
ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ 

ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ 

ʌʠʟʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʦʙʱʝʡ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ 

 

ʅʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʠ 

 

ɺʣʘʜʠʤʠʨʦʚ ʀʚʘʥ ʖʨʴʝʚʠʯ 

ʀʉʊʆʏʅʀʂʀ ʕʃɽʂʊʈʆʅʆɺ ʉ ɺʓʉʆʂʆʁ ʗʈʂʆʉʊʔʖ 

ʇʋʏʂɸ: ɼʀʅɸʄʀʂɸ, ɼʀɸɻʅʆʉʊʀʂɸ, ʄɸɻʅʀʊʅʓɽ 

ʉʀʉʊɽʄʓ 

 

ʉʧʝʮʠʘʣʴʥʦʩʪʴ 01.04.20 ï ʌʠʟʠʢʘ ʧʫʯʢʦʚ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʠ ʫʩʢʦʨʠʪʝʣʴʥʘʷ 

ʪʝʭʥʠʢʘ 

ɼʠʩʩʝʨʪʘʮʠʷ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ ʢʘʥʜʠʜʘʪʘ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʥʘʫʢ 

 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʜʦʢʪʦʨ 

ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʧʨʦʬʝʩʩʦʨ ʐʚʝʜʫʥʦʚ ɺ.ʀ. 

 

ʄʦʩʢʚʘ 2016  



 

 

2 

 

ʆɻʃɸɺʃɽʅʀɽ 

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

ɻʃɸɺɸ 1. ʈɸʉʏɽʊ ɼʀʅɸʄʀʂʀ ʇʋʏʂɸ ɺ ʀʉʊʆʏʅʀʂɽ ʕʃɽʂʊʈʆʅʆɺ ʉ 

ɺʓʉʆʂʆʁ ʗʈʂʆʉʔʖ ʇʋʏʂɸ ............................................................................ 13 

1.1 ʉʦʩʪʘʚ, ʧʘʨʘʤʝʪʨʳ ʠ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʠʩʪʦʯʥʠʢʘ ........................................... 13 

1.2 ɼʠʥʘʤʠʢʘ ʧʫʯʢʘ ʚ ʉɺʏ ʧʫʰʢʝ ʠ ʩʦʣʝʥʦʠʜʝ ..................................................... 14 

1.2.1 ʉɺʏ ʧʫʰʢʘ .................................................................................................... 14 

1.2.2 ʉʦʣʝʥʦʠʜ ....................................................................................................... 16 

1.2.3 ɺʳʙʦʨ ʬʘʟʳ ʠʥʞʝʢʮʠʠ ................................................................................. 16 

1.2.4 ʆʮʝʥʢʘ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ, ʵʤʠʪʠʨʫʝʤʦʛʦ ʚ ʧʫʰʢʫ .......... 19 

1.2.5 ʆʧʪʠʤʘʣʴʥʳʝ ʧʦʣʦʞʝʥʠʝ ʠ ʚʝʣʠʯʠʥʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩʦʣʝʥʦʠʜʘ ........ 22 

1.2.6 ɺʳʙʦʨ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠ ʨʘʜʠʫʩʘ ʣʘʟʝʨʥʦʛʦ ʠʤʧʫʣʴʩʘ ............................... 23 

1.3 ɼʠʥʘʤʠʢʘ ʧʫʯʢʘ ʚ ʣʠʥʝʡʥʦʤ ʫʩʢʦʨʠʪʝʣʝ.......................................................... 28 

1.3.1 ʃʠʥʝʡʥʳʡ ʫʩʢʦʨʠʪʝʣʴ .................................................................................. 28 

1.3.2 ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʢʦʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʧʫʯʢʘ .................................................... 32 

1.3.3 ʋʯʝʪ ʤʫʣʴʪʠʧʦʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʫʩʢʦʨʷʶʱʝʡ 

ʩʪʨʫʢʪʫʨʳ ............................................................................................................... 45 

1.4 ɿʘʢʣʶʯʝʥʠʝ .......................................................................................................... 56 

ɻʃɸɺɸ 2. ʄɽʊʆɼʀʂɸ ʀɿʄɽʈɽʅʀʗ ʇʈʆɼʆʃʔʅʆɻʆ ʕʄʀʊʊɸʅʉɸ 

ʇʋʏʂɸ ......................................................................................................................... 57 

2.1 ɺʚʝʜʝʥʠʝ .............................................................................................................. 57 

2.2 ʉʧʝʢʪʨʦʤʝʪʨ ʜʣʷ ʧʨʦʝʢʪʘ GunLab ..................................................................... 57 

2.2.1 ʆʰʠʙʢʘ ʠʟʤʝʨʝʥʠʷ ʠʤʧʫʣʴʩʘ ...................................................................... 61 

2.2.2 ʈʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʧʝʢʪʨʦʤʝʪʨʘ.................................................. 64 

2.2.3 ɺʳʙʦʨ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʧʝʢʪʨʦʤʝʪʨʘ ........................................ 67 

2.2.4 ʆʰʠʙʢʘ ʠʟʤʝʨʝʥʠʷ ʠ ʨʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʩʧʝʢʪʨʦʤʝʪʨʘ .......................................................................................................... 69 



 

 

3 

 

2.2.5 ʊʨʝʭʤʝʨʥʳʡ ʨʘʩʯʝʪ ʠ ʠʟʤʝʨʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʜʠʧʦʣʴʥʦʛʦ ʤʘʛʥʠʪʘ 72 

2.2.6 ʈʘʩʯʝʪ ʜʠʥʘʤʠʢʠ ʧʫʯʢʘ ʚ ʩʧʝʢʪʨʦʤʝʪʨʝ ..................................................... 76 

2.3 ʀʟʤʝʨʝʥʠʝ ʧʨʦʜʦʣʴʥʦʛʦ ʵʤʠʪʪʘʥʩʘ ................................................................... 78 

2.3.1 ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʚʝʨʪʠʢʘʣʴʥʦ-ʦʪʢʣʦʥʷʶʱʝʛʦ ɺʏ ʨʝʟʦʥʘʪʦʨʘ .... 79 

2.3.2 ɺʣʠʷʥʠʝ ʚʝʨʪʠʢʘʣʴʥʦ-ʦʪʢʣʦʥʷʶʱʝʛʦ ʨʝʟʦʥʘʪʦʨʘ ʥʘ ʵʣʝʢʪʨʦʥ ............... 81 

2.3.3 ʆʮʝʥʢʘ ʘʤʧʣʠʪʫʜʳ ʧʦʣʷ ʚʝʨʪʠʢʘʣʴʥʦ-ʦʪʢʣʦʥʷʶʱʝʛʦ ʨʝʟʦʥʘʪʦʨʘ .......... 83 

2.3.4 ʈʘʩʯʝʪ ʜʠʥʘʤʠʢʠ ʧʫʯʢʘ ʚ ʚʝʨʪʠʢʘʣʴʥʦ-ʦʪʢʣʦʥʷʶʱʝʤ ʨʝʟʦʥʘʪʦʨʝ ʠ 

ʜʠʧʦʣʴʥʦʤ ʤʘʛʥʠʪʝ ............................................................................................... 85 

2.3.5 ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʨʦʜʦʣʴʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʦʨʪʨʝʪʘ ʧʫʯʢʘ .......................... 88 

2.3.6 ɺʝʨʪʠʢʘʣʴʥʦ-ʦʪʢʣʦʥʷʶʱʠʡ ʨʝʟʦʥʘʪʦʨ ʩ ʧʨʦʣʝʪʥʳʤ ʢʘʥʘʣʦʤ ................ 91 

2.4 ɿʘʢʣʶʯʝʥʠʝ .......................................................................................................... 93 

ɻʃɸɺɸ 3. ʄɸɻʅʀʊʅʓɽ ʉʀʉʊɽʄʓ ʅɸ ʆʉʅʆɺɽ ʈɽɼʂʆɿɽʄɽʃʔʅʆɻʆ 

ʄɸɻʅʀʊʅʆɻʆ ʄɸʊɽʈʀɸʃɸ ............................................................................... 94 

3.1 ɺʚʝʜʝʥʠʝ .............................................................................................................. 94 

3.2 ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʠ ʢʦʥʩʪʨʫʢʮʠʷ ʧʦʚʦʨʦʪʥʳʭ ʤʘʛʥʠʪʦʚ ............................. 96 

3.2.1 ʆʙʦʩʥʦʚʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʧʦʚʦʨʦʪʥʳʭ ʤʘʛʥʠʪʦʚ .................................... 96 

3.2.2 ʈʘʩʯʝʪ ʵʣʝʤʝʥʪʦʚ ʥʘʩʪʨʦʡʢʠ ʧʦʚʦʨʦʪʥʳʭ ʤʘʛʥʠʪʦʚ ................................. 98 

3.2.3 ʂʦʥʩʪʨʫʢʮʠʷ ʧʦʚʦʨʦʪʥʳʭ ʤʘʛʥʠʪʦʚ ......................................................... 102 

3.2.4 ʄʝʪʦʜʠʢʘ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʙʣʦʢʦʚ .......... 103 

3.3 ʄʝʪʦʜʠʢʘ ʥʘʩʪʨʦʡʢʠ ʧʦʚʦʨʦʪʥʳʭ ʤʘʛʥʠʪʦʚ .................................................. 105 

3.4 ʆʙʦʨʫʜʦʚʘʥʠʝ ʠ ʤʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʡ ............................................................ 107 

3.5 ʈʝʟʫʣʴʪʘʪʳ ʥʘʩʪʨʦʡʢʠ ʧʦʚʦʨʦʪʥʳʭ ʤʘʛʥʠʪʦʚ ................................................ 110 

3.6 ʂʚʘʜʨʫʧʦʣʴʥʘʷ ʣʠʥʟʘ ʠ ʤʘʛʥʠʪʳ ʚʳʚʦʜʘ ʨʘʟʨʝʟʥʦʛʦ ʤʠʢʨʦʪʨʦʥʘ ............... 118 

3.6.1 ʂʚʘʜʨʫʧʦʣʴʥʘʷ ʣʠʥʟʘ ................................................................................. 119 

3.6.2 ɼʠʧʦʣʴʥʳʝ ʤʘʛʥʠʪʳ ʚʳʚʦʜʘ ..................................................................... 121 

3.7 ɿʘʢʣʶʯʝʥʠʝ ........................................................................................................ 123 

ɿɸʂʃʖʏɽʅʀɽ ........................................................................................................ 125 



 

 

4 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ ...................................................................................... 127 

ʇʈʀʃʆɾɽʅʀɽ ɸ. ɺʓʏʀʉʃɽʅʀɽ ʅʆʈʄɸʃʀɿʆɺɸʅʅʆɻʆ 

ʇʆʇɽʈɽʏʅʆɻʆ ʕʄʀʊʊɸʅʉɸ........................................................................... 137 

ʇʈʀʃʆɾɽʅʀɽ ɹ. ʕɺʆʃʖʎʀʗ ʅʆʈʄɸʃʀɿʆɺɸʅʅʆɻʆ ʇʆʇɽʈɽʏʅʆɻʆ 

ʕʄʀʊʊɸʅʉɸ ʇʋʏʂɸ ɺ ʋʉʂʆʈʗʖʑɽʁ ʉʊʈʋʂʊʋʈɽ .............................. 139 

ʇʈʀʃʆɾɽʅʀɽ ɺ. ɺʓɹʆʈ ʇɸʈɸʄɽʊʈʆɺ ʉʇɽʂʊʈʆʄɽʊʈɸ ʀɿ 

ʋʉʃʆɺʀʗ ʄʀʅʀʄʀɿɸʎʀʀ ʆʐʀɹʂʀ ʀɿʄɽʈɽʅʀʗ ʀʄʇʋʃʔʉɸ ...... 142 

  



 

 

5 

 

ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʜʠʩʩʝʨʪʘʮʠʠ 

ʇʦʣʫʯʝʥʠʝ ʷʨʢʠʭ ʠʥʪʝʥʩʠʚʥʳʭ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʵʣʝʢʪʨʦʥʥʳʭ ʧʫʯʢʦʚ ʷʚʣʷʝʪʩʷ ʚ 

ʧʦʩʣʝʜʥʠʝ 20 ʣʝʪ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʫʩʢʦʨʠʪʝʣʴʥʦʡ ʬʠʟʠʢʠ 

ʠ ʪʝʭʥʠʢʠ. ʊʘʢʠʝ ʧʫʯʢʠ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʠʩʪʦʯʥʠʢʦʚ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʯʝʪʚʝʨʪʦʛʦ ʧʦʢʦʣʝʥʠʷ, ʚʢʣʶʯʘʷ ʨʝʥʪʛʝʥʦʚʩʢʠʝ ʣʘʟʝʨʳ ʥʘ ʩʚʦʙʦʜʥʳʭ ʵʣʝʢʪʨʦʥʘʭ [1-

3] ʠ ʫʩʢʦʨʠʪʝʣʠ ʩ ʨʝʢʫʧʝʨʘʮʠʝʡ ʵʥʝʨʛʠʠ [4], ʜʣʷ ʧʨʦʝʢʪʠʨʫʝʤʳʭ ʣʠʥʝʡʥʳʭ 

ʢʦʣʣʘʡʜʝʨʦʚ [5], ʜʣʷ ʠʩʪʦʯʥʠʢʦʚ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʦʩʥʦʚʝ 

ʢʦʤʧʪʦʥʦʚʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʵʣʝʢʪʨʦʥʘʭ [6-9], ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʫʩʢʦʨʝʥʠʷ ʯʘʩʪʠʮ, ʚ ʪʦʤ ʯʠʩʣʝ ʤʝʪʦʜʦʚ ʣʘʟʝʨʥʦʛʦ 

ʫʩʢʦʨʝʥʠʷ ʠ ʫʩʢʦʨʝʥʠʷ ʚ ʧʣʘʟʤʝ. 

ɺ ʅʀʀʗʌ ʄɻʋ ʩʦʚʤʝʩʪʥʦ ʩ ʌʀɸʅ ʠ ʄʃʎ ʄɻʋ ʚ ʪʝʯʝʥʠʝ ʨʷʜʘ ʣʝʪ 

ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ ʠʥʪʝʥʩʠʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ 

ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʵʥʝʨʛʠʝʡ, ʧʝʨʝʩʪʨʘʠʚʘʝʤʦʡ ʚ 

ʜʠʘʧʘʟʦʥʝ 20-40 ʢʵɺ ï ʣʘʟʝʨʥʦ-ʵʣʝʢʪʨʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʦʙʨʘʪʥʦʤ 

ʪʦʤʩʦʥʦʚʩʢʦʤ ʨʘʩʩʝʷʥʠʠ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʵʣʝʢʪʨʦʥʘʭ [10-

17]. ʃʘʟʝʨʥʦ-ʵʣʝʢʪʨʦʥʥʳʡ ʛʝʥʝʨʘʪʦʨ ʤʦʞʝʪ ʟʘʥʷʪʴ ʥʠʰʫ ʤʝʞʜʫ ʨʝʥʪʛʝʥʦʚʩʢʠʤʠ 

ʪʨʫʙʢʘʤʠ ʠ ʠʩʪʦʯʥʠʢʘʤʠ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʦ ʪʘʢʠʤ ʧʘʨʘʤʝʪʨʘʤ, ʢʘʢ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠ ʷʨʢʦʩʪʴ ʠʟʣʫʯʝʥʠʷ, ʛʘʙʘʨʠʪʳ ʠ ʩʪʦʠʤʦʩʪʴ ʫʩʪʘʥʦʚʢʠ. ʆʜʥʠʤʠ ʠʟ 

ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʣʘʟʝʨʥʦ-ʵʣʝʢʪʨʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ, ʦʙʩʫʞʜʘʝʤʦʛʦ ʚ [10-17], 

ʷʚʣʷʶʪʩʷ ʥʦʨʤʘʣʴʥʦ ʧʨʦʚʦʜʷʱʠʡ ʣʠʥʝʡʥʳʡ ʫʩʢʦʨʠʪʝʣʴ ʩ ʉɺʏ ʧʫʰʢʦʡ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʣʫʯʠʪʴ ʩʛʫʩʪʢʠ ʵʣʝʢʪʨʦʥʦʚ ʩ ʙʦʣʴʰʠʤ ʟʘʨʷʜʦʤ, ʤʘʣʳʤ 

ʧʨʦʜʦʣʴʥʳʤ ʠ ʧʦʧʝʨʝʯʥʳʤ ʵʤʠʪʪʘʥʩʦʤ ʠ ʨʝʛʫʣʠʨʫʝʤʦʡ ʵʥʝʨʛʠʝʡ. ʈʘʩʯʝʪ ʠ 

ʦʧʪʠʤʠʟʘʮʠʷ ʧʘʨʘʤʝʪʨʦʚ ʪʘʢʦʛʦ ʫʩʢʦʨʠʪʝʣʷ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʟʘʜʘʯ ʥʘʩʪʦʷʱʝʡ 

ʜʠʩʩʝʨʪʘʮʠʠ. 

ɺʘʞʥʝʡʰʝʡ ʟʘʜʘʯʝʡ ʧʨʠ ʩʦʟʜʘʥʠʠ ʫʩʢʦʨʠʪʝʣʝʡ ʵʣʝʢʪʨʦʥʦʚ ʩ ʙʦʣʴʰʦʡ ʷʨʢʦʩʪʴʶ 

ʧʫʯʢʘ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʜʠʘʛʥʦʩʪʠʢʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʷ 

ʵʥʝʨʛʠʠ, ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ ʠ ʧʨʦʜʦʣʴʥʦʛʦ ʵʤʠʪʪʘʥʩʘ ʧʫʯʢʘ. ɺ ʨʘʤʢʘʭ 

ʩʦʛʣʘʰʝʥʠʷ ʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩ ɹʝʨʣʠʥʩʢʠʤ ʮʝʥʪʨʦʤ ʤʘʪʝʨʠʘʣʦʚ ʠ ʵʥʝʨʛʠʠ ʠʤʝʥʠ 

ɻʝʣʴʤʛʦʣʴʮʘ ʚ ʅʀʀʗʌ ʄɻʋ ʚ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʠ ʙʳʣʠ 

ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʠʢʠ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʧʨʦʝʢʪʘ ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʡ ʉɺʏ ʧʫʰʢʠ 

ʩ ʙʦʣʴʰʦʡ ʷʨʢʦʩʪʴʶ ʧʫʯʢʘ GunLab [18, 19], ʷʚʣʷʶʱʝʛʦʩʷ ʯʘʩʪʴʶ ʧʨʦʝʢʪʘ 
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bERLinPro [20-25], ʮʝʣʴʶ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʧʨʦʪʦʪʠʧʘ 

ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʛʦ ʣʠʥʝʡʥʦʛʦ ʫʩʢʦʨʠʪʝʣʷ ʩ ʨʝʢʫʧʝʨʘʮʠʝʡ ʵʥʝʨʛʠʠ ʜʣʷ ʠʩʪʦʯʥʠʢʘ 

ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʯʝʪʚʝʨʪʦʛʦ ʧʦʢʦʣʝʥʠʷ.  

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʢʦʨʠʪʝʣʷʭ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʠ ʧʨʦʝʢʪʠʨʫʝʤʳʭ ʠʩʪʦʯʥʠʢʘʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʚ ʧʨʦʝʢʪʠʨʫʝʤʳʭ 

ʣʠʥʝʡʥʳʭ ʢʦʣʣʘʡʜʝʨʘʭ, ʚʘʞʥʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʶʪ ʤʘʛʥʠʪʥʳʝ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʊʘʢʠʝ ʩʠʩʪʝʤʳ ʠʤʝʶʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘʤʠ: ʤʝʥʴʰʠʝ ʨʘʟʤʝʨʳ ʠ ʚʝʩ; ʦʪʩʫʪʩʪʚʠʝ ʠʩʪʦʯʥʠʢʘ 

ʧʠʪʘʥʠʷ ʠ ʛʠʩʪʝʨʝʟʠʩʥʳʭ ʷʚʣʝʥʠʡ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʨʝʞʠʤʘ ʠ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʫʩʢʦʨʠʪʝʣʝʡ; ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʩʣʦʞʥʳʭ 

ʢʦʥʬʠʛʫʨʘʮʠʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ; ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ 

ʠʥʜʫʢʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʳʰʘʶʱʠʭ ʟʥʘʯʝʥʠʷ ʠʥʜʫʢʮʠʠ, ʧʨʠ 

ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʥʘʩʳʱʝʥʠʝ ʩʪʘʣʠ ʠ ʩʧʝʮʠʘʣʴʥʳʭ ʩʧʣʘʚʦʚ; ʧʦʤʝʱʝʥʠʝ 

ʤʘʛʥʠʪʦʚ ʚ ʚʘʢʫʫʤ. ɺ ʅʀʀʗʌ ʄɻʋ ʚ ʨʘʤʢʘʭ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʩ ʥʘʫʯʥʳʤʠ 

ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʈʦʩʩʠʠ, ʘ ʪʘʢʞʝ ʚ ʨʘʤʢʘʭ ʩʦʛʣʘʰʝʥʠʷ ʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩ 

ʊʝʭʥʠʯʝʩʢʠʤ ʫʥʠʚʝʨʩʠʪʝʪʦʤ ʂʘʪʘʣʦʥʠʠ ʚʝʜʫʪʩʷ ʨʘʟʨʘʙʦʪʢʠ ʤʘʛʥʠʪʥʳʭ ʩʠʩʪʝʤ ʥʘ 

ʦʩʥʦʚʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʫʩʢʦʨʠʪʝʣʝʡ ʵʣʝʢʪʨʦʥʦʚ 

ʧʨʠʢʣʘʜʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʫʩʢʦʨʠʪʝʣʝʡ ʜʣʷ ʤʝʜʠʮʠʥʳ ʠ ʩʠʩʪʝʤ 

ʙʝʟʦʧʘʩʥʦʩʪʠ. ʇʨʠ ʩʦʟʜʘʥʠʠ ʤʘʛʥʠʪʥʳʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚʦʟʥʠʢʘʝʪ ʦʙʱʘʷ ʧʨʦʙʣʝʤʘ ʧʨʝʮʠʟʠʦʥʥʦʡ ʥʘʩʪʨʦʡʢʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʩʚʷʟʘʥʥʘʷ ʢʘʢ ʩʦ ʩʚʦʡʩʪʚʘʤʠ ʤʘʪʝʨʠʘʣʘ 

(ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʧʦ ʦʙʲʝʤʫ, ʭʨʫʧʢʦʩʪʴʶ), ʪʘʢ ʠ ʩ ʙʦʣʴʰʠʤʠ 

ʧʦʥʜʝʨʦʤʦʪʦʨʥʳʤʠ ʩʠʣʘʤʠ, ʜʝʡʩʪʚʫʶʱʠʤʠ ʥʘ ʦʪʜʝʣʴʥʳʝ ʯʘʩʪʠ ʤʘʛʥʠʪʦʚ ʠ 

ʜʦʩʪʠʛʘʶʱʠʤʠ ʜʣʷ ʙʦʣʴʰʠʭ ʤʘʛʥʠʪʥʳʭ ʩʠʩʪʝʤ ʥʝʩʢʦʣʴʢʠʭ ʪʦʥʥ. ɺ ʵʪʦʡ ʩʚʷʟʠ, 

ʘʢʪʫʘʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʝʱʝ ʦʜʥʘ ʠʟ ʟʘʜʘʯ ʥʘʩʪʦʷʱʝʡ ʜʠʩʩʝʨʪʘʮʠʠ ï ʨʘʟʨʘʙʦʪʢʘ 

ʤʝʪʦʜʦʚ ʧʨʝʮʠʟʠʦʥʥʦʡ ʥʘʩʪʨʦʡʢʠ ʤʘʛʥʠʪʥʳʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʧʨʠʤʝʨʝ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤ rʨʘʟʨʝʟʥʦʛʦ ʤʠʢʨʦʪʨʦʥʘ ʜʣʷ 

ʠʥʪʘʦʧʝʨʘʮʠʦʥʥʦʡ ʣʫʯʝʚʦʡ ʪʝʨʘʧʠʠ [26]. 

ʎʝʣʠ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʨʘʙʦʪʝ ʧʣʘʥʠʨʦʚʘʣʦʩʴ ʧʨʦʚʝʩʪʠ ʨʘʩʯʝʪ ʠʩʪʦʯʥʠʢʘ ʵʣʝʢʪʨʦʥʦʚ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ 

ʉɺʏ ʧʫʰʢʠ, ʩʦʣʝʥʦʠʜʘ ʠ ʣʠʥʝʡʥʦʛʦ ʫʩʢʦʨʠʪʝʣʷ. ʊʨʝʙʦʚʘʣʦʩʴ ʦʧʨʝʜʝʣʠʪʴ 

ʧʘʨʘʤʝʪʨʳ ʩʦʩʪʘʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʩʪʦʯʥʠʢʘ ʵʣʝʢʪʨʦʥʦʚ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʧʦʣʫʯʠʪʴ 
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ʧʫʯʦʢ c ʟʘʨʷʜʦʤ 1 ʥʂʣ, ʤʠʥʠʤʘʣʴʥʦ ʜʦʩʪʠʞʠʤʳʤ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʤ ʧʦʧʝʨʝʯʥʳʤ 

ʵʤʠʪʪʘʥʩʦʤ, ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʚ ʥʝʩʢʦʣʴʢʦ ʧʩ ʠ ʵʥʝʨʛʠʝʡ, ʨʝʛʫʣʠʨʫʝʤʦʡ ʚ ʧʨʝʜʝʣʘʭ 

35-50 ʄʵɺ. ʉʣʝʜʫʶʱʝʡ ʮʝʣʴʶ ʙʳʣʦ ʨʘʩʩʯʠʪʘʪʴ ʩʧʝʢʪʨʦʤʝʪʨ ʠ ʠʟʫʯʠʪʴ ʤʝʪʦʜʠʢʫ 

ʠʟʤʝʨʝʥʠʷ ʧʨʦʜʦʣʴʥʦʛʦ ʵʤʠʪʪʘʥʩʘ ʧʫʯʢʘ ʜʣʷ ʧʨʦʝʢʪʘ GunLab. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ 

ʧʨʝʮʠʟʠʦʥʥʦʡ ʥʘʩʪʨʦʡʢʠ ʤʘʛʥʠʪʥʳʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʧʨʠʤʝʨʝ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ ʨʘʟʨʝʟʥʦʛʦ ʤʠʢʨʦʪʨʦʥʘ ʜʣʷ 

ʠʥʪʘʦʧʝʨʘʮʠʦʥʥʦʡ ʣʫʯʝʚʦʡ ʪʝʨʘʧʠʠ ï ʝʱʝ ʦʜʥʘ ʟʘʜʘʯʘ, ʢʦʪʦʨʘʷ ʩʪʦʷʣʘ ʧʝʨʝʜ 

ʜʠʩʩʝʨʪʘʥʪʦʤ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ:  

1) ɺʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʧʘʨʘʤʝʪʨʳ ʠʩʪʦʯʥʠʢʘ ʵʣʝʢʪʨʦʥʦʚ, ʧʦʟʚʦʣʷʶʱʝʛʦ 

ʧʦʣʫʯʠʪʴ ʧʫʯʦʢ ʩ ʟʘʨʷʜʦʤ 1 ʥʂʣ, ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʡ ʜʣʠʥʦʡ 1 ʤʤ, 

ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʤ ʧʦʧʝʨʝʯʥʳʤ ʵʤʠʪʪʘʥʩʦʤ ʤʝʥʴʰʝ 4 ʤʤ ʤʨʘʜ ʠ 

ʨʝʛʫʣʠʨʫʝʤʦʡ ʵʥʝʨʛʠʝʡ 35-50 ʄʵɺ. 

2) ɺʧʝʨʚʳʝ ʧʦʣʫʯʝʥʘ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʚʦʟʜʝʡʩʪʚʠʷ ʚʝʨʪʠʢʘʣʴʥʦ-

ʦʪʢʣʦʥʷʶʱʝʛʦ ʨʝʟʦʥʘʪʦʨʘ ʥʘ ʩʨʝʜʥʠʡ ʠʤʧʫʣʴʩ ʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʡ 

ʨʘʟʙʨʦʩ ʧʦ ʠʤʧʫʣʴʩʘʤ ʵʣʝʢʪʨʦʥʦʚ ʧʫʯʢʘ ʚ ʧʨʠʙʣʠʞʝʥʠʠ, ʯʪʦ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʚʝʨʪʠʢʘʣʴʥʦ-ʦʪʢʣʦʥʷʶʱʝʛʦ ʨʝʟʦʥʘʪʦʨʘ 

ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ ʧʦʣʝʤ ʤʦʜʳ ʊʄ110 ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʨʝʟʦʥʘʪʦʨʘ ʙʝʟ 

ʧʨʦʣʝʪʥʦʛʦ ʢʘʥʘʣʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʩʨʝʜʥʝʛʦ ʠʤʧʫʣʴʩʘ ʟʘʚʠʩʠʪ ʦʪ 

ʘʤʧʣʠʪʫʜʳ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʨʝʟʦʥʘʪʦʨʘ, ʦʪ ʬʘʟʳ ʚʣʝʪʘ ʧʫʯʢʘ ʚ 

ʨʝʟʦʥʘʪʦʨ, ʦʪ ʜʣʠʥʳ ʩʛʫʩʪʢʦʚ ʧʫʯʢʘ ʠ ʦʪ ʝʛʦ ʵʥʝʨʛʠʠ, ʘ ʠʟʤʝʥʝʥʠʝ 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʛʦ ʨʘʟʙʨʦʩʘ ʧʦ ʠʤʧʫʣʴʩʘʤ ʝʱʝ ʟʘʚʠʩʠʪ ʦʪ ʚʝʨʪʠʢʘʣʴʥʳʭ 

ʨʘʟʤʝʨʘ ʠ ʫʛʣʦʚʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʧʫʯʢʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʧʦʣʝ 

ʨʝʟʦʥʘʪʦʨʘ ʩ ʯʘʩʪʦʪʦʡ 1.3 ɻɻʮ ʠ ʘʤʧʣʠʪʫʜʦʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 16.7 ʤʊʣ 

ʠʟʤʝʥʝʥʠʝ ʩʨʝʜʥʝʛʦ ʠʤʧʫʣʴʩʘ ʧʫʯʢʘ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 100 ʢʵɺ/c, ʘ ʠʟʤʝʥʝʥʠʝ 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʛʦ ʨʘʟʙʨʦʩʘ ʧʦ ʠʤʧʫʣʴʩʘʤ ï 10 ʢʵɺ/c. 

3) ɺʧʝʨʚʳʝ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʷ ʧʨʦʜʦʣʴʥʦʛʦ ʵʤʠʪʪʘʥʩʘ ʧʫʯʢʘ, 

ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʨʝʰʝʥʠʠ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʵʣʝʢʪʨʦʥʘ ʚ 

ʧʦʣʝ ʚʝʨʪʠʢʘʣʴʥʦ-ʦʪʢʣʦʥʷʶʱʝʛʦ ʨʝʟʦʥʘʪʦʨʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘ ʪʦʯʥʦʩʪʴ 

ʠʟʤʝʨʝʥʠʷ ʧʨʦʜʦʣʴʥʦʛʦ ʵʤʠʪʪʘʥʩʘ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʶʪ 

ʚʝʨʪʠʢʘʣʴʥʳʝ ʨʘʟʤʝʨ ʠ ʫʛʣʦʚʦʝ ʦʪʢʣʦʥʝʥʠʝ ʧʫʯʢʘ. 
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4) ɺʧʝʨʚʳʝ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʥʘʩʪʨʦʡʢʠ ʤʘʛʥʠʪʥʳʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʦʩʥʦʚʝ ʤʝʪʦʜʠʢʠ ʥʘʩʪʨʦʡʢʠ 

ʣʝʞʠʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝʮʠʘʣʴʥʳʭ ʧʣʫʥʞʝʨʦʚ, ʘ ʢʨʠʪʝʨʠʡ ʢʘʯʝʩʪʚʘ 

ʥʘʩʪʨʦʡʢʠ ʤʘʛʥʠʪʥʳʭ ʩʠʩʪʝʤ, ʦʩʥʦʚʘʥ ʥʘ ʨʘʩʯʝʪʝ ʪʨʘʝʢʪʦʨʠʡ ʯʘʩʪʠʮ ʚ 

ʠʟʤʝʨʝʥʥʳʭ ʧʦʣʷʭ ʤʘʛʥʠʪʥʳʭ ʩʠʩʪʝʤ. 

ʅʘʫʯʥʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ 

ɿʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠʩʪʦʯʥʠʢʘ 

ʵʣʝʢʪʨʦʥʦʚ ʩ ʚʳʩʦʢʦʡ ʷʨʢʦʩʪʴʶ ʧʫʯʢʘ ʧʦʣʦʞʝʥʳ ʚ ʦʩʥʦʚʫ ʛʝʥʝʨʘʪʦʨʘ 

ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʵʥʝʨʛʠʝʡ, ʧʝʨʝʩʪʨʘʠʚʘʝʤʦʡ ʚ 

ʜʠʘʧʘʟʦʥʝ 20-40 ʢʵɺ, ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʅʀʀʗʌ ʄɻʋ ʩʦʚʤʝʩʪʥʦ ʩ ʌʀɸʅ ʠ ʄʃʎ 

ʄɻʋ. 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʷ ʧʨʦʜʦʣʴʥʦʛʦ ʵʤʠʪʪʘʥʩʘ ʧʫʯʢʘ ʵʣʝʢʪʨʦʥʦʚ, 

ʫʯʠʪʳʚʘʶʱʘʷ ʚʦʟʜʝʡʩʪʚʠʝ ʦʪʢʣʦʥʷʶʱʝʛʦ ʨʝʟʦʥʘʪʦʨʘ ʥʘ ʵʥʝʨʛʠʶ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ 

ʩʧʝʢʪʨ ʠʟʤʝʨʷʝʤʦʛʦ ʧʫʯʢʘ, ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ. ʇʨʦʚʝʜʝʥʳ 

ʨʘʟʨʘʙʦʪʢʘ, ʠʟʤʝʨʝʥʠʷ ʠ ʢʘʣʠʙʨʦʚʢʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʤʘʛʥʠʪʘ-ʩʧʝʢʪʨʦʤʝʪʨʘ, 

ʚʦʰʝʜʰʝʛʦ ʚ ʩʦʩʪʘʚ ʫʩʪʘʥʦʚʢʠ ʧʦ ʠʟʤʝʨʝʥʠʶ ʧʘʨʘʤʝʪʨʦʚ ʧʫʯʢʘ ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʡ 

ʉɺʏ ʧʫʰʢʠ ʧʨʦʝʢʪʘ GunLab. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʥʘʩʪʨʦʡʢʠ ʤʘʛʥʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʨʠ ʥʘʩʪʨʦʡʢʝ ʤʘʛʥʠʪʥʳʭ ʩʠʩʪʝʤ 

ʫʩʢʦʨʠʪʝʣʝʡ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ, ʚʢʣʶʯʘʷ ʧʦʚʦʨʦʪʥʳʝ ʤʘʛʥʠʪʳ, ʦʥʜʫʣʷʪʦʨʳ, 

ʤʘʛʥʠʪʥʳʝ ʣʠʥʟʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʠʷ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʥʘʩʪʨʦʝʥʳ ʧʦʚʦʨʦʪʥʳʝ 

ʤʘʛʥʠʪʳ, ʢʚʘʜʨʫʧʦʣʴʥʘʷ ʣʠʥʟʘ ʠ ʤʘʛʥʠʪʳ ʚʳʚʦʜʘ ʧʫʯʢʘ ʜʣʷ ʨʘʟʨʝʟʥʦʛʦ ʤʠʢʨʦʪʨʦʥʘ 

ʊʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʂʘʪʘʣʦʥʠʠ. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ 

ʜʠʩʩʝʨʪʘʮʠʠ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʭʦʨʦʰʦ ʘʧʨʦʙʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ (ASTRA [27], CST Studio [28], PARMELA [29], 

POISSON SUPERFISH [30]), ʩʨʘʚʥʝʥʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʦʚ, ʚʳʧʦʣʥʝʥʥʳʭ ʩ 

ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ ʧʨʦʛʨʘʤʤ, ʧʨʦʚʝʜʝʥʠʝʤ ʨʘʩʯʝʪʦʚ ʜʣʷ ʪʝʩʪʦʚʳʭ ʤʦʜʝʣʝʡ ʩ 

ʠʟʚʝʩʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʪʱʘʪʝʣʴʥʦʡ ʢʘʣʠʙʨʦʚʢʦʡ ʠʟʤʝʨʠʪʝʣʴʥʦʡ 
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ʘʧʧʘʨʘʪʫʨʳ, ʘ ʪʘʢʞʝ ʩʨʘʚʥʝʥʠʝʤ (ʛʜʝ ʵʪʦ ʙʳʣʦ ʚʦʟʤʦʞʥʦ) ʠ ʭʦʨʦʰʠʤ ʩʦʚʧʘʜʝʥʠʝʤ 

ʨʘʩʯʝʪʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 

ɸʚʪʦʨʦʤ ʧʨʦʚʝʜʝʥʦ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʧʫʯʢʘ ʵʣʝʢʪʨʦʥʦʚ ʦʪ 

ʬʦʪʦʢʘʪʦʜʘ ʉɺʏ ʧʫʰʢʠ ʜʦ ʚʳʭʦʜʘ ʠʟ ʣʠʥʝʡʥʦʛʦ ʫʩʢʦʨʠʪʝʣʷ, ʧʨʦʚʝʜʝʥʘ 

ʤʠʥʠʤʠʟʘʮʠʷ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʛʦ ʵʤʠʪʪʘʥʩʘ ʧʫʯʢʘ ʉɺʏ ʧʫʰʢʠ ʧʦ ʧʘʨʘʤʝʪʨʘʤ 

ʣʘʟʝʨʥʦʛʦ ʠʤʧʫʣʴʩʘ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩʦʣʝʥʦʠʜʘ. ɼʠʩʩʝʨʪʘʥʪ ʠʩʩʣʝʜʦʚʘʣ ʤʝʪʦʜʳ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʧʫʯʢʘ ʥʘ ʚʳʭʦʜʝ ʣʠʥʝʡʥʦʛʦ ʫʩʢʦʨʠʪʝʣʷ ʚ ʧʨʝʜʝʣʘʭ 35-50 

ʄʵɺ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʤʘʣʫʶ ʚʝʣʠʯʠʥʫ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʨʘʟʙʨʦʩʘ ʠ ʧʦʧʝʨʝʯʥʦʛʦ 

ʵʤʠʪʪʘʥʩʘ ʧʫʯʢʘ. 

ɼʣʷ ʧʨʦʝʢʪʘ GunLab ʘʚʪʦʨʦʤ ʚr ʧʦʣʥʝʥʳ ʨʘʩʯʝʪʳ ʤʘʛʥʠʪʘ-ʩʧʝʢʪʨʦʤʝʪʨʘ, 

ʨʘʟʨʘʙʦʪʘʥʘ ʝʛʦ ʢʦʥʩʪʨʫʢʮʠʷ ʠ ʠʟʤʝʨʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʊʘʢʞʝ 

ʠʤ ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʦʜʦʣʴʥʦʛʦ ʵʤʠʪʪʘʥʩʘ ʧʫʯʢʘ ʧʦ ʝʛʦ 

ʠʟʦʙʨʘʞʝʥʠʶ ʥʘ ʣʶʤʠʥʝʩʮʝʥʪʥʦʤ ʵʢʨʘʥʝ ʠ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 

ʧʦʧʝʨʝʯʥʦ-ʦʪʢʣʦʥʷʶʱʝʛʦ ʨʝʟʦʥʘʪʦʨʘ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʵʤʠʪʪʘʥʩʘ ʧʫʯʢʘ. 

ɼʠʩʩʝʨʪʘʥʪ ʫʯʘʩʪʚʦʚʘʣ ʚ ʩʙʦʨʢʝ ʠ ʥʘʩʪʨʦʡʢʝ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ ʨʘʟʨʝʟʥʦʛʦ 

ʤʠʢʨʦʪʨʦʥʘ ʜʣʷ ʠʥʪʨʘʦʧʝʨʘʮʠʦʥʥʦʡ ʣʫʯʝʚʦʡ ʪʝʨʘʧʠʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʙʳʣʘ 

ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʥʘʩʪʨʦʡʢʠ ʤʘʛʥʠʪʥʳʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʅʘ ʟʘʱʠʪʫ ʚʳʥʦʩʷʪʩʷ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ: 

1) ʇʘʨʘʤʝʪʨʳ ʠʩʪʦʯʥʠʢʘ ʵʣʝʢʪʨʦʥʦʚ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʧʦʣʫʯʠʪʴ ʧʫʯʦʢ ʩ ʟʘʨʷʜʦʤ 

1 ʥʂʣ, ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʡ ʜʣʠʥʦʡ 1 ʤʤ, ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʤ ʧʦʧʝʨʝʯʥʳʤ 

ʵʤʠʪʪʘʥʩʦʤ ʤʝʥʴʰʝ 4 ʤʤ ʤʨʘʜ ʠ ʨʝʛʫʣʠʨʫʝʤʦʡ ʵʥʝʨʛʠʝʡ 35-50 ʄʵɺ. 

2) ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʚʦʟʜʝʡʩʪʚʠʷ ʚʝʨʪʠʢʘʣʴʥʦ-ʦʪʢʣʦʥʷʶʱʝʛʦ ʨʝʟʦʥʘʪʦʨʘ 

ʥʘ ʩʨʝʜʥʠʡ ʠʤʧʫʣʴʩ ʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʡ ʨʘʟʙʨʦʩ ʧʦ ʠʤʧʫʣʴʩʘʤ 

ʵʣʝʢʪʨʦʥʦʚ ʧʫʯʢʘ ʚ ʧʨʠʙʣʠʞʝʥʠʠ, ʯʪʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʚʝʨʪʠʢʘʣʴʥʦ-

ʦʪʢʣʦʥʷʶʱʝʛʦ ʨʝʟʦʥʘʪʦʨʘ ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ ʧʦʣʝʤ ʤʦʜʳ ʊʄ110 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʨʝʟʦʥʘʪʦʨʘ ʙʝʟ ʧʨʦʣʝʪʥʦʛʦ ʢʘʥʘʣʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʠʟʤʝʥʝʥʠʝ ʩʨʝʜʥʝʛʦ ʠʤʧʫʣʴʩʘ ʟʘʚʠʩʠʪ ʦʪ ʘʤʧʣʠʪʫʜʳ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʨʝʟʦʥʘʪʦʨʘ, ʦʪ ʬʘʟʳ ʚʣʝʪʘ ʧʫʯʢʘ ʚ ʨʝʟʦʥʘʪʦʨ, ʦʪ ʜʣʠʥʳ ʩʛʫʩʪʢʦʚ ʧʫʯʢʘ 

ʠ ʦʪ ʝʛʦ ʵʥʝʨʛʠʠ, ʘ ʠʟʤʝʥʝʥʠʝ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʛʦ ʨʘʟʙʨʦʩʘ ʧʦ ʠʤʧʫʣʴʩʘʤ 
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ʪʘʢʞʝ ʟʘʚʠʩʠʪ ʦʪ ʚʝʨʪʠʢʘʣʴʥʳʭ ʨʘʟʤʝʨʘ ʠ ʫʛʣʦʚʦʛʦ ʨʘʙʨʦʩʘ ʧʫʯʢʘ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʧʦʣʝ ʨʝʟʦʥʘʪʦʨʘ ʩ ʯʘʩʪʦʪʦʡ 1.3 ɻɻʮ ʠ ʘʤʧʣʠʪʫʜʦʡ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 16.7 ʤʊʣ ʠʟʤʝʥʝʥʠʝ ʩʨʝʜʥʝʛʦ ʠʤʧʫʣʴʩʘ ʧʫʯʢʘ ʤʦʞʝʪ 

ʜʦʩʪʠʛʘʪʴ 100 ʢʵɺ/c, ʘ ʠʟʤʝʥʝʥʠʝ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʛʦ ʨʘʟʙʨʦʩʘ ʧʦ 

ʠʤʧʫʣʴʩʘʤ ï 10 ʢʵɺ/c 

3) ʄʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʷ ʧʨʦʜʦʣʴʥʦʛʦ ʵʤʠʪʪʘʥʩʘ ʧʫʯʢʘ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ 

ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʨʝʰʝʥʠʠ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʵʣʝʢʪʨʦʥʘ ʚ ʧʦʣʝ 

ʚʝʨʪʠʢʘʣʴʥʦ-ʦʪʢʣʦʥʷʶʱʝʛʦ ʨʝʟʦʥʘʪʦʨʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘ ʪʦʯʥʦʩʪʴ 

ʠʟʤʝʨʝʥʠʷ ʧʨʦʜʦʣʴʥʦʛʦ ʵʤʠʪʪʘʥʩʘ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʶʪ 

ʚʝʨʪʠʢʘʣʴʥʳʝ ʨʘʟʤʝʨ ʠ ʫʛʣʦʚʦʡ ʨʘʟʙʨʦʩ ʯʘʩʪʠʮ ʧʫʯʢʘ 

4) ʄʝʪʦʜʠʢʘ ʠ ʨʝʟʫʣʴʪʘʪʳ ʥʘʩʪʨʦʡʢʠ ʤʘʛʥʠʪʥʳʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʦʩʥʦʚʝ ʤʝʪʦʜʠʢʠ ʥʘʩʪʨʦʡʢʠ 

ʣʝʞʠʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʩʪʨʦʝʯʥʳʭ ʧʣʫʥʞʝʨʦʚ, ʘ ʢʨʠʪʝʨʠʡ ʢʘʯʝʩʪʚʘ 

ʥʘʩʪʨʦʡʢʠ ʤʘʛʥʠʪʥʳʭ ʩʠʩʪʝʤ, ʦʩʥʦʚʘʥ ʥʘ ʨʘʩʯʝʪʝ ʪʨʘʝʢʪʦʨʠʡ ʯʘʩʪʠʮ ʚ 

ʠʟʤʝʨʝʥʥʳʭ ʧʦʣʷʭ ʤʘʛʥʠʪʥʳʭ ʩʠʩʪʝʤ 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ ʠ ʧʫʙʣʠʢʘʮʠʠ 

ʄʘʪʝʨʠʘʣʳ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʨʘʙʦʪʘʭ [18, 31-38], ʠʟ ʢʦʪʦʨʳʭ ʩʪʘʪʴʠ 

[31-33] ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ɺɸʂ. ʊʘʢʞʝ ʨʝʟʫʣʴʪʘʪʳ ʜʦʢʣʘʜʳʚʘʣʠʩʴ 

ʘʚʪʦʨʦʤ ʥʘ ʥʘʫʯʥʦʤ ʩʝʤʠʥʘʨʝ ʆʕʇɺɸʗ ʅʀʀʗʌ ʄɻʋ ʠ ʩʣʝʜʫʶʱʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ 

ʠ hʢʦʣʘʭ: 

1) 23 ʚʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʫʩʢʦʨʠʪʝʣʷʤ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ (24-28 

ʩʝʥʪʷʙʨʷ 2012 ʛ., ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ); 

2) 5th International Particle Accelerator Conference (15-20 ʠʶʥʷ 2014 ʛ, ɼʨʝʟʜʝʥ, 

ɻʝʨʤʘʥʠʷ); 

3) XV ʠ XVI  ʤʝʞʚʫʟʦʚʩʢʠʝ ʥʘʫʯʥʳʝ ʰʢʦʣʳ ʤʦʣʦʜʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ 

çʂʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʝ ʧʦʪʦʢʠ ʵʥʝʨʛʠʠ ʚ ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʝ, ʵʣʝʢʪʨʦʥʠʢʝ, 

ʵʢʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʝè (25-26 ʥʦʷʙʨʷ 2014 ʛ., 24-25 ʥʦʷʙʨʷ 2015 ʛ., ʄʦʩʢʚʘ, 

ʈʦʩʩʠʷ); 

4) II  ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʇʣʘʟʤʝʥʥʳʝ, ʣʘʟʝʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ 

ʪʝʭʥʦʣʦʛʠʠè (25-27 ʷʥʚʘʨʷ 2016 ʛ., ʅʀʗʋ çʄʀʌʀè, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ). 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ 
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ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʪʨʝʭ ʛʣʘʚ ʠ ʟʘʢʣʶʯʝʥʠʷ. ɽʝ ʦʙʲʝʤ ʩʦʩʪʘʚʣʷʝʪ 

143 ʩʪʨʘʥʠʮ,r ʦʥʘ ʚʢʣʶʯʘʝʪ 86 ʨʠʩʫʥʢʦʚ ʠ 24 ʪʘʙʣʠʮ.r ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

ʚʢʣʶʯʘʝʪ 105 ʥʘʠʤʝʥʦʚʘʥʠʡ. 

ɺ ʛʣʘʚʝ 1 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʜʠʥʘʤʠʢʠ ʧʫʯʢʘ ʠʩʪʦʯʥʠʢʘ ʵʣʝʢʪʨʦʥʦʚ 

ʩ ʚʳʩʦʢʦʡ ʷʨʢʦʩʪʴʶ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʉɺʏ ʧʫʰʢʠ, ʢʦʤʧʝʥʩʠʨʫʶʱʝʛʦ ʩʦʣʝʥʦʠʜʘ ʠ 

ʣʠʥʝʡʥʦʛʦ ʫʩʢʦʨʠʪʝʣʷ. ɺ ʨʘʟʜʝʣʝ 1.2 ʦʧʠʩʘʥʳ ʤʝʪʦʜʳ ʠ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ 

ʜʠʥʘʤʠʢʠ ʧʫʯʢʘ ʚ ʉɺʏ ʧʫʰʢʝ ʩ ʩʦʣʝʥʦʠʜʦʤ, ʘ ʪʘʢʞʝ ʧʨʠʚʦʜʷʪʩʷ ʟʥʘʯʝʥʠʷ 

ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ: ʘʤʧʣʠʪʫʜʘ ʫʩʢʦʨʷʶʱʝʛʦ ʧʦʣʷ ʉɺʏ ʧʫʰʢʠ, ʧʦʣʦʞʝʥʠʝ 

ʩʦʣʝʥʦʠʜʘ ʠ ʠʥʪʝʛʨʘʣ ʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʘʟʝʨʥʦʛʦ ʠʤʧʫʣʴʩʘ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʝʛʦ ʬʘʟʘ, ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ ʚ ʣʘʟʝʨʥʦʤ ʠʤʧʫʣʴʩʝ, ʝʛʦ 

ʜʣʠʪʝʣʴʥʦʩʪʴ, ʜʠʘʤʝʪʨ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ, ʧʨʠ ʢʦʪʦʨʳʭ ʫʜʘʝʪʩʷ ʧʦʣʫʯʠʪʴ ʧʫʯʦʢ ʩ 

ʪʨʝʙʫʝʤʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʵʥʝʨʛʠʠ ʠ ʟʘʨʷʜʘ ʠ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʤ 

ʧʦʧʝʨʝʯʥʳʤ ʵʤʠʪʪʘʥʩʦʤ. ɺ ʨʘʟʜʝʣʝ 1.3 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʧʪʠʤʠʟʘʮʠʠ 

ʜʠʥʘʤʠʢʠ ʧʫʯʢʘ ʚ ʣʠʥʝʡʥʦʤ ʫʩʢʦʨʠʪʝʣʝ, ʦʧʠʩʘʥʳ ʜʚʘ ʤʝʪʦʜʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʢʦʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʧʫʯʢʘ, ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʫʯʝʪʘ ʠ ʤʠʥʠʤʠʟʘʮʠʠ 

ʤʫʣʴʪʠʧʦʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪ ʫʩʢʦʨʷʶʱʝʛʦ ʧʦʣʷ. 

ɻʣʘʚʘ 2 ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʠʢʠ ʠʟʤʝʨʝʥʠʷ ʵʥʝʨʛʠʠ, ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʩʧʝʢʪʨʘ ʠ ʧʨʦʜʦʣʴʥʦʛʦ ʵʤʠʪʪʘʥʩʘ ʧʫʯʢʘ ʉɺʏ ʧʫʰʢʠ. ʄʝʪʦʜʠʢʘ ʠʤʝʝʪ ʦʙʱʠʡ 

ʭʘʨʘʢʪʝʨ, ʥʦ ʝʝ ʧʨʠʤʝʥʝʥʠʝ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʦ ʥʘ ʧʨʠʤʝʨʝ ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʡ ʉɺʏ 

ʧʫʰʢʠ ʧʨʦʝʢʪʘ GunLab. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʧʝʢʪʨʦʤʝʪʨʘ, ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʦʛʦ ʜʣʷ 

ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ, ʫʢʘʟʘʥʳ ʚ ʨʘʟʜʝʣʝ 2.2. ɺ ʨʘʟʜʝʣʝ 2.3 ʧʦʜʨʦʙʥʦ ʦʧʠʩʳʚʘʝʪʩʷ 

ʚʦʟʜʝʡʩʪʚʠʝ ʚʝʨʪʠʢʘʣʴʥʦ-ʦʪʢʣʦʥʷʶʱʝʛʦ ɺʏ ʨʝʟʦʥʘʪʦʨʘ ʥʘ ʧʫʯʦʢ, ʘ ʪʘʢʞʝ 

ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʤʝʪʦʜʠʢʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʦʜʦʣʴʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʦʨʪʨʝʪʘ ʧʫʯʢʘ. 

ɺ ʛʣʘʚʝ 3 ʦʪʚʝʜʝʥʦ ʤʝʩʪʦ ʦʧʠʩʘʥʠʶ ʤʝʪʦʜʠʢʠ ʥʘʩʪʨʦʡʢʠ ʤʘʛʥʠʪʥʳʭ ʩʠʩʪʝʤ ʥʘ 

ʦʩʥʦʚʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʇʫʪʠ ʨʝʰʝʥʠʷ ʦʙʱʝʡ ʧʨʦʙʣʝʤʳ 

ʥʘʩʪʨʦʡʢʠ ʪʘʢʠʭ ʩʠʩʪʝʤ, ʚʳʪʝʢʘʶʱʝʡ ʠʟ ʩʚʦʡʩʪʚ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʠʣʣʶʩʪʨʠʨʫʶʪʩʷ ʥʘ ʧʨʠʤʝʨʝ ʩʣʦʞʥʦʡ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ ʨʘʟʨʝʟʥʦʛʦ ʤʠʢʨʦʪʨʦʥʘ 

ʊʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʂʘʪʘʣʦʥʠʠ. ɺ ʨʘʟʜʝʣʝ 3.2 ʧʨʠʚʦʜʠʪʩʷ ʦʙʦʩʥʦʚʘʥʠʝ 

ʚʳʙʦʨʘ ʯʝʪʳʨʝʭʧʦʣʶʩʥʦʡ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ ʚ ʢʘʯʝʩʪʚʝ ʧʦʚʦʨʦʪʥʦʛʦ ʤʘʛʥʠʪʘ; 

ʦʧʠʩʘʥʘ ʨʘʙʦʪʘ ʥʘʩʪʨʦʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʨʝʛʫʣʠʨʦʚʘʪʴ ʘʤʧʣʠʪʫʜʳ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʦʪʜʝʣʴʥʳʭ ʧʦʣʶʩʦʚ ʤʘʛʥʠʪʘ; ʦʧʠʩʘʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʧʦʚʦʨʦʪʥʦʛʦ 

ʤʘʛʥʠʪʘ; ʧʨʠʚʝʜʝʥʘ ʤʝʪʦʜʠʢʘ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʙʣʦʢʦʚ. ʄʝʪʦʜʠʢʝ 
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ʥʘʩʪʨʦʡʢʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʦʚʦʨʦʪʥʳʭ ʤʘʛʥʠʪʦʚ ʦʪʚʝʜʝʥ ʨʘʟʜʝʣ 3.3, ʘ ʤʝʪʦʜʠʢʝ 

ʠʟʤʝʨʝʥʠʡ ʠ ʦʙʦʨʫʜʦʚʘʥʠʶ, ʠʩʧʦʣʴʟʦʚʘʚʰʝʤʫʩʷ ʧʨʠ ʠʟʤʝʨʝʥʠʷʭ, ï ʨʘʟʜʝʣ 3.4. ɺ 

ʨʘʟʜʝʣʝ 3.5 ʧʨʠʚʦʜʷʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʚ ʥʘʩʪʨʦʝʥʥʳʭ 

ʧʦʚʦʨʦʪʥʳʭ ʤʘʛʥʠʪʘʭ ʠ ʨʝʟʫʣʴʪʘʪʳ ʠʭ ʘʥʘʣʠʟʘ. ʅʘʩʪʨʦʡʢʘ ʢʚʘʜʨʫʧʦʣʴʥʦʡ ʣʠʥʟʳ ʠ 

ʯʝʪʳʨʝʭ ʤʘʛʥʠʪʦʚ ʚʳʚʦʜʘ ʟʘʥʠʤʘʝʪ ʨʘʟʜʝʣ 3.6. 

ɿʘʢʣʶʯʝʥʠʝ ʩʦʜʝʨʞʠʪ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ 

ʨʘʙʦʪʝ.  
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ɻʃɸɺɸ 1. ʈɸʉʏɽʊ ɼʀʅɸʄʀʂʀ ʇʋʏʂɸ ɺ ʀʉʊʆʏʅʀʂɽ ʕʃɽʂʊʈʆʅʆɺ ʉ 

ɺʓʉʆʂʆʁ ʗʈʂʆʉʔʖ ʇʋʏʂɸ 

1.1 ʉʦʩʪʘʚ, ʧʘʨʘʤʝʪʨʳ ʠ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʠʩʪʦʯʥʠʢʘ 

ʀʩʪʦʯʥʠʢ ʵʣʝʢʪʨʦʥʦʚ, ʧʦʢʘʟʘʥʥʳʡ ʥʘ ʨʠʩ. 1.1, ʩʦʩʪʦʠʪ ʠʟ ʉɺʏ ʧʫʰʢʠ ʩ 

ʬʦʪʦʢʘʪʦʜʦʤ (1), ʩʦʣʝʥʦʠʜʘ (2), ʜʚʫʭ ʩʝʢʮʠʡ ʣʠʥʝʡʥʦʛʦ ʫʩʢʦʨʠʪʝʣʷ (3), ʦʢʥʘ ʚʚʦʜʘ 

ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (4), ʩʠʩʪʝʤʳ ʜʠʘʛʥʦʩʪʠʢʠ, ʚʢʣʶʯʘʶʱʝʡ ʜʘʪʯʠʢ ʟʘʨʷʜʘ ʩʛʫʩʪʢʘ 

(5), ʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʵʢʨʘʥ (6) ʩ ʇɿʉ ʢʘʤʝʨʦʡ (7), ʜʘʪʯʠʢ ʧʦʣʦʞʝʥʠʷ ʧʫʯʢʘ (8), 

ʢʦʨʨʝʢʪʦʨʦʚ ʧʫʯʢʘ (9), ʚʘʢʫʫʤʥʳʭ ʟʘʪʚʦʨʦʚ (10). ʇʘʨʘʤʝʪʨʳ ʠʩʪʦʯʥʠʢʘ ʧʨʠʚʝʜʝʥʳ 

ʚ ʪʘʙʣ. 1.1, ʛʜʝ ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʧʫʯʢʦʚ ʠʥʞʝʢʪʦʨʦʚ LCLS [39] ʠ 

ThomX [40]. 

 

ʈʠʩ. 1.1. 1 ï ʉɺʏ ʧʫʰʢʘ, 2 ï ʩʦʣʝʥʦʠʜ, 3 ï ʩʝʢʮʠʠ ʣʠʥʝʡʥʦʛʦ ʫʩʢʦʨʠʪʝʣʷ, 4 - ʢʘʤʝʨʘ 

ʚʚʦʜʘ ʣʘʟʝʨʥʦʛʦ ʠʤʧʫʣʴʩʘ, 5 ï ʜʘʪʯʠʢ ʟʘʨʷʜʘ, 6 ï ʢʘʤʝʨʘ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʵʢʨʘʥʘ, 

7 ï ʇɿʉ ʢʘʤʝʨʘ, 8 ï ʜʘʪʯʠʢ ʧʦʣʦʞʝʥʠʷ ʧʫʯʢʘ, 9 ï ʢʦʨʨʝʢʪʦʨʳ ʧʫʯʢʘ, 10 ï ʚʘʢʫʫʤʥʳʡ 

ʟʘʪʚʦʨ 

ʊʘʙʣʠʮʘ 1.1 

 ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʫʯʢʘ ʠʩʪʦʯʥʠʢʘ ʵʣʝʢʪʨʦʥʦʚ  

ʇʘʨʘʤʝʪʨ ʠʩʪʦʯʥʠʢ LCLS ThomX 

ʀʥʪʝʨʚʘʣ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʫʩʢʦʨʝʥʥʦʛʦ 

ʧʫʯʢʘ, ʄʵɺ 

35-50 135 50-70 

ɿʘʨʷʜ ʫʩʢʦʨʝʥʥʦʛʦ ʩʛʫʩʪʢʘ ʵʣʝʢʪʨʦʥʦʚ, ʥʂʣ 1 1 1 

ʉʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʡ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʡ 

ʵʤʠʪʪʘʥʩ, ʤʤ ʤʨʘʜ 

< 4 1.2 4 

ʉʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʘʷ ʜʣʠʥʘ ʩʛʫʩʪʢʘ, ʤʤ 1 0.12-3.3 1.11 

ʉʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʡ ʨʘʟʙʨʦʩ ʧʦ ʵʥʝʨʛʠʠ, % 0.12 - 0.36 

ʂʦʣʠʯʝʩʪʚʦ ʩʛʫʩʪʢʦʚ ʚ ʮʠʢʣʝ ʫʩʢʦʨʝʥʠʷ 4 1 1 

ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʛʫʩʪʢʘʤʠ, ʥʩ 12.5 - - 
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ʄʘʢʩʠʤʘʣʴʥʘʷ ʯʘʩʪʦʪʘ ʧʦʚʪʦʨʝʥʠʷ ʮʠʢʣʦʚ 

ʫʩʢʦʨʝʥʠʷ, ɻʮ 

50 120 50 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣ. 1.1 ʧʘʨʘʤʝʪʨʦʚ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʛʫʩʪʢʦʚ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʉɺʏ ʧʫʰʢʠ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʬʦʪʦʢʘʪʦʜʦʤ, 

ʦʙʣʫʯʘʝʤʳʤ ʣʘʟʝʨʥʳʤʠ ʠʤʧʫʣʴʩʘʤʠ. ʉʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʡ ʧʦʧʝʨʝʯʥʳʡ ʵʤʠʪʪʘʥʩ 

ʫʩʢʦʨʝʥʥʳʭ ʚ ʉɺʏ ʧʫʰʢʝ ʜʦ ʵʥʝʨʛʠʠ 5 ʄʵɺ ʩʛʫʩʪʢʦʚ ʬʦʪʦʵʣʝʢʪʨʦʥʦʚ 

ʤʠʥʠʤʠʟʠʨʫʝʪʩʷ ʥʘ ʥʝʢʦʪʦʨʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʥʝʝ ʩ ʧʦʤʦʱʴʶ ʬʦʢʫʩʠʨʫʶʱʝʛʦ 

ʩʦʣʝʥʦʠʜʘ ʠ ʜʘʣʝʝ çʟʘʤʦʨʘʞʠʚʘʝʪʩʷè ʧʨʠ ʫʩʢʦʨʝʥʠʠ ʩ ʚʳʩʦʢʠʤ ʪʝʤʧʦʤ ʥʘʙʦʨʘ 

ʵʥʝʨʛʠʠ. 

ʋʩʢʦʨʝʥʠʝ ʵʣʝʢʪʨʦʥʦʚ ʜʦ ʢʦʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʥʦʨʤʘʣʴʥʦ ʧʨʦʚʦʜʷʱʝʛʦ ʜʚʫʭʩʝʢʮʠʦʥʥʦʛʦ ʣʠʥʝʡʥʦʛʦ ʫʩʢʦʨʠʪʝʣʷ S-ʜʠʘʧʘʟʦʥʘ ʥʘ 

ʦʩʥʦʚʝ ʙʠʧʝʨʠʦʜʠʯʝʩʢʦʡ ʫʩʢʦʨʷʶʱʝʡ ʩʪʨʫʢʪʫʨʳ ʩʦ ʩʪʦʷʯʝʡ ʚʦʣʥʦʡ. 

ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʵʥʝʨʛʠʠ ʧʫʯʢʘ, ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʨʘʟʙʨʦʩʘ ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʛʫʩʪʢʘ 

ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʘʤʧʣʠʪʫʜ ʠ ʬʘʟ ʫʩʢʦʨʷʶʱʝʛʦ ʧʦʣʷ ʩʝʢʮʠʡ. 

ʉɺʏ ʧʫʰʢʘ ʠ ʢʘʞʜʘʷ ʠʟ ʩʝʢʮʠʡ ʣʠʥʝʡʥʦʛʦ ʫʩʢʦʨʠʪʝʣʷ ʧʠʪʘʝʪʩʷ ʉɺʏ ʵʥʝʨʛʠʝʡ 

ʦʪ ʦʪʜʝʣʴʥʦʛʦ ʢʣʠʩʪʨʦʥʘ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʠʤʧʫʣʴʩʥʦʡ ʤʦʱʥʦʩʪʴʶ 10 ʄɺʪ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʩ ʚʳʩʦʢʠʤ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝʤ ʠ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʨʝʛʫʣʠʨʦʚʘʪʴ ʠ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʘʤʧʣʠʪʫʜʳ ʠ ʬʘʟʳ ʫʩʢʦʨʷʶʱʠʭ ʧʦʣʝʡ ʥʘ ʥʠʟʢʦʤ ʫʨʦʚʥʝ 

ʤʦʱʥʦʩʪʠ, ʪʝʤ ʩʘʤʳʤ ʦʙʝʩʧʝʯʠʚʘʷ ʪʨʝʙʫʝʤʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʵʥʝʨʛʠʠ ʫʩʢʦʨʝʥʥʦʛʦ 

ʧʫʯʢʘ.  

1.2 ɼʠʥʘʤʠʢʘ ʧʫʯʢʘ ʚ ʉɺʏ ʧʫʰʢʝ ʠ ʩʦʣʝʥʦʠʜʝ 

1.2.1 ʉɺʏ ʧʫʰʢʘ 

ʉɺʏ ʧʫʰʢʘ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʪʴ ʩʣʝʜʫʶʱʠʝ ʩ ʯʘʩʪʦʪʦʡ 50 ɻʮ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʟ ʯʝʪʳʨʝʭ ʩʛʫʩʪʢʦʚ, ʨʘʟʜʝʣʝʥʥʳʭ ʚʦ ʚʨʝʤʝʥʠ ʠʥʪʝʨʚʘʣʦʤ 12.5 

ʥʩ ʠ ʫʩʢʦʨʝʥʥʳʭ ʜʦ 5 ʄʵɺ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʠʤʝʶʱʠʭʩʷ ʨʘʟʨʘʙʦʪʦʢ ʚ 

ʢʘʯʝʩʪʚʝ ʧʨʦʪʦʪʠʧʘ ʙʳʣ ʚʳʙʨʘʥ ʚʘʨʠʘʥʪ ʧʫʰʢʠ ʩ ʤʝʜʥʳʤ ʬʦʪʦʢʘʪʦʜʦʤ. ɼʘʥʥʘ ̫

ʧʫʰʢʘ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʩʚʷʟʘʥʥʳʭ ʨʝʟʦʥʘʪʦʨʦʚ ʦʙʱʝʡ ʜʣʠʥʦʡ ρȢφ‗ςϳ, ʛʜʝ ‗ ï ʜʣʠʥʘ 

ʚʦʣʥʳ ʫʩʢʦʨʷʶʱʝʛʦ ʧʦʣʷ, ʠ ʨʘʙʦʪʘʝʪ ʥʘ “-ʢʦʣʝʙʘʥʠʠ ʩ ʯʘʩʪʦʪʦʡ 2856 ʄɻʮ. ʊʘʢʘʷ 

ʧʫʰʢʘ ʙʳʣʘ ʩʦʟʜʘʥʘ ʜʣʷ ʧʨʦʝʢʪʘ LCLS [41-43] ʥʘ ʦʩʥʦʚʘʥʠʠ ʚʘʨʠʘʥʪʘ ʧʫʰʢʠ BNL 

[44]. 
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ʅʘ ʨʠʩ. 1.2, ʘ ʠʟʦʙʨʘʞʝʥʘ ʯʝʪʚʝʨʪʴ ʉɺʏ ʧʫʰʢʠ. ʆʩʥʦʚʥʳʝ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ “-ʢʦʣʝʙʘʥʠʷ ʉɺʏ ʧʫʰʢʠ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʚ 

CST Studio [28] ʠ SUPERFISH [30] ʜʣʷ ʥʦʨʤʠʨʦʚʢʠ ʧʦʣʷ ȿ᷿ὉȿὨᾀ᷿ Ὠᾀϳ υςȢς 

ʄɺ/ʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʫʩʢʦʨʝʥʠʝ ʬʦʪʦʵʣʝʢʪʨʦʥʦʚ ʜʦ 5 ʄʵɺ ʧʨʠ ʬʘʟʝ ʣʘʟʝʨʥʦʛʦ 

ʠʤʧʫʣʴʩʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʣʷ 30Á, ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1.2. ʈʘʩʧʨʝʜʝʣʝʥʠʝ 

ʫʩʢʦʨʷʶʱʝʛʦ ʧʦʣʷ ʥʘ ʦʩʠ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.2, ʙ. 

 

ʘ                                                       ʙ 

ʈʠʩ. 1.2. (ʘ) ʏʝʪʚʝʨʪʴ ʉɺʏ ʧʫʰʢʠ. (ʙ) ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ Ὁ ʚʜʦʣʴ 

ʦʩʠ ʧʫʰʢʠ 

ʊʘʙʣʠʮʘ 1.2 

ʆʩʥʦʚʥʳʝ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ˊ-ʤʦʜʳ ʉɺʏ ʧʫʰʢʠ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ CST SUPERFISH 

ʏʘʩʪʦʪʘ ʨʘʙʦʯʝʛʦ ʢʦʣʝʙʘʥʠʷ 2856.8 ʄɻʮ 2856.8 ʄɻʮ 

ʏʘʩʪʦʪʘ 0-ʤʦʜʳ 2838.1 ʄɻʮ 2838.1 ʄɻʮ 

ɼʦʙʨʦʪʥʦʩʪʴ 14236 14255 

ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣ. ʧʦʣʷ ʥʘ ʢʘʪʦʜʝ 106 ʄɺ/ʤ 106 ʄɺ/ʤ 

ʇʦʪʝʨʠ ʚ ʩʪʝʥʢʘʭ 7.08 ʄɺʪ 7.07 ʄɺʪ 

ɿʘʧʘʩʝʥʥʘʷ ʵʥʝʨʛʠʷ 5.61 ɼʞ 5.61 ɼʞ 

ʎʝʣʴʶ ʦʧʪʠʤʠʟʘʮʠʠ ʜʠʥʘʤʠʢʠ ʧʫʯʢʘ ʚ ʉɺʏ ʧʫʰʢʝ ʙʳʣʦ ʜʦʩʪʠʞʝʥʠʝ ʚʝʣʠʯʠʥʳ 

ʧʨʦʝʢʪʥʦʡ ʵʥʝʨʛʠʠ, ʤʠʥʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʳ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ 

ʵʤʠʪʪʘʥʩʘ, ʤʠʥʠʤʘʣʴʥʦʛʦ ʨʘʟʙʨʦʩʘ ʧʦ ʵʥʝʨʛʠʠ, ʧʨʦʝʢʪʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠ ʟʘʨʷʜʘ 

ʩʛʫʩʪʢʘ ʟʘ ʩʯʝʪ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʳʙʦʨʘ ʩʣʝʜʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ: ʘʤʧʣʠʪʫʜʳ 

ʫʩʢʦʨʷʶʱʝʛʦ ʧʦʣʷ, ʬʘʟʳ ʣʘʟʝʨʥʦʛʦ ʠʤʧʫʣʴʩʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʬʘʟʝ ʧʦʣʷ, ʜʣʠʥʳ 
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ʚʦʣʥʳ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ ʣʘʟʝʨʥʦʛʦ 

ʠʤʧʫʣʴʩʘ, ʨʘʜʠʫʩʘ ʧʷʪʥʘ ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʣʘʟʝʨʥʦʛʦ ʠʤʧʫʣʴʩʘ ʥʘ ʢʘʪʦʜʝ. 

1.2.2 ʉʦʣʝʥʦʠʜ 

ɺ ʧʨʦʮʝʩʩʝ ʫʩʢʦʨʝʥʠʷ ʧʫʯʢʘ ʚ ʉɺʏ ʧʫʰʢʝ ʠ ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʤ ʜʚʠʞʝʥʠʠ 

ʩʛʫʩʪʢʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʜʨʝʡʬʘ ʧʨʦʠʩʭʦʜʠʪ ʨʦʩʪ ʧʦʧʝʨʝʯʥʦʛʦ ʵʤʠʪʪʘʥʩʘ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʩʠʣ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʟʘʨʷʜʘ. ʉ ʧʦʤʦʱʴʶ ʬʦʢʫʩʠʨʫʶʱʝʛʦ ʩʦʣʝʥʦʠʜʘ 

ʤʦʞʥʦ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʵʤʠʪʪʘʥʩ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʦʯʢʝ ʥʘ ʪʨʘʝʢʪʦʨʠʠ ʧʫʯʢʘ. 

ʄʝʭʘʥʠʟʤ ʤʠʥʠʤʠʟʘʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ, ʥʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʘʭ [45-47].  

ʆʪʧʨʘʚʥʦʡ ʪʦʯʢʦʡ ʜʣʷ ʚʳʙʦʨʘ ʢʦʥʩʪʨʫʢʮʠʠ ʩʦʣʝʥʦʠʜʘ ʷʚʣʷʣʘʩʴ ʢʦʥʩʪʨʫʢʮʠʷ, 

ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʜʣʷ ʧʨʦʝʢʪʘ LCLS [43, 48]. ɻʝʦʤʝʪʨʠʷ ʢʦʥʝʯʥʦʛʦ ʚʘʨʠʘʥʪʘ ʩʦʣʝʥʦʠʜʘ 

ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1.3, ʘ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʦʩʠ ʩʦʣʝʥʦʠʜʘ ʜʣʷ 

ʠʥʪʝʛʨʘʣʘ ʧʦʣʷ 44.3 ʊ ʤʤ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.3, ʙ. 

 

ʘ                                                                         ʙ 

ʈʠʩ. 1.3. (ʘ) ɸʢʩʠʘʣʴʥʦ-ʩʠʤʤʝʪʨʠʯʥʳʡ ʩʦʣʝʥʦʠʜ: 1 ï ʪʦʨʮʝʚʘʷ ʯʘʩʪʴ, 2 ï ʢʦʣʴʮʦ, 3 

ï ʨʘʟʨʘʚʥʠʚʘʶʱʘʷ ʧʣʘʩʪʠʥʘ, 4 ï ʢʘʪʫʰʢʘ, 5 ï ʦʪʚʝʨʩʪʠʝ ʚ ʢʦʣʴʮʝ, 6, 7 ï ʢʦʣʦʜʢʠ ʜʣʷ 

ʢʨʝʧʣʝʥʠʷ ʪʦʢʦʧʦʜʚʦʜʷʱʠʭ ʧʨʦʚʦʜʦʚ ʠ ʰʣʘʥʛʦʚ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ. (ʙ) 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʦʩʠ ʩʦʣʝʥʦʠʜʘ 

1.2.3 ɺʳʙʦʨ ʬʘʟʳ ʠʥʞʝʢʮʠʠ 

ʉ ʮʝʣʴʶ ʦʧʨʝʜʝʣʠʪʴ ʬʘʟʫ ʠʥʞʝʢʮʠʠ ʧʫʯʢʘ ʚ ʉɺʏ ʧʫʰʢʫ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʨʘʩʯʝʪʳ ʜʠʥʘʤʠʢʠ ʦʪʜʝʣʴʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʠ ʩʛʫʩʪʢʘ ʵʣʝʢʪʨʦʥʦʚ ʚ ʧʦʣʝ ʉɺʏ ʧʫʰʢʠ. 

ʇʨʠʯʝʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʧʫʰʢʠ ʙʳʣʦ ʥʦʨʤʠʨʦʚʘʥʦ ʥʘ ʟʥʘʯʝʥʠʝ 52.2 ʄɺ/ʤ. 

ʈʘʩʯʝʪʳ ʜʠʥʘʤʠʢʠ ʧʫʯʢʘ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʧʨʦʛʨʘʤʤʘʭ ASTRA [27] ʠ CST Studio. 

ʇʨʠ ʨʘʩʯʝʪʝ ʜʠʥʘʤʠʢʠ ʦʪʜʝʣʴʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʧʨʠʥʠʤʘʣʦʩʴ, ʯʪʦ ʠʭ ʥʘʯʘʣʴʥʘʷ 

ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʨʘʚʥʘ 2 ʵɺ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 1.4, ʘ, ʙ. 
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ʅʘ ʨʠʩ. 1.4, ʘ ʠʟʦʙʨʘʞʝʥʘ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ Ὁ ʵʣʝʢʪʨʦʥʘ ʥʘ ʚʳʭʦʜʝ ʠʟ ʧʫʰʢʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʯʘʣʴʥʦʡ ʬʘʟʳ •  ʵʣʝʢʪʨʦʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʣʷ. ʇʨʠʯʝʤ ʚ ʬʘʟʝ 

• σπЈ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʵʣʝʢʪʨʦʥʘ ʨʘʚʥʘ Ὁ τȢωχ ʄʵɺ (ʚ ʬʘʟʝ 0Á 

ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʉɺʏ ʧʦʣʝ ʦʪʩʫʪʩʪʚʫʝʪ). ʅʘ ʨʠʩ. 1.4, ʙ ʧʦʢʘʟʘʥʦ, ʢʘʢ ʤʝʥʷʝʪʩʷ 

ʦʧʪʠʯʝʩʢʘʷ ʩʠʣʘ Ὂ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʵʣʝʢʪʨʦʥ, ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʥʘʭʦʜʠʚʰʠʡʩʷ ʥʘ 

ʢʘʪʦʜʝ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ὼ ρ ʤʤ ʦʪ ʦʩʠ. ʆʧʪʠʯʝʩʢʘʷ ʩʠʣʘ ʚʳʯʠʩʣʷʣʘʩʴ ʧʦ ʬʦʨʤʫʣʝ 

Ὂ ὼ ὼϳ , ʛʜʝ ὼ  ï ʢʦʦʨʜʠʥʘʪʘ ʵʣʝʢʪʨʦʥʘ ʥʘ ʚʳʭʦʜʝ ʠʟ ʧʫʰʢʠ, ὼ ὴ ὴϳ , 

ὴ ʠ ὴ ï ʢʦʤʧʦʥʝʥʪʳ ʠʤʧʫʣʴʩʘ ʵʣʝʢʪʨʦʥʘ ʥʘ ʚʳʭʦʜʝ ʠʟ ʧʫʰʢʠ. ʀʟ ʨʠʩ. 1.4, ʙ 

ʩʣʝʜʫʝʪ, ʯʪʦ ʧʦʣʝ ʉɺʏ ʧʫʰʢʠ ʜʝʬʦʢʫʩʠʨʫʝʪ ʧʫʯʦʢ, ʪʘʢ ʢʘʢ Ὂ π. 

  

ʘ                                                                     ʙ 

ʈʠʩ. 1.4. ʂʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ Ὁ (ʘ) ʵʣʝʢʪʨʦʥʘ ʥʘ ʚʳʭʦʜʝ ʠʟ ʧʫʰʢʠ ʠ ʦʧʪʠʯʝʩʢʘʷ 

ʩʠʣʘ Ὂ ʧʫʰʢʠ (ʙ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʘʟʳ ʵʤʠʩʩʠʠ •  

ʊʘʢʞʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʜʠʥʘʤʠʢʠ ʧʫʯʢʘ ʵʣʝʢʪʨʦʥʦʚ ʚ ʉɺʏ ʧʫʰʢʝ. 

ʇʫʯʦʢ ʙʳʣ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʬʦʨʤr ʠ ʩ ʦʜʥʦʨʦʜʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʵʣʝʢʪʨʦʥʦʚ. 

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʫʯʢʘ ʫʢʘʟʘʥʳ ʚ ʪʘʙʣ. 1.3. 

ʊʘʙʣʠʮʘ 1.3 

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʫʯʢʘ ʵʣʝʢʪʨʦʥʦʚ 

ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʠʝ 

ɿʘʨʷʜ ή 1 ʥʂʣ 

ʉʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʡ ʨʘʜʠʫʩ „ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ 0.60 ʤʤ 

ʈʘʜʠʫʩ ὼ  ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ 1.2 ʤʤ 

ʉʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʡ ʨʘʟʙʨʦʩ „  689 ʤʨʘʜ 

ʉʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʚʨʝʤʷ ʵʤʠʩʩʠʠ „ 2.9 ʧʩ 

ɼʣʠʪʝʣʴʥʦʩʪʴ ʧʫʯʢʘ ὸ  10 ʧʩ 

ʅʦʨʤʘʣʠʟʦʚʘʥʥʳʡ ʧʦʧʝʨʝʯʥʳʡ ʵʤʠʪʪʘʥʩ ‐ 1.41 ʤʤ ʤʨʘʜ 
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ʉʨʝʜʥʷʷ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ Ὁ 0.40 ʵɺ 

ʉʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʡ ʨʘʟʙʨʦʩ ʧʦ ʢʠʥʝʪʠʯʝʩʢʠʤ ʵʥʝʨʛʠʷʤ „ 0.14 ʵɺ 

 

ʘ 

 

ʙ                                                               ʚ 

ʈʠʩ. 1.5. ʉʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʘʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʫʯʢʘ ʵʣʝʢʪʨʦʥʦʚ „ (ʘ), ʝʛʦ ʩʨʝʜʥʷʷ 

ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ Ὁ (ʙ) ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ „ Ὁϳ  

(ʚ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʘʟʳ ʠʥʞʝʢʮʠʠ •  ʧʫʯʢʘ ʚ ʉɺʏ ʧʫʰʢʫ 

ʅʘ ʨʠʩ. 1.5, ʘ ʧʦʢʘʟʘʥʦ ʠʟʤʝʥʝʥʠʝ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ „ „ ὧϳ 

ʧʫʯʢʘ ʥʘ ʚʳʭʦʜʝ ʠʟ ʧʫʰʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʘʟʳ •  ʧʦʣʷ ʧʫʰʢʠ. ʀʟ ʨʠʩʫʥʢʘ 

ʚʠʜʥʦ, ʯʪʦ ʧʫʯʦʢ ʩʞʠʤʘʝʪʩʷ ʧʨʠ ʬʘʟʘʭ ʠʥʞʝʢʮʠʠ • τυЈ. ʇʨʠ ʙʦʣʴʰʠʭ ʬʘʟʘʭ 

ʧʫʯʦʢ ʨʘʩʪʷʛʠʚʘʝʪʩʷ ʧʦʣʝʤ ʧʫʰʢʠ. ʅʘ ʨʠʩ. 1.5, ʙ, ʚ ʧʦʢʘʟʘʥʦ, ʢʘʢ ʠʟʤʝʥʷʶʪʩʷ 

ʩʨʝʜʥʷʷ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʧʫʯʢʘ Ὁ ʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ 

ʢʠʥʝʪʠʯʝʩʢʠʭ ʵʥʝʨʛʠʡ ʯʘʩʪʠʮ ʧʫʯʢʘ „ ʩ ʬʘʟʦʡ ʠʥʞʝʢʮʠʠ ʚ ʧʫʰʢʫ. ʄʠʥʠʤʘʣʴʥʦʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ „ Ὁϳ

πȢσϷ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʬʘʟʝ ʠʥʞʝʢʮʠʠ 30Á. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠʚʝʜʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦʭʦʞʠʭ ʨʘʙʦʪ [39, 49, 50]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʜʝʣʘʝʤ ʚʳʚʦʜ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʘʷ ʬʘʟʘ 

ʠʥʞʝʢʮʠʠ ʧʫʯʢʘ ʚ ʉɺʏ ʧʫʰʢʫ ʨʘʚʥʘ • σπЈ. ʇʨʠ ʵʪʦʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ 
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ʧʫʰʢʠ ʜʦʣʞʥʦ ʙʳʪʴ ʥʦʨʤʠʨʦʚʘʥʦ ʥʘ ʟʥʘʯʝʥʠʝ 52.2 ʄɺ/ʤ (ʘʤʧʣʠʪʫʜʘ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʘ ʢʘʪʦʜʝ 106 ʄɺ/ʤ). 

1.2.4 ʆʮʝʥʢʘ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ, ʵʤʠʪʠʨʫʝʤʦʛʦ ʚ ʧʫʰʢʫ 

ɿʘʨʷʜ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʛʫʩʪʢʘ, ʵʤʠʪʠʨʫʝʤʦʛʦ ʩ ʬʦʪʦʢʘʪʦʜʘ ʉɺʏ ʧʫʰʢʠ, ʜʦʣʞʝʥ 

ʙʳʪʴ ʨʘʚʝʥ 1 ʥʂʣ. ɺ ʢʘʯʝʩʪʚʝ ʢʘʪʦʜʘ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʤʝʜʥʘʷ ʩʪʝʥʢʘ ʧʫʰʢʠ, 

ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʦʙʣʫʯʘʪʴʩʷ ʣʘʟʝʨʥʳʤʠ ʠʤʧʫʣʴʩʘʤʠ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ʚ ʜʠʘʧʘʟʦʥʝ 248-

266 ʥʤ. ʅʘ ʦʩʥʦʚʝ ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʧʨʦʝʢʪʦʚ [39, 40, 50-52] ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, 

ʯʪʦ ʠʩʪʦʯʥʠʢʠ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʪʘʢʠʤʠ ʜʣʠʥʘʤʠ ʚʦʣʥ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ. ɼʘʣʝʝ ʙʫʜʝʪ ʧʨʝʜʧʦʣʘʛʘʪʴʩʷ, ʯʪʦ ʛʝʥʝʨʠʨʫʝʤʳʡ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʬʦʪʦʵʬʬʝʢʪʘ ʵʣʝʢʪʨʦʥʥʳʡ ʩʛʫʩʪʦʢ ʠʤʝʝʪ ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ ʬʦʨʤʫ ʩ ʢʨʫʛʣʳʤ 

ʩʝʯʝʥʠʝʤ. ʏʪʦʙʳ ʥʘ ʧʨʘʢʪʠʢʝ ʜʦʙʠʪʴʩʷ ʵʪʦʛʦ, ʥʝʦʙʷʟʘʪʝʣʴʥʦ ʦʙʣʫʯʘʪʴ ʢʘʪʦʜ ʧʦʜ 

ʧʨʷʤʳʤ ʫʛʣʦʤ, ʢʘʢ ʵʪʦ ʩʜʝʣʘʥʦ, ʥʘʧʨʠʤʝʨ, ʚ [39, 50]. ʄʦʞʥʦ ʦʙʣʫʯʘʪʴ ʢʘʪʦʜ ʥʝ ʧʦʜ 

ʧʨʷʤʳʤ ʫʛʣʦʤ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʝʦʙʨʘʟʦʚʘʚ ʬʦʨʤʫ ʩʘʤʦʛʦ ʣʘʟʝʨʥʦʛʦ ʠʤʧʫʣʴʩʘ 

[51]. 

ʇʨʠ ʦʙʣʫʯʝʥʠʠ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʪʦʢʦʤ ʬʦʪʦʥʦʚ ʩ ʵʥʝʨʛʠʝʡ Ὁ  

ʚ ʨʝʟʫʣʴʪʘʪʝ ʬʦʪʦʵʬʬʝʢʪʘ ʧʦʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʥʥʳʡ ʪʦʢ [53]. ʇʨʠʯʝʤ ʵʣʝʢʪʨʦʥʥʳʡ 

ʩʛʫʩʪʦʢ ʦʙʣʘʜʘʝʪ ʩʣʝʜʫʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: 

Ὁ
ς

σ
Ὁ ɮ ȟ„

ρ

σЍς
Ὁ ɮ ȟ 

(1.1) 

„ ȟ άὧ
Ὁ ɮ

σάὧ
ȟ‐ ȟ „ȟ

Ὁ ɮ

σάὧ
Ȣ 

 

ɿʜʝʩʴ άὧ πȢυρρ ʄʵɺ ï ʵʥʝʨʛʠʷ ʧʦʢʦʷ ʵʣʝʢʪʨʦʥʘ, ɮ  ï ʵʬʬʝʢʪʠʚʥʘʷ ʨʘʙʦʪʘ 

ʚʳʭʦʜʘ ʵʣʝʢʪʨʦʥʦʚ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʦʜʘ, Ὁ ï ʩʨʝʜʥʷʷ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ 

ʵʣʝʢʪʨʦʥʦʚ, „ ï ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʡ ʨʘʟʙʨʦʩ ʧʦ ʵʥʝʨʛʠʠ, „ ȟ  ï 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʡ ʨʘʟʙʨʦʩ ʧʦ ʠʤʧʫʣʴʩʘʤ, „ȟ ï ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʡ ʨʘʟʤʝʨ 

ʧʫʯʢʘ, ‐ ȟ ï ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʡ ʪʝʧʣʦʚʦʡ ʵʤʠʪʪʘʥʩ. ɺ ʧʨʠʣʦʞʝʥʠʠ ɸ 

ʧʦʢʘʟʳʚʘʝʪʩʷ ʦʩʦʙʝʥʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʵʤʠʪʪʘʥʩʘ ʧʦ ʬʦʨʤʫʣʝ (1.1). 

ʕʬʬʝʢʪʠʚʥʘʷ ʨʘʙʦʪʘ ʚʳʭʦʜʘ ɮ  ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʨʘʙʦʪʳ ʚʳʭʦʜʘ ɮ ʠʟ-ʟʘ ʵʬʬʝʢʪʘ 

ʐʦʪʪʢʠ: 



 

 

20 

 

ɮ ɮ πȢπσχωτχὉ
˙ˏ

̍
̞ȟˏ 

(1.2) 

ʛʜʝ Ὁ ï ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʧʨʠʣʦʞʝʥʥʦʛʦ ʢ ʢʘʪʦʜʫ ʚʥʝʰʥʝʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. ɺ 

ʨʘʟʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʫʢʘʟʘʥʳ ʨʘʟʥʳʝ ʟʥʘʯʝʥʠʷ ʨʘʙʦʪʳ ʚʳʭʦʜʘ ɮ ɻ ʣʝʢʪʨʦʥʦʚ ʠʟ ʤʝʜʠ. 

ʅʘʧʨʠʤʝʨ, ɮ τȢσρ ʵɺ ʚ [53], ɮ τȢτχ ʵɺ ʚ [54], ɮ τȢτψ υȢρπ ʵɺ ʚ [55]. 

ʇʨʠʤʝʤ, ʯʪʦ ɮ τȢχ ɻ ɺ, ʘ Ὁ ρπφϽÓÉÎσπЈυσ ʄɺ/ʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʜʩʪʘʥʦʚʢʠ 

ʚ (1.2) ʧʦʣʫʯʠʤ ɮ τȢτ ʵɺ. 

ʅʘ ʦʩʥʦʚʝ ʫʢʘʟʘʥʥʳʭ ʜʦʧʫʱʝʥʠʡ ʙʳʣʠ ʦʮʝʥʝʥʳ ʧʘʨʘʤʝʪʨʳ ʵʤʠʪʠʨʫʝʤʳʭ 

ʧʫʯʢʦʚ ʵʣʝʢʪʨʦʥʦʚ ʜʣʷ ʜʚʫʭ ʜʣʠʥ ʚʦʣʥ ʣʘʟʝʨʥʳʭ ʠʤʧʫʣʴʩʦʚ ‗ ςτψ ʥʤ ʠ ‗ ςφφ 

ʥʤ. ʅʝʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʫʯʢʦʚ ʫʢʘʟʘʥʳ ʚ ʪʘʙʣ. 1.4. ʏʪʦʙʳ ʫʟʥʘʪʴ, 

ʥʘʩʢʦʣʴʢʦ ʩʠʣʴʥʦ ʚʣʠʷʝʪ ʜʣʠʥʘ ʚʦʣʥʳ ʥʘ ʧʘʨʘʤʝʪʨʳ ʧʫʯʢʘ ʥʘ ʚʳʭʦʜʝ ʠʟ ʉɺʏ 

ʧʫʰʢʠ, ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʚʠʞʝʥʠʷ ʜʚʫʭ ʧʫʯʢʦʚ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʠʟ 

ʪʘʙʣ. 1.4 ʚ ʧʫʰʢʝ. ʆʙʘ ʧʫʯʢʘ ʠʤʝʣʠ ʦʜʠʥʘʢʦʚʫʶ ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ ʬʦʨʤʫ ʩ ʢʨʫʛʣʳʤ 

ʩʝʯʝʥʠʝʤ ʠ ʦʜʥʦʨʦʜʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʵʣʝʢʪʨʦʥʦʚ ʚ ʦʙʲʝʤʝ, ʨʘʜʠʫʩ ʧʦʧʝʨʝʯʥʦʛʦ 

ʩʝʯʝʥʠʷ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʫʯʢʦʚ ʙʳʣʠ ʨʘʚʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 1.2 ʤʤ ʠ 10 ʧʩ. ʇʫʯʢʠ 

ʠʥʞʝʢʪʠʨʦʚʘʣʠʩʴ ʚ ʧʫʰʢʫ ʚ ʬʘʟʝ 30Á, ʘ ʧʦʣʝ ʙʳʣʦ ʥʦʨʤʠʨʦʚʘʥʦ ʥʘ ʟʥʘʯʝʥʠʝ 52.2 

ʄɺ/ʤ. 

ʊʘʙʣʠʮʘ 1.4 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʛʫʩʪʢʦʚ ʬʦʪʦʵʣʝʢʪʨʦʥʦʚ, ʛʝʥʝʨʠʨʫʶʱʠʭʩʷ ʧʨʠ ʦʙʣʫʯʝʥʠʠ 

ʤʝʜʥʦʛʦ ʢʘʪʦʜʘ ʣʘʟʝʨʥʳʤʠ ʠʤʧʫʣʴʩʘʤʠ ʩ ʜʣʠʥʘʤʠ ʚʦʣʥ 248 ʠ 266 ʥʤ 

ʇʘʨʘʤʝʪʨ ‗ ςτψ ʥʤ ‗ ςφφ ʥʤ 

Ὁ  5.0 ɻ ɺ 4.6 ʵɺ 

Ὁ 0.4 ʵɺ 0.13 ɻ ɺ 

„ 0.14 ʵɺ 0.047 ʵɺ 

„ ȟ  320 ɻ ɺ/c 184 ʵɺ/c 

‐ ȟ 0.375 ʤʤ ʤʨʘʜ 0.217 ʤʤ ʤʨʘʜ 

ɺ ʪʘʙʣ. 1.5 ʩʨʘʚʥʠʚʘʶʪʩʷ ʨʘʟʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʫʯʢʦʚ, ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʭ 

ʣʘʟʝʨʥʳʤʠ ʠʤʧʫʣʴʩʘʤʠ ʩ ʜʣʠʥʘʤʠ ʚʦʣʥ 248 ʠ 266 ʥʤ ʠ ʫʩʢʦʨʝʥʥʳʭ ʚ ʉɺʏ ʧʫʰʢʝ. 

ʊʘʢ ʢʘʢ ʩʫʱʝʩʪʚʝʥʥʳʭ ʦʪʣʠʯʠʡ ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ ʨʘʟʥʳʭ ʵʤʠʪʠʨʫʝʤʳʭ ʧʫʯʢʦʚ, 

ʧʦʩʯʠʪʘʥʥʳʭ ʚ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʧʨʦʛʨʘʤʤʝ (ASTRA ʠʣʠ CST), ʥʝʪ, ʜʝʣʘʝʤ ʚʳʚʦʜ, 

ʯʪʦ ʜʣʷ ʦʙʣʫʯʝʥʠʷ ʤʝʜʥʦʛʦ ʬʦʪʦʢʘʪʦʜʘ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʣʘʟʝʨʥʳʝ ʠʤʧʫʣʴʩʳ ʩ 
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ʜʣʠʥʘʤʠ ʚʦʣʥ ʚ ʜʠʘʧʘʟʦʥʝ 248-266 ʥʤ. ɺ ʩʣʝʜʫʶʱʠʭ ʨʘʟʜʝʣʘʭ ʛʣʘʚʳ 1 ʙʫʜʫʪ 

ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʜʠʥʘʤʠʢʠ ʧʫʯʢʘ, ʵʤʠʪʠʨʫʝʤʦʛʦ ʚ ʉɺʏ ʧʫʰʢʫ ʧʨʠ 

ʦʙʣʫʯʝʥʠʠ ʢʘʪʦʜʘ ʣʘʟʝʨʥʳʤ ʠʤʧʫʣʴʩʦʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 248 ʥʤ. 

ʊʘʙʣʠʮʘ 1.5 

ʉʨʘʚʥʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʫʯʢʦʚ ʥʘ ʚʳʭʦʜʝ ʠʟ ʉɺʏ ʧʫʰʢʠ 

ʇʘʨʘʤʝʪʨ 
ASTRA CST 

‗ ςτψ ʥʤ ‗ ςφφ ʥʤ ‗ ςτψ ʥʤ ‗ ςφφ ʥʤ 

Ὁ, ʄʵɺ 4.97 4.97 4.95 4.95 

„, ʢʵɺ 8.62 8.72 12.89 12.86 

‐, ʤʤ ʤʨʘʜ 3.52 3.59 2.78 2.74 

„, ʤʤ 1.70 1.70 1.69 1.69 

„, ʤʤ 0.810 0.807 0.808 0.803 

ʆʮʝʥʠʤ ʵʥʝʨʛʠʶ ʣʘʟʝʨʥʦʛʦ ʠʤʧʫʣʴʩʘ, ʪʨʝʙʫʶʱʫʶʩʷ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʠʟ ʤʝʜʥʦʛʦ 

ʢʘʪʦʜʘ ʩʛʫʩʪʢʘ ʵʣʝʢʪʨʦʥʦʚ ʩ ʟʘʨʷʜʦʤ ή ρ ʥʂʣ. ɺ ʩʛʫʩʪʢʝ ʩ ʪʘʢʠʤ ʟʘʨʷʜʦʤ 

ʩʦʜʝʨʞʠʪʩʷ ὔ ήὩϳ ʵʣʝʢʪʨʦʥʦʚ. ɽʩʣʠ ὗὉ ï ʢʚʘʥʪʦʚʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʜʥʦʛʦ 

ʢʘʪʦʜʘ, ʪʦʛʜʘ ʚ ʣʘʟʝʨʥʦʤ ʠʤʧʫʣʴʩʝ ʜʦʣʞʥʦ ʙʳʪʴ ὔ ὔ ὗὉϳ  ʬʦʪʦʥʦʚ ʩ ʵʥʝʨʛʠʝʡ 

Ὁ Ὤὧ‗ϳ ʢʘʞʜʳʡ. ʇʦʵʪʦʤʫ ʵʥʝʨʛʠʷ ʣʘʟʝʨʥʦʛʦ ʠʤʧʫʣʴʩʘ, ʧʘʜʘʶʱʝʛʦ ʥʘ ʢʘʪʦʜ, 

ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʚʥʘ: 

Ὁ
ήϽὉ

ὩϽὗὉ
Ȣ 

(1.3) 

ʂʚʘʥʪʦʚʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʯʪʠ ʢʚʘʜʨʘʪʠʯʥʦ ʟʘʚʠʩʠʪ ʦʪ ʵʥʝʨʛʠʠ Ὁ  [53]: 

ὗὉ
ρ ὙὉ

ρ
‗ Ὁ

‗ Ὁ

Ͻ
Ὁ ɮ

ψɮ Ὁ ɮ
ὃὉ ɮ Ȣ 

(1.4) 

ɿʜʝʩʴ Ὑ ï ʦʪʨʘʞʘʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢʘʪʦʜʘ, ‗  ï ʩʨʝʜʥʠʡ ʧʫʪʴ ʬʦʪʦʥʘ ʚ ʢʘʪʦʜʝ 

ʜʦ ʧʦʛʣʦʱʝʥʠʷ ʵʣʝʢʪʨʦʥʦʤ, ‗  ï ʩʨʝʜʥʝʝ ʨʘʩʩʪʦʷʥʠʝ, ʧʨʦʭʦʜʠʤʦʝ ʵʣʝʢʪʨʦʥʦʤ ʚ 

ʢʘʪʦʜʝ ʙʝʟ ʫʯʘʩʪʠʷ ʚ ʵʣʝʢʪʨʦʥ-ʵʣʝʢʪʨʦʥʥʦʤ ʨʘʩʩʝʷʥʠʠ. ɺʩʝ ʵʪʠ ʚʝʣʠʯʠʥʳ ʩʣʘʙʦ 

ʟʘʚʠʩʷʪ ʦʪ ʵʥʝʨʛʠʠ ʬʦʪʦʥʘ. ʊʘʢʞʝ ʚ ʬʦʨʤʫʣʝ (1.4) ʬʠʛʫʨʠʨʫʶʪ ʵʥʝʨʛʠʷ ʌʝʨʤʠ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʛʘʟʘ Ὁ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ὃ, ʢʦʪʦʨʳʡ ʚ ʮʝʣʦʤ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʚʦʡʩʪʚʘ 

ʤʘʪʝʨʠʘʣʘ ʢʘʪʦʜʘ. 
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ʅʘ ʨʠʩ. 1.6, ʘ ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ὗὉὉ , ʧʦʩʪʨʦʝʥʥʘʷ ʧʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟ [56]. ʇʦʜʩʪʘʥʦʚʢʦʡ (1.4) ʚ (1.3) ʧʦʣʫʯʘʝʤ 

ʬʫʥʢʮʠʶ Ὁ Ὁ  ï ʢʘʢ ʜʦʣʞʥʘ ʤʝʥʷʪʴʩʷ ʵʥʝʨʛʠʷ ʣʘʟʝʨʥʦʛʦ ʠʤʧʫʣʴʩʘ, ʯʪʦʙʳ 

ʧʨʠ ʨʘʟʥʳʭ ʵʥʝʨʛʠʷʭ ʬʦʪʦʥʦʚ ʛʝʥʝʨʠʨʦʚʘʣʩʷ ʩʛʫʩʪʦʢ ʵʣʝʢʪʨʦʥʦʚ ʩ ʟʘʨʷʜʦʤ 1 ʥʂʣ 

(ʨʠʩ. 1.6, ʙ). ʀʟ ʨʠʩ. 1.6, ʘ ʠ ʙ ʩʣʝʜʫʝʪ, ʯʪʦ ʜʣʷ ʬʦʪʦʥʦʚ ʩ ʜʣʠʥʘʤʠ ʚʦʣʥ 248-266 ʥʤ 

ʢʚʘʥʪʦʚʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʜʥʦʛʦ ʢʘʪʦʜʘ ʣʝʞʠʪ ʚ ʧʨʝʜʝʣʘʭ 5Ŀ10-5-2Ŀ10-6, ʘ 

ʪʨʝʙʫʝʤʘʷ ʵʥʝʨʛʠʷ ʣʘʟʝʨʥʦʛʦ ʠʤʧʫʣʴʩʘ ʣʝʞʠʪ ʚ ʧʨʝʜʝʣʘʭ 0.1-2 ʤɼʞ. 

 

ʘ                                                                 ʙ 

ʈʠʩ. 1.6. (ʘ) ʂʚʘʥʪʦʚʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ὗὉ ʤʝʜʥʦʛʦ ʢʘʪʦʜʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʥʝʨʛʠʠ 

ʬʦʪʦʥʦʚ Ὁ . (ʙ) ʕʥʝʨʛʠʷ ʣʘʟʝʨʥʦʛʦ ʠʤʧʫʣʴʩʘ Ὁ , ʪʨʝʙʫʝʤʘʷ ʜʣʷ ʛʝʥʝʨʘʮʠʠ 

ʩʛʫʩʪʢʘ ʬʦʪʦʵʣʝʢʪʨʦʥʦʚ ʩ ʟʘʨʷʜʦʤ 1 ʥʂʣ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʥʝʨʛʠʠ ʬʦʪʦʥʦʚ Ὁ  

1.2.5 ʆʧʪʠʤʘʣʴʥʳʝ ʧʦʣʦʞʝʥʠʝ ʠ ʚʝʣʠʯʠʥʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩʦʣʝʥʦʠʜʘ 

 

ʘ                                                   ʙ 

ʈʠʩ. 1.7. ʀʟʤʝʥʝʥʠʷ ʥʦʨʤʘʣʠʟʦʚʘʥʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʵʤʠʪʪʘʥʩʘ ‐ (ʘ) ʠ 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʛʦ ʨʘʜʠʫʩʘ „ (ʙ) ʧʫʯʢʘ-ʧʨʠʤʝʨʘ ʧʨʠ ʥʘʣʠʯʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʩʦʣʝʥʦʠʜʘ: ᾀ ςππ ʤʤ, ὄ᷿Ὠᾀ ττȢσ ʊʣ ʤʤ 

ʇʨʠ ʥʘʣʠʯʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩʦʣʝʥʦʠʜʘ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʡ ʧʦʧʝʨʝʯʥʳʡ 

ʵʤʠʪʪʘʥʩ ʧʫʯʢʘ ʠ ʝʛʦ ʨʘʜʠʫʩ ʫʤʝʥʴʰʘʶʪʩʷ ʥʘ ʥʝʢʦʪʦʨʦʤ ʫʯʘʩʪʢʝ ʦʩʠ ᾀ (ʨʠʩ. 1.7, ʘ, 
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ʙ). ʇʫʪʝʤ ʚʘʨʴʠʨʦʚʘʥʠʷ ʧʦʣʦʞʝʥʠʷ ʠ ʚʝʣʠʯʠʥʳ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩʦʣʝʥʦʠʜʘ 

ʧʦʜʙʠʨʘʣʠʩʴ ʪʘʢʠʝ ʠʭ ʟʥʘʯʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʤʠʥʠʤʘʣʴʥʦ ʜʦʩʪʠʞʠʤʳʡ 

ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʡ ʧʦʧʝʨʝʯʥʳʡ ʵʤʠʪʪʘʥʩ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ. ɼʣʷ ʵʪʦʛʦ ʩʯʠʪʘʣʘʩʴ 

ʜʠʥʘʤʠʢʘ ʧʫʯʢʘ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠʟ ʪʘʙʣ. 1.3 ʚ ʩʠʩʪʝʤʝ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʉɺʏ 

ʧʫʰʢʠ ʠ ʩʦʣʝʥʦʠʜʘ. ʇʨʠ ʵʪʦʤ ʤʝʥʷʣʠʩʴ ʧʦʣʦʞʝʥʠʝ ʮʝʥʪʨʘ ʩʦʣʝʥʦʠʜʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʢʘʪʦʜʘ ᾀ ʠ ʠʥʪʝʛʨʘʣ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩʦʣʝʥʦʠʜʘ ὄ᷿Ὠᾀ. ʅʘ ʨʠʩ. 1.8 ʧʦʢʘʟʘʥʳ 

ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʠʤʝʥʴʰʝʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʵʤʠʪʪʘʥʩʘ ʧʫʯʢʘ ʦʪ ʧʦʣʦʞʝʥʠʷ ʩʦʣʝʥʦʠʜʘ 

ʠ ʚʝʣʠʯʠʥʳ ʝʛʦ ʧʦʣʷ. 

 

ʈʠʩ. 1.8. ʅʘʠʤʝʥʴʰʠʡ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʡ ʧʦʧʝʨʝʯʥʳʡ ʵʤʠʪʪʘʥʩ ʧʫʯʢʘ ‐ ʧʨʠ 

ʨʘʟʥʳʭ ʧʦʣʦʞʝʥʠʷʭ ʩʦʣʝʥʦʠʜʘ ᾀ ʠ ʠʥʪʝʛʨʘʣʘʭ ʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ὄ᷿Ὠᾀ 

ʉʦʛʣʘʩʥʦ ʨʠʩ. 1.8 ʠ ʩ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʥʘʠʤʝʥʴʰʝʝ ʚʦʟʤʦʞʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʦʪ 

ʢʘʪʦʜʘ ʜʦ ʮʝʥʪʨʘ ʩʦʣʝʥʦʠʜʘ ʨʘʚʥʦ 200 ʤʤ (ʵʪʦ ʨʘʩʩʪʦʷʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʢʦʥʩʪʨʫʢʮʠʝʡ ʉɺʏ ʧʫʰʢʠ), ʦʧʪʠʤʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʩʦʣʝʥʦʠʜʘ ʩʦʩʪʘʚʣʷʝʪ ᾀ

ςππ ʤʤ, ʘ ʦʧʪʠʤʘʣʴʥʳʡ ʠʥʪʝʛʨʘʣ ʝʛʦ ʧʦʣʷ ʨʘʚʝʥ 44.3 ʊʣ ʤʤ. ʆʪʤʝʪʠʤ, ʯʪʦ 

ʧʨʠʚʝʜʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦʭʦʞʠʭ ʨʘʙʦʪ [39, 49]. 

1.2.6 ɺʳʙʦʨ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠ ʨʘʜʠʫʩʘ ʣʘʟʝʨʥʦʛʦ ʠʤʧʫʣʴʩʘ 

ɺʘʞʥʝʡʰʝʡ ʟʘʜʘʯʝʡ ʦʧʪʠʤʠʟʘʮʠʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʝʡ ʉɺʏ ʧʫʰʢʠ ʠ 

ʩʦʣʝʥʦʠʜʘ, ʘ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʤʠʥʠʤʠʟʘʮʠʷ 

ʥʦʨʤʘʣʠʟʦʚʘʥʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʵʤʠʪʪʘʥʩʘ ʧʫʯʢʘ, ʢʦʪʦʨʳʡ ʦʮʝʥʠʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

[57]: 

‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ȟ 

ʛʜʝ ‐  ï ʚʢʣʘʜ ʚ ʵʤʠʪʪʘʥʩ ʥʝʣʠʥʝʡʥʳʭ ʩʠʣ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʟʘʨʷʜʘ, ‐  ï ʨʦʩʪ 

ʵʤʠʪʪʘʥʩʘ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʟʘʚʠʩʷʱʠʤʠ ʦʪ ʚʨʝʤʝʥʠ ʧʦʧʝʨʝʯʥʳʤʠ ʩʠʣʘʤʠ 
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ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ‐  ï ʨʦʩʪ ʵʤʠʪʪʘʥʩʘ ʠʟ-ʟʘ ʚʢʣʘʜʘ ʤʫʣʴʪʠʧʦʣʥʳʭ 

ʢʦʤʧʦʥʝʥʪ ʫʩʢʦʨʷʶʱʝʛʦ ʧʦʣʷ, ‐  ï ʩʦʩʪʘʚʣʷʶʱʘʷ ʵʤʠʪʪʘʥʩʘ ʚʩʣʝʜʩʪʚʠʝ 

ʥʝʥʫʣʝʚʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʢʘʪʦʜʝ, ‐ ï ʚʢʣʘʜ ʚ ʵʤʠʪʪʘʥʩ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ 

ʪʝʧʣʦʚʳʤ ʜʚʠʞʝʥʠʝʤ ʵʣʝʢʪʨʦʥʦʚ ʧʨʠ ʦʪʣʠʯʥʦʡ ʦʪ ʥʫʣʷ ʪʝʤʧʝʨʘʪʫʨʝ ʢʘʪʦʜʘ, ‐  ï 

ʪʝʧʣʦʚʦʡ ʵʤʠʪʪʘʥʩ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʵʬʬʝʢʪʘʤʠ ʨʘʩʩʝʷʥʠʷ ʵʣʝʢʪʨʦʥʘ, ʧʦʛʣʦʪʠʚʰʝʛʦ 

ʬʦʪʦʥ, ʥʘ ʧʫʪʠ ʝʛʦ ʜʚʠʞʝʥʠʷ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʦʜʘ. ɺ [57] ʧʨʠʚʦʜʷʪʩʷ ʚʳʨʘʞʝʥʠʷ 

ʜʣʷ ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʦʧʝʨʝʯʥʦʛʦ ʵʤʠʪʪʘʥʩʘ. ɼʣʷ ʧʫʯʢʘ ʩ ʨʘʚʥʦʤʝʨʥʳʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʯʘʩʪʠʮ ʢʦʤʧʦʥʝʥʪʳ ʧʦʧʝʨʝʯʥʦʛʦ ʵʤʠʪʪʘʥʩʘ ʠʤʝʶʪ ʚʠʜ: 

‐ τχϽρπ
ή̎˗̌

Ὁ ˙ Ⱦˏ̍ „ ̐ Ó̒ÉÎ•
Ͻ

ρ

σ„ ̍ „ ̍ϳ υ
 ̍ ȟ 

(1.5) 

‐ ςȢυϽρπὉ ˙ Ⱦˏ̍ „ ̍„ ̍ ̍ ȟ (1.6) 

‐ πȢπσσ„ ̍„ ̍
‬Ὁ

‬ὼ
Ὠᾀ˙ˏϳ̍  ̍ ȟ 

(1.7) 

‐ χσὙ ̍ὄ ˟ ̍ ȟ (1.8) 

‐ φȢυϽρπὙ ̍ Ὕ˗ ̍ Ȣ (1.9) 

ʉʨʝʜʠ (1.5-1.9) ʥʝʪ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʦʮʝʥʢʠ ʪʝʧʣʦʚʦʛʦ ʵʤʠʪʪʘʥʩʘ, ʪʘʢ ʢʘʢ ʦʥʦ 

ʧʨʠʚʝʜʝʥʦ ʚ (1.1). ɺ ʚʳʨʘʞʝʥʠʷʭ (1.5-1.9) Ὁ ï ʘʤʧʣʠʪʫʜʘ ʫʩʢʦʨʷʶʱʝʛʦ ʧʦʣʷ ʥʘ 

ʢʘʪʦʜʝ, Ὁ ï ʧʨʦʜʦʣʴʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʫʩʢʦʨʷʶʱʝʛʦ ʧʦʣʷ, •  ï ʬʘʟʘ ʣʘʟʝʨʥʦʛʦ 

ʠʤʧʫʣʴʩʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʫʣʷ ʫʩʢʦʨʷʶʱʝʛʦ ʧʦʣʷ ʥʘ ʢʘʪʦʜʝ, Ὑ ï ʨʘʜʠʫʩ ʣʘʟʝʨʥʦʛʦ 

ʧʷʪʥʘ, ὄ ï ʠʥʜʫʢʮʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩʦʣʝʥʦʠʜʘ ʥʘ ʢʘʪʦʜʝ, Ὕ ï ʪʝʤʧʝʨʘʪʫʨʘ ʢʘʪʦʜʘ, 

ή ï ʟʘʨʷʜ ʩʛʫʩʪʢʘ, „ ʠ „ ὧ„ ï ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʝ ʧʦʧʝʨʝʯʥʳʡ ʠ ʧʨʦʜʦʣʴʥʳʡ 

ʨʘʟʤʝʨʳ ʩʛʫʩʪʢʘ. 

ɺʳʨʘʞʝʥʠʷ (1.5-1.9) ʧʦʟʚʦʣʷʶʪ ʧʦʥʷʪʴ, ʚ ʢʘʢʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩʣʝʜʫʝʪ ʜʚʠʛʘʪʴʩʷ 

ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʤʠʥʠʤʠʟʘʮʠʠ ʧʦʧʝʨʝʯʥʦʛʦ ʵʤʠʪʪʘʥʩʘ ʧʫʯʢʘ ʉɺʏ ʧʫʰʢʠ. 

ʅʘʧʨʠʤʝʨ, ʫʚʝʣʠʯʠʚʘʷ ʜʣʠʥʫ ʩʛʫʩʪʢʘ ʠ ʥʘʧʨʷʞʝʥʥʦʩʪ ɹʫʩʢʦʨʷʶʱʝʛʦ ʧʦʣʷ, ʤʦʞʥʦ 

ʫʤʝʥʴʰʠʪʴ ʵʤʠʪʪʘʥʩ, ʩʚʷʟʘʥʥʳʡ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʟʘʨʷʜʦʤ (1.5). ʅʦ ʧʨʠ ʵʪʦʤ 

ʙʫʜʝʪ ʨʘʩʪʠ ʵʤʠʪʪʘʥʩ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʧʦʧʝʨʝʯʥʳʤʠ ʩʠʣʘʤʠ ʉɺʏ ʧʫʰʢʠ (1.6). 

ʂʦʤʧʨʦʤʠʩʩʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʦʧʨʝʜʝʣʷʪʁʩʷ ʚ ʧʨʦʮʝʩʩʝ ʯʠʩʣʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʂʨʠʪʝʨʠʝʤ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʣʘʟʝʨʥʦʛʦ ʠʤʧʫʣʴʩʘ, ʪʘʢ ʞʝ ʢʘʢ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʜʠʫʩʘ ʧʫʯʢʘ, ʷʚʣʷʝʪʩʷ ʥʘʠʤʝʥʴʰʠʡ ʚʦʟʤʦʞʥʳʡ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʡ 

ʧʦʧʝʨʝʯʥʳʡ ʵʤʠʪʪʘʥʩ ʧʫʯʢʘ ʥʘ ʚʳʭʦʜʝ ʠʟ ʉɺʏ ʧʫʰʢʠ. ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ 
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ʜʝʣʘʣʩʷ ʚʳʙʦʨ ʤʝʞʜʫ ʨʘʚʥʦʤʝʨʥʳʤ ʠ ʛʘʫʩʩʦʚʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷʤʠ ʵʣʝʢʪʨʦʥʦʚ ʚ 

ʦʙʲʝʤʝ ʧʫʯʢʘ: 

1) ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ: 

Ὢὸ

ρ

ὸ
ȟȿὸȿ

ὸ

ς
πȟ̉ ̘̎́̆

Ƞ 

Ὢὼȟώ

ρ

“ὼ
ȟὼ ώ ὼ

πȟ̉ ̘̎́̆

Ƞ 

2) ʫʩʝʯʝʥʥʦʝ ʛʘʫʩʩʦʚʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ: 

Ὢὸ

ρ

Ѝς“„
ÅØÐ

ὸ

ς„
ȟȿὸȿ ς„

πȟ̉ ̘̎́̆

Ƞ 

Ὢὼȟώ

ρ

ς“„
ÅØÐ

ὼ ώ

ς„
ȟὼ ώ ρȢυ„

πȟ̉ ̘̎́̆

Ƞ 

ʛʜʝ ὸ  ʠ „ ï ʜʣʠʪʝʣʴʥʦʩʪʴ ʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʘʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʫʯʢʘ, ὼ  ʠ „ 

ï ʨʘʜʠʫʩ ʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʡ ʨʘʜʠʫʩ ʧʫʯʢʘ, Ὢ ï ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. 

 

ʈʠʩ. 1.9. ʄʠʥʠʤʘʣʴʥʦ ʜʦʩʪʠʞʠʤʳʡ ʩ ʧʦʤʦʱʴʶ ʩʦʣʝʥʦʠʜʘ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʡ 

ʧʦʧʝʨʝʯʥʳʡ ʵʤʠʪʪʘʥʩ ‐ ʧʫʯʢʘ ʵʣʝʢʪʨʦʥʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʣʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ 

ʣʘʟʝʨʥʦʛʦ ʠʤʧʫʣʴʩʘ ὸ . ʇʦʣʥʳʡ ʨʘʜʠʫʩ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʚʩʝʭ ʧʫʯʢʦʚ ʨʘʚʝʥ 

ὼ ρȢς ʤʤ 

ʇʨʠ ʧʦʠʩʢʝ ʦʧʪʠʤʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʫʯʠʪʳʚʘʣʦʩʴ 

ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʩʦʣʝʥʦʠʜʘ, ʮʝʥʪʨ ʢʦʪʦʨʦʛʦ ʦʪʩʪʦʷʣ ʦʪ ʢʘʪʦʜʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ  ᾀ

ςππ ʤʤ ʠ ʠʥʪʝʛʨʘʣ ʧʦʣʷ ʢʦʪʦʨʦʛʦ ʙʳʣ ʨʘʚʝʥ 44.3 ʊʣ ʤʤ. ʅʘ ʨʠʩ. 1.9 ʧʦʢʘʟʘʥʘ 
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ʟʘʚʠʩʠʤʦʩʪʴ ʤʠʥʠʤʘʣʴʥʦ ʜʦʩʪʠʞʠʤʦʛʦ ʜʣʷ ʜʘʥʥʦʛʦ ʧʫʯʢʘ ʥʦʨʤʘʣʠʟʦʚʘʥʥʦʛʦ 

ʧʦʧʝʨʝʯʥʦʛʦ ʵʤʠʪʪʘʥʩʘ ʦʪ ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʫʯʢʘ. ʇʨʠ ʵʪʦʤ ʧʦʣʥʳʡ ʨʘʜʠʫʩ 

ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʚʩʝʭ ʧʫʯʢʦʚ ʙʳʣ ʨʘʚʝʥ ὼ ρȢς ʤʤ. 

 

ʈʠʩ. 1.10. ʅʦʨʤʘʣʠʟʦʚʘʥʥʳʡ ʧʦʧʝʨʝʯʥʳʡ ʵʤʠʪʪʘʥʩ ‐ ʩʛʫʩʪʢʘ ʵʣʝʢʪʨʦʥʦʚ ʥʘ 

ʚʳʭʦʜʝ ʠʟ ʉɺʏ ʧʫʰʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʣʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʣʘʟʝʨʥʦʛʦ ʠʤʧʫʣʴʩʘ 

ὸ . ʈʘʩʯʝʪʳ ʧʨʦʚʝʜʝʥʳ ʙʝʟ ʫʯʝʪʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʟʘʨʷʜʘ ʧʫʯʢʘ ʠ ʙʝʟ ʫʯʝʪʘ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩʦʣʝʥʦʠʜʘ. ʇʦʣʥʳʡ ʨʘʜʠʫʩ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʚʩʝʭ ʧʫʯʢʦʚ 

ʨʘʚʝʥ ὼ ρȢς ʤʤ 

 

ʘ                                                       ʙ 

ʈʠʩ. 1.11. ʄʠʥʠʤʘʣʴʥʦ ʜʦʩʪʠʞʠʤʳʡ ʩ ʧʦʤʦʱʴʶ ʩʦʣʝʥʦʠʜʘ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʡ 

ʧʦʧʝʨʝʯʥʳʡ ʵʤʠʪʪʘʥʩ ‐ ʧʫʯʢʘ ʵʣʝʢʪʨʦʥʦʚ (ʘ) ʠ ʜʦʣʷ ʬʦʪʦʵʣʝʢʪʨʦʥʦʚ ʧʫʯʢʘ 

ὔ ὔϳ , ʫʩʢʦʨʠʚʰʠʭʩʷ ʚ ʉɺʏ ʧʫʰʢʝ, (ʙ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʣʥʦʛʦ ʨʘʜʠʫʩʘ 

ʣʘʟʝʨʥʦʛʦ ʠʤʧʫʣʴʩʘ ὼ . ʇʦʣʥʘʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʦʜʥʦʨʦʜʥʦʛʦ ʧʫʯʢʘ ʨʘʚʥʘ ὸ

ρπ ʧʩ, ʘ ʛʘʫʩʩʦʚʘ ï ὸ ς ʧʩ 

ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʤʠʥʠʤʫʤʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ‐ ὸ  ʥʘ ʨʠʩ. 1.9 ʦʙʲʷʩʥʷʝʪʩʷ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɼʣʷ ʢʦʨʦʪʢʠʭ ʧʫʯʢʦʚ ʟʘ ʨʦʩʪ ʧʦʧʝʨʝʯʥʦʛʦ ʵʤʠʪʪʘʥʩʘ ʦʪʚʝʯʘʝʪ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʟʘʨʷʜ, ʘ ʜʣʷ ʜʦʩʪʘʪʦʯʥʦ ʜʣʠʥʥʳʭ ï ʧʦʧʝʨʝʯʥʳʝ ʩʠʣʳ ʉɺʏ 
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ʧʫʰʢʠ. ʊʦ, ʯʪʦ ʚʢʣʘʜ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʫʰʢʠ ʚ ʨʦʩʪ ʵʤʠʪʪʘʥʩʘ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʫʜʣʠʥʝʥʠʝʤ ʧʫʯʢʘ, ʜʝʤʦʥʩʪʨʠʨʫʝʪʩʷ ʥʘ ʨʠʩ. 1.10. ʅʘ ʵʪʦʤ ʨʠʩʫʥʢʝ 

ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʦʧʝʨʝʯʥʦʛʦ ʵʤʠʪʪʘʥʩʘ ʧʫʯʢʦʚ ʥʘ ʚʳʭʦʜʝ ʠʟ ʉɺʏ 

ʧʫʰʢʠ ʙʝʟ ʫʯʝʪʘ ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʦʣʷ ʧʫʯʢʦʚ ʠ ʙʝʟ ʫʯʝʪʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩʦʣʝʥʦʠʜʘ. 

ʉʦʛʣʘʩʥʦ ʨʠʩ. 1.9 ʩʯʠʪʘʝʤ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʘʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʣʘʟʝʨʥʦʛʦ ʠʤʧʫʣʴʩʘ 

ʩ ʦʜʥʦʨʦʜʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʬʦʪʦʥʦʚ ʨʘʚʥʘ ὸ ρπ ʧʩ, ʘ ʩ ʛʘʫʩʩʦʚʳʤ ï ὸ

ς ʧʩ. ʅʘ ʨʠʩ. 1.11, ʘ ʧʦʢʘʟʘʥʦ ʠʟʤʝʥʝʥʠʝ ʤʠʥʠʤʘʣʴʥʦ ʜʦʩʪʠʞʠʤʦʛʦ ʩ ʧʦʤʦʱʴʶ 

ʩʦʣʝʥʦʠʜʘ ʥʦʨʤʘʣʠʟʦʚʘʥʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʵʤʠʪʪʘʥʩʘ ʧʫʯʢʘ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʦʣʥʦʛʦ 

ʨʘʜʠʫʩʘ ʧʷʪʥʘ ʣʘʟʝʨʥʦʛʦ ʠʤʧʫʣʴʩʘ ʥʘ ʢʘʪʦʜʝ. ʇʨʠ ʵʪʦʤ ʧʦʣʥʘʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʫʯʢʘ 

ʩ ʦʜʥʦʨʦʜʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʬʦʪʦʵʣʝʢʪʨʦʥʦʚ ʚ ʥʝʤ ʨʘʚʥʘ 10 ʧʩ, ʘ ʩ ʛʘʫʩʩʦʚʳʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ï 2 ʧʩ. 

ʋʤʝʥʴʰʝʥʠʝ ʧʦʧʝʨʝʯʥʦʛʦ ʵʤʠʪʪʘʥʩʘ ʧʫʯʢʘ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʜʠʫʩʘ ʧʫʯʢʘ 

ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʧʨʠ ʦʯʝʥʴ ʤʘʣʳʭ ʨʘʜʠʫʩʘʭ ʯʘʩʪʴ ʬʦʪʦʵʣʝʢʪʨʦʥʦʚ ʪʝʨʷʝʪʩʷ ʝʱʝ 

ʚʦ ʚʨʝʤʷ ʵʤʠʩʩʠʠ (ʨʠʩ. 1.11, ʙ), ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚ ʧʫʰʢʝ ʜʚʠʞʝʪʩʷ ʧʫʯʦʢ ʩ 

ʤʝʥʴʰʝʡ ʧʣʦʪʥʦʩʪʴʶ ʟʘʨʷʜʘ. ʀʩʭʦʜʷ ʠʟ ʨʠʩ. 1.11, ʘ ʠ ʙ, ʜʝʣʘʝʤ ʚʳʚʦʜ: 

1) ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʬʦʪʦʵʣʝʢʪʨʦʥʦʚ ʚ ʦʙʲʝʤʝ ʠʥʞʝʢʪʠʨʫʝʤʦʛʦ ʧʫʯʢʘ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʩ ʢʨʫʛʣʳʤ ʩʝʯʝʥʠʝʤ ʜʦʣʞʥʦ ʙʳʪʴ ʦʜʥʦʨʦʜʥʳʤ; 

2) ʧʦʣʥʳʡ ʨʘʜʠʫʩ ʧʫʯʢʘ ʤʦʞʝʪ ʣʝʞʘʪʴ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 1 ʤʤ ʜʦ 1.6 ʤʤ, ʧʨʠ ʵʪʦʤ 

ʤʠʥʠʤʘʣʴʥʦ ʜʦʩʪʠʞʠʤʳʡ ʩ ʧʦʤʦʱʴʶ ʩʦʣʝʥʦʠʜʘ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʡ 

ʧʦʧʝʨʝʯʥʳʡ ʵʤʠʪʪʘʥʩ ʤʝʥʷʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʚ ʧʨʝʜʝʣʘʭ 2.9-3.0 ʤʤ ʤʨʘʜ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʚ ʩʣʝʜʫʶʱʠʭ ʨʘʟʜʝʣʘʭ ʛʣʘʚʳ 1 ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ 

ʦʧʪʠʤʘʣʴʥʳʡ ʨʘʜʠʫʩ ʧʫʯʢʘ ʨʘʚʝʥ ὼ ρȢς ʤʤ. ɺ ʪʘʙʣ. 1.6 ʫʢʘʟʘʥʳ ʧʘʨʘʤʝʪʨʳ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʠʤʧʫʣʴʩʘ. 

ʊʘʙʣʠʮʘ 1.6 

ʇʘʨʘʤʝʪʨʳ ʦʧʪʠʤʘʣʴʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʠʤʧʫʣʴʩʘ 

ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʠʝ 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʈʘʚʥʦʤʝʨʥʦʝ 

Ὁ  5.0 ʵɺ 

ὼ  1.2 ʤʤ 

ὸ  10 ʧʩ 
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1.3 ɼʠʥʘʤʠʢʘ ʧʫʯʢʘ ʚ ʣʠʥʝʡʥʦʤ ʫʩʢʦʨʠʪʝʣʝ 

1.3.1 ʃʠʥʝʡʥʳʡ ʫʩʢʦʨʠʪʝʣʴ 

ʇʦʩʣʝ ʫʩʢʦʨʝʥʠʷ ʜʦ 5 ʄʵɺ ʚ ʉɺʏ ʧʫʰʢʝ ʧʫʯʦʢ ʵʣʝʢʪʨʦʥʦʚ ʜʦʣʞʝʥ ʫʩʢʦʨʠʪʩɹ ̫

ʜʦ ʢʦʥʝʯʥʦʡ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ ʚ ʧʨʝʜʝʣʘʭ 35-50 ʄʵɺ. ɼʣʷ ʵʪʦʛʦ 

ʠʩʧʦʣʴʟʫʝʪʩ ̫ʣʠʥʝʡʥʳʡ ʫʩʢʦʨʠʪʝʣʴ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʜʚʫʭ ʦʜʠʥʘʢʦʚʳʭ ʩʝʢʮʠʡ. ɺ 

ʢʘʞʜʦʡ ʩʝʢʮʠʠ ὔ  ʫʩʢʦʨʷʶʱʠʭ ʷʯʝʝʢ ʠ ὔ ρ ʷʯʝʝʢ ʩʚʷʟʠ (ʨʠʩ. 1.1). ʇʦʣʷ ʚ 

ʩʝʢʮʠʷʭ ʥʦʨʤʠʨʦʚʘʥʳ ʦʜʠʥʘʢʦʚʦ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʝʢʮʠʷʤʠ ʨʘʚʥʦ 50 ʩʤ, ʯʪʦ 

ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʢʚʘʜʨʫʧʦʣʴʥʦʛʦ ʪʨʠʧʣʝʪʘ ʠ ʫʩʪʨʦʡʩʪʚ ʜʠʘʛʥʦʩʪʠʢʠ 

ʧʫʯʢʘ. ʀʩʭʦʜʷ ʠʟ ʠʤʝʶʱʝʛʦʩʷ ʦʧʳʪʘ [58, 59], ʥʘʢʦʧʣʝʥʥʦʛʦ ʚ ʅʀʀʗʌ ʄɻʋ, 

ʣʠʥʝʡʥʳʡ ʫʩʢʦʨʠʪʝʣʴ ʨʘʟʨʘʙʘʪʳʚʘʣʩ ̫ʥʘ ʦʩʥʦʚʝ ʫʩʢʦʨʷʶʱʝʡ ʩʪʨʫʢʪʫʨʳ ʩʦ ʩʪʦʷʯʝʡ 

ʚʦʣʥʦʡ ʩ ʚʥʫʪʨʝʥʥʠʤʠ ʷʯʝʡʢʘʤʠ ʩʚʷʟʠ, ʨʘʙʦʪʘʶʱʝʡ ʥʘ “ςϳïʢʦʣʝʙʘʥʠʠ ʥʘ ʯʘʩʪʦʪʝ 

2856 ʄɻʮ. 

ʊʘʙʣʠʮʘ 1.7 

ʕʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ Ⱬϳ -ʤʦʜʳ ʘʟʠʤʫʪʘʣʴʥʦ-

ʩʠʤʤʝʪʨʠʯʥʳʭ ʷʯʝʝʢ ʫʩʢʦʨʷʶʱʝʡ ʩʪʨʫʢʪʫʨʳ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ CST SUPERFISH 

ʏʘʩʪʦʪʘ 2856.4 ʄɻʮ 2856.9 ʄɻʮ 

ɼʦʙʨʦʪʥʦʩʪʴ 17487 17040 

ʕʬʬʝʢʪʠʚʥʦʝ ʰʫʥʪʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 93.4 ʄʆʤ/ʤ 91.1 ʄʆʤ/ʤ 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ 

149.1 ʄɺ/ʤ 127.5 ʄɺ/ʤ 

ʇʦʪʝʨʠ ʚ ʩʪʝʥʢʘʭ 0.360 ʄɺʪ 0.369 ʄɺʪ 

ɿʘʧʘʩʝʥʥʘʷ ʵʥʝʨʛʠʷ 0.351 ɼʞ 0.351 ɼʞ 

ʍʦʪʷ ʤʝʞʜʫ ʷʯʝʡʢʘʤʠ ʩʝʢʮʠʡ ʩʫʱʝʩʪʚʫʶʪ ʦʪʣʠʯʠʷ (ʝʩʪʴ ʜʚʝ ʢʦʥʮʝʚʳʝ ʷʯʝʡʢʠ ʠ 

ʦʜʥʘ ʷʯʝʡʢʘ ʩ ʦʢʥʦʤ ʚʚʦʜʘ ʤʦʱʥʦʩʪʠ), ʩʯʠʪʘʝʤ ʜʣʷ ʧʨʦʩʪʦʪʳ, ʯʪʦ ʚʩʝ ʫʩʢʦʨʷʶʱʠʝ 

ʷʯʝʡʢʠ ʘʙʩʦʣʶʪʥʦ ʦʜʠʥʘʢʦʚʳʝ ʠ ʥʝ ʠʤʝʶʪ ʱʝʣʝʡ ʩʚʷʟʠ (ʨʠʩ. 1.12). ɺ ʪʘʙʣ. 1.7 

ʫʢʘʟʘʥʳ ʦʩʥʦʚʥʳʝ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʟʠʤʫʪʘʣʴʥʦ-

ʩʠʤʤʝʪʨʠʯʥʳʭ ʷʯʝʝʢ, ʧʦʩʯʠʪʘʥʥʳʝ ʚ CST Studio ʠ SUPERFISH ʜʣʷ ʥʦʨʤʠʨʦʚʢʠ 

ʧʦʣʷ 30 ʄɺ/ʤ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʚ ʵʪʠʭ ʧʨʦʛʨʘʤʤʘʭ ʭʦʨʦʰʦ ʩʦʚʧʘʜʘʶʪ ʜʨʫʛ ʩ 

ʜʨʫʛʦʤ. 
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ʈʠʩ. 1.12. ʇʦʣʦʚʠʥʘ ʘʢʩʠʘʣʴʥʦ-ʩʠʤʤʝʪʨʠʯʥʦʡ ʷʯʝʡʢʠ ʣʠʥʝʡʥʦʛʦ ʫʩʢʦʨʠʪʝʣʷ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʫʩʢʦʨʷʶʱʠʭ ʷʯʝʝʢ ὔ  ʚ ʢʘʞʜʦʡ 

ʩʝʢʮʠʠ ʨʘʩʩʤʦʪʨʠʤ ʫʩʢʦʨʝʥʠʝ ʵʣʝʢʪʨʦʥʘ ʩ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʝʡ 5 ʄʵɺ ʜʦ 50 

ʄʵɺ. ʕʪʦʪ ʵʣʝʢʪʨʦʥ ʜʦʣʞʝʥ ʧʦʣʫʯʠʪʴ ʚ ʢʘʞʜʦʡ ʩʝʢʮʠʠ ʧʦ ЎὉ ςςȢυ ʄʵɺ. 

ʆʧʪʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʷʯʝʝʢ ʚʳʙʠʨʘʝʪʩʷ ʩ ʫʯʝʪʦʤ: 

1) ʤʘʢʩʠʤʘʣʴʥʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ Ὁ  ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʷʯʝʝʢ ʫʩʢʦʨʷʶʱʝʡ ʩʪʨʫʢʪʫʨʳ; 

2) ʪʝʧʣʦʚʦʡ ʤʦʱʥʦʩʪʠ ὖ , ʨʘʩʩʝʠʚʘʝʤʦʡ ʚ ʩʪʝʥʢʘʭ ʦʜʥʦʡ ʩʝʢʮʠʠ. 

 

ʘ                                                                     ʙ 

ʈʠʩ. 1.13. ʄʘʢʩʠʤʘʣʴʥʘʷ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ Ὁ  

(ʘ) ʠ ʨʘʩʩʝʠʚʘʝʤʘʷ ʚ ʩʪʝʥʢʘʭ ʦʜʥʦʡ ʩʝʢʮʠʠ ʤʦʱʥʦʩʪʴ ὖ  (ʙ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʦʣʠʯʝʩʪʚʘ ʷʯʝʝʢ ʚ ʩʝʢʮʠʠ ὔ  

ʅʘ ʨʠʩ. 1.13, ʘ ʠ ʙ ʧʦʢʘʟʘʥʳ ʤʘʢʩʠʤʘʣʴʥʘʷ ʥʘʧʨʷʞʝʥʥʦʩʪʴ Ὁ  ʠ ʨʘʩʩʝʠʚʘʝʤʘʷ 

ʤʦʱʥʦʩʪʴ ὖ  ʢʘʢ ʬʫʥʢʮʠʠ ʢʦʣʠʯʝʩʪʚʘ ʷʯʝʝʢ ὔ . ʅʘ ʨʠʩ. 1.13, ʙ ʩʧʣʦʰʥʳʝ 

ʢʨʠʚʳʝ ï ʵʪʦ ʛʨʘʬʠʢʠ ʬʫʥʢʮʠʠ: 
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ὖ ὒ
ЎὉ

ὤ ὒ
Ȣ 

(1.10) 

ʕʪʘ ʬʫʥʢʮʠʷ ʦʧʨʝʜʝʣʷʝʪ ʪʝʧʣʦʚʳʝ ʧʦʪʝʨʠ ʣʠʥʝʡʥʦʛʦ ʫʩʢʦʨʠʪʝʣʷ ʜʣʠʥʦʡ ὒ  ʠ ʩ 

ʵʬʬʝʢʪʠʚʥʳʤ ʰʫʥʪʦʚʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ὤ , ʫʚʝʣʠʯʠʚʘʶʱʝʛʦ ʵʥʝʨʛʠʶ 

ʵʣʝʢʪʨʦʥʘ ʥʘ ЎὉ [60]. ʅʘ ʨʠʩʫʥʢʝ ʠʟʦʙʨʘʞʝʥʳ ʛʨʘʬʠʢʠ ʵʪʦʡ ʬʫʥʢʮʠʠ ʩ ʜʚʫʤʷ 

ʨʘʟʥʳʤʠ ʟʥʘʯʝʥʠʷ ʰʫʥʪʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ɿʥʘʯʝʥʠʝ ὤ ωσȢτ ʄʆʤ/ʤ 

ʚʳʯʠʩʣʝʥʦ ʚ CST Studio ʜʣʷ ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʦʡ ʫʩʢʦʨʷʶʱʝʡ ʷʯʝʡʢʠ ʙʝʟ ʱʝʣʝʡ 

ʩʚʷʟʠ ʠ ʦʢʥʘ ʚʚʦʜʘ ʤʦʱʥʦʩʪʠ. ɿʥʘʯʝʥʠʝ ὤ χφȢπ ʄʆʤ/ʤ ï ʵʪʦ ʟʥʘʯʝʥʠʝ 

ʰʫʥʪʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʝʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩʦ ʱʝʣʷʤʠ ʩʚʷʟʠ, ʢʦʪʦʨʘʷ ʙʳʣʘ 

ʠʟʛʦʪʦʚʣʝʥʘ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʦʡ ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʚ ʅʀʀʗʌ ʄɻʋ. 

ɺr ʙʝʨʝʤ ʦʧʪʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʷʯʝʝʢ, ʫʯʠʪʳʚʘʷ ʨʠʩ. 1.13, ʘ ʠ ʙ, ʧʨʠʯʝʤ ʥʘ 

ʨʠʩ. 1.13, ʙ ʧʨʠʤʝʤ ʚʦ ʚʥʠʤʘʥʠʝ ʪʦʣʴʢʦ ʧʫʥʢʪʠʨʥʫʶ ʢʨʠʚʫʶ. ʀʩʭʦʜʷ ʠʟ ʧʨʦʩʪʦʪʳ 

ʠʟʛʦʪʦʚʣʝʥʠʷ, ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʢʦʨʦʪʢʘʷ ʩʪʨʫʢʪʫʨʘ. ʇʦʵʪʦʤʫ 

ʪʝʦʨʝʪʠʯʝʩʢʠ ʥʘʠʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʷʯʝʝʢ, ʢʦʪʦʨʦʝ ʤʳ ʤʦʞʝʤ ʚʳʙʨʘʪʴ, 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʨʦʚʥʝʤ ʧʦʣʷ Ὁ , ʧʨʠ ʢʦʪʦʨʦʤ ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʦʡ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʢʨʠʪʝʨʠʡ ʂʠʣʧʘʪʨʠʢʘ [61]: 

Ὢ ρȢφτὉÅØÐ
ψȢυ

Ὁ
ȟ 

 

ʛʜʝ Ὢ ï ʯʘʩʪʦʪʘ ʚ ʄɻʮ, Ὁ ï ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʄɺ/ʤ, ʜʘʝʪ 

ʟʘʥʠʞʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʝʜʝʣʴʥʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ, ʧʨʠ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʙʦʡ. 

ʅʘʧʨʠʤʝʨ, ʜʣʷ ʥʘʰʝʛʦ ʩʣʫʯʘʷ (Ὢ ςψυφ ʄɻʮ) ʧʨʝʜʝʣʴʥʘʷ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʨʘʚʥʘ 46 

ʄɺ/ʤ. ɺ ʙʦʣʝʝ ʧʦʟʜʥʠʭ ʨʘʙʦʪʘʭ [62, 63] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʝʜʝʣʴʥʦ ʜʦʩʪʠʞʠʤʳʡ 

ʫʨʦʚʝʥʴ ʧʦʣʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʘʩʪʦʪʦʡ ʧʦʣʷ ʠ ʢʘʯʝʩʪʚʦʤ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʪʨʫʢʪʫʨʳ ʠ ʤʦʞʝʪ ʧʨʝʚʳʰʘʪʴ ʟʥʘʯʝʥʠʝ, ʚʳʯʠʩʣʷʝʤʦʝ ʠʟ ʢʨʠʪʝʨʠʷ ʂʠʣʧʘʪʨʠʢʘ, ʚ 

5-6 ʨʘʟ. ʅʘʧʨʠʤʝʨ, ʚ ʣʠʥʝʡʥʳʭ ʫʩʢʦʨʠʪʝʣʷʭ SLAC ʠ Varian ʩ ʯʘʩʪʦʪʦʡ 2856 ʄɻʮ 

ʜʦʩʪʠʛʥʫʪʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦʣʷ Ὁ ςυπσππ ʄɺ/ʤ. ɼʣʷ ʩʪʨʫʢʪʫʨ, 

ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʥʘʤʠ, ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦʣʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ Ὁ  ʤʝʥʴʰʝ 

ʵʪʠʭ ʟʥʘʯʝʥʠʡ. ɺ ʩʪʨʫʢʪʫʨʝ ʩ ʜʚʫʤʷ ʩʝʢʮʠʷʤʠ ʧʦ 17 ʫʩʢʦʨʷʶʱʠʭ ʷʯʝʝʢ ʚ ʢʘʞʜʦʡ 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ ʵʪʠʭ ʟʥʘʯʝʥʠʡ, ʘ ʧʦʪʦʤʫ 

ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʠʟʛʦʪʦʚʣʝʥʠʝ ʪʘʢʦʡ ʩʪʨʫʢʪʫʨʳ ʩ ʜʦʩʪʘʪʦʯʥʳʤ ʢʘʯʝʩʪʚʦʤ 

ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝ ʚʳʟʦʚʝʪ ʯʨʝʟʤʝʨʥʳʭ ʟʘʪʨʘʪ ʠ ʨʝʘʣʴʥʦ ʦʩʫʱʝʩʪʚʠʤʦ. 

ʂʨʦʤʝ ʪʦʛʦ, ʨʘʩʩʝʠʚʘʝʤʘʷ ʪʝʧʣʦʚʘʷ ʤʦʱʥʦʩʪʴ ʚ ʩʪʝʥʢʘʭ ʵʪʦʡ ʩʪʨʫʢʪʫʨʳ ʨʘʚʥʘ 7.49 
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ʄɺʪ. ʇʦʵʪʦʤʫ ʩʯʠʪʘʝʤ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʫʩʢʦʨʷʶʱʠʭ ʷʯʝʝʢ ʚ ʢʘʞʜʦʡ 

ʩʪʨʫʢʪʫʨʝ ʨʘʚʥʦ ὔ ρχ. 

 

ʘ                                                    ʙ 

 

ʚ 

ʈʠʩ. 1.14. ʋʩʢʦʨʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʫʯʢʘ ʚ ʜʚʫʭ ʩʝʢʮʠʷʭ ʩ 17 ʫʩʢʦʨʷʶʱʠʤʠ 

ʷʯʝʡʢʘʤʠ ʠ ʥʦʨʤʠʨʦʚʢʦʡ ʧʦʣʷ 30 ʄɺ/ʤ. ʇʦʢʘʟʘʥʳ ʠʟʤʝʥʝʥʠʷ ʥʦʨʤʘʣʠʟʦʚʘʥʥʦʛʦ 

ʧʦʧʝʨʝʯʥʦʛʦ ʵʤʠʪʪʘʥʩʘ ‐ (ʘ), ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʛʦ ʨʘʜʠʫʩʘ „ (ʙ) ʠ ʩʨʝʜʥʝʡ 

ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ Ὁ (ʚ) ʧʫʯʢʘ 

ʇʦʣʦʞʝʥʠʝ ʫʩʢʦʨʷʶʱʠʭ ʩʝʢʮʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʉɺʏ ʧʫʰʢʠ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ 

ʜʨʫʛʘ ʬʠʢʩʠʨʦʚʘʥʳ. ʇʨʠʯʝʤ ʮʝʥʪʨ ʧʝʨʚʦʡ ʫʩʢʦʨʷʶʱʝʡ ʷʯʝʡʢʠ ʧʝʨʚʦʡ ʩʝʢʮʠʠ 

ʩʦʚʧʘʜʘʝʪ ʩ ʢʨʦʩʩʦʚʝʨʦʤ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʫʯʢʘ. ʇʨʠ ʵʪʦʤ ʧʫʯʦʢ ʥʝ ʫʩʧʝʚʘʝʪ 

ʧʨʠʦʙʨʝʩʪʠ ʤʠʥʠʤʘʣʴʥʦ ʜʦʩʪʠʞʠʤʦʝ ʟʥʘʯʝʥʠʝ ʥʦʨʤʘʣʠʟʦʚʘʥʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ 

ʵʤʠʪʪʘʥʩʘ. ʇʨʠʤʝʨ ʫʩʢʦʨʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʫʯʢʘ ʚ ʜʚʫʭ ʩʝʢʮʠʷʭ ʩ 17 ʷʯʝʡʢʘʤʠ 

ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ. 1.14, ʘ-ʚ. ʀʟ ʨʠʩ. 1.14, ʘ ʚʠʜʥʦ, ʯʪʦ ʢʨʠʚʘʷ ‐ ᾀ ʚ ʩʝʢʮʠʷʭ ʠʤʝʝʪ 

ʟʫʙʯʘʪʫʶ ʬʦʨʤʫ. ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʧʦʧʝʨʝʯʥʦʛʦ ʵʤʠʪʪʘʥʩʘ ʥʘʙʣʶʜʘʣʦʩʴ ʚ ʧʦʭʦʞʠʭ 

ʨʘʙʦʪʘʭ [6, 64], ʠ ʤʳ ʧʳʪʘʝʤʩʷ ʝʛʦ ʦʙʲʷʩʥʠʪʴ ʚ ʧʨʠʣʦʞʝʥʠʠ ɹ. ʆʪʤʝʪʠʤ, ʯʪʦ ʧʦʣʝ 

ʚ ʣʠʥʝʡʥʦʤ ʫʩʢʦʨʠʪʝʣʝ ʥʦʨʤʠʨʦʚʘʥʦ ʥʘ ʟʥʘʯʝʥʠʝ ȿ᷿ὉȿὨᾀ᷿ Ὠᾀϳ σπȢπ ʄɺ/ʤ, ʘ 

ʧʫʯʦʢ ʫʩʢʦʨʷʝʪʩʷ ʜʦ ʩʨʝʜʥʝʡ ʵʥʝʨʛʠʠ 50 ʄʵɺ. 
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1.3.2 ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʢʦʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʧʫʯʢʘ 

ɹʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʜʚʘ ʩʧʦʩʦʙʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʢʦʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʧʫʯʢʘ 

ʵʣʝʢʪʨʦʥʦʚ: 

1) ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʦʜʠʥʘʢʦʚʦʝ ʠʟʤʝʥʝʥʠʝ ʚʝʣʠʯʠʥʳ ʧʦʣʷ ʩʝʢʮʠʡ (ʜʘʣʝʝ ʵʪʦʪ 

ʩʧʦʩʦʙ ʥʘʟʳʚʘʝʪʩʷ ʤʝʪʦʜʦʤ 1); 

2) ʠʟʤʝʥʝʥʠʝ ʬʘʟʳ ʚʣʝʪʘ ʚ ʧʝʨʚʫʶ ʠ ʚʦ ʚʪʦʨʫʶ ʩʝʢʮʠʠ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ 

ʥʦʨʤʠʨʦʚʢʝ ʧʦʣʷ (ʜʘʣʝʝ ʵʪʦʪ ʩʧʦʩʦʙ ʥʘʟʳʚʘʝʪʩʷ ʤʝʪʦʜʦʤ 2). 

 

ʘ                                                                  ʙ 

 

ʚ                                                                    ʛ 

ʈʠʩ. 1.15. ʂʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʵʣʝʢʪʨʦʥʘ Ὁ ʧʦʩʣʝ ʧʝʨʚʦʛʦ ʫʩʢʦʨʝʥʠʷ (ʘ), 

ʦʧʪʠʯʝʩʢʘʷ ʩʠʣʘ ʧʝʨʚʦʡ ʩʝʢʮʠʠ Ὂ (ʙ), ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʵʣʝʢʪʨʦʥʘ Ὁ ʧʦʩʣʝ 

ʚʪʦʨʦʛʦ ʫʩʢʦʨʝʥʠʷ (ʚ) ʠ ʩʫʤʤʘʨʥʘʷ ʦʧʪʠʯʝʩʢʘʷ ʩʠʣʘ ʫʩʢʦʨʷʶʱʝʡ ʩʪʨʫʢʪʫʨ rὊ (ʛ) 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʘʟʳ ʚʣʝʪʘ •  5 ʄʵɺ-ʦʛʦ ʵʣʝʢʪʨʦʥʘ ʚ ʧʝʨʚʫʶ ʩʝʢʮʠʶ 

ɺ ʤʝʪʦʜʝ 1 ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʢʦʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʧʫʯʢʘ ʤʝʥʷʝʪʩʷ ʥʦʨʤʠʨʦʚʢʘ ʧʦʣʝʡ 

ʦʙʝʠʭ ʩʝʢʮʠʡ. ʇʨʠ ʵʪʦʤ ʧʫʯʦʢ ʧʦʣʫʯʘʝʪ ʚ ʢʘʞʜʦʡ ʩʝʢʮʠʠ ʦʜʠʥʘʢʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʵʥʝʨʛʠʠ. ʅʘ ʨʠʩ. 1.15, ʘ-ʛ ʧʦʢʘʟʘʥʦ, ʢʘʢ ʤʝʥʷʝʪʩʷ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ Ὁ 5 ʄʵɺ-

ʦʛʦ ʵʣʝʢʪʨʦʥʘ ʥʘ ʚʳʭʦʜʝ ʠʟ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʩʝʢʮʠʡ ʧʨʠ ʨʘʟʥʳʭ ʬʘʟʘʭ •  ʚʣʝʪʘ ʚ 

ʧʝʨʚʫʶ ʩʝʢʮʠʶ ʠ ʧʨʠ ʨʘʟʥʳʭ ʥʦʨʤʠʨʦʚʢʘʭ ʧʦʣʷ ȿ᷿ὉȿὨᾀ᷿ Ὠᾀϳ . ʇʨʠ ʵʪʦʤ ʨʘʟʥʦʩʪʴ 



 

 

33 

 

ʬʘʟ ʧʦʣʝʡ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʩʝʢʮʠʡ ʧʦʩʪʦʷʥʥʘ ʠ ʨʘʚʥʘ Ў•ḳ•ÉÎ •ÉÎ ρυχЈ, ʘ 

ʚ ʬʘʟʝ 0Ü ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʚ ʩʝʢʮʠʷʭ ʦʪʩʫʪʩʪʚʫʝʪ. ʅʘ ʵʪʠʭ ʞʝ ʨʠʩʫʥʢʘʭ ʧʦʢʘʟʘʥʳ 

ʦʧʪʠʯʝʩʢʠʝ ʩʠʣʳ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʩʝʢʮʠʡ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ 5 ʄʵɺ-ʳʡ ʵʣʝʢʪʨʦʥ, 

ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʥʘʭʦʜʷʱʠʡʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ὼ ρ ʤʤ ʦʪ ʦʩʠ ᾀ. ʆʧʪʠʯʝʩʢʘʷ ʩʠʣʘ 

ʚʳʯʠʩʣʷʣʘʩʴ ʧʦ ʬʦʨʤʫʣʝ Ὂ ὼ ὼϳ , ʛʜʝ ὼ ὴ ὴϳ , ὴ ʠ ὴ ï ʢʦʤʧʦʥʝʥʪʳ 

ʠʤʧʫʣʴʩʘ ʵʣʝʢʪʨʦʥʘ ʥʘ ʚʳʭʦʜʝ ʠʟ ʩʝʢʮʠʠ. ʀʟ ʨʠʩ. 1.15, ʙ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʦʣʝ ʧʝʨʚʦʡ 

ʩʝʢʮʠʠ ʬʦʢʫʩʠʨʫʝʪ ʧʫʯʦʢ, ʪʘʢ ʢʘʢ Ὂ π. ʉʫʤʤʘʨʥʦʝ ʧʦʣʝ ʜʚʫʭ ʩʝʢʮʠʡ 

ʧʝʨʝʬʦʢʫʩʠʨʫʝʪ ʧʫʯʦʢ. 

 

ʘ                                                                   ʙ 

 

ʚ                                                                         ʛ 

ʈʠʩ. 1.16. (ʘ) ʇʦʠʩʢ ʬʘʟ ʚʣʝʪʘ ʚ ʧʝʨʚʫʶ ʩʝʢʮʠʶ • , ʧʨʠʚʦʜʷʱʠʭ ʢ ʥʘʠʤʝʥʴʰʠʤ 

ʧʦʣʥʳʤ ʨʘʟʙʨʦʩʘʤ ʢʠʥʝʪʠʯʝʩʢʠʭ ʵʥʝʨʛʠʡ ʯʘʩʪʠʮ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʫʯʢʘ ЎὉ ʧʦʩʣʝ 

ʧʝʨʚʦʛʦ ʫʩʢʦʨʝʥʠʷ. (ʙ) ɿʘʚʠʩʠʤʦʩʪʴ ʬʘʟʳ ʚʣʝʪʘ ʚ ʧʝʨʚʫʶ ʩʝʢʮʠʶ •  ʦʪ 

ʥʦʨʤʠʨʦʚʢʠ ʧʦʣʷ ȿ᷿ὉȿὨᾀ᷿ Ὠᾀϳ , ʢʦʪʦʨʘʷ ʧʨʠʚʦʜʠʪ ʢ ʤʠʥʠʤʠʟʘʮʠʠ ʧʦʣʥʦʛʦ 

ʨʘʟʙʨʦʩʘ ʢʠʥʝʪʠʯʝʩʢʠʭ ʵʥʝʨʛʠʡ ʯʘʩʪʠʮ ʧʫʯʢʘ ЎὉ ʧʦʩʣʝ ʧʝʨʚʦʛʦ ʫʩʢʦʨʝʥʠʷ. (ʚ) 

ʇʦʠʩʢ ʩʜʚʠʛʦʚ ʬʘʟ ʧʦʣʝʡ ʜʚʫʭ ʩʝʢʮʠʡ Ў•, ʧʨʠʚʦʜʷʱʠʭ ʢ ʥʘʠʤʝʥʴʰʠʤ ʧʦʣʥʳʤ 

ʨʘʟʙʨʦʩʘʤ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʯʘʩʪʠʮ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʫʯʢʘ ЎὉ ʧʦʩʣʝ ʚʪʦʨʦʛʦ 

ʫʩʢʦʨʝʥʠʷ. (ʛ) ɿʘʚʠʩʠʤʦʩʪʴ ʩʜʚʠʛʘ ʬʘʟ ʧʦʣʝʡ ʩʝʢʮʠʡ Ў• ʦʪ ʥʦʨʤʠʨʦʚʢʠ ʧʦʣʷ 

ȿ᷿ὉȿὨᾀ᷿ Ὠᾀϳ , ʢʦʪʦʨʘʷ ʧʨʠʚʦʜʠʪ ʢ ʤʠʥʠʤʠʟʘʮʠʠ ʧʦʣʥʦʛʦ ʨʘʟʙʨʦʩʘ ʢʠʥʝʪʠʯʝʩʢʠʭ 

ʵʥʝʨʛʠʡ ʯʘʩʪʠʮ ʧʫʯʢʘ ЎὉ ʧʦʩʣʝ ʚʪʦʨʦʛʦ ʫʩʢʦʨʝʥʠʷ 
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ɺ ʤʝʪʦʜʝ 1 ʬʘʟʘ ʚʣʝʪʘ ʧʫʯʢʘ ʚ ʧʝʨʚʫʶ ʩʝʢʮʠʶ ʩʣʝʛʢʘ ʢʦʨʨʝʢʪʠʨʫʝʪʩʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʨʦʚʥʷ ʥʦʨʤʠʨʦʚʢʠ ʧʦʣʷ. ʌʘʟʘ ʚʣʝʪʘ ʚ ʧʝʨʚʫʶ ʩʝʢʮʠʶ ʧʦʜʙʠʨʘʝʪʩʷ 

ʪʘʢʦʡ, ʯʪʦʙʳ ʧʦʣʥʳʡ ʨʘʟʙʨʦʩ ʢʠʥʝʪʠʯʝʩʢʠʭ ʵʥʝʨʛʠʡ ʯʘʩʪʠʮ ʧʫʯʢʘ ʥʘ ʚʳʭʦʜʝ ʠʟ 

ʧʝʨʚʦʡ ʩʝʢʮʠʠ ЎὉ Ὁ ÍÁØ Ὁ ÍÉÎ ʦʢʘʟʘʣʩʷ ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʤ. ɼʣʷ 

ʵʪʦʛʦ ʯʘʩʪʠʮʳ ʠʟ ʩʝʨʝʜʠʥʳ ʧʫʯʢʘ ʜʦʣʞʥʳ ʦʢʘʟʘʪʴʩʷ ʦʢʦʣʦ ʬʘʟʳ, ʢʦʪʦʨʦʡ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʢʩʠʤʫʤ ʬʫʥʢʮʠʠ Ὁ •ÉÎ (ʨʠʩ. 1.15, ʘ). ʅʘ ʨʠʩ. 1.16, ʘ ʧʦʢʘʟʘʥ 

ʧʦʠʩʢ ʦʧʪʠʤʘʣʴʥʳʭ ʬʘʟ •ÉÎρ ʜʣʷ ʨʘʟʥʳʭ ʥʦʨʤʠʨʦʚʦʢ ʧʦʣʝʡ. ɼʣʷ ʟʘʜʘʥʥʦʡ 

ʥʦʨʤʠʨʦʚʢʠ ʧʦʣʷ ʚ ʧʨʦʛʨʘʤʤʝ ASTRA ʚʳʯʠʩʣʷʣʠʩʴ ʟʥʘʯʝʥʠʷ ЎὉ ʜʣʷ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʫʯʢʘ ʧʨʠ ʥʝʩʢʦʣʴʢʠʭ ʬʘʟʘʭ •  ʚʣʝʪʘ ʚ ʧʝʨʚʫʶ ʩʝʢʮʠʶ. ʄʝʪʦʜʦʤ 

ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʩʦʟʜʘʚʘʣʘʩʴ ʩʪʝʧʝʥʥʘʷ ʬʫʥʢʮʠʷ ЎὉÆÉÔВ ὧ• , 

ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ ʦʧʠʩʳʚʘʚʰʘʷ ʚʳʯʠʩʣʝʥʥʫʶ ʚ ASTRA ʟʘʚʠʩʠʤʦʩʪʴ. ɼʘʣʝʝ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʝʤ ʥʘʭʦʜʠʣʩʷ ʤʠʥʠʤʫʤ ʬʫʥʢʮʠʠ ЎὉÆÉÔВ ὧ• . ʅʘ ʨʠʩ. 

1.16, ʙ ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʬʘʟʳ ʚʣʝʪʘ ʚ ʧʝʨʚʫʶ ʩʝʢʮʠʶ ʦʪ ʥʦʨʤʠʨʦʚʢʠ ʧʦʣʷ, 

ʢʦʪʦʨʘʷ ʧʨʠʚʦʜʠʪ ʢ ʤʠʥʠʤʠʟʘʮʠʠ ʧʦʣʥʦʛʦ ʨʘʟʙʨʦʩʘ ʢʠʥʝʪʠʯʝʩʢʠʭ ʵʥʝʨʛʠʡ ʯʘʩʪʠʮ 

ʧʫʯʢʘ ЎὉ ʧʦʩʣʝ ʧʝʨʚʦʛʦ ʫʩʢʦʨʝʥʠʷ. 

ʉʜʚʠʛ ʬʘʟ Ў• ʧʦʣʝʡ ʜʚʫʭ ʩʝʢʮʠʡ ʧʦʜʙʠʨʘʝʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʧʨʠ ʟʘʜʘʥʥʳʭ 

ʥʦʨʤʠʨʦʚʢʝ ʧʦʣʷ ʠ ʬʘʟʝ ʚʣʝʪʘ ʚ ʧʝʨʚʫʶ ʩʝʢʮʠʶ •  ʧʦʣʥʳʡ ʨʘʟʙʨʦʩ ʢʠʥʝʪʠʯʝʩʢʠʭ 

ʵʥʝʨʛʠʡ ʯʘʩʪʠʮ ʧʫʯʢʘ ЎὉ ʥʘ ʚʳʭʦʜʝ ʠʟ ʚʪʦʨʦʡ ʩʝʢʮʠʠ ʦʢʘʟʘʣʩʷ ʤʠʥʠʤʘʣʴʥʦ 

ʚʦʟʤʦʞʥʳʤ. ʀʟ ʨʠʩ. 1.16, ʚ, ʛ ʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʨʘʟʥʳʭ ʥʦʨʤʠʨʦʚʦʢ ʧʦʣʷ ʦʧʪʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ Ў• ʧʦʯʪʠ ʥʝ ʤʝʥʷʝʪʩʷ ʠ ʨʘʚʥʦ Ў• ρυχЈ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʤʳ ʚʳʥʫʞʜʝʥʳ ʧʨʦʚʦʜʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʧʦʠʩʢ ʦʧʪʠʤʘʣʴʥʦʡ 

ʬʘʟʳ ʚʣʝʪʘ ʚ ʧʝʨʚʫʶ ʩʝʢʮʠʶ, ʧʦʪʦʤʫ ʯʪʦ ʚ ʨʘʩʯʝʪʘʭ ʫʯʠʪʳʚʘʶʪʩʷ ʩʦʙʩʪʚʝʥʥʦʝ ʧʦʣʝ 

ʧʫʯʢʘ ʠ ʨʘʟʙʨʦʩ ʯʘʩʪʠʮ ʧʫʯʢʘ ʧʦ ʢʠʥʝʪʠʯʝʩʢʠʤ ʵʥʝʨʛʠʷʤ ʚ ʤʦʤʝʥʪ ʚʣʝʪʘ ʧʫʯʢʘ ʚ 

ʧʝʨʚʫʶ ʩʝʢʮʠʶ. ɽʩʣʠ ʙʳ ʧʝʨʝʜ ʥʘʤʠ ʩʪʦʷʣʘ ʪʘ ʞʝ ʟʘʜʘʯʘ (ʦ ʧʦʠʩʢʝ ʦʧʪʠʤʘʣʴʥʦʡ 

ʬʘʟr ʚʣʝʪʘ ʧʫʯʢʘ ʚ ʧʝʨʚʫʶ ʩʝʢʮʠʶ), ʥʦ ʧʫʯʦʢ ʙʳʣ ʙʳ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʠʤ, ʘ 

ʩʦʙʩʪʚʝʥʥʳʤ ʧʦʣʝʤ ʧʫʯʢʘ ʤʦʞʥʦ ʙʳʣʦ ʧʨʝʥʝʙʨʝʯʴ, ʪʦʛʜʘ ʥʘʤ ʩʣʝʜʦʚʘʣʦ ʙ  r

ʦʙʨʘʪʠʪʴʩʷ ʢ ʬʫʥʢʮʠʠ Ὁ • , ʧʦʢʘʟʘʥʥʦʡ ʥʘ ʨʠʩ. 1.15, ʘ, ʠ ʧʦʤʝʩʪʠʪʴ ʩʝʨʝʜʠʥʫ 

ʧʫʯʢʘ ʚ ʬʘʟʫ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʤʘʢʩʠʤʫʤʫ ʵʪʦʡ ʬʫʥʢʮʠʠ. ɺ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʵʪʦʛʦ 

ʥʘ ʨʠʩ. 1.17, ʘ, ʙ ʧʦʢʘʟʘʥʳ ʬʘʟʦʚʳʝ ʧʦʨʪʨʝʪʳ • ȟὉ  ʠ • ȟὉ  ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʧʫʯʢʘ ʥʘ ʚʳʭʦʜʝ ʠʟ ʩʝʢʮʠʡ ʩ ʫʯʝʪʦʤ ʠ ʙʝʟ ʫʯʝʪʘ ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʦʣʷ ʧʫʯʢʘ ʠ 

ʠʩʭʦʜʥʦʛʦ ʨʘʟʙʨʦʩʘ ʧʦ ʢʠʥʝʪʠʯʝʩʢʠʤ ʵʥʝʨʛʠʷʤ ʯʘʩʪʠʮ ʧʫʯʢʘ. ɺʠʜʥʦ, ʯʪʦ ʬʘʟʦʚʳʝ 

ʧʦʨʪʨʝʪʳ ʜʣʷ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʛʦ ʧʫʯʢʘ ʙʝʟ ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʦʣʷ ʭʦʨʦʰʦ 
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ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʬʫʥʢʮʠʷʤʠ Ὁ •  ʠ Ὁ • , ʠʟʦʙʨʘʞʝʥʥʳʤʠ ʥʘ ʨʠʩ. 1.15, ʘ ʠ ʚ. 

ʌʘʟʦʚʳʝ ʧʦʨʪʨʝʪʳ ʧʦʣʫʯʝʥʳ ʜʣʷ ʩʣʫʯʘʷ, ʢʦʛʜʘ ʥʦʨʤʠʨʦʚʢʘ ʧʦʣʷ ʫʩʢʦʨʷʶʱʝʡ 

ʩʪʨʫʢʪʫʨ rʨʘʚʥʘ 30.0 ʄɺ/ʤ. 

 

ʘ                                                                      ʙ 

ʈʠʩ. 1.17. ʇʨʦʜʦʣʴʥʳʝ ʬʘʟʦʚʳʝ ʧʦʨʪʨʝʪʳ • ȟὉ  ʠ • ȟὉ  ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʧʫʯʢʘ ʧʦʩʣʝ ʧʝʨʚʦʛʦ (ʘ) ʠ ʚʪʦʨʦʛʦ (ʙ) ʫʩʢʦʨʝʥʠʡ. 1 ï ʬʘʟʦʚʳʝ ʧʦʨʪʨʝʪʳ ʩ ʫʯʝʪʦʤ 

ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʦʣʷ ʠ ʠʩʭʦʜʥʦʛʦ ʨʘʟʙʨʦʩʘ ʯʘʩʪʠʮ ʧʫʯʢʘ ʧʦ ʢʠʥʝʪʠʯʝʩʢʠʤ ʵʥʝʨʛʠʷʤ; 

2 ï ʬʘʟʦʚʳʝ ʧʦʨʪʨʝʪʳ ʙʝʟ ʫʯʝʪʘ ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʦʣʷ, ʥʦ ʩ ʫʯʝʪʦʤ ʠʩʭʦʜʥʦʛʦ ʨʘʟʙʨʦʩʘ 

ʯʘʩʪʠʮ ʧʫʯʢʘ ʧʦ ʢʠʥʝʪʠʯʝʩʢʠʤ ʵʥʝʨʛʠʷʤ; 3 ï ʬʘʟʦʚʳʝ ʧʦʨʪʨʝʪʳ ʙʝʟ ʫʯʝʪʘ 

ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʦʣʷ ʠ ʠʩʭʦʜʥʦʛʦ ʨʘʟʙʨʦʩʘ ʯʘʩʪʠʮ ʧʫʯʢʘ ʧʦ ʢʠʥʝʪʠʯʝʩʢʠʤ ʵʥʝʨʛʠʷʤ; 

4 ï ʛʨʘʬʠʢʠ ʬʫʥʢʮʠʡ Ὁ •  ʠ Ὁ • , ʠʟʦʙʨʘʞʝʥʥʳʝ ʥʘ ʨʠʩ. 1.15, ʘ ʠ ʚ 

ʅʘ ʨʠʩ. 1.18, ʘ-ʝ ʧʦʢʘʟʘʥʦ, ʢʘʢ ʤʝʥʷʶʪʩʷ ʨʘʟʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʧʫʯʢʘ ʥʘ ʚʳʭʦʜʝ ʠʟ ʣʠʥʝʡʥʦʛʦ ʫʩʢʦʨʠʪʝʣʷ ʧʨʠ ʨʝʛʫʣʠʨʦʚʘʥʠʠ ʢʦʥʝʯʥʦʡ ʵʥʝʨʛʠʠ 

ʤʝʪʦʜʦʤ 1. 

ɺ ʤʝʪʦʜʝ 2 ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʢʦʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʧʫʯʢʘ ʥʦʨʤʠʨʦʚʢʘ ʧʦʣʷ ʦʙʝʠʭ 

ʩʝʢʮʠʡ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ ʠ ʨʘʚʥʦʡ 30.0 ʄɺ/ʤ, ʤʝʥʷʶʪʩʷ ʬʘʟʳ ʚʣʝʪʘ ʧʫʯʢʘ ʚ 

ʧʝʨʚʫʶ ʠ ʚʦ ʚʪʦʨʫʶ ʩʪʨʫʢʪʫʨʳ •  ʠ • . 

ʈʘʩʩʤʦʪʨʠʤ ʩʥʘʯʘʣʘ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʵʥʝʨʛʠʠ ʙʝʟ ʫʯʝʪʘ ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʦʣʷ ʧʫʯʢʘ 

ʠ ʙʝʟ ʨʘʟʙʨʦʩʘ ʯʘʩʪʠʮ ʧʫʯʢʘ ʧʦ ʢʠʥʝʪʠʯʝʩʢʠʤ ʵʥʝʨʛʠʷʤ ʜʦ ʚʣʝʪʘ ʚ ʧʝʨʚʫʶ ʩʝʢʮʠʶ. 

ɼʣʷ ʫʜʦʙʩʪʚʘ ʚʚʝʜʝʤ ʦʙʦʟʥʘʯʝʥʠʝ ʠʟʤʝʥʝʥʠʷ ʢʠʥʝʪʠʯʝʩʢʠʡ ʵʥʝʨʛʠʠ: ᴊ Ὁὸ

Ὁὸ . ʀʟʤʝʥʝʥʠʝ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʵʣʝʢʪʨʦʥʦʚ, ʩ ʢʦʪʦʨʳʤʠ 

ʤʳ ʠʤʝʝʤ ʜʝʣʦ, ʚ ʩʝʢʮʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʚʭʦʜʝ ʚ 

ʩʝʢʮʠʶ (ʨʠʩ 1.19). ʇʦʵʪʦʤʫ, ʧʦʜʙʠʨʘʷ ʬʘʟʳ •  ʠ • , ʤʳ ʤʦʞʝʤ ʥʘʡʪʠ ʢʦʥʝʯʥʫʶ 

ʵʥʝʨʛʠʶ ʣʶʙʦʛʦ ʨʝʣʷʪʠʚʠʩʪʩʢʦʛʦ ʵʣʝʢʪʨʦʥʘ ʩ ʠʩʭʦʜʥʦʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʡ Ὁ: 

Ὁ Ὁ ᴊ • ᴊ • . ɿʥʘʷ ʧʦʣʥʫʶ ʬʘʟʦʚʫʶ ʜʣʠʥʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʫʯʢʘ ʥʘ 
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ʚʭʦʜʝ ʚ ʧʝʨʚʫʶ ʩʝʢʮʠʶ Ў• ς“ὪЎᾀὧϳ ρπЈ, ʛʜʝ Ὢ ςȢψυφ ɻɻʮ, Ўᾀ ςȢω ʤʤ 

ï ʧʦʣʥʘʷ ʜʣʠʥʘ ʧʫʯʢʘ, ʤʳ ʤʦʞʝʤ ʦʧʨʝʜʝʣʠʪʴ ʢʦʥʝʯʥʳʝ ʵʥʝʨʛʠʠ ʚʩʝʭ ʯʘʩʪʠʮ ʧʫʯʢʘ. 

ʇʨʠʯʝʤ, ʯʪʦʙʳ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʧʦʣʥʳʡ ʨʘʟʙʨʦʩ ʢʠʥʝʪʠʯʝʩʢʠʭ ʵʥʝʨʛʠʡ ʯʘʩʪʠʮ 

ʧʫʯʢʘ, ʬʘʟʳ •  ʠ •  ʩʣʝʜʫʝʪ ʚʳʙʠʨʘʪʴ ʧʦ ʨʘʟʥʳʝ ʩʪʦʨʦʥʳ ʦʪ ʬʘʟʳ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʤʘʢʩʠʤʫʤʫ ʬʫʥʢʮʠʠ ᴊ• . 

 

ʘ                                                           ʙ 

 

ʚ                                                             ʛ 

 

ʜ                                                              ʝ 

ʈʠʩ. 1.18. ʉʨʝʜʥʷʷ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ Ὁ (ʘ), ʧʦʣʥʳʡ ʨʘʟʙʨʦʩ ʢʠʥʝʪʠʯʝʩʢʠʭ 

ʵʥʝʨʛʠʡ ʯʘʩʪʠʮ ʧʫʯʢʘ ЎὉ (ʙ), ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʡ ʧʦʧʝʨʝʯʥʳʡ ʵʤʠʪʪʘʥʩ ‐ (ʚ), 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʡ ʨʘʜʠʫʩ „ (ʛ), ʧʨʦʜʦʣʴʥʳʡ ʵʤʠʪʪʘʥʩ ‐ (ʜ) ʠ 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʘʷ ʜʣʠʥʘ „ (ʝ) ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʫʯʢʘ ʧʦʩʣʝ ʫʩʢʦʨʝʥʠʷ ʚ ʣʠʥʝʡʥʦʤ 

ʫʩʢʦʨʠʪʝʣʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʦʨʤʠʨʦʚʢʠ ʧʦʣʷ ᷿ ȿὉȿὨᾀ᷿ Ὠᾀϳ  ʣʠʥʝʡʥʦʛʦ ʫʩʢʦʨʠʪʝʣʷ 
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ʈʠʩ. 1.19. ʀʟʤʝʥʝʥʠʝ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ᴊ ʵʣʝʢʪʨʦʥʦʚ ʩ ʨʘʟʥʳʤʠ ʥʘʯʘʣʴʥʳʤʠ 

ʵʥʝʨʛʠʷʤʠ Ὁ ʚ ʩʝʢʮʠʠ. ʅʦʨʤʠʨʦʚʢʘ ʧʦʣʷ ʩʝʢʮʠʠ 30.0 ʄɺ/ʤ 

ʇʦʠʩʢ ʦʧʪʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʬʘʟ •  ʠ • , ʧʨʠʚʦʜʷʱʠʭ ʢ ʥʘʠʤʝʥʴʰʝʤʫ 

ʚʦʟʤʦʞʥʦʤʫ ʧʦʣʥʦʤʫ ʨʘʟʙʨʦʩʫ ʧʦ ʢʠʥʝʪʠʯʝʩʢʠʤ ʵʥʝʨʛʠʷʤ ʯʘʩʪʠʮ ʧʫʯʢʘ, 

ʧʨʦʚʦʜʠʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʀʤʝʶʪʩʷ ʬʫʥʢʮʠʠ ʧʨʠʨʦʩʪʘ ʵʥʝʨʛʠʠ ᴊ •  ʠ 

ᴊ •  ʚ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʩʝʢʮʠʷʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʣʷ ʚʳʙʨʘʥʥʦʛʦ ʟʥʘʯʝʥʠ ̫

ʬʘʟr •  ʠ ʚʩʝʚʦʟʤʦʞʥʳʭ ʟʥʘʯʝʥʠʡ ʬʘʟʳ •  ʩʯʠʪʘʶʪʩʷ ʩʨʝʜʥʷʷ ʢʦʥʝʯʥʘʷ 

ʵʥʝʨʛʠʷ ʧʫʯʢʘ Ὁ• ȟ•  (ʨʠʩ. 1.20, ʘ) ʠ ʧʦʣʥʳʡ ʨʘʟʙʨʦʩ ʧʦ ʢʠʥʝʪʠʯʝʩʢʠʤ 

ʵʥʝʨʛʠʷʤ ʯʘʩʪʠʮ ʧʫʯʢʘ ʥʘ ʚʳʭʦʜʝ ʠʟ ʚʪʦʨʦʡ ʩʝʢʮʠʠ ЎὉ• ȟ•  (ʨʠʩ. 1.20, ʙ). ɼʣ ̫

ʢʘʞʜʦʡ ʬʘʟʳ •  ʥʘʭʦʜʠʪʩʷ ʬʘʟʘ • , ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʤʠʥʠʤʫʤʫ ʬʫʥʢʮʠʠ 

ЎὉ• ȟ•  (ʨʠʩ. 1.20, ʙ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ • •  (ʨʠʩ. 

1.20, ʚ), ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʫʩʢʦʨʠʪʴ ʧʫʯʦʢ ʜʦ ʪʨʝʙʫʝʤʦʡ ʵʥʝʨʛʠʠ (ʨʠʩ. 1.20, ʛ), 

ʧʨʠʯʝʤ ʧʦʣʥʳʡ ʨʘʟʙʨʦʩ ʧʦ ʢʠʥʝʪʠʯʝʩʢʠʤ ʵʥʝʨʛʠʷʤ ʯʘʩʪʠʮ ʧʫʯʢʘ ʙʫʜʝʪ 

ʥʘʠʤʝʥʴʰʠʤ ʜʣʷ ʜʘʥʥʦʡ ʬʘʟʳ •  (ʨʠʩ. 1.20, ʜ). 

 

ʘ                                                            ʙ 
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ʈʠʩ. 1.20. ʉʨʝʜʥʷʷ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ Ὁ (ʘ) ʠ ʧʦʣʥʳʡ ʨʘʟʙʨʦʩ ʢʠʥʝʪʠʯʝʩʢʠʭ 

ʵʥʝʨʛʠʡ ʯʘʩʪʠʮ ʧʫʯʢʘ ЎὉ (ʙ) ʧʦʩʣʝ ʫʩʢʦʨʝʥʠʷ ʚ ʣʠʥʝʡʥʦʤ ʫʩʢʦʨʠʪʝʣʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʬʘʟʳ ʚʣʝʪʘ •  ʚʦ ʚʪʦʨʫʶ ʩʝʢʮʠʶ ʠ ʜʣʷ ʨʘʟʥʳʭ ʬʘʟ ʚʣʝʪʘ •  ʚ ʧʝʨʚʫʶ ʩʝʢʮʠʶ. 

(ʚ) ʌʘʟʳ ʚʣʝʪʘ •  ʧʫʯʢʘ ʚʦ ʚʪʦʨʫʶ ʩʝʢʮʠʶ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʤʠʥʠʤʫʤʫ ʨʘʟʙʨʦʩʘ 

ʢʠʥʝʪʠʯʝʩʢʠʭ ʵʥʝʨʛʠʡ ʯʘʩʪʠʮ ʧʫʯʢʘ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʘʟʳ ʚʣʝʪʘ •  ʧʫʯʢʘ ʚ 

ʧʝʨʚʫʶ ʩʝʢʮʠʶ. ʉʨʝʜʥʷʷ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʧʫʯʢʘ Ὁ (ʛ) ʠ ʤʠʥʠʤʘʣʴʥʦ 

ʜʦʩʪʠʞʠʤʳʡ ʨʘʟʙʨʦʩ ʢʠʥʝʪʠʯʝʩʢʠʭ ʵʥʝʨʛʠʡ ʯʘʩʪʠʮ ʧʫʯʢʘ ЎὉ (ʜ) ʧʦʩʣʝ ʫʩʢʦʨʝʥʠʷ ʚ 

ʣʠʥʝʡʥʦʤ ʫʩʢʦʨʠʪʝʣʝ. ɺ ʨʘʩʯʝʪʘʭ ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ ʠʩʭʦʜʥʳʡ ʨʘʟʙʨʦʩ ʧʦ 

ʢʠʥʝʪʠʯʝʩʢʠʤ ʵʥʝʨʛʠʷʤ ʯʘʩʪʠʮ ʧʫʯʢʘ ʠ ʩʦʙʩʪʚʝʥʥʦʝ ʧʦʣʝ ʧʫʯʢʘ 

 

ʘ                                                                        ʙ 
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ʈʠʩ. 1.21. ʉʨʝʜʥʷʷ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʧʫʯʢʘ Ὁ (ʘ) ʠ ʧʦʣʥʳʡ ʨʘʟʙʨʦʩ 

ʢʠʥʝʪʠʯʝʩʢʠʭ ʵʥʝʨʛʠʡ ʯʘʩʪʠʮ ʧʫʯʢʘ ЎὉ (ʙ) ʧʦʩʣʝ ʫʩʢʦʨʝʥʠʷ ʚ ʣʠʥʝʡʥʦʤ ʫʩʢʦʨʠʪʝʣʝ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʘʟ ʚʣʝʪʘ ʚ ʧʝʨʚʫʶ •  ʠ ʚʪʦʨʫʶ •  ʩʝʢʮʠʠ. ʌʘʟr ʚʣʝʪʘ ʚʦ 

ʚʪʦʨʫʶ ʩʝʢʮʠʶ (ʚ), ʧʨʠʚʦʜʷʱʠʝ ʢ ʤʠʥʠʤʫʤʫ ʨʘʟʙʨʦʩ ʢʠʥʝʪʠʯʝʩʢʠʭ ʵʥʝʨʛʠʡ ʯʘʩʪʠʮ 

ʧʫʯʢʘ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʘʟʳ ʚʣʝʪʘ ʧʫʯʢʘ •  ʚ ʧʝʨʚʫʶ ʩʝʢʮʠʶ. ʉʨʝʜʥʷʷ 

ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʧʫʯʢʘ Ὁ (ʜ) ʠ ʤʠʥʠʤʘʣʴʥʦ ʜʦʩʪʠʞʠʤʳʡ ʨʘʟʙʨʦʩ 

ʢʠʥʝʪʠʯʝʩʢʠʭ ʵʥʝʨʛʠʡ ʯʘʩʪʠʮ ʧʫʯʢʘ ЎὉ (ʝ) ʧʦʩʣʝ ʫʩʢʦʨʝʥʠʷ ʚ ʣʠʥʝʡʥʦʤ 

ʫʩʢʦʨʠʪʝʣʝ. ɺ ʨʘʩʯʝʪʘʭ ʫʯʠʪʳʚʘʶʪʩʷ ʠʩʭʦʜʥʳʡ ʨʘʟʙʨʦʩ ʢʠʥʝʪʠʯʝʩʢʠʭ ʵʥʝʨʛʠʡ 

ʯʘʩʪʠʮ ʧʫʯʢʘ ʠ ʩʦʙʩʪʚʝʥʥʦʝ ʧʦʣʝ ʧʫʯʢʘ 

ʆʧʠʰʝʤ ʧʦʠʩʢ ʦʧʪʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʬʘʟ •  ʠ • , ʝʩʣʠ ʚ ʨʘʩʯʝʪʘʭ 

ʜʠʥʘʤʠʢʠ ʧʫʯʢʘ ʫʯʠʪʳʚʘʪʴ ʠʩʭʦʜʥʳʡ ʨʘʟʙʨʦʩ ʧʦ ʢʠʥʝʪʠʯʝʩʢʠʤ ʵʥʝʨʛʠʷʤ ʯʘʩʪʠʮ 

ʧʫʯʢʘ ʠ ʝʛʦ ʩʦʙʩʪʚʝʥʥʦʝ ʧʦʣʝ. ɿʘʜʘʜʠʤ ʬʘʟʝ •  ʥʝʢʦʪʦʨʦʝ ʟʥʘʯʝʥʠʝ. ɺ ʥʝʙʦʣʴʰʦʡ 

ʦʢʨʝʩʪʥʦʩʪʠ ʟʥʘʯʝʥʠʡ ʬʘʟ •  ʚʳʯʠʩʣʷʝʤ ʩʨʝʜʥʶʶ ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ Ὁ ʠ 

ʧʦʣʥʳʡ ʨʘʟʙʨʦʩ ʢʠʥʝʪʠʯʝʩʢʠʭ ʵʥʝʨʛʠʡ ʯʘʩʪʠʮ ʫʩʢʦʨʝʥʥʦʛʦ ʧʫʯʢʘ ЎὉ (ʨʠʩ 1.21, ʘ, 

ʙ). ɼʣʷ ʢʘʞʜʦʡ ʬʘʟʳ •  ʥʘʡʜʝʤ ʤʠʥʠʤʫʤ ʬʫʥʢʮʠʠ ЎὉ• ȟ• , ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʯʝʛʦ ʧʦʣʫʯʠʤ ʟʘʚʠʩʠʤʦʩʪʠ • • , Ὁ• Ὁ• ȟ• •  ʠ ЎὉ•

ЎὉ• ȟ• • , ʛʨʘʬʠʢʠ ʢʦʪʦʨʳʭ ʠʟʦʙʨʘʞʝʥʳ ʥʘ ʨʠʩ. 1.21, ʚ-ʜ. ɽʩʣʠ ʜʣʷ 
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ʣʶʙʦʡ ʬʘʟʳ ʚʣʝʪʘ ʚ ʧʝʨʚʫʶ ʩʝʢʮʠʶ ʬʘʟʘ ʚʣʝʪʘ ʚʦ ʚʪʦʨʫʶ ʩʝʢʮʠʶ ʙʫʜʝʪ ʟʘʜʘʥʘ 

ʩʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ • • , ʤʦʞʥʦ ʦʞʠʜʘʪʴ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʫʩʢʦʨʝʥʠʷ ʚ ʣʠʥʝʡʥʦʤ ʫʩʢʦʨʠʪʝʣʝ ʩʨʝʜʥʷʷ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʧʫʯʢʘ ʙʫʜʝʪ ʨʘʚʥʘ 

Ὁ• , ʘ ʧʦʣʥʳʡ ʨʘʟʙʨʦʩ ʢʠʥʝʪʠʯʝʩʢʠʭ ʵʥʝʨʛʠʡ ʯʘʩʪʠʮ ʧʫʯʢʘ ЎὉ•  ʙʫʜʝʪ 

ʤʠʥʠʤʘʣʴʥʦ ʜʦʩʪʠʞʠʤʳʤ ʜʣʷ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʵʥʝʨʛʠʠ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʥʘ ʨʠʩ. 1.21, ʚ ʧʨʦʚʦʜʠʪʩʷ ʩʨʘʚʥʝʥʠʝ ʬʫʥʢʮʠʡ • • , 

ʧʨʠʚʦʜʷʱʠʭ ʢ ʤʠʥʠʤʫʤʫ ʧʦʣʥʳʡ ʨʘʟʙʨʦʩ ʢʠʥʝʪʠʯʝʩʢʠʭ ʵʥʝʨʛʠʡ ʯʘʩʪʠʮ ʧʫʯʢʘ ʠ 

ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʫʯʝʪʝ ʠ ʙʝʟ ʫʯʝʪʘ ʠʩʭʦʜʥʦʛʦ ʨʘʟʙʨʦʩʘ ʧʦ ʢʠʥʝʪʠʯʝʩʢʠʤ ʵʥʝʨʛʠʷʤ 

ʯʘʩʪʠʮ ʧʫʯʢʘ ʠ ʝʛʦ ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʦʣʷ. 

ʅʘ ʨʠʩ. 1.22, ʘ-ʝ ʧʦʢʘʟʘʥʦ, ʢʘʢ ʤʝʥʷʶʪʩʷ ʨʘʟʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʧʫʯʢʘ ʥʘ ʚʳʭʦʜʝ ʠʟ ʣʠʥʝʡʥʦʛʦ ʫʩʢʦʨʠʪʝʣʷ ʧʨʠ ʨʝʛʫʣʠʨʦʚʘʥʠʠ ʢʦʥʝʯʥʦʡ ʵʥʝʨʛʠʠ 

ʤʝʪʦʜʦʤ 2. 
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ʈʠʩ. 1.22. ʂʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ Ὁ (ʘ), ʧʦʣʥʳʡ ʨʘʟʙʨʦʩ ʢʠʥʝʪʠʯʝʩʢʠʭ ʵʥʝʨʛʠʡ 

ʯʘʩʪʠʮ ʧʫʯʢʘ ЎὉ (ʙ), ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʡ ʧʦʧʝʨʝʯʥʳʡ ʵʤʠʪʪʘʥʩ ‐ (ʚ), 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʝ ʨʘʜʠʫʩ „ (ʛ), ʧʨʦʜʦʣʴʥʳʡ ʵʤʠʪʪʘʥʩ ‐ (ʜ) ʠ 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʘʷ ʜʣʠʥʘ „ (ʝ) ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʫʯʢʘ ʧʦʩʣʝ ʫʩʢʦʨʝʥʠʷ ʚ ʣʠʥʝʡʥʦʤ 

ʫʩʢʦʨʠʪʝʣʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʘʟʳ ʚʣʝʪʘ ʚ ʧʝʨʚʫʶ ʩʝʢʮʠʶ •  

ʅʘ ʨʠʩ. 1.23, ʘ-ʜ ʩʨʘʚʥʠʚʘʶʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʫʯʢʘ, ʫʩʢʦʨʝʥʥʦʛʦ ʤʝʪʦʜʘʤʠ 1 

ʠ 2. ɺʠʜʥʦ, ʯʪʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʫʯʢʦʚ ʧʨʠ ʣʶʙʦʤ ʩʧʦʩʦʙʝ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʵʥʝʨʛʠʠ 

ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ʏʪʦʙʳ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʝ ʧʦʧʝʨʝʯʥʳʝ 

ʵʤʠʪʪʘʥʩʳ ʧʫʯʢʦʚ, ʫʩʢʦʨʝʥʥʳʭ ʦʙʦʠʤʠ ʤʝʪʦʜʘʤʠ, ʙʳʣʠ ʦʜʠʥʘʢʦʚʦ ʤʘʣʳ, ʚ ʤʝʪʦʜʝ 

2 ʬʘʟʘ ʚʣʝʪʘ ʚ ʧʝʨʚʫʶ ʩʝʢʮʠʶ ʜʦʣʞʥʘ ʣʝʞʘʪʴ ʚ ʜʠʘʧʘʟʦʥʝ ρχςЈ• ρωσЈ. ʉ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜ 2 ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʙʦʣʝʝ ʧʨʦʩʪʳʤ, ʪʘʢ 

ʢʘʢ ʥʝ ʪʨʝʙʫʝʪ ʠʟʤʝʥʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʧʦʣʷ ʠ ʩʚʷʟʘʥʥʦʡ ʩ ʵʪʠʤ ʢʦʤʧʝʥʩʘʮʠʠ ʩʜʚʠʛʘ 

ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʳ ʩʝʢʮʠʠ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʨʠ ʚʳʙʦʨʝ ʬʘʟʳ ʧʦʣʷ ʥʘ ʩʢʣʦʥʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʠʨʦʩʪʘ ʵʥʝʨʛʠʠ ʦʪ ʬʘʟʳ, ʪʨʝʙʫʝʪʩʷ ʙʦʣʴʰʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʬʘʟ 

ʫʩʢʦʨʷʶʱʝʛʦ ʧʦʣʷ. ʇʦʵʪʦʤʫ ʥʫʞʥʦ ʧʦʩʪʨʦʠʪʴ ʩʠʩʪʝʤʫ ʉɺʏ ʧʠʪʘʥʠʷ ʣʠʥʝʡʥʦʛʦ 

ʫʩʢʦʨʠʪʝʣʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʧʨʦʚʝʨʢʠ ʦʙʦʠʭ ʤʝʪʦʜʦʚ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʩ ʮʝʣʴʶ ʚʳʙʦʨʘ ʥʘʠʙʦʣʝʝ 

ʦʧʪʠʤʘʣʴʥʦʛʦ. 
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ʈʠʩ. 1.23. ʇʦʣʥʳʡ ʨʘʟʙʨʦʩ ʢʠʥʝʪʠʯʝʩʢʠʭ ʵʥʝʨʛʠʡ ʯʘʩʪʠʮ ʧʫʯʢʘ ЎὉ (ʘ), 

ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʡ ʧʦʧʝʨʝʯʥʳʡ ʵʤʠʪʪʘʥʩ ‐ (ʙ), ʧʨʦʜʦʣʴʥʳʡ ʵʤʠʪʪʘʥʩ ‐ (ʚ) ʠ 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʝ ʨʘʜʠʫʩ „ (ʛ) ʠ ʜʣʠʥʘ „ (ʜ) ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʫʯʢʘ, ʫʩʢʦʨʝʥʥʦʛʦ 

ʤʝʪʦʜʘʤʠ 1 ʠ 2 ʜʦ ʩʨʝʜʥʝʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ Ὁ 

ʅʘ ʨʠʩ. 1.24-1.27 ʩʨʘʚʥʠʚʘʶʪʩʷ ʬʘʟʦʚʳʝ ʧʦʨʪʨʝʪʳ ὼȟώ, ὼȟὼᴂ, ᾀȟЎὴ  ʧʫʯʢʦʚ, 

ʫʩʢʦʨʝʥʥʳʭ ʜʦ ʩʨʝʜʥʠʭ ʢʠʥʝʪʠʯʝʩʢʠʭ ʵʥʝʨʛʠʡ 35, 40, 45 ʠ 50 ʄʵɺ ʤʝʪʦʜʘʤʠ 1 ʠ 2. 

ʆʪʤʝʪʠʤ, ʯʪʦ Ўὴ ὴ ὴ, ʛʜʝ ὴ ï ʠʤʧʫʣʴʩ ʵʣʝʢʪʨʦʥʘ, ὴ ï ʩʨʝʜʥʠʡ ʠʤʧʫʣʴʩ 

ʧʫʯʢʘ. 
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ʈʠʩ. 1.24. ʌʘʟʦʚʳʝ ʧʦʨʪʨʝʪʳ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʫʯʢʘ ʩʦ ʩʨʝʜʥʝʡ ʢʠʥʝʪʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʝʡ 35 ʄʵɺ, ʫʩʢʦʨʝʥʥʦʛʦ ʤʝʪʦʜʦʤ 1 (ʩʠʥʠʡ) ʠ ʤʝʪʦʜʦʤ 2 (• ρωσЈ, 

ʢʨʘʩʥʳʡ) 
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ʈʠʩ. 1.25. ʌʘʟʦʚʳʝ ʧʦʨʪʨʝʪʳ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʫʯʢʘ ʩʦ ʩʨʝʜʥʝʡ ʢʠʥʝʪʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʝʡ 40 ʄʵɺ, ʫʩʢʦʨʝʥʥʦʛʦ ʤʝʪʦʜʦʤ 1 (ʩʠʥʠʡ) ʠ ʤʝʪʦʜʦʤ 2 (• ρψτЈ, 

ʢʨʘʩʥʳʡ) 
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ʈʠʩ. 1.26. ʌʘʟʦʚʳʝ ʧʦʨʪʨʝʪʳ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʫʯʢʘ ʩʦ ʩʨʝʜʥʝʡ ʢʠʥʝʪʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʝʡ 45 ʄʵɺ, ʫʩʢʦʨʝʥʥʦʛʦ ʤʝʪʦʜʦʤ 1 (ʩʠʥʠʡ) ʠ ʤʝʪʦʜʦʤ 2 (• ρχςЈ, 

ʢʨʘʩʥʳʡ) 
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ʈʠʩ. 1.27. ʌʘʟʦʚʳʝ ʧʦʨʪʨʝʪʳ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʫʯʢʘ ʩʦ ʩʨʝʜʥʝʡ ʢʠʥʝʪʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʝʡ 50 ʄʵɺ 

1.3.3 ʋʯʝʪ ʤʫʣʴʪʠʧʦʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʫʩʢʦʨʷʶʱʝʡ 

ʩʪʨʫʢʪʫʨʳ 
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ʈʠʩ. 1.28. (ʘ) ʂʦʥʮʝʚʳʝ ʷʯʝʡʢʠ. (ʙ) ʈʝʛʫʣʷʨʥʳʝ ʷʯʝʡʢʠ. (ʚ) ʗʯʝʡʢʘ ʩ ʦʢʥʦʤ ʚʚʦʜʘ 

ʤʦʱʥʦʩʪʠ 

ɼʦ ʩʠʭ ʧʦʨ ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʫʶ ʫʩʢʦʨʷʶʱʫʶ ʩʪʨʫʢʪʫʨʫ, 

ʩʦʩʪʦʷʱʫʶ ʠʟ ʷʯʝʝʢ, ʚ ʢʦʪʦʨʳʭ ʥʝʪ ʱʝʣʝʡ ʩʚʷʟʠ ʠ ʥʝʪ ʦʢʥʘ ʚʚʦʜʘ ʤʦʱʥʦʩʪʠ (ʨʠʩ. 

1.12). ʈʝʘʣʴʥʳʝ ʷʯʝʡʢʠ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʅʘʧʨʠʤʝʨ, ʠʟ 17 ʫʩʢʦʨʷʶʱʠʭ 

ʷʯʝʝʢ ʜʚʝ ʢʦʥʮʝʚʳʝ ʷʯʝʡʢʠ ʙʫʜʫʪ ʠʤʝʪʴ ʜʚʝ ʱʝʣʠ ʩʚʷʟʠ ʪʦʣʴʢʦ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ 

(ʨʠʩ. 1.28, ʘ). ɺ ʜʝʚʷʪʦʡ ʫʩʢʦʨʷʶʱʝʡ ʷʯʝʡʢʝ ʧʦʤʠʤʦ ʜʚʫʭ ʱʝʣʝʡ ʩʚʷʟʠ ʩ ʢʘʞʜʦʡ 

ʩʪʦʨʦʥʳ ʦʪ ʫʩʢʦʨʷʶʱʝʛʦ ʟʘʟʦʨʘ ʙʫʜʝʪ ʧʨʦʨʝʟʘʥʦ ʦʜʥʦ ʦʢʥʦ ʚʚʦʜʘ ʤʦʱʥʦʩʪʠ ʧʦ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ ώ (ʨʠʩ. 1.28, ʚ). ʆʩʪʘʣʴʥʳʝ 14 ʫʩʢʦʨʷʶʱʠʭ ʷʯʝʝʢ, ʢʦʪʦʨʳʝ ʜʘʣʝʝ 

ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʨʝʛʫʣʷʨʥʳʤʠ, ʦʜʠʥʘʢʦʚʳʝ, ʠ ʥʘʨʫʰʝʥʠʝ ʚ ʠʭ ʘʟʠʤʫʪʘʣʴʥʫʶ 

ʩʠʤʤʝʪʨʠʶ ʚʥʦʩʷʪ 4 ʱʝʣʠ ʩʚʷʟʠ (ʨʠʩ. 1.28, ʙ). ɺ ʪʘʙʣ. 1.8 ʧʨʠʚʝʜʝʥʳ ʥʝʢʦʪʦʨʳʝ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʛʫʣʷʨʥʳʭ ʫʩʢʦʨʷʶʱʠʭ ʷʯʝʝʢ ʩʦ ʱʝʣʷʤʠ 

ʩʚʷʟʠ, ʧʦʩʯʠʪʘʥʥʳʝ ʚ CST Studio ʜʣʷ ʥʦʨʤʠʨʦʚʢʠ ʧʦʣʷ 30 ʄɺ/ʤ. ʆʪʤʝʪʠʤ, ʯʪʦ 

ʢʦʵʬʬʠʮʠʝʥʪ ʩʚʷʟʠ ʨʝʛʫʣʷʨʥʳʭ ʷʯʝʝʢ ʚʳʯʠʩʣʷʣʩʷ ʧʦ ʬʦʨʤʫʣʝ ‖ Ὢ Ὢ Ὢϳϳ Ͻ

ρππϷ, ʛʜʝ Ὢ ʠ Ὢ ï ʯʘʩʪʦʪʳ 0- ʠ “-ʤʦʜ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʊʘʙʣʠʮʘ 1.8 

ʕʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ Ⱬϳ -ʤʦʜʳ ʨʝʛʫʣʷʨʥʳʭ ʷʯʝʝʢ 

ʫʩʢʦʨʷʶʱʝʡ ʩʪʨʫʢʪʫʨ rʩʦ ʱʝʣʷʤʠ ʩʚʷʟʠ 
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ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ɿʥʘʯʝʥʠʝ 

ʏʘʩʪʦʪʘ 2854.1 ʄɻʮ 

ʂʦʵʬʬʠʮʠʝʥʪ ʩʚʷʟʠ ʷʯʝʝʢ 6.1% 

ɼʦʙʨʦʪʥʦʩʪʴ 15381 

ʕʬʬʝʢʪʠʚʥʦʝ ʰʫʥʪʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 82.8 ʄʆʤ/ʤ 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 155.7 ʄɺ/ʤ 

ʇʦʪʝʨʠ ʚ ʩʪʝʥʢʘʭ 0.407 ʄɺʪ 

ɿʘʧʘʩʝʥʥʘʷ ʵʥʝʨʛʠʷ 0.349 ɼʞ 

ɺ ʧʦʜʨʘʟʜʝʣʝ 1.3.1 ʫʧʦʤʠʥʘʣʦʩʴ, ʯʪʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʟʤʝʨʝʥʥʦʝ ʟʥʘʯʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʰʫʥʪʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʩʦ ʱʝʣʷʤʠ ʩʚʷʟʠ ʨʘʚʥʦ 76 

ʄʆʤ/ʤ. ʕʬʬʝʢʪʠʚʥʦʝ ʰʫʥʪʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʚʳʯʠʩʣʝʥʥʦʝ ʚ CST Studio, ʢʘʢ 

ʚʠʜʥʦ ʠʟ ʪʘʙʣ. 1.8, ʨʘʚʥʦ 82.8 ʄʆʤ/ʤ. ʇʨʠʯʠʥʦʡ ʨʘʩʭʦʞʜʝʥʠʷ ʠʟʤʝʨʝʥʥʦʛʦ ʠ 

ʚʳʯʠʩʣʝʥʥʦʛʦ ʟʥʘʯʝʥʠʡ, ʚʠʜʠʤʦ, ʷʚʣʷʝʪʩʷ ʢʘʯʝʩʪʚʦ ʧʘʡʢʠ ʩʪʨʫʢʪʫʨʳ ʠ ʦʙʨʘʙʦʪʢʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʷʯʝʝʢ. 

ʅʘʣʠʯʠʝ ʱʝʣʝʡ ʩʚʷʟʠ ʠ ʦʢʥʘ ʚʚʦʜʘ ʤʦʱʥʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ 

ʤʫʣʴʪʠʧʦʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪ ʚ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʫʩʢʦʨʷʶʱʝʡ ʩʪʨʫʢʪʫʨʳ. ʅʘ 

ʨʠʩ. 1.29, ʘ, ʙ ʧʦʢʘʟʘʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʳ Ὁ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚʜʦʣʴ 

ʦʢʨʫʞʥʦʩʪʠ ʨʘʜʠʫʩʘ ὶ σ ʤʤ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ ʮʝʥʪʨʝ ʢʦʥʮʝʚʦʡ, ʨʝʛʫʣʷʨʥʦʡ ʠ 

ʜʝʚʷʪʦʡ ʷʯʝʡʢʠ ʩ ʦʜʥʠʤ ʦʢʥʦʤ ʚʚʦʜʘ ʤʦʱʥʦʩʪʠ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʥʘ ʵʪʠʭ ʞʝ ʨʠʩʫʥʢʘʭ 

ʧʦʢʘʟʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ Ὁ — ʥʘ ʦʢʨʫʞʥʦʩʪʠ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ ʮʝʥʪʨʝ 

ʘʟʠʤʫʪʘʣʴʥʦ-ʩʠʤʤʝʪʨʠʯʥʦʡ ʷʯʝʡʢʠ. 

ʏʪʦʙʳ ʚʳʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ ʤʫʣʴʪʠʧʦʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʚ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʤ 

ʧʦʣʝ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ Ὁ — ʥʫʞʥʦ ʨʘʟʣʦʞʠʪʴ ʚ ʚʠʜʝ [65]: 

Ὁ — Ὁ ρ
Ὧ

τ
ὶ ὥὶÓÉÎ— ὥὶÃÏÓς— ὥὶÃÏÓτ—Ȣ 

ʂʦʵʬʬʠʮʠʝʥʪʳ ὥ, ὥ ʠ ὥ ʦʪʚʝʯʘʶʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʟʘ ʜʠʧʦʣʴʥʫʶ, ʢʚʘʜʨʫʧʦʣʴʥʫʶ 

ʠ ʦʢʪʫʧʦʣʴʥʫʶ ʢʦʤʧʦʥʝʥʪʳ, — ï ʧʦʣʷʨʥʳʡ ʫʛʦʣ. ɺ ʪʘʙʣ. 1.9 ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ 

ʵʪʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʣʷ ʨʘʩʧʨʝʜʝʣʝʥʠʡ Ὁ — ʚ ʨʘʟʥʳʭ ʷʯʝʡʢʘʭ. 



 

 

47 

 

 

ʘ                                                                     ʙ 

ʈʠʩ. 1.29. ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʦʜʦʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ Ὁ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚʜʦʣʴ 

ʦʢʨʫʞʥʦʩʪʠ ʨʘʜʠʫʩʘ 3 ʤʤ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ ʮʝʥʪʨʝ ʘʟʠʤʫʪʘʣʴʥʦ-ʩʠʤʤʝʪʨʠʯʥʦʡ 

ʷʯʝʡʢʠ ʙʝʟ ʱʝʣʝʡ ʩʚʷʟʠ (1), ʚ ʮʝʥʪʨʝ ʢʦʥʮʝʚʦʡ ʷʯʝʡʢʠ (2), ʚ ʮʝʥʪʨʝ ʨʝʛʫʣʷʨʥʦʡ 

ʷʯʝʡʢʠ (3), ʚ ʮʝʥʪʨʝ ʜʝʚʷʪʦʡ ʷʯʝʡʢʠ ʩ ʦʜʥʠʤ ʦʢʥʦʤ ʚʚʦʜʘ ʤʦʱʥʦʩʪʠ (4), ʚ ʮʝʥʪʨʝ 

ʜʝʚʷʪʦʡ ʷʯʝʡʢʠ ʩ ʜʚʫʤʷ ʦʢʥʘʤʠ ʚʚʦʜʘ ʤʦʱʥʦʩʪʠ (5). ʈʘʩʧʨʝʜʝʣʝʥʠʷ Ὁ — 

ʧʨʠʚʝʜʝʥʳ ʢ ʦʙʱʝʤʫ ʩʨʝʜʥʝʤʫ ʟʥʘʯʝʥʠʶ ʜʣʷ ʫʜʦʙʩʪʚʘ ʧʨʦʩʤʦʪʨʘ 

ʊʘʙʣʠʮʘ 1.9 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʨʘʟʣʦʞʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ╔◑Ᵽ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚʜʦʣʴ 

ʦʢʨʫʞʥʦʩʪʠ ʨʘʜʠʫʩʘ 3 ʤʤ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ ʮʝʥʪʨʝ ʘʟʠʤʫʪʘʣʴʥʦ-

ʩʠʤʤʝʪʨʠʯʥʦʡ ʷʯʝʡʢʠ ʙʝʟ ʱʝʣʝʡ ʩʚʷʟʠ (1), ʚ ʮʝʥʪʨʝ ʢʦʥʮʝʚʦʡ ʷʯʝʡʢʠ (2), ʚ 

ʮʝʥʪʨʝ ʨʝʛʫʣʷʨʥʦʡ ʷʯʝʡʢʠ (3), ʚ ʮʝʥʪʨʝ ʜʝʚʷʪʦʡ ʷʯʝʡʢʠ ʩ ʦʜʥʠʤ ʦʢʥʦʤ ʚʚʦʜʘ 

ʤʦʱʥʦʩʪʠ (4), ʚ ʮʝʥʪʨʝ ʜʝʚʷʪʦʡ ʷʯʝʡʢʠ ʩ ʜʚʫʤʷ ʦʢʥʘʤʠ ʚʚʦʜʘ ʤʦʱʥʦʩʪʠ (5) 

 1 2 3 4 5 

ὥ, ʤʤ-1 -2.37Ŀ10-13 -2.40Ŀ10-13 -4.31Ŀ10-13 -1.27Ŀ10-3 -3.47Ŀ10-13 

ὥ, ʤʤ-2 -1.53Ŀ10-8 -8.02Ŀ10-6 -15.8Ŀ10-6 4.22Ŀ10-5 6.83Ŀ10-5 

ὥ, ʤʤ-4 -7.27Ŀ10-8 1.22Ŀ10-7 -1.85Ŀ10-7 4.18Ŀ10-7 4.29Ŀ10-7 

ʅʘʣʠʯʠʝ ʥʝʥʫʣʝʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ὥ, ὥ ʠ ὥ ʚ ʤʫʣʴʪʠʧʦʣʴʥʦʤ ʨʘʟʣʦʞʝʥʠʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʘʟʠʤʫʪʘʣʴʥʦ-ʩʠʤʤʝʪʨʠʯʥʦʡ ʷʯʝʡʢʠ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʢ ʦʰʠʙʢʝ 

ʚʳʯʠʩʣʝʥʠʷ. ʀʟ ʨʠʩ. 1.29, ʘ, ʙ ʠ ʪʘʙʣ. 1.9 ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʦʩʥʦʚʥʦʡ 

ʤʫʣʴʪʠʧʦʣʴʥʳʡ ʚʢʣʘʜ ʚ ʧʦʣʷ ʢʦʥʮʝʚʦʡ ʠ ʨʝʛʫʣʷʨʥʦʡ ʷʯʝʝʢ ʚʥʦʩʠʪ ʢʚʘʜʨʫʧʦʣʴʥʘʷ 

ʢʦʤʧʦʥʝʥʪʘ. ʇʦʣʦʞʝʥʠʷ ʤʘʢʩʠʤʫʤʦʚ ʠ ʤʠʥʠʤʫʤʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʡ Ὁ — ʚ ʵʪʠʭ 

ʷʯʝʡʢʘʭ ʩʚʷʟʘʥʦ ʩ ʦʨʠʝʥʪʘʮʠʝʡ ʱʝʣʝʡ ʩʚʷʟʠ. ʅʘʧʨʠʤʝʨ, ʨʘʩʧʨʝʜʝʣʝʥʠʷ Ὁ — ʜʣʷ 

ʢʦʥʮʝʚʦʡ ʠ ʨʝʛʫʣʷʨʥʦʡ ʷʯʝʝʢ, ʧʦʢʘʟʘʥʥʳʝ ʥʘ ʨʠʩ. 1.29, ʘ, ʙ, ʧʦʣʫʯʝʥʳ ʜʣʷ ʩʣʫʯʘʝʚ, 

ʢʦʛʜʘ ʱʝʣʠ ʩʚʷʟʠ ʧʨʦʨʝʟʘʥʳ ʧʦ ʦʩʠ ὼ, ʪʦ ʝʩʪʴ ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʫʢʘʟʳʚʘʝʤʳʭ 
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ʧʦʣʷʨʥʳʤʠ ʫʛʣʘʤʠ — π ʠ — “. ɺ ʧʦʣʝ ʜʝʚʷʪʦʡ ʷʯʝʡʢʠ ʩ ʦʜʥʠʤ ʦʢʥʦʤ ʚʚʦʜʘ 

ʤʦʱʥʦʩʪʠ ʜʦʤʠʥʠʨʫʝʪ ʜʠʧʦʣʴʥʘʷ ʢʦʤʧʦʥʝʥʪʘ. ʆʥʘ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʛʣʘʚʥʫʶ 

ʧʨʦʙʣʝʤʫ ʜʣʷ ʜʠʥʘʤʠʢʠ ʧʫʯʢʘ. 

ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʫʩʢʦʨʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʫʯʢʘ ʚ ʜʚʫʭ ʩʝʢʮʠʷʭ 

ʩ 17 çʨʝʘʣʴʥʳʤʠè ʫʩʢʦʨʷʶʱʠʤʠ ʷʯʝʡʢʘʤʠ. ɿʜʝʩʴ ʧʦʜ çʨʝʘʣʴʥʳʤʠè ʧʦʥʠʤʘʝʪʩʷ ʥʝ 

ʪʦʣʴʢʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʢʦʥʮʝʚʳʭ ʷʯʝʝʢ, ʨʝʛʫʣʷʨʥʳʭ ʷʯʝʝʢ 

ʩʦ ʱʝʣʷʤʠ ʩʚʷʟʠ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʜʝʚʷʪʦʡ ʷʯʝʡʢʠ ʩ ʦʜʥʠʤ ʦʢʥʦʤ ʚʚʦʜʘ 

ʤʦʱʥʦʩʪʠ. ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʫʯʠʪʳʚʘʣʦʩʴ ʩʦʦʪʥʦʰʝʥʠʝ ʘʤʧʣʠʪʫʜ ʧʦʣʝʡ ʚ 

ʨʘʟʥʳʭ ʷʯʝʡʢʘʭ, ʘ ʪʘʢʞʝ ʯʝʨʝʜʫʶʱʘʷʩʷ ʦʨʠʝʥʪʘʮʠʷ ʱʝʣʝʡ ʩʚʷʟʠ ʩʦʩʝʜʥʠʭ ʷʯʝʝʢ. 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʧʫʯʢʘ ʚ çʨʝʘʣʴʥʦʤè ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʤ 

ʧʦʣʝ ʣʠʥʝʡʥʦʛʦ ʫʩʢʦʨʠʪʝʣʷ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 1.30-1.33. ʅʘ ʵʪʠʭ ʨʠʩʫʥʢʘʭ 

ʧʦʢʘʟʘʥʳ ʠʟʤʝʥʝʥʠʷ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʧʦʧʝʨʝʯʥʳʭ ʵʤʠʪʪʘʥʩʦʚ ‐ȟ, ʘ ʪʘʢʞʝ 

ʬʘʟʦʚʳʝ ʧʦʨʪʨʝʪʳ ὼȟὼᴂ ʠ ώȟώᴂ ʧʫʯʢʘ, ʫʩʢʦʨʝʥʥʦʛʦ ʤʝʪʦʜʦʤ 2 ʜʦ ʩʨʝʜʥʠʭ 

ʢʠʥʝʪʠʯʝʩʢʠʭ ʵʥʝʨʛʠʡ 35, 40, 45 ʠ 50 ʄʵɺ. ɺʠʜʥʦ, ʯʪʦ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʡ 

ʧʦʧʝʨʝʯʥʳʡ ʵʤʠʪʪʘʥʩ ‐ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʜʝʚʷʪʦʡ ʷʯʝʡʢʠ ʢʘʞʜʦʡ ʩʝʢʮʠʠ, ʯʪʦ 

ʚʳʟʚʘʥʦ ʜʦʤʠʥʠʨʫʶʱʝʡ ʜʠʧʦʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʦʡ ʚ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʵʪʦʡ 

ʷʯʝʡʢʠ. ʂʨʦʤʝ ʪʦʛʦ, ʜʠʧʦʣʴʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʧʦʣʷ ʚʳʟʳʚʘʝʪ ʚʝʨʪʠʢʘʣʴʥʦʝ ʩʤʝʰʝʥʠʝ 

ʧʫʯʢʘ. 

 

ʘ                                                                      ʙ 



 

 

49 
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ʈʠʩ. 1.30. ʀʟʤʝʥʝʥʠʝ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʧʦʧʝʨʝʯʥʳʭ ʵʤʠʪʪʘʥʩʦʚ ‐ȟ ʚ ʧʝʨʚʦʡ (ʘ) ʠ 

ʚʪʦʨʦʡ (ʙ) ʩʝʢʮʠʷʭ ʠ ʬʘʟʦʚʳʝ ʧʦʨʪʨʝʪʳ ὼȟὼᴂ (ʚ) ʠ ώȟώᴂ (ʛ) ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʫʯʢʘ, 

ʫʩʢʦʨʝʥʥʦʛʦ ʜʦ ʩʨʝʜʥʝʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 35 ʄʵɺ. 1 ï ʫʩʢʦʨʝʥʠʝ ʚ ʩʪʨʫʢʪʫʨʝ 

ʠʟ ʘʟʠʤʫʪʘʣʴʥʦ-ʩʠʤʤʝʪʨʠʯʥʳʭ ʷʯʝʝʢ, 2 ï ʫʩʢʦʨʝʥʠʝ ʚ çʨʝʘʣʴʥʦʡè ʩʪʨʫʢʪʫʨʝ ʩ 

ʜʝʚʷʪʦʡ ʷʯʝʡʢʦʡ ʩ ʦʜʥʠʤ ʦʢʥʦʤ ʚʚʦʜʘ ʤʦʱʥʦʩʪʠ 

 

ʘ                                                                      ʙ 

 

ʚ                                                                      ʛ 

ʈʠʩ. 1.31. ʀʟʤʝʥʝʥʠʝ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʧʦʧʝʨʝʯʥʳʭ ʵʤʠʪʪʘʥʩʦʚ ‐ȟ ʚ ʧʝʨʚʦʡ (ʘ) ʠ 

ʚʪʦʨʦʡ (ʙ) ʩʝʢʮʠʷʭ ʠ ʬʘʟʦʚʳʝ ʧʦʨʪʨʝʪʳ ὼȟὼᴂ (ʚ) ʠ ώȟώᴂ (ʛ) ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʫʯʢʘ, 

ʫʩʢʦʨʝʥʥʦʛʦ ʜʦ ʩʨʝʜʥʝʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 40 ʄʵɺ. 1 ï ʫʩʢʦʨʝʥʠʝ ʚ ʩʪʨʫʢʪʫʨʝ 

ʠʟ ʘʟʠʤʫʪʘʣʴʥʦ-ʩʠʤʤʝʪʨʠʯʥʳʭ ʷʯʝʝʢ, 2 ï ʫʩʢʦʨʝʥʠʝ ʚ çʨʝʘʣʴʥʦʡè ʩʪʨʫʢʪʫʨʝ ʩ 

ʜʝʚʷʪʦʡ ʷʯʝʡʢʦʡ ʩ ʦʜʥʠʤ ʦʢʥʦʤ ʚʚʦʜʘ ʤʦʱʥʦʩʪʠ 
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ʈʠʩ. 1.32. ʀʟʤʝʥʝʥʠʝ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʧʦʧʝʨʝʯʥʳʭ ʵʤʠʪʪʘʥʩʦʚ ‐ȟ ʚ ʧʝʨʚʦʡ (ʘ) ʠ 

ʚʪʦʨʦʡ (ʙ) ʩʝʢʮʠʷʭ ʠ ʬʘʟʦʚʳʝ ʧʦʨʪʨʝʪʳ ὼȟὼᴂ (ʚ) ʠ ώȟώᴂ (ʛ) ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʫʯʢʘ, 

ʫʩʢʦʨʝʥʥʦʛʦ ʜʦ ʩʨʝʜʥʝʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 45 ʄʵɺ. 1 ï ʫʩʢʦʨʝʥʠʝ ʚ ʩʪʨʫʢʪʫʨʝ 

ʠʟ ʘʟʠʤʫʪʘʣʴʥʦ-ʩʠʤʤʝʪʨʠʯʥʳʭ ʷʯʝʝʢ, 2 ï ʫʩʢʦʨʝʥʠʝ ʚ çʨʝʘʣʴʥʦʡè ʩʪʨʫʢʪʫʨʝ ʩ 

ʜʝʚʷʪʦʡ ʷʯʝʡʢʦʡ ʩ ʦʜʥʠʤ ʦʢʥʦʤ ʚʚʦʜʘ ʤʦʱʥʦʩʪʠ 

 

ʘ                                                                      ʙ 
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ʈʠʩ. 1.33. ʀʟʤʝʥʝʥʠʝ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʧʦʧʝʨʝʯʥʳʭ ʵʤʠʪʪʘʥʩʦʚ ‐ȟ ʚ ʧʝʨʚʦʡ (ʘ) ʠ 

ʚʪʦʨʦʡ (ʙ) ʩʝʢʮʠʷʭ ʠ ʬʘʟʦʚʳʝ ʧʦʨʪʨʝʪʳ ὼȟὼᴂ (ʚ) ʠ ώȟώᴂ (ʛ) ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʫʯʢʘ, 

ʫʩʢʦʨʝʥʥʦʛʦ ʜʦ ʩʨʝʜʥʝʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 50 ʄʵɺ. 1 ï ʫʩʢʦʨʝʥʠʝ ʚ ʩʪʨʫʢʪʫʨʝ 

ʠʟ ʘʟʠʤʫʪʘʣʴʥʦ-ʩʠʤʤʝʪʨʠʯʥʳʭ ʷʯʝʝʢ, 2 ï ʫʩʢʦʨʝʥʠʝ ʚ çʨʝʘʣʴʥʦʡè ʩʪʨʫʢʪʫʨʝ ʩ 

ʜʝʚʷʪʦʡ ʷʯʝʡʢʦʡ ʩ ʦʜʥʠʤ ʦʢʥʦʤ ʚʚʦʜʘ ʤʦʱʥʦʩʪʠ. 

ʏʪʦʙʳ ʫʩʪʨʘʥʠʪʴ ʫʚʝʣʠʯʝʥʠʝ ʥʦʨʤʘʣʠʟʦʚʘʥʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʵʤʠʪʪʘʥʩʘ ‐, 

ʥʫʞʥʦ ʫʩʪʨʘʥʠʪʴ ʜʠʧʦʣʴʥʫʶ ʢʦʤʧʦʥʝʥʪʫ ʚ ʧʦʣʝ ʜʝʚʷʪʦʡ ʷʯʝʡʢʠ. ɼʣʷ ʵʪʦʛʦ ʚ 

ʜʝʚʷʪʦʡ ʷʯʝʡʢʝ ʢʘʞʜʦʡ ʩʪʨʫʢʪʫʨʳ ʥʫʞʥʦ ʧʨʦʨʝʟʘʪʴ ʚʪʦʨʦʝ ʦʢʥʦ ʚʚʦʜʘ ʤʦʱʥʦʩʪʠ, 

ʩʠʤʤʝʪʨʠʯʥʦʝ ʧʝʨʚʦʤʫ ʦʢʥʫ (ʨʠʩ. 1.34). ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʳ Ὁ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚʜʦʣʴ ʦʢʨʫʞʥʦʩʪʠ ʨʘʜʠʫʩʘ 3 ʤʤ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ ʮʝʥʪʨʝ 

ʜʝʚʷʪʦʡ ʷʯʝʡʢʠ ʩ ʜʚʫʤʷ ʦʢʥʘʤʠ ʚʚʦʜʘ ʤʦʱʥʦʩʪʠ, ʠʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 1.29, ʘ. 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʨʘʟʣʦʞʝʥʠʷ ʧʦʣʷ ʧʦ ʤʫʣʴʪʠʧʦʣʴʥʳʤ ʢʦʤʧʦʥʝʥʪʘʤ ʫʢʘʟʘʥʳ ʚ ʪʘʙʣ. 

1.9. ɺʠʜʥʦ, ʯʪʦ ʚʪʦʨʦʝ ʩʠʤʤʝʪʨʠʯʥʦʝ ʦʢʥʦ ʫʩʪʨʘʥʷʝʪ ʜʠʧʦʣʴʥʫʶ ʢʦʤʧʦʥʝʥʪʫ ʧʦʣʷ 

ʠ ʜʦʤʠʥʠʨʫʶʱʝʡ ʩʪʘʥʦʚʠʪʩʷ ʢʚʘʜʨʫʧʦʣʴʥʘʷ ʤʦʜʘ. 

 

ʈʠʩ. 1.34. ʄʘʢʝʪ ʜʝʚʷʪʦʡ ʷʯʝʡʢʠ ʩ ʜʚʫʤʷ ʩʠʤʤʝʪʨʠʯʥʳʤʠ ʦʢʥʘʤʠ ʚʚʦʜʘ ʤʦʱʥʦʩʪʠ 

ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʫʩʢʦʨʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʫʯʢʘ ʚ ʜʚʫʭ ʩʝʢʮʠʷʭ 

ʩ 17 çʨʝʘʣʴʥʳʤʠè ʫʩʢʦʨʷʶʱʠʤʠ ʷʯʝʡʢʘʤʠ, ʧʨʠʯʝʤ ʚ ʜʝʚʷʪʦʡ ʷʯʝʡʢʝ ʙʳʣʠ 

ʧʨʦʨʝʟʘʥʳ ʜʚʘ ʩʠʤʤʝʪʨʠʯʥʳʭ ʦʢʥʘ ʚʚʦʜʘ ʤʦʱʥʦʩʪʠ. ʇʫʯʦʢ ʫʩʢʦʨʷʣʩʷ ʜʦ ʩʨʝʜʥʠʭ 

ʢʠʥʝʪʠʯʝʩʢʠʭ ʵʥʝʨʛʠʡ 35, 40, 45 ʠ 50 ʄʵɺ ʤʝʪʦʜʦʤ 2 ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʵʥʝʨʛʠʠ. ʅʘ 

ʨʠʩ. 1.35-1.38 ʧʦʢʘʟʘʥʳ ʠʟʤʝʥʝʥʠʷ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʧʦʧʝʨʝʯʥʳʭ ʵʤʠʪʪʘʥʩʦʚ ‐ȟ 
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ʧʫʯʢʘ ʚ ʧʨʦʮʝʩʩʝ ʫʩʢʦʨʝʥʠʷ, ʘ ʪʘʢʞʝ ʬʘʟʦʚʳʝ ʧʦʨʪʨʝʪʳ ὼȟὼᴂ ʠ ώȟώᴂ ʫʩʢʦʨʝʥʥʳʭ 

ʧʫʯʢʦʚ. ʀʟ ʨʠʩʫʥʢʦʚ ʚʠʜʥʦ, ʯʪʦ ʫʩʪʨʘʥʝʥʠʝ ʜʠʧʦʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʚ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʜʝʚʷʪʦʡ ʷʯʝʡʢʠ ʩʳʛʨʘʣʦ ʩʚʦʶ ʨʦʣʴ: ʥʝʪ ʟʘʤʝʪʥʦʛʦ 

ʫʚʝʣʠʯʝʥʠʷ ʥʦʨʤʘʣʠʟʦʚʘʥʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʵʤʠʪʪʘʥʩʘ ʚ ʜʝʚʷʪʦʡ ʷʯʝʡʢʝ ʢʘʞʜʦʡ 

ʩʝʢʮʠʠ, ʠ ʧʫʯʦʢ ʙʦʣʴʰʝ ʥʝ ʩʤʝʱʘʝʪʩʷ ʚʜʦʣʴ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ. 

 

ʘ                                                                      ʙ 

 

ʚ                                                                       ʛ 

ʈʠʩ. 1.35. ʀʟʤʝʥʝʥʠʝ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʧʦʧʝʨʝʯʥʳʭ ʵʤʠʪʪʘʥʩʦʚ ‐ȟ ʚ ʧʝʨʚʦʡ (ʘ) ʠ 

ʚʪʦʨʦʡ (ʙ) ʩʝʢʮʠʷʭ ʠ ʬʘʟʦʚʳʝ ʧʦʨʪʨʝʪʳ ὼȟὼᴂ (ʚ) ʠ ώȟώᴂ (ʛ) ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʫʯʢʘ, 

ʫʩʢʦʨʝʥʥʦʛʦ ʜʦ ʩʨʝʜʥʝʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 35 ʄʵɺ. 1 ï ʫʩʢʦʨʝʥʠʝ ʚ ʩʪʨʫʢʪʫʨʝ 

ʠʟ ʘʟʠʤʫʪʘʣʴʥʦ-ʩʠʤʤʝʪʨʠʯʥʳʭ ʷʯʝʝʢ, 2 ï ʫʩʢʦʨʝʥʠʝ ʚ çʨʝʘʣʴʥʦʡè ʩʪʨʫʢʪʫʨʝ ʩ 

ʜʝʚʷʪʦʡ ʷʯʝʡʢʦʡ ʩ ʜʚʫʤʷ ʦʢʥʘʤʠ ʚʚʦʜʘ ʤʦʱʥʦʩʪʠ 
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ʚ                                                                       ʛ 

ʈʠʩ. 1.36. ʀʟʤʝʥʝʥʠʝ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʧʦʧʝʨʝʯʥʳʭ ʵʤʠʪʪʘʥʩʦʚ ‐ȟ ʚ ʧʝʨʚʦʡ (ʘ) ʠ 

ʚʪʦʨʦʡ (ʙ) ʩʝʢʮʠʷʭ ʠ ʬʘʟʦʚʳʝ ʧʦʨʪʨʝʪʳ ὼȟὼᴂ (ʚ) ʠ ώȟώᴂ (ʛ) ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʫʯʢʘ, 

ʫʩʢʦʨʝʥʥʦʛʦ ʜʦ ʩʨʝʜʥʝʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 40 ʄʵɺ. 1 ï ʫʩʢʦʨʝʥʠʝ ʚ ʩʪʨʫʢʪʫʨʝ 

ʠʟ ʘʟʠʤʫʪʘʣʴʥʦ-ʩʠʤʤʝʪʨʠʯʥʳʭ ʷʯʝʝʢ, 2 ï ʫʩʢʦʨʝʥʠʝ ʚ çʨʝʘʣʴʥʦʡè ʩʪʨʫʢʪʫʨʝ ʩ 

ʜʝʚʷʪʦʡ ʷʯʝʡʢʦʡ ʩ ʜʚʫʤʷ ʦʢʥʘʤʠ ʚʚʦʜʘ ʤʦʱʥʦʩʪʠ 

 

ʘ                                                                      ʙ 

 

ʚ                                                                       ʛ 

ʈʠʩ. 1.37. ʀʟʤʝʥʝʥʠʝ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʧʦʧʝʨʝʯʥʳʭ ʵʤʠʪʪʘʥʩʦʚ ‐ȟ ʚ ʧʝʨʚʦʡ (ʘ) ʠ 

ʚʪʦʨʦʡ (ʙ) ʩʝʢʮʠʷʭ ʠ ʬʘʟʦʚʳʝ ʧʦʨʪʨʝʪʳ ὼȟὼᴂ (ʚ) ʠ ώȟώᴂ (ʛ) ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʫʯʢʘ, 

ʫʩʢʦʨʝʥʥʦʛʦ ʜʦ ʩʨʝʜʥʝʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 45 ʄʵɺ. 1 ï ʫʩʢʦʨʝʥʠʝ ʚ ʩʪʨʫʢʪʫʨʝ 
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ʠʟ ʘʟʠʤʫʪʘʣʴʥʦ-ʩʠʤʤʝʪʨʠʯʥʳʭ ʷʯʝʝʢ, 2 ï ʫʩʢʦʨʝʥʠʝ ʚ çʨʝʘʣʴʥʦʡè ʩʪʨʫʢʪʫʨʝ ʩ 

ʜʝʚʷʪʦʡ ʷʯʝʡʢʦʡ ʩ ʜʚʫʤʷ ʦʢʥʘʤʠ ʚʚʦʜʘ ʤʦʱʥʦʩʪʠ 

 

ʘ                                                                      ʙ 

 

ʚ                                                                       ʛ 

ʈʠʩ. 1.38. ʀʟʤʝʥʝʥʠʝ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʧʦʧʝʨʝʯʥʳʭ ʵʤʠʪʪʘʥʩʦʚ ‐ȟ ʚ ʧʝʨʚʦʡ (ʘ) ʠ 

ʚʪʦʨʦʡ (ʙ) ʩʝʢʮʠʷʭ ʠ ʬʘʟʦʚʳʝ ʧʦʨʪʨʝʪʳ ὼȟὼᴂ (ʚ) ʠ ώȟώᴂ (ʛ) ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʫʯʢʘ, 

ʫʩʢʦʨʝʥʥʦʛʦ ʜʦ ʩʨʝʜʥʝʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 50 ʄʵɺ. 1 ï ʫʩʢʦʨʝʥʠʝ ʚ ʩʪʨʫʢʪʫʨʝ 

ʠʟ ʘʟʠʤʫʪʘʣʴʥʦ-ʩʠʤʤʝʪʨʠʯʥʳʭ ʷʯʝʝʢ, 2 ï ʫʩʢʦʨʝʥʠʝ ʚ çʨʝʘʣʴʥʦʡè ʩʪʨʫʢʪʫʨʝ ʩ 

ʜʝʚʷʪʦʡ ʷʯʝʡʢʦʡ ʩ ʜʚʫʤʷ ʦʢʥʘʤʠ ʚʚʦʜʘ ʤʦʱʥʦʩʪʠ 

ʅʘ ʨʠʩ. 1.39, ʘ-ʜ ʩʨʘʚʥʠʚʘʶʪʩʷ ʨʘʟʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʫʯʢʘ, 

ʫʩʢʦʨʝʥʥʦʛʦ ʤʝʪʦʜʦʤ 2 (ρχςЈ• ρωσЈ) ʚ ʜʚʫʭ ʘʟʠʤʫʪʘʣʴʥʦ-ʩʠʤʤʝʪʨʠʯʥʳʭ 

ʩʝʢʮʠʷʭ ʠ ʚ ʜʚʫʭ ʩʝʢʮʠʷʭ ʩʦ ʱʝʣʷʤʠ ʩʚʷʟʠ ʠ ʜʚʫʤʷ ʦʢʥʘʤʠ ʚʚʦʜʘ ʤʦʱʥʦʩʪʠ ʚ 

ʜʝʚʷʪʦʡ ʷʯʝʡʢʝ. ʉʫʱʝʩʪʚʝʥʥʳʭ ʦʪʣʠʯʠʡ ʚ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʫʩʢʦʨʝʥʥʦʛʦ ʧʫʯʢʘ ʥʝ 

ʥʘʙʣʶʜʘʝʪʩʷ. ʇʦʵʪʦʤʫ ʜʝʣʘʝʤ ʚʳʚʦʜ, ʯʪʦ ʝʩʣʠ ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʫʯʢʘ 

ʜʦ ʢʦʥʝʯʥʦʡ ʵʥʝʨʛʠʠ 35-50 ʄʵɺ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʝʢʮʠʠ, ʚ ʜʝʚʷʪʦʡ ʷʯʝʡʢʝ 

ʢʦʪʦʨʳʭ ʧʨʦʨʝʟʘʥʳ ʜʚʘ ʩʠʤʤʝʪʨʠʯʥʳʭ ʦʢʥʘ ʚʚʦʜʘ ʤʦʱʥʦʩʪʠ, ʪʦʛʜʘ: 

1) ʧʦʩʣʝ ʫʩʢʦʨʝʥʠʷ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʡ ʧʦʧʝʨʝʯʥʳʡ ʵʤʠʪʪʘʥʩ ʧʫʯʢʘ ʙʫʜʝʪ 

ʤʝʥʴʰʝ 4 ʤʤ ʤʨʘʜ; 
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2) ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʚ ʧʦʜʨʘʟʜʝʣʝ 1.3.2, ʜʣʷ ʦʮʝʥʢʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʩʢʦʨʝʥʥʦʛʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʫʯʢʘ. 

 

ʘ 

 

ʙ                                                                  ʚ 

 

ʛ                                                                    ʜ 

ʈʠʩ. 1.39. ʇʦʣʥʳʡ ʨʘʟʙʨʦʩ ʢʠʥʝʪʠʯʝʩʢʠʭ ʵʥʝʨʛʠʡ ʯʘʩʪʠʮ ʧʫʯʢʘ ЎὉ (ʘ), 

ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʡ ʧʦʧʝʨʝʯʥʳʡ ʵʤʠʪʪʘʥʩ ‐ (ʙ), ʧʨʦʜʦʣʴʥʳʡ ʵʤʠʪʪʘʥʩ ‐ (ʚ) ʠ 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʝ ʨʘʜʠʫʩ „ (ʛ) ʠ ʜʣʠʥʘ „ (ʜ) ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʫʯʢʘ, ʫʩʢʦʨʝʥʥʦʛʦ 

ʤʝʪʦʜʦʤ 2 ʜʦ ʩʨʝʜʥʝʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ Ὁ ʚ ʘʟʠʤʫʪʘʣʴʥʦ-ʩʠʤʤʝʪʨʠʯʥʦʡ 

ʩʪʨʫʢʪʫʨʝ (1) ʠ ʚ ʜʚʫʭ ʩʝʢʮʠʷʭ ʩʦ ʱʝʣʷʤʠ ʩʚʷʟʠ ʠ ʜʚʫʤʷ ʦʢʥʘʤʠ ʚʚʦʜʘ ʤʦʱʥʦʩʪʠ ʚ 

ʜʝʚʷʪʦʡ ʷʯʝʡʢʝ (2) 
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1.4 ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʦʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʠʩʪʦʯʥʠʢʘ ʵʣʝʢʪʨʦʥʦʚ ʩ ʙʦʣʴʰʦʡ ʷʨʢʦʩʪʴʶ ʧʫʯʢʘ. ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʛʫʩʪʢʦʚ ʵʣʝʢʪʨʦʥʦʚ ʩ ʟʘʨʷʜʦʤ 1 ʥʂʣ ʠ ʧʦʧʝʨʝʯʥʳʤ 

ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʤ ʵʤʠʪʪʘʥʩʦʤ 3.6ï3.8 ʤʤ ʤʨʘʜ. ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʨʘʟʙʨʦʩ ʩʛʫʩʪʢʦʚ, 

ʩʣʝʜʫʶʱʠʡ ʠʟ ʨʘʩʯʝʪʦʚ ʜʠʥʘʤʠʢʠ ʧʫʯʢʘ, ʩʦʩʪʘʚʣʷʝʪ 0.12% ʧʨʠ 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʦʢʦʣʦ 3 ʧʩ. 
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ɻʃɸɺɸ 2. ʄɽʊʆɼʀʂɸ ʀɿʄɽʈɽʅʀʗ ʇʈʆɼʆʃʔʅʆɻʆ ʕʄʀʊʊɸʅʉɸ ʇʋʏʂɸ 

2.1 ɺʚʝʜʝʥʠʝ 

ɼʣʷ ʧʨʦʝʢʪʘ GunLab [18, 19] ʙʳʣʠ ʩʧʨʦʝʢʪʠʨʦʚʘʥ ʩʧʝʢʪʨʦʤʝʪʨ ʠ ʨʘʟʨʘʙʦʪʘʥʘ 

ʤʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʷ ʧʨʦʜʦʣʴʥʦʛʦ ʵʤʠʪʪʘʥʩʘ ʧʫʯʢʘ. ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʧʨʦʝʢʪʘ GunLab 

ʩʦʩʪʦʠʪ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠ ʨʘʟʚʠʪʠʠ ʩʚʝʨʭʧʨʦʚʦʜʷʱʠʭ ɺʏ ʬʦʪʦʠʥʞʝʢʪʦʨʦʚ [66]. ʅʘ 

ʣʠʥʠʠ ʜʠʘʛʥʦʩʪʠʢʠ ʧʫʯʢʘ ʩʧʝʢʪʨʦʤʝʪʨ (ʥʘ ʨʠʩ. 2.1 ʦʙʦʟʥʘʯʝʥ ʢʘʢ "ɼʠʧʦʣʴ") ʥʫʞʝʥ 

ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʠʟʤʝʨʷʪʴ ʵʥʝʨʛʠʶ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʩʧʝʢʪʨ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ. 

ɺʤʝʩʪʝ ʩ ʧʦʧʝʨʝʯʥʦ-ʦʪʢʣʦʥʷʶʱʠʤ ɺʏ ʨʝʟʦʥʘʪʦʨʦʤ (ʥʘ ʨʠʩ. 2.1 ʦʙʦʟʥʘʯʝʥ ʢʘʢ "ʇʆ 

ʨʝʟʦʥʘʪʦʨ"), ʢʦʪʦʨʳʡ ʜʣʷ ʧʨʦʝʢʪʘ GunLab ʧʨʦʝʢʪʠʨʦʚʘʣʩʷ ʚ ʫʩʢʦʨʠʪʝʣʴʥʦʤ 

ʢʦʤʧʣʝʢʩʝ DELTA ʚ ɼʦʨʪʤʫʥʜʝ [67], ʩʧʝʢʪʨʦʤʝʪʨ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ 

ʠʟʤʝʨʝʥʠʷ ʧʨʦʜʦʣʴʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʦʨʪʨʝʪʘ ʩʛʫʩʪʢʦʚ ʵʣʝʢʪʨʦʥʦʚ [68-70]. ɺ 

ʵʢʩʧʝʨʠʤʝʥʪʝ GunLab ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʧʫʯʢʘ ʵʣʝʢʪʨʦʥʦʚ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʚ 

ʧʨʝʜʝʣʘʭ ʦʪ 1 ʜʦ 3.5 ʄʵɺ, ʘ ʟʘʨʷʜ ʩʛʫʩʪʢʘ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 0.1 ʥʂʣ. 

 

ʈʠʩ. 2.1. ʉʭʝʤʘ ʣʠʥʠʠ ʜʠʘʛʥʦʩʪʠʢʠ ʧʫʯʢʘ ʚ ʧʨʦʝʢʪʝ GunLab 

2.2 ʉʧʝʢʪʨʦʤʝʪʨ ʜʣʷ ʧʨʦʝʢʪʘ GunLab 

ʊʘʙʣʠʮʘ 2.1 

ʆʛʨʘʥʠʯʝʥʠʷ ʥʘ ʧʘʨʘʤʝʪʨʳ ʩʧʝʢʪʨʦʤʝʪʨʘ 

ὒ πͯȢφ ̍ 

πȢσ ̍ ὒς ρ ̍ 

Ὃ σπ ̍  ̍

ʨʘʟʤʝʨ ʵʢʨʘʥʘ 25 ʤʤ 

ʛʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ ʤʘʛʥʠʪʘ < 0.4 ʤ 

ʉʧʝʢʪʨʦʤʝʪʨ ʙʳʣ ʨʘʩʩʯʠʪʘʥ ʩʦʛʣʘʩʥʦ ʦʙʱʝʡ ʪʝʦʨʠʠ, ʠʟʣʦʞʝʥʥʦʡ, ʥʘʧʨʠʤʝʨ, ʚ 

[71]. ʆʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʪʦʤ, ʯʪʦ ʪʨʝʙʦʚʘʣʦʩʴ ʨʘʟʨʘʙʦʪʘʪʴ 

ʩʧʝʢʪʨʦʤʝʪʨ ʩ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʥʝ ʭʫʞʝ 0.1%. ʂʨʦʤʝ ʪʦʛʦ, 
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ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʠʤʧʫʣʴʩʘ ʵʣʝʢʪʨʦʥʦʚ ʜʦʣʞʥʘ ʙʳʣʘ 

ʧʨʠʥʠʤʘʪʴ ʤʠʥʠʤʘʣʴʥʦ ʜʦʩʪʠʞʠʤʦʝ ʟʥʘʯʝʥʠʝ, ʠ ʜʠʧʦʣʴʥʳʡ ʤʘʛʥʠʪ ʜʦʣʞʝʥ ʙʳʣ 

ʬʦʢʫʩʠʨʦʚʘʪʴ ʧʫʯʦʢ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ. ɺ ʜʦʙʘʚʦʢ ʢʦ ʚʩʝʤʫ ʫʩʣʦʚʠʷ 

ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ GunLab ʥʘʢʣʘʜʳʚʘʣʠ ʨʷʜ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʟʥʘʯʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʩʧʝʢʪʨʦʤʝʪʨʘ, ʢʦʪʦʨʳʝ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 2.1. 

 

ʈʠʩ. 2.2. ʉʭʝʤʘ ʩʧʝʢʪʨʦʤʝʪʨʘ 

ʉʭʝʤʘ ʩʧʝʢʪʨʦʤʝʪʨʘ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 2.2. ʉʧʝʢʪʨʦʤʝʪʨ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ 

ʫʯʘʩʪʢʦʚ ʜʨʝʡʬʘ ʜʣʠʥʦʡ ὒ ʠ ὒ, ʜʠʧʦʣʴʥʦʛʦ ʤʘʛʥʠʪʘ, ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʵʢʨʘʥʘ ʠ 

ʇɿʉ ʢʘʤʝʨʳ. ɼʠʧʦʣʴʥʳʡ ʤʘʛʥʠʪ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: Ὑ ï 

ʨʘʜʠʫʩ ʜʫʛʠ, ʧʦ ʢʦʪʦʨʦʡ ʧʫʯʦʢ ʧʦʚʦʨʘʯʠʚʘʝʪʩʷ ʥʘ ʫʛʦʣ • ʚ ʤʘʛʥʠʪʝ; — ï ʫʛʦʣ 

ʧʦʚʦʨʦʪʘ ʢʨʘʷ ʧʦʣʶʩʘ ʤʘʛʥʠʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʘ ʢ ʪʨʘʝʢʪʦʨʠʠ ʧʫʯʢʘ; 

Ὃ ï ʚʳʩʦʪʘ ʟʘʟʦʨʘ ʤʝʞʜʫ ʧʦʣʶʩʘʤʠ ʤʘʛʥʠʪʘ; ὑ ï ʢʦʵʬʬʠʮʠʝʥʪ ʢʨʘʝʚʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ɺʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʦʧʠʩʳʚʘʝʤʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʘ ʷʚʣʷʝʪʩʷ 

ʜʘʪʯʠʢ ʍʦʣʣʘ, ʧʦʩʪʦʷʥʥʦ ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʜʠʧʦʣʴʥʦʛʦ ʤʘʛʥʠʪʘ 

(ʨʠʩ. 2.3) ʠ ʧʦʟʚʦʣʷʶʱʠʡ ʩ ʪʦʯʥʦʩʪʴʶ ʣʫʯʰʝ 1 ɻʩ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʝʛʦ ʚʝʣʠʯʠʥʫ. 

 

ʈʠʩ. 2.3. ɼʠʧʦʣʴʥʳʡ ʤʘʛʥʠʪ ʙʝʟ ʚʝʨʭʥʝʛʦ ʧʦʣʶʩʘ ʩ ʜʘʪʯʠʢʦʤ ʍʦʣʣʘ 
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ɿʥʘʯʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʧʝʢʪʨʦʤʝʪʨʘ ʚʳʙʠʨʘʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ 

ʧʨʦʠʟʚʦʣʴʥʦ: ὒ ψππ ʤʤ, Ὃ συ ʤʤ, Ὑ ςυπ ʤʤ, • τυЈ, ὑ πȢσ. ʊʘʢʦʡ 

ʚʳʙʦʨ ʦʙʲʷʩʥʷʝʪʩ ̫ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɿʥʘʯʝʥʠʝ ὒ ʜʦʣʞʥʦ ʙʳʪʴ ʙʦʣʴʰʠʤ, ʯʪʦʙʳ 

ʚ ʧʝʨʚʳʡ ʫʯʘʩʪʦʢ ʜʨʝʡʬʘ ʤʦʞʥʦ ʙʳʣʦ ʧʦʤʝʩʪʠʪʴ ʧʦʧʝʨʝʯʥʦ-ʦʪʢʣʦʥʷʶʱʠʡ 

ʨʝʟʦʥʘʪʦʨ ʠ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʜʚʝ ʢʚʘʜʨʫʧʦʣʴʥʳʝ ʣʠʥʟʳ (ʨʠʩ. 2.1). ʀʥʪʝʛʨʘʣ 

ʢʨʘʝʚʦʛʦ ʧʦʣʷ ὑ ʜʣʷ ʦʙʳʯʥʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʦʚ ʣʝʞʠʪ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0.4 ʜʦ 0.6. 

ʅʦ ʩ ʧʦʤʦʱʴʶ ʵʢʨʘʥʠʨʦʚʢʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʟʥʘʯʝʥʠʝ ὑ ʤʦʞʥʦ ʫʤʝʥʴʰʠʪʴ ʜʦ 0.3. 

ʄʘʣʦʝ ʟʥʘʯʝʥʠʝ ὑ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ, ʧʦʪʦʤʫ ʯʪʦ ʧʨʠ ʵʪʦʤ ʫʤʝʥʴʰʘʝʪʩʷ ʦʙʣʘʩʪʴ 

ʢʨʘʝʚʦʛʦ ʧʦʣʷ. 

ʉʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʚ ʛʣʘʚʝ 2, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, 

ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ ʧʨʦʛʨʘʤʤʘʭ ʪʠʧʘ TRANSPORT [72]. ɺ ʧʫʯʢʝ ʠʤʝʝʪʩʷ ʦʧʦʨʥʘʷ 

ʯʘʩʪʠʮʘ, ʦʙʣʘʜʘʶʱʘʷ çʧʨʘʚʠʣʴʥʳʤè ʠʤʧʫʣʴʩʦʤ ὴ ʠ ʥʘʭʦʜʷʱʘʷʩʷ ʚ çʧʨʘʚʠʣʴʥʦʤè 

ʠʩʭʦʜʥʦʤ ʧʦʣʦʞʝʥʠʠ. ʂʦʦʨʜʠʥʘʪʳ ʚʩʝʭ ʯʘʩʪʠʮ ʧʫʯʢʘ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 

ʟʘʜʘʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʣʦʞʝʥʠʷ ʦʧʦʨʥʦʡ ʯʘʩʪʠʮʳ, ʠʣʠ ʦʧʦʨʥʦʡ ʪʨʘʝʢʪʦʨʠʠ. ʆʩʴ 

ᾀ ʥʘʧʨʘʚʣʝʥʘ ʚʜʦʣʴ ʦʧʦʨʥʦʡ ʪʨʘʝʢʪʦʨʠʠ, ʢʦʦʨʜʠʥʘʪʘ ὼ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʩʤʝʱʝʥʠʶ ʯʘʩʪʠʮʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʧʦʨʥʦʡ ʪʨʘʝʢʪʦʨʠʠ, 

ʢʦʦʨʜʠʥʘʪʘ ώ ï ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʩʤʝʱʝʥʠʶ. ʇʣʦʩʢʦʩʪʴ ʧʦʚʦʨʦʪʘ ʦʧʦʨʥʦʡ ʯʘʩʪʠʮʳ 

ʩʦʚʧʘʜʘʝʪ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʴʶ. 

ɺ ʧʝʨʚʦʤ ʧʦʨʷʜʢʝ ʜʝʡʩʪʚʠʝ ʜʠʧʦʣʴʥʦʛʦ ʤʘʛʥʠʪʘ ʥʘ ʵʣʝʢʪʨʦʥ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʩ 

ʧʦʤʦʱʴʶ ʤʘʪʨʠʯʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ [72]: 

ὢ ὓ ὢȟ (2.1) 

ʛʜʝ 

ὢ

ở

Ở
Ở
Ở
ờ

ὼ
ὼᴂ
ώ

ώᴂ
ὰ

‏
ὴ ὴ

ὴ Ợ

ỡ
ỡ
ỡ
Ỡ

Ȣ 

 

ɿʜʝʩʴ ὓ ï ʤʘʪʨʠʮʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʧʝʢʪʨʦʤʝʪʨʘ, ὢ ʠ ὢ ï ʚʝʢʪʦʨ ʚ ʰʝʩʪʠʤʝʨʥʦʤ 

ʬʘʟʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʯʘʩʪʠʮʳ ʧʫʯʢʘ ʥʘ ʚʭʦʜʝ ʚ ʩʧʝʢʪʨʦʤʝʪʨ ʠ ʥʘ ʵʢʨʘʥʝ, ὼ

ὴ ὴϳ , ώ ὴ ὴϳ , ὰ ï ʨʘʟʥʦʩʪʴ ʜʣʠʥ ʪʨʘʝʢʪʦʨʠʡ ʦʙʳʯʥʦʡ ʠ ʦʧʦʨʥʦʡ ʯʘʩʪʠʮ, ὴ ʠ ὴ 
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ï ʠʤʧʫʣʴʩʳ ʦʙʳʯʥʦʡ ʠ ʦʧʦʨʥʦʡ ʯʘʩʪʠʮ. ʄʘʪʨʠʮʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʧʝʢʪʨʦʤʝʪʨʘ 

ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

ὓ ὓ ὓ ὓ ὓ ὓȢ (2.2) 

ɿʜʝʩʴ ὓ  ʠ ὓ  ï ʤʘʪʨʠʮʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʫʯʘʩʪʢʦʚ ʜʨʝʡʬʘ ὒ ʠ ὒ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: 

ὓ

ở

ỞỞ
ờ

ρ ὒ
π ρ

π π
π π

π π
π π

π π
π π

ρ ὒ
π ρ

π π
π π

π π
π π

π π
π π

ρ π
π ρỢ

ỡỡ
Ỡ
ȟ 

(2.3) 

ὓ

ở

ỞỞ
ờ

ρ ὒ
π ρ

π π
π π

π π
π π

π π
π π

ρ ὒ
π ρ

π π
π π

π π
π π

π π
π π

ρ π
π ρỢ

ỡỡ
Ỡ
ȟ 

(2.4) 

ὓ  ï ʤʘʪʨʠʮʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʝʢʪʦʨʥʦʛʦ ʤʘʛʥʠʪʘ: 

ὓ

ở

Ở
Ở
ờ

ÃÏÓ• ὙÓÉÎ• π

ÃÏÓ• π

π π ρ

π π Ὑρ ÃÏÓ•
π π ÓÉÎ•
•Ὑ π π

π π π
ÓÉÎ• Ὑρ ÃÏÓ• π
π π π

ρ π π
π ρ Ὑ• ÓÉÎ•
π π ρ Ợ

ỡ
ỡ
Ỡ

ȟ 

(2.5) 

ὓ  ʠ ὓ  ï ʤʘʪʨʠʮʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʚʝʨʥʫʪʳʭ ʢʨʘʝʚʳʭ ʧʦʣʝʡ ʤʘʛʥʠʪʘ: 

ὓ ὓ

ở

Ở
Ở
Ở
ờ

ρ π π
ρ π

π π ρ

π π π
π π π
π π π

π π

π π π
π π π

ρ π π
π ρ π
π π ρỢ

ỡ
ỡ
ỡ
Ỡ

Ȣ 

(2.6) 

ʂʦʨʨʝʢʪʠʨʫʶʱʠʡ ʫʛʦʣ ‪, ʚʦʟʥʠʢʘʶʱʠʡ ʠʟ-ʟʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʨʦʪʷʞʝʥʠʷ 

ʢʨʘʝʚʦʛʦ ʧʦʣʷ, ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

‪ ὑ
Ὃ

Ὑ

ρ ÓÉÎ—

ÃÏÓ—
ρ ὑϽὑ

Ὃ

Ὑ
ÔÁÎ—Ȣ 

(2.7) 

ʄʘʪʨʠʮʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (2.3-2.6) ʠ ʬʦʨʤʫʣʘ ʜʣʷ ʫʛʣʘ ‪ (2.7) ʚʟʷʪʳ ʠʟ [72]. 
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2.2.1 ʆʰʠʙʢʘ ʠʟʤʝʨʝʥʠʷ ʠʤʧʫʣʴʩʘ 

ʆʰʠʙʢʘ ʠʟʤʝʨʝʥʠʷ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ЎὉ ʩʚʷʟʘʥʘ ʩ ʦʰʠʙʢʦʡ ʠʟʤʝʨʝʥʠʷ 

ʠʤʧʫʣʴʩʘ Ўὴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ЎὉ
ὴὧ

ὴὧ άὧ
Ўὴὧȟ (2.8) 

ʛʜʝ ὧ ï ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ, ά  ï ʤʘʩʩʘ ʧʦʢʦʷ ʵʣʝʢʪʨʦʥʘ. ɼʘʣʝʝ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʪʦʣʴʢʦ ʦʰʠʙʢʫ ʠʟʤʝʨʝʥʠʷ ʠʤʧʫʣʴʩʘ Ўὴ. 

ʅʘ ʚʭʦʜʝ ʚ ʩʧʝʢʪʨʦʤʝʪʨ ʥʘʭʦʜʠʪʩʷ ʧʫʯʦʢ ʵʣʝʢʪʨʦʥʦʚ. ɺ ʧʫʯʢʝ ʝʩʪʴ ʦʧʦʨʥʳʡ 

ʵʣʝʢʪʨʦʥ ʩ ʠʤʧʫʣʴʩʦʤ ὴ ï ʩʨʝʜʥʠʤ ʠʤʧʫʣʴʩʦʤ ʯʘʩʪʠʮ ʧʫʯʢʘ. ʊʨʘʝʢʪʦʨʠʠ ʯʘʩʪʠʮ 

ʧʫʯʢʘ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʨʘʝʢʪʦʨʠʠ ʦʧʦʨʥʦʛʦ ʵʣʝʢʪʨʦʥʘ, ʢʦʪʦʨʘʷ 

ʩʦʩʪʦʠʪ ʠʟ ʦʪʨʝʟʢʘ ʧʨʷʤʦʡ ὒ, ʜʫʛʠ ʦʢʨʫʞʥʦʩʪʠ ʨʘʜʠʫʩʘ Ὑ ʠ ʜʣʠʥʦʡ •Ὑ ʠ ʦʪʨʝʟʢʘ 

ʧʨʷʤʦʡ ὒ. ʅʘ ʵʢʨʘʥʝ ʩʧʝʢʪʨʦʤʝʪʨʘ ʤʳ ʤʦʞʝʤ ʫʢʘʟʘʪʴ ʚʝʨʪʠʢʘʣʴʥʫʶ ʣʠʥʠʶ ʩ 

ʢʦʦʨʜʠʥʘʪʦʡ ὼ π ʤʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʧʦʣʦʞʝʥʠʶ ʦʧʦʨʥʦʛʦ ʵʣʝʢʪʨʦʥʘ. ɽʩʣʠ 

ʠʟʚʝʩʪʝʥ ʫʨʦʚʝʥʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʜʠʧʦʣʴʥʦʛʦ ʤʘʛʥʠʪʘ ὄ, ʤʦʞʥʦ ʥʘʡʪʠ ʠʤʧʫʣʴʩ 

ʦʧʦʨʥʦʛʦ ʵʣʝʢʪʨʦʥʘ: 

ὴ
ὩὄὙ

ὧ
ȟ 

(2.9) 

ʛʜʝ Ὡ ï ʟʘʨʷʜ ʵʣʝʢʪʨʦʥʘ. 

ʆʰʠʙʢʘ ʠʟʤʝʨʝʥʠʷ ʠʤʧʫʣʴʩʘ ὴ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ: 

Ўὴ Ўὴ Ўὴ ЎὴȢ 
(2.10) 

ɿʜʝʩʴ Ўὴ ï ʦʰʠʙʢʘ, ʩʚʷʟʘʥʥʘʷ ʩ ʪʝʤ, ʯʪʦ ʫʨʦʚʝʥʴ ʧʦʣʷ ʚ ʤʘʛʥʠʪʝ ʚʳʩʪʘʚʣʷʝʪʩʷ ʩ 

ʪʦʯʥʦʩʪʴʶ Ўὄ; Ўὴ ï ʦʰʠʙʢʘ, ʩʚʷʟʘʥʥʘʷ ʩ ʪʦʯʥʦʩʪʴʶ ʫʩʪʘʥʦʚʢʠ ʵʢʨʘʥʘ ʠ ʥʘʥʝʩʝʥʠʷ 

ʥʘ ʵʢʨʘʥ ʤʝʪʢʠ, ʦʧʨʝʜʝʣʷʶʱʝʡ ʧʦʣʦʞʝʥʠʝ ʦʧʦʨʥʦʛʦ ʵʣʝʢʪʨʦʥʘ ʥʘ ʵʢʨʘʥʝ; Ўὴ ï 

ʦʰʠʙʢʘ, ʚʦʟʥʠʢʘʶʱʘʷ ʠʟ-ʟʘ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʧʘʨʘʟʠʪʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ὦ ʥʘ 

ʫʯʘʩʪʢʘʭ ʜʨʝʡʬʘ ὒ ʠ ὒ. ʇʨʠ ʵʪʦʤ ʩʯʠʪʘʝʤ, ʯʪʦ ʧʦʧʝʨʝʯʥʳʡ ʵʤʠʪʪʘʥʩ ʧʫʯʢʘ ʥʘ 

ʚʭʦʜʝ ʚ ʩʧʝʢʪʨʦʤʝʪʨ ʨʘʚʝʥ ʥʫʣʶ. 

ʆʰʠʙʢʘ Ўὴ ʚʳʯʠʩʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦ. ʇʦʣʝ ʤʘʛʥʠʪʘ ʠʟʚʝʩʪʥʦ ʩ ʪʦʯʥʦʩʪʴ 

Ўὄ, ʧʦʵʪʦʤʫ ʚ ʪʦʯʢʫ ὼ π ʥʘ ʵʢʨʘʥʝ ʤʦʛʫʪ ʧʦʧʘʩʪʴ ʵʣʝʢʪʨʦʥʳ ʩ ʠʤʧʫʣʴʩʘʤʠ: 
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ὴ
Ὡὄ ЎὄὙ

ὧ
ὴ

ὩЎὄὙ

ὧ
ᵼ 

 

Ўὴ
ὩЎὄὙ

ὧ
Ȣ 

(2.11) 

ɼʦʧʫʩʪʠʤ, ʤʳ ʤʦʞʝʤ ʧʦʤʝʩʪʠʪʴ ʵʢʨʘʥ ʚ ʥʫʞʥʦʤ ʤʝʩʪʝ ʠ ʥʘʥʝʩʪʠ ʥʘ ʥʝʤ 

ʦʧʦʨʥʫʶ ʤʝʪʢʫ ʩ ʪʦʯʥʦʩʪʴʶ Ўὼ . ʂʦʦʨʜʠʥʘʪʘ ʵʣʝʢʪʨʦʥʘ ʥʘ ʵʢʨʘʥʝ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʫʨʘʚʥʝʥʠʝʤ: 

ὼ ά ὼ ά ὼ ά   ȟ‏

ʛʜʝ ά  ï ʤʘʪʨʠʯʥʳʝ ʵʣʝʤʝʥʪʳ ʩʧʝʢʪʨʦʤʝʪʨʘ. ʊʘʢ ʢʘʢ ʩʯʠʪʘʝʤ ʧʦʧʝʨʝʯʥʳʡ 

ʵʤʠʪʪʘʥʩ ʚʭʦʜʷʱʝʛʦ ʧʫʯʢʘ ʥʫʣʝʚʳʤ, ʪʦ ʢʦʦʨʜʠʥʘʪʳ ὼ ʠ ὼ ʣʶʙʦʛʦ ʵʣʝʢʪʨʦʥʘ 

ʨʘʚʥʳ ʥʫʣʶ. ʇʦʵʪʦʤʫ: 

ὼ ά   Ȣ‏

ɽʩʣʠ ʵʣʝʢʪʨʦʥ ʦʢʘʞʝʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ Ўὼ  ʦʪ ʪʦʯʢʠ ὼ π, ʪʦ ʙʫʜʝʪ ʦʰʠʙʦʯʥʦ 

ʧʨʠʥʷʪ ʟʘ ʵʣʝʢʪʨʦʥ ʩ ʠʤʧʫʣʴʩʦʤ ὴ. ʀʤʧʫʣʴʩ ʵʪʦʛʦ ʵʣʝʢʪʨʦʥʘ ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʨʘʚʝʥ: 

Ўὼ ά   ᵼ‏

Ўὴ ὴ
Ўὼ

ά
Ȣ 

(2.12) 

ʏʪʦʙʳ ʦʮʝʥʠʪʴ ʚʝʣʠʯʠʥʫ ʦʰʠʙʢʠ Ўὴ, ʧʨʠʤʝʤ, ʯʪʦ ʥʘ ʫʯʘʩʪʢʘʭ ʜʨʝʡʬʘ ὒ ʠ ὒ 

ʩʫʱʝʩʪʚʫʝʪ ʤʘʣʦʝ ʚʝʨʪʠʢʘʣʴʥʦʝ ʧʘʨʘʟʠʪʥʦʝ ʧʦʣʝ ὦ. ʇʨʠʯʝʤ ʥʘʧʨʘʚʣʝʥʠʷ 

ʧʘʨʘʟʠʪʥʦʛʦ ʧʦʣʷ ʠ ʧʦʣʷ ʜʠʧʦʣʴʥʦʛʦ ʤʘʛʥʠʪʘ ʩʦʚʧʘʜʘʶʪ. ɺ ʩʧʝʢʪʨʦʤʝʪʨ ʚʣʝʪʘʝʪ 

ʵʣʝʢʪʨʦʥ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ: 

ὢ

ở

ỞỞ
ờ

π
π
π
π
π
Ợ‏

ỡỡ
Ỡ
Ȣ 

 

ʕʣʝʢʪʨʦʥ ʥʘ ʫʯʘʩʪʢʝ ὒ ʜʚʠʞʝʪʩʷ ʧʦ ʜʫʛʝ ʨʘʜʠʫʩʘ ὶ ὴὧὩὦϳ  ʠ ʧʝʨʝʩʝʢʘʝʪ 

ʛʨʘʥʠʮʫ ʦʙʣʘʩʪʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʜʠʧʦʣʷ ʚ ʪʦʯʢʝ A, ʠʟʦʙʨʘʞʝʥʥʦʡ 

ʥʘ ʨʠʩ. 2.4. ɺ ʥʝʧʦʜʚʠʞʥʦʡ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ὼώᾀ, ʮʝʥʪʨ 

ʢʦʪʦʨʦʡ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʚʭʦʜʝ ʚ ʩʧʝʢʪʨʦʤʝʪʨ, ɻ ʣʝʢʪʨʦʥ ʚ ʪʦʯʢʝ A ʠʤʝʝʪ ʢʦʦʨʜʠʥʘʪʳ: 

ὼ ὶ ὒÔÁÎ— ÃÏÓ—

ὶ ὒÔÁÎ— ÃÏÓ— ὒρ ÃÏÓ— ȟ 

(2.13) 
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ᾀ ὼ ÔÁÎ— ὒȟ (2.14) 

ὼ
ᾀ

ὼ ὶ
Ȣ 

(2.15) 

ɼʘʣʝʝ ʵʣʝʢʪʨʦʥ ʧʦʚʦʨʘʯʠʚʘʝʪʩʷ ʚ ʜʠʧʦʣʴʥʦʤ ʤʘʛʥʠʪʝ ʠ ʧʝʨʝʩʝʢʘʝʪ ʛʨʘʥʠʮʫ ʦʙʣʘʩʪʠ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʜʠʧʦʣʷ ʚ ʪʦʯʢʝ B. ʂʦʦʨʜʠʥʘʪʳ ʵʣʝʢʪʨʦʥʘ ʚ ʪʦʯʢʝ B 

ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ὼώᾀ ʩʣʝʜʫʶʱʠʝ: 

ὼ ά ὼ ά ὼ ά  ȟ (2.16)‏

ὼ ά ὼ ά ὼ ά  ȟ (2.17)‏

ᾀ ά ὼ ά ὼ ά ᾀ ὒ άÄ‏ȟ (2.18) 

ʛʜʝ άÄ ï ʤʘʪʨʠʯʥʳʝ ʵʣʝʤʝʥʪʳ ʜʠʧʦʣʴʥʦʛʦ ʤʘʛʥʠʪʘ. ʎʝʥʪʨ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ 

ὼώᾀ ʩʦʚʧʘʜʘʝʪ ʩ ʪʦʯʢʦʡ ʚʳʭʦʜʘ ʦʧʦʨʥʦʛʦ ʵʣʝʢʪʨʦʥʘ ʠʟ ʦʙʣʘʩʪʠ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʜʠʧʦʣʷ, ʦʩʴ ᾀ ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʚʠʞʝʥʠʷ ʦʧʦʨʥʦʛʦ 

ʵʣʝʢʪʨʦʥʘ ʥʘ ʫʯʘʩʪʢʝ ʜʨʝʡʬʘ ὒ. ʏʪʦʙʳ ʵʣʝʢʪʨʦʥ ʙʳʣ ʧʨʠʥʷʪ ʟʘ ʦʧʦʨʥʳʡ ʵʣʝʢʪʨʦʥ 

ʩ ʠʤʧʫʣʴʩʦʤ ὴ, ʦʥ ʜʦʣʞʝʥ ʧʦʧʘʩʪ ɹʧʦ ʜʫʛʝ ʨʘʜʠʫʩʘ ὶ ʚ ʪʦʯʢʫ C. ʊʦʯʢʘ C ʠʤʝʝʪ 

ʢʦʦʨʜʠʥʘʪʳ ὼ π, ᾀ ὒ. ʇʦʵʪʦʤʫ ʜʦʣʞʥʦ ʚʳʧʦʣʥʷʪʴʩʷ ʨʘʚʝʥʩʪʚʦ: 

ὼ ᾀ ὒ
ςὶ

ρ ὼ
ὼ ᾀ ὒ ὼ

πȢ 

(2.19) 

ʀʟ ʵʪʦʛʦ ʨʘʚʝʥʩʪʚʘ ʤʦʞʥʦ ʥʘʡʪʠ ʟʥʘʯʝʥʠʝ ʠʤʧʫʣʴʩʘ ʵʣʝʢʪʨʦʥʘ ὴ. 

 

ʈʠʩ. 2.4. ʇʦʷʩʥʝʥʠʝ ʢ ʧʦʠʩʢʫ ʦʰʠʙʢʠ Ўὴ. ʉʠʥʠʤ ʮʚʝʪʦʤ ʧʦʢʘʟʘʥʘ ʪʨʘʝʢʪʦʨʠʷ 

ʦʧʦʨʥʦʛʦ ʵʣʝʢʪʨʦʥʘ ʚ ʠʜʝʘʣʴʥʦʤ ʩʧʝʢʪʨʦʤʝʪʨʝ ʙʝʟ ʧʘʨʘʟʠʪʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ 

ʫʯʘʩʪʢʘʭ ʜʨʝʡʬʘ. ɿʝʣʝʥʳʤ (ʢʨʘʩʥʳʤ) ʮʚʝʪʦʤ ʠʟʦʙʨʘʞʝʥʘ ʪʨʘʝʢʪʦʨʠʷ ʵʣʝʢʪʨʦʥʘ ʩ 

ʠʤʧʫʣʴʩʦʤ ὴ ὴ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʝʩʪʴ ʧʘʨʘʟʠʪʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʥʘʧʨʘʚʣʝʥʥʦʝ ʚ 

ʪʫ ʞʝ (ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ) ʩʪʦʨʦʥʫ, ʯʪʦ ʠ ʧʦʣʝ ʜʠʧʦʣʷ 
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ʅʘʡʪʠ ʢʦʨʥʠ ʫʨʘʚʥʝʥʠʷ (2.19) ʩʣʦʞʥʦ. ʅʦ ʵʪʦ ʫʨʘʚʥʝʥʠʝ ʤʦʞʥʦ ʫʧʨʦʩʪʠʪʴ, ʝʩʣʠ 

ʫʯʝʩʪʴ, ʯʪʦ ʚʝʣʠʯʠʥʳ ‏ ὴ ὴ ὴϳ  ʠ ὒὶϳ ʤʘʣʳ, ʠ ʝʩʣʠ ʚ ʫʨʘʚʥʝʥʠʠ (2.19) 

ʦʛʨʘʥʠʯʠʪʴʩʷ ʩʣʘʛʘʝʤʳʤʠ ʥʫʣʝʚʦʛʦ ʧʦʨʷʜʢʘ ʤʘʣʦʩʪʠ. ʇʦʢʘʞʝʤ, ʯʪʦ ʫʩʣʦʚʠʝ ὒὶϳ Ḻ

ρ ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ ʩʘʤʦʤ ʜʝʣʝ. ʇʫʩʪʴ ʚʝʣʠʯʠʥʘ ʠʥʜʫʢʮʠʠ ʧʘʨʘʟʠʪʥʦʛʦ ʧʦʣʷ ʨʘʚʥʘ 

ʩʨʝʜʥʝʤʫ ʟʥʘʯʝʥʠʶ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ, ʪʦ ʝʩʪʴ ὦ πȢυ ɻʩ, 

ʠʤʧʫʣʴʩ ʵʣʝʢʪʨʦʥʘ ʨʘʚʝʥ ὴ πȢυ ʄʵɺ/c, ʜʣʠʥʘ ʫʯʘʩʪʢʘ ʜʨʝʡʬʘ ʨʘʚʥʘ ὒ ρ ʤ. 

ʊʦʛʜʘ ὒὶϳ Ὡὦὒὴὧϳ πȢπσḺρ. 

ʇʦʩʣʝ ʫʯʝʪʘ ʚ ʫʨʘʚʥʝʥʠʠ (2.19) ʪʦʣʴʢʦ ʯʣʝʥʦʚ ʥʫʣʝʚʦʛʦ ʧʦʨʷʜʢʘ ʤʘʣʦʩʪʠ ʧʦ ‏ ʠ 

ὒὶϳ ʧʦʣʫʯʘʝʤ ʫʧʨʦʱʝʥʥʦʝ ʫʨʘʚʥʝʥʠʝ: 

ὒ

ÃÏÓ—
ÃÏÓ• —

ὒ

Ὑ
Ͻ
ÓÉÎς— •

ÃÏÓ—

ςὒ ὒ
ÃÏÓ• —

ÃÏÓ—
ὙÓÉÎ• ὒ

τὶ
ὴ ὴ

ὴ
ÓÉÎ
•

ς
ὙÓÉÎ

•

ς
ὒ
ÃÏÓ

•
ς —

ÃÏÓ—
πȢ 

 

ʇʦʵʪʦʤʫ ʦʰʠʙʢʘ Ўὴ ʨʘʚʥʘ: 

Ўὴ
ὴ

τὶÓÉÎ
•
ς

ὙÓÉÎ
•

ς
ὒ
ÃÏÓ

•
ς —

ÃÏÓ—
ὒ

ὒ

ÃÏÓ—
ÃÏÓ• —

ὒ

Ὑ
Ͻ
ÓÉÎς— •

ÃÏÓ—

ςὒ ὒ
ÃÏÓ• —

ÃÏÓ—
ὙÓÉÎ• Ȣ 

(2.20) 

ɽʩʣʠ ʨʘʩʩʤʦʪʨʝʪʴ ʩʣʫʯʘʡ ʧʘʨʘʟʠʪʥʦʛʦ ʧʦʣʷ, ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʧʦʣʶ 

ʜʠʧʦʣʷ, ʦʢʘʞʝʪʩʷ, ʯʪʦ ʦʰʠʙʢʘ Ўὴ ʠʤʝʝʪ ʪʘʢʦʝ ʞʝ ʘʙʩʦʣʶʪʥʦʝ ʟʥʘʯʝʥʠʝ (2.20) ʠ 

ʦʪʣʠʯʘʝʪʩʷ ʪʦʣʴʢʦ ʟʥʘʢʦʤ. 

2.2.2 ʈʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʧʝʢʪʨʦʤʝʪʨʘ 

ʈʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʧʝʢʪʨʦʤʝʪʨʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

ʀʤʝʝʪʩʷ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʠʡ ʧʫʯʦʢ ʵʣʝʢʪʨʦʥʦʚ, ʢʦʪʦʨʳʡ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ 

ʩʧʝʢʪʨʦʤʝʪʨ. ʇʫʯʦʢ ʠʤʝʝʪ ʥʝʥʫʣʝʚʦʡ ʧʦʧʝʨʝʯʥʳʡ ʵʤʠʪʪʘʥʩ ‐. ʉʠʩʪʝʤʘ 

ʥʘʙʣʶʜʝʥʠʷ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʵʢʨʘʥʘ ʠ ʇɿʉ ʢʘʤʝʨʳ, 
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ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʘʟʨʝʰʝʥʠʝʤ Ўὼ : ʥʘ ʵʢʨʘʥʝ ʪʦʯʢʘ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʧʷʪʥʳʰʢʦ 

ʨʘʜʠʫʩʘ Ўὼ . ʇʦʵʪʦʤʫ ʥʘ ʵʢʨʘʥʝ ʩʧʝʢʪʨʦʤʝʪʨʘ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʠʡ ʧʫʯʦʢ 

ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʚʠʜʝ ʧʷʪʥʘ ʩʦ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʤ ʨʘʜʠʫʩʦʤ Ўὼ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʜʝʣʘʝʪʩʷ ʦʰʠʙʦʯʥʳʡ ʚʳʚʦʜ, ʯʪʦ ʧʫʯʦʢ ʦʙʣʘʜʘʝʪ ʥʝʥʫʣʝʚʳʤ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʤ 

ʦʪʢʣʦʥʝʥʠʝʤ ʯʘʩʪʠʮ ʧʦ ʠʤʧʫʣʴʩʫ. ʇʦʵʪʦʤʫ ʤʠʥʠʤʘʣʴʥʳʡ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʡ 

ʨʘʟʙʨʦʩ ʧʦ ʠʤʧʫʣʴʩʫ ʯʘʩʪʠʮ ʧʫʯʢʘ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʩ ʧʦʤʦʱʴʶ 

ʩʧʝʢʪʨʦʤʝʪʨʘ, ʨʘʚʝʥ: 

Ў‏ Ў‏ Ў‏Ȣ (2.21) 

ɿʜʝʩʴ Ў‏ ï ʚʢʣʘʜ ʚ ʨʘʟʨʝʰʝʥʠʝ, ʩʚʷʟʘʥʥʳʡ ʩ ʨʘʟʨʝʰʝʥʠʝʤ ʵʢʨʘʥʘ ʠ ʇɿʉ ʢʘʤʝʨʳ, 

Ў‏ ï ʚʢʣʘʜ, ʩʚʷʟʘʥʥʳʡ ʩ ʧʦʧʝʨʝʯʥʳʤ ʵʤʠʪʪʘʥʩʦʤ ʚʭʦʜʥʦʛʦ ʧʫʯʢʘ. ʕʪʠ ʚʢʣʘʜʳ 

ʨʘʚʥʳ: 

Ў‏
Ўὼ

ά
ȟ 

(2.22) 

Ў‏
‐ ‍ά ς‌ά ά ‎ά

ά
Ȣ 

(2.23) 

ɿʜʝʩʴ ‌, ‍, ‎ ï ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʝ ʧʘʨʘʤʝʪʨʳ ʊʚʠʩʩʘ ʚʭʦʜʥʦʛʦ ʧʫʯʢʘ [73]. 

ʇʦʢʘʞʝʤ, ʢʘʢ ʧʦʣʫʯʘʝʪʩʷ ʚʳʨʘʞʝʥʠʝ (2.23). ʂʦʦʨʜʠʥʘʪʘ ʵʣʝʢʪʨʦʥʘ ʥʘ ʵʢʨʘʥʝ 

ʨʘʚʥʘ: 

ὼὼȟὼ ά ὼ ά ὼȢ (2.24) 

ʉʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʩʨʝʜʥʝʡ ʪʦʯʢʠ ʧʫʯʢʘ ʨʘʚʥʦ: 

„ḳ ộὼỚ ộὼỚȟ (2.25) 

ộὼỚ ὼὼȟὼ Ὢὼȟὼ ὨὼὨὼȟ 
(2.26) 

ộὼỚ ὼὼȟὼ Ὢὼȟὼ ὨὼὨὼȢ 
(2.27) 

ɿʜʝʩʴ Ὢὼȟὼ  ï ʩʠʤʤʝʪʨʠʯʥʘʷ, ʯʝʪʥʘʷ ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʭʦʜʥʦʛʦ ʧʫʯʢʘ, 

ʥʦʨʤʠʨʦʚʘʥʥʘʷ ʥʘ ʝʜʠʥʠʮʫ: 

Ὢὼȟὼ ὨὼὨὼ ρȢ 
 

ʇʦʜʩʪʘʚʢʘ (2.24) ʚ (2.26) ʠ (2.27) ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʫʣʘʤ: 
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ộὼỚ ά ὼ ά ὼ Ὢὼȟὼ ὨὼὨὼ πȟ 
(2.28) 

ộὼỚ ά ὼ ςά ά ὼὼ ά ὼ Ὢὼȟὼ ὨὼὨὼ

ά ộὼỚ ςά ά ộὼὼỚ ά ộὼ Ớ

‐ ‍ά ς‌ά ά ‎ά Ȣ 

(2.29) 

ɺ (2.29) ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʊʚʠʩʩʘ 

[74]: 

‌‐ ộὼὼỚȟ‍‐ ộὼỚȟ‎‐ ộὼ ỚȢ  

ʇʦʜʩʪʘʥʦʚʢʦʡ (2.28), (2.29) ʚ (2.25) ʧʦʣʫʯʘʝʪʩʷ: 

„ ‐ ‍ά ς‌ά ά ‎ά ᵼ 
 

Ў‏
„

ά

‐ ‍ά ς‌ά ά ‎ά

ά
Ȣ 

 

ʇʝʨʝʧʠʰʝʤ (2.23) ʚ ʚʠʜʝ: 

Ў‏
ά ộὼỚ ςά ά ộὼὼỚ ά ộὼ Ớ

ά
Ȣ 

(2.30) 

ɽʩʣʠ ʧʦʜʦʙʨʘʪʴ ʧʘʨʘʤʝʪʨʳ ʩʧʝʢʪʨʦʤʝʪʨʘ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ά π, ʪʦ (2.23) ʠ 

(2.30) ʫʧʨʦʩʪʷʪʩʷ: 

Ў‏
ȿά ȿ

ά
‍‐

ȿά ȿ

ά
ộὼỚȢ 

(2.31) 

ʇʨʠ ʵʪʦʤ ʠʩʢʣʶʯʘʝʪʩʷ ʚʣʠʷʥʠʝ ʫʛʣʦʚʦʛʦ ʨʘʟʙʨʦʩʘ ʯʘʩʪʠʮ ʧʫʯʢʘ ʥʘ ʨʘʟʨʝʰʝʥʠʝ 

ʩʧʝʢʪʨʦʤʝʪʨʘ. ɿʜʝʩʴ ‍‐ ộὼỚ ï ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʡ ʨʘʟʤʝʨ ʚʭʦʜʥʦʛʦ ʧʫʯʢʘ. 

ɽʩʣʠ ʥʘ ʚʭʦʜʝ ʨʘʩʧʦʣʦʞʝʥʘ ʚʝʨʪʠʢʘʣʴʥʘʷ ʢʦʣʣʠʤʘʮʠʦʥʥʘʷ ʱʝʣʴ ʰʠʨʠʥʦʡ ςί 

(ʢʦʪʦʨʘʷ ʦʛʨʘʥʠʯʠʚʘʝʪ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʨʘʟʤʝʨ ʧʫʯʢʘ), ʪʦ ‍‐ ί ʠ: 

Ў‏
ȿά ȿ

ά
ίȢ 

(2.32) 

ɽʩʣʠ ʧʦʜʦʙʨʘʪ ɹ ʩʠʩʪʝʤʫ ʥʘʙʣʶʜʝʥʠʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʢʦʤʧʦʥʝʥʪʘ Ў‏ 

ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʧʝʢʪʨʦʤʝʪʨʘ ʦʢʘʞʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ 

ʢʦʤʧʦʥʝʥʪʳ Ў‏, ʪʦ, ʧʦʤʝʩʪʠʚ ʥʘ ʚʭʦʜʝ ʚ ʩʧʝʢʪʨʦʤʝʪʨ ʚʝʨʪʠʢʘʣʴʥʫʶ 

ʢʦʣʣʠʤʘʮʠʦʥʥʫʶ ʱʝʣʴ, ʤʦʞʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʨʘʟʨʝʰʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ 

ʩʧʝʢʪʨʦʤʝʪʨʘ. 
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ʆʪʤʝʪʠʤ, ʯʪʦ ʤʳ ʥʝ ʫʯʠʪʳʚʘʣʠ ʟʘʨʷʜʦʚʳʡ ʚʢʣʘʜ ʚ ʨʘʟʨʝʰʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ 

ʩʧʝʢʪʨʦʤʝʪʨʘ Ў‏. ɼʘʞʝ ʝʩʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʩʠʩʪʝʤʘ ʥʘʙʣʶʜʝʥʠʷ ʨʘʙʦʪʘʝʪ ʙʝʟ 

ʧʦʛʨʝʰʥʦʩʪʝʡ, ʘ ʚ ʩʧʝʢʪʨʦʤʝʪʨ ʥʘʧʨʘʚʣʝʥ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʠʡ ʧʫʯʦʢ ʩ ʥʫʣʝʚʳʤ 

ʧʦʧʝʨʝʯʥʳʤ ʵʤʠʪʪʘʥʩʦʤ, ʚʩʝ ʨʘʚʥʦ ʥʘ ʵʢʨʘʥʝ ʙʫʜʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʧʷʪʥʦ, ʘ ʥʝ ʪʦʯʢʘ. 

ʕʪʦ ʙʫʜʝʪ ʩʚʷʟʥʦ ʩ ʪʝʤ, ʯʪʦ ʧʫʯʦʢ ʦʙʣʘʜʘʝʪ ʥʝʢʦʪʦʨʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʟʘʨʷʜʦʤ, 

ʢʦʪʦʨʳʡ ʚʳʟʳʚʘʝʪ ʢʫʣʦʥʦʚʩʢʦʝ ʨʘʩʰʠʨʝʥʠʝ ʩʘʤʦʛʦ ʧʫʯʢʘ. 

2.2.3 ɺʳʙʦʨ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʧʝʢʪʨʦʤʝʪʨʘ 

ɺ ʨʘʟʜʝʣʝ 2.2 ʠʟ ʩʝʤʠ ʧʘʨʘʤʝʪʨʦʚ ʩʧʝʢʪʨʦʤʝʪʨʘ ʙʳʣʠ ʚʳʙʨʘʥʳ ʟʥʘʯʝʥʠʷ ʧʷʪʠ 

ʧʘʨʘʤʝʪʨʦʚ. ʆʩʪʘʚʰʠʝʩʷ ʜʚʘ ʧʘʨʘʤʝʪʨʘ — ʠ ὒ ʚʳʙʝʨʝʤ ʠʟ ʩʣʝʜʫʶʱʠʭ 

ʩʦʦʙʨʘʞʝʥʠʡ. ʅʘ ʣʠʥʠʠ ʜʠʘʛʥʦʩʪʠʢʠ ʧʣʘʥʠʨʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʝʨʪʠʢʘʣʴʥʦ-

ʦʪʢʣʦʥʷʶʱʠʡ ʨʝʟʦʥʘʪʦʨ ʜʣʷ ʠʟʫʯʝʥʠʷ ʧʨʦʜʦʣʴʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʦʨʪʨʝʪʘ ʧʫʯʢʘ. 

ɺʝʨʪʠʢʘʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʧʫʯʢʘ, ʚʳʟʚʘʥʥʦʝ ʨʝʟʦʥʘʪʦʨʦʤ, ʥʝ ʜʦʣʞʥʦ 

ʧʝʨʝʢʨʳʚʘʪʴʩʷ ʚʝʨʪʠʢʘʣʴʥʳʤ ʦʪʢʣʦʥʝʥʠʝʤ ʯʘʩʪʠʮ ʧʫʯʢʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʤʦʞʥʦʡ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʜʝʬʦʢʫʩʠʨʦʚʢʠ ʜʠʧʦʣʴʥʳʤ ʤʘʛʥʠʪʦʤ. ʇʦʵʪʦʤʫ ʫʛʦʣ — ʠ ʜʣʠʥʫ 

ʚʪʦʨʦʛʦ ʜʨʝʡʬʦʚʦʛʦ ʫʯʘʩʪʢʘ ὒ ʚʳʙʝʨʝʤ ʠʟ ʫʩʣʦʚʠʡ: 

1) ά π; 

2) ʵʣʝʤʝʥʪ ά  ʜʦʣʞʝʥ ʧʨʠʥʷʪʴ ʢʘʢ ʤʦʞʥʦ ʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ; 

3) ά π; 

4) πȢσ ̍ ὒ ρȢπ ̍. 

ʇʝʨʚʳʝ ʜʚʘ ʫʩʣʦʚʠʷ ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʪʴ ʜʦʩʪʠʞʠʤʦʩʪʴ ʪʨʝʙʫʝʤʦʡ 

ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʧʝʢʪʨʦʤʝʪʨʘ ʩ ʧʦʤʦʱʴʶ ʫʩʪʘʥʦʚʢʠ ʚʝʨʪʠʢʘʣʴʥʦʡ 

ʢʦʣʣʠʤʘʮʠʦʥʥʦʡ ʱʝʣʠ. ʊʨʝʪʴʝ ʫʩʣʦʚʠʝ ʜʦʣʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʚʝʨʪʠʢʘʣʴʥʫʶ 

ʬʦʢʫʩʠʨʦʚʢʫ ʧʫʯʢʘ ʜʠʧʦʣʴʥʳʤ ʤʘʛʥʠʪʦʤ, ʘ ʯʝʪʚʝʨʪʦʝ ʫʩʣʦʚʠʝ ʥʘʣʦʞʝʥʦ 

ʨʘʟʤʝʨʘʤʠ ʧʦʤʝʱʝʥʠʷ, ʚ ʢʦʪʦʨʦʤ ʙʫʜʝʪ ʧʨʦʚʦʜʠʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪ. 

ʈʝʰʠʤ ʟʘʜʘʯʫ ʠʟ ʫʩʣʦʚʠʡ (1) ʠ (3). ɺ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ ʫʩʣʦʚʠʝ (3) ï ʥʝʨʘʚʝʥʩʪʚʦ, 

ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ὒ ʠ —, ʧʨʠ ʢʦʪʦʨʳʭ ʚʳʧʦʣʥʷʶʪʩʷ 

ʫʩʣʦʚʠʷ (1) ʠ (3). ʆʙʦʟʥʘʯʠʤ ʵʪʠ ʤʥʦʞʝʩʪʚʘ ʢʘʢ fl ʠ ɡ: ʢʘʞʜʦʤʫ ʟʥʘʯʝʥʠʶ 

ʧʘʨʘʤʝʪʨʘ ὒ ʠʟ ʤʥʦʞʝʩʪʚʘ fl ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ — 

ʠʟ ʤʥʦʞʝʩʪʚʘ ɡ (ʧʨʠʯʝʤ “ςϳ — “ςϳ ). 

ʄʥʦʞʝʩʪʚʦ ʨʝʰʝʥʠʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (1) ʠ (3) ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.5, ʘ. ʀʟ ʨʠʩ. 

2.5, ʙ ʚʠʜʥʦ, ʯʪʦ ʟʥʘʯʝʥʠʝ ʵʣʝʤʝʥʪʘ ά  ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʟʥʘʯʝʥʠʷ ὒ 
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ʠʟ ʤʥʦʞʝʩʪʚʘ fl. ʌʦʢʫʩʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʜʠʧʦʣʴʥʦʛʦ ʤʘʛʥʠʪʘ ʧʦ ʦʩʷʤ ὼ ʠ ώ (Ὂ

ράϳ , Ὂ ράϳ ) ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 2.5, ʚ. ʀʟ ʵʪʠʭ ʨʠʩʫʥʢʦʚ ʩʣʝʜʫʝʪ, ʯʪʦ ʯʝʤ 

ʙʦʣʴʰʝ ʟʥʘʯʝʥʠʝ ὒ, ʪʝʤ ʣʫʯʰʝ. ʇʦʵʪʦʤʫ ʩ ʫʯʝʪʦʤ ʫʩʣʦʚʠʷ (4) ʚʳʙʠʨʘʝʤ ὒ ρ ʤ. 

ɺ ʪʘʙʣ. 2.2 ʧʨʠʚʝʜʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʧʝʢʪʨʦʤʝʪʨʘ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʛʦ 

ʫʩʣʦʚʠʷʤ (1-4). 

 

ʘ 

 

ʙ                                                                         ʚ 

ʈʠʩ. 2.5. (ʘ) ʄʥʦʞʝʩʪʚʦ ʨʝʰʝʥʠʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (1) ʠ (3). ɿʘʚʠʩʠʤʦʩʪʴ 

ʵʣʝʤʝʥʪʘ ά  ʤʘʪʨʠʮʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʧʝʢʪʨʦʤʝʪʨʘ (ʙ) ʠ ʬʦʢʫʩʥʳʭ ʨʘʩʩʪʦʷʥʠʡ 

Ὂȟ ʜʠʧʦʣʴʥʦʛʦ ʤʘʛʥʠʪʘ (ʚ) ʦʪ ʜʣʠʥʳ ὒ ʠʟ ʤʥʦʞʝʩʪʚʘ fl 

ʊʘʙʣʠʮʘ 2.2 

ʇʘʨʘʤʝʪʨʳ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʘ 

ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʠʝ ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʠʝ 

Ὃ 35 ʤʤ • 45Á 

ὒ 0.8 ʤ — 7.593Á 

ὒ 1.0 ʤ ὑ 0.3 

Ὑ 250 ʤʤ   
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2.2.4 ʆʰʠʙʢʘ ʠʟʤʝʨʝʥʠʷ ʠ ʨʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʩʧʝʢʪʨʦʤʝʪʨʘ 

ʆʮʝʥʠʤ ʦʰʠʙʢʫ ʠʟʤʝʨʝʥʠʷ ʠʤʧʫʣʴʩʘ ʦʧʪʠʤʘʣʴʥʳʤ ʩʧʝʢʪʨʦʤʝʪʨʦʤ. ʇʨʠʤʝʤ, 

ʯʪʦ ʩʨʝʜʥʠʡ ʠʤʧʫʣʴʩ ʧʫʯʢʘ ʨʘʚʝʥ ὴ ρ ʄʵɺ/c, ʪʦʯʥʦʩʪʴ ʚʳʩʪʘʚʣʝʥʠʷ ʫʨʦʚʥʷ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʜʠʧʦʣʷ ʨʘʚʥʘ Ўὄ ρ ɻʩ, ʚʝʣʠʯʠʥʘ ʧʘʨʘʟʠʪʥʦʛʦ ʧʦʣʷ ʩʦʚʧʘʜʘʝʪ ʩʦ 

ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ὦ πȢυ ɻʩ, ʘ 

ʧʦʛʨʝʰʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʵʢʨʘʥʘ ʚ ʥʫʞʥʦʝ ʧʦʣʦʞʝʥʠʝ ʠ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʥʝʤ ʦʧʦʨʥʦʡ 

ʤʝʪʢʠ ʨʘʚʥʘ Ўὼ ρ ʤʤ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ: Ўὴ ὴϳ πȢχϷ, Ўὴ ὴϳ ρȢφϷ, 

Ўὴ ὴϳ πȢρςϷ, Ўὴὴϳ ρȢψϷ. 

ʏʪʦʙʳ ʧʨʦʚʝʨʠʪʴ ʧʨʘʚʠʣʴʥʦʩʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠ ʚʳʚʝʜʝʥʥʦʛʦ ʚʳʨʘʞʝʥʠʷ (2.20) 

ʜʣʷ ʦʰʠʙʢʠ Ўὴ, ʙʳʣ ʧʨʦʚʝʜʝʥ ʯʠʩʣʝʥʥʳʡ ʨʘʩʯʝʪ ʪʨʘʝʢʪʦʨʠʠ ʵʣʝʢʪʨʦʥʘ ʚ 

ʩʧʝʢʪʨʦʤʝʪʨʝ ʩ ʧʘʨʘʟʠʪʥʳʤ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ὦ. ʅʘ ʨʠʩ. 2.6 ʧʦʢʘʟʘʥʦ, ʢʘʢ ʤʝʥʷʝʪʩʷ 

ʦʰʠʙʢʘ Ўὴ, ʚʳʯʠʩʣʝʥʥʘʷ ʧʦ ʬʦʨʤʫʣʝ (2.20) ʠ ʧʦʩʯʠʪʘʥʥʘʷ ʩ ʧʦʤʦʱʴʶ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʘʨʘʟʠʪʥʦʛʦ ʧʦʣʷ ʚ ʧʨʦʛʨʘʤʤʝ ASTRA [27]. ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ 

ʪɻʠ ʦʰʠʙʢʠ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʩʦʚʧʘʜʘʶʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʧʨʠ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ 

ʠʟʤʝʨʷʝʤʦʛʦ ʠʤʧʫʣʴʩʘ ὴ ʠ ʧʘʨʘʟʠʪʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ὦ. ɿʘʤʝʪʥʳʝ ʨʘʩʭʦʞʜʝʥʠʷ 

ʧʦʷʚʣʷʶʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ὦ ʠ ʫʤʝʥʴʰʝʥʠʠ ὴ. 

 

ʈʠʩ. 2.6. ɿʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʦʰʠʙʢʠ Ўὴ ὴϳ  ʦʪ ʚʝʣʠʯʠʥʳ ʠʟʤʝʨʷʝʤʦʛʦ 

ʠʤʧʫʣʴʩʘ ὴ 

ʅʘ ʨʠʩ. 2.7 ʧʦʢʘʟʘʥʦ, ʢʘʢ ʤʝʥʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʦʰʠʙʢʘ ʠʟʤʝʨʝʥʠʷ ʠʤʧʫʣʴʩʘ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʷ ʠʤʧʫʣʴʩʘ. ʉ ʨʦʩʪʦʤ ʠʤʧʫʣʴʩʘ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʦʰʠʙʢʘ 

ʠʟʤʝʨʝʥʠʷ ʠʤʧʫʣʴʩʘ ʧʘʜʘʝʪ ʠ ʧʨʠ ʠʤʧʫʣʴʩʝ 10 ʄʵɺ/c ʨʘʚʥʘ 0.22%. 



 

 

70 

 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʦʰʠʙʢʘ ʠʟʤʝʨʝʥʠʷ ʠʤʧʫʣʴʩʘ ʜʦʣʞʥʘ ʙʳʪʴ ʢʘʢ ʤʦʞʥʦ ʤʝʥʴʰʝ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʦʰʠʙʢʘ ʠʟʤʝʨʝʥʠʷ ʠʤʧʫʣʴʩʘ ὴ ρ ʄʵɺ/c ʙʳʣʘ 

ʣʫʯʰʝ 0.1%, ʥʫʞʥʦ, ʥʘʧʨʠʤʝʨ, ʯʪʦʙʳ ʪʦʯʥʦʩʪʴ ʚʳʩʪʘʚʣʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʩʧʝʢʪʨʦʤʝʪʨʘ ʙʳʣʘ ʥʝ ʭʫʞʝ Ўὄ πȢπψ ɻʩ, ʚʝʣʠʯʠʥʘ ʧʘʨʘʟʠʪʥʦʛʦ ʧʦʣʷ ʙʳʣʘ ʤʝʥʴʰʝ 

ὦ πȢπς ɻʩ, ʘ ʧʦʛʨʝʰʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʵʢʨʘʥʘ ʚ ʥʫʞʥʦʝ ʧʦʣʦʞʝʥʠʝ ʠ ʠʟʦʙʨʘʞʝʥʠʷ 

ʥʘ ʥʝʤ ʦʧʦʨʥʦʡ ʤʝʪʢʠ ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʭʫʞʝ Ўὼ πȢυ ʤʤ. ʇʨʠ ʵʪʦʤ ʥʘ ʢʘʞʜʫʶ 

ʠʟ ʢʦʤʧʦʥʝʥʪ ʦʰʠʙʢʠ Ўὴ ʧʨʠʜʝʪʩʷ ʥʝ ʙʦʣʴʰʝ 0.06%. ʆʪʤʝʪʠʤ, ʯʪʦ ʚʳʧʦʣʥʝʥʠʝ 

ʫʩʣʦʚʠʷ Ўὴὴϳ πȢρϷ ʜʣʷ ʩʨʝʜʥʝʛʦ ʠʤʧʫʣʴʩʘ ὴ ρ ʄʵɺ/c ʛʘʨʘʥʪʠʨʫʝʪ, ʯʪʦ ʵʪʦ 

ʫʩʣʦʚʠʝ ʙʫʜʝʪ ʚʳʧʦʣʥʝʥʦ ʠ ʜʣʷ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʡ ὴ. 

 

ʈʠʩ. 2.7. ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʦʰʠʙʢʠ ʠʟʤʝʨʝʥʠʷ ʠʤʧʫʣʴʩʘ Ўὴὴϳ  ʠ ʢʠʥʝʪʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ ЎὉὉϳ  ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ ʠʟʤʝʨʷʝʤʦʛʦ ʠʤʧʫʣʴʩʘ ὴ 

ʇʦʵʪʦʤʫ ʞʝʣʘʥʠʝ ʧʦʣʫʯʠʪʴ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʦʰʠʙʢʫ ʠʟʤʝʨʝʥʠʷ ʠʤʧʫʣʴʩʘ 0.1% 

ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʞʝʩʪʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʦʯʥʦʩʪʠ ʚʳʩʪʘʚʣʝʥʠʷ ʫʨʦʚʥʷ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʚ ʤʘʛʥʠʪʝ ʠ ʢ ʚʝʣʠʯʠʥʝ ʧʘʨʘʟʠʪʥʦʛʦ ʧʦʣʷ. ʕʢʨʘʥʠʨʦʚʘʥʠʝ ʤʶ-ʤʝʪʘʣʣʦʤ 

(ʧʝʨʤʘʣʣʦʝʤ) [75] ʧʨʦʣʝʪʥʳʭ ʪʨʫʙʦʢ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʫʨʦʚʝʥʴ ʧʘʨʘʟʠʪʥʦʛʦ ʧʦʣʷ 

ʙʦʣʝʝ ʯʝʤ ʥʘ ʧʦʨʷʜʦʢ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʦʰʠʙʢʘ 1.8% ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʠʤʧʫʣʴʩʘ 1 ʄʵɺ/c ̫ ʚʣʷʝʪʩʷ ʚʧʦʣʥʝ ʜʦʩʪʘʪʦʯʥʦʡ. ɺ ʧʨʠʣʦʞʝʥʠʠ ɺ ʧʨʦʚʦʜʠʪʩʷ ʧʦʠʩʢ 

ʧʘʨʘʤʝʪʨʦʚ ʩʧʝʢʪʨʦʤʝʪʨʘ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʠʥʠʤʘʣʴʥʦ ʜʦʩʪʠʞʠʤʫʶ 

ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʦʰʠʙʢʫ ʠʟʤʝʨʝʥʠʷ ʠʤʧʫʣʴʩʘ 1 ʄʵɺ/c. 

ʆʮʝʥʠʤ ʨʘʟʨʝʰʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʘ. ʏʪʦʙʳ 

ʨʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʧʝʢʪʨʦʤʝʪʨʘ ʙʳʣʘ ʧʦʨʷʜʢʘ 0.1%, ʥʫʞʥʦ, ʥʘʧʨʠʤʝʨ, 

ʯʪʦʙʳ ʨʘʟʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʥʘʙʣʶʜʝʥʠʷ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʵʢʨʘʥʘ ʠ 

ʇɿʉ ʢʘʤʝʨʳ, ʙʳʣʦ ʨʘʚʥʦ Ўὼ πȢφ ʤʤ ʠ ʰʠʨʠʥʘ ʚʝʨʪʠʢʘʣʴʥʦʡ ʢʦʣʣʠʤʘʮʠʦʥʥʦʡ 

ʱʝʣʠ ʙʳʣʘ ʨʘʚʥʘ ςί ρ ʤʤ. ʇʨʠ ʵʪʦʤ ʥʘ ʢʘʞʜʫʶ ʠʟ ʢʦʤʧʦʥʝʥʪ ʨʘʟʨʝʰʝʥʠʷ Ў‏ 
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ʧʨʠʜʝʪʩʷ ʧʨʠʤʝʨʥʦ ʧʦʨʦʚʥʫ: Ў‏ Ў‏ πȢπχϷ. ʆʪʤʝʪʠʤ, ʯʪʦ ʟʜʝʩʴ ʧʨʦʚʦʜʠʪʩʷ 

ʦʮʝʥʢʘ ʨʘʟʨʝʰʝʥʠʷ ʩʧʝʢʪʨʦʤʝʪʨʘ ʙʝʟ ʫʯʝʪʘ ʢʫʣʦʥʦʚʩʢʦʛʦ ʫʰʠʨʝʥʠʷ ʧʫʯʢʘ, 

ʦʙʣʘʜʘʶʱʝʛʦ ʩʦʙʩʪʚʝʥʥʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʟʘʨʷʜʦʤ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʝʣʘʝʤ ʚʳʚʦʜ, ʯʪʦ ʩ ʧʦʤʦʱʴʶ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʘ ʤʦʞʥʦ 

ʠʟʤʝʨʠʪʴ ʠʤʧʫʣʴʩ 1 ʄʵɺ/c ʩ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʦʰʠʙʢʦʡ 1.8% ʠ ʨʘʟʨʝʰʝʥʠʝʤ ʧʦʨʷʜʢʘ 

0.1%, ʝʩʣʠ ʚʳʧʦʣʥʝʥʳ ʫʩʣʦʚʠʷ: 

1) ʚʝʣʠʯʠʥʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʜʠʧʦʣʴʥʦʛʦ ʤʘʛʥʠʪʘ ʚʳʩʪʘʚʣʝʥʘ ʩ ʪʦʯʥʦʩʪʴʶ ʥʝ 

ʭʫʞʝ Ўὄ ρ ɻʩ; 

2) ʚʝʣʠʯʠʥʘ ʧʘʨʘʟʠʪʥʦʛʦ ʧʦʣʷ ʥʝ ʧʨʝʚʳʰʘʝʪ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ὦ πȢυ ɻʩ; 

3) ʵʢʨʘʥ ʫʩʪʘʥʦʚʣʝʥ ʚ ʥʫʞʥʦʝ ʧʦʣʦʞʝʥʠʝ ʠ ʥʘ ʥʝʤ ʠʟʦʙʨʘʞʝʥʘ ʦʧʦʨʥʘʷ ʤʝʪʢʘ ʩ 

ʪʦʯʥʦʩʪʴʶ ʥʝ ʭʫʞʝ Ўὼ ρ ʤʤ; 

4) ʨʘʟʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʥʘʙʣʶʜʝʥʠʷ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʵʢʨʘʥʘ ʠ 

ʇɿʉ ʢʘʤʝʨʳ, ʥʝ ʭʫʞʝ Ўὼ πȢφ ʤʤ; 

5) ʰʠʨʠʥʘ ʚʝʨʪʠʢʘʣʴʥʦʡ ʢʦʣʣʠʤʘʮʠʦʥʥʦʡ ʱʝʣʠ ʥʘ ʚʭʦʜʝ ʚ ʩʧʝʢʪʨʦʤʝʪʨ ʥʝ 

ʙʦʣʴʰʝ ςί ρ ʤʤ. 

ʆʮʝʥʠʤ ʚʝʣʠʯʠʥʫ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʢʦʣʠʯʝʩʪʚʦ ʚʠʪʢʦʚ ʚ ʢʘʞʜʦʡ ʦʙʤʦʪʢʝ 

ʩʧʝʢʪʨʦʤʝʪʨʘ. ɺʝʣʠʯʠʥʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

ὄ
ὴὧ

ὩὙ
Ȣ  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩʧʝʢʪʨʦʤʝʪʨ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʠʤʧʫʣʴʩʦʚ ʚ ʠʥʪʝʨʚʘʣʝ 1-3 ʄʵɺ/c, ʥʦ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʠʤʧʫʣʴʩʦʚ ʜʦ 10 ʄʵɺ/c. ʇʦʵʪʦʤʫ ʘʤʧʣʠʪʫʜʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ὄ ʜʦʣʞʥʘ ʤʝʥʷʪʴʩʷ 

ʦʪ 0.013 ʊʣ (ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʠʤʧʫʣʴʩʘ ὴ ρ ʄʵɺ/c) ʜʦ 0.133 ʊʣ (ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʠʤʧʫʣʴʩʘ ὴ ρπ ʄʵɺ/c). 

ʂʦʣʠʯʝʩʪʚʦ ʘʤʧʝʨ-ʚʠʪʢʦʚ ʥʘ ʦʜʥʫ ʦʙʤʦʪʢʫ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ [76]: 

ὔὍ
ὄὋ

ς‘
ȟ 

(2.33) 

ʛʜʝ ‘ ï ʤʘʛʥʠʪʥʘʷ ʧʦʩʪʦʷʥʥʘʷ. ʇʨʠʤʝʤ, ʯʪʦ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚ ʜʠʧʦʣʴʥʦʤ ʤʘʛʥʠʪʝ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʦʣʷ 0.133 ʊʣ ʯʝʨʝʟ ʦʙʤʦʪʢʠ ʥʫʞʥʦ ʧʫʩʪʠʪʴ ʪʦʢ 5.5 ɸ. ʇʦʩʣʝ 



 

 

72 

 

ʧʦʜʩʪʘʥʦʚʢʠ ʟʥʘʯʝʥʠʡ ὄ, Ὃ, Ὅ ʠ ‘ ʚ (2.33) ʧʦʣʫʯʘʝʤ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʚʠʪʢʦʚ ʚ 

ʢʘʞʜʦʡ ʦʙʤʦʪʢʝ ʜʦʣʞʥʦ ʙʳʪʴ ʨʘʚʥʦ ὔ σσφ. 

2.2.5 ʊʨʝʭʤʝʨʥʳʡ ʨʘʩʯʝʪ ʠ ʠʟʤʝʨʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʜʠʧʦʣʴʥʦʛʦ ʤʘʛʥʠʪʘ 

ʊʨʝʭʤʝʨʥʳʡ ʨʘʩʯʝʪ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʜʠʧʦʣʴʥʦʛʦ ʤʘʛʥʠʪʘ ʧʨʦʚʦʜʠʣʩʷ ʚ 

ʧʨʦʛʨʘʤʤʝ CST Studio [28]. ɹr ʣʘ ʠʟʤʝʨʝʥʘ ʢʘʨʪʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩʦʙʨʘʥʥʦʛʦ 

ʜʠʧʦʣʴʥʦʛʦ ʤʘʛʥʠʪʘ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʩʪʝʥʜʘ, 

ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʢʦʦʨʜʠʥʘʪʥʦʛʦ ʩʪʦʣʘ, ʧʦʚʦʨʦʪʥʦʛʦ ʩʪʦʣʘ, ʜʘʪʯʠʢʘ ʍʦʣʣʘ ʠ ʜʘʪʯʠʢʘ 

ʪʝʤʧʝʨʘʪʫʨʳ. ʅʘ ʨʠʩ. 2.8 ʧʦʢʘʟʘʥʳ ʩʦʙʨʘʥʥʳʡ ʜʠʧʦʣʴʥʳʡ ʤʘʛʥʠʪ ʠ ʠʟʤʝʨʠʪʝʣʴʥʳʡ 

ʩʪʝʥʜ. 

 

ʈʠʩ. 2.8. ʉʦʙʨʘʥʥʳʡ ʜʠʧʦʣʴʥʳʡ ʤʘʛʥʠʪ ʠ ʩʪʝʥʜ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

  

ʘ                                                                   ʙ 

ʈʠʩ. 2.9. (ʘ) ɿʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʨʷʝʤʦʛʦ ʚ ʩʧʝʢʪʨʦʤʝʪʨʝ ʠʤʧʫʣʴʩʘ ʵʣʝʢʪʨʦʥʘ ὴ ʦʪ 

ʚʝʣʠʯʠʥʳ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʜʠʧʦʣʝ ὄ. (ʙ) ɺʝʣʠʯʠʥʘ ʠʥʜʫʢʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʜʠʧʦʣʷ ὄ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ ʪʦʢʘ Ὅ, ʪʝʢʫʱʝʛʦ ʧʦ ʧʨʦʚʦʜʘʤ ʦʙʤʦʪʦʢ 

ʄʘʢʩʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʧʦʣʷ, ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ ʧʦʜʜʝʨʞʠʚʘʪʴʩʷ ʚ ʤʘʛʥʠʪʝ, 

ʨʘʚʝʥ 0.133 ʊʣ (ʨʠʩ. 2.9, ʘ). ʅʘ ʨʠʩ. 2.9, ʙ ʧʦʢʘʟʘʥʘ ʘʤʧʣʠʪʫʜʘ ʠʟʤʝʨʝʥʥʦʛʦ ʧʦʣʷ ʚ 
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ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʢʘ ʯʝʨʝʟ ʦʙʤʦʪʢʫ. ɺ ʵʪʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʥʝ ʥʘʙʣʶʜʘʶʪʩʷ 

ʥʝʣʠʥʝʡʥʳʝ ʦʪʢʣʦʥʝʥʠʷ, ʧʦʵʪʦʤʫ ʚ ʪʨʝʙʫʝʤʦʤ ʜʠʘʧʘʟʦʥʝ ʘʤʧʣʠʪʫʜ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʵʬʬʝʢʪʳ ʤʘʛʥʠʪʥʦʛʦ ʥʘʩʳʱʝʥʠʷ ʷʨʤʘ ʥʝ ʧʨʦʷʚʣʷʶʪʩʷ. 

ʅʘ ʨʠʩ. 2.10, ʘ ʧʦʢʘʟʘʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʳʯʠʩʣʝʥʥʦʛʦ ʠ ʠʟʤʝʨʝʥʥʦʛʦ ʧʦʣʝʡ ʚ 

ʤʝʜʠʘʥʥʦʡ ʧʣʦʩʢʦʩʪʠ ὼᾀ. ʊʦʢ, ʧʨʦʭʦʜʠʚʰʠʡ ʧʦ ʢʘʪʫʰʢʘʤ ʤʘʛʥʠʪʘ, ʙʳʣ ʨʘʚʝʥ 3 ɸ. 

ɺ CST Studio ʙʳʣʦ ʨʘʩʩʯʠʪʘʥʦ ʧʦʣʝ ʪʘʢʦʛʦ ʤʘʛʥʠʪʘ. ɸʤʧʣʠʪʫʜʘ ʚʳʯʠʩʣʝʥʥʦʛʦ ʧʦʣʷ 

ʨʘʚʥʘ 76.1 ʤʊʣ, ʘ ʘʤʧʣʠʪʫʜʘ ʠʟʤʝʨʝʥʥʦʛʦ ʧʦʣʷ ʨʘʚʥʘ 76.2 ʤʊʣ. ɺ ʜʘʣʴʥʝʡʰʠʭ 

ʩʨʘʚʥʝʥʠʷʭ ʚʳʯʠʩʣʝʥʥʦʝ ʧʦʣʝ ʠʟʤʝʥʝʥʦ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʘʤʧʣʠʪʫʜʳ ʦʙʦʠʭ 

ʧʦʣʝʡ ʨʘʚʥʳ 76.2 ʤʊʣ. 

 

ʘ 

 

ʙ 

ʈʠʩ. 2.10. (ʘ) ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʩʯʝʪʥʦʛʦ (1) ʠ ʠʟʤʝʨʝʥʥʦʛʦ (2) ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ 

ʜʠʧʦʣʴʥʦʛʦ ʤʘʛʥʠʪʘ ʚ ʤʝʜʠʘʥʥʦʡ ʧʣʦʩʢʦʩʪʠ ὼᾀ. 3 ï ʢʦʥʪʫʨʳ ʧʦʣʶʩʘ ʠ ʷʨʤʘ 

ʤʘʛʥʠʪʘ, 4 ï ʦʧʦʨʥʘ ̫ ʪʨʘʝʢʪʦʨʠ ̫ ʧʫʯʢʘ. (ʙ) ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʚʳʯʠʩʣʝʥʥʦʛʦ ʠ 

ʠʟʤʝʨʝʥʥʦʛʦ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʚʜʦʣʴ ʧʦʣʦʚʠʥʳ ʦʧʦʨʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʧʫʯʢʘ ʚ 

ʜʠʧʦʣʴʥʦʤ ʤʘʛʥʠʪʝ 
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ʅʘ ʨʠʩ. 2.11, ʘ-ʞ ʧʨʦʚʦʜʠʪʩʷ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦʝ ʩʨʘʚʥʝʥʠʝ ʚʳʯʠʩʣʝʥʥʦʛʦ ʠ 

ʠʟʤʝʨʝʥʥʦʛʦ ʧʦʣʝʡ ʚʜʦʣʴ ʦʪʨʝʟʢʦʚ, ʧʘʨʘʣʣʝʣʴʥʳʭ ʦʩʠ ᾀ, ʚʜʦʣʴ ʢʦʪʦʨʳʭ ʠ ʙʳʣʠ 

ʠʟʤʝʨʝʥʳ ʧʦʣʷ. 

ʉʨʘʚʥʠʤ ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʨʘʝʚʦʛʦ ʧʦʣʷ ὑ ὄ᷿ὰὄ ὄὰ Ὃὄϳ Ὠὰ ʠ 

ʵʬʬʝʢʪʠʚʥʳʝ ʜʣʠʥʳ ʪʨʘʝʢʪʦʨʠʡ ὒ ς᷿ ὄὰ ὄϳ Ὠὰ [77] ʜʣʷ ʠʟʤʝʨʝʥʥʦʛʦ ʠ 

ʚʳʯʠʩʣʝʥʥʦʛʦ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ. ʀʥʪʝʛʨʘʣʳ ʜʣʷ ὑ ʠ ὒ ʚʳʯʠʩʣʷʣʠʩʴ ʚʜʦʣʴ 

ʧʦʣʦʚʠʥʳ ʦʧʦʨʥʦʡ ʪʨʘʝʢʪʦʨʠʠ, ʧʦʢʘʟʘʥʥʦʡ ʥʘ ʨʠʩ. 2.10, ʘ, ʠ ʠʭ ʟʥʘʯʝʥʠʷ ʫʢʘʟʘʥʳ ʚ 

ʪʘʙʣ. 2.3. ɺ ʪʘʙʣʠʮʝ ʪʘʢʞʝ ʧʨʠʚʝʜʝʥʦ ʟʥʘʯʝʥʠʝ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʧʫʯʢʘ ʚ ʜʠʧʦʣʴʥʦʤ 

ʤʘʛʥʠʪʝ, ʚʳʯʠʩʣʝʥʥʦʝ ʧʦ ʬʦʨʤʫʣʝ ‰ ὒὙϳ . 

ʊʘʙʣʠʮʘ 2.3 

ʂʦʵʬʬʠʮʠʝʥʪ ʢʨʘʝʚʦʛʦ ʧʦʣʷ ╚, ʵʬʬʝʢʪʠʚʥʘʷ ʜʣʠʥʘ ʪʨʘʝʢʪʦʨʠʠ ╛ ʚ 

ʜʠʧʦʣʴʥʦʤ ʤʘʛʥʠʪʝ ʠ ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʧʫʯʢʘ ꜚ ╛╡ϳ  

 ʈʘʩʯʝʪ ʀʟʤʝʨʝʥʠʝ 

ὑ 0.246 0.251 

ὒ 196.7 ʤʤ 196.6 ʤʤ 

‰ 45.08Ü 45.05Ü 

 

ʈʠʩ. 2.12. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʚ ʤʝʜʠʘʥʥʦʡ ʧʣʦʩʢʦʩʪʠ ʜʠʧʦʣʷ ʦʩʪʘʪʦʯʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ (1) ʠ ʧʦʣʷ ʧʨʠ ʪʦʢʝ 16 ʤɸ (2). 3 ï ʢʦʥʪʫʨʳ ʧʦʣʶʩʘ ʠ ʷʨʤʘ ʤʘʛʥʠʪʘ 

ʇʦʩʢʦʣʴʢʫ ʜʠʧʦʣʴʥʳʡ ʤʘʛʥʠʪ ʧʦʩʪʦʷʥʥʦ ʥʘʭʦʜʠʪʩʷ ʥʘ ʣʠʥʠʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ, 

ʝʛʦ ʦʩʪʘʪʦʯʥʦʝ ʧʦʣʝ ʙʫʜʝʪ ʚʣʠʷʪʴ ʥʘ ʪʨʘʝʢʪʦʨʠʶ ʧʫʯʢʘ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʘʤʧʣʠʪʫʜʘ 

ʦʩʪʘʪʦʯʥʦʛʦ ʧʦʣʷ ʨʘʚʥʘ 6 ɻʩ, ʦʥʦ ʦʪʢʣʦʥʠʪ ʵʣʝʢʪʨʦʥ ʩ ʠʤʧʫʣʴʩʦʤ 1 ʄʵɺ/c ʥʘ 1.67Á. 

ʊʦ ʝʩʪʴ, ʧʨʦʡʜʷ ʨʘʩʩʪʦʷʥʠʝ 1 ʤ ʧʦʩʣʝ ʤʘʛʥʠʪʘ, ʵʣʝʢʪʨʦʥ ʩʤʝʩʪʠʪʩʷ ʥʘ 29 ʤʤ. 



 

 

76 

 

ɺʝʣʠʯʠʥʘ ʦʩʪʘʪʦʯʥʦʛʦ ʧʦʣʷ ʟʘʚʠʩʠʪ ʦʪ ʧʨʝʜʳʩʪʦʨʠʠ ʚʢʣʶʯʝʥʠʷ-ʚʳʢʣʶʯʝʥʠʷ 

ʧʠʪʘʥʠʷ ʦʙʤʦʪʦʢ. ɼʘʪʯʠʢ ʍʦʣʣʘ, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʚ ʤʘʛʥʠʪʝ, ʧʦʟʚʦʣʷʝʪ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʫʨʦʚʝʥʴ ʦʩʪʘʪʦʯʥʦʛʦ ʧʦʣʷ ʠ ʦʩʫʱʝʩʪʚʣʷʪʴ ʝʛʦ ʤʠʥʠʤʠʟʘʮʠʶ ʟʘ 

ʩʯʝʪ ʧʦʜʘʯʠ ʥʘ ʦʙʤʦʪʢʠ ʢʦʤʧʝʥʩʠʨʫʶʱʝʛʦ ʪʦʢʘ. ʅʘ ʨʠʩ. 2.12 ʧʦʚʝʨʭʥʦʩʪʴ 1 ï 

ʨʝʟʫʣʴʪʘʪ ʠʟʤʝʨʝʥʠʷ ʦʩʪʘʪʦʯʥʦʛʦ ʧʦʣʷ ʧʨʠ ʦʙʝʩʪʦʯʝʥʥʳʭ ʦʙʤʦʪʢʘʭ (ʝʛʦ ʚʝʣʠʯʠʥʘ 

ʥʝ ʧʨʝʚʳʰʘʝʪ 6 ɻʩ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ), ʧʦʚʝʨʭʥʦʩʪʴ 2 ï ʨʝʟʫʣʴʪʘʪ ʠʟʤʝʨʝʥʠʷ ʩ 

ʢʦʤʧʝʥʩʠʨʫʶʱʠʤ ʪʦʢʦʤ 15.1 ʤɸ. 

2.2.6 ʈʘʩʯʝʪ ʜʠʥʘʤʠʢʠ ʧʫʯʢʘ ʚ ʩʧʝʢʪʨʦʤʝʪʨʝ 

ʇʨʠʚʝʜʝʤ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʜʠʥʘʤʠʢʠ ʧʫʯʢʘ ʵʣʝʢʪʨʦʥʦʚ ʚ ʦʧʪʠʤʘʣʴʥʦʤ 

ʩʧʝʢʪʨʦʤʝʪʨʝ ʩ ʧʦʤʦʱʴʶ ʤʘʪʨʠʯʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤ ASTRA 

ʠ PARMELA [29]. ʄʘʪʨʠʮʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʧʝʢʪʨʦʤʝʪʨʘ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʜʣʷ 

ʨʘʩʯʝʪʦʚ, ʧʨʦʚʝʨʷʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ TRANSPORT. ʄʘʪʨʠʮʘ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʧʝʢʪʨʦʤʝʪʨʘ ʟʘʧʠʩʘʥʘ ʚ ʪʘʙʣ. 2.4. 

ʊʘʙʣʠʮʘ 2.4 

ʄʘʪʨʠʯʥʳʝ ʵʣʝʤʝʥʪʳ □░▒ ʤʘʪʨʠʮʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʧʝʢʪʨʦʤʝʪʨʘ 

 Ὦ ρ Ὦ ς Ὦ σ Ὦ τ Ὦ υ Ὦ φ 

Ὥ ρ -1.22 -2.97Ŀ10-5 ʤ 0 0 0 0.819 ʤ 

Ὥ ς -2.02 ʤ-1 -0.818 0 0 0 0.746 

Ὥ σ 0 0 0.238 1.32 ʤ 0 0 

Ὥ τ 0 0 -0.692 ʤ-1 0.376 0 0 

Ὥ υ -0.746 -0.670 ʤ 0 0 1.0 -0.0196 ʤ 

Ὥ φ 0 0 0 0 0 1 

ʉʯʠʪʘʣʘʩʴ ʜʠʥʘʤʠʢʘ ʧʫʯʢʘ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʦʛʦ ʫʢʘʟʘʥʳ ʚ ʪʘʙʣ. 2.5. ʕʪʦʪ 

ʧʫʯʦʢ ʵʣʝʢʪʨʦʥʦʚ ʙʳʣ ʧʦʣʫʯʝʥ ʧʨʠ ʯʠʩʣʝʥʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ 

GunLab ʥʘ ʚʭʦʜʝ ʚ ʩʧʝʢʪʨʦʤʝʪʨ ʩʦʪʨʫʜʥʠʢʘʤʠ ɹʝʨʣʠʥʩʢʦʛʦ ʮʝʥʪʨʘ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʵʥʝʨʛʠʠ ʠʤʝʥʠ ɻʝʣʴʤʛʦʣʴʮʘ. ɺ ʪʘʙʣ. 2.6 ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʫʯʢʘ ʥʘ ʵʢʨʘʥʝ ʩʧʝʢʪʨʦʤʝʪʨʘ. ɺ ʤʘʪʨʠʯʥʳʭ ʚʳʯʠʩʣʝʥʠʷʭ ʥʝʣʴʟʷ ʫʯʝʩʪʴ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʙʫʭʘʥʠʝ ʧʫʯʢʘ ʠʟ-ʟʘ ʝʛʦ ʩʦʙʩʪʚʝʥʥʦʛʦ ʟʘʨʷʜʘ. ʅʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʨʷʜʘ ʧʫʯʢʘ ʤʦʞʥʦ ʫʯʝʩʪʴ ʚ ASTRA. ʈʝʟʫʣʴʪʘʪʳ 

ʨʘʩʯʝʪʦʚ ʩ ʫʯʝʪʦʤ ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʦʣʷ ʧʫʯʢʘ ʪʘʢʞʝ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 2.6. ʅʘ ʨʠʩ. 

2.13, ʘ, ʙ ʠʟʦʙʨʘʞʝʥʳ ʧʨʦʬʠʣʠ ʧʫʯʢʘ ʥʘ ʧʣʦʩʢʦʩʪʷʭ ὼώ ʠ ὼᾀ ʚ ʧʦʣʦʞʝʥʠʠ ʵʢʨʘʥʘ. 
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ʊʘʙʣʠʮʘ 2.5 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʫʯʢʘ ʥʘ ʚʭʦʜʝ ʚ ʩʧʝʢʪʨʦʤʝʪʨ 

ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʠʝ ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʠʝ 

‐, ʤʤ ʤʨʘʜ 0.021 ‐, ʤʤ ʤʨʘʜ 1.05 

„, ʤʤ 0.014 „, ʤʤ 0.38 

ὼ , ʤʤ 0.050 ώÍÁØ, ʤʤ 3.74 

‐, ʤʤ ʢʵɺ/c 5.52 ὴ, ʄʵɺ/c 3.060 

„, ʤʤ 1.57 „ , ʄʵɺ/c 0.0036 

ᾀ , ʤʤ 11.5 Ўὴ, ʤʤ 0.066 

ή, ʧʂʣ 4.0   

ɺ ʪʘʙʣ. 2.5 ʠ 2.6 ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ: ὴ ï ʩʨʝʜʥʠʡ ʠʤʧʫʣʴʩ 

ʧʫʯʢʘ ʚʜʦʣʴ ʦʩʠ ᾀ; „  ï ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʡ ʨʘʟʙʨʦʩ ʠʤʧʫʣʴʩʦʚ ʯʘʩʪʠʮ ʧʫʯʢʘ; Ўὴ 

ï ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʘʟʙʨʦʩ ʠʤʧʫʣʴʩʦʚ ʯʘʩʪʠʮ ʧʫʯʢʘ; ‐ȟ ï ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʡ 

ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʡ ʧʦʧʝʨʝʯʥʳʡ ʵʤʠʪʪʘʥʩ ʧʫʯʢʘ; ‐ ï ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʡ 

ʧʨʦʜʦʣʴʥʳʡ ʵʤʠʪʪʘʥʩ ʧʫʯʢʘ; „ȟȟ ï ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʝ ʨʘʟʤʝʨʳ ʧʫʯʢʘ; ὼȟώȟᾀ  

ï ʧʦʣʥʳʝ ʨʘʟʤʝʨʳ ʧʫʯʢʘ; ή ï ʟʘʨʷʜ ʧʫʯʢʘ. 

ʊʘʙʣʠʮʘ 2.6 

ʇʘʨʘʤʝʪʨʳ ʧʫʯʢʘ ʥʘ ʵʢʨʘʥʝ ʩʧʝʢʪʨʦʤʝʪʨʘ 

ʇʘʨʘʤʝʪʨ ʄʘʪʨʠʮʘ PARMELA ASTRA 

(ʙʝʟ ʟʘʨʷʜʘ) 

ASTRA 

(ʩ ʟʘʨʷʜʦʤ) 

‐, ʤʤ ʤʨʘʜ 1.160 1.168 1.182 1.241 

„, ʤʤ 0.970 0.979 0.990 1.000 

ὼ , ʤʤ 17.81 18.17 18.25 18.24 

‐, ʤʤ ʤʨʘʜ 1.050 1.050 1.049 1.038 

„, ʤʤ 0.874 0.873 0.776 0.798 

ώ , ʤʤ 7.13 7.02 6.28 6.361 

‐, ʤʤ ʢʵɺ/c 5.56 5.59 5.56 5.58 

„, ʤʤ 1.574 1.595 1.589 1.591 

ᾀ , ʤʤ 11.95 10.51 10.96 10.96 

„ , ʢʵɺ/ʩ 3.62 3.64 3.62 3.69 

Ўὴ, ʢʵɺ/c 66.46 66.88 66.81 66.77 
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ʈʠʩ. 2.13. ʇʨʦʬʠʣʠ ʧʫʯʢʘ ʚ ʧʦʣʦʞʝʥʠʠ ʵʢʨʘʥʘ ʩʧʝʢʪʨʦʤʝʪʨʘ: ʩʠʥʠʡ ï ʤʘʪʨʠʯʥʳʝ 

ʚʳʯʠʩʣʝʥʠʷ, ʢʨʘʩʥʳʡ ï PARMELA, ʟʝʣʝʥʳʡ ï ASTRA, ʯʝʨʥʳʡ ï ASTRA ʩ ʫʯʝʪʦʤ 

ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʦʣʷ ʧʫʯʢʘ 

ʀʟ ʪʘʙʣ. 2.6 ʚʠʜʥʦ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʜʠʥʘʤʠʢʠ ʧʫʯʢʘ ʚ ʩʧʝʢʪʨʦʤʝʪʨʝ ʩ 

ʧʦʤʦʱʴʶ ʤʘʪʨʠʯʥʳʭ ʚʳʯʠʩʣʝʥʠʡ, ASTRA ʠ PARMELA ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ 

ʩʦʚʧʘʜʘʶʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ʀʟ ʨʘʩʯʝʪʦʚ ʜʠʥʘʤʠʢʠ ʧʫʯʢʘ ʚ ASTRA ʩʣʝʜʫʝʪ, ʯʪʦ 

ʤʘʪʨʠʯʥʳʡ ʵʣʝʤʝʥʪ ά  ʩʧʝʢʪʨʦʤʝʪʨʘ ʩ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ, ʧʦʩʯʠʪʘʥʥʳʤ ʚ CST 

Studio, ʨʘʚʝʥ ά „ὴȾ„ πȢψσχ ʤ (ʙʝʟ ʫʯʝʪʘ ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʦʣʷ ʧʫʯʢʘ). 

2.3 ʀʟʤʝʨʝʥʠʝ ʧʨʦʜʦʣʴʥʦʛʦ ʵʤʠʪʪʘʥʩʘ 

ʎʝʣʴʶ ʠʟʤʝʨʝʥʠʡ ʩ ʜʠʧʦʣʴʥʳʤ ʤʘʛʥʠʪʦʤ ʠ ʚʝʨʪʠʢʘʣʴʥʦ-ʦʪʢʣʦʥʷʶʱʠʤ ɺʏ 

ʨʝʟʦʥʘʪʦʨʦʤ (ʨʠʩ. 2.14) ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʬʘʟʦʚʦʛʦ ʧʦʨʪʨʝʪʘ ʚ ʧʨʦʜʦʣʴʥʦʤ 

ʬʘʟʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ὴὸ: ʚʝʨʪʠʢʘʣʴʥʘʷ ʢʦʦʨʜʠʥʘʪʘ ʯʘʩʪʠʮ ʧʫʯʢʘ ʥʘ ʵʢʨʘʥʝ 

ʩʧʝʢʪʨʦʤʝʪʨʘ ʩʚʷʟʘʥʘ ʩʦ ʚʨʝʤʝʥʝʤ ʧʨʦʣʝʪʘ ʨʝʟʦʥʘʪʦʨʘ, ʪʦ ʝʩʪʴ ʩ ʧʨʦʜʦʣʴʥʳʤ 

ʧʦʣʦʞʝʥʠʝʤ ʯʘʩʪʠʮ ʚ ʠʩʭʦʜʥʦʤ ʧʫʯʢʝ; ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʢʦʦʨʜʠʥʘʪʘ ʯʘʩʪʠʮ ʩʚʷʟʘʥʘ 

ʩ ʠʭ ʠʤʧʫʣʴʩʦʤ ὴ. 

 

ʈʠʩ. 2.14. ʉʭʝʤʘ ʩʠʩʪʝʤʳ ʠʟʤʝʨʝʥʠʷ ʧʨʦʜʦʣʴʥʦʛʦ ʵʤʠʪʪʘʥʩʘ 
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2.3.1 ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʚʝʨʪʠʢʘʣʴʥʦ-ʦʪʢʣʦʥʷʶʱʝʛʦ ɺʏ ʨʝʟʦʥʘʪʦʨʘ 

  

ʘ                                      ʙ 

ʈʠʩ. 2.15. (ʘ) ʇʦʧʝʨʝʯʥʦ-ʦʪʢʣʦʥʷʶʱʠʡ ɺʏ ʨʝʟʦʥʘʪʦʨ ʜʣʷ ʧʨʦʝʢʪʘ bERLinPro [67] ʠ 

(ʙ) ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʨʝʟʦʥʘʪʦʨ ʙʝʟ ʧʨʦʣʝʪʥʦʛʦ ʢʘʥʘʣʘ 

 

ʈʠʩ. 2.16. ʕʣʝʢʪʨʠʯʝʩʢʦʝ (ʩʣʝʚʘ) ʠ ʤʘʛʥʠʪʥʦʝ (ʩʧʨʘʚʘ) ʧʦʣʷ ʤʦʜʳ TM110 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʨʝʟʦʥʘʪʦʨʘ ʙʝʟ ʧʨʦʣʝʪʥʦʛʦ ʢʘʥʘʣʘ 

ɼʝʡʩʪʚʠʝ ʚʝʨʪʠʢʘʣʴʥʦ-ʦʪʢʣʦʥʷʶʱʝʛʦ ɺʏ ʨʝʟʦʥʘʪʦʨʘ ʥʘ ʧʫʯʦʢ ʦʮʝʥʠʤ ʩ 

ʧʦʤʦʱʴʶ ʤʦʜʝʣʴʥʦʛʦ ʧʦʣʷ. ɼʣʷ ʵʪʦʛʦ ʚʤʝʩʪʦ ʩʧʝʮʠʘʣʴʥʦ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʦʛʦ ʜʣʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʨʝʟʦʥʘʪʦʨʘ (ʨʠʩ. 2.15, ʘ) ʨʘʩʩʤʦʪʨʠʤ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʨʝʟʦʥʘʪʦʨ ʙʝʟ 

ʧʨʦʣʝʪʥʦʛʦ ʢʘʥʘʣʘ (ʨʠʩ. 2.15, ʙ), ʚ ʢʦʪʦʨʦʤ ʚʦʟʙʫʞʜʘʶʪʩʷ ʢʦʣʝʙʘʥʠʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʤʦʜʳ TM110 ʩ ʯʘʩʪʦʪʦʡ 1.3 ɻʮ (ʨʠʩ. 2.16). ɼʣʠʥʘ 

ʨʝʟʦʥʘʪʦʨʘ ʨʘʚʥʘ ʧʦʣʦʚʠʥʝ ʜʣʠʥʳ ʚʦʣʥʳ 115 ʤʤ. ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʪʘʢʦʛʦ 

ʨʝʟʦʥʘʪʦʨʘ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ [78]: 

Ὁ πȟὉ πȟὉ ὉὐὯὶÓÉÎ—ȟ (2.34) 

ὄ
Ὁ

‫ὶ
ὐὯὶÃÏÓ—ȟὄ

Ὁ

ὧ
ὐὯὶÓÉÎ—ȟὄ πȢ 

(2.35) 

ɿʜʝʩʴ ʢʦʤʧʦʥʝʥʪʳ ʧʦʣʝʡ ʫʢʘʟʘʥʳ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, — ï 

ʧʦʣʷʨʥʳʡ ʫʛʦʣ, ï ʮʠʢʣʠʯʝʩʢʘʷ ʯʘʩʪʦʪʘ ʨʝʟʦʥʘʪʦʨʘ, Ὧ ‫ ς“‗ϳ ‫ὧϳ ï ʚʦʣʥʦʚʦʝ 

ʯʠʩʣʦ, ὐ ï ʬʫʥʢʮʠʷ ɹʝʩʩʝʣʷ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ. ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʚ ʨʝʟʦʥʘʪʦʨʝ 
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ʥʘʧʨʘʚʣʝʥʦ ʚ ʦʩʥʦʚʥʦʤ ʧʦ ʦʩʠ ὼ, ʧʦʵʪʦʤʫ ʧʫʯʦʢ, ʧʨʦʡʜʷ ʨʝʟʦʥʘʪʦʨ, ʦʪʢʣʦʥʷʝʪʩ ̫ʧʦ 

ʚʝʨʪʠʢʘʣʠ. 

  

ʘ                                                                     ʙ 

  

ʚ                                                                      ʛ 

ʈʠʩ. 2.17. ʉʨʘʚʥʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʤʦʜʳ TM110 ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ 

ʨʝʟʦʥʘʪʦʨʘ ʙʝʟ ʧʨʦʣʝʪʥʦʛʦ ʢʘʥʘʣʘ, ʚʳʯʠʩʣʝʥʥʦʛʦ ʚ CST, ʠ ʤʦʜʝʣʴʥʦʛʦ ʧʦʣʷ (2.38-

2.40) 

ʇʨʦʠʟʚʝʜʝʥʠʝ Ὧὶ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʤʥʦʛʦ ʤʝʥʴʰʠʤ 1, ʜʘʞʝ ʢʦʛʜʘ ʨʘʜʠʫʩ ὶ ʨʘʚʝʥ 

ʨʘʜʠʫʩʫ ʧʨʦʣʝʪʥʦʛʦ ʢʘʥʘʣʘ ʨʝʟʦʥʘʪʦʨʘ ὶ ρς ʤʤ, ʧʦʪʦʤʫ ʯʪʦ Ὧὶ πȢσ. ʇʦʵʪʦʤʫ 

ʚʦ ʚʩʝʭ ʨʘʩʯʝʪʘʭ ʬʫʥʢʮʠʶ ɹʝʩʩʝʣʷ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʨʘʟʣʦʞʠʤ ʚ ʨʷʜ: 

ὐὼ
ρ

ς
ὼ

ρ

ρφ
ὼ ὕὼ Ȣ 

(2.36) 

ɿʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ʚʝʢʪʦʨʘ ʚ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʠ ʧʦʣʷʨʥʦʡ ʩʠʩʪʝʤʘʭ 

ʢʦʦʨʜʠʥʘʪ: 

ὄ
ὼὄ ώὄ

ὶ
ȟὄ

ὼὄ ώὄ

ὶ
ȟ 

(2.37) 

ʠ ʧʨʠʥʷʚ ʚʦ ʚʥʠʤʘʥʠʝ (2.36), ʧʦʣʫʯʠʤ ʢʦʤʧʦʥʝʥʪʳ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʝʡ ʚ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ: 



 

 

81 

 

Ὁ πȟὉ πȟ  

Ὁ
Ὁ

ς
Ὧώ ρ

ρ

ψ
Ὧὶ ὕ Ὧὶ ȟ 

 

ὄ
Ὁ

ςὧ
ρ
ρ

ψ
Ὧὶ

ὼ σώ

ὶ
ὕ Ὧὶ ȟ 

 

ὄ
Ὁ

ψὧ
Ὧὼώρ ὕ Ὧὶ ȟ 

 

ὄ πȢ  

ʆʛʨʘʥʠʯʠʤʩʷ ʯʣʝʥʘʤʠ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʤʘʣʦʩʪʠ ʧʦ Ὧὶ ʠ ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʝʝ 

ʧʨʠʙʣʠʞʝʥʠʝ ʜʣʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʝʨʪʠʢʘʣʴʥʦ-ʦʪʢʣʦʥʷʶʱʝʛʦ ʨʝʟʦʥʘʪʦʨʘ: 

Ὁ πȟὉ πȟὉ ὉὯώÓÉÎ‫ὸ ‪ ȟ (2.38) 

ὄ ὄÃÏÓ‫ὸ ‪ ȟὄ πȟὄ πȟ (2.39) 

Ὁ ὧὄȢ (2.40) 

ʅʘ ʨʠʩ. 2.17, ʘ-ʛ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʘʢʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʧʨʠʤʝʥʠʤʦ. 

2.3.2 ɺʣʠʷʥʠʝ ʚʝʨʪʠʢʘʣʴʥʦ-ʦʪʢʣʦʥʷʶʱʝʛʦ ʨʝʟʦʥʘʪʦʨʘ ʥʘ ɻʣʝʢʪʨʦʥ 

ʆʮʝʥʠʤ ʜʝʡʩʪʚʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (2.38-2.40) ʥʘ ɻʣʝʢʪʨʦʥ. ɼʣʷ ʵʪʦʛʦ 

ʨʝʰʠʤ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ: 

Ὠὴ

Ὠὸ
Ὡὺὄȟ 

(2.41) 

Ὠώ

Ὠὸ
ὺȟ 

(2.42) 

Ὠὴ

Ὠὸ
ὩὉ Ὡὺὄȟ 

(2.43) 

Ὠᾀ

Ὠὸ
ὺȢ 

(2.44) 

ʇʨʠʤʝʤ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʯʘʩʪʠʮʳ ʧʦʩʪʦʷʥʥʘʷ ὺ ὧ, ‍ ὺ ὧϳ ρ. ʂʦʦʨʜʠʥʘʪʘ 

ʚʭʦʜʘ ʚ ʨʝʟʦʥʘʪʦʨ ᾀ. ʏʘʩʪʠʮʘ ʠʤʝʝʪ ʥʘʯʘʣʴʥʳʝ ʢʦʦʨʜʠʥʘʪʫ ώ ώ ʠ ʠʤʧʫʣʴʩ rὴ , 

ὴ  ʠ ʚʣʝʪʘʝʪ ʚ ʨʝʟʦʥʘʪʦʨ, ʢʦʛʜʘ ʬʘʟʘ ʧʦʣʷ ʨʘʚʥʘ ‪. ʀʟ (2.41) ʧʦʣʫʯʘʝʪʩʷ: 

ὴ ὸ ὴ
Ὡὄ‍‗

ς“
ÓÉÎ‫ὸ ‪ ÓÉÎ‪Ȣ 

(2.45) 

ʊʘʢ ʢʘʢ ὴ άὺ‎, ʪʦ (2.42) ʤʦʞʥʦ ʧʨʦʠʥʪʝʛʨʠʨʦʚʘʪʴ, ʝʩʣʠ ʫʯʝʩʪʴ, ʯʪʦ 

ʨʝʣʷʪʠʚʠʩʪʩʢʠʡ ʬʘʢʪʦʨ ‎ ʤʝʥʷʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʣʝʪʘ ʯʝʨʝʟ 

ʨʝʟʦʥʘʪʦʨ: 
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ώὸ ώ
ὴ ὸ

ά‎

Ὡὄ‍‗

τ“ά‎ὧ
ÃÏÓ‪ ÃÏÓ‫ὸ ‪ ‫ὸÓÉÎ‪Ȣ 

(2.46) 

ʇʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ (2.45) ʠ (2.46) ʠʥʪʝʛʨʠʨʫʝʪʩʷ (2.43): 

ὴ ὸ ὴ
ὩὉὄ‍‗

ψ“ά‎ὧ
ρ ÃÏÓ‫ὸ ÃÏÓ‫ὸ ς‪

ÃÏÓς‫ὸ ς‪ ‫ὸÓÉÎ‫ὸ ς‪ ‫ὸÓÉÎ‫ὸ

ὩὉώ

ὧ
ÃÏÓ‫ὸ ‪ ÃÏÓ‪

ὩὉὴ ‗

ς“ά‎ὧ
‫ὸÃÏÓ‫ὸ ‪Ȣ 

(2.47) 

ʅʘʢʦʥʝʮ, ʧʦʜʩʪʘʚʠʚ (2.47) ʚ (2.44) ʠ ʧʨʦʠʥʪʝʛʨʠʨʦʚʘʚ, ʧʦʣʫʯʠʤ: 

ᾀὸ ᾀ
ὴ ‗

ς“ά‎ὧ
‫ὸ

ὩὉώ‗

ς“ά‎ὧ
ÓÉÎ‫ὸ ‪ ÓÉÎ‪ ‫ὸÃÏÓ‪

ὩὉὴ ‗

τ“ά ‎ὧ
ÃÏÓ‫ὸ ‪ ÃÏÓ‪ ‫ὸÓÉÎ‫ὸ ‪

ὩὉὄ‍‗

ρφ“ά ‎ὧ

ρ

ς
ÓÉÎς‫ὸ ς‪

ρ

ς
ÓÉÎς‪

ςÓÉÎ‫ὸ ‫ὸρ ÃÏÓ‫ὸ ÃÏÓ‫ὸ ς‪ Ȣ 

(2.48) 

ʇʨʠʚʝʜʝʤ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ώ, ὴ, ὴ ʚ ʤʦʤʝʥʪ ʚʳʣʝʪʘ ʯʘʩʪʠʮʳ ʠʟ ʨʝʟʦʥʘʪʦʨʘ, ʝʩʣʠ 

ὴ π. ɺʨʝʤʷ ʧʨʦʣʝʪʘ ʯʘʩʪʠʮʳ ʯʝʨʝʟ ʷʯʝʡʢʫ ʜʣʠʥʦʡ ὒ ‗ςϳ  ʨʘʚʥʦ: 

Ўὸ
ὒ

ὺ

ὒ

ὧ‍
ᵼ‫Ўὸ

ς“ὒ

‍‗
“Ȣ 

(2.49) 

ʇʦʜʩʪʘʚʠʚ (2.49) ʚ (2.45-2.47), ʧʦʣʫʯʠʤ: 

ώЎὸ ώ
Ὡὄ‍‗

ς“ά‎ὧ
ÃÏÓ‪

“

ς
ÓÉÎ‪ȟ 

(2.50) 

ὴ Ўὸ
Ὡὄ‍‗

“
ÓÉÎ‪ȟ 

(2.51) 

ὴ Ўὸ ὴ
ὩὉὄ‍‗

ς“ά‎ὧ
ÃÏÓ‪ ÃÏÓ‪

“

ς
ÓÉÎ‪

ςὩὉώ

ὧ
ÃÏÓ‪Ȣ 

(2.52) 

ɺ ASTRA ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʯʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʵʣʝʢʪʨʦʥʘ 

ʩ ʠʤʧʫʣʴʩʦʤ ὴ π σȢπφ ʄʵɺ/c ʚ ʧʦʣʝ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʨʝʟʦʥʘʪʦʨʘ ʙʝʟ 

ʧʨʦʣʝʪʥʦʛʦ ʢʘʥʘʣʘ (ʩ ʘʤʧʣʠʪʫʜʦʡ Ὁ υ ʄɺ/ʤ). ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 



 

 

83 

 

ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʨʝʰʝʥʠʷʤʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 

2.18, ʘ-ʚ. ɺʠʜʥʦ, ʯʪʦ ʦʥʠ ʭʦʨʦʰʦ ʩʦʚʧʘʜʘʶʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. 

  

ʘ                                                                  ʙ 

 

ʚ 

ʈʠʩ. 2.18. ʉʨʘʚʥʝʥʠʝ ʯʠʩʣʝʥʥʦʛʦ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ (2.50-2.52) ʨʝʰʝʥʠʡ ʫʨʘʚʥʝʥʠʷ 

ʜʚʠʞʝʥʠʷ ʵʣʝʢʪʨʦʥʘ ʚ ʧʦʣʝ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʚʝʨʪʠʢʘʣʴʥʦ-ʦʪʢʣʦʥʷʶʱʝʛʦ 

ʨʝʟʦʥʘʪʦʨʘ ʙʝʟ ʧʨʦʣʝʪʥʦʛʦ ʢʘʥʘʣʘ 

2.3.3 ʆʮʝʥʢʘ ʘʤʧʣʠʪʫʜʳ ʧʦʣʷ ʚʝʨʪʠʢʘʣʴʥʦ-ʦʪʢʣʦʥʷʶʱʝʛʦ ʨʝʟʦʥʘʪʦʨʘ 

ɸʤʧʣʠʪʫʜʘ ʧʦʣʷ ʚʝʨʪʠʢʘʣʴʥʦ-ʦʪʢʣʦʥʷʶʱʝʛʦ ʨʝʟʦʥʘʪʦʨʘ ʚʳʙʠʨʘʝʪʩʷ ʠʩʭʦʜʷ ʠʟ 

ʪʨʝʙʫʝʤʦʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʫʛʣʘ ʦʪʢʣʦʥʝʥʠʷ ʯʘʩʪʠʮ ʧʫʯʢʘ ʥʘ ʚʳʭʦʜʝ ʠʟ ʨʝʟʦʥʘʪʦʨʘ. 

ʇʦʢʘʞʝʤ ʵʪʦ. 

ʊʘʥʛʝʥʩ ʫʛʣʘ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʯʘʩʪʠʮʳ ʧʨʠ ʚʳʣʝʪʝ ʠʟ ʨʝʟʦʥʘʪʦʨʘ 

ʨʘʚʝʥ ÔÁÎ‌ ὴ ὴϳ . ʏʝʤ ʙʦʣʴʰʝ ʘʤʧʣʠʪʫʜʘ ʧʦʣʷ, ʪʝʤ ʙʦʣʴʰʝ ʘʙʩʦʣʶʪʥʦʝ 

ʟʥʘʯʝʥʠʝ ὴ, ʘ ʧʦʪʦʤʫ ʠ ʘʙʩʦʣʶʪʥʦʝ ʟʥʘʯʝʥʠʝ ʫʛʣʘ ʦʪʢʣʦʥʝʥʠʷ ʯʘʩʪʠʮʳ ʦʪ ʦʩʠ ᾀ. 

ʌʘʟʫ ʚʣʝʪʘ ʦʧʦʨʥʦʡ ʯʘʩʪʠʮʳ ʧʫʯʢʘ ʚ ʨʝʟʦʥʘʪʦʨ ʚʳʙʝʨʝʤ ʨʘʚʥʦʡ ‪ πЈ, ʯʪʦʙʳ 

ʫʛʦʣ ʦʪʢʣʦʥʝʥʠʷ ʦʧʦʨʥʦʛʦ ʵʣʝʢʪʨʦʥʘ ʥʘ ʚʳʭʦʜʝ ʠʟ ʨʝʟʦʥʘʪʦʨʘ ʨʘʚʥʷʣʩʷ ʥʫʣʶ. ɽʩʣʠ 

ʜʣʠʥʘ ʧʫʯʢʘ ᾀ , ʪʦ ʬʘʟʘ ʚʣʝʪʘ ʵʣʝʢʪʨʦʥʘ ʚ ʥʘʯʘʣʝ ʧʫʯʢʘ ʨʘʚʥʘ ‪ ‪

‫ᾀ ςὧϳ ‪ “ᾀ ‗ϳ . ʇʦʵʪʦʤʫ ʢʦʥʝʯʥʳʡ ʠʤʧʫʣʴʩ ὴ ʵʪʦʛʦ ʵʣʝʢʪʨʦʥʘ 

ʨʘʚʝʥ: 
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ὴ
Ὡὄ‍‗

“
ÓÉÎ‪

“ᾀ

‗

Ὡὄ‍‗

“
ÓÉÎ
“ᾀ

‗
ÃÏÓ‪

Ὡὄ‍ᾀ Ȣ 

 

ɿʜʝʩʴ ʧʨʠʥʷʪʦ, ʯʪʦ ʜʣʠʥʘ ʧʫʯʢʘ ʥʘʤʥʦʛʦ ʤʝʥʴʰʝ ʜʣʠʥʳ ʚʦʣʥʳ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʨʝʟʦʥʘʪʦʨʘ. ʋʛʦʣ ʦʪʢʣʦʥʝʥʠʷ ‌ ʵʣʝʢʪʨʦʥʘ ʚ ʥʘʯʘʣʝ ʧʫʯʢʘ ʨʘʚʝʥ ÔÁÎ‌

Ὡὄᾀ άὧ‎ϳ . ɼʣʷ ʵʣʝʢʪʨʦʥʘ ʚ ʢʦʥʮʝ ʧʫʯʢʘ ʧʦʣʫʯʘʝʪʩʷ ʪʘʢʦʝ ʞʝ ʚʳʨʘʞʝʥʠʝ, 

ʥʦ ʩ ʜʨʫʛʠʤ ʟʥʘʢʦʤ. ʇʦʵʪʦʤʫ ς‌ ï ʫʛʦʣ, ʢʦʪʦʨʳʡ ʟʘʧʦʣʥʷʪ ʯʘʩʪʠʮʳ ʧʫʯʢʘ ʧʦʩʣʝ 

ʚʳʣʝʪʘ ʠʟ ʨʝʟʦʥʘʪʦʨʘ: 

ÔÁÎς‌
ςÔÁÎ‌

ρ ÔÁÎ‌
ς
Ὡὄᾀ

άὧ‎
Ȣ 

(2.53) 

ɿʥʘʷ ʫʛʦʣ ς‌, ʢʦʪʦʨʳʡ ʜʦʣʞʥʳ ʟʘʧʦʣʥʠʪʴ ʯʘʩʪʠʮʳ ʧʫʯʢʘ ʧʦʩʣʝ ʚʳʣʝʪʘ ʠʟ 

ʨʝʟʦʥʘʪʦʨʘ, ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʪʨʝʙʫʝʤʫʶ ʘʤʧʣʠʪʫʜʫ ʧʦʣʷ ʨʝʟʦʥʘʪʦʨʘ ʠʟ (2.53). 

ʊʦʯʥʦʝ ʟʥʘʯʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʧʦʣʷ ʚʳʙʠʨʘʝʪʩʷ ʠʟ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʜʠʥʘʤʠʢʠ ʧʫʯʢʘ ʚ ʩʠʩʪʝʤʝ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʚʝʨʪʠʢʘʣʴʥʦ-ʦʪʢʣʦʥʷʶʱʝʛʦ ʨʝʟʦʥʘʪʦʨʘ ʠ 

ʜʠʧʦʣʴʥʦʛʦ ʤʘʛʥʠʪʘ. 

 

ʈʠʩ. 2.19. ɼʣʷ ʦʮʝʥʢʠ ʫʛʣʘ ‌ÍÁØ 

ʆʮʝʥʠʤ ʧʨʝʜʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʫʛʣʘ ‌ ʜʣʷ ʥʘʰʝʛʦ ʩʣʫʯʘʷ. ʋʛʦʣ ‌ÍÁØ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʘʧʝʨʪʫʨʦʡ ʜʠʧʦʣʴʥʦʛʦ ʤʘʛʥʠʪʘ ʠ ʨʘʩʩʪʦʷʥʠʝʤ ʦʪ ʨʝʟʦʥʘʪʦʨʘ ʜʦ ʚʳʭʦʜʘ ʠʟ 

ʜʠʧʦʣʴʥʦʛʦ ʤʘʛʥʠʪʘ. ʇʨʠʤʝʤ, ʯʪʦ ʨʝʟʦʥʘʪʦʨ ʨʘʩʧʦʣʦʞʝʥ ʚ ʩʝʨʝʜʠʥʝ ʧʝʨʚʦʛʦ 

ʫʯʘʩʪʢʘ ʜʨʝʡʬʘ. ʊʦʛʜʘ ‌ÍÁØ ʨʘʚʝʥ (ʨʠʩ. 2.19): 

‌ÍÁØ ÁÒÃÔÁÎ
Ὃ

ὒ ὒ ὒ •Ὑ
ρȢχσЈȢ 

 

ɿʜʝʩʴ Ὃ συ ʤʤ ï ʟʘʟʦʨ ʤʝʞʜʫ ʧʦʣʶʩʘʤʠ ʜʠʧʦʣʴʥʦʛʦ ʤʘʛʥʠʪʘ, ὒ πȢψ ʤ ï ʜʣʠʥʘ 

ʧʝʨʚʦʛʦ ʫʯʘʩʪʢʘ ʜʨʝʡʬʘ, ὒ πȢρρυ ʤ ï ʜʣʠʥʘ ʨʝʟʦʥʘʪʦʨʘ, ὒ πȢςχχ ʤ ï ʜʣʠʥʘ 

ʦʧʦʨʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʚ ʤʘʛʥʠʪʝ, •Ὑ πȢρωφ ʤ ï ʜʣʠʥʘ ʜʫʛʠ ʦʧʦʨʥʦʡ ʪʨʘʝʢʪʦʨʠʠ. 
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2.3.4 ʈʘʩʯʝʪ ʜʠʥʘʤʠʢʠ ʧʫʯʢʘ ʚ ʚʝʨʪʠʢʘʣʴʥʦ-ʦʪʢʣʦʥʷʶʱʝʤ ʨʝʟʦʥʘʪʦʨʝ ʠ 

ʜʠʧʦʣʴʥʦʤ ʤʘʛʥʠʪʝ 

  

ʘ                                                                     ʙ 

  

ʚ                                                                     ʛ 

ʈʠʩ. 2.20. ʇʷʪʥʘ ʧʫʯʢʘ ʥʘ ʵʢʨʘʥʝ (ʘ) ʠ ʛʠʩʪʦʛʨʘʤʤʳ ʵʪʠʭ ʧʷʪʝʥ ʧʦ ʦʩʷʤ ώ (ʙ) ʠ ὼ (ʚ). 

(ʛ) ɼʝʤʦʥʩʪʨʘʮʠʷ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʢʦʦʨʜʠʥʘʪʘʤʠ ώ ʯʘʩʪʠʮ ʧʫʯʢʘ ʥʘ ʵʢʨʘʥʝ ʠ 

ʢʦʦʨʜʠʥʘʪʘʤʠ ᾀ ʯʘʩʪʠʮ ʥʘ ʚʭʦʜʝ ʚ ʩʧʝʢʪʨʦʤʝʪʨ. 1 ï ʧʫʯʦʢ ʧʨʦʭʦʜʠʪ ʪʦʣʴʢʦ 

ʜʠʧʦʣʴʥʳʡ ʤʘʛʥʠʪ, 2 ï ʧʫʯʦʢ ʧʨʦʭʦʜʠʪ ʨʝʟʦʥʘʪʦʨ ʠ ʜʠʧʦʣʴʥʳʡ ʤʘʛʥʠʪ, 3 ï ʧʫʯʦʢ 

ʧʨʦʭʦʜʠʪ ʨʝʟʦʥʘʪʦʨ ʩ ʚʳʢʣʶʯʝʥʥʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ ʠ ʜʠʧʦʣʴʥʳʡ ʤʘʛʥʠʪ 

ɺ ʧʨʦʛʨʘʤʤʝ ASTRA ʙʳʣʦ ʧʨʦʤʦʜʝʣʠʨʦʚʘʥʦ ʜʚʠʞʝʥʠʝ ʧʫʯʢʘ ʵʣʝʢʪʨʦʥʦʚ, 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʦʛʦ ʫʢʘʟʘʥʳ ʚ ʪʘʙʣ. 2.5, ʚ ʚʝʨʪʠʢʘʣʴʥʦ-ʦʪʢʣʦʥʷʶʱʝʤ 

ʨʝʟʦʥʘʪʦʨʝ ʠ ʜʠʧʦʣʴʥʦʤ ʤʘʛʥʠʪʝ. ʈʝʟʦʥʘʪʦʨ ʨʘʩʧʦʣʦʞʝʥ ʚ ʩʝʨʝʜʠʥʝ ʧʝʨʚʦʛʦ 

ʫʯʘʩʪʢʘ ʜʨʝʡʬʘ, ʘ ʘʤʧʣʠʪʫʜʳ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʝʡ ʨʘʚʥʳ Ὁ υ 

ʄɺ/ʤ, ὄ Ὁ ὧϳ ρφȢχ ʤʊʣ. ʅʘ ʨʠʩ. 2.20, ʘ ʧʦʢʘʟʘʥʳ ʧʷʪʥʘ ʧʫʯʢʘ ʥʘ ʵʢʨʘʥʝ, ʢʦʛʜʘ 

ʧʫʯʦʢ ʧʨʦʭʦʜʠʪ ʪʦʣʴʢʦ ʯʝʨʝʟ ʜʠʧʦʣʴʥʳʡ ʤʘʛʥʠʪ (1) ʠ ʢʦʛʜʘ ʧʫʯʦʢ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ 

ʨʝʟʦʥʘʪʦʨ ʠ ʜʠʧʦʣʴʥʳʡ ʤʘʛʥʠʪ (2). ʅʘ ʨʠʩ. 2.20, ʙ ʠ ʚ ʧʦʢʘʟʘʥʳ ʛʠʩʪʦʛʨʘʤʤʳ ʧʫʯʢʦʚ 

ʥʘ ʵʢʨʘʥʝ ʧʦ ʦʩʷʤ ὼ ʠ ώ. ʆʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʦʣʷ ʨʝʟʦʥʘʪʦʨʘ ʤʝʥʷʝʪʩʷ ʩʨʝʜʥʠʡ ʠʤʧʫʣʴʩ ὴ ʠ ʜʠʩʧʝʨʩʠʷ „  ʧʫʯʢʘ: ʧʷʪʥʦ ʧʫʯʢʘ, 

ʧʨʦʰʝʜʰʝʛʦ ʨʝʟʦʥʘʪʦʨ, ʩʜʚʠʥʫʪʦ ʧʦ ʦʩʠ ὼ ʠ ʰʠʨʝ ʧʷʪʥʘ ʧʫʯʢʘ, ʧʨʦʰʝʜʰʝʛʦ ʪʦʣʴʢʦ 
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ʜʠʧʦʣʴʥʳʡ ʤʘʛʥʠʪ. ɺ ʪʘʙʣ. 2.7 ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ὴ ʠ „  ʧʫʯʢʦʚ ʥʘ ʵʢʨʘʥʝ ʜʣʷ 

ʵʪʠʭ ʩʣʫʯʘʝʚ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʠʟ ʨʠʩ. 2.20, ʙ ʩʣʝʜʫʝʪ, ʯʪʦ ʨʝʟʦʥʘʪʦʨ ʚʳʧʦʣʥʷʝʪ ʩʚʦʶ 

ʨʦʣʴ: ʧʫʯʦʢ ʨʘʩʪʷʛʠʚʘʝʪʩʷ ʧʦ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ. ʅʘ ʨʠʩ. 2.20, ʛ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʝʞʜʫ 

ʢʦʦʨʜʠʥʘʪʘʤʠ ώ ʯʘʩʪʠʮ ʧʫʯʢʘ ʥʘ ʵʢʨʘʥʝ ʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ᾀ ʯʘʩʪʠʮ ʥʘ ʚʭʦʜʝ ʚ 

ʩʧʝʢʪʨʦʤʝʪʨ ʚʦʟʥʠʢʘʝʪ ʟʘʤʝʪʥʘʷ ʢʦʨʨʝʣʷʮʠʷ, ʢʦʛʜʘ ʧʫʯʦʢ ʧʨʦʭʦʜʠʪ ʨʝʟʦʥʘʪʦʨ. 

ʏʪʦʙʳ ʷʚʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʚʣʠʷʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʨʝʟʦʥʘʪʦʨʘ, ʦʥʦ 

ʙʳʣʦ ʚʳʢʣʶʯʝʥʦ (Ὁ π ʄɺ/ʤ) ʠ ʚ ASTRA ʚʥʦʚʴ ʩʯʠʪʘʣʘʩʴ ʜʠʥʘʤʠʢʘ ʧʫʯʢʘ. 

ʇʷʪʥʦ ʧʫʯʢʘ ʥʘ ʵʢʨʘʥʝ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.20, ʘ (3). ʀʟ ʵʪʦʛʦ ʨʠʩʫʥʢʘ 

ʠ ʠʟ ʪʘʙʣ. 2.7 ʚʠʜʥʦ, ʯʪʦ ʩʨʝʜʥʠʡ ʠʤʧʫʣʴʩ ʠ ʜʠʩʧʝʨʩʠʷ ʧʫʯʢʘ, ʧʨʦʰʝʜʰʝʛʦ 

ʨʝʟʦʥʘʪʦʨ ʩ ʚʳʢʣʶʯʝʥʥʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ ʠ ʜʠʧʦʣʴʥʳʡ ʤʘʛʥʠʪ, ʜʦʩʪʘʪʦʯʥʦ 

ʭʦʨʦʰʦ ʩʦʚʧʘʜʘʶʪ ʩʦ ʩʨʝʜʥʠʤ ʠʤʧʫʣʴʩʦʤ ʠ ʜʠʩʧʝʨʩʠʝʡ ʧʫʯʢʘ, ʧʨʦʰʝʜʰʝʛʦ ʪʦʣʴʢʦ 

ʜʠʧʦʣʴʥʳʡ ʤʘʛʥʠʪ. ʈʠʩ. 2.20, ʙ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʧʫʯʦʢ, ʧʨʦʰʝʜʰʠʡ ʨʝʟʦʥʘʪʦʨ ʩ 

ʚʳʢʣʶʯʝʥʥʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ, ʚʳʪʷʛʠʚʘʝʪʩʷ ʧʦ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ ώ. ʇʨʠ 

ʵʪʦʤ ʢʦʤʧʦʥʝʥʪʳ ʠʤʧʫʣʴʩʘ ὴ ʯʘʩʪʠʮ ʧʫʯʢʘ ʧʝʨʝʭʦʜʷʪ ʚ ʢʦʤʧʦʥʝʥʪʳ ὴ. ʇʦʵʪʦʤʫ 

ʚ ʜʠʧʦʣʴʥʦʤ ʤʘʛʥʠʪʝ ʧʫʯʦʢ ʦʢʘʟʳʚʘʝʪʩʷ ʧʦʚʝʨʥʫʪʳʤ ʩʠʣʴʥʝʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ 

ʩʣʫʯʘʝʤ, ʢʦʛʜʘ ʨʝʟʦʥʘʪʦʨ ʚʳʢʣʶʯʝʥ ʧʦʣʥʦʩʪʴʶ (ʨʠʩ. 2.20, ʚ). 

ʊʘʙʣʠʮʘ 2.7 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʫʯʢʦʚ ʥʘ ʵʢʨʘʥʝ 

ʉʠʩʪʝʤʘ ὴ, ʄʵɺ/c „ , ʢʵɺ/c Ўὴ, ʢʵɺ/c 

ɹʝʟ ʨʝʟʦʥʘʪʦʨʘ 3.060 3.62 66.81 

ʉ ʨʝʟʦʥʘʪʦʨʦʤ ʙʝʟ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 

3.060 3.65 67.02 

ʉ ʨʝʟʦʥʘʪʦʨʦʤ ʙʝʟ 

ʧʨʦʣʝʪʥʦʛʦ ʢʘʥʘʣʘ 

3.082 7.14 89.60 

ʉ ʨʝʟʦʥʘʪʦʨʦʤ ʩ 

ʧʨʦʣʝʪʥʳʤ ʢʘʥʘʣʦʤ 

3.082 6.82 86.72 

ʆʮʝʥʠʤ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʠʤʧʫʣʴʩʘ ʧʫʯʢʘ ὴ ʠ ʝʛʦ ʜʠʩʧʝʨʩʠʶ ʧʦʩʣʝ ʧʨʦʣʝʪʘ 

ʯʝʨʝʟ ʨʝʟʦʥʘʪʦʨ, ʧʨʠʥʷʚ, ʯʪʦ ʯʘʩʪʠʮʳ ʚ ʬʘʟʦʚʦʤ ʦʙʲʝʤʝ ʨʘʩʧʨʝʜʝʣʝʥʳ ʨʘʚʥʦʤʝʨʥʦ, 

ʧʫʯʦʢ ʩʠʤʤʝʪʨʠʯʝʥ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʩʢʦʩʪʝʡ ὼᾀ ʠ ώᾀ ʠ ʩʨʝʜʥʠʡ ʠʤʧʫʣʴʩ ʧʫʯʢʘ ὴ  

ʥʘ ʚʭʦʜʝ ʨʘʚʝʥ 0: 
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ὴ Ўὸ ὴ
ὩὉὄ‍‗

τ“ά‎ὧ

ὩὉὄ‍‗

τ“ά‎ὧ

Ͻ
‗

ς“ᾀ
ÓÉÎ
ς“ᾀ

‗
ÃÏÓς‪

“

ς
ÓÉÎς‪ ȟ 

(2.54) 

„ „
ρ

ς

ςὩὉ„

ὧ

ὩὉ„ ‗

ςά‎ὧ
ρ

‗

ς“ᾀ
ÓÉÎ
ς“ᾀ

‗
ÃÏÓς‪

ρ

ς

ὩὉὄ‍‗

τ“ά‎ὧ

“

τ
ρ ρ

‗

ς“ᾀ
ÓÉÎ
ς“ᾀ

‗

‗

ς“ᾀ
ÓÉÎ
ς“ᾀ

‗

‗

τ“ᾀ
ÓÉÎ
τ“ᾀ

‗
“ÓÉÎτ‪ ÃÏÓτ‪

“

τ
ÃÏÓτ‪

ϳ

ȟ 

(2.55) 

ʛʜʝ ‪  ï ʬʘʟʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʤʦʤʝʥʪ ʚʣʝʪʘ ʦʧʦʨʥʦʡ ʯʘʩʪʠʮʳ ʚ ʨʝʟʦʥʘʪʦʨ, „ , 

„ , „  ï ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʡ ʨʘʟʤʝʨ ʠ ʜʠʩʧʝʨʩʠʷ ʧʫʯʢʘ ʥʘ ʚʭʦʜʝ ʚ ʨʝʟʦʥʘʪʦʨ. 

ɽʩʣʠ ʜʣʠʥʘ ʧʫʯʢʘ ᾀ  ʥʘʤʥʦʛʦ ʤʝʥʴʰʝ ʜʣʠʥʳ ʚʦʣʥʳ ‗ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

(ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ τ“ᾀ ‗ϳ Ḻρ, ʪʦ ʝʩʪʴ ʜʣʷ ʥʘʰʝʛʦ ʩʣʫʯʘʷ ᾀ Ḻρψ ʤʤ), ʪʦ: 

ὴ Ўὸ ὴ
ὩὉὄ‍‗

ς“ά‎ὧ
ÃÏÓ‪ ÃÏÓ‪

“

ς
ÓÉÎ‪ Ȣ 

(2.56) 

„ „
ςὩὉ„

ὧ

ὩὉ„ ‗

ςά‎ὧ
ÃÏÓ‪ Ȣ 

(2.57) 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʠʟʤʝʥʝʥʠʝ ʩʨʝʜʥʝʛʦ ʠʤʧʫʣʴʩʘ ʧʫʯʢʘ ʨʘʚʥʦ ʠʟʤʝʥʝʥʠʶ ʠʤʧʫʣʴʩʘ 

ʦʧʦʨʥʦʛʦ ʵʣʝʢʪʨʦʥʘ. 

ʅʘ ʨʠʩ. 2.21, ʘ, ʙ ʩʨʘʚʥʠʚʘʶʪʩʷ ʠʟʤʝʥʝʥʠʝ ʩʨʝʜʥʝʛʦ ʠʤʧʫʣʴʩʘ ʧʫʯʢʘ ʠ ʜʠʩʧʝʨʩʠʷ 

ʧʫʯʢʘ, ʧʦʩʯʠʪʘʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʬʦʨʤʫʣ (2.54), (2.55) ʠ ʚ ʧʨʦʛʨʘʤʤʝ ASTRA. ɺ 



 

 

88 

 

ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʘʭ ʚ ASTRA ʯʝʨʝʟ ʨʝʟʦʥʘʪʦʨ ʧʨʦʭʦʜʠʣʠ ʧʫʯʢʠ ʵʣʝʢʪʨʦʥʦʚ ʩ 

ʦʜʥʦʨʦʜʥʳʤ, ʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ ὼ, ώ, ᾀ ʠ ʠʤʧʫʣʴʩʘʤ 

ὴ, ὴ, ὴ. ɼʣʠʥʘ ʧʫʯʢʦʚ ʜʦ ʚʭʦʜʘ ʚ ʨʝʟʦʥʘʪʦʨ ʙʳʣʘ ʨʘʚʥʘ ᾀ ρπȢπ ʤʤ. ʀʟ ʨʠʩ. 

2.21, ʘ, ʙ ʩʣʝʜʫʝʪ, ʯʪʦ ʬʦʨʤʫʣʳ (2.54), (2.55) ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʜʦʩʪʘʪʦʯʥʦ 

ʭʦʨʦʰʠʝ ʦʮʝʥʢʠ ʠʟʤʝʥʝʥʠʷ ʩʨʝʜʥʝʛʦ ʠʤʧʫʣʴʩʘ ʠ ʜʠʩʧʝʨʩʠʠ ʧʫʯʢʘ ʵʣʝʢʪʨʦʥʦʚ, 

ʧʨʦʰʝʜʰʝʛʦ ʚʝʨʪʠʢʘʣʴʥʦ-ʦʪʢʣʦʥʷʶʱʠʡ ʨʝʟʦʥʘʪʦʨ. 

 

ʘ                                                                    ʙ 

ʈʠʩ. 2.21. ʀʟʤʝʥʝʥʠʝ ʩʨʝʜʥʝʛʦ ʠʤʧʫʣʴʩʘ ὴ ὴ  (ʘ) ʠ ʜʠʩʧʝʨʩʠʷ „  (ʙ) ʧʫʯʢʦʚ 

ʵʣʝʢʪʨʦʥʦʚ, ʧʨʦʰʝʜʰʠʭ ʨʝʟʦʥʘʪʦʨ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʘʟʳ ‪  ʚʣʝʪʘ ʦʧʦʨʥʦʛʦ 

ʵʣʝʢʪʨʦʥʘ. ʊʦʯʢʠ ï ʯʠʩʣʝʥʥʳʡ ʨʘʩʯʝʪ ʚ ASTRA, ʣʠʥʠʠ ï ʛʨʘʬʠʢʠ ʬʫʥʢʮʠʡ (2.54), 

(2.55) 

ʇʫʯʦʢ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠʟ ʪʘʙʣ. 2.5, ʜʣʷ ʢʦʪʦʨʦʛʦ ʙʳʣʦ ʧʨʦʤʦʜʝʣʠʨʦʚʘʥʦ 

ʜʚʠʞʝʥʠʝ ʚ ʨʝʟʦʥʘʪʦʨʝ ʠ ʜʠʧʦʣʴʥʦʤ ʤʘʛʥʠʪʝ, ʥʘ ʚʭʦʜʝ ʚ ʨʝʟʦʥʘʪʦʨ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʧʘʨʘʤʝʪʨʘʤʠ: ὴ σȢπφ ʄʵɺ/c, „ ρȢψψ ʢʵɺ/c, „ σȢφς ʢʵɺ/c, „ πȢυτφ 

ʤʤ, ᾀ ρρȢτ ʤʤ, ‪ πЈ. ʇʦʵʪʦʤʫ ʦʮʝʥʢʠ (2.54), (2.55) ʜʘʶʪ: ὴ σȢπψς 

ʄʵɺ/c, „ χȢςρ ʢʵɺ/c (ʭʦʨʦʰʝʝ ʩʦʛʣʘʩʠʝ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʯʠʩʣʝʥʥʦʛʦ ʨʘʩʯʝʪʘ 

ʜʠʥʘʤʠʢʠ, ʧʨʠʚʝʜʝʥʥʳʤʠ ʚ ʪʘʙʣ. 2.7). 

2.3.5 ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʨʦʜʦʣʴʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʦʨʪʨʝʪʘ ʧʫʯʢʘ 

ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ ʩʚʷʟʴ ʤʝʞʜʫ ʢʦʦʨʜʠʥʘʪʘʤʠ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʵʢʨʘʥʝ ʠ ʠʭ 

ʠʤʧʫʣʴʩʦʤ ʠ ʚʨʝʤʝʥʝʤ ʧʨʦʣʝʪʘ ʯʝʨʝʟ ʨʝʟʦʥʘʪʦʨ, ʩʜʝʣʘʝʤ ʥʝʩʢʦʣʴʢʦ ʜʦʧʫʱʝʥʠʡ: 

1) ʥʘ ʚʭʦʜʝ ʚ ʩʠʩʪʝʤʫ ʠʟʤʝʨʝʥʠʷ ʧʫʯʦʢ ʠʤʝʝʪ ʥʫʣʝʚʦʡ ʧʦʧʝʨʝʯʥʳʡ ʨʘʟʤʝʨ, ʠ 

ʚʩʝ ʯʘʩʪʠʮʳ ʧʫʯʢʘ ʜʚʠʞʫʪʩʷ ʩʪʨʦʛʦ ʚʜʦʣʴ ʦʩʠ ᾀ, ʪʦ ʝʩʪʴ ʜʣʷ ʚʩʝʭ ʯʘʩʪʠʮ 

ʧʫʯʢʘ ʚʝʨʥʦ, ʯʪʦ ὼ ώ π, ὼ ώ π; 
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2) ʨʘʟʙʨʦʩ ʧʦ ʠʤʧʫʣʴʩʘʤ ʯʘʩʪʠʮ ʧʫʯʢʘ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ ʠʤʧʫʣʴʩʘ 

ʦʧʦʨʥʦʛʦ ʵʣʝʢʪʨʦʥʘ ὴ. 

ʅʘ ʚʳʭʦʜʝ ʠʟ ʨʝʟʦʥʘʪʦʨʘ ʢʦʦʨʜʠʥʘʪʳ ʯʘʩʪʠʮ ʥʘʡʜʝʤ ʧʦ ʬʦʨʤʫʣʘʤ (2.50-2.52). 

ʇʝʨʝʧʠʰʝʤ ʠʭ ʚ ʚʠʜʝ, ʫʜʦʙʥʦʤ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʤʘʪʨʠʯʥʳʭ ʚʳʯʠʩʣʝʥʠʷʭ: 

ὢ4#ÁÖ

ở

Ở
Ở
ờ

ὼ

ὼ
ώ

 ώ

ὰ4#ÁÖ
4#ÁÖỢ‏

ỡ
ỡ
Ỡ

ȟ 

 

ὼ πȟὼ πȟ (2.58) 

ώ
Ὡὄ‍‗

ς“ά‎ὧ
ÃÏÓ‪

“

ς
ÓÉÎ‪ ȟώ

Ὡὄ‍‗

“ὴ
ÓÉÎ‪ȟ 

(2.59) 

‏ ‏
ὩὉὄ‍‗

ς“ά‎ὧὴ
ÃÏÓ‪ ÃÏÓ‪

“

ς
ÓÉÎ‪Ȣ 

(2.60) 

ɿʜʝʩʴ ‪ ï ʬʘʟʘ ʧʦʣʷ ʨʝʟʦʥʘʪʦʨʘ ʚ ʤʦʤʝʥʪ ʚʣʝʪʘ ʯʘʩʪʠʮʳ. ʊʨʘʝʢʪʦʨʠʷ ʦʧʦʨʥʦʛʦ 

ʵʣʝʢʪʨʦʥʘ ʧʦʣʫʯʘʝʪʩʷ ʧʨʠ ʚʳʢʣʶʯʝʥʥʦʤ ʨʝʟʦʥʘʪʦʨʝ, ʠ ʠʤʧʫʣʴʩ ʦʧʦʨʥʦʛʦ 

ʵʣʝʢʪʨʦʥʘ ὴ ï ʧʦʩʪʦʷʥʥʘʷ ʚʝʣʠʯʠʥʘ. ‏ ὴ ὴ ὴϳ  ï ʦʪʢʣʦʥʝʥʠʝ ʠʤʧʫʣʴʩʘ 

ʧʨʦʠʟʚʦʣʴʥʦʡ ʯʘʩʪʠʮʳ ʦʪ ʠʤʧʫʣʴʩʘ ʦʧʦʨʥʦʛʦ ʵʣʝʢʪʨʦʥʘ ʜʦ ʚʣʝʪʘ ʚ ʨʝʟʦʥʘʪʦʨ. 

ʇʦʩʣʝ ʨʝʟʦʥʘʪʦʨʘ ʧʫʯʦʢ ʧʨʦʣʝʪʘʝʪ ʫʯʘʩʪʦʢ ʜʨʝʡʬʘ ʜʣʠʥʦʡ ὰ, ʜʠʧʦʣʴʥʳʡ 

ʤʘʛʥʠʪ ʠ ʫʯʘʩʪʦʢ ʜʨʝʡʬʘ ὒ. ʂʦʦʨʜʠʥʘʪʳ ʯʘʩʪʠʮ ʥʘ ʵʢʨʘʥʝ ʚʳʯʠʩʣʷʪʁʩ ̫ ʩ 

ʧʦʤʦʱʴʶ ʤʘʪʨʠʮʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ὓ ʩʠʩʪʝʤʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʫʯʘʩʪʢʘ ʜʨʝʡʬʘ ὰ, 

ʜʠʧʦʣʴʥʦʛʦ ʤʘʛʥʠʪʘ ʠ ʫʯʘʩʪʢʘ ʜʨʝʡʬʘ ὒ: 

ὢ ὓὢ ȟ  

ὼ ά ὼ ά ὼ ά ‏ ά ‏ ȟ (2.61) 

ώ ά ώ ά ώ Ȣ (2.62) 

ʇʦʜʩʪʘʥʦʚʢʦʡ (2.59) ʚ (2.62) ʚʳʯʠʩʣʷʝʪʩʷ ʬʘʟʘ ʚʣʝʪʘ ʯʘʩʪʠʮʳ ʚ ʨʝʟʦʥʘʪʦʨ: 

ώ
Ὡὄ‍‗

ς“ά‎ὧ
ά ÃÏÓ‪

Ὡὄ‍‗

τ“ά‎ὧ
ά

Ὡὄ‍‗

“ὴ
ά ÓÉÎ‪ᵼ 

 

ὃ
Ὡὄ‍‗

ς“ά‎ὧ
ά ȟὄ

Ὡὄ‍‗

τ“ά‎ὧ
ά

Ὡὄ‍‗

“ὴ
ά ȟ 

(2.63) 

‪ ÁÒÃÓÉÎ
ώ

Ѝὃ ὄ
ÁÒÃÓÉÎ

ὃ

Ѝὃ ὄ
Ȣ 

(2.64) 
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ɺʨʝʤʷ ʚʣʝʪʘ ʚ ʨʝʟʦʥʘʪʦʨ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʩʚʷʟʠ ‪ ‫ὸ. ʀʤʧʫʣʴʩ ʯʘʩʪʠʮʳ 

ʥʘʭʦʜʠʪʩʷ ʠʟ (2.61): 

ὴ ρ
ὼ

ά
ὴ

ὩὄὉ‍‗

ς“ά‎ὧ
ÃÏÓ‪ ÃÏÓ‪

“

ς
ÓÉÎ‪Ȣ 

(2.65) 

ʅʘ ʨʠʩ. 2.22, ʙ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥ ʨʝʟʫʣʴʪʘʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʦʜʦʣʴʥʦʛʦ 

ʬʘʟʦʚʦʛʦ ʧʦʨʪʨʝʪʘ ʧʫʯʢʘ ʧʦ ʝʛʦ ʧʷʪʥʫ ʥʘ ʵʢʨʘʥʝ, ʠʟʦʙʨʘʞʝʥʥʦʤʫ ʥʘ ʨʠʩ. 2.22, ʘ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʭʦʜʥʦʛʦ ʧʫʯʢʘ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʧʦʩʯʠʪʘʥʘ ʜʠʥʘʤʠʢʘ, ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣ. 2.5. ʅʘ ʨʠʩ. 2.22, ʙ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʩ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʤ ʧʦʨʪʨʝʪʦʤ (2) ʠʟʦʙʨʘʞʝʥ 

ʠʩʪʠʥʥʳʡ ʬʘʟʦʚʳʡ ʧʦʨʪʨʝʪ ʧʫʯʢʘ (1). ɺʠʜʥʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʦʪʣʠʯʠʝ ʠʩʪʠʥʥʦʛʦ ʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʧʦʨʪʨʝʪʦʚ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʨʝʘʣʴʥʳʡ ʧʫʯʦʢ ʥʘ ʚʭʦʜʝ ʚ 

ʩʠʩʪʝʤʫ ʠʟʤʝʨʝʥʠʷ ʦʙʣʘʜʘʝʪ ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʧʦʧʝʨʝʯʥʳʤ ʨʘʟʤʝʨʦʤ ʠ ʫʛʣʦʚʳʤ 

ʨʘʟʙʨʦʩʦʤ. 

  

ʘ                                                                 ʙ 

ʈʠʩ. 2.22. ʇʷʪʥʘ ʧʫʯʢʦʚ ʥʘ ʵʢʨʘʥʝ (ʘ) ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʝ ʧʦ ʥʠʤ ʧʨʦʜʦʣʴʥʳʝ 

ʬʘʟʦʚʳʝ ʧʦʨʪʨʝʪʳ (ʙ). 1 ï ʠʩʪʠʥʥʳʡ ʧʦʨʪʨʝʪ ʧʫʯʢʘ; 2 ï ʧʷʪʥʦ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʡ 

ʧʦʨʪʨʝʪ ʧʫʯʢʘ ʚ ʩʠʩʪʝʤʝ ʠʟʤʝʨʝʥʠʷ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʢʦʣʣʠʤʘʮʠʦʥʥʦʡ ʱʝʣʠ; 3 ï ʧʷʪʥʦ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʡ ʧʦʨʪʨʝʪ ʧʫʯʢʘ ʚ ʩʠʩʪʝʤʝ 

ʠʟʤʝʨʝʥʠʷ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʢʦʣʣʠʤʘʮʠʦʥʥʦʡ ʱʝʣʴʶ ʰʠʨʠʥʦʡ 0.1 

ʤʤ; 4 ï ʧʷʪʥʦ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʡ ʧʦʨʪʨʝʪ ʧʫʯʢʘ, ʫ ʢʦʪʦʨʦʛʦ ʥʘ ʚʭʦʜʝ ʚ ʨʝʟʦʥʘʪʦʨ 

ʚʩʝ ʯʘʩʪʠʮʳ ʠʤʝʶʪ ʢʦʦʨʜʠʥʘʪʳ ὼ ώ π, ὼ ώ π 

ʉ ʧʦʤʦʱʴʶ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʢʦʣʣʠʤʘʮʠʦʥʥʦʡ ʱʝʣʠ ʤʦʞʥʦ ʫʤʝʥʴʰʠʪʴ 

ʚʝʨʪʠʢʘʣʴʥʳʡ ʧʦʧʝʨʝʯʥʳʡ ʨʘʟʤʝʨ ʧʫʯʢʘ. ɺʦʩʩʪʘʥʦʚʣʝʥʥʳʡ ʧʦʨʪʨʝʪ ʧʫʯʢʘ, 

ʧʨʦʰʝʜʰʝʛʦ ʚ ʩʠʩʪʝʤʫ ʠʟʤʝʨʝʥʠʷ ʯʝʨʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ 

ʢʦʣʣʠʤʘʮʠʦʥʥʫʶ ʱʝʣʴ ʰʠʨʠʥʦʡ 0.1 ʤʤ, ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 2.22, ʙ ʢʘʢ (3). ʊʘʢʞʝ ʥʘ 

ʨʠʩ. 2.22, ʙ ʧʦʢʘʟʘʥ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʡ ʧʦʨʪʨʝʪ (4) ʧʫʯʢʘ, ʫ ʢʦʪʦʨʦʛʦ ʥʘ ʚʭʦʜʝ ʚ 
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ʨʝʟʦʥʘʪʦʨ ʢʦʦʨʜʠʥʘʪʳ ʦʙʥʫʣʝʥʳ ὼ ώ π, ὼ ώ π. ɺ ʪʘʙʣ. 2.8 ʫʢʘʟʘʥʳ 

ʧʨʦʜʦʣʴʥʳʝ ʵʤʠʪʪʘʥʩʳ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʧʦʨʪʨʝʪʦʚ. 

ʊʘʙʣʠʮʘ 2.8 

ʇʨʦʜʦʣʴʥʳʝ ʵʤʠʪʪʘʥʩʳ, ʚʳʯʠʩʣʝʥʥʳʝ ʧʦ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʤ ʬʘʟʦʚʳʤ 

ʧʦʨʪʨʝʪʘʤ: 1 ï ʠʩʪʠʥʥʳʡ ʧʨʦʜʦʣʴʥʳʡ ʵʤʠʪʪʘʥʩ, 2 ï ʵʤʠʪʪʘʥʩ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʧʦʨʪʨʝʪʘ ʧʫʯʢʘ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʢʦʣʣʠʤʘʮʠʦʥʥʦʡ ʱʝʣʠ, 3 ï ʵʤʠʪʪʘʥʩ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʧʦʨʪʨʝʪʘ ʧʫʯʢʘ ʩ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʢʦʣʣʠʤʘʮʠʦʥʥʦʡ ʱʝʣʴʶ ʰʠʨʠʥʦʡ 0.1 ʤʤ, 4 

ï ʵʤʠʪʪʘʥʩ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʧʦʨʪʨʝʪʘ ʧʫʯʢʘ ʩ ʥʫʣʝʚʳʤʠ ʚʭʦʜʥʳʤʠ 

ʢʦʦʨʜʠʥʘʪʘʤʠ ● ◐ , ● ◐  

ɺʘʨʠʘʥʪ ɿʥʘʯʝʥʠʝ 

1 18.4 ʥʩ ʢʵɺ/c = 5.52 ʤʤ ʢʵɺ/c 

2 33.3 ʥʩ ʢʵɺ/c = 9.98 ʤʤ ʢʵɺ/c 

3 17.3 ʥʩ ʢʵɺ/c = 5.20 ʤʤ ʢʵɺ/c 

4 20.2 ʥʩ ʢʵɺ/c = 6.06 ʤʤ ʢʵɺ/c 

ʀʟ ʨʠʩ. 2.22 ʚʠʜʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʢʦʣʣʠʤʘʮʠʦʥʥʦʡ ʱʝʣʠ ʫʣʫʯʰʘʝʪ ʨʝʟʫʣʴʪʘʪ ʦʧʠʩʘʥʥʦʛʦ ʤʝʪʦʜʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʧʨʦʜʦʣʴʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʦʨʪʨʝʪʘ. ɺʦʩʩʪʘʥʦʚʣʝʥʥʳʡ ʧʦʨʪʨʝʪ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʱʝʣʠ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʠʩʪʠʥʥʦʛʦ ʧʦʨʪʨʝʪʘ ʧʫʯʢʘ, ʥʦ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʦʮʝʥʢʠ ʠʩʪʠʥʥʦʛʦ ʧʦʨʪʨʝʪʘ. ʆʪʤʝʪʠʤ, ʯʪʦ ʚʩʝ ʨʘʩʯʝʪʳ ʜʠʥʘʤʠʢʠ 

ʧʫʯʢʘ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ASTRA ʠ ʧʨʠ ʵʪʦʤ ʥʝ ʫʯʠʪʳʚʘʣʩʷ ʩʦʙʩʪʚʝʥʥʳʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ 

ʟʘʨʷʜ ʧʫʯʢʘ. 

2.3.6 ɺʝʨʪʠʢʘʣʴʥʦ-ʦʪʢʣʦʥʷʶʱʠʡ ʨʝʟʦʥʘʪʦʨ ʩ ʧʨʦʣʝʪʥʳʤ ʢʘʥʘʣʦʤ 

ɺ ʧʨʝʜʳʜʫʱʠʭ ʧʦʜʨʘʟʜʝʣʘʭ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʜʠʥʘʤʠʢʘ ʧʫʯʢʘ ʚ ʩʠʩʪʝʤʝ 

ʠʟʤʝʨʝʥʠʷ ʩ ʮʠʣʠʥʜʨʠʯʝʩʢʠʤ ʨʝʟʦʥʘʪʦʨʦʤ ʙʝʟ ʧʨʦʣʝʪʥʦʛʦ ʢʘʥʘʣʘ (ʨʠʩ. 2.15, ʙ). 

ʈʝʟʦʥʘʪʦʨ ʙʝʟ ʧʨʦʣʝʪʥʦʛʦ ʢʘʥʘʣʘ ʫʜʦʙʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ, ʧʦʪʦʤʫ ʯʪʦ ʠʟʚʝʩʪʥʳ 

ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʬʦʨʤʫʣʳ ʜʣʷ ʝʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʤʦʜʳ ʊʄ110. 

ʅʘ ʨʠʩ. 2.23, ʘ ʧʦʢʘʟʘʥ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʨʝʟʦʥʘʪʦʨ ʩ ʧʨʦʣʝʪʥʳʤ ʢʘʥʘʣʦʤ, ʘ ʥʘ 

ʨʠʩ. 2.23, ʙ-ʜ ʩʨʘʚʥʠʚʘʝʪʩʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʪʘʢʦʛʦ ʨʝʟʦʥʘʪʦʨʘ ʩ ʤʦʜʝʣʴʥʳʤ 

ʧʦʣʝʤ (2.38-2.40). ʆʙʘ ʧʦʣʷ ʥʦʨʤʠʨʦʚʘʣʠʩʴ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʠʭ ʠʥʪʝʛʨʘʣʳ 
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ὄ᷿ ὼ ώ πȟᾀὨᾀ ʧʨʠʥʠʤʘʣʠ ʦʜʠʥʘʢʦʚʦʝ ʟʥʘʯʝʥʠʝ 1.92 ʊʣ ʤʤ. ɺʠʜʥʦ, ʯʪʦ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʣʷ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. 

 

ʘ 

  

ʙ                                                                        ʚ 

  

ʛ                                                                       ʜ 

ʈʠʩ. 2.23.  (ʘ) ʎʠʣʠʥʜʨʠʯʝʩʢʠʡ ʨʝʟʦʥʘʪʦʨ ʩ ʧʨʦʣʝʪʥʳʤ ʢʘʥʘʣʦʤ. (ʙ-ʜ) ʂʦʤʧʦʥʝʥʪʳ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʤʦʜʳ ʊʄ110 ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʨʝʟʦʥʘʪʦʨʘ ʩ ʧʨʦʣʝʪʥʳʤ 

ʢʘʥʘʣʦʤ 

ʅʘ ʨʠʩ. 2.24, ʘ ʧʦʢʘʟʘʥʳ ʧʷʪʥʘ ʧʫʯʢʘ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠʟ ʪʘʙʣ. 2.5 ʥʘ ʵʢʨʘʥʝ, 

ʢʦʛʜʘ ʚ ʩʝʨʝʜʠʥʝ ʧʝʨʚʦʛʦ ʫʯʘʩʪʢʘ ʜʨʝʡʬʘ ʨʘʩʧʦʣʦʞʝʥʳ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ 

ʨʝʟʦʥʘʪʦʨʳ ʙʝʟ ʠʣʠ ʩ ʧʨʦʣʝʪʥʳʤ ʢʘʥʘʣʦʤ. ʅʘ ʨʠʩ. 2.24, ʙ ʚʦʩʩʪʘʥʦʚʣʝʥʳ 

ʧʨʦʜʦʣʴʥʳʝ ʬʘʟʦʚʳʝ ʧʦʨʪʨʝʪʳ ʧʫʯʢʘ ʧʦ ʝʛʦ ʧʷʪʥʘʤ ʥʘ ʨʠʩ. 2.24, ʘ. ɺ ʪʘʙʣ. 2.7 
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ʧʨʠʚʝʜʝʥʳ ʥʝʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʫʯʢʘ, ʧʨʦʰʝʜʰʝʛʦ ʨʝʟʦʥʘʪʦʨʳ ʙʝʟ ʠ ʩ 

ʧʨʦʣʝʪʥʳʤ ʢʘʥʘʣʦʤ. ɺʠʜʥʦ, ʯʪʦ ʚʣʠʷʥʠʷ ʥʘ ʧʫʯʦʢ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ 

ʨʝʟʦʥʘʪʦʨʦʚ ʙʝʟ ʠ ʩ ʧʨʦʣʝʪʥʳʤ ʢʘʥʘʣʦʤ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʩʦʚʧʘʜʘʶʪ. ʇʦʵʪʦʤʫ 

ʜʝʣʘʝʤ ʚʳʚʦʜ ʦ ʧʨʠʤʝʥʠʤʦʩʪʠ ʚʩʝʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʝʜʳʜʫʱʠʭ ʧʦʜʨʘʟʜʝʣʦʚ ʢ ʩʣʫʯʘʶ 

ʠʟʤʝʨʝʥʠʷ ʧʨʦʜʦʣʴʥʦʛʦ ʵʤʠʪʪʘʥʩʘ ʨʝʟʦʥʘʪʦʨʦʤ ʩ ʧʨʦʣʝʪʥʳʤ ʢʘʥʘʣʦʤ. 

 

ʘ                                                                ʙ 

 

ʚ                                                                 ʛ 

ʈʠʩ. 2.24. ʇʷʪʥʘ ʧʫʯʢʘ ʥʘ ʵʢʨʘʥʝ (ʘ) ʠ ʛʠʩʪʦʛʨʘʤʤʳ ʵʪʠʭ ʧʷʪʝʥ ʧʦ ʦʩʷʤ ὼ (ʚ) ʠ ώ (ʛ). 

(ʙ) ʀʩʪʠʥʥʳʡ ʧʨʦʜʦʣʴʥʳʡ ʬʘʟʦʚʳʡ ʧʦʨʪʨʝʪ ʧʫʯʢʘ (3) ʠ ʝʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʝ 

ʧʦʨʪʨʝʪʳ ʧʦ ʧʷʪʥʘʤ ʥʘ ʵʢʨʘʥʝ. 1 ï ʠʩʧʦʣʴʟʫʝʪʩʷ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʨʝʟʦʥʘʪʦʨ ʙʝʟ 

ʧʨʦʣʝʪʥʦʛʦ ʢʘʥʘʣʘ, 2 ï ʠʩʧʦʣʴʟʫʝʪʩʷ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʨʝʟʦʥʘʪʦʨ ʩ ʧʨʦʣʝʪʥʳʤ 

ʢʘʥʘʣʦʤ 

2.4 ɿʘʢʣʶʯʝʥʠʝ 

ɼʣʷ ʧʨʦʝʢʪʦʚ GunLab ʠ bERLinPro ʙʳʣ ʩʧʨʦʝʢʪʠʨʦʚʘʥ ʠ ʠʟʛʦʪʦʚʣʝʥ ʜʠʧʦʣʴʥʳʡ 

ʤʘʛʥʠʪ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʠʤʧʫʣʴʩʦʚ ʧʫʯʢʦʚ ʵʣʝʢʪʨʦʥʦʚ ʩ ʨʘʟʨʝʰʝʥʠʝʤ 0.1%. ɹʳʣʘ 

ʠʟʫʯʝʥʘ ʤʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʷ ʧʨʦʜʦʣʴʥʦʛʦ ʵʤʠʪʪʘʥʩʘ ʧʫʯʢʘ ʚʝʨʪʠʢʘʣʴʥʦ-

ʦʪʢʣʦʥʷʶʱʠʤ ʨʝʟʦʥʘʪʦʨʦʤ ʠ ʜʠʧʦʣʴʥʳʤ ʤʘʛʥʠʪʦʤ. 
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ɻʃɸɺɸ 3. ʄɸɻʅʀʊʅʓɽ ʉʀʉʊɽʄʓ ʅɸ ʆʉʅʆɺɽ ʈɽɼʂʆɿɽʄɽʃʔʅʆɻʆ 

ʄɸɻʅʀʊʅʆɻʆ ʄɸʊɽʈʀɸʃɸ  

3.1 ɺʚʝʜʝʥʠʝ 

ɻʣʘʚʘ 3 ʧʦʩʚʷʱʝʥʘ ʦʧʠʩʘʥʠʶ ʢʦʥʩʪʨʫʢʮʠʠ, ʤʝʪʦʜʦʚ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʩʪʨʦʡʢʠ 

ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ 

ʢʦʤʧʘʢʪʥʦʛʦ ʨʘʟʨʝʟʥʦʛʦ ʤʠʢʨʦʪʨʦʥʘ ʥʘ ʤʘʢʩʠʤʘʣʴʥʫʶ ʵʥʝʨʛʠʶ ʧʫʯʢʘ 12 ʄʵɺ. 

ʈʘʟʨʝʟʥʦʡ ʤʠʢʨʦʪʨʦʥ ʩʦʟʜʘʝʪʩʷ ʊʝʭʥʠʯʝʩʢʠʤ ʫʥʠʚʝʨʩʠʪʝʪʦʤ ʂʘʪʘʣʦʥʠʠ ʩʦʚʤʝʩʪʥʦ 

ʩ ʅʀʀʗʌ ʄɻʋ ʠ CIEMAT (ʄʘʜʨʠʜ), ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʠʥʪʨʘʦʧʝʨʘʮʠʦʥʥʦʡ ʣʫʯʝʚʦʡ ʪʝʨʘʧʠʠ ʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʨʘʜʠʦʛʨʘʬʠʠ ʠ 

ʜʦʩʤʦʪʨʦʚʳʭ ʢʦʤʧʣʝʢʩʘʭ. ɼʣʷ ʚʩʝʭ ʪʨʝʭ ʫʢʘʟʘʥʥʳʭ ʩʣʫʯʘʝʚ ʧʨʠʤʝʥʝʥʠʷ ʚʘʞʥʳʤ 

ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʨʘʟʨʝʟʥʦʛʦ ʤʠʢʨʦʪʨʦʥʘ ʧʝʨʝʜ ʣʠʥʝʡʥʳʤ ʫʩʢʦʨʠʪʝʣʝʤ ʷʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʵʥʝʨʛʠʠ ʫʩʢʦʨʝʥʥʦʛʦ ʧʫʯʢʘ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ. ʇʨʠ ʵʪʦʤ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʘʷ ʤʦʱʥʦʩʪʴ ʧʫʯʢʘ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʠʩʪʝʤʫ ʉɺʏ 

ʧʠʪʘʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝʡ ʤʦʱʥʦʩʪʠ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʙʦʣʝʝ ʜʝʰʝʚʫʶ, ʯʝʤ ʫ 

ʣʠʥʝʡʥʳʭ ʫʩʢʦʨʠʪʝʣʝʡ. 

ɺ ʠʥʪʨʘʦʧʝʨʘʮʠʦʥʥʦʡ ʣʫʯʝʚʦʡ ʪʝʨʘʧʠʠ ʦʙʣʫʯʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʵʣʝʢʪʨʦʥʥʳʤ 

ʧʫʯʢʦʤ ʩ ʵʥʝʨʛʠʝʡ 4-20 ʄʵɺ ʠ ʜʦʟʦʡ 10-20 ɻʨ [79-83]. ɺ ʨʘʜʠʦʛʨʘʬʠʠ ʠ 

ʜʦʩʤʦʪʨʦʚʳʭ ʢʦʤʧʣʝʢʩʘʭ ʥʝʦʙʭʦʜʠʤʳ ʧʫʯʢʠ ʪʦʨʤʦʟʥʦʛʦ ʠʟʣʫʯʝʥʠʷ c ʤʦʱʥʦʩʪʴʶ 

ʜʦʟʳ 0.1-40 ɻʨ/ʤʠʥ, ʧʨʠʯʝʤ ʜʣʷ ʜʦʩʤʦʪʨʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʪʨʝʙʫʝʪʩʷ ʧʦʠʤʧʫʣʴʩʥʦʝ 

ʧʝʨʝʢʣʶʯʝʥʠʝ ʵʥʝʨʛʠʠ ʤʝʞʜʫ ʜʚʫʤʷ ʠʣʠ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʟʥʘʯʝʥʠʡ ʩ ʮʝʣʴʶ 

ʦʧʨʝʜʝʣʝʥʠʷ ʘʪʦʤʥʦʛʦ ʥʦʤʝʨʘ ʚʝʱʝʩʪʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʜʦʩʤʘʪʨʠʚʘʝʤʦʤ ʦʙʲʝʢʪʝ 

[84-86]. 

ʂʦʤʧʘʢʪʥʳʡ ʨʘʟʨʝʟʥʦʡ ʤʠʢʨʦʪʨʦʥ ʜʣʷ ʠʥʪʨʘʦʧʝʨʘʮʠʦʥʥʦʡ ʣʫʯʝʚʦʡ ʪʝʨʘʧʠʠ 

ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʚ [26], ʩʦʩʪʦʷʥʠʝ ʨʘʙʦʪ ʧʦ ʫʩʢʦʨʠʪʝʣʶ ʦʧʠʩʘʥʦ ʚ [87-93]. ɽʛʦ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʷʚʣʷʶʪʩʷ: 

1) ʋʩʢʦʨʷʶʱʘʷ ʩʪʨʫʢʪʫʨʘ ʉ-ʜʠʘʧʘʟʦʥʘ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ʫʩʢʦʨʷʶʱʝʛʦ ɺʏ ʧʦʣʷ 

5.25 ʩʤ. 

2) ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʛʥʝʪʨʦʥʘ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ɺʏ ʤʦʱʥʦʩʪʠ. 

3) ʂʦʤʧʘʢʪʥʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʧʫʰʢʘ ʩʦ ʩʤʝʱʝʥʥʳʤ ʢʘʪʦʜʦʤ, ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʥʘ 

ʦʙʱʝʡ ʦʩʠ ʨʘʟʨʝʟʥʦʛʦ ʤʠʢʨʦʪʨʦʥʘ. 

4) ʇʦʤʝʱʝʥʠʝ ʚʩʝʛʦ ʨʘʟʨʝʟʥʦʛʦ ʤʠʢʨʦʪʨʦʥʘ ʚ ʚʘʢʫʫʤʥʫʶ ʢʘʤʝʨʫ (ʨʠʩ. 3.1, ʘ). 
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5) ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʦʚʦʨʦʪʥʳʭ ʤʘʛʥʠʪʦʚ, ʤʘʛʥʠʪʦʚ ʚʳʚʦʜʘ ʠ ʢʚʘʜʨʫʧʦʣʴʥʦʡ 

ʣʠʥʟʳ. 

6) ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʯʝʪʳʨʝʭʧʦʣʶʩʥʦʡ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ ʚ ʢʘʯʝʩʪʚʝ 

ʧʦʚʦʨʦʪʥʳʭ ʤʘʛʥʠʪʦʚ. 

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʫʩʢʦʨʠʪʝʣʷ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 3.1, ʩʭʝʤʘ ʫʩʢʦʨʠʪʝʣʷ 

ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 3.1, ʙ. ʕʣʝʢʪʨʦʥʥʳʡ ʧʫʯʦʢ, ʬʦʨʤʠʨʫʝʤʳʡ ʧʫʰʢʦʡ (1), 

ʫʩʢʦʨʷʝʪʩʷ ʚ ʩʪʨʫʢʪʫʨʝ (2) ʠ ʧʦʚʦʨʘʯʠʚʘʝʪʩʷ ʧʦʚʦʨʦʪʥʳʤʠ ʤʘʛʥʠʪʘʤʠ (3) ʠ (4). 

ʇʦʩʣʝ ʧʝʨʚʦʛʦ ʫʩʢʦʨʝʥʠʷ ʧʫʯʦʢ ʦʪʨʘʞʘʝʪʩʷ ʥʘʟʘʜ ʧʦʚʦʨʦʪʥʳʤ ʤʘʛʥʠʪʦʤ ʄ1. ʇʦʩʣʝ 

ʚʪʦʨʦʛʦ ʫʩʢʦʨʝʥʠʷ ʧʫʯʦʢ ʧʦʣʫʯʘʝʪ ʜʦʩʪʘʪʦʯʥʫʶ ʵʥʝʨʛʠʶ, ʯʪʦʙʳ ʦʙʦʡʪʠ ʩʪʨʫʢʪʫʨʫ. 

ʂʚʘʜʨʫʧʦʣʴʥʳʡ ʤʘʛʥʠʪ (5), ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʥʘ ʦʙʱʝʡ ʯʘʩʪʠ ʚʩʝʭ ʦʨʙʠʪ ʧʫʯʢʘ, 

ʚʳʧʦʣʥʷʝʪ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʬʦʢʫʩʠʨʦʚʢʫ. ɺʝʨʪʠʢʘʣʴʥʘʷ ʬʦʢʫʩʠʨʦʚʢʘ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʢʨʘʝʚʳʤ ʧʦʣʝʤ ʧʦʚʦʨʦʪʥʳʭ ʤʘʛʥʠʪʦʚ. ʉ ʧʦʤʦʱʴʶ ʤʘʛʥʠʪʦʚ 

ʚʳʚʦʜʘ (6) ʧʫʯʦʢ ʩ ʧʦʩʣʝʜʥʠʭ ʯʝʪʳʨʝʭ ʦʨʙʠʪ ʥʘʧʨʘʚʣʷʝʪʩʷ ʥʘ ʪʨʘʝʢʪʦʨʠʶ ʚʳʚʦʜʘ 

ʠʟ ʫʩʢʦʨʠʪʝʣʷ (7). ɺʩʝ ʵʣʝʤʝʥʪʳ ʨʘʟʨʝʟʥʦʛʦ ʤʠʢʨʦʪʨʦʥʘ, ʢʨʦʤʝ ʤʘʛʥʠʪʦʚ ʚʳʚʦʜʘ, 

ʬʠʢʩʠʨʫʶʪʩʷ ʥʘ ʦʙʱʝʡ ʞʝʩʪʢʦʡ ʧʣʘʪʬʦʨʤʝ, ʢʦʪʦʨʘʷ ʧʦʤʝʱʘʝʪʩʷ ʚ ʚʘʢʫʫʤʥʫʶ 

ʢʘʤʝʨʫ. 
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ʈʠʩ. 3.1. (ʘ) ɾʝʩʪʢʘʷ ʧʣʘʪʬʦʨʤʘ ʩ ʟʘʢʨʝʧʣʝʥʥʳʤʠ ʥʘ ʥʝʡ ʵʣʝʤʝʥʪʘʤʠ ʨʘʟʨʝʟʥʦʛʦ 

ʤʠʢʨʦʪʨʦʥʘ. (ʙ) ʉʭʝʤʘ ʫʩʢʦʨʠʪʝʣʷ: 1 ï ʵʣʝʢʪʨʦʥʥʘʷ ʧʫʰʢʘ, 2 ï ʫʩʢʦʨʷʶʱʘʷ 

ʩʪʨʫʢʪʫʨʘ, 3, 4 ï ʧʦʚʦʨʦʪʥʳʝ ʤʘʛʥʠʪʳ, 5 ï ʢʚʘʜʨʫʧʦʣʴʥʘʷ ʣʠʥʟʘ, 6 ï ʤʘʛʥʠʪʳ ʚʳʚʦʜʘ 

ʊʘʙʣʠʮʘ 3.1 

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʨʘʟʨʝʟʥʦʛʦ ʤʠʢʨʦʪʨʦʥʘ 

ʕʥʝʨʛʠʠ ʧʫʯʢʦʚ, ʄʵɺ 6, 8, 10, 12 

ʈʘʙʦʯʘʷ ʯʘʩʪʦʪʘ, ʄɻʮ 5712 
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ʇʦʣʝ ʧʦʚʦʨʦʪʥʳʭ ʤʘʛʥʠʪʦʚ, ʊʣ 0.8 

ʄʦʱʥʦʩʪʴ ʜʦʟʳ, ɻʨ/ʤʠʥ 10-30 

ɻʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ, ʤʤ 578Ĭ200Ĭ123 

ɺʝʩ, ʚʢʣʶʯʘʷ ʧʣʘʪʬʦʨʤʫ ʠ 

ʚʘʢʫʫʤʥʫʶ ʢʘʤʝʨʫ, ʢʛ 

< 100 

ɺʧʝʨʚʳʝ, ʧʦʚʦʨʦʪʥʳʝ ʤʘʛʥʠʪʳ ʥʘ ʦʩʥʦʚʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʨʘʟʨʝʟʥʳʭ ʤʠʢʨʦʪʨʦʥʘʭ ʥʘ ʵʥʝʨʛʠʶ 35 ʄʵɺ [94] ʠ 70 ʄʵɺ [95], 

ʩʦʟʜʘʥʥʳʭ World Physics Technologies Inc. ʩʦʚʤʝʩʪʥʦ ʩ ʅʀʀʗʌ ʄɻʋ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʧʦʚʦʨʦʪʥʳʭ ʤʘʛʥʠʪʦʚ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʮʝʣʳʡ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘʤʠ: ʤʝʥʴʰʠʝ 

ʨʘʟʤʝʨʳ ʠ ʚʝʩ; ʦʪʩʫʪʩʪʚʠʝ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ ʠ ʛʠʩʪʝʨʝʟʠʩʥʳʭ ʷʚʣʝʥʠʡ, ʯʪʦ 

ʫʧʨʦʱʘʝʪ ʥʘʩʪʨʦʡʢʫ ʠ ʧʦʚʳʰʘʝʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʫʩʢʦʨʠʪʝʣʷ; ʚʦʟʤʦʞʥʦʩʪʴ 

ʨʝʘʣʠʟʘʮʠʠ ʩʣʦʞʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʧʦʤʝʱʝʥʠʷ ʤʘʛʥʠʪʦʚ ʚ 

ʚʘʢʫʫʤ. ʂʦʥʩʪʨʫʢʮʠʷ ʤʘʛʥʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʤʝʪʦʜʳ ʠʭ 

ʥʘʩʪʨʦʡʢʠ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʤʝʪʦʜʦʚ ʥʘʩʪʨʦʡʢʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʦʚ. 

ɼʘʥʥʘʷ ʯʘʩʪʴ ʜʠʩʩʝʨʪʘʮʠʠ ʦʩʥʦʚʘʥʘ ʥʘ ʦʧʳʪʝ, ʧʦʣʫʯʝʥʥʦʤ ʚ ʅʀʀʗʌ ʄɻʋ ʧʨʠ 

ʩʦʟʜʘʥʠʠ ʤʘʛʥʠʪʥʳʭ ʩʠʩʪʝʤ [94, 95], ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʚʠʚʘʝʪ ʤʝʪʦʜʳ ʥʘʩʪʨʦʡʢʠ ʠ 

ʢʦʥʪʨʦʣʷ ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʷ. 

3.2 ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʠ ʢʦʥʩʪʨʫʢʮʠʷ ʧʦʚʦʨʦʪʥʳʭ ʤʘʛʥʠʪʦʚ 

3.2.1 ʆʙʦʩʥʦʚʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʧʦʚʦʨʦʪʥʳʭ ʤʘʛʥʠʪʦʚ 

ʀʜʝʷ ʯʝʪʳʨʝʭʧʦʣʶʩʥʦʛʦ ʤʘʛʥʠʪʘ ʦʩʥʦʚʘʥʘ ʥʘ ʦʙʲʝʜʠʥʝʥʠʠ ʚ ʢʦʥʩʪʨʫʢʮʠʠ 

ʦʜʥʦʛʦ ʤʘʛʥʠʪʘ ʦʩʥʦʚʥʦʛʦ ʧʦʣʶʩʘ ʠ ʧʦʣʶʩʘ ʦʙʨʘʪʥʦʡ ʧʦʣʷʨʥʦʩʪʠ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʦʚʦʨʦʪ ʠ ʬʦʢʫʩʠʨʦʚʢʫ ʧʫʯʢʘ, ʚʤʝʩʪʝ ʩ ʜʚʫʤʷ ʜʠʧʦʣʴʥʳʤʠ 

ʤʘʛʥʠʪʘʤʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʟʘʤʳʢʘʥʠʝ ʦʨʙʠʪʳ ʧʦʩʣʝ ʧʝʨʚʦʛʦ ʫʩʢʦʨʝʥʠʷ [89]. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʧʦʣʷ ʧʦʟʚʦʣʷʝʪ 

ʩʦʟʜʘʪʴ ʢʦʤʧʘʢʪʥʳʡ ʤʘʛʥʠʪ, ʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦʝ ʦʙʲʝʜʠʥʝʥʠʝ ʤʘʛʥʠʪʥʳʭ ʩʠʩʪʝʤ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʠʭ ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠ ʥʝ ʧʨʠʚʦʜʠʪ ʢ 

ʫʩʣʦʞʥʝʥʠʶ ʫʩʢʦʨʠʪʝʣʷ. ʀʟʦʙʨʘʞʝʥʠʝ ʯʝʪʳʨʝʭʧʦʣʶʩʥʦʛʦ ʤʘʛʥʠʪʘ ʧʨʠʚʝʜʝʥʦ ʥʘ 

ʨʠʩ. 3.2, ʘ-ʚ. 
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ʈʠʩ. 3.2. ʇʦʚʦʨʦʪʥʳʡ ʤʘʛʥʠʪ. 1-4 ï ʯʝʪʳʨʝ ʧʦʣʶʩʘ ʤʘʛʥʠʪʘ, ʩʝʨʳʤ ʧʦʢʨʘʰʝʥʳ 

ʥʘʩʪʨʦʝʯʥʳʝ ʧʣʫʥʞʝʨʳ (ʅʇ). ʉʠʥʠʤ ʧʦʢʨʘʰʝʥʳ ʙʣʦʢʠ ʠʟ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʢʨʘʩʥʳʤʠ ʩʪʨʝʣʦʯʢʘʤʠ ʧʦʢʘʟʘʥʳ ʥʘʧʨʘʚʣʝʥʠʷ 

ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʙʣʦʢʦʚ 

ʂʦʥʩʪʨʫʢʮʠʷ ʤʘʛʥʠʪʘ ʷʚʣʷʝʪʩʷ ʨʘʟʚʠʪʠʝʤ ʢʦʨʦʙʯʘʪʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʦʧʠʩʘʥʥʦʡ 

ʚ [96] ʜʣʷ ʜʚʫʭʧʦʣʶʩʥʦʛʦ ʤʘʛʥʠʪʘ. ʇʦʣʶʩ ʦʩʥʦʚʥʦʛʦ ʧʦʣʷ (1) ʠ ʧʦʣʶʩʳ ʜʚʫʭ 

ʜʠʧʦʣʝʡ (3, 4) ʠʟʛʦʪʦʚʣʝʥʳ ʠʟ ʩʪʘʣʠ ʠ ʩʦ ʚʩʝʭ ʩʪʦʨʦʥ, ʢʨʦʤʝ ʩʪʦʨʦʥʳ, ʦʙʨʘʱʝʥʥʦʡ 

ʢ ʤʝʜʠʘʥʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʦʙʣʦʞʝʥʳ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʤʘʛʥʠʪʥʳʤʠ ʙʣʦʢʘʤʠ. ʋ 

ʧʦʣʶʩʘ ʧʦʣʷ ʦʙʨʘʪʥʦʡ ʧʦʣʷʨʥʦʩʪʠ (2) ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʡ ʙʣʦʢ ʥʝ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ. ʉʙʦʨʢʠ ʧʦʣʶʩʦʚ ʠ ʙʣʦʢʦʚ ʧʦʤʝʱʝʥʳ ʚ ʩʪʘʣʴʥʦʡ ʵʢʨʘʥ ʩ 

ʚʥʫʪʨʝʥʥʠʤʠ ʧʝʨʝʛʦʨʦʜʢʘʤʠ. ʉʪʘʣʴʥʦʡ ʵʢʨʘʥ ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʶ ʷʨʤʘ, 
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ʦʙʝʩʧʝʯʠʚʘʷ ʟʘʤʳʢʘʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ, ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ ʤʝʜʠʘʥʥʫʶ 

ʧʣʦʩʢʦʩʪʴ, ʟʘʱʠʱʘʝʪ ʦʢʨʫʞʘʶʱʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʦʪ ʨʘʩʩʝʷʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ 

ʨʘʟʜʝʣʷʝʪ ʬʫʥʢʮʠʠ ʧʦʚʦʨʦʪʥʦʛʦ ʤʘʛʥʠʪʘ ʠ ʤʘʛʥʠʪʦʚ ʟʘʤʳʢʘʥʠʷ ʦʨʙʠʪʳ. ʊʘʢʘʷ 

ʢʦʥʩʪʨʫʢʮʠʷ ʧʦʟʚʦʣʷʝʪ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʥʝʨʛʠʶ, ʟʘʧʘʩʝʥʥʫʶ ʚ 

ʨʝʜʢʦʟʝʤʝʣʴʥʦʤ ʤʘʪʝʨʠʘʣʝ, ʠ ʬʦʨʤʠʨʦʚʘʪʴ ʪʨʝʙʫʝʤʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ. ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʤʘʩʩʳ ʠ ʨʘʟʤʝʨʘ ʤʘʛʥʠʪʘ ʚʳʙʨʘʥʘ 

ʧʦʣʫʢʨʫʛʣʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʦʩʥʦʚʥʦʛʦ ʧʦʣʶʩʘ ʠ ʟʘʜʥʝʡ ʯʘʩʪʠ ʷʨʤʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʬʦʨʤʦʡ ʦʨʙʠʪ ʫʩʢʦʨʠʪʝʣʷ. 

 

ʈʠʩ. 3.3. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʧʦʚʦʨʦʪʥʦʛʦ ʤʘʛʥʠʪʘ ʚ ʤʝʜʠʘʥʥʦʡ 

ʧʣʦʩʢʦʩʪʠ ʠ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 3 ʤʤ ʦʪ ʥʝʝ 

ʇʨʦʮʝʩʩ ʠ ʨʝʟʫʣʴʪʘʪʳ ʦʧʪʠʤʠʟʘʮʠʠ ʧʦʚʦʨʦʪʥʦʛʦ ʤʘʛʥʠʪʘ ʦʧʠʩʘʥʳ ʚ ʨʘʙʦʪʘʭ 

[85, 97]. ʅʘ ʨʠʩ. 3.3 ʠʟʦʙʨʘʞʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʤʘʛʥʠʪʝ. 

3.2.2 ʈʘʩʯʝʪ ʵʣʝʤʝʥʪʦʚ ʥʘʩʪʨʦʡʢʠ ʧʦʚʦʨʦʪʥʳʭ ʤʘʛʥʠʪʦʚ 

ɼʣʷ ʤʘʛʥʠʪʦʚ, ʚ ʢʦʪʦʨʳʭ ʠʩʪʦʯʥʠʢʦʤ ʧʦʣʷ ʷʚʣʷʶʪʩʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ 

ʤʘʪʝʨʠʘʣʳ, ʩʫʱʝʩʪʚʫʝʪ ʧʨʦʙʣʝʤʘ ʜʦʩʪʠʞʝʥʠʷ ʨʘʩʯʝʪʥʦʛʦ ʫʨʦʚʥʷ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʦʣʷ ʩ ʪʨʝʙʫʝʤʦʡ ʪʦʯʥʦʩʪʴʶ. ʆʥʘ ʦʙʫʩʣʦʚʣʝʥʘ ʦʪʣʠʯʠʝʤ ʟʥʘʯʝʥʠʷ ʦʩʪʘʪʦʯʥʦʡ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʙʣʦʢʦʚ, ʧʦʣʫʯʘʝʤʦʛʦ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʦʪ ʟʥʘʯʝʥʠʷ 

ʦʩʪʘʪʦʯʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ. ʕʪʦ ʦʪʣʠʯʠʝ 

ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʢʦʥʝʯʥʦʡ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ, ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ 

ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʙʣʦʢʦʚ ʠ ʤʝʪʦʜʠʯʝʩʢʠʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʢʦʥʪʨʦʣʷ ʦʩʪʘʪʦʯʥʦʡ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʠʟʤʝʨʝʥʥʳʡ ʫʨʦʚʝʥʴ ʠ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʤʦʞʝʪ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʨʘʩʯʝʪʥʦʛʦ ʠʟ-ʟʘ ʦʪʣʠʯʠʷ ʨʝʘʣʴʥʳʭ ʩʚʦʡʩʪʚ 

ʩʪʘʣʠ ʦʪ ʩʚʦʡʩʪʚ, ʟʘʣʦʞʝʥʥʳʭ ʚ ʨʘʩʯʝʪʳ. 
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ʂʘʢ ʠʟʚʝʩʪʥʦ, ʨʘʩʯʝʪʥʳʡ ʫʨʦʚʝʥʴ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʣʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ 

ʜʦʩʪʠʛʘʝʪʩʷ ʧʦʜʩʪʨʦʡʢʦʡ ʪʦʢʘ ʦʙʤʦʪʦʢ, ʠʟʛʦʪʦʚʣʝʥʠʝʤ ʠ ʩʙʦʨʢʦʡ ʤʘʛʥʠʪʘ ʩ 

ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʧʨʝʜʝʣʴʥʦ ʚʳʩʦʢʦʡ 

ʦʜʥʦʨʦʜʥʦʩʪʠ ʧʦʣʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʦʢʦʚʦʝ ʰʠʤʤʠʨʦʚʘʥʠʝ [98, 99]. ʆʰʠʙʢʠ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʤʘʛʥʠʪʘ ʥʘ ʦʩʥʦʚʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʤʦʛʫʪ ʙʳʪʴ 

ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʙʣʦʢʦʚ ʠ ʩ 

ʧʦʤʦʱʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʧʦʜʩʪʨʦʡʢʠ ʧʦʣʷ. 

ʇʝʨʝʤʘʛʥʠʯʠʚʘʥʠʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʙʣʦʢʦʚ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʪʨʝʙʫʝʪ ʠʥʜʫʢʮʠʠ ʧʝʨʝʤʘʛʥʠʯʠʚʘʶʱʝʛʦ ʧʦʣʷ ʜʦ 4 ʊʣ, ʧʦʵʪʦʤʫ ʧʨʦʚʦʜʠʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʠʤʧʫʣʴʩʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʬʦʨʤʠʨʫʝʤʦʛʦ ʢʘʪʫʰʢʦʡ, ʧʠʪʘʝʤʦʡ 

ʚʳʩʦʢʦʚʦʣʴʪʥʳʤ ʛʝʥʝʨʘʪʦʨʦʤ ʪʦʢʘ. ɺʦʟʤʦʞʥʦ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʝ ʙʣʦʢʦʚ ʚ 

ʥʘʛʨʝʪʦʤ ʩʦʩʪʦʷʥʠʠ ʩ ʧʦʤʦʱʴʶ ʧʦʩʪʦʷʥʥʦʛʦ ʧʦʣʷ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʣʫʯʰʫʶ 

ʦʜʥʦʨʦʜʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ. ʇʝʨʝʤʘʛʥʠʯʠʚʘʥʠʝ ʪʨʝʙʫʝʪ 

ʪʨʫʜʦʝʤʢʦʡ ʠ ʜʣʠʪʝʣʴʥʦʡ ʧʨʦʮʝʜʫʨʳ ʩʙʦʨʢʠ-ʨʘʟʙʦʨʢʠ ʤʘʛʥʠʪʘ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ 

ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʧʦʚʨʝʞʜʝʥʠʝʤ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʙʣʦʢʦʚ, ʠ ʜʦʩʪʘʪʦʯʥʦ ʜʣʠʪʝʣʴʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʧʦʜʙʦʨʘ ʚʝʣʠʯʠʥʳ ʥʘʤʘʛʥʠʯʠʚʘʶʱʝʛʦ ʠʣʠ ʨʘʟʤʘʛʥʠʯʠʚʘʶʱʝʛʦ ʧʦʣʷ. ʅʘ 

ʧʨʘʢʪʠʢʝ ʪʦʯʥʦʩʪʴ ʥʘʩʪʨʦʡʢʠ ʫʨʦʚʥʷ ʧʦʣʷ, ʧʦʣʫʯʘʝʤʘʷ ʵʪʠʤ ʤʝʪʦʜʦʤ, ʦʙʳʯʥʦ ʥʝ 

ʣʫʯʰʝ 5-10%. 

ʊʦʥʢʘʷ ʥʘʩʪʨʦʡʢʘ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʩ ʧʦʤʦʱʴʶ ʩʣʝʜʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ: 

ʚʨʘʱʘʶʱʠʝʩʷ ʥʘʤʘʛʥʠʯʝʥʥʳʝ ʩʪʝʨʞʥʠ, ʰʠʤʤʳ [94, 95], ʥʘʩʪʨʦʝʯʥʳʝ ʧʣʫʥʞʝʨʳ ʠʟ 

ʤʘʛʥʠʪʦʤʷʛʢʦʛʦ ʠʣʠ ʠʟ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʊʘʢʞʝ ʜʣʷ ʵʪʦʡ ʮʝʣʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʭʘʥʠʯʝʩʢʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʯʘʩʪʝʡ ʤʘʛʥʠʪʘ. ɼʣʷ ʧʨʦʩʪʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʤʘʛʥʠʪʘ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʦʨʨʝʢʪʠʨʫʶʱʠʝ ʦʙʤʦʪʢʠ, ʧʦʜʦʙʥʳʝ 

ʦʙʤʦʪʢʘʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ. ɼʣʷ ʧʦʚʦʨʦʪʥʳʭ ʤʘʛʥʠʪʦʚ 12 ʄʵɺ ʨʘʟʨʝʟʥʦʛʦ 

ʤʠʢʨʦʪʨʦʥʘ ʙʳʣ ʚʳʙʨʘʥ ʤʝʪʦʜ ʥʘʩʪʨʦʝʯʥʳʭ ʧʣʫʥʞʝʨʦʚ, ʢʦʪʦʨʳʡ ʠʣʣʶʩʪʨʠʨʫʝʪʩʷ 

ʨʠʩ. 3.4, ʘ-ʛ ʜʣʷ ʫʧʨʦʱʝʥʥʦʛʦ ʚʘʨʠʘʥʪʘ ʤʘʛʥʠʪʘ ʥʘ ʦʩʥʦʚʝ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ. 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʥʘʩʪʨʦʝʯʥʳʭ ʧʣʫʥʞʝʨʦʚ ʦʙʲʷʩʥʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɺ 

ʷʨʤʝ ʠ ʨʝʜʢʦʟʝʤʝʣʴʥʦʤ ʙʣʦʢʝ ʚʳʨʝʟʘʶʪʩʷ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʜʨʫʛ ʧʨʦʪʠʚ ʜʨʫʛʘ 

ʦʪʚʝʨʩʪʠʷ, ʯʝʨʝʟ ʢʦʪʦʨʳʝ ʧʣʫʥʞʝʨ ʠʟ ʤʘʛʥʠʪʦʤʷʛʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʤʦʞʝʪ 

ʚʢʨʫʯʠʚʘʪʴʩʷ ʦʪ ʧʦʣʦʞʝʥʠʷ (ʘ) ʜʦ ʧʦʣʦʞʝʥʠʷ (ʙ). ʋʤʝʥʴʰʝʥʠʝ ʧʦʣʷ ʚ ʤʝʜʠʘʥʥʦʡ 

ʧʣʦʩʢʦʩʪʠ ʦʛʨʘʥʠʯʝʥʦ ʵʬʬʝʢʪʦʤ ʥʘʩʳʱʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʧʣʫʥʞʝʨʘ, ʘ ʪʘʢʞʝ 
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ʤʘʪʝʨʠʘʣʘ ʷʨʤʘ ʠ ʧʦʣʶʩʘ. ɺ ʧʨʦʤʝʞʫʪʦʯʥʦʤ ʧʦʣʦʞʝʥʠʠ ʧʣʫʥʞʝʨʘ ʟʘ ʩʯʝʪ 

ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʝʞʜʫ ʧʣʫʥʞʝʨʦʤ ʠ ʧʦʣʶʩʦʤ ʜʦʩʪʠʛʘʝʪʩʷ 

ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʟʥʘʯʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ 

ʪʦʥʢʦʡ ʥʘʩʪʨʦʡʢʠ ʤʘʛʥʠʪʘ ʩ ʧʦʤʦʱʴʶ ʧʣʫʥʞʝʨʘ ʠʟ ʤʘʛʥʠʪʦʤʷʛʢʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʙʣʦʢʦʚ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʝʨʝʜ ʥʘʩʪʨʦʡʢʦʡ 

ʥʝʩʢʦʣʴʢʦ ʙʦʣʴʰʫʶ ʚʝʣʠʯʠʥʫ ʧʦʣʷ ʚ ʤʝʜʠʘʥʥʦʡ ʧʣʦʩʢʦʩʪʠ. 

 

ʘ                                                        ʙ 

 

ʚ                                                          ʛ 

 

ʜ 

ʈʠʩ. 3.4. ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʤʘʛʥʠʪʘ ʥʘ ʦʩʥʦʚʝ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʩ ʧʦʤʦʱʴʶ ʧʣʫʥʞʝʨʦʚ. 1 ï ʷʨʤʦ, 2 ï ʧʦʣʶʩ, 3 ï ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʙʣʦʢʠ, 

4 ï ʧʣʫʥʞʝʨ. ʉʠʥʠʤʠ ʩʪʨʝʣʢʘʤʠ ʫʢʘʟʘʥʦ ʥʘʧʨʘʚʣʝʥʠʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʙʣʦʢʦʚ, ʘ ʢʨʘʩʥʳʤʠ ï ʥʘʧʨʘʚʣʝʥʠʝ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʧʦʣʷ. (ʘ) 

ʇʣʫʥʞʝʨ ʚʳʚʝʜʝʥ. (ʙ) ʇʣʫʥʞʝʨ ʢʘʩʘʝʪʩʷ ʧʦʣʶʩʘ. (ʚ) ʇʣʫʥʞʝʨ ʩ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤ 

ʙʣʦʢʦʤ, ʥʘʤʘʛʥʠʯʝʥʥʳʤ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʫʚʝʣʠʯʝʥʠʷ ʧʦʣʷ, ʢʘʩʘʝʪʩʷ ʧʦʣʶʩʘ. (ʛ) 






















































































