
ɻʆʉʋɼɸʈʉʊɺɽʅʅʆɽ ɹʖɼɾɽʊʅʆɽ ʆɹʈɸɿʆɺɸʊɽʃʔʅʆɽ 

ʋʏʈɽɾɼɽʅʀɽ  

ɺʓʉʐɽɻʆ ʇʈʆʌɽʉʉʀʆʅɸʃʔʅʆɻʆ ʆɹʈɸɿʆɺɸʅʀʗ   

ʅʀɾɽɻʆʈʆɼʉʂɸʗ ɻʆʉʋɼɸʈʉʊɺɽʅʅɸʗ ʄɽɼʀʎʀʅʉʂɸʗ ɸʂɸɼɽʄʀʗ  

ʄʀʅʀʉʊɽʈʉʊɺɸ ɿɼʈɸɺʆʆʍʈɸʅɽʅʀʗ ʈʆʉʉʀʁʉʂʆʁ ʌɽɼɽʈɸʎʀʀ 

 

 

 

ʅʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʠ 

 

 

 

 

ʉʀɼʆʈʆɺɸ ʄɸʈʊɸ ɺɸʃɽʈʔɽɺʅɸ 

 

 

 

 

ʈɸɿʈɸɹʆʊʂɸ ʀ ʀʉʉʃɽɼʆɺɸʅʀɽ ʂʆʄʇʃɽʂʉʆɺ 

ʌʀʊʀʅʆɺʆʁ ʂʀʉʃʆʊʓ ʉ ɹʀʆʃʆɻʀʏɽʉʂʀ ɸʂʊʀɺʅʓʄʀ 

ɸʄʀʅɸʄʀ ʂɸʂ ʂʆʄʇʆʅɽʅʊʆɺ ɻʀɼʈʆʌʀʃʔʅʓʍ ɻɽʃɽʁ 

 

 

14.04.02 ï ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʘʷ ʭʠʤʠʷ, ʬʘʨʤʘʢʦʛʥʦʟʠʷ 

 

 

 

ɼʀʉʉɽʈʊɸʎʀʗ 

ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ ʢʘʥʜʠʜʘʪʘ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʥʘʫʢ 

 

 

 

 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: 

ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʅ.ɹ. ʄʝʣʴʥʠʢʦʚʘ 

 

 

 

 

 

 

 

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ ï 2015 



2 

ʆɻʃɸɺʃɽʅʀɽ 

ʉʇʀʉʆʂ ʉʆʂʈɸʑɽʅʀʁ............................................................................. 4 
ɺɺɽɼɽʅʀɽ ...................................................................................................... 6 
ɻʃɸɺɸ 1. ʃʀʊɽʈɸʊʋʈʅʓʁ ʆɹɿʆʈ ........................................................ 11 
1.1. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʝʸ ʢʦʤʧʣʝʢʩʦʚ ʩ 

ʤʝʪʘʣʣʘʤʠ ʠ ʘʤʠʥʘʤʠ ........................................................................................... 12 
1.1.1. ʂʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ............................................................ 12 
1.1.2. ʂʦʤʧʣʝʢʩʳ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ......................... 16 
1.1.3. ʂʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ 

ʣʠʛʘʥʜʘʤʠ ............................................................................................................... 19 
1.2.ʌʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʬʠʪʘʪʦʚ

 ................................................................................................................................. 23 
1.2.1.ʄʝʜʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʜʦʢʘʟʘʥʥʳʝ ʚ ʢʣʠʥʠʯʝʩʢʦʡ 

ʧʨʘʢʪʠʢʝ ʠ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ................................................................................... 23 
1.2.2.ʈʦʣʴ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʢʘʢ ʘʥʪʠʦʢʩʠʜʘʥʪʘ ʚ ʩʥʠʞʝʥʠʠ 

ʦʢʩʠʜʘʪʠʚʥʦʛʦ ʩʪʨʝʩʩʘ .......................................................................................... 25 
1.2.3.ʄʝʪʘʙʦʣʠʟʤ ʠ ʙʠʦʪʨʘʥʩʬʦʨʤʘʮʠʷ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʝʸ ʩʦʣʝʡ

 ................................................................................................................................. 29 
1.3. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʘʤʠʥʦʚ 

(ʢʩʠʤʝʜʦʥʘ, ʛʣʶʢʦʟʘʤʠʥʘ ʠ ʪʨʠʩʘʤʠʥʘ) ʢʘʢ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʩʦʣʝʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʦʡ ...................................................... 32 
1.4. ʄʝʪʦʜʳ ʘʥʘʣʠʟʘ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʘʤʠʥʦʚ ʠ ʢʦʤʧʣʝʢʩʦʚ ............ 40 
1.4.1. ʀʟʚʝʩʪʥʳʝ ʤʝʪʦʜʳ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 

ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ............................................................................................... 40 
1.4.2. ʄʝʪʦʜʳ ʘʥʘʣʠʟʘ ʘʤʠʥʦʚ (ʢʩʠʤʝʜʦʥʘ, ʛʣʶʢʦʟʘʤʠʥʘ ʠ ʪʨʠʩʘʤʠʥʘ) 47 
ɻʃɸɺɸ 2. ʆʙʲʝʢʪʳ, ʤʝʪʦʜʳ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʤʝʪʦʜʠʢʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. 51 
2.1. ʄʘʪʝʨʠʘʣʳ ʠ ʧʨʠʙʦʨʳ ........................................................................... 51 
2.2. ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ,  ʘʤʠʥʦʚ 

(ʢʩʠʤʝʜʦʥʘ, ʛʣʶʢʦʟʘʤʠʥʘ, ʪʨʠʩʘʤʠʥʘ) ʠ ʠʭ ʩʦʣʝʚʳʭ ʢʦʤʧʣʝʢʩʦʚ. .................. 52 
2.2.1. ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ ʢʦʤʧʣʝʢʩʘʭ ʠ 

ʩʚʦʙʦʜʥʦʤ ʚʠʜʝ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʦʙʱʝʛʦ ʬʦʩʬʦʨʘ............................................. 52 
2.2.2. ʄʝʪʦʜʠʢʘ ʘʥʘʣʠʟʘ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʨʝʘʢʪʠʚʦʤ ɺʵʡʜʘ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʘʤʠʥʦʚ .............................................................................................. 55 
2.2.3. ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʢʩʠʤʝʜʦʥʘ ʋʌ-

ʩʧʝʢʪʨʘʣʴʥʳʤ ʠ ɺʕɾʍ ʤʝʪʦʜʘʤʠʚ ʚʦʜʝ ʠ ʨʘʩʪʚʦʨʘʭ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ .... 56 
2.2.4. ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʪʨʠʷ ʛʠʘʣʫʨʦʥʘʪʘ ʚ 

ʨʘʩʪʚʦʨʝ .................................................................................................................. 57 
2.2.5. ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ 

ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʘʤʠʥʘʤʠ ............................................................................... 58 
2.3. ʄʝʪʦʜʠʢʘ ʚʳʜʝʣʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʘʤʠʥʘʤʠ ʚ 

ʪʚʸʨʜʦʤ ʩʦʩʪʦʷʥʠʠ ................................................................................................ 58 
2.4. ʄʝʪʦʜʠʢʘ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʛʠʜʨʦʬʠʣʴʥʦʛʦ ʛʝʣʷ ʢʦʤʧʣʝʢʩʘ ʬʠʪʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ ʩ ʢʩʠʤʝʜʦʥʦʤ .......................................................................................... 60 
2.5. ʄʝʜʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʬʠʪʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ ʩ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʤʠ ʘʤʠʥʘʤʠ ................................................... 60 



3 

2.5.1. ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʝʸ ʧʨʦʠʟʚʦʜʥʳʭ ʥʘ 

ʧʨʦʮʝʩʩʳ ʣʠʧʦʧʝʨʦʢʩʠʜʘʮʠʠ in vitro .................................................................. 61 
2.5.2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʝʡʩʪʚʠʷ ʛʠʜʨʦʬʠʣʴʥʳʭ ʛʝʣʝʡ ʩ 

ʢʦʤʧʣʝʢʩʦʤ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʢʩʠʤʝʜʦʥʘ ʥʘ ʧʨʦʮʝʩʩʳ ʟʘʞʠʚʣʝʥʠʷ 

ʦʞʦʛʦʚʳʭ ʨʘʥ ʫ ʢʨʳʩ ʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ...................................... 63 
ɻʃɸɺɸ 3. ....................................................................................................... 66 
3.1. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʢʩʠʤʝʜʦʥʘ ʚ 

ʚʦʜʥʦʡ ʩʨʝʜʝ ʠ ʠʟʫʯʝʥʠʝ ʩʚʦʡʩʪʚ ʢʦʤʧʣʝʢʩʦʚ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ 

ʢʩʠʤʝʜʦʥʦʤ ʚ ʪʚʸʨʜʦʤ ʩʦʩʪʦʷʥʠʠ ....................................................................... 66 
3.2. ʂʦʤʧʣʝʢʩʳ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʛʣʶʢʦʟʘʤʠʥʘ ʛʠʜʨʦʭʣʦʨʠʜʦʤ ʠ 

ʪʨʠʩʘʤʠʥʦʤ ............................................................................................................ 78 
3.3. ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ 

ʝʸ ʢʦʤʧʣʝʢʩʦʚ ʩ ʘʤʠʥʘʤʠ ..................................................................................... 89 
3.3.1. ʀʟʫʯʝʥʠʝ ʚʣʠʷʥʠʝ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʥʘ ʙʘʣʘʥʩ ʧʨʦ- ʠ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʭ ʩʠʩʪʝʤ ʢʨʦʚʠ ........................................................................... 89 
3.3.2. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʭ ʵʬʬʝʢʪʦʚ ʢʦʤʧʣʝʢʩʦʚ 

ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʘʤʠʥʘʤʠ ............................................................................ 94 
3.3.3. ɺʳʙʦʨ ʜʦʟʳ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʘ ʩ 

ʢʩʠʤʝʜʦʥʦʤ ............................................................................................................ 97 
3.3.4. ʀʟʫʯʝʥʠʝ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ ʬʠʪʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ ʠ ʢʩʠʤʝʜʦʥʘ ............................................................................................ 98 
ɻʃɸɺɸ 4. ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʪʠʚʦʦʞʦʛʦʚʦʛʦ ʛʝʣʷ ʢʦʤʧʣʝʢʩʘ ʬʠʪʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ ʠ ʢʩʠʤʝʜʦʥʘ. ......................................................................................... 104 
4.1. ʆʙʦʩʥʦʚʘʥʠʝ ʩʦʩʪʘʚʘ ʠ ʣʘʙʦʨʘʪʦʨʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 

ʛʝʣʷ ........................................................................................................................ 104 
4.2 ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢ ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʦʜʣʠʥʥʦʩʪʠ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ 

ʦʧʨʝʜʝʣʝʥʠʷ ʘʢʪʠʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʬʦʨʤʝ çʂʩʠʬʠʪè ..... 107 
4.2.1. ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ 

ʜʝʡʩʪʚʫʶʱʠʭ ʚʝʱʝʩʪʚ ʛʠʜʨʦʬʠʣʴʥʦʛʦ ʛʝʣʷ çʂʩʠʬʠʪè ................................... 107 
4.2.2. ʈʘʟʨʘʙʦʪʢʘ ʥʦʨʤ ʢʘʯʝʩʪʚʘ ʠ ʚʘʣʠʜʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʢʩʠʤʝʜʦʥʘ ʚ ʛʝʣʝ çʂʩʠʬʠʪè ....................................... 109 
4.2.3. ʈʘʟʨʘʙʦʪʢʘ ʥʦʨʤ ʢʘʯʝʩʪʚʘ ʠ ʚʘʣʠʜʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ ʛʝʣʝ çʂʩʠʬʠʪè ....................... 111 
4.2.4. ʈʘʟʨʘʙʦʪʢʘ ʥʦʨʤ ʢʘʯʝʩʪʚʘ ʠ ʚʘʣʠʜʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʪʨʠʷ ʛʠʘʣʫʨʦʥʘʪʘ ʚ ʛʝʣʝ çʂʩʠʬʠʪè ........................ 114 
4.2.5. ʈʘʟʨʘʙʦʪʢʘ ʥʦʨʤ ʢʘʯʝʩʪʚʘ ʠ ʚʘʣʠʜʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʤʝʪʦʜʠʢ ʦʧʨʝʜʝʣʝʥʠʷ ʥʠʧʘʛʠʥʘ ʚ ʛʝʣʝ çʂʩʠʬʠʪè ............................................ 116 
4.2.6. ʋʩʪʘʥʦʚʣʝʥʠʝ ʧʦʜʣʠʥʥʦʩʪʠ ʪʨʠʩʘʤʠʥʘ ʚ ʛʝʣʝ çʂʩʠʬʠʪè ............. 117 
4.2.7. ʉʧʝʮʠʬʠʢʘʮʠʷ ʥʘ ʥʦʚʳʡ ʧʨʦʪʠʚʦʦʞʦʛʦʚʳʡ ʛʝʣʴ çʂʩʠʬʠʪè ........ 117 
4.3. ʈʝʧʘʨʘʪʠʚʥʳʝ ʩʚʦʡʩʪʚʘ ʛʝʣʷ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʘ ʬʠʪʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ ʠ ʢʩʠʤʝʜʦʥʘ .......................................................................................... 121 
ɿɸʂʃʖʏɽʅʀɽ: .......................................................................................... 124 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ: ......................................................................... 126 
ʇʈʀʃʆɾɽʅʀʗ: .......................................................................................... 146 
 



4 

ʉʇʀʉʆʂ ʉʆʂʈɸʑɽʅʀʁ 

InsP6H12, I, ʌʂ ï ʬʠʪʠʥʦʚʘʷ ʢʠʩʣʦʪʘ 

TCA ï ʪʨʠʭʣʦʨʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ 

ʃʉ ï ʣʝʢʘʨʩʪʚʝʥʥʦʝ ʩʨʝʜʩʪʚʦ 

ʂʩʠ, II ï ʢʩʠʤʝʜʦʥ 

ɻɸ, III ï ʛʣʶʢʦʟʘʤʠʥ 

ʊɸ, IV ï ʪʨʠʩʘʤʠʥ 

ʉʆɼ ï ʩʫʧʝʨʦʢʩʠʜʜʠʩʤʫʪʘʟʘ 

ʉʈʆ ï ʩʚʦʙʦʜʥʦ-ʨʘʜʠʢʘʣʴʥʦʝ ʦʢʠʩʣʝʥʠʝ 

ʇʆʃ ï ʧʝʨʝʢʠʩʥʦʝ ʦʢʠʩʣʝʥʠʝ ʣʠʧʠʜʦʚ 

ɺʀʏ ï ʚʠʨʫʩ ʠʤʤʫʥʦʜʝʬʠʮʠʪʘ ʯʝʣʦʚʝʢʘ 

ɸʂʄ ï ʘʢʪʠʚʥʳʝ ʢʠʩʣʦʨʦʜʥʳʝ ʤʝʪʘʙʦʣʠʪʳ 

ʅɸɼ ï ʥʠʢʦʪʠʥʘʤʠʜʜʠʥʫʢʣʝʦʪʠʜ 

ʅɸɼʌ ï ʥʠʢʦʪʠʥʘʤʠʜʜʠʥʫʢʣʝʦʪʠʜ-ʬʦʩʬʘʪ 

ɸʌʂ ï ʘʢʪʠʚʥʳʝ ʬʦʨʤʳ ʢʠʩʣʦʨʦʜʘ 

ɾʂʊ ï ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʳʡ ʪʨʘʢʪ 

ɼʅʂ ï ʜʝʟʦʢʩʠʨʠʙʦʥʫʢʣʝʠʥʦʚʘʷ ʢʠʩʣʦʪʘ 

ʮɸʄʌ ïʮʠʢʣʠʯʝʩʢʠʡ ʘʜʝʥʦʟʠʥʤʦʥʦʬʦʩʬʘʪ 

ʅʉʊ-ʪʝʩʪ ïʪʝʩʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʠʪʨʦʩʠʥʝʛʦ ʪʝʪʨʘʟʦʣʠʷ 

ʀʃ ï ʠʥʪʝʨʣʝʡʢʠʥ 

ʗʄʈ ï ʷʜʝʨʥʦ-ʤʘʛʥʠʪʥʳʡ ʨʝʟʦʥʘʥʩ 

ɺʕɾʍ ï ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʘʷ ʞʠʜʢʦʩʪʥʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ 

UV-Vis ï ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨ ʩ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʤ ʜʝʪʝʢʪʦʨʦʤ 

ʋʌ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ ï ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ ï ʠʥʬʨʘʢʨʘʩʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

D2O ï ʜʝʡʪʝʨʠʨʦʚʘʥʥʘʷ ʚʦʜʘ 

ʍʏ ï ʭʠʤʠʯʝʩʢʠ ʯʠʩʪʳʡ 

ʊʋ ï ʪʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ 

ʇʄʈ ï ʧʨʦʪʦʥʥʦ-ʤʘʛʥʠʪʥʳʡ ʨʝʟʦʥʘʥʩ 

ɹʍʃ ï ʙʠʦʭʝʤʠʣʶʤʠʥʦʤʝʪʨ 
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ɼʂ ï ʜʠʝʥʦʚʳʝ ʢʦʥʲʶʛʘʪʳ 

ʊʂ ï ʪʨʠʝʥʦʚʳʝ ʢʦʥʲʶʛʘʪʳ 

ʆʐ ï ʦʩʥʦʚʘʥʠʷ ʐʠʬʬʘ 

ʕɼʊɸ ï ʵʪʠʣʝʥʜʠʘʤʠʥʪʝʪʨʘʘʮʝʪʘʪ 

ɸʆɸ ï ʘʥʪʠʦʢʩʠʜʘʥʪʥʘʷ ʦʙʱʘʷ ʘʢʪʠʚʥʦʩʪʴ 

ʄɼɸʧʣ ï ʤʘʣʦʥʦʚʳʡ ʜʠʘʣʴʜʝʛʠʜ ʚ ʧʣʘʟʤʝ ʢʨʦʚʠ 

ɻʌ ï ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʬʘʨʤʘʢʦʧʝʷ 

ʅɼ ï ʥʦʨʤʘʪʠʚʥʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ 

  



6 

ɺɺɽɼɽʅʀɽ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ. ʌʠʪʠʥʦʚʘʷ ʢʠʩʣʦʪʘ, ʩʦʜʝʨʞʘʱʘʷʩʷ ʚ ʟʝʨʥʦʚʳʭ ʠ 

ʙʦʙʦʚʳʭ ʢʫʣʴʪʫʨʘʭ (ʜʦ 85% ʦʪ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʬʦʩʬʦʨʘ), ʩʝʤʝʥʘʭ 

ʤʘʩʣʠʯʥʳʭ ʢʫʣʴʪʫʨ, ʧʳʣʴʮʝ, ʢʣʫʙʥʷʭ, ʦʨʝʭʘʭ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʢʘʢ 

ʢʦʤʧʦʥʝʥʪ ʥʦʚʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ (ʃʉ), ʧʦʩʢʦʣʴʢʫ ʧʨʦʷʚʣʷʝʪ 

ʩʚʦʡʩʪʚʘ ʨʝʛʫʣʷʪʦʨʘ ʤʥʦʛʠʭ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʥʦʨʤʘʣʠʟʘʮʠʠ ʢʘʣʴʮʠʡ-ʬʦʩʬʦʨʥʦʛʦ ʠ ʠʦʥʥʦʛʦ ʙʘʣʘʥʩʘ, ʘ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ 

ʵʢʟʦʛʝʥʥʳʤ ʘʥʪʠʦʢʩʠʜʘʥʪʦʤ (P.T. Hawkins, 1993; K.-M. Lee, 2012). ɼʦʢʘʟʘʥʘ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʘʷ ʠ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʘʷ ʘʢʪʠʚʥʦʩʪʴ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʝ ʥʘ ʞʠʚʦʪʥʳʭ ʧʨʠ ʟʘʙʦʣʝʚʘʥʠʷʭ ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʦʛʦ ʪʨʘʢʪʘ, 

ʤʦʣʦʯʥʦʡ ʠ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟ (A.M.Shamsuddin, 1995, 1996), ʘ ʪʘʢʞʝ 

ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʧʝʨʝʢʠʩʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʣʠʧʠʜʦʚ ʧʨʠ ʧʦʨʘʞʝʥʠʠ ʢʣʝʪʦʢ 

ʢʠʰʝʯʥʠʢʘ ʠ ʧʝʯʝʥʠ (S. Muraoka, 2004; A. Zajdel, 2013) ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʝ 

ʜʝʡʩʪʚʠʷ ʢʩʘʥʪʠʥʦʢʩʠʜʘʟʳ (S. Muraoka, 2004). 

ʌʠʪʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ï 1,2,3,4,5,6-ʛʝʢʩʘʢʠʩ(ʜʠʛʠʜʨʦʬʦʩʬʘʪ) ʤʠʦ-ʠʥʦʟʠʪʘ 

(InsP6H12, I), ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 12 ʠʦʥʠʟʠʨʫʝʤʳʤʠ ʧʨʦʪʦʥʘʤʠ ʠ ʤʦʞʝʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʢʘʢ ʩ ʤʥʦʛʦʚʘʣʝʥʪʥʳʤʠ ʢʘʪʠʦʥʘʤʠ (ʟʘʤʝʱʝʥʠʝ ʠ 

ʭʝʣʘʪʠʨʦʚʘʥʠʝ ʩ ʪʘʢʠʤʠ ʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ, ʢʘʢ Fe
3+

, Mn
2+

, Zn
2+

, Ba
+
 ʠ ʜʨ. 

(C.Dʝ Stefano, 2002; A.V.F. Nielsen, 2013), ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʤʠ ʘʤʠʥʘʤʠ, ʪʘʢ ʠ 

ʩ ʙʝʣʢʘʤʠ (C.De Stefano, 2004; S.Yu, 2012). 

ʇʨʠʨʦʜʥʳʝ ʬʠʪʘʪʳ ʷʚʣʷʶʪʩʷ ʧʨʦʠʟʚʦʜʥʳʤʠ ʢʠʩʣʦʪʳ I, ʘ ʢʘʣʴʮʠʝʚʦ-

ʤʘʛʥʠʝʚʳʝ ʩʦʣʠ I ʥʘʟʳʚʘʶʪ ʬʠʪʠʥʦʤ (E. Graf, 1987). ʇʣʦʭʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ 

ʬʠʪʘʪʦʚ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʫʭʫʜʰʝʥʠʷ ʙʠʦʜʦʩʪʫʧʥʦʩʪʠ I ʢʘʢ ʢʦʤʧʦʥʝʥʪʘ 

ʧʠʱʠ (S. Yu, 2012).  

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʙʠʦʜʦʩʪʫʧʥʦʩʪʠ ʬʠʪʘʪʦʚ ʠʭ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʚ ʚʠʜʝ 

ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʘʤʠʥʘʤʠ, ʦʙʨʘʟʫʶʱʠʤʠʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʦʥʦʨʥʦ-

ʘʢʮʝʧʪʦʨʥʦʛʦ ʠ ʥʝʢʦʚʘʣʝʥʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ʉʪʘʙʠʣʴʥʦʩʪʴ ʬʠʪʘʪʦʚ 

ʘʤʠʥʦʚ ʷʚʣʷʝʪʩʷ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʦʡ, ʠ ʦʥʠ ʩʧʦʩʦʙʥʳ ʟʘʱʠʱʘʪʴ I ʦʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʢʘʣʴʮʠʝʤ ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ.  

ʇʨʝʜʩʪʘʚʣʷʣʦ ʠʥʪʝʨʝʩ ʧʦʣʫʯʠʪʴ ʥʦʚʳʝ ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʩʨʝʜʩʪʚʘ ʥʘ 

ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʦʚ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʘʤʠʥʦʚ-ʤʝʪʘʙʦʣʠʢʦʚ ʰʠʨʦʢʦʛʦ 

ʩʧʝʢʪʨʘ ʜʝʡʩʪʚʠʷ. ɹʳʣʠ ʚʳʙʨʘʥʳ: ʢʩʠʤʝʜʦʥ (1ï(ɓ-ʦʢʩʠʵʪʠʣ)-4,6-ʜʠʤʝʪʠʣ-1,2-

ʜʠʛʠʜʨʦ-2-ʦʢʩʠʧʠʨʠʤʠʜʠʥ) ʠʟ ʢʣʘʩʩʦʚ ʦʢʩʦʧʠʨʠʤʠʜʠʥʦʚ, ʧʨʦʷʚʣʷʶʱʠʡ 
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ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʝ, ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʝ ʠ ʨʝʧʘʨʘʪʠʚʥʳʝ ʩʚʦʡʩʪʚʘ; 

ʛʣʶʢʦʟʘʤʠʥ (ʛʠʜʨʦʭʣʦʨʠʜ 2-ʘʤʠʥʦ-2-ʜʝʟʦʢʩʠ-ɓ-D-ʛʣʶʢʦʧʠʨʘʥʦʟʳ), 

ʦʪʥʦʩʷʱʠʡʩʷ ʢ ʘʤʠʥʦʩʘʭʘʨʘʤ ʠ ʩʧʦʩʦʙʩʪʚʫʶʱʠʡ ʫʤʝʥʴʰʝʥʠʶ ʜʝʛʨʘʜʘʮʠʠ 

ʢʦʣʣʘʛʝʥʘ ʭʨʷʱʘ, ʨʘʟʚʠʚʘʶʱʝʡʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʟʙʳʪʦʯʥʦʡ ʧʝʨʦʢʩʠʜʘʮʠʠ 

ʣʠʧʠʜʦʚ ʠ ʦʢʠʩʣʝʥʠʷ ʙʝʣʢʦʚ (M.L. Tiku, 2007); ʪʨʠʩʘʤʠʥ (ʪʨʠʩ-ʦʢʩʠʤʝʪʠʣ-

ʘʤʠʥʦʤʝʪʘʥ) ʠʟʦʦʩʤʦʪʠʯʥʳʡ ʧʣʘʟʤʝ ʢʨʦʚʠ ʠ ʦʙʣʘʜʘʶʱʠʡ ʙʫʬʝʨʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ (ʄ.ɼ. ʄʘʰʢʦʚʩʢʠʡ, 2012). 

ʉʣʝʜʫʝʪ ʦʞʠʜʘʪʴ, ʯʪʦ ʬʠʪʘʪʳ ʘʤʠʥʦʚ ʩʧʦʩʦʙʥʳ ʥʝ ʪʦʣʴʢʦ ʦʙʫʩʣʘʚʣʠʚʘʪʴ 

ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʝ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʝ ʜʝʡʩʪʚʠʝ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʥʦ ʠ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʙʦʣʝʝ ʧʦʣʥʫʶ ʢʦʨʨʝʢʮʠʶ ʦʢʩʠʜʘʪʠʚʥʦʛʦ ʩʪʨʝʩʩʘ ʠ 

ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʘʙʦʣʝʚʘʥʠʷʭ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʢʦʣʣʘʛʝʥ-ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʥʳ ʚʳʧʦʣʥʷʪʴ ʨʦʣʴ ʚʝʢʪʦʨʘ 

ʜʦʩʪʘʚʢʠ ʃɺ ʠ ʦʙʫʩʣʘʚʣʠʚʘʪʴ ʭʦʨʦʰʫʶ ʙʠʦʜʦʩʪʫʧʥʦʩʪʴ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ 

ʜʨʫʛʠʭ ʮʝʥʥʳʭ ʩʚʦʡʩʪʚ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ. 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʧʦʩʚʷʱʝʥʥʳʝ ʠʟʫʯʝʥʠʶ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ 

ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ, ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʪʦʣʴʢʦ ʧʨʦʮʝʩʩʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʝʸ ʩʦʣʝʡ ʩ ʚʝʱʝʩʪʚʘʤʠ, ʚʭʦʜʷʱʠʤʠ ʚ ʩʦʩʪʘʚ ʧʨʦʜʫʢʪʦʚ 

ʧʠʪʘʥʠʷ, ʘ ʪʘʢʞʝ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ ʠ 

ʞʠʚʦʪʥʳʭ (Carli L.D., 2009; Midorikawa K., 2001; Nielsen A.V.F., 2013; 

Thompson D.B., 1982; Veiga N., 2006; Yu S., 2012). ʌʠʪʠʥʦʚʘʷ ʢʠʩʣʦʪʘ 

ʦʙʨʘʟʫʝʪ ʢʦʤʧʣʝʢʩʳ ʩ ʙʝʣʢʘʤʠ, ʧʨʦʯʥʦʩʪʴ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʦʪ ʨʅ (Lºnnerdal 

B., 2002). ɺ ʨʘʙʦʪʘʭ Stefano C. De (2002, 2004) ʠʟʫʯʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʙʠʦʛʝʥʥʳʭ ʘʤʠʥʦʚ ʩ ʬʠʪʘʪ ʘʥʠʦʥʦʤ ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʨʅ ʠ ʧʦʢʘʟʘʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʯʥʦ ʩʚʷʟʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʉʚʦʙʦʜʥʘʷ ʵʥʝʨʛʠʷ 

ɻʠʙʙʩʘ (-ȹG0), ʨʘʩʩʯʠʪʘʥʥʘʷ ʥʘ ʦʜʥʫ ʧʨʦʪʦʥʠʨʦʚʘʥʥʫʶ ʘʤʠʥʦʛʨʫʧʧʫ ʨʘʚʥʘ 

4,0Ñ0,2 ʢɼʞ/ʤʦʣʴ, ʯʪʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʥʝʢʦʚʘʣʝʥʪʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʙʠʦʛʝʥʥʳʤʠ ʘʤʠʥʘʤʠ. ɸʚʪʦʨʘʤʠ 

ʦʙʩʫʞʜʘʝʪʩʷ ʚʢʣʘʜ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ 

ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʦʚ ʠ ʧʨʦʛʥʦʟʠʨʫʶʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʦʯʥʦʩʪʠ 

ʢʦʤʧʣʝʢʩʦʚ ʦʪ ʟʘʨʷʜʘ ʘʥʠʦʥʘ. 

ʎʝʣʴʁ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʭ ʩʚʦʡʩʪʚ ʢʦʤʧʣʝʢʩʦʚ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʙʠʦʣʦʛʠʯʝʩʢʠ 

ʘʢʪʠʚʥʳʤʠ ʘʤʠʥʘʤʠ ʠ ʨʘʟʨʘʙʦʪʢʘ ʩʦʩʪʘʚʘ ʛʠʜʨʦʬʠʣʴʥʦʛʦ ʛʝʣʷ ʢʦʤʧʣʝʢʩʦʚ. 
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ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ 

ʟʘʜʘʯʠ: 

1) ʀʟʫʯʝʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʦʤʧʣʝʢʩʦʚ ʬʠʪʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʘʤʠʥʦʚ ï ʢʩʠʤʝʜʦʥʘ, ʛʣʶʢʦʟʘʤʠʥʘ, 

ʪʨʠʩʘʤʠʥʘ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʠ ʚ ʪʚʸʨʜʦʤ ʩʦʩʪʦʷʥʠʠ. 

2) ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ 

ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʘʤʠʥʦʚ. 

3) ʆʮʝʥʢʘ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ ʬʠʪʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ ʛʣʶʢʦʟʘʤʠʥʘ, ʢʩʠʤʝʜʦʥʘ ʠ ʪʨʠʩʘʤʠʥʘ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ 

ʣʠʧʦʧʝʨʦʢʩʠʜʘʮʠʠ, ʦʙʱʝʡ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʘʢʪʠʚʥʦʩʪʠ 

ʩʫʧʝʨʦʢʩʠʜʜʠʩʤʫʪʘʟʳ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ in vitro ʚ ʥʦʨʤʝ ʠ ʧʨʠ ʦʢʠʩʣʠʪʝʣʴʥʦʤ 

ʩʪʨʝʩʩʝ. 

4) ʈʘʟʨʘʙʦʪʢʘ ʩʦʩʪʘʚʘ ʠ ʣʘʙʦʨʘʪʦʨʥʦʡ ʤʝʪʦʜʠʢʠ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 

ʛʠʜʨʦʬʠʣʴʥʦʛʦ ʛʝʣʷ ʢʦʤʧʣʝʢʩʘ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʘʤʠʥʘ, ʦʙʣʘʜʘʶʱʝʛʦ 

ʥʘʠʙʦʣʴʰʝʡ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʠ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʛʝʣʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʥʘ ʢʨʳʩʘʭ. 

5) ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʢʦʤʧʦʥʝʥʪʦʚ ʛʝʣʷ ʢʦʤʧʣʝʢʩʘ 

ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʘʤʠʥʘ ʠ ʥʦʨʤʘʪʠʚʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ.  

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ. 

¶ ɺʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʠ ʠʟʫʯʝʥʳ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ 

ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʤʠ ʘʤʠʥʘʤʠ ï ʢʩʠʤʝʜʦʥʦʤ, 

ʪʨʠʩʘʤʠʥʦʤ ʠ ʩ ʛʣʶʢʦʟʘʤʠʥʘ ʛʠʜʨʦʭʣʦʨʠʜʦʤ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʢʘʪʠʦʥʦʠʜʥʦʡ ʯʘʩʪʴʶ ʢʦʤʧʣʝʢʩʦʚ ʷʚʣʷʶʪʩʷ ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʝ ʘʤʠʥʳ, ʘ 

ʠʥʦʟʠʪʦʣʴʥʳʡ ʮʠʢʣ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩʦʭʨʘʥʝʥʷʝʪ ʩʚʦʶ ʩʪʨʫʢʪʫʨʫ ʧʨʠ 

ʩʪʝʭʠʦʤʝʪʨʠʠ ʘʤʠʥ:ʬʠʪʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ʚ ʢʦʤʧʣʝʢʩʘʭ ʦʪ 5:1 ʜʦ 10:1. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʢʘʟʘʥʘ ʚʳʩʦʢʘʷ ʘʥʪʠʦʢʩʠʜʘʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʢʦʤʧʣʝʩʦʚ 

in vitro ʚ ʧʣʘʟʤʝ ʢʨʦʚʠ ʯʝʣʦʚʝʢʘ.  

¶ ɺʧʝʨʚʳʝ ʨʘʟʨʘʙʦʪʘʥ ʩʦʩʪʘʚ ʥʦʚʦʛʦ ʧʨʦʪʠʚʦʦʞʦʛʦʚʦʛʦ ʛʠʜʨʦʬʠʣʴʥʦʛʦ 

ʛʝʣʷ ʢʦʤʧʣʝʢʩʘ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʢʩʠʤʝʜʦʥʘ ʥʘ ʦʩʥʦʚʝ ʥʘʪʨʠʷ 

ʛʠʘʣʫʨʦʥʘʪʘ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʜʦʢʘʟʘʥʘ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʥʘ ʢʨʳʩʘʭ. 

¶ ʈʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʠʢʠ ʘʥʘʣʠʟʘ (ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ 

ʦʧʨʝʜʝʣʝʥʠʝ) ʢʦʤʧʦʥʝʥʪʦʚ ʛʝʣʷ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦʜʠʢʠ 

ʘʥʘʣʠʟʘ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʦʪʠʚʦʦʞʦʛʦʚʦʛʦ ʛʠʜʨʦʬʠʣʴʥʦʛʦ ʛʝʣʷ ʢʦʤʧʣʝʢʩʦʚ 

ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʢʩʠʤʝʜʦʥʘ ʚʥʝʜʨʝʥʳ ʚ ʆʆʆ çʉʦʟʠʜʘʪʝʣʴè. ʈʘʟʨʘʙʦʪʘʥ 
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ʧʨʦʝʢʪ ʬʘʨʤʘʢʦʧʝʡʥʦʡ ʩʪʘʪʴʠ ʥʘ ʥʦʚʳʡ ʧʨʦʪʠʚʦʞʦʛʦʚʳʡ ʛʝʣʴ (ʘʢʪ ʚʥʝʜʨʝʥʠʷ 

ʦʪ 15.01.2015 ʛ.). 

ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʫʯʝʙʥʦʤ 

ʧʨʦʮʝʩʩʝ ʠ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʝ ʥʘ ʢʘʬʝʜʨʝ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ 

ʭʠʤʠʠ ʠ ʬʘʨʤʘʢʦʛʥʦʟʠʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ 

ʫʯʨʝʞʜʝʥʠʷ ʚʳʩʰʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ çʅʠʞʝʛʦʨʦʜʩʢʘʷ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʤʝʜʠʮʠʥʩʢʘʷ ʘʢʘʜʝʤʠʷè ʄʠʥʠʩʪʝʨʩʪʚʘ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ʘʢʪʳ ʚʥʝʜʨʝʥʠʷ ʦʪ 23.12.2014 ʛ.), ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʤ 

ʙʶʜʞʝʪʥʦʤ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʫʯʨʝʞʜʝʥʠʠ ʩʨʝʜʥʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʅʠʞʝʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠ çʅʠʞʝʛʦʨʦʜʩʢʠʡ ʤʝʜʠʮʠʥʩʢʠʡ ʙʘʟʦʚʳʡ 

ʢʦʣʣʝʜʞè (ʘʢʪ ʚʥʝʜʨʝʥʠʷ ʦʪ 19.12.2014 ʛ.). 

ʉʚʷʟʴ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʧʨʦʙʣʝʤʥʳʤ ʧʣʘʥʦʤ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ 

ʥʘʫʢʠ.  

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʤʘʪʠʯʝʩʢʠʤ 

ʧʣʘʥʦʤ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ɻɹʆʋ ɺʇʆ ʅʠʞɻʄɸ ʄʠʥʟʜʨʘʚʘ 

ʈʦʩʩʠʠ (ʥʦʤʝʨ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ 01201063248) ʧʦ ʥʘʫʯʥʦʡ 

ʧʨʦʙʣʝʤʝ çʈʘʟʨʘʙʦʪʢʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʦʚʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ ʥʘ 

ʦʩʥʦʚʝ ʧʨʠʨʦʜʥʳʭ ʠ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚè. 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ. 

1. ʈʝʟʫʣʴʪʘʪʳ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʀʂ- ʋʌ- 
1
ʅ- 

13
ʉ- 

31
ʈ- 

ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʝ ʪʠʪʨʦʚʘʥʠʝ, ʵʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ 

ʥʘ C, N, H, P) ʧʦ ʜʦʢʘʟʘʪʝʣʴʩʪʚʫ ʩʦʩʪʘʚʘ ʢʦʤʧʣʝʢʩʦʚ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ 

ʘʤʠʥʦʚ ï ʢʩʠʤʝʜʦʥʘ, ʛʣʶʢʦʟʘʤʠʥʘ, ʪʨʠʩʘʤʠʥʘ. 

2. ʈʝʟʫʣʴʪʘʪʳ ʧʦ ʫʩʪʘʥʦʚʣʝʥʠʶ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ 

ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʢʩʠʤʝʜʦʥʘ ʚ ʨʘʩʪʚʦʨʝ. 

3. ʆʮʝʥʢʘ ʘʥʪʠʦʢʩʠʜʘʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ 

ʘʤʠʥʦʚ (ʢʩʠʤʝʜʦʥʘ, ʛʣʶʢʦʟʘʤʠʥʘ, ʪʨʠʩʘʤʠʥʘ) in vitro ʥʘ ʧʣʘʟʤʝ ʢʨʦʚʠ 

ʯʝʣʦʚʝʢʘ. 

4. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ 

ʛʠʜʨʦʬʠʣʴʥʦʛʦ ʧʨʦʪʠʚʦʦʞʦʛʦʚʦʛʦ ʛʝʣ.̫ 

5. ʄʝʪʦʜʠʢʘ ʘʥʘʣʠʟʘ ʢʦʤʧʦʥʝʥʪʦʚ ʛʠʜʨʦʬʠʣʴʥʦʛʦ ʛʝʣʷ ʢʦʤʧʣʝʢʩʘ 

ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʢʩʠʤʝʜʦʥʦʤ. 

6. ʈʝʟʫʣʴʪʘʪʳ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʥʦʨʤ ʢʘʯʝʩʪʚʘ ʧʨʦʪʠʚʦʦʞʦʛʦʚʦʛʦ 

ʛʠʜʨʦʬʠʣʴʥʦʛʦ ʛʝʣʷ.  
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7. ʆʮʝʥʢʘ ʨʝʧʘʨʘʥʪʥʳʭ ʩʚʦʡʩʪʚ ʧʨʦʪʠʚʦʦʞʦʛʦʚʦʛʦ ʛʝʣʷ ʢʦʤʧʣʝʢʩʘ 

ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʢʩʠʤʝʜʦʥʦʤ. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʥʘʫʯʥʳʭ ʧʦʣʦʞʝʥʠʡ ʠ ʚʳʚʦʜʦʚ ʙʘʟʠʨʫʝʪʩʷ ʥʘ 

ʜʦʩʪʘʪʦʯʥʳʭ ʧʦ ʩʚʦʝʤʫ ʦʙʲʝʤʫ ʜʘʥʥʳʭ ʠ ʢʦʣʠʯʝʩʪʚʫ ʤʘʪʝʨʠʘʣʘ, 

ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʤʦʣʦʜʝʞʥʦʡ ʥʘʫʯʥʦʡ ʰʢʦʣʝ çɹʠʦʤʘʪʝʨʠʘʣʳ 

ʠ ʥʘʥʦ-ʙʠʦʤʘʪʝʨʠʘʣʳ: ʘʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʠ ʚʦʧʨʦʩʳ ʙʝʟʦʧʘʩʥʦʩʪʠè 

(ʂʘʟʘʥʴ, 2012); X ɺʩʝʨʦʩʩʠʡʩʢʦʡ cʝʩʩʠʠ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ ʠ ʩʪʫʜʝʥʪʦʚ 

(ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, 2013); ɺʦʩʴʤʦʡ ʥʘʮʠʦʥʘʣʴʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çɸʢʪʠʚʥʳʝ ʬʦʨʤʳ ʢʠʩʣʦʨʦʜʘ, 

ʦʢʩʠʜ ʘʟʦʪʘ, ʘʥʪʠʦʢʩʠʜʘʥʪʳ ʠ ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝʢʘè (ʉʤʦʣʝʥʩʢ, 2014); VI 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʅʘʫʢʘ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʦʙʱʝʩʪʚʝè 

(ʉʪʘʚʨʦʧʦʣʴ, 2014); ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

çɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʠè (ʋʬʘ, 2015). 

ʇʫʙʣʠʢʘʮʠʠ. ʄʘʪʝʨʠʘʣʳ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ 4 ʩʪʘʪʴʷʭ ʚ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʞʫʨʥʘʣʘʭ ʠ ʚ ʬʦʨʤʝ ʪʝʟʠʩʦʚ ʜʦʢʣʘʜʦʚ 5 ʢʦʥʬʝʨʝʥʮʠʡ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ. ʈʝʟʫʣʴʪʘʪʳ, ʧʨʠʚʝʜʸʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʠ, 

ʧʦʣʫʯʝʥʳ ʧʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʫʯʘʩʪʠʠ ʘʚʪʦʨʘ ʚ ʧʨʦʚʝʜʝʥʠʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʦʤʧʣʝʢʩʦʚ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ 

ʘʤʠʥʘʤʠ ʚ ʨʘʩʪʚʦʨʘʭ, ʚ ʪʚʸʨʜʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʚ ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʬʦʨʤʝ. ɸʚʪʦʨ 

ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʠʩʧʦʣʥʠʪʝʣʝʤ ʥʘʧʠʩʘʥʠʷ ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʪʝʤʝ 

ʜʠʩʩʝʨʪʘʮʠʠ ʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʨʤʘʪʠʚʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʥʘ ʧʨʝʜʣʦʞʝʥʥʳʡ 

ʩʦʩʪʘʚ ʛʝʣʷ.   

ʆʙʲʸʤ ʠ ʩʪʨʫʢʪʫʨʘ ʜʠʩʩʝʨʪʘʮʠʠ. ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ 

ʚʚʝʜʝʥʠʷ, ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʳ, ʛʣʘʚʳ, ʧʦʩʚʷʱʝʥʥʦʡ ʤʝʪʦʜʘʤ ʠ ʦʙʲʝʢʪʘʤ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʜʚʫʭ ʛʣʘʚ ʩʦʙʩʪʚʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʳʚʦʜʦʚ, ʩʧʠʩʢʘ 

ʣʠʪʝʨʘʪʫʨʳ, ʚʢʣʶʯʘʶʱʝʛʦ 184 ʥʘʠʤʝʥʦʚʘʥʠʡ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ 

ʘʚʪʦʨʦʚ ʠ ʧʨʠʣʦʞʝʥʠʷ. ʈʘʙʦʪʘ ʠʟʣʦʞʝʥʘ ʥʘ 166 ʩʪʨʘʥʠʮʘʭ ʤʘʰʠʥʦʧʠʩʥʦʛʦ 

ʪʝʢʩʪʘ, ʩʦʜʝʨʞʠʪ 24 ʪʘʙʣʠʮʳ, 48 ʨʠʩʫʥʢʦʚ, 5 ʩʭʝʤ.  
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ɻʃɸɺɸ 1. ʃʀʊɽʈɸʊʋʈʅʓʁ ʆɹɿʆʈ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʧʦʠʩʢʘ ʠ ʩʠʥʪʝʟʘ ʥʦʚʳʭ 

ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʩʫʙʩʪʘʥʮʠʡ ʠ ʚʝʢʪʦʨʦʚ ʜʦʩʪʘʚʢʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʚʝʱʝʩʪʚ 

ʠʟ ʢʣʘʩʩʘ ʩʘʭʘʨʦʚ, ʙʠʦʪʨʘʥʩʬʦʨʤʘʮʠʷ ʢʦʪʦʨʳʭ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ 

ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ. ʇʨʦʠʟʚʦʜʥʳʝ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʷʚʣʷʶʱʠʝʩʷ 

ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʥʳʤʠ ʩʘʭʘʨʘʤʠ, ʠʤʝʶʪ ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʝʨʝʜ ʜʨʫʛʠʤʠ 

ʣʝʢʘʨʩʪʚʝʥʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʧʨʠʨʦʜʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ 

ʩʦʜʝʨʞʘʪ ʜʦ ʰʝʩʪʠ ʬʦʩʬʘʪʥʳʭ ʛʨʫʧʧ ʚ ʦʜʥʦʤ ʠʥʦʟʠʪʥʦʤ ʮʠʢʣʝ. 

ʌʠʪʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ʦʙʨʘʟʫʝʪʩʷ ʚʦ ʚʨʝʤʷ ʩʦʟʨʝʚʘʥʠʷ ʩʝʤʷʥ ʠ ʩʦʩʪʘʚʣʷʝʪ 

60-90% ʦʪ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʬʦʩʬʦʨʘ ʚ ʨʘʩʪʝʥʠʷʭ [143]. ʅʘʠʙʦʣʝʝ ʙʦʛʘʪʳ 

ʵʪʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʟʣʘʢʦʚʳʝ, ʙʦʙʦʚʳʝ ʠ ʤʘʩʣʠʯʥʳʝ ʢʫʣʴʪʫʨʳ [85].ʆʩʥʦʚʥʳʤ 

ʧʨʠʨʦʜʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʬʠʪʠʥʘ ʠ ʤʝʟʦʠʥʦʟʠʪʘ, ʜʦʩʪʫʧʥʳʤ ʚ ʈʦʩʩʠʠ, 

ʷʚʣʷʶʪʩʷ ʢʦʥʦʧʣʷʥʦʝ ʩʝʤʷ ʠ ʞʤʳʭ [40]. 

ʌʠʪʠʥʦʚʫʶ ʢʠʩʣʦʪʫ ʢʘʢ ʚʝʱʝʩʪʚʦ ʤʝʜʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ 

ʥʘʯʘʣʠ ʘʢʪʠʚʥʦ ʠʟʫʯʘʪʴ ʚ 70ʭ ʛʦʜʘʭ XX ʚʝʢʘ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʪʝʭ ʣʝʪ [57, 80, 

82, 88, 154], ʬʠʪʠʥ, ʢʘʢ ʠʩʪʦʯʥʠʢ ʤʠʦ-ʠʥʦʟʠʪʘ ʠ ʰʝʩʪʠ ʬʦʩʬʘʪʥʳʭ ʛʨʫʧʧ, 

ʧʦʟʠʮʠʦʥʠʨʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʩʨʝʜʩʪʚʘ, ʨʝʛʫʣʠʨʫʶʱʝʛʦ ʬʦʩʬʦʨʥʦ-ʢʘʣʴʮʠʝʚʳʡ 

ʦʙʤʝʥ, ʠ ʧʦʢʘʟʘʥ ʧʨʠ ʟʘʙʦʣʝʚʘʥʠʷʭ, ʚʳʟʚʘʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʤ ʬʦʩʬʦʨʘ ʚ 

ʦʨʛʘʥʠʟʤʝ, ʥʘʧʨʠʤʝʨ ʩʧʦʩʦʙʩʪʚʫʶʱʠʡ ʫʣʫʯʰʝʥʠʶ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʝʨʚʥʦʡ 

ʩʠʩʪʝʤʳ ʠ ʢʦʨʨʝʢʪʠʨʫʶʱʠʡ ʦʙʤʝʥ ʚ ʢʦʩʪʥʦʡ ʠ ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ ʪʢʘʥʠ. ɺ 

ʩʧʨʘʚʦʯʥʠʢʝ ɼ.ʄ. ʄʘʰʢʦʚʩʢʦʛʦ [20] ʦʧʠʩʘʥʘ ʩʤʝʩʴ ʢʘʣʴʮʠʝʚʳʭ ʠ ʤʘʛʥʠʝʚʳʭ 

ʩʦʣʝʡ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʧʦʜ ʥʘʟʚʘʥʠʝʤ ʬʠʪʠʥ, ʢʦʪʦʨʳʡ ʧʦʢʘʟʘʥ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʟʘʙʦʣʝʚʘʥʠʷʭ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ, ʩʦʩʫʜʠʩʪʦʡ ʛʠʧʦʪʦʥʠʠ, ʠʩʪʝʨʠʠ, 

ʥʝʚʨʘʩʪʝʥʠʠ, ʧʦʣʦʚʦʡ ʩʣʘʙʦʩʪʠ, ʥʝʜʦʩʪʘʪʢʝ ʧʠʪʘʥʠʷ, ʨʘʭʠʪʝ, ʦʩʪʝʦʤʘʣʷʮʠʠ, 

ʤʘʣʦʢʨʦʚʠʠ, ʪʫʙʝʨʢʫʣʝʟʝ, ʜʠʘʪʝʟʘʭ, ʩʢʨʦʬʫʣʝʟʝ ʠ ʜʨ.  
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1.1. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʝʸ ʢʦʤʧʣʝʢʩʦʚ ʩ 

ʤʝʪʘʣʣʘʤʠ ʠ ʘʤʠʥʘʤʠ 

 

ʌʠʪʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ï ʤʠʦ-ʠʥʦʟʠʪʛʝʢʩʘʢʠʩʬʦʩʬʘʪ ʠʣʠ 1,2,3,4,5,6-

ʛʝʢʩʘʢʠʩ (ʜʠʛʠʜʨʦʬʦʩʬʘʪ) ʤʠʦ-ʠʥʦʟʠʪ ʷʚʣʷʝʪʩʷ ʢʨʘʡʥʝ ʨʝʘʢʮʠʦʥʥʦ-

ʩʧʦʩʦʙʥʳʤ ʚʝʱʝʩʪʚʦʤ ʟʘ ʩʯʸʪ ʥʘʣʠʯʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʜʚʝʥʘʜʮʘʪʠ ʧʦʜʚʠʞʥʳʭ 

ʧʨʦʪʦʥʦʚ ʠ ʤʦʞʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʚ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʘʭ [158, 182]. 
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ʄʦʣʝʢʫʣʷʨʥʘʷ ʬʦʨʤʫʣʘ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ï C6H18O24P6, ʤʦʣʝʢʫʣʷʨʥʘʷ 

ʤʘʩʩʘ ï 660,04 ʛ/ʤʦʣʴ. 

  1.1.1. ʂʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ 

 

ɺ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʬʠʪʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ʣʝʛʢʦ ʛʠʜʨʦʣʠʟʫʝʪʩʷ, ʦʙʨʘʟʫʷ 

ʬʦʩʬʘʪʳ ʠʥʦʟʠʪʘ (ʠʥʦʟʠʪ ʧʝʥʪʘ-(InsP5), ʪʝʪʨʘ-(InsP4) ʠ ʪʨʠʬʦʩʬʘʪʳ (InsP3)), 

ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʥʘʟʳʚʘʶʪ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʦʡ ʠʣʠ ʬʠʪʘʪʘʤʠ ʠ ʩʦʜʝʨʞʘʪ ʦʪ 

ʦʜʥʦʛʦ ʜʦ ʧʷʪʠ ʦʩʪʘʪʢʦʚ ʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʳ (ʨʠʩ.1.1). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʚʩʝ ʬʦʨʤʳ ʬʠʪʘʪʦʚ ʠ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ 

ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ [137, 182]. 

InsP6+   HOH ź InsP5 +  H3PO4 (1.1) 

InsP6+ 2HOH ź InsP4 + 2H3PO4 (1.2) 

InsP6+ 3HOH ź InsP3 + 3H3PO4 (1.3) 

InsP6 + 4HOH ź InsP2 + 4H3PO4 (1.4) 

InsP6 + 5HOH ź InsP1 + 5H3PO4 (1.5) 
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ʉʪʨʫʢʪʫʨʘ ʬʠʪʘʪʦʚ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʙʘʚʣʝʥʠʷ ʠ ʩʠʣʳ 

ʦʩʥʦʚʘʥʠʷ.  

OPO3H2

OPO3H2

HO

HO

HO

H2O3PO

OPO3H2

OPO3H2

HO

H2O3PO

HO

H2O3PO

OPO3H2

OPO3H2

HO

H2O3PO

H2O3PO

H2O3PO

Ins(1,2,3,4,5)P5

Ins(1,2,3,5)P4 Ins(1,2,3)P3

 

ʈʠʩ.1.1. ʆʩʥʦʚʥʳʝ ʬʦʨʤʳ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʨʠ ʛʠʜʨʦʣʠʟʝ 

ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ InsP6. 

 

ʆʙʨʘʟʦʚʘʥʥʘʷ ʧʨʠ ʛʠʜʨʦʣʠʟʝ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʬʦʩʬʦʨʥʘʷ ʢʠʩʣʦʪʘ 

ʧʦʜʚʝʨʛʘʝʪʩʷ ʚʪʦʨʠʯʥʦʤʫ ʛʠʜʨʦʣʠʟʫ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦ ʧʝʨʚʦʡ ʩʪʫʧʝʥʠ, 

ʯʪʦ ʚʥʦʩʠʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʢʦʥʮʝʥʪʨʘʮʠʶ ʧʨʦʪʦʥʦʚ H3O
+
 ʠ 

ʦʙʲʷʩʥʷʝʪ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʨʅ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ: 

 

H3PO4 + HOH ź H
+
+ H2PO4

-  
(1.6)

 

H2PO4
-
+ HOH ź H

+
+ HPO4

2- 
(1.7)

 

 

ɺ ʨʘʙʦʪʝ L. Oatway ʠ T. Vasanthan [135] ʩʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ Marvin 

Molecule ʨʘʩʩʯʠʪʘʥʳ ʚʝʣʠʯʠʥʳ ʨʂʘ ʠ ʤʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʬʠʪʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ (ʨʠʩ. 1.2).  

ʂʘʢ ʤʦʞʥʦ ʩʫʜʠʪʴ ʧʦ ʚʝʣʠʯʠʥʘʤ ʨʂʘ, ʬʠʪʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ʩʧʦʩʦʙʥʘ 

ʚʳʩʪʫʧʘʪʴ ʚ ʨʦʣʠ ʚʳʩʦʢʦ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʦʛʦ ʘʥʠʦʥʘ ʚ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʨʅ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʘʢʪʠʚʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʢʘʢ ʩ 
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ʤʥʦʛʦʚʘʣʝʥʪʥʳʤʠ ʢʘʪʠʦʥʘʤʠ, ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʤʠ ʘʤʠʥʘʤʠ, ʪʘʢ ʠ ʩ ʙʝʣʢʘʤʠ 

[135, 158, 182]. 
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1
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7,56

7,96

1,32

8,48

2,50

8,75

2,12

9,13

1,85

8,23

1,60

0,94

 

ʈʠʩ.1.2. ɺʝʣʠʯʠʥʳ ʨʂʘ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʜʣʷ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ [135] 

(Marvin Molecule). 

 

ʂʘʢ ʤʳ ʤʦʞʝʤ ʚʠʜʝʪʴ ʠʟ ʧʨʝʜʣʦʞʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʨʝʘʢʮʠʦʥʥʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʚ ʩʦʩʪʘʚʝ ʬʦʩʬʘʪʥʳʭ ʛʨʫʧʧ ʬʠʪʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ ʥʝ ʵʢʚʠʚʘʣʝʥʪʥʘ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʩʚʦʡʩʪʚʘ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʥʘ ʧʨʠʤʝʨʝ ʝʸ ʥʘʪʨʠʝʚʦʡ ʠʣʠ 

ʢʘʣʠʝʚʦʡ ʩʦʣʠ.  

ʊʘʢ, ʥʘ ʧʨʠʤʝʨʝ ʢʘʣʠʝʚʦʡ ʩʦʣʠ ʤʝʪʦʜʦʤ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʪʠʪʨʦʚʘʥʠʷ ʠʩʩʣʝʜʦʚʘʥʳ ʠʟʤʝʥʝʥʠʷ ʚ ʠʦʥʠʟʘʮʠʠ InsP6 ʚ ʨʘʙʦʪʝ M. Sala ʠ D. 

Makuc [147]. ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ, ʢʘʣʠʝʚʘʷ ʩʦʣʴ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ K2H10InsP6 

ʚʳʩʪʫʧʘʝʪ ʚ ʨʦʣʠ ʪʠʪʨʫʝʤʦʛʦ ʨʘʩʪʚʦʨʘ. ɺ ʢʘʯʝʩʪʚʝ ʪʠʪʨʘʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʥʳʝ ʨʘʩʪʚʦʨʳ NaOH ʠ Bu4NOH. ʀʟ ʢʨʠʚʳʭ ʪʠʪʨʦʚʘʥʠʷ (ʨʠʩ. 

1.3) ʚʠʜʥʦ, ʯʪʦ ʠʦʥʳ ʥʘʪʨʠʷ ʭʦʨʦʰʦ ʩʪʘʙʠʣʠʟʠʨʫʶʪ ʬʠʪʘʪ ʘʥʠʦʥ. ʇʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ NaOH ʚ ʢʘʯʝʩʪʚʝ ʪʠʪʨʘʥʪʘ (ʢʨʠʚʘʷ ɺ), ʟʥʘʯʝʥʠʝ ʨʂʘ 

K2H10InsP6 ʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʦ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʦʧʳʪʦʤ, ʛʜʝ ʚ ʨʦʣʠ ʪʠʪʨʘʥʪʘ 

ʚʳʩʪʫʧʘʣ Bu4NOH (ʢʨʠʚʘʷ ɸ). ɼʦʧʦʣʥʠʪʝʣʴʥʦʝ ʚʚʝʜʝʥʠʝ ʚ ʩʠʩʪʝʤʫ ʠʦʥʦʚ 

ʥʘʪʨʠʷ ʟʘ ʩʯʸʪ ʜʦʙʘʚʣʝʥʠʷ NaCl (ʢʨʠʚʘʷ D) ʧʦʢʘʟʳʚʘʝʪ ʝʱʸ ʙʦʣʴʰʫʶ 

ʢʠʩʣʦʪʥʦʩʪʴ. ɸʥʘʣʠʟ ʢʨʠʚʳʭ ʪʠʪʨʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ K2H10InsP6 
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ʩʦʜʝʨʞʠʪ ʪʨʠ ʠʣʠ ʯʝʪʳʨʝ ʧʨʦʪʦʥʘ ʩ ʚʳʩʦʢʦʡ ʢʠʩʣʦʪʥʦʩʪʴʶ (ʚ ʩʨʝʜʥʝʤ ʨʂʘ < 

3) ʜʚʘ ʩʦ ʩʣʘʙʦʡ (ʨʂʘ 7) ʠ ʯʝʪʳʨʝ ʦʯʝʥʴ ʩʣʘʙʳʭ ʢʠʩʣʦʪʥʳʭ ʧʨʦʪʦʥʘ (ʨʂʘ >8). 

 

 

ʈʠʩ. 1.3. ʊʠʪʨʦʚʘʥʠʝ 30 ʤʣ 0,000916 ʄ ʨʘʩʪʚʦʨʘ K2H10InsP6 0,00966 ʄ 

ʨʘʩʪʚʦʨʦʤ NBu4OH (A), 0,00946 ʄ ʨʘʩʪʚʦʨʦʤ NaOH (B) ʠ ʨʘʩʯʝʪʥʳʝ 

ʟʥʘʯʝʥʠʷ ʵʪʦʡ ʢʨʠʚʦʡ (C). ʂʨʠʚʘʷ (D) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʠʪʨʦʚʘʥʠʶ (B) ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ 1 ʄ ʨʘʩʪʚʦʨʘ NaCl. ʇʘʨʘʤʝʪʨ ʧʦ ʦʩʠ ʘʙʩʮʠʩʩ ʷʚʣʷʝʪʩʷ ʯʠʩʣʦ 

ʤʦʣʝʡ ʪʠʪʨʘʥʪʘ ʥʘ ʤʦʣʴ K2H10InsP6. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʛʨʘʤʤʥʳʡ ʨʘʩʯʸʪ ʟʥʘʯʝʥʠʡ ʨʂʘ (ʨʠʩ.1.2) ʩʦʛʣʘʩʫʝʪʩʷ 

ʩ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʧʨʠ ʘʥʘʣʠʟʝ ʢʨʠʚʦʡ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʦʛʦ 

ʪʠʪʨʦʚʘʥʠʷ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (ʨʠʩ.1.3), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʬʠʪʠʥʦʚʫʶ ʢʠʩʣʦʪʫ ʚ ʢʘʯʝʩʪʚʝ ʢʘʢ ʩʠʣʴʥʦʡ, ʪʘʢ ʠ ʦʯʝʥʴ ʩʣʘʙʦʡ ʢʠʩʣʦʪʳ (pKa 

1-9). ʈʷʜ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʥʘʭʦʜʠʪ ʟʘʚʠʩʠʤʦʩʪʴ ʵʪʦʛʦ ʬʘʢʪʦʨʘ ʦʪ ʠʦʥʥʦʡ ʩʠʣʳ 

ʨʘʩʪʚʦʨʘ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʨʫʛʠʭ [59, 72, 147, 165]. ɺ ʥʝʡʪʨʘʣʴʥʦʡ ʩʨʝʜʝ 

ʬʦʩʬʘʪʥʳʝ ʛʨʫʧʧʳ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʜʠʩʩʦʮʠʠʨʫʶʪ ʣʠʰʴ ʯʘʩʪʠʯʥʦ, 

ʧʨʠʦʙʨʝʪʘʷ ʦʜʠʥ ʠʣʠ ʜʚʘ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʟʘʨʷʜʘ. ʆʙʨʘʟʫʶʱʠʝʩʷ ʘʥʠʦʥʳ 

ʚʤʝʩʪʝ ʩ ʘʥʠʦʥʘʤʠ ʢʘʣʠʝʚʦʡ ʩʦʣʠ InsP6 ʤʦʛʫʪ ʧʨʦʯʥʦ ʭʝʣʘʪʠʨʦʚʘʪʴ 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʝ ʠʦʥʳ ʤʝʪʘʣʣʦʚ, ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʝ ʘʤʠʥʦʛʨʫʧʧʳ ʠ 

ʜʨ., ʧʨʠʯʸʤ ʩʚʷʟʴ ʵʪʠʭ ʢʘʪʠʦʥʦʚ ʩ ʬʦʩʬʘʪʥʳʤʠ ʛʨʫʧʧʘʤʠ ʤʝʥʝʝ ʧʨʦʯʥʘʷ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʠʪʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ʷʚʣʷʝʪʩʷ ʧʦʣʠʜʝʥʪʘʪʥʳʤ ʣʠʛʘʥʜʦʤ, 

ʩʧʦʩʦʙʥʳʤ ʭʝʣʘʪʠʨʦʚʘʪʴ ʢʘʪʠʦʥʳ ʧʫʪʝʤ ʦʙʨʘʟʦʚʘʥʠʷ ʥʝʩʢʦʣʴʢʠʭ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʚʷʟʝʡ [40]. 

 

1.1.2. ʂʦʤʧʣʝʢʩʳ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ 

 

ʂʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʠʝ ʩʚʦʡʩʪʚʘ ʬʦʩʬʘʪʥʳʭ ʛʨʫʧʧ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ 

ʧʦʟʚʦʣʷʶʪ ʝʡ ʘʢʪʠʚʥʦ ʭʝʣʘʪʠʨʦʚʘʪʴ ʢʘʪʠʦʥʳ ʤʝʪʘʣʣʦʚ, ʦʩʦʙʝʥʥʦ 

ʦʙʣʘʜʘʶʱʠʝ ʚʳʩʦʢʠʤ ʩʨʦʜʩʪʚʦʤ ʢ ʠʥʦʟʠʪʬʦʩʬʘʪʘʤ Cu
2+

 ʠ Zn
2+

. 

ʉʪʘʙʠʣʴʥʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʢʘʪʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʠʟʫʯʝʥʘ 

ʨʷʜʦʤ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. ɺ ʨʘʙʦʪʘʭ Maddaiah V. T. (1964) ʧʨʝʜʣʦʞʝʥʘ 

ʩʣʝʜʫʶʱʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʢʘʪʠʦʥʦʚ ʤʝʪʘʣʣʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ 

ʧʦʨʷʜʢʝ ʩʥʠʞʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʢʦʤʧʣʝʢʩʘ ʬʠʪʠʥʦʚʘʷ ʢʠʩʣʦʪʳ ʠ ʤʝʪʘʣʣʘ [123]: 

Zn
2+

> Cu
2+

> Co
2+

> Mn
2+

> Ca
2+

 

ʀʩʩʣʝʜʦʚʘʥʠʷ Vohra P. (1965), ʧʨʦʚʦʜʠʤʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʨʫʛʠʭ 

ʤʝʪʦʜʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʧʨʝʜʣʘʛʘʶʪ ʥʝʩʢʦʣʴʢʦ ʠʥʦʡ ʨʷʜ [170]: 

Cu
2+

> Zn
2+

> Co
2+

> Mn
2+

> Fe
3+

> Ca
2+

 

ʉʣʝʜʫʶʱʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, ʧʦʣʫʯʝʥʥʘʷ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ Persson H. 

(1998), ʩʧʨʘʚʝʜʣʠʚʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʨʦʯʥʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ, ʦʙʨʘʟʫʝʤʳʭ 

ʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ ʢʘʢ ʩ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʦʡ ʪʘʢ ʠ ʩ ʥʠʟʰʠʤʠ ʬʦʩʬʘʪʘʤʠ 

ʠʥʦʟʠʪʘ (InsP3-InsP6) ʧʨʠ ʟʥʘʯʝʥʠʷʭ pH 3-7 [139]: 

Cu
2+ 

> Zn
2+ 

> Cd
2+

 

ɺ ʨʘʙʦʪʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʦʯʥʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ 

ʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ ʩʥʠʞʘʝʪʩʷ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʬʦʩʬʘʪʥʳʭ ʛʨʫʧʧ ʚ 

ʩʦʩʪʘʚʝ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ. ɺʘʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʬʠʪʠʥʘ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʢʦʤʧʣʝʢʩʘ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʥʝ ʪʦʣʴʢʦ ʘʬʬʠʥʥʦʩʪʴʶ ʢʘʪʠʦʥʦʚ. ʆʜʥʘʢʦ ʬʠʪʠʥʦʚʘʷ ʢʠʩʣʦʪʘ, ʦʙʥʘʨʫʞʝʥʥʘʷ 

ʚ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʘʭ, ʥʘʭʦʜʠʪʩʷ ʚ ʥʠʭ ʚ ʦʩʥʦʚʥʦʤ ʚ ʚʠʜʝ ʤʘʛʥʠʝʚʳʭ, 

ʢʘʣʴʮʠʝʚʳʭ ʠ ʢʘʣʠʝʚʳʭ ʩʦʣʝʡ [95]. 



17 

ʇʨʠ ʠʟʙʳʪʢʝ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ ʨʘʩʪʚʦʨʝ, ʩʦʜʝʨʞʘʱʝʤ ʢʘʪʠʦʥʳ 

ʤʝʪʘʣʣʦʚ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʙʨʘʟʫʶʪʩʷ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ ʢʦʤʧʣʝʢʩʳ ʩ 

ʵʢʚʠʤʦʣʷʨʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ (1:1). ɺ ʜʨʫʛʦʤ ʢʨʘʡʥʝʤ ʩʣʫʯʘʝ (ʠʟʙʳʪʦʢ 

ʢʘʪʠʦʥʦʚ ʤʝʪʘʣʣʦʚ) ʦʙʨʘʟʫʶʪʩʷ ʩʣʘʙʦʨʘʩʪʚʦʨʠʤʳʝ ʠ ʥʝʨʘʩʪʚʦʨʠʤʳʝ ʩʦʣʠ 

[165]. ʇʨʠ ʵʪʦʤ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʩʦʣʝʡ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʜʦʩʪʠʛʘʝʪ 

ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʢʘʢ ʧʨʠ ʦʯʝʥʴ ʥʠʟʢʦʤ, ʪʘʢ ʠ ʧʨʠ ʦʯʝʥʴ ʚʳʩʦʢʦʤ 

ʩʦʜʝʨʞʘʥʠʠ ʢʘʪʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʚ ʨʘʩʪʚʦʨʝ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ [58, 66, 67, 

86]. 

ʆʜʥʦʚʨʝʤʝʥʥʦʝ ʧʨʠʩʫʪʩʪʚʠʝ ʢʘʪʠʦʥʦʚ ʥʝʩʢʦʣʴʢʠʭ ʤʝʪʘʣʣʦʚ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʪ.ʝ. ʦʥʠ ʥʝ 

ʢʦʥʢʫʨʠʨʫʶʪ ʤʝʞʜʫ ʩʦʙʦʡ ʟʘ ʤʦʣʝʢʫʣʫ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʘ ʩʚʷʟʳʚʘʶʪʩʷ ʩ 

ʥʝʡ ʚʩʝ. ʅʘʧʨʠʤʝʨ, ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʬʠʪʘʪʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʚ ʨʘʩʪʚʦʨʝ ʢʘʪʠʦʥʦʚ Ca
2+

 ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʢʘʪʠʦʥʘʤʠ ʜʨʫʛʠʭ 

ʤʝʪʘʣʣʦʚ [73, 149, 166]. ʌʠʪʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ʚ ʚʠʜʝ ʢʘʣʴʮʠʷ ʬʠʪʘʪʘ 

ʧʦʢʘʟʳʚʘʝʪ ʙʦʣʴʰʦʝ ʩʨʦʜʩʪʚʦ ʢ Zn
2+

 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʚʤʝʩʪʥʳʭ ʦʩʘʜʢʦʚ 

[121, 122, 150]. ʆʜʥʘʢʦ, ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ Zn
2+

, 

ʢʘʣʴʮʠʡ ʩʧʦʩʦʙʝʥ ʚʳʪʝʩʥʷʪʴ ʮʠʥʢ ʠʟ ʮʝʥʪʨʦʚ ʩʚʷʟʳʚʘʥʠʷ ʬʠʪʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ, ʧʨʠ ʵʪʦʤ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʢʦʤʧʣʝʢʩʘ ʧʦʚʳʰʘʝʪʩʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʢʦʣʠʯʝʩʪʚʦ ʩʚʦʙʦʜʥʦʛʦ Zn
2+  
ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʢʦʥʮʝʥʪʨʘʮʠʠ Ca

2+ 
[73, 

122, 177]. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ Mg
2+
, ʪʘʢʞʝ ʫʩʠʣʠʚʘʝʪ ʩʦʦʩʘʞʜʝʥʠʝ Zn

2+
 ʩ 

ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʦʡ, ʥʦ ʦʢʘʟʳʚʘʝʪ ʤʝʥʝʝ ʚʳʨʘʞʝʥʥʳʡ ʵʬʬʝʢʪ, ʯʝʤ Ca
2+

 [176-

178]. 

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʠʦʥʘʤʠ ʢʘʢʦʛʦ-ʣʠʙʦ ʦʜʥʦʛʦ 

ʤʝʪʘʣʣʘ, ʥʘʧʨʠʤʝʨ ʤʘʨʛʘʥʮʘ, ʢʦʙʘʣʴʪʘ, ʥʠʢʝʣʷ, ʤʝʜʠ, ʦʣʦʚʘ ʠʣʠ ʮʠʥʢʘ, 

ʦʙʨʘʟʫʶʪʩʷ ʥʝʨʘʩʪʚʦʨʠʤʳʝ ʩʦʣʠ, ʚ ʩʦʩʪʘʚʝ ʢʦʪʦʨʳʭ ʩʦʦʪʥʦʰʝʥʠʝ ʬʠʪʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ ʠ ʢʘʪʠʦʥʦʚ ʚʘʨʴʠʨʫʝʪ ʦʪ 1:2 ʜʦ 1:5. ʇʨʠʩʫʪʩʪʚʠʝ ʚ ʨʘʩʪʚʦʨʝ ʭʣʦʨʠʜ-

ʠʦʥʦʚ ʩʤʝʱʘʝʪ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʜʦ 1:6 ʚ ʩʣʝʜʩʪʚʠʝ 

ʩʧʦʩʦʙʥʦʩʪʠ ʠʦʥʦʚ Cl
-
 ʚʳʟʳʚʘʪʴ ʙʦʣʝʝ ʧʦʣʥʫʶ ʜʝʧʨʦʪʦʥʠʟʘʮʠʶ ʦʩʪʘʪʢʦʚ 

ʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʳ [170] ʠ ʧʦʚʳʰʘʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʦʙʨʘʟʫʝʤʳʭ ʢʦʤʧʣʝʢʩʦʚ 

[16].  
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ɺʘʞʥʳʤ ʬʘʢʪʦʨʦʤ, ʚʣʠʷʶʱʠʤ ʥʘ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʩʦʣʝʡ ʬʠʪʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ, ʷʚʣʷʝʪʩʷ ʫʨʦʚʝʥʴ pH ʩʨʝʜʳ [85, 147]. ʌʠʪʘʪʳ ʢʘʣʴʮʠʷ, ʢʘʜʤʠʷ, 

ʮʠʥʢʘ ʠ ʤʝʜʠ ʣʫʯʰʝ ʨʘʩʪʚʦʨʠʤʳ ʧʨʠ ʟʥʘʯʝʥʠʷʭ pH ʥʠʞʝ 4 ï 5, ʪʦʛʜʘ ʢʘʢ 

ʬʠʪʘʪ ʤʘʛʥʠʷ ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʠʤ ʢʘʢ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ, ʪʘʢ ʠ ʧʨʠ pH ʜʦ 7,5 [58]. 

ɺ ʨʘʙʦʪʝ M. Sala ʠ D. Makuc [147] ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʨʅ ʥʘ ʧʨʦʮʝʩʩʳ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʠʦʥʘʤʠ ʞʝʣʝʟʘ (III ). 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ 

ʠʦʥʦʚ Fe(III) ʟʘʪʨʫʜʥʝʥʦ ʢʘʢ ʚ ʩʠʣʴʥʦ ʢʠʩʣʦʡ ʪʘʢ ʠ ʚ ʩʠʣʴʥʦ ʱʝʣʦʯʥʦʡ ʩʨʝʜʘʭ 

(ʢʨʘʡʥʠʝ ʪʦʯʢʠ ʟʥʘʯʝʥʠʡ ʨʅ). ʇʨʠ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʷʭ ʨʅ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ 

ʠʦʥʦʚ ʞʝʣʝʟʘ, ʧʦ ʚʠʜʠʤʦʤʫ, ʧʨʝʧʷʪʩʪʚʫʝʪ ʩʠʣʴʥʦʝ ʧʨʦʪʦʥʠʨʦʚʘʥʠʝ 

ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʧʨʠ ʚʳʩʦʢʠʭ ï ʛʠʜʨʘʪʠʨʦʚʘʥʠʝ ʞʝʣʝʟʘ. ʅʝʨʘʩʪʚʦʨʠʤʳʝ 

ʢʦʤʧʣʝʢʩʳ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʤʝʪʘʣʣʘʤʠ ʦʩʘʞʜʘʶʪʩʷ ʚ ʚʠʜʝ ʘʤʦʨʬʥʦʡ 

ʤʘʩʩʳ, ʥʘʩʳʱʝʥʥʦʡ ʚʦʜʦʡ (ʜʦ 22 ʤʦʣʝʢʫʣ ʚʦʜʳ ʥʘ 1 ʤʦʣʝʢʫʣʫ ʬʠʪʘʪʘ), ʯʪʦ 

ʟʘʪʨʫʜʥʷʝʪ ʧʨʦʚʝʜʝʥʠʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ [63]. ʆʜʥʘʢʦ ʠʤʝʶʪʩʷ 

ʜʘʥʥʳʝ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʬʠʪʘʪʘ ʞʝʣʝʟʘ (III), ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʚʷʟʴ ʬʦʩʬʘʪʥʳʭ ʛʨʫʧʧ ʩ ʞʝʣʝʟʦʤ 

ʩʦʠʟʤʝʨʠʤʘ ʧʦ ʧʨʦʯʥʦʩʪʠ ʩ ʢʦʚʘʣʝʥʪʥʦʡ. ʆʩʘʞʜʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʥʘʯʠʥʘʝʪʩʷ, 

ʢʦʛʜʘ ʦʪ 2 ʜʦ 4 ʠʦʥʦʚ Fe
3+

 ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʢʘʢ ʤʠʥʠʤʫʤ ʩ 4 ʠʟ 6 ʬʦʩʬʘʪʥʳʭ 

ʛʨʫʧʧ ʤʦʣʝʢʫʣʳ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ [133, 169]. ʊʝʦʨʝʪʠʯʝʩʢʠ, ʢʘʞʜʘʷ 

ʬʦʩʬʘʪʥʘʷ ʛʨʫʧʧʘ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʜʚʫʤʷ ʠʦʥʘʤʠ Fe
3+

, 

ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʚʷʟʘʥ ʩ ʪʨʝʤʷ ʬʦʩʬʘʪʥʳʤʠ ʛʨʫʧʧʘʤʠ 

ʜʚʫʭ ʨʘʟʥʳʭ ʤʦʣʝʢʫʣ ʬʠʪʘʪʘ [124, 133]. ʂʦʥʩʪʘʥʪʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ 

ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʞʝʣʝʟʘ (III) ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʘ, ʧʦʵʪʦʤʫ ʚ ʦʩʥʦʚʝ 

ʨʘʟʣʠʯʥʳʭ ʘʥʘʣʠʟʦʚ ʥʘ ʧʦʜʣʠʥʥʦʩʪʴ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʣʝʞʘʪ ʨʝʘʢʮʠʠ ʩ 

ʦʢʨʘʰʝʥʥʳʤʠ ʩʦʣʷʤʠ ʞʝʣʝʟʘ [133, 161]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʤʝʪʘʣʣʦʚ ʟʘʚʠʩʠʪ ʦʪ 

ʚʝʣʠʯʠʥʳ ʨʅ, ʧʨʠʨʦʜʳ ʢʘʪʠʦʥʘ, ʤʦʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ 

ʠ ʢʘʪʠʦʥʘ, ʘ ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʠʷ ʜʨʫʛʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʨʘʩʪʚʦʨʝ [16, 58, 67, 73, 

85, 122, 147, 165]. ʨʅ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ, ʚʣʠʷʶʱʠʤ ʥʘ 
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ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʬʠʪʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʧʨʠʯʝʤ ʬʠʪʘʪʳ ʙʦʣʝʝ ʨʘʩʪʚʦʨʠʤʳ ʧʨʠ 

ʥʠʟʢʠʭ, ʯʝʤ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʷʭ ʨʅ. Ca
2+

, Cd
2+

 , Zn
2+

 ʠ Cu
2+ 
ʩʦʣʠ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʨʘʩʪʚʦʨʠʤʳ ʧʨʠ ʨʅ ʥʠʞʝ 4-5, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ Mg-ʬʠʪʘʪ, 

ʨʘʩʪʚʦʨʠʤ ʢʘʢ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ, ʪʘʢ ʠ ʧʨʠ ʨʅ ʜʦ 7,5. ɺ ʦʪʣʠʯʠʝ ʦʪ ʵʪʦʛʦ ʞʝʣʝʟʘ 

ʬʠʪʘʪʳ ʥʝʨʘʩʪʚʦʨʠʤʳ ʚ ʜʠʘʧʘʟʦʥʝ ʟʥʘʯʝʥʠʡ ʨʅ 1,0-3,5, ʘ ʧʨʠ ʵʢʚʠʤʦʣʷʨʥʦʤ 

ʩʦʦʪʥʦʰʝʥʠʠ Fe
3+

 ʚ ʬʠʪʘʪʝ ʠ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ ʨʅ ʚʳʰʝ 4. 

 

1.1.3. ʂʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ 

ʣʠʛʘʥʜʘʤʠ 

 

ʆʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ 

ʘʤʠʥʘʤʠ ʚ ʨʘʩʪʚʦʨʝ ʧʨʦʪʝʢʘʝʪ ʧʦ ʙʦʣʝʝ ʩʣʦʞʥʦʤʫ ʤʝʭʘʥʠʟʤʫ, ʯʝʤ ʩ 

ʤʝʪʘʣʣʘʤʠ, ʦʜʥʘʢʦ, ʦʩʥʦʚʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʜʦʥʦʨʥʦ-

ʘʢʮʝʧʪʦʨʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʠʣʠ ʨʝʘʢʮʠʷʤʠ ʣʴʶʠʩʦʚʩʢʠʭ ʢʠʩʣʦʪ ʠ ʦʩʥʦʚʘʥʠʡ. 

ɺ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʚʦʜʦʨʦʜʥʦʝ ʩʚʷʟʳʚʘʥʠʝ, ʚ 

ʨʘʩʪʚʦʨʘʭ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʦʥʦ ʚʦʟʤʦʞʥʦ ʢʘʢ ʧʦ ʪʠʧʫ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʛʦ, ʪʘʢ ʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ʄʝʞʤʦʣʝʢʫʣʷʨʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʦʙʫʩʣʦʚʣʝʥʘ ʚʳʩʦʢʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ 

ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ ʚʦʜʝ, ʢʦʪʦʨʘʷ ʫʩʠʣʠʚʘʝʪʩʷ ʟʘ ʩʯʸʪ ʚʦʜʦʨʦʜʥʦʛʦ 

ʩʚʷʟʳʚʘʥʠʷ ʩ ʚʦʜʦʡ.  

ɸʤʠʥʳ, ʢʘʢ ʦʩʥʦʚʘʥʠʷ ʃʴʶʠʩʘ, ʘ ʪʘʢʞʝ ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʝ ʘʤʠʥʳ, ʢʘʢ 

ʩʦʧʨʷʞʝʥʥʳʝ ʵʪʠʤ ʦʩʥʦʚʘʥʠʷʤ ʢʠʩʣʦʪʳ, ʙʫʜʫʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ 

ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʦʡ ʣʠʙʦ ʩ ʧʨʦʪʦʥʦʤ, ʣʠʙʦ ʩ ʦʩʥʦʚʥʳʤ ʢʠʩʣʦʨʦʜʦʤ ʬʠʪʘʪ 

ʘʥʠʦʥʘ ʧʦ ʪʠʧʫ ʩʣʘʙʦʛʦ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʇʨʠ ʵʪʦʤ 

ʩʣʝʜʫʝʪ ʫʯʝʩʪʴ, ʚ ʵʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʦʛʫʪ  ʚʥʦʩʠʪʴ ʚʢʣʘʜ ʨʘʟʣʠʯʥʳʝ ʩʠʣʳ 

(ʩʚʷʟʠ) ï ɺʘʥʜʝʨ-ɺʘʘʣʴʩʦʚʩʢʦʝ ʧʨʠʪʷʞʝʥʠʝ (ʠʥʜʫʮʠʨʦʚʘʥʥʳʝ ʜʠʧʦʣʠ - 0,5-

1,0 ʢʢʘʣ/ʤʦʣʴ); ʜʠʧʦʣʴ-ʜʠʧʦʣʴʥʦʝ ʩʚʷʟʳʚʘʥʠʝ (1,0 ï 10,0 ʢʢʘʣ/ʤʦʣʴ); ʠʦʥʥʦʝ 

ʩʚʷʟʳʚʘʥʠʝ (5 ʢʢʘʣ/ʤʦʣʴ), ʭʘʨʘʢʪʝʨʥʦʝ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʬʠʪʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ ʩ ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʤ ʘʤʠʥʦʤ; ʠʦʥ-ʜʠʧʦʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ (1,0-5,0 

ʢʢʘʣ/ʤʦʣʴ). 
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ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʪʘʢʘʷ ʩʣʦʞʥʘʷ ʤʦʣʝʢʫʣʘ, ʢʘʢ ʤʦʣʝʢʫʣʘ 

ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʩʧʦʩʦʙʥʘ ʦʙʨʘʟʦʚʳʚʘʪʴ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʅ-ʚʦʜʦʨʦʜʥʳʝ 

ʢʦʤʧʣʝʢʩʳ, ʟʘ ʩʯʸʪ ʚʩʝʭ ʫʢʘʟʘʥʥʳʭ ʪʠʧʦʚ ʩʚʷʟʳʚʘʥʠʷ. ɺʘʨʠʘʥʪʦʤ ʩʠʣʴʥʦʛʦ 

ʚʦʜʦʨʦʜʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʧʨʦʪʦʥʠʨʦʚʘʥʠʝ ʜʦʥʦʨʥʦʛʦ ʘʪʦʤʘ 

ʙʫʜʫʪ ʷʚʣʷʪʴʩʷ ʩʦʣʝʚʳʝ ʢʦʤʧʣʝʢʩʳ [132]. 

N H PO...............

ɺʦʜʦʨʦʜʥʦʝ
ʩʚ̫ʟrʚʘʥʠʝ   

ʂʨʦʤʝ ʪʦʛʦ, ʩʣʝʜʫʝʪ ʫʯʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʢʦʤʧʣʝʢʩʦʚ 

ʚʢʣʶʯʝʥʠʷ, ʧʨʝʜʧʦʣʘʛʘʶʱʝʝ ʦʢʨʫʞʝʥʠʝ ʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚ ʤʦʣʝʢʫʣʷʨʥʫʶ 

çʨʘʤʢʫè (çʨʝʰʝʪʢʫè) ʜʨʫʛʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʅʘʠʙʦʣʴʰʫʶ ʩʢʣʦʥʥʦʩʪʴ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ ʠʤʝʶʪ ʩʘʭʘʨʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʳ ʢ ʧʨʦʠʟʚʦʜʥʦʤʫ 

ʢʦʪʦʨʳʭ ʦʪʥʦʩʠʪʩʷ ʬʠʪʠʥʦʚʘʷ ʢʠʩʣʦʪʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʩʚʷʱʝʥʥʳʝ ʠʟʫʯʝʥʠʶ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ, 

ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʪʦʣʴʢʦ ʧʨʦʮʝʩʩʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʝʸ 

ʩʦʣʝʡ ʩ ʚʝʱʝʩʪʚʘʤʠ, ʚʭʦʜʷʱʠʤʠ ʚ ʩʦʩʪʘʚ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ, ʘ ʪʘʢʞʝ 

ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ ʠ ʞʠʚʦʪʥʳʭ [63, 124, 133, 

161, 169, 182]. 

ɺʘʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʬʠʪʠʥʦʚʘʷ ʢʠʩʣʦʪʘ, ʷʚʣʷʷʩʴ ʧʦʣʠʜʝʥʪʘʪʥʳʤ 

ʣʠʛʘʥʜʦʤ, ʚʳʩʪʫʧʘʝʪ ʚ ʨʦʣʠ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʦʛʦ ʘʥʠʦʥʘ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ, 

ʩʧʦʩʦʙʥʘ ʦʙʨʘʟʦʚʳʚʘʪʴ ʢʦʤʧʣʝʢʩʳ ʪʦʣʴʢʦ ʩ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʤʠ 

ʧʠʱʝʚʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʙʝʣʢʠ ʠ ʫʛʣʝʚʦʜʳ ʚ ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ 

ʬʦʨʤʝ (ʨʠʩ 1.4). 
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ʈʠʩ. 1.4. ʕʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʬʠʪʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ ʩ ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʟʘʨʷʞʝʥʥʳʤʠ ʣʠʛʘʥʜʘʤʠ [182]. 

 

 

ɼʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʪʨʝʙʣʝʥʠʝ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʬʠʪʘʪʦʚ ʩʥʠʞʘʝʪ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʛʣʶʢʦʟʳ (ʛʣʠʢʝʤʠʯʝʩʢʠʡ ʠʥʜʝʢʩ) ʚ ʢʨʦʚʠ ʯʝʣʦʚʝʢʘ [63, 133, 

169]. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʦʚ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ 

ʫʛʣʝʚʦʜʘʤʠ, ʯʪʦ ʩʥʠʞʘʝʪ ʠʭ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ 

ʫʩʚʦʝʥʠʝ ʠ ʚʩʘʩʳʚʘʥʠʝ ʛʣʶʢʦʟʳ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ 

ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʢʨʘʭʤʘʣʦʤ, ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʦʞʝʪ 

ʧʨʦʪʝʢʘʪʴ ʣʠʙʦ ʧʦ ʪʠʧʫ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʢʨʘʭʤʘʣʘ ʠ 

ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ, ʣʠʙʦ ʦʧʦʩʨʝʜʦʚʘʥʥʦ ʯʝʨʝʟ ʙʝʣʢʠ, 

ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʩ ʢʨʘʭʤʘʣʦʤ [169].  

ʌʠʪʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ʦʙʨʘʟʫʝʪ ʢʦʤʧʣʝʢʩʳ ʩ ʙʝʣʢʘʤʠ, ʧʨʦʯʥʦʩʪʴ ʢʦʪʦʨʳʭ 

ʟʘʚʠʩʠʪ ʦʪ ʨʅ [121]. ʇʨʠ ʟʥʘʯʝʥʠʠ ʨʅ ʥʠʞʝ ʠʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʪʦʯʢʠ ʙʝʣʢʘ 

[57, 150], ʬʦʩʬʘʪʥʳʝ ʛʨʫʧʧʳ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʩʚʷʟʳʚʘʶʪʩʷ ʩ 

ʢʘʪʠʦʥʦʠʜʥʦʡ ʛʨʫʧʧʦʡ ʦʩʥʦʚʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪ ʙʝʣʢʘ, ʥʘʧʨʠʤʝʨ, ʘʨʛʠʥʠʥʘ, 

ʛʠʩʪʠʜʠʥʘ, ʣʠʟʠʥʘ ʠ ʦʙʨʘʟʫʶʪ ʜʚʦʠʯʥʳʝ ʙʝʣʦʢ-ʬʠʪʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ. 

ʆʙʨʘʟʫʶʱʠʝʩʷ ʢʦʤʧʣʝʢʩʳ ʨʘʩʪʚʦʨʷʶʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʨʅ ʥʠʞʝ 3,5. 

ʀʩʩʣʝʜʦʚʘʥʠʷ in vitro ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʭʘʨʘʢʪʝʨ ʠ ʩʠʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʙʝʣʢʘ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʷʤʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʨʦʜʳ ʠ 

ʠʩʭʦʜʥʳʭ ʩʚʦʡʩʪʚ ʙʝʣʢʦʚ (ʚ ʪʦʤ ʯʠʩʣʝ ʨʘʩʪʚʦʨʠʤʦʩʪʠ), ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʷ ʚ 

ʩʨʝʜʝ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ [177].  

ɺ ʨʘʙʦʪʝ S. Yu (2012) ʠʟʫʯʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ 

ʙʝʣʢʘʤʠ ʥʘ ʧʨʠʤʝʨʝ ʙʳʯʴʝʛʦ ɓ-ʢʘʟʝʠʥʘ ʠ ʩʦʝʚʦʛʦ ʙʝʣʢʘ [182]. ʋʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʩʪʝʧʝʥʴ ʘʛʨʝʛʘʮʠʠ ɓ-ʢʘʟʝʠʥʘ ʠ ʙʝʣʢʘ ʩʦʠ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ. ʇʨʠ ʵʪʦʤ, ʚ ʧʨʠʩʫʪʩʪʚʠʝ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʦʜʥʦʡ 
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ʢʦʥʮʝʥʪʨʘʮʠʠ, ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʩ ɓ-ʢʘʟʝʠʥʦʤ ʧʨʦʠʩʭʦʜʠʪ ʠʥʪʝʥʩʠʚʥʝʝ, 

ʯʝʤ ʩ ʩʦʝʚʳʤ ʙʝʣʢʦʤ. ɸʥʘʣʠʟ ʚʣʠʷʥʠʷ ʨʅ ʥʘ ʧʨʠʤʝʨʝ ʪʝʭ ʞʝ ʣʠʛʘʥʜʦʚ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʢʦʤʧʣʝʢʩʳ ʬʠʪʘʪ-ʩʦʝʚʳʡ ʙʝʣʦʢ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʚ ʜʠʘʧʘʟʦʥʝ ʨʅ 

ʦʪ 2,5 ʜʦ 3,8 ʠ ʧʦʣʥʦʩʪʴʶ ʠʩʯʝʟʘʣʠ ʧʨʠ ʨʅ ʥʠʞʝ 2,0. ɸʚʪʦʨʳ ʩʚʷʟʳʚʘʶʪ ʵʪʦ ʩ 

ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ. ʅʘʣʠʯʠʝ ʚ ʨʘʩʪʚʦʨʝ 

ʵʣʝʢʪʨʦʣʠʪʦʚ ʧʨʝʧʷʪʩʪʚʫʝʪ ʩʚʷʟʳʚʘʥʠʶ ʙʝʣʢʘ ʩ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʦʡ, ʯʪʦ 

ʦʙʲʷʩʥʷʝʪʩʷ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʢʦʥʢʫʨʝʥʪʥʳʤ ʩʚʷʟʳʚʘʥʠʝʤ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ 

ʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ. ɺ ʮʝʣʦʤ, ʚ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʯʘʩʪʥʳʝ ʩʣʫʯʘʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʢʦʥʢʨʝʪʥʳʤʠ ʙʝʣʢʘʤʠ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ, ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʦʙʦʙʱʝʥʥʳʭ ʜʘʥʥʳʭ ʦ ʧʨʦʮʝʩʩʘʭ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʤʠ ʙʝʣʢʘʤʠ ʠ 

ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ.  

ɺ ʨʘʙʦʪʝ [158] ʠʟʫʯʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʙʠʦʛʝʥʥʳʭ ʘʤʠʥʦʚ ʩ ʬʠʪʘʪ 

ʘʥʠʦʥʦʤ ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʨʅ ʠ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ 

ʧʨʦʯʥʦ ʩʚʷʟʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʉʚʦʙʦʜʥʘʷ ʵʥʝʨʛʠʷ ɻʠʙʙʩʘ (-ȹG0), 

ʨʘʩʩʯʠʪʘʥʥʘʷ ʥʘ ʦʜʥʫ ʧʨʦʪʦʥʠʨʦʚʘʥʥʫʶ ʘʤʠʥʦʛʨʫʧʧʫ ʨʘʚʥʘ 4,0Ñ0,2 

ʢɼʞ/ʤʦʣʴ, ʯʪʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʥʝʢʦʚʘʣʝʥʪʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʙʠʦʛʝʥʥʳʤʠ ʘʤʠʥʘʤʠ. ɸʚʪʦʨʘʤʠ 

ʦʙʩʫʞʜʘʝʪʩʷ ʚʢʣʘʜ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ 

ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʦʚ ʠ ʧʨʦʛʥʦʟʠʨʫʶʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʦʯʥʦʩʪʠ 

ʢʦʤʧʣʝʢʩʦʚ ʦʪ ʟʘʨʷʜʘ ʘʥʠʦʥʘ. 

 

ɺʳʚʦʜʳ ʧʦ ʨʘʟʜʝʣʫ 1.1 

ʌʠʪʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʘʥʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʠ ʩʧʦʩʦʙʥʘ  

ʦʙʨʘʟʦʚʳʚʘʪʴ ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʢʘʪʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ ʠ 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʩʦʜʝʨʞʘʱʠʤʠ ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʝ ʘʤʠʥʦʛʨʫʧʧʳ. 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʧʨʦʮʝʩʩʘʤ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʤʝʪʘʣʣʘʤʠ, ʧʨʠʯʸʤ ʠ ʦʥʠ ʥʝ 

ʷʚʣʷʶʪʩʷ ʠʩʯʝʨʧʳʚʘʶʱʠʤʠ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʦʚʦʣʴʥʦ ʨʘʟʨʦʟʥʝʥʥʦ.  
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1.2. ʌʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʬʠʪʘʪʦʚ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦ ʠʟʫʯʘʶʪʩʷ ʵʬʬʝʢʪʳ ʚʣʠʷʥʠʷ ʬʠʪʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ ʥʘ ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝʢʘ, ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʜʦʢʘʟʳʚʘʶʱʠʭ 

ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʝʸ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ. 

 

1.2.1. ʄʝʜʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʜʦʢʘʟʘʥʥʳʝ ʚ ʢʣʠʥʠʯʝʩʢʦʡ 

ʧʨʘʢʪʠʢʝ ʠ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ 

 

ɺ ʭʦʜʝ ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʩʝʣʝʥʠʷ ʧʦʢʘʟʘʥʦ ʯʪʦ 

ʣʶʜʠ, ʫʧʦʪʨʝʙʣʷʶʱʠʝ ʚ ʧʠʱʫ ʧʨʦʜʫʢʪʳ, ʙʦʛʘʪʳʝ ʬʠʪʠʥʦʤ (ʚ ʦʩʥʦʚʥʦʤ, 

ʚʝʛʝʪʝʨʠʘʥʮʳ) ʩʨʘʚʥʠʪʝʣʴʥʦ ʨʝʞʝ ʧʦʜʚʝʨʞʝʥʳ ʨʷʜʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ 

ʟʘʙʦʣʝʚʘʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʨʘʟʚʠʪʠʶ ʦʧʫʭʦʣʝʡ, ʯʪʦ, ʢʘʢ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, 

ʩʚʷʟʘʥʦ ʠʤʝʥʥʦ ʩ ʵʬʬʝʢʪʘʤʠ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ [111]. 

ɺ ʪʘʙʣʠʮʝ 1.1. ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʝʜʠʢʦ-

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ. 

 

ʊʘʙʣʠʮʘ 1.1.  

ʊʝʨʘʧʝʚʪʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʬʠʪʘʪʦʚ. 

ʕʬʬʝʢʪʳ ʌʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʉʩʳʣʢʘ 

ɿʘʱʠʪʘ ʦʪ ʨʘʢʘ ʪʦʣʩʪʦʡ 

ʢʠʰʢʠ 

ʉʠʥʪʝʟʠʨʫʝʪ ʤʘʩʣʷʥʫʶ ʢʠʩʣʦʪʫ ʧʫʪʝʤ 

ʬʝʨʤʝʥʪʘʮʠʠ ʠ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ 

ʨʅ ʩʨʝʜʳ ʢʠʰʝʯʥʠʢʘ ʠ ʞʝʣʯʥʳʭ ʢʠʩʣʦʪ. 

ʋʛʥʝʪʘʝʪ ʞʝʣʝʟʦʦʧʦʩʨʝʜʦʚʘʥʥʳʝ 

ʦʢʠʩʣʠʪʝʣʴʥʳʝ ʨʝʘʢʮʠʠ. ʈʝʛʫʣʠʨʫʝʪ 

ʧʦʚʳʰʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʪʘʢʠʭ 

ʩʫʧʨʝʩʩʦʨʦʚ ʦʧʫʭʦʣʝʡ, ʢʘʢ ʨ53, ʨ21, 

WAF1/CIP1 

[12, 69, 

111, 

129, 

153] 

ɿʘʱʠʪʘ ʦʪ ʢʘʨʮʠʥʦʤʳ 

ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ 

ʉʪʠʤʫʣʠʨʫʝʪ ʘʧʦʧʪʦʟ ʢʣʝʪʦʢ ʨʘʢʘ 

ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ. ʆʢʘʟʳʚʘʝʪ ʵʬʬʝʢʪ ʥʘ 

ʪʦʨʤʦʞʝʥʠʝ ʢʣʝʪʦʯʥʦʛʦ ʜʝʣʝʥʠʷ 

[78, 146, 

172, 

173] 

ʇʨʝʜʫʧʨʝʞʜʝʥʠʝ 

ʛʝʧʘʪʦʮʝʣʣʶʣʷʨʥʦʡ 

ʢʘʨʮʠʥʦʤʳ 

ʋʩʠʣʠʚʘʝʪ ʘʢʪʠʚʥʦʩʪʴ ʩʫʧʨʝʩʩʦʨʦʚ ʛʝʥʘ 

ʦʧʫʭʦʣʝʡ. ʉʧʦʩʦʙʩʪʚʫʝʪ 

ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ 

[174, 

175] 
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ʢʣʝʪʦʢ ʠ ʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʶ ʚ ʤʝʥʝʝ 

ʘʛʨʝʩʩʠʚʥʳʡ ʬʝʥʦʪʠʧ 

ʇʨʝʜʫʧʨʝʞʜʝʥʠʝ 

ʨʘʙʜʦʤʠʦʩʘʨʢʦʤʳ 

(RMS) 

ʇʦʜʘʚʣʷʝʪ ʨʘʢʦʚʳʝ ʢʣʝʪʢʠ ʠ 

ʠʥʜʫʮʠʨʫʝʪ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʫ ʢʣʝʪʦʢ 
[171] 

ʇʨʝʜʫʧʨʝʞʜʝʥʠʝ ʨʘʢʘ 

ʧʨʦʩʪʘʪʳ (ʨʘʢʦʚʳʭ 

ʢʣʝʪʦʢ ʧʨʦʩʪʘʪʳ PC3 ʠ 

DU145) 

ʆʩʣʘʙʣʷʝʪ ʨʝʮʝʧʪʦʨ-ʦʧʦʩʨʝʜʦʚʘʥʥʳʡ 

(ʨʝʮʝʧʪʦʨʳ ʬʘʢʪʦʨʘ ʨʦʩʪʘ EGFR ʠʣʠ 

erbB1) ʠ ʞʠʜʢʦʬʘʟʥʳʡ ʵʥʜʦʮʠʪʦʟ. 

ʋʛʥʝʪʘʝʪ ʤʠʪʦʛʝʥʥʳʝ ʩʠʛʥʘʣʳ. 

[183] 

ʇʨʝʜʫʧʨʝʞʜʝʥʠʝ ʨʘʢʘ 

ʧʦʜʞʝʣʫʜʦʯʥʦʡ ʞʝʣʝʟʳ 

ɼʝʡʩʪʚʫʝʪ ʢʘʢ ʘʜʲʶʪʘʥʪ ʜʣʷ ʣʝʯʝʥʠʷ 

ʨʘʢʘ ʧʦʜʞʝʣʫʜʦʯʥʦʡ ʞʝʣʝʟʳ ʠ 

ʧʦʚʳʰʘʝʪ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ 

ʦʙʱʝʧʨʠʥʷʪʳʤ ʩʭʝʤʘʤ ʣʝʯʝʥʠʷ 

[167] 

ʇʨʝʜʫʧʨʝʞʜʝʥʠʝ ʨʘʢʘ 

ʢʨʦʚʠ ʠ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ 

ʋʚʝʣʠʯʠʚʘʝʪ ʜʠʬʬʝʨʝʥʮʠʘʮʠʶ ʢʣʝʪʦʢ 

ʢʘʨʮʠʥʦʤʳ. ʋʚʝʣʠʯʠʚʘʝʪ ʩʠʥʪʝʟ 

ʛʝʤʦʛʣʦʙʠʥʘ 

[153] 

ʉʥʠʞʝʥʠʝ ʨʠʩʢʘ 

ʢʦʨʦʥʘʨʥʦʡ ʙʦʣʝʟʥʠ 

ʩʝʨʜʮʘ 

ʉʥʠʞʘʝʪ ʫʨʦʚʝʥʴ ʭʦʣʝʩʪʝʨʠʥʘ ʠ 

ʪʨʠʛʣʠʮʝʨʠʜʦʚ ʚ ʩʳʚʦʨʦʪʢʝ. ʋʤʝʥʴʰʘʝʪ 

ʫʨʦʚʝʥʴ ʩʳʚʦʨʦʪʦʯʥʦʛʦ ʮʠʥʢʘ ʠ 

ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʉu
2+

/Zn
2+

 ʩʦʦʪʥʦʰʝʥʠʝ. 

ʋʤʝʥʴʰʘʝʪ ʧʦʧʫʣʷʮʠʶ 

ʵʨʠʪʨʦʣʝʡʢʝʤʠʡʥʳʭ ʢʣʝʪʦʢ ʂ-562 ʠ 

ʫʚʝʣʠʯʠʚʘʝʪ ʩʠʥʪʝʟ ʛʝʤʦʛʣʦʙʠʥʘ 

[100, 

108] 

ɻʠʧʦʣʠʧʠʜʝʤʠʯʝʩʢʘʷ 

ʘʢʪʠʚʥʦʩʪʴ 

ʉʥʠʞʘʝʪ ʢʦʥʮʝʥʪʨʘʮʠʶ ʦʙʱʠʭ 

ʧʝʯʝʥʦʯʥʳʭ ʣʠʧʠʜʦʚ ʠ ʪʨʠʛʣʠʮʝʨʠʜʦʚ, 

ʟʘ ʩʯʸʪ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʧʝʯʝʥʦʯʥʳʭ 

ʬʝʨʤʝʥʪʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʣʠʧʦʛʝʥʝʟʝ 

[103] 

ʉʥʠʞʝʥʠʝ ʯʘʩʪʦʪʳ 

ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ 

ʩʘʭʘʨʥʳʤ ʜʠʘʙʝʪʦʤ 

ʉʥʠʞʘʝʪ ʫʨʦʚʝʥʴ ʛʣʶʢʦʟʳ ʚ ʢʨʦʚʠ. 

ʈʝʛʫʣʠʨʫʝʪ ʩʝʢʨʝʮʠʶ ʠʥʩʫʣʠʥʘ, ʚʣʠʷʷ 

ʥʘ ʘʢʪʠʚʥʦʩʪʴ ʢʘʣʴʮʠʝʚʳʭ ʢʘʥʘʣʦʚ 

[55, 113, 

181] 

ɺʣʠʷʥʠʝ ʥʘ ʢʘʣʴʮʠʝʚʳʡ 

ʦʙʤʝʥ 
ɸʥʪʘʛʦʥʠʩʪ ʢʘʣʴʮʠʷ 

[32, 97, 

152] 

ɿʘʱʠʪʘ ʦʪ ʢʘʨʠʝʩʘ 

ʉʥʠʞʘʝʪ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʢʘʣʴʮʠʷ 

ʬʪʦʨʠʜʘ ʠ ʬʦʩʬʘʪʘ ï ʦʩʥʦʚʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʵʤʘʣʠ. ʇʦʢʘʟʳʚʘʝʪ 

ʚʳʩʦʢʦʝ ʩʨʦʜʩʪʚʦ ʢ ʛʠʜʨʦʢʩʘʧʘʪʠʪʫ ʠ 

ʩʥʠʞʘʝʪ ʜʝʤʠʥʝʨʘʣʠʟʘʮʠʶ 

[104] 

ɿʘʱʠʪʘ ʦʪ ʚʠʨʫʩʘ 

ʠʤʤʫʥʦʜʝʬʠʮʠʪʘ 

ʯʝʣʦʚʝʢʘ (ɺʀʏ) 

ɼʝʡʩʪʚʫʝʪ ʥʘ ɺʀʏ ʠ ɺʀʏ-

ʩʧʝʮʠʬʠʯʝʩʢʠʡ ʘʥʪʠʛʝʥ ʥʘ ʨʘʥʥʝʡ 

ʩʪʘʜʠʠ ʨʝʧʣʠʢʘʮʠʠ 

[136, 

137] 

ʇʨʦʬʠʣʘʢʪʠʢʘ 

ʥʝʬʨʦʣʠʪʠʘʟʘ 

ʉʪʘʙʠʣʠʟʠʨʫʝʪ ʩʢʦʨʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ 

ʢʨʠʩʪʘʣʣʦʚ (ʤʠʥʝʨʘʣʴʥʳʭ ʢʠʩʣʦʪ ʠ 

ʩʦʣʝʡ) ʚ ʤʦʯʝ 

[79, 83, 

84] 
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1.2.2. ʈʦʣʴ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʢʘʢ ʘʥʪʠʦʢʩʠʜʘʥʪʘ ʚ ʩʥʠʞʝʥʠʠ 

ʦʢʩʠʜʘʪʠʚʥʦʛʦ ʩʪʨʝʩʩʘ 

 

ʌʠʪʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ 

ʧʨʠʨʦʜʥʳʭ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʜʝʡʩʪʚʠʷ [51, 63, 81, 94, 115, 

130, 131, 157]. ɺ ʩʦʩʪʘʚʝ ʝʸ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʛʦ ʜʝʡʩʪʚʠʷ ʣʝʞʘʪ ʥʝʩʢʦʣʴʢʦ 

ʤʝʭʘʥʠʟʤʦʚ, ʚ ʦʩʥʦʚʝ ʢʘʞʜʦʛʦ ʠʟ ʢʦʪʦʨʳʭ ï ʫʥʠʢʘʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʦʙʨʘʟʦʚʳʚʘʪʴ ʢʦʤʧʣʝʢʩʳ ʩ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʤʠ 

ʣʠʛʘʥʜʘʤʠ. 

ʉʚʦʙʦʜʥʦ-ʨʘʜʠʢʘʣʴʥʦʝ ʦʢʠʩʣʝʥʠʝ (ʉʈʆ) ʣʠʧʠʜʦʚ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʤʝʤʙʨʘʥʘʭ ʠ ʣʠʧʦʧʨʦʪʝʠʥʦʚʳʭ ʩʪʨʫʢʪʫʨʘʭ ʚʩʝʭ ʪʢʘʥʝʡ ʘʵʨʦʙʥʳʭ ʦʨʛʘʥʠʟʤʦʚ, 

ʠ ʷʚʣʷʝʪʩʷ ʚʳʨʦʞʜʝʥʦ-ʨʘʟʚʝʪʚʣʸʥʥʳʤ ʮʝʧʥʳʤ ʧʨʦʮʝʩʩʦʤ. ʇʝʨʝʢʠʩʥʦʝ 

ʦʢʠʩʣʝʥʠʝ ʣʠʧʠʜʦʚ (ʇʆʃ) ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʚ ʦʙʥʦʚʣʝʥʠʠ ʣʠʧʠʜʦʚ 

ʤʝʤʙʨʘʥ ʢʣʝʪʦʢ ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʚ ʧʦʜʜʝʨʞʘʥʠʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʛʦʤʝʦʩʪʘʟʘ. 

ɺʘʞʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʧʦʜʜʝʨʞʘʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʇʆʃ ʚ ʦʨʛʘʥʠʟʤʝ ʥʘ 

ʧʦʩʪʦʷʥʥʦʤ ʫʨʦʚʥʝ, ʯʪʦ ʚ ʥʦʨʤʝ ʨʝʘʣʠʟʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʭ ʩʠʩʪʝʤ. ʅʝʜʦʩʪʘʪʦʢ ʧʦʩʪʫʧʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ 

ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʚʠʪʠʶ ʧʘʪʦʣʦʛʠʡ, ʘ ʦʜʥʦʚʨʝʤʝʥʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʚʥʝʰʥʠʭ ʧʨʦʦʢʩʠʜʘʥʪʦʚ (ʨʘʜʠʘʮʠʷ, ʫʣʴʪʨʘʬʠʦʣʝʪ, ʛʠʧʝʨʦʢʩʠʷ, 

ʟʘʛʨʷʟʥʝʥʥʳʡ ʚʦʟʜʫʭ ʠ ʜʨ.) ʠ ʘʢʪʠʚʘʮʠʷ ʵʥʜʦʛʝʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʛʝʥʝʨʘʮʠʠ 

ʘʢʪʠʚʥʳʭ ʢʠʩʣʦʨʦʜʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ (ɸʂʄ) ʧʨʠʚʦʜʠʪ ʢ ʥʘʧʨʷʞʝʥʠʶ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʟʘʱʠʪʳ ʠ ʨʘʟʚʠʪʠʶ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʪʨʝʩʩʘ. 

ʆʢʠʩʣʠʪʝʣʴʥʳʡ ʩʪʨʝʩʩ ʧʨʦʷʚʣʷʝʪʩʷ ʥʘ ʢʣʝʪʦʯʥʦʤ, ʪʢʘʥʝʚʦʤ ʠ ʦʨʛʘʥʠʟʤʝʥʥʦʤ 

ʫʨʦʚʥʷʭ ʠ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʧʘʪʦʛʝʥʝʪʠʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤ ʤʥʦʛʠʭ ʟʘʙʦʣʝʚʘʥʠʡ 

[23, 89]. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʦʮʝʩʩʳ ʇʆʃ ʭʦʨʦʰʦ ʠʟʫʯʝʥʳ ʥʘ ʨʘʟʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ. ɺʝʩʴ ʧʨʦʮʝʩʩ ʇʆʃ ʜʝʣʷʪ ʥʘ ʩʪʘʜʠʠ: 

ʟʘʨʦʞʜʝʥʠʝ ʮʝʧʝʡ, ʨʘʟʚʠʪʠʝ ʮʝʧʥʳʭ ʨʝʘʢʮʠʡ, ʠʭ ʨʘʟʚʝʪʚʣʝʥʠʝ ʠ ʦʙʨʳʚ. ʅʘ 

ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʟʘʨʦʞʜʝʥʠʷ ʮʝʧʝʡ ʠʟ ʚʘʣʝʥʪʥʦ-ʥʘʩʳʱʝʥʥʳʭ ʤʦʣʝʢʫʣ 

ʣʠʧʠʜʦʚ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʦʙʨʘʟʫʶʪʩʷ ʩʚʦʙʦʜʥʳʝ ʨʘʜʠʢʘʣʳ. 
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ɿʘʨʦʞʜʝʥʠʝ ʮʝʧʝʡ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʝʨʚʠʯʥʳʭ ʨʘʜʠʢʘʣʦʚ RÅ ʤʦʞʝʪ 

ʧʨʦʠʩʭʦʜʠʪʴ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʵʢʟʦʛʝʥʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʠʣʠ ʭʠʤʠʯʝʩʢʠʭ 

ʬʘʢʪʦʨʦʚ, ʦʜʥʘʢʦ ʚ ʨʷʜʝ ʧʘʪʦʣʦʛʠʡ ʢʘʪʘʣʠʟʠʨʫʶʱʠʝ ʦʢʠʩʣʝʥʠʝ ʨʘʜʠʢʘʣʳ 

ʠʤʝʶʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʵʥʜʦʛʝʥʥʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʠ ʚʦʟʥʠʢʘʶʪ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʘʢʪʠʚʘʮʠʠ ʬʝʨʤʝʥʪʥʳʭ ʨʘʜʠʢʘʣʛʝʥʝʨʠʨʫʶʱʠʭ ʩʠʩʪʝʤ (ʪʘʙʣ. 1.2).  

 

ʊʘʙʣʠʮʘ 1.2.  

ʌʝʨʤʝʥʪʘʪʠʚʥʳʝ ʠ ʥʝʬʝʨʤʝʥʪʘʪʠʚʥʳʝ ʠʩʪʦʯʥʠʢʠ ʘʢʪʠʚʥʳʭ ʬʦʨʤ 

ʢʠʩʣʦʨʦʜʘ [22]. 

ʌ
ʝ
ʨ
ʤ
ʝ
ʥ
ʪ
ʘ
ʪ
ʠ
ʚ
ʥ
ʳ
ʝ

 

ʂʩʘʥʪʠʥʦʢʩʠʜʘʟʘ 

ɻʠʧʦʢʩʘʥʪʠʥ + O2 Ÿ ʂʩʘʥʪʠʥ+ O2
Åï 

+ H2O 

ʅɸɼʌʅ-ʦʢʩʠʜʘʟʘ 

ʅɸɼʌʅ+ O2 Ÿ ʅɸɼʌô + O2
Åï
 

ɸʤʠʥʦʦʢʩʠʜʘʟʳ 

RïCH2ïNH2 + H2O + O2 Ÿ ROïCO + NH3 + H2O2 

ʇʝʨʦʢʩʠʜʘʟʳ 

ʆʙʨʘʟʦʚʘʥʠʝ ʛʠʧʦʛʘʣʦʛʝʥʠʜʦʚ 

H2O2 + ʍ
-
 + ʅ

+ 
Ÿ ʅOʍ + H2O 

ʅɸɼ-ʦʢʩʠʜʘʟʘ 

ɽ-Fe
3+ 

+ ROOH Ÿ RʆH + cʦʝʜʠʥʝʥʠʝ I 

cʦʝʜʠʥʝʥʠʝ I + ʅɸɼH Ÿ ʅɸɼ + cʦʝʜʠʥʝʥʠʝ II  

cʦʝʜʠʥʝʥʠʝ II  + ʅɸɼH Ÿ ʅɸɼ + ɽ-Fe
3+ 

ʅɸɼ + O2 Ÿ ʅɸɼ
+
 + O2

Åï
 

ɸʣʴʜʝʛʠʜʦʢʩʠʜʘʟʘ 

RïCHʆ + O2 Ÿ RïCʆʆH+ O2
Åï
 

ɼʝʛʠʨʦʦʨʦʪʘʪʜʝʛʠʜʨʦʛʝʥʘʟʘ 

ɼʠʛʠʜʨʦʦʨʦʪʘʪ + ʅɸɼ + O2 Ÿ ʅɸɼʅ + O2
Åï 
+ ʦʨʦʪʦʚʘʷ ʢʠʩʣʦʪʘ 

ʅ
ʝ
ʬ
ʝ
ʨ
ʤ
ʝ
ʥ
ʪ
ʘ
ʪ
ʠ
ʚ
ʥ
ʳ
ʝ

 

Fe
2+

 + O2 Ÿ Fe
3+

+ O2
Åï 

Hb-Fe
2+ 

+ O2 Ÿ Hb-Fe
3+

+ O2
Åï 

ʂʘʪʝʭʦʣʘʤʠʥʳ + O2 Ÿ ʄʝʣʘʥʠʥ + O2
Åï
 

ʌʣʘʚʠʥʳ ʚ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʬʦʨʤʝ 

ʃʝʡʢʦʬʣʘʚʠʥ + O2 Ÿ ʌʣʘʚʠʥʦʚʳʡ ʩʝʤʠʭʠʥʦʥ + O2
Åï 

ʂʦʵʟʠʤ Qïʫʙʠʭʠʥʦʣ + O2 Ÿ ʂʦʵʟʠʤ Qïʫʙʠʭʠʥʦʥ + O2
Åï 

ʊʝʪʨʘʛʠʜʨʦʧʪʝʨʠʥ + 2O2 Ÿ ɼʠʛʠʜʨʦʧʪʝʨʠʥ + 2O2
Åï
 

 

 

ʆʙʨʘʟʫʶʱʠʝʩʷ ʚ ʬʝʨʤʝʥʪʥʳʭ ʨʝʘʢʮʠʷʭ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʘʣʦʘʢʪʠʚʥʳʝ 

ʩʫʧʝʨʦʢʩʠʜʥʳʡ ʘʥʠʦʥ-ʨʘʜʠʢʘʣ, ʨʘʜʠʢʘʣ ʦʢʩʠʜ ʘʟʦʪʘ NOÅ, ʘ ʪʘʢʞʝ ʧʝʨʦʢʩʠʜ 

ʚʦʜʦʨʦʜʘ H2O2, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʩʧʦʩʦʙʥʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʘʢʪʠʚʠʨʦʚʘʪʴ 
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ʣʠʧʦʧʝʨʦʢʩʠʜʘʮʠʶ, ʦʜʥʘʢʦ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʷʜʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʨʝʘʢʮʠʡ ʩ 

ʫʯʘʩʪʠʝʤ ʬʝʨʤʝʥʪʦʚ ʠ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʧʝʨʝʤʝʥʥʦʡ ʚʘʣʝʥʪʥʦʩʪʠ ʦʥʠ ʤʦʛʫʪ 

ʜʘʚʘʪʴ ʥʘʯʘʣʦ ʚʳʩʦʢʦʨʝʘʢʪʠʚʥʳʤ ʨʘʜʠʢʘʣʘʤ, ʪʘʢʠʤ ʢʘʢ, ʛʠʜʨʦʢʩʠʣʴʥʳʡ 

(OHÅ) ʠ ʧʨʦʯʠʤ, ʦʙʣʘʜʘʶʱʠʤ ʵʥʝʨʛʠʝʡ, ʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʨʘʟʨʳʚʘ ʉïʅ-ʩʚʷʟʝʡ 

ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʧʝʨʚʠʯʥʳʭ ʣʠʧʠʜʥʳʭ ʨʘʜʠʢʘʣʦʚ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ ʤʝʪʘʣʣʦʚ ʩ ʧʝʨʝʤʝʥʥʦʡ 

ʚʘʣʝʥʪʥʦʩʪʴʶ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʞʝʣʝʟʦ, ʤʝʜʴ, ʮʠʥʢ, ʤʘʨʛʘʥʝʮ, ʤʦʣʠʙʜʝʥ, 

ʢʦʙʘʣʴʪ, ʪʠʪʘʥʠʡ, ʢʦʤʧʣʝʢʩʳ ʥʠʢʝʣʷ ʠ ʚʘʥʘʜʠʷ [5, 54, 56, 89, 148, 155, 156, 

161, 180]. 

ʌʠʪʠʥʦʚʘʷ ʢʠʩʣʦʪʘ, ʢʘʢ ʘʢʪʠʚʥʳʡ ʭʝʣʘʪʦʨ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ, ʩʧʦʩʦʙʥʘ 

ʠʥʛʠʙʠʨʦʚʘʪʴ ʙʦʣʴʰʠʥʩʪʚʦ ʤʝʪʘʣʣʦʠʥʠʮʠʠʨʫʝʤʳʭ ʨʝʘʢʮʠʡ, ʣʝʞʘʱʠʭ ʚ 

ʦʩʥʦʚʝ ʢʘʢ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʪʘʢ ʠ ʥʝʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʧʨʦʮʝʩʩʦʚ 

ʦʙʨʘʟʦʚʘʥʠʷ ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ. 

ʊʘʢ, ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʜʦʢʘʟʘʥʘ ʚ ʦʪʥʦʰʝʥʠʠ 

ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʢʘʢ ʞʝʣʝʟʦ-, ʪʘʢ ʠ ʤʠʦʛʣʦʙʠʥʟʘʚʠʩʠʤʦʛʦ ʇʆʃ [94, 130, 131]. 

ʂʦʥʢʫʨʝʥʪʥʦʝ ʩʚʷʟʳʚʘʥʠʝ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʠʦʥʘʤʠ ʞʝʣʝʟʘ ʠ ʤʝʜʠ 

ʧʨʝʧʷʪʩʪʚʫʝʪ ʤʝʪʘʣʣ-ʟʘʚʠʩʠʤʦʤʫ ʨʘʩʧʘʜʫ ʧʝʨʝʢʠʩʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ 

ʦʙʨʘʟʫʝʪʩʷ OHÅ [51, 130, 157] ï ʥʘʠʙʦʣʝʝ ʪʦʢʩʠʯʥʘʷ ʠʟ ʘʢʪʠʚʥʳʭ ʬʦʨʤ 

ʢʠʩʣʦʨʦʜʘ (ɸʌʂ) ï ʧʨʦʷʚʣʷʝʪ ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʝ ʠ ʤʫʪʘʛʝʥʥʦʝ ʜʝʡʩʪʚʠʝ: 

Me
n+

 + H2O2 Ÿ Me
n+1
+ OHÅ + OH

- 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʜʚʫʭʚʘʣʝʥʪʥʦʛʦ ʞʝʣʝʟʘ ʩ ʧʝʨʝʢʠʩʴʶ ʚʦʜʦʨʦʜʘ 

ʩʦʩʪʘʚʣʷʝʪ ʦʩʥʦʚʫ ʨʝʘʢʮʠʠ ʌʝʥʪʦʥʘ: 

Fe
2+

 + H2O2 Ÿ Fe
3+
+ OHÅ + OH

- 

ʇʨʠ ʥʘʣʠʯʠʠ ʚ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʝ H2O2 ʠ O2
Åï 
ʨʝʘʢʮʠʷ ʤʦʞʝʪ 

ʧʨʦʪʝʢʘʪʴ ʚ ʜʚʝ ʩʪʘʜʠʠ (ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʚʘʨʠʘʥʪ ʨʝʘʢʮʠʠ ʌʝʥʪʦʥʘ[87]) 

 

Fe
3+

+ O2
Åï
Ÿ Fe

2+
+ O2 

Fe
2+

 + H2O2 Ÿ Fe
3+
+ OHÅ + OH

- 

Cʫʤʤʘʨʥʘʷ ʨʝʘʢʮʠʷ: 

O2
Åï
+ H2O2 

ʩʦʣʠ ʞʝʣʝʟʘ
 O2+ OHÅ + OH

-
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ɺ ʨʘʙʦʪʘʭ Abdelaziz S. (2009) ʠ Khatiwada J. (2011) ʠʟʫʯʝʥʘ ʠ ʜʦʢʘʟʘʥʘ 

ʨʦʣʴ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ ʠʥʛʠʙʠʨʦʚʘʥʠʠ ʧʨʦʮʝʩʩʦʚ ʇʆʃ ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʭ 

ʧʦʨʘʞʝʥʠʡ ʢʣʝʪʦʢ ʢʠʰʝʯʥʠʢʘ ʠ ʧʝʯʝʥʠ [49, 106], ʘ ʪʘʢʞʝ ʚ ʨʝʛʫʣʠʨʦʚʘʥʠʠ 

ʜʝʡʩʪʚʠʡ ʬʝʨʤʝʥʪʦʚ-ʤʝʪʘʣʣʦʧʨʦʪʝʠʥʦʚ, ʥʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʤ ʠʟ ʢʦʪʦʨʳʭ 

ʷʚʣʷʝʪʩʷ ʢʩʘʥʪʠʥʦʢʩʠʜʘʟʘ [131]. 

ʂʩʘʥʪʠʥʦʢʩʠʜʘʟʘ ï ʬʝʨʤʝʥʪ, ʩʦʜʝʨʞʘʱʠʡ ʧʨʦʯʥʦ ʩʚʷʟʘʥʥʦʝ ʞʝʣʝʟʦ, ʥʝ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʝ ʩ ʷʜʨʦʤ ʛʝʤʘ [49, 131]. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ, ʰʠʨʦʢʦ 

ʦʙʩʫʞʜʘʝʪʩʷ ʚʢʣʘʜ ʢʩʘʥʪʠʥʦʢʩʠʜʘʟʳ ʚ ʦʙʨʘʟʦʚʘʥʠʝ ʘʢʪʠʚʥʳʭ ʬʦʨʤ 

ʢʠʩʣʦʨʦʜʘ (ɸʌʂ) ʧʨʠ ʩʦʩʪʦʷʥʠʷʭ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʪʨʝʩʩʘ. [61, 92, 96, 142, 

145]. ɺ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʦʥʘ ʩʫʱʝʩʪʚʫʝʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʬʦʨʤʝ 

ʢʩʘʥʪʠʥʜʝʛʠʜʨʦʛʝʥʘʟʳ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʦʙʨʘʪʠʤʦ ʠ ʥʝʦʙʨʘʪʠʤʦ ʧʝʨʝʭʦʜʠʪʴ ʚ 

ʦʢʩʠʜʘʟʥʫʶ ʬʦʨʤʫ. ʕʪʦʪ ʧʝʨʝʭʦʜ ʦʙʫʩʣʦʚʣʝʥ ʣʠʙʦ ʦʢʠʩʝʥʠʝʤ ʜʠʩʫʣʴʬʠʜʥʳʭ 

ʩʚʷʟʝʡ ʩ ʫʯʘʩʪʠʝʤ ʩʫʣʴʬʛʠʜʨʠʣʴʥʳʭ ʦʢʩʠʜʘʟ, ʣʠʙʦ ʟʘ ʩʯʸʪ ʦʛʨʘʥʠʯʝʥʥʦʛʦ 

ʧʨʦʪʝʦʣʠʟʘ ʩ ʫʯʘʩʪʠʝʤ ʢʘʣʴʮʠʡ ʟʘʚʠʩʠʤʳʭ ʧʨʦʪʝʘʟ (ʨʠʩ.1.5) 

 

ʂʩʘʥʪʠʥ-

ʜʝʛʠʜʨʦʛʝʥʘʟʘ

ʂʩʘʥʪʠʥʦʢʩʠʜʘʟʘ

(ʦʙʨʘʪʠʤʘ̫ ʬʦʨʤʘ)

ʂʩʘʥʪʠʥʦʢʩʠʜʘʟʘ

(ʥʝʦʙʨʘʪʠʤʘ̫ ʬʦʨʤʘ)

ʦʢʠʩʣʝʥʠʝ

ʪʠʦʣr

ʧʨʦʪʝʦʣʠʟ ʧʨʦʪʝʦʣʠʟ
ʧʝʧʪʠʜ
20 ʢɼʘ

 

ʈʠʩ.1.5. ʇʨʦʮʝʩʩ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʢʩʘʥʪʠʥʜʝʛʠʜʨʦʛʝʥʘʟʳ ʚ 

ʢʩʘʥʪʠʥʦʢʩʠʜʘʟʫ [11]. 

 

ɽʩʣʠ ʢʩʘʥʪʠʥʜʝʛʠʜʨʦʛʝʥʘʟʘ ʠʩʧʦʣʴʟʫʝʪ ʚ ʢʘʯʝʩʪʚʝ ʘʢʮʝʧʪʦʨʘ ʵʣʝʢʪʨʦʥʦʚ 

ʅɸɼ
+
, ʪʦ ʜʣʷ ʦʢʩʠʜʘʟʥʦʡ ʬʦʨʤʳ ʘʢʮʝʧʪʦʨʦʤ ʵʣʝʢʪʨʦʥʦʚ ʷʚʣʷʝʪʩʷ ʢʠʩʣʦʨʦʜ, 

ʯʪʦ ʩʦʧʨʷʞʝʥʦ ʩ ʛʝʥʝʨʘʮʠʝʡ ɸʌʂ. ʇʨʠ ʩʦʩʪʦʷʥʠʷʭ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʪʨʝʩʩʘ, 

ʦʩʦʙʝʥʥʦ ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʫʩʣʦʚʠʷʭ ʛʠʧʦʢʩʠʠ ʪʢʘʥʝʡ, ʥʘʙʣʶʜʘʝʪʩʷ ʙʳʩʪʨʳʡ 

ʧʨʦʮʝʩʩ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʢʩʘʥʪʠʥʜʝʛʠʜʨʦʛʝʥʘʟʳ ʚ ʢʩʘʥʪʠʥʦʢʩʠʜʘʟʫ (ʨʠʩ.1.6). 
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ʂʩʘʥʪʠʥ-

ʦʢʩʠʜʘʟʘ

HN

N N
H

N

O

ɻʠʧʦʢʩʘʥʪʠʥ

HN

N
H

N
H

N

O

ʂʩʘʥʪʠʥ

O

HN

N
H

N
H

H
N

O

ʄʦʯʝʚʘ̫ 

ʢʠʩʣʦʪʘ

O

O

ʂʩʘʥʪʠʥ-

ʜʝʛʠʜʨʦʛʝʥʘʟʘ

O2

H2O

O2
-

H2O2

ʅɸɼ+

H2O
ʅɸɼH

ʂʩʘʥʪʠʥ-

ʦʢʩʠʜʘʟʘ

ʂʩʘʥʪʠʥ-

ʜʝʛʠʜʨʦʛʝʥʘʟʘ

O2

H2O

O2
-

H2O2

ʅɸɼ+

H2O
ʅɸɼH

ʈʠʩ. 1.6. ʄʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ ʢʩʘʥʪʠʥʦʢʩʠʜʘʟʳ ʠ ʢʩʘʥʪʠʥʜʝʛʠʜʨʦʛʝʥʘʟʳ [22].  

 

ɺ ʦʢʩʠʜʘʟʥʦʡ ʬʦʨʤʝ ʬʝʨʤʝʥʪ ʫʯʘʩʪʚʫʝʪ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʥʝ ʪʦʣʴʢʦ O2
Å-
, ʥʦ 

ʠ H2O2, ʪʦ ʝʩʪʴ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝ ʠʩʢʣʶʯʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʜʚʫʭʵʣʝʢʪʨʦʥʥʦʛʦ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦ ʭʦʜʫ ʢʩʘʥʪʠʥʦʢʩʠʜʘʟʥʦʡ ʨʝʘʢʮʠʠ 

ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ OH
Å
, ʛʝʥʝʨʘʮʠʷ ʢʦʪʦʨʦʛʦ ʩʦʧʨʷʞʝʥʘ ʩ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ H2O2.  

ɸʚʪʦʨʘʤʠ ʨʘʙʦʪʳ [131] ʥʘ ʛʦʤʦʛʝʥʘʪʝ ʢʠʰʝʯʥʠʢʘ ʢʨʳʩ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʦʙʨʘʟʦʚʘʥʠʝ ʤʦʯʝʚʦʡ ʢʠʩʣʦʪʳ ʠʟ ʢʩʘʥʪʠʥʘ ʠ ʛʝʥʝʨʘʮʠʷ ʩʫʧʝʨʦʢʩʠʜʘ (O2
Ā-
) 

ʩʫʱʝʩʪʚʝʥʥʦ ʪʦʨʤʦʟʷʪʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 6 mʄ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ. ʂʨʦʤʝ 

ʪʦʛʦ, ʝʸ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʡ ʵʬʬʝʢʪ ʫʩʠʣʠʚʘʝʪʩʷ ʟʘ ʩʯʸʪ ʘʢʪʠʚʠʨʦʚʘʥʠʷ 

ʩʫʧʝʨʦʢʩʠʜʜʠʩʤʫʪʘʟʳ (ʉʆɼ), ʩʧʦʩʦʙʩʪʚʫʶʱʝʡ ʧʝʨʝʭʦʜʫ ʢʩʘʥʪʠʥʦʢʩʠʜʘʟʳ ʚ 

ʢʩʘʥʪʠʥʜʝʛʠʜʨʦʛʝʥʘʟʫ, ʥʝ ʠʥʠʮʠʠʨʫʶʱʫʶ ʧʝʨʝʢʠʩʥʦʝ ʦʢʠʩʣʝʥʠʝ ʣʠʧʠʜʦʚ.  

ɺ ʣʠʪʝʨʘʪʫʨʝ ʩʦʜʝʨʞʘʪʩʷ ʜʘʥʥʳʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʦʜʪʚʝʨʞʜʘʶʱʠʭ ʜʝʡʩʪʚʠʝ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʢʘʢ ʘʥʪʠʦʢʩʠʜʘʥʪʘ. 

ʄʝʭʘʥʠʟʤ ʝʸ ʜʝʡʩʪʚʠʷ ʟʘʢʣʶʯʘʝʪʩʷ, ʚ ʦʩʥʦʚʥʦʤ ʚ ʩʧʦʩʦʙʥʦʩʪʠ ʭʝʣʘʪʠʨʦʚʘʪʴ 

ʠʦʥʳ ʤʝʪʘʣʣʦʚ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʧʨʦʮʝʩʩʘʭ ʛʝʥʝʨʘʮʠʠ ʧʝʨʝʢʠʩʥʦʛʦ ʦʢʠʩʣʝʥʠʷ 

ʣʠʧʠʜʦʚ. ɸʢʪʠʚʘʮʠʷ ʥʝʢʦʪʦʨʳʭ ʬʝʨʤʝʥʪʦʚ (ʉʆɼ) ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʬʠʪʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʘʣʘʥʩʫ ʧʨʦ- ʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʩʠʩʪʝʤʳ ʚ 

ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ. 

 

1.2.3. ʄʝʪʘʙʦʣʠʟʤ ʠ ʙʠʦʪʨʘʥʩʬʦʨʤʘʮʠʷ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʝʸ ʩʦʣʝʡ 

 

ʋʩʚʦʝʥʠʝ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʞʠʚʳʤʠ ʦʨʛʘʥʠʟʤʘʤʠ ʟʘʚʠʩʠʪ ʦʪ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʠʱʝʚʘʨʠʪʝʣʴʥʦʛʦ ʪʨʘʢʪʘ. ʈʘʟʜʝʣʷʶʪ ʤʦʥʦ- ʠ 
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ʧʦʣʠʛʘʩʪʨʠʯʥʳʭ ʞʠʚʦʪʥʳʭ. ʋ ʧʦʩʣʝʜʥʠʭ, ʚ ʞʝʣʫʜʢʝ ʩʦʜʝʨʞʘʪʩʷ ʬʝʨʤʝʥʪʳ 

ʬʠʪʘʟʳ ʠ ʨʘʟʣʠʯʥʳʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ, ʩʧʦʩʦʙʥʳʝ ʠʭ ʧʨʦʜʫʮʠʨʦʚʘʪʴ. ʌʠʪʘʟʳ 

ʢʘʪʘʣʠʟʠʨʫʶʪ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʝ ʨʘʩʱʝʧʣʝʥʠʝ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʬʠʪʘʪʦʚ, 

ʩ ʚʳʩʚʦʙʦʞʜʝʥʠʝʤ ʬʦʩʬʘʪʦʚ (ʨʠʩ. 1.7). 

 

 

ʈʠʩ. 1.7. ʉʭʝʤʘ ʨʘʩʱʝʧʣʝʥʠʝ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʝʸ ʩʦʣʝʡ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʬʝʨʤʝʥʪʘ ʬʠʪʘʟʳ [22]. 

 

ʆʙʨʘʟʦʚʘʥʥʳʝ ʧʨʦʜʫʢʪʳ ʨʘʩʱʝʧʣʝʥʠʷ ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʠʤʳ ʚ ʩʦʣʷʥʦʡ 

ʢʠʩʣʦʪʝ ʞʝʣʫʜʢʘ ʠ ʢʠʰʝʯʥʦʤ ʩʦʜʝʨʞʠʤʦʤ. ʇʦʣʫʯʝʥʥʳʡ ʠʥʦʟʠʪʦʣ 

ʧʦʜʚʝʨʛʘʝʪʩʷ ʠʟʦʤʝʨʠʟʘʮʠʠ ʜʦ ʛʣʶʢʦʟʳ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ 

ʚʩʘʩʳʚʘʝʪʩʷ ʚ ʪʦʥʢʦʤ ʢʠʰʝʯʥʠʢʝ. ʉʦʣʠ ʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩ 

ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʦʩʪʘʪʢʘʤʠ, ʜʠʩʩʦʮʠʠʨʫʶʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʠ 

ʩʚʦʙʦʜʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪ. 

ʆʨʛʘʥʠʟʤʳ ʩ ʤʦʥʦʛʘʩʪʨʠʯʥʳʤ ɾʂʊ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʠʪʩʷ ʠ ʯʝʣʦʚʝʢ, ʥʝ 

ʩʦʜʝʨʞʘʪ ʧʦʜʦʙʥʳʭ ʬʝʨʤʝʥʪʦʚ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʩʧʦʩʦʙʥʳ ʨʘʟʨʫʰʘʪʴ 

ʬʠʪʠʥʦʚʫʶ ʢʠʩʣʦʪʫ. ʊʨʘʥʩʬʦʨʤʘʮʠʷ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʫ ʥʠʭ ʟʘʚʠʩʠʪ ʦʪ 

ʨʅ. ʇʠʱʝʚʘʨʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ʤʦʥʦʛʘʩʪʨʠʯʥʳʭ ʞʠʚʦʪʥʳʭ ʚʢʣʶʯʘʝʪ ʟʦʥʳ ʢʘʢ 

ʩ ʥʠʟʢʠʤ ʨʅ (ʚ ʞʝʣʫʜʢʝ), ʪʘʢ ʠ ʥʝʡʪʨʘʣʴʥʳʤ (ʚ ʚʝʨʭʥʝʤ ʦʪʜʝʣʝ ʪʦʥʢʦʡ 

ʢʠʰʢʠ). ʇʨʠ ʧʦʩʪʫʧʣʝʥʠʠ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʬʠʪʘʪʦʚ ʩ ʧʠʱʝʡ, ʧʦ ʤʝʨʝ 

ʧʨʦʜʚʠʞʝʥʠʷ ʚ ɾʂʊ, ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʨʘʟʨʫʰʝʥʠʷ 

ʢʦʤʧʣʝʢʩʦʚ, ʚ ʢʦʪʦʨʳʭ ʬʠʪʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ʚʳʩʪʫʧʘʝʪ ʚ ʨʦʣʠ 

ʧʦʣʠʜʝʥʪʘʥʪʥʦʛʦ ʘʥʠʦʥʘ [111]. ɺ ʚʝʨʭʥʝʤ ʦʪʜʝʣʝ ʪʦʥʢʦʡ ʢʠʰʢʠ, ʛʜʝ 

ʧʨʦʠʩʭʦʜʠʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʧʦʛʣʦʱʝʥʠʝ ʢʘʪʠʦʥʦʚ ʤʝʪʘʣʣʦʚ, ʧʨʠʩʫʪʩʪʚʠʝ 
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ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʢʦʤʧʣʝʢʩʦʚ ʬʠʪʘʪʦʚ ʤʝʪʘʣʣʦʚ ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʫʰʝʥʠʶ ʠʭ 

ʚʩʘʩʳʚʘʝʤʦʩʪʠ. 

ʊʘʢ ʢʘʢ ʬʦʨʤʳ, ʚ ʢʦʪʦʨʳʭ ʤʥʦʛʠʝ ʤʝʪʘʣʣʳ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʧʨʦʜʫʢʪʘʭ 

ʧʠʪʘʥʠʷ (ʵʢʟʦʛʝʥʥʳʝ ʤʝʪʘʣʣʳ) ʠ ʚ ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʦʤ ʪʨʘʢʪʝ (ʵʥʜʦʛʝʥʥʳʝ 

ʤʝʪʘʣʣʳ) ʪʦʯʥʦ ʥʝ ʠʟʚʝʩʪʥʳ, ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʦ ʧʨʝʜʩʢʘʟʘʪʴ ʭʘʨʘʢʪʝʨ 

ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʬʠʪʘʪʦʚ ʚ ʞʝʣʫʜʦʯʥʦ-

ʢʠʰʝʯʥʦʤ ʪʨʘʢʪʝ, ʘ ʪʘʢʞʝ ʧʦʩʣʝʜʩʪʚʠʷ ʵʪʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʥʘ ʫʩʚʦʝʥʠʝ 

ʜʨʫʛʠʭ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚʦʧʨʦʩ ʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʬʠʪʘʪʦʚ ʩ ʧʠʪʘʪʝʣʴʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʠ ʤʝʪʘʣʣʘʤʠ ʚ 

ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʦʤ ʪʨʘʢʪʝ ʯʝʣʦʚʝʢʘ ʠʟʫʯʝʥʳ ʥʝʜʦʩʪʘʪʦʯʥʦ. 

ɺ ʪʘʙʣʠʮʝ 1.3. ʧʨʠʚʝʜʝʥʳ ʧʨʝʜʧʦʣʘʛʘʝʤʳʝ ʤʝʭʘʥʠʟʤʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʚʝʱʝʩʪʚʘʤʠ, ʧʦʩʪʫʧʘʶʱʠʤʠ ʩ ʧʠʱʝʡ ʠ ʩʦʜʝʨʞʘʱʠʤʠʩʷ 

ʚ ʦʨʛʘʥʠʟʤʝ. 

ʊʘʙʣʠʮʘ 1.3.  

ʅʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʝʸ ʩʦʣʝʡ ʩ 

ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ. 

ʆʨʛʘʥʠʯʝʩʢʠʝ 

ʣʠʛʘʥʜʳ 

ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 
ʀʩʪʦʯʥʠʢʠ 

ʄʝʪʘʣʣʳ (ʮʠʥʢ, 

ʞʝʣʝʟʦ, ʢʘʣʴʮʠʡ, 

ʤʘʛʥʠʡ, ʤʘʨʛʘʥʝʮ, 

ʤʝʜʴ) 

ʆʙʨʘʟʦʚʘʥʠʝ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʬʠʪʘʪʦʚ ï 

ʤʠʥʝʨʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʩʥʠʞʝʥʠʶ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʜʦʩʪʫʧʥʦʩʪʠ 

ʤʝʪʘʣʣʦʚ 

[60, 99, 110, 

122] 

ʋʛʣʝʚʦʜʳ 

ʆʙʨʘʟʦʚʘʥʠʝ ʬʠʪʘʪ-ʫʛʣʝʚʦʜʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ, ʙʦʣʝʝ ʩʪʦʡʢʠʭ ʢ ʨʘʟʣʦʞʝʥʠʶ. 

ʊʦʨʤʦʞʝʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʘʤʠʣʘʟʳ. ʂʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʩ ʠʦʥʘʤʠ 

ʉʘ
2+ 
ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʜʝʛʨʘʜʘʮʠʠ 

ʫʛʣʝʚʦʜʦʚ 

[111, 116, 

144, 152, 

162] 

ʃʠʧʠʜʳ 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʬʠʪʘʪ-ʣʠʧʠʜʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʦʤʳʣʸʥʥʳʭ ʞʠʨʦʚ ʚ ʢʠʰʝʯʥʠʢʝ ʠ 

ʩʥʠʞʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ ʞʠʨʦʚ 

[107, 111, 

117] 

ɹʝʣʢʠ 

ʆʙʨʘʟʦʚʘʥʠʝ ʩʣʦʞʥʳʭ ʢʦʥʛʣʦʤʝʨʘʪʦʚ 

ʢʦʤʧʣʝʢʩʦʚ ʬʠʪʘʪ-ʙʝʣʦʢ, ʥʝ 

ʧʦʜʚʝʨʛʘʶʱʠʭʩʷ ʛʠʜʨʦʣʠʟʫ 

ʧʨʦʪʝʦʣʠʪʠʯʝʩʢʠʤʠ ʬʝʨʤʝʥʪʘʤʠ 

[65, 70, 74, 

98, 111, 

126] 
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ɺʳʚʦʜʳ ʧʦ ʨʘʟʜʝʣʫ 1.2 

 

ʌʠʪʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ʦʙʣʘʜʘʝʪ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʧʦʣʝʟʥʳʭ ʤʝʜʠʢʦ-

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʣʝʞʠʪ ʝʸ ʚʳʨʘʞʝʥʥʘʷ ʨʝʘʢʮʠʦʥʥʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʧʨʠʩʦʝʜʠʥʝʥʠʶ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʭ ʤʦʣʝʢʫʣ, ʘ ʪʘʢʞʝ 

ʚʣʠʷʥʠʝ ʥʘ ʤʝʪʘʣʣʦ-ʧʨʦʪʝʠʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ (ʥʘʧʨʠʤʝʨ 

ʬʝʨʤʝʥʪʳ). ʂʨʦʤʝ ʪʦʛʦ, ʙʦʣʴʰʠʥʩʪʚʦ ʵʬʬʝʢʪʦʚ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩʚʷʟʘʥʦ 

ʩ ʝʸ ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ ʦʢʠʩʣʠʪʝʣʴʥʦʤʫ ʩʪʨʝʩʩʫ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʙʘʣʘʥʩ ʧʨʦ- ʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʭ ʩʠʩʪʝʤ ʦʨʛʘʥʠʟʤʘ. 

ɺʚʝʜʝʥʠʝ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ ʯʠʩʪʦʤ ʚʠʜʝ ʚ ʦʨʛʘʥʠʟʤ ʤʦʥʦʛʘʩʪʨʠʯʥʳʭ 

ʞʠʚʦʪʥʳʭ (ʚ ʪʦʤ ʯʠʩʣʝ ʯʝʣʦʚʝʢʘ), ʠʩʭʦʜʷ ʠʟ ʧʨʦʮʝʩʩʦʚ ʙʠʦʪʨʘʥʩʬʦʨʤʘʮʠʠ, 

ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʢʘʢ ʚʝʱʝʩʪʚʘ ʤʝʜʠʢʦ-

ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ ʪʨʝʙʫʝʪ ʧʨʦʚʝʜʝʥʠʷ ʧʨʠʸʤʦʚ ʧʦ ʧʦʚʳʰʝʥʠʶ 

ʙʠʦʜʦʩʪʫʧʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʷ. 

1.3. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʘʤʠʥʦʚ 

(ʢʩʠʤʝʜʦʥʘ, ʛʣʶʢʦʟʘʤʠʥʘ ʠ ʪʨʠʩʘʤʠʥʘ) ʢʘʢ ʧʦʪʝʥʮʠʘʣʴʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʩʦʣʝʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʦʡ 

 

ʉ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʙʠʦʜʦʩʪʫʧʥʦʩʪʠ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʥʘʤʠ 

ʧʨʝʜʣʦʞʝʥʦ ʚʚʝʜʝʥʠʝ ʝʸ ʚ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ ʚ ʚʠʜʝ ʩʦʝʜʠʥʝʥʠʡ ʩ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʤʠ ʘʤʠʥʘʤʠ ï ʤʝʪʘʙʦʣʠʢʘʤʠ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ 

ʜʝʡʩʪʚʠʷ, ʠʤʝʶʱʠʤʠ ʨʘʟʣʠʯʥʦʝ ʭʠʤʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ï ʢʩʠʤʝʜʦʥʦʤ
È
 (1ï(ɓ-

ʦʢʩʠʵʪʠʣ)-4,6-ʜʠʤʝʪʠʣ-1,2-ʜʠʛʠʜʨʦ-2-ʦʢʩʠʧʠʨʠʤʠʜʠʥ) ʠʟ ʢʣʘʩʩʦʚ 

ʦʢʩʦʧʠʨʠʤʠʜʠʥʦʚ, ʛʣʶʢʦʟʘʤʠʥʦʤ (2-ʘʤʠʥʦ-2-ʜʝʟʦʢʩʠ-ɓ-D-ʛʣʢʁʦʧʠʨʘʥʦʟʳ 

ʛʠʜʨʦʭʣʦʨʠʜ) ï ʘʤʠʥʦʩʘʭʘʨʦʚ ʠ ʪʨʦʤʝʪʘʤʦʣʦʤ (ʪʨʠʩʘʤʠʥ, ʪʨʠʩ-ʦʢʩʠʤʝʪʠʣ-

ʘʤʠʥʦʤʝʪʘʥ) ï ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʘʤʠʥʦʚ. 

 

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʩʠʤʝʜʦʥʘ. 

ʂʩʠʤʝʜʦʥ ï 1ï(ɓ-ʦʢʩʠʵʪʠʣ)-4,6-ʜʠʤʝʪʠʣ-1,2-ʜʠʛʠʜʨʦ-2-ʦʢʩʠʧʠʨʠʤʠʜʠʥ  

ʦʪʥʦʩʠʪʩʷ ʢ ʢʣʘʩʩʫ ʯʘʩʪʠʯʥʦ ʛʠʜʨʠʨʦʚʘʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʧʠʨʠʤʠʜʠʥʘ 
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(ʧʨʦʠʟʚʦʜʥʦʝ 3-ʛʦ ʧʦʢʦʣʝʥʠʷ) ï ʧʨʦʠʟʚʦʜʥʳʤ ʫʨʘʮʠʣʘ. ʅʘʠʙʦʣʝʝ ʙʣʠʟʢʠʤ 

ʩʪʨʫʢʪʫʨʥʳʤ ʘʥʘʣʦʛʦʤ ʢʩʠʤʝʜʦʥʘ, ʩʨʝʜʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʚʝʱʝʩʪʚ ʵʪʦʛʦ 

ʢʣʘʩʩʘ, ʷʚʣʷʝʪʩʷ 6-ʤʝʪʠʣʫʨʘʮʠʣ ʠ 5-ʤʝʪʠʣʫʨʘʮʠʣ (ʪʠʤʠʥ). ʉ 1993 ʛ. ʢʩʠʤʝʜʦʥ 

ʢʘʢ ʧʨʝʧʘʨʘʪ ʚʥʝʩʝʥ ʚ ʈʝʝʩʪʨ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ, ʨʘʟʨʝʰʝʥʥʳʭ ʢ 

ʧʨʠʤʝʥʝʥʠʶ ʚ ʤʝʜʠʮʠʥʩʢʦʡ ʧʨʘʢʪʠʢʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʫ [31]. 
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ʂʩʠʤʝʜʦʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʘʙʦʝ ʦʨʛʘʥʠʯʝʩʢʦʝ ʦʩʥʦʚʘʥʠʝ, ʢʦʪʦʨʦʝ 

ʩʧʦʩʦʙʥʦ ʧʨʠʩʦʝʜʠʥʷʪʴ ʧʨʦʪʦʥ ʠ ʧʨʦʷʚʣʷʪʴ ʢʠʩʣʦʪʥʳʝ ʩʚʦʡʩʪʚʘ. 

ʈʘʩʩʯʠʪʘʥʥʘʷ ʨʂʘ  ʜʣʷ ʩʦʧʨʷʞʝʥʥʦʡ ʢʩʠʤʝʜʦʥʫ ʢʠʩʣʦʪʳ, ʨʘʚʥʘ 3,25 [27], ʯʪʦ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʧʨʦʪʦʥʠʨʦʚʘʥʥʫʶ ʬʦʨʤʫ ʢʩʠʤʝʜʦʥʘ ʢʘʢ ʦʨʛʘʥʠʯʝʩʢʫʶ 

ʢʠʩʣʦʪʫ ʩʨʝʜʥʝʡ ʩʠʣʳ (ʜʣʷ ʧʨʠʤʝʨʘ, pKa(CH3COOH) = 4,75). 

ʂʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ [27] ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʟʥʘʯʝʥʠʷ ʨʅ, 

ʙʣʠʟʢʠʭ ʢ ʥʝʡʪʨʘʣʴʥʳʤ, ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʡ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ ʥʘʭʦʜʠʪʩʷ 

ʥʘ ʢʘʨʙʦʥʠʣʴʥʦʤ ʘʪʦʤʝ ʫʛʣʝʨʦʜʘ (-0,470), ʧʨʠ ʵʪʦʤ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ ʥʘ 

ʘʟʦʪʝ ʩʦʩʪʘʚʣʷʝʪ -0,359 (ʈʠʩ.1.8).  

  
ʈʠʩ.1.8. ʂʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʨʷʜʦʚ ʚ ʤʦʣʝʢʫʣʝ 

ʘ) ï ʢʩʠʤʝʜʦʥʘ (I), ʙ) ï ʝʛʦ ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ ʬʦʨʤʳ (IV) [21]. 
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ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʦʪʦʥʘ ʚ 

ʢʠʩʣʦʡ ʩʨʝʜʝ ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦ ʧʦ ʢʝʪʦ-ʛʨʫʧʧʝ ʢʩʠʤʝʜʦʥʘ 

(ʈʠʩ.1.9).  

 

ʈʠʩ. 1.9. ɺʦʟʤʦʞʥʳʝ ʩʪʨʫʢʪʫʨʳ ʧʨʦʪʦʥʠʨʦʚʘʥʦʡ ʬʦʨʤʳ ʢʩʠʤʝʜʦʥʘ. 

 

ʇʨʦʪʦʥʠʨʦʚʘʥʥʘʷ ʬʦʨʤʘ ʢʩʠʤʝʜʦʥʘ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʦʙʣʘʜʘʝʪ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʮʠʢʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʟʘ ʩʯʝʪ ʚʦʜʦʨʦʜʥʳʭ 

ʩʚʷʟʝʡ (ʚʥʫʪʨʠ- ʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ) ʪʠʧʘ: 

 

N N

O

NN

O

H

O

O

H

 

N

N

O

N

N

O

O

H

O

H

 

N

N

CH3

H3C
O

CH2

CH2

O

N

N

CH3

CH3

O

CH2

H2C

O

H

H

H

H

 

VI  VII  VIII  

ʉʪʨʫʢʪʫʨʘ VI ʧʨʝʜʧʦʣʦʞʝʥʘ ʘʚʪʦʨʘʤʠ [21] ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʚʘʥʪʦʚʦ-

ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ ʬʦʨʤʳ ʢʩʠʤʝʜʦʥʘ, ʥʘʧʨʠʤʝʨ 

ʩʪʨʫʢʪʫʨʳ V (ʨʠʩ. 1.8, ʙ). ʋʩʪʦʡʯʠʚʦʩʪʴ ʰʝʩʪʠ- ʠ ʚʦʩʴʤʠʯʣʝʥʥʳʭ ʮʠʢʣʦʚ 

ʜʦʢʘʟʘʥʘ ʚ ʨʷʜʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʙʦʪ [50, 109]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʢʦʧʣʝʥ ʤʥʦʛʦʣʝʪʥʠʡ ʦʧʳʪ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʩʠʤʝʜʦʥʘ [1, 2, 6, 10, 14, 15, 17, 18, 29, 35, 36, 38, 39, 41, 45-

47]. ʋʜʘʣʦʩʴ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʧʨʝʧʘʨʘʪʘ 
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ʨʝʘʣʠʟʫʶʪʩʷ ʢʘʢ ʤʠʥʠʤʫʤ ʥʝʩʢʦʣʴʢʠʤʠ ʧʫʪʷʤʠ. ʂʩʠʤʝʜʦʥ ʘʢʪʠʚʠʨʫʝʪ 

ʘʜʝʥʠʣʘʪʮʠʢʣʘʟʫ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʙʳʩʪʨʦʤʫ ʥʘʢʦʧʣʝʥʠʶ ʮʠʢʣʠʯʝʩʢʦʛʦ 

ʘʜʝʥʦʟʠʥʤʦʥʦʬʦʩʬʘʪʘ ʚ ʢʣʝʪʢʝ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢ ʩʪʠʤʫʣʷʮʠʠ ʦʙʤʝʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʙʠʦʩʠʥʪʝʟʘ ʙʝʣʢʘ [14, 15]. ʇʨʝʧʘʨʘʪ 

ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʧʨʦʮʝʩʩʳ ʪʢʘʥʝʚʦʛʦ ʜʳʭʘʥʠʷ [41], ʧʝʨʝʢʠʩʥʦʛʦ ʦʢʠʩʣʝʥʠʷ 

ʣʠʧʠʜʦʚ ʠ ʘʢʪʠʚʥʦʩʪʴ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʩʠʩʪʝʤʳ [6, 15], ʚʣʠʷʝʪ ʥʘ ʩʠʩʪʝʤʫ 

ʨʝʛʫʣʷʮʠʠ ʘʢʪʠʚʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʢʘʣʴʮʠʷ ʚ ʢʣʝʪʢʝ [46]. ʂʩʠʤʝʜʦʥ ʦʙʣʘʜʘʝʪ 

ʘʥʪʠʤʫʪʘʛʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ [1], ʦʢʘʟʳʚʘʝʪ ʜʝʡʩʪʚʠʝ ʥʘ ʩʫʣʴʬʛʠʜʨʠʣʴʥʳʡ 

ʩʪʘʪʫʩ ʠʤʤʫʥʦʢʦʤʧʝʪʝʥʪʥʳʭ ʢʣʝʪʦʢ [18, 35, 47] ʠ ʦʙʣʘʜʘʝʪ ʘʥʪʠʤʠʢʨʦʙʥʳʤ 

ʵʬʬʝʢʪʦʤ [2, 17, 18]. ʇʦʜʦʙʥʦʝ ʧʦʣʠʤʦʨʬʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʢʣʶʯʝʚʳʝ 

ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʥʘ ʢʣʝʪʦʯʥʦʤ ʠ ʩʫʙʢʣʝʪʦʯʥʦʤ ʫʨʦʚʥʷʭ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʩʠʩʪʝʤʥʦʩʪʴ ʚʦʟʜʝʡʩʪʚʠʷ ʢʩʠʤʝʜʦʥʘ ʥʘ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ ʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʥʠʢʘʣʴʥʳʡ ʢʣʠʥʠʯʝʩʢʠʡ ʨʝʟʫʣʴʪʘʪ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ 

ʥʘʢʦʧʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʢʣʠʥʠʯʝʩʢʦʤʫ 

ʧʨʠʤʝʥʝʥʠʶ ʢʩʠʤʝʜʦʥʘ ʚ ʩʣʝʜʫʶʱʠʭ ʦʙʣʘʩʪʷʭ: ʜʣʷ ʧʨʦʬʠʣʘʢʪʠʢʠ ʠ ʣʝʯʝʥʠʷ 

ʦʩʣʦʞʥʝʥʠʡ ʚ ʧʦʩʣʝʦʧʝʨʘʮʠʦʥʥʦʤ ʧʝʨʠʦʜʝ, ʦʩʦʙʝʥʥʦ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʚʳʩʦʢʠʤ 

ʨʠʩʢʦʤ ʦʩʣʦʞʥʝʥʠʡ, ʠ ʚ ʥʝʦʪʣʦʞʥʦʡ ʘʙʜʦʤʠʥʘʣʴʥʦʡ ʭʠʨʫʨʛʠʠ [2, 14, 17, 18], 

ʚ ʢʦʤʧʣʝʢʩʥʦʤ ʣʝʯʝʥʠʠ ʜʣʠʪʝʣʴʥʦ ʥʝ ʟʘʞʠʚʘʶʱʠʭ ʨʘʥ ʠ ʪʨʦʬʠʯʝʩʢʠʭ ʷʟʚ [1, 

13, 18], ʧʨʠ ʭʨʦʥʠʯʝʩʢʦʤ ʦʩʪʝʦʤʠʝʣʠʪʝ [38, 39], ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʤ 

ʧʝʨʠʦʜʝ ʧʦʩʣʝ ʪʨʘʚʤ ʧʝʨʠʬʝʨʠʯʝʩʢʠʭ ʥʝʨʚʦʚ [29], ʚ ʢʦʤʧʣʝʢʩʝ ʣʝʯʝʥʠʷ 

ʦʞʦʛʦʚʦʡ ʙʦʣʝʟʥʠ ʠ ʧʝʨʝʜ ʘʫʪʦʜʝʨʤʦʧʣʘʩʪʠʢʦʡ [2, 18]. ʇʨʝʧʘʨʘʪ ʫʩʧʝʰʥʦ 

ʧʨʠʤʝʥʝʥ ʚ ʣʝʯʝʥʠʠ ʧʥʝʚʤʦʥʠʠ, ʭʨʦʥʠʯʝʩʢʦʛʦ ʙʨʦʥʭʠʪʘ, ʷʟʚʝʥʥʦʡ ʙʦʣʝʟʥʠ 

ʞʝʣʫʜʢʘ ʠ ʜʚʝʥʘʜʮʘʪʠʧʝʨʩʪʥʦʡ ʢʠʰʢʠ [1, 14, 18], ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʠ 

ʜʝʩʪʨʫʢʪʠʚʥʳʭ ʬʦʨʤ ʪʫʙʝʨʢʫʣʝʟʘ [2, 35], ʚ ʩʪʦʤʘʪʦʣʦʛʠʠ [1]. 

 

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʛʣʶʢʦʟʘʤʠʥʘ 

ʛʠʜʨʦʭʣʦʨʠʜʘ 

ɺ ʢʘʯʝʩʪʚʝ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʦʛʦ ʣʠʛʘʥʜʘ ʥʘʤʠ ʨʘʩʩʤʦʪʨʝʥ 

ʛʣʶʢʦʟʘʤʠʥ ʚ ʚʠʜʝ ʝʛʦ ʩʦʣʝʚʦʡ ï ʛʠʜʨʦʭʣʦʨʠʜʥʦʡ ʬʦʨʤʝ, ʪʘʢ ʢʘʢ ʠʤʝʶʪʩʷ 



36 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʢʘʟʘʥʥʳʝ ʬʘʢʪʳ ʦ ʩʧʦʩʦʙʥʦʩʪʠ ʭʣʦʨʠʜ-ʠʦʥʘ ʩʤʝʱʘʪʴ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʬʠʪʠʥʦʚʘʷ ʢʠʩʣʦʪʘ-ʣʠʛʘʥʜ ʜʦ 1:6 [170, 178]. 

 

ʆʩʥʦʚʥʳʤʠ ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʛʣʶʢʦʟʘʤʠʥʘ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ 

ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʝʛʦ ʢʦʤʧʣʝʢʩʦʚ ʩ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʦʡ ʷʚʣʷʶʪʩʷ 

ʩʣʝʜʫʶʱʠʝ [25]: 

1. ʇʦʣʫʘʮʝʪʘʣʴʥʘʷ ʛʠʜʨʦʢʩʠʣʴʥʘʷ ʛʨʫʧʧʘ ʩʧʦʩʦʙʥʘ ʧʨʠ 

ʚʳʩʘʞʠʚʘʥʠʠ ʠʟ ʢʦʤʧʣʝʢʩʘ ʩ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʦʡ ʦʙʨʘʟʦʚʳʚʘʪʴ ʧʠʨʘʥʦʟʠʜʳ. 

ʉʦʩʪʘʚ ʩʤʝʩʠ ʤʦʞʝʪ ʙʳʪʴ ʦʯʝʥʴ ʩʣʦʞʥʳʤ, ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʘʥʘʣʦʛʠʯʝʥ 

ʢʠʩʣʦʪʥʦ-ʢʘʪʘʣʠʪʠʯʝʩʢʦʤʫ ʩʠʥʪʝʟʫ ʛʣʠʢʦʟʠʜʦʚ ʧʦ ʌʠʰʝʨʫ. 

 

ɺʦʟʤʦʞʥʦ ʨʘʩʱʝʧʣʝʥʠʝ ʛʣʠʢʦʟʠʜʦʚ ï ʨʝʘʢʮʠʷ ʛʠʜʨʦʣʠʟʘ, ʧʨʦʪʝʢʘʶʱʘʷ ʚ 

ʢʠʩʣʦʡ ʩʨʝʜʝ (ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ ʛʠʜʨʦʣʠʟ ʥʝ ʧʨʦʭʦʜʠʪ). 

 

2. ʆʙʳʯʥʦ ʘʤʠʥʦʩʘʭʘʨʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʛʣʶʢʦʟʘʤʠʥ ʠ ʝʛʦ ʛʣʠʢʦʟʠʜʳ, 

ʫʩʪʦʡʯʠʚʳ ʢ ʛʠʜʨʦʣʠʟʫ ʟʘ ʩʯʸʪ ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ NH2-ʛʨʫʧʧʳ. 

ʇʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ ʟʘʪʨʫʜʥʷʝʪ ʜʘʣʴʥʝʡʰʝʝ ʧʨʦʪʦʥʠʨʦʚʘʥʠʝ ʘʪʦʤʘ 

ʢʠʩʣʦʨʦʜʘ ʠ ʜʝʩʪʘʙʠʣʠʟʠʨʫʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʛʣʠʢʦʟʠʣ-ʢʘʪʠʦʥ. 

 



37 

3. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʛʣʶʢʦʟʘʤʠʥʘ ʩ ʢʠʩʣʦʪʘʤʠ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʨʦʜʳ 

ʢʠʩʣʦʪʳ ʠ ʫʩʣʦʚʠʡ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ. ʊʘʢ, ʩ ʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʦʡ, 

ʧʨʦʪʦʥʠʨʦʚʘʥʠʝ ʤʦʞʝʪ ʧʨʦʪʝʢʘʪʴ ʢʘʢ ʧʦ ʘʥʦʤʝʨʥʦʤʫ ʩʧʠʨʪʦʚʦʤʫ ʛʠʜʨʦʢʩʠʣʫ 

ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʩʪʦʛʦ ʵʬʠʨʘ, ʪʘʢ ʠ ʧʦ NH-ʛʨʫʧʧʝ: 

 

ɺ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ ʩʘʭʘʨʘ ʦʙʳʯʥʦ ʬʦʩʬʦʨʠʣʠʨʫʶʪʩʷ ʧʦ ʩʧʠʨʪʦʚʳʤ 

ʛʨʫʧʧʘʤ. 

ɻʣʶʢʦʟʘʤʠʥ ʚʳʨʘʙʘʪʳʚʘʝʪʩʷ ʭʨʷʱʝʚʦʡ ʪʢʘʥʴʶ ʩʫʩʪʘʚʦʚ ʠ ʠʛʨʘʝʪ 

ʟʥʘʯʠʤʫʶ ʨʦʣʴ ʢʘʢ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢ ʛʣʠʢʦʟʠʣʠʨʦʚʘʥʥʳʭ ʙʝʣʢʦʚ ʠ ʣʠʧʠʜʦʚ 

ʧʨʠ ʙʠʦʭʠʤʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ, ʘ ʪʘʢʞʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ 

ʩʠʥʦʚʠʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ. ɺ ʦʨʛʘʥʠʟʤʝ, ʛʣʶʢʦʟʘʤʠʥ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʚ 

ʛʣʠʢʦʟʘʤʠʥʦʛʣʠʢʘʥʳ (ʚʝʱʝʩʪʚʘ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʩʫʩʪʘʚʥʳʭ ʭʨʷʱʝʡ), ʧʦʵʪʦʤʫ ʝʛʦ ʧʨʠʤʝʥʷʶʪ ʚ ʦʩʥʦʚʥʦʤ ʢʘʢ ʧʨʝʧʘʨʘʪ ʜʣʷ 

ʧʨʦʬʠʣʘʢʪʠʢʠ (ʚʦʩʧʦʣʥʝʥʠʝ ʵʥʜʦʛʝʥʥʦʛʦ ʛʣʶʢʦʟʘʤʠʥʘ) ʠ ʣʝʯʝʥʠʷ 

ʟʘʙʦʣʝʚʘʥʠʡ ʢʦʩʪʥʦʡ ʠ ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ ʪʢʘʥʠ.  

ʀʤʝʶʪʩʷ ʜʘʥʥʳʝ ʦ ʩʧʦʩʦʙʥʦʩʪʠ ʛʣʶʢʦʟʘʤʠʥʘ ʩʥʠʞʘʪʴ 

ʩʦʩʫʜʦʨʘʩʰʠʨʷʶʱʝʝ ʜʝʡʩʪʚʠʝ ʠʥʪʝʨʣʝʡʢʠʥʘ (ʀʃ)-1 [151]. ɺ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ ʛʣʶʢʦʟʘʤʠʥʘ 

ʫʩʪʘʥʦʚʣʝʥʦ ʝʛʦ ʙʣʘʛʦʧʨʠʷʪʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʤʝʪʘʙʦʣʠʟʤ ʭʨʷʱʘ ð ʫʩʠʣʝʥʠʝ 

ʘʥʘʙʦʣʠʯʝʩʢʠʭ ʠ ʦʩʣʘʙʣʝʥʠʝ ʢʘʪʘʙʦʣʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʊʘʢ, ʤʥʦʛʦʣʝʪʥʷʷ 

ʧʨʘʢʪʠʢʘ ʧʦʢʘʟʘʣʘ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʨʦʣʴ ʛʣʶʢʦʟʘʤʠʥʘ ʚ ʫʤʝʥʴʰʝʥʠʠ 

ʜʝʛʨʘʜʘʮʠʠ ʢʦʣʣʘʛʝʥʘ ʭʨʷʱʘ, ʨʘʟʚʠʚʘʶʱʝʡʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʟʙʳʪʦʯʥʦʡ 

ʧʝʨʦʢʩʠʜʘʮʠʠ ʣʠʧʠʜʦʚ ʠ ʦʢʠʩʣʝʥʠʷ ʙʝʣʢʦʚ [75, 163]. 

ʂʨʦʤʝ ʪʦʛʦ, ʠʤʝʶʪʩʷ ʩʚʝʜʝʥʠʷ ʦ ʪʦʤ, ʯʪʦ ʧʨʝʧʘʨʘʪʳ ʛʣʶʢʦʟʘʤʠʥʘ 

ʩʧʦʩʦʙʥʳ ʠʥʛʠʙʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʦʙʨʘʟʦʚʘʥʠʷ ʤʘʣʦʥʦʚʦʛʦ ʜʠʘʣʴʜʝʛʠʜʘ ʠ 
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ʜʠʝʥʦʚʳʭ ʢʦʥʲʶʛʘʪʦʚ ï ʚʝʱʝʩʪʚ, ʣʝʞʘʱʠʭ ʚ ʦʩʥʦʚʝ ʥʘʨʫʰʝʥʠʷ 

ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʠ ʙʠʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʭʨʷʱʝʚʦʛʦ ʤʘʪʨʠʢʩʘ ʠ 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʥʘ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʵʪʘʧʘʭ ʦʢʠʩʣʝʥʠʷ ʢʦʣʣʘʛʝʥʘ [164]. ʂʘʢ 

ʧʨʘʚʠʣʦ, ʧʨʝʧʘʨʘʪʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʭʦʥʜʨʦʠʪʠʥʦʤ, ʩʧʦʩʦʙʩʪʚʫʷ 

ʧʦʚʳʰʝʥʠʶ ʘʢʪʠʚʥʦʩʪʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʭ ʬʝʨʤʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʉʆɼ ʠ 

ʢʘʪʘʣʘʟʘ [159]. 

 

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʪʨʠʩʘʤʠʥʘ 

ɺ ʢʘʯʝʩʪʚʝ ʘʤʠʥʘ, ʦʙʣʘʜʘʶʱʝʛʦ ʚʳʨʘʞʝʥʥʳʤʠ ʦʩʥʦʚʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʚ 

ʥʘʰʝʡ ʨʘʙʦʪʝ ʚʳʩʪʫʧʘʝʪ ʪʨʠʩʘʤʠʥ.  

 

ʊʨʠʩ ʠʤʝʝʪ pKa 8,06 ʠ ʵʬʬʝʢʪʠʚʝʥ ʚ ʢʘʯʝʩʪʚʝ ʙʫʬʝʨʘ ʧʨʠ pH ʦʪ 7,0 ʜʦ 9,2 

[77].  

ɼʣʷ ʪʨʠʩʘʤʠʥʘ ʭʘʨʘʢʪʝʨʥʳ ʚʩʝ ʨʝʘʢʮʠʠ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʘʤʠʥʦʚ ï 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʢʠʩʣʦʪʘʤʠ, ʘʣʢʠʣʠʨʦʚʘʥʠʝ ʛʘʣʦʛʝʥʘʣʢʘʥʘʤʠ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ, ʘʮʠʣʠʨʦʚʘʥʠʝ ʩ ʘʥʛʠʜʨʠʜʘʤʠ ʠ ʛʘʣʦʛʝʥʘʥʛʠʜʨʠʜʘʤʠ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʤʠʜʦʚ. ʈʝʘʢʮʠʷ ʩ ʘʟʦʪʠʩʪʦʡ ʢʠʩʣʦʪʦʡ (ʜʠʘʟʦʪʠʨʦʚʘʥʠʝ) ʣʝʞʠʪ 

ʚ ʦʩʥʦʚʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʪʨʠʩʘʤʠʥʘ. 

NH2

HOH2C

HOH2C

HOH2C

+   HNO2
H
N

HOH2C

HOH2C

HOH2C

N +   H2OO

 

ʇʨʠʤʝʥʝʥʠʝ ʪʨʠʩʘʤʠʥʘ ʚ ʤʝʜʠʮʠʥʝ ʦʩʥʦʚʘʥʦ ʥʘ ʝʛʦ ʙʫʬʝʨʥʳʭ ʩʚʦʡʩʪʚʘʭ 

[31]. ɺʦʜʥʳʡ ʨʘʩʪʚʦʨ ʪʨʠʩʘʤʠʥʘ ʠʤʝʝʪ ʱʝʣʦʯʥʫʶ ʨʝʘʢʮʠʶ, ʘ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ 

ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 3,66 % ʠʟʦʦʩʤʦʪʠʯʝʥ ʧʣʘʟʤʝ ʢʨʦʚʠ (ʨʅ 10,2 - 10,7) [20]. ʇʨʠ 

ʚʥʫʪʨʠʚʝʥʥʦʤ ʚʚʝʜʝʥʠʠ ʪʨʠʩʘʤʠʥ ʫʚʝʣʠʯʠʚʘʝʪ ʱʝʣʦʯʥʦʡ ʨʝʟʝʨʚ ʢʨʦʚʠ ʠ 

ʫʩʪʨʘʥʷʝʪ ʘʮʠʜʦʟ ʟʘ ʩʯʸʪ ʩʥʠʞʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ ʙʣʘʛʦʜʘʨʷ 

ʧʨʦʪʦʥʠʨʦʚʘʥʠʶ ʪʨʠʩʘʤʠʥʘ ʙʝʟ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʢʘʢ ʚ 
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ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʠʜʨʦʢʘʨʙʦʥʘʪʘ ʥʘʪʨʠʷ (ʧʨʝʧʘʨʘʪ-ʘʥʘʣʦʛ) [101]. ɺ ʚʠʜʫ 

ʵʪʦʛʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʨʠʩʘʤʠʥʘ ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʧʨʠ ʦʩʪʨʳʭ ʠ 

ʭʨʦʥʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʷʭ ʠ ʧʨʦʮʝʜʫʨʘʭ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʭʩʷ 

ʤʝʪʘʙʦʣʠʯʝʩʢʠʤ ʠ ʩʤʝʰʘʥʥʳʤ ʘʮʠʜʦʟʦʤ (ʰʦʢ, ʤʘʩʩʠʚʥʳʝ ʧʝʨʝʣʠʚʘʥʠʷ 

ʢʨʦʚʠ, ʵʢʩʪʨʘʢʦʨʧʦʨʘʣʴʥʦʝ ʢʨʦʚʦʦʙʨʘʱʝʥʠʝ, ʦʞʦʛʠ, ʧʝʨʠʪʦʥʠʪ, ʦʩʪʨʳʡ 

ʧʘʥʢʨʝʘʪʠʪ ʠ ʜʨ.). ʊʨʠʩʘʤʠʥ ʠʥʪʝʥʩʠʚʥʦ ʧʨʠʤʝʥʷʶʪ ʚʦ ʚʨʝʤʷ ʨʝʘʥʠʤʘʮʠʠ ʠ ʚ 

ʧʦʩʪʨʝʘʥʠʤʘʮʠʦʥʥʦʤ ʧʝʨʠʦʜʝ ʜʣʷ ʙʳʩʪʨʦʛʦ ʫʩʪʨʘʥʝʥʠʷ ʘʮʠʜʦʟʘ [20]. 

ʂʨʦʤʝ ʪʦʛʦ, ʪʨʠʩʘʤʠʥ ʷʚʣʷʝʪʩʷ ʘʥʪʘʮʠʜʦʤ ʩʠʩʪʝʤʥʦʛʦ ʜʝʡʩʪʚʠʷ ʠ 

ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠ ʦʪʨʘʚʣʝʥʠʷʭ ʩʘʣʠʮʠʣʘʪʘʤʠ ʠ ʩʥʦʪʚʦʨʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ï 

ʧʨʦʠʟʚʦʜʥʳʤʠ ʙʘʨʙʠʪʫʨʦʚʦʡ ʢʠʩʣʦʪʳ, ʪʘʢ ʢʘʢ ʦʩʤʦʜʠʫʨʝʪʠʯʝʩʢʦʝ ʚʣʠʷʥʠʝ ʠ 

ʦʱʝʣʘʯʠʚʘʥʠʝ ʤʦʯʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʫʜʘʣʝʥʠʶ ʠʟ ʦʨʛʘʥʠʟʤʘ ʩʣʘʙʳʭ ʢʠʩʣʦʪ [20, 

31]. 

 

ɺʳʚʦʜʳ ʧʦ ʨʘʟʜʝʣʫ 1.3 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʙʠʦʜʦʩʪʫʧʥʦʩʪʠ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʧʦʣʫʯʘʪʴ ʢʦʤʧʣʝʢʩʳ ʩ ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʤʠ ʙʠʦʛʝʥʥʳʤʠ ʘʤʠʥʘʤʠ ʠʣʠ ʩ 

ʣʝʢʘʨʩʪʚʝʥʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ-ʤʝʪʘʙʦʣʠʢʘʤʠ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʜʝʡʩʪʚʠʷ ʠʟ 

ʢʣʘʩʩʘ ʘʤʠʥʦʚ.  

ɺʳʙʦʨ ʘʤʠʥʦʚ ʦʙʫʩʣʦʚʣʝʥ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʠ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʘʤʠʥʦʚ. ʂʩʠʤʝʜʦʥ, ʩʧʦʩʦʙʥʳʡ ʧʨʦʪʦʥʠʨʦʚʘʪʴʩʷ ʠ ʦʙʨʘʟʦʚʳʚʘʪʴ 

ʩʦʧʨʷʞʝʥʥʫʶ ʢʠʩʣʦʪʫ, ʧʨʦʷʚʣʷʝʪ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʝ, ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʝ 

ʠ ʨʝʧʘʨʘʪʠʚʥʳʝ ʩʚʦʡʩʪʚʘ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʢʘʢ 

ʠʤʤʫʥʦʤʦʜʫʣʷʪʦʨ, ʨʝʧʘʨʘʥʪ ʠ ʨʝʛʝʥʝʨʘʥʪ. 

ɻʣʶʢʦʟʘʤʠʥ ʚ ʚʠʜʝ ʛʠʜʨʦʭʣʦʨʠʜʘ (ʧʨʦʪʦʥʠʨʦʚʘʥʥʘʷ ʬʦʨʤʘ ʘʤʠʥʘ) 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʤʝʥʴʰʝʥʠʶ ʜʝʛʨʘʜʘʮʠʠ ʢʦʣʣʘʛʝʥʘ ʭʨʷʱʘ, ʨʘʟʚʠʚʘʶʱʝʡʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʠʟʙʳʪʦʯʥʦʡ ʧʝʨʦʢʩʠʜʘʮʠʠ ʣʠʧʠʜʦʚ ʠ ʦʢʠʩʣʝʥʠʷ ʙʝʣʢʦʚ. 

ʊʨʠʩʘʤʠʥ, ʦʙʣʘʜʘʶʱʠʡ ʙʫʬʝʨʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʠʟʦʦʩʤʦʪʠʯʥʳʡ 

ʧʣʘʟʤʝ ʢʨʦʚʠ, ʩʧʦʩʦʙʝʥ ʧʨʦʥʠʢʘʪʴ ʯʝʨʝʟ ʢʣʝʪʦʯʥʳʝ ʤʝʤʙʨʘʥʳ, ʠ ʫʩʪʨʘʥʷʪʴ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʡ ʘʮʠʜʦʟ. 
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1.4. ʄʝʪʦʜʳ ʘʥʘʣʠʟʘ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʘʤʠʥʦʚ ʠ ʢʦʤʧʣʝʢʩʦʚ 

 

1.4.1. ʀʟʚʝʩʪʥʳʝ ʤʝʪʦʜʳ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 

ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ 

 

ʄʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʦʩʥʦʚʘʥʳ ʥʘ ʝʸ ʩʧʦʩʦʙʥʦʩʪʠ 

ʘʢʪʠʚʥʦ ʭʝʣʘʪʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʠʦʥʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʩʘʜʢʦʚ ʠ ʮʚʝʪʥʳʭ 

ʧʨʦʜʫʢʪʦʚ. 

 

ʎʚʝʪʥʳʝ ʨʝʘʢʮʠʠ ʩ ʢʦʤʧʣʝʢʩʘʤʠ ʞʝʣʝʟʘ 

ʆʧʨʝʜʝʣʝʥʠʝ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʦʩʥʦʚʘʥʦ ʥʘ ʝʸ ʩʧʦʩʦʙʥʦʩʪʠ 

ʢʦʥʢʫʨʝʥʪʥʦ ʩʚʷʟʳʚʘʪʴ ʠʦʥʳ ʤʝʪʘʣʣʦʚ ʚ ʩʦʩʪʘʚʝ ʦʢʨʘʰʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ,ʚ 

ʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʠʭ ʦʢʨʘʩʢʘ ʦʩʣʘʙʝʚʘʝʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʩʥʠʞʝʥʠʶ 

ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʢʦʤʧʣʝʢʩʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʨʠʩʫʪʩʪʚʠʝ ʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ [64, 68, 71, 76, 93, 114, 125, 

127, 160, 179]. 

ʏʘʱʝ ʚʩʝʛʦ, ʚ ʢʘʯʝʩʪʚʝ ʨʝʘʛʝʥʪʦʚ (ʪʘʙʣ. 1.5) ʚ ʪʘʢʦʤ ʘʥʘʣʠʟʝ ʠʩʧʦʣʴʟʫʶʪ 

ʢʦʤʧʣʝʢʩʳ ʞʝʣʝʟʘ (III) ï ʨʝʘʢʪʠʚ ɺʵʡʜʘ (ʞʝʣʝʟʦ(III)-ʩʫʣʴʬʦʩʘʣʠʮʠʣʦʚʘʷ 

ʢʠʩʣʦʪʘ) [68, 114, 179], ʞʝʣʝʟʦ(III)-ʪʠʦʮʠʘʥʘʪʥʳʡ ʢʦʤʧʣʝʢʩ [76, 160], ʘ ʪʘʢʞʝ 

YCl3-PAR (ʢʦʤʧʣʝʢʩ ʠʪʪʨʠʷ (III) ʭʣʦʨʠʜʘ ʩ 4-(2-ʧʠʨʠʜʠʣʘʟʦ)ʨʝʟʦʨʮʠʥʦʤ) [64, 

93, 125, 127]. 

Fe  +  ʌʠʪʠʥʦʚʘ̫ ʢʠʩʣʦʪʘ
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O OPO3
-
OPO3
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-

P
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O

P
O

O

O

P

O O

O

Fe3+

(ʚ ʚʠʜʝ 
ʦʢʨʘhʝʥʥʦʛʦ 
ʢʦʤʧʣʝʢʩʘ) 1

6
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ʉʭʝʤʘ 1.1. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʞʝʣʝʟʦʤ ʚ ʩʦʩʪʘʚʝ 

ʢʦʤʧʣʝʢʩʦʚ ʞʝʣʝʟʘ [133]. 
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ʊʘʙʣʠʮʘ 1.4.  

ʎʚʝʪʥʳʝ ʨʝʘʢʮʠʠ ʚʳʪʝʩʥʝʥʠʷ ʞʝʣʝʟʘ ʠʟ ʞʝʣʝʟʦ-ʩʦʜʝʨʞʘʱʠʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʦʡ, ʣʝʞʘʱʠʝ ʚ ʦʩʥʦʚʝ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʝʸ ʦʧʨʝʜʝʣʝʥʠʷ. 

ʉʩʳʣʢʘ ʈʝʘʛʝʥʪ ʎʚʝʪ pH ɚmax, ʥʤ 

ʇʨʠʤʝʯʘʥʠʷ 

(ʤʝʪʦʜ 

ʫʣʘʚʣʠʚʘʥʠʷ

) 

[19, 68, 

114, 179] 

ʈʝʘʢʪʠʚ 

ɺʵʡʜʘ 

(ʞʝʣʝʟʘ-

ʩʫʣʴʬʦʩʘʣʠʮʠ

ʣʘʪʥʳʡ 

ʢʦʤʧʣʝʢʩ) 

ʬʠʦʣʝʪʦʚ

ʦ-ʨʦʟʦʚʳʡ 

l,8-2,5 

[FeSal]
+
 

510 

UV-vis, 

ɺʕɾʍ, 

ʢʨʘʩʥʦ-

ʙʫʨʳʡ 

4~8 

[Fe(Sal)2]
-
 

580 

ʞʝʣʪʳʡ 
8-12 

[Fe(Sal)3]
3-
 

416 

[19, 30, 

76, 160] 

ɾʝʣʝʟʘ-

ʪʠʦʮʠʘʥʘʪʥʳʡ 

ʢʦʤʧʣʝʢʩ 

[Fe(NCS)n 

(H2O)6-n]3 

ʢʨʘʩʥʳʡ ɼʦ 4 480 

ɺʠʟʫʘʣʴʥʳʡ,

UV-Vis, 

ɺʕɾʍ 

[19, 26, 

30] 

ɾʝʣʝʟʦ-

ʢʘʪʝʭʦʣʴʥʳʡ 

ʢʦʤʧʣʝʢʩ 

ʬʠʦʣʝʪʦʚ

ʳʡ 
6~7 560-580 

ɺʠʟʫʘʣʴʥʳʡ, 

UV-Vis, 

ʤʦʜʝʣʴ 

ʘʥʪʠʦʢʩʠʜʘʥ

ʪʥʦʛʦ 

ʜʝʡʩʪʚʠʷ 

[26, 43, 

44] 

ʂʦʤʧʣʝʢʩ 

Fe(II) ʩ 1,10-

ʬʝʥʘʥʪʨʦʣʠʥʦ

ʤ (ʦ-

ʬʝʥʘʥʪʨʦʣʠʥ-

ʞʝʣʝʟʦ (II) 

ʩʫʣʴʬʘʪ) 

ɺʦʩʩʪʘʥʦ

ʚʣʝʥʥʘʷ 

ʬʦʨʤʘ 

ʠʥʜʠʢʘʪʦ

ʨʘ ʪʝʤʥʦ-

ʢʨʘʩʥʘʷ, 

ʦʢʠʩʣʝʥʥʘ

ʷ ï 

ʙʣʝʜʥʦ-

ʛʦʣʫʙʘʷ 

ʥʝ ʟʘʚʠʩʠʪ 

ʦʪ 

ʚʝʣʠʯʠʥʳ 

ʨʅ ʚ 

ʠʥʪʝʨʚʘʣʝ 

ʦʪ 2 ʜʦ 9 

 

ʧʨʠ  

Ů = 

1,06Ŀ10
4 

490 ʥʤ, 

ʧʨʠ  

Ů = 

1,1Ŀ10
4
 

505 ʥʤ 

ɺʠʟʫʘʣʴʥʳʡ,

UV-Vis, 

ɺʕɾʍ 

[43] 

ʂʦʤʧʣʝʢʩ 

Fe(II) ʩ 2,2ô-

ʙʠʧʠʨʠʜʠʥʦʤ 

[Fe(bipy)3]
2+

 

ʢʨʘʩʥʳʡ 3,6 520 ɺʠʟʫʘʣʴʥʳʡ, 
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ɸʥʘʣʠʟ ʥʘ ʦʙʱʠʡ ʬʦʩʬʦʨ 

ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʩ 

ʧʦʤʦʱʴʶ ʘʥʘʣʠʟʘ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʦʙʱʝʛʦ ʬʦʩʬʦʨʘ. ɼʣʷ ʵʪʦʛʦ ʬʠʪʠʥʦʚʫʶ 

ʢʠʩʣʦʪʫ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʛʠʜʨʦʣʠʟʫʶʪ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʩʪʳʭ ʬʦʩʬʘʪʦʚ 

ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʩʤʝʩʴʶ ʘʟʦʪʥʦʡ ʠ ʭʣʦʨʥʦʡ ʢʠʩʣʦʪ. ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ 

ʘʥʘʣʠʟʠʨʫʶʪ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ ï ʬʦʪʦʤʝʪʨʠʨʦʚʘʥʠʝ 

ʢʦʤʧʣʝʢʩʘ ʤʦʣʠʙʜʝʥʦʚʘʥʘʜʘʪʥʳʭ ʛʝʪʝʨʦʧʦʣʠʢʠʩʣʦʪ ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ ɚmax= 

425 ʥʤ [3, 158]. ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʪʘʢʞʝ ʤʦʞʥʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩ ʧʦʤʦʱʴʶ 

ʤʝʪʦʜʘ ICP (ʠʦʥʠʟʘʮʠʠ ʚ ʠʥʜʫʢʪʠʚʥʦ-ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʝ) [53, 64, 71, 138] ʠʣʠ 

ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʠ. ʀʟʚʝʩʪʝʥ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ 

ʬʦʩʬʦʨʘ ʚ ʩʦʩʪʘʚʝ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (ʤʝʪʦʜ ʄʠʰʝʣʴ-ɼʶʨʘʥʘ), ʚ ʢʦʪʦʨʦʤ 

ʬʠʪʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ʦʩʘʞʜʘʝʪʩʷ ʚ ʚʠʜʝ ʢʘʣʴʮʠʝʚʦʡ ʩʦʣʠ ʠ ʘʥʘʣʠʟʠʨʫʝʪʩʷ 

ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠ [64]. 

 

31
ʈ-ʗʄʈ 

31
ʈ-ʗʄʈ ʘʥʘʣʠʟ ʧʦʟʚʦʣʷʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʯʝʪʳʨʝ ʩʪʝʨʝʦʠʟʦʤʝʨʘ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (ʨʠʩ. 1.10). ɺ ʨʘʙʦʪʝ B.L. Turner 

(2012) ʠʩʩʣʝʜʦʚʘʥʦ ʩʦʜʝʨʞʘʥʠʝ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ ʚʠʜʝ ʥʝʦ- ʠ D-ʭʠʨʦ-

ʠʥʦʟʠʪʛʝʢʩʘʢʠʩ ʬʦʩʬʘʪʦʚ (IP6) ʚ ʧʨʦʙʘʭ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ [168].  

 

 

ʈʠʩ.1.10. ʂʦʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʥʝʦ- ʠ D-ʭʠʨʦ-ʠʥʦʟʠʪʛʝʢʩʘʢʠʩ 

ʬʦʩʬʘʪʦʚ (IP6) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʅ ʨʘʩʪʚʦʨʘ.  



43 

 

ʇʨʠ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʷʭ ʨʅ IP6 ʧʨʠʥʠʤʘʝʪ 4-ʵʢʚʘʪʦʨʠʘʣʴʥʫʶ/2-

ʘʢʩʠʘʣʴʥʫʶ ʢʦʥʬʦʨʤʘʮʠʶ. ʇʨʠ ʚʳʩʦʢʠʭ ï 2-ʵʢʚʘʪʦʨʠʘʣʴʥʫʶ/4-ʘʢʩʠʘʣʴʥʫʶ. 

ʂʦʥʬʦʨʤʘʮʠʠ ʥʘʭʦʜʷʪʩʷ ʚ ʨʘʚʥʦʚʝʩʠʠ ʠ ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʧʨʦʧʦʨʮʠʠ ʤʦʛʫʪ 

ʟʘʚʠʩʝʪʴ ʦʪ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ (ʥʘʧʨʠʤʝʨ, ʥʘʣʠʯʠʷ ʤʝʪʘʣʣʦʚ-ʧʨʦʪʠʚʦʠʦʥʦʚ). 

ɺ 
31
ʈ-ʗʄʈ ʩʧʝʢʪʨʘʭ ʠʩʩʣʝʜʫʝʤʳʭ ʬʦʨʤ IP6 ʠʤʝʶʪʩʷ ʭʘʨʘʢʪʝʨʥʳʝ 

ʩʠʛʥʘʣʳ, ʘʥʘʣʦʛʠʯʥʳʝ ʩʠʛʥʘʣʘʤ ʩʣʘʙʦʛʦ ʧʦʣʷ ʦʨʪʦʬʦʩʬʘʪʦʚ ʚ ʦʙʣʘʩʪʠ ʩ ŭ = 

6,40 ʤ.ʜ. ʜʦ ŭ = 6,70 ʤ.ʜ., ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʦʙʥʘʨʫʞʠʪʴ ʜʘʞʝ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʩ ʭʦʨʦʰʝʡ ʨʘʟʨʝʰʝʥʥʦʩʪʴʶ [118]. ɼʣʷ ʤʠʦ-

ʢʦʥʬʦʨʤʘʮʠʠ ʩʠʛʥʘʣʳ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʚ ʦʙʣʘʩʪʠ ʩ ŭ = 4,38 ʤ.ʜ. ʜʦ ŭ = 5,79 

ʤ.ʜ. 

ɺ ʨʘʙʦʪʝ M. Sala (2011) ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʟʘʤʝʩʪʠʪʝʣʷ (ʠʦʥʘ ʞʝʣʝʟʘ) ʥʘ 

ʩʤʝʱʝʥʠʝ ʦʩʥʦʚʥʳʭ ʩʠʛʥʘʣʦʚ 
31
ʈ-ʗʄʈ ʩʧʝʢʪʨʦʚ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʙʦʣʴʰʝʝ ʟʘʤʝʱʝʥʠʝ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʣʠʛʘʥʜʦʤ  ʩʜʚʠʛʘʝʪ 

ʦʙʣʘʩʪʴ ʩʠʛʥʘʣʦʚ 
31
ʈ-ʗʄʈ ʩʧʝʢʪʨʘ ʚ ʙʦʣʝʝ ʩʠʣʴʥʦʝ ʧʦʣʝ [147]. 

 

 

ʈʠʩ. 1.11. ʉʜʚʠʛ ʩʠʛʥʘʣʦʚ 
31
ʈ-ʗʄʈ 

ʩʧʝʢʪʨʘ InsP6 ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ Fe (III)-

InsP6 ʤʦʣʷʨʥʦʛʦ ʩʦʪʥʦʰʝʥʠʷ ʦʪ 0,005 

ʜʦ 0,20.  ʅʠʞʥʠʡ ʩʧʝʢʪʨ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʝ ʚ 

ʤʠʦ-ʢʦʥʬʦʨʤʘʮʠʠ. 

 

 

ɼʨʫʛʠʝ ʩʦʚʨʝʤʝʥʥʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ɺʳʩʦʢʦʵʬʬʝʢʪʠʚʥʘʷ ʞʠʜʢʦʩʪʥʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ 

ɼʣʷ ʘʥʘʣʠʟʘ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ɺʕɾ-

ʭʨʦʤʘʪʦʛʨʘʬʠʠ.  

ɺ ʨʘʙʦʪʝ H.-R. Park (2006) ʦʧʠʩʘʥ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʬʠʪʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ ʚ ʩʦʩʪʘʚʝ ʜʝʪʩʢʦʛʦ ʧʠʪʘʥʠʷ [138] (ʨʠʩ. 1.12).ʉʦʜʝʨʞʘʥʠʝ ʢʦʤʧʦʥʝʥʪʘ 

ʦʧʨʝʜʝʣʷʣʠ ʥʘ ɺʕɾ-ʭʨʦʤʘʪʦʛʨʘʬʝ ʩ RI-ʜʝʪʝʢʪʦʨʦʤ (ʜʝʪʝʢʪʦʨ ʧʦʢʘʟʘʪʝʣʷ 
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ʧʨʝʣʦʤʣʝʥʠʷ) ʠ ʢʦʣʦʥʢʦʡ ʩ ʦʙʨʘʱʝʥʦ-ʬʘʟʦʚʳʤ ʨʝʞʠʤʦʤ. ɺ ʢʘʯʝʩʪʚʝ 

ʧʦʜʚʠʞʥʦʡ ʬʘʟʳ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʨʘʩʪʚʦʨ ʂʅ2ʈʆ4 (ʨʅ 6,0).  

 

 

ʈʠʩ.1.12. ʍʨʦʤʘʪʦʛʨʘʤʤʘ ʩʪʘʥʜʘʨʪʘ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (InsP6), 

ʧʦʣʫʯʝʥʥʘʷ ʥʘ ɺʕɾʍ-RI. 

 

R. Amaro, ʜʣʷ ʘʥʘʣʠʟʘ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ 

ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʝʪ ɺʕɾ-ʭʨʦʤʘʪʦʛʨʘʬ ʩ RI-ʜʝʪʝʢʪʦʨʦʤ (ʜʝʪʝʢʪʦʨ ʧʦʢʘʟʘʪʝʣʷ 

ʧʨʝʣʦʤʣʝʥʠʷ) ʠ ʢʦʣʦʥʢʫ ʩ ʦʙʨʘʱʝʥʦ-ʬʘʟʦʚʳʤ ʨʝʞʠʤʦʤ, ʦʜʥʘʢʦ ʚ ʢʘʯʝʩʪʚʝ 

ʧʦʜʚʠʞʥʦʡ ʬʘʟʳ (çʉè) ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʩʪʚʦʨ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ 

ʩʦʙʦʡ ʩʤʝʩʴ ʪʝʪʨʘʵʪʠʣʘʤʤʦʥʠʷ ʭʣʦʨʠʜ, ʤʝʪʘʥʦʣʘ ʠ ʤʫʨʘʚʴʠʥʦʡ ʢʠʩʣʦʪʳ [53]. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʦʡ ʧʦʜʚʠʞʥʦʡ ʬʘʟʳ, ʢʘʢ ʩʦʦʙʱʘʝʪʩʷ, ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ 

ʚʨʝʤʷ ʘʥʘʣʠʟʘ ʜʦ 18 ʤʠʥʫʪ ʠ ʧʦʣʫʯʠʪʴ ʨʘʟʨʝʰʝʥʥʳʝ ʧʠʢʠ ʜʣʷ ʛʝʢʩʘ-, ʧʝʥʪʘ-, 

ʪʝʪʨʘ-, ʪʨʠ- ʠ ʜʠʬʦʩʬʘʪ ʤʠʦ-ʠʥʦʟʠʪʦʚ (ʨʠʩ.1.13).  

 

 

ʈʠʩ.1.13. ʍʨʦʤʘʪʦʛʨʘʤʤʘ ʧʨʦʜʫʢʪʦʚ ʛʠʜʨʦʣʠʟʘ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, 

ʩʥʷʪʘʷ ʚ ʪʝʯʝʥʠʝ 18 ʤʠʥ ʧʨʠ t = 95Áʉ, c ʧʦʜʚʠʞʥʦʡ ʬʘʟʦʡ çʉè. 
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Dost K. (2006) ʧʨʝʜʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ɺʕɾ-ʭʨʦʤʘʪʦʛʨʘʬ ʩ UV/vis-

ʜʝʪʝʢʪʦʨʦʤ (ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʡ ʜʝʪʝʢʪʦʨ) ʠ ʢʦʣʦʥʢʦʡ ʩ ʦʙʨʘʱʝʥʦ-ʬʘʟʦʚʳʤ 

ʨʝʞʠʤʦʤ [76]. ɼʣʷ ʵʪʦʛʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʚʦʜʷʪ ʮʚʝʪʥʫʶ 

ʨʝʘʢʮʠʶ,ʣʝʞʘʱʫʶ ʚ ʦʩʥʦʚʝ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʬʠʪʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ ʩ ʞʝʣʝʟʦ(III)-ʪʠʦʮʠʦʥʘʪʥʳʤ ʢʦʤʧʣʝʢʩʦʤ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʦʜʚʠʞʥʦʡ ʬʘʟʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʤʝʩʴ 30% ʘʮʝʪʦʥʠʪʨʠʣʘ ʚ 

ʚʦʜʝ, ʧʦʜʢʠʩʣʝʥʥʦʡ 0,1M HNO3. ʇʠʢ ʞʝʣʝʟʘ(III)-ʪʠʦʮʠʘʥʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʘʥʘʣʠʟʠʨʫʶʪ ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ 460 ʥʤ (ʨʠʩ.1.14). 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʢʘʣʠʙʨʦʚʦʯʥʦʡ ʢʨʠʚʦʡ. 

ʇʦʜʦʙʥʳʤ ʦʙʨʘʟʦʤ, ʚ ʢʘʯʝʩʪʚʝ ʦʢʨʘʰʝʥʥʦʛʦ ʨʝʘʛʝʥʪʘ, ʦʙʨʘʟʫʶʱʝʛʦ 

ʢʦʤʧʣʝʢʩʳ ʩ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʦʡ, ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʣʦʞʥʳʝ ʢʦʤʧʣʝʢʩʳ 

ʞʝʣʝʟʘ(III), ʪʘʢʠʝ ʢʘʢ ʞʝʣʝʟʦ-ʢʘʪʝʭʦʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ʠʣʠ ʨʝʘʢʪʠʚ ɺʵʡʜʘ. 

 

 

ʈʠʩ.1.14. ʍʨʦʤʘʪʦʛʨʘʤʤʘ ʞʝʣʝʟʘ (III)-ʪʠʦʮʠʘʥʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

 

ʆʪʜʝʣʴʥʦ ʚʳʜʝʣʷʶʪ ʤʝʪʦʜ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ ʠʦʥʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ, 

ʪ.ʢ. ʝʛʦ ʠʩʧʦʣʴʟʫʶʪ ʥʝ ʩʪʦʣʴʢʦ ʜʣʷ ʘʥʘʣʠʟʘ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʩʢʦʣʴʢʦ ʜʣʷ 

ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʝʸ ʛʠʜʨʦʣʠʟʘ. 

ʈʘʙʦʪʳ Q.-Ch. Chen (2003, 2004) ʧʦʩʚʷʱʝʥʳ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤʫ 

ʦʧʨʝʜʝʣʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʛʝʢʩʘ-, ʧʝʥʪʘ-, ʪʝʪʨʘ-, ʪʨʠ- ʠ ʜʠʬʦʩʬʘʪ ʤʠʦ-

ʠʥʦʟʠʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʩʦʩʪʘʚʝ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ [64].  

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ɺʕɾʍ ʩ ʤʘʩʩ-ʩʝʣʝʢʪʠʚʥʳʤ ʜʝʪʝʢʪʦʨʦʤ ʠ 

ʘʥʠʦʥʦʦʙʤʝʥʥʳʤʠ ʢʦʣʦʥʢʘʤʠ ʩ ʧʦʜʚʠʞʥʦʡ ʬʘʟʦʡ ʚ ʚʠʜʝ ʨʘʩʪʚʦʨʘ, 
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ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʨʘʩʪʚʦʨʘ NaOH, ʚʦʜʳ ʠ 50% ʠʟʦʧʨʦʧʘʥʦʣʘ (ʦʙ/ʦʙ = 55:41:4 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 

ʇʦʣʫʯʝʥʥʳʝ ʧʠʢʠ ʨʘʩʪʚʦʨʘ ʧʨʦʙ ʩʨʘʚʥʠʚʘʣʠ ʩ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʤʠ 

ʧʠʢʘʤʠ ʜʣʷ ʩʪʘʥʜʘʨʪʥʳʭ ʨʘʩʪʚʦʨʦʚ ʛʝʢʩʘ-, ʧʝʥʪʘ-, ʪʝʪʨʘ-, ʪʨʠ- ʠ ʜʠʬʦʩʬʘʪ 

ʤʠʦ-ʠʥʦʟʠʪʦʚ (ʨʠʩ. 1.15, 1.16).  

 

 

ʈʠʩ.1.15. ʍʨʦʤʘʪʦʛʨʘʤʤʘ ʩʪʘʥʜʘʨʪʥʳʭ ʨʘʩʪʚʦʨʦʚ. DL ï ʥʝʨʘʟʜʝʣʸʥʥʳʝ 

ʵʥʘʥʪʠʦʤʝʨʥʳʝ ʧʠʢʠ. ʎʠʬʨʦʚʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 

1 Ins(1,3)ʈ2 8 Ins(2,4,6)P3 15 Ins(4,5,6)P3 22 DL-Ins(1,4,5,6)P4 

2 
DL-Ins(3,4)P2 

DL-Ins(1,5)P2 
9 DL-Ins(1,3,4)P3 16 

DL-

Ins(1,2,4,6)P4, 

Ins-(1,2,3,5)P4 
23 Ins(1,2,3,4,6)P5 

3 DL-Ins(1,2)ʈ2 10 
DL-Ins(1,2,4)P3, 

DL-Ins(2,3,5)P3 
17 

DL-

Ins(1,2,3,4)P4, 

Ins(1,3,4,6)P4 
24 

DL-

Ins(1,2,3,4,5)P5 

4 
DL-Ins-(2,4)P2 

DL-Ins(1,4)P2 
11 

Ins(1,2,3)P3, 

DL-Ins(1,2,6)P3, 

DL-Ins(1,4,6)P3 
18 

DL-

Ins(1,2,4,5)P4 
25 

DL-

Ins(1,2,4,5,6)P5 

5 
DL-Ins(4,5)P2 

Ins(2,5)ʈ2 
12 DL-Ins(1,4,5)P3 19 

DL-

Ins(1,3,4,5)P4 
26 Ins(1,3,4,5,6)P5 

6 Ins(4,6)ʈ2 13 DL-Ins(2,4,5)P3 20 
DL-

Ins(1,2,5,6)P4 
27 InsP6 

7 Ins(1,3,5)P3 14 DL-Ins(1,5,6)P3 21 Ins(2,4,5,6)P4   
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ʈʠʩ.1.16. ʍʨʦʤʘʪʦʛʨʘʤʤʳ 

ʠʟʚʣʝʯʝʥʠʡ ʠʟ ʧʠʱʝʚʳʡ ʧʨʦʜʫʢʪʦʚ 

- ʙʦʙʦʚ (ʘ), ʤʠʥʜʘʣʷ (ʙ), ʞʘʨʝʥʥʦʛʦ 

ʘʨʘʭʠʩʘ (ʩ). ʎʠʬʨʦʚʳʝ 

ʦʙʦʟʥʘʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʨʠʩ.1.16. 

 

 

1.4.2. ʄʝʪʦʜʳ ʘʥʘʣʠʟʘ ʘʤʠʥʦʚ (ʢʩʠʤʝʜʦʥʘ, ʛʣʶʢʦʟʘʤʠʥʘ ʠ ʪʨʠʩʘʤʠʥʘ) 

 

ɸʥʘʣʠʟ ʢʩʠʤʝʜʦʥʘ 

ʇʦʜʣʠʥʥʦʩʪʴ ʢʩʠʤʝʜʦʥʘ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʤʝʪʦʜʘʤʠ ʀʂ- ʠ ʋʌ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʘ ʪʘʢʞʝ ʢʘʯʝʩʪʚʝʥʥʦʡ ʨʝʘʢʮʠʝʡ ʩ ʧʝʨʤʘʥʛʘʥʘʪʦʤ ʢʘʣʠʷ ʚ 

ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʦʣʫʙʦʚʘʪʦ-ʟʝʣʸʥʦʛʦ ʙʳʩʪʨʦʠʩʯʝʟʘʶʱʝʛʦ 

ʦʢʨʘʰʠʚʘʥʠʷ [42]. ʀʂ ʩʧʝʢʪʨ 1% ʨʘʩʪʚʦʨ ʢʩʠʤʝʜʦʥʘ ʩʥʠʤʘʶʪ ʚ ʭʣʦʨʦʬʦʨʤʝ 

ʚ ʢʶʚʝʪʝ ʠʟ ʥʘʪʨʠʷ ʭʣʦʨʠʜʘ ʩ ʪʦʣʱʠʥʦʡ ʩʣʦʷ 0,2 ʤʤ, ʚ ʦʙʣʘʩʪʠ ʦʪ 4000 ʜʦ 400 

ʩʤ
-1
 ʠ ʜʝʣʘʶʪ ʚʳʚʦʜ ʦ ʧʦʜʣʠʥʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʷ ʧʨʠ ʧʦʣʥʦʤ ʩʦʚʧʘʜʝʥʠʠ 

ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʩ ʧʦʣʦʩʘʤʠ ʧʦʛʣʦʱʝʥʠʷ ʩʧʝʢʪʨʘ ʩʪʘʥʜʘʨʪʥʦʡ ʩʫʙʩʪʘʥʮʠʠ 

ʢʩʠʤʝʜʦʥʘ. ʋʌ ʩʧʝʢʪʨ ʨʘʩʪʚʦʨʘ ʢʩʠʤʝʜʦʥʘ, ʩʥʷʪʳʡ ʦʪʥʦʩʠʪʝʣʴʥʦ 0,1ʄ 
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ʨʘʩʪʚʦʨʘ ʭʣʦʨʠʩʪʦʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪʳ ʚ ʢʶʚʝʪʝ ʩ ʪʦʣʱʠʥʦʡ ʩʣʦʷ 10ʤʤ, ʚ 

ʦʙʣʘʩʪʠ ʦʪ 250 ʜʦ 350 ʥʤ ʜʦʣʞʝʥ ʠʤʝʪʴ ʤʘʢʩʠʤʫʤ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 308Ñ2 ʥʤ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʢʩʠʤʝʜʦʥʘ ʪʘʢʞʝ ʧʨʦʚʦʜʠʪʩʷ ʤʝʪʦʜʦʤ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ 

ʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʩ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʤ ʜʝʪʝʢʪʦʨʦʤ. ʂʘʯʝʩʪʚʝʥʥʳʡ 

ʘʥʘʣʠʟ ʧʨʦʚʦʜʷʪ ʧʦ ʩʦʧʦʩʪʘʚʣʝʥʠʶ ʚʨʝʤʝʥʠ ʫʜʝʨʞʠʚʘʥʠʷ ʩʪʘʥʜʘʨʪʥʳʭ 

ʦʙʨʘʟʮʦʚ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʝʛʦ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʦʧʨʝʜʝʣʝʥʠʝʤ [18].  

ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʛʦʪʦʚʷʪ ʩʝʨʠʶ ʩʪʘʥʜʘʨʪʥʳʭ ʨʘʩʪʚʦʨʦʚ ʠ 

ʠʩʧʳʪʫʝʤʳʡ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʩʪʘʥʜʘʨʪʥʳʭ ʨʘʩʪʚʦʨʦʚ ʩʪʨʦʷʪ 

ʢʘʣʠʙʨʦʚʦʯʥʫʶ ʧʨʷʤʫʶ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʪ ʧʣʦʱʘʜʠ ʧʠʢʘ, ʧʦ 

ʢʦʪʦʨʦʡ ʥʘʭʦʜʷʪ ʢʦʥʮʝʥʪʨʘʮʠʶ ʠʩʧʳʪʫʝʤʦʛʦ ʨʘʩʪʚʦʨʘ (ʨʠʩ. 1.17). 

 

ʈʠʩ.1.17. ʍʨʦʤʘʪʦʛʨʘʤʤʘ ʩʪʘʥʜʘʨʪʥʦʛʦ 

ʨʘʩʪʚʦʨʘ ʢʩʠʤʝʜʦʥʘ [42]. 

 

 

ɸʥʘʣʠʟ ʛʣʶʢʦʟʘʤʠʥʘ 

 

ɺ ʦʩʥʦʚʝ ʦʧʨʝʜʝʣʝʥʠʷ ʛʣʶʢʦʟʘʤʠʥʘ ʣʝʞʘʪ ʨʝʘʢʮʠʠ ʝʛʦ ʨʘʩʱʝʧʣʝʥʠʷ ʩ 

ʧʦʩʣʝʜʫʱʝʡ ʩʪʘʜʠʝʡ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ. ɺ ʤʝʪʦʜʝ ʕʣʩʦʥʘ-

ʄʦʨʛʘʥʘ ʵʪʦ ʨʝʘʢʮʠʷ ʧʨʝʚʨʘʱʝʥʠʷ ʛʣʶʢʦʟʘʤʠʥʘ ʚ ʧʨʦʠʟʚʦʜʥʳʝ ʧʠʨʨʦʣʘ ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʦʡ ʨʝʘʛʝʥʪʦʤ ʕʨʣʠʭʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʧʠʨʪʘ 

(ʩʪʘʙʠʣʴʥʦʝ ʢʨʘʩʥʦʝ ʦʢʨʘʰʠʚʘʥʠʝ) ʠ ʬʦʪʦʢʦʣʦʨʠʤʝʪʨʠʨʦʚʘʥʠʝʤ [52]. ʇʨʠ 

ʵʪʦʤ ʦʩʥʦʚʥʳʤ ʭʨʦʤʦʛʝʥʦʤ ʷʚʣʷʝʪʩʷ 2-ʤʝʪʠʣʧʠʨʨʦʣ. ʕʪʦʪ ʤʝʪʦʜ, ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʘʢʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʩʪʘʙʠʣʴʥʦ ʦʢʨʘʰʝʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʛʣʶʢʦʟʘʤʠʥʘ.  

ɺ ʤʝʪʦʜʝ ɼʠʰʝ ʭʨʦʤʦʛʝʥʘʤʠ ʷʚʣʷʶʪʩʷ 2,5-ʘʥʛʠʜʨʦ-D-ʤʘʥʥʦʟʘ, 

ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʨʠ ʜʝʟʘʤʠʥʠʨʦʚʘʥʠʠ ʛʣʶʢʦʟʘʤʠʥʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ HNO2 [43]. 
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ʆʙʨʘʙʦʪʢʘ ʧʨʦʜʫʢʪʘ ʠʥʜʦʣʦʤ (ʠʣʠ ʧʠʨʨʦʣʦʤ) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʦʣʷʥʦʡ 

ʢʠʩʣʦʪʳ ʜʘʸʪ ʨʦʟʦʚʦʝ ʦʢʨʘʰʠʚʘʥʠʝ.  

ʅʘʜʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʥʘʩʪʦʷʱʘʷ ʨʝʘʢʮʠʷ ʥʝ ʷʚʣʷʝʪʩʷ ʩʧʝʮʠʬʠʯʥʦʡ ʜʣʷ 

ʛʣʶʢʦʟʘʤʠʥʘ ʠ ʚʩʝ ʛʝʢʩʦʟʘʤʠʥʳ (ʛʣʶʢʦʟʘʤʠʥ, ʤʫʨʘʤʦʚʘʷ ʢʠʩʣʦʪʘ, 

ʛʘʣʘʢʪʦʟʘʤʠʥ) ʨʝʘʛʠʨʫʶʪ ʢʘʢ ʩ ʨʝʘʢʪʠʚʦʤ ʕʨʣʠʭʘ, ʪʘʢ ʠ ʧʦ ʤʝʪʦʜʫ ɼʠʰʝ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʦʯʪʠ ʠʜʝʥʪʠʯʥʦ ʦʢʨʘʰʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ. ʆʜʥʘʢʦ ʵʪʦ ʠʤʝʝʪ 

ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʚ ʦʩʥʦʚʥʦʤ ʚ ʘʥʘʣʠʟʝ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ, 

ʩʦʜʝʨʞʘʱʠʭ ʩʤʝʩʴ ʛʝʢʩʦʟʘʤʠʥʦʚ [8]. ɺ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʟʜʝʣʝʥʠʷ, 

ʠʩʧʦʣʴʟʫʶʪ ʠʦʥʦʦʙʤʝʥʥʫʶ ʩʤʦʣʫ. 

ʈʝʘʢʮʠʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʢʨʘʰʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʣʝʞʘʪ ʚ ʦʩʥʦʚʝ 

ʦʧʨʝʜʝʣʝʥʠʷ ʛʣʶʢʦʟʘʤʠʥʘ ʛʠʜʨʦʭʣʦʨʠʜʘ ʤʝʪʦʜʘʤʠ ɺʕɾ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʋʌ-ʜʝʪʝʢʪʦʨʘ [119, 128]. ʇʨʠ ʵʪʦʤ ʧʨʠ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʝ ʩ 

ʧʦʤʦʱʴʶ ʠʦʥʦʦʙʤʝʥʥʦʡ ʩʤʦʣʳ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʠʟʙʘʚʣʷʶʪʩʷ ʦʪ ʭʣʦʨʠʜ ʠʦʥʦʚ 

[128]. ɻʣʶʢʦʟʘʤʠʥ ʚ ʬʦʨʤʝ ʛʠʜʨʦʭʣʦʨʠʜʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʭʣʦʨʠʜ ʠʦʥʫ. 

 

ɸʥʘʣʠʟ ʪʨʠʩʘʤʠʥʘ 

ʊʨʠʩʘʤʠʥ ʷʚʣʷʝʪʩʷ ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʘʤʠʥʦʚ, ʚ ʩʚʷʟʠ ʩ 

ʯʝʤ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʨʠʩʘʤʠʥʘ ʫʜʦʙʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʠʥʛʠʜʨʠʥʦʚʫʶ ʠʣʠ 

ʙʠʫʨʝʪʦʚʫʶ ʨʝʘʢʮʠʠ, ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʝʡ ʧʦʣʫʯʝʥʥʦʛʦ 

ʦʢʨʘʰʝʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ [8, 28, 43], ʘ ʪʘʢʞʝ ʨʝʘʢʮʠʠ ʜʠʘʟʦʪʠʨʦʚʘʥʠʷ ʠ 

ʘʟʦʩʦʯʝʪʘʥʠʷ, ʣʝʞʘʱʠʝ ʚ ʦʩʥʦʚʝ ʪʠʪʨʠʤʝʪʨʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ [24].  
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ʉʭʝʤʘ 1.2. ʈʝʘʢʮʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʨʠʩʘʤʠʥʘ ʩ ʥʠʥʛʠʜʨʠʥʦʤ. 
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ɺʳʚʦʜʳ ʧʦ ʨʘʟʜʝʣʫ 1.4 

ɺ ʦʩʥʦʚʝ ʙʦʣʴʰʠʥʩʪʚʘ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʣʝʞʠʪ 

ʝʸ ʩʧʦʩʦʙʥʦʩʪʴ ʨʝʘʛʠʨʦʚʘʪʴ ʩ ʠʦʥʦʤ ʞʝʣʝʟʘ ʠ ʚʳʪʝʩʥʷʪʴ ʝʛʦ ʠʟ ʝʛʦ 

ʦʢʨʘʰʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ɺʳʙʨʘʥʳʝ ʣʠʛʘʥʜʳ ï ʘʤʠʥʳ-ʤʝʪʘʙʦʣʠʢʠ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʜʝʡʩʪʚʠʷ 

ʦʧʨʝʜʝʣʷʶʪʩʷ, ʚ ʦʩʥʦʚʥʦʤ, ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠ, ʧʦʩʣʝ ʧʝʨʝʚʦʜʘ ʘʤʠʥʦʚ ʚ 

ʦʢʨʘʰʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ. ʇʨʠ ʵʪʦʤ, ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʠʢʠ ʦʙʣʘʜʘʶʪ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ. 
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ɻʃɸɺɸ 2. ʆʙʲʝʢʪʳ, ʤʝʪʦʜʳ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʤʝʪʦʜʠʢʠ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

 

2.1. ʄʘʪʝʨʠʘʣʳ ʠ ʧʨʠʙʦʨʳ 

 

- ʉʫʙʩʪʘʥʮʠʷ çʀʥʦʟʠʪʛʝʢʩʘʬʦʩʬʦʨʥʘʷ ʢʠʩʣʦʪʘè (Inositol 

hexaphosphoric acid, 40-50 wt% aqueous solution), çAcros organicsè, ʬʣʘʢʦʥ 

ʪʝʤʥʦʛʦ ʩʪʝʢʣʘ ʥʘ 250 ʤʣ. ʉʦʜʝʨʞʘʥʠʝ ʠʥʦʟʠʪʛʝʢʩʘʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʳ ï 

50%; ʂʩʠʤʝʜʦʥ (1-(ɓ-ʦʢʩʠʵʪʠʣ)-4,6-ʜʠʤʝʪʠʣ-1,2-ʜʠʛʠʜʨʦ-2-ʦʢʩʦʧʠʨʠʤʠʜʠʥ), 

ʅʇʇ ʌɻʋʇ çʂʨʠʩʪʘʣʣè, ʛ. ɼʟʝʨʞʠʥʩʢ ʅʠʞʝʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠ; 

ɻʣʶʢʦʟʘʤʠʥʘ ʛʠʜʨʦʭʣʦʨʠʜ (Glucosamine hydrochloride), çWIRUDGMBHè. 

ʉʦʜʝʨʞʘʥʠʝ ʛʣʶʢʦʟʘʤʠʥʘ ʛʠʜʨʦʭʣʦʨʠʜʘ ʥʝ ʤʝʥʝʝ 99% (ʌʉʇ 42ï0314ï1478 ï 

01); ʊʨʠʩ-(ʦʢʩʠʤʝʪʠʣ)-ʘʤʠʥʦʤʝʪʘʥ (Tris-(hydroxymethyl) ʘminomethane) 

(çʏè, ʊʋ 6-09-4292-76); ʂʠʩʣʦʪʘ ʩʫʣʴʬʦʩʘʣʠʮʠʣʦʚʘʷ (çʏè, ɻʆʉʊ 4478-78); 

ʍʣʦʨʠʜ ʞʝʣʝʟʘ ʰʝʩʪʠʚʦʜʥʳʡ FeCl3ĀH2O (ɻʆʉʊ 4147-74); ʅʘʪʨʠʷ 

ʛʠʘʣʫʨʦʥʘʪ (ʧʦʨʦʰʦʢ ʠʟ ʩʪʝʢʣʦʚʠʜʥʦʛʦ ʪʝʣʘ ʙʳʢʘ, 99,8%, 1,63 MDa, CPN 

Spol.s.r.o, The CzechRepublic; çSigmaè, Product Number: H7630); ɸʤʤʦʥʠʷ 

ʚʘʥʘʜʘʪ ʤʝʪʘ (çʍʏè, ɻʆʉʊ 9336-75); ɸʤʤʦʥʠʡ ʤʦʣʠʙʜʝʥʦʚʦʢʠʩʣʳʡ (çʍʏè, 

ɻʆʉʊ 2677-78); ʂʠʩʣʦʪʘ ʘʟʦʪʥʘʷ (çʍʏè, ɻʆʉʊ 4461-77); ʂʠʩʣʦʪʘ ʭʣʦʨʥʘʷ 

(çʍʏè, ʊʋ 6-09-2878-84); ʂʘʣʠʡ ʬʦʩʬʦʨʥʦʢʠʩʣʳʡ ʦʜʥʦʟʘʤʝʱʸʥʥʳʡ (ʢʘʣʠʡ 

ʜʠʛʠʜʨʦʬʦʩʬʘʪ, KH2PO4, ʊʋ 2186-001-57904307-02, ʆʆʆ çɸʣʴʬʘʭʠʤè, ʛ. 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ); ʄʝʪʠʣʧʘʨʘʙʝʥ (ʤʝʪʠʣ-4-ʛʠʜʨʦʢʩʠʙʝʥʟʦʘʪ, Ó 99.0% (GC), 

Ueno Fine Chemicals Industry, ʀʥʜʠʷ; çSigma-Aldrichè, Product Number: 

54750); ʕʪʘʥʦʣ (ʤʝʜʠʮʠʥʩʢʠʡ, 95%, ʆʆʆ çɻʠʧʧʦʢʨʘʪè, ʛ. ʉʘʤʘʨʘ); 

ʀʟʦʧʨʦʧʘʥʦʣ (çʍʏè, ɻʆʉʊ 9805-84); ɸʮʝʪʦʥʠʪʨʠʣ (ʩʦʨʪ 0, ʅʇʂ 

çʂʨʠʦʭʨʦʤè); ɺʦʜʘ ʦʯʠʱʝʥʥʘʷ, (ʌʉ 42-0324-09), ʧʦʣʫʯʝʥʥʘʷ ʥʘ ʫʩʪʘʥʦʚʢʝ 

ʩʠʩʪʝʤʳ ʦʯʠʩʪʢʠ ʚʦʜʳ Elix 3 ʩ ʢʘʨʪʨʠʜʞʝʤ Progard (Millipore, ʌʨʘʥʮʠʷ), 

ʫʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʝʥʝʝ 0,2 ɛʉʤ. 

- ʇʨʠʙʦʨʳ: ʕʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘ 

ʧʨʠʙʦʨʝ çBio line Specord S-100è (Analytik Jena, Germany) ʚ ʦʙʣʘʩʪʠ 190-600 

ʥʤ, ʪʦʣʱʠʥʘ ʢʚʘʨʮʝʚʦʡ ʢʶʚʝʪʳ 10 ʤʤ. ʀʂ-ʩʧʝʢʪʨʳ ʙʳʣʠ ʩʥʷʪʳ ʥʘ ʀʂ-

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ ʩ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʌʫʨʴʝ çIR Prestige-21è (Shimadzu, 
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Japan) ʚ ʦʙʣʘʩʪʠ 4000-500 ʩʤ
-1
 ʚ ʚʠʜʝ ʩʤʝʩʝʡ ʩ ʢʘʣʠʝʤ ʙʨʦʤʠʜʦʤ ʧʨʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʟʫʯʘʝʤʳʭ ʚʝʱʝʩʪʚ ʚ ʩʤʝʩʠ 0,1-0,3%. ɺʕɾ-ʭʨʦʤʘʪʦʛʨʘʤʤʳ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ: ɺʕɾ-

ʭʨʦʤʘʪʦʛʨʘʬ çLC-10Avpè (Shimadzu, Japan) ʚ ʦʙʨʘʱʝʥʦ-ʬʘʟʦʚʦʤ ʨʝʞʠʤʝ ʩ 

ʜʝʛʘʟʘʪʦʨʦʤ ʧʦʜʚʠʞʥʦʡ ʬʘʟʳ, ʪʝʨʤʦʩʪʘʪʦʤ ʢʦʣʦʥʢʠ ʠ UV-Vis-

ʜʝʪʝʢʪʠʨʦʚʘʥʠʝʤ. ʢʦʣʦʥʢʘ Discovery C18 (25 cmx4.6 mm, 5 ɛm, Supelco). 

ʆʙʲʝʤ ʚʚʦʜʠʤʦʡ ʧʨʦʙʳ ï 20 ʤʢʣ. ʇʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʝ ʪʠʪʨʦʚʘʥʠʝ 

ʧʨʦʚʦʜʠʣʠ ʥʘ ʵʣʝʢʪʨʦʥʥʦʤ ʩʪʘʮʠʦʥʘʨʥʦʤ ʨʅ-ʤʝʪʨʝ çʨʅ-150ʄè ʬʠʨʤʳ ʈʋʇ 

(ɻʦʤʝʣʴʩʢʠʡ ʟʘʚʦʜ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ, ɹʝʣʦʨʫʩʩʠʷ). ɺ ʧʨʦʮʝʩʩʝ 

ʪʠʪʨʦʚʘʥʠʷ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʰʘʣʢʫ ʤʘʛʥʠʪʥʫʶ ʄʄ-5 (ʇʆ 

ñɿʘʢʘʨʧʘʪʧʨʠʙʦʨò, ɿʘʚʦʜ ʢʦʤʧʣʝʢʪʥʳʭ ʣʘʙʦʨʘʪʦʨʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʊʋ25-

11.834-80). ʉʧʝʢʪʨʳ ʗʄʈ 
13
ʉ ʠ 

1
H ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʥʘ ʗʄʈ-ʩʧʝʢʪʨʦʤʝʪʨʝ 

AgilentDD2 400 (Agilent Technologies, ʉʐɸ) ʚ D2Oʥʘ ʨʘʙʦʯʝʡ ʯʘʩʪʦʪʝ 101 ʠ 

400 ʄɻʮ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; ʉʧʝʢʪʨʳ 
31
ʈ-ʗʄʈ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʥʘ ʠʤʧʫʣʴʩʥʦʤ 

ʗʄʈ-ʩʧʝʢʪʨʦʤʝʪʨʝ Bruker AM500 (Bruker Daltonik GmbH, ɻʝʨʤʘʥʠʷ) ʚ D2O 

ʥʘ ʨʘʙʦʯʝʡ ʯʘʩʪʦʪʝ 202,46 ʄɻʮ. ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʉ, ʅ, N , 

ʧʨʦʚʦʜʠʣʠ ʥʘ ʘʥʘʣʠʟʘʪʦʨʝ çVarioMICROè (Elementar Analysen systeme 

GmbH, ɻʝʨʤʘʥʠʷ); ʃʘʙʦʨʘʪʦʨʥʳʝ ʵʣʝʢʪʨʦʥʥʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʝʩʳ çKERN 

770-13è c d = 0,0001 ʛ, Max 120 ʛ ʠ KERN 440-33è c d = 0,01 ʛ, Max 200 ʛ. 

(KERN & Sohn GmbH, Germany) ʎʝʥʪʨʠʬʫʛʘ çʉʄ-6 (RPMĬ1000)è (ELMI, 

Latvia). ʌʠʣʴʪʨ ʐʦʪʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ɻʆʉʊ 25336-82. 

 

2.2. ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ,  ʘʤʠʥʦʚ 

(ʢʩʠʤʝʜʦʥʘ, ʛʣʶʢʦʟʘʤʠʥʘ, ʪʨʠʩʘʤʠʥʘ) ʠ ʠʭ ʩʦʣʝʚʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

 

2.2.1. ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ ʢʦʤʧʣʝʢʩʘʭ ʠ 

ʩʚʦʙʦʜʥʦʤ ʚʠʜʝ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʦʙʱʝʛʦ ʬʦʩʬʦʨʘ. 

 

ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʬʠʪʠʥʦʚʫʶ ʢʠʩʣʦʪʫ ʠʣʠ ʢʦʤʧʣʝʢʩ ʧʦʜʚʝʨʛʘʣʠ çʤʦʢʨʦʡè 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʩʤʝʩʴʶ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʘʟʦʪʥʦʡ ʠ ʭʣʦʨʥʦʡ ʢʠʩʣʦʪ. 

ʆʙʨʘʟʫʶʱʠʝʩʷ ʬʦʩʬʘʪ-ʠʦʥʳ ʦʧʨʝʜʝʣʷʣʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠ ʩ ʜʣʠʥʦʡ 

ʚʦʣʥʳ 425 ʥʤ ʧʦʩʣʝ ʨʝʘʢʮʠʠ ʨʘʩʪʚʦʨʦʤ ʨʝʘʛʝʥʪʘ (ʩʤʝʩʴ ʘʤʤʦʥʠʷ 
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ʤʝʪʘʚʘʥʘʜʘʪʘ ʠ ʘʤʤʦʥʠʷ ʤʦʣʠʙʜʘʪʘ) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʠʥʪʝʥʩʠʚʥʦ-ʞʝʣʪʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʛʝʪʝʨʦʧʦʣʠʢʠʩʣʦʪ. ʉʤʝʩʴ ʢʠʩʣʦʪ ʜʣʷ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʛʦʪʦʚʠʣʠ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʘʥʘʣʠʟʦʤ, ʩʤʝʰʠʚʘʷ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:1 ʢʠʩʣʦʪʫ 

ʘʟʦʪʥʫʶ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʫʶ ʠ ʢʠʩʣʦʪʫ ʭʣʦʨʥʫʶ (ʭʯ) ʚ ʢʦʥʠʯʝʩʢʦʡ ʢʦʣʙʝ ʥʘ 

25 ʤʣ. ʈʘʩʪʚʦʨ ʨʝʘʛʝʥʪʦʚ ʧʦʣʫʯʘʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʩʤʝʰʝʥʠʝʤ ʨʘʚʥʳʭ 

ʢʦʣʠʯʝʩʪʚ ʢʠʩʣʦʪʳ ʘʟʦʪʥʦʡ ʨʘʟʚʝʜʝʥʥʦʡ (1 ʯ. ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ ʠ 2 ʯ. ʚʦʜʳ), 

ʨʘʩʪʚʦʨʦʚ ʘʤʤʦʥʠʷ ʚʘʥʘʜʘʪʘ ʠ ʘʤʤʦʥʠʷ ʤʦʣʠʙʜʘʪʘ. ʈʘʩʪʚʦʨ ʘʤʤʦʥʠʷ 

ʚʘʥʘʜʘʪʘ: ʚ ʢʦʣʙʫ ʥʘ 1 ʣ ʧʦʤʝʱʘʣʠ 2,5 ʛ ʘʤʤʦʥʠʷ ʤʝʪʘʚʘʥʘʜʘʪʘ (NH4VO3) ʠ 

ʨʘʩʪʚʦʨʷʣʠ ʚ 500 ʤʣ ʚʦʜʳ, ʜʦʚʝʜʝʥʥʦʡ ʜʦ ʢʠʧʝʥʠʷ. ʇʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ 

ʜʦʙʘʚʣʷʣʠ 20 ʤʣ ʢʠʩʣʦʪʳ ʘʟʦʪʥʦʡ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʠ ʜʦʚʦʜʠʣʠ ʜʦ ʤʝʪʢʠ 

ʚʦʜʦʡ ʦʯʠʱʝʥʥʦʡ. ʈʘʩʪʚʦʨ ʘʤʤʦʥʠʷ ʤʦʣʠʙʜʘʪʘ: ʚ ʢʦʣʙʫ ʥʘ 1 ʣ ʧʦʤʝʱʘʣʠ 50 ʛ 

ʘʤʤʦʥʠʷ ʤʦʣʠʙʜʘʪʘ ʠ ʨʘʩʪʚʦʨʷʣʠ ʚ 800 ʤʣ ʚʦʜʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʦʣʦ 50 
ʦ
ʉ 

ʠ ʧʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʜʦʚʦʜʠʣʠ ʜʦ ʤʝʪʢʠ ʚʦʜʦʡ ʦʯʠʱʝʥʥʦʡ.  

ʈʘʩʪʚʦʨ ʨʝʘʛʝʥʪʦʚ ʜʦʣʞʝʥ ʙʳʪʴ ʧʦʣʥʦʩʪʴʶ ʧʨʦʟʨʘʯʝʥ ʠ ʩʣʝʛʢʘ 

ʞʝʣʪʦʚʘʪʳʤ. ʀʩʧʦʣʴʟʦʚʘʣʠ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʳʤ. 

ʄʝʪʦʜʠʢʘ: ɺ ʤʝʨʥʫʶ ʢʦʣʙʫ ʚʤʝʩʪʠʤʦʩʪʴʶ 50 ʤʣ ʧʦʤʝʱʘʣʠ 0,3 ï 0,4 ʛ 

50%-ʦʛʦ ʨʘʩʪʚʦʨʘ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠʣʠ 0,7-0,8 ʛ ʪʚʸʨʜʦʛʦ ʢʦʤʧʣʝʢʩʘ, 

ʜʦʚʦʜʠʣʠ ʚʦʜʦʡ ʜʦ ʤʝʪʢʠ. 2 ʤʣ ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʦʤʝʱʘʣʠ ʚ 

ʢʦʥʠʯʝʩʢʫʶ ʢʦʣʙʫ ʚʤʝʩʪʠʤʦʩʪʴʶ 25 ʤʣ ʠ ʫʧʘʨʠʚʘʣʠ ʥʘ ʧʝʩʯʘʥʦʡ ʙʘʥʝ (ʧʨʠ 

ʵʪʦʤ ʠʟʙʝʛʘʣʠ ʧʦʣʥʦʛʦ ʚʳʧʘʨʠʚʘʥʠʷ). ɿʘʪʝʤ ʧʨʠʣʠʚʘʣʠ 2 ʤʣ ʩʤʝʩʠ ʢʠʩʣʦʪ 

ʜʣʷ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʠ ʥʘʛʨʝʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 180-240 
ʦ
ʉ ʚ ʪʝʯʝʥʠʝ 1 ʯ. ʥʘ 

ʧʝʩʯʘʥʦʡ ʙʘʥʝ. ʂʦʥʠʯʝʩʢʫʶ ʢʦʣʙʫ ʚʦ ʚʨʝʤʷ ʥʘʛʨʝʚʘʥʠʷ ʥʘʢʨʳʚʘʣʠ ʚʦʨʦʥʢʦʡ.. 

ʇʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʧʝʨʝʥʦʩʠʣʠ ʚ ʤʝʨʥʫʶ ʢʦʣʙʫ ʥʘ 100 ʤʣ 45-ʶ ʤʣ ʚʦʜʳ 100 ʤʣ ʠ 

ʜʦʚʦʜʠʣʠ ʫʨʦʚʝʥʴ ʨʅ ʨʘʩʪʚʦʨʘ ʜʦ 7 ʘʤʤʠʘʢʦʤ ʚʦʜʥʳʤ (ʦʢʦʣʦ 1 ʤʣ ʘʤʤʠʘʢʘ 

ʚʦʜʥʦʛʦ) ʧʦ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʠʥʜʠʢʘʪʦʨʥʦʡ ʙʫʤʘʛʝ. ʂ ʧʦʣʫʯʠʚʰʝʤʫʩʷ 

ʨʘʩʪʚʦʨʫ ʜʦʙʘʚʣʷʣʠ 50 ʤʣ ʨʘʩʪʚʦʨʘ ʨʝʘʛʝʥʪʘ ʠ ʜʦʚʦʜʠʣʠ ʜʦ ʤʝʪʢʠ ʚʦʜʦʡ 

ʦʯʠʱʝʥʥʦʡ. ʈʘʩʪʚʦʨ ʪʱʘʪʝʣʴʥʦ ʧʝʨʝʤʝʰʠʚʘʣʠ ʠ ʧʦʤʝʱʘʣʠ ʥʘ 30 ʤʠʥ ʚ 

ʪʝʤʥʦʝ ʤʝʩʪʦ, ʧʦʩʣʝ ʯʝʛʦ ʬʠʢʩʠʨʦʚʘʣʠ ʟʥʘʯʝʥʠʝ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ 

ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ ʧʨʠ ʤʘʢʩʠʤʫʤʝ ʧʦʛʣʦʱʝʥʠʷ 425 
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ʥʤ ʚ ʢʶʚʝʪʝ ʩ ʪʦʣʱʠʥʦʡ ʩʣʦʷ 10 ʤʤ. 

ɺ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʘ ʩʨʘʚʥʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʦʥʪʨʦʣʴʥʳʡ ʦʙʨʘʟʝʮ, 

ʧʨʠʛʦʪʦʚʣʝʥʥʳʡ ʘʥʘʣʦʛʠʯʥʦ ʧʨʦʙʝ ʩ 1 ʤʣ ʩʤʝʩʠ ʢʠʩʣʦʪ ʜʣʷ ʤʠʥʝʨʘʣʠʟʘʮʠʠ. 

ʉʦʜʝʨʞʘʥʠʝ ʬʦʩʬʦʨʘ ʚ ʛʨʘʤʤʘʭ ʚ ʦʙʨʘʟʮʝ ʚʳʯʠʩʣʷʣʠ ʧʦ ʬʦʨʤʫʣʝ:  

10002

10050

ÖÖ

ÖÖÖ
=

m

FD
ʈ ,                                                                     (2.1) 

ʛʜʝ Dï ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʠʩʧʳʪʫʝʤʦʛʦ ʨʘʩʪʚʦʨʘ; 

F ï ʨʘʩʯʝʪʥʳʡ ʬʘʢʪʦʨ. 

m ï ʥʘʚʝʩʢʘ ʛʝʣʷ, ʚʟʷʪʘʷ ʜʣʷ ʘʥʘʣʠʟʘ, ʛ. 

ɼʣʷ ʨʘʩʯʝʪʘ ʩʦʜʝʨʞʘʥʠʷ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʝʨʝʩʯʝʪʘ (1 ʛ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩʦʜʝʨʞʠʪ 0,282 ʛ ʬʦʩʬʦʨʘ)  

X = P / 0,282      (2.2) 

ʛʜʝ ʈ ï ʩʦʜʝʨʞʘʥʠʝ ʬʦʩʬʦʨʘ ʚ ʧʨʝʧʘʨʘʪʝ ʚ ʛʨʘʤʤʘʭ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʯʸʪʥʦʛʦ ʬʘʢʪʦʨʘ F ʛʦʪʦʚʠʣʠ ʩʪʘʥʜʘʨʪʥʳʡ ʨʘʩʪʚʦʨ 

ʢʘʣʠʷ ʦʜʥʦʟʘʤʝʱʸʥʥʦʛʦ, ʜʣʷ ʯʝʛʦ 0,19175 ʛ (ʩ ʪʦʯʥʦʩʪʴʶ 0,00005 ʛ) ʧʦʨʦʰʢʘ, 

ʚʳʩʫʰʝʥʥʦʛʦ ʜʦ ʧʦʩʪʦʷʥʥʦʡ ʤʘʩʩʳ, ʨʘʩʪʚʦʨʷʣʠ ʚ ʚʦʜʝ ʚ ʤʝʨʥʦʡ ʢʦʣʙʝ ʥʘ 100 

ʤʣ, ʜʦʚʦʜʠʣʠ ʚʦʜʦʡ ʜʦ ʤʝʪʢʠ ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ. ʀʟ ʥʝʛʦ ʛʦʪʦʚʠʣʠ 

ʛʨʘʜʫʠʨʦʚʦʯʥʳʝ ʨʘʩʪʚʦʨʳ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʬʦʩʬʦʨʘ 0,218 ʤʛ, 0,436 ʤʛ, 0,654 

ʤʛ ʠ 0,872 ʤʛ ʚ 10 ʤʣ ʨʘʩʪʚʦʨʘ, ʢʦʪʦʨʳʝ ʧʝʨʝʥʦʩʠʣʠ ʚ ʤʝʨʥʳʝ ʢʦʣʙʳ 

ʚʤʝʩʪʠʤʦʩʪʴʶ 100 ʤʣ, ʚ ʢʘʞʜʫʶ ʢʦʣʙʫ ʧʨʠʙʘʚʣʷʣʠ ʧʦ 50 ʤʣ ʨʘʩʪʚʦʨʘ 

ʨʝʘʛʝʥʪʦʚ ʠ ʜʦʚʦʜʠʣʠ ʦʙʲʝʤ ʜʦ ʤʝʪʢʠ ʚʦʜʦʡ ʦʯʠʱʝʥʥʦʡ. ʈʘʩʪʚʦʨʳ 

ʧʝʨʝʤʝʰʠʚʘʣʠ ʠ ʧʦʤʝʱʘʣʠ ʥʘ 30 ʤʠʥ ʚ ʪʝʤʥʦʝ ʤʝʩʪʦ, ʧʦʩʣʝ ʯʝʛʦ 

ʬʠʢʩʠʨʦʚʘʣʠ ʟʥʘʯʝʥʠʝ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʥʘ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ 425 ʥʤ ʚ ʢʶʚʝʪʝ ʩ ʪʦʣʱʠʥʦʡ ʩʣʦʷ 10 ʤʤ. 

ɺ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʘ ʩʨʘʚʥʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʘʩʪʚʦʨ, ʧʨʠʛʦʪʦʚʣʝʥʥʳʡ 

ʩʤʝʰʠʚʘʥʠʝʤ 1 ʤʣ ʢʠʩʣʦʪʳ ʘʟʦʪʥʦʡ ʨʘʟʚʝʜʝʥʥʦʡ ʠ 20 ʤʣ ʨʘʩʪʚʦʨʘ ʨʝʘʛʝʥʪʦʚ 

ʚ ʤʝʨʥʦʡ ʢʦʣʙʝ ʥʘ 100 ʤʣ, ʠ ʜʦʚʝʜʝʥʥʳʡ ʜʦ ʤʝʪʢʠ ʚʦʜʦʡ ʦʯʠʱʝʥʥʦʡ. 

ʈʘʩʯʝʪʥʳʡ ʬʘʢʪʦʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʤʠʣʣʠʛʨʘʤʤʦʚ 

ʬʦʩʬʦʨʘ ʚ 100 ʤʣ ʛʨʘʜʫʠʨʦʚʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʨʠ ʧʦʛʣʦʱʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʝʛʦ ʨʘʚʥʦʡ 1,00 ʧʦ ʬʦʨʤʫʣʝ 2.3.: 
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F=ɆCi/Ɇɸi   (2.3) 

ʛʜʝ ʉi ï ʩʦʜʝʨʞʘʥʠʝ ʬʦʩʬʦʨʘ ʚ 100 ʤʣ ʢʘʞʜʦʛʦ ʛʨʘʜʫʠʨʦʚʦʯʥʦʛʦ 

ʨʘʩʪʚʦʨʘ ʚ ʤʠʣʣʠʛʨʘʤʤʘʭ. 

ɸi ï ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʢʘʞʜʦʛʦ ʛʨʘʜʫʠʨʦʚʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ. 

ʅʘʧʨʠʤʝʨ: 

ʉi ʤʛ/100 

ʤʣ 

ɸi ʧʨʠ 425 

ʥʤ 

0,218 0,097 

0,436 0,208 

0,654 0,318 

0,872 0,425 

Ɇʉi = 2,18 ɆDi = 1,048 

 

F= 2,18/1,048=2,08 

ʈʘʩʯʝʪʥʳʡ ʬʘʢʪʦʨ ʜʦʣʞʝʥ ʣʝʞʘʪʴ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 2,02 ʜʦ 2,15. ɽʛʦ 

ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʚʪʦʨʷʶʪ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʫʩʣʦʚʠʡ ʘʥʘʣʠʟʘ. 

 

2.2.2. ʄʝʪʦʜʠʢʘ ʘʥʘʣʠʟʘ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʨʝʘʢʪʠʚʦʤ ɺʵʡʜʘ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʘʤʠʥʦʚ 

ʈʝʘʢʪʠʚ ɺʵʡʜʘ ʛʦʪʦʚʠʣʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʘʥʘʣʠʟʦʤ, 

ʩʤʝʰʠʚʘʷʨʘʩʪʚʦʨ ɸ (0,3240 ʛ ʩʫʣʴʬʦʩʘʣʠʮʠʣʦʚʦʡ ʢʠʩʣʦʪʳ ʚ 100 ʤʣ ʚʦʜʳ) ʩ 

ʨʘʩʪʚʦʨʦʤ ɹ (0,0324 ʛ FeCl3Ā6H2O ʚ 100 ʤʣ ʚʦʜʳ) ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:1 ʧʦ 

ʦʙʲʸʤʫ (1 ʤʣ ʨʝʘʛʝʥʪʘ ʩʦʜʝʨʞʘʣ 0,2 Õʤʦʣʴ ʞʝʣʝʟʘ). ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʢʘʣʠʙʨʦʚʦʯʥʦʡ ʢʨʠʚʦʡ ʠ ʘʥʘʣʠʟʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʦʣʷʨʥʦʝ 

ʩʦʦʪʥʦʰʝʥʠʝçʬʠʪʠʥʦʚʘʷ ʢʠʩʣʦʪʘ-ʨʝʘʛʝʥʪè ï 1:3. ɺ ʢʘʯʝʩʪʚʝ ʭʦʣʦʩʪʦʛʦ ʦʧʳʪʘ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʦʙʫ ʚ ʢʦʪʦʨʦʡ ʬʠʪʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ʦʪʩʫʪʩʪʚʫʝʪ. 

ɼʣʷ ʢʘʣʠʙʨʦʚʦʯʥʦʛʦ ʛʨʘʬʠʢʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʦ 5 ʤʣ ʨʘʩʪʚʦʨʦʚ 

ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʢʦʥʮʝʥʪʨʘʮʠʡ (Õʤʦʣʴ/ʣ) 150, 300, 450, 600, 750 ʠ 1000, 

ʢʦʪʦʨʳʝ ʧʝʨʝʥʦʩʠʣʠ ʚ ʢʦʣʙʫ ʸʤʢʦʩʪʴʶ 50 ʤʣ, ʠ ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ 30 ʤʣ 

ʨʝʘʛʝʥʪʘ ʜʦʚʦʜʠʣʠ ʜʦ ʤʝʪʢʠ ʚʦʜʦʡ ʦʯʠʱʝʥʥʦʡ. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʠ 
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ʧʨʠʨʦʜʳ ʘʤʠʥʘ ʠʩʧʦʣʴʟʦʚʘʣʠ 300 Õʄ ʨʘʩʪʚʦʨ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ 

ʨʘʩʪʚʦʨʳ ʘʤʠʥʦʚ (ʢʩʠʤʝʜʦʥ, ʪʨʠʩʘʤʠʥ, ʛʣʶʢʦʟʘʤʠʥʘ ʛʠʜʨʦʭʣʦʨʠʜ) ʩ 

ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ 300, 600, 900, 1800, 3000, 3600 ʠ 4200 Õʤʦʣʴ/ʣ, ʢʦʪʦʨʳʝ 

ʩʤʝʰʠʚʘʣʠ ʩ ʪʘʢʠʤ ʨʘʩʯʸʪʦʤ, ʯʪʦʙ ʧʨʠ ʩʣʠʚʘʥʠʠ ʨʘʚʥʳʭ ʦʙʲʸʤʦʚ ʩ 

ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʦʡ ʧʦʣʫʯʘʣʠʩʴ ʤʦʣʷʨʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ 1:1, 1:2, 1:3, 1:6, 

1:10, 1:12, 1:14. ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʦʙʫ, ʩʦʜʝʨʞʘʱʫʶ 

ʨʘʩʪʚʦʨ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʠ ʨʝʘʛʝʥʪʘ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʮʝʥʠʚʘʣʠ ʩʧʝʢʪʨʳ 

ʧʦʛʣʦʱʝʥʠʷ ʨʘʩʪʚʦʨʦʚ ʘʤʠʥʦʚ ʪʝʭ ʞʝ ʢʦʥʮʝʥʪʨʘʮʠʷʭ (Õʤʦʣʴ/ʣ) 300, 600, 900, 

1800, 3000, 3600 ʠ 4200, ʯʪʦ ʠ ʚ ʩʤʝʩʷʭ ʩ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʦʡ. 

 

2.2.3. ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʢʩʠʤʝʜʦʥʘ ʋʌ-

ʩʧʝʢʪʨʘʣʴʥʳʤ ʠ ɺʕɾʍ ʤʝʪʦʜʘʤʠʚ ʚʦʜʝ ʠ ʨʘʩʪʚʦʨʘʭʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ 

 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʘʣʠʙʨʦʚʦʯʥʦʛʦ ʛʨʘʬʠʢʘ ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ ʬʦʨʤʳ 

ʢʩʠʤʝʜʦʥʘ (ɚmax = 309 ʥʤ) ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʩʪʘʥʜʘʨʪʥʳʝ ʨʘʩʪʚʦʨʳ: 0,002 ʛ\ʣ (0,003; 0,004; 0,005 ʛ\ʣ) ï ʪʦʯʥʘʷ ʥʘʚʝʩʢʘ ï 

ʢʩʠʤʝʜʦʥʘ ʧʦʤʝʰʘʣʠ ʚ ʤʝʨʥʫʶ ʢʦʣʙʫ ʠ ʜʦʚʦʜʠʣʠ ʜʦ ʤʝʪʢʠ 0,1ʄ ʨʘʩʪʚʦʨʦʤ 

ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ (ʨʘʩʪʚʦʨ ɸ). 1 ʤʣ ʨʘʩʪʚʦʨʘ ɸ ʧʝʨʝʥʦʩʠʣʠ ʚ ʤʝʨʥʫʶ ʢʦʣʙʫ 

ʚʤʝʩʪʠʤʦʩʪʴʶ 100 ʤʣ ʠ ʜʦʚʦʜʠʣʠ ʚʦʜʦʡ ʜʦ ʤʝʪʢʠ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʨʘʩʪʚʦʨʦʚ 

ʢʦʤʧʣʝʢʩʦʚ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʢʩʠʤʝʜʦʥʦʤ ʚ ʤʝʨʥʫʶ ʢʦʣʙʫ 

ʚʤʝʩʪʠʤʦʩʪʴʶ 50 ʤʣ ʧʦʤʝʱʘʣʠ 0,30 ʛ 50%-ʦʛʦ ʨʘʩʪʚʦʨʘ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ 

ʠ 0,23 ʛ ʢʩʠʤʝʜʦʥʘ (ʪʦʯʥʳʝ ʥʘʚʝʩʢʠ) ʜʦʚʦʜʠʣʠ ʚʦʜʦʡ ʜʦ ʤʝʪʢʠ. 1 ʤʣ 

ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʦʤʝʱʘʣʠ ʚ ʤʝʨʥʫʶ ʢʦʣʙʫ ʥʘ 100 ʤʣ ʠ ʜʦʚʦʜʠʣʠ ʚʦʜʦʡ 

ʜʦ ʤʝʪʢʠ. 

ɺʕɾʍ-ʘʥʘʣʠʟ ʢʩʠʤʝʜʦʥʘ ʚ ʨʘʩʪʚʦʨʝ ʠ ʛʝʣʝ. ɼʣʷ ʢʘʣʠʙʨʦʚʢʠ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʪʘʥʜʘʨʪʥʳʡ ʨʘʩʪʚʦʨ 1: 50 ʤʛ (ʪʦʯʥʘʷ ʥʘʚʝʩʢʘ) ʩʪʘʥʜʘʨʪʥʦʡ 

ʩʫʙʩʪʘʥʮʠʠ ʢʩʠʤʝʜʦʥʘ ʧʦʤʝʱʘʣʠ ʚ ʩʪʘʢʘʥ ʥʘ 50 ʤʣ, ʜʦʙʘʚʣʷʣʠ 9,95 ʛ 

ʘʮʝʪʦʥʠʪʨʠʣʘ ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ ʜʦ ʧʦʣʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʢʩʠʤʝʜʦʥʘ. 1 ʛ 

ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʦʤʝʱʘʣʠ ʚ ʢʦʣʙʫ ʥʘ 500 ʤʣ ʠ ʜʦʚʦʜʠʣʠ ʜʦ ʤʝʪʢʠ 

ʚʦʜʦʡ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ (ʩʦʦʪʚʝʪʩʪʚʫʝʪ 50% ʦʞʠʜʘʝʤʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 
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ʠʩʧʳʪʫʝʤʦʛʦ ʨʘʩʪʚʦʨʘ). ʉʪʘʥʜʘʨʪʥʳʡ ʨʘʩʪʚʦʨ 2: 100 ʤʛ (ʪʦʯʥʘʷ ʥʘʚʝʩʢʘ) 

ʩʪʘʥʜʘʨʪʥʦʡ ʩʫʙʩʪʘʥʮʠʠ ʢʩʠʤʝʜʦʥʘ ʧʦʤʝʱʘʣʠ ʚ ʩʪʘʢʘʥ ʥʘ 50 ʤʣ, ʜʦʙʘʚʣʷʣʠ 

9,90 ʛ ʘʮʝʪʦʥʠʪʨʠʣʘ ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ ʜʦ ʧʦʣʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʢʩʠʤʝʜʦʥʘ. 1 ʛ 

ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʦʤʝʱʘʣʠ ʚ ʢʦʣʙʫ ʥʘ 500 ʤʣ, ʜʦʚʦʜʠʣʠ ʜʦ ʤʝʪʢʠ ʚʦʜʦʡ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ (ʩʦʦʪʚʝʪʩʪʚʫʝʪ 100% ʦʞʠʜʘʝʤʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʩʧʳʪʫʝʤʦʛʦ ʨʘʩʪʚʦʨʘ). ʉʪʘʥʜʘʨʪʥʳʡ ʨʘʩʪʚʦʨ 3: 150 ʤʛ 

(ʪʦʯʥʘʷ ʥʘʚʝʩʢʘ) ʩʪʘʥʜʘʨʪʥʦʡ ʩʫʙʩʪʘʥʮʠʠ ʢʩʠʤʝʜʦʥʘ ʧʦʤʝʱʘʣʠ ʚ ʩʪʘʢʘʥ ʥʘ 

50 ʤʣ, ʜʦʙʘʚʣʷʣʠ 9,85 ʛ ʘʮʝʪʦʥʠʪʨʠʣʘ ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ ʜʦ ʧʦʣʥʦʛʦ 

ʨʘʩʪʚʦʨʝʥʠʷ ʢʩʠʤʝʜʦʥʘ. 1 ʛ ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʦʤʝʱʘʣʠ ʚ ʢʦʣʙʫ ʥʘ 500 

ʤʣ ʠ ʜʦʚʦʜʠʣʠ ʜʦ ʤʝʪʢʠ ʚʦʜʦʡ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ (ʩʦʦʪʚʝʪʩʪʚʫʝʪ 150% 

ʦʞʠʜʘʝʤʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʩʧʳʪʫʝʤʦʛʦ ʨʘʩʪʚʦʨʘ). ʀʩʧʳʪʫʝʤʳʡ ʨʘʩʪʚʦʨ 

ʢʦʤʧʣʝʢʩʦʚ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʢʩʠʤʝʜʦʥʦʤ: ɺ ʤʝʨʥʫʶ ʢʦʣʙʫ 

ʚʤʝʩʪʠʤʦʩʪʴʶ 25 ʤʣ ʧʦʤʝʱʘʣʠ 2,50 ʛ ʢʩʠʤʝʜʦʥʘ ʠ 3,25 ʛ 50%-ʦʛʦ ʨʘʩʪʚʦʨʘ 

ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (ʪʦʯʥʳʝ ʥʘʚʝʩʢʠ) ʜʦʚʦʜʠʣʠ ʚʦʜʦʡ ʜʦ ʤʝʪʢʠ.1 ʤʣ ʚʦʜʥʦʛʦ 

ʨʘʩʪʚʦʨʘ ʢʦʤʧʣʝʢʩʘ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʢʩʠʤʝʜʦʥʦʤ ʧʦʤʝʱʘʣʠ ʚ ʩʪʘʢʘʥ ʥʘ 

50 ʤʣ, ʜʦʙʘʚʣʷʣʠ ʘʮʝʪʦʥʠʪʨʠʣʘ ʜʦ 10,00 ʛ ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ. 1 ʛ ʧʦʣʫʯʝʥʥʦʛʦ 

ʨʘʩʪʚʦʨʘ ʧʦʤʝʱʘʣʠ ʚ ʢʦʣʙʫ ʥʘ 500 ʤʣ ʠ ʜʦʚʦʜʠʣʠ ʜʦ ʤʝʪʢʠ ʚʦʜʦʡ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ. 

2.2.4. ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʪʨʠʷ ʛʠʘʣʫʨʦʥʘʪʘ ʚ 

ʨʘʩʪʚʦʨʝ 

 

ʄʝʪʦʜʠʢʘ: 0,03 ʛ ʥʘʪʨʠʷ ʛʠʘʣʫʨʦʥʘʪʘ ʧʦʤʝʱʘʣʠ ʚ ʤʝʨʥʫʶ ʢʦʣʙʫ ʥʘ 100 

ʤʣ ʠ ʨʘʩʪʚʦʨʷʣʠ ʚʦʜʦʡ ʦʯʠʱʝʥʥʦʡ. ʂ 2 ʤʣ ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ, 

ʧʦʤʝʱʝʥʥʦʛʦ ʚ ʧʨʦʙʠʨʢʫ ʩ ʧʨʠʪʝʨʪʦʡ ʧʨʦʙʢʦʡ, ʧʨʠʙʘʚʣʷʣʠ 5 ʤʣ ʨʘʩʪʚʦʨʘ 

ʥʘʪʨʠʷ ʪʝʪʨʘʙʦʨʘʪʘ ʚ ʩʝʨʥʦʡ ʢʠʩʣʦʪʝ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ, ʧʨʦʙʠʨʢʫ 

ʚʩʪʨʷʭʠʚʘʣʠ ʠ ʦʭʣʘʞʜʘʣʠ ʚ ʭʦʣʦʜʥʦʡ ʚʦʜʝ. ɿʘʪʝʤ, ʧʨʦʙʠʨʢʫ ʧʣʦʪʥʦ 

ʟʘʢʨʳʚʘʣʠ ʧʨʠʪʸʨʪʦʡ ʧʨʦʙʢʦʡ ʠ 15 ʤʠʥʫʪ ʥʘʛʨʝʚʘʣʠ ʥʘ ʚʦʜʷʥʦʡ ʙʘʥʝ. ʇʦʩʣʝ 

ʦʭʣʘʞʜʝʥʠʷ, ʧʨʠʙʘʚʣʷʣʠ 0,20 ʤʣ ʨʘʩʪʚʦʨʘ ʢʘʨʙʘʟʦʣʘ. ʇʨʦʙʠʨʢʫ ʩʥʦʚʘ ʧʣʦʪʥʦ 

ʟʘʢʨʳʚʘʣʠ ʠ 15 ʤʠʥʫʪ ʥʘʛʨʝʚʘʣʠ ʥʘ ʚʦʜʷʥʦʡ ʙʘʥʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʦʭʣʘʞʜʝʥʠʝʤ. ʉʦʜʝʨʞʠʤʦʝ ʧʨʦʙʠʨʢʠ ʜʦʣʞʥʦ ʧʨʠʦʙʨʝʪʘʣʦ ʬʠʦʣʝʪʦʚʦʝ 
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ʦʢʨʘʰʠʚʘʥʠʝ. ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʩʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ ʨʘʩʪʚʦʨʘ (ɚ = 450-600 

ʥʤ) ʚ ʢʶʚʝʪʝ ʩ ʪʦʣʱʠʥʦʡ ʩʣʦʷ 10 ʤʤ ʠʤʝʝʪ ʤʘʢʩʠʤʫʤ ʧʨʠ ɚ = 530Ñ2 ʥʤ. ɺ 

ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʘ ʩʨʘʚʥʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʭʦʣʦʩʪʦʡ ʦʧʳʪ, ʚ ʢʦʪʦʨʦʤ ʚʤʝʩʪʦ 

2 ʤʣ ʠʩʩʣʝʜʫʝʤʦʛʦ ʨʘʩʪʚʦʨʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚʦʜʫ ʦʯʠʱʝʥʥʫʶ.  

 

2.2.5. ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ 

ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʘʤʠʥʘʤʠ 

 

ʇʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʝ ʪʠʪʨʦʚʘʥʠʝ 0,076 ʄ ʨʘʩʪʚʦʨʘ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ 

(ʠʩʭʦʜʥʳʡ ʦʙʲʸʤ 20 ʤʣ, n=1,19 ʤʤʦʣʴ) ʧʨʦʚʦʜʠʣʠ 1,19 ʄ ʨʘʩʪʚʦʨʦʤ 

ʢʩʠʤʝʜʦʥʘ; 0,460 ʄ ʨʘʩʪʚʦʨʦʤ ʛʣʶʢʦʟʘʤʠʥʘ ʛʠʜʨʦʭʣʦʨʠʜʘ; 0,830 ʄ ʨʘʩʪʚʦʨʦʤ 

ʪʨʠʩʘʤʠʥʘ. ʊʠʪʨʦʚʘʣʠ ʤʝʜʣʝʥʥʦ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʦʡ, 

ʦʩʪʘʥʘʚʣʠʚʘʷ ʧʨʦʮʝʩʩ ʥʘ 3 ʤʠʥʫʪʳ ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ ʢʘʞʜʦʡ ʧʦʨʮʠʠ ʪʠʪʨʘʥʪʘ 

ʜʦ ʫʩʪʘʥʦʚʣʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ. ɺ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʪʠʪʨʘʥʪʘ 

ʛʣʶʢʦʟʘʤʠʥʘ ʛʠʜʨʦʭʣʦʨʠʜʘ, ʧʨʦʚʦʜʠʣʠ ʢʦʥʪʨʦʣʴʥʳʡ ʦʧʳʪ ʜʣʷ ʫʯʸʪʘ ʚʣʠʷʥʠʷ 

ʚʳʩʚʦʙʦʞʜʘʶʱʝʡʩʷ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ. ɺ ʢʦʥʪʨʦʣʴʥʦʤ ʦʧʳʪʝ ʧʨʦʚʦʜʠʣʠ 

ʪʠʪʨʦʚʘʥʠʝ 0,076 ʄ ʨʘʩʪʚʦʨʘ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (20 ʤʣ, n=1,19 ʤʤʦʣʴ) 0,460 

ʄ ʨʘʩʪʚʦʨʦʤ HCl. 

 

2.3. ʄʝʪʦʜʠʢʘ ʚʳʜʝʣʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʘʤʠʥʘʤʠ ʚ 

ʪʚʸʨʜʦʤ ʩʦʩʪʦʷʥʠʠ 

 

ʂʦʤʧʣʝʢʩʳ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʢʩʠʤʝʜʦʥʦʤ (9:1). ɺ ʭʠʤʠʯʝʩʢʠʡ 

ʩʪʘʢʘʥ ʥʘ 50 ʤʣ ʧʦʤʝʱʘʣʠ 2,2850 ʛ ʢʩʠʤʝʜʦʥʘ ʠ ʨʘʩʪʚʦʨʷʣʠ ʚ ʤʠʥʠʤʘʣʴʥʦ 

ʚʦʟʤʦʞʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʚʦʜʳ ʦʯʠʱʝʥʥʦʡ (å4 ʤʣ). ɺ ʧʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ 

ʚʥʦʩʠʣʠ 2 ʤʣ 50% ʨʘʩʪʚʦʨʘ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ. ʀʟ ʧʦʣʫʯʝʥʥʦʡ ʩʤʝʩʠ ʥʘ 

ʣʝʜʷʥʦʡ ʙʘʥʝ ʧʦʣʫʯʘʣʠ ʦʩʘʜʦʢ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʦʩʘʞʜʝʥʠʝʤ 

ʠʟʦʧʨʦʧʘʥʦʣʦʤ. ʇʦʣʫʯʝʥʥʫʶ ʩʫʩʧʝʥʟʠʶ ʬʠʣʴʪʨʦʚʘʣʠ ʯʝʨʝʟ ʬʠʣʴʪʨ ʐʦʪʪʘ. 

ɸʤʦʨʬʥʳʡ ʦʩʘʜʦʢ ʩ ʬʠʣʴʪʨʘ ʧʦʤʝʱʘʣʠ ʚ ʵʢʩʠʢʘʪʦʨ ʜʣʷ ʫʜʘʣʝʥʠʷ ʦʩʪʘʪʢʦʚ 
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ʚʣʘʛʠ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʩʘʜʢʘ: ʋʌ(ʥʤ) ï 308Ñ2; ʀʂ(ʩʤ
-1
) ï 1643, 1616, 1130, 

1130-1030, 889; ʇʄʈ(ʤ.ʜ.) ï 2,55(ʩ); 2,71(ʩ); 3,91; 3,92; 3,93(ʪ); 4,30; 4,31; 

4,32(ʪ); 6,82(ʩ); 
13
ʉ-ʗʄʈ(ʤ.ʜ.) ï 19,5; 23,6; 49,4; 57,8; 108,2; 171,9; 168,4; 

148,9; 
31
ʈ-ʗʄʈ(ʤ.ʜ.) ï ʨʘʟʤʳʪʳʝ ʩʠʛʥʘʣʳ: 0,9; 0,65; 0,1; -0,2; -0,3; -0,8. 

ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʬʦʩʬʦʨʘ ʤʦʣʠʙʜʘʪʥʦ-ʚʘʥʘʜʘʪʥʳʤ ʤʝʪʦʜʦʤ ï (%) 

ï 11, 30; ʪʝʦʨ.ʨʘʩʩʯ. ï 11,18. 

ʂʦʤʧʣʝʢʩʳ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʛʣʶʢʦʟʘʤʠʥʦʤ (5:1).ɺ ʭʠʤʠʯʝʩʢʠʡ 

ʩʪʘʢʘʥ ʥʘ 50 ʤʣ ʧʦʤʝʱʘʣʠ 1,6280 ʛ ʛʣʶʢʦʟʘʤʠʥʘ ʛʠʜʨʦʭʣʦʨʠʜʘ ʠ ʨʘʩʪʚʦʨʷʣʠ 

ʚ ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʚʦʜʳ ʦʯʠʱʝʥʥʦʡ (å10 ʤʣ). ɺ 

ʧʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʚʥʦʩʠʣʠ 2 ʤʣ 50% ʨʘʩʪʚʦʨʘ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ. ʀʟ 

ʧʦʣʫʯʝʥʥʦʡ ʩʤʝʩʠ ʥʘ ʣʝʜʷʥʦʡ ʙʘʥʝ ʧʦʣʫʯʘʣʠ ʦʩʘʜʦʢ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ 

ʦʩʘʞʜʝʥʠʝʤ ʵʪʠʣʦʚʳʤ ʩʧʠʨʪʦʤ. ʇʦʣʫʯʝʥʥʫʶ ʩʫʩʧʝʥʟʠʶ ʬʠʣʴʪʨʦʚʘʣʠ ʯʝʨʝʟ 

ʬʠʣʴʪʨ ʐʦʪʪʘ. ɸʤʦʨʬʥʳʡ ʦʩʘʜʦʢ ʩ ʬʠʣʴʪʨʘ ʧʦʤʝʱʘʣʠ ʚ ʵʢʩʠʢʘʪʦʨ ʜʣʷ 

ʫʜʘʣʝʥʠʷ ʦʩʪʘʪʢʦʚ ʚʣʘʛʠ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʩʘʜʢʘ: ʀʂ(ʩʤ
-1
) ï 3354, 3292, 

1618, 1585, 1539, 1138, 1094, 1059, 1034, 891; ʇʄʈ(ʤ.ʜ.) ï 2,85, 2,87, 2,90 (ʪ); 

3,15, 3,16(ʜ); 3,17, 3,18(ʜ); 3,32, 3,33, 3,34, 3,35, 3,86, 3,38(ʤ); 3,53; 3,55; 3,58; 

3,59; 3,61; 3,63; 3,64; 3,66; 3,67; 3,70; 3,71; 3,74; 3,76; 3,78; 3,79; 4,80, 4,82(ʜ); 

5,31, 5,32(ʜ); 
13
ʉ-ʗʄʈ(ʤ.ʜ.) ï 92,6; 89,1; 76,1; 71,9; 71,5; 60,4; 60,2; 56,6; 54,2; 

31
ʈ-ʗʄʈ(ʤ.ʜ.) ï ʨʘʟʤʳʪʳʝ ʩʠʛʥʘʣʳ: 0,8; 0,6; 0,3; -0,3; -0,4; -0,7. 

ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʘʟʦʪʘ, ʫʛʣʝʨʦʜʘ ʠ ʚʦʜʦʨʦʜʘ ʵʣʝʤʝʥʪʥʳʤ 

ʘʥʘʣʠʟʦʤ(%) ï 4,13; 28,62; 5,98; ʪʝʦʨ.ʨʘʩʩʯ. ï 4,40; 28,70; 6,04; ʬʦʩʬʦʨʘ 

ʤʦʣʠʙʜʘʪʥʦ-ʚʘʥʘʜʘʪʥʳʤ ʤʝʪʦʜʦʤ(%) ï 11,92; ʪʝʦʨ.ʨʘʩʩʯ. ï 12,00. 

ʂʦʤʧʣʝʢʩʳ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʪʨʠʩʘʤʠʥʦʤ (10:1). ɺ ʭʠʤʠʯʝʩʢʠʡ 

ʩʪʘʢʘʥ ʥʘ 50 ʤʣ ʧʦʤʝʱʘʣʠ 1,8290 ʛ ʪʨʠʩʘʤʠʥʘ ʠ ʨʘʩʪʚʦʨʷʣʠ ʚ ʤʠʥʠʤʘʣʴʥʦ 

ʚʦʟʤʦʞʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʚʦʜʳ ʦʯʠʱʝʥʥʦʡ (å5 ʤʣ). ɺ ʧʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ 

ʚʥʦʩʠʣʠ 2 ʤʣ 50% ʨʘʩʪʚʦʨʘ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ. ʀʟ ʧʦʣʫʯʝʥʥʦʡ ʩʤʝʩʠ ʥʘ 

ʣʝʜʷʥʦʡ ʙʘʥʝ ʧʦʣʫʯʘʣʠ ʦʩʘʜʦʢ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʦʩʘʞʜʝʥʠʝʤ ʵʪʠʣʦʚʳʤ 

ʩʧʠʨʪʦʤ. ʇʦʣʫʯʝʥʥʫʶ ʩʫʩʧʝʥʟʠʶ ʬʠʣʴʪʨʦʚʘʣʠ ʯʝʨʝʟ ʬʠʣʴʪʨ ʐʦʪʪʘ. 

ɸʤʦʨʬʥʳʡ ʦʩʘʜʦʢ ʩ ʬʠʣʴʪʨʘ ʧʦʤʝʱʘʣʠ ʚ ʵʢʩʠʢʘʪʦʨ ʜʣʷ ʫʜʘʣʝʥʠʷ ʦʩʪʘʪʢʦʚ 

ʚʣʘʛʠ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʩʘʜʢʘ: ʀʂ(ʩʤ
-1
) ï 3292, 1618, 1553, 1140, 1067(ʰ), 
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898; 
13
ʉ-ʗʄʈ(ʤ.ʜ.) ï 61,46; 61,25; 61,06; 59,35; 59,17; 58,95; 58,95; 

31
ʈ-

ʗʄʈ(ʤ.ʜ.) ï ʨʘʟʤʳʪʳʝ ʩʠʛʥʘʣʳ: 1,1; 0,55; -0,1; -0,3; -0,6; -0,7. ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʬʦʩʬʦʨʘ ʤʦʣʠʙʜʘʪʥʦ-ʚʘʥʘʜʘʪʥʳʤ ʤʝʪʦʜʦʤ ï (%) ï 10,035; 

ʪʝʦʨ.ʨʘʩʩʯ. ï 9,98. 

 

2.4. ʄʝʪʦʜʠʢʘ ʧʨʠʛʦʪʦʚʣʝʥʠ ̫ʛʠʜʨʦʬʠʣʴʥʦʛʦ ʛʝʣʷ ʢʦʤʧʣʝʢʩʘ ʬʠʪʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ ʩ ʢʩʠʤʝʜʦʥʦʤ 

 

ɺ ʢʦʣʙʫ ʧʦʤʝʱʘʣʠ 12 ʛ ʧʦʨʦʰʢʘ ʛʠʘʣʫʨʦʥʘʪʘ ʥʘʪʨʠʷ, ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʜʦʙʘʚʣʷʣʠ ʚʦʜʫ ʦʯʠʱʝʥʥʫʶ ʚ ʢʦʣʠʯʝʩʪʚʝ 1000 ʤʣ ʠ 

ʦʩʪʘʚʣʷʣʠ ʥʘʙʫʭʘʪʴ. ɿʘʪʝʤ ʚ ʧʦʣʫʯʝʥʥʳʡ ʚʷʟʢʠʡ ʨʘʩʪʚʦʨ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʚʚʦʜʠʣʠ 1 ʛ ʢʦʥʩʝʨʚʘʥʪʘ ʥʠʧʘʛʠʥʘ, ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ 10 ʤʣ 

ʵʪʘʥʦʣʘ. 75 ʛ ʧʦʣʫʯʝʥʥʦʡ ʤʘʩʩʳ ʧʦʤʝʱʘʣʠ ʚ ʢʦʣʙʫ, ʪʫʜʘ ʞʝ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʧʦʤʝʱʘʣʠ 12 ʤʣ 50% ʨʘʩʪʚʦʨʘ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ 10 ʛ 

ʢʩʠʤʝʜʦʥʘ ʠ ʜʦʚʦʜʠʣʠ ʧʦʣʫʯʝʥʥʳʡ ʛʝʣʴ ʚʦʜʦʡ ʜʦ 100 ʛ. ʌʠʢʩʠʨʦʚʘʣʠ ʨʅ ʠ 

ʜʦʚʦʜʠʣʠ ʜʦ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ ʪʨʠʩʘʤʠʥʦʤ (ʥʝ ʙʦʣʝʝ 1%). 

 

2.5. ʄʝʜʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʬʠʪʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ ʩ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʤʠ ʘʤʠʥʘʤʠ 

 

ʆʩʤʦʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʢʩʠʤʝʜʦʥʘ ʠʟ ʠʟʫʯʘʝʤʦʛʦ ʛʝʣʷ (ʢʠʥʝʪʠʢʫ 

ʚʳʚʝʜʝʥʠʷ ʢʩʠʤʝʜʦʥʘ ʠʟ ʛʠʜʨʦʛʝʣʷ) ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʜʠʘʣʠʟʘ ʯʝʨʝʟ 

ʧʦʣʫʧʨʦʥʠʮʘʝʤʫʶ ʤʝʤʙʨʘʥʫ (ʀ.ʄ.ʇʝʨʮʝʚ, 1979). 

ʄʝʪʦʜʠʢʘ: ʉʪʝʢʣʷʥʥʳʡ ʮʠʣʠʥʜʨ, ʜʥʦʤ ʢʦʪʦʨʦʛʦ ʩʣʫʞʠʣʘ ʮʝʣʣʦʬʘʥʦʚʘʷ 

ʤʝʤʙʨʘʥʘ, ʧʦʤʝʱʘʣʠ ʚ ʩʦʩʫʜ ʩʦ 100 ʤʣ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ (36,5Ñ0,5Üʉ) 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʤʝʤʙʨʘʥʘ ʠʟ ʮʝʣʣʦʬʘʥʘ ʙʳʣʘ ʧʦʛʨʫʞʝʥʘ ʚ ʚʦʜʫ ʥʘ 2 ï 5 

ʤʤ (ʨʠʩ.2.1). 
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ʈʠʩ.2.1. ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʜʠʘʣʠʟʘ. 

 

ʂʠʥʝʪʠʢʫ ʚʳʚʝʜʝʥʠʷ ʢʩʠʤʝʜʦʥʘ ʠʟ ʛʠʜʨʦʛʝʣʷ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ 

ʦʮʝʥʢʠ ʚʨʝʤʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʚʳʜʝʣʝʥʠʷ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ 

ʚʝʱʝʩʪʚ (ʢʩʠʤʝʜʦʥʘ) ʠʟ ʛʝʣʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 36,5Ñ0,5Üʉ ʠ ʠʩʭʦʜʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʛʝʣʷ ʉ0=0,10 ʤʛ/ʤʣ ʠ ʉ0=0,05 ʤʛ/ʤʣ. ʂʦʥʮʝʥʪʨʘʮʠʶ 

ʢʩʠʤʝʜʦʥʘ ʚ ʜʠʘʣʠʟʘʪʝ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʤʝʪʦʜʦʤ ʋʌ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʛʣʦʱʝʥʠʷ ʧʦʣʦʩʳ ʩ ɚmax=290 ʥʤ, ʠʩʧʦʣʴʟʫʷ ʢʘʣʠʙʨʦʚʦʯʥʳʡ 

ʛʨʘʬʠʢ. ɺ ʢʘʯʝʩʪʚʝ ʤʝʤʙʨʘʥʳ ʧʨʠʤʝʥʷʣʠ ʮʝʣʣʦʬʘʥʦʚʫʶ ʤʝʤʙʨʘʥʫ ʪʦʣʱʠʥʦʡ 

45Ñ1 ʤʢʤ (ʊʋ 6-06-576-77). 

 

2.5.1. ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʝʸ ʧʨʦʠʟʚʦʜʥʳʭ ʥʘ 

ʧʨʦʮʝʩʩʳ ʣʠʧʦʧʝʨʦʢʩʠʜʘʮʠʠ in vitro 

 

ʍʝʤʠʣʶʤʠʥʝʩʮʝʥʪʥʳʡ ʘʥʘʣʠʟ (ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʞʝʣʝʟʦʤ ʠ 

ʧʝʨʦʢʩʠʜʦʤ ʚʦʜʦʨʦʜʘ) ʥʘ ʦʙʱʫʶ ʘʥʪʠʦʢʩʠʜʘʥʪʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʚʦʜʠʣʠ ʥʘ 

ʙʠʦʭʝʤʠʣʶʤʠʥʦʤʝʪʨʝ ʤʘʨʢʠ ɹʍʃ-06 (ʅ.ʅʦʚʛʦʨʦʜ). ʄʝʪʦʜʠʢʘ. ɺ ʢʶʚʝʪʫ 

ʚʥʦʩʠʣʠ 0,1 ʤʣ ʧʨʦʙʳ, ʨʘʟʚʦʜʠʣʠ ʝʸ 0,4 ʤʣ ʬʦʩʬʘʪʥʦʛʦ ʙʫʬʝʨʘ, ʧʨʠʣʠʚʘʣʠ 

0,4 ʤʣ 0,5 mM ʨʘʩʪʚʦʨʘ ʩʫʣʴʬʘʪʘ ʞʝʣʝʟʘ ʠ 0,2% ʨʘʩʪʚʦʨʘ ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ. 

ʂʶʚʝʪʫ ʧʦʤʝʱʘʣʠ ʚ ʢʶʚʝʪʦʜʝʨʞʘʪʝʣʴ ɹʍʃ-06 ʠ ʠʟʤʝʨʷʣʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʩʚʝʯʝʥʠʷ ʟʘ 30 ʩʝʢ. ʌʠʢʩʠʨʦʚʘʣʠ ʚʝʣʠʯʠʥʳ: Imax (mV), ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ 

ʤʘʢʩʠʤʘʣʴʥʫʶ ʚʩʧʳʰʢʫ ʭʝʤʠʣʶʤʠʥʝʩʮʝʥʮʠʠ; S(mV) ï ʩʫʤʤʘʨʥʘʷ 

ʭʝʤʠʣʶʤʠʥʝʩʮʝʥʮʠʷ ʟʘ 30 ʩʝʢ.; tg Ŭ2, ʧʦʢʘʟʳʚʘʶʱʠʡ ʩʢʦʨʦʩʪʴ ʥʦʨʤʘʣʠʟʘʮʠʠ 

ʧʨʦʮʝʩʩʦʚ ʩʚʦʙʦʜʥʦ-ʨʘʜʠʢʘʣʴʥʦʛʦ ʦʢʠʩʣʝʥʠʷ; Imax/S ï ʬʘʢʪʦʨ 

ʇʦʣʳʡ ʩʪʝʢʣʷʥʥʳʡ ʮʠʣʠʥʜʨ 

ʌʠʢʩʘʪʦʨ 

ʄʝʤʙʨʘʥʘ (ʮʝʣʣʦʬʘʥ) 

ʀʩʩʣʝʜʫʝʤʳʡ ʧʨʝʧʘʨʘʪ 

ʈʘʩʪʚʦʨʠʪʝʣʴ 

ʍʠʤʠʯʝʩʢʠʡ ʩʪʘʢʘʥ 
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ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

ɸʢʪʠʚʥʦʩʪʴ ʩʫʧʝʨʦʢʩʠʜʜʠʩʤʫʪʘʟʳ (ʉʆɼ) ʦʮʝʥʠʚʘʣʠ ʤʝʪʦʜʦʤ ʊ.ɺ. 

ʉʠʨʦʪʳ [34]. ʄʝʪʦʜʠʢʘ. ɺ ʢʶʚʝʪʫ ʧʦʤʝʱʘʣʠ 2 ʤʣ ʙʠʢʘʨʙʦʥʘʪʥʦʛʦ ʙʫʬʝʨʘ (ʨʅ 

10,65) ʠ 0,1 ʤʣ 0,1% ʨʘʩʪʚʦʨʘ ʘʜʨʝʥʘʣʠʥʘ. ʇʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ 0,01 ʤʣ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʨʘʩʪʚʦʨʘ, ʩʦʜʝʨʞʠʤʦʝ ʢʶʚʝʪʳ ʙʳʩʪʨʦ ʧʝʨʝʤʝʰʠʚʘʣʠ ʠ 

ʠʟʤʝʨʷʣʠ ʚʝʣʠʯʠʥʫ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʧʨʠ 347 ʥʤ ʚ ʪʝʯʝʥʠʠ 3 ʤʠʥ. ɺ 

ʢʦʥʪʨʦʣʴʥʫʶ ʧʨʦʙʫ ʨʘʩʪʚʦʨ ʥʝ ʜʦʙʘʚʣʷʣʠ. ʆʙʱʫʶ ʘʢʪʠʚʥʦʩʪʴ ʬʝʨʤʝʥʪʘ (ɽ) 

ʚʳʯʠʩʣʷʣʠ ʧʦ ʬʦʨʤʫʣʝ: 

ɽ(%ʠʥʛʠʙʠʨʦʚʘʥʠʷ) = [1 ï (ȹDʦʧʳʪ/ȹDʢʦʥʪʨʦʣʴ)]Ā100%, 

ʛʜʝ ȹDʦʧʳʪ ʠ ȹDʢʦʥʪʨʦʣʴ ï ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʘʫʪʦʦʢʠʩʣʝʥʠʷ ʘʜʨʝʥʘʣʠʥʘ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠ ʦʪʩʫʪʩʪʚʠʠ ʛʦʤʦʛʝʥʘʪʘ. ɸʢʪʠʚʥʦʩʪʴ ʉʆɼ 

ʚʳʨʘʞʘʣʠ ʚ ʫʩʣʦʚʥʳʭ ʝʜʠʥʠʮʘʭ. ɿʘ 1 ʫʩʣʦʚʥʫʶ ʝʜʠʥʠʮʫ ʧʨʠʥʠʤʘʶʪ 1% 

ʠʥʛʠʙʠʨʦʚʘʥʠʷ. 

ʋʨʦʚʝʥʴ ʤʘʣʦʥʦʚʦʛʦ ʜʠʘʣʴʜʝʛʠʜʘ (ʄɼɸ) ʚ ʧʣʘʟʤʝ ʢʨʦʚʠ ʦʧʨʝʜʝʣʷʣʠ ʩ 

ʧʦʤʦʱʴʶ ʪʝʩʪ-ʥʘʙʦʨʘ (ɿɸʆ çɸɻɸʊè, ʄʦʩʢʚʘ). ʄʝʪʦʜʠʢʘ. ʂ 0.1 ʤʣ ʧʣʘʟʤʳ 

ʢʨʦʚʠ ʜʦʙʘʚʣʷʣʠ 0.5 ʤʣ 10% ʪʨʠʭʣʦʨʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ (TCA). ʆʩʘʜʦʢ ʙʝʣʢʦʚ 

ʫʜʘʣʷʣʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʠ ʩʫʧʝʨʥʘʪʘʥʪ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʄɼɸ. ʂ 0.2 ʤʣ ʩʫʧʝʨʥʘʪʘʥʪʘ ʜʦʙʘʚʣʷʣʠ 1.8 ʤʣ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʘ, 

ʩʦʜʝʨʞʘʱʝʛʦ 10 % TCA, 1.5 ʤʣ 0.9% ʨʘʩʪʚʦʨʘ TCA ʚ 50% ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ ʠ 

ʨʘʩʪʚʦʨ ʭʣʦʨʥʦʛʦ ʞʝʣʝʟʘ (FeCl3) ʜʣʷ ʨʘʩʧʘʜʘ ʜʦ ʄɼɸ ʧʨʝʜʦʙʨʘʟʦʚʘʥʥʳʭ 

ʛʠʜʨʦʧʝʨʝʢʠʩʝʡ ʣʠʧʠʜʦʚ, ʥʘʛʨʝʚʘʣʠ ʧʨʠ 100ÜC ʠ ʧʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ 

ʦʧʨʝʜʝʣʷʣʠ ʢʦʥʮʝʥʪʨʘʮʠʶ ʄɼɸ ʧʦ ʧʦʛʣʦʱʝʥʠʶ ʨʘʩʪʚʦʨʘ ʧʨʠ 532 ʥʤ ʥʘ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ DU-50 (Beckman, ʉʐɸ) ʚ 1-ʩʤ ʢʶʚʝʪʝ.  

ʋʨʦʚʝʥʴ ʧʝʨʚʠʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʝʨʦʢʩʠʜʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʣʠʧʠʜʦʚ 

(ʇʆʃ) ï ʜʠʝʥʦʚʳʭ ʢʦʥʲʶʛʘʪʦʚ (ɼʂ) ʠ ʪʨʠʝʥʦʚʳʭ ʢʦʥʲʶʛʘʪʦʚ (ʊʂ) 

ʧʨʦʚʦʜʠʣʠ ʚ ʤʝʪʘʥʦʣ-ʛʝʢʩʘʥʦʚʦʡ ʬʘʟʝ ʵʢʩʪʨʘʢʪʘ ʣʠʧʠʜʦʚ ʧʨʠ ʜʣʠʥʘʭ ʚʦʣʥ 

232ʥʤ ʠ 275ʥʤ, ʘ ʪʘʢʞʝ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ï ʦʩʥʦʚʘʥʠʡ 

ʐʠʬʬʘ (ʆʐ) ʤʝʪʦʜʦʤ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ ʚʦʟʙʫʞʜʝʥʠʷ 365ʥʤ 

ʠ ʜʣʠʥʝ ʚʦʣʥʳ ʵʤʠʩʩʠʠ 420ʥʤ [7]. 
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2.5.2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʝʡʩʪʚʠʷ ʛʠʜʨʦʬʠʣʴʥʳʭ ʛʝʣʝʡ ʩ 

ʢʦʤʧʣʝʢʩʦʤ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʢʩʠʤʝʜʦʥʘ ʥʘ ʧʨʦʮʝʩʩʳ ʟʘʞʠʚʣʝʥʠʷ 

ʦʞʦʛʦʚʳʭ ʨʘʥ ʫ ʢʨʳʩ ʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʝʡʩʪʚʠʷ ʛʠʜʨʦʬʠʣʴʥʳʭ ʛʝʣʝʡ ʩ 

ʢʦʤʧʣʝʢʩʦʤ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʢʩʠʤʝʜʦʥʘ ʥʘ ʧʨʦʮʝʩʩʳ ʟʘʞʠʚʣʝʥʠʷ 

ʦʞʦʛʦʚʳʭ ʨʘʥ ʫ ʢʨʳʩ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʦʪʜʝʣʝʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʝʜʠʮʠʥʳ ʌɻɹʋ çʅʠʞʝʛʦʨʦʜʩʢʠʡ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʪʨʘʚʤʘʪʦʣʦʛʠʠ ʠ ʦʨʪʦʧʝʜʠʠè ʄʠʥʠʩʪʝʨʩʪʚʘ 

ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ.  

ɾʠʚʦʪʥʳʝ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʦʣʦʚʦʟʨʝʣʳʝ (5 

ʤʝʩʷʮʝʚ) ʙʝʣʳʝ ʢʨʳʩʳ ʣʠʥʠʠ Wistar. 

ʀʩʪʦʯʥʠʢ ʞʠʚʦʪʥʳʭ. ʇʠʪʦʤʥʠʢ çʉʪʦʣʙʦʚʘʷè ɻʋ ʅʎ ɹʄʊ ʈɸʄʅ.  

ʂʘʨʘʥʪʠʥ/ʘʜʘʧʪʘʮʠʷ. ʇʨʠʙʳʚʰʠʝ ʞʠʚʦʪʥʳʝ ʜʦ ʥʘʯʘʣʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʙʳʣʠ ʧʦʤʝʱʝʥʳ ʚ ʦʪʜʝʣʴʥʫʶ ʢʦʤʥʘʪʫ ʥʘ ʧʝʨʠʦʜ ʘʜʘʧʪʘʮʠʠ (14 ʜʥʝʡ). ɺʦ 

ʚʨʝʤʷ ʵʪʦʛʦ ʧʝʨʠʦʜʘ ʫ ʞʠʚʦʪʥʳʭ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʧʨʦʷʚʣʝʥʠʝ ʦʪʢʣʦʥʝʥʠʡ ʚ 

ʩʦʩʪʦʷʥʠʠ ʟʜʦʨʦʚʴʷ ʩʦʛʣʘʩʥʦ ʉʪʘʥʜʘʨʪʥʦʡ ʦʧʝʨʘʮʠʦʥʥʦʡ ʧʨʦʮʝʜʫʨʝ 

ʣʘʙʦʨʘʪʦʨʠʠ çʇʨʠʝʤ ʞʠʚʦʪʥʳʭ, ʢʘʨʘʥʪʠʥ, ʘʜʘʧʪʘʮʠʷè.  

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʛʨʫʧʧʘʤ. ɾʠʚʦʪʥʳʭ ʨʘʩʧʨʝʜʝʣʷʣʠ ʧʦ ʛʨʫʧʧʘʤ 

ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʫʷ ʚ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʤʘʩʩʫ ʪʝʣʘ, ʪʘʢ, ʯʪʦʙʳ 

ʠʥʜʠʚʠʜʫʘʣʴʥʘʷ ʤʘʩʩʘ ʞʠʚʦʪʥʳʭ ʥʝ ʦʪʣʠʯʘʣʘʩʴ ʙʦʣʝʝ ʯʝʤ ʥʘ 20% ʦʪ ʩʨʝʜʥʝʡ 

ʤʘʩʩʳ ʞʠʚʦʪʥʳʭ ʦʜʥʦʛʦ ʧʦʣʘ. 

ʀʜʝʥʪʠʬʠʢʘʮʠʷ. ʂʘʞʜʦʤʫ ʞʠʚʦʪʥʦʤʫ ʙʳʣ ʧʨʠʩʚʦʝʥ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ 

ʥʦʤʝʨ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʪʦʨʳʤ ʞʠʚʦʪʥʦʤʫ ʩʪʘʚʠʣʘʩʴ ʤʝʪʢʘ ʣʠʙʦ ʧʨʦʢʦʣʦʤ 

ʫʰʥʦʡ ʨʘʢʦʚʠʥʳ, ʣʠʙʦ ʦʢʨʘʩʢʦʡ ʢʨʘʩʠʪʝʣʷʤʠ (ʵʦʟʠʥ ʠ ʤʝʪʠʣʝʥʦʚʳʡ ʩʠʥʠʡ) 

ʧʦʚʝʨʭʥʦʩʪʠ ʭʚʦʩʪʘ ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʩʭʝʤʘʤ. ʅʘ ʵʪʠʢʝʪʢʝ ʢʣʝʪʢʠ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʮʚʝʪʘ ʫʢʘʟʳʚʘʣʠ ʛʨʫʧʧʫ, ʥʦʤʝʨ ʞʠʚʦʪʥʦʛʦ, ʤʝʪʢʫ, ʢʦʜ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʨʫʢʦʚʦʜʠʪʝʣʷ.  

ʉʦʜʝʨʞʘʥʠʝ ʠ ʫʭʦʜ. ʆʩʥʦʚʥʳʝ ʧʨʘʚʠʣʘ ʩʦʜʝʨʞʘʥʠʷ ʠ ʫʭʦʜʘ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʥʦʨʤʘʪʠʚʘʤ, ʜʘʥʥʳʤ ʚ ʨʫʢʦʚʦʜʩʪʚʝ Guide for care and use of 

laboratory animals. ILAR publication, 1996, National Academy Press. ɺʩʝ 
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ʧʨʦʮʝʜʫʨʳ ʧʦ ʨʫʪʠʥʥʦʤʫ ʫʭʦʜʫ ʟʘ ʞʠʚʦʪʥʳʤʠ ʚʳʧʦʣʥʷʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʉʆʇ ʣʘʙʦʨʘʪʦʨʠʠ. 

ɺʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ 

ʚʝʩʝʥʥʝʝ ʚʨʝʤʷ ʛʦʜʘ (17-27 ʤʘʨʪʘ 2014 ʛʦʜʘ). 

ʇʨʦʮʝʜʫʨʘ ʚʚʝʜʝʥʠʷ ʚʝʱʝʩʪʚʘ. ɼʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʟʫʯʝʥʦ 

ʥʘʨʫʞʥʦʝ ʜʝʡʩʪʚʠʝ ʠʩʩʣʝʜʫʝʤʳʭ ʧʨʝʧʘʨʘʪʦʚ ʧʨʠ ʥʘʢʦʞʥʦʡ ʘʧʧʣʠʢʘʮʠʠ ʚ 

ʦʙʣʘʩʪʠ ʦʞʦʛʦʚʦʡ ʨʘʥʳ ʚ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʝ ʜʥʷ ʚ ʪʝʯʝʥʠʝ 10 ʩʫʪʦʢ ʣʝʯʝʥʠʷ. 

ɼʦʟʘ ʧʨʠʤʝʥʝʥʠʷ ʧʨʝʧʘʨʘʪʦʚ (ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʬʦʨʤʳ) ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ 10 

ʤʛ/ʩʤ
2
. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʠʥʬʠʮʠʨʦʚʘʥʥʦʡ ʦʞʦʛʦʚʦʡ ʨʘʥʳ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʦʞʦʛʘ 

ʢʦʞʠ IIIʙ ʩʪʝʧʝʥʠ ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʫʪʝʤ ʥʘʥʝʩʝʥʠʷ ʥʘ ʜʠʧʠʣʠʨʦʚʘʥʥʫʶ ʢʦʞʫ 

ʧʦʷʩʥʠʯʥʦʛʦ ʦʪʜʝʣʘ ʢʨʳʩ ʜʦʟʠʨʦʚʘʥʥʳʭ ʦʞʦʛʦʚ ʧʣʦʱʘʜʴʶ 235 ʤʤ
2
 (3*78,5 

ʤʤ
2
) ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʦʞʦʛʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʦʣʦ 300Áʉ ʠ ʩ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 

ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʩ ʢʦʞʝʡ 1 ʩʝʢ. ʇʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ ʜʘʥʥʦʡ ʧʨʦʮʝʜʫʨʳ ʢʨʳʩ 

ʥʘʨʢʦʪʠʟʠʨʦʚʘʣʠ ʥʝʤʙʫʪʘʣʦʚʳʤ ʥʘʨʢʦʟʦʤ ʚ ʜʦʟʝ 35-40 ʤʛ/ʢʛ.  

ʃʝʯʝʥʠʝ ʠʟʫʯʘʝʤʳʤʠ ʧʨʝʧʘʨʘʪʘʤʠ ʥʘʯʠʥʘʣʠ ʥʘ ʩʣʝʜʫʶʱʠʝ ʩʫʪʢʠ ʧʦʩʣʝ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʥʘʥʝʩʝʥʠʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠ ʧʨʦʜʦʣʞʘʣʠ ʚ 

ʪʝʯʝʥʠʝ 10 ʩʫʪʦʢ.  

ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 15 ʙʝʩʧʦʨʦʜʥʳʭ ʢʨʳʩ (ʩʘʤʮʳ, ʤʘʩʩʘ 

ʪʝʣʘ 220-250 ʛ), ʢʦʪʦʨʳʝ ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʥʘ 5 ʛʨʫʧʧʳ ʧʦ 3 ʞʠʚʦʪʥʳʭ ʚ 

ʢʘʞʜʦʡ:  

1. ʂʦʥʪʨʦʣʴ I ʠʥʪʘʢʪʥʳʝ ʞʠʚʦʪʥʳʝ 

2. ʂʦʥʪʨʦʣʴ II  ʦʞʦʛʦʚʘʷ ʨʘʥʘ + ʣʝʯʝʥʠʝ ʛʝʣʝʤ ɼʝʢʩʧʘʥʪʝʥʦʣ 4% ʜʣʷ 

ʥʘʨʫʞʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ 

3. ʆʞʦʛʦʚʘʷ ʨʘʥʘ + ʣʝʯʝʥʠʝ ʛʝʣʝʤ ʩ ʢʩʠʤʝʜʦʥʦʤ (ʛʝʣʴ çʃʝʚʦʢʩʠʤè) 

4. ʆʞʦʛʦʚʘʷ ʨʘʥʘ + ʣʝʯʝʥʠʝ ʛʝʣʝʤ ʩ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʦʡ  

5. ʆʞʦʛʦʚʘʷ ʨʘʥʘ + ʣʝʯʝʥʠʝ ʛʝʣʝʤ ʩ ʢʦʤʧʣʝʢʩʦʤ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ 

ʢʩʠʤʝʜʦʥʘ (ʛʝʣʴ çʂʩʠʬʠʪè) 

ɺʦ ʚʨʝʤʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʦʙʱʝʝ ʩʦʩʪʦʷʥʠʝ ʞʠʚʦʪʥʳʭ, 

ʦʪʤʝʯʘʣʠ ʩʦʩʪʦʷʥʠʝ ʠ ʩʢʦʨʦʩʪʴ ʟʘʞʠʚʣʝʥʠʷ ʨʘʥʝʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ.  
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ʄʝʪʦʜʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʙʳʣʠ ʦʙʨʘʙʦʪʘʥʳ ʥʘ IBMPC/AT ʩ ʧʦʤʦʱʴʶ ʧʘʢʝʪʦʚ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ 

Statistica 6,0. ʅʦʨʤʘʣʴʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʦʮʝʥʠʚʘʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʨʠʪʝʨʠʷ ʐʘʧʠʨʦ-ʋʠʣʢʘ. ʉ ʫʯʸʪʦʤ ʭʘʨʘʢʪʝʨʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʨʠʟʥʘʢʘ ʜʣʷ ʦʮʝʥʢʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʨʘʟʣʠʯʠʡ ʧʨʠʤʝʥʷʣʠ ʅ-

ʢʨʠʪʝʨʠʡ ʂʨʘʩʢʘʣʘ-ʋʦʣʣʝʩʘ. 
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ɻʃɸɺɸ 3. 

3.1. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʢʩʠʤʝʜʦʥʘ ʚ 

ʚʦʜʥʦʡ ʩʨʝʜʝ ʠ ʠʟʫʯʝʥʠʝ ʩʚʦʡʩʪʚ ʢʦʤʧʣʝʢʩʦʚ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ 

ʢʩʠʤʝʜʦʥʦʤ ʚ ʪʚʸʨʜʦʤ ʩʦʩʪʦʷʥʠʠ 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʝʘʢʮʠʠ ʧʝʨʝʥʦʩʘ ʧʨʦʪʦʥʘ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʤʝʪʦʜʦʤ 

ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʩʠʤʝʜʦʥʘ (ʂʩʠ) ʠ 

ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ ʨʘʩʪʚʦʨʘʭ ʤʝʪʦʜʦʤ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʴ ʨʅ=f(Vʢʩʠ) ʦʪʨʘʞʘʝʪ ʭʘʨʘʢʪʝʨ ʪʠʪʨʦʚʘʥʠʷ ʩʣʘʙʦʛʦ 

(ʠʣʠ ʦʯʝʥʴ ʩʣʘʙʦʛʦ) ʦʩʥʦʚʘʥʠʷ ʩʠʣʴʥʦʡ (ʠʣʠ ʩʨʝʜʥʝʡ ʩʠʣʳ) ʢʠʩʣʦʪʦʡ, ʦ ʯʸʤ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʨʅ ʠʩʭʦʜʥʦʛʦ 5% (0,076 ʄ) ʨʘʩʪʚʦʨʘ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, 

ʨʘʚʥʳʡ 2.1 (ʨʠʩ. 3.1). ɿʘʚʠʩʠʤʦʩʪʴ ʨʅ=f(Vʢʩʠ) ʠʤʝʝʪ ʥʝʩʢʦʣʴʢʦ ʥʝʷʚʥʦ 

ʚʳʨʘʞʝʥʥʳʭ ʩʪʫʧʝʥʝʡ, ʥʘʧʦʤʠʥʘʷ ʚʠʜ ʢʨʠʚʳʭ ʪʠʪʨʦʚʘʥʠʷ ʧʦʣʠʬʦʩʬʦʨʥʳʭ 

ʢʠʩʣʦʪ. 

Vʂʩʠ, ʤʣ
5 1510 20 25 30 35 40

5

4,5

4

3,5

3

2,5

0

pH

 

ʈʠʩ. 3.1. ɿʘʚʠʩʠʤʦʩʪʴ ʨʅ=f(Vʢʩʠ) ʧʨʠ ʪʠʪʨʦʚʘʥʠʠ 0,076 ʄ ʨʘʩʪʚʦʨʘ 

InsP6H12 1,19 ʄ ʨʘʩʪʚʦʨʦʤ ʂʩʠ. 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʢʨʠʚʫʶ ʪʠʪʨʦʚʘʥʠʷ ʢʘʢ ʧʣʘʚʥʫʶ (ʙʝʟ ʫʯʸʪʘ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʩʢʘʯʢʦʚ), ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʤʦʞʥʦ ʦʮʝʥʠʪʴ pKa 
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ʢʠʩʣʦʪʳ ʂʩʠʅ
+
, ʩʦʧʨʷʞʝʥʥʦʡ ʩʣʘʙʦʤʫ ʦʩʥʦʚʘʥʠʶ - ʢʩʠʤʝʜʦʥʫ, ʢʘʢ ʪʦʯʢʫ İ 

ʩʢʘʯʢʘ ʨʅ; pKa = 3.25. 

ʉʦʧʨʷʞʝʥʥʘʷ ʂʩʠ ʢʠʩʣʦʪʘ ʤʦʞʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʢʘʢ ʧʦ ʨʝʘʢʮʠʠ 

ʧʝʨʝʥʦʩʘ ʧʨʦʪʦʥʘ ʦʪ ʜʠʩʩʦʮʠʠʨʦʚʘʥʥʦʡ InsP6H12 ʚ ʠʩʭʦʜʥʦʤ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ 

(3.1ʘ), ʪʘʢ ʠ ʧʦ ʪʘʢʠʤ ʤʝʭʘʥʠʟʤʘʤ, ʢʘʢ ʥʝʢʦʚʘʣʝʥʪʥʦʝ ʩʚʷʟʳʚʘʥʠʝ ʜʨʫʛʦʛʦ 

ʛʠʜʨʦʢʩʠʣʘ ʚ ʬʦʩʬʘʪʥʦʡ ʛʨʫʧʧʝ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʟʘ ʩʯʸʪ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ 

ʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʩʠʣ. 

InsP6H12

ʅ2ʆ

[InsP6H12-a]
(12-a)- + aʅ+

,        ʨʅ 2.1  (3.1ʘ),  

ʛʜʝ a ï ʯʠʩʣʦ ʧʨʦʪʦʥʦʚ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʠʩʩʦʮʠʘʮʠʠ. 

H+ + X-  + ʂʩʠ [ʂʩʠH+]X-
,            ʨʅ 2.1 ï 4.7

 
(3.1ʙ), 

ʛʜʝ X
-
 ʫʩʣʦʚʥʦ ʦʙʦʟʥʘʯʝʥ ʢʘʢ ʬʠʪʘʪ-ʘʥʠʦʥ. 

 

ʋʌ-ʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ 

ʈʘʩʯʸʪ ʚʝʣʠʯʠʥʳ ʨʂʘ ʜʣʷ ʩʦʧʨʷʞʝʥʥʦʡ ʢʩʠʤʝʜʦʥʫ ʢʠʩʣʦʪʳ ʂʩʠʅ
+
, 

ʦʙʨʘʟʫʶʱʝʡʩʷ ʧʨʠ  ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʦʡ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ, 

ʙʳʣ ʚʳʧʦʣʥʝʥ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʜʘʥʥʳʭ ʨʘʩʪʚʦʨʝʥʠʷ ʂʩʠ ʠ ʂʩʠĀHCl ʚ ʚʦʜʥʦʡ 

ʩʨʝʜʝ ʭʣʦʨʠʩʪʦʚʦʜʦʨʦʜʥʦʡ ʠ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪ ʤʝʪʦʜʦʤ ʋʌ-ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʘʥʘʣʠʟʘ. ʀʟ ʜʘʥʥʳʭ ʨʠʩʫʥʢʘ 3.2 ʘ,ʙ ʚʠʜʥʦ, ʯʪʦ ʚ ʢʠʩʣʳʭ ʩʨʝʜʘʭ (ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʅʉl) ʥʘʙʣʶʜʘʝʪʩʷ ʙʘʪʦʭʨʦʤʥʳʡ ʩʜʚʠʛ ʜʣʠʥʳ ʚʦʣʥʳ ʧʦʛʣʦʱʝʥʠʷ 

ʉ=ʆ ʛʨʫʧʧʳ ʢʩʠʤʝʜʦʥʘ ʩ 299,9 ʥʤ (ʚʦʜʘ) ʜʦ 309 ʥʤ, ʘ ʚ ʱʝʣʦʯʥʳʭ ʩʨʝʜʘʭ 

(NaOH) ʤʘʢʩʠʤʫʤ ʧʦʣʦʞʝʥʠʷ ʧʦʣʦʩʳ ʦʩʪʘʸʪʩʷ ʥʝʠʟʤʝʥʥʳʤ, ʧʨʠ ʵʪʦʤ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʛʣʦʱʝʥʠʷ ʨʝʟʢʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʨʅ.  

ʇʦʢʘʟʘʪʝʣʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʝʨʝʥʦʩʘ ʧʨʦʪʦʥʘ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʢʩʠʤʝʜʦʥʘ ʩ ʭʣʦʨʠʩʪʦʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪʦʡ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʢʘʞʫʱʠʡʩʷ 

ʤʦʣʷʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʵʢʩʪʠʥʮʠʠ Ů, ʧʦʩʢʦʣʴʢʫ ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʦʜʥʦʡ 

ʠ ʪʦʡ ʞʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʩʠʤʝʜʦʥʘ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʝʪʩʷ ʚ ʦʙʣʘʩʪʠ ʨʅ ʦʪ 

4 ʜʦ 13 ʠ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 4 ʜʦ 1 (ʨʠʩ. 3.2ʙ). 
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ʈʠʩ. 3.2. ɼʘʥʥʳʝ ʋʌ-ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ 5,9Ŀ10
-5
 ʄ ʨʘʩʪʚʦʨʘ ʂʩʠ ʚ 

ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʅ: ʘ)A=f(ɚ); ʙ) Ů=f(ʨʅ). 

 

ʄʦʣʷʨʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʵʢʩʪʠʥʮʠʠ Ů  ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.1 ʠ 

ʨʘʩʩʯʠʪʘʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʨʘʚʥʝʥʠʝʤ ɹʫʛʝʨʘ-ʃʘʤʙʝʨʪʘ-ɹʝʨʘ ʠ ʠʟʚʝʩʪʥʳʭ 

ʩʦʦʪʥʦʰʝʥʠʷʭ [184]: 

ɸ = Ů ʢʩʠĀCʢʩʠĀl + Ů ʢʩʠH+ĀCʢʩʠH+Āl ʧʨʠ l = 1 ʩʤ  (3.2) 

ʢʩʠ ʢʩʠH

ʢʩʠʢʩʠH

C

C

e e

e e

+

+

-
=

-
     (3.3),  

ʛʜʝ ʉ ï ʤʦʣʷʨʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ, ɸ-ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ, Ů=ɸ/ʉĀl 

ʂʨʠʚʘʷ ʟʘʚʠʩʠʤʦʩʪʠ ʢʘʞʫʱʝʛʦʩʷ ʤʦʣʷʨʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʢʩʪʠʥʮʠʠ Ů 

ʜʣʷ ʢʩʠʤʝʜʦʥʘ ʠ ʝʛʦ ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ ʬʦʨʤʳ ʦʪ ʨʅ ʨʘʩʪʚʦʨʘ HCl ʠʤʝʝʪ 

ʨʝʟʢʠʡ ʩʢʘʯʦʢ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 1 ʜʦ 4, ʩʦʚʧʘʜʘʶʱʠʡ ʩ ʠʥʪʝʨʚʘʣʦʤ ʨʅ ʥʘ 

ʢʨʠʚʦʡ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʢʩʠʤʝʜʦʥʦʤ, 

ʥʦ ʦʙʣʘʜʘʝʪ ʙʦʣʝʝ ʧʦʣʦʛʠʤ ʧʝʨʝʭʦʜʦʤ (ʨʠʩ.3.1, 3.2ʙ). ɼʘʥʥʳʝ ʨʠʩʫʥʢʘ 3.2ʙ ʠ 

ʪʘʙʣʠʮʳ 3.1 ʧʦʟʚʦʣʠʣʠ ʥʘʤ ʨʘʩʩʯʠʪʘʪʴ ʧʦ ʫʨʘʚʥʝʥʠʶ (3.4) ʚʝʣʠʯʠʥʫ ʨʂʂʩʠʅ+ 

ʜʣʷ ʂʩʠ ʛʠʜʨʦʭʣʦʨʠʜʘ, ʨʘʚʥʫʶ 3.25, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʠʙʣʠʞʝʥʥʦʡ ʦʮʝʥʢʝ 

ʨʂʂʩʠʅ+ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ ʬʠʪʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ ʢʩʠʤʝʜʦʥʦʤ.  
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lg ʢʩʠH
ʢʩʠʅ

ʢʩʠ

pK pH
e e

e e

+

+

-
= -

-
   (3.4) 

 

ʊʘʙʣʠʮʘ 3.1. 

ʋʌ-ʩʧʝʢʪʨʘʣʴʥʳʝ ʜʘʥʥʳʝ 5,9Ŀ10
-5
 ʄʂʩʠ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ HCl ʠ 

NaOH. 

ˉ ʢʨʠʚʦʡ 1 2 3 4 5 6 7 8 

ʨʅ 6,12 10,16 10,67 11,24 11,86 12,86 3,99 3,72 

ɚ, ʥʤ 299,7 299,8 299,8 299,8 299,7 299,7 302,8 305,3 

Ů, ʣĀʤʦʣʴ
-1
Ŀʩʤ

-1
 7627 7605 7733 7754 7759 7780 7667 8686 

ˉ ʢʨʠʚʦʡ 9 10 11 12 13 14 15 

ʨʅ ʨʘʩʪʚʦʨʘ 3,40 3,22 2,92 2,62 2,31 1,33 1,00 

ɚ, ʥʤ 307,0 307,6 308,1 308,5 308,7 308,8 309,0 

Ů, ʣĀʤʦʣʴ
-1
Ŀʩʤ

-1
 9391 9777 10173 10357 10469 10788 10868 

 

ɸʥʘʣʠʟ ʋʌ-ʩʧʝʢʪʨʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʂʩʠ ʠ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʧʦʢʘʟʘʣ, 

ʯʪʦ ʚ ʩʧʝʢʪʨʝ, ʜʘʞʝ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʦʤ ʤʦʣʷʨʥʦʤ ʠʟʙʳʪʢʝ ʢʩʠʤʝʜʦʥʘ ï 

ʂʩʠ:InsP6H12 = 14:1, ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ ʦʩʥʦʚʥʘʷ ʧʦʣʦʩʘ ʩ ɚmax= 309 ʥʤ, 

ʭʘʨʘʢʪʝʨʥʘʷ ʜʣʷ ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ ʬʦʨʤʳ ʂʩʠ (ʨʠʩ. 3.3, ʪʘʙʣ.3.2). 

 

ʊʘʙʣʠʮʘ 3.2. 

ʋʌ-ʩʧʝʢʪʨʘʣʴʥʳʝ ʜʘʥʥʳʝ ʩʤʝʩʠ 1Ŀ10
-5
 ʄ ʨʘʩʪʚʦʨʘ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ 

ʢʩʠʤʝʜʦʥʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʤʦʣʷʨʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ. 

ˉ ʢʨʠʚʦʡ 
Cʢʩʠ, 

ʄĀ10
5
 

n=ʉʢʩʠ:ʉInsP6H12 ɸ ʦʪʥ. ɚmax, ʥʤ 
Ů, ʣĀʤʦʣʴ

-

1
Ŀʩʤ

-1
 

1 1,10 1:1 0,2758 309,6 25073 

2 2,05 2:1 0,3935 309,2 19195 

3 4,03 4:1 0,5941 309,1 14742 

4 6,02 6:1 0,7075 309,0 11752 

5 12,01 12:1 1,3414 309,1 11169 

6 14,01 14:1 1,5096 309,1 10775 

7 5,90 - 0,4500 299,9 7627 
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ʈʠʩ. 3.3. ʋʌ-ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ 1Ŀ10
-5
 ʄ ʨʘʩʪʚʦʨʦʚ InsP6H12 ʠ ʂʩʠ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʤʦʣʷʨʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ n (ʪʘʙʣ.2): ʘ)A=f(ɚ); ʙ) Ů=f(n). 

 

ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʸʥ ʚʦʟʤʦʞʥʦʩʪʴʶ ʦʙʨʘʟʦʚʘʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʩʪʨʫʢʪʫʨ ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ ʬʦʨʤʦʡ ʢʩʠʤʝʜʦʥʘ (ʩʭʝʤʘ1). 
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ʉʭʝʤʘ 3.1. ɺʦʟʤʦʞʥʳʝ ʩʪʨʫʢʪʫʨʳ ʧʨʦʪʦʥʠʨʦʚʘʥʦʛʦ ʂʩʠ. 

 

ɸʥʘʣʠʟ ʪʚʸʨʜʦʛʦ ʧʨʦʜʫʢʪʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʩʠʤʝʜʦʥʘ ʠ ʬʠʪʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ 

ʍʘʨʘʢʪʝʨ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʢʩʠʤʝʜʦʥʘ InsP6H12 ʦʮʝʥʠʚʘʣʩʷ ʪʘʢʞʝ ʧʦ 

ʪʚʸʨʜʦʤʫ ʧʨʦʜʫʢʪʫ ï ʢʦʤʧʣʝʢʩʫ ʌʂ ʩ ʂʩʠ, ʧʦʣʫʯʝʥʥʦʤʫ ʦʩʘʞʜʝʥʠʝʤ 

ʧʨʦʧʘʥʦʣʦʤ-2 ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. ɼʘʥʥʳʝ 
1
ʅ-, 

13
ʉ-ʗʄʈ ʠ ʀʂ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʩʦʧʦʩʪʘʚʣʝʥʳ ʩʦ ʩʧʝʢʪʨʘʤʠ ʂʩʠ ʠ ʂʩʠ ʛʠʜʨʦʭʣʦʨʠʜʘ 

[ʂʩʠH
+
]Cl

-
. 
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ʈʠʩ. 3.4. 
13
ʉ-ʗʄʈ ʩʧʝʢʪʨʳ ʢʩʠʤʝʜʦʥʘ (ʘ), ʢʩʠʤʝʜʦʥʘ ʛʠʜʨʦʭʣʦʨʠʜʘ (ʙ) ʠ 

ʢʦʤʧʣʝʢʩʘ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʢʩʠʤʝʜʦʥʘ (ʫʩʣʦʚʥʦ ï ʢʩʠʤʝʜʦʥʘ ʬʠʪʘʪ) (ʚ). 

(ʘ) 

(ʙ) 

(ʚ) 
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ʈʠʩ. 3.5. 
1
ʅ-ʗʄʈ ʩʧʝʢʪʨʳ ʢʩʠʤʝʜʦʥʘ , ʢʩʠʤʝʜʦʥʘ ʛʠʜʨʦʭʣʦʨʠʜʘ (ʙ) ʠ 

ʢʦʤʧʣʝʢʩʘ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʢʩʠʤʝʜʦʥʘ (ʫʩʣʦʚʥʦ ï ʢʩʠʤʝʜʦʥʘ ʬʠʪʘʪ) (ʚ). 

 

(ʘ) 

(ʙ) 

(ʚ) 
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ʊʘʙʣʠʮʘ 3.3.  

ɼʘʥʥʳʝ ʗʄʈ ʩʧʝʢʪʨʦʚ ʂʩʠ, [ʂʩʠH
+
]Cl

-
 ʠ ʢʦʤʧʣʝʢʩʘ ʌʂ ʠ ʂʩʠ (ʫʩʣʦʚʥʦ ï 

ʂʩʠH
+
ʬʠʪʘʪ) (D2O) 

N

N

CH3

OH3C

CH2CH2OH
1

3

24

5

6

 

ɻʨʫʧʧʘ  
13
ʉʗʄʈ 

ŭ,ʤ.ʜ. 

1
ʅ ʗʄʈ 

ŭ,ʤ.ʜ 

-ʉʅ3 (6) 

ʂʩʠ 20,1 2,29 

ʂʩʠH
+
ʭʣʦʨʠʜ 19,4 2,56 

ʂʩʠH
+
ʬʠʪʘʪ 19,5 2,55 

-ʉʅ3 (5) 

ʂʩʠ 23,1 2,47 

ʂʩʠH
+
ʭʣʦʨʠʜ 21,7 2,74 

ʂʩʠH
+
ʬʠʪʘʪ 23,6 2,71 

N-CH2(1) 

ʂʩʠ 47,9 

3,89 

3,86 

3,84 

ʂʩʠH
+
ʭʣʦʨʠʜ 49,4 

3,96 

3,93 

3,91 

ʂʩʠH
+
ʬʠʪʘʪ 49,4 

3,91 

3,92 

3,93 

-CH2-OH 

ʂʩʠ 58,4 

4,16 

4,14 

4,11 

ʂʩʠH
+
ʭʣʦʨʠʜ 57,8 

4,35 

4,33 

4,30 

ʂʩʠH
+
ʬʠʪʘʪ 57,8 

4,30 

4,31 

4,32 

CH 

ʂʩʠ 108,3 6,48 

ʂʩʠH
+
ʭʣʦʨʠʜ 108,3 6,84 

ʂʩʠH
+
ʬʠʪʘʪ 108,2 6,82 

C=C (4) 

ʂʩʠ 160,6 - 

ʂʩʠH
+
ʭʣʦʨʠʜ 172,1 - 

ʂʩʠH
+
ʬʠʪʘʪ 171,9 - 

C=C (6) 

ʂʩʠ 157,9 - 

ʂʩʠH
+
ʭʣʦʨʠʜ 168,5 - 

ʂʩʠH
+
ʬʠʪʘʪ 168,4 - 

C=O (2) 

ʂʩʠ 175,5 - 

ʂʩʠH
+
ʭʣʦʨʠʜ 149,0 - 

ʂʩʠH
+
ʬʠʪʘʪ 148,9 - 
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ɺ 
13
ʉ-ʗʄʈ ʩʧʝʢʪʨʘʭ ʥʘʙʣʶʜʘʶʪʩʷ ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ 

(ʨʠʩ.3.4, ʪʘʙʣ. 3.3). ʈʘʟʥʠʮʘ ʚ ʭʠʤʠʯʝʩʢʠʭ ʩʜʚʠʛʘʭ ʫ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ 

ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʩʦʝʜʠʥʝʥʠʡ ʢʦʤʧʣʝʢʩʘ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʂʩʠ ʠ 

[ʂʩʠH
+
]Cl

-
(ʨʠʩ. 3.4 ʙ, ʚ) ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʂʩʠ (ʨʠʩ. 3.4 ʘ) ʩʦʩʪʘʚʣʷʝʪ 

25ʤ.ʜ.ʉʠʛʥʘʣʳ 
1
ʅ ʠ 

13
ʉ-ʗʄʈ ʩʧʝʢʪʨʦʚ ʂʩʠ ʬʠʪʘʪʘ ʠ ʛʠʜʨʦʭʣʦʨʠʜʘ (ʨʠʩ.3.4 ʙ, 

ʚ; ʨʠʩ. 3.5. ʙ, ʚ) ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʶʪ, ʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʠʩʭʦʜʥʦʛʦ ʂʩʠ 

(ʨʠʩ 3.4 ʘ; ʨʠʩ. 3.5 ʘ), ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʙʣʠʟʢʦʡ ʩʪʨʫʢʪʫʨʝ ʢʘʪʠʦʥʦʠʜʥʦʡ 

ʯʘʩʪʠ ʢʦʤʧʣʝʢʩʘ. 

ɺ ʀʂ-ʩʧʝʢʪʨʘʭ ʪʚʸʨʜʦʛʦ ʦʩʘʜʢʘ, ʚʳʜʝʣʝʥʥʦʛʦ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ 

ʢʩʠʤʝʜʦʥʘ ʠ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʩʦʜʝʨʞʘʪʩʷ ʚʩʝ ʚʘʣʝʥʪʥʳʝ ʢʦʣʝʙʘʥʠʷ 

ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ ʬʦʨʤʳ ʢʩʠʤʝʜʦʥʘ (ʨʠʩ.3.6). ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʧʝʢʪʨʘʭ 

ʚʳʷʚʣʝʥʳ ʧʦʣʦʩʳ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʉ-ʆ (ʵʬʠʨʥʦʡ) ʩʚʷʟʠ ï 1130-1030 ʩʤ
-

1
; ʧʦʷʚʣʷʶʪʩʷ ʧʦʣʦʩʳ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʘʥʠʦʥʘ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, 

ʦʪʨʘʞʘʶʱʠʝ ʢʦʣʝʙʘʥʠʷ ʈ-ʆ ʩʚʷʟʠ 889 ʩʤ
-1
 ʩʦ ʩʜʚʠʛʦʤ æɜ ʚ ʧʨʦʜʫʢʪʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʩʭʦʜʥʦʡ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ [63], ʨʘʚʥʳʤ 2 ʩʤ
-1
. ʂʦʣʝʙʘʥʠʷ 

ʬʦʩʬʦʨʠʣʴʥʦʡ ʛʨʫʧʧʳ ʧʨʦʷʚʣʷʣʠʩʴ ʚ ʚʠʜʝ ʧʦʣʦʩʳ 1130 ʩʤ
-1
, ʘ ʪʘʢʞʝ ʚ 

ʦʙʣʘʩʪʠ 1616 ʩʤ
-1 
, ʚ ʦʪʣʠʯʠʝ ʦʪ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ 

(1643ʩʤ
-1
), ȹɜ = 27 ʩʤ

-1
(ʨʠʩ.3.7). 

ʂʩʠʤʝʜʦʥ

 



75 

ʂʩʠʤʝʜʦʥʘ ʛʠʜʨʦʭʣʦʨʠʜ

 

ʂʩʠʤʝʜʦʥʘ ʬʠʪʘʪ

 
ʈʠʩʫʥʦʢ 3.6. ʀʂ-ʩʧʝʢʪʨʳ ʢʩʠʤʝʜʦʥʘ, ʢʩʠʤʝʜʦʥʘ ʛʠʜʨʦʭʣʦʨʠʜʘ ʠ ʬʠʪʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ ʩ ʢʩʠʤʝʜʦʥʦʤ (ʫʩʣʦʚʥʦ ï ʢʩʠʤʝʜʦʥʘ ʬʠʪʘʪ). 

 

ʌʠʪʠʥʦʚʘʷ ʢʠʩʣʦʪʘ

 
ʈʠʩʫʥʦʢ 3.7. ʀʂ-ʩʧʝʢʪʨʳ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (ʣʠʪʝʨʘʪʫʨʥʳʝ [63] ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ). 
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ɼʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʩʦʭʨʘʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʮʠʢʣʘ InsP6, ʢʘʢ ʥʦʩʠʪʝʣʷ 

ʰʝʩʪʠ ʬʦʩʬʘʪʥʳʭ ʛʨʫʧʧ ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʂʩʠ, ʷʚʣʷʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪ ʩ 

ʨʝʘʢʪʠʚʦʤ ɺʵʡʜʘ, ʚ ʢʦʪʦʨʦʤ ʩʫʣʴʬʦʩʘʣʠʮʠʣʘʪʥʳʡ ʢʦʤʧʣʝʢʩ Fe (III) ʩʧʦʩʦʙʝʥ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʬʦʩʬʘʪʥʳʤʠ ʛʨʫʧʧʘʤʠ 

ʛʝʢʩʘʢʠʩʬʦʩʬʘʪʦʤ ʤʠʦ-ʠʥʦʟʠʪʘ (ʪʘʙʣ 3.4) [182]. 

 

ʊʘʙʣʠʮʘ 3.4.  

ɸʥʘʣʠʟ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʨʝʘʢʪʠʚʦʤ ɺʵʡʜʘ ʚ ʩʤʝʩʷʭ ʩ 

ʢʩʠʤʝʜʦʥʦʤ. 

InsP6ʅ12:ʂʩʠ ʢʦʥʮ. ʂʩʠ, ɛʄ ɸʪʝʢʫʱʝʝ ɸ0 -ɸʪʝʢ 

1:1 300 0,3307 0,2132 

1:2 600 0,3320 0,2119 

1:3 900 0,3284 0,2155 

1:6 1800 0,3309 0,2130 

1:10 3000 0,3279 0,2160 

1:12 3600 0,3291 0,2148 

1:14 4200 0,3314 0,2124 

1:0 (ʢʦʥʪʨʦʣʴ InsP6H12) 0 0,3288 0,2151 
ɸ0 ï ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʨʝʘʛʝʥʪʘ ʚ ʦʪʩʫʪʩʪʚʠʝ I, ɸ0=0,5439. 

 

ʇʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʜʘʥʥʳʝ ʧʦʟʚʦʣʠʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ ʚʦʜʥʳʭ 

ʨʘʩʪʚʦʨʘʭ ʜʘʞʝ ʧʨʠ ʠʟʙʳʪʢʝ ʂʩʠ, ʚʝʨʦʷʪʥʦ, ʝʛʦ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʩ 

ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʦʡ ʧʨʦʪʝʢʘʝʪ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʠʦʥʥʳʭ ʠ 

ʅ-ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʘʛʨʝʛʘʪʦʚ, ʚ ʢʦʪʦʨʳʭ ʢʘʪʠʦʠʜʥʘʷ ʯʘʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ ʬʦʨʤʦʡ ʢʩʠʤʝʜʦʥʘ ʠ ʠʤʝʶʱʠʭ ʘʥʘʣʦʛʠʶ ʩ ʢʦʤʧʣʝʢʩʘʤʠ, 

ʦʙʨʘʟʫʶʱʠʤʠʩʷ ʧʦ ʪʠʧʫ çʛʦʩʪʴ-ʭʦʟʷʠʥè, ʚ ʢʦʪʦʨʦʤ ʨʦʣʴ çʭʦʟʷʠʥʘè 

ʚʳʧʦʣʥʷʝʪ ʬʠʪʠʥʦʚʘʷ ʢʠʩʣʦʪʘ (ʨʠʩ. 3.8). 
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ʈʠʩ. 3.8. ʇʨʝʜʧʦʣʘʛʘʝʤʘʷ ʩʪʨʫʢʪʫʨʘ ʅ-ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʘʛʨʝʛʘʪʦʚ 

ʢʩʠʤʝʜʦʥʘ ʠ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ. 

 

ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʨʝʘʢʪʠʚʦʤ ɺʵʡʜʘ, ʧʦʟʚʦʣʷʶʪ ʢʨʦʤʝ ʧʨʦʯʝʛʦ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʩʦʭʨʘʥʝʥʠʝ ʚʳʩʦʢʠʭ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʭ ʩʚʦʡʩʪʚ ʬʠʪʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʣʝʢʩʦʚ ʩ ʂʩʠ. 

 

ɺʳʚʦʜʳ ʧʦ ʧʫʥʢʪʫ 3.1. 

ʄʝʪʦʜʘʤʠ ʀʂ- ʋʌ- 
1
ʅ- ʠ 

13
ʉ- ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʠ 

ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠʤ ʪʠʪʨʦʚʘʥʠʝʤ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʠʦ-

ʠʥʦʟʠʪʛʝʢʩʘʢʠʩʬʦʩʬʘʪʘ (InsP6H12) ʠ 1-(ɓ-ʦʢʩʠʵʪʠʣ)-4,6-ʜʠʤʝʪʠʣ-1,2-ʜʠʛʠʜʨʦ-

2-ʦʢʩʦʧʠʨʠʤʠʜʠʥʘ (ʢʩʠʤʝʜʦʥʘ) ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʧʨʦʪʝʢʘʝʪ ʯʝʨʝʟ ʩʪʘʜʠʶ 

ʧʝʨʝʥʦʩʘ ʧʨʦʪʦʥʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʠʦʥʥʳʭ ʠ ʅ-ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, 

ʧʨʠʯʸʤʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʂʩʠ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʘʪʦʤʫ ʢʠʩʣʦʨʦʜʘ ʢʘʨʙʦʥʠʣʴʥʦʡ 

ʛʨʫʧʧʳ. 

ʂʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʬʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʘʤʠʥʘʤʠ ʯʝʨʝʟ ʩʪʘʜʠʶ 

ʨʝʘʢʮʠʡ ʩ ʧʝʨʝʥʦʩʦʤ ʧʨʦʪʦʥʘ ʧʦʜʪʚʝʨʞʜʝʥʳ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠʤ 

ʪʠʪʨʦʚʘʥʠʝʤ. ʋʌ-ʩʧʝʢʪʨʘʣʴʥʳʝ ʠ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 


