
 



 2 

ʆɻʃɸɺʃɽʅʀɽ 

ɺɺɽɼɽʅʀɽ ............................................................................................................... 4 

ʃʀʊɽʈɸʊʋʈʅʓʁ ʆɹɿʆʈ ................................................................................ 11 

1. ʉʪʨʦʝʥʠʝ, ʩʠʥʪʝʟ ʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʂʇʗʂ ................... 12 

1.1. ʉʪʨʦʝʥʠʝ ʠ ʩʚʦʡʩʪʚʘ ʚʘʞʥʝʡʰʠʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʂʇʗʂ ʠ ʂʇʋʂééé12 

1.2. ʉʠʥʪʝʟ ʂʇʗʂ ................................................................................................... 15 

1.2.1. ʂʦʥʜʝʥʩʘʮʠʷ ʘʩʧʘʨʘʛʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʛʘʣʦʛʝʥʩʦʜʝʨʞʘʱʠʤ 

ʩʦʝʜʠʥʝʥʠʝʤ ............................................................................................................ 16 

1.2.2. ʇʨʠʩʦʝʜʠʥʝʥʠʝ ʘʤʠʥʦʩʦʝʜʠʥʝʥʠʡ ʧʦ ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʥʝʥʘʩʳʱʝʥʥʳʭ 

ʜʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ............................................................................................. 17 

1.2.3. ʇʦʣʫʯʝʥʠʝ ʂʇʗʂ ʧʦʚʳʰʝʥʥʦʡ ʜʝʥʪʘʪʥʦʩʪʠ ............................................ 19 

1.2.4. ʆʙʱʠʝ ʧʨʠʥʮʠʧʳ ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʢʩʦʥʘʪʦʚ ʤʝʪʘʣʣʦʚ .............................. 19 

1.3. ʂʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʠʝ ʩʚʦʡʩʪʚʘ ʂʇʗʂ ....................................................... 20 

1.3.1. ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʥʩʪʘʥʪ ʢʠʩʣʦʪʥʦʡ ʜʠʩʩʦʮʠʘʮʠʠ ....................................... 22 

1.3.2. ʂʦʥʩʪʘʥʪʳ ʢʠʩʣʦʪʥʦʡ ʜʠʩʩʦʮʠʘʮʠʠ ʵʪʠʣʝʥʜʠʘʤʠʥʜʠʷʥʪʘʨʥʦʡ ʢʠʩʣʦʪʳ23 

1.3.3. ʂʦʥʩʪʘʥʪʳ ʢʠʩʣʦʪʥʦʡ ʜʠʩʩʦʮʠʘʮʠʠ ʂʇʗʂ ............................................... 26 

2. ʂʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʠʝ ʩʚʦʡʩʪʚʘ ʵʣʝʤʝʥʪʦʚ II-A ʠ III-A ʧʦʜʛʨʫʧʧ ............. 28 

2.1. ʂʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʵʣʝʤʝʥʪʦʚ II-A ʧʦʜʛʨʫʧʧʳ ʩ ʂʇʗʂ ...................... 28 

2.2. ʂʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʠʝ ʩʚʦʡʩʪʚʘ ʵʣʝʤʝʥʪʦʚ III-A ʧʦʜʛʨʫʧʧʳ ................... 30 

3. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʦʥʦʚ ʠ ʠʭ ʢʦʤʧʣʝʢʩʦʚ34 

3.1. ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʨʘʩʪʚʦʨʘʭ ....................... 34 

3.1.1. ʄʝʪʦʜʳ ʨʘʩʯʝʪʘ ʢʦʥʩʪʘʥʪ ʫʩʪʦʡʯʠʚʦʩʪʠ ................................................... 35 

3.1.2. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʚʥʦʚʝʩʠʡ ʚ ʨʘʩʪʚʦʨʘʭ ....................... 37  

3.2. ʄʝʪʦʜ ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʤʝʪʨʠʠ ............................................ 40 

3.3. ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʤʝʪʦʜʳ. ................................................................... 42 

3.4. ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ................................................................... 44 

ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ʏɸʉʊʔ ʀ ʆɹʉʋɾɼɽʅʀɽ ʈɽɿʋʃʔʊɸʊʆɺ 47 

4. ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʂʇʗʂ ʩ ʵʣʝʤʝʥʪʘʤʠ II -ɸ ʠ III -ɸ 

ʧʦʜʛʨʫʧʧʳ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ............................................................................ 47 

4.1. ʊʝʭʥʠʢʘ ʠ ʤʝʪʦʜʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘ. ............................................................... 47 

4.1.1. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʥʦʚ ................................................................................... 47 

4.1.2. ʈʘʙʦʯʠʝ ʨʘʩʪʚʦʨʳ ......................................................................................... 50 

4.1.3. ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ .................................................................................. 51 

4.2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʩʪʫʧʝʥʯʘʪʦʡ ʜʠʩʩʦʮʠʘʮʠʠ ʢʦʤʧʣʝʢʩʦʥʦʚ ......... 53 

4.3 ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʤʝʪʘʣʣʦʚ II-ɸ ʧʦʜʛʨʫʧʧʳ ʩ 

ɻʄɼɼʗʂééééééééééééééééééééééééééé.....57 

4.4. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʤʝʪʘʣʣʦʚ III-ɸ ʧʦʜʛʨʫʧʧʳ ʩ 

ʕɼɼʗʂ ʠ ɻʄɼɼʗʂ ................................................................................................ 63 

4.5. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʙʦʨʘ ʚ ʚʦʜʥʦʣʠʛʘʥʜʥʳʭ 

ʨʘʩʪʚʦʨʘʭ ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ. ................................................................................... 66 

5. ʉʠʥʪʝʟ ʠ ʠʟʫʯʝʥʠʝ ʩʚʦʡʩʪʚ ʪʚʝʨʜʳʭ ʢʦʤʧʣʝʢʩʦʚ ʵʣʝʤʝʥʪʦʚ II-ɸ ʠ III-ɸ 

ʧʦʜʛʨʫʧʧʳ ʩ ʂʇʗʂ ................................................................................................ 69 

5.1. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʥʘʪʦʚ ʵʣʝʤʝʥʪʦʚ II -ɸ ʠ III -A ʧʦʜʛʨʫʧʧʳ ʩ ʂʇʗʂ ........ 70 

5.2 ɸʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʳʡ ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʪʚʝʨʜʳʭ  



 3 

ʢʦʤʧʣʝʢʩʦʥʘʪʦʚ ...................................................................................................... 71 

5.3 ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʩʪʨʦʝʥʠʷ ʪʚʝʨʜʳʭ ʢʦʤʧʣʝʢʩʦʥʘʪʦʚ ..... 73 

5.4 ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʚʝʨʜʳʭ ʢʦʤʧʣʝʢʩʦʥʘʪʦʚ .............. 83 

5.5 ʇʨʠʤʝʥʝʥʠʷ ʢʦʤʧʣʝʢʩʦʥʦʚ, ʧʨʦʠʟʚʦʜʥʳʭ ʷʥʪʘʨʥʦʡ ʢʠʩʣʦʪʳ .................... 88 

ɿɸʂʃʖʏɽʅʀɽ ...................................................................................................... 92 

ʉʇʀʉʆʂ ʉʆʂʈɸʑɽʅʀʁ ʀ ʋʉʃʆɺʅʓʍ ʆɹʆɿʅɸʏɽʅʀʁ ......................... 94 

ʉʇʀʉʆʂ ʆʇʋɹʃʀʂʆɺɸʅʅʓʍ ɺ ʇɽʏɸʊʀ ʉʊɸʊɽʁ ʇʆ ʊɽʄɽ 

ɼʀʉʉɽʈʊɸʎʀʀ .................................................................................................... 95 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ .................................................................................... 103 

ʇʈʀʃʆɾɽʅʀɽ .................................................................................................... 116 



 4 

 

ɺɺɽɼɽʅʀɽ 

ʕʪʠʣʝʥʜʠʘʤʠʥ-N,N,Nô,Nô-ʪʝʪʨʘʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ (ʕɼʊɸ) ʟʘʥʠʤʘʝʪ ʦʩʦʙʦʝ 

ʤʝʩʪʦ ʩʨʝʜʠ ʘʤʠʥʦʢʘʨʙʦʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʪʘʢ ʢʘʢ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ, ʤʝʜʠʮʠʥʳ. ɺ 

ʪʦ ʞʝ ʚʨʝʤʷ, ʵʪʦʪ ʣʠʛʘʥʜ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʠʟʢʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ. ʋʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʤʝʪʠʣʝʥʦʚʳʭ ʟʚʝʥʴʝʚ ʤʝʞʜʫ ʘʪʦʤʘʤʠ 

ʘʟʦʪʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦʚʳʰʝʥʠʷ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʠ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ. ʈʝʢʦʥʩʪʨʫʢʮʠʷ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʛʨʫʧʧ ʢʦʤʧʣʝʢʩʦʥʘ 

ʩʣʫʞʠʪ ʜʨʫʛʠʤ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʤʦʜʠʬʠʢʘʮʠʠ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʕɼʊɸ ʠ ʝʝ ʩʦʝʜʠʥʝʥʠʷ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʚ ʤʠʨʦʚʦʤ ʦʢʝʘʥʝ ʚ 

ʫʛʨʦʞʘʶʱʠʭ ʢʦʣʠʯʝʩʪʚʘʭ, ʪ.ʢ. ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʦʜʜʘʶʪʩʷ ʨʘʟʣʦʞʝʥʠʶ ʠ ʧʦʵʪʦʤʫ 

ʩʯʠʪʘʶʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʭ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʠ 

ʧʨʦʚʦʮʠʨʫʝʪ ʩʝʨʴʝʟʥʳʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ [1-3]. 

ʀʟʫʯʝʥʠʝ ʢʦʤʧʣʝʢʩʦʥʦʚ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʚʭʦʜʷʪ ʬʨʘʛʤʝʥʪʳ ʷʥʪʘʨʥʦʡ 

ʢʠʩʣʦʪʳ ʧʨʠ ʜʦʥʦʨʥʳʭ ʘʪʦʤʘʭ ʘʟʦʪʘ ʚ ʢʘʯʝʩʪʚʝ ʢʠʩʣʦʪʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ, ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʳʤ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ. ʊʘʢʠʝ ʢʦʤʧʣʝʢʩʦʥʳ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, ʦʜʥʘʢʦ, ʥʝ ʟʘʛʨʷʟʥʷʶʪ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, 

ʪ.ʢ. ʚ ʫʩʣʦʚʠʷʭ ʩʙʨʦʩʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ ʙʳʩʪʨʦ ʨʘʟʣʘʛʘʶʪʩʷ ʥʘ 

ʩʦʩʪʘʚʣʷʶʱʠʝ ʘʤʠʥʦʢʠʩʣʦʪʳ [1,4,5]. ʇʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʢʦʤʧʣʝʢʩʦʥʦʚ, 

ʧʨʦʠʟʚʦʜʥʳʭ ʷʥʪʘʨʥʦʡ ʢʠʩʣʦʪʳ (ʂʇʗʂ) ʜʠʘʤʠʥʥʦʛʦ ʪʠʧʘ, ʩʣʫʞʘʪ 

ʵʪʠʣʝʥʜʠʘʤʠʥʜʠʷʥʪʘʨʥʘʷ ʢʠʩʣʦʪʘ (ʕɼɼʗʂ) ʠ ʛʝʢʩʘʤʝʪʠʣʝʥʜʠʘʤʠʥʜʠʷʥʪʘʨʥʘʷ 

ʢʠʩʣʦʪʘ (ɻʄɼɼʗʂ), ʢʦʪʦʨʳʝ ʷʚʣʷʣʠʩʴ ʦʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ. 

ɺ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ, ʦʥʠ ʭʦʨʦʰʦ ʫʩʚʘʠʚʘʶʪʩʷ ʞʠʚʳʤʠ ʦʨʛʘʥʠʟʤʘʤʠ 

(ʨʘʩʪʝʥʠʷʤʠ ʠ ʞʠʚʦʪʥʳʤʠ) ʠ ʪʝʤ ʩʘʤʳʤ ʥʝ ʥʘʨʫʰʘʶʪ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʨʘʚʥʦʚʝʩʠʝ ʚ 

ʧʨʠʨʦʜʝ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʂʇʗʂ ʜʠʘʤʠʥʥʦʛʦ ʪʠʧʘ ʠʟʫʯʝʥʳ ʩʦʚʝʨʰʝʥʥʦ 

ʥʝʜʦʩʪʘʪʦʯʥʦ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʠʤʝʶʪʩʷ ʜʘʥʥʳʝ ʦ ʢʦʤʧʣʝʢʩʘʭ ʕɼɼʗʂ ʩʦ 

ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʤʠ ʤʝʪʘʣʣʘʤʠ (ʑɿʄ) ʠ ʯʘʩʪʠʯʥʦ ʩ ʵʣʝʤʝʥʪʘʤʠ III-ɸ 

ʧʦʜʛʨʫʧʧʳ, ʷʚʣʷʶʱʠʤʠʩʷ ʩʠʣʴʥʳʤʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʷʤʠ, ʪʦʛʜʘ ʢʘʢ 
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ʩʠʩʪʝʤʥʳʝ ʩʚʝʜʝʥʠʷ ʧʦ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ ɻʄɼɼʗʂ ʩ ʤʝʪʘʣʣʘʤʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ, ʯʪʦ ʜʝʣʘʝʪ ʪʝʤʫ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʢʪʫʘʣʴʥʦʡ.  

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʙʦʨʘ ʜʣʷ ʨʘʩʪʝʥʠʡ ʫʩʪʘʥʦʚʣʝʥʘ ʙʦʣʝʝ ʧʦʣʫʚʝʢʘ ʥʘʟʘʜ, ʘ 

ʥʝʜʘʚʥʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʦʥ ʪʨʝʙʫʝʪʩʷ ʠ ʞʠʚʦʪʥʳʤ [6]. ɹʦʨ ʤʦʞʝʪ ʫʯʘʩʪʚʦʚʘʪʴ ʚ 

ʤʝʪʘʙʦʣʠʟʤʝ ʫʛʣʝʚʦʜʦʚ, ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ, ʨʦʩʪʦʚʳʭ ʚʝʱʝʩʪʚ, ʬʝʥʦʣʦʚ; ʦʥ 

ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʢʣʝʪʦʯʥʳʭ ʩʪʝʥʦʢ ʨʘʩʪʝʥʠʡ ʚ ʬʦʨʤʝ ʢʦʤʧʣʝʢʩʦʚ ʩ ʧʝʢʪʠʥʘʤʠ, 

ʚʣʠʷʝʪ ʥʘ ʪʨʘʥʩʧʦʨʪ ʩʘʭʘʨʦʚ, ʧʨʦʮʝʩʩʳ ʜʳʭʘʥʠʷ, ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʧʣʘʟʤʘʣʝʤʤʳ, ʨʘʩʪʷʞʝʥʠʷ ʠ ʜʝʣʝʥʠʷ ʨʘʩʪʠʪʝʣʴʥʳʭ ʢʣʝʪʦʢ [7]. ʇʦʵʪʦʤʫ 

ʘʢʪʫʘʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʘ ʧʦʚʳʰʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʙʦʨʘ  ʚ ʧʦʯʚʘʭ 

ʩʝʣʴʭʦʟʫʛʦʜʠʡ ʜʦʩʪʫʧʥʳʤʠ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʤʠ ʤʝʪʦʜʘʤʠ. 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ. ɸʚʪʦʨʦʤ ʨʘʙʦʪʳ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʩʠʥʪʝʟʠʨʦʚʘʥʳ 

ʢʦʤʧʣʝʢʩʦʥʳ - ʵʪʠʣʝʥʜʠʘʤʠʥʜʠʷʥʪʘʨʥʘʷ ʢʠʩʣʦʪʘ ʠ 

ʛʝʢʩʘʤʝʪʠʣʝʥʜʠʘʤʠʥʜʠʷʥʪʘʨʥʘʷ ʢʠʩʣʦʪʘ. ʀʟʫʯʝʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ 

ʕɼɼʗʂ ʠ  ɻʄɼɼʗʂ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʩ ʵʣʝʤʝʥʪʘʤʠ II-ɸ ʠ III-ɸ ʧʦʜʛʨʫʧʧʳ. 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʤʧʣʝʢʩʳ ʵʪʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʚʳʜʝʣʝʥʳ ʚ ʪʚʝʨʜʦʤ ʚʠʜʝ. 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʦʙʨʘʙʦʪʘʥʳ, ʯʪʦ ʦʙʝʩʧʝʯʠʣʦ ʠʭ ʚʳʩʦʢʫʶ 

ʥʘʜʝʞʥʦʩʪʴ. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʠʩʢ ʧʫʪʝʡ ʠʭ ʨʝʰʝʥʠʷ, 

ʦʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʫʙʣʠʢʘʮʠʷ ʚ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ ʠ ʧʘʪʝʥʪʦʚʘʥʠʝ 

ʠʥʥʦʚʘʮʠʡ ʚʳʧʦʣʥʝʥʳ ʩʦʚʤʝʩʪʥʦ ʩ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ. 

ʇʫʙʣʠʢʘʮʠʠ. ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 7 ʩʪʘʪʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʜʥʘ 

ʚ ʠʟʜʘʥʠʠ, ʠʥʜʝʢʩʠʨʫʝʤʦʤ ʚ ʩʠʩʪʝʤʘʭ ʮʠʪʠʨʦʚʘʥʠʷ Web of Science ʠ Scopus, ʘ 

ʯʝʪʳʨʝ - ʚ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ, ʚʭʦʜʷʱʠʭ ʚ ʧʝʨʝʯʝʥʴ ɺɸʂ. ʇʦʣʫʯʝʥʳ 5 ʧʘʪʝʥʪʦʚ ʥʘ 

ʠʟʦʙʨʝʪʝʥʠʷ ʈʌ ʠ 2 ʧʘʪʝʥʪʘ ʥʘ ʧʦʣʝʟʥʫʶ ʤʦʜʝʣʴ ʈʌ, ʘʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʪʨʘʞʝʥʘ ʚ 30 ʪʝʟʠʩʘʭ ʜʦʢʣʘʜʦʚ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʚʩʝʨʦʩʩʠʡʩʢʠʭ 

ʧʨʦʬʠʣʴʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ. 

ʎʝʣʴ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʎʝʣʴʶ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʩʚʷʟʠ ʤʝʞʜʫ 

ʭʠʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʢʦʤʧʣʝʢʩʦʥʦʚ, ʘ ʪʘʢʞʝ ʠʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʠʭ ʩʚʦʡʩʪʚʘʤʠ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʫʩʪʘʥʦʚʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠʟʤʝʥʝʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 
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ʂʇʗʂ ʠ ʠʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʵʣʝʤʝʥʪʘʤʠ II-ɸ ʠ III-ɸ ʧʦʜʛʨʫʧʧʳ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʮʝʣʠ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʝ ʟʘʜʘʯʠ: 

- ʩʠʥʪʝʟ ʥʦʚʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʢʦʤʧʣʝʢʩʦʥʦʚ, ʧʨʦʠʟʚʦʜʥʳʭ ʷʥʪʘʨʥʦʡ 

ʢʠʩʣʦʪʳ; 

- ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʨʘʩʪʚʦʨʘʭ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʤʝʪʦʜʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʦʧʨʝʜʝʣʝʥʠʝ ʩʚʷʟʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʨʝʘʛʝʥʪʦʚ ʠ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʙʨʘʟʫʶʱʠʭʩʷ ʢʦʤʧʣʝʢʩʦʚ ʩ ʠʭ ʩʦʩʪʘʚʦʤ ʠ ʫʩʣʦʚʠʷʤʠ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʚʦʡʩʪʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʢʦʤʧʣʝʢʩʦʚ; 

- ʩʠʥʪʝʟ ʪʚʝʨʜʳʭ ʢʦʤʧʣʝʢʩʦʥʘʪʦʚ ʵʣʝʤʝʥʪʦʚ II-ɸ ʠ IIIɸ-ʧʦʜʛʨʫʧʧʳ ʩ 

ʠʩʩʣʝʜʫʝʤʳʤʠ ʢʦʤʧʣʝʢʩʦʥʘʤʠ; 

- ʠʟʫʯʝʥʠʝ ʤʝʪʦʜʦʤ ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʤʝʪʨʠʠ, ʀʂ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʠ ʧʦʣʫʯʝʥʥʳʭ ʪʚʝʨʜʳʭ ʢʦʤʧʣʝʢʩʦʥʘʪʦʚ; 

- ʠʟʫʯʝʥʠʝ ʚʦʧʨʦʩʦʚ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʥʦʚ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ. 

ʇʦ ʜʘʥʥʳʤ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ 

ʤʝʪʦʜʦʚ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʩʩʣʝʜʦʚʘʥʦ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʚ 

ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʵʣʝʤʝʥʪʦʚ II-ɸ ʠ III-ɸ ʧʦʜʛʨʫʧʧʳ ʩ ʂʇʗʂ. ɺʧʝʨʚʳʝ 

ʦʧʨʝʜʝʣʝʥʳ ʢʘʢ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ, ʪʘʢ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʢʦʥʩʪʘʥʪʳ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʙʨʘʟʫʶʱʠʭʩʷ ʢʦʤʧʣʝʢʩʦʚ. ʋʩʪʘʥʦʚʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʠʟʤʝʥʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʦʚ 

ʠʦʥʦʚ-ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʝʡ, ʦʪ ʧʨʠʨʦʜʳ ʠ ʩʪʨʦʝʥʠʷ ʢʦʤʧʣʝʢʩʦʥʦʚ. 

ʋʩʪʘʥʦʚʣʝʥʘ ʚʟʘʠʤʦʩʚʷʟʴ ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʣʝʢʩʦʥʦʚ ʠ ʠʭ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʠʭ 

ʩʚʦʡʩʪʚ. ɺʳʜʝʣʝʥʳ ʚ ʪʚʝʨʜʦʤ ʚʠʜʝ ʢʦʤʧʣʝʢʩʦʥʘʪʳ ɻʄɼɼʗʂ ʩʦ ʑɿʄ, ʙʦʨʦʤ, 

ʘʣʶʤʠʥʠʝʤ, ʛʘʣʣʠʝʤ, ʘ ʪʘʢʞʝ ʢʦʤʧʣʝʢʩ ʕɼɼʗʂ ʩ ʛʘʣʣʠʝʤ. ʇʨʦʚʝʜʝʥʳ ʘʪʦʤʥʦ-

ʘʙʩʦʨʙʮʠʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʦʝ ʠ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʝ 

ʠʟʫʯʝʥʠʝ ʪʚʝʨʜʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʦʙ ʠʭ ʩʪʨʦʝʥʠʠ.  

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ. 
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ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʢʦʥʩʪʘʥʪʳ 

ʨʘʚʥʦʚʝʩʠʡ ʩ ʫʯʘʩʪʠʝʤ ʕɼɼʗʂ ʠ ɻʄɼɼʗʂ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ 

ʩʧʨʘʚʦʯʥʳʭ ʜʘʥʥʳʭ. ʇʦʣʫʯʝʥʥʳʝ ʚʝʣʠʯʠʥʳ ʢʦʥʩʪʘʥʪ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ 

II -ɸ ʠ III-ɸ ʵʣʝʤʝʥʪʦʚ ʩ ʂʇʗʂ ʜʠʘʤʠʥʥʦʛʦ ʪʠʧʘ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

ʵʪʠ ʢʦʤʧʣʝʢʩʦʥʳ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 

ʠʩʩʣʝʜʫʝʤʳʭ ʵʣʝʤʝʥʪʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ ʂʇʗʂ 

ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʥʘ ʢʘʬʝʜʨʝ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʠ 

ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ ʊʚʝʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ʀʟʫʯʝʥʥʳʝ 

ʢʦʤʧʣʝʢʩʦʥʳ ʠ ʠʭ ʢʦʤʧʣʝʢʩʦʥʘʪʳ ʤʦʛʫʪ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʚ ʶʚʝʣʠʨʥʦʤ ʜʝʣʝ - 

ʇʘʪʝʥʪ ʈʌ ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ ˉ 2631229; ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ - ʇʘʪʝʥʪ 

ʈʌ ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ ˉ 2543352 ʠ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ - ʇʘʪʝʥʪ ʈʌ ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ 

ˉ 2610207. ʀʟʫʯʝʥʥʳʝ ʢʦʤʧʣʝʢʩʦʥʳ ʩʧʦʩʦʙʥʳ ʥʝ ʪʦʣʴʢʦ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʪʴ ʚ 

ʨʘʩʪʝʥʠʷ ʤʠʢʨʦ- ʠ ʤʘʢʨʦʵʣʝʤʝʥʪʳ ʚ ʫʩʚʦʷʝʤʦʤ ʚʠʜʝ, ʥʦ ʠ ʩʘʤʠ ʨʘʟʨʫʰʘʶʪʩʷ ʢʘʢ ʚ 

ʨʘʩʪʝʥʠʷʭ, ʪʘʢ ʠ ʚ ʫʩʣʦʚʠʷʭ ʩʙʨʦʩʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ ʥʘ 

ʫʩʚʦʷʝʤʳʝ ʘʤʠʥʦʢʠʩʣʦʪʳ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʂʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʵʣʝʤʝʥʪʦʚ II-ɸ ʠ III-ɸ 

ʧʦʜʛʨʫʧʧʳ ʩ ʂʇʗʂ ʠʩʩʣʝʜʦʚʘʥʦ ʤʝʪʦʜʦʤ ʨʅ-ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʨʅ-ʤʝʪʨʠʯʝʩʢʠʭ ʢʨʠʚʳʭ, ʫʩʨʝʜʥʝʥʥʳʭ ʠʟ ʪʨʝʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ, ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ 

ʨʘʩʯʝʪʘ ʭʠʤʠʯʝʩʢʠʭ ʨʘʚʥʦʚʝʩʠʡ NewDALSFEK (KCMSoft, 2000) 

(http://sinisha.chat.ru/nonie/products/newdalsfek/).  

 ʊʚʝʨʜʳʝ ʢʦʤʧʣʝʢʩʦʥʘʪʳ ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʪʦʜʘʤʠ ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʥʘ FTIR 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ EQUINOX 55 ʬʠʨʤʳ Bruker ʠ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟ ʥʘ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤ ʩʢʘʥʠʨʫʶʱʝʤ ʢʘʣʦʨʠʤʝʪʨʝ STA 449F (ʧʨʦʠʟʚʦʜʠʪʝʣʴ 

NETZSCH). 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʘʚʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʪʚʝʨʜʳʭ ʢʦʤʧʣʝʢʩʦʥʦʚ ʠ 

ʢʦʤʧʣʝʢʩʦʥʘʪʦʚ ʤʝʪʘʣʣʦʚ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʵʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʠ ʤʝʪʦʜ ʘʪʦʤʥʦ-

ʘʙʩʦʨʙʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʩ ʵʣʝʢʪʨʦʪʝʨʤʠʯʝʩʢʦʡ ʘʪʦʤʠʟʘʮʠʝʡ ʥʘ ʘʪʦʤʥʦ-

ʘʙʩʦʨʙʮʠʦʥʥʦʤ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ çʂʚʘʥʪ-Z.ʕʊɸ-1è. ɸʪʦʤʥʳʡ ʧʘʨ ʛʝʥʝʨʠʨʫʝʪʩʷ 
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ʧʨʠ ʠʩʧʘʨʝʥʠʠ ʘʣʠʢʚʦʪʳ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʧʨʦʙʳ ʚ ʛʨʘʬʠʪʦʚʦʡ ʧʝʯʠ 

ʵʣʝʢʪʨʦʪʝʨʤʠʯʝʩʢʦʛʦ ʘʪʦʤʠʟʘʪʦʨʘ ʩʧʝʢʪʨʦʤʝʪʨʘ. 

ʇʝʨʝʜ ʠʟʤʝʨʝʥʠʝʤ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨ ʢʘʣʠʙʨʦʚʘʣʠ ʩʝʨʠʷʤʠ ʨʘʩʪʚʦʨʦʚ ɻʉʆ 

ʠʩʩʣʝʜʫʝʤʳʭ ʤʝʪʘʣʣʦʚ. 

ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʦ ʥʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤ 

ʩʢʘʥʠʨʫʶʱʝʤ ʢʘʣʦʨʠʤʝʪʨʝ NETZSCH STA 449F. ʅʘʛʨʝʚ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ 

ʧʨʦʠʩʭʦʜʠʣ ʚ ʘʪʤʦʩʬʝʨʝ ʚʦʟʜʫʭʘ. 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ. 

1. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʚʥʦʚʝʩʠʡ ʦʙʨʘʟʦʚʘʥʠʷ 

ʢʦʤʧʣʝʢʩʦʚ ʵʣʝʤʝʥʪʦʚ III-ɸ ʧʦʜʛʨʫʧʧʳ ʩ ʕɼɼʗʂ ʠ ɻʄɼɼʗʂ ʠ II -ɸ ʧʦʜʛʨʫʧʧʳ ʩ 

ɻʄɼɼʗʂ: ʜʘʥʥʳʝ ʦ  ʩʦʩʪʘʚʝ ʢʦʤʧʣʝʢʩʦʚ, ʟʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ. 

2. ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚ ʠʟʤʝʥʝʥʠʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ ʵʣʝʤʝʥʪʦʚ II-ɸ ʠ 

III -ɸ ʧʦʜʛʨʫʧʧ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʦʚ ʠʦʥʦʚ ʠ ʦʪ ʩʪʨʦʝʥʠʷ ʢʦʤʧʣʝʢʩʦʥʦʚ. 

3. ʈʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʩʦʩʪʘʚʘ ʪʚʝʨʜʳʭ ʢʦʤʧʣʝʢʩʦʥʘʪʦʚ ʤʝʪʘʣʣʦʚ II-ɸ ʠ III-

ɸ ʧʦʜʛʨʫʧʧʳ ʩ ʂʇʗʂ. 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠ ʘʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʜʠʩʩʝʨʪʘʮʠʠ ʜʦʣʦʞʝʥʳ ʥʘ 30 ʤʝʞʜʫʥʘʨʦʜʥʳʭ, 

ʚʩʝʨʦʩʩʠʡʩʢʠʭ ʠ ʨʝʛʠʦʥʘʣʴʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: ɽʚʨʘʟʠʡʩʢʦʤ ʵʢʦʥʦʤʠʯʝʩʢʦʤ 

ʬʦʨʫʤʝ ʤʦʣʦʜʝʞʠ çEurasia Greenè, ɽʢʘʪʝʨʠʥʙʫʨʛ, 2014, 2015 ʛʛ., ʀʪʦʛʦʚʦʡ 

ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ ʧʨʦʛʨʘʤʤʝ çʋʄʅʀʂè, 

ʊʚʝʨʴ, 2014 ʛ., VIII, IX ʄʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ çʂʠʥʝʪʠʢʘ ʠ ʤʝʭʘʥʠʟʤ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠè, ʀʚʘʥʦʚʦ, 2014, 2016 ʛ., ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩ 

ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çʉʦʚʨʝʤʝʥʥʳʝ ʜʦʩʪʠʞʝʥʠʷ ʭʠʤʠʠ ʥʝʧʨʝʜʝʣʴʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ: ʘʣʢʠʥʦʚ, ʘʣʢʝʥʦʚ, ʘʨʝʥʦʚ ʠ ʛʝʪʝʨʦʘʨʝʥʦʚè, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2014 ʛ., 

ʊʨʝʪʴʝʡ ʚʩʝʨʦʩʩʠʡʩʢʦʡ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

çʋʩʧʝʭʠ ʩʠʥʪʝʟʘ ʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷè, ʄʦʩʢʚʘ, 2014 ʛ., XXVI, XXVIII 

ʄʝʞʜʫʥʘʨʦʜʥʳʭ ʏʫʛʘʝʚʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʧʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ, 2014, 

2016 ʛʛ., XXIV, XXV, XXVIII ʈʦʩʩʠʡʩʢʠʭ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ çʇʨʦʙʣʝʤʳ 

ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʭʠʤʠʠè, ɽʢʘʪʝʨʠʥʙʫʨʛ, 2014-2018 ʛʛ., 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʏʠʩʪʘʷ ʚʦʜʘ. ʆʧʳʪ ʨʝʘʣʠʟʘʮʠʠ ʠʥʥʦʚʘʮʠʦʥʥʳʭ 

ʧʨʦʝʢʪʦʚ ʚ ʨʘʤʢʘʭ ʬʝʜʝʨʘʣʴʥʳʭ ʮʝʣʝʚʳʭ ʧʨʦʛʨʘʤʤ ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠè, 
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ʄʦʩʢʚʘ, 2014 ʛ., XXI ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ 

ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ çʃʦʤʦʥʦʩʦʚè, ʄʦʩʢʚʘ, 2014 ʛ., XXI, XXII, XXIII ʂʘʨʛʠʥʩʢʠʭ 

ʯʪʝʥʠʡ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ, ʊʚʝʨʴ, 2014-2016 ʛʛ., IV, V ʄʝʞʜʫʥʘʨʦʜʥʳʭ 

ʥʘʫʯʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ çʇʨʦʙʣʝʤʳ ʨʝʢʫʣʴʪʠʚʘʮʠʠ ʦʪʭʦʜʦʚ ʙʳʪʘ, 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘè, ʂʨʘʩʥʦʜʘʨ, 2015, 2017 

ʛʛ., VII ʄʝʞʜʫʥʘʨʦʜʥʦʤ ʢʦʥʛʨʝʩʩʝ çʉʣʘʙʳʝ ʠ ʩʚʝʨʭʩʣʘʙʳʝ ʧʦʣʷ ʠ ʠʟʣʫʯʝʥʠʷ ʚ 

ʙʠʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʝè, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2015 ʛ., IV, V ɺʩʝʨʦʩʩʠʡʩʢʠʭ ʥʘʫʯʥʳʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ ʠ ʰʢʦʣ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çʉʠʩʪʝʤʳ 

ʦʙʝʩʧʝʯʝʥʠʷ ʪʝʭʥʦʩʬʝʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠè, ʊʘʛʘʥʨʦʛ, 2017, 2018 ʛʛ., XII 

ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çʇʨʦʙʣʝʤʳ 

ʩʦʣʴʚʘʪʘʮʠʠ ʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʨʘʩʪʚʦʨʘʭè, ʀʚʘʥʦʚʦ, 2015 ʛ., X 

ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ  çʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʭʠʤʠʠè, ʉʘʨʘʪʦʚ, 2015 ʛ., V ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩ 

ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʭʠʤʠʯʝʩʢʦʡ ʥʘʫʢʠ ʠ 

ʬʘʨʤʘʮʠʠè, ʏʝʙʦʢʩʘʨʳ, 2016 ʛ., III, IV ʈʦʩʩʠʡʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ çɸʢʪʫʘʣʴʥʳʝ 

ʥʘʫʯʥʳʝ ʠ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʦʙʝʩʧʝʯʝʥʠʷ ʭʠʤʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʈʦʩʩʠʠè, ʄʦʩʢʚʘ, 2016, 2018 ʛʛ., VI ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ c 

ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çɸʢʪʫʘʣʴʥʳʝ ʚʦʧʨʦʩʳ ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠ 

ʟʘʱʠʪʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳè, ʏʝʙʦʢʩʘʨʳ, 2016 ʛ., IX ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

ʧʦ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤ ʘʥʘʣʠʟʘ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ ʠ 

ʤʦʣʦʜʝʞʥʦʡ ʥʘʫʯʥʦʡ ʰʢʦʣʦʡ çʕʄɸ-2016è, ɽʢʘʪʝʨʠʥʙʫʨʛ, IV ɺʩʝʨʦʩʩʠʡʩʢʦʡ 

ʩʪʫʜʝʥʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çʍʠʤʠʷ ʠ ʭʠʤʠʯʝʩʢʦʝ 

ʦʙʨʘʟʦʚʘʥʠʝ XXI ʚʝʢʘè, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2017 ʛ., ʅʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çʕʢʦʣʦʛʠʯʝʩʢʘʷ, ʧʨʦʤʳʰʣʝʥʥʘʷ ʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ï 2017è ʉʝʚʘʩʪʦʧʦʣʴ, 2017 ʛ., ɺʦʩʴʤʦʡ 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʍʠʤʠʯʝʩʢʘʷ ʪʝʨʤʦʜʠʥʘʤʠʢʘ ʠ ʢʠʥʝʪʠʢʘè, 

ʊʚʝʨʴ, 2018ʛ., XVII ʅʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʘʩʧʠʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ ʭʠʤʠʢʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ, ʊʚʝʨʴ, 2018 ʛ. 

ʈʝʟʫʣʴʪʘʪʳ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʘʧʨʝʣʝ 2018 ʛ. ʚʳʩʪʘʚʣʷʣʠʩʴ ʥʘ XXI 

ʄʦʩʢʦʚʩʢʦʤ ʄʝʞʜʫʥʘʨʦʜʥʦʤ ʩʘʣʦʥʝ ʠʟʦʙʨʝʪʝʥʠʡ ʠ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 
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"ɸʨʭʠʤʝʜ-2018". ʈʝʰʝʥʠʝʤ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʞʶʨʠ ʧʨʦʝʢʪ çʕʢʦʣʦʛʠʯʝʩʢʠʝ 

ʙʝʟʦʧʘʩʥʳʝ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʝ ʢʦʤʧʣʝʢʩʦʥʳ 

ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʜʝʡʩʪʚʠʷè ʙʳʣ ʫʜʦʩʪʦʝʥ ʜʠʧʣʦʤʘ ʧʦʙʝʜʠʪʝʣʷ ʠ ʩʝʨʝʙʨʷʥʦʡ 

ʤʝʜʘʣʠ. 

ʊʘʢʞʝ ʚ 2018 ʛ. ʅʘ VIII  ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

çʍʠʤʠʯʝʩʢʘʷ ʪʝʨʤʦʜʠʥʘʤʠʢʘ ʠ ʢʠʥʝʪʠʢʘè ʟʘ ʫʩʪʥʳʡ ʜʦʢʣʘʜ ʙʳʣ ʧʦʣʫʯʝʥ ʜʠʧʣʦʤ 

ʪʨʝʪʴʝʡ ʩʪʝʧʝʥʠ. 

ʅʘ ɺʩʝʨʦʩʩʠʡʩʢʦʤ ʢʦʥʢʫʨʩʝ "ʕʢʦʕʢʦʥʦʤʠʢʘ-2017" ʥʘʰʘ ʥʘʫʯʥʘʷ ʨʘʙʦʪʘ 

çʇʨʠʤʝʥʝʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ ʢʦʤʧʣʝʢʩʦʥʦʚ, ʧʨʦʠʟʚʦʜʥʳʭ 

ʷʥʪʘʨʥʦʡ ʢʠʩʣʦʪʳè ʙʳʣʘ ʧʨʠʟʥʘʥʘ ʧʦʙʝʜʠʪʝʣʝʤ.  

ʋʯʘʩʪʠʝ ʚ IX ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤ 

ʘʥʘʣʠʟʘ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ ʠ ʤʦʣʦʜʝʞʥʦʡ ʥʘʫʯʥʦʡ ʰʢʦʣʦʡ çʕʄɸ 2016è, 

ʢʦʪʦʨʘʷ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʨʘʤʢʘʭ XX ʄʝʥʜʝʣʝʝʚʩʢʦʛʦ ʩʲʝʟʜʘ ʧʦ ʦʙʱʝʡ ʠ ʧʨʠʢʣʘʜʥʦʡ 

ʭʠʤʠʠ, ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʜʠʧʣʦʤʦʤ ʧʦʙʝʜʠʪʝʣʷ. 

ɼʠʩʩʝʨʪʘʮʠʷ ʠʟʣʦʞʝʥʘ ʥʘ 140 ʩʪʨʘʥʠʮʘʭ ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ, 

ʠʣʣʶʩʪʨʠʨʦʚʘʥʘ 35 ʨʠʩʫʥʢʘʤʠ, 19 ʪʘʙʣʠʮʘʤʠ.  
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ʃʀʊɽʈɸʊʋʈʅʓʁ ʆɹɿʆʈ 

ʀʟʚʝʩʪʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʦʯʠʩʪʢʠ ʧʦʯʚ ʦʪ ʧʨʠʤʝʩʝʡ ʤʝʜʠ, ʩʚʠʥʮʘ ʠ 

ʮʠʥʢʘ ʩ ʧʦʤʦʱʴʶ ʕɼɼʗʂ [8]. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʤʧʣʝʢʩʦʥ ʧʦʜʚʝʨʛʘʝʪʩʷ 

ʙʠʦʜʝʩʪʨʫʢʮʠʠ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʧʨʝʜʣʦʞʝʥʳ ʫʩʣʦʚʠʷ ʠʟʚʣʝʯʝʥʠʷ ʤʝʜʠ, 

ʩʚʠʥʮʘ ʠ ʮʠʥʢʘ ʙʝʟ ʠʩʪʦʱʝʥʠʷ ʧʦʯʚʳ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʢʘʣʴʮʠʷ ʠ ʞʝʣʝʟʘ. ɺ ʨʘʙʦʪʝ 

[9] ʧʦʢʘʟʘʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʜʘʣʝʥʠʷ ʠʟ ʧʦʯʚʳ ʩʚʠʥʮʘ ʩ ʧʦʤʦʱʴʶ 

ʙʠʦʨʘʟʣʘʛʘʶʱʝʡʩʷ ʕɼɼʗʂ. 

ʅʘʨʷʜʫ ʩ ʵʪʠʤ ʦʪʤʝʯʝʥʳ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʕɼɼʗʂ ʠ ʕɼʊɸ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʠʟ ʧʦʯʚʳ ʠ ʛʨʫʥʪʦʚʳʭ ʚʦʜ 

ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ: ʢʘʜʤʠʷ, ʤʝʜʠ, ʮʠʥʢʘ ʠ ʩʚʠʥʮʘ ʬʠʪʦʵʢʩʪʨʘʢʮʠʝʡ [10-12]. 

ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʜʝʡʩʪʚʠʷ ʕɼɼʗʂ ʠ ʥʠʪʨʠʣʪʨʠʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ (ʅʊɸ) 

ʧʨʦʚʝʜʝʥʘ ʚ ʨʘʙʦʪʝ [13], ʛʜʝ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʵʪʠʣʝʥʜʠʘʤʠʥʜʠʷʥʪʘʨʥʘʷ ʢʠʩʣʦʪʘ 

ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʘ ʧʨʠ ʠʟʚʣʝʯʝʥʠʠ ʠʟ ʧʦʯʚʳ ʪʘʢʠʭ ʤʝʪʘʣʣʦʚ, ʢʘʢ ʢʘʜʤʠʡ, ʤʝʜʴ, 

ʩʚʠʥʝʮ ʠ ʮʠʥʢ. 

ɺ ʨʘʙʦʪʝ [14] ʦʮʝʥʝʥ ʧʦʪʝʥʮʠʘʣ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʦʛʦ 

ʭʝʣʘʪʥʦʛʦ ʘʛʝʥʪʘ ʕɼɼʗʂ ʢʘʢ ʘʣʴʪʝʨʥʘʪʠʚʳ ʕɼʊɸ ʠʣʠ ʅʊɸ, ʜʣʷ ʧʦʜʘʚʣʝʥʠʷ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʠʨʦʜʥʳʭ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. ɼʦʧʦʣʥʝʥʠʝ 

ʕɼɼʗʂ ʧʨʠʚʦʜʠʣʦ ʢ ʩʪʘʙʠʣʠʟʘʮʠʠ ʅ2ʆ2, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʣʷ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʟʘʛʨʷʟʥʝʥʥʳʭ ʧʦʯʚ ʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ. 

ʅʝʨʘʟʣʘʛʘʝʤʳʡ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ ʕɼʊɸ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ 

ʨʘʟʣʘʛʘʝʤʳʤ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ ʘʥʘʣʦʛʦʤ ʕɼɼʗʂ ʚʦ ʤʥʦʛʠʭ ʢʦʤʤʝʨʯʝʩʢʠʭ 

ʠʟʜʝʣʠʷʭ [15]. ɺ ʯʘʩʪʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʦʚʤʝʩʪʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ 

ʕɼʊɸ ʠ ʕɼɼʗʂ ʩ Fe(III) ʜʣʷ ʘʥʘʣʠʟʘ ʢʦʩʤʝʪʠʯʝʩʢʠʭ ʠʟʜʝʣʠʡ, ʪʘʢʠʭ ʢʘʢ ʛʝʣʴ ʜʣʷ 

ʜʫʰʘ ʠ ʧʝʥʘ ʜʣʷ ʚʘʥʥʳ. ɺ ʨʘʙʦʪʝ [16] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʭʝʣʘʪʦʚ 

ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʩ ʕɼɼʗʂ ʫʣʫʯʰʘʝʪ ʜʝʟʦʜʦʨʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ʜʫʭʦʚ. ɺ 

ʯʘʩʪʥʦʩʪʠ ʠʭ ʜʦʧʦʣʥʝʥʠʝ ʢ ʩʦʩʪʘʚʫ ʜʫʭʦʚ ʪʦʨʤʦʟʠʪ ʨʘʟʚʠʪʠʝ corynebacteria 

ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʞʠ, ʢʦʪʦʨʳʝ ʧʨʠʜʘʶʪ ʝʡ ʥʝʧʨʠʷʪʥʳʡ ʟʘʧʘʭ. 
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ɺ ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ ʢʦʤʧʣʝʢʩʦʥʘʪʳ ʕɼɼʗʂ ʩ ʞʝʣʝʟʦʤ ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʘʤʠ 

ʭʦʨʦʰʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʠ ʩʝʙʷ ʢʘʢ ʵʬʬʝʢʪʠʚʥʦʝ ʩʨʝʜʩʪʚʦ ʧʨʦʬʠʣʘʢʪʠʢʠ ʠ ʣʝʯʝʥʠʷ 

ʘʥʝʤʠʠ ʞʠʚʦʪʥʳʭ ʠ ʧʪʠʮʳ, ʯʪʦ ʥʘʰʣʦ ʦʪʨʘʞʝʥʠʝ ʚ ʧʘʪʝʥʪʝ [17]. 

 

 

1. ʉʪʨʦʝʥʠʝ, ʩʠʥʪʝʟ ʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʂʇʗʂ 

 

1.1 ʉʪʨʦʝʥʠʝ ʠ ʩʚʦʡʩʪʚʘ ʚʘʞʥʝʡʰʠʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʂʇʗʂ ʠ ʂʇʋʂ 

ʂʦʤʧʣʝʢʩʦʥ ʵʪʠʣʝʥʜʠʘʤʠʥ-N,N'-ʜʠʷʥʪʘʨʥʘʷ ʢʠʩʣʦʪʘ ʠʣʠ ʕɼɼʗʂ ʩʦʜʝʨʞʠʪ 

ʬʨʘʛʤʝʥʪʳ ʘʩʧʘʨʘʛʠʥʦʚʦʡ ʠ ʛʣʫʪʘʤʠʥʦʚʦʡ ʘʤʠʥʦʢʠʩʣʦʪ (ʬ-ʣʘ 1.1) ʠ ʧʨʠʥʘʜʣʝʞʠʪ 

ʢ ʭʝʣʘʪʦʦʙʨʘʟʦʚʘʪʝʣʷʤ ʢʣʘʩʩʘ ʧʦʣʠʘʤʠʥʦʧʦʣʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ. ʕʪʦ ʩʦʝʜʠʥʝʥʠʝ 

ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʙʣʠʞʘʡʰʠʡ ʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʦʛ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʦʡ 

ʵʪʠʣʝʥʜʠʘʤʠʥʪʝʪʨʘʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ (ʕɼʊɸ). 

ʂʦʤʧʣʝʢʩʦʥ ʕɼɼʗʂ, ʢʘʢ ʠ ʕɼʊɸ, ʦʙʨʘʟʫʷ ʧʨʦʯʥʳʝ ʭʝʣʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ 

ʠʦʥʘʤʠ ʙʦʣʴʰʠʥʩʪʚʘ ʤʝʪʘʣʣʦʚ, ʧʨʦʷʚʣʷʝʪ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʩʚʦʡʩʪʚʘ 

ʩʪʝʨʝʦʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʣʠʛʘʥʜʘ, ʦʙʨʘʟʫʷ ʢʦʤʧʣʝʢʩʦʥʘʪʳ ʥʝʩʢʦʣʴʢʦ ʠʥʦʛʦ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʘ. ʄʦʣʝʢʫʣʘ ʕɼɼʗʂ ʠʤʝʝʪ ʜʚʘ ʘʩʠʤʤʝʪʨʠʯʥʳʭ ʫʛʣʝʨʦʜʥʳʭ 

ʘʪʦʤʘ: 
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.                   (1.1) 

 

ʕʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʕɼɼʗʂ ʚ ʚʠʜʝ ʪʨʝʭ 

ʩʪʝʨʝʦʠʟʦʤʝʨʥʳʭ ʬʦʨʤ: (R,R), (R,S), (S,S). ʇʨʠ ʩʠʥʪʝʟʝ ʠʟ ʦʧʪʠʯʝʩʢʠ 

ʥʝʘʢʪʠʚʥʳʭ ʠʩʭʦʜʥʳʭ ʚʝʱʝʩʪʚ ʧʦʣʫʯʘʶʪ ʢʦʤʧʣʝʢʩʦʥ, ʩʦʜʝʨʞʘʱʠʡ 25% (R,R)-

ʬʦʨʤʳ, 25% (S,S)-ʬʦʨʤʳ ʠ 50% ʤʝʟʦ-ʬʦʨʤʳ (R,S). ʄʘʡʝʨ ʠ ʩʦʪʨʫʜʥʠʢʠ [18] 

ʧʦʣʫʯʠʣʠ S,S-ʬʦʨʤʫ ʢʦʤʧʣʝʢʩʦʥʘ, ʠʩʧʦʣʴʟʫʷ ʜʣʷ ʩʠʥʪʝʟʘ ʧʨʠʨʦʜʥʫʶ L-

ʘʩʧʘʨʘʛʠʥʦʚʫʶ ʢʠʩʣʦʪʫ ʠ 1,2-ʜʠʙʨʦʤʵʪʘʥ. ʉʨʘʚʥʝʥʠʝ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʩʦ ʩʚʦʡʩʪʚʘʤʠ ʩʤʝʩʠ ʜʠʘʩʪʝʨʝʦʠʟʦʤʝʨʦʚ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʤʝʟʦʬʦʨʤʘ 

ʦʪʣʠʯʘʝʪʩʷ ʤʝʥʴʰʝʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʚ ʚʦʜʝ ʠ ʦʙʨʘʟʫʝʪ ʙʝʟʚʦʜʥʳʝ ʢʨʠʩʪʘʣʣʳ. 

ʈʘʮʝʤʠʯʝʩʢʘʷ ʬʦʨʤʘ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʚʠʜʝ ʧʝʥʪʘʛʠʜʨʘʪʘ, ʥʦ ʤʦʞʝʪ ʙʳʪʴ 
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ʧʦʣʫʯʝʥʘ ʠ ʚ ʚʠʜʝ ʙʝʟʚʦʜʥʦʛʦ ʧʣʦʭʦ ʨʘʩʪʚʦʨʠʤʦʛʦ ʦʩʘʜʢʘ [19]. ʄʝʟʦ-ʬʦʨʤʘ ʠ 

ʨʘʮʝʤʠʯʝʩʢʘʷ ʩʤʝʩʴ ʠʟʦʤʝʨʦʚ ʕɼɼʗʂ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʜʝʣʝʥʳ ʧʦ ʨʘʟʣʠʯʥʦʡ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʢʦʤʧʣʝʢʩʦʥʘʪʦʚ ʤʝʜʠ (II). ʇʘʚʝʣʴʯʠʢ ʠ ʄʘʡʝʨ [18] ʚʧʝʨʚʳʝ 

ʦʙʨʘʪʠʣʠ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʕɼɼʗʂ ʤʝʜʣʝʥʥʦ ʨʘʟʣʘʛʘʝʪʩʷ 

ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚʳʰʝ 90
o
ʉ. ʕʪʦ ʷʚʣʝʥʠʝ ʙʳʣʦ ʦʙʲʷʩʥʝʥʦ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʳʤ 

ʜʝʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʝʤ, ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʦʠʩʭʦʜʠʪ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʘʷ ʮʠʢʣʠʟʘʮʠʷ ʕɼɼʗʂ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʮʠʢʣʠʯʝʩʢʦʛʦ ʘʤʠʜʘ 

(ʣʘʢʪʘʤʘ). ʃʘʢʪʘʤʥʳʡ ʮʠʢʣ ʟʥʘʯʠʪʝʣʴʥʦ ʦʩʣʘʙʣʷʝʪ ʭʝʣʘʪʠʨʫʶʱʠʝ ʩʚʦʡʩʪʚʘ 

ʣʠʛʘʥʜʘ ʠ ʤʘʣʦ ʚʣʠʷʝʪ ʥʘ ʝʛʦ ʢʠʩʣʦʪʥʳʝ ʩʚʦʡʩʪʚʘ. ɺ ʨʘʙʦʪʝ [20] ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ ʢʠʩʣʳʭ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʕɼɼʗʂ ʧʦʜʚʝʨʛʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝʦʙʨʘʪʠʤʦʡ ʣʘʢʪʘʤʥʦʡ ʮʠʢʣʠʟʘʮʠʠ ʩ ʧʦʥʠʞʝʥʠʝʤ ʦʩʥʦʚʥʦʩʪʠ ʥʘ ʝʜʠʥʠʮʫ. 

ʇʨʦʜʫʢʪ ʮʠʢʣʠʟʘʮʠʠ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʠʤʝʝʪ ʩʪʨʦʝʥʠʝ  

NH CH
2 CH

2

N

CCH
2

CH

COOH
O

CH COOH

CH
2

COOH

 ʠʣʠ 

NH

CH
2

CH
2

N

CCH

CH
2
COOH

O

CH COOH

CH
2

COOH

.    (1.2) 

ʆʙʨʘʟʦʚʘʥʠʝ ʰʝʩʪʠʯʣʝʥʥʦʛʦ ʮʠʢʣʘ ʙʦʣʝʝ ʚʝʨʦʷʪʥʦ, ʧʦʩʢʦʣʴʢʫ ʧʷʪʠ- ʠ 

ʰʝʩʪʠʯʣʝʥʥʳʝ ʣʘʢʪʘʤʥʳʝ ʮʠʢʣʳ ʥʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳ, ʘ ʩʝʤʠʯʣʝʥʥʳʝ ʦʙʨʘʟʫʶʪʩʷ 

ʣʠʰʴ ʚ ʦʩʦʙʳʭ ʫʩʣʦʚʠʷʭ.  

ʉʧʝʢʪʨʘʣʴʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ 

ʩʦʩʪʦʷʥʠʠ S,S-ʕɼɼʗʂÖ5H2O ʦʙʨʘʟʫʝʪ ʟʘ ʩʯʝʪ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʦʜʦʨʦʜʥʳʭ 

ʩʚʷʟʝʡ ʜʚʫʤʝʨʥʳʝ ʩʝʪʯʘʪʳʝ ʩʪʨʫʢʪʫʨʳ, ʷʯʝʡʢʠ ʢʦʪʦʨʳʭ ʟʘʧʦʣʥʝʥʳ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʚʦʜʦʡ [21]. 

 

 

 

 

                 (1.3) 

 

ʄʦʣʝʢʫʣʘ ʕɼɼʗʂ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʮʚʠʪʪʝʨ-ʠʦʥ: ʚ ʥʝʡ ʠʤʝʶʪʩʷ ʢʘʢ 

ʟʘʨʷʞʝʥʥʳʝ ʛʨʫʧʧʳ NH2
+
, ʪʘʢ ʠ ʯʘʩʪʠʯʥʦ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʳʝ ʢʘʨʙʦʢʩʠʣʴʥʳʝ 

ʛʨʫʧʧʳ (ʬ-ʣʘ 1.3). ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʚ ʚʠʜʝ ʮʚʠʪʪʝʨ-ʠʦʥʘ ʭʘʨʘʢʪʝʨʥʦ ʥʝ ʪʦʣʴʢʦ ʜʣʷ 
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ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʦʤʧʣʝʢʩʦʥʘ, ʥʦ ʠ ʜʣʷ ʩʦʣʴʚʘʪʠʨʦʚʘʥʥʦʛʦ [19, 21, 

18]. ʕɼɼʗʂ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʯʝʪʳʨʝʭʦʩʥʦʚʥʫʶ ʢʠʩʣʦʪʫ, ʚ ʤʦʣʝʢʫʣʝ 

ʢʦʪʦʨʦʡ ʧʨʠʩʫʪʩʪʚʫʶʪ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ ʢʠʩʣʦʪʥʦʛʦ ʠ ʦʩʥʦʚʥʦʛʦ 

ʭʘʨʘʢʪʝʨʘ, ʧʦʵʪʦʤʫ ʦʥʘ ʧʨʦʷʚʣʷʝʪ ʘʤʬʦʪʝʨʥʳʝ ʩʚʦʡʩʪʚʘ. 

ʂʦʤʧʣʝʢʩʦʥ ʕɼɼʗʂ ʤʦʞʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʧʨʠ ʭʝʣʘʪʠʟʘʮʠʠ ʦʜʠʥ 

ʵʪʠʣʝʥʜʠʘʤʠʥʦʚʳʡ ʮʠʢʣ, ʜʚʘ ʛʣʠʮʠʥʦʚʳʭ ʠ ʜʚʘ ɓ-ʘʣʘʥʠʥʦʚʳʭ. ʀʟʦʤʝʨʥʳʡ 

ʢʦʤʧʣʝʢʩʦʥ ʕɼʊɸ (ʬ-ʣʘ 1.4) ʚ ʦʪʣʠʯʠʝ ʦʪ ʕɼɼʗʂ ʜʘʝʪ ʪʦʣʴʢʦ ʧʷʪʠʯʣʝʥʥʳʝ 

ʮʠʢʣʳ: ʵʪʠʣʝʥʜʠʘʤʠʥʦʚʳʡ ʠ ʯʝʪʳʨʝ ʛʣʠʮʠʥʦʚʳʭ. 

 

 

                 (1.4) 

ʅʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʝ ʭʝʣʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʝʪʘʣʣʦʚ ʦʙʨʘʟʫʶʪʩʷ ʩ 

ʘʥʠʦʥʘʤʠ ʧʦʣʥʦʩʪʴʶ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʥʦʚ. ʇʨʦʪʦʥʠʨʦʚʘʥʥʳʝ 

ʢʦʤʧʣʝʢʩʦʥʘʪʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʤʝʥʝʝ ʧʨʦʯʥʳ. ʂʦʤʧʣʝʢʩʦʥʘʪʳ ʕɼɼʗʂ, 

ʦʙʨʘʟʫʝʤʳʝ, ʥʘʧʨʠʤʝʨ, ʠʦʥʘʤʠ d-ʤʝʪʘʣʣʦʚ, ʦʙʳʯʥʦ ʤʝʥʝʝ ʫʩʪʦʡʯʠʚʳ, ʯʝʤ 

ʢʦʤʧʣʝʢʩʦʥʘʪʳ ʕɼʊɸ. ʇʦʥʠʞʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ ʩʚʷʟʳʚʘʶʪ ʩ 

ʜʝʬʦʨʤʘʮʠʝʡ ʰʝʩʪʠʯʣʝʥʥʳʭ ʭʝʣʘʪʥʳʭ ʮʠʢʣʦʚ. ɹʳʣʦ ʚʳʩʢʘʟʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ 

[22-23], ʯʪʦ ʢʦʤʧʣʝʢʩʳ ʤʝʜʠ(II) ʩ ʕɼɼʗʂ ʠ ʕɼʊɸ, ʠʤʝʶʱʠʝ ʧʦʯʪʠ ʦʜʠʥʘʢʦʚʫʶ 

ʫʩʪʦʡʯʠʚʦʩʪʴ, ʠʤʝʶʪ ʪʘʢʞʝ ʠʜʝʥʪʠʯʥʫʶ ʩʪʨʫʢʪʫʨʫ: ʧʣʘʥʘʨʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ ʩ 

ʪʨʝʤʷ ʧʷʪʠʯʣʝʥʥʳʤʠ 

ʮʠʢʣʘʤʠ. ʇʨʠ ʵʪʦʤ ʢʦʤʧʣʝʢʩʳ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʠʟʦʤʝʨʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʠ ʠʤʝʶʱʠʝ 

ʦʜʠʥʘʢʦʚʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʤʦʛʫʪ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʟʣʠʯʘʪʴʩʷ ʧʦ ʵʥʪʘʣʴʧʠʡʥʳʤ ʠ 

ʵʥʪʨʦʧʠʡʥʳʤ ʬʫʥʢʮʠʷʤ ʦʙʨʘʟʦʚʘʥʠʷ, ʯʪʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʚʷʟʘʥʦ ʩ ʥʝʦʜʠʥʘʢʦʚʦʡ 

ʵʥʝʨʛʠʝʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʚʷʟʝʡ ʜʦʥʦʨʥʳʭ ʛʨʫʧʧ ʨʘʟʥʳʭ ʣʠʛʘʥʜʦʚ ʩ 

ʮʝʥʪʨʘʣʴʥʳʤ ʠʦʥʦʤ. ʉʪʝʨʝʦʠʟʦʤʝʨʠʷ ʭʝʣʘʪʘʥʪʘ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʥʦʦʙʨʘʟʠʶ 

ʩʪʨʫʢʪʫʨ ʢʦʤʧʣʝʢʩʦʥʘʪʦʚ ʤʝʪʘʣʣʦʚ, ʦʙʨʘʟʫʝʤʳʭ ʕɼɼʗʂ. ʅʘʧʨʠʤʝʨ, ʢʦʤʧʣʝʢʩʳ 

Co(III) ʩ (S,S)-ʕɼɼʗʂ ʷʚʣʷʶʪʩʷ ʤʦʥʦʤʝʨʥʳʤʠ ʠ ʠʤʝʶʪ ʦʢʪʘʵʜʨʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ. 

ɿʘʤʝʥʘ S-ʢʦʥʬʦʨʤʘʮʠʠ ʥʘ R-ʢʦʥʬʦʨʤʘʮʠʶ ʚ ʦʜʥʦʡ ʧʦʣʦʚʠʥʝ ʣʠʛʘʥʜʘ ʥʝ 

ʧʦʟʚʦʣʷʝʪ ʟʘʤʢʥʫʪʴʩʷ ʘʣʘʥʠʥʦʚʦʤʫ ʮʠʢʣʫ ʥʘ ʪʦʤ ʞʝ ʘʪʦʤʝ ʢʦʙʘʣʴʪʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʦʙʨʘʟʫʶʪʩʷ ʮʝʥʪʨʦʩʠʤʤʝʪʨʠʯʥʳʝ ʜʠʤʝʨʳ. ɺ ʪʘʢʦʤ ʩʦʝʜʠʥʝʥʠʠ ʦʪʩʫʪʩʪʚʫʝʪ 

ʤʝʪʘʣʣʦʮʠʢʣ ʚ ʦʜʥʦʡ ʠʟ ʧʦʟʠʮʠʡ ʘʢʩʠʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ (ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 
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ʛʝʢʩʘʜʝʥʪʘʪʥʦʤʫ ʢʦʤʧʣʝʢʩʫ) [24]. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʠʟʦʤʝʨʳ 

ʢʦʤʧʣʝʢʩʦʥʦʚ ʠ ʠʭ ʨʘʮʝʤʠʯʝʩʢʠʝ ʩʤʝʩʠ ʦʙʨʘʟʫʶʪ ʙʦʣʝʝ ʧʨʦʯʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʯʝʤ 

R,S-ʠʟʦʤʝʨʳ [25]. 

ʕʪʠʣʝʥʜʠʘʤʠʥʪʝʪʨʘʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ ʧʦ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ 

ʧʘʨʘʤʝʪʨʘʤ ʩʧʦʩʦʙʩʪʚʫʝʪ ʛʝʢʩʘʜʝʥʪʘʪʥʦʤʫ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʶ - ʝʩʣʠ 

ʟʘʤʝʥʠʪʴ ʙʝʪʘʠʥʦʚʳʝ ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ ʥʘ ʦʜʠʥ ʘʪʦʤ ʤʝʪʘʣʣʘ ʠ ʪʝʤ ʩʘʤʳʤ ʫʩʠʣʠʪʴ 

çʩʚʝʨʪʢʫè ʜʚʫʭ ʧʦʣʦʚʠʥ ʢʦʤʧʣʝʢʩʦʥʘ, ʪʦ ʦʙʨʘʟʫʝʪʩʷ ʦʢʪʘʵʜʨʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ 

Meʕɼʊɸ
n-

, ʪʠʧʠʯʥʳʡ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʵʪʠʣʝʥʜʠʘʤʠʥʪʝʪʨʘʘʮʝʪʘʪʦʚ. 

ɹʝʪʘʠʥʦʚʦʝ ʩʪʨʦʝʥʠʝ ʕɼɼʗʂ ʠ ʕɼʊɸ, ʢʘʢ ʠ ʚʦʦʙʱʝ ʘʤʠʥʦʢʘʨʙʦʥʦʚʳʭ 

ʢʦʤʧʣʝʢʩʦʥʦʚ, ʚ ʨʘʩʪʚʦʨʘʭ ʥʘʜʝʞʥʦ ʜʦʢʘʟʘʥʦ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʩʧʝʢʪʨʘʣʴʥʳʤʠ 

ʠ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ. ʂʘʢ ʧʦʢʘʟʘʣʠ ʩʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ [24, 

26, 27], ʮʚʠʪʪʝʨ-ʠʦʥʥʦʝ ʩʪʨʦʝʥʠʝ ʵʪʠʣʝʥʜʠʘʤʜʠʷʥʪʘʨʥʦʡ ʢʠʩʣʦʪʳ ʠ ʝʝ ʢʠʩʣʳʭ 

ʩʦʣʝʡ ʩʦʭʨʘʥʷʝʪʩʷ ʠ ʚ ʢʨʠʩʪʘʣʣʘʭ. ʀʟʫʯʝʥʠʝ ʢʦʤʧʣʝʢʩʦʥʘʪʦʚ, ʦʙʨʘʟʫʝʤʳʭ 

ʙʣʠʟʢʠʤʠ ʧʦ ʩʪʨʫʢʪʫʨʝ ʢʦʤʧʣʝʢʩʦʥʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʕɼɼʗʂ ʠ ʕɼʊɸ, ʧʦʟʚʦʣʷʝʪ 

ʛʣʫʙʞʝ ʨʘʟʦʙʨʘʪʴʩʷ ʚʦ ʚʟʘʠʤʦʩʚʷʟʠ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʭʝʣʘʪʦʦʙʨʘʟʦʚʘʥʠʷ. ɺ ʩʚʷʟʠ ʩ ʰʠʨʦʢʠʤ ʧʨʘʢʪʠʯʝʩʢʠʤ ʧʨʠʤʝʥʝʥʠʝʤ 

ʢʦʤʧʣʝʢʩʦʥʦʚ, ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʘʢʮʠʡ ʩ ʫʯʘʩʪʠʝʤ 

ʢʦʤʧʣʝʢʩʦʥʦʚ ʧʨʝʜʩʪʘʚʣʷʶʪ ʪʘʢʞʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ. 

 

 

1.2. ʉʠʥʪʝʟ ʂʇʗʂ 

ɺ ʥʘʰʝʡ ʩʪʨʘʥʝ ʦʧʫʙʣʠʢʦʚʘʥʳ ʜʚʘ ʥʘʫʯʥʳʭ ʠʟʜʘʥʠʷ, ʚ ʢʦʪʦʨʳʭ 

ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ ʚʦʧʨʦʩʳ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʦʥʦʚ [28, 29]. ɹʦʣʴʰʠʥʩʪʚʦ 

ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ, ʦʧʠʩʘʥʥʳʭ ʚ ʵʪʠʭ ʢʥʠʛʘʭ, ʷʚʣʷʶʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ ʠ ʤʦʛʫʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʥʘʤʠ ʢʦʤʧʣʝʢʩʦʥʦʚ. ʆʜʥʘʢʦ, 

ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʤʳʡ ʩʧʦʩʦʙ ʜʣʷ ʩʠʥʪʝʟʘ ʠʟʚʝʩʪʥʳʭ ʢʦʤʧʣʝʢʩʦʥʦʚ ʠ ʩʦʩʪʦʷʱʠʡ ʚ 

ʢʦʥʜʝʥʩʘʮʠʠ ʛʘʣʦʛʝʥʟʘʤʝʱʝʥʥʳʭ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʩ ʘʤʠʥʘʤʠ [28] ʥʝʧʨʠʤʝʥʠʤ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʦʥʦʚ, ʧʨʦʠʟʚʦʜʥʳʭ ʷʥʪʘʨʥʦʡ ʢʠʩʣʦʪʳ, ʪʘʢ ʢʘʢ ʚ ʫʩʣʦʚʠʷʭ 

ʩʠʥʪʝʟʘ (ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ, ʨʅ  9 ï 11, ʪʝʤʧʝʨʘʪʫʨʘ 70 - 95Áʉ) ʙʨʦʤ- ʠ ʭʣʦʨʷʥʪʘʨʥʳʝ 

ʢʠʩʣʦʪʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʧʦʜʚʝʨʛʘʶʪʩʷ 
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ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʤʫ ʛʠʜʨʦʣʠʟʫ. ʉʧʝʮʠʬʠʢʘ ʩʪʨʫʢʪʫʨʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 

ʢʦʤʧʣʝʢʩʦʥʦʚ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʦʧʪʠʤʠʟʘʮʠʝʡ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ ʠ ʚʳʜʝʣʝʥʠʷ ʮʝʣʝʚʦʛʦ 

ʧʨʦʜʫʢʪʘ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʥʝʪʨʘʜʠʮʠʦʥʥʳʡ ʧʦʜʭʦʜ ʢ ʤʝʪʦʜʘʤ ʠʭ ʧʦʣʫʯʝʥʠʷ. 

ʇʨʝʞʜʝ ʚʩʝʛʦ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʨʝʘʢʮʠʶ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʤʠʥʦʢʠʩʣʦʪ, ʘ ʪʦ 

ʠ ʧʨʦʩʪʦ ʘʤʤʠʘʢʘ ʧʦ ʜʚʦʡʥʳʤ ʩʚʷʟʷʤ ʥʝʥʘʩʳɦ ʝʥʥʳʭ ʜʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ. 

ʉʫʱʝʩʪʚʝʥʥʳʝ ʟʘʪʨʫʜʥʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʦʥʦʚ ʚʳʟʳʚʘʶʪ ʵʪʘʧʳ 

ʠʭ ʚʳʜʝʣʝʥʠʷ ʠ ʦʯʠʩʪʢʠ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʢʦʤʧʣʝʢʩʦʥʳ, ʠʤʝʶʱʠʝ ʦʛʨʘʥʠʯʝʥʥʫʶ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʚʦʜʝ, ʚʳʧʘʜʘʶʪ ʚ ʦʩʘʜʦʢ ʠʟ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʚ ʚʠʜʝ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʚʝʱʝʩʪʚ ʧʨʠ ʧʦʜʢʠʩʣʝʥʠʠ ʵʪʠʭ ʨʘʩʪʚʦʨʦʚ. ʂʦʤʧʣʝʢʩʦʥʳ, 

ʧʨʦʠʟʚʦʜʥʳʝ ʜʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ, ʠʤʝʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʚʦʜʝ ʠ 

ʵʪʦ ʦʩʣʦʞʥʷʝʪ ʠʭ ʦʪʜʝʣʝʥʠʝ ʦʪ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʭ ʠʩʭʦʜʥʳʭ ʚʝʱʝʩʪʚ ʠ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʣʝʡ, ʢʘʢ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʧʨʠ ʧʝʨʝʚʦʜʝ 

ʢʦʤʧʣʝʢʩʦʥʦʚ ʚ ʬʦʨʤʫ ʢʠʩʣʦʪʳ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʝʩʴʤʘ ʠʥʪʝʥʩʠʚʥʦ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ʠ 

ʠʟʫʯʘʶʪʩʷ ʩʚʦʡʩʪʚʘ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʙʠʦʘʢʪʠʚʥʳʤʠ 

ʚʝʱʝʩʪʚʘʤʠ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʥʦʚʳʭ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ [30].  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʂʇʗʂ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ. ʅʝʢʦʪʦʨʳʝ ʠʟ 

ʥʠʭ ʘʥʘʣʦʛʠʯʥʳ ʪʝʤ, ʢʦʪʦʨʳʝ ʦʙʳʯʥʦ ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʥʦʛʠʭ 

ʠʟʚʝʩʪʥʳʭ ʢʦʤʧʣʝʢʩʦʥʦʚ, ʷʚʣʷʶʱʠʭʩʷ ʧʨʦʠʟʚʦʜʥʳʤʠ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ 

(ʢʦʥʜʝʥʩʘʮʠʷ ʘʤʠʥʦʢʠʩʣʦʪ ʩ ʛʘʣʦʛʝʥʟʘʤʝʱʸʥʥʳʤʠ ʫʛʣʝʚʦʜʦʨʦʜʘʤʠ). ɼʨʫʛʠʝ 

ʤʝʪʦʜʳ ʠʤʝʶʪ ʙʦʣʝʝ ʩʧʝʮʠʬʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʠ ʚʧʝʨʚʳʝ ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʦʥʦʚ ʩʤʝʰʘʥʥʦʛʦ ʪʠʧʘ (ʨʝʘʢʮʠʷ ʥʫʢʣʝʦʬʠʣʥɹʦʛʦ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʤʠʥʦʚ ʧʦ ʜʚʦʡʥʳʤ ʩʚʷʟʷʤ ʥʝʧʨʝʜʝʣʴʥʳʭ ʜʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ) 

[31]. 

 

1.2.1. ʂʦʥʜʝʥʩʘʮʠʷ ʘʩʧʘʨʘʛʠʥʦʚʦʡ ʢʠʩʣʦʪ rʩ ʛʘʣʦʛʝʥʩʦʜʝʨʞʘʱʠʤ ʩʦʝʜʠʥʝʥʠʝʤ 

 

ʊʘʢ ʢʘʢ ʛʘʣʦʛʝʥʢʘʨʙʦʥʦʚʘʷ ʢʠʩʣʦʪʘ ʟʘ ʚʨʝʤʷ ʨʝʘʢʮʠʠ ʧʦʜʚʝʨʛʘʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʛʠʜʨʦʣʠʟʫ, ʪʦ ʝʝ ʥʝʦʙʭʦʜʠʤʦ ʚʚʦʜʠʪʴ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʨʝʜʫ ʩ 1,5 ï 
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2 ʢʨʘʪʥʳʤ ʠʟʙʳʪʢʦʤ. ʕʪʦʪ ʠʟʙʳʪʦʢ ʚʚʦʜʠʪʩʷ ʥʝʙʦʣʴʰʠʤʠ ʧʦʨʮʠʷʤʠ ʚ ʪʝʯʝʥʠʝ 

ʚʩʝʛʦ ʚʨʝʤʝʥʠ ʩʠʥʪʝʟʘ. 

ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʱʝʣʦʯʥʘʷ ʩʨʝʜʘ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʧʦʜʜʝʨʞʠʚʘʣʘʩʴ ʥʘʤʠ 

ʛʠʜʨʦʢʩʠʜʦʤ ʣʠʪʠʷ, ʘ ʧʦʜʢʠʩʣʝʥʠʝ ʨʘʩʪʚʦʨʘ ʧʦʩʣʝ ʩʠʥʪʝʟʘ (ʜʣʷ ʧʝʨʝʚʦʜʘ 

ʢʦʤʧʣʝʢʩʦʥʘ ʚ ʢʠʩʣʫʶ ʬʦʨʤʫ) ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʙʨʦʤʠʩʪʦʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪʦʡ. 

ʕʪʦʪ ʧʨʠʝʤ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʫʯʝʥʠʝ LiBr  ʚ ʢʘʯʝʩʪʚʝ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʩʦʣʠ, 

ʢʘʢ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ ʥʝʡʪʨʘʣʠʟʘʮʠʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ NaCl ʠʣʠ  NaBr ʣʠʪʠʡ 

ʙʨʦʤʠʩʪʳʡ ʨʘʩʪʚʦʨʠʤ ʚ ʤʝʪʘʥʦʣʝ, ʘʮʝʪʦʥʝ ʠ ʜʠɻ ʪʠʣʦʚʦʤ ʵʬʠʨʝ. ʕʪʦ ʩʚʦʡʩʪʚʦ LiBr 

ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ ʦʪʜʝʣʷʪʴ ʢʦʥʝʯʥʳʡ ʧʨʦʜʫʢʪ ʨʝʘʢʮʠʠ (ʢʦʤʧʣʝʢʩʦʥ) ʦʪ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʣʝʡ ʚʳʩʘʞʜʝʥʠʝʤ ʚ ʤʝʪʘʥʦʣ, ʘʮʝʪʦʥ ʠ ʪ.ʧ. 

ʕʪʦʤʫ ʩʧʦʩʦʙʫ ʧʨʠʩʫʱʠ ʦʧʨʝʜʝʣʝʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ: ʥʠʟʢʠʡ ʚʳʭʦʜ, 

ʩʣʦʞʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʢʦʤʧʣʝʢʩʦʥʦʚ ʠ ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʠʭ ʦʯʠʩʪʢʠ ʦʪ 

ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʝʡ ʘʩʧʘʨʘʛʠʥʦʚʦʡ ʢʠʩʣʦʪʳ. 

 

1.2.2. ʇʨʠʩʦʝʜʠʥʝʥʠʝ ʘʤʠʥʦʩʦʝʜʠʥʝʥʠʡ ʧʦ ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʥʝʥʘʩʳɦ ʝʥʥʳʭ 

ʜʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ 

ʇʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʨʝʘʢʮʠʠ ʤʦʛʫʪ ʙʳʪʴ ʚʟʷʪʳ ʘʣʠʬʘʪʠʯʝʩʢʠʝ ʠ 

ʘʣʠʮʠʢʣʠʯʝʩʢʠʝ ʤʦʥʦ- ʠ ʧʦʣʠʘʤʠʥʳ (ʵʪʠʣʝʥʜʠʘʤʠʥ, ʧʦʣʠʤʝʪʠʣʝʥʜʠʘʤʠʥʳ, 

ʨʘʟʣʠʯʥʳʝ ʠʟʦʤʝʨʳ ʜʠʘʤʠʥʮʠʢʣʦʛʝʢʩʘʥʘ ʠ ʪ.ʧ.), ʘʤʠʥʦʩʧʠʨʪʳ, ʘʤʠʥʦʢʠʩʣʦʪʳ, 

ʘʤʤʠʘʢ ʠ ʜʨʫʛʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʧʝʨʚʠʯʥʫʶ, ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ 

ʚʪʦʨʠʯʥʫʶ ʘʤʠʥʦʛʨʫʧʧʫ. ʆʙʱʠʤ ʜʣʷ ʚʩʝʭ ʂʇʗʂ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ 

ʢʘʯʝʩʪʚʝ ʥʝʥʘʩʳʱʝʥʥʦʡ ʜʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʤʘʣʝʠʥʦʚʦʡ ʢʠʩʣʦʪ.r ɼʦʩʪʘʪʦʯʥʦ 

ʭʦʨʦʰʝʝ ʦʙʦʙʱʝʥʠʝ ʧʦ ʵʪʦʤʫ ʩʧʦʩʦʙʫ ʩʠʥʪʝʟʘ ʤʦʞʥʦ ʥʘʡʪʠ ʚ [32]. 

ʀʣʣʶʩʪʨʘʮʠʝʡ ʩʧʦʩʦʙʘ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʩʠʥʪʝʟ ʕɼɼʗʂ, ʚʧʝʨʚʳʝ 

ʧʨʠʚʝʜʝʥʥʳʡ ʚ [31]:  
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pH 9 - 10

 

ʇʨʠʩʦʝʜʠʥʝʥʠʝ ʘʤʠʥʦʚ ʧʦ ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʤʘʣʝʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʦʙʳʯʥʦ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʚ ʥʝʡʪʨʘʣʴʥʦʡ ʠʣʠ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ (ʨʅ 7 ï 10) ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ ʜʦ 70 ï 90Áʉ. ʈʝʘʢʮʠʷ ʜʣʠʪʩʷ ʦʪ 4 ï 6 ʜʦ 30 ï 40 ʯ, ʧʦʩʣʝ ʯʝʛʦ 
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ʧʨʦʠʟʚʦʜʷʪ ʚʳʜʝʣʝʥʠʝ ʢʦʤʧʣʝʢʩʦʥʘ, ʦʭʣʘʞʜʘʷ ʨʝʘʢʮʠʦʥʥʫʶ ʤʘʩʩʫ ʜʦ 2 ï 5Áʉ ʠ 

ʧʦʜʢʠʩʣʷʷ ʝʝ ʜʦ ʨʅ 2 ï 4; ʠʟ-ʟʘ ʥʠʟʢʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚ ʚʦʜʝ, ʢʦʤʧʣʝʢʩʦʥʳ ʚ 

ʬʦʨʤʝ ʩʚʦʙʦʜʥʳʭ ʢʠʩʣʦʪ ʚʳʧʘʜʘʶʪ ʧʨʠ ʵʪʦʤ ʚ ʦʩʘʜʦʢ. ɺ ʩʣʫʯʘʝ ʧʦʚʳʰʝʥʥʦʡ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʢʦʤʧʣʝʢʩʦʥʦʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʠʙʝʛʘʶʪ ʢ ʦʩʘʞʜʝʥʠʶ ʤʝʪʘʥʦʣʦʤ 

ʠʣʠ ʘʮʝʪʦʥʦʤ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʦʥʦʚ ʦʧʠʩʘʥʥʳʤ ʩʧʦʩʦʙʦʤ ʚʤʝʩʪʦ ʤʘʣʝʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʝʸ ʵʬʠʨʳ [33]. ɹʦʣʝʝ ʤʷʛʢʠʝ ʫʩʣʦʚʠʷ ʩʠʥʪʝʟʘ ʠ 

ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʡ ʚʳʭʦʜ (45 ï 60 % ʚ ʨʘʩʯʝʪʝ ʥʘ ʩʚʦʙʦʜʥʳʡ ʢʦʤʧʣʝʢʩʦʥ) 

ʜʝʣʘʶʪ ʧʦʣʫʯʝʥʠʝ ʥʝʢʦʪʦʨʳʭ ʢʦʤʧʣʝʢʩʦʥʦʚ, ʯʝʨʝʟ ʵʬʠʨʳ ʤʘʣʝʠʥʦʚʦʡ ʢʠʩʣʦʪʳ 

ʙʦʣʝʝ ʧʨʠʝʤʣʝʤʳʤ, ʯʝʤ ʠʩʭʦʜʷ ʠʟ ʤʘʣʝʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʭʦʪʷ ʚ ʮʝʣʦʤ ʵʪʦʪ ʧʫʪʴ 

ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʳʤ ʠ ʪʨʫʜʦʝʤʢʠʤ.  

ɺʘʞʥʝʡʰʠʤ ʜʦʩʪʦʠʥʩʪʚʦʤ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʦʥʦʚ, ʦʩʥʦʚʘʥʥʳʭ 

ʥʘ ʧʨʠʩʦʝʜʠʥʝʥʠʠ ʘʤʠʥʦʢʠʩʣʦʪ (ʠʣʠ ʘʤʤʠʘʢʘ) ʧʦ ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʥʝʧʨʝʜʝʣʴʥʳʭ 

ʢʠʩʣʦʪ, ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʨʠ ʠʭ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʨʝʟʢʦ ʩʥʠʞʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʦʪʝʢʘʥʠʷ ʧʦʙʦʯʥʳʭ ʨʝʘʢʮʠʡ, ʘ ʩʘʤʘ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ 

ʝʜʠʥʩʪʚʝʥʥʳʤ ʝʝ ʧʨʦʜʫʢʪʦʤ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʘʝʤʳʡ ʢʦʤʧʣʝʢʩʦʥ. ʕʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʚʳʭʦʜʘ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ, ʫʤʝʥʴʰʝʥʠʶ 

ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʨʝʘʢʮʠʦʥʥʦʡ ʤʘʩʩʳ ʧʦʙʦʯʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ. 

ʇʨʠ ʰʠʨʦʢʦʤ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʝ ʩ ʧʦʤʦʱʴʶ ʧʦʜʦʙʥʦʛʦ ʩʧʦʩʦʙʘ ʩʠʥʪʝʟʘ 

ʢʦʤʧʣʝʢʩʦʥʦʚ, ʷʚʣʷʶʱʠʭʩʷ ʧʨʦʠʟʚʦʜʥʳʤʠ ʷʥʪʘʨʥʦʡ ʢʠʩʣʦʪʳ, ʯʨʝʟʚʳʯʘʡʥʦ 

ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʪʘʢ ʞʝ ʠ ʪʦ, ʯʪʦ ʢʨʦʤʝ ʘʤʠʥʦʢʠʩʣʦʪʳ, 

ʘʤʤʠʘʢʘ ʠʣʠ ʘʤʠʥʘ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʩʠʥʪʝʟʘ ʪʨʝʙʫʝʪʩʷ ʣʠʰʴ ʪʘʢʦʡ ʜʝʰʝʚʳʡ  ʠ 

ʦʩʚʦʝʥʥʳʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ ʧʨʦʜʫʢʪ, ʢʘʢ ʤʘʣʝʠʥʦʚʘʷ ʢʠʩʣʦʪʘ (ʠʣʠ ʝʱʝ ʙʦʣʝʝ 

ʜʝʰʝʚʳʡ ʤʘʣʝʠʥʦʚʳʡ ʘʥʛʠʜʨʠʜ), ʘ ʥʝ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʜʦʨʦʛʦʩʪʦʷʱʠʝ 

ʘʩʧʘʨʘʛʠʥʦʚʘʷ, ʛʣʫʪʘʤʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ʠʣʠ ʛʘʣʦʛʝʥʟʘʤʝʱʝʥʥʳʝ ʜʠʢʘʨʙʦʥʦʚʳʝ 

ʢʠʩʣʦʪʳ, ʧʨʠʤʝʥʝʥʠʷ ʢʦʪʦʨʳʭ ʪʨʝʙʫʶʪ ʜʨʫʛʠʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ 

ʪʘʢʠʭ ʢʦʤʧʣʝʢʩʦʥʦʚ. ʅʘʧʨʠʤʝʨ, ʕɼɼʗʂ, ʧʦʣʫʯʘʝʤʘʷ ʠʟ ʘʤʤʠʘʢʘ ʠ ʤʘʣʝʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ, ʧʦ ʩʪʦʠʤʦʩʪʠ ʩʤʦʞʝʪ ʢʦʥʢʫʨʠʨʦʚʘʪʴ ʩ ʪʘʢʠʤ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʢʦʤʧʣʝʢʩʦʥʦʤ, ʢʘʢ ʕɼʊɸ. 
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1.2.3. ʇʦʣʫʯʝʥʠʝ ʂʇʗʂ ʧʦʚʳʰʝʥʥʦʡ ʜʝʥʪʘʪʥʦʩʪʠ 

ʂʦʤʧʣʝʢʩʦʥʳ, ʩʦʜʝʨʞʘʱʠʝ ʚ ʤʦʣʝʢʫʣʝ ʚʪʦʨʠʯʥʫʶ ʘʤʠʥʦʛʨʫʧʧʫ, ʠʤʝʶʪ 

ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʢʩʦʥʦʚ ʧʦʚʳʰʝʥʥʦʡ ʜʝʥʪʘʪʥʦʩʪʠ. ʇʦʧʳʪʢʘ 

ʚʚʝʜʝʥʠʷ ʚ ʤʦʣʝʢʫʣʫ ʕɼɼʗʂ, ʠʤʝʶʱʫʶ ʜʚʝ ʚʪʦʨʠʯʥʳʝ ʘʤʠʥʦʛʨʫʧʧʳ, ʝʱʝ ʜʚʫʭ 

ʩʫʢʮʠʥʘʪʥʳʭ ʨʘʜʠʢʘʣʦʚ ʥʝ ʫʚʝʥʯʘʣʘʩʴ ʫʩʧʝʭʦʤ ʚʚʠʜʫ ʛʨʦʤʦʟʜʢʦʩʪʠ ʚʚʦʜʠʤʳʭ 

ʬʨʘʛʤʝʥʪʦʚ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʟʘʧʘʪʝʥʪʦʚʘʥʦ [34] ʧʦʣʫʯʝʥʠʝ ʵʪʠʣʝʥ-ʙʠʩ(N,N'-

ʜʠʷʥʪʘʨʥʦʡ)-ʙʠʩ(N,N'-ʜʠʫʢʩʫʩʥʦʡ) ʢʠʩʣʦʪʳ ʠʩʭʦʜʷ ʠʟ ʕɼɼʗʂ ʠ 

ʤʦʥʦʭʣʦʨʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ. ɺ ʜʨʫʛʦʤ ʠʟʦʙʨʝʪʝʥʠʠ [35] ʦʧʠʩʳʚʘʝʪʩʷ ʧʦʣʫʯʝʥʠʝ 

N,N'-ʙʠʩ(2-ʛʠʜʨʦʢʩʠʵʪʠʣ)-N,N'-ʜʠʷʥʪʘʨʥʦʡ ʢʠʩʣʦʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʕɼɼʗʂ ʩ 

ʛʘʟʦʦʙʨʘʟʥʦʡ ʦʢʠʩʴʶ ʵʪʠʣʝʥʘ ʠʣʠ ʞʠʜʢʠʤ ʵʪʠʣʝʥʭʣʦʨʛʠʜʨʠʥʦʤ.  

 

1.2.4. ʆʙʱʠʝ ʧʨʠʥʮʠʧʳ ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʢʩʦʥʘʪʦʚ ʤʝʪʘʣʣʦʚ 

ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʠʟʫʯʝʥʠʶ ʧʨʦʮʝʩʩʦʚ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʚʦʜʥʳʭ 

ʨʘʩʪʚʦʨʘʭ, ʥʘʤʠ ʙʳʣʦ ʪʘʢʞʝ ʧʨʝʜʧʨʠʥʷʪʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʚʝʨʜʳʭ ʢʦʤʧʣʝʢʩʦʚ, 

ʦʙʨʘʟʦʚʘʥʥʳʭ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʤʠ ʢʦʤʧʣʝʢʩʦʥʘʤʠ ʩ ʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ III -A ʛʨʫʧʧʳ 

ʩ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʩʦʩʪʘʚʘ. ʂʨʦʤʝ ʵʪʦʛʦ ʧʨʦʚʝʜʝʥʦ ʪʝʨʤʦʛʨʘʬʠʯʝʩʢʦʝ, 

ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʝ ʠ ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʚʝʨʜʳʭ 

ʢʦʤʧʣʝʢʩʦʥʘʪʦʚ ʤʝʪʘʣʣʦʚ. 

ʆʙʲʝʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ ʦʙʳʯʥʳʭ ʤʝʪʦʜʦʚ: 

ʨʘʩʪʚʦʨʝʥʠʝ ʦʢʩʠʜʦʚ, ʛʠʜʨʦʢʩʠʜʦʚ ʠʣʠ ʢʘʨʙʦʥʘʪʦʚ ʤʝʪʘʣʣʦʚ ʚ ʨʘʩʪʚʦʨʘʭ 

ʢʦʤʧʣʝʢʩʦʥʦʚ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʬʦʨʤʝ ʩʚʦʙʦʜʥʳʭ ʢʠʩʣʦʪ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʨʘʩʪʚʦʨʦʚ ʩʦʣʝʡ ʤʝʪʘʣʣʦʚ ʩ ʨʘʩʪʚʦʨʘʤʠ ʧʦʣʥʦʩʪʴʶ ʠʣʠ ʯʘʩʪʠʯʥʦ ʟʘʤʝʱʝʥʥʳʭ 

ʥʘʪʨʠʝʚʳʭ ʠʣʠ ʢʘʣʠʝʚʳʭ ʩʦʣʝʡ ʢʦʤʧʣʝʢʩʦʥʦʚ, ʧʨʦʧʫʩʢʘʥʠʝ ʨʘʩʪʚʦʨʦʚ ʩʦʣʝʡ 

ʢʦʤʧʣʝʢʩʦʥʦʚ ʯʝʨʝʟ ʠʦʥʦʦʙʤʝʥʥʳʝ ʢʦʣʦʥʢʠ, ʟʘʧʦʣʥʝʥʥʳʝ ʢʘʪʠʦʥʠʪʦʤ, 

ʩʦʜʝʨʞʘʱʠʤ ʥʝʦʙʭʦʜʠʤʳʡ ʤʝʪʘʣʣ [36]. 

ʄʝʪʦʜʳ ʚʳʜʝʣʝʥʠʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʥʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʦʙʳʯʥʦ: 

ʚʳʩʘʣʠʚʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ (ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʘʥʦʣʘ, ʵʪʘʥʦʣʘ, 

ʘʮʝʪʦʥʘʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ, ʘ ʪʘʢʞʝ ʠʭ ʩʤʝʩʝʡ), ʫʜʘʣʝʥʠʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʧʫʪʝʤ 

ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʠʩʧʘʨʝʥʠʷ ʥʘ ʚʦʟʜʫʭʝ, ʣʠʙʦ ʧʨʠ ʦʩʪʦʨʦʞʥʦʤ ʥʘʛʨʝʚʘʥʠʠ ʩ 

ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʚʘʢʫʫʤʠʨʦʚʘʥʠʝʤ. ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʚʳʜʝʣʝʥʠʝ ʢʦʤʧʣʝʢʩʦʥʘʪʦʚ 
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ʤʝʪʘʣʣʦʚ ʥʝ ʚʳʟʳʚʘʝʪ ʥʠʢʘʢʠʭ ʟʘʪʨʫʜʥʝʥʠʡ ʚʩʣʝʜʩʪʚʠʝ ʠʭ ʥʝʚʳʩʦʢʦʡ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚ ʚʦʜʝ. ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʢʦʤʧʣʝʢʩʦʥʘʪʳ ʚʳʧʘʜʘʶʪ ʚ ʦʩʘʜʦʢ ʫʞʝ 

ʧʨʠ ʩʣʠʚʘʥʠʠ ʨʘʩʪʚʦʨʦʚ ʩʦʣʠ ʤʝʪʘʣʣʘ ʠ ʢʦʤʧʣʝʢʩʦʥʘ ʚ ʬʦʨʤʝ ʩʚʦʙʦʜʥʦʡ ʢʠʩʣʦʪʳ 

ʠʣʠ ʩʦʣʠ ʩʦ ʱʝʣʦʯʥʳʤʠ ʤʝʪʘʣʣʘʤʠ. ʅʠʟʢʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʭʘʨʘʢʪʝʨʥʘ, ʥʘʧʨʠʤʝʨ, 

ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʤʥʦʛʠʭ ʤʝʪʘʣʣʦʚ ʩ ʢʦʤʧʣʝʢʩʦʥʘʤʠ, ʧʨʦʠʟʚʦʜʥʳʤʠ ʤʘʣʦʥʦʚʦʡ 

ʢʠʩʣʦʪʳ, ʜʣʷ ʢʠʩʣʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʪʫʪʠ, ʞʝʣʝʟʘ (III) ʠ ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ ʤʝʪʘʣʣʦʚ. 

ɺʳʜʝʣʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʤʦʞʝʪ ʙʳʪʴ ʩʦʧʨʷʞʝʥʦ ʩ 

ʪʨʫʜʥʦʩʪʷʤʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʤʠ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʥʘʭʦʞʜʝʥʠʝʤ ʚ ʨʘʩʪʚʦʨʘʭ 

ʢʦʤʧʣʝʢʩʦʚ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ (ʥʘʧʨʠʤʝʨ, ʩʨʝʜʥʠʝ ʠ ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʝ). ɺ ʩʚʷʟʠ 

ʩ ʵʪʠʤ ʧʨʠ ʩʠʥʪʝʟʝ ʢʦʤʧʣʝʢʩʦʥʘʪʦʚ ʠʟʤʝʥʷʶʪʩʷ ʣʠʙʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʦʚ, 

ʣʠʙʦ ʩʦʦʪʥʦʰʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʚʝʣʠʯʠʥʘ ʨʅ. ʇʨʠ ʚʳʙʦʨʝ 

ʨʅ ʨʫʢʦʚʦʜʩʪʚʫʁ ʪʩʷ ʢʦʥʩʪʘʥʪʘʤʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʳʜʝʣʷʝʤʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ 

ʚʳʯʠʩʣʝʥʥʳʤʠ ʩ ʧʦʤʦʱʴʶ ʵʪʠʭ ʢʦʥʩʪʘʥʪ ʠʥʪʝʨʚʘʣʘʤʠ ʨʅ, ʚ ʢʦʪʦʨʳʭ ʜʦʣʷ 

ʜʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʨʘʩʪʚʦʨʝ ʙʳʣʘ ʧʨʝʦʙʣʘʜʘʶʱʝʡ. 

 

1.3. ʂʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʠʝ ʩʚʦʡʩʪʚʘ ʂʇʗʂ 

ʇʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʥʘʰʝʜʰʠʭ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʢʦʤʧʣʝʢʩʦʥʦʚ ʚ ʢʘʯʝʩʪʚʝ ʢʠʩʣʦʪʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʨʠ ʘʤʠʥʥʳʭ ʘʪʦʤʘʭ ʘʟʦʪʘ 

ʩʦʜʝʨʞʘʪ ʦʩʪʘʪʢʠ ʣʠʰʴ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ. ʇʨʠ ʚʩʝʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʢʘʯʝʩʪʚʘʭ, 

ʧʨʠʩʫʱʠʭ ʵʪʠʤ ʢʦʤʧʣʝʢʩʦʥʘʤ, ʦʥʠ ʠʤʝʶʪ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ: ʤʘʣʘʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ 

ʜʝʡʩʪʚʠʷ ʚ ʦʪʥʦʝhʥʠʠ ʦʪʜʝʣʴʥʳʭ ʢʘʪʠʦʥʦʚ; ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʟʢʠʡ ʠʥʪʝʨʚʘʣ ʨʅ, ʚ 

ʢʦʪʦʨʦʤ ʵʪʠ ʢʦʤʧʣʝʢʩʦʥʳ ʷʚʣʷʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʳʤʠ; ʧʦʥʠʞʝʥʥʘʷ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʩʘʤʠʭ ʢʦʤʧʣʝʢʩʦʥʦʚ ʚ ʬʦʨʤʝ ʩʚʦʙʦʜʥʳʭ ʢʠʩʣʦʪ [29, 37]. 

ʂʇʗʂ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʩʦʜʝʨʞʘʪ ʢʘʨʙʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ ʥʝ ʪʦʣʴʢʦ ʚ Ŭ-

ʧʦʣʦʞʝʥʠʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʘʟʦʪʫ, ʢʘʢ ʠ ʪʨʘʜʠʮʠʦʥʥʳʝ ʢʦʤʧʣʝʢʩʦʥʳ, ʥʘʧʨʠʤʝʨ, 

ʕɼʊɸ, ʅʊɸ, ʥʦ ʠ ʜʚʝ ʢʘʨʙʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ ʚ ɓ-ʧʦʣʦʞʝʥʠʠ. ɿʘ ʩʯʝʪ ʵʪʦʛʦ ʧʨʠ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʠ ʩ ʤʝʪʘʣʣʘʤʠ ʦʥʠ ʩʧʦʩʦʙʥʳ ʢ ʟʘʤʳʢʘʥʠʶ ʥʝ ʪʦʣʴʢʦ ʧʷʪʠ, 

ʥʦ ʠ ʰʝʩʪʠʯʣʝʥʥʳʭ ʭʝʣʘʪʥʳʭ ʮʠʢʣʦʚ. ʀʟ ʭʝʣʘʪʦʮʠʢʣʦʚ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʧʨʦʩʪʳʤʠ 

ʩʚʷʟʷʤʠ, ʥʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʤʠ ʷʚʣʷʶʪʩʷ ʧʷʪʠʯʣʝʥʥʳʝ ʮʠʢʣʳ, ʧʦʵʪʦʤʫ 
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ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ ʂʇʗʂ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʪʨʘʜʠʮʠʦʥʥʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʢʦʤʧʣʝʢʩʦʥʦʚ, ʧʨʦʠʟʚʦʜʥʳʭ ʫʢʩʫʩʥʦʡ 

ʢʠʩʣʦʪʳ. ʂʦʤʧʣʝʢʩʳ ʂʇʗʂ ʦʩʪʘʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʫʩʪʦʡʯʠʚʳʤʠ, ʥʦ ʧʨʠ ʵʪʦʤ 

ʩʧʦʩʦʙʥʳ ʫʩʚʘʠʚʘʪʴʩʷ ʠ ʧʝʨʝʨʘʙʘʪʳʚʘʪʴʩʷ ʧʨʠʨʦʜʥʳʤʠ ʦʙʲʝʢʪʘʤʠ, ʥʝ 

ʥʘʢʘʧʣʠʚʘʷʩʴ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. ʋʩʪʦʡʯʠʚʦʩʪʴ ʭʝʣʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʟʘʚʠʩʠʪ ʥʝ 

ʪʦʣʴʢʦ ʦʪ ʯʠʩʣʘ ʯʣʝʥʦʚ ʚ ʮʠʢʣʝ, ʥʦ ʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʮʠʢʣʦʚ, ʧʨʠʭʦʜʷʱʠʭʩʷ ʥʘ 

ʦʜʠʥ ʮʝʥʪʨʘʣʴʥʳʡ ʘʪʦʤ. ʏʝʤ ʙʦʣʴʰʝ ʦʙʨʘʟʫʶʱʠʭʩʷ ʭʝʣʘʪʥʳʭ ʮʠʢʣʦʚ, ʪʝʤ ʚʳʰʝ 

ʩʪʘʙʠʣʴʥʦʩʪʴ. ʆʜʥʘʢʦ ʠʟ-ʟʘ ʚʦʟʥʠʢʘʶʱʠʭ ʩʪʝʨʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ, ʚʩʣʝʜʩʪʚʠʝ 

ʠʩʢʘʞʝʥʠʷ ʥʦʨʤʘʣʴʥʦʡ ʩʠʤʤʝʪʨʠʠ ʢʦʤʧʣʝʢʩʘ, ʥʝ ʚʩʝ ʛʨʫʧʧʳ ʧʦʣʠʜʝʥʪʘʪʥʦʛʦ 

ʢʦʤʧʣʝʢʩʦʥʘ, ʩʧʦʩʦʙʥʳʝ ʢ ʢʦʦʨʜʠʥʘʮʠʠ, ʫʯʘʩʪʚʫʶʪ ʚ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʠ, ʘ ʚ 

ʘʢʚʘʢʦʤʧʣʝʢʩʝ ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ n-ʜʝʥʪʘʪʥʳʡ ʣʠʛʘʥʜ ʟʘʤʝʱʘʝʪ ʥʝ n ʤʦʣʝʢʫʣ 

ʚʦʜʳ [37]. 

ʅʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʭʝʣʘʪʥʳʭ ʮʠʢʣʦʚ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ 

ʦʩʥʦʚʥʦʩʪʴ ʜʦʥʦʨʥʦʛʦ ʘʪʦʤʘ ʘʟʦʪʘ ʠʤʠʥʦʛʨʫʧʧ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʘʷ ʧʣʦʪʥʦʩʪʴʶ ʝʛʦ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʣʘʢʘ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʪʦʨʦʡ ʨʘʩʪʝʪ ʧʣʦʪʥʦʩʪʴ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ 

ʩʚʷʟʠ ʩ ʢʘʪʠʦʥʦʤ ʘʢʮʝʧʪʦʨʦʤ. ʉ ʨʦʩʪʦʤ ʦʩʥʦʚʥʦʩʪʠ ʘʪʦʤʘ ʘʟʦʪʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʧʨʦʯʥʦʩʪʴ ʩʚʷʟʠ ʩ ʧʨʦʪʦʥʦʤ, ʯʝʤ ʠ ʦʙʫʩʣʦʚʣʝʥʘ ʙʝʪʘʠʥʦʚʘʷ ʩʪʨʫʢʪʫʨʘ 

ʢʦʤʧʣʝʢʩʦʥʦʚ. ɺʩʣʝʜʩʪʚʠʝ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʠ ʵʪʦʡ ʩʚʷʟʠ, ʦʪʱʝʧʣʝʥʠʝ 

ʙʝʪʘʠʥʦʚʦʛʦ ʧʨʦʪʦʥʘ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʢʦʤʧʣʝʢʩʦʥʦʚ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʚʳʩʦʢʠʭ 

ʟʥʘʯʝʥʠʷʭ ʨʅ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʯʥʦʩʪʴ ʩʚʷʟʠ ʙʝʪʘʠʥʦʚʦʛʦ ʧʨʦʪʦʥʘ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʥɹʦ, ʦʩʥʦʚʥʦʩʪʴ ʜʦʥʦʨʥʦʛʦ ʘʪʦʤʘ ʘʟʦʪʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʥʘʯʝʥʠʝʤ 

ʧʦʩʣʝʜʥʝʡ ʢʦʥʩʪʘʥʪʳ ʢʠʩʣʦʪʥʦʡ ʜʠʩʩʦʮʠʘʮʠʠ ʢʦʤʧʣʝʢʩʦʥʘ.  

ʄʝʞʜʫ ʦʩʥʦʚʥʦʩʪʴʶ ʘʪʦʤʘ ʘʟʦʪʘ ʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ 

ʥʘʙʣʶʜʘʝʪʩʷ ʣʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ: ʯʝʤ ʚʳʰʝ ʦʩʥʦʚʥʦʩʪʴ ʘʪʦʤʘ ʘʟʦʪʘ, ʪʝʤ 

ʧʨʦʯʥʝʝ ʢʦʤʧʣʝʢʩʳ. ʆʜʥʘʢʦ ʜʣʷ ʣʠʛʘʥʜʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ ʛʨʫʧʧ, 

ʩʧʦʩʦʙʥʳʭ ʢ ʢʦʦʨʜʠʥʘʮʠʠ, ʵʪʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʧʨʘʚʝʜʣʠʚʘ ʣʠʰʴ ʧʨʠʙʣʠʞʝʥʥʦ. ʆʥʘ 

ʚʳʧʦʣʥʷʝʪʩʷ ʪʦʣʴʢʦ ʜʣʷ ʣʠʛʘʥʜʦʚ, ʦʙʨʘʟʫʶʱʠʭ ʦʜʠʥʘʢʦʚʦʝ ʯʠʩʣʦ ʭʝʣʘʪʥʳʭ 

ʮʠʢʣʦʚ ʨʘʚʥʦʛʦ ʨʘʟʤʝʨʘ ʠ ʦʙʣʘʜʘʶʱʠʭ ʦʜʠʥʘʢʦʚʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʦʙʨʘʟʦʚʘʥʠʶ  

-́ʩʚʷʟʝʡ.  
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ɺʳ̫ ʚʣʝʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʩʪʨʦʝʥʠʝʤ ʢʦʤʧʣʝʢʩʦʥʘ ʠ ʝʛʦ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʩʢʘʟʘʪʴ ʟʘʨʘʥʝʝ ʩʚʦʡʩʪʚʘ 

ʠʩʩʣʝʜʫʝʤʳʭ ʢʦʤʧʣʝʢʩʦʥʦʚ. 

 

1.3.1. ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʥʩʪʘʥʪ ʢʠʩʣʦʪʥʦʡ ʜʠʩʩʦʮʠʘʮʠʠ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʩʪʘʥʪ ʢʠʩʣʦʪʥʦʡ ʜʠʩʩʦʮʠʘʮʠʠ ʢʦʤʧʣʝʢʩʦʥʦʚ ʠ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʠʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʥʝʢʦʪʦʨʳʤʠ ʤʝʪʘʣʣʘʤʠ ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʤʝʪʦʜ ʨʅ-ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ [28, 38, 39]. 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʢʦʥʩʪʘʥʪʳ ʢʠʩʣʦʪʥʦʡ ʜʠʩʩʦʮʠʘʮʠʠ ʥʘʭʦʜʷʪ ʧʨʠ ʧʦʤʦʱʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʨʠʚʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʨʅ ʦʪ çʘè (ʢʦʣʠʯʝʩʪʚʘ ʧʨʠʙʘʚʣʝʥʥʳʭ 

ʵʢʚʠʚʘʣʝʥʪʦʚ ʱʝʣʦʯʠ ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ 1 ʤʦʣʴ ʢʠʩʣʦʪʳ), ʧʦʣʫʯʝʥʥʦʡ ʪʠʪʨʦʚʘʥʠʝʤ 

ʨʘʩʪʚʦʨʦʤ ʦʩʥʦʚʘʥʠʷ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʢʦʤʧʣʝʢʩʦʥʘ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʵʪʘ ʢʨʠʚʘʷ 

ʩʦʩʪʦʠʪ ʠʟ ʨʷʜʘ ʙʫʬʝʨʥʳʭ ʦʙʣʘʩʪʝʡ ʠ ʩʢʘʯʢʦʚ ʤʝʞʜʫ ʥʠʤʠ. ʂʘʞʜʫʶ ʙʫʬʝʨʥʫʶ 

ʦʙʣʘʩʪʴ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʦʩʪʘʣʴʥʦʡ ʯʘʩʪʠ ʢʨʠʚʦʡ. 

ɼʣʷ ʢʦʤʧʣʝʢʩʦʥʦʚ ʤʥʦʛʦʦʩʥʦʚʥʳʭ ʢʠʩʣʦʪ (ʅnL)ʯʘʩʪʦ ʦʜʥʦʡ ʙʫʬʝʨʥʦʡ ʦʙʣʘʩʪʠ 

ʦʪʚʝʯʘʝʪ ʦʪʱʝʧʣʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʪʦʥʦʚ, ʧʨʦʪʝʢʘʶʱʝʝ ʧʨʘʢʪʠʯʝʩʢʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʚʳʯʠʩʣʝʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʢʦʥʩʪʘʥʪ ʜʠʩʩʦʮʠʘʮʠʠ ʚ ʪʘʢʠʭ 

ʩʣʫʯʘʷʭ ʧʨʦʠʩʭʦʜʠʪ ʩʣʦʞʥʝʝ. 

ʀʩʧʦʣʴʟʫʷ ʫʩʣʦʚʠʝ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʙʘʣʘʥʩʘ ʠ ʫʨʘʚʥʝʥʠʷ ʵʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʦʩʪʠ, 

ʩʦʩʪʘʚʣʷʝʤ ʩʠʩʪʝʤʫ çmè ʫʨʘʚʥʝʥʠʡ ʩ çnè (ʦʩʥʦʚʥʦʩʪʴ ʢʠʩʣʦʪʳ) ʥʝʠʟʚʝʩʪʥʳʤʠ, 

ʛʜʝ m ² n. ʇʨʠ ʠʟʚʝʩʪʥʳʭ ʠʩʭʦʜʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʤʧʣʝʢʩʦʥʘ, ʢʦʣʠʯʝʩʪʚʘ 

ʦʩʥʦʚʘʥʠʷ, ʠʟʨʘʩʭʦʜʦʚʘʥʥʦʛʦ ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ, ʠ ʚʝʣʠʯʠʥʝ ʨʅ ʤʦʞʥʦ ʨʝʰʠʪʴ ʪʘʢʫʶ 

ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʠ ʧʦʣʫʯʠʪʴ ʟʥʘʯʝʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʢʦʥʩʪʘʥʪ 

ʜʠʩʩʦʮʠʘʮʠʠ.  

ʇʨʦʮʝʩʩ ʢʠʩʣʦʪʥʦʡ ʜʠʩʩʦʮʠʘʮʠʠ ʯʝʪʳʨʝʭʦʩʥʦʚʥʦʡ ʢʠʩʣʦʪʳ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʩʣʝʜʫʶʱʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ: 

H4L Ú  H3LĖ + H
+
                  k1 = 

]LH[

]H][LH[

4

3

+-

                              (1.5) 

H3LĖ Ú  H2L
2
Ė + H

+
               k2 = 

]LH[

]H][LH[

3

2

2

-

+-

                             (1.6) 
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H2L
2
Ė Ú  HL

3
Ė + H

+
               k3 = 

]LH[

]H][HL[
2

2

3

-

+-

                               (1.7) 

HL
3
Ė Ú  L

4
Ė + H

+
                   k4 = 

]HL[

]H][L[
3

4

-

+-

                                 (1.8) 

 

 

1.3.2. ʂʦʥʩʪʘʥʪʳ ʢʠʩʣʦʪʥʦʡ ʜʠʩʩʦʮʠʘʮʠʠ ʵʪʠʣʝʥʜʠʘʤʠʥʜʠʷʥʪʘʨʥʦʡ ʢʠʩʣʦʪʳ 

ɼʘʥʥʳʝ ʧʦ ʚʝʣʠʯʠʥʘʤ ʢʦʥʩʪʘʥʪ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ 

ʨʘʩʪʚʦʨʘʭ ʕɼɼʗʂ ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦʯʠʩʣʝʥʥʳ (ʪʘʙʣ.1.1). 

ʊʘʙʣʠʮʘ 1.1 

ʃʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ ʧʦ ʢʦʥʩʪʘʥʪʘʤ ʜʠʩʩʦʮʠʘʮʠʠ ʵʪʠʣʝʥʜʠʘʤʠʥʜʠʷʥʪʘʨʥʦʡ 

ʢʠʩʣʦʪʳ, I =  0,1 ʚ ʩʨʝʜʝ KNO3 

ʊ pk 1 pk 2 pk 3 pk 4 
ʉʩʳʣʢʘ, ʛʦʜ 

20
ʦ
ʉ  3,00 3,58 6,93 10,13 [40] (1968) 

25
ʦ
ʉ  2,40 3,86 6,83 9,82 [41] (1971) 

30
ʦ
ʉ  3,25 4,00 8,50 9,40 [42] (1971) 

25
ʦ
ʉ 3,20 3,84 6,99 10,06 [43] (1983) 

25
ʦ
ʉ 3,20 3,86 6,85 10,23 [44] (1987) 

 

ʇʝʨʚʳʝ ʜʘʥʥʳʝ ʧʦ ʢʦʥʩʪʘʥʪʘʤ ʜʠʩʩʦʮʠʘʮʠʠ ʕɼɼʗʂ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʄʘʡʝʨʦʤ [40], ʢʦʪʦʨʳʡ ʩʠʥʪʝʟʠʨʦʚʘʣ ʢʦʤʧʣʝʢʩʦʥ ʠʟ L-ʘʩʧʘʨʘʛʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, 

ʧʦʣʫʯʝʥʥʳʡ ʢʦʤʧʣʝʢʩʦʥ ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ (S,S)-ʠʟʦʤʝʨ. ʉʫʱʝʩʪʚʝʥʥʳʡ ʨʘʟʨʳʚ 

ʤʝʞʜʫ ʚʝʣʠʯʠʥʘʤʠ pK2 ʠ pK3 ʚʳʟʚʘʥ ʪʝʤ, ʯʪʦ ʤʦʣʝʢʫʣʘ ʢʦʤʧʣʝʢʩʦʥʘ ʦʙʨʘʟʫʝʪ 

ʩʪʨʫʢʪʫʨʫ ʜʚʦʡʥʦʛʦ ʙʝʪʘʠʥʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʱʝʣʦʯʥʦʡ ʠ ʥʝʡʪʨʘʣʴʥʦʡ ʩʨʝʜʝ 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʪʦʥʠʨʦʚʘʥʠʝ ʘʤʠʥʦʛʨʫʧʧ ʘʥʠʦʥʘ ʕɼɼʗʂ, ʘ ʚ ʙʦʣʝʝ ʢʠʩʣʦʡ 

ʦʙʣʘʩʪʠ ʧʨʦʪʦʥʠʨʫʶʪʩʷ ʯʝʪʳʨʝ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʬʨʘʛʤʝʥʪʘ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʧʨʠ pH 

1,5...0,5 ʦʙʨʘʟʫʶʪʩʷ ʢʘʪʠʦʥʥʳʝ ʬʦʨʤʳ H5L
+
 ʠ H6L

2+
, ʢʘʢ ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ ʚ ʩʣʫʯʘʝ 

ʕɼʊɸ, ʦʜʥʘʢʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʥʩʪʘʥʪʳ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʧʦʢʘ ʥʝ ʙʳʣʠ 

ʦʧʨʝʜʝʣʝʥʳ. ʆʙʨʘʟʦʚʘʥʠʝ ʢʘʪʠʦʥʥʳʭ ʬʦʨʤ H5L
+
 ʠ H6L

2+
 ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ 

ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʩʠʣʴʥʦʢʠʩʣʳʭ ʨʘʩʪʚʦʨʘʭ. 

ɻʦʨʝʣʦʚ ʠ ɹʘʙʠʯ [41], ʧʦʚʪʦʨʠʚ ʮʠʪʠʨʦʚʘʥʥʫʶ ʨʘʙʦʪʫ ʄʘʡʝʨʘ ʦʧʨʝʜʝʣʠʣʠ 

ʢʦʥʩʪʘʥʪʳ ʜʠʩʩʦʮʠʘʮʠʠ ʕɼɼʗʂ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠ ʧʨʠ 25
ʦ
ʉ. ʆʙʨʘʙʦʪʢʘ 

ʜʘʥʥʳʭ ʧʦ ʤʝʪʦʜʫ ʐʚʘʨʮʝʥʙʘʭʘ, ʜʘʣʘ ʚʝʣʠʯʠʥʫ ʨʂ ̔ʥʘ 0,6 ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʭ 
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ʝʜʠʥʠʮ ʤʝʥʴʰʝ, ʯʝʤ ʚʝʣʠʯʠʥʘ ʧʦʣʫʯʝʥʥʘʷ ʄʘʡʝʨʦʤ (ʪʘʙʣ. 1.1). ʉʦʚʧʘʜʝʥʠʝ 

ʦʩʪʘʣʴʥʳʭ ʢʦʥʩʪʘʥʪ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ. 

ʉʫʥʘʨ ʠ ʊʨʘʡʚʝʜʠ ʦʧʨʝʜʝʣʠʣʠ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʢʦʥʩʪʘʥʪʳ 

ʧʨʦʪʦʣʠʪʠʯʝʩʢʦʡ ʜʠʩʩʦʮʠʘʮʠʠ ʕɼɼʗʂ ʧʨʠ ʠʦʥʥʦʡ ʩʠʣʝ 0,1 (KN03) [42]. ɼʣʷ 

ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʨʅ-ʤʝʪʨ ʩʦ ʩʪʝʢʣʷʥʥʳʤ 

ʵʣʝʢʪʨʦʜʦʤ. ʈʘʩʪʚʦʨ ʕɼɼʗʂ, ʧʨʠʛʦʪʦʚʣʝʥʥʳʡ ʧʦ ʩʧʦʩʦʙʫ ʄʘʡʝʨʘ (0,01 ʤʦʣʴ/ʣ), 

ʙʳʣ ʟʘʱʠʱʝʥ ʘʪʤʦʩʬʝʨʥʦʡ ʘʟʦʪʘ ʦʪ ʜʝʡʩʪʚʠʷ ʚʦʟʜʫʭʘ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʜʘʥʥʳʝ ʦʙʨʦʙʘʪʳʚʘʣʠʩʴ ʧʦ ʤʝʪʦʜʫ ɹʴʝʨʫʤʘ, ʀʨʚʠʥʛʘ ʠ ʈʦʩʩʦʪʠ. ʅʘʡʜʝʥʥʳʝ 

ʚʝʣʠʯʠʥʳ ʢʦʥʩʪʘʥʪ ʉʫʥʘʨʦʤ ʠ ʊʨʘʡʚʝʜʠ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʜʘʥʥʳʭ 

ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ. ɺʝʨʦʷʪʥʳʝ ʨʘʟʣʠʯʠʷ ʩʚʷʟʘʥʳ ʩ ʘʧʧʘʨʘʪʫʨʥʳʤʠ ʦʰʠʙʢʘʤʠ ʚ 

ʨʘʙʦʪʘʝ [42]. 

ʂʦʣʣʝʛʘʥʦʚ ʠ ʩʦʪʨʫʜʥʠʢʠ [43] ʠʩʩʣʝʜʦʚʘʣʠ ʢʠʩʣʦʪʥʳʝ ʩʚʦʡʩʪʚʘ ʕɼɼʗʂ. 

ʂʦʥʩʪʘʥʪʳ ʜʠʩʩʦʮʠʘʮʠʠ ʙʳʣ ʦʧʨʝʜʝʣʝʥʳ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʧʨʠ 

25
ʦ
ʉ ʠ I = 0,1 (KNO3) (ʪʘʙʣ. 1.1). ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ʭʦʨʦʰʝʤ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʫʨʦʚʥʝ. ʅʘʡʜʝʥʥʳʝ ʂʦʣʣʝʛʘʥʦʚʳʤ ʚʝʣʠʯʠʥʳ ʨʂ ʕɼɼʗʂ ʚ 

ʦʩʥʦʚʥʦʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʘʥʥʳʤ ʄʘʡʝʨʘ. ʂʦʥʩʪʘʥʪʳ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʚ ʨʘʙʦʪʝ [43] 

ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʝ, ʦʜʥʘʢʦ ʚʝʣʠʯʠʥʘ pKi ʪʨʝʙʫʝʪ 

ʫʪʦʯʥʝʥʠʷ. 

ɺ ʨʘʙʦʪʝ ʃʝʜʝʥʢʦʚʘ [44] ʢʦʥʩʪʘʥʪʳ ʜʠʩʩʦʮʠʘʮʠʠ ʕɼɼʗʂ ʦʧʨʝʜʝʣʝʥʳ 

ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 298,15ʂ ʠ ʪʨʝʭ ʟʥʘʯʝʥʠʷʭ 

ʠʦʥʥʦʡ ʩʠʣʳ. ɼʘʥʥʳʝ ʦʙʨʘʙʦʪʘʥʳ ʥʘ ʕɺʄ ʧʦ ʧʨʦʛʨʘʤʤʝ "ʈʅʄɽʊʈ" [45] (ʪʘʙʣ. 

1.1). ɼʘʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʭ ʢʦʥʩʪʘʥʪ ʧʝʨʝʩʯʠʪʘʥʳ ʥʘ ʥʫʣʝʚʦʝ ʟʥʘʯʝʥʠʝ 

ʠʦʥʥʦʡ ʩʠʣʳ ʧʦ ʫʨʘʚʥʝʥʠʶ [46]. ɺʝʣʠʯʠʥʳ ʢʦʥʩʪʘʥʪ, ʥʘʡʜʝʥʥʳʝ ʜʣʷ ʠʦʥʥʦʡ ʩʠʣʳ 

0,12, ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʢʦʥʩʪʘʥʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʨʘʙʦʪʝ ʄʘʡʝʨʘ [40].  

ɺ ʧʫʙʣʠʢʘʮʠʷʭ ʥʝ ʚʩʝʛʜʘ ʩʦʦʙʱʘʝʪʩʷ ʦ ʩʧʦʩʦʙʝ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʦʥʘ, 

ʧʦʵʪʦʤʫ ʪʨʫʜʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʥʘʩʢʦʣʴʢʦ ʨʘʟʣʠʯʠʷ ʚ ʚʝʣʠʯʠʥʘʭ pKʜʠʩʩ, 

ʧʨʠʚʦʜʠʤʳʭ ʨʘʟʥʳʤʠ ʘʚʪʦʨʘʤʠ, ʦʙʫʩʣʦʚʣʝʥʳ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʪʝʭ 

ʠʣʠ ʜʨʫʛʠʭ ʩʪʝʨʝʦʠʟʦʤʝʨʦʚ ʕɼɼʗʂ, ʠʣʠ ʞʝ ʨʘʟʣʠʯʠʷ ʠʤʝʶʪ ʜʨʫʛʠʝ ʧʨʠʯʠʥʳ. 

ɺ ʨʘʙʦʪʝ [47] ɻʨʠʜʯʠʥ ʠ ʩʦʪʨʫʜʥʠʢʠ ʦʧʨʝʜʝʣʠʣʠ ʢʦʥʩʪʘʥʪʳ ʜʠʩʩʦʮʠʘʮʠʠ 

ʕɼɼʗʂ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 298,15ʂ ʠ ʪʨʝʭ 
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ʟʥʘʯʝʥʠʷʭ ʠʦʥʥʦʡ ʩʠʣʳ (ʪʘʙʣ. 1.2), ʘ ʨʘʩʯʝʪʳ ʚʳʧʦʣʥʝʥʳ ʩ ʫʯʝʪʦʤ ʚʩʝʭ 

ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʧʦʙʦʯʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʦʥʠ ʙʳʣʠ ʚʳʙʨʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʥʘʠʙʦʣʝʝ 

ʥʘʜʝʞʥʳʭ. 

ʊʘʙʣʠʮʘ 1.2 

ʂʦʥʩʪʘʥʪʳ ʜʠʩʩʦʮʠʘʮʠʠ ʵʪʠʣʝʥʜʠʘʤʠʥʜʠʷʥʪʘʨʥʦʡ ʢʠʩʣʦʪʳ ʧʦ ʜʘʥʥʳʤ [47] 

ʈʝʘʢʮʠʠ pk i I = 0 I = 0,1 I = 0,5 I = 1,0 

H4L Ú  H3LĖ + H
+
 pk 1 3,45 3,20 3,33 3,28 

H3LĖ Ú  H2L
2
Ė + H

+
 pk 2 4,28 3,87 3,76 3,81 

H2L
2
Ė Ú  HL

3
Ė + H

+
 pk 3 7,52 6,85 6,72 6,65 

HL
3
Ė Ú  L

4
Ė + H

+
 pk 4 11,12 10,23 10,16 10,10 

 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 1.2 ʚʝʣʠʯʠʥʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʢʦʥʩʪʘʥʪ 

ʩʪʫʧʝʥʯʘʪʦʡ ʜʠʩʩʦʮʠʘʮʠʠ ʢʦʤʧʣʝʢʩʦʥʦʚ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʵʢʩʪʨʘʧʦʣʷʮʠʝʡ 

ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʠʦʥʥʦʡ ʩʠʣʳ, ʥʘ ʥʫʣʝʚʫʶ 

ʠʦʥʥʫʶ ʩʠʣʫ ʧʦ ʫʨʘʚʥʝʥʠʶ ʩ ʦʜʥʠʤ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʧʘʨʘʤʝʪʨʦʤ [46]: 

pk + ɸȹz
2
I
1/2

/(1 + 1,6I
1/2

 ) = pkÁ ï bI,                              (1.3.1) 

ʛʜʝ pk ʠ pkÁ ï ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʜʝʩʷʪʠʯʥʳʡ ʣʦʛʘʨʠʬʤ ʢʦʥʩʪʘʥʪʳ ʜʠʩʩʦʮʠʘʮʠʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʠ ʢʦʥʝʯʥʦʡ ʠ ʥʫʣʝʚʦʡ ʠʦʥʥʳʭ ʩʠʣʘʭ; ɸ ï ʧʦʩʪʦʷʥʥʘʷ ʪʝʦʨʠʠ 

ɼʝʙʘʷïʍʶʢʢʝʣʷ; ȹz
2
 ï ʨʘʟʥʦʩʪʴ ʢʚʘʜʨʘʪʦʚ ʟʘʨʷʜʦʚ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʠ 

ʨʝʘʛʠʨʫʶʱʠʭ ʯʘʩʪʠʮ; I ï ʠʦʥʥʘʷ ʩʠʣʘ ʨʘʩʪʚʦʨʘ; b ï ʵʤʧʠʨʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʠʟʤʝʥʝʥʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʩʪʦʷʥʥʦʡ ʩʨʝʜʳ ʚʙʣʠʟʠ ʠʦʥʦʚ ʠ 

ʨʷʜ ʜʨʫʛʠʭ ʵʬʬʝʢʪʦʚ [46]. 

ʀʩʧʦʣʴʟʫʷ ʟʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪ ʜʠʩʩʦʮʠʘʮʠʠ ʕɼɼʗʂ, ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ 

ʨʘʚʥʦʚʝʩʥʦʝ ʜʦʣʝʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʠʮ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

pH ʨʘʩʪʚʦʨʘ. ʇʦʩʪʨʦʝʥʠʝ ʜʠʘʛʨʘʤʤ ʜʦʣʝʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ 

ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʠʟʫʯʝʥʠʷ ʪʝʨʤʦʭʠʤʠʠ ʨʝʘʢʮʠʡ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʨʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʠʭ 

ʠʟʤʝʨʝʥʠʡ. 
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ʈʠʩ. 1.3.1. ɼʠʘʛʨʘʤʤʘ ʜʦʣʝʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʕɼɼʗʂ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ 

I=0,1 ʧʨʠ 25
ʦ
ʉ. 

 

1.3.3. ʂʦʥʩʪʘʥʪʳ ʢʠʩʣʦʪʥʦʡ ʜʠʩʩʦʮʠʘʮʠʠ ʂʇʗʂ 

ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʢʦʥʩʪʘʥʪ ʜʠʩʩʦʮʠʘʮʠʠ ʢʦʤʧʣʝʢʩʦʥʦʚ, ʧʨʦʠʟʚʦʜʥʳʭ 

ʤʦʥʦʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ, ʘ ʠʤʝʥʥʦ ʕɼʊɸ, ʵʪʠʣʝʥʜʠʘʤʠʥ-N,N'-ʜʠʫʢʩʫʩʥʦʡ-N,N'-

ʜʠʧʨʦʧʠʦʥʦʚʦʡ (ʕɼɸʇ) ʠ ɻ ʪʠʣʝʥʜʠʘʤʠʥ-N,N,N',N'-ʪʝʪʨʘʧʨʦʧʠʦʥʦʚʦʡ ʢʠʩʣʦʪ 

(ʕɼʊʇ)  ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʠʦʥʥʦʡ ʩʠʣʳ [47] ɻʨʠʜʯʠʥ ʠ ʩʦʪʨʫʜʥʠʢʠ 

ʚʳʷʚʠʣʠ ʫ ʥʠʭ ʩʭʦʜʥʳʝ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ. 

ʊʘʙʣʠʮʘ 1.3 

ʂʦʥʩʪʘʥʪʳ ʜʠʩʩʦʮʠʘʮʠʠ ʢʦʤʧʣʝʢʩʦʥʦʚ, ʧʨʦʠʟʚʦʜʥʳʭ ʤʦʥʦʢʘʨʙʦʥʦʚʳʭ 

ʢʠʩʣʦʪ ʧʨʠ 298,15 ʂ 

ʂʦʤʧʣʝʢʩʦʥ pk 
I 

0 0,1 0,5 1,0 

ʕɼʊɸ ʨk1 

ʨk2 

ʨk3 

ʨk4 

2,23 

3,17 

6,82 

11,05 

2,02 

2,77 

6,20 

10,21 

1,92 

2,52 

6,17 

9,93 

1,90 

2,45 

6,22 

9,89 

ʕɼɸʇ  ʨk1 

ʨk2 

ʨk3 

ʨk4 

3,20   

4,29   

6,72   

10,69   

3,01   

3,86   

6,09   

9,84   

2,98   

3,79   

6,03   

9,69   

3,05   

3,74   

6,03   

9,61   

ʕɼʊʇ  ʨk1 

ʨk2 

ʨk3 

ʨk4 

3,61 

4,68 

6,88 

 10,48 

3,40 

4,24 

6,26 

9,62 

3,46 

4,21 

6,21 

9,34 

3,47 

4,15 

6,24 

9,19 
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ʇʦʩʣʝʜʥʠʝ ʜʚʝ ʩʪʫʧʝʥʠ ʜʠʩʩʦʮʠʘʮʠʠ ʢʦʤʧʣʝʢʩʦʥʦʚ (ʪʘʙʣ. 1.3) 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʪʨʳʚʫ ñʙʝʪʘʠʥʦʚʳʭò ʧʨʦʪʦʥʦʚ, ʦʩʪʘʣʴʥʳʝ ʦʪʥʦʩʷʪʩʷ ʢ 

ʜʠʩʩʦʮʠʘʮʠʠ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ. ʇʨʠ ʵʪʦʤ ʜʠʩʩʦʮʠʘʮʠʷ H4L ʠ H3L
ï 
ʧʨʦʠʩʭʦʜʠʪ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʪʱʝʧʣʝʥʠʷ ʧʨʦʪʦʥʦʚ ʦʪ Ŭ-ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʕɼʊɸ, ɓ-

ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʕɼɸʇ ʠ ʕɼʊʇ (Ŭ-ʢʘʨʙʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ ʕɼɸʇ, ʠʤʝʶʱʠʝ 

ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʢʠʩʣʦʪʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ɓ-ʢʘʨʙʦʢʩʠʣʴʥʳʤʠ, ʠʟʥʘʯʘʣʴʥʦ 

ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʳ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʮʚʠʪʪʝʨ-ʠʦʥʥʦʛʦ ʩʪʨʦʝʥʠʷ H4L ʠ H3L
ï
). 

ʅʝʢʦʪʦʨʦʝ ʨʘʟʣʠʯʠʝ ʚʝʣʠʯʠʥ pK ʜʠʩʩʦʮʠʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʛʨʫʧʧ ʚ ʨʷʜʫ ʕɼʊɸïʕɼɸʇïʕɼʊʇ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʚʷʟʘʥʦ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 

ʩʪʨʦʝʥʠʷ ʙʠ- ʠ ʪʨʠ-ʬʫʨʢʘʪʥʳʭ ʙʣʦʢʦʚ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ 

NïH
é
O ʛʣʠʮʠʥʘʪʥʦʛʦ ʠ ɓ-ʘʣʘʥʠʥʘʪʥʦʛʦ ʪʠʧʘ, ʩʦʧʨʷʞʝʥʥʳʭ ʧʦ ʩʚʷʟʠ NïH [48].  

ʀ.ʇ. ɻʦʨʝʣʦʚ, ʚ ʩʚʦʝʡ ʜʦʢʪʦʨʩʢʦʡ ʜʠʩʩʝʨʪʘʮʠʠ [49], ʠʟʫʯʠʣ ʛʨʫʧʧʫ 

ʢʦʤʧʣʝʢʩʦʥʦʚ, ʧʨʦʠʟʚʦʜʥʳʭ ʜʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ, ʚ ʢʦʪʦʨʶ ʚʭʦʜʷʪ ʕɼɼʗʂ, 

ʵʪʠʣʝʥʜʠʘʤʠʥʜʠʤʘʣʦʥʦʚʘʷ (ʕɼɼʄʂ) ʠ ʵʪʠʣʝʥʜʠʘʤʠʥʜʠʛʣʫʪʘʨʦʚʘ (ʕɼɼɻʂ) 

ʢʠʩʣʦʪʳ. ʆʥ ʦʪʤʝʪʠʣ, ʯʪʦ ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʕɼɼʄʂ, ʢʦʤʧʣʝʢʩʦʥʳ ʠʤʝʝʶʪ 

ʥʝʩʠʤʤʝʪʨʠʯʥʦʝ ʩʪʨʦʝʥʠʝ, ʧʦʵʪʦʤʫ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʧʦʣʫʯʝʥʠʝ ʩʚʝʜʝʥʠʡ ʦ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʜʦʥʦʨʥʳʭ ʛʨʫʧʧ ʤʦʣʝʢʫʣ ʢʦʤʧʣʝʢʩʦʥʦʚ ʠ ʦʙ 

ʦʪʥʝʩʝʥʠʠ ʥʘʡʜʝʥʥʳʭ ʚʝʣʠʯʠʥ ʨk ʢ ʜʠʩʩʦʮʠʘʮʠʠ ʧʨʦʪʦʥʦʚ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ  ʪʝʤ 

ʠʣʠ ʠʥʳʤ ʢʘʨʙʦʢʩʠʣʴʥʳʤ ʛʨʫʧʧʘʤ. 

ʊʘʙʣʠʮʘ 1.4 

ʂʦʥʩʪʘʥʪʳ ʜʠʩʩʦʮʠʘʮʠʠ ʢʦʤʧʣʝʢʩʦʥʦʚ, ʧʨʦʠʟʚʦʜʥʳʭ ʜʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ, 

I =  0,1 ʚ ʩʨʝʜʝ KNO3 

pk ʕɼɼʄʂ[50] ʕɼɼʗʂ[47] ʕɼɼɻʂ[47] 

ʨk1 2,21 3,20 3,59 

 ʨk2 2,90 3,87 4,27 

ʨk3 6,75 6,85 6,87 

ʨk4 9,40  10,23 9,82 
 

ʀʟ ʪʘʙʣʠʮʳ 1.4 ʚʠʜʥʦ, ʯʪʦ pk1 ʠ pk2 ʤʦʥʦʪʦʥʥʦ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʚ ʨʷʜʫ 

ʕɼɼʄʂ < ʕɼɼʗʂ < ʕɼɼɻʂ. ʇʦʩʢʦʣʴʢʫ ʵʪʠ ʢʦʤʧʣʝʢʩʦʥʳ ʨʘʟʣʠʯʘʶʪʩʷ ʣʠʰʴ 

ʜʣʠʥʦʡ ʫʛʣʝʨʦʜʥʳʭ ʮʝʧʝʡ, ʧʨʠ ʧʦʤʦʱʠ ʢʦʪʦʨʳʭ ʧʨʠʩʦʝʜʠʥʝʥʳ ʙʦʣʝʝ ʫʜʘʣʝʥʥʳʝ Ů 

ïʢʘʨʙʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ pk1 ʠ pk2 ʩʦʦʪʚʝʪʩʪʚʫʶʪ 
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ʜʠʩʩʦʮʠʘʮʠʠ ʧʨʦʪʦʥʦʚ ʠʤʝʥʥʦ ʜʚʫʭ Ů ïʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʜʣʠʥʳ ʫʛʣʝʨʦʜʥʦʡ ʮʝʧʠ ʫʩʠʣʠʚʘʝʪʩʷ +I ʵʬʬʝʢʪ, ʯʪʦ ʠ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ pk1 

ʠ pk2 ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʕɼɼʄʂ ʢ ʕɼɼɻʂ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʟʘʢʣʶʯʝʥʠʝ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʮʚʠʪʪʝʨʠʦʥʦʚ ï NH2
+
 ï ʚ ʤʦʣʝʢʫʣʘʭ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʢʦʤʧʣʝʢʩʦʥʦʚ, ʧʨʦʠʟʚʦʜʥʳʭ ʜʠʢʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ, ʧʨʦʠʩʭʦʜʠʪ 

ʟʘ ʩʯʝʪ ʦʪʨʳʚʘ ʧʨʦʪʦʥʦʚ ʦʪ ʙʣʠʞʘʡʰʠʭ ʘʪʦʤʦʚ ʘʟʦʪʘ Ŭ-ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ. 

 

 

2. ʂʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʠʝ ʩʚʦʡʩʪʚʘ ʵʣʝʤʝʥʪʦʚ II-A ʠ III-A 

ʧʦʜʛʨʫʧʧ  

 

2.1. ʂʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʵʣʝʤʝʥʪʦʚ II-A ʧʦʜʛʨʫʧʧʳ ʩ ʂʇʗʂ 

 

ʇʨʦʮʝʩʩʳ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʠʦʥʦʚ ʑɿʄ ʠ ʄg ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʣʠʛʘʥʜʘʤʠ ʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʢʦʤʧʣʝʢʩʦʥʘʤʠ, ʚʳʟʳʚʘʶʪ ʥʝʦʩʣʘʙʝʚʘʶʱʠʡ ʠʥʪʝʨʝʩ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʧʦʩʢʦʣʴʢʫ ʩʦʝʜʠʥʝʥʠʷ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʠʛʨʘʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ 

ʢʘʢ ʚ ʞʠʚʦʡ, ʪʘʢ ʠ ʥʝʞʠʚʦʡ ʧʨʠʨʦʜʝ [51] ʠ, ʢʨʦʤʝ ʪʦʛʦ, ʠʤʝʶʪ ʰʠʨʦʢʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʭʠʤʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ [52; 38]. 

ʂʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʵʣʝʤʝʥʪʦʚ II-A ʧʦʜʛʨʫʧʧʳ ʩ ʕɼɼʗʂ ʙʳʣʦ ʠʟʫʯʝʥʦ ʚ 

ʨʘʟʣʠʯʥʳʭ ʨʘʙʦʪʘʭ ʤʝʪʦʜʘʤʠ ʨʅ-ʧʦʪʝʥʮʠʦʤʝʪʨʠʠ. 

ʊʘʙʣʠʮʘ 2.1 

ʃʦʛʘʨʠʬʤʳ ʢʦʥʩʪʘʥʪ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʨʝʜʥʠʭ ʢʦʤʧʣʝʢʩʦʚ ʑɿʄ ʩ ʕɼɼʗʂ, 

 I = 0,1 (KNO3), T = 298 K 

MgL CaL SrL BaL ʉʩʳʣʢʘ, ʛʦʜ 

6,09 4,72 3,37 3,80 [53] (1968) 

5,82 4,23 2,82 2,12 [51] (1971) 

ð 4,58 3,76 2,98 [54] (1989) 

5,95 4,44 3,00 2,35 [55] (2014) 

 

ʀʟ ʪʘʙʣʠʮʳ 2.1 ʚʠʜʥʦ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʨʝʜʥʠʭ 

ʢʦʤʧʣʝʢʩʦʚ ʑɿʄ ʩ ʕɼɼʗʂ ʩʭʦʜʥʳ ʤʝʞʜʫ ʩʦʙʦʡ. ɺ ʢʘʯʝʩʪʚʝ ʙʦʣʝʝ ʥʘʜʝʞʥʳʭ 

ʟʥʘʯʝʥʠʡ ʙʳʣʠ ʚʳʙʨʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʣʝʜʦʚʘʥʠʡ ɻʨʠʜʯʠʥʘ, ʪʘʢ ʢʘʢ ʨʘʙʦʪʝ [55] 
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ʥʘʡʜʝʥʳ ʠ ʨʘʩʯʠʪʘʥʳ ʩ ʫʯʝʪʦʤ ʚʩʝʭ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʧʦʙʦʯʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩʨʝʜʥʠʝ, 

ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʝ ʠ ʜʚʫʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ.  

ʉʦʧʦʩʪʘʚʣʷʷ ʟʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪ ʫʩʪʦʡʯʠʚʦʩʪʠ ʵʣʝʤʝʥʪʦʚ II-A ʧʦʜʛʨʫʧʧʳ ʩ 

ʢʦʤʧʣʝʢʩʦʥʘʤʠ, ʧʨʦʠʟʚʦʜʥʳʤʠ ʜʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ 

ʩʣʝʜʫʶʱʝʝ. 

ʊʘʙʣʠʮʘ 2.2 

ʂʦʥʩʪʘʥʪʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ ʑɿʄ ʩ ʢʦʤʧʣʝʢʩʦʥʘʤʠ, 

ʧʨʦʠʟʚʦʜʥʳʤʠ ʜʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ, I = 0,1 ʚ ʩʨʝʜʝ KNO3 

ʂʦʤʧʣʝʢʩʦʥ ʂʦʤʧʣʝʢʩ Mg
2+

 Ca
2+

 Sr
2+

 Ba
2+

 

ʕɼɼʄʂ [56] MY 4,51 4,80 3,45 3,38 

MHY 2,34 2,61 1,80 1,85 

M2Y 2,49 2,26 2,12 2,07 

ʕɼɼʗʂ [55] 

 

MY 5,95  4,44  3,00  2,35  

MHY 2,63  2,50  1,90  1,53  

M2Y 2,19  2,01  1,19  1,05  

ʕɼɼɻʂ [57] MY 3,0 2,59 2,25 2,47 

MHY 1,26 1,57 1,35 1,66 

M2Y 2,74 2,86 2,72 2,66 
 

ʋʩʪʦʡʯʠʚʦʩʪʴ ʥʦʨʤʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ 

ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʨʷʜʘ ʕɼɼʄʂ > ʕɼɼʗʂ > ʕɼɼɻʂ, ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʚ 

ʪʘʙʣʠʮʝ ʜʘʥʥʳʭ ʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʚʩʝʭ ʪʠʧʦʚ ʢʦʤʧʣʝʢʩʥʳʭ ʯʘʩʪʠʮ ʩ ʕɼɼʗʂ ʠ 

ʕɼɼɻʂ ʥʘʙʣʶʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʨʷʜʘ: Mg
2+

 > Ca
2+

 

> Sr
2+

 > Ba
2+

. ɼʣʷ ʕɼɼʄʂ ʵʪʦ ʨʷʜ ʚʳʛʣʷʜʠʪ ʥʝʩʢʦʣʴʢʦ ʠʥʘʯʝ: Ca
2+

 > Mg
2+

 > Sr
2+

 > 

Ba
2+

. ʇʦʜʦʙʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʜʣʷ ʕɼʊɸ,  ʚ ʢʦʤʧʣʝʢʩʘʭ ʢʦʪʦʨʦʡ ʢʘʢ 

ʠ ʚ ʩʣʫʯʘʝ ʩ ʕɼɼʄʂ, ʦʙʨʘʟʫʶʪʩʷ ʣʠʰʴ ʧʷʪʠʯʣʝʥʥʳʝ ʮʠʢʣʳ. 

ʅʘʙʣʶʜʘʶʱʘʷʩʷ ʚ ʢʦʤʧʣʝʢʩʘʭ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʩ 

ʧʦʣʠʘʤʠʥʧʦʣʠʢʘʨʙʦʥʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ ʦʙʨʘʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʠʦʥʥʳʤ 

ʨʘʜʠʫʩʦʤ  ʠ lgK ʚ ʨʷʜʫ  Ca
2+

  > Sr
2+

 > Ba
2+
, ʜʣʷ Mg

2+
  ʠ Ca

2+
 ʯʘʩʪʦ ʥʝ ʩʦʙʣʶʜʘʝʪʩʷ. 

ʄʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʦʙʲʷʩʥʷʶʪ ʵʪʦ ʷʚʣʝʥʠʝ ʩʣʠʰʢʦʤ ʪʝʩʥʳʤ ʩʦʩʝʜʩʪʚʦʤ 

ʜʦʥʦʨʥʳʭ ʛʨʫʧʧ, ʦʢʨʫʞʘʶʱʠʭ ʠʦʥ ʤʝʪʘʣʣʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʦʷʚʣʷʝʪʩʷ ʠʭ 

ʚʟʘʠʤʥʦʝ ʦʪʪʘʣʢʠʚʘʥʠʝ. ɺ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʢʦʤʧʣʝʢʩʘ Mg
2+

 ʩ ʕɼʊɸ ʄʘʨʪʝʣʣ 

ʚʳʩʢʘʟʘʣ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʩʣʠʰʢʦʤ ʪʝʩʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʜʦʥʦʨʥʳʭ ʛʨʫʧʧ ʥʝ 
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ʧʦʟʚʦʣʷʝʪ ʥʝʢʦʪʦʨʳʤ ʠʟ ʥʠʭ ʟʘʤʝʩʪʠʪʴ ʤʘʣʝʢʫʣʳ ʚʦʜʳ ʚ ʩʦʣʴʚʘʪʥʦʡ ʦʙʦʣʦʯʢʝ 

ʠʦʥʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʢʦʣʠʯʝʩʪʚʦ ʮʠʢʣʦʚ ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʢʦʤʧʣʝʢʩʝ ʩ Mg
2+

  

ʤʝʥʴʰʝ, ʯʝʤ ʚ ʢʦʤʧʣʝʢʩʝ ʩ Ca
2+
. ʆʜʥʘʢʦ ʚ ʙʦʣʝʝ ʧʦʟʜʥʝʡ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʕɼʊɸ ʪʘʢʦʚʘ, ʯʪʦ ʠʦʥ ʢʘʣʴʮʠʷ ʢʦʦʨʜʠʥʠʨʦʚʘʥ ʩ 

ʤʝʥʴʰʠʤ ʥʘʧʨʷʞʝʥʠʝʤ ʚ ʩʪʨʫʢʪʫʨʝ ʣʠʛʘʥʜʘ, ʯʝʤ ʠ ʦʙʲʷʩʥʷʝʪʩʷ ʙʦʣʴʰʘʷ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʝʛʦ ʢʦʤʧʣʝʢʩʦʚ. 

ɺʳʩʦʢʘʷ ʜʦʥʦʨʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʘʪʦʤʘ ʘʟʦʪʘ ʚ ʕɼɼʗʂ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʕɼɼʄʂ ʠ ʕɼɼɻʂ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʜʣʷ ʥʘʠʤʝʥʴʰʝʛʦ ʢʘʪʠʦʥʘ (ʤʘʛʥʠʷ) 

ʟʥʘʯʝʥʠʝ ʢʦʥʩʪʘʥʪʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʤʧʣʝʢʩʘ ʩ ʵʪʠʤ ʢʦʤʧʣʝʢʩʦʥʦʤ ʥʘʠʙʦʣʝʝ 

ʚʳʩʦʢʦʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʚʫʤʷ ʜʨʫʛʠʤʠ ʢʦʤʧʣʝʢʩʦʥʘʤʠ. ʆʜʥʘʢʦ ʚ ʩʣʫʯʘʝ 

ʙʦʣʴʰʠʭ ʠʦʥʦʚ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʚʦʟʥʠʢʘʝʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʟʘʪʨʫʜʥʝʥʠʷ, ʚ ʩʚʷʟʠ ʩ 

ʯʝʤ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ Ca
2+

, Sr
2+

 ʚ Ba
2+

 ʥʠʞʝ, ʯʝʤ ʫ ʢʦʤʧʣʝʢʩʦʚ ʕɼɼʄʂ. 

ʅʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳ ʜʚʫʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʫ ʕɼɼɻʂ. ʕʪʦ, ʚʝʨʦʷʪʥʦ, 

ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʩʚʷʟʴ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʕɼɼɻʂʩ ʠʦʥʘʤʠ ʤʝʪʘʣʣʘ, 

ʚʭʦʜʷʱʠʤʠ ʚ ʩʦʩʪʘʚ ʜʚʫʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʙʦʣʝʝ ʢʦʚʘʣʝʥʪʥʘ, ʯʝʤ ʚ ʩʣʫʯʘʝ 

ʕɼɼʄʂ ʠ ʕɼɼʗʂ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠ ʤʝʥʴʰʠʤʠ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʪʠʤʠ 

ʢʦʤʧʣʝʢʩʦʥʘʤʠ, ʟʥʘʯʝʥʠʷʤʠ ʜʚʫʭ ʧʝʨʚʳʭ ʢʦʥʩʪʘʥʪ ʢʠʩʣʦʪʥʦʡ ʜʠʩʩʦʮʠʘʮʠʠ 

ʕɼɼɻʂ. 

 

 

2.2. ʂʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʠʝ ʩʚʦʡʩʪʚʘ ʵʣʝʤʝʥʪʦʚ III-A ʧʦʜʛʨʫʧʧʳ  

 

ɹʦʨ, ʘʣʶʤʠʥʠʡ ʠ ʛʘʣʣʠʡ ʦʪʥʦʩʷʪʩʷ ʢ III -ɸ ʧʦʜʛʨʫʧʧʝ ʧʝʨʠʦʜʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ɹʦʨ ð ʝʜʠʥʩʪʚʝʥʥʳʡ ʥʝʤʝʪʘʣʣ ʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʛʨʫʧʧʝ ʵʣʝʤʝʥʪʦʚ. ɸʣʶʤʠʥʠʡ ʠ ʛʘʣʣʠʡ ð ʤʝʪʘʣʣʳ ʩ 

ʘʤʬʦʪʝʨʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ.  

ɹʦʨ ʠ ʘʣʶʤʠʥʠʡ ʷʚʣʷʶʪʩʷ ʤʠʢʨʦʙʠʦʛʝʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʠ ʦʪʥʦʩʷʪʩʷ ʢ 

ʵʣʝʤʝʥʪʘʤ ʞʠʟʥʠ. ɻʘʣʣʠʡ ʪʘʢʞʝ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ, ʞʠʚʦʪʥʳʭ 

ʠ ʨʘʩʪʝʥʠʡ [58], ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 10Ė
4
 ʜʦ 10Ė

12
. ɹʠʦʣʦʛʠʯʝʩʢʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʨ-ʵʣʝʤʝʥʪʦʚ III-ɸ ʧʦʜʛʨʫʧʧʳ ʩʚʷʟʘʥʘ ʩ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴʶ ʦʙʨʘʟʦʚʳʚʘʪʴ 
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ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʤʠ ʣʠʛʘʥʜʘʤʠ ʠ 

ʤʘʣʦʨʘʩʪʚʦʨʠʤʳʤʠ ʬʦʩʬʘʪʘʤʠ. 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʙʦʨʘ ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ ʩʦʩʪʘʚʣʷʝʪ 10
Ė5
%. ʕʪʦʪ ʵʣʝʤʝʥʪ 

ʥʘʢʘʧʣʠʚʘʝʪʩʷ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʚ ʣʝʛʢʠʭ, ʱʠʪʦʚʠʜʥʦʡ ʞʝʣʝʟʝ, ʩʝʣʝʟʝʥʢʝ, 

ʧʝʯʝʥʠ, ʤʦʟʛʝ, ʧʦʯʢʘʭ ʠ ʩʝʨʜʝʯʥʦʡ ʤʳʰʮʝ. ʄʝʭʘʥʠʟʤʳ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʙʦʨʘ ʠʟʫʯʝʥʳ ʥʝʜʦʩʪʘʪʦʯʥʦ. ʀʟʙʳʪʦʢ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ ʚʨʝʜʝʥ ʜʣʷ ʦʨʛʘʥʠʟʤʘ 

ʯʝʣʦʚʝʢʘ. ɹʦʣʴʰʦʡ ʠʟʙʳʪʦʢ ʙʦʨʘ ʫʛʥʝʪʘʝʪ ʘʤʠʣʘʟʳ, ʧʨʦʪʝʠʥʘʟʳ, ʫʤʝʥʴʰʘʝʪ 

ʘʢʪʠʚʥʦʩʪʴ ʘʜʨʝʥʘʣʠʥʘ. ʇʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʩʥʠʞʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʘʜʨʝʥʘʣʠʥʘ, 

ʷʚʣʷʶʱʝʛʦʩʷ ʧʨʦʠʟʚʦʜʥʳʤ ʧʠʨʦʢʘʪʝʭʠʥʘ, ʩʚʷʟʘʥʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʵʬʠʨʦʚ ʩ 

ʦʨʪʦʙʦʨʥʦʡ ʢʠʩʣʦʪʦʡ. ʅʝʜʦʩʪʘʪʦʢ ʙʦʨʘ ʚ ʦʨʛʘʥʠʟʤʝ ʥʝʢʦʪʦʨʳʭ ʞʠʚʦʪʥʳʭ 

ʥʘʨʫʰʘʝʪ ʫʛʣʝʚʦʜʥʦ-ʬʦʩʬʘʪʥʳʡ ʦʙʤʝʥ. 

ʉʦʜʝʨʞʘʥʠʝ ʘʣʶʤʠʥʠʷ ʚ ʦʨʛʘʥʠʟʤʝ ʥʝ ʧʨʝʚʳʰʘʝʪ 10Ė
5
%. ɼʦʧʫʩʪʠʤʦʝ 

ʩʫʪʦʯʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʘʣʶʤʠʥʠʷ ʯʝʣʦʚʝʢʦʤ ʩʦʩʪʘʚʣʷʝʪ 47 ʤʛ. ɸʣʶʤʠʥʠʡ 

ʦʢʘʟʳʚʘʝʪ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʬʝʨʤʝʥʪʘʪʠʚʥʳʝ ʧʨʦʮʝʩʩʳ. ʂʘʪʠʦʥ ɸ1
3+

 ʠʟ-ʟʘ ʩʭʦʜʩʪʚʘ 

ʩʚʦʡʩʪʚ ʩ ʢʘʪʠʦʥʘʤʠ Mg
2+  
ʠ ʉʘ

2+
 ʤʦʞʝʪ ʟʘʤʝʱʘʪʴ ʠʭ ʚ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ, 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʘʭ. ʕʪʠ ʢʘʪʠʦʥʳ ʠʤʝʶʪ ʙʣʠʟʢʠʝ ʨʘʜʠʫʩʳ ʠ ʜʣʷ 

ʥʠʭ ʭʘʨʘʢʪʝʨʥʦ ʦʜʠʥʘʢʦʚʦʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ, ʨʘʚʥʦʝ ʰʝʩʪʠ. ʀʟʙʳʪʦʢ 

ʘʣʶʤʠʥʠʷ ʚ ʦʨʛʘʥʠʟʤʝ ʪʦʨʤʦʟʠʪ ʩʠʥʪʝʟ ʛʝʤʦʛʣʦʙʠʥʘ, ʪʘʢ ʢʘʢ ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʘʣʶʤʠʥʠʡ ʙʣʦʢʠʨʫʝʪ ʘʢʪʠʚʥʳʝ ʮʝʥʪʨʳ 

ʬʝʨʤʝʥʪʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʢʨʦʚʝʪʚʦʨʝʥʠʠ. 

ɻʘʣʣʠʡ ʚ ʧʨʠʨʦʜʝ ʚʩʪʨʝʯʘʶʝʪʩʷ ʪʦʣʴʢʦ ʚ ʩʣʝʜʦʚʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʠ ʧʦʣʫʯʠʣ 

ʥʘʟʚʘʥʠʝ çʨʝʜʢʠʡ ʵʣʝʤʝʥʪè, ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʚ ʤʳʰʝʯʥʳʭ ʪʢʘʥʷʭ. ɽʛʦ 

ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʨʦʣʴ ʝʱʝ ʥʝ ʚʳʷʚʣʝʥʘ. 

ɺʳʩʦʢʘʷ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ 

ʜʝʣʘʝʪ ʵʣʝʤʝʥʪʳ III -ɸ ʧʦʜʛʨʫʧʧʳ ʠʥʪʝʨʝʩʥʳʤ ʦʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʈʘʩʩʤʦʪʨʠʤ ʦʪʜʝʣʴʥʦ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʤʝʪʘʣʣʦʚ ʠ ʙʦʨʘ. 

ɼʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ ʨʘʙʦʪ ʧʦʩʚʷʱʝʥʦ ʘʣʶʤʠʥʠʶ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ 

ʛʘʣʣʠʶ. ɼʣʷ ʥʝʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʪʨʝʪʴʝʡ ʛʨʫʧʧʳ ʭʘʨʘʢʪʝʨʥʦ ʦʙʨʘʟʦʚʘʥʠʝ 

ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʭ, ʩʨʝʜʥʠʭ ʠ ʛʠʜʨʦʢʩʦʢʦʤʧʣʝʢʩʦʚ. ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʘʟʣʠʯʥʳʝ 

ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ: ʨʅ-, ʆɺ-ʧʦʪʝʥʮʠʦʤʝʪʨʠʷ, ʧʦʣʷʨʦʛʨʘʬʠʷ, ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʷ. 
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ɼʘʥʥʳʝ ʦʙ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ ʩ ʥʝʢʦʪʦʨʳʤʠ ʢʦʤʧʣʝʢʩʦʥʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʚ ʪʘʙʣ. 2.3. 

ʊʘʙʣʠʮʘ 2.3 

ʃʦʛʘʨʠʬʤʳ ʢʦʥʩʪʘʥʪ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʘʣʣʦʚ III -ɸ ʧʦʜʛʨʫʧʧʳ ʩ 

ʢʦʤʧʣʝʢʩʦʥʘʤʠ, I = 0,1 (KNO3), T = 298 K  

 

ʂʦʤʧʣʝʢʩʦʥ ʂʦʤʧʣʝʢʩʦʥʘʪ
 

ɸl
3+ 

Ga
3+ 

ʕɼʊɸ [29] 
 

MY 

MHY* 

MOHY**  

16,3 

2,5 

5,89 

20,3 

1,83 

5,64 

ʅʊʋʂ[59]  

 

MY 

MHY* 

MOHY**  

11,37 

1,90 

5,09 

13.95[62] 

ʕɼɼʄʂ [60] MY 10,71 12,63 

ʕɼɼɻʂ [60] MY 8,01 11,59 

ʕɼɼʗʂ [61]
 

MY 

 

MʝHY 

13,86  

13,52 [60] 

3,48  

14,59 [60] 

*  ML+H
+
  MHL          **  ML + OH

-
  MOHL. ɿʘʨʷʜʳ ʯʘʩʪʠʮ ʦʧʫʱʝʥʳ 

 

ʋʩʪʦʡʯʠʚʦʩʪʴ ʩʨʝʜʥʠʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʟʢʦ ʠ ʤʦʥʦʪʦʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʨʷʜʫ 

ɸl
3+

 ï Ga
3+

. ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʜʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʚʠʜʥʦ, ʯʪʦ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʘʣʣʦʚ ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʨʷʜʫ ʕɼʊɸ > ʕɼɼʗʂ > ʕɼɼʄʂ > ʕɼɼɻʂ. 

ʊʘʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʚʣʠʷʥʠʝʤ ʦʩʥʦʚʥʦʩʪʠ ʜʦʥʦʨʥʳʭ ʘʪʦʤʦʚ ʘʟʦʪʘ 

ʤʦʣʝʢʫʣ ʢʦʤʧʣʝʢʩʦʥʦʚ ʠ ʭʘʨʘʢʪʝʨʦʤ ʦʙʨʘʟʫʶʱʠʭʩʷ ʭʝʣʘʪʥʳʭ ʮʠʢʣʦʚ. 

ʂʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʙʦʨʘ ʩ ʘʟʦʪ- ʠ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʤʠ ʣʠʛʘʥʜʘʤʠ ʚ 

ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʳʟʳʚʘʝʪ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ. ʕʪʦ ʩʚʷʟʘʥʦ ʢʘʢ ʩ ʦʙʰʠʨʥʳʤʠ 

ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʙʦʨʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ [60], ʪʘʢ ʠ ʩ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʙʦʨʘ [63-65]. ʊʘʢ 

ʙʦʨʩʦʜʝʨʞʘʱʠʝ ʢʦʤʧʣʝʢʩʳ ʜʠ- ʠ ʪʨʠʵʪʘʥʦʣʘʤʠʥʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʟʘʤʝʜʣʠʪʝʣʝʡ ʢʦʨʨʦʟʠʠ ʚ ʩʦʩʪʘʚʝ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʩʤʘʟʦʯʥʦ-ʦʭʣʘʞʜʘʶʱʠʭ 

ʞʠʜʢʦʩʪʝʡ ʧʨʠ ʤʝʭʘʥʦʦʙʨʘʙʦʪʢʝ ʤʝʪʘʣʣʦʚ, ʘ ʪʘʢʞʝ ʢʘʢ ʢʦʤʧʦʥʝʥʪʳ, 

ʧʦʚʳʰʘʶʱʠʝ ʦʛʥʝʩʪʦʡʢʦʩʪʴ ʜʨʝʚʝʩʠʥʳ. ʀʭ ʚʳʩʦʢʘʷ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʰʠʨʦʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʤʝʜʠʮʠʥʝ. ʊʘʢ ʢʦʤʧʣʝʢʩ 

ʙʦʨʘ ʩ ʪʨʠʵʪʘʥʦʣ ʘʤʠʥʦʤ (ʪʝʭʥʠʯʝʩʢʦʝ ʥʘʟʚʘʥʠʝ ʙʦʨʘʪʨʘʥ) ʧʨʝʜʣʦʞʝʥ ʢ 
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ʧʨʠʤʝʥʝʥʠʶ ʧʨʠ ʥʝʡʪʨʦʥʥʦʡ ʪʝʨʘʧʠʠ ʦʧʫʭʦʣʝʡ, ʪʘʢʞʝ ʦʢʘʟʳʚʘʝʪ ʷʨʢʦ 

ʚʳʨʘʞʝʥʥʦʝ ʚʠʨʫʩʦʩʪʘʪʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ. ʀʟʚʝʩʪʝʥ ʮʝʣʳʡ ʨʷʜ ʘʟʦʧʨʦʠʟʚʦʜʥʳʭ 

ʦʢʩʠʩʦʝʜʠʥʝʥʠʡ, ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʩ ʙʦʨʦʤ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʧʨʠ ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʤ ʦʧʨʝʜʝʣʝʥʠʠ ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ, ʘ ʪʦʢ ʞʝ ʜʣʷ ʝʝ ʵʢʩʪʨʘʢʮʠʠ 

ʠʟ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ. 

ʉʦʯʝʪʘʥʠʝ ʚ ʢʦʤʧʣʝʢʩʘʭ ʙʦʨʘ ʩ ʘʟʦʪ- ʠ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʤʠ ʣʠʛʘʥʜʘʤʠ  

ʢʠʩʣʦʪʥʳʭ ʠ ʦʩʥʦʚʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʚ ɓ- ʠ ɔ-ʧʦʣʦʞʝʥʠʷʭ 

ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʥʝʦʨʜʠʥʘʨʥʦʩʪʴ ʩʪʨʦʝʥʠʷ ʠ ʩʚʦʡʩʪʚ ʦʙʨʘʟʫʶʱʠʭʩʷ 

ʙʦʨʩʦʜʝʨʞʘʱʠʭ ʢʦʤʧʣʝʢʩʦʚ. ʉʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʚ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʠ ʵʪʠʭ 

ʢʦʤʧʣʝʢʩʦʚ ʠʛʨʘʝʪ ʢʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʩʚʷʟʴ NŸB, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʩʪʨʝʤʣʝʥʠʝʤ 

ʘʪʦʤʘ ʙʦʨʘ ʢ ʢʦʤʧʝʥʩʘʮʠʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʝʬʠʮʠʪʘ (ʛʠʙʨʠʜʠʟʘʮʠʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

sp
2
 Ÿ sp

3
) ʠ ʥʘʣʠʯʠʝʤ ʥʝʧʦʜʝʣʝʥʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʘʨʳ ʫ ʘʪʦʤʘ ʘʟʦʪʘ [66]. 

ɺ ʨʷʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ [67-69] ʧʨʦʜʫʢʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ ʩ 

ʵʪʘʥʦʣʘʤʠʥʘʤʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʚʠʜʝ ʘʤʤʦʥʠʡʥʳʭ ʩʦʣʝʡ ʩ ʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. 

ʕʪʦ ʚʳʟʳʚʘʝʪ ʩʦʤʥʝʥʠʝ, ʧʦʩʢʦʣʴʢʫ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ 

ʙʦʨʘʟʦʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ  ʜʦʢʘʟʳʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʠʦʥʥʦʛʦ ʪʠʧʘ 

ʩʚʷʟʠ ʣʠʰʴ ʧʨʠ ʥʘʣʠʯʠʠ ʫ ʘʪʦʤʘ ʙʦʨʘ ʛʘʣʦʛʝʥʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʦʢʩʠʘʤʠʥʦʩʧʠʨʪʦʚ ʩ ʜʠʦʨʛʘʥʦʙʦʨʘʥʘʤʠ ʩʠʥʪʝʟʠʨʦʚʘʥ ʨʷʜ 

ʚʥʫʪʨʠʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʦʨʘ [70-73] ʦʙʱʝʡ ʬʦʨʤʫʣʳ. 

O
CH

2

OR
2
N

Ar
2
B

 

ɺ [74] ʠʩʩʣʝʜʦʚʘʥʦ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʙʦʨʘ ʩ ʘʟʦʟʘʤʝʱʝʥʥʳʤʠ ɸʐ-

ʢʠʩʣʦʪʘʤʠ. ʄʝʪʦʜʦʤ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʠ ʦʧʨʝʜʝʣʝʥ ʩʦʩʪʘʚ ʢʦʤʧʣʝʢʩʦʚ 

(ʩʦʦʪʥʦʰʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʢʦʤʧʣʝʢʩʝ 1:1) ʨʂʥʝʩʪ  ʢʦʤʧʣʝʢʩʦʚ, ʨʘʚʥʳʝ 4,94; 5,66 

ʠ 5,14 ʜʣʷ ɸʐ-ʨʝʟʦʨʮʠʥʘ, ʙʝʨʠʣʣʦʥʘ III  ʠ ɸʐ-ʘʤʠʥʦʬʝʥʦʣʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦ 

ʜʘʥʥʳʤ 
11
ɺ-ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʨʘʩʪʚʦʨʦʚ ʢʦʤʧʣʝʢʩʦʚ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʙʦʨ ʩ 

ʘʟʦʨʝʘʛʝʥʪʘʤʠ ʦʙʨʘʟʫʝʪ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʩ ʪʨʝʤʷ ʢʦʚʘʣʝʥʪʥʳʤʠ 

ʩʚʷʟʷʤʠ ʩ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʠ ʦʜʥʦʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ï ʩ ʘʪʦʤʦʤ ʘʟʦʪʘ. 

11
ɺ-ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʨʫʢʪʫʨʳ 

ʢʦʤʧʣʝʢʩʦʚ ʧʦʣʫʯʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ ʩ ʤʦʥʦʵʪʘʥʦʣʘʤʠʥʦʤ 



 34 

ʠʣʠ ʜʠʵʪʘʥʦʣʘʤʠʥʦʤ (1:1) ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ [65]. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ 

ʦʙʨʘʟʦʚʘʥʠʝ ʤʦʥʦʵʪʘʥʦʣʘʤʠʥ(NŸɺ)ʪʨʠʛʠʜʨʦʢʩʠʙʦʨʘʥʘ (HO)3BŶNH2(CH2)2OH. 

ɺʦ ʚʪʦʨʦʤ ï ʩʤʝʩʠ ʩʦʜʝʨʞʘʱʝʡ ʜʠʵʪʠʣʘʤʠʥ(NŸB)ʙʦʨʘʪ ʠ 

ʜʠʵʪʘʥʦʣʘʤʠʥ(NŸB)ʪʨʠʛʠʜʨʦʢʩʠʙʦʨʘʥ (HO)3BŶNH(C2H4OH)2 ʚ ʩʦʦʪʥʦʰʝʥʠʠ 3 : 

1 ʧʦ ʤʘʩʩʝ. 

ɺ ʩʚʷʟʠ ʩ ʚʳʰʝʩʢʘʟʘʥʥʳʤ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʂʇʗʂ ʩ 

ʵʣʝʤʝʥʪʘʤʠ IIIA -ʛʨʫʧʧʳ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʪʘʢ ʢʘʢ, ʚʳʷʚʠʚ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ 

ʩʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʂʇʗʂ ʠ ʠʭ ʢʦʤʧʣʝʢʩʦʥʘʪʦʚ ʩ ʵʪʠʤʠ ʤʝʪʘʣʣʘʤʠ. 

 

3. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʦʥʦʚ ʠ ʠʭ 

ʢʦʤʧʣʝʢʩʦʚ 
 

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʦʥʦʚ ʤʦʛʫʪ ʠʟʫʯʘʪʩɹʷ ʩ ʨʘʟʥʳʭ 

ʩʪʦʨʦʥ ʤʥʦʛʠʤʠ ʭʠʤʠʯʝʩʢʠʤʠ ʠʣʠ  ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. 

ɹʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʟʤʦʞʥʳʭ ʦʙʣʘʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ 

ʢʦʤʧʣʝʢʩʦʥʦʚ ʠʤʝʝʪ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʥʩʪʘʥʪ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ 

ʨʘʩʪʚʦʨʝ  ʠʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʤʝʪʘʣʣʘʤʠ.  

 ɺʩʝʛʜʘ ʙʳʣʦ ʚʘʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʦʩʪʘʚ ʠ ʩʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ.  ʆʧʨʝʜʝʣʝʥʠʝ 

ʢʦʥʩʪʘʥʪ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʨʘʩʪʚʦʨʝ ʢʦʤʧʣʝʢʩʦʚ 

ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʜʘʝʪ ʧʨʷʤʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʦʯʥʦʩʪʠ 

ʢʦʤʧʣʝʢʩʦʚ ʠ ʢʦʩʚʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʪʨʦʝʥʠʠ ʦʙʥʘʨʫʞʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ.  

ʀʟʫʯʝʥʠʝ ʪʚʝʨʜʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʦʜʘʤʠ ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʦʡ 

ʩʧʝʪʨʦʤʝʪʨʠʠ, ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʠ ʧʦʟʚʦʣʷʝʪ ʜʦʧʦʣʥʠʪʴ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʪʨʦʝʥʠʠ ʪʘʢʠʭ ʢʦʤʧʣʝʢʩʦʚ.  

 

3.1. ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʨʘʩʪʚʦʨʘʭ 

ɼʘʞʝ ʜʣʷ ʩʠʩʪʝʤʳ ʦʜʠʥ ʤʝʪʘʣʣ - ʦʜʠʥ ʣʠʛʘʥʜ ʚ ʨʘʩʪʚʦʨʝ ʤʦʛʫʪ 

ʩʫʱʝʩʪʚʦʚʘʪʴ ʢʦʤʧʣʝʢʩʳ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ: ʩʨʝʜʥʠʝ, ʙʠʣʠʛʘʥʜʥʳʝ, 

ʧʨʦʪʦʥʠʨʦʚʘʥʥr ʝ ʢʦʤʧʣʝʢʩʳ, ʛʠʜʨʦʢʩʦʢʦʤʧʣʝʢʩʳ, ʘ ʪʘʢʞʝ ʢʦʤʧʣʝʢʩʳ ʙʦʣʝʝ 
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ʩʣʦʞʥʦʛʦ ʩʦʩʪʘʚʘ. ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʧʨʠ ʠʟʫʯʝʥʠʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʚ 

ʨʘʩʪʚʦʨʘʭ ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʨʘʩʯʸʪ ʢʦʥʩʪʘʥʪ 

ʨʘʚʥʦʚʝʩʠʷ ʦʙʨʘʟʫʶʱʠʭʩʷ ʢʦʤʧʣʝʢʩʥʳʭ ʬʦʨʤ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʢʦʤʧʣʝʢʩʦʚ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʵʪʘ ʟʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʧʫʪʸʤ ʦʙʨʘʙʦʪʢʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʪʠʧʘ çʩʦʩʪʘʚ ï ʩʚʦʡʩʪʚʦè ʨʘʩʪʚʦʨʘ. 

ʈʘʩʯʝʪ ʢʦʥʩʪʘʥʪ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʨʅ-ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ, ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ 

ʧʦʪʝʥʮʠʦʤʝʪʨʠʠ, ʧʦʣʷʨʦʛʨʘʬʠʠ, ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʠ ʚ ʚʠʜʠʤʦʡ ʠ ʋʌ-ʦʙʣʘʩʪʷʭ.  

 

3.1.1. ʄʝʪʦʜʳ ʨʘʩʯʝʪʘ ʢʦʥʩʪʘʥʪ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʢʦʥʩʪʘʥʪʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠʣʠ ʫʩʪʦʡʯʠʚʦʩʪʠ (b), ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ 

ʧʨʦʯʥʦʩʪʴ, ʩ ʢʦʪʦʨʦʡ ʤʝʪʘʣʣ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʣʠʛʘʥʜʦʤ ʠʣʠ ʦʪʜʝʣʴʥʦʡ ʝʛʦ ʛʨʫʧʧʦʡ, 

ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʠʤ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʢʦʤʧʣʝʢʩʦʚ. ʋʨʘʚʥʝʥʠʝ (3.1) 

ʦʮʝʥʠʚʘʝʪ ʧʨʦʩʪʝʡʰʠʡ ʚʘʨʠʘʥʪ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʘ ʤʝʪʘʣʣ ï ʣʠʛʘʥʜ ʚ 

ʨʘʚʥʦʚʝʩʥʦʡ ʨʝʘʢʮʠʠ: 

nMLnLM +    
n

n

n
LM

ML

]][[

][
=b    (3.1) 

ʇʦʩʢʦʣʴʢʫ ʙʦʣʴʰʠʥʩʪʚʦ ʣʠʛʘʥʜʦʚ  ʩʧʦʩʦʙʥʦ ʧʨʦʪʦʥʠʨʦʚʘʪʴʩʷ, ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʠ ʫʜʦʙʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʤʝʪʦʜʦʤ ʦʧʨʝʜʝʣʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʨʅ-ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ. ʆʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʰʠʨʦʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʣʝʛʢʦʩʪʴ ʠ ʧʨʦʩʪʦʪʘ, ʩ ʢʦʪʦʨʳʤʠ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʦʞʥʦ ʠʟʤʝʨʷʪʴ ʨʅ ʩ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴʶ Ñ 0,05 ʝʜʠʥʠʮ, ʩ 

ʜʨʫʛʦʡ - ʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʨʘʚʥʦʚʝʩʥʳʝ ʨʝʘʢʮʠʠ, 

ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʚʦʜʝ ʠʣʠ ʚ ʩʦʜʝʨʞʘʱʠʭ ʚʦʜʫ ʩʤʝʩʷʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ, 

ʯʫʚʩʪʚʠʪʝʣʴʥʦ ʦʪʟʳʚʘʶʪʩʷ (ʧʨʷʤʦ ʠʣʠ ʢʦʩʚʝʥʥʦ) ʥʘ ʠʟʤʝʥʝʥʠʷ ʨʅ [75]. ɺ ʦʩʥʦʚʫ 

ʨʅ-ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʧʦʣʦʞʝʥ ʨʘʩʯʝʪ ʨʘʚʥʦʚʝʩʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚ 

ʫʩʣʦʚʠʷʭ ʢʦʥʢʫʨʝʥʮʠʠ ʤʝʞʜʫ ʧʨʦʪʦʥʦʤ ʠ ʠʦʥʦʤ ʤʝʪʘʣʣʘ ʟʘ ʦʙʣʘʜʘʥʠʝ ʣʠʛʘʥʜʦʤ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʨʝʰʝʥʠʠ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʙʘʣʘʥʩʘ ʤʘʩʩ ʠ 

ʵʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʦʩʪʠ. ʉʧʦʩʦʙʳ ʨʘʩʯʝʪʘ ʢʦʤʧʣʝʢʩʦʚ, ʨʘʟʨʘʙʦʪʘʥʥrʝ ɹʴʝʨʨʫʤʦʤ, 

ʐʚʘʨʮʝʥʙʘʭʦʤ, ʃʝʜʝʥʦʤ, ʌʨʦʥʝʫʩʦʤ, ʈʦʩʩʦʪʠ [75-76] ʠʤʝʶʪ ʩʚʦʠ ʥʝʜʦʩʪʘʪʢʠ. 
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ʊʘʢ ʤʝʪʦʜ ʐʚʘʨʮʝʥʙʘʭʘ [77] ʧʨʠʤʝʥʠʤ, ʪʦʣʴʢʦ ʝʩʣʠ ʟʥʘʯʝʥʠʝ ʢʦʥʩʪʘʥʪ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ ʤʝʥʴʰʝ ʟʥʘʯʝʥʠʷ ʧʦʩʣʝʜʥʝʡ ʢʦʥʩʪʘʥʪʳ ʜʠʩʩʦʮʠʘʮʠʠ 

ʢʦʤʧʣʝʢʩʦʥʘ. ʇʦ ʤʝʪʦʜʫ ɹʴʝʨʨʫʤʘ [78], ʦʩʥʦʚʘʥʥʦʤʫ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʬʫʥʢʮʠʠ 

ʦʙʨʘʟʦʚʘʥʠʷ n  (ʦʪʥʦʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʠʛʘʥʜʘ, ʩʚʷʟʘʥʥʦʛʦ ʚ ʢʦʤʧʣʝʢʩ, ʢ 

ʦʙɦ ʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʪʘʣʣʘ ï ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʷ) ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʢʦʥʩʪʘʥʪʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʦʙʨʘʟʫʶʱʠʭʩʷ ʤʦʥʦ- ʠ ʙʠʣʠʛʘʥʜʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ. ʆʜʥʘʢʦ ʜʘʥʥʳʡ ʤʝʪʦʜ ʥʝ ʫʯʠʪʳʚʘʝʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ 

ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʘ ʜʣʷ ʢʦʤʧʣʝʢʩʦʥʦʚ ʚ ʦʙʣʘʩʪʠ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʡ ʨʅ 

ʦʙʨʘʟʦʚʘʥʠʝ ʪʘʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʭʘʨʘʢʪʝʨʥʳʤ ʧʨʦʮʝʩʩʦʤ. ʂʨʦʤʝ 

ʪʦʛʦ, ʤʝʪʦʜ ʥʝ ʧʨʠʛʦʜʝʥ ʜʣʷ ʠʟʫʯʝʥʠʷ ʚʳʩʦʢʦ ʫʩʪʦʡʯʠʚʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʪ.ʝ. 

ʜʦʣʞʥʦ ʚʳʧʦʣʥʷʪʴʩʷ ʫʩʣʦʚʠʝ lgKML ¢ pK4. 

ʊʘʢʞʝ ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʥʩʪʘʥʪ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʦʙʨʘʟʫʶʱʠʭʩʷ 

ʢʦʤʧʣʝʢʩʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʃʝʜʝʥʘ [79], ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʬʫʥʢʮʠʠ 

[]( )LF , ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʘ ʯʝʨʝʟ ʢʦʥʩʪʘʥʪʳ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʨʘʩʪʚʦʨʝ ʢʦʤʧʣʝʢʩʦʚ ʠ ʢʦʥʮʝʥʪʨʘʮʠʶ 

ʩʚʦʙʦʜʥʦʛʦ ʣʠʛʘʥʜʘ. ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʬʫʥʢʮʠʠ []( )LF  ʥʝʦʙʭʦʜʠʤʦ ʠʟʤʝʨʠʪʴ ʜʚʝ 

ʚʝʣʠʯʠʥʳ: ʨʘʚʥʦʚʝʩʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʥʝ ʩʚʷʟʘʥʥʳʭ ʚ ʢʦʤʧʣʝʢʩ ʠʦʥʦʚ ʤʝʪʘʣʣʘ 

[M] ʠ ʨʘʚʥʦʚʝʩʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʩʚʦʙʦʜʥʦʛʦ ʣʠʛʘʥʜʘ [L]. ʆʩʦʙʳʝ ʪʨʫʜʥʦʩʪʠ 

ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʚʝʣʠʯʠʥʳ [M] (ʪ.ʝ. ʚʳʙʦʨʝ ʧʦʜʭʦʜʷʱʝʛʦ ʵʣʝʢʪʨʦʜʘ, 

ʦʙʨʘʪʠʤʦʛʦ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʦʥʘʤ ʄ
n+

), ʪʘʢ ʢʘʢ ʩʫʱʝʩʪʚʫʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʘʢʠʭ ʵʣʝʢʪʨʦʜʦʚ: ʨʪʫʪʥʳʡ, ʤʝʜʥʳʡ, ʩʚʠʥʮʦʚʳʡ, 

ʩʝʨʝʙʨʷʥʳʡ, ʥʝʢʦʪʦʨʳʝ ʘʤʘʣʴʛʘʤʥʳʝ ʵʣʝʢʪʨʦʜʳ. ʂʣʘʩʩʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʃʝʜʝʥʘ 

ʤʦʞʥʦ ʦʙʥʘʨʫʞʠʪʴ ʚ ʩʠʩʪʝʤʝ ʣʠʰʴ ʩʨʝʜʥʠʝ ʢʦʤʧʣʝʢʩʳ ʩʦʩʪʘʚʘ ʄL, ʄL2, ... ʄLr. 

ɺʠʜʦʠʟʤʝʥʸʥʥʳʡ ʤʝʪʦʜ ʃʝʜʝʥʘ, ʧʨʝʜʣʦʞʝʥʥʳʡ, ɻʦʨʝʣʦʚʳʤ ʀ.ʇ. [80], ʧʦʟʚʦʣʷʝʪ 

ʦʙʥʘʨʫʞʠʪʴ ʚ ʩʠʩʪʝʤʝ ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʝ ʠ ʛʠʜʨʦʢʩʦʢʦʤʧʣʝʢʩʳ, ʘ ʪʘʢʞʝ 

ʦʧʨʝʜʝʣʠʪʴ ʠʭ ʢʦʥʩʪʘʥʪʳ ʫʩʪʦʡʯʠʚʦʩʪʠ. ʕʪʦʪ ʤʝʪʦʜ ʚʤʝʩʪʦ ʬʫʥʢʮʠʠ []( )LF  

ʠʩʧʦʣʴʟʫʝʪ ʥʦʚʫʶ ʬʫʥʢʮʠʶ F0([H]),  ʢʦʪʦʨʘʷ ʩʚʷʟʘʥʘ ʩ ʢʦʥʩʪʘʥʪʘʤʠ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʭ ʠʣʠ ʛʠʜʨʦʢʩʦʢʦʤʧʣʝʢʩʦʚ. 

ɺʳʯʠʩʣʝʥʠʝ ʬʫʥʢʮʠʠ F0([H])  ʧʨʦʠʟʚʦʜʠʪʩʷ ʪʝʤʠ ʞʝ ʩʧʦʩʦʙʘʤʠ, ʢʦʪʦʨʳʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʬʫʥʢʮʠʠ[]( )LF  ʧʦ ʤʝʪʦʜʫ ʃʝʜʝʥʘ, ʛʜʝ 
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ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦʣʫʯʘʶʪ ʧʨʠ ʧʝʨʝʤʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʠʛʘʥʜʘ ʠ 

ʧʦʩʪʦʷʥʥʦʤ ʟʥʘʯʝʥʠʠ ʨʅ ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʳ. ɺ ʚʠʜʦʠʟʤʝʥʸʥʥʦʤ ʤʝʪʦʜʝ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʣʠʛʘʥʜʘ ʦʩʪʘʸʪʩʷ ʧʦʩʪʦʷʥʥʦʡ, ʘ ʚʝʣʠʯʠʥʘ ʨʅ ʠʟʤʝʥʷʝʪʩʷ ʚ ʰʠʨʦʢʠʭ 

ʧʨʝʜʝʣʘʭ, ʟʘʚʠʩʷʱʠʭ ʦʪ ʦʙʣʘʩʪʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʕʪʠ 

ʤʝʪʦʜʳ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʥʝ ʪʦʣʴʢʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʧʫʪʝʤ pH-ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ, ʥʦ ʠ 

ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʪʠʪʨʦʚʘʥʠʷ, ʧʦʣʷʨʦʛʨʘʬʠʠ ʠ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʠ. ʆʩʥʦʚʥʳʤ ʜʦʩʪʦʠʥʩʪʚʦʤ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʠ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʤʝʪʦʜʦʚ ʃʝʜʝʥʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʩʪʘʥʪ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʘʢ ʤʘʣʦʫʩʪʦʡʯʠʚʳʭ, ʪʘʢ ʠ 

ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʦʙʨʘʟʫʶɦ ʠʭʩʷ ʚ ʨʘʩʪʚʦʨʝ. 

ʂ ʩʦʞʘʣʝʥʠʶ, ʦʧʠʩʘʥʥʳʡ ʧʦʜʭʦʜ ʥʝ ʧʦʟʚʦʣʷʝʪ ʫʯʝʩʪʴ ʪʝ ʦʩʣʦʞʥʝʥʠʷ, 

ʢʦʪʦʨʳʝ ʜʦʚʦʣʴʥʦ ʯʘʩʪʦ ʩʦʧʨʦʚʦʞʜʘʶʪ ʧʨʦʮʝʩʩʳ ʦʙʨʘʟʦʚʘʥʠʷ 

ʛʠʜʨʦʢʩʦʢʦʤʧʣʝʢʩʦʚ: ʜʠʤʝʨʠʟʘʮʠʷ, ʦʙʨʘʟʦʚʘʥʠʝ ʤʦʩʪʠʢʦʚʳʭ m-ʢʦʤʧʣʝʢʩʦʚ ʠ ʪ.ʜ. 

ʈʘʩʯʝʪ ʢʦʥʩʪʘʥʪ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʪʠʭ ʤʝʪʦʜʦʚ ï ʧʨʦʮʝʩʩ ʦʯʝʥʴ 

ʪʨʫʜʦʝʤʢʠʡ, ʟʘʥʠʤʘʶʱʠʡ ʤʥʦʛʦ ʚʨʝʤʝʥʠ ʠ ʩʠʣ. ʇʦʵʪʦʤʫ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ 

ʙʦʣʴʰʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʤʝʪʦʜʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʨʘʚʥʦʚʝʩʠʡ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʩʠʩʪʝʤʘʭ ʩ ʨʘʟʣʠʯʥʳʤʠ ʘʣʛʦʨʠʪʤʘʤʠ ʨʝʰʝʥʠʷ 

ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ. 

 

3.1.2. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʚʥʦʚʝʩʠʡ ʚ ʨʘʩʪʚʦʨʘʭ 

ʇʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʧʨʦʩʪʳʭ ʩʠʩʪʝʤ ʢ ʩʣʦʞʥʳʤ, ʚʢʣʶʯʘʶʱʠʤ ʥʝʩʢʦʣʴʢʦ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʧʨʦʮʝʜʫʨʘ ʪʦʯʥʦʛʦ ʨʘʩʯʝʪʘ ʨʘʚʥʦʚʝʩʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ, ʘ ʠʟ ʥʠʭ 

ʢʦʥʩʪʘʥʪ ʦʙʨʘʟʦʚʘʥʠʷ ʫʩʣʦʞʥʷʝʪʩʷ. ʊʘʢ ʝʩʣʠ ʟʘʢʦʥ ʜʝʡʩʪʚʫʶʱʠʭ ʤʘʩʩ ʠ ʙʘʣʘʥʩ ʧʦ 

ʤʘʩʩʝ ʧʨʠʣʦʞʠʪʴ ʢ ʪʘʢʠʤ ʩʠʩʪʝʤʘʤ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʪʦ ʦʙʷʟʘʪʝʣʴʥʦ 

ʧʦʣʫʯʠʪʩʷ ʩʣʦʞʥʘʷ ʩʠʩʪʝʤʘ ʥʝʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʨʝʰʠʪʴ ʢʦʪʦʨʫʶ ʤʦʞʥʦ, 

ʧʨʠʤʝʥʷʷ ʠʪʝʨʘʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ. ʆʪʩʶʜʘ ʩʪʘʥʦʚʠʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʢʣʘʜʥʦʡ ʤʘʪʝʤʘʪʠʢʠ ʥʘ ʵʪʘʧʘʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʦʜʝʣʝʡ, 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʨʝʰʝʥʠʷ ʚʦʧʨʦʩʘ ʦʙ 

ʘʜʝʢʚʘʪʥʦʩʪʠ, ʦ ʥʘʣʠʯʠʠ ʘʣʴʪʝʨʥʘʪʠʚ. ʇʦʵʪʦʤʫ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʪʘʨʳʝ ʤʝʪʦʜʳ 
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ʨʘʩʯʝʪʘ ʟʘʤʝʥʝʥʳ ʜʨʫʛʠʤʠ, ʚ ʦʩʥʦʚʫ ʢʦʪʦʨʳʭ ʧʦʣʦʞʝʥ ʤʘʰʠʥʥʳʡ ʨʘʩʯʝʪ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʦʚ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ. ʄʝʪʦʜ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠ ̫ ʧʦʟʚʦʣʷʝʪ ʧʦʩʪʨʦʠʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʨʘʚʥʦʚʝʩʥʦʛʦ 

ʩʦʩʪʘʚʘ ʨʘʩʪʚʦʨʘ, ʘ ʪʘʢʞʝ ʦʮʝʥʠʪʴ ʚʝʣʠʯʠʥʳ ʢʦʥʩʪʘʥʪ ʦʙʨʘʟʦʚʘʥʠʷ ʚʩʝʭ 

ʢʦʤʧʣʝʢʩʥʳʭ (ʤʦʣʝʢʫʣʷʨʥʳʭ) ʬʦʨʤ, ʩʫʱʝʩʪʚʫʶʱʠʭ ʚ ʨʘʩʪʚʦʨʝ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʨʘʚʥʦʚʝʩʠʡ ʚ ʨʘʩʪʚʦʨʘʭ ʠ ʦʙʨʘʙʦʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ.  

ʊʘʢ ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʧʨʦʛʨʘʤʤʘ ñRRSUò [81] ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʨʘʩʯʝʪʘ 

ʨʘʚʥʦʚʝʩʥʳʭ ʩʦʩʪʘʚʦʚ ʛʦʤʦʛʝʥʥʳʭ ʠ ʛʝʪʝʨʦʛʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʩ ʧʨʦʠʟʚʦʣʴʥʳʤ 

ʯʠʩʣʦʤ ʠ ʩʪʝʭʠʦʤʝʪʨʠʝʡ ʨʝʘʢʮʠʡ. ɺ ʝʝ ʦʩʥʦʚʫ ʧʦʣʦʞʝʥ ʤʝʪʦʜ ɹʨʠʥʢʣʠ [82]. ɼʣʷ 

ʦʙʨʘʙʦʪʢʠ  ʜʘʥʥʳʭ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʦʛʨʘʤʤʳ 

ñPHMETRò [34], AUTOEQUIL [83], CLINP 2.1 [84] ʠ NewDALSFEK (KCMSoft, 

2000 [http://sinisha.chat.ru/nonie/products/newdalsfek/]). 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ  ʭʠʤʠʯʝʩʢʠʭ ʨʘʚʥʦʚʝʩʠʡ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ NewDALSFEK. ʇʨʦʛʨʘʤʤʘ ʚʧʝʨʚʳʝ 

ʚ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʙʳʣʘ ʦʧʠʩʘʥʘ ʚ ʢʥʠʛʝ [85], ʚ ʥʝʡ ʞʝ ʧʨʠʚʝʜʝʥʳ ʪʝʢʩʪ 

ʧʨʦʛʨʘʤʤʳ ʥʘ ʷʟʳʢʝ ʌʦʨʪʨʘʥ, ʠʥʩʪʨʫʢʮʠʷ ʧʦ ʧʦʜʛʦʪʦʚʢʝ ʜʘʥʥʳʭ, ʧʨʠʤʝʨʳ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ʆʧʝʨʘʮʠʠ, ʢʦʪʦʨʳʝ ʚʳʧʦʣʥʷʝʪ ʧʨʦʛʨʘʤʤʘ: 

¶ ʐʘʛ 1. ʇʨʦʛʨʘʤʤʘ MASTER. ʉʯʠʪʳʚʘʝʪ ʫʧʨʘʚʣʷʶʱʫʶ ʧʝʨʝʤʝʥʥʫʶ ʠ 

ʦʧʨʝʜʝʣʷʝʪ ʨʘʚʥʦʚʝʩʠʷ. ʉʯʠʪʳʚʘʝʪ ʥʘʯʘʣʴʥʳʝ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ. 

ɺʳʟʳʚʘʝʪ ʧʨʦʛʨʘʤʤʫ CYCLE.  

¶ ʐʘʛ 2. ʇʨʦʛʨʘʤʤʘ CYCLE. ʉʯʠʪʳʚʘʝʪ ʤʘʩʩʠʚʳ ʧʘʨʘʤʝʪʨʦʚ ʢʦʥʩʪʘʥʪ ʠ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʤʘʩʩʠʚʳ ʫʪʦʯʥʷʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ. ɼʣʷ ʢʘʞʜʦʡ ʩʝʨʠʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʚʘʥʥʳʭ ʩʯʠʪʳʚʘʝʪ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ 

ʚʳʟʳʚʘʝʪ ʢʘʞʜʳʡ ʨʘʟ CONCENTRATION-ʧʨʦʛʨʘʤʤʫ.  

¶ ʐʘʛ 3. ʇʨʦʛʨʘʤʤʘ CONCENTRATION ʥʘ ʦʩʥʦʚʘʥʠʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ʨʘʚʥʦʚʝʩʠʷ ʠ ʪʝʢʫʱʠʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ, ʥʘʭʦʜʠʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʯʘʩʪʠʮ 

ʠ ʭʨʘʥʠʪ ʠʭ. ɺʳʟʳʚʘʝʪ ʧʨʦʛʨʘʤʤʫ OBSERVABLE.  
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¶ ʐʘʛ 4. ʇʨʦʛʨʘʤʤʘ OBSERVABLE ʩʯʠʪʳʚʘʝʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ʟʘʚʠʩʠʤʳʭ ʧʝʨʝʤʝʥʥʳʭ ʜʣʷ ʚʘʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʟʘʧʦʤʠʥʘʝʪ ʠʭ. 

ʅʘʭʦʜʠʪ ʨʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʯʘʩʪʠʮ. ɺʳʯʠʩʣʷʝʪ ʨʘʟʥʦʩʪʠ 

(ʦʰʠʙʢʠ) ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘʢʘʧʣʠʚʘʝʪ ʩʫʤʤʳ ʢʚʘʜʨʘʪʦʚ ʦʰʠʙʦʢ. 

ɺʦʟʚʨʘʱʘʝʪ ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʛʨʘʤʤʝ CYCLE. 

¶ ʐʘʛ 5. ʇʨʦʛʨʘʤʤʘ CYCLE ʚʳʯʠʩʣʷʝʪ ʠ ʟʘʧʦʤʠʥʘʝʪ ʵʣʝʤʝʥʪʳ ʤʘʪʨʠʮʳ ɺ. 

ɼʘʝʪ ʧʨʠʨʘʱʝʥʠʝ ʜʣʷ K ʠ ʚʳʟʳʚʘʝʪ ʧʨʦʛʨʘʤʤʫ CONCENTRATION.  

¶ ʐʘʛ 6. ʇʨʦʛʨʘʤʤʘ CONCENTRATION ʥʘʭʦʜʠʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʯʘʩʪʠʮ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʠʟʤʝʥʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʢʦʥʩʪʘʥʪ ʨʘʚʥʦʚʝʩʠʷ. ɺʳʟʳʚʘʝʪ 

ʧʨʦʛʨʘʤʤʫ OBSERVABLE.  

¶ ʐʘʛ 7. ʇʨʦʛʨʘʤʤʘ OBSERVABLE ʚʳʯʠʩʣʷʝʪ ʠʟʤʝʥʝʥʠʷ ʨʘʩʩʯʠʪʘʥʥʳʭ 

ʟʥʘʯʝʥʠʡ ʟʘʚʠʩʠʤʳʭ ʧʝʨʝʤʝʥʥʳʭ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʡ ʯʘʩʪʠʮ. ɺʦʟʚʨʘʱʘʝʪ 

ʫʧʨʘʚʣʝʥʠʝ ʢ ʧʨʦʛʨʘʤʤʝ CYCLE.  

¶ ʐʘʛ 8. ʇʨʦʛʨʘʤʤʘ CYCLE ʧʦʩʣʝ ʧʦʚʪʦʨʝʥʠʷ ʮʠʢʣʘ ʜʣʷ ʢʘʞʜʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʚʳʯʠʩʣʷʝʪ ʠ ʥʦʨʤʘʣʠʟʫʝʪ BWB. ɺʳʟʳʚʘʝʪ ʧʨʦʛʨʘʤʤʫ 

LEAST-SQUARE. 

¶ ʐʘʛ 9. ʇʨʦʛʨʘʤʤʘ LEAST-SQUARE ɺʳʯʠʩʣʷʝʪ ʩʦʙʩʪʩʪʚʝʥʥʳʝ ʚʝʢʪʦʨʳ ʠ 

ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ BWB. ɺʳʯʠʩʣʷʝʪ ʧʦʧʨʘʚʢʠ ʢ ʧʘʨʘʤʝʪʨʘʤ. 

ʇʝʨʝʩʯʠʪʳʚʘʝʪ ʩʫʤʤʫ ʢʚʘʜʨʘʪʦʚ ʦʰʠʙʦʢ, ʚʳʟʳʚʘʷ ʧʨʦʛʨʘʤʤʫ 

CONCENTRATION.  

¶ ʐʘʛ 10. ʇʨʦʛʨʘʤʤʘ CONCENTRACION ʥʘʭʦʜʠʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʯʘʩʪʠʮ, 

ʠʩʧʦʣʴʟʫʷ ʫʪʦʯʥʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ. ɺʳʟʳʚʘʝʪ ʧʨʦʛʨʘʤʤʫ 

OBSERVABLE.  

¶ ʐʘʛ 11. ʇʨʦʛʨʘʤʤʘ OBSERVABLE ʧʝʨʝʩʯʠʪʳʚʘʝʪ ʟʥʘʯʝʥʠʷ ʟʘʚʠʩʠʤʳʭ 

ʧʝʨʝʤʝʥʥʳʭ, ʠʩʧʦʣʴʟʫʷ ʫʪʦʯʥʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ. ʇʝʨʝʩʯʠʪʳʚʘʝʪ 

ʨʘʟʥʦʩʪʠ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʫʤʤʫ ʢʚʘʜʨʘʪʦʚ ʦʰʠʙʦʢ. ɺʦʟʚʨʘʱʘʝʪ 

ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʛʨʘʤʤʝ LEAST-SQUARE.  

¶ ʐʘʛ 12. ʇʨʦʛʨʘʤʤʘ LEAST-SQUARE ʠʩʧʦʣʴʟʫʝʪ ʘʣʛʦʨʠʪʤ ʄʘʨʢʚʘʨʜʪʘ ʜʣʷ 

ʨʝʰʝʥʠʷ ʚʦʧʨʦʩʘ, ʧʨʠʥʷʪʴ ʣʠ ʥʦʚʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʣʠʙʦ ʩʣʝʜʫʝʪ 

ʚʥʝʩʪʠ ʥʦʚʳʝ ʧʦʧʨʘʚʢʠ. ʂʘʞʜʳʡ ʨʘʟ ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ ʩʫʤʤʳ ʢʚʘʜʨʘʪʦʚ 
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ʦʰʠʙʦʢ ʚʳʟʳʚʘʝʪ ʧʨʦʛʨʘʤʤʫ CONCENTRATION. ʇʝʨʝʜʘʝʪ ʫʧʨʘʚʣʝʥʠʝ 

ʧʨʦʛʨʘʤʤʝ CYCLE.  

¶ ʐʘʛ 13. ʇʨʦʛʨʘʤʤʘ CYCLE ʫʩʪʘʥʘʚʣʠʚʘʝʪ, ʩʫʱʝʩʪʚʫʝʪ ʣʠ ʩʭʦʜʠʤʦʩʪʴ. ɽʩʣʠ 

ʩʫʱʝʩʪʚʫʝʪ, ʪʦ ʚʳʟʳʚʘʝʪ ʧʨʦʛʨʘʤʤʫ ERROR ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʥʘʯʠʥʘʝʪ 

ʥʦʚʫʶ ʠʪʝʨʘʮʠʶ ʩ ʰʘʛʘ 2, ʠʩʧʦʣʴʟʫʷ ʥʦʚʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ.  

¶ ʐʘʛ 14. ʇʨʦʛʨʘʤʤʘ ERROR ʚʳʯʠʩʣʷʝʪ ʩʪʘʥʜʘʨʪʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʟʥʘʯʝʥʠʡ 

ʧʘʨʘʤʝʪʨʦʚ. ɺʳʯʠʩʣʷʝʪ ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ ʧʘʨʘʤʝʪʨʦʚ.  

¶ ʆʩʪʘʥʦʚʢʘ. 

 

3.2 ʄʝʪʦʜ ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʤʝʪʨʠʠ. 

ɸʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʘʷ ʩʧʝʢʪʨʦʤʝʪʨʠʷ (ɸɸʉ) ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʤʝʪʦʜʦʚ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʥʘʠʙʦʣʝʝ ʪʦʯʥʳʭ 

ʠ ʵʢʩʧʨʝʩʩʥʳʭ ʤʝʪʦʜʦʚ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʤʠʢʨʦʢʦʣʠʯʝʩʪʚ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ [86]. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʧʦʜʛʦʪʦʚʢʘ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʧʨʦʙʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʝʨʝʚʦʜʝ 

ʧʨʦʙʳ ʚ ʨʘʩʪʚʦʨ, ʨʘʩʧʳʣʝʥʠʠ ʠ ʧʦʜʘʯʠ ʘʵʨʦʟʦʣʝʡ ʚ ʧʣʘʤʷ ʠʣʠ ʧʝʯʴ. ʈʘʩʪʚʦʨʠʪʝʣʴ 

ʠʩʧʘʨʷʝʪʩʷ, ʩʦʣʠ ʨʘʟʣʘʛʘʶʪʩʷ, ʘ ʤʝʪʘʣʣʳ ʧʝʨʝʭʦʜʷʪ ʚ ʧʘʨʦʦʙʨʘʟʥʦʝ ʩʦʩʪʦʷʥʠʝ, 

ʧʨʠ ʢʦʪʦʨʦʤ ʦʥʠ ʩʧʦʩʦʙʥʳ ʧʦʛʣʦʱʘʪʴ ʠʟʣʫʯʝʥʠʝ ʪʦʡ ʜʣʠʥʳ ʚʦʣʥʳ, ʢʦʪʦʨʫʶ 

ʤʦʛʣʠ ʙʳ ʩʘʤʠ ʠʟʣʫʯʘʪʴ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. [87]. 

ʄʝʪʦʜ ɸɸʉ ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʠʣʠ ʚʠʜʠʤʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʳ ʠ ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʦʡ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʴʶ ʠ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ. ʇʦʛʣʦʱʝʥʠʝ ʠʟʣʫʯʝʥʠʷ ʚʳʟʳʚʘʝʪʩʷ ʧʝʨʝʭʦʜʦʤ ʵʣʝʢʪʨʦʥʦʚ ʩ 

ʚʥʝʰʥʠʭ ʦʨʙʠʪʘʣʝʡ ʘʪʦʤʦʚ ʥʘ ʦʨʙʠʪʘʣʠ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʵʥʝʨʛʠʝʡ. ʆʙʲʝʢʪʘʤʠ, 

ʧʦʛʣʦʱʘʶʱʠʤʠ ʠʟʣʫʯʝʥʠʝ, ʷʚʣʷʶʪʩʷ ʛʘʟʦʦʙʨʘʟʥʳʝ ʘʪʦʤʳ, ʘ ʪʘʢʞʝ ʥʝʢʦʪʦʨʳʝ 

ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ. ʉʫʱʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʡ ʤʝʪʦʜʦʤ ɸɸʉ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ 

ʯʝʨʝʟ ʧʣʘʤʷ, ʚ ʢʦʪʦʨʦʤ ʨʘʩʧʳʣʷʝʪʩʷ ʘʥʘʣʠʟʠʨʫʝʤʳʡ ʨʘʩʪʚʦʨ ʧʨʦʙʳ, ʧʨʦʠʩʭʦʜʠʪ 

ʨʝʟʦʥʘʥʩʥʦʝ ʠʟʣʫʯʝʥʠʝ ʦʪ ʣʘʤʧʳ ʩ ʧʦʣʳʤ ʢʘʪʦʜʦʤ. ʕʪʦ ʠʟʣʫʯʝʥʠʝ ʧʦʧʘʜʘʝʪ ʥʘ 

ʚʭʦʜʥʫʶ ʱʝʣʴ ʤʦʥʦʭʨʦʤʘʪʦʨʘ, ʧʨʠʯʝʤ ʠʟ ʩʧʝʢʪʨʘ ʚʳʜʝʣʷʝʪʩʷ ʪʦʣʴʢʦ ʨʝʟʦʥʘʥʩʥʘʷ 

ʣʠʥʠʷ ʠʩʧʳʪʫʝʤʦʛʦ ʵʣʝʤʝʥʪʘ. ʌʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʠʟʤʝʨʷʶʪ 
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ʫʤʝʥʴʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʝʟʦʥʘʥʩʥʦʡ ʣʠʥʠʠ, ʧʨʦʠʩʭʦʜʷʱʝʡ ʚʩʣʝʜʩʪʚʠʝ 

ʧʦʛʣʦʱʝʥʠʷ ʝʸ ʘʪʦʤʘʤʠ ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʵʣʝʤʝʥʪʘ.  

ɸʪʦʤʠʟʘʮʠʷ, ʪ.ʝ. ʧʝʨʝʚʦʜ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʧʨʦʙʳ ʚ ʘʪʦʤʥʳʡ ʧʘʨ, 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʷʯʝʡʢʘ (ʛʨʘʬʠʪʦʚʦʡ ʪʨʫʙʯʘʪʦʡ ʧʝʯʠ) 

ʵʣʝʢʪʨʦʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ, ʥʘʛʨʝʚʘʝʤʦʡ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʪʦʢʦʤ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʠʩʧʘʨʝʥʠʷ ʧʨʦʙʳ ʠ ʘʪʦʤʠʟʘʮʠʠ ʦʧʨʝʜʝʣʷʝʤʦʛʦ 

ʵʣʝʤʝʥʪʘ. 

ʇʨʠ ʠʩʧʘʨʝʥʠʠ ʨʝʘʣʴʥʦʡ ʧʨʦʙʳ ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʷʯʝʡʢʝ, ʢʨʦʤʝ ʘʪʦʤʦʚ 

ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʵʣʝʤʝʥʪʘ, ʧʨʠʩʫʪʩʪʚʫʶʪ ʛʘʟʦʦʙʨʘʟʥʳʝ ʢʦʤʧʦʥʝʥʪʳ (ʤʦʣʝʢʫʣʳ, 

ʯʘʩʪʠʮʳ), ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʛʣʦʱʘʪʴ ʠʣʠ ʦʩʣʘʙʣʷʪʴ ʨʝʟʦʥʘʥʩʥʦʝ ʠʟʣʫʯʝʥʠʝ. ʕʪʦ 

ʥʝʘʪʦʤʥʦʝ ʠʣʠ ʬʦʥʦʚʦʝ ʧʦʛʣʦʱʝʥʠʝ ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʡ 

ʧʦʛʨʝʰʥʦʩʪʠ ɸɸ ʠʟʤʝʨʝʥʠʡ. ɼʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʢʦʨʨʝʢʮʠʠ ʬʦʥʦʚʦʛʦ 

ʧʦʛʣʦʱʝʥʠʷ ʚ ʩʧʝʢʪʨʦʤʝʪʨʝ ʠʩʧʦʣʴʟʦʚʘʥ ʦʙʨʘʪʥʳʡ ʵʬʬʝʢʪ ɿʝʝʤʘʥʘ. ɼʣʷ ʵʪʦʛʦ 

ʛʨʘʬʠʪʦʚʘʷ ʧʝʯʴ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʧʨʦʜʦʣʴʥʦʤ ʧʝʨʝʤʝʥʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. ɺ 

ʪʘʢʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʨʝʘʣʠʟʫʝʪʩʷ ʜʚʫʭʣʫʯʝʚʦʡ ʜʚʫʭʢʘʥʘʣʴʥʳʡ ʘʣʛʦʨʠʪʤ ɸɸ 

ʠʟʤʝʨʝʥʠʡ. 

ʈʘʩʯʝʪ ʢʦʥʮʝʥʪʨʘʮʠʡ ʧʨʦʠʟʚʦʜʷʪ ʩ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʷ, ʦʪʨʘʞʘʶʱʝʛʦ ʝʸ 

ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʦʩʣʘʙʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ, ʜʣʠʥʳ 

ʧʦʛʣʦʱʘʶʱʝʛʦ ʩʣʦʷ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʛʣʦʱʝʥʠʷ ʩʚʝʪʘ ʚ ʮʝʥʪʨʝ ʣʠʥʠʠ 

ʧʦʛʣʦʱʝʥʠʷ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʵʣʝʤʝʥʪʦʚ ʤʝʪʦʜʦʤ ɸɸʉ ʧʨʠʤʝʥʷʶʪʩʷ 

ʭʠʤʠʯʝʩʢʠʝ ʤʦʜʠʬʠʢʘʪʦʨʳ ʤʘʪʨʠʮʳ [88-93]. ʀʭ ʜʝʡʩʪʚʠʝ ʦʩʥʦʚʘʥʦ ʥʘ ʠʟʤʝʥʝʥʠʠ 

ʣʝʪʫʯʝʩʪʠ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʦʙʳ [94]. ʅʝʩʤʦʪʨʷ ʥʘ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ 

ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʘʧʧʘʨʘʪʫʨʳ, ʪʦʯʥʦʝ, ʧʨʘʚʠʣʴʥʦʝ, ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʝ ʦʧʨʝʜʝʣʝʥʠʝ 

ʵʣʝʤʝʥʪʦʚ ʚ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʣʦʞʥʳʭ ʧʨʦʙʘʭ ʦʩʪʘʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ 

ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ, ʧʦʩʢʦʣʴʢʫ ʜʦ ʩʠʭ ʧʦʨ ʚʳʙʦʨ ʫʩʣʦʚʠʡ ʦʧʨʝʜʝʣʝʥʠʷ 

ʵʣʝʤʝʥʪʦʚ ʚ ʥʠʭ ʥʦʩʠʪ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʵʤʧʠʨʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʠ ʩʠʣʴʥʦ 

ʟʘʚʠʩʠʪ ʦʪ ʤʘʢʨʦʢʦʤʧʦʥʝʥʪʥʦʡ ʦʩʥʦʚʳ (ʤʘʪʨʠʮʳ) ʢʦʥʢʨʝʪʥʦʛʦ ʦʙʨʘʟʮʘ [89]. 
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3.3. ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʤʝʪʦʜʳ. 

ʄʝʪʦʜ ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ, ʘ ʪʘʢʞʝ ʜʣʷ ʩʪʨʫʢʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʝʱʝʩʪʚ 

ʨʘʟʥʦʦʙʨʘʟʥʦʡ ʧʨʠʨʦʜʳ. ʕʪʦʪ ʤʝʪʦʜ ʜʘʝʪ ʚʘʞʥʫʶ ʠ ʮʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʩʪʨʦʝʥʠʠ ʢʦʤʧʣʝʢʩʦʥʘʪʦʚ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʩʘʤʠʭ ʢʦʤʧʣʝʢʩʦʥʦʚ [95, 96; 28] 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʠʤʝʶʪʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʩʚʝʜʝʥʠʷ ʦ ʨʝʟʫʣʴʪʘʪʘʭ ʀʂ 

ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʘʢʠʭ ʢʦʤʧʣʝʢʩʦʥʦʚ ʢʘʢ ʅʊɸ, ʕɼʊɸ ʠ ʨʷʜʘ 

ʜʨʫʛʠʭ ʢʦʤʧʣʝʢʩʦʥʦʚ [28, 29]. ɼʘʥʥʳʝ ʦ ʧʦʜʦʙʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʜʣʷ ʂʇʗʂ ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʚʩʪʨʝʯʘʶʪʩʷ ʨʝʞʝ [18, 51]. ʀʟʤʝʥʝʥʠʷ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʀʂ ʩʧʝʢʪʨʘʭ 

ʢʦʤʧʣʝʢʩʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʧʝʢʪʨʘʤʠ ʩʚʦʙʦʜʥʳʭ ʣʠʛʘʥʜʦʚ, ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜʳ ʦ ʩʧʦʩʦʙʝ ʢʦʦʨʜʠʥʘʮʠʠ ʮʝʥʪʨʘʣʴʥʦʛʦ ʠʦʥʘ ʩ ʣʠʛʘʥʜʦʤ ʠ ʦ ʭʘʨʘʢʪʝʨʝ 

ʩʚʷʟʠ.  

ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʀʂ ʩʧʝʢʪʨʦʚ ʩʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʥʘ 

ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ, ʢʦʪʦʨʳʝ ʥʝʩʫʪ ʚʘʞʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʪʨʦʝʥʠʠ 

ʢʦʤʧʣʝʢʩʦʥʦʚ ʠ ʪʚʸʨʜʳʭ ʢʦʤʧʣʝʢʩʦʥʘʪʦʚ. ʏʘʩʪʦʪʳ n
C=O

, nas
C-O

, ns
 C-O

 ʚ ʩʧʝʢʪʨʘʭ 

ʢʦʤʧʣʝʢʩʦʚ ʠ ʢʦʤʧʣʝʢʩʦʥʘʪʦʚ ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʦʡ ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ. ɼʣʷ ʉʆʆʅ 

ʛʨʫʧʧ ʭʘʨʘʢʪʝʨʥʳ ʠʥʪʝʥʩʠʚʥʳʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 1700-1750 ʩʤ
-1
 

(n
C=O
); ʜʣʷ ʉʆʆ

-
 ʛʨʫʧʧ 1570-1590 ʩʤ

-1 
(nas

 C-O
) ʠ 1400-1420 ʩʤ

-1 
 (ns

C-O
). ʀʂ 

ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʥʘʜʸʞʥʳʤ ʤʝʪʦʜʦʤ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʚ ʤʦʣʝʢʫʣʘʭ 

ʉʆʆʅ ʠ ʉʆʆ
-
 ʛʨʫʧʧ.   

ʇʦ ʟʥʘʯʝʥʠʶ nas 
C-O

 ʉʦʡʝʨ ʠ ʇʘʫʣʴʩʝʥ ʧʨʝʜʣʦʞʠʣʠ ʦʮʝʥʠʚʘʪʴ ʭʘʨʘʢʪʝʨ ʩʚʟ̫ʠ 

ʄʝ-ʆ. ʇʦ ʠʭ ʜʘʥʥʳʤ, ʚ ʩʣʫʯʘʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʦʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʩʚʷʟʠ ʄʝ-ʆ, 

ʟʥʘʯʝʥʠʷ nas 
C-O

 ʣʝʞʘʪ ʚ ʦʙʣʘʩʪʠ 1580-1610 ʩʤ
-1 
, ʚ ʩʣʫʯʘʝ ʢʦʚʘʣʝʥʪʥʦʛʦ ʭʘʨʘʢʪʝʨʘ 

ʩʚʷʟʠ - ʚ ʦʙʣʘʩʪʠ >1625 ʩʤ
-1
. ɽʩʣʠ ʟʥʘʯʝʥʠʷ nas 

C-O 
ʣʝʞʘʪ ʚ ʧʨʝʜʝʣʘʭ 1610-1625 ʩʤ

-1 

,ʪʦ ʩʚʷʟʠ ʠʤʝʶʪ ʯʘʩʪʠʯʥʦ ʢʦʚʘʣʝʥʪʥʳʡ ʭʘʨʘʢʪʝʨ. ʇʦʟʜʥʝʝ ʙʳʣʦ ʩʜʝʣʘʥʦ 

ʧʨʝʜʣʦʞʝʥʠʝ ʦʮʝʥʠʚʘʪʴ ʭʘʨʘʢʪʝʨ ʩʚʷʟʝʡ ʉʆʆ
-
-ʄʝ ʧʦ ʨʘʟʥʦʩʪʠ Dn=nas 

C-O
 - ns 

C-O
: 

ʝʩʣʠ Dn>225 ʩʤ
-1
, ʪʦ ʩʚʷʟʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʦʚʘʣʝʥʪʥʳʝ, ʝʩʣʠ Dn<225 ʩʤ

-1
, ʪʦ 

ʩʚʷʟʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʦʥʥʳʝ. ʆʜʥʘʢʦ ʫʩʪʘʥʦʚʠʪʴ ʭʘʨʘʢʪʝʨ ʩʚʷʟʠ ʄʝ-ʆ ʚ 

ʢʦʤʧʣʝʢʩʦʥʘʪʘʭ ʣʠʰʴ ʥʘ ʦʩʥʦʚʝ nas 
C-O

 ʠ ns
C-O

 ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʧʨʦʙʣʝʤʦʡ.  
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ʇʦʣʦʩʘʤ n
C-N

 ʫʜʝʣʝʥʦ ʤʘʣʦ ʚʥʠʤʘʥʠʷ, ʯʪʦ ʩʚʷʟʘʥʦ ʩʦ ʩʣʦʞʥʦʩʪʴʶ ʠʭ 

ʦʪʥʝʩʝʥʠʷ ʠ ʩ ʪʝʤ, ʯʪʦ ʢʘʢ ʥʝʦʜʥʦʢʨʘʪʥʦ ʦʪʤʝʯʘʣʦʩʴ ʚ ʣʠʪʝʨʘʪʫʨʝ [97], ʦʥʠ ʥʝ 

ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʩʪʴʶ ʠ ʠʭ ʧʦʣʦʞʝʥʠʝ ʟʘʚʠʩʠʪ ʦʪ ʩʪʨʦʝʥʠʷ 

ʫʛʣʝʨʦʜ-ʚʦʜʦʨʦʜʥʦʛʦ ʩʢʝʣʝʪʘ, ʥʦ ʦʥʠ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʧʨʠʨʦʜʝ ʤʝʪʘʣʣʘ ʚ 

ʩʦʝʜʠʥʝʥʠʷʭ ʦʜʠʥʘʢʦʚʦʛʦ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. ɺ ʨʘʙʦʪʘʭ ʂʠʨʰʥʝʨʘ, 

ʉʦʡʝʨʘ, ɻʨʠʛʦʨʴʝʚʘ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʀʂ ʩʧʝʢʪʨʳ ʅʊɸ. ʕʪʠʤʠ ʘʚʪʦʨʘʤʠ ʢ ʯʘʩʪʦʪʘʤ 

n
C-N

 ʙʳʣʠ ʦʪʥʝʩʝʥʳ ʧʦʣʦʩʳ 1050-1150 ʩʤ
-1
 . 

ʏʘʩʪʦʪʳ n
C-ʅ

 ʚʧʝʨʚʳʝ ʩʪʘʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʚ ʨʘʙʦʪʘʭ ɸ.ʀ. ɻʨʠʛʦʨʴʝʚʘ ʠ 

ʃ.ʀ. ʄʘʨʪʳʥʝʥʢʦ ʠ ʜʨ. [97-98]. ʆʜʥʘʢʦ ʦʙʣʘʩʪʴ 2800-2900 ʩʤ
-1
, ʚ ʢʦʪʦʨʦʡ 

ʥʘʭʦʜʷʪʩʷ ʵʪʠ ʧʦʣʦʩʳ, ʠʤʝʝʪ ʦʯʝʥʴ ʩʣʦʞʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʧʦʜʚʝʨʛʘʝʪʩʷ 

ʨʘʩʰʠʬʨʦʚʢʝ ʩ ʙʦʣʴʰʠʤ ʪʨʫʜʦʤ. ɼʣʷ ʧʨʘʚʠʣʴʥʦʛʦ ʦʪʥʝʩʝʥʠʷ ʧʦʣʦʩ ʚ ʵʪʦʡ 

ʦʙʣʘʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʜʝʡʪʝʨʠʨʦʚʘʥʠʝ ʠʟʫʯʝʥʥʳʭ ʩʠʩʪʝʤ. 

ɺ ʪʘʙʣ. 3.1. ʧʨʠʚʝʜʝʥʳ ʥʝʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ ʯʘʩʪʦʪʳ ʧʦʛʣʦʱʝʥʠʷ 

ʚ ʀʂ ʩʧʝʢʪʨʘʭ ʕɼɼʗʂ ʠ ʝ yʢʦʤʧʣʝʢʩʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʝʨʝʭʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ 

[99].  

ʊʘʙʣʠʮʘ 3.1 

ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʕɼɼʗʂ, ʘ ʪʘʢʞʝ ʝ yʩʦʣʝʡ ʨʘʟʣʠʯʥʳʭ 

ʩʪʝʧʝʥʝʡ ʧʨʦʪʦʥʠʟʘʮʠʠ (ʩʤ
-1
). 

ʉʦʝʜʠʥʝʥʠʝ n 
C=O

 nas
C-O

 ns
C-O

 n
C-N

 

ʕɼɼʗʂ, H4ʍ 1730, 1715 1630, 1610 1420 - 1400 1070, 1040 

ʂ4ʍ - 1590 1400 1085, 1050 

H2CuʍÖ3H2O 1710 1610 1400 1115, 1090 

H2NiʍÖ 9H2O 1710 1680 - 1570 1410 1115, 1085 

H2ZnʍÖ 3H2O  - 1630, 1595 1400 1060, 1035 

H2MnʍÖ 4H2O - 1630, 1590 1400  1060, 1030 

 

ʅʝʩʤʦʪʨʷ ʥʘ ʦʜʠʥʘʢʦʚʳʡ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʝ 

ʵʪʠʣʝʥʜʠʘʤʠʥʜʠʩʫʢʮʠʥʘʪʳ ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʩʚʦʝʤʫ 

ʩʪʨʦʝʥʠʶ. ʊʘʢ, ʚ ʢʦʤʧʣʝʢʩʘʭ H2CuʍÖ3H2O, H2NiʍÖ9H2O ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʝ ʢʘʨʙʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ, ʥʝ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʝ ʠʦʥʦʤ ʄʝ
2+
, ʦ 

ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʥʘʣʠʯʠʝ ʚ ʀʂ ʩʧʝʢʪʨʘʭ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ n
C=O

 1710  ʩʤ
-1
. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʦ ʜʦʢʘʟʘʥʦ ʥʘʣʠʯʠʝ ʚ ʵʪʠʭ ʢʦʤʧʣʝʢʩʘʭ ʙʝʪʘʠʥʦʚʦʡ ʩʪʨʫʢʪʫʨʳ. 
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ɺ ʩʧʝʢʪʨʝ H2NiʍÖ9H2O ʚ ʦʙʣʘʪʠ nas
C-O

 ʧʨʦʷʚʣʷʝʪʩʷ ʰʠʨʦʢʘʷ ʧʦʣʦʩʘ 1680 ï 1570 ʩʤ
-

1
, ʧʦʵʪʦʤʫ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʠʤʝʝʪ ʤʝʩʪʦ ʥʘʣʦʞʝʥʠʝ ʜʚʫʭ 

ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ n
C=O

 ʠ nas
C-O
, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʥʦʡ ʉʆʆʅ-

ʛʨʫʧʧʝ ʠ ʉʆʆ
ð
ʛʨʫʧʧʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɸʚʪʦʨʘʤʠ [99] ʙʳʣʦ ʚʳʜʚʠʥʫʪʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʚ H2NiʍÖ9H2O ʦʜʥʘ ʉʆʆʅ-ʛʨʫʧʧʘ ʥʝ ʢʦʦʨʜʠʥʠʨʦʚʘʥʘ ʠʦʥʦʤ 

Ni
2+

 (n
C=O

 = 1710  ʩʤ
-1
), ʜʨʫʛʘʷ ï ʚʭʦʜʠʪ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʫʶ ʩʬʝʨʫ Ni

2+
 (n

C=O
 = 

1680  ʩʤ
-1
), ʢʘʢ ʵʪʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦ ʜʣʷ ʤʦʥʦʛʠʜʨʘʪʦʚ 

ʵʪʠʣʝʥʜʠʘʤʠʥʪʝʪʨʘʘʮʝʪʘʪʦʚ ʥʠʢʝʣʷ H2NiɸÖH2O [100] ʠ ʤʝʜʠ H2CuɸÖH2O [101]. ɺ 

ʀʂ ʩʧʝʢʘʪʨʘʭ H2ZnʍÖ 3H2O ʠ H2MnʍÖ 4H2O ʥʝ ʦʙʥʘʨʫʞʝʥʦ ʧ. ʧ. ʧʨʠ n > 1700 ʩʤ
-1
. 

ɺ ʦʙʣʘʩʪʠ nas
C-O

 ʚ ʩʧʝʢʪʨʘʭ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤʝʝʪʩʷ ʩʣʦʞʥʘʷ ʧʦʣʦʩʘ ʩ 

ʤʘʢʩʠʤʫʤʘʤʠ  1630 ʠ 1590 ʩʤ
-1
, ʢʦʪʦʨʘʷ ʙʳʣʘ ʦʪʥʝʩʝʥʘ ʢ ʧʦʛʣʦʱʝʥʠʶ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʠ ʩʚʦʙʦʜʥʳʭ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʠ ʪʝʤ ʩʘʤʳʤ ʙʳʣʦ 

ʜʦʢʘʟʘʥʦ ʦʪʩʫʪʩʪʚʠʝ ʙʝʪʘʠʥʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʢʦʤʧʣʝʢʩʘʭ ʮʠʥʢʘ ʠ ʤʘʨʛʘʥʮʘ ʩ 

ʕɼɼʗʂ. 

 

3.4. ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ɺ ʧʦʩʪʨʦʝʥʠʠ ʢʦʤʧʣʝʢʩʦʥʘʪʦʚ ʤʝʪʘʣʣʦʚ ʢʘʢ ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ, ʪʘʢ ʠ ʚ 

ʨʘʩʪʚʦʨʝ, ʚʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʚʦʜʘ. ʇʦʵʪʦʤʫ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʠʟʫʯʝʥʠʝ 

ʪʝʨʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʦʚ ʢʦʤʧʣʝʢʩʦʥʘʪʦʚ, ʧʦʟʚʦʣʷʶʱʝʝ 

ʦʧʨʝʜʝʣʠʪʴ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʳ ʚ ʥʠʭ ʠ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʚʳʷʚʠʪʴ 

ʚʥʫʪʨʠʩʬʝʨʥʫʶ ʚʦʜʫ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʜʘʣʣʝʝ ʩʜʝʣʘʪʴ 

ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʜʝʥʪʘʪʥʦʩʪʠ ʢʦʤʧʣʝʢʩʦʥʘ ʠ ʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʤ ʯʠʩʣʝ ʠʦʥʘ-

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʷ.  

ʍʦʪʷ ʧʝʨʚʳʝ ʨʘʙʦʪʳ, ʧʦʩʚʷʱʝʥʥʳʝ ʠʟʫʯʝʥʠʶ ʪʝʨʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʦʷʚʠʣʠʩʴ ʙʦʣʝʝ 50 ʣʝʪ ʥʘʟʘʜ, ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʷ ʠ 

ʪʝʨʤʦʛʨʘʬʠʷ ʧʦ-ʧʨʝʞʥʝʤʫ ʧʨʦʜʦʣʞʘʶʪ ʠʛʨʘʪʴ ʚʘʞʥʫʶ ʨʦʣʴ. ʕʪʠʤ ʤʝʪʦʜʘʤ ʚ 

ʭʠʤʠʠ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʩʚʷʱʝʥʳ ʩʧʝʮʠʘʣʴʥʳʝ ʤʦʥʦʛʨʘʬʠʠ, ʥʘʧʨʠʤʝʨ, 

[102], ʨʘʟʜʝʣʳ ʤʦʥʦʛʨʘʬʠʡ [29], ʘ ʪʘʢʞʝ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʝʞʝʛʦʜʥʦ 

ʧʫʙʣʠʢʫʝʤʳʭ ʩʪʘʪʝʡ, ʥʘʧʨʠʤʝʨ [103-106]. 
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ʉʨʝʜʠ ʠʟʫʯʝʥʥʳʭ ʣʠʛʘʥʜʦʚ ʟʘʤʝʪʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʢʦʤʧʣʝʢʩʦʥʳ. ʀʟʫʯʝʥʠʝ 

ʪʝʨʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʤʧʣʝʢʩʦʥʘʪʦʚ ʤʝʪʘʣʣʦʚ (ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʠʭ 

ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʦʚ) ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʚʘʞʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʭʘʨʘʢʪʝʨʝ ʩʚʷʟʝʡ 

ʤʝʪʘʣʣ-ʣʠʛʘʥʜ ʚ ʥʠʭ, ʦ ʜʝʥʪʘʪʥʦʩʪʠ ʣʠʛʘʥʜʘ, ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʤ ʯʠʩʣʝ ʠʦʥʘ 

ʤʝʪʘʣʣʘ ʚ ʢʦʤʧʣʝʢʩʦʥʘʪʝ ʠ ʪ.ʜ. ʉʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʦʥʘʪʦʚ 

ʤʝʪʘʣʣʦʚ ʩ ʢʦʤʧʣʝʢʩʦʥʘʤʠ ʪʠʧʘ ʕɼʊʋʂ, ʅʊʋʂ ʠ ʜʨ. [103-105, 107] ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʫʜʘʣʷʝʪʩʷ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʘʷ ʚʦʜʘ, ʘ ʟʘʪʝʤ ʥʘʯʠʥʘʝʪʩʷ ʪʝʨʤʠʯʝʩʢʘʷ ʜʝʩʪʨʫʢʮʠʷ ʣʠʛʘʥʜʘ. 

ʀʥʦʛʜʘ ʦʪɦ ʝʧʣʝʥʠʝ ʯʘʩʪʠ ʤʦʣʝʢʫʣ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʚʦʜʳ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʣʝ 

ʥʘʯʘʣʘ ʨʘʟʣʦʞʝʥʠʷ ʣʠʛʘʥʜʘ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʠʟʫʯʝʥʠʝ ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʘ ʠ 

ʟʘʩʪʘʚʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʧʨʦʮʝʩʩ ʥʘʛʨʝʚʘʥʠʷ ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ ʠʣʠ ʚ ʚʘʢʫʫʤʝ. 

ɺʘʞʥʳʤ ʚʢʣʘʜʦʤ ʚ ʠʟʫʯʝʥʠʝ ʩʪʨʦʝʥʠʷ ʢʦʤʧʣʝʢʩʦʥʘʪʦʚ ʤʝʪʘʣʣʦʚ 

ʪʝʨʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʷʚʠʣʠʩʴ ʚʚʝʜʝʥʥʳʝ ʩʥʘʯʘʣʘ ɻ. ʐʚʘʨʮʝʥʙʘʭʦʤ, ʘ ʟʘʪʝʤ 

ɺ.ʀ. ʉʧʠʮʳʥʳʤ ʠ ʃ.ʀ. ʄʘʨʪʳʥʝʥʢʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʨʘʟʣʠʯʥʦʤ ʧʦʚʝʜʝʥʠʠ ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ ʚʥʝʰʥʝʩʬʝʨʥʦʡ ʠ ʚʥʫʪʨʠʩʬʝʨʥʦʡ ʚʦʜʳ ʚ ʩʦʩʪʘʚʝ ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʦʚ 

[108]. ʐʚʘʨʮʝʥʙʘʭ ʧʨʠʰʝʣ ʢ ʚʳʚʦʜʫ ʦ ʪʦʤ, ʯʪʦ ʝʩʣʠ ʢʦʤʧʣʝʢʩʦʥʘʪ ʦʙʨʘʟʫʝʪ 

ʛʠʜʨʦʢʩʦʩʦʝʜʠʥʝʥʠʷ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ (ʨʅ<7), ʪʦ ʦʥ ʦʙʷʟʘʪʝʣʴʥʦ ʩʦʜʝʨʞʠʪ ʤʦʣʝʢʫʣʫ 

ʚʦʜʳ, ʦʪʱʝʧʣʷʶʱʫʶʩʷ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (>150-200 ʉ̄), ʪ.ʝ. ʵʪʘ 

ʤʦʣʝʢʫʣʘ (ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʤʦʣʝʢʫʣ) ʚʦʜʳ ʠ ʜʦʣʞʥʘ ʦʙʣʘʜʘʪʴ ʦʩʦʙʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʊʘʢʠʤʠ ʢʦʤʧʣʝʢʩʦʥʘʪʘʤʠ, ʧʦ ʐʚʘʨʮʝʥʙʘʭʫ, ʷʚʣʷʶʪʩʷ ʩʦʝʜʠʥʝʥʠʷ ʕɼʊʋʂ ʩ 

Cr(III) ʠ Fe(III ). 

ʊʝʨʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʦʥʘʪʦʚ Fe(III) ʩ ʕɼʊʋʂ ʙʳʣʠ ʠʟʫʯʝʥʳ ɺ.ʀ. 

ʉʧʠʮʳʥʳʤ ʠ ʃ.ʀ. ʄʘʨʪʳʥʝʥʢʦ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ. ʆʥʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʦʧʨʝʢʠ 

ʧʨʦʛʥʦʟʘʤ ʐʚʘʨʮʝʥʙʘʭʘ ʚʦʜʘ, ʚʭʦʜʷʱʘʷ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʵʜʨ ʞʝʣʝʟʘ(III ) 

ʚ ʥʝʢʦʪʦʨʳʭ ʢʦʤʧʣʝʢʩʦʥʘʪʘʭ, ʭʦʪʷ ʠ ʪʠʪʨʫʝʪʩʷ ʚ ʩʣʘʙʦʢʠʩʣʦʡ ʩʨʝʜʝ, ʦʜʥʘʢʦ ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ ʦʪʱʝʧʣʷʝʪʩʷ ʚʤʝʩʪʝ ʩ ʚʥʝʰʥʝʩʬʝʨʥʦʡ ʚʦʜʦʡ. ɼʣʷ ʩʨʝʜʥʠʭ 

ʤʦʥʦʢʦʤʧʣʝʢʩʦʥʘʪʦʚ M[FeL] ʵʪʦ ʷʚʣʝʥʠʝ ʙʳʣʦ ʦʙʲʷʩʥʝʥʦ ʚʣʠʷʥʠʝʤ ʧʨʠʨʦʜʳ 

ʚʥʝʰʥʝʩʬʝʨʥʦʛʦ ʢʘʪʠʦʥʘ M
+
. ɽʩʣʠ ʚ ʩʦʩʪʘʚ ʩʦʣʠ ʚʭʦʜʠʪ ʩʠʣʴʥʦ ʧʦʣʷʨʠʟʫʶʱʠʡ 

ʚʥʝʰʥʝʩʬʝʨʥʳʡ ʢʘʪʠʦʥ, ʪʦ ʦʥ ʥʠʚʝʣʠʨʫʝʪ ʩʚʦʡʩʪʚʘ ʚʩʝʭ ʪʠʧʦʚ ʤʦʣʝʢʫʣ ʚʦʜʳ ʠ ʥʝ 

ʧʦʟʚʦʣʷʝʪ ʨʘʟʣʠʯʠʪʴ ʥʘ ʢʨʠʚʳʭ TG ʦʪʱʝʧʣʝʥʠʝ ʚʥʝʰʥʝ- ʠ ʚʥʫʪʨʠʩʬʝʨʥʦʡ ʚʦʜʳ. 
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ʅʘʦʙʦʨʦʪ, ʥʘʣʠʯʠʝ ʚʦ ʚʥʝʰʥʝʡ ʩʬʝʨʝ ʢʘʪʠʦʥʘ ʩʦ ʩʣʘʙʳʤ ʧʦʣʷʨʠʟʫʶʱʠʤ 

ʜʝʡʩʪʚʠʝʤ ʩʧʦʩʦʙʩʪʚʫʝʪ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʩʚʦʡʩʪʚ ʵʪʠʭ ʜʚʫʭ ʪʠʧʦʚ ʚʦʜʳ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʭ ʦʙʥʘʨʫʞʝʥʠʶ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʦʚ 

ʢʦʤʧʣʝʢʩʦʥʘʪʦʚ ʤʝʪʘʣʣʦʚ ʚ ʥʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʩʣʫʯʘʷʭ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʩʣʝʜʫʶʱʫʶ ʠʥʬʦʨʤʘʮʠʶ: 

- ʦʧʨʝʜʝʣʠʪʴ ʦʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʳ ʚ ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʝ; 

- ʚʳʷʚʠʪʴ çʦʩʦʙʦè ʩʚʷʟʘʥʥʫʶ ʚʦʜʫ; 

- ʩʜʝʣʘʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʤ ʯʠʩʣʝ ʤʝʪʘʣʣʘ-

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʷ ʚ ʪʚʝʨʜʦʤ ʢʦʤʧʣʝʢʩʝ ʠ ʚ ʨʘʩʪʚʦʨʝ; 

- ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʜʝʥʪʘʪʥʦʩʪʠ ʢʦʤʧʣʝʢʩʦʥʘ; 

- ʧʨʦʚʝʩʪʠ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʦʛʦ 

ʠʟʫʯʝʥʠʷ. 
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ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ʏɸʉʊʔ ʀ ʆɹʉʋɾɼɽʅʀɽ ʈɽɿʋʃʔʊɸʊʆɺ 

 

4. ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʂʇʗʂ ʩ ɻʣʝʤʝʥʪʘʤʠ II -

ɸ ʠ III -ɸ ʧʦʜʛʨʫʧʧʳ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ 
 

ʂʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʦʪʝʢʘʝʪ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ, 

ʧʦʵʪʦʤʫ ʦʧʨʝʜʝʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʷʚʣʷʣʦʩʴ ʟʘʜʘʯʝʡ ʜʣʷ 

ʩʠʩʪʝʤ ʵʣʝʤʝʥʪ ï ʢʦʤʧʣʝʢʩʦʥ ï ʚʦʜʘ, ʘ ʠʤʝʥʥʦ ʩʦʩʪʘʚ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʢʦʤʧʣʝʢʩʦʚ. 

4.1. ʊʝʭʥʠʢʘ ʠ ʤʝʪʦʜʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

 

4.1.1. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʥʦʚ 

 

ʂʦʤʧʣʝʢʩʦʥʳ, ʧʨʦʠʟʚʦʜʥʳʝ ʷʥʪʘʨʥʦʡ ʢʠʩʣʦʪʳ, ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʠ ʥʝ ʟʘʛʨʷʟʥʷʶʪ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʪ.ʢ. ʚ 

ʫʩʣʦʚʠʷʭ ʩʙʨʦʩʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ ʙʳʩʪʨʦ ʨʘʟʣʘʛʘʶʪʩʷ ʥʘ 

ʩʦʩʪʘʚʣʷʶʱʠʝ ʘʤʠʥʦʢʠʩʣʦʪʳ [1, 4, 5]. ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʙʨʘʥʳ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʝ ʢʦʤʧʣʝʢʩʦʥʳ, ʧʨʦʠʟʚʦʜʥʳʝ ʷʥʪʘʨʥʦʡ ʢʠʩʣʦʪʳ (ʂʇʗʂ): 

ʵʪʠʣʝʥʜʠʘʤʠʥʜʠʷʥʪʘʨʥʘʷ ʢʠʩʣʦʪʘ (ʕɼɼʗʂ) ʠ ʛʝʢʩʘʤʝʪʠʣʝʥʜʠʘʤʠʥʜʠʷʥʪʘʨʥʘʷ 

ʢʠʩʣʦʪʘ (ɻʄɼɼʗʂ), ʪʘʢ ʢʘʢ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʥʠ ʥʘʭʦʜʷʪ ʚʩʝ ʙʦʣʴʰʝʝ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, 

ʥʘʧʨʠʤʝʨ, ʢʘʢ ʟʘʤʝʜʣʠʪʝʣʠ ʛʠʜʨʘʪʘʮʠʠ ʢʘʣʴʮʠʝʚʳʭ ʚʷʞʫʱʠʭ ʚ ʪʝʭʥʦʣʦʛʠʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ; ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʨʝʮʝʧʪʫʨʘʭ ʩʦʩʪʘʚʦʚ ʜʣʷ 

ʨʘʩʪʚʦʨʝʥʠʷ ʥʘʢʠʧʥʦ-ʢʦʨʨʦʟʠʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʚ ʧʨʦʮʝʩʩʘʭ ʦʯʠʩʪʢʠ ʚʥʫʪʨʝʥʥʠʭ 

ʧʦʣʦʩʪʝʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʪʝʧʣʦʦʙʤʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ; ʠʭ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʤʠʥʝʨʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠʟ ʷʠʯʥʦʡ ʩʢʦʨʣʫʧʳ ʩ ʧʦʚʳʰʝʥʥʦʡ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʮʝʥʥʦʩʪʴʶ ʠ ʙʠʦʜʦʩʪʫʧʥʦʩʪʴʶ. ʇʨʠ ʩʦʟʜʘʥʠʠ ʢʦʤʧʣʝʢʩʦʥʦʚ 

ʜʠʘʤʠʥʥʦʛʦ ʪʠʧʘ, ʧʨʦʠʟʚʦʜʥʳʭ ʜʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ, ʩʪʘʚʠʣʘʩʴ ʟʘʜʘʯʘ 

ʫʩʪʘʥʦʚʠʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚ ʧʨʦʮʝʩʩʘʭ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ 

ʨʘʩʪʚʦʨʘʭ, ʦʧʨʝʜʝʣʠʪʴ ʩʚʷʟʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʨʝʘʛʝʥʪʦʚ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʢʦʤʧʣʝʢʩʦʚ ʩ ʠʭ ʩʦʩʪʘʚʦʤ ʠ ʫʩʣʦʚʠʷʤʠ ʦʩʫʱʝʩʪʚʣʝʥʠʷ 
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ʭʠʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʚʦʡʩʪʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʢʦʤʧʣʝʢʩʦʚ. ʂʨʦʤʝ ʪʦʛʦ, 

ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʩʚʦʡʩʪʚ ʢʦʤʧʣʝʢʩʦʥʦʚïʘʥʘʣʦʛʦʚ, ʧʨʦʠʟʚʦʜʥʳʭ  ʢʘʢ ʫʢʩʫʩʥʦʡ 

(ʂʇʋʂ), ʪʘʢ ʠ ʷʥʪʘʨʥʦʡ ʢʠʩʣʦʪ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʛʦʤʦʣʦʛʠʯʝʩʢʠʝ 

ʨʷʜʳ, ʥʦ ʠʤʝʶʱʠʭ ʘʥʘʣʦʛʠʠ ʩʪʨʦʝʥʠʷ (ʩʦʜʝʨʞʘʱʠʭ ʜʚʘ ʘʪʦʤʘ ʘʟʦʪʘ, ʥʦ 

ʩʦʜʝʨʞʘʱʠʭ ʨʘʟʣʠʯʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ ʫ ʵʪʠʭ ʘʪʦʤʦʚ, ʘ ʪʘʢʞʝ ʠʤʝʶʱʠʭ ʨʘʟʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʤʝʪʠʣʝʥʦʚʳʭ ʟʚʝʥʴʝʚ ʮʝʧʠ) ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʦʙʲʝʢʪʠʚʥʦ ʦʮʝʥʠʪʴ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ 

ʢʦʤʧʣʝʢʩʦʥʦʚ.  

ʇʣʘʥʠʨʫʝʤʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʘʫʯʥʳʡ ʠʥʪʝʨʝʩ ʠ ʧʨʘʢʪʠʯʝʩʢʫʶ 

ʟʥʘʯʠʤʦʩʪʴ, ʧʦʩʢʦʣʴʢʫ ʥʝ ʪʦʣʴʢʦ ʧʦʧʦʣʥʷʝʪ ʙʘʟʫ ʜʘʥʥʳʭ ʧʦ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ 

ʩʚʦʡʩʪʚʘʤ ʢʦʤʧʣʝʢʩʦʥʦʚ, ʥʦ ʠ ʜʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʢʦʤʧʣʝʢʩʦʥʘʭ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

 

ʉʠʥʪʝʟ ʕɼɼʗʂ  

 

232 ʛ ʤʘʣʝʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʨʘʩʪʚʦʨʷʶʪ ʚ 1 ʣ ʚʦʜʳ, ʢ ʧʦʣʫʯʝʥʥʦʤʫ ʨʘʩʪʚʦʨʫ 

ʜʦʙʘʚʣʷʶʪ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʩʥʘʯʘʣʘ 200 ʤʣ ʨʘʩʪʚʦʨʘ NaOH (500 ʛ/ʣ), ʘ ʟʘʪʝʤ 

85.7 ʛ 70% ʨʘʩʪʚʦʨʘ ʦʩʥʦʚʘʥʠʷ ʵʪʠʣʝʥʜʠʘʤʠʥʘ. ʈʝʘʢʮʠʦʥʥʫʶ ʤʘʩʩʫ ʥʘʛʨʝʚʘʶʪ ʚ 

ʪʝʯʝʥʠʝ 16 ʯʘʩʦʚ ʥʘ ʢʠʧʷʱʝʡ ʚʦʜʷʥʦʡ ʙʘʥʝ (90 ï 95Áʉ). ʇʦ ʦʢʦʥʯʘʥʠʠ ʨʝʘʢʮʠʠ 

ʨʘʩʪʚʦʨ ʬʠʣʴʪʨʫʶʪ, ʦʭʣʘʞʜʘʶʪ ʜʦ 3 ï 5Áʉ ʠ ʧʦʜʢʠʩʣʷʶʪ 6 ʄ HCl ʜʦ ʨʅ 2 ï 2.5 

ʏʝʨʝʟ 15 ï 20 ʤʠʥʫʪ ʚʳʧʘʜʘʝʪ ʙʝʣʳʡ ʦʩʘʜʦʢ, ʢʦʪʦʨʳʡ ʦʪʜʝʣʷʶʪ ʥʘ ʩʪʝʢʣʷʥʥʦʤ 

ʬʠʣʴʪʨʝ ʠ ʧʨʦʤʳʚʘʶʪ ʭʦʣʦʜʥʦʡ ʚʦʜʦʡ. ʉ ʮʝʣʴʶ ʦʯʠʩʪʢʠ ʧʨʦʜʫʢʪ ʧʝʨʝʦʩʘʞʜʘʶʪ, 

ʜʣʷ ʯʝʛʦ ʝʛʦ ʨʘʩʪʚʦʨʷʶʪ ʚʤʝʩʪʝ ʩʦ 100 ʛ NaOH ʚ 500 ʤʣ ʚʦʜʳ, ʦʭʣʘʞʜʘʶʪ ʜʦ 3 ï 5 

Áʉ ʠ ʧʦʜʢʠʩʣʷʶʪ 6 ʥ HCl ʜʦ ʨʅ 2 ï 2.5. ɺʳʧʘʚʰʠʡ ʦʩʘʜʦʢ ʩʫʰʘʪ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ 

100 ï 110 Áʉ. ɺʳʭʦʜ ʧʨʦʜʫʢʪʘ ʩʦʩʪʘʚʠʣ 55%. 

               ʅʘʡʜʝʥʦ, % ʉ 40,95; H 5,60; N 9,48.  

ɺʳʯʠʩʣʝʥʦ ʉ8H11NO8,% ʉ 41,09; H 5,53; N 9,55. 
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ʉʠʥʪʝʟ ɻʄɼɼʗʂ 

 

ʉʧʦʩʦʙ 1 [109].  

 

ɺ 200 ʤʣ ʚʦʜʳ ʨʘʩʪʚʦʨʠʣʠ 100 ʛ (1.02 ʤʦʣʷ) ʤʘʣʝʠʥʦʚʦʛʦ ʘʥʛʠʜʨʠʜʘ. 

ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʩʤʝʰʘʣʠ ʩʦ 160 ʛ 50%-ʥʦʛʦ ʨʘʩʪʚʦʨʘ NaOH.  ʈʘʟʦʛʨʝʪʳʡ ʚ 

ʧʨʦʮʝʩʩʝ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʨʘʩʪʚʦʨ ʩʤʝʰʘʣʠ ʩ 58 ʛ (0.5 ʤʦʣʷ) 1,6-ʛʝʢʩʘʥʜʠʘʤʠʥʘ ʠ 

ʢʠʧʷʪʠʣʠ 48 ʯ ʩ ʦʙʨʘʪʥʳʤ ʭʦʣʦʜʠʣʴʥʠʢʦʤ. ʇʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ 

ʧʦʜʢʠʩʣʠʣʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ ʜʦ ʨʅ 2.6 ʠ ʚʳʜʝʨʞʘʣʠ 

ʥʝʩʢʦʣʴʢʦ ʯʘʩʦʚ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʩʘʜʢʘ ʙʝʣʦʛʦ ʮʚʝʪʘ. ɿʘʪʝʤ ʦʩʘʜʦʢ 

ʦʪʬʠʣʴʪʨʦʚʘʣʠ ʠ ʧʨʦʤʳʣʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ. ɺʳʭʦʜ 64.6%. ʂʨʠʩʪʘʣʣʳ 

ʙʝʣʦʛʦ ʮʚʝʪʘ, ʪ.ʧʣ. 250 ÁC, ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ 348 ʛÅʤʦʣʴ
ï1
, ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʚʦʜʝ 

0.0573 ʛ/100 ʤʣ (20 ÁC). 

ʅʘʡʜʝʥʦ (%): ʉ, 48.40; H, 5.66; N, 9.22. 

ɺʳʯʠʩʣʝʥʦ ʉ14ʅ24N2ʆ8 (%): ʉ, 42.57; H, 5.54; N, 9.31. 

 

ʉʧʦʩʦʙ 2 [110].  

 

ɺ 200 ʤʣ ʚʦʜʳ ʨʘʩʪʚʦʨʷʶʪ 100 ʛ (1,02 ʤʦʣʴ) ʤʘʣʝʠʥʦʚʦʛʦ ʘʥʛʠʜʨʠʜʘ. 

ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʩʤʝʰʠʚʘʶʪ ʩ 96 ʛ 50% ʨʘʩʪʚʦʨʘ LiOH. ɺ ʨʘʟʦʛʨʝʪʳʡ ʚ 

ʧʨʦʮʝʩʩʝ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʨʘʩʪʚʦʨ ʜʦʙʘʚʣʷʶʪ 58 ʛ (0,5 ʤʦʣʴ) 1,6-ʛʝʢʩʘʥʜʠʘʤʠʥʘ ʠ 

ʢʠʧʷʪʷʪ 48 ʯʘʩʦʚ ʩ ʦʙʨʘʪʥʳʤ ʭʦʣʦʜʠʣʴʥʠʢʦʤ. ʇʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʨʝʘʢʮʠʦʥʥʫʶ 

ʩʤʝʩʴ ʧʦʜʢʠʩʣʷʶʪ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʤ ʨʘʩʪʚʦʨʦʤ HBr ʜʦ pH=2,6 ʠ ʚʳʜʝʨʞʠʚʘʶʪ 

ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʝʣʦʛʦ ʦʩʘʜʢʘ. ɿʘʪʝʤ ʦʩʘʜʦʢ 

ʦʪʬʠʣʴʪʨʦʚʳʚʘʶʪ ʠ ʧʨʦʤʳʚʘʶʪ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ. ɺʳʭʦʜ 75 ʛ (64,6% ʦʪ 

ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ).  

ɼʣʷ ʦʯʠʩʪʢʠ ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ʝʛʦ ʨʘʩʪʚʦʨʷʶʪ ʚ 10%-ʥʦʤ ʨʘʩʪʚʦʨʝ 

LiOH ʠ ʧʝʨʝʦʩʘʞʜʘʶʪ ʧʦʜʢʠʩʣʝʥʠʝʤ ʜʦ pH=2,6 ʨʘʩʪʚʦʨʦʤ HBr. ʇʦʩʣʝ 

ʧʨʝʢʨʘʱʝʥʠʷ ʚʳʧʘʜʝʥʠʷ ʦʩʘʜʢʘ ʝʛʦ ʦʪʬʠʣʴʪʨʦʚʳʚʘʶʪ ʠ ʩʤʝʰʠʚʘʶʪ ʩ 200 ʤʣ 
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ʛʦʨʷʯʝʛʦ ʘʮʝʪʦʥʘ. ʅʝʨʘʩʪʚʦʨʠʚʰʫʶʩʷ ʯʘʩʪʴ ʦʩʘʜʢʘ ʦʪʬʠʣʴʪʨʦʚʳʚʘʶʪ, ʧʨʦʤʳʚʘʶʪ 

ʣʝʜʷʥʦʡ ʚʦʜʦʡ ʠ ʩʫʰʘʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʝ ʚʳʰʝ 120ÁC.  

ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙ 2, ʪʘʢ ʢʘʢ ʜʘʸʪ ʭʦʨʦʰʠʡ ʚʳʭʦʜ ʠ 

ʯʠʩʪʦʪʫ ʧʨʦʜʫʢʪʘ, ʘ ʧʨʠ ʤʘʩʰʪʘʙʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʦʥ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʳʤ, ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʯʪʠ ʚ 2 ʨʘʟʘ ʤʝʥʴʰʝ 

ʛʠʜʨʦʢʩʠʜʘ ʣʠʪʠʷ, ʧʦʣʫʯʘʷ ʙʦʣʴʰʠʡ ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ.  

 

4.1.2. ʈʘʙʦʯʠʝ ʨʘʩʪʚʦʨʳ 

 

ɺʩʝ ʨʘʩʪʚʦʨʳ ʛʦʪʦʚʠʣʠ ʥʘ ʙʠʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ.  ʈʘʩʪʚʦʨʳ ʚʩʝʭ 

ʢʦʤʧʣʝʢʩʦʥʦʚ ʛʦʪʦʚʠʣʠ ʩ ʦʜʠʥʘʢʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 0,05 ʄ. ʇʨʠʛʦʪʦʚʣʝʥʠʝ 

ʧʨʦʠʟʚʦʜʠʣʠ ʨʘʩʪʚʦʨʝʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʘʚʝʩʦʢ ʚ ʤʝʨʥʦʡ ʢʦʣʙʝ ʚ ʜʝʥʴ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚʥʫʪʨʝʥʥʝʡ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʧʝʨʝʩʪʨʦʡʢʠ ʢʦʤʧʣʝʢʩʦʥʘ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʦʠʩʭʦʜʠʪʴ ʧʨʠ 

ʩʪʦʷʥʠʠ ʨʘʩʪʚʦʨʦʚ. ʊʦʯʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʧʨʠʛʦʪʦʚʣʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʦʧʨʝʜʝʣʷʣʠ 

ʢʦʤʧʣʝʢʩʦʥʦʤʝʪʨʠʯʝʩʢʠʤ ʪʠʪʨʦʚʘʥʠʝʤ ʧʦ ʥʠʪʨʘʪʫ ʤʝʜʠ ʠʟʚʝʩʪʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ, 

ʪʠʪʨʫʷ ʝʛʦ ʨʘʩʪʚʦʨʦʤ ʢʦʤʧʣʝʢʩʦʥʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʘʤʤʠʘʯʥʦʛʦ ʙʫʬʝʨʘ ʠ 

ʤʫʨʝʢʩʠʜʘ ʢʘʢ ʠʥʜʠʢʘʪʦʨʘ [38]. 

ɹʝʩʢʘʨʙʦʥʘʪʥʳʡ 0,05 M ʨʘʩʪʚʦʨ NaOH ʛʦʪʦʚʠʣʠ ʠʟ 50% ʨʘʩʪʚʦʨʘ NaOH 

ʨʘʩʪʚʦʨʝʥʠʝʤ ʥʝʦʙʭʦʜʠʤʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʢʠʧʷʯʝʥʥʦʡ ʚʦʜʝ ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʩʪʘʥʜʘʨʪʠʟʘʮʠʝʡ ʧʫʪʝʤ ʪʠʪʨʦʚʘʥʠʷ ʛʠʜʨʦʬʪʘʣʘʪʘ ʥʘʪʨʠʷ, 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʜʛʦʪʦʚʣʝʥʥʦʛʦ. ʂʦʥʮʝʥʪʨʘʮʠʶ ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʱʸʣʦʯʠ 

ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʧʦ ʩʫʣʴʬʘʤʠʥʦʚʦʡ ʢʠʩʣʦʪʝ [111]. ɼʣʷ ʨʘʩʰʠʨʝʥʠʷ ʨʘʙʦʯʝʛʦ 

ʜʠʘʧʘʟʦʥʘ ʨʅ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʪʘʥʜʘʨʪʥʳʡ ʨʘʩʪʚʦʨ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ, 

ʧʨʠʛʦʪʦʚʣʝʥʥʳʡ ʠʟ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʅNO3 ʠ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʡ ʧʦ 

ʪʝʪʨʘʙʦʨʘʪʫ ʥʘʪʨʠʷ [112].  

ɼʣʷ ʩʦʟʜʘʥʠʷ ʠʦʥʥʦʡ ʩʠʣʳ ʠʩʧʦʣʴʟʦʚʘʣʠ KNO3 ʤʘʨʢʠ ñʯ.ʜ.ʘ.ò ʠʣʠ ñʭ.ʯò 

ʜʚʘʞʜʳ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʡ ʠʟ ʚʦʜʳ. 

0,05 ʄ ʨʘʩʪʚʦʨ ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ ʛʦʪʦʚʠʣʠ ʧʦ ʥʘʚʝʩʢʝ ʩʫʭʦʡ ʢʠʩʣʦʪʳ ʤʘʨʢʠ 

ñʭ.ʯ.ò. ʈʘʩʪʚʦʨ AlCl 3Ŀ 6H2O 0,05 ʄ ʛʦʪʦʚʠʣʠ ʨʘʩʪʚʦʨʝʥʠʝʤ ʥʘʚʝʩʢʠ ʩʦʣʠ, 
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ʢʚʘʣʠʬʠʢʘʮʠʠ ñʯ.ʜ.ʘ.ò ʚ ʙʠʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ. ʂʦʥʮʝʥʪʨʘʮʠʶ ʧʦʣʫʯʝʥʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʢʦʤʧʣʝʢʩʦʥʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ [37]. ʈʘʩʪʚʦʨ Ga 

(NO3)3 0,05 M ʛʦʪʦʚʠʣʠ ʠʟ ʩʫʭʦʡ ʩʦʣʠ ʛʘʣʣʠʷ ʤʘʨʢʠ ñʯ.ʜ.ʘ.ò ʠ 

ʙʠʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ. ʈʘʩʪʚʦʨʳ 0,05 M ʥʠʪʨʘʪʦʚ ʵʣʝʤʝʥʪʦʚ II -ɸ ʧʦʜʛʨʫʧʧʳ 

ʛʦʪʦʚʠʣʠ ʨʘʩʪʚʦʨʝʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʟʦʪʥʦʢʠʩʣʳʭ ʩʦʣʝʡ ʤʘʨʢʠ ñʯ.ʜ.ʘ.ò ʚ 

ʙʠʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʧʨʝʜʝʣʝʥʠʝʤ ʪʦʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʪʨʠʣʦʥʦʤʝʪʨʠʯʝʩʢʠʤ ʪʠʪʨʦʚʘʥʠʝʤ [113]. 

ɼʦʟʠʨʦʚʢʫ ʨʘʩʪʚʦʨʦʚ ʧʨʦʠʟʚʦʜʠʣʠ ʧʨʠ ʧʦʤʦʱʠ ʢʘʣʠʙʨʦʚʘʥʥʳʭ 

ʤʠʢʨʦʙʶʨʝʪʦʢ ʥʘ 5 ʤʣ ʩ ʮʝʥʦʡ ʜʝʣʝʥʠʷ 0,02 ʤʣ, ʘ ʪʘʢʞʝ ʩ ʧʦʤʦʱʴʶ 

ʢʘʣʠʙʨʦʚʘʥʥʳʭ ʧʠʧʝʪʦʢ ʥʘ 1,2,5,10,20,50 ʤʣ.  

 

4.1.3. ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ  

 

ʨʅ-ʧʦʪʝʥʮʠʦʤʝʪʨʠʷ 

ʕʪʦʪ ʤʝʪʦʜ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʩʪʘʥʪ ʩʪʫʧʝʥʯʘʪʦʡ 

ʜʠʩʩʦʮʠʘʮʠʠ  ʢʦʤʧʣʝʢʩʦʥʦʚ, ʘ ʪʘʢʞʝ ʢʦʥʩʪʘʥʪ ʫʩʪʦʡʯʠʚʦʩʪʠ ʵʣʝʤʝʥʪʦʚ II-ɸ ʠ III-

ɸ ʧʦʜʛʨʫʧʧʳ ʩ ʂʇʗʂ. 

ʈʘʙʦʯʠʝ ʨʘʩʪʚʦʨʳ ʜʣʷ ʪʠʪʨʦʚʘʥʠʷ ʛʦʪʦʚʠʣʠ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ʘʣʠʢʚʦʪʫ ʨʘʩʪʚʦʨʘ ʜʠʥʘʪʨʠʝʚʦʡ ʩʦʣʠ ʢʦʤʧʣʝʢʩʦʥʘ ʧʦʤʝʱʘʣʠ ʚ ʤʝʨʥʫʶ ʢʦʣʙʫ 

ʥʘ 100 ʤʣ, ʚʚʦʜʠʣʠ ʥʝʦʙʭʦʜʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ 1ʄ ʨʘʩʪʚʦʨʘ KNO3 (ʯ.ʜ.ʘ.) ʜʣʷ 

ʧʦʜʜʝʨʞʘʥʠʷ ʧʦʩʪʦʷʥʥʦʡ ʠʦʥʥʦʡ ʩʠʣʳ, ʜʣʷ ʧʝʨʝʚʝʜʝʥʠʷ ʢʦʤʧʣʝʢʩʦʥʘ ʚ ʬʦʨʤʫ 

ʢʠʩʣʦʪʳ ʥʘ ʢʘʞʜʳʡ ʵʢʚʠʚʘʣʝʥʪ ʢʦʤʧʣʝʢʩʦʥʘ ʜʦʙʘʚʣʷʣʠ ʰʝʩʪʴ ʵʢʚʠʚʘʣʝʥʪʦʚ 

ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ. ɺʝʨʭʥʠʡ ʧʨʝʜʝʣ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʤʧʣʝʢʩʦʥʘ ʚ ʠʩʩʣʝʜʫʝʤʦʤ 

ʨʘʩʪʚʦʨʝ ʦʛʨʘʥʠʯʝʥ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʢʠʩʣʦʡ ʝʛʦ ʬʦʨʤʳ ï ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʦʤʧʣʝʢʩʦʥʘ ʩʦʩʪʘʚʣʷʣʘ ʚʝʣʠʯʠʥʫ 0,05 ʄ. 

ʇʨʦʪʦʣʠʪʠʯʝʩʢʠʝ ʨʘʚʥʦʚʝʩʠʷ ʂʇʗʂ ʠʩʩʣʝʜʦʚʘʣʠ ʧʨʠ 298ʂ ʠ ʟʥʘʯʝʥʠʷʭ 

ʠʦʥʥʦʡ ʩʠʣʳ I = 0,1; 0,4 ʠ 0,6 ʤʦʣʴ/ʣ (ʚ ʢʘʯʝʩʪʚʝ ñʬʦʥʦʚʦʛʦò ʵʣʝʢʪʨʦʣʠʪʘ 

ʠʩʧʦʣʴʟʦʚʘʥ ʥʠʪʨʘʪ ʢʘʣʠʷ). ʊʦʯʥʳʡ ʦʙʲʝʤ ʨʘʩʪʚʦʨʘ ʜʠʥʘʪʨʠʝʚʦʡ ʩʦʣʠ ʕɼɼʗʂ 

ʠʣʠ ɻʄɼɼʗʂ ʩ ʟʘʜʘʥʥʳʤ ʟʥʘʯʝʥʠʝʤ ʠʦʥʥʦʡ ʩʠʣʳ ʧʦʤʝʱʘʣʠ ʚ 

ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʥʥʫʶ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʫʶ ʷʯʝʡʢʫ. ʊʠʪʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ 
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ʩʪʘʥʜʘʨʪʥʳʤ ʨʘʩʪʚʦʨʦʤ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ ʜʣʷ ɻʄɼɼʗʂ ʠ ʨʘʩʪʚʦʨʦʤ 

ʛʠʜʨʦʢʩʠʜʘ ʥʘʪʨʠʷ ʜʣʷ ʕɼɼʗʂ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʚʥʦʚʝʩʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ ʠʟʤʝʨʷʣʠ ʕɼʉ ʮʝʧʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʨʅ-

ʵʣʝʢʪʨʦʜʘ ʕʉʃʂ-01.7 çɸʢʚʠʣʦʥè. ʇʦʪʝʥʮʠʘʣ ʵʣʝʢʪʨʦʜʘ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʩ 

ʧʦʤʦʱʴʶ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʨʅ-ʤʝʪʨʘ-ʤʠʣʣʠʚʦʣʴʪʤʝʪʨʘ ʨʅ-410 çɸʢʚʘʣʦʥè. 

ʊʝʤʧʝʨʘʪʫʨʫ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʡ ʷʯʝʡʢʠ ʧʦʜʜʝʨʞʠʚʘʣʠ ʧʦʩʪʦʷʥʥʦʡ ʩ 

ʪʦʯʥʦʩʪʴʶ °0.1Üʉ. ʇʝʨʝʜ ʠʟʤʝʨʝʥʠʷʤʠ ʠʦʥʦʤʝʨ ʢʘʣʠʙʨʦʚʘʣʠ ʧʦ ʩʪʘʥʜʘʨʪʥʳʤ 

ʙʫʬʝʨʥʳʤ ʨʘʩʪʚʦʨʘʤ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʨʅ 1,65 ʠ 9,18.  

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʨʅ-ʤʝʪʨʠʯʝʩʢʦʡ ʢʨʠʚʦʡ, ʫʩʨʝʜʥʝʥʥʦʡ ʠʟ ʪʨʝʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ, ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ 

ʧʨʦʛʨʘʤʤʳ ʨʘʩʯʝʪʘ ʭʠʤʠʯʝʩʢʠʭ ʨʘʚʥʦʚʝʩʠʡ NewDALSFEK (KCMSoft, 

2000)[http://sinisha.chat.ru/nonie/products/newdalsfek/].  

ʀʟʫʯʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ ʵʣʝʤʝʥʪʦʚ II-ɸ ʠ III-ɸ ʧʦʜʛʨʫʧʧʳ ʩ 

ʢʦʤʧʣʝʢʩʦʥʘʤʠ ʧʨʦʚʦʜʠʣʠ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʢʨʠʚʳʭ ʨʅ-

ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ ʨʘʩʪʚʦʨʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʢʦʤʧʣʝʢʩʦʥ ʠ 

ʥʠʪʨʘʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʤʝʪʘʣʣʘ ʚ ʤʦʣʴʥʦʤ ʦʪʥʦʰʝʥʠʠ 1:1 ʠ 1:3. 

 

ɸʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʘʷ ʩʧʝʢʪʨʦʤʝʪʨʠʷ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʘʚʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʪʚʝʨʜʳʭ ʢʦʤʧʣʝʢʩʦʥʘʪʦʚ 

ʤʝʪʘʣʣʦʚ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʩ 

ʵʣʝʢʪʨʦʪʝʨʤʠʯʝʩʢʦʡ ʘʪʦʤʠʟʘʮʠʝʡ ʥʘ ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʦʤ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ 

çʂʚʘʥʪ-Z.ʕʊɸ-1è. ɸʪʦʤʥʳʡ ʧʘʨ ʛʝʥʝʨʠʨʫʝʪʩʷ ʧʨʠ ʠʩʧʘʨʝʥʠʠ ʘʣʠʢʚʦʪʳ 

ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʧʨʦʙʳ ʚ ʛʨʘʬʠʪʦʚʦʡ ʧʝʯʠ ʵʣʝʢʪʨʦʪʝʨʤʠʯʝʩʢʦʛʦ ʘʪʦʤʠʟʘʪʦʨʘ 

ʩʧʝʢʪʨʦʤʝʪʨʘ. 

ʇʝʨʝʜ ʠʟʤʝʨʝʥʠʝʤ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨ ʢʘʣʠʙʨʦʚʘʣʠ ʩʝʨʠʷʤʠ ʨʘʩʪʚʦʨʦʚ ɻʉʆ 

ʠʩʩʣʝʜʫʝʤʳʭ ʤʝʪʘʣʣʦʚ. 

 

ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ʊʚʝʨʜʳʝ ʢʦʤʧʣʝʢʩʦʥʘʪʳ ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʪʦʜʦʤ ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʥʘ FTIR 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ EQUINOX 55 ʬʠʨʤʳ Bruker ʠ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟ ʥʘ 
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ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤ ʩʢʘʥʠʨʫʶʱʝʤ ʢʘʣʦʨʠʤʝʪʨʝ STA 449F (ʧʨʦʠʟʚʦʜʠʪʝʣʴ 

NETZSCH). 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʚʝʨʜʳʭ ʦʙʨʘʟʮʦʚ ʩʤʝʰʠʚʘʣʠ ʪʦʥʢʦ ʠʟʤʝʣʴʯʝʥʥʳʡ 

ʧʦʨʦʰʦʢ ʢʦʤʧʣʝʢʩʦʥʘʪʘ ʠ ʦʧʪʠʯʝʩʢʠ ʯʠʩʪʳʡ ʂBr - ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʧʨʦʩʝʷʥʥʳʡʦʛʦ ʯʝʨʝʟ ʩʠʪʦ ʠ ʚʳʩʫʰʝʥʥʳʡ ʧʨʠ 120-130Á ʉ ʚ ʪʝʯʝʥʠʝ 48 ʯ. ɼʘʣʝʝ 

ʩʤʝʩʴ ʧʨʝʩcʫʶʪʩʷ ʧʦʜ ʙʦʣʴʰʠʤ ʜʘʚʣʝʥʠʝʤ (ʜʦ 10 ʪ/ʩʤ
2
) ʚ ʧʨʦʟʨʘʯʥʳʝ ʜʠʩʢʠ. ɼʣʷ 

ʦʜʥʦʡ ʧʣʘʩʪʠʥʢʠ ʜʠʘʤʝʪʨʦʤ 20 ʤʤ ʥʝʦʙʭʦʜʠʤʦ ʦʨʠʝʥʪʠʨʦʚʦʯʥʦ 72 ʤʛ ʂɺʛ ʠ 22-

24 ʤʛ ʢʦʤʧʣʝʢʩʦʥʘʪʘ.  

ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʷ 

ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʦ ʥʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤ 

ʩʢʘʥʠʨʫʶʱʝʤ ʢʘʣʦʨʠʤʝʪʨʝ NETZSCH STA 449F. ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʠʥʪʝʨʚʘʣ - 25ï

550 Áʉ, ʩʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ - 5 ʛʨʘʜ/ʤʠʥ ʚ ʪʦʢʝ ʚʦʟʜʫʭʘ, ʚ ʢʘʯʝʩʪʚʝ ʜʝʨʞʘʪʝʣʝʡ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʝʨʘʤʠʯʝʩʢʠʝ ʪʠʛʣʠ. 

 

4.2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʩʪʫʧʝʥʯʘʪʦʡ ʜʠʩʩʦʮʠʘʮʠʠ ʢʦʤʧʣʝʢʩʦʥʦʚ 

 

ʈʘʙʦʪʘ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʨʦʮʝʩʩʦʚ ʩʪʫʧʝʥʯʘʪʦʡ ʜʠʩʩʦʮʠʘʮʠʠ ʢʦʤʧʣʝʢʩʦʥʦʚ 

ʧʨʦʚʦʜʠʣʘʩʴ ʪʦʣʴʢʦ ʩʦ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʳʤʠ ʨʘʩʪʚʦʨʘʤʠ, ʯʪʦʙʳ ʠʩʢʣʶʯʠʪʴ 

ʥʝʞʝʣʘʪʝʣʴʥʫʶ ʚʦʟʤʦʞʥʫʶ ʮʠʢʣʠʟʘʮʠʶ ʢʦʤʧʣʝʢʩʦʥʦʚ. 

ʇʨʦʪʦʣʠʪʠʯʝʩʢʠʝ ʨʘʚʥʦʚʝʩʠʷ ʚ ʨʘʩʪʚʦʨʘʭ ɻʄɼɼʗʂ ʠʩʩʣʝʜʦʚʘʣʠ ʧʨʠ 

298ʂ ʠ ʟʥʘʯʝʥʠʷʭ ʠʦʥʥʦʡ ʩʠʣʳ I = 0,1; 0,4 ʠ 0,6 ʤʦʣʴ/ʣ. ɺʠʜ ʢʨʠʚʦʡ ʪʠʪʨʦʚʘʥʠʷ 

ɻʄɼɼʗʂ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 4.1 ʠ ʥʘ ʨʠʩʫʥʢʝ 4.2 ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʘʷ 

ʜʠʘʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʠʤʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʬʦʨʤ ʚ ɻʄɼɼʗʂ. 
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ʈʠʩ. 4.1. ʂʨʠʚʘʷ 

ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ 

ʨʘʩʪʚʦʨʘ ɻʄɼɼʗʂ, I=0,1; T = 298 K. 

 

 

ʈʠʩ. 4.2. ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʘʷ ʜʠʘʛʨʘʤʤʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʠʤʳʭ ʢʦʤʧʣʝʢʩʥʳʭ 

ʬʦʨʤ ʚ ɻʄɼɼʗʂ (H4L). ʉL= ʉM =0,001 

ʄ ʧʨʠ I = 0,1 ʚ ʩʨʝʜʝ KNO3 ʠ ʊ = 298 ʂ 

 

ʃʦʛʘʨʠʬʤʳ ʢʦʥʩʪʘʥʪ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʬʦʨʤ 

ʢʦʤʧʣʝʢʩʦʥʘʪʦʚ ʤʝʪʘʣʣʦʚ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ çNew 

DALSFEKè. ɹʦʣʴʰʫʶ ʦʙʲʝʢʪʠʚʥʦʩʪʴ ʠʤʝʶʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʦʥʥʳʭ ʨʘʚʥʦʚʝʩʠʡ, 

ʢʦʪʦʨʳʝ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʧʨʠʨʦʜʳ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʇʦʵʪʦʤʫ ʙʳʣʠ 

ʚʳʯʠʩʣʝʥʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʢʦʥʩʪʘʥʪʳ k0 ʧʫʪʝʤ ʵʢʩʪʨʘʧʦʣʷʮʠʠ ʜʘʥʥʳʭ, 

ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʠʦʥʥʦʡ ʩʠʣʳ, ʥʘ ʥʫʣʝʚʫʶ ʠʦʥʥʫʶ 

ʩʠʣʫ ʧʦ ʫʨʘʚʥʝʥʠʶ ʩ ʦʜʥʠʤ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʧʘʨʘʤʝʪʨʦʤ [46]:
 

bIk
I

IAZ
kc +=

+

D
- 02/1

2/12

lg
16.11

lg
g ,                                  (4.2.1) 

ʛʜʝ kc ʠ k0 ï ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʜʝʩʷʪʠʯʥʳʡ ʣʦʛʘʨʠʬʤ ʢʦʥʩʪʘʥʪʳ ʜʠʩʩʦʮʠʘʮʠʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʠ ʢʦʥʝʯʥʦʡ ʠ ʥʫʣʝʚʦʡ ʠʦʥʥʳʭ ʩʠʣʘʭ; ȹZ
2
 ï ʨʘʟʥʦʩʪʴ ʢʚʘʜʨʘʪʦʚ 

ʟʘʨʷʜʦʚ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʠ ʠʩʭʦʜʥʳʭ ʯʘʩʪʠʮ, Aɔ ï ʧʦʩʪʦʷʥʥʘʷ ʪʝʦʨʠʠ ɼʝʙʘʷï

ʍʶʢʢʝʣʷ, ʨʘʚʥʘʷ 0,5108 [114] ʧʨʠ 298.2 ʂ; I ï ʠʦʥʥʘʷ ʩʠʣʘ ʨʘʩʪʚʦʨʘ; b ï 

ʵʤʧʠʨʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʠʟʤʝʥʝʥʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʦʩʪʦʷʥʥʦʡ ʩʨʝʜʳ ʚʙʣʠʟʠ ʠʦʥʦʚ ʠ ʨʷʜ ʜʨʫʛʠʭ ʵʬʬʝʢʪʦʚ [46]. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʢʦʥʩʪʘʥʪ ʜʠʩʩʦʮʠʘʮʠʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ɻʄɼɼʗʂ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 4.1. ɹʳʣʘ ʧʨʦʚʝʜʝʥʘ 
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ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʦʥʩʪʘʥʪ ʩʪʫʧʝʥʯʘʪʦʡ ʜʠʩʩʦʮʠʘʮʠʠ ʢʦʤʧʣʝʢʩʦʥʦʚ 

ʧʨʦʠʟʚʦʜʥʳʭ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ (ʂʇʋʂ): ʵʪʠʣʝʥʜʠʘʤʠʥʪʝʪʨʘʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ 

(ʕɼʊɸ), ʪʨʠʤʝʪʠʣʝʥʜʠʘʤʠʥʪʝʪʨʘʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ (ʊʄɼʊɸ), 1,4-

ʙʫʪʠʣʝʥʜʠʘʤʠʥʪʝʪʨʘʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ (ɼɹɸʊɸ), 

ʧʝʥʪʘʤʝʪʠʣʝʥʜʠʘʤʠʥʪʝʪʨʘʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ (ʇʄɼʊɸ) ʠ 1,6-

ʛʝʢʩʘʤʝʪʠʣʝʥʜʠʘʤʠʥʪʝʪʨʘʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ (ɻʄɼʊɸ) ʩ ʢʦʤʧʣʝʢʩʦʥʘʤʠ, 

ʧʨʦʠʟʚʦʜʥʳʤʠ ʷʥʪʘʨʥʦʡ ʢʠʩʣʦʪʳ (ʂʇʗʂ): ʕɼɼʗʂ ʠ ɻʄɼɼʗʂ ʧʨʠ ʨʘʟʣʠʯʥʦʡ 

ʠʦʥʥʦʡ ʩʠʣʝ ʚ ʩʨʝʜʝ KNO3. 

ʊʘʙʣʠʮʘ 4.1.  

ʃʦʛʘʨʠʬʤʳ ʢʦʥʩʪʘʥʪ ʩʪʫʧʝʥʯʘʪʦʡ ʜʠʩʩʦʮʠʘʮʠʠ ʢʦʤʧʣʝʢʩʦʥʦʚ, T=298 K 

ʂʦʤʧʣʝʢʩʦʥ pk 
I 

0 0,1 0,5 1,0 

ʕɼʊɸ [115] 

ʨk1 

ʨk2 

ʨk3 

ʨk4 

2,23  

3,17  

6,80  

11,05 

2,02  

2,77 

  6,20  

10,21  

1,92 

  2,52 

  6,17  

 9,93  

1,90   

2,45   

6,22   

9,89  

ʊʄɼʊɸ [115] 

ʨk1 

ʨk2 

ʨk3 

ʨk4 

2,23  

3,10  

8,49  

11,06  

2,04  

2,70  

7,85  

10,25  

1,91  

2,51  

7,84  

9,94  

1,94  

2,52  

7,81  

9,97  

ɼɹɸʊɸ [55] 

ʨk1 

ʨk2 

ʨk3 

ʨk4 

2,26  

 3,09  

 9,70   

11,44  

2,05 

  2,67  

 9,07  

 10,60  

2,08 

  2,58  

 8,96   

10,31  

2,10  

 2,57  

 8,93  

 10,24  

ʇʄɼʊɸ [116] 

ʨk1 

ʨk2 

ʨk3 

ʨk4 

 2,20  

 2,70  

 9,50   

10,45  

  

ɻʄɼʊɸ [115] 

ʨk1 

ʨk2 

ʨk3 

ʨk4 

2,35  

3,13  

10,33  

11,57  

2,14  

2,72  

9,72  

10,74  

2,11  

2,55  

9,59  

10,43  

2,11  

2,53  

9,61  

10,41  

ʕɼɼʗʂ [47] 

 

ʨk1 

ʨk2 

ʨk3 

ʨk4 

3,45  

 4,28 

  7,52  

11,12  

3,20 

  3,87 

  6,85  

10,23  

3,33 

  3,76  

 6,72  

 10,16  

3,28  

 3,81  

 6,65  

  10,10  

ɻʄɼɼʗʂ  0 0,1  0,4 0,6 
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ʨk1 

ʨk2 

ʨk3 

ʨk4 

3,30 Ñ 0,1 

4,08 Ñ0,02 

6,16 Ñ0,02 

10,34Ñ0,16 

2,94 Ñ0,02 

3,88 Ñ0,03 

5,99 Ñ0,02 

10,25Ñ0,01 

3,23Ñ0,05 

5,08Ñ0,05 

7,27Ñ0,04 

10,19Ñ0,02 

2,08 Ñ 0,03 

4,11 Ñ 0,02 

6,41 Ñ 0,03 

9,94 Ñ 0,03 

 

ɸʥʘʣʠʟʠʨʫʷ ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʜʠʩʩʦʮʠʘʮʠʠ ɻʄɼɼʗʂ ʤʦʞʥʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʝʣʠʯʠʥʳ pk1 ʠ pk2, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʠʩʩʦʮʠʘʮʠʠ ʢʘʨʙʦʢʩʠʣʴʥʳʭ 

ʛʨʫʧʧ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʶʪʩʷ. ʈʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʨk3 ʠ ʨk4 ʦʙʫʩʣʦʚʣʝʥʦ 

ʥʘʣʠʯʠʝʤ çʙʝʪʘʠʥʦʚʦʡè ʩʪʨʫʢʪʫʨʳ ʚ ʨʘʩʪʚʦʨʘʭ ʢʦʤʧʣʝʢʩʦʥʘ.  

ʋʩʪʘʥʦʚʣʝʥʦ ʟʘʢʦʥʦʤʝʨʥʦʝ ʠʟʤʝʥʝʥʠʝ ʦʩʥʦʚʥʦʩʪʠ  ʜʦʥʦʨʥʦʛʦ ʘʪʦʤʘ ʘʟʦʪʘ, 

ʩʚʷʟʘʥʥʦʝ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ʤʝʪʠʣʝʥʦʚʳʭ ʛʨʫʧʧ ʚ ʢʦʤʧʣʝʢʩʦʥʘʭ, ʢʘʢ ʜʣʷ 

ʧʨʦʠʟʚʦʜʥʳʭ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ, ʪʘʢ ʠ ʜʣʷ ʧʨʦʠʟʚʦʜʥʳʭ ʷʥʪʘʨʥʦʡ ʢʠʩʣʦʪʳ (ʪʘʙʣ. 

4.1). 

ʇʦ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʧʨʦʪʦʣʠʪʠʯʝʩʢʠʭ ʨʘʚʥʦʚʝʩʠʡ ʚ ʨʘʩʪʚʦʨʘʭ ʂʇʋʂ ʦʪ ʩʪʨʦʝʥʠʷ ʮʝʥʪʨʘʣʴʥʳʭ 

ʬʨʘʛʤʝʥʪʦʚ ʢʦʤʧʣʝʢʩʦʥʦʚ ʙʳʣʠ ʚʳʜʚʠʥʫʪʳ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʚ ʨʘʙʦʪʝ [117]. ʆʪʨʳʚ 

ñʙʝʪʘʠʥʦʚʦʛʦò ʧʨʦʪʦʥʘ ʦʪ ʯʘʩʪʠʮʳ H2L
2ï

 ʚ ʕɼʊɸ ʧʨʦʠʩʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʦ ʣʝʛʯʝ, 

ʯʝʤ ʚ ʨʷʜʫ ʊʄɼʊɸ - ɻʄɼʊɸ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʦʙʨʘʟʦʚʘʥʠʷ ñʩʚʝʨʥʫʪʦʡò ʢʦʥʬʦʨʤʘʮʠʠ ʕɼʊɸ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʙʣʠʞʝʥʠʷ ʜʚʫʭ 

ʠʤʠʥʦʜʠʘʮʝʪʘʪʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʢʦʤʧʣʝʢʩʦʥʘ ʠ ʟʘʤʳʢʘʥʠʷ ʩʚʷʟʝʡ NïHẗẗẗOOC 

ʛʣʠʮʠʥʘʪʥʦʛʦ ʪʠʧʘ [118-121], ʧʨʠʚʦʜʷʱʠʭ ʢ ʦʩʣʘʙʣʝʥʠʶ ʩʚʷʟʠ NïH (ʙʦʣʝʝ 

ʧʦʜʨʦʙʥʦ ʧʨʠʯʠʥʳ ʠʟʤʝʥʝʥʠʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʚʥʦʚʝʩʠʡ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʕɼʊɸ ʢ ʊʄɼʊɸ ï ɻʄɼʊɸ 

ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʨʘʙʦʪʘʭ [122, 123]). 

ʋʚʝʣʠʯʝʥʠʝ ʜʣʠʥʳ ʫʛʣʝʚʦʜʦʨʦʜʥʦʡ ʮʝʧʦʯʢʠ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʘʟʦʪʘ ʚ 

ʤʦʣʝʢʫʣʘʭ ʊʄɼʊɸ ï ɻʄɼʊɸ (ʫ ʂʇʋʂ) ʠ ʕɼɼʗʂ ï ɻʄɼɼʗʂ (ʫ ʂʇʗʂ) 

ʧʨʝʧʷʪʩʪʚʫʝʪ ʩʙʣʠʞʝʥʠʶ ʜʚʫʭ ʠʤʠʥʦʜʠʘʮʝʪʘʪʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʢʦʤʧʣʝʢʩʦʥʘ, 

ʧʦʵʪʦʤʫ ʵʪʠ ʢʦʤʧʣʝʢʩʦʥʳ ʦʙʨʘʟʫʶʪ ʢʦʥʬʦʨʤʘʮʠʠ ʪʦʣʴʢʦ ʩ ñʨʘʟʚʝʨʥʫʪʳʤò ʪʠʧʦʤ 

ʩʪʨʦʝʥʠʷ ʮʝʥʪʨʘʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ [118-121]. ʋʚʝʣʠʯʝʥʠʝ ʟʥʘʯʝʥʠʡ ʨk3 ʠ ʨk4 

ʜʠʩʩʦʮʠʘʮʠʠ ñʙʝʪʘʠʥʦʚʳʭò ʛʨʫʧʧ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʊʄɼʊɸ ʢ ɻʄɼʊɸ ʠ ʦʪ ʕɼɼʗʂ 

ʢ ɻʄɼɼʗʂ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʧʦʚʳʰʝʥʠʝʤ ʦʩʥʦʚʥʦʩʪʠ ʘʪʦʤʦʚ ʘʟʦʪʘ ʚ 
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ʨʝʟʫʣʴʪʘʪʝ ʫʚʝʣʠʯʝʥʠʷ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʦʛʦ ʠʥʜʫʢʪʠʚʥʦʛʦ ʵʬʬʝʢʪʘ 

ʘʣʠʬʘʪʠʯʝʩʢʦʡ ʮʝʧʦʯʢʠ ʮʝʥʪʨʘʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʢʦʤʧʣʝʢʩʦʥʘ. 

 

4.3 ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʤʝʪʘʣʣʦʚ II-ɸ ʧʦʜʛʨʫʧʧʳ ʩ 

ɻʄɼɼʗʂ 

 

ʀʟʫʯʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ (ʑɿʄ) ʩ 

ɻʄɼɼʗʂ ʧʨʦʚʦʜʠʣʠ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʢʨʠʚʳʭ ʨʅ-ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʪʠʪʨʦʚʘʥʠʷ ʨʘʩʪʚʦʨʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʢʦʤʧʣʝʢʩʦʥ ʠ ʥʠʪʨʘʪ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʦʛʦ 

ʤʝʪʘʣʣʘ ʚ ʤʦʣʴʥʦʤ ʦʪʥʦʰʝʥʠʠ 1:1 ʠ 1:3. 

 
ʈʠʩ. 4.3. ʂʨʠʚʳʝ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ ʨʘʩʪʚʦʨʦʚ: 

ɻʄɼɼʗʂ (1); ɻʄɼɼʗʂ ʩ Mg
2+

 (2); ʩ ʉa
2+

 (3); ʩ Sr
2+

 (4); ʩ Ba
2+

 (5);  ʉL= ʉMe 

=0.001 ʄ. I = 0,1. T = 298 K. ʘ ï ʢʦʣʠʯʝʩʪʚʦ ʵʢʚʠʚʘʣʝʥʪʦʚ ʢʠʩʣʦʪʳ, 

ʜʦʙʘʚʣʝʥʥʳʭ ʧʨʠ ʪʠʪʨʦʚʘʥʠʠ ʥʘ 1 ʤʦʣʴ ʢʦʤʧʣʝʢʩʦʥʘ.  ʅʘ ʢʨʠʚʳʭ ʪʠʪʨʦʚʘʥʠʷ 

ʪʦʯʢʠ ï ʵʢʩʧʝʨʠʤʝʥʪ, ʣʠʥʠʠ ï ʨʘʩʯʝʪ. 

ɺ ʦʙʨʘʟʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʦʚ ʩ ʠʦʥʘʤʠ ʑɿʄ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʣʠʰʴ 

ʯʘʩʪʠʮʳ HL
-
 ʠ L

2-
. ʉʦʚʧʘʜʝʥʠʝ ʢʨʠʚʳʭ ʪʠʪʨʦʚʘʥʠʷ ʯʠʩʪʦʡ ɻʄɼɼʗʂ ʠ ʝʝ ʩʤʝʩʝʡ ʩ 

ʥʠʪʨʘʪʘʤʠ ʑɿʄ ʧʨʠ a < 0,5 ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʠʩʪʝʤʘʭ 

ʛʠʜʨʦʢʩʦʢʦʤʧʣʝʢʩʦʚ.  
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ɺ ʪʘʙʣʠʮʝ 4.2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʠ ʟʥʘʯʝʥʠʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʢʦʥʩʪʘʥʪ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʵʣʝʤʝʥʪʦʚ II -ɸ ʧʦʜʛʨʫʧʧʳ ʩ ɻʄɼɼʗʂ. ʕʪʠ ʚʝʣʠʯʠʥʳ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʵʢʩʪʨʘʧʦʣʷʮʠʝʡ ʜʘʥʥʳʭ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʷʭ 

ʠʦʥʥʦʡ ʩʠʣʳ ʥʘ ʥʫʣʝʚʫʶ ʠʦʥʥʫʶ ʩʠʣʫ ʧʦ ʫʨʘʚʥʝʥʠʶ ʩ ʦʜʥʠʤ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ 

ʧʘʨʘʤʝʪʨʦʤ [124]: 

lg K - AĿæz
2
ĿI

1/2
/(1+1,6I 

1/2
) = lg K

0
 + bI, (4.2.2) 

 

ʛʜʝ lg K ʠ lg K
0
 -  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʣʦʛʘʨʠʬʤʳ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʠ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʢʦʥʩʪʘʥʪ ʫʩʪʦʡʯʠʚʦʩʪʠ; æz
2
 ï ʨʘʟʥʦʩʪʴ ʢʚʘʜʨʘʪʦʚ ʟʘʨʷʜʦʚ 

ʠʦʥʦʚ; ɸ ï ʢʦʥʩʪʘʥʪʘ ɼʝʙʘʷ; I ï ʠʦʥʥʘʷ ʩʠʣʘ ʨʘʩʪʚʦʨʘ; b ï ʵʤʧʠʨʠʯʝʩʢʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʠʟʤʝʥʝʥʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʩʪʦʷʥʥʦʡ ʩʨʝʜʳ 

ʚʙʣʠʟʠ ʠʦʥʦʚ ʠ ʜʨʫʛʠʝ ʵʬʬʝʢʪʳ [46]. 

ʆʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʠʤʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʬʦʨʤ ɻʄɼɼʗʂ ʩ ʠʦʥʘʤʠ ʱʝʣʦʯʥʦ-

ʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʠʟ ʦʙʱʝʡ ʚʳʙʦʨʢʠ ʜʦʧʫʩʪʠʤʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʬʦʨʤ, 

ʬʦʨʤʠʨʫʝʤʦʡ ʩ ʫʯʝʪʦʤ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ɻʄɼɼʗʂ ʠ ʠʦʥʦʚ 

ʤʝʪʘʣʣʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʦʩʥʦʚʘʥʠʠ ʚʳʯʠʩʣʝʥʠʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʥʩʪʘʥʪ 

ʦʙʨʘʟʦʚʘʥʠʷ (ʨʠʩ 4.4 ï 4.7). 

ʊʘʙʣʠʮʘ 4.2.  

ʃʦʛʘʨʠʬʤʳ ʢʦʥʩʪʘʥʪ ʦʙʨʘʟʦʚʘʥʠʷ ʑɿʄ ʩ ɻʄɼɼʗʂ ʚ ʩʨʝʜʝ KNO3, 298ʂ 

ʄʝʪʘʣʣ ʂʦʤʧʣʝʢʩ 
I 

0 0,1 0,4 0,6 

Mg
2+

 MY 

MHY 

4,24Ñ0,08 

5,02Ñ0,17 

4,20Ñ0,07 

4,84Ñ0,1 

4,01Ñ0,09 

4,66Ñ0,2 

3,94Ñ0,1 

4,19Ñ0,14 

Ca
2+

 MY 

MHY 

3,98Ñ0,05 

4,70Ñ0,15 

4,04Ñ0,08 

4,62Ñ0,12 

3,86Ñ0,09 

4,22Ñ0,2 

3,64Ñ0,1 

4,09Ñ0,12 

Sr
2+

 MY 

MHY 

3,49Ñ0,1 

4,27Ñ0,16 

3,43Ñ0,05 

4,21Ñ0,14 

3,11Ñ0,08 

3,96Ñ0,13 

3,02Ñ0,12 

3,85Ñ0,2 

Ba
2+

 MY 

MHY 

2,89Ñ0,1 

3,32 Ñ0,09 

2,78Ñ0,09 

3,23Ñ0,19 

2,47Ñ0,11 

2,96Ñ0,15 

2,23Ñ0,1 

2,78Ñ0,07 
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ʈʠʩ. 4.4. ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʘʷ 

ʜʠʘʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʠʤʳʭ 

ʢʦʤʧʣʝʢʩʥʳʭ ʬʦʨʤ ʚ ʩʠʩʪʝʤʝ Mg
2+

 ï 

ɻʄɼɼʗʂ(H4L), ʉL= ʉM =0.001 ʄ ʧʨʠ 

I = 0,1 ʚ ʩʨʝʜʝ KNO3 ʠ ʊ = 298 ʂ 

 

ʈʠʩ. 4.5. ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʘʷ 

ʜʠʘʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʠʤʳʭ 

ʢʦʤʧʣʝʢʩʥʳʭ ʬʦʨʤ ʚ ʩʠʩʪʝʤʝ Ca
2+

 ï 

ɻʄɼɼʗʂ(H4L), ʉL= ʉM =0.001 ʄ ʧʨʠ 

I = 0,1 ʚ ʩʨʝʜʝ KNO3 ʠ ʊ = 298 ʂ 

 

 

ʈʠʩ. 4.6. ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʘʷ 

ʜʠʘʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʠʤʳʭ 

ʢʦʤʧʣʝʢʩʥʳʭ ʬʦʨʤ ʚ ʩʠʩʪʝʤʝ Sr
2+

 ï 

ɻʄɼɼʗʂ(H4L), ʉL= ʉM =0.001 ʄ ʧʨʠ 

I = 0,1 ʚ ʩʨʝʜʝ KNO3 ʠ ʊ = 298 ʂ 

 

ʈʠʩ. 4.7. ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʘʷ 

ʜʠʘʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʠʤʳʭ 

ʢʦʤʧʣʝʢʩʥʳʭ ʬʦʨʤ ʚ ʩʠʩʪʝʤʝ Ba
2+

 ï 

ɻʄɼɼʗʂ(H4L), ʉL= ʉM =0.001 ʄ ʧʨʠ 

I = 0,1 ʚ ʩʨʝʜʝ KNO3 ʠ ʊ = 298 ʂ 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ ʚ ʨʘʩʪʚʦʨʝ 

ʤʦʥʦʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʥʘʪʦʚ ʄʝL
2ï

 ʠ ʄʝHL
ï
 (ʪʘʙʣ. 4.2). ʇʦʧʳʪʢʘ ʫʯʝʪʘ 

ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʙʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʭʫʜʰʝʥʠʝʤ 

ʦʧʠʩʘʥʠʷ ʩʠʩʪʝʤʳ ʚʚʠʜʫ ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʨʘʩʯʝʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʛʨʘʤʤʳ 
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ʨʘʩʯʝʪʘ ʭʠʤʠʯʝʩʢʠʭ ʨʘʚʥʦʚʝʩʠʡ NewDALSFEK ʢ ʵʪʠʤ ʬʦʨʤʘʤ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʠʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ H4L ʥʝ 

ʦʙʨʘʟʫʶʪʩʷ. ʇʦʜʪʚʝʨʞʜʝʥʠʝʤ ʘʜʝʢʚʘʪʥʦʩʪʠ ʚʳʙʨʘʥʥʦʡ ʤʦʜʝʣʠ ʠ ʦʪʩʫʪʩʪʚʠʷ ʚ ʥʝʡ 

ʥʝʫʯʪʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʘʷ ʩʭʦʜʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʨʘʙʦʪʢʠ 

ʢʨʠʚʳʭ ʪʠʪʨʦʚʘʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ ʥʘʯʘʣʴʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʣʠʛʘʥʜʘ ʠ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ [125]. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ ʠʦʥʦʚ 

ʤʝʪʘʣʣʦʚ, ʠʤʝʶʱʠʭ ʦʜʠʥʘʢʦʚʳʡ ʟʘʨʷʜ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʠʦʥʥʦʛʦ 

ʨʘʜʠʫʩʘ. ʕʪʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, ʠʥʦʛʜʘ ʥʘʟʳʚʘʝʤʘʷ ʝʩʪʝʩʪʚʝʥʥʳʤ ʨʷʜʦʤ 

ʫʩʪʦʡʯʠʚʦʩʪʠ, ʦʙʫʩʣʦʚʣʝʥʘ ʵʥʝʨʛʠʝʡ ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʣʷ (ʪʘʙʣ. 

4.2). 

ɺ ʪʘʙʣ. 4.3 ʧʨʠʚʝʜʝʥʳ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ 

ʑɿʄ ʩ ʂʇʋʂ: ʵʪʠʣʝʥʜʠʘʤʠʥʪʝʪʨʘʫʢʩʫʩʥʦʡ, ʪʨʠʤʝʪʠʣʝʥʜʠʘʤʠʥʪʝʪʨʘʫʢʩʫʩʥʦʡ, 

1,4-ʙʫʪʠʣʝʥʜʠʘʤʠʥʪʝʪʨʘʫʢʩʫʩʥʦʡ, ʧʝʥʪʘʤʝʪʠʣʝʥʜʠʘʤʠʥʪʝʪʨʘʫʢʩʫʩʥʦʡ ʠ 

ʛʝʢʩʘʤʝʪʠʣʝʥʜʠʘʤʠʥʪʝʪʨʘʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪ, ʘ ʪʘʢʞʝ ʩ ʂʇʗʂ: 

ʵʪʠʣʝʥʜʠʘʤʠʥʜʠʷʥʪʘʨʥʦʡ ʠ ʛʝʢʩʘʤʝʪʠʣʝʥʜʠʘʤʠʥʜʠʷʥʪʘʨʥʦʡ ʢʠʩʣʦʪ ʧʨʠ ʠʦʥʥʦʡ 

ʩʠʣʝ I = 0,1 (KNO3). 

  ʊʘʙʣʠʮʘ 4.3  

ʃʦʛʘʨʠʬʤʳ ʢʦʥʩʪʘʥʪ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʩ ʢʦʤʧʣʝʢʩʦʥʘʤʠ, 298 ʂ. 

ʂʦʤʧʣʝʢʩʦʥ ʂʦʤʧʣʝʢʩ Mg
2+

 Ca
2+

 Sr
2+

 Ba
2+

 

ʕɼʊɸ 

MY [126] 

8,69 10,57 7,78 

8,63 [28] 

8,63 

7,76 [28] 

MHY [28] 2,3  3,5  2,3  2,1 

ʊʄɼʊɸ [28] 

MY  

6,66 [116] 

6,02  

7,12 [116] 5,17  4,24  

MHY  2,9 3,0 2,4 2,1 

ɼɹɸʊɸ [28] MY  6,23  5,05 4,42 3,77 

MHY 3,4 3,45 2,9 2,4 

M2Y  2,0   

ʇʄɼʊɸ [28] MY 5,2 [29] 4,62 [116]   
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MHY 3,6  3,6 [9] 2,7  2,4  

M2Y  2,6    

ɻʄɼʊɸ [127] MY 3,36 3,28 2,40 2,11 

MHY 4,21 4,15 3,57 2,80 

M2Y 2,30 2,69 1,91 1,28 

ʕɼɼʗʂ [55]  

 
MY 5,95 4,44 3,00 2,35 

MHY 2,63 2,50 1,90 1,53 

M2Y 2,19 2,01 1,19 1,05 

ɻʄɼɼʗʂ  MY 4,20Ñ0,07 4,04Ñ0,08 3,43Ñ0,05 2,78Ñ0,09 

MHY 4,8Ñ0,1 4,62Ñ0,12 4,21Ñ0,14 3,23Ñ0,19 

 

ʀʟ ʪʘʙʣʠʮʳ 4.3 ʩʣʝʜʫʝʪ, ʯʪʦ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ, ʦʙʨʘʟʫʝʤʳʭ 

ʑɿʄ ʩʦ ʚʩʝʤʠ ʢʦʤʧʣʝʢʩʦʥʘʤʠ, ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʨʷʜʫ Ca > Sr > Ba, ʯʪʦ ʩʚʷʟʘʥʦ 

ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʟʤʝʨʦʚ ʠʦʥʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʪʘʣʣʦʚ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

ʩ ʨʦʩʪʦʤ ʢʦʣʠʯʝʩʪʚʘ ʤʝʪʠʣʝʥʦʚʳʭ ʮʝʧʦʯʝʢ ʚ ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʨʷʜʫ 

ʢʦʤʧʣʝʢʩʦʥʦʚ, ʥʘʙʣʶʜʘʝʪʩʷ ʦʩʣʘʙʣʝʥʠʝ ʩʚʷʟʠ ʢʘʞʜʦʛʦ ʣʠʛʘʥʜʘ ʩ ʤʝʪʘʣʣʘʤʠ. 

ʅʘʠʙʦʣʴʰʝʡ ʧʨʦʯʥʦʩʪʴʶ ʦʙʣʘʜʘʶʪ ʧʷʪʠʯʣʝʥʥʳʝ ʭʝʣʘʪʥʳʝ ʮʠʢʣʳ (ʫ ʕɼʊɸ), 

ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʚʳʚʦʜʘʤʠ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʨʦʮʝʩʩʦʚ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ [29, 128-130] ʦʩʥʦʚʘʥʥʳʤʠ ʥʘ ʧʦʣʦʞʝʥʠʷʭ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʜʣʷ ʧʨʦʩʪʦʡ ʦʜʠʥʘʨʥʦʡ ʩʚʷʟʠ. ʇʨʠ ʥʘʣʠʯʠʠ ʧʦʣʫʪʦʨʥʳʭ 

ʩʚʷʟʝʡ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʤʠ ʩʪʘʥʦʚʷʪʩʷ ʰʝʩʪʠʯʣʝʥʥʳʝ ʮʠʢʣʳ (ʙʝʥʟʦʣ). ʊʘʢ, 

ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʮʠʢʣʦʧʝʥʪʘʥʘ ʧʦʜʦʙʥʳ ʩʚʦʡʩʪʚʘʤ ʧʘʨʘʬʠʥʘ ï ʵʪʦ 

ʪʨʫʜʥʦʦʢʠʩʣʷʝʤʳʝ ʠ ʤʘʣʦʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʪʦʛʜʘ ʢʘʢ 

ʮʠʢʣʦʛʝʢʩʘʥ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʦʪʱʝʧʣʷʝʪ ʪʨʠ ʤʦʣʴ ʚʦʜʦʨʦʜʘ ʠ 

ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʙʝʥʟʦʣ ʩ ʧʦʣʫʪʦʨʥʳʤʠ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ.  

ʆʩʥʦʚʦʧʦʣʘʛʘʶʱʠʝ ʧʨʠʥʮʠʧʳ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ [131] ʫʯʠʪʳʚʘʶʪ ʪʦʪ 

ʬʘʢʪ, ʯʪʦ ʚʘʣʝʥʪʥʳʡ ʫʛʦʣ (ʫʛʦʣ ʤʝʞʜʫ ʩʚʷʟʷʤʠ) ʚ ʥʝʥʘʧʨʷʞʝʥʥʦʤ ʬʨʘʛʤʝʥʪʝ 

ʉïʉïʉ ʩʦʩʪʘʚʣʷʝʪ 109Á, ʠ ʢʦʣʴʮʘ, ʚ ʢʦʪʦʨʳʭ ʩʦʭʨʘʥʷʶʪʩʷ ʧʨʠʤʝʨʥʦ ʪʘʢʠʝ 

ʟʥʘʯʝʥʠʷ ʚʘʣʝʥʪʥʳʭ ʫʛʣʦʚ, ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳ, ʯʝʤ ʪʝ, ʛʜʝ ʫʛʣʳ ʩʠʣʴʥʦ 

ʦʪʢʣʦʥʷʶʪʩʷ ʦʪ ʵʪʦʛʦ ʟʥʘʯʝʥʠʷ. ʅʘʧʨʷʞʝʥʠʝ, ʚʦʟʥʠʢʘʶʱʝʝ ʚ ʮʠʢʣʠʯʝʩʢʠʭ 
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ʩʠʩʪʝʤʘʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʩʢʘʞʝʥʠʷ ʚʘʣʝʥʪʥʳʭ ʫʛʣʦʚ, ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ 

ʙʘʡʝʨʦʚʩʢʦʛʦ ï ʧʦ ʠʤʝʥʠ ʥʝʤʝʮʢʦʛʦ ʭʠʤʠʢʘ ɸ. ɹʘʡʝʨʘ [132], ʚʧʝʨʚʳʝ 

ʧʨʝʜʣʦʞʠʚʰʝʛʦ ʪʘʢʦʝ ʦʙʲʷʩʥʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʘʩʳʱʝʥʥʳʭ ʢʦʣʝʮ. ʊʘʢ, ʚ 

ʪʨʝʭʯʣʝʥʥʳʭ ʢʦʣʴʮʘʭ, ʛʜʝ ʚʘʣʝʥʪʥʳʡ ʫʛʦʣ ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 60Á, ʢʦʣʴʮʘ ʩʠʣʴʥʦ 

ʥʘʧʨʷʞʝʥʳ ʠ ʣʝʛʢʦ ʨʘʟʨʳʚʘʶʪʩʷ; ʥʝʢʦʪʦʨʳʝ ʠʟ ʠʭ ʨʝʘʢʮʠʡ ʥʘʧʦʤʠʥʘʶʪ 

ʨʝʘʢʮʠʠ ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʉ=ʉ. ʏʝʪʳʨʝʭʯʣʝʥʥʳʝ ʢʦʣʴʮʘ ʪʘʢʞʝ ʥʘʧʨʷʞʝʥʳ 

(ʚʘʣʝʥʪʥʳʡ ʫʛʦʣ 90Á), ʥʦ ʥʝ ʩʪʦʣʴ ʩʠʣʴʥʦ. ʇʷʪʠʯʣʝʥʥʳʝ ʢʦʣʴʮʘ ʧʦʯʪʠ ʧʣʦʩʢʠ 

ʠ ʠʭ ʫʛʣʳ ʨʘʚʥʳ 108Á; ʧʦʵʪʦʤʫ ʦʥʠ ʥʝʥʘʧʨʷʞʝʥʳ ʠ ʩʪʘʙʠʣʴʥʳ. ɺ ʪʘʢʠʭ 

ʰʝʩʪʠʯʣʝʥʥʳʭ ʢʦʣʴʮʘʭ, ʢʘʢ ʮʠʢʣʦʛʝʢʩʘʥ, ʘʪʦʤʳ ʫʛʣʝʨʦʜʘ ʥʝ ʣʝʞʘʪ ʚ ʦʜʥʦʡ 

ʧʣʦʩʢʦʩʪʠ; ʪʘʢʠʝ ʮʠʢʣʳ ʷʚʣʷʶʪʩʷ ʩʢʣʘʜʯʘʪʳʤʠ, ʯʪʦ ʫʤʝʥʴʰʘʝʪ ʥʘʧʨʷʞʝʥʠʝ 

ʢʦʣʴʮʘ. ʇʷʪʠ- ʠ ʰʝʩʪʠʯʣʝʥʥʳʝ ʢʦʣʴʮʘ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʦʙʳʯʥʳʤʠ. ɹʦʣʴʰʠʝ 

ʢʦʣɹʮʘ ʪʘʢʞʝ ʩʧʦʩʦʙʥʳ ʩʥʠʞʘʪʴ ʫʛʣʦʚʦʝ ʥʘʧʨʷʞʝʥʠʝ ʧʫʪʝʤ ʦʙʨʘʟʦʚʘʥʠʷ 

ʩʢʣʘʜʦʢ, ʥʦ ʚ ʥʝʢʦʪʦʨʳʭ ʠʟ ʥʠʭ (ʦʪ ʩʝʤʠ- ʜʦ ʜʚʝʥʘʜʮʘʪʠʯʣʝʥʥʳʭ) ʘʪʦʤʳ 

ʚʦʜʦʨʦʜʘ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʩʪʦʨʦʥʘʭ ʢʦʣʴʮʘ ʩʙʣʠʞʘʶʪʩʷ ʥʘʩʪʦʣʴʢʦ, ʯʪʦ ʠʭ 

ʦʪʪʘʣʢʠʚʘʥʠʝ ʜʝʣʘʝʪ ʩʦʝʜʠʥʝʥʠʝ ʤʝʥʝʝ ʩʪʘʙʠʣʴʥʳʤ (ʧʨʝʣʦʛʦʚʩʢʦʝ 

ʥʘʧʨʷʞʝʥʠʝ, ʧʦ ʠʤʝʥʠ ʰʚʝʡʮʘʨʩʢʦʛʦ ʭʠʤʠʢʘ ɺ. ʇʨʝʣʦʛʘ [133], ʦʪʢʨʳʚʰʝʛʦ 

ʵʪʦʪ ʵʬʬʝʢʪ).  

ʂʦʥʩʪʘʥʪʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠʦʥʘ ʤʘʛʥʠʷ ʚ ʢʦʤʧʣʝʢʩʘʭ ʵʣʝʤʝʥʪʦʚ II -ɸ 

ʧʦʜʛʨʫʧʧʳ ʩ ʂʇʋʂ ʥʝ ʫʢʣʘʜʳʚʘʶʪʩʷ ʚ ʦʜʥʫ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʩʦ ʚʩʝʤʠ 

ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʵʪʦʛʦ ʪʠʧʘ ʢʦʤʧʣʝʢʩʦʥʦʚ. ʉ ʨʦʩʪʦʤ ʠʦʥʥʦʛʦ ʨʘʜʠʫʩʘ 

ʤʝʪʘʣʣʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʥʠʞʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ lg ʂMgL > lg KCaL 

> lg KSrL > lg KBaL ʫ ʢʦʤʧʣʝʢʩʦʥʦʚ ʚ ʨʷʜʫ ɼɹɸʊɸ ï ɻʄɼʊɸ. ɸ ʫ ʢʦʤʧʣʝʢʩʦʥʦʚ 

ʕɼʊɸ ʠ ʊʄɼʊɸ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʦʤʧʣʝʢʩʘ ʤʘʛʥʠʷ ʥʠʞʝ, ʯʝʤ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩ 

ʢʦʤʧʣʝʢʩʦʤ ʢʘʣʴʮʠʷ. ʕʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʩʦʯʝʪʘʥʠʝʤ ʤʠʥʠʤʘʣʴʥʦʛʦ 

ʨʘʟʤʝʨʘ ʠʦʥʘ ʤʘʛʥʠʷ ʠ ʩʣʠʰʢʦʤ ʪʝʩʥʳʤ ʩʦʩʝʜʩʪʚʦʤ ʜʦʥʦʨʥʳʭ ʛʨʫʧʧ ʕɼʊɸ ʠ 

ʊʄɼʊɸ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ ʚʦʟʥʠʢʘʝʪ ʠʭ ʚʟʘʠʤʥʦʝ ʦʪʪʘʣʢʠʚʘʥʠʝ [134]. 

ʇʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʨʘʚʥʦʚʝʩʠʡ ʚ 

ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʕɼɼʗʂ ʠ ʠʭ ʩʨʘʚʥʝʥʠʝ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʕɼʊɸ 

ʧʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʵʪʠʣʝʥʜʠʘʤʠʥʜʠʩʫʢʮʠʥʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 
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ʵʪʠʣʝʥʜʠʘʤʠʥʪʝʪʨʘʘʮʝʪʘʪʥʳʤʠ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ ʟʘʤʝʥʦʡ ʜʚʫʭ 

ʧʷʪʠʯʣʝʥʥʳʭ ʛʣʠʮʠʥʘʪʥʳʭ ʤʝʪʘʣʣʦʮʠʢʣʦʚ ʚ ʢʦʤʧʣʝʢʩʘʭ ʕɼʊɸ ʥʘ ʰʝʩʪʠʯʣʝʥʥʳʝ 

b-ʘʣʘʥʠʥʘʪʥʳʝ ʮʠʢʣʳ ʚ ʢʦʤʧʣʝʢʩʘʭ ʕɼɼʗʂ [124].  

ɺ ʨʷʜʫ ʂʇʗʂ ʘʥʦʤʘʣʠʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ ʑɿʄ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. 

ʉ ʨʦʩʪʦʤ ʠʦʥʥʦʛʦ ʨʘʜʠʫʩʘ ʤʝʪʘʣʣʦʚ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʧʦʥʠʞʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʢʦʤʧʣʝʢʩʦʚ lg ʂMgL > lg KCaL > lg KSrL > lg KBaL, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʵʥʝʨʛʠʝʡ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʣʷ. 

 

4.4. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʤʝʪʘʣʣʦʚ III-ɸ ʧʦʜʛʨʫʧʧʳ ʩ 

ʕɼɼʗʂ ʠ ɻʄɼɼʗʂ 

 

ʇʨʦʚʦʜʠʣʦʩʴ ʪʠʪʨʦʚʘʥʠʝ ʨʘʩʪʚʦʨʦʚ Mʝ
3+

 ʠ H4L ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʨʘʩʪʚʦʨʘʭ ʚ 

ʩʦʦʪʥʦʰʝʥʠʠ ʩM : cL = 1 : 1 ʠ 1 : 3. ʉʦʚʧʘʜʝʥʠʝ ʢʨʠʚʳʭ ʪʠʪʨʦʚʘʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ 

ʤʦʣʴʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʚ ʩʠʩʪʝʤʝ ʙʠʣʠʛʘʥʜʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʨʅ-ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ  ʠʦʥʦʚ Ga
3+

 

ʩ ʕɼɼʗʂ ʧʨʦʚʦʜʠʣʠ ʱʝʣʦʯʴʶ, ʘ ʠʦʥʦʚ Al
3+ 
ʠ Ga

3+ 
ʩ ɻʄɼɼʗʂ ʢʠʩʣʦʪʦʡ, ʚ ʩʚʷʟʠ ʩ 

ʧʣʦʭʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʢʦʤʧʣʝʢʩʦʥʘ ɻʄɼɼʗʂ. ʈʘʩʯʝʪ ʧʨʦʚʦʜʠʣʠ ʪʦʣʴʢʦ ʧʨʠ ʪʝʭ 

ʟʥʘʯʝʥʠʷʭ ʨʅ, ʧʨʠ ʢʦʪʦʨʳʭ ʩʦʙʣʶʜʘʝʪʩʷ ʫʩʣʦʚʠʝ ʛʦʤʦʛʝʥʥʦʩʪʠ ʨʘʩʪʚʦʨʦʚ. 

ʂʨʠʚʳʝ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʨʘʩʪʚʦʨʦʚ (ʨʠʩ. 4.8 - 4.9), ʩʦʜʝʨʞʘʱʠʭ ʄʝ
3+

 ʠ 

ʠʩʩʣʝʜʫʝʤʳʡ ʣʠʛʘʥʜ, ʥʘʭʦʜʷʪʩʷ ʚ ʦʙʣʘʩʪʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʡ ʨʅ, ʯʝʤ ʢʨʠʚʳʝ 

ʪʠʪʨʦʚʘʥʠʷ ʨʘʩʪʚʦʨʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʪʦʣʴʢʦ H4L, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʩʠʩʪʝʤʘʭ ʄʝ
3+

 ï 

ʅ4L ï H2O ʧʨʦʪʝʢʘʶʪ ʧʨʦʮʝʩʩʳ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ. ʈʘʩʯʝʪʳ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʭ ʢʦʥʩʪʘʥʪ ʦʙʨʘʟʦʚʘʥʠʷ ʚʩʝʭ ʢʦʤʧʣʝʢʩʥʳʭ ʯʘʩʪʠʮ ʧʨʦʚʦʜʠʣʠ  

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʠʦʥʥʦʡ ʩʠʣʳ. ɺ ʪʘʙʣʠʮʝ 4.4 ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʢʦʮʝʥʪʨʘʮʠʦʥʥʳʝ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʢʦʥʩʪʘʥʪʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʂʇʗʂ, 

ʧʦʩʣʝʜʥʠʝ ʙʳʣʠ ʨʘʩʯʠʪʘʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʨʘʚʥʝʥʠʝʤ (4.2.2), ʘ ʪʘʢʞʝ 

ʧʦʜʪʚʝʨʞʜʝʥʳ ʛʨʘʬʠʯʝʩʢʠ ʧʫʪʝʤ ʵʢʩʪʨʘʧʦʣʷʮʠʠ ʜʘʥʥʳʭ ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʨʘʟʥʦʡ 

ʠʦʥʥʦʡ ʩʠʣʳ ʥʘ ʥʫʣʝʚʫʶ. 
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ʈʠʩ. 4.8.  ʂʨʠʚʳʝ 

ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ 

ʨʘʩʪʚʦʨʦʚ: ʕɼɼʗʂ (1); ʕɼɼʗʂ ʩ Ga
3+

 

(2). I = 0,1; T = 298 K. 

 

ʈʠʩ. 4.9.  ʂʨʠʚʳʝ 

ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ 

ʨʘʩʪʚʦʨʦʚ ɻʄɼɼʗʂ (1), ɻʄɼɼʗʂ ʩ 

Al
3+ 
(2); ʩ Ga

3+ 
(3), I = 0,1. T = 298 K.  

ʊʘʙʣʠʮʘ 4.4 

ʃʦʛʘʨʠʬʤʳ ʢʦʥʩʪʘʥʪ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ ʵʣʝʤʝʥʪʦʚ III -ɸ ʧʦʜʛʨʫʧʧʳ ʩ 

ʢʦʤʧʣʝʢʩʦʥʘʤʠ (298 ʂ) 

ʂʦʤʧʣʝʢʩ I 

 0 0,1 0,5 1,0 

ʕɼɼʗʂ 

Al
3+

   MY [61] 

         MHY [61] 

16,27 

3,68 

13,86 

3,48 

13,15 

3,78 

13,39 

3,94 

Ga
3+ 

  MY 

MHY 

15,10 Ñ 0,2 

4,66 Ñ 0,15 

14,95 Ñ 0,1  

4,80 Ñ 0,2 

14,63 Ñ 0,06 

5,20 Ñ 0,07 

14,28 Ñ 0,1 

5,47 Ñ 0,2 

 0 0,1 0,4 0,6 

ɻʄɼɼʗʂ 

Al
3+

   MY 

         MHY 

13,78 Ñ 0,11 

3,99 Ñ 0,2 

13,64 Ñ 0,13 

4,14 Ñ 0,2 

13,03 Ñ 0,1 

4,42 Ñ 0,23 

12,82 Ñ 0,2 

4,77 Ñ 0,19 

Ga
3+ 

  MY 

MHY 

14,89 Ñ 0,1 

3,89 Ñ 0,18 

14,79 Ñ 0,22 

4,02 Ñ 0,3 

14,25 Ñ 0,06 

4,36 Ñ 0,07 

14,11 Ñ 0,1 

4,63 Ñ 0,2 

 

ʀʟ ʪʘʙʣʠʮʳ 4.4 ʩʣʝʜʫʝʪ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʤʝʪʠʣʝʥʦʚʦʡ ʮʝʧʠ ʤʝʞʜʫ 

ʘʪʦʤʘʤʠ ʘʟʦʪʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʘʣʣʦʚ III -ɸ ʧʦʜʛʨʫʧʧʳ ʦʩʣʘʙʝʚʘʝʪ. 
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ʊʘʢʞʝ ʢʘʢ ʜʨʫʛʠʝ  ʩʠʣʴʥʦ ʧʦʣʷʨʠʟʫʶʱʠʝ ʢʘʪʠʦʥʳ ʩ ʙʣʘʛʦʨʦʜʥʦʛʘʟʦʚʦʡ 

ʤʘʣʦʜʝʬʦʨʤʠʨʫʶʱʝʡʩʷ ʵʣʝʢʪʨʦʥʥʦʡ ʦʙʦʣʦʯʢʦʡ (ʥʘʧʨʠʤʝʨ, ɺʝ
2+
, ʄg

2+
) Al

3+ 
ʚ 

ʩʚʦʠʭ
 
ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʚ ʙʦʣʴʰʝʡ ʤʝʨʝ ʪʷʛʦʪʝʝʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʚʷʟʝʡ ʩ 

çʞʝʩʪʢʠʤè ʢʠʩʣʦʨʦʜʦʤ, ʯʝʤ ʩ çʤʷʛʢʠʤè ʘʟʦʪʦʤ, ʧʦʵʪʦʤʫ ʫʩʪʦʡʯʠʚʦʩʪʴ ʝʛʦ 

ʢʦʤʧʣʝʢʩʦʚ ʩ ʕɼɼʗʂ ʚʳʰʝ, ʯʝʤ ʩ ɻʄɼɼʗʂ [135]. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʜʣʷ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʦʥʥʦʡ 

ʧʨʠʨʦʜʦʡ ʩʚʷʟʠ ʩʫʱʝʩʪʚʫʝʪ ʩʣʝʜʫʶʱʘʷ ʟʘʚʠʩʠʤʦʩʪʴ: ʯʝʤ ʤʝʥʴʰʝ ʨʘʜʠʫʩ ʠʦʥʘ, 

ʪʝʤ ʧʨʦʯʥʝʝ ʢʦʤʧʣʝʢʩ. ʋʚʝʣʠʯʝʥʠʝ ʨʘʜʠʫʩ ʠʦʥʘ ʄʝ
3+

 ʚ ʨʷʜʫ Al
3+

 ï Ga
3+

 ʜʦʣʞʥʦ 

ʩʢʘʟʳʚʘʪʴʩʷ ʥʘ ʫʙʳʚʘʥʠʠ ʧʨʦʯʥʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ. ʍʦʪʷ, ʧʦ ʧʦʣʫʯʝʥʥʳʤ 

ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʪʘʙʣ. 4.4) ʪʘʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʥʝ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ. 

ʋʚʝʣʠʯʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʤʧʣʝʢʩʦʥʘʪʦʚ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʘʣʶʤʠʥʠʷ ʢ ʛʘʣʣʠʶ, 

ʦʯʝʚʠʜʥʦ, ʩʚʷʟʘʥʦ ʩ ʥʘʨʘʩʪʘʥʠʝʤ ʧʦʣʷʨʠʟʫʶʱʝʛʦ ʜʝʡʩʪʚʠʷ ʙʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ 

ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʦʙʦʣʦʯʢʠ  d-ʵʣʝʢʪʨʦʥʦʚ ʫ ʛʘʣʣʠʷ. ʇʨʦʠʩʭʦʜʠʪ ʜʝʬʦʨʤʘʮʠʷ 

ʵʣʝʢʪʨʦʥʥʳʭ ʦʙʦʣʦʯʝʢ ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ ʢʘʪʠʦʥʘ ʠ ʣʠʛʘʥʜʘ, ʧʨʠʚʦʜʷʱʘʷ ʢ ʠʭ 

ʚʟʘʠʤʦʧʨʦʥʠʢʥʦʚʝʥʠʶ, ʯʪʦ ʠ ʚʳʟʳʚʘʝʪ ʫʧʨʦʯʥʝʥʠʝ ʩʚʷʟʝʡ [136]. 

ʇʨʦʪʦʥʠʨʦʚʘʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʷʚʣʷʶʪʩʷ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʤʠ ʢʠʩʣʦʪʘʤʠ, ʠʭ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ, ʯʝʤ ʥʦʨʤʘʣʴʥʳʭ. ʇʨʦʪʦʥʠʨʦʚʘʥʠʝ 

ʢʦʤʧʣʝʢʩʦʥʘʪʦʚ ʄʝ
3+

 ʩʢʦʨʝʝ ʚʩʝʛʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝʤ ʜʝʥʪʘʪʥʦʩʪʠ 

ʠʩʩʣʝʜʫʝʤʳʭ ʣʠʛʘʥʜʦʚ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʢʦʤʧʣʝʢʩʦʤ Ga
3+

 c ʕɼʊɸ [137], ʛʜʝ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʦʪʦʥʠʨʦʚʘʥʥʘʷ ʘʮʝʪʘʪʥʘʷ ʚʝʪʚʴ ʥʝ ʫʯʘʩʪʚʫʝʪ ʚ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʠ, ʘ ʝʝ ʤʝʩʪʦ ʚ ʦʢʪʘʵʜʨʝ ʙʣʠʞʘʡʰʝʛʦ ʦʢʨʫʞʝʥʠʷ ʛʘʣʣʠʷ (III ) 

ʟʘʥʠʤʘʝʪ ʤʦʣʝʢʫʣʘ ʚʦʜʳ. 

ɼʠʘʛʨʘʤʤʳ ʜʦʣʝʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʤʧʣʝʢʩʥʳʭ ʬʦʨʤ, ʢʦʪʦʨʳʝ 

ʦʙʨʘʟʫʶʪʩʷ ʠʦʥʘʤʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʤʝʪʘʣʣʦʚ ʩ ʂʇʗʂ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʅ, ʙʳʣʠ 

ʧʦʩʪʨʦʝʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʦʚ ʢʦʥʩʪʘʥʪ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ ʠʩʩʣʝʜʫʝʤʳʭ 

ʢʦʤʧʣʝʢʩʦʥʦʚ ʩ ʤʝʪʘʣʣʘʤʠ III -ɸ ʧʦʜʛʨʫʧʧʳ (ʨʠʩ. 4.10 ï 4.12).  
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ʈʠʩ. 4.10. ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʠʤʳʭ 

ʢʦʤʧʣʝʢʩʥʳʭ ʬʦʨʤ ʚ ʩʠʩʪʝʤʝ Ga
 3+

 ï ʕɼɼʗʂ, ʧʨʠ I = 0,1 ʚ ʩʨʝʜʝ KNO3 ʠ ʊ = 298 

ʂ. 

 

 

ʈʠʩ. 4.11. ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʘʷ 

ʜʠʘʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʠʤʳʭ 

ʢʦʤʧʣʝʢʩʥʳʭ ʬʦʨʤ ʚ ʩʠʩʪʝʤʝ Al
3+

 ï 

ɻʄɼɼʗʂ(H4L), ʉL= ʉM =0.001 ʄ ʧʨʠ 

I = 0,1 ʚ ʩʨʝʜʝ KNO3 ʠ ʊ = 298 ʂ. 

 

ʈʠʩ. 4.12. ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʘʷ 

ʜʠʘʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʟʥʘʯʠʤʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʬʦʨʤ ʚ 

ʩʠʩʪʝʤʝ Ga
3+ 
ï ɻʄɼɼʗʂ, ʧʨʠ I = 

0,1 ʚ ʩʨʝʜʝ KNO3 ʠ ʊ = 298 ʂ. 

 

4.5. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʙʦʨʘ ʚ ʚʦʜʥʦʣʠʛʘʥʜʥʳʭ 

ʨʘʩʪʚʦʨʘʭ ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ 
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ʂʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʙʦʨʘ ʚ ʚʦʜʥʦʣʠʛʘʥʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ 

ʧʨʦʚʦʜʠʣʠ ʨʅ-ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ, ʪʠʪʨʫʷ ʩʠʩʪʝʤʳ ʙʦʨʥʘʷ ʢʠʩʣʦʪʘ ï 

ʢʦʤʧʣʝʢʩʦʥ ï ʚʦʜʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 298 ʂ ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʠʦʥʥʦʡ ʩʠʣʝ ʨʘʩʪʚʦʨʘ ʚ 

ʩʨʝʜʝ KNO3. ʊʠʪʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʱʝʣʦʯʴʶ (NaOH) ʜʣʷ ʢʦʤʧʣʝʢʩʦʥʘ ʕɼɼʗʂ, ʘ 

ʜʣʷ ɻʄɼɼʗʂ ʪʠʪʨʫʶʱʠʤ ʨʘʩʪʚʦʨʦʤ ʙʳʣʘ ʚʳʙʨʘʥʘ ʘʟʦʪʥʘʷ ʢʠʩʣʦʪʘ, ʪ. ʢ. 

ʪʨʫʜʥʦʨʘʩʪʚʦʨʠʤʳʡ ʢʦʤʧʣʝʢʩʦʥ ɻʄɼɼʗʂ ʠʤʝʣ ʫʩʪʦʡʯʠʚʦʝ ʩʦʩʪʦʷʥʠʝ ʪʦʣʴʢʦ ʚ 

ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ. ʈʘʙʦʪʘ ʧʨʦʚʦʜʠʣʘʩʴ ʪʦʣʴʢʦ ʩʦ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʳʤʠ 

ʨʘʩʪʚʦʨʘʤʠ, ʪʘʢʞʝ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʫʶ ʚʦʜʫ ʢʠʧʷʪʠʣʠ ʚ ʜʝʥʴ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʯʪʦʙʳ 

ʠʟʙʝʞʘʪʴ ʥʝʞʝʣʘʪʝʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʉʆ2, ʢʦʪʦʨʳʡ ʧʨʠʚʦʜʠʪ ʢ ʥʝʪʦʯʥʦʩʪʷʤ ʚ 

ʠʩʩʣʝʜʦʚʘʥʠʠ.  ʉʦʦʪʥʦʰʝʥʠʝ ʙʦʨʥʘʷ ʢʠʩʣʦʪʘ ï ʢʦʤʧʣʝʢʩʦʥ ʩʦʩʪʘʚʣʷʣʦ 1:1. 

ʇʦʣʫʯʝʥʥʳʝ ʢʨʠʚʳʝ ʪʠʪʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 4.13 ʠ 4.14.  

 

 

 

 
ʈʠʩ. 4.13. ʂʨʠʚʳʝ ʪʠʪʨʦʚʘʥʠʷ ʕɼɼʗʂ 

(1) ʠ ʕɼɼʗʂ ʩ B(OH)3 (2). 

 
 

ʈʠʩ. 4.14. ʂʨʠʚʳʝ ʪʠʪʨʦʚʘʥʠʷ 

ɻʄɼɼʗʂ (1) ʠ ɻʄɼɼʗʂ ʩ B(OH)3 

(2). 

 

ʇʦ ʨʠʩʫʥʢʘʤ 4.13 ʠ 4.14 ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʢʨʠʚʘʷ ʪʠʪʨʦʚʘʥʠʷ 

ʢʦʤʧʣʝʢʩʦʥʘʪʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʙʦʨʥʫʶ ʢʠʩʣʦʪʫ ʣʝʞʠʪ ʥʝʤʥʦʛʦ ʥʠʞʝ ʢʨʠʚʦʡ 

ʪʠʪʨʦʚʘʥʠʷ ʩʘʤʦʛʦ ʢʦʤʧʣʝʢʩʦʥʘ, ʜʣʷ ʕɼɼʗʂ ʚ ʦʙʣʘʩʪʠ ʨʅ > 8, ʧʨʠ ʘ > 2,5, ʘ ʜʣʷ 

ɻʄɼɼʗʂ ʚ ʦʙʣʘʩʪʠ  ʨʅ > 6, ʧʨʠ ʘ < 2. ʊʘʢʦʝ ʨʘʟʣʠʯʠʝ ʢʨʠʚʳʭ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʧʨʦʮʝʩʩ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ. 
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ʆʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ ʩ ʙʦʨʥʦʡ ʢʠʩʣʦʪʦʡ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʧʝʨʝʭʦʜʘ 

ʘʪʦʤʘ ʙʦʨʘ ʚ ʪʝʪʨʘʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʩʦʩʪʦʷʥʠʝ [138]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ ʩ ʢʦʤʧʣʝʢʩʦʥʦʤ ʚʧʦʣʥʝ ʨʝʘʣʴʥʦ ʚʧʠʩʳʚʘʝʪʩʷ ʚ 

ʜʘʥʥʫʶ ʤʦʜʝʣʴ ʨʘʚʥʦʚʝʩʠʡ.  ʆʙʥʘʨʫʞʝʥʥʳʝ ʢʦʤʧʣʝʢʩʥʳʝ ʬʦʨʤʳ ʠ ʟʥʘʯʝʥʠʷ 

ʣʦʛʘʨʠʬʤʦʚ ʢʦʥʩʪʘʥʪ ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 4.5. 

. 

ʊʘʙʣʠʮʘ 4.5 

ʃʦʛʘʨʠʬʤʳ ʢʦʥʩʪʘʥʪ ʫʩʪʦʡʯʠʚʦʩʪʠ ʂʇʗʂ ʩ ʙʦʨʦʤ ʚ ʩʠʩʪʝʤʘʭ  B(OH)3 ï ʂʇʗʂ ï 

H2ʆ ʧʨʠ 298 ʂ ʚ ʩʨʝʜʝ KNO3 

ʕɼɼʗʂ 

ʂʦʤʧʣʝʢʩʥʘʷ 

ʬʦʨʤʘ 

I 

0 0,1 0,4 0,6 

B(OH)3L
4Ė
         

B(OH)3HL
3-

 

3,83Ñ 1,1 

- 

3,64Ñ 0,1 

- 

2,77 Ñ 1,14 

- 

2,46 Ñ 0,2 

- 

ɻʄɼɼʗʂ 

B(OH)3L
4Ė
         

B(OH)3HL
3-
 

3,65Ñ 0,1 

12,50Ñ 0,2 

3,56 Ñ 0,09 

12,34 Ñ 0,1 

3,11Ñ 0,08 

11,76Ñ 0,15 

2,97Ñ 0,07 

11,48Ñ 0,17 

 

ʋʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʤʝʪʠʣʝʥʦʚʳʭ ʟʚʝʥʴʝʚ ʫʛʣʝʚʦʜʦʨʦʜʥʦʡ ʮʝʧʠ ʤʝʞʜʫ 

ʘʪʦʤʘʤʠ ʘʟʦʪʘ ʚ ʤʦʣʝʢʫʣʘʭ ʕɼɼʗʂ ʠ ɻʄɼɼʗʂ ʚʳʟʳʚʘʝʪ ʫʤʝʥʴʰʝʥʠʝ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ ʩ ʠʩʩʣʝʜʫʝʤʳʤʠ  ʢʦʤʧʣʝʢʩʦʥʘʤʠ (ʪʘʙʣ. 4.5). 

ʉʨʘʚʥʝʥʠʝ ʢʦʥʩʪʘʥʪ ʫʩʪʦʡʯʠʚʦʩʪʠ ʵʪʠʭ ʢʦʤʧʣʝʢʩʦʥʘʪʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʢʦʤʧʣʝʢʩʳ ɻʄɼɼʗʂ ʤʝʥʝʝ ʫʩʪʦʡʯʠʚʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʤʧʣʝʢʩʘʤʠ ʕɼɼʗʂ. ʕʪʦ 

ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ ʦʩʣʘʙʣʝʥʠʝʤ ʩʚʷʟʠ Me ï N ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʚʝʣʠʯʝʥʠʷ 

ʨʘʟʤʝʨʘ ʭʝʣʘʪʥʦʛʦ ʮʠʢʣʘ, ʦʙʨʘʟʫʝʤʦʛʦ ʘʣʢʠʣʝʥʜʠʘʤʠʥʦʚʳʤ ʬʨʘʛʤʝʥʪʦʚ 

ʢʦʤʧʣʝʢʩʦʥʘ [139].  

ɺ ʧʦʜʪʚʝʨʞʝʥʠʝ ʚʝʨʥʦʩʪʠ ʧʦʜʭʦʜʘ ʢ ʨʘʩʯʝʪʫ, ʧʦʣʫʯʝʥʥʳʝ ʢʦʥʩʪʘʥʪʳ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʙʳʣʠ ʩʦʧʦʩʪʘʚʣʝʥʳ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ ʧʦ ʦʙʨʘʟʫʶʱʠʤʩʷ 

ʢʦʤʧʣʝʢʩʘʤ ʙʦʨʘ ʩ ʘʟʦʟʘʤʝʱʝʥʥʳʤʠ ɸʐ-ʢʠʩʣʦʪʘʤʠ [140]. ʆʜʠʥʘʢʦʚʳʡ ʧʦʨʷʜʦʢ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʥʘʰ ʩʧʦʩʦʙ ʤʦʞʥʦ ʩʯʠʪʘʪʴ 

ʥʘʜʝʞʥʳʤ. 
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ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʝʪʘ ʢʦʥʩʪʘʥʪ ʫʩʪʦʡʯʠʚʦʩʪʠ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʜʠʘʛʨʘʤʤʳ 

ʜʦʣʝʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʤʧʣʝʢʩʥʳʭ ʬʦʨʤ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʩʠʩʪʝʤʘʭ, ʢʦʪʦʨʳʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 4.15. ʠ  4.16.  

 

ʈʠʩ. 4.15. ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʘʷ 

ʜʠʘʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʢʦʤʧʣʝʢʩʥʳʭ ʬʦʨʤ ʚ ʩʠʩʪʝʤʝ  

B(OH)3 ï ʕɼɼʗʂ ï ʅ2ʆ. 

 

ʈʠʩ. 4.16. ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʘʷ 

ʜʠʘʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʢʦʤʧʣʝʢʩʥʳʭ ʬʦʨʤ ʚ ʩʠʩʪʝʤʝ 

 B(OH)3 ï ɻʄɼɼʗʂ ï ʅ2ʆ. 

 

5. ʉʠʥʪʝʟ ʠ ʠʟʫʯʝʥʠʝ ʩʚʦʡʩʪʚ ʪʚʝʨʜʳʭ ʢʦʤʧʣʝʢʩʦʚ ʵʣʝʤʝʥʪʦʚ II -ɸ 

ʠ III-ɸ ʧʦʜʛʨʫʧʧʳ ʩ ʂʇʗʂ 

 

ʀʟʫʯʝʥʠʝ ʩʚʦʡʩʪʚ ʢʦʤʧʣʝʢʩʦʥʦʚ ʠ ʢʦʤʧʣʝʢʩʦʥʘʪʦʚ ʤʝʪʘʣʣʦʚ ʚ ʪʚʝʨʜʦʤ ʚʠʜʝ 

ʜʦʧʦʣʥʷʝʪ  ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʭ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ. ɺʘʞʥʦ ʟʥʘʪʴ ʩʪʨʦʝʥʠʝ, 

ʪʝʨʤʠʯʝʩʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʜʨʫʛʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʝʜʠʥʝʥʠʷ, ʚʝʜʴ 

ʢʦʤʧʣʝʢʩʦʥʳ ʥʘʭʦʜʷʪ ʨʘʟʥʦʦʙʨʘʟʥʦʝ ʠ ʙʦʣʴʰʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ 

ʦʙʣʘʩʪʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʥʘʫʢʠ ʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ. 

ɺ ʩʠʥʪʝʟʝ ʢʦʤʧʣʝʢʩʦʥʦʚ ʠ ʠʭ ʢʦʤʧʣʝʢʩʦʥʘʪʦʚ ʩʦʩʪʘʚ ʧʦʣʫʯʝʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʨʅ ʩʨʝʜʳ. ʉʣʦʞʥʳʤ ʵʪʘʧʦʤ ʧʨʠ 

ʧʦʣʫʯʝʥʠʠ ʪʚʝʨʜʳʭ ʚʝʱʝʩʪʚ ʷʚʣʷʝʪʩʷ ʩʪʘʜʠʷ ʠʭ ʚʳʜʝʣʝʥʠʷ ʠ ʦʯʠʩʪʢʠ. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʪʚʝʨʜʳʭ ʕɼɼʗʂ ʠ ɻʄɼɼʗʂ ʠ ʠʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʵʣʝʤʝʥʪʘʤʠ 

II -ɸ ʠ III-ɸ ʧʦʜʛʨʫʧʧʳ ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ ʤʝʪʦʜʳ ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʘʷ 

ʩʧʝʢʪʨʦʤʝʪʨʠʷ, ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʠ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʷ. 
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5.1. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʥʘʪʦʚ ʵʣʝʤʝʥʪʦʚ II-ɸ ʠ III-ɸ ʧʦʜʛʨʫʧʧʳ ʩ ʂʇʗʂ 

 

ɺʳʜʝʣʝʥʠʝ ʪʚʝʨʜʳʭ ʢʦʤʧʣʝʢʩʦʥʘʪʦʚ ʠʟ ʨʘʩʪʚʦʨʦʚ ʫʩʣʦʞʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʚ 

ʨʘʩʪʚʦʨʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʠʩʫʪʩʪʚʫʶʪ ʥʝʩʢʦʣʴʢʦ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ ʢʦʤʧʣʝʢʩʦʚ 

(ʥʘʧʨʠʤʝʨ, ʩʨʝʜʥʠʭ ʠ ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʭ). ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 

ʨʅ ʨʘʩʪʚʦʨʦʚ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʤʘʢʩʠʤʘʣʴʥʦʝ  ʩʦʜʝʨʞʘʥʠʝ ʚ ʨʘʩʪʚʦʨʝ 

ʥʫʞʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʅʘ ʚʩʝʤ ʵʪʘʧʝ ʩʠʥʪʝʟʘ ʪʚʝʨʜʳʭ ʢʦʤʧʣʝʢʩʦʥʘʪʦʚ ʚʘʞʥʦ ʩʪʨʦʛʦ 

ʧʦʜʜʝʨʞʠʚʘʪʴ ʚʳʙʨʘʥʥʫʶ ʨʅ ʦʙʣʘʩʪʴ, ʢʦʪʦʨʫʶ ʦʧʨʝʜʝʣʷʝʤ ʠʟ ʜʠʘʛʨʘʤʤ ʜʦʣʝʚʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʬʦʨʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʅ, ʧʦʣʫʯʝʥʥʳʭ 

ʨʘʥʝʝ ʧʨʠ ʨʅ-ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʤ ʪʠʪʨʦʚʘʥʠʠ ʵʣʝʤʝʥʪʦʚ II -ɸ ʠ III-ɸ ʧʦʜʛʨʫʧʧ ʩ 

ʕɼɼʗʂ ʠ ɻʄɼɼʗʂ. 

ʉʠʥʪʝʟ ʩʨʝʜʥʠʭ ʢʦʤʧʣʝʢʩʦʚ ʧʨʦʚʦʜʠʣʠ ʩʦʛʣʘʩʥʦ ʨʘʙʦʪʝ [141], ʜʣʷ ʵʪʦʛʦ 

ʥʝʦʙʭʦʜʠʤʳʝ ʨʘʩʪʚʦʨʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ 

ʢʦʣʠʯʝʩʪʚ ʨʘʩʪʚʦʨʘ ɻʄɼɼʗʂ (ʠʣʠ ʕɼɼʗʂ) ʠ ʦʩʥʦʚʥʦʛʦ ʥʠʪʨʘʪʘ ʤʝʪʘʣʣʘ ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ (70Á) ʧʦ ʨʝʘʢʮʠʠ: 

xMeNO3ẗyMe(OH)2 + (x + y)H4L Ÿ (x + y)MeL +xNO2ŷ + (x +2y)H2O 

ɺ ʩʣʫʯʘʝ ʘʣʶʤʠʥʠʷ ʚʤʝʩʪʦ ʥʠʪʨʘʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʭʣʦʨʠʜ. ʇʦʣʫʯʝʥʥʳʝ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʜʦ ʚʳʜʝʣʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʠ ʫʧʘʨʠʚʘʣʠ ʥʘ 

ʚʦʟʜʫʭʝ. ɼʦʙʘʚʣʝʥʠʝ ʤʝʪʘʥʦʣʘ ʧʦʟʚʦʣʷʝʪ ʫʩʢʦʨʠʪʴ ʚʳʜʝʣʝʥʠʝ ʦʩʘʜʢʦʚ ʠʟ 

ʨʘʩʪʚʦʨʦʚ. ɺʩʝ ʧʦʣʫʯʝʥʥʳʝ ʩʨʝʜʥʠʝ ʩʦʣʠ MeLẗnH2O ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʠʤʳ ʚ ʚʦʜʝ. 

ʂʦʤʧʣʝʢʩʦʥʘʪʳ ʤʘʛʥʠʷ ʦʙʨʘʟʦʚʳʚʘʣʠ ʧʨʦʟʨʘʯʥʳʡ ʛʫʩʪʦʡ ʛʝʣʴ ʥʘ ʜʥʝ, 

ʢʦʪʦʨʳʡ ʟʘʩʳʭʘʣ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʥʝʜʝʣʠ, ʟʘʪʝʤ ʝʛʦ ʩʦʩʢʘʙʣʠʚʘʣʠ ʠ ʧʝʨʝʚʦʜʠʣʠ ʚ 

ʧʦʨʦʰʢʦʚʦʝ ʩʦʩʪʦʷʥʠʝ; ʢʘʣʴʮʠʝʚʳʝ ʢʦʤʧʣʝʢʩʳ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʞʝʣʪʦʚʘʪʳʡ 

ʧʦʨʦʰʦʢ ʚ ʪʝʯʝʥʠʠ ʧʘʨʳ ʜʥʝʡ; ʢʦʤʧʣʝʢʩʳ ʩʪʨʦʥʮʠʷ ʧʦʣʫʯʘʣʠʩʴ ʙʝʣʦʡ 

ʧʦʨʦʰʢʦʦʙʨʘʟʥʦʡ ʤʘʩʩʦʡ ʟʘ 3 ʜʥʷ; ʢʦʤʧʣʝʢʩʦʥʘʪʳ ʙʘʨʠʷ ʟʘ ʦʜʥʠ ʩʫʪʢʠ 

ʚʳʜʝʣʠʣʠʩʴ ʙʝʣʳʤ ʪʘʣʴʢʦʚʳʤ ʧʦʨʦʰʢʦʤ.  ɺʦʜʥʦʣʠʛʘʥʜʥʳʤʠ ʨʘʩʪʚʦʨʘʤʠ ʙʦʨʥʦʡ 

ʢʠʩʣʦʪʳ ʧʨʠ ʩʪʦʷʥʠʠ ʩʥʘʯʘʣʘ ʧʦʣʫʯʘʝʪʩʷ ʛʦʤʦʛʝʥʥʘʷ ʚʷʟʢʦʪʝʢʫʯʘʷ ʧʨʦʟʨʘʯʥʘʷ 

ʤʘʩʩʘ, ʠʟ ʢʦʪʦʨʦʡ ʩʦ ʚʨʝʤʝʥʝʤ (ʦʪ ʥʝʜʝʣʠ ï  ʜʣʷ ʕɼɼʗʂ, ʜʦ ʜʚʫʭ ʤʝʩʷʮʝʚ ï ʜʣʷ 

ɻʄɼɼʗʂ) ʦʙʨʘʟʫʶʪʩʷ ʯʝʰʫʡʯʘʪʳʝ ʢʨʠʩʪʘʣʣʳ. ʂʦʤʧʣʝʢʩʦʥʘʪʳ ʘʣʶʤʠʥʠʷ ʠ 

ʛʘʣʣʠʷ ʩ ɻʄɼɼʗʂ ʩʦʟʜʘʚʘʣʠ ʯʫʪʴ ʞʝʣʪʦʚʘʪʳʝ ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʝ ʩʫʙʩʪʘʥʮʠʠ ʚ 
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ʭʦʜʝ ʦʜʥʦʛʦ ʜʥʷ. ʂʦʤʧʣʝʢʩʳ ʛʘʣʣʠʷ ʩ ʕɼɼʗʂ ʟʘ ʜʚʘ ʜʥʷ ʢʨʠʩʪʘʣʣʠʟʦʚʘʣʠʩʴ ʚ 

ʚʠʜʝ ʙʝʣʳʭ ʨʦʤʙʦʚ, ʘʣʶʤʠʥʠʝʚʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʕɼɼʗʂ ʩʦʩʪʘʚʣʷʣʠ ʛʦʤʦʛʝʥʥʳʡ 

ʪʚʝʨʜʳʡ ʧʨʦʟʨʘʯʥʳʡ ʩʣʦʡ ʥʘ ʜʥʝ ʟʘ ʩʫʪʢʠ, ʢʦʪʦʨʳʡ ʟʘʩʪʳʚʘʣ ʟʘ ʜʚʦʝ ʩʫʪʦʢ.  

 

5.2 ɸʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʳʡ ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʪʚʝʨʜʳʭ ʢʦʤʧʣʝʢʩʦʥʘʪʦʚ 

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʘʚʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʪʚʝʨʜʳʭ ʢʦʤʧʣʝʢʩʦʥʘʪʦʚ 

ʤʝʪʘʣʣʦʚ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʩ 

ʵʣʝʢʪʨʦʪʝʨʤʠʯʝʩʢʦʡ ʘʪʦʤʠʟʘʮʠʝʡ ʥʘ ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʦʤ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ 

çʂʚʘʥʪ-Z.ʕʊɸ-1è, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʵʣʝʤʝʥʪʦʚ ʚ 

ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʧʨʦʙʝ ʧʦ ʩʝʣʝʢʪʠʚʥʦʤʫ ʧʦʛʣʦʱʝʥʠʶ ʠʟʣʫʯʝʥʠʷ ʨʝʟʦʥʘʥʩʥʳʭ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʵʣʝʤʝʥʪʘ ʘʪʦʤʥʳʤ ʧʘʨʦʤ ʘʥʘʣʠʟʠʨʫʝʤʦʡ 

ʧʨʦʙʳ.  

ɼʣʷ ʩʥʠʞʝʥʠʷ ʠ ʫʩʪʨʘʥʝʥʠʷ ʤʘʪʨʠʯʥʳʭ ʧʦʤʝʭ, ʘ ʪʘʢʞʝ ʫʣʫʯʰʝʥʠʷ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʡ, ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʠʩʩʣʝʜʫʝʤʳʭ ʵʣʝʤʝʥʪʦʚ ʪʨʝʙʫʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʤʦʜʠʬʠʢʘʪʦʨʦʚ. ʊʘʢ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʢʘʣʴʮʠʷ ʠ ʤʘʛʥʠʷ 

ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʥʫʣʝʚʦʛʦ ʟʥʘʯʝʥʠʷ ʘʙʩʦʨʙʮʠʠ ʠʩʧʦʣʴʟʫʶʪ ʨʘʩʪʚʦʨ LaCl3  6ʅ2ʆ 

[142],  ʪʦʪ ʤʦʜʠʬʠʢʘʪʦʨ ʧʨʘʢʪʠʢʫʝʪʩʷ ʠ ʜʣʷ ʩʪʨʦʥʮʠʷ [143]. ɼʣʷ ʦʩʪʘʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʘ ʠʤʝʥʥʦ ʘʣʶʤʠʥʠʷ, ʛʘʣʣʠʷ, ʙʦʨʘ ʠ ʙʘʨʠʷ ʧʨʠʤʝʥʷʶʪ Mg (NO3)2, 

ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʤʦʜʠʬʠʢʘʪʦʨʦʤ [144]. 

ʉʦʜʝʨʞʘʥʠʝ ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʧʨʦʙʝ 

ʢʦʤʧʣʝʢʩʦʥʘʪʦʚ ʤʝʪʘʣʣʦʚ ʨʘʩʩʯʠʪʳʚʘʶʪ , ʥʘʧʨʠʤʝʨ, ʧʦ ʬʦʨʤʫʣʝ
*
 

 
(5.1.1) 

ʛʜʝ aï ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʤʝʥʪʘ ʚ ʠʩʧʳʪʫʝʤʦʤ ʨʘʩʪʚʦʨʝ, ʤʛ/ʣ; 

V ï ʠʩʭʦʜʥʳʡ ʦʙʲʝʤ ʠʩʧʳʪʫʝʤʦʛʦ ʨʘʩʪʚʦʨʘ, ʤʣ; 

 ʂ ï ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʟʙʘʚʣʝʥʠʷ, ʫʯʠʪʳʚʘʶʱʠʡ ʨʘʟʙʘʚʣʝʥʠʝ ʚ ʩʣʫʯʘʝ 

ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʤʝʥʪʘ ʚ ʠʟʤʝʨʷʝʤʦʤ ʨʘʩʪʚʦʨʝ; 

 1000 ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʩʯʝʪʘ, ʛ ʥʘ ʢʛ; 

                                           
*
 ɻʆʉʊ ʈ 55573-2013 ʄʷʩʦ ʠ ʤʷʩʥʳʝ ʧʨʦʜʫʢʪʳ. ʆʧʨʝʜʝʣʝʥʠʝ ʢʘʣʴʮʠʷ ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʳʤ ʠ ʪʠʪʨʠʤʝʪʨʠʯʝʩʢʠʤ 

ʤʝʪʦʜʘʤʠ 
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 m ï ʥʘʚʝʩʢʘ ʢʦʤʧʣʝʢʩʦʥʘʪʘ ʤʘʪʘʣʣʘ, ʛ. 

ɿʘ ʦʢʦʥʯʘʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ ʧʨʠʥʠʤʘʣʠ ʩʨʝʜʥʝʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʪʨʝʭ ʧʘʨʘʣʣʝʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ. 

ɺ ʪʘʙʣ. 5.1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʨʝʜʥʝʘʨʠʬʤʝʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʘʨʘʣʣʝʣʴʥʳʭ 

ʠʟʤʝʨʝʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʡ ʵʣʝʤʝʥʪʦʚ ʚ ʨʘʩʪʚʦʨʘʭ ʢʦʤʧʣʝʢʩʦʥʘʪʦʚ. 

ʊʘʙʣʠʮʘ 5.1 

ʂʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ II-ɸ ʠ III-ɸ ʧʦʜʛʨʫʧʧ ʚ ʨʘʩʪʚʦʨʘʭ ʂʇʗʂ 

ʂʦʤʧʣʝʢʩʦʥ ʂʦʤʧʣʝʢʩ ʉ ʤʝʪʘʣʣʘ, ʤʢʛ/ʣ ʆʰʠʙʢʘ, % 

ɻʄɼɼʗʂ 

MgL 20,217 3,6 

CaL 22,122 1,8 

SrL 25,731 2,1 

BaL 33,717 3,1 

AlL 60,333 2,2 

GaL 46,964 1,1 

B(OH)3L 4299,7 4,7 

ʕɼɼʗʂ 

B(OH)3ʍ 1148,3 3,5 

Alʍ 50,258 1,9 

Gaʍ 41,826 2,5 

 

ɺ ʪʘʙʣ. 5.2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʢʦʥʮʝʥʪʨʘʮʠʡ ʵʣʝʤʝʥʪʦʚ ʚ 

ʢʦʤʧʣʝʢʩʦʥʘʪʘʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʤʧʣʝʢʩʦʥʦʚ ʩ ʫʯʸʪʦʤ ʨʘʟʚʝʜʝʥʠʷ ʧʦ ʬʦʨʤʫʣʝ 

5.1.1. 

ʊʘʙʣʠʮʘ 5.2 

ʂʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ II-ɸ ʠ III-ɸ ʧʦʜʛʨʫʧʧ ʚ ʨʘʩʪʚʦʨʘʭ ʂʇʗʂ ʩ ʫʯʝʪʦʤ 

ʨʘʟʚʝʜʝʥʠʷ 

ʉ(Mg), 

ʛ/ʢʛ 

ʉ(Ca), 

ʛ/ʢʛ 

ʉ(Sr), 

ʛ/ʢʛ 

ʉ(Ba), 

ʛ/ʢʛ 

ʉ(Al), 

ʛ/ʢʛ 

ʉ(Ga), 

ʛ/ʢʛ 

ʉ(B(OH)3), 

ʛ/ʢʛ 

ɻʄɼɼʗʂ 

64,52 105,37 201,87 283,3 74,8 136,4 126,13 
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ʕɼɼʗʂ 

    81,14 193,37 177,24 

 

ʈʘʩʯʸʪ ʩʦʩʪʘʚʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʪʚʝʨʜʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʨʦʚʦʜʠʣʠ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 

ʇʨʠʤʝʨ ʨʘʩʯʝʪʘ ʩʦʩʪʘʚʘ ʢʦʤʧʣʝʢʩʘ ʤʘʛʥʠʷ ʩ ɻʄɼɼʗʂ: 

 

ʆʪʩʶʜʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʢʦʤʧʣʝʢʩ ʠʤʝʝʪ ʩʦʩʪʘʚ MgL. ʈʘʩʯʝʪʳ 

ʦʩʪʘʣʴʥʳʭ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʪʚʝʨʜʳʭ ʚʝʱʝʩʪʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ 

ʢʦʤʧʣʝʢʩʳ ʄʝ-ʣʠʛʘʥʜ 1:1. 

 

5.3 ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʩʪʨʦʝʥʠʷ ʪʚʝʨʜʳʭ ʢʦʤʧʣʝʢʩʦʥʘʪʦʚ 

 

ʎʝʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʪʨʦʝʥʠʠ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʘ 

ʠʤʝʥʥʦ ʦ ʩʠʤʤʝʪʨʠʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʳ, ʦ ʧʨʦʯʥʦʩʪʠ ʠ ʭʘʨʘʢʪʝʨʝ ʩʚʷʟʠ 

ʤʝʪʘʣʣ ï ʣʠʛʘʥʜ, ʦ  ʨʦʜʝ ʠ ʩʪʝʧʝʥʠ ʠʟʤʝʥʝʥʠʡ, ʧʨʝʪʝʨʧʝʚʘʝʤʳʭ ʣʠʛʘʥʜʦʤ ʧʨʠ ʝʛʦ 

ʢʦʦʨʜʠʥʘʮʠʠ, ʩʣʫʞʘʪ ʀʂ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʢʦʤʧʣʝʢʩʦʥʦʚ ʠ ʢʦʤʧʣʝʢʩʦʥʘʪʦʚ 

ʠʭ ʤʝʪʘʣʣʦʚ. ɸ ʪʘʢʞʝ, ʙʣʘʛʦʜʘʨʷ ʠʤ, ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʢʘʟʘʪʴ 

ʥʘʣʠʯʠʝ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʙʝʪʘʠʥʦʚʦʡ ʩʪʨʫʢʪʫʨʳ. 

ʉ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʟʥʘʯʠʤʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʪʨʦʝʥʠʠ ʢʦʤʧʣʝʢʩʦʥʘʪʦʚ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʩʘʤʠʭ 

ʢʦʤʧʣʝʢʩʦʥʦʚ [145-148]. ʆ ʭʘʨʘʢʪʝʨʝ ʩʚʷʟʠ ʠ ʦ ʩʧʦʩʦʙʝ ʢʦʦʨʜʠʥʘʮʠʠ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʠʦʥʘ ʩ ʣʠʛʘʥʜʦʤ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ ʠʟʤʝʥʝʥʠʷ, 

ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʀʂ ʩʧʝʢʪʨʘʭ ʢʦʤʧʣʝʢʩʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʧʝʢʪʨʘʤʠ ʩʚʦʙʦʜʥʳʭ 

ʣʠʛʘʥʜʦʚ. ʄʥʦʛʠʝ ʠʟʚʝʩʪʥʳʝ ʢʦʤʧʣʝʢʩʦʥʳ, ʪʘʢʠʝ ʢʘʢ ʕɼʊɸ, ʀɼʋʂ ʠ ʅʊʋʂ  

ʠʟʫʯʝʥʳ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ[149], ʚ ʣʠʪʝʨʘʪʫʨʝ ʪʘʢʞʝ ʠʤʝʶʪʩʷ ʠ  

ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʢʦʤʧʣʝʢʩʘʤ ʀɼʗʂ ʠ ʕɼɼʗʂ ʩ ʥʝʢʦʪʦʨʳʤʠ 

ʤʝʪʘʣʣʘʤʠ III -ɸ ʧʦʜʛʨʫʧʧʳ, ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʠ ʯʘʩʪʠʯʥʦ ʩ ʧʝʨʝʭʦʜʥʳʤʠ 
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ʤʝʪʘʣʣʘʤʠ [49, 149, 150]. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʦ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʀɼʗʂ 

ʚʝʜʝʪ ʩʝʙʷ ʢʘʢ ʪʝʪʨʘʜʝʥʪʘʪʥʳʡ ʣʠʛʘʥʜ, ʦʙʨʘʟʫʷ ʩʚʷʟʴ M ï N, ʧʨʷʤʦʝ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʵʪʦʛʦ ʧʦʣʫʯʝʥʦ ʤʝʪʦʜʦʤ ʈʉɸ ʚ [151-155]. ɼʝʥʪʘʪʥʦʩʪʴ ʞʝ ʕɼɼʗʂ 

ʚ ʢʦʤʧʣʝʢʩʘʭ ʩ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʘʣʣʘʤʠ ʚʘʨʴʠʨʫʝʪ ʦʪ 4 ʜʦ 6. 

ʇʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʥʝʩʫʪ ʚʘʞʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʪʨʦʝʥʠʠ ʢʦʤʧʣʝʢʩʦʥʦʚ ʠ 

ʪʚʸʨʜʳʭ ʢʦʤʧʣʝʢʩʦʥʘʪʦʚ, ʧʦʵʪʦʤʫ ʥʘ ʥʠʭ ʩʣʝʜʫʝʪ ʦʙʨʘʱʘʪʴ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʧʨʠ 

ʨʘʩʩʤʦʪʨʝʥʠʠ ʀʂ ʩʧʝʢʪʨʦʚ. ɹʦʣʴʰʦʡ ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ ʚ ʩʧʝʢʪʨʘʭ ʢʦʤʧʣʝʢʩʦʥʦʚ ʠ 

ʢʦʤʧʣʝʢʩʦʥʘʪʦʚ ʦʙʣʘʜʘʶʪ ʯʘʩʪʦʪʳ n
C=O

, nas
C-O

, ns
 C-O
. ʀʥʪʝʥʩʠʚʥʳʝ ʧʦʣʦʩʳ 

ʧʦʛʣʦʱʝʥʠʷ ʜʣʷ ʉʆʆʅ ʛʨʫʧʧ ʭʘʨʘʢʪʝʨʥʳ ʚ ʦʙʣʘʩʪʠ 1700-1750 ʩʤ
-1
 (n

C=O
); ʜʣʷ 

ʉʆʆ
-
 ʛʨʫʧʧ 1570-1590ʩʤ

-1 
(nas

 C-O
) ʠ 1400-1420 ʩʤ

-1 
 (ns

C-O
). ɼʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʚ 

ʤʦʣʝʢʫʣʘʭ ʠʟʫʯʘʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʢʘʢ ʛʨʫʧʧ ʉʆʆʅ, ʪʘʢ ʠ ʉʆʆ
-
 ʛʨʫʧʧ ʀʂ 

ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʥʘʜʸʞʥʳʤ ʤʝʪʦʜʦʤ [97]. 

ʍʘʨʘʢʪʝʨ ʩʚʷʟʠ ʄʝ-ʆ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʧʦ ʟʥʘʯʝʥʠʶ nas 
C-O
. ɿʥʘʯʝʥʠʷ ʧʦʣʦʩ 

ʧʦʛʣʦʱʝʥʠʷ nas 
C-O

 ʣʝʞʘʪ ʚ ʦʙʣʘʩʪʠ 1580-1610 ʩʤ
-1 
ʚ ʩʣʫʯʘʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʠʦʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʩʚʷʟʠ ʄʝ-ʆ ʠ ʚ ʦʙʣʘʩʪʠ >1625 ʩʤ
-1 
ʚ ʩʣʫʯʘʝ ʢʦʚʘʣʝʥʪʥʦʛʦ 

ʭʘʨʘʢʪʝʨʘ ʩʚʷʟʠ. ʉʚʷʟʠ ʠʤʝʶʪ ʯʘʩʪʠʯʥʦ ʢʦʚʘʣʝʥʪʥʳʡ ʭʘʨʘʢʪʝʨ, ʝʩʣʠ ʟʥʘʯʝʥʠʷ nas 
C-

O 
ʣʝʞʘʪ ʚ ʧʨʝʜʝʣʘʭ 1610-1625 ʩʤ

-1 
. ʊʘʢʞʝ ʧʦ ʨʘʟʥʦʩʪʠ Dn=nas 

C-O
 - ns 

C-O
 ʤʦʞʥʦ 

ʦʮʝʥʠʚʘʪʴ ʭʘʨʘʢʪʝʨ ʩʚʷʟʝʡ ʉʆʆ
ð
ʄʝ. ʊʘʢ ʝʩʣʠ Dn < 225 ʩʤ

-1
, ʪʦ ʩʚʷʟʠ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʦʥʥʳʝ, ʘ ʝʩʣʠ Dn > 225 ʩʤ
-1
 ʪʦ ʩʚʷʟʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʢʦʚʘʣʝʥʪʥʳʝ. 

ɺ ʩʚʷʟʠ ʩʦ ʩʣʦʞʥʦʩʪʴʶ ʩʦʦʪʥʝʩʝʥʠʷ ʧʦʣʦʩ n
C-N
, ʥʝ ʦʙʣʘʜʘʶʱʠʭ ʙʦʣʴʰʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʩʪʴʶ, ʠʤ ʫʜʝʣʝʥʦ ʤʘʣʦ ʚʥʠʤʘʥʠʷ. ʀʭ ʧʦʣʦʞʝʥʠʝ ʟʘʚʠʩʠʪ ʦʪ 

ʩʪʨʦʝʥʠʷ ʫʛʣʝʨʦʜʥʦʛʦ ʩʢʝʣʝʪʘ ʠ ʦʥʠ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʧʨʠʨʦʜʝ ʤʝʪʘʣʣʘ ʚ 

ʩʦʝʜʠʥʝʥʠʷʭ ʦʜʠʥʘʢʦʚʦʛʦ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. ɺ ʨʘʙʦʪʘʭ ʉʧʠʮʳʥʘ ɺ.ʀ., 

ʄʘʨʪʳʥʝʥʢʦ ʃ.ʀ., ɻʨʠʛʦʨʴʝʚʘ ʠ ʜʨ. ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʀʂ ʩʧʝʢʪʨʳ ʅʊʋʂ ʠ ʀɼʋʂ ʠ ʢ 

ʯʘʩʪʦʪʘʤ n
C-N

 ʙʳʣʠ ʦʪʥʝʩʝʥʳ ʧʦʣʦʩʳ 1050-1150 ʩʤ
-1
 [156-157]. ɿʥʘʯʝʥʠʝ nʩʨ

C-N
 

(å1100 ʩʤ
-1
) ʫʢʘʟʳʚʘʝʪ ʥʘ ʢʦʦʨʜʠʥʘʮʠʶ ʘʪʦʤʘ ʘʟʦʪʘ ʠʦʥʦʤ ʤʝʪʘʣʣʘ [158]. 

ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʀʂ ʩʧʝʢʪʨʦʚ ʕɼɼʗʂ ʠ ɻʄɼɼʗʂ ʚ ʬʦʨʤʝ 

ʢʠʩʣʦʪ, ʩʦʣʝʡ ʥʘʪʨʠʷ, ʘ ʪʘʢʞʝ ʠʭ ʢʦʤʧʣʝʢʩʦʚ ʩ Ga(III) ʜʣʷ ʕɼɼʗʂ ʠ Al(III ), 
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Ga(III ), B(OH)3, Mg(II ), Ca(II ), Sr(II ), Ba(II) ʜʣʷ ɻʄɼɼʗʂ. ʆʙʨʘʟʮʳ ʜʣʷ ʩʲʝʤʢʠ ʀʂ 

ʩʧʝʢʪʨʦʚ ʛʦʪʦʚʠʣʠ ʚ ʚʠʜʝ ʪʘʙʣʝʪʦʢ, ʢʦʪʦʨʳʝ ʧʨʝʩʩʦʚʘʣʠ ʠʟ ʩʤʝʩʠ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʚʝʱʝʩʪʚʘ ʠ KBr. ʉʧʝʢʪʨʳ ʩʥʠʤʘʣʠ ʥʘ FT-IR ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ EQUINOX 55 

ʬʠʨʤʳ Bruker (ɻʝʨʤʘʥʠʷ).  

ʀʂ ʩʧʝʢʪʨʳ ʩʥʠʤʘʣʠ ʚ ʜʠʘʧʘʟʦʥʝ 450 ï 4500 ʩʤ
-1
, ʦʜʥʘʢʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ 

ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʦʙʣʘʩʪʴ 450 ï 1800 ʩʤ
-1
, ʧʦʩʢʦʣʴʢʫ ʠʤʝʥʥʦ ʚ ʥʝʡ ʥʘʭʦʜʷʪʩʷ ʧʦʣʦʩʳ 

ʧʦʛʣʦʱʝʥʠʷ, ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʛʨʫʧʧʘʤ ʉ=ʆ, ʉ-ʆ ʠ ʉ-N ʠ ʷʚʣʷʶʱʠʝʩʷ ʦʩʥʦʚʥʳʤ 

ʠʩʪʦʯʥʠʢʦʤ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʠʩʩʣʝʜʫʝʤʳʭ ʢʦʤʧʣʝʢʩʘʭ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʜʣʷ ʚʩʝʭ 

ʠʟʫʯʘʝʤʳʭ ʦʙʲʝʢʪʦʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʥʠʤʘʣʠ ʩʧʝʢʪʨʳ ʠʤʝʥʥʦ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʣʦ ʙʦʣʴʰʫʶ ʥʘʜʝʞʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʠ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʦʣʦʞʝʥʠʷ ʧʦʣʦʩ. 

ʅʝʢʦʪʦʨʳʝ ʠʟ ʩʥʷʪʳʭ ʩʧʝʢʪʨʦʚ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 5.1, 5.2, 5.3, 5.4, 5.5 ʠ 5.6 

ʦʩʪʘʣʴʥʳʝ ʩʧʝʢʪʨʳ ʜʘʥʳ ʚ ʧʨʠʣʦʞʝʥʠʠ (ʨʠʩ. ʇ.1 ï ʇ.3). ʍʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ 

ʯʘʩʪʦʪʳ ʚʘʞʥʝʡʰʠʭ ʧʦʣʦʩ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʰʠʬʨʦʚʢʠ ʚʩʝʭ ʩʥʷʪʳʭ 

ʩʧʝʢʪʨʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 5.3 

ʊʘʙʣʠʮʘ 5.3 

ɺʘʞʥʝʡʰʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ ʯʘʩʪʦʪʳ ʀʂ ʩʧʝʢʪʨʦʚ ɻʄɼɼʗʂ (H4L) ʠ ʕɼɼʗʂ 

(H4ʍ), ʠʭ ʥʘʪʨʠʝʚʳʭ ʩʦʣʝʡ ʠ ʢʦʤʧʣʝʢʩʦʚ ʩ ʤʝʪʘʣʣʘʤʠ II -ɸ ʠ III -ɸ ʧʦʜʛʨʫʧʧʳ. 

ʉʦʝʜʠʥʝʥʠʝ n 
C=O

 nas
C-O

 ns
C-O

 Dn
CïO

 

(nas-ns) 

nas
C-N

 ns
C-N

 

H4L 1709 1628 -1538 1406, 1370  > 225 1055 868 

Na4L  1574 1431 216 1000 809 

Na[AlL ]Ö 7H2O  1705, 1616 1385 > 225 1093 813 

Na[GaL]Ö 2H2O  1713, 1638 1384 > 225 1036, 

1109 

824 

Na[MgL]Ö2H2O 1789 1658, 1579 1438, 1368 < 225 1024, 

1094 

836 

Na[CaL]Ö 3H2O 1771 1660,1578 1387 < 225 1007, 

1091 

851 

Na[SrL]Ö2H2O 1769 1658, 1580 1441, 1381 < 225 1071 856 

Na[BaL]Ö2H2O 1754 1657, 1580 1451 < 225 1059, 

1113 

864 

H4ʍ 1725 1633 1397 236 1075 887 

Na4ʍ  1608 1394 214 1066 861 

Na[AlX] Ö5H2O  1635 1385 250 1050, 835 
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1078 

Na[GaX]Ö3H2O  1649 1385 264 1038, 

1106 

836 

  
ʈʠʩ. 5.1. ʀʂ ʩʧʝʢʪʨ ʢʦʤʧʣʝʢʩʘ ɻʄɼɼʗʂ ʩ ʤʘʛʥʠʝʤ (1) ʠ ɻʄɼɼʗʂ (2).  

   
ʈʠʩ. 5.2. ʀʂ ʩʧʝʢʪʨ ʢʦʤʧʣʝʢʩʘ ʕɼɼʗʂ ʩ ʘʣʶʤʠʥʠʝʤ (2) ʠ ʛʘʣʣʠʝʤ (1).  
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ʈʠʩ. 5.3. ʀʂ ʩʧʝʢʪʨ ʢʦʤʧʣʝʢʩʘ ɻʄɼɼʗʂ ʩ ʘʣʶʤʠʥʠʝʤ (2) ʠ ʛʘʣʣʠʝʤ (1).  

 

ʇʨʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʀʂ ʩʧʝʢʪʨʦʚ ʠʟʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠʣʠ ʩʘʤʠʭ 

ʢʦʤʧʣʝʢʩʦʥʦʚ, ʘ ʪʘʢʞʝ ʠʭ ʩʦʣʝʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʵʤʧʠʨʠʯʝʩʢʠʡ ʤʝʪʦʜ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʯʘʩʪʦʪ. ʇʨʠ ʦʙʩʫʞʜʝʥʠʠ ʭʘʨʘʢʪʝʨʘ ʩʚʷʟʠ ʚ ʢʦʤʧʣʝʢʩʦʥʘʪʘʭ 

ʤʝʪʘʣʣʦʚ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʀʂ ʩʧʝʢʪʨʦʚ, ʠʩʭʦʜʠʣʠ ʠʟ 

ʩʦʦʪʥʦʰʝʥʠʷ ʧʦʣʦʞʝʥʠʡ ʪʝʭ ʠʣʠ ʠʥʳʭ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʚ ʩʧʝʢʪʨʝ ʜʘʥʥʦʛʦ 

ʢʦʤʧʣʝʢʩʦʥʘʪʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩʦ ʩʧʝʢʪʨʘʤʠ ʩʚʦʙʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʦʥʘ, ʢʘʢ 

ʩʦʝʜʠʥʝʥʠʷ ʩ ʥʘʠʙʦʣʝʝ ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʴʶ, ʠʣʠ ʩʧʝʢʪʨʘʤʠ ʝʛʦ ʩʦʣʠ Na4L, ʢʘʢ 

ʩʦʝʜʠʥʝʥʠʷ ʩ ʥʘʠʙʦʣʝʝ ʠʦʥʥʦʡ ʩʚʷʟʴʶ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣ. 5.3 ʠ ʧʨʠʣʘʛʘʝʤʳʭ ʩʧʝʢʪʨʦʚ, ʚ ʀʂ ʩʧʝʢʪʨʘʭ ʩʚʦʙʦʜʥʳʭ 

ʂʇʗʂ ʠʤʝʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʧʦʣʦʩʳ n
C=O
, ʥʦ ʠ ʧʦʣʦʩʳ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʢʘʨʙʦʢʩʠʣʘʪʥʦʡ ʛʨʫʧʧʳ ʉʆʆ
-
 (nas

C-O 
ʠ ns

ʉ-ʆ
). ʕʪʦ ʤʦʞʝʪ ʠʤʝʪʴ ʤʝʩʪʦ ʣʠʰʴ ʚ ʪʦʤ 

ʩʣʫʯʘʝ, ʝʩʣʠ ʦʜʥʘ ʠʟ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ïʉʆʆʅ ʦʪʜʘʝʪ ʩʚʦʡ ʧʨʦʪʦʥ 

ʘʤʠʥʦʛʨʫʧʧʝ: 

-COOH +  -NH-  Ą  -COO
-
  +  -NH2

+
-   
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʕɼɼʗʂ ʠ ɻʄɼɼʗʂ ʠʤʝʶʪ ʙʝʪʘʠʥʦʚʫʶ ʩʪʨʫʢʪʫʨʫ ʥʝ ʪʦʣʴʢʦ 

ʚ ʨʘʩʪʚʦʨʝ, ʢʘʢ ʵʪʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚʳʰʝ (ʧʫʥʢʪ 4.2), ʥʦ ʠ ʚ ʪʚʝʨʜʦʤ ʚʠʜʝ. 

ɺ ʩʧʝʢʪʨʘʭ ʪʝʪʨʘʥʘʪʨʠʝʚʳʭ ʩʦʣʝʡ ʢʦʤʧʣʝʢʩʦʥʦʚ ʧʦʣʦʩʳ n
C=O

 ʧʨʦʧʘʜʘʶʪ, 

ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʦʪʩʫʪʩʪʚʠʝ ʥʝʜʠʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ïCOOH, ʯʪʦ 

ʩʣʫʞʠʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʥʘʣʠʯʠʷ ʫ ʪʚʝʨʜʳʭ ʕɼɼʗʂ ʠ ɻʄɼɼʗʂ 

ʙʝʪʘʠʥʦʚʦʡ ʩʪʨʫʢʪʫʨʳ. 

ʇʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʦʮʝʥʢʘ ʭʘʨʘʢʪʝʨʘ ʩʚʷʟʝʡ çʤʝʪʘʣʣ-ʣʠʛʘʥʜè ʚ 

ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ. ʈʘʥʝʝ ʥʘ ʧʨʠʤʝʨʝ ʢʦʤʧʣʝʢʩʦʚ ʕɼʊɸ ʙʳʣʘ ʚʳʷʚʣʝʥʘ 

ʩʣʝʜʫʶʱʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ: ʯʝʤ ʚʳʰʝ ʯʘʩʪʦʪʘ nas 
C-O

 ʚ ʩʧʝʢʪʨʘʭ ʢʦʤʧʣʝʢʩʦʚ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʟʥʘʯʝʥʠʝʤ ʯʘʩʪʦʪʳ ʵʪʠʭ ʢʦʣʝʙʘʥʠʡ ʚ ʩʧʝʢʪʨʝ ʪʝʪʨʘʢʘʣʠʝʚʦʡ ʩʦʣʠ 

ʕɼʊɸ K4A (1575 ʩʤ
-1
), ʪʝʤ ʙʦʣʝʝ ʢʦʚʘʣʝʥʪʥʳʡ ʭʘʨʘʢʪʝʨ ʠʤʝʝʪ ʩʚʷʟʴ ʄ ï ʆʢʘʨʙ ʚ 

ʵʪʠʭ ʢʦʤʧʣʝʢʩʘʭ. ʕʪʦ ʧʨʘʚʠʣʦ ʙʳʣʦ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʠ ʧʨʠ ʠʟʫʯʝʥʠʠ 

ʜʨʫʛʠʭ ʢʦʤʧʣʝʢʩʦʥʦʚ [78]. ʇʦʟʜʥʝʝ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʦʮʝʥʠʚʘʪʴ ʭʘʨʘʢʪʝʨ ʩʚʷʟʠ ʄ 

ï ʆʢʘʨʙ ʧʦ ʜʨʫʛʦʤʫ ʧʘʨʘʤʝʪʨʫ, ʧʦ ʨʘʟʥʦʩʪʠ Dn=nas 
C-O

 - ns 
C-O
. ɽʩʣʠ ʚʝʣʠʯʠʥʘ 

Dn>225 ʩʤ
-1
, ʪʦ ʵʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʦʚʘʣʝʥʪʥʳʡ ʭʘʨʘʢʪʝʨ ʩʚʷʟʠ, ʘ 

ʝʩʣʠ Dn<225 ʩʤ
-1
ï ʥʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʦʥʥʳʡ ʭʘʨʘʢʪʝʨ. 

ɺ ʢʦʤʧʣʝʢʩʘʭ ʤʘʛʥʠʷ(II), ʢʘʣʴʮʠʷ(II), ʩʪʨʦʥʮʠʷ(II) ʠ ʙʘʨʠʷ(II) ʩ ɻʄɼɼʗʂ 

ʩʚʷʟʠ ʄʝ ï ʆ ʥʦʩʷʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʦʥʥʳʡ ʭʘʨʘʢʪʝʨ, ʧʦʩʢʦʣʴʢʫ ʟʥʘʯʝʥʠʷ 

ʚʝʣʠʯʠʥʳ Dn ʜʣʷ ʥʠʭ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʤʝʥʴʰʝ 225 ʩʤ
-1
. ɺʝʣʠʯʠʥʘ ʠʦʥʥʦʩʪʠ ʩʚʷʟʠ 

ʚʦʟʨʘʩʪʘʝʪ ʚ ʨʷʜʫ Mg<Ca<Sr<Ba. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣ. 5.2, ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʕɼɼʗʂ ʩ ʤʝʪʘʣʣʘʤʠ III -ɸ ʛʨʫʧʧʳ ʧʦ 

ʟʥʘʯʝʥʠʶ nas 
C-O

 > 1625 ʩʤ
-1
 ʦʧʨʝʜʝʣʷʝʤ ʢʦʚʘʣʝʥʪʥʳʡ ʭʘʨʘʢʪʝʨ ʩʚʷʟʠ ʄʝ-ʆ. ʇʦ 

ʨʘʟʥʦʩʪʠ Dn=nas
C-O

 - ns
C-O

 ʚʠʜʥʦ, ʯʪʦ ʚ ʢʦʤʧʣʝʢʩʘʭ ʛʘʣʣʠʷ ʩʚʷʟʴ Me-O ʥʦʩʠʪ ʙʦʣʝʝ 

ʢʦʚʘʣʝʥʪʥʳʡ ʭʘʨʘʢʪʝʨ, ʯʝʤ ʚ ʢʦʤʧʣʝʢʩʘʭ ʘʣʶʤʠʥʠʷ, ʯʪʦ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʥʘʨʘʩʪʘʥʠʝʤ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ ʚ ʨʷʜʫ  Al
3+

 ï Ga
3+

 (ʛʣʘʚʘ 4). ʋ ʢʦʤʧʣʝʢʩʦʚ 

ɻʄɼɼʗʂ ʩ ʤʝʪʘʣʣʘʤʠ III -ɸ ʛʨʫʧʧʳ ʪʘʢʞʝ ʢʘʢ ʠ ʢʦʤʧʣʝʢʩʦʚ ʕɼɼʗʂ Dn > 225 ʩʤ
-1

, 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʦʚʘʣʝʥʪʥʳʡ ʭʘʨʘʢʪʝʨ ʩʚʷʟʠ. ɺ ʮʝʣʦʤ ʞʝ 

ʢʦʚʘʣʝʥʪʥʦʩʪʴ ʩʚʷʟʠ ʄʝ ï ʆ ʚ ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʕɼɼʗʂ ʠ ɻʄɼɼʗʂ 

ʚʦʟʨʘʩʪʘʝʪ ʚ ʨʷʜʫ Al
3+

 ï Ga
3+

. 



 79 

ʅʘ ʨʠʩ 5.2 ʠ 5.3 ʫ ʢʦʤʧʣʝʢʩʦʥʘʪʦʚ ʕɼɼʗʂ ʠ ɻʄɼɼʗʂ ʩ ʤʝʪʘʣʣʘʤʠ III -ɸ 

ʧʦʜʛʨʫʧʧʳ ʚʠʜʥʘ ʰʠʨʦʢʘʷ ʧʦʣʦʩʘ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʆ-ʅ: 3500 ï 2500 ʩʤ
-1
. 

ʊʘʢʘʷ ʧʦʣʦʩʘ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʩ ʮʝʥʪʨʦʤ ʦʢʦʣʦ 3450 ʩʤ
-1
, 

ʦʪʚʝʯʘʶʱʠʤ ʟʘ ʩʚʦʙʦʜʥʫʶ ʛʨʫʧʧʫ ʆ-ʅ. ʇʠʢ ʧʦʣʦʩʳ ʚ ʦʙʣʘʩʪʠ ʦʢʦʣʦ 3000 ʩʤ
-1
 

ʩʣʫʞʠʪ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʩʚʷʟʘʥʥʦʡ ʧʦʣʦʩʳ ʆ-ʅ [159]. ɺ ʦʪʣʠʯʠʝ ʀʂ ʩʧʝʢʪʨʦʚ 

ʕɼɼʗʂ ʫ ɻʄɼɼʗʂ ʠ ʝʸ ʢʦʤʧʣʝʢʩʦʚ ʩ ʤʝʪʘʣʣʘʤʠ   III -ɸ ʛʨʫʧʧʳ ʚ ʦʙʣʘʩʪʠ ʯʘʩʪʦʪ 

nas
 C-O

 ʥʘʭʦʜʠʪʩʷ ʥʝ ʦʜʥʘ, ʘ ʜʚʝ ʧʦʣʦʩʳ. ʊʘʢ ʧʦʣʦʩʘ n
C=O

 1709 ʩʤ
-1
 ʚ ʩʧʝʢʪʨʘʭ ʥʝ 

ʠʩʯʝʟʘʝʪ, ʘ ʩʣʠʚʘʝʪʩʷ ʩ ʧ. ʧ. å 1600 ʩʤ
-1
, ʜʘʚʘʷ ʦʜʥʫ ʰʠʨʦʢʫʶ ʨʘʟʜʚʦʝʥʥʫʶ ʧʦʣʦʩʫ 

ʩ ʤʘʢʩʠʤʫʤʘʤʠ 1705 ʠ 1616 ʩʤ
-1 
(ʜʣʷ Na[AlL ]Ö7H2O) , ʘ ʪʘʢʞʝ 1713 ʠ 1638 ʩʤ 

-1 

(ʜʣʷ Na[GaL]Ö2H2O). ʊʘʢʫʶ ʧʦʣʦʩʫ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʦʙʣʘʩʪʠ nas 
C-O

,
 
ʢʦʪʦʨʘʷ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʫʩʠʣʝʥʠʠ ʢʦʦʨʜʠʥʘʮʠʠ  ʠʦʥʠʟʠʨʦʚʘʥʥʳʭ ʢʘʨʙʦʢʩʠʣʴʥʳʭ 

ʛʨʫʧʧ. ʄʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʥʘʣʠʯʠʠ ʚ ʵʪʠʭ ʢʦʤʧʣʝʢʩʘʭ ʢʘʢ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ, ʪʘʢ ʠ ʩʚʦʙʦʜʥʳʭ ʛʨʫʧʧ. ɹʦʣʝʝ ʪʦʛʦ, ʧ. ʧ. ʚ ʦʙʣʘʩʪʠ  1710 ʩʤ
-1
 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ, ʥʝ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ 

ʠʦʥʦʤ ʤʝʪʘʣʣʘ. [160]. ɿʥʘʯʝʥʠʝ nʩʨ
C-N

 (å1100 ʩʤ
-1
) ʫʢʘʟʳʚʘʝʪ ʥʘ ʢʦʦʨʜʠʥʘʮʠʶ 

ʘʪʦʤʘ ʘʟʦʪʘ ʠʦʥʦʤ ʤʝʪʘʣʣʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 2 ʢʘʨʙʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ ʩʚʷʟʘʥʳ ʩ 

ʘʪʦʤʦʤ ʘʟʦʪʘ [161]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʨʝʜʥʠʭ ʢʦʤʧʣʝʢʩʘʭ ɻʄɼɼʗʂ, ʪʘʢʞʝ ʢʘʢ ʠ ʕɼɼʗʂ 

ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʢʘʢ ʪʝʪʨʘʜʝʥʪʘʪʥʳʡ ʣʠʛʘʥʜ ï ʠʦʥ ʤʝʪʘʣʣʘ ʢʦʦʨʜʠʥʠʨʫʝʪ ʘʪʦʤ 

ʘʟʦʪʘ, ʢʘʨʙʦʢʩʠʣʴʥʫʶ ʠ ʜʚʝ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʛʨʫʧʧʳ. ɹʦʣʝʝ ʪʦʛʦ, ʤʦʞʥʦ ʧʦʣʘʛʘʪʴ, 

ʯʪʦ ʪʘʢʦʝ ʩʠʣʴʥʦʝ ʨʘʩʱʝʧʣʝʥʠʝ ʩʚʷʟʘʥʦ ʝʱʸ ʠ ʩ ʙʦʣʝʝ  ʥʠʟʢʦʡ ʩʠʤʤʝʪʨʠʝʡ 

ʢʦʤʧʣʝʢʩʦʚ ɻʄɼɼʗʂ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʤʧʣʝʢʩʘʤʠ ʕɼɼʗʂ. 

ɺ ʀʂ-ʩʧʝʢʪʨʝ ʠʩʩʣʝʜʫʝʤʳʭ ʢʦʤʧʣʝʢʩʦʥʦʚ, ʠʭ ʪʝʪʨʘʥʘʪʨʠʝʚʳʭ ʩʦʣʝʡ ʠ 

ʢʦʤʧʣʝʢʩʦʚ ɻʄɼɼʗʂ ʠ ʕɼɼʗʂ ʩ ʤʝʪʘʣʣʘʤʠ II -ɸ ʠ III-ɸ ʧʦʜʛʨʫʧʧʳ ʚ ʠʥʪʝʨʚʘʣʝ 

1440 ï 1370 ʩʤ
-1
 ʧʦʷʚʣʷʝʪʩʷ ʧʦʣʦʩʘ, ʦʪʥʦʩʷʱʘʷʩʷ ʢ ʚʘʣʝʥʪʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʩʚʷʟʝʡ 

ʉïʆ ʠ ʪʝʩʥʦ ʩʚʷʟʘʥʥʳʤ ʩ ʥʠʤʠ ʧʣʦʩʢʦʩʪʥʳʤ ʜʝʬʦʨʤʘʮʠʦʥʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʆïʅ. 

ʂʨʦʤʝ ʪʦʛʦ, ʫ ʥʝʢʦʪʦʨʳʭ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ 

ʧʠʢ: 1406 ʩʤ
-1
 ʜʣʷ H4L, 1438ʩʤ

-1 
ʜʣʷ Na[MgL]Ö2H2O ʠ 1441ʩʤ

-1 
Na[SrL]Ö2H2O. ʇʦ-

ʚʠʜʠʤʦʤʫ, ʝʛʦ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʜʝʬʦʨʤʘʮʠʦʥʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʛʨʫʧʧʳ ʉʅ2, 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʥʦʡ ʩ ʢʘʨʙʦʢʩʠʣʦʤ. ʊʘʢʦʡ ʜʫʙʣʝʪ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʢʠʩʣʦʪ ʩ 
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ʜʣʠʥʥʦʡ ʤʝʪʠʣʝʥʦʚʦʡ ʮʝʧʴʶ. ʏʠʩʣʦ ʧʦʣʦʩ ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʫʛʣʝʨʦʜʥʳʭ 

ʘʪʦʤʦʚ ʚ ʮʝʧʠ ʠ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʜʣʷ ʦʮʝʥʢʠ ʜʣʠʥʳ ʮʝʧʠ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʚ ʨʷʜʫ 

ʉ16 ï ʉ21 ʯʠʩʣʦ ʧʦʣʦʩ ʚʦʟʨʘʩʪʘʝʪ ʥʘ ʝʜʠʥʠʮʫ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʮʝʧʠ ʥʘ ʦʜʥʫ ʉʅ2 

ʛʨʫʧʧʫ. ʇʦʵʪʦʤʫ ʵʪʠ ʧʦʣʦʩʳ ʦʪʥʦʩʷʪ ʢ ʜʝʬʦʨʤʘʮʠʦʥʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʮʝʧʦʯʢʠ 

ʤʝʪʠʣʝʥʦʚʳʭ ʛʨʫʧʧ. ʇʦʣʦʞʝʥʠʝ ʠ ʯʠʩʣʦ ʧʦʣʦʩ ʠʟʤʝʥʷʝʪʩʷ ʧʨʠ ʥʘʣʠʯʠʠ 

ʨʘʟʚʝʪʚʣʝʥʠʷ ʠʣʠ ʜʚʦʡʥʳʭ ʩʚʷʟʝʡ, ʯʪʦ ʪʘʢʞʝ ʤʦʞʝʪ ʜʘʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʩʪʨʦʝʥʠʠ ʤʦʣʝʢʫʣʳ [162]. 

ʀʂ ʩʧʝʢʪʨʳ ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʦʚ ʩʨʝʜʥʠʭ ʢʦʤʧʣʝʢʩʦʚ ʑɿʄ ʤʝʪʘʣʣʦʚ  ʩ 

ɻʄɼɼʗʂ ʩʭʦʜʥʳ ʤʝʞʜʫ ʩʦʙʦʡ. ʇʦʣʦʩʘ ʩʣʘʙʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ n
C=O
, ʢʦʪʦʨʘʷ 

ʣʝʞʠʪ ʚ ʠʥʪʝʨʚʘʣʝ 1754 -1789 ʩʤ
-1
 (ʨʠʩ.5.1), ʪ.ʝ. ʦʥʘ ʟʘʤʝʪʥʦ ʩʤʝʱʝʥʘ ʚ ʦʙʣʘʩʪʴ 

ʙʦʣʴʰʠʭ ʜʣʠʥ ʚʦʣʥ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʘʢʦʡ ʞʝ ʧʦʣʦʩʦʡ ʚ ʩʧʝʢʪʨʝ ʩʚʦʙʦʜʥʦʡ 

ɻʄɼɼʗʂ (1709 ʩʤ
-1
). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʦ ʚʩʝʭ ʵʪʠʭ ʢʦʤʧʣʝʢʩʘʭ ʩʫʱʝʩʪʚʫʝʪ 

ʙʝʪʘʠʥʦʚʘʷ ʩʪʨʫʢʪʫʨʘ. ʊʘʢʞʝ  ʚ ʢʦʤʧʣʝʢʩʦʥʘʪʘʭ ʑɿʄ ʩ ɻʄɼɼʗʂ ʥʝ ʦʙʥʘʨʫʞʝʥʘ 

ʧ. ʧ. 1100 ʩʤ
-1
, ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʘʪʦʤʘ ʘʟʦʪʘ ʥʝ ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʠʦʥʦʤ ʤʝʪʘʣʣʘ. 

ʇʨʷʤʳʤ ʦʙʥʘʨʫʞʝʥʠʝʤ ʚ ʀʂ ʩʧʝʢʪʨʘʭ ʩʨʝʜʥʠʭ ʢʦʤʧʣʝʢʩʦʥʘʪʦʚ ʧʦʣʦʩ, 

ʦʪʚʝʯʘʶʱʠʭ ʟʘ ʧʦʛʣʦʱʝʥʠʝ ʙʝʪʘʠʥʦʚʦʡ ʛʨʫʧʧʳ, ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʥʘʣʠʯʠʝ ʧʦʣʦʩʳ 

ʦʢʦʣʦ 1580 ʩʤ
-1
, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʜʝʬʦʨʤʘʮʠʦʥʥʳʤ  ʢʦʣʝʙʘʥʠʷʤ ʛʨʫʧʧʳ NH

+ 
[161].  

ʊʘʢʘʷ ʧʦʣʦʩʘ ʩʫʱʝʩʪʚʫʝʪ ʫ ʚʩʝʭ ʢʦʤʧʣʝʢʩʦʚ ʑɿʄ ʩ ɻʄɼɼʗʂ, ʪ. ʝ. ʧʨʦʪʦʥʳ 

ʥʘʭʦʜʷʪʩʷ ʥʝ ʥʘ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧʘʭ, ʘ ʥʘ ʘʪʦʤʘʭ ʘʟʦʪʘ ʣʠʛʘʥʜʘ ʠ ʧʦʵʪʦʤʫ 

ʘʪʦʤʳ ʘʟʦʪʘ ʫʯʘʩʪʠʷ ʚ ʢʦʦʨʜʠʥʘʮʠʠ ʄʝ
2+

 ʥʝ ʧʨʠʥʠʤʘʶʪ [160], ʘ ʟʥʘʯʠʪ ʜʦʢʘʟʘʥʦ 

ʥʘʣʠʯʠʝ ʙʝʪʘʠʥʦʚʦʡ ʩʪʨʫʢʪʫʨʳ. 

ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʘʝʪ ʥʘʤ ʧʨʷʤʦʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʩʚʷʟʠ B ï N ʚ ʩʣʫʯʘʝ ʢʦʤʧʣʝʢʩʦʚ ʩ ʙʦʨʥʦʡ ʢʠʩʣʦʪʦʡ. ʅʘ ʨʠʩ.5.4, 

5.5 ʠ 5.6 ʧʨʠʣʘʛʘʶʪʩʷ ʀʂ ʩʧʝʢʪʨʳ ʠʩʩʣʝʜʫʝʤʳʭ ʢʦʤʧʣʝʢʩʦʥʦʚ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʠʭ 

ʢʦʤʧʣʝʢʩʘʤʠ ʩ ʙʦʨʥʦʡ ʢʠʩʣʦʪʦʡ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʙʦʨʥʦʡ ʢʠʩʣʦʪʦʡ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ ʯʘʩʪʦʪʳ ʚʘʞʥʝʡʰʠʭ ʧʦʣʦʩ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʨʘʩʰʠʬʨʦʚʢʠ ʚʩʝʭ ʩʥʷʪʳʭ ʩʧʝʢʪʨʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 5.4. 

 

 

 



 81 

ʊʘʙʣʠʮʘ 5.4 

ɺʘʞʥʝʡʰʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ ʯʘʩʪʦʪʳ ʀʂ ʩʧʝʢʪʨʦʚ ɻʄɼɼʗʂ (H4L) ʠ ʕɼɼʗʂ 

(H4ʍ), ʠʭ ʥʘʪʨʠʝʚʳʭ ʩʦʣʝʡ ʠ ʢʦʤʧʣʝʢʩʦʚ ʩ ʙʦʨʥʦʡ ʢʠʩʣʦʪʦʡ. 

 

ʉʦʝʜʠʥʝʥʠʝ n 
C=O

 nas
C-O

 ns
C-O

 Dn
CïO

 

(nas-ns) 

nas
C-N

 ns
C-N

 

H4L 1709 1628 -

1538 

1406, 1370  > 225 1055 868 

Na4L  1574 1431 216 1000 809 

Na[B(OH)3L]Ö6H2O  1665, 

1572 

1433 < 225 1088 854 

H4ʍ 1725 1633 1397 236 1075 887 

Na4ʍ  1608 1394 214 1066 861 

Na[B(OH)3ʍ]Ö4H2O  1630 1384    236 1088 863 

 

ʉʨʘʚʥʠʚʘʷ ʩʧʝʢʪʨʳ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʦʨʘ ʩʦ ʩʧʝʢʪʨʘʤʠ ʠʩʭʦʜʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʜʣʷ ʢʦʤʧʣʝʢʩʦʥʦʚ ʕɼɼʗʂ ʠ ɻʄɼɼʗʂ (ʨʠʩ. 5.6 ʠ 5.7) ʫʜʘʣʦʩʴ 

ʦʙʥʘʨʫʞʠʪʴ ʧʨʷʤʦʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʩʚʷʟʠ B ï N. ʆʪʩʫʪʩʪʚʠʝ 

ʧʦʣʦʩʳ n
C=O

 ʧʦʜʪʚʝʨʞʜʘʝʪ ʥʘ ʨʘʟʨʫʰʝʥʠʝ ʙʝʪʘʠʥʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʢʦʤʧʣʝʢʩʝ ʩ 

ʙʦʨʥʦʡ ʢʠʩʣʦʪʦʡ. ɹʦʣʝʝ ʪʦʛʦ, ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ å1100 ʩʤ
-1
 ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʢʦʦʨʜʠʥʘʮʠʶ ʘʪʦʤʘ ʘʟʦʪʘ ʠʦʥʦʤ ʙʦʨʘ (ʜʣʷ ʢʦʤʧʣʝʢʩʦʥʘʪʦʚ ʕɼɼʗʂ ʠ  ɻʄɼɼʗʂ ʩ 

ʙʦʨʥʦʡ ʢʠʩʣʦʪʦʡ ʵʪʦ ʧ.ʧ. 1088 ʩʤ
-1
 (ʨʠʩ. 5.9.)). 

ʇʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ 1195 ʩʤ 
-1
, ʢʦʪʦʨʘʷ ʠʤʝʝʪʩʷ ʪʦʣʴʢʦ ʚ ʩʧʝʢʪʨʝ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ ʠ ʢʦʤʧʣʝʢʩʘʭ ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ ʩ ɻʄɼɼʗʂ ʠ 

ʕɼɼʗʂ  (1185 ʩʤ 
-1
 ʠ 1195 ʩʤ 

-1
 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʛʦʚʦʨʠʪ  ʦ ʪʦʤ, ʯʪʦ ʘʪʦʤ ʙʦʨʘ 

ʥʘʭʦʜʠʪʩʷ ʚ ʪʝʪʨʘʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, [163]. ʇʨʦʮʝʩʩʳ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʙʦʨʘ ʚ ʚʦʜʥʦʣʠʛʘʥʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ 

ʧʨʦʪʝʢʘʶʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʘʟʦʪʘ ʠ 

ʙʦʨʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [63]. 
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ʈʠʩ. 5.4. ʀʂ ʩʧʝʢʪʨʳ ʢʦʤʧʣʝʢʩʘ ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ ʩ ʕɼɼʗʂ (1) ʠ ʢʦʤʧʣʝʢʩʦʥʘ 

ʕɼɼʗʂ (2). 

 

ʈʠʩ.5.5. ʀʂ ʩʧʝʢʪʨʳ ʢʦʤʧʣʝʢʩʘ ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ ʩ ɻʄɼɼʗʂ (1) ʠ ʢʦʤʧʣʝʢʩʦʥʘ 

ɻʄɼɼʗʂ (2). 
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ʈʠʩ.5.6. ʀʂ ʩʧʝʢʪʨʳ ʢʦʤʧʣʝʢʩʘ ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ ʩ ɻʄɼɼʗʂ (1) ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ 

ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ (2). 

 

5.4 ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʚʝʨʜʳʭ ʢʦʤʧʣʝʢʩʦʥʘʪʦʚ 

 

ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʦ ʥʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤ 

ʩʢʘʥʠʨʫʶʱʝʤ ʢʘʣʦʨʠʤʝʪʨʝ STA 449F (ʧʨʦʠʟʚʦʜʠʪʝʣʴ NETZSCH)
*
. ʅʘʛʨʝʚ ʚʦ ʚʩʝʭ 

ʩʣʫʯʘʷʭ ʧʨʦʠʩʭʦʜʠʣ ʚ ʘʪʤʦʩʬʝʨʝ ʚʦʟʜʫʭʘ. 

ʏʝʪʢʘʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʯʠʩʣʘ ʤʦʣʝʢʫʣ ʚʥʫʪʨʠ- ʠ ʚʥʝʰʥʝʩʬʝʨʥʦʡ ʚʦʜʳ 

ʤʦʛʣʘ ʙʳ ʜʘʪʴ ʥʘʠʙʦʣʝʝ ʧʦʣʝʟʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʪʨʦʝʥʠʠ ʢʦʤʧʣʝʢʩʦʚ, ʦ 

ʜʝʥʪʘʪʥʦʩʪʠ ʣʠʛʘʥʜʘ ʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʤ ʯʠʩʣʝ ʠʦʥʘ ʤʝʪʘʣʣʘ. ɺʨʝʤʝʥʘʤʠ ʵʪʦ 

ʫʜʘʝʪʩʷ ʩʜʝʣʘʪʴ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʜʝʛʠʜʨʘʪʘʮʠʠ 

ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʦʚ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʥʦ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʚ ʩʣʫʯʘʝ 

ʢʦʤʧʣʝʢʩʦʚ ʂʇʗʂ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʪʘʢʫʶ ʠʥʬʦʨʤʘʮʠʶ ʧʦʣʫʯʠʪʴ ʥʝ 

ʫʜʘʝʪʩʷ, ʪ.ʝ. ʫʜʘʣʷʶʱʫʶʩʷ ʥʘ ʨʘʟʥʳʭ ʵʪʘʧʘʭ ʥʘʛʨʝʚʘʥʠʷ ʚʦʜʫ ʥʝ ʫʜʘʝʪʩʷ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʢʘʢ ʦʜʥʦʟʥʘʯʥʦ ʚʥʫʪʨʠʩʬʝʨʥʫʶ ʠʣʠ ʚʥʝʰʥʝʩʬʝʨʥʫʶ ʚʦʜʫ. 

                                           
*
 ɿʘ ʧʨʦʚʝʜʝʥʠʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʙʣʘʛʦʜʘʨʠʤ ʦʪʜʝʣʝʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʎʂʇ ʊʚɻʋ ʠ ʝʛʦ 

ʨʫʢʦʚʦʜʠʪʝʣʷ ʈʷʩʝʥʩʢʦʛʦ ʉ.ʉ. 
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ʅʘʧʨʠʤʝʨ, ʢʦʤʧʣʝʢʩʦʥʘʪ ʤʘʛʥʠʷ ʩ ɻʄɼɼʗʂ Na[MgL]Ö 2H2O  ʠʤʝʝʪ ʦʜʠʥ 

ʰʠʨʦʢʠʡ ʩʢʘʯʝʢ ʥʘ ʢʨʠʚʦʡ ʊɻ ʚ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʜʝʛʠʜʨʘʪʘʮʠʠ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʠʡʩʷ ʵʥʜʦʪʝʨʤʠʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ (ʨʠʩ 5.7). ʊʦʛʜʘ ʢʘʢ ʜʝʛʠʜʨʘʪʘʮʠʷ 

ʢʦʤʧʣʝʢʩʦʥʘʪʘ ʢʘʣʴʮʠʷ ʩ ɻʄɼɼʗʂ Na[CaL]Ö 3H2O (ʨʠʩ 5.8) ʧʨʦʪʝʢʘʝʪ ʚ 2 ʵʪʘʧʘ, 

ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʨʘʟʣʠʯʥʫʶ ʧʨʦʯʥʦʩʪʴ ʩʚʷʟʠ ʤʦʣʝʢʫʣ ʚʦʜʳ ʩ ʢʦʤʧʣʝʢʩʦʤ. ʆʜʥʘ 

ʤʦʣʝʢʫʣʘ ʚʦʜʳ ʠʩʧʘʨʷʝʪʩʷ ʧʦʟʞʝ, ʟʥʘʯʠʪ ʠʤʝʶʪ ʙʦʣʝʝ ʧʨʦʯʥʫʶ ʩʚʷʟʴ ʚ 

ʩʦʝʜʠʥʝʥʠʠ. ʄʦʞʥʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʦʜʥʘ ʤʦʣʝʢʫʣʘ ʚʦʜʳ ʥʘʭʦʜʠʪʩʷ ʚʦ 

ʚʥʝʰʥʝʩʬʝʨʥʦʤ ʧʦʣʦʞʝʥʠʠ, ʘ ʜʨʫʛʘʷ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʩʬʝʨʝ ʢʦʤʧʣʝʢʩʘ ʠ ʩʚʷʟʘʥʘ ʩ 

ʤʝʪʘʣʣʦʤ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʪʝʨʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʦʚ 

ʢʦʤʧʣʝʢʩʦʥʘʪʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 5.5 ʠ ʥʘ ʨʠʩ. 5.7, 5.8, 5.9, ʘ ʪʘʢʞʝ ʚ ʇ.4 - ʇ.10. 

ʊʘʙʣʠʮʘ 5.5 

ʊʝʨʤʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʦʤʧʣʝʢʩʦʥʘʪʦʚ ʵʣʝʤʝʥʪʦʚ II-ɸ ʠ III-ɸ 

ʧʦʜʛʨʫʧʧʳ ʩ ʂʇʗʂ 

ʂʦʤʧʣʝʢʩʦʥʘʪ ʉʪʘʜʠʠ 

ʜʝʛʠʜʨʘʪʘʮʠʠ, 
0
ʉ 

ʋʙʳʣʴ ʤʘʩʩʳ, 

ʤʦʣʴ ʅ2ʆ 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʨʘʟʣʦʞʝʥʠʷ 
0
ʉ 1 2 

Na[MgL]Ö2H2O - 120 2  >315 

Na[CaL]Ö 3H2O 102 136 2 +1  >325 

Na[SrL]Ö 2H2O - 112 2 >310 

Na[BaL]Ö2H2O - 113 2 >330 

Na[AlL ]Ö 7H2O 104 172 4 + 3  >410 

Na[GaL]Ö 2H2O 100 257 1 + 1 >440 

Na[B(OH)3L]Ö6H2O - 156 6                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       >355 

Na[B(OH)3ʍ]Ö4H2O - 140 4 >350 

Na[GaX]Ö 3H2O 103 240 2 + 1 >390 

Na[Alʍ]Ö5H2O  103 300 3 + 2 >370 

 

ʀʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʡ 

ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʠʟ ʑɿʄ ʦʙʣʘʜʘʝʪ ʢʦʤʧʣʝʢʩʦʥʘʪ ʙʘʨʠʷ ʩ ɻʄɼɼʗʂ, ʫ 

ʢʦʪʦʨʦʛʦ ʤʘʢʩʠʤʫʤ  ʜʝʛʠʜʨʘʪʘʮʠʠ 113 Áʉ ʠ ʨʘʟʣʘʛʘʝʪʩʷ ʚ ʦʜʥʫ ʩʪʘʜʠʶ ʧʦʩʣʝ 330 

Áʉ. 
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ɺ ʤʝʪʘʣʣʘʭ III -ɸ ʛʨʫʧʧʳ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʨʘʟʣʦʞʝʥʠʝ ʢʦʤʧʣʝʢʩʦʥʘʪʦʚ ʩ 

ɻʄɼɼʗʂ ʧʨʦʠʩʭʦʜʠʪʴ ʧʨʠ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʯʝʤ ʫ 

ʢʦʤʧʣʝʢʩʦʥʘʪʦʚ ʩ ʕɼɼʗʂ. ʊʝʨʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʚʦʟʨʘʩʪʘʝʪ ʚ ʨʷʜʫ Al  ï Ga, 

ʩʢʦʨʝʝ ʚʩʝʛʦ ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʜʠʫʩʦʚ ʠʦʥʦʚ (ʪʘʙʣ. 5.6). 

ʊʘʙʣʠʮʘ 5.6 

ɸʪʦʤʥʳʝ ʠ ʠʦʥʥʳʝ ʨʘʜʠʫʩʳ ʵʣʝʤʝʥʪʦʚ 

ʅʘʟʚʘʥʠʝ 

ʵʣʝʤʝʥʪʘ 

ʉʠʤʚʦʣ ʘʪʦʤʘ ɸʪʦʤʥʳʡ 

ʨʘʜʠʫʩ, ʥʤ 

ʀʦʥ ʀʦʥʥʳʡ 

ʨʘʜʠʫʩ, ʥʤ 

ʄʘʛʥʠʡ Mg 0,160 Mg
2+

 0,078 

ʂʘʣʴʮʠʡ Ca 0,197 Ca
2+

 0,106 

ʉʪʨʦʥʮʠʡ Sr 0,215 Sr
2+

 0,127 

ɹʘʨʠʡ Ba 0,217 Ba
2+

 0,143 

ɹʦʨ B 0,097 B
3+

 0,02 

ɸʣʶʤʠʥʠʡ Al  0,143 Al
3+

 0,057 

ɻʘʣʣʠʡ Ga 0,135 Ga
3+

 0,062 

 

ɼʝʛʠʜʨʘʪʘʮʠʷ ʢʦʤʧʣʝʢʩʦʥʘʪʦʚ Al(III)  ʠ Ga(III)  ʩ ʠʩʩʣʝʜʫʝʤʳʤʠ 

ʢʦʤʧʣʝʢʩʦʥʘʤʠ ʧʨʦʪʝʢʘʝʪ ʚ 2 ʵʪʘʧʘ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ   ʨʘʟʣʠʯʥʫʶ ʧʨʦʯʥʦʩʪʴ 

ʩʚʷʟʠ ʤʦʣʝʢʫʣ ʚʦʜʳ ʩ ʢʦʤʧʣʝʢʩʦʤ. ʅʘʧʨʠʤʝʨ, ʚ ʢʦʤʧʣʝʢʩʝ Na[GaL]Ö 2H2O ʦʜʥʘ 

ʤʦʣʝʢʫʣʘ ʚʦʜʳ ʠʩʧʘʨʷʝʪʩʷ ʧʦʟʞʝ, ʟʥʘʯʠʪ ʠʤʝʝʪ ʙʦʣʝʝ ʧʨʦʯʥʫʶ ʩʚʷʟʴ ʚ 

ʩʦʝʜʠʥʝʥʠʠ. ʊʦ ʝʩʪʴ ʤʦʞʥʦ ʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʯʪʦ ʦʜʥʘ ʤʦʣʝʢʫʣʘ ʚʦʜʳ ʚ ʵʪʦʤ 

ʢʦʤʧʣʝʢʩʝ ʚʥʝʰʥʝʩʬʝʨʥʘʷ, ʘ ʜʨʫʛʘʷ ʚʥʫʪʨʠʩʬʝʨʥʘʷ. 

ʂʦʤʧʣʝʢʩʦʥʘʪʳ ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ ʩ ʕɼɼʗʂ ʠ ɻʄɼɼʗʂ ʠʤʝʶʪ ʦʜʠʥ 

ʰʠʨʦʢʠʡ ʩʢʘʯʝʢ ʥʘ ʢʨʠʚʦʡ ʊɻ ʚ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʜʝʛʠʜʨʘʪʘʮʠʠ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʠʡʩʷ ʵʥʜʦʪʝʨʤʠʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ. ɺ ʩʨʘʚʥʝʥʠʠ ʵʪʠʭ ʢʦʤʧʣʝʢʩʦʚ 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʦʷʚʣʝʥʠʝ ʜʚʫʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʦʣʝʢʫʣ ʚʦʜʳ ʚʥʫʪʨʠ 

ʩʬʝʨʳ ʫ ɻʄɼɼʗʂ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʤʝʥʴʰʝʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʢʦʤʧʣʝʢʩʘ, ʯʝʤ ʫ 

ʕɼɼʗʂ ʩ ʙʦʨʥʦʡ ʢʠʩʣʦʪʦʡ. ɺʦʟʤʦʞʥʦ, ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʫʜʘʣʝʥʥʦʩʪʠ 

ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʚ ʢʦʤʧʣʝʢʩʦʥʝ ɻʄɼɼʗʂ, ʪʘʢ ʢʘʢ ʠʤʝʝʪʩʷ ʜʣʠʥʥʘʷ 

ʤʝʪʠʣʝʥʦʚʘʷ ʮʝʧʴ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʘʟʦʪʘ.  
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