʘÖʩ 80 45 27 15 6 3 2 

n, 10
-6
, ʤ

2
/ʩ 92,8 52,5 31,7 17,7 7,15 3,6 2,4 

 

ʍʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ ʪʫʨʙʠʥʥʦʛʦ ʤʘʩʣʘ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1. 

ɿʘʚʠʩʠʤʦʩʪʴ ʚʷʟʢʦʩʪʠ ʪʫʨʙʠʥʥʦʛʦ ʤʘʩʣʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ 

ʜʘʚʣʝʥʠʠ ʧʦʜʯʠʥʷʝʪʩʷ ʧʦʣʠʥʦʤʠʥʘʣʴʥʦʤʫ ʟʘʢʦʥʫ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 293ʂ ʜʦ 363ʂ ʚʷʟʢʦʩʪʴ ʤʘʩʣʘ ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ 97% ʦʪ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ 
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ʧʨʝʜʣʦʞʝʥʦ ʵʤʧʠʨʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ, ʫʩʪʘʥʘʚʣʠʚʘʶʱʝʝ ʟʘʚʠʩʠʤʦʩʪʴ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ: 

 

h = (0,0263ʊ
2 
- 18,302ʊ + 3185)Ö10

-3
,  

 

ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʜʠʥʘʤʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ ʪʫʨʙʠʥʥʦʛʦ ʤʘʩʣʘ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚʳʷʚʣʝʥʦ ʢʘʯʝʩʪʚʝʥʥʦʝ ʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʚʷʟʢʦʩʪʴ ʪʫʨʙʠʥʥʦʛʦ ʤʘʩʣʘ ʚ 

ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 293-363 ʂ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ. ʇʨʝʜʣʦʞʝʥʦ 

ʵʤʧʠʨʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʨʘʩʯʝʪʘ ʚʷʟʢʦʩʪʠ ʪʫʨʙʠʥʥʦʛʦ ʤʘʩʣʘ ʚ ʜʘʥʥʦʤ 

ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʚʷʟʢʦʩʪʴ ʪʫʨʙʠʥʥʦʛʦ ʤʘʩʣʘ 

ʢʠʪʘʡʩʢʦʛʦ ʧʨʦʠʟʚʦʜʠʪʝʣʷ, ʧʨʠʤʝʥʷʝʤʦʛʦ ʜʣʷ ʩʠʩʪʝʤʳ ʤʘʩʣʦʩʥʘʙʞʝʥʠʷ 

ʪʫʨʙʠʥʥʦʛʦ ʘʛʨʝʛʘʪʘ ʥʘ ɼʊʕʎ-2 ʥʠʞʝ ʚʷʟʢʦʩʪʠ ʪʫʨʙʠʥʥʳʭ ʤʘʩʝʣ ʈʦʩʩʠʡʩʢʠʭ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ɻʆʉʊ 10028-81. ɺʠʩʢʦʟʠʤʝʪʨʳ ʢʘʧʠʣʣʷʨʥʳʝ ʩʪʝʢʣʷʥʥʳʝ. ʊʝʭʥʠʯʝʩʢʠʝ 

ʫʩʣʦʚʠʷ. ï ʄ.: ʉʪʘʥʜʘʨʪʠʥʬʦʨʤ, 2005. 

 

ʏɸʉʇɸʂʀʀ ɼʀʅɸʄʀʂʀʀ ʈɸɺנɸʅʀ ʊʋʈɹʀʅɸ ɺʆɹɸʉʊɸ ɹʆ ׳ɸʈʆʈɸʊ 

ʊʘʛʦʝʚ ʉ.ɸ., ɿʦʠʨʦʚ ʍ.ɸ., ʉʘʬʘʨʦʚ ʄ.ʄ. 

ɼʦʥʠʰʛʦ״ʠ ʪʝʭʥʠʢ ʙʘ ʥʦʤʠ ʄ.ʉ.ʆʩʠʤʠ 

ʌʠʣʠʘʣʠ ɼʦʥʠʰʛʦϲʠ ʜʘʚʣʘʪʠʠ ʄʦʩʢʚʘ ʙʘ ʥʦʤʠ ʄ.ɺ.ʃʦʤʦʥʦʩʦʚ ʜʘʨ ʰ.ɼʫʰʘʥʙʝ 

ʄʘץʦʣʘʠ ʤʘʟʢʫʨ  ʙʦ ʦʤʫʟʠʰʠ ʯʘʩʧʘʢʠʠ ʨʘʚסʘʥʠ ʪʨʫʙʠʥʘ, ʢʠ ʜʘʨ ʄʘʨʢʘʟʠ ʛʘʨʤʠ ʚʘ 

ʙʘʨץʜʠ״ʠʠ ʰ.ɼʫʰʘʥʙʝ (ʄɻɹ-2) ʠʩʪʠʬʦʜʘ ʙʫʨʜʘ ʤʝʰʘʚʘʜ, ʙʘʭʰʠʜʘ ʰʫʜʘʘʩʪ. ɼʘʨ ʘʩʦʩʠ 
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ʯʝʥʢʫʥʠ״ʦʠ ʪʘֹוʨʠʙʘʚ ʤʫʦʜʠʣʘʠ ʵʤʧʠʨʠʢʠ ״ʦʩʠʣ ʢʘʨʜʘ ʰʫʜʘʘʩʪ, ʢʠ ʦʥ ʚʦʙʘʩʪʘʛʠʠ ʙʘʡʥʠ 

ʯʘʩʧʘʢʠʠ ʨʘʚסʘʥʨʦ ʘʟ ״ʘʨʦʨʘʪ ʤʫץʘʨʨʘʨ ʤʝʥʘʤʦʷʜ. 

ʂʘʣʠʤʘ״ʦʠ ʢʘʣʠʜ: ʯʘʩʧʘʢʠʠ ʜʠʥʘʤʠʢ ʚʘ ʢʠʥʝʤʘʪʠʢ, ʪʨʫʙʠʥʘ, ʨʘʚʛʘʥʠ ʪʫʨʙʠʥʘ, 

ʚʦʙʘʩʪʘʛʠʠ ״ʘʨʦʨʘʪ, ʤʫʦʜʠʣʘʠ ʵʧʠʨʠʢ.  
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Dushanbe branch of Lomonosov Moscow State University 

This article is devoted to the investigation of the influence of temperature on the viscosity of 

turbine oil used at DTES-2. Based on the results of experimental measurements, an empirical 

equation is proposed that establishes the dependence of the viscosity of the object under study on 

temperature. 

Key words: dynamic and kinematic viscosity, pipe-line, turbine oil, temperature dependence, 

empirical equations. 
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ʍ ʀ ʄ ʀ ʗ   ʀ   ɻ ɽ ʆ ʃ ʆ ɻ ʀ ʗ 

ʋɼʂ 548.3 

ʈɸɿʈɸɹʆʊʂɸ ʄʆɼɽʃʀ ʄɽɾɸʊʆʄʅʓʍ ʇʆʊɽʅʎʀɸʃʆɺ ʀ 

ɸʊʆʄʀʉʊʀʏɽʉʂʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʂʈʀʉʊɸʃʃʀʏɽʉʂʀʍ 

ʉʊʈʋʂʊʋʈ ʄʆʅɸʎʀʊʆɺ ʃɽɻʂʀʍ ʈɽɼʂʆɿɽʄɽʃʔʅʓʍ ʕʃɽʄɽʅʊʆɺ 

ɽʨʝʤʠʥ ʅ.ʅ., ʋʣʘʥʦʚʘ ɸ.ʉ., ʄʘʨʯʝʥʢʦ ɽ.ʀ. 

ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ 

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

 

ʇʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʦʜʝʣʝʡ ʤʝʞʘʪʦʤʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ 

ʜʣʷ ʩʪʨʫʢʪʫʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʥʘʮʠʪʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʠ ʦʜʥʘ ʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʤʦʜʝʣʝʡ ʥʝ ʚ ʩʦʩʪʦʷʥʠʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʭʦʨʦʰʝʡ ʪʦʯʥʦʩʪʴʶ ʦʧʠʩʘʪʴ ʩʪʨʫʢʪʫʨʥʳʝ, ʫʧʨʫʛʠʝ 

ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠʟʫʯʘʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʈʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʥʘʙʦʨ ʯʘʩʪʠʯʥʦ 

ʠʦʥʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ ʤʝʞʘʪʦʤʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʣʷ ʩʪʨʫʢʪʫʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʤʦʥʘʮʠʪʦʚ ʩʝʤʠ ʣʝʛʢʠʭ ʣʘʥʪʘʥʦʠʜʦʚ (La - Gd). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʦʚʳʡ ʥʘʙʦʨ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʦʪʣʠʯʥʦʝ ʦʧʠʩʘʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʤʦʥʘʮʠʪʦʚ ʠ ʩ ʭʦʨʦʰʝʡ ʪʦʯʥʦʩʪʴʶ 

ʚʦʩʧʨʦʠʟʚʦʜʠʪ ʫʧʨʫʛʠʝ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʨʠʩʪʘʣʣʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʨʫʢʪʫʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʤʦʥʘʮʠʪʳ, 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ. 

 

ɺʚʝʜʝʥʠʝ 

ʉʨʝʜʠ ʧʨʠʨʦʜʥʳʭ ʬʦʩʬʘʪʦʚ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʤʠ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ 

ʷʚʣʷʶʪʩʷ ʤʦʥʘʮʠʪ ʠ ʢʩʝʥʦʪʠʤ ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ TRPO4 (TR - ʣʘʥʪʘʥʦʠʜ). 

ʆʨʪʦʬʦʩʬʘʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʣʝʛʢʠʝ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʝʝ ʢʨʫʧʥʳʝ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ (La-Gd), ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʤʦʥʦʢʣʠʥʥʦʡ 

ʤʦʥʘʮʠʪʦʚʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʄʦʥʘʮʠʪ - ʦʜʠʥ ʠʟ ʠʩʪʦʯʥʠʢʦʚ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʧʦʣʫʯʝʥʠʷ ʣʸʛʢʠʭ ʣʘʥʪʘʥʦʠʜʦʚ ʠ ʪʦʨʠʷ. ʆʨʪʦʬʦʩʬʘʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʪʷʞʝʣʳʝ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ (Tb-Lu) ʘ ʪʘʢʞʝ Y, ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ 

ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʝ ʢʩʝʥʦʪʠʤʘ, ʠʟʦʩʪʨʫʢʪʫʨʥʦʛʦ ʦʨʪʦʩʠʣʠʢʘʪʫ ʮʠʨʢʦʥʫ 

ZrSiO4. ʂʩʝʥʦʪʠʤ ʷʚʣʷʝʪʩʷ ʩʳʨʴʸʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʪʪʨʠʷ ʠ ʪʷʞʸʣʳʭ 

ʣʘʥʪʘʥʦʠʜʦʚ. 

ɺ ʩʪʨʫʢʪʫʨʥʦʤ ʪʠʧʝ ʤʦʥʘʮʠʪʘ (ʨʠʩ. 1ʘ) ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʪʝʪʨʘʵʜʨʳ PO4 ʩ 

ʨʘʩʩʪʦʷʥʠʷʤʠ P-O å 1.52-1.54 ¡ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʜʝʚʷʪʠʚʝʨʰʠʥʥʠʢʘʤʠ 

TRO9, ʦʙʲʝʤʦʤ ʦʪ 29 ʜʦ 33 ¡
3
 c ʨʘʩʩʪʦʷʥʠʷʤʠ TR-O å ʦʪ 2.40 ʜʦ 2.80 ¡. ʕʪʠ 

TRO9 ʧʦʣʠʵʜʨʳ ʷʚʣʷʶʪʩʷ ʨʝʟʝʨʚʫʘʨʘʤʠ ʜʣʷ ʠʟʦʤʦʨʬʥʦʛʦ ʚʥʝʜʨʝʥʠʷ 

ʘʢʪʠʥʦʠʜʦʚ. ɺʩʝ ʘʪʦʤʳ ʥʘʭʦʜʷʪʩʷ ʚ ʦʙʱʠʭ ʧʦʟʠʮʠʷʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ, ʯʠʩʣʦ ʬʦʨʤʫʣʴʥʳʭ ʝʜʠʥʠʮ ʥʘ ʷʯʝʡʢʫ Z=4 [1]. 

ʉ ʟʘʢʦʥʦʤʝʨʥʳʤ ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʜʠʫʩʘ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ 

ʩʪʨʫʢʪʫʨʥʳʡ ʪʠʧ ʤʦʥʘʮʠʪʘ ʩʤʝʥʷʝʪʩʷ ʥʘ ʨʦʜʩʪʚʝʥʥʳʡ ʝʤʫ ʩʪʨʫʢʪʫʨʥʳʡ ʪʠʧ 

ʢʩʝʥʦʪʠʤʘ (ʨʠʩ. 1ʙ). ɺ ʵʪʦʡ ʩʪʨʫʢʪʫʨʝ ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʪʝʪʨʘʵʜʨʳ PO4 ʩ 
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ʯʝʪʳʨʴʤʷ ʩʪʨʫʢʪʫʨʥʦ-ʵʢʚʠʚʘʣʝʥʪʥʳʤʠ ʨʘʩʩʪʦʷʥʠʷʤʠ P-O å 1.54 ¡ ʩʚʷʟʘʥʳ 

ʤʝʞʜʫ ʩʦʙʦʡ ʜʦʜʝʢʘʵʜʨʘʤʠ ʉʠʘʤʝʩʘ TRO8 ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝʛʦ, ʯʝʤ ʚ 

ʤʦʥʘʮʠʪʘʭ, ʦʙʲʝʤʘ: å ʦʪ 21 ʜʦ 24 ¡
3
. ɺ ʩʪʨʫʢʪʫʨʝ ʥʘʙʣʶʜʘʶʪʩʷ ʜʚʝ ʩʝʨʠʠ 

ʤʝʞʘʪʦʤʥʳʭ ʨʘʩʩʪʦʷʥʠʡ TR-O: 4ĬTR-O(1) ʠ 4ĬTR-O(2) å ʦʪ 2.30 ʜʦ 2.39 ¡. ɺʩʝ 

ʘʪʦʤʳ ʥʘʭʦʜʷʪʩʷ ʚ ʯʘʩʪʥʳʭ ʧʦʟʠʮʠʷʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ, Z=4 [1]. 

  
ʈʠʩ. 1ʘ. ʉʪʨʫʢʪʫʨʘ ʤʦʥʘʮʠʪʘ (ʧʨ. ʛʨ. 

P21/n). ɺʠʜ ʚ ʧʣʦʩʢʦʩʪʠ å [001]. ɺʳʜʝʣʝʥʘ 

ʵʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ. 

ʈʠʩ. 1ʙ. ʉʪʨʫʢʪʫʨʘ ʢʩʝʥʦʪʠʤʘ (ʧʨ.   

ʛʨ. I41/amd). ɺʠʜ ʚ ʧʣʦʩʢʦʩʪʠ å[110]. 

ɺʳʜʝʣʝʥʘ ʵʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ. 

  

ʅʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʤʦʥʘʮʠʪʝ ʠ ʢʩʝʥʦʪʠʤʝ ʘʪʦʤʦʚ 

ʪʦʨʠʷ ʠ ʫʨʘʥʘ ʵʪʠ ʬʦʩʬʘʪʳ, ʚ ʦʪʣʠʯʠʠ ʦʪ ʮʠʨʢʦʥʘ, ʜʦʩʪʘʪʦʯʥʦ ʨʝʜʢʦ ʥʘʭʦʜʷʪʩʷ 

ʚ ʤʝʪʘʤʠʢʪʥʦʤ ʩʦʩʪʦʷʥʠʠ [2]. ʇʦʵʪʦʤʫ ʧʨʠʨʦʜʥʳʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʬʦʩʬʘʪʳ ʠ 

ʠʭ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʘʥʘʣʦʛʠ ʜʦʩʪʘʪʦʯʥʦ ʯʘʩʪʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʚʦʟʤʦʞʥʳʝ 

ʢʦʥʩʝʨʚʠʨʫʶʱʠʝ ʤʘʪʨʠʮʳ ʜʣʷ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʚʳʩʦʢʦʘʢʪʠʚʥʳʭ 

ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ. ʂ ʪʘʢʠʤ ʤʘʪʨʠʮʘʤ ʚʳʜʚʠʛʘʶʪʩʷ ʞʝʩʪʢʠʝ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ: ʦʥʠ ʜʦʣʞʥʳ ʠʤʝʪʴ ʟʥʘʯʠʪʝʣʴʥʫʶ ʠʟʦʤʦʨʬʥʫʶ 

ʝʤʢʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʘʢʪʠʥʦʠʜʦʚ ʠ ʪʘʢʞʝ ʩʦʭʨʘʥʷʪʴ ʨʘʜʠʘʮʠʦʥʥʫʶ ʠ 

ʭʠʤʠʯʝʩʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 

[3]. ʈʷʜ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʠʟʫʯʝʥʠʶ 

ʨʘʜʠʘʮʠʦʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʬʦʩʬʘʪʳ ʣʝʛʢʠʭ 

ʣʘʥʪʘʥʦʠʜʦʚ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʤʦʥʘʮʠʪʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʴʰʝʡ ʨʘʜʠʘʮʠʦʥʥʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ, ʯʝʤ ʬʦʩʬʘʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʙʦʣʝʝ ʪʷʞʝʣʳʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ 

ʵʣʝʤʝʥʪʳ, ʢʨʠʩʪʘʣʣʠʟʫʶʱʠʝʩʷ ʚ ʩʪʨʫʢʪʫʨʥʦʤ ʪʠʧʝ ʮʠʨʢʦʥʘ-ʢʩʝʥʪʦʠʤʘ [2, 4].  

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʥʝʦʙʭʦʜʠʤʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʧʦʜʘʚʣʷʶʱʘʷ ʯʘʩʪʴ ʧʨʠʨʦʜʥʳʭ 

ʤʠʥʝʨʘʣʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝ ʯʠʩʪʳʝ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʘ 

ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ, ʥʝ ʠʤʝʶʱʠʝ ʩʪʨʦʛʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʨʝʛʫʣʷʨʥʦʩʪʠ. ʕʪʦ 

ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʠʤʝʥʥʦ ʜʣʷ ʤʦʥʘʮʠʪʘ, ʚ ʧʨʠʨʦʜʥʳʭ ʦʙʨʘʟʮʘʭ ʢʦʪʦʨʦʛʦ 

ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʣʝʛʢʠʝ ʣʘʥʪʘʥʦʠʜʳ ʚ ʧʝʨʝʤʝʥʥʦʤ ʢʦʣʠʯʝʩʪʚʝ, ʘ 
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ʪʘʢʞʝ ʩʫʱʝʩʪʚʝʥʥʳʝ ʧʨʠʤʝʩʠ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʘʢʪʠʥʦʠʜʦʚ. ʂʘʢ ʥʝʦʜʥʦʢʨʘʪʥʦ 

ʧʦʢʘʟʳʚʘʣʦʩʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠ, ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʪʘʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʩʚʦʡʩʪʚ ʠʩʭʦʜʥʳʭ ʚʝʱʝʩʪʚ, 

ʷʚʣʷʶʱʠʭʩʷ ʢʨʘʡʥʠʤʠ ʯʣʝʥʘʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʟʦʤʦʨʬʥʳʭ ʨʷʜʦʚ.  

ʉʣʦʞʥʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʦʙʲʝʢʪʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ 

ʨʘʜʠʦʘʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʘʤʠ, ʚʳʥʫʞʜʘʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʜʦʧʦʣʥʷʶʱʠʝ ʠ ʟʘʤʝʥʷʶʱʠʝ ʬʠʟʠʯʝʩʢʠʝ. ʊʘʢ, 

ʜʦʩʪʘʪʦʯʥʦ ʜʦʩʪʦʚʝʨʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʷʜʝ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʦʥʘʮʠʪʦʚ 

ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠ ʩ ʧʦʤʦʱʴʶ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʦʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʤʝʞʘʪʦʤʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ, ʘ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʨʘʜʠʘʮʠʦʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʦʝʜʠʥʝʥʠʷ ï ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʜʠʥʘʤʠʢʠ (ʄɼ). ʕʪʦ ʦʧʨʝʜʝʣʠʣʦ ʦʩʥʦʚʥʫʶ ʮʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ: ʨʘʟʨʘʙʦʪʘʪʴ 

ʩʦʛʣʘʩʦʚʘʥʥʫʶ ʤʦʜʝʣʴ ʧʦʪʝʥʮʠʘʣʦʚ ʤʝʞʘʪʦʤʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʧʨʠʛʦʜʥʫʶ 

ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʤʦʣʝʢʫʣʷʨʥʦ-ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʩʧʦʩʦʙʥʫʶ 

ʢʦʨʨʝʢʪʥʦ ʦʧʠʩʘʪʴ ʥʝ ʪʦʣʴʢʦ  ʩʪʨʫʢʪʫʨʥʳʝ, ʥʦ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ, 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʩʝʭ ʤʦʥʘʮʠʪʦʚ ʣʝʛʢʠʭ 

ʣʘʥʪʘʥʦʠʜʦʚ.  

ʆʙʟʦʨ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʦʜʝʣʝʡ ʠ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʦʛʦ ʥʘʙʦʨʘ 

ʤʝʞʘʪʦʤʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ ʜʣʷ ʩʪʨʫʢʪʫʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʥʘʮʠʪʦʚ 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʭ ʨʘʩʯʝʪʘʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ 

ʘʪʦʤʳ ʥʘʜʝʣʷʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤʠ ʟʘʨʷʜʘʤʠ, ʦʪʣʠʯʥʳʤʠ ʦʪ ʬʦʨʤʘʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ. ɺʝʣʠʯʠʥʳ ʵʪʠʭ ʟʘʨʷʜʦʚ ʟʘʚʠʩʠʪ ʦʪ ʩʪʝʧʝʥʠ ʠʦʥʥʦʩʪʠ - ʢʦʚʘʣʝʥʪʥʦʩʪʠ 

ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʠ ʤʦʛʫʪ ʠʟʤʝʥʷʪʴʩʷ ʦʪ ʥʫʣʷ (ʜʣʷ ʢʦʚʘʣʝʥʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ) 

ʜʦ ʟʥʘʯʝʥʠʡ ʬʦʨʤʘʣʴʥʳʭ ʟʘʨʷʜʦʚ (ʜʣʷ ʠʦʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ). ʂʨʦʤʝ 

ʢʫʣʦʥʦʚʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʩʝʭ ʵʬʬʝʢʪʠʚʥʳʭ ʟʘʨʷʜʦʚ ʤʝʞʜʫ ʩʦʙʦʡ, ʚ 

ʢʦʨʦʪʢʦʜʝʡʩʪʚʫʶʱʠʭ ʧʦʪʝʥʮʠʘʣʘʭ ʤʝʞʘʪʦʤʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʫʯʠʪʳʚʘʝʪʩʷ 

ʦʪʪʘʣʢʠʚʘʥʠʝ ʵʣʝʢʪʨʦʥʥʳʭ ʦʙʦʣʦʯʝʢ ʘʪʦʤʦʚ ʠ ʜʠʩʧʝʨʩʠʦʥʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʤʝʞʜʫ ʘʪʦʤʘʤʠ. ʅʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʧʘʨʥʳʝ ʧʦʪʝʥʮʠʘʣʳ 

ʚʠʜʘ: 

ʘ) ɹʫʢʠʥʛʝʤʘ: 126)/exp()( -- Ö+Ö--Ö= rDrʉrArV r , (1) 

ʛʜʝ r ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ ʘʪʦʤʘʤʠ (¡), A ï ʧʨʝʜʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ 

ʤʥʦʞʠʪʝʣʴ ʜʣʷ ʯʣʝʥʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʤʝʞʘʪʦʤʥʦʝ ʦʪʪʘʣʢʠʚʘʥʠʝ (eV), ɟ ï 

ʧʘʨʘʤʝʪʨ ʞʝʩʪʢʦʩʪʠ ʩʚʷʟʠ (¡), C ʠ Dï ʩʠʣʦʚʳʝ ʧʘʨʘʤʝʪʨʳ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (eVĀ¡
6
) ʠ (eVĀ¡

12
), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 

ʙ) ʄʦʨʟʝ: [ ],))(exp(2))(2exp()( 00 rrrrDrV Ì -----Ö= aa  (2) 

ʛʜʝ ʪʨʠ ʚʘʨʴʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʘ ʧʦʪʝʥʮʠʘʣʘ Dʄ (eV), Ŭ (¡
-1
) ʠ r0 (¡) ʠʤʝʶʪ 

ʩʪʘʨʪʦʚʳʡ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʵʥʝʨʛʠʠ ʜʠʩʩʦʮʠʘʮʠʠ ʩʚʷʟʠ ʤʝʞʜʫ ʘʪʦʤʘʤʠ, 



97 
 

ʧʘʨʘʤʝʪʨ çʤʷʛʢʦʩʪʠè ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ ʠ ʦʧʪʠʤʘʣʴʥʦʡ ʜʣʠʥʳ ʤʝʞʘʪʦʤʥʦʛʦ 

ʢʦʥʪʘʢʪʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɿʘʤʝʪʠʤ, ʯʪʦ ʜʣʷ ʨʝʰʝʥʠʷ ʧʦʩʣʝʜʫʶʱʠʭ ʨʘʩʯʝʪʥʳʭ ʟʘʜʘʯ, ʢʦʪʦʨʳʝ ʩʪʘʚʷʪ 

ʧʝʨʝʜ ʩʦʙʦʡ ʘʚʪʦʨʳ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ (ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨ ʧʝʨʝʤʝʥʥʦʛʦ 

ʩʦʩʪʘʚʘ,  ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʩʯʠʪʳʚʘʪʴ ʛʝʪʝʨʦʚʘʣʝʥʪʥʳʝ ʠʟʦʤʦʨʬʥʳʝ ʟʘʤʝʱʝʥʠʷ) 

ʞʝʣʘʪʝʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʩʦʛʣʘʩʦʚʘʥʥʳʡ ʥʘʙʦʨ ʤʝʞʘʪʦʤʥʳʭ 

ʧʦʪʝʥʮʠʘʣʦʚ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥ ʜʣʷ ʣʶʙʦʛʦ ʧʝʨʝʤʝʥʥʦʛʦ ʩʦʩʪʘʚʘ. 

ʕʪʦ ʥʘʢʣʘʜʳʚʘʝʪ ʥʘ ʨʘʟʨʘʙʘʪʳʚʘʝʤʫʶ ʤʦʜʝʣʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ, ʘ 

ʠʤʝʥʥʦ: ʬʦʨʤʘ ʧʦʪʝʥʮʠʘʣʘ ʜʣʷ ʠʟʦʤʦʨʬʥʦ ʟʘʤʝʱʘʶʱʠʭ ʜʨʫʛ ʜʨʫʛʘ ʘʪʦʤʦʚ 

ʜʦʣʞʥʘ ʙʳʪʴ ʘʥʘʣʦʛʠʯʥʘʷ, ʧʘʨʘʤʝʪʨʳ ʦʙʱʠʭ ʧʦʪʝʥʮʠʘʣʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, 

ʥʘʧʨʠʤʝʨ, P-O ʠ O-O ʜʣʷ ʤʦʥʘʮʠʪʦʚ ʨʘʟʥʦʛʦ ʩʦʩʪʘʚʘ ʪʘʢʞʝ ʜʦʣʞʥʳ ʙʳʪʴ 

ʦʜʠʥʘʢʦʚʳ. ʂʨʦʤʝ ʪʦʛʦ, ʘʪʦʤʳ ʦʜʥʦʡ ʚʘʣʝʥʪʥʦʩʪʠ ʜʦʣʞʥʳ ʠʤʝʪʴ ʦʜʠʥʘʢʦʚʳʡ 

ʵʬʬʝʢʪʠʚʥʳʡ ʟʘʨʷʜ, ʘ ʧʨʠ ʛʝʪʝʨʦʚʘʣʝʥʪʥʳʭ ʟʘʤʝʱʝʥʠʷʭ ʙʘʣʘʥʩ ʘʪʦʤʥʳʭ 

ʟʘʨʷʜʦʚ ʜʦʣʞʝʥ ʩʪʨʦʛʦ ʩʦʙʣʶʜʘʪʴʩʷ. 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʤʦʥʘʮʠʪʦʚ ʨʘʥʝʝ ʤʦʜʝʣʠʨʦʚʘʣʠʩʴ ʤʝʪʦʜʦʤ 

ʤʝʞʘʪʦʤʥʳʭ ʙʘʣʘʥʩ ʧʦʪʝʥʮʠʘʣʦʚ ʜʦʩʪʘʪʦʯʥʦ ʨʝʜʢʦ ʠ ʥʝ ʚʩʝʛʜʘ ʫʩʧʝʰʥʦ. ʊʘʢ, 

ʜʣʷ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʦʥʘʮʠʪʘ LnPO4 ʚ ʨʘʙʦʪʝ [5] ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʚʘ ʥʘʙʦʨʘ ʤʝʞʘʪʦʤʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʩʪʘʨʪʦʚʳʭ 

ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʧʦʪʝʥʮʠʘʣʦʚ ʜʣʷ ʥʘʙʦʨʘ çMonazite 1è (ʪʘʙʣ. 1) 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʝʣʠʯʠʥʳ ʠʟ ʨʘʙʦʪʳ [6] ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ ʘʚʪʦʨʘʤʠ [5] c ʧʨʠʚʣʝʯʝʥʠʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ 

ʩʪʨʫʢʪʫʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʧʦʩʪʦʷʥʥʳʭ ʫʧʨʫʛʦʩʪʠ La-ʤʦʥʘʮʠʪʘ. ʈʝʟʫʣʴʪʘʪʳ 

ʚʳʯʠʩʣʝʥʠʡ ʧʦʢʘʟʘʣʠ (ʪʘʙʣ. 2), ʯʪʦ ʵʪʦʪ ʥʘʙʦʨ ʤʝʞʘʪʦʤʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ 

ʚʦʩʧʨʦʠʟʚʦʜʠʪ ʢʘʢ ʩʪʨʫʢʪʫʨʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʪʘʢ ʠ ʫʧʨʫʛʠʝ ʠ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ LnPO4 ʪʦʣʴʢʦ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ. ʊʘʢ, ʧʘʨʘʤʝʪʨ ʩ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʦʪʢʣʦʥʠʣʩʷ ʙʦʣʝʝ ʯʝʤ ʥʘ 2% ʦʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʠʷ, ʘ ʤʦʜʫʣʴ ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʩʞʘʪʠʷ K ʥʘ 38% ʧʨʝʚʳʰʘʝʪ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʚʝʣʠʯʠʥʫ. ʇʨʝʜʩʢʘʟʘʥʥʦʝ ʟʥʘʯʝʥʠʝ S298 ʥʘ 13% ʤʝʥʴʰʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʚʝʣʠʯʠʥʳ. ɺ ʩʚʷʟʠ c ʪʘʢʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʥʝʫʜʘʯʝʡ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʥʘʮʠʪʘ ʧʦ ʧʝʨʚʦʡ ʤʦʜʝʣʠ ʘʚʪʦʨʘʤʠ [5] ʙʳʣ ʧʨʦʚʝʜʝʥ ʧʦʠʩʢ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʥʘʙʦʨʘ ʤʝʞʘʪʦʤʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ, ʢʦʪʦʨʳʡ ʣʫʯʰʝ ʙʳ 

ʚʦʩʧʨʦʠʟʚʦʜʠʣ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʥʘʮʠʪʘ. ʊʘʢʦʚʳʤ 

ʥʘʙʦʨʦʤ çMonazite 2è ʩʪʘʣʘ ʤʦʜʝʣʴ ʧʦʪʝʥʮʠʘʣʦʚ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʚ ʨʘʙʦʪʝ [7] 

ʜʣʷ ʘʣʶʤʦʬʦʩʬʘʪʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʡ [5] ʧʦʢʘʟʘʣʠ (ʪʘʙʣ. 2), ʯʪʦ ʥʘʙʦʨ 

ʧʦʪʝʥʮʠʘʣʦʚ çMonazite 2è ʥʝʧʣʦʭʦ ʚʦʩʧʨʦʠʟʚʦʜʠʪ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʠ 

ʫʧʨʫʛʠʝ ʩʚʦʡʩʪʚʘ ʩʦʝʜʠʥʝʥʠʷ ʧʨʠ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʤ ʩʦʛʣʘʩʠʠ ʩʪʨʫʢʪʫʨʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ. ʊʘʢ, ʧʘʨʘʤʝʪʨ ʩ ʩʥʦʚʘ ʦʢʘʟʘʣʩʷ ʟʘʚʳʰʝʥʥʳʤ ï ʨʘʩʭʦʞʜʝʥʠʝ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʚʝʣʠʯʠʥʦʡ ʧʨʝʚʳʩʠʣʦ 3%, ʘ ʧʘʨʘʤʝʪʨʳ a ʠ b, ʥʘʦʙʦʨʦʪ, 

ʟʘʥʠʞʝʥʳ ʙʦʣʝʝ ʯʝʤ ʥʘ 1%. ʆʪʤʝʪʠʤ, ʯʪʦ ʧʨʠ ʪʘʢʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʫʜʘʯʥʦʤ 
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ʩʪʨʫʢʪʫʨʥʦʤ ʦʧʠʩʘʥʠʠ ʜʘʥʥʳʡ ʥʘʙʦʨ ʥʝʧʣʦʭʦ ʧʨʝʜʩʢʘʟʳʚʘʝʪ ʫʧʨʫʛʠʝ ʠ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ Ln-ʤʦʥʘʮʠʪʘ.  

ʉʨʝʜʠ ʩʦʛʣʘʩʦʚʘʥʥʳʭ ʥʘʙʦʨʦʚ ʧʦʪʝʥʮʠʘʣʦʚ, ʠʟʚʝʩʪʥʳʭ ʚ ʣʠʪʝʨʘʪʫʨʝ, 

ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣ ʥʘʙʦʨ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʚ ʨʘʙʦʪʝ [8]. ɺ 

ʵʪʦʤ ʥʘʙʦʨʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʠʢʩʠʨʦʚʘʥʥʘʷ ʩʪʝʧʝʥʴ ʠʦʥʥʦʩʪʠ f ʚʩʝʭ ʭʠʤʠʯʝʩʢʠʭ 

ʩʚʷʟʝʡ (ʚʩʝ ʬʦʨʤʘʣʴʥʳʝ ʟʘʨʷʜʳ ʘʪʦʤʦʚ ʫʤʥʦʞʘʶʪʩʷ ʥʘ 0,6). ɺ ʢʘʯʝʩʪʚʝ ʧʘʨʥʳʭ 

ʧʦʪʝʥʮʠʘʣʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʪʝʥʮʠʘʣ ʄʦʨʟʝ (2). ɼʣʷ ʤʦʣʝʢʫʣʷʨʥʦ-

ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʪʪʘʣʢʠʚʘʶʱʠʡ ʚʢʣʘʜ 
12-ÖrD  ʧʦʪʝʥʮʠʘʣʘ ɹʫʢʠʥʛʝʤʘ (1), ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʘʪʦʤʘʤ ʩʙʣʠʞʘʪʴʩʷ ʥʘ 

ʥʝʜʦʧʫʩʪʠʤʦ ʙʣʠʟʢʦʝ ʨʘʩʩʪʦʷʥʠʝ ʚ ʧʨʦʮʝʩʩʝ ʄɼ-ʵʢʩʧʝʨʠʤʝʥʪʘ. ɺ [8] ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʘʷ ʤʦʜʝʣʴ ʫʩʧʝʰʥʦ ʚʦʩʧʨʦʠʟʚʦʜʠʪ ʩʪʨʫʢʪʫʨʥʳʝ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʯʘʩʪʠʯʥʦ ʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʦʢʩʠʜʳ ʠ 

ʩʠʣʠʢʘʪʳ, ʚ ʢʦʪʦʨʳʭ ʟʘʨʷʜʳ ʘʪʦʤʦʚ ʩʫʱʝʩʪʚʝʥʥʳ, ʥʦ ʩʠʣʴʥʦ ʤʝʥʴʰʝ ʠʭ 

ʬʦʨʤʘʣʴʥʳʭ ʚʘʣʝʥʪʥʦʩʪʝʡ). ʅʘʣʠʯʠʝ ʧʦʪʝʥʮʠʘʣʦʚ O-O, P-O ʠ ʪʨʝʭ ʧʘʨʥʳʭ 

ʧʦʪʝʥʮʠʘʣʦʚ TR-O (ʜʣʷ Gd, Nd, Er) ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʦʪ ʥʘʙʦʨ ʢʘʢ 

ʚʦʟʤʦʞʥʦʡ ʧʨʦʪʦʪʠʧ ʜʣʷ ʨʝʰʝʥʠʷ ʨʘʩʯʝʪʥʳʭ ʟʘʜʘʯ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ. ʆʜʥʘʢʦ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ ʥʘʙʦʨʘ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʥʘʮʠʪʦʚ 

ʧʨʠʚʦʜʠʪ ʢ ʚʝʩʴʤʘ ʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ (ʩʤ. ʪʘʙʣ. 2). 

 

ʊʘʙʣʠʮʘ 1. ʇʘʨʘʤʝʪʨʳ ʥʘʙʦʨʦʚ ʤʝʞʘʪʦʤʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʧʨʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʤʦʥʘʮʠʪʦʚ TRPO4 

ʅʘʙʦʨ çMonazite 1è 

ɿʘʨʷʜʳ ʥʘ ʘʪʦʤʘʭ: q(La)= 3.0 e0, q(P)=1.784 e0, q(O)=-1.196 e0. 

ʇʦʪʝʥʮʠʘʣ 

ɹʫʢʠʥʛʝʤʘ 

ʉʚʷʟʴ A, eV ɟ, ¡ C, eVĀ¡
6
 Rmax, ¡ 

La-O 1928.618 0.332131 0 10.0 

O-O 9070.693 0.263291 0 10.0 

ʇʦʪʝʥʮʠʘʣ 

ʄʦʨʟʝ 

ʉʚʷʟʴ  Dʄ, eV , ¡
-2

 r0, ¡ Rmax, ¡ 

P-O 3.0 2.83 1.57 10.0 

ʅʘʙʦʨ çMonazite 2è 

ɿʘʨʷʜʳ ʥʘ ʘʪʦʤʘʭ: q(La)= 1.6 e0, q(P)=3.2 e0, q(O)=-1.2 e0. 

ʇʦʪʝʥʮʠʘʣ 

ɹʫʢʠʥʛʝʤʘ 

ʉʚʷʟʴ A, eV ɟ, ¡ C, eVĀ¡
6
 Rmax, ¡ 

La-O 11076.219 0.269773 270.216 10.0 

O-O 1388.77 0.351668 175.0 10.0 

P-O 9034.21 0.19264 19.88 10.0 

ʅʘʙʦʨ çPedoneè 

ɿʘʨʷʜʳ ʥʘ ʘʪʦʤʘʭ: q(TR)= 1.8 e0, q(P)=2.4 e0, q(O)=-1.2 e0. 

 

ʇʦʪʝʥʮʠʘʣ 

ʄʦʨʟʝ 

ʉʚʷʟʴ  Dʄ, eV , ¡
-2

 r0, ¡ Rmax, ¡ 

O-O 0.042395 1.379316 3.618701 15.0 

P-O 0.831326 2.585833 1.800790 15.0 

Gd-O 0.000132 2.013000 4.351589 15.0 

Nd-O 0.014580 1.825100 3.398717 15.0 
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Er-O 0.040448 2.294078 2.837722 15.0 

ʅʘʙʦʨ çPedone2è 

ɿʘʨʷʜʳ ʥʘ ʘʪʦʤʘʭ: q(TR) = 1.8 e0, q(P)=2.4 e0, q(O)=-1.2 e0. 

 

ʇʦʪʝʥʮʠʘʣ 

ʄʦʨʟʝ 

ʉʚʷʟʴ  Dʄ, eV , ¡
-2

 r0, ¡ Rmax, ¡ 

O-O 0.042395  1.379316 3.618701 15.0 

P-O 0.831326  2.585833 1.800790 15.0 

La-O 0.4447753  3.725337 2.624017 15.0 

Ce-ʆ 0.493151  3.531167  2.600192  15.0 

Pr-O 0.534224  3.439906 2.582575 15.0 

Nd-O 0.572065 3.414647  2.564596  15.0 

Sm-O 0.633084  3.185914 2.538049 15.0 

Eu-O 0.626065 3.004545 2.533469 15.0 

Gd-O 0.702217  3.073984 2.515892 15.0 

ʅʦʚʘʷ ʤʦʜʝʣʴ 

ɿʘʨʷʜʳ ʥʘ ʘʪʦʤʘʭ: q(TR) = 1.6 e0, q(P)=1.2 e0, q(O)=-0.7 e0. 

 

ʇʦʪʝʥʮʠʘʣ 

ʄʦʨʟʝ 

ʉʚʷʟʴ  Dʄ, eV , ¡
-2

 r0, ¡ Rmax, ¡ 

O-O 0.018716  1.374805 3.645169 15.0 

P-O 0.446152  3.263861 1.609157 15.0 

La-O 0.099973  3.456018 2.662300 15.0 

Ce-ʆ 0.117341 3.335213 2.631052 15.0 

Pr-O 0.133622 3.278962 2.607182 15.0 

Nd-O 0.173034 3.563096 2.562213 15.0 

Sm-O 0.190876 3.737843 2.518803 15.0 

Eu-O 0.193661 3.399594 2.518195 15.0 

Gd-O 0.198682  3.172605 2.515892 15.0 

  



100 
 

ʊʘʙʣʠʮʘ 2. ʉʨʘʚʥʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʨʘʩʯʝʪʥʳʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʜʣʷ Ln- ʠ Gd-ʤʦʥʘʮʠʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʥʘʙʦʨʦʚ 

ʤʝʞʘʪʦʤʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ. ɼʣʷ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʪʨʫʢʪʫʨʥʳʝ ʜʘʥʥʳʝ ʠʟ ʨʘʙʦʪʳ [1], ʤʦʜʫʣʠ ʫʧʨʫʛʦʩʪʠ LaPO4 ï ʠʟ [10], ʚʝʣʠʯʠʥʳ 

S298 ï ʠʟ [11, 12].  

LaPO4 

ʇʘʨʘʤʝʪʨ ʕʢʩʧʝʨʠʤʝʥʪ çMonazite 1è (ȹ, %) çMonazite 2è (ȹ, %) çPedone2è (ȹ, %) çʅʦʚʘʷ ʤʦʜʝʣʴè (ȹ, %) 

a, ¡ 6.831  6.859 (0.40) 6.744 (-1.28) 6.796 (-0.52) 6.809 (-0.33) 

b, ¡ 7.071  7.072 (0.01) 6.948 (-1.73) 7.078 (0.11) 7.082 (0.16) 

c, ¡ 6.503  6.635 (2.03) 6.719 (3.31) 6.537 (0.51) 6.514 (0.16) 

ɓ,Á 103.27  103.26 (-0.01) 103.92 (0.63) 103.29 (0.02) 103.27 (0.00) 

K, ɻʇʘ 99  137.23 (38.62) 111.87 (13.00) 273.73 (176.49) 109,74 (10.84) 

G, ɻʇʘ 53  67.17 (26.74) 50.31 (-5.08) 111.18 (109.77) 53,98 (1.92) 

S298, ɼʞ/(ʤʦʣʴĿK) 108.7  94.24 (-13.30) 103.88 (-4.43) 77.90 (-28.30) 111,02 (2.13) 

GdPO4 

ʇʘʨʘʤʝʪʨ ʕʢʩʧʝʨʠʤʝʥʪ çPedoneè (ȹ, %) çPedone2è (ȹ, %) çʅʦʚʘʷ ʤʦʜʝʣʴè (ȹ, %) 

a, ¡ 6.644  6.619 (-0.37) 6.609 (-0.52) 6.611 (-0.49) 

b, ¡ 6.841  6.927 (1.25) 6.856 (0.21) 6.855 (0.19) 

c, ¡ 6.328  7.422 (17.29) 6.368 (0.64) 6.350 (0.35) 

ɓ,Á 103.97  107.07 (2.98) 103.98 (0.01) 103.97 (0.00) 

K, ɻʇʘ - 30.27  305.54  128.45 

G, ɻʇʘ -  19.42 131.73  64.06 

S298, ɼʞ/(ʤʦʣʴĿK) 124.57 109.63 (-11.99) 66.98 (-46.23) 106,57 (-14.44) 
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ʊʘʙʣʠʮʘ 3. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʤʦʥʘʮʠʪʦʚ ʧʦ 

ʥʦʚʦʡ ʤʦʜʝʣʠ ʤʝʞʘʪʦʤʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ. 

ɼʣʷ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʩʪʨʫʢʪʫʨʥʳʝ ʜʘʥʥʳʝ ʠʟ ʨʘʙʦʪʳ [1] ʘ 

ʚʝʣʠʯʠʥʳ S298 ï ʠʟ [12]. 

CePO4 

ʧʘʨʘʤʝʪʨ ʵʢʩʧʝʨʠʤʝʥʪ ʨʘʩʯʝʪ 

a, ¡ 6.788 6.764 

b, ¡ 7.016 7.029 

c, ¡ 6.465 6.476 

ɓ,Á 103.43 103.43 

TR ʭ y z 0.2818 

0.1591 

0.1001 

0.2746 

0.1549 

0.0982 

P ʭ y z 0.3047 

0.1635 

0.6124  

0.3036 

0.1642 

0.6116 

O1 ʭ y z 0.2504 

0.0055 

0.4458 

0.2534 

0.0068 

0.4427 

O2 ʭ y z 0.3811 

0.3320 

0.4982 

0.3860 

0.3307 

0.4979 

O3 ʭ y z 0.4745 

0.1054 

0.8042 

0.4724 

0.1109 

0.8068 

O4 ʭ y z 0.1268 

0.2164 

0.7108 

0.1263 

0.2138 

0.7110 

K, ɻʇʘ - 112.58 

G, ɻʇʘ - 55.73 

S298, 

ɼʞ/(ʤʦʣʴĿK) 

119.97 110.46 

PrPO4 

ʧʘʨʘʤʝʪʨ ʵʢʩʧʝʨʠʤʝʥʪ ʨʘʩʯʝʪ 

a, ¡ 6.760 6.732 

b, ¡ 6.981 6.994 

c, ¡ 6.434 6.448 

ɓ,Á 103.53 103.53 

TR ʭ y z 0.2818 

0.1586 

0.0999 

0.2746 

0.1547 

0.0982                

P ʭ y z 0.3040 0.3033 

0.1630 

0.6127 

0.1640 

0.6117 

O1 ʭ y z 0.2498 

0.0051 

0.4441 

0.2531 

0.0062 

0.4416 

O2 ʭ y z 0.3816 

0.3327 

0.4990 

0.3865 

0.3313 

0.4982 

O3 ʭ y z 0.4744 

0.1046 

0.8057 

0.4727 

0.1107 

0.8082 

O4 ʭ y z 0.1260 

0.2150 

0.7120 

0.1256 

0.2136 

0.7118 

K, ɻʇʘ - 115.64 

G, ɻʇʘ - 57.33 

S298, 

ɼʞ/(ʤʦʣʴĿK) 

123.24 109.58 

NdPO4 

ʧʘʨʘʤʝʪʨ ʵʢʩʧʝʨʠʤʝʥʪ ʨʘʩʯʝʪ 

a, ¡ 6.735 6.703 

b, ¡ 6.950 6.966 

c, ¡ 6.405 6.409 

ɓ,Á 103.68 103.68 

TR ʭ y z 0.2818 

0.1581 

0.0995 

0.2745 

0.1537 

0.0983 

P ʭ y z 0.3037 

0.1626 

0.6127 

0.3035 

0.1643 

0.6112 

O1 ʭ y z 0.2501 

0.0046 

0.4430 

0.2530 

0.0049 

0.4415 

O2 ʭ y z 0.3815 

0.3331  

0.4987 

0.3873 

0.3306 

0.4947  

O3 ʭ y z 0.4747 

0.1040 

0.8073 

0.4730 

0.1117 

0.8101 

O4 ʭ y z 0.1249 

0.2153 

0.7127 

0.1256 

0.2147 

0.7118 

K, ɻʇʘ - 128.90 

G, ɻʇʘ - 63.16 
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S298, 

ɼʞ/(ʤʦʣʴĿK) 

125.53 104.26 

SmPO4 

ʧʘʨʘʤʝʪʨ ʵʢʩʧʝʨʠʤʝʥʪ ʨʘʩʯʝʪ 

a, ¡ 6.682 6.652 

b, ¡ 6.888 6.903 

c, ¡ 6.365 6.376 

ɓ,Á 103.97 103.97 

TR ʭ y z 0.2815 

0.1564 

0.0981 

0.2740 

0.1526 

0.0962 

P ʭ y z 0.3034 

0.1618 

0.6130 

0.3025  

0.1632  

0.6110 

O1 ʭ y z 0.2499 

0.0020  

0.4405 

0.2539 

0.0038 

0.4380 

O2 ʭ y z 0.3822 

0.3341 

0.5008 

0.3887  

0.3319 

0.4980 

O3 ʭ y z 0.4748 

0.1025 

0.8102 

0.4717 

0.1096 

0.8128 

O4 ʭ y z 0.1217 

0.2125 

0.7113 

0.1229 

0.2128 

0.7118 

K, ɻʇʘ - 134.63 

G, ɻʇʘ - 67.07 

S298, 

ɼʞ/(ʤʦʣʴĿK) 

122.49 101.82 

EuPO4 

ʧʘʨʘʤʝʪʨ ʵʢʩʧʝʨʠʤʝʥʪ ʨʘʩʯʝʪ 

a, ¡ 6.661 6.630 

b, ¡ 6.862 6.878 

c, ¡ 6.349 6.362 

ɓ,Á 103.96 103.96 

TR ʭ y z 0.2815 

0.1560 

0.0976 

0.2742 

0.1530 

0.0967 

P ʭ y z 0.3029 

0.1615 

0.6130 

0.3023 

0.1631 

0.6115 

O1 ʭ y z 0.2513 

0.0012 

0.2538 

0.0038 

0.4409 0.4373 

O2 ʭ y z 0.3833 

0.3350 

0.5017 

0.3887 

0.3329 

0.4996 

O3 ʭ y z 0.4743 

0.1022 

0.8116 

0.4725 

0.1094 

0.8133 

O4 ʭ y z 0.1204 

0.2135 

0.7119 

0.1224 

0.2126 

0.7131 

K, ɻʇʘ - 131.33 

G, ɻʇʘ - 65.33 

S298, 

ɼʞ/(ʤʦʣʴĿK) 

117.21 104.78 
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ʊʘʢ, ʧʘʨʘʤʝʪʨ ʩ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ GdPO4 ʧʨʝʚʳʩʠʣ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʠʟʤʝʨʝʥʥʫʶ ʚʝʣʠʯʠʥʫ ʥʘ 17% ʧʨʠ 3% ʨʘʩʭʦʞʜʝʥʠʠ ʫʛʣʘ ʤʦʥʦʢʣʠʥʥʦʩʪʠ . 

ʂʨʘʡʥʝ ʟʘʥʠʞʝʥʥʳʤʠ ʠ ʬʠʟʠʯʝʩʢʠʤʠ ʥʝʦʧʨʘʚʜʘʥʥʳʤʠ ʦʢʘʟʘʣʠʩʴ ʠ ʫʧʨʫʛʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ï ʦʯʝʚʠʜʥʦ, ʯʪʦ ʤʦʜʫʣʴ ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʩʞʘʪʠʷ K(GdPO4) 

ʧʨʝʚʦʩʭʦʜʠʪ ʘʥʘʣʦʛʠʯʥʫʶ ʚʝʣʠʯʠʥʫ ʜʣʷ LaPO4, ʘ ʥʝ ʚ ʪʨʠ ʨʘʟʘ ʤʝʥʴʰʝ ʝʝ, ʢʘʢ 

ʧʨʝʜʩʢʘʟʳʚʘʝʪ ʤʦʜʝʣʴ. ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʩʦʛʣʘʩʠʝ ʚʝʣʠʯʠʥʳ S298 ʩʣʝʜʫʝʪ 

ʧʨʠʟʥʘʪʴ, ʦʯʝʚʠʜʥʦ, ʧʨʦʩʪʦʡ ʩʣʫʯʘʡʥʦʩʪʴʶ. ʇʨʠʯʠʥʦʡ ʪʘʢʦʛʦ ʥʝʫʜʘʯʥʦʛʦ 

ʧʨʝʜʩʢʘʟʘʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʧʦ ʤʦʜʝʣʠ [8] ʥʘ ʥʘʰ ʚʟʛʣʷʜ ʷʚʣʷʝʪʩʷ 

ʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ, ʯʪʦ ʧʦʪʝʥʮʠʘʣʳ Gd-O, Nd-O, Er-O ʨʘʟʨʘʙʘʪʳʚʘʣʠʩʴ ʥʝ ʩ 

ʧʨʠʚʣʝʯʝʥʠʝʤ ʩʪʨʫʢʪʫʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʤʦʥʘʮʠʪʘʤ ʠ ʢʩʝʥʦʪʠʤʘʤ, ʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʦʣʴʢʦ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʣʫʪʦʨʥʳʭ ʦʢʩʠʜʦʚ: Gd2O3, Nd2O3 ʠ Er2O3, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʆʯʝʚʠʜʥʦ ʟʘʚʳʰʝʥʥʘʷ ʩʪʝʧʝʥʴ ʠʦʥʥʦʩʪʠ (f=0.6) ʜʣʷ ʩʚʷʟʠ P-O ʧʨʠʚʦʜʠʪ ʠ ʢ 

ʥʝʫʜʘʯʥʦʤʫ ʦʧʠʩʘʥʠʶ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʫʧʨʫʛʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ GdPO4-ʤʦʥʘʮʠʪʘ.  

ʕʪʦ ʚʳʥʫʜʠʣʦ ʘʚʪʦʨʦʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ 

ʧʝʨʝʨʘʙʦʪʘʪʴ ʤʦʜʝʣʴ [8]. ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʦʪʝʥʮʠʘʣʦʚ TR-O (ʜʣʷ ʚʩʝʭ ʣʝʛʢʠʭ 

ʣʘʥʪʘʥʦʠʜʦʚ) ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʥʘʮʠʪʦʚ ʠʟ ʨʘʙʦʪʳ [1]. ʋʯʠʪʳʚʘʷ ʥʝʞʝʣʘʪʝʣʴʥʦʩʪʴ 

ʚʘʨʴʠʨʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʘʤʠ ʧʦʪʝʥʮʠʘʣʦʚ P-O ʠ ʆ-ʆ ʠ ʟʥʘʯʝʥʠʷʤʠ ʟʘʨʷʜʦʚ 

ʘʪʦʤʦʚ ʚ ʨʘʤʢʘʭ ʩʦʛʣʘʩʦʚʘʥʥʦʡ ʤʦʜʝʣʠ, ʚ ʢʘʯʝʩʪʚʝ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʚʝʣʠʯʠʥ 

ʚʳʩʪʫʧʘʣʠ ʣʠʰʴ ʧʘʨʘʤʝʪʨʳ Dʄ, Ŭ ʠ r0 ʧʦʪʝʥʮʠʘʣʘ ʄʦʨʟʝ ʚʠʜʘ (2) TR-O ʧʘʨʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ɺ ʢʘʯʝʩʪʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ 

ʧʨʦʮʝʩʩʝ ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʡ ʧʦʜʛʦʥʢʠ ʧʦʪʝʥʮʠʘʣʘ ʧʦ ʤʝʪʦʜʠʢʝ, ʦʧʫʙʣʠʢʦʚʘʥʥʦʡ 

ʚ [9] ʚ ʢʘʞʜʦʤ ʩʣʫʯʘʝ ʚʳʩʪʫʧʘʣʠ ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ (4 

ʚʘʨʴʠʨʫʝʤʳʝ ʚʝʣʠʯʠʥʳ ʜʣʷ ʤʦʥʦʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʠ) ʠ ʥʝʟʘʚʠʩʠʤʳʝ ʢʦʦʨʜʠʥʘʪʳ 

ʚʩʝʭ ʘʪʦʤʦʚ ʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʝ (ʚʩʝʛʦ 18 ʢʦʦʨʜʠʥʘʪ). ɺʩʝ ʨʘʩʯʝʪʳ 

ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Gulp 4.0 [9]. ʀʪʦʛʦʚʳʝ 

ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ ʚʠʜʘ (2) ʜʣʷ TR-O ʧʘʨʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 2 ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʪʘʢʦʛʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʥʘʙʦʨʘ çPedone2è ʧʦʟʚʦʣʠʣʦ ʜʘʞʝ ʩ 

ʦʨʠʛʠʥʘʣʴʥʳʤʠ ʟʘʨʷʜʘʤʠ ʠ ʧʦʪʝʥʮʠʘʣʘʤʠ P-O ʠ ʆ-ʆ ʠʟ [8] ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ 

ʜʦʩʪʠʯʴ ʦʪʣʠʯʥʦʛʦ ʩʦʛʣʘʩʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʤʦʜʝʣʴʥʳʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʩʪʨʫʢʪʫʨ ʤʦʥʘʮʠʪʦʚ. ʆʪʢʣʦʥʝʥʠʝ ʚʩʝʭ ʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʳʭ 

ʷʯʝʝʢ ʥʝ ʧʨʝʚʳʩʠʣʦ 0.6% ʧʨʠ ʪʦʯʥʦʤ ʦʧʠʩʘʥʠʠ ʫʛʣʘ ʤʦʥʦʢʣʠʥʥʦʩʪʠ . ʂ 

ʩʦʞʘʣʝʥʠʶ, ʥʘʣʦʞʝʥʥʳʝ ʥʘ ʤʦʜʝʣʴ ʩʦʛʣʘʩʦʚʘʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʝ ʧʦʟʚʦʣʷʶʪ 

ʫʩʧʝʰʥʦ ʧʨʝʜʩʢʘʟʘʪʴ ʫʧʨʫʛʠʝ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʦʝʜʠʥʝʥʠʡ. ʊʘʢ, ʧʨʝʜʩʢʘʟʘʥʥʳʝ ʤʦʜʫʣʠ ʫʧʨʫʛʦʩʪʠ ʠ ʨʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʵʥʪʨʦʧʠʠ ʜʣʷ LnPO4 ʠ GdPO4 ʥʝʜʦʧʫʩʪʠʤʦ ʩʠʣʴʥʦ ʦʪʢʣʦʥʷʶʪʩʷ ʦʪ ʜʦʩʪʫʧʥʳʭ 



104 
 
 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʚʝʣʠʯʠʥ ʠʟ ʨʘʙʦʪ [10-12]. ʂʘʢ ʫʞʝ ʛʦʚʦʨʠʣʦʩʴ ʚʳʰʝ, ʵʪʦ 

ʩʚʷʟʘʥʦ ʩ ʧʝʨʝʦʮʝʥʢʦʡ ʩʪʝʧʝʥʠ ʠʦʥʥʦʩʪʠ ʩʚʷʟʠ P-O, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ 

çʞʝʩʪʢʦʤʫè ʢʨʠʩʪʘʣʣʫ, ʯʝʤ ʦʥ ʝʩʪʴ ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʩʦʛʣʘʩʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʤʦʜʝʣʴʥʳʭ 

ʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʥʘʮʠʪʦʚ, ʦʯʝʚʠʜʥʦ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ 

ʩʫʱʝʩʪʚʝʥʥʫʶ ʢʦʨʨʝʢʪʠʨʦʚʢʫ ʚʝʣʠʯʠʥ ʟʘʨʷʜʦʚ ʥʘ ʘʪʦʤʘʭ. ʆʧʳʪ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʩʝ ʤʦʜʝʣʠ ʙʝʟ ʠʩʢʣʶʯʝʥʠʷ 

ʦʢʘʟʳʚʘʶʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʟʘʚʠʩʠʤʳʤʠ ʦʪ ʨʘʟʫʤʥʦʩʪʠ ʚʳʙʦʨʘ ʬʠʟʠʯʝʩʢʠ 

ʦʙʦʩʥʦʚʘʥʥʦʡ ʟʘʨʷʜʦʚʦʡ ʤʦʜʝʣʠ. ʀʥʬʦʨʤʘʮʠʶ ʦ ʚʝʣʠʯʠʥʘʭ ʟʘʨʷʜʦʚ ʘʪʦʤʦʚ ʚ 

ʢʨʠʩʪʘʣʣʝ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, ʥʘʧʨʠʤʝʨ, ʠʟ ab-initio ʨʘʩʯʝʪʦʚ ʢʦʥʝʯʥʳʭ ʢʣʘʩʪʝʨʦʚ 

[13]. ʉʫʱʝʩʪʚʫʝʪ ʪʘʢʞʝ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʢʦʩʚʝʥʥʳʭ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ 

ʵʬʬʝʢʪʠʚʥʳʭ ʟʘʨʷʜʦʚ ʘʪʦʤʦʚ ʚ ʢʨʠʩʪʘʣʣʘʭ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʠʟʤʝʨʝʥʠʝ ʩʘʤʳʭ 

ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʨʠʩʪʘʣʣʦʚ [14, 15]. ʇʨʦʚʝʜʝʥʥʳʡ ʘʚʪʦʨʘʤʠ 

ʘʥʘʣʠʟ ʤʥʦʛʦʯʠʩʣʝʥʥʦʡ ʧʨʷʤʦʡ ʠ ʢʦʩʚʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦʟʚʦʣʷʝʪ 

ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʟʘʨʷʜ ʬʦʩʬʦʨʘ ʚ ʢʠʩʣʦʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʥʝ ʤʦʞʝʪ ʙʳʪʴ 

ʚʳʰʝ, ʯʝʤ +1.5e. ʉʪʝʧʝʥʴ ʠʦʥʥʦʩʪʠ f ʩʚʷʟʠ A-B ʚ ʢʨʠʩʪʘʣʣʝ ʤʦʞʥʦ ʪʘʢʞʝ 

ʙʳʩʪʨʦ ʦʮʝʥʠʪʴ ʧʦ ʵʤʧʠʨʠʯʝʩʢʠʤ ʬʦʨʤʫʣʘʤ ʇʦʣʠʥʛʘ, ʋʨʫʩʦʚʘ ʠʣʠ ʌʠʣʣʠʧʩʘ 

[16]. ʇʨʠ ʧʦʜʩʪʘʥʦʚʢʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʥʘʯʝʥʠʡ ʚ ʵʪʠ ʬʦʨʤʫʣʳ ʤʦʞʥʦ 

ʦʮʝʥʠʪʴ ʟʘʨʷʜ ʬʦʩʬʦʨʘ ʚ ʤʦʥʘʮʠʪʝ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ +1.0 ʜʦ +1.5e, ʘ TR ï ʚ 

ʠʥʪʝʨʚʘʣʝ ʦʪ +1.5 ʜʦ +2.1e. ʇʦʵʪʦʤʫ ʚ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʤʦʜʝʣʠ ʚʝʣʠʯʠʥʳ 

ʟʘʨʷʜʦʚ ʙʳʣʠ ʧʦʥʠʞʝʥʳ ʜʦ ʩʣʝʜʫʶʱʠʭ ʚʝʣʠʯʠʥ: q (TR) = 1.6 e0, q(P)=1.2 e0.  ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ ʠʟ ʫʩʣʦʚʠʷ ʵʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʦʩʪʠ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ  q(O) = 

(q(P)+ q(TR)) = -0.7 e0. ʇʘʨʘʤʝʪʨʳ Dʄ, Ŭ ʠ r0 ʚʩʝʭ ʧʦʪʝʥʮʠʘʣʦʚ ʄʦʨʟʝ (TR-O, 

O-O ʠ P-O) ʦʧʪʠʤʠʟʠʨʦʚʘʣʠʩʴ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ 22 ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʩʪʨʫʢʪʫʨʥʳʭ ʟʥʘʯʝʥʠʡ ʫʞʝ ʩ ʵʪʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʘʪʦʤʥʳʭ ʟʘʨʷʜʦʚ. 

ʆʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʢʦʨʦʪʢʦʜʝʡʩʪʚʫʶʱʠʭ 

ʧʦʪʝʥʮʠʘʣʦʚ ʜʣʷ ʥʦʚʦʡ ʤʦʜʝʣʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1, ʘ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ï 

ʚ ʪʘʙʣʠʮʘʭ 2 ʠ 3. 

ʂʘʢ ʚʠʜʥʦ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʤʦʜʝʣʝʡ, ʥʦʚʳʡ ʥʘʙʦʨ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʪʣʠʯʥʦʝ ʦʧʠʩʘʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ 

ʤʦʥʘʮʠʪʦʚ ʠ ʩ ʭʦʨʦʰʝʡ ʪʦʯʥʦʩʪʴʶ ʚʦʩʧʨʦʠʟʚʦʜʠʪ ʫʧʨʫʛʠʝ ʠ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʨʠʩʪʘʣʣʦʚ. ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʠʚʝʜʝʥʘ ʨʘʩʩʯʠʪʘʥʥʘʷ 

ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʵʥʪʨʦʧʠʠ ʜʣʷ LaPO4 ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ ʦʪ 

200 ʜʦ 1600 ʂ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ [11]. ɺʠʜʥʦ, ʯʪʦ ʚʦ 

ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʥʘʙʣʶʜʘʝʪʩʷ ʭʦʨʦʰʝʝ ʩʦʛʣʘʩʠʝ ʨʘʩʩʯʠʪʘʥʥʳʭ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ï ʤʘʢʩʠʤʘʣʴʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʥʝ ʧʨʝʚʳʰʘʶʪ 3%. 

ʊʘʢʦʝ ʩʦʛʣʘʩʠʝ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʦʚʳʡ ʥʘʙʦʨ ʧʦʪʝʥʮʠʘʣʦʚ ʜʣʷ 
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ʧʦʩʣʝʜʫʶʱʠʭ ʨʘʩʯʝʪʦʚ ʵʥʝʨʛʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʠ ʧʨʠʤʝʩʥʳʭ 

ʜʝʬʝʢʪʦʚ ʚ ʤʦʥʘʮʠʪʘʭ, ʦʮʝʥʢʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʤʦʥʘʮʠʪʦʚ 

ʧʝʨʝʤʝʥʥʦʛʦ ʩʦʩʪʘʚʘ, ʘ ʪʘʢʞʝ ʤʦʣʝʢʫʣʷʨʥʦ-ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʠʭ 

ʨʘʜʠʘʮʠʦʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ. 

 

 
ʈʠʩ. 2. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʵʥʪʨʦʧʠʠ LaPO4 ʚ ʠʥʪʝʨʚʘʣʝ 200 ï 1600 ʂ. 

ʂʚʘʜʨʘʪʳ ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ [11], ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ ï [12]. 

 

ɺʳʚʦʜʳ 

1. ʇʨʦʚʝʜʝʥ ʢʨʠʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʦʜʝʣʝʡ ʤʝʞʘʪʦʤʥʳʭ 

ʧʦʪʝʥʮʠʘʣʦʚ ʜʣʷ ʩʪʨʫʢʪʫʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʥʘʮʠʪʦʚ ʣʝʛʢʠʭ ʨʝʜʢʠʭ 

ʟʝʤʝʣʴ. ʆʧʨʝʜʝʣʝʥʳ ʛʨʘʥʠʮʳ ʧʨʠʤʝʥʠʤʦʩʪʠ ʢʘʞʜʦʡ ʤʦʜʝʣʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʠ 

ʦʜʥʘ ʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʦʜʝʣʝʡ ʥʝ ʚ ʩʦʩʪʦʷʥʠʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʭʦʨʦʰʝʡ 

ʪʦʯʥʦʩʪʴʶ ʦʧʠʩʘʪʴ ʩʪʨʫʢʪʫʨʥʳʝ, ʫʧʨʫʛʠʝ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʠʟʫʯʘʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ.  

2. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ ʩʦʛʣʘʩʦʚʘʥʥʦʡ ʤʦʜʝʣʠ [8] ʨʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ 

ʥʘʙʦʨ ʧʦʪʝʥʮʠʘʣʦʚ ʤʝʞʘʪʦʤʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʣʷ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʥʘʮʠʪʦʚ ʩʝʤʠ ʣʝʛʢʠʭ ʣʘʥʪʘʥʦʠʜʦʚ (La - Gd) ʩ ʵʬʬʝʢʪʠʚʥʳʤʠ 

ʟʘʨʷʜʘʤʠ ʥʘ ʘʪʦʤʘʭ q(TR) = 1.6 e0, q(P)=1.2 e0, q(O) = -0.7 e0.  

3. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʦʚʳʡ ʥʘʙʦʨ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʪʣʠʯʥʦʝ ʦʧʠʩʘʥʠʝ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʤʦʥʘʮʠʪʦʚ ʠ ʩ ʭʦʨʦʰʝʡ ʪʦʯʥʦʩʪʴʶ ʚʦʩʧʨʦʠʟʚʦʜʠʪ 

ʫʧʨʫʛʠʝ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʨʠʩʪʘʣʣʦʚ. ʕʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 
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ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʝʛʦ ʜʣʷ ʧʦʩʣʝʜʫʶʱʠʭ ʨʘʩʯʝʪʦʚ ʵʥʝʨʛʝʪʠʢʠ ʩʦʙʩʪʚʝʥʥʳʭ ʠ 

ʧʨʠʤʝʩʥʳʭ ʜʝʬʝʢʪʦʚ, ʦʮʝʥʢʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʤʦʥʘʮʠʪʦʚʳʭ 

ʬʘʟ ʧʝʨʝʤʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʜʣʷ ʤʦʣʝʢʫʣʷʨʥʦ-ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʠʭ 

ʨʘʜʠʘʮʠʦʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ.  

 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ 

ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʛʨʘʥʪʘʤʠ ʈʌʌʀ ˉˉ 15-05-0475 çʉʫʧʝʨʢʦʤʧʴʶʪʝʨʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʠ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʠʥʝʨʘʣʴʥʳʭ 

ʬʘʟ ʧʝʨʝʤʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʛʝʦʣʦʛʠʠ ʤʘʥʪʠʠ ɿʝʤʣʠ ʠ ʠʭ 

ʨʘʜʠʘʮʠʦʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠè ʠ 15-05-06742 çʉʠʤʤʝʪʨʠʷ-ʜʠʩʩʠʤʤʝʪʨʠʷ ʢʘʢ 

ʢʣʶʯ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʩʪʝʧʝʥʠ ʠʩʢʘʞʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʭ ʪʚʸʨʜʳʭ ʨʘʩʪʚʦʨʦʚè. ʏʘʩʪʴ ʨʘʩʯʝʪʦʚ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʥʘ 

ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʝ çʃʦʤʦʥʦʩʦʚ-ʄɻʋè  ʠ ʥʘ ʚʳʯʠʩʣʠʪʝʣʴʥʦʤ ʢʣʘʩʪʝʨʝ ʢʘʬʝʜʨʳ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ ʠ ʢʨʠʩʪʘʣʣʦʭʠʤʠʠ ɻʝʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʄɻʋ ʠʤʝʥʠ 

ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ.  
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ʷʢʩʦʘʪʘʠ ʙʘʡʥʠʩʘʨ״ʘʜ  ʙʘʨʦʠ ʤʦʜʝʣʠ ʩʦʭʪʦʨʠʠ ʤʦʥʘʟʠ״ʦʠ ״ʘʬʪ ʣʘʥʪʘʥʦʠʜ״ʦʠ ʩʘʙʫʢ (La-Gd) 

ʪʘ״ʠʷ ʰʫʜʘʘʩʪ. ʀʥ ʥʠʰʦʥʘʠ ʦʥ ʘʩʪ, ʢʠ ʤʘֹוʤ ʠ ʥʘʚ ʪʘʚʩʠʬʠ ʟʝʙʦʠʠ ʠʥʰʦʦʪʠ ʢʨʠʩʪʘʣʣʠʠ 

ʤʦʥʘʟʠ״ʦ ʚʘ ʭʫʩʫʩʠʷʪ״ʦʠ ʵʣʝʢʪʨʦʤʘʛʨʘʤʤʘ ʚʘ ʪʝʨʤʦʜʠʥʘʤʘʣʠʠ ʢʨʠʩʪʘʣʣ״ʦʨʦ ʪʘʢʨʦʨ 

ʤʝʢʫʥʘʜ. 
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THEORETICAL EVALUATION OF MECHANISMS OF ALUMINUM 

OCCURRENCE IN ʉɸ -AND MG - MANTLE PEROVSKITES  

Eremin N.N., Ulanova A.S., Marchenko E.I. 

Dushanbe branch of Lomonosov Moscow State University 

Lomonosov Moscow State University 

The comparative analysis of existing models of interatomic potentials for monazites structural 

modeling was carried out. It was shown that none of the existing models are able to describe 

simultaneously the structural, elastic and thermodynamic properties of monazites with good 

accuracy. A new set of partially ionic interatomic potentials for structural modeling of monazites 

for seven light lanthanides (La-Gd) was developed. The new set provides an excellent description of 

the monazites crystal structures and reproduces accurately the elastic and thermodynamic properties 

of the crystals.  

Keywords: structure simulation, monazite, rare-earth elements. 
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ʋɼʂ 620.193  

 

ʉʀʅʊɽɿ ʀ ʌʀɿʀʂʆ-ʍʀʄʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ ʉʇʃɸɺʆɺ 

ʉʀʉʊɽʄʓ Al-Fe (1,8%), ʄʆɼʀʌʀʎʀʈʆɺɸʅʅʓʍ ɽɺʈʆʇʀɽʄ 

ɼʞʘʣʦʣʦʚ ʌ. ʅ., ʋʤʘʨʦʚʘ ʊ. ʄ.  

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

 

ɹʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʩʧʣʘʚʳ ʩʠʩʪʝʤʳ Al-1,8%(ʚʝʩ.) Fe, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʝʚʨʦʧʠʝʤ 

ʦʪ 0,01% ʜʦ 0,10%, ʧʨʦʚʝʜʝʥ ʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʧʣʘʚʦʚ, ʠʩʩʣʝʜʦʚʘʥʳ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚʳ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝ, ʜʠʬʨʘʢʪʦʛʨʘʤʤʘ, 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ.  

 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʞʝʣʝʟʦ ʚʩʝʛʜʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʘʣʶʤʠʥʠʠ ʷʚʣʷʷʩʴ ʝʛʦ 

ʦʩʥʦʚʥʦʡ ʧʨʠʤʝʩʴʶ. ɼʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʷ Al-Fe ʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʘ. ʆʥʘ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʣʠʯʠʝʤ ʥʝʩʢʦʣʴʢʠʭ ʀʄʉ: Fe3Al, FeAl2, Fe2Al5, FeAl3 ʠ ʦʜʥʦʡ 

ʵʚʪʝʢʪʠʢʠ ʩʦ ʩʪʦʨʦʥʳ Al ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 1,8% Fe ʧʦ ʤʘʩʩʝ. ʈʝʘʢʮʠʷ 

ʵʚʪʝʢʪʠʯʝʩʢʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ɾ ź Al + FeAl3 [1].     
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ʉʧʣʘʚʳ ʩʠʩʪʝʤʳ Al-Fe ʩʪʘʣʠ ʦʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʥʦʛʦ ʣʝʪ ʥʘʟʘʜ. ʕʪʠ 

ʩʧʣʘʚʳ ʠʤʝʶʪ ʥʠʟʢʠʝ ʤʘʪʝʨʠʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʠ ʙʦʣʝʝ ʥʠʟʢʠʡ ʫʜʝʣʴʥʳʡ ʚʝʩ.  ʇʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʦʨʦʛʠʤʠ, ʩʪʦʡʢʠʤʠ ʢ ʢʦʨʨʦʟʠʠ ʩʦʨʪʦʚ ʩʪʘʣʠ, ʦʥʠ ʛʘʨʘʥʪʠʨʫʶʪ 

ʵʢʦʥʦʤʠʶ ʵʣʝʤʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʭʨʦʤ, ʥʠʢʝʣʴ ʠ ʜʨ. ʆʥʠ ʠʤʝʶʪ ʙʦʣʴʰʫʶ 

ʩʪʦʡʢʦʩʪʴ ʚ ʩʫʣʴʬʠʜʥʳʭ ʠ ʦʢʩʠʜʥʳʭ ʘʪʤʦʩʬʝʨʘʭ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʧʦʵʪʦʤʫ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʜʣʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʩʪʨʫʢʪʫʨʥʦʡ ʯʘʩʪʠ ʘʚʠʘʮʠʠ, ʥʘʛʨʝʚʘʪʝʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ, ʦʙʦʨʫʜʦʚʘʥʠʡ ʚ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ [2]. 

ɺ ʨʘʙʦʪʘʭ ʷʧʦʥʩʢʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ [3] ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʚʦʜʥʠʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʥʘ ʦʩʥʦʚʝ ʘʣʶʤʠʥʠʷ ʨʝʢʦʤʝʥʜʦʚʘʥʳ ʙʠʥʘʨʥʳʝ ʩʧʣʘʚʳ ʩʠʩʪʝʤʳ Al-Fe. ɹʦʣʴʰʦʡ 

ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʧʣʘʚʳ ʩʦʩʪʘʚʘ ʘʣʶʤʠʥʠʡ, ʞʝʣʝʟʦ ʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʡ 

ʤʝʪʘʣʣ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʠʢʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʚ 

ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 250-300 ʉÁ, ʢʦʛʜʘ ʪʨʝʙʫʝʪʩʷ ʩʦʯʝʪʘʥʠʝ ʜʦʩʪʘʪʦʯʥʦ 

ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʠ ʩ ʚʳʩʦʢʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴʶ. ʇʨʠʤʝʨʦʤ ʤʦʞʝʪ ʩʣʫʞʠʪʴ 

ʘʣʶʤʠʥʠʜ Al10Fe2Ce, ʦʙʣʘʜʘʶʱʠʡ ʫʜʘʯʥʳʤ ʩʦʯʝʪʘʥʠʝʤ ʣʠʪʝʡʥʳʭ ʠ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ [4]. ɼʨʫʛʠʝ ʘʚʪʦʨʳ ʫʢʘʟʳʚʘʶʪ 

ʥʘ ʧʨʘʢʪʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ, ʦʩʦʙʝʥʥʦ AlFe3 

ʠ Al3Fe ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʞʘʨʦʧʨʦʯʥʦʩʪʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʚ 

ʘʚʪʦʤʦʙʠʣʷʭ ʚ ʩʠʩʪʝʤʝ ʛʘʟʠʬʠʢʘʮʠʠ ʫʛʣʷ, ʩʠʩʪʝʤʳ ʜʦʞʠʛʘʥʠʷ ʚʳʭʣʦʧʥʳʭ ʛʘʟʦʚ 

ʘʚʪʦʤʦʙʠʣʝʡ ʠ ʜʨ. [5]. 

 

ʄʝʪʦʜʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʉʠʥʪʝʟ ʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ ʘʣʶʤʠʥʠʡ-ʞʝʣʝʟʦ ʩʚʷʟʘʥ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ 

ʩʣʦʞʥʦʩʪʷʤʠ ʠʟ-ʟʘ ʙʦʣʴʰʦʡ ʨʘʟʥʠʮʳ ʪʝʤʧʝʨʘʪʫʨ ʧʣʘʚʣʝʥʠʷ ʤʝʪʘʣʣʦʚ, ʥʠʟʢʦʡ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʞʝʣʝʟʘ ʚ ʘʣʶʤʠʥʠʠ. ɼʣʷ ʩʠʥʪʝʟʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʧʣʘʚʦʚ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʠʞʝʩʣʝʜʫʶʱʠʝ ʘʧʧʘʨʘʪʫʨʘ ʠ ʧʨʠʙʦʨʳ:  

- ʧʝʯʴ KS 400/10 (ʧʨʦʠʟʚʦʜʩʪʚʦ ɻʝʨʤʘʥʠʷ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: J=16 A, 

U=380 B ʠ Tmax=1500ÁC);  

- ʚʘʢʫʫʤʥʳʡ ʧʦʩʪ;  

- ʤʠʢʨʦʩʢʦʧ NIKON SMZ 670 (ʇʨʦʠʟʚʦʜʩʪʚʦ ʗʧʦʥʠʷ); 

- ʜʠʬʨʘʢʪʦʤʝʪʨ D2 Phaser; 

ʉʧʣʘʚʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʫʯʘʣʠ ʠʟ ʘʣʶʤʠʥʠʷ ʤʘʨʢʠ ɸ995 (ɻʆʉʊ 

11069-74), ʞʝʣʝʟʘ ʤʘʨʢʠ ʏɼɸ ʠ ʝʚʨʦʧʠʷ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʯʠʩʪʦʪʦʡ 99,9%. ʉ 

ʮʝʣʁɹ ʠʟʙʝʞʘʪʴ ʦʢʠʩʣʝʥʠʷ ʠ ʫʛʘʨʘ (ʦʩʦʙʝʥʥʦ ʘʣʶʤʠʥʠʷ) ʩʧʣʘʚʳ ʧʦʣʫʯʘʣʠ ʚ 

ʫʩʣʦʚʠʷʭ ʚʘʢʫʫʤʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʧʣʘʚʳ ʩʣʝʜʫʶʱʠʭ ʩʦʩʪʘʚʦʚ:  

 

ʊʘʙʣʠʮʘ 1. ʉʦʩʪʘʚʳ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʧʣʘʚʦʚ 
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 ̄
Al  

(ʚʝʩ.%) 

Fe 

(ʚʝʩ.%) 

Eu 

(ʚʝʩ.%) 

1. 98,20 1,8 - 

2. 98,19 1,8 0,01 

3. 98,18 1,8 0,02 

4. 98,15 1,8 0,05 

5. 98,10 1,8 0,10 

                                                              

ɼʘʣʝʝ, ʙʳʣ ʧʨʦʚʝʜʝʥ ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʧʣʘʚʦʚ ʩ 

ʧʦʤʦʱʴʶ ʜʠʬʨʘʢʪʦʤʝʪʨʘ ʚ ʭʠʤʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʈʦʛʫʥʩʢʦʡ ɻʕʉ. ʅʘ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ ʤʦʞʥʦ ʚʠʜʝʪʴ ʚʣʠʷʥʠʝ ʣʝʛʠʨʦʚʘʥʠʷ ʝʚʨʦʧʠʷ ʥʘ ʬʘʟʦʚʳʡ 

ʩʦʩʪʘʚ ʵʚʪʝʢʪʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʩʧʣʘʚʘ ʩʠʩʪʝʤʳ Al-1,8Fe. ʉ ʫʚʝʣʠʯʝʥʠʝʤ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʝʚʨʦʧʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʬʘʟ Al ʠ Fe.  

 
ʈʠʩ 1. ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʧʦʨʦʰʢʦʚ ʩʧʣʘʚʦʚ Al-1,8%Fe, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ 

ʝʚʨʦʧʠʝʤ ʦʪ 0,01% ʜʦ 0,1%. 

 

ʄʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʥʘʙʣʶʜʘʪʴ ʠʟʤʝʥʝʥʠʝ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ. ʄʠʢʨʦʩʪʨʫʢʪʫʨʫ ʩʧʣʘʚʦʚ ʠʩʩʣʝʜʦʚʘʣʠ 

ʥʘ ʦʧʪʠʯʝʩʢʦʤ ʤʠʢʨʦʩʢʦʧʝ ñNikon SMZ 670 ò ʧʨʠ 200- ʢʨʘʪʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʧʨʠ 
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ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʠ. ʇʦʜʛʦʪʦʚʢʘ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʩʦʛʣʘʩʥʦ ʨʝʢʦʤʝʥʜʘʮʠʷʤ 

ʘʚʪʦʨʦʚ [6]. ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠʩʩʣʝʜʫʝʤʦʛʦ ʩʧʣʘʚʘ ʦʙʨʘʟʮʳ 

ʧʦʜʚʝʨʛʘʣʠʩʴ ʪʨʘʚʣʝʥʠʶ ʨʘʟʣʠʯʥʳʤʠ ʪʨʘʚʠʪʝʣʷʤʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ ʩʧʣʘʚʘ 

ʠ   ʥʘʣʠʯʠʷ   ʧʨʠʩʫʪʩʪʚʫʶʱʝʡ ʬʘʟʳ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʵʚʪʝʢʪʠʯʝʩʢʦʡ ʬʘʟʳ   

ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʝʘʢʪʠʚ 50 (ʨʘʩʪʚʦʨ 1ʛ NaOH ʥʘ 100 ʤʣ ʅ2ʆ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 50
ʦ 
ʉ), ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʨʘʚʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʮʘ ʧʨʠʦʙʨʝʪʘʝʪ 

ʤʘʪʦʚʳʡ ʦʪʪʝʥʦʢ ʩ ʚʳʨʘʞʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʘʭ 2-3. 

                 
͊ύ                                                                                          ͋ύ 

ʈʠʩ.2. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʩʧʣʘʚʘ ʩʠʩʪʝʤʳ Al-Fe (1,8% ʚʝʩ.): ʘ - ʜʦ ʪʨʘʚʣʝʥʠʷ, ʙ -  

ʧʦʩʣʝ ʪʨʘʚʣʝʥʠʷ. 

 

ʅʘ ʜʘʥʥʳʭ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘʭ ʚʩʷ ʢʘʨʪʠʥʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʬʦʥʝ 

ʵʚʪʝʢʪʠʯʝʩʢʦʡ ʩʝʪʢʠ.  ʇʦ ʨʝʘʢʮʠʠ ʵʚʪʝʢʪʠʯʝʩʢʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʥʘ ʨʠʩʫʥʢʝ 

ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʚʢʣʶʯʝʥʠʷ ʬʘʟ FeAl3 ʚ ʬʦʨʤʝ ʛʨʫʙʳʭ ʠʛʦʣʴʯʘʪʳʭ ʚʳʜʝʣʝʥʠʡ.  
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͊ύ                                                                                               ͋ύ 

ʈʠʩ.3.  ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʩʧʣʘʚʘ ʩʠʩʪʝʤʳ Al-Fe (1,8 ʚʝʩ%), ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ 

ʝʚʨʦʧʠʝʤ: ʘ) 0,01 ʚʝʩ % Eu. ʙ) 0,05 ʚʝʩ% Eu.   

 

ʅʘ ʜʘʥʥʳʭ ʬʦʪʦʛʨʘʬʠʷʭ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ ʚʢʣʶʯʝʥʠʷ ʪʨʦʡʥʦʛʦ 

ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʙʦʛʘʪʦʡ ʘʣʶʤʠʥʠʝʤ, 

ʧʨʝʜʧʦʣʘʛʘʝʤʦʡ ʬʦʨʤʫʣʳ Al8Fe2Eu. ʀʟʫʯʝʥʠʝ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʜʘʥʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʷʚʣʷʝʪʩʷ ʙʫʜʫʱʠʤ ʵʪʘʧʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʝʛʦ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ.  

ɺ ʟʘʚʝʨʰʝʥʠʠ ʨʘʙʦʪʳ ʚʳʨʘʞʘʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʟʘ ʦʢʘʟʘʥʥʫʶ ʧʦʤʦʱʴ: 

ʜ.ʭ.ʥ., ʚʝʜʫʱʝʤʫ ʩʧʝʮʠʘʣʠʩʪʫ ʀʥʩʪʠʪʫʪʘ ʭʠʤʠʠ ʠʤ ɺ.ʀ.ʅʠʢʠʪʠʥʘ ɸʅ 

ʈʊ.ɸʙʜʫʩʘʣʷʤʦʚʦʡ ʄ.ʅ. ʠ ʤʣʘʜʰʝʤʫ ʥʘʫʯʥʦʤʫ ʩʦʪʨʫʜʥʠʢʫ ʭʠʤʠʯʝʩʢʦʡ 

ʣʘʙʦʨʘʪʦʨʠʠ ʈʦʛʫʥʩʢʦʡ ɻʕʉ ʍʦʜʞʘʭʦʥ ʄ.ʀ.  
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ʉʀʅʊɽɿ ɺɸ ʆʄ ɿʀʐʀ ʄʀʂʈʆʉʊʈʋʂʊʋʈɸʀ ʍ ʃɸ׳ʆʀ ɸʃʖʄʀʅʀʁ 

ɼʞʘʣʦʣʦʚ ʌ. ʅ., ʋʤʘʨʦʚʘ ʊ. ʄ. 

ʌʠʣʠʘʣʠ ɼʦʥʠʰʛʦ״ʠ ʜʘʚʣʘʪʠʠ ʄʦʩʢʚʘ ʙʘ ʥʦʤʠ ʄ.ɺ.ʃʦʤʦʥʦʩʦʚ ʜʘʨ ʰ.ɼʫʰʘʥʙʝ 

 

ʍ ʣʘ״ʦʠ ʩʠʩʪʝʤʘʠ Al-1,8%(ʚʝʩ.) Fe ʙʦ ʝʚʨʦʧʠʡ ʘʟ 0,01% ʪʦ 0,1% ʩʠʥʪʝʟ ʰʫʜʘ, 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʘʠ ʥʘʤʫʥʘ״ʦ ʤʫʘʡʷʥ ʢʘʨʜʘ ʰʫʜʘ, ʦʤʫʟʠʰʠ ʢʠʤʠʝʚʠ ʛʫʟʘʨʦʥʨʠʜʘ ʰʫʜʘʘʩʪ. 

ʊʘʚʩʠʬʠ ʦʜʜʠʠ ʥʘʪʠʯʘʭʦ ʦʚʘʨʜʘ ʰʫʜʘʘʩʪ. 

ʂʘʣʠʤʘ״ʦʠ ʢʘʣʠʜ: ʭ ʣʘ״ʦʠ ʘʣʶʤʠʥʠʡ, ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ, ʜʠʬʨʘʢʪʦʛʨʘʤʤʘ. 

 

SYNTHESIS AND STUDY MICROSTRUCTURE OF ALLOYS ALUMINUM -IRON 

(1,8%), MODIFIED WITH EUROPIUM.  

Dzhalolov F.N., Umarova TM 

Dushanbe branch of Lomonosov Moscow State University 

 

    Alloys of system Al-1,8% Fe modified with europium from 0,01% before 0,1% were 

synthesized, the microstructure is studied, chemical analyzed synthesized alloys. 

Keywords: aluminum alloys, eutectic alloy, modified, microstructure, diffractogram. 
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ɻʅʋ çʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠè 

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

ʊʘʜʞʠʢʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʉ. ɸʡʥʠ 

ʊʘʜʞʠʢʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʠʟʫʯʝʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʫʯʘʩʪʢʘ ̄12 ʌʘʥ-ʗʛʥʦʙʩʢʦʛʦ ʫʛʦʣʴʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩ ʮʝʣʴʶ ʜʘʣʴʥʝʡʰʝʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʨʫʛʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ. 
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ʂʘʢ ʠʟʚʝʩʪʥʦ, ʊʘʜʞʠʢʠʩʪʘʥ ʷʚʣʷʝʪʩʷ ʛʦʨʥʦʡ ʩʪʨʘʥʦʡ, ʛʜʝ 93% ʪʝʨʨʠʪʦʨʠʠ 

ʩʦʩʪʘʚʣʷʶʪ ʛʦʨʳ, ʚ ʥʝʜʨʘʭ ʢʦʪʦʨʳʭ ʠʤʝʶʪʩʷ ʦʛʨʦʤʥʳʝ ʟʘʧʘʩʳ ʤʠʥʝʨʘʣʴʥʦʛʦ 

ʩʳʨʴʷ. ʇʦʵʪʦʤʫ ʦʜʥʦ ʠʟ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʊʘʜʞʠʢʠʩʪʘʥʘ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʨʝʟʫʣʴʪʘʪʦʚ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʠ 

ʫʪʦʯʥʝʥʠʷ ʟʘʧʘʩʦʚ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʧʝʨʝʨʘʙʦʪʢʠ ʨʫʜ. 

 ʊʘʜʞʠʢʩʢʠʤʠ ʛʝʦʣʦʛʘʤʠ ʨʘʟʚʝʜʘʥʦ ʙʦʣʝʝ 400 ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʠʟ ʥʠʭ 

ʵʢʩʧʣʫʘʪʠʨʫʶʪʩʷ ʙʦʣʝʝ 100, ʠʟ ʢʦʪʦʨʳʭ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʜʦʙʳʚʘʶʪ ʙʦʣʝʝ 100 

ʚʠʜʦʚ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ. ʆʜʥʘʢʦ, ʥʝʢʦʪʦʨʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʚ ʩʳʨʴʝ 

ʢʦʪʦʨʳʭ ʦʩʪʨʦ ʥʫʞʜʘʝʪʩʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʚ ʯʘʩʪʥʦʩʪʠ ʢʘʤʝʥʥʳʡ ʫʛʦʣʴ ʠʟ ï ʟʘ 

ʦʪʩʫʪʩʪʚʠʷ ʥʝ ʧʦʣʥʦʛʦ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʠ ʠʩʧʳʪʘʥʥʳʭ 

ʢʦʤʧʣʝʢʩʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʧʝʨʝʨʘʙʦʪʢʠ ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ.  ɺ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʝʩʪʝʩʪʚʝʥʥʳʝ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʢʦʪʦʨʳʝ 

ʧʦʜʚʝʨʛʘʶʪʩʷ ʪʝʧʣʦʚʦʡ ʦʙʨʘʙʦʪʢʝ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʪʝʧʣʦʝʤʢʦʩʪʠ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʟʘʚʠʩʷʪ ʦʪ ʚʳʙʦʨʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʨʝʰʝʥʠʡ, ʢʦʥʩʪʨʫʢʮʠʡ ʫʩʪʘʥʦʚʦʢ ʠ ʘʛʨʝʛʘʪʦʚ, ʧʦʢʘʟʘʪʝʣʠ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ, 

ʨʝʞʠʤʳ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

 ɼʦʣʷ ʫʛʣʷ  ʚ ʪʦʧʣʠʚʥʦʤ ʙʘʣʘʥʩʝ ʊʘʜʞʠʢʠʩʪʘʥʘ ʚ ʨʘʟʥʳʝ ʛʦʜʳ ʤʝʥʷʣʘʩʴ ʚ 

ʧʨʝʜʝʣʘʭ ʦʪ 10 ʜʦ 60%. ʆʩʥʦʚʫ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʊʘʜʞʠʢʠʩʪʘʥʘ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʦʩʪʘʚʣʷʝʪ ʫʛʦʣʴ. ɼʦʩʪʠʛʥʫʪʳʝ ʫʨʦʚʥʠ ʜʦʙʳʯʠ ʠ ʧʦʪʨʝʙʣʝʥʠʷ 

ʫʛʣʷ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʡ ʤʥʦʛʠʭ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʊʘʜʞʠʢʠʩʪʘʥʘ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʩʧʝʮʠʘʣʠʟʘʮʠʶ ʵʪʠʭ ʢʦʤʧʣʝʢʩʦʚ ʧʦ 

ʵʥʝʨʛʦʝʤʢʠʤ ʧʨʦʠʟʚʦʜʩʪʚʘʤ. ʊʘʜʞʠʢʠʩʪʘʥ ʨʘʩʧʦʣʘʛʘʝʪ ʩʚʳʰʝ 7 ʤʠʣʣʠʘʨʜʦʚ 

ʪʦʥʥ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʫʛʦʣʴʥʳʭ ʟʘʧʘʩʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʙʦʣʝʝ 320,3 ʤʣʥ. ʪʦʥʥ 

ʩʦʩʪʘʚʣʷʶʪ ʚʳʩʦʢʦʢʘʣʦʨʠʡʥʳʝ ʧʨʦʤʳʰʣʝʥʥʳʝ ʫʛʣʠ. 

ɺ ʨʘʟʣʠʯʥʳʭ ʨʘʡʦʥʘʭ ʊʘʜʞʠʢʠʩʪʘʥʘ ʠʟʚʝʩʪʥʦ ʙʦʣʝʝ 30 ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʫʛʣʝʡ, ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʤʠ ʠʟ ʥʠʭ ʷʚʣʷʶʪʩʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʌʘʥ ï ʗʛʥʦʙ ʥʘ 

ʩʝʚʝʨʝ ʊʘʜʞʠʢʠʩʪʘʥʘ.  ɻʝʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠ ̫ʵʪʠʭ ʩʳʨʴʝʚʳʭ ʨʝʩʫʨʩʦʚ 

ʷʚʣʷʪʁʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʚ ʧʣʘʥʝ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʚʠʜʘ 

ʩʳʨʴʷ ʜʣʷ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥʘ. 

ɺ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ ʫʛʦʣʴʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʌʘʥ-ʗʛʥʦʙ ʦʪʥʦʩʠʪʩʷ 

ʢ ʧʘʣʝʦʟʦʡʩʢʠʤ, ʤʝʟʦʟʦʡʩʢʠʤ ʠ ʢʘʡʥʦʟʦʡʩʢʠʤ ʦʪʣʦʞʝʥʠʷʤ. ʇʘʣʝʦʟʦʡʩʢʠʝ 

ʦʪʣʦʞʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʨʘʡʦʥʘ ʨʘʩʢʠʜʘʥʳ ʰʠʨʦʢʦ ʠ ʦʙʥʘʞʘʶʪʩʷ ʚ ʢʨʘʝʚʳʭ 

ʯʘʩʪʷʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʉʨʝʜʠ ʥʠʭ ʚʳʜʝʣʷʶʪʩʷ ʚʝʨʭʥʝʦʨʜʦʚʠʢʩʢʠʝ, 

ʩʠʣʫʨʠʡʩʢʠʝ, ʜʝʚʦʥʩʢʠʝ ʠ ʢʘʤʝʥʥʦʫʛʦʣʴʥʳʝ. 

ʆʨʜʦʚʠʢʩʢʘʷ ʩʠʩʪʝʤʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʚʜʦʣʴ ʶʞʥʦʡ ʠ ʩʝʚʝʨʥʦʡ ʛʨʘʥʠʮ 

ʌʘʥ-ʗʛʥʦʙʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʦʥʘ ʚ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ 
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ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʤʠ ʪʝʨʨʠʛʝʥʥʳʤʠ ʧʦʨʦʜʘʤʠ ʘʨʢʦʟʦʚʦʛʦ, ʨʝʞʝ ʢʚʘʨʮʝʚʦʛʦ 

ʩʦʩʪʘʚʘ, ʚʢʣʶʯʘʶʱʠʤʠ ʧʦʜʯʠʥʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʘʨʙʦʥʘʪʥʳʭ ʠ ʢʨʝʤʥʠʩʪʳʭ 

ʧʦʨʦʜ. ʅʝʧʦʣʥʘʷ ʤʦʱʥʦʩʪʴ ʷʛʥʦʙʩʢʦʡ ʩʚʠʪʳ ʤʝʥʷʝʪʩʷ ʦʪ 400 ʜʦ 600 ʤ [1-3].  

ʉʠʣʫʨʠʡʩʢʘʷ ʩʠʩʪʝʤʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʣʠʟʢʠʤʠ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦ 

ʣʠʪʦʣʦʛʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʟʠʥʘʭʩʢʦʡ, ʰʠʥʛʩʢʦʡ ʠ ʰʫʨʧʘʟʩʢʦʡ ʩʚʠʪʘʤʠ. ʂʘʞʜʘʷ 

ʠʟ ʥʠʭ ʩʦʜʝʨʞʠʪ ʢʘʨʙʦʥʘʪʥʳʝ ʧʦʨʦʜʳ, ʢʚʘʨʮʠʪʦ-ʧʝʩʯʘʥʠʢʠ ʠ ʩʝʨʠʮʠʪ-ʭʣʦʨʠʪ-

ʢʚʘʨʮʝʚʳʝ ʩʣʘʥʮʳ ʠ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʜʨʫʛʠʭ ʣʠʰʴ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤʠ 

ʩʦʦʪʥʦʰʝʥʠʷʤʠ ʵʪʠʭ ʧʦʨʦʜ. 

ʅʝʧʦʣʥʘʷ ʤʦʱʥʦʩʪʴ ʵʪʠʭ ʩʚʠʪ ʚ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʚ ʧʨʝʜʝʣʘʭ 1200-1300 

ʤʝʪʨʦʚ. ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʦʪʤʝʯʘʶʪʩʷ ʧʨʦʩʣʦʠ 

ʜʦʣʦʤʠʪʦʚ, ʘ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʯʝʨʥʳʝ ʢʨʝʤʥʠʩʪʳʝ ʧʦʨʦʜʳ. ʆʙʱʘʷ ʤʦʱʥʦʩʪʴ 

ʵʪʦʡ ʩʚʠʪ rʜʦʩʪʠʛʘʝʪ ʦʪ 500 ʜʦ 550 ʤʝʪʨʦʚ. ɸʢʙʘʩʘʡʩʢʘʷ ʩʚʠʪʘ ʨʘʟʚʠʪʘ ʥʘ 

ʩʝʚʝʨʥʦʤ ʩʢʣʦʥʝ ɻʠʩʩʘʨʩʢʦʛʦ  ʭʨʝʙʪʘ ʚ ʨʘʡʦʥʝ ʢ. ʇʝʪʝ ʠ ʥʘ ʚʦʜʦʨʘʟʜʝʣʝ ʨʝʢ 

ɼʞʠʞʠʢʨʫʪ ʠ ʄʘʨʟʠʯ, ʦʥʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʨʝʤʥʠʩʪʳʤʠ ʧʦʨʦʜʘʤʠ ʩ ʥʝʙʦʣʴʰʠʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʢʘʨʙʦʥʘʪʥʳʭ ʠ ʨʝʜʢʦʢʠʩʣʳʭ ʚʫʣʢʘʥʠʪʦʚ. 

ɺʥʠʟʫ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʦʙʳʯʥʦ ʚʳʜʝʣʷʝʪʩʷ ʩʝʨʦʮʚʝʪʥʘʷ ʧʘʯʢʘ ʩʣʦʠʩʪʳʭ ʠ 

ʧʣʠʪʯʘʪʦʡ ʦʪʜʝʣʴʥʦʩʪʴʶ ʷʰʤ ʩ ʧʨʦʩʣʦʷʤʠ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ. ɺʝʨʭʠ ʩʚʠʪʳ 

ʩʣʦʞʝʥʳ ʧʝʩʪʨʦʮʚʝʪʥʦʡ ʧʘʯʢʦʡ ʷʨʢʦ-ʟʝʣʝʥʳʭ, ʤʘʣʠʥʦʚʳʭ, ʙʦʨʜʦʚʳʭ, 

ʬʠʦʣʝʪʦʚʳʭ ʢʨʝʤʥʠʩʪʳʭ ʧʦʨʦʜ ʷʰʤ, ʢʨʝʤʥʠʩʪʳʭ ʩʣʘʥʮʝʚ. ʄʦʱʥʦʩʪʴ ʵʪʦʡ 

ʩʚʠʪ rʰʠʨʦʢʦ ʚʘʨʴʠʨʫʝʪ, ʜʦʩʪʠʛʘʷ ʤʝʩʪʘʤʠ 450-500 ʤʝʪʨʦʚ. 

ʂ ʟʝʨʘʚʰʘʥʦ-ʛʠʩʩʘʨʩʢʦʤʫ ʢʦʤʧʣʝʢʩʫ ʦʪʥʦʩʷʪʩʷ ʇʝʪʠʥʩʢʘʷ ʠ ʗʬʯʩʢʘʷ 

ʠʥʪʨʫʟʠʠ ʛʨʘʥʠʪʦʠʜʥʦʛʦ ʩʦʩʪʘʚʘ, ʠʟ ʥʠʭ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʦʡ ʷʚʣʷʝʪʩʷ ʇʝʪʠʥʩʢʘʷ, 

ʢʦʪʦʨʘ ̫ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʰʪʦʢʦʦʙʨʘʟʥʦʝ ʪʝʣʦ, ʚʳʪʷʥʫʪʦʝ ʚ ʰʠʨʦʪʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʥʘ 6,5 ʢʤ ʧʨʠ ʧʦʧʝʨʝʯʥʳʭ ʨʘʟʤʝʨʘʭ ʦʪ 0,5 ʜʦ 1,5 ʢʤ, ʠʤʝʶʱʘʷ 

ʨʝʟʢʠʝ ʘʢʪʠʚʥʳʝ ʢʦʥʪʘʢʪʳ ʩ ʚʤʝʱʘʶʱʠʤʠ ʧʦʨʦʜʘʤʠ. ʇʝʪʠʥʩʢʘʷ ʠʥʪʨʫʟʠʷ, ʚ 

ʦʩʥʦʚʥʦʤ ʷʚʣʷʝʪʩʷ ʩʨʝʜʥʝ ʠ ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʤʠ ʧʦʨʬʠʨʦʚʠʜʥʳʤʠ ʙʠʦʪʠʪʦʚʳʤʠ 

ʛʨʘʥʠʪʘʤʠ ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʩʚʷʟʘʥʥʳʤʠ ʩ ʥʠʤʠʘʧʣʠʪʘʚʠʜʥʳʤʠ ʛʨʘʥʠʪʘʤʠ, 

ʘʧʣʠʪʘʤʠ ʠ ʧʝʛʤʘʪʠʪʘʤʠ. ʇʨʦʜʫʢʪʠʚʥʘʷ ʯʘʩʪʴ ʨʘʟʨʝʟʘ ʶʨʩʢʠʭ ʦʪʣʦʞʝʥʠʡ 

(ʛʘʙʠʨʫʜʩʢʘʷ ʠ ʜʞʠʞʠʢʨʫʪʩʢʘʷ ʩʚʠʪʳ) ʩʦʜʝʨʞʘʪ ʜʦ 38-46 ʧʣʘʩʪʦʚ ʠ 

ʧʨʦʧʣʘʩʪʢʦʚ ʫʛʣʷ, ʠʟ ʢʦʪʦʨʳʭ 29 ʠʤʝʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʧʣʦʱʘʜʴ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʚʳʰʝ 1 ʤ, ʤʦʱʥʦʩʪʴʶ ʥʘ ʚʩʝʡ ʧʣʦʱʘʜʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠʣʠ 

ʥʘ ʦʪʜʝʣʴʥʳʭ ʝʛʦ ʫʯʘʩʪʢʘʭ ʦʙʣʘʜʘʶʪ ʣʠʰʴ 14 ʧʣʘʩʪʦʚ: 6, 8, 9, 10, 11, 12
ʥ
, 12

ʩ
, 

12
ʚ
, 13, 14

ʥ
, 14

ʚ
, 15

ʤ
, 15

ʚ
, 16. 

ɺ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʤ ʨʘʟʨʝʟʝ ʧʨʦʜʫʢʪʠʚʥʦʡ ʪʦʣʱʠ ʦʪʤʝʯʘʝʪʩʷ ʜʚʘ 

ʤʘʢʩʠʤʫʤʘ ʫʛʣʝʥʘʩʳʱʝʥʥʦʩʪʠ. ʕʪʠ ʠʥʪʝʨʚʘʣʳ ʫʩʣʦʚʥʦ ʥʘʟʚʘʥʳ ʥʠʞʥʠʤ ʠ 

ʚʝʨʭʥʠʤ ʫʛʣʝʥʦʩʥʳʤʠ ʛʦʨʠʟʦʥʪʘʤʠ. ʅʠʞʥʠʡ ʫʛʣʝʥʦʩʥʳʡ ʛʦʨʠʟʦʥʪ ʧʨʠʫʨʦʯʝʥ ʢ 

ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʫʛʣʝʥʦʩʥʦʡ ʩʚʠʪʳ ʠ ʩʦʜʝʨʞʠʪ ʦʩʥʦʚʥʳʝ ʫʛʦʣʴʥʳʝ ʧʣʘʩʪʳ, 

ʦʧʨʝʜʝʣʷʶʱʠʝ ʧʨʦʤʳʰʣʝʥʥʫʶ ʮʝʥʥʦʩʪʴ ʤʝʩʪʦʨʦʞʜʝʥʠʷ: 6, 8, 9, 10, 11, 12 
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ʧʣʘʩʪʦʚ. ɺʝʨʭʥʠʡ ʫʛʣʝʥʦʩʥʳʡ ʛʦʨʠʟʦʥʪ ʙʦʣʝʝ ʢʦʤʧʘʢʪʥʳʡ, ʥʦ ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ 

ʥʝʤ ʧʣʘʩʪʳ ʠʤʝʶʪ ʙʦʣʝʝ ʥʠʟʢʫʶ ʤʦʱʥʦʩʪʴ, ʢʘʢ ʧʨʘʚʠʣʦ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʩʣʦʞʥʳʤ ʠ ʥʝʚʳʜʝʨʞʘʥʥʳʤ ʩʪʨʦʝʥʠʝʤ. 

ʀʟʤʝʥʝʥʠʝ ʫʛʣʝʥʦʩʥʦʩʪʠ ʧʦ ʧʣʦʱʘʜʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠʤʝʝʪ ʪʘʢʞʝ 

ʟʘʢʦʥʦʤʝʨʥʳʡ ʭʘʨʘʢʪʝʨ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʫʛʣʝʥʦʩʥʦʩʪʴ ʨʘʟʨʝʟʘ ʦʪʤʝʯʝʥʘ ʚ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ (ʊʘʙʣʠʮʘ 1). 

 

ʊʘʙʣʠʮʘ 1. ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʫʛʣʝʥʦʩʥʦʩʪʴ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʌʘʥ-ʗʛʥʦʙ 

ʏʘʩʪʴ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʉʫʤʤʘʨʥʘʷ ʤʦʱʥʦʩʪʴ 

ʫʛʦʣʴʥʳʭ ʧʘʯʝʢ, ʧʣʘʩʪʦʚ 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʫʛʣʝʥʦʩʥʦʩʪʠ, % 
ɿʘʧʘʜʥʘʷ 27-35 6-8 

ʎʝʥʪʨʘʣʴʥʘʷ ʜʦ 67 9-11 

ɺʦʩʪʦʯʥʘʷ ʜʦ 41 6 

 

ʂʨʦʤʝ ʪʦʛʦ, ʯʪʦ ʎʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʠʙʦʣʴʰʝʡ 

ʫʛʣʝʥʘʩʳʱʝʥʥʦʩʪʴʶ, ʫʛʣʝʥʘʢʦʧʣʝʥʠʝ ʚ ʝʸ ʧʨʝʜʝʣʘʭ ʠʤʝʣʦ ʠ ʥʘʠʙʦʣʝʝ 

ʩʪʘʙʠʣʴʥʳʡ ʭʘʨʘʢʪʝʨ, ʦʩʥʦʚʥʳʝ ʧʣʘʩʪʳ ʫʛʣʷ ʟʜʝʩʴ ʭʦʨʦʰʦ ʚʳʜʝʨʞʠʚʘʶʪʩʷ 

ʧʦʯʪʠ ʥʘ ʚʩʝʡ ʧʣʦʱʘʜʠ, ʠʤʝʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʤʦʱʥʦʩʪʠ ʠ ʯʘʱʝ ʧʨʦʩʪʦʝ ʠʣʠ ʥʝ 

ʦʯʝʥʴ ʩʣʦʞʥʦʝ ʩʪʨʦʝʥʠʝ. ɺ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ ʠ ʚʦʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʪ.ʝ. ʢ 

ʢʨʘʝʚʳʤ ʯʘʩʪʷʤ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʧʣʘʩʪʳ ʥʝʩʢʦʣʴʢʦ ʫʪʦʥʷʶʪʩʷ, ʨʘʩʱʝʧʣʷʶʪʩʷ, 

ʩʪʨʦʝʥʠʝ ʠʭ ʫʩʣʦʞʥʷʝʪʩʷ ʟʘ ʩʯʝʪ ʧʦʷʚʣʝʥʠʷ ʧʨʦʩʣʦʝʚ ʧʦʨʦʜ. 

ʍʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʦʡ ʫʛʣʝʥʦʩʥʦʩʪʠ, ʚʳʨʘʞʝʥʥʳʡ ʯʝʨʝʟ 

ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʫʶ ʧʦʜʩʯʝʪʥʫʶ (ʧʦʣʝʟʥʫʶ) ʤʦʱʥʦʩʪʴ ʦʩʥʦʚʥʳʭ ʫʛʦʣʴʥʳʭ 

ʧʣʘʩʪʦʚ ʥʘʛʣʷʜʥʦ ʠʣʣʶʩʪʨʠʨʦʚʘʥʳ ʚ ʪʘʙʣʠʮʝ 2. ʀʟ ʜʘʥʥʦʡ ʪʘʙʣʠʮʳ 

ʥʘʠʙʦʣʴʰʝʡ ʧʨʦʤʳʰʣʝʥʥʦʡ ʫʛʣʝʥʦʩʥʦʩʪʴʶ ʦʙʣʘʜʘʝʪ ʈʘʚʘʪʩʢʠʡ ʫʯʘʩʪʦʢ 

ʎʝʥʪʨʘʣʴʥʦʡ ʧʣʦʱʘʜʠ. ʅʘ ɿʘʧʘʜʥʦʡ ʠ ɺʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʧʨʦʤʳʰʣʝʥʥʘʷ ʫʛʣʝʥʦʩʥʦʩʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ. ʋʤʝʥʴʰʝʥʠʝ ʧʨʦʤʳʰʣʝʥʥʦʡ 

ʫʛʣʝʥʦʩʥʦʩʪʠ ʚ ɺʦʩʪʦʯʥʦʡ ʯʘʩʪʠ, ʚ ʦʩʥʦʚʥʦʤ, ʦʙʫʩʣʦʚʣʝʥʦ ʫʤʝʥʴʰʝʥʠʝʤ ʠʭ 

ʢʦʣʠʯʝʩʪʚʘ, ʠʣʠ ʫʚʝʣʠʯʝʥʠʝʤ ʤʦʱʥʦʩʪʠ ʦʩʪʘʣʴʥʳʭ ʫʛʦʣʴʥʳʭ ʧʣʘʩʪʦʚ. 

 

ʊʘʙʣʠʮʘ 2. ʉʨʝʜʥʷʷ ʤʦʱʥʦʩʪʴ ʦʩʥʦʚʥʳʭ ʧʣʘʩʪʦʚ ʥʘ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʌʘʥ-ʗʛʥʦʙ 

ʀʥʜʝʢʩ 

ʧʣʘʩʪʘ 

ɿʘʧʘʜʥʘʷ 

ʯʘʩʪʴ 

ʎʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ 
ɺʦʩʪʦʯʥʘʷ 

ʧʣʦʱʘʜʴ 
ʈʘʚʘʪʩʢʠʡ 

ʫʯʘʩʪʦʢ 

ɼʞʠʞʠʢʨʫʪʩʢʠʡ 

ʫʯʘʩʪʦʢ 

6 2,4 2,6 2,7 3,8 

8 1,5 1,6 - - 
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9 1,9 5,2 5,6 6,0 

10 2,1 2,9 1,7 - 

 - 1,5 0,9 - 

11 3,2 6,0 5,9 5,0 

12
ʥ 

2,0 - - - 

12
ʩ 

- 1,8 2,1 - 

12
ʚ 

- - - - 

13 1,5 6,3 5,5 4,3 

14
ʥ 

1,1 2,4 3,4 2,8 

14
ʚ 

1,0 - - - 

15
ʥ 

1,6 - - - 

15
ʚ 

1,4 - - 2,8 

16 - 1,9 2,1 3,2 

16
1 

- 1,7 - - 

16
ʘ 

- 1,4 1,2 1,7 

ʀʪʦʛʦ 19,7 35,3 31,1 29,6 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʡʦʥ ʧʨʠʣʝʛʘʶʱʠʡ ʢ ʤʝʩʪʦʨʦʞʜʝʥʠʶ ʌʘʥ-ʗʛʥʦʙ 

ʨʘʩʧʦʣʘʛʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʟʘʧʘʩʘʤʠ ʠ ʨʝʩʫʨʩʘʤʠ ʨʘʟʣʠʯʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. ʅʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠʤʝʶʪ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʢʘʤʥʷ, ʪ.ʢ. ʙʦʣʝʝ ʧʦʣʦʚʠʥʳ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ ʨʘʡʦʥʘ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʟʚʝʩʪʥʷʢʘʤʠ ʠ ʜʦʣʦʤʠʪʘʤʠ, ʩʣʘʛʘʶʱʠʤʠ ʢʨʫʧʥʳʝ ʤʘʩʩʠʚʳ ʠ 

ʢʨʷʞʠ. ɹʦʣʴʰʠʥʩʪʚʦ ʵʪʠʭ ʧʦʨʦʜ ʧʨʠʛʦʜʥ rʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʫʪʦʚʦʛʦ ʢʘʤʥʷ ʠ 

ʱʝʙʥʷ. ʏʘʩʪʴ ʠʟʚʝʩʪʥʷʢʦʚ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʚʦʟʜʫʰʥʦʡ 

ʠʟʚʝʩʪʠ. 

ʇʨʠʚʝʜʝʥʥʝr ʥʘʤʠ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʛʦʣʴʥʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʙʳʣʠ ʧʦʜʚʝʨʛʥʫʪʳ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʤʫ ʘʥʘʣʠʟʫ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʚʳʷʚʣʝʥʦ, ʯʪʦ ʥʘʣʠʯʠʝ ʢʨʫʧʥʳʭ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʳʭ ʨʝʩʫʨʩʦʚ ʚ ʩʦʯʝʪʘʥʠʠ ʩ 

ʙʦʛʘʪʳʤʠ ʪʦʧʣʠʚʥʳʤʠ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʨʝʩʫʨʩʘʤʠ, ʦʪʢʨʳʚʘʝʪ ʙʦʣʴʰʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ  ʧʦʣʫʯʝʥʠ ̫ʜʨʫʛʠʭ ʧʦʣʝʟʥʳʭ ʧʨʦʜʫʢʪʦʚ.  
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ʉʀʅʊɽɿ ʀ ʌʀɿʀʂʆ-ʍʀʄʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ ʉʇʃɸɺʆɺ 

ʉʀʉʊɽʄʓ Al-Mn 

ʉʘʡʬʫʣʣʦʝʚ ʂ.ʅ., ʋʤʘʨʦʚʘ ʊ. ʄ. 
 

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

 

ɹʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʩʧʣʘʚʳ  ʩʠʩʪʝʤʳ Al-Mn ʵʚʪʝʢʪʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ 

ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ Al4Mn ʠ Al6Mn,  ʠʩʩʣʝʜʦʚʘʥʳ ʠʭ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ,  

ʧʨʝʜʣʦʞʝʥʦ ʧʨʦʩʪʦʝ ʪʝʦʨʝʪʠʯʝʩʢʦʝ  ʦʧʠʩʘʥʠʝ  ʨʘʩʯʝʪʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʧʣʦʝʤʢʦʩʪʠ ʩʧʣʘʚʘ 

ʵʚʪʝʢʪʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʩʠʩʪʝʤʳ Al-Mn.. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ:  ʘʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚʳ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝ, ʵʚʪʝʢʪʠʯʝʩʢʠʡ ʩʧʣʘʚ, 

ʜʠʬʨʘʢʪʦʛʨʘʤʤʘ, ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ. 

 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʘʣʶʤʠʥʠʡ ʷʚʣʷʝʪʩʷ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʧʦʵʪʦʤʫ 

ʧʦʣʫʯʝʥʠʝ ʩʧʣʘʚʦʚ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʜʣʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ. ʂʘʢ 

ʠʟʚʝʩʪʥʦ, ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʠ ʯʠʩʪʦʪʘ ʤʝʪʘʣʣʘ-ʦʩʥʦʚʳ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 

ʠʟʫʯʝʥʠʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʧʣʘʚʦʚ.  ʆʪʣʠʚʢʠ ʠʟ ʘʣʶʤʠʥʠʝʚʳʭ 

ʩʧʣʘʚʦʚ ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʚʩʝʤʠ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʤʝʪʦʜʘʤʠ ʣʠʪʴʷ ʩ ʙʦʣʴʰʠʤ 

ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʩʚʦʡʩʪʚ ʚ ʧʨʝʜʝʣʘʭ ʩʦʩʪʘʚʦʚ ʩʧʣʘʚʦʚ [1]. 

ʉʧʣʘʚʳ ʩʠʩʪʝʤʳ ɸ1-ʄn  ʷʚʣʷʶʪʩʷ ʪʝʨʤʠʯʝʩʢʠ ʥʝʫʧʨʦʯʥʷʝʤʳʤʠ ʩʧʣʘʚʘʤʠ, 

ʩ  ʩʦʜʝʨʞʘʥʠʝʤ ʤʘʨʛʘʥʮʘ  1-1,6%, ʥʘʧʨʠʤʝʨ ʩʧʣʘʚ ʤʘʨʢʠ 3003,  ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʨʦʤʳʰʣʝʥʥʳʡ ʠʥʪʝʨʝʩ. ʄʘʨʛʘʥʝʮ ʪʘʢʞʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʤʝʥʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʚ ʢʘʯʝʩʪʚʝ ʣʝʛʠʨʫʶʱʝʡ ʜʦʙʘʚʢʠ ʚ ʪʝʨʤʠʯʝʩʢʠ 

ʫʧʨʦʯʥʷʝʤʳʭ ʩʧʣʘʚʘʭ, ʪʘʢʠʭ ʢʘʢ ʩʧʣʘʚ ʤʘʨʢʠ 2024 ʩ 0,3ð0,9 % ʄn, ʠ ʚ 

ʪʝʨʤʠʯʝʩʢʠ ʥʝʫʧʨʦʯʥʷʝʤʳʭ ʩʧʣʘʚʘʭ ʠ ʩʧʣʘʚ 5182 ʩ 0,20ð0,50 % ʄn. ɺ ʮʝʣʦʤ 

ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʘʨʛʘʥʝʮ ʧʦʚʳʰʘʝʪ ʧʨʦʯʥʦʩʪʴ  ʜʝʬʦʨʤʠʨʫʝʤʳʭ ʩʧʣʘʚʦʚ ʠ 

ʢʦʛʜʘ ʦʥ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʚʠʜʝ  ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʧʣʘʩʪʠʯʥʦʩʪʴ ʦʙʳʯʥʦ  ʩʥʠʞʘʝʪʩʷ. ɼʨʫʛʦʡ ʚʘʞʥʦʡ ʯʝʨʪʦʡ ʤʘʨʛʘʥʮʘ ʚ ʝʛʦ 

ʚʣʠʷʥʠʠ ʥʘ ʘʣʶʤʠʥʠʡ ʠ ʘʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚʳ ʷʚʣʷʝʪʩʷ ʩʥʠʞʝʥʠʝ ʩʢʣʦʥʥʦʩʪʠ ʢ 

ʤʝʞʢʨʠʩʪʘʣʣʠʪʥʦʡ ʢʦʨʨʦʟʠʠ ʠ ʢʦʨʨʦʟʠʠ ʧʦʜ ʥʘʧʨʷʞʝʥʠʝʤ.  

ɺ ʩʠʩʪʝʤʝ ɸ1 - ʄn ʤʘʨʛʘʥʝʮ ʣʠʰʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʪʝʤʧʝʨʘʪʫʨʫ 

ʟʘʪʚʝʨʜʝʚʘʥʠʷ ʘʣʶʤʠʥʠʷ. ʕʚʪʝʢʪʠʢʘ ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ 658Áʉ ʠ 1,9% ʄn [2]. 

ʇʨʝʜʝʣ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʤʘʨʛʘʥʮʘ ʚ Ŭ-ʪʚʝʨʜʦʤ ʨʘʩʪʚʦʨʝ ʩʦʩʪʘʚʣʷʝʪ 1,8 % ʧʨʠ 

ʵʚʪʝʢʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʀʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʘʷ ʬʘʟʘ, ʥʘʭʦʜʷʱʘʷʩʷ ʚ 

ʨʘʚʥʦʚʝʩʠʠ ʩ ʘʣʶʤʠʥʠʝʚʳʤ ʪʚʝʨʜʳʤ ʨʘʩʪʚʦʨʦʤ, ʠʤʝʝʪ ʩʦʩʪʘʚ, ʪʦʯʥʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʬʦʨʤʫʣʝ ʄnɸ16, ʠ ʚʳʜʝʣʷʝʪʩʷ ʚ ʚʠʜʝ ʧʝʨʚʠʯʥʦʡ ʬʘʟʳ ʠʟ 

ʞʠʜʢʦʛʦ ʨʘʩʪʚʦʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ 1,9ð4,1 % ʄn. ɺ ʨʘʩʪʚʦʨʘʭ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 
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ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʤʘʨʛʘʥʮʘ ʜʘʥʥʘʷ ʬʘʟʘ ʦʙʨʘʟʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʠʪʝʢʪʠʯʝʩʢʦʡ 

ʨʝʘʢʮʠʠ ʤʝʞʜʫ ʄnɸl4 ʠ ʞʠʜʢʦʩʪʴʶ ʧʨʠ 710 Áʉ [3]. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ Al-Mn. 

ɼʣʷ ʩʠʥʪʝʟʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʧʣʘʚʦʚ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʥʠʞʝʧʨʠʚʝʜʝʥʥʘʷ ʘʧʧʘʨʘʪʫʨʘ ʠ ʧʨʠʙʦʨʳ:  

- ʰʘʭʪʥʘʷ ʧʝʯʴ, (ʧʨʦʠʟʚʦʜʩʪʚʦ ʀʥʜʠʷ, Tmax=1000ÁC, ʩʠʥʪʝʟ ʩʧʣʘʚʦʚ);  

- ʤʠʢʨʦʩʢʦʧ NIKON 6872 (ʧʨʦʠʟʚʦʜʩʪʚʦ ʀʥʜʠʷ, ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʡ 

ʘʥʘʣʠʟ); 

- ʧʨʠʙʦʨ KLY-TEK 6989 ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

ʉʧʣʘʚʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʫʯʘʣʠ ʠʟ ʘʣʶʤʠʥʠʷ   ɸ995 (ɻʆʉʊ 11069-74) 

ʠ ʤʘʨʛʘʥʮʝʚʦʡ ʣʠʛʘʪʫʨʳ (10%) ʧʦʣʫʯʘʣʠ ʚ ʦʪʢʨʳʪʦʡ ʰʘʭʪʥʦʡ  ʧʝʯʠ, ʰʠʭʪʦʚʢʘ 

ʩʧʣʘʚʘ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʫʯʝʪʦʤ ʫʛʘʨʘ ʤʝʪʘʣʣʦʚ.   ʈʘʩʯʝʪ ʰʠʭʪʳ ʧʨʦʠʟʚʝʜʝʥ ʨʦ 

ʬʦʨʤʫʣʝ: 

                                      ‫ Ϸ ́ Ϸ̓ Ͻ

́ Ϸ̓ Ͻ ́ Ϸ̓ Ͻ
 

ɼʣʷ ʩʧʣʘʚʘ ʵʚʪʝʢʪʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ  ɤ (Mn) =1,9%, ʦʙʱʠʡ ʚʝʩ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʦʙʨʘʟʮʘ ʩʦʩʪʘʚʠʣ 25 ʛ. ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʩʧʣʘʚʦʚ ʚ ʩʪʘʣʴʥʦʡ ʠʟʣʦʞʥʠʮʝ ʦʪʣʠʚʘʣʠ 

ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ ʜʠʘʤʝʪʨʦʤ 10 ʤʤ ʠ ʜʣʠʥʦʡ 60 ʤʤ.         

 

 
ʈʠʩ.1. ɼʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ Al-Mn [4]. 
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ʂʘʢ ʠʟʚʝʩʪʥʦ, ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʥʘʙʣʶʜʘʪʴ 

ʠʟʤʝʥʝʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ. ʄʠʢʨʦʩʪʨʫʢʪʫʨʫ ʩʧʣʘʚʦʚ 

ʠʩʩʣʝʜʦʚʘʣʠ ʧʨʠ 200- ʢʨʘʪʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʧʨʠ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʠ. ɼʣʷ 

ʚʳʷʚʣʝʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠʩʩʣʝʜʫʝʤʦʛʦ  ʩʧʣʘʚʘ  ʦʙʨʘʟʮʳ ʧʦʜʚʝʨʛʘʣʠʩʴ 

ʪʨʘʚʣʝʥʠʶ ʨʘʟʣʠʯʥʳʤʠ ʨʝʘʢʪʠʚʘʤʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ  ʦʪ ʩʦʩʪʘʚʘ ʩʧʣʘʚʘ ʠ   

ʥʘʣʠʯʠʷ   ʧʨʠʩʫʪʩʪʚʫʶʱʝʡ ʬʘʟʳ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʵʚʪʝʢʪʠʯʝʩʢʦʡ ʬʘʟʳ   

ʠʩʧʦʣʴʟʦʚʘʣʠ  ʨʝʘʢʪʠʚ 50  (ʨʘʩʪʚʦʨ 1ʛ NaOH  ʥʘ 100 ʤʣ ʅ2ʆ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 50
ʦ
 ʉ) [5]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʨʘʚʣʝʥʠʷ  ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʮʘ 

ʧʨʠʦʙʨʝʪʘʝʪ ʤʘʪʦʚʳʡ ʦʪʪʝʥʦʢ ʩ ʚʳʨʘʞʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ 

ʨʠʩʫʥʢʝ 2.  

ʅʘ ʬʦʪʦʛʨʘʬʠʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʤʦʞʥʦ 

ʦʪʯʝʪʣʠʚʦ ʚʠʜʝʪʴ ʪʚʝʨʜʳʝ ʬʘʟʳ MnAl4 ʠ MnAl6. 

 

ʘ)     ʙ)  

 

ʈʠʩ. 2. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ  ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ (ʭ200). 

ʘ) Al4Mn                                       ʙ) Al6Mn. 

 

 

 
 

ʈʠʩ. 3. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ  ʩʧʣʘʚʘ ʵʚʪʝʢʪʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʩʠʩʪʝʤʳ  Al-Mn (ʭ200) 

ʜʦ ʪʨʘʚʣʝʥʠʷ. 
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ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʩʧʣʘʚʘ ʩʠʩʪʝʤʳ ʘʣʶʤʠʥʠʡ-

ʤʘʨʛʘʥʝʮ ʵʚʪʝʢʪʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʜʦ ʪʨʘʚʣʝʥʠʷ, ʚ ʢʦʪʦʨʦʤ ʟʘʤʝʪʥʦ ʧʨʦʷʚʣʝʥʠʝ  

ʟʝʨʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʧʦ ʛʨʘʥʠʮʘʤ ʟʝʨʝʥ ʨʘʩʧʦʣʦʞʝʥʘ ʪʚʝʨʜʘʷ ʬʘʟʘ ʀʄʉ 

MnAl 6. 

ʅʘ ʨʠʩʫʥʢʝ 4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʬʦʪʦʛʨʘʬʠʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʩʧʣʘʚʘ 

ʵʚʪʝʢʪʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʩʠʩʪʝʤʳ  Al-Mn ʜʦ ʠ ʧʦʩʣʝ ʦʪʞʠʛʘ. 

 

 

ʘ)     ʙ)  

ʈʠʩ.4. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʩʧʣʘʚʘ ʵʚʪʝʢʪʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʩʠʩʪʝʤʳ  Al-Mn 

ʘ)  ʜʦ ʦʪʞʠʛʘ; ʙ) ʧʦʩʣʝ ʦʪʞʠʛʘ (ʭ200). 

 

ɼʘʣʝʝ, ʩ ʧʦʤʦʱʴʶ ʧʨʠʙʦʨʘ KLY-TEK 6989 ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ 

ʪʝʧʣʦʝʤʢʦʩʪʴ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʧʣʘʚʦʚ.  ʉʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ ʪʝʧʣʦʚʦʛʦ 

ʙʘʣʘʥʩʘ: 

                                              Qʦʪʜ=Qʧʦʣʫʯ                                                      (1) 

ʛʜʝ                                                        Qʧʦʣʫʯ= Qʚʦʜʳ+ Qʢʦʣ                                        (2) 

ʂʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʢʦʪʦʨʦʝ ʧʝʨʝʜʘʝʪʩʷ ʦʪ ʥʘʛʨʝʪʦʛʦ ʦʙʨʘʟʮʘ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʩʧʣʘʚʘ  ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ   ʚʦʜʳ  ʢʘʣʦʨʠʤʝʪʨʘ ʦʧʨʝʜʝʣʷʣʠ  ʧʦ 

ʬʦʨʤʫʣʝ: 

                                       Qʦʪʜʘʥ=Qʪʝʣʦ=ʉʪȚmʪȚ(t-ꜟ)                                    (3)   

 

ʂʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʧʦʣʫʯʝʥʥʦʝ ʚʦʜʦʡ  ʢʘʣʦʨʠʤʝʪʨʘ ʦʪ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʦʙʨʘʟʮʘ ʩʧʣʘʚʘ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ  t1 ʠ ʧʦʩʣʝ ʧʦʛʨʫʞʝʥʠʷ ʦʙʨʘʟʮʘ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʩʧʣʘʚʘ ʜʦ ꜟ: 

                                 Qʚʦʜʳ  = ʉʚȚmʚȚ(-ꜟt1)                                         (4) 

                                  Qʢʦʣ = ʉʢȚmʢȚ( ꜟ ï t1)                                       (5) 

ɺ ʬʦʨʤʫʣʝ 5 ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ  ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʧʦʣʫʯʝʥʥʦʝ 

ʢʘʣʦʨʠʤʝʪʨʦʤ ʦʪ ʦʙʨʘʟʮʘ ʩʧʣʘʚʘ. ʇʦʜʩʪʘʚʣʷʷ (5), (4) ʠ (3) ʚ (1) ʧʦʣʫʯʠʤ: 

                 ʉʪȚmʪȚ(t-ꜟ)= ʉʚȚmʚȚ(-ꜟt1) + ʉʢȚmʢȚ( ꜟ ï t1)                (6) 
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ʀʟ ʬʦʨʤʫʣʳ (6)  ʤʦʞʝʤ ʥʘʡʪʠ ʫʜʝʣʴʥʫʶ ʪʝʧʣʦʝʤʢʦʩʪʴ ʩʣʘʚʘ: 

                                #̓ 
Ͻ̃ ̃  Ͻ̋ ̋

˿Ͻ ̓
Ͻ  ˿  ɀ Ô    (7) 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʥʳʭ  ʨʘʩʯʝʪʦʚ ʧʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ 

ʚ ʪʘʙʣʠʮʝ 1. 
 

ʊʘʙʣʠʮʘ 1. ʊʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʧʣʘʚʘ ʩʠʩʪʝʤʳ Al-Mn 

ʵʚʪʝʢʪʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

 ̄ mʚ 

 ʛ 

T 

Áʉ 

t1 

Áʉ 

 ꜟ

Áʉ 

C 

ˑ̇

̋Ɇ̄ὑ
 

<C> 

ˑ̇

̋Ɇ̄ὑ
 

æC 

ˑ̇

̋Ɇ̄ὑ
 

<æC> 

ˑ̇

̋Ɇ̄ὑ
 

♫ 

% 

1 50 91 25 27 1060  

  918,3 

141,7  

94,4 

 

6,87 2 50 92 26,4 28,3 852 66,3 

3 50 92 29,2 31 843 75,3 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ  ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʣʫʯʝʥ ʩʣʝʜʫʶʱʠʡ ʨʝʟʫʣʴʪʘʪ: 

- ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʪʨʠ ʩʧʣʘʚʘ ʩʠʩʪʝʤʳ Al-Mn, ʩʧʣʘʚ ʵʚʪʝʢʪʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʠ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ Al4Mn ʠ Al6Mn; 

- ʠʟʫʯʝʥ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʚʳʰʝʥʘʟʚʘʥʥʳʭ ʩʧʣʘʚʦʚ; 

- ʠʟʫʯʝʥʳ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ 

Al-Mn, ʦʧʨʝʜʝʣʝʥʳ ʠʭ ʪʝʧʣʦʝʤʢʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʷ ʪʝʧʣʦʚʦʛʦ 

ʙʘʣʘʥʩʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʯʠʩʪʦʛʦ ʘʣʶʤʠʥʠʷ, ʪʝʧʣʦʸʤʢʦʩʪʴ 

ʢʦʪʦʨʦʛʦ ʨʘʚʥʘ 903,7 
ˑ̇

̋Ɇ̄
 (ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ), ʪʝʧʣʦʸʤʢʦʩʪʴ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʩʧʣʘʚʘ ʵʚʪʝʢʪʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ Al-Mn(1,9%) 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ ʟʥʘʯʝʥʠʷ  918,3 
ˑ̇

̋Ɇ̄
. 
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SYNTHESIS AND PHYSICO-CHEMICAL PROPERTIES OF A l-Mn SYSTEMSô 

ALLOYS  

ʉʘʡʬʫʣʣʦʝʚ ʂ.ʅ., ʋʤʘʨʦʚʘ ʊ. ʄ. 

Dushanbe branch of Lomonosov Moscow State University 

The alloys of the eutectic composition of the Al-Mn system and the intermetallic compounds 

Al 4Mn and Al6Mn were synthesized, their microstructures were investigated, and a simple 

theoretical description of the calculation of the heat capacity of the Al-Mn alloy (1.9% by weight) 

was proposed. 

Key words: aluminum alloys, modification, eutectic alloy, diffractogram, microstructure. 

 

 

ʉʀʅʊɽɿ ɺɸ ʍʆʉʀʗʊ׳ʆʀ ʌʀɿʀʂ -ʍʀʄʀʗɺʀʀ 

ʍʋʃɸ׳ʆʀ ʉʀʉʊɽʄɸʀ Al-Mn 

ʉʘʡʬʫʣʣʦʝʚ ʂ.ʅ., ʋʤʘʨʦʚʘ ʊ. ʄ. 

ʌʠʣʠʘʣʠ ɼʦʥʠʰʛʦ״ʠ ʜʘʚʣʘʪʠʠ ʄʦʩʢʚʘ ʙʘ ʥʦʤʠ ʄ.ɺ.ʃʦʤʦʥʦʩʦʚ ʜʘʨ ʰ.ɼʫʰʘʥʙʝ 

ʍ ʣʘ״ʦʠ ʘʣʶʤʠʥʠʠ ʵʚʪʝʢʪʠʢʠʠ ʪʘʨʢʠʙʠ ʩʠʩʪʝʤʘʠ Al-Mn ʚʘ ʧʘʡʚʘʩʪʘʛʠ״ʦʠ ʭ ʣʘʚʠʠ 

Al 4Mn ʚʘ Al6Mn ʪʘʩʥʠʬ ʢʘʨʜʘ ʰʫʜʘʘʥʜ, ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ״ʦʠ ʦʥ״ʦ ʪʘץ״ʠץ ʢʘʨʜʘ ʰʫʜʘʥʜ ʚʘ 

ʪʘʚʩʠʬʠ ʦʜʜʠʠ ״ʠʩʦʙʠ ʛʘʨʤʠסʫʥֹוʦʠʰʠ ʘʣʶʤʠʥʠʡ (1,9% ʚʘʟʥ ʜʦʨʘʜ) ʧʝʰʥʠ״ʦʜ ʢʘʨʜʘ 

ʰʫʜʘʘʩʪ. 

ʂʘʣʠʤʘ״ʦʠ ʢʘʣʠʜ : ʭ ʣʘʠ ʘʣʶʤʠʥʠʡ, ʪʘסʠʨʜʠ״ , ʘʣʶʤʠʥʠʪʠʢ , ʜʠʬʨʘʢʪʦʛʨʘʤʤʘ, 

ʤʠʢʨʦʛʨʘʬʠʷ. 

 

ʉʚʝʜʝʥʠʷ ʦʙ ʘʚʪʦʨʘʭ. ʋʤʘʨʦʚʘ ʊʘʪʴʷʥʘ ʄʫʭʩʠʥʦʚʥʘ ï ʜ.ʪ.ʥ.,ʌʠʣʠʘʣ ʄɻʋ ʠʤʝʥʠ 

ʃʦʤʦʥʦʩʦʚʘ ʚ ʛʦʨʦʜʝ ɼʫʰʘʥʙʝ, ʈʝʩʧʫʙʣʠʢʘ ʊʘʜʞʠʢʠʩʪʘʥ, ʛ.ɼʫʰʘʥʙʝ, ʫʣ. ɹʦʭʪʘʨ, 17,. ʊʝʣ.: 

227-31-48. E-mail: umarova04@mail.ru 

ʉʘʡʬʫʣʣʦʝʚ ʂʦʤʨʦʥ ï ʩʪʫʜʝʥʪ 2 ʢʫʨʩʘ ʥʘʧʨʘʚʣʝʥʠʷ 04.03.02 ʝʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʦʛʦ 

ʬʘʢʫʣʴʪʝʪʘ ʬʠʣʠʘʣʘ ʄɻʋ ʠʤʝʥʠ ʃʦʤʦʥʦʩʦʚʘ ʚ ʛʦʨʦʜʝ ɼʫʰʘʥʙʝ, ʈʝʩʧʫʙʣʠʢʘ ʊʘʜʞʠʢʠʩʪʘʥ, ʛ. 

ɼʫʰʘʥʙʝ, ʫʣ. ɹʦʭʪʘʨ, 17, ʊʝʣ.: 939393456. E-mail: komron-9-7@mail.ru.  

 

 

 

ʋɼʂ 551.352, 551.736 

 

ʄɽɼɽʅʆʉʅʆʉʊʔ ʇɽʈʄʆ-ʊʈʀɸʉʆɺʓʍ ʆʊʃʆɾɽʅʀʁ 

ʇʈʀɻʈɸʅʀʏʅʓʍ ʊɽʈʈʀʊʆʈʀʁ ʊɸɼɾʀʂʀʉʊɸʅɸ, ʂʓʈɻʓɿʉʊɸʅɸ 

ʀ ʂʀʊɸʗ (ɿɸɸʃɸʁʉʂʀʁ ʍʈɽɹɽʊ) 

ʉʘʣʠʭʦʚ ʌ.ʉ., ɹʘʭʪʜʘʚʣʘʪʦʚ ʈ.ɼ., ɹʦʙʦʝʚ ʉ.ʅ. 

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

ɻʣʘʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʛʝʦʣʦʛʠʠ ʧʨʠ ʇʨʘʚʠʪʝʣʴʩʪʚʝ ʈʝʩʧʫʙʣʠʢʠ 

ʊʘʜʞʠʢʠʩʪʘʥ 
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ʇʨʠʚʝʜʝʥʘ ʢʨʘʪʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʟʚʝʩʪʥʳʭ ʤʝʜʝʧʨʦʷʚʣʝʥʠʡ ʠ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʳ 

ʫʩʣʦʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʨʫʜʦʚʤʝʱʘʶʱʠʭ ʢʨʘʩʥʦʮʚʝʪʥʳʭ ʪʦʣʱ ʧʝʨʤʦ-ʪʨʠʘʩʦʚʳʭ ʦʪʣʦʞʝʥʠʡ 

ʧʨʠʛʨʘʥʠʯʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʊʘʜʞʠʢʠʩʪʘʥʘ, ʂʳʨʛʳʟʩʪʘʥʘ ʠ ʂʠʪʘʷ (ɿʘʘʣʘʡʩʢʠʡ ʭʨʝʙʝʪ). 

ɺʳʷʚʣʝʥʳ ʛʣʘʚʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʟʤʝʱʝʥʠʷ ʤʝʜʥʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʫʢʘʟʘʥʥʳʭ 

ʪʝʨʨʠʪʦʨʠʡ. ʋʢʘʟʘʥʳ ʧʦʪʝʥʮʠʘʣʴʥʦ ʧʨʦʜʫʢʪʠʚʥʳʝ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʝ ʫʨʦʚʥʠ ʠ 

ʨʝʢʦʤʝʥʜʦʚʘʥʳ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʧʣʦʱʘʜʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʝʨʤʦ-ʪʨʠʘʩʦʚʳʝ ʦʪʣʦʞʝʥʠʷ ï ɼʘʨʚʘʟ-ɿʘʘʣʘʡʩʢʘʷ ʟʦʥʘ ï 

ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʝ ʦʪʣʦʞʝʥʠʷ ï ʤʝʜʝʥʦʩʥʦʩʪʴ. 

 

ʇʝʨʤʦ-ʪʨʠʘʩʦʚʳʝ ɿʘʘʣʘʡʩʢʦʛʦ ʭʨʝʙʪʘ ʦʪʣʦʞʝʥʠʷ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʦʪ 

ʚʝʨʭʦʚʠʡ ʣʝʜʥʠʢʘ ʂʳʟʳʣʩʫ (ʧʨʘʚʳʡ ʙʦʨʪ ʜʦʣʠʥʳ ʨ. ʄʫʢʩʫ) ʜʦ ʨʘʡʦʥʘ ʧʝʨ. 

ʂʳʟʳʣʘʨʪ ʥʘ ʚʦʩʪʦʢʝ ʦʙʨʘʟʫʷ ʧʦʯʪʠ ʥʝʧʨʝʨʳʚʥʫʶ ʧʦʣʦʩʫ. ʆʙʱʘʷ 

ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʵʪʠʭ ʚʳʭʦʜʦʚ ʜʦʩʪʠʛʘʝʪ 115 ï 120 ʢʤ (ʨʠʩ.1). ʂ ʩʦʞʘʣʝʥʠʶ, 

ʠʟʫʯʝʥʥʦʩʪʴ ʵʪʦʛʦ ʦʪʨʝʟʢʘ ɼʘʨʚʘʟ-ɿʘʘʣʘʡʩʢʦʡ ʟʦʥʳ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʨʫʛʠʤʠ 

ʨʘʡʦʥʘʤʠ, ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʥʝʜʦʩʪʘʪʦʯʥʘ. ʀʤʝʶʪʩʷ ʣʠʰʴ ʦʪʜʝʣʴʥʳʝ 

ʧʫʙʣʠʢʘʮʠʠ ʦ ʨʝʟʫʣʴʪʘʪʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʲʝʤʢʠ ʤʘʩʰʪʘʙʘ 

I:200 000 [1,2,3], ʘ ʪʘʢʞʝ ʙʦʣʝʝ ʨʘʥʥʠʝ ʨʘʙʦʪʳ ʩʦʪʨʫʜʥʠʢʦʚ ʊʘʜʞʠʢʩʢʦ-

ʇʘʤʠʨʩʢʦʡ ʵʢʩʧʝʜʠʮʠʠ ɸʅ ʉʉʉʈ [4,5]. ʉʧʝʮʠʘʣʴʥʳʭ ʨʘʙʦʪ ʧʦ ʠʟʫʯʝʥʠʶ 

ʤʝʜʝʥʦʩʥʦʩʪʠ ʧʝʨʤʦ-ʪʨʠʘʩʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʟʜʝʩʴ ʥʝ ʧʨʦʚʦʜʠʣʦʩʴ, ʭʦʪʷ ʝʱʝ ʚ 

30-ʭ ʛʦʜʘʭ ʢʨʘʩʥʦʮʚʝʪʥʳʝ ʦʪʣʦʞʝʥʠʷ ɼʘʨʚʘʟʘ ï ɿʘʘʣʘʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʠʦʣʣʠʭʘʨʩʢʦʡ ʩʝʨʠʠ, ʦʧʠʩʳʚʘʣʠʩʴ ʢʘʢ çʤʝʜʠʩʪʳʝè [6]. ʀʟ ʜʨʫʛʠʭ ʢʦʩʚʝʥʥʳʭ, ʥʦ 

ʟʘʩʣʫʞʠʚʘʶʱʠʭ ʚʥʠʤʘʥʠʷ ʩʚʝʜʝʥʠʡ, ʩʣʝʜʫʝʪ ʫʧʦʤʷʥʫʪʴ ʫʢʘʟʘʥʠʷ ʥʘ ʜʦʙʳʯʫ 

ʤʝʜʠ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʧʝʨ. ʂʳʟʳʣʘʨʪ ʝʱʝ ʚ ʢʦʥʮʝ ʧʨʦʰʣʦʛʦ ʚʝʢʘ [7]. ʅʝʣʠʰʥʝ 

ʧʨʠ ʵʪʦʤ ʚʩʧʦʤʥʠʪʴ, ʯʪʦ ʠ ʥʘ ʖʛʦ-ɿʘʧʘʜʥʦʤ ɼʘʨʚʘʟʝ ʚ ʤʝʩʪʘʭ ʩʢʦʧʣʝʥʠʷ 

ʩʪʨʘʪʠʬʦʨʤʥʳʭ ʤʝʜʥʳʭ ʨʫʜ ʥʘʡʜʝʥʳ ʦʩʪʘʪʢʠ ʜʨʝʚʥʠʭ ʛʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ 

ʧʨʦʤʳʩʣʦʚ (ʨʨ. ʆʙʠʨʘʚʥʦʫ, ʆʙʠʤʠʩʠʥʛʘʨʦʥ). 

ɺ ʩʨʘʚʥʝʥʠʠ ʩ ɼʘʨʚʘʟʦʤ ʧʝʨʤʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ɿʘʘʣʘʡʩʢʦʛʦ ʭʨʝʙʪʘ 

ʦʪʣʠʯʘʶʪʩʷ ʩʦʢʨʘʱʸʥʥʳʤʠ ʤʦʱʥʦʩʪʷʤʠ. ʆʩʦʙʝʥʥʦ ʭʦʨʦʰʦ ʵʪʦ ʚʠʜʥʦ ʥʘ 

ʧʨʠʤʝʨʝ ʤʝʜʝʥʦʩʥʦʡ ʠʦʣʣʠʭʘʨʩʢʦʡ ʩʝʨʠʠ: ʝʸ ʤʦʱʥʦʩʪʴ ʜʦʩʪʠʛʘʝʪ 

ʤʠʥʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʚ ʚʝʨʭʦʚʴʷʭ ʜʦʣʠʥʳ ʨ. ɸʣʪʳʥʜʘʨʘ ï 370 ʤ. ɿʘʪʝʤ ʦʥʘ 

ʧʦʩʪʝʧʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʩʦʩʪʘʚʣʷʷ ʚ ʙʘʩʩʝʡʥʝ ʨ. ʉʘʫʢʩʘʡ ʚ ʩʨʝʜʥʝʤ ʦʢʦʣʦ 

400 ʤ, ʘ ʚ ʨʘʡʦʥʝ ʣʝʜʥʠʢʘ ɸʪʜʞʘʡʣʘʫ ʚʦʟʨʘʩʪʘʝʪ ʜʦ 500 ʤ. ʂ ʟʘʧʘʜʫ ʦʪ 

ɸʣʪʳʥʜʘʨʳ ʥʘʙʣʶʜʘʝʪʩʷ ʘʥʘʣʦʛʠʯʥʘʷ ʪʝʥʜʝʥʮʠʷ: ʚ ʚʝʨʭʦʚʴʷʭ ʣʝʜʥʠʢʘ 

ʂʳʟʳʣʩʫ, ʧʦ ʜʘʥʥʳʤ ɸ.ʂ. ʂʘʬʘʨʩʢʦʛʦ ʠ ʀ.B. ʇʳʞʴʷʥʦʚʘ [2], ʧʦʣʥʘʷ ʤʦʱʥʦʩʪʴ 

ʠʦʣʣʠʭʘʨʩʢʦʡ ʩʝʨʠʠ ʧʨʝʚʳʰʘʝʪ 800 ʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʯʘʩʪʦʢ ʥʘʠʙʦʣʝʝ 

ʩʦʢʨʘʱʝʥʥʳʭ ʨʘʟʨʝʟʦʚ ʵʪʦʡ ʩʝʨʠʠ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʟʘʧʘʜʥʫʶ ʧʦʣʦʚʠʥʫ 

ɿʘʘʣʘʡʩʢʦʛʦ ʭʨʝʙʪʘ, ʪʦʯʥʝʝ ï ʥʘ ʧʨʘʚʦʙʝʨʝʞʴʝ ʨ. ʉʘʫʢʩʘʡ ʠ ʚʝʨʭʦʚʴʷ ʨ. 

ɸʣʪʳʥʜʘʨʘ. ɺ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʫʥʢʪʘʭ ʠʦʣʣʠʭʘʨʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ʧʦʜʩʪʠʣʘʶʪʩʷ 
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ɻʫʥʜʘʨʠʥʩʢʦʡ ʩʚʠʪʦʡ, ʠʣʠ ʞʝ ʠʤʝʶʪ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʠ ʩ ʙʦʣʝʝ 

ʜʨʝʚʥʠʤʠ ʧʦ ʚʦʟʨʘʩʪʫ ʧʝʨʤʩʢʠʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ (ʧʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫ ʀ.B. 

ʇʳʞʴʷʥʦʚʘ, ʀ.ɻ. ɺʣʘʩʦʚʘ, [8], ʚ ʙʘʩʩʝʡʥʝ ʨ. ʉʘʫʢʩʘʡ ʠʦʣʣʠʭʘʨʩʢʘʷ ʩʝʨʠʷ 

ʟʘʣʝʛʘʝʪ ʥʘ ʩʘʬʝʪʜʘʨʦʥʩʢʦʡ ʩʚʠʪʝ, ʯʪʦ ʥʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʥʘʰʠʤʠ 

ʥʘʙʣʶʜʝʥʠʷʤʠ). 

ɹʦʣʴʰʫʶ ʪʨʫʜʥʦʩʪʴ ʚ ʟʘʘʣʘʡʩʢʠʭ ʨʘʟʨʝʟʘʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʝʚʦʟʤʦʞʥʦʩʪʴ, 

ʥʘ ʦʩʥʦʚʝ ʚʠʟʫʘʣʴʥʳʭ ʧʨʠʟʥʘʢʦʚ, ʚʳʜʝʣʝʥʠʷ ʚʥʫʪʨʠ ʠʦʣʣʠʭʘʨʩʢʦʡ ʩʝʨʠʠ 

ʘʥʘʣʦʛʦʚ ʜʘʨʚʘʟʩʢʠʭ ʩʚʠʪ. ʇʦʵʪʦʤʫ ʥʘʤʠ ʫʩʣʦʚʥʦ ʧʦʢʘ ʧʨʠʥʠʤʘʝʪʩʷ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʵʪʠʭ ʨʘʟʨʝʟʦʚ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʚʘʣʴʚʘʣʷʢʩʢʦʡ ʩʚʠʪʝ (ʨʠʩ.2) 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʥʝʣʴʟʷ ʛʦʚʦʨʠʪʴ ʦ ʧʦʣʥʦʤ ʦʪʩʫʪʩʪʚʠʠ ʢʘʢʠʭ ʙʳ ʪʦ ʥʠ ʙʳʣʦ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚ ʩʪʨʦʝʥʠʠ ʦʧʠʩʳʚʘʝʤʳʭ ʨʘʟʨʝʟʦʚ. ʅʘʧʨʦʪʠʚ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʣʫʯʘʝʚ ʧʨʠʭʦʜʠʪʩʷ ʠʤʝʪʴ ʜʝʣʦ ʩ ʪʨʸʭʯʘʩʪʝʚʳʤ (ʧʨʘʚʜʘ, ʥʝ ʩʦʚʩʝʤ 

ʦʪʯʸʪʣʠʚʳʤ)ʩʪʨʦʝʥʠʝʤ ʩʝʨʠʠ: ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʧʨʝʦʙʣʘʜʘʶʪ ʛʨʫʙʦʦʙʣʦʤʦʯʥʳʝ 

ʦʪʣʦʞʝʥʠʷ (ʢʦʥʛʣʦʤʝʨʘʪʳ, ʛʨʘʚʝʣʠʪʳ), ʚ ʩʨʝʜʥʝʡ ï ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʧʝʩʯʘʥʠʢʠ, ʘ ʚ ʚʝʨʭʥʝʡ ʧʦʩʣʝʜʥʠʝ ʧʝʨʝʩʣʘʠʚʘʶʪʩʷ ʩ ʘʣʝʚʨʦʣʠʪʘʤʠ ʠ, ʨʝʞʝ, 

ʘʨʛʠʣʣʠʪʘʤʠ. ʉʨʘʚʥʠʪʝʣʴʥʦ ʥʝʯʘʩʪʦ ʦʪʤʝʯʘʝʤʳʝ ʪʫʬʳ ʠ ʪʫʬʬʠʪʳ ʪʷʛʦʪʝʶʪ ʢ 

ʥʠʞʥʝʡ ʧʦʣʦʚʠʥʝ ʩʝʨʠʠ. ʂʘʢ ʚʠʜʠʤ, ʦʩʥʦʚʥʳʝ ʪʝʥʜʝʥʮʠʠ ʚ ʩʪʨʦʝʥʠʠ ʨʘʟʨʝʟʦʚ 

ʠʦʣʣʠʭʘʨʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʟʜʝʩʴ ʚʩʝ ʞʝ ʩʦʭʨʘʥʷʶʪʩʷ. ʅʝ ʤʝʥʝʝ ʦʱʫʪʠʤʳʝ 

ʦʪʢʣʦʥʝʥʠʷ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʩʦʩʪʘʚʝ ʠ ʚʥʝʰʥʝʤ ʦʙʣʠʢʝ ʧʦʨʦʜ ʵʪʦʡ ʩʝʨʠʠ. ʅʘ 

ʩʤʝʥʫ ʧʨʝʦʙʣʘʜʘʶʱʝʡ ʥʘ ɼʘʨʚʘʟʝ ʢʨʘʩʥʦʮʚʝʪʥʦʩʪʠ ʦʪʣʦʞʝʥʠʡ ʟʜʝʩʴ ʧʨʠʭʦʜʷʪ 

ʨʦʟʦʚʦ-ʩʝʨʳʝ, ʩʝʨʳʝ ʮʚʝʪʘ ʠ ʣʠʰʴ ʵʧʠʟʦʜʠʯʝʩʢʠ ʧʨʦʷʚʣʷʝʪʩʷ ʙʫʨʦʚʘʪʘʷ ʦʢʨʘʩʢʘ 

ʧʦʨʦʜ (ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʨʘʜʠ ʟʘʤʝʪʠʤ, ʯʪʦ ʵʪʦ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʢʘʩʘʝʪʩʷ 

ʨʘʟʨʝʟʦʚ ʫ ʣʝʜʥʠʢʦʚ ɸʪʜʞʘʡʣʘʫ ʠ ʂʳʟʳʣʩʫ). ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤʠ 

ʠʟʤʝʥʝʥʠʷʤʠ ʥʘʭʦʜʠʪʩʷ ʠ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʦʪʣʦʞʝʥʠʡ. ʅʘʨʷʜʫ ʩ 

ʫʤʝʥʴʰʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʩʠʥʭʨʦʥʥʦʛʦ ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, 

ʦʪʤʝʯʘʝʪʩʷ ʩʦʢʨʘʱʝʥʠʝ ʜʦʣʠ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʭ ʦʙʣʦʤʢʦʚ ʚʫʣʢʘʥʠʪʦʚ ʚ 

ʚʫʣʢʘʥʦʪʝʨʨʠʛʝʥʥʳʭ ʧʝʩʯʘʥʠʢʘʭ ʠ ʛʨʘʚʝʣʠʪʘʭ, ʘ ʪʘʢʞʝ ʚʦʟʨʘʩʪʘʥʠʝ ʦʙʲʝʤʘ 

çʯʫʞʝʨʦʜʥʦʡè ʢʣʘʩʪʠʯʝʩʢʦʡ ʧʨʠʤʝʩʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʛʨʘʥʠʪʦʠʜʘʤʠ, 

ʟʝʣʝʥʦʩʣʘʥʮʝʚʳʤʠ ʧʦʨʦʜʘʤʠ, ʧʨʦʧʠʣʠʪʘʤʠ, ʵʧʠʜʦʟʠʪʘʤʠ ʠ ʚ ʨʘʟʣʠʯʥʦʡ 

ʩʪʝʧʝʥʠ ʤʨʘʤʦʨʠʟʦʚʘʥʥʳʤʠ ʠʟʚʝʩʪʥʷʢʘʤʠ. ɺʩʝ ʦʪʤʝʯʝʥʥʦʝ, ʧʦ-ʧʨʝʞʥʝʤʫ, 

ʤʝʥʝʝ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʦʱʥʳʭ ʨʘʟʨʝʟʦʚ ɸʪʜʞʘʡʣʘʫ ʠ ʂʳʟʳʣʩʫ. 

ʉʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠ ʚʳʰʝ ʠʦʣʣʠʭʘʨʩʢʦʡ ʩʝʨʠʠ ʚ ʧʨʝʜʝʣʘʭ ɿʘʘʣʘʡʩʢʦʛʦ ʭʨʝʙʪʘ 

ʟʘʣʝʛʘʶʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʪʣʦʞʝʥʠʷ ʢʳʟʳʣʩʫʡʩʢʦʡ ʩʚʠʪʳ ʪʨʠʘʩʘ. ɻʨʘʥʠʮʘ ʵʪʠʭ 

ʦʪʣʦʞʝʥʠʡ ʥʦʩʠʪ ʩʣʝʜʳ ʛʣʫʙʦʢʦʛʦ ʠ ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʧʦ ʧʣʦʱʘʜʠ ʨʘʟʤʳʚʘ, ʯʪʦ 

ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʧʨʠʚʦʜʠʪ ʢ ʟʘʣʝʛʘʥʠʶ ʪʨʠʘʩʘ ʥʘ ʨʘʟʣʠʯʥʳʭ ʛʦʨʠʟʦʥʪʘʭ 

ʧʝʨʤʩʢʦʛʦ ʨʘʟʨʝʟʘ. ʕʪʦ ʭʦʨʦʰʦ ʚʠʜʥʦ, ʥʘʧʨʠʤʝʨ, ʚ ʫʩʪʴʝ ʨ. ʄʳʥʪʝʢʝ (ʙʘʩʩʝʡʥ 

ʨ. ɸʣʪʳʥʜʘʨʘ), ʛʜʝ ʧʦʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʥʝʩʦʛʣʘʩʠʷ ʠʟ ʠʦʣʣʠʭʘʨʩʢʦʡ ʩʝʨʠʠ 

çʚʳʧʘʜʘʝʪè ʙʦʣʝʝ ʯʝʤ 150-ʤʝʪʨʦʚʘʷ ʧʦ ʤʦʱʥʦʩʪʠ ʧʘʯʢʘ ʧʝʩʯʘʥʠʢʦʚ ʠ 
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ʘʣʝʚʨʦʣʠʪʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʚ ʙʣʠʞʘʡʰʝʤ ʨʘʟʨʝʟʝ ʩʝʨʠʠ ʧʦ ʨ. ʂʘʰʢʘʩʫ 

(ʧʨʘʚʳʡ ʧʨʠʪʦʢ ʨ. ʄʳʥʪʝʢʝ). ʉʫʜʷ ʧʦ ʚʩʝʤʫ, ʥʘʠʙʦʣʝʝ ʧʦʣʥʳʤ ʚ 

ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʷʚʣʷʝʪʩʷ ʨʘʟʨʝʟ ʠʦʣʣʠʭʘʨʩʢʦʡ ʩʝʨʠʠ ʚ 

ʚʝʨʭʦʚʴʷʭ ʨ. ʏʘʢʤʘʥʪʘʰ (6acʩʝʡʥ ʨ. ʉʘʫʢʩʘʡ). ɿʜʝʩʴ ʚ ʢʨʦʚʣʝ ʩʝʨʠʠ ʦʙʥʘʞʘʝʪʩʷ 

90-ʤʝʪʨʦʚʘʷ ʧʘʯʢʘ ʧʝʨʝʩʣʘʠʚʘʥʠʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʝʨʳʭ ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ 

ʧʝʩʯʘʥʠʢʦʚ, ʘʣʝʚʨʦʣʠʪʦʚ, ʛʣʠʥʠʩʪʦ-ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ ʠ ʘʨʛʠʣʣʠʪʦʚ, 

ʦʪʩʫʪʩʪʚʫʶʱʘʷ ʚ ʜʨʫʛʠʭ ʧʫʥʢʪʘʭ. ʇʨʠʤʝʯʘʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʵʪʦʡ ʧʘʯʢʠ 

ʷʚʣʷʶʪʩʷ ʧʨʦʩʣʦʠ (0,1 ï 0,3 ʤ) ʯʝʨʥʳʭ ʫʛʣʠʩʪʦ-ʛʣʠʥʠʩʪʳʭ ʧʦʨʦʜ, ʥʘʩʳʱʝʥʥʳʭ 

ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ. ʆʪʯʝʪʣʠʚʘʷ ʨʠʪʤʠʯʥʦʩʪʴ ʨʘʟʨʝʟʘ, ʥʘʣʠʯʠʝ 

ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʠʟʚʝʩʪʢʦʚʠʩʪʳʭ ʢʦʥʢʨʝʮʠʡ, ʘ ʪʘʢʞʝ ʩʘʣʘʪʥʦ-ʩʝʨʳʭ ʧʣʘʩʪʠʯʥʳʭ 

ʛʣʠʥ, ʦʙʳʯʥʦ ʚʩʪʨʝʯʘʝʤʳʭ ʥʘ ʫʨʦʚʥʝ ʤʝʜʝʥʦʩʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ï ʚʩʝ ʵʪʦ ʜʘʝʪ 

ʦʩʥʦʚʘʥʠʝ ʩʯʠʪʘʪʴ ʦʧʠʩʳʚʘʝʤʳʝ ʦʪʣʦʞʝʥʠʷ ʙʣʠʟʢʠʤʠ ʢ ʭʘʤʪʘʨʤʠʥʩʢʦʡ ʩʚʠʪʝ 

ʖʛʦ-ɿʘʧʘʜʥʦʛʦ ɼʘʨʚʘʟʘ. ʆʜʥʘʢʦ, ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʥʠʢʘʢʠʭ ʧʨʠʟʥʘʢʦʚ 

ʤʝʜʝʥʦʩʥʦʩʪʠ ʵʪʦʡ ʧʘʯʢʠ ʥʝ ʦʙʥʘʨʫʞʝʥʦ. ɺ ʜʨʫʛʠʭ ʤʝʩʪʘʭ ʵʪʦʪ ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʧʨʦʜʫʢʪʠʚʥʳʡ (ʠʩʭʦʜʷʱʠʡ ʠʟ ʜʘʨʚʘʟʩʢʦʛʦ ʩʪʨʘʪʦʪʠʧʘ ʩʝʨʠʠ) ʫʨʦʚʝʥʴ 

ʦʪʩʫʪʩʪʚʫʝʪ, ʠʣʠ ʚʩʣʝʜʩʪʚʠʝ ʧʨʝʜʪʨʠʘʩʦʚʦʛʦ ʨʘʟʤʳʚʘ, ʠʣʠ ʚ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ ʜʣʷ 

ʥʘʢʦʧʣʝʥʠʷ ʩʚʦʡʩʪʚʝʥʥʳʭ ʝʤʫ ʦʪʣʦʞʝʥʠʡ ʥʝ ʙʳʣʦ ʧʦʜʭʦʜʷʱʠʭ ʫʩʣʦʚʠʡ.  

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʷʤʳʝ ʧʨʠʟʥʘʢʠ ʤʝʜʝʥʦʩʥʦʩʪʠ ʠʦʣʣʠʭʘʨʩʢʠʭ ʦʪʣʦʞʝʥʠʡ 

ʦʙʥʘʨʫʞʝʥʳ ʥʘʤʠ ʥʘ ʙʦʣʝʝ ʥʠʟʢʦʤ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʚʙʣʠʟʠ 

ʚʦʩʪʦʯʥʦʛʦ ʦʢʦʥʯʘʥʠʷ ʧʦʣʦʩʳ ʚʳʭʦʜʦʚ ʧʝʨʤʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ɿʘʘʣʘʷ, ʚ ʣʝʚʦʤ 

ʙʦʨʪʫ ʫʩʪʴʝʚʦʡ ʯʘʩʪʠ ʣʝʜʥʠʢʘ ɸʪʜʞʘʡʣʘʫ-II. ɿʜʝʩʴ ʦʧʠʩʘʥ ʥʝʧʦʣʥʳʡ ʨʘʟʨʝʟ 

ʠʦʣʣʠʭʘʨʩʢʦʡ ʩʝʨʠʠ, ʥʘʭʦʜʷʱʠʡʩʷ ʚ ʦʧʨʦʢʠʥʫʪʦʤ ʟʘʣʝʛʘʥʠʠ ʠ ʚ ʩʣʦʞʥʳʭ 

ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷʭ ʩ ʧʦʜʩʪʠʣʘʶʱʠʤʠ ʢʘʨʙʦʥʘʪʥʳʤʠ 

ʦʪʣʦʞʝʥʠʷʤʠ ʩʝʙʠʩʫʨʭʩʢʦʡ (ʧʦ ʇʳʞʴʷʥʦʚʫ, ɺʣʘʩʦʚʫ, [8]) ʩʚʠʪʳ ʥʠʞʥʝʡ ʧʝʨʤʠ. 

ɺ ʚʝʨʭʥʝʡ ʪʨʝʪʠ ʨʘʟʨʝʟʘ (ʦʨʠʝʥʪʠʨʦʚʦʯʥʦ ʚ 150 ʤ ʦʪ ʧʨʝʜʧʦʣʘʛʘʝʤʦʡ ʢʨʦʚʣʠ 

ʩʝʨʘʤ), ʚʥʫʪʨʠ ʧʘʯʢʠ ʧʝʨʝʩʣʘʠʚʘʥʠʷ ʢʨʘʩʥʦʚʘʪʦ-ʩʝʨʳʭ ʚʫʣʢʘʥʦʪʝʨʨʠʛʝʥʥʳʭ 

ʧʝʩʯʘʥʠʢʦʚ, ʛʨʘʚʝʣʠʪʦʚ ʠ ʘʣʝʚʨʦʣʠʪʦʚ, ʦʙʥʘʨʫʞʝʥ ʧʦʣʫʤʝʪʨʦʚʳʡ ʧʨʦʩʣʦʡ 

ʟʝʣʝʥʦʚʘʪʦ-ʩʝʨʳʭ ʤʝʣʢʦ-, ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʭ ʪʫʬʦʧʝʩʯʘʥʠʢʦʚ (ʧʨʠʤʝʩʴ 

ʨʠʦʜʘʮʠʪʦʚʦʡ ʧʠʨʦʢʣʘʩʪʠʢʠ) ʩ ʚʠʜʠʤʦʡ ʤʝʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ. 

ʄʠʢʨʦʩʢʦʧʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʦʙʨʘʟʮʦʚ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʨʫʜʥʳʝ ʤʠʥʝʨʘʣʳ 

ʨʘʩʧʨʝʜʝʣʝʥʳ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʚ ʛʣʠʥʠʩʪʦ-ʭʣʦʨʠʪʦʚʦʤ ʮʝʤʝʥʪʝ ʧʦʨʦʜʳ ʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʭʘʣʴʢʦʟʠʥʦʤ (ʜʦ 3% ʥʘ ʰʣʠʬ), ʙʦʨʥʠʪʦʤ (ʤʝʥʝʝ 1%), ʤʘʣʘʭʠʪʦʤ 

(ʜʦ 1%) ʠ ʭʘʣʴʢʦʧʠʨʠʪʦʤ (0,5%). ʍʘʨʘʢʪʝʨ ʦʨʫʜʝʥʝʥʠʷ ʪʦʥʢʦʚʢʨʘʧʣʝʥʥʳʡ ʩ 

ʧʦʩʣʦʡʥʳʤ ʦʙʦʛʘʱʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʫʯʘʩʪʢʦʚ ʤʝʜʝʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ. ʈʘʟʤʝʨ 

ʦʪʜʝʣʴʥʳʭ ʨʫʜʥʳʭ ʚʳʜʝʣʝʥʠʡ ʥʝ ʧʨʝʚʳʰʘʝʪ 0,1 ï 0,2 ʤʤ. ʇʦ ʜʘʥʥʳʤ 

ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʚʘʣʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʝʜʠ ʚ ʪʦʯʝʯʥʳʭ ʧʨʦʙʘʭ ʩʦʩʪʘʚʣʷʝʪ 

0,23 ï 0,3%. ʇʨʠʟʥʘʢʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʤʘʣʘʭʠʪʠʟʘʮʠʠ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʠ ʚ 

ʧʨʠʢʨʦʚʣʝʚʳʭ ʩʣʦʷʭ ʩʝʨʠʠ, ʚʥʫʪʨʠ ʩʝʨʳʭ ʧʦʣʠʤʠʢʪʦʚʳʭ ʧʝʩʯʘʥʠʢʦʚ, 
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ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʦʙʦʛʘʱʝʥʥʳʭ ʫʛʣʠʩʪʳʤ ʚʝʱʝʩʪʚʦʤ. ʅʘʨʷʜʫ ʩ ʦʧʠʩʘʥʥʦʡ ʚʳʰʝ 

ʩʠʥʛʝʥʝʪʠʯʥʦʡ ʤʝʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ, ʦʪʤʝʯʝʥʘ ʥʘʣʦʞʝʥʥʘʷ ʤʝʜʥʦ-

ʢʦʣʯʝʜʘʥʥʘʷ (ʭʘʣʴʢʦʧʠʨʠʪ), ʢʦʥʪʨʦʣʠʨʫʝʤʘʷ ʟʦʥʘʤʠ ʜʨʦʙʣʝʥʠʷ ʚ 

ʩʦʧʨʠʢʘʩʘʶʱʠʭʩʷ ʩ ʠʦʣʣʠʭʘʨʩʢʦʡ ʩʝʨʠʝʡ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜʘʭ ʩʝʙʠʩʫʨʭʩʢʦʡ 

ʩʚʠʪʳ. ʇʨʠʟʥʘʢʠ ʤʝʜʝʥʦʩʥʦʩʪʠ ʪʨʠʘʩʘ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʧʦʢʘ ʚ ʝʜʠʥʩʪʚʝʥʥʦʤ 

ʨʘʟʨʝʟʝ ɿʘʘʣʘʡʩʢʦʛʦ ʭʨʝʙʪʘ, ʯʪʦ, ʚʧʨʦʯʝʤ, ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ 

ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʠʟʫʯʝʥʥʦʩʪʴʶ ʦʪʣʦʞʝʥʠʡ ʵʪʦʛʦ ʚʦʟʨʘʩʪʘ. ɺ ʣʝʚʦʤ ʙʦʨʪʫ ʨ. 

ʂʘʰʢʘʩʫ (ʙʘʩʩʝʡʥ ʨ. ɸʣʪʳʥʜʘʨʘ), ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʢʳʟʳʣʩʫʡʩʢʦʡ ʩʚʠʪʳ, 

ʧʨʠʤʝʨʥʦ ʚ 150 ï 200 ʤ ʦʪ ʝʝ ʧʦʜʦʰʚʳ, ʚʳʜʝʣʝʥʘ ʧʘʯʢʘ (ʦʢʦʣʦ 20 ʤ) 

ʧʝʨʝʩʣʘʠʚʘʥʠʷ ʢʨʝʤʥʝʢʠʩʣʳʭ ʪʫʬʦʚ, ʢʣʘʩʪʦʣʘʚ ʘʥʜʝʟʠʪʦʚ, ʚʫʣʢʘʥʦʪʝʨʨʠʛʝʥʥʳʭ 

ʧʝʩʯʘʥʠʢʦʚ ʠ ʘʨʛʠʣʣʠʪʦʚ. ɺ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʧʘʯʢʠ ʟʘʣʝʛʘʶʪ ʟʝʣʝʥʦʚʘʪʦ-ʩʝʨʳʝ 

ʧʩʘʤʤʠʪʦʚʳʝ ʦʨʪʦʪʫʬʬʠʪʳ (ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʧʦ ʩʦʩʪʘʚʫ ʦʪʚʝʯʘʝʪ 

ʘʥʜʝʟʠʪʘʤ ʠ ʜʘʮʠʪʘʤ), ʩʦʜʝʨʞʘʱʠʝ ʦʱʫʪʠʤʫʶ ʫʛʣʠʩʪʫʶ ʧʨʠʤʝʩʴ ʠ ʧʨʠʤʘʟʢʠ 

ʤʘʣʘʭʠʪʘ (ʦʙʱʘʷ ʤʦʱʥʦʩʪʴ 0,6 ʤ). ʉʦʜʝʨʞʘʥʠʝ ʤʝʜʠ ʚ ʥʠʭ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʪʦʯʝʯʥʦʛʦ ʦʧʨʦʙʦʚʘʥʠʷ, ʢʦʣʝʙʣʝʪʩʷ ʦʪ ʩʦʪʳʭ ʜʦ ʜʝʩʷʪʳʭ ʜʦʣʝʡ ʧʨʦʮʝʥʪʘ. ɺ  

ʈʠʩ.1 ɼʘʨʚʘʟ-ɿʘʘʣʘʡʩʢʘʷ ʟʦʥʘ ʉʝʚʝʨʥʦʛʦ ʇʘʤʠʨʘ ʥʘ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʢʘʨʪʝ 

ʤʘʩʰʪʘʙʘ 1:200000. 

ʦʙʣʦʤʢʘʭ ʦʩʳʧʠ, ʥʠʞʝ ʧʦ ʩʢʣʦʥʫ, ʩʦʙʨʘʥʳ ʪʘʢʞʝ ʚʫʣʢʘʥʦʪʝʨʨʠʛʝʥʥʳʝ (ʩ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʦʡ ʧʨʠʤʝʩʴʶ) ʧʝʩʯʘʥʠʢʠ ʩ ʦʩʪʘʪʢʘʤʠ 


