
ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʥʘʫʢʠ 

ʀʅʉʊʀʊʋʊ ʈɸɼʀʆʊɽʍʅʀʂʀ ʀ ʕʃɽʂʊʈʆʅʀʂʀ ʠʤ. ɺ.ɸ.ʂʆʊɽʃʔʅʀʂʆɺɸ 

ʈʆʉʉʀʁʉʂʆʁ ɸʂɸɼɽʄʀʀ ʅɸʋʂ 

 

ʅʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʠ 

 

 

ʂʘʤʘʥʮʝʚ ɸʣʝʢʩʘʥʜʨ ʇʘʚʣʦʚʠʯ 

 

ʌʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ ʠ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʡ ʵʬʬʝʢʪ  

ʚ Gd, ʩʦʝʜʠʥʝʥʠʷʭ ʥʘ ʦʩʥʦʚʝ Mn ʠ ʩʧʣʘʚʘʭ FeRh  

ʚ ʩʠʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ 

 

 

1.3.8. (01.04.07) ʌʠʟʠʢʘ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

 

ɼʀʉʉɽʈʊɸʎʀʗ 

ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ 

ʢʘʥʜʠʜʘʪʘ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ 

 

 

 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ 

ʜʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ  

ʂʦʣʝʜʦʚ ɺʠʢʪʦʨ ɺʠʢʪʦʨʦʚʠʯ 

 

 

 

ʄʦʩʢʚʘ ï 2021 



2 

ʆɻʃɸɺʃɽʅʀɽ 

ɺɺɽɼɽʅʀɽ ..................................................................................................................... 5 

ɻʃɸɺɸ 1. ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ ........................................................................... 15 

1.1. ʀʩʪʦʨʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʘʣʦʨʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ ................................... 15 

1.2. ʊʝʨʤʦʜʠʥʘʤʠʢʘ ʢʘʣʦʨʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ ............................................... 16 

1.2.1. ʄʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʚʙʣʠʟʠ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ 2-ʛʦ ʨʦʜʘ ............... 20 

1.2.2. ʄʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʚʙʣʠʟʠ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ 1-ʛʦ ʨʦʜʘ ............... 22 

1.2.3. ʅʝʨʘʚʥʦʚʝʩʥʳʝ ʵʬʬʝʢʪʳ ʚʙʣʠʟʠ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ 1-ʛʦ ʨʦʜʘ ......................... 26 

1.2.4. ʌʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ................................. 27 

1.3. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ 29 

1.3.1. ʂʦʩʚʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ .................................... 30 

1.3.2. ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʩʢʘʥʠʨʫʶʱʘʷ ʢʘʣʦʨʠʤʝʪʨʠʷ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ............... 31 

1.3.3. ʄʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʚ ʠʤʧʫʣʴʩʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ......................... 31 

1.3.4. ʆʮʝʥʢʘ ʚʣʠʷʥʠʷ ʚʠʭʨʝʚʳʭ ʪʦʢʦʚ ............................................................................. 32 

1.3.5. ʄʘʛʥʠʪʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ........................................... 33 

ɻʃɸɺɸ 2. ʄɸʊɽʈʀɸʃʓ ʀ ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʓɽ ʄɽʊʆɼʓ ............... 36 

2.1. ʄʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ........................................................... 36 

2.1.1. ʏʠʩʪʳʡ Gd ..................................................................................................................... 37 

2.1.2. ʉʦʝʜʠʥʝʥʠʷ ʥʘ ʦʩʥʦʚʝ Mn ........................................................................................... 38 

2.1.3. ʉʧʣʘʚʳ ɻʝʡʩʣʝʨʘ ʩʝʤʝʡʩʪʚʘ Ni2MnGa ..................................................................... 42 

2.1.4. ʉʧʣʘʚʳ FeRh ................................................................................................................. 47 

2.2. ʄʝʪʦʜʳ ʠʟʤʝʨʝʥʠʷ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʭ ȹT, ȹQ-ʵʬʬʝʢʪʦʚ ʠ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ ʧʦʣʷʭ ʙʠʪʪʝʨʦʚʩʢʦʛʦ ʤʘʛʥʠʪʘ ...................................... 51 

2.2.1. ʆʜʥʦʚʨʝʤʝʥʥʦʝ ʠʟʤʝʨʝʥʠʝ ȹT ʠ ȹQ ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ/ʵʢʩʪʨʘʢʮʠʦʥʥʦʤ 

ʢʘʣʦʨʠʤʝʪʨʝ............................................................................................................................. 52 

2.2.2. ʀʟʤʝʨʝʥʠʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʜʘʪʯʠʢʦʚ ʍʦʣʣʘ .................................. 55 

2.2.3. ʀʟʤʝʨʝʥʠʝ ȹQ ʠ ʩʢʨʳʪʦʡ ʪʝʧʣʦʪʳ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʩ ʧʦʤʦʱʴʶ ʵʣʝʤʝʥʪʦʚ 

ʇʝʣʴʪʴʝ ..................................................................................................................................... 56 

2.3. ʄʝʪʦʜʳ ʠʟʤʝʨʝʥʠʷ ȹT-ʵʬʬʝʢʪʘ ʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ ʠʤʧʫʣʴʩʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ................................................................................................. 58 

2.3.1. ʀʟʤʝʨʝʥʠʝ ȹT ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʪʝʨʤʦʧʘʨʳ .......................................................... 58 

2.3.2. ʀʟʤʝʨʝʥʠʝ ȹT ʙʝʩʢʦʥʪʘʢʪʥʳʤ ʤʝʪʦʜʦʤ ʩ ʧʦʤʦʱʴʶ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʛʦ 

ʜʘʪʯʠʢʘ ʪʝʤʧʝʨʘʪʫʨʳ ............................................................................................................ 59 



3 

2.3.3. ʀʟʤʝʨʝʥʠʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠʥʜʫʢʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ........................................ 65 

ɻʃɸɺɸ 3. ʇʈʗʄʆʁ ʄɸɻʅʀʊʆʂɸʃʆʈʀʏɽʉʂʀʁ ʕʌʌɽʂʊ ....................... 66 

3.1. ȹT-ʵʬʬʝʢʪ ʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ Gd ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ ʢʘʣʦʨʠʤʝʪʨʝ ..... 66 

3.2. ȹT ʠ ȹQ-ʵʬʬʝʢʪʳ ʚ Gd ʚ ʵʢʩʪʨʘʢʮʠʦʥʥʦʤ ʢʘʣʦʨʠʤʝʪʨʝ ..................... 68 

3.3. ȹT-ʵʬʬʝʢʪ ʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ Gd  ʚ ʠʤʧʫʣʴʩʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʜʦ 

127 ʢʕ ..................................................................................................................... 71 

3.4. ɺʳʚʦʜʳ ʢ ɻʣʘʚʝ 3 ......................................................................................... 75 

ɻʃɸɺɸ 4. ɻʀɻɸʅʊʉʂʀʁ ʇʈʗʄʆʁ ʄɸɻʅʀʊʆʂɸʃʆʈʀʏɽʉʂʀʁ 

ʕʌʌɽʂʊ ....................................................................................................................... 77 

4.1. ȹT ʠ ȹQ-ʵʬʬʝʢʪʳ ʚ ʩʦʝʜʠʥʝʥʠʠ Mn 1.22Fe0.73P0.47Si0.53  ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ 

ʢʘʣʦʨʠʤʝʪʨʝ ......................................................................................................... 77 

4.2. ȹT-ʵʬʬʝʢʪ ʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʢʦʤʧʦʟʠʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʦʩʥʦʚʝ MnAs ʚ 

ʠʤʧʫʣʴʩʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʜʦ 300 ʢʕ....................................................... 80 

4.2.1. ȹT ʚ ʢʦʤʧʦʟʠʪʥʦʤ ʤʘʪʝʨʠʘʣʝ ʥʘ ʦʩʥʦʚʝ MnAs, ʠʟʤʝʨʝʥʥʳʡ ʤʠʢʨʦʪʝʨʤʦʧʘʨʦʡ

 .................................................................................................................................................... 81 

4.2.2. ȹT ʚ ʢʦʤʧʦʟʠʪʥʦʤ ʤʘʪʝʨʠʘʣʝ ʥʘ ʦʩʥʦʚʝ MnAs, ʠʟʤʝʨʝʥʥʳʡ ʙʝʩʢʦʥʪʘʢʪʥʳʤ 

ʤʝʪʦʜʦʤ ..................................................................................................................................... 84 

4.2.3. ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ȹT, ʧʦʣʫʯʝʥʥʳʭ ʨʘʟʥʳʤʠ ʤʝʪʦʜʘʤʠ ......... 88 

4.3. ȹT ʠ ȹQ-ʵʬʬʝʢʪʳ ʚ ʩʧʣʘʚʝ ɻʝʡʩʣʝʨʘ Ni2,18Mn 0,82Ga ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ 

ʢʘʣʦʨʠʤʝʪʨʝ ......................................................................................................... 92 

4.4. ȹT-ʵʬʬʝʢʪ ʚ ʩʧʣʘʚʝ ɻʝʡʩʣʝʨʘ Ni2Mn 0,74Cu0,26Ga ʚ ʠʤʧʫʣʴʩʥʦʤ ʤʘʛʥʠʪʥʦʤ 

ʧʦʣʝ ʜʦ 500 ʢʕ ....................................................................................................... 95 

4.5. ɺʳʚʦʜʳ ʢ ɻʣʘʚʝ 4 ......................................................................................... 99 

ɻʃɸɺɸ 5. ɻʀɻɸʅʊʉʂʀʁ ʆɹʈɸʊʅʓʁ ʄɸɻʅʀʊʆʂɸʃʆʈʀʏɽʉʂʀʁ 

ʕʌʌɽʂʊ ..................................................................................................................... 102 

5.1. ȹQ-ʵʬʬʝʢʪ ʠ ʩʢʨʳʪʘʷ ʪʝʧʣʦʪʘ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʩʧʣʘʚʘ Fe48Rh52 . 102 

5.2. ȹT-ʵʬʬʝʢʪ ʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʩʧʣʘʚʘ Fe48Rh52 ʚ ʠʤʧʫʣʴʩʥʳʭ ʤʘʛʥʠʪʥʳʭ 

ʧʦʣʷʭ ʜʦ 125 ʢʕ .................................................................................................. 104 

5.3. ȹT-ʵʬʬʝʢʪ ʚ ʩʧʣʘʚʝ Fe49Rh51 ʚ ʠʤʧʫʣʴʩʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 500 ʢʕ107 

5.4. ɺʳʚʦʜʳ ʢ ɻʣʘʚʝ 5 ....................................................................................... 112 

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



4 

ʉʇʀʉʆʂ ʈɸɹʆʊ ɸɺʊʆʈɸ .................................................................................... 116 

ʇʫʙʣʠʢʘʮʠʠ ʚ ʟʘʨʫʙʝʞʥʳʭ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʞʫʨʥʘʣʘʭ, ʚʭʦʜʷʱʠʭ ʚ ʄʝʞʜʫʥʘʨʦʜʥʳʝ 

ʙʘʟʳ ʜʘʥʥʳʭ ʠ ʩʠʩʪʝʤʳ ʮʠʪʠʨʦʚʘʥʠʷ Scopus ʠ Web of Science................................... 116 

ʇʫʙʣʠʢʘʮʠʠ ʚ ʞʫʨʥʘʣʘʭ, ʚʦʰʝʜʰʠʭ ʚ ʇʝʨʝʯʝʥʴ ʠʟʜʘʥʠʡ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɺɸʂ

 .................................................................................................................................................. 118 

ʇʘʪʝʥʪʳ .................................................................................................................................. 118 

ʇʫʙʣʠʢʘʮʠʠ ʚ ʪʨʫʜʘʭ ʢʦʥʬʝʨʝʥʮʠʡ ʠ ʪʝʟʠʩʳ ʜʦʢʣʘʜʦʚ ............................................... 118 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ ....................................................................................... 123 

ʉʧʠʩʦʢ ʩʦʢʨʘʱʝʥʠʡ ʠ ʫʩʣʦʚʥʳʭ ʦʙʦʟʥʘʯʝʥʠʡ ............................................ 140 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ .................................................................................................... 144 

 



5 

ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʜʠʩʩʝʨʪʘʮʠʠ  

ʇʦʪʨʝʙʥʦʩʪʴ ʚ ʧʨʠʤʝʥʝʥʠʠ ʩʠʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʯʪʠ ʚʦ ʚʩʝʭ 

ʦʙʣʘʩʪʷʭ ʬʠʟʠʢʠ: ʚ ʬʠʟʠʢʝ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ, ʚ ʬʠʟʠʢʝ ʪʚʝʨʜʦʛʦ ʪʝʣʘ, ʚ ʛʝʦʬʠʟʠʢʝ ʠ ʙʠʦʬʠʟʠʢʝ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʠʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʚ ʬʠʟʠʯʝʩʢʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʫʜʘʝʪʩʷ ʣʫʯʰʝ 

ʨʘʟʦʙʨʘʪʴʩʷ ʚ ʪʦʥʢʠʭ ʜʝʪʘʣʷʭ ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ [1], ʯʪʦ ʧʦʟʚʦʣʷʝʪ, ʥʘʧʨʠʤʝʨ, ʛʣʫʙʦʢʦ ʠʟʫʯʠʪʴ 

ʩʚʦʡʩʪʚʘ ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʤʘʛʥʠʪʥʳʤʠ ʬʘʟʦʚʳʤʠ ʧʝʨʝʭʦʜʘʤʠ (ʌʇ). 

ʅʝʩʤʦʪʨʷ ʥʘ ʜʣʠʪʝʣʴʥʫʶ ʠʩʪʦʨʠʶ ʢʘʢ ʪʝʦʨʝʪʠʯʝʩʢʠʭ [2-5], ʪʘʢ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ [6-7] 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʌʇ, ʧʨʷʤʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʝʪʦʜʳ 

ʠʟʫʯʝʥʠʷ ʠʭ ʪʝʧʣʦʚʳʭ ʩʚʦʡʩʪʚ (ʪʝʤʧʝʨʘʪʫʨʳ, ʪʝʧʣʦʸʤʢʦʩʪʠ, ʠ ʜʨ.) ʚ ʩʠʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ 

ʥʝ ʫʪʨʘʪʠʣʠ ʘʢʪʫʘʣʴʥʦʩʪʠ, ʪʘʢ ʢʘʢ ʚʦ ʚʩʝʤ ʤʠʨʝ ʚʝʜʸʪʩʷ ʘʢʪʠʚʥʘʷ ʨʘʟʨʘʙʦʪʢʘ ʰʠʨʦʢʦʜʦʩʪʫʧʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʦʭʣʘʞʜʝʥʠʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʦʩʥʦʚʝ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ [8]. ʕʪʘ 

ʪʝʭʥʦʣʦʛʠʷ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʠʜʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ (ʄʂʕ) ʚ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʤ ʮʠʢʣʝ ʧʝʨʝʢʘʯʢʠ ʪʝʧʣʘ ʚ ʩʠʣʴʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ, ʯʪʦ 

ʧʦʨʦʜʠʣʦ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʠ ʜʘʣʦ ʪʦʣʯʦʢ ʢ ʩʦʟʜʘʥʠʶ ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʥʦʚʳʭ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʌʇ [9-10]. 

ʊʨʘʜʠʮʠʦʥʥʦ ʄʂʕ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʛʥʝʪʠʢʘ ʧʨʠ ʝʛʦ 

ʘʜʠʘʙʘʪʠʯʝʩʢʦʤ ʥʘʤʘʛʥʠʯʠʚʘʥʠʠ/ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʠ [11], ʦʜʥʘʢʦ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʵʪʦʪ ʪʝʨʤʠʥ 

ʩʪʘʣ ʪʨʘʢʪʦʚʘʪʴʩʷ ʰʠʨʝ. ɽʩʣʠ ʤʘʛʥʠʪʥʳʡ ʤʘʪʝʨʠʘʣ ʧʨʠ ʢʘʢʦʡ-ʪʦ ʟʘʜʘʥʥʦʡ ʥʘʯʘʣʴʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʠʩʧʳʪʳʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʪʦ ʄʂʕ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 

ʠʟʤʝʥʝʥʠʝ ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʳ ȹT ʚ ʘʜʠʘʙʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ (ʠʥʪʝʥʩʠʚʥʳʡ ʵʬʬʝʢʪ), ʠʣʠ ʢʘʢ 

ʠʟʤʝʥʝʥʠʝ ʝʛʦ ʤʘʛʥʠʪʥʦʡ ʵʥʪʨʦʧʠʠ ȹS ʠ ʢʦʣʠʯʝʩʪʚʘ ʪʝʧʣʦʪʳ ȹQ ʚ ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ 

(ʵʢʩʪʝʥʩʠʚʥʳʡ ʵʬʬʝʢʪ) [8, 12].  

ɿʥʘʯʠʪʝʣʴʥʳʡ ʥʘʫʯʥʳʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʛʠʛʘʥʪʩʢʠʡ 

ʄʂʕ, ʢʦʪʦʨʳʡ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʙʣʠʟʠ ʩʦʚʤʝʱʸʥʥʳʭ ʤʘʛʥʠʪʥʳʭ (ʠʣʠ 

ʤʝʪʘʤʘʛʥʠʪʥʳʭ) ʠ ʩʪʨʫʢʪʫʨʥʳʭ (ʠʣʠ ʠʟʦʩʪʨʫʢʪʫʨʥʳʭ) ʌʇ ʚ ʤʘʛʥʝʪʠʢʘʭ [9]. ɻʠʛʘʥʪʩʢʠʡ ʄʂʕ 

ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʧʦʜʩʠʩʪʝʤ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʚ ʫʩʣʦʚʠʷʭ ʤʘʛʥʠʪʥʦʡ ʠ ʩʪʨʫʢʪʫʨʥʦʡ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʇʨʷʤʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʄʂʕ ʚ ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʩ ʌʇ ʚ ʩʠʣʴʥʳʭ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʳʭ 

ʠ ʠʤʧʫʣʴʩʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ ʭʘʨʘʢʪʝʨ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʚʳʷʚʠʪʴ 

ʦʩʦʙʝʥʥʦʩʪʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʤʘʛʥʝʪʠʢʘ ʤʝʞʜʫ ʩʠʩʪʝʤʦʡ ʤʘʛʥʠʪʥʳʭ 

ʤʦʤʝʥʪʦʚ ʝʛʦ ʘʪʦʤʦʚ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʦʡ. ʂʘʢ ʧʨʘʚʠʣʦ, ʧʨʷʤʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ 

ʦʩʣʦʞʥʷʶʪʩʷ ʪʝʤ, ʯʪʦ ʙʦʣʴʰʠʝ ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʜʦʣʞʥʳ ʧʨʦʠʩʭʦʜʠʪʴ ʙʳʩʪʨʝʝ 

ʭʘʨʘʢʪʝʨʥʦʛʦ ʚʨʝʤʝʥʠ, ʟʘ ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ ʫʪʝʯʢʘ ʪʝʧʣʘ, ʘ ʪʘʢʞʝ ʪʝʤ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʥʘ ʪʝʨʤʦʜʘʪʯʠʢʠ [8]. 
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ʇʦʩʢʦʣʴʢʫ ʛʠʛʘʥʪʩʢʠʡ ʄʂʕ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʩʠʣʴʥʦʡ ʚʟʘʠʤʦʩʚʷʟʠ ʤʘʛʥʠʪʥʦʡ ʠ 

ʩʪʨʫʢʪʫʨʥʦʡ ʧʦʜʩʠʩʪʝʤ ʪʚʸʨʜʦʛʦ ʪʝʣʘ, ʧʨʷʤʦʝ ʠʟʫʯʝʥʠʝ ʤʘʛʥʠʪʥʳʭ ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʩʚʦʡʩʪʚ 

ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʌʇ ʚ ʩʠʣʴʥʳʭ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʳʭ ʠ ʠʤʧʫʣʴʩʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʢʪʫʘʣʴʥʫʶ ʟʘʜʘʯʫ ʢʘʢ ʩ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ, ʪʘʢ ʠ ʩ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ. ʅʘʢʦʧʣʝʥʠʝ ʟʥʘʥʠʡ ʦ ʩʚʦʡʩʪʚʘʭ ʤʘʛʥʠʪʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʩ ʌʇ ʚ ʩʠʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʧʨʠʚʝʜʸʪ ʢ ʩʦʟʜʘʥʠʶ ʥʦʚʳʭ ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʠʭ 

ʫʩʪʨʦʡʩʪʚ ʥʘ ʠʭ ʦʩʥʦʚʝ, ʪʘʢʠʭ ʢʘʢ ʤʘʛʥʠʪʥʳʝ ʷʯʝʡʢʠ ʧʘʤʷʪʠ, ʫʩʪʨʦʡʩʪʚʘ ʩʧʠʥʪʨʦʥʠʢʠ, 

ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʝ ʪʝʧʣʦʚʳʝ ʤʘʰʠʥʳ ʠ ʜʨ. 

 

ʎʝʣʠ ʠ ʟʘʜʘʯʠ ʨʘʙʦʪʳ 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʠ 

ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ: ʯʠʩʪʦʛʦ Gd, ʩʦʝʜʠʥʝʥʠʡ 

(MnFe)2(PSi) ʠ MnAs, ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ ʩʝʤʝʡʩʪʚʘ Ni2MnGa, ʩʧʣʘʚʦʚ FeRh ʚ ʩʠʣʴʥʳʭ 

ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʳʭ ʠ ʠʤʧʫʣʴʩʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʧʨʷʤʳʤʠ ʤʝʪʦʜʘʤʠ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʙʳʣʠ ʨʝʰʝʥʳ ʩʣʝʜʫʶʱʠʝ ʢʦʥʢʨʝʪʥʳʝ ʟʘʜʘʯʠ: 

1. ʇʨʷʤʦʝ ʧʘʨʘʣʣʝʣʴʥʦʝ ʠʟʤʝʨʝʥʠʝ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʚ ʘʜʠʘʙʘʪʠʯʝʩʢʠʭ 

ȹT ʠ ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ȹQ ʫʩʣʦʚʠʷʭ ʚ Gd, ʩʦʝʜʠʥʝʥʠʠ Mn1.22Fe0.73P0.47Si0.53, ʩʧʣʘʚʝ ɻʝʡʩʣʝʨʘ 

Ni2.18Mn0.82Ga ʚ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʤʘʛʥʠʪʥʳʭ ʌʇ ʚ ʧʦʣʷʭ ʙʠʪʪʝʨʦʚʩʢʦʛʦ ʤʘʛʥʠʪʘ ʜʦ 140 ʢʕ.  

2. ʇʨʷʤʦʝ ʠʟʤʝʨʝʥʠʝ ʩʢʨʳʪʦʡ ʪʝʧʣʦʪʳ ɚ ʤʝʪʘʤʘʛʥʠʪʥʦʛʦ ʠʟʦʩʪʨʫʢʪʫʨʥʦʛʦ ʌʇ ʠ 

ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʦʛʦ ȹQ ʵʬʬʝʢʪʘ ʚʙʣʠʟʠ ʜʘʥʥʦʛʦ ʌʇ ʚ ʩʧʣʘʚʝ Fe48Rh52 ʤʝʪʦʜʘʤʠ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʩʢʘʥʠʨʫʶʱʝʡ ʢʘʣʦʨʠʤʝʪʨʠʠ ʚ ʧʦʣʷʭ ʙʠʪʪʝʨʦʚʩʢʦʛʦ ʤʘʛʥʠʪʘ ʜʦ 140 ʢʕ.  

3. ʇʨʷʤʦʝ ʠʟʤʝʨʝʥʠʝ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʦʛʦ ȹT ɻʬʬʝʢʪʘ ʚ ʢʦʤʧʦʟʠʪʥʦʤ ʤʘʪʝʨʠʘʣʝ ʥʘ 

ʦʩʥʦʚʝ ʙʠʥʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ MnAs ʚ ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʷ ʠ ʩʚʷʟʫʶʱʠʤ ʠʟ 

ʬʝʥʦʣʧʦʣʠʚʠʥʠʣʘʮʝʪʘʪʘ (ʂʄ ʥʘ ʦʩʥʦʚʝ MnAs), ʩʧʣʘʚʝ ɻʝʡʩʣʝʨʘ Ni2Mn0.74Cu0.26Ga, ʩʧʣʘʚʝ 

Fe49Rh51 ʚ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʤʘʛʥʠʪʥʳʭ ʌʇ ʚ ʠʤʧʫʣʴʩʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʜʦ 500 ʢʕ. 

4. ʈʘʟʨʘʙʦʪʢʘ ʠ ʠʩʧʳʪʘʥʠʝ ʥʦʚʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʝʪʦʜʠʢʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ 

ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʠʟʤʝʨʝʥʠʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ M ʠʥʜʫʢʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʠ ʠʟʤʝʨʝʥʠʝ 

ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ȹT ʙʝʩʢʦʥʪʘʢʪʥʳʤ ʤʝʪʦʜʦʤ ʩ ʚʳʩʦʢʠʤʠ 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʝʤ, ʨʘʟʨʝʰʝʥʠʝʤ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʧʦʤʝʭʘʤ ʩ ʧʦʤʦʱʴʶ 

ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʛʦ ʜʘʪʯʠʢʘ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʩ ʨʘʟʥʳʤʠ 

ʪʠʧʘʤʠ ʤʘʛʥʠʪʥʳʭ ʌʇ (ʯʠʩʪʦʤ Gd, ʂʄ ʥʘ ʦʩʥʦʚʝ MnAs, ʩʧʣʘʚʝ Fe48Rh52) ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʴʥʳʭ 

ʠʤʧʫʣʴʩʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ. 
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ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ 

ɺ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʩ ʧʦʤʦʱʴʶ ʦʨʠʛʠʥʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʧʨʦʚʝʜʝʥʳ ʧʨʷʤʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʄʂʕ ʚ ʩʠʣʴʥʳʭ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʳʭ ʠ ʠʤʧʫʣʴʩʥʳʭ ʤʘʛʥʠʪʥʳʭ 

ʧʦʣʷʭ ʚ ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʩ ʌʇ, ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʪʝʭʥʦʣʦʛʠʠ ʤʘʛʥʠʪʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʚʧʝʨʚʳʝ: 

1. ʀʟʤʝʨʝʥʳ ʧʘʨʘʣʣʝʣʴʥʦ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʝ ȹT ɻʬʬʝʢʪ ʚ ʘʜʠʘʙʘʪʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʷʭ ʠ ȹQ ɻ ʬʬʝʢʪ ʚ ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʚ ʯʠʩʪʦʤ Gd, ʩʦʝʜʠʥʝʥʠʠ Mn1.22Fe0.73P0.47Si0.53, 

ʩʧʣʘʚʝ ɻʝʡʩʣʝʨʘ Ni2.18Mn0.82Ga ʚ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʤʘʛʥʠʪʥʳʭ ʌʇ ʚ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʜʦ 140 ʢʕ.  

2. ʀʟʤʝʨʝʥʘ ʩʢʨʳʪʘʷ ʪʝʧʣʦʪʘ ɚ ʤʝʪʘʤʘʛʥʠʪʥʦʛʦ ʠʟʦʩʪʨʫʢʪʫʨʥʦʛʦ ʌʇ ʚ ʩʧʣʘʚʝ Fe48Rh52 

ʚ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʜʦ 40 ʢʕ ʠ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʡ ȹQ ɻ ʬʬʝʢʪ ʚʙʣʠʟʠ ʜʘʥʥʦʛʦ ʌʇ ʚ ʤʘʛʥʠʪʥʳʭ 

ʧʦʣʷʭ ʜʦ 140 ʢʕ ʤʝʪʦʜʘʤʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʩʢʘʥʠʨʫʶʱʝʡ ʢʘʣʦʨʠʤʝʪʨʠʠ. 

3. ʀʩʩʣʝʜʦʚʘʥ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʡ ȹT ɻʬʬʝʢʪ ʚ ʂʄ ʥʘ ʦʩʥʦʚʝ MnAs, ʩʧʣʘʚʝ 

ɻʝʡʩʣʝʨʘ Ni2Mn0.74Cu0.26Ga, ʩʧʣʘʚʝ Fe49Rh51 ʚ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʤʘʛʥʠʪʥʳʭ ʌʇ 1-ʛʦ ʨʦʜʘ ʚ 

ʠʤʧʫʣʴʩʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʜʦ 500 ʢʕ.  

4. ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʧʦ ʠʟʤʝʨʝʥʠʶ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʚ ʠʤʧʫʣʴʩʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʜʦ 500 ʢʕ ʠ ʜʘʥʥʳʭ ʧʦ ʠʟʤʝʨʝʥʠʶ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ ʧʦʣʷʭ ʜʦ 70 ʢʕ ʧʦʩʪʨʦʝʥʘ 

ʤʘʛʥʠʪʥʘʷ ʬʘʟʦʚʘʷ H - T ʜʠʘʛʨʘʤʤʘ ʩʧʣʘʚʘ ɻʝʡʩʣʝʨʘ Ni2Mn0.74Cu0.26Ga, ʥʘ ʢʦʪʦʨʦʡ ʦʙʥʘʨʫʞʝʥʘ 

ʪʨʠʢʨʠʪʠʯʝʩʢʘʷ ʪʦʯʢʘ, ʚ ʢʦʪʦʨʦʡ ʣʠʥʠʠ ʌʇ 1-ʨʦʜʘ ʥʝʧʨʝʨʳʚʥʦ ʧʝʨʝʭʦʜʷʪ ʚ ʣʠʥʠʶ ʌʇ 2-ʛʦ ʨʦʜʘ. 

5. ʉʦʟʜʘʥʘ ʥʦʚʘʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʤʝʪʦʜʠʢʘ ʜʣʷ ʧʨʷʤʦʛʦ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ 

ʠʟʤʝʨʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʩʠʣʴʥʳʭ 

ʠʤʧʫʣʴʩʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ. ɺʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʡ ʜʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʳ ʩʨʝʜʥʝʛʦ ʀʂ-

ʜʠʘʧʘʟʦʥʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʷʤʦʝ ʙʝʩʢʦʥʪʘʢʪʥʦʝ ʠʟʤʝʨʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʪʝʨʠʘʣʦʚ ʩ 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʝʤ ʥʘ ʫʨʦʚʥʝ 1 ʤʢʩ, ʨʘʟʨʝʰʝʥʠʝʤ ʚ 0,1 ʂ ʠ ʚʳʩʦʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʧʦʤʝʭʘʤ. ʇʘʨʘʣʣʝʣʴʥʦʝ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʠʟʤʝʨʝʥʠʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ 

ʠʥʜʫʢʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʩʦʚʦʢʫʧʥʦ ʩ ʠʟʤʝʨʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʥʘʜʝʞʥʳʝ 

ʜʘʥʥʳʝ ʦ ʙʳʩʪʨʦʠʟʤʝʥʷʶʱʝʤʩʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

6. ʆʜʥʦʚʨʝʤʝʥʥʦ ʠʟʤʝʨʝʥʳ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ M ʠʥʜʫʢʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʠ 

ʘʜʠʘʙʘʪʠʯʝʩʢʦʝ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ȹT ʙʝʩʢʦʥʪʘʢʪʥʳʤ ʤʝʪʦʜʦʤ ʩ ʧʦʤʦʱʴʶ ʚʦʣʦʢʦʥʥʦ-

ʦʧʪʠʯʝʩʢʦʛʦ ʜʘʪʯʠʢʘ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʤʘʪʝʨʠʘʣʘʭ ʩ ʨʘʟʥʳʤʠ ʪʠʧʘʤʠ ʤʘʛʥʠʪʥʳʭ ʌʇ: ʯʠʩʪʦʤ Gd, 

ʢʦʤʧʦʟʠʪʥʦʤ ʤʘʪʝʨʠʘʣʝ ʥʘ ʦʩʥʦʚʝ ʂʄ ʥʘ ʦʩʥʦʚʝ MnAs, ʩʧʣʘʚʝ Fe48Rh52, ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʴʥʳʭ 

ʠʤʧʫʣʴʩʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ. ɺʳʷʚʣʝʥʳ ʢʠʥʝʪʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʪʝʢʘʥʠʷ 

ʤʘʛʥʠʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʤʝʪʘʤʘʛʥʠʪʥʦʛʦ ʠʟʦʩʪʨʫʢʪʫʨʥʦʛʦ ʌʇ ʚ ʩʧʣʘʚʝ Fe48Rh52. 
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ʅʘʫʯʥʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ 

ʈʝʟʫʣʴʪʘʪʳ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ/ʚʳʜʝʣʝʥʠʷ ʪʝʧʣʘ ʧʨʷʤʳʤʠ ʤʝʪʦʜʘʤʠ ʚ ʩʠʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ 

ʚ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʩ ʨʘʟʥʳʤʠ ʪʠʧʘʤʠ ʌʇ (ʯʠʩʪʦʤ Gd, ʩʦʝʜʠʥʝʥʠʡ 

(MnFe)2(PSi) ʠ MnAs, ʩʧʣʘʚʘʭ ɻʝʡʩʣʝʨʘ ʩʝʤʝʡʩʪʚʘ Ni2MnGa, ʩʧʣʘʚʘʭ FeRh) ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ 

ʦʮʝʥʢʫ ʨʘʙʦʯʠʭ ʧʘʨʘʤʝʪʨʦʚ ʙʫʜʫʱʠʭ ʭʦʣʦʜʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʥʘ ʠʭ ʦʩʥʦʚʝ: ʤʘʢʩʠʤʘʣʴʥʫʶ 

ʨʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ, ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʧʝʨʝʜʘʚʘʝʤʦʝ ʟʘ ʦʜʠʥ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʮʠʢʣ ʦʭʣʘʞʜʝʥʠʷ, ʥʝʦʙʨʘʪʠʤʳʝ ʧʦʪʝʨʠ ʪʝʧʣʘ ʟʘ ʮʠʢʣ, ʤʘʢʩʠʤʘʣʴʥʫʶ 

ʯʘʩʪʦʪʫ ʠ ʤʦʱʥʦʩʪʴ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʮʠʢʣʦʚ. ʆʧʨʝʜʝʣʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʟʥʘʯʝʥʠʷ ʄʂʕ ʜʣʷ ʂʄ 

ʥʘ ʦʩʥʦʚʝ MnAs, ʧʨʠ ʫʣʫʯʰʝʥʥʳʭ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʯʠʩʪʳʤ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ MnAs) 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ, ʜʝʣʘʶʪ ʜʘʥʥʳʡ ʢʦʤʧʦʟʠʪʥʳʡ ʤʘʪʝʨʠʘʣ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʚ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʤʘʛʥʠʪʥʦʛʦ ʭʦʣʦʜʠʣʴʥʠʢʘ ʜʣʷ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʄʂʕ ʚ ʩʠʣʴʥʳʭ ʠʤʧʫʣʴʩʥʳʭ (ʜʦ 500 ʢʕ) ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ 

ʜʘʥʥʳʝ ʦ ʬʘʟʦʚʦʤ ʩʦʩʪʦʷʥʠʠ ʚʝʱʝʩʪʚʘ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ ʩʧʣʘʚʝ 

ɻʝʡʩʣʝʨʘ Ni2Mn0.74Cu0.26Ga ʚʧʝʨʚʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʙʥʘʨʫʞʝʥʘ ʪʨʠʢʨʠʪʠʯʝʩʢʘʷ ʪʦʯʢʘ, ʚ 

ʢʦʪʦʨʦʡ ʣʠʥʠʠ ʌʇ 1-ʨʦʜʘ ʥʝʧʨʝʨʳʚʥʦ ʧʝʨʝʭʦʜʷʪ ʚ ʣʠʥʠʶ ʌʇ 2-ʛʦ ʨʦʜʘ. 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʨʠʛʠʥʘʣʴʥʘʷ ʤʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 

ʤʘʪʝʨʠʘʣʦʚ ʙʝʩʢʦʥʪʘʢʪʥʳʤ ʤʝʪʦʜʦʤ ʧʨʠ ʧʦʤʦʱʠ ʜʘʪʯʠʢʘ ʥʘ ʦʩʥʦʚʝ ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʣʦʢʥʘ 

ʩʨʝʜʥʝʛʦ ʀʂ-ʜʠʘʧʘʟʦʥʘ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʷ ʩ ʚʳʩʦʢʠʤʠ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝʤ ʠ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʧʦʤʝʭʘʤ ʚ ʩʠʣʴʥʳʭ ʠʤʧʫʣʴʩʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ. 

ʆʜʥʦʚʨʝʤʝʥʥʦʝ ʠʟʤʝʨʝʥʠʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠʥʜʫʢʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʩʦʚʦʢʫʧʥʦ ʩ ʠʟʤʝʨʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʥʘʜʝʞʥʳʝ ʜʘʥʥʳʝ ʦ ʙʳʩʪʨʦʠʟʤʝʥʷʶʱʝʤʩʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʤ 

ʩʦʩʪʦʷʥʠʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʅʦʚʳʡ ʪʠʧ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʛʦ ʜʘʪʯʠʢʘ 

ʪʝʤʧʝʨʘʪʫʨʳ ʤʦʞʝʪ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʮʝʣʦʛʦ ʢʣʘʩʩʘ ʙʳʩʪʨʦʧʨʦʪʝʢʘʶʱʠʭ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʩʨʝʜʘʭ ʚ ʫʩʣʦʚʠʷʭ ʩʠʣʴʥʳʭ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ. ʈʘʙʦʪʳ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʥʦʚʳʭ ʜʘʪʯʠʢʦʚ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʜʜʝʨʞʘʥʳ 

ʛʨʘʥʪʘʤʠ: ʈʌʌʀ ˉ 17-58-540002 ɺʴʝʪ_ʘ 2017-2018 ʛʛ., ʈʌʌʀ ˉ 18-07-01320 ʘ 2018-2020 ʛʛ. 

 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɸʪʪʝʩʪʘʮʠʷ ʤʘʛʥʠʪʥʳʭ ʠ ʪʝʧʣʦʚʳʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʠʢ ʥʘ ʚʠʙʨʘʮʠʦʥʥʳʭ ʤʘʛʥʠʪʦʤʝʪʨʘʭ ʩʠʩʪʝʤʳ Quantum Design ʈʈʄS-9ʊ ʠ 

ʈʈʄS-14ʊ, ʉʂɺʀɼ ʤʘʛʥʠʪʦʤʝʪʨʝ, ʥʘ ʫʩʪʘʥʦʚʢʘʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʩʢʘʥʠʨʫʶʱʝʡ 

ʢʘʣʦʨʠʤʝʪʨʠʠ. ʂʨʦʤʝ ʰʠʨʦʢʦʠʟʚʝʩʪʥʳʭ ʚ ʤʠʨʦʚʦʡ ʣʠʪʝʨʘʪʫʨʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʦʨʠʛʠʥʘʣʴʥʳʝ ʤʝʪʦʜʳ ʧʨʷʤʦʛʦ ʠʟʤʝʨʝʥʠʷ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ. ʄʝʪʦʜʠʢʘ ʧʨʷʤʦʛʦ 

ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ 
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ʧʦʛʣʦʱʝʥʠʷ/ʚʳʜʝʣʝʥʠʷ ʪʝʧʣʘ ʚ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʜʦ 140 ʢʕ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 4,2 ʂ ʜʦ 

350 ʂ ʟʘʱʠʱʝʥʘ ʧʘʪʝʥʪʦʤ ʈʌ ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ [ɸ21]. ʄʝʪʦʜʠʢʘ ʧʨʷʤʦʛʦ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ 

ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ (ʙʝʩʢʦʥʪʘʢʪʥʦ, ʩ ʧʦʤʦʱʴʶ ʜʘʪʯʠʢʘ ʥʘ ʦʩʥʦʚʝ ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʣʦʢʥʘ ʀʂ 

ʜʠʘʧʘʟʦʥʘ) ʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ (ʠʥʜʫʢʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ) ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʚ ʩʠʣʴʥʳʭ ʠʤʧʫʣʴʩʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʷʚʣʷʝʪʩʷ ʥʦʚʦʡ ʠ ʧʨʠʤʝʥʷʝʪʩʷ ʚʧʝʨʚʳʝ. ʇʦʣʫʯʝʥʥʳʝ ʩ 

ʧʦʤʦʱʴʶ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʨʝʟʫʣʴʪʘʪʳ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʠʟʜʘʥʠʷʭ [A8, A10, ɸ18, 

A20] ʠ ʤʥʦʛʦʢʨʘʪʥʦ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʚʩʝʨʦʩʩʠʡʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ. 

 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʠ ʨʝʟʫʣʴʪʘʪʳ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ 

1. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʠ ʧʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʚ ʘʜʠʘʙʘʪʠʯʝʩʢʠʭ 

ȹT ʠ ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ȹQ ʫʩʣʦʚʠʷʭ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʷʤʳʤ ʤʝʪʦʜʦʤ ʧʨʠ ʧʘʨʘʣʣʝʣʴʥʦʤ ʠʟʤʝʨʝʥʠʠ 

ʚ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʜʦ 140 ʢʕ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʙʣʠʟʠ ʤʘʛʥʠʪʥʳʭ ʬʘʟʦʚʳʭ 

ʧʝʨʝʭʦʜʦʚ ʯʠʩʪʦʛʦ Gd, ʩʦʝʜʠʥʝʥʠʷ Mn1.22Fe0.73P0.47Si0.53, ʩʧʣʘʚʘ ɻʝʡʩʣʝʨʘ Ni2.18Mn0.82Ga. 

2. ʂʦʤʧʦʟʠʪʥʳʡ ʤʘʪʝʨʠʘʣ ʥʘ ʦʩʥʦʚʝ ʙʠʥʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ MnAs ʚ ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʷ 

ʩʦ ʩʚʷʟʫʶʱʠʤ ʠʟ ʬʝʥʦʣʧʦʣʠʚʠʥʠʣʘʮʝʪʘʪʘ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ MnAs ʚʳʩʦʢʦʡ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʧʨʠ ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʠ ʠ ʧʝʨʠʦʜʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʩʠʣʴʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ, ʧʨʠ ʵʪʦʤ ʧʦʢʘʟʳʚʘʝʪ ʩʨʘʚʥʠʤʳʝ ʧʦ ʚʝʣʠʯʠʥʝ ʟʥʘʯʝʥʠʷ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʦʛʦ 

ʵʬʬʝʢʪʘ: ȹT = 12,5 ʂ ʧʨʦʪʠʚ ȹT = 15 ʂ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ H = 100 ʢʕ. 

3. ʄʘʛʥʠʪʥʘʷ ʬʘʟʦʚʘʷ H-T ʜʠʘʛʨʘʤʤʘ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʧʣʘʚʘ ɻʝʡʩʣʝʨʘ 

Ni2Mn0,74Cu0,26Ga ʚ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ, ʧʦʩʪʨʦʝʥʥʘʷ ʥʘ 

ʦʩʥʦʚʝ ʠʟʤʝʨʝʥʠʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ ʩʪʘʮʠʦʥʘʨʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʜʦ 70 ʢʕ ʠ ʠʟʤʝʨʝʥʠʡ 

ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʦʛʦ ȹT-ʵʬʬʝʢʪʘ ʚ ʠʤʧʫʣʴʩʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ H = 500 ʢʕ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʥʘʣʠʯʠʝ ʪʨʠʢʨʠʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʚ ʧʦʣʝ Hʢʨ = 302 ʢʕ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ Tʢʨ = 334 ʂ. 

4. ʅʦʚʘʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʤʝʪʦʜʠʢʘ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʛʦ ʜʘʪʯʠʢʘ ʩʨʝʜʥʝʛʦ 

ʀʂ-ʜʠʘʧʘʟʦʥʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʷʤʦʝ ʙʝʩʢʦʥʪʘʢʪʥʦʝ ʠʟʤʝʨʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʪʚʝʨʜʦʪʝʣʴʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʩʠʣʴʥʳʭ ʠʤʧʫʣʴʩʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʩ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝʤ ʥʘ ʫʨʦʚʥʝ 

1 ʤʢʩ ʠ ʚʳʩʦʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʧʦʤʝʭʘʤ. ʆʜʥʦʚʨʝʤʝʥʥʦʝ ʠʟʤʝʨʝʥʠʝ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠʥʜʫʢʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʩʦʚʦʢʫʧʥʦ ʩ ʠʟʤʝʨʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʘʪʴ ʥʘʜʝʞʥʳʝ ʜʘʥʥʳʝ ʦ ʙʳʩʪʨʦʠʟʤʝʥʷʶʱʝʤʩʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

5. ɺʝʣʠʯʠʥʘ ʦʙʨʘʪʥʦʛʦ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʧʨʠ ʥʘʯʘʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ 

ʦʙʣʘʩʪʠ ʤʝʪʘʤʘʛʥʠʪʥʦʛʦ ʠʟʦʩʪʨʫʢʪʫʨʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ 1-ʛʦ ʨʦʜʘ ʚ ʩʧʣʘʚʘʭ FeRh (ʩ 

ʩʦʩʪʘʚʘʤʠ ʙʣʠʟʢʠʤʠ ʢ ʵʢʚʠʘʪʦʤʥʦʤʫ) ʚʦʟʨʘʩʪʘʝʪ ʜʦ ʧʦʣʷ ʥʘʩʳʱʝʥʠʷ, ʚʳʰʝ ʢʦʪʦʨʦʛʦ ʤʝʥʷʝʪʩʷ 

ʟʥʘʢ ʵʬʬʝʢʪʘ ʠ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʷʤʦʡ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʦʣʥʦʤ 

ʟʘʚʝʨʰʝʥʠʠ ʤʘʛʥʠʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʘʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʢ-ʬʝʨʨʦʤʘʛʥʝʪʠʢ.   
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ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠ ʘʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ  

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠʭ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴʶ, ʥʘʜʝʞʥʦʩʪʴʶ ʧʨʠʤʝʥʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʨʠʟʥʘʥʳ ʥʘʫʯʥʦʡ ʦʙʱʝʩʪʚʝʥʥʦʩʪʴʶ ʧʨʠ ʦʙʩʫʞʜʝʥʠʷʭ ʥʘ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʦʰʝʜʰʠʭ ʚ ʜʠʩʩʝʨʪʘʮʠʶ, ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʠ ʦʙʩʫʞʜʘʣʠʩʴ ʥʘ 

ʩʣʝʜʫʶʱʠʭ ʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ, ʥʘʫʯʥʳʭ ʩʝʤʠʥʘʨʘʭ:  

1) ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʤʘʛʥʠʪʠʟʤʫ InterMag: ɼʨʝʟʜʝʥ (ɻʝʨʤʘʥʠʷ) 2014; ʇʝʢʠʥ 

(ʂʠʪʘʡ) 2015; ɼʫʙʣʠʥ (ʀʨʣʘʥʜʠʷ) 2017. 

2) ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʰʢʦʣʘ-ʩʝʤʠʥʘʨ ʧʦ ʧʨʦʙʣʝʤʘʤ ʬʠʟʠʢʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʚʝʱʝʩʪʚʘ ʉʇʌʂʉ, ɽʢʘʪʝʨʠʥʙʫʨʛ: 2014, 2016, 2018, 2019.  

3) ʄʦʩʢʦʚʩʢʠʡ ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʩʠʤʧʦʟʠʫʤ ʧʦ ʤʘʛʥʝʪʠʟʤʫ MISM, ʄʦʩʢʚʘ: 2014, 2017. 

4) ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʟʠʤʥʷʷ ʰʢʦʣʘ ʬʠʟʠʢʦʚ-ʪʝʦʨʝʪʠʢʦʚ çʂʦʫʨʦʚʢʘè, ɽʢʘʪʝʨʠʥʙʫʨʛ: 2014, 

2016.  

5) ʂʦʥʬʝʨʝʥʮʠʷ-ʢʦʥʢʫʨʩ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʠʤ. ʀ.ɺ. ɸʥʠʩʠʤʢʠʥʘ, ʄʦʩʢʚʘ: 2014, 2016. 

6) ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʩʝʤʠʥʘʨ çʄʘʛʥʠʪʥʳʝ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳè, ʄʘʭʘʯʢʘʣʘ: 2015, 2017, 2019. 

7) ɹʘʡʢʘʣʴʩʢʘʷ ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʤʘʛʥʠʪʥʳʤ ʤʘʪʝʨʠʘʣʘʤ BICMM, ʀʨʢʫʪʩʢʘʷ 

ʦʙʣ., 2014. 

8) ɿʘʩʝʜʘʥʠʝ ʩʝʢʮʠʠ ñʄʘʛʥʝʪʠʟʤò ʅʘʫʯʥʦʛʦ ʩʦʚʝʪʘ ʈɸʅ ʧʦ ʬʠʟʠʢʝ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʩʨʝʜ: 

2014, 2019. 

9) ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʤʘʛʥʝʪʠʟʤʫ ICM, ɹʘʨʩʝʣʦʥʘ (ʀʩʧʘʥʠʷ), 2015.  

10) ɽʚʨʦ-ʘʟʠʘʪʩʢʠʡ ʩʠʤʧʦʟʠʫʤ EastMag: ʂʨʘʩʥʦʷʨʩʢ, 2016; ɽʢʘʪʝʨʠʥʙʫʨʛ, 2019. 

11) ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʤʘʛʥʠʪʥʦʤʫ ʦʭʣʘʞʜʝʥʠʶ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

TherMag, ʊʫʨʠʥ (ʀʪʘʣʠʷ), 2016.  

12) ʄʝʞʜʫʥʘʨʦʜʥʘʷ ɹʘʣʪʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʤʘʛʥʝʪʠʟʤʫ IBCM, ʂʘʣʠʥʠʥʛʨʘʜ: 2017, 2019. 

13) ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʩʠʤʧʦʟʠʫʤ ʧʦ ʧʝʨʝʜʦʚʳʤ ʤʘʛʥʠʪʥʳʤ ʤʘʪʝʨʠʘʣʘʤ ʠ ʧʨʠʣʦʞʝʥʠʷʤ 

ISAMMA, ʌʫʢʫʦʢ (ɺʴʝʪʥʘʤ), 2017. 

14) ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʠ ʰʢʦʣʘ ʧʦ ʬʦʪʦʵʣʝʢʪʨʦʥʠʢʝ ʠ 

ʧʨʠʙʦʨʘʤ ʥʦʯʥʦʛʦ ʚʠʜʝʥʠʷ, ʄʦʩʢʚʘ, 2018. 

15) ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʩʠʤʧʦʟʠʫʤ çʇʝʨʩʧʝʢʪʠʚʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʪʝʭʥʦʣʦʛʠʠè, ɹʨʝʩʪ 

(ɹʝʣʘʨʫʩʴ), 2019. 

16) ʏʝʰʩʢʘʷ ʠ ʉʣʦʚʘʮʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʤʘʛʥʝʪʠʟʤʫ (CSMAG), ʂʦʰʠʮʝ (ʉʣʦʚʘʢʠʷ), 2019. 

17) ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çɼʦʥʝʮʢʠʝ ʯʪʝʥʠʷè, ɼʦʥʝʮʢ, 2019. 

18) ʉʝʤʠʥʘʨ ɼʥʠ ʢʘʣʦʨʠʢʠ ʚ ɼʘʛʝʩʪʘʥʝ: ʤʫʣʴʪʠʢʘʣʦʨʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʠ ʠʭ ʧʨʠʣʦʞʝʥʠʷ, 

ɻʫʥʠʙ, 2020.  
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19) ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʥʘʥʦʤʘʪʝʨʠʘʣʳ ʠ ʚʳʩʦʢʦʯʠʩʪʳʝ 

ʚʝʱʝʩʪʚʘè, ʉʫʟʜʘʣʴ, 2020. 

20) ʉʝʤʠʥʘʨ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʩʠʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, 

ɺʨʦʮʣʘʚ (ʇʦʣʴʰʘ): 2013, 2014, 2015. 

21) ʉʝʤʠʥʘʨ çʌʠʟʠʢʘ ʤʘʛʥʠʪʥʳʭ ʷʚʣʝʥʠʡè ʢʘʬʝʜʨʳ ʌʠʟʠʢʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʏʝʣɻʋ, ʏʝʣʷʙʠʥʩʢ: 2013, 2014, 2016, 2018. 

 

ʇʫʙʣʠʢʘʮʠʠ  

ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʘ 21 ʥʘʫʯʥʘʷ ʨʘʙʦʪʘ, ʚ ʪʦʤ ʯʠʩʣʝ: 15 ï ʚ 

ʞʫʨʥʘʣʘʭ, ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʚ ʥʘʫʢʦʤʝʪʨʠʯʝʩʢʠʭ ʙʘʟʘʭ ʜʘʥʥʳʭ Web of Science ʠ Scopus [ɸ1 ï ɸ15], 

5 ï ʚ ʞʫʨʥʘʣʘʭ, ʚʭʦʜʷʱʠʭ ʚ ʇʝʨʝʯʝʥʴ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʠʟʜʘʥʠʡ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɺɸʂ 

ʄʠʥʦʙʨʥʘʫʢʠ ʈʌ [ɸ16 ï ɸ20], 1 ï ʧʘʪʝʥʪ ʈʌ ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ [ɸ21]. ʂʨʦʤʝ ʪʦʛʦ, ʚʳʧʫʱʝʥʦ 29 

ʧʫʙʣʠʢʘʮʠʡ ʚ ʩʙʦʨʥʠʢʘʭ ʪʨʫʜʦʚ ʢʦʥʬʝʨʝʥʮʠʡ [ɸ22-ɸ50].   

 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ  

ʈʝʟʫʣʴʪʘʪʳ, ʠʟʣʦʞʝʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʠ, ʧʦʣʫʯʝʥʳ ʘʚʪʦʨʦʤ ʣʠʯʥʦ, ʣʠʙʦ ʩʦʚʤʝʩʪʥʦ ʩ 

ʩʦʪʨʫʜʥʠʢʘʤʠ ʃʘʙʦʨʘʪʦʨʠʠ ʤʘʛʥʠʪʥʳʭ ʷʚʣʝʥʠʡ ʚ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʝ ʀʈʕ ʠʤ. ɺ.ɸ. ʂʦʪʝʣʴʥʠʢʦʚʘ 

ʈɸʅ, ʧʨʠʯʸʤ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʙʦʪ ʘʚʪʦʨʦʤ ʩʜʝʣʘʥ ʦʧʨʝʜʝʣʷʶʱʠʡ ʚʢʣʘʜ ʚ ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ, ʧʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, 

ʦʙʨʘʙʦʪʢʫ ʨʝʟʫʣʴʪʘʪʦʚ, ʚʳʧʦʣʥʝʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʚʳʢʣʘʜʦʢ ʠ ʨʘʩʯʝʪʦʚ. 

ʇʨʷʤʳʝ ʧʘʨʘʣʣʝʣʴʥʳʝ ʠʟʤʝʨʝʥʠʷ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʚ ʘʜʠʘʙʘʪʠʯʝʩʢʠʭ ʠ 

ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʚ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʳʭ ʧʦʣʷʭ ʜʦ 140 ʢʕ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʄʝʞʜʫʥʘʨʦʜʥʦʡ 

ʣʘʙʦʨʘʪʦʨʠʠ ʩʠʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ (ʛ. ɺʨʦʮʣʘʚ, ʇʦʣʴʰʘ) ʧʦ ʤʝʪʦʜʫ, 

ʨʘʟʨʘʙʦʪʘʥʥʦʤʫ ʠ ʟʘʧʘʪʝʥʪʦʚʘʥʥʦʤʫ ʩʦʚʤʝʩʪʥʦ ʩ ʢ.ʬ.-ʤ.ʥ. ɸ.ɺ. ʄʘʰʠʨʦʚʳʤ, ʢ.ʬ.-ʤ.ʥ. 

ʕ.ʊ. ɼʠʣʴʤʠʝʚʦʡ, ʢ.ʬ.-ʤ.ʥ. ʖ.ʉ. ʂʦʰʢʠʜʴʢʦ, ʧʨʠ ʵʪʦʤ, ʘʚʪʦʨʦʤ ʠʩʩʣʝʜʦʚʘʣʠʩʴ  ʤʘʪʝʨʠʘʣʳ, 

ʦʪʣʠʯʘʚʰʠʝʩʷ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʠ ʬʠʟʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʦʪ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ 

ʜʠʩʩʝʨʪʘʮʠʷʭ ɸ.ɺ. ʄʘʰʠʨʦʚʘ ʠ ʕ.ʊ. ɼʠʣʴʤʠʝʚʦʡ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʪʝʨʤʦʧʘʨ ʚ ʩʠʣʴʥʳʭ 

ʠʤʧʫʣʴʩʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʜʦ 500 ʢʕ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʃʘʙʦʨʘʪʦʨʠʠ ʩʠʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ 

(ʛ. ɼʨʝʟʜʝʥ, ɻʝʨʤʘʥʠʷ) ʩʦʚʤʝʩʪʥʦ ʩ ʢ.ʬ.-ʤ.ʥ. ʖ.ʉ. ʂʦʰʢʠʜʴʢʦ.  

ʂʦʥʩʪʨʫʢʮʠʷ ʥʦʚʦʛʦ ʙʝʩʢʦʥʪʘʢʪʥʦʛʦ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʡ ʜʘʪʯʠʢʘ ʪʝʤʧʝʨʘʪʫʨʳ 

ʨʘʟʨʘʙʘʪʳʚʘʣʘʩʴ ʩʦʚʤʝʩʪʥʦ ʩ ʢ.ʬ.-ʤ.ʥ. ʃ.ʅ. ɹʫʪʚʠʥʦʡ. 
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ʉʦʦʪʚʝʪʩʪʚʠʝ ʜʠʩʩʝʨʪʘʮʠʠ ʧʘʩʧʦʨʪʫ ʩʧʝʮʠʘʣʴʥʦʩʪʠ  

ʉʦʜʝʨʞʘʥʠʝ ʜʠʩʩʝʨʪʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʫʥʢʪʫ 3. çʀʟʫʯʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʚʝʱʝʩʪʚ (ʩʠʣʴʥʦʝ ʩʞʘʪʠʝ, ʫʜʘʨʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ, ʠʟʤʝʥʝʥʠʝ 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʧʦʣʝʡ, ʥʠʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ), ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʚ ʥʠʭ ʠ ʠʭ ʬʘʟʦʚʳʝ ʜʠʘʛʨʘʤʤʳ 

ʩʦʩʪʦʷʥʠʷè ʠ ʧʫʥʢʪʫ 6. çʈʘʟʨʘʙʦʪʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʠʟʫʯʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ 

ʩʦʟʜʘʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʦʩʥʦʚ ʧʨʦʤʳʰʣʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠè ʧʘʩʧʦʨʪʘ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 1.3.8. (01.04.07) ï ʌʠʟʠʢʘ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʨʘʙʦʪʳ 

 ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʧʷʪʠ ʛʣʘʚ, ʟʘʢʣʶʯʝʥʠʷ, ʩʧʠʩʢʘ ʧʫʙʣʠʢʘʮʠʡ ʘʚʪʦʨʘ ʠʟ 

50 ʥʘʠʤʝʥʦʚʘʥʠʡ, ʩʧʠʩʢʘ ʮʠʪʠʨʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠʟ 258 ʥʘʠʤʝʥʦʚʘʥʠʡ, ʩʧʠʩʢʘ ʩʦʢʨʘʱʝʥʠʡ ʠ 

ʫʩʣʦʚʥʳʭ ʦʙʦʟʥʘʯʝʥʠʡ, ʣʠʩʪʘ ʙʣʘʛʦʜʘʨʥʦʩʪʝʡ. ɼʠʩʩʝʨʪʘʮʠʷ ʠʟʣʦʞʝʥʘ ʥʘ 145 ʩʪʨʘʥʠʮʘʭ, ʚʢʣʶʯʘʷ 

43 ʬʦʨʤʫʣʳ ʠ 68 ʨʠʩʫʥʢʦʚ.  

 

ʆʩʥʦʚʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʨʘʙʦʪʳ 

ɺʦ ʚʚʝʜʝʥʠʠ ʦʙʦʩʥʦʚʘʥʘ ʘʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ, ʧʨʠʚʝʜʝʥʦ ʢʨʘʪʢʦʝ 

ʦʧʠʩʘʥʠʝ ʩʦʩʪʦʷʥʠʷ ʧʨʦʙʣʝʤʳ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʮʝʣʠ, ʥʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ 

ʨʘʙʦʪʳ, ʠʟʣʦʞʝʥʳ ʦʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ.  

ʇʝʨʚʘʷ ʛʣʘʚʘ ʩʦʜʝʨʞʠʪ ʦʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ ʧʦ ʠʩʪʦʨʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʘʣʦʨʠʯʝʩʢʠʭ 

ʵʬʬʝʢʪʦʚ ʠ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ ʦʧʠʩʘʥʠʶ ʄʂʕ ʚʙʣʠʟʠ ʌʇ ʚ ʪʚʸʨʜʳʭ ʪʝʣʘʭ. ɼʘʸʪʩʷ ʦʙʟʦʨ ʠʟʚʝʩʪʥʳʭ 

ʤʝʪʦʜʦʚ ʢʦʩʚʝʥʥʦʡ ʦʮʝʥʢʠ ʄʂʕ ʠ ʧʨʷʤʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʷ ʄʂʕ, 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʠʟʚʝʩʪʥʳʝ ʧʨʦʪʦʪʠʧʳ ʫʩʪʨʦʡʩʪʚ ʤʘʛʥʠʪʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʦʩʥʦʚʝ ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʄʂʕ. 

ɺʪʦʨʘ ̫ ʛʣʘʚʘ ʧʦʩʚʷʱʝʥʘ ʦʧʠʩʘʥʠʶ ʤʝʪʦʜʦʚ ʧʨʷʤʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʦʡʩʪʚ 

ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʌʇ ʚ ʩʠʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ, ʘ ʪʘʢʞʝ ʦʧʠʩʘʥʠʶ 

ʩʚʦʡʩʪʚ ʠʟʚʝʩʪʥʳʭ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʨʘʟʜʝʣʝ 2.1 ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʪʝʨʤʦʤʘʛʥʠʪʥʳʝ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʌʇ ʚʙʣʠʟʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ: ʯʠʩʪʦʛʦ Gd, ʂʄ ʥʘ ʦʩʥʦʚʝ MnAs, 

ʩʦʝʜʠʥʝʥʠʷ Mn1.22Fe0.73P0.47Si0.53, ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ Ni2.18Mn0.82Ga ʠ Ni2Mn0.74Cu0.26Ga, ʩʧʣʘʚʦʚ 

Fe48Rh52 ʠ Fe49Rh51. ɺ ʨʘʟʜʝʣʝ 2.2 ʜʘʸʪʩʷ ʦʧʠʩʘʥʠʝ ʦʨʠʛʠʥʘʣʴʥʳʭ ʤʝʪʦʜʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʄʂʕ ʚ ʩʠʣʴʥʳʭ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʨʘʟʜʝʣʝ 2.2.1 

ʦʧʠʩʳʚʘʝʪʩʷ ʩʪʘʮʠʦʥʘʨʥʳʡ ʠ ʵʢʩʪʨʘʢʮʠʦʥʥʳʡ (ʢʦʪʦʨʳʡ ʦʧʫʩʢʘʣʩʷ ʚ ʧʦʣʝ, ʘ ʟʘʪʝʤ ʚʳʥʠʤʘʣʩʷ ʠʟ 

ʧʦʣʷ) ʢʘʣʦʨʠʤʝʪʨ ʜʣʷ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʄʂʕ ʚ ʘʜʠʘʙʘʪʠʯʝʩʢʠʭ (ȹT-ʵʬʬʝʢʪ) ʠ 

ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ (ȹQ - ʵʬʬʝʢʪ) ʫʩʣʦʚʠʷʭ ʚ ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʚ ʧʦʣʷʭ 

ʙʠʪʪʝʨʦʚʩʢʦʛʦ ʤʘʛʥʠʪʘ. ɺ ʨʘʟʜʝʣʝ 2.2.3 ʦʧʠʩʘʥʳ ʤʝʪʦʜʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʩʢʘʥʠʨʫʶʱʝʡ 
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ʢʘʣʦʨʠʤʝʪʨʠʠ (ɼʉʂ) ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʨʳʪʦʡ ʪʝʧʣʦʪʳ ɚ ʌʇ 1-ʛʦ ʨʦʜʘ ʠ ȹQ-ʵʬʬʝʢʪʘ ʚ ʦʙʣʘʩʪʠ 

ʪʝʤʧʝʨʘʪʫʨ ʜʘʥʥʦʛʦ ʌʇ ʚ ʧʦʣʷʭ ʙʠʪʪʝʨʦʚʩʢʦʛʦ ʤʘʛʥʠʪʘ ʜʦ 140 ʢʕ. ɺ ʨʘʟʜʝʣʝ 2.3 ʦʧʠʩʳʚʘʶʪʩʷ 

ʤʝʪʦʜʳ ʠʟʤʝʨʝʥʠʷ ȹT-ʵʬʬʝʢʪʘ ʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʄ ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʩʠʣʴʥʳʭ 

ʠʤʧʫʣʴʩʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ. ɺ ʨʘʟʜʝʣʝ 2.3.1 ʦʧʠʩʘʥ ʢʦʥʪʘʢʪʥʳʡ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ȹT-ʵʬʬʝʢʪʘ 

ʚ ʩʠʣʴʥʳʭ ʠʤʧʫʣʴʩʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʜʦ 500 ʢʕ ʩ ʧʦʤʦʱʴʶ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ 

ʤʠʢʨʦʪʝʨʤʦʧʘʨʳ ʪʠʧʘ ʊ (ʤʝʜʴ-ʢʦʥʩʪʘʥʪʘʥ) ʠʟ ʤʠʢʨʦʧʨʦʚʦʜʦʚ ʩ ʪʦʣʱʠʥʦʡ ʩʝʯʝʥʠʷ ʚ 25 ʤʢʤ. ɺ 

ʨʘʟʜʝʣʝ 2.3.2 ʦʧʠʩʘʥ ʥʦʚʳʡ ʙʝʩʢʦʥʪʘʢʪʥʳʡ ʤʝʪʦʜ ʧʨʷʤʦʛʦ ʠʟʤʝʨʝʥʠʷ ȹT-ʵʬʬʝʢʪʘ ʚ 

ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʩ ʌʇ ʚ ʩʠʣʴʥʳʭ ʠʤʧʫʣʴʩʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʩ ʧʦʤʦʱʴʶ 

ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʛʦ ʜʘʪʯʠʢʘ ʪʝʤʧʝʨʘʪʫʨʳ (ɺʆɼʊ) ʩʨʝʜʥʝʛʦ ʀʂ-ʜʠʘʧʘʟʦʥʘ (ʨʠʩ. 1ʛ) ʩ 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʝʤ ʥʘ ʫʨʦʚʥʝ 1 ʤʢʩ ʠ ʚʳʩʦʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʧʦʤʝʭʘʤ. ɺ 

ʨʘʟʜʝʣʝ 2.3.3 ʦʧʠʩʘʥ ʠʥʜʫʢʮʠʦʥʥʳʡ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʪʚʝʨʜʦʪʝʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʚ ʩʠʣʴʥʳʭ ʠʤʧʫʣʴʩʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ. 

ʊʨʝʪʴ ̫ ʛʣʘʚʘ ʧʦʩʚʷʱʝʥʘ ʦʧʠʩʘʥʠʶ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ ʩ ʧʨʷʤʳʤ ʄʂʕ ʚʙʣʠʟʠ ʪʦʯʢʠ ʂʶʨʠ ï ʯʠʩʪʦʛʦ Gd. ɼʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʨʠ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʠʢʠ, ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪʩʷ ʩʢʦʨʦʩʪʴʶ ʚʚʝʜʝʥʠʷ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ɺ ʨʘʟʜʝʣʝ 3.1 ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ȹT-ʵʬʬʝʢʪʘ ʠ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ ʢʘʣʦʨʠʤʝʪʨʝ ʚ ʧʦʣʷʭ ʙʠʪʪʝʨʦʚʩʢʦʛʦ ʤʘʛʥʠʪʘ ʜʦ 120 ʢʕ. ɺ 

ʨʘʟʜʝʣʝ 3.2 ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʄʂʕ ʚ ʘʜʠʘʙʘʪʠʯʝʩʢʦʤ ȹT ʠ ʠʟʦʪʝʨʤʠʯʝʩʢʦʤ ȹQ 

ʨʝʞʠʤʘʭ ʚ ʵʢʩʪʨʘʢʮʠʦʥʥʦʤ ʢʘʣʦʨʠʤʝʪʨʝ ʚ ʧʦʣʷʭ ʙʠʪʪʝʨʦʚʩʢʦʛʦ ʤʘʛʥʠʪʘ ʜʦ 140 ʢʕ. ɺ ʨʘʟʜʝʣʝ 3.3 

ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ȹT-ʵʬʬʝʢʪʘ, ʚʳʧʦʣʥʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʚʦʣʦʢʦʥʥʦ-

ʦʧʪʠʯʝʩʢʦʛʦ ʜʘʪʯʠʢʘ ʪʝʤʧʝʨʘʪʫʨʳ, ʘ ʪʘʢʞʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ï ʠʥʜʫʢʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʚ 

ʠʤʧʫʣʴʩʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʜʦ 127 ʢʕ.  

ʏʝʪʚʸʨʪʘʷ ʛʣʘʚʘ ʧʦʩʚʷʱʝʥʘ ʦʧʠʩʘʥʠʶ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʩ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʳʤʠ ʌʇ ʠ ʛʠʛʘʥʪʩʢʠʤ ʧʨʷʤʳʤ ʄʂʕ ï 

ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ Mn: Mn1.22Fe0.73P0.47Si0.53 ʠ ʂʄ ʥʘ ʦʩʥʦʚʝ MnAs, ʘ ʪʘʢʞʝ ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ 

Ni2.18Mn0.82Ga ʠ Ni2Mn0.74Cu0.26Ga. ɺ ʨʘʟʜʝʣʝ 4.1 ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʄʂʕ ʚ 

ʩʦʝʜʠʥʝʥʠʠ Mn1.22Fe0.73P0.47Si0.53 ʚ ʘʜʠʘʙʘʪʠʯʝʩʢʦʤ ȹT ʠ ʠʟʦʪʝʨʤʠʯʝʩʢʦʤ ȹQ ʨʝʞʠʤʘʭ ʚ 

ʩʪʘʮʠʦʥʘʨʥʦʤ ʢʘʣʦʨʠʤʝʪʨʝ ʚ ʧʦʣʷʭ ʙʠʪʪʝʨʦʚʩʢʦʛʦ ʤʘʛʥʠʪʘ ʜʦ 140 ʢʕ. ɺ ʨʘʟʜʝʣʝ 4.2 ʧʨʠʚʦʜʷʪʩʷ 

ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ȹT-ʵʬʬʝʢʪʘ, ʚʳʧʦʣʥʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʪʝʨʤʦʧʘʨʳ ʠ ʚʦʣʦʢʦʥʥʦ-

ʦʧʪʠʯʝʩʢʦʛʦ ʜʘʪʯʠʢʘ ʪʝʤʧʝʨʘʪʫʨʳ, ʘ ʪʘʢʞʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʢʦʤʧʦʟʠʪʥʦʛʦ ʦʙʨʘʟʮʘ ʥʘ ʦʩʥʦʚʝ 

MnAs ʚ ʠʤʧʫʣʴʩʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʜʦ 300 ʢʕ. ʇʨʦʚʦʜʠʪʩʷ ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ, 

ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʨʘʟʥʳʭ ʜʘʪʯʠʢʦʚ. ɺ ʨʘʟʜʝʣʝ 4.3 ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʄʂʕ 

ʚ ʩʧʣʘʚʝ ɻʝʡʩʣʝʨʘ Ni2.18Mn0.82Ga ʚ ʘʜʠʘʙʘʪʠʯʝʩʢʦʤ ȹT ʠ ʠʟʦʪʝʨʤʠʯʝʩʢʦʤ ȹQ ʨʝʞʠʤʘʭ ʚ 

ʩʪʘʮʠʦʥʘʨʥʦʤ ʢʘʣʦʨʠʤʝʪʨʝ ʚ ʧʦʣʷʭ ʙʠʪʪʝʨʦʚʩʢʦʛʦ ʤʘʛʥʠʪʘ ʜʦ 140 ʢʕ. ɺ ʨʘʟʜʝʣʝ 4.4 ʧʨʠʚʦʜʷʪʩʷ 

ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ȹT-ʵʬʬʝʢʪʘ ʚ ʩʧʣʘʚʝ ɻʝʡʩʣʝʨʘ Ni2Mn0.74Cu0.26Ga ʩ ʧʦʤʦʱʴʶ 
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ʤʠʢʨʦʪʝʨʤʦʧʘʨʳ ʚ ʩʠʣʴʥʳʭ ʠʤʧʫʣʴʩʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʜʦ 500 ʢʕ ʠ ʤʘʛʥʠʪʥʘʷ ʬʘʟʦʚʘʷ H-T 

ʜʠʘʛʨʘʤʤʘ ʩʧʣʘʚʘ, ʧʦʩʪʦʨʦʝʥʥʘʷ ʥʘ ʦʩʥʦʚʝ ʠʟʤʝʨʝʥʠʡ ʄʂʕ ʠ ʠʟʤʝʨʝʥʠʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ 

ʩʧʣʘʚʘ ʚ ʧʦʣʷʭ ʜʦ 70 ʢʕ. 

ʇʷʪʘʷ ʛʣʘʚʘ ʧʦʩʚʷʱʝʥʘ ʦʧʠʩʘʥʠʶ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʩ ʤʝʪʘʤʘʛʥʠʪʥʳʤʠ ʠʟʦʩʪʨʫʢʪʫʨʥʳʤʠ ʌʇ ʠ ʛʠʛʘʥʪʩʢʠʤ ʦʙʨʘʪʥʳʤ ʄʂʕ ï 

ʩʧʣʘʚʦʚ ʠʟ ʩʝʤʝʡʩʪʚʘ FeRh ʩ ʩʦʩʪʘʚʘʤʠ ʙʣʠʟʢʠʤʠ ʢ ʵʢʚʠʘʪʦʤʥʦʤʫ. ɺ ʨʘʟʜʝʣʝ 5.1 ʧʨʠʚʦʜʷʪʩʷ 

ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʩʢʨʳʪʦʡ ʪʝʧʣʦʪʳ ʌʇ 1-ʛʦ ʨʦʜʘ ʠ ȹQ-ʵʬʬʝʢʪʘ ʚ ʩʧʣʘʚʝ Fe48Rh52 ʚ ʧʦʣʷʭ 

ʙʠʪʪʝʨʦʚʩʢʦʛʦ ʤʘʛʥʠʪʘ ʜʦ 140 ʢʕ. ɺ ʨʘʟʜʝʣʝ 5.2 ï ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ȹT-ʵʬʬʝʢʪʘ ʚ ʩʧʣʘʚʝ 

Fe48Rh52, ʚʳʧʦʣʥʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʛʦ ʜʘʪʯʠʢʘ ʪʝʤʧʝʨʘʪʫʨʳ, ʘ ʪʘʢʞʝ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠʥʜʫʢʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʠ ʨʘʙʦʪʳ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʠʤʧʫʣʴʩʥʳʭ ʤʘʛʥʠʪʥʳʭ 

ʧʦʣ̫ʭ ʜʦ 125 ʢʕ. ɺ ʨʘʟʜʝʣʝ 5.3 ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ȹT-ʵʬʬʝʢʪʘ ʚ ʩʧʣʘʚʝ Fe49Rh51 ʩ 

ʧʦʤʦʱʴʶ ʤʠʢʨʦʪʝʨʤʦʧʘʨʳ ʚ ʩʠʣʴʥʳʭ ʠʤʧʫʣʴʩʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʜʦ 500 ʢʕ. 

ɺ ʟʘʢʣʶʯʝʥʠʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ. 
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ɻʃɸɺɸ 1. ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ 

1.1. ʀʩʪʦʨʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʘʣʦʨʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ 

ʂʘʣʦʨʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʦʙʨʘʪʠʤʳʝ ʪʝʧʣʦʚʳʝ ʠʟʤʝʥʝʥʠʷ, ʠʟʚʝʩʪʥʳʝ ʢʘʢ 

ʢʘʣʦʨʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʠʟ-ʟʘ ʠʟʤʝʥʝʥʠʷ ʚʥʝʰʥʝʛʦ ʠʥʜʫʮʠʨʫʶʱʝʛʦ ʧʦʣʷ [8]. 

ʀʩʪʦʨʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʘʣʦʨʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ ʥʘʯʠʥʘʝʪʩʷ ʩ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʳʢʥʦʚʝʥʥʦʡ 

ʨʝʟʠʥʳ. ʅʘʪʫʨʘʣʴʥʳʡ ʢʘʫʯʫʢ ʥʘʛʨʝʚʘʝʪʩʷ, ʝʩʣʠ ʝʛʦ ʙʳʩʪʨʦ ʨʘʩʪʷʛʠʚʘʪ.ɹ ʕʪʦʪ ʵʬʬʝʢʪ ʚʧʝʨʚʳʝ ʙʳʣ 

ʦʧʠʩʘʥ ʩʣʝʧʳʤ ʝʩʪʝʩʪʚʦʠʩʧʳʪʘʪʝʣʝʤ ɼʞʦʥʦʤ ɻʫʢʦʤ [13] ʚ ʥʘʯʘʣʝ XIX  ʚʝʢʘ ʚ ɸʥʛʣʠʠ. ɻʫʢ 

ʦʙʥʘʨʫʞʠʣ ʵʪʦʪ ʵʬʬʝʢʪ, ʧʨʠʢʣʘʜʳʚʘʷ ʨʝʟʠʥʫ ʢ ʩʚʦʠʤ ʛʫʙʘʤ. ɽʩʣʠ ʪʝʧʣʦ ʫʩʧʝʚʘʝʪ ʨʘʩʩʝʪ̫ɹʩʷ, ʪʦ 

ʧʦʩʣʝ ʩʥ̫ʪʠʷ ʦʜʥʦʦʩʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʨʝʟʠʥʘ ʦʭʣʘʞʜʘʝʪʩʷ. ʕʣʘʩʪʦʢʘʣʦʨʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ (ʕʂʕ), 

ʪʘʢʠʝ ʢʘʢ ʵʪʦʪ, ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʙʳʣʠ ʦʧʠʩʘʥʳ ɼʞʦʫʣʝʤ ʚ 1859 ʛʦʜʫ [14]. ɺʩʢʦʨʝ ʧʦʩʣʝ 

ʵʪʦʛʦ ʣʦʨʜ ʂʝʣʴʚʠʥ ʧʨʝʜʣʦʞʠʣ ʠʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʫʶ ʠʥʪʝʨʧʨʝʪʘʮʠʶ [15], ʢʦʪʦʨʫʶ ʦʥ 

ʚʧʦʩʣʝʜʩʪʚʠʠ ʦʙʦʙʱʠʣ [16] ʜʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ ʪʦʛʦ, ʯʪʦ ʧʦʟʞʝ ʥʘʟʦʚʫʪ ʄʂʕ ʠ 

ʵʣʝʢʪʨʦʢʘʣʦʨʠʯʝʩʢʠʤ ʬɻʬʝʢʪʦʤ ( ʂɻʕ), ʢʦʪʦʨʳʝ ʚʳʟʳʚʘʶʪʩʷ ʤʘʛʥʠʪʥʳʤ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʢʘʣʦʨʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʠʩʧʳʪʳʚʘʶʪ ʧʦʜʲʸʤ, ʠ ʧʨʦʪʦʪʠʧʳ ʭʦʣʦʜʠʣʴʥʳʭ ʤʘʰʠʥ ʥʘʭʦʜʷʪʩʷ ʚ ʩʪʘʜʠʠ ʘʢʪʠʚʥʦʡ 

ʨʘʟʨʘʙʦʪʢʠ. ɹʘʨʦʢʘʣʦʨʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ (ɹʂʕ), ʚʳʟʳʚʘʝʤʳʝ ʠʟʦʪʨʦʧʥʳʤ ʤʝʭʘʥʠʯʝʩʢʠʤ 

ʥʘʧʨʷʞʝʥʠʝʤ, ʧʨʠʚʦʜʷʪ ʢ ʚʚʝʜʝʥʠʶ ʥʦʚʦʛʦ ʪʝʨʤʠʥʘ çʤʝʭʘʥʦʢʘʣʦʨʠʯʝʩʢʠʡè ɻʬʬʝʢʪ ʜʣʷ 

ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʦʧʠʩʘʥʠʷ ʕʂʕ ʠ ɹʂʕ. 

ʇʝʨʚʦʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʥʘʙʣʶʜʝʥʠʝ ʄʂʕ ʧʨʠʧʠʩʳʚʘʶʪ ɺʘʨʙʫʨʛʫ, ʦʜʥʘʢʦ, ʢʘʢ 

ʥʝʜʘʚʥʦ ʩʦʦʙʱʘʣʦʩʴ [17], ʦʥ ʥʝ ʚʚʦʜʠʣ ʪʘʢʦʛʦ ʧʦʥʷʪʠʷ ʚ ʩʚʦʝʡ ʩʪʘʪʴʝ 1881 ʛʦʜʘ ʦ ʞʝʣʝʟʝ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ʪʦʯʢʠ ʂʶʨʠ) [18]. ʅʘ ʩʘʤʦʤ ʜʝʣʝ ɺʘʨʙʫʨʛ ʦʧʠʩʘʣ 

ʥʝʦʙʨʘʪʠʤʳʡ ʥʘʛʨʝʚ ʠʟ-ʟʘ ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ, ʠ ʦʥ ʥʝ ʫʪʚʝʨʞʜʘʣ, ʯʪʦ ʵʪʦ ʥʦʚʡr ʪʝʧʣʦʚʦʡ 

ʵʬʬʝʢʪ, ʚʳʟʳʚʘʝʤʳʡ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ. ʉʪʘʪʴʷ ɺʝʡʩʘ ʠ ʇʠʢʢʘʨʘ 1917 ʛʦʜʘ ʦ ʥʠʢʝʣʝ ʚʙʣʠʟʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʂʶʨʠ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʝʨʚʦʝ ʥʘʙʣʶʜʝʥʠʝ ʦʙʨʘʪʠʤʦʛʦ ʄʂʕ, ʥʦ ʪʘʤ ʝʛʦ 

ʦʙʨʘʪʠʤʦʩʪʴ ʥʝ ʙʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ [11]. ɺʝʡʩ ʠ ʇʠʢʢʘʨ ʚʚʝʣʠ ʪʝʨʤʠʥ çʤʘʛʥʠʪʦʢʘʣʦʨʠʢʘè 

ʥʘ ʬʨʘʥʮʫʟʩʢʦʤ ʷʟʳʢʝ, ʥʦ ʪʦʣʴʢʦ ʚʩʢʦʣʴʟʴ ʫʧʦʤʷʥʫʣʠ, ʯʪʦ ʦʙʨʘʟʝʮ ʦʭʣʘʞʜʘʣʩʷ ʥʠʞʝ ʥʘʯʘʣʴʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʝʩʣʠ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʩʥʠʤʘʣʦʩʴ ʧʦʩʣʝ ʨʘʩʩʝʠʚʘʥʠʷ ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʛʦ ʪʝʧʣʘ [19]. 

ʊʦʣʴʢʦ ʧʦʩʣʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʚ 1930-ʦʤ ʘʥʘʣʦʛʠʯʥʳʭ ʂɻʕ ʚ ʩʝʛʥʝʪʦʚʦʡ 

ʩʦʣʠ [20] ʄʂ ʦʭʣʘʞʜʝʥʠʝ ʚ ʧʘʨʘʤʘʛʥʠʪʥʳʭ (ʇʄ) ʩʦʣʷʭ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʧʨʠʙʣʠʞʝʥʠʷ ʢ 

ʘʙʩʦʣʶʪʥʦʤʫ ʥʫʣʶ [21]. ɼʞʠʦʢ ʚ 1949-ʦʤ ʛʦʜʫ ʧʦʣʫʯʠʣ ʅʦʙʝʣʝʚʩʢʫ  ʁʧʨʝʤʠ ʁʧʦ ʭʠʤʠʠ ʟʘ 

ʨʘʟʨʘʙʦʪʢʫ ʵʪʦʡ ʢʨʠʦʛʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʠ ʦʥʘ ʧʦ-ʧʨʝʞʥʝʤʫ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʥʘʫʯʥʳʭ 

ʣʘʙʦʨʘʪʦʨʠʷʭ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʠʣʣʠʢʝʣʴʚʠʥʦʚʳʭ ʪʝʤʧʝʨʘʪʫʨ. ʉʪʘʙʠʣʴʥʦʝ ʄʂ ʦʭʣʘʞʜʝʥʠʝ ʥʠʞʝ 

1 ʂ ʙʳʣʦ ʚʧʝʨʚʳʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ c ʧʦʤʦʱʴʶ ʇʄ ʩʦʣʝʡ ʚ 1950-ʝ [22, 23], ʘ ʟʘʪʝʤ ʚʙʣʠʟʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ 1976-ʦʤ, ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʦʯʢʠ ʂʶʨʠ ʚ Gd [24]. ʕʪʘ ʨʘʙʦʪʘ 
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ɹʨʘʫʥʘ ʙʳʣʘ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʝʡ, ʧʦʩʢʦʣʴʢʫ ʚ ʥʝʡ ʙʳʣʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʨʝʛʝʥʝʨʘʪʦʨʳ, 

ʟʘʤʝʪʥʦ ʫʚʝʣʠʯʠʚʘʶʱʠʝ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʠʥʪʝʨʚʘʣ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪ ʚ ʧʨʦʪʦʪʠʧʝ 

ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʥʘ ʦʩʥʦʚʝ ʢʘʣʦʨʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʦʣʠʯʝʩʪʚʦ ʥʘʫʯʥʳʭ 

ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʄʂ ʦʭʣʘʞʜʝʥʠʶ ʩʪʘʣʦ ʨʘʩʪʠ. 

ɺ 1980-ʳʝ, 1990-ʳʝ, ʠ ʚ ʧʦʩʣʝʜʫʶʱʠʝ 2000- ʝr ʛʦʜʳ, ʥʘʙʣʶʜʘʣʠʩʴ ʙʦʣʴʰʠʝ ʤʂʕ, ʄʂʕ ʠ 

ʂɻʕ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʙʣʠʟʠ ʩʪʨʫʢʪʫʨʥʳʭ ʌʇ. ʕʪʠ ʪʨʠ çʛʠʛʘʥʪʩʢʠʭè ʢʘʣʦʨʠʯʝʩʢʠʭ ʵʬʬʝʢʪʘ, 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʠ ʦʧʠʩʘʥʳ ʚ ʪʦʡ ʞʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʢʘʢ ʪʨʠ ʦʙʳʯʥʳʭ ʢʘʣʦʨʠʯʝʩʢʠʭ 

ʵʬʬʝʢʪʘ. ɻʠʛʘʥʪʩʢʠʝ ʤʂʕ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ [25] ʚ ʩʧʣʘʚʝ ʩ ʧʘʤʷʪʴʶ ʬʦʨʤʳ Cu69.6Al 27.7Ni2.7 ʚ 

ʨʘʤʢʘʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʤʘʨʪʝʥʩʠʪʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ; ʛʠʛʘʥʪʩʢʠʝ 

ʄʂʕ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ [26] ʚʙʣʠʟʠ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʦʛʦ ʧʝʨʝʭʦʜʘ ʚ ʤʝʪʘʣʣʠʯʝʩʢʦʤ Fe49Rh51; ʠ 

ʛʠʛʘʥʪʩʢʠʝ ʵʂʕ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʚʙʣʠʟʠ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʝʨʝʭʦʜʘ ʚ ʧʣʝʥʢʘʭ ʢʝʨʘʤʠʢʠ 

PbZr0.95Ti0.05O3 [27], ʘ ʟʘʪʝʤ ʚ ʜʚʫʭ ʬʪʦʨʠʨʦʚʘʥʥʳʭ ʧʦʣʠʤʝʨʘʭ [28]. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʜʘʥʥʳʭ 

ʮʠʪʠʨʦʚʘʥʠʷ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʦʪʢʨʳʪʠʝ ʛʠʛʘʥʪʩʢʠʭ ʵʂʕ [27, 28] ʠʥʠʮʠʠʨʦʚʘʣʦ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʂʨʦʤʝ ʪʦʛʦ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʄʂʕ 

ʧʨʝʞʜʝ ʚʩʝʛʦ ʙʳʣʠ ʚʳʟʚʘʥʳ ʩʪʘʪʴʸʡ 1997 ʛʦʜʘ [29] ʦ ʛʠʛʘʥʪʩʢʦʤ MKʕ ʚ Gd5Si2Ge2, ʢʦʪʦʨʘʷ 

ʧʦʷʚʠʣʘʩʴ ʯʝʨʝʟ ʩʝʤʴ ʣʝʪ ʧʦʩʣʝ ʩʦʦʙʱʝʥʠʷ ʦ Fe49Rh51. ʊʝʢʫʱʝʝ ʚʦʟʨʦʞʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ 

ʤʝʭʘʥʦʢʘʣʦʨʠʯʝʩʢʦʤʫ ʵʬʬʝʢʪʫ [30-32] ʤʦʛʣʦ ʙʳʪʴ ʧʨʦʩʪʠʤʫʣʠʨʦʚʘʥʦ ʨʘʙʦʪʘʤʠ ʧʦ ʜʚʫʤ ʜʨʫʛʠʤ 

ʢʘʣʦʨʠʯʝʩʢʠʤ ʵʬʬʝʢʪʘʤ. 

ʂʘʣʦʨʠʯʝʩʢʠʝ ʵʬʬʝʢʪ r ʠʟʫʯʘʣʠʩʴ ʦʪʜʝʣʴʥʦ ʜʦ ʩʦʚʩʝʤ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ [33]. 

ʂʘʣʦʨʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ, ʢʦʪʦʨʳʡ ʧʨʦʷʚʣʷʝʪ ʪʝʧʣʦʚʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʦʪʚʝʪ ʥʘ ʙʦʣʝʝ ʯʝʤ ʦʜʠʥ ʚʠʜ 

ʚʥʝʰʥʝʛʦ ʧʦʣʷ, ʥʘʟʳʚʘʶʪ ʤʫʣʴʪʠʢʘʣʦʨʠʯʝʩʢʠʤ. ɺʝʨʦʷʪʥʦ, ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ 

ʤʫʣʴʪʠʢʘʣʦʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʙʣʘʛʦʜʘʨʷ ʪʦʤʫ, ʯʪʦ ʩʪʨʫʢʪʫʨʥʘʷ ʩʪʝʧʝʥʴ ʩʚʦʙʦʜʳ, ʢʦʪʦʨʘʷ 

ʣʝʞʠʪ ʚ ʦʩʥʦʚʝ ʤʝʭʘʥʦʢʘʣʦʨʠʯʝʩʢʠʭ ɻ ʬʬʝʢʪʦʚ, ʯʘʱʝ ʚʩʝʛʦ ʦʪʚʝʪʩʪʚʝʥʥʘ ʟʘ ʫʩʠʣʝʥʠʝ ʄʂʕ ʠ ʂɻʕ. 

ʄʂʕ ʠ ʵʂʕ ʵʬʬʝʢʪʳ ʥʝ ʙʳʣʠ ʦʧʠʩʘʥʳ ʚ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʤʘʪʝʨʠʘʣʝ, ʪʘʢ ʢʘʢ ʨʝʜʢʦ ʤʦʞʥʦ ʥʘʡʪʠ 

ʤʫʣʴʪʠʬʝʨʨʦʠʢ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʡ ʢʘʢ ʬʝʨʨʦʤʘʛʥʝʪʠʟʤ (ʌʄ), ʪʘʢ ʠ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʪʚʦ. 

1.2. ʊʝʨʤʦʜʠʥʘʤʠʢʘ ʢʘʣʦʨʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ 

ʂʘʣʦʨʠʯʝʩʢʠʝ ɻ ʬʬʝʢʪʳ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʣʶʙʳʭ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʬʠʟʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ ʪʝʧʣʦʚʦʡ ʨʝʘʢʮʠʠ ʩʠʩʪʝʤʳ ʥʘ ʠʟʤʝʥʝʥʠʝ ʦʙʦʙʱʸʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ, ʪʘʢʠʭ ʢʘʢ ʦʙʲʝʤ V, 

ʜʝʬʦʨʤʘʮʠʷ Ů, ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ M, ʧʦʣʷʨʠʟʘʮʠʷ P, ʠ ʪ.ʜ. ɽʩʪʝʩʪʚʝʥʥʳʡ ʩʧʦʩʦʙ ʚʳʟʚʘʪʴ 

ʠʟʤʝʥʝʥʠʷ ʵʪʠʭ ʧʝʨʝʤʝʥʥʳʭ ï ʧʨʠʣʦʞʝʥʠʝ ʠʣʠ ʩʥʷʪʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʤ ʩʦʧʨʷʞʝʥʥʳʭ 

ʦʙʦʙʱʝʥʥʳʭ ʩʠʣ (ʠʣʠ ʧʦʣʝʡ): ʜʘʚʣʝʥʠ ̫p, ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ů, ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ H ʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ E, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʌʘʢʪʠʯʝʩʢʠ, ʠʟʤʝʥʝʥʠʷ ʵʪʠʭ ʧʦʣʝʡ ʚʳʟʦʚʫʪ ɹʂʕ, ʕʂʕ, 

ʄʂʕ ʠ ɻʂʕ. ʂʘʣʦʨʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʦʩʦʙʝʥʥʦ ʠʥʪʝʨʝʩʥʳ ʚ ʤʫʣʴʪʠʬʝʨʨʦʠʢʘʭ, ʚ ʢʦʪʦʨʳʭ 

ʠʟʤʝʥʝʥʠʝ ʦʙʦʙʱʸʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʚʟʘʠʤʦʩʚʷʟʘʥʦ. ɺ ʩʣʫʯʘʝ ʤʫʣʴʪʠʬʝʨʨʦʠʢʘ ʦʜʥʘ ʦʙʦʙʱʸʥʥʘ ̫
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ʧʝʨʝʤʝʥʥʘʷ ʤʦʞʝʪ ʙʳʪʴ ʠʟʤʝʥʝʥʘ ʙʦʣʴʰʝ ʯʝʤ ʦʜʥʠʤ ʧʦʣʝʤ. ʕʪʦ ʩʣʝʜʩʪʚʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʦʙʦʙʱʝʥʥʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ ʚ ʩʠʩʪʝʤʝ, ʥʘʧʨʠʤʝʨ, ʚ ʩʣʫʯʘʝ ʤʘʪʝʨʠʘʣʦʚ ʩ 

ʤʘʛʥʠʪʥʳʤ ʵʬʬʝʢʪʦʤ ʧʘʤʷʪʠ ʬʦʨʤʳ (ʕʇʌ), ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ ʩʠʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ 

ʤʘʛʥʠʪʥʳʤʠ ʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʧʝʨʝʤʝʥʥʳʤʠ [12, 34]. 

ʊʝʨʤʦʜʠʥʘʤʠʢʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʥʘʤ ʦʯʝʥʴ ʫʜʦʙʥʫʶ ʙʘʟʫ ʜʣʷ ʧʦʣʥʦʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ 

ʢʘʣʦʨʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ ʚ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʤ ʤʘʩʰʪʘʙʝ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʬʘʢʪʠʯʝʩʢʦʡ ʩʣʦʞʥʦʩʪʠ 

ʚʳʙʨʘʥʥʦʡ ʩʠʩʪʝʤʳ. ʉ ʵʪʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʦʙʦʙʱʝʥʥʫʶ ʟʘʢʨʳʪʫʶ ʩʠʩʪʝʤʫ 

(ʯʠʩʣʦ ʘʪʦʤʦʚ ʢʦʤʧʦʥʝʥʪʦʚ ʠʟʫʯʘʝʤʦʡ ʩʠʩʪʝʤʳ ʬʠʢʩʠʨʦʚʘʥʦ), ʦʧʠʩʘʥʥʫʶ ʩ ʧʦʤʦʱʴʶ n 

ʧʦʜʭʦʜʷʱʠʭ ʦʙʦʙʱʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ { X i}  (i = 1, é, n). ɺʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ ï ʵʪʦ ʬʫʥʢʮʠʷ 

     (1.1) 

ʩ n + 1 ʥʝʟʘʚʠʩʠʤʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ, ʛʜʝ S ï ʵʥʪʨʦʧʠʷ. ʆʙʦʙʱʸʥʥʳʝ ʩʠʣʳ { xi}  (i = 1,é , n) 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʩʦʧʨʷʞʝʥʳ ʩ ʦʙʦʙʱʸʥʥʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ 

     (1.2) 

ʊʝʤʧʝʨʘʪʫʨʘ ʟʘʜʘʝʪʩʷ ʢʘʢ T = (ÖU/ÖS){ Xi}  ʠ ʠʛʨʘʝʪ ʨʦʣʴ ʩʦʧʨʷʞʸʥʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ʜʣʷ ʵʥʪʨʦʧʠʠ 

S. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʢʘʞʜʘʷ ʧʘʨʘ ʦʙʦʙʱʸʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʠʤʝʝʪ ʦʜʠʥʘʢʦʚʳʡ ʪʝʥʟʦʨʥʳʡ ʧʦʨʷʜʦʢ, 

ʪʘʢ ʯʪʦʙʳ ʪʝʥʟʦʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ xi Ā dX i ̫ ʚʣʷʣʦʩʴ ʩʢʘʣʷʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʦʙʨʘʪʠʤʫʶ ʨʘʙʦʪʫ, 

ʩʚʷʟʘʥʥʫʶ ʩ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʦʙʦʙʱʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ, ʚʳʟʚʘʥʥʳʭ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʦʙʦʙʱʸʥʥʳʤʠ ʩʠʣʘʤʠ. ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ 

ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ ʜʦʣʞʥʦ ʙʳʪʴ ʨʘʩʩʤʦʪʨʝʥʦ ʯʝʨʝʟ ʷʚʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʢʘʞʜʦʡ ʢʦʦʨʜʠʥʘʪʳ X i 

ʦʪ ʦʩʪʘʣʴʥʳʭ ʧʝʨʝʤʝʥʥʳʭ {X jÍi}. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʢʘʣʦʨʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʦʙʫʩʣʦʚʣʝʥʳ ʷʚʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ { X i}ʦʪ ʵʥʪʨʦʧʠʠ (ʠ, ʥʝʷʚʥʦ, ʦʪ ʝʝ ʦʙʦʙʱʸʥʥʦʡ ʢʦʦʨʜʠʥʘʪʳ - ʪʝʤʧʝʨʘʪʫʨʳ). ɺ ʩʣʫʯʘʝ 

ʄʂʕ ʥʫʞʥʦ ʚʜʦʙʘʚʦʢ ʢ ʪʝʧʣʦʚʳʤ ʢʦʦʨʜʠʥʘʪʘʤ ʨʘʩʩʤʦʪʨʝʪʴ ʤʘʛʥʠʪʥʳʝ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʧʝʨʝʤʝʥʥʳʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʜʭʦʜʷʱʠʝ ʧʘʨʳ ʦʙʦʙʱʸʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ï ʵʪʦ ʤʘʛʥʠʪʥʦʝ 

ʧʦʣʝ/ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʠ ʤʝʭʘʥʠʯʝʩʢʦʝ ʥʘʧʨʷʞʝʥʠʝ/ʜʝʬʦʨʤʘʮʠʷ. ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʷʟʠ ʚ 

ʵʪʠʭ ʧʦʜʩʠʩʪʝʤʘʭ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩʭʝʤʘʪʠʯʝʩʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1.1.  
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 ʈʠʩ.1.1. ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʷʟʠ ʤʝʞʜʫ ʪʝʧʣʦʚʳʤʠ, ʫʧʨʫʛʠʤʠ ʠ ʤʘʛʥʠʪʥʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ. ʄʘʛʥʠʪʥʳʡ ʕʇʌ 

ʚʦʟʥʠʢʘʝʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʘʛʥʠʪʦʫʧʨʫʛʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʄʂ ʩʚʦʡʩʪʚʘ ʚʦʟʥʠʢʘʶʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʪʝʧʣʦʚʳʭ ʠ ʤʘʛʥʠʪʥʳʭ ʧʝʨʝʤʝʥʥʳʭ, ʘ ʵʣʘʩʪʦʢʘʣʦʨʠʯʝʩʢʠʝ ï ʪʝʧʣʦʚʳʭ ʠ ʫʧʨʫʛʠʭ ʧʝʨʝʤʝʥʥʳʭ. ʇʝʨʝʤʝʥʥʳʝ, 

ʩʚʷʟʘʥʥʳʝ ʪʦʣʩʪʳʤʠ ʣʠʥʠʷʤʠ, ʩʦʧʨʷʞʝʥʳ ʚ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʤ ʩʤʳʩʣʝ (ʠʤʝʶʪ ʪʦʪ ʞʝ ʪʝʥʟʦʨʥʳʡ ʨʘʥʛ). 

 

ʄʘʛʥʠʪʥʳʡ ʕʇʌ ʩʚʷʟʘʥ ʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʤʝʞʜʫ ʤʘʛʥʠʪʥʳʤʠ ʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ 

ʧʝʨʝʤʝʥʥʳʤʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʕʂʕ ʠ ʄʂʕ ʚʦʟʥʠʢʘʶʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ 

ʤʘʛʥʠʪʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʦʪ ʪʝʧʣʦʚʦʡ ʧʝʨʝʤʝʥʥʦʡ (ʵʥʪʨʦʧʠʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʣʷ 

ʨʘʩʯʝʪʘ ʢʘʣʦʨʠʯʝʩʢʠʭ ɻ ʬʬʝʢʪʦʚ ʫʜʦʙʥʦ ʚʳʨʘʟʠʪʴ ʜʠʬʬʝʨʝʥʮʠʘʣ ʵʥʪʨʦʧʠʠ ʯʝʨʝʟ ʜʠʬʬʝʨʝʥʮʠʘʣʳ 

ʧʦʣʝʡ ʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʚʟʷʪʳʭ ʢʘʢ ʥʝʟʘʚʠʩʠʤʳʝ ʧʝʨʝʤʝʥʥʳʝ: 

 ,  (1.3) 

ʛʜʝ ʜʣʷ ʧʝʨʚʦʛʦ ʯʣʝʥʘ ʧʨʘʚʦʡ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʦ ʩʣʝʜʫʶʱʝʝ ʦʧʨʝʜʝʣʝʥʠʝ 

ʪʝʧʣʦʸʤʢʦʩʪʠ C ʧʨʠ ʧʦʩʪʦʷʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʦʣʝʡ: (ÖS/ÖT){xj=1,...,n}  = C/T. ʆʙʦʙʱʸʥʥʳʝ 

ʩʦʦʪʥʦʰʝʥʠʷ ʄʘʢʩʚʝʣʣʘ 

    (1.4) 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʚʪʦʨʦʝ ʩʣʘʛʘʝʤʦʝ. ʀʟ ʫʨʘʚʥʝʥʠʷ (1.3), ʦʙʨʘʪʠʤʦʝ ʠʟʤʝʥʝʥʠʝ 

ʵʥʪʨʦʧʠʠ, ʚʳʟʚʘʥʥʦʝ ʠʟʦʪʝʨʤʠʯʝʩʢʠʤ ʠʟʤʝʥʝʥʠʝʤ ʜʘʥʥʦʛʦ ʧʦʣʷ xi (ʦʪ 0 ʜʦ ʚʝʣʠʯʠʥʳ xi), 

ʧʦʣʫʯʘʝʪʩʷ ʢʘʢ 

    (1.5) 

ʛʜʝ ɝi = (ÖXi/ÖT )xj=1,...,n.  
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ʉʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʘʜʠʘʙʘʪʠʯʝʩʢʦʝ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ: 

 .   (1.6) 

ʀʟ ʵʪʠʭ ʫʨʘʚʥʝʥʠʡ ʚʠʜʥʦ, ʯʪʦ ʢʘʣʦʨʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, ʩʚʷʟʘʥʥʳʡ ʩ i ʢʦʦʨʜʠʥʘʪʦʡ, 

ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʬʫʥʢʮʠʝʡ ʦʪʢʣʠʢʘ ɝi, ʦʧʨʝʜʝʣʷʶʱʝʡ ʠʟʤʝʥʝʥʠʝ ʵʥʪʨʦʧʠʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʚʷʟʘʥʥʳʭ 

ʩʦ ʚʩʝʤʠ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ ʵʬʬʝʢʪʘʤʠ ʫʧʦʨʷʜʦʯʝʥʠʷ/ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʷ, ʚʳʟʚʘʥʥʳʤʠ 

ʧʨʠʣʦʞʝʥʠʝʤ ʧʦʣʷ xi. ɸʜʠʘʙʘʪʠʯʝʩʢʠ ʵʪʦʪ ʵʬʬʝʢʪ ʫʧʦʨʷʜʦʯʝʥʠʷ/ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʷ 

çʘʙʩʦʨʙʠʨʫʝʪʩʷè ʨʝʰʸʪʢʦʡ (ʯʪʦ ʫʯʠʪʳʚʘʝʪʩʷ ʯʝʨʝʟ ʫʜʝʣʴʥʫʶ ʪʝʧʣʦʸʤʢʦʩʪʴ C), ʪʘʢʠʤ ʦʙʨʘʟʦʤ 

ʚʳʟʳʚʘʷ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ. ɺ ʩʣʫʯʘʝ ʄʂʕ, ʧʦʜʭʦʜʷʱʝʡ ʬʫʥʢʮʠʝʡ ʦʪʢʣʠʢʘ ʷʚʣʷʝʪʩʷ 

ɝM = (ÖM/ÖT)H,..., ʛʜʝ M ï ʢʦʤʧʦʥʝʥʪʘ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʠʣʦʞʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ H. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʟʚʘʥʥʳʝ ʧʦʣʝʤ ʠʟʦʪʝʨʤʠʯʝʩʢʦʝ ʠʟʤʝʥʝʥʠʝ ʵʥʪʨʦʧʠʠ ȹS ʠ 

ʘʜʠʘʙʘʪʠʯʝʩʢʦʝ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ȹT ʦʧʠʩʳʚʘʶʪʩʷ ʚʳʨʘʞʝʥʠʷʤʠ: 

0
(0 ) ( , ) ( ,0)

H

MS H S T H S T dHxD ­ = - =ñ    (1.7) 

0
(0 ) ( , ) ( ,0)

H
MT

T H T S H T S dH
C

x
D ­ = - =-ñ   (1.8) 

ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʬʫʥʢʮʠʷ ʦʪʢʣʠʢʘ ɝM ʦʙʳʯʥʦ ʦʪʨʠʮʘʪʝʣʴʥʘ, ʝʸ 

ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʥʝ ʟʘʧʨʝʱʝʥʳ ʪʝʨʤʦʜʠʥʘʤʠʢʦʡ. ɺ ʪʝʭ ʦʙʣʘʩʪʷʭ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ, ʛʜʝ ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ, ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʚʳʟʦʚʝʪ ʫʚʝʣʠʯʝʥʠʝ 

ʵʥʪʨʦʧʠʠ ʚ ʠʟʦʪʝʨʤʠʯʝʩʢʦʤ ʨʝʞʠʤʝ, ʠ ʧʦʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ (ʦʭʣʘʞʜʝʥʠʝ) ï ʚ 

ʘʜʠʘʙʘʪʠʯʝʩʢʦʤ. ʊʘʢʦʡ ʥʝʪʨʘʜʠʮʠʦʥʥʳʡ ʄʂʕ ʥʘʟʳʚʘʶʪ ʦʙʨʘʪʥʳʤ. ʆʙʨʘʪʥʳʝ ʵʬʬʝʢʪʳ ʯʘʩʪʦ 

ʠʤʝʶʪ ʤʝʩʪʦ ʚʙʣʠʟʠ ʌʇ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʩʠʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʤʘʛʥʠʪʥʦʡ ʠ ʜʨʫʛʠʤʠ 

ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ. 

ɼʨʫʛʠʝ ʢʘʣʦʨʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ï ʵʂʕ, ɹʂʕ ʠ ʕʂʕ ʠʤʝʶʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʬʫʥʢʮʠʠ 

ʦʪʢʣʠʢʘ: ɝP = (ÖP/ÖT)E,.., (P ï ʢʦʤʧʦʥʝʥʪʘ ʧʦʣʷʨʠʟʘʮʠʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʠʣʦʞʝʥʥʦʛʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ E) ʜʣʷ ʵʂʕ; ɝV = (ÖV/ÖT)p,... (V ï ʦʙʲʸʤ ʠ p ï ʜʘʚʣʝʥʠʝ) ʜʣʷ ɹʂʕ; ʠ 

ɝŮ = (ÖŮ/ÖT)ů,... (ů ï ʦʜʥʦʦʩʥʦʝ ʤʝʭʘʥʠʯʝʩʢʦʝ ʥʘʧʨʷʞʝʥʠʝ ʠ Ů ï ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʜʝʬʦʨʤʘʮʠʷ) ʚ 

ʩʣʫʯʘʝ ʕʂʕ. ʆʪʤʝʪʠʤ, ʯʪʦ ɹʂʕ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʪʨʘʜʠʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʧʘʨʦʢʦʤʧʝʨʝʩʩʦʨʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ. ʊʘʢʞʝ ʩʦʦʙʱʘʣʦʩʴ ʦ ʙʦʣʴʰʦʤ ʕʂʕ, ʚʳʟʚʘʥʥʦʤ ʧʨʠʣʦʞʝʥʠʝʤ 

ʦʜʥʦʦʩʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʚʦ ʤʥʦʛʠʭ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʚʙʣʠʟʠ 

ʯʠʩʪʦ ʩʪʨʫʢʪʫʨʥʳʭ [31] ʠ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʳʭ [35, 36] ʌʇ. ɺ ʮʝʣʦʤ ʛʠʛʘʥʪʩʢʠʝ ʢʘʣʦʨʠʯʝʩʢʠʝ 

ʵʬʬʝʢʪʳ ʦʞʠʜʘʶʪʩʷ ʚʙʣʠʟʠ ʌʇ, ʛʜʝ ʥʘʙʣʶʜʘʶʪʩʷ ʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʠ ʦʪʢʣʠʢʘ ɝi. 
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1.2.1. ʄʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʚʙʣʠʟʠ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ 2-ʛʦ ʨʦʜʘ 

ʃ.ɼ. ʃʘʥʜʘʫ ʚ 1937 ʛ. ʧʨʝʜʣʦʞʠʣ ʦʙʱʫʶ ʪʨʘʢʪʦʚʢʫ ʚʩʝʭ ʌʇ 2-ʛʦ ʨʦʜʘ ʢʘʢ ʪʦʯʝʢ ʠʟʤʝʥʝʥʠʷ 

ʩʠʤʤʝʪʨʠʠ: ʚʳʰʝ ʪʦʯʢʠ ʧʝʨʝʭʦʜʘ ʩʠʩʪʝʤʘ ʦʙʣʘʜʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʩʠʤʤʝʪʨʠʝʡ, ʯʝʤ ʥʠʞʝ ʪʦʯʢʠ 

ʧʝʨʝʭʦʜʘ [37]. ʉʘʤʘ ʩʠʤʤʝʪʨʠʷ ʚ ʪʦʯʢʝ ʧʝʨʝʭʦʜʘ ʠʟʤʝʥʷʝʪʩʷ ʩʢʘʯʢʦʤ, ʦʜʥʘʢʦ ʚʝʣʠʯʠʥʘ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʘʩʠʤʤʝʪʨʠʶ, ʢʦʪʦʨʘʷ ʧʦʣʫʯʠʣʘ ʥʘʟʚʘʥʠʝ ʧʘʨʘʤʝʪʨʘ ʧʦʨʷʜʢʘ, ʤʦʞʝʪ 

ʠʟʤʝʥʷʪʴʩʷ ʥʝʧʨʝʨʳʚʥʦ. ʂ.ʇ. ɹʝʣʦʚ ʧʝʨʚʳʤ ʧʨʠʤʝʥʠʣ ʪʝʦʨʠʶ ʃʘʥʜʘʫ ʢ ʤʘʛʥʠʪʥʦʤʫ ʌʇ 2-ʛʦ 

ʨʦʜʘ ï ʪʦʯʢʝ ʂʶʨʠ TC [6]. ɺ ʤʘʛʥʠʪʥʳʭ ʩʠʩʪʝʤʘʭ ʧʘʨʘʤʝʪʨʦʤ ʧʦʨʷʜʢʘ ʷʚʣʷʝʪʩʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ 

ʜʣʷ ʦʜʥʦʛʦ ʜʦʤʝʥʘ ʚ ʠʟʦʪʨʦʧʥʦʤ ʬʝʨʨʦʤʘʛʥʝʪʠʢʝ. ʇʦʩʢʦʣʴʢʫ ʚʙʣʠʟʠ TC ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʤʘʣʘ, 

ʩʚʦʙʦʜʥʘʷ ʵʥʝʨʛʠʷ ʃʘʥʜʘʫ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʣʦʞʝʥʘ ʧʦ ʩʪʝʧʝʥʷʤ ʧʘʨʘʤʝʪʨʘ ʧʦʨʷʜʢʘ, ʘ ʧʨʠ ʫʯʝʪʝ 

ʦʙʤʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʟʣʦʞʝʥʠʝ ʙʫʜʝʪ ʩʦʜʝʨʞʘʪʴ ʣʠʰʴ ʯʣʝʥʳ ʯʝʪʥʳʭ ʩʪʝʧʝʥʝʡ [7, 39]. ɺ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ (ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʜʘʚʣʝʥʠʠ, ʦʙʲʸʤʝ ʠ ʢʦʣʠʯʝʩʪʚʝ ʯʘʩʪʠʮ) ʵʪʦ ʨʘʟʣʦʞʝʥʠʝ 

ʧʨʠʥʠʤʘʝʪ ʚʠʜ 

2 4

0 ...
2 4

m m
F M Hm

a b
=- + + +

    (1.9) 

ʛʜʝ 0  /m M M= - ʥʦʨʤʠʨʦʚʘʥʥʳʡ ʚʝʢʪʦʨ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, M0 - ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʥʘʩʳʱʝʥʠʷ, 

ɻ ʠ ɼ ï ʦʙʤʝʥʥʳʝ ʢʦʥʩʪʘʥʪʳ. ɺ ʦʢʨʝʩʪʥʦʩʪʠ ʪʦʯʢʠ ʂʶʨʠ ʢʦʵʬʬʠʮʠʝʥʪ ɻ ʦʙʨʘʱʘʝʪʩʷ ʚ ʥʫʣʴ, ʠ 

ʧʦʵʪʦʤʫ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʢʘʢ 

0( )CT Ta a= -
     (1.10) 

ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ɻ0 > 0 ʚʳʰʝ TC, ʠ ɻ0 < 0  ʥʠʞʝ TC. ɺʙʣʠʟʠ TC ʢʦʵʬʬʠʮʠʝʥʪ ɼ ʩʣʘʙʦ 

ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. ʀʟ ʫʩʣʦʚʠʷ ʤʠʥʠʤʫʤʘ ʧʦʪʝʥʮʠʘʣʘ (ÖF/Öm = 0) ʤʦʞʥʦ, ʚ ʦʪʩʫʪʩʪʚʠʝ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (H = 0), ʧʦʣʫʯʠʪʴ ʨʘʚʥʦʚʝʩʥʦʝ ʟʥʘʯʝʥʠʝ ʩʧʦʥʪʘʥʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ms: 

2 0( )C
S

T T
m

aa

b b

-
=- =-

 .   (1.11) 

ʄʠʥʠʤʠʟʘʮʠʷ ʫʨʘʚʥʝʥʠʷ (1.9) ʧʦ m ʜʘʝʪ ʫʨʘʚʥʝʥʠʝ, ʦʧʠʩʳʚʘʶʱʝʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ 

ʚʙʣʠʟʠ ʪʦʯʢʠ ʂʶʨʠ 

3

0m m M Ha b+ = .
    (1.12) 

ʄʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʧʨʦʠʟʚʦʜʥʫʶ (ÖH/ÖT)M ʠ ʟʘʧʠʩʘʪʴ ʝʸ ʢʘʢ ʬʫʥʢʮʠʶ ʦʪʢʣʠʢʘ
 

ɝH  = (ÖH/ÖT)M  ʜʣʷ ʫʨʘʚʥʝʥʠʠ (1.6), ʪʦʛʜʘ ʄʂʕ ʚʙʣʠʟʠ ʪʝʤʧʝʨʘʪʫʨʳ ʂʶʨʠ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ (ʧʘʨʘʧʨʦʮʝʩʩʘ) ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʢʚʘʜʨʘʪʫ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ: 

2T K mD = Ö,
     (1.13) 
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a
=  - ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʄʂʕ, ʢʘʢ ʠ ʜʨʫʛʠʝ ʷʚʣʝʥʠʷ, 

ʩʦʧʫʪʩʪʚʫʶʱʠʝ ʠʟʤʝʥʝʥʠʶ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ (ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʷ, ʤʘʛʥʠʪʦʩʦʧʨʦʪʠʚʣʝʥʠʝ), 

ʜʦʣʞʝʥ ʧʦʜʯʠʥʷʪʴʩʷ ʟʘʢʦʥʫ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ ʢʚʘʜʨʘʪʫ ʠʟʤʝʥʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ 

(ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʘʨʘʧʨʦʮʝʩʩʘ) [6], ʯʪʦ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʝʱʝ ʦʧʳʪʘʤʠ ɺʝʡʩʩʘ ʠ ʌʦʨʨʝʨʘ 

[19]. ʀʩʧʦʣʴʟʫʷ ʵʪʦʪ ʨʝʟʫʣʴʪʘʪ ʠʟ (1.12), ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʫʨʘʚʥʝʥʠʝ, ʦʧʠʩʳʚʘʶʱʝʝ ʧʦʣʝʚʫʶ 

ʟʘʚʠʩʠʤʦʩʪʴ ʄʂʕ ʚʙʣʠʟʠ ʪʦʯʢʠ ʂʶʨʠ ʚ ʬʝʨʨʦʤʘʛʥʝʪʠʢʝ: 

1/2 3/2 1/2
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D     (1.14) 

ɺ ʩʘʤʦʡ ʪʦʯʢʝ ʂʶʨʠ Ŭ = 0, ʪʦʛʜʘ ʠʟ ʬʦʨʤʫʣʳ (1.26) ʧʦʣʫʯʘʝʤ ʧʨʠʙʣʠʞʝʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ 

ȹT ʦʪ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ H: 

2/3

2/3

K
T H
b

D º Ö
.     (1.15) 

ɺ ʜʘʣʴʥʝʡʰʝʤ, ʜʣʷ ʧʨʦʚʝʨʢʠ ʚʳʧʦʣʥʠʤʦʩʪʠ ʩʦʦʪʥʦʰʝʥʠʷ (1.15) ʜʣʷ ʄʂ ʤʘʪʝʨʠʘʣʦʚ, 

ʧʦʢʘʟʘʪʝʣʴ ʩʪʝʧʝʥʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ȹT(H), ʤʳ ʙʫʜʝʤ ʟʘʧʠʩʳʚʘʪʴ ʚ ʚʠʜʝ: 

ln( )

ln( )

d T

d H
j

D
= ,     (1.16) 

ʋʨʘʚʥʝʥʠʝ (1.14), ʧʦʣʫʯʝʥʥʦʝ ʚ ʵʪʦʤ ʨʘʟʜʝʣʝ, ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʦʙʱʠʤ ʠ ʚʢʣʶʯʘʝʪ 

ʚʢʣʘʜʳ ʧʘʨʘʧʨʦʮʝʩʩʘ ʠ ʤʘʛʥʠʪʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʘʥʠʟʦʪʨʦʧʠʠ. ʆʜʥʘʢʦ ʦʥʦ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʜʣʷ ʦʧʠʩʘʥʠʷ ʄʂʕ ʚ ʦʙʣʘʩʪʠ ʧʘʨʘʧʨʦʮʝʩʩʘ, ʜʣʷ ʢʦʪʦʨʦʡ ʭʘʨʘʢʪʝʨʥʦ ʧʨʦʩʪʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ 

M ʠ H. ʇʦʜ ʧʘʨʘʧʨʦʮʝʩʩʦʤ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʚ ʦʙʣʘʩʪʠ ʧʦʣʷ, ʛʜʝ ʧʨʦʮʝʩʩʳ 

ʩʤʝʱʝʥʠʷ ʜʦʤʝʥʥʳʭ ʩʪʝʥʦʢ ʠ ʚʨʘʱʝʥʠʷ ʚʝʢʪʦʨʘ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʟʘʚʝʨʰʝʥʳ, ʠ ʧʦʣʝ ʜʝʡʩʪʚʫʝʪ 

ʧʨʦʪʠʚ ʪʝʧʣʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʠ ʦʙʤʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ (ʚ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʠ 

ʬʝʨʨʠʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʘʭ). ɺʢʣʘʜ ʚ ʄʂʕ ʦʪ ʤʘʛʥʠʪʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʘʥʠʟʦʪʨʦʧʠʠ ʚ 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʝ ʥʝ ʦʙʩʫʞʜʘʝʪʩʷ. 

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʄʂʕ ʜʣʷ ʦʙʨʘʪʠʤʦʛʦ ʧʨʦʮʝʩʩʘ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ. 

ʅʝʦʙʨʘʪʠʤʳʝ ʤʘʛʥʠʪʦʪʝʧʣʦʚʳʝ ʵʬʬʝʢʪʳ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʚʩʣʝʜʩʪʚʠʝ ʧʨʦʮʝʩʩʦʚ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ 

ʪʘʢʠʭ ʢʘʢ ʩʤʝʱʝʥʠʝ ʜʦʤʝʥʥʳʭ ʩʪʝʥʦʢ ʠ ʥʝʦʙʨʘʪʠʤʦʝ ʚʨʘʱʝʥʠʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘʩʳʱʝʥʠʷ, 

ʠʣʠ ʚ ʦʙʣʘʩʪʠ ʤʘʛʥʠʪʥʳʭ ʌʇ 1-ʛʦ ʨʦʜʘ. ʕʪʠ ʵʬʬʝʢʪʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʛʠʩʪʝʨʝʟʠʩʦʤ ʚ ʮʠʢʣʝ 

ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ. ʏʠʩʪʘʷ ʨʘʙʦʪʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ŭA, ʧʨʠʣʦʞʝʥʥʘʷ ʢ ʤʘʛʥʠʪʥʦʤʫ ʤʘʪʝʨʠʘʣʫ, 

ʨʘʩʩʝʠʚʘʝʪʩʷ ʚ ʚʠʜʝ ʪʝʧʣʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʧʦʚʳʰʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ 

ʤʘʪʝʨʠʘʣʘ. 
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1.2.2. ʄʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʚʙʣʠʟʠ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ 1-ʛʦ ʨʦʜʘ 

ʄʘʛʥʠʪʥʳʝ ʌʇ ʯʘʱʝ ʚʩʝʛʦ ʠʤʝʶʪ ʥʝʧʨʝʨʳʚʥʳʡ ʭʘʨʘʢʪʝʨ. ɺ ʩʠʩʪʝʤʘʭ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ 

ʵʪʦʪ ʢʣʘʩʩ ʥʝʧʨʝʨʳʚʥʳʭ ʌʇ, ʙʦʣʴʰʦʡ ʄʂʕ ʦʞʠʜʘʝʪʩʷ ʚʙʣʠʟʠ ʪʦʯʢʠ ʂʶʨʠ, ʛʜʝ ɝi ʚʝʣʠʢʘ. ʕʪʦ, 

ʥʘʧʨʠʤʝʨ, ʩʣʫʯʘʡ Gd, ʢʦʪʦʨʳʡ ʤʘʛʥʠʪʦʫʧʦʨʷʜʦʯʝʥ ʚʙʣʠʟʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʷʚʣʷʝʪʩʷ 

ʦʙʳʯʥʳʤ ʬʝʨʨʦʤʘʛʥʝʪʠʢʦʤ, ʠ ʢʨʦʤʝ ʪʦʛʦ, ʧʨʦʪʦʪʠʧʦʤ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʤʘʛʥʠʪʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ [40]. ʆʙʱʠʡ ʥʝʧʨʝʨʳʚʥʳʡ ʭʘʨʘʢʪʝʨ ʵʪʠʭ ʌʇ ʩʚʷʟʘʥ ʩ 

ʠʥʚʘʨʠʘʥʪʥʦʩʪʴʶ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʥʚʝʨʩʠʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ (ʚʩʣʝʜʩʪʚʠʝ ʩʠʤʤʝʪʨʠʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʨʘʱʝʥʠʷ ʚʨʝʤʝʥʠ), ʯʪʦ ʟʘʩʪʘʚʣʷʝʪ ʩʚʦʙʦʜʥʫʶ ʵʥʝʨʛʠʶ ʩʦʜʝʨʞʘʪʴ ʪʦʣʴʢʦ ʯʸʪʥʳʝ 

ʩʪʝʧʝʥʠ ʚ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʵʪʦ ʥʝ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʳʤ ʫʩʣʦʚʠʝʤ, ʠ ʤʘʛʥʠʪʥʳʝ 

ʌʇ 1-ʛʦ ʨʦʜʘ ʚʦʟʥʠʢʘʶʪ, ʥʘʧʨʠʤʝʨ, ʚʩʣʝʜʩʪʚʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʘʛʥʠʪʥʳʭ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʠ 

ʚʪʦʨʠʯʥʦʛʦ ʧʦʣʷ [41-43]. ʆʙʳʯʥʦ, ʚʪʦʨʠʯʥʦʝ ʧʦʣʝ ʩʚʷʟʘʥʦ ʩʦ ʩʜʚʠʛʘʤʠ ʨʝʰʸʪʢʠ ʚʩʣʝʜʩʪʚʠʝ 

ʨʘʟʥʦʛʦ ʨʦʜʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʘʛʥʠʪʥʳʭ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʩ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʸʪʢʦʡ. 

ʇʨʠʤʝʨ ʪʘʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ï ʵʪʦ ʦʙʤʝʥʥʳʡ ʤʝʭʘʥʠʟʤ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʠ, ʧʨʝʜʣʦʞʝʥʥʳʡ 

ɹʠʥʦʤ ʠ ʈʦʜʙʝʣʣʦʤ [5]. ʕʪʦʪ ʢʣʘʩʩ ʧʝʨʝʭʦʜʦʚ ʥʘʟʳʚʘʝʪʩʷ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʳʤʠ ʌʇ. ʀʥʪʝʨʝʩʥʦ, 

ʯʪʦ ʵʪʠ ʌʇ ʦʙʳʯʥʦ ʩʚʷʟʘʥʳ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʵʥʪʨʦʧʠʠ ʠ ʤʦʛʫʪ ʚʳʟʳʚʘʪʴʩʷ ʧʦʣʝʤ. 

ʇʦʵʪʦʤʫ, ʤʘʪʝʨʠʘʣʳ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ʌʇ ʵʪʦʛʦ ʪʠʧʘ, ʦʯʝʥʴ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳ ʜʣʷ ʧʨʠʣʦʞʝʥʠʡ 

ʥʘ ʦʩʥʦʚʝ ʄʂ ʩʚʦʡʩʪʚ. 

ʄʂʕ, ʩʚʷʟʘʥʥʳʡ ʩ ʥʝʧʨʝʨʳʚʥʳʤ ʌʇ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥ ʚ [44]. ʉ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʄʂʕ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʳʤʠ ʌʇ 1-ʛʦ ʨʦʜʘ (ʚʢʣʶʯʘʶʱʠʤʠ ʚ ʩʝʙʷ ʠʟʤʝʥʝʥʠʷ ʢʘʢ 

ʤʘʛʥʠʪʥʳʭ, ʪʘʢ ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʩʚʦʡʩʪʚ), ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʦʙʱʠʡ ʚʠʜ ʟʘʚʠʩʠʤʦʩʪʠ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚʙʣʠʟʠ ʌʇ:  

  (1.17) 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ Mind ï ʧʦʩʪʦʷʥʥʘ (ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ), ʯʪʦ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ, ʯʪʦ ʣʶʙʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠʣʠ ʧʦʣʷ ʚʥʝ ʦʙʣʘʩʪʠ 

ʧʝʨʝʭʦʜʘ ʙʳʣʘ ʚʳʯʪʝʥʘ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʤʳ ʥʝ ʙʫʜʝʤ ʫʯʠʪʳʚʘʪʴ ʚʢʣʘʜ ʚ ʄʂʕ ʚʥʝ ʦʙʣʘʩʪʠ ʌʇ. 

ʀʟʤʝʥʝʥʠʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ȹM ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʨʘʟʥʦʩʪʴ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʝʡ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʬʘʟ. F  ï ʵʪʦ ʧʨʦʠʟʚʦʣʴʥʘʷ ʥʝʧʨʝʨʳʚʥʘʷ ʬʫʥʢʮʠʷ 

(ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʘʥʘʣʠʪʠʯʝʩʢʘʷ), ʢʦʪʦʨʘʷ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 0 ʜʦ 1 ʚ ʧʨʝʜʝʣʘʭ ʜʠʘʧʘʟʦʥʘ DT(H). 

ɺʦʦʙʱʝ, ʌʇ 1-ʛʦ ʨʦʜʘ ʠʤʝʶʪ ʛʠʩʪʝʨʝʟʠʩ, ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʪʦʪ ʜʠʘʧʘʟʦʥ ʨʘʟʣʠʯʝʥ ʜʣʷ ʧʨʷʤʦʛʦ 

ʌʇ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʠ ʜʣʷ ʦʙʨʘʪʥʦʛʦ ʌʇ ʧʨʠ ʥʘʛʨʝʚʝ. Tt ï ʵʪʦ ʦʮʝʥʢʘ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʌʇ (ʯʘʩʪʦ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ Tt ʙʝʨʸʪʩʷ ʠʟ ʦʮʝʥʢʠ ʪʦʯʢʠ ʠʟʛʠʙʘ ʥʘ ʢʨʠʚʦʡ 
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ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ). ɼʣʷ ʠʜʝʘʣʴʥʦʛʦ ʌʇ 1-ʛʦ ʨʦʜʘ, ʧʨʦʠʩʭʦʜʷʱʝʤ ʧʨʠ ʩʪʨʦʛʦʤ ʨʘʚʥʦʚʝʩʠʠ, ʥʝʪ 

ʥʠʢʘʢʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʠ DT Ÿ 0. ʉʣʝʜʦʚʘʪʝʣʴʥʦ 

    (1.18) 

ʛʜʝ h ï ʵʪʦ ʰʘʛ ʬʫʥʢʮʠʠ ʍʝʚʠʩʘʡʜʘ (ʦʧʠʩʳʚʘʶʱʝʡ ʨʘʟʨʳʚʥʦʩʪʴ ʚ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ). 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ DM ʥʝ ʟʘʚʠʩʠʪ ʦʪ H, ʪʦʛʜʘ ʠʟ ʫʨʘʚʥʝʥʠʷ (1.7) ʣʝʛʢʦ ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʝʝ 

ʚʳʨʘʞʝʥʠʝ: 

    (1.19) 

ʛʜʝ ɤ = dTt/dH ï ʪɻʘ ʧʨʦʠʟʚʦʜʥʘʷ ʩʚʷʟʘʥʘ ʩ ʨʘʟʨʳʚʥʦʩʪʴʶ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠ ʵʥʪʨʦʧʠʠ ʚ 

ʫʨʘʚʥʝʥʠʠ ʂʣʘʧʝʡʨʦʥʘ-ʂʣʘʫʟʠʫʩʘ 

t

t

dT M

dH S

D
=-
D

     (1.20) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʟʘʢʣʶʯʘʝʤ, ʯʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʠʟʤʝʥʝʥʠʝ ʵʥʪʨʦʧʠʠ, ʚʳʟʚʘʥʥʦʝ ʧʦʣʝʤ, 

ʩʦʚʧʘʜʘʝʪ ʩ ʠʟʤʝʥʝʥʠʝʤ ʵʥʪʨʦʧʠʠ DSt, ʩʚʷʟʘʥʥʳʤ ʩ ʌʇ. ʆʪʤʝʪʠʤ, ʯʪʦ Tt(H) ī Tt(0) [= DTt = 

ī(DM/DSt)H] ï ʵʪʦ ʩʜʚʠʛ ʪʝʤʧʝʨʘʪʫʨʳ ʌʇ, ʚʳʟʚʘʥʥʳʡ ʧʦʣʝʤ H. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʝʩʣʠ DM  > 0 (ɤ 

> 0), ʪʦ ʄʂʕ ʧʨʷʤʦʡ, ʘ ʝʩʣʠ DM < 0 (ɤ < 0) ï ʪʦ ʦʙʨʘʪʥʳʡ. ʇʦʩʣʝʜʥʝʝ ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ, 

ʥʘʧʨʠʤʝʨ, ʢʦʛʜʘ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʬʘʟʳ ʥʠʞʝ, ʯʝʤ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ (ʨʠʩ. 1.2). 

ɺ ʵʪʦʤ ʠʜʝʘʣʴʥʦʤ ʩʣʫʯʘʝ, ʚʳʟʚʘʥʥʦʝ ʧʦʣʝʤ ʘʜʠʘʙʘʪʠʯʝʩʢʦʝ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʫʨʘʚʥʝʥʠʷ ʂʣʘʧʝʡʨʦʥʘ-ʂʣʘʫʟʠʫʩʘ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʦ ʢʘʢ DTmax  º TDSt/C. ʕʪʦ ʚʳʨʘʞʝʥʠʝ, ʧʨʠʤʝʥʠʤʦʝ ʜʣʷ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ 

(ʢʦʛʜʘ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʳ) ʧʦʜʨʘʟʫʤʝʚʘʝʪ, ʯʪʦ 

ʪʝʧʣʦʸʤʢʦʩʪʴ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ [45].  
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ʈʠʩ. 1.2. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, ʵʥʪʨʦʧʠʠ ʠ ʠʟʤʝʥʝʥʠʷ ʵʥʪʨʦʧʠʠ, ʚʳʟʚʘʥʥʦʛʦ ʤʘʛʥʠʪʥʳʤ 

ʧʦʣʝʤ ʚʙʣʠʟʠ ʤʝʪʘʤʘʛʥʠʪʥʦʛʦ ʌʇ 1-ʛʦ ʨʦʜʘ. ʅʘ ʛʨʘʬʠʢʘʭ ʄ(T) ʠ S(T), ʥʝʧʨʝʨʳʚʥʳʝ ʣʠʥʠʠ ʧʦʢʘʟʳʚʘʶʪ ʟʘʚʠʩʠʤʦʩʪʴ 

ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʧʦʣʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʰʪʨʠʭʦʚʳʝ ʣʠʥʠʠ ï ʚ ʧʦʣʝ H. ʅʘʢʣʦʥ ʢʨʠʚʦʡ S(T) ï ʵʪʦ ʦʪʥʦʰʝʥʠʝ C/T (C 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʥʝʟʘʚʠʩʠʤʳʤ ʦʪ H). (ʘ) ʇʦʣʝ ʩʜʚʠʛʘʝʪ ʌʇ ʢ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ȹM > 0. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʄʂʕ ï ʧʨʷʤʦʡ. (ʙ) ʇʦʣʝ ʩʜʚʠʛʘʝʪ ʌʇ ʢ ʙʦʣʝʝ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ȹM < 0, ʠ ʄʂʕ 

ʦʙʨʘʪʥʳʡ. 

 

 ɺ ʨʝʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʳʝ ʌʇ ʦʙʳʯʥʦ ʧʨʦʩʪʠʨʘʶʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ 

ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ. ɽʩʪʴ ʥʝʩʢʦʣʴʢʦ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʙʲʷʩʥʠʪʴ ʵʪʦʪ ʬʘʢʪ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʛʨʘʜʠʝʥʪʦʚ ʩʦʩʪʘʚʘ, ʜʝʬʝʢʪʦʚ, ʠ ʪ.ʜ. ɺ ʩʣʫʯʘʝ ʌʇ, ʢʦʪʦʨʳʝ 

ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʜʝʬʦʨʤʘʮʠʝʡ, ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʨʘʟʤʳʪʠʝ ʌʇ ï ʧʦ ʩʫʱʝʩʪʚʫ, ʩʣʝʜʩʪʚʠʝ ʪʦʛʦ 

ʬʘʢʪʘ, ʯʪʦ ʫʧʨʫʛʘʷ ʜʝʬʦʨʤʘʮʠʷ ʚʳʟʚʘʥʘ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʨʝʰʝʪʦʢ ʢʦʥʝʯʥʦʡ ʠ 

ʠʩʭʦʜʥʦʡ ʬʘʟ. ʂʦʛʜʘ ʫʧʨʫʛʘʷ ʵʥʝʨʛʠʷ ʫʨʘʚʥʦʚʝʰʠʚʘʝʪ (ʠʣʠ ʜʘʞʝ ʧʨʝʚʦʩʭʦʜʠʪ) ʜʚʠʞʫʱʫʶ ʩʠʣʫ 

ʌʇ, ʟʘʢʣʶʯʘʶʱʫʶʩʷ ʚ ʨʘʟʥʦʩʪʠ ʩʚʦʙʦʜʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʵʥʝʨʛʠʡ ʦʙʝʠʭ ʬʘʟ, ʚʦʟʤʦʞʥʦ 

ʪʝʨʤʦʫʧʨʫʛʦʝ ʨʘʚʥʦʚʝʩʠʝ [46]. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʌʇ ʤʦʞʝʪ ʧʨʦʭʦʜʠʪʴ ʪʦʣʴʢʦ ʧʦ ʦʧʪʠʤʘʣʴʥʦʤʫ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʤʫ ʧʫʪʠ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʘʷ ʨʝʣʘʢʩʘʮʠʷ 

ʫʧʨʫʛʦʡ ʜʝʬʦʨʤʘʮʠʠ, ʚʳʟʚʘʥʥʦʡ ʧʨʝʚʨʘʱʝʥʠʝʤ. ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ ʠʟ ʦʙʣʘʩʪʠ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʬʘʟʳ ʌʇ ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʠ ʩʠʩʪʝʤʘ ʥʫʞʜʘʝʪʩʷ 

ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʦʭʣʘʞʜʝʥʠʠ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʜʦʣʠ ʥʦʚʦʡ ʧʨʝʚʨʘʱʝʥʥʦʡ ʬʘʟ,r ʧʨʠ ʵʪʦʤ ʪʝʧʣʦʚʳʝ 

ʢʦʣʝʙʘʥʠʷ ʠʛʨʘʶʪ ʚʪʦʨʦʩʪʝʧʝʥʥʫʶ ʨʦʣʴ [47]. ʊʦʯʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʪʘʢʠʝ ʌʇ 
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ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ ʨʷʜ ʜʠʩʢʨʝʪʥʳʭ ʩʢʘʯʢʦʚ, ʩʦʝʜʠʥʷʶʱʠʭ ʤʝʪʘʩʪʘʙʠʣʴʥʳʝ ʩʦʩʪʦʷʥʠʷ, ʚ ʢʦʪʦʨʳʭ 

ʫʜʦʚʣʝʪʚʦʨʷʶʪʩʷ ʫʩʣʦʚʠ ̫ʪʝʨʤʦʫʧʨʫʛʦʛʦ ʨʘʚʥʦʚʝʩʠʷ [48]. ʂʘʢ ʧʨʘʚʠʣʦ, ʵʪʠ ʩʢʘʯʢʠ ʧʨʦʠʩʭʦʜʷʪ ʚ 

ʠʥʪʝʨʚʘʣʘʭ ʚʨʝʤʝʥʠ ʥʘʤʥʦʛʦ ʤʝʥʴʰʠʭ, ʯʝʤ ʚʨʝʤʷ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʜʚʠʞʫʱʝʡ ʩʠʣʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʠʩʪʝʤʘ ʧʨʦʚʦʜʠʪ ʧʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʚʨʝʤʝʥʠ ʚ ʩʦʩʪʦʷʥʠʠ 

ʪʝʨʤʦʫʧʨʫʛʦʛʦ ʨʘʚʥʦʚʝʩʠʷ. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʌʇ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ, ʫʜʦʙʥʦ ʚʚʝʩʪʠ ʩʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ ʚʳʟʚʘʥʥʦʛʦ ʧʦʣʝʤ ʠʟʤʝʥʝʥʠʷ ʵʥʪʨʦʧʠʠ ʜʣʷ ʢʘʞʜʦʛʦ (ʤʘʢʩʠʤʘʣʴʥʦʛʦ) ʧʨʠʣʦʞʝʥʥʦʛʦ 

ʧʦʣʷ H ʢʘʢ 

 ,  (1.21) 

ʛʜʝ ȿῳὝὌȿ ï ʵʬʬʝʢʪʠʚʥʳʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʜʠʘʧʘʟʦʥ, ʫʯʠʪʳʚʘʶʱʠʡ ʩʜʚʠʛ ʌʇ, ʚʳʟʚʘʥʥʳʡ 

ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ. ʊʦʛʜʘ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩʣʝʜʫʶʱʝʝ ʚʳʨʘʞʝʥʠʝ: 

   (1.22) 

ʕʪʦ ʚʳʨʘʞʝʥʠʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʙʣʠʟʠ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʦʛʦ ʧʝʨʝʭʦʜʘ ʄʂʕ ʟʘʚʠʩʠʪ, ʧʦ 

ʙʦʣʴʰʦʤʫ ʩʯʝʪʫ, ʦʪ ʭʘʨʘʢʪʝʨʘ ʠʟʤʝʥʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʨʠ ʌʇ (ʚ ʠʜʝʘʣʴʥʦʤ ʩʣʫʯʘʝ 

<ȹS(H)> = ȹSt). ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʫʨʘʚʥʝʥʠʷ ʂʣʘʧʝʡʨʦʥʘ-ʂʣʘʫʟʠʫʩʘ 

(1.20), ʧʨʠ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ȹSt ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʣʦʞʝʥʥʦʛʦ ʧʦʣʷ H, ʧʨʠʚʦʜʠʪ ʢ 

   (1.23) 

ʯʪʦ, ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʩ ʫʨʘʚʥʝʥʠʝʤ (1.22), ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʘʞʝ ʜʣʷ ʥʝʠʜʝʘʣʴʥʳʭ ʌʇ 1-ʛʦ ʨʦʜʘ 

ʤʦʞʥʦ ʦʞʠʜʘʪʴ, ʯʪʦ ʭʘʨʘʢʪʝʨ ʩʨʝʜʥʝʛʦ ʠʟʤʝʥʝʥʠʷ ʵʥʪʨʦʧʠʠ, ʚʳʟʚʘʥʥʦʛʦ ʧʦʣʝʤ, ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʌʇ ʙʫʜʫʪ ʩʣʝʜʦʚʘʪʴ ʩʦʧʦʩʪʘʚʠʤʦʡ ʢʘʯʝʩʪʚʝʥʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʢʘʢ ʬʫʥʢʮʠʠ ʧʨʠʣʦʞʝʥʥʦʛʦ ʧʦʣʷ. 
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1.2.3. ʅʝʨʘʚʥʦʚʝʩʥʝr ʵʬʬʝʢʪʳ ʚʙʣʠʟʠ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ 1-ʛʦ ʨʦʜʘ 

ɺ ʧʨʝʜʳʜʫʱʠʭ ʨʘʟʜʝʣʘʭ ʄʂʕ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʚ ʨʘʤʢʘʭ ʨʘʚʥʦʚʝʩʥʦʡ ʪʝʨʤʦʜʠʥʘʤʠʢʠ. ʌʇ 

1-ʛʦ ʨʦʜʘ ʦʙʳʯʥʦ ʧʨʦʠʩʭʦʜʷʪ ʩ ʛʠʩʪʝʨʝʟʠʩʦʤ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʥʳʤ ʧʨʠʟʥʘʢʦʤ 

ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʵʬʬʝʢʪʦʚ. ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʳʭ ʌʇ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʨʘʚʥʦʚʝʩʠʷ 

ʤʘʣʳ [49], ʦʜʥʘʢʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʣʝʜʩʪʚʠʷ ʪʦʛʦ ʬʘʢʪʘ, ʯʪʦ ʵʪʠ ʌʇ ʧʨʦʠʩʭʦʜʷʪ 

ʥʝ ʚ ʩʪʨʦʛʦʤ ʨʘʚʥʦʚʝʩʠʠ. ɼʣʷ ʵʪʦʛʦ ʟʘʧʠʰʝʤ ʥʝʨʘʚʝʥʩʪʚʦ ʂʣʘʫʟʠʫʩʘ  

, ,    (1.24) 

ʛʜʝ Q ï ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʪʘ, ʫʯʘʩʪʚʫʶʱʘʷ ʚ ʜʘʥʥʦʤ ʧʨʦʮʝʩʩʝ. ʆʪʤʝʪʠʤ, ʯʪʦ ʨʘʚʝʥʩʪʚʦ ʜʦʩʪʠʛʘʝʪʩʷ 

ʚ ʨʘʚʥʦʚʝʩʠʠ. ɺʚʦʜʷ ʦʙʨʘʪʠʤʳʝ ʠ ʥʝʦʙʨʘʪʠʤʳʝ ʚʢʣʘʜʳ ʵʥʪʨʦʧʠʠ, ʥʝʨʘʚʝʥʩʪʚʦ (1.24) ʤʦʞʝʪ ʙʳʪʴ 

ʚʳʨʘʞʝʥʦ ʢʘʢ 

i

Q
dS S

T

d
d= +      (1.25) 

ʛʜʝ ŭSi ² 0 ï ʯʣʝʥ, ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʵʥʪʨʦʧʠʠ. ʇʦʜʩʪʘʚʣʷʷ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʵʥʪʨʦʧʠʠ dS ʠʟ (1.3) ʚ ʚʳʨʘʞʝʥʠʝ (1.25), ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ʩʣʝʜʫʶʱʠʝ ʥʝʨʘʚʝʥʩʪʚʘ, ʚʳʧʦʣʥʷʶʱʠʝʩʷ ʧʨʠ ʠʟʦʪʝʨʤʠʯʝʩʢʦʤ ʠʟʤʝʥʝʥʠʠ ʵʥʪʨʦʧʠʠ ʠ 

ʘʜʠʘʙʘʪʠʯʝʩʢʦʤ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʢʦʪʦʨʳʝ ʚʳʟʚʘʥʳ ʠʟʤʝʥʝʥʠʝʤ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʦʪ 0 ʜʦ H 

0
(0 )

H Q
S H

T

d
D ­ ²ñ     (1.26) 

ʠ 

   (1.27) 

ʀʟ ʫʨʘʚʥʝʥʠʷ (1.27) ʚʠʜʥʦ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ ʧʨʠ ʘʜʠʘʙʘʪʠʯʝʩʢʦʤ 

ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʠ (ɝ < 0), ʢʘʢ ʠ ʦʞʠʜʘʣʦʩʴ, ʫʤʝʥʴʰʘʝʪʩʷ ʠʟ-ʟʘ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʵʬʬʝʢʪʦʚ. 

 ɺ ʩʣʫʯʘʝ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʦʛʦ ʌʇ ɻ ʥʝʨʛʠʷ ʜʠʩʩʠʧʘʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʦʮʝʥʝʥʘ ʢʘʢ Ediss = TSi 

=  (H ī H0)Āȹʄ, ʛʜʝ H0 ï ʨʘʚʥʦʚʝʩʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʌʇ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ T, ʘ H ï ʬʘʢʪʠʯʝʩʢʦʝ 

ʧʦʣʝ ʌʇ ʧʨʠ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ȹʄ ï ʠʟʤʝʥʝʥʠʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ. ʅʝʩʣʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ, ʢʦʛʜʘ 

ʜʠʩʩʠʧʘʮʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʚʳʰʝʫʧʦʤʷʥʫʪʳʭ ʨʘʤʢʘʭ, ʫʨʘʚʥʝʥʠʝ ʂʣʘʧʝʡʨʦʥʘ-ʂʣʘʫʟʠʫʩʘ 

ʧʨʠʥʠʤʘʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

 ,   (1.28) 
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ʚ ʢʦʪʦʨʦʤ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ȹʄ ï ʧʦʩʪʦʷʥʥʦ. ɿʘʤʝʪʠʤ, ʯʪʦ Ediss ʦʙʳʯʥʦ ʩʣʘʙʦ ʟʘʚʠʩʠʪ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʩʣʝʜʥʝʝ ʩʣʘʛʘʝʤʦʝ ʚ ʫʨʘʚʥʝʥʠʠ (1.28) ʷʚʣʷʝʪʩʷ ʤʘʣʳʤ, ʯʪʦ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʫʨʘʚʥʝʥʠʝ ʂʣʘʧʝʡʨʦʥʘ-ʂʣʘʫʟʠʫʩʘ ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʝʡ ʘʧʧʨʦʢʩʠʤʘʮʠʝʡ. 

 ʂʨʦʤʝ ʪʦʛʦ, ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʚʙʣʠʟʠ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʳʭ ʌʇ ʥʘʙʣʶʜʘʝʪʩʷ ʩʧʝʮʠʬʠʯʝʩʢʦʝ 

ʥʝʨʘʚʥʦʚʝʩʥʦʝ, ʥʘʜʪʝʧʣʦʚʦʝ ʬʘʟʦʚʦʧʝʨʝʭʦʜʥʦʝ ʠʟʣʫʯʝʥʠʝ, ʧʨʠʨʦʜʘ ʢʦʪʦʨʦʛʦ ʜʦ ʢʦʥʮʘ ʥʝ 

ʫʩʪʘʥʦʚʣʝʥʘ [50, 51].  

1.2.4. ʌʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ 

ʃʶʙʦʡ ʌʇ ʚ ʢʨʠʩʪʘʣʣʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʦʷʚʣʝʥʠʝʤ ʚ ʪʦʯʢʝ ʌʇ ʮʝʣʦʛʦ ʥʘʙʦʨʘ 

ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ, ʦʪʩʫʪʩʪʚʫʶʱʠʭ ʚ ʠʩʭʦʜʥʦʡ ʬʘʟʝ. ʕʪʠ ʚʝʣʠʯʠʥʳ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ 

ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ: ʥʘ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ. ʇʨʠʤʝʨʘʤʠ 

ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʛʫʪ ʩʧʫʞʠʪʴ ʘʪʦʤʥʳʝ ʩʤʝʱʝʥʠʷ ʠʣʠ ʘʪʦʤʥʳʝ ʩʧʠʥʳ, 

ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʪʦʯʢʝ ʌʇ, ʘ ʪʘʢʞʝ ʠʟʤʝʥʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʥʘʭʦʞʜʝʥʠʷ ʘʪʦʤʘ ʜʘʥʥʦʛʦ ʩʦʨʪʘ ʚ 

ʜʘʥʥʦʤ ʫʟʣʝ. ʂʨʦʤʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʮʝʣʳʡ ʨʷʜ ʚʘʞʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʢʨʠʩʪʘʣʣʘ ʦʧʠʩʳʚʘʝʪʩʷ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʤʠ ʧʝʨʝʤʝʥʥʳʤʠ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʢʦʤʧʦʥʝʥʪʳ 

ʚʝʢʪʦʨʘ ʧʦʣʷʨʠʟʘʮʠʠ ʠʣʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ, ʢʦʤʧʦʥʝʥʪʳ ʪʝʥʟʦʨʘ ʜʝʬʦʨʤʘʮʠʠ ʠ ʪʜ. 

ʀʟʤʝʨʝʥʠʝ ʵʪʠʭ ʚʝʣʠʯʠʥ ʩʦʩʪʘʚʣʷʝʪ ʦʩʥʦʚʫ ʨʘʟʣʠʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʠʢ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʌʇ ʚ ʢʨʠʩʪʘʣʣʘʭ. ʇʦʩʣʝʜʥʝʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʠ ʦʧʨʝʜʝʣʷʝʪ ʚʩʶ ʚʘʞʥʦʩʪʴ ʠʟʫʯʝʥʠʷ 

ʧʦʚʝʜʝʥʠʷ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʌʇ. ʇʦʤʠʤʦ ʵʪʠʭ ʪʨʘʜʠʮʠʦʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʰʠʨʦʢʦ ʦʙʩʫʞʜʘʶʪʩʷ ʠ ʠʩʩʣʝʜʫʶʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ, ʦʧʠʩʳʚʘʝʤʳʝ ʪʝʠʟʦʨʘʤʠ ʚʳʩʰʠʭ ʨʘʥʛʦʚ. ʅʘʧʨʠʤʝʨ, ʧʴʝʟʦʤʘʛʥʠʪʥʳʝ ʠ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʧʠʩʳʚʘʶʪʩʷ ʢʦʤʧʦʥʝʥʪʘʤʠ ʪʝʥʟʦʨʘ ʪʨʝʪʴʝʛʦ ʨʘʥʛʘ, ʫʧʨʫʛʠʝ 

ʧʦʩʪʦʷʥʥʳʝ, ʘ ʪʘʢʞʝ ʵʣʝʢʪʨʦ- ʠ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʝ ʧʦʩʪʦʷʥʥʳʝ ʦʧʠʩʳʚʘʶʪʩʷ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʪʝʥʟʦʨʘ ʯʝʪʚʝʨʪʦʛʦ ʨʘʥʛʘ, ʢʚʘʜʨʘʪʠʯʥʳʡ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, ʚʣʠʷʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʦʣʷ ʥʘ ʫʧʨʫʛʠʝ ʢʦʥʩʪʘʥʪʳ, ʢʚʘʜʨʘʪʠʯʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʧʨʫʛʦʩʪʠ ʠ ʪʜ. ʦʧʠʩʳʚʘʶʪʩʷ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʪʝʥʟʦʨʘ ʧʷʪʦʛʦ ʨʘʥʛʘ [52]. 

Cʚʦʙʦʜʥʫʶ ʵʥʝʨʛʠʶ ʃʘʥʜʘʫ ʢʫʙʠʯʝʩʢʦʛʦ ʬʝʨʨʦʤʘʛʥʝʪʠʢʘ c ʫʯʸʪʦʤ ʤʘʛʥʠʪʦʫʧʨʫʛʦʡ ʩʚʷʟʠ 

ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ [53, 54]: 

2 3 4 2 4 2 2 2

0 0
0

2 3 4 2 4 2 2

ae be ce m m E em B e m
F M Hm

a b
= + + + + + + -,  (1.29) 

ʛʜʝ (2 ) / 6zz yy xxe e e e= - -  ï ʪʝʪʨʘʛʦʥʘʣʴʥʘʷ ʜʝʬʦʨʤʘʮʠʷ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʣʠʥʝʡʥʳʝ 

ʢʦʤʙʠʥʘʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʪʝʥʟʦʨʘ ʜʝʬʦʨʤʘʮʠʠ, a, b, c  ï ʣʠʥʝʡʥʳʝ ʢʦʤʙʠʥʘʮʠʠ ʤʦʜʫʣʝʡ 

ʫʧʨʫʛʦʩʪʠ ʚʪʦʨʦʛʦ, ʪʨʝʪʴʝʛʦ ʠ ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ:  

11 12  a c c= - , ( )111 112 1233 2 /6 6b c c c= - + , ( )1111 1112 1122 11236 3 8 / 48c c c c c= + - - ,  

E0 ʠ B0  ï ʘʥʠʟʦʪʨʦʧʥʘʷ ʠ ʦʙʲʝʤʥʘʷ ʤʘʛʥʠʪʦʫʧʨʫʛʠʝ ʧʦʩʪʦʷʥʥʳʝ. ɺʙʣʠʟʠ ʩʪʨʫʢʪʫʨʥʦʡ 



28 

(ʤʘʨʪʝʥʩʠʪʥʦʡ) ʪʝʤʧʝʨʘʪʫʨʳ ʌʇ Tm ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ a ʩʪʨʝʤʠʪʩʷ ʢ ʥʫʣʶ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʚʙʣʠʟʠ ʪʦʯʢʠ ʧʝʨʝʭʦʜʘ (T Ÿ Tm) ʝʛʦ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʢʘʢ ( )0 = ma a T T- , ʘʥʦʣʦʛʠʯʥʦ ʦʙʤʝʥʥʦʡ 

ʢʦʥʩʪʘʥʪʝ Ŭ ʚʙʣʠʟʠ ʊʉ (1.10). ʏʠʩʣʝʥʥʘʷ ʤʠʥʠʤʠʟʘʮʠʷ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ (1.29) ʩ ʧʘʨʘʤʝʪʨʘʤʠ 

ʧʦʨʷʜʢʘ e ʠ m ʜʘʝʪ ʜʚʘ ʩʪʨʫʢʪʫʨʥʳʭ ʩʦʩʪʦʷʥʠʷ: ʢʚʘʟʠ-ʢʫʙʠʯʝʩʢʫʶ ʬʘʟʫ ʩʦ ʩʣʘʙʳʤʠ ʠʩʢʘʞʝʥʠʷʤʠ 

e ʠ ʪʝʪʨʘʛʦʥʘʣʴʥʫʶ ʬʘʟʫ ʩ ʩʠʣʴʥʳʤʠ ʠʩʢʘʞʝʥʠʷʤʠ e. ʇʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʜʝʪʘʣʝʡ ʤʠʥʠʤʠʟʘʮʠʠ 

ʩʤ. ʚ [53, 54], ʛʜʝ ʧʨʦʠʟʚʦʜʠʣʩʷ ʯʠʩʣʝʥʥʳʡ ʨʘʩʯʝʪ ʤʘʛʥʠʪʥʳʭ ʬʘʟʦʚʳʭ H-T ʜʠʘʛʨʘʤʤ ʩʧʣʘʚʦʚ 

ɻʝʡʩʣʝʨʘ ʩʝʤʝʡʩʪʚʘ Ni2MnGa, ʜʣʷ ʯʝʛʦ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ʚʟʷʪʳ ʠʟ [55-57]. 

ʌʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʩʧʣʘʚʘ ɻʝʡʩʣʝʨʘ Ni2,18Mn0,82Ga ʚ ʢʦʦʨʜʠʥʘʪʘʭ H-T, ʧʦʣʫʯʝʥʥʘʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʚ [54], ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1.3. ʆʙʣʘʩʪʴ ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʷ ʢʚʘʟʠ-

ʢʫʙʠʯʝʩʢʦʡ ʠ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʬʘʟ ʥʘʭʦʜʠʪʩʷ ʚʥʫʪʨʠ ʦʙʣʘʩʪʠ ABC ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʧʨʦʭʦʜʠʪ ʌʇ 

1-ʛʦ ʨʦʜʘ. ʕʪʦʪ ʌʇ ʠʤʝʝʪ ʪʨʠʢʨʠʪʠʯʝʩʢʫʶ ʪʦʯʢʫ, ʚ ʢʦʪʦʨʦʡ ʣʠʥʠʠ ʌʇ 1-ʨʦʜʘ ʥʝʧʨʝʨʳʚʥʦ 

ʧʝʨʝʭʦʜʷʪ ʚ ʣʠʥʠʶ ʌʇ 2-ʛʦ ʨʦʜʘ [58, 59]: (Tʢʨ, Hʢʨ). ɹʝʟʛʠʩʪʝʨʝʟʠʩʥʦʝ ʧʦʚʝʜʝʥʠʝ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʌʇ 2-ʛʦ ʨʦʜʘ, ʨʝʘʣʠʟʫʝʪʩʷ ʜʣʷ ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʚʳʰʝ 

ʪʨʠʢʨʠʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʥʘ ʢʨʠʚʦʡ DB. ʅʘ ʜʠʘʛʨʘʤʤʝ (ʨʠʩ. 1.3) ʚʠʜʥʦ, ʯʪʦ ʛʠʩʪʝʨʝʟʠʩ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʌʇ ʠʩʯʝʟʘʝʪ ʚʦ ʚʥʝʰʥʝʤ ʢʨʠʪʠʯʝʩʢʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ Hʢʨ = 250 ʢʕ ʧʨʠ ʢʨʠʪʠʯʝʩʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʊʢʨ = 362,5 K.  

ʇʨʷʤʳʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʤʝʪʦʜʦʤ ʩʭʦʞʝʝ ʧʦʚʝʜʝʥʠʝ (ʪʨʠʢʨʠʪʠʯʝʩʢʘʷ ʪʦʯʢʘ), ʙʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ ʚ ʤʘʥʛʘʥʠʪʝ Sm0.55Sr0.45MnO3 ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 40 ʢʕ [60]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʠʟʤʝʨʷʣʘʩʴ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʧʣʦʸʤʢʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʦʙʣʘʩʪʠ ʌʇ 1-ʛʦ ʨʦʜʘ ʚ ʧʦʣʷʭ 

ʜʦ 150 ʢʕ, ʠ ʧʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʤʘʛʥʠʪʥʥʘʷ ʬʘʟʦʚʘ ̫H-T ʜʠʘʛʨʘʤʤʘ.  

 

ʈʠʩ. 1.3. ʄʘʛʥʠʪʥʘʷ ʬʘʟʦʚʘʷ H-T ʜʠʘʛʨʘʤʤʘ ʩʧʣʘʚʘ ɻʝʡʩʣʝʨʘ Ni2,18Mn0,82Ga, ʧʦʣʫʯʝʥʥʘʷ ʚ [54] ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʧʦ ʪʝʦʨʠʠ ʃʘʥʜʘʫ. 
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1.3. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ 

ɽʩʣʠ ʢʘʣʦʨʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʧʨʠ ʢʘʢʦʡ-ʪʦ ʟʘʜʘʥʥʦʡ ʥʘʯʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠʩʧʳʪʳʚʘʝʪ 

ʠʟʤʝʥʝʥʠʝ ʚʥʝʰʥʝʛʦ ʧʦʣʷ, ʪʦ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʘʜʠʘʙʘʪʠʯʝʩʢʦʝ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ȹT, 

ʠʟʦʪʝʨʤʠʯʝʩʢʦʝ ʠʟʤʝʥʝʥʠʝ ʵʥʪʨʦʧʠʠ ȹS ʠ ʠʟʦʪʝʨʤʠʯʝʩʢʦʝ ʠʟʤʝʥʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʪʝʧʣʘ ȹQ. 

ʇʨ̫ʤʳʝ ʠʟʤʝʨʝʥʠʷ ʙʦʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʳ, ʦʜʥʘʢʦ ʦʥʠ ʙʦʣʝʝ ʪʨʫʜʦʸʤʢʠ, ʪʘʢ ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʢʦʩʚʝʥʥʳʭ ʠ ʧʦʣʫʧʨʷʤʳʭ ʤʝʪʦʜʦʚ ï ɻ ʪʦ ʦʙʳʯʥʘʷ ʧʨʘʢʪʠʢʘ. ɺ ʠʜʝʘʣʝ, ʢʘʢ ȹT, ʪʘʢ ʠ ȹQ ʚʙʣʠʟʠ ʌʇ 

(ʚ ʦʢʨʝʩʥʦʩʪʠ ʢʦʪʦʨʳʭ ʢʘʣʦʨʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʜʦʩʪʠʛʘʶʪ ʤʘʢʩʠʤʫʤʘ) ʜʦʣʞʥʳ ʠʟʤʝʨʷʪʴʩʷ 

ʥʝʟʘʚʠʩʠʤʦ, ʧʦʩʢʦʣʴʢʫ ʠʭ ʚʟʘʠʤʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʯʝʨʝʟ ȹQ å -ʉĀȹT ʚʳʧʦʣʥʷʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ 

ʜʦʧʫʱʝʥʠʠ, ʯʪʦ ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ C ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʦʣʷ. ʕʥʪʨʦʧʠʷ S ʥʝ 

ʤʦʞʝʪ ʙʳʪʴ ʠʟʤʝʨʝʥʘ ʚ ʧʨʷʤʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ, ʥʦ ʦʙʳʯʥʦ ʩʦʦʙʱʘʝʪʩʷ ʦ ȹS ʚʤʝʩʪʦ ȹQ. 

ʇʨʷʤʳʝ ʠʟʤʝʨʝʥʠʷ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʤʦʛʫʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʦʥʪʘʢʪʥʦʡ ʠʣʠ ʙʝʩʢʦʥʪʘʢʪʥʦʡ ʪʝʨʤʦʤʝʪʨʠʠ, ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ʠʣʠ ʙʝʟ. ʇʨʷʤʳʝ 

ʠʟʤʝʨʝʥʠʷ ʪʝʧʣʘ ʨʝʜʢʠ, ʠ ʪʦʣʴʢʦ ʥʝʢʦʪʦʨʳʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʢʘʣʦʨʠʤʝʪʨʳ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʠʣʦʞʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʤʘʛʥʠʪʥʳʭ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ ʠʣʠ ʧʦʣʝʡ ʫʧʨʫʛʠʭ ʥʘʧʨʷʞʝʥʠʡ. 

ɿʥʘʯʝʥʠʷ ȹT ʠ ȹQ, ʢʦʪʦʨʳʝ ʥʘʧʨʷʤʫʶ ʠʟʤʝʨʝʥʳ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʠ ʦʭʣʘʞʜʝʥʠʠ ʤʦʛʫʪ ʙʳʪʴ 

ʟʘʥʠʞʝʥʳ ʚʩʣʝʜʩʪʚʠʝ ʫʪʝʯʝʢ ʪʝʧʣʘ ʤʝʞʜʫ ʦʙʨʘʟʮʦʤ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ, ʦʩʦʙʝʥʥʦ ʚ ʩʣʫʯʘʝ 

ʤʘʪʝʨʠʘʣʦʚ ʩ ɹʂʕ, ʦʢʨʫʞʝʥʥʳʭ ʩʞʘʪʦʡ ʩʨʝʜʦʡ. ɺ ʢʘʣʦʨʠʤʝʪʨʠʠ ʠʟʤʝʨʝʥʥʦʝ ʪʝʧʣʦ ʥʝ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ȹQ, ʝʩʣʠ ʚʥʝʰʥʝʝ ʧʦʣʝ ʤʝʥʷʝʪʩʷ ʩʣʠʰʢʦʤ ʙʳʩʪʨʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʜʜʝʨʞʠʚʘʪʴ 

ʠʟʦʪʝʨʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ. ʊʘʢʞʝ ʦʰʠʙʢʠ ʚʦʟʥʠʢʘʶʪ, ʝʩʣʠ ʜʘʪʯʠʢ ʪʦʯʥʦ ʥʝ ʦʪʢʘʣʠʙʨʦʚʘʥ ʥʘ 

ʭʘʨʘʢʪʝʨʥʦʝ ʚʨʝʤʷ ʠʟʤʝʨʝʥʠʷ, ʠʣʠ ʝʩʣʠ ʜʘʪʯʠʢ ʠʤʝʝʪ ʧʣʦʭʦʡ ʪʝʧʣʦʚʦʡ ʢʦʥʪʘʢʪ ʩ ʦʙʨʘʟʮʦʤ. ɽʩʣʠ 

ʝʩʪʴ ʚʠʭʨʝʚʳʝ ʪʦʢʠ ʥʘʛʨʝʚʘ (ʄʂ ʤʘʪʝʨʠʘʣʳ), ɼʞʦʫʣʝʚ ʥʘʛʨʝʚ (ʤʘʪʝʨʠʘʣʳ ʩ ʂɻ) ʠʣʠ ʥʘʛʨʝʚ 

ʪʨʝʥʠʝʤ (ʤʝʭʘʥʦʢʘʣʦʨʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ), ʪʦ ʟʥʘʯʝʥʠʷ ȹT ʠ ȹQ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ 

ʙʫʜʫʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʙʦʣʝʝ ʪʦʯʥʳ, ʯʝʤ ʟʥʘʯʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʥʘʛʨʝʚʝ.  

ʇʨʷʤʳʝ ʠʟʤʝʨʝʥʠʷ ʄʂʕ ʚ ʘʜʠʘʙʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʩʯʠʪʘʶʪʩʷ ʪʨʫʜʦʸʤʢʠʤʠ [61, 62] ʠʟ-

ʟʘ ʮʝʣʦʛʦ ʨʷʜʘ ʧʨʠʯʠʥ. ɺʦ-ʧʝʨʚʳʭ, ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʭ ʦʙʨʘʟʮʦʚ, 

ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʚʣʠʷʥʠʷ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʪʝʨʤʦʜʘʪʯʠʢʘ, ʚʦ-ʚʪʦʨʳʭ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ 

ʥʝʞʝʣʘʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʪʝʨʤʦʜʘʪʯʠʢʠ, ʚ-ʪʨʝʪʴʠʭ ʧʦʪʦʤʫ, ʯʪʦ 

ʘʜʠʘʙʘʪʠʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴʩʷ ʥʘʜʣʝʞʘʱʝʡ ʠʟʦʣʷʮʠʝʡ ʦʙʨʘʟʮʘ ʦʪ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʠ, ʚ-ʯʝʪʚʸʨʪʳʭ, ʙʦʣʴʰʠʝ ʠʟʤʝʥʝʥʠʷ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ȹH > 10 ʢʕ) 

ʜʦʣʞʥʳ ʧʨʦʠʩʭʦʜʠʪʴ ʙʳʩʪʨʝʝ ʭʘʨʘʢʪʝʨʥʦʛʦ ʚʨʝʤʝʥʠ, ʟʘ ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ ʫʪʝʯʢʘ ʪʝʧʣʘ. 

ʅʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʪʝʨʤʦʜʘʪʯʠʢʦʚ ʥʘ ȹT-ʵʬʬʝʢʪ ʫʩʪʨʘʥʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʝʩʢʦʥʪʘʢʪʥʳʭ 

ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ: çʤʠʨʘʞè ʵʬʬʝʢʪ [63-64, ɸ13], ʠʣʠ ʀʂ-ʪʝʨʤʦʛʨʘʬʠʷ [65-67]. 

ɸʜʠʘʙʘʪʠʯʥʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʣʝʛʢʦ ʩʦʭʨʘʥʠʪʴ ʚ ʩʠʣʴʥʳʭ ʠʤʧʫʣʴʩʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ, 

ʧʨʠʯʸʤ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʤʦʞʝʪ ʙʳʪʴ ʠʟʤʝʨʝʥʘ ʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʄ [A10, A20], 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʪʦʯʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʙʳʩʪʨʦʠʟʤʝʥʷʶʱʝʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʦʙʨʘʟʮʘ. 
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1.3.1. ʂʦʩʚʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ 

ʆʧʨʝʜʝʣʝʥʠʝ ʚʳʟʚʘʥʥʦʛʦ ʧʦʣʝʤ ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ȹS ʦʙʳʯʥʦ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʫʨʘʚʥʝʥʠʠ 

(1.7), ʦʜʥʘʢʦ ʵʪʦ ʢʦʩʚʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ, ʧʦʣʘʛʘʶʱʝʝʩʷ ʥʘ ʠʟʤʝʨʝʥʠʝ ʄ(H) ʚ ʜʦʩʪʘʪʦʯʥʦ ʫʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠʥʪʝʨʚʘʣʘʭ. ʂʦʛʜʘ ʠʟʤʝʥʝʥʠʝ ʵʥʪʨʦʧʠʠ ȹS ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʟʤʝʥʝʥʠʶ ʧʦʣʷ 0 Ÿ H, 

ʠ ʜʣʷ ʚʩʝʭ ʠʟʦʪʝʨʤ ʥʘʯʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʨʠ H = 0 ʷʚʣ̫ʝʪʩʷ ʨʘʟʤʘʛʥʠʯʝʥʥʳʤ ʩʦʩʪʦʷʥʠʝʤ [68], 

ʪʦʛʜʘ ʠʟʤʝʥʝʥʠʝ ʵʥʪʨʦʧʠʠ ʟʘʧʠʩʳʚʘʝʪʩʷ ʢʘʢ  

1
0 0

1
[0 ; ( )] ( ) ( )

H H

k k

k

S H T k M T dH M T dH
T

+
è øD ­ = -
é ùê úD ñ ñ    (1.29) 

ʛʜʝ T(k) = (Tk+1 + Tk)/2, ȹTk = Tk+1 ī Tk  ʠ ʠʥʪʝʛʨʘʣʳ ʧʦʜʩʯʠʪʘʥʳ ʯʠʩʣʝʥʥʦ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʧʨʝʜʳʜʫʱʝʛʦ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ, ʚʳʟʚʘʥʥʦʛʦ ʧʦʣʝʤ ȹS ʚʙʣʠʟʠ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʦʛʦ 

ʌʇ, ʧʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʩʦʜʝʨʞʠʪ ʚʢʣʘʜʳ ʦʪ ʚʦʟʤʦʞʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʦʣʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚʥʝ ʌʇ. ʇʨʠ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʭ ʧʦʣʷʭ ʵʪʦʪ ʚʢʣʘʜ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʠʟʤʝʥʝʥʠʶ ʵʥʪʨʦʧʠʠ, ʙʦʣʴʰʝʤʫ, ʯʝʤ ʠʟʤʝʥʝʥʠʝ ʵʥʪʨʦʧʠʠ ʧʨʠ ʌʇ. ʇʨʠ ʥʘʜʣʝʞʘʱʝʡ ʦʮʝʥʢʝ ʠ 

ʚʳʯʝʪʝ ʵʪʦʛʦ ʚʢʣʘʜʘ ʠʟ ʧʦʣʥʦʛʦ ȹS ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʧʦʣʝʡ, ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʭ, ʯʪʦʙʳ 

ʟʘʚʝʨʰʠʪʴ ʌʇ, ʦʩʪʘʪʦʯʥʳʡ ʚʢʣʘʜ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʟʤʝʥʝʥʠʶ ʵʥʪʨʦʧʠʠ ʧʨʠ ʌʇ, ʧʦʣʫʯʝʥʥʦʤʫ, 

ʥʘʧʨʠʤʝʨ, ʠʟ ʫʨʘʚʥʝʥʠʷ ʂʣʘʧʝʡʨʦʥʘ-ʂʣʘʫʟʠʫʩʘ [69]. 

ɸʜʠʘʙʘʪʠʯʝʩʢʦʝ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ȹT ʦʮʝʥʠʚʘʝʪʩʷ ʢʘʢ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ 

ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʦʙʨʘʟʮʘ, ʧʦʣʫʯʝʥʥʳʤʠ ʜʦ ʠ ʧʦʩʣʝ ʧʨʠʣʦʞʝʥʠʷ ʧʦʣʷ (ʩʤ., ʥʘʧʨʠʤʝʨ, [70]). ʊʘʢʦʝ 

ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʚʳʯʠʩʣʝʥʦ ʠʟ ʢʨʠʚʳʭ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, ʠʩʧʦʣʴʟʫʷ 

ʫʨʘʚʥʝʥʠʝ (1.8). ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʥʝʦʙʭʦʜʠʤʳ ʪʘʢʞʝ ʠʟʤʝʨʝʥʠʷ ʪʝʧʣʦʝʤʢʦʩʪʠ ʉ. ɽʩʣʠ 

ʪʝʧʣʦʝʤʢʦʩʪʴ ʤʘʣʦ ʟʘʚʠʩʠʪ ʦʪ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʣʳ, ʪʦ DT (0 Ÿ H) 

ʤʦʞʝʪ ʙʳʪʴ ʦʮʝʥʝʥʦ ʩ ʭʦʨʦʰʠʤ ʧʨʠʙʣʠʞʝʥʠʝʤ ʢʘʢ 

     (1.30) 

ʉʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ (1.27), ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʤʝʞʜʫ ʧʨʷʤʳʤʠ ʠ ʢʦʩʚʝʥʥʳʤʠ 

ʦʧʨʝʜʝʣʝʥʠʷʤʠ ȹT (0 Ÿ H) ʜʦʣʞʥʳ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ ʥʝʨʘʚʥʦʚʝʩʥʳʤʠ ʵʬʬʝʢʪʘʤʠ. ʂʦʣʠʯʝʩʪʚʝʥʥʘʷ 

ʦʮʝʥʢʘ ʜʠʩʩʠʧʘʪʠʚʥʳʭ ʵʬʬʝʢʪʦʚ ʥʘ ʄʂ ʩʚʦʡʩʪʚʘ ʚʙʣʠʟʠ ʥʝʧʨʝʨʳʚʥʳʭ ʧʝʨʝʭʦʜʦʚ ʠ ʌʇ 1-ʛʦ ʨʦʜʘ, 

ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʩʨʘʚʥʝʥʠʠ ʧʨʷʤʳʭ ʠ ʢʦʩʚʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʘʜʠʘʙʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʜʘʸʪ ʭʦʨʦʰʠʝ ʨʝʟʫʣʴʪʘʪʳ [71]. ɼʨʫʛʦʡ ʠʥʪʝʨʝʩʥʳʡ ʤʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʩʨʘʚʥʝʥʠʠ 

ʨʷʜʘ ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʢʨʠʚʳʭ ʠ ʘʜʠʘʙʘʪʠʯʝʩʢʦʡ ʢʨʠʚʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ. ɸʜʠʘʙʘʪʠʯʥʦʩʪʴ 

ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠʣʦʞʝʥʠʝʤ ʜʦʩʪʘʪʦʯʥʦ ʢʦʨʦʪʢʦʛʦ ʠʤʧʫʣʴʩʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʊʦʯʢʠ ʧʝʨʝʩʝʯʝʥʠʷ 

ʘʜʠʘʙʘʪʳ ʩ ʥʘʙʦʨʦʤ ʠʟʦʪʝʨʤ ʦʧʨʝʜʝʣʷʶʪ ʧʦʣʷ, ʚ ʢʦʪʦʨʳʭ ʠʟʫʯʘʝʤʳʡ ʦʙʨʘʟʝʮ ʥʘʭʦʜʠʪʩʷ ʧʨʠ 

ʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʧʦʵʪʦʤʫ ʘʜʠʘʙʘʪʠʯʝʩʢʦʝ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ȹT ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʦ 

ʜʣʷ ʢʘʞʜʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ [72].  
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ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ ʩ ʛʠʛʘʥʪʩʢʠʤ ʄʂʕ, ʧʨʷʤʳʝ ʠ ʧʦʣʫʧʨʷʤʳʝ ʠʟʤʝʨʝʥʠʷ ȹT 

ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ (ʥʘʧʨʠʤʝʨ, ʚ [29]), ʘ ʢʦʩʚʝʥʥʳʝ ʠʟʤʝʨʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ 

ʩʦʛʣʘʩʦʚʘʥʳ ʩ ʧʨʷʤʳʤʠ, ʝʩʣʠ ʜʦʧʫʩʪʠʪʴ, ʯʪʦ ʉ ʧʦʩʪʦʷʥʥʘ, ʠʣʠ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʦʤ ʪʝʧʣʦʚʦʤ 

ʛʠʩʪʝʨʝʟʠʩʝ [73]. ʇʨʷʤʳʝ [74] ʠ ʧʦʣʫʧʨʷʤʳʝ [71] ʠʟʤʝʨʝʥʠʷ ȹQ ʨʝʜʢʠ, ʥʦ ʦʥʠ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʢʦʩʚʝʥʥʳʤʠ ʄʂ ʠʟʤʝʨʝʥʠʷʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʯʝʨʝʟ ȹQ = TĀȹS. 

1.3.2. ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʩʢʘʥʠʨʫʶʱʘʷ ʢʘʣʦʨʠʤʝʪʨʠʷ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 

ʀʥʜʫʮʠʨʦʚʘʥʥʦʝ ʧʦʣʝʤ ʠʟʤʝʥʝʥʠʝ ʵʥʪʨʦʧʠʠ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʦ ʠʟ ʠʟʤʝʨʝʥʠʡ 

ʪʝʧʣʦʝʤʢʦʩʪʠ ʧʨʠ ʚʳʙʨʘʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʩʤ. [68, 75]), ʠʟ ʢʦʪʦʨʳʭ ʵʥʪʨʦʧʠʷ 

ʤʦʞʝʪ ʙʳʪʴ ʚʳʯʠʩʣʝʥʘ ʢʘʢ 

    (1.31) 

ʊʦʛʜʘ ʠʟʤʝʥʝʥʠʝ ʵʥʪʨʦʧʠʠ ȹS ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ T, ʩʚʷʟʘʥʥʦʝ ʩ ʠʟʤʝʥʝʥʠʝʤ ʧʦʣʷ 0 Ÿ H, ʤʦʞʝʪ 

ʙʳʪʴ ʦʮʝʥʝʥʦ ʢʘʢ 

   (1.32) 

 ʀʟʤʝʨʝʥʠʝ ʧʦʪʦʢʘ ʪʝʧʣʦʪʳ ʤʝʪʦʜʦʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʩʢʘʥʠʨʫʶʱʝʡ ʢʘʣʦʨʠʤʝʪʨʠʠ 

ʧʦʟʚʦʣʷʝʪ ʥʘʧʨʷʤʫʶ ʦʧʨʝʜʝʣʠʪʴ ȹS(0 Ÿ H) [76-89]. ʊʘʢʠʝ ʢʘʣʦʨʠʤʝʪʨʳ ʭʦʨʦʰʦ ʧʨʠʩʧʦʩʦʙʣʝʥʳ 

ʜʣʷ ʠʟʫʯʝʥʠʷ ʄʂʕ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʳʤʠ ʌʇ 1-ʛʦ ʨʦʜʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʠʝ ʧʠʢʠ (ʪʝʧʣʦʚʘʷ ʤʦʱʥʦʩʪʴ ȹQ' ʦʪ ʚʨʝʤʝʥʠ) ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʫʜʝʨʞʘʥʠʠ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʀʥʪʝʛʨʠʨʦʚʘʥʠʝ 

ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʜʘʩʪ ȹQ(0 Ÿ H) / T, ʢʦʪʦʨʦʝ, ʤʦʞʝʪ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ȹS(0 Ÿ H), ʝʩʣʠ 

ʠʟʫʯʘʝʤʳʡ ʧʨʦʮʝʩʩ ʧʨʦʠʩʭʦʜʠʪ ʥʝʨʘʚʥʦʚʝʩʥʦ. ʂʦʛʜʘ ʞʝ ʜʠʩʩʠʧʘʪʠʚʥʳʝ ʵʬʬʝʢʪʳ ʩʣʘʙʳ, ʪʦ 

ȹS = ȹQ/T ʜʘʸʪ ʭʦʨʦʰʫʶ ʦʮʝʥʢʫ ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʵʥʪʨʦʧʠʠ, ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʧʦʣʝʤ (ʩʤ., 

ʥʘʧʨʠʤʝʨ, [74]).  

1.3.3. ʄʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʚ ʠʤʧʫʣʴʩʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʤʧʫʣʴʩʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʝ ʷʚʣʷʝʪʩʷ ʥʦʚʰʝʩʪʚʦʤ [40, 72, 90, 91], ʦʜʥʘʢʦ, ʥʘʯʠʥʘʷ 

ʩ 2010 ʛʦʜʘ ʚ ʤʠʨʦʚʦʡ ʣʠʪʝʨʘʪʫʨʝ ʧʦʷʚʠʣʩ ̫ʮʝʣʳʡ ʨʷʜ ʨʘʙʦʪ ʧʦ ʧʨʷʤʳʤ ʠʟʤʝʨʝʥʠʷʤ ʄʂʕ ʚ 

ʩʠʣʴʥʳʭ ʠʤʧʫʣʴʩʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʜʦ 600 ʢʕ ʩ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʠʤʧʫʣʴʩʘ ʧʦʨ̫ʜʢʘ 10-3-10-2 

ʩʝʢ [92-101]. ʂ ʩʦʞʘʣʝʥʠʶ, ʚʦ ʚʩʝʤ ʤʠʨʝ ʧʨʦʛʨʝʩʩ ʚ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʟʘʪʨʫʜʥʝʥ ʠʟ-ʟʘ 

ʦʪʩʫʪʩʪʚʠʷ ʩʪʘʥʜʘʨʪʥʳʭ ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʪʘʢʠʭ ʢʦʨʦʪʢʠʭ ʚʨʝʤʝʥʥʳʭ 

ʠʥʪʝʨʚʘʣʘʭ ʠ ʚ ʫʩʣʦʚʠʷʭ ʩʠʣʴʥʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ. ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 

ʦʙʨʘʟʮʦʚ ʚ ʠʤʧʫʣʴʩʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣ̫ʭ ʵʢʩʧʝʨʠʤʝʥʪʘʪʦʨʳ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ 

ʜʘʪʯʠʢʦʚ ʪʝʤʧʝʨʘʪʫʨʳ: ʯʠʧʳ Cernox ʠ ʪʝʨʤʦʤʝʪʨʳ ʠʟ RuO2 [92], ʪʝʨʤʦʨʝʟʠʩʪʦʨʳ ʠʟ ʟʦʣʦʪʦʡ 
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ʧʣʸʥʢʠ [93-96], ʪʝʨʤʦʧʘʨʳ ʩ ʪʦʣʱʠʥʦʡ ʧʨʦʚʦʜʦʚ 25 ʤʢʤ [97-101]. ʅʝʜʦʩʪʘʪʢʦʤ ʚʩʝʭ 

ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʢʦʥʪʘʢʪʥʳʭ ʪʝʨʤʦʜʘʪʯʠʢʦʚ ̫ ʚʣʷʝʪʩʷ ʚʦʟʜʝʡʩʪʚʠʝ ɻ ʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ ʥʘ ʠʭ 

ʧʦʢʘʟʘʥʠʷ, ʢʦʪʦʨʦʝ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʧʨʦʠʟʚʦʜʥʦʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʦ ʚʨʝʤʝʥʠ, ʠ ʫʯʠʪʳʚʘʝʪʩʷ 

ʪʦʣʴʢʦ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɽʱʸ ʦʜʥʠʤ ʥʝʜʦʩʪʘʪʢʦʤ ʧʝʨʝʯʠʩʣʝʥʥʳʭ 

ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, ʥʝʩʤʦʪʨʷ ʥʘ ʤʠʢʨʦʥʥʳʝ ʨʘʟʤʝʨʳ ʪʝʨʤʦʜʘʪʯʠʢʦʚ, ʷʚʣʷʝʪʩʷ 

ʜʣʠʪʝʣʴʥʦʝ (ʜʣʷ ʠʤʧʫʣʴʩʥʳʭ ʠʟʤʝʨʝʥʠʡ) ʚʨʝʤʷ ʦʪʢʣʠʢʘ ʧʦʨʷʜʢʘ 0,1 ʤʩ, ʧʨʠ ʵʪʦʤ, ʪʦʣʴʢʦ ʩʘʤʳʝ 

ʣʫʯʰʠʝ ʠʟ ʠʟʚʝʩʪʥʳʭ ʪʝʨʤʦʧʘʨ ʜʦʩʪʠʛʘʶʪ ʚʨʝʤʝʥʠ ʦʪʢʣʠʢʘ ʧʦʨʷʜʢʘ 1 ʤʢʩ [102]. ʆʧʠʩʘʥʥʳʭ 

ʪʨʫʜʥʦʩʪʝʡ ʤʦʞʥʦ ʠʟʙʝʞʘʪʴ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʝʩʢʦʥʪʘʢʪʥʳʭ ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʥʘʧʨʠʤʝʨ, ʪʘʢʠʭ ʢʘʢ ʚ ʨʘʙʦʪʘʭ [63-67], ʦʜʥʘʢʦ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʟʘʪʨʫʜʥʝʥʦ ʚ ʫʩʪʘʥʦʚʢʘʭ 

ʩʠʣʴʥʳʭ ʠʤʧʫʣʴʩʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ, ʠ ʦʥʠ ʧʨʠʤʝʥʷʣʠʩʴ ʪʦʣʴʢʦ ʚ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʳʭ ʧʦʣʷʭ 

ʜʦ 20 ʢʕ. ʇʨʠʤʝʨʳ ʫʜʘʯʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʙʝʩʢʦʥʪʘʢʪʥʦʛʦ ʤʝʪʦʜʘ ʠʟʤʝʨʝʥʠʷ ȹT-ʵʬʬʝʢʪʘ ʚ 

ʩʠʣʴʥʳʭ ʠʤʧʫʣʴʩʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʜʦ 130 ʢʕ ʦʧʠʩʘʥʳ ʚ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʝ ʠ 

ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ [ɸ8, A10, ɸ18, A20]. 

ɺ ʨʘʙʦʪʘʭ [103, 104] ʙʳʣʠ ʧʨʝʜʧʨʠʥʷʪʳ ʧʦʧʳʪʢʠ ʢʦʩʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʄʂʕ ʧʦ 

ʠʟʤʝʨʝʥʠʷʤ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ M(H) ʦʙʨʘʟʮʦʚ ʚ ʩʠʣʴʥʳʭ ʠʤʧʫʣʴʩʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ, ʧʨʠ ʵʪʦʤ 

ʧʨʷʤʳʝ ʠʟʤʝʨʝʥʠʷ ȹT ʥʝ ʧʨʦʚʦʜʠʣʠʩʴ, ʚ ʜʨʫʛʠʭ ʠʟʚʝʩʪʥʳʭ ʨʘʙʦʪʘʭ ʪʘʢʠʝ ʜʘʥʥʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʚ ʨʘʟʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ [92-101]. ʆʜʥʦʚʨʝʤʝʥʥʳʝ ʠʟʤʝʨʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ M(H) ʠ ȹT(H) ʚ 

ʩʠʣʴʥʳʭ ʠʤʧʫʣʴʩʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʧʨʦʚʦʜʠʣʠʩʴ ʘʚʪʦʨʦʤ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ 

ʨʘʙʦʪʳ ʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ [A10, A20],  

1.3.4. ʆʮʝʥʢʘ ʚʣʠʷʥʠ ̫ʚʠʭʨʝʚʳʭ ʪʦʢʦʚ 

 ʂʦʛʜʘ ʦʙʨʘʟʝʮ ʧʨʦʚʦʜʷʱʝʛʦ ʤʘʪʝʨʠʘʣʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʩ ʜʠʘʤʝʪʨʦʤ d 

ʧʦʜʚʝʨʛʘʝʪʩʷ ʚʦʟʜʝʡʩʪʚʠʶ ʧʝʨʝʤʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ c ʯʘʩʪʦʪʦʡ f ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʠʥʜʫʢʮʠʝʡ 

Bm, ʩʦʛʣʘʩʥʦ ʟʘʢʦʥʫ ʌʘʨʘʜʝʷ, ʩʦʟʜʘʝʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ, ʢʦʪʦʨʦʝ ʩʦʟʜʘʝʪ ʢʨʫʛʦʚʳʝ ʚʠʭʨʝʚʳʝ 

ʪʦʢʠ (ʪʦʢʠ ʌʫʢʦ). ʇʨʠ ʧʦʣʥʦʤ ʧʨʦʥʠʢʥʦʚʝʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ ʤʦʱʥʦʩʪʴ, ʨʘʩʩʝʠʚʘʝʤʘʷ ɻ ʪʠʤʠ 

ʪʦʢʘʤʠ, ʨʘʚʥʘ ʠʥʪʝʛʨʘʣʫ ʦʪ ʚʝʣʠʯʠʥʳ ɋJ2 (J - ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ, ɋ - ʫʜʝʣʴʥʦʝ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʤʘʪʝʨʠʘʣʘ), ʚʟʷʪʦʤʫ ʧʦ ʦʙʲʸʤʫ ʤʘʪʝʨʠʘʣʘ, ʠ ʚʳʨʘʞʘʝʪʩʷ ʢʘʢ [105, 106]: 

ὖ
Ͻ  Ͻ Ͻ

      (1.33) 

ʇʦʣʫʯʝʥʥʘʷ ʚ ʬʦʨʤʫʣʝ (1.33) ʚʝʣʠʯʠʥʘ Pe ʠʤʝʝʪ ʨʘʟʤʝʨʥʦʩʪʴ [ɺʪ/ʤ3], ʪʦʛʜʘ ʧʨʠ ʠʟʚʝʩʪʥʦʡ 

ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʠʥʜʫʢʮʠʠ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ dB/dt ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʪʘ (ʚ ɼʞ/ʢʛ), 

ʨʘʩʩʝʠʚʘʝʤʘʷ ʚʠʭʨʝʚʳʤʠ ʪʦʢʘʤʠ, ʤʦʞʝʪ ʙʳʪʴ ʦʮʝʥʝʥʘ ʢʘʢ 

ῳὗͯ
Ͻ  Ͻ

,     (1.34) 

ʛʜʝ ɟ ï ʧʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ. ʇʨʠʥʠʤʘʷ ʜʣʷ ʦʮʝʥʢʠ dB/dt = 1 ʊʣ/ʤʩ, Bm = 10 ʊʣ ʜʣʷ ʦʙʨʘʟʮʘ ʚ ʚʠʜʝ 

ʜʠʩʢʘ ʩ d = 5 ʤʤ ʠʟ ʯʠʩʪʦʛʦ Gd ʩ ɟ = 7900 ʢʛ/ʤ3, ɋ = 130 Ĭ 10-8 ʆʤĿʤ ʧʨʠ 298 ʂ [107], ʧʦʣʫʯʠʤ 
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ʫʜʝʣʴʥʫʶ ʪʝʧʣʦʪʫ ʥʘ ʫʨʦʚʥʝ ȹQe = 15 ɼʞ/ʢʛ, ʯʪʦ ʩ ʫʯʸʪʦʤ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʸʤʢʦʩʪʠ ʤʘʪʝʨʠʘʣʘ 

C = 270 ɼʞ/(ʢʛĿʂ) ʧʨʠ 298 ʂ [40] ʨʘʟʦʛʨʝʝʪ ʦʙʨʘʟʝʮ ʥʘ ȹTe = 0,05 ʂ. ʕʪʘ ʚʝʣʠʯʠʥʘ ʤʘʣʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʄʂʕ ʚ Gd ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʧʦʣʝ (ȹT  15 K), ʦʜʥʘʢʦ ʟʘ ʮʠʢʣ 

ʚʢʣʶʯʝʥʠʷ/ʚʳʢʣʶʯʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʨʘʟʦʛʨʝʚ ʦʙʨʘʟʮʘ ʩʦʩʪʘʚʠʪ 0,1 ʂ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʩ ʧʦʤʦʱʴ  ʁʩʦʚʨʝʤʝʥʥʳʭ ʙʝʩʢʦʥʪʘʢʪʥʳʭ ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ. 

1.3.5. ʄʘʛʥʠʪʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʅʝ ʩʝʢʨʝʪ, ʯʪʦ ʨʘʙʦʪʘ ʙʦʣʴʰʠʥʩʪʚʘ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʧʣʦʚʳʭ ʤʘʰʠʥ ʦʩʥʦʚʘʥʘ ʥʘ ʧʨʷʤʳʭ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʮʠʢʣʘʭ (ɼʠʟʝʣʷ, ʆʪʪʦ, ʄʠʣʣʝʨʘ ʠ ʜʨ.) [108], ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʧʨʝʜʝʣʦʤ ʧʦ 

ʵʬʬʝʪʠʚʥʦʩʪʠ ʜʣʷ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʧʨʷʤʦʡ ʮʠʢʣ ʂʘʨʥʦ, ʦʧʠʩʘʥʥʳʡ ʉʘʜʠ ʂʘʨʥʦ ʚ ʥʘʯʘʣʝ XIX 

ʚʝʢʘ [109]. ʉʦʛʣʘʩʥʦ ʧʝʨʚʦʤʫ ʟʘʢʦʥʫ ʪʝʨʤʦʜʠʥʘʤʠʢʠ, ʤʝʭʘʥʠʯʝʩʢʘʷ ʨʘʙʦʪʘ ʚ ʵʪʠʭ ʮʠʢʣʘʭ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʫʪʸʤ ʧʝʨʝʜʘʯʠ ʪʝʧʣʘ ʦʪ ʛʦʨʷʯʝʛʦ ʨʝʟʝʨʚʫʘʨʘ ʢ ʭʦʣʦʜʥʦʤʫ, ʘ ʢʦʵʬʬʠʮʠʝʥʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ (COP) ʧʨʠ ʵʪʦʤ ʥʝ ʤʦʞʝʪ ʧʨʝʚʳʰʘʪʴ COP ʠʜʝʘʣʴʥʦʡ ʪʝʧʣʦʚʦʡ ʤʘʰʠʥʳ 

ʂʘʨʥʦ, ʜʣʷ ʢʦʪʦʨʦʡ ʚʩʝʛʜʘ COP < 1. ɽʩʣʠ ʞʝ ʪʝʧʣʦʚʘʷ ʤʘʰʠʥʘ ʨʘʙʦʪʘʝʪ ʧʦ ʦʙʨʘʪʥʦʤʫ ʮʠʢʣʫ 

ʂʘʨʥʦ, ʟʘʪʨʘʯʠʚʘʷ ʨʘʙʦʪʫ ʥʘ ʧʝʨʝʜʘʯʫ ʪʝʧʣʘ ʦʪ ʭʦʣʦʜʥʦʛʦ ʨʝʟʝʨʚʫʘʨʘ ʢ ʛʦʨʷʯʝʤʫ, ʪʦ ʜʣʷ ʥʝy 

ʤʦʞʝʪ ʙʳʪʴ COP > 1 (ʨʠʩ.1.4). ʄʦʱʥʦʩʪʴ ʪʘʢʦʡ ʭʦʣʦʜʠʣʴʥʦʡ ʤʘʰʠʥʳ (ʠʣʠ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ) 

ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʮʠʢʣʦʚ, ʧʨʦʠʟʚʝʜʸʥʥʳʭ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ, ʠ ʦʪ ʢʦʣʠʯʝʩʢʪʚʘ ʪʝʧʣʦʪʳ, 

ʧʝʨʝʜʘʥʥʦʛʦ ʟʘ ʮʠʢʣ, ʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦʤ ʥʝʦʙʨʘʪʠʤʦʡ 

ʨʘʙʦʪʳ, ʧʨʦʠʟʚʦʜʠʤʦʡ ʚ ʪʝʯʝʥʠʝ ʮʠʢʣʘ.  

ɺ ʩʣʫʯʘʝ ʦʨʛʘʥʠʟʘʮʠʠ ʮʠʢʣʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʥʘʤʘʛʥʠʯʠʚʘʥʠ/ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʷ ʤʘʛʥʠʪʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʩ ʄʂʕ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʚ ʫʩʪʨʦʡʩʪʚʝ, ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʭʦʣʦʜʥʦʛʦ ʨʝʟʝʨʚʫʘʨʘ [110]. ʄʘʛʥʠʪʥʦʝ ʨʘʙʦʯʝʝ ʪʝʣʦ 

ʩʣʫʞʠʪ ʘʥʘʣʦʛʦʤ ʭʣʘʜʘʛʝʥʪʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʪʨʘʜʠʮʠʦʥʥʳʭ ʧʘʨʦʛʘʟʦʚʳʭ ʭʦʣʦʜʠʣʴʥʳʭ 

ʫʩʪʨʦʡʩʪʚʘʭ, ʘ ʧʨʦʮʝʩʩ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ/ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʷ - ʘʥʘʣʦʛʦʤ ʮʠʢʣʦʚ ʩʞʘʪʠʷ/ʨʘʩʰʠʨʝʥʠʷ 

(ʨʠʩ. 1.5). COP ʦʭʣʘʞʜʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʭʦʣʦʜʠʣʴʥʦʡ ʤʘʰʠʥʳ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʘʢ ʦʪʥʦʰʝʥʠʝ 

ʢʦʣʠʯʝʩʪʚʘ ʪʝʧʣʘ, ʦʪʚʝʜʝʥʥʦʛʦ ʦʪ ʭʦʣʦʜʥʦʛʦ ʨʝʟʝʨʚʫʘʨʘ ʟʘ ʦʜʠʥ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʮʠʢʣ ȹQ2, ʢ 

ʚʝʣʠʯʠʥʝ ʨʘʙʦʪʳ ŭɸ, ʩʦʚʝʨʰʝʥʥʦʡ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʥʘʜ ʤʘʛʥʝʪʠʢʦʤ ʟʘ ʮʠʢʣ (ʨʠʩ.  1.4): 

2Q
COP

Ad

D
= ,     (1.35) 

ʈʘʙʦʪʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʟʘ ʮʠʢʣ ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʝʨʝʟ ʚʝʣʠʯʠʥʫ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ H 

ʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʄ ʤʘʛʥʝʪʠʢʘ ʢʘʢ [105]: 

A HdMd =ñ .     (1.36) 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʭʦʣʦʜʠʣʴʥʦʡ ʩʠʩʪʝʤʳ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ 

COP ʩʪʨʝʤʠʣʩʷ ʢ ʟʥʘʯʝʥʠʷʤ ʠʜʝʘʣʴʥʦʛʦ ʮʠʢʣʘ ʦʭʣʘʞʜʝʥʠʷ, ʪ.ʝ. ʢ COP ʠʜʝʘʣʴʥʦʛʦ ʦʙʨʘʪʥʦʛʦ 

ʮʠʢʣʘ ʂʘʨʥʦ, ʢʦʪʦʨʳʡ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 
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COP

T T
=
-

,     (1.37) 

ʛʜʝ T1, T2 ï ʨʘʙʦʯʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʨʷʯʝʛʦ ʠ ʭʦʣʦʜʥʦʛʦ ʨʝʟʝʨʚʫʘʨʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʉʦʦʪʥʦʰʝʥʠʝʤ ʜʚʫʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝ ʬʘʢʪʦʨʘ 

ʠʜʝʘʣʴʥʦʩʪʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʮʠʢʣʘ: 

100%
i

COP

COP
h= Ö .     (1.38) 

ɺ ʤʘʛʥʠʪʥʳʭ ʭʦʣʦʜʠʣʴʥʳʭ ʫʩʪʘʥʦʚʢʘʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʝʛʝʥʝʨʘʪʠʚʥʳʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ 

ʮʠʢʣʳ ɹʨʘʡʪʦʥʘ, ʕʨʠʢʩʩʦʥʘ, ʘ ʪʘʢʞʝ ʩʧʝʮʠʘʣʴʥʳʡ ʘʢʪʠʚʥʳʡ ʤʘʛʥʠʪʥʳʡ ʨʝʛʝʥʝʨʘʪʠʚʥʳʡ (ɸʄʈ) 

ʮʠʢʣ [113, 114]. ʄʝʪʦʜʳ ʤʘʛʥʠʪʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ, ʚʢʣʶʯʘʶʱʠʝ ʚ ʩʝʙʷ ʪʝʧʣʦʚʫʶ ʨʝʛʝʥʝʨʘʮʠʶ ʠ 

ʮʠʢʣʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʝʱʝ ʚ 60-ʭ ʛʦʜʘʭ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ. 

ɼʞ. ɹʨʘʫʥ ʠʟ ʅɸʉɸ ʚ 1976 ʛʦʜʫ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʤʘʛʥʠʪʥʳʡ ʭʦʣʦʜʠʣʴʥʠʢ ʥʘ ʦʩʥʦʚʝ ɸʄʈ 

ʮʠʢʣʘ, ʜʝʡʩʪʚʫʶʱʠʡ ʚʙʣʠʟʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʩ ʨʘʙʦʯʠʤ ʜʠʘʧʘʟʦʥʦʤ ʪʝʤʧʝʨʘʪʫʨ ʚ 50 ʂ 

[24]. ʆʜʥʘʢʦ ʤʦʱʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʪʦʛʦ ʭʦʣʦʜʠʣʴʥʠʢʘ ʙʳʣʠ ʥʠʟʢʠʤʠ, ʧʦʩʢʦʣʴʢʫ 

ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʛʨʘʜʠʝʥʪ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʧʦʜʜʝʨʞʠʚʘʪʴ ʧʫʪʝʤ ʧʝʨʝʤʝʰʠʚʘʥʠʷ 

ʪʝʧʣʦʦʪʚʦʜʷʱʝʡ ʞʠʜʢʦʩʪʠ, ʘ ʚʨʝʤʷ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʟʘʨʷʜʢʠ ʠ ʨʘʟʨʷʜʢʠ ʤʘʛʥʠʪʘ, ʙʳʣʦ ʩʣʠʰʢʦʤ 

ʙʦʣʴʰʠʤ.  

ʆʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʫʩʧʝʰʥʳʭ ʧʨʦʪʦʪʠʧʦʚ ʙʳʪʦʚʳʭ ʭʦʣʦʜʠʣʴʥʠʢʦʚ ʩ ʨʘʙʦʯʠʤ ʪʝʣʦʤ ʠʟ ʄʂ 

ʤʘʪʝʨʠʘʣʘ, ʘ ʯʪʦ ʩʘʤʦʝ ʚʘʞʥʦʝ ï ʩ ʠʟʚʝʩʪʥʳʤʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, 

ʧʨʝʜʩʪʘʚʣʝʥ ʚ 2016 ʛʦʜʫ ʚ ʨʘʙʦʪʝ [115]. ɺ ʨʦʪʦʨʥʦʤ ʤʘʛʥʠʪʥʦʤ ʭʦʣʦʜʠʣʴʥʠʢʝ ʩ ʧʦʩʪʦʷʥʥʳʤʠ 

ʤʘʛʥʠʪʘʤʠ ʚ ʢʦʥʬʠʛʫʨʘʮʠʠ ʍʘʣʴʙʘʭʘ ʜʦʩʪʠʛʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ 12,5 ʢʕ (ʩʨʝʜʥʝʝ 

 
ʈʠʩ. 1.4 ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʭʦʣʦʜʠʣʴʥʦʡ ʤʘʰʠʥʳ ï ʦʙʨʘʪʥʳʡ ʮʠʢʣ ʂʘʨʥʦ. ɿʘ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʮʠʢʣ ʥʘʜ 

ʨʘʙʦʯʠʤ ʪʝʣʦʤ ʩʦʚʝʨʰʘʝʪʩʷ ʨʘʙʦʪʘ ŭɸ, ʧʨʠ ʵʪʦʤ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ ȹQ2 ʧʦʩʪʫʧʘʝʪ ʦʪ ʭʦʣʦʜʥʦʛʦ ʨʝʟʝʨʚʫʘʨʘ ʢ 

ʨʘʙʦʯʝʤʫ ʪʝʣʫ, ʘ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ ȹQ1 ʧʝʨʝʜʘʝʪʩʷ ʦʪ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʢ ʛʦʨʷʯʝʤʫ ʨʝʟʝʨʚʫʘʨʫ. 
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ï 11 ʢʕ). ɺ ʩʠʩʪʝʤʝ ʠʩʧʦʣʴʟʫʝʪʩ ̫8 ʨʘʜʠʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʨʝʛʝʥʝʨʘʪʦʨʦʚ ʜʣʷ ɸʄʈ ʮʠʢʣʘ, 

ʢʦʪʦʨʳʝ ʟʘʧʦʣʥʝʥʳ ʯʘʩʪʠʮʘʤʠ Gd ʩʬʝʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʩ ʦʙʱʝʡ ʤʘʩʩʦʡ 1,20 ʢʛ. 

ɼʝʤʠʥʝʨʘʣʠʟʦʚʘʥʥʘʷ ʚʦʜʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʨʝʛʝʥʝʨʠʨʫʶʱʝʡ ʞʠʜʢʦʩʪʠ. ʈʘʩʧʨʝʜʝʣʝʥʠʝʤ 

ʞʠʜʢʦʩʪʠ ʫʧʨʘʚʣʷʝʪ ʧʦʚʦʨʦʪʥʳʡ ʢʣʘʧʘʥ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚʥʫʪʨʠ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ, ʚ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʮʠʨʢʫʣʷʮʠʷ ʞʠʜʢʦʩʪʠ ʜʦʩʪʠʛʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʦʙʳʯʥʦʛʦ ʧʣʘʩʪʠʥʯʘʪʦ-ʨʦʪʦʨʥʦʛʦ ʥʘʩʦʩʘ. 

ʀʩʧʳʪʘʥʠʷ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʪʝʧʣʦʚʦʡ ʥʘʛʨʫʟʢʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 296 K ʧʦʢʘʟʘʣʠ ʤʘʢʩʠʤʘʣʴʥʳʡ 

ʨʘʙʦʯʠʡ ʜʠʘʧʘʟʦʥ ʦʭʣʘʞʜʝʥʠʷ 11,9 ʂ (ʧʨʠ f = 0,93 ɻʮ), ʘ ʧʨʠ ʪʝʧʣʦʚʦʡ ʥʘʛʨʫʟʢʝ ʚ 200 ɺʪ 

ʤʘʢʩʠʤʘʣʴʥʳʡ COP = 2,5 (ʧʨʠ f = 0,38 ɻʮ). 

ʄʦʞʥʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ ʩʦʚʨʝʤʝʥʥʳʝ ʧʨʦʪʦʪʠʧʳ ʄʂ ʭʦʣʦʜʠʣʴʥʳʭ ʤʘʰʠʥ [114-115] 

ʥʝ ʩʠʣʴʥʦ ʧʨʝʚʦʩʭʦʜʷʪ ʩʚʦʝʛʦ ʧʨʘʨʦʜʠʪʝʣʷ [24] ʧʦ ʤʦʱʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʧʦʪʦʤʫ ʯʪʦ 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʄʂ ʤʘʪʝʨʠʘʣʳ ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʮʝʣʳʤ ʨʷʜʦʤ ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, 

ʯʪʦʙʳ ʵʪʘ ʥʦʚʘʷ ʪʝʭʥʦʣʦʛʠʷ ʩʪʘʣʘ ʢʦʤʤʝʨʯʝʩʢʦʡ. ʆʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʧʨʦʙʣʝʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʘ ̫ʤʝʭʘʥʠʯʝʩʢʘʷ ʧʨʦʯʥʦʩʪʴ ʄʂ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʧʦʨʠʩʪʳʭ/ʩʦʪʦʚʳʭ ʨʝʛʝʥʝʨʘʪʦʨʘʭ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʙʳʩʪʨʳʡ ʪʝʧʣʦʦʙʤʝʥ. 

ʈʝʰʝʥʠʝ ʧʨʦʙʣʝʤ ʧʨʦʯʥʦʩʪʠ ʄʂ ʤʘʪʝʨʠʘʣʦʚ, ʫʩʢʦʨʠʪ ʨʘʟʚʠʪʠʝ ʥʝ ʪʦʣʴʢʦ ʤʘʛʥʠʪʥʦʛʦ 

ʦʭʣʘʞʜʝʥʠʷ, ʥʦ ʠ ʜʨʫʛʠʭ ʦʙʣʘʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ ʄʂ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʪʝʨʤʦʤʘʛʥʠʪʥʳʝ 

ʜʚʠʛʘʪʝʣʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ [116]. ʆʧʫʙʣʠʢʦʚʘʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʙʟʦʨʥʳʭ 

ʩʪʘʪʝʡ, ʨʘʩʩʤʘʪʨʠʚʘʶʱʠʭ ʚʦʧʨʦʩʳ ʢʘʢ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʄʂʕ, ʪʘʢ ʠ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʠʟʚʝʩʪʥʳʭ ʄʂ ʤʘʪʝʨʠʘʣʦʚ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʜʣʷ ʤʘʛʥʪʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ [9, 10, 116-119]. 

 
(ʘ) (ʙ) 

ʈʠʩ.1.5. ʉʭʝʤʘʪʠʯʝʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠ ̫ʧʨʦʮʝʩʩʘ ʤʘʛʥʠʪʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʠʟ ʨʘʙʦʪ (ʘ) [111] ʠ (ʙ) [112]. 
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ɻʃɸɺɸ 2. ʄɸʊɽʈʀɸʃʓ ʀ ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʓɽ ʄɽʊʆɼʓ 

2.1. ʄʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ 

ʄʂ ʤʘʪʝʨʠʘʣʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʦʙʨʘʪʠʤʳʝ ʪʝʧʣʦʚʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʦʪʚʝʪ ʥʘ ʠʟʤʝʥʝʥʠʝ 

ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ȹH. ʄʂʕ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʳʟʳʚʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʚʝʣʠʯʠʥʳ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ȹH, ʥʦ ʪʘʢʞʝ ʠ ʚʨʘʱʘʶʱʠʝʩʷ ʧʦʣʷ ʤʦʛʫʪ ʚʳʟʳʚʘʪʴ ʄʂʕ ʠʟ-ʟʘ ʩʧʠʥ-ʧʝʨʝʦʨʠʝʥʪʘʮʠʦʥʥʳʭ 

ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʳʭ ʌʇ [120]. ɺ ʥʝʢʦʪʦʨʳʭ ʚʝʱʝʩʪʚʘʭ, ʥʘʧʨʠʤʝʨ, ʚ ʤʝʪʘʣʣʠʯʝʩʢʦʤ Gd ʧʨʠ ʌʇ 

2-ʛʦ ʨʦʜʘ [40], ʘ ʪʘʢʞʝ ʚ ʩʦʝʜʠʥʝʥʠʷʭ Gd-Ge-Si [29], ʩʧʣʘʚʘʭ ʩʠʩʪʝʤʳ Ni2MnGa [34] ʠ ʜʨ. ʩ 

ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʳʤʠ ʌʇ 1-ʛʦ ʨʦʜʘ ʧʨʠ ʚʢʣʶʯʝʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠʭ ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʩʪʝʪ 

(æT > 0) ʚ ʘʜʠʘʙʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʠ ʪʝʧʣʦ ʫʭʦʜʠʪ ʠʟ ʤʘʪʝʨʠʘʣʘ ʚʦ ʚʥʝʰʥʠʡ ʨʝʟʝʨʚʫʘʨ (ȹQ < 0) 

ʚ ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. ʊʘʢʦʡ ʵʬʬʝʢʪ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʧʨʷʤʳʤ ʄʂʕ. ʀʥʘʷ ʩʠʪʫʘʮʠʷ ʠʤʝʝʪ 

ʤʝʩʪʦ, ʥʘʧʨʠʤʝʨ, ʚ ʩʧʣʘʚʘʭ FeRh [26], Ni-Mn-In [87] ʠ ʜʨ., ʚ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʝʪʩʷ ʤʝʪʘʤʘʛʥʠʪʳʡ 

ʌʇ 1-ʛʦ ʨʦʜʘ, ʠ ʧʨʠ ʚʢʣʶʯʝʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ æT < 0 ʠ æQ > 0 ïɻ ʪʦ ʦʙʨʘʪʥʳʡ ʄʂʕ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʤʘʪʝʨʠʘʣʳ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ʄʂʕ ʧʨʠ ʌʇ (ʨʠʩ 2.1), ʧʦ ʩʚʦʡʩʚʘʤ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 

ʪʨʠ ʦʩʥʦʚʥʳʭ ʪʠʧʘ: 

¶ ʆʙʳʯʥʳʝ ʄʂ ʤʘʪʝʨʠʘʣʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ȹT > 0, ȹS < 0 ʠ ȹQ < 0, ʢʦʛʜʘ ʚʝʣʠʯʠʥʘ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʕʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʌʇ ʤʝʞʜʫ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤ 

ʩʦʩʪʦʷʥʠʝʤ, ʚ ʢʦʪʦʨʦʤ ʧʘʨʘʤʝʪʨ ʧʦʨʷʜʢʘ (ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ) ʤʘʣ ʠʣʠ ʨʘʚʝʥ ʥʫʣʶ ʚ ʥʫʣʝʚʦʤ ʧʦʣʝ, 

ʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤ ʩʦʩʪʦʷʥʠʝʤ, ʚ ʢʦʪʦʨʦʤ ʧʘʨʘʤʝʪʨ ʧʦʨʷʜʢʘ ʚ ʥʫʣʝʚʦʤ ʧʦʣʝ ʚʝʣʠʢ (ʨʠʩ. 2.1ʘ).  

¶ ʄʘʪʝʨʠʘʣʳ ʩ ʛʠʛʘʥʪʩʢʠʤ ʄʂʕ, ʚ ʢʦʪʦʨʳʭ ʤʘʛʥʠʪʥʳʡ ʌʇ ʩʣʠʚʘʝʪʩʷ ʩʦ ʩʪʨʫʢʪʫʨʥʳʤ, ʘ 

ʨʘʟʥʦʩʪʴ ʵʥʪʨʦʧʠʡ ʨʝʰʝʪʢʠ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʩʦʩʪʦʷʥʠʷʭ ʜʘʸʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʄʂʕ. ɽʩʣʠ ʵʪʦʪ ʚʢʣʘʜ ʦʪʨʠʮʘʪʝʣʝʥ (ȹSlat < 0) ʠ ʩʦʚʧʘʜʘʝʪ ʧʦ ʟʥʘʢʫ ʩ 

ʤʘʛʥʠʪʥʳʤ ʚʢʣʘʜʦʤ, ʪʦ ʛʦʚʦʨʷʪ ʦ ʛʠʛʘʥʪʩʢʦʤ ʧʨʷʤʦʤ ʄʂʕ (ʨʠʩ. 2.1ʙ). 

¶ ʄʘʪʝʨʠʘʣʳ ʩ ʛʠʛʘʥʪʩʢʠʤ ʦʙʨʘʪʥʳʤ ʄʂʕ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ȹT < 0, ȹS > 0 ʠ ȹQ > 0, ʢʦʛʜʘ 

ʚʝʣʠʯʠʥʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʕʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʌʇ ʤʝʞʜʫ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤ 

ʩʦʩʪʦʷʥʠʝʤ, ʚ ʢʦʪʦʨʦʤ ʧʘʨʘʤʝʪʨ ʧʦʨʷʜʢʘ ʤʘʣ ʠʣʠ ʨʘʚʝʥ ʥʫʣʶ ʧʨʠ H = 0, ʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤ 

ʩʦʩʪʦʷʥʠʝʤ, ʚ ʢʦʪʦʨʦʤ ʧʘʨʘʤʝʪʨ ʧʦʨʷʜʢʘ ʚ ʥʫʣʝʚʦʤ ʧʦʣʝ ʚʝʣʠʢ, ʧʨʠ ʵʪʦʤ ʨʝʰʝʪʦʯʥʳʡ ʚʢʣʘʜ 

ʧʦʣʦʞʠʪʝʣʝʥ (ȹSlat > 0) ʠ ʩʦʚʧʘʜʘʝʪ ʧʦ ʟʥʘʢʫ ʩ ʤʘʛʥʠʪʥʳʤ ʚʢʣʘʜʦʤ (ʨʠʩ. 2.1ʚ).  
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ʈʠʩ. 2.1. ʊʨʠ ʦʩʥʦʚʥʳʭ ʪʠʧʘ ʄʂʕ: ʘ) ʧʨʷʤʦʡ; ʙ) ʛʠʛʘʥʪʩʢʠʡ ʧʨʷʤʦʡ; ʚ) ʛʠʛʘʥʪʩʢʠʡ ʦʙʨʘʪʥʳʡ. 

2.1.1. ʏʠʩʪʳʡ Gd 

ɻʘʜʦʣʠʥʠʡ ï ʝʜʠʥʩʪʚʝʥʥʳʡ ʨʝʜʢʦʟʝʤʝʣʴʥʳʡ ʤʘʪʝʨʠʘʣ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʤʘʛʥʠʪʥʦʝ 

ʫʧʦʨʷʜʦʯʝʥʠʝ ʚʙʣʠʟʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʦʵʪʦʤʫ ʯʘʩʪʦ ʩʯʠʪʘʝʪʩʷ ʧʨʦʩʪʳʤ 

ʛʝʡʟʝʥʙʝʨʛʦʚʩʢʠʤ (ʪ.ʝ. ʢʣʘʩʩʠʯʝʩʢʠʤ) ʬʝʨʨʦʤʘʛʥʝʪʠʢʦʤ. ʇʨʝʚʨʘʱʝʥʠʝ ʇʄ-ʌʄ ʚ Gd ʷʚʣʷʝʪʩʷ 

ʌʇ 2-ʛʦ ʨʦʜʘ. ʄʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ Gd ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢ ʠ ʦʙʫʩʣʦʚʣʝʥ ʥʘʣʠʯʠʝʤ 7-ʤʠ ʥʝʧʘʨʥʳʭ 

4f ɻ ʣʝʢʪʨʦʥʦʚ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʧʦʣʥʳʡ ʫʛʣʦʚʦʡ ʤʦʤʝʥʪ J=L+S=7/2. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʤʝʪʘʣʣʠʯʝʩʢʠʡ 

Gd ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʛʝʢʩʘʛʦʥʘʣʴʥʫʶ ʧʣʦʪʥʦʫʧʘʢʦʚʘʥʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʘ ʝʛʦ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ 

ʪʘʢʞʝ h ʠʨʦʢʦ ʠʟʫʯʝʥʳ [121, 122]. ʉʦʛʣʘʩʥʦ ʥʝʡʪʨʦʥʥʦ-ʜʠʬʨʘʢʮʠʦʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ Gd ʠʤʝʝʪ 

ʌʄ ʫʧʦʨʷʜʦʯʝʥʠʝ ʥʠʞʝ ʪʦʯʢʠ ʂʶʨʠ TC å 293 K ʠ ʦʩʪʘʝʪʩʷ ʬʝʨʨʦʤʘʛʥʝʪʠʢʦʤ ʚʧʣʦʪʴ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨ ʞʠʜʢʦʛʦ ʛʝʣʠʷ [123]. ʆʩʴ ʣʝʛʢʦʛʦ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʩʦʚʧʘʜʘʝʪ ʩ ʰʝʩʪʠʢʨʘʪʥʦʡ ʦʩʴ ʁ

ʩʠʤʤʝʪʨʠʠ, ʪ.ʝ. ʥʘʧʨʘʚʣʝʥʠʝ [0001] ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ, ʦʪ TC ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʠʥʦʚʦʡ 

ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ TSR å 230 K. ʅʠʞʝ TSR ʚʝʢʪʦʨ ʣʝʛʢʦʛʦ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʦʪʭʦʜʠʪ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ 

[0001], ʘ ʫʛʦʣ ʢʦʥʫʩʘ ʤʝʞʜʫ ʦʩʴʶ ʰʝʩʪʠʢʨʘʪʥʦʡ ʩʠʤʤʝʪʨʠʠ ʠ ʦʩʴʶ ʣʝʛʢʦʛʦ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ 

ʠʟʤʝʥʷʝʪʩʷ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ. ʕʪʠ ʥʘʙʣʶʜʝʥʠʷ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʠʟʫʯʝʥʠʷ ʌʇ ʠ 

ʤʘʛʥʠʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʥʦ ʚ 1976 ʛʦʜʫ ʧʨʦʪʦʪʠʧ ʭʦʣʦʜʠʣʴʥʠʢʘ [24] ʥʘ ʦʩʥʦʚʝ Gd ʚʳʟʚʘʣ 

ʠʥʪʝʨʝʩ ʢ ʧʨʠʤʝʥʝʥʠʶ ʤʘʛʥʠʪʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɼʘʞʝ ʩʝʛʦʜʥʷ 

ʨʘʙʦʯʠʤ ʤʘʪʝʨʠʘʣʦʤ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʧʨʦʪʦʪʠʧʦʚ ʤʘʛʥʠʪʥʳʭ ʭʦʣʦʜʠʣʴʥʠʢʦʚ ʦʩʪʘʝʪʩʷ Gd [10, 115], 

ʧʦʩʢʦʣʴʢʫ ʙʦʣʴʰʘʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ (~7,5ɛB ʥʘ ʘʪʦʤ Gd) ʜʘʝʪ ʙʦʣʴʰʦʡ ʙʝʟʛʠʩʪʝʨʝʟʠʩʥʳʡ ʄʂʕ 

ʚʙʣʠʟʠ ʤʘʛʥʠʪʥʦʛʦ ʌʇ 2-ʛʦ ʨʦʜʘ ʚ ʵʪʦʤ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʦʤ, ʥʦ ʜʦʨʦʛʦʩʪʦʷʱʝʤ ʤʘʪʝʨʠʘʣʝ. 
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ʅʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʦʡ ʨʘʙʦʪʦʡ ʧʦ ʧʨʷʤʦʤʫ ʠʟʤʝʨʝʥʠʶ ʄʂʕ ʚ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ Gd ʷʚʣʷʝʪʩʷ 

[40], ʚ ʢʦʪʦʨʦʡ ʟʥʘʯʝʥʠʝ ȹT = 15,4 K ʧʦʣʫʯʝʥʦ ʚ ʠʤʧʫʣʴʩʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 75 ʢʕ. ɺ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʚ 18 ʢʕ ʟʥʘʯʝʥʠʷ ʄʂʕ ʚ ʦʙʨʘʟʮʘʭ Gd ʜʦʩʪʠʛʘʶʪ ȹT = 5 K 

[124], ʦʜʥʘʢʦ ʨʝʟʫʣʴʪʘʪ ʙʫʜʝʪ ʩʠʣʴʥʦ ʟʘʚʠʩʝʪʴ ʦʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʭʠʤʠʯʝʩʢʦʡ 

ʯʠʩʪʦʪʳ ʦʙʨʘʟʮʦʚ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʄʂʕ, ʧʦʣʫʯʝʥʥʳʝ ʚ Gd ʧʨʠ T0 ʚʙʣʠʟʠ TC ʚ ʩʠʣʴʥʳʭ 

ʠʤʧʫʣʴʩʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʩʦʩʪʘʚʣʷʶʪ ȹT = 63 K ʚ ʧʦʣʝ H = 550 ʢʕ [93, 94] ʠ ȹT = 60,5 K ʚ 

ʧʦʣʝ H = 620 ʢʕ [95]. 

ʆʙʨʘʟʮʳ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ Gd ʙʳʣʠ ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʘʚʪʦʨʫ ʧʨʦʬʝʩʩʦʨʦʤ ʄɻʋ ʠʤ. 

ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʜʦʢʪʦʨʦʤ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ ʊʝʨʸʰʠʥʦʡ ʀʨʠʥʦʡ ʉʝʤʸʥʦʚʥʦʡ. 

ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ Gd ʠʟʤʝʨʷʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʚʠʙʨʘʮʠʦʥʥʦʛʦ 

ʤʘʛʥʠʪʦʤʝʪʨʘ VersaLab Quantum Design ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 250-350 ʂ ʚ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʦʪ 

1 ʜʦ 30 ʢʕ ʩ ʰʘʛʦʤ 1 ʢʕ (ʨʠʩ. 2.2ʘ). ʄʂʕ ʚ ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʭ ʦʙʨʘʟʮʘʭ Gd ʚʙʣʠʟʠ ʌʇ ʚ ʤʘʛʥʠʪʥʦʤ 

ʧʦʣʝ 18 ʢʕ ʩʦʩʪʘʚʠʣ ȹT = 4 ʂ (ʨʠʩ. 2.2ʙ) [A1].  

 
(ʘ) 

 

 

 
 

(ʙ) 

ʈʠʩ 2.2. (ʘ) ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʦʙʨʘʟʮʘ Gd ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 250-350 ʂ ʚ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʦʪ 1 ʜʦ 30 ʢʕ ʩ ʰʘʛʦʤ 1 ʢʕ. ɺʦ ʚʨʝʟʢʝ - ʥʠʟʢʦʧʦʣʝʚʘʷ ʤʘʛʥʠʪʥʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ.  

(ʙ) ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ æʊ ʵʬʬʝʢʪʘ ʚ Gd ʚ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ 1-18 ʢʕ ʚʙʣʠʟʠ ʊʉ [A1]. 

  

2.1.2. ʉʦʝʜʠʥʝʥʠ ̫ʥʘ ʦʩʥʦʚʝ Mn 

ʉʦʝʜʠʥʝʥʠʷ ʥʘ ʦʩʥʦʚʝ Mn ʧʨʝʜʩʪʘʚʣʷʶʪ ʙʦʣʴʰʫʶ ʛʨʫʧʧʫ ʄʂ ʤʘʪʝʨʠʘʣʦʚ ʩ ʚʳʩʦʢʠʤ 

ʧʦʪʝʥʮʠʘʣʦʤ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʪʝʭʥʦʣʦʛʠʠ ʤʘʛʥʠʪʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ [114]. ʐʠʨʦʢʠʡ ʦʙʟʦʨ ʄʂ 

ʩʚʦʡʩʪʚ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ Mn ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʚ [125]. ɺ 2001 ʛʦʜʫ ʙʳʣ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥ 

ʛʠʛʘʥʪʩʢʠʡ ʄʂʕ ʚ ʩʦʝʜʠʥʝʥʠʠ MnAs ʩ ʪʦʯʢʦʡ ʂʶʨʠ TC = 313 ʂ ʩ ʠʟʤʝʥʝʥʠʝʤ ʤʘʛʥʠʪʥʦʡ 

ʵʥʪʨʦʧʠʠ ȹS = 40 ɼʞ/(ʢʛĀʂ) ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 20 ʢʕ [126], ʯʪʦ ʧʦ ʩʫʱʝʩʪʚʫ ʙʦʣʴʰʝ, ʯʝʤ ʚ 

Gd5Si2Ge2 [29], ʦʜʥʘʢʦ MnAs ʦʙʣʘʜʘʝʪ ʛʠʩʪʝʨʝʟʠʩʦʤ ʠʟ-ʟʘ ʌʇ 1-ʛʦ ʨʦʜʘ. ʐʠʨʠʥʘ ʛʠʩʪʝʨʝʟʠʩʘ ʠ 

ʪʦʯʢʘ ʂʶʨʠ ʚ ʩʦʝʜʠʥʝʥʠʠ MnAs ʤʦʛʫʪ ʙʳʪʴ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʳ ʧʫʪʝʤ ʟʘʤʝʥʳ ʦʧʨʝʜʝʣʝʥʥʦʡ ʜʦʣʠ 

As ʥʘ Sb [126, 127].  
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ʄʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʳʡ ʌʇ 1-ʛʦ ʨʦʜʘ ʚ MnAs ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʥʘʛʨʝʚʝ ʠʟ ʌʄ ʬʘʟʳ ʩ 

ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʨʝʰʸʪʢʦʡ ʪʠʧʘ B81 (ʛʨʫʧʧʘ ʩʠʤʤʝʪʨʠʠ P63/mmc) ʚ ʇʄ ʬʘʟʫ ʩ ʨʦʤʙʠʯʝʩʢʦʡ 

ʨʝʰʸʪʢʦʡ ʪʠʧʘ B31 (ʛʨʫʧʧʘ ʩʠʤʤʝʪʨʠʠ Pnma), ʧʨʠ ʵʪʦʤ ʧʨʦʷʚʣʷʝʪʩʷ ʛʠʛʘʥʪʩʢʘʷ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʷ 

ʧʦʨʷʜʢʘ 2% [128-132]. ɼʘʣʴʥʝʡʰʝʝ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 394 ʂ ʧʨʠʚʦʜʠʪ ʢ ʩʪʨʫʢʪʫʨʥʦʤʫ 

ʌʇ 2-ʛʦ ʨʦʜʘ ʪʠʧʘ ʩʤʝʱʝʥʠʷ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʩʠʤʤʝʪʨʠʠ ʨʝʰʝʪʢʠ (ʨʠʩ. 2.3). 

ʆʧʫʙʣʠʢʦʚʘʥʦ ʤʥʦʞʝʩʪʚʦ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʄʂʕ ʚ ʩʦʝʜʠʥʝʥʠʠ MnAs [131-138]. ʕʪʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ, ʢʘʢ ʧʨʘʚʠʣʦ, ʢʦʩʚʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʠʣʠ ʧʨʷʤʳʤʠ ʤʝʪʦʜʘʤʠ ʚ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʭ ʧʦʣʷʭ. ɺʝʣʠʯʠʥʘ ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ȹT = 12 ʂ ʙʳʣʘ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʧʨʷʤʳʤ ʤʝʪʦʜʦʤ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 60 ʢʕ [131], ʦʜʥʘʢʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʢʦʩʚʝʥʥʳʭ ʤʝʪʦʜʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʄʂʕ ʜʘʣʦ ʟʥʘʯʝʥʠʝ ȹT ~ 13 K ʚ ʧʦʣʝ 140 ʢʕ [132]. 

ʈʝʟʫʣʴʪʘʪ rʧʨʷʤʳʭ ʠʟʤʝʨʝʥʠʡ ʄʂʕ ʚ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ MnAs ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 100 ʢʕ 

ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ [ɸ12], ʤʘʢʩʠʤʘʣʴʥʳʝ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʨʠ ʵʪʦʤ ʩʦʩʪʘʚʠʣʠ: ȹT = 15 ʂ 

ʠ ȹQ = 9300 ɼʞ/ʢʛ ʧʨʠ ʊ0 = 311 ʂ 

 

ʈʠʩ. 2.3. ʉʭʝʤʘʪʠʯʝʩʢʠ: ʠʟʤʝʥʝʥʠʝ ʩʠʤʤʝʪʨʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʸʪʢʠ ʠ ʌʇ ʚ ʩʦʝʜʠʥʝʥʠʠ MnAs ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. 

 

ʄʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ MnAs ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʩʫʱʝʩʪʚʝʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ, 

ʢʦʪʦʨʳʝ ʟʘʪʨʫʜʥʷʶʪ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʄʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ 

ʦʙʨʘʟʮʳ MnAs ʥʝ ʦʙʣʘʜʘʶʪ ʜʦʩʪʘʪʦʯʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ï ʷʚʣʷʶʪʩʷ ʭʨʫʧʢʠʤʠ, ʠ 

ʜʦʚʦʣʴʥʦ ʙʳʩʪʨʦ ʨʘʟʨʫʰʘʶʪʩʷ ʧʨʠ ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʠ ʯʝʨʝʟ ʌʇ ʠʣʠ ʧʨʠ ʧʝʨʠʦʜʠʯʝʩʢʦʤ 

ʚʦʟʜʝʡʩʪʚʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ [ɸ12]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ MnAs ʚ ʯʠʩʪʦʤ ʚʠʜʝ ʜʣʷ 

ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ ʟʘʪʨʫʜʥʝʥʦ, ʧʦʵʪʦʤʫ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʩʠʣʴʥʳʭ ʠʤʧʫʣʴʩʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʙʳʣʠ ʩʦʟʜʘʥʳ ʩʧʝʮʠʘʣʴʥʳʝ ʢʦʤʧʦʟʠʪʥʳʝ ʦʙʨʘʟʮʳ ʥʘ ʦʩʥʦʚʝ MnAs.  
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ʆʙʨʘʟʮʳ ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʦʩʥʦʚʝ ʙʠʥʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ MnAs ʚ ʢʘʯʝʩʪʚʝ 

ʥʘʧʦʣʥʠʪʝʣʷ ʠ ʩʚʷʟʫʶʱʠʤ ʠʟ ʢʣʝʷ ɹʌ-2 (ʂʄ ʥʘ ʦʩʥʦʚʝ MnAs) ʙʳʣʠ ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʘʚʪʦʨʫ 

ʧʨʦʬʝʩʩʦʨʦʤ ɼʦʥʌʊʀ ʠʤ. ɸ.ɸ. ɻʘʣʢʠʥʘ ʜʦʢʪʦʨʦʤ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ ɺʘʣʴʢʦʚʳʤ 

ɺʠʢʪʦʨʦʤ ʀʚʘʥʦʚʠʯʝʤ. ʂʦʤʧʦʟʠʪʥʳʝ ʦʙʨʘʟʮʳ ʩʦʟʜʘʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʇʦʨʦʰʢʠ 

ʠʩʭʦʜʥʳʭ ʵʣʝʤʝʥʪʦʚ Mn ʠ As ʚʳʩʦʢʦʡ ʯʠʩʪʦʪʳ ʧʦʤʝʱʘʣʠʩʴ ʚ ʢʚʘʨʮʝʚʫʶ ʘʤʧʫʣʫ, ʢʦʪʦʨʘʷ 

ʦʪʢʘʯʠʚʘʣʘʩʴ ʜʦ ʜʘʚʣʝʥʠʷ ʚ 1 ʇʘ. ɸʤʧʫʣʫ ʤʝʜʣʝʥʥʦ ʥʘʛʨʝʚʘʣʠ ʜʦ 873 ʂ ʠ ʚʳʜʝʨʞʠʚʘʣʠ 24 ʯʘʩʘ 

ʧʨʠ ʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʯʪʦʙʳ ʠʩʭʦʜʥʳʝ ʵʣʝʤʝʥʪʳ Mn ʠ As ʧʨʦʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʣʠ, ʜʘʣʝʝ 

ʪʝʤʧʝʨʘʪʫʨʫ ʘʤʧʫʣʳ ʧʦʜʥʠʤʘʣʠ ʜʦ 1123 K ʠ ʚʳʜʝʨʞʠʚʘʣʠ 48 ʯʘʩʦʚ, ʧʦʩʣʝ ʯʝʛʦ ʘʤʧʫʣʘ 

ʦʭʣʘʞʜʘʣʘʩʴ ʚʤʝʩʪʝ ʩ ʧʝʯʴʶ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ɿʘʛʦʪʦʚʢʘ ʠʟʤʝʣʴʯʘʣʘʩʴ ʚ ʩʪʫʧʢʝ, 

ʧʦʣʫʯʝʥʥʳʡ ʧʦʨʦʰʦʢ ʩʤʝʰʠʚʘʣʩʷ ʩ ʢʣʝʝʤ ɹʌ-2, ʨʘʟʚʝʜʝʥʥʳʤ ʚ ʵʪʠʣʦʚʦʤ ʩʧʠʨʪʝ. ɼʘʣʝʝ 

ʧʦʣʫʯʝʥʥʳʡ ʩʦʩʪʘʚ ʙʳʣ ʩʧʨʝʩʩʦʚʘʥ ʚ ʬʦʨʤʝ (ʮʠʣʠʥʜʨ ʜʠʘʤʝʪʨʦʤ d = 4,1 ʤʤ ʠ ʜʣʠʥʦʡ L = 4,5 ʤʤ) 

ʠ ʚʳʩʫʰʝʥ ʚ ʤʫʬʝʣʴʥʦʡ ʧʝʯʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 393 K ʚ ʪʝʯʝʥʠʝ 2-ʭ ʯʘʩʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʠʣʩʷ 

ʢʦʤʧʦʟʠʪʥʳʡ ʦʙʨʘʟʝʮ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʤʘʩʩʦʡ 310 ʤʛ. ʇʣʦʪʥʦʩʪʴ ʧʦʣʫʯʝʥʥʦʛʦ 

ʢʦʤʧʦʟʠʪʥʦʛʦ ʦʙʨʘʟʮʘ ʩʦʩʪʘʚʠʣʘ ɟ = 5,22 ʛ/ʩʤ3. ʇʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʯʠʩʪʳʡ 

ʤʦʥʦʢʨʠʩʪʘʣʣ MnAs ʠʤʝʝʪ ʧʣʦʪʥʦʩʪʴ 6,17 ʛ/ʩʤ3 [133], ʘ ʧʣʦʪʥʦʩʪʴ ʢʣʝʷ ɹʌ-2 ʧʝʨʝʜ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 0,78 ʛ/ʩʤ3, ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʩʚʷʟʫʶʱʝʛʦ ʧʦʣʠʤʝʨʘ ʚ ʧʦʣʫʯʝʥʥʦʤ 

ʢʦʤʧʦʟʠʪʝ ʩʦʩʪʘʚʠʣʘ ʦʢʦʣʦ 3 %, ʘ ʦʙʲʸʤʥʘʷ ʦʢʦʣʦ 18 %. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʂʄ ʥʘ ʦʩʥʦʚʝ MnAs ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ 

ʧʦʤʦʱʠ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʤʘʛʥʠʪʦʤʝʪʨʘ Quantum Design PPMS-9T ʚ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ 100 ʕ ʠ 40 

ʢʕ. ɺ ʤʘʪʝʨʠʘʣʝ ʥʘʙʣʶʜʘʝʪʩʷ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʳʡ ʌʇ 1-ʛʦ ʨʦʜʘ, ʧʨʠ ʵʪʦʤ ʩʜʚʠʛ ʪʝʤʧʝʨʘʪʫʨ ʌʇ 

ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʩʦʩʪʘʚʣʷʝʪ ɤ = +0,35 K/ʢʕ, ʘ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʩʫʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʛʠʩʪʝʨʝʟʠʩʘ ʚ ʩʠʣʴʥʦʤ ʧʦʣʝ (ʨʠʩ. 2.4ʘ). ʇʦ ʜʘʥʥʳʤ ɼʉʂ (ʨʠʩ. 2.4ʙ, ʧʫʥʢʪʠʨ) ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ 

ʭʘʨʘʢʪʝʨʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʦʛʦ ʌʇ 1-ʛʦ ʨʦʜʘ: FS = 309 ʂ, FF = 300 ʂ ʧʨʠ 

ʦʭʣʘʞʜʝʥʠʠ, ʠ PS = 315 K, PF = 322 ʂ ʧʨʠ ʥʘʛʨʝʚʝ. ʇʦʣʫʯʝʥʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʭʦʨʦʰʦ 

ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʦʙʨʘʟʮʝ MnAs [A12] (ʨʠʩ. 2.4ʙ, 

ʩʧʣʦʰʥʳʝ ʣʠʥʠʠ): FS = 309 ʂ, FF = 301 ʂ ʠ PS = 315 K, PF = 322 ʂ. ʅʘʡʜʝʥʥʘʷ ʢʘʢ ʧʣʦʱʘʜʴ ʧʦʜ 

ʧʠʢʘʤʠ ɼʉʂ ʩʢʨʳʪʘʷ ʪʝʧʣʦʪʘ ʌʇ ʧʨʠ ʥʘʛʨʝʚʝ ʠ ʦʭʣʘʞʜʝʥʠʠ ʢʦʤʧʦʟʠʪʥʦʛʦ ʦʙʨʘʟʮʘ ʩʦʩʪʘʚʠʣʘ 

ɚH = 8400 ɼʞ/ʢʛ ʠ ɚʉ = 8500 ɼʞ/ʢʛ, ʯʪʦ ʚʩʝʛʦ ʥʘ 100 ɼʞ/ʢʛ ʤʝʥʴʰʝ (ʥʘ 1,1 %), ʯʝʤ ʫ 

ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ. 
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PS

 

(ʘ) (ʙ) 

ʈʠʩ. 2.4. (ʘ) ɿʘʚʠʩʠʤʦʩʪʴ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʢʦʤʧʦʟʠʪʥʦʛʦ ʦʙʨʘʟʮʘ ʥʘ ʦʩʥʦʚʝ MnAs ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʤʘʛʥʠʪʥʳʭ 

ʧʦʣʷʭ 100 ʕ (ʣʝʚʘʷ ʰʢʘʣʘ) ʠ 40 ʢʕ (ʧʨʘʚʘʷ ʰʢʘʣʘ). (ʙ) ʈʝʟʫʣʴʪʘʪʳ ɼʉʂ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ MnAs (ʩʧʣʦʰʥʳʝ 

ʣʠʥʠʠ) ʠ ʢʦʤʧʦʟʠʪʘ ʥʘ ʦʩʥʦʚʝ MnAs (ʧʫʥʢʪʠʨ), ʩʢʦʨʦʩʪʴ ʧʨʦʭʦʜʘ 5 ʂ/ʤʠʥ [A20]. 

 

ɺ 2002 ʛʦʜʫ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʦʩʥʦʚʝ Mn: Mn-Fe-P-As [139]. 

ʈʝʛʫʣʠʨʫʷ ʩʦʦʪʥʦʰʝʥʠʝ P/As, ʪʦʯʢʫ ʂʶʨʠ ʊʉ ʤʦʞʥʦ ʠʟʤʝʥʷʪʴ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 

ʦʪ 150 ʜʦ 335 ʂ [140]. ʅʘʧʨʠʤʝʨ, ʩʦʝʜʠʥʝʥʠʝ MnFeP0.5As0.5 ʠʤʝʝʪ TC = 280 K ʠ ʠʟʤʝʥʝʥʠʝ 

ʤʘʛʥʠʪʥʦʡ ʵʥʪʨʦʧʠʠ ȹS = 25 ɼʞ/(ʢʛĀʂ) ʚ 20 ʢʕ, ʘ ʥʝʙʦʣʴʰʦʝ ʠʟʤʝʥʝʥʠʝ ʚ ʩʦʦʪʥʦʰʝʥʠʠ P/As ʚ 

ʩʦʝʜʠʥʝʥʠʠ MnFeP0.45As0.55 ʩʜʚʠʛʘʝʪ ʪʦʯʢʫ ʂʶʨʠ ʜʦ TC = 306 ʂ ʠ ʫʤʝʥʴʰʘʝʪ ʠʟʤʝʥʝʥʠʝ ʵʥʪʨʦʧʠʠ 

ʜʦ æS =13 ɼʞ/(ʢʛĀʂ) ʚ 20 ʢʕ [125, 141]. ɼʨʫʛʦʡ ʠʥʪʝʨʝʩʥʦʡ ʛʨʫʧʧʦʡ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ Mn 

ʷʚʣʷʶʪʩʷ ʩʧʣʘʚʳ Mn-Fe-P-Si [142], ʠʭ ʛʣʘʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʚ ʪʦʤ, ʯʪʦ ʦʥʠ ʥʝ ʩʦʜʝʨʞʘʪ 

ʪʦʢʩʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (As), ʥʦ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʄʂ ʧʦʚʝʜʝʥʠʝ ʘʥʘʣʦʛʠʯʥʦʝ Mn-Fe-P-As. ɼʣʷ 

ʩʦʝʜʠʥʝʥʠʡ MnFeP1-ySiy ʫʩʪʘʥʦʚʣʝʥʘ ʩʪʨʫʢʪʫʨʘ ʛʝʢʩʘʛʦʥʘʣʴʥʦʛʦ ʪʠʧʘ Fe2P ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ y = 0,28 

ʜʦ 0,64 ʠ ʨʦʤʙʠʯʝʩʢʦʛʦ ʪʠʧʘ Co2P ʜʣʷ y = 0,24 [143, 146], ʦʜʥʘʢʦ ʚʦ ʚʩʝʭ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʷʭ 

ʥʘʙʣʶʜʘʣʩʷ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʠʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʛʠʩʪʝʨʝʟʠʩ  25 ʂ. ɺ 2011 ʛʦʜʫ ʙʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʛʠʩʪʝʨʝʟʠʩ ʚ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʷʭ ʤʦʞʝʪ ʙʳʪʴ ʫʤʝʥʴʰʝʥ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ 

ʩʦʦʪʥʦʰʝʥʠʷ Mn/Fe [144]. ʂʨʦʤʝ ʪʦʛʦ, ʠʟʤʝʥʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ Mn/Fe ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʪʘʢʞʝ ʢ 

ʠʟʤʝʥʝʥʠʶ ʪʠʧʘ ʌʇ ʦʪ 1-ʛʦ ʨʦʜʘ ʜʦ 2-ʛʦ. ɹʣʘʛʦʜʘʨʷ ʪʘʢʠʤ ʰʠʨʦʢʠʤ ʚʦʟʤʦʞʥʦʩʪʷʤ ʚʘʨʴʠʨʦʚʘʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʌʇ ʠ ʰʠʨʠʥʳ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ, ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ 

ʫʜʝʣʷʝʪʩʷ ʠʤʝʥʥʦ ʩʝʤʝʡʩʪʚʫ ʩʦʝʜʠʥʝʥʠʡ (MnxFe2-x)(P1-ySiy) [142-149]. 

ʆʙʨʘʟʮʳ ʩʦʝʜʠʥʝʥʠʷ Mn1.22Fe0.73P0.47Si0.53 ʙʳʣʠ ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʘʚʪʦʨʫ ʧʨʦʬʝʩʩʦʨʦʤ 

ʅʦʨʤʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ɺʥʫʪʨʝʥʥʝʡ ʄʦʥʛʦʣʠʠ, PhD Francois Guillou. ʆʙʨʘʟʮ  r ʙʳʣʠ 

ʧʦʣʫʯʝʥ r ʤʝʪʦʜʦʤ ʪʚʝʨʜʦʬʘʟʥʦʡ ʨʝʘʢʮʠʠ [145, A4]. ʀʩʭʦʜʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʩʦʝʜʠʥʝʥʠʷ 

ʠʟʤʝʣʴʯʘʣʠʩʴ ʚ ʪʝʯʝʥʠʝ 10 ʯʘʩʦʚ ʚ ʰʘʨʦʚʦʡ ʤʝʣʴʥʠʮʝ, ʟʘʪʝʤ ʩʧʨʝʩʩʦʚʳʚʘʣʠʩʴ ʚ ʪʘʙʣʝʪʢʠ, 

ʢʦʪʦʨʳʝ ʟʘʧʘʠʚʘʣʠʩʴ ʚ ʢʚʘʨʮʝʚʳʝ ʘʤʧʫʣʳ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ ʧʦʜ ʜʘʚʣʝʥʠʝʤ 20 ʢʇʘ. ɸʤʧʫʣʳ 

ʚʳʜʝʨʞʠʚʘʣʠʩʴ ʧʨʠ 1373 ʂ ʚ ʪʝʯʝʥʠʝ 40 ʯʘʩʦʚ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʚʦʜʠʣʘʩʴ ʟʘʢʘʣʢʘ ʦʙʨʘʟʮʦʚ ʚ ʚʦʜʫ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ ʠʟʤʝʨʝʥʠʡ ʦʙʨʘʟʮʳ 5 ʨʘʟ ʥʘʛʨʝʚʘʣʠʩʴ/ʦʭʣʘʞʜʘʣʠʩʴ 
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(ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʝ ʯʝʨʝʟ ʌʇ). ʀʟʤʝʨʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʥʘ ʚʠʙʨʘʮʠʦʥʥʦʤ 

ʤʘʛʥʠʪʦʤʝʪʨʝ Quantum Design MPMS 5XL. ʅʘ ʨʠʩ. 2.5ʘ ʧʦʢʘʟʘʥ rʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ 

ʦʙʨʘʟʮʘ Mn1.22Fe0.73P0.47Si0.53 ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 0,5 ʢʕ (ʥʘʛʨʝʚ ʠ ʦʭʣʘʞʜʝʥʠʝ) ʠ 

ʧʦʣʷʭ ʦʪ 2,5 ʢʕ ʜʦ 20 ʢʕ ʩ ʰʘʛʦʤ 2,5 ʢʕ (ʪʦʣʴʢʦ ʥʘʛʨʝʚ). ʉʜʚʠʛ ʪʝʤʧʝʨʘʪʫʨʳ ʌʇ ʧʦ ʧʦʣʶ ʨʘʚʝʥ 

ɤ = +0,35 K/ʢʕ (ʨʠʩ. 2.5ʘ, ʥʘ ʚʩʪʘʚʢʝ). ɼʉʂ ʚ ʥʫʣʝʚʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʧʨʦʚʦʜʠʣʘʩɹ  ʚ 

ʢʦʤʤʝʨʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʝ TA-Q2000 ʩʦ ʩʢʦʨʦʩʪʴʶ ʧʨʦʭʦʜʘ 5 ʂ/ʤʠʥ (ʨʠʩ 2.5ʙ). ʄʘʛʥʠʪʥrʡ 

ʠʟʦʩʪʨʫʢʪʫʨʥʳʡ ʧʝʨʝʭʦʜ ʌʄ-ʇʄ ʚ ʤʘʪʝʨʠʘʣʝ ʦʙʣʘʜʘʝʪ ʛʠʩʪʝʨʝʟʠʩʦʤ ʩ ʭʘʨʘʢʪʝʨʥʳʤʠ 

ʪʝʤʧʝʨʘʪʫʨʘʤʠʠ: FS = 308 ʂ, FF = 303 ʂ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ, ʠ PS = 306 K, PF = 310,5 ʂ ʧʨʠ ʥʘʛʨʝʚʝ 

(ʨʠʩ 2.5ʙ). ʊʝʤʧʝʨʘʪʫʨʳ ʌʇ ʦʧʨʝʜʝʣʷʣʠʩʴ ʢʘʢ ʪʦʯʢʠ ʧʝʨʝʩʝʯʝʥʠʷ ʤʝʞʜʫ ʵʢʩʪʨʘʧʦʣʷʮʠʦʥʥʳʤʠ 

ʣʠʥʠʷʤʠ ʧʠʢʦʚ ʠ ʙʘʟʦʚʦʡ ʣʠʥʠʝʡ. ʉʢʨʳʪʘʷ ʪʝʧʣʦʪʘ ʌʇ ɚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʧʣʦʱʘʜʴ ʧʦʜ ʧʠʢʘʤʠ 

ɼʉʂ, ʠ ʨʘʚʥʘ  ɚH = 6200 ɼʞ/ʢʛ ʧʨʠ ʥʘʛʨʝʚʝ, ʠ ɚʉ = 6200 ɼʞ/ʢʛ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ. 
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ʈʠʩ. 2.5. (ʘ) ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʦʙʨʘʟʮʘ ʩʦʝʜʠʥʝʥʠʷ Mn1.22Fe0.73P0.47Si0.53 (ʧʨʠ ʥʘʛʨʝʚʝ, 

ʢʨʦʤʝ ʅ = 0,5 ʢʕ) ʚ ʨʘʟʣʠʯʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ (0,5 ʢʕ, ʘ ʟʘʪʝʤ ʦʪ 2,5 ʢʕ ʜʦ 20 ʢʕ ʩ ʰʘʛʦʤ 2,5 ʢʕ), ʥʘ ʚʩʪʘʚʢʝ: 

ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ PF ʦʪ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʧʦʣʫʯʝʥʥʘʷ ʧʦ ʨʝʟʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠʚ ʨʘʟʥʳʭ 

ʧʦʣʷʭ [A4]. (ʙ) ʈʝʟʫʣʴʪʘʪʳ ɼʉʂ ʦʙʨʘʟʮʘ Mn1.22Fe0.73P0.47Si0.53 ʧʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʦʭʣʘʞʜʝʥʠʠ ʠ ʥʘʛʨʝʚʝ (5 

ʂ/ʤʠʥ) ʯʝʨʝʟ ʤʘʛʥʠʪʥʳʡ ʌʇ 1-ʛʦ ʨʦʜʘ.  

 

2.1.3. ʉʧʣʘʚʳ ɻʝʡʩʣʝʨʘ ʩʝʤʝʡʩʪʚʘ Ni2MnGa 

ʉʨʝʜʠ ʤʘʪʝʨʠʘʣʦʚ ʩ ʄʂ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʢʣʘʩʩ ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ [150]. ʊʘʢ 

ʥʘʟʳʚʘʶʪ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʧʣʘʚʳ ʩ ʬʦʨʤʫʣʦʡ X2YZ, ʚ ʢʦʪʦʨʳʭ ʵʪʠ ʪʨʠ ʢʦʤʧʦʥʝʥʪʘ 

ʟʘʥʠʤʘʶʪ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ ʥʝʵʢʚʠʚʘʣʝʥʪʥʳʝ ʧʦʟʠʮʠʠ ʚ ʢʫʙʠʯʝʩʢʦʡ L21 ʩʪʨʫʢʪʫʨʝ. X ʠ Y ɻ ʪʦ 

3d ʵʣʝʤʝʥʪʳ, ʘ Z - ʵʣʝʤʝʥʪ IIIAïVA ʛʨʫʧʧ. ʕʪʠ ʩʧʣʘʚʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʵʣʝʤʝʥʪʘʤʠ X ʠ/ʠʣʠ Y, ʠ ʭʦʪʷ ʦʥʠ ï ʤʝʪʘʣʣʳ, ʠʭ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʯʘʩʪʦ 

ʫʜʘʝʪʩʷ ʦʧʠʩʘʪʴ ʚ ʪʝʨʤʠʥʘʭ ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʩ ʥʝʧʨʷʤʳʤ ʦʙʤʝʥʥʳʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ. ɺ ʪʘʢʦʡ ʚʘʞʥʦʡ ʛʨʫʧʧʝ ʩʧʣʘʚʦʚ, ʢʘʢ ʩʧʣʘʚʳ ʠʟ ʩʝʤʝʡʩʪʚʘ Ni2MnGa, ʤʘʛʥʠʪʥʳʝ 

ʤʦʤʝʥʪʳ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʣʦʢʘʣʠʟʦʚʘʥʳ ʥʘ ʘʪʦʤʘʭ Mn [151, 152], ʧʦʵʪʦʤʫ ʦʥʠ ʪʘʢʞʝ 

ʤʦʛʫʪ ʙʳʪʴ ʦʪʥʝʩʝʥʳ ʢ ʢʣʘʩʩʫ ʄʂ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ Mn.  
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ʈʘʩʩʤʦʪʨʠʤ ʩʧʣʘʚʳ ɻʝʡʩʣʝʨʘ ʩʝʤʝʡʩʪʚʘ Ni2MnGa ʩʦ ʩʪʨʫʢʪʫʨʥʳʤ (ʤʘʨʪʝʥʩʠʪʥʳʤ) ʌʇ, ʚ 

ʢʦʪʦʨʳʭ ʧʦʩʣʝʜʥʠʡ ʚʣʝʯʸʪ ʟʘ ʩʦʙʦʡ ʠʟʤʝʥʝʥʠʷ ʠ ʩʪʨʫʢʪʫʨʥʳʭ, ʠ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚʘʭ 

ʤʘʪʝʨʠʘʣʦʚ. ʕʪʠ ʤʘʪʝʨʠʘʣʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʪʘʢʠʝ ʩʚʷʟʘʥʥʳʝ ʩ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʳʤ ʌʇ 1-ʛʦ 

ʨʦʜʘ ʩʚʦʡʩʪʚʘ, ʢʘʢ ʤʘʛʥʠʪʥʳʡ ʕʇʌ ʠ ʩʚʝʨʭʫʧʨʫʛʠʝ ʵʬʬʝʢʪʳ [55]. ʄʘʛʥʠʪʥʘʷ ʧʘʤʷʪʴ ʬʦʨʤʳ ʙʳʣʘ 

ʚʧʝʨʚʳʝ ʦʙʥʘʨʫʞʝʥʘ ʚ 1996 ʛʦʜʫ [153], ʧʨʠʯʸʤ ʤʘʪʝʨʠʘʣ ʦʙʨʘʟʮʘ Ni-Mn-Ga ʧʦ ʩʦʩʪʘʚʫ ʙʳʣ 

ʙʣʠʟʦʢ ʢ ʛʝʡʩʣʝʨʦʚʦʡ ʩʪʝʭʠʦʤʝʪʨʠʠ 2ï1ï1. ʅʝʩʢʦʣʴʢʦ ʣʝʪ ʩʧʫʩʪʷ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʪʠ 

ʤʘʪʝʨʠʘʣʳ ʪʘʢʞʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʠʥʪʝʨʝʩʥʳʝ ʄʂ ʩʚʦʡʩʪʚʘ ʚʙʣʠʟʠ ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʌʇ [154, 155]. 

ʇʝʨʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ [154] ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʥʘ ʩʧʣʘʚʝ Ni51.5Mn22.7Ga25.8, ʠʩʧʳʪʳʚʘʶʱʝʤ 

ʤʘʨʪʝʥʩʠʪʥʳʡ ʌʇ ʥʠʞʝ 200 K, ʜʣʷ ʢʦʪʦʨʦʛʦ ʥʘʙʣʶʜʘʣʦʩʴ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ȹS 

(ʦʙʨʘʪʥʳʡ ʄʂʕ) ʧʨʠ ʧʨʠʣʦʞʝʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ < 10 ʢʕ. ɼʦʚʦʣʴʥʦ ʥʝʦʞʠʜʘʥʥʳʤ ʙʳʣʦ ʪʦ, 

ʯʪʦ ʚ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ [155] ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ȹS (ʧʨʷʤʦʡ ʄʂʕ) ʚ ʧʦʣʝ 

> 10 ʢʕ ʜʣʷ ʩʧʣʘʚʘ ʥʝʤʥʦʛʦ ʦʪʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ Ni52.6Mn23.1Ga24.3 ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʌʇ ʦʢʦʣʦ 290 K. 

ʕʪʠ ʨʘʟʣʠʯʠʷ ʚ ʄʂ ʧʦʚʝʜʝʥʠʠ ʙʳʣʠ ʦʙʲʷʩʥʝʥʳ ʚ [49, 156], ʛʜʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʙʨʘʪʥʳʡ 

ʄʂʕ, ʠʤʝʶʱʠʡ ʤʝʩʪʦ ʚ ʤʘʣʳʭ ʧʦʣʷʭ ʙʳʣ ʩʚʷʟʘʥ ʩ ʩʠʣʴʥʦʡ ʦʜʥʦʦʩʥʦʡ ʤʘʛʥʠʪʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʘʥʠʟʦʪʨʦʧʠʝʡ ʤʘʨʪʝʥʩʠʪʥʦʡ ʬʘʟʳ. ʂʦʛʜʘ ʩʦʩʪʘʚ ʠʟʤʝʥʷʝʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ 

ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʌʇ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʪʝʤʧʝʨʘʪʫʨʝ ʂʶʨʠ, ʘʥʠʟʦʪʨʦʧʠʷ ʦʩʣʘʙʝʚʘʝʪ, ʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʫʤʝʥʴʰʘʝʪʩʷ ʦʙʨʘʪʥʳʡ ʚʢʣʘʜ, ʠ ʧʨʷʤʦʡ ʄʂʕ ʩʪʘʥʦʚʠʪʩʷ ʜʦʤʠʥʠʨʫʶʱʠʤ. ɺ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʦʧʪʠʤʘʣʴʥʳʝ ʄʂ ʩʚʦʡʩʪʚʘ ʚʦʟʥʠʢʘʶʪ, ʢʦʛʜʘ ʦʙʘ ʌʇ, ʤʘʨʪʝʥʩʠʪʥʳʡ ʠ ʌʄ, 

ʥʘʭʦʜʷʪʩʷ ʙʣʠʟʢʦ ʜʨʫʛ ʢ ʜʨʫʛʫ [157]. 

ɺ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʘʫʩʪʝʥʠʪʥʦʤ ʩʦʩʪʦʷʥʠʠ ʫ ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ ʩʝʤʝʡʩʪʚʘ Ni2MnGa 

ʥʘʙʣʶʜʘʝʪʩʷ ʩʪʨʫʢʪʫʨʘ L21 (ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ Fm3ľm), ʢʦʪʦʨʘʷ ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʝʭ 

ʚʟʘʠʤʦʧʨʦʥʠʢʘʶʱʠʭ ɻʎʂ ʧʦʜʨʝʰʝʪʦʢ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.6ʘ. ʇʨʠ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʤ 

ʩʦʩʪʘʚʝ ʘʪʦʤʳ Ni ʟʘʥʠʤʘʶʪ ʧʦʟʠʮʠʠ 8c (ʚ ʩʠʩʪʝʤʝ ʦʙʦʟʥʘʯʝʥʠʡ ɺʘʡʢʦʬʬʘ), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʘʪʦʤʳ 

Mn ʠ Ga ʟʘʥʠʤʘʶʪ ʧʦʟʠʮʠʠ 4a ʠ 4b, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [151]. ʇʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʥʠ 

ʤʦʛʫʪ ʠʩʧʳʪʳʚʘʪʴ ʤʘʨʪʝʥʩʠʪʥʦʝ ʌʇ, ʠ ʚ ʥʠʭ ʤʦʛʫʪ ʧʦʷʚʠʪʴʩʷ ʨʘʟʣʠʯʥʳʝ ʩʪʨʫʢʪʫʨʳ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʩʧʣʘʚʳ ɻʝʡʩʣʝʨʘ Ni-Mn-Ga ʩ ʥʠʟʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ Ga ʧʝʨʝʭʦʜʷʪ ʚ ʪʝʪʨʘʛʦʥʘʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ 

L10, ʪʘʢ ʢʘʢ ʵʪʦ ʪʘʢʞʝ ʠ ʩʪʨʫʢʪʫʨʘ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠʩʭʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ Ni50Mn50. ʉʚʷʟʴ 

ʤʝʞʜʫ L21 ʠ ʪʝʪʨʘʛʦʥʘʣʴʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 2.6ʘ, ʪʘʢʞʝ ʦʪʜʝʣʴʥʦ ʥʘ ʨʠʩ. 2.6ʙ 

ʧʦʢʘʟʘʥʘ ʪʝʪʨʘʛʦʥʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ. ʕʪʦ ʥʝ ʝʜʠʥʩʪʚʝʥʥʘʷ ʠʟʚʝʩʪʥʘʷ ʩʪʨʫʢʪʫʨʘ ʤʘʨʪʝʥʩʠʪʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ, ʪ.ʢ. ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʤʦʜʫʣʠʨʦʚʘʥʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʙʦʣʴʰʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ Ga. ʉʘʤʳʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʤʦʜʫʣʠʨʦʚʘʥʥʳʝ 

ʩʪʨʫʢʪʫʨʳ ï 5M ʠ 7M. ʅʘ ʨʠʩ. 2.6ʚ ʧʦʢʘʟʘʥ ʚʠʜ ʥʘ ʚʝʨʭʥʶʶ ʧʣʦʩʢʦʩʪʴ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ, 

ʠʟʦʙʨʘʞʝʥʥʦʡ ʥʘ ʨʠʩ. 2.6ʙ. ɼʣʷ ʵʪʦʡ ʧʨʦʝʢʮʠʠ ʤʦʜʫʣʷʮʠʠ ʪʠʧʘ 5M ʠ 7M ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʥʘ ʨʠʩ. 

2.6ʛ ʠ 2.6ʜ. ʄʦʜʫʣʷʮʠʠ 5M ʠ 7M ʠʥʦʛʜʘ ʦʙʦʟʥʘʯʘʶʪʩʷ ʢʘʢ 10M ʠ 14M. 
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ʀʟ ʚʩʝʭ ʠʟʚʝʩʪʥʳʭ ʛʝʡʩʣʝʨʦʚʳʭ ʩʧʣʘʚʦʚ Ni-Mn-Z ʩ ʪʦʯʥʦʡ ʩʪʝʭʠʦʤʝʪʨʠʝʡ 2ï1ï1 ʣʠʰʴ 

Ni2MnGa ʠʩʧʳʪʳʚʘʝʪ ʤʘʨʪʝʥʩʠʪʥʦʝ ʧʨʝʚʨʘʱʝʥʠʝ, ʠ ʝʛʦ ʦʙʲʝʤ ʧʦʯʪʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʧʨʠ ʌʇ [154, 

158], ʧʦʵʪʦʤʫ ʩʪʨʫʢʪʫʨʳ, ʧʦʢʘʟʘʥʥʳʝ ʥʘ ʨʠʩ. 2.6, ʥʘʙʣʶʜʘʶʪʩʷ ʚ Ni2MnGa. ʇʦʭʦʞʠʝ ʩʪʨʫʢʪʫʨʳ 

ʚʩʪʨʝʯʘʶʪʩʷ ʠ ʚ ʜʨʫʛʠʭ ʩʧʣʘʚʘʭ Ni-Mn-Z (Z = Sn, In) [159, 160], ʠʩʧʳʪʳʚʘʶʱʠʭ ʤʘʨʪʝʥʩʠʪʥʳʡ 

ʌʇ, ʦʪʣʠʯʠʝ ʚ ʪʦʤ, ʯʪʦ ʚ ʥʠʭ ʌʇ ʧʨʦʠʩʭʦʜʠʪ ʚ ʥʝʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʩʦʩʪʘʚʘʭ, ʠ ʧʨʠ 

ʤʘʨʪʝʥʩʠʪʥʦʤ ʌʇ ʧʨʦʠʩʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʦʙʲʸʤʘ [161], ʯʪʦ ʚʥʦʩʠʪ ʩʣʦʞʥʦʩʪʠ ʚ 

ʦʧʠʩʘʥʠʠ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʩʦʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʘʫʩʪʝʥʠʪʥʳʤʠ ʠ ʤʘʨʪʝʥʩʠʪʥʳʤʠ 

ʩʦʩʪʦʷʥʠʷʤʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʬʘʢʪ ʥʘʙʣʶʜʝʥʠʷ ʧʦʜʦʙʥʳʭ ʤʦʜʫʣʠʨʦʚʘʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚ ʩʧʣʘʚʘʭ 

ʢʘʢ ʩ Ga, ʪʘʢ ʠ ʙʝʟ Ga, ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʤʘʨʪʝʥʩʠʪʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʚ ʩʧʣʘʚʘʭ ʩ ʨʘʟʥʳʤʠ Z, 

ʦʪʣʠʯʥʳʤʠ ʦʪ Ga, ʤʦʛʫʪ ʙʳʪʴ ʦʧʠʩʘʥʳ ʩʭʦʞʠʤʠ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʙʣʷʛʦʜʘʨʷ ʧʨʦʩʪʦʪʝ ʦʧʠʩʘʥʠʷ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʩʧʣʘʚʳ 

ɻʝʡʩʣʝʨʘ ʠʟ ʩʝʤʝʡʩʪʚʘ Ni2MnGa ʧʨʦʯʥʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʠ ʩʝʙʷ ʢʘʢ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩ 

ʤʘʛʥʠʪʥʳʤ ʕʇʌ ʠ ʛʠʛʘʥʪʩʢʠʤ ʄʂʕ [162-171]. 

 

ʈʠc. 2.6. ɸʫʩʪʝʥʠʪʥʘʷ ʠ ʤʘʨʪʝʥʩʠʪʥʘʷ ʩʪʨʫʢʪʫʨʳ ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ ʧʦʢʘʟʘʥʳ ʜʣʷ Ni2MnGa. ʉʚʝʪʣʦ-ʩʝʨʳʡ: Ni, ʙʝʣʳʡ: 

Mn, ʯʝʨʥʳʡ: Ga. (a) ʇʦʢʘʟʘʥʘ ʛʝʡʩʣʝʨʦʚʘ ʩʪʨʫʢʪʫʨʘ L21, ʘ ʪʘʢʞʝ ʩʚʷʟʴ ʩ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʦʡ, 

ʧʦʢʘʟʘʥʥʦʡ ʪʘʢʞʝ ʚ (ʙ). (ʚ) ɺʠʜ ʩʚʝʨʭʫ ʥʘ ʪʝʪʨʘʛʦʥʘʣʴʥʫʶ ʵʣʝʤʝʥʪʘʨʥʫʶ ʷʯʝʡʢʫ ʠ (ʛ) ʤʦʜʫʣʠʨʦʚʘʥʥʳʝ ʩʪʨʫʢʪʫʨʳ 

5M (ʠʣʠ 10M) ʠ (ʜ) 7M (ʠʣʠ 14M), ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʩʜʚʠʛʝ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʷʯʝʡʢʠ [34]. 
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ʉʣʠʪʦʢ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʧʣʘʚʘ ɻʝʡʩʣʝʨʘ Ni2,18Mn0,82Ga ʙʳʣ ʧʨʝʜʦʩʪʘʚʣʝʥ ʘʚʪʦʨʫ 

ʧʨʦʬʝʩʩʦʨʦʤ ʅʀʊʋ ʄʀʉʠʉ, ʜʦʢʪʦʨʦʤ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ ʍʦʚʘʡʣʦ ɺʣʘʜʠʤʠʨʦʤ 

ɺʘʩʠʣʴʝʚʠʯʝʤ. ɼʘʥʥʳʡ ʩʣʠʪʦʢ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʧʣʘʚʘ ɻʝʡʩʣʝʨʘ Ni2,18Mn0,82Ga ʙʳʣ 

ʧʦʣʫʯʝʥ ʤʝʪʦʜʦʤ ʜʫʛʦʚʦʡ ʧʣʘʚʢʠ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ. ʆ ʩʪʨʫʢʪʫʨʝ ʠ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚʘʭ (ʚ 

ʧʦʣʷʭ ʜʦ 55 ʢʕ) ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʜʘʥʥʦʛʦ ʩʣʠʪʢʘ, ʨʘʥʝʝ ʩʦʦʙʱʘʣʦʩʴ ʚ [162]. ʉʣʠʪʦʢ ʙʳʣ 

ʨʘʟʨʝʟʘʥ ʵʣʝʢʪʨʦʵʨʦʟʠʦʥʥʳʤ ʩʧʦʩʦʙʦʤ ʥʘ ʦʙʨʘʟʮʳ ʚ ʚʠʜʝ ʧʣʘʩʪʠʥ, ʢʦʪʦʨʳʝ ʧʦʜʚʝʨʛʘʣʠʩʴ 

ʛʦʤʦʛʝʥʠʟʠʨʫʶʱʝʤʫ ʦʪʞʠʛʫ ʧʨʠ 1073 ʂ ʚ ʪʝʯʝʥʠʝ 50 ʯʘʩʦʚ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʟʘʢʘʣʢʦʡ ʚ ʣʝʜʷʥʫʶ 

ʚʦʜʫ.  

ʀʩʩʣʝʜʦʚʘʥʠ ̫ʪʝʨʤʦʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʦʙʨʘʟʮʦʚ ʩʧʣʘʚʘ ɻʝʡʩʣʝʨʘ Ni2,18Mn0,82Ga ʧʦʩʣʝ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʧʦʤʦʱʠ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʤʘʛʥʠʪʦʤʝʪʨʘ ʥʘ ʫʩʪʘʥʦʚʢʝ Quantum 

Design PPMS-14T ʚ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʜʦ 140 ʢʕ [ɸ3]. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʦʙʨʘʟʮʘ ʩʧʣʘʚʘ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 280-350 ʂ ʚ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ: 50 ʕ (ʥʘ 

ʚʨʝʟʢʝ), 30 ʢʕ, 70 ʢʕ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ (ʨʠʩ. 2.7ʘ). ɼʘʥʥʳʝ ʧʦʣʫʯʝʥʳ ʧʦ ʧʨʦʪʦʢʦʣʫ ʠʟʤʝʨʝʥʠʡ 

ZFC-FC-FH (ʥʘʛʨʝʚ ʚ ʧʦʣʝ ʧʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʙʝʟ ʧʦʣʷ - ʦʭʣʘʞʜʝʥʠʝ ʚ ʧʦʣʝ - ʥʘʛʨʝʚ ʚ ʧʦʣʝ), ʧʨʠ 

ʵʪʦʤ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩʦʩʪʘʚʣʷʣʘ 1 ʂ/ʤʠʥ. ɺ ʩʧʣʘʚʝ ʩ ʜʘʥʥʦʡ ʢʦʤʧʦʟʠʮʠʝʡ 

ʤʘʛʥʠʪʥʳʡ ʌʇ 2-ʛʦ ʨʦʜʘ (ʪʦʯʢʘ ʂʶʨʠ) ʩʣʠʚʘʝʪʩʷ ʩʦ ʩʪʨʫʢʪʫʨʥʳʤ ʌʇ 1-ʛʦ ʨʦʜʘ (ʤʘʨʪʝʥʩʠʪʥʳʤ 

ʧʨʝʚʨʘʱʝʥʠʝʤ), ʦ ʯʝʤ ʤʦʞʥʦ ʩʫʜʠʪʴ ʧʦ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʧʦʚʝʜʝʥʠʶ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘ 

ʨʠʩ. 2.7ʘ, ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʩʜʚʠʛ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʦʛʦ ʌʇ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 

ʚʝʣʠʯʠʥʦʡ ɤ = +0,1 ʂ/ʢʕ. ʇʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʦʙʨʘʟʮʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʙʣʠʟʠ ʌʇ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ (ʨʠʩ. 2.7ʙ). ʀʩʧʦʣʴʟʦʚʘʣʩʷ ʩʣʝʜʫʶʱʠʡ ʧʨʦʪʦʢʦʣ: ʧʦʣʝ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪ 0 ʕ ʜʦ +140 ʢʕ, ʟʘʪʝʤ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ -140 ʢʕ, ʠ ʩʥʦʚʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ +140 

ʢʕ, ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩʦʩʪʘʚʣʷʣʘ 100 ʕ/ʩʝʢ. 
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ʈʠʩ. 2.7. (a) ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʩʧʣʘʚʘ Ni2.18Mn0.82Ga ʚ ʨʘʟʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ: 50 ʕ 

(ʥʘ ʚʨʝʟʢʝ), 30 ʢʕ, 70 ʢʕ. (ʙ) ɿʘʚʠʩʠʤʦʩʪʴ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʩʧʣʘʚʘ Ni2.18Mn0.82Ga ʦʪ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʦʪ -140 ʢʕ 

ʜʦ +140 ʢʕ ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʙʣʠʟʠ ʌʇ: 320 ʂ, 337 ʂ, 343 ʂ [A3]. 
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ʊʝʤʧʝʨʘʪʫʨʳ ʠ ʩʢʨʳʪʘʷ ʪʝʧʣʦʪʘ ɚ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʦʛʦ ʌʇ 1-ʛʦ ʨʦʜʘ ʩʧʣʘʚʘ ɻʝʡʩʣʝʨʘ 

Ni2,18Mn0,82Ga ʦʧʨʝʜʝʣʷʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ɼʉʂ ʘʥʘʣʠʟʘ ʩʦ ʩʢʦʨʦʩʪʷʤʠ ʥʘʛʨʝʚʘ/ʦʭʣʘʞʜʝʥʠʷ 10 

ʂ/ʤʠʥ (ʨʠʩ 2.8). ʍʘʨʘʢʪʝʨʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʌʇ: MS = 332 K, MF = 316 K ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ, ʠ 

AS = 336 K, AF = 350 K ʧʨʠ ʥʘʛʨʝʚʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʘʯʘʣʴʥʳʤ ʠ ʢʦʥʝʯʥʳʤ ʪʝʤʧʝʨʘʪʫʨʘʤ ʧʨʷʤʦʛʦ 

ʠ ʦʙʨʘʪʥʦʛʦ ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʌʇ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʈʘʩʩʯʠʪʘʥʥʘʷ ʧʦ ʜʘʥʥʳʤ ɼʉʂ ʩʢʨʳʪʘʷ ʪʝʧʣʦʪʘ 

ʌʇ (ʧʣʦʱʘʜʴ ʧʦʜ ʧʠʢʘʤʠ ʢʨʠʚʳʭ ɼʉʂ) ɚʉ = 6500 ɼʞ/ʢʛ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ, ʠ ɚʅ = 6180 ɼʞ/ʢʛ ʧʨʠ 

ʥʘʛʨʝʚʝ. 
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ʈʠʩ. 2.8. ʈʝʟʫʣʴʪʘʪʳ ɼʉʂ ʩʧʣʘʚʘ ɻʝʡʩʣʝʨʘ Ni2,18Mn0,82Ga. MS, MF ʠ AS, AF ʦʙʦʟʥʘʯʘʶʪ ʥʘʯʘʣʴʥʳʝ ʠ ʢʦʥʝʯʥʳʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʷʤʦʛʦ ʠ ʦʙʨʘʪʥʦʛʦ ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʌʇ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [ɸ3]. 

 

ʉʧʣʘʚʳ ɻʝʡʩʣʝʨʘ ʠʟ ʩʝʤʝʡʩʪʚʘ Ni2MnGa ʩ ʜʦʙʘʚʢʘʤʠ 4-ʛʦ ʵʣʝʤʝʥʪʘ, ʚ ʪʦʤ ʯʠʩʣʝ Cu, ʜʘʚʥʦ 

ʧʨʠʚʣʝʢʘʶʪ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ [172-182], ʙʣʘʛʦʜʘʨʷ ʫʣʫʯʰʝʥʥʳʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ 

ʩʚʦʡʩʪʚʘʤ: ʙʦʣʝʝ ʚʳʩʦʢʦʤʫ ʄʂʕ, ʫʤʝʥʴʰʝʥʥʦʡ ʰʠʨʠʥʦʡ ʛʠʩʪʝʨʝʟʠʩʘ ʠ ʧʦʥʠʞʝʥʥʳʤ 

ʪʝʤʧʝʨʘʪʫʨʘʤ ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʌʇ. ʆʙʨʘʟʮʳ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʧʣʘʚʘ ɻʝʡʩʣʝʨʘ 

Ni2Mn0,74Cu0,26Ga ʙʳʣʠ ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʘʚʪʦʨʫ ʧʨʦʬʝʩʩʦʨʦʤ ʀʥʩʪʠʪʫʪʘ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʠ 

ʠʥʞʝʥʝʨʠʠ ʅʠʥʙʦ ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʂʠʪʘʷ, PhD Jian Liu. ʉʣʠʪʦʢ ʩʧʣʘʚʘ ɻʝʡʩʣʝʨʘ Ni2Mn0,74Cu0,26Ga 

ʙʳʣ ʧʦʣʫʯʝʥ ʤʝʪʦʜʦʤ ʜʫʛʦʚʦʡ ʧʣʘʚʢʠ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ. ʀʟ ʩʣʠʪʢʘ ʤʝʪʦʜʦʤ ʥʘʧʨʘʚʣʝʥʥʦʛʦ 

ʦʪʚʝʨʜʝʚʘʥʠʷ ʙʳʣ ʚʳʨʘʱʝʥ ʪʝʢʩʪʫʨʠʨʦʚʘʥʥʳʡ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʩʪʝʨʞʝʥʴ (ʩ ʟʘʜʘʥʥʦʡ 

ʩʢʦʨʦʩʪʴʶ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʘ 150 ʤʢʤ/ʩʝʢ). ʀʟ ʩʪʝʨʞʥʷ ʚʳʨʝʟʘʣʠʩʴ ʦʙʨʘʟʮʳ ʨʘʟʤʝʨʦʤ 5Ĭ5Ĭ2 ʤʤ3, 

ʢʦʪʦʨʳʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʦʜʚʝʨʛʘʣʠʩʴ ʛʦʤʦʛʝʥʠʟʘʮʦʥʥʥʦʤʫ ʦʪʞʠʛʫ ʧʨʠ 1073 ʂ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ 

ʚ ʚʘʢʫʫʤʝ, ʘ ʟʘʪʝʤ ʟʘʢʘʣʷʣʠʩʴ ʚ ʣʝʜʷʥʦʡ ʚʦʜʝ [177]. ʌʘʢʪʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʦʙʨʘʟʮʦʚ ʦʧʨʝʜʝʣʷʣʩʷ 

ʤʝʪʦʜʦʤ EDX-ʘʥʘʣʠʟʘ, ʠ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʩʦʩʪʘʚʠʣʦ: Ni2,005Mn0,735Cu0,249Ga1,011 [ɸ11].  

ɼʣʷ ʘʥʘʣʠʟʘ ʪʝʨʤʦʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʩʧʣʘʚʘ ɻʝʡʩʣʝʨʘ Ni2Mn0,74Cu0,26Ga ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʉʂɺʀɼ ʤʘʛʥʠʪʦʤʝʪʨ. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʦʙʨʘʟʮʘ ʩʧʣʘʚʘ ʚ ʜʠʘʧʘʟʦʥʝ 

280-350 ʂ ʚ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ: 0,5 ʢʕ, 30 ʢʕ, 50 ʢʕ, 70 ʢʕ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ (ʨʠʩ. 2.9ʘ). ɼʘʥʥʳʝ 

ʧʦʣʫʯʝʥʳ ʧʦ ʧʨʦʪʦʢʦʣʫ ʠʟʤʝʨʝʥʠʡ ZFC-FC. ʄʘʨʪʝʥʩʠʪʥʳʡ ʌʇ ʚ ʩʧʣʘʚʝ Ni2Mn0,74Cu0,26Ga 



47 

ʩʦʚʧʘʜʘʝʪ ʩ ʪʦʯʢʦʡ ʂʶʨʠ ʘʥʘʣʦʛʠʯʥʦ ʩʚʦʡʩʪʚʘʤ ʧʝʨʜʩʪʘʚʣʝʥʥʦʛʦ ʚʳʰʝ ʩʧʣʘʚʘ Ni2,18Mn0,82Ga, 

ʧʦʵʪʦʤʫ ʧʨʠ ʥʘʛʨʝʚʝ ʤʳ ʥʘʙʣʶʜʘʝʤ ʌʇ ʠʟ ʌʄ ʤʘʨʪʝʥʩʠʪʥʦʡ ʚ ʇʄ ʘʫʩʪʝʥʠʪʥʫʶ ʬʘʟʫ, ʘ ʩʜʚʠʛ 

ʧʝʪʣʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʩʦʩʪʘʚʣʷʝʪ ɤ = +0,1 K/ʢʕ. ʊʝʤʧʝʨʘʪʫʨʳ 

ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʦʛʦ ʌʇ 1-ʛʦ ʨʦʜʘ ʦʧʨʝʜʝʣʷʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ɼʉʂ ʘʥʘʣʠʟʘ ʩʦ ʩʢʦʨʦʩʪʷʤʠ 

ʥʘʛʨʝʚʘ/ʦʭʣʘʞʜʝʥʠʷ 10 ʂ/ʤʠʥ: MS = 309 K, MF = 302 K ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ, ʠ AS = 316 K, AF = 323 ʂ 

ʧʨʠ ʥʘʛʨʝʚʝ [ɸ11]. ʉʢʨʳʪʘʷ ʪʝʧʣʦʪʘ ʌʇ, ʧʦʣʫʯʝʥʥʘʷ ʢʘʢ ʧʣʦʱʘʜʴ ʧʦʜ ʧʠʢʘʤʠ ɼʉʂ, ʩʦʩʪʘʚʣʷʝʪ 

ɚʉ = 7200 ɼʞ/ʢʛ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ, ʠ ɚH = 7000 ɼʞ/ʢʛ ʧʨʠ ʥʘʛʨʝʚʝ (ʨʠʩ. 2.9ʙ).  
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ʈʠʩ. 2.9. (ʘ) ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʜʣʷ ʩʧʣʘʚʘ Ni2Mn0,74Cu0,26Ga ʚ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ 0,5 ʢʕ, 

30 ʢʕ, 50 ʢʕ ʠ 70 ʢʕ. (ʙ) ʈʝʟʫʣʴʪʘʪʳ ɼʉʂ ʩʧʣʘʚʘ ɻʝʡʩʣʝʨʘ Ni2Mn0,74Cu0,74Ga. MS, MF ʠ AS, AF ʦʙʦʟʥʘʯʘʶʪ ʥʘʯʘʣʴʥʳʝ 

ʠ ʢʦʥʝʯʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʷʤʦʛʦ ʠ ʦʙʨʘʪʥʦʛʦ ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʌʇ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [A11]. 

 

2.1.4. ʉʧʣʘʚʳ FeRh 

ʄʘʛʥʠʪʥʳʝ ʌʇ 1-ʛʦ ʨʦʜʘ ʚ ʩʧʣʘʚʘʭ FeRh ʚʧʝʨʚʳʝ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʌʘʣʣʦ [183], ʢʦʪʦʨʳʡ 

ʟʘʤʝʪʠʣ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʪʦʯʢʝ ʌʇ ʚ ʩʧʣʘʚʝ ʚʦʟʥʠʢʘʝʪ ʌʄ ʫʧʦʨʷʜʦʯʝʥʠʝ [184]. 

ʇʦʟʜʥʝʝ ʥʘ ʦʩʥʦʚʘʥʠʠ ʤʘʛʥʠʪʥʳʭ [185], ʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʠʭ [186] ʠ ʥʝʡʪʨʦʥʦʛʨʘʬʠʯʝcʢʠʭ 

[187] ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʵʪʦ ʧʨʝʚʨʘʱʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʠʟʤʝʥʝʥʠʝʤ ʪʠʧʘ 

ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʷʚʣʷʝʪʩʷ ʌʇ 1-ʛʦ ʨʦʜʘ ʠʟ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ (ɸʌʄ) ʚ ʌʄ ʩʦʩʪʦʷʥʠʝ. 

ʉʧʣʘʚʳ ʠʤʝʶʪ ʫʧʦʨʷʜʦʯʝʥʥʫʶ ʦʙʲʝʤʥʦʮʝʥʪʨʠʨʦʚʘʥʥʫʶ ʢʫʙʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʪʠʧʘ CsCl. ɺ 

ɸʌʄ ʩʦʩʪʦʷʥʠʠ ʢʘʞʜʳʡ ʘʪʦʤ Fe ʦʢʨʫʞʝʥ 6-  ʁ ʜʨʫʛʠʤʠ ʘʪʦʤʘʤʠ Fe ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤʠ 

ʩʧʠʥʘʤʠ; ʧʨʠ ʵʪʦʤ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʞʝʣʝʟʘ ʨʘʚʝʥ 3,3 ɛȸ, ʘ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʘʪʦʤʦʚ Rh ʨʘʚʝʥ 

0. ɺ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʚʳʰʝ ʌʇ ʠʟʤʝʥʷʝʪʩʷ ʦʨʠʝʥʪʘʮʠʷ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʠ ʠʭ ʚʝʣʠʯʠʥʘ, 

ʪ.ʝ. ʚ ʌʄ ʩʦʩʪʦʷʥʠʠ ʤʘʛʥʠʪʥʳʝ ʤʦʤʝʥʪʳ ʘʪʦʤʦʚ Fe ʠ Rh ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʚʥʳ 2,8ɛȸ ʠ 0,8ɛȸ ʠ 

ʥʘʧʨʘʚʣʝʥʳ ʧʘʨʘʣʣʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʫ. ʊʝʤʧʝʨʘʪʫʨʘ ʌʇ ʚ FeRh ʦʯʝʥʴ ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ 

ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʩʧʣʘʚʘ [185]. ɺ ʨʘʙʦʪʝ [188] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʪʢʣʦʥʝʥʠʝ ʩʦʩʪʘʚʘ FeRh 

ʦʪ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ, ʘ ʪʘʢʞʝ ʚʚʝʜʝʥʠʝ ʧʨʠʤʝʩʝʡ Pt, Pd ʠ Ir ʧʨʠʚʦʜʷʪ ʢ ʩʠʣʴʥʦʤʫ 

ʠʟʤʝʥʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʌʇ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, 

ʤʦʜʫʣʷ ʖʥʛʘ ʠ ʧʘʨʘʤʝʪʨʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʵʢʚʠʘʪʦʤʥʦʛʦ ʩʧʣʘʚʘ Fe50Rh50, ʘ ʪʘʢʞʝ 
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ʜʠʣʘʪʦʤʝʪʨʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʪʦʛʦ ʩʧʣʘʚʘ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʨʘʙʦʪʝ [189]. ʊʘʤ ʞʝ ʚʧʝʨʚʳʝ ʙʳʣʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦʣʫʯʝʥʳ ʚʝʣʠʯʠʥʳ dTt/dp ʠ dTt/dH - ʩʤʝʱʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨ ʌʇ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʄʘʛʥʠʪʦʩʪʨʠʢʮʠʷ ʵʢʚʠʘʪʦʤʥʦʛʦ ʩʦʩʪʘʚʘ 

ʚʧʝʨʚʳʝ ʙʳʣʘ ʠʟʤʝʨʝʥʘ ʚ [190] ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 290-400 K ʠ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʜʦ 150 ʢʕ. 

ʉʧʣʘʚʳ ʩ ʩʦʩʪʘʚʘʤʠ, ʙʣʠʟʢʠʤʠ ʢ ʵʢʚʠʘʪʦʤʥʦʤʫ ʧʨʦʷʚʣʷʶʪ ʘʥʦʤʘʣʴʥʦ ʚʳʩʦʢʫʶ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ 

ʥʘʩʳʱʝʥʠʷ ʚ ʌʄ ʬʘʟʝ (ʜʦ 130 ʵʤʝ/ʛ) [191], ʘ ʌʇ ʠʟ ɸʌʄ ʩʦʩʪʦʷʥʠʷ ʚ ʌʄ ʩʦʩʪʦʷʥʠʝ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʙʦʣʴʰʦʡ ʘʥʦʤʘʣʠʝʡ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʸʤʢʦʩʪʠ [192] ʠ ʠʟʦʪʨʦʧʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ 

ʦʙʲʝʤʘ ʥʘ 1% [189]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʩʧʣʘʚʳ FeRh ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʫʥʠʢʘʣʴʥʳʭ ʩʚʦʡcʪʚ, ʪʘʢʠʭ 

ʢʘʢ: ʛʠʛʘʥʪʩʢʠʡ ʄʂʕ [26, 193, 194], ʕʂʕ [35] ʠ ɹʂʕ [88, 194], ʢʦʪʦʨʳʝ ʧʨʦʷʚʣʷʶʪʩʷ ʚʙʣʠʟʠ 

ʤʝʪʘʤʘʛʥʠʪʥʦʛʦ ʠʟʦʩʪʨʫʢʪʫʨʥʦʛʦ ʌʇ 1-ʛʦ ʨʦʜʘ. ɺʧʝʨʚʳʝ ʦ ʄʂʕ ʚ ʩʧʣʘʚʝ Fe48Rh52 ʩʦʦʙʱʘʝʪʩʷ ʚ 

[195] ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʟʘʚʠʩʠʤʦʩʪʠ ʢʨʠʪʠʯʝʩʢʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʌʇ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʠʯʸʤ 

ʚʣʠʷʥʠʝ ʦʙʨʘʪʥʦʛʦ ʄʂʕ (ʫʤʝʥʴʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ) ʫʯʠʪʳʚʘʝʪʩʷ ʢʘʢ 

ʥʝʛʘʪʠʚʥʳʡ ʬʘʢʪʦʨ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʪʘʢʦʡ ʜʠʘʛʨʘʤʤʳ. ʆʜʥʘʢʦ ʩʧʣʘʚʳ FeRh ʩ ʩʦʩʪʘʚʘʤʠ 

ʙʣʠʟʢʠʤʠ ʢ ʵʢʚʠʘʪʦʤʥʦʤʫ ʷʚʣʷʶʪʩʷ ʨʝʢʦʨʜʩʤʝʥʘʤʠ ʧʦ ʚʝʣʠʯʠʥʝ ʦʙʨʘʪʥʦʛʦ ʄʂʕ ʚ ʤʘʛʥʠʪʥʦʤ 

ʧʦʣʝ 19,5 ʢʕ: ȹT = - 12,9 ʂ [26, 193]. ʊʘʢʞʝ ʙʦʣʴʰʦʡ ʧʨʠʢʣʘʜʥʦʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʌʇ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʵʧʠʪʘʢʩʠʘʣʴʥʳʭ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʪʦʥʢʠʭ ʧʣʝʥʢʘʭ FeRh, 

ʜʣʷ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʪʝʨʤʦʤʘʛʥʠʪʥʦʡ ʟʘʧʠʩʠ [196] ʠ ʚ ʨʝʟʠʩʪʠʚʥʳʭ 

ʷʯʝʡʢʘʭ ʧʘʤʷʪʠ [197]. 

ʉʣʠʪʦʢ ʩʧʣʘʚʘ Fe48Rh52 ʙʳʣ ʧʨʝʜʦʩʪʘʚʣʝʥ ʘʚʪʦʨʫ ʧʨʦʬʝʩʩʦʨʦʤ ʌʨʘʥʮʫʟʩʢʦʛʦ 

ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʮʝʥʪʨʘ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, PhD Nora Dempsey. ʉʣʠʪʦʢ ʩʧʣʘʚʘ Fe49Rh51 ʙʳʣ 

ʧʨʝʜʦʩʪʘʚʣʝʥ ʘʚʪʦʨʫ ʥʘʫʯʥʳʤ ʩʦʪʨʫʜʥʠʢʦʤ ʎʝʥʪʨʘ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ, ʛ. ʂʝʡʧʪʘʫʥ, ʖɸʈ, PhD 

Miroslava Topiĺ. ʉʣʠʪʢʠ ʩʧʣʘʚʦʚ Fe48Rh52 ʠ Fe49Rh51 ʙʳʣʠ ʧʦʣʫʯʝʥ rʤʝʪʦʜʦʤ ʠʥʜʫʢʮʠʦʥʥʦʡ 

ʧʣʘʚʢʠ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ. ʀʟ ʩʣʠʪʢʦʚ ʚʳʨʝʟʘʣʠʩʴ ʜʠʩʢʠ (ʜʠʘʤʝʪʨʦʤ 5 ʤʤ, ʪʦʣʱʠʥʦʡ 0,5 ʤʤ, 

m å 100 ʤʛ) ʠ ʦʪʞʠʛʘʣʠʩʴ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʪʢʘʯʘʥʥʦʡ ʢʚʘʨʮʝʚʦʡ ʘʤʧʫʣʝ (~1 ʇʘ) ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 1273 ʂ ʚ ʪʝʯʝʥʠʝ 72 ʯʘʩʦʚ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʟʘʢʘʣʢʦʡ ʚ ʣʝʜʷʥʫʶ ʚʦʜʫ. ʉʪʨʫʢʪʫʨʘ ʠ 

ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʦʙʨʘʟʮʦʚ ʙʳʣʠ ʧʦʜʪʚʝʨʞʜʝʥʳ ʤʝʪʦʜʘʤʠ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ (EDS) ʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ (XRD) [ɸ14, ɸ19].  

ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʩʧʣʘʚʦʚ Fe48Rh52, Fe49Rh51 [A13] 

ʧʨʠ ʥʘʛʨʝʚʝ ʠ ʦʭʣʘʞʜʝʥʠʠ ʧʦʣʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʤʘʛʥʠʪʦʤʝʪʨʘ Lakeshore 7400 ʚ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 10 ʢʕ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 2.10. ʅʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʬʘʟʳ ʩʧʣʘʚʦʚ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ɸʌʄ ʧʦʚʝʜʝʥʠʝ, ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ï ʌʄ. ʇʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʩʧʣʘʚʦʚ Fe48Rh52, Fe49Rh51 ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʙʣʠʟʠ ʌʇ 1-ʛʦ 

ʨʦʜʘ ʙrʣʠ ʧʦʣʫʯʝʥʳ ʩ ʧʦʤʦʱʴ  ʁʚʠʙʨʘʮʠʦʥʥʦʛʦ ʤʘʛʥʠʪʦʤʝʪʨʘ ʥʘ ʫʩʪʘʥʦʚʢʝ Quantum Design 

PPMS-9T ʚ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʜʦ 70 ʢʕ ʠ 80 ʢʕ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩ. 2.11). ʇʦ ʧʦʣʫʯʝʥʥʳʤ 

ʢʨʠʚʳʤ ʪʘʢʞʝ ʚʠʜʥʦ, ʯʪʦ ʚ ʦʙʨʘʟʮʘʭ ʩʫʱʝʩʪʚʫʶʪ ʜʚʝ ʬʘʟʳ, ʧʨʠʯʝʤ ʦʜʥʘ ʠʟ ʥʠʭ 
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ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʛʘʷ - ɸʌʄ ʚ ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ, ʘ ʚʪʦʨʘʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ 

- ʌʄ ʠ, ʚ ʧʨʦʮʝʩʩʝ ʠʟʤʝʨʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʨʠ ʚʦʟʨʦʩʪʘʥʠʠ ʧʦʣʷ ʤʳ ʥʘʙʣʶʜʘʝʤ 

ʤʘʛʥʠʪʦʠʥʜʫʮʠʨʦʚʘʥʥʳʡ ʌʇ 1-ʛʦ ʨʦʜʘ (ʨʠʩ. 2.11).  
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ʈʠʩ. 2.10. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 10 ʢʕ ʧʨʠ ʥʘʛʨʝʚʝ ʠ ʦʭʣʘʞʜʝʥʠʠ 

ʦʙʨʘʟʮʦʚ ʩʧʣʘʚʦʚ: (ʘ) Fe48Rh52, (ʙ) Fe49Rh51 [A13]. 

 

ʍʘʨʘʢʪʝʨʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʌʇ 1-ʛʦ ʨʦʜʘ ʠʩʩʣʝʜʫʝʤʳʭ ʩʧʣʘʚʦʚ ʦʧʨʝʜʝʣʷʣʠʩʴ ʩ ʧʦʤʦʱʴ  ʁ

ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ Netzsch ʤʝʪʦʜʦʤ ɼʉʂ ʚ ʥʫʣʝʚʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ, ʩʢʦʨʦʩʪʴ 

ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩʦʩʪʘʚʣʷʣʘ 10 ʂ/ʤʠʥ (ʨʠʩ. 2.12). ʊʝʤʧʝʨʘʪʫʨʳ ʥʘʯʘʣʘ ʠ ʢʦʥʮʘ ʌʇ ʚ 

ʩʧʣʘʚʝ Fe48Rh52 ʠʟ ʌʄ ʚ ɸʌʄ ʬʘʟʫ AFS = 311 K, AFF = 304 ʂ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ, ʘ ʠʟ ɸʌʄ ʚ ʌʄ 

FS = 321 ʂ, FF = 329 ʂ ʧʨʠ ʥʘʛʨʝʚʝ (ʨʠʩ. 2.12ʘ). ʇʦ ʧʣʦʱʘʜʠ ʧʦʜ ʧʠʢʘʤʠ ʦʧʨʝʜʝʣʷʣʘʩʴ ʩʢʨʳʪʘʷ 

ʪʝʧʣʦʪʘ ʌʇ, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʠʣʘ ɚʉ = 4830 ɼʞ/ʢʛ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ, ʠ ɚʅ = 4810 ɼʞ/ʢʛ ʧʨʠ ʥʘʛʨʝʚʝ 

[A6]. ɸʥʦʣʦʛʠʯʥʦ ʜʣʷ ʩʧʣʘʚʘ Fe49Rh51 ʧʦʣʫʯʝʥʦ: AFS = 317 K, AFF = 308 ʂ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ, ʠ FS 

= 321 ʂ, FF = 330 ʂ ʧʨʠ ʥʘʛʨʝʚʝ (ʨʠʩ. 2.12ʙ). ʉʢʨʳʪʘʷ ʪʝʧʣʦʪʘ ʌʇ ʩʦʩʪʘʚʠʣʘ ɚʉ = 4300 ɼʞ/ʢʛ ʧʨʠ 

ʦʭʣʘʞʜʝʥʠʠ, ʠ ɚʅ = 4400 ɼʞ/ʢʛ ʧʨʠ ʥʘʛʨʝʚʝ [A15]. 
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ʈʠʩ. 2.11. ʇʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʙʣʠʟʠ ʌʇ 1-ʛʦ ʨʦʜʘ ʦʙʨʘʟʮʦʚ 

ʩʧʣʘʚʦʚ: (ʘ) Fe48Rh52 [A6], (ʙ) Fe49Rh51. 
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ʈʠʩ. 2.12. (ʘ) ʈʝʟʫʣʴʪʘʪʳ ɼʉʂ ʦʙʨʘʟʮʘ ʩʧʣʘʚʘ Fe48Rh52 [A6]. (ʙ) ʈʝʟʫʣʴʪʘʪʳ ɼʉʂ ʦʙʨʘʟʮʘ ʩʧʣʘʚʘ Fe49Rh51 [A15]. 

ʉʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ/ʦʭʣʘʞʜʝʥʠʷ 10 ʂ/ʤʠʥ. ʕʢʩʪʨʘʧʦʣʷʮʠʝʡ ʢʨʠʚʳʭ ɼʉʂ ʧʦʣʫʯʝʥʳ ʪʝʤʧʝʨʘʪʫʨʳ ʌʇ 1-ʛʦ ʨʦʜʘ FS, 

FF - ʧʨʠ ʥʘʛʨʝʚʝ, ʠ AS, AF - ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ  
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2.2. ʄʝʪʦʜʳ ʠʟʤʝʨʝʥʠʷ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʭ ȹT, ȹQ-ʵʬʬʝʢʪʦʚ ʠ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ ʧʦʣʷʭ ʙʠʪʪʝʨʦʚʩʢʦʛʦ ʤʘʛʥʠʪʘ 

ʀʟʤʝʨʝʥʠʷ ʩʚʦʡʩʪʚ ʄʂ ʤʘʪʝʨʠʘʣʦʚ ʚ ʧʦʣʷʭ ʚʦʜʦʦʭʣʘʞʜʘʝʤʦʛʦ ʨʝʟʠʩʪʠʚʥʦʛʦ 

ʙʠʪʪʝʨʦʚʩʢʦʛʦ ʤʘʛʥʠʪʘ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʩʠʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ 

ʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʛ. ɺʨʦʮʣʘʚ, ʇʦʣʴʰʘ (ʄʃʉʄʇ). ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʣʘʙʦʨʘʪʦʨʠʷ ʚʦʰʣʘ 

ʚ ʩʦʩʪʘʚ ʀʥʩʪʠʪʫʪʘ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʤ. ɺ. ʊʰʝʙ̫ʪʦʚʩʢʦʛʦ 

ʇʦʣʴʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ. ʇʦʜʨʦʙʥʦ ʦ ʠʩʪʦʨʠʠ ʩʦʟʜʘʥʠʷ ʙʠʪʪʝʨʦʚʩʢʠʭ ʤʘʛʥʠʪʦʚ ʚ ʄʃʉʄʇ ʠ ʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʤʦʞʥʦ ʧʨʦʯʠʪʘʪʴ ʚ [198]. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʙʠʪʪʝʨʦʚʩʢʦʤ ʤʘʛʥʠʪʝ 

ɽ-150 ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ 145 ʢʕ ʠ ʜʠʘʤʝʪʨʦʤ ʨʘʙʦʯʝʛʦ ʦʪʚʝʨʩʪʠʷ 34 ʤʤ 

(ʨʠʩ. 2.13). ʄʝʪʦʜʳ ʩʦʟʜʘʥʠʷ ʩʠʣʴʥʳʭ ʠ ʩʚʝʨʭʩʠʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʩ ʧʦʤʦʱʴʶ ʩʦʣʝʥʦʠʜʦʚ 

ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʳ ʚ ʢʥʠʛʘʭ [199, 200].  

 

ʈʠʩ. 2.13. ɹʠʪʪʝʨʦʚʩʢʠʡ ʤʘʛʥʠʪ ɽ-150 ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʚ ʝʛʦ ʨʘʙʦʯʫʶ ʦʙʣʘʩʪʴ ʢʘʣʦʨʠʤʝʪʨʦʤ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʄʂʕ 

ʚʙʣʠʟʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ.  
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2.2.1. ʆʜʥʦʚʨʝʤʝʥʥʦʝ ʠʟʤʝʨʝʥʠʝ ȹT ʠ ȹQ ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ/ʵʢʩʪʨʘʢʮʠʦʥʥʦʤ ʢʘʣʦʨʠʤʝʪʨʝ 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʦʨʠʛʠʥʘʣʴʥʳʡ ʤʝʪʦʜ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʄʂʕ ʚ 

ʘʜʠʘʙʘʪʠʯʝʩʢʦʤ ȹT ʠ ʠʟʦʪʝʨʤʠʯʝʩʢʦʤ ȹQ ʨʝʞʠʤʘʭ, ʦʧʠʩʘʥʥʳʡ ʚ ʘʚʪʦʨʩʢʦʤ ʧʘʪʝʥʪʝ [ɸ21]. ɺ ʧʦʣʝ 

ʙʠʪʪʝʨʦʚʩʢʦʛʦ ʤʘʛʥʠʪʘ ʧʦʤʝʱʘʝʪʩʷ ʩʧʝʮʠʘʣʴʥʘʷ ʚʘʢʫʫʤʠʨʦʚʘʥʥʘʷ ʚʩʪʘʚʢʘ, ʢʦʪʦʨʘʷ ʩʦʜʝʨʞʠʪ ʜʚʘ 

ʦʙʨʘʟʮʘ ʤʘʪʝʨʠʘʣʘ ʩ ʄʂʕ, ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ (ʤʘʩʩʦʡ m1) ʥʘʭʦʜʠʪʩʷ ʚ ʘʜʠʘʙʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʠ 

ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ȹT, ʘ ʚʪʦʨʦʡ (ʤʘʩʩʦʡ m2) ʥʘʭʦʜʠʪʩʷ ʚ ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ï 

ʜʣʷ ʠʟʤʝʨʝʥʠʷ ȹQ (ʨʠʩ. 2.14ʘ). ʄʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ȹQ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʠʟʤʝʨʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʝʜʸʪʩʷ ʥʝ ʥʘ ʩʘʤʦʤ ʦʙʨʘʟʮʝ 2, ʘ ʥʘ ʤʘʩʩʠʚʥʦʤ ʥʝʤʘʛʥʠʪʥʦʤ ʪʝʧʣʦʧʨʦʚʦʜʷʱʝʤ 

ʙʣʦʢʝ (ʩ ʠʟʚʝʩʪʥʦʡ ʪʝʧʣʦʝʤʢʦʩʪʴʶ, ʥʝ ʟʘʚʠʩʷʱʝʡ ʦʪ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ), ʢʦʪʦʨʳʡ ʧʨʠʚʦʜʠʪʩʷ ʚ 

ʪʝʧʣʦʚʦʡ ʢʦʥʪʘʢʪ ʩ ʦʙʨʘʟʮʦʤ 2. ʊʘʢ ʢʘʢ ʦʙʨʘʟʝʮ 2 ʥʘʭʦʜʠʪʩʷ ʚ ʭʦʨʦʰʝʤ ʪʝʧʣʦʚʦʤ ʢʦʥʪʘʢʪʝ ʩ 

ʤʘʩʩʠʚʥʳʤ ʥʝʤʘʛʥʠʪʥʳʤ ʙʣʦʢʦʤ, ʪʦ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʫʨʘʚʥʝʥʠʝ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ ʚ ʩʠʩʪʝʤʝ 

ʙʣʦʢ/ʦʙʨʘʟʝʮ 2 ʠ ʦʮʝʥʠʪʴ ʧʝʨʝʜʘʥʥʦʝ ʦʪ ʦʙʨʘʟʮʘ 2 ʢ ʙʣʦʢʫ ʪʝʧʣʦ (ʥʘ ʝʜʠʥʠʮʫ ʤʘʩʩʳ ʦʙʨʘʟʮʘ) ȹQ 

ʚ ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʧʫʪʝʤ ʠʟʤʝʨʝʥʠʷ ȹTb - ʢʚʘʟʠʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʙʣʦʢʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ȹH: 

2 2 0b b b bM C T m C T Q mÖ ÖD + Ö ÖD +D Ö =,     (2.1) 

ʛʜʝ Mb - ʤʘʩʩʘ ʙʣʦʢʘ, Cb - ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʥʝʤʘʛʥʠʪʥʦʛʦ ʙʣʦʢʘ, m2 - ʤʘʩʩʘ ʦʙʨʘʟʮʘ 2, C - 

ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʦʙʨʘʟʮʘ 2. ʄʳ ʤʦʞʝʤ ʧʨʝʥʝʙʨʝʯʴ ʪʝʧʣʦʪʦʡ, ʩʚʷʟʘʥʥʦʡ ʩ ʠʟʤʝʥʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʟʮʘ 2, ʝʩʣʠ ʤʘʩʩʘ ʦʙʨʘʟʮʘ 2 ʙʫʜʝʪ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʘʩʩʦʡ 

ʙʣʦʢʘ (Mb è m2), ʪʦʛʜʘ: 

2

b
b b

M
Q C T

m
D º- Ö ÖD.      (2.2) 

ɿʘ ʩʯʝʪ ʚʚʝʜʝʥʠʷ ʚ ʠʟʤʝʨʠʪʝʣʴʥʫʶ ʚʩʪʘʚʢʫ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʙʨʘʟʮʘ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʩ ʄʂʕ, ʚ ʦʜʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʠʟʤʝʨʝʥʠʝ æT ʠ æQ ï 

ʵʬʬʝʢʪʦʚ (ʨʠʩ. 2.14ʘ,ʙ). ɸʜʠʘʙʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʦʙʝʩʧʝʯʠʚʘʣʠʩʴ ʚʘʢʫʫʤʤʠʨʦʚʘʥʠʝʤ 

ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʚʩʪʘʚʢʠ ʚ ʢʘʤʝʨʝ (~1 ʇʘ), ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʨʘʟʮʦʚ ʚ ʢʘʤʝʨʝ ʨʝʛʫʣʠʨʦʚʘʣʘʩʴ ʧʨʠ 

ʧʦʤʦʱʠ ʧʦʜʘʯʠ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʧʨʦʚʦʣʦʯʥʳʡ ʨʝʟʠʩʪʦʨ, ʥʘʤʦʪʘʥʥʳʡ ʙʠʬʠʣʷʨʥʦ ʚʦʢʨʫʛ ʚʩʪʘʚʢʠ. 

ʆʙʨʘʟʮʳ ʢʨʝʧʠʣʠʩʴ ʢ ʜʝʨʞʘʪʝʣʶ ʩ ʧʦʤʦʱʴʶ ʥʝʡʣʦʥʦʚʳʭ ʥʠʪʝʡ. ʍʘʨʘʢʪʝʨʥʦʝ ʚʨʝʤʷ 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʨʝʣʘʢʩʘʮʠʠ ʦʙʨʘʟʮʦʚ ʚʥʫʪʨʠ ʚʘʢʫʫʤʥʦʡ ʢʘʤʝʨʳ ʩʦʩʪʘʚʣʷʣʦ Ó 300 ʩʝʢ. 

ʊʝʤʧʝʨʘʪʫʨ r ʦʙʨʘʟʮʘ 1 ʠ ʥʝʤʘʛʥʠʪʥʦʛʦ ʙʣʦʢʘ ʠʟʤʝʨʷʣʘʩʴ ʧʨʠ ʧʦʤʦʱʠ ʧʣʘʪʠʥʦʚʳʭ 

ʪʝʨʤʦʨʝʟʠʩʪʦʨʦʚ ʩ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʚ 100 ʆʤ (PT-100) ʠʣʠ 1000 ʆʤ (PT-1000) [201], 

ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʢ ʠʟʤʝʥʝʥʠʶ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʀʥʩʪʨʫʤʝʥʪʘʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʧʨʠ 

ʠʟʤʝʨʝʥʠʠ ȹT ʩʦʩʪʘʚʣʷʣʘ 5-6 %, ʘ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ȹQ 10 % (ʠʟ-ʟʘ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʪʝʧʣʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʝʞʜʫ ʦʙʨʘʟʮʦʤ 2 ʠ ʥʝʤʘʛʥʠʪʥʳʤ ʙʣʦʢʦʤ). ʄʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ 
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(ʚʢʣʶʯʝʥʠʷ/ʚʳʢʣʶʯʝʥʠʷ) ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʙʠʪʪʝʨʦʚʩʢʦʤ ʤʘʛʥʠʪʝ ɽ-150 (ʨʠʩ. 2.14) ʧʨʠ 

ʥʘʨʘʩʪʘʥʠʠ/ʫʙʳʚʘʥʠʠ ʪʦʢʘ ʚ ʢʘʪʫʰʢʝ ʩʦʩʪʘʚʣʷʝʪ 2 ʢʕ/ʩʝʢ. 

 

 

 

(ʘ) 

 (ʙ) 

 

(ʚ) 

ʈʠʩ. 2.14. (ʘ) 3D-ʤʦʜʝʣʴ ʚʩʪʘʚʢʠ ʚ ʙʠʪʪʝʨʦʚʩʢʠʡ ʤʘʛʥʠʪ ʜʣʷ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ȹT ʠ ȹQ-ʵʬʬʝʢʪʦʚ;  

(ʙ) ʬʦʪʦʛʨʘʬʠʷ ʚʩʪʘʚʢʠ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʦʙʨʘʟʮʘʤʠ: 1 ï ʦʙʨʘʟʝʮ ʤʘʪʝʨʠʘʣʘ ʩ ʄʂʕ, ʥʘʭʦʜʷʱʠʡʩʷ ʚ 

ʘʜʠʘʙʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, 2 ï ʦʙʨʘʟʝʮ ʤʘʪʝʨʠʘʣʘ ʩ ʄʂʕ, ʥʘʭʦʜʷʱʠʡʩʷ ʚ ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, 3 ï ʤʘʩʩʠʚʥʘʷ 

ʥʝʤʘʛʥʠʪʥʘʷ ʧʦʜʣʦʞʢʘ ʩ ʭʦʨʦʰʝʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ, 4 ï ʧʣʘʩʪʠʢʦʚʘʷ ʨʘʤʢʘ-ʜʝʨʞʘʪʝʣʴ, 5 ï çʵʢʚʘʪʦʨʠʘʣʴʥʳʡè 

ʜʘʪʯʠʢ ʍʦʣʣʘ, 6 ï çʧʦʣʶʩʥʦʡè ʜʘʪʯʠʢ ʍʦʣʣʘ; (ʚ) ʬʦʪʦʛʨʘʬʠʷ ʜʝʨʞʘʪʝʣʷ ʜʣʷ ʚʩʪʘʚʢʠ ʩ ʦʙʨʘʟʮʘʤʠ. 

 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʠʤʝʥʷʣʩʷ ʵʢʩʪʨʘʢʮʠʦʥʥʳʡ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʢʘʣʦʨʠʤʝʪʨ ʩ ʚʘʢʫʫʤʠʨʦʚʘʥʥʦʡ ʚʩʪʘʚʢʦʡ, ʩʦʜʝʨʞʘʱʝʡ ʦʙʨʘʟʮr, ʤʝʭʘʥʠʯʝʩʢʠ ʚʥʦʩʠʪʩʷ ʚ ʧʦʣʝ 

ʙʠʪʪʝʨʦʚʩʢʦʛʦ ʤʘʛʥʠʪʘ ɽ-150 (ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʟʘʨʘʥʝʝ), ʘ ʟʘʪʝʤ ʚʥrʦʩʠʪʩʷ ʠʟ 

ʧʦʣʷ. ʉʭʦʞʠʡ ʤʝʪʦʜ ʦʧʠʩʳʚʘʣʩʷ ʚ ʥʝʢʦʪʦʨʳʭ ʠʩʪʦʯʥʠʢʘʭ, ʥʘʧʨʠʤʝʨ, ʚ [117]. ɼʘʥʥʳʡ ʤʝʪʦʜ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʚʳʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʚʥʝʰʥʝʛʦ ʜʣʷ ʦʙʨʘʟʮʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʜʦ 50 

ʢʕ/ʩʝʢ, ʯʪʦ ʧʨʠʙʣʠʞʘʝʪ ʫʩʣʦʚʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʢ ʘʜʠʘʙʘʪʠʯʝʩʢʠʤ.  

ʆʮʝʥʢʘ ʚʣʠʷʥʠʝ ʚʠʭʨʝʚʳʭ ʪʦʢʦʚ ʥʘ ʨʝʟʫʣʴʪʘʪ r ʠʟʤʝʨʝʥʠʷ ȹQ, ʢʦʪʦʨʳʝ ʥʝʧʨʝʤʝʥʥʦ 

ʚʦʟʥʠʢʘʶʪ ʚ ʧʨʦʚʦʜʷʱʠʭ ʥʝʤʘʛʥʠʪʥʳʭ ʙʣʦʢʘʭ ʧʨʠ ʚʢʣʶʯʝʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ/ʚʥʝʩʝʥʠʠ 

ʦʙʨʘʟʮʘ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʧʦ ʬʦʨʤʫʣʝ (1.34) ʜʘʸʪ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ. ɼʣʷ ʙʣʦʢʘ ʠʟ ʚʦʣʴʬʨʘʤʘ 

ʚ ʚʠʜʝ ʮʠʣʠʥʜʨʘ ʩ d = 5 ʤʤ (ɟ = 19250 ʢʛ/ʤ3, ɋ = 5,5 Ŀ 10-8 ʆʤĿʤ, Cb = 134 ɼʞ/(ʢʛĿʂ) [202]) ʚ 

ʩʪʘʮʠʦʥʘʨʥʦʤ ʢʘʣʦʨʠʤʝʪʨʝ ʩ dB/dt = 0,2 ʊʣ/ʩʝʢ, Bm = 14 ʊʣ ʧʦʣʫʯʠʤ ʫʜʝʣʴʥʫʶ ʪʝʧʣʦʪʫ, 

ʨʘʩʩʝʷʥʥʫʶ ʚʠʭʨʝʚʳʤʠ ʪʦʢʘʤʠ ʧʨʠ ʚʢʣʶʯʝʥʠʠ ʧʦʣʷ ȹQe = 0,04 ɼʞ/ʢʛ, ʯʪʦ ʩ ʫʯʸʪʦʤ ʫʜʝʣʴʥʦʡ 

ʪʝʧʣʦʸʤʢʦʩʪʠ ʚʦʣʴʬʨʘʤʘ ʨʘʟʦʛʨʝʝʪ ʙʣʦʢ ʟʘ ʚʨʝʤʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘ ʥʝʠʟʤʝʨʠʤʫʶ ʚ ʫʩʣʦʚʠʷʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʚʝʣʠʯʠʥʫ ȹTe = 0,6 ʤʂ. 
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ɼʣʷ ʙʣʦʢʘ ʠʟ ʤʝʜʠ ʚ ʚʠʜʝ ʮʠʣʠʥʜʨʘ ʩ d = 5 ʤʤ (ɟ = 8900 ʢʛ/ʤ3, ɋ = 1,7 Ŀ 10-8 ʆʤĿʤ, Cb = 385 

ɼʞ/(ʢʛĿʂ) [202]) ʚ ʵʢʩʪʨʘʢʮʠʦʥʥʦʤ ʢʘʣʦʨʠʤʝʪʨʝ ʩ dB/dt = 5 ʊʣ/ʩʝʢ, Bm = 14 ʊʣ ʧʦʣʫʯʠʤ ʫʜʝʣʴʥʫʶ 

ʪʝʧʣʦʪʫ, ʨʘʩʩʝʷʥʥʫʶ ʚʠʭʨʝʚʳʤʠ ʪʦʢʘʤʠ ʧʨʠ ʚʢʣʶʯʝʥʠʠ ʧʦʣʷ ȹQe = 7 ɼʞ/ʢʛ, ʯʪʦ ʩ ʫʯʸʪʦʤ 

ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʸʤʢʦʩʪʠ ʤʝʜʠ ʨʘʟʦʛʨʝʝʪ ʙʣʦʢ ʟʘ ʚʨʝʤʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘ ʚʝʣʠʯʠʥʫ ȹTe = 0,04 ʂ, 

ʢʦʪʦʨʘʷ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʚ 0,5 K. 

ɺ ʧʨʷʤʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʥʝʚʦʟʤʦʞʥʦ ʠʟʤʝʨʠʪʴ ʠʟʦʪʝʨʤʠʯʝʩʢʦʝ ʠʟʤʝʥʝʥʠʝ ʤʘʛʥʠʪʥʦʡ 

ʵʥʪʨʦʧʠʠ, ʦʜʥʘʢʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʧʦʣʝʚʫʶ ʟʘʚʠʩʠʤʦʩʪʴ æS(H) ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ æS ~ Hn 

[117], ʘ ʧʦ ʪʝʦʨʠʠ ʩʨʝʜʥʝʛʦ ʧʦʣʷ ʙʳʣ ʚʳʚʝʜʝʥ ʧʦʢʘʟʘʪʝʣʴ ʩʪʝʧʝʥʠ n = 2/3 [203] ʜʣʷ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʄʝʪʦʜʳ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʣʠʩʴ ʠ ʙʳʣ 

ʚʳʧʫʱʝʥ ʨʷʜ ʨʘʙʦʪ [204-209], ʧʦʩʚʷʱʸʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʶ ʟʘʚʠʩʠʤʦʩʪʠ n(T) ʠ æS(T) ʚ ʨʘʟʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʤʝʪʦʜʦʤ ʩʢʝʡʣʠʥʛʘ ʚ ʤʦʜʝʣʷʭ ʩʨʝʜʥʝʛʦ ʧʦʣʷ, ʀʟʠʥʛʘ, ɹʠʥʘ-ʈʦʜʙʝʣʣʘ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʅʘʧʨʠʤʝʨ, ʥʘ ʨʠʩ 2.15 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟ ʨʘʙʦʪʳ [208], ʚ 

ʢʦʪʦʨʦʡ ʧʦʢʘʟʘʪʝʣʴ n ʧʦʣʫʯʝʥ ʚ ʤʦʜʝʣʠ ɹʨʠʣʣʶʵʥʘ ʩʨʝʜʥʝʛʦ ʧʦʣʷ ʜʣʷ Gd ʚ ʨʘʟʥʳʭ ʤʘʛʥʠʪʥʳʭ 

ʧʦʣʷʭ ʜʦ 90 ʢʕ. 

 

ʈʠʩ. 2.15. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʢʘʟʘʪʝʣʷ ʩʪʝʧʝʥʠ n, ʧʦʣʫʯʝʥʥʳʡ ʚ ʤʦʜʝʣʠ ɹʨʠʣʣʶʵʥʘ ʩʨʝʜʥʝʛʦ ʧʦʣʷ ʜʣʷ 

Gd ʚ ʩʠʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ [208]. 

 

ʉʯʠʪʘʷ, ʯʪʦ ʜʠʩʩʠʧʘʪʠʚʥʳʝ ʵʬʬʝʢʪʳ ʚ ʧʨʦʚʦʜʠʤʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʚ ʙʠʪʪʝʨʦʚʩʢʦʤ 

ʤʘʛʥʠʪʝ ʩʣʘʙʳ (Ediss <<  ȹSĀT), ʠʟʦʪʝʨʤʠʯʝʩʢʦʝ ʪʝʧʣʦ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʢʘʢ ȹQ =  ȹSĀT, ʪʦʛʜʘ 

ʧʦʢʘʟʘʪʝʣʴ ʩʪʝʧʝʥʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ  æQ(H) ʚʳʨʘʞʘʝʪʩʷ ʢʘʢ  
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ɺ ʜʘʣʴʥʝʡʰʝʤ, ʚ ʪʝʢʩʪʝ ʜʠʩʩʝʨʪʘʮʠʠ ʚʦ ʠʟʙʝʞʘʥʠʝ ʧʫʪʘʥʠʮʳ ʩʦ ʟʥʘʢʘʤʠ, ʘ ʪʘʢʞʝ ʜʣʷ 

ʫʜʦʙʩʪʚʘ ʩʨʘʚʥʝʥʠʷ, ʟʥʘʯʝʥʠʝ ȹQ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʩʤʳʩʣʝ ʘʙʩʦʣʶʪʥʦʡ ʚʝʣʠʯʠʥʳ. 

ɺʝʣʠʯʠʥʫ ȹQ-ʵʬʬʝʢʪʘ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ, ʯʪʦʙʳ ʨʘʩʩʯʠʪʘʪʴ ʫʜʝʣʴʥʫʶ ʦʭʣʘʞʜʘʶʱʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʤʘʛʥʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʪʦ ʝʩʪʴ, ʢʘʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʘ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ 

ʭʦʣʦʜʠʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʩʤʦʞʝʪ ʦʪʙʠʨʘʪʴ ʫ ʭʦʣʦʜʥʦʛʦ ʨʝʟʝʨʚʫʘʨʘ ʠ ʦʪʜʘʚʘʪʴ ʛʦʨʷʯʝʤʫ ʚ ʨʘʩʯʝʪʝ 

ʥʘ ʝʜʠʥʠʮʫ ʤʘʩʩʳ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʟʘ ʦʜʠʥ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʮʠʢʣ (ʨʘʟʜʝʣ 1.3.5). ʆʜʥʘʢʦ, 

ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʨʘʩʯʸʪ ȹQ-ʵʬʬʝʢʪʘ ʧʦ ʠʟʤʝʨʝʥʥʦʡ ʚʝʣʠʯʠʥʝ ȹT-ʵʬʬʝʢʪʘ ï ʪʨʫʜʥʦʚʳʧʦʣʥʠʤʘʷ 

ʟʘʜʘʯʘ, ʧʦʩʢʦʣʴʢʫ, ʢʘʢ ʧʨʘʚʠʣʦ, ʪʝʧʣʦʝʤʢʦʩʪʴ ʄʂ ʤʘʪʝʨʠʘʣʦʚ ʠʤʝʝʪ ʨʝʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ 

ʘʥʦʤʘʣʠʠ. ʊʝʧʣʦʝʤʢʦʩʪʴ ʉ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʘ ʧʨʠ ʌʇ 1-ʛʦ ʨʦʜʘ ʧʨʠʤʝʥʠʤʦʩʪʴ 

ʧʦʥʷʪʠʷ çʪʝʧʣʦʝʤʢʦʩʪʠè ʚʦʦʙʱʝ ʩʧʦʨʥʦ, ʢʨʦʤʝ ʪʦʛʦ, ʪʘʢʠʝ ʌʇ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ 

ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʢʠʥʝʪʠʯʝʩʢʠʤʠ ʵʬʬʝʢʪʘʤʠ [210-212].  

2.2.2. ʀʟʤʝʨʝʥʠʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʜʘʪʯʠʢʦʚ ʍʦʣʣʘ 

ʉ ʮʝʣʴʶ ʧʨʷʤʦʛʦ ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʘ ʤʘʛʥʠʪʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʠʩʪʝʤʘ, 

ʧʦʟʚʦʣʷʶʱʘʷ ʚ ʦʜʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʘʨʘʣʣʝʣʴʥʦ ʠʟʤʝʨʷʪʴ ʄʂʕ ʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʦʙʨʘʟʮʘ ʄʂ 

ʤʘʪʝʨʠʘʣʘ ʚ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ. ɹr ʣʘ ʩʦʟʜʘʥʘ ʩʧʝʮʠʘʣʴʥʘʷ ʚʩʪʘʚʢʘ ʚ 

ʙʠʪʪʝʨʦʚʩʢʠʡ ʤʘʛʥʠʪ, ʚ ʢʦʪʦʨʦʡ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨ r ʦʙʨʘʟʮʘ ʚ 

ʘʜʠʘʙʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ï ȹT- ʵʬʬʝʢʪ, ʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʦʙʨʘʟʮʘ (ʩ ʧʦʤʦʱʴʶ ʜʚʫʭ ʜʘʪʯʠʢʦʚ 

ʍʦʣʣʘ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʩʤ. ʧʘʪʝʥʪ [ɸ21]).  

ʅʘ ʨʠʩ. 2.14ʘ ʧʨʝʜʩʪʘʚʣʝʥʘ 3D-ʤʦʜʝʣʴ ʚʩʪʘʚʢʠ ʩ ʦʙʨʘʟʮʘʤʠ, ʢʦʪʦʨʘʷ ʨʘʟʤʝʱʘʣʘʩʴ ʚʥʫʪʨʠ 

ʚʘʢʫʫʤʥʦʡ ʢʘʤʝʨʳ ʚ ʨʘʙʦʯʝʡ ʦʙʣʘʩʪʠ ʙʠʪʪʝʨʦʚʩʢʦʛʦ ʤʘʛʥʠʪʘ. ʂ ʦʙʨʘʟʮʫ 1 ʧʨʠʢʣʝʠʚʘʣʩʷ 

ʪʝʨʤʦʜʘʪʯʠʢ ï ʧʣʘʪʠʥʦʚʳʡ ʪʝʨʤʦʨʝʟʠʩʪʦʨ, ʬʠʢʩʠʨʫʶʱʠʡ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʟʮʘ ȹT. 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʠʟʤʝʨʝʥʠʝ ʠʥʜʫʢʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʙʣʠʟʠ ʦʙʨʘʟʮʘ 1 ʩ 

ʧʦʤʦʱʴ  ʁ ʜʚʫʭ ʜʘʪʯʠʢʦʚ ʍʦʣʣʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʙʣʠʟʠ ʝʛʦ çʵʢʚʘʪʦʨʘè 5 ʠ çʧʦʣʶʩʘè 6 

(ʨʠʩ. 2.14ʘ). ʈʘʟʥʦʩʪʴ ʧʦʢʘʟʘʥʠʡ ʜʚʫʭ ʜʘʪʯʠʢʦʚ ʍʦʣʣʘ ʝʩʪʴ ʧʦʣʝʟʥʳʡ ʩʠʛʥʘʣ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʡ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʦʙʨʘʟʮʘ ʄ ʚʦ ʚʥʝʰʥʝʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʅ, ʯʪʦ ʩʭʝʤʘʪʠʯʝʩʢʠ ʦʪʨʘʞʝʥʦ ʥʘ 

ʨʠʩ. 2.16ʘ. ɼʣʷ ʪʦʯʥʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʪʘʢʠʤ ʤʝʪʦʜʦʤ, ʧʨʦʚʦʜʠʪʩʷ ʢʘʣʠʙʨʦʚʢʘ ʧʦ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʠʟʤʝʨʝʥʥʦʡ ʩʪʘʥʜʘʨʪʥʳʤ ʩʧʦʩʦʙʦʤ (ʥʘʧʨʠʤʝʨ, ʩʤ. ʨʠʩ. 2.2ʘ). 

ɼʘʥʥʳʝ ʦ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʦʙʨʘʟʮʘ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʯʠʪʘʪʴ ʨʘʙʦʪʫ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ŭɸ ʧʦ ʥʘʤʘʛʥʠʯʠʚʘʥʠʶ/ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʶ ʦʙʨʘʟʮʘ ʟʘ ʦʜʠʥ ʮʠʢʣ ʚʢʣʶʯʝʥʠʷ/ʚʳʢʣʶʯʝʥʠʷ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (1.36).  

ɼʘʪʯʠʢʠ ʍʦʣʣʘ ʜʘʚʥʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʠ ʩʝʙʷ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʛʥʠʪʥʳʭ 

ʧʦʣʝʡ ʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ [213], ʘ ʩʭʦʞʠʡ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ 

ʩʠʣʴʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ, ʩ ʧʦʤʦʱʴʶ ʜʚʫʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʜʘʪʯʠʢʦʚ ʍʦʣʣʘ (ʨʠʩ. 2.17ʙ), 

ʚʧʝʨʚʳʝ ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʨʘʙʦʪʝ [214]. 
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ʈʠʩ. 2.16. (ʘ) ʀʩʧʦʣʴʟʦʚʘʥʥʘʷ ʩʭʝʤʘ ʠʟʤʝʨʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʬʝʨʨʦʤʘʛʥʝʪʠʢʘ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʧʨʠ ʧʦʤʦʱʠ 

ʜʚʫʭ ʜʘʪʯʠʢʦʚ ʍʦʣʣʘ. (ʙ) ʉʭʝʤʘ ʠʟʤʝʨʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʬʝʨʨʦʤʘʛʥʝʪʠʢʘ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ 

ʚ [214] ï ʜʚʘ ʠʜʝʥʪʠʯʥʳʭ ʜʘʪʯʠʢʘ ʍʦʣʣʘ ʚ ʦʜʥʦʨʦʜʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʅ0, ʧʦʜʢʣʶʯʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ: X1 

ï ʜʘʪʯʠʢ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚʙʣʠʟʠ ʦʙʨʘʟʮʘ ʈ, ʍ2 ï ʦʪʜʝʣʴʥʦ ʩʪʦʷʱʠʡ ʜʘʪʯʠʢ. 

 

2.2.3. ʀʟʤʝʨʝʥʠʝ ȹQ ʠ ʩʢʨʳʪʦʡ ʪʝʧʣʦʪʳ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʩ ʧʦʤʦʱʴʶ ʵʣʝʤʝʥʪʦʚ ʇʝʣʴʪʴʝ 

ʆʧʠʩʘʥʠʶ ʬʠʟʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʦʚ ʨʘʙʦʪʳ ɼʉʂ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʧʦʩʚʷʱʸʥ ʨʘʟʜʝʣ 1.3.2. 

ɼʣʷ ʩʦʟʜʘʥʠ ̫ʦʨʠʛʠʥʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʩʢʨʳʪʦʡ ʪʝʧʣʦʪʳ ʌʇ ɚ ʤʘʪʝʨʠʘʣʦʚ ʩ ʄʂʕ 

ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʧʨʠʤʝʥʷʣʠʩʴ ɻ ʣʝʤʝʥʪ rʇʝʣʴʪʴʝ ʩ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ, ʢʘʢ ʠʟʤʝʨʠʪʝʣʠ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ [A6, A17]. ɺʧʝʨʚʳʝ ʚʦʟʤʦʞʥʦʩʪʴ ʪʘʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʇʝʣʴʪʴʝ ï 

ʢʘʢ ʩʝʥʩʦʨʦʚ, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚ [76]. ɺ ʦʨʠʛʠʥʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʚʘ ʩʝʥʩʦʨʘ 

ʇʝʣʴʪʴʝ ʥʘ ʤʝʜʥʦʡ ʧʦʜʣʦʞʢʝ, ʧʦʜʢʣʶʯʝʥʥʳʝ ʧʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʩʭʝʤʝ (ʨʠʩ. 2.17ʘ). ʂ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʜʥʦʛʦ ʠʟ ʩʝʥʩʦʨʦʚ ʇʝʣɹʪʴʝ ʧʨʠʢʣʝʠʚʘʣʩʷ ʦʙʨʘʟʝʮ ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ, 

ʧʦʚʝʨʭʥʦʩʪʴ ʚʪʦʨʦʛʦ ʵʣʝʤʝʥʪʘ ï ʦʩʪʘʚʘʣʘʩʴ ʧʫʩʪʦʡ. ʇʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ, ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʦʤ 

ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʤʝʜʥʦʡ ʧʦʜʣʦʞʢʠ (ʥʘʛʨʝʚʝ ʠʣʠ ʦʭʣʘʞʜʝʥʠʠ) ʩʣʝʜʦʤ ʠʟʤʝʥʷʣʘʩʴ 

ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʨʘʟʮʘ, ʠ ʧʨʠ ʧʦʜʭʦʜʝ ʢ ʌʇ 1-ʛʦ ʦʙʨʘʟʝʮ ʥʘʯʠʥʘʝʪ ʚʳʜʝʣʷʪʴ/ʧʦʛʣʘʱʘʪʴ ʩʢʨʳʪʫʶ 

ʪʝʧʣʦʪʫ ɚ. ʇʦ ʨʘʟʥʦʩʪʥʦʤʫ ʩʠʛʥʘʣʫ ʤʝʞʜʫ ʩʝʥʩʦʨʘʤʠ ʇʝʣʴʪʴʝ (ʩ ʦʙʨʘʟʮʦʤ ʠ ʙʝʟ) ʤʦʞʥʦ ʩʫʜʠʪʴ ʦ 

ʚʝʣʠʯʠʥʝ ɚ, ʜʣʷ ʪʦʯʥʦʛʦ ʨʘʩʯʸʪʘ ʢʦʪʦʨʦʡ ʧʨʦʚʦʜʠʣʘʩʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʛʨʘʜʫʠʨʦʚʢʘ ʩʠʩʪʝʤʳ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ɼʉʂ ʥʘ ʢʦʤʤʝʨʯʝʩʢʠʭ ʫʩʪʘʥʦʚʢʘʭ ʚ ʥʫʣʝʚʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʤʝʜʥʦʡ ʧʦʜʣʦʞʢʠ ʨʝʛʫʣʠʨʦʚʘʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʦʪʜʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʇʝʣʴʪʴʝ ï 

ʥʘʛʨʝʚʘʪʝʣʷ, ʩ ʧʨʠʢʣʝʝʥʥʳʤ ʢ ʥʝʤʫ ʧʣʘʪʠʥʦʚʳʤ ʪʝʨʤʦʨʝʟʠʩʪʦʨʦʤ PT-100, ʢʦʪʦʨʳʝ 

ʧʦʜʢʣʶʯʘʣʠʩʴ ʢ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʢʦʥʪʨʦʣʣʝʨʫ Lake Shore. ɺʪʦʨʘʷ ʩʪʝʥʢʘ ʥʘʛʨʝʚʘʪʝʣʷ ʇʝʣʴʪʴʝ 

ʧʨʠʢʣʝʠʚʘʣʘʩʴ ʢ ʤʘʩʩʠʚʥʦʤʫ ʤʝʜʥʦʤʫ ʙʣʦʢʫ, ʢʦʪʦʨʳʡ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʥʘʭʦʜʠʣʩʷ ʚ ʭʦʨʦʰʝʤ 

ʪʝʧʣʦʚʦʤ ʢʦʥʪʘʢʪʝ ʩʦ ʩʪʝʥʢʘʤʠ ʚʘʢʫʫʤʥʦʡ ʢʘʤʝʨʳ, ʚ ʢʦʪʦʨʫʶ ʧʦʤʝʱʘʣʩʷ ʢʘʣʦʨʠʤʝʪʨ 

(ʨʠʩ. 2.17ʙ). ʆʧʠʩʘʥʥʘʷ ʫʩʪʘʥʦʚʢʘ ʧʦʤʝʱʘʣʘʩʴ ʚ ʧʦʣʝ ʙʠʪʪʝʨʦʚʩʢʦʛʦ ʤʘʛʥʠʪʘ ɽ-150 (ʨʠʩ. 2.13). 

ʅʘ ʦʨʠʛʠʥʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ ʚʦʟʤʦʞʥʦ ʜʚʘ ʨʝʞʠʤʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʩ ʄʂʕ ʚ ʧʦʣʷʭ 
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ʙʠʪʪʝʨʦʚʩʢʦʛʦ ʤʘʛʥʠʪʘ. ʇʝʨʚʳʡ ï ʠʟʤʝʨʝʥʠʝ ɚ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ: ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʝ 

ʧʦʣʝ ʦʪ 0 ʜʦ 140 ʢʕ ʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʥʘʛʨʝʚ/ʦʭʣʘʞʜʝʥʠʝ ʦʙʨʘʟʮʘ ʩ ʟʘʜʘʥʥʦʡ 

ʩʢʦʨʦʩʪʴ. ɼʘʥʥʳʡ ʧʨʦʪʦʢʦʣ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ɚ(ʅ), ʘ ʪʘʢʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʯʘʣʘ ʠ 

ʢʦʥʮʘ ʌʇ 1-ʛʦ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. ɺʪʦʨʦʡ ʨʝʞʠʤ ï ʠʟʤʝʨʝʥʠʝ ȹQ-ʵʬʬʝʢʪʘ: ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʘʷ ʥʘʯʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʨʘʟʮʘ ʊ0 ʚʙʣʠʟʠ ʌʇ, ʘ ʜʘʣʝʝ ʚʢʣʶʯʘʝʪʩʷ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ. 

ʇʦ ʨʘʟʥʦʩʪʥʦʤʫ ʩʠʛʥʘʣʫ ʩ ʩʝʥʩʦʨʦʚ ʇʝʣʴʪʴʝ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʠʟʤʝʥʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʪʝʧʣʦʪʳ 

ȹQ ʚ ʠʟʦʪʝʨʤʠʯʝʩʢʦʤ ʨʝʞʠʤʝ, ʚʳʜʝʣʝʥʥʦʝ/ʧʦʛʣʦʱʸʥʥʦʝ ʦʙʨʘʟʮʦʤ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ.  

 

 

 

 

 

(ʘ) 

 

(ʙ) 

ʈʠʩ. 2.17. (ʘ) ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ɚ ʠ ȹQ ʄʂ ʤʘʪʝʨʠʘʣʦʚ ʚ 

ʧʦʣʷʭ ʙʠʪʪʝʨʦʚʩʢʦʛʦ ʤʘʛʥʠʪʘ ʜʦ 140 ʢʕ. (ʙ) ɺʥʝʰʥʠʡ ʚʠʜ ʦʨʠʛʠʥʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ, ʩ ʧʨʠʢʣʝʝʥʥʳʤ ʦʙʨʘʟʮʦʤ ʄʂ 

ʤʘʪʝʨʠʘʣʘ ʥʘ ʦʜʥʦʤ ʠʟ ʩʝʥʩʦʨʦʚ ʇʝʣʴʪʴʝ. 
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2.3. ʄʝʪʦʜʳ ʠʟʤʝʨʝʥʠʷ ȹT-ʵʬʬʝʢʪʘ ʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ 

ʚ ʠʤʧʫʣʴʩʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ 

2.3.1. ʀʟʤʝʨʝʥʠʝ ȹT ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʪʝʨʤʦʧʘʨʳ 

 ɼʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʨʤʦʧʘʨ ʚʘʞʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʷʚʣʷʝʪʩʷ ʠʭ ʪʝʧʣʦʚʘʷ 

ʠʥʝʨʮʠʷ. ʉʥʠʞʝʥʠʝ ʠʥʝʨʮʠʦʥʥʦʩʪʠ ʪʝʨʤʦʧʘʨ ð ʚʘʞʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ 

ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ [215]. ʆʜʥʠʤ ʠʟ ʧʫʪʝʡ ʩʦʟʜʘʥʠʷ ʤʘʣʦʠʥʝʨʮʠʦʥʥʦʡ 

ʪʝʨʤʦʧʘʨʳ ʷʚʣʷʝʪʩʷ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʝ ʠʟ ʤʠʢʨʦʧʨʦʚʦʜʦʚ [102]. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʯʘʩʪʦ ʚʦʟʥʠʢʘʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʤʠʥʠʘʪʶʨʥʳʭ ʪʝʨʤʦʧʘʨʘʭ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ 

ʥʠʟʢʦʡ ʠʥʝʨʮʠʦʥʥʦʩʪʴʶ ʠ ʚʳʩʦʢʦʡ ʥʘʜʝʞʥʦʩʪʴʶ. ɹʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʠʟʫʯʝʥʠʝ 

ʧʦʛʨʝʰʥʦʩʪʝʡ ʪʝʨʤʦʧʘʨ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʲʝʢʪʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ, 

ʥʘʧʨʠʤʝʨ, ʠʩʩʣʝʜʦʚʘʥʠʠ ʪʝʨʤʦʤʘʛʥʠʪʥʳʭ ʵʬʬʝʢʪʦʚ (ʅʝʨʥʩʪʘðʕʪʪʠʥʛʩʛʘʫʟʝʥʘ, ʈʠʛʠðʃʝʜʶʢʘ 

ʠ ʜʨ.). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʝʱʝ ʥʝ ʩʦʟʜʘʥʘ ʦʙʱʘʷ ʪʝʦʨʠʷ ʨʘʩʯʝʪʘ ʪʘʢʦʛʦ ʨʦʜʘ ʧʦʛʨʝʰʥʦʩʪʠ, ʥʦ 

ʮʝʣʳʡ ʨʷʜ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪ [216-219] ʜʘʝʪ ʦʙʱʫʶ ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ 

ʧʦʛʨʝʰʥʦʩʪʠ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʚʣʠʷʥʠʝʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠʟʤʝʨʝʥʠʷʭ. 

ʀʟʤʝʨʝʥʠʷ ȹT-ʵʬʬʝʢʪʘ ʚ ʩʠʣʴʥʳʭ ʠʤʧʫʣʴʩʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʜʦ 500 ʢʕ (ʨʠʩ. 2.18ʘ) ʩ 

ʧʦʤʦʱʴʶ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʤʠʢʨʦʪʝʨʤʦʧʘʨ ʪʠʧʘ ʊ (ʤʝʜʴ-ʢʦʥʩʪʘʥʪʘʥ) ʠʟ ʤʠʢʨʦʧʨʦʚʦʜʦʚ ʩ 

ʪʦʣʱʠʥʦʡ ʧʨʦʚʦʜʷʱʝʛʦ ʩʝʯʝʥʠʷ ʚ 25 ʤʢʤ (ʪʦʣʱʠʥʘ ʩʧʘʝʚ 40 ʤʢʤ) ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʃʘʙʦʨʘʪʦʨʠʠ 

ʩʠʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʎʝʥʪʨʘ ʠʤ. ɻʝʣʴʤʛʦʣʴʮʘ ɼʨʝʟʜʝʥ-ʈʦʩʩʝʥʜʦʨʬ, ʛ. ɼʨʝʟʜʝʥ, ɻʝʨʤʘʥʠʷ 

(ʎɻɼʈ). çɻʦʨʷʯʠʡè ʠ çʭʦʣʦʜʥʳʡè ʢʦʥʪʘʢʪʳ ʤʠʢʨʦʪʝʨʤʦʧʘʨʳ ʠʟʛʦʪʘʚʣʠʚʘʣʠʩʴ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦ-

ʠʩʢʨʦʚʦʡ ʩʚʘʨʢʠ. ʀʟʤʝʨʠʪʝʣʴʥʳʡ (ʛʦʨʷʯʠʡ) ʢʦʥʪʘʢʪ ʤʠʢʨʦʪʝʨʤʦʧʘʨ rʟʘʞʠʤʘʣʩ ̫ʤʝʞʜʫ ʜʚʫʭ 

ʯʘʩʪʝʡ ʠʩʩʣʝʜʫʝʤʦʛʦ ʄʂ ʤʘʪʝʨʠʘʣʘ ʠ ʧʨʦʢʣʝʠʚʘʣʩʷ ʧʨʠ ʧʦʤʦʱʠ ʩʝʨʝʙʨʷʥʦʛʦ ʧʨʦʚʦʜʷʱʝʛʦ ʢʣʝʷ 

ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʪʝʧʣʦʚʦʛʦ ʢʦʥʪʘʢʪʘ ʠ ʫʤʝʥʴʰʝʥʠʷ ʧʦʪʝʨʴ ʪʝʧʣʘ. ʅʘʯʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʦʙʨʘʟʮʘ ʥʘ ʜʝʨʞʘʪʝʣʝ ʨʝʛʫʣʠʨʦʚʘʣʘʩʴ ʩ ʧʦʤʦʱʴ  ʁ ʤʝʩʪʥʦʛʦ ʥʘʛʨʝʚʘʪʝʣʷ ï ʙʠʬʠʣʷʨʥʦ 

ʥʘʤʦʪʘʥʥʦʛʦ ʧʨʦʚʦʜʘ ʠʟ ʥʠʭʨʦʤʘ. ɼʣʷ ʢʦʥʪʨʦʣʷ ʥʘʯʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʨʝʟʠʩʪʠʚʥʳʡ ʪʝʨʤʦʤʝʪʨ Cernox, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʥʘ ʧʣʘʩʪʠʢʦʚʦʤ ʜʝʨʞʘʪʝʣʝ, ʚʙʣʠʟʠ ʢʦʪʦʨʦʛʦ 

ʧʨʠʢʣʝʠʚʘʣʩʷ ʪʘʢʞʝ ʭʦʣʦʜʥʳʡ ʢʦʥʪʘʢʪ ʤʠʢʨʦʪʝʨʤʦʧʘʨʳ (ʨʠʩ. 2.18ʙ). ʐʪʦʢ ʩ ʧʣʘʩʪʠʢʦʚʳʤ 

ʜʝʨʞʘʪʝʣʝʤ (ʨʠʩ. 2.18ʚ) ʧʦʤʝʱʷʣʩʷ ʚ ʢʘʣʦʨʠʤʝʪʨ, ʢʦʪʦʨʳʡ ʚʘʢʫʫʤʠʨʦʚʘʣʩʷ ( 1 ʇʘ), ʠ ʧʦʤʝʱʷʣʩʷ 

ʚ ʨʘʙʦʯʫʶ ʦʙʣʘʩʪʴ ʠʤʧʫʣʴʩʥʦʛʦ ʩʦʣʝʥʦʠʜʘ, ʦʭʣʘʞʜʘʝʤʦʛʦ ʞʠʜʢʠʤ ʘʟʦʪʦʤ (77 ʂ). 

ɼʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʡ ʨʘʟʨʘʙʦʪʘʥʘ ʚ ʎɻɼʈ ʠ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʘ ʚ ʨʘʙʦʪʘʭ [98, 101]. 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʠʟʤʝʨʝʥʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʤʝʥʥʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʤʠʢʨʦʪʝʨʤʦʧʘʨʘ, 

ʪʦ ʝʩʪʴ ʜʝʡʩʪʚʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʢʦʥʪʘʢʪʳ ʪʝʨʤʦʧʘʨʳ (ʥʘ ʪʝʨʤʦ-ʕɼʉ) ʚʟʘʠʤʦʚʳʯʠʪʘʶʪʩʷ. 

ʊʘʢʞʝ ʚʣʠʷʥʠʝ ʠʤʧʫʣʴʩʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʤʠʢʨʦʪʝʨʤʦʧʘʨʫ ʫʯʠʪʳʚʘʣʦʩʴ ʧʨʠ ʦʙʨʘʙʦʪʢʝ 

ʧʦʣʫʯʝʥʥʦʛʦ ʩʠʛʥʘʣʘ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʥʦʛʦ ʧʘʢʝʪʘ, ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʪʘʤ ʞʝ [101]. ʉʪʦʠʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʝʥʥʦʛʦ ʩʠʛʥʘʣʘ (ʥʘʧʨʠʤʝʨ, ʥʘ ʨʠʩ. 2.18ʘ ʩʘʣʘʪʦʚʘʷ ʢʨʠʚʘʷ) ʩʠʣʴʥʦ 
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ʟʘʚʠʩʠʪ ʦʪ ʢʘʯʝʩʪʚʘ ʢʦʥʢʨʝʪʥʦʡ ʠʩʧʦʣʴʟʫʝʤʦʡ ʪʝʨʤʦʧʘʨʳ (ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʚʨʫʯʥʫʶ), ʘ 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ ʤʦʞʝʪ ʪʦʣʴʢʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ ʝʛʦ 

ʨʝʘʣʴʥʳʡ ʚʠʜ, ʦʜʥʘʢʦ, ʩ ʚʳʩʦʢʦʡ ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ ʤʦʞʥʦ ʩʫʜʠʪʴ ʦ ʚʝʣʠʯʠʥʝ ȹT-ʵʬʬʝʢʪʘ. 

 

 

(ʘ) 

 

 

 

 

 

 

 

 

 

 

(ʙ) 

 

(ʚ) 

ʈʠʩ. 2.18. (ʘ) ɺʨʝʤʝʥʥʦʡ ʧʨʦʬʠʣʴ ʦʜʥʦʛʦ ʠʤʧʫʣʴʩʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ 500 ʢʕ (ʩʝʨʳʡ ʬʦʥ) ʠ ʚʨʝʤʝʥʥʦʡ 

ʧʨʦʬʠʣʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʟʮʘ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ (ʩʘʣʘʪʦʚʘʷ ʢʨʠʚʘʷ), ʠʟʤʝʨʝʥʥʦʡ 

ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʪʝʨʤʦʧʘʨʳ. (ʙ) ʄʝʩʪʦ ʢʨʝʧʣʝʥʠʷ ʦʙʨʘʟʮʘ - ʧʣʘʩʪʠʢʦʚʳʡ ʜʝʨʞʘʪʝʣ,ɹ ʥʘ ʢʦʪʦʨʳʡ ʪʘʢʞʝ 

ʧʨʠʢʣʝʝʥ ʨʝʟʠʩʪʠʚʥʳʡ ʜʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʳ Cernox. (ʚ) ʌʦʪʦʛʨʘʬʠʷ ʚʩʪʘʚʢʠ ʚ ʚʘʢʫʫʤʥʳʡ ʢʘʣʦʨʠʤʝʪʨ ʜʣʷ 

ʠʤʧʫʣʴʩʥʦʛʦ ʤʘʛʥʠʪʘ: ʜʣʠʥʘ ʰʪʦʢʘ 141 ʩʤ.  

 

2.3.2. ʀʟʤʝʨʝʥʠʝ ȹT ʙʝʩʢʦʥʪʘʢʪʥʳʤ ʤʝʪʦʜʦʤ ʩ ʧʦʤʦʱʴʶ 

ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʛʦ ʜʘʪʯʠʢʘ ʪʝʤʧʝʨʘʪʫʨʳ 

ʂʘʢ ʙʳʣʦ ʩʢʘʟʘʥʦ ʚʳʰʝ (ʨʘʟʜʝʣ 1.3.3), ʙʦʣʴʰʦʡ ʧʨʦʙʣʝʤʦʡ ʧʨʠ ʤʘʛʥʠʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

ʷʚʣʷʝʪʩʷ ʪʦʯʥʦʝ ʠʟʤʝʨʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʝʱʝʩʪʚ, ʦʩʦʙʝʥʥʦ ʚ ʩʠʣʴʥʳʭ ʠʤʧʫʣʴʩʥʳʭ ʠ 

ʧʝʨʝʤʝʥʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʤʝʪʦʜ ʙʝʩʢʦʥʪʘʢʪʥʦʛʦ 

ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʠʟʫʯʝʥʠʷ ʩʚʦʡʩʪʚ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʌʇ ʚ ʩʠʣʴʥʳʭ 

ʠʤʧʫʣʴʩʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ. ʅʦʚʘʷ ʩʠʩʪʝʤʘ, ʩʦʟʜʘʥʥʘʷ ʥʘ ʦʩʥʦʚʝ ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʣʦʢʥʘ ʀʂ-

ʜʠʘʧʘʟʦʥʘ (5-15 ʤʢʤ) ʠʟ AgClxBr1-x (0<ʭ<1) [221-224] ʠ ʜʝʪʝʢʪʦʨʘ - ʬʦʪʦʨʝʟʠʩʪʦʨʘ ʠʟ CdHgTe 

[225, 226], ʭʦʨʦʰʦ ʟʘʱʠʱʝʥʘ ʦʪ ʚʣʠʷʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ ʠ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʠʤ 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʝʤ ʥʘ ʫʨʦʚʥʝ 10-6 ʩʝʢ. ʆʨʠʛʠʥʘʣʴʥʳʡ ʠʥʬʨʘʢʨʘʩʥʳʡ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʡ 
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ʜʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʳ (ɺʆɼʊ) ʧʨʝʚʦʩʭʦʜʠʪ ʚʩʝ ʠʟʚʝʩʪʥʳʝ ʢʦʥʪʘʢʪʥʳʝ ʜʘʪʯʠʢʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʤʠʢʨʦʪʝʨʤʦʧʘʨʘʭ ʠʣʠ ʧʣʝʥʦʯʥʳʭ ʪʝʨʤʦʨʝʟʠʩʪʦʨʘʭ (ʩʤ. ʨʘʟʜʝʣ 1.3.3), ʧʦ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ ʠ 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʶ ʚ ʩʠʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ [A8, A10, A18, A20].  

ʇʝʨʚʳʡ ʧʨʦʪʦʪʠʧ ɺʆɼʊ ʥʘ ʦʩʥʦʚʝ ʀʂ ʤʥʦʛʦʤʦʜʦʚʦʛʦ ʩʚʝʪʦʚʦʜʘ ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʚ 

ʨʘʙʦʪʝ [220], ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ɺʆɼʊ ʜʣʷ ʠʟʫʯʝʥʠʷ ʄʂʕ ʚ 

ʩʠʣʴʥʳʭ ʠʤʧʫʣʴʩʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 2.19ʘ, ʝʸ ʚʥʝʰʥʠʡ ʚʠʜ - ʥʘ ʨʠʩ.2.19ʚ. 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʄʂʕ ʚ ʠʤʧʫʣʴʩʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʩʣʝʜʫʶʱʝʤ. ʂ ʦʙʨʘʟʮʫ ʄʂ ʤʘʪʝʨʠʘʣʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʨʘʙʦʯʝʡ ʦʙʣʘʩʪʠ ʠʤʧʫʣʴʩʥʦʛʦ ʤʘʛʥʠʪʘ, 

ʥʘ ʨʘʩʩʪʦʷʥʠʝ 1 ʤʤ ʧʦʜʚʦʜʠʪʩʷ ʪʦʨʝʮ ʩʚʝʪʦʚʦʜʘ (ʨʠʩ. 2.20ʘ), ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʠʟ ʢʨʠʩʪʘʣʣʦʚ 

ʛʘʣʦʛʝʥʠʜʦʚ ʩʝʨʝʙʨʘ AgClxBr1-x (0<ʭ<1) ʤʝʪʦʜʦʤ ʵʢʩʪʨʫʟʠʠ ʯʝʨʝʟ ʬʠʣʴʝʨʫ [221-224]. ʊʘʢʦʡ 

ʩʚʝʪʦʚʦʜ, ʜʣʠʥʦʡ ʦʪ 1,5 ʜʦ 3 ʤ, ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʠʪʴ ʧʝʨʝʜʘʯʫ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ 

ʜʣʠʥ ʚʦʣʥ 5-15 ʤʢʤ ʦʪ ʠʩʪʦʯʥʠʢʘ (ʦʙʨʘʟʮʘ ʄʂ ʤʘʪʝʨʠʘʣʘ) ʢ ʜʝʪʝʢʪʦʨʫ ʀʂ-ʠʟʣʫʯʝʥʠʷ (ʨʠʩ. 2.19ʙ). 

ɼʝʪʝʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʫʟʢʦʟʦʥʥʳʡ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʡ ʬʦʪʦʨʝʟʠʩʪʦʨ CdHgTe [225, 226], 

ʦʭʣʘʞʜʘʝʤʳʡ ʞʠʜʢʠʤ ʘʟʦʪʦʤ (77 ʂ), ʠ ʧʦʜʢʣʶʯʝʥʥʳʡ ʢ ʩʭʝʤʝ ʫʩʠʣʝʥʠʷ ʩʠʛʥʘʣʦʚ (ʨʠʩ. 2.23). 

ʌʦʪʦʨʝʟʠʩʪʦʨ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʠʸʤ ʀʂ ʠʟʣʫʯʝʥʠʷ ʦʪ ʩʚʝʪʦʚʦʜʘ ʥʘ ʪʝʭ ʞʝ ʯʘʩʪʦʪʘʭ (ʨʠʩ. 2.21ʙ), ʘ 

ʧʦʩʪʦʷʥʥʘʷ ʚʨʝʤʝʥʠ ʬʦʪʦʨʝʟʠʩʪʦʨʘ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝʝ 1 ʤʢʩ. ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʩ 

ʬʦʪʦʨʝʟʠʩʪʦʨʘ ʧʦʩʪʫʧʘʝʪ ʚ ʧʨʝʜʫʩʠʣʠʪʝʣʴ (ʩʭʝʤʘ ʥʘ ʨʠʩ. 2.23) ʠ ʧʝʨʝʜʘʝʪʩʷ ʥʘ ɸʎʇ ʩ ʯʘʩʪʦʪʦʡ 

ʨʘʟʚʸʨʪʢʠ 1 ʄɻʮ ʥʘ ʢʘʥʘʣ. ʊʘʢʞʝ ʚ ʩʠʩʪʝʤʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʜʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʳ 

(ʪʝʨʤʦʧʘʨʘ ʠʣʠ ʪʝʨʤʦʨʝʟʠʩʪʦʨ) ʜʣʷ ʢʦʥʪʨʦʣʷ ʥʘʯʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʟʮʘ (ʨʠʩ. 2.19ʘ).  

 

 
(a) 

  
(ʙ) 

 
 

(ʚ) 

ʈʠʩ. 2.19. (ʘ) ʉʭʝʤʘ ʩʠʩʪʝʤʳ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ȹT-ɻ ʬʬʝʢʪʘ ʩ ʧʦʤʦʱʴʶ ɺʆɼʊ ʚ ʩʠʣʴʥʳʭ ʠʤʧʫʣʴʩʥʳʭ ʧʦʣʷʭ [A10]. 

(ʙ) ɺʥʝʰʥʠʡ ʚʠʜ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ɺʆɼʊ. ʀʩʩʣʝʜʫʝʤʳʝ ʦʙʨʘʟʮʳ ʨʘʟʤʝʱʘʶʪʩʷ ʚ ʨʘʙʦʯʝʡ ʦʙʣʘʩʪʠ 

ʠʤʧʫʣʴʩʥʦʛʦ ʤʘʛʥʠʪʘ (ʜʦ 85 ʢʕ) ʚ ʀʄɺɸʅʊ. (ʚ) ʈʘʩʧʦʣʦʞʝʥʠʝ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ ʠ ʬʦʦʜʝʪʝʢʪʦʨʘ, ɗ - ʫʛʦʣ ʚʚʦʜʘ 

ʠʟʣʫʯʝʥʠʷ ʚ ʩʚʝʪʦʚʦʜ. 
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ɿʘʢʦʥ ʉʪʝʬʘʥʘ - ɹʦʣʴʮʤʘʥʘ ʟʘʜʘʝʪ ʠʟʣʫʯʘʝʤʫʶ ʤʦʱʥʦʩʪʴ ʌ ʩ ʝʜʠʥʠʮʳ ʧʦʚʝʨʭʥʦʩʪʠ 

ʠʩʪʦʯʥʠʢʘ (ʦʙʨʘʟʮʘ) [227]. ʇʨʠʩʫʪʩʪʚʠʝ ʚʙʣʠʟʠ ʠʩʪʦʯʥʠʢʘ ʜʨʫʛʦʛʦ ʪʝʣʘ (ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ) ʩ 

ʪʝʤʧʝʨʘʪʫʨʦʡ, ʦʪʣʠʯʥʦʡ ʦʪ ʘʙʩʦʣʶʪʥʦʛʦ ʥʫʣʷ, ʧʨʠʚʦʜʠʪ ʢ ʧʦʛʣʦʱʝʥʠʶ ʤʦʱʥʦʩʪʠ ʠʩʪʦʯʥʠʢʦʤ. 

ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʧʦʛʣʦʱʝʥʠʷ ʠʟʣʫʯʝʥʠʷ ʨʝʘʣʴʥʳʤ ʚʝʱʝʩʪʚʦʤ (ʘ ʥʝ ʘʙʩʦʣʶʪʥʦ ʯʸʨʥʳʤ ʪʝʣʦʤ) 

ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʙʨʘʪʴ ʚ ʨʘʩʯʝʪ ʢʦʥʩʪʘʥʪʫ ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ r. ʊʦʛʜʘ ʧʦʣʥʫʶ 

ʠʟʣʫʯʘʝʤʫʶ ʤʦʱʥʦʩʪʴ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ, ʢʘʢ: 

4 4

0 0( )ʌ r T Ts= - ,     (2.4) 

ʛʜʝ r ï ʠʟʣʫʯʘʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʦʙʨʘʟʮʘ; ů0 = 5,670 Ĭ 10-8 ɺʪĿʤī2Ŀʂī4 ï ʧʦʩʪʦʷʥʥʘʷ ʉʪʝʬʘʥʘ- 

ɹʦʣʴʮʤʘʥʘ, ʊ ï ʘʙʩʦʣʶʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʨʘʟʮʘ, ʘ ʊ0 ï ʘʙʩʦʣʶʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ. ʀʟʣʫʯʘʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ r ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʛʨʘʜʫʠʨʦʚʢʝ ʩʠʩʪʝʤʳ, 

ʪʘʢ ʢʘʢ ʠʥʜʠʚʠʜʫʘʣʴʥʘ ʜʣʷ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ.  

ʀʤʧʫʣʴʩʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʧʨʠʚʦʜʠʪ ʢ ʘʜʠʘʙʘʪʠʯʝʩʢʦʤʫ ʠʟʤʝʥʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ 

ʦʙʨʘʟʮʘ ʥʘ ʚʝʣʠʯʠʥʫ ȹʊ, ʠʟʤʝʥʷʷ ʠʟʣʫʯʘʝʤʫʶ ʤʦʱʥʦʩʪʴ ʥʘ ʚʝʣʠʯʠʥʫ ȹʌ. ʆʪʥʦʩʠʪʝʣʴʥʦʝ 

ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʪʘʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 3%: ȹʊ/T=10/300=0,033, ʪʦ 

ʝʩʪʴ ʷʚʣʷʝʪʩʷ ʤʘʣʳʤ. ʊʦʛʜʘ ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʤʦʱʥʦʩʪʠ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʘ ȹʌ ʙʫʜʝʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʘʜʠʘʙʘʪʠʯʝʩʢʦʤʫ ʠʟʤʝʥʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ 

ʦʙʨʘʟʮʘ ȹT ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ: ȹʌ  ȹʊ. 

ʉ ʥʝʢʦʪʦʨʳʤʠ ʧʦʪʝʨʷʤʠ, ʟʘʚʠʩʷʱʠʤʠ ʦʪ ʤʘʪʝʨʠʘʣʘ ʩʚʝʪʦʚʦʜʘ ʠ ʝʛʦ ʜʣʠʥʳ (ʨʠʩ. 2.20ʘ), 

ʠʟʣʫʯʘʝʤʘʷ ʦʙʨʘʟʮʦʤ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʤʦʥɦʦʩʪʴ ʙʫʜʝʪ ʧʝʨʝʜʘʥʘ ʧʦ ʩʚʝʪʦʚʦʜʫ ʠ ʧʦʧʘʜʸʪ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʜʝʪʝʢʪʦʨʘ ï ʬʦʪʦʨʝʟʠʩʪʦʨʘ (ʨʠʩ. 2.19ʙ), ʯʪʦ ʚʳʟʦʚʝʪ ʚ ʥʝʤ ʠʟʤʝʥʝʥʠʝ ʬʦʪʦʪʦʢʘ ȹIʬ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʦʚʦʜʠʤʦʩʪʴ ʬʦʪʦʩʦʧʨʦʪʠʚʣʝʥʠʡ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʣʦʞʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ ʦʪ 

ʦʩʚʝʱʝʥʥʦʩʪʠ [228]. ʇʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʭ ʦʩʚʝʱʝʥʥʦʩʪʷʭ ʧʦʚʝʜʝʥʠʝ 

ʬʦʪʦʩʦʧʨʦʪʠʚʣʝʥʠʡ ʧʦʜʯʠʥʷʝʪʩʷ ʟʘʢʦʥʫ ʆʤʘ, ʪ. ʝ. ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʦʩʚʝʱʝʥʥʦʩʪʠ ʩʠʣʘ ʪʦʢʘ, 

ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʧʨʠʣʦʞʝʥʥʦʤʫ ʥʘʧʨʷʞʝʥʠʶ. ɺʝʣʠʯʠʥʘ 

ʬʦʪʦʪʦʢʘ ʧʨʠ ʤʘʣʳʭ ʦʩʚʝʱʝʥʥʦʩʪʷʭ, ʝʩʣʠ ʥʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ ʧʦʩʪʦʷʥʥʦ, ʨʘʩʪʝʪ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʦʩʚʝʱʝʥʥʦʩʪʠ; ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʦʩʚʝʱʝʥʥʦʩʪʠ ʥʘʩʪʫʧʘʝʪ ʷʚʣʝʥʠʝ 

ʥʘʩʳʱʝʥʠʷ ʠ ʧʨʷʤʘʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʴ ʥʘʨʫʰʘʝʪc  ̫(ʨʠʩ. 2.21ʘ). ʀʩʧʦʣʴʟʫʝʤʳʡ ʬʦʪʦʨʝʟʠʩʪʦʨ 

ʠʟ CdHgTe ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʨʠʸʤ ʠʟʣʫʯʝʥʠʷ ʚ ʪʦʤ ʞʝ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥʥ ʚʦʣʥ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʧʫʩʢʘʝʪ 

ʩʚʝʪʦʚʦʜ (ʨʠʩ. 2.21ʙ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʤʝʥʝʥʠʝ ʬʦʪʦʪʦʢʘ ʚ ʬʦʪʦʨʝʟʠʩʪʦʨʝ ȹIʬ ʙʫʜʝʪ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʠʟʤʝʥʝʥʠ ʁʤʦʱʥʦʩʪʠ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʘ ȹʌ: ȹIʬ  ȹʌ. 

ɺ ʠʪʦʛʝ, ʩ ʥʝʢʦʪʦʨʳʤʠ ʜʦʧʫʱʝʥʠʷʤʠ, ʤʦʞʥʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʬʦʪʦʪʦʢʘ ʚ 

ʬʦʪʦʨʝʟʠʩʪʦʨʝ ȹIʬ ʙʫʜʝʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʘʜʠʘʙʘʪʠʯʝʩʢʦʤʫ ʠʟʤʝʥʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʟʮʘ 

ȹT ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ: ȹIʬ  ȹʊ. 
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ɿʘʢʦʥ ʩʤʝʱʝʥʠʷ ɺʠʥʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʜʣʠʥʳ ʚʦʣʥʳ ɚp, ʥʘ ʢʦʪʦʨʦʡ 

ʩʧʝʢʪʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʠʟʣʫʯʝʥʠʷ ʯʸʨʥʦʛʦ ʪʝʣʘ ʜʦʩʪʠʛʘʝʪ ʩʚʦʝʛʦ ʤʘʢʩʠʤʫʤʘ, ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʯʸʨʥʦʛʦ ʪʝʣʘ: 

0 /p a Tl=       (2.5) 

ʛʜʝ a0 = 2,892 Ĭ 10-3 ʤ/ʂ ð ʢʦʥʩʪʘʥʪʘ, ʠʤʝʶʱʘʷ ʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ. ʉʦʛʣʘʩʥʦ ʟʘʢʦʥʫ, ʜʣʠʥʘ 

ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ ɚp, ʧʨʠ ʢʦʪʦʨʦʡ ʵʥʝʨʛʠʷ ʠʟʣʫʯʝʥʠʷ ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʛʦ ʪʝʣʘ ʤʘʢʩʠʤʘʣʴʥʘ, 

ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʘʙʩʦʣʶʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʪʝʣʘ T [227]. ʕʢʩʧʝʨʠʤʝʥʪʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɺʆɼʊ ʧʨʦʚʦʜʠʣʠʩʴ ʚʙʣʠʟʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ (300 ʂ), ʧʨʠ ʢʦʪʦʨʦʡ, 

ʩʦʛʣʘʩʥʦ (2.5), ɚp = 9,6 ʤʢʤ. ʅʘ ʜʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʩʚʝʪʦʚʦʜ ʧʦʢʘʟʳʚʘʝʪ ʥʘʠʤʝʥʴʰʠʝ ʧʦʪʝʨʠ 

ʤʦʱʥʦʩʪʠ (ʨʠʩ. 2.20ʙ), ʘ ʬʦʪʦʨʝʟʠʩʪʦʨ ï ʩʨʝʜʥʶʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ (ʨʠʩ. 2.21ʙ). 

 ʄʘʪʝʨʠʘʣ Cd1-xHgxTe ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʤʦʣʷʨʥʦʡ ʜʦʣʠ ʪʝʣʣʫʨʠʜʘ ʢʘʜʤʠʷ ʉdʊʝ ʭ å 0,2 ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʙʘʟʦʚʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʬʦʪʦʧʨʠʝʤʥʠʢʦʚ ʀʂ-

ʠʟʣʫʯʝʥʠʷ, ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʚ ʦʢʥʝ ʧʨʦʟʨʘʯʥʦʩʪʠ ʟʝʤʥʦʡ ʘʪʤʦʩʬʝʨʳ 8 õ 14 ʤʢʤ. ɺ ʦʪʣʠʯʠʝ 

ʦʪ ʤʦʥʦʘʪʦʤʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ Ge, Si, ʣʝʛʠʨʦʚʘʥʥʳʭ ʨʘʟʣʠʯʥʳʤʠ ʧʨʠʤʝʩʷʤʠ (Gʝ:Hg, Si:Gʘ, 

Si:ɺ ʠ ʜʨ.) ʠ ʪʨʝʙʫʶʱʠʤʠ ʛʣʫʙʦʢʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨ çʚʦʜʦʨʦʜʥʦʛʦè ʠ çʛʝʣʠʝʚʦʛʦè 

ʫʨʦʚʥʝʡ, Cd0,2Hg0,8Te ʦʙʣʘʜʘʝʪ ʩʦʙʩʪʚʝʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʥʝ ʥʠʞʝ 80 ʂ, 

ʢʦʪʦʨʦʝ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʭ ʩʠʩʪʝʤ ʦʭʣʘʞʜʝʥʠʷ ʛʘʟʦʢʨʠʦʛʝʥʥʦʛʦ 

ʪʠʧʘ. ʇʦʩʣʝʜʥʝʝ ʦʪʢʨʳʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʝʧʣʦʚʠʟʠʦʥʥʳʭ ʠ ʪʝʧʣʦʧʝʣʝʥʛʘʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤ ʩ ʛʘʙʘʨʠʪʘʤʠ ʠ ʚʝʩʘʤʠ, ʜʦʧʫʩʢʘʶʱʠʤʠ ʠʭ ʨʘʟʤʝʱʝʥʠʝ ʥʘ ʥʦʩʠʤʳʭ ʪʝʧʣʦʚʠʟʦʨʘʭ, ʚ 

ʪʝʧʣʦʚʳʭ ʛʦʣʦʚʢʘʭ ʩʘʤʦʥʘʚʝʜʝʥʠʷ ʠ ʚ ʜʨʫʛʠʭ ʤʘʣʦʛʘʙʘʨʠʪʥʳʭ ʩʠʩʪʝʤʘʭ [229]. ʀʩʧʦʣʴʟʦʚʘʥʥʳʡ 

ʚ ʫʩʪʨʦʡʩʪʚʝ ɺʆɼʊ, ʦʭʣʘʞʜʘʝʤʳʡ ʞʠʜʢʠʤ ʘʟʦʪʦʤ (77 ʂ), ʬʦʪʦʨʝʟʠʩʪʦʨ ʠʟ CdHgTe ʦʙʣʘʜʘʣ 

ʩʣʝʜʫʶʱʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: 
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ɺʦʣʥʦʚʦʝ ʯʠʩʣʦ k, ʩʤ-1

ʆʧʪʠʯʝʩʢʠʝ ʧʦʪʝʨʠ

ʚ ʩʚʝʪʦʚʦʜʝ ʠʟ AgClxBr1-x (0<ʭ<1)

sin (q) = 

 0.23

 0.38

 0.46

 0.56

 0.65

 
(ʘ) (ʙ) 

 

(ʙ) (ʙ) 
 

ʈʠʩ. 2.20. (ʘ) ʊʦʨʝʮ ʤʥʦʛʦʤʦʜʦʚʦʛʦ ʦʙʦʣʦʯʝʯʥʦʛʦ ʩʚʝʪʦʚʦʜʘ ʠʟ AgClxBr1-x (0<ʭ<1) ʜʠʘʤʝʪʨʦʤ 1 ʤʤ. 

 (ʙ) ɿʘʚʠʩʠʤʦʩʪʴ ʦʧʪʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʚ ʦʙʦʣʦʯʝʯʥʦʤ ʩʚʝʪʦʚʦʜʝ ʠʟ AgClxBr1-x (0<ʭ<1) ʦʪ ʫʛʣʘ ʚʚʦʜʘ ʠʟʣʫʯʝʥʠʷ 

(ʯʠʩʣʦʚʦʡ ʘʧʝʨʪʫʨʳ).  
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1) ʈʘʟʤʝʨ ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʢʠ 1Ĭ1 ʤʤ (ʤʝʘʥʜʨ ʰʠʨʠʥʦʡ 230 ʤʢʤ, 4 ʢʦʣʝʥʘ). 

2) ʊʝʤʥʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ï 400 ʆʤ, ʨʘʙʦʯʠʡ ʪʦʢ ʩʤʝʱʝʥʠʷ ï 10 ʤɸ. 

3) ʋʜʝʣʴʥʘʷ ʦʙʥʘʨʫʞʠʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʨʠ ʯʘʩʪʦʪʝ ʠʟʤʝʨʝʥʠʡ 10 ʢɻʮ ï 2,3Ĭ1010 ɺʪ-1ĿʩʤĿɻʮ1/2 (ʧʨʠ ʘʧʧʝʨʪʫʨʝ 40Á). 

4) ɺʦʣʴʪʦʚʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ï 2000 ɺ/ɺʪ. 

5) ʇʦʩʪʦʷʥʥʘʷ ʚʨʝʤʝʥʠ ï ʥʝ ʙʦʣʝʝ 1 ʤʢʩ. 

ʇʝʨʝʜ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ɺʆɼʊ ʢʘʣʠʙʨʦʚʘʣʩʷ ʧʫʪʸʤ ʠʟʤʝʨʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʪʦʥʢʦʡ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʧʣʝʥʢʝ, ʥʘ ʢʦʪʦʨʫʶ ʠʤʧʫʣʴʩʥʦ ʧʦʜʘʚʘʣʩʷ 

ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ, ʵʪʘʣʦʥʥʳʤ ʪʝʨʤʦʜʘʪʯʠʢʦʤ ʙʳʣ ʧʣʘʪʠʥʦʚʳʡ ʪʝʨʤʦʨʝʟʠʩʪʦʨ ʈʊ-100. ʅʘ ʨʠʩ. 

2.22ʘ ʧʨʝʜʩʪʘʚʣʝʥ ʩʠʛʥʘʣ ʩ ɺʆɼʊ, ʧʦʣʫʯʝʥʥʳʡ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʝʜʫʩʠʣʠʪʝʣʷ ʧʨʠ ʯʘʩʪʦʪʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ɸʎʇ ʚ 32 ɻʮ. ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʩʠʛʥʘʣ ʩ ʈʊ-100 ʟʘʧʘʟʜʳʚʘʝʪ ʠ ʥʝ ʠʤʝʝʪ 

ʜʦʩʪʘʪʦʯʥʦʡ ʛʣʫʙʠʥʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ɺʆɼʊ, ʪ.ʝ. ʪʝʨʤʦʨʝʟʠʩʪʦʨ ʦʙʣʘʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʡ ʪʝʧʣʦʚʦʡ 

ʠʥʝʨʮʠʝʡ. ʊʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩ ʧʦʤʦʱʴ  ʁɺʆɼʊ ʩʦʩʪʘʚʠʣʘ Ñ0,1 ʂ.  

ʇʨʠʤʝʨ ʢʘʣʠʙʨʦʚʢʠ ɺʆɼʊ ʥʘ ʦʙʨʘʟʮʝ Gd ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʙʣʠʟʠ ʪʦʯʢʠ ʂʶʨʠ ʚ 

ʧʝʨʝʤʝʥʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 5 ʢʕ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 2.22ʙ. ʂʘʣʠʙʨʦʚʢʘ ʧʨʦʚʦʜʠʣʘʩʴ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʵʢʩʧʝʨʠʤʝʥʪʦʤ ʚ ʩʠʣʴʥʳʭ ʠʤʧʫʣʴʩʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʩ ʧʦʤʦʱʴʶ 

ʪʝʨʤʦʧʘʨʳ ʤʝʜʴ-ʢʦʥʩʪʘʥʪʘʥ (ʪʦʣʱʠʥʘ ʧʨʦʚʦʜʦʚ - 60 ʤʢʤ), ʢʦʪʦʨʘʷ ʙʳʣʘ ʧʨʠʚʘʨʝʥʘ ʢ ʦʙʨʘʟʮʫ 

ʵʣʝʢʪʨʦʜʫʛʦʚʦʡ ʩʚʘʨʢʦʡ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʩʠʛʥʘʣʘ ʪʝʨʤʦʧʘʨʳ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʫʩʠʣʠʪʝʣʴ 

AD8495 ʩ ʢʦʤʧʝʥʩʘʮʠʝʡ ʧʦʪʝʥʮʠʘʣʘ ʭʦʣʦʜʥʦʛʦ ʩʧʘʷ, ʘ ʜʣʷ ʩʠʛʥʘʣʘ ɺʆɼʊ - ʧʨʝʫʩʠʣʠʪʝʣʴ ʥʘ 

ʦʩʥʦʚʝ 2-ʭ ʥʠʟʢʦʰʫʤʥʳʭ (1 ʥɺ/ãɻʮ) ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʫʩʠʣʠʪʝʣʝʡ AD8429ARZ, ʩʭʝʤʘ ʢʦʪʦʨʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2.23. ɼʣʷ ʟʘʧʠʩʠ ʩʠʛʥʘʣʦʚ ʥʘ ʢʦʤʧʴʶʪʝʨ ʠʟʧʦʣʴʟʦʚʘʣʩʷ 14 ʙʠʪʥʳʡ ɸʎʇ L-

Card E20-10 ʩ ʧʦʣʦʩʦʡ ʧʨʦʧʫʩʢʘʥʠʷ 03,5 ʄɻʮ ʠ ʯʘʩʪʦʪʦʡ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 1 ʄɻʮ ʥʘ ʢʘʥʘʣ. 
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ɼʣʠʥʘ ʚʦʣʥʳ, ʤʢʤ

ʌʦʪʦʨʝʟʠʩʪʦʨ 

CdHgTe
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(ʙ) (ʙ) 
 

ʈʠʩ. 2.21. (ʘ) ʉʭʝʤʘʪʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʬʦʪʦʪʦʢʘ ʦʪ ʥʘʧʨʷʞʝʥʠʷ ʠ ʚʝʣʠʯʠʥʳ ʣʫʯʠʩʪʦʛʦ ʧʦʪʦʢʘ ʚ 

ʬʦʪʦʩʦʧʨʦʪʠʚʣʝʥʠʠ (ʙ) ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʬʦʪʦʨʝʟʠʩʪʦʨʘ ʠʟ CdHgTe, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʢʘʯʝʩʪʚʝ ʜʝʪʝʢʪʦʨʘ, ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ. 
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ʈʠʩ. 2.22. (ʘ) ʀʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʪʦʥʢʦʡ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʧʣʸʥʢʝ, ʢʦʪʦʨʘʷ ʧʦʜʚʝʨʛʘʝʪʩʷ ʠʤʧʫʣʴʩʥʦʤʫ 

ʥʘʛʨʝʚʫ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʪʦʢʦʤ. ʏʸʨʥʘʷ ʢʨʠʚʘʷ ï ʜʘʥʥʳʝ ʩ ʈʊ-100, ʢʨʘʩʥʘʷ ʢʨʠʚʘʷ ï ʜʘʥʥʳʝ ʩ ɺʆɼʊ ʙʝʟ ʫʩʠʣʠʪʝʣʷ 

ʩʠʛʥʘʣʘ. ʏʘʩʪʦʪʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ɸʎʇ - 32 ɻʮ. (ʙ) ʀʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʟʮʘ Gd ʚ ʧʝʨʝʤʝʥʥʦʤ ʤʘʛʥʠʪʥʦʤ 

ʧʦʣʝ 5 ʢʕ ʚʙʣʠʟʠ ʌʇ. ʏʸʨʥʘʷ ʢʨʠʚʘʷ ï ʜʘʥʥʳʝ ʩ ʪʝʨʤʦʧʘʨʳ, ʢʨʘʩʥʘʷ ʢʨʠʚʘʷ ï ʜʘʥʥʳʝ ʩ ɺʆɼʊ. ʏʘʩʪʦʪʘ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ɸʎʇ - 1 ʄɻʮ. 

 

 
 

ʈʠʩ. 2.23. ʉʭʝʤʘ ʫʩʠʣʠʪʝʣʷ ʩʠʛʥʘʣʘ ʩ ʬʦʪʦʨʝʟʠʩʪʦʨʘ, ʥʘ ʚʨʝʟʢʝ ï ʩʭʝʤʘ ʚʭʦʜʥʦʛʦ ʢʦʥʪʫʨʘ. 
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2.3.3. ʀʟʤʝʨʝʥʠʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠʥʜʫʢʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ 

ʇʝʨʚʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʠʟʤʝʨʝʥʠʶ ȹT ʩ ʧʦʤʦʱʴʶ ɺʆɼʊ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʠʤʧʫʣʴʩʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʜʦ 127 ʢʕ ʚ ʄʃʉʄʇ. ɼʘʣʴʥʝʡʰʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʠʟʤʝʨʝʥʠʶ ȹT 

ʧʨʦʚʦʜʠʣʠʩʴ ʫʞʝ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʠʟʤʝʨʝʥʠʝʤ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʠʥʜʫʢʮʠʦʥʥʳʤ 

ʤʝʪʦʜʦʤ [230, 231] ʚ ʠʤʧʫʣʴʩʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʜʦ 85 ʢʕ ʚ ʀʥʩʪʠʪʫʪʝ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ 

ɺʴʝʪʥʘʤʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʠ ʪʝʭʥʦʣʦʛʠʡ, ʛ. ʍʘʥʦʡ, ɺʴʝʪʥʘʤ (ʀʄɺɸʅʊ) (ʨʠʩ. 2.19ʚ). ʉʠʩʪʝʤʘ 

ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʢʘʪʫʰʝʢ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʧʦ ʩʭʝʤʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩ. 2.24ʘ. ʇʦʜʨʦʙʥʦʝ 

ʦʧʠʩʘʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʩʭʝʤʳ ʜʘʚʥʦ ʚ [232], ʧʦʜʦʙʥʳʝ ʩʭʝʤʳ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ 

ʚ ʩʠʣʴʥʳʭ ʠʤʧʫʣʴʩʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʧʨʠʚʝʜʝʥʳ ʚ [233, 234]. 

ʅʝʩʢʦʣʴʢʦ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘʠʟʤʝʨʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ɺʆɼʊ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʦʜʥʦʚʨʝʤʝʥʥʦʤʫ ʠʟʤʝʨʝʥʠʶ ȹT ʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ ʠʤʧʫʣʴʩʥʳʭ 

ʧʦʣʷʭ ʜʦ 40 ʢʕ ʚ ɼʦʥʝʮʢʦʤ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʦʤ ʠʥʩʪʠʪʫʪʝ ʠʤ. ɸ.ɸ. ɻʘʣʢʠʥʘ, ʛ. ɼʦʥʝʮʢ 

(ɼʦʥʌʊʀ). ʀʟʤʝʨʝʥʠʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʧʦ ʤʝʪʦʜʫ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʤʫ ʥʘ ʨʠʩ. 2.24ʙ ʠ 

ʦʧʠʩʘʥʥʦʤʫ ʚ [235]. 
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(ʙ) (ʙ) 
 

ʈʠʩ. 2.24. ʉʭʝʤʳ ʠʟʤʝʨʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʚ ʩʠʣʴʥʳʭ ʠʤʧʫʣʴʩʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʠʥʜʫʢʮʠʦʥʥʳʤ 

ʤʝʪʦʜʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʨʘʙʦʪʝ. ʇʦʜʨʦʙʥʳʝ ʦʧʠʩʘʥʠʷ ʩʭʝʤ ʧʨʠʚʝʜʝʥʳ ʚ (ʘ) [232] ʠ (ʙ) [235].  
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ɻʃɸɺɸ 3. ʇʈʗʄʆʁ ʄɸɻʅʀʊʆʂɸʃʆʈʀʏɽʉʂʀʁ ʕʌʌɽʂʊ 

3.1. ȹT-ʵʬʬʝʢʪ ʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ Gd ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ ʢʘʣʦʨʠʤʝʪʨʝ 

 ɺ ʨʘʟʜʝʣʝ 2.2.1 ʙʳʣ ʦʧʠʩʘʥ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ȹT-ʵʬʬʝʢʪʘ ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ ʢʘʣʦʨʠʤʝʪʨʝ ʚ 

ʧʦʣʷʭ ʙʠʪʪʝʨʦʚʩʢʦʛʦ ʤʘʛʥʠʪʘ. ʕʪʦʪ ʤʝʪʦʜ ʙʳʣ ʧʨʠʤʝʥʸʥ ʢ ʦʙʨʘʟʮʫ Gd, ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ 

ʢʦʪʦʨʦʛʦ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʳ ʚ ʨʘʟʜʝʣʝ 2.1.1. ʇʨʦʪʦʢʦʣ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣ ʩʣʝʜʫʶʱʠʤ. 

ʆʪʢʘʯʝʥʥʳʡ ʜʦ ʥʠʟʢʦʛʦ ʚʘʢʫʫʤʘ (1 ʇʘ) ʢʘʣʦʨʠʤʝʪʨ ʩ ʦʙʨʘʟʮʦʤ Gd ʚʥʫʪʨʠ ʧʦʤʝʱʘʣʩʷ ʚ ʨʘʙʦʯʫʶ 

ʦʙʣʘʩʪʴ ʙʠʪʪʝʨʦʚʩʢʦʛʦ ʤʘʛʥʠʪʘ, ʠ ʫʩʪʘʥʘʚʣʠʚʘʣʘʩʴ ʥʝʦʙʭʦʜʠʤʘʷ ʥʘʯʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʢʦʪʦʨʘʷ 

ʢʦʥʪʨʦʣʠʨʦʚʘʣʘʩʴ ʪʝʨʤʦʨʝʟʠʩʪʦʨʦʤ ʈʊ-100. ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʚʚʦʜʠʣʦʩʴ ʠ ʚʳʚʦʜʠʣʦʩʴ ʩ 

ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ 2 ʢʕ/ʩʝʢ.  

 ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ȹT-ʵʬʬʝʢʪʘ ʧʨʠ ʥʘʯʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʊ0 = 275 ʂ ʚ ʤʘʛʥʠʪʥʳʭ 

ʧʦʣʷʭ ʦʪ 5 ʢʕ ʜʦ 120 ʢʕ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 3.1ʘ, ʤʘʢʩʠʤʘʣʴʥʦʝ ʧʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʩʦʩʪʘʚʠʣʦ 

ȹT = 11 ʂ ʚ ʧʦʣʝ 120 ʢʕ [A9, A16]. ɸʥʘʣʦʛʠʯʥʦ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ȹT-ʵʬʬʝʢʪʘ ʧʨʠ ʥʘʯʘʣʴʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʊ0 = 298 ʂ ʚ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʦʪ 5 ʢʕ ʜʦ 120 ʢʕ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 3.1ʙ, ʧʨʠ ʵʪʦʤ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʩʦʩʪʘʚʠʣʦ ȹT = 13,4 ʂ ʚ ʧʦʣʝ 120 ʢʕ. ʆʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ, ʯʪʦ 

ʢʦʥʝʯʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʨʘʟʮʘ Gd ʧʦʩʣʝ ʢʘʞʜʦʛʦ ʮʠʢʣʘ ʚʢʣʶʯʝʥʠʷ/ ʚʳʢʣʶʯʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʦʧʫʩʢʘʝʪʩʷ ʥʠʞʝ ʥʘʯʘʣʴʥʦʡ - ʪʘʢʦʝ ʩʥʠʞʝʥʠʝ ʦʙʲʷʩʥʷʝʪʩʷ ʧʦʪʝʨʷʤʠ ʪʝʧʣʘ ʦʙʨʘʟʮʦʤ ʚʦ 

ʚʨʝʤʷ ʮʠʢʣʘ, ʯʝʛʦ ʤʦʞʥʦ ʠʟʙʝʞʘʪʴ, ʫʚʝʣʠʯʠʚ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 
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ʈʠʩ. 3.1. ɺʨʝʤʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʩʝʨʳʡ ʬʦʥ) ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʟʮʘ Gd 

(ʢʨʘʩʥʘʷ ʢʨʠʚʘʷ) ʧʨʠ ʥʘʯʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (ʘ) 275 ʂ ʠ (ʙ) 298 ʂ [A9, A16]. 

 

ʅʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩ. 3.1, ʙʳʣʠ ʧʦʩʪʨʦʝʥ rʧʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ȹʊ(H) ʜʣʷ ʨʘʟʥʳʭ ʥʘʯʘʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨ (ʨʠʩ. 3.2ʘ), ʠ ʪʝ ʞʝ ʟʘʚʠʩʠʤʦʩʪʠ - ʚ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʭ 

ʢʦʦʨʜʠʥʘʪʘʭ (ʨʠʩ. 3.2ʙ). ʃʠʥʝʡʥʦ ʘʧʧʨʦʢʩʠʤʠʨʫʷ ʜʘʥʥʳʝ ʥʘ ʨʠʩ. 3.2ʙ, ʧʦʣʫʯʘʝʤ ʟʥʘʯʝʥʠʝ 

ʩʪʝʧʝʥʠ ű ʚ ʟʘʚʠʩʠʤʦʩʪʠ ȹʊ(H), ʢʘʢ ʫʛʣʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʷʤʦʡ (1.16), ʜʣʷ ʨʘʟʥʳʭ ʥʘʯʘʣʴʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨ. ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʊʉ = 293 ʂ ʩʦʩʪʘʚʣʷʝʪ ű = 2/3 (1.15), ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦʢʘʟʘʣʠʩʴ ʜʦʚʦʣʴʥʦ ʙʣʠʟʢʠ ʢ ʥʝʤʫ: ű(275) = 0,73, ű(298) = 0,69, 
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ʧʨʠʯʸʤ ʟʥʘʯʝʥʠʝ ű ʜʣʷ ʊ0 = 275 ʂ ʦʙʲʷʩʥʠʤʦ ʚʳʰʝ 2/3, ʪʘʢ ʢʘʢ ʵʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ 

ʪʦʯʢʠ ʂʶʨʠ. 

Gd

ʉʪʘʮʠʦʥʘʨʥʳʡ ʢʘʣʦʨʠʤʝʪʨ
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 298 K   f = 0,69

 
(ʘ) (ʙ) 

ʈʠʩ. 3.2. (ʘ) ʇʦʣʝʚʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠ ̫ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʟʮʘ Gd ȹT(H) ʧʨʠ ʨʘʟʥʳʭ ʥʘʯʘʣʴʥʳʭ 275 ʂ ʠ 298 

ʂ [A9]. (ʙ) ʊʦ ʞʝ, ʚ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ. 

 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʠʟʤʝʨʝʥʠʷʤʠ ȹʊ-ʵʬʬʝʢʪʘ ʚ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʜʦ 30 ʢʕ ʧʨʦʚʦʜʠʣʠʩʴ 

ʠʟʤʝʨʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʜʚʫʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʜʘʪʯʠʢʦʚ ʍʦʣʣʘ (ʨʘʟʜʝʣ 2.2.2). 

ʂʨʠʚʳʝ ʄ(ʊ), ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʥʘʤʘʛʥʠʯʠʚʘʥʠʠ ʦʙʨʘʟʮʘ Gd ʚ ʧʦʣʷʭ ʜʦ 11 ʢʕ, 20 ʢʕ, 27 ʢʕ 

(ʧʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ, ʨʠʩ. 3.3) ʭʦʨʦʰʦ ʫʢʣʘʜʳʚʘʶʪʩʷ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ ʨʘʟʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ (ʧʦʣʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ - ʥʘ ʨʠʩ. 2.2ʘ). 
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 ʧʨʠ T0=298 K
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  ʚ ʠʤʧʫʣʴʩʥʳʭ ʧʦʣʷʭ
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30 ʢʕ

 
ʈʠʩ. 3.3. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʦʙʨʘʟʮʘ Gd ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 288-312 ʂ ʚ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʦʪ 1 ʜʦ 30 ʢʕ ʩ ʰʘʛʦʤ 1 ʢʕ. ʅʘ ʢʨʠʚʳʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘʥʝʩʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʦʜʥʦʚʨʝʤʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠ ʄʂʕ ʚ ʤʝʜʣʝʥʥʦʤʝʥʷʶʱʝʤʩʷ (2 ʢʕ/ʩʝʢ) ʠ ʠʤʧʫʣʴʩʥʦʤ (10 

Mʕ/ʩʝʢ) ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ. 
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3.2. ȹT ʠ ȹQ-ʵʬʬʝʢʪʳ ʚ Gd ʚ ʵʢʩʪʨʘʢʮʠʦʥʥʦʤ ʢʘʣʦʨʠʤʝʪʨʝ 

ɺ ʨʘʟʜʝʣʝ 2.2.1 ʙʳʣ ʦʧʠʩʘʥ ʤʝʪʦʜ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ȹʊ ʠ ȹQ -ʵʬʬʝʢʪʦʚ ʚ ʧʦʣʷʭ 

ʙʠʪʪʝʨʦʚʩʢʦʛʦ ʤʘʛʥʠʪʘ. ʕʪʦʪ ʤʝʪʦʜ ʙʳʣ ʧʨʠʤʝʥʸʥ ʢ ʦʙʨʘʟʮʘʤ Gd (ʨʘʟʜʝʣ 2.1.1) ʚ ʵʢʩʪʨʘʢʮʠʦʥʥʦʤ 

ʢʘʣʦʨʠʤʝʪʨʝ, ʪʦ ʝʩʪʴ ʧʨʦʪʦʢʦʣ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣ ʩʣʝʜʫʶʱʠʤ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʫʩʪʘʥʘʚʣʠʚʘʣʠʩ ɹ

ʥʝʦʙʭʦʜʠʤʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʚ ʙʠʪʪʝʨʦʚʩʢʦʤ ʤʘʛʥʠʪʝ ʠ ʥʘʯʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʨʘʟʮʦʚ ʚ 

ʢʘʣʦʨʠʤʝʪʨʝ, ʧʦʩʣʝ ʯʝʛʦ ʢʘʣʦʨʠʤʝʪʨ ʦʧʫʩʢʘʣʩʷ ʚ ʨʘʙʦʯʫʶ ʦʙʣʘʩʪʴ ʤʘʛʥʠʪʘ ʠ ʠʟʳʤʘʣʩʷ ʦʪʪʫʜʘ ʚ 

ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʩʝʢʫʥʜ. ʇʨʠ ʵʪʦʤ ʚʥʝʰʥʝʝ ʜʣʷ ʦʙʨʘʟʮʦʚ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʠʟʤʝʥʷʣʦʩʴ ʩʦ 

ʩʢʦʨʦʩʪʴʶ ʜʦ 50 ʢʕ/ʩʝʢ.  

ʅʘ ʨʠʩ. 3.10ʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ȹʊ ʠ ȹQ -ʵʬʬʝʢʪʦʚ ʜʣʷ ʦʙʨʘʟʮʦʚ Gd, 

ʥʘʭʦʜʠʚʰʠʭʩʷ ʧʨʠ ʥʘʯʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʊ0 = 293 ʂ. ʍʦʜ ʟʘʚʠʩʠʤʦʩʪʝʡ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 

ʦʙʨʘʟʮʘ 1 ʩ ʤʘʩʩʦʡ m1 = 4,779 ʛ, ʘ ʪʘʢʞʝ ʤʝʜʥʦʛʦ ʙʣʦʢʘ Mb = 7,404 ʛ ʩ ʧʨʠʢʣʝʝʥʥʳʤ ʥʘ ʥʝʛʦ 

ʦʙʨʘʟʮʦʤ 2 ʤʘʩʩʦʡ m2 = 0,565 ʛ (ʪ.ʝ. Mb/m2 = 13,1) ʦʪ ʚʨʝʤʝʥʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 3.10ʘ. ʉʝʨʳʡ 

ʬʦʥ ʦʪʨʘʞʘʝʪ ʚʨʝʤʝʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʣʷ H(t) ʚʥʫʪʨʠ ʙʠʪʪʝʨʦʚʩʢʦʛʦ ʤʘʛʥʠʪʘ ʚ ʭʦʜʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘ, ʢʨʘʩʥʘʷ ʠ ʩʠʥʷʷ ʢʨʠʚʳʝ ï ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ȹʊ(t) ʦʙʨʘʟʮʘ 1, ʠ 

ȹʊb(t) - ʤʝʜʥʦʛʦ ʙʣʦʢʘ ʩ ʦʙʨʘʟʮʦʤ 2. ʇʠʢʠ ȹʊ -ʵʬʬʝʢʪʘ ʦʪʨʘʞʘʶʪ ʤʦʤʝʥʪ rʧʦʤʝʱʝʥʠʷ ʦʙʨʘʟʮʦʚ 

ʚ ʮʝʥʪʨ ʧʦʣʷ ʙʠʪʪʝʨʦʚʩʢʦʛʦ ʤʘʛʥʠʪʘ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ȹʊ = 17,7 K ʧʦʣʫʯʝʥʦ ʚ ʧʦʣʝ H = 

140 ʢʕ ʧʨʠ ʊ0 = 293 ʂ. ɼʦ ʧʫʙʣʠʢʘʮʠʠ ʨʘʙʦʪʳ [ɸ2, A5] ʚ ʣʠʪʝʨʘʪʫʨʝ ʥʝ ʙʳʣʦ ʜʘʥʥʳʭ ʦʙ 

ʠʟʤʝʨʝʥʠʠ ȹʊ ʚ Gd ʚ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʜʦ 140 ʢʕ, ʦʜʥʘʢʦ ʯʝʨʝʟ 2 ʛʦʜʘ ʧʦʩʣʝ 

ʙʳʣʘ ʦʧʫʙʣʠʢʦʚʘʥʘ ʨʘʙʦʪʘ [236], ʚ ʢʦʪʦʨʦʡ ʙʳʣ ʧʦʣʫʯʝʥ ʥʝʩʢʦʣʴʢʦ ʙʦʣʴʰʠʡ ʨʝʟʫʣʴʪʘʪ ȹʊ = 19,5 

K ʚ H = 140 ʢʕ ʚʙʣʠʟʠ ʪʦʯʢʠ ʂʶʨʠ. 
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ʈʠʩ. 3.4. (ʘ) ʄʂʕ ʚ Gd ʚʙʣʠʟʠ ʪʦʯʢʠ ʂʶʨʠ, ʊ0 = 293 ʂ. ɺʨʝʤʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʠʟʤʝʨʝʥʠʷ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 

ʦʙʨʘʟʮʘ 1 (ȹʊ ï ʵʬʬʝʢʪ) ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʙʣʦʢʘ ʩ ʦʙʨʘʟʮʦʤ 2 ʧʨʠ ʚʥʝʩʝʥʠʠ/ʚʳʥʝʩʝʥʠʠ ʢʘʣʦʨʠʤʝʪʨʘ ʚ/ʠʟ ʧʦʣʷ 

ʙʠʪʪʝʨʦʚʩʢʦʛʦ ʤʘʛʥʠʪʘ. (ʙ) ʈʘʩʩʯʠʪʘʥʥʘʷ ʧʦ ʬʦʨʤʫʣʝ (2.2) ʟʘʚʠʩʠʤʦʩʪʴ ȹQ(t) ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʀʟʤʝʥʝʥʠʝ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʥʫʪʨʠ ʙʠʪʪʝʨʦʚʩʢʦʛʦ ʤʘʛʥʠʪʘ ʩʦ ʚʨʝʤʝʥʝʤ - ʩʝʨʳʡ ʬʦʥ [A5]. 
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ɸʥʘʣʦʛʠʯʥʳʝ ʵʢʩʪʨʘʢʮʠʦʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʪʘʢʞʝ ʧʨʠ ʥʘʯʘʣʴʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ 273 ʂ ʠ 297 ʂ. ʉʚʦʜʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ȹʊ ʦʪʦʙʨʘʞʝʥʳ ʥʘ ʨʠʩ. 3.5ʘ (ʟʝʣʸʥʳʤʠ 

ʟʚʸʟʜʘʤʠ ʦʪʤʝʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʤʧʫʣʴʩʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʦʧʠʩʘʥʳ ʚ 

ʩʣʝʜʫʶʱʝʤ ʨʘʟʜʝʣʝ). ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʞʥʦ ʩʨʘʚʥʠʪʴ ʩ ʜʘʥʥʳʤʠ, ʧʨʠʚʝʜʸʥʥʳʤʠ ʜʣʷ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ Gd [237]: ȹT = 13,8 K ʚ ʧʦʣʝ ʅ = 70 ʢʕ ʧʨʠ ʊ0 =292,5 K ʚ ʩʦʣʝʥʦʠʜʝ ʩ 

ʨʘʟʚʸʨʪʢʦʡ ʧʦʣʷ 10 ʢʕ/ʩʝʢ, ʯʪʦ ʚʳʰʝ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʵʢʩʪʨʘʢʮʠʦʥʥʦʤ ʢʘʣʦʨʠʤʝʪʨʝ 

(ʨʠʩ 3.5ʘ). ʆʪʣʠʯʠʝ ʚ ʨʝʟʫʣʴʪʘʪʘʭ ʦʙʲʷʩʥʷʝʪʩʷ ʨʘʟʣʠʯʠʷʤʠ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʠ 

ʭʠʤʠʯʝʩʢʦʡ ʯʠʩʪʦʪʝ ʦʙʨʘʟʮʦʚ Gd, ʘ ʪʘʢʞʝ ʠʥʝʨʪʥʦʩʪʴʶ ʪʝʨʤʦʨʝʟʠʩʪʦʨʘ ʈʊ-100. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ȹʊ(H) ʨʝʟʫʣʴʪʘʪʳ ʩ ʨʠʩ. 3.5ʘ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʚ 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ (ʨʠʩ. 3.5ʙ). ʃʠʥʝʡʥʦ ʘʧʧʨʦʢʩʠʤʠʨʫʷ ʧʦʣʫʯʠʚʰʠʝʩʷ ʟʘʚʠʩʠʤʦʩʪʠ 

ʧʦ ʫʛʣʫ ʥʘʢʣʦʥʘ ʧʨʷʤʳʭ ʥʘʭʦʜʠʤ ʟʥʘʯʝʥʠʝ ʩʪʝʧʝʥʠ ű ʟʘʚʠʩʠʤʦʩʪʠ ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʄʂʕ ʦʪ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʜʣʷ Gd ʧʨʠ ʨʘʟʥʳʭ ʥʘʯʘʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (1.16). ʂʘʢ ʠʟʚʝʩʪʥʦ, ʪʝʦʨʝʪʠʯʝʩʢʦʝ 

ʟʥʘʯʝʥʠʝ ʚ ʊʉ ʩʦʩʪʘʚʣʷʝʪ ű = 2/3 (1.15), ʦʜʥʘʢʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʚ 

ʵʢʩʪʨʘʢʮʠʦʥʥʦʤ ʢʘʣʦʨʠʤʝʪʨʝ, ʦʢʘʟʘʣʠʩʴ ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ: ű(273) = 0,85, ű(293) = 0,73, 

ű(297) = 0,78. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʚ ʨʘʙʦʪʝ [206] ʚ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʜʦ 20 ʢʕ ʚ TC ʧʦʣʫʯʝʥʦ ʟʥʘʯʝʥʠʝ 

ű = 0,697. 

ɿʘʚʠʩʠʤʦʩʪʴ ȹQ(t) ʧʨʠ ʊ0 = 293 ʂ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʩʦʛʣʘʩʥʦ (2.2), ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 3.4ʙ. 

ʇʦʣʝʚʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ȹQ(H) ʜʣʷ ʨʘʟʥʳʭ ʥʘʯʘʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨ 273 ʂ, 293 ʂ, 297 ʂ ʧʦʩʪʨʦʝʥʘ ʥʘ 

ʨʠʩ. 3.6ʘ., ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʩʦʩʪʘʚʠʣʦ ȹQ = 5900 ɼʞ/ʢʛ ʧʨʠ ʊ0 = 293 ʂ ʚ ʧʦʣʝ H = 140 ʢʕ 

[A5]. ɿʥʘʯʝʥʠʷ ȹQ ʚʙʣʠʟʠ ʪʦʯʢʠ ʂʶʨʠ ʧʨʠ 293 ʂ ʠ 297 ʂ ʦʪʣʠʯʘʶʪʩʷ ʤʝʥʝʝ ʯʝʤ ʥʘ 10 %. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦ ȹQïɻ ʬʬʝʢʪʫ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʘʩʯʸʪʘʤʠ, ʩʜʝʣʘʥʥʳʤʠ ʧʦ ʪʝʦʨʠʠ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʦʣʷ ʚ ʨʘʙʦʪʝ [237]: ȹQ = 150 ʢʘʣ/ʤʦʣʴ = 0,954 ʢʘʣ/ʛ å 4000 ɼʞ/ʢʛ ʚ ʧʦʣʝ 

H = 70 ʢʕ, ʯʪʦ ʧʨʠʤʝʨʥʦ ʥʘ 13 % ʧʨʝʚʳʰʘʝʪ ʧʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ. 

ɿʘʚʠʩʠʤʦʩʪʠ ȹQ(H) ʜʣʷ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʚ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ ʥʘ 
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(ʙ) 

ʈʠʩ. 3.5. (ʘ) ɸʜʠʘʙʘʪʠʯʝʩʢʦʝ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ȹT ʚ Gd ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʨʠ ʨʘʟʥʳʭ 

ʥʘʯʘʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (ʟʝʣʸʥʳʝ ʟʚʸʟʜʳ ï ʵʢʩʧʝʨʠʤʝʥʪ ʚ ʠʤʧʫʣʴʩʥʦʤ ʧʦʣʝ). (ʙ) ɿʘʚʠʩʠʤʦʩʪʴ ȹT ʦʪ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʚ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ [A3]. 
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ʨʠʩ 3.ʙʙ. ʇʦʢʘʟʘʪʝʣʠ ʩʪʝʧʝʥʠ n ʚ ʜʘʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʷʭ, ʧʦʣʫʯʝʥʥʳʝ ʩʦʛʣʘʩʥʦ (2.3), ʙʫʜʫʪ 

ʩʣʝʜʫʶʱʠʝ: n(273) = 0,95, n(293) = 0,76, n(297) = 0,76. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʭʦʨʦʰʦ 

ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʨʘʩʯʸʪʘʤʠ, ʩʜʝʣʘʥʥʳʤʠ ʚ ʤʦʜʝʣʠ ʩʨʝʜʥʝʛʦ ʧʦʣʷ ʜʣʷ Gd ʚ ʨʘʙʦʪʘʭ 

[204, 208]: n = 1 ʥʠʞʝ TC, n å 0,75 ʧʨʠ T = TC, ʠ n = 2 ʚrhʝ TC. ɼʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʳ 

ʨʘʩʯʸʪʦʚ ʠʟ ʨʘʙʦʪ r[208] ʙʳʣʠ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 2.15. 
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(ʙ) 

ʈʠʩ. 3.6. (ʘ) ʇʦʣʝʚʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ȹQ-ʵʬʬʝʢʪʘ ʚ ʦʙʨʘʟʮʝ Gd ʧʨʠ ʨʘʟʥʳʭ ʥʘʯʘʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ [A2, A5].  

(ʙ) ʊʦ ʞʝ ʚ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ. 
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3.3. ȹT-ʵʬʬʝʢʪ ʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ Gd  

ʚ ʠʤʧʫʣʴʩʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣ̫ʭ ʜʦ 127 ʢʕ 

ʕʢʩʧʝʨʠʤʝʥʪ r ʚ ʩʠʣʴʥʳʭ ʠʤʧʫʣʴʩʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʦʙʨʘʟʮʝ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ Gd, ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʦʛʦ ʦʧʠʩʘʥʳ ʚ ʨʘʟʜʝʣʝ 2.1.1, ʠʤʝʚʰʝʤ 

ʬʦʨʤʫ ʜʠʩʢʘ ʩ ʜʠʘʤʝʪʨʦʤ 5 ʤʤ ʠ ʪʦʣʱʠʥʦʡ 1 ʤʤ. ʇʝʨʚʳʝ ʠʩʧʳʪʘʥʠʷ ʥʦʚʦʡ ʤʝʪʦʜʠʢʠ ʜʣʷ 

ʠʟʤʝʨʝʥʠʷ ʄʂʕ ʚ ʩʠʣʴʥʳʭ ʠʤʧʫʣʴʩʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʩ ʧʦʤʦʱʴʶ ɺʆɼʊ, ʦʧʠʩʘʥʥʦʡ ʚ 

ʨʘʟʜʝʣʝ 2.3.2, ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʄʃʉʄʇ [A8, A18]. ʇʦʣʥʘʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʘ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʙʳʣʘ ʬʠʢʩʠʨʦʚʘʥʘ ʠ ʩʦʩʪʘʚʣʷʣʘ 13 ʤʩ, ʘ ʤʘʢʩʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ï 127 ʢʕ (ʨʠʩ. 3.7ʘ). 

ʈʝʟʫʣʴʪʘʪ rʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʦʙʨʘʟʮʝ Gd ʧʨʠ ʥʘʯʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ T0 = 298 ʂ ʚ ʧʦʣʷʭ ʨʘʟʥʦʡ 

ʚʝʣʠʯʠʥʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 3.5ʘ (ʟʝʣʸʥʳʝ ʟʚʸʟʜʳ). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ Gd ʧʨʠ T0 = 298 ʂ ʚ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ H = 127 ʢʕ ʤʘʢʩʠʤʘʣʴʥʳʡ ʄʂʕ ʩʦʩʪʘʚʣʷʝʪ ȹT = 21,3 ʂ (ʨʠʩ. 3.7ʘ). ʈʘʩʩʤʦʪʨʠʤ 

ʟʘʚʠʩʠʤʦʩʪʴ ȹT(ʅ) ʚ ʜʘʥʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ (ʨʠʩ. 3.7ʙ). ʆʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ ʨʘʟʦʛʨʝʚ 

ʦʙʨʘʟʮʘ ʟʘ ʚʨʝʤʷ ʠʤʧʫʣʴʩʘ ï ʢʦʥʝʯʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ 1 ʂ ʚʳʰʝ ʥʘʯʘʣʴʥʦʡ. ɼʘʥʥʦʝ ʷʚʣʝʥʠʝ 

ʦʙʲʷʩʥʷʝʪʩʷ ʚʣʠʷʥʠʝʤ ʚʠʭʨʝʚʳʭ ʪʦʢʦʚ ʥʘ ʦʙʨʘʟʝʮ (ʨʘʟʜʝʣ 1.3.4), ʩ ʫʯʸʪʦʤ ʧʘʨʘʤʝʪʨʦʚ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʠ ʛʝʦʤʝʪʨʠʠ ʦʙʨʘʟʮʘ ʦʮʝʥʢʘ (1.34) ʜʘʩʪ ʟʥʘʯʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʨʘʟʦʛʨʝʚʘ ȹTe = 0,33 ʂ.  

ɺ ʨʘʙʦʪʝ [40] ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʦʙʨʘʟʮʝ Gd ʚ ʠʤʧʫʣʴʩʥʦʤ ʧʦʣʝ ʅ = 75 ʢʕ ʧʨʠ 

T0 = 295 K ʧʦʣʫʯʝʥʦ ʟʥʘʯʝʥʠʝ ȹT = 15,5 K, ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʚ ʧʨʦʚʝʜʸʥʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʥʘ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ Gd ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʧʦʣʝ ʧʦʣʫʯʝʥʦ ȹT = 12,6 K (ʨʠʩ. 3.5a). ʉ ʫʯʸʪʦʤ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʭʠʤʠʯʝʩʢʦʡ ʯʠʩʪʦʪʳ ʦʙʨʘʟʮʦʚ ʧʦʣʫʯʝʥʥʳʡ 

ʨʝʟʫʣʴʪʘʪ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠ ʧʨʠʤʝʥʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ 

ʤʝʪʦʜʠʢʠ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ.  

ɺʝʣʠʯʠʥʳ ʄʂʕ, ʠʟʤʝʨʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ɺʆɼʊ ʚ ʠʤʧʫʣʴʩʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ, ʚ ʩʝʨʜʥʝʤ 

ʥʘ 15 % ʧʨʝʚʦʩʭʦʜʷʪ ʟʥʘʯʝʥʠʷ ȹT, ʠʟʤʝʨʝʥʥʳʝ ʵʢʩʪʨʘʢʮʠʦʥʥʳʤ ʩʧʦʩʦʙʦʤ ʥʘ ʦʙʨʘʟʮʘʭ Gd ʠʟ ʪʦʛʦ 

ʞʝ ʩʣʠʪʢʘ ʚ ʧʦʣʷʭ ʙʠʪʪʝʨʦʚʩʢʦʛʦ ʤʘʛʥʠʪʘ, ʛʜʝ ʜʘʪʯʠʢʘʤʠ ʷʚʣʷʣʠʩʴ ʧʣʘʪʠʥʦʚʳʝ ʪʝʨʤʦʨʝʟʠʩʪʦʨʳ 

PT-100 (ʨʠʩ 3.5ʘ). ʊʘʢʘʷ ʨʘʟʥʠʮʘ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʫʩʣʦʚʠʷ ʠʤʧʫʣʴʩʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʣʠʞʝ 

ʢ ʘʜʠʘʙʘʪʠʯʝʩʢʠʤ ʠʟ-ʟʘ ʤʝʥʴʰʝʡ (ʥʘ 3 ʧʦʨʷʜʢʘ) ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʨʠʣʦʞʝʥʠʷ ʧʦʣʷ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʝʩʢʦʥʪʘʢʪʥʦʛʦ ʤʝʪʦʜʘ ʠʟʤʝʨʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʢʦʪʦʨʳʡ ʧʦʣʥʦʩʪʴʶ ʠʩʢʣʶʯʘʝʪ ʧʦʪʝʨʠ ʪʝʧʣʘ ʯʝʨʝʟ ʜʘʪʯʠʢ. ʈʝʟʫʣʴʪʘʪʳ ʠʤʧʫʣʴʩʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʦʩʪʨʦʝʥʥʳʝ ʚ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʰʢʘʣʝ (ʨʠʩ. 3.5ʙ), ʧʦʢʘʟʳʚʘʶʪ ʩʪʝʧʝʥʴ ű = 0,95 

(1.16), ʯʪʦ ʧʨʝʚʳʰʘʝʪ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ 2/3 (1.15). ʇʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʤʦʞʥʦ 

ʦʙʲʷʩʥʠʪʴ, ʚʦ-ʧʝʨʚʳʭ, ʪʝʤ, ʯʪʦ ʥʘʯʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʵʢʩʧʝʨʠʤʝʥʪʘ T0 = 298 K ʙʳʣʘ ʚʳʰʝ ʊʉ, ʘ, 

ʚʦ-ʚʪʦʨʳʭ, ʪʝʤ, ʯʪʦ ʨʘʟʣʦʞʝʥʠʝ ʜʣʷ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ʃʘʥʜʘʫ F (1.9), ʠʟ ʢʦʪʦʨʦʛʦ ʚʳʚʦʜʠʪʩʷ 

(1.15), ʟʘʧʠʩʘʥʦ ʜʣʷ ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʘ ʧʨʦʮʝʩʩ ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ 

ʤʘʛʥʝʪʠʢʘ ʚ ʠʤʧʫʣʴʩʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʥʝʣʴʟʷ ʩʯʠʪʘʪʴ ʪʘʢʦʚʳʤ. 
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ʈʠʩ. 3.7. ʀʟʤʝʨʝʥʠʝ ȹT-ɻ ʬʬʝʢʪʘ ʚ Gd ʩ ʧʦʤʦʱʴʶ ɺʆɼʊ ʚ ʠʤʧʫʣʴʩʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʜʦ 127 ʢʕ: (a) ʚʨʝʤʝʥʥʳʝ 

ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ (ʢʨʘʩʥʘʷ ʢʨʠʚʘʷ) ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʩʝʨʳʡ ʬʦʥ); (ʙ) ʧʦʣʝʚʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ȹT-ɻ ʬʬʝʢʪʘ 

ʧʨʠ T0 = 295 K, ʩʪʨʝʣʢʠ ʧʦʢʘʟʳʚʘʶʪ ʥʘʧʨʘʚʣʝʥʠʝ ʠʟʤʝʥʝʥʠʷ ʧʦʣʷ [A6]. 

 

ɼʘʣʴʥʝʡʰʠʝ ʠʩʧʳʪʘʥʠʷ ʥʦʚʦʡ ʤʝʪʦʜʠʢʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʄʂʕ ʚ ʠʤʧʫʣʴʩʥʳʭ ʤʘʛʥʠʪʥʳʭ 

ʧʦʣʷʭ ʩ ʧʦʤʦʱʴʶ ɺʆɼʊ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʀʄɺɸʅʊ [A10]. ɻʣʘʚʥʳʤ ʦʪʣʠʯʠʝʤ ʫʩʪʘʥʦʚʢʠ ʚ 

ʀʄɺɸʅʊ ʙʳʣʘ ʚʦʟʤʦʞʥʦʩʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ȹT-ʵʬʬʝʢʪʘ ʩ ʧʦʤʦʱʴʶ ɺʆɼʊ ʠ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʦʙʨʘʟʮʘ ʠʥʜʫʢʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ (ʨʘʟʜʝʣ 2.3.3). ʄʘʛʥʠʪʥʳʡ ʠʤʧʫʣʴʩ ʜʦʩʪʠʛʘʣ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʳ H = 86 ʢʕ, ʘ ʪʘʢʞʝ ʧʦʤʠʤʦ ʦʩʥʦʚʥʦʛʦ ʩʦʜʝʨʞʘʣ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ 

ʦʙʨʘʪʥʳʡ ʠʤʧʫʣʴʩ ʤʝʥʴʰʝʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ - 46 ʢʕ. ʅʘ ʨʠʩ. 3.8ʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʨʝʤʝʥʥʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʟʮʘ Gd. 

ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʤʝʥʷʶʪ ʟʥʘʢ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʄʂʕ 

ʚʙʣʠʟʠ ʪʦʯʢʠ ʂʶʨʠ ʚ Gd ʧʨʠ ʥʘʨʘʩʪʘʥʠʠ ʧʦʣʷ ʚʩʝʛʜʘ ʧʦʣʦʞʠʪʝʣʴʥʳʡ. ʅʘ ʨʠʩ. 3.8ʙ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ȹT(H) ʠ M(H) ʧʨʠ T0 = 305 K. 
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ʈʠʩ. 3.8. ʀʟʤʝʨʝʥʠʝ ȹT-ɻ ʬʬʝʢʪʘ ʩ ʧʦʤʦʱʴʶ ɺʆɼʊ ʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ Gd ʚ ʠʤʧʫʣʴʩʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʜʦ 86 

ʢʕ: (a) ʚʨʝʤʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ (ʢʨʘʩʥʘʷ ʢʨʠʚʘʷ), ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ (ʯʸʨʥʘʷ ʢʨʠʚʘʷ) ʠ ʚʥʝʰʥʝʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʩʝʨʳʡ ʬʦʥ); (ʙ) ʧʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ȹT-ɻ ʬʬʝʢʪʘ (ʢʨʘʩʥʘʷ ʢʨʠʚʘʷ) ʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ (ʯʸʨʥʘʷ 

ʢʨʠʚʘʷ) ʧʨʠ T0 = 305 K, ʩʪʨʝʣʢʠ ʧʦʢʘʟʳʚʘʶʪ ʥʘʧʨʘʚʣʝʥʠʝ ʠʟʤʝʥʝʥʠʷ ʧʦʣʷ [A10]. 



73 

ɺ ʜʘʣʴʥʝʡʰʝʤ ɺʆɼʊ ʧʨʠʤʝʥʷʣʩʷ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ȹT-ʵʬʬʝʢʪʘ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ 

ʠʟʤʝʨʝʥʠʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʧʨʠ ʨʘʟʥʳʭ ʥʘʯʘʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ ʠʤʧʫʣʴʩʥʦʤ 

ʩʦʣʝʥʦʠʜʝ ʚ ɼʦʥʌʊʀ [235]. ʅʘ ʫʩʪʘʥʦʚʢʝ ʚ ɼʦʥʌʊʀ ʧʨʷʤʦʡ ʤʘʛʥʠʪʥʳʡ ʠʤʧʫʣʴʩ ʠʤʝʣ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ - 40 ʢʕ, ʘ ʦʙʨʘʪʥʳʡ ï 15 ʢʕ (ʨʠʩ. 3.9ʘ). ɺʨʝʤʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪ ɹʠʟʤʝʥʝʥʠʷ 

ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʟʤʝʥʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʦʙʨʘʟʮʘ Gd ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 3.9ʘ. ʉʦʛʣʘʩʥʦ ʠʤ, ʧʦʩʪʨʦʝʥʳ ʪʘʢʞʝ ʧʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ȹT(H) ʠ M(H) ʧʨʠ T0 = 301,6 K (ʨʠʩ. 3.9ʙ). 

 
(ʘ) 

 
(ʙ) 

ʈʠʩ. 3.9. ʀʟʤʝʨʝʥʠʝ ȹT-ʵʬʬʝʢʪʘ ʩ ʧʦʤʦʱʴʶ ɺʆɼʊ ʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ Gd ʚ ʠʤʧʫʣʴʩʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʜʦ 40 

ʢʕ: (a) ʚʨʝʤʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ (ʢʨʘʩʥʘʷ ʢʨʠʚʘʷ), ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ (ʯʸʨʥʘʷ ʢʨʠʚʘʷ) ʠ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ (ʩʝʨʳʡ ʬʦʥ); (ʙ) ʧʦʣʝʚʳʝ ʟʘʚʠʩʤʦʩʪʠ ȹT-ʵʬʬʝʢʪʘ (ʢʨʘʩʥʘʷ ʢʨʠʚʘʷ) ʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ (ʯʸʨʥʘʷ ʢʨʠʚʘʷ) ʧʨʠ 

T0 = 301,6 K, ʩʪʨʝʣʢʠ ʧʦʢʘʟʳʚʘʶʪ ʥʘʧʨʘʚʣʝʥʠʝ ʠʟʤʝʥʝʥʠʷ ʧʦʣʷ. 

 

ʇʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ M(H) ʠ ȹT(H) ʦʙʨʘʟʮʘ Gd ʧʨʠ ʨʘʟʥʳʭ ʥʘʯʘʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 289 

ʂ, 299,3 ʂ, 301,6 ʂ ʚ ʠʤʧʫʣʴʩʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʜʦ 40 ʢʕ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 3.10. ʀʩʧʦʣʴʟʫʷ ʵʪʠ 

ʜʘʥʥʳʝ, ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʢʨʠʚʳʝ ʄ(ʊ) ʠ ʥʘʥʝʩʝʥʳ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ ʧʦʣʷʭ ʜʦ 30 ʢʕ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʠʘʛʥʠʪʦʤʝʪʨʘ. 

(ʨʠʩ. 3.3). ɼʘʥʥʳʝ ʄ(ʊ), ʧʦʣʫʯʝʥʥʳʝ ʚ ʠʤʧʫʣʴʩʥʳʭ ʧʦʣʷʭ, ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ 

ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʟʘʚʠʩʠʤʦʩʪʷʤʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʩʪʘʮʠʦʥʘʨʥʳʭ ʧʦʣʷʭ, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʠʤ ʧʦʜʪʚʝʨʞʥʝʥʠʝʤ ʧʨʠʤʝʥʠʤʦʩʪʠ ʥʦʚʦʡ ʤʝʪʦʜʠʢʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʄʂʕ ʩ 

ʤʧʦʤʦʱʴʶ ɺʆɼʊ.  
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(ʘ) (ʙ) 

ʈʠʩ. 3.10. ʇʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ (a) ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠ (ʙ) ȹT-ʵʬʬʝʢʪʘ ʚ ʦʙʨʘʟʮʝ Gd ʧʨʠ ʨʘʟʥʳʭ ʥʘʯʘʣʴʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ ʊʉ ʚ ʠʤʧʫʣʴʩʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʜʦ 40 ʢʕ. 
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3.4. ɺʳʚʦʜʳ ʢ ɻʣʘʚʝ 3 

ɺ ɻʣʘʚʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʦʙʨʘʟʮʦʚ ʯʠʩʪʦʛʦ Gd, ʚ ʢʦʪʦʨʦʤ ʌʇ 2-ʛʦ 

ʨʦʜʘ - ʪʦʯʢʘ ʂʶʨʠ ʥʘʭʦʜʠʪʩʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʘ ʧʨʠʣʦʞʝʥʠʝ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʙʣʠʟʠ ʌʇ ʧʨʠʚʦʜʠʪ ʢ ʩʠʣʴʥʦʤʫ ʄʂʕ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ 

ʛʣʘʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

1) ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʄʂʕ ʚ Gd ʚ ʘʜʠʘʙʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʧʦʣʫʯʝʥʥʦʝ ʧʨʠ 

ʧʦʤʦʱʠ ʵʢʩʪʨʘʢʮʠʦʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ ʚ ʧʦʣʝ ʙʠʪʪʝʨʦʚʩʢʦʛʦ ʤʘʛʥʠʪʘ H = 140 ʢʕ, ʩʦʩʪʘʚʠʣʦ 

ȹT  = 17,7 K ʧʨʠ T0 = 293 ʂ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʄʂʕ ʚ Gd ʚ ʠʤʧʫʣʴʩʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 

H = 127 ʢʕ ʩʦʩʪʘʚʠʣʦ ȹT = 21,3 K ʧʨʠ T0 = 298 ʂ. ʈʘʩʭʦʞʜʝʥʠʝ ʚ ʨʝʟʫʣʴʪʘʪʘʭ ʠʤʧʫʣʴʩʥʳʭ ʠ 

ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʦʙʲʷʩʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʤ: 

- ɺ ʠʤʧʫʣʴʩʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʙʝʩʢʦʥʪʘʢʪʥʳʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʩ ʧʦʤʦʱʠ ɺʆɼʊ, ʢʦʪʦʨʳʡ ʧʦʣʥʦʩʪʴʶ ʠʩʢʣʶʯʘʝʪ ʧʦʪʝʨʶ ʪʝʧʣʘ ʯʝʨʝʟ ʜʘʪʯʠʢ ʧʫʪʸʤ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʠ ʦʙʜʘʜʘʝʪ ʚʨʝʤʝʥʝʤ ʦʪʢʣʠʢʘ ʥʝ ʙʦʣʝʝ 1 ʤʢʩ. ɺ ʵʢʩʪʨʘʢʮʠʦʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʟʮʦʚ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʣʘʪʠʥʦʚʳʡ 

ʪʝʨʤʦʨʝʟʠʩʪʦʨ, ʯʝʨʝʟ ʢʦʪʦʨʳʡ ʧʦʩʨʝʜʩʪʚʦʤ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʤʦʞʝʪ ʦʪʚʦʜʠʪʩɹʷ ʯʘʩʪʴ ʪʝʧʣʘ ʦʪ 

ʦʙʨʘʟʮʘ, ʘ ʚʨʝʤʷ ʦʪʢʣʠʢʘ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʤʝʥʝʝ 50 ʤʩ.  

- ʇʦʣʥʘʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʤʘʛʥʠʪʥʦʛʦ ʠʤʧʫʣʴʩʘ ʩʦʩʪʘʚʣʷʝʪ 13 ʤʩ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ ʵʢʩʪʨʘʢʮʠʠ ʟʘʥʠʤʘʣ ʜʦ 15 ʩʝʢ, ʪʦ ʝʩʪʴ ʧʨʠʤʝʨʥʦ ʚ 1000 ʨʘʟ ʜʦʣʴʰʝ. ʇʨʠ 

ʠʤʧʫʣʴʩʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʪʝʧʣʦ ʦʪʦʙʨʘʟʮʘ ʥʝ ʫʩʧʝʚʘʝʪ ʨʘʩʩʝʠʚʘʪʴʩʷ ʚʦ ʚʥʝʰʥʶʶ ʩʨʝʜʫ, ʠ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʣʦʚʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʫʜʫʪ ʙʣʠʞʝ ʢ ʘʜʠʘʙʘʪʠʯʝʩʢʠʤ; 

2) ʅʦʚʳʡ ɺʆɼʊ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʠʪʴ ʧʨʷʤʦʝ ʙʝʩʢʦʥʪʘʢʪʥʦʝ ʠʟʤʝʨʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʦʪʢʣʠʢʘ ʦʙʨʘʟʮʦʚ ʩ ʚʨʝʤʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ʧʦʨʷʜʢʘ 1 ʤʢʩ ʠ ʧʦʛʨʝʰʥʦʩʪʴʶ 0,1 ʂ ʚ ʩʠʣʴʥʳʭ 

ʠʤʧʫʣʴʩʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ, ʠʩʢʣʶʯʘʷ ʧʨʠ ʵʪʦʤ ʚʣʠʷʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ ʥʘ 

ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʟʦʥʜ. ʅʦʚʘʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʤʝʪʦʜʠʢʘ ʠʟʫʯʝʥʠʷ ʄʂʕ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʠʟʤʝʨʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʦʙʨʘʟʮʘ, ʯʪʦ ʩʦʚʦʢʫʧʥʦ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʘʪʴ ʥʘʜʝʞʥʳʝ ʜʘʥʥʳʝ ʦ ʙʳʩʪʨʦʠʟʤʝʥʷʶʱʝʤʩʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ.  

3) ʇʦʣʫʯʝʥʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʮʝʥʢʠ ʨʘʟʦʛʨʝʚʘ ʦʙʨʘʟʮʦʚ ʪʦʢʘʤʠ ʌʫʢʦ ʩʦʧʦʩʪʘʚʠʤʳ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʷʤʳʭ ʠʟʤʝʨʝʥʠʡ ʩ ʧʦʤʦʱʴʶ ɺʆɼʊ. ɺ ʧʨʦʚʝʜʸʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ 

ʠʟʤʝʨʝʥʠʶ ȹT-ʵʬʬʝʢʪʘ ʚ Gd ʩ ʧʦʤʦʱʴʶ ɺʆɼʊ ʧʨʠ ʠʟʚʝʩʪʥʳʭ ʩʢʦʨʦʩʪʷʭ ʠʟʤʝʥʝʥʠʷ ʠ ʟʥʘʯʝʥʠʷʭ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʘʬʠʢʩʠʨʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥʳ ʨʘʟʦʛʨʝʚʘ ʦʙʨʘʟʮʘ 

ʩʦʩʪʘʚʠʣʦ ȹTe = 1 ʂ ʚ ʧʦʣʝ 127 ʢʕ.  

4) ɸʜʠʘʙʘʪʠʯʝʩʢʠʡ ʄʂʕ ʚ Gd ʠʤʝʝʪ ʩʪʝʧʝʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʚʝʣʠʯʠʥʳ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʩʪʝʧʝʥʠ  ʟ ʚʙʣʠʟʠ ʪʦʯʢʠ ʂʶʨʠ ʦʢʘʟʘʣʠʩʴ 

ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ 2/3. ɺ ʵʢʩʪʨʘʢʮʠʦʥʥʦʤ ʢʘʣʦʨʠʤʝʪʨʝ ʧʨʠ ʊʉ = 293 ʂ 
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ʧʦʣʫʯʝʥʦ ʟʥʘʯʝʥʠʝ  ʟ= 0,73, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ 2/3 ʚʳʚʝʜʝʥʦ ʜʣʷ 

ʩʣʫʯʘʷ ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʘ ʘʜʠʘʙʘʪʠʯʝʩʢʦʝ ʥʘʤʘʛʥʠʯʠʚʘʥʠʝ ʤʘʛʥʝʪʠʢʘ ʩʪʨʦʛʦ ʥʝʣʴʟʷ 

ʩʯʠʪʘʪʴ ʪʘʢʦʚʳʤ. 

5) ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʄʂʕ ʚ Gd ʚ ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʧʦʣʫʯʝʥʥʦʝ ʩ ʧʦʤʦʱʴ  ʁ

ʵʢʩʪʨʘʢʮʠʦʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ ʚ ʧʦʣʝ ʙʠʪʪʝʨʦʚʩʢʦʛʦ ʤʘʛʥʠʪʘ H = 140 ʢʕ, ʩʦʩʪʘʚʠʣʦ 

ȹQ = 5900 ɼʞ/ʢʛ ʧʨʠ ʥʘʯʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ T0 = 293 ʂ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪ ɹȹQ(H) ʜʣʷ 

Gd ʠʤʝʝʪ ʩʪʝʧʝʥʥʦʡ ʚʠʜ. ɼʣʷ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʧʦʢʘʟʘʪʝʣʠ ʩʪʝʧʝʥʠ n ʙʫʜʫʪ ʩʣʝʜʫʶʱʠʝ: 

n(273) = 0,95, n(293) = 0,76, n(297) = 0,76. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʥʦʩʪʴʶ ʩʦʛʣʘʩʫʶʪʩʷ ʩ 

ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʜʣʷ Gd ʚ ʨʘʙʦʪʘʭ [204, 208]: n = 1 ʧʨʠ ʊ < TC ʠ n å 0,75 

ʧʨʠ T = TC. 

 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ɻʣʘʚʝ 3 ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʨʘʙʦʪʘʭ  

[ɸ2, ɸ5, ɸ8, ɸ9, ɸ10, ɸ16, ɸ18], ʘ ʪʘʢʞʝ ʚʦʰʣʠ ʚ ʩʙʦʨʥʠʢʠ ʤʘʪʝʨʠʘʣʦʚ ʢʦʥʬʝʨʝʥʮʠʡ [ɸ22-ɸ26, 

ɸ28, ɸ31-ɸ39, ɸ42, ɸ43, ɸ45, ɸ48]. 
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ɻʃɸɺɸ 4. ɻʀɻɸʅʊʉʂʀʁ ʇʈʗʄʆʁ 

ʄɸɻʅʀʊʆʂɸʃʆʈʀʏɽʉʂʀʁ ʕʌʌɽʂʊ  

4.1. ȹT ʠ ȹQ-ʵʬʬʝʢʪʳ ʚ ʩʦʝʜʠʥʝʥʠʠ Mn 1.22Fe0.73P0.47Si0.53  

ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ ʢʘʣʦʨʠʤʝʪʨʝ 

ɺ ʨʘʟʜʝʣʝ 2.2.1 ʙʳʣ ʦʧʠʩʘʥ ʤʝʪʦʜ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ȹʊ ʠ ȹQ -ʵʬʬʝʢʪʦʚ ʚ ʧʦʣʷʭ 

ʙʠʪʪʝʨʦʚʩʢʦʛʦ ʤʘʛʥʠʪʘ. ʕʪʦʪ ʤʝʪʦʜ ʙʳʣ ʧʨʠʤʝʥʸʥ ʢ ʦʙʨʘʟʮʘʤ ʩʦʝʜʠʥʝʥʠʷ Mn1.22Fe0.73P0.47Si0.53 

(ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʦʛʦ ʦʧʠʩʘʥʳ ʚ ʨʘʟʜʝʣʝ 2.1.2) ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ ʢʘʣʦʨʠʤʝʪʨʝ, ʧʨʦʪʦʢʦʣ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣ ʩʣʝʜʫʶʱʠʤ [A4]. ʂʘʣʦʨʠʤʝʪʨ ʧʦʤʝʱʘʣʩʷ ʚ ʨʘʙʦʯʫʶ ʦʙʣʘʩʪʴ ʙʠʪʪʝʨʦʚʩʢʦʛʦ 

ʤʘʛʥʠʪʘ, ʠ ʫʩʪʘʥʘʚʣʠʚʘʣʘʩʴ ʥʘʯʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʨʘʟʮʦʚ ʚ ʢʘʣʦʨʠʤʝʪʨʝ, ʧʦʩʣʝ ʯʝʛʦ 

ʚʚʦʜʠʣʦʩʴ/ʚʳʚʦʜʠʣʦʩʴ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʩʢʦʨʦʩʪʴʶ 2 ʢʕ/ʩʝʢ. ʊʝʤʧʝʨʘʪʫʨʘ 

ʦʙʨʘʟʮʘ 1 ʠ ʥʝʤʘʛʥʠʪʥʦʛʦ ʙʣʦʢʘ ʠʟ ʚʦʣʴʬʨʘʤʘ, ʥʘ ʢʦʪʦʨʳʡ ʙʳʣ ʧʨʠʢʣʝʝʥ ʦʙʨʘʟʝʮ 2, ʠʟʤʝʨʷʣʘʩʴ 

ʩ ʧʦʤʦʱʴ  ʁ ʧʣʘʪʠʥʦʚʳʭ ʪʝʨʤʦʨʝʟʠʩʪʦʨʦʚ ʈʊ-1000 [201] ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ. ʇʝʨʝʜ 

ʵʢʩʧʝʨʠʤʝʥʪʦʤ ʙʳʣʘ ʠʟʤʝʨʝʥʘ ʢʨʠʚʘʷ ʨʝʣʘʢʩʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʟʮʦʚ, ʠ ʧʦʩʪʦʷʥʥʘʷ ʚʨʝʤʝʥʠ 

ʩʦʩʪʘʚʠʣʘ ~ 800 ʩʝʢ, ʯʪʦ ʥʘ ʧʦʨʷʜʦʢ ʙʦʣʴʰʝ, ʯʝʤ ʜʣʠʪʝʣʴʥʦʩʪʴ ʦʜʥʦʛʦ ʮʠʢʣʘ 

ʚʢʣʶʯʝʥʠʷ/ʚʳʢʣʶʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 140 ʢʕ (70 ʩʝʢ). ʆʙʨʘʟʝʮ 1 ʚ ʬʦʨʤʝ 

ʪʘʙʣʝʪʢʠ ʜʠʘʤʝʪʨʦʤ d = 13 ʤʤ ʠ ʤʘʩʩʦʡ m1 = 2,340 ʛ ʨʘʟʤʝʱʘʣʩʷ ʥʘ ʚʩʪʘʚʢʝ (ʨʠʩ. 2.14ʘ) ʩ ʜʣʠʥʥʦʡ 

ʦʩʴʶ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʚʜʦʣʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʆʙʨʘʟʝʮ 2 ʤʘʩʩʦʡ m2 = 0,231 ʛ ʧʨʠ ʧʦʤʦʱʠ 

ʪʝʧʣʦʧʨʦʚʦʜʷʱʝʛʦ ʢʣʝʷ ʧʨʠʢʣʝʠʚʘʣʩʷ ʢ ʚʦʣʴʬʨʘʤʦʚʦʤʫ ʙʣʦʢʫ ʤʘʩʩʦʡ Mb = 10,451 ʛ (ʪ.ʝ. 

Mb/m2 = 45,2). ʈʘʩʯʸʪ ʚʝʣʠʯʠʥʳ ȹQ-ʵʬʬʝʢʪʘ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʧʨʦʚʦʜʠʣʩʷ ʧʦ ʬʦʨʤʫʣʝ (2.2). 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ȹT-ʵʬʬʝʢʪʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʦʙʨʘʟʮʝ 

Mn1.22Fe0.73P0.47Si0.53, ʩʦʩʪʘʚʣʷʝʪ ȹT = 8,2 K ʚ ʧʦʣʝ H = 140 ʢʕ ʧʨʠ ʊ0 = 314 ʂ (ʨʠʩ. 4.1ʘ). ɺ 

ʣʠʪʝʨʘʪʫʨʝ ʠʟʚʝʩʪʥʳ ʧʨʷʤʳʝ ʠʟʤʝʨʝʥʠʷ ʄʂʕ ʚʙʣʠʟʠ ʤʘʛʥʠʪʥʦʛʦ ʠʟʦʩʪʨʫʢʪʫʨʥʦʛʦ ʌʇ ʥʘ 

ʦʙʨʘʟʮʘʭ ʩʝʤʝʡʩʪʚʘ (MnxFe2-x)(P1-ySiy) ʚ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʠʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʜʦ 20 ʢʕ [145, 

146] ʠ ʠʤʧʫʣʴʩʥʳʭ ʧʦʣʷʭ ʜʦ 100 ʢʕ [149]. ʅʘʧʨʠʤʝʨ, ʚ [145] ʜʣʷ ʨʘʟʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʩʦʝʜʠʥʝʥʠʷ 

ȹT-ʵʬʬʝʢʪ ʩʦʩʪʘʚʣʷʝʪ 1,7-2,2 ʂ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 11 ʢʕ, ʯʪʦ ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ ʧʦʣʫʯʝʥʥʳʭ 

ʜʘʥʥʳʭ. ɺ ʨʘʙʦʪʝ [146] ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ Mn1.32Fe0.71P0.5Si0.56 ʧʦʢʘʟʘʥʦ ʟʥʘʯʝʥʠʝ ȹT = 2,3 K ʚ ʧʦʣʝ 

19 ʢʕ, ʯʪʦ ʚʧʦʣʥʝ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʧʦʣʫʯʝʥʥʳʤʠ ʜʘʥʥʳʤʠ. ʀ, ʥʘʢʦʥʝʮ, ʚ ʧʦʩʣʝʜʥʝʡ ʨʘʙʦʪʝ [149] ʥʘ 

ʦʙʨʘʟʮʝ ʩʦʝʜʠʥʝʥʠʷ Mn1.3Fe0.7P0.5Si0.55 ʚ ʠʤʧʫʣʴʩʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ 20 ʢʕ ʠ 100 ʢʕ ʧʦʣʫʯʝʥʳ 

ʟʥʘʯʝʥʠʷ ȹT = 2 K ʠ ȹT = 8 ʂ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦ, ʩ ʫʯʸʪʦʤ ʨʘʟʣʠʯʠʡ ʚ ʩʦʩʪʘʚʘʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʪʘʢʞʝ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ (ʨʠʩ. 4.1ʘ). 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʝ ʧʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ȹT-ʵʬʬʝʢʪʘ ʜʣʷ ʨʘʟʥʳʭ ʥʘʯʘʣʴʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʚ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 4.1ʙ. ʅʘ 

ʥʠʭ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 2 ʣʠʥʝʡʥʳʭ ʫʯʘʩʪʢʘ 10-40 ʢʕ ʠ 40-140 ʢʕ. ʇʨʠ ʣʠʥʝʡʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʥʘ 

ʫʯʘʩʪʢʝ 10-40 ʢʕ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʤʦʩʪʠ ȹT(ʅ): ű(310) = 0,72, 
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ű(311) = 1,01, ű(314) = 1,59. ʅʘ ʣʠʥʝʡʥʦʤ ʫʯʘʩʪʢʝ 40-140 ʢʕ ʧʦʣʫʯʝʥʦ: ű(310) = 0,29, 

ű(311) = 0,47, ű(314) = 0,62 (ʨʠʩ. 4.1ʙ). ʉʦʝʜʠʥʝʥʠʝ Mn1.22Fe0.73P0.47Si0.53 ʚ ʪʦʯʢʝ ʂʶʨʠ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʌʇ 1-ʛʦ ʨʦʜʘ (ʨʠʩ. 2.5ʘ) ʩ ʫʟʢʠʤ ʛʠʩʪʝʨʝʟʠʩʦʤ, ʘ ʬʦʨʤʫʣʘ (1.15) ʚʳʚʦʜʠʣʘʩʴ ʜʣʷ 

ʙʝʟʛʠʩʪʝʨʝʟʠʩʥʳʭ ʌʇ 2-ʛʦ ʨʦʜʘ, ʧʦʵʪʦʤʫ ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʩʪʝʧʝʥʠ (ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ 2/3) ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ æT(H) ʦʙʲʷʩʥʷʶʪʩʷ ʚʣʠʷʥʠʝʤ ʩʪʨʫʢʪʫʨʥʦʡ ʧʦʜʩʠʩʪʝʤʳ ï ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʘ 

ʚʳʜʝʣʷʝʪʩʷ ʟʘ ʩʯʸʪ ʠʟʦʩʪʨʫʢʪʫʨʥʦʛʦ ʤʘʛʥʠʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʌʇ 1-ʛʦ ʨʦʜʘ [146]. ʀʟʤʝʥʝʥʠʝ 

ʧʦʢʘʟʘʪʝʣʷ ʩʪʝʧʝʥʠ ʚ ʧʦʣʝ ʦʢʦʣʦ 50 ʢʕ ʛʦʚʦʨʠʪ ʦ ʟʘʚʝʨʰʝʥʠʠ ʩʪʨʫʢʪʫʨʥʦʡ ʯʘʩʪʠ ʌʇ ï ʚʳʰʝ ʵʪʦʛʦ 

ʧʦʣʷ ʤʳ ʥʘʙʣʶʜʘʝʤ ʚʢʣʘʜ ʪʦʣʴʢʦ ʤʘʛʥʠʪʥʦʡ ʧʦʜʩʠʩʪʝʤʳ ʚ ʄʂʕ (ʧʘʨʘʧʨʦʮʝʩʩ). 
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ʈʠʩ. 4.1. (ʘ) ʇʦʣʝʚʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ȹT-ʵʬʬʝʢʪʘ ʚ ʩʦʝʜʠʥʝʥʠʠ Mn1.22Fe0.73P0.47Si0.53 ʧʨʠ ʨʘʟʥʳʭ ʥʘʯʘʣʴʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʙʣʠʟʠ ʌʇ 1-ʛʦ ʨʦʜʘ [A4]. (ʙ) ʊʦ ʞʝ ʚ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ. ɿʥʘʯʝʥʠʷ ű ʦʙʦʟʥʘʯʝʥʳ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʝʣʠʯʠʥʦʡ ʧʦʣʷ - ʦʙʣʘʩʪʴ 1: 10-40 ʢʕ, ʠ ʦʙʣʘʩʪʴ 2: 40-140 ʢʕ. 

  

ʄʘʢʩʠʤʘʣʴʥʦʝ ʧʦʣʫʯʝʥʥʦʝ ʚ ʧʨʷʤʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʟʥʘʯʝʥʠʝ ȹQ-ʵʬʬʝʢʪʘ ʚ 

Mn1.22Fe0.73P0.47Si0.53 ʩʦʩʪʘʚʠʣʦ ȹQ = 6000 ɼʞ/ʢʛ ʚ ʧʦʣʝ H = 140 ʢʕ ʧʨʠ ʊ0 = 314 ʂ (ʨʠʩ 4.2ʘ), ʯʪʦ 

ʥʝʩʢʦʣʴʢʦ ʧʨʝʚʦʩʭʦʜʠʪ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʯʠʩʪʦʤ Gd ʚ ʪʦʤ ʞʝ ʧʦʣʝ (ȹQ = 5900 ɼʞ/ʢʛ ʧʨʠ 

ʊ0 = 293 ʂ, ʨʘʟʜʝʣ 3.2). ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ ʜʦʩʪʠʛʥʫʪ ʙʣʘʛʦʜʘʨʷ ʚʢʣʘʜʫ ʩʪʨʫʢʪʫʨʥʦʡ ʧʦʜʩʠʩʪʝʤʳ ʚ 

ʦʙʱʠʡ ʄʂʕ, ʦʜʥʘʢʦ ʩʢʨʳʪʘʷ ʪʝʧʣʦʪʘ ʌʇ 1-ʛʦ ʨʦʜʘ ʚ ʩʦʝʜʠʥʝʥʠʠ Mn1.22Fe0.73P0.47Si0.53 ʚ ʥʫʣʝʚʦʤ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʴʰʫʶ ʚʝʣʠʯʠʥʫ ɚ = 6200 ɼʞ/ʢʛ (ʨʠʩ. 2.5ʙ), ʯʪʦ ʛʦʚʦʨʠʪ ʦ 

ʥʝʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʊ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʅ ʥʘ ʌʇ 1-ʛʦ ʨʦʜʘ ʚ ʤʘʪʝʨʠʘʣʝ 

(ʨʘʟʜʝʣ 1.2). ʇʨʦʚʝʜʸʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʧʨʷʤʦʤʫ ʠʟʤʝʨʝʥʠʶ ȹQ-ʵʬʬʝʢʪʘ ʚ ʩʦʝʜʠʥʝʥʠʷʭ ʪʠʧʘ 

(MnxFe2-x)(P1-ySiy) ʜʦ ʩʠʭ ʧʦʨ ʦʩʪʘʶʪʩʷ ʫʥʠʢʘʣʴʥʳʤʠ [ɸ41]. 

ʉʯʠʪʘʷ, ʯʪʦ ʜʠʩʩʠʧʘʪʠʚʥʳʝ ʵʬʬʝʢʪʳ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʩʣʘʙʳ ʠ ȹQ = ȹSĀT, ʤʦʞʥʦ ʧʨʠʥʷʪʴ, 

ʯʪʦ ȹQ ~ Hn (ʨʘʟʜʝʣ 2.2.1). ʇʦʩʪʨʦʠʤ ʟʘʚʠʩʠʤʦʩʪʠ ȹQ(H) ʚ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʩʪʝʧʝʥʠ n (2.3). ʇʦʢʘʟʘʪʝʣʠ ʩʪʝʧʝʥʠ ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʢʘʟʘʣʠʩʴ 

ʩʣʝʜʫʶʱʠʝ: n(310) = 0,66, n(314) = 0,50 (ʨʠʩ. 4.2ʙ). ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʪʝʦʨʝʪʠʯʝʩʢʠ ʚ ʨʘʙʦʪʝ 

[203] ʜʣʷ ʩʧʣʘʚʦʚ ʩ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʚ ʪʦʯʢʝ ʂʶʨʠ: æS ~ʅ2/3, ʦʜʥʘʢʦ ʪʘʤ ʞʝ 

ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʜʣʷ ʟʦʥʥʳʭ ʤʘʛʥʝʪʠʢʦʚ ʙʫʜʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʩʦʦʪʥʦʰʝʥʠʝ æS ~ ʅ1/2, ʢʘʢ, 
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ʥʘʧʨʠʤʝʨ, ʚ Ni ʚʙʣʠʟʠ ʪʦʯʢʠ ʂʶʨʠ [238]. ʄʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ȹQ ʚ ʩʦʝʜʠʥʝʥʠʠ 

Mn1.22Fe0.73P0.47Si0.53 ʧʨʠ ʥʘʯʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʦʯʢʝ ʂʶʨʠ (PF = 310,5 ʂ, ʨʠʩ 2.5) ʧʦʜʯʠʥʷʝʪʩʷ 

ʟʘʢʦʥʫ 2/3 ʘʥʘʣʦʛʠʯʥʦ ʩʧʣʘʚʘʤ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ, ʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ 

ʌʇ ï ʟʘʢʦʥʫ 1/2, ʘʥʘʣʦʛʠʯʥʦ ʟʦʥʥʳʤ ʤʘʛʥʝʪʠʢʘʤ, ʦʜʥʘʢʦ ʪʦʣʴʢʦ ʚ ʧʦʣʷʭ ʚʳʰʝ 20 ʢʕ (ʨʠʩ. 4.2ʙ). 
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ʈʠʩ. 4.2. (ʘ) ʇʦʣʝʚʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ȹQ-ʵʬʬʝʢʪʘ ʚ ʩʦʝʜʠʥʝʥʠʠ Mn1.22Fe0.73P0.47Si0.53 ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʙʣʠʟʠ 

ʌʇ 1-ʛʦ ʨʦʜʘ. (ʙ) ʊʦ ʞʝ ʚ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ. ɿʥʘʯʝʥʠʝ n ʧʨʠ T0 = 314 ʂ ʧʦʣʫʯʝʥʦ ʥʘʯʠʥʘʷ ʩ ʧʦʣʷ 20 

ʢʕ [A41]. 
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4.2. ȹT-ʵʬʬʝʢʪ ʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʢʦʤʧʦʟʠʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʦʩʥʦʚʝ MnAs 

ʚ ʠʤʧʫʣʴʩʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣ̫ʭ ʜʦ 300 ʢʕ 

 ʕʢʩʧʝʨʠʤʝʥʪʳ ʥʘ ʦʙʨʘʟʮʘʭ ʂʄ ʥʘ ʦʩʥʦʚʝ MnAs, ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʦʛʦ ʦʧʠʩʘʥʳ ʚ ʨʘʟʜʝʣʝ 

2.1.2, ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʣʘʙʦʨʘʪʦʨʠʷʭ ʎɻɼʈ ʠ ɼʦʥʌʊʀ ʚ ʩʠʣʴʥʳʭ ʠʤʧʫʣʴʩʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ. ɺ 

ʎɻɼʈ ʠʩʩʣʝʜʦʚʘʥʠʷ ȹT-ʵʬʬʝʢʪʘ ʧʨʦʚʦʜʠʣʠʩʴ ʧʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ ʨʘʟʜʝʣʝ 2.3.1 ï ʜʘʪʯʠʢʦʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʙʳʣʘ ʤʠʢʨʦʪʝʨʤʦʧʘʨʘ ʪʠʧʘ ʊ ʠʟ ʧʨʦʚʦʜʦʚ ʪʦʣʱʠʥʦʡ 25 ʤʢʤ, ʘ ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ 

ʜʦʩʪʠʛʘʣʠ ʚʝʣʠʯʠʥʳ ʚ 300 ʢʕ. ɺ ɼʦʥʌʊʀ ʠʩʩʣʝʜʦʚʘʥʠʷ ȹT-ʵʬʬʝʢʪʘ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʧʦʤʦʰʴʶ 

ɺʆɼʊ ʧʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ ʨʘʟʜʝʣʝ 2.3.2, ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʠʟʤʝʨʷʣʘʩʴ ʠ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʦʙʨʘʟʮʘ ʠʥʜʫʢʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ (ʨʘʟʜʝʣ 2.3.3), ʘ ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ ʜʦʩʪʠʛʘʣʠ 

ʧʨʠ ʵʪʦʤ 40 ʢʕ [A20].  

ʉʚʦʜʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʠʟʤʝʨʝʥʠʶ ȹT-ʵʬʬʝʢʪʘ ʚ ʂʄ ʥʘ ʦʩʥʦʚʝ MnAs ʧʨʠ 

ʨʘʟʥʳʭ ʥʘʯʘʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʙʣʠʟʠ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʦʛʦ ʌʇ 1-ʛʦ ʨʦʜʘ ʚ ʠʤʧʫʣʴʩʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʩʦʣʝʥʦʠʜʘʭ ʚ ʎɻɼʈ (ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʪʝʨʤʦʧʘʨʳ) ʠ ɼʦʥʌʊʀ (ʩ ʧʦʤʦʱʴʶ ɺʆɼʊ) 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 4.3. ʊʘʢʞʝ ʥʘ ʨʠʩ. 4.3 ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʧʨʠʚʝʜʝʥʘ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ȹT-ʵʬʬʝʢʪʘ ʚ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ MnAs ʚ ʧʦʣʝ ʙʠʪʪʝʨʦʚʩʢʦʛʦ ʤʘʛʥʠʪʘ ʚ 100 ʢʕ ʧʦ ʤʝʪʦʜʠʢʝ, 

ʦʧʠʩʘʥʥʦʡ ʚ ʨʘʟʜʝʣʝ 2.2.1.  

ʕʢʩʪʨʘʢʮʠʦʥʥʳʡ 

ʢʘʣʦʨʠʤʝʪʨ:

 ʊʝʨʤʦʮʠʢʣ.

100 ʢʕ

ʉ ʧʦʤʦʱʴʶ 

ʤʠʢʨʦʪʝʨʤʦʧʘʨʳ:
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 ʅʘʛʨʝʚ 40 ʢʕ
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ʉ ʧʦʤʦʱʴʶ ɺʆɼʊ:
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ʈʠʩ. 4.3. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ȹT-ʵʬʬʝʢʪʘ ʚ ʂʄ ʥʘ ʦʩʥʦʚʝ MnAs ʚ ʠʤʧʫʣʴʩʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ 40, 100, 

200, 300 ʢʕ. ɼʘʥʥʳʝ ʚ ʧʦʣʝ 40 ʢʕ ʧʦʣʫʯʝʥ rʧʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʥʘʛʨʝʚʝ ʠ ʦʭʣʘʞʜʝʥʠʠ ʩ ʧʦʤʦʱʴʶ ɺʆɼʊ ï 

ʟʚʸʟʜʳ [A20] ʠ ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʪʝʨʤʦʧʘʨʳ ï ʢʨʫʛʠ. ɼʘʥʥʳʝ ʚ ʧʦʣʷʭ 100, 200 300 ʢʕ ʧʦʣʫʯʝʥʳ ʧʨʠ 

ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʠ ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʪʝʨʤʦʧʘʨʳ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʧʨʠʚʝʜʝʥʘ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ȹT-

ʵʬʬʝʢʪʘ ʚ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ MnAs ʚ ʧʦʣʝ 100 ʢʕ ʧʨʠ ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʠ ï ʩʝʨʳʳʝ ʪʨʝʫʛʦʣʴ ʥʠʢʠ [A12]. 

ʊʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʝ ï ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʥʘʛʨʝʚ ʜʦ 350 ʂ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʦʭʣʘʞʜʝʥʠʝ ʜʦ ʥʫʞʥʦʡ ʥʘʯʘʣʴʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ. 
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4.2.1. ȹT ʚ ʢʦʤʧʦʟʠʪʥʦʤ ʤʘʪʝʨʠʘʣʝ ʥʘ ʦʩʥʦʚʝ MnAs, ʠʟʤʝʨʝʥʥʳʡ ʤʠʢʨʦʪʝʨʤʦʧʘʨʦʡ 

 ʅʘ ʨʠʩ. 4.4ʘ ʧʦʢʘʟʘʥʘ ʨʘʟʚʸʨʪʢʘ ʧʦ ʚʨʝʤʝʥʠ ʝʜʠʥʠʯʥʦʛʦ ʠʤʧʫʣʴʩʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ 40 

ʢʕ ʠʤʧʫʣʴʩʥʦʛʦ ʩʦʣʝʥʦʠʜʘ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʎɻɼʈ (ʩʝʨʳʡ ʬʦʥ), ʘ ʪʘʢʞʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʠʟʤʝʥʝʥʠʶ ʧʦʣʷ ʩʠʛʥʘʣʳ ʩ ʤʠʢʨʦʪʝʨʤʦʧʘʨʳ (ʮʚʝʪʥʳʝ ʢʨʠʚʳʝ) ï ȹT-ʵʬʬʝʢʪ ʚ ʦʙʨʘʟʮʝ ʂʄ ʥʘ 

ʦʩʥʦʚʝ MnAs ʧʨʠ ʨʘʟʥʳʭ ʥʘʯʘʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ 311,5 ʂ ʜʦ 329,5 ʂ. ɼʘʥʥʳʝ ʢʨʠʚʳʝ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʧʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʥʘʛʨʝʚʝ ʦʙʨʘʟʮʘ ï ʧʦʩʣʝ ʢʘʞʜʦʛʦ ʠʤʧʫʣʴʩʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ 

ʠʟʤʝʨʝʥʠʷ ȹT, ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʨʘʟʮʘ ʧʦʜʥʠʤʘʣʘʩʴ, ʠ ʧʦʜʘʚʘʣʩʷ ʩʣʝʜʫʶʱʠʡ ʠʤʧʫʣʴʩ ʧʦʣʷ ʠ ʪʜ. 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ȹT = 6,2 ʂ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʧʨʠ T0 = 318,4 ʂ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʣʝʚʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ȹT(H) ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 4.4ʙ, ʛʜʝ ʩʪʨʝʣʢʘʤʠ ʦʙʦʟʥʘʯʝʥʦ ʥʘʧʨʘʚʣʝʥʠʝ ʠʟʤʝʥʝʥʠʷ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ɸʥʘʣʦʛʠʯʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 4.5ʘ ï ʧʦʢʘʟʘʥʘ ʨʘʟʚʸʨʪʢʘ ʧʦ ʚʨʝʤʝʥʠ 

ʤʘʛʥʠʪʥʦʛʦ ʠʤʧʫʣʴʩʘ ʚ ʅ = 40 ʢʕ ʠ ʩʠʛʥʘʣʳ ʩ ʪʝʨʤʦʧʘʨʳ ï ȹT-ʵʬʬʝʢʪ ʚ ʦʙʨʘʟʮʝ ʂʄ ʥʘ ʦʩʥʦʚʝ 

MnAs ʧʨʠ ʨʘʟʥʳʭ ʥʘʯʘʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ 328,2 ʂ ʜʦ 306 ʂ, ʦʜʥʘʢʦ ʜʘʥʥʳʝ ʢʨʠʚʳʝ ʧʦʣʫʯʝʥʳ 

ʧʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʦʭʣʘʞʜʝʥʠʠ ʦʙʨʘʟʮʘ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ȹT = 9,2 ʂ ʙʳʣʦ ʧʦʣʫʯʝʥʦ 

ʧʨʠ T0 = 314 ʂ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ȹT(H) ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 4.5ʙ, 

ʩʪʨʝʣʢʘʤʠ ʦʙʦʟʥʘʯʝʥʦ ʥʘʧʨʘʚʣʝʥʠʝ ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ʅʘ ʨʠʩ. 4.4ʘ ʠ 4.5ʘ ʦʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ ʟʘʧʘʟʜʳʚʘʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ȹT 

ʥʘ ʤʠʢʨʦʪʝʨʤʦʧʘʨʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʘʢʩʠʤʫʤʦʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ɿʘʜʝʨʞʢʘ ʩʦʩʪʘʚʣʷʝʪ  10 ʤʩ 

ʠ ʦʙʲʷʩʥʷʝʪʩʷ ʙʦʣʴʰʠʤ ʪʝʧʣʦʚʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʤʝʞʜʫ ʤʠʢʨʦʪʝʨʤʦʧʘʨʦʡ ʠ ʯʘʩʪʠʮʘʤʠ MnAs. 

ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʄʂʕ ʚʦʟʥʠʢʘʝʪ ʚʥʫʪʨʠ ʯʘʩʪʠʮ ʯʠʩʪʦʛʦ MnAs (ʥʘʧʦʣʥʠʪʝʣʷ), ʦʜʥʘʢʦ ʪʝʧʣʦ ʦʪ 

ʯʘʩʪʠʮ ʜʦʣʞʥʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʛʨʘʥʠʮʳ ʠʟ ʧʦʣʠʤʝʨʘ (ʩʚʷʟʫʶʱʝʛʦ), ʘ ʧʦʣʠʤʝʨ ʦʙʣʘʜʘʝʪ ʧʣʦʭʦʡ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ. ʉʭʝʤʘʪʠʯʝʩʢʠ ʵʪʘ ʩʠʪʫʘʮʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 4.6. 

  
(ʘ) (ʙ) 

ʈʠʩ. 4.4. (ʘ) ɺʨʝʤʝʥʥʳʝ ʠ (ʙ) ʧʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ȹT-ʵʬʬʝʢʪʘ ʚ ʢʦʤʧʦʟʠʪʥʦʤ ʦʙʨʘʟʮʝ ʥʘ ʦʩʥʦʚʝ MnAs, 

ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʪʝʨʤʦʧʘʨʳ ʧʨʠ ʨʘʟʥʳʭ ʥʘʯʘʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 40 ʢʕ ʧʨʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʥʘʛʨʝʚʝ ʦʙʨʘʟʮʘ. ʇʨʦʬʠʣʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ï ʩʝʨʳʡ ʬʦʥ. 
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(ʘ) (ʙ) 

ʈʠʩ. 4.5. (ʘ) ɺʨʝʤʝʥʥʳʝ ʠ (ʙ) ʧʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ȹT-ʵʬʬʝʢʪʘ ʚ ʦʙʨʘʟʮʝ ʂʄ ʥʘ ʦʩʥʦʚʝ MnAs, ʧʦʣʫʯʝʥʥʳʝ ʩ 

ʧʦʤʦʱʴʶ ʤʠʢʨʦʪʝʨʤʦʧʘʨʳ ʧʨʠ ʨʘʟʥʳʭ ʥʘʯʘʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 40 ʢʕ ʧʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ 

ʦʭʣʘʞʜʝʥʠʠ ʦʙʨʘʟʮʘ. ʇʨʦʬʠʣʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ï ʩʝʨʳʡ ʬʦʥ. 

 

 
ʈʠʩ. 4.6. ʉʭʝʤʘʪʠʯʝʩʢʠ ï ʠʟʤʝʨʝʥʠʝ ʄʂʕ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʤʧʦʟʠʪʥʦʢʦ ʦʙʨʘʟʮʘ ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʪʝʨʤʦʧʘʨʳ. 

ɹʝʣʳʝ ʦʙʣʘʩʪʠ ï ʩʚʷʟʫʶʱʝʝ, ʩʝʨʳʝ ï ʯʘʩʪʠʮʳ ʥʘʧʦʣʥʠʪʝʣʷ. 

 

ʉʠʛʥʘʣʳ ʩ ʤʠʢʨʦʪʝʨʤʦʧʘʨʳ ʚ ʧʦʣʝ 40 ʢʕ ʥʘ ʨʠʩ. 4.4 ʠ ʨʠʩ. 4.5 ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʧʦ 

ʬʦʨʤʝ: ʧʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʥʘʛʨʝʚʝ (ʨʠʩ. 4.4) ʥʘʯʘʣʴʥʘʷ ʠ ʢʦʥʝʯʥʘʷ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʟʮʘ 

ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʶʪ ʚ ʢʘʞʜʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ, ʘ ʧʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʦʭʣʘʞʜʝʥʠʠ (ʨʠʩ. 4.4) 

ʥʘʯʘʣʴʥʘʷ ʠ ʢʦʥʝʯʥʘʷ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʟʮʘ ʥʝ ʩʦʚʧʘʜʘʶʪ, ʝʩʣʠ ʥʘʯʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʣʝʞʠʪ ʚ 

ʦʙʣʘʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʦʪ PS = 315 K ʜʦ FS = 309 ʂ (ʨʠʩ. 4.5). ʇʦʜʦʙʥʘʷ ʥʝʦʙʨʘʪʠʤʦʩʪʴ 

ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʤʘʪʝʨʠʘʣʦʚ ʩ ʤʘʛʥʠʪʦʠʥʜʫʮʠʨʦʚʘʥʥʳʤʠ ʌʇ 1-ʛʦ ʨʦʜʘ ʧʨʠ ʥʘʯʘʣʴʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ ʦʙʣʘʩʪʠ ʛʠʩʪʝʨʝʟʠʩʘ [239-241], ʘ ʚ ʩʣʫʯʘʝ MnAs [137] ʢʦʥʝʯʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʙʫʜʝʪ 

ʚʳʰʝ ʥʘʯʘʣʴʥʦʡ. 

ʅʘ ʨʠʩ. 4.7ʘ ʧʦʢʘʟʘʥʘ ʨʘʟʚʸʨʪʢʘ ʧʦ ʚʨʝʤʝʥʠ ʤʘʛʥʠʪʥʦʛʦ ʠʤʧʫʣʴʩʘ ʚ ʅ = 100 ʢʕ (ʩʝʨʳʡ 

ʬʦʥ), ʘ ʪʘʢʞʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʟʤʝʥʝʥʠʶ ʧʦʣʷ ʩʠʛʥʘʣʳ ʩ ʤʠʢʨʦʪʝʨʤʦʧʘʨʳ (ʮʚʝʪʥʳʝ ʢʨʠʚʳʝ) ï 

ȹT-ʵʬʬʝʢʪ ʚ ʦʙʨʘʟʮʝ ʂʄ ʥʘ ʦʩʥʦʚʝ MnAs ʧʨʠ ʨʘʟʥʳʭ ʥʘʯʘʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ 309,5 ʂ ʜʦ 

318,2 ʂ. ɺʩʝ ʢʨʠʚʳʝ ȹT ʧʦʣʫʯʝʥʳ ʧʦʩʣʝ ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʷ: ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʨʘʟʝʮ ʥʘʛʨʝʚʘʣʩʷ 

ʜʦ 350 ʂ, ʧʦʩʣʝ ʯʝʛʦ ʦʭʣʘʞʜʘʣʩʷ ʜʦ ʥʝʦʙʭʦʜʠʤʦʡ ʥʘʯʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʄʘʢʩʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ȹT = 12,5 ʂ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʧʨʠ T0 = 311,9 ʂ, ʯʪʦ ʚʧʦʣʥʝ ʩʦʦʪʥʦʩʠʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, 

ʧʦʣʫʯʝʥʥʳʤʠ ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʦʙʨʘʟʮʝ MnAs ʚ ʪʘʢʦʤ ʞʝ ʧʦ ʚʝʣʠʯʠʥʝ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 
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ʪʘʢʞʝ ʧʨʠ ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʠ: ȹT = 15 ʂ (ʨʠʩ.4.3). ʀʟ-ʟʘ ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʷ ʧʠʢʦʚʦʝ ʟʥʘʯʝʥʠʝ 

ȹT ʧʦʣʫʯʝʥʦ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʦʡ ʥʘʯʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʯʝʤ ʧʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʦʭʣʘʞʜʝʥʠʠ ʚ 

ʧʦʣʝ 40 ʢʕ (ʩʚʦʜʥʳʝ ʜʘʥʥʳʝ, ʨʠʩ. 4.3), ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʤʝʥʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʟʘʨʦʜʳʰʝʡ ʌʄ 

ʬʘʟʳ MnAs ʧʦʩʣʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʛʨʝʚʘ. ʇʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ȹT(H) ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 

4.7ʙ, ʩʪʨʝʣʠ ʫʢʘʟʳʚʘʶʪ ʥʘʧʨʘʚʣʝʥʠʝ ʠʟʤʝʥʝʥʠʷ ʧʦʣʷ. 

  
(ʘ) (ʙ) 

ʈʠʩ. 4.7. (ʘ) ɺʨʝʤʝʥʥʳʝ ʠ (ʙ) ʧʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ȹT-ʵʬʬʝʢʪʘ ʚ ʢʦʤʧʦʟʠʪʥʦʤ ʦʙʨʘʟʮʝ ʥʘ ʦʩʥʦʚʝ MnAs, 

ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʪʝʨʤʦʧʘʨʳ ʧʨʠ ʨʘʟʥʳʭ ʥʘʯʘʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦʩʣʝ ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʷ 

(ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʛʨʝʚʘ ʜʦ 350 ʂ) ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 100 ʢʕ. ʇʨʦʬʠʣʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ï ʩʝʨʳʡ ʬʦʥ.  

 

ʅʘ ʨʠʩ. 4.8ʘ ʧʦʢʘʟʘʥʘ ʨʘʟʚʸʨʪʢʘ ʧʦ ʚʨʝʤʝʥʠ ʤʘʛʥʠʪʥʦʛʦ ʠʤʧʫʣʴʩʘ ʚ ʅ = 200 ʢʕ (ʩʝʨʳʡ 

ʬʦʥ), ʘ ʪʘʢʞʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʟʤʝʥʝʥʠʶ ʧʦʣʷ ʩʠʛʥʘʣʳ ʩ ʤʠʢʨʦʪʝʨʤʦʧʘʨʳ (ʮʚʝʪʥʳʝ ʢʨʠʚʳʝ) ï 

ȹT-ʵʬʬʝʢʪ ʚ ʦʙʨʘʟʮʝ ʂʄ ʥʘ ʦʩʥʦʚʝ MnAs ʧʨʠ ʨʘʟʥʳʭ ʥʘʯʘʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ 310,5 ʂ ʜʦ 

318,9 ʂ. ɺʩʝ ʢʨʠʚʳʝ ȹT ʧʦʣʫʯʝʥʳ ʧʦʩʣʝ ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʷ: ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʨʘʟʝʮ ʥʘʛʨʝʚʘʣʩʷ 

ʜʦ 350 ʂ, ʧʦʩʣʝ ʯʝʛʦ ʦʭʣʘʞʜʘʣʩʷ ʜʦ ʥʝʦʙʭʦʜʠʤʦʡ ʥʘʯʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʄʘʢʩʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ȹT = 16,4 ʂ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʧʨʠ T0 = 312,9 ʂ. ʇʠʢʦʚʦʝ ʟʥʘʯʝʥʠʝ ȹT ʚ ʧʦʣʝ 200 ʢʕ 

ʧʦʣʫʯʝʥʦ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʥʘʯʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʯʝʤ ʚ ʧʦʣʝ 100 ʢʕ (ʩʚʦʜʥʳʝ ʜʘʥʥʳʝ, ʨʠʩ. 

4.3), ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʩʜʚʠʛʦʤ ʌʇ 1-ʛʦ ʨʦʜʘ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. ʇʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ȹT(H) 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 4.8ʙ, ʛʜʝ ʩʪʨʝʣʢʘʤʠ ʦʙʦʟʥʘʯʝʥʦ ʥʘʧʨʘʚʣʝʥʠʝ ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ʅʘ ʨʠʩ. 4.9ʘ ʧʦʢʘʟʘʥʘ ʨʘʟʚʸʨʪʢʘ ʧʦ ʚʨʝʤʝʥʠ ʤʘʛʥʠʪʥʦʛʦ ʠʤʧʫʣʴʩʘ ʚ ʅ = 300 ʢʕ (ʩʝʨʳʡ 

ʬʦʥ), ʘ ʪʘʢʞʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʟʤʝʥʝʥʠʶ ʧʦʣʷ ʩʠʛʥʘʣʳ ʩ ʤʠʢʨʦʪʝʨʤʦʧʘʨʳ (ʮʚʝʪʥʳʝ ʢʨʠʚʳʝ) ï 

ȹT-ʵʬʬʝʢʪ ʚ ʦʙʨʘʟʮʝ ʂʄ ʥʘ ʦʩʥʦʚʝ MnAs ʧʨʠ ʨʘʟʥʳʭ ʥʘʯʘʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ 310,8 ʂ ʜʦ 319,8 

ʂ. ɺʩʝ ʢʨʠʚʳʝ ȹT ʧʦʣʫʯʝʥʳ ʧʦʩʣʝ ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʷ: ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʨʘʟʝʮ ʥʘʛʨʝʚʘʣʩʷ ʜʦ 

350 ʂ, ʧʦʩʣʝ ʯʝʛʦ ʦʭʣʘʞʜʘʣʩ ̫ʜʦ ʥʝʦʙʭʦʜʠʤʦʡ ʥʘʯʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ȹT = 17,6 ʂ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʧʨʠ T0 = 312,9 ʂ. ʇʠʢʦʚʦʝ ʟʥʘʯʝʥʠʝ ȹT ʚ ʧʦʣʝ 300 ʢʕ ʧʦʣʫʯʝʥʦ ʧʨʠ 

ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʥʘʯʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʯʝʤ ʚ ʧʦʣʷʭ 100 ʢʕ ʠ 200 ʢʕ (ʩʚʦʜʥʳʝ ʜʘʥʥʳʝ, ʨʠʩ. 4.3), 

ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʩʜʚʠʛʦʤ ʌʇ 1-ʛʦ ʨʦʜʘ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. ʇʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ȹT(H) 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 4.9ʙ, ʩʪʨʝʣʢʠ ʫʢʘʟʳʚʘʶʪ ʥʘʧʨʘʚʣʝʥʠʝ ʠʟʤʝʥʝʥʠʷ ʧʦʣʷ. 
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(ʘ) (ʙ) 

ʈʠʩ. 4.8. (ʘ) ɺʨʝʤʝʥʥʳʝ ʠ (ʙ) ʧʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ȹT-ʵʬʬʝʢʪʘ ʚ ʦʙʨʘʟʮʝ ʂʄ ʥʘ ʦʩʥʦʚʝ MnAs, ʧʦʣʫʯʝʥʥʳʝ ʩ 

ʧʦʤʦʱʴʶ ʤʠʢʨʦʪʝʨʤʦʧʘʨʳ ʧʨʠ ʨʘʟʥʳʭ ʥʘʯʘʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦʩʣʝ ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʷ (ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ 

ʥʘʛʨʝʚʘ ʜʦ 350 ʂ) ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 200 ʢʕ. ʇʨʦʬʠʣʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ï ʩʝʨʳʡ ʬʦʥ. 

 

 
 

(ʘ) (ʙ) 

ʈʠʩ. 4.9. (ʘ) ɺʨʝʤʝʥʥʳʝ ʠ (ʙ) ʧʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ȹT-ʵʬʬʝʢʪʘ ʚ ʦʙʨʘʟʮʝ ʂʄ ʥʘ ʦʩʥʦʚʝ MnAs, ʧʦʣʫʯʝʥʥʳʝ ʩ 

ʧʦʤʦʱʴʶ ʤʠʢʨʦʪʝʨʤʦʧʘʨʳ ʧʨʠ ʨʘʟʥʳʭ ʥʘʯʘʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦʩʣʝ ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʷ (ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ 

ʥʘʛʨʝʚʘ ʜʦ 350 ʂ) ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 300 ʢʕ. ʇʨʦʬʠʣʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ï ʩʝʨʳʡ ʬʦʥ. 

 

ʇʦʣʫʯʝʥʥʳʝ ʚ ʠʤʧʫʣʴʩʥʳʭ ʧʦʣʷʭ 100, 200 ʠ 300 ʢʕ (ʨʠʩ. 4.7-4.9) ʧʦʩʣʝ 

ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʷ ʪʘʢʞʝ, ʢʘʢ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʄʂʕ ʧʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʦʭʣʘʞʜʝʥʠʠ 

(ʨʠʩ. 4.5) ʧʦʢʘʟʳʚʘʶʪ ʥʝʦʙʨʘʪʠʤʦʩʪʴ ʤʘʛʥʠʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʌʇ 1-ʛʦ ʨʦʜʘ ï ʢʦʥʝʯʥʳʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʟʮʘ ʚ ʧʨʦʚʝʜʸʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʚʳʰʝ ʥʘʯʘʣʴʥʳʭ (ʥʘʭʦʜʠʚʰʠʭʩʷ ʚ ʦʙʣʘʩʪʠ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʦʪ FF = 300 ʂ ʜʦ PF = 322 ʂ). 

4.2.2. ȹT ʚ ʢʦʤʧʦʟʠʪʥʦʤ ʤʘʪʝʨʠʘʣʝ ʥʘ ʦʩʥʦʚʝ MnAs, ʠʟʤʝʨʝʥʥʳʡ ʙʝʩʢʦʥʪʘʢʪʥʳʤ ʤʝʪʦʜʦʤ 

ʅʘ ʨʠʩ. 4.10ʘ ʧʦʢʘʟʘʥʘ ʨʘʟʚʸʨʪʢʘ ʧʦ ʚʨʝʤʝʥʠ ʝʜʠʥʠʯʥʦʛʦ ʠʤʧʫʣʴʩʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʠʤʧʫʣʴʩʥʦʛʦ ʩʦʣʝʥʦʠʜʘ ʚ ɼʦʥʌʊʀ (ʩʝʨʳʡ ʬʦʥ) [A20]. ʄʘʛʥʠʪʥʳʡ ʠʤʧʫʣʴʩ ʜʦʩʪʠʛʘʣ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʳ H = 40 ʢʕ, ʘ ʪʘʢʞʝ ʧʦʤʠʤʦ ʦʩʥʦʚʥʦʛʦ ʩʦʜʝʨʞʘʣ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ 

ʦʙʨʘʪʥʳʡ ʠʤʧʫʣʴʩ ʤʝʥʴʰʝʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ï 15 ʢʕ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʟʤʝʥʝʥʠʶ ʧʦʣʷ ʩʠʛʥʘʣʳ 

ʩ ɺʆɼʊ ï ʮʚʝʪʥʳʝ ʢʨʠʚʳʝ ï ȹT-ʵʬʬʝʢʪ ʚ ʦʙʨʘʟʮʝ ʂʄ ʥʘ ʦʩʥʦʚʝ MnAs ʧʨʠ ʨʘʟʥʳʭ ʥʘʯʘʣʴʥʳʭ 



85 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ 308,5 ʂ ʜʦ 324,5 ʂ (ʨʠʩ. 4.10ʘ). ɼʘʥʥʳʝ ʢʨʠʚʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʥʘʛʨʝʚʝ ʦʙʨʘʟʮʘ ï ʧʦʩʣʝ ʢʘʞʜʦʛʦ ʠʤʧʫʣʴʩʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʠʟʤʝʨʝʥʠʷ ȹT, 

ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʨʘʟʮʘ ʧʦʜʥʠʤʘʣʘʩʴ, ʠ ʧʦʜʘʚʘʣʩʷ ʩʣʝʜʫʶʱʠʡ ʠʤʧʫʣʴʩ ʧʦʣʷ ʠ ʪʜ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʚ 

ʵʪʦʡ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʟʥʘʯʝʥʠʝ ȹT = 7,2 ʂ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʧʨʠ T0 = 318,5 ʂ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʧʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ȹT(H) ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 4.10ʙ, ʛʜʝ ʩʪʨʝʣʢʘʤʠ ʦʙʦʟʥʘʯʝʥʦ ʥʘʧʨʘʚʣʝʥʠʝ 

ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

  
(ʘ) (ʙ) 

ʈʠʩ. 4.10. (ʘ) ɺʨʝʤʝʥʥʳʝ ʠ (ʙ) ʧʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ȹT-ʵʬʬʝʢʪʘ ʚ ʦʙʨʘʟʮʝ ʂʄ ʥʘ ʦʩʥʦʚʝ MnAs, ʧʦʣʫʯʝʥʥʳʝ ʩ 

ʧʦʤʦʱʴʶ ɺʆɼʊ ʧʨʠ ʨʘʟʥʳʭ ʥʘʯʘʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʜʦ 40 ʢʕ ʧʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʥʘʛʨʝʚʝ 

ʦʙʨʘʟʮʘ. ʇʨʦʬʠʣʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ï ʩʝʨʳʡ ʬʦʥ. 

 

ʅʘ ʨʠʩ. 4.11ʘ ʪʘʢʞʝ ʧʦʢʘʟʘʥʘ ʨʘʟʚʸʨʪʢʘ ʧʦ ʚʨʝʤʝʥʠ ʤʘʛʥʠʪʥʦʛʦ ʠʤʧʫʣʴʩʘ ʚ ʅ = 40 ʢʕ (ʠ 

ʦʙʨʘʪʥʘʷ ʧʦʣʫʚʦʣʥʘ ʜʦ 15 ʢʕ), ʘ ʪʘʢʞʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʟʤʝʥʝʥʠʶ ʧʦʣʷ ʩʠʛʥʘʣʳ ʩ ɺʆɼʊ ï ȹT-

ʵʬʬʝʢʪ ʚ ʦʙʨʘʟʮʝ ʂʄ ʥʘ ʦʩʥʦʚʝ MnAs ʧʨʠ ʨʘʟʥʳʭ ʥʘʯʘʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ 321,5 ʂ ʜʦ 310 ʂ 

ʧʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʦʭʣʘʞʜʝʥʠʠ ʦʙʨʘʟʮʘ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʚ ʵʪʦʡ ʩʝʨʠʠ ɻ ʢʩʧʝʨʠʤʝʥʪʦʚ ʟʥʘʯʝʥʠʝ 

ȹT = 9,4 ʂ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʧʨʠ T0 = 314,5 ʂ. ʇʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ȹT(H) ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 

4.11ʙ, ʛʜʝ ʩʪʨʝʣʢʘʤʠ ʦʙʦʟʥʘʯʝʥʦ ʥʘʧʨʘʚʣʝʥʠʝ ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ʆʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ ʪʦ, ʯʪʦ ʧʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʥʘʛʨʝʚʝ (ʨʠʩ. 4.10) ʄʂʕ 

ʦʙʨʘʪʠʤ ï ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʠʤʧʫʣʴʩʘ ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʨʘʟʮʘ ʚʦʟʚʨʘʱʘʝʪʩʷ ʢ 

ʥʘʯʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ, ʘ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ (ʨʠʩ. 4.11) ʄʂʕ ʥʝʦʙʨʘʪʠʤ ï ʢʦʥʝʯʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʚʳʰʝ ʥʘʯʘʣʴʥʦʡ (ʢʨʦʤʝ T0 = 321,5 ʂ ïʚʙʣʠʟʠ ʛʨʘʥʠʮʳ ʛʠʩʪʝʨʝʟʠʩʘ).  
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 ɿʥʘʯʝʥʠʷ ȹT-ʵʬʬʝʢʪʘ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ɺʆɼʊ (ʨʠʩ. 4.10-4.11) ʧʨʠ ʨʘʟʥʳʭ 

ʥʘʯʘʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʘ 1 ʂ ʚʳʰʝ ʟʥʘʯʝʥʠʡ ȹT-ʵʬʬʝʢʪʘ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʪʦʤ ʞʝ ʦʙʨʘʟʮʝ ʩ 

ʧʦʤʦʱʴʶ ʪʝʨʤʦʧʘʨʳ (ʨʠʩ. 4.7-4.8), ʧʦʜʨʦʙʥʦʤʫ ʩʨʘʚʥʝʥʠʶ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʩʚʷʱʝʥ ʩʣʝʜʫʶʱʠʡ 

ʨʘʟʜʝʣ. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʥʘ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ɺʆɼʊ, ʪʘʢʞʝ ʤʦʞʥʦ ʚʠʜʝʪʴ 

ʦʪʩʪʘʚʘʥʠʝ ʧʦ ʚʨʝʤʝʥʠ ʧʠʢʦʚʦʛʦ ʟʥʘʯʝʥʠʷ ʄʂʕ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʠʢʦʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʨʠʩ. 

4.10-4.11), ʦʜʥʘʢʦ ʦʥʘ ʥʝ ʚʝʣʠʢʘ  1 ʤʩ (ʚ 10 ʨʘʟ ʥʠʞʝ, ʯʝʤ ʥʘ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ 

ʤʠʢʨʦʪʝʨʤʦʧʘʨʳ (ʨʠʩ. 4.4-4.5)), ʠ ʦʙʲʷʩʥʷʝʪʩʷ ʥʠʟʢʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ ʦʙʨʘʟʮʘ ʂʄ ʥʘ ʦʩʥʦʚʝ 

MnAs. ʏʠʩʪʳʡ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ MnAs ʚʙʣʠʟʠ ʌʇ ʠʤʝʝʪ ʥʝʚʳʩʦʢʫʶ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ 

 ᷆= 2 ɺʪ/(ʤĿʂ) [242] (ʜʣʷ ʩʨʘʚʥʝʥʠʷ:  ᷆= 10 ɺʪ/(ʤĿʂ) ʫ ʯʠʩʪʦʛʦ Gd [242]), ʘ ʫ ʩʚʷʟʫʶʱʝʛʦ 

ʧʦʣʠʤʝʨʘ, ʚʭʦʜʷʱʝʛʦ ʚ ʩʦʩʪʘʚ ʂʄ ʥʘ ʦʩʥʦʚʝ MnAs, ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʝʱʸ ʥʘ ʧʦʨʷʜʦʢ ʥʠʞʝ 

0,27 ɺʪ/(ʤĿʂ) (ʧʦʣʠʚʠʥʠʣʙʫʪʠʨʘʣʴ, ʩʤ. [243]). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʧʣʦ ʦʪ ʄʂʕ, ʚʦʟʥʠʢʘʶʱʝʛʦ ʚ 

ʯʘʩʪʠʮʘʭ ʯʠʩʪʦʛʦ MnAs, ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʪʝʧʣʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚ ʚʠʜʝ ʩʚʷʟʫʶʱʝʛʦ ʧʦʣʠʤʝʨʘ, 

ʠ ʩ ʥʝʢʦʪʦʨʦʡ ʟʘʜʝʨʞʢʦʡ ʜʦʩʪʠʛʘʝʪ ʧʦʚʝʨʭʥʦʩʪʠ, ʠʟʣʫʯʘʶʱʝʡ ʪʝʧʣʦ. 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʢʦʪʦʨʳʝ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ɼʦʥʌʊʀ, ʙʳʣʘ ʚʦʟʤʦʞʥʦʩʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ 

ʠʟʤʝʨʝʥʠʷ ȹT-ʵʬʬʝʢʪʘ ʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʦʙʨʘʟʮʘ ʠʥʜʫʢʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ (ʨʘʟʜʝʣ 2.3.3). 

ɿʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʦʙʨʘʟʮʘ ʂʄ ʥʘ ʦʩʥʦʚʝ MnAs ʦʪ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʜʦ 40 ʢʕ (ʩ 

ʦʙʨʘʪʥʳʤ ʠʤʧʫʣʴʩʦʤ ʜʦ 15 ʢʕ) ʧʨʠ ʨʘʟʥʳʭ ʥʘʯʘʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ 

ʥʘʛʨʝʚʝ (ʘ) ʠ ʦʭʣʘʞʜʝʥʠʠ (ʙ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 4.12. ʀʩʧʦʣʴʟʫʷ ʫʨʘʚʥʝʥʠʝ (1.36) ʤʦʞʥʦ 

ʦʮʝʥʠʪʴ ʨʘʙʦʪʫ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ŭA ʥʘʜ ʦʙʨʘʟʮʦʤ ʟʘ ʮʠʢʣ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ/ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʷ ʧʦ 

ʧʣʦʱʘʜʠ ʧʝʪʣʠ ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ŭA ʚ ʧʦʣʝ ʜʦ 40 ʢʕ ʚ ʦʙʨʘʟʮʝ 

ʂʄ ʥʘ ʦʩʥʦʚʝ MnAs ʧʨʠ ʥʘʛʨʝʚʝ ʠ ʦʭʣʘʞʜʝʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 4.13ʚ. 

ʅʘ ʨʠʩ 4.13 ʧʨʠʚʝʜʝʥʳ ʧʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ȹT-ʵʬʬʝʢʪʘ ʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʨʠ ʥʘʛʨʝʚʝ 

ʊ0 = 318,5 ʂ (ʨʠʩ. 4.13ʘ) ʠ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʊ0 = 314,5 ʂ (ʨʠʩ. 4.13ʙ). ʈʘʙʦʪʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ 

  
(ʘ) (ʙ) 

ʈʠʩ. 4.11. (ʘ) ɺʨʝʤʝʥʥʳʝ ʠ (ʙ) ʧʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ȹT-ʵʬʬʝʢʪʘ ʚ ʦʙʨʘʟʮʝ ʂʄ ʥʘ ʦʩʥʦʚʝ MnAs, ʧʦʣʫʯʝʥʥʳʝ ʩ 

ʧʦʤʦʱʴʶ ɺʆɼʊ, ʧʨʠ ʨʘʟʥʳʭ ʥʘʯʘʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʜʦ 40 ʢʕ ʧʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ 

ʦʭʣʘʞʜʝʥʠʠ ʦʙʨʘʟʮʘ. ʇʨʦʬʠʣʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ï ʩʝʨʳʡ ʬʦʥ. 
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ʵʪʠʭ ʩʣʫʯʘʷʭ ʤʘʢʩʠʤʘʣʴʥʘ ʠ ʩʦʩʪʘʚʠʪ: ŭA = 35 ɼʞ/ʢʛ ʧʨʠ ʥʘʛʨʝʚʝ (ʨʠʩ. 4.13ʘ) ʠ ŭA = 57 ɼʞ/ʢʛ ʧʨʠ 

ʦʭʣʘʞʜʝʥʠʠ (ʨʠʩ. 4.13ʙ) ʚ ʠʤʧʫʣʴʩʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 40 ʢʕ. 
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         MnAs-ʢʦʤʧʦʟʠʪ

 ʅʘʛʨʝʚ 40 ʢʕ

 ʆʭʣʘʞʜʝʥʠʝ 40 ʢʕ

 
(ʚ) 

ʈʠʩ. 4.12. ɿʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʦʙʨʘʟʮʘ ʂʄ ʥʘ ʦʩʥʦʚʝ MnAs ʦʪ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʜʦ 40 ʢʕ ʧʨʠ ʨʘʟʥʳʭ 

ʥʘʯʘʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (ʘ) ʧʨʠ ʥʘʛʨʝʚʝ, (ʙ) ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ. (ʚ) ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʨʘʙʦʪʳ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ŭA ʜʦ 40 ʢʕ ʚ ʦʙʨʘʟʮʝ ʂʄ ʥʘ ʦʩʥʦʚʝ MnAs ʧʨʠ ʥʘʛʨʝʚʝ ʠ ʦʭʣʘʞʜʝʥʠʠ. 

 

 
 

(ʘ) (ʙ) 

ʈʠʩ. 4.13. ʇʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ȹT-ʵʬʬʝʢʪʘ, ʠʟʤʝʨʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ɺʆɼʊ, ʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʦʙʨʘʟʮʘ ʂʄ ʥʘ 

ʦʩʥʦʚʝ MnAs (ʘ) ʧʨʠ T0 = 318,5 K ʧʨʠ ʥʘʛʨʝʚʝ, (ʙ) ʧʨʠ T0 = 314,5 K ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ [A20]. 
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4.2.3. ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ȹT, ʧʦʣʫʯʝʥʥʳʭ ʨʘʟʥʳʤʠ ʤʝʪʦʜʘʤʠ 

 ʉ ʮʝʣʴʶ ʩʨʘʚʥʝʥʠ ̫ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʠʟʫʯʝʥʠʶ ȹT-ʵʬʬʝʢʪʘ ʚ ʦʙʨʘʟʮʝ ʂʄ ʥʘ 

ʦʩʥʦʚʝ MnAs ʚ ʠʤʧʫʣʴʩʥʳʭ ʧʦʣʷʭ ʜʦ 40 ʢʕ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʪʝʨʤʦʧʘʨʳ ʠ ɺʆɼʊ 

ʧʨʠ ʙʣʠʟʢʠʭ ʥʘʯʘʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʥʘ ʨʠʩ. 4.14 ʧʨʠʚʝʜʝʥʳ ʚʨʝʤʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʠʤʧʫʣʴʩʥʳʭ ʩʦʣʝʥʦʠʜʘʭ ʚ ʎɻɼʈ (ʪʸʤʥʦ-ʩʝʨrʡ ʬʦʥ) ʠ ɼʦʥʌʊʀ (ʩʚʝʪʣʦ-ʩʝʨʳʡ 

ʬʦʥ), ʘ ʪʘʢʞʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʨʝʤʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ȹT-ʵʬʬʝʢʪʘ ʥʘ ʤʠʢʨʦʪʝʨʤʦʧʘʨʝ (ʯʸʨʥʘʷ 

ʢʨʠʚʘʷ) ʠ ɺʆɼʊ (ʢʨʘʩʥʘʷ ʢʨʠʚʘʷ). ʅʘ ʨʠʩ 4.14ʘ ʧʨʠʚʝʜʝʥʳ ʚʨʝʤʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ȹT-ʵʬʬʝʢʪʘ, 

ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʥʘʛʨʝʚʝ ʦʙʨʘʟʮʘ ʧʨʠ ʊ0 = 318,5 ʂ ʩ ʧʦʤʦʱʴʶ ɺʆɼʊ ʠ ʧʨʠ ʊ0 = 318,4 ʂ ʩ 

ʧʦʤʦʱʴʶ ʤʠʢʨʦʪʝʨʤʦʧʘʨʳ, ʘ ʥʘ ʨʠʩ. 4.14ʙ ï ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʊ0 = 314,5 ʂ ʩ ɺʆɼʊ ʠ ʊ0 = 314,4 ʂ 

ʩ ʤʠʢʨʦʪʝʨʤʦʧʘʨʳ. 

  
(ʘ) (ʙ) 

ʈʠʩ. 4.14. ɺʨʝʤʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ȹT-ʵʬʬʝʢʪʘ ʦʙʨʘʟʮʝ ʂʄ ʥʘ ʦʩʥʦʚʝ MnAs ʚ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʜʦ 40 ʢʕ. ʂʨʘʩʥʘʷ 

ʢʨʠʚʘʷ ï ʠʟʤʝʨʝʥʦ ʩ ʧʦʤʦʱʴʶ ɺʆɼʊ, ʯʸʨʥʘʷ ʢʨʠʚʘʷ ï ʠʟʤʝʨʝʥʦ ʤʠʢʨʦʪʝʨʤʦʧʘʨʦʡ: (ʘ) ʧʨʠ ʥʘʛʨʝʚʝ T0 = 318,5 K ʠ 

(ʙ) ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ T0 = 314,5 K. ɺʨʝʤʝʥʥʳʝ ʧʨʦʬʠʣʠ ʤʘʛʥʠʪʥʳʭ ʠʤʧʫʣʴʩʦʚ ʦʪʤʝʯʝʥʳ ʩʝʨʳʤ. 

  

 ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʦʬʠʣʠ ʤʘʛʥʠʪʥʳʭ ʠʤʧʫʣʴʩʦʚ ʚ ʨʘʟʥʳʭ ʩʦʣʝʥʦʠʜʘʭ ʩʠʣʴʥʦ 

ʦʪʣʠʯʘʣʠʩʴ (ʨʠʩ. 4.14): ʥʘ ʩʦʣʝʥʦʠʜʝ ʚ ʎɻɼʈ (ʪʸʤʥʦ-ʩʝʨʳʡ ʬʦʥ) ʚʨʝʤʷ ʥʘʨʘʩʪʘʥʠʷ ʧʦʣʷ ʜʦ 

ʤʘʢʩʠʤʫʤʘ ʩʦʩʪʘʚʣʷʝʪ 13 ʤʩ, ʘ ʜʘʣʴʰʝ ʦʥʦ ʩʧʘʜʘʝʪ ʜʦ ʥʫʣʷ ʚ ʪʝʯʝʥʠʝ 100 ʤʩ; ʘ ʥʘ ʩʦʣʝʥʦʠʜʝ ʚ 

ɼʦʥʌʊʀ (ʩʚʝʪʣʦ-ʩʝʨʳʡ ʬʦʥ) ʧʦʣʝ ʥʘʨʘʩʪʘʝʪ ʜʦ ʤʘʢʩʠʤʫʤʘ ʟʘ 4 ʤʩ, ʘ ʟʘʪʝʤ ʩʧʘʜʘʝʪ ʜʦ ʥʫʣʷ ʟʘ 

5 ʤʩ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʚ ɼʦʥʌʊʀ ʧʦʣʝ ʥʘʨʘʩʪʘʣʦ ʧʨʠʤʝʨʥʦ ʚ 3 ʨʘʟʘ ʙʳʩʪʨʝʝ, ʘ 

ʩʧʘʜʘʣʦ ʚ 20 ʨʘʟ ʙʳʩʪʨʝʝ, ʯʝʤ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʚ ʎɻɼʈ, ʠ ʙʳʣʦ ʧʨʘʢʪʠʯʝʩʢʠ ʩʠʤʤʝʪʨʠʯʥʳʤ. ʕʪʠ 

ʬʘʢʪʦʨʳ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ȹT-ʵʬʬʝʢʪʘ. 

ʅʘ ʨʠʩ. 4.15 ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʧʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ȹT-ʵʬʬʝʢʪʘ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʥʘ ʨʘʟʥʳʭ ʩʦʣʝʥʦʠʜʘʭ ʧʨʠ ʙʣʠʟʢʠʭ ʥʘʯʘʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʂʨʘʩʥʳʝ ʢʨʠʚʳʝ- ʜʘʥʥʳʝ 

ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ɺʆɼʊ, ʯʸʨʥʳʝ ï ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʪʝʨʤʦʧʘʨʳ. ɺ ʧʨʝʜʳʜʫʱʠʭ ʨʘʟʜʝʣʘʭ 

ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʯʪʦ ʧʠʢ ȹT-ʵʬʬʝʢʪʘ ʥʘ ʤʠʢʨʦʪʝʨʤʦʧʘʨʝ ʦʪʩʪʘʸʪ ʦʪ ʤʘʢʩʠʤʫʤʘ ʧʦʣʷ 10 ʤʩ, 

ʧʦʵʪʦʤʫ ʥʘ ʨʠʩ. 4.15 ʤʳ ʚʠʜʠʤ, ʯʪʦ ʤʘʢʩʠʤʫʤ ȹT-ʵʬʬʝʢʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 35-25 ʢʕ ʧʨʠ ʩʥʠʞʝʥʠʠ 

ʧʦʣʷ. ɺʳʷʚʣʝʥʥʘʷ ʟʘʜʝʨʞʢʘ ʧʨʠ ʠʟʤʝʨʝʥʠʷʭ ʩ ʧʦʤʦʱʴʶ ɺʆɼʊ ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 1 ʤʩ, ʪʘʢʠʤ 
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ʦʙʨʘʟʦʤ ʤʘʢʩʠʤʫʤ ȹT-ʵʬʬʝʢʪʘ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʝʪ ʩ ʤʘʢʩʠʤʫʤʦʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʅʘ ʚʩʝʭ 

ʛʨʘʬʠʢʘʭ ʨʠʩ. 4.15ʘ-ʞ ʚʠʜʥʘ ʩʫʱʝʩʪʚʝʥʥʘʷ ʟʘʜʝʨʞʢʘ ʩʠʛʥʘʣʘ ʥʘ ʤʠʢʨʦʪʝʨʤʦʧʘʨʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ɺʆɼʊ, ʠ ʧʝʪʣʷ ʩʠʛʥʘʣʘ ʟʥʘʯʠʪʝʣʴʥʦ ʫʰʠʨʷʝʪʩʷ ʠʟ-ʟʘ ʵʪʦʛʦ. 

ɸʥʘʣʠʟʠʨʫʷ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʟʘʜʝʨʞʢʘ ʩʠʛʥʘʣʘ ʥʘ ʤʠʢʨʦʪʝʨʤʦʧʘʨʝ 

ʪʘʢʞʝ ʟʘʚʠʩʠʪ ʦʪ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʙʨʘʟʮʘ (ʥʘʯʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʧʨʦʪʦʢʦʣ 

ʠʟʤʝʨʝʥʠʡ), ʪʘʢ ʢʘʢ ʩʚʦʡʩʪʚʘ ʙʠʥʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ MnAs, ʪʘʢʠʝ ʢʘʢ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ [242], 

ʫʜʝʣʴʥʦʝ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝ [244], ʪʝʧʣʦʸʤʢʦʩʪʴ [245-246], ʚ ʦʙʣʘʩʪʠ ʌʇ 1-ʛʦ ʨʦʜʘ 

ʧʨʝʪʝʨʧʝʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʠ ɻʪʦ ʪʘʢʞʝ ʚʣʠʷʝʪ ʥʘ ʩʠʛʥʘʣ, ʧʦʣʫʯʝʥʥʳʡ ʩ ʧʦʤʦʱʴʶ 

ʤʠʢʨʦʪʝʨʤʦʧʘʨʳ. 

 
(ʘ) 

 
(ʙ) 

 
(ʚ) 

 
(ʛ) 
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(ʟ) 

 
(ʠ) 

 
(ʢ) 
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(ʣ) 

 
(ʤ) 

ʈʠʩ. 4.15. ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ȹT-ʵʬʬʝʢʪʘ ʚ ʦʙʨʘʟʮʝ ʂʄ ʥʘ ʦʩʥʦʚʝ MnAs, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʙʣʠʟʢʠʭ 

ʥʘʯʘʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩ ʧʦʤʦʱʴʶ ɺʆɼʊ (ʢʨʘʩʥʳʝ ʢʨʠʚʳʝ) ʠ ʤʠʢʨʦʪʝʨʤʦʧʘʨʳ (ʯʸʨʥʳʝ ʢʨʠʚʳʝ) ʧʨʠ ʥʘʛʨʝʚʝ 

(a)-(ʞ) ʠ ʦʭʣʘʞʜʝʥʠʠ (ʟ)-(ʤ) ʚ ʠʤʧʫʣʴʩʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʜʦ 40 ʢʕ. 
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4.3. ȹT ʠ ȹQ-ʵʬʬʝʢʪ rʚ ʩʧʣʘʚʝ ɻʝʡʩʣʝʨʘ Ni2,18Mn 0,82Ga 

ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ ʢʘʣʦʨʠʤʝʪʨʝ 

ɺ ʨʘʟʜʝʣʝ 2.2.1 ʙʳʣ ʦʧʠʩʘʥ ʤʝʪʦʜ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ȹʊ ʠ ȹQ -ʵʬʬʝʢʪʦʚ ʚ ʧʦʣʷʭ 

ʙʠʪʪʝʨʦʚʩʢʦʛʦ ʤʘʛʥʠʪʘ. ʕʪʦʪ ʤʝʪʦʜ ʙʳʣ ʧʨʠʤʝʥʸʥ ʢ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʦʙʨʘʟʮʘʤ ʩʧʣʘʚʘ 

ɻʝʡʩʣʝʨʘ Ni2,18Mn0,82Ga (ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʦʛʦ ʦʧʠʩʘʥʳ ʚ ʨʘʟʜʝʣʝ 2.1.3) ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ 

ʢʘʣʦʨʠʤʝʪʨʝ, ʪʦ ʝʩʪʴ ʧʨʦʪʦʢʦʣ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣ ʩʣʝʜʫʶʱʠʤ [A3]. ʂʘʣʦʨʠʤʝʪʨ ʧʦʤʝʱʘʣʩʷ ʚ 

ʨʘʙʦʯʫʶ ʦʙʣʘʩʪʴ ʙʠʪʪʝʨʦʚʩʢʦʛʦ ʤʘʛʥʠʪʘ, ʠ ʫʩʪʘʥʘʚʣʠʚʘʣʘʩʴ ʥʘʯʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʨʘʟʮʦʚ ʚ 

ʢʘʣʦʨʠʤʝʪʨʝ, ʧʦʩʣʝ ʯʝʛʦ ʚʚʦʜʠʣʦʩʴ/ʚʳʚʦʜʠʣʦʩʴ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʩʢʦʨʦʩʪʴʶ 2 

ʢʕ/ʩʝʢ. ʊʝʤʧʝʨʘʪʫʨʘ ʦʙʨʘʟʮʘ 1 ʠ ʥʝʤʘʛʥʠʪʥʦʛʦ ʙʣʦʢʘ ʠʟ ʚʦʣʴʬʨʘʤʘ, ʥʘ ʢʦʪʦʨʳʡ ʙʳʣ ʧʨʠʢʣʝʝʥ 

ʦʙʨʘʟʝʮ 2, ʠʟʤʝʨʷʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʧʣʘʪʠʥʦʚʳʭ ʪʝʨʤʦʨʝʟʠʩʪʦʨʦʚ ʈʊ-1000 [201] ʥʘ ʧʦʩʪʦʷʥʥʦʤ 

ʪʦʢʝ. ʆʙʨʘʟʝʮ 1 ʤʘʩʩʦʡ m1 = 4,299 ʛ ʨʘʟʤʝʱʘʣʩʷ ʥʘ ʚʩʪʘʚʢʝ (ʨʠʩ. 2.14ʘ) ʩ ʜʣʠʥʥʦʡ ʦʩʴʶ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʚʜʦʣʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʆʙʨʘʟʝʮ 2 ʤʘʩʩʦʡ m2 = 0,495 ʛ ʧʨʠ ʧʦʤʦʱʠ 

ʪʝʧʣʦʧʨʦʚʦʜʷʱʝʛʦ ʢʣʝʷ ʧʨʠʢʣʝʠʚʘʣʩʷ ʢ ʚʦʣʴʬʨʘʤʦʚʦʤʫ ʙʣʦʢʫ ʤʘʩʩʦʡ Mb = 10,866 ʛ (ʪ.ʝ. 

Mb/m2 = 21,95). ʈʘʩʯʸʪ ʚʝʣʠʯʠʥʳ ȹQ-ʵʬʬʝʢʪʘ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʧʨʦʚʦʜʠʣʩʷ ʧʦ ʬʦʨʤʫʣʝ (2.2). 

ʇʨʠʤʝʨ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʟʮʘ 1 ʠ ʚʦʣʴʬʨʘʤʦʚʦʛʦ ʙʣʦʢʘ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 4.16 

ï ʚʨʝʤʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʩʝʨʳʡ ʬʦʥ): ʜʚʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ 

ʚʢʣʶʯʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʝʣʠʯʠʥʦʡ 140 ʢʕ, ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ: 

ʢʨʘʩʥʘʷ ʢʨʠʚʘʷ ï ʦʙʨʘʟʮʘ 1, ʩʠʥʷʷ ʢʨʠʚʘʷ ï ʚʦʣʴʬʨʘʤʦʚʦʛʦ ʙʣʦʢʘ.  

Ni2,18Mn0,82Ga

 ʆʙʨʘʟʝʮ 1
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ɺʨʝʤʷ, ʩʝʢ  
ʈʠʩ. 4.16. ɺʨʝʤʝʥʥʦʡ ʧʨʦʬʠʣʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʩʝʨʳʡ ʬʦʥ) ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʟʤʝʥʝʥʠ ̫ ʪʝʤʧʝʨʘʪʫʨʳ 

ʦʙʨʘʟʮʘ 1 (ʢʨʘʩʥʘʷ ʢʨʠʚʘʷ) ʠ ʚʦʣʴʬʨʘʤʦʚʦʛʦ ʙʣʦʢʘ (ʩʠʥʷʷ ʢʨʠʚʘʷ), ʢ ʢʦʪʦʨʦʤʫ ʧʨʠʢʣʝʝʥ ʦʙʨʘʟʝʮ 2 [A3]. 

 

ʉʚʦʜʥʳʝ ʜʘʥʥʳʝ ʧʨʷʤʳʭ ʠʟʤʝʨʝʥʠʡ ȹT-ʵʬʬʝʢʪʘ ʠ ʟʥʘʯʝʥʠʡ ȹQ-ʵʬʬʝʢʪʘ, ʨʘʩʩʯʠʪʘʥʥʳʭ 

ʧʦ ʬʦʨʤʫʣʝ (2.2), ʜʣʷ ʩʧʣʘʚʘ ɻʝʡʩʣʝʨʘ Ni2,18Mn0,82Ga ʧʨʠ ʨʘʟʥʳʭ ʥʘʯʘʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʙʣʠʟʠ 

ʌʇ 1-ʛʦ ʨʦʜʘ ʚ ʧʦʣʝ ʅ = 140 ʢʕ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 4.17ʘ ʠ 4.17ʙ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠʯʸʤ ʥʘ 

ʨʠʩ. 4.17 ʧʨʝʜʩʪʘʚʣʝʥʦ ʜʚʝ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʨʦʚʦʜʠʚʰʠʭʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʥʳʭ 

ʧʨʦʪʦʢʦʣʦʚ. ʉʠʥʠʝ ʠ ʛʦʣʫʙʳʝ ʪʦʯʢʠ ï ʵʪʦ ʠʟʤʝʨʝʥʠʷ ʧʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʥʘʛʨʝʚʝ ʦʙʨʘʟʮʦʚ, 
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ʪ.ʝ. ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʨʘʟʮʦʚ ʧʝʨʝʜ ʢʘʞʜʳʤ ʠʟʤʝʨʝʥʠʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʦʚʳʰʘʣʘʩʴ. ʊʸʤʥʦ- ʠ 

ʩʚʝʪʣʦ-ʟʝʣʸʥʳʝ ʩʠʤʚʦʣʳ ï ʵʪʦ ʠʟʤʝʨʝʥʠʷ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʝʤ, ʪʦ ʝʩʪʴ 

ʩʥʘʯʘʣʘ ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʨʘʟʮʦʚ ʧʦʚʳʰʘʣʘʩʴ ʜʦ 370 ʂ, ʘ ʟʘʪʝʤ ʦʧʫʩʢʘʣʘʩʴ ʚʥʠʟ ʜʦ ʥʫʞʥʦʡ 

ʥʘʯʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʊʘʢʦʡ ʧʨʦʪʦʢʦʣ ʠʟʤʝʨʝʥʠʡ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʫʥʠʯʪʦʞʝʥʠʷ ʦʩʪʘʪʦʯʥʦʛʦ 

ʤʘʨʪʝʥʩʠʪʘ ʧʝʨʝʜ ʵʢʩʧʝʨʠʤʝʥʪʦʤ ʠ ʫʚʝʣʠʯʝʥʠʷ ʠʟʤʝʨʷʝʤʦʛʦ ʄʂʕ. ʇʨʠ ʢʘʞʜʦʡ ʫʩʪʘʥʦʚʣʝʥʥʦʡ 

T0 ʧʨʦʚʦʜʠʣʦʩʴ ʜʚʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʚʢʣʶʯʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʥʘ ʨʠʩ. 4.17: ʢʚʘʜʨʘʪʳ ï 1-ʦʝ 

ʚʢʣʶʯʝʥʠʝ, ʢʨʫʛʠ ï 2-ʦʝ).  

ɿʥʘʯʠʪʝʣʴʥʘʷ ʨʘʟʥʠʮʘ ʟʥʘʯʝʥʠʡ ȹT, ȹQ-ʵʬʬʝʢʪʦʚ ʧʨʠ 1-ʦʤ ʠ 2-ʦʤ ʚʢʣʶʯʝʥʠʷʭ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ï ʩʥʠʞʝʥʠʝ ʵʬʬʝʢʪʘ, ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʥʘʯʘʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʛʠʩʪʝʨʝʟʠʩʘ ʤʝʞʜʫ MF = 316 K ʠ AF = 350 K. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʦʩʪʘʪʦʯʥʦʡ ʤʘʨʪʝʥʩʠʪʥʦʡ ʬʘʟʦʡ ʧʦʩʣʝ 

ʧʝʨʚʦʛʦ ʚʢʣʶʯʝʥʠʷ/ʚʳʢʣʶʯʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ [239, 247]. ʇʨʷʤʳʝ ʠʟʤʝʨʝʥʠ ̫ȹT-ʵʬʬʝʢʪʘ 

ʧʦʢʘʟʳʚʘʶʪ ʙʦʣʴʰʫʶ ʥʝʦʙʨʘʪʠʤʦʩʪʴ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʦʛʦ ʌʇ 1-ʛʦ ʨʦʜʘ: ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʧʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ȹT = 8,4 ʂ ʧʨʠ ʧʝʨʚʦʤ ʚʢʣʶʯʝʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʅ = 140 ʢʕ, ʘ ʧʨʠ 

ʚʪʦʨʦʤ ʵʪʘ ʚʝʣʠʯʠʥʘ ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ 2 ʂ ʧʨʠ ʊ0 = 340 ʂ (ʨʠʩ. 4.17ʘ).  
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ʈʠʩ. 4.17. ʈʝʟʫʣʴʪʘʪʳ ʧʨʷʤʳʭ ʠʟʤʝʨʝʥʠʡ (a) ȹT-ʵʬʬʝʢʪʘ ʠ (ʙ) ȹQ-ʵʬʬʝʢʪʘ ʚ ʦʙʨʘʟʮʘʭ ʩʧʣʘʚʘ ɻʝʡʩʣʝʨʘ 

Ni2,18Mn0,82Ga. ʂʚʘʜʨʘʪʳ ʦʙʦʟʥʘʯʘʶʪ ʧʝʨʚʦʝ, ʘ ʢʨʫʛʠ ʚʪʦʨʦʝ ʧʦʜʨʷʜ ʚʢʣʶʯʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ H = 140 ʢʕ. 

ʉʠʥʠʝ ʠ ʛʦʣʫʙʳʝ ʩʠʤʚʦʣʳ - ʵʪʦ ʩʝʨʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʥʘʛʨʝʚʦʤ ʦʙʨʘʟʮʘ. ʊʝʤʥʦ- ʠ ʩʚʝʪʣʦ-

ʟʝʣʝʥʳʝ ʩʠʤʚʦʣʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʝʨʠʁ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʝʤ: ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʥʘʛʨʝʚʦʤ ʜʦ 370 

ʂ ʠ ʦʭʣʘʞʜʝʥʠʝʤ ʜʦ ʪʨʝʙʫʝʤʦʡ ʥʘʯʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ [ɸ3]   

 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʚʩʪʨʝʯʘʶʪʩʷ ʧʨʷʤʳʝ ʠʟʤʝʨʝʥʠʷ ʄʂʕ ʚʙʣʠʟʠ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʳʭ ʌʇ 1-ʛʦ 

ʨʦʜʘ ʚ ʦʙʨʘʟʮʘʭ ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ ʩʝʤʝʡʩʪʚʘ Ni2+xMn1-xGa ʚ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʠʭ ʤʘʛʥʠʪʥʳʭ 

ʧʦʣʷʭ ʜʦ 26 ʢʕ [145, 248, 249], ȹT-ʵʬʬʝʢʪ ʪʘʤ ʥʝ ʧʨʝʚʳʰʘʣ 1,2 ʂ. ʀʟʚʝʩʪʥʘ ʨʘʙʦʪʘ ʧʦ ʧʨʷʤʦʤʫ 

ʠʟʤʝʨʝʥʠʶ ȹT-ʵʬʬʝʢʪʘ ʚ ʠʤʧʫʣʴʩʥʳʭ ʧʦʣʷʭ ʜʦ 60 ʢʕ [250], ʛʜʝ ʧʦʣʫʯʝʥ ȹT = 3,5 ʂ ʧʨʠ ʊ0 = 317 ʂ 

ʚ ʩʧʣʘʚʝ Ni2,2Mn0,8Ga. ʀ, ʥʘʢʦʥʝʮ, ʚ ʨʘʙʦʪʝ [251] ʥʘ ʦʙʨʘʟʮʘʭ ʩʧʣʘʚʘ ɻʝʡʩʣʝʨʘ Ni2,16Mn0,84Ga ʚ 

ʧʦʣʷʭ ʙʠʪʪʝʨʦʚʩʢʦʛʦ ʤʘʛʥʠʪʘ ʜʦ 100 ʢʕ (ʧʦ ʵʢʩʪʨʘʢʮʠʦʥʥʦʡ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ ʨʘʟʜʝʣʝ 2.2.1) 

ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ȹT = 4,7 K ʧʨʠ ʊ0 = 311 ʂ ʠ ȹQ = 4600 ʂ ʧʨʠ 

ʊ0 = 311 ʂ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʄʂʕ ʚ 
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ʧʦʣʷʭ ʜʦ 140 ʢʕ [A3] ʜʦ ʩʠʭ ʧʦʨ ʷʚʣʷʶʪʩʷ ʫʥʠʢʘʣʴʥʳʤʠ ʜʣʷ ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ ʩʝʤʝʡʩʪʚʘ 

Ni2+xMn1-xGa. 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʧʦʣʫʯʝʥʥʦʝ ʚ ʧʨʷʤʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʟʥʘʯʝʥʠʝ ȹQ-ʵʬʬʝʢʪʘ ʚ ʩʧʣʘʚʝ 

ɻʝʡʩʣʝʨʘ Ni2,18Mn0,82Ga ʩʦʩʪʘʚʠʣʦ ȹQ = 4900 ɼʞ/ʢʛ ʧʨʠ ʧʝʨʚʦʤ ʚʢʣʶʯʝʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

H = 140 ʢʕ ʧʨʠ ʊ0 = 343 ʂ (ʨʠʩ 4.17ʙ) [A3], ʯʪʦ ʩʦʧʦʩʪʘʚʠʤʦ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʙʦʪʳ [251]. ʇʨʠ 

ʚʪʦʨʦʤ ʚʢʣʶʯʝʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ 140 ʢʕ ʚʝʣʠʯʠʥʘ ȹQ-ʵʬʬʝʢʪʘ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ ʜʦ 

ȹQ = 3870 ɼʞ/ʢʛ. ʊʘʢʞʝ ʟʥʘʯʝʥʠ ̫ȹQ-ʵʬʬʝʢʪʘ ʚ ʩʧʣʘʚʝ ɻʝʡʩʣʝʨʘ Ni2,18Mn0,82Ga ʦʢʘʟʘʣʠʩ ɹʥʠʞʝ, 

ʯʝʤ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ Gd (ȹQ = 5900 ɼʞ/ʢʛ ʧʨʠ ʊ0 = 293 ʂ, ʨʘʟʜʝʣ 3.2) ʠ ʚ ʩʦʝʜʠʥʝʥʠʠ 

Mn1.22Fe0.73P0.47Si0.53 (ȹQ = 6000 ɼʞ/ʢʛ ʧʨʠ ʊ0 = 314 ʂ, ʨʘʟʜʝʣ 4.1) ʚ ʪʝʭ ʞʝ ʧʦʣʷʭ H = 140 ʢʕ, ʘ 

ʪʘʢʞʝ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʩʫʱʝʩʪʚʝʥʥʫʶ ʥʝʦʙʨʘʪʠʤʦʩʪʴ ȹQ-ʵʬʬʝʢʪʘ ʚ ʜʘʥʥʦʤ ʩʧʣʘʚʝ (ʨʠʩ. 4.17ʙ).  

ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ ʩʥʠʞʘʶʪ ʧʝʨʩʧʝʢʪʠʚ rʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ 

ʩʝʤʝʡʩʪʚʘ Ni2+xMn1-xGa ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʤʘʛʥʠʪʥʦʛʦ ʭʦʣʦʜʠʣʴʥʠʢʘ 

(ʨʘʟʜʝʣ 1.3.5), ʦʜʥʘʢʦ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ 

ʤʘʛʥʠʪʦʫʧʨʘʚʣʷʝʤʳʭ ʤʠʢʨʦʠʥʩʪʨʫʤʝʥʪʦʚ [169-171], ʘ ʪʘʢʞʝ ʩʧʣʘʚʳ ɻʝʡʩʣʝʨʘ ʜʘʥʥʦʛʦ ʩʝʤʝʡʩʪʚʘ 

ʦʩʪʘʶʪʩʷ ʫʜʦʙʥʳʤʠ ʤʦʜʝʣʴʥʳʤʠ ʦʙʲʝʢʪʘʤʠ [166, 167]. 
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4.4. ȹT-ʵʬʬʝʢʪ ʚ ʩʧʣʘʚʝ ɻʝʡʩʣʝʨʘ Ni2Mn 0,74Cu0,26Ga 

ʚ ʠʤʧʫʣʴʩʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʜʦ 500 ʢʕ 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʠʟʤʝʨʝʥʠʶ ȹT-ʵʬʬʝʢʪʘ ʚ ʦʙʨʘʟʮʘʭ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʧʣʘʚʘ 

ɻʝʡʩʣʝʨʘ Ni2Mn0,74Cu0,26Ga (ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʦʛʦ ʦʧʠʩʘʥʳ ʚ ʨʘʟʜʝʣʝ 2.1.3) ʚ ʩʠʣʴʥʳʭ ʠʤʧʫʣʴʩʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʜʦ 500 ʢʕ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʎɻɼʈ ʧʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ ʨʘʟʜʝʣʝ 2.3.1. 

ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʚ ʠʤʧʫʣʴʩʥʦʡ ʢʘʪʫʰʢʝ ʚʦʟʨʘʩʪʘʣʦ ʜʦ 500 ʢʕ ʟʘ 13 ʤʩ, ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʩʧʘʜʘʣʦ 

ʜʦ ʥʫʣʷ ʟʘ 100 ʤʩ, ʧʨʠ ʵʪʦʤ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʟʮʘ ʠʟʤʝʨʷʣʦʩʴ c ʧʦʤʦʱʴʶ 

ʤʠʢʨʦʪʝʨʤʦʧʘʨʳ ʠʟ ʧʨʦʚʦʜʦʚ ʤʝʜʴ-ʢʦʥʩʪʘʥʪʘʥ ʪʦʣʱʠʥʦʡ 25 ʤʢʤ. ɺʨʝʤʝʥʥʦʡ ʧʨʦʬʠʣʴ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʟʮʘ ʩʧʣʘʚʘ Ni2Mn0,74Cu0,26Ga 

ʧʨʠ ʊ0 = 309,2 ʂ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 2.18ʘ. 

ʅʘ ʨʠʩ. 4.18 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʚʦʜʥʳʝ ʜʘʥʥʳʝ ʧʦ ȹT-ʵʬʬʝʢʪʫ ʚ ʩʧʣʘʚʝ ɻʝʡʩʣʝʨʘ 

Ni2Mn0,74Cu0,26Ga ʚ ʠʤʧʫʣʴʩʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 500 ʢʕ ʧʨʠ ʨʘʟʥʳʭ ʥʘʯʘʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʚʙʣʠʟʠ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʦʛʦ ʌʇ 1-ʛʦ ʨʦʜʘ. ʂʘʞʜʘʷ ʥʘʯʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʳʩʪʘʚʣʷʣʘʩʴ ʧʫʪʸʤ 

ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʷ: ʦʭʣʘʞʜʝʥʠʷ ʧʦʩʣʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʛʨʝʚʘ ʦʙʨʘʟʮʘ ʜʦ 350 ʂ. 

ʄʘʢʩʠʤʘʣʴʥʳʡ ʠʟʤʝʨʝʥʥʳʡ ȹTïɻ ʬʬʝʢʪ ʚ ʩʧʣʘʚʝ ɻʝʡʩʣʝʨʘ Ni2Mn0,74Cu0,26Ga ʩʦʩʪʘʚʠʣ ȹT = 20,5 ʂ 

ʧʨʠ ʊ0 = 309,2 ʂ ʚ ʠʤʧʫʣʴʩʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ H = 500 ʢʕ (ʨʠʩ. 4.18), ʯʪʦ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ 

ʷʚʣʷʝʪʩʷ ʨʝʢʦʨʜʥʳʤ ʟʥʘʯʝʥʠʝʤ ʜʣʷ ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ [10]. ɺ ʣʠʪʝʨʘʪʫʨʝ ʚʩʪʨʝʯʘʶʪʩʷ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʧʨʷʤʦʤʫ ʠʟʤʝʨʝʥʠʶ ȹT-ʵʬʬʝʢʪʘ ʚ ʩʧʣʘʚʘʭ ɻʝʡʩʣʝʨʘ ʩʠʩʪʝʤʳ Ni-Mn-Cu-Ga, ʥʦ 

ʪʦʣʴʢʦ ʚ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʜʦ 20 ʢʕ [174, 178, 182], ʧʨʠ ʵʪʦʤ ʤʘʢʩʠʤʘʣʴʥʳʡ ʧʦʢʘʟʘʥʥʳʡ ʵʬʬʝʢʪ 

ʩʦʩʪʘʚʣʷʝʪ ȹT = 2,0 ʂ ʧʨʠ ʊ0 = 304 ʂ ʚ ʦʙʨʘʟʮʝ ʩʦ ʩʭʦʞʠʤ ʩʦʩʪʘʚʦʤ [182]. 
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ʅʘʯʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, K 
ʈʠʩ. 4.18. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ȹTïɻ ʬʬʝʢʪʘ ʚ ʩʧʣʘʚʝ ɻʝʡʩʣʝʨʘ Ni2Mn0,74Cu0,26Ga ʚ ʠʤʧʫʣʴʩʥʦʤ ʤʘʛʥʠʪʥʦʤ 

ʧʦʣʝ 500 ʢʕ. ʅʘʯʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʫʩʪʘʥʘʚʣʠʚʘʣʘʩʴ ʧʫʪʸʤ ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʷ: ʥʘʛʨʝʚ ʜʦ 350 ʂ ʠ ʦʭʣʘʞʜʝʥʠʝ 

ʜʦ ʥʫʞʥʦʡ ʥʘʯʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ [A46]. 
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ʅʘ ʨʠʩ. 4.19ʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʨʝʤʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ȹT-ʵʬʬʝʢʪʘ ʧʨʠ ʨʘʟʥʳʭ ʥʘʯʘʣʴʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʙʣʠʟʠ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʦʛʦ ʌʇ 1-ʛʦ ʨʦʜʘ (ʥʘ ʬʦʥʝ ï ʧʨʦʬʠʣʴ ʠʟʤʝʥʝʥʠʷ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ). ʇʦ ʨʠʩ. 4.19ʘ ʤʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʧʨʠ ʥʘʯʘʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʥʫʪʨʠ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʄʂʕ ʧʨʦʷʚʣʷʝʪ ʥʝʦʙʨʘʪʠʤʦʩʪʴ ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʦ ʟʘʚʝʨʰʝʥʠʶ 

ʤʘʛʥʠʪʥʦʛʦ ʠʤʧʫʣʴʩʘ ʟʥʘʯʠʪʝʣʴʥʦ (ʜʦ 4 ʂ) ʚʳʰʝ ʥʘʯʘʣʴʥʦʡ. ʕʬʬʝʢʪʳ ʥʝʦʙʨʘʪʠʤʦʩʪʠ ʄʂʕ ʚ 

ʩʧʣʘʚʘʭ ɻʝʡʩʣʝʨʘ ʦʙʩʫʞʜʘʣʠʩʴ, ʥʘʧʨʠʤʝʨ, ʚ [239-241]. ʅʘ ʨʠʩ. 4.19ʙ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʤʘʛʥʠʪʦʧʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ȹT-ʵʬʬʝʢʪʘ ʚ ʩʧʣʘʚʝ ɻʝʡʩʣʝʨʘ Ni2Mn0,74Cu0,26Ga ʧʨʠ ʨʘʟʥʳʭ 

ʥʘʯʘʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ɺʠʜʥʦ, ʯʪʦ ʧʦʯʪʠ ʚʩʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʢʨʠʚʳʝ ʠʤʝʶʪ ʧʝʨʝʛʠʙ r

(ʠʟʤʝʥʝʥʠ ̫ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ), ʢʦʪʦʨʳʝ ʩʚʷʟʘʥ rʩ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʳʤ ʌʇ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ, 

ʢʨʦʤʝ ʢʨʠʚʦʡ ʧʨʠ T0 = 337,1 ʂ, ʯʪʦ ʛʦʚʦʨʠʪ ʦʙ ʦʙʳʯʥʦʤ ʄʂʕ ʟʘ ʩʯʝʪ ʧʘʧʨʘʧʨʦʮʝʩʩʘ (ʨʘʟʝʣ 2.1). 

ɿʥʘʷ ʭʘʨʘʢʪʝʨʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʌʇ ʠʟ ʟʘʚʠʩʠʤʦʩʪʝʡ ʊ(ʅ) ʜʣʷ ʨʘʟʥʳʭ ʥʘʯʘʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨ, 

ʤʦʞʥʦ ʧʦʩʪʦʠʪʴ ʬʘʟʦʚʫʶ ʅ-ʊ ʜʠʘʛʨʘʤʤʫ ʩʦʩʪʦʷʥʠʡ ʩʧʣʘʚʘ. ʄʝʪʦʜ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʦʩʪʨʦʝʥʠʝ ʪʘʢʠʭ ʜʠʘʛʨʘʤʤ ʚ ʩʧʣʘʚʘʭ ɻʝʡʩʣʝʨʘ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʪʝʦʨʠʠ ʌʇ ʃʘʥʜʘʫ, ʧʨʝʜʩʪʘʚʣʝʥ 

ʚ [53, 54] ʠ ʢʨʘʪʢʦ ʦʧʠʩʘʥ ʚ ʨʘʟʜʝʣʝ 1.2.4. ʇʦʣʫʯʝʥʥʘʷ ʥʘ ʦʩʥʦʚʝ ʧʨʷʤʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ ʤʘʛʥʠʪʥʘʷ ʬʘʟʦʚʘʷ ʅ-ʊ ʜʠʘʛʨʘʤʤʘ ʩʧʣʘʚʘ ɻʝʡʩʣʝʨʘ Ni2Mn0,74Cu0,26Ga ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩ. 4.20. 

  
(ʘ) (ʙ) 

ʈʠʩ. 4.19. (ʘ) ɺʨʝʤʝʥʥʦʡ ʧʨʦʬʠʣʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ 500 ʢʕ (ʩʝʨʳʡ ʬʦʥ) ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʨʝʤʝʥʥʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ȹT-ʵʬʬʝʢʪʘ ʧʨʠ ʨʘʟʥʳʭ ʥʘʯʘʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. (ʙ) ʇʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ȹT-ʵʬʬʝʢʪʘ ʚ ʦʙʨʘʟʮʝ 

ʩʧʣʘʚʘ ɻʝʡʩʣʝʨʘ Ni2Mn0,74Cu0,26Ga ʧʨʠ ʨʘʟʥʳʭ ʥʘʯʘʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ 301,4 ʂ ʜʦ 337,1 ʂ. 

 

ʄʘʛʥʠʪʥʘʷ ʬʘʟʦʚʘʷ H-T ʜʠʘʛʨʘʤʤʘ ʩʧʣʘʚʘ ɻʝʡʩʣʝʨʘ Ni2Mn0,74Cu0,26Ga ʥʘ ʨʠʩ. 4.20 

ʧʦʩʪʨʦʝʥʘ ʥʘ ʦʩʥʦʚʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʩʧʣʘʚʘ ʧʨʠ ʧʦʤʦʱʠ ʉʂɺʀɼ-ʤʘʛʥʠʪʦʤʝʪʨʘ 

ʚ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʜʦ 70 ʢʕ (ʨʠʩ. 2.9ʘ) ʠ ʧʨʷʤʦʛʦ ʠʟʤʝʨʝʥʠʷ ȹT-ʵʬʬʝʢʪʘ ʚ ʧʦʣʝ 500 ʢʕ (ʨʠʩ. 4.19). 

ɿʘʢʨʘʰʝʥʥʳʝ ʪʨʝʫʛʦʣʴʥʠʢʠ ï ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʌʇ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ (MF, AS, MS, AF), 

ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʠʟʤʝʨʝʥʠʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ (ʨʠʩ. 2.9ʘ), ʧʨʠʯʸʤ ʫʢʘʟʘʥʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʥʠʟʢʦʤ 

ʧʦʣʝ H = 0,5 ʢʕ ʥʝʩʢʦʣʴʢʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ɼʉʂ (ʨʠʩ. 2.9ʙ): MF = 301 K, 

MS = 309 K, AS = 306 K, AF = 313 ʂ. ʂʘʢ ʚʠʜʥʦ ʪʝʤʧʝʨʘʪʫʨʳ ʢʦʥʮʘ ʠ ʥʘʯʘʣʘ ʤʘʨʪʝʥʩʠʪʥʦʛʦ 
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ʧʨʝʚʨʘʱʝʥʠʷ MF, MS, ʦʧʨʝʜʝʣʝʥʥʳʝ ʨʘʟʥʳʤʠ ʤʝʪʦʜʘʤʠ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ, ʪʦʛʜʘ 

ʢʘʢ ʟʥʘʯʝʥʠʷ AS, AF ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ. ɺ ʩʣʫʯʘʝ ʠʟʤʝʨʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, ʪʝʤʧʝʨʘʪʫʨʘ 

ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ ʧʝʨʝʜ ʢʘʞʜʳʤ ʩʣʝʜʫʶʱʠʤ ʠʟʤʝʨʝʥʠʝʤ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʩʦʩʫʱʝʩʪʚʫʶʱʠʝ ʜʚʝ 

ʬʘʟʳ (ʤʘʨʪʝʥʩʠʪʥʘʷ ʠ ʘʫʩʪʝʥʠʪʥʘʷ) ʚ ʦʙʨʘʟʮʝ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʥʘʭʦʜʷʪʩʷ ʚ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʤ 

ʨʘʚʥʦʚʝʩʠʠ. ɺ ʩʣʫʯʘʝ ɼʉʂ ʠʟʤʝʨʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʧʨʦʚʦʜʷʪʩʷ ʜʠʥʘʤʠʯʝʩʢʠ (ʥʝʧʨʝʨʳʚʥʦ) ʩ 

ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʨʘʟʚʝʨʪʢʠ 10 ʂ/ʤʠʥ ʠ ʧʦʜʦʙʥʦʛʦ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ 

ʜʦʙʠʪʴʩʷ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʦ. ʆʪʣʠʯʠʝ ʚ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʘʯʘʣʘ AS ʠ ʢʦʥʮʘ AF ʦʙʨʘʪʥʦʛʦ 

ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʜʣʷ ʜʚʫʭ ʨʘʟʥʳʭ ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʷ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʜʚʫʭ ʬʘʟ ʥʝʦʙʭʦʜʠʤʦ ʢʦʥʝʯʥʦʝ ʚʨʝʤʷ, ʪ.ʝ. ʧʨʦʮʝʩʩ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʦʚʦʡ ʘʫʩʪʝʥʠʪʥʦʡ ʬʘʟʳ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ, 

ʧʨʦʠʩʭʦʜʷʱʠʤʠ ʚʥʫʪʨʠ ʦʙʨʘʟʮʘ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʵʪʦ ʚʣʠʷʝʪ ʥʘ ʰʠʨʠʥʫ ʥʘʙʣʶʜʘʝʤʦʛʦ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ, ʢʦʪʦʨʘʷ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʟʥʘʯʠʪʝʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ ʨʘʟʚʝʨʪʢʠ 

ʪʝʤʧʝʨʘʪʫʨʳ. 

 
ʈʠʩ. 4.20. ʄʘʛʥʠʪʥʘʷ ʬʘʟʦʚʘʷ H-T ʜʠʘʛʨʘʤʤʘ ʩʧʣʘʚʘ ɻʝʡʩʣʝʨʘ Ni2Mn0,74Cu0,26Ga: ʚʚʝʨʭʫ ʩʣʝʚʘ ï ʤʘʨʪʝʥʩʠʪʥʥʘʷ 

ʬʘʟʘ, ʚʥʠʟʫ ʩʧʨʘʚʘ ï ʘʫʩʪʝʥʠʪʥʘʷ. ɿʘʢʨʘʰʝʥʥʳʝ ʪʨʝʫʛʦʣʴʥʠʢʠï ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʌʇ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ MF, AS, 

MS, AF ʧʦʣʫʯʝʥ r ʠʟ ʠʟʤʝʨʝʥʠʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, ʧʫʩʪʳʝ ʪʨʝʫʛʦʣʴʥʠʢʠ ï ʪʦʯʢʠ ʧʝʨʝʛʠʙʘ ʢʨʠʚʳʭ ʅ(ʊ), 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʌʇ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. Tʢʨ, Hʢʨ ï ʪʨʠʢʨʠʪʠʯʝʩʢʘʷ ʪʦʯʢʘ, ʚ ʢʦʪʦʨʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʌʇ ʩʣʠʚʘʶʪʩʷ ʚ 

ʦʜʥʫ. ɺʳʰʝ ʪʨʠʢʨʠʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʌʇ ʧʨʦʭʦʜʠʪ ʙʝʩʛʠʩʪʝʨʝʟʠʩʥʦ: ʪʦʯʢʘ ʚʳʰʝ H = 500 ʢʕ ʧʦʣʫʯʝʥʘ 

ʵʢʩʪʨʘʧʦʣʷʮʠʝʡ. 
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 ʇʫʩʪʳʝ ʪʨʝʫʛʦʣʴʥʠʢʠ ῐ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʦʛʦ ʌʇ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ, 

ʧʦʣʫʯʝʥʥʳʝ ʢʘʢ ʪʦʯʢʠ ʧʝʨʝʛʠʙʘ ʢʨʠʚʳʭ ʅ(ʊ), ʥʘʯʠʥʘʶʱʠʭʩʷ ʧʨʠ ʨʘʟʥʳʭ ʥʘʯʘʣʴʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ, ʧʨʠʯʸʤ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʯʘʣʘ MS ʠ ʢʦʥʮʘ MF ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʦʪʤʝʯʝʥʳ 

ʢʘʢ ʪʨʝʫʛʦʣʴʥʠʢʠ ʚʝʨʰʠʥʦʡ ʚʚʝʨʭ (ȹ) ʠ ʧʦʣʫʯʝʥʳ ʥʘ ʢʨʠʚʳʭ ʧʨʠ ʨʦʩʪʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʘ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʯʘʣʘ AS ʠ ʢʦʥʮʘ AF ʦʙʨʘʪʥʦʛʦ ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʦʪʤʝʯʝʥʳ, ʢʘʢ 

ʪʨʝʫʛʦʣʴʥʠʢʠ ʚʝʨʰʠʥʦʡ ʚʥʠʟ ()ɳ ʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʩʥʠʞʝʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʨʠʩ. 4.20). ʈʘʟʥʳʝ 

ʥʘʢʣʦʥʳ ʜʘʥʥʳʭ ʢʨʠʚʳʭ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʘʟʥʳʤ ʬʘʟʦʚʳʤ ʩʦʩʪʦʷʥʠʷʤ: ʦʙʳʯʥʳʡ ȹT-ʵʬʬʝʢʪ ʟʘ 

ʩʯʝʪ ʧʘʨʘʧʨʦʮʝʩʩʘ ʙʫʜʝʪ ʠʤʝʪʴ ʩʪʝʧʝʥʴ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 2/3 (ʨʘʟʜʝʣ 1.2.1), ʘ ʧʨʠ 

ʫʯʘʩʪʠʠ ʚ ʄʂʕ ʩʪʨʫʢʪʫʨʥʦʡ ʧʦʜʩʠʩʪʝʤʳ ʵʪʘ ʩʪʝʧʝʥʴ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪʩʷ (ʨʘʟʜʝʣʝ 4.1). 

ʊʦʯʢʠ ʧʝʨʝʛʠʙʘ ʢʨʠʚʳʭ ʅ(ʊ) ʙʫʜʫʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʧʝʨʝʭʦʜʫ ʤʘʪʝʨʠʘʣʘ ʠʟ çʯʠʩʪʦʛʦè 

(ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʠʣʠ ʘʫʩʪʝʥʠʪʥʦʛʦ) ʩʦʩʪʦʷʥʠʷ ʚ ʦʙʣʘʩʪʴ ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʷ ʬʘʟ ʠ ʥʘʦʙʦʨʦʪ.  

ʅʘ ʤʘʛʥʠʪʥʦʡ ʬʘʟʦʚʦʡ H-T ʜʠʘʛʨʘʤʤʝ ʩʧʣʘʚʘ ɻʝʡʩʣʝʨʘ Ni2Mn0,74Cu0,26Ga ʦʙʥʘʨʫʞʝʥʘ 

ʪʨʠʢʨʠʪʠʯʝʩʢʘʷ ʪʦʯʢʘ ʧʨʠ ʊʢʨ = 334 K ʠ Hʢʨ = 302 ʢʕ (ʨʠʩ. 4.20), ʚʳʰʝ ʢʦʪʦʨʦʡ ʠʩʯʝʟʘʝʪ 

ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʛʠʩʪʝʨʝʟʠʩ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʦʛʦ ʌʇ 1-ʛʦ ʨʦʜʘ ʚʦ ʚʥʝʰʥʝʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. 

ɺʳʰʝ ʪʨʠʢʨʠʪʠʯʝʩʢʦʡ ʪʦʯʢʠ (ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʧʦʣʶ) ʨʝʘʣʠʟʫʝʪʩʷ ʙʝʟʛʠʩʪʝʨʝʟʠʩʥʦʝ ʧʦʚʝʜʝʥʠʝ 

(ʪʝʤʧʝʨʘʪʫʨʳ MF, AS, MS, AF
 ʩʣʠʚʘʶʪʩʷ ʚ ʦʜʥʫ), ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʌʇ 2-ʛʦ ʨʦʜʘ, ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʠʤ ʘʥʘʣʠʟʦʤ ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʠʠ ʃʘʥʜʘʫ (ʨʘʟʜʝʣ 1.2.4). ʂʨʠʚʳʝ 

ʅ(ʊ) ʧʨʠ T0 = 326,8 ʂ (ʞʸʣʪʘʷ) ʠ T0 = 332,2 ʂ (ʦʨʝʥʞʝʚʘʷ) ʧʨʦʭʦʜʷʪ ʛʨʘʥʠʮʫ ʌʇ ʘʫʩʪʝʥʠʪ-

ʤʘʨʪʝʥʩʠʪ ʜʚʘʞʜʳ (ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʠ ʧʦʥʠʞʝʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ) ʯʝʨʝʟ ʪʦʯʢʠ (333,8 K; 302 ʢʕ) 

ʠ (341,6 K; 444 ʢʕ), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩ. 4.20). ʇʨʠ ʵʪʦʤ ʢʨʠʚʘʷ ʧʨʠ T0 = 337,1 ʂ (ʩʠʥʷʷ) ʚʦʦʙʱʝ 

ʥʝ ʜʦʩʪʠʛʘʝʪ ʛʨʘʥʠʮʳ ʌʇ, ʪʘʢ ʢʘʢ ʦʥʘ ʧʨʦʭʦʜʠʪ ʫʞʝ ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ: (347,1 K; 544 ʢʕ) ï 

ʧʦʣʫʯʝʥʘ ʵʢʩʪʨʘʧʦʣʷʮʠʝʡ ʢʨʠʚʦʡ (ʨʠʩ. 4.20). ɹʝʟʛʠʩʪʝʨʝʟʠʩʥʦʝ ʧʝʨʝʩʝʯʝʥʠʝ ʛʨʘʥʠʮʳ ʦʪʨʘʞʘʝʪʩʷ 

ʥʘ ʟʥʘʯʝʥʠʷʭ ȹT-ʵʬʬʝʢʪʘ: ȹT = 9,2 ʂ ʧʨʠ ʊ0 = 337,1 ʂ, ʢʦʪʦʨʳʡ ʨʝʘʣʠʟʫʝʪʩʷ ʪʦʣʴʢʦ ʟʘ ʩʯʸʪ 

ʧʘʨʘʧʨʦʮʝʩʩʘ ʚ ʘʫʩʪʝʥʠʪʥʦʡ ʬʘʟʝ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ȹT = 11,4 ʂ ʧʨʠ ʊ0 = 332,2 ʂ, ȹT = 16 ʂ 

ʧʨʠ ʊ0 = 326,8 ʂ, ʢʦʪʦʨʳʝ ʨʝʘʣʠʟʫʶʪʩʷ ʟʘ ʩʯʸʪ ʧʘʨʘʧʨʦʮʝʩʩʘ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʚʢʣʘʜʘ 

ʩʪʨʫʢʪʫʨʥʦʡ ʧʦʜʩʠʩʪʝʤʳ (ʨʠʩ. 4.18). 

 ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʥʮʘ MF ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʌʇ ʚ ʩʧʣʘʚʝ ɻʝʡʩʣʝʨʘ 

Ni2Mn0,74Cu0,26Ga ʨʘʩʪʸʪ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʠ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʜʦ ʪʨʠʢʨʠʪʠʯʝʩʢʦʡ ʪʦʯʢʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʣʠʥʝʡʥʦ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʥʘʢʣʦʥʘ 9,19 ʢʕ/ʂ (ʨʠʩ. 4.20). ʇʨʠ ʵʪʦʤ, ʪʝʤʧʝʨʘʪʫʨ r

ʢʦʥʮʘ AF ʦʙʨʘʪʥʦʛʦ ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʌʇ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʠʟʤʝʨʝʥʠʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ ʩʠʣʴʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ 30-70 ʢʕ (ʨʠʩ. 2.9ʘ), ʥʝ ʫʜʘʣʦʩʴ ʵʢʩʪʨʘʧʦʣʠʨʦʚʘʪʴ (ʢʨʘʩʥʳʝ ʟʘʢʨʘʰʝʥʥʳʝ 

ʪʨʝʫʛʦʣʴʥʠʢʠ ʚʝʨʰʠʥʦʡ ʚʥʠʟ, ʨʠʩ. 4.20), ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ 

ʦʙʨʘʟʦʚʘʥʠʷ ʥʦʚʦʡ ʬʘʟʳ ʚʥʫʪʨʠ ʦʙʨʘʟʮʘ, ʢʦʪʦʨʳʝ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʷʶʪʷ ʚ ʩʠʣʴʥʦʤ ʤʘʛʥʠʪʥʦʤ 

ʧʦʣʝ. 
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4.5. ɺʳʚʦʜ rʢ ɻʣʘʚʝ 4 

ɺ ɻʣʘʚʝ 4 ʧʨʝʜʩʪʘʚʣʝʥ r ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʛʥʠʪʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʚ ʢʦʪʦʨʳʭ ʪʦʯʢʘ ʂʶʨʠ ʩʣʠʚʘʝʪʩʷ ʩʦ ʩʪʨʫʢʪʫʨʥʳʤ (ʠʣʠ ʠʟʦʩʪʨʫʢʪʫʨʥʳʤ) ʌʇ. ɺ 

ʩʠʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʙʣʠʟʠ ʌʇ ʚ ɻʪʠʭ ʤʘʪʝʨʠʘʣʘʭ ʥʘʙʣʶʜʘʶʪʩʷ 

ʤʘʛʥʠʪʦʠʜʫʮʠʨʦʚʘʥʥʳʡ ʌʇ 1-ʛʦ ʨʦʜʘ ʠ ʛʠʛʘʥʪʩʢʠʡ ʄʂʕ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥ  rʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

1) ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ȹT-ʵʬʬʝʢʪʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʦʙʨʘʟʮʝ 

ʩʦʝʜʠʥʝʥʠʷ Mn1.22Fe0.73P0.47Si0.53, ʩʦʩʪʘʚʣʷʝʪ ȹT = 8,2 K ʚ ʧʦʣʝ H = 140 ʢʕ ʧʨʠ ʊ0 = 314 ʂ 

(ʨʠʩ. 4.1ʘ). ʇʨʠ ʫʩʪʘʥʦʚʣʝʥʠʠ ʧʦʣʝʚʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ȹT(H) ʜʣʷ ʦʙʨʘʟʮʘ Mn1.22Fe0.73P0.47Si0.53 ʙʣrʠ 

ʚʳʜʝʣʝʥʳ ʜʚʘ ʫʯʘʩʪʢʘ ʨʦʩʪʘ ʧʦʣʷ 10-40 ʢʕ ʠ 40-140 ʢʕ. ʅʘ ʫʯʘʩʪʢʝ 10-40 ʢʕ ʧʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ 

ʧʦʢʘʟʘʪʝʣʷ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʤʦʩʪʠ ȹT(ʅ): ű = 0,72; 1,01; 1,59, ʘ ʥʘ ʫʯʘʩʪʢʝ 40-140 ʢʕ ʧʦʣʫʯʝʥʦ: 

ű = 0,29; 0,47; 0,62 ʜʣʷ ʊ0 = 310; 311; 314 ʂ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʩʪʝʧʝʥʠ ʚ ʧʦʣʷʭ 

ʜʦ 40 ʢʕ ʦʙʲʷʩʥʷʶʪʩʷ ʚʢʣʘʜʦʤ ʩʪʨʫʢʪʫʨʥʦʡ ʧʦʜʩʠʩʪʝʤʳ ʚ ʄʂʕ ï ʠʜʸʪ ʠʟʦʩʪʨʫʢʪʫʨʥʘʷ 

ʧʝʨʝʩʪʨʦʡʢʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʸʪʢʠ ʚ ʙʦʣʝʝ ʢʦʤʧʘʢʪʥʫʶ, ʘ ʠʟʣʠʰʢʠ ʵʥʝʨʛʠʠ ʚʳʜʝʣʷʶʪʩʷ ʚ 

ʚʠʜʝ ʪʝʧʣʘ. ɺ ʧʦʣʷʭ ʚʳʰʝ 50 ʢʕ ʤʳ ʥʘʙʣʶʜʘʝʤ ʧʨʷʤʦʡ ʄʂʕ ʦʪ ʧʘʨʘʧʨʦʮʝʩʩʘ. 

2) ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ȹQ-ʵʬʬʝʢʪʘ, ʧʦʣʫʯʝʥʥʦʝ ʚ ʦʙʨʘʟʮʝ 

ʩʦʝʜʠʥʝʥʠʷ Mn1.22Fe0.73P0.47Si0.53, ʩʦʩʪʘʚʣʷʝʪ ȹQ = 6000 ɼʞ/ʢʛ ʚ ʧʦʣʝ H = 140 ʢʕ ʧʨʠ ʊ0 = 314 ʂ 

(ʨʠʩ 4.2ʘ). ʇʦʢʘʟʘʪʝʣʠ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʤʦʩʪʠ ȹQ(H) ʦʢʘʟʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ: n = 0,66 ʧʨʠ ʊ0 = 310 ʂ 

- ʚ ʦʙʣʘʩʪʠ ʛʠʩʪʝʨʝʟʠʩʘ ʌʇ, ʠ n = 0,50 ʜʣʷ ʊ0 = 314 ʂ ï ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨ ʌʇ, ʯʪʦ ʚʧʦʣʥʝ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʚʳʚʦʜʘʤʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʙʦʪ [203, 238]. 

3) ȹT-ʵʬʬʝʢʪ ʚ ʦʙʨʘʟʮʝ ʂʄ ʥʘ ʦʩʥʦʚʝ MnAs ʠʟʤʝʨʷʣʩʷ c ʧʦʤʦʱʴʶ ʤʠʢʨʦʪʝʨʤʦʧʘʨʳ ʚ 

ʠʤʧʫʣʴʩʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 40 ʢʕ ʧʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʥʘʛʨʝʚʝ ʦʙʨʘʟʮʘ 311,5ï329,5 ʂ, ʠ ʧʨʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʦʭʣʘʞʜʝʥʠʠ 328,2ï306 ʂ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠ ̫ȹT-ʵʬʬʝʢʪʘ ʩʦʩʪʘʚʠʣʠ: 

ȹT = 6,2 ʂ ʧʨʠ ʊ0 = 318,4 ʂ ʧʨʠ ʥʘʛʨʝʚʝ, ʠ ȹT = 9,2 ʂ ʧʨʠ ʊ0 = 314 ʂ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ. ɺ ʙʦʣʝʝ 

ʩʠʣʴʥʳʭ ʠʤʧʫʣʴʩʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣ̫ʭ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʠ ï 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʤ ʥʘʛʨʝʚʝ ʦʙʨʘʟʮʘ ʜʦ 350 ʂ ʠ ʦʭʣʘʞʜʝʥʠʠ ʜʦ ʥʫʞʥʦʡ ʥʘʯʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʇʨʠ ʪʘʢʦʤ ʧʨʦʪʦʢʦʣʝ ʠʟʤʝʨʝʥʠʡ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ȹT-ʵʬʬʝʢʪʘ ʩʦʩʪʘʚʠʣʠ:  

- ȹT = 12,5 ʂ ʧʨʠ ʊ0 =311,9 K ʚ ʧʦʣʝ H = 100 ʢʕ; 

- ȹT = 16,4 ʂ ʧʨʠ ʊ0 =312,9 ʂ ʚ ʧʦʣʝ H = 200 ʢʕ; 

- ȹT = 17,6 ʂ ʧʨʠ ʊ0 =313,6 K ʚ ʧʦʣʝ H = 300 ʢʕ.  

ʇʦʣʫʯʝʥʥʳʝ ʂʄ ʥʘ ʦʩʥʦʚʝ MnAs ʚ ʠʤʧʫʣʴʩʥʳʭ ʧʦʣʷʭ 100ï300 ʢʕ ʟʥʘʯʝʥʠʷ ʄʂʕ 

ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ MnAs ʚ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʦʤ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ H = 100 ʢʕ [A10]: ȹT = 15 ʂ ʧʨʠ ʊ0 =311 K. 

4) ʄʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ ʩʦʝʜʠʥʝʥʠʷ MnAs ʥʝ ʦʙʣʘʜʘʶʪ ʜʦʩʪʘʪʦʯʥʦʡ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ - ʷʚʣʷʶʪʩʷ ʭʨʫʧʢʠʤʠ, ʠ ʨʘʟʨʫʰʘʶʪʩʷ ʧʨʠ ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʠ 
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ʯʝʨʝʟ ʌʇ ʠʣʠ ʧʨʠ ʧʝʨʠʦʜʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

MnAs ʚ ʯʠʩʪʦʤ ʚʠʜʝ ʜʣʷ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ ʟʘʪʨʫʜʥʝʥʦ, ʧʦʵʪʦʤʫ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ 

ʩʠʣʴʥʳʭ ʠʤʧʫʣʴʩʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʙʳʣʠ ʩʦʟʜʘʥʳ ʩʧʝʮʠʘʣʴʥʳʝ ʢʦʤʧʦʟʠʪʥʳʝ ʦʙʨʘʟʮʳ ʥʘ 

ʦʩʥʦʚʝ ʧʦʨʦʰʢʘ MnAs ʠ ʩʢʨʝʧʣʷʶʱʝʛʦ ʧʦʣʠʤʝʨʥʦʛʦ ʩʦʩʪʘʚʘ. ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʧʦʣʠʤʝʨʘ ʚ 

ʢʦʤʧʦʟʠʪʥʦʤ ʦʙʨʘʟʮʝ ʩʦʩʪʘʚʣʷʝʪ 3 %, ʘ ʦʙʲʸʤʥʘʷ ʦʢʦʣʦ 18 %. ʇʦ ʜʘʥʥʳʤ, ʧʦʣʫʯʝʥʥʳʤ ʧʨʠ 

ʧʦʤʦʱʠ ɼʉʂ ʠ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʤʘʛʥʠʪʦʤʝʪʨʘ ʚ ʥʠʟʢʠʭ ʧʦʣʷʭ ʢʦʤʧʦʟʠʪ ʦʙʣʘʜʘʝʪ ʌʇ 1-ʛʦ ʨʦʜʘ ʠʟ 

ʇʄ ʚ ʌʄ ʬʘʟʫ ʩ ʛʠʩʪʝʨʝʟʠʩʦʤ ʚ ʦʙʣʘʩʪʠ 300ï322 ʂ. ʇʨʦʚʝʜʸʥʥʳʝ ʚ ʩʠʣʴʥʳʭ ʠʤʧʫʣʴʩʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ (ʜʦ 300 ʢʕ) ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʦʙʨʘʟʮʳ ʂʄ ʥʘ ʦʩʥʦʚʝ MnAs 

ʦʙʣʘʜʘʶʪ ʜʦʩʪʘʪʦʯʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʠ ʚʝʣʠʯʠʥʦʡ ʄʂʕ, ʧʦʵʪʦʤʫ ʧʨʠʤʝʥʠʤʳ ʜʣʷ 

ʪʝʭʥʦʣʦʛʠʠ ʤʘʛʥʠʪʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʦʪʥʦʩʷʩʴ ʢ ʢʣʘʩʩʫ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [252-254]. 

5) ȹT-ʵʬʬʝʢʪ ʚ ʦʙʨʘʟʮʝ ʂʄ ʥʘ ʦʩʥʦʚʝ MnAs ʠʟʤʝʨʷʣʩʷ c ʧʦʤʦʱʴʶ ɺʆɼʊ ʩ 

ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʠʟʤʝʨʝʥʠʝʤ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠʥʜʫʢʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʚ ʠʤʧʫʣʴʩʥʦʤ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 40 ʢʕ ʧʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʥʘʛʨʝʚʝ ʦʙʨʘʟʮʘ 308,5ï324,5 ʂ, ʠ ʧʨʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʦʭʣʘʞʜʝʥʠʠ 321,5ï310 ʂ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ȹT-ʵʬʬʝʢʪʘ ʩʦʩʪʘʚʠʣʠ: 

ȹT = 7,2 ʂ ʧʨʠ ʊ0 = 318,5 ʂ ʧʨʠ ʥʘʛʨʝʚʝ, ʠ ȹT = 9,4 ʂ ʧʨʠ ʊ0 = 314,5 ʂ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ. ʉʨʘʚʥʝʥʠʝ 

ʜʘʥʥʳʭ ʩ ʤʠʢʨʦʪʝʨʤʦʧʘʨʳ ʠ ʩ ɺʆɼʊ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʦʜʠʥʘʢʦʚʳʭ ʧʦ ʚʝʣʠʯʠʥʝ ʧʦʣ̫ʭ ʜʦ 40 ʢʕ ʠ 

ʧʨʦʪʦʢʦʣʘʭ ʠʟʤʝʨʝʥʠʡ (ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʥʘʛʨʝʚ/ʦʭʣʘʞʜʝʥʠʝ), ʧʦʢʘʟʘʣʦ, ʯʪʦ ʜʘʥʥʳʝ ʩ 

ʤʠʢʨʦʪʝʨʤʦʧʘʨʳ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʪʫʧʘʶʪ ʧʦ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʜʘʥʥʳʤ ʩ ɺʆɼʊ: ʟʥʘʯʝʥʠʷ ȹT 

ʟʘʥʠʞʝʥʳ (0,5 ʂ) ʠ ʩʫʱʝʩʪʚʫʝʪ ʟʘʜʝʨʞʢʘ ʤʘʢʩʠʤʫʤʘ (10 ʤʩ), ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʢʨʠʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ȹT(H) ʩʠʣʴʥʦ ʫʰʠʨʷʶʪʩʷ. ʀʟ ʟʘʚʠʩʠʤʦʩʪʝʡ M(H) ʙʳʣʘ ʦʮʝʥʝʥʘ ʨʘʙʦʪʫ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ŭA ʟʘ 

ʮʠʢʣ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ/ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʷ ʦʙʨʘʟʮʘ ʂʄ ʥʘ ʦʩʥʦʚʝ MnAs ʧʦ ʧʣʦʱʘʜʠ ʧʝʪʣʠ 

ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ (1.36): ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʄʂʕ: ŭA = 35 ɼʞ/ʢʛ ʧʨʠ 

ʥʘʛʨʝʚʝ, ʠ ŭA = 57 ɼʞ/ʢʛ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʜʦ 40 ʢʕ. 

6) ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ȹT-ʵʬʬʝʢʪʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʦʙʨʘʟʮʝ ʩʧʣʘʚʘ 

ɻʝʡʩʣʝʨʘ Ni2,18Mn0,82Ga, ʩʦʩʪʘʚʠʣʦ ȹT = 8,4 ʂ ʧʨʠ ʧʝʨʚʦʤ ʚʢʣʶʯʝʥʠʠ, ʠ ȹT = 6,4 ʂ ʧʨʠ ʚʪʦʨʦʤ 

ʚʢʣʶʯʝʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ H = 140 ʢʕ ʧʨʠ ʊ0 = 340 ʂ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ȹQ-ʵʬʬʝʢʪʘ 

ʩʦʩʪʘʚʠʣʦ ȹQ = 4900 ɼʞ/ʢʛ ʧʨʠ ʧʝʨʚʦʤ, ʠ ȹQ = 3870 ɼʞ/ʢʛ ʧʨʠ ʚʪʦʨʦʤ ʚʢʣʶʯʝʥʠʠ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ H = 140 ʢʕ ʧʨʠ ʊ0 = 343 ʂ. 

7) ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ȹT-ʵʬʬʝʢʪʘ ʚ ʩʧʣʘʚʝ ɻʝʡʩʣʝʨʘ 

Ni2Mn0,74Cu0,26Ga ʩʦʩʪʘʚʠʣʦ ȹT = 20,5 ʂ ʧʨʠ ʥʘʯʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʊ0 = 309,2 ʂ ʚ ʠʤʧʫʣʴʩʥʦʤ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ H = 500 ʢʕ. ʅʘ ʦʩʥʦʚʝ ʠʟʤʝʨʝʥʠʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʜʦ 70 ʢʕ 

ʠ ʧʨʷʤʦʛʦ ʠʟʤʝʨʝʥʠʷ ȹT-ʵʬʬʝʢʪʘ ʚ ʧʦʣʝ 500 ʢʕ ʧʦʩʪʨʦʝʥʘ ʤʘʛʥʠʪʥʘʷ ʬʘʟʦʚʘʷ H-T ʜʠʘʛʨʘʤʤʘ 

ʩʧʣʘʚʘ ɻʝʡʩʣʝʨʘ Ni2Mn0,74Cu0,26Ga, ʥʘ ʢʦʪʦʨʦʡ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʪʨʠʢʨʠʪʠʯʝʩʢʘʷ ʪʦʯʢʘ ʧʨʠ 

ʊʢʨ = 334 K ʠ Hʢʨ = 302 ʢʕ. ɺʳʰʝ ʪʨʠʢʨʠʪʠʯʝʩʢʦʡ ʪʦʯʢʠ (ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʧʦʣʶ) ʚ ʩʧʣʘʚʝ 
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ʨʝʘʣʠʟʫʝʪʩʷ ʙʝʟʛʠʩʪʝʨʝʟʠʩʥʦʝ ʧʦʚʝʜʝʥʠʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʌʇ 2-ʛʦ ʨʦʜʘ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʬʝʥʦʤʝʥʦʣʛʠʯʝʩʢʠʤ ʘʥʘʣʠʟʦʤ ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʠʠ ʌʇ ʃʘʥʜʘʫ. ʊʝʤʧʝʨʘʪʫʨʘ ʢʦʥʮʘ MF 

ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʌʇ ʚ ʩʧʣʘʚʝ ɻʝʡʩʣʝʨʘ Ni2Mn0,74Cu0,26Ga ʣʠʥʝʡʥʦ ʚʦʟʨʘʩʪʘʝʪ ʜʦ ʪʨʠʢʨʠʪʠʯʝʩʢʦʡ 

ʪʦʯʢʠ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʥʘʢʣʦʥʘ 9,19 ʢʕ/ʂ. 

8) ʊʝʤʧʝʨʘʪʫʨʘ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʦʷʚʣʷʶʱʠʭ ʛʠʛʘʥʪʩʢʠʡ ʧʨʷʤʦʡ ʄʂʕ, ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 

ʠʟʤʝʥʷʝʪʩʷ ʥʝʦʙʨʘʪʠʤʦ ï ʧʦʜʥʠʤʘʝʪʩʷ ʚʳʰʝ ʥʘʯʘʣʴʥʦʡ ʧʦʩʣʝ ʤʘʛʥʠʪʥʦʛʦ ʠʤʧʫʣʴʩʘ, ʝʩʣʠ 

ʥʘʯʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʠ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʦʙʣʘʩʪʠ ʛʠʩʪʝʨʝʟʠʩʘ 

ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʦʛʦ (ʠʣʠ ʠʟʦʩʪʨʫʪʫʨʥʦʛʦ) ʌʇ 1-ʛʦ ʨʦʜʘ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʵʪʦʛʦ, ʧʨʠ ʥʘʛʨʝʚʝ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʨʘʟʮʘ ʧʦʩʣʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚʦʟʚʨʘʱʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʢ ʠʩʭʦʜʥʦʡ, ʥʦ ʚʝʣʠʯʠʥʘ 

ʄʂʕ ʧʨʠ ʵʪʦʤ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ ʯʝʤ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝʤ 

ʥʝʢʦʪʦʨʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʌʄ ʬʘʟʳ. 

 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ɻʣʘʚʝ 4 ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʨʘʙʦʪʘʭ 

 [A3, ɸ4, A12, ɸ20], ʘ ʪʘʢʞʝ ʚʦʰʣʠ ʚ ʩʙʦʨʥʠʢʠ ʤʘʪʝʨʠʘʣʦʚ ʢʦʥʬʝʨʝʥʮʠʡ [ɸ25, ɸ27, ɸ34, ɸ40, 

ɸ41, ɸ43- ɸ47, ɸ49, ɸ50]. 
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ɻʃɸɺɸ 5. ɻʀɻɸʅʊʉʂʀʁ ʆɹʈɸʊʅʓʁ 

ʄɸɻʅʀʊʆʂɸʃʆʈʀʏɽʉʂʀʁ ʕʌʌɽʂʊ 

5.1. ȹQ-ʵʬʬʝʢʪ ʠ ʩʢʨʳʪʘʷ ʪʝʧʣʦʪʘ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʩʧʣʘʚʘ Fe48Rh52 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʠʟʤʝʨʝʥʠʶ ȹQ-ʵʬʬʝʢʪʘ ʠ ʩʢʨʳʪʦʡ ʪʝʧʣʦʪʳ ʌʇ ɚ ʚ ʦʙʨʘʟʮʘʭ ʩʧʣʘʚʘ 

Fe48Rh52 (ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʦʛʦ ʦʧʠʩʘʥʳ ʚ ʨʘʟʜʝʣʝ 2.1.4) ʚ ʧʦʣʷʭ ʙʠʪʪʝʨʦʚʩʢʦʛʦ ʤʘʛʥʠʪʘ ʜʦ 140 ʢʕ 

ʧʨʦʚʦʜʠʣʠʩʴ ʧʦ ʦʨʠʛʠʥʘʣʴʥʦʡ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ ʨʘʟʜʝʣʝ 2.2.3. ɼʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʚʦʜʠʪʴ ɼʉʂ ʚ ʩʠʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʠ ʧʦʣʫʯʘʪʴ ʜʘʥʥʳʝ ʦ ʩʤʝʱʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨ ʌʇ ʚ 

ʧʦʣʝ ʠ ʦ ʚʝʣʠʯʠʥʝ ʩʢʨʳʪʦʡ ʪʝʧʣʦʪʳ ʌʇ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ [A6, A17].  

ʅʘ ʨʠʩ. 5.1ʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ɼʉʂ ʩʧʣʘʚʘ Fe48Rh52 ʚ ʧʦʣʷʭ ʜʦ 40 ʢʕ ʧʨʠ ʩʢʦʨʦʩʪʠ 

ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ r10 ʂ/ʤʠʥ. ʅʘ ʛʨʘʬʠʢʝ ʭʦʨʦʰʦ ʚʠʜʝʥ ʩʜʚʠʛ ʪʝʤʧʝʨʘʪʫʨ ʌʇ ʠ ʠʟʤʝʥʝʥʠʝ 

ʧʣʦʱʘʜʠ ʧʦʜ ʧʠʢʘʤʠ ɼʉʂ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ʤʦʞʥʦ ʩʫʜʠʪʴ, ʯʪʦ ʚ ʧʦʣʷʭ 

ʜʦ 40 ʢʕ ʩʢʦʨʦʩʪʴ ʩʤʝʱʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʌʇ ʚ ʩʧʣʘʚʝ Fe48Rh52 ʩʦʩʪʘʚʣʷʝʪ ɤ = -0,8 K/ʢʕ, ʪʦ ʝʩʪʴ 

ʌʇ ʚ ʧʦʣʝ ʩʤʝʱʘʝʪʩʷ ʚ ʦʙʣʘʩʪʴ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ (ʚ ʦʪʣʠʯʠʝ ʦʪ ʤʘʪʝʨʠʘʣʦʚ, ʦʧʠʩʘʥʥʳʭ ʚ 

ɻʣʘʚʝ 4, ʚ ʢʦʪʦʨʳʭ ʩʤʝʱʝʥʠʝ ʠʤʝʝʪ ʟʥʘʢ +). ʇʦ ʧʣʦʱʘʜʠ ʧʦʜ ʧʠʢʘʤʠ ʙʳʣʘ ʨʘʩʩʯʠʪʘʥʘ ʩʢʨʳʪʘʷ 

ʪʝʧʣʦʪʘ ʌʇ ʚ ʨʘʟʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ. ʉʚʦʜʥʳʝ ʜʘʥʥʳʝ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ ʧʠʢʦʚ ɼʉʂ ʠ ʩʢʨʳʪʦʡ 

ʪʝʧʣʦʪʝ ʌʇ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ.5.2ʙ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʢʨʳʪʘʷ ʪʝʧʣʦʪʘ ʧʝʨʝʭʦʜʘ ʌʄ-ɸʌʄ (ʧʨʠ 

ʦʭʣʘʞʜʝʥʠʠ) ʩʥʠʞʘʝʪʩʷ ʩ ɚ = 4830 ɼʞ/ʢʛ ʜʦ ɚ = 3860 ɼʞ/ʢʛ ʩ ʨʦʩʪʦʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʦʪ 0 ʜʦ 

20 ʢʕ, ʘ ʩʢʨʳʪʘʷ ʪʝʧʣʦʪʘ ʦʙʨʘʪʥʦʛʦ ʌʇ (ʧʨʠ ʥʘʛʨʝʚʝ) ʩʥʠʞʘʝʪʩʷ ʩ ɚ = 4810 ɼʞ/ʢʛ ʜʦ 

ɚ = 3040 ɼʞ/ʢʛ ʩ ʨʦʩʪʦʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʦʪ 0 ʜʦ 40 ʢʕ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʢʘʯʝʩʪʚʝʥʥʦ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʜʣʷ ʩʧʣʘʚʘ Fe49Rh51 ʚ ʨʘʙʦʪʝ [88]. ɼʣʷ ʩʨʘʚʥʝʥʠʷ, ʚ 

ʧʨʦʚʝʜʸʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ɚ ʚ ʧʦʣʝ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ dɚ/dH å -42 ɼʞ/(ʢʛĿʢʕ), ʘ ʚ 

[88] ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʩʦʩʪʘʚʣʷʝʪ: dɚ/dH å -30 ɼʞ/(ʢʛĿʢʕ). 
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ʈʠʩ. 5.1. (ʘ) ɼʉʂ ʦʙʨʘʟʮʘ ʩʧʣʘʚʘ Fe48Rh52 ʚ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ 0-40 ʢʕ ʧʨʠ ʩʢʦʨʦʩʪʠ ʥʘʛʨʝʚʘ/ʦʭʣʘʞʜʝʥʠʷ 10 ʂ/ʤʠʥ. 

(ʙ). ɿʘʚʠʩʠʤʦʩʪʴ ʩʢʨʳʪʦʡ ʪʝʧʣʦʪʳ ʌʇ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʠʢʘ ɼʉʂ ʦʪ ʧʨʠʢʣʘʜʳʚʘʝʤʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʨʠ ʥʘʛʨʝʚʝ 

ʠ ʦʭʣʘʞʜʝʥʠʠ ʦʙʨʘʟʮʘ ʩʧʣʘʚʘ Fe48Rh52 [A6, A17]. 
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ʇʨʠ ʧʦʤʦʱʠ ʪʦʡ ʞʝ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ (ʨʘʟʜʝʣ 2.2.3) ʚ ʩʧʣʘʚʝ Fe48Rh52 ʠʩʩʣʝʜʦʚʘʣʩʷ 

ȹQ-ʵʬʬʝʢʪ, ʠʥʜʫʮʠʨʦʚʘʥʥʳʡ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʜʦ 140 ʢʕ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

T0 = 280 K, ʢʦʪʦʨʳʡ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʘʢ ʧʣʦʱʘʜʴ ʧʦʜ ʧʠʢʘʤʠ ɼʉʂ. ʉʢʦʨʦʩʪʴ ʧʨʠʣʦʞʝʥʠʷ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩʦʩʪʘʚʣʷʣʘ 2 ʢʕ/ʩʝʢ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʭʦʜʦʚ (ʚʢʣʶʯʝʥʠʝ/ʚʳʢʣʶʯʝʥʠʝ) ʜʣʷ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʜʦ 120 ʢʕ ʠ ʜʦ 140 ʢʕ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 5.2. ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ʤʦʞʥʦ 

ʩʢʘʟʘʪʴ, ʯʪʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ 120 ʢʕ ʭʚʘʪʘʝʪ ʜʣʷ ʧʦʣʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʌʄ ʬʘʟʳ ʧʨʠ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʧʨʠʯʸʤ ʧʨʠ ʚʢʣʶʯʝʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʦʛʣʦɦ ʘʝʪʩʷ 

ʠʟʦʪʝʨʤʠʯʝʩʢʦʝ ʪʝʧʣʦ ʚ ʢʦʣʠʯʝʩʪʚʝ ȹQŷ = 4600 ɼʞ/ʢʛ. ʇʨʠ ʩʥʷʪʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʳʜʝʣʷʝʪʩʷ 

ʫʞʝ ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʘ ȹQŹ = 4000 ɼʞ/ʢʛ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʙʦʪʘ ʤʘʛʥʠʪʥʦʛʦ ʨʦʣʷ ʚ 

ʮʠʢʣʝ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ/ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʷ ʚ ʩʧʣʘʚʝ Fe48Rh52 ʧʨʠ T0 = 280 K ʚ ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʷʭ ʩʦʩʪʘʚʠʣʘ ŭA = ȹQŷ - ȹQŹ= 600 ɼʞ/ʢʛ, ʯʪʦ ʥʘ ʧʦʨʷʜʦʢ ʚʳʰʝ ʤʘʛʥʠʪʥʳʭ ʧʦʪʝʨʴ ʧʨʠ 

ʘʜʠʘʙʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ (ʩʤ. ʩʣʝʜʫʶʱʠʡ ʨʘʟʜʝʣ).  
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ʈʠʩ. 5.2. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ȹQ-ʵʬʬʝʢʪʘ ʚ ʦʙʨʘʟʮʝ ʩʧʣʘʚʘ Fe48Rh52 ʧʨʠ ʚʢʣʶʯʝʥʠʠ/ʚʳʢʣʶʯʝʥʠʠ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʜʦ 140 ʢʕ ʩʦ ʩʢʦʨʦʩʪʴʶ 2 ʢʕ/ʩʝʢ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ T0 = 280 K [A6, A17]. 
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5.2. ȹT-ʵʬʬʝʢʪ ʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʩʧʣʘʚʘ Fe48Rh52 

ʚ ʠʤʧʫʣʴʩʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣ̫ʭ ʜʦ 125 ʢʕ 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʠʟʤʝʨʝʥʠʶ ȹT-ʵʬʬʝʢʪʘ ʚ ʩʠʣʴʥʳʭ ʠʤʧʫʣʴʩʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ 

ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʦʙʨʘʟʮʘʭ ʩʧʣʘʚʘ Fe48Rh52 (ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʦʛʦ ʦʧʠʩʘʥʳ ʚ ʨʘʟʜʝʣʝ 2.1.4) ʧʦ 

ʤʝʪʦʜʠʢʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʦʚʦʛʦ ɺʆɼʊ, ʦʧʠʩʘʥʥʦʡ ʚ ʨʘʟʜʝʣʝ 2.3.2. ʅʘ ʨʠʩ. 5.3ʘ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʚʨʝʤʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʜʦ 125 ʢʕ, ʩʝʨʳʡ ʬʦʥ) ʥʘ ʤʘʛʥʠʪʥʦʤ ʠʤʧʫʣʴʩʥʦʤ 

ʩʦʣʝʥʦʠʜʝ ʚ ʄʃʉʄʇ [A10, A18] ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʟʮʘ ʩʧʣʘʚʘ 

Fe48Rh52 (ʢʨʘʩʥʘʷ ʢʨʠʚʘʷ). ʆʙʨʘʟʝʮ Fe48Rh52 ʠʟʥʘʯʘʣʴʥʦ ʥʘʭʦʜʠʣʩʷ ʚ ɸʌʄ ʩʦʩʪʦʷʥʠʠ ʧʨʠ T0 = 

295 K ï ʥʠʞʝ ʥʘʯʘʣʘ ʤʝʪʘʤʘʛʥʠʪʥʦʛʦ ʠʟʦʩʪʨʫʢʪʫʨʥʦʛʦ ʌʇ 1-ʛʦ ʨʦʜʘ (AF = 304 ʂ), ʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʝʨʝʭʦʜʠʪ ʚ ʌʄ ʬʘʟʫ, ʜʝʤʦʥʩʪʨʠʨʫ ̫ʦʙʨʘʪʥʳʡ ʄʂʕ, ʥʘʩʳʱʝʥʠʝ ʢʦʪʦʨʦʛʦ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʦʣʝ H = 100 ʢʕ, ʧʨʠ ʵʪʦʤ ʝʛʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʩʦʩʪʘʚʠʪ: ȹT = - 9,7 ʂ. ʅʘ 

ʨʠʩ. 5.3ʙ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʣʫʯʝʥʥʳʝ ʚ ʄʃʉʄʇ ʧʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ȹT-ʵʬʬʝʢʪʘ ʚ ʩʧʣʘʚʝ 

Fe48Rh52 ʚ ʨʘʟʥʳʭ ʧʦ ʚʝʣʠʯʠʥʝ ʤʘʢʩʠʤʘʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ 63ï125 ʢʕ ʧʨʠ T0 = 295 K. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ȹT-ʵʬʬʝʢʪʘ ʥʠʞʝ ʟʥʘʯʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʦʙʨʘʟʮʝ 

ʩʧʣʘʚʘ Fe48Rh52 ʠʟ ʪʦʛʦ ʞʝ ʩʣʠʪʢʘ, ʚ ʢʦʪʦʨʦʤ ʧʨʠ ʮʠʢʣʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

H = 80 ʢʕ ʄʂʕ ʩʦʩʪʘʚʠʣ ȹT = - 20,2 ʂ ʧʨʠ T0 = 295 K [A7]. ʈʘʟʥʠʮʘ ʧʦ ʟʥʘʯʝʥʠʶ ʚ 2 ʨʘʟʘ 

ʦʙʲʷʩʥʷʝʪʩʷ, ʚʦ-ʧʝʨʚʳʭ, ʨʘʟʥʦʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ ʦʙʨʘʟʮʦʚ ï ʚ 

ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʦʙʨʘʟʝʮ ʧʝʨʝʜ ʵʢʩʧʝʨʠʤʝʥʪʦʤ ʧʦʜʚʝʨʛʘʣʩʷ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʤʫ ʥʘʛʨʝʚʫ ʚʳʰʝ 

ʪʦʯʢʠ ʂʶʨʠ ʊʉ = 675 ʂ [255] ʠ ʦʭʣʘʞʜʝʥʠʶ ʥʘ ʚʦʟʜʫʭʝ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʉʫʜʷ ʧʦ 

ʚʩʝʤʫ, ʧʦʜʦʙʥʘʷ ʧʦʜʛʦʪʦʚʢʘ ʦʙʨʘʟʮʘ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʌʄ ʬʘʟʳ ʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʚ ʥʝʡ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʨʝʰʸʪʢʠ [A7]. ɸ, ʚʦ ïʚʪʦʨʳʭ, ʨʝʟʫʣʴʪʘʪ ʠʟʤʝʨʝʥʠʡ ȹT-ʵʬʬʝʢʪʘ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʩʢʦʨʦʩʪʠ ʚʚʦʜʘ 

ʧʦʣʷ ʠʟ-ʟʘ ʢʠʥʝʪʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ʚʙʣʠʟʠ ʌʇ 1-ʛʦ ʨʦʜʘ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʵʥʝʨʛʠʠ 

ʤʝʞʜʫ ʧʦʜʩʠʩʪʝʤʘʤʠ ʪʚʸʨʜʦʛʦ ʪʝʣʘ. 
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 ʊʝʤʧʝʨʘʪʫʨʘ

 ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ

   
(ʘ) (ʙ) 

ʈʠʩ. 5.3. ʀʟʤʝʨʝʥʠʝ ȹT-ɻ ʬʬʝʢʪʘ ʚ ʩʧʣʘʚʝ Fe48Rh52 ʩ ʧʦʤʦʱʴʶ ɺʆɼʊ ʚ ʠʤʧʫʣʴʩʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʜʦ 125 ʢʕ:  

(a) ʚʨʝʤʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʟʮʘ (ʢʨʘʩʥʘʷ ʢʨʠʚʘʷ) ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʩʝʨʳʡ ʬʦʥ), (ʙ) ʧʦʣʝʚʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ȹT-ɻ ʬʬʝʢʪʘ ʚ ʨʘʟʥʳʭ ʤʘʢʩʠʤʘʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʧʨʠ ʥʘʯʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ T0 = 295 K. 


















































































