
ʄʠʥʠʩʪʝʨʩʪʚʦ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʥʘʫʢʠ 

ʀʥʩʪʠʪʫʪ ʘʚʪʦʤʘʪʠʢʠ ʠ ʧʨʦʮʝʩʩʦʚ ʫʧʨʘʚʣʝʥʠʷ 

ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ 

 

ʅʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʠ 

 

ʗʮʢʦ ɼʤʠʪʨʠʡ ʉʝʨʛʝʝʚʠʯ 

 

ʉʆɿɼɸʅʀɽ ʄɸɻʅʀʊʅʆɻʆ ʄɸʊɽʈʀɸʃɸ ʀɿ ʇʆʈʆʐʂʆɺ Sm, Co ʠ Fe 

ʄɽʊʆɼʆʄ ʃɸɿɽʈʅʆʁ ɸɼɼʀʊʀɺʅʆʁ ʊɽʍʅʆʃʆɻʀʀ ʅɸ ʅɽʄɸɻʅʀʊʅʆʁ 

ʇʆɼʃʆɾʂɽ ɺ ʇʆʉʊʆʗʅʅʓʍ ʄɸɻʅʀʊʅʓʍ ʇʆʃʗʍ  

 

ʉʧʝʮʠʘʣʴʥʦʩʪʴ 2.6.17. ʄʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝ 

 

ɼʀʉʉɽʈʊɸʎʀʗ  

ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʸʥʦʡ ʩʪʝʧʝʥʠ ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ  

 

 

 

 

 ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ 

ʜʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʧʨʦʬʝʩʩʦʨ, ʘʢʘʜʝʤʠʢ ʈɸʅ 

ʂʫʣʴʯʠʥ ʖʨʠʡ ʅʠʢʦʣʘʝʚʠʯ 

 

 

 

ɺʣʘʜʠʚʦʩʪʦʢ - 2025 



2 

 

ʉʆɼɽʈɾɸʅʀɽ 

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

ɻʃɸɺɸ 1 ɸʅɸʃʀʊʀʏɽʉʂʆɽ ʀʉʉʃɽɼʆɺɸʅʀɽ ʆɹʒɽʂʊɸ ʀ ʇʈɽɼʄɽʊɸ 

ɼʀʉʉɽʈʊɸʎʀʆʅʅʆʁ ʈɸɹʆʊʓ. ʆɹɿʆʈ ʀʉʊʆʏʅʀʂʆɺ ʀʅʌʆʈʄɸʎʀʀ ..... 12 

1.1 ʉʦʩʪʘʚ ʠ ʩʪʨʫʢʪʫʨʘ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ .............................................. 12 

1.2 ʊʝʭʥʦʣʦʛʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ................................... 15 

1.3 ɸʜʜʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʧʨʦʮʝʩʩ ʧʨʷʤʦʛʦ ʧʦʜʚʦʜʘ ʵʥʝʨʛʠʠ 

 ʠ ʤʘʪʝʨʠʘʣʘ ...................................................................................................... 20 

1.4 ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 1 ...................................................................................... 28 

ɻʃɸɺɸ 2 ʀʉʉʃɽɼʆɺɸʅʀɽ ʀ ʈɸɿʈɸɹʆʊʂɸ ʉʈɽɼʉʊɺ ʊɽʍʅʀʏɽʉʂʆɻʆ ʀ 

ʅɸʋʏʅʆ-ʄɽʊʆɼʀʏɽʉʂʆɻʆ ʆɹɽʉʇɽʏɽʅʀʗ ʇʈʆʎɽʉʉʆɺ 

ʌʆʈʄʀʈʆɺɸʅʀʗ ʄɸɻʅʀʊʅʓʍ ʉʊʈʋʂʊʋʈ ..................................................... 30 

2.1 ʆʙʦʨʫʜʦʚʘʥʠʝ, ʤʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʠʢʠ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ .................................................................................................... 30 

2.2 ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʩʪʨʫʢʪʫʨ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʣʘʟʝʨʥʳʭ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ .................................................................. 37 

2.3 ɸʥʘʣʠʟ ʤʘʨʦʢ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ ......................................................... 43 

2.4 ʉʦʩʪʘʚ ʠ ʠʟʛʦʪʦʚʣʝʥʠʝ ʦʙʨʘʟʮʦʚ ............................................................... 53 

2.5 ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 2 ...................................................................................... 57 

ɻʃɸɺɸ 3 ʀʉʉʃɽɼʆɺɸʅʀɽ ʉʆʉʊɸɺɸ ʀ ʉʊʈʋʂʊʋʈʓ ʆɹʈɸɿʎʆɺ 

ʄɸɻʅʀʊʅʆɻʆ ʄɸʊɽʈʀɸʃɸ, ʇʆʃʋʏɽʅʅʆɻʆ ʉ ʇʈʀʄɽʅɽʅʀɽʄ 

ʃɸɿɽʈʅʆʁ ɸɼɼʀʊʀɺʅʆʁ ʊɽʍʅʆʃʆɻʀʀ ......................................................... 59 

3.1 ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʙʨʘʟʮʘ ˉ1 ......................................................................... 59 

3.2 ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʙʨʘʟʮʘ ˉ2 ......................................................................... 63 

3.3 ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʙʨʘʟʮʘ ˉ3 ......................................................................... 66 

3.4 ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʙʨʘʟʮʘ ˉ4 ......................................................................... 72 

3.5 ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʙʨʘʟʮʘ ˉ5 ......................................................................... 73 



3 

 

3.6 ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʙʨʘʟʮʘ ˉ6 ......................................................................... 75 

3.7 ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʙʨʘʟʮʘ ˉ7 ......................................................................... 78 

3.8 ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʙʨʘʟʮʘ ˉ8 ......................................................................... 81 

3.9 ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʙʨʘʟʮʘ ˉ9 ......................................................................... 82 

3.10 ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʙʨʘʟʮʘ ˉ10 ..................................................................... 84 

3.11 ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʙʨʘʟʮʘ ˉ11 ..................................................................... 85 

3.12 ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʙʨʘʟʮʘ ˉ12 ..................................................................... 88 

3.13 ɸʥʘʣʠʟ ʜʠʬʬʫʟʠʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ....................................... 90 

3.14 ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 3 .................................................................................... 93 

ɻʃɸɺɸ 4 ʀʉʉʃɽɼʆɺɸʅʀɽ ʄɸɻʅʀʊʅʓʍ ʉɺʆʁʉʊɺ ʆɹʈɸɿʎʆɺ 

ʄɸɻʅʀʊʅʆɻʆ ʄɸʊɽʈʀɸʃɸ, ʇʆʃʋʏɽʅʅʆɻʆ ʉ ʇʈʀʄɽʅɽʅʀɽʄ 

ʃɸɿɽʈʅʆʁ ɸɼɼʀʊʀɺʅʆʁ ʊɽʍʅʆʃʆɻʀʀ ......................................................... 94 

4.1 ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʦʙʨʘʟʮʦʚ 1, 2 ...................................... 94 

4.2 ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʦʙʨʘʟʮʘ 3 ............................................ 97 

4.3 ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʦʙʨʘʟʮʘ 4 ............................................ 99 

4.4 ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʦʙʨʘʟʮʦʚ 5, 6, 7 ................................ 102 

4.5 ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʦʙʨʘʟʮʘ 8 .......................................... 103 

4.6 ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʦʙʨʘʟʮʦʚ 9, 10 .................................. 106 

4.7 ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʦʙʨʘʟʮʘ 11 ........................................ 111 

4.8 ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 4 .................................................................................... 112 

ɿɸʂʃʖʏɽʅʀɽ ........................................................................................................ 114 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ ........................................................................................ 116 

 

  

  



4 

 

ɺɺɽɼɽʅʀɽ  

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʘʛʥʠʪʦʚ ʠ ʤʘʪʝʨʠʘʣʦʚ, ʦʙʣʘʜʘʶʱʠʭ 

ʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ 

ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʨʘʟʚʠʪʠʝ ʥʦʚʳʭ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ 

ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʘʛʥʠʪʦʚ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ.  

ʇʦʩʪʦʷʥʥʳʝ ʤʘʛʥʠʪʳ ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ: ʦʪ ɻʣʝʢʪʨʦʩʪʘʥʮʠʡ, ʜʦ 

ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʡ ʵʣʝʢʪʨʦʥʠʢʠ. ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ ʷʚʣʷʶʪʩʷ ʧʦʩʪʦʷʥʥʳʝ 

ʤʘʛʥʠʪʳ (ʇʄ) ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ (Sm, Nd), ʦʙʣʘʜʘʶʱʠʭ 

ʩʣʝʜʫʶʱʠʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ: 

- ʩʧʦʩʦʙʥʦʩʪʴ ʨʘʙʦʪʘʪʴ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (ʠʟ-ʟʘ ʚʳʩʦʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨ rʂʶʨʠ); 

- ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ; 

- ʚʳʩʦʢʘʷ ʤʘʛʥʠʪʥʘʷ ʵʥʝʨʛʠʷ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʤʘʣʳʡ ʨʘʟʤʝʨ.  

ʉʧʦʩʦʙʥʦʩʪʴ ʨʘʙʦʪʘʪʴ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʨʘʩʰʠʨʷʝʪ ʦʙʣʘʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʇʄ. ɺʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪ ʢʘʯʝʩʪʚʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. ʅʘʣʠʯʠʝ ʚʳʩʦʢʦʡ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʤʝʥʴʰʠʪʴ ʛʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ ʤʘʛʥʠʪʘ, ʩʦʭʨʘʥʷʷ ʨʘʙʦʯʠʝ ʢʘʯʝʩʪʚʘ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʷʚʣʷʶʪʩʷ ʘʜʜʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ (ɸʊ), 

ʦʙʣʘʜʘʶʱʠʝ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ. ɻʣʘʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʧʨʠʤʝʥʝʥʠʷ ɸʊ 

ʷʚʣʷʝʪʩʷ ʵʢʦʥʦʤʠʷ ʤʘʪʝʨʠʘʣʦʚ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʤʝʪʘʣʣʦʚ (ʢʘʢ ʧʨʘʚʠʣʦ, ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʤʝʪʘʣʣʳ ʠ ʩʧʣʘʚʳ ʥʘ ʠʭ 

ʦʩʥʦʚʝ ʩʪʦʷʪ ʜʦʨʦʛʦ). ɺʘʞʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ɸʊ ʷʚʣʷʝʪʩʷ ʤʠʥʠʤʘʣʴʥʦʝ 

ʪʝʨʤʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʠʟʜʝʣʠʝ, ʦʧʨʝʜʝʣʷʝʤʦʝ ʩʢʦʨʦʩʪʴʶ ʥʘʛʨʝʚʘ ʠ 

ʦʭʣʘʞʜʝʥʠʷ ʟʦʥʳ ʨʘʩʧʣʘʚʘ, ʨʘʟʤʝʨ ʢʦʪʦʨʦʡ ʤʦʞʝʪ ʨʝʛʫʣʠʨʦʚʘʪʴʩʷ ʚ ʧʨʦʮʝʩʩʝ 

ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ.  
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ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʵʢʦʥʦʤʠʶ ʚʨʝʤʝʥʠ ʥʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. ʅʘʧʨʠʤʝʨ, ʠʟʛʦʪʦʚʣʝʥʠʝ ʧʝʨʚʳʭ ʧʨʦʪʦʪʠʧʦʚ ʟʘʥʠʤʘʝʪ ʛʦʨʘʟʜʦ 

ʤʝʥʴʰʝ ʚʨʝʤʝʥʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʥʝʩʪʠ ʠʟʤʝʥʝʥʠʷ ʚ ʢʦʥʩʪʨʫʢʮʠ.ʁ  

ɺ ʦʪʣʠʯʠʝ ʦʪ ʠʟʚʝʩʪʥʳʭ ʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʧʦʩʦʙʦʚ 

ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʟʘʛʦʪʦʚʦʢ ʜʣʷ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ (ʣʠʪʝʡʥʳʝ ʧʨʦʮʝʩʩʳ, 

ʧʨʝʩʩʦʚʘʥʠʝ, ʤʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ) ɸʊ ʧʦʟʚʦʣʷʶʪ ʧʨʦʠʟʚʦʜʠʪʴ ʜʝʪʘʣʠ ʣʶʙʳʭ 

ʬʦʨʤ ʠ ʨʘʟʤʝʨʦʚ ʧʦ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʦʜʝʣʠ ʧʫʪʤy ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʥʘʥʝʩʝʥʠʷ 

ʩʣʦʸʚ ʤʘʪʝʨʠʘʣʘ. ʇʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʜʝʪʘʣʝʡ ʤʝʪʦʜʘʤʠ ɸʊ ʚʦʟʤʦʞʥʦ 

ʢʦʤʙʠʥʠʨʦʚʘʪʴ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʦʩʥʦʚʥʦʡ ʠ ʨʘʙʦʯʝʡ ʯʘʩʪʝʡ ʜʝʪʘʣʠ, ʠʩʧʦʣʴʟʫʷ 

ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ. ʊʘʢʞʝ ʚʦʟʤʦʞʥʦ ʠʟʛʦʪʦʚʣʝʥʠʝ ʜʝʪʘʣʝʡ ʩ 

ʦʪʜʝʣʴʥʳʤʠ ʫʯʘʩʪʢʘʤʠ ʠʣʠ ʵʣʝʤʝʥʪʘʤʠ, ʠʤʝʶʱʠʤʠ ʦʩʦʙʳʝ ʬʠʟʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʧʦʚʳʰʝʥʥʘʷ ʪʚʸʨʜʦʩʪʴ, ʧʨʦʯʥʦʩʪʴ ʠ ʪ. ʜ.).  

ʇʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ɸʊ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʘʣʳʭ ʧʘʨʪʠʡ ʠʟʜʝʣʠʡ 

ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʦʤ. ʆʪʢʘʟ ʦʪ ʠʟʛʦʪʦʚʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ 

(ʣʠʪʥʠʢʦʚʳʭ, ʧʨʝʩʩ-ʬʦʨʤ) ʠ ʦʩʥʘʩʪʢʠ ʧʦʟʚʦʣʠʪ ʩʵʢʦʥʦʤʠʪʴ ʚʨʝʤʷ ʠ ʩʨʝʜʩʪʚʘ 

ʟʘʢʘʟʯʠʢʘ.  

ɼʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ɸʊ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʄʝʪʘʣʣʳ, ʢʝʨʘʤʠʢʘ, ʧʦʣʠʤʝʨʳ, ʦʨʛʘʥʠʢʘ ʠ ʧʨʦʯʠʝ ʤʘʪʝʨʠʘʣʳ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʟʣʠʯʥʳʭ ʠʟʜʝʣʠʡ. ʇʨʠ ʨʘʙʦʪʝ ʩ ʤʝʪʘʣʣʘʤʠ 

ʦʙʳʯʥʦ ʧʨʠʤʝʥʷʶʪ ʣʘʟʝʨʥʦʝ ʠʟʣʫʯʝʥʠʝ ʜʣʷ ʧʣʘʚʣʝʥʠʷ ʧʦʨʦʰʢʘ, ʧʨʦʚʦʣʦʢʠ ʠʣʠ 

ʣʝʥʪʳ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ɸʊ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ ʠʟ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ (ʥʘ ʦʩʥʦʚʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ), 

ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʧʦʟʚʦʣʷʝʪ ʧʣʘʚʠʪʴ ʤʘʣʳʝ ʦʙʲʸʤʳ ʤʘʪʝʨʠʘʣʘ (ʜʦ 1 ʤʤ
3
), ʧʨʝʜʦʪʚʨʘʱʘʷ 

ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʧʦʜʣʦʞʢʠ ʩ ʥʘʧʣʘʚʣʷʝʤʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ 

ʤʘʛʥʠʪ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʜʝʪʘʣʠ.  

ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʤʝʪʘʣʣ ʚ ʤʦʤʝʥʪ ʝʛʦ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʦʙʨʘʟʫʶʪʩʷ ʤʘʛʥʠʪʥʳʝ ʜʦʤʝʥʳ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʧʦ ʩʠʣʦʚʳʤ ʣʠʥʠʷʤ. ʀʟ-ʟʘ 

ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʨʘʟʤʝʨ ʟʝʨʥʘ ʠ ʜʦʤʝʥʦʚ ʙʫʜʝʪ ʤʠʥʠʤʘʣʴʥʳʤ. 
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ʋʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʜʦʤʝʥʦʚ (ʠʟ-ʟʘ ʫʤʝʥʴʰʝʥʠʷ ʠʭ ʨʘʟʤʝʨʘ), ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʤʘʛʥʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʛʥʠʪʘ (ʩʢʦʨʦʩʪʴ 

ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ ʠ ʢʦʵʨʮʠʪʠʚʥʫʶ ʩʠʣʫ).  

ʈʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʤ ʧʦʜʭʦʜʦʤ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʣʦʢʘʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ, 

ʧʨʠ ʢʦʪʦʨʦʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʟʦʥʳ ʩ ʟʘʜʘʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʚ ʩʪʨʫʢʪʫʨʫ ʜʝʪʘʣʠ ʥʘ ʵʪʘʧʝ ʝ y ʠʟʛʦʪʦʚʣʝʥʠʷ, ʘ ʥʝ ʩʦʟʜʘʶʪʩʷ 

ʧʦʩʨʝʜʩʪʚʦʤ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʟʘʢʨʝʧʣʝʥʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʠʟʛʦʪʦʚʣʝʥʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʂʣʶʯʝʚʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʤʘʛʥʠʪʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʟʘ ʩʯʪy 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʣʦʞʥʦʢʦʥʬʠʛʫʨʠʨʦʚʘʥʥʳʭ ʤʘʛʥʠʪʥʳʭ ʩʪʨʫʢʪʫʨ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʦʙʲʤyʝ ʠʟʜʝʣʠʷ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʜʝʪʘʣʠ ʩ 

ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʧʦ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ ʙʝʟ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ.  

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʘʜʜʠʪʠʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʘʛʥʠʪʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʤʘʛʥʠʪʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ ʥʝʦʙʭʦʜʠʤʦ ʠʟʫʯʠʪʴ ʦʩʥʦʚʳ ʧʨʦʮʝʩʩʦʚ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʧʦʣʫʯʘʪʴ ʤʘʪʝʨʠʘʣʳ ʩ ʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʤʝʪʦʜʘʤʠ 

ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʨʝʟʫʣʴʪʘʪʘ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ 

ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʮʝʣʴ ʠ ʟʘʜʘʯʠ.  

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʈʘʙʦʪʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ 

ʩʦʚʤʝʱʝʥʠʝ ʜʚʫʭ ʥʘʧʨʘʚʣʝʥʠʡ ʠʩʩʣʝʜʦʚʘʥʠʡ: ʘʜʜʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ 

ʤʘʛʥʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ.  

ɸʜʜʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʶʪʩʷ, ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʦʚʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʘʜʜʠʪʠʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʝʜʫʪʩʷ ʚ 

ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʥʘʫʢʠ ʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʉʫʱʝʩʪʚʫʝʪ ʪʝʦʨʝʪʠʯʝʩʢʦʝ 

ʦʧʠʩʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʚʝʱʝʩʪʚʦʤ. ʅʘ 

ʦʩʥʦʚʝ ʪʝʦʨʠʠ ʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʚʝʱʝʩʪʚʦʤ ʧʦʩʪʨʦʝʥʳ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʜʣʷ ʨʘʩʯʸʪʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ.  
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ʉʚʦʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚʥʝʩʣʠ ʪʘʢʠʝ ʫʯʸʥʳʝ, ʢʘʢ: ɺ. 

ʇ. ɻʘʧʦʥʮʝʚ, ɸ. ɻ. ɻʨʠʛʦʨʴʷʥʮ, ɸ. ɺ. ʑʝʨʙʘʪʦʚ, ʄ. ɸ. ɿʣʝʥʢʦ, ɽ. ʅ. ʂʘʙʣʦʚ, ʆ. ʅ. 

ɻʦʥʯʘʨʦʚ, ʄ. ɺ. ʅʘʛʘʡʮʝʚ, ɺ. ʄ. ɼʦʚʙʳʰʝʚ, ɸ. ɸ. ʇʦʧʦʚʠʯ, S. V. Murphy, A. 

Atala, T. DebRoy, H. L. Wei, J. S. Zuback, T. Mukherjee, A. M. Beese, ʠ ʜʨʫʛʠʝ. ɺ 

ʨʘʟʚʠʪʠʝ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚʢʣʘʜ ʚʥʝʩʣʠ ʪʘʢʠʝ ʫʯʸʥʳʝ ʢʘʢ: ʀ. ɺ. ʉʘʚʝʣʴʝʚ, 

ɺ. ɸ. ɻʨʠʛʦʨʴʷʥʮ, ʊ. ʉ. ʈʝʰʝʪʠʥʘ, ʃ. ɼ. ʃʘʥʜʘʫ, ɽ. ʄ. ʃʠʬʰʠʮ, ɼ. ɺ. ʉʠʚʫʭʠʥ, ʠ 

ʜʨʫʛʠʝ. ɺ ʥʘʫʯʥʳʭ ʨʘʙʦʪʘʭ ʦʙ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ ʫʜʝʣʷʝʪʩʷ ʚʥʠʤʘʥʠʝ ʠʭ 

ʚʥʝʜʨʝʥʠʶ ʚ ʨʘʟʣʠʯʥʳʝ ʦʙʣʘʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʦʪ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʜʦ 

ʙʠʦʪʝʭʥʦʣʦʛʠʡ. ɸʜʜʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʯʘʩʪʦ ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʜʝʪʘʣʝʡ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʠ ʩʣʦʞʥʦʡ ʛʝʦʤʝʪʨʠʝʡ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʠʭ 

ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ.  

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʤʘʪʝʨʠʘʣʳ, ʦʙʣʘʜʘʶʱʠʝ ʤʘʛʥʠʪʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʤʝʪʦʜʦʤ ʣʘʟʝʨʥʦʡ ʘʜʜʠʪʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠʟ 

ʧʦʨʦʰʢʦʚ Sm, Co, Fe. 

ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʤʝʪʦʜʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ, ʝʛʦ ʩʦʩʪʘʚ, ʩʪʨʫʢʪʫʨʘ ʠ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ. 

ʎʝʣʴ ʨʘʙʦʪʳ:  

ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʦʡ ʤʝʪʦʜʦʣʦʛʠʠ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʩʠʥʪʝʟʘ ʤʘʛʥʠʪʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠʟ ʧʦʨʦʰʢʦʚ Sm, Co, Fe, ʨʝʘʣʠʟʫʝʤʦʡ ʧʦʩʨʝʜʩʪʚʦʤ ʣʘʟʝʨʥʦʛʦ 

ʘʜʜʠʪʠʚʥʦʛʦ ʩʧʣʘʚʣʝʥʠʷ ʧʦʨʦʰʢʦʚʳʭ ʢʦʤʧʦʟʠʮʠʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʩʪʦʷʥʥʳʭ 

ʤʘʛʥʠʪʦʚ ʩʦ ʩʣʦʞʥʦʡ ʬʦʨʤʦʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ.  

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ 

ʟʘʜʘʯʠ: 

1. ɸʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʠʭ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʣʷ ʚʳʙʦʨʘ ʩʦʩʪʘʚʦʚ ʠ ʤʝʪʦʜʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ 

ʤʝʪʦʜʦʤ ʣʘʟʝʨʥʳʭ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ.  

2. ɺʳʙʦʨ ʧʘʨʘʤʝʪʨʦʚ ʣʘʟʝʨʥʦʛʦ ʩʧʣʘʚʣʝʥʠʷ ʧʦʨʦʰʢʦʚʳʭ ʢʦʤʧʦʟʠʮʠʡ ʚ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʥʘ ʥʝʤʘʛʥʠʪʥʳʭ ʧʦʜʣʦʞʢʘʭ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʦʣʫʯʠʪʴ 

ʙʝʟʜʝʬʝʢʪʥʳʝ ʦʙʨʘʟʮʳ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚʳʩʦʢʦʡ ʩʧʣʦʰʥʦʩʪʠ ʙʝʟ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʩʧʝʢʘʥʠʷ.  
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3. ʋʩʪʘʥʦʚʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚʣʠʷʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʣʘʟʝʨʥʦʛʦ 

ʩʧʣʘʚʣʝʥʠʷ ʠ ʦʨʠʝʥʪʘʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʩʦʩʪʘʚ ʠ ʩʪʨʫʢʪʫʨʫ ʤʘʛʥʠʪʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ, ʧʦʣʫʯʘʝʤʦʛʦ ʠʟ ʧʦʨʦʰʢʦʚ Sm, Co, Fe, ʥʘ ʥʝʤʘʛʥʠʪʥʦʡ ʧʦʜʣʦʞʢʝ.  

4. ʋʩʪʘʥʦʚʣʝʥʠʝ ʩʚʷʟʠ ʤʝʞʜʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʨʝʞʠʤʘʤʠ ʣʘʟʝʨʥʦʛʦ 

ʩʧʣʘʚʣʝʥʠʷ ʧʦʨʦʰʢʦʚ Sm, Co, Fe ʠ ʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʦʣʫʯʘʝʤʦʛʦ 

ʤʘʪʝʨʠʘʣʘ.  

ʉʦʦʪʚʝʪʩʪʚʠʝ ʧʘʩʧʦʨʪʫ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 

ʉʦʜʝʨʞʘʥʠʝ ʜʠʩʩʝʨʪʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʫʥʢʪʘʤ 2 ʠ 4 ʧʘʩʧʦʨʪʘ 

ʩʧʝʮʠʘʣʴʥʦʩʪʠ 2.6.17. ʄʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ:  

1. ʈʘʟʨʘʙʦʪʘʥ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʠʟ ʧʦʨʦʰʢʦʚ Sm, Co, Fe ʥʘ ʥʝʤʘʛʥʠʪʥʦʡ ʧʦʜʣʦʞʢʝ ʤʝʪʦʜʦʤ ʣʘʟʝʨʥʦʡ 

ʘʜʜʠʪʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʧʦʟʚʦʣʷʶʱʠʡ ʩʦʟʜʘʚʘʪʴ ʧʦʩʪʦʷʥʥʳʝ ʤʘʛʥʠʪʳ ʩ 

ʤʘʛʥʠʪʥʳʤʠ ʧʦʣʷʤʠ ʩʣʦʞʥʦʡ ʬʦʨʤʳ.  

2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʝʥʳ ʨʘʮʠʦʥʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʟʘʱʠʪʥʦʡ ʩʨʝʜʳ ʠ ʧʘʨʘʤʝʪʨʳ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʚʦʟʜʝʡʩʪʚʫʶʱʠʝ ʥʘ 

ʢʦʤʧʦʟʠʮʠʠ ʧʦʨʦʰʢʦʚ Sm20Fe80 ʠ Sm37Co63 ʩʦ ʩʚʷʟʫʶʱʠʤ ʚʝʱʝʩʪʚʦʤ (ʢʘʥʠʬʦʣʠ, 

ʧʦʣʠʩʪʠʨʦʣʘ) ʚ ʧʦʩʪʦʷʥʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʠʥʜʫʢʮʠʝʡ 500-540 ʤʊʣ, ʥʘ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʥʝʤʘʛʥʠʪʥʦʡ ʧʦʜʣʦʞʢʝ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʩʧʝʢʘʥʠʷ.  

3. ʋʩʪʘʥʦʚʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʧʨʠ 

ʣʘʟʝʨʥʦʡ ʥʘʧʣʘʚʢʝ ʢʦʤʧʦʟʠʮʠʠ ʧʦʨʦʰʢʦʚ Sm20Fe80 ʠ Sm37Co63 ʥʘ ʥʝʤʘʛʥʠʪʥʫʶ 

ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʧʦʜʣʦʞʢʫ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʩʦʩʪʘʚ ʥʘʧʣʘʚʣʷʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʫʩʨʝʜʥʷʝʪʩʷ ʤʝʞʜʫ ʥʘʧʣʘʚʣʷʝʤʳʤ ʤʘʪʝʨʠʘʣʦʤ ʠ ʚʘʥʥʦʡ ʨʘʩʧʣʘʚʘ. ʇʨʠ ʵʪʦʤ 

ʜʠʬʬʫʟʠʷ ʤʝʞʜʫ ʥʘʧʣʘʚʣʷʝʤʳʤ ʤʘʪʝʨʠʘʣʦʤ ʠ ʧʨʝʜʳʜʫʱʠʤ ʩʣʦʝʤ ʥʘʧʣʘʚʢʠ 

ʦʪʩʫʪʩʪʚʫʝʪ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʧʦʜʣʦʞʢʠ ʧʨʠ 

ʤʥʦʛʦʩʣʦʡʥʦʡ ʥʘʧʣʘʚʢʝ.  

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ: 

1. ʈʘʟʨʘʙʦʪʘʥʳ ʦʩʥʦʚʳ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ 

ʠʟ ʧʦʨʦʰʢʦʚ Sm, Co ʠ Fe ʤʝʪʦʜʦʤ ʣʘʟʝʨʥʦʡ ʘʜʜʠʪʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʥʘ 
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ʥʝʤʘʛʥʠʪʥʦʡ ʧʦʜʣʦʞʢʝ, ʧʦʟʚʦʣʷʶʱʝʡ ʩʜʝʣʘʪʴ ʤʘʛʥʠʪʥʳʡ ʤʘʪʝʨʠʘʣ ʥʝʦʪʲʝʤʣʝʤʦʡ 

ʯʘʩʪʴʶ ʢʦʥʩʪʨʫʢʮʠʠ.  

2. ʇʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʫʜʝʨʞʘʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʨʦʰʢʦʚ ʧʨʠ ʠʭ 

ʣʘʟʝʨʥʦʤ ʩʧʣʘʚʣʝʥʠʠ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʥʘ ʥʝʤʘʛʥʠʪʥʦʡ ʧʦʜʣʦʞʢʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʩʚʷʟʫʶʱʝʛʦ ʘʛʝʥʪʘ, ʟʘʱʠʱʘʶʱʝʛʦ ʧʦʨʦʰʦʢ ʦʪ ʦʢʠʩʣʝʥʠʷ, ʠ ʧʦʟʚʦʣʷʶʱʝʛʦ 

ʧʦʣʫʯʠʪʴ ʤʘʛʥʠʪʥʳʡ ʤʘʪʝʨʠʘʣ ʩ ʦʜʥʦʨʦʜʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. 

3. ʆʧʨʝʜʝʣʝʥʳ ʩʦʩʪʘʚ, ʩʪʨʫʢʪʫʨʘ ʠ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʤʘʛʥʠʪʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʠʟ ʧʦʨʦʰʢʦʚ Sm, Co ʠ Fe, ʧʦʣʫʯʝʥʥʦʛʦ ʤʝʪʦʜʦʤ ʣʘʟʝʨʥʦʡ ʘʜʜʠʪʠʚʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ.  

4. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʚʥʝʜʨʝʥʳ ʚ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ ʙʘʢʘʣʘʚʨʠʘʪʘ ʧʦ 

ʜʠʩʮʠʧʣʠʥʘʤ ʫʯʝʙʥʦʛʦ ʧʣʘʥʘ çɸʜʜʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠè ʠ 

çʄʝʪʘʣʣʦʚʝʜʝʥʠʝ ʠ ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʚ ʩʚʘʨʦʯʥʦʤ ʠ ʘʜʜʠʪʠʚʥʦʤ 

ʧʨʦʠʟʚʦʜʩʪʚʝè (ʧʨʠʣʦʞʝʥʠʝ ɸ).  

5. ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʦʩʚʦʝʥʠʠ ʠ 

ʚʥʝʜʨʝʥʠʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ 

ʨʝʤʦʥʪʠʨʫʝʤʦʡ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ ʚ ɸʆ ç322 ɸʈɿè (ʧʨʠʣʦʞʝʥʠʝ ɹ).  

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

1. ʄʝʪʦʜʦʣʦʛʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʟ ʧʦʨʦʰʢʦʚ Sm, 

Co ʠ Fe ʥʘ ʥʝʤʘʛʥʠʪʥʦʡ ʧʦʜʣʦʞʢʝ ʤʝʪʦʜʦʤ ʣʘʟʝʨʥʦʡ ʘʜʜʠʪʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʠ.  

2. ɿʘʚʠʩʠʤʦʩʪʴ ʩʪʨʫʢʪʫʨʳ ʠ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʧʦʣʫʯʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʦʪ 

ʩʦʩʪʘʚʘ ʢʦʤʧʦʟʠʮʠʡ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʦʨʦʰʢʦʚ ʠ ʤʘʪʝʨʠʘʣʘ ʧʦʜʣʦʞʢʠ ʧʨʠ 

ʣʘʟʝʨʥʦʤ ʩʧʣʘʚʣʝʥʠʠ ʢʦʤʧʦʟʠʮʠʠ ʧʦʨʦʰʢʦʚ Sm, Co ʠ Fe.  

3. ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʤʝʞʜʫ ʩʪʨʫʢʪʫʨʦʡ, ʥʘʧʨʘʚʣʝʥʠʝʤ ʥʘʧʣʘʚʢʠ ʠ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʤʘʪʝʨʠʘʣʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ ʧʦʨʦʰʢʦʚ 

Sm, Co ʠ Fe ʤʝʪʦʜʦʤ ʣʘʟʝʨʥʦʡ ʘʜʜʠʪʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʠ.  

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ  

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʫʩʣʦʚʣʝʥʘ ʧʨʠʤʝʥʝʥʠʝʤ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʠ, 

ʢʦʨʨʝʢʪʥʦʩʪʴʶ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯ ʠ ʦʙʦʩʥʦʚʘʥʥʳʤ ʚʳʙʦʨʦʤ ʤʘʪʝʨʠʘʣʦʚ 
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ʠʩʩʣʝʜʦʚʘʥʠʷ, ʜʦʩʪʘʪʦʯʥʳʤ ʦʙʲʸʤʦʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ 

ʦʙʦʩʥʦʚʘʥʥʦʩʪʴʶ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ.  

ɸʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʧʦʣʦʞʝʥʠʷ ʨʘʙʦʪʳ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʥʘ ɸʟʠʘʪʩʢʦ-

ʊʠʭʦʦʢʝʘʥʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʦʧʪʦ- ʠ 

ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠè - APCOM 2016 (ʍʘʙʘʨʦʚʩʢ, 11 - 13 ʦʢʪʷʙʨʷ 2016) ʠ 

ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʞʫʨʥʘʣʘʭ: Solid State Phenomena, Proceedings of SPIE, ʂʨʘʪʢʠʝ 

ʩʦʦʙʱʝʥʠʷ ʧʦ ʬʠʟʠʢʝ ʬʠʟʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʠʤ. ʇ. ʅ. ʃʝʙʝʜʝʚʘ ʈʦʩʩʠʡʩʢʦʡ 

ʘʢʘʜʝʤʠʠ ʥʘʫʢ, Bulletin of the Lebedev Physics Institute.  

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ 

ʘʥʘʣʠʟʘ ʦʙʨʘʟʮʦʚ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨ, ʦʙʣʘʜʘʶʱʠʭ ʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, 

ʠʩʧʦʣʴʟʦʚʘʥʦ ʦʙʦʨʫʜʦʚʘʥʠʝ ʎʝʥʪʨʘ ʣʘʟʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʀɸʇʋ ɼɺʆ ʈɸʅ. ɼʣʷ 

ʘʥʘʣʠʟʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʩʦʩʪʘʚʘ ʠʩʧʦʣʴʟʦʚʘʥʦ ʦʙʦʨʫʜʦʚʘʥʠʝ ʮʝʥʪʨʘ 

ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʀɸʇʋ ɼɺʆ ʈɸʅ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ 

ʧʦʣʫʯʘʝʤʳʭ ʩʪʨʫʢʪʫʨ ʧʨʦʚʝʜʝʥʦ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ ʣʘʙʦʨʘʪʦʨʠʠ ʧʣʸʥʦʯʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʐʢʦʣʳ ʝʩʪʝʩʪʚʝʥʥʳʭ ʥʘʫʢ ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ (ɼɺʌʋ).  

ʉʚʷʟʴ ʨʘʙʦʪʳ ʩ ʢʨʫʧʥʳʤʠ ʥʘʫʯʥʳʤʠ ʧʨʦʛʨʘʤʤʘʤʠ ʠ ʪʝʤʘʤʠ: 

ɻʨʘʥʪ ʈʅʌ ˉ 15ï12ï00032 çʀʟʫʯʝʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʣʦʢʘʣʴʥʳʭ ʟʦʥ ʟʘʜʘʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʦʙʣʘʜʘʶʱʠʭ ʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʚ 

ʧʨʦʮʝʩʩʝ ʩʧʣʘʚʣʝʥʠʷ ʯʘʩʪʠʮ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʦʜʣʦʞʢʝ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ 

ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷè.  

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪ, ʦʙʨʘʙʦʪʢʝ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʦʜʠʤʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʫʙʣʠʢʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ.  

ʇʫʙʣʠʢʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ 

ʦʧʫʙʣʠʢʦʚʘʥʦ 10 ʥʘʫʯʥʳʭ ʨʘʙʦʪ, ʠʟ ʥʠʭ 3 ʧʫʙʣʠʢʘʮʠʠ ʚ ʠʟʜʘʥʠʷʭ, ʚʭʦʜʷʱʠʭ ʚ 

ʧʝʨʝʯʝʥʴ ʠʟʜʘʥʠʡ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɺɸʂ ʈʌ, 7 ʧʫʙʣʠʢʘʮʠʡ ʚ ʠʟʜʘʥʠʷʭ, 
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ʚʭʦʜʷʱʠʭ ʚ ʟʘʨʫʙʝʞʥʳʝ ʙʘʟʳ ʮʠʪʠʨʦʚʘʥʠʷ (Web of Science, Scopus 

ʠ ʜʨ. ).  

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ. ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ 

ʚʚʝʜʝʥʠʷ, ʯʝʪʳʨʸʭ ʛʣʘʚ, ʟʘʢʣʶʯʝʥʠʷ, ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ ʠʟ 126 ʥʘʠʤʝʥʦʚʘʥʠʡ ʠ 2 

ʧʨʠʣʦʞʝʥʠʡ. ʈʘʙʦʪʘ ʠʟʣʦʞʝʥʘ ʥʘ 134 ʣʠʩʪʘʭ ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ, ʩʦʜʝʨʞʠʪ 54 

ʨʠʩʫʥʢʘ ʠ 11 ʪʘʙʣʠʮ.   
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ɻʃɸɺɸ 1 ɸʅɸʃʀʊʀʏɽʉʂʆɽ ʀʉʉʃɽɼʆɺɸʅʀɽ ʆɹʒɽʂʊɸ ʀ ʇʈɽɼʄɽʊɸ 

ɼʀʉʉɽʈʊɸʎʀʆʅʅʆʁ ʈɸɹʆʊʓ. ʆɹɿʆʈ ʀʉʊʆʏʅʀʂʆɺ ʀʅʌʆʈʄɸʎʀʀ 

 

1.1 ʉʦʩʪʘʚ ʠ ʩʪʨʫʢʪʫʨʘ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʄʘʛʥʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠʟʚʝʩʪʥʳ ʯʝʣʦʚʝʯʝʩʪʚʫ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʝʢʦʚ, ʦʜʥʘʢʦ 

ʧʦʩʪʦʷʥʥʳʝ ʤʘʛʥʠʪʳ ʥʘ ʦʩʥʦʚʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʦʪʢʨʳʣʠ, ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʥʝʜʘʚʥʦ. ʈʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʧʦʩʪʦʷʥʥʳʭ 

ʤʘʛʥʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ (ʈɿʄ ʇʄ) ʥʘʯʘʣʦʩʴ ʚʦ ʚʪʦʨʦʡ 

ʧʦʣʦʚʠʥʝ ʍʍ, ʢʦʛʜʘ ʚ ʣʘʙʦʨʘʪʦʨʠʠ Air Force Materials Laboratory (ʉʐɸ) [1] ʙʳʣʠ 

ʦʙʥʘʨʫʞʝʥʳ ʟʥʘʯʠʪʝʣʴʥʳʝ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʩʧʣʘʚʦʚ SmCo [2]. ʉʘʤʦ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʥʘʯʘʣʦʩʴ ʚ 70-ʭ ʛʦʜʘʭ ʍʍ [3]. ʅʘʯʘʣʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʈɿʄʇʄ ʚʳʟʚʘʣʦ ʩʢʘʯʦʢ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʫʚʝʣʠʯʝʥʠʝ ʂʇɼ ʪʝʭʥʠʢʠ ʠ 

ʘʚʪʦʤʦʙʠʣʝʡ. ʄʘʣʳʝ ʨʘʟʤʝʨʳ ʠ ʟʥʘʯʠʪʝʣʴʥʘʷ ʤʘʛʥʠʪʥʘʷ ʠ ʢʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʳ 

ʈɿʄʇʄ ʧʦʟʚʦʣʠʣʠ ʫʚʝʣʠʯʠʪʴ ʤʦʱʥʦʩʪʴ ʠ ʫʤʝʥʴʰʠʪʴ ʨʘʟʤʝʨ ʫʩʪʨʦʡʩʪʚ.  

ʇʨʠʤʝʥʝʥʠʝ ʈɿʄ ʥʝ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʠʟʛʦʪʦʚʣʝʥʠʝʤ ʇʄ [4,5]. ʊʘʢʞʝ ʈɿʄ 

ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʚ ʘʚʠʘʩʪʨʦʝʥʠʠ, ʦʧʪʠʢʝ, ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʠ ʬʦʪʦʥʠʢʝ. 

ʇʨʠʤʝʥʝʥʠʝ ʤʘʛʥʠʪʦʚ ʚ ʪʝʭʥʠʢʝ ʥʘʯʘʣʦʩʴ ʚ ʥʘʯʘʣʝ ʍʍ [6, 7]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʩʠʥʭʨʦʥʥʳʝ ʵʣʝʢʪʨʦʤʘʰʠʥʳ ʥʘ ʦʩʥʦʚʝ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ (ʉʕʇʄ) ʠʤʝʶʪ 

ʥʘʠʚʳʩʰʠʡ ʂʇɼ. ʆʜʥʘʢʦ ʠʟʛʦʪʦʚʣʝʥʠʝ ʇʄ ʪʦʣʴʢʦ ʦʜʠʥ ʠʟ ʩʧʦʩʦʙʦʚ ʧʨʠʤʝʥʝʥʠʷ 

ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʪʝʭʥʠʢʝ.  

ɺʘʞʥʦʡ ʯʘʩʪʴʶ ʵʣʝʢʪʨʦʤʘʰʠʥ ʷʚʣʷʶʪʩʷ ʤʘʛʥʠʪʦʤʷʛʢʠʝ ʤʘʪʝʨʠʘʣʳ, 

ʢʦʪʦʨʳʝ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʶʪ ʧʦʪʝʨʠ ʥʘ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʚʝʜʸʪʩʷ ʘʢʪʠʚʥʦʝ ʚʥʝʜʨʝʥʠʝ ʨʘʟʣʠʯʥʳʭ çʫʤʥʳʭè ʤʘʪʝʨʠʘʣʦʚ, ʥʘʧʨʠʤʝʨ 

ʤʘʛʥʠʪʥʳʝ ʞʠʜʢʦʩʪʠ ʠ ʤʘʪʝʨʠʘʣʳ ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ [8, 9].  

ʇʦʩʪʦʷʥʥʳʝ ʤʘʛʥʠʪʳ ʥʘ ʦʩʥʦʚʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʤʘʛʥʠʪʥʳʭ ʩʠʩʪʝʤ, ʉʕʇʄ, 
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ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ, ʧʨʠʚʦʜʦʚ, ʩʪʘʙʠʣʠʟʘʪʦʨʦʚ, ʤʫʬʪ, 

ʨʝʜʫʢʪʦʨʦʚ, ʜʘʪʯʠʢʦʚ ʠ ʪ. ʜ. [10-16].  

ɿʘ ʧʦʩʣʝʜʥʠʝ ʩʪʦ ʣʝʪ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʤʥʦʞʝʩʪʚʦ ʚʠʜʦʚ ʇʄ. ʅʘ ʨʠʩʫʥʢʝ 

1.1 [17] ʧʨʠʚʝʜʝʥʳ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʝ ʚʠʜʳ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ ʠ ʠʭ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ.  

 

ʘ) 

 

ʙ) 

ʈʠʩʫʥʦʢ 1.1 ï ʈʘʟʚʠʪʠʝ ʇʄ: 

ʘ - ʩʨʘʚʥʝʥʠʝ çʤʦʱʥʦʩʪʠè ʤʘʛʥʠʪʦʚ; ʙ - ʩʨʘʚʥʝʥʠʝ ʨʘʟʤʝʨʦʚ ʤʘʛʥʠʪʦʚ 
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ʅʘ ʨʠʩʫʥʢʝ 1.1, ʘ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʦ ʤʥʦʞʝʩʪʚʦ ʤʘʨʦʢ ʧʦʩʪʦʷʥʥʳʭ 

ʤʘʛʥʠʪʦʚ, ʘ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʩʪʦʷʥʥʦ ʨʘʩʪʸʪ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘʠʙʦʣʴʰʝʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʁ ʦʙʣʘʜʘʶʪ ʧʦʩʪʦʷʥʥʳʝ ʤʘʛʥʠʪʳ ʥʘ ʦʩʥʦʚʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʧʨʦʠʟʚʦʜʠʤʳʝ ʤʝʪʦʜʘʤʠ ʩʧʝʢʘʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʨʦʰʢʦʚ. ɻʣʘʚʥʳʤ 

ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʤʘʛʥʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʠʭ 

ʚʳʩʦʢʘʷ ʢʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ.  

ʅʘ ʨʠʩʫʥʢʝ 1.1, ʙ ʩʨʘʚʥʠʚʘʝʪʩʷ ʨʘʟʤʝʨ ʇʄ ʨʘʟʥʦʡ ʤʘʨʢʠ, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ 

ʧʦʜʜʝʨʞʘʥʠʷ ʠʜʝʥʪʠʯʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʫʜʘʣʝʥʠʠ 5 ʤʤ ʦʪ ʢʨʦʤʢʠ ʤʘʛʥʠʪʘ. 

ʀʟ ʨʠʩʫʥʢʘ 1.1, ʙ ʩʣʝʜʫʝʪ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʨʘʟʤʝʨ ʠ ʤʘʩʩʫ ʇʄ ʠ ʙʦʣʝʝ ʯʝʤ ʚ 30 ʨʘʟ [17, 19]. 

ʋʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʦʚ ʇʄ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʨʘʟʤʝʨ ʫʩʪʨʦʡʩʪʚʘ, ʯʪʦ ʪʘʢʞʝ 

ʧʨʠʚʦʜʠʪ ʢ ʵʢʦʥʦʤʠʠ ʤʘʪʝʨʠʘʣʘ ʠ ʩʥʠʞʝʥʠ ʁʨʘʩʭʦʜʦʚ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʶ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʇʄ ʥʘ ʦʩʥʦʚʝ ʈɿʄ (SmCo) ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʫ ʥʝʬʪʝʜʦʙʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ [20], ʚ ʉɺʏ-ʵʣʝʢʪʨʦʥʠʢʝ, 

ʩʚʷʟʠ ʠ ʪʝʭʥʠʢʝ ʚʦʝʥʥʦʛʦ ʠ ʛʨʘʞʜʘʥʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ.  

ʆʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʠ ʤʦʱʥʳʭ ʤʘʛʥʠʪʦʚ ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʷʚʣʷʶʪʩʷ ʤʘʛʥʠʪʳ ʩʠʩʪʝʤʳ Nd-Fe-B, ʦʙʣʘʜʘʶʱʠʝ ʥʘʠʙʦʣʴʰʝʡ 

ʤʦʱʥʦʩʪʴʶ [21, 22, 23]. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʫʶ ʢʦʵʨʮʠʪʠʚʥʫʶ ʩʠʣʫ 

ʤʘʛʥʠʪʦʚ Nd-Fe-B ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ 

ʤʘʛʥʠʪʳ ʥʘ ʦʩʥʦʚʝ Sm-Co-Fe ʠʟ-ʟʘ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʦʯʢʠ ʂʶʨʠ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ 

ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʳ.  

ɹʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʠ ʤʘʛʥʠʪʳ ʥʘ ʦʩʥʦʚʝ Sm-Co-Fe 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʥʘʫʯʥʳʡ ʠʥʪʝʨʝʩ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʋʚʝʣʠʯʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʇʄ ʤʦʞʥʦ ʥʝʩʢʦʣʴʢʠʤʠ ʩʧʦʩʦʙʘʤʠ, ʘ 

ʠʤʝʥʥʦ: 

1) ʀʟʤʝʥʠʪʴ ʧʨʦʮʝʩʩ ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʘʛʥʠʪʦʚ.  

2) ʀʟʤʝʥʠʪʴ ʩʦʩʪʘʚ ʤʘʪʝʨʠʘʣʘ ʤʘʛʥʠʪʦʚ, ʧʦʩʨʝʜʩʪʚʦʤ ʜʦʙʘʚʣʝʥʠʷ 

ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, ʫʚʝʣʠʯʠʚʘʶʱʠʭ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ.  
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1.2 ʊʝʭʥʦʣʦʛʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ ʥʘʧʨʘʚʣʝʥʳ 

ʥʘ ʤʘʩʩʦʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʢʦʛʜʘ ʟʘʚʦʜ r ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʸʥʥʳʡ 

ʧʝʨʝʯʝʥʴ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ ʧʦ ʦʪʨʘʙʦʪʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ (ʣʠʪʴʸ ʚ ʬʦʨʤʫ ʠʣʠ 

ʩʧʝʢʘʥʠʝ ʧʦʨʦʰʢʦʚ). ʅʘʙʦʨ ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʧʦʩʦʙʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʇʄ ʚʝʩʴʤʘ 

ʦʛʨʘʥʠʯʝʥ ʠ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʞʝʩʪʚʘ ʬʘʢʪʦʨʦʚ ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ ʧʨʦʠʟʚʦʜʩʪʚʘ, 

ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ ʢʦʥʝʯʥʳʡ ʨʝʟʫʣʴʪʘʪ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʢʘʯʝʩʪʚʦ ʟʘʱʠʪʥʦʡ 

ʘʪʤʦʩʬʝʨʳ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʳʧʣʘʚʢʠ, ʢʘʯʝʩʪʚʦ ʧʨʝʩʩ-ʬʦʨʤ ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ 

ʤʦʞʝʪ ʠʩʧʦʨʪʠʪʴ ʢʦʥʝʯʥʳʡ ʧʨʦʜʫʢʪ. ʅʝʩʤʦʪʨʷ ʥʘ ʥʘʣʠʯʠʝ ʤʘʪʝʨʠʘʣʦʚ, ʛʦʪʦʚʳʭ ʢ 

ʨʘʙʦʪʝ, ʧʨʦʠʟʚʦʜʠʪʝʣʶ ʚʩʸ ʝʱʸ ʥʝʦʙʭʦʜʠʤʦ ʠʟʛʦʪʦʚʠʪʴ ʧʨʝʩʩ-ʬʦʨʤʫ ʠʣʠ ʤʘʪʨʠʮʫ 

ʜʣʷ ʟʘʣʠʚʢʠ.  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʷʪ ʦʪ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ (ʚʣʠʷʶʱʝʛʦ ʥʘ ʚʥʝʰʥʠʝ ʵʣʝʢʪʨʦʥʥʳʝ ʫʨʦʚʥʠ) [24-28] ʠ 

ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ [29] (ʚʣʠʷʶʱʝʡ ʥʘ ʩʪʨʫʢʪʫʨʫ ʤʝʪʘʣʣʘ).  

ʇʨʦʠʟʚʦʜʠʪʝʣʠ ʇʄ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʦʙʘʚʣʷʶʪ ʨʘʟʣʠʯʥʳʝ ʣʝʛʠʨʫʶʱʠʝ 

ʵʣʝʤʝʥʪʳ (Gd, Dy, Tb, Y, Co, Cu, Ga, Al, Nb ʠ ʪ. ʜ. [4]), ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʤʘʛʥʠʪʦʚ ʦʜʥʦʡ ʤʘʨʢʠ ʫ ʨʘʟʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʩʦʚʝʨʰʝʥʥʦ 

ʨʘʟʥʳʡ. ʆʙʳʯʥʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴ ʢʦʨʨʝʢʪʠʨʫʝʪ ʜʦʙʘʚʣʝʥʠʝ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, 

ʜʣʷ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʤʘʛʥʠʪʦʚ ʧʦʜ ʪʨʝʙʦʚʘʥʠʷ ʢʦʥʝʯʥʦʛʦ 

ʧʦʪʨʝʙʠʪʝʣʷ.  

ʇʨʠʤʝʥʝʥʠʝ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʤʘʪʝʨʠʘʣʳ ʩ 

ʤʝʣʢʦʟʝʨʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, ʯʪʦ ʤʦʞʝʪ 

ʩʥʠʟʠʪ ɹʩʪʦʠʤʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ.  

ɺ ʩʚʷʟʠ ʩ ʰʠʨʦʢʠʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʇʄ ʥʘ ʦʩʥʦʚʝ 

ʈɿʄ ʧʦʚʳʰʘʝʪʩʷ ʩʧʨʦʩ ʥʘ ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʤʝʪʘʣʣʳ ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʪʦʠʤʦʩʪʴ 

ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ. ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʈɿʄ ʚ ʤʠʨʝ ʚʳʧʦʣʥʝʥ 

ʙʦʣʴʰʦʡ ʦʙʲʸʤ ʨʘʙʦʪ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʇʄ [30], ʥʝ 

ʩʦʜʝʨʞʘʱʠʭ ʈɿʄ. ɼʦʩʪʠʞʝʥʠʷ ʩʠʣʴʥʦʡ ʤʘʛʥʠʪʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ ʚ ʤʘʪʝʨʠʘʣʘʭ, 
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ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʘʤʠ ɸʊ, ʥʝ ʷʚʣʷʝʪʩʷ ʥʝʚʳʧʦʣʥʠʤʦʡ ʟʘʜʘʯʝʡ [31], ʘ ʟʘʤʝʱʝʥʠʝ 

ʈɿʄ ʤʘʪʝʨʠʘʣʦʚ ʠʤʝʝʪ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ [32-35]. ʇʨʠʤʝʥʝʥʠʝ ʣʘʟʝʨʥʳʭ 

ɸʊ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ ʇʄ ʧʦʟʚʦʣʠʪ ʩʥʠʟʠʪʴ ʨʘʩʭʦʜ ʈɿʄ, ʩʥʠʞʘʷ ʦʙʱʫʶ ʩʪʦʠʤʦʩʪʴ 

ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ [36-37].  

ʅʘ ʬʦʥʝ ʧʦʩʪʦʷʥʥʦʛʦ ʨʦʩʪʘ ʧʦʪʨʝʙʣʝʥʠʷ ʈɿʄ ʚʦʟʤʦʞʝʥ ʠʭ ʜʝʬʠʮʠʪ ʥʘ 

ʨʳʥʢʝ. ʇʦʵʪʦʤʫ ʩ ʮʝʣʴʶ ʩʦʢʨʘʱʝʥʠʷ ʧʦʪʨʝʙʣʝʥʠʷ ʈɿʄ, ʚʝʜʫʪʩʷ ʥʘʫʯʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʠ ʦʙʤʝʥʥʦ-ʩʚʷʟʘʥʥʳʭ ʤʘʛʥʠʪʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ [38-43]. ʊʘʢʞʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʝʨʝʨʘʙʦʪʢʘ ʦʪʨʘʙʦʪʘʥʥʳʭ ʈɿʄ ʜʣʷ 

ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ [39,44].  

ʅʝ ʤʝʥʝʝ ʚʘʞʥʦʡ ʷʚʣʷʝʪʩʷ ʧʦʩʣʝʜʫʶʱʘʷ ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʛʦʪʦʚʳʭ 

ʤʘʛʥʠʪʦʚ (ʨʝʞʠʤʳ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1.2 [45]).  

 

ʈʠʩʫʥʦʢ 1.2 ï ʈʝʞʠʤ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʇʄ ʩʧʣʘʚʘ Sm2Co17 ʧʦʩʣʝ ʩʧʝʢʘʥʠʷ 

 

ɹʝʟ ʢʘʯʝʩʪʚʝʥʥʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʩʣʦʞʥʦ ʜʦʙʠʪʴʩʷ ʚʳʩʦʢʠʭ 

ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ. ʅʘ ʨʠʩʫʥʢʝ 1.2 ʧʦʢʘʟʘʥ ʪʠʧʠʯʥʳʡ ʨʝʞʠʤ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ 

ʧʦʩʪʦʷʥʥʦʛʦ ʤʘʛʥʠʪʘ, ʨʘʟʜʝʣʸʥʥʳʡ ʥʘ 3 ʵʪʘʧʘ.  
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ʇʝʨʚʳʡ ʵʪʘʧ - ʩʧʝʢʘʥʠʝ ʇʄ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦʨʷʜʢʘ 1000 Áʉ (ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʘ ʠ ʤʘʨʢʠ). ʇʦʩʣʝ ʩʧʝʢʘʥʠʷ ʤʘʪʝʨʠʘʣ ʪʝʨʷʝʪ ʙʦʣʴʰʫʶ ʯʘʩʪʴ 

ʩʚʦʠʭ ʩʚʦʡʩʪʚ.  

ɺʪʦʨʦʡ ʵʪʘʧï ʦʪʞʠʛ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ (ʜʦ 10 ʯʘʩʦʚ). ʇʦʩʣʝ ʦʪʞʠʛʘ ʤʘʛʥʠʪ ʩʤʦʞʝʪ 

ʩʦʭʨʘʥʷʪʴ ʟʥʘʯʠʪʝʣʴʥʫʶ ʦʩʪʘʪʦʯʥʫʶ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʠ ʚʳʩʦʢʫʶ ʢʦʵʨʮʠʪʠʚʥʫʶ 

ʩʠʣʫ.  

ʊʨʝʪʠʡ ʵʪʘʧï ʧʨʦʜʦʣʞʠʪʝʣʴʥʘʷ ʚʳʜʝʨʞʢʘ ʤʘʛʥʠʪʦʚ ʚ ʩʠʣʴʥʦʤ ʤʘʛʥʠʪʥʦʤ 

ʧʦʣʝ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 1-10 ʯʘʩʦʚ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪʴ 

ʦʩʪʘʪʦʯʥʫʶ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʠ ʢʦʵʨʮʠʪʠʚʥʫʶ ʩʠʣʫ.  

ʇʨʠ ʧʨʠʤʝʥʝʥʠʠ ʇʄ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʜʚʘ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʘ: 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʇʄ ʠ ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʝ. ʅʘ ʨʠʩʫʥʢʝ 1.3 [46] 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ ʩʙʦʨʢʠ ʠ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʇʄ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʵʪʠʤ ʩʪʨʫʢʪʫʨʘʤ ʤʘʛʥʠʪʥʝr ʧʦʣ.̫ ʉʦʟʜʘʚʘʝʤʳʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ 

ʤʘʛʥʠʪʳ ʩʦ ʩʣʦʞʥʦʡ ʬʦʨʤʦʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʦʟʚʦʣʷʶʪ ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʙʦʣʝʝ 

ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʫʩʪʨʦʡʩʪʚʘ.  

ʇʨʠ ʜʦʣʞʥʦʤ ʫʨʦʚʥʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʧʦʷʚʠʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʤʘʛʥʠʪʳ ʩʣʦʞʥʦʡ ʬʦʨʤʳ, ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʶʱʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʝ ʢʘʯʝʩʪʚʦ ʛʦʪʦʚʦʛʦ ʠʟʜʝʣʠʷ. ʆʜʥʘʢʦ, 

ʪʨʘʜʠʮʠʦʥʥʳʝ ʩʧʦʩʦʙʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʇʄ ʥʝ ʧʦʜʭʦʜʷʪ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʘʛʥʠʪʦʚ 

ʩʣʦʞʥʦʡ ʬʦʨʤʳ.  



18 

 

 

ʈʠʩʫʥʦʢ 1.3 ï ʇʨʠʤʝʨ ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʜʝʪʘʣʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʤʘʛʥʠʪʦʚ 

ʂʘʢ ʧʨʘʚʠʣʦ, ʧʦʩʪʦʷʥʥʳʝ ʤʘʛʥʠʪʳ ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʩʣʝʜʫʶʱʠʤʠ, ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤʠ ʩʧʦʩʦʙʘʤʠ [47-50]: 

- ʣʠʪʴʸ (ʪʦʯʥʦʝ ʣʠʪʴʸ, ʠʥʜʫʢʮʠʦʥʥʦʝ ʣʠʪʴʸ ʠ ʪ. ʜ. );  

- ʧʨʝʩʩʦʚʘʥʠʝ ʧʦʨʦʰʢʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʧʝʢʘʥʠʝʤ.  

ʇʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʇʄ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ: 

ʇʝʨʚʳʡ ʵʪʘʧ ï ʚʳʧʣʘʚʢʘ ʩʧʣʘʚʘ ʙʫʜʫʱʝʛʦ ʤʘʛʥʠʪʘ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʤʝʪʘʣʣ 

ʤʦʞʝʪ ʙʳʪʴ ʟʘʣʠʪ ʚ ʬʦʨʤʫ (ʧʨʠ ʣʠʪʝʡʥʳʭ ʩʧʦʩʦʙʘʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʇʄ) ʠʣʠ 

ʨʘʟʤʦʣʦʪ ʜʦ ʧʦʨʦʰʢʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʩʣʝ ʝʛʦ ʟʘʩʪʳʚʘʥʠʷ.  

ɺʪʦʨʦʡ ʵʪʘʧ ï ʧʦʜʛʦʪʦʚʢʘ ʬʦʨʤʳ ʙʫʜʫʱʝʛʦ ʤʘʛʥʠʪʘ. ʕʪʠ ʬʦʨʤr 

ʠʩʧʦʣʴʟʫʪʁʩʷ ʧʨʠ ʣʠʪʴʝ (ʣʠʪʝʡʥʳʝ ʬʦʨʤʳ) ʠ ʧʨʝʩʩʦʚʘʥʠʠ (ʧʨʝʩʩ-ʬʦʨʤʳ).  

ʊʨʝʪʠʡ ʵʪʘʧ ï ʬʦʨʤʠʨʦʚʘʥʠʝ ʙʫʜʫʱʝʛʦ ʤʘʛʥʠʪʘ. ɿʘʣʠʚʢʘ ʤʝʪʘʣʣʘ ʠʣʠ 

ʧʨʝʩʩʦʚʘʥʠʝ ʧʦʨʦʰʢʦʚ.  



19 

 

ʏʝʪʚʸʨʪʳʡ ʵʪʘʧ ï ʥʘʤʘʛʥʠʯʠʚʘʥʠʝ ʛʦʪʦʚʦʛʦ ʤʘʛʥʠʪʘ ʚ ʩʠʣʴʥʦʤ ʤʘʛʥʠʪʥʦʤ 

ʧʦʣʝ.  

ɺʩʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʤʘʛʥʠʪʳ ʪʨʝʙʫʶʪ ʚʳʩʦʢʠʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʜʣʷ 

ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʦ ʥʘʩʳʱʝʥʠʷ (ʧʦʨʷʜʢʘ 30-40 ʢʕ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ ʠ ʨʘʟʤʝʨʘ).  

ɺ ʩʣʫʯʘʝ ʠʟʛʦʪʦʚʣʝʥʠ ̫ ʤʘʛʥʠʪʦʚ ʤʝʪʦʜʘʤʠ ʧʨʝʩʩʦʚʘʥʠʷ ʧʦʨʦʰʢʦʚ 

ʧʦʣʫʯʝʥʥʳʡ ʨʘʩʧʣʘʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʨʘʟʤʘʣʳʚʘʶʪ ʜʦ ʬʨʘʢʮʠʠ ʤʝʥʝʝ 1 ʤʢʤ. 

ʇʦʣʫʯʝʥʥʳʡ ʧʦʨʦʰʦʢ ʧʨʝʩʩʫʝʪʩʷ ʚ ʥʫʞʥʫʶ ʬʦʨʤʫ ʠ ʩʧʝʢʘʝʪʩʷ. ɺʩʝ ʦʧʝʨʘʮʠʠ 

ʚʳʧʦʣʥʷʶʪʩʷ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ.  

ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʝʩʪʠ ʧʘʨʪʠʶ ʤʘʛʥʠʪʦʚ, ʥʝ ʚʭʦʜʷʱʠʭ ʚ 

ʥʦʤʝʥʢʣʘʪʫʨʫ, ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʩʪʨʘʠʚʘʪʴ ʚʪʦʨʦʡ ʵʪʘʧ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ, ʜʘʞʝ ʝʩʣʠ ʠʩʢʣʶʯʠʪʴ ʦʪʨʘʙʦʪʢʫ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʦʩʪʘʸʪʩʷ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʦʚʳʭ ʧʨʝʩʩ-ʬʦʨʤ ʠ ʤʘʪʨʠʮ.  

ʊʝʭʥʦʣʦʛʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ ʥʝ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ 

ʚʳʰʝʦʧʠʩʘʥʥʳʤʠ ʩʧʦʩʦʙʘʤʠ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʡ ʚʠʜ ʇʄ ʥʘ ʦʩʥʦʚʝ 

NdFeB ʧʦʣʫʯʘʶʪ ʩʣʝʜʫʶʱʠʤʠ ʩʧʦʩʦʙʘʤʠ [1]: 

- ʩʠʥʪʝʟ ʠʟ ʤʝʪʘʣʣʦʚ; 

- ʵʣʝʢʪʨʦʣʠʟ ʨʘʩʧʣʘʚʣʝʥʥʳʭ ʩʨʝʜ; 

- ʦʩʘʞʜʝʥʠʝ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ; 

- ʢʘʨʙʦʪʝʨʤʠʯʝʩʢʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ; 

- ʙʦʨʦʢʘʨʙʦʪʝʨʤʠʯʝʩʢʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ; 

- ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠʟ ʦʢʩʠʜʦʚ ʈɿʄ ʢʘʨʙʠʜʦʤ ʙʦʨʘ; 

- ʙʦʨʦʪʝʨʤʠʯʝʩʢʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʦʢʩʠʜʦʚ ʈɿʄ; 

- ʤʝʪʘʣʣʦʪʝʨʤʠʯʝʩʢʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʩʤʝʩʝʡ ʦʢʩʠʜʦʚ ʈɿʄ ʠ ʙʦʨʘ.  

ʋ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʝʩʪʴ ʩʚʦʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ [51-54]. 

ʊʘʢʞʝ ʚʘʞʥʦ ʥʝ ʜʦʧʫʩʪʠʪʴ ʟʘʛʨʷʟʥʝʥʠʷ ʇʄ ʫʛʣʝʨʦʜʦʤ, ʪʘʢ ʢʘʢ ʵʪʦ ʥʝʛʘʪʠʚʥʦ 

ʩʢʘʞʝʪʩʷ ʥʘ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚʘʭ [55].  

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʠʥʞʝʥʝʨʘʤ ʧʨʠʭʦʜʠʪʩʷ ʧʦʜʩʪʨʘʠʚʘʪʴʩʷ ʧʦʜ 

ʠʤʝʶʱʠʝʩʷ ʪʠʧʦʨʘʟʤʝʨʳ ʇʄ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʠʭ ʩʚʦʙʦʜʫ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ.  



20 

 

ʇʨʦʠʟʚʦʜʩʪʚʦʤ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ ʚ ʈʦʩʩʠʠ ʟʘʥʠʤʘʶʪʩʷ ʪʘʢʠʝ ʢʦʤʧʘʥʠʠ, 

ʢʘʢ Magnet systems [56], ʕʈɻɸ [57], çʇʦʣʠʤʘʛʥʠʪè [58] ʠ ʜʨʫʛʠʝ. ʊʘʢʞʝ, ʢʨʫʧʥʳʤ 

ʧʦʩʪʘʚʱʠʢʦʤ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ ʚʩʝʭ ʪʠʧʦʚ ʠ ʤʘʨʦʢ ʷʚʣʷʝʪʩʷ ʂʠʪʘʡ.  

ʅʘ ʩʘʡʪʝ ʌʝʜʝʨʘʣʴʥʦʛʦ ʠʥʩʪʠʪʫʪʘ ʧʨʦʤʳʰʣʝʥʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ [59] 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʙʦʣʝʝ 16 000 ʧʘʪʝʥʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʧʦʩʪʦʷʥʥʳʭ 

ʤʘʛʥʠʪʦʚ. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʪʦʣʴʢʦ ʟʘ ʧʦʩʣʝʜʥʠʝ 5 ʣʝʪ ʦʧʫʙʣʠʢʦʚʘʥʦ ʙʦʣʝʝ 6 

000 ʧʘʪʝʥʪʦʚ. ɺʩʝ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʧʘʪʝʥʪʳ ʦʪʥʦʩʷʪʩʷ ʢ ʪʘʢʠʤ ʦʙʣʘʩʪʷʤ 

ʨʘʟʨʘʙʦʪʦʢ ʢʘʢ:  

- ʧʨʦʠʟʚʦʜʩʪʚʦ ʤʘʛʥʠʪʦʚ ʩʣʦʞʥʳʭ ʬʦʨʤ [60];  

- ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʦʚʳʭ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ [61]; 

- ʚʘʨʠʘʮʠʷ ʬʦʨʤʳ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ [62].  

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʨʦʩʩʠʡʩʢʘʷ ʠ ʤʠʨʦʚʘʷ ʥʘʫʢʘ ʦʙʣʘʜʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʟʘʜʝʣʦʤ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʇʄ [25, 27, 63], 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ ʧʨʦʮʝʩʩ ʠʟʛʦʪʦʚʣʝʥʠʷ ʇʄ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʦʩʪʘʝʪʩʷ 

ʠʩʢʫʩʩʪʚʦʤ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʟʘʜʘʯʘ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʇʄ ʦʩʪʘʸʪʩʷ ʘʢʪʫʘʣʴʥʦʡ.  

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʵʪʦ ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʢ ʪʝʭʥʦʣʦʛʠʠ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ, ʩʧʦʩʦʙʥʳʭ ʩʥʠʟʠʪʴ ʚʣʠʷʥʠʝ ʯʝʣʦʚʝʯʝʩʢʦʛʦ 

ʬʘʢʪʦʨʘ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʇʄ.  

ʇʨʠʤʝʥʝʥʠʝ ʣʘʟʝʨʥʳʭ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʟʚʦʣʠʪ ʩʦʢʨʘʪʠʪʴ 

ʢʦʣʠʯʝʩʪʚʦ ʦʧʝʨʘʮʠʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ. 

ʆʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʨʝʩʩ-ʬʦʨʤ ʠ ʬʦʨʤ ʜʣʷ ʣʠʪʴʷ 

ʧʦʟʚʦʣʠʪ ʩʦʢʨʘʪʠʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʮʠʢʣ ʠ ʩʪʦʠʤʦʩʪʴ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ.  

ʃʘʟʝʨʥʳʝ ʘʜʜʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʙʰʠʨʥʫʶ ʦʙʣʘʩʪʴ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʘʥʦ ʤʥʦʞʝʩʪʚʦ ʚʘʨʠʘʮʠʡ ʣʘʟʝʨʥʳʭ ɸʊ, 

ʦ ʢʦʪʦʨʳʭ ʥʘʧʠʩʘʥʦ ʥʠʞʝ.  

 

1.3 ɸʜʜʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʧʨʦʮʝʩʩ ʧʨʷʤʦʛʦ ʧʦʜʚʦʜʘ ʵʥʝʨʛʠʠ ʠ ʤʘʪʝʨʠʘʣʘ 
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ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʣʘʟʝʨʥʳʭ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʫʩʪʘʥʦʚʢʠ, ʚ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʦʣʦʢʦʥʥʳʝ ʣʘʟʝʨʳ ʩʨʝʜʥʝʡ 

ʤʦʱʥʦʩʪʠ [64-66].  

ɺʝʜʫʱʠʤ ʤʠʨʦʚʳʤ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ ʚʦʣʦʢʦʥʥʳʭ ʣʘʟʝʨʦʚ ʷʚʣʷʝʪʩʷ 

ʢʦʨʧʦʨʘʮʠʷ IPG, ʢʦʪʦʨʘʷ ʧʦʩʪʘʚʣʷʝʪ ʥʘ ʨʳʥʦʢ ʰʠʨʦʢʫʶ ʣʠʥʝʡʢʫ ʚʦʣʦʢʦʥʥʳʭ 

ʣʘʟʝʨʦʚ (ʥʠʟʢʦʡ, ʩʨʝʜʥʝʡ ʠ ʚʳʩʦʢʦʡ ʤʦʱʥʦʩʪʠ, ʢʚʘʟʠʥʝʧʨʝʨʳʚʥʳʝ, ʥʘʥʦ- ʠ 

ʧʠʢʦʩʝʢʫʥʜʥʳʝ, ʛʠʙʨʠʜʥʳʝ ʣʘʟʝʨʳ ʠ ʪ. ʜ. ), ʩʧʦʩʦʙʥʳʭ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ 

ʨʝʰʝʥʠʷ ʨʘʟʥʳʭ ʟʘʜʘʯ [67]. ʇʨʝʠʤʫʱʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʣʦʢʦʥʥʳʭ ʣʘʟʝʨʦʚ ʚ 

ʫʩʪʘʥʦʚʢʘʭ ʘʜʜʠʪʠʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʨʦʶʪʩʷ ʚ ʩʣʝʜʫʶʱʠʭ ʠʭ ʜʦʩʪʦʠʥʩʪʚʘʭ [68-

69]: 

- ɺʳʩʦʢʘʷ (ʜʦ 80%) ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʥʘʢʘʯʢʠ ʚ 

ʣʘʟʝʨʥʦʝ ʠʟʣʫʯʝʥʠʝ.  

- ɹʦʣʴʰʠʥʩʪʚʦ ʚʦʣʦʢʦʥʥʳʭ ʣʘʟʝʨʦʚ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʙʝʟ ʚʦʜʷʥʦʛʦ 

ʦʭʣʘʞʜʝʥʠʷ.  

- ɺʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʚʳʭʦʜʥʦʛʦ ʧʫʯʢʘ.  

- ʇʨʦʩʪʦʪʘ ʠ ʥʘʜʸʞʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʚʦʣʦʢʦʥʥʳʭ ʣʘʟʝʨʦʚ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʤʠʨʝ ʨʘʩʪʪy ʢʦʣʠʯʝʩʪʚʦ ʧʫʙʣʠʢʘʮʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ 

ʨʘʟʚʠʪʠʝ ʣʘʟʝʨʥʳʭ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ [70-78], ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʧʦ 

ʛʨʫʧʧʘʤ, ʧʨʠʚʝʜʸʥʥʳʤ ʥʘ ʨʠʩʫʥʢʝ 1.4.  
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ʈʠʩʫʥʦʢ 1.4 ï ʆʩʥʦʚʥʳʝ ʛʨʫʧʧʳ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ [79, 80] 
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ʇʝʨʚʘʷ ʛʨʫʧʧʘ 

ɺ ʧʝʨʚʦʡ ʛʨʫʧʧʝ ʪʝʭʥʦʣʦʛʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʧʣʘʚʣʝʥʠʷ 

çʪʚʸʨʜʳʭè ʤʘʪʝʨʠʘʣʦʚ. ʌʦʨʤʘʪ ʤʘʪʝʨʠʘʣʘ ʤʦʞʝʪ ʙʳʪʴ ʢʨʘʡʥʝ ʨʘʟʥʦʦʙʨʘʟʥʳʤ, 

ʥʘʧʨʠʤʝʨ, ʧʦʣʠʤʝʨʥʘʷ ʧʨʦʚʦʣʦʢʘ (FDM ʪʝʭʥʦʣʦʛʠʷ), ʟʘʪʚʝʨʜʝʚʘʶʱʠʝ ʧʘʩʪʳ 

(FEF), ʣʝʥʪʳ (LOM) ʠʣʠ ʛʣʠʥʘ (DIW), ʢʦʪʦʨʘʷ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʢʝʨʘʤʠʢʫ ʧʦʩʣʝ 

ʦʪʞʠʛʘ.  

ɺʪʦʨʘʷ ʛʨʫʧʧʘ 

ɺʦ ʚʪʦʨʦʡ ʛʨʫʧʧʝ ʪʝʭʥʦʣʦʛʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ 

ʦʪʚʝʨʞʜʝʥʠʷ çʞʠʜʢʠʭè ʤʘʪʝʨʠʘʣʦʚ (ʚʦʜʘ ʠʣʠ ʧʦʣʠʤʝʨʳ). ɼʣʷ ʦʪʚʝʨʞʜʝʥʠʷ ʤʦʛʫʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʣʘʟʝʨʥʦʝ ʠʟʣʫʯʝʥʠʝ (SLA ʪʝʭʥʦʣʦʛʠʷ), ʦʭʣʘʞʜʘʶʱʠʝ 

ʵʣʝʤʝʥʪʳ (RFP ʪʝʭʥʦʣʦʛʠʷ), ʋʌ (MJM ʪʝʭʥʦʣʦʛʠʷ) ʠʣʠ ʩʚʝʪʦʚʦʝ (DLP 

ʪʝʭʥʦʣʦʛʠʷ) ʠʟʣʫʯʝʥʠʝ.  

ʊʨʝʪʴʷ ʛʨʫʧʧʘ 

ɺ ʪʨʝʪʴʝʡ ʛʨʫʧʧʝ ʪʝʭʥʦʣʦʛʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʝ 

ʤʘʪʝʨʠʘʣʳ. ʆʩʥʦʚʥʳʤ ʨʘʟʣʠʯʠʝʤ ʪʨʝʪʴʝʡ ʛʨʫʧʧ r ʪʝʭʥʦʣʦʛʠʡ ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙ 

çʩʦʝʜʠʥʝʥʠʷè ʠ çʧʦʜʘʯʠè ʯʘʩʪʠʮ ʧʦʨʦʰʢʘ. ɼʣʷ çʩʦʝʜʠʥʝʥʠʷè ʯʘʩʪʠʮ ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʣʝʷʱʠʝ ʩʦʩʪʘʚʳ (3DP), ʵʣʝʢʪʨʦʥʥʳʡ ʣʫʯ (EBM) ʠʣʠ ʣʘʟʝʨʥʦʝ 

ʠʟʣʫʯʝʥʠʝ (SLS, SLM, LMD, LENS).  

ʊʘʢʞʝ ʨʘʟʣʠʯʘʝʪʩʷ ʩʧʦʩʦʙ ʧʦʜʘʯʠ ʧʦʨʦʰʢʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʦʙʣʘʩʪʴ 

ʥʘʧʣʘʚʢʠ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʢʘʪʢʘ ʨʦʣʠʢʦʤ (3DP, SLM, SLS) ʠʣʠ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʘʷ ʧʦʜʘʯʘ ʚ ʦʙʣʘʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʜʝʪʘʣʠ (LENS, LMD) 

ʉʝʛʦʜʥʷ, ʚ ɻʆʉʊ ʈ 57558-2017, ʫʪʚʝʨʞʜʝʥʦ 7 ʪʠʧʦʚ ʘʜʜʠʪʠʚʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ: 

1) ʉʪʨʫʡʥʦʝ ʥʘʥʝʩʝʥʠʝ ʩʚʷʟʫʶʱʝʛʦ 

ʇʨʦʮʝʩʩ ɸʇ, ʚ ʢʦʪʦʨʦʤ ʧʦʨʦʰʢʦʚʳʝ ʤʘʪʝʨʠʘʣʳ ʩʦʝʜʠʥʷʶʪʩʷ ʞʠʜʢʠʤ 

ʩʚʷʟʫʶʱʝʤ.  

2) ʉʪʨʫʡʥʦʝ ʥʘʥʝʩʝʥʠʝ ʤʘʪʝʨʠʘʣʘ 

ʇʨʦʮʝʩʩ ɸʇ, ʚ ʢʦʪʦʨʦʤ ʠʟʛʦʪʦʚʣʝʥʠʝ ʦʙʲʝʢʪʘ ʦʩʫʱʝʩʪʚʣʷʶʪ ʥʘʥʝʩʝʥʠʝʤ 

ʢʘʧʝʣʴ ʤʘʪʝʨʠʘʣʘ (ʧʦʣʠʤʝʨʘ, ʧʘʩʪʳ, ʤʝʪʘʣʣʘ).  

3) ʕʢʩʪʨʫʟʠʷ ʤʘʪʝʨʠʘʣʘ 
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ʇʨʦʮʝʩʩ ɸʇ, ʚ ʢʦʪʦʨʦʤ ʤʘʪʝʨʠʘʣ (ʬʦʪʦʧʦʣʠʤʝʨ ʠʣʠ ʧʘʩʪʘ) ʚʳʙʦʨʦʯʥʦ 

ʧʦʜʘʪyʩʷ ʯʝʨʝʟ ʩʦʧʣʦ ʠʣʠ ʞʠʢʣʨy.  

4) ʌʦʪʦʧʦʣʠʤʝʨʠʟʘʮʠʷ ʚ ʚʘʥʥʝ 

ʇʨʦʮʝʩʩ ɸʇ, ʚ ʢʦʪʦʨʦʤ ʞʠʜʢʠʡ ʬʦʪʦʧʦʣʠʤʝʨ ʚʳʙʦʨʦʯʥʦ ʦʪʚʝʨʞʜʘʝʪʩʷ 

(ʧʦʣʠʤʝʨʠʟʫʝʪʩʷ) ʚ ʚʘʥʥʝ ʩʚʝʪʦʚʳʤ ʠʟʣʫʯʝʥʠʝʤ.  

5) ʃʠʩʪʦʚʘʷ ʣʘʤʠʥʘʮʠʷ 

ʇʨʦʮʝʩʩ ɸʇ, ʚ ʢʦʪʦʨʦʤ ʠʟʛʦʪʦʚʣʝʥʠʝ ʜʝʪʘʣʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʣʦʡʥʳʤ 

ʩʦʝʜʠʥʝʥʠʝʤ ʣʠʩʪʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ.  

6) ʉʠʥʪʝʟ ʥʘ ʧʦʜʣʦʞʢʝ  

ʇʨʦʮʝʩʩ ɸʇ, ʚ ʢʦʪʦʨʦʤ ʵʥʝʨʛʠʷ ʦʪ ʚʥʝʰʥʝʛʦ ʠʩʪʦʯʥʠʢʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʠʟʙʠʨʘʪʝʣʴʥʦʛʦ ʩʧʝʢʘʥʠʷ/ʩʧʣʘʚʣʝʥʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʥʝʩʝʥʥʦʛʦ ʩʣʦʷ 

ʧʦʨʦʰʢʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ.  

7) ʇʨʷʤʦʡ ʧʦʜʚʦʜ ʵʥʝʨʛʠʠ ʠ ʤʘʪʝʨʠʘʣʘ  

ʇʨʦʮʝʩʩ ɸʇ, ʚ ʢʦʪʦʨʦʤ ʵʥʝʨʛʠʷ ʦʪ ʚʥʝʰʥʝʛʦ ʠʩʪʦʯʥʠʢʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʩʦʝʜʠʥʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʧʫʪʤy ʠʭ ʩʧʣʘʚʣʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʥʘʥʝʩʝʥʠʷ.  

ʉ ʫʯʸʪʦʤ ʩʧʝʮʠʬʠʢʘʮʠʠ ʚʳʧʦʣʥʷʝʤʦʡ ʨʘʙʦʪʳ ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʪʝʭʥʦʣʦʛʠʠ ʣʘʟʝʨʥʦʛʦ ʩʧʣʘʚʣʝʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʨʦʰʢʦʚ, ʪʘʢʠʝ 

ʢʘʢ SLS, SLM, LMD ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʩʚʷʟʘʥʥʦʝ ʩ ʥʠʤʠ.  

 

ʆʙʦʨʫʜʦʚʘʥʠʝ, ʠʩʧʦʣʴʟʫʝʤʦʝ ʚ ʣʘʟʝʨʥʳʭ ɸʊ 

 

ɸʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʨʝʰʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ɸʊ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʵʥʝʨʛʠʠ 

ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚʳʷʚʠʣ ʜʚʘ ʦʩʥʦʚʥʳʭ ʪʠʧʘ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʈʘʟʣʠʯʥʳʝ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʝ ʢʦʤʧʣʝʢʩʳ (ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʦʙʦʪʦʚ KUKA , 

FANUC ʠ ʪ. ʜ. ) ʠ ʨʘʟʣʠʯʥʳʝ 3D ʧʨʠʥʪʝʨʳ (3D Systems ProX, ProtoFab SLS 660 ʠ 

ʜʨʫʛʠʝ). ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʡ 

ʷʚʣʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ ʧʨʠʤʝʥʝʥʠʷ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʤʠʥʠʤʘʣʴʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʧʦʨʦʰʢʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ.  

 

ʇʨʷʤʦʡ ʧʦʜʚʦʜ ʵʥʝʨʛʠʠ ʠ ʤʘʪʝʨʠʘʣʘ 
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ʇʨʠʤʝʥʝʥʠʝ ɸʇ ʧʨʷʤʦʛʦ ʧʦʜʚʦʜʘ ʵʥʝʨʛʠʠ ʠ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʇʄ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ. ʆʧʠʩʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ 

ʧʦʟʚʦʣʠʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩ, ʧʨʦʧʫʩʢʘʷ ʵʪʘʧ ʠʟʛʦʪʦʚʣʝʥʠʷ ʬʦʨʤʳ [81, 

82]. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 3D ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʝʪ ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʜʝʪʘʣʠ 

ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ, ʥʝ ʟʘʪʨʘʯʠʚʘʷ ʨʝʩʫʨʩʳ ʥʘ ʠʟʛʦʪʦʚʣʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʦʩʥʘʩʪʢʠ.  

ʊʘʢʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʪʘʢʞʝ ʥʘʟʳʚʘʶʪ çLaser Metal 

Depositionè ʠʣʠ çDirected Energy Depositionè (DED). ʏʘʩʪʦ, DED ʪʝʭʥʦʣʦʛʠʷ 

ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʡ ʠʟ ʤʝʪʘʣʣʦʚ, ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʠ ʤʝʪʘʣʣʦʚ 

ʩ ʭʦʨʦʰʝʡ ʘʜʛʝʟʠʝʡ [76, 77, 82-86]. ʊʘʢʠʝ ʧʦʢʨʳʪʠʷ ʤʦʛʫʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʢʦʨʨʦʟʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ, ʠʟʤʝʥʠʪʴ ʤʘʛʥʠʪʥʳʝ ʠ 

ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ.  

ʆʙʳʯʥʦ ʚ DED ʪʝʭʥʦʣʦʛʠʷʭ ʧʨʠʤʝʥʷʝʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʘʥʠʧʫʣʷʪʦʨʳ ʠ ʏʇʋ 

ʫʩʪʨʦʡʩʪʚʘ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʨʦʚʦʜʠʪʴ ʥʘʧʣʘʚʢʫ ʚ ʪʨʸʭ ʠ ʙʦʣʝʝ ʦʩʷʭ [87]. ʅʘ 

ʨʠʩʫʥʢʝ 1.5 [88] ʠʟʦʙʨʘʞʸʥ ʪʠʧʦʚʦʡ ʤʝʭʘʥʠʟʤ ɸʇ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ.  

ɺ DED ʪʝʭʥʦʣʦʛʠʠ ʥʘʧʣʘʚʣʷʝʤʳʡ ʤʘʪʝʨʠʘʣ ʧʦʜʘʸʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ 

ʦʙʣʘʩʪʴ ʥʘʧʣʘʚʢʠ, ʛʜʝ ʨʘʩʧʣʘʚʣʷʝʪʩʷ ʣʘʟʝʨʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʠ ʩʧʣʘʚʣʷʝʪʩʷ ʩ 

ʧʦʚʝʨʭʥʦʩʪʴʶ. ɺʠʜ ʧʦʜʘʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʟʘʚʠʩʠʪ ʦʪ ʧʨʦʮʝʩʩʘ. ʂʘʢ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʝ ʚʠʜʳ ʤʘʪʝʨʠʘʣʦʚ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʧʨʦʚʦʣʦʢʫ ʠ 

ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʧʦʨʦʰʦʢ.  

ɼʣʷ ʧʦʜʘʯʠ ʥʘʧʣʘʚʣʷʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʣʠʯʥʳʝ ʥʘʩʘʜʢʠ. 

ʅʘʧʨʠʤʝʨ, ʢʦʘʢʩʠʘʣʴʥʘʷ ʥʘʩʘʜʢʘ ʧʦʜʘʯʠ ʧʦʨʦʰʢʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʩʨʝʜʝ 

ʟʘʱʠʪʥʦʛʦ ʛʘʟʘ (ʨʠʩʫʥʦʢ 1.6).  
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 ɸ ) 
ʈʠʩʫʥʦʢ 1.5 ï ʇʨʠʥʮʠʧ ɸʇ ʧʦ ʪʝʭʥʦʣʦʛʠʠ Directed Energy Deposition 

 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʘʢʩʠʘʣʴʥʦʡ ʥʘʩʘʜʢʠ ʧʦʜʘʯʠ ʩʤʝʩʠ, ʧʣʘʚʣʝʥʠʝ 

ʧʦʨʦʰʢʘ ʚ ʩʨʝʜʝ ʟʘʱʠʪʥʦʛʦ ʛʘʟʘ ʧʨʦʠʩʭʦʜʠʪ ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʘ ʢʦʪʦʨʦʡ 

ʚʝʜʸʪʩʷ ʥʘʧʣʘʚʢʘ. ʃʘʟʝʨʥʦʝ ʠʟʣʫʯʝʥʠʝ ʧʦʜʘʸʪʩʷ ʚ ʢʦʣʠʯʝʩʪʚʝ, ʥʝʦʙʭʦʜʠʤʦʤ ʜʣʷ 

ʧʣʘʚʣʝʥʠʷ ʧʦʨʦʰʢʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʛʘʪʴ ʠʟʣʠʰʥʝʛʦ ʥʘʛʨʝʚʘ, ʘ ʨʘʩʧʣʘʚʣʝʥʥʳʡ 

ʤʝʪʘʣʣ ʦʩʪʳʚʘʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʤʛʥʦʚʝʥʥʦ. ɹʣʘʛʦʜʘʨʷ ʤʘʣʦʤʫ ʚʨʝʤʝʥʠ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʚʘʥʥʳ ʨʘʩʧʣʘʚʘ ʨʘʟʤʝʨ ʧʦʣʫʯʘʝʤʦʛʦ ʟʝʨʥʘ ʠʟʤʝʨʷʝʪʩʷ 

ʤʠʢʨʦʤʝʪʨʘʤʠ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʘʪʝʨʠʘʣʘ).  

ʆʙʳʯʥʦ, ʥʘʩʘʜʢʘ ʢʨʝʧʠʪʩʷ ʥʘ ʦʧʪʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʬʦʢʫʩʠʨʦʚʢʠ ʣʘʟʝʨʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ, ʪʘʢʞʝ ʥʘʟʳʚʘʝʤʦʡ ʦʧʪʠʯʝʩʢʦʡ ʛʦʣʦʚʢʦʡ. ʉʘʤʘ ʛʦʣʦʚʢʘ ʤʦʞʝʪ ʙʳʪʴ 

ʟʘʢʨʝʧʣʝʥʘ ʞʸʩʪʢʦ, ʪʦʛʜʘ ʧʝʨʝʤʝʱʘʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪʴ, ʥʘ ʢʦʪʦʨʦʡ ʚʝʜʸʪʩʷ 

ʥʘʧʣʘʚʢʘ. ɸʣʴʪʝʨʥʘʪʠʚʥʳʤ ʚʘʨʠʘʥʪʦʤ ʷʚʣʷʝʪʩʷ ʢʨʝʧʣʝʥʠʝ ʦʧʪʠʯʝʩʢʦʡ ʛʦʣʦʚʢʠ ʥʘ 

ʤʘʥʠʧʫʣʷʪʦʨʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʤʝʱʘʪʴ ʩʘʤʫ ʦʧʪʠʯʝʩʢʫʶ ʛʦʣʦʚʢʫ.  
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ʘ) 

  

ʙ) 

ʈʠʩʫʥʦʢ 1.6 ï ʂʦʘʢʩʠʘʣʴʥʘʷ ʥʘʩʘʜʢʘ ʧʦʜʘʯʠ ʛʘʟʦʧʦʨʦʰʢʦʚʦʡ ʩʤʝʩʠ ʚ ʦʙʣʘʩʪʴ ʥʘʧʣʘʚʢʠ: 

ʘ - ʦʙʱʠʡ ʚʠʜ ʥʘʩʘʜʢʠ, ʙ - ʧʦʜʘʯʘ ʛʘʟʦ-ʧʦʨʦʰʢʦʚʦʡ ʩʤʝʩʠ 

 

ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʘ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ DED ʪʝʭʥʦʣʦʛʠʡ:  

- ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʦʚʳʭ ʜʝʪʘʣʝʡ [89-94]; 

- ʨʝʤʦʥʪ [95-99]ʠ ʤʦʜʝʨʥʠʟʘʮʠʷ ʠʤʝʶʱʠʭʩʷ [100-105]. 

ʀʟʛʦʪʦʚʣʝʥʠʝ ʥʦʚʳʭ ʠʟʜʝʣʠʡ ʤʝʪʦʜʘʤʠ ʣʘʟʝʨʥʳʭ ɸʊ ʠʤʝʝʪ ʙʦʣʴʰʠʝ 

ʧʝʨʩʧʝʢʪʠʚʳ. ɸʜʜʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʩʨʝʜʩʪʚʦʤ ʧʦʩʪʨʦʝʥʠʷ ʠʟʜʝʣʠʡ ʩʣʦʡ ʟʘ 
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ʩʣʦʝʤ ʧʦʟʚʦʣʷʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʥʘ ʚʩʝʭ ʝʛʦ ʵʪʘʧʘʭ. ʅʘʧʨʠʤʝʨ, ʚʦʟʤʦʞʥʦ 

ʦʩʪʘʚʣʷʪʴ ʢʘʥʘʣʳ ʦʭʣʘʞʜʝʥʠʷ ʠʣʠ ʠʟʤʝʥʷʪʴ ʠʩʧʦʣʴʟʫʝʤʳʡ ʤʘʪʝʨʠʘʣ ʜʣʷ 

ʫʧʨʦʯʥʝʥʠʷ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʫʯʘʩʪʢʦʚ. ʉʧʨʘʚʝʜʣʠʚʦ ʠ ʪʦ, ʯʪʦ ʜʘʥʥʘʷ ʦʙʣʘʩʪʴ 

ʟʥʘʥʠʡ ʤʘʣʦ ʠʟʫʯʝʥʘ ʠ ʠʤʝʝʪ ʪʨʫʜʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ.  

 

1.4 ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 1 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʨʘʣʴʥʦ ʫʩʪʘʨʝʚʰʠʭ ʤʝʪʦʜʦʚ ʤʘʩʩʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʧʨʦʜʫʢʮʠʠ ʠ ʦʪʩʫʪʩʪʚʠʝ ʧʨʦʛʨʝʩʩʠʚʥʳʭ ʤʝʪʦʜʠʢ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʩʪʦʷʥʥʳʭ 

ʤʘʛʥʠʪʦʚ ʷʚʣʷʝʪʩʷ ʷʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʥʝʢʦʪʦʨʳʭ ʦʪʨʘʩʣʝʡ ʩʦʚʨʝʤʝʥʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ 

ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʵʢʦʥʦʤʠʠ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʠ 

ʥʝʚʦʩʧʦʣʥʠʤʳʭ ʨʝʩʫʨʩʦʚ, ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ.  

ɸʜʜʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʟʚʠʪʠʷ 

ʥʘʫʢʠ ʚ XXI . ʕʪʦ ʟʘʢʣʶʯʝʥʠʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʤʥʦʞʝʩʪʚʝʥʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ, 

ʥʘʧʨʘʚʣʝʥʥʳʤʠ ʥʘ ʧʨʠʤʝʥʝʥʠʝ ɸʊ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ 

ʥʘʫʢʠ [106-111]. ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʧʨʠʤʝʥʝʥʠʷ ɸʊ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʷʚʣʷʝʪʩʷ, ʩʢʦʨʝʝ, ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ, ʯʝʤ ʚʳʙʦʨʦʤ.  

ɻʣʘʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ɸʊ (ʵʢʦʥʦʤʠʷ ʤʘʪʝʨʠʘʣʦʚ ʠ ʚʨʝʤʝʥʠ) ʜʦʣʞʥʳ 

ʩʳʛʨʘʪʴ ʨʝʰʘʶʱʫʶ ʨʦʣʴ ʚ ʚʦʧʨʦʩʝ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʇʄ ʠ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ.  

ʇʦʩʪʦʷʥʥʳʝ ʤʘʛʥʠʪʳ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ, ʥʘʯʠʥʘʷ 

ʦʪ ʛʝʥʝʨʘʪʦʨʦʚ ʥʘ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ, ʟʘʢʘʥʯʠʚʘʷ ʵʣʝʤʝʥʪʘʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ.  

ʇʨʦʠʟʚʦʜʩʪʚʦ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ (ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʜʝʩʷʪʢʦʚ ʣʝʪ) ʦʨʠʝʥʪʠʨʦʚʘʥʥʦ ʥʘ ʤʘʩʩʦʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʦʜʥʦʪʠʧʥʳʭ 

ʠʟʜʝʣʠʡ. ʇʨʠʤʝʥʝʥʠʝ ʣʘʟʝʨʥʳʭ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩ ʮʝʣʴʶ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ ʠʤʝʝʪ ʪʘʢʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʢʘʢ: 

- ʩʥʠʞʝʥʠʝ ʪʨʫʜʦʟʘʪʨʘʪ; 

- ʩʥʠʞʝʥʠʝ ʩʪʦʠʤʦʩʪʠ ʠ ʩʨʦʢʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ; 
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- ʫʚʝʣʠʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ; 

- ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʪ. ʜ.  

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʡ ʠʟʛʦʪʦʚʣʝʥʠ ̫ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ ʤʝʪʦʜʘʤʠ 

ʣʘʟʝʨʥʳʭ ɸʊ ʥʝʦʙʭʦʜʠʤʦ: 

- ʨʘʟʨʘʙʦʪʘʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʫʩʪʘʥʦʚʢʫ ɸʇ, ʨʘʙʦʪʘʶʱʫʶ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣ̫; 

- ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜʠʢʫ ʨʘʙʦʪʳ ʩ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʤʝʪʘʣʣʘʤʠ ʚ ɸʇ 

- ʠʩʩʣʝʜʦʚʘʪʴ ʚʣʠʷʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʧʨʦʮʝʩʩ ɸʇ; 

- ʠʩʩʣʝʜʦʚʘʪʴ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʣʫʯʘʝʤʳʭ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʚʝʱʝʩʪʚʦʤ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ; 

- ʠʩʩʣʝʜʦʚʘʪʴ ʧʨʦʮʝʩʩ ʘʜʜʠʪʠʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʫʩʣʦʚʠʷʭ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ; 

- ʦʧʨʝʜʝʣʠʪʴ ʚʣʠʷʥʠʝ ʩʦʩʪʘʚʘ ʠʟʥʘʯʘʣʴʥʦʛʦ ʩʳʨʴʷ ʥʘ ʧʦʣʫʯʘʝʤʳʝ 

ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ.  
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ɻʃɸɺɸ 2 ʀʉʉʃɽɼʆɺɸʅʀɽ ʀ ʈɸɿʈɸɹʆʊʂɸ ʉʈɽɼʉʊɺ ʊɽʍʅʀʏɽʉʂʆɻʆ 

ʀ ʅɸʋʏʅʆ-ʄɽʊʆɼʀʏɽʉʂʆɻʆ ʆɹɽʉʇɽʏɽʅʀʗ ʇʈʆʎɽʉʉʆɺ 

ʌʆʈʄʀʈʆɺɸʅʀʗ ʄɸɻʅʀʊʅʓʍ ʉʊʈʋʂʊʋʈ 

 

2.1 ʆʙʦʨʫʜʦʚʘʥʠʝ, ʤʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʠʢʠ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

| 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʤʘʛʥʠʪʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʣʘʟʝʨʥʳʭ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʉʫʪʴ ʪʝʭʥʦʣʦʛʠʠ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʧʣʘʚʣʝʥʠʠ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʨʦʰʢʘ ʥʘ ʥʝʤʘʛʥʠʪʥʦʡ ʧʦʜʣʦʞʢʝ 

ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʭʣʘʞʜʝʥʠʝʤ 

ʩʦʟʜʘʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʧʦʩʪʦʷʥʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. ʉʭʝʤʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.1.  

 

ʈʠʩʫʥʦʢ 2.1 ï ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʩʫʪʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʪʝʭʥʦʣʦʛʠʠ: 

1 ï ʣʘʟʝʨ; 2 ï ʥʝʤʘʛʥʠʪʥʘʷ ʧʦʜʣʦʞʢʘ ʠ ʧʦʨʦʰʦʢ; 3 ï ʠʩʪʦʯʥʠʢʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

 

ʈʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʪʝʭʥʦʣʦʛʠ ̫ ʧʦʪʨʝʙʦʚʘʣʘ ʠʟʫʯʠʪʴ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʨʘʟʨʘʙʦʪʢʦʡ ʤʝʪʦʜʠʢʠ ʥʘʧʣʘʚʢʠ ʤʝʪʘʣʣʦʚ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. ʆʧʨʝʜʝʣʠʪ ɹʚʣʠʷʥʠʝ 

ʥʘʧʨʷʞʸʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʩʦʩʪʘʚʘ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ 

ʢʦʥʝʯʥʳʡ ʨʝʟʫʣʴʪʘʪ. ʇʨʦʚʝʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ 

ʧʦʣʫʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ.  
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ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʦʧʠʩʘʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʥʘʧʣʘʚʢʠ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʨʦʰʢʦʚ (ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ), 

ʠʩʧʦʣʴʟʫʷ ʵʥʝʨʛʠʶ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʊʘʢʞʝ ʦʧʠʩʘʥʳ ʤʝʪʦʜʳ ʠ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʧʳʪʘʥʠʡ.  

ʃʘʟʝʨʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ ʘʜʜʠʪʠʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʥ ʣʘʟʝʨʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʢʦʤʧʣʝʢʩ (ʃʊʂ), ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 2.2.  

ʋʩʣʦʚʥʦ, ʢʦʤʧʣʝʢʩ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʦʩʥʦʚʥʳʝ ʯʘʩʪʠ: ʠʩʪʦʯʥʠʢ 

ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʨʦʙʦʪ ʤʘʥʠʧʫʣʷʪʦʨ ʩ ʝʛʦ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ ʠ 

ʧʦʨʦʰʢʦʚʳʡ ʧʠʪʘʪʝʣʴ.  

ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʢʦʤʧʣʝʢʩ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʷʪʴ ʨʘʙʦʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʥʘʧʣʘʚʢʦʡ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʨʦʰʢʦʚ ʣʘʟʝʨʥʳʤ ʠʟʣʫʯʝʥʠʝʤ [108-110].  

  

ʈʠʩʫʥʦʢ 2.2 ï ʃʘʟʝʨʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ: 

1 ï ʈʦʙʦʪïʤʘʥʠʧʫʣʷʪʦʨ KRï30HA; 2 ï ʀʪʪʝʨʙʠʝʚʳʡ ʚʦʣʦʢʦʥʥʳʡ ʣʘʟʝʨ ʃʉï1ïʂ;  

3 ï ʏʠʣʣʝʨ ʚʦʜʘïʚʦʟʜʫʭ IPGLCï70.01; 4 ï ʄʦʙʠʣʴʥʘʷ ʩʪʦʡʢʘ ʫʧʨʘʚʣʝʥʠʷ ʢʦʤʧʣʝʢʩʦʤ KRC4; 5 ï 

ʇʦʟʠʮʠʦʥʝʨ DKPï400; 6 ï IPGP FLWïD50; 7 ï ʊʨʘʥʩʧʦʨʪʥʦʝ ʦʧʪʠʯʝʩʢʦʝ ʚʦʣʦʢʥʦ 

 

ʋʧʨʘʚʣʝʥʠʝ ʢʦʤʧʣʝʢʩʦʤ ʨʝʘʣʠʟʦʚʘʥʦ ʯʝʨʝʟ ʩʠʩʪʝʤʫ KUKA  KR C4 (ʨʠʩʫʥʦʢ 

2.2, ʧʦʟʠʮʠʷ 4). ɼʘʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʦʪʚʝʯʘʝʪ ʟʘ ʨʘʙʦʪʫ ʠ ʩʠʥʭʨʦʥʠʟʘʮʠʶ ʚʩʝʭ 

ʵʣʝʤʝʥʪʦʚ ʢʦʤʧʣʝʢʩʘ. ʇʨʠʩʫʪʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʚʥʝʰʥʠʤʠ 
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ʜʘʪʯʠʢʘʤʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʥʝʰʥʠʭ ʧʝʨʝʤʝʥʥʳʭ (ʧʦʣʦʞʝʥʠʝ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ 

ʜʝʪʘʣʠ ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʪ. ʜ. ). ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʩʣʦʞʥʳʭ ʟʘʜʘʯ 

ʢʦʤʧʣʝʢʩ ʤʦʞʝʪ ʫʧʨʘʚʣʷʪʴʩʷ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʦʡ SprutCAM, ʨʘʙʦʪʘʶʱʫ  ʁʩ 3D 

ʤʦʜʝʣʷʤʠ (ʨʠʩʫʥʦʢ 2.3).  

 

ʈʠʩʫʥʦʢ 2.3 ï ʀʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʤʳ SprutCAM 

 

ʇʨʦʛʨʘʤʤʘ SprutCAM ʨʝʘʣʠʟʫʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʨʦʙʦʪʦʤ, 

ʧʦʟʠʮʠʦʥʝʨʦʤ ʠ ʣʘʟʝʨʦʤ ʧʨʠ ʨʘʙʦʪʝ ʩʦ ʩʣʦʞʥʳʤʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ 

ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ (ʩʚʘʨʢʘ, ʥʘʧʣʘʚʢʘ, ʨʝʟʢʘ).  

ʇʦʤʠʤʦ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ, ʪʘʢʞʝ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʨʫʯʥʦʝ ʠ 

ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʢʦʪʦʨʦʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʵʪʘʧʥʦʡ 

ʧʨʦʚʝʨʢʠ ʧʨʦʛʨʘʤʤʳ ʠʣʠ ʧʨʦʮʝʩʩʘ.  

ʇʨʦʤʳʰʣʝʥʥʳʡ ʨʦʙʦʪ KUKA  KR 30 (ʨʠʩʫʥʦʢ 2.2, ʧʦʟʠʮʠʷ 1) ʚ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʧʦʟʠʮʠʦʥʝʨʦʤ DKPï400 (ʨʠʩʫʥʦʢ 2.2, ʧʦʟʠʮʠʷ 5) ʚ̫ʣʷʶʪʩʷ ʙʘʟʦʡ 

ʠʩʧʦʣʴʟʫʝʤʦʡ ʫʩʪʘʥʦʚʢʠ. ʅʘ ʧʦʩʣʝʜʥʝʤ (ʰʝʩʪʦʤ) ʬʣʘʥʮʝ ʨʦʙʦʪʘ ʢʨʝʧʠʪʩʷ 
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ʦʧʪʠʯʝʩʢʘʷ ʛʦʣʦʚʢʘ, ʢʦʪʦʨʘʷ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʩʦʛʣʘʩʥʦ ʟʘʜʘʥʥʳʤ 

ʢʦʦʨʜʠʥʘʪʘʤ.  

ɺ ʦʧʪʠʤʘʣʴʥʳʭ ʨʘʙʦʯʠʭ ʫʩʣʦʚʠʷʭ ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʨʦʙʦʪʘ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 

50 ʥʤ, ʘ ʧʦʟʠʮʠʦʥʝʨʘ 0,009Á ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʷʪʴ ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥʥʳʝ 

ʦʧʝʨʘʮʠʠ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ.  

ʇʨʠ ʨʘʙʦʪʝ ʩʦ ʩʣʦʞʥʳʤʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʦʙʨʘʟʝʮ 

ʢʨʝʧʠʪʩʷ ʚ ʧʦʟʠʮʠʦʥʝʨ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʚʦʨʘʯʠʚʘʪʴ ʦʙʨʘʙʘʪʳʚʘʝʤʫʶ ʜʝʪʘʣʴ ʚ 

ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ. ɸ ʧʨʠ ʨʘʙʦʪʝ ʩ ʧʨʦʩʪʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʦʙʨʘʟʝʮ ʨʘʩʧʦʣʘʛʘʝʪʩʷ 

ʥʘ ʩʪʦʣʝ ʚʦʟʣʝ ʨʦʙʦʪʘ.  

ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ ʜʣʷ ʧʣʘʚʣʝʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʨʦʰʢʦʚ ʚ 

ʢʦʤʧʣʝʢʩʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʀʪʪʝʨʙʠʝʚʳʡ ʚʦʣʦʢʦʥʥʳʡ ʣʘʟʝʨ ʃʉ-1-ʂ (ʨʠʩʫʥʦʢ 2.2 

ʧʦʟʠʮʠʷ 2). ʆʜʠʥ ʠʟ ʩʘʤʳʭ ʩʦʚʨʝʤʝʥʥʳʭ ʠ ʵʬʬʝʢʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʣʘʟʝʨʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʩ ʂʇɼ ʧʦʨʷʜʢʘ 70%. ʀʩʧʦʣʴʟʫʝʤʳʡ ʠʩʪʦʯʥʠʢ ʛʝʥʝʨʠʨʫʝʪ ʥʝʧʨʝʨʳʚʥʦʝ 

ʣʘʟʝʨʥʦʝ ʠʟʣʫʯʝʥʠʝ ʤʦʱʥʦʩʪʴʶ ʜʦ 1 000 ɺʪ, ʜʣʠʥʦʡ ʚʦʣʥʳ 1,07ʤʢʤ. ɼʘʥʥʳʡ 

ʠʩʪʦʯʥʠʢ ʧʦʟʚʦʣʷʝʪ ʨʝʛʫʣʠʨʦʚʘʪʴ ʤʦʱʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʦʪ 100 ʜʦ 1000 ɺʪ, ʚ 

ʥʝʧʨʝʨʳʚʥʦʤ ʠʣʠ ʠʤʧʫʣʴʩʥʦʤ ʨʝʞʠʤʝ ʜʦ 5000ɻʮ.  

ʇʦ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʚʦʣʦʢʥʫ (ʨʠʩʫʥʦʢ 2.2 ʧʦʟʠʮʠʷ 7) ʣʘʟʝʨʥʦʝ ʠʟʣʫʯʝʥʠʝ 

ʧʦʩʪʫʧʘʝʪ ʚ ʦʧʪʠʯʝʩʢʫʶ ʛʦʣʦʚʢʫ IPGP FLWïD50 (ʨʠʩʫʥʦʢ 2.2 ʧʦʟʠʮʠʷ 6). 

ʇʨʦʭʦʜʷ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʬʦʢʫʩʠʨʦʚʢʠ ʣʘʟʝʨʥʦʝ ʠʟʣʫʯʝʥʠʝ ʬʦʢʫʩʠʨʫʝʪʩʷ ʚ ʧʷʪʥʦ 

ʜʠʘʤʝʪʨʦʤ 0,752 ʤʤ ʠ ʨʘʩʭʦʜʠʤʦʩʪʴʶ 31,377 ʤʨʘʜ.  

ʇʨʠ ʥʘʧʣʘʚʢʝ ʧʦʨʦʰʢʦʚ ʠ ʣʘʟʝʨʥʦʡ ʦʙʨʘʙʦʪʢʝ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʟʘʱʠʪʥʳʡ ʛʘʟ (ʘʨʛʦʥ ʠʣʠ ʛʝʣʠʡ), ʧʦʟʚʦʣʷʶʱʠʡ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʦʢʠʩʣʝʥʠʝ 

ʤʘʪʝʨʠʘʣʘ.  

ɼʣʷ ʦʭʣʘʞʜʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʦʧʪʠʯʝʩʢʦʡ ʛʦʣʦʚʢʠ 

ʧʨʠʤʝʥʝʥʦ ʞʠʜʢʦʩʪʥʦʝ ʦʭʣʘʞʜʝʥʠʝ. ʏʠʣʣʝʨ (ʨʠʩʫʥʦʢ 2.2 ʧʦʟʠʮʠʷ 3) 

ʧʦʜʜʝʨʞʠʚʘʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʦʭʣʘʞʜʘʶʱʝʡ ʞʠʜʢʦʩʪʠ (ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ) ʚ 

ʠʥʪʝʨʚʘʣʝ ʦʪ 18 ʜʦ 26 Áʉ.  

 

ʄʝʪʘʣʣʠʯʝʩʢʠʝ ʧʦʨʦʰʢʠ 
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ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʦʨʦʰʢʠ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʩʘʤʘʨʠʷ (ʬʨʘʢʮʠʠ 1-10 

ʤʢʤ), ʢʦʙʘʣʴʪʘ (ʬʨʘʢʮʠʠ 50-100 ʤʢʤ), ʞʝʣʝʟʘ (ʬʨʘʢʮʠʠ 50-100 ʤʢʤ) ʠ ʩʧʣʘʚʘ 

ʂʉ25ɼʎ (ʬʨʘʢʮʠʠ 50-100 ʤʢʤ) ʥʘ ʦʩʥʦʚʝ ʢʦʙʘʣʴʪʘ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʩʘʤʘʨʠʷ (5,5%) 

ʮʠʨʢʦʥʠʷ (2,3%), ʞʝʣʝʟʘ (17%) ʠ ʤʝʜʠ (7%), ʧʨʠʤʝʥʷʝʤʳʡ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʜʣʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ. ʀʟʦʙʨʘʞʝʥʠʝ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʦʨʦʰʢʦʚ 

ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 2.4. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʯʠʩʪʳʭ (99,9% ʯʠʩʪʦʪʳ) ʧʦʨʦʰʢʦʚ 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʦʣʫʯʘʝʤʳʝ ʩʦʝʜʠʥʝʥʠʷ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ 

ʧʦʣʫʯʘʝʤʳʝ ʩʦʝʜʠʥʝʥʠʷ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʦʧʪʠʤʘʣʴʥʳʡ ʩʦʩʪʘʚ ʤʘʛʥʠʪʘ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʢʘʞʜʳʡ ʠʟ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʙʫʜʝʪ ʟʘʜʝʡʩʪʚʦʚʘʥ ʧʦ ʤʘʢʩʠʤʫʤʫ.  

ʈʘʟʤʦʣ ʩʧʣʘʚʘ ʂʉ25ɼʎ ʧʨʦʚʦʜʠʣʩʷ ʚ ʢʝʨʘʤʠʯʝʩʢʦʡ ʩʪʫʧʢʝ ʧʦʜ ʩʣʦʝʤ 

ʠʟʦʧʨʦʧʠʣʦʚʦʛʦ ʩʧʠʨʪʘ. ʇʦʩʣʝ ʨʘʟʤʦʣʘ ʧʦʨʦʰʦʢ ʧʨʦʩʝʠʚʘʣʩʷ ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʤ 

ʩʠʪʝ ʥʘ ʚʠʙʨʦʛʨʦʭʦʪʝ ʩ ʘʤʧʣʠʪʫʜʦʡ ʜʚʠʞʝʥʠʷ 0,25ʤʤ, ʜʣʷ ʦʪʙʦʨʘ ʬʨʘʢʮʠʠ 100-

160 ʤʢʤ. ʂʘʢ ʧʦʢʘʟʘʣʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʙʦʣʝʝ ʤʝʣʢʠʝ ʯʘʩʪʠʮʳ 

ʧʦʜʚʝʨʞʝʥʳ ʩʠʣʴʥʦʤʫ ʦʢʠʩʣʝʥʠʶ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʨʘʙʦʪʫ ʩ ʥʠʤʠ, ʘ ʙʦʣʝʝ ʢʨʫʧʥʳʝ 

ʯʘʩʪʠʮʳ ʥʝ ʧʝʨʝʧʣʘʚʣʷʶʪʩʷ ʚ ʧʦʣʥʦʡ ʤʝʨʝ.  

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʜʦʩʪʫʧʥʦʩʪʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʤʘʪʝʨʠʘʣʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʩʚʦʙʦʜʥʦʤ ʜʦʩʪʫʧʝ.  

 

ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ 

 

ɼʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʧʦʩʪʦʷʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠʩʧʦʣʴʟʦʚʘʥ ʢʦʤʧʣʝʢʩ ʠʟ 

ʰʝʩʪʠ ʥʠʦʜʠʤʦʚʳʭ ʤʘʛʥʠʪʦʚ ʨʘʟʤʝʨʦʤ 100ʍ100ʍ10 ʤʤ
3
, ʩʦʙʨʘʥʥʳʭ ʚ ʜʚʘ ʧʘʢʝʪʘ 

ʧʦ 3 ʰʪʫʢʠ (ʨʠʩʫʥʦʢ 2.5, ʘ). ʄʘʛʥʠʪʥʘʷ ʠʥʜʫʢʮʠʷ ʤʝʞʜʫ ʤʘʛʥʠʪʘʤʠ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 

450 ʜʦ 580 ʤʊ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʩʪʘ ʠʟʤʝʨʝʥʠʷ (ʨʠʩʫʥʦʢ 2.5, ʙ). ʇʘʢʝʪʳ 

ʨʘʟʜʝʣʝʥʳ ʥʝʤʘʛʥʠʪʥʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʪʦʨʦʛʦ ʟʘʢʨʝʧʣʝʥʘ 

ʥʝʤʘʛʥʠʪʥʘʷ ʧʦʜʣʦʞʢʘ. ʉʧʣʘʚʣʝʥʠʝ ʧʦʨʦʰʢʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʦʚʦʜʠʪʩʷ 

ʣʘʟʝʨʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʥʝʤʘʛʥʠʪʥʦʡ ʧʦʜʣʦʞʢʠ. ʂʨʘʩʥʳʤ ʢʚʘʜʨʘʪʦʤ (ʨʠʩʫʥʦʢ 2.5, ʙ) ʚʳʜʝʣʝʥʘ ʦʙʣʘʩʪʴ 

ʥʘʠʙʦʣʝʝ ʩʪʘʙʠʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ.  
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ʘ) 

 

ʙ) 

 

ʚ) 

ʈʠʩʫʥʦʢ 2.4 ï ʇʨʠʤʝʨ ʦʙʱʝʛʦ ʚʠʜʘ ʧʦʨʦʰʢʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʚ ʨʘʙʦʪʝ: 

ʘ - ʩʘʤʘʨʠʡ; ʙ - ʞʝʣʝʟʦ; ʚ - ʢʦʙʘʣʴʪ  
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ʘ)      ʙ) 

ʈʠʩʫʥʦʢ 2.5 ï ʂʦʤʧʣʝʢʪ ʤʘʛʥʠʪʦʚ, ʩʦʟʜʘʶʱʠʭ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ: 

ʘ - ʦʙʱʠʡ ʚʠʜ, 1 ï ʧʘʢʝʪ ʤʘʛʥʠʪʦʚ, 2 ï ʥʝʤʘʛʥʠʪʥʳʡ ʙʣʦʢ, ʨʘʟʜʝʣʷʶʱʠʡ ʧʘʢʝʪʳ ʤʘʛʥʠʪʦʚ, 

3 ï ʥʝʤʘʛʥʠʪʥʘʷ ʧʦʜʣʦʞʢʘ, ʥʘ ʢʦʪʦʨʦʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘʧʣʘʚʢʘ; 

ʙ - ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʸʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʤʊʣ)  

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʚʫʭ ʧʘʢʝʪʦʚ ʤʘʛʥʠʪʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ 

ʨʘʚʥʦʤʝʨʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʚʳʩʦʢʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʘʢʝʪʦʚ ʠʟ 

ʪʨʸʭ ʤʘʛʥʠʪʦʚ ʥʝ ʫʚʝʣʠʯʠʚʘʝʪ ʦʜʥʦʨʦʜʥʦʩʪʴ ʧʦʣʷ, ʥʦ ʧʦʟʚʦʣʷʝʪ ʝʛʦ ʫʩʠʣʠʪʴ.  

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ  

 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʦʚ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʤʠʢʨʦʩʢʦʧʘ Olympus GX71 ʠ ʩʢʘʥʠʨʫʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʤʠʢʨʦʩʢʦʧʘ Hitachi S3400 type.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʠ ʛʨʘʥʠʮ ʟʝʨʥʘ ʧʨʦʠʟʚʦʜʠʣʦʩʴ 

ʤʝʪʦʜʦʤ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʕɼʈʉ). 

ʀʩʧʦʣʴʟʫʝʤʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʤʘʪʝʨʠʘʣʘ ʥʘ 

ʧʣʦʱʘʜʠ ʦʪ 0,5 ʤʢʤ
2
.  

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʩʦʩʪʘʚ ʥʘʧʣʘʚʣʝʥʥʳʭ ʧʦʢʨʳʪʠʡ ʠʟʫʯʝʥʳ ʥʘ 

ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ D8 ADVANCE (Bruker) ʚ ʦʙʣʘʩʪʠ 2ɗ ʫʛʣʦʚ ʦʪ 5 ʜʦ 

90Á ʩ ʰʘʛʦʤ 0,02Á (BreggïBrentano ʤʝʪʦʜ, CuKŬ ʠʟʣʫʯʝʥʠʝ, ɗ/ɗïʩʢʘʥʠʨʦʚʘʥʠʝ, 

ʛʨʘʬʠʪʦʚʳʡ ʤʦʥʦʭʨʦʤʘʪʦʨ ʜʣʷ ʦʪʨʘʞʝʥʥʦʛʦ ʧʫʯʢʘ).  
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ  

 

ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʘʝʤʳʭ ʩʪʨʫʢʪʫʨ ʧʨʦʚʝʜʝʥʳ ʥʘ ʉʂɺʀɼ 

ʤʘʛʥʠʪʦʤʝʪʨʝ MPMSXL (Quantum Design) ʚ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝ ʦʪ -40 000ʕ ʜʦ 40 

000 ʕ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 4Áʂ ʠ 300
0
ʂ ʧʦʟʚʦʣʷʶʱʠʭ ʧʦʣʫʯʠʪʴ ʥʘʠʙʦʣʝʝ ʪʦʯʥʳʡ 

ʨʝʟʫʣʴʪʘʪ [111-112].  

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʥʘ 

ʚʠʙʨʘʮʠʦʥʥʦʤ ʤʘʛʥʠʪʦʤʝʪʨʝ Lake Shore 8600 Series VSM ʚ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝ 10 

000 ʕ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ 4 ʜʦ 300 ʂ.  

 

2.2 ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʩʪʨʫʢʪʫʨ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʣʘʟʝʨʥʳʭ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʦʣʥʦʮʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʣʘʟʝʨʥʦʡ ʘʜʜʠʪʠʚʥʦʡ 

ʥʘʧʣʘʚʢʝ ʤʘʛʥʠʪʥʳʭ ʩʪʨʫʢʪʫʨ, ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʥʝʩʢʦʣʴʢʦ ʨʝʞʠʤʦʚ ʥʘʧʣʘʚʢʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʤʦʱʥʦʩʪʴʶ ʦʪ 

200 ʜʦ 800 ɺʪ ʥʘ ʢʘʞʜʦʤ ʠʟ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʦʨʦʰʢʦʚ. ʉʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ 

ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝ ʠʟʤʝʥʷʣʘʩʴ.  

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥ ʛʘʟ ʘʨʛʦʥ ʤʘʨʢʠ ɸ ʩ ʜʦʙʘʚʣʝʥʠʝʤ 7Ñ2% ʛʝʣʠʷ. 

ʈʝʜʢʦʟʝʤʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʠ ʥʘʛʨʝʚʝ ʚʩʪʫʧʘʶʪ ʚ ʙʫʨʥʫʶ 

ʨʝʘʢʮʠʶ ʦʢʠʩʣʝʥʠʷ ʩ ʢʠʩʣʦʨʦʜʦʤ. ɼʣʷ ʟʘʱʠʪʳ ʥʘʧʣʘʚʣʷʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʟʘʱʠʪʥʘʷ ʩʨʝʜʘ ʠʟ ʠʥʝʨʪʥʳʭ ʛʘʟʦʚ.  

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʠ ʩʦʟʜʘʥʠʷ ʤʘʛʥʠʪʥʳʭ ʩʪʨʫʢʪʫʨ ʠʩʧʦʣʴʟʦʚʘʥr  

ʧʦʨʦʰʢʠ Sm, Co, Fe, ʩʧʣʘʚ ʂʉ25ɼʎ ʠ ʠʭ ʢʦʤʧʦʟʠʮʠʠ. ʇʦʨʦʰʢʠ ʛʦʪʦʚʠʣʘʩʴ ʚ 

ʩʪʝʢʣʷʥʥʦʡ ʪʘʨʝ, ʧʦʩʨʝʜʩʪʚʦʤ ʛʦʤʦʛʝʥʥʦʛʦ ʩʤʝʰʠʚʘʥʠʷ ʧʦʨʦʰʢʦʚ.  

ʈʝʞʠʤ ʥʘʧʣʘʚʢʠ ʤʘʛʥʠʪʥʳʭ ʩʪʨʫʢʪʫʨ ʦʧʨʝʜʝʣʷʣʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ 

ʧʫʪʸʤ. ʂʘʢ ʧʦʢʘʟʘʣʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʧʪʠʤʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʣʘʟʝʨʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ: 600 ɺʪ ʜʣʷ Sm ʠ 500 ɺʪ Fe. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʫʢʘʟʘʥʥʦʡ 

ʤʦʱʥʦʩʪʠ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʧʣʘʚʣʝʥʠʝ ʤʝʪʘʣʣʘ ʙʝʟ ʝʛʦ ʠʩʧʘʨʝʥʠʷ. 
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ʆʧʨʝʜʝʣʝʥʠʝ ʨʝʞʠʤʘ ʧʣʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʠʣʩʷ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʠ 

ʧʝʨʝʤʝʱʝʥʠʷ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʣʷʣʘ 10 

ʤʤ/ʩ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣ ʦʧʨʝʜʝʣʸʥ ʨʝʞʠʤ ʥʘʧʣʘʚʢʠ 

ʢʦʤʧʦʟʠʮʠʡ ʧʦʨʦʰʢʦʚ ʩʘʤʘʨʠʷ (37%) ʠ ʢʦʙʘʣʴʪʘ (63%) ʥʘ ʥʝʨʞʘʚʝʶʱʫʶ ʩʪʘʣʴ 

ʤʘʨʢʠ 12ʍ18ʅ10ʊ. ʅʘʧʣʘʚʢʘ ʢʦʤʧʦʟʠʮʠʡ ʧʦʨʦʰʢʦʚ ʧʨʦʚʝʜʝʥʘ ʚ ʩʨʝʜʝ ʟʘʱʠʪʥʳʭ 

ʛʘʟʦʚ (ʘʨʛʦʥ+ʛʝʣʠʡ) ʪʝʤʧʝʨʘʪʫʨʦʡ 22 Áʉ, ʧʨʝʜʦʪʚʨʘʱʘʶʱʠʭ ʦʢʠʩʣʝʥʠʝ ʤʝʪʘʣʘ. 

ʉʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʣʘʟʝʨʥʦʛʦ ʧʷʪʥʘ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ ʨʘʚʥʷʣʘʩʴ 10 ʤʤ/ʩ 

ʘ ʤʦʱʥʦʩʪʴ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 350 ɺʪ.  

ʅʘ ʨʠʩʫʥʢʝ 2.6 ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʨʘʟʝʮ ʥʘʧʣʘʚʢʠ ʢʦʤʧʦʟʠʮʠʠ ʧʦʨʦʰʢʦʚ SmCo 

ʚʜʦʣʴ (V) ʠ ʧʦʧʝʨʸʢ (P) ʥʘʧʨʘʚʣʝʥʠʷ ʣʠʥʠʡ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ.  

 

ʈʠʩʫʥʦʢ 2.6 ï ʆʙʨʘʟʝʮ ʥʘʧʣʘʚʢʠ ʢʦʤʧʦʟʠʮʠʠ ʧʦʨʦʰʢʦʚ ʩʘʤʘʨʠʡ/ʢʦʙʘʣʴʪ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 

 

ʇʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʢʦʤʧʦʟʠʮʠʷ ʧʦʨʦʰʢʦʚ 

ʧʨʠʪʷʛʠʚʘʝʪʩʷ ʢ ʧʦʣʶʩʘʤ ʤʘʛʥʠʪʦʚ. ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʩʜʚʠʛʘ ʧʦʨʦʰʢʘ ʩ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ ʠʩʧʦʣʴʟʦʚʘʥ ʞʠʜʢʠʡ ʨʘʩʪʚʦʨ ʢʘʥʠʬʦʣʠ. ɺ ʢʦʤʧʦʟʠʮʠʠ 

ʧʦʨʦʰʢʦʚ SmCo ʤʘʩʩʦʡ 15 ʛ ʜʦʙʘʚʣʷʣʦʩʴ 10 ʤʣ ʠʟʦʧʨʦʧʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʩ 

ʨʘʩʪʚʦʨʸʥʥʦʡ ʚ ʥʸʤ ʢʘʥʠʬʦʣʴʶ (2 ʛ). ʂʦʤʧʦʟʠʮʠʷ ʧʦʨʦʰʢʘ ʠ ʞʠʜʢʦʡ ʢʘʥʠʬʦʣʠ 

ʥʘʥʦʩʠʣʘʩʴ ʥʘ ʧʦʜʣʦʞʢʫ, ʚʳʨʘʚʥʠʚʘʣʘʩʴ ʠ ʚʳʩʫʰʠʚʘʣʘʩʴ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 2ʭ ʯʘʩʦʚ.  

ɸʣʴʪʝʨʥʘʪʠʚʥʳʤ ʚʘʨʠʘʥʪʦʤ ʬʠʢʩʘʮʠʠ ʧʦʨʦʰʢʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ 

ʩʪʘʣʦ ʧʨʝʩʩʦʚʘʥʠʝ ʢʦʤʧʦʟʠʮʠʠ ʧʦʨʦʰʢʦʚ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʨʝʩʩ-ʬʦʨʤʝ. 
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ʉʧʨʝʩʩʦʚʘʥʥʳʡ ʧʦʨʦʰʦʢ ʚ ʬʦʨʤʝ ʮʠʣʠʥʜʨʘ ʪʦʣʱʠʥʦʡ 1,5 ʤʤ ʠ ʜʠʘʤʝʪʨʦʤ 10 ʤʤ 

ʨʘʟʤʝʱʘʣʩʷ ʤʝʞʜʫ ʤʘʛʥʠʪʘʤʠ ʚ ʮʝʥʪʨʝ ʢʨʘʩʥʦʛʦ ʢʚʘʜʨʘʪʘ (ʨʠʩʫʥʦʢ 2.5, ʙ) ʥʘ 

ʧʦʜʣʦʞʢʝ ʠʟ 12ʍ18ʅ10ʊ.  

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʫʯʘʝʤʳʭ ʤʘʛʥʠʪʥʳʭ ʩʪʨʫʢʪʫʨ ʙʳʣʦ ʧʦʜʛʦʪʦʚʣʝʥʦ ʪʨʠ 

ʦʙʨʘʟʮʘ. ʊʘʢ-ʢʘʢ ʦʙʨʘʟʮʳ ʠʩʩʣʝʜʦʚʘʥʳ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ 

ʨʝʞʠʤʦʚ ʜʘʥʥʦʡ ʩʝʨʠʠ ʦʙʨʘʟʮʦʚ ʙʳʣʠ ʧʨʠʩʚʦʝʥʳ ʥʦʤʝʨʘ 0.1,0.2 ʠ 0.3.  

ʆʙʨʘʟʝʮ 0.1, ʧʦʣʫʯʝʥʥʳʡ ʠʟ ʩʧʣʘʚʣʝʥʥʦʛʦ ʧʦʨʦʰʢʘ SmCo ʚ ʩʦʦʪʥʦʰʝʥʠʠ 

37 Sm ʢ 63 Co (ʧʦ ʤʘʩʩʝ). ʉʧʣʘʚʣʝʥʥʦʛʦ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʣʘʟʝʨʥʳʤ ʠʟʣʫʯʝʥʠʝʤ 

ʤʦʱʥʦʩʪʴʶ 1000ɺʪ.  

ʆʙʨʘʟʝʮ 0.2 ʧʦʣʫʯʝʥ ʧʦʩʨʝʜʩʪʚʦʤ ʩʧʣʘʚʣʝʥʠʷ ʜʚʫʭ ʮʠʣʠʥʜʨʦʚ ʧʨʠ 

ʤʦʱʥʦʩʪʠ 1000 ɺʪ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʙʨʘʟʮʘ ʙʦʣʴʰʝʡ ʪʦʣʱʠʥʳ.  

ʆʙʨʘʟʝʮ 0.3 ʧʦʣʫʯʝʥ ʧʦʩʨʝʜʩʪʚʦʤ ʩʧʣʘʚʣʝʥʠʷ ʜʚʫʭ ʮʠʣʠʥʜʨʦʚ ʥʘ ʤʦʱʥʦʩʪʴ 

1000 ɺʪ ʥʘ ʧʝʨʚʦʤ ʮʠʣʠʥʜʨʝ ʠ 800 ɺʪ ʥʘ ʚʪʦʨʦʤ.  

ʀʩʩʣʝʜʫʷ ʩʧʝʢʪʨʳ ʜʠʬʨʘʢʮʠʠ ʦʙʨʘʟʮʦʚ 0.1, 0.2, 0.3 (ʨʠʩʫʥʦʢ 2.7) ʥʘ 

ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ D8 ADVANCE, ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʦʢʩʠʜʳ (FeO, 

FeSmO3, SmO, Co3O4 ʠ Fe3O4) ʠ ʠʥʪʝʨʤʝʪʘʣʣʠʜ Co8.5Sm (Sm2Co17).  

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʧʝʢʪʨʦʚ ʜʠʬʨʘʢʮʠʠ ʦʙʨʘʟʮʦʚ 0.1, 0.2, 0.3 ʙʳʣʠ 

ʦʙʥʘʨʫʞʝʥʳ ʩʦʝʜʠʥʝʥʠʷ ʞʝʣʝʟʘ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʠʣʴʥʦʤ ʩʧʣʘʚʣʝʥʠʠ 

ʦʙʨʘʟʮʦʚ ʩ ʧʦʜʣʦʞʢʦʡ. ʀʟ-ʟʘ ʙʦʣʴʰʦʡ ʧʣʦʱʘʜʠ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʦʙʨʘʟʮʘ ʩ 

ʧʦʜʣʦʞʢʦʡ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʥʴʰʝʡ ʤʦʱʥʦʩʪʠ ʥʝ ʜʘʸʪ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ.  

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʩʧʝʢʪʨʦʚ ʦʙʨʘʟʮʘ 0.2 ʪʘʢʞʝ ʦʙʥʘʨʫʞʝʥʳ 

ʦʢʩʠʜʳ, ʥʦ ʚ ʤʝʥʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ, ʦʩʦʙʝʥʥʦ ʥʘ ʚʪʦʨʦʤ ʩʣʦʝ, ʛʜʝ ʯʘʩʪʴ ʦʙʲʸʤʘ 

ʦʙʨʘʟʮʘ ʟʘʥʠʤʘʝʪ ʩʧʣʘʚ SmCo8.5.  

ɼʣʷ ʩʧʣʘʚʣʝʥʠʷ ʦʙʨʘʟʮʘ 0.3 ʠʩʧʦʣʴʟʦʚʘʥʦ ʥʘ 20% ʤʝʥʴʰʝ ʤʦʱʥʦʩʪʠ 

ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʘ ʜʠʬʨʘʢʮʠʦʥʥʳʡ ʩʧʝʢʪʨ ʧʦʢʘʟʘʣ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ 

ʦʢʩʠʜʦʚ ʠ ʧʦʚʳʰʝʥʠʝ ʦʙʲʸʤʘ SmCo8.5.  
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ʈʠʩʫʥʦʢ 2.7 ï ʉʧʝʢʪʨ ʜʠʬʨʘʢʮʠʠ ʦʙʨʘʟʮʦʚ: ʘ - 0.1; ʙ - 0.2; ʚ - 0.3 
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ʀʟ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʤʝʪʘʣʣʘ ʦʙʨʘʟʮʦʚ 0.1, 0.2, 0.3 ʧʦʜʛʦʪʦʚʣʝʥʳ ʧʨʦʙʳ, 

ʨʘʟʤʝʨʦʤ 1ʍ1ʍ1 ʤʤ
3
, ʥʘ ʢʦʪʦʨʳʭ ʧʨʦʚʝʜʝʥʳ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʤʘʛʥʠʪʥʳʝ 

ʠʟʤʝʨʝʥʠʷ. ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ ʥʘʧʣʘʚʣʝʥʥʳʭ ʩʣʦʚy ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʥʘ 

ʉʂɺʀɼ ʤʘʛʥʠʪʦʤʝʪʨʝ MPMSXL (Quantum Design) ʧʫʪyʤ ʠʟʤʝʨʝʥʠʷ ʧʝʪʝʣʴ 

ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 300 ʂ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʦʪ ï20000 ʕ ʜʦ 

+20000 ʕ (ʨʠʩʫʥʦʢ 2.8).  

 

 

ʈʠʩʫʥʦʢ 2.8 ï ʂʨʠʚʳʝ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʦʙʨʘʟʮʦʚ 0.1, 0.2, 0.3 ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʦʪ ï20000 ʕ ʜʦ +20000 ʕ 

 

ɺʠʜʥʦ, ʯʪʦ ʚʩʝ ʪʨʠ ʢʨʠʚʳʝ ʠʤʝʶʪ ʙʣʠʟʢʠʡ ʭʘʨʘʢʪʝʨ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʩ 

ʙʣʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘʩʳʱʝʥʠʷ (32 ï 34 emu/g), ʤʘʣʦʡ 

ʦʩʪʘʪʦʯʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴʶ ʠ ʤʘʣʦʡ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʦʡ. ʆʙʨʘʟʮʳ ʣʠʰʴ 

ʨʘʟʣʠʯʘʶʪʩʷ ʟʥʘʯʝʥʠʷʤʠ ʥʘʧʨʷʞʥyʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʥʘʩʪʫʧʘʝʪ 

ʥʘʩʳʱʝʥʠʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ. ʅʘʩʳʱʝʥʠʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ 

ʩʣʝʜʫʶʱʠʭ ʥʘʧʨʷʞʸʥʥʦʩʪʷʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ: Ñ4000 ʕ ʜʣʷ ʦʙʨʘʟʮʘ 0.1, ʧʨʠ 

Ñ8000 ʕ ʜʣʷ ʦʙʨʘʟʮʘ 0.2 ʠ ʧʨʠ Ñ12000 ʕ ʜʣʷ ʦʙʨʘʟʮʘ 0.3. ɺ ʩʦʩʪʘʚ ʚʩʝʭ ʦʙʨʘʟʮʦʚ 

ʚʭʦʜʷʪ ʜʚʘ ʦʢʩʠʜʘ Fe3O4 ʠ FeSmO3, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʬʝʨʨʦʤʘʛʥʠʪʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. ʇʦïʚʠʜʠʤʦʤʫ, ʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʪʘʢʞʝ ʦʙʣʘʜʘʝʪ Co3O4. 

ʇʦʩʢʦʣʴʢʫ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʫ ʢʨʠʩʪʘʣʣʦʚ ʚʩʝʭ ʵʪʠʭ ʦʢʩʠʜʦʚ 
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ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʣʠʯʥʦʡ, ʵʪʦ ʩʧʦʩʦʙʥʦ ʧʨʠʚʦʜʠʪ ɹ ʢ ʨʘʟʣʠʯʥʦʤʫ ʧʦʚʝʜʝʥʠʶ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʚ ʦʙʣʘʩʪʠ ʤʘʣʦʡ ʥʘʧʨʷʞʥyʥʦʩʪʠ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ. ʋʚʝʣʠʯʝʥʠʝ ʥʘʩʳʱʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʦʙʨʘʟʮʦʚ 0.1, 0.2, 0.3 ʪʘʢʞʝ 

ʩʦʚʧʘʜʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ SmCo8.5. ʚ ʥʘʧʣʘʚʣʝʥʥʦʤ ʤʘʪʝʨʠʘʣʝ.  

ʊʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʦ ʠʟʤʝʥʝʥʠʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 4 ʜʦ 300 ʂ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʟʥʘʯʝʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʥʘʧʨʷʞʸʥʥʦʩʪʴʶ 10000 ʕ.  

ʂʘʢ ʧʦʢʘʟʘʣʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʟʮʦʚ ʚ 

ʫʢʘʟʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʠʢʘʢ ʥʝ ʩʢʘʟʘʣʦʩʴ ʥʘ ʭʘʨʘʢʪʝʨʝ ʧʦʚʝʜʝʥʠʷ ʠʭ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ.  

ɿʘʤʝʪʥʦʝ ʚʣʠʷʥʠʝ ʧʦʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʦʙʨʘʟʠʣʦʩʴ ʥʘ ʫʜʝʣʴʥʦʡ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ M ʦʙʨʘʟʮʦʚ (ʨʠʩʫʥʦʢ 2.9), ʯʪʦ ʧʨʦʷʚʠʣʦʩʴ ʚ ʨʘʟʙʨʦʩʝ ʟʥʘʯʝʥʠʡ, 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ.  

 

ʈʠʩʫʥʦʢ 2.9 ï ɿʘʚʠʩʠʤʦʩʪʴ ʫʜʝʣʴʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 

ʥʘʧʨʷʞʦʥʥʦʩʪʴʶ ʅ =10000ʕ 

 

ʆʩʥʦʚʥʦʝ ʠʟʤʝʥʝʥʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʚʝʣʠʯʝʥʠʠ ʨʘʟʙʨʦʩʘ ʟʥʘʯʝʥʠʡ ʫʜʝʣʴʥʦʡ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʜʣʷ ʦʙʨʘʟʮʦʚ 0.1 ʠ 0.2 ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ.  
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ʉʣʘʙʘʷ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘʩʳʱʝʥʠʷ 

ʥʘʧʣʘʚʣʷʝʤʳʭ ʦʙʨʘʟʮʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʢʦʥʢʫʨʝʥʮʠʠ ʚʢʣʘʜʦʚ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ 

ʩʚʦʡʩʪʚ ʢʨʠʩʪʘʣʣʦʚ ʦʢʠʩʣʦʚ ʩʘʤʘʨʠʷ ʠ ʞʝʣʝʟʘ ʚ ʩʫʤʤʘʨʥʫʶ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ. 

ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʦʙʨʘʟʮʳ ʚʝʜʫʪ ʩʝʙʷ ʢʘʢ ʤʷʛʢʠʡ ʬʝʨʨʦʤʘʛʥʝʪʠʢ ʩ ʙʦʣʴʰʦʡ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴʶ ʥʘʩʳʱʝʥʠʷ ʠ ʩʣʘʙʦʡ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ.  

2.3 ɸʥʘʣʠʟ ʤʘʨʦʢ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ 

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʘʚʘ ʦʙʨʘʟʮʦʚ ʙʫʜʫʱʠʭ ʤʘʛʥʠʪʦʚ ʙʳʣ ʧʨʦʚʝʜʸʥ 

ʨʘʟʥʦʩʪʦʨʦʥʥʠʡ ʧʦʠʩʢ ʈɼ, ɻʆʉʊʦʚ (ʜʝʡʩʪʚʫʶʱʠʭ ʠ ʫʩʪʘʨʝʚʰʠʭ) ʠ ʧʨʦʬʠʣʴʥʦʡ 

ʣʠʪʝʨʘʪʫʨʳ.  

ɼʘʣʴʥʝʡʰʠʝ ʨʝʰʝʥʠʷ ʧʨʠʥʠʤʘʣʠʩʴ ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʣʫʯʝʥʥʦʡ 

ʠʟ: 

ῐ ɻʆʉʊ 17809-72 ʄʘʪʝʨʠʘʣʳ ʤʘʛʥʠʪʦʪʚʝʨʜʳʝ ʣʠʪʳʝ. ʄʘʨʢʠ;  

ῐ ɻʆʉʊ 19693-74 ʄʘʪʝʨʠʘʣʳ ʤʘʛʥʠʪʥʳʝ. ʊʝʨʤʠʥʳ ʠ ʦʧʨʝʜʝʣʝʥʠʷ; 

ῐ ɻʆʉʊ 20906-75 ʉʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʡ ʤʘʛʥʠʪʥʳʭ ʚʝʣʠʯʠʥ. ʊʝʨʤʠʥʳ ʠ 

ʦʧʨʝʜʝʣʝʥʠʷ; 

ῐ ɻʆʉʊ 21559-76 ʄʘʪʝʨʠʘʣʳ ʤʘʛʥʠʪʦʪʚʝʨʜʳʝ ʩʧʝʯʝʥʥʳʝ. ʄʘʨʢʠ; 

ῐ ɻʆʉʊ 24063-80 ʌʝʨʨʠʪʳ ʤʘʛʥʠʪʦʪʚʝʨʜʳʝ. ʄʘʨʢʠ ʠ ʦʩʥʦʚʥʳʝ 

ʧʘʨʘʤʝʪʨʳ; 

ῐ ɻʆʉʊ 24897-81 ʄʘʪʝʨʠʘʣʳ ʤʘʛʥʠʪʦʪʚʝʨʜʳʝ ʜʝʬʦʨʤʠʨʫʝʤʳʝ. ʄʘʨʢʠ; 

ῐ ɻʆʉʊ 25639-83 ʄʘʛʥʠʪʳ ʣʠʪʳʝ ʧʦʩʪʦʷʥʥʳʝ. ʊʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ; 

ῐ ɻʆʉʊ 24936-89 ʄʘʛʥʠʪʳ ʧʦʩʪʦʷʥʥʳʝ ʜʣʷ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ 

ʠʟʜʝʣʠʡ ʆʙʱʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ; 

ῐ ɻʆʉʊ 22261-94 ʉʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʡ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪʥʳʭ 

ʚʝʣʠʯʠʥ. ʆʙʱʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ; 

ῐ ɻʆʉʊ ʈ 52956-2008 ʄʘʪʝʨʠʘʣʳ ʤʘʛʥʠʪʦʪʚʝʨʜʳʝ ʩʧʝʯʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ 

ʩʧʣʘʚʘ ʥʝʦʜʠʤ-ʞʝʣʝʟʦ-ʙʦʨ. ʂʣʘʩʩʠʬʠʢʘʮʠʷ. ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ; 
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ῐ ɻʆʉʊ ʈ 58885-2020 ʄʘʛʥʠʪʳ ʧʦʩʪʦʷʥʥʳʝ ʦʙʱʝʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʂʣʘʩʩʠʬʠʢʘʮʠʷ. ʆʙʱʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ. ʂʦʥʪʨʦʣʴ 

ʤʘʛʥʠʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ.  

ɸʥʘʣʠʟ ɻʆʉʊʦʚ ʧʦʜʪʚʝʨʜʠʣ, ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʘʛʥʠʪʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠʟ ʨʠʩʫʥʢʘ 1.1. ɺ ʪʘʙʣʠʮʘʭ 2.1-2.9 ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘʠʙʦʣʝʝ ʚʘʞʥʘʷ 

ʠʥʬʦʨʤʘʮʠʷ ʠʟ ɻʆʉʊʦʚ, ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ. 
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ʊʘʙʣʠʮʘ 2.1 ï ʄʘʨʢʠ ʠ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʤʘʛʥʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʢʦʙʘʣʴʪʘ (ʤʘʪʝʨʠʘʣʳ ʤʘʛʥʠʪʦʪʚʝʨʜʳʝ ʩʧʝʯʝʥʥʳʝ) 

ʄʘʨʢʘ 

ʤʘʪʝʨʠʘʣʘ 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ (ʦʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ), % 

ʉʘʤʘʨʠʡ ʕʨʙʠʡ ɻʘʜʦʣʠʥʠʡ ʎʠʨʢʦʥʠʡ 
ʎʝʨʠʝʚʳʡ 

ʤʠʰʤʝʪʘʣʣ 
ɾʝʣʝʟʦ ʄʝʜʴ ʂʦʙʘʣʴʪ 

ʂʉ25ɼʎ-150 24-27 - - 1,5-3,5 - 13-20 4-9 ʆʩʪʘʣʴʥʦʝ 

ʂʉ36ɸ 

ʂʉ37 

ʂʉ37ɸ 

35-39 - - - - - - ʆʩʪʘʣʴʥʦʝ 

ʂʉ25ʕɻʜ 

ʂʉ27ʕɻʜ 
24-27 3-5 5-8 - - - - ʆʩʪʘʣʴʥʦʝ 

ʂʄʄ37 - - - - 37-38 - - ʆʩʪʘʣʴʥʦʝ 

ʂʉ10ʄʄ27 

ʂʉ20ʄʄ17 

ʂʉ25ʄʄ12 

8-28 - - - 10-28 - - ʆʩʪʘʣʴʥʦʝ 

 

ɺ ʦʙʦʟʥʘʯʝʥʠʠ ʤʘʨʦʢ ʤʘʪʝʨʠʘʣʦʚ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ: ʂ ï ʢʦʙʘʣʴʪ, ʉ ï ʩʘʤʘʨʠʡ, ʕ ï ʵʨʙʠʡ, ɻʜ ï ʛʘʜʦʣʠʥʠʡ, ɼ ï ʤʝʜʴ, 

ʎ ï ʮʠʨʢʦʥʠʡ, ʄʄ ï ʮʝʨʠʝʚʳʡ ʤʠʰʤʝʪʘʣʣ, ɸ ï ʫʣʫʯʰʝʥʥʘʷ ʪʝʢʩʪʫʨʘ; ʮʠʬʨʳ, ʩʪʦʷʱʠʝ ʧʦʩʣʝ ʙʫʢʚʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʩʨʝʜʥʝʤʫ ʩʦʜʝʨʞʘʥʠʶ ʩʘʤʘʨʠʷ ʠ ʮʝʨʠʝʚʦʛʦ ʤʠʰʤʝʪʘʣʣʘ, ʘ ʮʠʬʨʳ, ʦʪʜʝʣʷʝʤʳʝ ʜʝʬʠʩʦʤ, ï ʟʥʘʯʝʥʠʶ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʧʨʦʠʟʚʝʜʝʥʠʷ (BH)max, ʤʘʪʝʨʠʘʣʘ.  
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ʊʘʙʣʠʮʘ 2.2 ï ɿʥʘʯʝʥʠʷ ʦʩʥʦʚʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʘʛʥʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʢʦʙʘʣʴʪʘ (ʤʘʪʝʨʠʘʣʳ ʤʘʛʥʠʪʦʪʚʝʨʜʳʝ 

ʩʧʝʯʝʥʥʳʝ) 

ʄʘʨʢʘ ʤʘʪʝʨʠʘʣʘ 
ʆʩʪʘʪʦʯʥʘʷ 

ʠʥʜʫʢʮʠʷ,Br, ʊʣ 

ʂʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ ʧʦ 

ʠʥʜʫʢʮʠʠ HCB, ʢɸ/ʤ 

ʂʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ ʧʦ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ HCM, 

ʢɸ/ʤ 

ʄʘʢʩʠʤʘʣʴʥʦʝ 

ʧʨʦʠʟʚʝʜʝʥʠʝ, (BH)max 

ʢɼʞ/ʤ
3 

ʂʉ25ɼʎ-150 0,90 690 900 150 

ʂʉ25ɼʎ-175 0,94 700 900 175 

ʂʉ25ɼʎ-190 0,98 710 900 190 

ʂʉ25ɼʎ-210 1,02 740 900 210 

ʂʉ25ɼʎ-225 1,06 760 900 225 

ʂʉ25ɼʎ-240 1,10 780 900 240 

ʂʉ36ɸ 0,90 660 900 160 

ʂʉ37 0,77 540 1300 110 

ʂʉ37ɸ 0,82 560 1000 130 

ʂʉ25ʕɻʜ 0,68 510 1030 90 

ʂʉ27ʕɻʜ 0,72 550 1030 105 

ʂʄʄ37 0,57 425 630 65 

ʂʉ10ʄʄ27 0,64 470 720 80 

ʂʉ20ʄʄ17 0,70 520 960 95 

ʂʉ25ʄʄ12 0,73 580 1275 110 
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ʊʘʙʣʠʮʘ 2.3 ï ʄʘʨʢʠ ʠ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʤʘʛʥʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʞʝʣʝʟʘ 

ʄʘʨʢʘ ʤʘʪʝʨʠʘʣʘ 
ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ (ʦʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ), % ʄʘʛʥʠʪʥʘʷ 

ʘʥʠʟʦʪʨʦʧʠʷ ɸʣʶʤʠʥʠʡ ʅʠʢʝʣʴ ʄʝʜʴ ʂʦʙʘʣʴʪ ʊʠʪʘʥ ʅʠʦʙʠʡ ʢʨʝʤʥʠʡ ɾʝʣʝʟʦ 

ʖʅɼʏ 13,0-14,0 24,0-25,0 3,0-4,0 
- 

0,2-0,3 

- 

- 

ʆʩʥʦʚʘʥʠʝ 

ʆʪʩʫʪʩʪʚʫʝʪ ʖʅʊʉ 13,0-16,0 32,0-35,0 - 0,4-0,5  

ʖʅɼʂʀ 8,5-10,0 18,0-20,0 3,0-4,0 15,0-19,0 - - 

ʖʅɼʂ 
7,5-8,7 

12,5-15,5 2,0-3,5 23,5-25,0 0,15-0,5 ɼʦ 1,5 

ʇʨʠʩʫʪʩʪʚʫʝʪ 

ʖʅɼʂɸ 12,5-15,0 3,0-4,5 24,0-26,0 ɼʦ 0,3 ɼʦ 0,15 ɼʦ 0,6 

ʖʅɼʂʊ5 6,5-8,2 14,0-16,0 
3,0-4,0 

34,0-35,5 4,5-5,5 ɼʦ1,1 

- 
ʖʅɼʂʊ5ɹɸ 6,5-7,5 

13,5-14,5 
34,5-35,5 

4,0-5,5 ɼʦ 1,2 

ʖʅɼʂʊ5ɸɸ 7,0-7,5 2,5-4,6 5,0-5,5 
- 

ʖʅɼʂʊ8 7,0-8,5 3,0-4,0 38,0-42,0 7,0-9,0 

 

ʇʨʠʤʝʯʘʥʠʝ. ɺ ʦʙʦʟʥʘʯʝʥʠʠ ʤʘʨʦʢ ʩʧʣʘʚʦʚ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ:  

ɹ ï ʥʠʦʙʠʡ; ɼ ï ʤʝʜʴ; ʂ ï ʢʦʙʘʣʴʪ; ʅ ï ʥʠʢʝʣʴ; ʉ ï ʂʨʝʤʥʠʡ; ʊ ï ʊʠʪʘʥ; ʖ ï ɸʣʶʤʠʥʠʡ; ɸ ï ʉʪʦʣʙʯʘʪʫʶ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʘʥʠʟʦʪʨʦʧʠʶ; ɸɸ ï ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ; ʀ ï ʤʘʛʥʠʪʥʫʶ ʠʟʦʪʨʦʧʠʶ.  

ʎʠʬʨʳ ʫʢʘʟʳʚʘʶʪ ʥʘ ʧʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʘ.  
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ʊʘʙʣʠʮʘ 2.4 ï ɿʥʘʯʝʥʠʷ ʦʩʥʦʚʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʘʛʥʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʞʝʣʝʟʘ 

ʄʘʨʢʘ ʤʘʪʝʨʠʘʣʘ 
ʆʩʪʘʪʦʯʥʘʷ 

ʠʥʜʫʢʮʠʷ,Br, ʊʣ 

ʂʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ ʧʦ 

ʠʥʜʫʢʮʠʠ HCB, ʢɸ/ʤ 

ʂʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ ʧʦ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ HCM, 

ʢɸ/ʤ 

ʄʘʢʩʠʤʘʣʴʥʦʝ 

ʧʨʦʠʟʚʝʜʝʥʠʝ, (BH)max 

ʢɼʞ/ʤ
3 

ʖʅɼʏ ʅʝ ʤʝʥʝʝ 0,50 ʅʝ ʤʝʥʝʝ 40,0 - ʅʝ ʤʝʥʝʝ 7,2 

ʖʅʊʉ ʅʝ ʤʝʥʝʝ 0,43 ʅʝ ʤʝʥʝʝ 58,0 - ʅʝ ʤʝʥʝʝ 8,0 

ʖʅɼʂʀ 0,75-0,90 48,0-55,0 - 12,0-19,4 

ʖʅɼʂ 1,11-1,25 40,0-52,0 - 36,0-44,0 

ʖʅɼʂɸ 1,25-1,40 44,0-62,0 - 56,0-60,0 

ʖʅɼʂʊ5 0,75-0,90 92,0-120,0 - 28,0-44,0 

ʖʅɼʂʊ5ɹɸ 1,00-1,10 110,0-120,0 - 72,0-88,0 

ʖʅɼʂʊ5ɸɸ 1,05-1,10 115,0-120,0 - 80,0-88,0 

ʖʅɼʂʊ8 0,70-0,759 145,0-168,0 - ʅʝ ʤʝʥʝʝ 36,0 
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ʊʘʙʣʠʮʘ 2.5 ï ʄʘʨʢʠ ʠ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʤʘʛʥʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʞʝʣʝʟʘ, ʜʝʬʦʨʤʠʨʫʝʤʳʭ 
ʄʘʨʢʘ 

ʤʘʪʝʨʠʘʣʘ 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, % 

ʍʨʦʤ ʂʦʙʘʣʴʪ ɺʘʥʘʜʠʡ ɸʣʤʁʠʥʠʡ ʂʨʝʤʥʠʡ ʊʠʪʘʥ ʅʠʦʙʠʡ ʄʝʜʴ ɾʝʣʝʟʦ 

28ʍ10ʂ 

28ʍ10ʂɸ 
26,5-29,5 9,0-11,0 2,0-3,0 0,2-0,4 - 0,3-0,6 - - 

ʆʩʥʦʚʘʥʠʝ 

25ʍ15ʂ 

25ʍ15ʂɸ 
23,5-26,5 14,0-16,0 0,8-1,2 0,8-1,2 0,3-0,8 - 0,8-1,2 - 

3ʍ15ʂ5ʌɸ 22,0-24,0 14,5-15,5 4,0-6,0 - - - - - 

30ʍ23ʂ 

30ʍ23ʂɸ 
29,0-32,0 21,5-23,5 0,4-1,0 - 0,3-0,8 0,3-0,8 - - 

22ʍ15ʂɸ 22,0-23,0 14,0-16,0 0,3-0,7 - 0,3-0,7 0,8-1,2 - - 

23ʍ15ʂɸ 22,5-24,5 14,0-15,0 0,6-1,0 0,8-1,2 - - 0,8-1,2 - 

25ʍ12ʂ2ɹɸ 24,5-26,5 11,5-13,5 - - - - 1,2-2,5 - 

23ʍ14ʂ3ʌɸ 21,5-23,5 13,0-15,0 2,7-3,2 - 0,2-0,6 - - - 

32ʍ12ʂɼʊ 31,0-33,0 11,0-12,0 - - - 0,8-1,2 - 1,5-2,0 
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ʊʘʙʣʠʮʘ 2.6 ï ɿʥʘʯʝʥʠʷ ʦʩʥʦʚʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʘʛʥʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʞʝʣʝʟʘ 

ʄʘʨʢʘ ʤʘʪʝʨʠʘʣʘ 
ʆʩʪʘʪʦʯʥʘʷ 

ʠʥʜʫʢʮʠʷ,Br, ʊʣ 

ʂʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ ʧʦ 

ʠʥʜʫʢʮʠʠ HCB, ʢɸ/ʤ 

ʂʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ ʧʦ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ HCM, 

ʢɸ/ʤ 

ʄʘʢʩʠʤʘʣʴʥʦʝ 

ʧʨʦʠʟʚʝʜʝʥʠʝ, (BH)max 

ʢɼʞ/ʤ
3 

28ʍ10ʂ 0,8 20  7 

28ʍ10ʂɸ 1,1 38  26 

25ʍ15ʂ 0,9 24  10 

25ʍ15ʂɸ 1,2 40  32 

3ʍ15ʂ5ʌɸ 1,25 42  38 

30ʍ23ʂ 0,75 50  12 

30ʍ23ʂɸ 1,00 55  30 

22ʍ15ʂɸ 1,5 47  56 

23ʍ15ʂɸ 1,23 40  34 

25ʍ12ʂ2ɹɸ 1,25 40  35 

23ʍ14ʂ3ʌɸ 1,27 41  36 

32ʍ12ʂɼʊ 1,05 48  24 
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ʊʘʙʣʠʮʘ 2.7 ï ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʤʘʛʥʠʪʦʚ ʩʠʩʪʝʤʳ ʥʝʦʜʠʤ-ʞʝʣʝʟʦ-ʙʦʨ, 

ʍʠʤʠʯʝʩʢʠʡ 

ʵʣʝʤʝʥʪ 
Nd Co B 

ɼʨʫʛʠʝ ʈɿʕ 

(Dy, ʈr, ʊb) 

ɼʨʫʛʠʝ 

ʵʣʝʤʝʥʪʳ (Al, 

Ga, Nb, Mo, V, 

Ti) 

Fe 

ʂʦʣʠʯʝʩʪʚʦ 10-37 0-20 1-2 0-25 0-5 ʆʩʥʦʚʘʥʠʝ 

 

ʊʘʙʣʠʮʘ 2.8 ï ʄʘʛʥʠʪʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠ ʧʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ (ʜʠʘʧʘʟʦʥʳ ʪʠʧʦʚʳʭ ʟʥʘʯʝʥʠʡ) 

ʉʪʘʥʜʘʨʪʥʘʷ 

ʤʘʨʢʘ NdFeB 

ʘ
*
 ʄʘʢʩʠʤʘʣʴʥʦʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ 

ʧʨʦʠʟʚʝʜʝʥʠʝ (BH)max 
ʢɼʢ/ʤ 

ʆʩʪʘʪʦʯʥʘʷ 

ʤʘʛʥʠʪʥʘʷ 

ʠʥʜʫʢʮʠʷ Br,ʊʣ 

ʂʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ ʄʘʛʥʠʪʥʘʷ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ 

ʚʦʟʚʨʘʪʘ Õrec 

ʇʣʦʪʥʦʩʪʴ d, 

ʢʛ*ʤ
-3 

ʧʦ ʤʘʛʥʠʪʥʦʡ 

ʠʥʜʫʢʮʠʠ HcB.  

ʢɸ/ʤ 

ʧʦ ʥʘʤʘʛʥʠ- 

ʯʝʥʥʦʩʪʠ Hcʄ, 

ʢɸ/ʤ 

ʅʤɹ 200/80 ʘ 200ï220 1.00ï1.08 680ï700 Ó800 

ʆʪ 1.05 

ɼʆ 1,10 

ʆʪ 7.3 

ɼʆ 7.6 

ʅʤɹ 220/80 ʘ 220ï250 1.08ï1.13 680ï700 Ó800 

ʅʤɹ 250/80 ʘ 250ï290 1.13ï1.23 680ï700 Ó800 

ʅʤɹ 290/80 ʘ 290ï320 1.23ï1.31 700ï750 Ó800 

ʅʤɹ 320/88 ʘ 320ï360 1.31ï1.35 7S0ï800 Ó800 

ʅʤɹ 360/90 ʘ 360ï380 1.35ï1.42 800ï850 Ó900 

ʅʤɹ 380/100 ʘ 380ï400 1.42ï1.46 850ï990 Ó1000 

ʅʤɹ 170/110 ʘ 170ï200 0.98ï1.00 700ï720 Ó1100 

ʅʤɹ 200/110 ʘ 200ï220 1.00ï1.06 720ï750 Ó1100 

ʅʤɹ 220/110 ʘ 220ï250 1.08ï1.13 7S0ï840 Ó1100 

ʅʤɹ 250/120 ʘ 250ï280 1.13ï1.24 640ï900 Ó1200 

ʅʤɹ 280/120 ʘ 260ï320 1.24ï1.31 900ï920 Ó1200 

ʅʤɹ 320/120 ʘ 320ï360 1.31ï1.35 920ï940 Ó1200 

ʅʤɹ 360/120 ʘ 360ï380 1.35ï1.38 940ï970 Ó1200 

 

 

ʅʤɹ 150/130 ʘ 150ï170 0.94ï0.96 680ï700 Ó1300 

ʅʤɹ 170/130 ʘ 170ï210 0.98ï1.06 700ï790 Ó1300 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 3.8 

ʅʤɹ 210/130 ʘ 210ï250 1.06ï1.13 790ï840 Ó1300 

 

 

ʅʤɹ 250/130 ʘ 250ï280 1.13ï1.21 840ï880 Ó1300 

ʅʤɹ 280/130 ʘ 260ï310 1.21ï1.30 880ï900 Ó1300 

ʅʤɹ 310/130 ʘ 310ï340 1.30ï1.33 900ï920 Ó1300 

ʅʤɹ 340/130 ʘ 340ï360 1.33ï1.39 920ï980 Ó1300 

ʅʤɹ 150/160 ʘ 150ï170 0.94ï0.98 680ï700 Ó1600 

ʅʤɹ 170/160 ʘ 170ï210 0.98ï1.06 700ï790 Ó1600 

ʅʤɹ 210/160 ʘ 210ï250 1.06ï1.13 790ï840 Ó1600 

ʅʤɹ 250/160 ʘ 250ï280 1.13ï1.21 840ï900 Ó1600 

ʅʤɹ 280/160 ʘ 280ï310 1.21ï1.30 900ï920 Ó1600 

ʅʤɹ 310/160 ʘ 310ï330 1.30ï1.32 920ï950 Ó1600 

ʅʤɹ 150/190 ʘ 150ï170 0.94ï0.98 680ï700 Ó1900 

ʅʤɹ 170/190 ʘ 170ï200 0.98ï1.06 700ï760 Ó1900 

ʅʤɹ 200/190 ʘ 200ï240 1.06ï1.16 760ï840 Ó1900 

ʅʤɹ 240/200 ʘ 240ï260 1.16ï1.21 760ï840 Ó2000 

ʅʤɹ 260/200 ʘ 260ï280 1.21ï1.25 840ï900 Ó2000 

ʅʤɹ 150/240 ʘ 150ï170 0.94ï0.98 680ï700 Ó2400 

ʅʤɹ 170/240 ʘ 170ï210 0.96ï1.06 700ï760 Ó2400 

ʅʤɹ 210/240 ʘ 210ï2S0 1.06ï1.20 760ï830 Ó2400 

ʅʤɹ 250/240 ʘ 250ï280 1.20ï1,25 830ï860 Ó2400 

ʅʤɹ 150/270 ʘ 150ï170 0.94ï0.98 680ï700 Ó2700 

ʅʤɹ 170/270 ʘ 170ï210 0.96ï1.06 700ï780 Ó2700 

ʅʤɹ 210/270 ʘ 210ï250 1.06ï1,20 780ï830 Ó 2700 

* ʘ ï ʥʘʣʠʯʠʝ ʘʥʠʟʦʪʨʦʧʠʠ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ.  
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ʊʘʢʞʝ ʙʳʣʠ ʚʟʷʪʳ ʥʝʢʦʪʦʨʳʝ ʠʟ ʦʩʥʦʚʥʳʭ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʫʩʣʦʚʠʷ ʦʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʛʥʠʪʦʚ, ʘ ʠʤʝʥʥʦ: 

1) ʅʦʨʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʨʘʟʮʦʚ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʜʦʣʞʥʘ ʙʳʪʴ ʚ 

ʧʨʝʜʝʣʘʭ ʦʪ ʧʣʶʩ 15 ʜʦ ʧʣʶʩ 35 Áʉ.  

2) ʅʘʤʘʛʥʠʯʠʚʘʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ ʫʩʪʘʥʦʚʦʢ ʜʦʣʞʥʳ ʚʳʧʦʣʥʷʪʴʩʷ ʚ 

ʩʣʝʜʫʶʱʠʭ ʚʘʨʠʘʥʪʘʭ: 

ʘ) ʵʣʝʢʪʨʦʤʘʛʥʠʪ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʩ ʥʦʤʠʥʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ ʥʝ ʤʝʥʝʝ 2400 ʢɸ/ʤ ʧʨʠ ʜʣʠʥʝ ʨʘʙʦʯʝʛʦ ʟʘʟʦʨʘ, ʨʘʚʥʦʡ ʜʣʠʥʝ 

ʦʙʨʘʟʮʘ; 

ʙ) ʠʤʧʫʣʴʩʥʳʡ ʩʦʣʝʥʦʠʜ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ 

ʥʝ ʤʝʥʝʝ 4500 ʢɸ/ʤ ʚ ʨʘʙʦʯʝʤ ʦʙʲʝʤʝ, ʨʘʚʥʦʤ ʦʙʲʝʤʫ ʦʙʨʘʟʮʘ, ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʩʦ ʟʥʘʯʝʥʠʝʤ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ ʥʝ ʤʝʥʝʝ 1300 ʢɸ/ʤ ʧʨʠ 

ʜʣʠʥʝ ʨʘʙʦʯʝʛʦ ʟʘʟʦʨʘ, ʨʘʚʥʦʡ ʜʣʠʥʝ ʦʙʨʘʟʮʘ.  

 

2.4 ʉʦʩʪʘʚ ʠ ʠʟʛʦʪʦʚʣʝʥʠʝ ʦʙʨʘʟʮʦʚ 

 

ʇʦʩʣʝ ʘʥʘʣʠʟʘ ʩʦʩʪʘʚʘ ʠ ʤʘʛʥʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣʠʮʘʭ 3.1-3.8 ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʫʩʣʦʚʠʷ ʠ ʩʦʩʪʘʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ, ʦʧʠʩʘʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 3.9.  

ʊʘʙʣʠʮʘ 2.9 ï ʉʧʠʩʦʢ ʦʙʨʘʟʮʦʚ 

ˉ ʦʙʨʘʟʮʘ ʀʩʧʦʣʴʟʦʚʘʥʥʳʝ ʧʦʨʦʰʢʠ 
ʄʘʪʝʨʠʘʣ 

ʧʦʜʣʦʞʢʠ 

ʅʘʧʨʷʞʸʥʥʦʩʪʴ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʤʊʣ) 

1 Sm20Fe80 12ʍ18ʅ10ʊ 500-540 

2 Sm20Fe80 12ʍ18ʅ10ʊ ï 

3 Sm37Co63 12ʍ18ʅ10ʊ 500-540 

4 Sm37Co63 ɸʄʛ3 ï 

5 
ʢʦʤʧʦʟʠʮʠʷ ʧʦʨʦʰʢʦʚ 

SmCo (8:5) 
12ʍ18ʅ10ʊ 500-540 

6 Sm37Co63 12ʍ18ʅ10ʊ 500-540 

7 Sm37Co63 12ʍ18ʅ10ʊ 500-540 

8 Sm37Co63 ɸʄʛ3 500-540 

9 Sm20Fe80 ɸʄʛ3 ï 

10 Sm20Fe80 ɸʄʛ3 500-540 

11 ʂʉ25ɼʎ 12ʍ18ʅ10ʊ 500-540 

12 Sm20Fe80 12ʍ18ʅ10ʊ 500-540 
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ɺ ʢʘʯʝʩʪʚʝ ʧʦʜʣʦʞʝʢ ʙʳʣʠ ʚʳʙʨʘʥʳ ʜʚʘ ʥʝʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʘ: 

12ʍ18ʅ10ʊ ʠ ɸʄʛ3. ʇʦʜʣʦʞʢʘ ʠʟ 12ʍ18ʅ10T ʥʝ ʠʤʝʝʪ ʬʝʨʨʦʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ 

ʠʟïʟʘ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʛʘʤʤʘ ʬʘʟʳ ʞʝʣʝʟʘ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʜʣʦʞʢʠ 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʝʨʪʠʬʠʢʘʪʦʤ ʢʘʯʝʩʪʚʘ No. 193/5 ʩʣʝʜʫʶʱʠʡ: Cï 0,04; Siï 043; 

Mnï 0,88; Crï 17.19; Niï 10,26; Cuï 0,20; Tiï 0,59; Moï 0,15; Vï 0,08; ʦʩʥʦʚʘ ï Fʝ.  

ʇʦʜʣʦʞʢʘ ʠʟ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ʤʘʨʢʠ ɸʄʛ3, ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʥʝ ʷʚʣʷʝʪʩʷ 

ʬʝʨʨʦʤʘʛʥʠʪʥʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʥʦ ʷʚʣʷʝʪʩʷ ʧʘʨʘʤʘʛʥʝʪʠʢʦʤ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 

(ʚ %) ʧʦʜʣʦʞʢʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʝʨʪʠʬʠʢʘʪʦʤ ʢʘʯʝʩʪʚʘ ʩʣʝʜʫʶʱʠʡ: Feï 0,5; Znï 

0,2; Siï 0,6; Mnï 0,5; Cuï 0,1; Mgï 3,5; Crï 0,05; Ti ï 0,1; Alïʦʩʥʦʚʘ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʣʶʤʠʥʠʝʚʦʡ ʧʦʜʣʦʞʢʠ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʩʥʠʟʠʪ 

ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʧʦʜʣʦʞʢʠ ʠ ʥʘʧʣʘʚʣʷʝʤʦʛʦ ʤʝʪʘʣʣʘ, ʯʪʦ ʫʣʫʯʰʠʪ 

ʬʝʨʨʦʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʘʝʤʳʭ ʩʪʨʫʢʪʫʨ.  

ʆʙʨʘʟʝʮ ˉ1 ʠʟʛʦʪʦʚʣʝʥ ʤʝʪʦʜʦʤ ʧʦʩʣʦʡʥʦʛʦ ʥʘʧʣʘʚʣʝʥʠʷ ʧʦʨʦʰʢʦʚ 

ʩʘʤʘʨʠʷ (Sm) ʠ ʞʝʣʝʟʘ (Fe), ʥʘ ʦʩʥʦʚʫ ʠʟ 12ʍ18ʅ10ʊ. ʂʘʞʜʳʡ ʩʣʦʡ ʧʦʨʦʰʢʘ 

ʩʧʣʘʚʣʷʣʩʷ ʣʘʟʝʨʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʤʦʱʥʦʩʪʴʶ 600 ɺʪ ʜʣʷ Sm ʠ 500 ɺʪ ʜʣʷ Fe. 

ʇʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʨʘʚʥʘ 25ʭ23 ʤʤ
2
. ɺ ʧʨʦʮʝʩʩʝ 

ʧʦʣʫʯʝʥʠʷ ʥʘ ʦʙʨʘʟʝʮ 1 ʚʦʟʜʝʡʩʪʚʦʚʘʣʦ ʧʦʩʪʦʷʥʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ 

ʥʘʧʨʷʞʸʥʥʦʩʪʴʶ 500-540 ʤʊʣ.  

ʇʝʨʚʳʡ ʦʙʨʘʟʝʮ ʷʚʣʷʝʪʩʷ ʥʘʯʘʣʴʥʦʡ ʪʦʯʢʦʡ, ʦʪ ʢʦʪʦʨʦʡ ʙʫʜʫʪ ʚʝʩʪʠʩʴ 

ʦʩʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʩʨʘʚʥʝʥʠʷ.  

ʆʙʨʘʟʝʮ ˉ2 ʠʟʛʦʪʦʚʣʝʥ ʤʝʪʦʜʦʤ ʧʦʩʣʦʡʥʦʛʦ ʥʘʧʣʘʚʣʝʥʠʷ ʧʦʨʦʰʢʦʚ 

ʩʘʤʘʨʠʷ (Sm) ʠ ʞʝʣʝʟʘ (Fe), ʥʘ ʦʩʥʦʚʫ ʠʟ 12ʍ18ʅ10ʊ. ʂʘʞʜʳʡ ʩʣʦʡ ʧʦʨʦʰʢʘ 

ʩʧʣʘʚʣʷʣʩʷ ʣʘʟʝʨʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʤʦʱʥʦʩʪʴʶ 600 ɺʪ ʜʣʷ Sm ʠ 500 ɺʪ ʜʣʷ Fe. 

ʇʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʨʘʚʥʘ 25ʭ23 ʤʤ
2
. ɺ ʦʪʣʠʯʠʠ ʦʪ 

ʦʙʨʘʟʮʘ ˉ1 ʩʧʣʘʚʣʝʥʠʝ ʩʣʦʸʚ ʤʘʪʝʨʠʘʣʘ ʧʨʦʭʦʜʠʣʦ ʙʝʟ ʚʦʟʜʝʡʩʪʚʠʷ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ. ʉʨʘʚʥʠʚʘʷ ʦʙʨʘʟʮʳ 1 ʠ 2 ʤʦʞʥʦ ʩʫʜʠʪʴ ʦ ʚʣʠʷʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ 

ʩʪʨʫʢʪʫʨʫ ʠ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ.  

ʆʙʨʘʟʝʮ ˉ3 ʠʟʛʦʪʦʚʣʝʥ ʤʝʪʦʜʦʤ ʧʦʩʣʦʡʥʦʛʦ ʥʘʧʣʘʚʣʝʥʠʷ ʧʦʨʦʰʢʦʚ 

ʩʘʤʘʨʠʷ (Sm) ʠ ʢʦʙʘʣʴʪʘ (Co), ʥʘ ʦʩʥʦʚʫ ʠʟ 12ʍ18ʅ10ʊ. ʂʘʞʜʳʡ ʩʣʦʡ ʧʦʨʦʰʢʘ 

ʩʧʣʘʚʣʷʣʩʷ ʣʘʟʝʨʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʤʦʱʥʦʩʪʴʶ 600 ɺʪ ʜʣʷ Sm ʠ 200 ɺʪ ʜʣʷ Co. ɺ 
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ʧʨʦʮʝʩʩʝ ʧʦʣʫʯʝʥʠʷ ʥʘ ʦʙʨʘʟʝʮ 3 ʚʦʟʜʝʡʩʪʚʦʚʘʣʦ ʧʦʩʪʦʷʥʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ 

ʥʘʧʨʷʞʸʥʥʦʩʪʴʶ 500-540 ʤʊʣ. ʋʩʣʦʚʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʙʨʘʟʮʘ ʠʜʝʥʪʠʯʥʳ ʩ 

ʦʙʨʘʟʮʦʤ ˉ1, ʥʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʤʘʪʝʨʠʘʣʳ ʦʪʣʠʯʘʶʪʩʷ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ 

ʠ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʦʙʨʘʟʮʘ ˉ3 ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʩʦʩʪʘʚ ʠ ʝʛʦ ʚʣʠʷʥʠʝ ʥʘ 

ʩʪʨʫʢʪʫʨʫ ʠ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ.  

ʆʙʨʘʟʝʮ ˉ4 ʠʟʛʦʪʦʚʣʝʥ ʤʝʪʦʜʦʤ ʧʦʩʣʦʡʥʦʛʦ ʥʘʧʣʘʚʣʝʥʠʷ ʧʦʨʦʰʢʦʚ 

ʩʘʤʘʨʠʷ (Sm) ʠ ʢʦʙʘʣʴʪʘ (Co), ʥʘ ʦʩʥʦʚʫ ʠʟ ʩʧʣʘʚʘ ɸʄʛ3 ʙʝʟ ʚʦʟʜʝʡʩʪʚʠʷ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʂʘʞʜʳʡ ʩʣʦʡ ʧʦʨʦʰʢʘ ʩʧʣʘʚʣʷʣʩʷ ʣʘʟʝʨʥʳʤ ʠʟʣʫʯʝʥʠʝʤ 

ʤʦʱʥʦʩʪʴʶ 600 ɺʪ ʜʣʷ Sm ʠ 200 ɺʪ ʜʣʷ Co. ɺ ʧʨʦʮʝʩʩʝ ʥʘʧʣʘʚʢʠ ʧʦʨʦʰʦʢ Sm 

ʥʘʧʣʘʚʣʷʣʩʷ ʥʘ ʧʦʜʣʦʞʢʫ, ʘ ʧʦʨʦʰʦʢ Co ʥʘʧʣʘʚʣʷʣʩʷ ʥʘ ʧʦʜʩʣʦʡ ʠʟ ʧʦʨʦʰʢʘ Sm. 

ʏʝʪʚʸʨʪʳʡ ʦʙʨʘʟʝʮ ʧʦʟʚʦʣʠʪ ʦʧʨʝʜʝʣʠʪʴ ʚʣʠʷʥʠʝ ʧʦʜʣʦʞʢʠ ʥʘ ʩʚʦʡʩʪʚʘ 

ʧʦʣʫʯʘʝʤʳʭ ʩʪʨʫʢʪʫʨ. ʕʪʦʪ ʦʙʨʘʟʝʮ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʩʨʘʚʥʝʥʠʡ 

ʚʣʠʷʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʧʦʣʫʯʘʝʤʳʝ ʤʘʪʝʨʠʘʣʳ.  

ʆʙʨʘʟʝʮ ˉ5 ʠʟʛʦʪʦʚʣʝʥ ʤʝʪʦʜʦʤ ʥʘʧʣʘʚʣʝʥʠʷ ʩʧʨʝʩʩʦʚʘʥʥʦʡ ʢʦʤʧʦʟʠʮʠʠ 

ʧʦʨʦʰʢʦʚ Sm ʠ Co (5:8) ʣʘʟʝʨʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʥʘ ʧʦʜʣʦʞʢʫ ʠʟ 12ʍ18ʅ10ʊ ʚ 

ʧʦʩʪʦʷʥʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʥʘʧʨʷʞʸʥʥʦʩʪʴʶ 500-540 ʤʊʣ. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʧʦʣʫʯʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʟʚʦʣʠʪ ʦʮʝʥʠʪʴ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʩʦ 

ʩʧʨʝʩʩʦʚʘʥʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ.  

ʆʙʨʘʟʝʮ ˉ6 ʠʟʛʦʪʦʚʣʝʥ ʤʝʪʦʜʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʣʘʟʝʨʥʦʡ ʥʘʧʣʘʚʢʦʡ 

ʧʦʨʦʰʢʦʚ ʩʘʤʘʨʠʷ (Sm) ʠ ʢʦʙʘʣʴʪʘ (Co) ʥʘ ʧʦʜʣʦʞʢʫ ʠʟ 12ʍ18ʅ10ʊ ʚ ʧʦʩʪʦʷʥʥʦʤ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʥʘʧʨʷʞʸʥʥʦʩʪʴʶ 500-540 ʤʊʣ. ʂʘʞʜʳʡ ʩʣʦʡ ʧʦʨʦʰʢʘ ʩʧʣʘʚʣʷʣʩʷ 

ʣʘʟʝʨʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʤʦʱʥʦʩʪʴʶ 600 ɺʪ ʜʣʷ Sm ʠ 200 ɺʪ ʜʣʷ Co.  

ʆʙʨʘʟʝʮ ˉ7 ʠʟʛʦʪʦʚʣʝʥ ʤʝʪʦʜʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʣʘʟʝʨʥʦʡ ʥʘʧʣʘʚʢʦʡ 

ʧʦʨʦʰʢʦʚ ʩʘʤʘʨʠʷ (Sm) ʠ ʢʦʙʘʣʴʪʘ (Co) ʥʘ ʧʦʜʣʦʞʢʫ ʠʟ 12ʍ18ʅ10ʊ ʚ ʧʦʩʪʦʷʥʥʦʤ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʥʘʧʨʷʞʸʥʥʦʩʪʴʶ 500-540 ʤʊʣ. ʂʘʞʜʳʡ ʩʣʦʡ ʧʦʨʦʰʢʘ ʩʧʣʘʚʣʷʣʩʷ 

ʣʘʟʝʨʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʤʦʱʥʦʩʪʴʶ 600 ɺʪ ʜʣʷ Sm ʠ 200 ɺʪ ʜʣʷ Co. ɼʣʷ ʧʦʚʳʰʝʥʠʷ 

ʢʘʯʝʩʪʚʘ ʟʘʱʠʪʥʦʡ ʘʪʤʦʩʬʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥ ʩʦʩʫʜ ʩ ʚʳʩʦʢʠʤʠ ʩʪʝʥʢʘʤʠ, 

ʧʨʝʜʦʪʚʨʘʱʘʶʱʠʡ ʫʪʝʯʢʫ ʘʨʛʦʥʘ.  

ʆʙʨʘʟʝʮ ˉ8 ʠʟʛʦʪʦʚʣʝʥ ʤʝʪʦʜʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʣʘʟʝʨʥʦʡ ʥʘʧʣʘʚʢʦʡ 

ʧʦʨʦʰʢʘ ʩʘʤʘʨʠʷ (Sm) ʠ ʢʦʙʘʣʴʪʘ (Co) ʥʘ ʧʦʜʣʦʞʢʝ ʠʟ ʩʧʣʘʚʘ ɸʄʛ3 ʚ ʧʦʩʪʦʷʥʥʦʤ 
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ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʥʘʧʨʷʞʸʥʥʦʩʪʴʶ 500-540 ʤʊʣ. ʂʘʞʜʳʡ ʩʣʦʡ ʧʦʨʦʰʢʘ ʩʧʣʘʚʣʷʣʩʷ 

ʣʘʟʝʨʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʤʦʱʥʦʩʪʴʶ 600 ɺʪ ʜʣʷ Sm ʠ 200 ɺʪ ʜʣʷ Co. ɼʣʷ ʧʦʚʳʰʝʥʠʷ 

ʢʘʯʝʩʪʚʘ ʟʘʱʠʪʥʦʡ ʘʪʤʦʩʬʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥ ʩʦʩʫʜ ʩ ʚʳʩʦʢʠʤʠ ʩʪʝʥʢʘʤʠ, 

ʧʨʝʜʦʪʚʨʘʱʘʶʱʠʡ ʫʪʝʯʢʫ ʘʨʛʦʥʘ.  

ʆʙʨʘʟʝʮ ˉ9 ʠʟʛʦʪʦʚʣʝʥ ʤʝʪʦʜʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʣʘʟʝʨʥʦʡ ʥʘʧʣʘʚʢʦʡ 

ʧʦʨʦʰʢʘ ʩʘʤʘʨʠʷ (Sm) ʠ ʞʝʣʝʟʘ (Fe) ʥʘ ʧʦʜʣʦʞʢʫ ʠʟ ʩʧʣʘʚʘ ɸʄʛ3 ʙʝʟ ʚʦʟʜʝʡʩʪʚʠʷ 

ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʂʘʞʜʳʡ ʩʣʦʡ ʧʦʨʦʰʢʘ ʩʧʣʘʚʣʷʣʩʷ ʣʘʟʝʨʥʳʤ 

ʠʟʣʫʯʝʥʠʝʤ ʤʦʱʥʦʩʪʴʶ 600 ɺʪ ʜʣʷ Sm ʠ 500 ɺʪ ʜʣʷ Fe.  ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ 

ʟʘʱʠʪʥʦʡ ʘʪʤʦʩʬʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥ ʩʦʩʫʜ ʩ ʚʳʩʦʢʠʤʠ ʩʪʝʥʢʘʤʠ, ʧʨʝʜʦʪʚʨʘʱʘʶʱʠʡ 

ʫʪʝʯʢʫ ʘʨʛʦʥʘ.  

ʆʙʨʘʟʝʮ ˉ10 ʠʟʛʦʪʦʚʣʝʥ ʤʝʪʦʜʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʣʘʟʝʨʥʦʡ ʥʘʧʣʘʚʢʦʡ 

ʧʦʨʦʰʢʘ ʩʘʤʘʨʠʷ (Sm) ʠ ʞʝʣʝʟʘ (Fe) ʥʘ ʧʦʜʣʦʞʢʫ ʠʟ ʩʧʣʘʚʘ ɸʄʛ3 ʚ ʧʦʩʪʦʷʥʥʦʤ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʥʘʧʨʷʞʸʥʥʦʩʪʴʶ 500-540 ʤʊʣ. ʂʘʞʜʳʡ ʩʣʦʡ ʧʦʨʦʰʢʘ ʩʧʣʘʚʣʷʣʩʷ 

ʣʘʟʝʨʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʤʦʱʥʦʩʪʴʶ 600 ɺʪ ʜʣʷ Sm ʠ 500 ɺʪ ʜʣʷ Fe. ɼʣʷ ʧʦʚʳʰʝʥʠʷ 

ʢʘʯʝʩʪʚʘ ʟʘʱʠʪʥʦʡ ʘʪʤʦʩʬʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥ ʩʦʩʫʜ ʩ ʚʳʩʦʢʠʤʠ ʩʪʝʥʢʘʤʠ, 

ʧʨʝʜʦʪʚʨʘʱʘʶʱʠʡ ʫʪʝʯʢʫ ʘʨʛʦʥʘ.  

ʆʙʨʘʟʝʮ ˉ11 ʧʦʣʫʯʝʥ ʧʦʩʨʝʜʩʪʚʦʤ ʣʘʟʝʨʥʦʡ ʧʦʨʦʰʢʦʚʦʡ ʥʘʧʣʘʚʢʠ 

ʧʦʨʦʰʢʘ ʩʧʣʘʚʘ ʂʉ25ɼʎ ʥʘ ʧʦʜʣʦʞʢʫ ʠʟ 12ʍ18ʅ10ʊ.  

ʇʦʨʦʦhʢ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʟʛʦʪʦʚʣʝʥ ʧʫʪʸʤ ʨʘʟʤʦʣʘ ʮʝʣʴʥʦʛʦ ʩʣʠʪʢʘ ʚ 

ʢʝʨʘʤʠʯʝʩʢʦʡ ʩʪʫʧʢʝ ʩ ʟʘʱʠʪʥʦʡ ʩʨʝʜʦʡ ʚ ʚʠʜʝ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʵʪʠʣʦʚʦʛʦ 

ʩʧʠʨʪʘ. ʇʦʩʣʝ ʨʘʟʤʦʣʘ ʧʦʨʦʰʦʢ ʨʘʩʩʝʠʚʘʣʩʷ ʧʦ ʬʨʘʢʮʠʷʤ: ʜʦ 50 ʤʢʤ ʠ 50-100 

ʤʢʤ. ɺ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʦʨʦʰʦʢ ʬʨʘʢʮʠʠ 50-100 ʤʢʤ.  

ʂʦʤʧʦʟʠʮʠʷ ʠʟ 20ʛ ʧʦʨʦʰʢʘ ʠ ʩʚʷʟʫʶʱʝʛʦ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʧʦʣʠʚʠʥʠʣʦʚʦʛʦ 

ʩʧʠʨʪʘ ((C2H4O)x) (0,5 ʛ), ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ (H3BO3) (0,5ʛ), ʩʦʨʙʠʪʘ (C6H14O6) (1 ʛ) ʠ 

ʧʨʦʧʠʣʝʥʛʣʠʢʦʣʠ (3 ʤʣ
3
) ʥʘʥʦʩʠʣʘʩʴ ʥʘ ʧʦʜʣʦʞʢʫ ʠʟ ʩʧʣʘʚʘ 12ʍ18ʅ10ʊ. ʊʦʣʱʠʥʘ 

ʥʘʥʦʩʠʤʦʛʦ ʩʣʦʷ ʩʦʩʪʘʚʣʷʣʘ 1Ñ0,1 ʤʤ. ʇʦʩʣʝ ʧʦʣʥʦʛʦ ʚʳʩʳʭʘʥʠʷ ʩʦʩʪʘʚʘ, ʦʙʨʘʟʝʮ 

ʧʦʤʝʱʘʣʩʷ ʚ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʛʜʝ ʧʨʦʚʦʜʠʣʦʩʴ ʩʧʣʘʚʣʝʥʠʝ ʧʦʨʦʰʢʘ ʣʘʟʝʨʥʳʤ 

ʠʟʣʫʯʝʥʠʝʤ ʤʦʱʥʦʩʪʴʶ 450ɺʪ. ʉʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʩʦʩʪʘʚʣʷʣʘ 10 ʤʤ/ʩ.  
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ʀʩʧʦʣʴʟʫʝʤʦʝ ʩʚʷʟʫʶʱʝʝ ʧʦʟʚʦʣʷʝʪ ʫʜʝʨʞʠʚʘʪʴ ʥʘʥʦʩʠʤʳʡ ʧʦʨʦʰʦʢ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ ʧʨʠ ʣʘʟʝʨʥʦʡ ʦʙʨʘʙʦʪʢʝ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. ʂʦʤʧʦʥʝʥʪʳ 

ʩʚʷʟʫʶʱʝʛʦ ʧʦʜʦʙʨʘʥʳ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʥʝ ʜʦʧʫʩʢʘʪʴ ʦʢʠʩʣʝʥʠʷ ʧʦʨʦʰʢʘ ʠ 

ʫʣʝʪʫʯʠʚʘʪʴʩʷ ʧʨʠ ʣʘʟʝʨʥʦʡ ʦʙʨʘʙʦʪʢʝ.  

ʇʦʨʦʰʦʢ ʩʧʣʘʚʣʷʣʩʷ ʣʘʟʝʨʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʜʦ ʦʜʥʦʨʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

ʇʨʦʮʝʩʩ ʧʣʘʚʣʝʥʠʷ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʝʪʘʣʣʘ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʸʤʢʦʩʪʠ, 

ʟʘʧʦʣʥʝʥʥʦʡ ʘʨʛʦʥʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʦʩʪʦʷʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩ 

ʥʘʧʨʷʞʸʥʥʦʩʪʴʶ 500-540 ʤT.  

ʆʙʨʘʟʝʮ ˉ12 ʠʟʛʦʪʦʚʣʝʥ ʧʫʪʸʤ ʩʧʣʘʚʣʝʥʠʷ ʧʦʨʦʰʢʦʚ Sm ʠ Fe (20 ʢ 80), ʚ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. ʈʝʞʠʤ ʩʧʣʘʚʣʝʥʠʷ ʦʙʨʘʟʮʘ ʘʥʘʣʦʛʠʯʝʥ ʨʝʞʠʤʘʤ ʜʣʷ ʦʙʨʘʟʮʘ 1, 

ʦʜʥʘʢʦ, ʚʤʝʩʪʦ ʢʘʥʠʬʦʣʠ ʠʩʧʦʣʴʟʦʚʘʥ ʧʦʣʠʩʪʠʨʦʣ ʚ ʢʘʯʝʩʪʚʝ ʘʛʝʥʪʘ, 

ʫʜʝʨʞʠʚʘʶʱʝʛʦ ʧʦʨʦʰʦʢ ʥʘ ʧʦʜʣʦʞʢʝ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʦʧʠʩʘʥʦ ʚ ʛʣʘʚʝ 4.  

 

2.5 ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 2  

ɺʦ ʚʪʦʨʦʡ ʛʣʘʚʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʠʩʧʦʣʴʟʫʝʤʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʤʝʪʦʜʠʢʠ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʜʦʩʪʠʯʴ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʤʘʛʥʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʈʘʟʨʘʙʦʪʘʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʤʝʪʦʜʦʤ ʣʘʟʝʨʥʦʛʦ ʘʜʜʠʪʠʚʥʦʛʦ ʩʧʣʘʚʣʝʥʠʷ ʧʦʨʦʰʢʦʚʳʭ ʢʦʤʧʦʟʠʮʠʡ ʚ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʥʘ ʥʝʤʘʛʥʠʪʥʳʭ ʧʦʜʣʦʞʢʘʭ. ɹʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʨʝʞʠʤʳ 

ʜʣʷ ʨʘʙʦʪʳ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʧʦʨʦʰʢʘʤʠ Sm, Co, Fe ʠ ʠʭ ʢʦʤʧʦʟʠʮʠʡ.  

ʋ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʠʩʩʣʝʜʦʚʘʥ ʩʦʩʪʘʚ ʠ ʤʘʛʥʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʀʩʧʦʣʴʟʫʝʤʳʡ ʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʠʣ ʦʧʨʝʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, 

ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʩʦʜʝʨʞʘʪʴʩʷ ʚ ʧʦʣʫʯʘʝʤʳʭ ʩʪʨʫʢʪʫʨʘʭ. ɸʥʘʣʠʟ ʤʘʛʥʠʪʥʳʭ 

ʩʚʦʡʩʪʚ ʦʙʨʘʟʮʦʚ 0.1, 0.2 ʠ 0.3 (ʨʠʩʫʥʦʢ 2.8) ʧʦʢʘʟʘʣ, ʯʪʦ ʧʦʣʫʯʘʝʤʳʝ ʦʙʨʘʟʮʳ 

ʷʚʣʷʶʪʩʷ ʤʷʛʢʠʤʠ ʬʝʨʨʦʤʘʛʥʝʪʠʢʘʤʠ. ʅʘʩʳʱʝʥʠʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʦʙʨʘʟʮʦʚ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʥʘʧʨʷʞʸʥʥʦʩʪʴʶ Ñ 4000 Oe (ʦʙʨʘʟʝʮ 0.1), Ñ8000 Oe 

(ʦʙʨʘʟʝʮ 0.2) ʠ Ñ12000 Oe (ʦʙʨʘʟʝʮ 0.3) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʘʛʥʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʫʯʘʝʤʳʭ ʩʪʨʫʢʪʫʨ ʥʘ ʉʂɺʀɼ 

ʤʘʛʥʠʪʦʤʝʪʨʝ ʧʦʜʪʚʝʨʜʠʣʦ ʬʝʨʨʦʤʘʛʥʠʪʥʫʶ ʧʨʠʨʦʜʫ ʤʘʪʝʨʠʘʣʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 
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ʧʨʦʚʝʜʝʥʠʝ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʦʧʨʘʚʜʘʥʦ ʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ.  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʝʜʳʜʫʱʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʦ ʧʨʠʥʷʪʦ 

ʨʝʰʝʥʠʝ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʧʨʝʩʩʦʚʘʥʥʦʛʦ ʧʦʨʦʰʢʘ ʠʟ-ʟʘ ʫʩʣʦʞʥʝʥʠʷ 

ʧʨʦʮʝʩʩʘ.  

ɺr ʙʨʘʥʦ ʜʚʘ ʪʠʧʘ ʧʦʜʣʦʞʝʢ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʪʠʧʦʚ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʠʤʝʥʥʦ 12ʍ18ʅ10ʊ ʠ ɸʄʛ3. ɺʳʙʨʘʥʥʳʝ 

ʧʦʜʣʦʞʢʠ ʥʝ ʠʤʝʶʪ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʭ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ, ʯʪʦ ʧʦʟʚʦʣʠʪ 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ ʧʨʠ ʥʘʧʣʘʚʢʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʦʙʨʘʟʮʦʚ.  
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ɻʃɸɺɸ 3 ʀʉʉʃɽɼʆɺɸʅʀɽ ʉʆʉʊɸɺɸ ʀ ʉʊʈʋʂʊʋʈʓ ʆɹʈɸɿʎʆɺ 

ʄɸɻʅʀʊʅʆɻʆ ʄɸʊɽʈʀɸʃɸ, ʇʆʃʋʏɽʅʅʆɻʆ ʉ ʇʈʀʄɽʅɽʅʀɽʄ 

ʃɸɿɽʈʅʆʁ ɸɼɼʀʊʀɺʅʆʁ ʊɽʍʅʆʃʆɻʀʀ  

 

ɺ ʪʨʝʪʴʝʡ ʛʣʘʚʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ 

ʩʪʨʫʢʪʫʨ, ʧʦʣʫʯʝʥʥʳʭ ʧʦʩʣʦʡʥʦʡ ʥʘʧʣʘʚʢʦʡ ʧʦʨʦʰʢʦʚ ʤʝʪʘʣʣʦʚ (Sm, Co ʠ Fe) ʥʘ 

ʬʝʨʨʠʤʘʛʥʠʪʥʫʶ ʧʦʜʣʦʞʢʫ ʠʟ ʩʧʣʘʚʘ 12ʍ18ʅ10ʊ. ʉ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ 

ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʝʪʘʣʣʦʚ ʚ ʩʪʨʫʢʪʫʨʝ ʩ ʪʦʣʱʠʥʦʡ ʥʘʧʣʘʚʣʷʝʤʳʭ 

ʩʣʦʸʚ ʜʦ 1 ʤʤ.  

 

3.1 ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʙʨʘʟʮʘ ˉ1 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʦʨʬʦʣʦʛʠʠ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʧʦʣʫʯʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʧʨʦʚʝʜʝʥʦ ʥʘ ʩʢʘʥʠʨʫʶʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ Hitachi S3400 ʪʠʧʘ II ʧʦʩʣʝ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʪʨʘʚʣʝʥʠʷ ʠʦʥʥʳʤ ʣʫʯʦʤ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʛʨʘʥʠʮ ʟʝʨʥʘ ʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʩ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʜʠʩʧʝʨʩʠʝʡ (ʈʉʕɼ).  

ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʙʳʣʠ ʠʟʫʯʝʥʳ ʥʘ SQUID ʤʘʛʥʠʪʦʤʝʪʨʝ MPNS XL 

(Quantum Design) ʩ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʜʦ 40000 ʕʨʩʪʝʜ (4 ʊʝʩʣʘ) ʚ ʜʠʘʧʘʟʦʥʝ 

ʪʝʤʧʝʨʘʪʫʨ 4ï300 ʂ. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʩʦʩʪʘʚ ʥʘʧʣʘʚʣʝʥʥʳʭ ʩʪʨʫʢʪʫʨ 

ʙʳʣʠ ʠʟʫʯʝʥʳ ʥʘ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ D8 ADVANCE (Bruker) ʚ ʦʙʣʘʩʪʠ 

2ɗ ʫʛʣʦʚ ʦʪ 5 ʜʦ 90Á ʩ ʰʘʛʦʤ 0,02 (BreggïBrentano ʤʝʪʦʜ, CuKŬ ʠʟʣʫʯʝʥʠʝ, ɗ/ɗï

ʩʢʘʥʠʨʦʚʘʥʠʝ, ʛʨʘʬʠʪʦʚʳʡ ʤʦʥʦʭʨʦʤʘʪʦʨ ʜʣʷ ʦʪʨʘʞʸʥʥʦʛʦ ʧʫʯʢʘ).  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʧʣʘʚʣʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʦʙʨʘʟʝʮ 1) ʧʦʢʘʟʘʣʦ, 

ʯʪʦ ʤʘʪʝʨʠʘʣ ʦʢʠʩʣʷʝʪʩʷ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʨʠʤʝʥʝʥʠʝ ʟʘʱʠʪʥʦʡ ʘʪʤʦʩʬʝʨʳ. ɺ 

ʥʘʧʣʘʚʣʝʥʥʦʤ ʤʝʪʘʣʣʝ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʪʘʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʢʘʢ: Sm2O3 

(ʤʦʥʦʢʣʠʥʥʘʷ), SmO (ʢʫʙʠʯʝʩʢʘʷ), FeO (ʢʫʙʠʯʝʩʢʘʷ) ʠ Fe2C, (ʦʨʪʦʨʦʤʙʠʯʝʩʢʠʡ) 

[113].  
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʥʘ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʤ ʰʣʠʬʝ ʦʙʨʘʟʮʘ 1 ʥʘ 

ʩʢʘʥʠʨʫʶʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ (ʉʕʄ) ʧʦʢʘʟʘʣʦ ʥʘʣʠʯʠʝ ʧʦʨ, ʪʨʝʱʠʥ ʠ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ (ʨʠʩʫʥʦʢ 3.1, ʘ-ʛ).  

  

ʘ)                  ʙ) 

  

ʚ)                 ʛ) 

ʈʠʩʫʥʦʢ 3.1 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʦʣʫʯʝʥʥʳʭ ʩʪʨʫʢʪʫʨ Sm-Fe: 

ʘ - ʦʙʨʘʟʝʮ ˉ 1 ʥʘ ʫʚʝʣʠʯʝʥʠʠ ʍ35; ʙ - ʥʘ ʫʚʝʣʠʯʝʥʠʠ ʍ100; ʚ - ʥʘ ʫʚʝʣʠʯʝʥʠʠ ʍ400; ʛ - ʥʘ 

ʫʚʝʣʠʯʝʥʠʠ ʍ5000 

 

ʆʙʥʘʨʫʞʝʥʥʳʝ ʜʝʬʝʢʪʳ ʥʘʙʣʶʜʘʶʪʩʷ ʦʪ 35ïʢʨʘʪʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ 

ʧʦʧʝʨʝʯʥʦʛʦ ʩʨʝʟʘ (ʨʠʩʫʥʦʢ 3.1). ɺ ʠʩʩʣʝʜʫʝʤʦʡ ʦʙʣʘʩʪʠ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ 

ʤʘʢʨʦʪʨʝʱʠʥʳ (ʨʠʩʫʥʦʢ 3.1ʙ, ʙʝʣʳʡ ʢʨʫʛ) ʠ ʤʠʢʨʦʪʨʝʱʠʥ ʥʠʟʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

(ʨʠʩʫʥʦʢ 3.1, ʚ).  

ʇʨʠ ʙʦʣʴʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʢʨʠʩʪʘʣʣʳ, ʨʘʟʤʝʨʦʤ ʦʪ 1 ʜʦ 

ʜʝʩʷʪʢʦʚ ʤʠʢʨʦʥ (ʨʠʩʫʥʦʢ 3.1, ʛ). ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʭ5000 ʤʦʞʥʦ ʫʚʠʜʝʪʴ, ʯʪʦ 

ʤʘʣʳʝ ʟʝʨʥʘ (5ï20 ʤʢʤ) ʩʝʨʦʛʦ ʮʚʝʪʘ ʦʪʜʝʣʝʥʳ ʦʜʠʥ ʦʪ ʜʨʫʛʦʛʦ ʠ ʚʩʪʨʦʝʥʳ ʚ 

ʩʚʝʪʣʫʶ ʤʘʪʨʠʮʫ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʨʘʙʦʪʘ ʚʳʭʦʜʘ ʵʣʝʢʪʨʦʥʦʚ ʠʟ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ 
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ʤʝʪʘʣʣʦʚ (ʥʘʧʨʠʤʝʨ, Sm) ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, ʯʝʤ ʫ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, 

ʧʦʵʪʦʤʫ ʷʨʢʘʷ ʤʘʪʨʠʮʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʦʩʪʘʚʫ, ʦʙʦʛʘʱʸʥʥʦʤʫ Sm, ʥʦ ʚ ʩʦʩʪʘʚ 

ʙʦʣʝʝ ʪʝʤʥʳʭ (ʩʝʨʳʭ) ʟʸʨʝʥ ʚʭʦʜʷʪ ʚ ʦʩʥʦʚʥʦʤ ʘʪʦʤʳ ʞʝʣʝʟʘ.  

ʇʨʦʚʦʜʠʤʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʘʚʘ ʦʙʨʘʟʮʘ ˉ1 ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ 

ʫʚʝʣʠʯʝʥʠʠ ʠ ʦʜʥʦʢʨʘʪʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʩʧʝʢʪʨʘ ʈʉʕɼ ʩ ʚʳʜʝʣʝʥʥʳʭ ʫʯʘʩʪʢʦʚ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʙʣʘʩʪʠ ʦʙʦʛʘʱʸʥʥʳʝ Sm (ʫʯʘʩʪʦʢ 3 ʥʘ ʨʠʩʫʥʢʝ 3.2, ʘ) ʩʦʜʝʨʞʘʪ 

43,6% (ʚʝʩʦʚʳʭ) Sm, ʘ ʪʘʢʞʝ 29,4% (ʚʝʩʦʚʳʭ) Fe. ɺ ʩʦʩʪʘʚ ʫʯʘʩʪʢʘ ʪʘʢʞʝ ʚʭʦʜʷʪ 

ʥʝʙʦʣʴʰʠʝ ʢʦʣʠʯʝʩʪʚʘ ʘʪʦʤʦʚ Ni (15,1%), Cr (8,3%) ʠ ʜʦ 1.5% ʘʪʦʤʦʚ C, Si ʠ Cu. 

(ʨʠʩʫʥʦʢ 3.2).  

ʇʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʦʙʣʘʩʪʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 

1,2%, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʤʘʣʦʤ ʢʦʣʠʯʝʩʪʚʝ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʷʨʢʠʝ ʦʙʣʘʩʪʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʧʣʘʚ SmïFe ʩ ʥʝʙʦʣʴʰʠʤʠ 

ʜʦʙʘʚʢʘʤʠ ʘʪʦʤʦʚ Ni ʠ Cr. ʇʦʩʣʝʜʥʠʝ, ʧʦïʚʠʜʠʤʦʤʫ, ʧʦʷʚʣʷʶʪʩʷ ʠʟ ʧʦʜʣʦʞʢʠ ʟʘ 

ʩʯʸʪ ʜʠʬʬʫʟʠʠ ʚ ʤʦʤʝʥʪ ʨʘʩʧʣʘʚʘ ʧʦʨʦʰʢʘ, ʠ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʣʘʩʪʠ 

ʤʘʪʝʨʠʘʣʘ ʧʦʜʣʦʞʢʠ.  
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ʘ) 

 

ʙ) 

 

ʚ) 

ʈʠʩʫʥʦʢ 4.2 ï ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʦʩʪʘʚʘ ʦʙʨʘʟʮʘ ˉ1: 

ʘ ï ʉʕʄ ʠʟʦʙʨʘʞʝʥʠʝ ʪʦʯʝʢ ʘʥʘʣʠʟʘ; ʙ ï ʚ ʪʦʯʢʝ 1; ʚ - ʚ ʪʦʯʢʝ 3 
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3.2 ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʙʨʘʟʮʘ ˉ2 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʮʘ ˉ2 [114] ʥʘ ʉʕʄ ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʚʝʨʭʥʠʡ ʩʣʦʡ ʪʦʣʱʠʥʦʡ 60ï120 ʥʤ ʩʦʩʪʦʠʪ ʠʟ ʟʸʨʝʥ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʧʦʯʪʠ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ. ʇʨʠ ʵʪʦʤ ʦʥ, ʚ ʦʩʥʦʚʥʦʤ, ʟʥʘʯʠʪʝʣʴʥʦ 

ʦʙʦʛʘʱʝʥ ʩʘʤʘʨʠʝʤ (ʨʠʩʫʥʦʢ 3.3). ʊʦʣʱʠʥʘ ʦʙʦʛʘʱʸʥʥʦʛʦ ʩʣʦʷ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 0,6 

ʜʦ 1,8 ʤʢʤ.  

ʆʥ ʠʤʝʝʪ ʥʝʙʦʣʴʰʦʡ ʢʦʥʪʨʘʩʪ ʠ ʩʦʩʪʦʠʪ ʠʟ ʤʠʢʨʦʟʸʨʝʥ ʦʙʦʛʘʱʸʥʥʳʭ Sm ʠ 

ʧʦʜʣʦʞʢʠ. ʄʠʢʨʦʪʨʝʱʠʥʳ ʠ ʤʘʢʨʦʧʦʨʳ ʥʝ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʚ ʚʝʨʭʥʝʤ ʠ 

  

ʘ)                       ʙ) 

  

ʚ)                       ʛ) 

ʈʠʩʫʥʦʢ 3.3 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʘ ˉ2: 

ʘ - ʥʘ ʫʚʝʣʠʯʝʥʠʠ ʍ140; ʙ - ʥʘ ʫʚʝʣʠʯʝʥʠʠ ʍ270; ʚ - ʥʘ ʫʚʝʣʠʯʝʥʠʠ ʍ550; 

ʛ - ʥʘ ʫʚʝʣʠʯʝʥʠʠ ʍ2000  
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ʥʠʞʥʝʤ ʩʣʦʷʭ (ʨʠʩʫʥʦʢ 3.3 ʙ, ʚ). ʇʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ ʫʚʝʣʠʯʝʥʠʠ (ʭ2000) ʤʦʞʥʦ 

ʦʙʥʘʨʫʞʠʪʴ (ʨʠʩʫʥʦʢ 3.3, ʛ) ʟʝʨʥʘ (20ï30 ʤʢʤ) ʚ ʚʠʜʝ ʜʣʠʥʥʳʭ ʠ ʨʘʟʥʦ 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʪʝʤʥʳʭ ʧʦʣʦʩ ʩ ʣʸʛʢʠʤ ʩʚʝʪʣʳʤ ʢʦʥʪʫʨʦʤ ʥʘ ʢʨʘʷʭ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʘʟʜʝʣʝʥʠʠ ʩʦʝʜʠʥʝʥʠʡ, ʦʙʦʛʘʱʸʥʥʳʭ ʘʪʦʤʘʤʠ Sm ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʨʥʘ ʩ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʤ ʚʢʣʘʜʦʤ ʯʠʩʪʦʛʦ ʞʝʣʝʟʘ.  

ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʘʚʘ ʧʦʧʝʨʝʯʥʦʛʦ ʩʨʝʟʘ ʦʙʨʘʟʮʘ ˉ2 ʩ 

ʤʘʢʩʠʤʘʣʴʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ (ʨʠʩʫʥʦʢ 3.4, ʘ) ʠ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʝʡ 

ʈʉʕɼ ʩʧʝʢʪʨʦʚ ʩ ʚʳʜʝʣʝʥʥʳʭ ʫʯʘʩʪʢʦʚ (ʨʠʩʫʥʦʢ 3.4, ʙ) ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʙʣʘʩʪʠ 

ʦʙʦʛʘʱʸʥʥʳʝ Sm (ʫʯʘʩʪʦʢ 4 ʥʘ ʨʠʩʫʥʢʝ 3.4, ʘ) ʩʦʜʝʨʞʘʪ ʜʦ 45,2% (ʚʝʩʦʚʳʭ) 

ʘʪʦʤʦʚ Sm, ʘ ʪʘʢʞʝ 25,2% (ʚʝʩʦʚʳʭ) ʘʪʦʤʦʚ Fe. ɺ ʩʦʩʪʘʚ ʫʯʘʩʪʢʘ ʚʭʦʜʷʪ ʟʘʤʝʪʥʳʝ 

ʢʦʣʠʯʝʩʪʚʘ Ni (18,7%), Cr (8,6%) ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ʘʪʦʤʦʚ C, Mg ʠ Cu. 

ʂʠʩʣʦʨʦʜ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʨʘʩʪʚʦʨʝʥʥʦʛʦ 

ʢʠʩʣʦʨʦʜʘ ʚ ʩʝʨʝʜʠʥʝ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʩʣʦʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʷʨʢʠʝ ʦʙʣʘʩʪʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʧʣʘʚ SmïFe ʩ ʥʝʙʦʣʴʰʠʤʠ ʜʦʙʘʚʢʘʤʠ ʘʪʦʤʦʚ Ni ʠ Cr. 

ʇʦʷʚʣʝʥʠʝ ʧʦʩʣʝʜʥʠʭ ʘʪʦʤʦʚ, ʧʦïʚʠʜʠʤʦʤʫ, ʩʚʷʟʘʥʦ ʩ ʜʠʬʬʫʟʠʝʡ ʠʟ ʧʦʜʣʦʞʢʠ ʚ 

ʤʦʤʝʥʪ ʨʘʩʧʣʘʚʘ ʧʦʨʦʰʢʘ, ʪʘʢ ʠ ʧʦʜʣʦʞʢʠ ʧʨʠ ʣʘʟʝʨʥʦʡ ʥʘʧʣʘʚʢʝ.  

ʆʪʩʫʪʩʪʚʠʝ ʢʠʩʣʦʨʦʜʘ ʚ ʟʸʨʥʘʭ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʦʩʥʦʚʥʳʝ ʦʢʠʩʣʳ, 

ʦʙʥʘʨʫʞʝʥʥʳʝ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ (ʨʠʩʫʥʦʢ 3.4), ʥʘʭʦʜʷʪʩʷ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʚ ʩʝʨʝʜʠʥʝ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʩʣʦʷ ʦʥʠ ʦʪʩʫʪʩʪʚʫʶʪ.  

ʈʝʛʠʩʪʨʘʮʠʷ ʩʧʝʢʪʨʘ ʈʉʕɼ ʥʘ ʫʯʘʩʪʢʝ 1 (ʨʠʩʫʥʦʢ 3.4, ʙ) ʧʦʢʘʟʘʣʘ, ʯʪʦ 

ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʜʘʶʪ ʘʪʦʤʳ Fe (73,1% (ʚʝʩʦʚʦʡ)), ʩ ʜʦʙʘʚʣʝʥʠʝʤ Cr Ni 

(22,3%(ʚʝʩʦʚʦʡ)). ɺʢʣʘʜ ʘʪʦʤʦʚ Sm ʠ O ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʘʪʝʨʠʘʣ ʚʳʜʝʣʝʥʥʦʛʦ ʫʯʘʩʪʢʘ ʩʣʦʷ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʩʧʣʘʚ FeïCr ʙʝʟ ʚʢʣʘʜʘ ʘʪʦʤʦʚ Sm. ɺ ʧʨʦʮʝʩʩʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʤʘʪʝʨʠʘʣʘ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʘʪʦʤʦʚ ʩʘʤʘʨʠʷ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ 

ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʣʘʩʪʠ ʦʙʨʘʟʮʘ, ʚʦʢʨʫʛ ʫʜʣʠʥʸʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʩʝʨʦʛʦ 

ʮʚʝʪʘ, ʘ ʪʘʢʞʝ ʚ ʦʪʜʝʣʴʥʳʭ ʚʢʨʘʧʣʝʥʠʷʭ ʦʢʨʫʛʣʦʡ ʬʦʨʤʳ (ʨʠʩʫʥʦʢ 3.4 ʛ).  
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ʘ) 

 

ʙ) 

 

ʚ) 

ʈʠʩʫʥʦʢ 3.4 ï ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʦʩʪʘʚʘ ʦʙʨʘʟʮʘ ˉ2: 

ʘ ï ʉʕʄ ʠʟʦʙʨʘʞʝʥʠʝ ʪʦʯʝʢ ʘʥʘʣʠʟʘ; ʙ ï ʩʦʩʪʘʚ ʚ ʪʦʯʢʝ 1; ʚ ï ʩʦʩʪʘʚ ʚ ʪʦʯʢʝ 4  
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ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ, ʩʧʣʘʚʣʝʥʠʝ ʧʦʨʦʰʢʘ Sm ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʥʘʧʣʘʚʣʝʥʠʝʤ ʧʦʨʦʰʢʘ Fe ʙʝʟ ʧʨʠʣʦʞʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘʙʣʶʜʘʝʪʩʷ 

ʩʠʣʴʥʦʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʚ ʥʘʧʣʘʚʣʝʥʥʦʤ ʩʣʦʝ ʠ ʩʝʛʨʝʛʘʮʠʷ ʟʥʘʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ 

ʩʘʤʘʨʠʷ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʫʶ ʦʙʣʘʩʪʴ ʩ ʝʛʦ ʦʢʠʩʣʝʥʠʝʤ. ʆʩʪʘʣʴʥʘʷ ʯʘʩʪʴ ʘʪʦʤʦʚ 

Sm ʨʘʩʪʚʦʨʷʝʪʩʷ ʣʦʢʘʣʴʥʦ ʚʥʫʪʨʠ ʧʦʜʣʦʞʢʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʳʪʷʥʫʪʳʭ ʦʙʣʘʩʪʝʡ 

ʠ ʦʪʜʝʣʴʥʳʭ ʚʢʨʘʧʣʝʥʠʡ ʩʧʣʘʚʘ FeïSm ʩ ʨʘʟʤʝʨʘʤʠ 2ï10 ʤʢʤ ʠ ʠʭ ʚʳʩʦʢʦʡ 

ʦʙʲʸʤʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʥʘ ʛʣʫʙʠʥʝ 0,5ï0,6 ʤʤ. ʇʨʠ ʵʪʦʤ ʦʩʥʦʚʥʦʡ ʯʘʩʪʴʶ 

ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʩʣʦʷ ʷʚʣʷʝʪʩʷ ʩʧʣʘʚ FeïCr ʙʝʟ ʧʨʠʩʫʪʩʪʚʠʷ ʚ ʥʝʤ ʨʘʩʪʚʦʨʝʥʥʦʛʦ 

ʩʘʤʘʨʠʷ.  

 

3.3 ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʙʨʘʟʮʘ ˉ3 

 

ɼʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʙʨʘʟʮʦʚ ʠʟ ʧʦʨʦʰʢʦʚ Sm-Co ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ, 

ʘʥʘʣʦʛʠʯʥʳʡ ʠʟʛʦʪʦʚʣʝʥʠʶ ʦʙʨʘʟʮʦʚ ˉˉ 1 ʠ 2. ʃʘʟʝʨʥʦʝ ʠʟʣʫʯʝʥʠʝ ʩʧʣʘʚʣʷʣʦ 

ʤʘʪʝʨʠʘʣ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ. ʀʟ-ʟʘ ʟʥʘʯʠʪʝʣʴʥʦʡ ʨʘʟʥʠʮʳ ʨʘʟʤʝʨʦʚ ʠ 

ʪʦʣʱʠʥʳ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʦʙʣʘʩʪʠ (20ʭ20 ʤʤ
2
) ʠ ʠʩʧʦʣʴʟʫʝʤʦʡ ʧʦʜʣʦʞʢʠ 

(35ʭ40ʭ3 ʤʤ
3
) ʦʭʣʘʞʜʝʥʠʝ ʧʨʦʠʩʭʦʜʠʣʦ ʧʨʘʢʪʠʯʝʩʢʠ ʤʛʥʦʚʝʥʥʦ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʤʘʛʥʠʪʥʳʭ ʩʪʨʫʢʪʫʨ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʧʦʨʦʰʢʦʚ Sm ʠ 

Co, ʧʦʢʘʟʘʣʦ [115], ʯʪʦ ʩʧʣʘʚʣʝʥʠʝ ʧʦʜʣʦʞʢʠ ʩ ʥʘʧʣʘʚʣʷʝʤʳʤ ʤʝʪʘʣʣʦʤ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ. ɺ ʥʘʧʣʘʚʣʷʝʤʦʤ ʤʝʪʘʣʣʝ ʤʝʪʦʜʦʤ 

ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʦʙʥʘʨʫʞʝʥʳ ʞʝʣʝʟʦ ʠ ʫʛʣʝʨʦʜʘ ʠʟ ʩʪʘʣʴʥʦʡ 

ʧʦʜʣʦʞʢʠ, ʘ ʪʘʢʞʝ ʩʣʝʜʳ ʢʨʝʤʥʠʷ ʠʟ ʘʣʶʤʠʥʠʝʚʦʡ ʧʦʜʣʦʞʢʠ.  

ʀʩʭʦʜʥʳʝ ʧʦʨʦʰʢʠ (Sm ʠ Co), ʢʘʢ ʧʦʢʘʟʘʣʠ ʤʘʛʥʠʪʥʳʝ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʠʟʤʝʨʝʥʠʷ, ʠʤʝʶʪ ʬʝʨʨʦʤʘʛʥʠʪʥʳʝ (Co) ʠ ʧʘʨʘʤʘʛʥʠʪʥʳʝ 

(Sm) ʩʚʦʡʩʪʚʘ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʦʨʬʦʣʦʛʠʠ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʮʦʚ 3 ʠ 4 ʧʨʦʚʝʜʝʥʦ ʥʘ 

ʩʢʘʥʠʨʫʶʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ HitachiS3400 ʪʠʧʘ II ʧʦʩʣʝ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʪʨʘʚʣʝʥʠʷ ʠʦʥʥʦʛʦ ʣʫʯʦʤ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʛʨʘʥʠʮ ʟʸʨʝʥ ʠ 
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ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʩ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʜʠʩʧʝʨʩʠʝʡ (ʈʉʕɼ). ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʩʦʩʪʘʚ 

ʥʘʧʣʘʚʣʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʙʳʣʠ ʠʟʫʯʝʥʳ ʥʘ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ D8 

ADVANCE (Bruker) ʚ ʦʙʣʘʩʪʠ 2ɗ ʫʛʣʦʚ ʦʪ 5 ʜʦ 90Á ʩ ʰʘʛʦʤ 0,02Á (BreggïBrentano 

ʤʝʪʦʜ, CuKŬ ʠʟʣʫʯʝʥʠʝ, ɗ/ɗïʩʢʘʥʠʨʦʚʘʥʠʝ, ʛʨʘʬʠʪʦʚʳʡ ʤʦʥʦʭʨʦʤʘʪʦʨ ʜʣʷ 

ʦʪʨʘʞʸʥʥʦʛʦ ʧʫʯʢʘ). ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʦʙʨʘʟʮʦʚ ʙʳʣʠ ʠʟʫʯʝʥʳ ʥʘ SQUID 

ʤʘʛʥʠʪʦʤʝʪʨʝ ʄʇʄ XL (Quantum Design) ʚ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʜʦ 40 ʢʕ (4 ʊʝʩʣʘ) ʚ 

ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 4ï300 ʂ, ʥʘ ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʦʤ ʂʝʨʨïʤʠʢʨʦʩʢʦʧʝ 

(NanoMOKEII), ʘ ʪʘʢʞʝ ʠʥʜʫʢʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʥʘ ʚʠʙʨʘʮʠʦʥʥʦʤ ʤʘʛʥʠʪʦʤʝʪʨʝ 

ʦʙʨʘʟʮʘ (LakeShore), ʦʙʘ ʧʨʠ 300 K.  

ʀʩʩʣʝʜʦʚʘʥʠ ̫ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʦʙʨʘʟʮʦʚ ʩ ʣʘʟʝʨʥʦï

ʥʘʧʣʘʚʣʝʥʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ SmïCo ʥʘ ʧʦʜʣʦʞʢʘʭ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ 12ʍ18ʅ10ʊ 

ʠ ʩʧʣʘʚʘ ɸʄʛ3, ʧʦʢʘʟʘʣʠ, ʯʪʦ: 

- ʧʦʤʠʤʦ ʯʠʩʪʦʛʦ Sm ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʝʛʦ ʢʘʨʙʠʜ Sm2C3ʚ 

ʢʦʣʠʯʝʩʪʚʝ ʜʦ 3%; 

- ʧʨʠ ʥʘʧʣʘʚʢʝ ʩʣʦʸʚ ʧʨʦʠʩʭʦʜʠʪ ʦʢʠʩʣʝʥʠʝ ʧʦʨʦʰʢʦʚ, ʠ ʯʘʩʪʴ ʦʢʩʠʜʦʚ 

ʦʩʪʘʸʪʩʷ ʚʥʫʪʨʠ ʤʘʪʝʨʠʘʣʘ; 

- ʧʨʠ ʥʘʧʣʘʚʢʝ ʦʙʨʘʟʫʶʪʩʷ ʩʦʝʜʠʥʝʥʠʷ ʢʦʙʘʣʴʪʘ c ʞʝʣʝʟʦʤ (Co0.72Fe0.28); 

- ʦʙʨʘʟʫʝʪʩʷ ʫʩʪʦʡʯʠʚʦʝ ʩʦʝʜʠʥʝʥʠʝ Co5Sm.  

ʇʦʩʣʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʣʘʟʝʨʥʦʡ ʥʘʧʣʘʚʢʠ ʧʦʨʦʰʢʦʚ Sm ʠ Co ʥʘ ʧʦʜʣʦʞʢʝ 

ʠʟ 12ʍ18ʅ10ʊ (ʦʙʨʘʟʝʮ ˉ 3) ʚ ʫʩʣʦʚʠʷʭ ʩʪʘʥʜʘʨʪʥʦʡ ʧʨʦʜʫʚʢʠ ʘʨʛʦʥʦʤ 

ʥʘʙʣʶʜʘʣʦʩʴ ʧʦʣʥʦʝ ʦʢʠʩʣʝʥʠʝ ʩʘʤʘʨʠ ̫ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʣʘʩʪʠ. ʊʘʢʞʝ 

ʧʦʷʚʠʣʦʩʴ ʪʨʠ ʥʦʚʳʭ ʬʨʘʢʮʠʡ: Sm2O3 (ʤʦʥʦʢʣʠʥʥʘʷ) ʠ SmO (ʢʫʙʠʯʝʩʢʘʷ) ʠ 

ʤʦʥʦʦʢʩʠʜ ʢʦʙʘʣʴʪʘ (CoO, ʢʫʙʠʯʝʩʢʠʡ). ʆʩʥʦʚʦʡ ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʧʣʘʚʘ 

ʷʚʣʷʶʪʩʷ ʟʝʨʥʘ ʢʫʙʠʯʝʩʢʦʛʦ Co ʠ ʩʧʣʘʚʘ ʢʦʙʘʣʴʪʘ ʩ ʞʝʣʝʟʦʤ (Co0.72 Fe0.28, 

ʢʫʙʠʯʝʩʢʠʡ). ʆʙʨʘʟʦʚʘʥʠʝ ʩʧʣʘʚʘ SmïCo ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ. 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʧʦʩʨʝʜʩʪʚʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʦʙʨʘʟʮʘ ˉ3 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3.5.  
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ʈʠʩʫʥʦʢ 3.5 ï ʉʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʦʙʨʘʟʮʘ ˉ3 ʥʘ ʧʦʜʣʦʞʢʝ ʠʟ 12ʍ18ʅ10ʊ 

 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʫ ʦʙʨʘʟʮʘ ˉ 3, ʧʦ ʜʘʥʥʳʤ ʩʦ ʩʢʘʥʠʨʫʶʱʝʛʦ ʣɻʝʢʪʨʦʥʥʦʛʦ 

ʤʠʢʨʦʩʢʦʧʘ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.6.  

 

ʘ)                 ʙ) 

 

ʚ)                 ʛ) 

ʈʠʩʫʥʦʢ 3.6 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʘ ˉ 3 ʧʦʜ ʫʚʝʣʠʯʝʥʠʷʤʠ: 

ʘ - ʍ20; ʙ - ʍ500; ʚ - ʍ500; ʛ - ʍ1000  
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ʇʨʠ 20ïʢʨʘʪʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʰʣʠʬʘ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʦʙʨʘʟʮʘ ʙʳʣʠ 

ʦʙʥʘʨʫʞʝʥʳ:  

- ʥʝʦʜʥʦʨʦʜʥʘʷ ʛʨʘʥʠʮʘ ʨʘʟʜʝʣʘ ʩ ʧʦʜʣʦʞʢʦʡ; 

- ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʤʠʢʨʦ ʨʘʢʦʚʠʥ; 

- ʥʘʧʣʘʚʣʝʥʥʳʡ ʩʣʦʡ ʪʦʣʱʠʥʦʡ ʦʪ 0.6 ʤʤ ʜʦ 1.2 ʤʤ.  

ʇʨʠ ʙʦʣʴʰʝʤ ʫʚʝʣʠʯʝʥʠʠ (500 ï 1000) (ʨʠʩʫʥʦʢ 3.6, ʙïʛ) ʦʙʥʘʨʫʞʝʥʳ 

ʙʦʣʴʰʠʝ ʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʝ ʟʝʨʥʘ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʤʠʢʨʦ ʟʝʨʝʥ ʩ ʨʘʟʤʝʨʘʤʠ ʦʪ 

ʝʜʠʥʠʮ ʜʦ ʜʝʩʷʪʢʦʚ ʤʠʢʨʦʥ ʠ ʨʘʟʥʳʤʠ ʮʚʝʪʘʤʠ. ʇʦʩʢʦʣʴʢʫ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʨʘʙʦʪʘ 

ʚʳʭʦʜʘ ʵʣʝʢʪʨʦʥʦʚ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, ʯʝʤ 

ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʪʦ ʷʨʢʠʝ ʟʝʨʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʦʩʪʘʚʫ, ʦʙʦʛʘʱʝʥʥʦʤʫ Sm, ʘ 

ʪʝʤʥʳʝ ʟʝʨʥʘ ï ʦʙʦʛʘʱʝʥʳ Co.  

ʊʘʢʞʝ ʥʘ ʛʨʘʥʠʮʘʭ ʢʨʫʧʥʳʭ ʟʝʨʝʥ ʚ ʥʘʧʣʘʚʣʝʥʥʦʡ ʦʙʣʘʩʪʠ ʝʩʪʴ ʥʝʙʦʣʴʰʘʷ 

ʧʣʦʪʥʦʩʪʴ ʤʘʢʨʦʧʦʨ ʩ ʨʘʟʤʝʨʘʤʠ ʜʦ 20 ʤʢʤ. ʆʙʥʘʨʫʞʝʥʥʳʝ ʤʠʢʨʦïʟʝʨʥʘ 

(ʨʠʩʫʥʦʢ 3.6, ʙ-ʛ) ʠʤʝʶʪ ʨʘʟʣʠʯʥʫʶ ʦʨʠʝʥʪʘʮʠʶ ʚ ʢʨʫʧʥʳʭ ʟʝʨʥʘʭ, ʯʪʦ, ʢʘʟʘʣʦʩʴ 

ʙʳ, ʜʦʣʞʥʦ ʫʢʘʟʘʪʴ ʨʘʟʣʠʯʥʫʶ ʦʨʠʝʥʪʘʮʠʶ ʠʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ. ʉ ʫʯʝʪʦʤ ʪʦʛʦ, 

ʯʪʦ ʷʨʢʠʝ ʤʠʢʨʦ ʟʝʨʥʘ ʦʙʦʛʘʱʝʥʳ ʩʘʤʘʨʠʝʤ, ʘ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʰʣʠʬʝ 

ʥʘ ʛʣʫʙʠʥʝ ʜʦ 1 ʤʤ, ʪʦ ʚʢʣʘʜ ʦʢʩʠʜʘ ʩʘʤʘʨʠʷ ʜʦʣʞʝʥ ʙʳʪʴ ʦʮʝʥʝʥ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʩʧʦʩʦʙʦʤ, ʠʩʢʣʶʯʘʶʱʠʤ ʚʣʠʷʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ. ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ 

ʦʢʩʠʜʦʚ ʦʙʨʘʟʮʘ ʥʘʭʦʜʠʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʪʘʢ ʢʘʢ ʦʥʘ ʥʘʠʙʦʣʝʝ ʪʸʤʥʘʷ.  

ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʘʚʘ ʧʦʧʝʨʝʯʥʦʛʦ ʩʨʝʟʘ ʦʙʨʘʟʮʘ ˉ3 ʥʘ 

ʛʣʫʙʠʥʝ 0,5ï0,7 ʤʤ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ (ʨʠʩʫʥʦʢ 3.6, ʛ) ʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʝʡ ʩʧʝʢʪʨʦʚ ʈʉʕɼ ʩ ʚʳʜʝʣʝʥʥʳʭ ʫʯʘʩʪʢʦʚ (ʨʠʩʫʥʦʢ 3.7, 

ʘ) ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʙʣʘʩʪʠ ʦʙʦʛʘʱʸʥʥʳʝ Sm (ʫʯʘʩʪʦʢ 3) ʩʦʜʝʨʞʘʪ 65,5% (ʚʝʩʦʚʳʭ) 

Sm, ʘ ʪʘʢʞʝ 9,4% (ʚʝʩʦʚʳʭ) Fe. ɺ ʩʦʩʪʘʚ ʫʯʘʩʪʢʘ ʪʘʢʞʝ ʚʭʦʜʷʪ ʥʝʙʦʣʴʰʠʝ 

ʢʦʣʠʯʝʩʪʚʘ ʘʪʦʤʦʚ Ni (19,0%), Cr (3,0%) ʠ ʜʦ 1.5% ʘʪʦʤʦʚ C, Si ʠ Cu. ʉʦʜʝʨʞʘʥʠʝ 

ʢʠʩʣʦʨʦʜʘ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʷʨʢʠʝ ʦʙʣʘʩʪʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʧʣʘʚ SmïNiïFe ʩ ʩʦʩʪʘʚʦʤ Fe0,19Ni0,28Sm0,47 ʠ ʥʝʙʦʣʴʰʦʡ 

ʜʦʙʘʚʢʦʡ ʘʪʦʤʦʚ Cr. ɺʩʝ ʘʪʦʤʳ, ʢʨʦʤʝ ʩʘʤʘʨʠʷ, ʧʦʷʚʣʷʶʪʩʷ, ʧʦïʚʠʜʠʤʦʤʫ, ʠʟ 

ʧʦʜʣʦʞʢʠ ʟʘ ʩʯʝʪ ʜʠʬʬʫʟʠʠ ʚ ʤʦʤʝʥʪ ʨʘʩʧʣʘʚʘ ʧʦʨʦʰʢʦʚ Sm ʠ Co, ʪʘʢ ʠ 

ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʣʘʩʪʠ ʤʘʪʝʨʠʘʣʘ ʧʦʜʣʦʞʢʠ ʠʟ 12ʍ18ʅ10ʊ ʩ ʙʣʠʟʢʦʡ 
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ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʣʘʚʣʝʥʠʷ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʦʡ ʚʭʦʜʷʪ ʘʪʦʤʳ Ni, Cr, C, Si ʠ Cu ʚ 

ʥʝʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ.  

ʆʪʩʫʪʩʪʚʠʝ ʢʠʩʣʦʨʦʜʘ ʚ ʟʝʨʥʘʭ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʦʩʥʦʚʥʳʝ ʦʢʠʩʣʳ, 

ʦʙʥʘʨʫʞʝʥʥʳʝ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ (ʨʠʩʫʥʦʢ 3.5), ʥʘʭʦʜʷʪʩʷ ʚ 

ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʣʘʩʪʠ, ʘ ʚ ʩʝʨʝʜʠʥʝ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʩʣʦʷ ʦʥʠ ʦʪʩʫʪʩʪʚʫʶʪ. 

ʈʝʛʠʩʪʨʘʮʠʷ ʩʧʝʢʪʨʘ ʈʉʕɼ ʥʘ ʫʯʘʩʪʢʝ 2 (ʨʠʩʫʥʦʢ 3.7, ʙ) ʧʦʢʘʟʘʣʘ, ʯʪʦ ʦʩʥʦʚʥʦʡ 

ʚʢʣʘʜ ʜʘʝʪ Fe (60,3% (ʚʝʩʦʚʦʡ), ʘ ʚʢʣʘʜ Sm (21,1% (ʚʝʩʦʚʦʡ), ʯʝʤ ʚʢʣʘʜ ʘʪʦʤʦʚ Cr 

(14,5% (ʚʝʩʦʚʦʡ)). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʯʘʩʪʦʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʧʣʘʚ FeïCrïSm ʩ 

ʩʦʩʪʘʚʦʤ Fe0,64Cr0,17Sm0,08 ʠ ʥʝʙʦʣʴʰʠʤʠ ʜʦʙʘʚʢʘʤʠ Mg, Ni ʠ Si. ʋʯʠʪʳʚʘʷ, ʯʪʦ 

ʧʦʨʦʰʦʢ ʩʘʤʘʨʠʷ ʥʘʧʣʘʚʣʷʣʩʷ ʧʝʨʚʳʤ ʥʘ ʧʦʜʣʦʞʢʫ ʠʟ 12ʍ18ʅ10ʊ, ʦʥ ʚ ʦʩʥʦʚʥʦʤ 

ʦʙʨʘʟʦʚʘʣ ʩʧʣʘʚʳ ʩ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʚʭʦʜʷʱʠʤʠ ʚ ʩʦʩʪʘʚ ʧʦʜʣʦʞʢʠ ʠʟ 12ʍ18ʅ10ʊ 

(Fe, Ni, Cr). ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʝʨʚʦʛʦ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʩʣʦʷ ʧʦʩʣʝ ʦʩʪʳʚʘʥʠʷ 

ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʦʢʩʠʜʳ ʩʘʤʘʨʠʷ, ʘ ʙʣʠʞʝ ʚ ʧʦʜʣʦʞʢʝ ʦʢʘʟʘʣʠʩʴ ʥʝ 

ʧʝʨʝʤʝʰʠʚʘʝʤʳʝ ʩʧʣʘʚʳ SmïNiïFe ʠ FeïCrïSm ʩ ʨʘʟʣʠʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ Sm. 

ʇʦʚʪʦʨʥʘʷ ʥʘʧʣʘʚʢʘ ʧʦʨʦʰʢʘ Co ʥʘ ʦʢʠʩʣʳ ʩʘʤʘʨʠʷ ʥʝ ʧʨʠʚʝʣʘ ʢ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ 

ʩ Sm, ʪʘʢ ʢʘʢ ʦʥ ʚʝʩʴ ʙʳʣ ʫʞʝ ʚ ʩʚʷʟʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʆʜʥʘʢʦ, ʧʨʦʠʟʦʰʣʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ Co ʠ Fe, ʠ ʩʬʦʨʤʠʨʦʚʘʣʩʷ ʩʧʣʘʚ ʩ ʩʦʩʪʘʚʦʤ Co0.72 Fe0.28, ʘ ʪʘʢʞʝ 

ʦʩʪʘʣʩʷ ʢʦʙʘʣʴʪ, ʥʝ ʚʩʪʫʧʠʚʰʠʡ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʜʨʫʛʠʤʠ ʵʣʝʤʝʥʪʘʤʠ. ʅʦ ʧʦ 

ʜʘʥʥʳʤ ʉʕʄ (ʨʠʩʫʥʦʢ 3.7) ʩʚʝʪʣʳʝ ʫʯʘʩʪʢʠ, ʦʙʦʛʘʱʝʥʥʳʝ ʩʘʤʘʨʠʝʤ, 

ʥʘʙʣʶʜʘʶʪʩʷ ʧʦ ʚʩʝʡ ʪʦʣʱʠʥʝ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʩʣʦʷ, ʚʢʣʶʯʘʷ ʠ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʫʶ 

ʦʙʣʘʩʪʴ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʧʨʦʮʝʩʩʝ ʚʪʦʨʦʡ ʣʘʟʝʨʥʦʡ ʥʘʧʣʘʚʢʠ ʧʦʨʦʰʢʘ Co 

ʧʨʦʠʩʭʦʜʠʪ ʜʠʬʬʫʟʠʦʥʥʦʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ, ʠ ʧʦʚʪʦʨʥʘʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʩʣʦʷ 

ʥʘʧʣʘʚʢʠ. ʇʦʩʢʦʣʴʢʫ ʦʙʝ ʥʘʧʣʘʚʢʠ ʧʨʦʠʩʭʦʜʠʣʠ ʚ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʤʘʛʥʠʪʥʦʤ 

ʧʦʣʝ, ʪʦ ʩʬʦʨʤʠʨʦʚʘʚʰʘʷʩʷ ʩʪʨʫʢʪʫʨʘ ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʘ ʢ ʩʪʨʫʢʪʫʨʝ 

ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʩʣʦʷ SmïFe (ʩʝʪʦʯʥʦʡ ʩʪʨʫʢʪʫʨʝ) ʪʘʢʞʝ ʥʘ ʧʦʜʣʦʞʢʝ ʠʟ 

12ʍ18ʅ10ʊ. ɺʚʠʜʫ ʥʘʣʠʯʠʷ ʟʝʨʝʥ ʩʧʣʘʚʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʦʩʪʘʚʘʤʠ (SmïNiïFe, 

FeïCrïSm ʠ Co0.72 Fe0.28) ʧʦ ʪʦʣʱʠʥʝ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʩʣʦʷ ʠ ʚʭʦʞʜʝʥʠʷ ʚ ʥʠʭ 

ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (Co, Ni, Fe), ʩʣʝʜʫʝʪ ʦʞʠʜʘʪʴ ʢʦʥʢʫʨʝʥʮʠʠ 

ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʭ ʤʘʛʥʠʪʥʳʭ ʜʦʤʝʥʦʚ ʠ ʟʘʤʝʪʥʦʛʦ ʩʥʠʞʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ 

ʥʘʩʳʱʝʥʠʷ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ.  
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ʘ) 

 

ʙ) 

 

 ʚ)  

ʈʠʩʫʥʦʢ 3.7 ï ʈʝʟʫʣʴʪʘʪʳ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʪʦʯʝʢ 

ʘ ï ʦʙʱʠʡ ʚʠʜ ʩ ʦʪʤʝʯʝʥʥʳʤʠ ʪʦʯʢʘʤʠ ʘʥʘʣʠʟʘ; ʙ ï ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʚ ʪʦʯʢʝ 2;  

ʚ - ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʚ ʪʦʯʢʝ 3 
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3.4 ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʙʨʘʟʮʘ ˉ4 

 

ʉʪʨʫʢʪʫʨʘ ʠ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʦʙʨʘʟʮʘ ˉ4, ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʥʘ ʧʦʜʣʦʞʢʫ ʠʟ 

ɸʄʛ3, ʟʘʤʝʪʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʦʙʥʘʨʫʞʝʥʥʳʭ ʚ ʦʙʨʘʟʮʝ ˉ3 [116]. ʀʟ ʦʢʩʠʜʦʚ ʚ 

ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʣʘʩʪʠ ʦʙʨʘʟʮʘ ˉ4 ʥʘʙʣʶʜʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʬʘʟʳ: Sm2O3 

(ʤʦʥʦʢʣʠʥʥʳʡ), ʦʢʩʠʜ ʩʘʤʘʨʠʷ (SmO, ʢʫʙʠʯʝʩʢʠʡ) ʠ ʢʦʨʫʥʜ (Al2O3) (ʨʠʩʫʥʦʢ 3.8).  

 

ʈʠʩʫʥʦʢ 3.8 ï ʉʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʦʙʨʘʟʮʘ ˉ4 ʥʘ ʧʦʜʣʦʞʢʝ ɸʄʛ3 

 

ʆʩʥʦʚʥʦʡ ʚʢʣʘʜ ʠʟ ʤʝʪʘʣʣʦʚ ʚ ʩʪʨʫʢʪʫʨʫ ʦʙʨʘʟʮʘ ˉ4 ʚʥʦʩʷʪ Sm 

(ʛʝʢʩʘʛʦʥʘʣʴʥʳʡ) ʠ ʩʧʣʘʚ SmCo5 (ʛʝʢʩʘʛʦʥʘʣʴʥʳʡ), ʥʦ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʚ 

ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʣʘʩʪʠ ʥʝ ʦʯʝʥʴ ʙʦʣʴʰʦʝ, ʝʩʣʠ ʠʩʭʦʜʠʪʴ ʠʟ ʘʥʘʣʠʟʘ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʧʠʢʦʚ ʜʣʷ ʵʪʠʭ ʬʘʟ. ʉʫʱʝʩʪʚʫʝʪ ʪʘʢʞʝ 

ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʘʣʶʤʠʥʠʡ, ʢʦʪʦʨʳʡ ʚʭʦʜʠʪ ʚ ʢʘʯʝʩʪʚʝ ʢʣʶʯʝʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ 

ʧʦʜʣʦʞʢʫ ɸʄʛ3.  

ʆʩʥʦʚʥʦʝ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʦʙʨʘʟʮʘʤʠ ˉ4 ʠ ˉ3 ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʷʚʣʝʥʠʠ 

ʩʪʨʫʢʪʫʨʳ ʩʧʣʘʚʘ SmïCo, ʢʦʪʦʨʘʷ, ʧʦïʚʠʜʠʤʦʤʫ, ʦʙʫʩʣʦʚʣʝʥʘ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ 

ʚʳʩʦʢʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ ʧʦʜʣʦʞʢʠ ʠʟ ʩʧʣʘʚʘ ɸʄʛ3, ʙʦʣʝʝ ʙʳʩʪʨʳʤ ʝ y

ʦʩʪʳʚʘʥʠʝʤ ʧʦʩʣʝ ʣʘʟʝʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʤʝʥʴʰʠʤ ʦʢʠʩʣʝʥʠʝʤ.  

ʀʟ-ʟʘ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʧʦʜʣʦʞʢʘ ʠʟ 12ʍ18ʅ10ʊ 

ʜʦʣʛʦ ʦʩʪʳʚʘʝʪ. ʅʝʜʦʩʪʘʪʢʦʤ ʣʘʟʝʨʥʦʡ ʥʘʧʣʘʚʢʠ ʥʘ ʧʦʜʣʦʞʢʝ ʠʟ ʩʧʣʘʚʘ ɸʄʛ3 



73 

 

ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʝʛʦ Sm, ʚʦʟʤʦʞʥʦ ʠʟïʟʘ ʥʝʭʚʘʪʢʠ ʤʦʱʥʦʩʪʠ 

ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ.  

 

3.5 ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʙʨʘʟʮʘ ˉ5 

 

ʃʘʟʝʨʥʘʷ ʥʘʧʣʘʚʢʘ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʘ ʠʟ 

ʧʦʨʦʰʢʦʚ ʤʝʪʘʣʣʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʭʠʤʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ, ʠʣʠ ʧʫʪʸʤ ʣʘʟʝʨʥʦʛʦ 

ʧʣʘʚʣʝʥʠʷ ʜʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ʅʘʧʣʘʚʢʘ ʚʳʧʦʣʥʷʣʘʩʴ ʚ ʘʪʤʦʩʬʝʨʝ ʠʥʝʨʪʥʦʛʦ 

ʛʘʟʘ, ʦʙʳʯʥʦ ʘʨʛʦʥʘ. ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʬʝʨʨʦʤʘʛʥʠʪʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʚʢʣʶʯʘʶʪ ʦʜʠʥ 

ʠʟ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʩʠʣʴʥʦʡ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, ʦʩʥʦʚʥʳʤ 

ʩʪʘʥʦʚʠʪʩʷ ʚʦʧʨʦʩ ʦ ʟʘʱʠʪʝ ʤʝʪʘʣʣʦʚ ʦʪ ʦʢʠʩʣʝʥʠʷ. ʉʪʘʥʜʘʨʪʥʘʷ ʟʘʱʠʪʘ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʘʧʣʘʚʢʠ ʩ ʧʦʤʦʱʴʶ ʧʦʪʦʢʘ ʘʨʛʦʥʘ ʤʦʞʝʪ ʙʳʪʴ ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʜʣʷ 

ʥʘʜʸʞʥʦʡ ʟʘʱʠʪʳ ʦʪ ʦʢʠʩʣʝʥʠʷ. ɼʨʫʛʠʤ ʧʫʪʸʤ ʜʣʷ ʟʘʱʠʪʳ ʦʪ ʦʢʠʩʣʝʥʠʷ ʤʦʞʝʪ 

ʙʳʪʴ ʧʨʦʜʫʚʘʥʠʝ ʧʦʪʦʢʘ ʘʨʛʦʥʘ ʚ ʦʙʣʘʩʪʠ ʥʘʧʣʘʚʢʠ ʦʙʨʘʟʮʘ, ʣʦʢʘʣʠʟʦʚʘʥʥʦʛʦ ʚ 

ʛʣʫʙʦʢʦʤ ʩʦʩʫʜʝ, ʢʦʪʦʨʳʡ ʟʘʱʠʱʘʝʪ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʢʠʩʣʦʨʦʜʘ ʚ ʧʨʦʮʝʩʩʝ 

ʦʩʪʳʚʘʥʠʷ ʨʘʩʧʣʘʚʣʝʥʥʦʡ ʦʙʣʘʩʪʠ.  

ɼʚʫʭʢʦʤʧʦʥʝʥʪʥʳʝ ʩʧʣʘʚʳ ʩ ʩʦʩʪʘʚʘʤʠ SmCo5 ʠ SmCo8.5 ʷʚʣʷʶʪʩʷ 

ʞʸʩʪʢʠʤʠ ʬʝʨʨʦʤʘʛʥʝʪʠʢʘʤʠ ʩ ʙʦʣʴʰʦʡ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʦʡ, ʘʢʪʠʚʥʦ 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ, ʵʧʠʪʘʢʩʠʘʣʴʥʳʭ ʠ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʣʸʥʦʢ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʦʩʪʦʷʥʥʦʡ ʧʘʤʷʪʠ [117-121]. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʘ ʣʘʟʝʨʥʦʡ ʥʘʧʣʘʚʢʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ ʩ 

ʟʘʜʘʥʥʳʤʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʨʘʟʤʝʨʘʤʠ ʠ ʣʦʢʘʣʠʟʘʮʠʝʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʝʡ 

ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ. ʈʘʟʚʠʪʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʛʥʠʪʥʳʭ ʟʦʥ ʥʘ ʜʝʪʘʣʷʭ ʩʣʦʞʥʦʡ ʬʦʨʤʳ, ʠʩʧʦʣʴʟʫʷ ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʝʢʫʨʩʦʨʦʚ ʧʦʨʦʰʢʠ ʤʝʪʘʣʣʦʚ (Sm, Co) ʠʣʠ ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʩʧʣʘʚʦʚ SmC.  

ɺ ʵʪʦʤ ʨʘʟʜʝʣʝ ʚʳʧʦʣʥʝʥʦ ʩʨʘʚʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʣʘʟʝʨʥʦʡ ʥʘʧʣʘʚʢʠ 

Sm ʠ Co ʥʘ ʧʦʜʣʦʞʢʘʭ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ 12ʍ18ʅ10ʊ ʠ ɸʄʛ3 [115]. ʆʧʨʝʜʝʣʝʥʦ 

ʚʣʠʷʥʠʝ ʧʨʦʜʫʚʢʠ ʘʨʛʦʥʦʤ, ʘ ʪʘʢʞʝ ʧʨʠ ʫʧʦʪʨʝʙʣʝʥʠʠ Sm ʠ Co ʧʦʨʦʰʢʦʚ ʚ 
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ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ ʠʣʠ ʧʦʜʛʦʪʦʚʣʝʥʥʦʛʦ ʩʦʩʪʘʚʘ SmCo8.5 ʚ ʬʦʨʤʝ ʩʧʨʝʩʩʦʚʘʥʥʳʭ 

ʪʘʙʣʝʪʦʢ. ʊʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʳ ʩʪʨʫʢʪʫʨʘ, ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʠ ʧʨʦʮʝʥʪʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚ ʩʧʣʘʚʘʭ, ʠ ʩʜʝʣʘʥʦ ʟʘʢʣʶʯʝʥʠʝ ʦʙ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʭ 

ʧʦʜʭʦʜʘʭ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʧʣʘʚʦʚ ʩ ʟʘʜʘʥʥʳʤ ʩʦʩʪʘʚʦʤ ʚ ʩʠʩʪʝʤʝ SmïCo ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʧʦʜʣʦʞʢʘʭ.  

ʄʦʨʬʦʣʦʛʠʷ ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʦʮʝʥʠʚʘʣʘʩʴ ʚʠʟʫʘʣʴʥʦ, ʧʦʪʦʤʫ ʯʪʦ ʧʦʩʣʝ 

ʣʘʟʝʨʥʦʡ ʥʘʧʣʘʚʢʠ ʧʦʨʦʰʢʦʚ Sm ʠ Co ʧʦʚʝʨʭʥʦʩʪʴ ʩʣʦʷ ʙʳʣʘ ʥʝʨʘʚʥʦʤʝʨʥʦʡ ʩ 

ʰʝʨʦʭʦʚʘʪʦʩʪʴʶ ʙʦʣʝʝ 1 ʤʤ, ʧʦʵʪʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʦʧʪʠʯʝʩʢʦʤ ʤʠʢʨʦʩʢʦʧʝ ʥʝ 

ʧʨʦʚʦʜʠʣʠʩʴ. ɺʩʝ ʦʙʨʘʟʮʳ ʧʦʩʣʝ ʣʘʟʝʨʥʦʡ ʥʘʧʣʘʚʢʠ ʙʳʣʠ ʪʝʤʥʦ ʩʝʨʦʛʦ ʠʣʠ 

ʯyʨʥʦʛʦ ʮʚʝʪʘ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʠʥʪʝʥʩʠʚʥʦʤ ʦʢʠʩʣʝʥʠʠ ʧʦʚʝʨʭʥʦʩʪʠ. ɼʣʷ 

ʢʘʞʜʦʛʦ ʠʟ ʚʳʙʨʘʥʥʳʭ ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ, ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʘ ʪʘʢʞʝ ʚʳʙʦʨʦʯʥʦ ï 

ʠʟʫʯʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʵʣʝʤʝʥʪʦʚ ʥʘ ʉʕʄ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʩ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʜʠʩʧʝʨʩʠʝʡ (ʈʉʕɼ).  

ʅʘ ʨʠʩʫʥʢʝ 3.9 ʧʦʢʘʟʘʥ ʜʠʬʨʘʢʮʠʦʥʥʳʡ ʩʧʝʢʪʨ ʦʙʨʘʟʮʘ ˉ5, 

ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʠʟ ʩʧʨʝʩʩʦʚʘʥʥʦʡ ʢʦʤʧʦʟʠʮʠʠ ʧʦʨʦʰʢʦʚ Sm ʠ Co (ʚ ʩʦʦʪʥʦʰʝʥʠʠ 

8:5) ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʣʘʟʝʨʦʤ ʥʘ ʧʦʜʣʦʞʢʫ ʠʟ 12ʍ18ʅ10ʊ.  

 

ʈʠʩʫʥʦʢ 3.9 ï ʉʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʦʙʨʘʟʮʘ ˉ5, ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʧʦʩʣʝ 

ʩʧʣʘʚʣʝʥʠʷ ʩʧʨʝʩʩʦʚʘʥʥʦʛʦ ʧʦʨʦʰʢʘ SmCo ʚ ʩʦʦʪʥʦʰʝʥʠʠ 8:5 

 

ʆʙʨʘʟʝʮ ˉ5 ʩʦʩʪʦʠʪ ʠʟ ʩʧʣʘʚʘ SmCo ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʦʢʩʠʜʦʚ: Fe3O4 ʠ 

FeSmO3 ʠ ʢʘʨʙʠʜʘ ʢʦʙʘʣʴʪʘ (CoCx). ʇʦʷʚʣʝʥʠʝ ʚ ʩʦʩʪʘʚʝ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʩʣʦʷ 
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ʤʘʛʥʝʪʠʪʘ (Fe3O4) ʠ ʜʚʦʡʥʦʛʦ ʦʢʩʠʜʘ (FeSmO3) ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʣʘʚʣʝʥʠʠ 

ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʧʦʜʣʦʞʢʠ ʠ ʥʘʧʣʘʚʣʷʝʤʦʛʦ ʤʝʪʘʣʣʘ (SmCo8.5) ʣʘʟʝʨʥʳʤ ʠʟʣʫʯʝʥʠʝʤ 

ʠ ʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʪʦʤʦʚ Fe ʩ Sm ʠ ʦʩʪʘʪʦʯʥʳʤ ʢʠʩʣʦʨʦʜʦʤ. ʅʝʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʢʘʨʙʠʜʘ ʢʦʙʘʣʴʪʘ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʨʘʩʧʣʘʚʣʝʥʥʦʛʦ 

ʧʦʨʦʰʢʘ Co ʠ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ 12ʍ18ʅ10ʊ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ 

ʧʨʦʮʝʩʩʝ ʣʘʟʝʨʥʦʡ ʥʘʧʣʘʚʢʠ ʦʙʲʸʤʥʦʛʦ ʦʙʨʘʟʮʘ ʩ ʩʦʩʪʘʚʦʤ SmCo8.5 ʧʨʦʠʟʦʰʣʦ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʦʢʠʩʣʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʩʧʣʘʚʘ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʣʘʩʪʠ, ʘ 

ʪʘʢʞʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʘʨʙʠʜʘ ʢʦʙʘʣʴʪʘ ʠ ʜʚʦʡʥʦʛʦ ʦʢʩʠʜʘ Fe ʠ Sm. ʀʟʚʝʩʪʥʦ, ʯʪʦ 

ʬʝʨʨʦʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʚ ʵʪʦʡ ʢʦʤʧʦʟʠʮʠʠ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʩʣʦʷ ʜʦʣʞʥʳ ʠʤʝʪʴ 

Fe3O4 ʠ SmCo8.5.  

ʇʨʠ ʘʥʘʣʠʟʝ ʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʮʘ ˉ6 ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ 

ʥʘʧʣʘʚʢʝ ʧʦʨʦʰʢʦʚ Sm ʠ Co ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʪʦʤʦʚ Sm ʠ Co ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʣʘʩʪʠ, ʧʦʩʢʦʣʴʢʫ ʚ ʧʝʨʚʦʤ ʰʘʛʝ ʥʘʧʣʘʚʢʠ ʦʙʨʘʟʫʶʪʩʷ 

ʦʢʩʠʜʳ ʩʘʤʘʨʠʷ: Sm2O3 ʠ SmO. ʇʦʩʣʝ ʥʘʧʣʘʚʢʠ ʧʦʨʦʰʢʘ Co ʚ ʩʦʩʪʘʚʝ 

ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʩʣʦʷ ʧʦʷʚʠʣʩʷ ʩʧʣʘʚ Co0.72Fe0.28 ʠ ʦʩʪʘʣʩʷ ʤʝʪʘʣʣʠʯʝʩʢʠʡ Co. 

ʇʦʵʪʦʤʫ ʥʝʢʦʪʦʨʳʝ ʠʟ ʘʪʦʤʦʚ Sm ʦʢʠʩʣʠʣʠʩʴ, ʘ ʦʩʪʘʣʴʥʳʝ, ʧʦ-ʚʠʜʠʤʦʤʫ, 

ʦʩʪʘʣʠʩʴ ʚ ʤʝʪʘʣʣʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ, ʥʦ ʥʝ ʦʧʨʝʜʝʣʠʣʠʩʴ ʠʟ ʜʘʥʥʳʭ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʘʥʘʣʠʟʘ.  

ʀʩʩʣʝʜʫʷ ʜʘʥʥʳʝ ʩ ʉʕʄ (ʨʠʩʫʥʦʢ 3.9) ʠ ʤʝʪʦʜʘ ʈʉʕɼ. ʉʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʘ 

ʩʦʩʪʦʠʪ ʠʟ ʯʝʨʝʜʫʶʱʠʭʩʷ ʟʦʥ, ʦʙʦʛʘʱʸʥʥʳʭ Sm, ʯʪʦ ʘʩʩʦʮʠʠʨʫʝʪʩʷ ʩ 

ʧʦʚʳʰʝʥʥʦʡ ʨʘʙʦʪʦʡ ʚʳʭʦʜʘ ʵʣʝʢʪʨʦʥʦʚ ʠʟ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʙʦʪʦʡ ʚʳʭʦʜʘ ʵʣʝʢʪʨʦʥʦʚ ʠʟ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ (Fe, Co, Ni, Cr). 

ʇʦʵʪʦʤʫ ʷʨʢʠʝ ʦʙʣʘʩʪʠ ʥʘ ʉɽʄ ʠʟʦʙʨʘʞʝʥʠʠ ʦʙʦʛʘʱʝʥʳ Sm ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʪʝʤʥʳʤʠ ʦʙʣʘʩʪʷʤʠ.  

 

3.6 ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʙʨʘʟʮʘ ˉ6 

 



76 

 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʦʙʨʘʟʮʘ ˉ6 [122] ʤʝʪʦʜʦʤ ʈʉʕɼ (ʨʠʩʫʥʦʢ 3.10) ʦʪʤʝʯʝʥʳ 

ʮʠʬʨʘʤʠ 1ï5 ʦʙʣʘʩʪʠ ʩ ʨʘʟʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʵʣʝʤʝʥʪʦʚ, ʘ ʜʣʷ ʣʦʢʘʣʴʥʳʭ 

ʦʙʣʘʩʪʝʡ ʩ ʥʦʤʝʨʘʤʠ ç4è ʠ ç5è ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʈʉʕɼ ʩʧʝʢʪʨʳ, 

ʧʦʢʘʟʳʚʘʶʱʠʝ ʥʘʣʠʯʠʝ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʚ ʢʘʞʜʦʡ 

ʚʳʙʨʘʥʥʦʡ ʪʦʯʢʝ.  

ɺʝʩʦʚʦʝ ʠ ʘʪʦʤʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʚ ʢʘʞʜʦʡ ʠʟ 

ʪʦʯʝʢ. ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʩʚʝʪʣʦʡ ʦʙʣʘʩʪʠ ʚ ʪʦʯʢʝ ç4è ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʢʦʥʮʝʥʪʨʘʮʠʷ Sm: 34,41% (ʚʝʩʦʚʘʷ). ʇʦʷʚʣʝʥʠʝ ʟʘʤʝʪʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʞʝʣʝʟʘ 

(39.8%, ʚʝʩʦʚʘʷ), ʥʠʢʝʣʷ (11.1%, ʚʝʩʦʚʘʷ) ʠ Cr (11.0%, ʚʝʩʦʚʘʷ), ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʵʪʠʭ ʘʪʦʤʦʚ ʠʟ ʧʦʜʣʦʞʢʠ ʚ ʧʨʦʮʝʩʩʝ ʣʘʟʝʨʥʦʡ ʥʘʧʣʘʚʢʠ, ʘ 

ʥʝʜʦʩʪʘʪʦʢ ʢʠʩʣʦʨʦʜʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʫʱʝʩʪʚʦʚʘʥʠʶ ʦʢʩʠʜʦʚ ʪʦʣʴʢʦ ʥʘ ʚʝʨʭʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʩʣʦʷ.  

 
ʘ) 

 
ʙ) 

 
ʚ) 

 
ʛ) 

ʈʠʩʫʥʦʢ 3.10 ï ʆʙʱʠʡ ʚʠʜ ʠ ʨʝʟʫʣʴʪʘʪʳ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʪʦʯʝʢ: 

ʘ ï ʦʙʱʠʡ ʚʠʜ; ʙ - ʉʕʄ ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʦʙʨʘʟʮʘ ˉ6; ʚ - ʩʧʝʢʪʨʳ ʈʉʕɼ ʚ 

ʪʦʯʢʝ 4; ʛ - ʩʧʝʢʪʨʳ ʈʉʕɼ ʚ ʪʦʯʢʝ 5  

 

ʆʪʩʫʪʩʪʚʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ Co ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʝʛʦ ʣʦʢʘʣʠʟʘʮʠʠ ʚ ʚʝʨʭʥʝʡ 

ʯʘʩʪʠ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʩʣʦʷ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʜʘʥʥʳʤʠ ʨʝʥʪʛʝʥʦʚʩʢʦʡ 

ʜʠʬʨʘʢʮʠʠ. ʂʘʨʪʠʥʘ ʤʝʥʷʝʪʩʷ ʧʨʠ ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ ʚ ʪʦʯʢʝ ç5è (ʨʠʩʫʥʦʢ 3.10), ʜʣʷ 
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ʢʦʪʦʨʳʭ ʨʝʟʢʦ ʩʥʠʟʠʣʘʩʴ ʢʦʥʮʝʥʪʨʘʮʠʷ Sm (20.68%) ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ Fe 

ʫʚʝʣʠʯʠʣʘʩʴ ʜʦ 58.88%. ʇʦʵʪʦʤʫ ʚ ʜʘʥʥʦʡ ʣʦʢʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʧʦʷʚʣʷʝʪʩʷ ʩʧʣʘʚ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʥʦ ʪʘʢʞʝ ʙʝʟ ʘʪʦʤʦʚ ʢʦʙʘʣʴʪʘ. ʈʝʟʢʦʝ ʠʟʤʝʥʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ Sm ʦʪ ʪʦʯʢʠ ʢ ʪʦʯʢʝ ʷʚʣʷʝʪʩʷ ʧʦʢʘʟʘʪʝʣʝʤ ʩʣʘʙʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

Sm ʠ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʜʘʞʝ ʚ ʨʘʩʧʣʘʚʣʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚ ʧʨʦʮʝʩʩʝ ʣʘʟʝʨʥʦʛʦ 

ʧʣʘʚʣʝʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ.  

ɺ ʵʪʦʤ ʦʙʨʘʟʮʝ ʢʦʙʘʣʴʪ ʙʳʣ ʥʘʧʣʘʚʣʝʥ ʧʦʚʝʨʭ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʧʣʘʚʘ, 

ʟʘʱʠʱʸʥʥʦʛʦ ʩʬʦʨʤʠʨʦʚʘʥʥʳʤʠ ʦʢʩʠʜʘʤʠ Sm. ʀʟ-ʟʘ ʦʢʩʠʜʥʦʛʦ ʩʣʦʷ ʧʨʷʤʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʘʪʦʤʘʤʠ Sm ʠ Co ʦʪʩʫʪʩʪʚʦʚʘʣʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʧʣʘʚʘ 

SmCox. ɺʳʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʪʦʤʦʚ ʞʝʣʝʟʘ ʧʦʩʨʝʜʩʪʚʦʤ ʝʛʦ ʩʝʛʨʝʛʘʮʠʠ ʚ 

ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʣʘʩʪʠ ʧʨʠʚʝʣʘ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʨʠʩʪʘʣʣʦʚ ʩʧʣʘʚʘ Co0.72Fe0.28. 

ʆʙʥʘʨʫʞʝʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ Co ʠ ʦʢʠʩʠ Co, ʩʦʛʣʘʩʥʦ 

ʜʘʥʥʳʭ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. ʆʢʠʩʣʝʥʠʝ ʢʦʙʘʣʴʪʘ ʧʨʦʠʟʦʰʣʦ ʚʦ ʚʨʝʤʷ 

ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʦʭʣʘʞʜʝʥʠʷ ʙʝʟ ʦʙʜʫʚʘ ʘʨʛʦʥʦʤ, ʧʦʩʢʦʣʴʢʫ ʩʪʨʫʷ ʘʨʛʦʥʘ 

ʧʦʧʘʜʘʝʪ ʚ ʤʝʩʪʦ ʨʘʩʧʣʘʚʘ ʪʦʣʴʢʦ ʚʤʝʩʪʝ ʣʫʯʦʤ ʣʘʟʝʨʘ. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʤʝʪʦʜʦʤ ʈʉʕɼ Co ʥʝ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʚ ʦʙʣʘʩʪʠ, ʥʝʜʘʣʝʢʦ ʦʪ ʧʦʜʣʦʞʢʠ, ʯʪʦ 

ʜʦʢʘʟʳʚʘʝʪ, ʙʣʦʢʠʨʦʚʘʥʠʝ ʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʢʩʠʜʘʤʠ Sm ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʝʨʚʦʛʦ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʩʣʦʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʫʩʣʦʚʠʷʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ 

ʣʘʟʝʨʥʦʡ ʥʘʧʣʘʚʢʠ ʧʦʨʦʰʢʦʚ Sm ʠ Co ʥʝ ʤʦʞʝʪ ʧʦʣʫʯʠʪʴʩʷ ʩʧʣʘʚ ʩ ʩʦʩʪʘʚʦʤ 

SmCox. ʅʝʜʦʩʪʘʪʦʢ ʢʠʩʣʦʨʦʜʘ ʚʥʫʪʨʠ ʟʝʨʝʥ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʧʣʘʚʦʚ 

ʜʦʢʘʟʳʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʟʘʱʠʪʳ. ʏʪʦʙʳ ʫʤʝʥʴʰʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʦʢʩʠʜʦʚ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʩʤʦʪʨʝʪʴ ʩʢʦʨʦʩʪʴ ʦʙʜʫʚʘʥʠʷ 

ʘʨʛʦʥʘ ʠ ʧʦʜʦʙʨʘʪʴ ʦʜʠʥʘʢʦʚʳʝ ʨʘʟʤʝʨʳ ʯʘʩʪʠʮ ʚ ʧʦʨʦʰʢʘʭ Sm ʠ Co ʜʣʷ 

ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʣʘʟʝʨʥʦʡ ʥʘʧʣʘʚʢʠ, ʘ ʪʘʢʞʝ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʤʦʱʥʦʩʪʴ ʣʘʟʝʨʘ.  
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3.7 ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʙʨʘʟʮʘ ˉ7 

 

ʇʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʘʥʘʣʠʟʘ ʢʨʠʩʪʘʣʣʳ Sm (ʈʦʤʙ.), Sm (ʛʝʢʩ.), Co, 

Sm2O3 ʠ SmO ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʚ ʥʘʧʣʘʚʣʝʥʥʦʤ ʩʣʦʝ [123]. ʆʪʩʫʪʩʪʚʠʝ ʩʧʣʘʚʦʚ Smï

Co ʠ ʬʦʨʤʘ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ (ʨʠʩʫʥʦʢ 3.11, ʘ) ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʙʳʩʪʨʦʤ 

ʦʭʣʘʞʜʝʥʠʠ ʠ ʨʘʩʪʨʝʩʢʠʚʘʥʠʠ (ʨʠʩʫʥʦʢ 3.11, ʙ) ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʨʘʩʧʣʘʚʣʝʥʥʦʛʦ ʟʨyʝʥ ʩʥʘʯʘʣʘ Co, ʘ ʟʘʪʝʤ Sm, ʢʦʪʦʨʳʝ ʙʳʣʠ ʥʘʧʣʘʚʣʝʥʳ ʧʦʩʣʝ 

ʧʦʨʦʰʢʘ Sm.  

 

ʘ)                                       ʙ) 

ʈʠʩʫʥʦʢ 3.11 ï ʉʕʄ ʠʟʦʙʨʘʞʝʥʠʷ ʦʙʨʘʟʮʘ ˉ7 ʥʘ ʫʚʝʣʠʯʝʥʠʷʭ: ʘ - ʍ60; ʙ - ʍ950  

 

ʅʘ ʨʠʩʫʥʢʝ 3.12 ʧʨʠʚʝʜʸʥ ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʦʙʨʘʟʮʘ ˉ7. ʆʢʩʠʜ ʩʘʤʘʨʠʷ 

ʥʘʭʦʜʠʣʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʳʨʘʱʝʥʥʳʭ ʟʨyʝʥ, ʧʦʪʦʤʫ ʯʪʦ ʧʦ ʜʘʥʥʳʤ ʩʧʝʢʪʨʦʚ 

ʈʉʕɼ ʚʜʘʣʝʢʝ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʩʣʦʷ ʙʳʣʠ ʚʳʷʚʣʝʥʳ (ʨʠʩʫʥʦʢ 3.12): 

ʦʯʝʥʴ ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ, ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʘʤʘʨʠʷ ʚ ʷʨʢʠʭ 

ʦʙʣʘʩʪʷʭ (ʜʦ 60% (ʚʝʩʦʚʳʭ) ʚ ʦʙʣʘʩʪʠ ç1è, ʪʘʙʣʠʮʘ 3.1) ʠ ʟʘʤʝʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʢʦʙʘʣʴʪʘ (ʜʦ 25% (ʚʝʩʦʚʳʭ), ʚ ʦʙʣʘʩʪʠ ç1è).  
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ʅʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ (ʜʦ 1%) ʜʦʢʘʟʳʚʘʝʪ ʥʝʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʦʢʩʠʜʦʚ, ʦʙʥʘʨʫʞʝʥʥʳʭ ʧʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʘʥʘʣʠʟʘ, ʠʣʠ ʠʭ ʦʪʩʫʪʩʪʚʠʝ ʚ ʮʝʥʪʨʝ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʩʣʦʷ.  

 

ʘ) 

 

ʙ) 

 

ʚ) 

ʈʠʩʫʥʦʢ 3.12 ï ʈʝʟʫʣʴʪʘʪʳ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʪʦʯʝʢ 

ʘ - ʉʕʄ ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʦʙʨʘʟʮʘ ˉ7 (ʥʝʜʘʣʝʢʦ ʦʪ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʩ 

ʧʦʜʣʦʞʢʦʡ);ʙ - ʩʧʝʢʪʨʳ ʈʉʕɼ ʚ ʪʦʯʢʝ 1; ʚ - ʩʧʝʢʪʨʳ ʈʉʕɼ ʚ ʪʦʯʢʝ 2  
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ɺ ʪʦʯʢʘ ç2è, ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʚʝʩʦʚʦʛʦ ʧʨʦʮʝʥʪʘ Co 

(ʜʦ 45%), ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ Fe ʠ Cr ʠ ʫʤʝʥʴʰʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ 

Sm (ʜʦ 34%). ʇʦʩʢʦʣʴʢʫ ʚ ʵʪʦʤ ʩʣʫʯʘʝ Co ʙʳʣ ʥʘʧʣʘʚʣʝʥ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʦʥ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʠ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʩ ʧʦʜʣʦʞʢʦʡ ʜʦ 33% (ʦʙʣʘʩʪʴ ç5è). ɺ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʚ ʦʙʣʘʩʪʠ ç2è ʥʘʙʣʶʜʘʝʪʩʷ ʜʦ 48% ʘʪʦʤʦʚ Sm. ʂʠʩʣʦʨʦʜ ʥʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ 

ʚʳʙʨʘʥʥʦʡ ʦʙʣʘʩʪʠ.  

ʊʘʙʣʠʮʘ 3.1 ï ɺʝʩʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚ ʪʦʯʢʘʭ 1 ʠ 2 ʜʣʷ ʦʙʨʘʟʮʘ ˉ7.  

ʃʠʥʠʷ ɺʝʩʦʚʦʡ (%) ʆʰʠʙʢʘ  

ʊʦʯʢʘ 1 

C K 1.60 Ñ0.08 

O K 1.01 Ñ0.21 

Si K 0.34 Ñ0.05 

Cr K 1.60 Ñ0.16 

Fe K 6.36 Ñ0.25 

Co K 25.16 +/ï0.29 

Ni K 2.32 +/ï0.22 

Cu K 1.08 +/ï0.09 

Sm K 60.53 +/ï0.53 

ïïïïïïïïïï 

ʆʙʱʘʷ 100.00  

ʊʦʯʢʘ 2 

C K 1.75 Ñ0.08 

Cr K 5.14 Ñ0.16 

Fe K 18.53 Ñ0.27 

Co K 40.24 Ñ0.33 

Sm K 34.34 Ñ0.51 

ïïïïïïïïïï 

ʆʙʱʘʷ 100.00  

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʥʘʧʣʘʚʢʝ Sm ʧʦʚʝʨʭ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʩʣʦʷ Co ʧʨʦʠʩʭʦʜʠʪ 

ʤʝʭʘʥʠʯʝʩʢʦʝ ʩʤʝʰʠʚʘʥʠʝ ʤʝʪʘʣʣʦʚ ʙʝʟ ʦʙʨʘʟʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

SmCo5 ʠʣʠ SmCo8.5 ʠ ʯʘʩʪʠʯʥʦʝ ʦʢʠʩʣʝʥʠʝ Sm ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʨʥʘ, ʥʦ ʥʝ ʚʥʫʪʨʠ 

ʟʝʨʝʥ ʠʟïʟʘ ʨʝʟʢʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʪʝʧʣʦʦʪʚʦʜʘ ʠ ʧʨʦʮʝʩʩʘ ʙʳʩʪʨʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. 

ʆʪʩʫʪʩʪʚʠʝ ʢʦʘʣʝʩʮʝʥʮʠʠ ʟʝʨʝʥ ʠ ʨʘʩʪʨʝʩʢʠʚʘʥʠʝ ʙʦʣʴʰʠʭ ʢʨʠʩʪʘʣʣʦʚ ʦʙʦʠʭ 
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ʤʝʪʘʣʣʦʚ ʜʦʢʘʟʳʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʧʪʠʤʠʟʘʮʠʠ ʧʦʪʦʢʘ ʘʨʛʦʥʘ ʚ ʧʦʣʫʟʘʤʢʥʫʪʦʤ 

ʩʦʩʫʜʝ, ʦʩʦʙʝʥʥʦ ʥʘ ʧʦʜʣʦʞʢʘʭ ʠʟ 12ʍ18ʅ10ʊ.  

 

3.8 ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʙʨʘʟʮʘ ˉ8 

 

ɺ ʦʙʨʘʟʮʝ ˉ 8 [116] ʧʦʩʣʝ ʣʘʟʝʨʥʦʡ ʥʘʧʣʘʚʢʠ ʧʦʨʦʰʢʘ Sm ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʥʘʧʣʘʚʢʠ ʧʦʨʦʰʢʘ Co ʚ ʫʩʣʦʚʠʷʭ ʫʩʠʣʝʥʥʦʡ ʟʘʱʠʪʳ ʘʨʛʦʥʦʤ ʚ 

ʧʦʣʫʟʘʤʢʥʫʪʦʤ ʩʦʩʫʜʝ, ʥʦ ʥʘ ʧʦʜʣʦʞʢʝ ʠʟ ʩʧʣʘʚʘ ɸʄʛ3 ʚ ʩʦʩʪʘʚʝ ʥʘʧʣʘʚʣʝʥʥʦʛʦ 

ʩʣʦʷ ʦʙʥʘʨʫʞʝʥʳ ʪʦʣʴʢʦ ʪʨʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟʳ: Co, Sm2O3 ʠ Al (ʨʠʩʫʥʦʢ 

3.13).  

 

ʈʠʩʫʥʦʢ 3.13 ï ʉʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʦʙʨʘʟʮʘ ˉ8 ʥʘ ʧʦʜʣʦʞʢʝ ʠ ɸʄʛ3 ʧʦʩʣʝ 

ʣʘʟʝʨʥʦʡ ʥʘʧʣʘʚʢʠ ʧʦʨʦʰʢʦʚ Sm ʠ Co 

 

ʆʪʩʫʪʩʪʚʠʝ ʩʧʣʘʚʘ Co ï Sm, ʪʘʢ ʞʝ ʢʘʢ ʩʧʣʘʚʘ SmïAl, ʧʦʢʘʟʳʚʘʝʪ ʙʳʩʪʨʦʝ 

ʨʘʩʧʣʘʚʣʝʥʠʝ ʠ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʶ ʥʘ ʧʝʨʚʦʤ ʠ ʚʪʦʨʦʤ ʵʪʘʧʘʭ ʣʘʟʝʨʥʦʡ ʥʘʧʣʘʚʢʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʝʩʤʦʪʨʷ ʥʘ ʠʥʪʝʥʩʠʚʥʦʝ ʚʝʥʪʠʣʠʨʦʚʘʥʠʝ ʘʨʛʦʥʦʤ ʦʙʣʘʩʪʠ 

ʨʘʩʧʣʘʚʘ ʠ ʩʦʭʨʘʥʝʥʠʝ ʘʨʛʦʥʘ ʚʙʣʠʟʠ ʵʪʦʛʦ ʤʝʩʪʘ, ʦʢʠʩʣʝʥʠʷ Sm ʥʝ ʫʜʘʣʦʩʴ 

ʠʟʙʝʞʘʪʴ. ɽʜʠʥʩʪʚʝʥʥʦʡ ʬʘʟʦʡ ʩ ʬʝʨʨʦʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʷʚʣʷʶʪʩʷ ʟʝʨʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʦʙʘʣʴʪʘ.  
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʪʦʢʘ ʘʨʛʦʥʘ ʦʢʠʩʣʝʥʠʷ Sm ʚ 

ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʣʘʩʪʠ ʥʝ ʫʜʘʝʪʩʷ ʠʟʙʝʞʘʪʴ ʧʨʠ ʣʶʙʦʤ ʩʧʦʩʦʙʝ ʝʛʦ ʜʦʩʪʘʚʢʠ 

ʚ ʟʦʥʫ ʥʘʧʣʘʚʢʠ. ʆʜʥʘʢʦ ʫʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʥʘʭʦʞʜʝʥʠʷ ʘʨʛʦʥʘ ʚ ʟʦʥʝ ʥʘʧʣʘʚʢʠ 

ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʤʫ ʦʭʣʘʞʜʝʥʠʶ ʨʘʩʧʣʘʚʣʝʥʥʦʛʦ ʩʣʦʷ, ʙʳʩʪʨʦʡ ʝʛʦ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʪʨʝʱʠʥ ʚ ʥʘʧʣʘʚʣʝʥʥʦʤ ʩʣʦʝ ʥʘ ʧʦʜʣʦʞʢʝ ʠʟ 

12ʍ18ʅ10ʊ, ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʦʯʝʥʴ ʥʠʟʢʫʶ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ. ʋʚʝʣʠʯʝʥʠʝ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʧʦʜʣʦʞʢʠ ʧʨʠʚʦʜʠʪ ʢ ʣʫʯʰʝʤʫ ʦʪʚʦʜʫ ʪʝʧʣʘ, ʤʝʥʴʰʝʤʫ 

ʨʘʩʪʨʝʩʢʠʚʘʥʠʶ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʩʣʦʷ ʥʘ ʛʨʘʥʠʮʝ ʩ ʧʦʜʣʦʞʢʦʡ, ʥʦ ʙʦʣʝʝ 

ʠʥʪʝʥʩʠʚʥʦʤʫ ʧʝʨʝʤʝʰʠʚʘʥʠʶ ʠ ʭʠʤʠʯʝʩʢʦʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʥʘ ʛʨʘʥʠʮʝ 

ʨʘʟʜʝʣʘ ʩ ʧʦʜʣʦʞʢʦʡ.  

 

3.9 ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʙʨʘʟʮʘ ˉ9 

 

ɼʣʷ ʥʘʥʝʩʝʥʠʷ ʩʪʨʫʢʪʫʨ ʠʟ ʧʦʨʦʰʢʦʚ Sm ʠ Fe ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʜʣʦʞʢʠ ʠʟ 

ɸʄʛ3 ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʩʦʚʨʝʤʝʥʥʳʡ ʈʃʊʂ. ɼʣʷ ʟʘʱʠʪʳ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪ ʦʢʠʩʣʝʥʠʷ 

ʧʨʠ ʥʘʥʝʩʝʥʠʠ ʩʪʨʫʢʪʫʨ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʠʥʝʨʪʥʳʡ ʛʘʟ ɸʨʛʦʥ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʧʣʘʚʠʪʴ ʫʟʢʫʶ ʦʙʣʘʩʪʴ ʤʝʪʘʣʣʘ ʥʝ ʧʝʨʝʛʨʝʚʘʷ 

ʦʙʨʘʟʝʮ. ʇʦʩʣʝ ʧʨʝʢʨʘʱʝʥʠʷ ʥʘʛʨʝʚʘ ʧʨʦʠʩʭʦʜʠʪ ʟʘʩʪʳʚʘʥʠʝ ʨʘʩʧʣʘʚʣʝʥʥʦʛʦ 

ʤʝʪʘʣʣʘ ʠ ʙʳʩʪʨʦʝ ʦʩʪʳʚʘʥʠʝ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʥʘʛʨʝʚ ʫʟʢʦʡ 

ʦʙʣʘʩʪʠ ʤʝʪʘʣʣʘ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʠʝ ʙʳʩʪʨʦʛʦ ʦʭʣʘʞʜʝʥʠʷ 

ʤʝʩʪʘ ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ.  

ʇʣʘʩʪʠʥʳ ʩʧʣʘʚʘ ɸʄʛ3 ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʧʦʜʣʦʞʢʠ. ɺ 

ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʵʪʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʦʨʦʰʦʢ ʩʘʤʘʨʠʷ ʠ ʧʦʨʦʰʦʢ 

Fe (~99.99 %), ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ (Sm ʠ Fe) ʥʘʧʣʘʚʣʝʥʳ ʣʘʟʝʨʦʤ ʥʘ 

ʧʦʜʣʦʞʢʫ. ʇʦʨʦʰʢʠ ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (Fe ʠ Sm), ʢʘʢ ʧʦʢʘʟʘʣʠ ʪʝʤʧʝʨʘʪʫʨʥʳʝ 

ʤʘʛʥʠʪʥʳʝ ʠʟʤʝʨʝʥʠʷ ʠʤʝʶʪ ʬʝʨʨʦʤʘʛʥʠʪʥʳʝ (Fe) ʠ ʧʘʨʘʤʘʛʥʠʪʥʳʝ (Sm) 

ʩʚʦʡʩʪʚʘ.  
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ʇʝʨʚʳʡ ʧʦʜʩʣʦʡ ʙʳʣ ʥʘʧʣʘʚʣʝʥ ʠʟ ʧʦʨʦʰʢʘ Sm ʩ ʯʘʩʪʠʮʘʤʠ 40ï100 ʤʢʤ ʥʘ 

ʧʦʜʣʦʞʢʫ ʠʟ ʩʧʣʘʚʘ ɸʄʛ3 ʩ ʧʦʤʦʱʴʶ ʈʃʊʂ ʧʦʜ ʟʘʱʠʪʦʡ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ Ar. 

ɺʪʦʨʦʡ ʧʦʜʩʣʦʡ ʙʳʣ ʥʘʧʣʘʚʣʝʥ ʠʟ ʧʦʨʦʰʢʘ Fe ʩ ʯʘʩʪʠʮʘʤʠ 50ï100 ʤʢʤ ʚ ʪʝʭ ʞʝ 

ʫʩʣʦʚʠʷʭ. ʈʝʞʠʤʳ ʣʘʟʝʨʥʦʡ ʧʦʨʦʰʢʦʚʦʡ ʥʘʧʣʘʚʢʠ ʙʳʣʠ ʩʣʝʜʫʶʱʠʤʠ: ʤʦʱʥʦʩʪʴ 

ʣʘʟʝʨʘ ʜʣʷ Sm ï 600 ɺʪ, ʜʣʷ Fe ï 500 ɺʪ, ʩʢʦʨʦʩʪʴ 0,02 ʤ/ʩ ʜʣʷ Sm ʠ 0,01 ʤ/ʩ ʜʣʷ 

Fe, ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʧʦʨʦʰʢʘ 20 ʛ/ʤʠʥ, ʧʝʨʝʢʨʳʪʠʝ ʚʘʣʠʢʦʚ, ʥʘʧʣʘʚʣʝʥʥʳʭ ʩʣʦʝ 

ʩʦʩʪʘʚʣʷʝʪ 1.05 ʤʤ, ʨʘʩʬʦʢʫʩʠʨʦʚʢʘ ʣʫʯʘ + 10, ʧʦʣʝ ʦʙʨʘʙʦʪʢʠ 25 * 23 ʤʤ. ɼʚʘ 

ʦʙʨʘʟʮʘ ʦʪʣʠʯʘʣʠʩʴ ʧʦ ʥʘʣʠʯʠʶ ʠʣʠ ʦʪʩʫʪʩʪʚʠʶ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ (0.2 T), ʢʦʪʦʨʦʝ ʧʨʠʢʣʘʜʳʚʘʝʪʩʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ 

ʧʨʠ ʣʘʟʝʨʥʦʡ ʥʘʧʣʘʚʢʝ ʧʦʨʦʰʢʦʚ Sm ʠ Fe [123].  

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʩʦʩʪʘʚ ʥʘʧʣʘʚʣʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʙʳʣʠ ʠʟʫʯʝʥʳ 

ʥʘ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ D8 ADVANCE (Bruker) ʚ ʦʙʣʘʩʪʠ ʫʛʣʦʚ 2ɗ ʦʪ 5 

ʜʦ 90Á ʩ ʰʘʛʦʤ 0,02 (BreggïBrentano ʤʝʪʦʜ, CuKŬ ʠʟʣʫʯʝʥʠʝ, ɗ/ɗïʩʢʘʥʠʨʦʚʘʥʠʝ, 

ʛʨʘʬʠʪʦʚʳʡ ʤʦʥʦʭʨʦʤʘʪʦʨ ʜʣʷ ʦʪʨʘʞʝʥʥʦʛʦ ʧʫʯʢʘ). ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ 

ʦʙʨʘʟʮʦʚ ʙʳʣʠ ʠʟʫʯʝʥʳ ʥʘ SQUID ʤʘʛʥʠʪʦʤʝʪʨʝ ʄʇʄʉ (Quantum Design) ʚ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʜʦ 40 ʢʕ (4 ʊʝʩʣʘ) ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 4ï300 ʂ ʠ ʩ ʧʦʤʦʱʴʶ 

ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʂʝʨʨʘ (NanoMOKE II) ʠ ʠʥʜʫʢʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʩ 

ʧʦʤʦʱʴʶ ʚʠʙʨʦʤʘʛʥʝʪʦʤʝʪʨʘ (LakeShore), ʦʙʘ ʧʨʠ 300 K.  

ʇʦʨʦʰʦʢ ʪʝʭʥʠʯʝʩʢʦʛʦ Sm ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʬʨʘʢʮʠʡ: ʩʘʤʘʨʠʡ (Sm) ʩ 

ʪʨʠʛʦʥʘʣʴʥʦʡ ʠ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ (ʦʢʦʣʦ 97% ʚʤʝʩʪʝ) ʠ 3% ʢʘʨʙʠʜʘ 

ʩʘʤʘʨʠʷ ʩ ʢʫʙʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʚ ʚʠʜʝ ʧʨʠʤʝʩʠ. ʇʦʨʦʰʦʢ ʭʠʤʠʯʝʩʢʠ ʯʠʩʪʦʛʦ 

ʞʝʣʝʟʘ (Fe) ʩʦʩʪʦʠʪ ʪʦʣʴʢʦ ʠʟ ʬʨʘʢʮʠʡ ʞʝʣʝʟʘ ʩ ʢʫʙʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ (99,9%).  

ʇʦʩʣʝ ʧʝʨʚʦʡ ʣʘʟʝʨʥʦʡ ʥʘʧʣʘʚʢʠ ʧʦʨʦʰʢʘ Sm, ʘ ʟʘʪʝʤ ʧʦʨʦʰʢʘ Fe ʥʘ 

ʧʦʜʣʦʞʢʝ ʠʟ ʩʧʣʘʚʘ ɸʄʛ3 ʙʝʟ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʦʙʨʘʟʝʮ ˉ9, ʨʠʩʫʥʦʢ 3.14) ʚ 

ʫʩʣʦʚʠʷʭ ʩʪʘʥʜʘʨʪʥʦʛʦ ʧʦʪʦʢʘ ʛʘʟʘ ʘʨʛʦʥʘ ʙʳʣʠ ʦʪʤʝʯʝʥʳ: ʥʝʧʦʣʥʦʝ ʦʢʠʩʣʝʥʠʝ 

Sm ʠ ʧʦʷʚʣʝʥʠʝ ʪʨʝʭ ʬʨʘʢʮʠʡ ʦʢʩʠʜʘ: Sm2O3 (ʤʦʥʦʢʣʠʥʥʘʷ), SmO (ʢʫʙʠʯʝʩʢʘʷ) ʠ 

Fe2O3 (ʨʦʤʙʠʯʝʩʢʘʷ). ʌʦʨʤʠʨʦʚʘʥʠʝ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ Sm ʠ ʩʧʣʘʚʘ ʩʘʤʘʨʠʡïʞʝʣʝʟʦ 

ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ. ɹʣʘʛʦʜʘʨʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʤʝʞʜʫ Al ʠ Sm ʙʳʣʠ ʩʬʦʨʤʠʨʦʚʘʥʳ 

ʟʝʨʥʘ Al2Sm (ʢʫʙʠʯʝʩʢʠʡ). ʂʦʣʠʯʝʩʪʚʦ ʧʠʢʦʚ Al2Sm ʠ ʠʭ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʷʚʣʷʶʪʩʷ 
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ʟʥʘʯʠʤʳʤʠ, ʧʦʵʪʦʤʫ ʵʪʘ ʬʘʟʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʚ ʧʦʣʫʯʝʥʥʳʭ 

ʩʪʨʫʢʪʫʨʘʭ.  

 

 

ʈʠʩʫʥʦʢ 3.14 ï ʉʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʦʙʨʘʟʮʘ ˉ9 ʥʘ ʧʦʜʣʦʞʢʝ ʠʟ ʩʧʣʘʚʘ ɸʄʛ3 ʧʦʩʣʝ 

ʣʘʟʝʨʥʦʡ ʥʘʧʣʘʚʢʠ ʧʦʨʦʰʢʦʚ Sm ʠ Fe ʧʨʠ ʨʘʟʜʝʣʴʥʦʤ ʧʨʦʭʦʞʜʝʥʠʠ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ ʙʝʟ 

ʥʘʣʠʯʠʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

 

3.10 ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʙʨʘʟʮʘ ˉ10 

 

ʂʦʛʜʘ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʣʘʟʝʨʥʳʝ ʥʘʧʣʘʚʢʠ ʧʦʨʦʰʢʘ Sm, ʘ ʟʘʪʝʤ ʧʦʨʦʰʢʘ Fe 

ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʠ ʚ ʩʪʘʥʜʘʨʪʥʦʤ ʧʦʪʦʢʝ ʘʨʛʦʥʘ ʥʘ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʧʦʜʣʦʞʢʝ 

(ʦʙʨʘʟʝʮ ˉ10) [123], ʪʦ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ 

ʩʦʝʜʠʥʝʥʠʡ (ʨʠʩʫʥʦʢ 3.15). ʂʨʦʤʝ ʚʧʝʨʚʳʝ ʫʚʠʜʝʥʥʳʭ ʬʘʟ: Al2Sm (ʢʫʙʠʯʝʩʢʘʷ), 

Sm2O3 (ʤʦʥʦʢʣʠʥʥʘʷ) ʠ Fe2O3 (ʨʦʤʙʠʯʝʩʢʘʷ) ʧʦʷʚʠʣʘʩʴ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʬʘʟʘ: 

SmAlO3. ɺ ʦʙʦʠʭ ʦʙʨʘʟʮʘʭ ʬʘʟʘ Al ʦʪ ʧʦʜʣʦʞʢʠ ʪʘʢʞʝ ʙʳʣʘ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʘ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʩʣʦʚʠʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʬʘʟʳ SmFex ʥʝ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʥʘ 

ʧʦʜʣʦʞʢʝ ʠʟ ʩʧʣʘʚʘ ɸʄʛ3 ʠʟïʟʘ ʦʢʠʩʣʝʥʠʷ ʩʘʤʘʨʠʷ ʠ ʙʦʣʝʝ ʩʠʣʴʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ Al ʠ Sm, ʯʝʤ ʤʝʞʜʫ Sm ʠ Fe.  
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ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʥʘʧʣʘʚʣʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʪʨʝʤʷ 

ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ.  

 

 

ʈʠʩʫʥʦʢ 3.15 ï ʉʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʦʙʨʘʟʮʘ ˉ10 ʥʘ ʧʦʜʣʦʞʢʝ ʠʟ ɸʄʛ3 ʧʦʩʣʝ ʣʘʟʝʨʥʦʡ 

ʥʘʧʣʘʚʢʠ ʧʦʨʦʰʢʦʚ Sm ʠ Fe ʧʨʠ ʨʘʟʜʝʣʴʥʦʤ ʧʨʦʭʦʞʜʝʥʠʠ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ ʧʨʠ ʥʘʣʠʯʠʠ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (0.2 ʊʣ) 

 

3.11 ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʙʨʘʟʮʘ ˉ11 

ɺ ʧʨʝʜʳʜʫʱʠʭ ʨʘʟʜʝʣʘʭ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʦʨʦʢʠ Sm, Co ʠ Fe ʚ ʯʠʩʪʦʤ ʚʠʜʝ, 

ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʦʧʨʝʜʝʣʠʪʴ ʩʦʩʪʘʚ ʧʦʣʫʯʘʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ. 

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʜʣʷ ʙʦʣʝʝ ʪʱʘʪʝʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʩʦʩʪʘʚʘ ʤʘʪʝʨʠʘʣʘ ʥʘ 

ʢʦʥʝʯʥʳʡ ʨʝʟʫʣʴʪʘʪ ʩʨʘʚʥʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʨʘʟʮʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ ʧʦʨʦʰʢʘ 

ʩʧʣʘʚʘ ʂʉ25ɼʎ [124] ʩ ʧʨʝʜʳʜʫʱʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ.  

ʀʩʩʣʝʜʫʝʤʳʡ ʩʧʣʘʚ ʥʘ ʦʩʥʦʚʝ Co ʩʦʜʝʨʞʘʱʠʡ 25% Sm, 1% Cu, 1% Fe, 1% 

Zr (ʂʉ25ɼʎ). ɼʘʥʥʳʡ ʩʧʣʘʚ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ 

ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ ʠ ʭʦʨʦʰʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʧʨʦʚʦʜʠʤʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʙʨʘʟʮʘ ˉ11 ʧʦʢʘʟʘʣʦ ʥʘʣʠʯʠʝ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʦʢʩʠʜʦʚ ʠ ʵʣʝʤʝʥʪʳ ʧʦʜʣʦʞʢʠ (ʨʠʩʫʥʦʢ 3.16). ʉʠʣʴʥʦʝ ʦʢʠʩʣʝʥʠʝ ʦʙʨʘʟʮʘ, 
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ʥʝʩʤʦʪʨʷ ʥʘ ʟʘʱʠʪʥʫʶ ʘʪʤʦʩʬʝʨʫ, ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʠʩʧʦʣʴʟʫʝʤʳʡ 

ʧʦʨʦʰʦʢ ʦʢʠʩʣʠʣʩʷ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʧʨʠʛʦʪʦʚʣʝʥʠʷ. ɸ ʥʘʣʠʯʠʝ ʵʣʝʤʝʥʪʦʚ, 

ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʧʦʜʣʦʞʢʠ, ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʤʝʰʠʚʘʥʠʝ ʧʦʜʣʦʞʢʠ ʠ ʧʦʣʫʯʘʝʤʳʭ 

ʩʪʨʫʢʪʫʨ, ʯʪʦ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚʘʭ ʦʙʨʘʟʮʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʦʙʨʘʟʮʘ ˉ11 (ʨʠʩʫʥʦʢ 3.16, ʘ) ʧʦʢʘʟʘʣʦ 

ʚʳʩʦʢʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʦʢʩʠʜʦʚ Sm2O3 ʚ ʪʦʯʢʝ 1 (ʨʠʩʫʥʦʢ 3.16, ʙ). ʅʘʣʠʯʠʝ 

ʦʙʣʘʩʪʝʡ ʦʙʦʛʘʱʸʥʥʳʝ Sm ʥʘ ʨʠʩʫʥʢʝ 3.16 ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʙʦʣʴʰʦʡ ʨʘʙʦʪʦʡ 

ʚʳʭʦʜʘ ʵʣʝʢʪʨʦʥʦʚ. ɸʥʘʣʠʟ ʨʠʩʫʥʢʘ 3.16, ʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʙʦʣʝʝ ʘʢʪʠʚʥʳʡ ʩʘʤʘʨʠʡ 

ʦʢʠʩʣʠʣʩʷ, ʘ ʢʦʙʘʣʴʪ ʦʙʨʘʟʦʚʘʣ ʩʦʝʜʠʥʝʥʠʷ ʩ ʵʣʝʤʝʥʪʘʤʠ ʧʦʜʣʦʞʢʠ ʚ ʪʦʯʢʝ 3.  

ɺ ʪʦʯʢʝ 2 (ʨʠʩʫʥʦʢ 3.16, ʘ) ʦʪʩʫʪʩʪʚʫʶʪ Sm ʠ O, ʧʨʘʢʪʠʯʝʩʢʠ ʚʝʩʴ ʦʙʲʸʤ 

ʟʘʥʠʤʘʶʪ ʵʣʝʤʝʥʪʳ ʧʦʜʣʦʞʢʠ (Fe, Cr, Ni) ʩ ʜʦʙʘʚʣʝʥʠʝʤ Co.  

ɺ ʪʦʯʢʝ 3 (ʨʠʩʫʥʦʢ 3.16, ʛ) ʧʨʠʩʫʪʩʪʚʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ Co 

(38,7%) ʠ Sm (11,3%) ʧʨʠ ʤʘʣʦʤ ʢʦʣʠʯʝʩʪʚʝ ʢʠʩʣʦʨʦʜʘ (4%, ʚʤʝʩʪʦ 60% ʚ ʪʦʯʢʝ 

1), ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʠʟʢʦʤ ʦʢʠʩʣʝʥʠʠ ʤʝʪʘʣʣʦʚ. ɺ ʮʝʣʦʤ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ 

ʭʦʨʦʰʝʝ ʩʧʣʘʚʣʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʧʦʜʣʦʞʢʠ ʠ ʧʦʨʦʰʢʘ ʂʉ25ɼʎ, ʥʝʩʤʦʪʨʷ ʥʘ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʦʢʠʩʣʝʥʠʝ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʧʦʦʨʦʰʢʘ.  
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ʘ) 

 

ʙ) 

 

ʚ) 

ʈʠʩʫʥʦʢ 3.16 ï ʉʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʘ ˉ11, ʫʚʝʣʠʯʝʥʠʝ ʍ2000: 

ʘ - ʠʟʦʙʨʘʞʝʥʠʝ ʦʙʨʘʟʮʘ ʩ ʦʪʤʝʯʝʥʥʳʤʠ ʫʯʘʩʪʢʘʤʠ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ; ʙ - ʨʝʟʫʣʴʪʘʪʳ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘ ʫʯʘʩʪʢʝ 1; ʚ - ʨʝʟʫʣʴʪʘʪʳ ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘ ʫʯʘʩʪʢʝ 3  
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3.12 ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʙʨʘʟʮʘ ˉ12 

 

ʉ ʮʝʣʴʶ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʦʣʫʯʘʝʤʳʭ ʦʙʨʘʟʮʦʚ ʙʳʣ ʧʨʦʚʝʜʸʥ ʧʦʠʩʢ 

ɸʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʩʚʷʟʫʶʱʝʛʦ. ɺ ʦʙʨʘʟʮʘʭ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʧʦʣʠʩʪʠʨʦʣʘ ʠʟ ʧʦʨʦʰʢʦʚ Sm ʠ Fe ʥʘ ʨʝʞʠʤʘʭ, ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʮʘʤ ˉˉ 1 ʠ 2 

ʫʜʘʣʦʩʴ ʩʥʠʟʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʧʦʨ ʠ ʪʨʝʱʠʥ (ʨʠʩʫʥʦʢ 3.17) [125].  

  

ʘ)       ʙ) 

ʈʠʩʫʥʦʢ 3.17 ï ʉʨʘʚʥʝʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʮʦʚ ˉ12 ʭ300 (ʘ) ʠ ˉ1 ʭ400 (ʙ) 

 

ʇʨʠ ʘʥʘʣʠʟʝ ʧʝʨʝʭʦʜʥʦʡ ʦʙʣʘʩʪʠ ʤʝʞʜʫ ʧʦʜʣʦʞʢʦʡ ʠ ʥʘʧʣʘʚʣʝʥʥʳʤ 

ʤʝʪʘʣʣʦʤ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʚʟʘʠʤʥʘʷ ʜʠʬʬʫʟʠʷ ʵʣʝʤʝʥʪʦʚ ʧʦʜʣʦʞʢʠ ʠ 

ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʤʝʪʘʣʣʘ (ʨʠʩʫʥʦʢ 3.18).  
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ʘ      ʙ 

 

ʚ 

ʈʠʩʫʥʦʢ 3.18 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʤʝʪʘʣʣʘ ʦʙʨʘʟʮʘ 

ʇ2ʘ 

 

ɺ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʣʘʩʪʠ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʤʝʪʘʣʣʘ (ʨʠʩʫʥʦʢ 3.18ʘ) ʙʳʣʠ 

ʦʙʥʘʨʫʞʝʥʳ ʵʣʝʤʝʥʪʳ ʧʦʜʣʦʞʢʠ ʠ ʩʢʦʧʣʝʥʠʝ Sm, ʢʦʪʦʨʳʡ ʚʩʧʣʳʣ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ. ʈʝʛʠʩʪʨʘʮʠʷ ʈʉʕɼ ʩʧʝʢʪʨʦʚ ʚʳʜʝʣʝʥʥʦʡ ʦʙʣʘʩʪʠ (ʨʠʩʫʥʦʢ 3.18ʙ) 

ʧʦʢʘʟʘʣʘ (ʨʠʩʫʥʦʢ 3.18ʚ) ʩʦʜʝʨʞʘʥʠʝ 1,47% (ʚʝʩʦʚʳʭ) ʠ 6,96% (ʘʪʦʤʥʳʭ) ʘʪʦʤʦʚ 

ʉ, 0,34% (ʚʝʩʦʚʳʭ) ʠ 0,68 (ʘʪʦʤʥʳʭ) ʘʪʦʤʦʚ Si, 9.33% (ʚʝʩʦʚʳʭ) ʠ 10.23% 

(ʘʪʦʤʥʳʭ) ʘʪʦʤʦʚ ʉr, 71.93% (ʚʝʩʦʚʳʭ) ʠ 73.38% (ʘʪʦʤʥʳʭ) ʘʪʦʤʦʚ Fe, 3.94% 

(ʚʝʩʦʚʳʭ) ʠ 3.82% (ʘʪʦʤʥʳʭ) ʘʪʦʤʦʚ Ni ʠ 13.00% (ʚʝʩʦʚʳʭ) ʠ 4.93% (ʘʪʦʤʥʳʭ) 

ʘʪʦʤʦʚ Sm.  
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3.13 ɸʥʘʣʠʟ ʜʠʬʬʫʟʠʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ 

ɸʥʘʣʠʟ ʜʠʬʬʫʟʠʠ ʵʣʝʤʝʥʪʦʚ ʧʦʜʣʦʞʢʠ ʠ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʧʨʦʚʝʜʸʥ ʥʘ ʦʙʨʘʟʮʝ , ʠʟʛʦʪʦʚʣʝʥʥʦʤ ʧʦ ʨʝʞʠʤʘʤ ʦʙʨʘʟʮʘ ˉ1. ɼʠʬʬʫʟʠʷ 

ʵʣʝʤʝʥʪʦʚ ʘʥʘʣʠʟʠʨʦʚʘʣʘʩʴ ʥʘ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ ZEPTOOLS ZEM 20 ʩ 

ʩʠʩʪʝʤʦʡ ʕɼʉ (OXFORD) 

ɺ ʩʪʨʫʢʪʫʨʝ ʦʙʨʘʟʮʦʚ ʚʩʪʨʝʯʘʝʪʩʷ ʜʚʘ ʦʩʥʦʚʥʳʭ ʚʠʜʘ ʜʝʬʝʢʪʦʚ: ʢʘʨʙʠʜʳ 

(ʨʠʩʫʥʦʢ 3.19, ʘ, ʪʦʯʢʠ 3, 4) ʠ ʦʢʩʠʜʳ (ʨʠʩʫʥʦʢ 3.19, ʘ, ʪʦʯʢʘ 5) ʩʘʤʘʨʠʷ, ʘʥʘʣʠʟ 

ʩʧʝʢʪʨʦʚ ʕɼʉ ʧʨʠʚʝʜʸʥ ʚ ʪʘʙʣʠʮʝ 3.2.  

   

ʘ     ʙ     ʚ  

ʈʠʩʫʥʦʢ 3.19 ï ʇʨʠʤʝʨ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʮʘ Sm20Fe80, ʭ1666 

ʘ) ʜʝʬʝʢʪʳ; ʙ) ʧʝʨʝʭʦʜʥʳʡ ʩʣʦʡ; ʚ) ʦʙʣʘʩʪʴ ʘʥʘʣʠʟʘ ʩʧʝʢʪʨʦʚ ʕɼʉ 

ʢʨʘʩʥʘʷ ʣʠʥʠʷ ʦʪʤʝʯʘʝʪ ʫʨʦʚʝʥʴ ʧʦʜʣʦʞʢʠ 

 

ɸʥʘʣʠʟ ʩʧʝʢʪʨʦʚ ʥʘ ʫʯʘʩʪʢʘʭ 1, ʨʠʩʫʥʦʢ 3.20, ʘ ʠ 3.20, ʙ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʩʦʩʪʘʚʫ ʧʦʜʣʦʞʢʠ. ɸʥʘʣʠʟ ʦʙʨʘʟʮʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʠ ʜʠʬʬʫʟʠʠ ʵʣʝʤʝʥʪʦʚ 

ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʜʚʫʭ ʫʯʘʩʪʢʘʭ: ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ (ʥʘ ʛʣʫʙʠʥʝ ʥʝ ʤʝʥʝʝ 

100 ʤʢʤ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ) ʠ ʚ ʦʙʣʘʩʪʠ ʩʤʝʰʠʚʘʥʠʷ ʧʦʜʣʦʞʢʠ ʠ ʥʘʧʣʘʚʣʝʥʥʦʛʦ 

ʤʝʪʘʣ.  

ɸʥʘʣʠʟ ʩʧʝʢʪʨʦʚ ʥʘ ʫʯʘʩʪʢʝ 2, ʨʠʩʫʥʦʢ 3.19, ʙ ʠ ʥʘ ʫʯʘʩʪʢʘʭ 2, 3, 6 ʨʠʩʫʥʦʢ 

3.19, ʙ ʠ ʚ ʧʦʢʘʟʘʣ ʙʣʠʟʢʠʝ ʟʥʘʯʝʥʠʷ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʘʚʥʦʤʝʨʥʦʩʪʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʧʦʜʣʦʞʢʠ ʧʦ ʩʦʩʪʘʚʫ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʤʝʪʘʣʣʘ. 

ʈʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʵʣʝʤʝʥʪʳ ʧʦʜʣʦʞʢʠ 

ʧʦʧʘʜʘʶʪ ʚ ʥʘʧʣʘʚʣʝʥʥʳʡ ʤʝʪʘʣʣ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʠʟ ʚʘʥʥʳ ʨʘʩʧʣʘʚʘ.  
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ʊʘʙʣʠʮʘ 3.2 ï ʉʦʦʪʥʦʰʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚ ʪʦʯʢʘʭ 3 ʠ 5, ʨʠʩʫʥʦʢ 6 

ʕʣʝʤʝʥʪ ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ 

ʚ ʪʦʯʢʝ 3 (ʨʠʩʫʥʦʢ 6ʘ) 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ 

ʚ ʪʦʯʢʝ 5 (ʨʠʩʫʥʦʢ 6ʘ) 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ 

ʚ ʪʦʯʢʝ 6 (ʨʠʩʫʥʦʢ 6ʚ) 

C 8.33 25.54 8.50 

O - 17.31 1.75 

Mg - 1.04  

Al  - 0.67  

Si 0.37 3.98 0.26 

Ca - 0.51  

Ti   0.01 

Ni   0.04 

Cu   0.07 

Cr 0.85 1.00 0.46 

Fe 52.28 10.17 63.80 

Sm 38.18 39.77 25.11 

ɺʩʝʛʦ 100 100.00  

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 3.2, ʚ ʥʘʧʣʘʚʣʝʥʥʦʤ ʤʝʪʘʣʣʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʜʦʣʠ 

ʧʨʦʮʝʥʪʦʚ ʪʘʢʠʭ ʵʣʝʤʝʥʪʦʚ ʧʦʜʣʦʞʢʠ ʢʘʢ Ti, Cr, Cu. ʅʦ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝ ʚ 

ʥʘʧʣʘʚʣʝʥʥʦʤ ʤʝʪʘʣʣʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʉ ʠ ʆ.  

ʕʣʝʤʝʥʪʳ ʧʦʜʣʦʞʢʠ ʠʟ ʚʘʥʥʳ ʨʘʩʧʣʘʚʘ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʧʦ 

ʚʩʝʤʫ ʦʙʲʸʤʫ ʤʘʪʝʨʠʘʣʘ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʩʧʝʢʪʨʦʚ ʕɼʉ ʚ 

ʧʝʨʝʭʦʜʥʦʤ ʫʯʘʩʪʢʝ (ʨʠʩʫʥʦʢ 7).  

ɸʥʘʣʦʛʠʯʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʦʙʨʘʟʮʘʭ Sm37Co63. 

ʅʘ ʨʠʩʫʥʢʝ 3.21 ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚ ʧʝʨʝʭʦʜʥʦʤ ʩʣʦʝ ʦʪ 

ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʢ ʧʦʜʣʦʞʢʝ.  
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ʘ) 

 

ʙ) 

ʈʠʩʫʥʦʢ 3.20 ï ɸʥʘʣʠʟ ʩʧʝʢʪʨʦʚ ʕɼʉ ʥʘ ʧʝʨʝʭʦʜʝ ʦʪ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʤʝʪʘʣʣʘ ʦʙʨʘʟʮʘ Sm20Fe80 ʢ 

ʧʦʜʣʦʞʢʝ, ʍ1666: ʘ ï ʉʕʄ ʠʟʦʙʨʘʞʝʥʠʝ ʦʙʣʘʩʪʠ ʘʥʘʣʠʟʘ; ʙ ï ʩʧʝʢʪʨʳ ʕɼʉ ʚ ʦʙʣʘʩʪʠ ʘʥʘʣʠʟʘ 

(ʞʸʣʪʘʷ ʣʠʥʠʷ) 

 

ʘ) 

ʘ)  

ʙ) 

ʈʠʩʫʥʦʢ 3.21 ï ɸʥʘʣʠʟ ʩʧʝʢʪʨʦʚ ʕɼʉ ʥʘ ʧʝʨʝʭʦʜʝ ʦʪ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʤʝʪʘʣʣʘ ʦʙʨʘʟʮʘ Sm37Co63 ʢ 

ʧʦʜʣʦʞʢʝ, ʍ1666: ʘ ï ʉʕʄ ʠʟʦʙʨʘʞʝʥʠʝ ʦʙʣʘʩʪʠ ʘʥʘʣʠʟʘ; ʙ ï ʩʧʝʢʪʨʳ ʕɼʉ ʚ ʦʙʣʘʩʪʠ ʘʥʘʣʠʟʘ 

(ʞʸʣʪʘʷ ʣʠʥʠʷ) 
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ʕʣʝʤʝʥʪ ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ 

ʚ ʪʦʯʢʝ 3 (ʨʠʩʫʥʦʢ 6ʘ) 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ 

ʚ ʪʦʯʢʝ 5 (ʨʠʩʫʥʦʢ 6ʘ) 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ 

ʚ ʪʦʯʢʝ 6 (ʨʠʩʫʥʦʢ 6ʚ) 

C 8.33 25.54 8.50 

O - 17.31 1.75 

Mg - 1.04  

Al  - 0.67  

Si 0.37 3.98 0.26 

Ca - 0.51  

Ti   0.01 

Ni   0.04 

Cu   0.07 

Cr 0.85 1.00 0.46 

Fe 52.28 10.17 63.80 

Sm 38.18 39.77 25.11 

ɺʩʝʛʦ 100 100.00  

 

3.14 ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 3 

 

ɺ ʪʨʝʪʴʝʡ ʛʣʘʚʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʪʨʫʢʪʫʨʳ ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʦʙʨʘʟʮʦʚ.  

ʇʨʦʚʝʜʸʥʥʳʡ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʦʙʨʘʟʮʘʭ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʦʢʩʠʜʳ. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʧʨʠʯʠʥʦʡ ʧʦʷʚʣʝʥʠʷ ʦʢʩʠʜʦʚ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʤʝʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʟʘʱʠʪʥʦʡ ʘʪʤʦʩʬʝʨʳ, ʩʪʘʣʦ ʧʨʠʤʝʥʝʥʠʝ 

ʩʚʷʟʫʶʱʝʛʦ ʚ ʚʠʜʝ ʨʘʩʪʚʦʨʘ ʢʘʥʠʬʦʣʠ ʚ ʠʟʦʧʨʦʧʠʣʦʚʦʤ ʩʧʠʨʪʝ.  

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʦʙʥʘʨʫʞʝʥʳ ʜʝʬʝʢʪʳ ʚ ʚʠʜʝ ʧʦʨ ʠ 

ʪʨʝʱʠʥ ʤʠʢʨʦʤʝʪʨʦʚʦʛʦ ʨʘʟʤʝʨʘ. ʊʘʢʞʝ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʧʦʢʘʟʘʣʦ, 

ʯʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʝ ʦʢʘʟʳʚʘʝʪ ʟʘʤʝʪʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʥʘʧʨʘʚʣʝʥʠʝ ʨʦʩʪʘ ʟʸʨʝʥ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʚ ʮʝʣʦʤ.  

ʆʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʠʟʛʦʪʦʚʣʝʥʠʝ ʦʙʨʘʟʮʦʚ ʤʝʪʦʜʦʤ ʧʦʩʣʦʡʥʦʡ ʥʘʧʣʘʚʢʠ 

ʧʦʨʦʰʢʦʚ Sm, Co ʠ Fe ʥʝ ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʠʟʛʦʪʦʚʣʝʥʠʝʤ ʦʙʨʘʟʮʦʚ ʤʝʪʦʜʦʤ ʩʧʣʘʚʣʝʥʠʷ ʢʦʤʧʦʟʠʮʠʠ ʧʦʨʦʰʢʦʚ.  

ʇʨʠ ʟʘʤʝʥʝ ʨʘʩʪʚʦʨʘ ʢʘʥʠʬʦʣʠ ʥʘ ʧʦʣʠʩʪʠʨʦʣ ʫʜʘʣʦʩʴ ʩʥʠʟʠʪʴ 

ʪʨʫʜʦʟʘʪʨʘʪʳ ʠ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʥʘʧʣʘʚʣʷʝʤʳʭ ʦʙʨʘʟʮʦʚ.   
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ɻʃɸɺɸ 4 ʀʉʉʃɽɼʆɺɸʅʀɽ ʄɸɻʅʀʊʅʓʍ ʉɺʆʁʉʊɺ ʆɹʈɸɿʎʆɺ 

ʄɸɻʅʀʊʅʆɻʆ ʄɸʊɽʈʀɸʃɸ, ʇʆʃʋʏɽʅʅʆɻʆ ʉ ʇʈʀʄɽʅɽʅʀɽʄ 

ʃɸɿɽʈʅʆʁ ɸɼɼʀʊʀɺʅʆʁ ʊɽʍʅʆʃʆɻʀʀ 

 

4.1 ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʦʙʨʘʟʮʦʚ 1, 2 

 

ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʨʦʰʢʦʚ Sm ʠ Fe ʠʩʩʣʝʜʦʚʘʥʳ ʥʘ SQUID 

ʤʘʛʥʠʪʦʤʝʪʨʝ MPMS XL (Quantum Design).  

ʇʦʨʦʰʦʢ Fe ʷʚʣʷʝʪʩʷ ʤʷʛʢʠʤ ʬʝʨʨʦʤʘʛʥʠʪʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʩ ʤʘʣʦʡ 

ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʦʡ (ʅʩ<50 ʕ). ɺʝʣʠʯʠʥʘ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘʩʳʱʝʥʠʷ ʧʦʨʦʰʢʘ 

Fe (199 ʵʤʝ/ʛ) ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʘ ʢ ʪʘʙʣʠʯʥʳʤ ʟʥʘʯʝʥʠʷʤ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ 

ʥʘʩʳʱʝʥʠʷ ʦʙʲʸʤʥʦʛʦ ʞʝʣʝʟʘ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 300 ʂ ʧʦʨʦʰʦʢ Fe ʫʞʝ ʷʚʣʷʝʪʩʷ 

ʬʝʨʨʦʤʘʛʥʠʪʥʳʤ ʧʦ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʠʟʤʝʨʝʥʠʷʤ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘʩʳʱʝʥʠʷ ʚ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʜʦ 10 ʢʕ.  

ʇʦʨʦʰʦʢ Sm ʙʳʣ ʧʨʦʪʝʩʪʠʨʦʚʘʥ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʨʠ 4 ʂ ʠ 300 ʂ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʘʨʘʤʘʛʥʠʪʥʳʡ ʭʘʨʘʢʪʝʨ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʦʨʦʰʢʘ Sm ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥ ʚ ʧʦʣʷʭ ʚʳʰʝ 10 ʢʕ ʠʟïʟʘ 

ʦʪʩʫʪʩʪʚʠʷ ʝʛʦ ʥʘʩʳʱʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʜʦ Ñ 50 ʢʕ. ʅʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 7 ʂ 

ʠ 22 ʂ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʝ ʧʝʨʝʭʦʜʳ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʦʪʥʝʩʪʠ ʟʘ ʩʯʸʪ ʥʘʣʠʯʠʷ 

ʚ ʧʦʨʦʰʢʝ Sm ʟʸʨʝʥ ʩ ʨʦʤʙʦʵʜʨʠʯʝʩʢʦʡ ʠ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʘʤʠ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʥʪʛʝʥʦʚʩʢʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ.  

ɸʥʘʣʦʛʠʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʜʣʷ 

ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ (ˉˉ1 ʠ 2 ʥʘ 12ʍ18ʅ10ʊ). ʅʘ ʨʠʩʫʥʢʝ 4.1, ʘ ʧʦʢʘʟʘʥʳ 

ʧʝʪʣʠ ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ. ʀʩʩʣʝʜʦʚʘʥʠ ̫ʧʨʦʚʦʜʠʣʠʩɹ ʚ ʧʦʣʷʭ ʦʪ ï50 ʢʕ ʜʦ 

+50 ʢʕ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʧʨʠ 300 ʂ.  
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ʘ)       ʙ) 

ʈʠʩʫʥʦʢ 4.1 ï ʇʝʪʣʠ ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʦʙʨʘʟʮʦʚ ˉˉ 1 ʠ 2 ʧʨʠ 300ʂ: 

ʘ - 0 ï 50 ʢʕ; ʙ - 0 ï 1 ʢʕ  

 

ʆʙʘ ʦʙʨʘʟʮʘ ʧʨʠ 300 K ʧʨʦʷʚʣʷʶʪ ʬʝʨʨʦʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʩ ʙʣʠʟʢʦʡ ʢ 

ʥʫʣʶ ʦʩʪʘʪʦʯʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴʶ, ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴʶ ʥʘʩʳʱʝʥʠʷ Ñ 110ï111 

ʵʤʝ/ʛ (ʨʠʩʫʥʦʢ 4.1, ʘ) ʠ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʦʡ ʦʢʦʣʦ 100 ʕ ʜʣʷ ʦʙʨʘʟʮʘ ˉ 1, ʥʦ 20 ʕ 

ʜʣʷ ʦʙʨʘʟʮʘ ˉ 2 (ʨʠʩʫʥʦʢ 4.1, ʙ). ʇʨʠ ʵʪʦʤ ʚ ʦʙʨʘʟʮʝ ˉ 2 ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ 

ʥʘʩʳʱʝʥʠʷ ʜʦʩʪʠʛʘʝʪʩʷ ʚ ʧʦʣʝ 15 ʢʕ, ʘ ʜʣʷ ʦʙʨʘʟʮʘ ˉ 1 ï ʚ ʧʦʣʝ 20 ʢʕ.  

ʉʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʦ 4 K ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʢʘʟʘʣʦ 

ʚʣʠʷʥʠʷ ʥʘ ʦʙʨʘʟʮʳ ˉˉ 1 ʠ 2 (ʨʠʩʫʥʦʢ 4.2).  

 

ʘ)       ʙ) 

ʈʠʩʫʥʦʢ 4.2 ï ʇʝʪʣʠ ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʦʙʨʘʟʮʦʚ 1 ʠ 2 ʧʨʠ 4ʂ: 

ʘ - 0 ï 50 ʢʕ; ʙ - 0 ï 1 ʢʕ 
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ʅʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʥʘʩʳʱʝʥʠʷ ʩʣʝʛʢʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ (111ï112 ʵʤʝ/ʛ) 

(ʨʠʩʫʥʦʢ 4.2, ʘ), ʘ ʢʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ (ʨʠʩʫʥʦʢ 4.2, ʙ) ʦʩʪʘʸʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝʠʟʤʝʥʥʦʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʘ ʦʙʨʘʟʮʘ ʷʚʣʷʶʪʩʷ ʬʝʨʨʦʤʘʛʥʠʪʥʳʤʠ ʫʞʝ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 300 K ʩ ʙʦʣʴʰʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴʶ ʥʘʩʳʱʝʥʠʷ ʠ ʥʠʟʢʦʡ 

ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʦʡ, ʥʝ ʟʘʚʠʩʷʱʝʡ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ.  

ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ˉ1 ʠ ˉ2 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʦʢ 4.3.  

 

ʈʠʩʫʥʦʢ 4.3 ï ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ˉˉ1 ʠ 2 ʥʘ ʧʦʜʣʦʞʢʘʭ 

ʠʟ 12ʍ18ʅ10ʊ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʅ=10 ʢʕ 

 

ʉ ʫʤʝʥʴʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 300 ʂ ʜʦ 60 ʂ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʝʧʝʥʥʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʦʙʨʘʟʮʦʚ. ʆʜʥʘʢʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʤʝʥʴʰʝ 50 ʂ 

ʥʘʙʣʶʜʘʝʪʩʷ ʩʢʘʯʦʢ ʚʝʣʠʯʠʥʳ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, ʫʢʘʟʳʚʘʶʱʠʡ ʥʘ ʬʘʟʦʚʳʡ 

ʧʝʨʝʭʦʜ. ʊʝʤʧʝʨʘʪʫʨʘ 50 ʂ ʷʚʣʷʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʦʡ ʂʶʨʠ ʜʣʷ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ 

ʫʧʦʨʷʜʦʯʝʥʠʷ ʦʙʦʠʭ ʦʙʨʘʟʮʦʚ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝ ʟʘʚʠʩʠʤʦ ʦʪ ʩʦʩʪʦʷʥʠʷ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ, ʩʦʩʪʘʚʘ ʩʧʣʘʚʦʚ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʘʪʦʤʦʚ ʞʝʣʝʟʘ ʠ 

ʨʘʟʣʠʯʠʡ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʘʪʦʤʦʚ Sm ʧʦ ʪʦʣʱʠʥʝ ʩʣʦʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ 

ʥʘʩʳʱʝʥʠʷ ʠ ʢʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʳ ʠʟʤʝʥʷʶʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ.  
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4.2 ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʦʙʨʘʟʮʘ 3 

 

ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʠʩʭʦʜʥʳʭ ʧʦʨʦʰʢʦʚ Sm ʠ Co ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ SQUID 

ʤʘʛʥʠʪʦʤʝʪʨʘ MPMSXL (Quantum Design) ʩ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʜʦ 40 ʢʕ (4 ʊʝʩʣʘ) 

ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 4ï300 ʂ. ʉʦʛʣʘʩʥʦ ʵʪʠʤ ʜʘʥʥʳʤ ʧʦʨʦʰʦʢ Co ʷʚʣʷʝʪʩʷ 

ʤʷʛʢʠʤ ʬʝʨʨʦʤʘʛʥʠʪʥʳʤ ʤʘʪʝʨʠʘʣʦʤ (Hc< 100 ʕ). ɿʥʘʯʝʥʠʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ 

ʥʘʩʳʱʝʥʠʷ ʧʦʨʦʰʢʘ Co ʥʘʭʦʜʠʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʦ ʢ ʪʘʙʣʠʯʥʳʤ ʟʥʘʯʝʥʠʷʤ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘʩʳʱʝʥʠʷ ʦʙʲʝʤʥʦʛʦ ʢʦʙʘʣʴʪʘ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 300 K 

ʧʦʨʦʰʦʢ Co ʫʞʝ ʙʳʣ ʬʝʨʨʦʤʘʛʥʠʪʥʳʤ ʩʦʛʣʘʩʥʦ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʠʟʤʝʨʝʥʠʷʤ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘʩʳʱʝʥʠʷ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 10 ʢʕ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʝʚʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʨʦʰʢʘ Sm ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 4 K ʠ 300 K ʧʦʢʘʟʘʣʠ ʪʦʣʴʢʦ ʩʣʘʙʦ 

ʟʘʤʝʪʥʳʝ ʦʪʣʠʯʠʷ ʦʪ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ ʧʦʣʷʭ ʤʝʥʝʝ 5 ʢʕ 

ʠ ʦʪʩʫʪʩʪʚʠʝ ʝʛʦ ʥʘʩʳʱʝʥʠʷ ʜʦ ʧʦʣʝʡ ʚ Ñ 50 ʢʕ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʧʘʨʘʤʘʛʥʠʪʥʦʡ ʧʨʠʨʦʜʝ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʧʦʨʦʰʢʘ Sm.  

ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 7 K ʠ 22 K ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ 

ʥʘʡʜʝʥʳ ʧʠʢʠ ʥʘ ʢʨʠʚʦʡ, ʯʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʤ ʧʝʨʝʭʦʜʦʤ 

ʠʟïʟʘ ʧʨʠʩʫʪʩʪʚʠʷ ʚ ʧʦʨʦʰʢʝ ʟʝʨʝʥ Sm ʩ ʪʨʠʛʦʥʘʣʴʥʦʡ ʠ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ 

ʩʪʨʫʢʪʫʨʘʤʠ ʧʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ.  

ʇʦʩʣʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʠʩʭʦʜʥʳʭ ʧʦʨʦʰʢʦʚ ʘʥʘʣʦʛʠʯʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʜʣʷ ʦʙʨʘʟʮʘ ˉ3, ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʥʘ ʧʦʜʣʦʞʢʝ ʠʟ 

12ʍ18ʅ10ʊ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʣʘʟʝʨʥʦʡ ʥʘʧʣʘʚʢʦʡ ʧʦʨʦʰʢʦʚ Sm ʠ Co. ʅʘ 

ʨʠʩʫʥʢʝ 4.4, a ʧʦʢʘʟʘʥʘ ʧʝʪʣʷ ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʚ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʦʪ ï50 

ʢʕ ʜʦ + 50 ʢʕ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʘʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 300 K. ʄʦʞʥʦ ʫʚʠʜʝʪʴ, ʯʪʦ 

ʦʙʨʘʟʝʮ ʧʨʠ 300 K ʧʨʦʷʚʣʷʝʪ ʬʝʨʨʦʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʩ ʦʩʪʘʪʦʯʥʦʡ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴʶ (8ï9) ʵʤʝ/ʛ, ʢʦʵʨʮʠʪʠʚʥʫʶ ʩʠʣʫ ʦʢʦʣʦ 300 ʕ (ʨʠʩʫʥʦʢ 4.4, ʙ) ʠ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʥʘʩʳʱʝʥʠʷ Ñ (44ï45) ʵʤʝ/ʛ (ʨʠʩʫʥʦʢ 4.4, ʘ).  

ʋʤʝʥʴʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʟʮʘ ˉ3 ʜʦ 4 K ʧʨʠʚʝʣʦ ʢ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤʫ 

ʫʚʝʣʠʯʝʥʠʶ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘʩʳʱʝʥʠʷ Ñ (50ï51) ʵʤʝ/ʛ ʠ ʦʩʪʘʪʦʯʥʦʡ 
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ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʜʦ Ñ 19 ʵʤʝ/ʛ (ʨʠʩʫʥʦʢ 4.5). ʊʘʢʞʝ ʫʚʝʣʠʯʠʣʘʩʴ ʢʦʵʨʮʠʪʠʚʥʘʷ 

ʩʠʣʘ, ʙʦʣʝʝ ʯʝʤ ʚ ʧʷʪʴ ʨʘʟ (ʨʠʩʫʥʦʢ 4.5, ʙ), ʜʦ ʟʥʘʯʝʥʠʷ ʦʢʦʣʦ 1500 ʢʕ.  

 

ʘ                                     ʙ 

ʈʠʩʫʥʦʢ 4.4 ï ʇʝʪʣʷ ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʦʙʨʘʟʮʘ ˉ3ʧʦ ʜʘʥʥʳʤ SQUID ʤʘʛʥʝʪʦʤʝʪʨʘ 

ʧʨʠ 300 ʂ ʚ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ: ʘ - 0 ï 50 ʢʕ; ʙ ï 0 ï 5 ʢʕ 

 

 

ʅ,ʢʕ                                ʅ,ʢʕ  

ʘ)                                  ʙ) 

 

ʈʠʩʫʥʦʢ 4.5 ï ʇʝʪʣʷ ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʧʦ ʜʘʥʥʳʤ SQUID ʤʘʛʥʝʪʦʤʝʪʨʘ ʦʙʨʘʟʮʘ ˉ3 

ʧʨʠ 4 ʂ ʚ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ: ʘ - 0 ï 50 ʢʕ; ʙ - 0 ï 5 ʢʕ  
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ɼʣʷ ʦʙʨʘʟʮʘ ˉ3 ʙʳʣ ʟʘʤʝʯʝʥʘ ʙʦʣʝʝ ʩʣʦʞʥʘʷ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ (ʨʠʩʫʥʦʢ 4.6). ʇʦʵʪʦʤʫ ʥʘ ʢʨʠʚʦʡ ʦʙʥʘʨʫʞʝʥʳ ʪʨʠ ʪʦʯʢʠ 

ʧʝʨʝʛʠʙʘ ʧʨʠ 274 K, 144 K ʠ 50 K ʩ ʥʝʙʦʣʴʰʦʡ ʘʤʧʣʠʪʫʜʦʡ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ.  

 

ʈʠʩʫʥʦʢ 4.6 ï ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʦʙʨʘʟʮʘ ˉ3 ʥʘ ʧʦʜʣʦʞʢʝ ʠʟ 

12ʍ18ʅ10ʊ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʅ=10 ʢʕ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʪʨʝʭ ʬʘʟʦʚʳʭ 

ʧʝʨʝʭʦʜʦʚ, ʠʟʤʝʥʷʶʱʠʭ ʝʛʦ ʤʘʛʥʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʇʦʩʢʦʣʴʢʫ ʦʙʨʘʟʝʮ ˉ3 

ʧʨʠ 300 K ʫʞʝ ʥʘʭʦʜʠʪʩʷ ʚ ʬʝʨʨʦʤʘʛʥʠʪʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʪʦ ʫʚʝʣʠʯʝʥʠʝ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ 

ʬʝʨʨʦʤʘʛʥʠʪʥʦʤ ʫʧʦʨʷʜʦʯʝʥʠʠ ʧʫʪʤy ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʪʨʭy 

ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʬʘʟ: Co, Co0.72Fe0.28 ʠ ʩʧʣʘʚʘ Fe0.73Cr0.2Sm0.07 ʚʜʦʣʴ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʂʶʨʠ.  

 

4.3 ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʦʙʨʘʟʮʘ 4 

 

ʄʘʛʥʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʨʘʟʮʘ ˉ4 ʠʟʤʝʨʝʥʳ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʤʝʪʦʜʘʤʠ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʤʘʛʥʠʪʦʤʝʪʨʘ ʠ ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʦʡ ʂʝʨʨï

ʤʠʢʨʦʩʢʦʧʠʠ. ʇʦʩʢʦʣʴʢʫ ʧʦʜʣʦʞʢʘ ʠʤʝʝʪ ʧʘʨʘʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ 
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(ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʨʠʣʦʞʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ), 

ʪʦ ʧʨʠ ʠʟʤʝʨʝʥʠʷʭ ʦʙʨʘʟʮʘ ʩ ʥʘʧʣʘʚʣʝʥʥʳʤ ʣʘʟʝʨʦʤ ʤʝʪʘʣʣʦʤ ʥʘ ʧʦʜʣʦʞʢʝ ʠʟ 

ʩʧʣʘʚʘ ɸʄʛ3 ʙʳʣʠ ʟʘʤʝʯʝʥʳ ʤʘʛʥʠʪʥʳʝ ʧʝʪʣʠ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʥʘʩʳʱʝʥʠʷ ʚ ʧʦʣʷʭ 

ʜʦ Ñ 20 ʢʕ. ʇʦʵʪʦʤʫ, ʢʦʛʜʘ ʪʘʢʠʝ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʷʪʩʷ, ʪʦ ʧʘʨʘʤʘʛʥʠʪʥʳʡ ʚʢʣʘʜ 

ʧʦʜʣʦʞʢʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʥʠʤʘʪʴ ʚʦ ʚʥʠʤʘʥʠʝ ʧʫʪʸʤ ʚʳʯʠʪʘʥʠʷ ʣʠʥʝʡʥʦʛʦ 

ʩʠʛʥʘʣʘ ʧʦʜʣʦʞʢʠ ʩ ʢʦʥʢʨʝʪʥʦʡ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴʶ. ɻʣʘʚʥʘʷ ʦʰʠʙʢʘ ʚ 

ʵʪʦʤ ʩʣʫʯʘʝ ʙʫʜʝʪ ʚʦʟʥʠʢʘʪʴ ʠʟ ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʦʜʣʦʞʢʠ 

ʠ ʥʝʪʦʯʥʦʛʦ ʟʥʘʥʠʷ ʤʘʩʩʳ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʤʝʪʘʣʣʘ. ɼʣʷ ʠʩʢʣʶʯʝʥʠʷ ʵʪʦʡ 

ʧʨʦʙʣʝʤʳ ʙʳʣʦ ʨʝʰʝʥʦ ʦʪʜʝʣʠʪʴ ʯʘʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʦʪ ʧʦʜʣʦʞʢʠ, ʠʭ 

ʚʟʚʝʩʠʪʴ ʠ ʠʩʩʣʝʜʦʚʘʪʴ ʠʭ ʩʦʙʩʪʚʝʥʥʳʝ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ. ʅʘ ʨʠʩʫʥʢʝ 4.7, a-b 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʘʛʥʠʪʥʳʝ ʧʝʪʣʠ ʜʣʷ ʦʜʥʦʡ ʠʟ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʠʭ ʯʘʩʪʝʡ 

ʤʘʛʥʠʪʥʦʛʦ ʤʝʪʘʣʣʘ ʦʙʨʘʟʮʘ ˉ4 ʚ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʜʦ ʥʘʩʳʱʝʥʠʷ (a) ʠ ʚ ʤʘʣʳʭ 

ʧʦʣʷʭ (b) ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʚʠʙʨʦʤʘʛʥʝʪʦʤʝʪʨʘ.  

ʅʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʥʘʩʳʱʝʥʠʷ ʦʙʨʘʟʮʘ ˉ4 ʩʦʩʪʘʚʠʣʘ Ñ27.3 ʵʤʝ/ʛ (ʨʠʩʫʥʦʢ 

4.7). ʆʥʘ ʙʳʣʘ ʜʦʩʪʠʛʥʫʪʘ ʧʨʠ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ Ñ 10 ʢʕ. ʂʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ ʙʳʣʘ 

ʦʢʦʣʦ 130ï140 ʕ, ʘ ʦʩʪʘʪʦʯʥʘʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʩʦʩʪʘʚʠʣʘ Ñ 3.5 ʵʤʝ/ʛ (ʨʠʩʫʥʦʢ 

4.7, ʙ). ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘʩʳʱʝʥʠʷ, ʦʩʪʘʪʦʯʥʦʡ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʙʳʣʠ ʧʨʠʤʝʨʥʦ ʜʚʘïʪʨʠ ʨʘʟʘ ʤʝʥʴʰʝ, ʯʝʤ 

ʚ ʦʙʨʘʟʮʝ ˉ3 ʩ ʬʝʨʨʦʤʘʛʥʠʪʥʳʤʠ ʬʘʟʘʤʠ ʢʦʙʘʣʴʪʘ ʠ ʩʧʣʘʚʘ CoïFe.  

 

ʘ)                                        ʙ) 

ʈʠʩʫʥʦʢ 4.7 ï ʇʝʪʣʠ ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʚʠʙʨʦʤʘʛʥʝʪʦʤʝʪʨʝ ʜʣʷ 

ʦʙʨʘʟʮʘ ˉ4 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 300 ʂ ʠ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ: ʘ - 0 ï 20 ʢʕ; ʙ - 0 ï 2 ʢʕ  
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ʇʦʩʢʦʣʴʢʫ ʚ ʩʦʩʪʘʚ ʦʙʨʘʟʮʘ ˉ4 ʚʭʦʜʠʪ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ Sm ʩ 

ʧʘʨʘʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʨʠ 300 K, ʪʦ ʛʣʘʚʥʳʡ ʚʢʣʘʜ ʚ ʬʝʨʨʦʤʘʛʥʠʪʥʳʝ 

ʩʚʦʡʩʪʚʘ ʦʙʨʘʟʮʘ ʚʥʦʩʠʪ ʪʦʣʴʢʦ ʩʧʣʘʚʘ SmCo5 ʦʙʥʘʨʫʞʝʥʥʳʡ ʚ ʩʦʩʪʘʚʝ ʧʦ 

ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ. ʇʦʵʪʦʤʫ ʧʨʠʩʫʪʩʪʚʠʝ Sm ʚ ʩʧʣʘʚʝ ʧʨʠʚʦʜʠʪ ʢ 

ʟʘʤʝʪʥʦʤʫ ʩʥʠʞʝʥʠʶ ʤʘʛʥʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʯʠʩʪʳʤ 

ʢʦʙʘʣʴʪʦʤ.  

ʄʘʛʥʠʪʥʘ ̫ ʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʘ ˉ4 ʧʦ ʜʘʥʥʳʤ ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʦʡ ʂʝʨʨï

ʤʠʢʨʦʩʢʦʧʠʠ, ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4.8 (ʨʘʟʤʝʨ ʤʘʛʥʠʪʥʦʡ ʧʣʦʱʘʜʢʠ 150ʭ150 

ʤʢʤ
2
).  

ʀʟʤʝʨʝʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʧʦʩʣʝ ʪʱʘʪʝʣʴʥʦʡ ʰʣʠʬʦʚʢʠ ʠ ʧʦʣʠʨʦʚʢʠ 

ʥʝʙʦʣʴʰʠʭ ʯʘʩʪʝʡ ʦʙʨʘʟʮʘ ˉ4. ʇʝʪʣʷ ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʩʦʟʜʘʸʪʩʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʫʪʸʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʢʦʥʪʨʘʩʪʘ (ʦʙʱʘʷ ʧʣʦʱʘʜʴ 

ʩʪʨʫʢʪʫʨ ʙʝʣʳʤ ʠ ʯʝʨʥʳʤ ʮʚʝʪʦʤ ʚ ʤʠʢʨʦʩʢʦʧʝ ʜʣʷ ʢʘʞʜʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ). 

ʄʘʛʥʠʪ ʩʦʟʜʘʸʪ ʧʦʣʝ ʜʦ Ñ 3 ʢʕ, ʢʦʪʦʨʦʛʦ ʥʝʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʥʘʩʳʪʠʪʴ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʦʙʨʘʟʮʝ, ʥʦ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʪʠʧ ʤʘʛʥʠʪʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʚ ʦʙʨʘʟʮʝ.  
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ʈʠʩʫʥʦʢ 4.8 ï ʇʝʪʣʷ ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʩ ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʦʛʦ ʂʝʨʨïʤʠʢʨʦʩʢʦʧʘ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʜʣʷ ʦʙʨʘʟʮʘ ˉ4 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 300 ʂ 



102 

 

 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʤʘʩʰʪʘʙ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʤʠʢʨʦʩʢʦʧʝ ʩʦʩʪʘʚʣʷʝʪ 150ʭ150 

ʤʢʤ
2
, ʩʜʝʣʘʥʘ ʦʮʝʥʢʘ ʨʘʟʤʝʨʘ ʤʘʛʥʠʪʥʳʭ ʜʦʤʝʥʦʚ ʚ ʦʙʨʘʟʮʝ ˉ4 ʨʘʟʤʝʨʳ ʜʦʤʝʥʦʚ 

ʩʦʩʪʘʚʣʷʶʪ ʙʦʣʝʝ 150 ʤʢʤ ʚ ʜʣʠʥʫ ʠ 5ï20 ʤʢʤ ʚ ʰʠʨʠʥʫ.  

 

4.4 ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʦʙʨʘʟʮʦʚ 5, 6, 7 

 

ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʩʪʨʫʢʪʫʨ ʦʙʨʘʟʮʦʚ ˉ5, 6̄ ʠ ̄7 ʧʦ 

ʜʘʥʥʳʤ ʠʟʤʝʨʝʥʠʡ ʥʘ ʚʠʙʨʦʤʘʛʥʝʪʦʤʝʪʨʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʢʘʟʘʥʳ 

ʥʘ ʨʠʩʫʥʢʝ 4.9.  

 

ʘ)                                 ʙ) 

ʈʠʩʫʥʦʢ 4.9 ï ʇʝʪʣʠ ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʩ ʚʠʙʨʦʤʘʛʥʝʪʦʤʝʪʨʘ ʜʣʷ ʦʙʨʘʟʮʦʚ ˉ 5, 6, 7 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 300 ʂ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ: ʘ - 0 ï 20 ʢʕ; ʙ - 

0 ï 2 ʢʕ  

 

ɺʩʝ ʪʨʠ ʦʙʨʘʟʮʘ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʬʝʨʨʦʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʩ ʥʠʟʢʦʡ 

ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʦʡ. ʇʨʠ ʵʪʦʤ ʤʠʥʠʤʫʤ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ (35 ʕ) ʠʤʝʝʪ ʦʙʨʘʟʝʮ 

ˉ 7 (ʨʠʩʫʥʦʢ 4.9, ʙ) ʠ ʤʘʢʩʠʤʘʣʴʥʫʶ ʢʦʵʨʮʠʪʠʚʥʫʶ ʩʠʣʫ (ʙʦʣʝʝ 350 ʕ) ï ʦʙʨʘʟʝʮ 

ˉ5. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʪʠ ʜʚʘ ʦʙʨʘʟʮʘ ʠʤʝʶʪ ʨʘʟʣʠʯʥʫʶ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ 

ʥʘʩʳʱʝʥʠʷ: 32 ʠ 8 ʵʤʝ/ʛ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʙʨʘʟʝʮ ˉ 5 ʩʦʜʝʨʞʠʪ ʪʘʢʠʝ 
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ʬʝʨʨʦʤʘʛʥʝʪʠʢʠ ʢʘʢ SmCo8 ʠ Fe3O4 (ʤʘʛʥʝʪʠʪ), ʘ ʚ ʦʙʨʘʟʮʝ ˉ6 ʪʦʣʴʢʦ ʤʝʪʘʣʣ Co 

ʦʪʥʦʩʠʪʩʷ ʢ ʬʝʨʨʦʤʘʛʥʝʪʠʢʘʤ, ʧʦʩʢʦʣʴʢʫ ʧʦʨʦʰʦʢ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ Sm ʩʦʛʣʘʩʥʦ 

ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [126] ̫ʚʣʷʝʪʩʷ ʧʘʨʘʤʘʛʥʝʪʠʢʦʤ. ʆʙʨʘʟʝʮ ˉ6 ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʪʨʠ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʬʘʟʳ: Co0.72Fe0.28, Co ʠ ʩʧʣʘʚ Fe0.64Cr0.17Sm0.08 ʩ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴʶ ʥʘʩʳʱʝʥʠʷ 35 ʵʤʝ/ʛ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʜʥʦʡ ʬʘʟʦʡ ʜʣʷ ʦʙʨʘʟʮʘ 

ˉ3. ʆʩʥʦʚʥʳʤ ʚʦʧʨʦʩʦʤ ʷʚʣʷʝʪʩʷ ʧʨʠʨʦʜʘ ʥʠʟʢʦʡ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʜʣʷ 

ʚʝʱʝʩʪʚ, ʠʟʚʝʩʪʥʳʭ ʢʘʢ ʞʝʩʪʢʠʝ ʬʝʨʨʦʤʘʛʥʝʪʠʢʠ. ʀʟʫʯʝʥʠʝ ʵʣʝʤʝʥʪʥʦʛʦ ʠ 

ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʢʩʠʜʳ Sm ʠ Co ʥʝ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʬʘʟʘʤʠ ʠʟ-ʟʘ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʠʩʣʦʨʦʜʘ ʚ 

ʥʘʧʣʘʚʣʝʥʥʳʭ ʩʪʨʫʢʪʫʨʘʭ. ɺʥʫʪʨʠ ʢʨʠʩʪʘʣʣʦʚ ʦʢʩʠʜʳ ʥʝ ʥʘʙʣʶʜʘʶʪʩʷ, ʯʪʦ ʤʦʞʝʪ 

ʧʦʚʣʠʷʪʴ ʥʘ ʜʚʠʞʝʥʠʝ ʚʝʢʪʦʨʘ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ ʤʘʛʥʠʪʥʳʭ ʜʦʤʝʥʘʭ ʠ 

ʫʚʝʣʠʯʠʪʴ ʢʦʵʨʮʠʪʠʚʥʫʶ ʩʠʣʫ. ʈʘʟʤʝʨ ʤʘʛʥʠʪʥʳʭ ʜʦʤʝʥʦʚ ʜʣʷ ʦʙʨʘʟʮʘ ˉ4 ʙʣʠʟʦʢ 

ʢ ʦʥʳʤ ʜʣʷ ʦʙʨʘʟʮʘ ˉ3: ʜʣʠʥʘ 100ï150 ʤʢʤ, ʰʠʨʠʥʘ 5ï20 ʤʢʤ [126], ʢʦʪʦʨʳʝ 

ʦʧʨʝʜʝʣʷʶʪ ʤʘʣʦʝ ʧʦʣʝ ʜʣʷ ʠʭ ʧʦʚʪʦʨʥʦʛʦ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ. ʆʩʪʘʪʦʯʥʘʷ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʜʣʷ ʦʙʨʘʟʮʦʚ ˉ6 ʠ ̄ 7 ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 25ï30% ʦʪ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘʩʳʱʝʥʠʷ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʛʦʚʦʨʠʪʴ ʦ ʧʦʣʥʦʤ 

ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʠ ʦʙʨʘʟʮʦʚ ʚ ʥʫʣʝʚʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. ʆʙʨʘʟʝʮ ˉ 5 ʠʤʝʝʪ 

ʦʩʪʘʪʦʯʥʫʶ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʧʨʠʤʝʨʥʦ 1,5% ʦʪ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘʩʳʱʝʥʠʷ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʯʪʠ ʧʦʣʥʦʤʫ ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʶ ʚ ʥʫʣʝʚʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. ʆʜʥʦʡ 

ʠʟ ʧʨʠʯʠʥ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʪʠʚʦʧʦʣʦʞʥʘʷ ʦʨʠʝʥʪʘʮʠʷ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʟʝʨʝʥ 

SmCo8.5 ʠ Fe3O4 ʠ ʨʘʟʣʠʯʥʳʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘʩʳʱʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʧʦʜʨʘʟʫʤʝʚʘʶʪ ʬʝʨʨʠʤʘʛʥʠʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩʪʨʫʢʪʫʨ.  

 

4.5 ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʦʙʨʘʟʮʘ 8 

 

ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʦʙʨʘʟʮʘ ˉ8, ʧʦ ʜʘʥʥʳʤ ʚʠʙʨʦʤʘʛʥʝʪʦʤʝʪʨʘ, (ʨʠʩʫʥʦʢ 

4.10) ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʷʛʢʠʤ ʬʝʨʨʦʤʘʛʥʝʪʠʢʘʤ ʩ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʦʡ ʦʢʦʣʦ 150ʕ 
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(ʨʠʩʫʥʦʢ 4.10, ʙ) ʠ ʥʠʟʢʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴʶ ʥʘʩʳʱʝʥʠʷ ʦʢʦʣʦ 0,54 ʵʤʝ/ʛ 

(ʨʠʩʫʥʦʢ 4.10).  

 

ʘ)       ʙ) 

ʈʠʩʫʥʦʢ 4.10 ï ʇʝʪʣʠ ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʩ ʚʠʙʨʦʤʘʛʥʝʪʦʤʝʪʨʘ ʜʣʷ ʥʘʧʣʘʚʣʝʥʥʳʭ ʩʣʦʝʚ ʥʘ 

ʦʩʥʦʚʝ ʧʦʨʦʰʢʦʚ Sm ʠ Co (ʦʙʨʘʟʝʮ ˉ8) ʥʘ ʧʦʜʣʦʞʢʝ ʠʟ ɸʄʛ3 ʧʨʠ 300 ʂ ʚ ʧʦʣʫʟʘʤʢʥʫʪʦʤ 

ʦʙʲʝʤʝ ʩ ʧʨʦʪʝʢʘʥʠʝʤ ʘʨʛʦʥʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ: ʘ - 0 ï 20 ʢʕ; 

ʙ- 0 ï 2 ʢʕ  

 

ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʩʪʨʫʢʪʫʨ ʨʝʛʫʣʠʨʫʶʪʩʷ ʚʢʣʘʜʦʤ ʟʨyʝʥ Co. ʅʘ 

ʦʪʰʣʠʬʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ˉ8 ʢʘʨʪʠʥʳ ʜʚʠʞʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʜʦʤʝʥʦʚ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʧʨʠ ʠʭ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʠ ʚ ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʠʡ ʂʝʨʨï

ʤʠʢʨʦʩʢʦʧʝ (ʨʠʩʫʥʦʢ 4.11, ʠʟʦʙʨʘʞʝʥʠʷ) ʠ ʧʦʩʪʨʦʝʥʳ ʢʨʠʚʳʝ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʢʦʥʪʨʘʩʪʘ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʘʣʠ ʤʘʛʥʠʪʥʳʡ ʛʠʩʪʝʨʝʟʠʩ ʩ 

ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʦʡ ʦʢʦʣʦ 170 ʕ, ʠʟʚʣʝʯʝʥʥʳʭ ʠʟ ʜʘʥʥʳʭ ʚʠʙʨʦʤʘʛʥʝʪʦʤʝʪʨʘ. 

ʈʘʟʤʝʨʳ ʤʘʛʥʠʪʥʳʭ ʜʦʤʝʥʦʚ ʩʦʩʪʘʚʣʷʶʪ ʚ ʜʣʠʥʫ 50ï100 ʤʢʤ ʠ ʚ ʰʠʨʠʥʫ 20ï30 

ʤʢʤ. ʇʦʩʢʦʣʴʢʫ ʜʦʤʝʥʳ ʚ ʨʘʟʣʠʯʥʳʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʟʝʨʥʘʭ ʥʘʧʨʘʚʣʝʥʳ ʧʦʜ 

ʫʛʣʦʤ ʜʦ 90ï120
o
, ʵʪʦ ʛʦʚʦʨʠʪ ʦ ʯʘʩʪʠʯʥʦʡ ʢʦʤʧʝʥʩʘʮʠʠ ʤʘʛʥʠʪʥʳʭ ʜʦʤʝʥʦʚ ʠ 

ʦʙʲʷʩʥʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘʩʳʱʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʜʨʫʛʠʤʠ ʦʙʨʘʟʮʘʤʠ.  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʘʛʥʠʪʥʘʷ ʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʦʚ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʣʘʟʝʨʥʦʡ 

ʥʘʧʣʘʚʢʦʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʠʭ ʬʘʟʦʚʳʤ ʩʦʩʪʘʚʦʤ ʠ ʨʘʟʤʝʨʦʤ, ʪʘʢ ʠ ʦʨʠʝʥʪʘʮʠʝʡ 

ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʩʦʩʝʜʥʠʭ ʢʨʠʩʪʘʣʣʦʚ, ʘ ʪʘʢʞʝ ʢʦʣʠʯʝʩʪʚʦʤ ʪʠʧʦʚ ʤʘʛʥʠʪʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ ʚ ʥʘʧʣʘʚʣʝʥʥʳʭ ʩʪʨʫʢʪʫʨ.  
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ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʘʛʥʠʪʥʘʷ ʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʦʚ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʣʘʟʝʨʥʦʡ 

ʥʘʧʣʘʚʢʦʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʠʭ ʬʘʟʦʚʳʤ ʩʦʩʪʘʚʦʤ ʠ ʨʘʟʤʝʨʦʤ, ʪʘʢ ʠ ʦʨʠʝʥʪʘʮʠʝʡ 

ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʩʦʩʝʜʥʠʭ ʢʨʠʩʪʘʣʣʦʚ, ʘ ʪʘʢʞʝ ʢʦʣʠʯʝʩʪʚʦʤ ʪʠʧʦʚ ʤʘʛʥʠʪʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ ʚ ʥʘʧʣʘʚʣʝʥʥʳʭ ʩʪʨʫʢʪʫʨ.  

ʇʦʩʣʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʱʠʭ ʩʚʦʡʩʪʚ ʧʦʣʫʯʘʝʤʳʭ ʦʙʨʘʟʮʦʚ ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ 

ʦ ʚʣʠʷʥʠʠ ʧʦʜʣʦʞʢʠ ʥʘ ʢʦʥʝʯʥʳʡ ʨʝʟʫʣʴʪʘʪ. ɺ ʩʣʝʜʫʶʱʝʡ ʛʣʘʚʝ ʦʧʠʩʘʥʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʫʩʣʦʚʠʡ ʥʘʧʣʘʚʢʠ ʠ ʤʘʪʝʨʠʘʣʘ ʧʦʜʣʦʞʢʠ ʥʘ ʤʘʛʥʠʪʥʳʝ 

ʩʚʦʡʩʪʚʘ ʦʙʨʘʟʮʦʚ.  

 

     

2.5 ʢʕ 0.9 ʢʕ ï0.1 ʢʕ ï1.1 ʢʕ ï2.5 ʢʕ 

  

     

0.9 ʢʕ ï0.1 ʢʕ 0.9 ʢʕ 1.7 ʢʕ 2.5 ʢʕ 

ʈʠʩʫʥʦʢ 4.11 ï ʇʝʪʣʷ ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʧʦ ʜʘʥʥʳʤ ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʦʛʦ ʂʝʨʨïʤʠʢʨʦʩʢʦʧʘ 

ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʜʣʷ ʥʘʧʣʘʚʣʝʥʥʦʛʦ SmïCo ʦʙʨʘʟʮʘ ( 8̄) 

ʧʨʠ 300 ʂ ʚ ʧʦʣʫʟʘʤʢʥʫʪʦʤ ʩʦʩʫʜʝ ʩ ʧʨʦʜʫʚʢʦʡ ʘʨʛʦʥʘ.  

ʈʘʟʤʝʨ ʤʘʛʥʠʪʥʦʡ ʧʣʦʱʘʜʠ ʨʘʚʝʥ 450ʭ450 ʤʢʤ
2
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4.6 ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʦʙʨʘʟʮʦʚ 9, 10 

 

ʇʝʨʚʳʡ - SQUID ʤʘʛʥʠʪʦʤʝʪʨʠ ̫ ʩ ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʠ ʤʘʛʥʠʪʦʧʦʣʝʚʳʤʠ 

ʠʟʤʝʨʝʥʠʷʤʠ ʧʨʠ ʜʚʫʭ ʪʝʤʧʝʨʘʪʫʨʘʭ: 300 K ʠ 4 K. ʉʨʘʚʥʠʤ ʨʝʟʫʣʴʪʘʪʳ 

ʤʘʛʥʠʪʦʧʦʣʝʚʳʭ ʠʟʤʝʨʝʥʠʡ ʜʣʷ ʦʙʦʠʭ ʦʙʨʘʟʮʦʚ ʥʘ ʧʦʜʣʦʞʢʝ ʠʟ ɸʄʛ3 ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (300 K, ʨʠʩʫʥʦʢ 4.12, a-ʙ). ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʜʣʷ ʦʙʨʘʟʮʦʚ ˉ9 ʠ ˉ10 ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʥʘʩʳʱʝʥʠʷ ʥʘ ʢʨʠʚʳʭ 

ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ (ʨʠʩʫʥʦʢ 4.12, a). ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʙʦʣʴʰʦʤ 

ʧʘʨʘʤʘʛʥʠʪʥʦʤ ʚʢʣʘʜʝ ʚ ʤʘʛʥʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʨʫʢʪʫʨ. ʆʩʥʦʚʥʦʡ 

ʧʘʨʘʤʘʛʥʠʪʥʳʡ ʚʢʣʘʜ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥ ʩ ʧʦʜʣʦʞʢʦʡ ʥʘ ʦʩʥʦʚʝ Al. ɿʥʘʯʝʥʠʷ 

ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ (80ï100 ʕ) ʠ ʦʩʪʘʪʦʯʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ (< 0,0025 ʵʤʝ/ʛ)) 

ʦʯʝʥʴ ʤʘʣʳ ʜʣʷ ʦʙʝʠʭ ʩʪʨʫʢʪʫʨ (ʨʠʩʫʥʦʢ 4.12, ʙ), ʥʦ ʦʙʨʘʟʝʮ ˉ9 ʥʘʧʣʘʚʣʝʥʥʳʡ 

ʙʝʟ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠʤʝʝʪ ʚ ʜʚʘ ʨʘʟʘ ʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ, ʯʝʤ ʦʙʨʘʟʝʮ 

ˉ10, ʢʦʪʦʨʳʡ ʙʳʣ ʥʘʧʣʘʚʣʝʥ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʤʘʛʥʠʪʥʦʤ 

ʧʦʣʝ.  

  

ʘ)                                    ʙ) 

ʈʠʩʫʥʦʢ 4.12 ï ʇʝʪʣʠ ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʩʦ SQUID ʤʘʛʥʝʪʦʤʝʪʨʘ ʜʣʷ ʥʘʧʣʘʚʣʝʥʥʳʭ Smï

Fe ʦʙʨʘʟʮʦʚ ˉ9 (ʟʝʣʸʥʳʡ ʤʘʨʢʝʨ) ʠ 1̄0 (ʯʸʨʥʳʡ ʤʘʨʢʝʨ) ʥʘ ʧʦʜʣʦʞʢʝ ɸʄʛ3 ʧʨʠ 300 ʂ ʚ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ: ʘ - 0 ï 20 ʢʕ; ʙ - 0 ï 2 ʢʕ  

 

ʉʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʨʦʩʪʫ ʢʦʵʨʮʠʪʠʚʥʦʡ 

ʩʠʣʳ ʚ ʦʙʨʘʟʮʘʭ ˉ9 ʠ 1̄0 (ʨʠʩʫʥʦʢ 4.13), ʘ ʟʥʘʯʝʥʠʷ ʠʟʤʝʥʝʥʠʷ 
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ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘʩʳʱʝʥʠʷ ʠʟʤʝʥʷʶʪʩʷ ʥʝ ʤʦʥʦʪʦʥʥʦ. ɺ ʦʙʨʘʟʮʘʭ ˉ9 ʠ ̄10 ʩ 

ʫʤʝʥʴʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 4 K ʢʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʚ 

100 ʨʘʟ ʜʦ 8300 ʠ 9000 Oe, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʦʙʦʠʭ ʦʙʨʘʟʮʦʚ ʚʳʭʦʜ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘ ʥʘʩʳʱʝʥʠʝ ʩ ʚʳʩʦʢʠʤ ʩʠʣʴʥʦ ʫʚʝʣʠʯʝʥʥʳʤ ʫʨʦʚʥʝʤ 

(ʨʠʩʫʥʦʢ 4.13, ʙ) ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʧʦʣʝ ʦʢʦʣʦ 20 ʢʕ.  

 

ʘ)      ʙ) 

ʈʠʩʫʥʦʢ 4.13 ï ʇʝʪʣʠ ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʥʘ SQUID ʤʘʛʥʝʪʦʤʝʪʨʝ ʥʘ ʧʦʜʣʦʞʢʝ ʠʟ ʩʧʣʘʚʘ 

ɸʄʛ3 ʧʨʠ 4ʂ ʚ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ: 0 ï 30 ʢʕ ʜʣʷ ʥʘʧʣʘʚʣʝʥʥʳʭ SmïFe ʦʙʨʘʟʮʦʚ:  

ʘ - ˉ9; ʙ - ˉ10 

 

ʅʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʥʘʩʳʱʝʥʠʷ ʦʙʨʘʟʮʘ ˉ10 ʜʦʩʪʠʛʘʝʪ 1,08 ʵʤʝ/ʛ, ʥʦ ʪʦ ʞʝ 

ʟʥʘʯʝʥʠʝ ʜʣʷ ʦʙʨʘʟʮʘ ˉ9 ʨʘʚʥʦ ʪʦʣʴʢʦ 0,48 ʵʤʝ/ʛ. ʌʦʨʤʳ ʧʝʪʝʣʴ ʤʘʛʥʠʪʥʦʛʦ 

ʛʠʩʪʝʨʝʟʠʩʘ ʧʨʠ 4 K ʦʯʝʥʴ ʧʦʭʦʞʠ ʠ ʙʣʠʟʢʠ ʢ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʬʦʨʤʝ ʩ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʛʦ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ (ʣʝʛʢʘʷ ʦʩʴ). ʇʦʩʢʦʣʴʢʫ 

ʥʘʢʣʦʥ ʚ ʧʦʣʝ ʥʘʩʳʱʝʥʠʷ ʩʫʱʝʩʪʚʫʝʪ ʜʣʷ ʦʙʝʠʭ ʧʝʪʝʣʴ, ʪʦ ʧʘʨʘʤʘʛʥʠʪʥʳʭ ʚʢʣʘʜ 

ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ.  

ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ˉ9 ʠ ̄ 10 

(ʨʠʩʫʥʦʢ 4.14) ʫʢʘʟʳʚʘʶʪ ʥʘ ʧʦʨʦʛ ʭʘʨʘʢʪʝʨʘ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʨʠ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ. ɼʦ ʪʝʤʧʝʨʘʪʫʨʳ 120 K ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʥʝ ʟʘʚʠʩʠʪ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ. ʅʠʞʝ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʟʢʠʡ ʨʦʩʪ ʟʥʘʯʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ 

ʥʘʙʣʶʜʘʝʪʩʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʥʘʩʳʱʝʥʠʝʤ ʧʨʠ 10 ʂ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ 120 K, ʠ 
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ʪʦʯʢʘ ʧʝʨʝʛʠʙʘ (ʥʘ ʢʨʠʚʦʡ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ) ʝʩʪʴ ʪʦʯʢʘ ʂʶʨʠ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 

ʦʢʦʣʦ 70 ʂ.  

 

ʈʠʩʫʥʦʢ 4.14 ï ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ˉ9 (ʟʝʣʸʥʳʡ ʤʘʨʢʝʨ) ʠ 

ˉ10 (ʯʸʨʥʳʡ ʤʘʨʢʝʨ) ʥʘ ʧʦʜʣʦʞʢʝ ɸʄʛ3 ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʅ=10 ʢʕ 

 

ʇʨʦʚʝʜʸʤ ʘʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩ ʚʠʙʨʦʤʘʛʥʝʪʦʤʝʪʨʘ, 

ʧʦʣʫʯʝʥʥʳʭ ʜʣʷ ʪʝʭ ʞʝ ʦʙʨʘʟʮʦʚ ʧʨʠ 300 K. ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʝʨʚʦʡ ʩʝʨʠʠ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʚʠʙʨʦʤʘʛʥʝʪʦʤʝʪʨʝ ʜʣʷ ʦʙʨʘʟʮʦʚ ʜʚʫʭ 

ʪʠʧʦʚ: ʩʪʨʫʢʪʫʨʘ ʚʤʝʩʪʝ ʩ ʧʦʜʣʦʞʢʦʡ ʠ ʩʪʨʫʢʪʫʨʘ ʙʝʟ ʧʦʜʣʦʞʢʠ. ʉʥʘʯʘʣʘ ʩʨʘʚʥʠʤ 

ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʜʣʷ ʦʙʨʘʟʮʘ ˉ10 ʩ ʠ ʙʝʟ ʧʦʜʣʦʞʢʠ ʠʟ ʩʧʣʘʚʘ ɸʄʛ3 

(ʨʠʩʫʥʦʢ 4.14). ɼʘʥʥʳʝ ʩ ʧʦʜʣʦʞʢʦʡ (çʠʩʭʦʜʥʳʡè, ʨʠʩʫʥʦʢ 4.15a) ʦʯʝʥʴ ʧʦʭʦʞʠ 

ʧʦ ʬʦʨʤʝ ʩ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʥʘ SQUID ʤʘʛʥʠʪʦʤʝʪʨʝ (ʨʠʩʫʥʦʢ 4.12, 

ʦʙʨʘʟʝʮ ˉ10).  

 

ʘ)                                     ʙ) 

ʈʠʩʫʥʦʢ 4.15 ï ʇʝʪʣʠ ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʥʘ ʚʠʙʨʦʤʘʛʥʝʪʦʤʝʪʨʝ ʜʣʷ ʥʘʧʣʘʚʣʝʥʥʳʭ 

SmïFe ʦʙʨʘʟʮʦʚ ˉ9 (ʢʨʘʩʥʳʡ ʤʘʨʢʝʨ) ʠ ˉ10 (ʯʸʨʥʳʡ ʤʘʨʢʝʨ) ʥʘ ʧʦʜʣʦʞʢʝ ɸʄʛ3 ʧʨʠ 300 

ʂ: ʘ - ʜʦ 0,4 emg/g; ʙ - ʜʦ 0,01 emg/g  
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ʋʜʘʣʝʥʠʝ ʧʦʜʣʦʞʢʠ, ʧʨʠʚʝʣʦ ʢ ʧʦʷʚʣʝʥʠʶ ʧʝʪʣʠ ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ 

(ʨʠʩʫʥʦʢ 4.15, ʙ). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʜʣʦʞʢʘ ʜʘʪy ʩʠʣʴʥʳʡ ʧʘʨʘʤʘʛʥʠʪʥʳʡ ʚʢʣʘʜ. 

ɺʳʯʝʪ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʚʢʣʘʜʘ ʧʦʟʚʦʣʷʝʪ ʩʫʜʠʪʴ ʦ ʧʦʚʝʜʝʥʠʠ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ 

ʩʣʦʷ. ʅʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʥʘʩʳʱʝʥʠʷ ʜʦʩʪʠʛʘʝʪ ʜʣʷ ʦʙʦʠʭ ʦʙʨʘʟʮʦʚ ʧʨʠ 10 ʢʕ 

(ʨʠʩʫʥʦʢ 4.14). ɺʝʣʠʯʠʥʘ ʦʩʪʘʪʦʯʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʜʣʷ ʦʙʨʘʟʮʦʚ ˉ9 (2,5ʭ10
ï3

 

ʵʤʝ/ʛ, ʈʠʩ 6, a) ʠ ̄10 (1 x 10
ï2

 ʵʤʝ/ʛ, ʨʠʩʫʥʦʢ 4.14ʙ) ʧʦʩʣʝ ʚʳʯʝʪʘ ʚʢʣʘʜʘ 

ʧʦʜʣʦʞʢʠ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 5% ʜʦ 8% ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘʩʳʱʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʦʙʨʘʟʮʳ ʨʘʟʤʘʛʥʠʯʝʥʥʳʤʠ ʚ ʦʪʩʫʪʩʪʚʠʝ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ. ʇʨʠ 300 K ʬʦʨʤʘ ʧʝʪʣʠ ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ (ʨʠʩʫʥʦʢ 4.16) ʜʘʣʝʢʘ ʦʪ 

ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʬʦʨʤʳ, ʧʦʵʪʦʤʫ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʝ ʥʘʤʘʛʥʠʯʠʚʘʥʠʝ ʥʝ 

ʧʨʦʠʩʭʦʜʠʪ.  

ʄʘʛʥʠʪʥʳʝ ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ ʜʣʷ ʦʙʨʘʟʮʘ ˉ10 ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 

4.16, a ʚ ʨʘʟʣʠʯʥʳʭ ʦʨʠʝʥʪʘʮʠʷʭ ʧʦʚʪʦʨʥʦ ʥʘʤʘʛʥʠʯʠʚʘʶʱʝʛʦ ʧʦʣʷ. ʄʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʦʙʨʘʟʝʮ ʷʚʣʷʝʪʩʷ ʠʟʦʪʨʦʧʥʳʤ, ʧʦʩʢʦʣʴʢʫ ʢʦʵʨʮʠʪʠʚʥʘʷ 

ʩʠʣʘ ʠ ʦʩʪʘʪʦʯʥʘʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ (Mr/Ms) ʥʝ ʠʟʤʝʥʷʶʪʩʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʦʨʠʝʥʪʘʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ.  

 

 

ʘ)      ʙ) 

ʈʠʩʫʥʦʢ 4.16 ï ʇʝʪʣʠ ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʚʠʙʨʦʤʘʛʥʝʪʦʤʝʪʨʝ ʧʨʠ 300 ʂ ʜʣʷ 

ʥʘʧʣʘʚʣʝʥʥʳʭ (SmïFe) ʦʙʨʘʟʮʦʚ ʦʪʜʝʣʸʥʥʳʭ ʦʪ ʧʦʜʣʦʞʝʢ ɸʄʛ3 ʚ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ 0 ï 2 ʢʕ: 

ʘ - ̄ 9; ʙ - ̄ 10  
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ʆʜʥʘʢʦ ʚ ʧʦʣʷʭ ʥʝʜʘʣʝʢʦ ʦʪ ʧʦʣʝʡ ʥʘʩʳʱʝʥʠʷ, ʝʩʪʴ ʥʝʙʦʣʴʰʘʷ ʦʜʥʦʦʩʥʘʷ 

ʘʥʠʟʦʪʨʦʧʠʷ. ɽʩʣʠ ʧʨʠʣʘʛʘʝʪʩʷ ʧʦʣʝ 5 ʕ ʠ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʟʘʧʠʩʳʚʘʝʪʩʷ ʧʨʠ 

ʧʦʚʦʨʦʪʝ ʦʙʨʘʟʮʘ ʚ ʧʣʦʩʢʦʩʪʠ xïy, ʪʦ ʥʘʤʘʛʥʠʯʠʚʘʥʠʝ ʚʳʰʝ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ 

ox, ʢʦʪʦʨʦʝ ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʨʦʭʦʜʘ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ ʧʨʠ ʥʘʧʣʘʚʢʝ 

(ʨʠʩʫʥʦʢ 4.17ʙ). ɺʨʘʱʝʥʠʝ ʚ ʧʣʦʩʢʦʩʪʠ xïz ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʩʴ ʣʝʛʢʦʛʦ 

ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʚʳʢʨʫʯʠʚʘʝʪ ʠʟ ʧʣʦʩʢʦʩʪʠ ʧʨʠʤʝʨʥʦ ʥʘ 30 ʛʨʘʜʫʩʦʚ (ʨʠʩʫʥʦʢ 

4.17, ʙ).  

 

ʘ)                                  ʙ) 

ʈʠʩʫʥʦʢ 4.17 ï ʅʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʦʙʨʘʟʮʦʚ: ʘ - ʧʝʪʣʠ ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʜʣʷ ʦʙʨʘʟʮʘ ˉ10 

ʙʝʟ ʧʦʜʣʦʞʢʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʦʨʠʝʥʪʘʮʠʷʭ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ; ʙ - ʫʛʣʦʚʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ, ʢʦʛʜʘ ʚʨʘʱʘʶʱʠʡʩʷ ʦʙʨʘʟʝʮ ʚ ʧʣʦʩʢʦʩʪʠ ʠ ʚʥʝ ʧʣʦʩʢʦʩʪʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʥʘʤʘʛʥʠʯʠʚʘʶʱʝʛʦ ʧʦʣʷ ʜʣʷ ʦʙʨʘʟʮʘ ˉ10  

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʤʘʪʝʨʠʘʣʘ ʧʦʜʣʦʞʢʠ ʥʘ 

ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʦʙʨʘʟʮʦʚ. ʇʨʠʤʝʯʘʪʝʣʴʥʦ ʪʦ, ʯʪʦ ʧʦʤʠʤʦ ʩʘʤʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʪʘʢʞʝ ʚʥʦʩʠʪ ʩʚʦʡ ʚʢʣʘʜ ʥʘʧʨʘʚʣʝʥʠʝ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘʧʣʘʚʢʘ.  

ɺ ʧʨʝʜʳʜʫʱʠʭ ʨʘʟʜʝʣʘʭ ʨʘʙʦʪʳ ʦʙʨʘʟʮʳ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʠʟ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʧʦʨʦʰʢʦʚ ʠ ʠʭ ʢʦʤʧʦʟʠʮʠʡ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʩʪʘʚʦʤ. ʆʜʥʘʢʦ, ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, 

ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʩʧʣʘʚʳ.  

ɺ ʩʣʝʜʫʶʱʝʤ ʨʘʟʜʝʣʝ ʦʧʠʩʘʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʝ ʧʨʠʤʝʥʝʥʠʷ ʧʦʨʦʰʢʘ 

ʥʘ ʦʩʥʦʚʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʛʦ ʩʧʣʘʚʘ ʤʘʨʢʠ ʂʉ25ɼʎ, ʠʟ ʢʦʪʦʨʦʛʦ ʠʟʛʦʪʘʚʣʠʚʘʶʪ 

ʧʦʩʪʦʷʥʥʳʝ ʤʘʛʥʠʪʳ.  
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4.7 ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʦʙʨʘʟʮʘ 11 

 

ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʙʳʣʠ ʠʩʩʣʝʦʚʘʥʳ ʥʘ ʚʠʙʨʘʮʠʦʥʥʦʤ ʤʘʛʥʠʪʦʤʝʪʨʝ Lake 

Shore 8600 Series VSM ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʜʦ 10000 ʕʨʩʪʝʜ.  

ʅʘ ʚʠʙʨʘʮʠʦʥʥʦʤ ʤʘʛʥʠʪʦʤʝʪʨʝ Lake Shore 8600 Series VSM ʙʳʣʠ 

ʠʩʩʣʝʜʦʚʘʥʳ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʦʙʨʘʟʮʘ ˉ11 ʠ ʧʦʨʦʰʢʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ 

ʨʘʟʤʦʣʝ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʠʟʤʝʨʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʨʘʟʮʘ ʠ ʧʦʨʦʰʢʘ ʧʦʩʪʨʦʝʥʳ 

ʧʝʪʣʠ ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ (ʨʠʩʫʥʦʢ 4.18).  

ʇʦʨʦʰʦʢ ʠʟ ʩʧʣʘʚʘ ʤʘʨʢʠ ʂʉ25ɼʎ ʦʙʣʘʜʘʝʪ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʤʠ 

ʬʝʨʨʦʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʢʘʢ ʠ ʦʙʨʘʟʝʮ ˉ11, ʧʦʣʫʯʝʥʥʳʡ ʧʨʠ ʥʘʧʣʘʚʢʝ 

ʧʦʨʦʰʢʘ ʥʘ ʧʘʨʘʤʘʛʥʠʪʥʫʶ ʧʦʜʣʦʞʢʫ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ ʠʟʤʝʥʝʥʠʝ ʢʨʠʚʦʡ 

ʥʘʩʳʱʝʥʠʷ ʦʙʨʘʟʮʘ ˉ11. ɸʥʘʣʦʛʠʯʥʘʷ ʩʠʪʫʘʮʠʷ ʥʘʙʣʶʜʘʣʘʩʴ ʠ ʥʘ ʦʙʨʘʟʮʝ ˉ9, 

ʛʜʝ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʘʨʘʤʘʛʥʠʪʥʳʡ ʚʢʣʘʜ ʦʢʘʟʳʚʘʣʘ ʧʦʜʣʦʞʢʘ.  

  

   ʘ        ʙ  

ʈʠʩʫʥʦʢ 4.18 ï ʇʝʪʣʠ ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʦʙʨʘʟʮʘ ˉ11 ʚ ʤʘʛʥʠʪʥʦʤ 

ʧʦʣʝ: ʘ) ʦʪ -10 ʜʦ 10 ʢʕ; ʙ - ʆʪ -1,5 ʜʦ 1,5 ʢʕ 

 

ʅʘ ʨʠʩʫʥʢʝ 4.18, a ʧʦʢʘʟʘʥʘ ʧʝʪʣʷ ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʚ ʤʘʛʥʠʪʥʳʭ 

ʧʦʣʷʭ ʦʪ ï10 ʢʕ ʜʦ + 10 ʢʕ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʘʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 300 K. ʇʨʠ 300 

K ʦʙʨʘʟʝʮ ˉ11 ʷʚʣʷʝʪʩʷ ʬʝʨʨʦʤʘʛʥʝʪʠʢʦʤ ʩ ʦʩʪʘʪʦʯʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴʶ ʦʢʦʣʦ 

7 ʵʤʝ/ʛ, ʢʦʵʨʮʠʪʠʚʥʫʶ ʩʠʣʫ ʦʢʦʣʦ 200 ʕ (ʨʠʩʫʥʦʢ 4.18, ʙ) ʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ 

ʥʘʩʳʱʝʥʠʷ Ñ 110 ʵʤʝ/ʛ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʦʢʘʟʘʪʝʣʠ ʧʦʨʦʰʢʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ 
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ʩʧʣʘʚʘ ʂʉ25ɼʎ, ʨʘʚʥʷʶʪʩʷ 20 ʵʤʝ/ʛ ʦʩʪʘʪʦʯʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, 420ʕ 

ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʠ 74 ʵʤʝ/ʛ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʥʘʩʳʱʝʥʠʷ.  

ʅʘ ʨʠʩʫʥʢʝ 4.18 ʧʦʢʘʟʘʥʦ ʩʥʠʞʝʥʠʝ ʦʩʪʘʪʦʯʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠ 

ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʦʙʨʘʟʮʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʨʦʰʢʦʤ (ʨʠʩʫʥʦʢ 3.16, ʙ) ʥʝʩʤʦʪʨʷ 

ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʟʥʘʯʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʨʠ ʥʘʩʳʱʝʥʠʠ. ʅʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦʡ 

ʧʨʠʯʠʥʦʡ ʪʘʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʢʠʩʣʝʥʠʝ ʥʘʧʣʘʚʣʷʝʤʦʛʦ ʧʦʨʦʰʢʘ ʠ 

ʦʙʨʘʟʦʚʘʥʠʝ ʩʦʝʜʠʥʝʥʠʡ Co0.72Fe0.28.  

ɺ ʮʝʣʦʤ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʨʦʰʢʘ ʠʟ 

ʩʧʣʘʚʘ ʂʉ25ɼʎ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʩʪʨʫʢʪʫʨ, ʦʜʥʘʢʦ, ʧʦʜʦʙʥʳʡ ʧʦʜʭʦʜ 

ʦʩʣʦʞʥʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʨʦʚʝʜʝʥʠʷ ʨʷʜʘ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ ʨʘʙʦʪ.  

 

4.8 ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 4 

 

ɺ ʯʝʪʚʸʨʪʦʡ ʛʣʘʚʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʦʙʨʘʟʮʦʚ.  

ʆʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʠʟʛʦʪʦʚʣʝʥʠʝ ʦʙʨʘʟʮʦʚ ʤʝʪʦʜʦʤ ʧʦʩʣʦʡʥʦʡ ʥʘʧʣʘʚʢʠ 

ʧʦʨʦʰʢʦʚ Sm, Co ʠ Fe ʥʝ ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʠʟʛʦʪʦʚʣʝʥʠʝʤ ʦʙʨʘʟʮʦʚ ʤʝʪʦʜʦʤ ʩʧʣʘʚʣʝʥʠʷ ʧʦʨʦʰʢʦʚʳʭ ʢʦʤʧʦʟʠʮʠʡ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʙʨʘʟʮʦʚ ʠʟ ʧʦʨʦʰʢʘ ʂʉ25ɼʎ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʭ ʢʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ 

ʠ ʦʩʪʘʪʦʯʥʘʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʚʳʰʝ, ʯʝʤ ʫ ʦʙʨʘʟʮʦʚ ʠʟ ʧʦʨʦʰʢʦʚ ʯʠʩʪʳʭ 

ʤʝʪʘʣʣʦʚ.  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʧʫʪʸʤ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʥʘʧʣʘʚʢʠ ʦʙʨʘʟʮʦʚ ʥʝ 

ʦʢʘʟʳʚʘʝʪ ʟʘʤʝʪʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʦʨʠʝʥʪʘʮʠʶ ʤʘʛʥʠʪʥʳʭ ʧʦʣʶʩʦʚ ʧʦʣʫʯʘʝʤʳʭ 

ʦʙʨʘʟʮʦʚ. ʆʩʥʦʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʦʨʠʝʥʪʘʮʠʶ ʤʘʛʥʠʪʥʳʭ ʧʦʣʶʩʦʚ ʧʨʠ ʥʘʧʣʘʚʢʝ 

ʦʙʨʘʟʮʦʚ ʦʢʘʟʳʚʘʝʪ ʠʤʝʥʥʦ ʥʘʧʨʘʚʣʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʩʣʦʞʥʦʡ ʬʦʨʤʳ, ʣʝʛʠʨʫʷ ʚʳʙʨʘʥʥʳʝ ʫʯʘʩʪʢʠ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʅʘʧʨʠʤʝʨ, ʧʦʣʫʯʠʪʴ ʩʝʪʯʘʪʫʶ ʩʪʨʫʢʪʫʨʫ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, 

ʧʦʣʫʯʠʚ çʦʩʪʨʦʚʘè ʬʝʨʨʦʤʘʛʥʝʪʠʢʘ.  
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ʆʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʚʣʠʷʥʠʝ ʧʦʜʣʦʞʝʢ ʠʟ ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ ʞʝʣʝʟʘ 

(12ʍ18ʅ10ʊ) ʠ ʘʣʶʤʠʥʠʷ (ɸʄʛ3,) ʦʢʘʟʳʚʘʶʪ ʤʠʥʠʤʘʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʘʝʤʳʭ ʦʙʨʘʟʮʦʚ. ɹʦʣʴʰʠʡ ʚʢʣʘʜ ʥʘ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ 

ʦʢʘʟʘʣʦ ʩʤʝʰʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʧʦʜʣʦʞʢʠ ʠ ʥʘʧʣʘʚʣʷʝʤʦʡ ʩʪʨʫʢʪʫʨʳ.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʤʘʛʥʠʪʥʳʝ 

ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʘʝʤʳʭ ʩʪʨʫʢʪʫʨ ʚʥʦʩʠʪ ʩʦʝʜʠʥʝʥʠʝ SmCo8.5 (Sm2Co17). 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʥʘʧʣʘʚʢʠ ʧʦʨʦʰʢʘ ʠʟ ʩʧʣʘʚʘ ʂʉ25ɼʎ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʧʣʘʚʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʳʝ ʩʪʨʫʢʪʫʨʳ. ʋ ʧʦʣʫʯʘʝʤʳʭ 

ʦʙʨʘʟʮʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʪʨʝʱʠʥ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ 

ʟʥʘʯʝʥʠʷʭ ʦʩʪʘʪʦʯʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ.  

ʇʨʠ ʟʘʤʝʥʝ ʨʘʩʪʚʦʨʘ ʢʘʥʠʬʦʣʠ ʥʘ ʧʦʣʠʩʪʠʨʦʣ ʚ ʢʘʯʝʩʪʚʝ ʩʚʷʟʫʶʱʝʛʦ ʘʛʝʥʪʘ 

ʥʝ ʦʙʥʘʨʫʞʝʥʦ ʚʣʠʷʥʠʷ ʥʘ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʦʙʨʘʟʮʘ.  
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ɿɸʂʃʖʏɽʅʀɽ 

ʈʝʰʝʥʘ ʚʘʞʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʘʜʘʯʘ ʧʦ ʫʩʪʘʥʦʚʣʝʥʠʶ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʩʠʥʪʝʟʘ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʬʦʨʤʠʨʫʝʤʳʭ ʠʟ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʧʦʨʦʰʢʦʚ Sm, Co ʠ Fe ʥʘ ʥʝʤʘʛʥʠʪʥʳʭ ʧʦʜʣʦʞʢʘʭ ʤʝʪʦʜʦʤ ʣʘʟʝʨʥʦʡ ʘʜʜʠʪʠʚʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʟʜʘʥʠʝ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, 

ʥʝʦʪʜʝʣʠʤʦʛʦ ʦʪ ʦʩʥʦʚʳ. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʨʝʟʫʣʴʪʘʪʳ: 

1. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʸʥʥʦʛʦ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʤʘʨʦʢ 

ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʙʦʩʥʦʚʘʥ ʚʳʙʦʨ ʪʨʸʭ 

ʧʦʨʦʰʢʦʚ (Sm, Co ʠ Fe) ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʤʝʪʦʜʦʤ 

ʣʘʟʝʨʥʦʡ ʘʜʜʠʪʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʥʝʤʘʛʥʠʪʥʳʭ ʧʦʜʣʦʞʢʘʭ.  

2. ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʦʣʦʛʠʷ ʩʠʥʪʝʟʘ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ 

ʥʝʤʘʛʥʠʪʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʜʣʦʞʢʘʭ ʤʝʪʦʜʦʤ ʣʘʟʝʨʥʦʡ ʘʜʜʠʪʠʚʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʠʟ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʨʦʰʢʦʚ Sm, Co ʠ Fe.  

3. ʋʩʪʘʥʦʚʣʝʥʳ ʨʘʮʠʦʥʘʣʴʥʳʝ ʨʝʞʠʤʳ ʩʧʣʘʚʣʝʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʧʦʨʦʰʢʦʚ Sm, Co ʠ Fe ʥʘ ʥʝʤʘʛʥʠʪʥʳʭ ʧʦʜʣʦʞʢʘʭ ʤʝʪʦʜʦʤ ʣʘʟʝʨʥʦʡ ʘʜʜʠʪʠʚʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʧʣʦʪʥʦʩʪʴʶ 

ʤʦʱʥʦʩʪʠ, ʨʘʚʥʦʡ 7,64 ɺʪ/ʩʤ
2
 ʜʣʷ Sm, 6,37 ɺʪ/ʩʤ

2 
ʜʣʷ Fe ʠ 2,55 ɺʪ/ʩʤ

2
 ʜʣʷ Co, 

ʧʦʟʚʦʣʷʝʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʜʝʬʝʢʪʦʚ ʚ ʥʘʧʣʘʚʣʷʝʤʦʤ ʤʘʪʝʨʠʘʣʝ, ʘ 

ʟʥʘʯʠʪ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʫʯʝʥʠʝ ʛʦʪʦʚʳʭ ʤʘʛʥʠʪʦʚ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʜʝʬʝʢʪʦʚ.  

4. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʠʩʪʠʨʦʣʘ ʚ ʢʘʯʝʩʪʚʝ ʩʚʷʟʫʶʱʝʛʦ ʘʛʝʥʪʘ 

ʜʣʷ ʫʜʝʨʞʘʥʠʷ ʧʦʨʦʰʢʦʚ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ 

ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ ʦʙʨʘʟʮʦʚ ʤʘʛʥʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʩʪʚʦʨʘ ʥʘ ʦʩʥʦʚʝ ʢʘʥʠʬʦʣʠ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʫʤʝʥʴʰʝʥʠʝʤ 

ʦʢʠʩʣʷʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʘʛʝʥʪʘ ʚ ʩʚʷʟʠ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʢʠʩʣʦʨʦʜʘ ʚ ʝʛʦ ʩʦʩʪʘʚʝ.  

5. ɺʳʷʚʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʣʠʷʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʥʘʧʣʘʚʢʠ ʠ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʨʠʣʦʞʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ 

ʠ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʩʠʥʪʝʟʠʨʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʆʨʠʝʥʪʘʮʠʷ ʜʦʤʝʥʥʦʡ 
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ʩʪʨʫʢʪʫʨʳ ʩʦʭʨʘʥʷʝʪʩʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʣʠʥʠʡ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʚʥʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʝʪʘʣʣʘ. ɼʣʷ ʩʠʩʪʝʤ Sm-Fe 

ʢʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ ʩʦʩʪʘʚʣʷʝʪ 20-100 ʕ, ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʥʘʩʳʱʝʥʠʷ ʜʦʩʪʠʛʘʝʪ 

110-112 ʵʤʝ/ʛ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɼʣʷ ʩʠʩʪʝʤ Sm-Co ʢʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ 

ʩʦʩʪʘʚʣʷʝʪ 20-350 ʕ, ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʥʘʩʳʱʝʥʠʷ ʜʦʩʪʠʛʘʝʪ 50-51 ʵʤʝ/ʛ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ.  

6. ʆʧʨʝʜʝʣʝʥʦ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʦʟʜʝʡʩʪʚʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʧʨʦʮʝʩʩʝ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʙʨʘʟʮʦʚ ʥʘ ʥʝʤʘʛʥʠʪʥʦʡ ʧʦʜʣʦʞʢʝ ʥʝ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʫʶ ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʦʙʨʘʟʮʦʚ. 

ʊʝʤʧʝʨʘʪʫʨʘ 50 ʂ, ʷʚʣʷʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʦʡ ʂʶʨʠ ʜʣʷ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ 

ʫʧʦʨʷʜʦʯʝʥʠʷ ʦʙʨʘʟʮʦʚ Sm20Fe80. ɸ ʫ ʦʙʨʘʟʮʦʚ Sm25Co75 ʦʙʥʘʨʫʞʝʥʳ ʪʨʠ ʪʦʯʢʠ 

ʧʝʨʝʛʠʙʘ ʧʨʠ 274 K, 144 K ʠ 50 K ʩ ʥʝʙʦʣʴʰʦʡ ʘʤʧʣʠʪʫʜʦʡ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ.  

ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʜʘʥʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ ʤʦʛʫʪ ʙʳʪʴ ʧʦʩʚʷʱʝʥʳ 

ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ʧʦʨʦʰʢʦʚʳʭ ʢʦʤʧʦʟʠʮʠʡ ʤʘʛʥʠʪʥʳʭ ʩʧʣʘʚʦʚ 

ʤʝʪʦʜʦʤ ʛʘʟʦʚʦʛʦ ʨʘʩʧʳʣʝʥʠʷ ʩ ʢʦʥʪʨʦʣʠʨʫʝʤʳʤ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʠ 

ʤʦʨʬʦʣʦʛʠʝʡ ʯʘʩʪʠʮ ʩ ʮʝʣʴʶ ʫʚʝʣʠʯʝʥʠʷ ʪʦʯʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ ʥʘ ʦʙʨʘʟʮʘʭ ʤʘʣʦʡ ʪʦʣʱʠʥʳ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʠʢʠ ʧʦʩʣʦʡʥʦʛʦ 

ʥʘʥʝʩʝʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʩʧʣʘʚʣʝʥʠʷ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʚʷʟʫʶʱʝʛʦ ʘʛʝʥʪʘ, 

ʚʣʠʷʶʱʝʛʦ ʥʘ ʢʘʯʝʩʪʚʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ.  
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