
ʄɯʅɯʉʊɽʈʉʊɺʆ ʆʉɺɯʊʀ ɯ ʅɸʋʂʀ ʋʂʈɸɰʅʀ  

ʅɸʎɯʆʅɸʃʔʅʀʁ ʊɽʍʅɯʏʅʀʁ ʋʅɯɺɽʈʉʀʊɽʊ ʋʂʈɸɰʅʀ 

çʂʀɰɺʉʔʂʀʁ ʇʆʃɯʊɽʍʅɯʏʅʀʁ ɯʅʉʊʀʊʋʊ  

ɯʄɽʅɯ ɯɻʆʈʗ ʉɯʂʆʈʉʔʂʆɻʆè 

  

 

 

ʗ. ʄ. ʂʦʨʥʽʻʥʢʦ, ʉ. ʉ. ɻʘʡʜʘʡ 

 

 

ʇʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʛʨʘʥʫʣʷʮʽʾ 

ʦʨʛʘʥʦ-ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚ ʫ ʘʧʘʨʘʪʘʭ ʽʟ 

ʧʩʝʚʜʦʟʨʽʜʞʝʥʠʤ ʰʘʨʦʤ 

 

 

ʄʦʥʦʛʨʘʬʽʷ 

 

 

 

 

 

 

 

 

 

 

 

 

ʂʠʾʚ ï 2021 



2 

 

ʇʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʛʨʘʥʫʣʷʮʽʾ ʦʨʛʘʥʦ-ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚ ʫ 

ʘʧʘʨʘʪʘʭ ʽʟ ʧʩʝʚʜʦʟʨʽʜʞʝʥʠʤ ʰʘʨʦʤ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]: ʤʦʥʦʛʨʘʬʽʷ ʜʣʷ 

ʩʪʫʜʝʥʪʽʚ, ʷʢʽ ʥʘʚʯʘʶʪʴʩʷ ʟʘ ʥʘʧʨʷʤʢʦʤ çʄʘʰʠʥʦʙʫʜʫʚʘʥʥʷè, ʦʩʚʽʪʥʷ ʧʨʦʛʨʘʤʘ 

çʂʦʤʧôʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʽ ʪʝʭʥʦʣʦʛʽʾ ʧʨʦʝʢʪʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʭʽʤʽʯʥʦʾ 

ʽʥʞʝʥʝʨʽʾè/ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ; ʫʢʣʘʜ. ʗ. ʄ. ʂʦʨʥʽʻʥʢʦ, ʉ. ʉ. ɻʘʡʜʘʡ. ï 

ʂʠʾʚ : ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, 2021. ï 194 ʩ. 

 

 ɻʨʠʬ ʥʘʜʘʥʦ ɺʯʝʥʦʶ ʨʘʜʦʶ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ  

 (ʇʨʦʪʦʢʦʣ ˉ 5 ʚʽʜ 17 ʪʨʘʚʥʷ 2021 ʨ.)  

 

ɼʣʷ ʩʪʫʜʝʥʪʽʚ ʽʥʞʝʥʝʨʥʦ-ʭʽʤʽʯʥʦʛʦ ʬʘʢʫʣʴʪʝʪʫ. 

ʊʘʙʣ. 4. ɹʽʙʣʽʦʛʨ. ʥʘʟʚ. 132 

 

ɺʽʜʧʦʚʽʜʘʣʴʥʠʡ ʨʝʜʘʢʪʦʨ: ʉʪʝʧʘʥʶʢ ɸʥʜʨʽʡ ʈʦʤʘʥʦʚʠʯ, ʜʦʮ., ʢ.ʪ.ʥ. 

ʈʝʮʝʥʟʝʥʪʠ: 

ʍʚʘʩʪʫʭʽʥ ʖʨʽʡ ɯʚʘʥʦʚʠʯ, ʜ.ʪ.ʥ. 

ɼʘʚʠʜʝʥʢʦ ɹʦʨʠʩ ɺʽʢʪʦʨʦʚʠʯ, ʜ.ʪ.ʥ. 

 

ɸʚʪʦʨʠ: 

ʂʦʨʥʽʻʥʢʦ ʗʨʦʩʣʘʚ ʄʠʢʠʪʦʚʠʯ 

ɻʘʡʜʘʡ ʉʝʨʛʽʡ ʉʝʨʛʽʡʦʚʠʯ 

 

ʇɯɼɺʀʑɽʅʅʗ ɽʌɽʂʊʀɺʅʆʉʊɯ ʇʈʆʎɽʉʋ ɻʈɸʅʋʃʗʎɯɰ ʆʈɻɸʅʆ-

ʄɯʅɽʈɸʃʔʅʀʍ ɼʆɹʈʀɺ ʋ ɸʇɸʈɸʊɸʍ ɯɿ ʇʉɽɺɼʆɿʈɯɼɾɽʅʀʄ 

ʐɸʈʆʄ 

 

ʄʆʅʆɻʈɸʌɯʗ 



3 

 

ɿʄɯʉʊ 

 

ʇɽʈɽʃɯʂ ʋʄʆɺʅʀʍ ʇʆɿʅɸʏɽʅʔ ʊɸ ʉʂʆʈʆʏɽʅʔ ....................................... 6 

ɺʉʊʋʇ ...................................................................................................................... 9 

ʈʆɿɼɯʃ 1. ʉʊɸʅ ʇʀʊɸʅʅʗ ʊɸ ɿɸɼɸʏɯ ɼʆʉʃɯɼɾɽʅʅʗ ............................. 11 

1.1 ʋʯʘʩʪʴ ʋʢʨʘʾʥʠ ʫ ʧʨʦʪʠʜʽʾ ʩʚʽʪʦʚʽʡ ʧʨʦʜʦʚʦʣʴʯʽʡ ʢʨʠʟʽ ................................ 11 

1.2 ʈʦʣʴ ʦʨʛʘʥʦ-ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚ ʫ ʟʙʝʨʝʞʝʥʥʽ ʨʦʜʶʯʦʩʪʽ ˇʨʫʥʪʽʚ ............... 13 

1.3 ʉʪʚʦʨʝʥʥʷ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ ʦʨʛʘʥʦ-ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚ ʟ ʚʽʪʯʠʟʥʷʥʦʾ 

ʩʠʨʦʚʠʥʠ ....................................................................................................... 14 

1.4 ɻʨʘʥʫʣʷʮʽʷ ʫ ʘʧʘʨʘʪʘʭ ʽʟ ʧʩʝʚʜʦʟʨʽʜʞʝʥʠʤ ʰʘʨʦʤ ........................................ 15 

1.5 ʈʝʞʠʤʠ ʚʟʘʻʤʦʜʽʾ ʛʘʟʦʚʦʾ ʬʘʟʠ ʽʟ ʟʝʨʥʠʩʪʠʤ ʤʘʪʝʨʽʘʣʦʤ............................... 21 

1.6 ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʚʟʘʻʤʦʜʽʾ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ ʽʟ ʪʚʝʨʜʠʤʠ  

ʯʘʩʪʠʥʢʘʤʠ .................................................................................................... 26 

ʈʆɿɼɯʃ 2. ʄʆɼɽʃʖɺɸʅʅʗ ʉʊʈʋʄɽʅɽɺʆ-ʇʋʃʔʉɸʎɯʁʅʆɻʆ 

ʇʉɽɺɼʆɿʈɯɼɾɽʅʅʗ ɺ ɸɺʊʆʂʆʃʀɺɸʃʔʅʆʄʋ ʈɽɾʀʄɯ .......................... 34 

2.1 ʌʽʟʠʯʥʘ ʤʦʜʝʣʴ ʛʨʘʥʫʣʷʮʽʾ ʦʨʛʘʥʦ-ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚ ʧʨʠ ʟʥʝʚʦʜʥʝʥʥʽ 

ʨʽʜʢʠʭ ʛʝʪʝʨʦʛʝʥʥʠʭ ʩʠʩʪʝʤ ʫ ʧʩʝʚʜʦʟʨʽʜʞʝʥʦʤʫ ʰʘʨʽ ............................. 34 

2.2 ʌʽʟʠʯʥʘ ʤʦʜʝʣʴ ʥʝʦʜʥʦʨʽʜʥʦʛʦ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ .......................................... 38 

2.3 ʆʮʽʥʢʘ ʷʢʦʩʪʽ ʥʝʦʜʥʦʨʽʜʥʦʛʦ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ ʚ ʘʚʪʦʢʦʣʠʚʘʣʴʥʦʤʫ 

ʨʝʞʠʤʽ ........................................................................................................... 52 

2.4 ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʥʷ ʢʦʤʧʣʝʢʩʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ .......... 54 

2.4.1 ɺʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ ɻʈʇ ..................................... 54 

2.4.2 ɺʠʟʥʘʯʝʥʥʷ ʧʦʨʦʟʥʦʩʪʽ ʪʘ ʚʠʩʦʪʠ ʰʘʨʫ ʚ ʢʘʤʝʨʽ ʘʧʘʨʘʪʘ ........................... 56 

2.4.3 ɺʠʟʥʘʯʝʥʥʷ ʧʦʨʦʟʥʦʩʪʽ ʚ ʨʦʙʦʯʽʡ ʟʦʥʽ ɻʈʇ ................................................. 57 

2.4.4 ɺʠʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʪʠʩʢʫ ʚ ʰʘʨʽ ʪʘ ʽʥʜʝʢʩʫ ʧʝʨʝʤʽʰʫʚʘʥʥʷ................ 58 

2.4.5 ɺʠʟʥʘʯʝʥʥʷ ʢʽʥʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʮʝʩʫ ʛʨʘʥʫʣʷʮʽʾ ʦʨʛʘʥʦ-

ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚ ..................................................................................... 59 

ʈʆɿɼɯʃ 3. ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅɯ ɼʆʉʃɯɼɾɽʅʅʗ 

ɻɯɼʈʆɼʀʅɸʄɯʏʅʆɻʆ ʈɽɾʀʄʋ ʇʉɽɺɼʆɿʈɯɼɾɽʅʅʗ ................................ 66 

3.1 ʆʙʛʨʫʥʪʫʚʘʥʥʷ ʨʘʮʽʦʥʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ɻʈʇ ʪʘ ʢʘʤʝʨʠ ʛʨʘʥʫʣʷʪʦʨʘ ........ 66 



4 

 

3.2 ɺʠʟʥʘʯʝʥʥʷ ʫʤʦʚ ʧʝʨʝʭʦʜʫ ʩʪʨʫʤʝʥʝʚʦ-ʧʫʣʴʩʘʮʽʡʥʦʛʦ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ 

ʚ ʘʚʪʦʢʦʣʠʚʘʣʴʥʠʡ ʨʝʞʠʤ ............................................................................ 69 

3.3 ɺʠʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʝʦʜʥʦʨʽʜʥʦʛʦ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ ʫ 

ʘʚʪʦʢʦʣʠʚʘʣʴʥʦʤʫ ʨʝʞʠʤʽ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ .............................................. 97 

3.4 ʇʝʨʝʚʽʨʢʘ ʘʜʝʢʚʘʪʥʦʩʪʽ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʥʝʦʜʥʦʨʽʜʥʦʛʦ 

ʩʪʨʫʤʝʥʝʚʦ-ʧʫʣʴʩʘʮʽʡʥʦʛʦ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ ʫ ʘʚʪʦʢʦʣʠʚʘʣʴʥʦʤʫ 

ʨʝʞʠʤʽ ......................................................................................................... 102 

ʈʆɿɼɯʃ 4. ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅɯ ɼʆʉʃɯɼɾɽʅʅʗ ʇʈʆʎɽʉʋ 

ɻʈɸʅʋʃʖɺɸʅʅʗ ʆʈɻɸʅʆ-ʄɯʅɽʈɸʃʔʅʀʍ ɼʆɹʈʀɺ................................ 108 

4.1 ɼʦʩʣʽʜʞʝʥʥʷ ʢʽʥʝʪʠʢʠ ʧʨʦʮʝʩʫ ʛʨʘʥʫʣʶʚʘʥʥʷ ʦʨʛʘʥʦ-ʤʽʥʝʨʘʣʴʥʠʭ 

ʜʦʙʨʠʚ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʘʚʪʦʢʦʣʠʚʘʣʴʥʦʛʦ ʨʝʞʠʤʫ ................................ 108 

4.2 ɸʥʘʣʽʟ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʮʝʩʫ ʛʨʘʥʫʣʶʚʘʥʥʷ ʦʨʛʘʥʦ-

ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚ ................................................................................... 117 

4.2.1 ɺʠʟʥʘʯʝʥʥʷ ʽʥʜʝʢʩʫ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʪʘ ʯʘʩʪʦʪʠ ʧʫʣʴʩʘʮʽʡ ʫ 

ʘʚʪʦʢʦʣʠʚʘʣʴʥʦʤʫ ʨʝʞʠʤʽ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ ............................................ 117 

4.2.2 ʂʨʠʪʝʨʽʾ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʥʝʦʜʥʦʨʽʜʥʦʛʦ ʩʪʨʫʤʝʥʝʚʦ-ʧʫʣʴʩʘʮʽʡʥʦʛʦ 

ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ ʚ ʘʚʪʦʢʦʣʠʚʘʣʴʥʦʤʫ ʨʝʞʠʤʽ ......................................... 121 

4.3 ʂʦʥʬʽʛʫʨʘʮʽʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʚ ʢʘʤʝʨʽ ʛʨʘʥʫʣʷʪʦʨʘ ʧʨʠ 

ʥʝʦʜʥʦʨʽʜʥʦʤʫ ʩʪʨʫʤʝʥʝʚʦ-ʧʫʣʴʩʘʮʽʡʥʦʤʫ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʽ ʚ 

ʘʚʪʦʢʦʣʠʚʘʣʴʥʦʤʫ ʨʝʞʠʤʽ ......................................................................... 124 

ʈʆɿɼɯʃ 5. ʆɹˆʈʋʅʊʋɺɸʅʅʗ ʊɸ ʇʈɸʂʊʀʏʅɽ ɺʇʈʆɺɸɼɾɽʅʅʗ 

ʈɽɿʋʃʔʊɸʊɯɺ ɼʆʉʃɯɼɾɽʅʔ ........................................................................... 131 

5.1 ʂʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʽ ʟʘʩʘʜʠ ʧʨʦʤʠʩʣʦʚʦʛʦ ʛʨʘʥʫʣʷʪʦʨʘ ................ 131 

5.2 ʄʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ ʘʧʘʨʘʪʘ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʦʨʛʘʥʦ-ʤʽʥʝʨʘʣʴʥʠʭ 

ʜʦʙʨʠʚ ʽʟ ʧʦʰʘʨʦʚʦʶ ʩʪʨʫʢʪʫʨʦʶ ............................................................. 136 

5.3 ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʽʜ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ................................................ 149 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ ................................................................................................. 153 

ɼʦʜʘʪʦʢ ɸ.  ʈʦʟʨʘʭʫʥʦʢ ʧʦʭʠʙʦʢ ʚʠʤʽʨʶʚʘʥʴ .................................................... 169 

ɼʦʜʘʪʦʢ ɹ. ʇʨʦʛʨʘʤʘ ʨʦʟʨʘʭʫʥʢʫ ʜʠʥʘʤʽʯʥʦʾ ʷʢʦʩʪʽ ʛʽʜʨʦʜʠʥʘʤʽʢʠ ʫ 

ʛʨʘʥʫʣʷʪʦʨʽ ʽʟ ʧʩʝʚʜʦʟʨʽʜʞʝʥʠʤ ʰʘʨʦʤ ʧʨʠ ʥʝʦʜʥʦʨʽʜʥʦʤʫ 

ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʽ ʫ ʘʚʪʦʢʦʣʠʚʘʣʴʥʦʤʫ ʨʝʞʠʤʽ .................................................... 180 



5 

 

ɼʦʜʘʪʦʢ ɺ. ʇʨʦʛʨʘʤʘ ʨʦʟʚôʷʟʢʫ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʥʝʦʜʥʦʨʽʜʥʦʛʦ 

ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ ʫ ʘʚʪʦʢʦʣʠʚʘʣʴʥʦʤʫ ʨʝʞʠʤʽ ................................................... 183 

ɼʦʜʘʪʦʢ ɻ.  ɸʣʛʦʨʠʪʤ ʪʘ ʧʨʦʛʨʘʤʘ ʨʦʟʨʘʭʫʥʢʫ ʧʨʦʤʠʩʣʦʚʦʛʦ 

ʛʨʘʥʫʣʷʪʦʨʘ........................................................................................................... 193 

 

 

  



6 

 

ʇɽʈɽʃɯʂ ʋʄʆɺʅʀʍ ʇʆɿʅɸʏɽʅʔ ʊɸ ʉʂʆʈʆʏɽʅʔ 

 

ʋʤʦʚʥʽ ʧʦʟʥʘʯʝʥʥʷ: 

ʇ  ï  ʧʝʨʠʤʝʪʨ ʱʽʣʠʥʠ ʛʘʟʦʨʦʟʧʦʜʽʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ, ʤ; 

ʘf  ï  ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦʚʝʨʭʥʽ ʰʘʨʫ ʟʘ ʚʦʣʦʛʦʶ, ʢʛʚʦʣ/(ʤ
2
Ŀʛʦʜ); 

bmax  ï  ʧʽʚʰʠʨʠʥʘ ʬʘʢʝʣʘ ʫ ʡʦʛʦ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʧʝʨʝʪʠʥʽ, ʤ; 

C1  ï  ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ 

ʜʘʣʝʢʦʙʽʡʥʦʩʪʽ ʛʘʟʦʚʦʛʦ ʬʘʢʝʣʘ; 

de ï  ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʜʽʘʤʝʪʨ ʯʘʩʪʦʢ ʚ ʰʘʨʽ, ʤ; 

f  ï  ʯʘʩʪʦʪʘ ʧʫʣʴʩʘʮʽʡ, ɻʮ; 

fʛ  ï  ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ ʜʣʷ ʛʘʟʦʚʦʾ ʬʘʟʠ; 

fʪ  ï  ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ ʜʣʷ ʪʚʝʨʜʦʾ ʬʘʟʠ; 

f  h ï  ʟʘʛʘʣʴʥʘ ʧʦʚʝʨʭʥ ̫ʯʘʩʪʦʢ ʫ ʰʘʨʽ, ʤ
2
; 

Fa  ï  ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʘʧʘʨʘʪʘ, ʤ
2
; 

ʨF  ï  ʧʣʦʱʘ ʞʠʚʦʛʦ ʧʝʨʝʨʽʟʫ ɻʈʇ, ʤ
2
;  

F  ɦ ï  ʧʣʦʱʘ ʱʽʣʠʥ ʛʘʟʦʨʦʟʧʦʜʽʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ, ʤ
2
;
 

g(d)  ï  ʬʫʥʢʮʽʷ ʤʘʩʦʚʦʛʦ ʨʦʟʧʦʜʽʣʝʥʥʷ ʛʨʘʥʫʣ ʟʘ ʨʦʟʤʽʨʘʤʠ, 1/ʤʤ; 

ʅ0  ï ʚʠʩʦʪʘ ʥʝʨʫʭʦʤʦʛʦ ʰʘʨʫ, ʤ; 

ʅh   ï  ʚʠʩʦʪʘ ʰʘʨʫ, ʤ; 

ʂ  ï  ʢʦʥʩʪʘʥʪʘ ʚʠʚʘʥʪʘʞʝʥʥʷ, 1/ʛʦʜ; 

K  ̒ ï  ʢʦʝʬʽʮʽʻʥʪ ʟʙʽʣʴʰʝʥʥʷ ʨʘʜʽʫʩʘ ʚʧʣʠʚʫ ʩʪʨʫʤʝʥʽʚ ʥʘ ʩʪʨʫʢʪʫʨʫ 

ʰʘʨʫ; 

Kf  ï  ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ; 

Kw  ï  ʯʠʩʣʦ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ; 

ʄʛʨ.  ï  ʤʘʩʘ ʛʨʘʥʫʣʴʦʚʘʥʦʛʦ ʧʨʦʜʫʢʪʫ, ʢʛ; 

ʄʧʠʣʫ. ï ʤʘʩʘ ʫʪʚʦʨʝʥʦʛʦ ʧʠʣʫ, ʢʛ; 

ʄʩʫʭ.  ï  ʤʘʩʘ ʩʫʭʠʭ ʨʝʯʦʚʠʥ ʫ ʨʦʙʦʯʦʤʫ ʨʦʟʯʠʥʽ, ʢʛ; 

ʄh   ï  ʤʘʩʘ ʰʘʨʫ, ʢʛ; 

N  ï  ʧʦʪʫʞʥʽʩʪʴ, ʢɺʪ; 
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ȹPɻʈʇ ï ʛʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ ʛʘʟʦʨʦʟʧʦʜʽʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ, ʇʘ; 

ȹʈʜ  ï ʧʝʨʝʧʘʜ ʪʠʩʢʫ ʥʘ ʢʘʤʝʨʥʽʡ ʜʽʘʬʨʘʛʤʽ, ʇʘ; 

ȹPʛʽʜʨʦʩʪ(0) ï ʛʽʜʨʦʩʪʘʪʠʯʥʠʡ ʦʧʽʨ ʥʝʨʫʭʦʤʦʛʦ ʰʘʨʫ, ʇʘ; 

ro  ï  ʧʨʠʚʝʜʝʥʠʡ ʨʘʜʽʫʩ ʱʽʣʠʥʠ ʛʘʟʦʨʦʟʧʦʜʽʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ, ʤ; 

t  ï  ʢʨʦʢ ʤʽʞ ʱʽʣʠʥʘʤʠ ʛʘʟʦʨʦʟʧʦʜʽʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ, ʤ; 

tmax  ï  ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʢʨʦʢʫ ʤʽʞ ʱʽʣʠʥʘʤʠ ʛʘʟʦʨʦʟʧʦʜʽʣʴʥʦʛʦ 

ʧʨʠʩʪʨʦʶ ʜʣʷ ʦʙ'ʻʜʥʘʥʥʷ ʛʘʟʦʚʠʭ ʙʫʣʴʙʘʰʦʢ, ʤ; 

ʊ  ï  ʧʝʨʽʦʜ ʢʦʣʠʚʘʥʴ, ʩ; 

ʊʚʭ, t1 ï  ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʥʦʩʽʷ ʥʘ ʚʭʦʜʽ ʚ ʘʧʘʨʘʪ, 
0
ʉ; 

ʊh, t2  ï  ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʰʘʨʽ ʤʘʪʝʨʽʘʣʫ, 
0
ʉ; 

Uo  ï  ʩʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ ʟʨʽʜʞʫʶʯʦʛʦ ʘʛʝʥʪʘ ʚ ʧʝʨʝʨʽʟʽ ʦʪʚʦʨʫ, ʤ/ʩ; 

vi  ï  ʰʚʠʜʢʽʩʪʴ -̔ʪʦʾ ʬʘʟʠ, ʤ/ʩ; 

V  ï  ʦʙôʻʤʥʽ ʚʠʪʨʘʪʠ ʧʦʚʽʪʨʷ, ʤ
3
/ʛʦʜ; 

W ï  ʤʘʩʦʚʽ ʚʠʪʨʘʪʠ ʚʦʣʦʛʠ, ʢʛ/ʛʦʜ; 

wʛ  ï  ʰʚʠʜʢʽʩʪʴ ʛʘʟʦʚʦʾ ʬʘʟʠ, ʤ/ʩ; 

wʛ(ʧʨʠʚ) ï ʧʨʠʚʝʜʝʥʘ ʰʚʠʜʢʽʩʪʴ ʛʘʟʦʚʦʾ ʬʘʟʠ, ʤ/ʩ; 

wʢʨ ï ʰʚʠʜʢʽʩʪʴ ʧʦʯʘʪʢʫ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ (ʢʨʠʪʠʯʥʘ ʰʚʠʜʢʽʩʪʴ), ʤ/ʩ; 

wp(ʧʨʠʚ) ï ʧʨʠʚʝʜʝʥʘ ʨʦʙʦʯʘ ʰʚʠʜʢʽʩʪʴ ʛʘʟʫ ʚ ʘʧʘʨʘʪʽ, ʤ/ʩ; 

wʪ  ï  ʰʚʠʜʢʽʩʪʴ ʪʚʝʨʜʦʾ ʬʘʟʠ, ʤ/ʩ; 

w  ɦ ï  ʰʚʠʜʢʽʩʪʴ ʛʘʟʫ ʚ ʱʽʣʠʥʘʭ ʛʘʟʦʨʦʟʧʦʜʽʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ, ʤ/ʩ; 

ʭʛʦʨ  ï  ʛʦʨʠʟʦʥʪʘʣʴʥʘ ʜʘʣʝʢʦʙʽʡʥʽʩʪʴ ʛʘʟʦʚʦʛʦ ʩʪʨʫʤʝʥʷ, ʤ; 

zʬ  ï  ʚʠʩʦʪʘ ʧʨʦʙʦʶ ʛʘʟʦʚʦʛʦ ʬʘʢʝʣʘ, ʤ. 

 

ɻʨʝʮʴʢʽ ʩʠʤʚʦʣʠ: 

Ŭʬ  ï  ʢʫʪ ʨʦʟʢʨʠʪʪʷ ʫ ʟʦʥʽ ʬʘʢʝʣʘ; 

ȹ  ï  ʣʽʥʽʡʥʠʡ ʨʦʟʤʽʨ ʟʤʽʱʝʥʥʷ ʪʦʯʦʢ ʚʚʝʜʝʥʥʷ ʟʨʽʜʞʫʚʘʣʴʥʦʛʦ ʘʛʝʥʪʫ 

ʧʦ ʚʝʨʪʠʢʘʣʴʥʽʡ ʦʩʽ z; 

Ð  ï  ʦʧʝʨʘʪʦʨ ɻʘʤʽʣʴʪʦʥʘ; 

ɛ  ï  ʢʦʝʬʽʮʽʻʥʪ ʜʠʥʘʤʽʯʥʦʾ ʚôʷʟʢʦʩʪʽ, ʇʘĿʩ; 

ɜ  ï  ʢʦʝʬʽʮʽʻʥʪ ʢʽʥʝʤʘʪʠʯʥʦʾ ʚôʷʟʢʦʩʪʽ, ʤ
2
/ʩ; 
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ɟ̔  ï  ʛʫʩʪʠʥʘ -̔ʪʦʾ ʬʘʟʠ, ʢʛ/ʤ
3
; 

ű  ï  ʢʦʝʬʽʮʽʻʥʪ ʞʠʚʦʛʦ ʧʝʨʝʨʽʟʫ ʛʘʟʦʨʦʟʧʦʜʽʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ; 

ɚ  ï  ʣʽʥʽʡʥʘ ʰʚʠʜʢʽʩʪʴ ʨʦʩʪʫ ʨʦʟʤʽʨʽʚ ʯʘʩʪʠʥʦʢ, ʤʤ/ʛʦʜ; 

ɝ  ï  ʢʦʝʬʽʮʽʻʥʪ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ; 

e0  ï  ʧʦʨʦʟʥʽʩʪʴ ʥʝʨʫʭʦʤʦʛʦ ʰʘʨʫ;
 

eʛ  ï  ʦʙôʻʤʥʘ ʯʘʩʪʢʘ ʛʘʟʫ; 

eʪ  ï  ʦʙôʻʤʥʘ ʯʘʩʪʢʘ ʪʚʝʨʜʦʛʦ ʤʘʪʝʨʽʘʣʫ; 

Ű  ï  ʯʘʩ, ʩ; 

t  ï  ʪʝʥʟʦʨ ʥʘʧʨʫʛʠ ʨʦʟʪʷʛ-ʩʪʠʩʢ, ʇʘ; 

ɣ  ï  ʢʦʝʬʽʮʽʻʥʪ ʛʨʘʥʫʣʷʮʽʾ, %. 

 

ʋʤʦʚʥʽ ʩʢʦʨʦʯʝʥʥʷ: 

ɸʇʂ  ï  ʘʛʨʦʧʨʦʤʠʩʣʦʚʠʡ ʢʦʤʧʣʝʢʩ; 

ɹ.  ï  ʙʝʥʪʦʥʽʪ; 

ɻ.  ï  ʛʫʤʘʪ; 

ɻʈʇ  ï  ʛʘʟʦʨʦʟʧʦʜʽʣʴʥʠʡ ʧʨʠʩʪʨʽʡ; 

ɿ.ɺ.  ï  ʟʦʥʘ ʚʠʩʭʽʜʥʦʛʦ ʨʫʭʫ; 

ɿ.ɿ.  ï  ʟʦʥʘ ʟʨʦʰʝʥʥʷ; 

ɿ.ɯ.  ï  ʟʦʥʘ ʽʥʪʝʥʩʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ; 

ɿ.ʈ.  ï  ʟʦʥʘ ʥʠʟʭʽʜʥʦʛʦ ʧʦʪʦʢʫ (ʨʝʣʘʢʩʘʮʽʾ); 

ʇʂ  ï  ʧʝʨʩʦʥʘʣʴʥʠʡ ʢʦʤʧôʶʪʝʨ; 

ʉ.ɿ.  ï  ʩʦʥʷʰʥʠʢʦʚʘ ʟʦʣʘ; 

ʍʇʂ  ï  ʭʽʤʽʯʥʘ ʧʦʪʨʝʙʘ ʢʠʩʥʶ, ʤʛ(ʆ2)/ʜʤ
3
; 

ʉFB  ï  Circulating Fluidized Bed; 

CFD  ï  Computational Fluid Dynamics; 

DEM  ï  ʤʦʜʝʣʴ çDiscrete Element Methodè; 

MP-PIC ï  ʤʦʜʝʣʴ çMultiphase Particle-in-Cellè. 
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ɺʉʊʋʇ 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. 

ɺ ʦʩʪʘʥʥʽ ʜʝʩʷʪʠʣʽʪʪʷ ʥʘ ʩʚʽʪʦʚʦʤʫ ʨʠʥʢʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ 

ʧʦʧʠʪʫ ʥʘ ʧʨʦʜʫʢʮʽʶ ʘʛʨʘʨʥʦʛʦ ʩʝʢʪʦʨʘ ʋʢʨʘʾʥʠ, ʷʢʘ ʚʭʦʜʠʪʴ ʜʦ ʛʨʫʧʠ ʢʨʘʾʥ 

ʣʽʜʝʨʽʚ ʧʦ ʚʠʨʦʙʥʠʮʪʚʫ ʩʦʥʷʰʥʠʢʦʚʦʾ ʦʣʽʾ, ʘ ʪʘʢʦʞ ʧʦʩʪʽʡʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ 

ʝʢʩʧʦʨʪ ʟʝʨʥʦʚʠʭ ʢʫʣʴʪʫʨ, ʦʩʦʙʣʠʚʦ ʢʫʢʫʨʫʜʟʠ ʪʘ ʨʽʧʘʢʫ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʪʽʡʢʘ ʪʝʥʜʝʥʮʽʷ ʱʦʜʦ ʚʠʩʥʘʞʝʥʥʷ 

ʨʦʜʶʯʦʩʪʽ ˇʨʫʥʪʽʚ ʪʘ ʩʫʪʪʻʚʦʛʦ ʟʤʝʥʰʝʥʥʷ ʚʤʽʩʪʫ ʛʫʤʫʩʫ ʥʘʚʽʪʴ ʫ ʯʦʨʥʦʟʝʤʘʭ 

ʃʽʩʦʩʪʝʧʫ, ʪʦʤʫ ʟʙʝʨʝʞʝʥʥʷ ʨʦʜʶʯʦʩʪʽ ˇʨʫʥʪʽʚ ʻ ʩʪʨʘʪʝʛʽʯʥʦ ʚʘʞʣʠʚʠʤ 

ʟʘʚʜʘʥʥʷʤ. 

ʆʢʨʽʤ ʮʴʦʛʦ, ʚʥʘʩʣʽʜʦʢ ʧʦʨʫʰʝʥʥʷ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʧʨʠʥʮʠʧʽʚ 

ʟʝʤʣʝʨʦʙʩʪʚʘ ʫ ʧʦʧʝʨʝʜʥʽ ʧʝʨʽʦʜʠ ʛʦʩʧʦʜʘʨʶʚʘʥʥʷ, ʟʙʽʣʴʰʝʥʥʷ ʦʙʩʷʛʽʚ 

ʚʘʣʦʚʦʛʦ ʟʙʦʨʫ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʧʨʦʜʫʢʮʽʾ ʧʨʦʚʦʜʠʣʦʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʟʙʽʣʴʰʝʥʥʷ ʧʣʦʱʽ ʦʨʥʠʭ ʟʝʤʝʣʴ. ʈʦʟʦʨʘʥʽʩʪʴ ˇʨʫʥʪʽʚ ʚ ʋʢʨʘʾʥʽ ʩʪʘʥʦʚʠʪʴ 55 %, 

ʱʦ ʫ 2 ʨʘʟʠ ʙʽʣʴʰʝ, ʥʽʞ ʫ ʨʦʟʚʠʥʝʥʠʭ ʢʨʘʾʥʘʭ ʟʘʭʽʜʥʦʾ ɭʚʨʦʧʠ ʪʘ ʫ 3 ï ʥʽʞ ʫ 

ʉʐɸ. 

ʉʚʽʪʦʚʘ ʧʨʘʢʪʠʢʘ ʟʙʝʨʝʞʝʥʥʷ ʨʦʜʶʯʦʩʪʽ ˇʨʫʥʪʽʚ ʟʘ ʨʘʭʫʥʦʢ ʚʥʝʩʝʥʥʷ 

ʙʽʣʴʰʝ 400 ʢʛ ʜʽʶʯʦʾ ʨʝʯʦʚʠʥʠ ʥʘ 1 ʛʝʢʪʘʨ ʽʟ ʘʟʦʪʥʦ-ʬʦʩʬʦʨʥʦ-ʢʘʣʽʡʥʠʤʠ 

ʜʦʙʨʠʚʘʤʠ ʜʣʷ ʋʢʨʘʾʥʠ ʪʦʜʽ ʙʫʣʘ ʥʝʜʦʩʷʞʥʦʶ, ʘ ʚ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ, ʯʝʨʝʟ 

ʚʽʜʩʫʪʥʽʩʪʴ ʬʦʩʬʦʨʦ- ʪʘ  ʢʘʣʽʡʥʦ-ʚʤʽʩʥʦʾ ʩʠʨʦʚʠʥʠ, ʻ ʥʝʨʝʘʣʴʥʦʶ. 

ʈʘʟʦʤ ʟ ʪʠʤ, ʥʘ ʚʠʨʦʙʥʠʮʪʚʘʭ ʢʘʧʨʦʣʘʢʪʘʤʫ ʪʘ ʩʦʥʷʰʥʠʢʦʚʦʾ ʦʣʽʾ 

ʫʪʚʦʨʶʻʪʴʩʷ, ʚʽʜʧʦʚʽʜʥʦ, ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʨʦʟʯʠʥʽʚ ʩʫʣʴʬʘʪʫ ʘʤʦʥʽʶ ʪʘ 

ʩʦʥʷʰʥʠʢʦʚʦʾ ʟʦʣʠ, ʱʦ ʤʦʞʫʪʴ ʙʫʪʠ ʩʠʨʦʚʠʥʦʶ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʘʟʦʪʥʦ-

ʢʘʣʽʡʥʦ- ʬʦʩʬʦʨʥʠʭ ʜʦʙʨʠʚ ʽʟ ʜʦʤʽʰʢʘʤʠ ʤʘʛʥʽʶ ʪʘ ʽʥʰʠʭ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ. 

ɹʽʣʴʰʽʩʪʴ ʽʟ ʮʠʭ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ ʤʘʶʪʴ ʦʨʛʘʥʽʯʥʝ ʧʦʭʦʜʞʝʥʥʷ. 

ɺ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ ʨʦʟʨʦʙʣʝʥʦ ʩʧʦʩʽʙ ʪʘ ʪʝʭʥʦʣʦʛʽʶ ʦʜʝʨʞʘʥʥʷ 

ʛʨʘʥʫʣʴʦʚʘʥʠʭ ʘʟʦʪʥʦ-ʛʫʤ̔ʥʦʚʠʭ ʜʦʙʨʠʚ ʧʨʠ ʛʨʘʥʫʣʷʮʽʾ ʫ ʧʩʝʚʜʦʟʨʽʜʞʝʥʦʤʫ 

ʰʘʨʽ ʨʦʟʯʠʥʽʚ ʩʫʣʴʬʘʪʫ ʘʤʦʥʽʶ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʙʘʨʙʦʪʘʞʥʦʛʦ 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʨʝʞʠʤʫ. ʇʨʦʮʝʩ ʩʫʧʨʦʚʦʜʞʫʚʘʚʩʷ ʫʪʚʦʨʝʥʥʷʤ ʟʘʩʪʽʡʥʠʭ ʟʦʥ 

ʫ ʛʨʘʥʫʣʷʪʦʨʽ ʪʘ ʥʘ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʥʷʭ ʛʘʟʦʨʦʟʧʦʜʽʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ (ɻʈʇ), 
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ʩʫʪʪʻʚʦ ʟʤʝʥʰʫʚʘʣʦ ʧʠʪʦʤʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦʚʝʨʭʥʽ ʰʘʨʫ ʟʘ ʚʦʣʦʛʦʶ ʪʘ 

ʩʪʽʡʢʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʧʨʦʮʝʩʫ. 
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ʈʆɿɼɯʃ 1. ʉʊɸʅ ʇʀʊɸʅʅʗ ʊɸ ɿɸɼɸʏɯ ɼʆʉʃɯɼɾɽʅʅʗ 

 

1.1 ʋʯʘʩʪʴ ʋʢʨʘʾʥʠ ʫ ʧʨʦʪʠʜʽʾ ʩʚʽʪʦʚʽʡ ʧʨʦʜʦʚʦʣʴʯʽʡ ʢʨʠʟʽ 

 

ʆʜʥʽʻʶ ʟ ʧʝʨʰʦʯʝʨʛʦʚʠʭ ʛʣʦʙʘʣʴʥʠʭ ʮʽʣʝʡ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʜʦ 2030 

ʨʦʢʫ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʝʟʦʣʶʮʽʾ ɻʝʥʝʨʘʣʴʥʦʾ ɸʩʘʤʙʣʝʾ ʆʆʅ [1], ʻ ʜʦʩʷʛʥʝʥʥʷ 

ʧʨʦʜʦʚʦʣʴʯʦʾ ʙʝʟʧʝʢʠ ʟʘʚʜʷʢʠ ʩʧʨʠʷʥʥʶ ʩʪʘʣʦʤʫ ʨʦʟʚʠʪʢʫ ʩʽʣʴʩʴʢʦʛʦ 

ʛʦʩʧʦʜʘʨʩʪʚʘ. 

ɿʝʤʝʣʴʥʽ ʨʝʩʫʨʩʠ ʧʣʘʥʝʪʠ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʫʤʦʚʘʤ ʛʦʩʧʦʜʘʨʩʴʢʦ ʾ

ʜʽʷʣʴʥʦʩʪʽ ʣʶʜʠʥʠ, ʩʢʣʘʜʘʶʪʴ 134 ʤʣʥ. ʢʤ
2
 ʽ ʣʠʰʝ 1/3 ʟʝʤʝʣʴʥʦʛʦ ʬʦʥʜʫ ï ʮʝ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ ʫʛʽʜʜʷ, ʟ ʷʢʠʭ 11 % ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʦʨʥʽ ʟʝʤʣʽ ʪʘ 24 % ï 

ʣʫʢʠ ʽ ʧʘʩʦʚʠʱʘ. 

ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ, ʨʝʟʝʨʚʽʚ, ʧʨʠʜʘʪʥʠʭ ʜʣʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ 

ʦʩʚʦʻʥʥʷ, ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʘʣʠʰʠʣʦʩʴ ʽ ʫ ʙʘʛʘʪʴʦʭ ʢʨʘʾʥʘʭ ʩʚʽʪʫ ʚʦʥʠ ʱʦʨʽʯʥʦ 

ʟʤʝʥʰʫʶʪʴʩʷ ʥʘ 5...7 ʤʣʥ. ʛʘ. ʇʝʨʝʚʘʥʪʘʞʝʥʥʷ ʧʦʣʽʚ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʤʠ 

ʢʫʣʴʪʫʨʘʤʠ ʽ ʥʝʧʨʘʚʠʣʴʥʠʡ ʾʭ ʦʙʨʦʙʽʪʦʢ ʚʝʜʫʪʴ ʜʦ ʦʧʫʩʪʝʣʶʚʘʥʥʷ ʟʝʤʝʣʴ ʽ ʥʘ 

ʜʘʥʠʡ ʤʦʤʝʥʪ 19% ʩʫʰʽ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʤʝʞʽ ʢʨʠʪʠʯʥʦʛʦ ʩʪʘʥʫ [2, 3]. ʈʘʟʦʤ ʟ 

ʪʠʤ, ʟʘ ʧʨʦʛʥʦʟʘʤʠ ʜʝʤʦʛʨʘʬʽʚ, ʜʦ 2030 ʨʦʢʫ ʧʦʪʨʝʙʠ ʫ ʧʨʦʜʦʚʦʣʴʩʪʚʽ 

ʟʙʽʣʴʰʘʪʴʩʷ ʱʦʥʘʡʤʝʥʰʝ ʥʘ 50 % [4]. 

ʋʢʨʘʾʥʘ ʻ 44 ʟʘ ʚʝʣʠʯʠʥʦʶ ʪʝʨʠʪʦʨʽʾ ʢʨʘʾʥʦʶ ʩʚʽʪʫ, ʟʘ ʧʣʦʱʝʶ ʦʨʥʠʭ 

ʟʝʤʝʣʴ (32,5 ʤʣʥ. ʛʘ.) ʧʦʩʽʜʘʻ 9 ʤʽʩʮʝ, ʘ ʟʘ ʨʽʚʥʝʤ ʨʦʟʦʨʘʥʦʩʪʽ (53,8 %) ï ʦʜʥʝ ʟ 

ʧʝʨʰʠʭ ʤʽʩʮʴ ʫ ʩʚʽʪʽ, ʧʨʠ ʮʴʦʤʫ ʾʾ ʟʘʧʘʩʠ ʯʦʨʥʦʟʝʤʽʚ ʥʘʡʙʽʣʴʰ ̔[5]. 

ʇʨʦʜʫʢʪʠ ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʩʢʣʘʜʘʶʪʴ ʦʩʥʦʚʫ ʧʨʦʜʦʚʦʣʴʯʦʾ 

ʙʝʟʧʝʢʠ ʋʢʨʘʾʥʠ [6]. ʉʽʣʴʩʴʢʝ ʛʦʩʧʦʜʘʨʩʪʚʦ ʢʨʘʾʥʠ ʧʨʦʪʷʛʦʤ 2010 ï 2017 ʨʦʢʽʚ 

ʜʝʤʦʥʩʪʨʫʚʘʣʦ ʧʦʟʠʪʠʚʥʫ ʜʠʥʘʤʽʢʫ, ʦʩʢʽʣʴʢʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʦ ʟʨʦʩʣʦ 

ʥʘ 34 %, ʝʢʩʧʦʨʪ ï ʥʘ 54 %, ʯʘʩʪʢʘ ʩʝʢʪʦʨʘ ʫ ɺɺʇ ʢʨʘʾʥʠ ʟʙʽʣʴʰʠʣʘʩʷ ʟ 7,5 % (ʫ 

2010 ʨʦʮʽ) ʜʦ 11,6 % (ʫ 2017 ʨʦʮʽ) [7]. ɿ 2010 ʧʦ 2017 ʨʦʢʠ ʚ ʋʢʨʘʾʥʽ ʟʙʽʣʴʰʝʥʦ 

ʦʙʩʷʛ ʚʠʨʦʱʫʚʘʥʥʷ ʢʫʢʫʨʫʜʟʠ, ʥʘʩʽʥʥʷ ʩʦʥʷʰʥʠʢʫ, ʩʦʾ, ʟʝʨʥʦʚʠʭ ʽ 

ʟʝʨʥʦʙʦʙʦʚʠʭ, ʟʥʘʯʥʘ ʯʘʩʪʠʥʘ ʷʢʠʭ (ʟʘ ʜʘʥʠʤʠ ɼʌʉ ʪʘ ʨʦʟʨʘʭʫʥʢʘʤʠ ɽɼʂ) [8] 

ʽʜʝ ʥʘ ʝʢʩʧʦʨʪ, ʨʠʩʫʥʦʢ 1.1. 
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ʈʠʩʫʥʦʢ 1.1 ï ʊʦʧ-10 ʪʦʚʘʨʽʚ ʘʛʨʘʨʥʦʛʦ ʝʢʩʧʦʨʪʫ ʟ ʋʢʨʘʾʥʠ ʫ 2017 [8] 

 

ʆʜʥʘʢ ʧʽʜʚʠʱʝʥʥʷ ʮʠʭ ʧʦʢʘʟʥʠʢʽʚ ʟʘ ʨʦʢʠ ʟʝʤʝʣʴʥʦʾ ʨʝʬʦʨʤʠ ʧʨʠʟʚʝʣʦ 

ʜʦ ʽʩʪʦʪʥʦʛʦ ʧʦʛʽʨʰʝʥʥʷ ʷʢʽʩʥʦʛʦ ʩʪʘʥʫ ʟʝʤʝʣʴʥʦʛʦ ʬʦʥʜʫ, ʪʦʤʫ ʜʝʛʨʘʜʘʮʽʷ ʪʘ 

ʦʧʫʩʪʝʣʶʚʘʥʥʷ ʟʝʤʝʣʴ ʻ ʦʜʥʠʤʠ ʟ ʥʘʡʙʽʣʴʰ ʩʝʨʡʦʟʥʠʭ ʚʠʢʣʠʢʽʚ ʜʣʷ ʩʪʘʣʦʛʦ 

ʨʦʟʚʠʪʢʫ, ʷʢʽ ʩʧʨʠʯʠʥʷʶʪʴ ʽʩʪʦʪʥʽ ʧʨʦʙʣʝʤʠ ʝʢʦʣʦʛʽʯʥʦʛʦ ʽ ʩʦʮʽʘʣʴʥʦ-

ʝʢʦʥʦʤʽʯʥʦʛʦ ʭʘʨʘʢʪʝʨʫ [9]. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ, ʨʦʟʧʦʨʷʜʞʝʥʥʷʤ ʂʘʙʽʥʝʪʫ 

ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ ʚʽʜ 30 ʙʝʨʝʟʥʷ 2016 ʨ. ˉ 271-ʨ ʙʫʣʦ ʟʘʪʚʝʨʜʞʝʥʦ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʧʣʘʥ ʱʦʜʦ ʙʦʨʦʪʴʙʠ ʟ ʜʝʛʨʘʜʘʮʽʻʶ ʪʘ ʦʧʫʩʪʝʣʶʚʘʥʥʷʤ ʟʝʤʝʣʴ 

[10], ʦʜʥʘʢ ʟʘ ʨʦʢʠ ʥʝʟʘʣʝʞʥʦʩʪʽ ʪʘʢ ʽ ʥʝ ʩʪʚʦʨʝʥʦ ʤʝʭʘʥʽʟʤʫ ʟʙʝʨʝʞʝʥʥʷ 

ʨʦʜʶʯʦʩʪʽ ˇʨʫʥʪʽʚ [10]. 

ʊʠʤ ʯʘʩʦʤ, ʥʘʡʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʫʛʽʜʴ  ʩʪʨʘʞʜʘ ̒

ʯʝʨʝʟ ʚʪʨʘʪʠ ʛʫʤʫʩʫ ʪʘ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ, ʧʨʠ ʯʦʤʫ ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʫ 43 % 

ʚʠʧʘʜʢʽʚ ʜʦ ʚʠʩʥʘʞʝʥʥʷ ˇʨʫʥʪʽʚ ʧʨʠʟʚʝʣʦ ʥʝʧʨʘʚʠʣʴʥʝ ʚʠʨʦʱʫʚʘʥʥʷ ʨʦʩʣʠʥ,  

39 % ʟʝʤʝʣʴ ʧʦʩʪʨʘʞʜʘʣʠ ʚʽʜ ʧʝʨʝʫʱʽʣʴʥʝʥʥʷ ʪʘ 38 % ï ʚʽʜ ʟʘʤʫʣʝʥʥʷ ʪʘ 

ʫʪʚʦʨʝʥʥʷ ʢʽʨʢʠ [11]. ʏʠʤʘʣʘ ʢʽʣʴʢʽʩʪʴ ʟʝʤʝʣʴ ʦʪʨʫʻʥʘ ʰʢʽʜʣʠʚʠʤʠ 

ʨʝʯʦʚʠʥʘʤʠ: 11 % ˇʨʫʥʪʽʚ ʥʘʩʠʯʝʥʽ ʨʘʜʽʦʥʫʢʣʽʜʘʤʠ, 9,3 % ʩʢʣʘʜʘʶʪʴ ˇʨʫʥʪʠ 

ʟʘʙʨʫʜʥʝʥʽ ʧʝʩʪʠʮʠʜʘʤʠ, 8 %  ʚʘʞʢʠʤʠ ʤʝʪʘʣʘʤʠ [11]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʥʷ, ʟʚʘʞʘʶʯʠ ʥʘ 

ʢʨʠʟʦʚʠʡ ʩʪʘʥ ʟʝʤʝʣʴʥʠʭ ʨʝʩʫʨʩʽʚ, ʥʝʦʙʭʽʜʥʠʤʠ ʫʤʦʚʘʤʠ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʻ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ˇʨʫʥʪʦʦʭʦʨʦʥʥʠʭ ʘʛʨʦʪʝʭʥʦʣʦʛʽʡ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʤʝʥʰʝʥʥʷ 
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ʭʽʤʽʯʥʦʛʦ ʪʘ ʤʝʭʘʥʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ˇʨʫʥʪʠ, ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʟʘʭʦʜʽʚ ʟ̔ 

ʚʽʜʥʦʚʣʝʥʥʷ ʷʢʽʩʥʦʛʦ ʩʪʘʥʫ ʜʝʛʨʘʜʦʚʘʥʠʭ ʪʘ ʤʘʣʦʧʨʦʜʫʢʪʠʚʥʠʭ ʟʝʤʝʣʴ. 

 

1.2 ʈʦʣʴ ʦʨʛʘʥʦ-ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚ ʫ ʟʙʝʨʝʞʝʥʥʽ ʨʦʜʶʯʦʩʪʽ ˇʨʫʥʪʽʚ 

 

ɯʩʥʫʶʯʽ ʩʧʦʩʦʙʠ ʟʙʝʨʝʞʝʥʥʷ ʨʦʜʶʯʦʩʪʽ ˇʨʫʥʪʽʚ ʟʘ ʨʘʭʫʥʦʢ ʚʥʝʩʝʥʥʷ 

ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚ ʥʘ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʻ ʥʝʜʦʩʪʘʪʥʽʤʠ. ɯʥʪʝʥʩʠʚʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʭʽʤʽʯʥʠʭ ʦʪʨʫʪʦʭʽʤʽʢʘʪʽʚ ʪʘ ʽʥʰʠʭ ʟʘʩʦʙʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜʥʠʭ 

ʨʝʩʫʨʩʽʚ ʪʘ ʧʦʨʫʰʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʨʽʚʥʦʚʘʛʠ. ʋ ʻʚʨʦʧʝʡʩʴʢʠʭ ʢʨʘʾʥʘʭ ʞʦʨʩʪʢʦ 

ʢʦʥʪʨʦʣʶʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ɸʇʂ ʝʢʦʣʦʛʽʯʥʦ ʥʝʙʝʟʧʝʯʥʠʭ 

ʟʘʩʦʙʽʚ, ʾʭ ʚʧʣʠʚ ʥʘ ʜʦʚʢʽʣʣʷ, ʘ ʪʘʢʦʞ ʟʘʭʦʜʠ ʱʦʜʦ ʟʘʭʠʩʪʫ ˇʨʫʥʪʽʚ, ʚʦʜʥʠʭ 

ʨʝʩʫʨʩʽʚ ʽ ʟʙʝʨʝʞʝʥʥʷ ʪʘ ʨʦʟʚʠʪʢʫ ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ [12]. 

ɼʣʷ ʫʩʫʥʝʥʥʷ ʮʠʭ ʥʝʛʘʪʠʚʥʠʭ ʷʚʠʱ ʫ ʦʩʪʘʥʥʽ ʜʝʩʷʪʠʣʽʪʪʷ ʚʝʣʠʢʫ ʫʚʘʛʫ 

ʧʨʠʜʽʣʷʶʪʴ ʩʪʚʦʨʝʥʥʶ ʦʨʛʘʥʽʯʥʠʭ [13-17] ʪʘ ʦʨʛʘʥʦ-ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚ, ʷʢʽ 

ʧʦʣʽʧʰʫʶʪʴ ʫʤʦʚʠ ʞʠʚʣʝʥʥʷ ʨʦʩʣʠʥ ʙʝʟ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʝʢʦʩʠʩʪʝʤʫ. 

ʋ ʷʢʦʩʪʽ ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʦʨʬ, ʩʘʧʨʦʧʝʣʴ, 

ʛʽʜʨʦʣʽʟʥʠʡ ʣʽʛʥʽʥ, ʛʥʽʡ, ʧʦʩʣʽʜ, ʪʚʝʨʜʽ ʧʦʙʫʪʦʚʽ ʚʽʜʭʦʜʠ, ʨʝʰʪʢʠ ʜʝʨʝʚʠʥʠ ʪʘ 

ʦʧʘʣʦʛʦ ʣʠʩʪʷ, ʙʫʨʝ ʚʫʛʽʣʣʷ, ʪʦʱʦ [12,13, 18-26]. 

ʇʨʦʪʝ, ʥʘ ʧʨʘʢʪʠʮʽ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʨʛʘʥʦ-ʤʽʥʝʨʘʣʴʥʠʭ 

ʜʦʙʨʠʚ ʤʘʻ ʝʢʦʥʦʤʽʯʥʠʡ ʬʘʢʪʦʨ. ʄʽʥʽʤʘʣʴʥʽ ʦʙʩʷʛʠ ʚʥʝʩʝʥʥʷ ʦʨʛʘʥʽʯʥʠʭ 

ʜʦʙʨʠʚ ʥʘ 1 ʛʝʢʪʘʨ ʩʪʘʥʦʚʣʷʪʴ 15...25 ʪ/ʛʘ. ʆʢʨʽʤ ʪʦʛʦ, ʨʦʜʶʯʽʩʪʴ ˇʨʫʥʪʽʚ 

ʟʘʣʝʞʠʪʴ ʚʽʜ  ʘʢʪʠʚʥʠʭ ʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʧʦʚôʷʟʘʥʠʭ ʽʟ ʫʪʚʦʨʝʥʥʷʤ ʛʫʤʽʥʦʚʠʭ 

ʨʝʯʦʚʠʥ. ʊʦʤʫ ʜʣʷ ʧʨʠʩʢʦʨʝʥʥʷ ʮʠʭ ʧʨʦʮʝʩʽʚ ʜʦʮʽʣʴʥʦ, ʱʦʙ ʫ ʆʄɼ ʦʨʛʘʥʽʯʥʘ 

ʯʘʩʪʠʥʘ ʧʨʝʜʩʪʘʚʣʷʣʘʩʴ ʫ ʚʠʛʣʷʜʽ ʛʫʤʽʥʦʚʠʭ ʨʝʯʦʚʠʥ, ʷʢʽ ʷʚʣʷʶʪʴ ʩʦʙʦʶ 

ʧʦʣʽʜʠʩʧʝʨʩʥʫ ʩʠʩʪʝʤʫ ʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʠʭ ʘʟʦʪʦʚʤʽʩʥʠʭ ʦʨʛʘʥʽʯʥʠʭ ʟôʻʜʥʘʥʴ, 

ʫ ʩʢʣʘʜʽ ʷʢʠʭ ʚʠʜʽʣʷʶʪʴ 3 ʛʨʫʧʠ: ʛʫʤʽʥʦʚʽ ʢʠʩʣʦʪʠ, ʬʫʣʴʚʦʢʠʩʣʦʪʠ ʪʘ  

ʛʫʤʽʥ [27]. 

ɼʦ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʭ ʬʫʥʢʮʽʡ ʛʫʤʽʥʦʚʠʭ ʨʝʯʦʚʠʥ ʚʽʜʥʦʩʷʪʴʩʷ [28-30]: 

1. ʘʢʫʤʫʣʷʪʠʚʥʘ ï ʟʜʘʪʥʽʩʪʴ ʥʘʢʦʧʠʯʫʚʘʪʠ ʜʦʚʛʦʩʪʨʦʢʦʚʽ ʟʘʧʘʩʠ ʚʩʽʭ 

ʝʣʝʤʝʥʪʽʚ ʞʠʚʣʝʥʥʷ, ʚʫʛʣʝʚʦʜʽʚ ʪʘ ʘʤʽʥʦʢʠʩʣʦʪ ʫ ʨʽʟʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ; 
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2. ʪʨʘʥʩʧʦʨʪʥʘ ï ʫʪʚʦʨʝʥʥʷ ʢʦʤʧʣʝʢʩʥʠʭ ʦʨʛʘʥʦ-ʤʽʥʝʨʘʣʴʥʠʭ ʩʧʦʣʫʢ 

ʽʟ ʤʝʪʘʣʘʤʠ ʪʘ ʤʽʢʨʦʝʣʝʤʝʥʪʘʤʠ, ʷʢʽ ʘʢʪʠʚʥʦ ʤʽʛʨʫʶʪʴ ʜʦ ʨʦʩʣʠʥ; 

3. ʨʝʛʫʣʷʪʦʨʥʘ ï ʛʫʤʽʥʦʚʽ ʨʝʯʦʚʠʥʠ ʬʦʨʤʫʶʪʴ ʟʘʬʘʨʙʫʚʘʥʥʷ ˇʨʫʥʪʽʚ 

ʪʘ ʨʝʛʫʣʶʶʪʴ ʤʽʥʝʨʘʣʴʥʝ ʞʠʚʣʝʥʥʷ, ʢʘʪʽʦʥʥʠʡ ʦʙʤʽʥ, ʙʫʬʝʨʥʽʩʪʴ ʪʘ ʦʢʠʩʥʦ-

ʚʽʜʥʦʚʥʽ ʧʨʦʮʝʩʠ ʫ ˇʨʫʥʪʽ; 

4. ʧʨʦʪʝʢʪʦʨʥʘ ï ʰʣʷʭʦʤ ʩʦʨʙʮʽʾ ʪʦʢʩʠʯʥʠʭ ʨʝʯʦʚʠʥ ʪʘ ʨʘʜʽʦʥʫʢʣʽʜʽʚ 

ʛʫʤʽʥʦʚʽ ʨʝʯʦʚʠʥʠ ʟʘʧʦʙʽʛʘʶʪʴ ʾʭ ʥʘʜʭʦʜʞʝʥʥʶ ʜʦ ʨʦʩʣʠʥ. 

ʆʢʨʽʤ ʪʦʛʦ, ʛʫʤʘʪʠ ʧʨʠʡʤʘʶʪʴ ʫʯʘʩʪʴ ʫ ʬʦʨʤʫʚʘʥʥʽ ʩʪʨʫʢʪʫʨʠ ˇʨʫʥʪʫ, 

ʧʦʢʨʘʱʫʶʪʴ ʡʦʛʦ ʘʝʨʘʮʽʶ, ʚʦʜʦʫʪʨʠʤʫʶʯʫ ʪʘ ʚʦʜʦʧʨʦʧʫʩʢʥʫ ʚʣʘʩʪʠʚʦʩʪʽ. 

ɻʫʤʘʪʠ ʥʝ ʰʢʽʜʣʠʚʽ ʜʣʷ ʟʜʦʨʦʚôʷ ʣʶʜʠʥʠ, ʥʝ ʥʘʢʦʧʠʯʫʶʪʴʩʷ ʚ ʨʦʩʣʠʥʘʭ. 

ɿʤʽʥʘ ʩʪʫʧʝʥʷ ʤʦʜʠʬʽʢʘʮʽʾ ʛʫʤʽʥʦʚʠʭ ʨʝʯʦʚʠʥ ʜʦʟʚʦʣʷʻ ʢʝʨʫʚʘʪʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʛʫʤʽʥʦʚʦ ʾʧʣʽʚʢʠ ʽ ʜʦʜʘʶʯʠ ʜʦ ʪʨʘʜʠʮʽʡʥʦʛʦ ʩʢʣʘʜʫ ʛʫʤʽʥʦʚʦ-

ʦʨʛʘʥʦ-ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚ ʙʝʥʪʦʥʽʪ ʘʙʦ ʧʽʩʦʢ, ʤʦʞʥʘ ʨʝʛʫʣʶʚʘʪʠ ʘʢʪʠʚʥʽʩʪʴ 

ʛʫʤʽʥʦʚʠʭ ʨʝʯʦʚʠʥ [30, 32]. 

 

1.3 ʉʪʚʦʨʝʥʥʷ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ ʦʨʛʘʥʦ-ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚ ʟ 

ʚʽʪʯʠʟʥʷʥʦʾ ʩʠʨʦʚʠʥʠ 

 

ɺ ʋʢʨʘʾʥʽ ʫʪʚʦʨʶʶʪʴʩʷ ʟʥʘʯʥʽ ʢʽʣʴʢʦʩʪʽ ʚʦʜʷʥʠʭ ʨʦʟʯʠʥʽʚ ʩʫʣʴʬʘʪʫ 

ʘʤʦʥʽʶ ʥʘ ʢʦʢʩʦʭʽʤʽʯʥʠʭ ʚʠʨʦʙʥʠʮʪʚʘʭ ʪʘ ʧʨʠ ʦʜʝʨʞʘʥʥʽ ʢʘʧʨʦʣʘʢʪʤʘʤʫ. 

ʊʘʢ, ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʢʘʧʨʦʣʘʢʪʘʤʫ ʽʟ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ 50 ʪʠʩ. ʪ. ʥʘ ʨʽʢ 

ʫʪʚʦʨʶʻʪʴʩʷ ʜʦ 135 ʪʠʩ. ʪ. ʢʨʠʩʪʘʣʽʯʥʦʛʦ ʩʫʣʴʬʘʪʫ ʘʤʦʥʽʶ, ʷʢʠʡ ʟʘ 

ʙʘʛʘʪʦʩʪʘʜʽʡʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʦʜʝʨʞʫʶʪʴ ʽʟ 40% ʚʦʜʷʥʦʛʦ ʨʦʟʯʠʥʫ ʽʟ 

ʦʨʛʘʥʽʯʥʠʤʠ ʜʦʤʽʰʢʘʤʠ, ʚʤʽʩʪ ʷʢʠʭ ʚʠʨʘʞʘʻʪʴʩʷ ʯʝʨʝʟ ʭʽʤʽʯʥʫ ʧʦʪʨʝʙʫ ʢʠʩʥʶ 

(ʍʇʂ=3500 ʤʛ(ʆ2)/ʜʤ
3
). ʋ ʚʘʢʫʫʤʥʠʭ ʢʨʠʩʪʘʣʽʟʘʪʦʨʘʭ ʽʟ ʯʘʩʦʤ ʥʘʢʦʧʠʯʫʻʪʴʩʷ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʦʨʛʘʥʽʯʥʠʭ ʜʦʤʽʰʦʢ ʪʘ ʽʥʰʠʭ ʤʽʥʝʨʘʣʴʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʜʦ 

ʍʇʂ=150...200 ʪʠʩ. ʤʛ(ʆ2)/ʜʤ
3
, ʷʢʽ ʧʝʨʽʦʜʠʯʥʦ ʚʠʚʦʜʷʪʴ ʽʟ ʩʠʩʪʝʤʠ ʫ ʚʠʜʽ 

ʧʨʦʤʠʩʣʦʚʠʭ ʩʪʦʢʽʚ (ʟʘ ʨʽʢ 6 ʪʠʩ. ʪ). 
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ʅʘ ʢʘʬʝʜʨʽ ʄɸʍʅɺ ʨʦʟʨʦʙʣʝʥʦ ʩʧʦʩʽʙ ʦʜʝʨʞʘʥʥʷ ʜʦʙʨʠʚ ʧʨʠ 

ʟʘʩʪʦʩʫʚʘʥʥ ̔ ʪʝʭʥʽʢʠ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ [31-33], ʷʢʠʡ  ʜʦʟʚʦʣʷʻ ʦʜʝʨʞʫʚʘʪʠ 

ʛʨʘʥʫʣʴʦʚʘʥʠʡ ʩʫʣʴʬʘʪ ʘʤʦʥʽʶ ʽʟ ʜʦʤʽʰʢʘʤʠ ʛʫʤʽʥʦʚʠʭ ʨʝʯʦʚʠʥ ʚ ʦʜʥʫ ʩʪʘʜʽʶ. 

ʇʨʦʙʣʝʤʫ ʥʝʜʦʩʪʘʯʽ ʚ ʮʠʭ ʜʦʙʨʠʚʘʭ ʢʘʣʽʡʥʦ-ʬʦʩʬʦʨʦʚʤʽʩʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʨʽʰʠʪʠ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʦʥʷʰʥʠʢʦʚʦʾ 

ʟʦʣʠ ʘʙʦ ʢʽʩʪʢʦʚʦʛʦ ʙʦʨʦʰʥʘ [34-36]. 

ʇʦʙʽʯʥʠʤ ʧʨʦʜʫʢʪʦʤ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʩʦʥʷʰʥʠʢʦʚʦʾ ʦʣʽʾ ʻ ʰʨʦʪ ʪʘ ʞʤʠʭ, 

ʷʢʽ ʩʢʣʘʜʘʶʪʴ 17-20 % ʚʽʜ ʧʦʯʘʪʢʦʚʦʾ ʤʘʩʠ ʥʘʩʽʥʥʷ. ɺʩʽ ʚʝʣʠʢʽ ʦʣʽʡʥʦ-

ʝʢʩʪʨʘʢʮʽʡʥʽ ʟʘʚʦʜʠ ʪʘ ʦʣʽʡʥʦ-ʞʠʨʦʚʽ ʢʦʤʙʽʥʘʪʠ ʋʢʨʘʾʥʠ ʚʧʨʦʚʘʜʠʣʠ 

ʪʝʭʥʦʣʦʛʽʶ ʩʧʘʣʶʚʘʥʥʷ ʣʫʰʧʠʥʥʷ, ʘ ʪʘʢʦʞ ʛʨʘʥʫʣ ʪʘ ʙʨʠʢʝʪʽʚ ʽʟ ʥʴʦʛʦ, ʧʨʠ 

ʯʦʤʫ ʫʪʚʦʨʶʻʪʴʩʷ 31,2 ʪʠʩ.ʪ/ʨʽʢ [37-39], ʷʢʘ ʤʽʩʪʠʪʴ ʢʦʨʠʩʥʽ ʧʦʞʠʚʥʽ ʨʝʯʦʚʠʥʠ 

ʪʘ ʤʽʢʨʦʝʣʝʤʝʥʪʠ ʦʨʛʘʥʽʯʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ. 

ʆʩʥʦʚʥʽ ʢʦʤʧʦʥʝʥʪʠ ʩʦʥʷʰʥʠʢʦʚʦʾ ʟʦʣʠ ʩʢʣʘʜʘʶʪʴ 95,67 % ʚʽʜ ʟʘʛʘʣʴʥʦʾ 

ʤʘʩʠ, ʨʝʰʪʘ (4,33 %) ï Zn, C, Co, Mn, Fe, Mo [39, 40]. 

ʆʪʞʝ, ʨʦʟʨʦʙʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʟʘʩʘʜ ʧʝʨʝʨʦʙʣʝʥʥʷ ʚʦʜʷʥʠʭ ʨʦʟʯʠʥʽʚ 

ʩʫʣʴʬʘʪʫ ʘʤʦʥʽʶ ʽʟ ʜʦʤʽʰʢʘʤʠ ʩʦʥʷʰʥʠʢʦʚʦʾ ʟʦʣʠ ʪʘ ʛʫʤʽʥʦʚʠʭ ʨʝʯʦʚʠʥ 

ʜʦʟʚʦʣʠʪʴ ʦʜʝʨʞʘʪʠ ʥʦʚʝ ʧʦʢʦʣʽʥʥʷ ʦʨʛʘʥʦ-ʤʽʥʝʨʘʣʴʥʠʭ ʛʫʤʽʥʦʚʠʭ ʜʦʙʨʠʚ 

ʚʠʩʦʢʦʾ ʩʧʦʞʠʚʯʦʾ ʷʢʦʩʪʽ. ʄʦʞʣʠʚʽʩʪʴ ʟʤʽʥʶʚʘʪʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʦʞʠʚʥʠʭ 

ʤʽʥʝʨʘʣʴʥʠʭ ʽ ʩʪʠʤʫʣʶʶʯʠʭ ʨʝʯʦʚʠʥ ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʘʛʨʦʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ 

ʨʝʛʽʦʥʫ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʧʨʠʷʪʠʤʝ ʟʙʝʨʝʞʝʥʥʶ ʝʢʦʣʦʛʽʯʥʦʾ ʨʽʚʥʦʚʘʛʠ ʧʨʠ 

ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʥʽ. 

ʋʪʠʣʽʟʘʮʽʷ ʚʽʜʭʦʜʽʚ ʭʽʤʽʯʥʦʾ, ʭʘʨʯʦʚʦʾ ʪʘ ʚʫʛʣʝʜʦʙʫʚʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʝʡ 

ʧʽʜʚʠʱʠʪʴ ʝʢʦʣʦʛʽʯʥʫ ʙʝʟʧʝʢʫ ʥʘ ʚʠʨʦʙʥʠʮʪʚʽ. 

 

1.4 ɻʨʘʥʫʣʷʮʽʷ ʫ ʘʧʘʨʘʪʘʭ ʽʟ ʧʩʝʚʜʦʟʨʽʜʞʝʥʠʤ ʰʘʨʦʤ 

 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʽʢʠ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ ʜʣʷ ʟʥʝʚʦʜʥʝʥʥʷ ʪʘ ʛʨʘʥʫʣʷʮʽʾ 

ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʧʨʦʮʝʩ ʤʘʩʦʚʦʾ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʧʨʠ ʽʥʪʝʥʩʠʚʥʦʤʫ 

ʚʠʜʘʣʝʥʥʽ ʨʦʟʯʠʥʥʠʢʘ, ʘ ʫ ʚʠʧʘʜʢʫ ʥʘʷʚʥʦʩʪʽ ʩʫʩʧʝʥʜʦʚʘʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʫ 
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ʨʦʙʦʯʦʤʫ ʨʦʟʯʠʥʽ [41-43] ï ʦʪʨʠʤʫʚʘʪʠ ʢʦʤʧʦʟʠʪʥʽ ʤʘʪʝʨʽʘʣʠ ʟ ʨʽʟʥʦʶ 

ʤʦʨʬʦʣʦʛʽʻʶ. 

ʆʢʨʽʤ ʦʜʥʦʩʪʘʜʽʡʥʦʛʦ ʧʨʦʮʝʩʫ ʦʜʝʨʞʘʥʥʷ ʛʨʘʥʫʣʴʦʚʘʥʦʛʦ 

ʛʨʘʥʫʣʴʦʚʘʥʦʛʦ ʧʨʦʜʫʢʪʫ ʧʨʠ ʟʥʝʚʦʜʥʝʥʥʽ ʨʽʜʢʠʭ ʩʠʩʪʝʤ ʫ ʘʧʘʨʘʪʽ ʟ 

ʧʩʝʚʜʦʟʨʽʜʞʝʥʠʤ ʰʘʨʦʤ, ʢʦʝʬʽʮʽʻʥʪ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʧʣʦʪʠ ʩʷʛʘʻ 50 % ʽ ʙʽʣʴʰʝ. 

ʇʨʠ ʮʴʦʤʫ, ʥʘʡʙʽʣʴʰ ʯʘʩʪʦ ʨʝʘʣʽʟʫʪʁʴʩʷ ʘʛʣʦʤʝʨʘʮʽʡʥʠʡ ʪʘ ʧʦʰʘʨʦʚʠʡ 

ʤʝʭʘʥʽʟʤʠ ʛʨʘʥʫʣʷʮʽʾ, ʨʠʩʫʥʦʢ 1.2 [44]. 

ʘ) 

 

 

 

ʙ)  

 

 

ʚ) 

 

 

 

ʘ) ʘʛʣʦʤʝʨʘʮʽʷ; ʙ) ʢʘʧʩʫʣʶʚʘʥʥʷ;  

ʚ) ʥʘʰʘʨʫʚʘʥʥʷ ʛʦʤʦʛʝʥʥʠʭ ʪʘ ʛʝʪʝʨʦʛʝʥʥʠʭ ʩʠʩʪʝʤ 

ʈʠʩʫʥʦʢ 1.2 ï ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʽ ʤʝʭʘʥʽʟʤʠ ʛʨʘʥʫʣʷʮʽʾ [44] 

 

ɯʩʥʫʶʯʽ ʙʘʟʦʚʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʩʭʝʤʠ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʛʨʘʥʫʣʷʮʽʾ ʥʘʚʝʜʝʥʽ 

ʥʘ ʨʠʩʫʥʢʫ 1.3 [43]. 

ʋ ʪʘʢʠʭ ʘʧʘʨʘʪʘʭ ʟʘʟʚʠʯʘʡ ʨʝʘʣʽʟʫʻʪʴʩʷ ʙʘʨʙʦʪʘʞʥʠʡ, ʨʠʩʫʥʦʢ 1.3 ʘ ʪʘ ʙ, 

ʘʙʦ ʬʦʥʪʘʥʫʶʯʠʡ, ʨʠʩʫʥʦʢ 1.3 ʚ ʪʘ ʛ, ʛʽʜʨʦʜʠʥʘʤʽʯʥʽ ʨʝʞʠʤʠ [40], ʷʢʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʨʦʙʦʪʫ ʛʨʘʥʫʣʷʪʦʨʽʚ ʧʨʠ ʚʚʝʜʝʥʥʽ ʨʦʙʦʯʦʛʦ ʨʦʟʯʠʥʫ ʯʝʨʝʟ 

ʬʦʨʩʫʥʢʠ ʨʽʟʥʦʛʦ ʪʠʧʫ. ʇʨʠ ʮʴʦʤʫ, ʪʘʢʠʡ ʩʧʦʩʽʙ ʨʝʘʣʽʟʘʮʽʾ ʚʟʘʻʤʦʜʽʾ ʛʘʟʦʚʦʛʦ 
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ʪʝʧʣʦʥʦʩʽʷ ʥʝ ʟʘʙʝʟʧʝʯʫʻ ʘʢʪʠʚʥʝ ʦʙôʻʤʥʝ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʽ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 

ʚʠʩʦʢʠʤ ʨʠʟʠʢʦʤ ʫʪʚʦʨʝʥʥʷ ʟʘʩʪʽʡʥʠʭ ʟʦʥ ʥʘ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʥʷʭ ɻʈʇ. 

 
ʘ) ʙʘʨʙʦʪʘʞʥʠʡ ʽʟ ʙʦʢʦʚʠʤ ʚʚʝʜʝʥʥʷʤ ʨʦʟʯʠʥʫ ʚ ʰʘʨ; ʙ) ʙʘʨʙʦʪʘʞʥʠʡ ʽʟ 

ʚʝʨʭʥʽʤ ʚʚʝʜʝʥʥʷʤ ʨʦʟʯʠʥʫ ʚ ʰʘʨ; ʚ) ʬʦʥʪʘʥʫʶʯʠʡ ʽʟ ʙʦʢʦʚʠʤ ʚʚʝʜʝʥʥʷʤ 

ʨʦʟʯʠʥʫ ʚ ʰʘʨ; ʛ) ʬʦʥʪʘʥʫʶʯʠʡ ʽʟ ʥʠʞʥʽʤ ʚʚʝʜʝʥʥʷʤ ʨʦʟʯʠʥʫ ʚ ʰʘʨ 

ʈʠʩʫʥʦʢ 1.3 ï ʆʩʥʦʚʥʽ ʛʽʜʨʦʜʠʥʘʤʽʯʥʽ ʨʝʞʠʤʠ ʚ ʛʨʘʥʫʣʷʪʦʨʘʭ ʽʟ 

ʧʩʝʚʜʦʟʨʽʜʞʝʥʠʤ ʰʘʨʦʤ ʜʣʷ ʟʥʝʚʦʜʥʝʥʥʷ ʨʽʜʢʠʭ ʩʠʩʪʝʤ [43] 

 

ɸʥʘʣʦʛʽʯʥʝ ʪʝʭʥʽʯʥʝ ʨʽʰʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʦ ʽ ʚ ʘʧʘʨʘʪʘʭ ʢʦʤʧʘʥʽʡ Glatt, 

GEA, NIRO, Vector, OKAWARA ʪʘ ʽʥʰʠʤʠ [44-45], ʨʠʩʫʥʦʢ 1.4 ʪʘ 1.5, ʘ ʪʘʢʦʞ 

ʧʨʷʤʦʢʫʪʥʠʤʠ [44, 46], ʨʠʩʫʥʦʢ 1.6 ʪʘ 1.7, ʢʦʨʧʫʩʘʤʠ ʟ ʨʦʟʰʠʨʝʥʥʷʤ ʫ ʚʝʨʭʥʽʡ 

ʯʘʩʪʠʥʽ ʜʣʷ ʩʫʰʽʥʥʷ, ʛʨʘʥʫʣʶʚʘʥʥʷ ʪʘ ʢʘʧʩʫʣʶʚʘʥʥʷ. 

  
ʈʠʩʫʥʦʢ 1.4 ï ɻʨʘʥʫʣʷʪʦʨ 

ʢʦʤʧʘʥʽʾ OKAWARA [44] 

ʈʠʩʫʥʦʢ 1.5 ï ɻʨʘʥʫʣʷʪʦʨ 

ʢʦʤʧʘʥʽʾ Glatt [45] 



18 

 

 

ɼʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʣʦʢʘʣʴʥʦʛʦ ʧʝʨʝʟʚʦʣʦʞʝʥʥʷ ʰʘʨʫ ʚ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ 

[44, 46], ʨʠʩʫʥʦʢ 1.6 ʪʘ 1.7, ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʬʦʨʩʫʥʦʢ ʧʦ 

ʰʠʨʠʥʽ ʘʧʘʨʘʪʘ. ʇʨʠ ʮʴʦʤʫ, ʧʦʜʘʯʘ ʪʝʧʣʦʥʦʩʽʷ-ʟʨʽʜʞʫʚʘʣʴʥʦʛʦ ʘʛʝʥʪʫ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʦʟʜʽʣʴʥʦ ʚ ʢʦʞʥʫ ʩʝʢʮʽʶ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʽʡʢʦʛʦ 

ʬʦʥʪʘʥʫʶʯʦʛʦ ʨʝʞʠʤʫ. ʅʘʜ ʢʦʞʥʦʶ ʩʝʢʮʽʻʶ ʧʨʦʪʠʪʝʯʽʡʥʦ ʨʦʟʧʠʣʶʻʪʴʩʷ 

ʨʦʙʦʯʠʡ ʨʦʟʯʠʥ [46],  ʱʦ ʩʧʨʠʷʻ ʨʝʘʣʽʟʘʮʽʾ ʘʛʣʦʤʝʨʘʮʽʡʥʦʛʦ ʤʝʭʘʥʽʟʤʫ 

ʛʨʘʥʫʣʷʮʽʾ, ʨʠʩʫʥʦʢ 1.6. 

ʋ ʚʠʧʘʜʢʫ [44], ʨʠʩʫʥʦʢ 1.7, ʨʫʭ ʟʨʽʜʞʫʚʘʣʴʥʦʛʦ ʘʛʝʥʪʫ ʪʘ ʥʘʧʨʷʤ 

ʨʦʟʧʠʣʫ ʩʧʽʚʧʘʜʘʶʪʴ, ʘ ʪʝʧʣʦʥʦʩʽʡ ʟʘʙʝʟʧʝʯʫʻ ʮʠʨʢʫʣʷʮʽʶ ʤʘʪʝʨʽʘʣʫ ʫ 

ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ. 

  
ʈʠʩʫʥʦʢ 1.6 ï ɻʨʘʥʫʣʷʪʦʨ ʢʦʤʧʘʥʽʾ 

Glatt ʪʠʧʫ GFG 750 [46]  

ʈʠʩʫʥʦʢ 1.7 ï ɻʨʘʥʫʣʷʪʦʨ ʢʦʤʧʘʥʽʾ 

Glatt ʪʠʧʫ GFG 1200 [44] 

 

ʉʪʽʡʢʽʩʪʴ ʧʨʦʮʝʩʫ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʠʤ ʨʫʭʦʤ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʫ 

ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ ʟʽ ʰʚʠʜʢʦʩʪʷʤʠ, ʙʣʠʟʴʢʠʤʠ ʜʦ ʨʝʞʠʤʫ 

ʧʥʝʚʤʦʪʨʘʥʩʧʦʨʪʫ. ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʘʩʪʢʦʚʝ ʟʥʝʚʦʜʥʝʥʥʷ ʢʨʘʧʝʣʴ 

ʜʦ ʢʦʥʪʘʢʪʫ ʟ ʛʨʘʥʫʣʘʤʠ. ʅʘʡʙʽʣʴʰ ʷʩʢʨʘʚʦ ʮʝʡ ʩʧʦʩʽʙ ʨʝʘʣʽʟʘʮʽʾ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩʫʥʢʫ 1.8 [47], ʫ ʷʢʦʤʫ ʨʝʘʣʽʟʫʻʪʴʩʷ ʬʦʥʪʘʥʫʶʯʠʡ ʨʝʞʠʤ ʽʟ ʚʝʣʠʢʠʤ ʢʫʪʦʤ 

ʨʦʟʢʨʠʪʪʷ ʛʨʘʥʫʣʷʪʦʨʘ. 
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ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʧʨʘʚʣʝʥʦʾ ʮʠʨʢʫʣʷʮʽʾ ʚ ʰʘʨʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʪʝʭʥʦʣʦʛʽʶ Wurster [48-50], ʨʠʩʫʥʦʢ 1.9. 

  
ʈʠʩʫʥʦʢ 1.8 ï ɻʨʘʥʫʣʷʪʦʨ 

ʽʟ ʪʝʭʥʦʣʦʛʽʻ  ʁProCell [47] 

ʈʠʩʫʥʦʢ 1.9 ï ɻʨʘʥʫʣʷʪʦʨʠ ʟ  

ʪʝʭʥʦʣʦʛʽʻ  ʁWurster [48-50] 

 

ʊʝʭʥʦʣʦʛʽʻʶ ProCell [47], ʨʠʩʫʥʦʢ 1.8, ʧʝʨʝʜʙʘʯʝʥʦ ʥʘʧʨʘʚʣʝʥʝ ʚʚʝʜʝʥʥʷ 

ʟʨʽʜʞʫʚʘʣʴʥʦʛʦ ʘʛʝʥʪʫ ʯʝʨʝʟ ɻʈʇ ʱʽʣʠʥʥʦʛʦ ʪʠʧʫ ʽʟ ʚʠʩʦʢʦʶ ʰʚʠʜʢʽʩʪʶ ʛʘʟʫ ʚ 

ʱʽʣʠʥʘʭ. ʆʩʥʦʚʥʘ ʚʽʜʤʽʥʥʽʩʪʴ ʪʝʭʥʦʣʦʛʽʾ Wurster [48-50], ʨʠʩʫʥʦʢ 1.9, ʧʦʣʷʛʘʻ ʫ 

ʚʚʝʜʝʥʥʽ ʙʽʣʴʰʦʾ ʯʘʩʪʠʥʠ ʟʨʽʜʞʫʚʘʣʴʥʦʛʦ ʘʛʝʥʪʫ ʫ ʚʝʨʪʠʢʘʣʴʥʦ ʨʦʟʪʘʰʦʚʘʥʽ ʚ 

ʢʘʤʝʨʽ ʪʨʫʙʠ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʘʧʨʘʚʣʝʥʫ ʮʠʨʢʫʣʷʮʽʶ ʛʨʘʥʫʣ, ʘ ʤʝʥʰʫ ï ʫ 

ʥʠʟʭʽʜʥʫ ʟʦʥʫ, ʜʝ ʩʫʰʽʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʨʝʞʠʤʽ ʬʽʣʴʪʨʘʮʽʾ. ʇʨʠ ʮʴʦʤʫ, ʫ ʦʙʦʭ 

ʚʠʧʘʜʢʘʭ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʩʪʽʡʢʽʩʪʴ ʧʨʦʮʝʩʫ ʥʘʚʽʪʴ ʧʨʠ ʨʦʙʦʪʽ ʟ 

ʚʠʩʦʢʦʘʜʛʝʟʽʡʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ. 

ɿ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʛʨʘʥʫʣʷʮʽʾ 

ʚʠʩʦʢʦʢʦʥʮʝʥʪʨʦʚʘʥʠʭ ʨʽʜʢʠʭ ʩʠʩʪʝʤ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʚʠʭʨʦʚʠʡ ʛʨʘʥʫʣʷʪʦʨ 

[51], ʫ ʦʩʥʦʚʫ ʷʢʦʛʦ ʟʘʢʣʘʜʝʥʦ ʧʨʠʥʮʠʧ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʟʘʢʨʫʯʝʥʦʛʦ 

ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ ʧʨʠ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʽ, ʨʠʩʫʥʦʢ 1.10. ɺʚʝʜʝʥʥʷ ʨʽʜʢʦʾ ʬʘʟʠ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʨʦʟʧʠʣʶʚʘʯʝʤ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʢʦʣʠʚʘʥʴ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʽʥʽʤʘʣʴʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʟʤʽʥʠ ʨʦʟʤʽʨʽʚ ʢʨʘʧʝʣʴ. 
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ʈʠʩʫʥʦʢ 1.10 ï ɺʠʭʨʦʚʠʡ ʛʨʘʥʫʣʷʪʦʨ ʧʩʝʚʜʦʟʨʽʜʞʝʥʦʛʦ ʰʘʨʫ [51] 

 

ʆʩʥʦʚʥʠʤʠ ʥʝʜʦʣʽʢʘʤʠ ʚʠʱʝ ʥʘʚʝʜʝʥʠʭ ʛʨʘʥʫʣʷʪʦʨʽʚ ʻ ʤʘʣʘ ʧʦʚʝʨʭʥʷ 

ʢʦʥʪʘʢʪʫ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʽʟ ʨʦʟʯʠʥʦʤ ʫ ʟʦʥʽ ʟʨʦʰʝʥʥʷ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʤʝʥʰʝʥʥʷ ʧʠʪʦʤʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʰʘʨʫ ʟʘ ʚʦʣʦʛʦʶ. ʃʦʢʘʣʴʥʝ ʧʽʜʚʝʜʝʥʥʷ 

ʨʽʜʢʦʾ ʬʘʟʠ ʯʝʨʝʟ ʬʦʨʩʫʥʢʠ ʧʨʠʜʘʪʥ ̔ ʪʽʣʴʢʠ ʜʣʷ ʛʦʤʦʛʝʥʥʠʭ ʩʠʩʪʝʤ ʽ 

ʫʥʝʤʦʞʣʠʚʣʶʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʝʪʝʨʦʛʝʥʥʠʭ ʩʫʩʧʝʥʟʽʡ, ʘ ʪʘʢʦʞ ʾʭ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʙʤʝʞʫʻ ʤʘʢʩʠʤʘʣʴʥʝ ʧʠʪʦʤʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦʚʝʨʭʥʽ ʰʘʨʫ ʟʘ 

ʚʦʣʦʛʦʶ (ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʦʥʘ ʧʝʨʝʟʚʦʣʦʞʝʥʥʷ ʰʘʨʫ). 

ʉʫʪʪʻʚʠʤ ʥʝʜʦʣʽʢʦʤ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʨʝʞʠʤʽʚ ʫ ʚʠʱʝ ʥʘʚʝʜʝʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʷʭ ʛʨʘʥʫʣʷʪʦʨʽʚ ʧʦʣʷʛʘʻ ʫ ʚʽʜʩʫʪʥʦʩʪʽ ʧʫʣʴʩʘʮʽʡʥʦʛʦ ʨʝʞʠʤʫ 

ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ, ʧʨʠ ʷʢʦʤʫ ʙʽʣʴʰʘ ʚʽʜʥʦʩʥʘ ʰʚʠʜʢʽʩʪʴ ʪʘ ʚʽʜʧʦʚʽʜʥʦ ʤʝʥʰʘ 

ʪʦʚʱʠʥʘ ʜʠʬʫʟʽʡʥʦʛʦ ʰʘʨʫ, ʱʦ ʧʽʜʚʠʱʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʘʩʦʦʙʤʽʥʫ. 

ʊʦʤʫ, ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʦʨʛʘʥʦ-ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚ ʽʟ ʟʘʜʘʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʧʨʠ ʟʥʝʚʦʜʥʝʥʥʽ ʨʽʜʢʠʭ ʛʝʪʝʨʦʛʝʥʥʠʭ ʩʠʩʪʝʤ, ʜʦ ʩʢʣʘʜʫ ʷʢʠʭ 

ʚʭʦʜʷʪʴ ʪʝʨʤʦʣʘʙʽʣʴʥʽ ʨʝʯʦʚʠʥʠ ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʥʦʚʠʡ ʩʧʦʩʽʙ ʚʟʘʻʤʦʜʽʾ 

ʛʘʟʦʚʦʛʦ ʪʝʧʣʦʥʦʩʽʷ ʽʟ ʟʝʨʥʠʩʪʠʤ ʤʘʪʝʨʽʘʣʦʤ, ʧʨʠ ʷʢʦʤʫ, ʦʢʨʽʤ ʚʽʜʦʤʠʭ ʧʝʨʝʚʘʛ 

ʪʝʭʥʽʢʠ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ, ʧʦʚʠʥʥʝ ʟʘʙʝʟʧʝʯʫʚʘʪʠʩʴ ʽʥʪʝʥʩʠʚʥʝ ʦʥʦʚʣʝʥʥʷ 

ʧʦʚʝʨʭʥʽ ʢʦʥʪʘʢʪʫ ʬʘʟ. 
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1.5 ʈʝʞʠʤʠ ʚʟʘʻʤʦʜʽʾ ʛʘʟʦʚʦʾ ʬʘʟʠ ʟ̔ ʟʝʨʥʠʩʪʠʤ ʤʘʪʝʨʽʘʣʦʤ 

 

ʆʩʦʙʣʠʚʦʩʪʽ ʛʽʜʨʦʜʠʥʘʤʽʢʠ ʧʨʠ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʽ ʨʦʟʛʣʷʜʘʣʠʩʴ ʚ ʙʘʛʘʪʴʦʭ 

ʨʦʙʦʪʘʭ [50-129].  ʈʝʞʠʤʠ ʚʟʘʻʤʦʜʽʾ ʛʘʟʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʽʟ ʟʝʨʥʠʩʪʠʤ 

ʤʘʪʝʨʽʘʣʦʤ ʤʦʞʥʘ ʫʤʦʚʥʦ ʨʦʟʜʽʣʠʪʠ ʥʘ: 

ï ʢʠʧʣʷʯʠʡ ʰʘʨ (ʙʘʨʙʦʪʘʞʥʠʡ), ʧʨʠ ʷʢʦʤʫ ʛʘʟʦʚʽ ʙʫʣʴʙʘʰʢʠ 

ʧʨʦʭʦʜʷʪʴ ʯʝʨʝʟ ʰʘʨ ʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʨʠ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʥʷʭ ʧʦʨʦʟʥʦʩʪʽ 

Ůʛå0,55 ʟ ʚʽʜʧʦʚʽʜʥʠʤ ʨʦʟʰʠʨʝʥʥʷʤ ʰʘʨʫ ʪʘ ʟʙʽʣʴʰʝʥʥʷʤ ʡʦʛʦ ʚʠʩʦʪʠ. ʈʝʞʠʤ 

ʨʝʘʣʽʟʫʻʪʴʩʷ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ɻʈʇ ʽʟ ʢʦʝʬʽʮʽʻʥʪʦʤ ʞʠʚʦʛʦ ʧʝʨʝʨʽʟʫ ű=5-9 %. 

ï ʬʦʥʪʘʥʫʶʯʠʡ, ʧʨʠ ʷʢʦʤʫ ʚʠʩʦʪʘ ʧʨʦʙʦʶ ʣʦʢʘʣʴʥʦ 

ʩʬʦʨʤʫʣʴʦʚʘʥʦʛʦ ʬʘʢʝʣʘ ʧʨʘʢʪʠʯʥʦ ʜʦʨʽʚʥʶʻ ʚʠʩʦʪʽ ʰʘʨʫ ʚ ʘʧʘʨʘʪʽ, ʘ ʢʫʪ 

ʨʦʟʢʨʠʪʪʷ ʫ ʟʦʥʽ ʬʘʢʝʣʘ Ŭʬ Ó 30 
ʦ
.  

ʇʨʠ ʮʴʦʤʫ ʫ ʬʘʢʝʣʽ ʤʘʪʝʨʽʘʣ ʨʫʭʘʻʪʴʩʷ ʚ ʨʝʞʠʤʽ ʧʥʝʚʤʦʪʨʘʥʩʧʦʨʪʫ ʽʟ 

ʧʦʨʦʟʥʽʩʪʶ ŮʛŸ0,9 ʽ ʧʽʩʣʷ ʡʦʛʦ ʚʠʭʦʜʫ ʟʘ ʤʝʞʽ ʰʘʨʫ ʟʤʝʥʰʫʻʪʴʩʷ ʢʽʥʝʪʠʯʥʘ 

ʝʥʝʨʛʽʷ ʯʘʩʪʠʥʦʢ, ʷʢʽ ʚʠʭʦʜʷʪʴ ʜʦ ʧʝʨʠʬʝʨʽʡʥʦʾ ʟʦʥʠ ʪʘ ʨʫʭʘʶʪʴʩʷ ʜʦ ʥʠʟʫ 

ʘʧʘʨʘʪʫ ʚ ʱʽʣʴʥʦʤʫ ʧʦʪʦʮʽ ʟ Ůʛ=0,4. ʊʦʙʪʦ, ʚ ʘʧʘʨʘʪʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʧʨʷʤʦʚʘʥʘ 

ʚʝʨʪʠʢʘʣʴʥʘ ʮʠʨʢʫʣʷʮʽʷ ʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ɸʚʪʦʨʦʤ [72] ʧʨʦʚʝʜʝʥʦ ʜʝʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʨʫʭʫ ʛʘʟʦʚʦʛʦ ʩʪʨʫʤʝʥʷ ʚ 

ʰʘʨʽ ʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʨʠ ʬʦʥʪʘʥʫʶʯʦʤʫ ʨʝʞʠʤʽ, ʬʽʟʠʯʥʫ ʤʦʜʝʣʴ ʷʢʦʛʦ 

ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 1.11 [72]. 

ʋ ʨʦʙʦʪʽ [72] ʧʦʢʘʟʘʥʦ, ʱʦ ʥʘ ʚʽʜʩʪʘʥʽ Yc ʛʘʟʦʚʠʡ ʩʪʨʫʤʽʥʴ ʨʦʟʜʽʣʷʻʪʴʩʷ ʥʘ 

ʬʘʢʝʣ ʽʟ ʧʦʩʪʽʡʥʦʶ ʬʦʨʤʦʶ ʪʘ ʙʫʣʴʙʘʰʢʫ, ʷʢʘ ʧʦʩʪʫʧʦʚʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʚʽʜʥʦʰʝʥʥʷ ʚʠʩʦʪʠ ʧʨʦʙʦʶ ʛʘʟʦʚʦʛʦ ʬʘʢʝʣʘ yʬ ʜʦ ʧʦʯʘʪʢʦʚʦʾ 

ʚʠʩʦʪʠ ʰʘʨʫ yʬ/H0 Ó 1. 
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ʈʠʩʫʥʦʢ 1.11 ï ʌʽʟʠʯʥʘ ʤʦʜʝʣʴ ʤʽʞʬʘʟʦʚʦʾ ʚʟʘʻʤʦʜʽʾ ʫ ʩʠʩʪʝʤʽ ʛʘʟ-ʪʚʝʨʜʽ 

ʯʘʩʪʠʥʢʠ ʧʨʠ ʬʦʥʪʘʥʫʶʯʦʤʫ ʨʝʞʠʤʽ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ [72] 

 

ʇʨʠ ʟʥʘʯʝʥʥʷʭ yʬ/H0 > 0.5 ʧʨʦʮʝʩ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʩʪʨʫʤʝʥʷ ʫ ʰʘʨʽ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷʤ ʨʦʟʤʽʨʽʚ ʫʪʚʦʨʝʥʦʾ ʢʘʚʝʨʥʠ ʜʦ ʢʨʘʡʥʴʦʛʦ 

ʟʥʘʯʝʥʥʷ [72], ʨʠʩʫʥʦʢ 1.12, ʽ ʨʝʘʣʽʟʫʻʪʴʩʷ ʨʝʞʠʤ ʬʦʥʪʘʥʫʚʘʥʥʷ.  

ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ yʬ/H0 Ò 0.5, ʛʘʟʦʚʦʤʫ ʩʪʨʫʤʝʥʶ ʥʝ ʚʠʩʪʘʯʘʻ ʝʥʝʨʛʽʾ ʜʣʷ 

ʧʦʚʥʦʛʦ ʧʨʦʙʦʶ ʰʘʨʫ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ, ʧʽʩʣʷ ʫʪʚʦʨʝʥʥʷ ʢʘʚʝʨʥʠ ʫ ʚʝʨʭʥʽʡ 

ʯʘʩʪʠʥʽ ʬʘʢʝʣʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʮʠʢʣʽʯʥʝ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʚʽʜʨʠʚʘʥʥʷ ʛʘʟʦʚʦʾ 

ʙʫʣʴʙʘʰʢʠ ʚʽʜ ʬʘʢʝʣʘ [72] ʽʟ ʧʝʨʽʦʜʦʤ T ʪʘ ʯʘʩʪʦʪʦʶ f = 1/ʊ, ʨʠʩʫʥʦʢ 1.13. 

ʇʨʠʨʦʜʥʴʦ, ʱʦ ʨʦʟʤʽʨ ʙʫʣʴʙʘʰʢʠ ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʷ ʚʝʣʠʯʠʥʦʶ ʧʽʜʡʦʤʥʦʾ ʩʠʣʠ. 

ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠ ʛʨʘʥʫʣʷʮʽʾ ʨʦʟʯʠʥʽʚ ʩʫʣʴʬʘʪʫ ʘʤʦʥʽʶ ʚ 

ʘʧʘʨʘʪʽ ʽʟ ʧʩʝʚʜʦʟʨʽʜʞʝʥʠʤ ʰʘʨʦʤ [31-33, 36, 89, 111, 112-127] ʧʦʢʘʟʘʣʠ, ʱʦ 

ʚʽʜʥʦʰʝʥʥʷ yʬ/H0 Ò 0,5. ʊʦʤʫ ʨʝʞʠʤ ʨʫʭʫ ʛʘʟʦʚʦʾ ʬʘʟʠ [72], ʨʠʩʫʥʦʢ 1.13, 

ʜʦʟʚʦʣʷʻ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʛʘʟʦʚʦʾ ʙʫʣʴʙʘʰʢʠ ʨʝʘʣʽʟʫʚʘʪʠ ʬʽʣʴʪʨʘʮʽʡʥʠʡ ʨʫʭ 

ʪʝʧʣʦʥʦʩʽʷ ʯʝʨʝʟ ʱʽʣʴʥʠʡ ʰʘʨ ʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ ʥʘ ʤʝʞʽ ʢʦʥʪʘʢʪʫ ʟ ʥʝʶ, ʘ 
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ʪʘʢʦʞ ʥʘʷʚʥʦʩʪʽ ʽʥʪʝʥʩʠʚʥʦʾ ʟʦʥʠ ʤʽʢʨʦ ʮʠʨʢʫʣʷʮʽʡ ʫ ʧʦʛʨʘʥʠʯʥʽʡ ʦʙʣʘʩʪʽ ï 

çʭʤʘʨʽè. ʎʝ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʫʻ ʜʠʬʫʟʽʡʥʽ ʧʨʦʮʝʩʠ ʧʝʨʝʥʝʩʝʥʥʷ ʰʘʨʽʚ 

ʨʦʟʯʠʥʥʠʢʘ ʜʦ ʛʘʟʦʚʦʾ ʬʘʟʠ. ʆʢʨʽʤ ʮʴʦʛʦ, ʨʫʭ ʛʘʟʦʚʦʾ ʙʫʣʴʙʘʰʢʠ ʜʦ ʚʝʨʭʥʴʦʾ 

ʤʝʞʽ ʰʘʨʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʘʢʪʠʚʥʦʛʦ ʦʙôʻʤʥʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʟʝʨʥʠʩʪʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʚʥʘʩʣʽʜʦʢ ʽʥʝʨʮʽʡʥʦʛʦ ʚʠʥʝʩʝʥʥʷ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʧʝʨʝʜ 

ʣʦʙʦʚʦʶ ʯʘʩʪʠʥʦʶ ʙʫʣʴʙʘʰʢʠ ʪʘ ʩʪʽʡʢʦʛʦ ʨʫʭʫ ʯʘʩʪʠʥʦʢ ʧʨʠ ʟʘʧʦʚʥʝʥʥʽ 

ʧʫʩʪʦʪ, ʷʢʽ ʚʠʥʠʢʣʠ ʧʨʠ ʧʝʨʝʤʽʱʝʥʥʽ ʛʘʟʦʚʦʾ ʙʫʣʴʙʘʰʢʠ. 

 
wʢʨ < w1 <  w2 < w3  < w4  < w5 < w6  <  w7 

 
wʢʨ < wʨ=const 

ʈʠʩʫʥʦʢ 1.12 ï ʉʭʝʤʘ ʨʦʟʚʠʪʢʫ ʛʘʟʦʚʦʛʦ 

ʩʪʨʫʤʝʥʷ ʫ ʥʝʨʫʭʦʤʦʤʫ ʰʘʨʽ 

ʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʨʠ yʬ/H0=0,5 [72] 

ʈʠʩʫʥʦʢ 1.13 ï ʌʘʟʠ ʨʦʟʚʠʪʢʫ ʛʘʟʦʚʦʛʦ 

ʩʪʨʫʤʝʥʷ ʽʟ ʫʪʚʦʨʝʥʥʷʤ  

ʙʫʣʴʙʘʰʢʠ ʧʨʠ yʬ/H0 Ò 0,5 [72] 

 

ɸʚʪʦʨʦʤ [72] ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʫʪʚʦʨʝʥʥʽ ʜʝʢʽʣʴʢʦʭ ʛʘʟʦʚʠʭ ʩʪʨʫʤʝʥʽʚ 

ʟʘ ʫʤʦʚʠ, ʱʦ yʬ/H0 Ò 0.5 ʽʩʥʫʻ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʢʨʦʢʫ ʤʽʞ ʥʠʤʠ tmax [72], 

ʧʝʨʝʚʠʱʝʥʥʷ ʷʢʦʛʦ ʟʫʤʦʚʣʶʻ ʟʚʠʯʘʡʥʠʡ ʙʘʨʙʦʪʘʞ ʧʦʦʜʠʥʦʢʠʭ ʛʘʟʦʚʠʭ 

ʙʫʣʴʙʘʰʦʢ t > tmax, ʨʠʩʫʥʦʢ 1.14 ʘ.  ʇʨʠ t < tmax ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʣʠʪʪʷ ʙʫʣʴʙʘʰʦʢ 

ʽʟ 2-ʭ ʬʘʢʝʣʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʽʥʪʝʥʩʠʬʽʢʘʮʽʶ ʦʙôʻʤʥʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʚ ʰʘʨʽ, 

ʨʠʩʫʥʦʢ 1.14 ʙ. 

ʄʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʢʨʦʢʫ ʤʽʞ ʜʚʦʤʘ ʧʘʨʘʣʝʣʴʥʠʤʠ ʛʘʟʦʚʠʤʠ 

ʩʪʨʫʤʝʥʷʤʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʦʙôʻʜʥʘʥʥʷ ʙʫʣʴʙʘʰʦʢ, ʨʠʩʫʥʦʢ 1.14 ʙ [72], ʤ: 

tmax=2K b̒max. (1.1) 

ʂʦʝʬʽʮʽʻʥʪ ʟʙʽʣʴʰʝʥʥʷ ʨʘʜʽʫʩʘ ʚʧʣʠʚʫ ʩʪʨʫʤʝʥʽʚ ʥʘ ʩʪʨʫʢʪʫʨʫ ʰʘʨʫ [72]: 

K =̒KDo/2bmaʭ.     (1.2) 

ɿʚʽʜʢʠ ʚʠʧʣʠʚʘʻ ʧʨʦʧʦʨʮʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ tmax ʚʽʜ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʨʦʟʤʽʨʫ 

ʛʘʟʦʚʦʛʦ ʬʘʢʝʣʘ. 
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ʘ) ʙʘʨʙʦʪʘʞ ʧʦʦʜʠʥʦʢʠʭ ʙʫʣʴʙʘʰʦʢ; ʙ) ʢʦʘʣʽʩʮʝʥʮʽʷ ʛʘʟʦʚʠʭ ʙʫʣʴʙʘʰʦʢ; 

ʈʠʩʫʥʦʢ 1.14 ï ʄʦʜʝʣʴ ʚʟʘʻʤʦʜʽʾ ʢʽʣʴʢʦʭ ʛʘʟʦʚʠʭ ʙʫʣʴʙʘʰʦʢ ʫ ʰʘʨʽ ʧʨʠ 

ʙʘʨʙʦʪʘʞʥʦʤʫ ʨʝʞʠʤʽ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ [72] 

 

ʇʨʠ ʮʴʦʤʫ, ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʦʚʝʨʭʥʽ ɻʈʇ ʤʽʞ ʚʝʨʪʠʢʘʣʴʥʦ 

ʥʘʧʨʘʚʣʝʥʠʤʠ ʛʘʟʦʚʠʤʠ ʬʘʢʝʣʘʤʠ, ʘ ʪʘʢʦʞ ʤʽʞ ʬʘʢʝʣʘʤʠ ʪʘ ʩʪʽʥʢʘʤʠ ʘʧʘʨʘʪʘ 

ʫʪʚʦʨʶʶʪʴʩʷ ʟʘʩʪʽʡʥʽ ʟʦʥʠ ɿ, ʨʠʩʫʥʦʢ 1.14 ʘ ʪʘ ʙ, ʽ ʧʨʠ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʪʝʧʣʦʥʦʩʽʷ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʦʧʣʘʚʣʝʥʥʷ ʛʨʘʥʫʣ. 

ɿʤʝʥʰʝʥʥʷ ʽʤʦʚʽʨʥʦʩʪʽ ʧʦʷʚʠ ʟʘʩʪʽʡʥʠʭ ʟʦʥ ʥʘ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʥʷʭ ɻʈʇ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʧʨʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʥʘʧʨʘʚʣʝʥʥʽ ʛʘʟʦʚʦʛʦ ʩʪʨʫʤʝʥʷ ʯʝʨʝʟ 

ʱʽʣʠʥʠ ɻʈʇ [72], ʨʠʩʫʥʦʢ 1.15. 

ɻʘʟʦʚʠʡ ʩʪʨʫʤʽʥʴ ʨʫʭʘʻʪʴʩʷ ʫ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ ʜʦ ʚʽʜʩʪʘʥʽ Yʚʪ  

ʚʽʜ ʱʽʣʠʥʠ, ʥʘ ʷʢʽʡ ʧʦʯʠʥʘʻ ʧʝʨʝʭʦʜʠʪʠ ʫ ʚʝʨʪʠʢʘʣʴʥʦ ʥʘʧʨʘʚʣʝʥʠʡ ʥʘ ʚʽʜʩʪʘʥʽ 

xʛʦʨ [72], ʨʠʩʫʥʦʢ 1.15, ʤ: 

ὼ̄ ̏̑

ύ̚ ὶ

πȟυψυύ̑ὅ
Ƞ ὶ

ςὊ̚

ʇ
Ȣ 

(1.3) 
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ɺ ʦʩʪʘʥʥʽ ʜʝʩʷʪʠʣʽʪʪʷ ʫ ʙʘʛʘʪʴʦʭ ʨʦʙʦʪʘʭ [43-87, 90-104] ʥʘʚʝʜʝʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ, ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʽʥʪʝʥʩʠʬʽʢʘʮʽʶ ʧʨʦʮʝʩʽʚ ʧʝʨʝʥʝʩʝʥʥʷ 

ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʪʝʭʥʽʢʠ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ. ʎʝʡ ʥʘʧʨʷʤ ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʷʢ 

ʥʝʦʜʥʦʨʽʜʥʝ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ ʚ ʢʦʣʠʚʘʣʴʥʦʤʫ ʨʝʞʠʤʽ. ɯʜʝʷ ʨʦʟʛʣʷʜʘʪʠ 

ʚʟʘʻʤʦʜʽʾ ʛʘʟʦʚʦʛʦ ʪʝʧʣʦʥʦʩʽʷ ʚ ʛʨʘʚʽʪʘʮʽʡʥʦʤʫ ʧʦʣʽ ʷʢ ʢʦʣʠʚʘʥʥʷ ʧʨʫʞʥʦʾ 

ʩʠʩʪʝʤʠ ʥʘʚʝʜʝʥʘ ʫ ʨʦʙʦʪʘʭ [52, 53, 83-87], ʟʦʢʨʝʤʘ [83, 84] ʚʚʘʞʘʻ, ʱʦ 

ʘʚʪʦʢʦʣʠʚʘʣʴʥʠʡ ʨʝʞʠʤ ʤʦʞʣʠʚʦ ʨʝʘʣʽʟʫʚʘʪʠ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʧʨʠʩʪʨʦʶ ʜʣʷ 

ʧʫʣʴʩʫʶʯʦʛʦ ʚʚʝʜʝʥʥʷ ʪʝʧʣʦʥʦʩʽʷ ʘʙʦ ʫ ʚʠʧʘʜʢʫ ʧʦʨʰʥʝʚʦʛʦ ʨʝʞʠʤʫ, ʢʦʣʠ 

ʚʠʩʦʪʘ ʰʘʨʫ ʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚʪʨʠʯʽ ʧʝʨʝʚʠʱʫʻ ʜʽʘʤʝʪʨ ʘʧʘʨʘʪʘ. 

 
ɿ ï ʟʘʩʪʽʡʥʽ ʟʦʥʠ 

ʈʠʩʫʥʦʢ 1.15 ï ʉʭʝʤʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʽʜʚʝʜʝʥʥʽ ʛʘʟʦʚʦʛʦ ʬʘʢʝʣʘ [72] 

 

ʊʘʢʽ ʧʽʜʭʦʜʠ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʦʙôʻʤʥʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʚ ʰʘʨʽ, 

ʘʣʝ ʾʭ ʨʝʘʣʽʟʘʮʽʷ ʤʦʞʣʠʚʘ ʧʨʠ ʚʩʪʘʥʦʚʣʝʥʥʽ ʫʤʦʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʫʩʫʥʝʥʥʷ 

ʟʘʩʪʽʡʥʠʭ ʟʦʥ ʥʘ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʥʷʭ ɻʈʇ. 

ɺʨʘʭʦʚʫʶʯʠ ʚʠʢʣʘʜʝʥʝ ʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤ, ʟ ʪʦʯʢʠ ʟʦʨʫ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʪʝʧʣʦ- ʤʘʩʦʦʙʤʽʥʫ, ʻ ʧʫʣʴʩʘʮʽʡʥʠʡ ʨʝʞʠʤ, ʜʣʷ ʷʢʦʛʦ 

ʭʘʨʘʢʪʝʨʥʝ ʦʙôʻʜʥʘʥʥʷ ʛʘʟʦʚʠʭ ʙʫʣʴʙʘʰʦʢ, ʘʣʝ ʟʘʜʘʯʘ ʫʩʫʥʝʥʥʷ ʟʘʩʪʽʡʥʠʭ ʟʦʥ 

ʥʘ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʥʷʭ ɻʈʇ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝ ʚʠʨʽʰʝʥʦʶ. 

 

 

 

ɿ

ʘ 
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1.6 ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʚʟʘʻʤʦʜʽʾ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ ʟ̔ ʪʚʝʨʜʠʤʠ  

ʯʘʩʪʠʥʢʘʤʠ 

 

ɸʚʪʦʨʠ [81] ʚʠʜʽʣʷʶʪʴ ʪʨʠ ʦʩʥʦʚʥʽ ʧʽʜʭʦʜʠ ʜʣʷ ʤʘʪʝʪʠʯʥʦʛʦ ʦʧʠʩʫ 

ʚʟʘʻʤʦʜʽʾ ʛʘʟʦʚʠʭ ʧʦʪʦʢʽʚ ʟ ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ: ʤʦʜʝʣʴ ɽʡʣʝʨʘ-ɽʡʣʝʨʘ, 

ɽʡʣʝʨʘ-ʃʘʛʨʘʥʞʘ (MP-PIC) ʪʘ ʜʠʩʢʨʝʪʥʘ ʤʦʜʝʣʴ ɽʡʣʝʨʘ-ʃʘʛʨʘʥʞʘ (DEM). 

ʋ ʤʦʜʝʣʽ ɽʡʣʝʨʘ-ɽʡʣʝʨʘ ʛʘʟ ʽ ʪʚʝʨʜʽ ʯʘʩʪʠʥʢʠ ʨʦʟʛʣʷʜʘʶʪʴʩʷ, ʷʢ 

ʚʟʘʻʤʦʧʨʦʥʠʢʥʽ ʬʘʟʠ, ʷʢʽ ʙʝʟʧʝʨʝʨʚʥʦ ʚʟʘʻʤʦʜʽʶʪʴ ʫ ʯʘʩʽ ʪʘ ʧʨʦʩʪʦʨʽ. ɼʣʷ 

ʚʨʘʭʫʚʘʥʥʷ ʪʝʯʽʾ ʚʩʝʨʝʜʠʥʽ ʧʦʪʦʢʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʝʦʨʽʷ ʧʦʪʦʢʫ ʪʚʝʨʜʠʭ 

ʯʘʩʪʠʥʦʢ ɼʞʝʥʢʽʥʩʘ ʽ ʈʽʯʤʘʥʘ. ʇʨʠ ʪʘʢʦʤʫ ʧʽʜʭʦʜʽ ʦʙʠʜʚʽ ʬʘʟʠ ʟʘʡʤʘʶʪʴ 

ʧʝʚʥʠʡ ʦʙôʻʤ, ʷʢʠʡ ʟʚʝʜʝʥʠʡ ʜʦ ʦʙôʻʤʥʦʾ ʯʘʩʪʢʠ [81]. 

ʆʙôʻʤʥʫ ʯʘʩʪʢʫ ʢʦʞʥʦʾ ʬʘʟʠ ʨʦʟʨʘʭʦʚʫʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʚʥʷʥʥʷ 

ʥʝʨʦʟʨʠʚʥʦʩʪʽ [81]: 

( )
( ) 0ʽ ʽ
ʽ ʽ iv

ar
ar

t

µ
+ÐÖ =

µ
.    (1.4) 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʽʚʥʷʥʥʷ ʟʙʝʨʝʞʝʥʥʷ ʽʤʧʫʣʴʩʫ ʜʣʷ ʢʦʞʥʦʾ ʬʘʟʠ 

ʚʨʘʭʦʚʫʻʪʴʩʷ ʤʘʩʦʦʙʤʽʥ ʤʽʞ ʬʘʟʘʤʠ, ʥʘʷʚʥʽʩʪʴ ʧʽʜʽʡʤʘʣʴʥʦʾ ʩʠʣʠ ʽ ʩʠʣ, ʱʦ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʝʨʪʷ, ʪʠʩʢʫ ʪʘ ʟʯʝʧʣʝʥʥʷ ʯʘʩʪʠʥʦʢ ʥʘ ʤʽʞʬʘʟʦʚʽʡ ʤʝʞʽ [81]: 
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lift, vm,

1

ji ji ji ij ij i i i

j

R m v m v F F F
=

è ø+ - + + +ê úä ,   (1.5) 

ʜʝ 
iF  ï ʚʝʢʪʦʨ ʟʦʚʥʽʰʥʴʦʾ ʤʘʩʦʚʦʾ ʩʠʣʠ, ʇʘ/ʤ; lift, iF  ï ʚʝʢʪʦʨ ʧʽʜʡʦʤʥʦʾ ʩʠʣʠ, 

ʇʘ/ʤ; vm,iF  ï ʚʝʢʪʦʨ ʧʨʠʻʜʥʘʥʦʾ ʤʘʩʦʚʦʾ ʩʠʣʠ, ʇʘ/ʤ. 

ʅʝʜʦʣʽʢʦʤ ʜʘʥʦʾ ʤʦʜʝʣʽ ʻ ʥʝʘʜʝʢʚʘʪʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ʚʟʘʻʤʦʜʽʾ ʬʘʟ 

ʯʘʩʪʠʥʢʘ-ʯʘʩʪʠʥʢʘ ʪʘ ʯʘʩʪʠʥʢʘ-ʛʘʟ. 

ʋ ʩʪʦʭʘʩʪʠʯʥʽʡ ʤʦʜʝʣʽ ɽʡʣʝʨʘ-ʃʘʛʨʘʥʞʘ (MP-PIC), ʛʘʟʦʚʘ ʪʘ ʪʚʝʨʜʘ ʬʘʟʘ  

ʨʦʟʛʣʷʜʘʪʁʴʩʷ ʷʢ ʜʚʘ ʧʦʪʦʢʠ ʫ ʚʠʛʣʷʜʽ ʝʤʫʣʴʩʽʾ, ʚ ʷʢʽʡ ʚʠʜʽʣʷʻʪʴʩʷ 

ʝʣʝʤʝʥʪʘʨʥʠʡ ʦʙôʻʤ ʪʘ ʥʘ ʦʩʥʦʚʽ ʥʴʦʛʦ ʧʨʦʚʦʜʠʪʴʩʷ ʨʦʟʨʘʭʫʥʦʢ [81]. 



27 

 

ʎʷ ʤʦʜʝʣʴ ʦʧʠʩʫʻʪʴʩʷ ʜʚʦʤʘ ʦʩʥʦʚʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ: ʨʽʚʥʷʥʥʷʤ 

ʥʝʨʦʟʨʠʚʥʦʩʪʽ ʧʦʪʦʢʫ ʪʘ ʨʽʚʥʷʥʥʷʤ ʟʙʝʨʝʞʝʥʥʷ ʽʤʧʫʣʴʩʽʚ, ʷʢʽ ʟʘʧʠʩʫʶʪʴʩʷ ʜʣʷ 

ʛʘʟʦʚʦʾ ʪʘ ʪʚʝʨʜʦʾ ʬʘʟʠ. 

ʈʽʚʥʷʥʥʷ ʥʝʨʦʟʨʠʚʥʦʩʪʽ ʧʦʪʦʢʫ ʜʣʷ -̔ʪʦʾ ʬʘʟʠ [81]: 
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ʈʽʚʥʷʥʥʷ ʟʙʝʨʝʞʝʥʥʷ ʽʤʧʫʣʴʩʽʚ ʜʣʷ -̔ʪʦʾ ʬʘʟʠ [81]: 
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ʅʝʜʦʣʽʢ ʜʘʥʦʾ ʤʦʜʝʣʽ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʦʥʘ ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʫʻ 

ʚʟʘʻʤʦʜʽʶ ʬʘʟ ʛʘʟ-ʯʘʩʪʠʥʢʘ ʣʠʰʝ ʚ ʘʧʘʨʘʪʘʭ ʽʟ ʜʫʞʝ ʤʘʣʠʤʠ ʨʦʟʤʽʨʘʤʠ ʢʦʣʠ 

ʪʝʧʣʦʚʽ ʬʣʫʢʪʫʘʮʽʾ ʛʘʟʦʚʦʾ ʬʘʟʠ ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʫʭ ʯʘʩʪʠʥʦʢ ʚʝʣʠʢʠʭ ʨʦʟʤʽʨʽʚ. 

ɼʘʥʘ ʤʦʜʝʣʴ ʥʝʧʨʠʡʥʷʪʥʘ ʜʣʷ ʪʚʝʨʜʦʾ ʬʘʟʠ, ʦʜʥʘʢ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʦʧʠʩʫ 

ʝʤʫʣʴʩʽʾ, ʫʪʚʦʨʝʥʦʾ ʜʚʦʤʘ ʧʦʪʦʢʘʤʠ [81]. 

ɼʠʩʢʨʝʪʥʘ ʤʦʜʝʣʴ ɽʡʣʝʨʘ-ʃʘʛʨʘʥʞʘ (DEM) [82] ʻ ʥʘʡʙʽʣʴʰ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʶ ʤʦʜʝʣʣʶ, ʷʢʘ ʨʦʟʛʣʷʜʘʻ ʛʘʟʦʚʫ ʬʘʟʫ ʫ ʚʠʛʣʷʜʽ ʥʝʧʝʨʝʨʚʥʦʛʦ 

ʧʦʪʦʢʫ, ʘ ʪʚʝʨʜʽ ʯʘʩʪʠʥʢʠ ï ʫ ʚʠʛʣʷʜʽ ʜʠʩʢʨʝʪʥʠʭ ʝʣʝʤʝʥʪʽʚ. ʋ ʤʦʜʝʣʽ DEM 

ʚʟʘʻʤʦʜʽʷ ʪʚʝʨʜʘ ʯʘʩʪʠʥʢʘ-ʛʘʟ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʧʨʦʩʪʠʭ ʟʽʪʢʥʝʥʴ. 

ʄʦʜʝʣʴ ʟʘʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤʠ ʥʝʨʦʟʨʠʚʥʦʩʪʽ ʪʘ ʨʽʚʥʷʥʥʷʤ ʽʤʧʫʣʴʩʽʚ, 

ʚʽʜʧʦʚʽʜʥʦ ʜʣʷ ʛʘʟʦʚʦʾ ʪʘ ʪʚʝʨʜʦʾ ʬʘʟ. 

ʈʽʚʥʷʥʥʷ ʥʝʨʦʟʨʠʚʥʦʩʪʽ [81]: 

( )
( ) 0ʽ ʽ
ʽ ʽ iu

ar
ar

t

µ
+ÐÖ =

µ
.    (1.8) 

 ʈʽʚʥʷʥʥʷ ʽʤʧʫʣʴʩʽʚ [81]: 

( ) ( ) ( ) gʽ ʽ ʽ ʽ ʽ ʽ ʽ ʽ ʽ i ʽ ʽ DEMu u u p Far ar a at ar
t

µ
+ÐÖ =-ÐÖ +ÐÖ + +

µ
,  (1.9) 

ʜʝ FDEM ï ʩʠʣʘ ʟʯʝʧʣʝʥʥʷ ʤʽʞ ʯʘʩʪʠʥʢʘʤʠ, ʅ. 

ʇʝʨʝʚʘʛʦʶ ʜʘʥʦʾ ʤʦʜʝʣʽ ʻ ʪʝ, ʱʦ ʚʦʥʘ ʜʦʟʚʦʣʷʻ ʦʧʠʩʘʪʠ ʛʘʟʦʚʽ ʙʫʣʴʙʘʰʢʠ 

ʫ ʚʠʜ ̔ʜʠʩʢʨʝʪʥʠʭ ʯʘʩʪʠʥʦʢ, ʱʦ ʤʦʞʫʪʴ ʟʽʰʪʦʚʭʫʚʘʪʠʩʷ, ʟʣʠʚʘʪʠʩʷ, ʟʫʧʠʥʷʪʠʩʷ, 

ʩʢʦʨʦʯʫʚʘʪʠʩʷ ʡ ʟʨʦʩʪʘʪʠ. 
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ɸʚʪʦʨʘʤʠ [81] ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧʨʦʛʨʘʤʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ Ansys Fluent 

ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʪʨʴʦʭ ʨʽʟʥʠʭ ʧʽʜʭʦʜʽʚ ʟ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ, ʱʦ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʧʨʠ ʤʘʩʦʚʠʭ ʚʠʪʨʘʪʘʭ 

ʟʨʽʜʞʫʚʘʣʴʥʦʛʦ ʘʛʝʥʪʫ 0,005 ʢʛ/ʩ. ʅʘ ʦʩʥʦʚʽ ʦʜʝʨʞʘʥʠʭ ʜʘʥʠʭ ʙʫʣʦ ʦʪʨʠʤʘʥʦ 

ʛʨʘʬʽʯʥʫ ʜʠʥʘʤʽʢʫ ʨʦʟʚʠʪʢʫ ʛʘʟʦʚʦʾ ʙʫʣʴʙʘʰʢʠ ʚ ʯʘʩʽ, ʷʢʘ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ 

ʨʝʟʫʣʴʪʘʪʠ ʦʪʨʠʤʘʥʽ ʟʘ ʜʠʩʢʨʝʪʥʦʶ ʤʦʜʝʣʣʶ ɽʡʣʝʨʘ-ʃʘʛʨʘʥʞʘ ʥʘʡʙʽʣʴʰ ʪʦʯʥʦ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʜʘʥʠʤ, ʘʣʝ ʝʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʝʜʝʥʦ ʥʘ 

ʥʝʚʝʣʠʢʽʡ ʤʦʜʝʣʽ, ʷʢʘ ʥʝ ʚʨʘʭʦʚʫʻ ʢʦʣʠʚʘʥʴ ʰʘʨʫ ʽ ʪʦʤʫ ʥʝ ʤʦʞʝ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʦʶ ʜʣʷ ʧʨʦʤʠʩʣʦʚʠʭ ʤʘʩʰʪʘʙʽʚ. ʋʩʽ ʮʽ ʤʦʜʝʣʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ 

ʙʘʨʙʦʪʘʞʥʦʛʦ ʨʝʞʠʤʫ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ. 

ʋ ʨʦʙʦʪʽ  [83] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʽʜʭʽʜ ʜʦ ʤʦʜʝʣʶʚʘʥʥʷ ʘʚʪʦʢʦʣʠʚʘʣʴʥʦʛʦ 

ʧʦʨʰʥʝʚʦʛʦ ʨʝʞʠʤʫ ʥʝʦʜʥʦʨʽʜʥʦʛʦ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ [82, 85-87] ʫ ʚʫʟʴʢʦʤʫ 

ʢʦʣʦʥʥʦʤʫ ʘʧʘʨʘʪʽ ʟ ʚʠʩʦʪʦʶ ʰʘʨʫ, ʷʢʘ ʚ ʜʝʢʽʣʴʢʘ ʨʘʟʽʚ ʧʝʨʝʚʠʱʫʻ ʡʦʛʦ 

ʧʦʧʝʨʝʯʥʠʡ ʧʝʨʝʨʽʟ, ʧʨʠ ʯʦʤʫ ʥʘ ʧʦʚʝʨʭʥʶ ʰʘʨʫ ʮʠʢʣʽʯʥʦ ʧʽʜʽʡʤʘʶʪʴʩʷ 

ʧʦʦʜʠʥʦʢʽ ʛʘʟʦʚʽ ʙʫʣʴʙʘʰʢʠ ʙʝʟ ʧʦʧʝʨʝʯʥʦʾ ʢʦʘʣʽʩʮʝʥʮʽʾ, ʨʠʩʫʥʦʢ 1.16. 

ʇʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʧʝʨʝʭʽʜ ʰʘʨʫ ʟʽ ʩʪʘʥʫ ʤʽʥʽʤʘʣʴʥʦʛʦ 

ʟʨʽʜʞʝʥʥʷ ʜʦ ʧʫʣʴʩʫʶʯʦʛʦ ʨʝʞʠʤʫ ʽʟ ʧʨʠʧʫʱʝʥʥʷʤʠ, ʱʦ ʰʘʨ ʨʽʚʥʦʤʽʨʥʦ 

ʟʘʧʦʚʥʝʥʠʡ ʜʨʽʙʥʠʤʠ ʙʫʣʴʙʘʰʢʘʤʠ, ʾʭ ʚʠʭʽʜ ʥʘ ʧʦʚʝʨʭʥʶ ʚʠʧʘʜʢʦʚʠʡ, ʘ 

ʚʠʢʨʠʚʣʝʥʥʷ ʧʦʚʝʨʭʥʽ ʰʘʨʫ ʥʝʟʥʘʯʥʽ [82-87]. ɸʚʪʦʨʘʤʠ [83, 84] ʨʽʚʥʷʥʥʷ 

ʟʙʝʨʝʞʝʥʥʷ ʽʤʧʫʣʴʩʫ ʜʣʷ ʛʘʟʦʚʦʾ ʪʘ ʪʚʝʨʜʦʾ ʬʘʟ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʥʘʩʪʫʧʥʦʤʫ 

ʚʠʛʣʷʜʽ: 

”̓‐̓
‬ὺᴆ

‬†
ὺᴆϽɳ ὺᴆ ”̄‐̄

‬όᴆ

‬†
όᴆϽɳ όᴆ ὴɳ ”̓‐̓ ”̄‐̄ÇᴆȢ (1.10) 

ʇʨʠ ʦʜʥʦʤʽʨʥʦʤʫ ʨʫʩʽ ʰʘʨʫ ʚʟʜʦʚʞ ʥʘʧʨʘʚʣʝʥʦʾ ʜʦʛʦʨʠ ʚʝʨʪʠʢʘʣʴʥʦʾ ʚʩ̔ʽ 

ʭ, ʥʝʭʪʫʶʯʠ ʽʥʝʨʮʽʻʶ ʛʘʟʦʚʦʾ ʬʘʟʠ [83, 84]: 

”̓ ρ ‐̄
‬ὺ

‬†
ὺ
‬ὺ

‬ὼ

‬ὴ

‬ὼ
”̓ ρ ‐̄ÇȢ (1.11) 

ɸʚʪʦʨʠ [83, 84] ʟʘʧʨʦʥʦʚʘʥʦ ʚʠʨʘʟʠʪʠ ʨʝʟʫʣʴʪʘʪ ʫ ʣʽʚʽʡ ʯʘʩʪʠʥʽ (1.11) ʧʨʠ 

ʽʥʪʝʛʨʫʚʘʥʥʽ ʧʦ ʦʩʽ ʭ ʚʽʜ 0 ʜʦ ʅ ʯʝʨʝʟ ʰʚʠʜʢʽʩʪʴ ʮʝʥʪʨʘ ʤʘʩ ʰʘʨʫ vm: 
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Ὄ”̓ ρ ‐̄
Ὠὺ

Ὠ†
ɝὖ† Ὄ”̓ ρ ‐̄ÇȢ (1.12) 

 
ʈʠʩʫʥʦʢ 1.16 ï ɸʚʪʦʢʦʣʠʚʘʣʴʥʠʡ ʧʦʨʰʥʝʚʠʡ ʨʝʞʠʤ ʥʝʦʜʥʦʨʽʜʥʦʛʦ 

ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ [82, 85-87] ʫ ʚʫʟʴʢʦʤʫ ʢʦʣʦʥʥʦʤʫ ʘʧʘʨʘʪʽ 

 

ɻʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ ʰʘʨʫ ʥʘʡʯʘʩʪʽʰʝ ʚʠʨʘʞʘʻʪʴʩʷ ʯʝʨʝʟ ʨʽʚʥʷʥʥʷ ɽʨʛʫʥʘ, 

ʷʢʝ ʜʣʷ ʨʫʭʦʤʦʛʦ ʰʘʨʫ ʧʨʠʡʤʘʻ ʚʠʜ [83, 84], ʇʘ: 

Ὠὴ

Ὠὼ

ρυπ‘̄ ρ ‐

Ὠ̆ ‐

ὺ

‐
ὺ̓

ρȢχυ”̄ ρ ‐

Ὠ̆‐

ὺ

‐
ὺ̓ Ȣ (1.13) 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʥʘʚʝʜʝʥʠʭ ʨʽʚʥʷʥʴ, ʘʚʪʦʨʦʤ [83, 84] ʦʪʨʠʤʘʥʦ ʨʽʚʥʷʥʥʷ 

ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʣʠʚʘʥʴ ʧʦʚʝʨʭʥʽ ʰʘʨʫ ʽʟ ʧʦʟʥʘʯʝʥʥʷʤ ʢʦʥʩʪʘʥʪ (ɸ, ɺ, ʉ1) ʪʘ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ, ʱʦ ʅ=2ʅ0: 

ὨὌ†

Ὠ†

Ўὖ†

”̓ ρ ‐̄† Ὄ†
ÇȠ (1.14) 

ὃ
ρυπ‘̄

Ὠ̆ ‐
Ƞ    ὄ

ρȢχυ”̄

Ὠ̆‐
Ƞ    ὅ Ὄ ρ ‐ Ƞ  
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ὨὌ

Ὠ†

ὃὅὌ

Ὄ ὅ

ὨὌ

Ὠ†

ςὺὌ

Ὄ ὅ
 

ὄὌ

ςὌ ὅ

ὨὌ

Ὠ†

ςὺὌ

Ὄ ὅ

ὨὌ

Ὠ†

ςὺὌ

Ὄ ὅ
ςÇ πȢ 

(1.15) 

 ʋ ʨʝʟʫʣʴʪʘʪʽ ʚʠʨʽʰʝʥʥʷ ʨʽʚʥʷʥʥʷ (1.5) ʘʚʪʦʨʦʤ ʦʜʝʨʞʘʥʦ ʟʘʣʝʞʥʽʩʪʴ 

ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ ʰʘʨʫ ʚ ʘʚʪʦʢʦʣʠʚʘʣʴʥʦʤʫ ʨʝʞʠʤʽ ʜʣʷ ʜʚʦʭ ʚʠʧʘʜʢʽʚ: ʧʨʠ 

ʟʙʽʣʴʰʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʟʨʽʜʞʫʚʘʣʴʥʦʛʦ ʘʛʝʥʪʫ ʪʘ ʧʨʠ ʡʦʛʦ ʽʤʧʫʣʴʩʥʦʤʫ 

ʚʚʝʜʝʥʥʽ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʟʦʚʥʽʰʥʽʭ ʤʝʭʘʥʽʟʤʽʚ. 

ɸʚʪʦʨʦʤ [83, 84] ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʟʥʘʯʠʪʠ ʛʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ ʜʣʷ 

ʧʨʠʚʝʜʝʥʠʭ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ ʧʦʨʦʟʥʦʩʪʽ ʰʘʨʫ, ʱʦ ʻ ʥʝʧʨʠʡʥʷʪʥʠʤ ʜʣʷ 

ʥʝʦʜʥʦʨʽʜʥʦʛʦ ʧʫʣʴʩʘʮʽʡʥʦʛʦ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ. 

ɹʽʣʴʰ ʧʦʚʥʦ ʦʧʠʩʫʻ ʧʨʠʨʦʜʫ ʥʝʦʜʥʦʨʽʜʥʦʛʦ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ 

ʤʦʜʝʣʶʚʘʥʥʷ ʛʽʜʨʦʜʠʥʘʤʽʢʠ ʫ ʚʠʜʽʣʝʥʦʤʫ ʝʣʝʤʝʥʪʘʨʥʦʤʫ ʦʙôʻʤ ̔

ʧʩʝʚʜʦʟʨʽʜʞʝʥʦʛʦ ʮʠʨʢʫʣʶʶʯʦʛʦ ʰʘʨʫ, ʨʠʩʫʥʦʢ 1.17, ʟʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʁ

ʤʦʜʝʣʴʣ  ʁ(ʉFB) [82, 85-87]. 

 

ʈʠʩʫʥʦʢ 1.17 ï ʌʽʟʠʯʥʘ ʤʦʜʝʣʴ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ ʫ ʚʠʜʽʣʝʥʦʤʫ 

ʝʣʝʤʝʥʪʘʨʥʦʤʫ ʦʙôʻʤʽ ʰʘʨʫ [82] 

 

ɸʚʪʦʨ [82, 85-87] ʨʦʟʛʣʷʜʘʻ ʟʤʽʥʫ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ ʰʘʨʫ ʧʦ ʚʠʩʦʪʽ 

dP/dx, ʷʢ ʟʘʛʘʣʴʥʫ ʩʫʤʫ ʚʪʨʘʪ ʥʘ ʥʘʜʘʥʥʷ ʽʤʧʫʣʴʩʫ, ʥʘ ʧʦʜʦʣʘʥʥʷ ʪʝʨʪʷ ʪʚʝʨʜʦʾ 

ʪʘ ʛʘʟʦʚʦʾ ʬʘʟ ʘ ʪʘʢʦʞ ï ʛʨʘʚʽʪʘʮʽʡʥʦʾ ʩʢʣʘʜʦʚʦʾ: 
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Ὠὖ

Ὠὼ̈ ̝́̄́̌̎̉̊

Ὠὖ

Ὠὼ̨ ̝̍̐̔̌̒̔

Ὠὖ

Ὠὼ̓ ̠̆̑̓

Ὠὖ

Ὠὼ̄ ̨̅̑̏̒̓Ȣ
Ȣ       (1.16) 

ɼʣʷ ʨʦʟʚôʷʟʢʫ ʤʦʜʝʣʽ [82, 85-87] ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʨʽʚʥʷʥʥʷ ʥʝʨʦʟʨʠʚʥʦʩʪʽ 

ʧʦʪʦʢʫ ʛʘʟʦʚʦʾ ʪʘ ʪʚʝʨʜʦʾ ʬʘʟ: 

‬”̄‐̄

‬ὸ

‬”̄‐̄ύ̄

‬ὼ
πȠ (1.17) 

‬”̓‐̓

‬ὸ

‬”̓‐̓ύ̓

‬ὼ
πȟ (1.18) 

ʘ ʪʘʢʦʞ ʨʽʚʥʷʥʥʷ ʟʙʝʨʝʞʝʥʥʷ ʽʤʧʫʣʴʩʫ ʜʣʷ ʛʘʟʦʚʦʾ ʪʘ ʪʚʝʨʜʦʾ ʬʘʟ [82, 85-87]: 

‬”̄‐̄ύ̄

‬ὸ

‬”̄‐̄ύ̄

‬ὼ

‬ὖ

‬ὼ
‍ύ̓ ύ̄

ςὪ̄”̄‐̄ύ̄

Ὄ ̐̑
”̄ÇȠ (1.19) 

‬”̓‐̓ύ̓

‬ὸ

‬”̓‐̓ύ̓

‬ὼ

‍ύ̄ ύ̓ Ὃ
‬‐̓

‬ὼ

ςὪ̓”̓‐̓ύ̓

Ὄ ̐̑
”̓ ”̄ ‐̓ÇȢ 

(1.20) 

ʄʽʞʬʘʟʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ ʟʘ ʨʽʚʥʷʥʥʷʤ ɽʨʛʫʥʘ [82, 85-87]: 

- ʧʨʠ ŮʛÒ0.8: ‍ ρυπ
‐̓ ‘̄

‐̄Ὠ̆ה
ρȟχυ

ȿύ̄ ύ̓ȿ”̄‐̓

‐̄Ὠ̆ה
Ƞ (1.21) 

- ʧʨʠ ŮʛÒ0.8: ‍
σ

τ
ὅ
ȿύ̄ ύ̓ȿ”̄‐̓

Ὠ̆ה
‐̄ ȟ ȟ (1.22) 

ʜʝ ʢʦʝʬʽʮʽʻʥʪ ʦʧʦʨʫ [82, 85-87]: 

- ʧʨʠ Reʪ Ò1000: ὅ
ςτ

2Å̓
ρ 2Å̓ȟ Ƞ (1.23) 

- ʧʨʠ Reʪ Ó1000: ὅ πȟττȢ (1.24) 

ʂʨʠʪʝʨʽʡ ʈʝʡʥʦʣʴʜʩʘ ʜʣʷ ʪʚʝʨʜʦʾ ʪʘ ʛʘʟʦʚʦʾ ʬʘʟ [82, 85-87]: 

2Å̓
ȿύ̄ ύ̓ȿὨ̆”̄‐̄

‘̄
Ƞ        2Å̄

Ὄ ̐ ύ̑̄”̄‐̄

‘̄
Ȣ (1.25) 

ʄʦʜʫʣʴ ʥʘʧʨʫʞʝʥʴ ʪʚʝʨʜʦʾ ʬʘʟʠ [82, 85-87]: 

ὋὩ̄
‬ὖ

‬‐
ρπȟ ̄ ȟ Ȣ (1.26) 

ɼʣʷ ʦʙʣʘʩʪʽ ʨʦʟʚʠʥʝʥʦʛʦ ʧʦʪʦʢʫ ʨʦʙʠʪʴʩʷ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʢʦʝʬʽʮʽʻʥʪ 

ʪʝʨʪʷ fʛ, ʤʦʜʠʬʽʢʦʚʘʥʽ ʚʠʨʘʟʦʤ ʍʘʛʝʥʘ-ʇʫʘʡʟʝʣʷ, ʪʘʢʠʡ, ʷʢ ʽ ʜʣʷ ʩʘʤʦʛʦ ʛʘʟʫ ʪʘ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʨʝʞʠʤʫ [82, 85-87]: 
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- ʧʨʠ Reʪ Ò 2100: Ὢ̄
ρφ

2Å̄
Ƞ (1.27) 

- ʧʨʠ 2100 Ò Reʪ Ò 100000: 
Ὢ̄

πȟπχωρ

2Å̄ȟ
Ƞ 

(1.28) 

- ʧʨʠ Reʪ > 100000: 
█̄

ἴἷἯἠἭ̄ █̄ ȟȢ (1.29) 

ʇʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʚʚʦʜʠʪʴʩʷ ʢʦʨʝʣʷʮʽʷ ʂʘʥʥʦ [82, 85-87]: 

Ὢ̓ πȟππςυύ̓ Ȣ (1.30) 

ɺʪʨʘʪʠ ʪʠʩʢʫ ʥʘ ʥʘʜʘʥʥʷ ʽʤʧʫʣʴʩʫ ʛʘʟʫ ʪʘ ʪʚʝʨʜʠʤ ʯʘʩʪʠʥʢʘʤ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʟ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ [82, 85-87]: 

Ўὖ̨̝̍̐̔̌̒̔

ρ

ς
”̓Ͻ‐̓Ͻύ̓ ”̄Ͻ‐̄Ͻύ̄ Ȣ (1.31) 

ɿʘʛʘʣʴʥʽ ʚʪʨʘʪʠ ʪʠʩʢʫ ʥʘ ʧʦʜʦʣʘʥʥʷ ʪʝʨʪʷ ʫ ʧʩʝʚʜʦʟʨʽʜʞʝʥʦʤʫ ʰʘʨʽ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʷʢ ʩʫʤʘ ʚʪʨʘʪ ʥʘ ʪʝʨʪʷ ʪʚʝʨʜʦʾ ʪʘ ʛʘʟʦʚʦʾ ʬʘʟ [82, 85-87]: 

Ўὖ̓̆̑̓ Ў̠ὖ̓Ȣ̄Ȣ Ўὖ̓Ȣ̓ȢȢ (1.32) 

ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʚʪʨʘʪ ʪʠʩʢʫ ʥʘ ʧʦʜʦʣʘʥʥʷ ʩʠʣ ʪʝʨʪʷ ʥʝ ʽʩʥʫʻ 

ʫʥʚ̔ʝʨʩʘʣʴʥʦʛʦ ʩʧʦʩʦʙʫ. ʆʜʠʥ ʽʟ ʩʧʦʩʦʙʽʚ ʧʦʣʷʛʘʻ ʫ ʚʠʟʥʘʯʝʥʥʽ ʪʝʨʪʷ ʪʚʝʨʜʠʭ 

ʯʘʩʪʠʥʦʢ ʯʝʨʝʟ ʥʦʨʤʘʣʴʥ ̔ʥʘʧʨʫʞʝʥʥ ̫ʽ ʜʦ ʚʥʫʪʨʽʰʥʴʦʛʦ ʢʫʪʘ ʪʝʨʪʷ: 

Ўὖ̠̓̆̑̓
τ

Ὄ ̐̑
ʐ̄ ʐ̓ὨὼȢ (1.33) 

ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʡ ʤʝʪʦʜ ʡʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʜʣʷ ʚʠʧʘʜʢʫ ʨʦʟʚʠʥʝʥʦʛʦ 

ʧʦʪʦʢʫ ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʽʚʥʷʥʥʷ ʌʘʥʥʽʥʛʘ [82, 85-87]: 

τʐ̄ ʐ̓
Ὄ ̐̑

τ

Ὄ ̐̑

ρ

ς
”̄‐̄ύ̄ Ὢ̄

ρ

ς
”̓‐̓ύ̓ Ὢ̓ Ȣ (1.34) 

ʇʨʠ ʨʦʟʛʣʷʜʽ ʪʝʨʪʷ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʨʽʚʥʷʥʥʷ (1.34) ʩʧʨʦʱʫʻʪʴʩʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷ [83]: 

—
‐̓”̓ύ̓

‐̄”̄ύ̄
Ȣ (1.35) 

ʊʦʜʽ ʚʪʨʘʪʠ ʪʠʩʢʫ ʥʘ ʪʝʨʪʷ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʘ 

ʪʝʨʪʷ ʜʣʷ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ fʪ  [83]: 
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Ўὖ̓Ȣ̓Ȣ
ς

Ὄ ̐̑
Ὢ̓—ύ̄”̄ύ̓ὌȢ (1.36) 

ʆʜʥʘʢ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʂʽʥʥʦ ʽ ʉʘʡʪʦ ʚʩʪʘʥʦʚʠʣʠ 

ʢʦʨʝʣʷʮʽʡʥʫ ʟʘʣʝʞʥʽʩʪʴ [83]: 

ςὪ̓ύ̓ υȟχϽρπ ÇὌ ̐ Ȣ̑ (1.37) 

ʊʦʤʫ, ʚʪʨʘʪʠ ʪʠʩʢʫ ʥʘ ʧʦʜʦʣʘʥʥʷ ʪʝʨʪʷ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ [83]: 

Ўὖ̓Ȣ̓Ȣ υȟχϽρπ
ρ

Ὄ ̐̑
‐̄”̄ύ̄—Ὄ ÇὌ ̐ Ȣ̑ (1.38) 

ɺʪʨʘʪʠ ʪʠʩʢʫ ʚ ʨʦʟʚʠʥʝʥʽʡ ʦʙʣʘʩʪʽ ʧʦʪʦʢʫ ʥʘ ʧʦʜʦʣʘʥʥʷ ʪʝʨʪʷ ʛʘʟʫ [83]: 

Ўὖ̓Ȣ̄Ȣ ςὪ̄‐̄”̄ύ̄ Ὄ
ρ

Ὄ ̐̑
Ȣ (1.39) 

ɺʪʨʘʪʠ ʪʠʩʢʫ ʥʘ ʛʨʘʚʽʪʘʮʽʡʥʫ ʩʢʣʘʜʦʚʫ ʚ CFB ʤʦʜʝʣʽ [83]: 

Ўὖ̨̄̅̑̏̒̓Ȣ ÇὌ”̓‐̓ ”̄‐̄Ȣ (1.40) 

ʊʘʢʠʤ ʯʠʥʦʤ, ʽʩʥʫʶʯʽ ʨʽʚʥʷʥʥʷ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʫʤʦʚ 

ʧʨʠ ʙʘʨʙʦʪʘʞʥʦʤʫ, ʘʙʦ ʬʦʥʪʘʥʫʶʯʦʤʫ ʨʝʞʠʤʘʭ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ ʜʘʶʪʴ ʟʤʦʛʫ 

ʽʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ ʦʧʠʩʘʪʠ ʨʝʘʣʴʥʠʡ ʧʨʦʮʝʩ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʾʭ ʧʦʨʽʚʥʷʥʥʷ ʟ ʜʦʩʣʽʜʥʠʤʠ ʜʘʥʠʤʠ [82-87]. ʆʜʥʘʢ ʯʝʨʝʟ 

ʚʽʜʩʫʪʥʽʩʪʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʝʨʝʭʽʜʥʦʛʦ ʩʪʨʫʤʝʥʝʚʦ-

ʧʫʣʴʩʘʮʽʡʥʦʛʦ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ ʚ ʘʚʪʦʢʦʣʠʚʘʣʴʥʦʤʫ ʨʝʞʠʤʽ, ʷʢʠʡ ʽʟ ʪʦʯʢʠ ʟʦʨʫ 

ʧʨʦʮʝʩʽʚ ʧʝʨʝʥʝʩʝʥʥʷ  ̒ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ, ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʥʝ ʽʩʥʫʻ ʤʦʜʝʣʝʡ 

ʜʣʷ ʡʦʛʦ ʦʧʠʩʫ, ʪʦʤʫ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʡʦʛʦ ʨʝʘʣʽʟʘʮʽʾ ʻ ʜʫʞʝ 

ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ. 
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ʈʆɿɼɯʃ 2. ʄʆɼɽʃʖɺɸʅʅʗ ʉʊʈʋʄɽʅɽɺʆ-ʇʋʃʔʉɸʎɯʁʅʆɻʆ 

ʇʉɽɺɼʆɿʈɯɼɾɽʅʅʗ ɺ ɸɺʊʆʂʆʃʀɺɸʃʔʅʆʄʋ ʈɽɾʀʄɯ 

 

2.1 ʌʽʟʠʯʥʘ ʤʦʜʝʣʴ ʛʨʘʥʫʣʷʮʽʾ ʦʨʛʘʥʦ-ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚ ʧʨʠ 

ʟʥʝʚʦʜʥʝʥʥʽ ʨʽʜʢʠʭ ʛʝʪʝʨʦʛʝʥʥʠʭ ʩʠʩʪʝʤ ʫ ʧʩʝʚʜʦʟʨʽʜʞʝʥʦʤʫ ʰʘʨʽ 

 

ɼʣʷ ʦʜʝʨʞʘʥʥʷ ʛʨʘʥʫʣʴʦʚʘʥʠʭ ʪʚʝʨʜʠʭ ʢʦʤʧʦʟʠʪʽʚ, ʱʦ ʤʽʩʪʷʪʴ ʤʽʥʝʨʘʣʴʥʽ 

ʧʦʞʠʚʥʽ ʨʝʯʦʚʠʥʠ, ʨʦʟʢʠʩʣʶʶʯʽ ʜʦʤʽʰʢʠ ʪʘ ʛʫʤʽʥʦʚʽ ʢʦʤʧʦʥʝʥʪʠ ʥʝʦʙʭʽʜʥʦ 

ʩʪʚʦʨʠʪʠ ʙʘʛʘʪʦʰʘʨʦʚʫ ʩʪʨʫʢʪʫʨʫ ʽʟ ʪʦʚʱʠʥʦʶ 1...10Ŀ10
-6
 ʤ, ʱʦ ʟʘʙʝʟʧʝʯʠʪʴ 

ʩʪʘʪʠʩʪʠʯʥʫ ʨʽʚʥʦʤʽʨʥʽʩʪʴ ʨʦʟʧʦʜʽʣʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʧʦ ʦʙôʻʤʫ ʛʨʘʥʫʣʴʦʚʘʥʦʛʦ 

ʧʨʦʜʫʢʪʫ ʟ ʜʽʘʤʝʪʨʦʤ de = 1,5...4,0 ʤʤ. 

ʇʨʠʥʮʠʧʦʚʫ ʩʭʝʤʫ ʧʨʦʚʝʜʝʥʥʷ ʪʘʢʦʛʦ ʧʨʦʮʝʩʫ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 2.1. 

ʉʪʘʜʽʷ 0 ʉʪʘʜʽʷ 1 ʉʪʘʜʽʷ 2 ʉʪʘʜʽʷ 3 ʉʪʘʜʽʷ 4 

 

ʈʠʩʫʥʦʢ 2.1 ï ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʧʨʦʮʝʩʫ ʦʜʝʨʞʘʥʥʷ ʦʨʛʘʥʦ-ʤʽʥʝʨʘʣʴʥʠʭ 

ʜʦʙʨʠʚ ʽʟ ʧʦʰʘʨʦʚʦʶ ʩʪʨʫʢʪʫʨʦʶ 

 

ʅʘ ʩʪʘʜʽʾ 0, ʨʠʩʫʥʦʢ 2.1, ʧʦʯʘʪʢʦʚʽ ʮʝʥʪʨʠ ʛʨʘʥʫʣʷʮʽʾ ʽʟ deʧ ʧʨʠ ʧʽʜʚʝʜʝʥʥʽ 

ʟʨʽʜʞʫʚʘʣʴʥʦʛʦ ʘʛʝʥʪʫ (ʪʝʧʣʦʥʦʩʽʷ) ʽʟ ʰʚʠʜʢʽʩʪʶ wʨ > wʢʨ ʪʘ ʪʝʤʧʝʨʘʪʫʨʦʶ ʊʚʭ  

ʥʘʛʨʽʚʘʶʪʴʩʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʰʘʨʫ ʊh  = 90...96 
ʦ
ʉ. 

ʇʨʠ ʜʦʩʷʛʥʝʥʥʽ ʟʘʜʘʥʦʛʦ ʟʥʘʯʝʥʥʷ ʊh ʚ ʩʝʨʝʜʠʥʫ ʧʩʝʚʜʦʟʨʽʜʞʝʥʦʛʦ ʰʘʨʫ 

ʤʝʭʘʥʽʯʥʠʤ ʜʠʩʧʝʨʛʘʪʦʨʦʤ ʚʚʦʜʠʪʴʩʷ ʨʽʜʢʘ ʬʘʟʘ, ʷʢʘ ʥʘ ʧʦʚʝʨʭʥʽ ʯʘʩʪʠʥʦʢ, 

ʚʥʘʩʣʽʜʦʢ ʜʽʾ ʘʜʛʝʟʽʡʥʦ-ʩʦʨʙʮʽʡʥʠʭ ʩʠʣ, ʫʪʚʦʨʶʻ ʥʘʜʪʦʥʢʫ ʧʣʽʚʢʫ ʨʽʜʠʥʠ. ɼʣʷ 
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ʟʘʧʦʙʽʛʘʥʥʷ ʧʝʨʝʟʚʦʣʦʞʝʥʥʷ ʪʘ ʫʪʚʦʨʝʥʥʷ ʘʛʣʦʤʝʨʘʪʽʚ, ʯʘʩ ʧʝʨʝʙʫʚʘʥʥʷ ʛʨʘʥʫʣ 

ʫ ʟʦʥʽ ʟʨʦʰʝʥʥʷ ʧʦʚʠʥʝʥ ʙʫʪʠ ʷʢʦʤʦʛʘ ʤʝʥʰʠʤ, ʘ ʟʚʦʣʦʞʝʥʽ ʛʨʘʥʫʣʠ ʥʝʦʙʭʽʜʥʦ 

ʰʚʠʜʢʦ ʨʦʟʧʦʜʽʣʠʪʠ ʤʽʞ ʩʫʭʠʤʠ ʛʨʘʥʫʣʘʤʠ. ʎʴʦʛʦ ʤʦʞʣʠʚʦ ʜʦʩʷʛʪʠ ʰʣʷʭʦʤ 

ʩʪʚʦʨʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʦʙôʻʤʥʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʪʚʝʨʜʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʟʨʽʜʞʫʚʘʣʴʥʦʛʦ ʘʛʝʥʪʫ-ʪʝʧʣʦʥʦʩʽʷ, ʩʪʘʜʽʷ 1, ʨʠʩʫʥʦʢ 2.1. 

ʅʘ ʩʪʘʜʽʾ 3, ʨʠʩʫʥʦʢ 2.1, ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʚʦʣʦʛʠ ʟ ʫʪʚʦʨʝʥʦʾ 

ʥʘ ʧʦʚʝʨʭʥʽ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʧʣʽʚʢʠ ʨʽʜʠʥʠ ʟ ʦʜʥʦʯʘʩʥʠʤ ʧʝʨʝʨʦʟʧʦʜʽʣʦʤ 

ʚʦʣʦʛʠ ʤʽʞ ʨʝʰʪʦʶ ʩʫʭʠʭ ʛʨʘʥʫʣ ʟʘ ʨʘʭʫʥʦʢ ʧʽʜʚʝʜʝʥʥʷ ʪʝʧʣʦʪʠ ʚʽʜ ʩʫʭʠʭ 

ʛʨʘʥʫʣ ʪʘ ʛʘʟʦʚʦʛʦ ʪʝʧʣʦʥʦʩʽʷ. ʇʨʠ ʮʴʦʤʫ, ʧʨʦʮʝʩ ʟʥʝʚʦʜʥʝʥʥʷ ʪʘ ʩʫʰʽʥʥʷ 

ʜʦʮʽʣʴʥʦ ʧʨʦʚʦʜʠʪʠ ʫ ʬʽʣʴʪʨʘʮʽʡʥʦʤʫ ʨʝʞʠʤʽ (ʩʪʘʜʽʷ 3), ʨʠʩʫʥʦʢ 2.1. ʎʝ 

ʜʦʟʚʦʣʠʪʴ ʜʦʩʷʛʪʠ ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʝʨʝʥʝʩʝʥʥʷ ʜʠʬʫʟʽʡʥʦ 

ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʩʧʨʠʷʪʠʤʝ ʧʽʜʚʠʱʝʥʥʶ ʤʝʭʘʥʽʯʥʦʾ ʤʽʮʥʦʩʪʽ 

ʥʦʚʦʫʪʚʦʨʝʥʦʛʦ ʤʽʢʨʦʰʘʨʫ ʥʘ ʧʦʚʝʨʭʥʽ ʛʨʘʥʫʣ. 

ʇʽʩʣʷ ʩʪʘʜʽʾ 3, ʨʠʩʫʥʦʢ 2.1, ʟʝʨʥʠʩʪʠʡ ʤʘʪʝʨʽʘʣ ʟʘ ʢʦʨʦʪʢʠʡ ʪʝʨʤʽʥ 

ʢʦʥʪʘʢʪʫʻ ʽʟ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʤ ʪʝʧʣʦʥʦʩʽʻʤ, ʧʨʠ ʯʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʚʥʝ 

ʚʠʜʘʣʝʥʥʷ ʚʦʣʦʛʠ ʽʟ ʛʨʘʥʫʣ, ʷʢʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʮʴʦʛʦ ʥʘʙʫʚʘʶʪʴ ʪʝʤʧʝʨʘʪʫʨʠ, 

ʙʣʠʟʴʢʦʾ ʜʦ ʊh ʽ ʚ ʧʦʜʘʣʴʰʦʤʫ ʧʦʚʝʨʪʘʶʪʴʩʷ ʚ ʟʦʥʫ ʟʨʦʰʝʥʥʷ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʙʘʛʘʪʦʢʨʘʪʥʦʛʦ ʮʠʢʣʽʯʥʦʛʦ ʧʨʦʭʦʜʞʝʥʥʷ ʚʩʽʭ ʩʪʘʜʽʡ 1-3 

ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʜʽʘʤʝʪʨ ʰʘʨʫ ʟʙʽʣʴʰʫʻʪʴʩʷ ʽʟ ʩʝʨʝʜʥʴʦʶ ʣʽʥʽʡʥʦʶ ʰʚʠʜʢʽʩʪʶ 

ʨʦʩʪʫ ʛʨʘʥʫʣ (l) ʜʦ ʟʘʜʘʥʦʛʦ ʢʽʥʮʝʚʦʛʦ (dʝ(ʢ̔ ʥʮ.)) ʟʘ ʯʘʩ Dt ʧʨʦʭʦʜʞʝʥʥʷ n ʮʠʢʣʽʚ: 

de(ʢʽʥʮ.)  =  dʝ(i)+ɚȹŰ.     (2.1) 

ɻʨʘʥʫʣʠ, ʷʢʽ ʜʦʩʷʛʥʫʪʴ ʟʘʜʘʥʦʛʦ ʨʦʟʤʽʨʫ (de(ʢʽʥʮ.)) ʙʫʜʫʪʴ ʚʠʚʝʜʝʥʽ ʫ 

ʚʠʛʣʷʜʽ ʛʦʪʦʚʦʛʦ ʛʨʘʥʫʣʴʦʚʘʥʦʛʦ ʧʨʦʜʫʢʪʫ ʟ ʨʦʙʦʯʦʛʦ ʮʠʢʣʫ ï ʩʪʘʜʽʷ 4,  

ʨʠʩʫʥʦʢ 2.1. 

ʆʜʥʦʯʘʩʥʦ ʟ ʮʠʤ ʫʪʚʦʨʶʻʪʴʩʷ ʽ ʧʠʣʦʚʘ ʬʨʘʢʮʽʷ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ 

ʛʨʘʥʫʣʶʚʘʥʥʷ ʚʠʟʥʘʯʘʶʪʴ ʢʦʝʬʽʮʽʻʥʪʦʤ ʛʨʘʥʫʣʷʮʽʾ ɣ ï ʚʽʜʥʦʰʝʥʥʷ ʤʘʩʠ 

ʛʨʘʥʫʣʴʦʚʘʥʦʛʦ ʧʨʦʜʫʢʪʫ ʄʛʨ. ʜʦ ʤʘʩʠ ʩʫʭʠʭ ʨʝʯʦʚʠʥ ʄʩʫʭ., ʱʦ ʥʘʜʭʦʜʷʪʴ ʽʟ 

ʨʽʜʢʦʶ ʬʘʟʦʶ ʥʘ ʩʪʘʜʽʾ 1 ʫ ʟʦʥʫ ʟʨʦʰʝʥʥʷ: 
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           ʕ
ὓ̄ Ȣ̑

ὓ̒̔Ȣ̖
ρππϷȠ 

(2.2) 

ʄʛʨ.=ʄʩʫʭ.- ʄʧʠʣʫ. (2.3) 

ʎʝʡ ʢʦʝʬʽʮʽʻʥʪ ʧʦʚʠʥʝʥ ʙʫʪʠ ɣ Ó 90%, ʱʦ ʻ ʢʨʠʪʝʨʽʻʤ ʦʮʽʥʢʠ ʩʪʽʡʢʦʩʪʽ 

ʢʽʥʝʪʠʢʠ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʟʥʝʚʦʜʥʝʥʥʷ ʪʘ ʛʨʘʥʫʣʶʚʘʥʥʷ. 

ʉʫʤʽʱʝʥʥʷ ʥʘʚʝʜʝʥʠʭ ʩʪʘʜʽʡ ʚ ʦʜʥʦʤʫ ʘʧʘʨʘʪʽ ʜʦʟʚʦʣʷʻ ʪʝʭʥʽʢʘ 

ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ. 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʪʘʢʦʛʦ ʤʝʭʘʥʽʟʤʫ ʛʨʘʥʫʣʷʮʽʾ ʦʨʛʘʥʦ-ʤʽʥʝʨʘʣʴʥʠʭ 

ʢʦʤʧʦʟʠʪʽʚ ʽʟ ʧʦʰʘʨʦʚʦʶ ʩʪʨʫʢʪʫʨʦʶ, ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʽʥʪʝʥʩʠʚʥʫ 

ʮʠʨʢʫʣʷʮʽʶ ʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟ ʧʦʩʪʫʧʦʚʠʤ ʧʨʦʭʦʜʞʝʥʥʷʤ ʯʝʨʝʟ ʚʽʜʧʦʚʽʜʥʽ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʟʦʥʠ ʘʧʘʨʘʪʘ: ʟʦʥʫ ʽʥʪʝʥʩʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ (ɿ.ɯ.), ʟʦʥʫ 

ʚʠʩʭʽʜʥʦʛʦ ʧʦʪʦʢʫ (ɿ.ɺ.), ʟʦʥʫ ʟʨʦʰʝʥʥʷ (ɿ.ɿ.), ʪʘ ʟʦʥʫ ʥʠʟʭʽʜʥʦʛʦ ʨʫʭʫ ï 

ʨʝʣʘʢʩʘʮʽʾ (ɿ.ʈ.) , ʨʠʩʫʥʦʢ 2.2. 

 

 

 

 

ɿ.ɯ. ï ʟʦʥʘ ʽʥʪʝʥʩʠʚʥʦʛʦ 

ʪʝʧʣʦʦʙʤʽʥʫ; 

 

ɿ.ɺ. ï ʟʦʥʘ ʚʠʩʭʽʜʥʦʛʦ ʨʫʭʫ; 

 

ɿ.ɿ. ï ʟʦʥʘ ʟʨʦʰʝʥʥʷ; 

 

ɿ.ʈ. ï ʟʦʥʘ ʥʠʟʭʽʜʥʦʛʦ 

ʧʦʪʦʢʫ (ʨʝʣʘʢʩʘʮʽʾ) 

ʈʠʩʫʥʦʢ 2.2 ï ʌʽʟʠʯʥʘ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ ʛʨʘʥʫʣʷʮʽʾ ʚ ʘʧʘʨʘʪʽ ʽʟ 

ʧʩʝʚʜʦʟʨʽʜʞʝʥʠʤ ʰʘʨʦʤ 
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ʋ ʟʦʥʽ ʽʥʪʝʥʩʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ (ɿ.ɯ.), ʨʦʟʪʘʰʦʚʘʥʦʾ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʙʽʣʷ 

ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ɻʈʇ, ʨʠʩʫʥʦʢ 2.2, ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʜʘʯʘ ʽʤʧʫʣʴʩʫ ʚʽʜ 

ʟʨʽʜʞʫʚʘʣʴʥʦʛʦ ʘʛʝʥʪʫ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ ʊʚʭ ʜʦ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ 

ʚʦʥʠ ʨʫʭʘʶʪʴʩʷ ʟʽ ʰʚʠʜʢʽʩʪʶ, ʱʦ ʧʝʨʝʚʠʱʫʻ ʰʚʠʜʢʽʩʪʴ ʧʥʝʚʤʦʪʨʘʥʩʧʦʨʪʫ, ʪʘ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʝ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʚʦʣʦʛʠ. ʇʽʩʣʷ ʮʴʦʛʦ, ʯʘʩʪʠʥʢʠ ʟ ʟʦʥʠ 

ʽʥʪʝʥʩʠʚʥʦʛʦ ʪʝʧʣʦ-ʤʘʩʦʦʙʤʽʥʫ (ɿ.ɯ.) ʧʦʪʨʘʧʣʷʶʪʴ ʫ ʟʦʥʫ ʚʠʩʭʽʜʥʦʛʦ ʧʦʪʦʢʫ 

(ɿ.ɺ.) ʪʘ ʧʝʨʝʥʦʩʷʪʴʩʷ ʜʦ ʟʦʥʠ ʟʨʦʰʝʥʥʷ (ɿ.ɿ.), ʜʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʦʟʧʦʜʽʣʝʥʥʷ 

ʨʽʜʢʦʾ ʬʘʟʠ ʧʦ ʧʦʚʝʨʭʥʽ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ, ʷʢʘ ʟʘ ʨʘʭʫʥʦʢ ʘʜʛʝʟʽʡʥʦ-ʩʦʨʙʮʽʡʥʠʭ 

ʩʠʣ ʫʪʨʠʤʫʻʪʴʩʷ ʥʘ ʾʭ ʧʦʚʝʨʭʥʽ ʫ ʚʠʛʣʷʜʽ ʪʦʥʢʦʾ ʧʣʽʚʢʠ. ʇʨʦʮʝʩ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʥʘʩʠʯʝʥʥʷʤ ʚʦʣʦʛʦʶ ʛʘʟʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 

ʤʦʢʨʦʛʦ ʪʝʨʤʦʤʝʪʨʘ ʪʘ ʡʦʛʦ ʥʘʩʪʫʧʥʠʤ ʚʽʜʚʝʜʝʥʥʷʤ ʽʟ ʘʧʘʨʘʪʘ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ 

ʊʚʠʭ. ʊʚʝʨʜʽ ʯʘʩʪʠʥʢʠ, ʥʘ ʧʦʚʝʨʭʥʽ ʷʢʠʭ ʚʥʘʩʣʽʜʦʢ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʚʦʣʦʛʠ ʪʘ 

ʤʘʩʦʚʦʾ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʫʪʚʦʨʶʻʪʴʩʷ ʤʽʢʨʦ-ʰʘʨ, ʧʝʨʝʤʽʱʫʶʪʴʩʷ ʚ ʟʦʥʫ ʨʝʣʘʢʩʘʮʽʾ 

(ɿ.ʈ.) ʜʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʽʮʥʝʥʥʷ ʥʦʚʦʫʪʚʦʨʝʥʦʾ ʩʪʨʫʢʪʫʨʠ. ʆʜʥʦʯʘʩʥʦ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʦʨʙʮʽʷ ʯʘʩʪʠʥʠ ʧʘʨʽʚ ʚʦʣʦʛʠ ʩʫʭʠʤʠ ʛʨʘʥʫʣʘʤʠ. ʈʝʰʪʘ ʚʦʣʦʛʠ 

ʧʝʨʝʥʦʩʠʪʴʩʷ ʜʦ ʛʘʟʦʚʦʛʦ ʪʝʧʣʦʥʦʩʽʷ, ʷʢʠʡ ʨʫʭʘʻʪʴʩʷ ʚ ʨʝʞʠʤʽ ʬʽʣʴʪʨʘʮʽʾ ʯʝʨʝʟ 

ʰʘʨ ʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ɯʟ ʟʦʥʠ (ɿ.ʈ.)  ʟʝʨʥʠʩʪʠʡ ʤʘʪʝʨʽʘʣ ʟʥʦʚʫ ʥʘʜʭʦʜʠʪʴ ʜʦ ʟʦʥʠ (ɿ.ɯ.). ʇʨʦʮʝʩ 

ʙʘʛʘʪʦʨʘʟʦʚʦ ʧʦʚʪʦʨʶʻʪʴʩʷ, ʜʦ ʜʦʩʷʛʥʝʥʥʷ ʛʨʘʥʫʣʘʤʠ  ʟʘʜʘʥʦʛʦ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ 

ʜʽʘʤʝʪʨʘ, ʪʦʙʪʦ ʘʧʘʨʘʪ ʧʨʘʮʶʻ ʚ ʘʚʪʦʢʦʣʠʚʘʣʴʥʦʤʫ ʨʝʞʠʤʽ. 

ʆʪʞʝ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʟʥʝʚʦʜʥʝʥʥʷ ʪʘ ʛʨʘʥʫʣʷʮʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʨʫʰʽʡʥʦʶ ʩʠʣʦʶ ʤʘʩʦʧʝʨʝʜʘʯʽ ʚ ʛʘʟʦʚʦʤʫ ʪʝʧʣʦʥʦʩʽʾ ʪʘ ʦʥʦʚʣʝʥʥʷʤ ʧʦʚʝʨʭʥʽ 

ʢʦʥʪʘʢʪʫ ʬʘʟ ʚ ʟʦʥʽ ʟʨʦʰʝʥʥʷ (ɿ.ɿ.). 

ɼʣʷ ʮʴʦʛʦ, ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʚʟʘʻʤʦʜʽʶ ʛʘʟʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ 

ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ, ʧʨʠ ʷʢʽʡ ʨʝʘʣʽʟʫʶʪʴʩʷ ʧʦʣʦʞʝʥʥʷ ʬʽʟʠʯʥʦʾ ʤʦʜʝʣʽ. 

ɺʠʙʽʨ ʨʘʮʽʦʥʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ɻʈʇ ʪʘ ʢʘʤʝʨʠ ʛʨʘʥʫʣʷʪʦʨʘ ʜʦʟʚʦʣʠʪʴ 

ʜʦʩʷʛʪʠ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ. 
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2.2 ʌʽʟʠʯʥʘ ʤʦʜʝʣʴ ʥʝʦʜʥʦʨʽʜʥʦʛʦ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ 

 

ʇʨʦʮʝʩ ʟʥʝʚʦʜʥʝʥʥʷ ʪʘ ʛʨʘʥʫʣʷʮʽʾ ʤʦʞʣʠʚʠʡ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʛʘʟʦʚʦʛʦ 

ʪʝʧʣʦʥʦʩʽʷ, ʪʝʤʧʝʨʘʪʫʨʘ ʷʢʦʛʦ ʧʝʨʝʚʠʱʫʻ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʥʷ ʤʽʥʝʨʘʣʴʥʠʭ 

ʨʝʯʦʚʠʥ ʫ ʨʽʜʢʠʭ ʩʠʩʪʝʤʘʭ. ɽʢʦʥʦʤʽʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʟʨʦʩʪʘʻ ʧʨʠ 

ʟʙʽʣʴʰʝʥʥʽ ȹʊ=ʊʚʭ-ʊh. 

ɺʠʟʥʘʯʘʣʴʥʫ ʨʦʣʴ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʩʪʽʡʢʦʾ ʢʽʥʝʪʠʢʠ ʧʨʦʮʝʩʫ ʟʥʝʚʦʜʥʝʥʥʷ ʪʘ 

ʛʨʘʥʫʣʷʮʽʾ ʚʽʜʽʛʨʘʻ ʛʽʜʨʦʜʠʥʘʤʽʢʘ. 

ʆʩʥʦʚʥʠʤʠ ʚʠʤʦʛʘʤʠ ʜʦ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʨʝʞʠʤʫ ʻ: 

ï ʚʽʜʩʫʪʥʽʩʪʴ ʟʘʩʪʽʡʥʠʭ ʟʦʥ ʥʘ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʥʷʭ ʛʘʟʦʨʦʟʧʦʜʽʣʴʥʦʛʦ 

ʧʨʠʩʪʨʦʶ (ɻʈʇ); 

ï ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʢʪʠʚʥʦʛʦ ʦʙôʻʤʥʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʰʣʷʭʦʤ 

ʚʠʥʝʩʝʥʥʷ ʱʦʥʘʡʤʝʥʰʝ 40% ʤʘʩʠ ʰʘʨʫ ʟʘ ʤʝʞʽ ʨʦʙʦʯʦʾ ʟʦʥʠ ʟ 

ʥʘʩʪʫʧʥʠʤ ʧʦʚʝʨʥʝʥʥʷʤ ʜʦ ʥʝʾ ʽʟ ʯʘʩʪʦʪʦʶ 1,5 Ò f Ò 3,5 ɻʮ; 

ï ʥʘʷʚʥʽʩʪʴ ʤʽʥʽʤʘʣʴʥʦ ʜʦʩʪʘʪʥʴʦʾ ʧʦʚʝʨʭʥʽ ʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚ ʟʦʥʽ 

ʟʨʦʰʝʥʥʷ. 

 

2.2.1 ɺʟʘʻʤʦʜʽʷ ʛʘʟʦʚʦʛʦ ʩʪʨʫʤʝʥʷ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʛʘʟʦʨʦʟʧʦʜʽʣʴʥʦʛʦ 

ʧʨʠʩʪʨʦʶ ʱʽʣʠʥʥʦʛʦ ʪʠʧʫ 

 

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʥʝʦʜʥʦʨʽʜʥʦʛʦ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ ʨʦʟʛʣʷʜʘʻʤʦ 

ʢʦʤʽʨʢʫ, ʱʦ ʥʘʙʫʚʘʻ ʬʦʨʤʫ ʧʘʨʘʣʝʣʝʧʽʧʝʜʘ ʽʟ ʨʦʟʤʽʨʘʤʠ ɸĬɺĬʅ. ʇʨʠ ʮʴʦʤʫ, 

ʚʽʜʥʦʰʝʥʥʷ ɺ:ɸ=1:3, ʨʠʩʫʥʦʢ 2.3. 

ɺʠʩʦʪʘ ʥʝʨʫʭʦʤʦʛʦ ʰʘʨʫ ʤʘʪʝʨʽʘʣʫ ʚ ʘʧʘʨʘʪʽ ʅ0 ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʫʤʦʚ 

ʤʘʩʦʦʙʤʽʥʫ ʧʨʠ ʩʪʽʡʢʽʡ ʢʽʥʝʪʠʮʽ ʧʨʦʮʝʩʫ ʛʨʘʥʫʣʷʮʽʾ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. 

ʇʦʧʝʨʝʜʥʽʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ [88] ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʠʩʦʪʘ ʧʨʦʙʦʶ ʛʘʟʦʚʦʛʦ 

ʬʘʢʝʣʘ zʬ ʜʣʷ ʛʨʘʥʫʣʴʦʚʘʥʦʛʦ ʧʨʦʜʫʢʪʫ ʽʟ ʛʫʩʪʠʥʦʶ ɟʪ = 1450 ʢʛ/ʤ
3
, 

ʝʢʚʽʚʘʣʝʥʪʥʠʤ ʜʽʘʤʝʪʨʦʤ de = 1,42...3,97 ʤʤ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ɻʈʇ ʱʽʣʠʥʥʦʛʦ 

ʪʠʧʫ ʽʟ ʢʦʝʬʽʮʽʻʥʪʦʤ ʞʠʚʦʛʦ ʧʝʨʝʨʽʟʫ ű = 4,9 % ʩʪʘʥʦʚʠʪʴ zʬ = 80...100 ʤʤ. 

ɼʘʣʴʥʽʩʪʴ ʧʨʦʙʦʶ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ (ʧʝʨʚʠʥʥʦʛʦ) ʩʪʨʫʤʝʥʷ 1 ʩʪʘʥʦʚʠʪʴ  
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ʭʛʦʨ. = 80 ʤʤ [88], ʨʠʩʫʥʦʢ 2.3 ʚ, ʷʢʠʡ ʚʚʦʜʠʪʴʩʷ ʚ ʪ. p, ʨʠʩʫʥʦʢ 2.3. ʅʘ ʚʽʜʩʪʘʥʽ 

ʭʛʦʨ. ʩʪʨʫʤʽʥʴ ʟʤʽʥʶʻ ʛʦʨʠʟʦʥʪʘʣʴʥʠʡ ʥʘʧʨʷʤʦʢ ʥʘ ʚʝʨʪʠʢʘʣʴʥʠʡ ʽ ʥʘ ʚʠʩʦʪʽ ȹ  

(ʪ. k) ʚʽʜ ʧʣʦʱʠʥʠ ɯ-ɯ ʧʦʯʠʥʘʻ ʪʨʘʥʩʬʦʨʤʫʚʘʪʠʩʷ ʫ ʛʘʟʦʚʫ ʙʫʣʴʙʘʰʢʫ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʚ ʪʦʯʢʫ k ʚʝʨʪʠʢʘʣʴʥʦ ʚʚʦʜʠʪʠ ʜʦʜʘʪʢʦʚʠʡ (ʚʪʦʨʠʥʥʠʡ) 

ʛʘʟʦʚʠʡ ʩʪʨʫʤʽʥʴ 2, ʷʢʠʡ ʩʪʚʦʨʶʻ ʛʘʟʦʚʠʡ ʬʘʢʝʣ ʚʠʩʦʪʦʶ zʬ . ʂʘʥʘʣ ʫʪʚʦʨʝʥʦʛʦ 

ʩʪʨʫʤʝʥʷ 2 ʽʥʪʝʥʩʠʚʥʦ ʧʽʜʞʠʚʣʶʻʪʴʩʷ ʧʝʨʚʠʥʥʠʤ ʛʘʟʦʚʠʤ ʩʪʨʫʤʝʥʝʤ 1. 

 
ʈʠʩʫʥʦʢ 2.3 ï ʌʽʟʠʯʥʘ ʤʦʜʝʣʴ ʚʟʘʻʤʦʜʽʾ ʧʣʘʩʢʠʭ ʛʘʟʦʚʠʭ ʩʪʨʫʤʝʥʽʚ ʽʟ ʟʝʨʥʠʩʪʠʤ 

ʤʘʪʝʨʽʘʣʦʤ: ʘ) ʬʘʟʘ ʬʦʨʤʫʚʘʥʥʷ ʛʘʟʦʚʦʾ ʙʫʣʴʙʘʰʢʠ; ʙ) ʬʘʟʘ ʽʥʝʨʮʽʡʥʦʛʦ 

ʚʠʥʝʩʝʥʥʷ ʤʘʪʝʨʽʘʣʫ; ʚ) ʬʦʨʤʫʚʘʥʥʷ ʛʘʟʦʚʦʛʠʭ ʬʘʢʝʣʽʚ ʙʽʣʷ ʧʦʚʝʨʭʥʽ ɻʈʇ 

 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʪʦʛʦ, ʱʦ ʰʚʠʜʢʽʩʪʴ ʧʽʜʚʝʜʝʥʥʷ ʛʘʟʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ 

ʦʙôʻʜʥʘʥʠʡ ʩʪʨʫʤʽʥʴ ʧʝʨʝʚʠʱʫʻ ʰʚʠʜʢʽʩʪʴ ʬʽʣʴʪʨʘʮʽʾ ʧʦ ʧʝʨʠʤʝʪʨʫ ʫʪʚʦʨʝʥʠʭ 
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ʛʘʟʦʚʠʭ ʧʫʩʪʦʪ, ʥʘ ʚʠʩʦʪʽ ȹ+zʬ ʧʦʯʠʥʘʻ ʟʨʦʩʪʘʪʠ ʛʘʟʦʚʘ ʙʫʣʴʙʘʰʢʘ ʟʘ ʫʤʦʚʠ, 

ʷʢʱʦ (ȹ+zʬ)/H0 << 0,5. ʗʢʱʦ ʮʷ ʫʤʦʚʘ ʥʝ ʚʠʢʦʥʫʻʪʴʩʷ ï ʨʝʘʣʽʟʫʻʪʴʩʷ ʟʚʠʯʘʡʥʠʡ 

ʨʝʞʠʤ ʬʦʥʪʘʥʫʚʘʥʥʷ. 

ʉʪʘʥ ʨʽʚʥʦʚʘʛʠ ʩʠʣ, ʱʦ ʜʽʶʪʴ ʥʘ ʙʫʣʴʙʘʰʢʫ ʚ ʤʦʤʝʥʪ ʧʦʯʘʪʢʫ ʾʾ ʨʫʭʫ ʜʦ 

ʚʝʨʭʥʴʦʾ ʤʝʞʽ ʰʘʨʫ, ʟʘʧʠʰʝʪʴʩʷ: 

ɝὖ̨̐̅̊̏̍ɝ̔ὖ̨̘̄̅̑̏̒̓́̓̉̎̉̊Ƞ (2.4) 

ὠ̂”̓ ρ ‐ Ç Ὂ̂ Ὄ Ὠ̂ ᾀ̕ ɝ”̓ ρ ‐ Çȟ (2.5) 

ʘʙʦ: 

ὠ̂ Ὂ̂ Ὄ Ὠ̂ ᾀ̕ ɝȟ (2.6) 

ʜʝ Vʙ = d́ʙ
3
/6 ï ʦʙôʻʤ ʩʬʝʨʠʯʥʦʾ ʛʘʟʦʚʦʾ ʙʫʣʴʙʘʰʢʠ, ʤ

3
; Fʙ = d́ʙ

2
/4 ï ʧʦʧʝʨʝʯʥʠʡ 

ʛʦʨʠʟʦʥʪʘʣʴʥʠʡ ʧʝʨʝʨʽʟ ʙʫʣʴʙʘʰʢʠ, ʤ
2
. 

ɼʣʷ ʚʠʧʘʜʢʫ ʧʣʘʩʢʠʭ ʱʽʣʠʥ, ʯʝʨʝʟ ʷʢʽ ʧʦʜʘʶʪʴʩʷ ʛʘʟʦʚʽ ʩʪʨʫʤʝʥʽ, 

ʫʪʚʦʨʝʥʘ ʙʫʣʴʙʘʰʢʘ ʤʘʻ ʮʠʣʽʥʜʨʠʯʥʫ ʬʦʨʤʫ ʟ ʛʦʨʠʟʦʥʪʘʣʴʥʦʶ ʚʽʩʩʶ ʩʠʤʝʪʨʽʾ 

ʪʘ ʰʠʨʠʥʦʶ ʮʠʣʽʥʜʨʘ ɺ, ʪʦʙʪʦ: 

ὠ̂
“Ὠ̂

τ
ὄȠ             Ὂ̂ Ὠ̂ὄȟ 

(2.7) 

ʜʝ ɺ ï ʰʠʨʠʥʘ ʢʘʤʝʨʠ ʘʧʘʨʘʪʘ, ʤ. 

ʊʦʜʽ: “Ὠ̂

τ
ὄ Ὠ̂ὄὌ Ὠ̂ ᾀ̕ ɝȟ (2.8) 

ʟʚʽʜʢʠ ʜʽʘʤʝʪʨ ʙʫʣʴʙʘʰʢʠ: 

Ὠ̂
Ὄ ᾀ̕ ɝ

ρ
“
τ

Ȣ (2.9) 

ʄʘʪʝʨʽʘʣ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʧʝʨʝʜ ʣʦʙʦʚʦʶ ʯʘʩʪʠʥʦʶ ʙʫʣʴʙʘʰʢʠ, ʧʨʠ ʾʾ 

ʚʠʭʦʜʽ ʙʫʜʝ ʽʥʝʨʮʽʡʥʦ ʚʠʥʝʩʝʥʠʡ ʟʘ ʤʝʞʽ ʧʦʯʘʪʢʦʚʦʛʦ ʰʘʨʫ, ʚʠʩʦʪʦʶ ʅ0. ʗʢʱʦ 

ʟʘʣʠʰʢʦʚʘ ʚʠʩʦʪʘ ʰʘʨʫ ʚ ʟʦʥʽ ʜʽʾ ʩʪʨʫʤʝʥʷ 2 ʧʦ ʧʣʦʱʠʥʽ kn ʩʪʘʥʦʚʠʪʴ  

ʅʟʘʣ. > (ȹ+zʬ), ʨʠʩʫʥʦʢ 2.3 ï ʚʽʜʙʫʚʘʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷ ʚʪʦʨʠʥʥʦʾ ʛʘʟʦʚʦʾ 

ʙʫʣʴʙʘʰʢʠ ʚʽʜʧʦʚʽʜʥʦ ʤʝʥʰʦʛʦ ʨʦʟʤʽʨʫ. 

ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʫʤʦʚʠ ʅʟʘʣ. = (ȹ+zʬ) ʚʪʦʨʠʥʥʘ ʙʫʣʴʙʘʰʢʘ ʥʝ ʫʪʚʦʨʶʻʪʴʩʷ 

ʪʘ ʨʝʘʣʽʟʫʻʪʴʩʷ ʬʦʥʪʘʥʫʶʯʠʡ ʨʝʞʠʤ. 

ɯʥʝʨʮʽʡʥʦ ʚʠʥʝʩʝʥʠʡ ʟʘ ʫʤʦʚʥʫ ʣʽʥʽʶ bdns ʟʝʨʥʠʩʪʠʡ ʤʘʪʝʨʽʘʣ ʧʽʜ ʜʽʻʶ 

ʩʠʣʠ ʪʷʞʽʥʥʷ ʩʭʦʜʠʪʴ ʽʟ ʚʠʩʦʪʠ ȹhɯ ʫ ʟʦʥʫ ɯɯ ʽ ɯɯɯ, ʱʦ ʩʧʨʠʯʠʥʶʻ ʜʠʥʘʤʽʯʥʠʡ 
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ʫʜʘʨ, ʩʧʨʷʤʦʚʘʥʠʡ ʫ ʧʨʦʪʠʣʝʞʥʦʤʫ ʜʦ ʨʫʭʫ ʛʘʟʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʘʧʨʷʤʢʫ. ʎʝ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʤʠʪʪʻʚʦʛʦ ʟʤʝʥʰʝʥʥʷ ʘʢʪʠʚʥʦʩʪʽ ʫ ʟʦʥʽ ʬʦʥʪʘʥʫʚʘʥʥʷ ʽ, ʷʢ 

ʥʘʩʣʽʜʦʢ, ʟʫʧʠʥʢʠ ʨʫʭʫ ʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ ʥʘ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʥʷʭ ɻʈʇ. 

ʆʢʨʽʤ ʪʦʛʦ, ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʨʦʭʦʜʠʪʴ ʫ ʟʦʥʘʭ ɯɯ ʪʘ 

ɯɯɯ ʽ ʤʘʡʞʝ ʥʝ ʟʘʭʦʧʣʶʻ ʟʦʥʫ ɯ. ʊʘʢʠʡ ʭʘʨʘʢʪʝʨ ʨʫʭʫ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʥʝ ʩʧʨʠʷʻ 

ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʦʥʦʚʣʝʥʥʷ ʧʦʚʝʨʭʥʽ ʢʦʥʪʘʢʪʫ ʬʘʟ ʫ ʟʦʥʽ ʟʨʦʰʝʥʥʷ, ʨʠʩʫʥʦʢ 2.3, 

ʪʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʧʨʦʮʝʩʫ ʫʪʚʦʨʝʥʥʷ ʘʛʣʦʤʝʨʘʪʽʚ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʚʠʯʘʡʥʠʡ ʩʪʨʫʤʝʥʝʚʦ-ʧʫʣʴʩʘʮʽʡʥʠʡ ʬʦʥʪʘʥʫʶʯʠʡ ʨʝʞʠʤ ʻ 

ʥʝʧʨʠʜʘʪʥʠʤ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʧʨʦʮʝʩʽʚ ʟʥʝʚʦʜʥʝʥʥʷ ʪʘ ʛʨʘʥʫʣʶʚʘʥʥʷ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʪʝʧʣʦʥʦʩʽʷ. 

 

2.2.2 ʅʝʦʜʥʦʨʽʜʥʝ ʩʪʨʫʤʝʥʝʚʦ-ʧʫʣʴʩʘʮʽʡʥʝ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ ʚ 

ʘʚʪʦʢʦʣʠʚʘʣʴʥʦʤʫ ʨʝʞʠʤʽ 

 

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʘʚʪʦʢʦʣʠʚʘʣʴʥʦʛʦ ʨʝʞʠʤʫ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʧʽʩʣʷ ʨʦʟʨʠʚʫ ʙʫʣʴʙʘʰʢʠ ʽʥʪʝʥʩʠʚʥʦ ʚʠʥʝʩʝʥʠʡ ʟʝʨʥʠʩʪʠʡ ʤʘʪʝʨʽʘʣ ʚ 

ʥʘʜʰʘʨʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʧʝʨʝʤʽʩʪʠʪʠ ʟ ʧʨʘʚʦʾ ʟʦʥʠ ɯɯ ʪʘ ɯɯɯ ʜʦ ʣʽʚʦʾ ʚʝʨʪʠʢʘʣʴʥʦʾ 

ʧʣʦʱʠʥʠ ʟʦʥʠ ɯ ʢʘʤʝʨʠ ʛʨʘʥʫʣʷʪʦʨʘ ʰʣʷʭʦʤ ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʘʧʨʘʚʣʷʶʯʦʾ 

ʚʩʪʘʚʢʠ E [88], ʱʦ ʟʫʤʦʚʣʶʻ ʟʙʽʣʴʰʝʥʥʷ ʚʠʩʦʪʠ ʰʘʨʫ, ʨʠʩʫʥʦʢ 2.4, ʪʘ 

ʧʫʣʴʩʘʮʽʡʥʦʛʦ ʟʤʽʱʝʥʥʷ ʮʝʥʪʨʘ ʤʘʩ ʰʘʨʫ ʧʦ ʚʝʨʪʠʢʘʣʴʥʽʡ ʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ 

ʦʩʷʭ, ʨʠʩʫʥʦʢ 2.5. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʮʴʦʛʦ, ʫ ʟʦʥʽ ɯ ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʫʪʪʻʚʝ ʧʫʣʴʩʘʮʽʡʥʝ ʟʙʽʣʴʰʝʥʥʷ 

ʚʠʩʦʪʠ ʰʘʨʫ ʥʘ ʚʝʣʠʯʠʥʫ æhI = (0,5...1,0) ʅ0, ʨʠʩʫʥʦʢ 2.4 ʛ, ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, 

ʟʥʘʯʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʛʽʜʨʦʩʪʘʪʠʯʥʠʡ ʪʠʩʢ ʫ ʟʦʥʽ ʥʠʟʭʽʜʥʦʛʦ ʨʫʭʫ ɯ (ʪ. p), 

ʨʠʩʫʥʦʢ 2.4. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʩʫʚʫ ʟʥʘʯʥʦʾ ʤʘʩʠ ʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚ 

ʧʝʨʝʭʽʜʥʫ ʟʦʥʫ ɯɯ, ʨʠʩʫʥʦʢ 2.5, ʦʩʢʽʣʴʢʠ ʚ ʪʦʯʮʽ p ʪʠʩʢ, ʱʦ ʜʽʻ ʥʘ ʰʘʨ, 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʱʝʥʥʷ ʮʝʥʪʨʫ ʤʘʩ ʰʘʨʫ (ʎ.ʄ.) ʚ ʟʦʥʫ ɯ, ʱʦ 

ʩʧʨʠʯʠʥʶ ̒ʟʩʫʚ ʰʘʨʫ ʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚ ʟʦʥʫ ɯɯ ʧʦ ʣʽʥʽʾ dp. 



42 

 

ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ, ʫ ʧʦʜʘʣʴʰʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʽʱʝʥʥʷ ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ 

ʛʘʟʦʚʦʛʦ ʬʘʢʝʣʘ, ʱʦ ʚʠʭʦʜʠʪʴ ʽʟ ʪ. p (ʧʝʨʚʠʥʥʦʛʦ) ʪʘ ʡʦʛʦ ʦʙ'ʻʜʥʘʥʥʷ ʽʟ 

ʚʪʦʨʠʥʥʠʤ ʩʪʨʫʤʝʥʝʤ ʫ ʪ. k. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʛʘʟʦʚʠʡ ʪʝʧʣʦʥʦʩʽʡ, ʱʦ ʚʚʦʜʠʪʴʩʷ ʫ ʟʦʥʫ ɯɯɯ, ʩʪʚʦʨʶʻ 

ʣʦʢʘʣʴʥʠʡ ʧʦʨʰʥʝʚʠʡ ʨʝʞʠʤ ʫ ʟʦʥʽ ʚʠʩʭʽʜʥʦʛʦ ʨʫʭʫ ɯɯɯ ʯʝʨʝʟ ʟʙʽʣʴʰʝʥʥʷ ʪʠʩʢʫ 

ʤʘʪʝʨʽʘʣʫ ʚ ʟʦʥʽ ɯ ʪʘ ɯɯ. 

 
 ʩʪʘʥ ʨʽʚʥʦʚʘʛʠ ʫʪʚʦʨʝʥʥʷ ʙʫʣʴʙʘʰʢʠ ʧʽʜʡʦʤ ʙʫʣʴʙʘʰʢʠ 
 

 
 ʟʩʫʚ ʰʘʨʫ ʛʨʘʥʫʣ ʟʩʫʚ ʰʘʨʫ ʛʨʘʥʫʣ ʩʪʘʥ ʨʽʚʥʦʚʘʛʠ 
 

ʈʠʩʫʥʦʢ 2.4. ï ʉʧʦʩʽʙ ʚʟʘʻʤʦʜʽʾ ʛʘʟʦʚʦʾ ʪʘ ʪʚʝʨʜʦʾ ʬʘʟ ʫ ʢʘʤʝʨʽ ʛʨʘʥʫʣʷʪʦʨʘ  

ʧʨʠ ʥʝʦʜʥʦʨʽʜʥʦʤʫ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʽ ʚ ʘʚʪʦʢʦʣʠʚʘʣʴʥʦʤʫ ʨʝʞʠʤʽ 
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ʊʘʢ, ʫ ʧʦʯʘʪʢʦʚʦʤʫ ʩʪʘʥʽ ʨʽʚʥʦʚʘʛʠ, ʨʠʩʫʥʦʢ 2.5 ʘ, ʧʨʠ ʟʥʘʯʝʥʥʽ ʯʘʩʫ Ű=0 ʩ 

ʩʢʣʘʜʦʚʽ ʨʽʚʥʦʜʽʡʥʦʾ ʩʠʣʠ ʚ ʪʦʯʮʽ ñpò ʥʘʙʫʚʘʶʪʴ ʤʽʥʽʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʽ 

ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʟʘ ʚʠʨʘʟʘʤʠ: 

ὔ̃ ὔ̃ Ὄ ɝὬ̙ Ὤ ρ ‐ ”̓Çȟ (2.10) 

ʜʝ h1 ï ʚʝʨʪʠʢʘʣʴʥʠʡ ʨʦʟʤʽʨ ʧʝʨʰʦʾ ʱʽʣʠʥʠ, ʤ. 

ὔ̄ ὔ̄ ὑὔ̃ Ȣ (2.11) 

 
 ʈʠʩʫʥʦʢ 2.5 ï ʉʭʝʤʘ ʜʽʾ ʩʠʣ ʫ ʨʦʙʦʯʽʡ ʟʦʥʽ ɻʈʇ 

 

ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʟʥʘʯʝʥʥʷ ʩʢʣʘʜʦʚʠʭ ʨʽʚʥʦʜʽʡʥʦʾ ʩʠʣʠ ʚ ʪʦʯʮʽ ñkò 

ʥʘʙʫʚʘʶʪʴ ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ: 

ὔ̃ Ὄ ɝὌ ɝ
Ὤ

ÃÏÓ‌
ᾀ̕ ρ ‐ ”̓ÇȠ (2.12) 

ὔ̄ ὑὔ̃ Ȣ (2.13) 

ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʛʦʨʠʟʦʥʪʘʣʴʥʠʡ ʩʪʨʫʤʽʥʴ ʧʦʚʠʥʝʥ ʧʦʜʦʣʘʪʠ ʥʘʡʙʽʣʴʰʠʡ 

ʩʧʨʦʪʠʚ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʡʦʛʦ ʜʦʚʞʠʥʠ ʨʫʭʫ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ 

ʥʘʧʨʷʤʢʫ, ʨʠʩʫʥʦʢ 2.4 ʘ. 
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ʋ ʢʽʥʮʽ ʜʨʫʛʦʾ ʩʪʘʜʽʾ ʧʨʠ ʟʥʘʯʝʥʥʷʭ Ű=Ű1+Ű2, ʪʘ ʧʝʨʝʤʽʱʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʟʘ ʤʝʞʽ ʦʙôʻʤʫ ʧʦʯʘʪʢʦʚʦʛʦ ʰʘʨʫ (0,33ʄh 0) ʧʨʠ Ůɯɯ(max) =1,5Ů0 

ʪʘ Ůɯɯɯ(max)=2Ů0 ʎ.ʄ. ʟʤʽʱʫʻʪʴʩʷ ʧʦ ʚʝʨʪʠʢʘʣʽ ʪʘ ʛʦʨʠʟʦʥʪʘʣʽ ʥʘ ʚʽʜʧʦʚʽʜʥʽ 

ʚʝʣʠʯʠʥʠ ȹʫʎ.ʄ. ʪʘ ȹʭʎ.ʄ., ʘ ʟʫʩʠʣʣʷ, ʱʦ ʜʽʶʪʴ ʫ ʪʦʯʮʽ ñpò, ʜʦʩʷʛʘʶʪʴ 

ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ: 

ὔ̃ ὔ̃ Ὄ Ὤ ɝὬ ρ ‐ ”̓ÇȢ (2.14) 

ʎʝ ʟʫʤʦʚʣʶʻ ʧʨʦʧʦʨʮʽʡʥʝ ʟʙʽʣʴʰʝʥʥʷ ʜʽʶʯʦʾ ʩʠʣʠ ʫ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ 

ʥʘʧʨʷʤʢʫ: 

ὔ̄ ὔ̄ ὑὔ̃ Ȣ (2.15) 

ʋ ʪʦʡ ʞʝ ʯʘʩ, ʨʽʚʥʦʜʽʡʥʘ ʩʠʣʘ ʚ ʪʦʯʮʽ ñkò ʥʘʙʫʚʘʻ ʤʽʥʽʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ 

ʯʝʨʝʟ ʩʫʪʪʻʚʝ ʟʤʝʥʰʝʥʥʷ ʚʝʨʪʠʢʘʣʴʥʦʾ ʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʩʢʣʘʜʦʚʠʭ: 

ὔ̃ ὔ̃ 
Ὄ Ὄ

ς
ɝ Ὤ ᾀ̕ ρ ‐ ”̓Çȟ (2.16) 

ʜʝ ʅɯɯ ʽ ʅɯɯɯ ï ʟʘʣʠʰʢʦʚʽ ʚʠʩʦʪʠ ʰʘʨʫ ʚ ʟʦʥʘʭ ɯɯ ʪʘ ɯɯɯ. 

ʇʨʦʧʦʨʮʽʡʥʦ ʟʤʝʥʰʫʻʪʴʩʷ ʽ ʜʽʷ ʩʠʣʠ ʫ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ: 

ὔ̃ ὔ̄ ὑὔ̃ Ȣ 

ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʛʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ ʨʫʭʫ ʩʪʨʫʤʝʥʽʚ ʫ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʪʘ 

ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʘʭ ʟʤʝʥʰʫʻʪʴʩʷ, ʱʦ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʰʚʠʜʢʦʩʪʽ 

ʨʫʭʫ ʛʨʘʥʫʣ ʥʘʜ ʨʦʙʦʯʠʤʠ ʧʦʚʝʨʭʥʷʤʠ ɻʈʇ. 

ʈʝʘʣʽʟʘʮʽʷ ʪʘʢʦʾ ʤʦʜʝʣʽ ʚʟʘʻʤʦʜʽʾ ʛʘʟʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʟʝʨʥʠʩʪʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʤʦʞʣʠʚʘ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʩʧʝʮʽʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ɻʈʇ [89]. 

ɿʤʽʱʝʥʥʷ ʪʦʯʢʠ ʚʚʝʜʝʥʥʷ ʚʪʦʨʠʥʥʦʛʦ ʬʘʢʝʣʘ ʥʘ ʚʝʣʠʯʠʥʫ ȹ ʧʦ ʦʩʽ z 

ʩʧʨʠʷʻ ʟʤʝʥʰʝʥʥʶ ʛʽʜʨʦʩʪʘʪʠʯʥʦʛʦ ʪʠʩʢʫ ʚ ʪ. k, ʧʦʨʽʚʥʷʥʦ ʽʟ ʪ. ʨ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, 

ʘʜʝʢʚʘʪʥʦʛʦ ʟʤʝʥʰʝʥʥʷ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ ʨʫʭʫ ʚʪʦʨʠʥʥʦʛʦ ʛʘʟʦʚʦʛʦ ʬʘʢʝʣʘ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʤʽʨ ʛʘʟʦʚʦʾ ʙʫʣʴʙʘʰʢʠ dʙ ʪʘ ʢʦʦʨʜʠʥʘʪʘ ʾʾ ʫʪʚʦʨʝʥʥʷ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʅ0 ʪʘ ʟʥʘʯʝʥʥʷ ȹ, ʷʢʝ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʢʦʥʩʪʨʫʢʮʽʻʶ ɻʈʇ. 

ʋ ʩʚʦʶ ʯʝʨʛʫ, ʛʦʨʠʟʦʥʪʘʣʴʥʘ ʜʘʣʴʥʽʩʪʴ ʧʨʦʙʦʶ ʭʛʦʨ ʧʝʨʚʠʥʥʦʛʦ ʛʘʟʦʚʦʛʦ 

ʩʪʨʫʤʝʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʛʘʟʫ ʚ ʱʽʣʠʥʘʭ ɻʈʇ, ʘ ʚʽʜʧʦʚʽʜʥʦ ʽ ʚʽʜ 

ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʷʢʘ ʧʦʚʠʥʥʘ ʙʫʪʠ ʜʦʩʪʘʪʥʴʦʶ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʟʥʘʯʝʥʥʷ  

ʭʛʦʨ. > 0,8A/3. 
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ʆʪʞʝ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʦʜʥʦʨʽʜʥʦʛʦ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ, ʝʥʝʨʛʽʷ, ʱʦ 

ʧʽʜʚʦʜʠʪʴʩʷ ʟʽ ʟʨʽʜʞʫʚʘʣʴʥʠʤ ʘʛʝʥʪʦʤ, ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʣʦʢʘʣʴʥʝ ʚʚʝʜʝʥʥʷ 

ʝʥʝʨʛʽʾ ʟ ʛʘʟʦʚʦʶ ʬʘʟʦʶ ʚ ʟʘʜʘʥʫ ʦʙʣʘʩʪʴ ʰʘʨʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ 

ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʰʘʨʫ ʚ 1,5...2 ʨʘʟʠ, ʘ ʜʠʩʧʝʨʩʥʘ ʩʠʩʪʝʤʘ ʚʠʚʦʜʠʪʴʩʷ ʟʽ 

ʩʪʘʥʫ ʨʽʚʥʦʚʘʛʠ. ʋ ʧʦʜʘʣʴʰʦʤʫ ʧʽʜ ʜʽʻʶ ʩʠʣ ʛʨʘʚʽʪʘʮʽʾ ʪʘ ʟʘʛʘʣʴʥʦʛʦ ʪʠʩʢʫ 

ʟʝʨʥʠʩʪʠʡ ʤʘʪʝʨʽʘʣ ʜʠʥʘʤʽʯʥʦ ʟʘʧʦʚʥʶʻ ʫʪʚʦʨʝʥʽ ʧʫʩʪʦʪʠ ʚ ʰʘʨʽ ʪʘ ʧʦʚʝʨʪʘʻ 

ʩʠʩʪʝʤʫ ʜʦ ʩʪʘʥʫ ʨʽʚʥʦʚʘʛʠ (ʢʽʥʝʮʴ ʮʠʢʣʫ). ʊʘʢʠʡ ʮʠʢʣ ʧʦʚʪʦʨʶʻʪʴʩʷ 

ʙʘʛʘʪʦʢʨʘʪʥʦ ʟ ʯʘʩʪʦʪʦʶ f < 2 ɻʮ ʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʘʚʪʦʢʦʣʠʚʘʣʴʥʦʛʦ ʨʝʞʠʤʫ 

ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ. 

ʋ ʧʨʦʮʝʩʽ ʟʚʦʨʦʪʥʦʛʦ ʨʫʭʫ ʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʨʠ ʟʘʧʦʚʥʝʥʥʽ ʧʫʩʪʦʪ ʫ 

ʢʘʤʝʨʽ ʘʧʘʨʘʪʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʪʠʪʝʯʽʡʥʠʡ ʨʫʭ ʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟ 

ʪʝʧʣʦʥʦʩʽʻʤ, ʱʦ ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʻ ʨʫʰʽʡʥʫ ʩʠʣʫ ʤʘʩʦʦʙʤʽʥʫ. ʆʢʨʽʤ ʪʦʛʦ, ʫ  

ʟʦʥʽ ɯ ʨʫʭ ʛʘʟʦʚʦʛʦ ʪʝʧʣʦʥʦʩʽʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʢʣʶʯʥʦ ʫ ʬʽʣʴʪʨʘʮʽʡʥʦʤʫ ʨʝʞʠʤʽ. 

ʇʨʠ ʨʫʩʽ ʛʘʟʦʚʦʾ ʙʫʣʴʙʘʰʢʠ ʚʛʦʨʫ ʚ ʾʾ ʢʦʨʤʦʚʽʡ ʯʘʩʪʠʥʽ ʫʪʚʦʨʶʻʪʴʩʷ 

ʟʥʠʞʝʥʥʷ ʪʠʩʢʫ, ʱʦ ʟʫʤʦʚʣʶʻ ʪʨʴʦʭ-ʤʽʨʥʝ ʧʝʨʝʤʽʱʝʥʥʷ ʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚ 

ʮʶ ʟʦʥʫ [90-104]. ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ, ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʰʘʨʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʘʢʪʠʚʥʝ 

ʧʝʨʝʤʽʱʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʜʦ ʚʠʩʦʪʠ ʅIII(ʟʘʣ)=zʬ+ȹ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʪʨʫʤʝʥʝʚʦ-ʧʫʣʴʩʘʮʽʡʥʦʛʦ ʨʝʞʠʤʫ 

ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ ʜʦʟʚʦʣʷʻ ʩʫʪʪʻʚʦ ʦʥʦʚʠʪʠ ʧʦʚʝʨʭʥʶ ʢʦʥʪʘʢʪʫ ʬʘʟ ʪʘ 

ʧʽʜʚʠʱʠʪʠ ʢʦʝʬʽʮʽʻʥʪʠ ʧʝʨʝʥʝʩʝʥʥʷ ʤʘʩʠ ʤʽʞ ʬʘʟʘʤʠ. 

ʆʩʥʦʚʥʦʶ ʚʠʤʦʛʦʶ ʜʦ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʨʝʞʠʤʫ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʮʝʩʫ 

ʟʥʝʚʦʜʥʝʥʥʷ ʪʘ ʛʨʘʥʫʣʶʚʘʥʥʷ ʻ ʚʽʜʩʫʪʥʽʩʪʴ ʟʘʩʪʽʡʥʠʭ ʟʦʥ ʥʘ ʧʦʚʝʨʭʥʽ ɻʈʇ ʪʘ 

ʽʥʪʝʥʩʠʚʥʝ ʦʥʦʚʣʝʥʥʷ ʧʦʚʝʨʭʥʽ ʢʦʥʪʘʢʪʫ ʬʘʟ ʫ ʟʦʥʽ ʟʨʦʰʝʥʥʷ. 

ʊʦʤʫ, ʜʦʩʣʽʜʥʠʤ ʰʣʷʭʦʤ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʨʝʞʠʤ ʛʽʜʨʦʜʠʥʘʤʽʢʠ ʧʨʠ 

ʷʢʦʤʫ ʚʠʢʦʥʫʶʪʴʩʷ ʧʦʩʪʘʚʣʝʥʽ ʚʠʤʦʛʠ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʴʦʛʦ, ʘʚʪʦʢʦʣʠʚʘʣʴʥʠʡ ʥʝʦʜʥʦʨʽʜʥʠʡ ʩʪʨʫʤʝʥʝʚʦ-

ʧʫʣʴʩʘʮʽʡʥʠʡ ʨʝʞʠʤ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ ʫʤʦʚʥʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʩʪʘʜʽʡ: 

1 ï ʫʪʚʦʨʝʥʥʷ ʛʘʟʦʚʦʾ ʙʫʣʴʙʘʰʢʠ ʟ ʯʘʩʪʢʦʚʠʤ ʨʦʟʰʠʨʝʥʥʷʤ ʰʘʨʫ ʚ ʟʦʥʽ ɯɯ 

ʪʘ ɯɯɯ ï Ű1; 
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2 ï ʧʝʨʝʤʽʱʝʥʥʷ ʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ ʽʟ ʟʦʥ ɯɯ ʽ ɯɯɯ ʚ ʥʘʜʰʘʨʦʚʠʡ ʧʨʦʩʪʽʨ 

ʪʘ ʫ ʟʦʥʫ ɯ (ʽʥʝʨʮʽʡʥʠʡ ʚʠʢʠʜ) ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʚʠʩʦʪʠ ʰʘʨʫ ʚ ʮʽʡ ʟʦʥʽ ï Ű2; 

3 ï ʧʝʨʝʤʽʱʝʥʥʷ ʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚ ʟʚʦʨʦʪʥʦʤʫ ʥʘʧʨʷʤʢʫ ʽʟ ʟʦʥʠ ɯ ʚ 

ʟʦʥʠ ɯɯ ʪʘ ɯɯɯ ʪʘ ʧʦʚʝʨʥʝʥʥʷ ʰʘʨʫ ʜʦ ʧʦʯʘʪʢʦʚʦʛʦ ʩʪʘʥʫ (ʩʪʘʥ ʨʽʚʥʦʚʘʛʠ) ï Ű3. 

ʊʦʜʽ ʟʘʛʘʣʴʥʠʡ ʯʘʩ ʮʠʢʣʫ ʟʘʧʠʰʝʪʴʩʷ, ʷʢ: 

Űʮ= Ű1+Ű2+Ű3.      (2.17) 

ɿʘʛʘʣʴʥʘ ʚʠʩʦʪʘ ʰʘʨʫ ʥʘ ʧʝʨʰʽʡ ʩʪʘʜʽʾ, ʢʦʣʠ ʫʪʚʦʨʶʻʪʴʩʷ ʙʫʣʴʙʘʰʢʘ: 

Ὄ ρ ‐̄̈́Ȣ̄† Ὄ ρ ‐ Ƞ (2.18) 

Ὄ
Ὄ ρ ‐

ρ ‐̄̈́Ȣ̄†
Ȣ (2.19) 

ʇʨʠʡʤʘʻʤʦ, ʱʦ ʚ ʟʦʥʽ ɯ (ʥʠʟʭʽʜʥʽʡ) ʧʦʨʦʟʥʽʩʪʴ ʰʘʨʫ Ůɯ=const ʽ Ůɯ= Ů0=0,4. 

ʄʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʧʦʨʦʟʥʦʩʪʝʡ ʫ ʟʦʥʽ ɯɯ ï Ůɯɯ=1,5Ů0 ʽ ʫ ʟʦʥʽ ɯɯɯ ï Ůɯɯɯ=2Ů0 

ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʟ ʤʽʥʽʤʘʣʴʥʠʭ ʟʘʣʠʰʢʦʚʠʭ ʚʠʩʦʪ ʅʟʘʣ. ʫ ʟʦʥʘʭ ɯɯ ʽ ɯɯɯ, ʱʦ 

ʚʠʟʥʘʯʘʻ ʨʽʚʝʥʴ ʥʝʦʜʥʦʨʽʜʥʦʩʪ̔ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ. 

ɿʘʣʠʰʢʦʚʘ ʚʠʩʦʪʘ ʰʘʨʫ ʚ ʟʦʥʽ ɯɯɯ ʧʽʩʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʥʷ ʧʦʨʦʟʥʦʩʪʽ ʰʘʨʫ ʚ ɯɯɯ ʟʦʥʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ, ʤ: 

Ὄ̈ ́Ȣ̌

Ὄ ρ ‐̄

ρ ‐
Ȣ (2.20) 

ʗʢʱʦ ʤʽʥʽʤʘʣʴʥʘ ʜʦʧʫʩʪʠʤʘ ʟʘʣʠʰʢʦʚʘ ʚʠʩʦʪʘ ʰʘʨʫ ʚ ɯɯɯ ʟʦʥʽ 

ʅʟʘʣ.(ɯɯɯ)=æ+zʬ, ʪʦʜʽ: 

‐̄ ρ
Ў ᾀ̕ ρ ‐

Ὄ
Ȣ (2.21) 

ʇʨʠʡʥʷʚʰʠ, ʱʦ ʢʘʤʝʨʘ ʘʧʘʨʘʪʘ ʤʘʻ ʬʦʨʤʫ ʧʘʨʘʣʝʣʝʧʽʧʝʜʘ, ʪʦʜʽ 

ʟʙʽʣʴʰʝʥʥʷ ʚʠʩʦʪʠ ʰʘʨʫ ʥʘʜ ɯ ʟʦʥʦʶ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

æhI =æhII +æhIII . (2.22) 

ʊʦʙʪʦ, æhI ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʩʫʤʘ ʟʤʝʥʰʝʥʥʷ ʚʠʩʦʪ ʰʘʨʫ ʥʘʜ ʟʦʥʘʤʠ  

ɯɯ ï æhIɯ ʪʘ ɯɯɯ ï æhIɯɯ. ɺʝʣʠʯʠʥʠ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʟʘ ʚʠʨʘʟʘʤʠ: 

ЎὬ
Ὄ ‐̄ † ‐

ρ ‐
Ȣ     (2.23) ЎὬ

Ὄ ‐̄ † ‐

ρ ‐
Ȣ (2.24) 

ʊʦʜʽ ʧʽʜʩʪʘʚʠʚʰʠ (2.23) ʪʘ (2.24) ʫ ʨʽʚʥʷʥʥʷ (2.22) ʟʥʘʯʝʥʥʷ ʟʙʽʣʴʰʝʥʥʷ 

ʚʠʩʦʪʠ ʚ ʟʦʥʽ ɯ ʥʘʙʫʚʘʻ ʥʘʩʪʫʧʥʦʛʦ ʚʠʛʣʷʜʫ, ʤ: 
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ЎὬ
Ὄ ‐̄ † ‐̄ † ς‐

ρ ‐
Ȣ (2.25) 

ʐʚʠʜʢʽʩʪʴ ʟʩʫʚʫ ʤʘʪʝʨʽʘʣʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʟʥʘʯʘʪʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʟʘʢʦʥʫ ɹʝʨʥʫʣʣʽ, ʤ/ʩ: 

ύ̈ Ȣ̒ ςÇὌ̈ Ȣ̒, 
(2.26) 

ʜʝ Hʟʩ.= æhI(max) ï ʤʘʢʩʠʤʘʣʴʥʘ ʥʘʜʣʠʰʢʦʚʘ ʚʠʩʦʪʘ ʟʙʽʣʴʰʝʥʥʷ ʰʘʨʫ (ʟʩʫʚʫ) ʥʘʜ 

ʟʦʥʦʶ ɯ, ʤ. 

ʎʽʣʢʦʤ ʦʯʝʚʠʜʥʦ, ʱʦ ʟʘʣʝʞʥʽʩʪʴ ʚʠʩʦʪʠ ʰʘʨʫ ʚʽʜ ʧʦʨʦʟʥʦʩʪʽ ʤʘʻ 

ʥʝʣʽʥʽʡʥʠʡ ʭʘʨʘʢʪʝʨ. 

ɼʣʷ ʦʧʠʩʫ ʪʘʢʦʛʦ ʧʨʦʮʝʩʫ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʧʽʜʭʽʜ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʫ 

ʨʦʙʦʪʽ [83, 84] ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʚʥʷʥʴ ʟʙʝʨʝʞʝʥʥʷ ʽʤʧʫʣʴʩʫ ʜʣʷ ʛʘʟʦʚʦʾ ʪʘ 

ʪʚʝʨʜʦʾ ʬʘʟ: 

”̓‐̓
‬ύ̓ᴆ

‬†
ύ̓ᴆϽɳ ύ̓ᴆ ”̄‐̄

‬ύ̄ᴆ

‬†
ύ̄ᴆϽɳ ύ̄ᴆ ὴɳ ”̓‐̓ ”̄‐̄ÇᴆȢ (2.27) 

ɼʣʷ ʧʦʨʰʥʝʚʦʛʦ ʨʝʞʠʤʫ, ʥʝʭʪʫʶʯʠ ʽʥʝʨʮʽʻʶ ʛʘʟʦʚʦʾ ʬʘʟʠ, ʘʚʪʦʨʘʤʠ  

[83, 84] ʨʽʚʥʷʥʥʷ 2.27 ʟʘʧʠʩʫʻʪʴʩʷ ʫʚʠʛʣʷʜʽ: 

”̓ ρ ‐̄
‬ύ̓

‬†
ύ̓
‬ύ̓

‬ᾀ

‬ὴ

‬ᾀ
”̓ ρ ‐̄ÇȢ (2.28) 

ʊʦʜʽ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʽʚʥʷʥʥʷ 2.28, ʷʢʱʦ ʚʠʨʘʟʠʪʠ ʨʝʟʫʣʴʪʘʪ ʣʽʚʦʾ ʯʘʩʪʠʥʠ 

ʯʝʨʝʟ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʤʽʱʝʥʥʷ ʮʝʥʪʨʫ ʤʘʩ ʰʘʨʫ wʮ.ʤ. [83, 84] ʧʦ ʦʩʽ z: 

Ὄ”̓ ρ ‐̄†
‬ύ̗Ȣ̍Ȣ
‬†

Ўὖ̝̈́̄́̌̎̉̊† Ὄ”̓ ρ ‐̄† ÇȢ (2.29) 

ɺʨʘʭʦʚʫʶʯʠ ʮʝ, ʙʫʣʦ ʦʜʝʨʞʘʥʦ ʥʘʩʪʫʧʥʝ ʨʽʚʥʷʥʥʷ [83, 84]: 

ὨὌ†

Ὠ†

Ўὖ̈ ̝́̄́̌̎̉̊†

”̓ ρ ‐̄† Ὄ†
ÇȢ (2.30) 

ʜʝ æʈʟʘʛʘʣʴʥʠʡ(Űi) ï ʧʦʪʦʯʥʝ ʟʥʘʯʝʥʥʷ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ ʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ, 

ʥʘʷʚʥʦʛʦ ʚ ʦʙôʻʤʽ ʧʦʯʘʪʢʦʚʦʛʦ ʰʘʨʫ ʟ ʚʠʩʦʪʦʶ ʅ0+æh0; æh0 ï ʟʙʽʣʴʰʝʥʥʷ ʚʠʩʦʪʠ 

ʰʘʨʫ ʟʘ ʨʘʭʫʥʦʢ ʫʪʚʦʨʝʥʥʷ ʛʘʟʦʚʦʛʦ ʬʘʢʝʣʘ, ʨʠʩʫʥʦʢ 2.4 ʙ. 

ʋʤʦʚʥʘ ʩʭʝʤʘ ʧʝʨʝʤʽʱʝʥʥʷ ʮʝʥʪʨʫ ʤʘʩ ʰʘʨʫ ʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 2.6. 
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ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʨʫʭ ʎ.ʄ. ʥʦʩʠʪʴ ʩʢʣʘʜʥʠʡ ʭʘʨʘʢʪʝʨ, ʪʦʤʫ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʟʥʘʯʘʪʠ ʭʦʨʜʫ ʤʽʞ ʧʦʯʘʪʢʦʚʠʤ ɸ0 ʪʘ ʢʨʘʡʥʽʤ ʚʝʨʭʥʽʤ 

ʧʦʣʦʞʝʥʥʷʤ ʎ.ʄ. ʚ ʪ. ɸmax. ɺʽʜʭʠʣʝʥʥʷ ʧʦʣʦʞʝʥʥʷ ʎ.ʄ. ʧʦ ʦʩʷʭ z ʪʘ ʭ 

ʚʠʟʥʘʯʘʣʦʩʴ ʚʝʣʠʯʠʥʘʤʠ ȹz ʪʘ ȹʭ. ʇʨʠʡʥʷʪʦ, ʱʦ ʧʝʨʝʤʽʱʝʥʥʷ ʎ.ʄ. ʧʦ ʦʩʽ ʫ 

ʚʽʜʩʫʪʥʻ ʽ ȹʫ = 0 ʤ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʮʴʦʛʦ, ʜʦʚʞʠʥʘ ʚʽʜʨʽʟʢʫ ɸ0ɸmax ʤʦʞʝ ʙʫʪʠ 

ʚʠʟʥʘʯʝʥʦʶ ʽʟ ʚʠʨʘʟʫ, ʤ: 

ȿὃὃ ȿ ɝᾀ ɝὼȢ (2.31) 

 
           ʘ) Ű̔ =0                                   ʙ) Ű̔ =Ű1+Ű2 

  ʩʪʘʥ ʨʽʚʥʦʚʘʛʠ                 ʤʘʢʩʠʤʘʣʴʥʝ ʚʠʪʽʩʥʝʥʥʷ 

ʥʘ ʧʦʯʘʪʢʫ ʮʠʢʣʫ                          ʤʘʪʝʨʽʘʣʫ 

 
ʚ) Ű̔ =Ű1+Ű2 

 
ʛ) Ű̔ = Ű3 

ʈʠʩʫʥʦʢ 2.6 ï ʋʤʦʚʥʘ ʩʭʝʤʘ ʧʝʨʝʤʽʱʝʥʥʷ ʮʝʥʪʨʫ ʤʘʩ ʰʘʨʫ ʧʨʠ  

ʩʪʨʫʤʝʥʝʚʦ-ʧʫʣʴʩʘʮʽʡʥʦʤʫ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʽ ʫ ʘʚʪʦʢʦʣʠʚʘʣʴʥʦʤʫ ʨʝʞʠʤʽ 

 

ʇʨʠʚʝʜʝʥʫ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʤʽʱʝʥʥʷ ʮʝʥʪʨʫ ʤʘʩ ʰʘʨʫ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʷʢ: 

ύ̗Ȣ̍Ȣ†
ɝᾀ ɝὼ

ɝ†
Ȣ 

(2.32) 
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ʇʨʠ ʮʴʦʤʫ ʥʘ ʧʦʯʘʪʢʫ ʮʠʢʣʫ ʧʫʣʴʩʘʮʽʡ ʧʨʠ Ű ̔ = 0 ʩ ʰʘʨ ʟʝʨʥʠʩʪʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʨʽʚʥʦʚʘʞʥʦʤʫ ʩʪʘʥʽ, ʡʦʛʦ ʮʝʥʪʨ ʤʘʩ ʟʘʡʤʘʻ ʧʦʯʘʪʢʦʚʝ 

ʧʦʣʦʞʝʥʥʷ ɸ0(z0; x0), ʨʠʩʫʥʦʢ 2.6, ʘ ʟʥʘʯʝʥʥʷ ʧʨʠʚʝʜʝʥʦʾ ʰʚʠʜʢʦʩʪʽ ʡʦʛʦ 

ʧʝʨʝʤʽʱʝʥʥʷ ʩʪʘʥʦʚʠʪʴ wʮ.ʤ.=0 ʤ/ʩ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʬʽʟʠʯʥʦʾ ʤʦʜʝʣʽ, ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʧʝʨʝʤʽʱʝʥʥʷ ʎ.ʄ. 

ʫ ʪʦʯʮʽ ɸmax ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʦʪʷʛʦʤ ʜʨʫʛʦʾ ʩʪʘʜʽʾ ʧʫʣʴʩʘʮʽʾ (Ű1+Ű2), ʘ ʧʦʚʝʨʥʝʥʥʷ ʚ 

ʪʦʯʮʽ ɸ0 ʫ ʪʨʝʪʽʡ ʩʪʘʜʽʾ (Ű3). ʊʦʜʽ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʤʽʱʝʥʥʷ ʎ.ʄ. ʚʽʜ ɸ0 ʜʦ ɸmax 

(wʮ.ʤ.(ŷ)) ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʫ ʟʚʦʨʦʪʥʴʦʤʫ ʥʘʧʨʷʤʢʫ ʚʽʜ ɸmax ʜʦ ɸ0 (wʮ.ʤ.(Ź)), ʤ/ʩ: 

ύ̗ Ȣ̍Ȣᴻ

Ўᾀ Ўὼ

† †
Ȣ 

(2.33) 
ύ̗ Ȣ̍ȢȢ

Ўᾀ Ўὼ

†
Ȣ 

(2.34) 

ʋʩʝʨʝʜʥʝʥʝ ʟʥʘʯʝʥʥʷ ʧʨʠʚʝʜʝʥʦʾ ʰʚʠʜʢʦʩʪʽ ʧʨʠ ʢʨʘʡʥʽʭ ʧʦʣʦʞʝʥʥʷʭ 

ʮʝʥʪʨʫ ʤʘʩ ʰʘʨʫ ʜʣʷ ʩʪʘʜʽʾ 3 ʪʘʢʦʞ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ, ʤ/ʩ: 

ύ̗ Ȣ̍ȢȢ ςÇЎᾀ Ȣ (2.35) 

ɺʝʣʠʯʠʥʫ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʤʽʱʝʥʥʷ ʎ.ʄ. ʫ ʪʦʯʢʫ ɸmax ʧʨʦʚʦʜʠʤʦ ʟ ʚʠʨʘʟʫ: 

ύ̗ Ȣ̍Ȣᴻ

ύ̗ Ȣ̍ȢȢ

† †

†
ὑxȢ̇ȢȢ (2.36) 

ɿʚʽʜʢʠ wʮ.ʤ.(ŷ) = wʮ.ʤ.(Ź) ʂʎ.ʄ., ʜʝ ʂʎ.ʄ. < 1, ʘ ʟʥʘʯʝʥʥʷ Ű1, Ű2 ʪʘ Ű3 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ.  

ʇʨʦʪʝ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʩʧʦʩʦʙʫ [83, 84] ʨʦʟʨʘʭʫʥʦʢ 

ʟʘʛʘʣʴʥʦʛʦ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ ʧʨʦʚʦʜʠʚʩʷ ʟʘ ʽʥʰʦʶ ʤʝʪʦʜʠʢʦʶ [82, 85-87]: 

Ўὖ̈ ̝́̄́̌̎̉̊† Ўὖ̨̝̍̐̔̌̒̔† Ўὖ̓̆̑̓†̠ Ўὖ̨̄̅̑̏̒̓Ȣ†Ȣ (2.37) 

ɼʣʷ ʨʦʟʚôʷʟʢʫ ʮʴʦʛʦ ʨʽʚʥʷʥʥʷ ʥʝʦʙʭʽʜʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʟʥʘʯʠʪʠ 

ʜʠʥʘʤʽʢʫ ʟʤʽʥʠ ʩʝʨʝʜʥʴʦʾ ʪʘ ʣʦʢʘʣʴʥʠʭ (ʧʦ ʟʦʥʘʭ) ʟʥʘʯʝʥʴ ʧʦʨʦʟʥʦʩʪʽ ʰʘʨʫ. 

ʇʝʨʝʤʽʱʝʥʥʷ ʤʘʩʠ ʤʘʪʝʨʽʘʣʫ, ʧʦʚôʷʟʘʥʝ ʽʟ ʬʦʨʤʫʚʘʥʥʷʤ ʛʘʟʦʚʦʾ 

ʙʫʣʴʙʘʰʢʠ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʽʟ ʟʦʥ ɯɯ ʪʘ ɯɯɯ. ʊʦʤʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʨʽʚʥʷʥʥʷ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʩʢʣʘʜʦʚʦʾ ʚʪʨʘʪ ʪʠʩʢʫ ʥʘ ʧʝʨʝʤʽʱʝʥʥʷ ʤʘʩʠ ʽʟ ʟʦʥ ɯɯ ʪʘ ɯɯɯ 

ʚʠʨʘʞʘʻʪʴʩʷ ʽʟ ʟʥʘʯʝʥʴ ʧʦʨʦʟʥʦʩʪʽ ʚ ʮʠʭ ʟʦʥʘʭ ï Ůʪ(II ;III ): 

Ўὖ̨̝̍̐̔̌̒̔†
ρ

ς
”̓‐̓ Ƞ †ύ̓ † ”̄‐̄ Ƞ †ύ̄ † ȟ (2.38) 
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ʜʝ Ңʪ(II ;III ), Ңʛ(II ;III ) ï ʧʦʨʦʟʥʽʩʪʴ ʪʚʝʨʜʦʾ ʪʘ ʛʘʟʦʚʦʾ ʬʘʟ ʫ ɯɯ ʪʘ ɯɯɯ ʟʦʥʘʭ ʢʘʤʝʨʠ 

ʛʨʘʥʫʣʷʪʦʨʘ; wʪ, wʛ ï ʤʠʪʪʻʚʽ ʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʪʘ ʛʘʟʫ  

ʚʽʜʧʦʚʽʜʥʦ, ʤ/ʩ. 

ʄʠʪʪʻʚʽ ʟʥʘʯʝʥʥʷ ʧʨʠʚʝʜʝʥʦʾ ʰʚʠʜʢʦʩʪʽ ʛʘʟʦʚʦʾ ʬʘʟʠ ʚʠʟʥʘʯʘʣʠʩʴ ʽʟ 

ʚʽʜʦʤʦʾ ʟʘʣʝʞʥʦʩʪʽ [52] ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʨʦʟʥʦʩʪʽ ʰʘʨʫ ʚ ɯɯ ʪʘ ɯɯɯ ʟʦʥʘʭ ʢʘʤʝʨʠ 

ʛʨʘʥʫʣʷʪʦʨʘ: 

2Å†
!Ò‐̄ Ƞ † ȟ

ρψϽπȟφρ!Ò‐̄ Ƞ † ȟ

Ƞ 
(2.39) 

ύ̄ †
2Å†’

Ὠ̆
Ȣ (2.40) 

ʋʩʝʨʝʜʥʝʥʘ ʤʠʪʪʻʚʘ ʰʚʠʜʢʽʩʪʴ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʫ ʧʝʨʰʠʭ ʜʚʦʭ ʩʪʘʜʽʷʭ 

ʮʠʢʣʫ, ʤ/ʩ: 

ύ̓ †
Ў‐̄ Ƞ

Ў†

‐̄ Ƞ † ‐̄ Ƞ †

† †
Ȣ (2.41) 

ɻʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ ʥʘ ʧʦʜʦʣʘʥʥʷ ʩʠʣ ʪʝʨʪʷ ʧʨʠ ʨʫʩʽ ʛʘʟʫ ʪʘ ʪʝʨʪʷ ʤʽʞ 

ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʧʨʦʚʦʜʠʚʩʷ ʟʘ ʟʘʧʨʦʧʦʥʦʚʘʥʠʤ ʘʚʪʦʨʦʤ [82, 85-87] 

ʚʠʨʘʟʦʤ: 

Ўὖ̓̆̑̓†̠ Ўὖ̓Ȣ̄Ȣ† Ўὖ̓Ȣ̓Ȣ†Ƞ (2.42) 

Ўὖ̓Ȣ̄Ȣ† ςὪ̄‐̄ Ƞ †”̄ύ̄ Ὄ
ρ

Ὄ ̐̑
Ƞ (2.43) 

Ўὖ̓Ȣ̓Ȣ† υȟχϽρπ
ρ

Ὄ ̐̑
‐̄ Ƞ †”̄ύ̄ ̋ —̑Ὄ ÇὌ ̐ Ƞ̑ (2.44) 

—ʐ
‐̓ Ƞ ʐ”̓ύ̓ ʐ

‐̄ Ƞ †”̄ύ̄ ʐ
Ȣ (2.45) 

ɻʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ ʰʘʨʫ ʚʠʟʥʘʯʘʚʩʷ ʟʘ ʚʠʨʘʟʦʤ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʤ ʘʚʪʦʨʦʤ 

[82, 85-87]: 

Ўὖ̨̄̅̑̏̒̓Ȣʐ Ç ”̓‐̓̈́Ȣ̄ʐ ”̄‐̄̈́Ȣ̄ʐ Ὠᾀȟ (2.46) 

ʜʝ ʅ̔ ï ʟʥʘʯʝʥʥʷ ʚʠʩʦʪʠ ʰʘʨʫ ʧʨʠ ʧʝʚʥʦʤʫ ʯʘʩʽ Ű,̔ ʤ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ [82, 85-87] ʛʽʜʨʦʩʪʘʪʠʯʥʠʡ ʪʠʩʢ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʬʽʟʠʯʥʦʾ ʤʦʜʝʣʽ: 
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Ўὖ Ўὖ̨̄̅̑̏̒̓Ȣ Ўὖ̝̂̔̌̂Ȣ ”̓ ρ ‐ᴂÇὌ ЎὌ Ὠ̂ ȟ (2.47) 

ʜʝ æʈʛʽʜʨʦʩʪ.(0) ï ʛʽʜʨʦʩʪʘʪʠʯʥʠʡ ʦʧʽʨ ʥʝʨʫʭʦʤʦʛʦ ʰʘʨʫ, ʇʘ: 

Ўὖ̨̄̅̑̏̒̓Ȣ ”̓ ρ ‐ᴂÇὌ ЎὌ ȟ (2.48) 

ʜʝ Ů0ô ï ʧʦʨʦʟʥʽʩʪʴ ʰʘʨʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʫʪʚʦʨʝʥʠʭ ʪʘ ʧʦʩʪʽʡʥʦ ʥʘʷʚʥʠʭ ʛʘʟʦʚʠʭ 

ʬʘʢʝʣʽʚ; dmax ï ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʠʡ ʨʦʟʤʽʨ ʛʘʟʦʚʦʾ ʙʫʣʴʙʘʰʢʠ ʫ ʤʦʤʝʥʪ 

ʚʽʜʨʠʚʫ ʚʽʜ ʛʘʟʦʚʠʭ ʬʘʢʝʣʽʚ. 

ʇʨʠ ʯʦʤʫ ʩʝʨʝʜʥʶ ʰʚʠʜʢʽʩʪʴ ʨʦʩʪʫ ʛʘʟʦʚʦʾ ʙʫʣʴʙʘʰʢʠ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʟʤʽʥʠ ʧʦʨʦʟʥʦʩʪʽ ʰʘʨʫ ʚ II  ʪʘ III  ʟʦʥʘʭ ʢʘʤʝʨʠ ʛʨʘʥʫʣʷʪʦʨʘ: 

Ὠὠ̂

Ὠ†
Ὢ‐̄ Ƞ ὑ

Ὠ‐̄ Ƞ

Ὠ†
ὑ
‐̄ Ƞ † ‐̄ Ƞ †

† †
ȟ (2.49) 

ʜʝ KŮ ï ʙʝʟʨʦʟʤʽʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʦʪʨʠʤʘʥʠʡ ʜʦʩʣʽʜʥʠʤ ʰʣʷʭʦʤ. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʤʦʜʝʣʽ ʚʠʪʽʩʥʝʥʥʷ ʤʘʩʠ ʤʘʪʝʨʽʘʣʫ ʟ ʬʽʢʩʦʚʘʥʦʛʦ ʦʙôʻʤʫ 

ʰʘʨʫ (ɸĬɺĬH) ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʤʘʩʠ ʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʚʠʥʝʩʝʥʦʛʦ ʟʘ 

ʤʝʞʽ ʰʘʨʫ (ʽʟ ʩʪʘʨʪʦʚʦʶ ʚʠʩʦʪʦʶ ʅ0+æʅ0), ʷʢ: 

Ўὓ
Ўὖ Ўὖ̨̄̅̑̏̒̓Ȣ Ὂ́

Ç
Ͻὑȟ (2.50) 

ʜʝ  Ka ï ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʟʚʫʞʝʥʥʷ ʢʘʤʝʨʠ ʛʨʘʥʫʣʷʪʦʨʘ ʚ ʟʦʥʽ ɻʈʇ (ʜʣʷ 

ʨʦʟʨʦʙʣʝʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ɻʈʇ Ka=0,875); Fʘ= ɸĿɺ ï ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ 

ʢʘʤʝʨʠ ʛʨʘʥʫʣʷʪʦʨʘ ʟ ʬʽʢʩʦʚʘʥʠʤʠ ʨʦʟʤʽʨʘʤʠ ɸĬɺĬʅ0, ʤ
2
: 

ʊʦʜʽ ʟʘʣʠʰʢʦʚʘ ʤʘʩʘ ʰʘʨʫ ʚ ʘʧʘʨʘʪʽ ʩʪʘʥʦʚʠʪʠʤʝ, ʢʛ: 

ὓ̈ ́Ȣ̌ ὓ Ўὓ̃ ̉̎̏̒̔ȟ (2.51) 

ʘʙʦ: 

ὓ̈ ́Ȣ̌† ὓ Ўὓ† ὠ̙ ρ ‐̄̈́Ȣ̄† ”̓Ȣ (2.52) 

ʊʦʤʫ ʧʦʪʦʯʥʝ ʟʥʘʯʝʥʥʷ ʛʽʜʨʦʩʪʘʪʠʯʥʦʛʦ ʪʠʩʢʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ, ʇʘ: 

Ўὖ̨̄̅̑̏̒̓Ȣ†
ὓ̈ ́Ȣ̌†Ç

Ὂ́Ͻὕ
Ȣ (2.53) 

ɼʣʷ ʨʦʟʚôʷʟʢʫ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʥʝʦʙʭʽʜʥʦ ʜʦʩʣʽʜʥʠʤ ʰʣʷʭʦʤ 

ʚʠʟʥʘʯʠʪʠ ʭʘʨʘʢʪʝʨ ʟʤʽʥʠ ʧʦʨʦʟʥʦʩʪʽ ʰʘʨʫ ʚ ʯʘʩʽ Ůʛ=f(Ű). 
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2.3 ʆʮʽʥʢʘ ʷʢʦʩʪʽ ʥʝʦʜʥʦʨʽʜʥʦʛʦ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ ʚ 

ʘʚʪʦʢʦʣʠʚʘʣʴʥʦʤʫ ʨʝʞʠʤʽ 

 

ʅʝʦʜʥʦʨʽʜʥʝ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ ʚ ʘʚʪʦʢʦʣʠʚʘʣʴʥʦʤʫ ʨʝʞʠʤʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʘʜʝʢʚʘʪʥʠʭ ʧʫʣʴʩʘʮʽʡ ʫ ʨʦʙʦʯʽʡ ʟʦʥʽ ɻʈʇ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʥʝ ʚʠʢʣʶʯʝʥʘ ʤʦʞʣʠʚʽʩʪʴ ʫʪʚʦʨʝʥʥʷ ʟʘʩʪʽʡʥʠʭ 

(ʤʘʣʦʨʫʭʣʠʚʠʭ) ʟʦʥ ʪʚʝʨʜʦʛʦ ʤʘʪʝʨʽʘʣʫ ʥʘ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʥʷʭ ɻʈʇ,  

ʨʠʩʫʥʦʢ 2.7. 

 
ʈʠʩʫʥʦʢ 2.7 ï ʉʭʝʤʘ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʷʢʦʩʪʽ ʨʝʞʠʤʫ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ 

 

ɼʦʚʛʦʪʨʠʚʘʣʝ ʧʝʨʝʙʫʚʘʥʥʷ ʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ ʥʘ ʥʘʛʨʽʪʽʡ ʧʦʚʝʨʭʥʽ 

ɻʈʇ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʦʧʣʘʚʣʝʥʥʷ ʽ ʙʝʟʫʤʦʚʥʦʾ ʟʫʧʠʥʢʠ ʧʨʦʮʝʩʫ ʟʥʝʚʦʜʥʝʥʥʷ ʪʘ 

ʛʨʘʥʫʣʷʮʽʾ. ʊʦʤʫ ʦʮʽʥʢʘ ʷʢʦʩʪʽ ʥʝʦʜʥʦʨʽʜʥʦʛʦ ʘʚʪʦʢʦʣʠʚʘʣʴʥʦʛʦ ʨʝʞʠʤʫ 

ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ ʚʠʟʥʘʯʘʣʘʩʴ ʥʘʷʚʥʽʩʪʶ ʤʽʥʽʤʘʣʴʥʦʛʦ ʦʙôʻʤʫ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ 

ʚ ʦʙôʻʤʽ, ʦʙʤʝʞʝʥʦʛʦ ʣʽʥʽʻʶ pr ʪʘ ʨʦʙʦʯʠʤʠ ʧʦʚʝʨʭʥʷʤʠ ɻʈʇ, ʘ ʪʘʢʦʞ 

ʤʽʥʽʤʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ ʜʦʚʞʠʥʠ ŭ, ʨʠʩʫʥʦʢ 2.7. 
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ɼʣʷ ʮʴʦʛʦ, ʰʣʷʭʦʤ ʚʽʜʝʦʟʡʦʤʢʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʴ ʧʦʨʦʟʥʦʩʪʽ ʫ 

ʚʢʘʟʘʥʽʡ ʟʦʥʽ ɼ ï Ůɼ̔ =f(Ű) ʽ ʧʦʨʽʚʥʶʻʪʴʩʷ ʽʟ ʜʦʧʫʩʪʠʤʠʤ ʟʘʜʘʥʠʤ [Ůɼ]=0,85...0,95. 

ɼʣʷ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʛʽʜʨʦʜʠʥʘʤʽʢʠ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜ ʊʘʛʫʪʽ, 

ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʨʦʟʨʘʭʫʚʘʪʠ ʧʦʢʘʟʥʠʢ ʚʪʨʘʪʠ ʷʢʦʩʪʽ ʛʽʜʨʦʜʠʥʘʤʽʢʠ [130]: 

ὒˑ ὑ ʀˑ ʀˑ ὑ
ɿ ɿ

ὰ
ȟ (2.54) 

ʜʝ ʂ1 = 0,3 ʪʘ ʂ2 = 0,7 ï ʚʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ; Ůʜʽʡʩʥʝ ï ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʟʥʘʯʝʥʝ 

ʧʦʪʦʯʥʝ ʟʥʘʯʝʥʥʷ ʧʦʨʦʟʥʦʩʪʽ; [ŭ] = 0,01l, ʤ; l ï ʜʦʚʞʠʥʘ ʭʦʨʜʠ ʧʣʘʩʪʠʥʠ ɻʈʇ, ʤ. 

ʗʢʽʩʪʴ ʛʽʜʨʦʜʠʥʘʤʽʢʠ [116, 125, 126, 130]: 

Ya=1-L.     (2.55) 

ʆʙʣʘʩʪʴ ʟʘʜʦʚʽʣʴʥʦʾ ʷʢʦʩʪʽ ʟʥʘʭʦʜʠʪʴʩʷ ʧʨʠ  ʟʥʘʯʝʥʥʽ ʷʢʦʩʪʽ 

ʛʽʜʨʦʜʠʥʘʤʽʢʠ 0,9 Ò Ya Ò 1. ʄʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʷʢʦʩʪʽ ʛʽʜʨʦʜʠʥʘʤʽʢʠ Ya = 1 

ʙʫʜʝ ʜʦʩʷʛʥʫʪʦ ʧʨʠ ʚʝʣʠʯʠʥʽ ʧʦʢʘʟʥʠʢʘ ʚʪʨʘʪʠ ʷʢʦʩʪʽ LŸ0 [116, 125, 126, 130]. 

ʆʩʪʘʪʦʯʥʝ ʟʘʜʦʚʽʣʴʥʝ ʟʥʘʯʝʥʥʷ ʷʢʦʩʪʽ ʛʽʜʨʦʜʠʥʘʤʽʢʠ ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʷ 

ʜʦʩʣʽʜʥʠʤ ʰʣʷʭʦʤ. 

ʊʝʭʥʽʯʥʘ ʢʦʥʮʝʧʮʽʷ ɻʈʇ ʱʽʣʠʥʥʦʛʦ ʪʠʧʫ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦʙ ʫ ʰʘʨ 

ʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ ʤʦʞʥʘ ʙʫʣʦ ʣʦʢʘʣʴʥʦ ʚʚʝʩʪʠ ʪʘʢʫ ʢʽʥʝʪʠʯʥʫ ʝʥʝʨʛʽʶ, ʷʢʘ 

ʙ ʽʟ ʯʘʩʪʦʪʦʶ f = 1,5...2 ɻʮ ʟʘʙʝʟʧʝʯʠʣʘ ʟʙʽʣʴʰʝʥʥʷ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ 

ʧʩʝʚʜʦʟʨʽʜʞʝʥʦʛʦ ʰʘʨʫ ʧʨʘʢʪʠʯʥʦ ʫ 2 ʨʘʟʠ. 

ɺʠʪʨʘʪʠ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʟʙʽʣʴʰʝʥʥʷ ʧʦʪʝʥʮʽʡʥʦʾ ʝʥʝʨʛʽʾ ʰʘʨʫ: 

Ὁ̐
Ўὓ̙

† †
Ὄ ɝὬ ÇȢ (2.56) 

ʇʨʠ ʮʴʦʤʫ ʧʦʚʠʥʥʘ ʚʠʢʦʥʫʚʘʪʠʩʷ ʫʤʦʚʘ ɽʢ>ɽʧ: 

Ὁ̋
ά ά ύ̚

ς
ȟ (2.57) 

ʜʝ m1+m2 ï ʩʫʤʘʨʥʽ ʤʘʩʦʚʽ ʚʠʪʨʘʪʠ ʟʨʽʜʞʫʚʘʣʴʥʦʛʦ ʘʛʝʥʪʫ, ʢʛ/ʩ; w  ɦï ʰʚʠʜʢʽʩʪʴ 

ʛʘʟʫ ʚ ʱʽʣʠʥʘʭ ɻʈʇ, ʤ/ʩ (ʧʨʠʡʤʘʻʤʦ, ʱʦ w  ɦ= wʱ1 = wʱ2). 

ʗʢʱʦ ʤʘʩʦʚʽ ʚʠʪʨʘʪʠ ʛʘʟʫ ʚʠʟʥʘʯʘʶʪʴʩʷ ʽʟ ʪʝʧʣʦʚʦʛʦ ʨʦʟʨʘʭʫʥʢʫ, ʘ 

ʰʚʠʜʢʽʩʪʴ ʛʘʟʫ ʚ ʧʦʩʪʽʡʥʦʤʫ ʧʝʨʝʨʽʟʽ ʘʧʘʨʘʪʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʬʽʟʠʯʥʠʭ ʪʘ ʨʝʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʪʘ ʛʘʟʦʚʦʛʦ 
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ʩʝʨʝʜʦʚʠʱʘ ï ʰʚʠʜʢʽʩʪʴ ʫ ʱʽʣʠʥʘʭ ɻʈʇ ʤʦʞʣʠʚʦ ʨʝʛʫʣʶʚʘʪʠ ʟʤʽʥʦʶ ʧʣʦʱʽ 

ʱʽʣʠʥ. 

 

2.4 ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʥʷ ʢʦʤʧʣʝʢʩʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ 

2.4.1 ɺʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ ɻʈʇ 

 

ʉʧʦʩʽʙ ʬʦʨʤʫʚʘʥʥʷ ʛʘʟʦʚʠʭ ʩʪʨʫʤʝʥʽʚ ʫ ʟʦʥʽ ɻʈʇ, ʘ ʪʘʢʦʞ ʘʢʪʠʚʥʠʭ 

ʛʘʟʦʚʠʭ ʩʪʨʫʤʝʥʽʚ ʫ ʰʘʨʽ ʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʦʥʩʪʨʫʢʮʽʻʶ ɻʈʇ. 

ʇʦʧʝʨʝʜʥʽʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ [88, 89] ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʡʙʽʣʴʰ 

ʨʘʮʽʦʥʘʣʴʥʦʶ ʻ ʢʦʥʩʪʨʫʢʮʽʷ ɻʈʇ ʱʽʣʠʥʥʦʛʦ ʪʠʧʫ, ʨʠʩʫʥʦʢ 2.8. 

 
 ʘ) ɻʈʇ ʪʠʧʫ 1  ʙ) ɻʈʇ ʪʠʧʫ 2 

1 ï ʢʦʨʧʫʩ ʘʧʘʨʘʪʫ; 2 ï ʧʨʘʚʠʡ ʢʦʣʦʩʥʠʢ; 3 ï ʣʽʚʠʡ ʢʦʣʦʩʥʠʢ;  

4 ï ʛʦʨʠʟʦʥʪʘʣʴʥʘ ʧʣʘʩʪʠʥʘ; 5 ï ʟʚʫʞʫʶʯʽ ʚʩʪʘʚʢʠ 

ʈʠʩʫʥʦʢ 2.8 ï ʂʦʥʩʪʨʫʢʮʽʾ ɻʈʇ ʱʽʣʠʥʥʦʛʦ ʪʠʧʫ 

 

ɺʽʜʤʽʥʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʡ ʧʦʣʷʛʘʻ ʫ ʟʤʝʥʰʝʥʥʽ ʧʣʦʱʽ ʚʚʝʜʝʥʥʷ ʛʘʟʦʚʦʛʦ 

ʧʦʪʦʢʫ ʯʝʨʝʟ ʱʽʣʠʥʫ 1. 
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ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ 

ʛʘʟʦʨʦʟʧʦʜʽʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʚ ʩʪʚʦʨʝʥʠʡ 

ʩʧʝʮʽʘʣʴʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʩʪʝʥʜ, ʥʘʚʝʜʝʥʠʡ ʥʘ ʨʠʩʫʥʢʫ 2.9. 

ɺʠʪʨʘʪʠ ʧʦʚʽʪʨʷ, ʷʢʝ ʧʦʜʘʻʪʴʩʷ ʛʘʟʦʜʫʚʢʦʶ 4, ʚʠʤʽʨʶʚʘʣʠʩʷ ʜʘʪʯʠʢʘʤʠ 

ʤʘʣʠʭ ʪʠʩʢʽʚ (MPXV7007DP) 7 ʟ ʪʦʯʥʽʩʪʶ Ñ0,1 ʇʘ. ʊʝʤʧʝʨʘʪʫʨʘ ʛʘʟʫ 

ʚʠʤʽʨʶʚʘʣʘʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʝʨʝʜ ɻʈʇ ʪʝʨʤʦʧʘʨʦʶ ʚ ʢʦʤʧʣʝʢʪʽ ʟ ʝʣʝʢʪʨʦʥʥʠʤ 

ʧʦʪʝʥʮʽʦʤʝʪʨʦʤ ɸ-565 ʽʟ ʪʦʯʥʽʩʪʶ °0,5 ʉ̄ [88, 111]. ɻʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ ɻʈʇ 

ʚʠʤʽʨʶʚʘʚʩʷ ʜʘʪʯʠʢʘʤʠ ʤʘʣʠʭ ʪʠʩʢʽʚ (MPXV7007DP) 6 ʟ ʪʦʯʥʽʩʪʶ Ñ0,1 ʇʘ  ʟ 

ʯʘʩʪʦʪʦʶ 63 ʚʠʤʽʨʠ ʚ ʩʝʢʫʥʜʫ, ʧʽʜôʻʜʥʘʥʠʭ ʜʦ ʢʦʤʧôʶʪʝʨʘ ʯʝʨʝʟ ʢʦʥʪʨʦʣʣʝʨ 

Arduino Pro Mini. 

 
1 ï ʛʨʘʥʫʣʷʪʦʨ ʧʩʝʚʜʦʟʨʽʜʞʝʥʦʛʦ ʰʘʨʫ; 2 ï ʛʘʟʦʨʦʟʧʦʜʽʣʴʥʠʡ ʧʨʠʩʪʨʽʡ (ɻʈʇ); 

3 ï ʢʘʤʝʨʥʘ ʜʽʘʬʨʘʛʤʘ; 4 ï ʛʘʟʦʜʫʚʢʘ ʜʣʷ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷ; 5, 6 ï ʜʘʪʯʠʢʠ ʤʘʣʠʭ 

ʪʠʩʢʽʚ MPXV7007DP; 7 ï ʢʦʥʪʨʦʣʣʝʨ Arduino Pro Mini; 8 ï ʢʦʤʧôʶʪʝʨ 

ʈʠʩʫʥʦʢ 2.9 ï ɿʘʛʘʣʴʥʠʡ ʚʠʜ ʜʦʩʣʽʜʥʦʛʦ ʩʪʝʥʜʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ  

ʢʦʝʬʽʮʽʻʥʪʘ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ ɻʈʇ 

 

ʂʦʝʬʽʮʽʻʥʪ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ ɻʈʇ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʚʠʨʘʟʦʤ: 

Ўὖː ˝˜ ‚
ύ̚ ”̄

ς
Ȣ (2.58) 

ʇʨʠʡʤʘʻʤʦ:   

ὃː ˝˜

ύ̚ ”̄

ς
Ȣ (2.59) 

ʊʦʜʽ ʛʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ ɻʈʇ ʧʨʠʡʤʘʻ ʚʠʛʣʷʜ:  

Ўὖː ˝˜ ‚ὃː ˝Ȣ̃ (2.60) 
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ʐʚʠʜʢʽʩʪʴ ʛʘʟʫ ʚ ʱʽʣʠʥʘʭ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʚʠʨʘʟʦʤ: 

ύ̚
ὠ̒̆̋
•
ρππϷȟ (2.61) 

ʜʝ • ï ʢʦʝʬʽʮʽʻʥʪ ʞʠʚʦʛʦ ʧʝʨʝʨʽʟʫ ɻʈʇ, %: 

•
Ὂ̚

ὃὄ
ρππϷȠ     •

Ὤ Ὤ

ὃ
ρππϷȠ    •

πȟχὬ Ὤ

ὃ
ρππϷȟ (2.62) 

ʜʝ Ὂ̚ ï ʩʫʤʘʨʥʘ ʧʦʚʝʨʭʥʷ ʱʽʣʠʥ, ʤ
2
: 

                  Ὂ̚ Ὤ Ὤ ὄ, (2.63) 

ʜʝ h1 ʪʘ h2ï ʚʠʩʦʪʠ ʱʽʣʠʥ ɻʈʇ, ʨʠʩʫʥʦʢ 2.8. 

ʆʙôʻʤʥʽ ʩʝʢʫʥʜʥʽ ʚʠʪʨʘʪʠ ʧʦʚʽʪʨʷ ʧʨʠ ʜʘʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʚʠʤʽʨʶʶʪʴʩʷ 

ʢʘʤʝʨʥʦʶ ʜʽʘʬʨʘʛʤʦʶ ʪʘ ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʚʠʨʘʟʦʤ, ʤ
3
/ʩ: 

ὠ̒̆̋τȟωςχϽρπ Ўὖˑ ςχσὸ̒̆ȟ̑ (2.64) 

ʜʝ  ὸ̒̆̑ ï ʪʝʤʧʝʨʘʪʫʨʘ ʦʪʦʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (ʣʘʙʦʨʘʪʦʨʽʾ), Áʉ. 

ʂʦʝʬʽʮʽʻʥʪ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʚʠʨʘʟʦʤ: 

‚
Ўὖː ˝˜

ὃː ˝˜
ÔÇ‌Ȣ 

(2.65) 

 

2.4.2 ɺʠʟʥʘʯʝʥʥʷ ʧʦʨʦʟʥʦʩʪʽ ʪʘ ʚʠʩʦʪʠ ʰʘʨʫ ʚ ʢʘʤʝʨʽ ʘʧʘʨʘʪʘ 

 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʛʘʟʦʨʦʟʧʦʜʽʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ ʪʘ ʢʘʤʝʨʠ ʘʧʘʨʘʪʘ ʥʘ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʰʘʨʫ ʧʨʠ 

ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʽ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʛʽʜʨʦʜʠʥʘʤʽʢʠ ʧʩʝʚʜʦʟʨʽʜʞʝʥʦʛʦ ʰʘʨʫ ʙʫʣʦ 

ʩʪʚʦʨʝʥʦ ʫʩʪʘʥʦʚʢʫ, ʥʘʚʝʜʝʥʫ ʥʘ ʨʠʩʫʥʢʫ 2.10. 

ɼʣʷ ʦʮʽʥʢʠ ʩʪʫʧʝʥʷ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʰʘʨʫ ʚ ʘʧʘʨʘʪʽ, ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ 

ʧʦʨʦʟʥʽʩʪʴ ʰʘʨʫ ʚ ʟʦʥʽ ʥʠʟʭʽʜʥʦʛʦ ʧʦʪʦʢʫ ɯ, ʧʝʨʝʭʽʜʥʽʡ ʟʦʥʽ ɯɯ ʪʘ ʟʦʥʽ ʚʠʩʭʽʜʥʦʛʦ 

ʧʦʪʦʢʫ ɯɯɯ, ʨʠʩʫʥʦʢ 2.10, ʧʨʠ 1,0 Ò Kw Ò 2,0. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʚʽʜʝʦʢʘʤʝʨʠ 9, ʨʠʩʫʥʦʢ 2.10, ʧʨʦʚʦʜʠʣʘʩʷ ʚʽʜʝʦʬʽʢʩʘʮʽʷ 

ʩʪʘʥʫ ʰʘʨʫ ʚ ʢʘʤʝʨʽ ʘʧʘʨʘʪʘ. ɼʣʷ ʮʴʦʛʦ, ʫ ʷʢʦʩʪʽ ʧʝʨʝʜʥʴʦʾ ʩʪʽʥʢʠ ʘʧʘʨʘʪʘ, 

ʚʩʪʘʥʦʚʣʝʥʦ ʧʨʦʟʦʨʫ ʧʣʘʩʪʠʥʫ. ʇʽʩʣʷ ʯʦʛʦ ʧʨʦʚʝʜʝʥʦ ʚʽʜʝʦʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʚʠʢʦʥʘʥʦ ʨʦʟʢʘʜʨʦʚʢʫ ʧʨʦʮʝʩʫ ʟ ʯʘʩʪʦʪʦʶ 0,04 ʢʘʜʨʘ ʚ ʩʝʢʫʥʜʫ. 
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ɺʠʢʦʥʫʚʘʚʩʷ ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʬʦʪʦʟʥʽʤʢʽʚ, ʧʨʠ ʷʢʦʤʫ ʚʠʟʥʘʯʘʚʩʷ ʦʙôʻʤ 

ʧʫʩʪʦʪ Vʧ ʚ ʟʦʥʘʭ I, II  ʪʘ ɯɯɯ ʫ ʢʦʤʽʨʮʽ ʘʧʘʨʘʪʫ ʟ ʬʽʢʩʦʚʘʥʠʤʠ ʨʦʟʤʽʨʘʤʠ. 

 

 
 ʘ) ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʙ) ʬʦʪʦ ʫʩʪʘʥʦʚʢʠ 

1 ï ʢʘʤʝʨʘ ʛʨʘʥʫʣʷʪʦʨʘ; 2 ï ʮʠʢʣʦʥ; 3 ï ʛʘʟʦʜʫʚʢʘ; 4 ï ʜʽʘʬʨʘʛʤʘ;  

5 ï ʢʦʤʧôʶʪʝʨ; 6 ï Arduino Pro Mini; 7ï ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʪʠʩʢʽʚ; 8 ï ʚʽʜʝʦʢʘʤʝʨʘ 

ʈʠʩʫʥʦʢ 2.10 ï ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʛʽʜʨʦʜʠʥʘʤʽʢʠ ʧʩʝʚʜʦʟʨʽʜʞʝʥʦʛʦ ʰʘʨʫ 

 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʚʠʟʥʘʯʘʣʘʩʷ ʧʦʨʦʟʥʽʩʪʴ ʰʘʨʫ: 

‐
ὠ̐

ὠ̙
ȟ (2.66) 

ʜʝ V =hVɯ+Vɯɯ+Vɯɯɯ ï ʟʘʛʘʣʴʥʠʡ ʦʙôʻʤ ʰʘʨʫ, ʤ
3
. 

 

2.4.3 ɺʠʟʥʘʯʝʥʥʷ ʧʦʨʦʟʥʦʩʪʽ ʚ ʨʦʙʦʯʽʡ ʟʦʥʽ ɻʈʇ 

 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʛʘʟʦʨʦʟʧʦʜʽʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ ʥʘ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʰʘʨʫ ʚ ʨʦʙʦʯʽʡ ʟʦʥʽ ɻʈʇ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʘ ʩʪʚʦʨʝʥʘ ʫʩʪʘʥʦʚʢʘ, ʨʠʩʫʥʦʢ 2.10, ʽʟ 

ʜʦʩʣʽʜʥʠʤ ʩʪʝʥʜʦʤ, ʥʘʚʝʜʝʥʠʤ ʥʘ ʨʠʩʫʥʢʫ 2.11. 
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ɼʣʷ ʦʮʽʥʢʠ ʩʪʫʧʝʥʷ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʰʘʨʫ ʚ ʨʦʙʦʯʽʡ ʟʦʥʽ ɻʈʇ (ʟʦʥʘ ɼ), 

ʨʠʩʫʥʦʢ 2.11, ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʧʦʨʦʟʥʽʩʪʴ ʰʘʨʫ ʚ ʟʦʥʽ ɼ. 

 

1 ï ʛʨʘʥʫʣʷʪʦʨ ʧʩʝʚʜʦʟʨʽʜʞʝʥʦʛʦ ʰʘʨʫ; 2 ïɻʈʇ; 3 ï ʢʘʤʝʨʥʘ ʜʽʘʬʨʘʛʤʘ;  

4 ï ʛʘʟʦʜʫʚʢʘ ʜʣʷ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷ; 5, 6 ï ʜʘʪʯʠʢʠ ʤʘʣʠʭ ʪʠʩʢʽʚ MPXV7007DP;  

7 ï ʢʦʥʪʨʦʣʣʝʨ Arduino Pro Mini; 8 ï ʢʦʤʧôʶʪʝʨ; 9 ï ʚʽʜʝʦʢʘʤʝʨʘ 

ʈʠʩʫʥʦʢ 2.11 ï ɿʘʛʘʣʴʥʠʡ ʚʠʜ ʜʦʩʣʽʜʥʦʾ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ  

ʧʦʨʦʟʥʦʩʪʽ ʰʘʨʫ ʚ ʨʦʙʦʯʽʡ ʟʦʥʽ ɻʈʇ 

 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʚʽʜʝʦʢʘʤʝʨʠ 8, ʨʠʩʫʥʦʢ 2.11, ʧʨʦʚʦʜʠʣʘʩʷ ʚʽʜʝʦʬʽʢʩʘʮʽʷ 

ʰʘʨʫ ʚ ʨʦʙʦʯʽʡ ʟʦʥʽ ɻʈʇ (ʟʦʥʘ ɼ), ʜʣʷ ʮʴʦʛʦ ʚ ʷʢʦʩʪʽ ʧʝʨʝʜʥʴʦʾ ʩʪʽʥʢʠ ɻʈʇ, 

ʚʩʪʘʥʦʚʣʝʥʦ ʧʨʦʟʦʨʫ ʧʣʘʩʪʠʥʫ. ʇʽʩʣʷ ʯʦʛʦ ʧʨʦʚʝʜʝʥʦ ʚʽʜʝʦʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʚʠʢʦʥʘʥʦ ʨʦʟʢʘʜʨʦʚʢʫ ʧʨʦʮʝʩʫ ʟ ʯʘʩʪʦʪʦʶ 0,04 ʢʘʜʨʘ ʚ ʩʝʢʫʥʜʫ. 

ɺʠʢʦʥʫʚʘʚʩʷ ʬʦʪʦ ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʟʥʽʤʢʽʚ, ʧʨʠ ʷʢʦʤʫ ʚʠʟʥʘʯʘʚʩʷ ʦʙôʻʤ 

ʰʘʨʫ ʚ ʟʦʥʽ ɼ (Vʰ(ɼ)) ʪʘ ʧʫʩʪʦʪ ʚ ʥʴʦʤʫ (Vʧ(ɼ)). ʅʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʚʠʟʥʘʯʘʣʘʩʷ ʧʦʨʦʟʥʽʩʪʴ ʰʘʨʫ ʟʘ ʬʦʨʤʫʣʦʶ: 

‐
ὠ̐ˑ

ὠ̙ ˑ
Ȣ (2.67) 

 

2.4.4 ɺʠʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʪʠʩʢʫ ʚ ʰʘʨʽ ʪʘ ʽʥʜʝʢʩʫ ʧʝʨʝʤʽʰʫʚʘʥʥʷ 

 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʦʙôʻʤʥʠʭ ʚʠʪʨʘʪ ʧʦʚʽʪʨʷ ʥʘ 

ʚʭʦʜʽ ʚ ʘʧʘʨʘʪ ʪʘ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʜʽʘʤʝʪʨʫ ʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ ʥʘ ʟʘʛʘʣʴʥʠʡ 

ʪʠʩʢ ʫ ʰʘʨʽ ʪʘ ʽʥʜʝʢʩ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʰʘʨʫ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ ʫʩʪʘʥʦʚʢʘ, ʥʘʚʝʜʝʥʘ ʥʘ 

ʨʠʩʫʥʢʫ 2.11. 
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ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʽʥʜʝʢʩʫ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ ʥʝʦʙʭʽʜʥʦ 

ʚʠʤʽʨʷʪʠ ʧʝʨʝʧʘʜ ʟʘʛʘʣʴʥʦʛʦ ʪʠʩʢʫ ʚ ʰʘʨʽ. 

ʇʝʨʝʧʘʜ ʟʘʛʘʣʴʥʦʛʦ ʪʠʩʢʫ ʚ ʰʘʨʽ  ʚʠʤʽʨʶʚʘʚʩʷ ʜʘʪʯʠʢʘʤʠ ʤʘʣʠʭ ʪʠʩʢʽʚ 

(MPXV7007DP) 6, ʟ ʪʦʯʥʽʩʪʶ Ñ0,1 ʇʘ  ʟ ʯʘʩʪʦʪʦʶ 63 ʚʠʤʽʨʠ ʚ ʩʝʢʫʥʜʫ, 

ʧʽʜôʻʜʥʘʥʠʭ ʜʦ ʢʦʤʧôʶʪʝʨʘ ʯʝʨʝʟ ʢʦʥʪʨʦʣʣʝʨ Arduino Pro Mini, ʨʠʩʫʥʦʢ 2.11.  

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʙʫʜʫʚʘʣʘʩʷ ʢʨʠʚʘ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ ʪʘ 

ʚʠʟʥʘʯʘʚʩʷ ʽʥʜʝʢʩ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʰʘʨʫ: 

jȹP= (ȹPmax-ȹPʛʽʜʨʦʩʪ.(0))/ȹPʛʽʜʨʦʩʪ.(0)=ȹPʘʤʧ./ȹPʛʽʜʨʦʩʪ.(0),  (2.68) 

ʜʝ ȹPmax ï ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʪʠʩʢʫ ʚ ʰʘʨʽ, ʇʘ. 

 

2.4.5 ɺʠʟʥʘʯʝʥʥʷ ʢʽʥʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʮʝʩʫ ʛʨʘʥʫʣʷʮʽʾ 

ʦʨʛʘʥʦ-ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚ 

 

ʄʝʪʦʶ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʻ ʚʠʟʥʘʯʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʫʤʦʚ 

ʧʨʦʚʝʜʝʥʥʷ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʧʨʦʮʝʩʫ ʛʨʘʥʫʣʷʮʽʾ ʦʨʛʘʥʦ-ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚ ʟ 

ʧʦʰʘʨʦʚʦʶ ʩʪʨʫʢʪʫʨʦʶ ʪʘ ʟʘʜʘʥʠʤʠ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʧʨʠ 

ʟʘʩʪʦʩʫʚʘʥʥʽ ʥʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ɻʈʇ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʫʤʦʚ ʬʽʟʠʯʥʦʾ ʤʦʜʝʣʽ ʜʦʩʣʽʜʠ ʧʨʦʚʦʜʠʣʠʩʴ ʚ 

ʛʨʘʥʫʣʷʪʦʨʽ ʟ ʧʩʝʚʜʦʟʨʽʜʞʝʥʠʤ ʰʘʨʦʤ, ʷʢʠʡ ʤʘʻ ʧʨʷʤʦʢʫʪʥʫ ʬʦʨʤʫ ʟ 

ʚʩʪʘʥʦʚʣʝʥʠʤʠ ʚ ʥʴʦʤʫ ʥʘʧʨʘʚʣʷʶʯʦʶ ʚʩʪʘʚʢʦʶ ʪʘ ɻʈʇ ʱʽʣʠʥʥʦʛʦ ʪʠʧʫ ʥʘ 

ʩʧʝʮʽʘʣʴʥʦ ʨʦʟʨʦʙʣʝʥʽʡ ʜʦʩʣʽʜʥʽʡ ʫʩʪʘʥʦʚʮʽ ʜʣʷ ʛʨʘʥʫʣʶʚʘʥʥʷ ʙʘʛʘʪʦʰʘʨʦʚʠʭ 

ʪʚʝʨʜʠʭ ʦʨʛʘʥʦ-ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚ, ʨʠʩʫʥʦʢ 2.12, [88, 111]. 

 

ʈʦʟʨʘʭʫʥʢʦʚʽ ʚʝʣʠʯʠʥʠ ʧʨʠ ʦʙʨʦʙʮʽ ʢʦʤʧʣʝʢʩʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ 

 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ, ʛʽʜʨʦʩʪʘʪʠʯʥʦʛʦ ʦʧʦʨʫ ʥʝʨʫʭʦʤʦʛʦ ʰʘʨʫ 

ʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ ʤʦʞʥʘ ʚʠʨʘʟʠʪʠ ʷʢ: 

Ўὖ̨̄̅̑̏̒̓Ȣ Ὄ ρ ‐ ”̙Ç                                         ςȢφω 
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ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʪʠʩʢ ʟʝʨʥʠʩʪʦʛʦ ʰʘʨʫ ʥʘ ɻʈʇ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʷʢ: 

Ўὖ̨̄̅̑̏̒̓Ȣ

ὓ̙

Ὂ
ὑ                                                  ςȢχπ 

ʄʘʩʘ ʰʘʨʫ ʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚʠʟʥʘʯʘʻʪʴʩʷ: 

ὓ̙
“Ὠ

φ
ὲʍ̙                                                   ςȢχρ 

ʜʝ ʧʪ ï ʢʽʣʴʢʽʩʪʴ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ. 

ʗʢʱʦ ʟʘʛʘʣʴʥʘ ʧʦʚʝʨʭʥʷ ʰʘʨʫ ʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ Ὢ̙ “Ὠ̆ὲ, ʪʦʜʽ ʤʘʩʘ 

ʰʘʨʫ ʟʘʧʠʰʝʪʴʩʷ ʷʢ: 

ὓ̙ Ὢ̙
Ὠ̆

φ
ʍ̙                                                      ςȢχς 

ʗʢʱʦ Ὢ̙ ʥʝʦʙʭʽʜʥʘ ʧʦʚʝʨʭʥʷ ʢʦʥʪʘʢʪʫ ʬʘʟ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʤʘʩʦʦʙʤʽʥʫ, 

ʪʦ ʧʨʠʨʽʚʥʷʚʰʠ ʧʨʘʚʽ ʯʘʩʪʠʥʠ ʚʠʨʘʟʽʚ (2.71) ʽ (2.72) ʦʜʝʨʞʠʤʦ ʚʠʨʘʟ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʚʠʩʦʪʠ ʥʝʨʫʭʦʤʦʛʦ ʰʘʨʫ ʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʷʢʠʡ ʚʠʧʣʠʚʘʻ ʟ 

ʥʝʦʙʭʽʜʥʠʭ ʫʤʦʚ ʧʨʦʚʝʜʝʥʥʷ ʤʘʩʦʦʙʤʽʥʫ: 

Ὄ
Ὢ̙ϽὨ̆

φϽὊϽρ ‐
 (2.73) 

ɽʢʚʽʚʘʣʝʥʪʥʠʡ ʜʽʘʤʝʪʨ ʯʘʩʪʠʥʦʢ ʫ ʧʩʝʚʜʦʟʨʽʜʞʝʥʦʤʫ ʰʘʨʽ: 

e

1

i

i

d
X

d

=

ä
 

(2.74) 

ʜʝ Xi ï ʤʘʩʦʚʘ ʯʘʩʪʢʘ -̔ʪʦʾ ʬʨʘʢʮʽʾ (ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʜʘʥʠʤʠ ʩʠʪʦʚʦʛʦ ʘʥʘʣʽʟʫ) 

[88, 111]; di ï ʩʝʨʝʜʥʽʡ ʜʽʘʤʝʪʨ -̔ʪʦʾ ʬʨʘʢʮʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʩʝʨʝʜʥʻ 

ʛʝʦʤʝʪʨʠʯʥʝ [88, 111]: 

1 2id d d= Ö (2.75) 

ʜʝ 1d , 2d  ï ʨʦʟʤʽʨʠ ʦʪʚʦʨʽʚ ʜʚʦʭ ʩʫʩʽʜʥʽʭ ʩʠʪ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʩʠʪʦʚʦʛʦ ʘʥʘʣʽʟʫ. 

ʈʦʟʧʦʜʽʣ ʤʘʩʠ ʛʨʘʥʫʣ ʟʘ ʨʦʟʤʽʨʦʤ ʚʠʟʥʘʯʘʚʩʷ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʩʠʪʦʚʦʛʦ 

ʘʥʘʣʽʟʫ ʟʘ ʚʠʨʘʟʦʤ [88, 111]: 

ʰ

i
i

i

m
g

d M
=
D

 (2.76) 
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ʜʝ im  ï ʤʘʩʘ ʽ-ʪʦʾ ʬʨʘʢʮʽʾ ʰʘʨʫ, ʢʛ; ȹd=(d2-d1) ï ʜʽʘʧʘʟʦʥ ʽʩʥʫʚʘʥʥʷ ʬʨʘʢʮʽʾ, ʤ. 

ʏʠʩʣʦ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʚʠʨʘʟʦʤ [88, 111]: 

p

w

ʢʨ

w
K

w
=  (2.77) 

ʜʝ pw  ï ʧʨʠʚʝʜʝʥʘ ʨʦʙʦʯʘ ʰʚʠʜʢʽʩʪʴ ʚ ʘʧʘʨʘʪʽ ʪʘ ʢʨʠʪʠʯʥʘ, ʤ/ʩ: 

p

a3600

V
w

F
=

Ö
 (2.78) 

ʢʨ ʛ

ʢʨ

Re

e

w
d

nÖ
=  (2.79) 

ʜʝ ʢʨRe  ï ʢʨʠʪʝʨʽʡ ʈʝʡʥʦʣʴʜʩʘ ʜʣʷ ʧʦʯʘʪʢʫ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ ʯʘʩʪʠʥʦʢ ʟ 

ʝʢʚʽʚʘʣʝʥʪʥʠʤ ʜʽʘʤʝʪʨʦʤ dʝ: 

4,75

ʢʨ 4,75
Re

18 0,61

Ar

Ar

e

e

Ö
=
+ Ö

 (2.80) 

ʜʝ e ï ʧʦʨʦʟʥʽʩʪʴ ʰʘʨʫ; Ar ï ʢʨʠʪʝʨʽʡ ɸʨʭʽʤʝʜʘ: 

( )3

e ʪ ʛ

2

ʛ ʛ

gd
Ar

r r

n r

-
=  (2.81) 

ʑʽʣʴʥʽʩʪʴ ʟʨʦʰʝʥʥʷ ʧʦʚʝʨʭʥʽ ʯʘʩʪʠʥʦʢ ʫ ʧʩʝʚʜʦʟʨʽʜʞʝʥʦʤʫ ʰʘʨʽ ʟʘ 

ʚʦʣʦʛʦʶ fa , ʢʛʚʦʣ./(ʤ
2
Öʛʦʜ.) [88, 111], ʭʘʨʘʢʪʝʨʠʟʫʻ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʪʝʧʣʦ- ʪʘ 

ʤʘʩʦʦʙʤʽʥʥʠʭ ʧʨʦʮʝʩʽʚ ʽ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʚʠʨʘʟʦʤ: 

ʚ

ʰ

f

M
a

f
=  (2.82) 

ʜʝ ʚM  ï ʢʽʣʴʢʽʩʪʴ ʚʦʣʦʛʠ, ʷʢʘ ʥʘʜʭʦʜʠʪʴ ʜʦ ʘʧʘʨʘʪʫ ʟ ʨʽʜʢʦʶ ʬʘʟʦʶ [88, 111], 

ʢʛ/ʛʦʜ: 

( ) ( )1 2 p p

ʚ

1

ȹ

L L x
ʄ

r

t

- -
=  (2.83) 

ʜʝ L1 ʪʘ L2 ïʤʘʩʘ ʨʽʜʠʥʠ ʚ ʻʤʥʦʩʪʽ ʥʘ ʧʦʯʘʪʢʫ ʽ ʢʽʥʮʽ ʟʘʜʘʥʦʛʦ ʽʥʪʝʨʚʘʣʫ ʯʘʩʫ, ʢʛ. 

ɿʘʛʘʣʴʥʘ ʧʦʚʝʨʭʥʷ ʯʘʩʪʠʥʦʢ ʫ ʧʩʝʚʜʦʟʨʽʜʞʝʥʦʤʫ ʰʘʨʽ [88, 111]: 

ʰ
ʰ

ʪ

6

e

F P
f

d gr

D
=
Ö

 (2.84) 

ʂʦʝʬʽʮʽʻʥʪ ʛʨʘʥʫʣʷʮʽʾ, %: 
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ʚʠʚ

M

100%
G

G
y= Ö  (2.85) 

ʂʦʥʩʪʘʥʪʘ ʚʠʚʘʥʪʘʞʝʥʥʷ, 1/ʛʦʜ: 

ʚʠʚ

ʰ

G
ʂ

M
=  (2.86) 

ɺʽʜʧʦʚʽʜʥʦ, ʩʝʨʝʜʥʽʡ ʯʘʩ ʧʝʨʝʙʫʚʘʥʥʷ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʚʠʨʘʟʦʤ: 

ʩʝʨ

1

ʂ
t = . (2.87) 

 

ʆʧʠʩ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ 

 

ʋʩʪʘʥʦʚʢʘ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʛʨʘʥʫʣʷʮʽʾ 

ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʪʚʝʨʜʠʭ ʢʦʤʧʦʟʠʪʽʚ ʰʣʷʭʦʤ ʟʥʝʚʦʜʥʝʥʥʷ ʨʽʜʢʠʭ ʛʝʪʝʨʦʛʝʥʥʠʭ 

ʩʠʩʪʝʤ, ʨʠʩʫʥʦʢ ɹ.1. ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʽ ʪʝʭʥʦʣʦʛʽʯʥʦ ʚʠʢʦʥʘʥʘ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ 

ʪʝʭʥʦʣʦʛʽʯʥʘ ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʽ ʢʦʥʩʪʨʫʢʮʽʷ ʦʩʥʦʚʥʠʭ ʚʫʟʣʽʚ ʛʨʘʥʫʣʷʪʦʨʘ 

ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʙʝʟʧʝʨʝʨʚʥʠʡ ʧʨʦʮʝʩ ʟʥʝʚʦʜʥʝʥʥʷ ʽ ʛʨʘʥʫʣʷʮʽʾ 

ʢʦʤʧʦʟʠʪʥʠʭ ʨʦʟʯʠʥʽʚ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʟʤʽʥʠ ʦʩʥʦʚʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ [88, 111]. 

ɻʨʘʥʫʣʷʪʦʨ 1 ʤʘʻ ʧʨʷʤʦʢʫʪʥʫ ʢʘʤʝʨʫ, ʷʢʘ ʟ ʤʝʪʦʶ ʟʤʝʥʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ 

ʚʽʜʚʽʜʥʠʭ ʛʘʟʽʚ, ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʚʠʢʦʥʘʥʘ ʟ ʨʦʟʰʠʨʝʥʥʷʤ ʟ ʜʚʦʭ ʙʦʢʽʚ, ʷʢʘ 

ʟôʻʜʥʘʥʘ ʟ ʮʠʢʣʦʥʦʤ 5 [88, 111]. 

ɺʫʟʦʣ ʜʣʷ ʚʠʚʘʥʪʘʞʝʥʥʷ ʛʨʘʥʫʣʴʦʚʘʥʦʛʦ ʧʨʦʜʫʢʪʫ ʟ ʘʧʘʨʘʪʫ 

ʨʦʟʪʘʰʦʚʘʥʠʡ ʫ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ, ʪʘ ʜʦʟʚʦʣʷʻ ʚʝʩʪʠ ʟʘʛʘʣʴʥʝ ʽ ʩʝʣʝʢʮʽʡʥʝ 

ʚʠʚʘʥʪʘʞʝʥʥʷ ʛʨʘʥʫʣ ʟʘʜʘʥʦʛʦ ʨʦʟʤʽʨʫ. ɼʣʷ ʧʝʨʝʥʝʩʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʚ 

ʥʘʜʰʘʨʦʚʦʤʫ ʧʨʦʩʪʦʨʽ, ʢʘʤʝʨʘ ʛʨʘʥʫʣʷʪʦʨʘ 1 ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʩʧʦʨʷʜʞʝʥʘ 

ʥʘʧʨʘʚʣʷʶʯʦʶ ʚʩʪʘʚʢʦʶ 4. ʋ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʢʘʤʝʨʠ ʛʨʘʥʫʣʷʪʦʨʘ ʚʩʪʘʥʦʚʣʝʥʦ 

ɻʈʇ ʱʽʣʠʥʥʦʛʦ ʪʠʧʫ 2, ʨʠʩʫʥʦʢ 2.7 ʙ, ʷʢʠʡ ʨʝʘʣʽʟʫʻ ʘʩʠʤʝʪʨʠʯʥʝ-ʜʚʦʨʽʚʥʝʚʝ 

ʚʚʝʜʝʥʥʷ ʪʝʧʣʦʥʦʩʽʷ, ʪʠʤ ʩʘʤʠʤ ʟʘʙʝʟʧʝʯʫʶʯʠ ʥʘʧʨʘʚʣʝʥʠʡ ʨʫʭ ʪʝʧʣʦʥʦʩʽʷ ʪʘ 

ʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟ ʘʢʪʠʚʥʠʤ ʡʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷʤ [88, 111]. 
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1ï ʛʨʘʥʫʣʷʪʦʨ; 2ï ʜʠʩʧʝʨʛʘʪʦʨ; 3ï ʻʤʥʦʩʪʽ ʜʣʷ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʫ; 4ï ʥʘʩʦʩ;  

5ï ʤʽʰʘʣʢʘ; 6ï ʚʘʛʠ; 7ï ʮʠʢʣʦʥ; 8ï ʻʤʥʽʩʪʴ ʜʣʷ ʧʠʣʫ; 9ï ʩʢʨʫʙʝʨ; 10ï ʚʘʢʫʫʤ-

ʥʘʩʦʩ; 11ï ʛʘʟʦʜʫʚʢʘ; 12ï ʜʽʘʬʨʘʛʤʘ; 13ï ʢʘʣʦʨʠʬʝʨ; 14ï ʙʣʦʢ ʨʝʛʫʣʶʚʘʥʥʷ;  

15ï ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʪʠʩʢʽʚ (MPXV7007DP); 16ï ʢʦʥʪʨʦʣʣʝʨ (Arduino Pro Mini);  

17ï ʢʦʤʧôʶʪʝʨ; 18ï ʢʦʥʪʨʦʣʣʝʨ ʪʝʤʧʝʨʘʪʫʨ (ICP-7018) 

ʈʠʩʫʥʦʢ 2.12 ï ʉʭʝʤʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ 

 

ʅʘʛʨʽʚ ʪʝʧʣʦʥʦʩʽʷ, ʷʢʠʡ ʧʦʜʘʻʪʴʩʷ ʜʦ ʛʨʘʥʫʣʷʪʦʨʘ [88, 111], ʧʨʦʚʦʜʠʪʴʩʷ 

ʚ ʢʘʣʦʨʠʬʝʨʽ 13. ʇʽʜʪʨʠʤʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʪʦʛʦ ʪʝʧʣʦʥʦʩʽʷ ʟ ʪʦʯʥʽʩʪʶ 

°2 ʉ̄ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʚʠʤʽʨʘʤʠ ʙʝʟʽʥʝʨʮʽʡʥʦʾ ʭʨʦʤʝʣʴ-ʢʦʧʝʣʝʚʦʾ ʪʝʨʤʦʧʘʨʠ ʫ 

ʙʣʦʮʽ 18, ʷʢʠʡ ʧʽʜôʻʜʥʘʥʦ ʜʦ ʢʦʤʧôʶʪʝʨʘ 17 ʰʣʷʭʦʤ ʟʤʽʥʠ ʚʠʪʨʘʪ ʨʦʙʦʯʦʛʦ 

ʨʦʟʯʠʥʫ, ʷʢʠʡ ʧʦʜʘʻʪʴʩʷ ʜʦ ʛʨʘʥʫʣʷʪʦʨʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʰʣʘʥʛʦʚʦʛʦ ʥʘʩʦʩʫ 14 

[88, 111]. 

ɺʠʪʨʘʪʠ ʪʝʧʣʦʥʦʩʽʷ ʚʠʤʽʨʶʚʘʣʠʩʴ ʢʘʤʝʨʥʦʶ ʜʽʘʬʨʘʛʤʦʶ 12 ʽʟ 

ʪʦʯʥʽʩʪʶ °0,005 ʤ
3
/ʛʦʜ [88, 111]. 

ɼʣʷ ʩʫʭʦʾ ʦʯʠʩʪʢʠ ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ ʪʝʧʣʦʥʦʩʽʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʮʠʢʣʦʥ ʪʠʧʫ ñʅʀʀʆɻɸɿò 7, ʜʽʘʤʝʪʨʦʤ 0,15 ʤ. ʂʽʥʮʝʚʘ ʦʯʠʩʪʢʘ ʛʘʟʽʚ, ʷʢʽ 

ʚʽʜʭʦʜʷʪʴ, ʧʨʦʚʦʜʠʪʴʩʷ ʚ ʧʨʷʤʦʪʦʯʥʦʤʫ ʥʘʩʘʜʢʦʚʦʤʫ ʩʢʨʫʙʝʨʽ 9 [88, 111]. 
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ʇʨʠ ʨʦʙʦʪʽ ʫʩʪʘʥʦʚʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʘʟʦʜʫʚʢʠ 11 ʧʦʚʽʪʨʷ ʯʝʨʝʟ 

ʚʠʤʽʨʶʚʘʣʴʥʫ ʜʽʘʬʨʘʛʤʫ 12 ʥʘʜʭʦʜʠʪʴ ʜʦ ʢʘʣʦʨʠʬʝʨʘ 13 [88, 111]. 

ʇʽʩʣʷ ʢʘʣʦʨʠʬʝʨʘ ʪʝʧʣʦʥʦʩʽʡ ʽʟ ʟʘʜʘʥʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ʯʝʨʝʟ ɻʈʇ 

ʧʦʜʘʻʪʴʩʷ ʜʦ ʢʘʤʝʨʠ ʛʨʘʥʫʣʷʪʦʨʘ, ʜʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʢʦʥʪʘʢʪ ʽʟ 

ʯʘʩʪʠʥʢʘʤʠ ʟʝʨʥʠʩʪʦʛʦ ʰʘʨʫ. ʇʨʠ ʜʦʩʷʛʥʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʰʘʨʫ 95-100̄ ʉ ʜʦ 

ʧʩʝʚʜʦʟʨʽʜʞʝʥʦʛʦ ʰʘʨʫ ʧʦʜʘʻʪʴʩʷ ʨʦʙʦʯʠʡ ʨʦʟʯʠʥ, ʷʢʠʡ ʜʠʩʧʝʨʛʫʻʪʴʩʷ 

ʢʦʥʽʯʥʠʤ ʜʠʩʧʝʨʛʘʪʦʨʦʤ 2. ʇʨʠ ʮʴʦʤʫ ʚ ʘʧʘʨʘʪʽ ʩʪʚʦʨʶʻʪʴʩʷ ʝʬʝʢʪʠʚʥʠʡ 

ʩʪʨʫʤʝʥʝʚʦ-ʧʫʣʴʩʘʮʽʡʥʠʡ ʨʝʞʠʤ ʟ ʥʘʧʨʘʚʣʝʥʦʶ ʮʠʨʢʫʣʷʮʽʻʶ ʟʝʨʥʠʩʪʦʛʦ 

ʤʘʪʝʨʽʘʣʫ [88, 111]. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʢʦʥʽʯʥʦʛʦ ʜʠʩʧʝʨʛʘʪʦʨʘ ʦʙʫʤʦʚʣʝʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʠ 

ʨʦʙʦʪʽ ʛʝʪʝʨʦʛʝʥʥʠʭ ʨʽʜʢʠʭ ʩʠʩʪʝʤ [88, 111]. 

ɺʽʜʙʽʨ ʧʨʦʙ ʜʣʷ ʩʠʪʦʚʦʛʦ ʘʥʘʣʽʟʫ ʪʦʚʘʨʥʦʾ ʬʨʘʢʮʽʾ ʧʨʦʚʦʜʠʪʴʩʷ ʯʝʨʝʟ 

ʚʠʚʘʥʪʘʞʫʚʘʣʴʥʠʡ ʧʨʠʩʪʨʦʾ ʛʨʘʥʫʣʷʪʦʨʘ ʚ ʻʤʥʦʩʪʽ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʫ 3. 

ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʚʦʜʠʣʦʩʴ ʙʝʟʧʝʨʝʨʚʥʝ 

ʚʠʤʽʨʶʚʘʥʥʷ [88, 111]: 

- ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ ʥʘ ʚʭʦʜʽ ʜʦ ʘʧʘʨʘʪʫ ʊʚʭ, ̄ ʉ; 

- ʪʝʤʧʝʨʘʪʫʨʠ ʧʩʝʚʜʦʟʨʽʜʞʝʥʦʛʦ ʰʘʨʫ ʚ ʨʦʙʦʯʽʡ ʟʦʥʽ ɻʈʇ ʊh, ̄ ʉ; 

- ʪʝʤʧʝʨʘʪʫʨʠ ʧʩʝʚʜʦʟʨʽʜʞʝʥʦʛʦ ʰʘʨʫ ʚ ʟʦʥʽ ʟʨʦʰʝʥʥʷ ʊ3, ̄ ʉ; 

- ʚʠʪʨʘʪʠ ʪʝʧʣʦʥʦʩʽʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʘʤʝʨʥʦʾ ʜʽʘʬʨʘʛʤʠ (ʈʜ3), ʤ
3
/ʛʦʜ; 

- ʚʠʪʨʘʪʠ ʨʦʟʯʠʥʫ, ʷʢʠʡ ʚʚʦʜʠʪʴʩʷ ʫ ʧʩʝʚʜʦʟʨʽʜʞʝʥʠʡ ʰʘʨ, ʢʛ/ʛʦʜ. ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʥʥʠʭ ʚʘʛ, ʢʛ; 

- ʧʝʨʝʧʘʜʠ ʪʠʩʢʫ ʥʘ ɻʈʇ, ʥʘ ʜʽʘʬʨʘʛʤʽ, ʫ ʧʩʝʚʜʦʟʨʽʜʞʝʥʦʤʫ ʰʘʨʽ, 

ʪʠʩʢ ʫ ʘʧʘʨʘʪʽ ï ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʘʪʯʠʢʽʚ 15 (ʤʘʣʠʭ ʪʠʩʢʽʚ MPXV7007DP) ʽʟ 

ʪʦʯʥʽʩʪʶ Ñ0,1ʇʘ ʷʢʽ ʧʽʜôʻʜʥʘʥʽ ʜʦ ʢʦʤʧôʶʪʝʨʘ 17 ʯʝʨʝʟ ʢʦʥʪʨʦʣʣʝʨ 16. 

ʋ ʷʢʦʩʪʽ ʧʦʯʘʪʢʦʚʠʭ ʮʝʥʪʨʽʚ ʛʨʘʥʫʣʷʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʢʨʠʩʪʘʣʠ 

ʩʫʣʴʬʘʪʫ ʘʤʦʥʽʶ, ʘʙʦ ʜʨʽʙʥʽ ʛʨʘʥʫʣʠ ʥʘ ʦʩʥʦʚʽ ʩʫʣʴʬʘʪʫ ʘʤʦʥʽʶ ʪʘ ʦʨʛʘʥʽʯʥʠʭ 

ʜʦʤʽʰʦʢ. ʊʝʤʧʝʨʘʪʫʨʫ ʥʘʛʨʽʪʦʛʦ ʪʝʧʣʦʥʦʩʽʷ ʥʘ ʚʭʦʜʽ ʜʦ ʛʨʘʥʫʣʷʪʦʨʘ ʥʝʦʙʭʽʜʥʦ 

ʪʨʠʤʘʪʠ ʥʘ ʨʽʚʥʽ 205 ʉ̄, ʫ ʧʩʝʚʜʦʟʨʽʜʞʝʥʦʤʫ ʰʘʨʽ ï 95...100 ʉ̄, ʟʘ ʨʘʭʫʥʦʢ 
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ʟʤʽʥʠ ʚʠʪʨʘʪ ʨʦʙʦʯʦʛʦ ʨʦʟʯʠʥʫ, ʷʢʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʥʽʯʥʦʛʦ ʜʠʩʧʝʨʛʘʪʦʨʘ 

ʜʠʩʧʝʨʛʫʻʪʴʩʷ ʚʩʝʨʝʜʠʥʫ ʧʩʝʚʜʦʟʨʽʜʞʝʥʦʛʦ ʰʘʨʫ. 

ʈʦʙʦʯʠʡ ʨʦʟʯʠʥ ʛʦʪʫʚʘʚʩʷ ʥʘ ʦʩʥʦʚʽ 50 %(ʤʘʩ.) ʪʘ 60 %(ʤʘʩ.) ʚʦʜʷʥʦʛʦ 

ʨʦʟʯʠʥʫ ʩʫʣʴʬʘʪʫ ʘʤʦʥʽʶ ʟ pH = 6,5...7,6 ʟ ʜʦʤʽʰʢʘʤʠ ʩʦʥʷʰʥʠʢʦʚʦʾ ʟʦʣʠ, 

ʙʝʥʪʘʥʽʪʫ ʪʘ ʛʫʤʽʥʦʚʠʭ ʨʝʯʦʚʠʥ. 

ʋ ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʧʨʦʮʝʩʽ ʥʝʦʙʭʽʜʥʦ ʙʝʟʧʝʨʝʨʚʥʦ ʚʠʤʽʨʶʚʘʪʠ ʽ 

ʧʝʨʽʦʜʠʯʥʦ, ʯʝʨʝʟ ʢʦʞʥʽ 10 ʭʚʠʣʠʥ, ʬʽʢʩʫʚʘʪʠ ʟ ʪʦʯʥʽʩʪʶ °0,5 ̄ ʉ ʪʝʤʧʝʨʘʪʫʨʫ 

ʪʝʧʣʦʥʦʩʽʷ ʚ ʰʘʨʽ ʽ ʥʘ ʚʭʦʜʽ ʚ ʘʧʘʨʘʪ [88, 111]. ɺʠʪʨʘʪʠ ʧʦʚʽʪʨʷ ʚʠʤʽʨʶʚʘʪʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʘʤʝʨʥʦʾ ʜʽʘʬʨʘʛʤʠ ʟ ʪʦʯʥʽʩʪʶ °0,5 ʤ
3
/ʛʦʜ, ʘ ʚʠʪʨʘʪʠ ʨʽʜʢʦʾ ʬʘʟʠ 

ʚʠʟʥʘʯʘʪʠ ʟʤʽʥʦʶ ʤʘʩʠ ʟʘ ʧʝʚʥʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ, ʟ ʪʦʯʥʽʩʪʶ °0,005 ʢʛ [88, 111]. 

ʏʘʩ ʜʦʩʣʽʜʫ ʬʽʢʩʫʚʘʪʠ ʩʧʝʮʽʘʣʴʥʠʤ ʭʨʦʥʦʤʝʪʨʦʤ ʟ ʪʦʯʥʽʩʪʶ °10 ʩ. ʇʝʨʽʦʜʠʯʥʦ, 

ʟ ʽʥʪʝʨʚʘʣʦʤ 10 ʭʚʠʣʠʥ, ʚʽʜʙʠʨʘʪʠ ʧʨʦʙʠ (100 ʛ) ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʩʠʪʦʚʦʛʦ 

ʘʥʘʣʽʟʫ,  ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʧʦʩʪʽʡʥʦʛʦ ʟʘʛʘʣʴʥʦʛʦ ʪʠʩʢʫ ʚ ʰʘʨʽ [88, 111] ʢʦʞʥʽ 5 ʭʚ. 

ʚʠʚʘʥʪʘʞʫʚʘʪʠ ʪʘʢʫ ʢʽʣʴʢʽʩʪʴ ʰʘʨʫ, ʱʦʙ ʟʥʘʯʝʥʥʷ ʥʘ U-ʧʦʜʽʙʥʦʤʫ 

ʜʠʬʝʨʝʥʮʽʡʥʦʤʫ ʤʘʥʦʤʝʪʨʽ ʟʙʝʨʽʛʘʣʦʩʷ ʥʘ ʨʽʚʥʽ 1962 ʇʘ ʟ ʪʦʯʥʽʩʪʶ °20 ʇʘ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʜʦʩʣʽʜʽʚ ʚʠʩʦʪʫ ʧʩʝʚʜʦʟʨʽʜʞʝʥʦʛʦ ʰʘʨʫ ʚʠʟʥʘʯʘʪʠ ʯʝʨʝʟ 

ʡʦʛʦ ʛʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ ʚ ʜʽʘʧʘʟʦʥʽ 1900...2200 ʇʘ [88, 111] ʽ ʚʠʤʽʨʶʚʘʪʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʜʘʪʯʠʢʽʚ ʤʘʣʠʭ ʪʠʩʢʽʚ MPXV7007DP ʟ ʪʦʯʥʽʩʪʶ Ñ0,1 ʇʘ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʚʠʟʥʘʯʘʣʠʩʴ ʚʝʣʠʯʠʥʠ, ʥʘʚʝʜʝʥʽ ʫ  

ʜʦʜʘʪʢʫ ɹ. 
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ʈʆɿɼɯʃ 3. ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅɯ ɼʆʉʃɯɼɾɽʅʅʗ 

ɻɯɼʈʆɼʀʅɸʄɯʏʅʆɻʆ ʈɽɾʀʄʋ ʇʉɽɺɼʆɿʈɯɼɾɽʅʅʗ 

 

3.1 ʆʙʛʨʫʥʪʫʚʘʥʥʷ ʨʘʮʽʦʥʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ɻʈʇ ʪʘ ʢʘʤʝʨʠ 

ʛʨʘʥʫʣʷʪʦʨʘ 

 

ʄʝʪʦʶ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ɻʈʇ ʪʘ ʢʘʤʝʨʠ ʛʨʘʥʫʣʷʪʦʨʘ, ʱʦ ʟʘʙʝʟʧʝʯʘʪʴ ʨʝʘʣʽʟʘʮʽʶ 

ʥʝʦʜʥʦʨʽʜʥʦʛʦ ʩʪʨʫʤʝʥʝʚʦ-ʧʫʣʴʩʘʮʽʡʥʦʛʦ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ ʫ ʘʚʪʦʢʦʣʠʚʘʣʴʥʦʤʫ 

ʨʝʞʠʤʽ ʽʟ ʥʘʧʨʘʚʣʝʥʦʶ ʮʠʨʢʫʣʷʮʽʻʶ ʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚ ʢʘʤʝʨʽ ʛʨʘʥʫʣʷʪʦʨʘ 

ʰʣʷʭʦʤ ʧʝʨʝʤʽʱʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʚ ʟʘʜʘʥʫ ʟʦʥʫ. 

ɼʦʩʣʽʜʠ ʧʨʦʚʦʜʠʣʠʩʷ ʥʘ ʧʽʣʦʪʥʽʡ ʫʩʪʘʥʦʚʮʽ ʟʛʽʜʥʦ ʤʝʪʦʜʠʢʠ, ʦʧʠʩʘʥʦʾ ʫ 

ʨʦʟʜʽʣ̔  2 ʧʫʥʢʪʽ 2.4.1. 

ʋ ʷʢʦʩʪʽ ɻʈʇ ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʷ ʨʝʰʽʪʢʠ ʱʽʣʠʥʥʦʛʦ ʪʠʧʫ [51, 88, 89, 105, 

117] ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 3.1 ʘ, ʙ, ʷʢʽ ʙʫʣʦ ʦʙʨʘʥʦ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦʧʝʨʝʜʥʽʭ 

ʜʦʩʣʽʜʞʝʥʴ [89]. 

 
 ʘ) ɻʈʇ ʪʠʧʫ 1  ʙ) ɻʈʇ ʪʠʧʫ 2 

1 ï ʢʦʨʧʫʩ ʘʧʘʨʘʪʫ; 2 ï ʧʨʘʚʠʡ ʢʦʣʦʩʥʠʢ; 3 ï ʣʽʚʠʡ ʢʦʣʦʩʥʠʢ;  

4 ï ʧʣʘʩʪʠʥʘ; 5 ï ʟʚʫʞʫʶʯʽ ʚʩʪʘʚʢʠ 

ʈʠʩʫʥʦʢ 3.1 ï ʂʦʥʩʪʨʫʢʮʽʾ ɻʈʇ ʱʽʣʠʥʥʦʛʦ ʪʠʧʫ 
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ʅʘ ʨʠʩʫʥʢʫ 3.1 ʘ ʥʘʚʝʜʝʥʦ ɻʈʇ ʪʠʧʫ 1 ʽʟ ʜʚʦʤʘ ʱʽʣʠʥʘʤʠ,  ʨʦʟʤʽʨʘʤʠ 

h1:h2 = 11:6 ʤʤ, t = 114 ʤʤ, ɸ = 0,3 ʤ, ɺ = 0,11 ʤ. ʑʽʣʠʥʘ 2 ʨʦʟʪʘʰʦʚʘʥʘ ʚʠʱʝ ʚʽʜ 

ʱʽʣʠʥʠ 1 ʥʘ ʚʝʣʠʯʠʥʫ ȹ = 40 ʤʤ. 

ʂʦʝʬʽʮʽʻʥʪ ʞʠʚʦʛʦ ʨʽʟʫ ɻʈʇ ʪʠʧʫ 1: 

•
Ὤ Ὤ ὄ

ὃὄ
ρππϷφϷȟ (3.1) 

ʜʝ h1, h2 ï ʚʠʩʦʪʘ ʱʽʣʠʥʠ 1 ʪʘ 2 ʚʽʜʧʦʚʽʜʥʦ; ɸ, ɺ  ï ʜʦʚʞʠʥʘ ʽ ʰʠʨʠʥʘ ɻʈʇ. 

ɻʈʇ ʪʠʧʫ 2, ʨʠʩʫʥʦʢ 3.1 ʙ, ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ɻʈʇ ʪʠʧʫ 1 ʥʘʷʚʥʽʩʪʶ 

ʙʦʢʦʚʠʭ ʟʚʫʞʫʶʯʠʭ ʚʩʪʘʚʦʢ 5, ʷʢʽ ʥʘ 30 % ʟʤʝʥʰʫʶʪʴ ʰʠʨʠʥʫ ʱʽʣʠʥʠ B1 ʧʦ 

ʚʽʜʥʦʰʝʥʥʶ ʜʦ B, ʨʠʩʫʥʦʢ 3.1 ʙ, ʽʟ ʨʦʟʤʽʨʘʤʠ h1 = 11ʤʤ, h2 = 6 ʤʤ, t = 114 ʤʤ,  

ɸ = 300 ʤʤ, ɺ = 110 ʤʤ, B1 = 0,7B ʤʤ, ȹ = 40 ʤʤ. 

ʂʦʝʬʽʮʽʻʥʪ ʞʠʚʦʛʦ ʧʝʨʝʪʠʥʫ ɻʈʇ ʪʠʧʫ 2: 

•
Ὤὄ Ὤˏ

ὃὄ
ρππϷτȟωϷȟ (3.2) 

ʜʝ B1 ï ʰʠʨʠʥʘ ʣʽʚʦʾ ʱʽʣʠʥʠ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʱʦʜʦ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʛʽʜʨʘʚʣʽʯʥʦʛʦ 

ʦʧʦʨʫ ʥʘʚʝʜʝʥʽ ʫ ʛʨʘʬʽʯʥʦʤʫ ʚʠʛʣʷʜʽ ʥʘ ʨʠʩʫʥʢʫ 3.2. 

 
ʈʠʩʫʥʦʢ 3.2 ï ɺʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ  

ɻʈʇ ʪʠʧʫ 1 ʪʘ ʪʠʧʫ 2 

 

ʊʘʢ, ʟʤʝʥʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʞʠʚʦʛʦ ʧʝʨʝʨʽʟʫ ʟ ű1 = 6 % ʜʦ ű2 = 4,9 % 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ ʥʘ 8 % ʟ  

ɝ1 = tgŬ1 = 1,68 ʜʦ ɝ2 = tgŬ2 = 1,82. 
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ɺʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ɻʈʇ ʥʘ ʰʚʠʜʢʽʩʪʴ 

ʛʘʟʦʚʦʛʦ ʪʝʧʣʦʥʦʩʽʷ ʥʘ ʧʦʚʝʨʭʥʽ ʧʣʘʩʪʠʥ ʨʦʟʨʦʙʣʝʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ɻʈʇ 

ʧʨʦʚʦʜʠʣʦʩʴ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧʨʦʛʨʘʤʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ SolidWorks ʫ ʧʣʦʱʠʥʘʭ 

ɯïɯ ʧʦ ʮʝʥʪʨʘʣʴʥʽʡ ʦʩʽ ʱʽʣʠʥʠ 1 ï h1/2 ʤʤ, ʘ ʪʘʢʦʞ IIïɯɯ ʧʦ ʮʝʥʪʨʘʣʴʥʽʡ ʦʩʽ 

ʱʽʣʠʥʠ 2 ï h2/2 ʤʤ), ʨʠʩʫʥʦʢ 3.1 ʘ, ʙ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʤʦʜʝʣʶʚʘʥʥʷ ʻ ʝʧʶʨʠ ʰʚʠʜʢʦʩʪʝʡ ʥʘ ʨʦʙʦʯʠʭ ʜʽʣʷʥʢʘʭ ɻʈʇ 

ab ʪʘ cd, ʨʠʩʫʥʦʢ 3.1 ʘ, ʙ, ʷʢʽ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʟʘ ʨʘʭʫʥʦʢ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʟʚʫʞʫʶʯʠʭ ʚʩʪʘʚʦʢ, ʙʫʣʦ ʜʦʩʷʛʥʫʪʦ ʣʦʢʘʣʴʥʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʚ 1,8 

ʨʘʟʠ, ʨʠʩʫʥʦʢ 3.3 ʙ, ʧʦʨʽʚʥʷʥʦ ʟ ɻʈʇ ʪʠʧʫ 1, ʨʠʩʫʥʦʢ 3.3 ʘ. 

 
 ʘ) ɻʈʇ ʪʠʧʫ 1(

1 6%j= ) ʙ) ɻʈʇ ʪʠʧʫ 2 (
2 4,9%j= ) 

ʈʠʩʫʥʦʢ 3.3 ï ɽʧʶʨʠ ʰʚʠʜʢʦʩʪʝʡ ʟʨʽʜʞʫʚʘʣʴʥʦʛʦ ʘʛʝʥʪʫ  

ʜʣʷ ʜʚʦʭ ʪʠʧʽʚ ɻʈʇ ʧʨʠ Vʩʝʢ=0,03736 ʤ
3
/ʩ, wʱ=25 ʤ/ʩ (SolidWorks) 

 

ʅʘʷʚʥʽʩʪʴ ʣʦʢʘʣʴʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʛʘʟʫ ʚ 1,8 ʨʘʟʠ ʥʘ ʚʠʭʦʜʽ ʟ 

ʱʽʣʠʥʠ 1 ɻʈʇ ʪʠʧʫ 2 ʜʦʟʚʦʣʠʣʦ ʟʙʽʣʴʰʠʪʠ ʢʽʥʝʪʠʯʥʫ ʝʥʝʨʛʽʶ ʩʪʨʫʤʝʥʷ ʚ 3,24 

ʨʘʟʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ ʬʽʟʠʯʥʦʾ ʤʦʜʝʣʽ ʜʦ ɻʈʇ. 

ʅʘ ʨʠʩʫʥʢʫ 3.4 ʥʘʚʝʜʝʥʦ ʩʭʝʤʠ ʨʦʟʪʘʰʫʚʘʥʥʷ ʥʘʧʨʘʚʣʷʶʯʦʾ ʚʩʪʘʚʢʠ ʫ 

ʢʘʤʝʨʽ ʛʨʘʥʫʣʷʪʦʨʘ [88, 106-109] ʽʟ ɻʈʇ ʪʠʧʫ 2. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ [88] ʦʙʨʘʥʦ ʢʦʥʩʪʨʫʢʮʽʶ ʢʘʤʝʨʠ 

ʛʨʘʥʫʣʷʪʦʨʘ ʪʠʧʫ 3, ʨʠʩʫʥʦʢ 3.4, ʟ ʥʘʧʨʘʚʣʷʶʯʦʶ ʚʩʪʘʚʢʦʶ ʽʟ ʨʘʜʽʫʩʦʤ 

ʩʢʨʫʛʣʝʥʥʷ R=110 ʤʤ ʥʘ ʚʠʩʦʪʽ ʥʘʜ ʰʘʨʦʤ ʜʦ 0,47ʅ0 ʪʘ ʚʽʜʩʪʘʥʽ ʚʽʜ ʣʽʚʦʾ ʩʪʽʥʢʠ 

ʢʘʤʝʨʠ ʜʦ 0,6ɸ. ʉʘʤʝ ʪʘʢʘ ʢʦʥʩʪʨʫʢʮʽʷ ʥʘʧʨʘʚʣʷʶʯʦʾ ʚʩʪʘʚʢʠ ʫ ʢʘʤʝʨʽ 

ʛʨʘʥʫʣʷʪʦʨʘ ʫ ʧʦʻʜʥʘʥʥʽ ʽʟ ɻʈʇ ʪʠʧʫ 2 ʟʘʙʝʟʧʝʯʫʶʪʴ ʨʝʘʣʽʟʘʮʽʶ ʥʘʧʨʘʚʣʝʥʦʾ 
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ʮʠʨʢʫʣʷʮʽʾ ʰʘʨʫ ʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʨʠ ʥʝʦʜʥʦʨʽʜʥʦʤʫ ʩʪʨʫʤʝʥʝʚʦ-

ʧʫʣʴʩʘʮʽʡʥʦʤʫ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʽ ʚ ʘʚʪʦʢʦʣʠʚʘʣʴʥʦʤʫ ʨʝʞʠʤʽ, ʰʣʷʭʦʤ 

ʧʝʨʝʤʽʱʝʥʥʷ ʤʘʩʠ ʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ ʽʟ ʟʦʥ ɯɯ ʪʘ ɯɯɯ ʫ ʟʦʥʫ ɯ. 

 
 ʘ) ʊʠʧ 1 ʙ) ʊʠʧ 2 ʚ) ʊʠʧ 3 

ʈʠʩʫʥʦʢ 3.4 ï ʉʭʝʤʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʥʘʧʨʘʚʣʷʶʯʦʾ ʚʩʪʘʚʢʠ ʫ ʢʘʤʝʨʽ 

ʛʨʘʥʫʣʷʪʦʨʘ ʽʟ ɻʈʇ ʪʠʧʫ 2 ʧʨʠ ʅ0=0,32 ʤ 

 

3.2 ɺʠʟʥʘʯʝʥʥʷ ʫʤʦʚ ʧʝʨʝʭʦʜʫ ʩʪʨʫʤʝʥʝʚʦ-ʧʫʣʴʩʘʮʽʡʥʦʛʦ 

ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ ʚ ʘʚʪʦʢʦʣʠʚʘʣʴʥʠʡ ʨʝʞʠʤ 

3.2.1 ɺʧʣʠʚ ʜʠʩʧʝʨʩʥʦʛʦ ʩʢʣʘʜʫ ʰʘʨʫ ʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ ʥʘ ʷʢʽʩʥʽ 

ʧʘʨʘʤʝʪʨʠ ʘʚʪʦʢʦʣʠʚʘʣʴʥʦʛʦ ʨʝʞʠʤʫ 

 

ʄʝʪʦʶ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ 

ʜʠʩʧʝʨʩʥʦʛʦ ʩʢʣʘʜʫ ʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ ʥʘ ʥʝʦʜʥʦʨʽʜʥʝ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ ʪʘ 

ʫʤʦʚ ʡʦʛʦ ʧʝʨʝʭʦʜʫ ʚ ʘʚʪʦʢʦʣʠʚʘʣʴʥʠʡ ʨʝʞʠʤ ʧʨʠ ʫʩʫʥʝʥʥʽ ʟʘʩʪʽʡʥʠʭ ʟʦʥ ʥʘ 

ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʥʷʭ ɻʈʇ. 

ɼʦʩʣʽʜʠ ʧʨʦʚʦʜʠʣʠʩʷ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽʡ ʫʩʪʘʥʦʚʮʽ, ʥʘʚʝʜʝʥʽʡ ʫ 

ʨʦʟʜʽʣʽ 2, ʧʫʥʢʪ 2.6 ʟʛʽʜʥʦ ʤʝʪʦʜʠʢʠ, ʦʧʠʩʘʥʦʾ ʫ ʨʦʟʜʽʣʽ 2, ʧʫʥʢʪ 2.4.2. 

ʄʝʪʦʜʠʢʫ ʨʦʟʨʘʭʫʥʢʫ ʜʽʘʤʝʪʨʫ ʙʫʣʴʙʘʰʢʠ ʥʘʚʝʜʝʥʦ ʫ ʨʦʟʜʽʣʽ 2, ʧʫʥʢʪ 2.2.1. 

ʋ ʷʢʦʩʪʽ ʟʝʨʥʠʩʪʦʛʦ ʰʘʨʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʛʨʘʥʫʣʴʦʚʘʥʠʡ ʧʨʦʜʫʢʪ ʥʘ 

ʦʩʥʦʚʽ ʩʫʣʴʬʘʪʫ ʘʤʦʥʽʶ ʪʘ ʜʦʤʽʰʦʢ ʦʨʛʘʥʽʯʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʽʟ ʝʢʚʽʚʘʣʝʥʪʥʠʤ 

ʜʽʘʤʝʪʨʦʤ de (4,0; 2,5; 1,5 ʤʤ) ʪʘ, ʚʽʜʧʦʚʽʜʥʦ, ʧʠʪʦʤʦʶ ʧʦʚʝʨʭʥʝʶ ʰʘʨʫ  
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ʘ (900; 1440; 2400 ʤ
2
/ʤ

3
). ʇʦʯʘʪʢʦʚʘ ʚʠʩʦʪʘ ʰʘʨʫ ʚʠʟʥʘʯʝʥʘ ʟ ʧʦʧʝʨʝʜʥʽʭ 

ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʮʝʩʫ ʛʨʘʥʫʣʷʮʽʾ ʽ ʩʪʘʥʦʚʠʣʘ ʅ0=0,32 ʤ. ɻʫʩʪʠʥʘ ʪʚʝʨʜʠʭ ʛʨʘʥʫʣ 

ʚʠʟʥʘʯʘʣʘʩʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʽ ʩʪʘʥʦʚʠʪʴ ”̓ = 1450 Ñ10 ʢʛ/ʤ
3
. 

ʇʦʧʝʨʝʜʥʽʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʧʨʦʮʝʩʫ ʛʨʘʥʫʣʶʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ɻʈʇ ʪʠʧʫ 1, ʧʨʠ ʧʽʜʚʝʜʝʥʥʽ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʪʝʧʣʦʥʦʩʽʷ ʨʝʘʣʽʟʘʮʽʷ 

ʘʚʪʦʢʦʣʠʚʘʣʴʥʦʛʦ ʨʝʞʠʤʫ ʩʫʧʨʦʚʦʜʞʫʚʘʣʘʩʴ ʫʪʚʦʨʝʥʥʷʤ ʟʘʩʪʽʡʥʠʭ ʟʦʥ ʥʘ 

ʧʦʚʝʨʭʥʷʭ ɻʈʇ ʪʘ ʦʧʣʘʚʣʝʥʥʷʤ ʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ [88, 89]. 

ʊʦʤʫ ʚ ʧʦʜʘʣʴʰʦʤʫ ʜʦʩʣʽʜʞʝʥʥʷ ʛʽʜʨʦʜʠʥʘʤʽʢʠ ʧʨʦʚʦʜʠʣʠʩʷ ʚ ʘʧʘʨʘʪʽ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ɻʈʇ ʪʠʧʫ 2. 

 

3.2.1.1 ʇʘʨʘʤʝʪʨʠ ʜʦʩʷʛʥʝʥʥʷ ʥʝʦʜʥʦʨʽʜʥʦʛʦ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ ʚ 

ʘʚʪʦʢʦʣʠʚʘʣʴʥʦʤʫ ʨʝʞʠʤʽ ʧʨʠ de = 4,0 ʤʤ 

 

ɺʠʟʥʘʯʝʥʦ ʢʨʠʚʫ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ ʜʣʷ ʰʘʨʫ ʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟ 

ʝʢʚʽʚʘʣʝʥʪʥʠʤ ʜʽʘʤʝʪʨʦʤ ʯʘʩʪʠʥʦʢ de = 4,0 ʤʤ ʧʨʠ ʧʦʯʘʪʢʦʚʽʡ ʚʠʩʦʪ ̔

ʥʝʨʫʭʦʤʦʛʦ ʰʘʨʫ ʅ0 = 0,32 ʤ (zʬ/ʅ0 < 0,5), ʧʠʪʦʤʽʡ ʧʦʚʝʨʭʥ ̔ ʰʘʨʫ  

a = 6(1-Ů0)/de = 900 ʤ
2
/ʤ

3
, ʤʘʩ ̔ʰʘʨʫ M  h= 7,83 ʢʛ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʛʽʜʨʦʩʪʘʪʠʯʥʦʤʫ 

ʪʠʩʢʫ ʥʝʨʫʭʦʤʦʛʦ ʰʘʨʫ ȹʈʛʽʜʨʦʩʪ.(0) = H0(1-Ů0)ɟʪgKa = 2389 ʇʘ, ʨʠʩʫʥʦʢ 3.5. 

 
ʈʠʩʫʥʦʢ 3.5 ï ʂʨʠʚʘ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ (dʝ = 4,0 ʤʤ) 
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ʂʨʠʚʘ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ, ʨʠʩʫʥʦʢ 3.5, ʫʤʦʚʥʦ ʨʦʟʜʽʣʝʥʘ ʥʘ 5 ʟʦʥ. ɺ ʟʦʥʽ 1 

ʧʨʠ ʟʥʘʯʝʥʥʷʭ ʯʠʩʣʘ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ 0 Ò Kw < 0,73 ʨʫʭ ʛʘʟʫ ʚ ʦʙʦʭ ʱʽʣʠʥʘʭ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʬʽʣʴʪʨʘʮʽʡʥʦʤʫ ʨʝʞʠʤʽ, ʧʨʦ ʱʦ ʩʚʽʜʯʠʪʴ ʬʦʪʦʬʽʢʩʘʮʽʷ ʰʘʨʫ  

(Kw = 0,65), ʨʠʩʫʥʦʢ 3.6 ʘ. ʇʨʠ ʮʴʦʤʫ ʧʦʨʦʟʥʽʩʪʴ ʰʘʨʫ ʚ ʫʩʽʭ ʟʦʥʘʭ ʢʘʤʝʨʠ 

ʛʨʘʥʫʣʷʪʦʨʘ ʦʜʥʘʢʦʚʘ ŮI = ŮIɯ = ŮIɯɯ = Ů0 = 0,4. 

 
ʘ) Kw = 0,65; 

wʛ = 0,79 ʤ/ʩ 

b) Kw = 0,73; 

wʛ = 0,83 ʤ/ʩ 

ʩ) Kw = 0,94; 

wʛ = 1,07 ʤ/ʩ 

d) Kw = 1,25; 

wʛ = 1,43 ʤ/ʩ 

e) Kw = 1,43;  

wʛ = 1,64 ʤ/ʩ 

ʈʠʩʫʥʦʢ 3.6 ï ʌʦʪʦʬʽʢʩʘʮʽʷ ʤʠʪʪʻʚʦʛʦ ʩʪʘʥʫ ʰʘʨʫ (dʝ = 4,0 ʤʤ) 

ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ Kw 

 

ʋ ʟʦʥʽ 2 (0,73 Ò Kw < 0,94) ʧʨʠ ʯʠʩʣʽ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ Kw = 0,73 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʙʽʡ ʛʘʟʦʚʦʛʦ ʬʘʢʝʣʘ, ʱʦ ʚʠʭʦʜʠʪʴ ʽʟ ʱʽʣʠʥʠ 2 ʪʘ, ʚʽʜʧʦʚʽʜʥʦ, 

ʟʙʽʣʴʰʝʥʥʷ ʧʦʨʦʟʥʦʩʪʽ ʚ ʟʦʥʽ ɯɯɯ ŮIɯɯ­0,55, ʘ ʛʘʟ, ʱʦ ʚʠʭʦʜʠʪʴ ʽʟ ʱʽʣʠʥʠ 1 

ʧʨʦʜʦʚʞʫʻ ʨʫʭʘʪʠʩʴ ʫ ʬʽʣʴʪʨʘʮʽʡʥʦʤʫ ʨʝʞʠʤʽ (ŮI = ŮIɯ = 0,4), ʨʠʩʫʥʦʢ 3.6 ï ʪ. b. 

ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʽʜʩʫʪʥʽʩʪʴ ʽʥʝʨʮʽʡʥʦʛʦ ʚʠʥʦʩʫ ʤʘʪʝʨʽʘʣʫ ʟ ʧʫʣʴʩʘʮʽʡʥʠʤ 

ʟʙʽʣʴʰʝʥʥʷʤ ʚʠʩʦʪʠ ʰʘʨʫ ʚ ʟʦʥʽ ɯ ʪʘ ʦʙôʻʤʥʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʰʘʨʫ, ʦʩʢʽʣʴʢʠ 

ʽʥʜʝʢʩ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʧʨʷʤʫʻ ʜʦ jȹP = (ȹʈmax-ȹʈʛʽʜʨʦʩʪ.(0))/ȹʈʛʽʜʨʦʩʪ.(0)Ÿ0. 

ʋ ʟʦʥʽ 3 (0,94 Ò Kw < 1,25), ʨʠʩʫʥʦʢ 3.5, ʧʨʠ ʯʠʩʣʽ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ Kw=0,94 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʙʽʡ ʬʘʢʝʣʘ, ʱʦ ʚʠʭʦʜʠʪʴ ʽʟ ʱʽʣʠʥʠ 1 ʪʘ ʘʢʪʠʚʽʟʘʮʽʷ ʨʫʭʫ 

ʛʘʟʦʚʠʭ ʩʪʨʫʤʝʥʽʚ ʟ ʦʙʦʭ ʱʽʣʠʥ. ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʨʝʘʣʽʟʫʻʪʴʩʷ ʧʫʣʴʩʘʮʽʡʥʠʡ 

ʨʝʞʠʤ ʽʟ ʯʘʩʪʦʪʦʶ ʧʫʣʴʩʘʮʽʡ f = 1,47 ɻʮ ʪʘ ʥʝʟʥʘʯʥʠʤ ʧʝʨʝʚʠʱʝʥʥʷʤ ʟʥʘʯʝʥʥʷ 

ʛʽʜʨʦʩʪʘʪʠʯʥʦʛʦ ʦʧʦʨʫ ʥʝʨʫʭʦʤʦʛʦ ʰʘʨʫ ȹʈʘʤʧ. = ȹʈmax-ȹʈʛʽʜʨʦʩʪ.(0) = 352 ʇʘ, ʱʦ 

ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʜʠʥʘʤʽʢʦʶ ʟʤʽʥʠ ʟʘʛʘʣʴʥʦʛʦ ȹʈh, ʨʠʩʫʥʦʢ 3.7, ʦʪʨʠʤʘʥʦʶ ʧʨʠ 

ʟʘʩʪʦʩʫʚʘʥʥʽ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʫ, ʥʘʚʝʜʝʥʦʛʦ ʫ ʨʦʟʜʽʣʽ 2, ʧʫʥʢʪ 2.4.2. 
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ʈʠʩʫʥʦʢ 3.7 ï ɼʠʥʘʤʽʢʘ ʟʤʽʥʠ ʟʘʛʘʣʴʥʦʛʦ ʪʠʩʢʫ ʚ ʰʘʨʽ  

(dʝ = 4,0 ʤʤ; Kw = 0,94; wʛ(ʧʨʠʚ) = 1,07 ʤ/ʩ) 

 

ʇʨʠ ʮʴʦʤʫ ʽʥʪʝʥʩʠʚʥʝ ʦʙôʻʤʥʝ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʰʘʨʫ ʚʽʜʩʫʪʥʻ, ʘ ʽʥʜʝʢʩ 

ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʻ ʥʝʜʦʩʪʘʪʥʽʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʢʦʥʘʥʥʷ ʧʦʣʦʞʝʥʴ ʬʽʟʠʯʥʦʾ 

ʤʦʜʝʣʽ ï jȹP = 0,14, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʬʦʪʦʟʥʽʤʢʘʤʠ ʩʪʘʥʫ ʰʘʨʫ ʚ ʣʦʢʘʣʴʥʠʭ 

ʝʢʩʪʨʝʤʫʤʘʭ (ʪʦʯʢʠ ɸ, ɹ, ʉ), ʨʠʩʫʥʦʢ 3.8. 

 
ɸ) Ű = 0,12 ʩ B) Ű = 0,36 ʩ C) Ű = 0,56 ʩ D) Ű = 0,68 ʩ  E) Ű = 0,84 ʩ 

ʈʠʩʫʥʦʢ 3.8 ï ʌʦʪʦʬʽʢʩʘʮʽʾ ʰʘʨʫ ʧʨʠ ʤʽʥʽʤʘʣʴʥʦʤʫ ʪʘ ʤʘʢʩʠʤʘʣʴʥʦʤʫ 

ʟʥʘʯʝʥʥʷʭ ʟʘʛʘʣʴʥʦʛʦ ʪʠʩʢʫ ʚ ʰʘʨʽ (dʝ = 4,0 ʤʤ; Kw = 0,94; wʛ(ʧʨʠʚ) = 1,07 ʤ/ʩ) 

 

ʇʨʠ ʜʦʩʷʛʥʝʥʥʽ ʯʠʩʣʘ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ Kw = 1,25 ʪʘ w  ɦ= 31,9 ʤ/ʩ ʩʠʩʪʝʤʘ 

ʧʝʨʝʭʦʜʠʪʴ ʫ ʘʚʪʦʢʦʣʠʚʘʣʴʥʠʡ ʩʪʨʫʤʝʥʝʚʦ-ʧʫʣʴʩʘʮʽʡʥʠʡ ʨʝʞʠʤ 

ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ. ʍʘʨʘʢʪʝʨ ʧʫʣʴʩʘʮʽʡ ʪʠʩʢʫ ʚ ʰʘʨʽ ʥʘ ʧʦʯʘʪʢʫ ʦʙʣʘʩʪʽ ʨʝʘʣʽʟʘʮʽʾ 

ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ (Kw = 1,25) ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 3.9. 

2000
2100
2200
2300
2400
2500
2600
2700
2800

0 0,16 0,32 0,48 0,64 0,8 0,96 1,12 1,28 1,44 1,6 1,76 1,92

ȹʈh , ʇʘ 

Ű, ʩ 

ȹʈʟʘʛ ʜʦʩʣ 

A 

B 

ʉ 

ȹ
P
ʘ
ʤ
ʧ ȹPmax=2742 ʇʘ 

ȹʈʟʘʛ(ʜʦʩʣ) 

D 

E 

ȹʈʛʽʜʨʦʩʪ.(0) 




















































































































































































































































