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ʇɸɪʄʀ ɼʆʅʀʐɻʆ׳ʀ ɼɸɺʃɸʊʀʀ ɹʆʍʊɸʈ ɹɸ ʅʆʄʀ ʅʆʉʀʈʀ ʍʋʉʈɸɺ 
 

ʄʫʘʩʩʠʩʠ ʤʘֹוʘʣʣʘ: 

ʄɼʊ çɼʦʥʠʰʛʦ״ʠ ʜʘʚʣʘʪʠʠ ɹʦʭʪʘʨ ʙʘ ʥʦʤʠ ʅʦʩʠʨʠ ʍʫʩʨʘʚè 
 

ʄʘֹוʘʣʣʘ ʩʦʣʠ 2016 ʪʘʲʩʠʩ ʸʬʪʘ, ʩʦʣʠ 2018 ʪʘסʡʠʨʠ ʥʦʤ ʢʘʨʜʘʘʩʪ.  

ɼʘʨ ʷʢ ʩʦʣ 4 ʰʫʤʦʨʘ ʥʘʰʨ ʤʝʛʘʨʜʘʜ 

 

ʉɸʈʄʋ׳ɸʈʈʀʈ: 

ʤʘʜʘʣ״ʫʨʙʦʥʟʦʜʘ ʄʘפ                         ʜʦʢʪʦʨʠ ʠʣʤ״ʦʠ ʠץʪʠʩʦʜ, ʧʨʦʬʝʩʩʦʨ, ʨʝʢʪʦʨʠ ʄɼʊ 

ʈʘ״ʤʘʪ                                                    çɼʦʥʠʰʛʦ״ʠ ʜʘʚʣʘʪʠʠ ɹʦʭʪʘʨ ʙʘ ʥʦʤʠ ʅʦʩʠʨʠ ʍʫʩʨʘʚè 
 

ʄʋʆɺʀʅʀ ʉɸʈʄʋ׳ɸʈʈʀʈ: 
 

ʂʦʤʠʣ  ɸʙʜʫʣ״ʘʡ                 ʜʦʢʪʦʨʠ ʠʣʤ״ʦʠ ʬʠʟʠʢʘ- 

ʐʘʨʠʬʟʦʜʘ                            ʤʘʪʝʤʘʪʠʢʘ, ʧʨʦʬʝʩʩʦʨ. 
  

ʄʋʆɺʀʅʀ ʉɸʈʄʋ׳ɸʈʈʀʈ: 
 

ʐʘʤʩʫʜʠʥʦʚ ʌʘʡʟʫʣʣʦ       ʜʦʢʪʦʨʠ ʠʣʤ״ʦʠ ʬʠʟʠʢʘ-  

ʄʘʤʘʜʫʣʣʦʝʚʠʯ                     ʤʘʪʝʤʘʪʠʢʘ, ʧʨʦʬʝʩʩʦʨ. 
 

ʂʆʊʀɹʀ ʄɸʉʒʋʃ: 

ɹʦʣʪʘʝʚ ʄʘʣʠʢ                       ʥʦʤʟʘʜʠ ʠʣʤ״ʦʠ ʭʠʤʠʷ, 

ɸֹוʠʢʦʚʠʯ                                ʜʦʪʩʝʥʪ. 
  

 :ʈʀʈʀʗ׳ɸʁɸʊʀ ʊɸ׳
 

01.00.00 ï ʀʣʤϲʦʠ ʬʠʟʠʢṯ-ʤʘʪʝʤʘʪʠʢṯ  
 

ʈʘֹוʘʙʦʚ ʅʫʩʨʘʪ                       ʜʦʢʪʦʨʠ ʠʣʤ״ʦʠ ʬʠʟʠʢʘ-ʤʘʪʝʤʘʪʠʢʘ,  

ʈʘֹוʘʙʦʚʠʯ                               ʧʨʦʬʝʩʩʦʨ, ʘʢʘʜʝʤʠʢʠ ɸʄʀʊ.  
 

  ,ʦʠ ʬʠʟʠʢʘ-ʤʘʪʝʤʘʪʠʢʘ״ʫʨʙʦʥʦʚ ʀʢʨʦʤ                       ʜʦʢʪʦʨʠ ʠʣʤפ

 .ʫʨʙʦʥʦʚʠʯ                            ʧʨʦʬʝʩʩʦʨ, ʫʟʚʠ ʚʦʙʘʩʪʘʠ ɸʄʀʊפ
 

ʊʘʙʘʨʦʚ ɸʙʜʫʣʣʦ                     ʜʦʢʪʦʨʠ ʠʣʤ״ʦʠ ʬʠʟʠʢʘ-ʤʘʪʝʤʘʪʠʢʘ,  

 .ʘʙʠʙʫʣʣʦʝʚʠʯ                      ʧʨʦʬʝʩʩʦʨ׳
 

ʉʘʬʘʨʦʚ ּתʫʤʘʙʦʡ                   ʜʦʢʪʦʨʠ ʠʣʤ״ʦʠ ʬʠʟʠʢʘ-ʤʘʪʝʤʘʪʠʢʘ,  

ʉʘʬʘʨʦʚʠʯ                             ʧʨʦʬʝʩʩʦʨ. 
 

02.00.00 ï ʍʠʤʠʷ  
  

ɹʘʜʘʣʦʚ ɸʙʜʫʣʭʘʡʨ              ʜʦʢʪʦʨʠ ʠʣʤ״ʦʠ ʭʠʤʠʷ,  

ɹʘʜʘʣʦʚʠʯ                              ʧʨʦʬʝʩʩʦʨ, ʫʟʚʠ ʚʦʙʘʩʪʘʠ ɸʄʀʊ.  
 

ʂʘʨʠʤʦʚ ʄʘ״ʤʘʜץʫʣ            ʜʦʢʪʦʨʠ ʠʣʤ״ʦʠ ʭʠʤʠʷ,  

ɹʦʙʦʝʚʠʯ                               ʧʨʦʬʝʩʩʦʨ, ʫʟʚʠ ʚʦʙʘʩʪʘʠ ɸʄʀʊ.  
 

ʕʰʦʚ ɹʘʭʪʠʸʨ                       ʜʦʢʪʦʨʠ ʠʣʤ״ʦʠ ʪʝʭʥʠʢ ,  

ɹʘʜʘʣʦʚʠʯ        ʧʨʦʬʝʩʩʦʨ. 
 

 .ʦʠ ʭʠʤʠʷ, ʜʦʪʩʝʥʪ״ʘʬʫʨʦʚ ɹʦʙʦʤʫʨʦʜ             ʜʦʢʪʦʨʠ ʠʣʤנ

ɸʙʫץʘ״ʦʨʦʚʠʯ 
 

03.00.00 ï ɹʠʦʣʦʛʠʷ 
 

ɸʙʜʫʣʣʦʝʚ ɸʙʜʫʤʘʥʥʦʥ      ʜʦʢʪʦʨʠ ʠʣʤ״ʦʠ ʙʠʦʣʦʛʠʷ, 

ɸʙʜʫʣʣʦʝʚʠʯ                         ʧʨʦʬʝʩʩʦʨ. 
  

ʉʘʬʘʨʦʚʘ ʉʘʬʘʨʛʫʣ             ʥʦʤʟʘʜʠ ʠʣʤ״ʦʠ ʙʠʦʣʦʛʠʷ,  

ʉʘʠʜʦʚʥʘ                              ʜʦʪʩʝʥʪ. 
 

07.00.10 ï ʊʘʲʨʠʭʠ ʠʣʤ ʚʘ ʪʝʭʥʠʢʘ 
 

ʐʝʨʤʘʪʦʚ ɼʩʪʥʘʟʘʨ            ʜʦʢʪʦʨʠ ʠʣʤ״ʦʠ ʬʠʟʠʢʘ-  

ʉʘʠʜʦʚʠʯ                                ʤʘʪʝʤʘʪʠʢʘ, ʧʨʦʬʝʩʩʦʨ. 
 

  ,ʦʠ ʪʘʲʨʠʭ״ʨʦʤ                  ʜʦʢʪʦʨʠ ʠʣʤ״ʫʨʙʦʥʦʚ ɹʘפ

ʈʘ״ʤʦʥʦʚʠʯ                            ʧʨʦʬʝʩʩʦʨ. 

 

 

 

 

 

ʄʘṉʘʣʣʘ ʙʘ ʌʝϲʨʠʩʪʠ ʥʘʰʨʠʷϲʦʠ ʠʣʤʠʠ 

ʪʘϨʨʠʟʰʘʚʘʥʜʘʠ ʂʦʤʠʩʩʠʷʠ ʦʣʠʠ 

ʘʪʪʝʩʪʘʪʩʠʦʥʠʠ ʥʘʟʜʠ ʇʨʝʟʠʜʝʥʪʠ 

Ṉʫʤϲʫʨʠʠ ʊʦṉʠʢʠʩʪʦʥ, ʘʟ 18.05.2021, 

ʚʦʨʠʜ ʛʘʨʜʠʜʘʘʩʪ. 

ɼʘʨ ʤʘṉʘʣʣʘ ʤʘϨʦʣʘϲʦʠ ʠʣʤʠʠ ʩʦϲʘϲʦʠ 

ʠʣʤϲʦʠ ʬʠʟʠʢʘ-ʤʘʪʝʤʘʪʠʢʘ, ʭʠʤʠʷ, 

ʙʠʦʣʦʛʠʷ, ʪʘʲʨʠʭʠ ʠʣʤ ʚʘ ʪʝʭʥʠʢʘ ʙʘʨʦʠ 

ʯʦʧ Ϩʘʙʫʣ ʢʘʨʜʘ ʤʝʰʘʚʘʥʜ. ʄʘṉʘʣʣʘ 

ʤʘϨʦʣʘϲʦʠ ʠʣʤʠʠ ʤʫʘʣʣʠʬʦʥʨʦ ʘʟ ʨṹʠ 

ʠʭʪʠʩʦʩϲʦʠ ʟʝʨʠʥ ʙʘ ʯʦʧ Ϩʘʙʫʣ ʤʝʥʘʤʦʷʜ: 

ʌʠʟʠʢʘ-ʤʘʪʝʤʘʪʠʢʘ: 01.01.02, 

01.01.04, 01.01.07, 01.02.01, 01.04.02, 

02.04.14 

ʍʠʤʠʷ: 02.00.01, 02.00.02, 02.00.04, 

02.00.05 

ɹʠʦʣʦʛʠʷ: 03.02.01, 03.02.04, 03.02.14 

ʊʘʲʨʠʭʠ ʠʣʤ ʚʘ ʪʝʭʥʠʢʘ: 07.00.10 

ʄʘṉʘʣʣʘ ʜʘʨ ʐʦʭʠʩʠ ʠϨʪʠʙʦʩϲʦʠ ʠʣʤʠʠ 

ʈʫʩʠʷ (ʈʀʅʎ) ʚʦʨʠʜ ʢʘʨʜʘ ʰʫʜʘʘʩʪ. 

ʄʘṉʘʣʣʘ ʙʘ ʟʘʙʦʥϲʦʠ ʪʦṉʠʢṯ ʚʘ ʨʫʩṯ 

ʥʘʰʨ ʤʝʰʘʚʘʜ. 

ʄʘʪʥʠ ʤʫʢʘʤʤʘʣʠ ʤʘʚʦʜʠ ʯʦʧṯ ʜʘʨ 

ʩʦʤʦʥʘʠ ʨʘʩʤʠʠ ʤʘṉʘʣʣʘ ṉʦʡʛʠʨ ʢʘʨʜʘ 

ʰʫʜʘʘʩʪ (www.bgu-n-vestniki.tj). 

ʇʘʸʤʠ ɼʦʥʠʰʛʦϲʠ ʜʘʚʣʘʪʠʠ ɹʦʭʪʘʨ ʙʘ 

ʥʦʤʠ ʅʦʩʠʨʠ ʍʫʩʨʘʚ.  
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ʄʘṉʘʣʣʘ ʜʘʨ ɺʘʟʦʨʘʪʠ ʬʘʨϲʘʥʛʠ 

Ṉʫʤϲʫʨʠʠ ʊʦṉʠʢʠʩʪʦʥ ˉ316/ʄṈ-97, ʘʟ 

27.11.2023 ʙʘ Ϩʘʡʜ ʛʠʨʠʬʪʘ ʰʫʜʘʘʩʪ. 

ʄʘṉʘʣʣʘ ʜʘʨ ʄʘʨʢʘʟʠ ʪʘʙʲʫ ʥʘʰʨ, 

ʙʘʨʛʘʨʜʦʥ ʚʘ ʪʘʨṉʫʤʘʠ ɼɼɹ ʙʘ ʥʦʤʠ 

ʅʦʩʠʨʠ ʍʫʩʨʘʚ ʪʘϲʠʷ ʤʝʛʘʨʜʘʜ.  

ʅʠʰʦʥʠʠ ʄʘʨʢʘʟ: 735140, Ṉʫʤϲʫʨʠʠ 

ʊʦṉʠʢʠʩʪʦʥ, ʰ. ɹʦʭʪʘʨ, ʢṹʯʘʠ ɸʡʥṯ, 67. 

ʉʦʤʦʥʘʠ ʤʘṉʘʣʣʘ: www.bgu-n-vestniki.tj 

E-mail: payomiddq@mail.ru  

ʊʝʣ.: (832 22) 2-44-61. 
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ɺɽʉʊʅʀʂ ɹʆʍʊɸʈʉʂʆɻʆ ɻʆʉʋɼɸʈʉʊɺɽʅʅʆɻʆ ʋʅʀɺɽʈʉʀʊɽʊɸ  

ʀʄɽʅʀ ʅʆʉʀʈɸ ʍʋʉʈɸɺɸ 
 

ʋʯʨʝʜʠʪʝʣʴ ʞʫʨʥʘʣʘ: 

ɻʆʋ çɹʦʭʪʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʅʦʩʠʨʘ ʍʫʩʨʘʚʘè 
 

ɾʫʨʥʘʣ ʦʩʥʦʚʘʥ ʚ 2016 ʛʦʜʫ ʠ ʧʝʨʝʠʤʝʥʦʚʘʥ ʚ 2018 ʛ.  
 

ɻʃɸɺʅʓʁ ʈɽɼɸʂʊʆʈ: 
 

ʂʫʨʙʦʥʟʦʜʘ ʄʘʭʤʘʜʘʣʠ                      ʜʦʢʪʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʨʝʢʪʦʨ ɻʆʋ 

ʈʘʭʤʘʪ                                                  çɹʦʭʪʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʅʦʩʠʨʘ ʍʫʩʨʘʚʘè 
    
 

ɿɸʄɽʉʊʀʊɽʃʔ ɻʃɸɺʅʆɻʆ ʈɽɼɸʂʊʆʈɸ: 
 

 

ʂʦʤʠʣʠ ɸʙʜʫʣʭʘʡ   ʜʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ  

ʐʘʨʠʬʟʦʜʘ    ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ. 
 

ɿɸʄɽʉʊʀʊɽʃʔ ɻʃɸɺʅʆɻʆ ʈɽɼɸʂʊʆʈɸ: 
 

ʐʘʤʩʫʜʜʠʥʦʚ ʌʘʡʟʫʣʣʦ    ʜʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʄʘʤʘʜʫʣʣʦʝʚʠʯ                   ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ. 
 

ʆʊɺɽʊʉʊɺɽʅʅʓʁ ʉɽʂʈɽʊɸʈʔ: 
 

ɹʦʣʪʘʝʚ ʄʘʣʠʢ      ʢʘʥʜʠʜʘʪ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ,  

ɸʞʠʢʦʚʠʯ      ʜʦʮʝʥʪ  
 

ʏʃɽʅʓ ʈɽɼʂʆʃɽɻʀʀ: 
 

01.00.00 ï ʌʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʥʘʫʢʠ  
 

ʈʘʜʞʘʙʦʚ ʅʫʩʨʘʪ                   ʜʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ, 

ʈʘʜʞʘʙʦʚʠʯ                             ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʘʢʘʜʝʤʠʢ ʅɸʅʊ. 
 

ʂʫʨʙʦʥʦʚ ʀʢʨʦʤ                    ʜʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʂʫʨʙʦʥʦʚʠʯ                                ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʯʣʝʥ.-ʢʦʨʨ. ʅɸʅʊ 
 

ʊʘʙʘʨʦʚ ɸʙʜʫʣʣʦ                    ʜʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʍʘʙʠʙʫʣʣʦʝʚʠʯ                       ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ.  
 

ʉʘʬʘʨʦʚ ɼʞʫʤʘʙʦʡ                ʜʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʉʘʬʘʨʦʚʠʯ                               ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ. 
 

02.00.00 ï ʍʠʤʠʯʝʩʢʠʝ ʥʘʫʢʠ 
 

ɹʘʜʘʣʦʚ ɸʙʜʫʣʭʘʡʨ                ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, 
ɹʘʜʘʣʦʚʠʯ                                ʧʨʦʬʝʩʩʦʨ, ʯʣʝʥ.-ʢʦʨʨ. ʅɸʅʊ 
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ʕʰʦʚ ɹʘʭʪʠʸʨ                          ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, 
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ʂʫʨʙʦʥʦʚ ɹʘʭʨʦʤ                       ʜʦʢʪʦʨ ʠʩʪʦʨʠʯʝʩʢʠʭ ʥʘʫʢ,  
ʈʘʭʤʦʥʦʚʠʯ                                 ʧʨʦʬʝʩʩʦʨ 
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ʇʨʝʟʠʜʝʥʪʝ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ 
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ʄɸʊɽʄɸʊʀʂɸ                                                                                                 ʄɸʊɽʄɸʊʀʂɸ 

  
ʋɼʂ: 517.95 
 

ɼɺʆʗʂʆʇɽʈʀʆɼʀʏɽʉʂʀɽ ʈɽʐɽʅʀɽ ʅɽʃʀʅɽʁʅʆɽ ʋʈɸɺʅɽʅʀɽ  

ɺʊʆʈʆɻʆ ʇʆʈʗɼʂɸ 
 

ɸʙʜʫʣʚʦʭʠʜʠ ʆ. 

ɹʦʭʪʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʅʦʩʠʨʘ ʍʫʩʨʘʚʘ 

 

ʀʩʩʣʝʜʫʝʤ ʟʘʜʘʯʫ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʠ ʥʘʭʦʞʜʝʥʠʷ ʜʚʦʷʢʦʧʝʨʠʦʜʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʩ 

ʟʘʜʘʥʥʳʤʠ ʧʝʨʠʦʜʘʤʠ ὬȟὬȟὍά π ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʚʠʜʘ [6]  

ύύӶ ύύӶ ὦύύ πȟ   ὦ πȟ                                             ρ 

ʛʜʝ ᾀ ὼ ὭώȟςӶ  ὭȟςӶ  Ὥ ὦ ʟʘʜʘʥʥʘʷ ʧʦʩʪʦʷʥʥʘʷ ʯʠʩʣʘ, ύᾀ όὼȟώ

Ὥώȟὼ  ʠʩʢʦʤʘʷ ʬʫʥʢʮʠʷ. 

ɿʘʜʘʯʠ ʥʘʭʦʞʜʝʥʠʷ ʜʚʦʷʢʦʧʝʨʠʦʜʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʜʣʷ ʥʝʢʦʪʦʨʭr ʥʝʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ 

ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʠ ʧʝʨʝʤʝʥʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʧʦʩʚʷʱʝʥʳ ʨʘʙʦʪʳ [1-9]. 

ɺ ʨʘʙʦʪʝ [6] ʜʣʷ ʦʙʱʝʛʦ ʫʨʘʚʥʝʥʠʷ ʚʠʜʘ (1), ʥʘʡʜʝʥʳ ʚʩʝ ʨʝʛʫʣʷʨʥʳʝ ʜʚʦʷʢʦʧʝʨʠʦʜʠʯʝʩʢʠʝ 

ʨʝʰʝʥʠʷ (ʙʝʟ ʧʦʣʶʩʦʚ), ʘ ʚ ʨʘʙʦʪʝ [3] ʜʣʷ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʧʦʣʫʯʝʥʳ ʦʙʦʙʱʝʥʥʳʝ ʨʝʰʝʥʠʷ, ʪʦ 

ʝʩʪɹ ʠʤʝʶʱʠʝ ʧʦʣʶʩʳ, ʚʥʫʪʨʠ ʧʘʨʘʣʣʝʣʦʛʨʘʤʤʝ ʧʝʨʠʦʜʦʚ ɱȢ  
ʋʨʘʚʥʝʥʠʝ (1) ʷʚʣʷʶʪʩʷ ʯʘʩʪʥʳʤʠ ʩʣʫʯʘʝʤ ʫʨʘʚʥʝʥʠʷ ʠʟʫʯʝʥʥʦʛʦ ʚ [6]. ɼʣʷ ʵʪʦʛʦ 

ʫʨʘʚʥʝʥʠʷ ʨʘʩʩʤʦʪʨʠʤ ʟʘʜʘʯʫ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʠ ʥʘʭʦʞʜʝʥʠʷ ʜʚʦʷʢʦʧʝʨʠʦʜʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʩ 

ʦʩʥʦʚʥʳʤʠ ʧʝʨʠʦʜʘʤʠ ὬȟὬȟὍάὬȾὬ π, ʧʨʠʥʘʜʣʝʞʝʝ ʢʣʘʩʩʫ ὅz ψȟ (ʨʝʰʝʥʠʡ ʙʝʟ 

ʧʦʣʶʩʦʚ). 

ʋʨʘʚʥʝʥʠʝ (1) ʚʩʝʛʜʘ ʠʤʝʝʪ ʪʨʠʚʠʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ύᾀḳὧέὲὧὸ. ɽʩʣʠ ύᾀᶰὅz  

ʥʝʪʨʠʚʠʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (1), ʪʦ ʣʝʚʫʶ ʯʘʩʪʴ ʫʨʘʚʥʝʥʠʷ (1) ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ  

 
ύӶ

ύ
ὦύ πȢ 

ʀʥʪʝʛʨʠʨʫʷ ʵʪʦ ʫʨʘʚʥʝʥʠʝ ʠʤʝʝʤ  

ύӶ ὦύ •ᾀύȟ                                                                  ς 

ʛʜʝ •ᾀ ʧʨʦʠʟʚʦʣʴʥʘʷ ʘʥʪʠʘʥʘʣʠʪʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ, ʪʦ ʝʩʪʴ • πȢ 
ʋʨʘʚʥʝʥʠʷ (2), ʷʚʣʷʝʪʩʷ ʫʨʘʚʥʝʥʠʠ ʪʠʧʘ ɹʝʨʥʫʣʣʠ ʩ ʧʝʨʝʤʝʥʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ. ɺ 

ʨʘʙʦʪʝ [4] ʜʣʷ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʩ ʧʝʨʝʤʝʥʥʤrʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʞʝʩʪʚʦ ʝʝ ʥʫʣʝʡ ʄ. 

ɿʜʝʩʴ ʤʳ ʠʩʧʦʣʴʟʫʝʤ ʤʝʪʦʜ, ʦʪʣʠʯʘʶʱʠʡʩʷ ʦʪ ʤʝʪʦʜʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʚ ʨʘʙʦʪʝ [4], 

ʢʦʪʦʨʳʡ ʤʳ ʦʧʠʰʝʤ ʥʠʞʝ. ɼʣʷ ʵʪʦʛʦ ʙʫʜʝʤ ʠʩʢʘʪʴ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʠʟ ʢʣʘʩʩʘ ὅzȢ ʊʦʛʜʘ ʝʩʣʠ 
ύᾀᶰὅz ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ (2), ʪʦ ʢʦʵʬʬʠʮʠʝʥʪ •ᾀȟ ʢʘʢ ʘʥʪʠʘʥʘʣʠʪʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ, 
ʜʦʣʞʝʥ ʙʳʪʴ ʜʚʦʷʢʦʧʝʨʠʦʜʠʯʝʩʢʘʷ  

•ᾀ Ὤ •ᾀȟ •ᾀ Ὤ •ᾀȟ                           

ʧʨʠʯʸʤ Ὅά πȢ ɺ ʩʘʤʦʤ ʜʝʣʝ, ʝʩʣʠ  ύᾀᶰὅz, ʪʦ ʧʦʦʯʝʨʝʜʥʦ ʟʘʤʝʥʷʷ ᾀ ̎  ́ᾀ Ὤ ʠ ᾀ ̎  ́ᾀ

Ὤ ʚ ʫʨʘʚʥʝʥʠʝ (2), ʚ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ ύӶᾀ Ὤ ύӶᾀȟ ύ ᾀ Ὤ ύ ᾀ ʧʦʣʫʯʠʤ 

•ᾀ Ὤ •ᾀύᾀ πȟ   Ὦ ρȟςȢ 

ʕʪʦ ʫʨʘʚʥʝʥʠʝ ʠʤʝʝʪ ʥʝʪʨʠʚʠʘʣʴʥʦʝ ʨʝʰʝʥʠʝ, ʝʩʣʠ •ᾀ ʜʚʦʷʢʦʧʝʨʠʦʜʠ- ʯʝʩʢʘʷ 

ʬʫʥʢʮʠʷ. 

ʊʦʛʜʘ ʧʦ ʪʝʦʨʝʤʝ  ʃʠʫʚʠʣʣʷ [8] ʬʫʥʢʮʠʷ •ᾀḳ ȟ̒̒ ʧʦʩʪʦʷʥʥʘʷ.  

ɽʩʣʠ ύᾀ ʥʝʪʨʠʚʠʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (1), ʪʦ ʫʨʘʚʥʝʥʠʝ (2)   ʤʦʞʥʦ ʥʘʧʠʩʘʪʴ ʚ ʚʠʜʝ  

ύӶ ὦύύ ύȟ   ύ
̒

ὦ
Ȣ                                                         σ 

ʀʟ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʚʠʜʥʦ, ʯʪʦ ʥʘʣʠʯʠʝ ʥʝʪʨʠʚʠʘʣʴʥʳʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʝ (2) ʟʘʚʠʩʠʪ ʦʪ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʪʦʯʝʢ ᾀȟᾀ ʠ ʪʘʢʞʝ, ʯʪʦ  

ᾀ ᾀᶰ  ːʠʣʠ ᾀ ᾀᶰ ,ː 

ʟʜʝʩʴ ː ʨʝʱʸʪʢʘ ʧʝʨʠʦʜʦʚ ʚʠʜʘ 

ː άὬ ά Ὤȟ   άȟά π ρȟςȣ ȟ 
ʢʨʦʤʝ ʪʦʛʦ, ʣʝʞʘʱʠʭ ʚʥʫʪʨʠ ʦʩʥʦʚʥʦʛʦ ʧʘʨʘʣʣʝʣʦʛʨʘʤʤʘ ʧʝʨʠʦʜʦʚ ɱȟ ʠ ʯʪʦʙʳ ʨʝʰʝʥʠʷ ʚ ʵʪʠʭ 
ʪʦʯʢʘʭ ʧʨʠʥʠʤʘʣʘ ʟʥʘʯʝʥʠʷ 
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ύᾀ  πȟύᾀ ύȢ                                                            τ 

ʀʥʪʝʛʨʠʨʫʷ ʵʪʦ ʫʨʘʚʥʝʥʠʝ ʧʨʠ ᾀ ᾀȟᾀ ᾀ, ᾀɴ ɱȟ ʧʦʣʫʯʠʤ 
ύ

ύ ύ
•ᾀ Ὡ  Ӷ ȟ                                                               υ 

ʛʜʝ •ᾀ ï ʵʣʣʠʧʪʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ ʚʪʦʨʦʛʦ ʨʦʜʘ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʫʩʣʦʚʠʷʤ  

•ᾀ Ὤ •ᾀὩ ȟ     Ὦ ρȟςȟ                                       φ 

ʠ ʠʤʝʶʱʠʝ ʚ ʪʦʯʢʝ ᾀ  ʥʫʣʴ, ʘ ʚ ʪʦʯʢʝ ᾀ  ʧʦʣʶʩ. ʋʩʣʦʚʠʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʪʘʢʠʭ ʬʫʥʢʮʠʡ 

ʠʟʫʯʝʥʳ ʚ [1], [8]. ʉʦʛʣʘʩʥʦ, ʵʪʠʭ ʨʘʙʦʪ ʠʤʝʝʪ ʤʝʩʪʦ ʩʣʝʜʫʶʱʝʝ ʫʪʚʝʨʞʜʝʥʠʝ. 

ʋʪʚʝʨʞʜʝʥʠʝ [8]. ɼʣʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʵʣʣʠʧʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ ʚʪʦʨʦʛʦ ʨʦʜʘ •ᾀ, 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʫʩʣʦʚʠʷʤ (6), ʩ ʟʘʜʘʥʥʳʤ ʥʫʣʝʤ ᾀ ʠ ʧʦʣʶʩʦʤ  ᾀȟ  ʥʝʦʙʭʦʜʠʤʦ ʠ ʜʦʩʪʘʪʦʯʥʦ, 
ʯʪʦʙʳ ʚʳʧʦʣʥʷʣʦʩʴ ʩʦʦʪʥʦʰʝʥʠʝ 

ᾀ ᾀ
ύ

“
ὦ Ȣ                                                                   χ 

ʅʫʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚ ʫʩʣʦʚʠʠ ʪʝʦʨʝʤʳ ʧʦʩʪʦʷʥʥʦʝ  
ύ

“
ὦ  ᶰ ȟː                                                                              ψ 

ʛʜʝ ː  ʨʝʰʸʪʢʘ ʧʝʨʠʦʜʦʚ, ː άὬ άὬȟ   άά ̗̜̆̌Ȣ̆ 
ɺ ʧʨʦʪʠʚʥʦʤ, ʩʣʫʯʘʝ ʪʦʯʢʠ ᾀ ̉  ᾀ ʦʜʥʦʚʨʝʤʝʥʥʦ ʙʫʜʫʪ ʥʫʣʷʤʠ ʠʣʠ ʧʦʣʶʩʘʤʠ ʬʫʥʢʮʠʠ 

•ᾀȟ ʯʪʦ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʫʩʣʦʚʠʝ ύ ύȟ ɻ ʪʦ ʥʝʚʦʟʤʦʞʥʦ, ʪʘʢ ʢʘʢ ύ ύ, ʪʘʢ ʢʘʢ ᾀ ᾀᶰ Ȣː  
ʊʝʧʝʨʴ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʡ (8), ʥʘʭʦʜʠʤ ʵʣʣʠʧʪʠʯʝʩʢʫʶ ʬʫʥʢʮʠʶ ʚʪʦʨʦʛʦ ʨʦʜʘ •ᾀ 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʫʩʣʦʚʠʷʤ φȢ 
ʂʘʢ ʚ ʨʘʙʦʪʝ [7] ʬʫʥʢʮʠʶ •ᾀ ʧʨʝʜʩʪʘʚʠʤ ʚ ʚʠʜʝ   

•ᾀ  
„ ᾀ ᾀ

„ ᾀ ᾀ
Ὡ  Ὂᾀȟ                                    ω 

ʛʜʝ ʧʦʩʪʦʷʥʥʦʝ ὥ ʠ ʬʫʥʢʮʠʷ Ὂᾀ ʷʚʣʷʶʪʩʷ ʠʩʢʦʤʳʤʠ. 

ɺ ʧʨʝʜʩʪʘʚʣʝʥʠʠ (9) „ᾀ  çʩʠʛʤʘè-ʬʫʥʢʮʠʷ ɺʝʡʝʨʰʪʨʘʩʩʘ, ʚʩʝ ʩʚʦʡʩʪʚʦ ʵʪʦʛʦ ʬʫʥʢʮʠʷ 

ʭʦʨʦʰʦ ʠʟʫʯʝʥʦ ʚ ʨʘʙʦʪʳ  ρȟχȟψ. 

ʆʪʩʶʜʘ ʧʦʣʫʯʠʤ, ʯʪʦ ʝʩʣʠ ʨʘʟʥʦʩʪʴ ᾀ ᾀᶰ ȟː  ʪʦ ʬʫʥʢʮʠʷ 

• ᾀ  
„ ᾀ ᾀ

„ᾀ ᾀ
 

ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʷʤ 

• ᾀ Ὤ • ᾀ Ὡ ȟ• ᾀ Ὤ • ᾀ Ὡ Ȣ     (10)  

ʊʝʧʝʨʴ ʧʦʜʩʪʘʚʣʷʝʤ ʬʫʥʢʮʠʷ (9) ʚ ʫʩʣʦʚʠʷ (6), ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ Ὂᾀ ʠ ʧʦʩʪʦʷʥʥʦʝ ὥ, ʩ 
ʫʯʸʪʦʤ ʨʘʚʝʥʩʪʚ (10), ʧʦʣʫʯʠʤ  

Ὂ ᾀ Ὤ ὊᾀὩὼὴὦύ Ὤ ὥὬ – ᾀ ᾀ ȟ   Ὦ ρȟςȢ  ρρ 

ɺ ʵʪʦʤ ʨʘʚʝʥʩʪʚʝ ʧʦʩʪʦʷʥʥʦʝ ὥ ʠ ʪʦʯʢʠ ᾀ ᾀ ʙʝʨʝʤ ʪʘʢʠʤʠ, ʯʪʦʙʳ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ 

ὥὬ – ᾀ ᾀ ὦύὬ ς“Ὥάȟ

ὥὬ – ᾀ ᾀ ὦύὬ ς“Ὥὲȟ
 

ʛʜʝ άȟὲ ɀʥʝʢʦʪʦʨʳʝ ʮʝʣʳʝ ʯʠʩʣʘ, ʠʤʝʣʘ ʨʝʰʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ὥ ʠ ᾀ ᾀ .  

ʕʪʦ ʩʠʩʪʝʤʘ, ʙʣʘʛʦʜʘʨʷ ʩʦʦʪʥʦʰʝʥʠʶ ʃʝʞʘʥʜʨʘ [1] 

–Ὤ –Ὤ ς“Ὥȟ 
ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ. 

ʈʝʰʘʷ ʵʪʫ ʩʠʩʪʝʤʫ ʠʤʝʝʤ  

ὥ
ύ

“
ὦ–Ὤ –Ὤ ά– ὲ–ȟ 

ᾀ ᾀ  
ύ

“
ὦɱ άὬ ὲὬȟ                                                         ρς 

ʪʦ ʝʩʪʴ  ᾀ ᾀ  ὦɱ άέὨ ː  ʠ  ὦɱ ᶰɜȢ 

ʇʨʠ ʪʘʢʦʤ ʧʦʜʙʦʨʝ ʧʦʩʪʦʷʥʥʳʝ ὥ ʠ ᾀ ᾀ ʚ ʨʘʚʝʥʩʪʚʦ (12), ʬʫʥʢʮʠʷ Ὂᾀ ʷʚʣʷʝʪʩʷ 

ʵʣʣʠʧʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʝʡ ʥʫʣʝʚʦʛʦ ʧʦʨʷʜʢʘ (ʪʦ ʝʩʪʴ ʙʝʟ ʧʦʣʶʩʦʚ). ʊʦʛʜʘ, ʚ ʩʠʣʫ ʩʚʦʡʩʪʚ 

ʵʣʣʠʧʪʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ [1], Ὂᾀḳ ȟ̒̒  ʧʦʩʪʦʷʥʥʘʷ. 

ʀʪʘʢ, ʜʦʢʘʟʘʥʘ 

ʊʝʦʨʝʤʘ 1. ʇʫʩʪʴ ʚ ʫʨʘʚʥʝʥʠʠ (1) ύᾀᶰὅz  ʠ ʥʝʪʨʠʚʠʘʣʴʥʦʝ ʨʝʰʝʥʠʝ  ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ 

ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʷ (4) ʚ ʪʦʯʢʘʭ ᾀȟᾀȟ ʣʝʞʘʱʠʝ ʚʥʫʪʨʠ ʧʘʨʘʣʣʝʣʦʛʨʘʤʤʘ  . ʊʦʛʜʘ ʜʣʷ 
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ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʘ (1),ʚ ʢʣʘʩʩʝ ὅz  ʥʝʦʙʭʦʜʠʤʦ ʠ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʚʳʧʦʣʥʷʣʦʩʴ 

ʫʩʣʦʚʠʝ  

ᾀ ᾀ  
ύ

“
ὦȿ ȿȟ     άὩί ȟ 

ʧʨʠʯʝʤ,  ὦȿ ȿɴ ,ː ː  ʨʝʰʝʪʢʘ ʧʝʨʠʦʜʦʚ.  

ʇʨʠ ʵʪʦʤ ʫʨʘʚʥʝʥʠʝ (1) ʠʤʝʝʪ ʨʝʰʝʥʠʝ ʚʠʜʘ  

ύᾀ
ύ „̒ ᾀ ᾀ ὩὼὴὦύᾀӶὥᾀ 

ὧ„ ᾀ ᾀ ὩὼὴὦύᾀӶὥᾀ „ ᾀ ᾀ   
ȟ                      ρσ 

ὧ  ʥʝʢʦʪʦʨʘʷ ʧʦʩʪʦʷʥʥʘʷ, ὥ  ʚrʯʠʩʣʝʥʦ ʬʦʨʤʫʣʦʡ (12). 

ʀʟ ʬʦʨʤʫʣʳ (13) ʩʣʝʜʫʝʪ, ʯʪʦ ύᾀ πȟύᾀ ύȢ 
ʇʨʠ ʜʦʢʘʟʘʪʝʣʴʩʪʚʝ ʪʝʦʨʝʤʳ 1 ʤʳ ʟʘʤʝʪʠʣʠ, ʯʪʦ ʫʩʣʦʚʠʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʨʝʰʝʥʠʝ 

ʫʨʘʚʥʝʥʠʝ (1) ʚ ʪʦʯʢʘʭ ᾀȟᾀ ʟʘʚʠʩʠʪ ʦʪ ʩʚʦʡʩʪʚʘ ʯʠʩʣʘ  ὦ  ᶰ Ȣː  

ʇʫʩʪʴ ʪʝʧʝʨʴ ὦ  ᶰ  ːʠ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʝ (1) ʥʝ ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʝ ύᾀ πȟ

ύᾀ ύȟ ʪʦʛʜʘ ʚ ʨʘʚʝʥʩʪʚʦ 
ύ

ύ ύ
•ᾀ Ὡ Ӷ ȟ                                                                    ρτ 

 ʵʣʣʠʧʪʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ ʚʪʦʨʦʛʦ ʨʦʜʘ •ᾀ ʥʝ ʠʤʝʝʪ ʥʫʣʝʡ ʠ ʧʦʣʶʩʦʚ. 

ʊʦʛʜʘ ʬʫʥʢʮʠʷ 

ύᾀ
ύὧὩὼὴὦύᾀӶὦύᾀ

ὧὩὼὴὦύᾀӶὦύᾀ ὧ
 ȟ 

ʛʜʝ ὧȟὧ  ʧʨʦʠʟʚʦʣʴʥʳʝ ʧʦʩʪʦʷʥʥʳʝ, ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝʤ ʫʨʘʚʥʝʥʠʷ (1). 

 ʃʝʛʢʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ὧ πȟ ύᾀ ύȟ  ʧʨʠ ὧ πȟύᾀ πȢ 
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 ɸʁʈʀʍɸʊʊʀʀ ʊɸʈʊʀɹʀ ɼʋʖʄנ ʆʀ ɼʋɼɸɺʈɼʆʐʊɸʀ ʄʋʆɼʀʃɸʀ׳ɸʃ׳
 

ɼʘʨ ʢʦʨ ʘʟ ʤʝʪʦʜ״ʦʠ ʥʘʟʘʨʠʷʠ ʬʫʥʢʩʠʷ״ʦʠ ʘʥʘʣʠʪʠʢʠʠ ʫʤʫʤʠʢʘʨʜʘʰʫʜʘʠ ʜʫʜʘʚʨʜʦʰʪʘ ʠʩʪʠʬʦʜʘ 

ʰʫʜʘ, ʤʘʩʲʘʣʘʠ ʤʘʚֹוʫʜʠʷʪ ʚʘ ʸʬʪʘʥʠ ״ʘʣ״ʦʠ ʜʫʜʘʚʨʜʦʰʪʘ ʙʘʨʦʠ ʤʫʦʜʠʣʘʠ סʘʡʨʠʭʘʪʪʠʠ ʥʘʤʫʜʠ (1) ʜʠʜʘ 

ʙʘʨʦʤʘʜʘ ʰʫʜʘʘʩʪ. ʅʠʰʦʥ ʜʦʜʘ ʰʫʜʘʘʩʪ, ʢʠ ʤʫʦʜʠʣʘʠ (1) ʙʘ סʘʡʨ ʘʟ ״ʘʣ״ʦʠ ʪʨʠʚʠʘʣ  ʙʦʟ ״ʘʣ״ʦʠ 

ʥʝʪʨʠʚʠʘʣʠʨʦ ʥʠʟ ʜʦʨʦ ʤʝʙʦʰʘʜ, ʢʠ ʤʘʚֹוʫʜʠʷʪʠ ʠʥ ʛʫʥʘ ״ʘʣ״ʦ ʘʟ ʤʘʚֹוʫʜʠʷʪʠ ʥʫץʪʘ״ʦʠ ÚȟÚ ʚʦʙʘʩʪʘ 

ʤʝʙʦʰʘʥʜ.  

ʂɸʃʀɼɺʆɾɸ׳ʆ: ʬʫʥʢʩʠʷʠ ʵʣʣʣʠʧʪʠʢ , ʬʫʥʢʩʠʷʠ ʵʣʣʣʠʧʪʠʢʠʠ ʥʘʚʲʠ ʜʫʶʤ, ״ʘʣ״ʦʠ 

ʜʫʜʘʚʨʜʦʰʪʘ, ʜʦʠʤʠ״ʦʠ ʩʠʢʣ , ʧʘʥֹוʘʨʘʠ ʜʘʚʨʜʦʨ, ״ʘʣ״ʦʠ ʪʨʠʚʠʘʣ ʦʠ ʥʝʪʨʠʚʠʘʣ״ʘʣ״ , .    

ʄɸʒʃʋʄʆʊ ɼɸʈ ɹʆʈɸʀ ʄʋɸʃʃʀʌ: ɸʙʜʫʣʚʦʭʠʜʠ ʆʣʠʤʭʦʥ, ʜʦʢʪʦʨ PhD ʘʟ ʨ ʠ ʠʭʪʠʩʦʩʠ 

ʤʘʪʝʤʘʪʠʢʘ, ʦʤ ʟʛʦʨʠ ʢʘʬʝʜʨʘʠ ʪʘ״ʣʠʣʠ ʤʘʪʝʤʘʪʠʢ  ʚʘ ʤʫʦʜʠʣʘ״ʦʠ ʜʠʬʬʝʨʝʥʩʠʘʣʠʠ ɼʦʥʠʰʛʦ״ʠ 

ʜʘʚʣʘʪʠʠ ɹʦʭʪʘʨ ʙʘ ʥʦʤʠ ʅʦʩʠʨʠ ʍʫʩʨʘʚ. E-mail: vohid161090@mail.ru  
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ɼɺʆʗʂʆʇɽʈʀʆɼʀʏɽʉʂʀɽ ʈɽʐɽʅʀɽ ʅɽʃʀʅɽʁʅʆɽ ʋʈɸɺʅɽʅʀɽ ɺʊʆʈʆɻʆ ʇʆʈʗɼʂɸ 
 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜʳ ʜʚʦʷʢʦʧʝʨʠʦʜʠʯʝʩʢʠʭ ʦʙʦʙʱʝʥʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ, 

ʨʘʩʩʤʦʪʨʝʥʘ ʟʘʜʘʯʘ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʠ ʥʘʭʦʞʜʝʥʠʷ ʜʚʦʷʢʦʧʝʨʠʦʜʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʜʣʷ ʥʝʣʠʥʝʡʥʦʛʦ 

ʫʨʘʚʥʝʥʠʷ ʚʠʜʘ (1). ʋʢʘʟʳʚʘʝʪʩʷ ʯʪʦ, ʫʨʘʚʥʝʥʠʝ (1) ʧʦʤʠʤʦ ʪʨʠʚʠʘʣʴʥʳʭ ʨʝʰʝʥʠʡ ʠʤʝʝʪ ʥʝʪʨʠʚʠʘʣʴʥʳʝ 

ʨʝʰʝʥʠʷ, ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʦʪ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʪʦʯʝʢ ÚȟÚȢ   
ʂʃʖʏɽɺʓɽ ʉʃʆɺɸ: ʵʣʣʠʧʪʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ, ʵʣʣʠʧʪʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʚʪʦʨʦʛʦ ʨʦʜʘ, 

ʜʚʦʷʢʦʧʝʨʠʦʜʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ, ʮʠʢʣʠʯʝʩʢʠʝ ʧʦʩʪʦʷʥʥʳʝ, ʨʝʰʝʪʢʘ ʧʝʨʠʦʜʦʚ, ʪʨʠʚʠʘʣʴʥʦʝ ʨʝʰʝʥʠʝ, 

ʥʝʪʨʠʚʠʘʣʴʥʦʝ ʨʝʰʝʥʠʝ. 

 ʉɺɽɼɽʅʀʗ ʆɹ ɸɺʊʆʈɽ: ɸʙʜʫʣʚʦʭʠʜʠ ʆʣʠʤʭʦʥ, ʜʦʢʪʦʨ PhD ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ ʤʘʪʝʤʘʪʠʢʘ, 

ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʢʘʬʝʜʨʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ɹʦʭʪʘʨʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ʅʦʩʠʨʘ ʍʫʩʨʘʚʘ. E-mail: vohid161090@mail.ru  
 

DOUBLY PERIODIC SOLUTION NONLINER SECOND ORDER  
 

The paper uses methods of doubly periodic generalized analytic functions, considers the problem of the 

existence and finding of doubly periodic solution for a nonlinear equation of the form. 

In is indicated that equation (1), in addition to trivial solutions, has non-trivial ÚȟÚȟ the existence of which.  

KEY WORDS: elliptic function, elliptic functions of the second kind, doubly periodic solution, cyclic 

constant, lattice of periods, trivial solution, nontrivial solution. 

ʉɺɽɼɽʅʀʗ ʆɹ ɸɺʊʆʈɽ: ɸʙʜʫʣʚʦʭʠʜʠ ʆʣʠʤʭʦʥ, ʜʦʢʪʦʨ PhD ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ ʤʘʪʝʤʘʪʠʢʘ, 

ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʢʘʬʝʜʨʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ɹʦʭʪʘʨʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ʅʦʩʠʨʘ ʍʫʩʨʘʚʘ. E-mail: vohid161090@mail.ru   
 
ʋɼʂ 517.955  
 

ɿɸɼɸʏʀ ʉ ʅɸʏɸʃʔʅʓʄʀ ɼɸʅʅʓʄʀ ɼʃʗ ʆɼʅʆʁ ʇɽʈɽʆʇʈɽɼɽʃɪʅʅʆʁ 

ʉʀʉʊɽʄʓ ɼʀʌʌɽʈɽʅʎʀɸʃʔʅʓʍ ʋʈɸɺʅɽʅʀʁ ɺʊʆʈʆɻʆ ʇʆʈʗɼʂɸ ʉ ɼɺʋʄʗ 

ɺʅʋʊʈɽʅʅʀʄʀ ʉʀʅɻʋʃʗʈʅʓʄʀ ʃʀʅʀʗʄʀ 
 

ɺʘʣʠʝʚ ʈ. ʉ. 

 ɹʦʭʪʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʅʦʩʠʨʘ ʍʫʩʨʘʚʘ 
 

ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ Ὀ ʧʨʷʤʦʫʛʦʣʴʥʠʢ 

Ὀ ὼȟώȡ ὥ ὼ ὥȟπ ώ ὥȟ  
 ɜ ώ πȟὥ ὼ ὥȟ    ɜ ὼ πȟπ ώ ὥȢ 

ɼʘʣʝʝ ʦʙʦʟʥʘʯʠʤ 

ɜ ώ ὼȟπ ὼ ὥȟ   ɜ ώ ὼȟὥ ὼ π   
ɺ ʦʙʣʘʩʪʠ Ὀ ʨʘʩʩʤʦʪʨʠʤ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʩʣʝʜʫʶʱʝʛʦ ʚʠʜʘ 

ừ
ỬỬ
Ừ

ỬỬ
ứ
ό

ὼώ

ὥ ὼȟώ

ὼ ώ

ό

ὼ

ὦ ὼȟώ

ὼ ώ

ό

ώ

ὧ ὼȟώ

ὼ ώ
ό

Ὢὼȟώ

ὼ ώ
ȟ

ό

ὼ

ὥ ὼȟώ

ὼ ώ
ό

Ὢὼȟώ

ὼ ώ
ȟ

ό

ώ

ὦ ὼȟώ

ὼ ώ
ό

Ὢὼȟώ

ὼ ώ
ȟ

  ρ 

ʛʜʝ ὥὼȟώȟὦὼȟώ, Ὢὼȟώ, Ὥ ρȟςȟὮ ρȟσ  ʟʘʜʘʥʥʳʝ ʬʫʥʢʮʠʠ ʚ ʦʙʣʘʩʪʠ Ὀ, ά ςȟὲ

ςȟὴ Ὧ ρȟόὼȟώ  ʠʩʢʦʤʘʷ ʬʫʥʢʮʠʷ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʠ ʧʝʨʝʦʧʨʝʜʝʣʝʥʥʳʭ ʩʠʩʪʝʤ ʩ ʨʝʛʫʣʷʨʥʳʤʠ, 

ʩʠʥʛʫʣʷʨʥʳʤʠ ʠ ʩʫʧʝʨʩʠʥʛʫʣʷʨʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʧʦʩʚʷʱʝʥʳ ʨʘʙʦʪʳ [1 - 15].  

ʀʩʧʦʣʴʟʫʷ ʤʝʪʦʜʠʢʫ ʨʘʟʨʘʙʦʪʘʥʥʫʶ ʚ [5], [7] ʜʣʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (1), ʧʦʣʫʯʝʥʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʤʥʦʛʦʦʙʨʘʟʠʷ ʨʝʰʝʥʠʡ ʧʨʠ ʧʦʤʦʱʠ ʦʜʥʦʡ ʧʨʦʠʟʚʦʣʴʥʦʡ ʧʦʩʪʦʷʥʥʦʡ.  

ʉʣʫʯʘʡ 1. ʇʫʩʪʴ ʧʝʨʚʦʝ ʫʨʘʚʥʝʥʠʝ ʩʠʩʪʝʤʳ (1) ʷʚʣʷʝʪʩʷ ʙʘʟʦʚʳʤ, ʪʦʛʜʘ ʧʦʣʫʯʝʥʦ 

ʩʣʝʜʫʶʱʝʝ ʫʪʚʝʨʞʜʝʥʠʝ 

ʊʝʦʨʝʤʘ 1. ʇʫʩʪʴ ʚ ʩʠʩʪʝʤʝ ʫʨʘʚʥʝʥʠʡ ρ ά ςȟὲ ςȟὴ Ὧ ρ ʢʦʵʬʬʠʮʠʝʥʪʳ ʠ 

ʧʨʘʚʳʝ ʯʘʩʪʠ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʩʣʝʜʫʶʱʠʤ ʫʩʣʦʚʠʷʤ  

1) ὥ ὼȟώᶰὅ Ὀȟὥ ὼȟώᶰὅ ὈȟὪὼȟώᶰὅ Ὀȟὦ ὼȟώȟ  

ὧὼȟώȟὪὼȟώȟὪὼȟώᶰὅὈȠ  

2) ὧὼȟώ ὼ ώ
ȟ

ὥ ὼȟώὦ ὼȟώȠ 

3) ὥ ὼȟὼ πȟὦ ώȟώ πȟ    ὥ πȟπ πȠ  



9 
 

4) ὥ ὼȟώ ὥ ὼȟὼ έ ὼ ώ ȟ ά ρ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ɜȟ 
ὥ ὼȟώ ὥ ὼȟὼ έ ὼ ώ ȟ    ά ρ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ɜȟ 

ὦ ὼȟώ ὦ ώȟώ έ ὼ ώ ȟ    ὲ ρ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ɜȟ 

ὦ ὼȟώ ὦ ώȟώ έ ὼ ώ ȟ    ὲ ρ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ɜȟ 
ȿὥ ὼȟπ ὥ πȟπȿ Ὄὼ ȟ Ὄ ὧέὲίὸȟ   ‘ ρȠ 

5) ὥ 
ȟ ȟ

 ʚ Ὀȟ 

ὦ ὼ ώ


ώ

Ὢὼȟώ

ὼ ώ
ὼ ώ ὥ ὼȟώὪὼȟώ   

ὼ ώ Ὢὼȟώ ʧʨʠ ὥ ὼȟώ ὦ ὼȟώ ʚ Ὀȟ 

ὧ ὼ ώ  Ὡὼὴὡ ὼȟώ ὦ ώȟώὐ ὼȟώ  

 ώ
Ὢὸȟώ

ὸ ώ
Ὡὼὴύ ὸȟώ ὦ ώȟώὐ ὸȟώ Ὠὸ  

Ὢὼȟώ ʚ ὈȠ 

6) Ὢὼȟώ έὩὼὴὦ ώȟώὐ ὼȟώ ὼ ώ ȟ‗ ά ὲ ρ 

ʚ ʦʢʨʝʩʪʥʦʩʪʠ ɜȟ 

Ὢὼȟώ έὩὼὴὦ ώȟώὐ ὼȟώ ὼ ώ ȟ   ‗ ά ὲ ρ 

ʚ ʦʢʨʝʩʪʥʦʩʪʠ ɜȟ   
Ὢὼȟπ έὩὼὴὥ πȟπὡ ὼ ὼ ȟ   ‘ ρ. 
ʊʦʛʜʘ ʣʶʙʦʝ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (1) ʠʟ ʢʣʘʩʩʘ ὅ Ὀᶺῲẕῲ  ʧʨʝʜʩʪʘʚʠʤʦ ʚ 

ʚʠʜʝ 

όὼȟώ Ὡὼὴὡ ὼȟώ ὥ ὼȟὼὐ ὼȟώ • ὼ  

Ὡὼὴὡ ὼȟί ὥ ὼȟὼὐ ὼȟί ὡ ὼȟί ὦ ίȟίὐ ὼȟί  

 ί
Ὢὸȟί

ὸ ί
Ὡὼὴύ ὸȟί ὦ ίȟίὐ ὸȟί ὨὸὨίḳ 

ḳɱ • ὼȟ ώȟὪὼȟώ                                                  ς 

• ὼ Ὡὼὴὡ ὼȟπ ὥ πȟπὡ ὼ  

ὧ
Ὢὸȟπ

ὸ
Ὡὼὴὡ ὸȟπ ὥ πȟπὡ ὸὨὸḳὔ ὧȟὪὼȟπ ȟ   σ 

 ώ
Ὢπȟώ

ώ
ȟ                                                           τ 

ʛʜʝ 

ὡ ὼȟώ
ὥ ὼȟί ὥ ὼȟὼ

ὼ ί
Ὠίȟ   ὡ ὼȟώ

ὦ ὸȟώ ὦ ώȟώ

ὸ ώ
Ὠὸȟ 

ὐ ὼȟώ
ὼ

ςὲ ρώ ὼ ώ

ςὲ σ

ςὲ ρώ

Ὠὸ

ὸ ώ
ȟ 

ὐ ὼȟώ
ώ

ςά ρὼ ὼ ώ

ςά σ

ςά ρὼ

Ὠί

ὼ ί
ȟ   

ὡ ὼȟπ
ὥ ὸȟπ ὥ πȟπ

ὸ
Ὠὸȟ   ὡ ὼ

ρ

ὼ
ȟ 

ὧ  ʧʨʦʠʟʚʦʣʴʥʘʷ ʧʦʩʪʦʷʥʥʘʷ. 

ʇʦʣʫʯʝʥʥʦʝ ʨʝʰʝʥʠʝ ʦʙʣʘʜʘʝʪ ʩʚʦʡʩʪʚʘʤʠ 
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ρЈȢ ɽʩʣʠ ώᴼπȟ ʪʦ 
ÌÉÍ
ᴼ
όὼȟώ • ὼȢ 

ςЈȢ ɽʩʣʠ ώᴼπ ʠ ὼO πȟ  ʪʦ  

ÌÉÍ
ᴼ
ÌÉÍ
ᴼ
όὼȟώ ὕὩὼὴὥ πȟπὡ ὼ Ȣ 

σЈȢ ÌÉÍ
ᴼ
Ὡὼὴὥ πȟπὡ ὼ ÌÉÍ

ᴼ
όὼȟώ ὧȢ  

τЈȢ ɽʩʣʠ ὼO π ʠ ώ πȟ ʪʦ 

όὼȟώ ὕ Ὡὼὴὥ ὼȟὼὐ ὼȟώ Ȣ 

υЈȢ ɽʩʣʠ ώᴼὼȟ ʪʦ 

όὼȟώ ὕ Ὡὼὴὥ ὼȟὼὐ ὼȟώ  ʚ ʦʢʨʝʩʪʥʦʩʪʠ ɜȢ 

φЈȢ ɽʩʣʠ ώᴼ ὼȟ ʪʦ 
όὼȟώ π ʚ ʦʢʨʝʩʪʥʦʩʪʠ ɜȢ 

ʉʣʫʯʘʡ 2. ʇʫʩʪʴ ʚʪʦʨʦʝ ʫʨʘʚʥʝʥʠʝ ʩʠʩʪʝʤʳ (1) ʷʚʣʷʝʪʩʷ ʠʩʭʦʜʥʳʤ, ʪʦʛʜʘ ʧʦʣʫʯʝʥʦ 

ʩʣʝʜʫʶʱʝʝ ʫʪʚʝʨʞʜʝʥʠʝ. 

ʊʝʦʨʝʤʘ 2. ʇʫʩʪʴ ʚ ʩʠʩʪʝʤʝ ʫʨʘʚʥʝʥʠʡ ρ ά ςȟὲ ςȟὴ Ὧ ρ ʢʦʵʬʬʠʮʠʝʥʪʳ ʠ 

ʧʨʘʚʳʝ ʯʘʩʪʠ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʩʣʝʜʫʶʱʠʤ ʫʩʣʦʚʠʷʤ 

1) ὥ ὼȟώᶰὅ Ὀȟὥ ὼȟώᶰὅ ὈȟὪὼȟώᶰὅ Ὀȟ  

Ὢὼȟώᶰὅ Ὀȟ   ὦ ὼȟώᶰὅ Ὀȟὦ ὼȟώȟὧὼȟώȟὪὼȟώᶰὅὈȠ 

2) ὧὼȟώ ὼ ώ
ȟ

ὥ ὼȟώὦ ὼȟώȠ 

3) 
ȟ

π ʚ ʦʢʨʝʩʪʥʦʩʪʠ ɜȟ 

ȟ
π ʚ ʦʢʨʝʩʪʥʦʩʪʠ ɜȟ 

ὦ πȟπ πȠ 
4) ȿὥ ὼȟώ ὥ ώȟώȿ Ὄȿὼ ώȿȟὌ ὧέὲίὸȟπ  ρ  
ʚ ʦʢʨʝʩʪʥʦʩʪʠ ῲȟ   
ȿὥ ὼȟώ ὥ ώȟώȿ Ὄȿὼ ώȿȟὌ ὧέὲίὸȟπ  ρ  
ʚ ʦʢʨʝʩʪʥʦʩʪʠ ῲȟ 

ȿὦ πȟώ ὦ πȟπ ȿ Ὄώ ȟ   Ὄ ὧέὲίὸȟ    ρȠ 

5) ὥ 
ȟ ȟ ȟ

 ʚ Ὀȟ 

ὦ ὼ ώ


ώ

Ὢὼȟώ

ὼ ώ
ὼ ώ ὥ ὼȟώὪὼȟώ  

ὼ ώ  Ὢὼȟώ  ʧʨʠ ὥ ὼȟώ ὦ ὼȟώ ʚ  Ὀȟ 

ὧ ὼ ώ


ὼ

Ὢὼȟώ

ὼ ώ
ὥ ὼȟώὪὼȟώ  

ὼ ώ
ȟ

ὦ ὼȟώὪὼȟώ  ʚ  ὈȠ 

6) Ὢπȟώ έώ ȟ   ‗ ρȢ 

ʊʦʛʜʘ ʣʶʙʦʝ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (1) ʠʟ ʢʣʘʩʩʘ ὅ Ὀᶺῲẕῲ  ʧʨʝʜʩʪʘʚʠʤʦ ʚ 

ʚʠʜʝ 

όὼȟώ Ὡὼὴὡ ὼȟώ
ὼ ώ

ὼ ώ

ȟ

 

 ώ
Ὢὸȟώ

ὸ ώ
Ὡὼὴὡ ὸȟώ

ὸ ώ

ὸ ώ

ȟ

Ὠὸḳ 

ḳɱ  ώȟὪὼȟώ ȟ                                                  υ 

ʛʜʝ 

 ώ Ὡὼὴὡ πȟώ ὦ πȟπὡ ώ  
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ὧ
Ὢπȟί

ί
Ὡὼὴὡ πȟί ὦ πȟπὡ ίὨίḳὔ ὧȟὪπȟώ ȟ               φ 

ὡ ὼȟώ
ὥ ὸȟώ ὥ ώȟώ

ὸ ώ
Ὠὸȟ  

ὡ πȟώ
ὦ πȟί ὦ πȟπ

ί
Ὠίȟ ὡ ώ

ρ

ώ
ȟ 

ὧ  ʧʨʦʠʟʚʦʣʴʥʘʷ ʧʦʩʪʦʷʥʥʘʷ. 

ʇʦʣʫʯʝʥʥʦʝ ʨʝʰʝʥʠʝ ʦʙʣʘʜʘʝʪ ʩʚʦʡʩʪʚʘʤʠ  

ρЈȢ ɽʩʣʠ ὼO πȟ ʪʦ 
όπȟώ  ώȢ 

ςЈȢ ɽʩʣʠ ὼO π ʠ ώO πȟ ʪʦ 

ÌÉÍ
ᴼ
ÌÉÍ
ᴼ
όὼȟώ ὕὩὼὴὦ πȟπὡ ώ Ȣ 

σЈȢÌÉÍ
ᴼ
Ὡὼὴὦ πȟπὡ ώ ÌÉÍ

ᴼ
όὼȟώ ὧȢ 

τЈȢ ɽʩʣʠ ώᴼπȟ ʠ ὼ πȟ ʪʦ 
όὼȟώ  ὕὩὼὴὦ πȟπὡ ώ Ȣ 

υЈȢ ɽʩʣʠ ώᴼὼȟ ʪʦ 

όὼȟώ  ὕ

ȟ

 ʧʨʠ 
ȟ

πȟ 

όὼȟώ  π ʧʨʠ 
ȟ

πȢ 

φЈȢ ɽʩʣʠ ώᴼ ὼȟ ʪʦ 

όὼȟώ  π ʧʨʠ 
ȟ

πȟ 

όὼȟώ  ὕ

ȟ

 ʧʨʠ 
ȟ

πȢ 

ʉʣʫʯʘʡ 3. ʇʫʩʪʴ ʪʨʝʪʴʝ ʫʨʘʚʥʝʥʠʝ ʩʠʩʪʝʤʳ (1) ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ, ʪʦʛʜʘ ʧʦʣʫʯʝʥʦ 

ʩʣʝʜʫʶʱʝʝ ʫʪʚʝʨʞʜʝʥʠʝ 

ʊʝʦʨʝʤʘ 3. ʇʫʩʪʴ ʚ ʩʠʩʪʝʤʝ ʫʨʘʚʥʝʥʠʡ ρ ά ςȟὲ ςȟὴ Ὧ ρ ʢʦʵʬʬʠʮʠʝʥʪʳ ʠ 

ʧʨʘʚʳʝ ʯʘʩʪʠ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʩʣʝʜʫʶʱʠʤ ʫʩʣʦʚʠʷʤ 

1) ὥ ὼȟώᶰὅ Ὀȟὦ ὼȟώᶰὅ ὈȟὪὼȟώᶰὅ Ὀȟ  

Ὢὼȟώᶰὅ Ὀȟὥ ὼȟώȟὦ ὼȟώȟὧὼȟώȟὪὼȟώᶰὅὈȠ   

2) ὧὼȟώ ὼ ώ
ȟ

ὥ ὼȟώὦ ὼȟώȠ 

3) 
ȟ

π   ʚ ʦʢʨʝʩʪʥʦʩʪʠ ɜȟ 
ȟ
  π  ʚ ʦʢʨʝʩʪʥʦʩʪʠ ɜȟ 

ὥ πȟπ πȠ 
4) ȿὦ ὼȟώ ὦ ὼȟὼȿ Ὄȿὼ ώȿȟ Ὄ ὧέὲίὸȟπ Ὧ ρ 
ʚ ʦʢʨʝʩʪʥʦʩʪʠ ɜȟ   

ȿὦ ὼȟώ ὦ ὼȟὼȿ Ὄȿὼ ώȿȟ Ὄ ὧέὲίὸȟπ Ὧ ρ 
ʚ ʦʢʨʝʩʪʥʦʩʪʠ ɜȟ 

ȿὥ ὼȟπ ὥ πȟπȿ Ὄὼ ȟ Ὄ ὧέὲίὸȟ   ‘ ρȠ    

5) ὥ 
ȟ ȟ

  ʚ Ὀȟ 

ὦ ὼ ώ Ὡὼὴὡ ὼȟώ ὦ ώȟώὐ ὼȟώ  

 ώ
Ὢὸȟώ ὧ ὸȟώόὸȟώ

ὸ ώ
Ὡὼὴὡ ὸȟώ ὦ ώȟώὐ ὸȟώ Ὠὸ  

Ὢὼȟώ ʧʨʠ ὥ ὼȟώ ὦ ὼȟώ ʚ Ὀȟ 
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ὧ ὼ ώ


ώ

Ὢὼȟώ

ὼ ώ
ὦ ὼȟώὪὼȟώ  

ὼ ώ
ȟ

ὥ ὼȟώὪὼȟώ ʚ ὈȠ 

6) Ὢὼȟπ έὩὼὴὥ πȟπὡ ὼ ὼ ȟ‘ ρȢ 
ʊʦʛʜʘ ʣʶʙʦʝ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (1) ʠʟ ʢʣʘʩʩʘ ὅ Ὀᶺῲẕῲ  ʧʨʝʜʩʪʘʚʠʤʦ ʚ 

ʚʠʜʝ 

όὼȟώ Ὡὼὴὡ ὼȟώ
ὼ ώ

ώ ὼ

ȟ

 

• ὼ
Ὢὼȟί

ὼ ί
Ὡὼὴὡ ὼȟί

ὼ ί

ὼ ί

ȟ

Ὠίḳ 

ḳɱ • ὼȟὪὼȟώ ȟ                                                           χ                               

• ὼ Ὡὼὴὡ ὼȟπ ὥ πȟπὡ ὼ  

ὧ
Ὢὸȟπ

ὸ
Ὡὼὴὡ ὸȟπ ὥ πȟπὡ ὸὨὸḳὔ ὧȟὪὼȟπ ȟ                 ψ 

ʛʜʝ 

ὡ ὼȟώ
ὦ ὼȟί ὦ ὼȟὼ

ὼ ί
Ὠίȟ ὡ ὼȟπ

ὥ ὸȟπ ὥ πȟπ

ὸ
Ὠὸȟ  

ὡ ὼ
ρ

ὼ
ȟ        

ὧ ʧʨʦʠʟʚʦʣʴʥʘʷ ʧʦʩʪʦʷʥʥʘʷ. 

ʇʦʣʫʯʝʥʥʦʝ ʨʝʰʝʥʠʝ ʦʙʣʘʜʘʝʪ ʩʚʦʡʩʪʚʘʤʠ. 

ρЈȢ ɽʩʣʠ ώᴼπȟ ʪʦ 
όὼȟπ • ὼȢ 

ςЈȢ ɽʩʣʠ ώᴼπ ʠ ὼO πȟ  ʪʦ 

 ÌÉÍ
ᴼ
ÌÉÍ
ᴼ
όὼȟώ ὕὩὼὴὥ πȟπὡ ὼ Ȣ 

σЈȢÌÉÍ
ᴼ
Ὡὼὴὥ πȟπὡ ὼ ÌÉÍ

ᴼ
όὼȟώ ὧȢ 

τЈȢ ɽʩʣʠ ὼO π ʠ ώ πȟ ʪʦ 
όὼȟώ ὕὩὼὴὥ πȟπὡ ὼ Ȣ 

υЈȢ ɽʩʣʠ ώᴼὼȟ ʪʦ 

όὼȟώ  ὕ

ȟ

 ʚ ʦʢʨʝʩʪʥʦʩʪʠ ɜȟ 

όὼȟώ  π ʚ ʦʢʨʝʩʪʥʦʩʪʠ ɜȢ 
φЈȢ ɽʩʣʠ ώᴼ ὼȟ ʪʦ 

όὼȟώ  π ʚ ʦʢʨʝʩʪʥʦʩʪʠ ɜȟ 

όὼȟώ  ὕ

ȟ

 ʚ ʦʢʨʝʩʪʥʦʩʪʠ ɜȢ 

ʇʦʣʫʯʝʥʥʳʝ ʠʥʪʝʛʨʘʣʴʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʝʰʝʥʠʡ ʠ ʠʭ ʩʚʦʡʩʪʚʘ  ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ 

ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (1) ʩʪʘʚʠʪʴ ʠ ʨʝʰʘʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ ʩ ʥʘʯʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ. 

ɿʘʜʘʯʘ ║Ȣ ʊʨʝʙʫʝʪʩʷ ʥʘʡʪʠ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (1) ʠʟ ʢʣʘʩʩʘ ὅ Ὀᶺɜẕɜ  ʧʦ 

ʥʘʯʘʣʴʥʦʤʫ ʫʩʣʦʚʠʶ  

ÌÉÍ
ᴼ
Ὡὼὴὥ πȟπὡ ὼ ÌÉÍ

ᴼ
όὼȟώ άȟ 

ʛʜʝ ά  ʟʘʜʘʥʥʘʷ ʠʟʚʝʩʪʥʘʷ ʧʦʩʪʦʷʥʥʘʷ. 

ɿʘʜʘʯʘ ║Ȣ ɺ ʦʙʣʘʩʪʠ Ὀ ʥʘʡʪʠ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (1) ʠʟ ʢʣʘʩʩʘ ὅ Ὀᶺɜẕɜ  

ʧʦ ʥʘʯʘʣʴʥʦʤʫ ʫʩʣʦʚʠʶ  

 ÌÉÍ
ᴼ
Ὡὼὴὦ πȟπὡ ώ ÌÉÍ

ᴼ
όὼȟώ άȟ 
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ʛʜʝ ά  ʟʘʜʘʥʥʘʷ ʠʟʚʝʩʪʥʘʷ ʧʦʩʪʦʷʥʥʘʷ. 

ɿʘʜʘʯʘ ║Ȣ ʊʨʝʙʫʝʪʩʷ ʥʘʡʪʠ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (1) ʠʟ ʢʣʘʩʩʘ ὅ Ὀᶺɜẕɜ  ʧʦ 

ʥʘʯʘʣʴʥʦʤʫ ʫʩʣʦʚʠʶ  

ÌÉÍ
ᴼ
Ὡὼὴὥ πȟπὡ ὼ ÌÉÍ

ᴼ
όὼȟώ άȟ 

ʛʜʝ ά  ʟʘʜʘʥʥʘʷ ʠʟʚʝʩʪʥʘʷ ʧʦʩʪʦʷʥʥʘʷ. 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ὄ. ʀʩʧʦʣʴʟʫʷ ʠʥʪʝʛʨʘʣʴʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʝʰʝʥʠʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ 

(2), (3), (4) ʠ ʫʩʣʦʚʠʝ ʟʘʜʘʯʠ ὄ ʠʤʝʝʤ:  ὧ άȢ 
ʊʝʦʨʝʤʘ 4. ɽʩʣʠ ʚ ʩʠʩʪʝʤʝ ʫʨʘʚʥʝʥʠʡ (1) ʢʦʵʬʬʠʮʠʝʥʪʳ ʠ ʧʨʘʚʳʝ ʯʘʩʪʠ ʫʜʦʚʣʝʪʚʦʨʷʶʪ 

ʚʩʝʤ ʫʩʣʦʚʠʷʤ ʪʝʦʨʝʤʳ 1, ʪʦʛʜʘ ʝʜʠʥʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ὄ ʚʳʨʘʞʘʝʪʩʷ ʬʦʨʤʫʣʘʤʠ (2), 

(3), (4), ʛʜʝ ὧ άȢ 
ʆ ʨʘʟʨʝʰʠʤʦʩʪʠ ʥʘʯʘʣʴʥʳʭ ʟʘʜʘʯ ὄ ὄ  ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʫʪʚʝʨʞʜʝʥʠʷ 

ʊʝʦʨʝʤʘ 5. ʇʫʩʪʴ ʚʳʧʦʣʥʝʥʳ ʚʩʝ ʫʩʣʦʚʠʷ ʪʝʦʨʝʤʳ 2, ʪʦʛʜʘ ʝʜʠʥʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ 

ὄ ʧʨʝʜʩʪʘʚʠʤʦ ʚ ʚʠʜʝ (5), (6), ʛʜʝ ὧ ά Ȣ 
ʊʝʦʨʝʤʘ 6. ɽʩʣʠ ʚ ʩʠʩʪʝʤʝ ʫʨʘʚʥʝʥʠʡ (1) ʢʦʵʬʬʠʮʠʝʥʪʳ ʠ ʧʨʘʚʳʝ ʯʘʩʪʠ ʫʜʦʚʣʝʪʚʦʨʷʶʪ 

ʚʩʝʤ ʫʩʣʦʚʠʷʤ ʪʝʦʨʝʤʳ 3, ʪʦʛʜʘ ʝʜʠʥʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ὄ ʚʳʨʘʞʘʝʪʩʷ ʬʦʨʤʫʣʘʤʠ (7), 

(8), ʛʜʝ ὧ ά Ȣ 
ʃʀʊɽʈɸʊʋʈɸ: 
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ʄɸʉʒɸʃɸ׳ʆ ɹʆ ʐɸʈʊ׳ʆʀ ɸɺɺɸʃɸ ɹɸʈʆʀ ʗʂ ʉʀʉʊɽʄɸʀ ʄʋʆɼʀʃɸ׳ʆʀ 

ɼʀʌʌɽʈɽʅʉʀɸʃʀʀ ɹɸʈɿʀɪɼʄʋɸʁʗʅʐʋɼɸʀ ʊɸʈʊʀɹʀ ɼʋʖʄ ɹʆ ɼʋ ʍɸʊ׳ʆʀ 

ɼʆʍʀʃʀʀ ʉʀʅɻʋʃʗʈ 
 

ɼʘʨ ʢʦʨ ʩʠʩʪʝʤʘʠ ʩʝ ʤʫʦʜʠʣʘ״ʦʠ ʜʠʬʬʝʨʝʥʩʠʘʣ  ʙʘʨʨʘʩ  ʢʘʨʜʘ ʤʝʰʘʚʘʥʜ, ʢʠ ʷʢ ʤʫʦʜʠʣʘʠ 

ʛʠʧʝʨʙʦʣʠʢʠʠ ʭʘʪʪʠʠ ʪʘʨʪʠʙʠ ʜʫʶʤ ʙʦ ʜʫ ʭʘʪ״ʦʠ ʜʦʭʠʣʠʠ ʩʫʧʝʨʩʠʥʛʫʣʷʨ  ʚʘ ʜʫ ʤʫʦʜʠʣʘ״ʦʠ 

ʜʠʬʬʝʨʝʥʩʠʘʣʠʠ ʪʘʨʪʠʙʠ ʷʢʫʤʨʦ ʙʦ ʜʫ ʭʘʪ״ʦʠ ʜʦʭʠʣʠʠ ʩʠʥʛʫʣʷʨ  ʜʘʨ ʙʘʨ ʤʝʛʠʨʘʥʜ. ʀʥ ʤʫʦʜʠʣʘ״ʦ ʙʦ 

ʬʫʥʢʩʠʷʠ ʥʦʤʘʲʣʫʤ ʙʦ ״ʘʤ ʘʣʦץʘʤʘʥʜʘʥʜ. ɹʦ ʠʩʪʠʬʦʜʘ ʘʟ ʤʝʪʦʜʠ ʜʘʨ ʢʦʨ״ʦʠ ʅ. ʈʘֹוʘʙʦʚ ʪʘ״ʠʷʰʫʜʘ, 

ʤʫʦʜʠʣʘʠ ʷʢʫʤʠ ʩʠʩʪʝʤʘʨʦ ʜʘʨ ʰʘʢʣʠ ʜʫ ʦʧʝʨʘʪʦʨʠ ʜʠʬʬʝʥʩʠʘʣʠʠ ʪʘʨʪʠʙʠ ʷʢʫʤ ʥʘʚʠʰʪʘ, ʬʫʥʢʩʠʷʠ ʥʘʚʠ 

ʥʦʤʘʲʣʫʤʨʦ ʚʦʨʠʜ ʢʘʨʜʘ, ʤʘʩʲʘʣʘʨʦ ʙʘ ״ʘʣʣʠ ʜʫ ʤʫʦʜʠʣʘʠ ʜʠʬʬʝʨʝʥʩʠʘʣʠʠ ʪʘʨʪʠʙʠ ʘʚʚʘʣʠ ֹוʫʜʦʰʫʜʘ 

ʤʝʦʨʘʥʜ. ɹʦ ״ʘʣʣʠ ʧʘʡʜʘʨʧʘʡʠ ʠʥ ʤʫʦʜʠʣʘ״ʦ, ״ʘʣʣʠ ʤʫʦʜʠʣʘʠ ʜʠʬʬʝʨʝʥʩʠʘʣʠʠ ʪʘʨʪʠʙʠ ʜʫʶʤ ʙʦ ʸʨʠʠ ʜʫ 

ʬʫʥʢʩʠʷʠ ʠʭʪʠʸʨ  ʘʟ ʷʢ ʪʘסʡʠʨʸʙʘʥʜʘʠ ʤʫʩʪʘץʠʣ ʧʘʡʜʦ ʤʝʰʘʚʘʜ. 

ʉʠʧʘʩ, ʤʫʦʜʠʣʘ״ʦʠ ʜʫʶʤ ʚʘ ʩʝʶʤʠ ʩʠʩʪʝʤʘʨʦ ʜʘʨ ʰʘʢʣʠ ʤʘʭʩʫʩ ʤʝʥʘʚʠʩʘʥʜ, ʢʠ ʠʥ ״ʠʩʦʙ״ʦʠ 

ʤʠʥʙʘʲʜʘʨʦ ʦʩʦʥ ʤʝʢʫʥʘʜ. ʄʠʥʙʘʲʜ ״ʘʣʣʠ ʤʫʦʜʠʣʘʠ ʷʢʫʤʨʦ ʙʘ ʤʫʦʜʠʣʘ״ʦʠ ʪʘʙʜʠʣʸʬʪʘʠ ʜʫʶʤ ʚʘ ʩʝʶʤ 

ʛʫʟʦʰʪʘ, ʧʘʩ ʘʟ ʙʘʲʟʝ ״ʠʩʦʙ״ʦ ʚʘ ʩʦʜʘʢʫʥ  ʙʘʨʦʠ ʤʫʘʡʷʥ ʢʘʨʜʘʥʠ ʬʫʥʢʩʠʷʠ ʘʚʚʘʣʠʥʠ ʠʭʪʠʸʨ , ʤʫʦʜʠʣʘʠ 

ʜʠʬʬʝʨʝʥʩʠʘʣʠʠ ʦʜʠʠ ʪʘʨʪʠʙʠ ʷʢʫʤʨʦ ʙʘ ʜʘʩʪ ʤʝʦʨʘʥʜ. ɹʘʨʦʠ ʤʫʘʡʷʥ ʢʘʨʜʘʥʠ ʬʫʥʢʩʠʷʠ ʠʭʪʠʸʨʠʠ ʜʫʶʤ 

ʙʦʰʘʜ, ʰʘʨʪʠ ״ʘʤֹוʦʷʛʠʨʦ ʥʠʩʙʘʪ ʙʘ ʢʦʵʬʬʠʪʩʠʝʥʪ״ʦ ʚʘ ץʠʩʤ״ʦʠ ʨʦʩʪ ʧʘʡʜʦ ʤʝʢʫʥʘʥʜ. ɸʟ ʰʘʨʪʠ ״ʘʤֹוʦʷʛ  

ʬʫʥʢʩʠʷʠ ʜʫʶʤʠ ʠʭʪʠʸʨ ץʘʥʛʦʤʠ ʛʫʟʘʨʠʰʠ ʣʠʤʠʪʠʠ ʤʫʚʦʬʠ״  ʤʫʘʡʷʥ ʢʘʨʜʘ ʤʝʰʘʚʘʜ. 

ɸʡʥʘʥ ״ʘʤʠʥ ʪʘʚʨ ʩʠʩʪʝʤʘʠ (1) ״ʘʥʛʦʤʠ ʘʩʦʩ  ʙʫʜʘʥʠ ʤʫʦʜʠʣʘ״ʦʠ ʜʫʶʤ ʚʘ ʩʝʶʤ ʦʤ ʭʪʘ ʤʝʰʘʚʘʥʜ.  

 ɼʘʨ ʦʭʠʨ ʙʘʨʦʠ ʩʠʩʪʝʤʘʠ ʙʘʨʟʠʸʜʤʫʘʡʷʥʰʫʜʘʠ ʜʠʜʘʰʘʚʘʥʜʘ ״ʘʥʛʦʤʝ, ʢʠ ʢʦʵʬʬʠʪʩʠʝʥʪ״ʦʠ 

ʤʫʦʜʠʣʘ״ʦʠ ʷʢʫʤ, ʜʫʶʤ ʚʘ ʩʝʶʤ ʙʘʡʥʠ ʭʫʜ ʙʘ ʪʘʚʨʠ ʤʫʘʡʷʥ ʘʣʦץʘʤʘʥʜ ʤʝʙʦʰʘʥʜ, ʪʘʩʚʠʨ״ʦʠ ʠʥʪʝʛʨʘʣʠʠ 

ʦʩʠʣʢʘʨʜʘʰʫʜʘ ʦʤ״ ʦʠ״ʘʣ״ ʦʠ״ʦʩʠʣ ʢʘʨʜʘ ʰʫʜʘʘʥʜ. ʍʦʩʠʷʪ״ ʘʣ ʙʘ ʪʘʚʨʠ ʦʰʢʦʨ״ ʭʪʘ ʰʫʜʘ ʤʘʩʲʘʣʘ״ʦ ʙʦ 

ʰʘʨʪ״ʦʠ ʘʚʚʘʣʘ ʜʠʜʘ ʙʘʨʦʤʘʜʘ ʰʫʜʘʘʥʜ. 

ʂɸʃʀɼɺʆɾɸ׳ʆ: ʩʠʩʪʝʤʘʠ ʙʘʨʟʠʸʜʤʫʘʡʷʥʰʫʜʘ, ʙʠʩʸʨʰʘʢʣʘʠ ״ʘʣ, ʨʦʩʪʢʫʥֹוʘ, ʢʦʵʬʬʠʪʩʠʝʥʪʠ 

ʩʠʥʛʫʣʷʨ , ʭʦʩʠʷʪ״ʦʠ ״ʘʣ. 

ʄɸʒʃʋʄʆʊ ɼɸʈ ɹʆʈɸʀ ʄʋɸʃʃʀʌ: ɺʘʣʠʝʚ ʈʫʟʠʙʦʡ ʉʘʥʛʠʤʫʨʦʜʦʚʠʯ, ʦʤ ʟʛʦʨʠ ʢʘʬʝʜʨʘʠ 

ʪʘ״ʣʠʣʠ ʤʘʪʝʤʘʪʠʢ  ʚʘ ʤʫʦʜʠʣʘ״ʦʠ ʜʠʬʬʝʨʝʥʩʠʘʣʠʠ ɼʦʥʠʰʛʦ״ʠ ʜʘʚʣʘʪʠʠ ɹʦʭʪʘʨ ʙʘ ʥʦʤʠ ʅʦʩʠʨʠ 

ʍʫʩʨʘʚ. ʊʝʣ.: (+992) 984-07-94-94; ʝ-mail: ruziboivaliev@gmail.com 
 

ɿɸɼɸʏʀ ʉ ʅɸʏɸʃʔʅʓʄʀ ɼɸʅʅʓʄʀ ɼʃʗ ʆɼʅʆʁ ʇɽʈɽʆʇʈɽɼɽʃɪʅʅʆʁ ʉʀʉʊɽʄʓ 

ɼʀʌʌɽʈɽʅʎʀɸʃʔʅʓʍ ʋʈɸɺʅɽʅʀʁ ɺʊʆʈʆɻʆ ʇʆʈʗɼʂɸ ʉ ɼɺʋʄʗ ɺʅʋʊʈɽʅʅʀʄʀ 

ʉʀʅɻʋʃʗʈʅʓʄʀ ʃʀʅʀʗʄʀ 
 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʠʩʪʝʤʘ ʠʟ ʪʨʝʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʢʦʪʦʨʘʷ ʩʦʜʝʨʞʠʪ ʦʜʥʦ 

ʣʠʥʝʡʥʦʝ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʩ ʜʚʫʤʷ ʚʥʫʪʨʝʥʥʳʤʠ ʩʫʧʝʨʩʠʥʛʫʣʷʨʥʳʤʠ 

ʣʠʥʠʷʤʠ ʠ ʜʚʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʝ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʩ ʜʚʫʤʷ ʚʥʫʪʨʝʥʥʳʤʠ ʩʠʥʛʫʣʷʨʥʳʤʠ 

ʣʠʥʠʷʤʠ. ʕʪʠ ʫʨʘʚʥʝʥʠʷ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʧʨʠ ʧʦʤʦʱʠ ʥʝʠʟʚʝʩʪʥʦʡ ʬʫʥʢʮʠʠ. ʀʩʧʦʣʴʟʫʷ ʩʭʝʤʫ, 

ʨʘʟʨʘʙʦʪʘʥʥʫʶ ʚ ʨʘʙʦʪʘʭ ʅ. ʈʘʜʞʘʙʦʚʘ ʧʝʨʚʦʝ ʫʨʘʚʥʝʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʠʤ ʚ ʚʠʜʝ 

ʜʚʫʭ ʜʠʬʬʝʥʮʠʘʣʴʥʳʭ ʦʧʝʨʘʪʦʨʦʚ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʠ ʚʚʦʜʷ ʥʦʚʫʶ ʥʝʠʟʚʝʩʪʥʫʶ ʬʫʥʢʮʠʶ, ʟʘʜʘʯʫ ʩʚʝʜʝʤ 

ʢ ʨʝʰʝʥʠʶ ʜʚʫʭ ʨʘʩʱʝʧʣʸʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʝʰʘʷ 

ʵʪʠ ʫʨʘʚʥʝʥʠʷ, ʥʘʭʦʜʠʤ ʨʝʰʝʥʠʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʧʨʠ ʧʦʤʦʱʠ ʜʚʫʭ 

ʧʨʦʠʟʚʦʣʴʥʳʭ ʬʫʥʢʮʠʡ ʦʜʥʦʛʦ ʥʝʟʘʚʠʩʠʤʦʛʦ ʧʝʨʝʤʝʥʥʦʛʦ.  

ɼʘʣʝʝ, ʚʪʦʨʦʝ ʠ ʪʨʝʪʴʝ ʫʨʘʚʥʝʥʠʝ ʠʟʫʯʘʝʤʦʡ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʠʤ ʚ ʩʧʝʮʠʘʣʴʥʦʤ ʚʠʜʝ, ʢʦʪʦʨʦʝ 

ʫʧʨʦʱʘʝʪ ʜʘʣʴʥʝʡʰʝʝ ʚʳʯʠʩʣʝʥʠ.̫ ʊʝʧʝʨʴ, ʨʝʰʝʥʠʝ ʧʝʨʚʦʛʦ ʫʨʘʚʥʝʥʠʷ, ʧʦʜʩʪʘʚʣʷʷ ʚʦ ʚʪʦʨʦʝ ʠ ʪʨʝʪʴʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʝ ʫʨʘʚʥʝʥʠʷ, ʧʦʩʣʝ ʥʝʢʦʪʦʨʳʭ ʚʳʯʠʩʣʝʥʠʡ ʠ ʫʧʨʦʱʝʥʠʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʝʨʚʦʡ 

ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʫʥʢʮʠʠ, ʧʦʣʫʯʠʤ ʦʙʳʢʥʦʚʝʥʥʦʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ. ɼʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʚʪʦʨʦʡ ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʫʥʢʮʠʠ, ʧʦʣʫʯʠʤ ʩʦʚʤʝʩʪʥʦʝ ʫʩʣʦʚʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠ 

ʧʨʘʚʳʭ ʯʘʩʪʝʡ. ʀʟ ʵʪʦʡ ʫʩʣʦʚʠʡ ʩʦʚʤʝʩʪʥʦʩʪʠ ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʧʨʝʜʝʣʴʥʦʤ ʧʝʨʝʭʦʜʝ ʦʧʨʝʜʝʣʠʤ 

ʚʪʦʨʫʶ ʧʨʦʠʟʚʦʣʴʥʫʶ ʬʫʥʢʮʠʶ.  

ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʠʩʩʣʝʜʫʝʪʩʷ ʩʠʩʪʝʤʳ (1) ʢʦʛʜʘ ʚʪʦʨʦʝ ʠ ʪʨʝʪʴʝ ʫʨʘʚʥʝʥʠʝ ʵʪʦʡ ʩʠʩʪʝʤʝ  

ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤ (ʙʘʟʦʚʳʤ).  

ɺ ʢʦʥʮʝ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʝʨʝʦʧʨʝʜʝʣʸʥʥʦʡ ʩʠʩʪʝʤʳ ʧʦʣʫʯʝʥʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʤʥʦʛʦʦʙʨʘʟʠʷ 

ʨʝʰʝʥʠʡ ʚ ʷʚʥʦʤ ʚʠʜʝ, ʢʦʛʜʘ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʝʨʚʦʛʦ, ʚʪʦʨʦʛʦ ʠ ʪʨʝʪʴʝʛʦ ʫʨʘʚʥʝʥʠʷ ʩʠʩʪʝʤ rʩʚʷʟʘʥʳ 

ʤʝʞʜʫ ʩʦʙʦʡ ʦʧʨʝʜʝʣʸʥʥʳʤ ʦʙʨʘʟʦʤ. ʀʟʫʯʝʥʳ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʰʝʥʠʡ, ʘ ʪʘʢʞʝ ʨʘʩʩʤʦʪʨʝʥʳ 

ʟʘʜʘʯʠ ʩ ʥʘʯʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ. 

ʂʃʖʏɽɺʓɽ ʉʃʆɺɸ: ʧʝʨʝʦʧʨʝʜʝʣʸʥʥʘʷ ʩʠʩʪʝʤʘ, ʤʥʦʛʦʦʙʨʘʟʠʷ ʨʝʰʝʥʠʡ, ʧʨʷʤʦʫʛʦʣʴʥʠʢ, 

ʩʠʥʛʫʣʷʨʥʳʝ ʣʠʥʠʠ, ʩʚʦʡʩʪʚʘ ʨʝʰʝʥʠʡ, ʟʘʜʘʯʠ ʩ ʥʘʯʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ. 

ʉɺɽɼɽʅʀʗ ʆɹ ɸɺʊʆʈɽ: ɺʘʣʠʝʚ ʈʫʟʠʙʦʡ ʉʘʥʛʠʤʫʨʦʜʦʚʠʯ, ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʢʘʬʝʜʨʳ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ɹʦʭʪʘʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 
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INITIAL DATA PROBLEMS FOR ONE OVERDETERMINED SYSTEM OF SECOND ORDER 

DIFFERENTIAL EQUATIONS WITH TWO INTERNAL SINGULAR LINES  
 

This paper, we consider a system of three differential equations which contains one linear hyperbolic 

equation of second order with two internal supersingular lines and two differential equations of first order with 

two internal singular lines. These equations are related to each other using an unknown function. Using the scheme 

developed in the works of N. Radjabov the first equation of the system under consideration is represented in the 

form of two first-order differential operators and introducing a new unknown function, the problem will be reduced 

to the solution of two split first-order differential equations.  Consecutively, solving these equations, we find the 

solution of the second order differential equation by means of two arbitrary functions of one independent variable. 

Further, the second and third equation of the system under study will be presented in a special form, which 

simplifies further calculations. Now the solution of the first equation, substituting into the second and third 

transformed equations, after some calculations and simplifications for the definition of the first arbitrary function, 

we obtain an ordinary differential equation of the first order. To define the second arbitrary function, we obtain a 

joint condition with respect to the coefficients and right parts. From this joint condition, we define the second 

arbitrary function by the corresponding limit transition. 

Similarly, the system (1) is investigated when the second and third equation of this system is the main 

(base) equation. 

In the end, for the overdetermined system under consideration, the representation of the solution manifold 

in explicit form is obtained when the coefficients of the first, second and third equations of the system are related 

to each other in a certain way. Properties of the obtained solutions are studied, and also problems with initial data 

are considered. 

KEY  WORDS: overdetermined system, manifolds of solutions, rectangle, singular lines, properties of 

solutions, problem with initial data. 

INFORMATION ABOUT THE AUTHOR: Valiev Ruziboy Sangimurodovich, Lecturer of the 

Department of Mathematical Analysis and Differential Equations at Bokhtar State University named after Nosiri 
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ʌʀɿʀʂɸ                                                                                                                                ʌʀɿʀʂɸ 

 

ʀɿʄɽʅɽʅʀɽ ʊɽʇʃʆɽʄʂʆʉʊʀ ʊɽʈʅɸʈʅʓʍ ʉʄɽʉɽʁ ʇʈʀ ɺʃʀʗʅʀʀ 

ʂʈɽʄʅʀɽɺʆʁ ʂʀʉʃʆʊʓ ɺ ɿɸɺʀʉʀʄʆʉʊʀ ʆʊ ʊɽʄʇɽʈɸʊʋʈʓ 
 

 

ʉʦʙʠʨʦʚ ɼʞ.ʌ., ʉʘʬʘʨʦʚ ʐ.ʈ. 

ɹʦʭʪʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʅʦʩʠʨʘ ʍʫʩʨʘʚʘ 

ʉʘʠʜʟʦʜʘ ʄ.ʄ. 

ʊʝʭʥʠʯʝʩʢʠʡ ʢʦʣʣʝʜʞ ʊʘʜʞʠʢʩʢʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʄ. ʆʩʠʤʠ 
 

 

ʊʝʧʣʦʝʤʢʦʩʪʴ ʚʝʱʝʩʪʚʘ ʠʣʠ ʤʘʪʝʨʠʘʣʦʚ - ʦʜʥʦ ʠʟ ʚʘʞʥʝʡʰʠʭ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

ɼʣʷ ʥʝʜʘʚʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʚʢʣʶʯʘʷ ʢʦʤʧʦʟʠʪʳ, ʚʘʞʥʦ ʟʥʘʪʴ 

ʪʝʧʣʦʝʤʢʦʩʪʴ ʠ ʝʝ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʯʪʦʙʳ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʠʪʴ ʧʦʚʝʜʝʥʠʝ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʪʝʨʤʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʷʭ ʠ ʪʝʧʣʦʧʝʨʝʜʘʯʝ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ, ʩ ʢʦʪʦʨʦʡ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʸʤʢʦʩʪʴ 

ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤ, ʥʘʥʦʧʦʨʦʰʢʘ ʛʠʜʨʘʟʠʥʘ ʠ ʄʉʋʅʊ ʧʦʜ ʚʣʠʷʥʠʝʤ ʢʨʝʤʥʠʝʚʦʡ 

ʢʠʩʣʦʪʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 290-612ʂ ʥʘʟʳʚʘʝʪʩʷ ʜʠʬʝʨʝʥʩʠʘʣʥɹʳʤ ʩʢʘʥʠʨʫʶʱʠʤ ʢʘʣʦʨʠʤʝʪʨʦʤ 

(ɼʉʂ) [1, ʩ. 66]. ʆʰʠʙʢʠ ʚ ʠʟʤʝʨʝʥʠʠ ʪʝʧʣʦʝʤʢʦʩʪʠ ʧʨʠ ɼʉʂ ʦʙʳʯʥʦ ʦʮʝʥʠʚʘʶʪʩʷ ʚ 1,5-3,5% [2, 

ʩ. 145]. 

ʆʧʨʝʜʝʣʝʥʠʝ ʪʝʧʣʦʝʤʢʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʩʢʘʥʠʨʫʶʱʝʛʦ ʢʘʣʦʨʠʤʝʪʨʘ 

ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʪʦʯʥʳʤ, ʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʩʝʛʦ ʥʝʩʢʦʣʴʢʦ ʤʠʣʣʠʛʨʘʤʤʦʚ, ʘ ʪʝʩʪʠʨʫʝʤʳʝ ʦʙʨʘʟʮʳ 

ʠʤʝʶʪ ʨʘʟʣʠʯʥʫʶ ʥʘʩʳʧʥʫʶ ʧʣʦʪʥʦʩʪʴ ʠ ʧʨʠʚʦʜʷʪ ʢ ʙʦʣʝʝ ʥʠʟʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʝʧʣʦʚʦʛʦ 

ʧʦʪʦʢʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʩʢʘʞʝʥʠʶ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʈʘʩʩʤʦʪʨʠʤ ʪʝʧʝʨʴ ʠʟʤʝʥʝʥʠʝ ʫʜʝʣʴʥʦʡ ʠʟʦʙʘʨʥʦʡ ʪʝʧʣʦʝʤʢʦʩʪʠ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʳʭ 

ʩʠʩʪʝʤ, ʥʘʥʦʧʦʨʦʰʢʘ ʛʦʨʪʝʥʟʠʠ ʠ ʤʥʦʛʦʩʣʦʡʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʢʨʝʤʥʠʝʚʦʡ ʢʠʩʣʦʪʳ. ʊʨʦʡʥʘʷ ʩʠʩʪʝʤʘ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʢʦʤʧʦʥʝʥʪʦʚ: ʛʠʜʨʘʟʠʥʘ, ʢʨʝʤʥʠʝʚʘʷ 

ʢʠʩʣʦʪʘ ʠ ʤʥʦʛʦʩʣʦʡʥʦʡ ʫʛʣʝʨʦʜʥʦʡ ʥʘʥʦʪʨʫʙʢʠ [1-8]. ɺ ʪʘʙʣʠʮʝ 1 ʤʳ ʨʘʟʜʝʣʠʣʠ ʵʪʠ 

ʢʦʤʧʦʥʝʥʪʳ ʥʘ ʰʝʩʪʴ ʬʘʥʪʦʤʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ. 

ʊʘʙʣʠʮʘ 1 

ʆʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʤʝʩʝʡ ʠʩʩʣʝʜʫʝʤʳʭ 

ʦʙʨʘʟʮʦʚ 
 

 

ʆʙʨʘʟʝʮ 
ʆʙʱʘʷ 

ʤʘʩʩʘ 

˚ὛὭὕ ὔὌ  ʄʉʋʅʊ 

m, ʛ n, % m, ʛ n, % m, ʛ n, % 

1 26,0 20 76,90 5 19,30 1,0 3,80 

2 36,2 25 69,06 10 27,62 1,2 3,32 

3 46,5 30 64,52 15 32,26 1,5 3,22 

4 56,7 35 61,73 20 35,27 1,7 3,00 
 

 

ɼʣʷ ʨʘʩʯʝʪʘ ʪʝʧʣʦʝʤʢʦʩʪʠ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ ʩʠʩʪʝʤʳ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʢʨʝʤʥʠʝʚʦʡ 

ʢʠʩʣʦʪʳ ʤʝʪʦʜʦʤ ɼʉʂ ʥʝʦʙʭʦʜʠʤʳ ʜʘʥʥʳʝ ʦ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʝʝ ʢʦʤʧʦʥʝʥʪʦʚ. ʄʳ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʵʪʠ ʜʘʥʥʳʝ ʠʟ [9, ʩ. 23, 107ï110] ʚ ʢʘʯʝʩʪʚʝ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʪʝʧʣʦʝʤʢʦʩʪʠ ʚʩʝʭ ʢʦʤʧʦʥʝʥʪʦʚ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ ʩʠʩʪʝʤʳ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʘʜʜʠʪʠʚʥʳʡ ʤʝʪʦʜ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʝʤʢʦʩʪʠ 

ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ ʩʠʩʪʝʤʳ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʘʜʜʠʪʠʚʥʳʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʧʣʦʝʤʢʦʩʪʠ 

ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ ʩʠʩʪʝʤʳ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʦʨʤʝ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 

˞̑ Î# Î# Î# ,       
ˑ̇

̋Ͻ̠̄
                                                        (1) 

 

ɿʜʝʩʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʠʜʨʘʟʠʥʘ, ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʠ ʤʥʦʛʦʩʣʦʡʥʳʭ 

ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ (ʄʉʋʅʊ) ÎȟÎȟÎ, ʘ #ȟ#ȟ# - ʫʜʝʣʴʥʳʝ ʪʝʧʣʦʝʤʢʦʩʪʠ ʥʘʥʦʧʦʨʦʰʢʘ 

ʛʠʜʨʘʟʠʥʘ, ʢʨʝʤʥʠʝʚʦʡ ʢʠʩʣʦʪʳ ʠ ʤʥʦʛʦʩʣʦʡʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ. ʂʨʦʤʝ ʪʦʛʦ, ʠʟʦʙʘʨʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ, ʭʘʨʘʢʪʝʨʥʘʷ ʜʣʷ ʠʩʩʣʝʜʫʝʤʦʡ 

ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ ʩʠʩʪʝʤʳ, ʧʦʢʘʟʘʥʘ ʛʨʘʬʠʯʝʩʢʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʘ ʨʠʩʫʥʢʘʭ 1-4 ʠ ʚ 

ʪʘʙʣʠʮʘʭ 2-4. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʧʝʨʚʦʛʦ ʦʙʨʘʟʮʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 



17 
 

ʊʘʙʣʠʮʘ 2 

ʀʟʤʝʥʝʥʠʝ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʸʤʢʦʩʪʠ ʪʝʨʥʘʨʥʳʭ ʩʠʩʪʝʤ ʧʝʨʚʦʛʦ ʦʙʨʘʟʮʘ (76,90% 

ὌὛὭὕ+19,30%ὔὌ+3,80%ʄʉʋʅʊ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨ r
 

ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ 

ʆʧʳʪ ˉ1 ʆʧʳʪ ˉ2 ʆʧʳʪ ˉ3 

ʊ,ʂ ˞̑ȟ
ˑ̇

̋ Ͻ̠̄
 ʊ,ʂ ˞̑ȟ

ˑ̇

̋ Ͻ̠̄
 ʊ,ʂ ˞̑ȟ

ˑ̇

̋ Ͻ̠̄
 ʊ,ʂ ˞̑ȟ

ˑ̇

̋ Ͻ̠̄
 ʊ,ʂ ˞̑ȟ

ˑ̇

̋ Ͻ̠̄
 ʊ,ʂ ˞̑ȟ

ˑ̇

̋ Ͻ̠̄
 

300 2089 550 4334 296 2045 535 4202 281 1947 529 4140 

308 2140 556 4408 296 2045 548 4342 281 1947 549 4340 

332 2307 562 4474 305 2100 562 4470 292 2015 563 4484 

356 2476 570 4542 330 2301 575 4588 325 2258 578 4640 

366 2568 580 4652 360 2505 586 4718 358 2497 591 4765 

366 2568 585 4718 392 2764 598 4841 380 2663 604 4898 

365 2554 593 4786 426 3097 606 4912 405 2892 614 4990 

365 2554 600 4854 459 3388 616 5011 433 3300 622 5096 

370 2733 605 4920 490 3726 622 5096 468 3499 630 5366 

550 4211 612 4966 513 3955   501 3842   
 

ʊʘʙʣʠʮʘ 2 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨ rʦʪ 300ʂ ʜʦ 612ʂ, ʩʦʛʣʘʩʥʦ 

ʧʝʨʚʦʤʫ ʵʢʩʧʝʨʠʤʝʥʪʫ ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 58%, ʩʦʛʣʘʩʥʦ ʚʪʦʨʦʤʫ 

ʵʢʩʧʝʨʠʤʝʥʪʫ, ʝʩʣʠ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʳʰʘʝʪʩʷ ʦʪ 296ʂ ʜʦ 622ʂ, ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʸʤʢʦʩʪʴ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 60,8%,  ʧʦ ʪʨʝʪʴʝʤʫ ʦʧʳʪʫ ʟʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠʟʤʝʥʷʷʩʴ ʦʪ 281ʂ ʜʦ 630ʂ, 

ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 64,8%. ʕʪʠ ʷʚʣʝʥʠʷ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʝʤ, ʯʪʦ ʫʜʝʣʴʥʘʷ 

ʪʝʧʣʦʝʤʢʦʩʪʴ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ ʩʠʩʪʝʤʳ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʝʤʢʦʩʪʠ 

ʦʩʥʦʚʥʳʭ ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʨʦʰʢʦʚ ʠ ʜʦʙʘʚʦʢ. ɿʥʘʯʝʥʠʝ ʫʜʝʣʴʥʦʡ ʠʟʦʙʘʨʥʦʡ 

ʪʝʧʣʦʝʤʢʦʩʪʠ ˞̑ ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1, ʚ ʢʦʪʦʨʦʤ 

ʦʪʨʘʞʘʝʪʩʷ ʪʠʧ ʠʟʤʝʥʝʥʠʷ ˞̑ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. 

 

 
ʈʠʩʫʥʦʢ 1. ʀʟʤʝʥʝʥʠʝ ʫʜʝʣʴʥʦʡ ʠʟʦʙʘʨʥʦʡ ʪʝʧʣʦʸʤʢʦʩʪʠ ʪʝʨʥʘʨʥʳʭ ʩʠʩʪʝʤ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ. ʈʷʜ 1 - 

ʦʧʳʪ ˉ1; ʈʷʜ 2 - ʦʧʳʪ ˉ2; ʈʷʜ 3 - ʦʧʳʪ ˉ3 
 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 2, ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʩʤʝʩʝʡ: ʥʘʥʦʧʦʨʦʰʢʘ ʛʠʜʨʘʟʠʥʘ ʠ ʤʥʦʛʦʩʣʦʡʥʳʭ 

ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʨʝʤʥʠʝʚʦʡ ʢʠʩʣʦʪʳ ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ. ʀʟ ʨʠʩʫʥʢʘ 1. ʦʯʝʚʠʜʥʦ, ʯʪʦ ʚ ʵʪʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ 

ʠʥʪʝʨʚʘʣʝ ʪʝʧʣʦʝʤʢʦʩʪʴ ʫʢʘʟʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʣʠʥʝʡʥʦ ʚʦʟʨʘʩʪʘʝʪ ʜʣʷ ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 
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ʊʘʙʣʠʮʘ 3 

ʀʟʤʝʥʝʥʠʝ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʸʤʢʦʩʪʠ ʪʝʨʥʘʨʥʳʭ ʩʠʩʪʝʤ ʧʝʨʚʦʛʦ ʦʙʨʘʟʮʘ (76,90% 

ὌὛὭὕ+19,30%ὔὌ+3,80%ʄʉʋʅʊ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 
 

ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ 

ʆʧʳʪ ˉ1 ʆʧʳʪ ˉ2 ʆʧʳʪ ˉ3 

ʊ,ʂ ˞̑ȟ
ˑ̇

̋ Ͻ̠̄
 ʊ,ʂ ˞̑ȟ

ˑ̇

̋ Ͻ̠̄
 ʊ,ʂ ˞̑ȟ

ˑ̇

̋ Ͻ̠̄
 ʊ,ʂ ˞̑ȟ

ˑ̇

̋ Ͻ̠̄
 ʊ,ʂ ˞̑ȟ

ˑ̇

̋ Ͻ̠̄
 ʊ,ʂ ˞̑ȟ

ˑ̇

̋ Ͻ̠̄
 

608 4943 349 2428 616 5011 344 2400 624 5102 338 2365 

582 4675 343 2390 589 4747 338 2365 593 4790 335 2330 

553 4384 338 2354 555 4398 334 2315 556 4408 331 2305 

523 4074 333 2313 522 4072 329 2293 520 4051 325 2258 

496 3786 328 2282 492 3741 325 2258 493 3770 323 2235 

475 3547 324 2256 468 3478 322 2235 470 3501 320 2219 

454 3344 320 2233 450 3299 318 2214 450 3299 318 2214 

438 3187 318 2210 432 3140 315 2187 439 3206 315 2187 

424 3085 316 2189 418 3012 312 2170 418 3026 312 2170 

411 2951 314 2177 403 2869 310 2151 404 2871 310 2151 

398 2824 312 2165 392 2756 308 2129 391 2756 308 2129 

386 2709 310 2151 382 2676 306 2117 382 2686 298 2073 

378 2641 308 2129 372 2545 304 2105 372 2600 296 2045 

370 2583 306 2117 362 2523 302 2097 364 2546   

362 2523 303 2098 355 2474 300 2086 350 2439   

356 2476 300 2081 348 2426 298 2073 345 2402   
 

ʀʟ ʪʘʙʣʠʮʳ 3 ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 608ʂ ʜʦ 300ʂ ʩʦʛʣʘʩʥʦ ʧʝʨʚʦʤʫ 

ʵʢʩʧʝʨʠʤʝʥʪʫ ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʩʥʠʞʘʝʪʩʷ ʥʘ 57,1%, ʩʦʛʣʘʩʥʦ ʚʪʦʨʦʤʫ ʦʧʳʪʫ, ʢʦʛʜʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʩʥʠʞʘʝʪʩʷ ʩ 616ʂ ʜʦ 293ʂ ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ 60% ʠ ʩʦʛʣʘʩʥʦ 

ʪʨʝʪʴʝʤʫ ʦʧʳʪʫ ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 624ʂ ʜʦ 296ʂ ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʩʥʠʞʘʝʪʩʷ 

ʜʦ 60,8%. ʊʠʧʠʯʥʳʝ ʟʥʘʯʝʥʠʷ ʠʟʦʙʘʨʥʦʡ ʪʝʧʣʦʝʤʢʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ 

ʦʭʣʘʞʜʝʥʠʠ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 2. 

ʀʟ ʨʠʩʫʥʢʘ 2 ʩʣʝʜʫʝʪ, ʯʪʦ ʪʝʧʣʦʝʤʢʦʩʪʴ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ ʩʠʩʪʝʤʳ ʚ ʵʪʦʤ ʠʥʪʝʨʚʘʣʝ 

ʪʝʤʧʝʨʘʪʫʨ ʠʤʝʝʪ ʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ ʫʤʝʥʴʰʝʥʠʷ ʜʣʷ ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʊʝʧʣʦʝʤʢʦʩʪʴ ʵʪʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥʘ ʢʘʢ ʪʝʦʨʝʪʠʯʝʩʢʠ, ʪʘʢ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. ʇʦʵʪʦʤʫ ʤʦʞʥʦ 

ʩʢʘʟʘʪʴ, ʯʪʦ ʩʦʩʪʦʷʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʨʫʰʘʝʪʩʷ ʠʟ-ʟʘ ʩʦʜʝʨʞʘʥʠʷ ʧʨʠʤʝʩʝʡ. ʅʘʰʝʡ ʮʝʣʴʶ ʙʳʣʦ 

ʦʧʨʝʜʝʣʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʠ ʧʦʣʫʯʠʪʴ ʬʠʢʩʠʨʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʝʤʢʦʩʪʠ. 

 
ʈʠʩʫʥʦʢ 2. ʀʟʤʝʥʝʥʠʝ ʠʟʦʙʘʨʥʦʡ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʸʤʢʦʩʪʠ ʪʝʨʥʘʨʥʳʭ ʩʠʩʪʝʤ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ. ʈʷʜ 1 - 

ʦʧʳʪ ˉ1; ʈʷʜ 2 - ʦʧʳʪ ˉ2; ʈʷʜ 3 - ʦʧʳʪ ˉ3. 
 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʦʚ 1ï2, ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ ʩʠʩʪʝʤʳ, ʘ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʜʠʘʧʘʟʦʥʘ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ 

ʪʝʧʣʦʝʤʢʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʣʠʥʝʡʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʜʣʷ ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚʦ ʚʩʝʭ 
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ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʨʘʚʥʦʤʝʨʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ, ʠ ʨʘʚʥʦʤʝʨʥʦ 

ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ. ʕʪʠ ʷʚʣʝʥʠʷ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʝʤ, ʯʪʦ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ 

ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ ʩʠʩʪʝʤʳ ʩʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ ʦʯʝʥʴ ʚʳʩʦʢʘ, ʠ ʵʪʦ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ 

ʙʦʣʴʰʦʛʦ ʩʜʚʠʛʘ ʪʝʧʣʦʝʤʢʦʩʪʠ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ ʩʠʩʪʝʤ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ 

ʫʜʝʣʴʥʦʡ ʠʟʦʙʘʨʥʦʡ ʪʝʧʣʦʝʤʢʦʩʪʠ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤ ʧʦ ʯʝʪʚʸʨʪʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 4. 

ʊʘʙʣʠʮʘ 4 
ʀʟʤʝʥʝʥʠʝ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʸʤʢʦʩʪʠ ʪʝʨʥʘʨʥʳʭ ʩʠʩʪʝʤ ʯʝʪʚʸʨʪʦʛʦ ʦʙʨʘʟʮʘ (61,73% 

ὌὛὭὕ+35,27%ὔὌ+3,00%ʄʉʋʅʊ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 
 

ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ 

ʆʧʳʪ ˉ1 ʆʧʳʪ ˉ2 ʆʧʳʪ ˉ3 

ʊ,ʂ ˞̑ȟ
ˑ̇

̋ Ͻ̠̄
 ʊ,ʂ ˞̑ȟ

ˑ̇

̋ Ͻ̠̄
 ʊ,ʂ ˞̑ȟ

ˑ̇

̋ Ͻ̠̄
 ʊ,ʂ ˞̑ȟ

ˑ̇

̋ Ͻ̠̄
 ʊ,ʂ ˞̑ȟ

ˑ̇

̋ Ͻ̠̄
 ʊ,ʂ ˞̑ȟ

ˑ̇

̋ Ͻ̠̄
 

300 2291 562 4558 300 2284 561 4540 300 2288 536 4308 

308 2344 570 4623 318 2415 569 4627 302 2299 545 4407 

332 2510 580 4725 348 2618 576 4687 310 2355 557 4493 

356 2679 585 4786 377 2838 582 4748 320 2423 567 4593 

366 2766 593 4850 407 3091 589 4832 348 2626 574 4665 

366 2766 600 4915 433 3322 593 4858 377 2838 582 4748 

365 2753 605 4976 459 3549 598 4901 407 3099 588 4805 

365 2753 612 5021 483 3784 601 4926 433 3322 593 4858 

370 2903   503 3982 605 4964 459 3549 599 4903 

550 4197   520 4164 607 4977 474 3693 602 4934 

550 4423   531 4267 609 4998 505 4020 605 4964 

556 4498   543 4380 610 5010 522 4176 608 4995 

    555 4490     610 5010 

ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ 

608 4998 356 2679 590 4828 327 2475 593 4858 332 2510 

582 4748 349 2630 560 4538 324 2456 565 4581 327 2475 

553 4475 343 2592 532 4278 320 2423 529 4247 322 2438 

523 4186 338 2555 496 3917 316 2408 498 3940 319 2423 

496 3918 333 2516 465 3610 312 2370 468 3640 315 2389 

475 3700 328 2483 445 3424 309 2349 444 3405 313 2378 

454 3507 324 2457 420 3217 307 2329 425 3266 309 2349 

438 3360 320 2434 408 3110 306 2321 408 3110 307 2329 

424 3259 316 2393 393 2969 303 2306 392 2944 305 2321 

411 3139 312 2370 380 2868 301 2295 381 2871 303 2306 

398 3015 308 2335 370 2769 300 2283 370 2769 301 2295 

386 2905 306 2321 361 2713 298 2272 361 2713 299 2281 

378 2841 303 2302 351 2656 296 2250 352 2660 298 2272 

370 2784 300 2284 343 2592 295 2246 346 2607 296 2250 

362 2724 297 2259 337 2547   339 2566 295 2246 
 

ʅʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʝʤʢʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʦʩʢʦʣʴʢʫ 

ʵʪʦ ʦʯʝʥʴ ʚʘʞʥʦ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʧʦʨʦʰʢʘ ʷʚʣʷʝʪʩʷ 
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ʩʣʦʞʥʦʡ ʬʫʥʢʮʠʝʡ ʪʝʤʧʝʨʘʪʫʨʳ c  ˞  Ὢ ˟ . ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʣʝʜʫʶʱʝʤʫ: ʚ ʨʘʟʣʠʯʥʳʭ 

ʜʠʘʧʘʟʦʥʘʭ ʪʝʤʧʝʨʘʪʫʨ ʜʣʷ ʥʘʛʨʝʚʘʥʠʷ ʛʘʟʦʚ ʥʘ 1ʂ ʪʨʝʙʫʝʪʩʷ ʨʘʟʣʠʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ. 

ʆʜʥʘʢʦ, ʝʩʣʠ ʚʳʙʨʘʪʴ ʜʦʚʦʣʴʥʦ ʫʟʢʠʡ ʜʠʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ, ʪʦ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʵʪʦʛʦ 

ʫʜʝʣʴʥʳʝ ʪʝʧʣʦʚʳʝ ʢʦʥʩʪʘʥʪʳ (ʪʘʙʣʠʮʘ 3 ʜʣʷ ʪʝʤʧʝʨʘʪʫʨ ʥʠʞʝ 303K). ʇʦ-ʚʠʜʠʤʦʤʫ, ʧʨʠ 

ʫʩʪʨʝʤʣʝʥʠʠ ʜʠʘʧʘʟʦʥʘ ʪʝʤʧʝʨʘʪʫʨ ʜʦ ʥʫʣʷ ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʘʣʴʥʦʡ 

ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʝʤʢʦʩʪʠ ʧʦʨʦʰʢʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʨʘʚʥʦʡ ʥʫʣʶ. ɿʥʘʯʝʥʠʝ ʪʘʙʣʠʮʳ 4 ʚ ʚʠʜʝ 

ʜʠʘʛʨʘʤʤʳ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʘʭ 3-4. 

 

 
 

ʈʠʩʫʥʦʢ 3. ʀʟʤʝʥʝʥʠʝ ʫʜʝʣʴʥʦʡ ʠʟʦʙʘʨʥʦʡ ʪʝʧʣʦʸʤʢʦʩʪʠ ʪʝʨʥʘʨʥʳʭ ʩʠʩʪʝʤ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ. ʈʷʜ 1 - 

ʦʧʳʪ ˉ1; ʈʷʜ 2 - ʦʧʳʪ ˉ2; ʈʷʜ 3 - ʦʧʳʪ ˉ3. 

 

 
 

ʈʠʩʫʥʦʢ 4. ʀʟʤʝʥʝʥʠʝ ʠʟʦʙʘʨʥʦʡ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʸʤʢʦʩʪʠ ʪʝʨʥʘʨʥʳʭ ʩʠʩʪʝʤ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ. ʈʷʜ 1 - 

ʦʧʳʪ ˉ1; ʈʷʜ 2 - ʦʧʳʪ ˉ2; ʈʷʜ 3 - ʦʧʳʪ ˉ3. 
 

 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʝʱʝ ʦʜʥʦʛʦ ʠʩʧʳʪʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʚʳʷʩʥʠʪʴ, ʢʘʢ ʠʟʤʝʥʷʝʪʩʷ ʫʜʝʣʴʥʘʷ 

ʪʝʧʣʦʝʤʢʦʩʪʴ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʳʭ ʩʤʝʩʝʡ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʥʘʥʦʧʦʨʦʰʢʘ ʛʠʜʨʘʟʠʥʘ ʠ ʄʉʋʅʊ 

ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʢʨʝʤʥʠʝʚʦʡ ʢʠʩʣʦʪʳ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʶ.  
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ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 5, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʤʘʩʩʳ ʢʨʝʤʥʠʝʚʦʡ ʢʠʩʣʦʪʳ, ʫʜʝʣʴʥʦʡ 

ʪʝʧʣʦʝʤʢʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʪʝʨʥʘʨʥʳʭ ʩʠʩʪʝʤ ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ.  

ʀʟ ʵʪʦʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ ʠ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ. ʂʨʦʤʝ ʪʦʛʦ, ʯʝʤ ʚʳʰʝ ʟʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʪʝʤ ʚʳʰʝ ʟʥʘʯʝʥʠʝ ʫʜʝʣʴʥʦʡ 

ʪʝʧʣʦʝʤʢʦʩʪʠ. 

 
ʈʠʩʫʥʦʢ 5. ʀʟʤʝʥʝʥʠʝ ʫʜʝʣʴʥʦʡ ʠʟʦʙʘʨʥʦʡ ʪʝʧʣʦʸʤʢʦʩʪʠ ʪʝʨʥʘʨʥʳʭ ʩʠʩʪʝʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʘʩʩʘ 

ʢʨʝʤʥʠʝʚʦʡ ʢʠʩʣʦʪr. 
 

ɿʥʘʯʝʥʠʷ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʝʤʢʦʩʪʠ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ ʩʠʩʪʝʤʳ ʙʦʣʴʰʝ ʟʥʘʯʝʥʠʡ ʫʜʝʣʴʥʦʡ 

ʪʝʧʣʦʝʤʢʦʩʪʠ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʩʦʩʪʘʚ ʧʨʠʤʝʩʠ 

ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤ ʚʣʠʷʝʪ ʥʘ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ ʟʥʘʯʝʥʠʷ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʝʤʢʦʩʪʠ. ʊʘʢʞʝ 

ʤʦʞʥʦ ʩʢʘʟʘʪʴ ʯʪʦ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʤʘʩʩʳ ʢʨʝʤʥʠʝʚʦʡ ʢʠʩʣʦʪʳ, ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʝʤʢʦʩʪʠ 

ʠʩʩʣʝʜʫʝʤʳʭ ʪʝʨʥʘʨʥʳʭ ʩʠʩʪʝʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ.  
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CHANGE IN THE HEAT CAPACITY OF TERNAR MIXTURES UNDER THE INFLUENCE OF 

SILICIC ACID DEPENDING ON TEMPERATURE  
 

This article summarizes data on research and development in the field of thermophysics (studies of specific 

heat capacity) of ternary systems depending on the temperature and mass of silicic acid powder using the scanning 

calorimeter method with a total relative error of 3,5% during heating (cooling), processing experimental data, and 

also based on these data, a graph of the dependence of specific heat capacity on temperature and mass of silicic 

acid was constructed. 
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ʆʇʈɽɼɽʃɽʅʀʗ ʊɽʈʄʆɼʀʅɸʄʀʏɽʉʂʀʍ ʇɸʈɸʄɽʊʈʆɺ  

ʉʆɽɼʀʅɽʅʀʗ ʊʀʇɸ ɸIII  ɺV 
 

ʐʘʨʠʧʦʚ ɸ.ʇ. 

ʂʫʣʷʙʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɸʙʫʘʙʜʫʣʣʘʭʘ ʈʫʜʘʢʠ 
 

ɺ ʥʘʰʠʭ ʨʘʙʦʪʘʭ [1-3] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʝ ʩʦʝʜʠʥʝʥʠʝ ʪʠʧʘ ɸIIIɺV ʷʚʣʷʝʪʩʷ 

ʦʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠ ʠʥʪʝʨʝʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʢʣʘʩʩʘ ʮʠʥʢʦʚʦʡ ʦʙʤʘʥʢʠ (ZnS). ʇʨʠʚʝʜʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ, ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʠ ʪʝʨʤʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʘ 

ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʳ ʥʝʢʦʪʦʨʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʠ. ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʜʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʥʝ ʠʟʫʯʝʥʳ. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ ʧʦʣʫʯʝʥʠʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʦʝʜʠʥʝʥʠʷ ʪʠʧʘ ɸIIIɺV ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʟʤʝʨʝʥʠʷ ʪʝʧʣʦʝʤʢʦʩʪʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʣʠʥʝʡʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ, ʘ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʳ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʝʜʝʣʴʥʳʭ ʟʘʢʦʥʦʚ ʪʝʧʣʦʝʤʢʦʩʪʠ ʠ ʥʝʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ 

ʩʧʝʢʪʨʘ. 

ʄʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ ʩʦʝʜʠʥʝʥʠʷ ʪʠʧʘ ɸIIIɺV ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ ʭʠʤʠʯʝʩʢʠʭ 

ʛʘʟʦʪʨʘʥʩʧʦʨʪʥʳʭ ʨʝʘʢʮʠʠ ʠ ʤʝʪʦʜʦʤ çʟʦʥʥʦʡ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠè (çʟʦʥʥʦʡ ʧʣʘʚʢʠè). 

ʍʠʤʠʯʝʩʢʠʡ, ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ, ʵʣʝʢʪʨʦʥʦʛʨʘʬʠʯʝʩʢʠʡ ʘʥʘʣʠʟʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ 

ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ ʷʚʣʷʶʪʩʷ ʦʜʥʦʬʘʟʥʳʤʠ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʦʝʜʠʥʝʥʠʶ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ɸIIIɺV. ɼʣʷ ʠʟʤʝʨʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʧʣʦʝʤʢʦʩʪʠ 

(ʉʨ) ʚ ʦʙʣʘʩʪʠ 12-300 ʂ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʘʷ ʘʜʠʘʙʘʪʠʯʝʩʢʘʷ 

ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʘʷ ʫʩʪʘʥʦʚʢʘ [4], ʘ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʣʘʩʪʠ (165-670ʂ) ʪʝʧʣʦʤyʢʦʩʪʴ 

ʠʟʤʝʨʷʣʠ ʚ ʘʜʠʘʙʘʪʠʯʝʩʢʦʤ ʢʘʣʦʨʠʤʝʪʨʝ ʩ ʰʘʛʦʤ 8 ʂ [5]. 

ʈʝʰʝʪʦʯʥʘʷ ʪʝʧʣʦʤyʢʦʩʪʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʉʨ~f(ʊ) ʠʟʤʝʨʷʣʠ ʧʨʠ 

ʧʦʩʪʦʷʥʥʦʤ ʜʘʚʣʝʥʠʠ ʢʠʧʝʥʠʷ ʭʦʣʦʜʠʣʴʥʦʛʦ ʘʛʝʥʪʘ ʧʨʠ ʚʘʢʫʫʤʝ ~1,3Ŀ10-3 ʇʘ. ɸʜʠʘʙʘʪʠʟʘʮʠʷ 

ʫʩʣʦʚʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʙʝʩʧʝʯʠʚʘʣʘʩʴ ʧʨʠ ʧʦʤʦʱʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʨʝʛʫʣʷʪʦʨʘ ʪʠʧʘ ʇʈʊ -1 ʠ ʧʨʝʮʠʟʠʦʥʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ ʪʝʤʧʝʨʘʪʫʨʳ ʪʠʧʘ ʇʈʊ - 2ʄ. 

ʊʦʯʥʦʩʪʴ ʧʦʜʜʝʨʞʘʥʠʷ ʨʘʟʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʢʘʣʦʨʠʤʝʪʨʘ ʠ ʰʠʨʤʳ ʨʘʚʥʘ 2,5Ŀ10-4 ʂ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʢʘʣʦʨʠʤʝʪʨʘ ʠʟʤʝʨʷʣʘʩʴ ʧʨʠ ʧʦʤʦʱʠ ʚʳʩʦʢʦʪʦʯʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʦʪʝʥʮʠʦʤʝʪʨʘ 

ʪʠʧʘ ʈ-308 ʩ ʜʚʫʤʷ ʥʘʙʦʨʘʤʠ ʢʦʤʧʝʥʩʠʨʫʶʱʠʭ ʜʝʢʘʜ ʠ ʪʝʨʤʦʤʝʪʨʦʚ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʠʧʘ ʊʉɻ-2 

ʠ ʊʉʇʅ-26. ʊʝʤʧʝʨʘʪʫʨʘ ʠʟʤʝʨʷʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʧʣʘʪʠʥʦʧʣʘʪʠʥʦʨʦʜʠʝʚʦʛʦ ʪʝʨʤʦʧʘʨʘ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʉʪʘʙʠʣʴʥʦʩʪʴ ʧʦʢʘʟʘʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 269 ʂ ʨʘʚʥʘ Ñ 1,5Ŀ10-3 %. 

ʆʙʨʘʟʮʳ ʧʦʤʝʱʘʣʠʩʴ ʚ ʢʘʣʦʨʠʤʝʪʨ ʧʦʩʣʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʠʟʤʝʣʴʯʝʥʠʷ ʩʣʠʪʢʦʚ ʜʦ 

ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ 1,5õ3ʤʤ. ɺ ʠʩʩʣʝʜʫʝʤʦʡ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨʘ ʥʝ ʥʘʙʣʶʜʘʣʘʩʴ ʘʥʦʤʘʣʠʡ 

ʪʝʧʣʦʸʤʢʦʩʪʠ (ʉʨ) ʠ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʘʭ. ʊʝʧʣʦʩʦʜʝʨʞʘʥʠʝ ʠʟʤʝʨʷʣʘʩʴ 

ʤʝʪʦʜʦʤ ʩʤʝʱʝʥʠʷ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 300 õ 765 ʂ ʩ ʰʘʛʦʤ ʥʘ 40-45 ʂ ʚ ʜʚʦʡʥʦʤ 

ʤʠʢʨʦʢʘʣʦʨʠʤʝʪʨʝ ʂʝʣʚʝ [6]. ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʨʤʠʯʝʩʢʦʛʦ ʣʠʥʝʡʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ 

ʪʠʧʘ ɸIII ɺV ʠʟʤʝʨʷʣʠ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 169õ673 ʩ ʰʘʛʦʤ ʥʘ 38õ44 ʂ ʧʦ ʤʝʪʦʜʠʢʝ [5; 7]. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʨʤʠʯʝʩʢʦʛʦ ʣʠʥʝʡʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ (ɓ) 

ʩʦʝʜʠʥʝʥʠʷ ʪʠʧʘ ɸIIIɺV ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1. 

ʊʘʙʣ. 1 

GʘSb  

ʊ, ʂ 160 200 276 323 369 422 469 519 569 625 670 

ɓĿ10-6, ʂ-1 3,38 3,81 4,29 4,74 5,22 6,18 6,52 6,73 6,64 6,83 6,89 

Gʘɸs 

ʊ, ʂ 160 200 276 323 369 422 469 519 569 625 670 

ɓĿ10-6, ʂ-1 3,42 3,83 4,26 4,71 5,19 6,16 6,50 6,71 6,82 6,86 6,92 
 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʠʟʤʝʨʝʥʠʶ ʤʦʣʷʨʥʦʡ ʪʝʧʣʦʸʤʢʦʩʪʠ (ɼʞ./ (ʤʦʣʴ.ʂ. 

4,184)) ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ1. (ʢʨʠʚʳʝ 1,2 - Gʘ Sʚ ʠ 1ǋ, 2ǋ - Gʘ ɸs) ʠ ʪʘʙʣ. 2. 
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ʈʠʩ. 1. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʧʣʦʝʤʢʦʩʪʠ ʉʨ (1) ʠ ʉv (2) GʘSb; (1ǋ ) ʠ ʉv ( 2ǋ ) ï Gʘ ɸs. 

ʊʘʙʣ.  2 

 Gʘ Sb  

 
 

ʂʨʠʚʘʷ ʉʨ~f(ʊ) (ʨʠʩ.1, ʢʨʠʚʳʝ 1,2 ʠ 1ǋ, 2ǋ) ʧʦʟʚʦʣʷʝʪ ʩʦʩʪʘʚʠʪʴ ʪʘʙʣʠʮʫ ʚʳʨʦʚʥʝʥʥʳʭ 

ʟʥʘʯʝʥʠʡ ʪʝʧʣʦʝʤʢʦʩʪʠ ʠ ʧʦʜʩʯʠʪʘʪʴ ʦʩʥʦʚʥʳʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ. ɺʳʨʘʚʥʝʥʠʷ ʟʥʘʯʝʥʠʷ ʪʝʧʣʦʝʤʢʦʩʪʠ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʤʘʢʩʠʤʘʣʴʥʦ ʥʘ 1,6%. 

ʀʟʤʝʥʝʥʠʝ ʵʥʪʘʣʴʧʠʠ ʠ ʵʥʪʨʦʧʠʠ ʚʳʯʠʩʣʷʣʠʩʴ ʧʦ ʬʦʨʤʫʣʘʤ (1) ʯʠʩʣʝʥʥʳʤ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʝʤ ʯʝʨʝʟ 5-6 ʂ ʢʨʠʚʳʭ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ʉʨ / ʊ-ʊ (ʉʨ (ʊ) dʊ ʠ ʉʨ (ʊ) / ʊ dʊ:  

˚˟ ˚ ᷿˞ ̑˟ Ä˟                                               (1) 

Ὓ˟
˞̑˟

ὝÄ˟  

ʊʘʙʣʠʮʘ 3 

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʩʦʝʜʠʥʝʥʠʷ ɸIII  ɺV æʅ=ʅ(ʊ) ò ʅ298,15 ʠ æS=S(ʊ) ò S298,15. 
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Gʘ Sb 

 
 

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʟʥʘʯʝʥʠʷ æʅ~f(ʊ) ʠ æS~f(ʊ) ʚ ʠʥʪʝʨʚʘʣʝ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨ 14 ʂ, ʠʩʧʦʣʴʟʫʷ 

ʠʥʪʝʨʧʦʣʷʮʠʦʥʥʫʶ ʬʦʨʤʫʣʫ ɼʝʙʘʷ [8], ʜʘʥʥʳʝ ʧʦ ʉʨ~f(ʊ) ʵʢʩʪʨʘʧʦʣʠʨʦʚʘʣʠʩʴ ʢ 0 ʂ. 

ʉʪʘʥʜʘʨʪʥʳʝ ʟʥʘʯʝʥʠʷ ʉʨ, æʅ ʠ æS ʩʦʝʜʠʥʝʥʠʷ ʪʠʧʘ ɸIII ɺV ʩʣʝʜʫʶʱʠʝ: ʉʨ 298,15=42,79 

ɼʞ./(ʤʦʣʴ.ʂ. 4,184); æʅ298,15 =(9356Ñ31) ʂɼʞ./(ʤʦʣʴ.ʂ.4,184) ʠ æS298,15=(73,56±0,64) 

ɼʞ./(ʤʦʣʴ. ʂ. 4,184) ʜʣʷ GʘSʚ) ʠ ʉʨ298,15 =42,52 ɼʞ./(ʤʦʣʴ.ʂ.4,184); æʅ 298,15=(9449Ñ26) 

ʂɼʞ./(ʤʦʣʴ. 4,184) ʠ æS298,15 =(74,63Ñ0,04) ɼʞ./(ʤʦʣʴ. ʂ.4,184) ʜʣʷ Gʘɸs). ɼʨʫʛʠʝ ʟʥʘʯʝʥʠʷ 

ʉʨ~f(ʊ), æʅ~f(ʊ) ʠ æS~f(ʊ) ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 2. 
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ʇʦʣʟɹʫʷʩʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʧʦ ʉʨ~f(ʊ), ʚʳʯʠʩʣʷʣʠʩʴ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ɼʝʙʘʷ —ˑ. ʇʨʠ ʵʪʦʤ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ ʅʝʨʥʩʪʘ-ʃʠʥʜʝʤʘʥʘ [9] ʦʧʨʝʜʝʣʷʣʠ ʉV~f(ʊ) 

ʚʳʰʝ 100 ʂ. ʊʘʢ ʢʘʢ ʥʠʞʝ 100ʂ ʉʨòʉV/ʉV<0,5%, ʪʦ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʤʦʞʥʦ 

ʧʨʠʨʘʚʥʷʪʴ ʉʨḙʉV. ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ —ˑ ~f(ʊ) ʧʦ ʟʥʘʯʝʥʠʷʤ ʉV~f(ʊ) ʜʣʷ ʚʩʝʭ ʦʙʨʘʟʦʚ ʟʥʘʯʝʥʠʝ 

ʉV~f(ʊ) ʚʳʨʘʚʥʠʚʘʣʠʩʴ ʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʘʙʣʠʮʳ ɼʝʙʘʷ [10]. ʀʟʤʝʥʝʥʠʷ ʜʝʙʘʝʚʩʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʚʳʯʠʩʣʝʥʥʳʝ ʪʘʢʠʤ ʩʧʦʩʦʙʦʤ, ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2. 

ɼʣʷ ʦʮʝʥʢʠ ʧʨʦʯʥʦʩʪʠ ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ ʚ ʩʦʝʜʠʥʝʥʠʷʭ ʪʠʧʘ ɸIII ɺV ʧʨʠ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ɼʝʙʘʷ ʪʘʢʞʝ ʚʳʯʠʩʣʷʣʠʩʴ ʧʦ ʬʦʨʤʫʣʝ 

ʃʠʥʜʝʤʘʥʘ-ɹʦʨʝʣʣʠʫʩʘ ʠ ɻʨʶʥʘʡʟʝʥʘ [11]. ɿʥʘʯʝʥʠʷ —ˑ~f(ʊ), ʦʧʨʝʜʝʣʝʥʥʳʝ ʵʪʠʤʠ ʜʚʫʤʷ 

ʩʧʦʩʦʙʘʤʠ, ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ —ˑ ȟ =254Ñ5) ʂ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ (ʜʣʷ Gʘ Sb) ʠ 

(—ˑ ȟ==263Ñ5) ʂ ʚʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ (ʜʣʷ Gʘɸs). 

 

 
ʈʠʩ. 2. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ɼʝʙʘʷ ʩʦʝʜʠʥʝʥʠʡ Gʘ 

Sb (1) ʠ Gʘɸs (2). 

ɺ ʩʪʘʥʜʘʨʪʥʳʭ ʟʥʘʯʝʥʠʷʭ ʵʥʪʘʣʴʧʠʠ (æH) ʠ ʵʥʪʨʦʧʠʠ (æS) ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ʪʠʧʘ ɸIIIɺV 

(ʪʘʙʣ.2) ʙʳʣʠ ʫʯʪʝʥʳ ʜʦʣʠ ʵʥʪʘʣʴʧʠʠ ʠ ʵʥʪʨʦʧʠʠ ʥʠʞʝ ʧʨʝʜʝʣʘ ʠʟʤʝʨʝʥʠʷ (15ʂ). ʇʨʠ ʵʪʦʤ 

ʟʥʘʯʝʥʠʷ ʵʪʠʭ ʚʝʣʠʯʠʥ ʧʦʣʫʯʝʥʳ ʠʟ ʵʢʩʪʨʘʧʦʣʠʨʦʚʘʥʥʦʡ ʢʨʠʚʦʡ ʉʨ~f(ʊ), ʠ ʉV~f(ʊ)ʂ 0 ʂ 

(ʩʤ.ʨʠʩ.1). ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʦʚʘʣʠ ʬʦʨʤʫʣʫ [10] ʠ —ˑ= 168 ʂ. (ʜʣʷ GʘSb) ʠ —ˑ=170 ʂ (ʜʣʷ Gʘɸs). 

ɿʥʘʯʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ɼʝʙʘʷ ʠ —ˑ ʧʦʟʚʦʣʠʣʠ ʨʘʩʩʯʠʪʘʪʴ ʉV~(ʊ) ʧʦ 

ʟʘʢʦʥʫ ɼʝʙʘʷ, ʘ ʧʦ ʜʘʥʥʳʤ ʉʨ~f(ʊ) ʠ ʉV~f(ʊ) (ʩʤ.ʨʠʩ.1) ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʚʢʣʘʜ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʝʧʣʦʝʤʢʦʩʪʠ ʩʚʷʟʘʥʥʦʛʦ ʩ ʪʝʨʤʠʯʝʩʢʠʤ ʨʘʩʰʠʨʝʥʠʝʤ GʘSb ʠ Gʘɸs (ʉd~f(ʊ) (ʪʘʙʣ. 2). 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʉV~f(ʊ) ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1 (ʢʨʠʚʳʝ 2 ʠ 2ǋ) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʷ 

GʘSb ʠ Gʘɸs). 

ʀʟ ʦʧʨʝʜʝʣʝʥʥʳʭ ʚʳʰʝ ʟʥʘʯʝʥʠʠ ʉʨ~f(ʊ), ʠ ʉV~f(ʊ) (ʨʠʩ. 1) ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʚ 

ʦʪʜʝʣʴʥʦʩʪʠ ʧʦʚʝʜʝʥʠʝ ʪʝʧʣʦʝʤʢʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ ʪʠʧʘ ɸIII ɺV ʚ ʢʘʞʜʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ 

ʠʥʪʝʨʚʘʣʝ. ɺʢʣʶʯʘʷ ʵʢʩʪʨʘʧʦʣʠʨʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʷ ʉʨ~f(ʊ), ʠ ʉV~f(ʊ) ʂ 0 ʂ ʚ ʠʥʪʝʨʚʘʣʝ 0õ178 

ʂ, ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʧʣʦʝʤʢʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʦʧʠʩʳʚʘʝʪʩʷ ʢʫʙʠʯʝʩʢʠʤ ʟʘʢʦʥʦʤ (ʉʨ= ʊ3) 

—ˑ=169ʂ); ʚ ʦʙʣʘʩʪʠ 178õ460ʂ ʢʚʘʜʨʘʪʠʯʥʳʤ ʟʘʢʦʥʦʤ ʉʨ~f( ʊ2), ʘ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ 

ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʝʧʝʥʥʳʡ ʧʝʨʝʭʦʜ ʚ ʣʠʥʝʡʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ (ʉʨ~f(ʊ). 

ʇʦʯʪʠ ʪʘʢʠʝ ʞʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠʤʝʶʪ ʤʝʩʪʦ ʜʣʷ ʉV~f(ʊ) (ʨʠʩ.1). ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʟʘʢʦʥʦʤ ʉ~f(ʊ3), 

ʉ~f(ʊ2) ʠ ʉ~f(ʊ) ʜʣʷ ʉV~f(ʊ) ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʧʨʘʚʝʜʣʠʚʦʩʪʴ ʪʝʦʨʠʠ [12], ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʪʘʢʦʡ 

ʭʦʜ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʧʣʦʝʤʢʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʫʩʣʦʚʣʝʥ ʚʦʣʥʘʤʠ ʠʟʛʠʙʘ ʟʘʢʦʥ ʜʠʩʧʝʨʩʠʠ 

ʢʦʪʦʨʳʭ ͯ Æ̋  (ʛʜʝ .(ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ, ʢ - ʚʦʣʥʦʚʦʡ ʚʝʢʪʦʨ  
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʅɽʂʆʊʆʈʓʍ ʄɽʍɸʅʀʏɽʉʂʀʍ ʉɺʆʁʉʊɺ ʀ 

ʊɽʇʃʆʇʈʆɺʆɼʅʆʉʊʀ ʂʆʄʇʆɿʀʊʆɺ 

ʅɸʅʆɻʀɹʈʀɼ (ʕʇʆʂʉʀɼʅɸʗ ʉʄʆʃɸ/TiO2-ZnO) 
  

ʉʘʠʜʟʦʜʘ ʄ.ʄ. (ɻʫʣʦʤʦʚ ʄ.ʄ.) 

 ʊʝʭʥʠʯʝʩʢʦʛʦ ʢʦʣʣʝʜʞʘ ʊʊʋ ʠʤʝʥʠ ʘʢʘʜ. ʄ.ʉ. ʆʩʠʤʠ, ʛ. ɼʫʰʘʥʙʝ, ʊʘʜʞʠʢʠʩʪʘʥ  

 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠ ʧʨʦʤʳʰʣʝʥʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ʪʨʝʙʫʶʪ ʄʘʪʝʨʠʘʣʳ, 

ʢʦʪʦʨʳʝ ʩʦʯʝʪʘʶʪ ʚ ʩʝʙʝ ʦʪʣʠʯʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʥʝʜʦʩʪʫʧʥʳ ʚʤʝʩʪʝ ʚ 

ʦʜʥʦʤ ʤʘʪʝʨʠʘʣʝ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʪʘʢʠʝ ʢʘʢ ʤʝʪʘʣʣʳ, ʢʝʨʘʤʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʠ 

ʧʦʣʠʤʝʨʳ. ʅʘʢʣʘʜʢʠ ʚ ʮʝʣʦʤ ʠ ʥʘʥʦʢʦʤʧʦʟʠʪʳ ʥʘ ʧʦʣʠʤʝʨʥʦʡ ʦʩʥʦʚʝ ʚ ʮʝʣʦʤ ʉʧʝʮʠʘʣʴʥʳʝ, 

ʧʝʨʝʜʦʚʳʝ ʤʘʪʝʨʠʘʣʳ, ʧʦʣʫʯʠʚʰʠʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʀʥʞʝʥʝʨʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʧʨʠʣʦʞʝʥʠʷ ʚʦ ʚʩʝʭ ʩʬʝʨʘʭ ʞʠʟʥʠ ʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʪʘʢʠʭ ʢʘʢ ʠʟʛʦʪʦʚʣʝʥʠʝ ʜʝʪʘʣʝʡ 

ʢʦʥʩʪʨʫʢʮʠʡ ʘʚʪʦʤʦʙʠʣʝʡ ʠ ʩʘʤʦʣʝʪʦʚ ʠ ʚ ʦʙʣʘʩʪʠ. ʆʨʪʦʧʝʜʠʷ, ʩʪʦʤʘʪʦʣʦʛʠʷ, ʣʦʧʘʩʪʠ ʚʝʪʨʷʥʳʭ 

ʤʝʣʴʥʠʮ ʠ ʥʝʢʦʪʦʨʳʝ ʢʦʤʧʦʥʝʥʪʳ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʦʨʪʘʪʠʚʥʳʡ ʢʦʤʧʴʶʪʝʨ, ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ 

ʤʝʭʘʥʠʯʝʩʢʠʤ ʠ ʬʠʟʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ. ʍʦʨʦʰʘʷ ʠ ʥʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʧʣʘʚʘʤʠ, 

ʤʝʪʘʣʣʘʤʠ ʠ ʜʨʫʛʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ [1, 2]. ʌʦʨʤʘ ʠ ʨʘʟʤʝʨ ʜʦʙʘʚʣʝʥʥʳʭ ʯʘʩʪʠʮ ʠ ʩʧʦʩʦʙ ʠʭ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʦʩʥʦʚʥʦʤ ʤʘʪʝʨʠʘʣʝ ʧʦʤʠʤʦ ʧʣʦʱʘʜʠ ʠʥʪʝʨʬʝʡʩʘ ʠ ʭʘʨʘʢʪʝʨʘ 

ʚʟʘʠʤʦʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ ʠ ʚʝʱʝʩʪʚʦʤ. ɺ ʦʩʥʦʚʥʦʤ ʚʩʝ ʦʥʠ ʷʚʣʷʶʪʩʷ ʬʘʢʪʦʨʘʤʠ, 

ʚʣʠʷʶʱʠʤʠ ʥʘ ʢʦʥʝʯʥʳʝ ʩʚʦʡʩʪʚʘ ʥʘʧʣʘʚʣʷʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ [3]. ʂʦʤʧʦʟʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ ï ʵʪʦ 

ʤʘʪʝʨʠʘʣʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʜʚʫʭ ʠʣʠ ʙʦʣʝʝ ʚʝʱʝʩʪʚ. ʏʪʦʙʳ ʧʦʣʫʯʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʦʙʣʘʜʘʣ 

ʣʫʯʰʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʯʝʤ ʩʚʦʡʩʪʚʘ ʚʭʦʜʷʱʠʭ ʚ ʥʝʛʦ ʤʘʪʝʨʠʘʣʦʚ ʝʛʦ ʩʪʨʫʢʪʫʨʘ, ʢʘʢ ʝʩʣʠ ʙʳ 

ʢʘʞʜʦʝ ʚʝʱʝʩʪʚʦ ʙʳʣʦ ʫʥʠʢʘʣʴʥʳʤ ʜʣʷ ʩʝʙʷ [4]. ʊʨʝʙʫʝʪʩʷ ʧʦʜʛʦʪʦʚʢʘ ʥʘʣʦʞʝʥʥʳʡ ʤʘʪʝʨʠʘʣ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʤʝʞʜʫ ʦʩʥʦʚʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʠ ʣʶʙʳʤ ʠʟ ʩʦʝʜʠʥʝʥʠʡ ʥʝ ʧʨʦʠʩʭʦʜʠʪ 

ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ, ʘʨʤʠʨʫʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʩʦʭʨʘʥʷʪʴ ʩʚʦʠ ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʧʨʠ ʵʪʦʤ 

ʦʥʠ ʫʥʠʢʘʣʴʥʳ, ʪʘʢ ʢʘʢ ʩʚʦʡʩʪʚʘ ʥʘʣʦʞʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʟʘʚʠʩʠʪ ʦʪ ʩʚʦʡʩʪʚ ʝʛʦ ʢʦʤʧʦʥʝʥʪʦʚ, ʠʭ 

ʢʦʣʠʯʝʩʪʚʘ ʠ ʛʝʦʤʝʪʨʠʠ, (ʬʦʨʤʘ ʯʘʩʪʠʮ ʤʘʪʝʨʠʘʣʘ ʥʦʩʠʪʝʣʷ, ʠʭ ʨʘʟʤʝʨ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠ 

ʥʘʧʨʘʚʣʝʥʠʝ), ʢʘʢ ʧʦʢʘʟʘʥʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʦʛʦ, ʯʪʦ ʥʝʦʜʥʦʨʦʜʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʥʦʯʘʩʪʠʮ 

ʚʥʫʪʨʠ ʤʘʪʝʨʠʘʣʘ. ɻʨʫʥʪʦʚʢʘ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʷʚʥʦʤʫ ʫʣʫʯʰʝʥʠʶ ʥʝʢʦʪʦʨʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʠ ʬʠʟʠʢʘ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ [2]. ʍʦʪʷ ʤʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʘʚʥʦʤʝʨʥʘʷ, 

ʛʦʤʦʛʝʥʥʘʷ ʜʠʬʬʫʟʠʷ ʢʝʨʘʤʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮ ʚ ʧʦʣʠʤʝʨʝ (ʙʘʟʦʚʳʡ ʤʘʪʝʨʠʘʣ) ʧʨʠʚʝʣʦ ʢ 

ʷʚʥʦʤʫ ʫʣʫʯʰʝʥʠʶ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʬʠʟʠʢʘ ʩʫʧʝʨʧʦʟʠʮʠʡ [5]. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʯʘʩʪʴ 

1- ʀʩʧʦʣʴʟʫʝʤʳʝ ʤʘʪʝʨʠʘʣʳ  

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʵʧʦʢʩʠʜʥʘʷ ʩʤʦʣʘ. 

ʇʦʣʠʤʝʨʥʳʡ ʪʝʨʤʦʨʝʘʢʪʠʚʥʳʡ ʤʘʪʝʨʠʘʣ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʞʠʜʢʦʩʪʴ ʧʨʦʟʨʘʯʥʳʡ, ʝʛʦ 

ʧʣʦʪʥʦʩʪʴ ḗ 1,03 ʩʤ/ʛ, ʩʨʝʜʥʝʡ ʚʷʟʢʦʩʪʠ, ʦʙʣʘʜʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴʶ ɸʜʛʝʟʠʷ, ʥʠʟʢʘʷ ʫʩʘʜʢʘ, 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʨʘʙʦʪʢʠ ʚ ʪʚʝʨʜʦʝ ʩʦʩʪʦʷʥʠʝ ʜʦʙʘʚʣʷʷ ʩʦʙʩʪʚʝʥʥʳʡ ʦʪʚʝʨʜʠʪʝʣʴ (Hardener) ʚ 

ʧʨʦʧʦʨʮʠʠ (2:1) 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʥʠʤʠ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʣʘʙʦʨʘʪʦʨʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɹʳʣ ʠʩʧʦʣʴʟʦʚʘʥ 

ʚʪʦʨʦʡ ʧʦʨʦʰʦʢ. ʅʘʥʦʦʢʩʠʜ ʪʠʪʘʥʘ (nanoTiO) ʠ ʥʘʥʦʦʢʩʠʜ ʮʠʥʢʘ (nanoZnO) ʠ ʜʚʘ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʤʘʪʝʨʠʘʣʘ ʯʠʩʪʦʪʦʡ (99,0%). ʦʪ Inc. Nanomaterials (Spring Sky) ʠʟ ɸʤʝʨʠʢʠ, ɸʨʤʠʨʦʚʘʥʠʝ 

ʤʘʪʝʨʠʘʣʦʚ. ʠ ʧʦʣʴʟʫʡʩʷ ʣʦʩʴʦʥʦʤ ʨʘʟʙʘʚʴʪʝ HCl ʜʚʫʤʷ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ (N0,5) ʠ (N1) ʚ ʢʘʯʝʩʪʚʝ 

ʠʤʤʝʨʩʠʦʥʥʦʡ ʩʨʝʜʳ. 

2 ʇʦʜʛʦʪʦʚʢʘ ʥʘʢʣʘʜʦʢ 

ʀʩʧʦʣʴʟʦʚʘʣʘʩʴ ʨʫʯʥʘʷ ʪʝʭʥʠʢʘ ʬʦʨʤʦʚʘʥʠʷ ʚʚʝʨʭ-ʫʢʣʘʜʢʘ. 

ʇʨʠ ʧʨʠʛʦʪʦʚʣʝʥʠʠ ʪʨʝʭ ʢʦʤʧʦʟʠʪʦʚ: (2TiO+Ep) ʠ (ZnO+Ep) ʢʦʤʧʦʟʠʪ ɻʠʙʨʠʜ 

[(ZnO2+TiO(+Ep]), ʠ ʩʦʦʪʥʦʰʝʥʠʝ ʜʦʙʘʚʣʝʥʠʷ ʩʦʩʪʘʚʣʷʣʦ .wt2%. 

ʐʘʙʣʦʥʳ ʙʳʣʠ ʧʨʦʙʠʪʳ ʩʦʝʜʠʥʝʥʠʷ ʧʦʜʚʝʨʛʘʣʠ ʥʝʦʙʭʦʜʠʤʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ, 

ʚʨʝʤʷ ʧʦʠʩʢʘ ʩʦʛʣʘʩʥʦ ʩʪʘʥʜʘʨʪʥʳʤ ʩʧʝʮʠʬʠʢʘʮʠʷʤ (ASTM). 

3 ʀʩʧʳʪʘʥʠʷ 

1-3 ʀʩʧʳʪʘʥʠʝ ʥʘ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʞʘʪʠʶ 

ʀʩʧʳʪʘʥʠʝ ʥʘ ʧʨʦʯʥʦʩʪʴ ʧʨʦʯʥʦʩʪʴ ʥʘ ʩʞʘʪʠʝ ï ʵʪʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʢʦʪʦʨʦʝ 

ʤʦʞʝʪ ʚʳʜʝʨʞʘʪʴ ʤʘʪʝʨʠʘʣ ʪʚʝʨʜʦʝ ʧʦʜ ʚʝʨʪʠʢʘʣʴʥʳʤ ʜʘʚʣʝʥʠʝʤ. ʇʨʦʯʥʦʩʪʴ ʥʘ ʩʞʘʪʠʝ ʤʦʞʝʪ 

ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʘ ʦʪ ʦʪʥʦʰʝʥʠʷ (1) 
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ʇʨʦʯʥʦʩʪʴ ʥʘ ʩʞʘʪʠʝ (ʄʇʘ): C.S. 

P: ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʨʠʣʘʛʘʝʤʘʷ ʥʘʛʨʫʟʢʘ (ʅ). 

A: ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ (ʤʤ). 

 

ʇʨʦʯʥʦʩʪʴ ʢʦʤʧʦʟʠʪʘ ʥʘ ʩʞʘʪʠʝ ʧʨʦʚʝʨʷʣʠ ʩ ʧʦʤʦʱʴʶ ʧʦʨʰʥʷ. 

ɻʠʜʨʘʚʣʠʯʝʩʢʠʡ ʪʠʧ ).36110No Harris Bold Ley) ʠ ʩʘʨʘʡ ʠʟʤʝʥʝʥʠʝ ʜʣʠʥʳ ʙʝʩʩʠʣʴʥʳʡ ʘ ʥʘ 

ʦʙʨʘʟʮʝ ʧʦʩʪʝʧʝʥʥʦ, ʧʦʢʘ ʥʝ ʚʳʡʜʝʪ ʠʟ ʩʪʨʦʷ (ʆʪʢʣʦʥʝʥʠʝ). ʄʘʢʩʠʤʘʣʴʥʘʷ ʥʘʛʨʫʟʢʘ, ʢʦʪʦʨʫʶ 

ʤʦʞʝʪ ʚʳʜʝʨʞʘʪʴ ʦʙʨʘʟʝʮ (ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ), ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʘʢʩʠʤʘʣʴʥʫʶ ʟʥʘʯʝʥʠʝ ʝʛʦ 

ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʞʘʪʠʝ ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʫʨʘʚʥʝʥʠʶ (1), ʘ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ ʛʨʘʬʠʢʠ ʤʝʞʜʫ 

ʧʨʠʣʦʞʝʥʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ ʠ ʨʝʟʫʣʴʪʠʨʫʶʱʝʡ ʜʝʬʦʨʤʘʮʠʝʡ, ʫʩʪʘʥʦʚʣʝʥ ʢʦʵʬʬʠʮʠʝʥʪ ʖʥʛʘ ʥʘ 

ʩʞʠʤʘʝʤʦʩʪʴ [6]. 2-3 ʀʩʧʳʪʘʥʠʝ ʥʘ ʪʚʝʨʜʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ: ʀʩʧʳʪʘʥʠʝ ʥʘ ʪʚʝʨʜʦʩʪʴ 

ʧʦʚʝʨʭʥʦʩʪʠ. 

ʇʦʚʝʨʭʥʦʩʪʥʫʶ ʪʚʝʨʜʦʩʪʴ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʧʨʦʚʝʨʷʣʠ ʤʝʪʦʜʦʤ (D Shore). 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʫʩʪʨʦʡʩʪʚʘ (Hardness Duroment), ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʚ ʢʦʤʧʘʥʠʠ Ing Group Time.) 

ʕʪʦ ʨʫʯʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʠʩʧʦʣʴʟʫʝʤʦʝ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʪʚʝʨʜʦʩʪʠ. ʊʚʝʨʜʳʝ ʧʣʘʩʪʠʢʠ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʵʧʦʢʩʠʜʥʳʝ ʩʤʦʣʳ [7]. ʀ ʚ ʫʩʪʨʦʡʩʪʚʝ ʝʩʪʴ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʩʰʠʚʘʥʠʷ ʪʦʯʢʘ, ʢʦʪʦʨʘʷ ʚʞʠʚʣʷʝʪʩʷ 

ʚ ʧʦʚʝʨʭʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʧʫʪʝʤ ʥʘʞʘʪʠʷ ʥʘ ʫʩʪʨʦʡʩʪʚʦ ʩ ʫʯʝʪʦʤ ʩʰʠʚʘʶʱʠʡ ʠʥʩʪʨʫʤʝʥʪ ʜʦʣʞʝʥ 

ʧʦʣʥʦʩʪʴʶ ʩʦʧʨʠʢʘʩʘʪʴʩʷ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʦʙʨʘʟʮʘ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ. ɹʫʜʴʪʝ ʪʦʯʥʳ. ʀ 

ʧʦʚʪʦʨʷʝʤ ʧʨʦʮʝʩʩ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʚ ʨʘʟʥʳʭ ʤʝʩʪʘʭ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʝʮ ʠ, ʚʟʷʚ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 

ʧʦʢʘʟʘʥʠʡ, ʦʧʨʝʜʝʣʷʶʪ ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʪʚʝʨʜʦʩʪʴ ʤʘʪʝʨʠʘʣʘ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʧʦʢʘʟʘʪʝʣʴ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʩʪʫʧʘ). ʢʦʣʠʯʝʩʪʚʦ ʮʘʨʘʧʠʥ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ). 

3-3 ʇʨʦʚʝʨʢʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ: 

ʏʪʦʙʳ ʫʩʪʘʥʦʚʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ (K) ʜʣʷ ʤʦʜʝʣʝʡ ʩʫʧʝʨʧʦʟʠʮʠʠ, ʤʳ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ Disk s'Lee, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʩʪʨʦʡʩʪʚʦ, ʠʩʧʦʣʴʟʫʝʤʦʝ ʚ 

ʦʧʨʝʜʝʣʝʥʠʝ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʧʣʦʭʦ ʧʨʦʚʦʜʷʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʫʩʪʨʦʡʩʪʚʦ ʚ ʫʩʪʘʥʦʚʢʝ (George 

& Griffen) ʠ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʜʠʩʢʦʚ (A, B, C). ʀ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʥʘʛʨʝʚʘʪʝʣʴ (ʥʘʛʨʝʚʘʪʝʣʴ) 

ʧʦʜʢʣʶʯʘʶʪ ʢ ʠʩʪʦʯʥʠʢʫ ʧʠʪʘʥʠʷ, ʘ ʦʙʨʘʟʝʮ ʧʦʤʝʱʘʶʪ ʤʝʞʜʫ ʜʚʘ ʜʠʩʢʘ (A, B) ʠ 

ʵʣʝʢʪʨʦʥʘʛʨʝʚʘʪʝʣʴ ʨʘʩʧʦʣʦʞʝʥʳ ʤʝʞʜʫ ʜʚʫʤʷ ʜʠʩʢʘʤʠ (B, C). ʈʘʩʩʯʠʪʘʚ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʘ, 

ʧʨʦʰʝʜʰʝʛʦ ʦʪ ʜʠʩʢʘ (ɺ) ʢ ʜʠʩʢʫ (ɸ) ʯʝʨʝʟ ʠʩʧʳʪʳʚʘʝʤʳʡ ʦʙʨʘʟʝʮ (S) ʂʦʵʬʬʠʮʠʝʥʪ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ (ʂ) ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʠʟ ʜʚʘ ʫʨʘʚʥʝʥʠʷ (3,2) [8]. 

 

 
A, TB ʠ TC: ʪʝʤʧʝʨʘʪʫʨʳ ʜʠʩʢʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (CÁ) ʠ (e) ʧʨʝʜʩʪʘʚʣʷʝʪ ʢʦʣʠʯʝʩʪʚʦ 

ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ ʜʠʩʢʘ ʥʘ ʝʜʠʥʠʮʫ ɺʪ/ʤ (2 ʩʝʢ)  

ʆʥ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʠʟ ʩʣʝʜʫʶʱʝʛʦ ʩʦʦʪʥʦʰʝʥʠʷ [9]. 

 

 
 

dA, dB, dC: ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʪʦʣʱʠʥʫ ʜʠʩʢʦʚ (ʤʤ). 

dS: ʪʦʣʱʠʥʘ ʨʠʩʫʥʢʘ (ʤʤ). 

I: ʪʦʢ ʚ ʮʝʧʠ (ʘʤʧʝʨ). 

V: ʧʦʜʘʚʘʝʤʦʝ ʥʘʧʨʷʞʝʥʠʝ (ɺʦʣʴʪ). 

r : ʨʘʜʠʫʩ ʜʠʩʢʘ (ʤʤ). 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ: 

ɺ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʷ ʥʘ ʩʞʠʤʘʝʤʦʩʪʴ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʦʙʘʚʢʘ 

ʧʦʨʦʰʦʢ (ZnO, 2TiO) ʠ ʛʠʙʨʠʜ (ZnO2+TiO) ʩ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʦʡ ʚ ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʷ (ʬʠʣʘʨ) 

ʧʦʚʳʰʘʝʪ ʧʨʦʯʥʦʩʪʴ ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʩʞʘʪʠʝ, ɸ ʛʠʙʨʠʜʥʳʝ ʤʦʜʝʣʠ (2TiO+Ep) 

ʧʦʢʘʟʘʣʠ ʩʘʤʫʶ ʚʳʩʦʢʫʶ ʧʨʦʯʥʦʩʪʴ ʥʘ ʩʞʘʪʠʝ (48,79). ʄʇʘ ʠ (48,78 ʄʇʘ) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʆʙʲʷʩʥʷʝʪʩʷ ʵʪʦ ʪʝʤ, ʯʪʦ ʧʦʨʦʰʢʠ ʂʝʨʘʤʠʯʝʩʢʘʷ ʧʣʠʪʢʘ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʴʶ, ʧʦʵʪʦʤʫ 

ʚʳʜʝʨʞʠʚʘʝʪ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʧʨʠʣʦʞʝʥʥʳʭ ʥʘʛʨʫʟʦʢ. ɸ ʪʘʢʞʝ ʧʨʦʮʝʩʩ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 
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ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʧʦ ʦʩʥʦʚʥʦʤʫ ʤʘʪʝʨʠʘʣʫ, ʵʪʦ ʮʝʤʝʥʪʠʨʦʚʘʥʠʝ ʚ ʤʠʥʫʪʘʭ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʠʤʤʝʪʨʠʯʥʦʩʪʴʶ (ʠʟʦʪʨʦʧʠʝʡ) ʚʦ ʚʩʝʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʠ ʤʘʣʳʤ ʨʘʟʤʝʨ ʯʘʩʪʠʮ 

ʜʝʣʘʝʪ ʤʝʞʬʘʟʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʤʘʣʳʤʠ, ʯʪʦ ʧʨʝʧʷʪʩʪʚʫʝʪ ʨʦʩʪʫ ʪʨʝʱʠʥʳ [10].  

ʇʦʩʣʝ ʧʦʛʨʫʞʝʥʠʷ ʦʙʨʘʟʮʦʚ ʚ ʨʘʩʪʚʦʨ (HCl) (ʨʘʟʙʘʚʣʝʥʥʳʡ ʜʚʫʤʷ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ) 0,5 (N) 

ʠ (N1) ʜʠʬʬʫʟʠʷ ʢʠʩʣʦʪʳ ʚ ʢʦʤʧʣʝʢʩʘʭ ʧʨʠʚʝʣʘ ʢ ʨʝʛʨʝʩʩʫ ʧʨʠʤʝʯʘʪʝʣʴʥʳʡ ʩʚʦʝʡ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʩʞʘʪʠʶ ʠ ʠʟʤʝʥʷʶʱʠʤʩʷ ʧʨʦʧʦʨʮʠʷʤ ʨʘʩʪʚʦʨ ʢʠʩʣʦʪʳ ʘʛʨʝʩʩʠʚʥʳʝ ʨʝʰʝʥʠʷ 

ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ ʵʬʬʝʢʪʦʤ ʚ ʧʦʣʠʤʝʨʘʭ ʦʥ ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʦʩʥʦʚʥʦʡ ʤʘʪʝʨʠʘʣ ʠ ʨʘʟʨʳʚʘʝʪ 

ʩʚʷʟʠ ʤʝʞʜʫ ʮʝʧʷʤʠ, ʟʘʩʪʘʚʣʷʷ ʝʛʦ ʧʣʘʩʪʠʬʠʮʠʨʦʚʘʪʴʩʷ ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʣʘʛʘʪʴ 

ʢʦʤʧʦʟʠʪʥʳʡ ʤʘʪʝʨʠʘʣ, ʦʩʦʙʝʥʥʦ ʚ ʦʙʣʘʩʪʠ ʠʥʪʝʨʬʝʡʩ. ʂʝʨʘʤʠʯʝʩʢʠʝ ʧʦʨʦʰʢʠ ʪʘʢʞʝ ʦʩʦʙʦ 

ʚʳʜʝʣʷʶʪʩʷ ʦʥʠ ʩʦʜʝʨʞʘʪ ʚʦʟʜʫʰʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ (ʧʦʨʳ), ʯʝʨʝʟ ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʦʭʦʜʠʪʴ 

ʨʘʩʪʚʦʨʳ ʭʠʤʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ ʠ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʯʝʨʝʟ ʥʘʣʦʞʝʥʥʳʡ ʤʘʪʝʨʠʘʣ, ʯʪʦ ʧʨʠʚʦʜʠʪ 

ʢ ʩʥʠʞʝʥʠʶ ʝʛʦ ʩʪʦʡʢʦʩʪʠ ʢ ʩʞʠʤʘʝʤʦʤʫ. ʏʝʤ ʙʦʣʴʰʝ ʚʨʝʤʷ ʧʦʛʨʫʞʝʥʠʷ, ʪʝʤ ʙʦʣʴʰʝ ʜʠʬʬʫʟʠʷ 

ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʙʦʣʴʰʝ ʵʬʬʝʢʪ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʨʝʰʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʦʷʚʣʝʥʠʝ ʥʝʢʦʪʦʨʳʭ 

ʧʫʟʳʨʝʡ ʩ ʦʙʝʠʭ ʩʪʦʨʦʥ ʩʚʷʟʠ ʠʩʢʘʞʝʥʥʦʝ ʣʠʮʦ ʚ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ ʠ ʦʩʥʦʚʥʳʤ ʚʝʱʝʩʪʚʦʤ, 

ʢʦʪʦʨʦʝ ʩʯʠʪʘʝʪʩʷ ʚʦʜʦʡ ʚʝʱʝʩʪʚ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʧʨʠʯʠʥʘ ʫʚʝʣʠʯʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ 

ʩʞʘʪʠʶ ʠʥʦʛʜʘ ʩʚʷʟʘʥʘ ʩ ʨʝʘʢʮʠʝʡ ʨʘʩʪʚʦʨʘ ʭʠʤʠʯʝʩʢʘʷ ʩʚʷʟʴ ʩ ʧʦʣʠʤʝʨʦʤ ʠ ʝʛʦ ʧʨʦʥʠʢʥʦʚʝʥʠʝ 

ʚ ʤʘʪʝʨʠʘʣ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʦʚʳʭ ʩʚʷʟʫʶʱʠʭ ʮʝʧʝʡ [11]. ʅʘ ʨʠʩʫʥʢʘʭ (1) ʠ (2) ʧʦʢʘʟʘʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʷ ʥʘ ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʩʞʘʪʠʠ. 

 

 
ʈʠʩʫʥʦʢ (1): ʇʨʦʯʥʦʩʪʴ ʥʘ ʩʞʘʪʠʝ ʜʦ ʠ ʧʦʩʣʝ ʧʦʛʨʫʞʝʥʠʷ ʚ ʨʘʩʪʚʦʨ (0,5 N HCl)  

(ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ) 

 

 
ʈʠʩʫʥʦʢ (2): ʇʨʦʯʥʦʩʪʴ ʥʘ ʩʞʘʪʠʝ ʜʦ ʠ ʧʦʩʣʝ ʧʦʛʨʫʞʝʥʠʷ ʚ ʨʘʩʪʚʦʨ (N1 HCl)  

(ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ) 

 

ʅʘ ʨʠʩʫʥʢʘʭ (3) ʠ (4) ʧʦʢʘʟʘʥʳ ʟʥʘʯʝʥʠʷ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʧʨʠ ʩʞʘʪʠʠ, ʚ ʥʦʨʤʘʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ ʛʠʙʨʠʜʥʘʷ ʤʦʜʝʣʴ ʩ ʥʘʣʦʞʝʥʠʝʤ ʙʳʣʘ ʚʳʰʝ, ʯʝʤ ʜʣʷ ʜʚʫʭ ʜʨʫʛʠʭ ʤʦʜʝʣʝʡ ʫʚʝʣʠʯʝʥʠʝ 

ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʯʘʩʪʠʮʳ ʢʝʨʘʤʠʢʠ ʩʦʧʨʠʢʘʩʘʶʪʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʠ ʧʨʠʯʠʥʘ 

ʚ ʠʭ ʨʘʟʤʝʨʘʭ. ʄʝʣʢʠʝ ʯʘʩʪʠʮʳ ʠ ʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʦʩʥʦʚʥʦʤ ʤʘʪʝʨʠʘʣʝ (ʧʦʣʠʤʝʨʝ) ʧʨʠʚʦʜʷʪ 

ʢ ʦʛʨʘʥʠʯʝʥʠʶ ʜʚʠʞʝʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʧʨʦʮʝʩʩ ʨʝʣʘʢʩʘʮʠʠ ʠ, ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʫʚʝʣʠʯʠʚʘʝʪ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ [12]. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

ʩʪʘʪʴʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʝʨʝʢʨʳʪʠʝ ʭʠʤʠʯʝʩʢʦʡ ʩʨʝʜʳ ʧʨʠʚʦʜʠʪ ʢ ʥʘʧʘʜʝʥʠʶ ʥʘ ʵʪʠ ʘʛʨʝʩʩʠʚʥʳʝ 

ʩʨʝʜʳ ʫʯʘʩʪʢʠ ʦʩʣʘʙʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʜʠʬʬʫʟʥʳʤ ʧʦʪʦʢʦʤ ʨʘʩʪʚʦʨʦʚ 
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ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʭʠʤʠʯʝʩʢʠʡ ʠʣʠ ʦʯʝʥʴ ʤʝʣʢʠʤʠ ʪʨʝʱʠʥʘʤʠ 

ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʧʦʛʣʦʱʝʥʠʷ, ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ, ʧʣʘʩʪʠʯʥʦʩʪʠ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʨʘʩʪʚʦʨʝʥʠʷ. 

ʕʪʦ ʧʨʦʩʪʦ ʦʩʥʦʚʥʦʡ ʤʘʪʝʨʠʘʣ ʠʟʥʘʰʠʚʘʝʪʩʷ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʩʥʠʞʝʥʠʝ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ 

[13]. 

 
 

ʈʠʩʫʥʦʢ (3): ʄʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʧʨʠ ʩʞʘʪʠʠ ʜʦ ʠ ʧʦʩʣʝ ʧʦʛʨʫʞʝʥʠʷ ʚ ʨʘʩʪʚʦʨ (N0,5 HCl) (ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ) 

 

 
 

ʈʠʩʫʥʦʢ (4): ʄʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʧʨʠ ʩʞʘʪʠʠ ʜʦ ʠ ʧʦʩʣʝ ʧʦʛʨʫʞʝʥʠʷ ʚ ʨʘʩʪʚʦʨ (N1 HCl) (ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ) 

 

ʋʜʘʯʘ ʚ ʥʘ ʨʠʩʫʥʢʘʭ (5 ʠ 6) ʚʠʜʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʢʝʨʘʤʠʯʝʩʢʠʝ ʧʦʨʦʰʢʠ ʵʪʦ 

ʫʚʝʣʠʯʠʣʦ ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʪʚʝʨʜʦʩʪʴ ʪʨʝʭ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʘ 

ʩʘʤʳʡ ʚʳʩʦʢʠʡ ʙʳʣ ʜʣʷ ʛʠʙʨʠʜʥʦʡ ʤʦʜʝʣʠ ʩ ʥʘʣʦʞʝʥʠʝʤ (76,4), ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʚʳʩʦʢʘʷ ʪʚʝʨʜʦʩʪʴ 

ʢʝʨʘʤʠʯʝʩʢʠʭ ʯʘʩʪʠʮ, ʢʦʪʦʨʳʝ ʜʠʬʬʫʥʜʠʨʫʶʪ ʯʝʨʝʟ ʧʦʣʠʤʝʨ ʠ ʨʘʙʦʪʘʶʪ ʜʣʷ ʟʘʧʦʣʥʝʥʠʷ ʧʫʩʪʦʪ, 

ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʧʨʦʮʝʩʩʝ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʨʦʤʝʞʫʪʢʦʚ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʚʳʰʝʥʥʦʤʫ ʫʧʣʦʪʥʝʥʠʶ ʠ ʧʨʦʯʥʦʩʪʠ ʩʮʝʧʣʝʥʠʷ ʤʝʞʜʫ ʥʠʤ ʠ ʦʩʥʦʚʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʦʪʩʶʜʘ 

ʚʦʟʨʘʩʪʘʥʠʝ ʧʨʘʚʝʜʥʦʩʪʠ. ɸ ʧʦʩʣʝ ʧʦʛʨʫʞʝʥʠʷ ʦʙʨʘʟʮʦʚ ʚ ʨʘʩʪʚʦʨ (HCl) ʥʘʙʣʶʜʘʣʦʩʴ 

ʥʘʙʣʶʜʘʣʦʩʴ ʷʚʥʦʝ ʩʥʠʞʝʥʠʝ ʟʥʘʯʝʥʠʡ ʪʚʝʨʜʦʩʪʠ ʜʣʷ ʚʩʝʭ ʦʙʨʘʟʮʦʚ, ʪʘʢ ʢʘʢ ʨʘʩʪʚʦʨ ʘ ʢʠʩʣʦʪʘ 

ʧʨʦʥʠʢʘʝʪ ʚ ʦʙʣʘʩʪʴ ʨʘʟʜʝʣʘ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ ʠ ʧʦʜʣʦʞʢʦʡ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʩʣʘʙʣʝʥʠʶ ʩʚʷʟʠ 

ʤʝʞʜʫ ʥʠʤʠ ʠ ʫʚʝʣʠʯʝʥʠʶ ʧʦʨʠʩʪʦʩʪʠ. 

ɺʝʱʝʩʪʚʦ ʧʦʛʣʦʱʘʝʪ ʭʠʤʠʯʝʩʢʠʡ ʨʘʩʪʚʦʨ, ʠ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʣʘʩʪʠʯʥʦʩʪʠ 

ʚʝʱʝʩʪʚʘ. ʠ ʧʨʠʚʝʩʪʠ ʢ ʝʛʦ ʦʪʢʘʟʫ [14]. 
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ʈʠʩʫʥʦʢ (5): ʊʚʝʨʜʦʩʪʴ ʜʦ ʠ ʧʦʩʣʝ ʧʦʛʨʫʞʝʥʠʷ ʚ ʨʘʩʪʚʦʨ (N0,5 HCl) (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ) 

 
 

ʈʠʩʫʥʦʢ (6): ʊʚʝʨʜʦʩʪʴ ʜʦ ʠ ʧʦʩʣʝ ʧʦʛʨʫʞʝʥʠʷ ʚ ʨʘʩʪʚʦʨ (N1 HCl) (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ) 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʥʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʦʙʨʘʟʮʦʚ ʢʦʤʧʦʟʠʪʦʚ ʨʠʩʫʥʢʠ (7) ʠ (8) 

ʠʣʣʶʩʪʨʠʨʫʶʪ ʠ ʵʪʦ ʜʠʩʧʝʨʩʠʷ ʟʥʘʯʝʥʠʡ K ʩʫʧʝʨʧʦʟʠʮʠʡ ʪʘʢʦʚʘ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ (ʂ) ʧʝʨʝʜ ʧʦʛʨʫʞʝʥʠʝʤ ʙʳʣʦ ʫ ʥʘʣʦʞʝʥʥʦʛʦ ʛʠʙʨʠʜ ʤʦʜʝʣʠ 

ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ (Ep+TiO2+ZnO) ʠ ʝʛʦ ʤʝʥʴʰʫʶ (Ep+ZnO), ʩʦʙʦʣʝʟʥʫʶ ʘ ʨʘʟʥʠʮʘ ʚ ʟʥʘʯʝʥʠʷʭ 

(K) ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʜʦʙʘʚʣʝʥʥʳʝ ʢʝʨʘʤʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʨʘʟʣʠʯʘʶʪʩʷ ʠʭ ʠʟʦʣʷʮʠʦʥʥʳʝ 

ʩʚʦʡʩʪʚʘ ʜʨʫʛ ʦʪ ʜʨʫʛʘ.ʀ ʧʦʩʣʝ ʧʦʛʨʫʞʝʥʠʷ ʚ ʨʘʩʪʚʦʨ (HCl) 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ ʨʘʟʣʠʯʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ  

ʜʠʬʬʫʟʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʤʘʪʝʨʠʘʣ ʦʩʣʘʙʣʷʝʪ ʩʠʣʳ ʩʮʝʧʣʝʥʠʷ. ɼʣʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ 

ʧʦʛʨʫʞʝʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪ ʧʨʦʮʝʩʩ ʜʝʛʨʘʜʘʮʠʠ. 

ʆʪʩʶʜʘ ʠ ʥʝʫʜʘʯʘ ʩʪʘʪʴʠ [15]. 

ɹʳʣʦ ʟʘʤʝʯʝʥʦ, ʯʪʦ ʟʥʘʯʝʥʠʷ (ʂ) ʛʠʙʨʠʜʥʦʛʦ ʢʦʤʧʦʟʠʪʘ ʫʤʝʥʴʰʠʣʠʩʴ ʥʘ 1 ʛʨʘʜʫʩ ʧʦʩʣʝ 

ʧʦʛʨʫʞʝʥʠʷ. ʆʥ ʙʦʣʴʰʝ, ʯʝʤ ʜʚʘ ʜʨʫʛʠʭ ʩʦʝʜʠʥʝʥʠʷ, ʧʦʪʦʤʫ ʯʪʦ ʧʝʨʝʜʘʯʘ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʬʦʨʤʝ ʫʧʨʫʛʦʡ ʚʦʣʥʳ. ɺ ʧʦʣʠʤʝʨʥʦʤ ʠʩʢʫʩʩʪʚʝ ʦʥ ʦʩʪʘʝʪʩʷ ʪʨʫʜʥʳʤ ʠ ʩʣʦʞʥʳʤ 

ʧʨʦʮʝʩʩʦʤ ʠʟ-ʟʘ ʧʨʝʨʳʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ ʧʨʝʚʨʘʱʝʥʠʷ ʩʚʦʝʡ ʤʦʱʥʦʩʪʠ ʥʘ ʢ ʜʨʫʛʦʡ ʩʪʨʫʢʪʫʨʝ, 

ʠ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʚʦʣʥʘ ʪʝʨʷʝʪ ʯʘʩʪʴ ʛʨʘʥʠʮʘ ʤʝʞʜʫ ʧʦʣʠʤʝʨʥʳʤ ʤʘʪʝʨʠʘʣʦʤ (ʦʩʥʦʚʦʡ) 

ʠ ʤʘʪʝʨʠʘʣʦʤ ʧʦʜʣʦʞʢʠ ʝʱʝ ʥʝʤʥʦʛʦ ʵʥʝʨʛʠʠ ʪʝʨʷʝʪʩʷ ʧʨʠ ʧʝʨʝʭʦʜʝ ʚʦʣʥʳ ʦʪ ʦʜʥʦʛʦ 

ʧʦʜʜʝʨʞʠʚʘʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ ʢ ʜʨʫʛʦʤʫ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʥʝʛʦ, ʚ ʩʣʫʯʘʝ ʛʠʙʨʠʜʥʦʛʦ ʘʨʤʠʨʦʚʘʥʠʷ 

[16]. 

 
ʈʠʩʫʥʦʢ (7): ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ (K) ʜʦ ʠ ʧʦʩʣʝ ʧʦʛʨʫʞʝʥʠʷ ʚ ʨʘʩʪʚʦʨ (N0,5 HCl) (ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ) 


