
ʂʀɰɺʉʔʂʀʁ ʅɸʎɯʆʅɸʃʔʅʀʁ ʋʅɯɺɽʈʉʀʊɽʊ 

ɯʄɽʅɯ ʊɸʈɸʉɸ ʐɽɺʏɽʅʂɸ 

ʌɸʂʋʃʔʊɽʊ ʈɸɼɯʆʌɯɿʀʂʀ, ɽʃɽʂʊʈʆʅɯʂʀ ʊɸ ʂʆʄʇôʖʊɽʈʅʀʍ ʉʀʉʊɽʄ 

ʂʘʬʝʜʨʘ ʤʝʜʠʯʥʦʾ ʨʘʜʽʦʬʽʟʠʢʠ 

  

  

ɼʦ ʟʘʭʠʩʪʫ ʜʦʧʫʱʝʥʦ:                                                                                 çʅʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫè 

ɿʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ ________ ʉʝʨʛʽʡ ʈɸɼʏɽʅʂʆ 

ç __ è ʯʝʨʚʥʷ 2023 ʨ. 

  

   

ʂɺɸʃɯʌɯʂɸʎɯʁʅɸ ʈʆɹʆʊɸ ɹɸʂɸʃɸɺʈɸ 

ʥʘ ʪʝʤʫ: 

ç ʄʆɼɽʃʖɺɸʅʅʗ ʇʈʆʎɽʉʋ ʌʆʊʆɼʀʉʆʎɯɸʎɯɰ ʆʂʉʀɻɽʄʆɻʃʆɹɯʅʋ 

ʄɽʊʆɼʆʄ ʄʆʅʊɽ-ʂɸʈʃʆ è 

  

  

ɺʠʢʦʥʘʣʘ: 

ʩʪʫʜʝʥʪʢʘ 4-ʛʦ ʢʫʨʩʫ 

ʜʝʥʥʦʾ ʬʦʨʤʠ ʥʘʚʯʘʥʥʷ 

ʩʧʝʮʽʘʣʴʥʦʩʪʽ 105 ï ʇʨʠʢʣʘʜʥʘ ʬʽʟʠʢʘ ʪʘ ʥʘʥʦʤʘʪʝʨʽʘʣʠ 

ʆʇ çɽʣʝʢʪʨʦʥʽʢʘ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚ ʤʝʜʠʮʠʥʽè 

ɿʠʙʽʥʘ ɯʨʠʥʘ ʄʠʢʦʣʘʾʚʥʘ                                                                                  _______________ 

  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: 

ʢʘʥʜ. ʬʽʟ.-ʤʘʪ. ʥʘʫʢ, ʩ.ʥ.ʩ. 

ʄʘʤʽʣʦʚ ʉʝʨʛʽʡ ʆʣʝʢʩʘʥʜʨʦʚʠʯ                                                                      _______________ 

ʢʘʥʜ. ʬʽʟ.-ʤʘʪ. ʥʘʫʢ, ʜʦʮʝʥʪ  

ɹʝʭ ɯʛʦʨ ɯʚʘʥʦʚʠʯ                                                                                              _______________ 

 

ʈʝʮʝʥʟʝʥʪ: 

ʜʦʢʪ. ʬʽʟ.-ʤʘʪ. ʥʘʫʢ, ʩ.ʥ.ʩ.  

ɻʦʣʫʙ ɺʦʣʦʜʠʤʠʨ ʆʣʝʛʦʚʠʯ                                                                            _______________ 

  

ɿʘʩʚʽʜʯʫʶ, ʱʦ ʫ ʮʽʡ ʙʘʢʘʣʘʚʨʩʴʢʽʡ ʨʦʙʦʪʽ 

ʥʝʤʘʻ ʟʘʧʦʟʠʯʝʥʴ ʟ ʧʨʘʮʴ ʽʥʰʠʭ ʘʚʪʦʨʽʚ ʙʝʟ 

ʚʽʜʧʦʚʽʜʥʠʭ ʧʦʩʠʣʘʥʴ 

ʉʪʫʜʝʥʪ _____________ 

  

ʈʦʙʦʪʘ ʜʦʧʫʱʝʥʘ ʜʦ ʟʘʭʠʩʪʫ ʚ ɽʂ ʨʽʰʝʥʥʷʤ ʢʘʬʝʜʨʠ ʤʝʜʠʯʥʦʾ ʨʘʜʽʦʬʽʟʠʢʠ 

ʚʽʜ ç___è ʯʝʨʚʥʷ 2023 ʨ., ʧʨʦʪʦʢʦʣ ˉ __. 

  

ɿʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ ʤʝʜʠʯʥʦʾ ʨʘʜʽʦʬʽʟʠʢʠ, 

ʢʘʥʜ. ʬʽʟ.-ʤʘʪ. ʥʘʫʢ, ʜʦʮʝʥʪ  

ʈʘʜʯʝʥʢʦ ʉʝʨʛʽʡ ʇʝʪʨʦʚʠʯ                                                                              _____________ 

   

ʂʠʾʚ ï 2023 

https://ir.library.knu.ua/collections/b055f1ba-8308-4f32-9517-b3dda328d7de
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ʈɽʌɽʈɸʊ 

 ɺʠʧʫʩʢʥʘ ʢʚʘʣʽʬʽʢʘʮʽʡʥʘ ʨʦʙʦʪʘ ʙʘʢʘʣʘʚʨʘ: 29 ʩ., 9 ʨʠʩ., 5 ʪʘʙʣ., 2 ʜʦʜʘʪʢʠ, 

10 ʜʞʝʨʝʣ. 

ʅʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʭʦʜʞʝʥʥʷ ʩʚʽʪʣʘ ʢʨʽʟʴ ʙʽʦʣʦʛʽʯʥʫ 

ʙʘʛʘʪʦʰʘʨʦʚʫ ʪʢʘʥʠʥʫ ʤʝʪʦʜʦʤ ʄʦʥʪʝ-ʂʘʨʣʦ. ʆʙʨʘʭʦʚʘʥʦ ʢʽʣʴʢʽʩʪʴ ʧʦʜʽʡ 

ʚʟʘʻʤʦʜʽʾ ʬʦʪʦʥʽʚ ʽʟ ʰʘʨʘʤʠ ʪʢʘʥʠʥʠ ʪʘ ʧʦʛʣʠʥʝʥʘ ʝʥʝʨʛʽʷ ʚ ʢʦʞʥʦʤʫ ʰʘʨʽ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʪʨʴʦʭ ʨʽʟʥʠʭ ʜʦʚʞʠʥʘʭ ʭʚʠʣʴ ï 550 ʥʤ, 600 ʥʤ ʪʘ 850 

ʥʤ. ʇʦʢʘʟʘʥʦ, ʱʦ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘ ʜʦʚʞʠʥʽ ʭʚʠʣʽ ʩʚʽʪʣʘ 550 ʥʤ ʜʘʻ ʥʘʡʢʨʘʱʽ 

ʨʝʟʫʣʴʪʘʪʠ ʧʦʛʣʠʥʝʥʦʾ ʝʥʝʨʛʽʾ ʚ ʫʩʽʭ ʰʘʨʘʭ ʙʽʦʣʦʛʽʯʥʦʾ ʪʢʘʥʠʥʠ.  

 

 

 

 

ʂʃʖʏʆɺɯ ʉʃʆɺɸ: ʌʆʊʆɼʀʉʆʎɯɸʎɯʗ, ʉɸʊʋʈɸʎɯʗ, ʄɽʊʆɼ ʄʆʅʊɽ-

ʂɸʈʃʆ, ɹɯʆʃʆɻɯʏʅɸ ʊʂɸʅʀʅɸ, ʌʆʊʆʅ, ʇʆɻʃʀʅʋʊɽ 

ɺʀʇʈʆʄɯʅʖɺɸʅʅʗ 
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ɺʉʊʋʇ 

ʆʢʩʠʛʝʥʘʮʽʷ ʪʢʘʥʠʥ ʚʽʜʽʛʨʘʻ ʢʣʶʯʦʚʫ ʨʦʣʴ ʚ ʦʙʤʽʥʽ ʨʝʯʦʚʠʥ, 

ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʽ     ʪʘ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʦʨʛʘʥʽʟʤʫ. ʂʦʥʪʨʦʣʴ ʮʴʦʛʦ ʤʝʭʘʥʽʟʤʫ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʙʽʦʣʦʛʽʯʥʦʾ ʩʪʠʤʫʣʷʮʽʾ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʪʝʨʘʧʝʚʪʠʯʥʦʛʦ ʝʬʝʢʪʫ. 

ɿʥʘʯʥʠʡ ʽʥʪʝʨʝʩ ʩʪʘʥʦʚʣʷʪʴ ʬʘʢʪʦʨʠ, ʷʢʽ ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʥʘ ʝʢʩʪʨʘʢʮʽʶ ʢʠʩʥʶ 

ʟ ʘʨʪʝʨʽʘʣʴʥʦʾ ʢʨʦʚʽ, ʽ ʦʜʥʠʤ ʟ ʥʠʭ ʻ ʩʚʽʪʣʦʚʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʦʧʪʠʯʥʦʛʦ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʜʽʘʧʘʟʦʥʫ [1]. 

ɯʩʥʫʻ ʤʝʪʦʜʠʢʘ, ʷʢʘ ʧʦʚôʷʟʘʥʘ ʟ ʣʘʟʝʨʥʦ-ʩʪʠʤʫʣʴʦʚʘʥʦʶ ʬʦʪʦʜʠʩʦʮʽʘʮʽʻʶ 

ʦʢʩʠʛʝʤʦʛʣʦʙʽʥʫ ʚ ʘʨʪʝʨʽʘʣʴʥʽʡ ʢʨʦʚʽ. ʇʽʜ ʜʽʻʶ ʢʨʽʟʴʰʢʽʨʥʦʛʦ ʣʘʟʝʨʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʠʟʴʢʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʽʜ ʦʢʩʠʛʝʤʦʛʣʦʙʽʥʫ ʚʽʜʜʽʣʷʻʪʴʩʷ ʢʠʩʝʥʴ. 

ʊʘʢʘ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʚʠʱʝʥʥʷ ʚʤʽʩʪʫ ʚʽʣʴʥʦʛʦ ʢʠʩʥʶ ʚ ʪʢʘʥʠʥʘʭ ʤʦʞʝ ʙʫʪʠ 

ʟʘʩʪʦʩʦʚʘʥʘ ʚ ʢʣʽʥʽʯʥʽʡ ʧʨʘʢʪʠʮʽ ʜʣʷ ʣʽʢʫʚʘʥʥʷ ʨʷʜʫ ʟʘʭʚʦʨʶʚʘʥʴ, ʧʦʚôʷʟʘʥʠʭ ʟ 

ʧʨʦʙʣʝʤʘʤʠ ʤʽʢʨʦʮʠʨʢʫʣʷʮʽʾ ʪʘ ʧʦʩʪʘʯʘʥʥʷ ʢʠʩʥʝʤ; ʪʘʢʦʞ ʚʽʣʴʥʠʡ ʢʠʩʝʥʴ ʻ 

ʥʘʜʟʚʠʯʘʡʥʦ ʢʦʨʠʩʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʟʥʠʱʝʥʥʷ ʘʥʘʝʨʦʙʥʠʭ ʙʘʢʪʝʨʽʡ, ʱʦ 

ʜʫʞʝ                         ʯʘʩʪʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʟʦʥʘʭ ʦʧʽʢʦʚʠʭ ʫʨʘʞʝʥʴ ʪʘ ʤʝʭʘʥʽʯʥʠʭ ʧʦʨʘʥʝʥʴ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʙʽʣʴʰ ʛʣʠʙʦʢʠʡ ʘʥʘʣʽʟ ʤʝʭʘʥʽʟʤʫ ʚʽʜʜʘʯʽ ʢʠʩʥʶ ʧʨʠ 

ʬʦʪʦʜʠʩʦʮʽʘʮʽʾ ʦʢʩʠʛʝʤʦʛʣʦʙʽʥʫ ʚ ʙʽʦʣʦʛʽʯʥʽʡ ʪʢʘʥʠʥʽ ʟʘʜʣʷ ʧʦʜʘʣʴʰʦʛʦ 

ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʛʦ                         ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʽʻʾ ʤʝʪʦʜʠʢʠ ʻ, ʙʝʟʫʤʦʚʥʦ, ʘʢʪʫʘʣʴʥʠʤ. 

ʉʘʤʝ ʪʦʤʫ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʝʨʝʜʽ ʤʥʦʶ ʙʫʣʠ ʧʦʩʪʘʚʣʝʥʽ ʪʘʢʽ ʟʘʚʜʘʥʥʷ: 

1) ʧʦʙʫʜʫʚʘʪʠ ʤʦʜʝʣʴ ʙʘʛʘʪʦʰʘʨʦʚʦʾ ʙʽʦʣʦʛʽʯʥʦʾ ʪʢʘʥʠʥʠ, ʚ ʷʢʽʡ ʙʫʜʝ 

ʨʦʟʧʦʚʩʶʜʞʫʚʘʪʠʩʷ  ʦʧʪʠʯʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ; 

2) ʨʦʟʨʦʙʠʪʠ ʘʣʛʦʨʠʪʤ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʧʨʦʭʦʜʞʝʥʥʷ ʩʚʽʪʣʘ ʢʨʽʟʴ 

ʙʘʛʘʪʦʰʘʨʦʚʫ ʙʽʦʣʦʛʽʯʥʫ ʪʢʘʥʠʥʫ ʤʝʪʦʜʦʤ  ʄʦʥʪʝ-ʂʘʨʣʦ; 

3) ʥʘ ʦʩʥʦʚʽ ʨʦʟʨʦʙʣʝʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʧʨʦʭʦʜʞʝʥʥʷ 

ʩʚʽʪʣʘ ʢʨʽʟʴ ʙʘʛʘʪʦʰʘʨʦʚʫ ʙʽʦʣʦʛʽʯʥʫ ʪʢʘʥʠʥʫ ʩʪʚʦʨʠʪʠ ʧʨʦʛʨʘʤʥʠʡ 

ʟʘʩʪʦʩʫʥʦʢ; 

4) ʧʨʦʚʝʩʪʠ ʯʠʩʣʦʚʽ ʨʦʟʨʘʭʫʥʢʠ ʽ ʩʪʚʦʨʠʪʠ ʪʘʙʣʠʮʶ ʚʽʜʧʦʚʽʜʥʠʭ ʦʧʪʠʯʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʙʘʛʘʪʦʰʘʨʦʚʦʾ ʙʽʦʣʦʛʽʯʥʦʾ ʪʢʘʥʠʥʠ ʜʣʷ ʜʦʚʞʠʥ  ʭʚʠʣʴ 

400÷1000 ʥʤ ʟ ʢʨʦʢʦʤ ʫ 5 ʥʤ. 
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ʈʆɿɼɯʃ 1 

ʆɻʃʗɼ ʃɯʊɽʈɸʊʋʈʀ 

 

1.1. ʌʦʪʦʜʠʩʦʮʽʘʮʽʷ 

ɹʽʦʩʪʠʤʫʣʶʶʯʘ ʪʘ ʣʽʢʫʚʘʣʴʥʘ ʜʽʷ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʻ 

ʟʘʛʘʣʴʥʦʚʠʟʥʘʥʠʤ ʬʘʢʪʦʤ, ʷʢʠʡ ʚ ʜʘʥʠʡ ʯʘʩ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʢʣʽʥʽʯʥʽʡ 

ʧʨʘʢʪʠʮʽ. ʋ ʪʦʡ ʞʝ ʯʘʩ ʤʝʭʘʥʽʟʤ ʪʝʨʘʧʝʚʪʠʯʥʦʾ ʜʽʾ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʜʦʚʛʠʡ ʯʘʩ ʥʝ ʙʫʚ ʯʽʪʢʦ ʟʨʦʟʫʤʽʣʠʤ ʽ ʚʚʘʞʘʚʩʷ ʜʫʞʝ ʩʢʣʘʜʥʠʤ, ʩʫʧʨʦʚʦʜʞʫʚʘʚʩʷ 

ʧʨʦʪʠʟʘʧʘʣʴʥʦʶ ʪʘ ʟʥʝʙʦʣʶʶʯʦʶ ʜʽʻʶ ʥʘ ʪʢʘʥʠʥʠ. ʅʘʡʙʽʣʴʰ ʟʘʭʦʧʣʶʶʯʠʡ ʝʬʝʢʪ 

ʣʘʟʝʨʥʦʾ ʪʝʨʘʧʽʾ ʤʦʞʥʘ ʙʫʣʦ ʩʧʦʩʪʝʨʽʛʘʪʠ ʧʨʠ ʟʘʛʦʻʥʥʽ ʨʘʥ, ʜʝ ʧʨʦʮʝʩ ʰʚʠʜʢʦʾ 

ʝʧʽʪʝʣʽʟʘʮʽʾ ʥʘʦʯʥʦ ʜʝʤʦʥʩʪʨʫʚʘʚ ʾʾ ʝʬʝʢʪʠʚʥʽʩʪʴ. ɿ 1998 ʨʦʢʫ ʨʦʟʚʠʚʘʻʪʴʩʷ ʥʦʚʘ 

ʪʝʭʥʦʣʦʛʽʷ ʣʘʟʝʨʥʦ-ʽʥʜʫʢʦʚʘʥʦʾ ʬʦʪʦʜʠʩʦʮʽʘʮʽʾ ʦʢʩʠʛʝʤʦʛʣʦʙʽʥʫ (퐻푏푂 ) ʚ ʰʢʽʨʥʠʭ 

ʢʨʦʚʦʥʦʩʥʠʭ ʩʫʜʠʥʘʭ ʪʘ ʾʾ ʙʽʦʤʝʜʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ [2].  

ʌʦʪʦʜʠʩʦʮʽʘʮʽʷ - ʦʜʥʘ ʟ ʥʘʡʧʨʦʩʪʽʰʠʭ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ, ʢʦʣʠ ʩʧʦʣʫʢʘ 

ʜʠʩʦʮʽʶʻ ʧʽʜ ʜʽʻʶ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʇʦʛʣʠʥʘʥʥʷ ʩʚʽʪʣʘ HbO2 ʢʨʦʚʽ ʧʦʚ'ʷʟʘʥʝ ʟ 

ʬʦʪʦʭʽʤʽʯʥʠʤʠ ʪʘ ʬʦʪʦʬʽʟʠʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ. ɺʽʜʦʤʦ, ʱʦ ʧʦʛʣʠʥʘʥʥʷ ʬʦʪʦʥʘ ʟ 

ʝʥʝʨʛʽʻʶ ʘʢʪʠʚʘʮʽʾ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʜʠʩʦʮʽʘʮʽʾ ʯʘʩʪʠʥʠ ʤʦʣʝʢʫʣ, ʫ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ 

ʚʠʜʽʣʷʻʪʴʩʷ ʤʦʣʝʢʫʣʷʨʥʠʡ ʢʠʩʝʥʴ ʽ ʫʪʚʦʨʶʻʪʴʩʷ ʜʝʟʦʢʩʠʛʝʤʦʛʣʦʙʽʥ (ʜʠʚ. ʨʠʩ.1.1) 

[1].  

                                                     퐻푏푂 + ℎ푣 → 퐻푏 + 푂 ,                                                        (1) 

ʜʝ 퐻푏푂  ï ʦʢʩʠʛʝʤʦʛʣʦʙʽʥ, 퐻푏 ï ʥʝʥʘʩʠʯʝʥʠʡ ʢʠʩʥʝʤ ʛʝʤʦʛʣʦʙʽʥ 

ɿʘʚʜʷʢʠ ʷʚʠʱʫ ʬʦʪʦʜʠʩʦʮʽʘʮʽʾ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʜʦʜʘʪʢʦʚʫ ʢʽʣʴʢʽʩʪʴ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʠʩʥʶ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʟʦʥʽ ʜʽʾ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

ʂʚʘʥʪʦʚʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʬʦʪʦʜʠʩʦʮʽʘʮʽʾ ʦʢʩʠʛʝʤʦʛʣʦʙʽʥʫ ʥʘʜʟʚʠʯʘʡʥʦ ʚʠʩʦʢʘ ʽ 

ʜʦʩʷʛʘʻ 10% ʫ ʰʠʨʦʢʦʤʫ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʜʽʘʧʘʟʦʥʽ. ʄʦʣʝʢʫʣʷʨʥʠʡ ʢʠʩʝʥʴ, ʱʦ 

ʚʠʜʽʣʷʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʣʘʟʝʨʥʦ-ʽʥʜʫʢʦʚʘʥʦʾ ʬʦʪʦʜʠʩʦʮʽʘʮʽʾ 퐻푏푂  ʚ ʰʢʽʨʥʠʭ 

ʢʨʦʚʦʥʦʩʥʠʭ ʩʫʜʠʥʘʭ, ʜʦʟʚʦʣʷʻ ʢʦʥʪʨʦʣʶʚʘʪʠ ʣʦʢʘʣʴʥʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʢʠʩʥʶ ʚ 

ʪʢʘʥʠʥʘʭ.  ɽʬʝʢʪʠʚʥʽʩʪʴ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʪʘ ʚʠʭʽʜʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʟʘʩʪʦʩʦʚʫʚʘʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʦʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʰʢʽʨʠ ʪʘ ʛʣʠʙʠʥʠ ʢʨʦʚʦʥʦʩʥʠʭ ʩʫʜʠʥ ʫ ʪʢʘʥʠʥʽ [2].  
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 ʋ ʨʘʟʽ ʥʠʟʴʢʦʝʥʝʨʛʝʪʠʯʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʨʦʟʨʘʭʫʥʢʠ 

ʧʦʢʘʟʫʶʪʴ [2], ʱʦ ʚ ʪʠʧʦʚʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʥʘ ʦʯʽʢʫʚʘʪʠ ʣʦʢʘʣʴʥʝ ʧʽʜʚʠʱʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ 0,1÷0,5 °C. ʊʘʢʝ ʥʝʚʝʣʠʢʝ ʧʽʜʚʠʱʝʥʥʷ ʣʦʢʘʣʴʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʤʦʞʝ 

ʩʧʨʠʷʪʠ ʣʠʰʝ ʜʝʷʢʦʤʫ ʧʦʣʽʧʰʝʥʥʶ ʢʘʧʽʣʷʨʥʦʾ ʤʽʢʨʦʮʠʨʢʫʣʷʮʽʾ ʢʨʦʚʽ. ʋ ʨʘʟʽ 

ʥʠʟʴʢʦʝʥʝʨʛʝʪʠʯʥʠʭ ʣʘʟʝʨʽʚ ʥʘʡʚʘʞʣʠʚʽʰʠʤ ʧʨʦʮʝʩʦʤ ʻ ʬʦʪʦʜʠʩʦʮʽʘʮʽʷ 퐻푏푂 , 

ʦʩʥʦʚʥʦʶ ʙʽʦʣʦʛʽʯʥʦʶ ʬʫʥʢʮʽʻʶ ʷʢʦʾ ʻ ʤʦʣʝʢʫʣʷʨʥʠʡ ʪʨʘʥʩʧʦʨʪ ʢʠʩʥʶ.  

ʄʦʞʣʠʚʽʩʪʴ ʜʦʜʘʪʢʦʚʦʛʦ ʧʽʜʚʝʜʝʥʥʷ ʢʠʩʥʶ ʜʦʟʚʦʣʷʻ ʨʦʟʨʦʙʠʪʠ ʥʦʚʠʡ ʤʝʪʦʜ 

ʫʩʫʥʝʥʥʷ ʪʢʘʥʠʥʥʦʾ ʛʽʧʦʢʩʽʾ, ʷʢʠʡ ʚʽʜʥʦʚʣʶʻ ʥʦʨʤʘʣʴʥʠʡ ʤʝʪʘʙʦʣʽʟʤ ʢʣʽʪʠʥ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʬʦʪʦʜʠʩʦʮʽʘʮʽʾ ʛʝʤʦʛʣʦʙʽʥʦʚʠʭ ʢʦʤʧʣʝʢʩʽʚ in vivo ʤʦʞʥʘ ʧʨʦʚʝʩʪʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʘʨʘʤʝʪʨʘ ʥʘʩʠʯʝʥʥʷ ʘʨʪʝʨʽʘʣʴʥʦʾ ʢʨʦʚʽ.  

ɼʣʷ 퐻푏푂  ʚʝʣʠʯʠʥʘ ʥʘʩʠʯʝʥʥʷ 푆푎푂  ʚ ʘʨʪʝʨʽʘʣʴʥʠʭ ʢʨʦʚʦʥʦʩʥʠʭ ʩʫʜʠʥʘʭ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 퐻푏푂  ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʥʝʩʢʫ 퐻푏, ʤʝʪʛʝʤʦʛʣʦʙʽʥʫ 

(푀푒푡퐻푏) ʽ ʢʘʨʙʦʢʩʠʛʝʤʦʛʣʦʙʽʥʫ (퐻푏푂 ), ʪʦʙʪʦ ʚʽʜʥʦʰʝʥʥʷʤ ʥʘʩʠʯʝʥʦʛʦ ʢʠʩʥʝʤ 

ʛʝʤʦʛʣʦʙʽʥʫ ʜʦ ʟʘʛʘʣʴʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʛʝʤʦʛʣʦʙʽʥʫ [2]: 

                          푆푎푂 =
[퐻푏푂 ]

[퐻푏푂 ] + [퐻푏] + [푀푒푡퐻푏] + [퐻푏퐶푂 ]
∙ 100%.                   (2) 

 

 

ʈʠʩ 1.1. ʌʦʪʦʜʠʩʦʮʽʘʮʽʷ 퐻푏푂  ʘʨʪʝʨʽʘʣʴʥʦʾ ʢʨʦʚʽ, ʚʠʢʣʠʢʘʥʘ ʣʘʟʝʨʥʠʤ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ [2].  
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ɺʥʝʩʢʦʤ ʢʦʤʧʦʥʝʥʪʽʚ 푀푒푡퐻푏 ʽ 퐻푏퐶푂 ʥʝʭʪʫʻʤʦ, ʦʩʢʽʣʴʢʠ ʟʘ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚ 

ʛʘʟʦʦʙʤʽʥʫ ʾʭʥʷ ʢʦʥʮʝʥʪʨʘʮʽʷ ʻ ʥʠʟʴʢʦʶ ʽ ʩʢʣʘʜʘʻ (0,2÷0,6 % ʽ 0,8 % ʚʽʜʧʦʚʽʜʥʦ). 

ʊʦʜʽ, ʥʘ ʧʨʘʢʪʠʮʽ, 푆푎푂  ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʟʘ ʬʦʨʤʫʣʦʶ: 

                                                 푆푎푂 =
[퐻푏푂 ]

[퐻푏푂 ] + [퐻푏]
∙ 100%.                                         (3) 

ʇʨʠ ʬʦʪʦʜʠʩʦʮʽʘʮʽʾ 퐻푏푂 , ʚʠʢʣʠʢʘʥʦʾ ʣʘʟʝʨʥʠʤ ʦʧʨʦʤʽʥʝʥʥʷʤ, ʚʠʚʽʣʴʥʷʻʪʴʩʷ 

ʢʠʩʝʥʴ, ʢʦʥʮʝʥʪʨʘʮʽʷ [퐻푏푂 ] ʽ [퐻푏] ʟʤʽʥʶʻʪʴʩʷ, ʯʝʨʝʟ ʱʦ ʟʤʝʥʰʫʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ 

ʩʘʪʫʨʘʮʽʷ ʽ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ [2]:   

                                                       ∆푆푎푂 =  푆푎푂 − 푆푎푂 ,                                                 (4)  

ʜʝ 푆푎푂 - ʩʘʪʫʨʘʮʽʷ ʙʝʟ ʽ 푆푎푂 - ʟ ʣʘʟʝʨʥʠʤ ʦʧʨʦʤʽʥʝʥʥʷʤ. 

ʋ ʨʦʙʦʪʽ [3], ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʨʽʟʥʠʭ 

ʜʦʚʞʠʥ ʭʚʠʣʴ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʬʦʪʦʜʠʩʦʮʽʘʮʽʾ 퐻푏푂  

ʢʨʦʚʽ ʚ ʫʤʦʚʘʭ in vivo. ɺʠʤʽʨʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʟʘ ʫʯʘʩʪʶ ʜʦʙʨʦʚʦʣʴʮʽʚ. ɼʣʷ 

ʢʦʞʥʦʛʦ ʜʞʝʨʝʣʘ ʩʚʽʪʣʘ ʨʝʻʩʪʨʫʚʘʣʠ ʚʽʜ 10 ʜʦ 25 ʥʘʙʦʨʽʚ ʪʨʠʭʚʠʣʴʦʚʦʾ 

ʬʦʪʦʧʣʝʪʠʟʤʦʛʨʘʤʠ ʟʘ ʥʘʩʪʫʧʥʦʶ ʩʭʝʤʦʶ: 30÷40 ʩ ʙʝʟ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, 30÷40 ʩ ʟ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʽ 30÷40 ʩ ʙʝʟ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʌʦʪʦʧʣʝʪʠʟʤʦʛʨʘʤʠ ʙʫʣʠ 

ʟʘʧʠʩʘʥʽ ʜʣʷ ʦʙʨʘʥʠʭ ʜʦʚʞʠʥ ʭʚʠʣʴ ʚ ʜʽʘʧʘʟʦʥʽ ʩʧʝʢʪʨʫ 400÷940 ʥʤ ʽ ʨʝʟʫʣʴʪʘʪʠ 

ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 1.2. ʗʢ ʙʘʯʠʤʦ, ʟʤʽʥʠ ʥʘʩʠʯʝʥʦʩʪʽ ʚʽʜʙʫʚʘʶʪʴʩʷ 

ʦʜʨʘʟʫ ʧʽʩʣʷ ʧʦʯʘʪʢʫ ʦʩʚʽʪʣʝʥʥʷ ʥʘ 40 ʩ, ʽ ʨʽʚʝʥʴ ʥʘʩʠʯʝʥʥʷ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʘʩʫ 

ʦʧʨʦʤʽʥʝʥʥʷ. ɽʬʝʢʪ ʟʥʠʢʘʻ ʟ ʧʨʠʧʠʥʝʥʥʷʤ ʦʩʚʽʪʣʝʥʥʷ ʽ ʥʘʩʠʯʝʥʽʩʪʴ ʚʽʜʥʦʚʣʶʻʪʴʩʷ 

ʜʦ ʧʦʯʘʪʢʦʚʦʛʦ ʟʥʘʯʝʥʥʷ. ʎʽ ʨʝʟʫʣʴʪʘʪʠ ʥʘʦʯʥʦ ʜʝʤʦʥʩʪʨʫʶʪʴ, ʱʦ 

ʩʧʦʩʪʝʨʝʞʫʚʘʥʠʡ ʝʬʝʢʪ ʻ ʣʦʢʘʣʴʥʠʤ ʽ ʜʦʚʦʜʷʪʴ ʝʬʝʢʪ ʽʥʜʫʢʦʚʘʥʦʾ ʣʘʟʝʨʦʤ 

ʬʦʪʦʜʠʩʦʮʽʘʮʽʾ ʦʢʩʠʛʝʤʦʛʣʦʙʽʥʫ ʚ ʢʘʧʽʣʷʨʥʠʭ ʩʫʜʠʥʘʭ ʢʨʦʚʽ. ʅʘ ʨʠʩ. 1.3 ʧʦʢʘʟʘʥʦ 

ʟʤʽʥʫ ʢʦʥʮʝʥʪʨʘʮʽʾ HbO2 ʚ ʘʨʪʝʨʽʘʣʴʥʽʡ ʢʨʦʚʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʜʦʚʞʠʥʠ ʭʚʠʣʽ 

ʦʧʨʦʤʽʥʝʥʥʷ. ɺʠʷʚʣʝʥʦ ʪʨʠ ʤʘʢʩʠʤʫʤʠ ʚ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʜʽʘʧʘʟʦʥʽ, ʧʨʠ ʷʢʠʭ 

ʟʤʝʥʰʝʥʥʷ ʚʽʜʥʦʩʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ HbO2 ʜʦʩʷʛʘʻ 6% [3]. ɼʚʘ ʫ ʚʠʜʠʤʽʡ ʦʙʣʘʩʪʽ 

ʩʧʝʢʪʨʘ ʽ ʦʜʠʥ ʙʽʣʴʰ ʰʠʨʦʢʠʡ ʧʽʢ (850 ʥʤ). ʈʝʟʫʣʴʪʘʪʠ, ʱʦ ʙʫʣʠ ʦʪʨʠʤʘʥʽ 

ʟʙʽʛʘʶʪʴʩʷ ʟʽ ʩʧʝʢʪʨʦʤ ʧʦʛʣʠʥʘʥʥʷ 퐻푏푂  (ʜʠʚ. ʨʠʩ. 1.4) ʪʘ ʧʦʷʩʥʶʶʪʴʩʷ 

ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʧʦʰʠʨʝʥʥʷ ʩʚʽʪʣʘ ʚ ʟʘʧʦʚʥʝʥʽʡ ʢʨʦʚ'ʶ ʪʢʘʥʠʥʽ. 

ʄʘʣʘ ʛʣʠʙʠʥʘ ʧʨʦʥʠʢʥʝʥʥʷ ʩʚʽʪʣʘ ʥʘ ʜʦʚʞʠʥʘʭ ʭʚʠʣʴ 530 ʥʤ ʽ 600 ʥʤ 

ʧʦʷʩʥʶʻʪʴʩʷ ʾʭʥʴʦʶ ʙʣʠʟʢʽʩʪʶ ʜʦ ʩʤʫʛ ʧʦʛʣʠʥʘʥʷ ʦʢʩʠʛʝʤʦʛʣʦʙʽʥʫ ʪʘ ʤʝʣʘʥʽʥʫ. 
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ʏʝʨʚʦʥʝ ʽ ʙʣʠʞʥʻ ɯʏ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʤʘʶʪʴ ʙʽʣʴʰʫ ʛʣʠʙʠʥʫ ʧʨʦʥʠʢʥʝʥʥʷ ʚ 

ʪʢʘʥʠʥʠ (>5 ʤʤ). ɸʣʝ ʩʚʽʪʣʦ ʯʝʨʚʦʥʦʾ ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʫʞʝ ʨʽʜʢʦ, 

ʪʦʤʫ ʚ ʣʽʪʝʨʘʪʫʨʽ ʤʘʡʞʝ ʥʝʤʘʻ ʜʘʥʠʭ ʧʨʦ ʡʦʛʦ ʚʧʣʠʚ ʥʘ ʨʽʚʝʥʴ ʦʢʩʠʛʝʤʦʛʣʦʙʽʥʫ [1].  

 

ʈʠʩ. 1.2. ɺʠʤʽʨʷʥʘ ʟʤʽʥʘ ʩʘʪʫʨʘʮʽʾ ʢʨʦʚʽ ʟʘ ʥʘʷʚʥʦʩʪʽ ʪʘ ʚʽʜʩʫʪʥʦʩʪʽ 

ʦʧʨʦʤʽʥʝʥʥʷ ʧʨʠ ʥʦʨʤʘʣʴʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʪʽʣʘ [3]. 

 

ʈʠʩ. 1.3.  ɼʠʥʘʤʽʢʘ ʟʤʽʥʠ  ∆푆푎푂  ʧʨʠ ʦʧʨʦʤʽʥʝʥʥʷ ʧʘʣʴʮʷ (1-ʾ ʬʘʣʘʥʛʠ) ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʜʦʚʞʠʥʠ ʭʚʠʣʽ [3]. 
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ʈʠʩ. 1.4. ʅʦʨʤʦʚʘʥʽ ʩʧʝʢʪʨʠ ʧʦʛʣʠʥʘʥʥʷ 퐻푏푂  ʚ ʛʣʠʙʠʥʽ ʪʢʘʥʠʥʠ (2 ʤʤ) [3]. 

ʉʘʤʝ ʪʦʤʫ ʻ ʜʦʮʽʣʴʥʠʤ ʩʪʚʦʨʠʪʠ ʤʦʜʝʣʴ ʙʘʛʘʪʦʰʘʨʦʚʦʾ ʙʽʦʣʦʛʽʯʥʦʾ ʪʢʘʥʠʥʠ 

ʘʙʠ ʤʘʪʠ ʟʤʦʛʫ ʧʨʦʤʦʜʝʣʶʚʘʪʠ ʧʨʦʭʦʜʞʝʥʥʷ ʢʨʽʟʴ ʥʝʾ ʩʚʽʪʣʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ 

ʄʦʥʪʝ-ʂʘʨʣʦ ʽ ʪʘʢʠʤ ʯʠʥʦʤ ʧʝʨʝʚʽʨʠʪʠ, ʯʠ ʙʫʜʫʪʴ ʨʝʟʫʣʴʪʘʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 

1.3. ʢʦʨʝʣʶʚʘʪʠ ʟ ʦʪʨʠʤʘʥʠʤ ʫ ʧʦʜʘʣʴʰʽʡ ʨʦʙʦʪʽ ʩʧʝʢʪʨʦʤ ʧʦʛʣʠʥʘʥʥʷ ʜʣʷ ʜʦʚʞʠʥ 

ʭʚʠʣʴ ʚʽʜ 400 ʥʤ ʜʦ 1000 ʥʤ ʫ ʩʪʚʦʨʝʥʽʡ ʤʦʜʝʣʽ ʪʢʘʥʠʥʠ.  

 

1.2. ʆʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʣʶʜʩʴʢʠʭ ʪʢʘʥʠʥ 

ʂʦʝʬʽʮʽʻʥʪʠ ʧʦʛʣʠʥʘʥʥʷ ʽ ʨʦʟʩʽʶʚʘʥʥʷ ʪʘ ʢʦʝʬʽʮʽʻʥʪ ʘʥʽʟʦʪʨʦʧʽʾ ʱʦ ʜʦʨʽʚʥʶʻ 

ʢʦʩʠʥʫʩʫ ʢʫʪʘ ʨʦʟʩʽʶʚʘʥʥʷ, ʤʦʞʫʪʴ ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ  ʦʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʩʝʨʝʜʦʚʠʱʘ. ɯʥʬʦʨʤʘʮʽʷ ʧʨʦ ʮʽ ʦʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʦʞʝ ʜʫʞʝ ʜʦʧʦʤʦʛʪʠ ʫ 

ʨʦʟʨʦʙʮʽ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʥʝʽʥʚʘʟʽʡʥʠʭ ʤʝʪʦʜʽʚ ʣʽʢʫʚʘʥʥʷ ʪʘ ʜʽʘʛʥʦʩʪʠʢʠ. ɼʣʷ ʮʴʦʛʦ 

ʧʦʪʨʽʙʥʦ ʨʦʟʫʤʽʪʠ ʬʽʟʠʯʥʠʡ ʤʝʭʘʥʽʟʤ ʧʨʦʮʝʩʫ, ʪʦʙʪʦ ʥʝʦʙʭʽʜʥʦ ʩʪʚʦʨʠʪʠ ʤʦʜʝʣʴ 

ʩʠʩʪʝʤʠ, ʱʦ ʥʘʩ ʮʽʢʘʚʠʪʴ ʪʘ ʧʨʦʚʝʩʪʠ ʨʦʟʨʘʭʫʥʢʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʠ.  ʄʦʜʝʣʶʚʘʥʥʷ 

ʪʘ ʘʥʘʣʽʟ ʨʝʘʣʴʥʠʭ ʣʶʜʩʴʢʠʭ ʪʢʘʥʠʥ ʻ ʩʢʣʘʜʥʠʤ ʟʘʚʜʘʥʥʷʤ, ʦʩʢʽʣʴʢʠ ʪʢʘʥʠʥʘ ʻ 

ʙʘʛʘʪʦʰʘʨʦʚʦʶ, ʥʝʦʜʥʦʨʽʜʥʦʶ, ʫ ʥʽʡ ʤʦʞʫʪʴ ʧʝʨʝʚʘʞʘʪʠ ʨʽʟʥʽ ʭʽʤʽʯʥʽ ʩʧʦʣʫʢʠ ʪʘ 

ʽʥ. ɸʙʠ ʩʧʨʦʩʪʠʪʠ ʫʤʦʚʠ ʩʪʚʦʨʶʶʪʴ ʥʘʙʣʠʞʝʥʽ ʤʦʜʝʣʽ, ʜʝ ʥʝʭʪʫʶʪʴ ʜʝʷʢʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʨʦʟʙʠʚʘʶʪʴ ʪʢʘʥʠʥʫ ʥʘ ʨʷʜ ʧʨʦʩʪʽʰʠʭ ʰʘʨʽʚ, ʫ ʨʦʟʨʘʭʫʥʢʘʭ ʥʝ 
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ʚʨʘʭʦʚʫʶʪʴ ʧʦʣʷʨʠʟʘʮʽʶ ʩʚʽʪʣʘ ʪʘ ʽʥ. ʇʨʦʪʝ, ʥʘʚʽʪʴ ʜʣʷ ʪʘʢʦʾ ʩʧʨʦʱʝʥʦʾ ʤʦʜʝʣʽ, 

ʽʩʥʫʶʪʴ ʬʘʢʪʦʨʠ, ʯʝʨʝʟ ʷʢʽ ʩʢʣʘʜʥʦ ʧʨʦʚʦʜʠʪʠ ʘʥʘʣʽʟ, ʘ ʩʘʤʝ [4]: 

1) ʣʠʰʝ ʟʘ ʫʤʦʚʠ, ʱʦ ʧʦʧʝʨʝʜʥʴʦ ʙʫʜʫʪʴ ʥʘʢʣʘʜʝʥʽ ʪʘʢʽ ʫʤʦʚʠ ʷʢ: ʨʽʚʥʦʤʽʨʥʝ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʧʝʨʝʚʘʞʘʥʥʷ ʘʙʦ ʩʠʣʴʥʦʛʦ ʧʦʛʣʠʥʘʥʥʷ, ʘʙʦ ʩʠʣʴʥʦʛʦ 

ʨʦʟʩʽʶʚʘʥʥʷ; ʤʦʞʣʠʚʝ ʟʥʘʭʦʜʞʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʽʥʪʝʛʨʦ-

ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʧʦʰʠʨʝʥʥʷ ʩʚʽʪʣʘ. 

2) ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ (ʧʦʛʣʠʥʘʥʥʷ, ʨʦʟʩʽʶʚʘʥʥʷ ʪʘ ʬʘʟʦʚʦʾ 

ʬʫʥʢʮʽʾ) ʧʦʪʨʝʙʫʻ ʥʝ ʣʠʰʝ ʨʦʟʚôʷʟʢʫ ʨʽʚʥʷʥʥʷ ʧʦʰʠʨʝʥʥʷ ʩʚʽʪʣʘ (ʘʙʦ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʥʘʙʣʠʞʝʥʥʷ) ʜʣʷ ʛʝʦʤʝʪʨʽʾ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʪʢʘʥʠʥʠ (ʥʘʧʨʠʢʣʘʜ, 

ʪʦʥʢʦʾ ʧʣʘʩʪʠʥʠ ʪʢʘʥʠʥʠ), ʘʣʝ ʡ ʦʙʝʨʥʝʥʦʛʦ ʨʦʟʚôʷʟʢʫ, ʷʢʠʡ ʧʦʚôʷʟʫʻ ʪʘʢʽ 

ʚʽʜʦʙʨʘʞʝʥʥʷ ʪʘ ʧʨʦʧʫʩʢʘʥʥʷ ʟ ʦʧʪʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

ɹʽʦʣʦʛʽʯʥʽ ʩʝʨʝʜʦʚʠʱʘ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ 2 ʪʠʧʠ: ʦʧʪʠʯʥʦ ʤʫʪʥʽ, ʪʦʙʪʦ ʩʠʣʴʥʦ 

ʨʦʟʩʽʶʚʘʣʴʥʽ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʦʧʪʠʯʥʦ ʧʨʦʟʦʨʽ, ʪʦʙʪʦ ʩʣʘʙʢʦ ʨʦʟʩʽʶʚʘʣʴʥʽ 

ʩʝʨʝʜʦʚʠʱʘ. ʅʠʞʯʝ ʢʦʨʦʪʢʦ ʨʦʟʛʣʷʥʫʪʦ ʦʩʥʦʚʥʽ ʪʠʧʠ ʣʶʜʩʴʢʦʾ ʪʢʘʥʠʥʠ ʪʘ ʦʧʠʩʘʥʦ 

ʾʭ ʩʪʨʫʢʪʫʨʠ ʜʣʷ ʨʦʟʫʤʽʥʥʷ ʪʦʛʦ, ʟʘ ʨʘʭʫʥʦʢ ʯʦʛʦ ʚ ʪʢʘʥʠʥʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʨʦʮʝʩʠ 

ʧʦʛʣʠʥʘʥʥʷ ʪʘ ʨʦʟʩʽʶʚʘʥʥʷ ʝʥʝʨʛʽʾ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ.  

1.2.1. ʐʢʽʨʘ 

ʐʢʽʨʘ ʻ ʩʢʣʘʜʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ ʟ ʥʝʦʜʥʦʨʽʜʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʢʨʦʚʽ ʪʘ 

ʧʽʛʤʝʥʪʫ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʦʩʥʦʚʥʠʭ ʚʠʜʠʤʠʭ ʟ ʧʦʚʝʨʭʥʽ ʰʘʨʽʚ [5]: 

ʝʧʽʜʝʨʤʽʩʫ, ʜʝʨʤʘ ʪʘ ʧʽʜʰʢʽʨʥʦ-ʞʠʨʦʚʦʾ ʢʣʽʪʢʦʚʠʥʠ. ɽʧʽʜʝʨʤʽʩ ʻ ʙʝʟʢʨʦʚʥʠʤ 

ʰʘʨʦʤ ʪʘ ʤʘʻ ʪʦʚʱʠʥʫ ʙʣʠʟʴʢʦ 100 ʤʢʤ. ɼʝʨʤʘ ʻ ʚʘʩʢʫʣʷʟʦʨʥʠʤ ʰʘʨʦʤ, ʪʦʚʱʠʥʘ 

ʷʢʦʛʦ 1÷5 ʤʤ. ʊʦʚʱʠʥʘ ʧʽʜʰʢʽʨʥʦ-ʞʠʨʦʚʦʾ ʪʢʘʥʠʥʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʽʣʷʥʢʠ ʪʽʣʘ (1÷6 

ʤʤ). 

ʏʝʨʝʟ ʥʝʦʜʥʦʨʽʜʥʠʡ ʨʦʟʧʦʜʽʣ ʧʽʛʤʝʥʪʽʚ, ʨʽʟʥʠʭ ʭʨʦʤʦʬʦʨ ʪʘ ʢʨʦʚʽ ʤʘʡʞʝ 

ʥʝʤʦʞʣʠʚʦ ʚʠʟʥʘʯʠʪʠ ʪʦʯʥʦ ʦʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʰʢʽʨʠ ʷʢ ʮʽʣʽʩʥʦʛʦ ʦʙôʻʢʪʘ. ɸʣʝ 

ʤʦʞʣʠʚʦ ʚʠʟʥʘʯʠʪʠ ʦʙʣʘʩʪʽ ʚ ʰʢʽʨʽ, ʜʝ ʛʨʘʜʽʻʥʪ ʩʪʨʫʢʪʫʨʠ ʢʣʽʪʠʥ, ʭʨʦʤʦʬʦʨʽʚ ʘʙʦ 

ʢʽʣʴʢʦʩʪʽ ʢʨʦʚʽ ʟʤʽʥʶʻʪʴʩʷ ʟ ʛʣʠʙʠʥʦʶ, ʱʦ ʧʨʠʙʣʠʟʥʦ ʜʦʨʽʚʥʶʻ ʥʫʣʶ. ʎʝ ʜʦʟʚʦʣʷʻ 

ʧʦʜʽʣʠʪʠ ʰʢʽʨʫ ʥʘ ʰʘʨʠ, ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʬʽʟʽʦʣʦʛʽʯʥʦʶ ʧʨʠʨʦʜʦʶ, ʦʧʪʠʯʥʠʤʠ ʪʘ 

ʬʽʟʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʢʣʽʪʠʥ ʽ ʟʘʚʜʷʢʠ ʮʴʦʤʫ ʚʠʟʥʘʯʠʪʠ ʦʧʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʜʣʷ 

ʮʠʭ ʰʘʨʽʚ [5]. 
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ɽʧʽʜʝʨʤʽʩ ʤʦʞʣʠʚʦ ʧʦʜʽʣʠʪʠ ʥʘ ʜʚʘ ʧʽʜʰʘʨʠ: ʞʠʚʠʡ ʪʘ ʥʝʞʠʚʠʡ ʝʧʽʜʝʨʤʽʩ 

[5]. ɹʽʣʴʰʘ ʯʘʩʪʠʥʘ ʧʽʛʤʝʥʪʘʮʽʾ ʰʢʽʨʠ ʤʽʩʪʠʪʴʩʷ ʚ ʞʠʚʦʤʫ ʧʽʜʰʘʨʽ ʝʧʽʜʝʨʤʽʩʫ, 

ʪʦʚʱʠʥʘ ʷʢʦʛʦ 100 ʤʢʤ,  ʇʝʨʝʚʘʞʥʦ, ʮʝ, ʫʪʚʦʨʝʥʠʡ ʚ ʤʝʣʘʥʦʮʠʪʘʭ, ʤʝʣʘʥʽʥ. 

ʄʝʣʘʥʦʩʦʤʠ, ʱʦ ʤʘʶʪʴ ʜʽʘʤʝʪʨ ʙʽʣʴʰʝ 300 ʥʤ, ʧʨʦʧʫʩʢʘʶʯʠ ʢʨʽʟʴ ʩʝʙʝ ʩʚʽʪʣʦ, 

ʣʠʰʝ ʤʽʥʽʤʘʣʴʥʦ ʟʤʽʥʶʶʪʴ ʥʘʧʨʷʤʦʢ ʨʫʭʫ ʬʦʪʦʥʽʚ. ʄʝʣʘʥʽʥʦʚʠʡ ʧʠʣ, ʯʘʩʪʠʥʢʠ 

ʷʢʦʛʦ ʤʘʶʪʴ ʜʽʘʤʝʪʨ ʤʝʥʰʝ 30 ʥʤ, ʤʘʻ ʽʟʦʪʨʦʧʥʠʡ ʧʨʦʬʽʣʴ ʧʨʦʧʫʩʢʘʥʥʷ [5]. 

ʅʝʞʠʚʠʡ ʧʽʜʰʘʨ ʘʙʦ ʨʦʛʦʚʠʡ ʰʘʨ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʽʜʤʝʨʣʠʭ ʧʣʘʩʢʠʭ ʢʣʽʪʠʥ, ʱʦ 

ʤʘʶʪʴ ʚʠʩʦʢʠʡ ʚʤʽʩʪ ʣʽʧʽʜʽʚ ʽ ʙʽʣʢʽʚ, ʽ ʥʠʟʴʢʠʡ ʚʤʽʩʪ ʚʦʜʠ. ʊʦʚʱʠʥʘ ʮʴʦʛʦ ʧʽʜʰʘʨʫ 

ʙʣʠʟʴʢʦ 20 ʤʢʤ.  

ɼʝʨʤʘ ʻ ʚʘʩʢʫʣʷʟʦʨʠʟʦʚʘʥʠʤ ʰʘʨʦʤ, ʪʦʤʫ ʢʘʨʦʪʠʥ, ʙʽʣʽʨʫʙʽʥ ʪʘ ʛʝʤʦʛʣʦʙʽʥ ʻ 

ʦʩʥʦʚʥʠʤʠ ʧʦʛʣʠʥʘʯʘʤʠ ʫ ʚʠʜʠʤʦʤʫ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʜʽʘʧʘʟʦʥʽ [5]. ʗʢʱʦ 

ʨʦʟʛʣʷʜʘʪʠ ʽʥʬʨʘʯʝʨʚʦʥʠʡ ʩʧʝʢʪʨ ʧʦʛʣʠʥʘʥʥʷ, ʪʦ ʦʩʥʦʚʥʠʤ ʧʦʛʣʠʥʘʯʝʤ ʝʥʝʨʛʽʾ ʻ 

ʚʦʜʘ. ɼʝʨʤʫ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ ʯʦʪʠʨʠ ʧʽʜʰʘʨʠ ʟʘ ʨʦʟʧʦʜʽʣʦʤ ʢʨʦʚʦʥʦʩʥʠʭ ʩʫʜʠʥ: 

ʛʣʠʙʦʢʝ ʢʨʦʚʦʥʦʩʥʝ ʩʧʣʝʪʽʥʥʷ (102 ʤʢʤ), ʨʝʪʠʢʫʣʷʨʥʘ ʜʝʨʤʘ (1÷4 ʤʤ), ʚʝʨʭʥʻ 

ʢʨʦʚʦʥʦʩʥʝ ʩʽʪʯʘʩʪʝ ʩʧʣʝʪʽʥʥʷ (100 ʤʢʤ) ʪʘ ʧʘʧʽʣʷʨʥʘ ʜʝʨʤʘ (150 ʤʢʤ) [5].  

ʋ ʜʝʨʤʘʣʴʥʠʭ ʰʘʨʘʭ ʰʢʽʨʠ ʨʦʟʩʽʷʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʯʝʨʝʟ ʪʝ, ʱʦ  

ʩʪʨʫʢʪʫʨʘ ʪʢʘʥʠʥʠ ʻ ʚʦʣʦʢʥʠʩʪʦʶ.  

1.2.2. ʇʽʜʰʢʽʨʥʦ-ʞʠʨʦʚʘ ʪʢʘʥʠʥʘ 

ʐʣʷʭʦʤ ʩʢʫʧʯʝʥʥʷʤ ʘʜʠʧʦʮʠʪʽʚ (ʞʠʨʦʚʠʭ ʢʣʽʪʠʥ) ʫʪʚʦʨʶʻʪʴʩʷ ʧʽʜʰʢʽʨʥʦ-

ʞʠʨʦʚʘ ʢʣʽʪʢʦʚʠʥʘ. ʎʽ ʞʠʨʦʚʽ ʢʣʽʪʠʥʠ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʥʘʢʦʧʠʯʝʥʦʛʦ ʞʠʨʫ ï ʣʽʧʽʜʽʚ, 

ʽ ʤʘʶʪʴ ʬʦʨʤʫ ʤʘʣʝʥʴʢʠʭ ʢʨʘʧʣʠʥʦʢ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʪʘʪʫʨʠ ʣʶʜʠʥʠ ʢʽʣʴʢʽʩʪʴ 

ʮʠʭ ʢʨʘʧʣʠʥʦʢ ʨʽʟʥʘ. ʋ ʣʶʜʠʥʠ ʟ ʥʦʨʤʘʣʴʥʦʶ ʘʙʦ ʭʫʜʦʶ ʩʪʘʪʫʨʦʶ ʚ ʞʠʨʦʚʽʡ 

ʢʣʽʪʠʥʽ ʟʥʘʭʦʜʠʪʴʩʷ ʥʠʟʢʘ ʜʨʽʙʥʠʭ ʢʨʘʧʝʣʴ, ʘ ʫ ʣʶʜʠʥʠ ʟ ʦʞʠʨʽʥʥʷʤ ï ʦʜʥʘ ʚʝʣʠʢʘ 

ʢʨʘʧʣʠʥʘ [5].  

ʆʜʠʥ ʘʜʠʧʦʮʠʪ ʥʘ 95% ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʣʽʧʽʜʽʚ. ɿʥʘʯʝʥʥʷ ʜʽʘʤʝʪʨʽʚ ʘʜʠʧʦʮʠʪʽʚ 

ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʤʝʞʘʭ 15÷250 ʤʢʤ, ʘ ʾʭ ʩʝʨʝʜʥʽʡ ʜʽʘʤʝʪʨ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 

50 ʜʦ 120 ʤʢʤ. ʋ ʧʨʦʤʽʞʢʘʭ ʤʽʞ ʢʣʽʪʠʥʘʤʠ ʟʥʘʭʦʜʷʪʴʩʷ ʥʝʨʚʠ, ʢʘʧʽʣʷʨʠ ʪʘ 

ʨʝʪʠʢʫʣʷʨʥʽ ʬʽʙʨʠʣʠ, ʱʦ ʚʠʢʦʥʫʶʪʴ ʬʫʥʢʮʽʶ ʟ'ʻʜʥʘʥʥʷ ʢʣʽʪʠʥ ʪʘ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʤʝʪʘʙʦʣʽʟʤ ʞʠʨʦʚʦʾ ʪʢʘʥʠʥʠ. ɿʘ ʧʦʛʣʠʥʘʥʥʷ ʝʥʝʨʛʽʾ ʫ ʞʠʨʦʚʽʡ ʪʢʘʥʠʥʽ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʣʽʧʽʜʠ, ʛʝʤʦʛʣʦʙʽʥ ʪʘ ʚʦʜʘ. ʈʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʽ ʩʬʝʨʠʯʥʽ ʢʨʘʧʣʽ ʣʽʧʽʜʽʚ ʚ 

ʘʜʠʧʦʮʠʪʘʭ ʻ ʦʩʥʦʚʥʠʤʠ ʨʦʟʩʽʶʚʘʯʘʤʠ ʚ ʞʠʨʦʚʽʡ ʪʢʘʥʠʥʽ [5]. 
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1.2.3. ʄ'ʷʟʦʚʘ ʪʢʘʥʠʥʘ 

ʆʜʥʠʤ ʽʟ ʦʩʥʦʚʥʠʭ ʩʝʨʝʜʦʚʱ ʫ ʪʽʣʽ ʣʶʜʠʥʠ ʻ ʤ'ʷʟʠ. ʄ'ʷʟʦʚʘ ʪʢʘʥʠʥʘ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʤ'ʷʟʦʚʠʭ ʚʦʣʦʢʦʥ, ʱʦ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʤʽʦʬʽʙʨʠʣ. 

ʄʽʦʬʽʙʨʠʣʠ ʤʘʶʪʴ ʬʦʨʤʫ ʜʦʚʛʠʭ ʮʠʣʽʥʜʨʽʚ ʜʽʘʤʝʪʨʦʤ 1÷2 ʤʢʤ. ʉʘʨʢʦʧʣʘʟʤʘ, ʷʢʘ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʣʽʪʠʥʥʠʭ ʦʨʛʘʥʝʣ, ʟʘʧʦʚʥʶʻ ʤʽʞ ʬʽʙʨʠʣʘʤʠ ʧʫʩʪʦʪʠ. ɻʝʤʦʛʦʣʦʙʽʥ ʽ 

ʚʦʜʘ ʻ ʦʩʥʦʚʥʠʤʠ ʧʦʛʣʠʥʘʯʘʤʠ ʝʥʝʨʛʽʾ [6].  

1.2.4. ʂʽʩʪʢʘ 

ʆʩʥʦʚʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʢʽʩʪʢʠ ʻ ʦʨʛʘʥʽʯʥʠʡ ʪʘ ʥʝʦʨʛʘʥʽʯʥʠʡ 

(ʤʽʥʝʨʘʣʽʟʦʚʘʥʠʡ) ʤʘʪʨʠʢʩʠ. ɺʤʽʩʪ ʚ ʢʽʩʪʮʽ ʤʽʥʝʨʘʣʴʥʦʛʦ ʤʘʪʨʠʢʩʘ ʩʪʘʥʦʚʠʪʴ  16%, 

ʙʽʣʢʽʚ - 16%, ʚʦʜʠ - 16%, ʣʽʧʽʜʽʚ - 54%. ʆʨʛʘʥʽʯʥʠʡ ʤʘʪʨʠʢʩ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʣʽʧʽʜʽʚ, 

ʢʣʽʪʠʥ ʢʨʦʚʽ, ʙʽʣʢʽʚ, ʪʘ ʢʦʣʘʛʝʥʫ. ʅʝʦʨʛʘʥʽʯʥʠʡ ʤʘʪʨʠʢʩ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʛʽʜʨʦʢʩʘʧʘʪʠʪʫ ʢʘʣʴʮʽʶ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʤʽʮʥʽʩʪʴ ʢʽʩʪʢʠ, ʽ ʬʦʩʬʘʪʫ 

ʦʩʪʝʦʢʘʣʴʮʠʥʫ. ʊʚʝʨʜʦʶ ʽ ʞʦʨʩʪʢʦʶ ʢʽʩʪʢʫ ʨʦʙʠʪʴ ʢʘʣʴʮʽʻʚʠʡ ʪʘ ʬʦʩʬʦʨʥʠʡ 

ʢʦʤʧʦʥʝʥʪ ʥʝʦʨʛʘʥʽʯʥʦʛʦ ʤʘʪʨʠʢʩʫ. ʄʽʮʥʽʩʪʴ ʢʽʩʪʢʠ ʟʘʙʝʟʧʝʯʫʻ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʢʦʣʘʛʝʥʦʚʠʭ ʚʦʣʦʢʦʥ [7]. 

 

1.3. ɺʟʘʻʤʦʜʽʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ ʙʽʦʣʦʛʽʯʥʠʤʠ ʪʢʘʥʠʥʘʤʠ 

ɺʟʘʻʤʦʜʽʷ ʙʘʛʘʪʦʰʘʨʦʚʦʾ ʢʨʦʚʦʥʘʧʦʚʥʝʥʦʾ ʪʢʘʥʠʥʠ ʟ ʦʧʪʠʯʥʠʤ ʜʽʘʧʘʟʦʥʦʤ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʘʢʠʭ ʧʨʦʮʝʩʽʚ ʷʢ: ʧʦʛʣʠʥʘʥʥʷ, ʚʽʜʙʠʪʪʷ ʥʘ ʤʝʞʽ 

ʩʝʨʝʜʦʚʠʱ ʪʘ ʨʦʟʩʽʶʚʘʥʥʷ ʚ ʨʽʟʥʠʭ ʥʘʧʨʷʤʢʘʭ. ɿʘʚʜʷʢʠ ʪʘʢʠʤ ʧʨʦʮʝʩʘʤ ʤʦʞʥʘ 

ʟʨʦʙʠʪʠ ʘʥʘʣʽʟ ʩʪʨʫʢʪʫʨʠ ʩʝʨʝʜʦʚʠʱ ʪʢʘʥʠʥʠ, ʘ ʪʘʢʦʞ ʦʪʨʠʤʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʾʭ 

ʦʧʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ: ʬʘʢʪʦʨ ʘʥʽʟʦʪʨʦʧʽʾ ʨʦʟʩʽʷʥʥʷ 푔, ʢʦʝʬʽʮʽʻʥʪ ʟʘʣʦʤʣʝʥʥʷ 푛, 

ʧʦʛʣʠʥʘʥʥʷ 휇  ʪʘ ʨʦʟʩʽʶʚʘʥʥʷ 휇 . 

ʈʦʟʩʽʶʚʘʥʥʷ 

ʉʝʨʝʜʥʽʡ ʚʽʣʴʥʠʡ ʧʨʦʙʽʛ ï ʮʝ ʚʝʣʠʯʠʥʘ, ʱʦ ʧʦʢʘʟʫʻ ʩʝʨʝʜʥʶ ʚʽʜʩʪʘʥʴ, ʷʢʫ 

ʬʦʪʦʥ ʜʦʣʘʻ ʤʽʞ ʧʦʜʽʷʤʠ ʨʦʟʩʽʷʥʥʷ. ʇʦʟʥʘʯʘʻʪʴʩʷ ʷʢ 퐿  ʽ ʜʦʨʽʚʥʶʻ: 

                                                            퐿 =  .                                                               (5) 

ʈʦʟʩʽʷʥʥʷ ʬʦʪʦʥʘ ʯʘʩʪʠʥʢʘʤʠ ʻ ʥʘʡʩʠʣʴʥʽʰʝ, ʢʦʣʠ ʮʽ ʯʘʩʪʠʥʢʠ ʤʘʶʪʴ ʨʦʟʤʽʨ, ʱʦ 

ʧʨʠʙʣʠʟʥʦ ʜʦʨʽʚʥʶʻ ʜʦʚʞʠʥʽ ʭʚʠʣʽ, ʽ ʧʦʢʘʟʥʠʢ ʟʘʣʦʤʣʝʥʥʷ, ʷʢʠʡ ʧʦʜʽʙʥʠʡ ʜʦ 

ʦʪʦʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʊʘʢʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʚ ʙʽʦʣʦʛʽʯʥʠʭ ʪʢʘʥʠʥʘʭ ʻ ʦʨʛʘʥʝʣʠ 

(ʥʘʧʨʠʢʣʘʜ, ʤʽʪʦʭʦʥʜʨʽʾ), ʤʝʣʘʥʽʥʦʚʽ ʛʨʘʥʫʣʠ ʚ ʢʣʽʪʠʥʘʭ, ʷʜʨʘ, ʪʦʱʦ. 
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ʇʦʛʣʠʥʘʥʥʷ 

ʇʦʛʣʠʥʘʥʥʷ ʝʥʝʨʛʽʾ ï ʮʝ ʧʨʦʮʝʩ, ʧʨʠ ʷʢʦʤʫ ʯʘʩʪʠʥʢʘ ʚʪʨʘʯʘʻ ʜʝʷʢʫ ʯʘʩʪʠʥʫ 

ʩʚʦʻʾ ʤʘʩʠ, ʨʫʭʘʶʯʠʩʴ ʫ ʩʝʨʝʜʦʚʠʱʽ, ʪʘ ʟʤʽʥʶʻ ʪʨʘʻʢʪʦʨʽʶ ʩʚʦʛʦ ʨʫʭʫ ʯʝʨʝʟ 

ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʮʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ʈʫʭ ʥʘ ʤʝʞʽ ʩʝʨʝʜʦʚʠʱ 

ɹʽʦʣʦʛʽʯʥʘ ʪʢʘʥʠʥʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʙʘʛʘʪʴʦʭ ʰʘʨʽʚ, ʱʦ ʤʘʶʪʴ ʨʽʟʥʽ ʧʦʢʘʟʥʠʢʠ 

ʟʘʣʦʤʣʝʥʥʷ. ʊʦʤʫ ʬʦʪʦʥ, ʱʦ ʦʧʠʥʠʚʩʷ ʥʘ ʤʝʞʽ ʩʝʨʝʜʦʚʠʱ, ʤʦʞʝ ʨʦʟʩʽʷʪʠʩʴ ʫ 

ʟʚʦʨʦʪʥʦʤʫ ʥʘʧʨʷʤʢʫ ʘʙʦ ʧʝʨʝʡʪʠ ʫ ʥʘʩʪʫʧʥʠʡ ʰʘʨ, ʷʢ ʮʝ, ʥʘʧʨʠʢʣʘʜ, ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩ. 1.5. 

 

ʈʠʩ. 1.5. ɺʽʜʙʠʪʪʷ ʪʘ ʟʘʣʦʤʣʝʥʥʷ ʩʚʽʪʣʘ ʥʘ ʤʝʞʽ ʩʝʨʝʜʦʚʠʱ.  

ʁʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʬʦʪʦʥ ʟʘʟʥʘʻ ʚʥʫʪʨʽʰʥʴʦʛʦ ʚʽʜʙʠʪʪʷ, ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʌʨʝʥʝʣʷ: 

                               푅(휃 ) =
1

2

sin(휃 − 휃 )

sin(휃 + 휃 )
+  

tan(휃 − 휃 )

tan(휃 − 휃 )
,                             (6) 

ʜʝ  휃 = arccos (휇 ) ï ʢʫʪ ʧʘʜʽʥʥʷ ʥʘ ʤʝʞʫ ʩʝʨʝʜʦʚʠʱʘ, 휃 = arcsin (
( )∙

) ï ʢʫʪ, 

ʱʦ ʚʠʟʥʘʯʝʥʠʡ ʟʘ ʟʘʢʦʥʦʤ ʉʥʝʣʘ [8]. 

1.4. ʈʦʟʧʦʚʩʶʜʞʝʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʪʢʘʥʠʥʽ 
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ʇʦʣʦʞʝʥʥʷ ʬʦʪʦʥʘ ʙʫʜʝ ʟʘʜʘʚʘʪʠʩʴ ʚ ʬʦʪʦʥʥʦʤʫ ʬʘʟʦʚʦʤʫ ʧʨʦʩʪʦʨʽ (ʜʠʚ. 

ʨʠʩ. 1.6). 

 
ʈʠʩ. 1.6. ɼʝʢʘʨʪʦʚʘ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ. 

푟⃗ = (푥, 푦, 푧) ï ʚʝʢʪʦʨ ʧʦʣʦʞʝʥʥʷ ʬʦʪʦʥʘ, 푠̂ = (푠 , 푠 , 푠 ) ï ʚʝʢʪʦʨ ʥʘʧʨʷʤʢʫ ʬʦʪʦʥʫ, 

푠 , 푠 , 푠 = {sin 휃 cos 휃 , sin 휃 sin 휃 , cos 휃}, ʜʝ 휃 - ʧʦʯʘʪʢʦʚʠʡ ʧʦʣʷʨʥʠʡ ʢʫʪ, 휑- 

ʘʟʠʤʫʪʘʣʴʥʠʡ ʢʫʪ. 

ʇʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʫ ʮʽʡ ʨʦʙʦʪʽ ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ ʤʦʜʝʣʴ ʙʽʦʣʦʛʽʯʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ʱʦ ʻ ʧʦʛʣʠʥʘʶʯʠʤʠ ʪʘ ʩʠʣʴʥʦ ʨʦʟʩʽʶʚʘʣʴʥʠʤ, ʪʦʙʪʦ ʦʧʪʠʯʥʦ ʤʫʪʥʠʤ. 

ʈʽʚʥʷʥʥʷ, ʱʦ ʦʧʠʩʫʻ ʨʫʭ ʩʚʽʪʣʘ ʚ ʦʙʨʘʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʧʨʝʜʩʪʘʚʣʝʥʝ ʥʠʞʯʝ: 

푠̂ ∙ ∇퐼(푟⃗, 푠̂, 휆) = −휇 (휆)퐼(푟⃗, 푠̂, 휆) −  휇 (휆)퐼(푟⃗, 푠̂, 휆) + ∫ (푟⃗, 푠̂ , 휆) Φ(푠̂ , 푠̂, 휆)푑Ω  ,  (7) 

ʜʝ 퐼(푟⃗, 푠̂, 휆) ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʫʯʢʘ ʩʚʽʪʣʘ ʚ ʪʦʯʮʽ 푟⃗ ʥʘ ʦʜʠʥʠʮʶ ʧʨʦʩʪʦʨʦʚʦʛʦ ʢʫʪʘ 

푑Ω = sin 휃 푑휑 ʚ ʙʽʢ ʥʘʧʨʷʤʢʫ 푠̂, 휇 (휆), 휇 (휆) ï ʩʧʝʢʪʨʘʣʴʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʧʦʛʣʠʥʘʥʥʷ 

ʪʘ ʨʦʟʩʽʶʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦ, Φ(푠̂ , 푠̂, 휆) ï ʬʘʟʦʚʘ ʬʫʥʢʮʽʷ ʨʦʟʩʽʶʚʘʥʥʷ [9]. 

ʈʽʚʥʷʥʥʷ ʬʘʟʦʚʦʾ ʬʫʥʢʮʽʾ ʨʦʟʩʽʶʚʘʥʥʷ ʘʙʦ ʬʘʟʦʚʦʾ ʬʫʥʢʮʽʾ ʍʝʥʽ-ɻʨʽʥʰʪʝʡʥʘ, 

ʱʦ ʚʨʘʭʦʚʫʻ ʘʥʽʟʦʪʨʦʧʥʫ ʧʨʠʨʦʜʫ ʨʦʟʩʽʶʚʘʥʥʷ, ʧʨʝʜʩʪʘʚʣʝʥʝ ʥʠʞʯʝ [9]: 

 

                                  Φ(푠̂ , 푠̂, 휆) =
1 − 푔(휆)

[1 + 푔(휆) − 2푔(휆) cos(Θ)] / ,                                   (8) 

ʜʝ Θ ï ʢʫʪ ʤʽʞ 푠̂ ʪʘ 푠̂ , 푔(휆) ï ʬʘʢʪʦʨ ʘʩʠʤʝʪʨʽʾ ʍʝʥʽ-ɻʨʽʥʰʪʝʡʥʘ, ʷʢʠʡ 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʷʢ: 



15 
 

                                 푔 ≡ 〈cos 휃〉 = 푝(휃) cos 휃 ∙ 2휋 sin 휃 푑휃.                                          (9) 

ʇʨʠ ʧʦʚʥʦʤʫ ʟʚʦʨʦʪʥʦʤʫ ʨʦʟʩʽʶʚʘʥʥʽ 푔 = -1, ʘ ʧʨʠ ʧʦʚʥʦʤʫ ʧʨʷʤʦʤʫ ʨʦʟʩʽʶʚʘʥʥʽ 

푔 = 1, ʧʨʠ ʽʟʦʪʨʦʧʥʦʤʫ ʨʦʟʩʽʶʚʘʥʥʽ 푔 = 0 [6]. 

 

1.5. ʄʝʪʦʜ ʄʦʥʪʝ-ʂʘʨʣʦ 

ʄʝʪʦʜ ʄʦʥʪʝ-ʂʘʨʣʦ ʘʙʦ, ʷʢ ʡʦʛʦ ʱʝ ʥʘʟʠʚʘʶʪʴ, ʤʝʪʦʜ ʩʪʘʪʠʩʪʠʯʥʠʭ 

ʚʠʧʨʦʙʫʚʘʥʴ ï ʮʝ ʤʝʪʦʜ ʤʦʜʝʣʶʚʘʥʥʷ, ʫ ʷʢʦʤʫ ʨʝʟʫʣʴʪʘʪ ʙʫʜʝ ʟʘʣʝʞʘʪʠ ʚʽʜ 

ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ, ɦ ʦ ʨʦʟʧʦʜʽʣʝʥʘ ʟʘ ʟʘʜʘʥʠʤ ʟʘʢʦʥʦʤ. ʇʨʠʥʮʠʧ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ 

ʚ ʧʨʦʚʝʜʝʥʥʽ ʜʦʩʪʘʪʥʴʦʾ ʽ ʚʠʟʥʘʯʝʥʦʾ ʢʽʣʴʢʦʩʪʽ ʚʠʧʨʦʙʫʚʘʥʴ, ʷʢʽ ʥʝ ʟʘʣʝʞʘʪʴ ʦʜʥʽ 

ʚʽʜ ʦʜʥʠʭ. ʆʩʢʽʣʴʢʠ, ʜʫʞʝ ʯʘʩʪʦ, ʢʽʣʴʢʽʩʪʴ ʪʘʢʠʭ ʚʠʧʨʦʙʫʚʘʥʥʷ ʻ ʚʝʣʠʢʦʶ, ʪʦ ʤʝʪʦʜ 

ʧʦʪʨʝʙʫʻ ʜʦʩʠʪʴ ʙʘʛʘʪʦ ʯʘʩʫ, ʱʦ ʻ ʡʦʛʦ ʦʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ. 

ɯʜʝʻʶ ʤʝʪʦʜʫ ʄʦʥʪʝ-ʂʘʨʣʦ ʻ ʟʘʤʽʥʘ ʝʢʩʧʝʨʠʤʝʥʪʫ ʥʘʜ ʨʝʘʣʴʥʠʤ ʦʙ'ʻʢʪʦʤ 

ʝʢʩʧʝʨʠʤʝʥʪʦʤ ʥʘʜ ʡʦʛʦ ʤʦʜʝʣʣʶ. ɺ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ, ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ 

ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ ʥʝʤʦʞʣʠʚʦ ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʨʝʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ. ɸʣʝ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʄʦʥʪʝ-ʂʘʨʣʦ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʘʥʘʣʦʛ ʪʘʢʠʭ ʜʘʥʠʭ ʟ 

ʬʫʥʢʮʽʶʚʘʥʥʷ ʤʦʜʝʣʽ, ʱʦ ʧʦʚʪʦʨʶʻ ʮʝʡ ʧʨʦʮʝʩ. 

ʄʝʪʦʜ ʄʦʥʪʝ-ʂʘʨʣʦ ʻ ʥʘʡʝʬʝʢʪʠʚʥʽʰʠʤ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʭʦʜʞʝʥʥʷ 

ʩʚʽʪʣʘ ʢʨʽʟʴ ʙʘʛʘʪʦʰʘʨʦʚʫ ʙʽʦʣʦʛʽʯʥʫ ʪʢʘʥʠʥʫ [10].  ɺʠʧʘʜʢʦʚʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʫ 

ʪʘʢʽʡ ʟʘʜʘʯʽ ʙʫʜʫʪʴ ʢʨʦʢʠ ʨʫʭʫ ʬʦʪʦʥʘ ʪʘ ʢʫʪʠ, ʥʘ ʷʢʽ ʮʽ ʬʦʪʦʥʠ ʙʫʜʫʪʴ ʨʦʟʩʽʷʥʽ ʧʨʠ 

ʧʨʦʭʦʜʞʝʥʥʽ ʢʨʽʟʴ ʪʢʘʥʠʥʫ. ʄʝʪʦʜ ʄʦʥʪʝ-ʂʘʨʣʦ ʟʤʦʞʝ ʘʧʨʦʢʩʠʤʫʚʘʪʠ ʨʦʟʚôʷʟʢʠ 

ʨʽʚʥʷʥʥʷ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʦʧʪʠʯʥʦ ʤʫʪʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ (ʜʠʚ. 

ʨʦʟʜʽʣ 1.4). 
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ʈʆɿɼɯʃ 2 

     ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸ ʏɸʉʊʀʅɸ 

2.1.  ʄʦʜʝʣʴ ʙʘʛʘʪʦʰʘʨʦʚʦʾ ʙʽʦʣʦʛʽʯʥʦʾ ʪʢʘʥʠʥʠ 

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʤʦʜʝʣʴ ʙʽʦʣʦʛʽʯʥʦʾ ʢʨʦʚʦʥʘʧʦʚʥʝʥʦʾ 

ʪʢʘʥʠʥʠ, ʩʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʷʢʦʾ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2.1. ʊʢʘʥʠʥʘ ʥʝʦʙʤʝʞʝʥʘ ʫ 

ʜʦʚʞʠʥʫ, ʘʣʝ ʤʘʻ ʜʝʷʢʫ ʚʠʩʦʪʫ h (ʚʟʜʦʚʞ ʦʩʽ Z), ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 15 ʰʘʨʽʚ, ʢʦʞʝʥ 

ʟ ʷʢʠʭ ʤʘʻ ʚʣʘʩʥʫ ʚʠʩʦʪʫ ℎ  (ʪʘʙʣ. 2.1). ɿʘʛʘʣʴʥʘ ʚʠʩʦʪʘ ʪʢʘʥʠʥʠ ℎ = 13,85 мм. 

ʉʠʤʫʣʷʮʽʷ ʧʨʦʭʦʜʞʝʥʥʷ ʩʚʽʪʣʘ ʯʝʨʝʟ ʪʢʘʥʠʥʫ ʧʦʯʠʥʘʻʪʴʩʷ ʫ ʪʦʯʮʽ ʚʭʦʜʫ ʬʦʪʦʥʽʚ 

(푥, 푦, 푧) = (0,0,0). 

 

 

ʈʠʩ. 2.1. ʄʦʜʝʣʴ ʙʽʦʣʦʛʽʯʥʦʾ ʪʢʘʥʠʥʠ. 

ɼʣʷ ʪʦʛʦ, ʘʙʠ ʜʦʩʣʽʜʞʫʚʘʥʘ ʪʢʘʥʠʥʘ ʙʫʣʘ ʙʽʣʴʰ ʩʭʦʞʘ ʥʘ ʣʶʜʩʴʢʫ ʪʘ 

ʽʤʽʪʫʚʘʣʘ ʢʨʦʚʦʥʘʧʦʚʥʝʥʽʩʪʴ, ʜʝʨʤʘ ʤʝʞʫʻʪʴʩʷ ʰʘʨʘʤʠ ʚʝʥʦʟʥʦʾ ʪʘ ʘʨʪʝʨʽʘʣʴʥʦʾ 

ʢʨʦʚʽ. ʂʽʩʪʢʘ - ʮʝʥʪʨʘʣʴʥʠʡ ʰʘʨ, ʚʽʜʥʦʩʥʦ ʷʢʦʛʦ ʩʠʤʝʪʨʠʯʥʦ ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʽʥʰʽ 

ʰʘʨʠ. 

ʊʘʙʣʠʮʷ 2.1 

ɺʠʩʦʪʘ ʰʘʨʽʚ ʙʽʦʣʦʛʽʯʥʦʾ ʪʢʘʥʠʥʠ. 

ʊʠʧ ʩʝʨʝʜʦʚʠʱʘ 풉, ʤʤ 

ɽʧʽʜʝʨʤʽʩ 0.10 

ɼʝʨʤʽʩ 0.20 

ɸʨʪʝʨʽʘʣʴʥʘ ʢʨʦʚ 0.45 

ɼʝʨʤʽʩ 0.90 

ɺʝʥʦʟʥʘ ʢʨʦʚ 0.45 

ʇʽʜʰʢʽʨʥʠʡ ʰʘʨ 0.50 

ʄôʷʟʦʚʘ ʪʢʘʥʠʥʘ 0.3 ʜʦ ʢʽʩʪʢʠ, 0.15 ʧʽʩʣʷ ʢʽʩʪʢʠ 

ʂʽʩʪʢʘ 5,50 
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2.2. ʆʧʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ 

ʅʝʦʙʭʽʜʥʠʤʠ ʚʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʚʠʥʥʽ ʙʫʪʠ ʦʧʪʠʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʰʘʨʽʚ ʪʢʘʥʠʥʠ, ʘ ʩʘʤʝ: 

- 휇 − ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʩʽʶʚʘʥʥʷ, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʽʤʦʚʽʨʥʽʩʪʴ ʨʦʟʩʽʷʥʥʷ ʯʘʩʪʠʥʢʠ ʚ                                      

ʩʝʨʝʜʦʚʠʱʽ; 

- 휇 − ʢʦʝʬʽʮʽʻʥʪ ʧʦʛʣʠʥʘʥʥʷ, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʽʤʦʚʽʨʥʽʩʪʴ, ʱʦ ʯʘʩʪʠʥʢʘ ʙʫʜʝ 

ʧʦʛʣʠʥʫʪʘ ʚ ʩʝʨʝʜʦʚʠʱʽ; 

- 푛 − ʢʦʝʬʽʮʽʻʥʪ ʟʘʣʦʤʣʝʥʥʷ, ʱʦ ʜʦʧʦʤʦʞʝ ʨʦʟʨʘʭʫʚʘʪʠ ʢʫʪ ʤʽʞ ʥʘʧʨʷʤʢʦʤ ʨʫʭʫ                     

ʯʘʩʪʠʥʢʠ ʪʘ ʥʦʨʤʘʣʣʶ ʫ ʥʦʚʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

ɿʥʘʯʝʥʥʷ ʮʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʩʠʪʴ ʩʢʣʘʜʥʦ ʟʥʘʡʪʠ, ʦʩʢʽʣʴʢʠ ʮʝ ʧʦʪʨʝʙʫʶ 

ʦʙʨʦʙʢʠ ʜʫʞʝ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʣʽʪʝʨʘʪʫʨʠ, ʷʢʘ ʥʝ ʜʘʻ ʧʦʚʥʦʾ ʽ ʦʜʥʦʟʥʘʯʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʱʦʜʦ ʦʧʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʜʣʷ ʟʘʜʘʥʦʛʦ ʜʽʘʧʘʟʦʥʫ. 

ʊʘʙʣʠʮʷ 2.2 

ʆʧʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ ʰʘʨʽʚ ʜʣʷ ʜʦʚʞʠʥʠ ʭʚʠʣʽ 850 ʥʤ. 

  ɼʦʚʞʠʥʘ ʭʚʠʣʽ 850 ʥʤ 

ɯʥʜʝʢʩ ʰʘʨʫ ʐʘʨ ʪʢʘʥʠʥʠ n s, ʤʤ-1 a, ʤʤ-1 

1 ɽʧʽʜʝʨʤʽʩ 1,42 530 12,50 

2 ɼʝʨʤʽʩ 1,43 527 64 

3 ɸʨʪʝʨʽʘʣʴʥʘ ʢʨʦʚ 1,39 225 0,75 

4 ɺʝʥʦʟʥʘ ʢʨʦʚ 1,39 230 0,55 

5 ʇʽʜʰʢʽʨʥʠʡ ʰʘʨ 1,44 1109 0,86 

6 ʄ'ʷʟʦʚʠʡ ʰʘʨ 1,37 660 2,95 

7 ʂʽʩʪʢʘ 2,1 825 0,2 

 

ʊʘʙʣʠʮʷ 2.3 

ʆʧʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ ʰʘʨʽʚ ʜʣʷ ʜʦʚʞʠʥʠ ʭʚʠʣʽ 600 ʥʤ. 

  ɼʦʚʞʠʥʘ ʭʚʠʣʽ 600 ʥʤ 

ɯʥʜʝʢʩ ʰʘʨʫ ʐʘʨ ʪʢʘʥʠʥʠ n s, ʤʤ-1 a, ʤʤ-1 

1 ɽʧʽʜʝʨʤʽʩ 1,42 637,6 14,7 

2 ɼʝʨʤʽʩ 1,43 630,9 69,4 

3 ɸʨʪʝʨʽʘʣʴʥʘ ʢʨʦʚ 1,39 370 2 

4 ɺʝʥʦʟʥʘ ʢʨʦʚ 1,39 345 9 

5 ʇʽʜʰʢʽʨʥʠʡ ʰʘʨ  1,44 1300 1,4 

6 ʄ'ʷʟʦʚʠʡ ʰʘʨ 1,37 900 14 

7 ʂʽʩʪʢʘ 2,1 1000 0,08 
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ʊʘʙʣʠʮʷ 2.4 

ʆʧʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ ʰʘʨʽʚ ʜʣʷ ʜʦʚʞʠʥʠ ʭʚʠʣʽ 550 ʥʤ. 

  ɼʦʚʞʠʥʘ ʭʚʠʣʽ 550 ʥʤ 

ɯʥʜʝʢʩ ʰʘʨʫ ʐʘʨ ʪʢʘʥʠʥʠ n s, ʤʤ-1 a, ʤʤ-1 

1 ɽʧʽʜʝʨʤʽʩ 1,42 840 21 

2 ɼʝʨʤʽʩ 1,43 847,3 81 

3 ɸʨʪʝʨʽʘʣʴʥʘ ʢʨʦʚ 1,39 380 12 

4 ɺʝʥʦʟʥʘ ʢʨʦʚ 1,39 365 12 

5 ʇʽʜʰʢʽʨʥʠʡ ʰʘʨ 1,44 1450 1,9 

6 ʄ'ʷʟʦʚʠʡ ʰʘʨ 1,37 1120 16 

7 ʂʽʩʪʢʘ 2,1 1250 11 

 

2.3. ɸʣʛʦʨʠʪʤ 

ʄʝʪʦʜ ʄʦʥʪʝ-ʂʘʨʣʦ ʬʽʢʩʫʻ ʤʦʤʝʥʪʠ ʨʦʟʩʽʶʚʘʥʥʷ ʪʘ ʧʦʛʣʠʥʘʥʥʷ ʧʽʜ ʯʘʩ ʨʫʭʫ 

ʬʦʪʦʥʘ ʚ ʪʢʘʥʠʥʽ ʘʙʠ ʘʧʨʦʢʩʠʤʫʚʘʪʠ ʨʦʟʚ'ʷʟʢʠ ʨʽʚʥʷʥʥʷ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʦʧʪʠʯʥʦ ʤʫʪʥʦʤʫ ʩʝʨʝʜʦʚʱʽ.   

ɹʫʣʠ ʚʠʟʥʘʯʝʥʽ ʦʩʥʦʚʥʽ ʢʨʦʢʠ ʘʣʛʦʨʠʪʤʫ: 

1) ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʪʨʘʻʢʪʦʨʽʾ ʬʦʪʦʥʽʚ ʦʙʠʨʘʶʪʴʩʷ ʧʘʨʘʤʝʪʨʠ ʢʫʪʦʚʦʛʦ ʽ 

ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʜʞʝʨʝʣʘ ʩʚʽʪʣʘ; 

2) ʧʝʨʝʤʽʱʝʥʥʷ ʬʦʪʦʥʫ ʚ ʪʢʘʥʠʥʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʦ ʤʦʤʝʥʪʫ ʨʝʻʩʪʨʘʮʽʾ 

ʨʦʟʩʽʷʥʥʷ ʘʙʦ ʧʦʛʣʠʥʘʥʥʷ, ʘʙʦ ʟʘ ʫʤʦʚ, ʱʦ ʚʠʟʥʘʯʝʥʽ, ʜʣʷ ʧʨʠʧʠʥʝʥʥʷ ʨʫʭʫ; 

3) ʟʘ ʫʤʦʚʠ ʧʦʪʨʘʧʣʷʥʥʷ ʬʦʪʦʥʫ ʥʘ ʤʝʞʫ ʩʝʨʝʜʦʚʠʱ, ʷʢʽ ʤʘʶʪʴ ʨʽʟʥʽ 

ʢʦʝʬʽʮʽʻʥʪʠ ʟʘʣʦʤʣʝʥʥʷ, ʯʘʩʪʠʥʢʘ ʘʙʦ ʧʝʨʝʪʠʥʘʻ ʮʶ ʤʝʞʫ, ʘʙʦ ʚʽʜʙʠʚʘʻʪʴʩʷ 

ʫ ʟʚʦʨʦʪʥʴʦʤʫ ʥʘʧʨʷʤʢʫ ʚ ʥʘʩʣʽʜʦʢ ʨʦʟʧʦʜʽʣʫ ʽʤʦʚʽʨʥʦʩʪʽ. 

ʇʦʚʥʠʡ ʘʣʛʦʨʠʪʤ ʥʘʚʝʜʝʥʠʡ ʫ ʜʦʜʘʪʢʫ ɸ. 

 

2.4. ʈʝʘʣʽʟʘʮʽʷ ʘʣʛʦʨʠʪʤʫ 

ʅʘ ʧʦʯʘʪʢʫ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʜʫ, ʥʘʚʝʜʝʥʦʛʦ ʚ ʜʦʜʘʪʢʫ ɹ, ʧʨʦʧʠʩʘʥʦ ʢʣʘʩ 

«Photonè ʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʬʦʪʦʥʘ, ʘ ʩʘʤʝ ʢʦʦʨʜʠʥʘʪʠ ï x, y, z, ʥʘʧʨʷʤʥʽ 

ʢʦʩʠʥʫʩʠ - 푠 , 푠 , 푠  ʪʘ ʤʘʩʠʚ ʬʦʪʦʥʽʚ ï w; ʤʝʪʦʜʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʟʥʘʯʝʥʴ ʪʘ ʾʭ 

ʟʤʽʥʠ. 

ʅʘʧʠʩʘʚʰʠ ʨʷʜʦʢ çphoton = Photon (0, 0, 0, 0, 0, 1, 1)è, ʩʪʚʦʨʶʻʤʦ ʥʦʚʠʡ ʬʦʪʦʥ. 

ʂʨʦʢ, ʟ ʷʢʠʤ ʨʫʭʘʻʪʴʩʷ ʬʦʪʦʥ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 
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                                                                ∆푠 =  
− ln(휖)

휇
,                                                            (10) 

ʜʝ 휖 ï ʚʠʧʘʜʢʦʚʝ ʯʠʩʣʦ ʟ ʧʨʦʤʽʞʢʫ [0, 1], 휇 = 휇 + 휇 . 

ʂʦʦʨʜʠʥʘʪʠ ʬʦʪʦʥʘ ʚ ʥʦʚʦʤʫ ʩʝʨʝʜʦʚʠʱʽ: 

                                                           

푥 = 푥 + 푠 ∙ ∆푠
푦 = 푦 + 푠 ∙ ∆푠

푧 = 푧 + 푠 ∙ ∆푠
                                                            (11) 

ʎʝʡ ʝʪʘʧ ʧʨʦʧʠʩʘʥʦ ʫ ɼʦʜʘʪʢʫ ɹ ʫ ʨʷʜʢʘʭ 65÷72. 

ʗʢʱʦ ʚ ʥʦʚʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʚʽʜʙʫʣʘʩʷ ʧʦʜʽʷ ʧʦʛʣʠʥʘʥʥʷ, ʪʦ ʚʪʨʘʪʘ ʤʘʩʠʚʫ 

ʬʦʪʦʥʽʚ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʷʢ: 

                                                           ∆푤 =
휇

휇
.                                                               (12) 

ʎʝ ʟʥʘʯʝʥʥʷ ʚʽʜʥʽʤʘʻʪʴʩʷ ʚʽʜ ʧʦʯʘʪʢʦʚʦʛʦ ʟʥʘʯʝʥʥʷ ʤʘʩʠʚʘ ʬʦʪʦʥʘ ʪʘ ʦʥʦʚʣʶʻʪʴʩʷ. 

ʋ ʜʦʜʘʪʢʫ ɹ ʮʝʡ ʝʪʘʧ ʧʨʦʧʠʩʘʥʦ ʫ ʨʷʜʢʫ 80÷82. 

 ʗʢʱʦ ʦʥʦʚʣʝʥʠʡ ʤʘʩʠʚ ʬʦʪʦʥʽʚ ʤʝʥʰʠʡ ʟʘ ʟʜʘʣʝʛʽʜʴ ʚʠʟʥʘʯʝʥʠʡ ʧʦʨʽʛ, ʪʦ 

ʥʘʜʘʻʤʦ ʬʦʪʦʥʫ ʰʘʥʩ çʚʠʞʠʪʠè: ʛʝʥʝʨʫʻʤʦ ʯʠʩʣʦ ʟ ʧʨʦʤʽʞʢʫ [0, 1] ʽ ʷʢʱʦ ʚʦʥʦ 

ʤʝʥʰʝ ʟʘ ʚʠʨʘʟ  , ʪʦ ʤʘʩʠʚ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚ 푚 ʨʘʟʽʚ ʽ ʬʦʪʦʥ ʜʘʣʽ ʧʨʦʜʦʚʞʫʻ ʩʚʽʡ 

ʨʫʭ, ʚ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ ʽʥʽʮʽʘʣʽʟʫʻʪʴʩʷ ʥʦʚʠʡ ʬʦʪʦʥ. ʎʝʡ ʝʪʘʧ ʫ ɼʦʜʘʪʢʫ ɹ 

ʧʨʦʧʠʩʘʥʦ ʚ ʨʷʜʢʘʭ 83÷89. 

 ʇʨʠ ʨʫʩʽ ʚ ʩʝʨʝʜʦʚʠʱʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʦʟʩʽʷʥʥʷ. ʅʦʚʽ ʟʥʘʯʝʥʥʷ ʥʘʧʨʷʤʥʠʭ 

ʢʦʩʠʥʫʩʽʚ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʷʢ: 

             

⎩
⎪⎪
⎨

⎪⎪
⎧ 푠 =

sin 휃

1 − 푠
 ∙ 푠 ∙ 푠 ∙ cos 휑 − 푠 ∙ sin 휑 + 푠 ∙ cos 휑

푠 =
sin 휃

1 − 푠
∙ 푠 ∙ 푠 ∙ cos 휑 − 푠 ∙ sin 휑 − 푠 ∙ cos 휑  

푠 = − sin 휃 ∙ cos 휑 ∙ 1 − 푠 + 푠 ∙ cos 휃

,                            (13) 

ʜʝ ʢʫʪ 휑- ʘʟʠʤʫʪʘʣʴʥʠʡ ʢʫʪ ʥʘ ʚʽʜʨʽʟʢʫ [0, 2휋], ʢʫʪ 휃 ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ: 

                                                             휃 = arccos(
휑

휋
− 1).                                                     (14) 

ʇʨʠ |푠 | > 0,999, ʥʘʧʨʷʤʥʽ ʢʦʩʠʥʫʩʠ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʷʢ: 
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푠 = sin 휃 ∙ cos 휑
푠 = sin 휃 ∙ sin 휑

푠 =
푠

|푠 |
∙ cos 휑

.                                                     (15) 

ʋ ʜʦʜʘʪʢʫ ɹ ʮʝʡ ʝʪʘʧ ʧʨʦʧʠʩʘʥʦ ʫ ʨʷʜʢʫ 92÷102. 

ʂʦʣʠ ʬʦʪʦʥ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʤʝʞʽ ʩʝʨʝʜʦʚʠʱʘ ʤʦʞʣʠʚʽ ʜʚʽ ʧʦʜʽʾ: ʚʽʜʙʠʪʪʷ ʚʽʜ ʤʝʞʽ 

ʪʢʘʥʠʥʠ (ʫ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ 푠 , 푠 , 푠 = 푠 , 푠 , −푠 ) ʪʘ ʧʝʨʝʪʠʥ ʤʝʞʽ. ʂʦʝʬʽʮʽʻʥʪ 

ʌʨʝʥʝʣʷ ʚʠʟʥʘʯʘʻ ʷʢʘ ʩʘʤʝ ʧʦʜʽʷ ʚʽʜʙʫʜʝʪʴʩʷ (ʚʠʨʘʟ (6) ʫ ʨʦʟʜʽʣʽ 1.3.3). ʗʢʱʦ ʚʽʥ 

ʙʽʣʴʰʠʡ ʟʘ ʚʠʧʘʜʢʦʚʝ ʯʠʩʣʦ 휖 ʟ ʧʨʦʤʽʞʢʫ [0, 1], ʪʦʜʽ ʬʦʪʦʥ ʧʝʨʝʪʥʝ ʤʝʞʫ ʽ ʚʽʜ 

ʧʦʯʘʪʢʦʚʦʛʦ ʤʘʩʠʚʫ ʚʽʜʥʽʤʘʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪ. ʋ ʜʦʜʘʪʢʫ ɹ ʮʝʡ ʝʪʘʧ ʧʨʦʧʠʩʘʥʦ ʫ 

ʨʷʜʢʫ 105÷116. 

 

2.5. ʈʝʟʫʣʴʪʘʪʠ 

ʄʦʜʝʣʶʚʘʥʥʷ ʜʣʷ 100 ʬʦʪʦʥʽʚ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ 3-ʭ ʜʦʚʞʠʥʘʭ ʭʚʠʣʴ: 850 ʥʤ, 

600 ʥʤ ʪʘ 550 ʥʤ, ʧʦʨʽʛ ʝʥʝʨʛʽʾ ï 0,001, ʢʽʣʴʢʽʩʪʴ ʰʘʨʽʚ ʪʢʘʥʠʥʠ ï 15. ʈʝʟʫʣʴʪʘʪʠ 

ʟʘʧʠʩʘʥʽ ʫ ʪʘʙʣʠʮʶ 2.5. 

ʊʘʙʣʠʮʷ 2.5 

ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ. 
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ɺʟʘʻʤʦʜʽʷ ʚ ʰʘʨʘʭ ʪʢʘʥʠʥʠ 

ʅʘ ʛʨʘʬʽʢʫ, ʥʘʚʝʜʝʥʦʤʫ ʥʘ ʨʠʩ. 2.2. ʟʦʙʨʘʞʝʥʘ ʢʽʣʴʢʽʩʪʴ ʚʟʘʻʤʦʜʽʡ ʬʦʪʦʥʽʚ ʟ 

ʰʘʨʘʤʠ ʙʽʦʣʦʛʽʯʥʦʾ ʪʢʘʥʠʥʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʥʦʤʝʨʘ ʰʘʨ. ʗʢ ʚʠʜʥʦ, ʧʝʨʝʚʘʞʥʘ 

ʙʽʣʴʰʽʩʪʴ ʚʟʘʻʤʦʜʽʡ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʜʝʨʤʽʩʽ (ʽʥʜʝʢʩ 4), ʚ ʤ'ʷʟʦʚʦʤʫ ʰʘʨʽ (ʽʥʜʝʢʩ 

7) ʪʘ ʢʽʩʪʮʽ (ʽʥʜʝʢʩ 8). ʅʘʡʤʝʥʰʘ ʢʽʣʴʢʽʩʪʴ ʽʥʪʝʨʘʢʮʽʡ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ 

ʧʽʜʰʢʽʨʥʦʤʫ ʰʘʨʽ (ʽʥʜʝʢʩ 6).  

 

ʈʠʩ. 2.2. ʂʽʣʴʢʽʩʪʴ ʧʦʜʽʡ ʚʟʘʻʤʦʜʽʾ ʚ ʰʘʨʘʭ ʙʽʦʣʦʛʽʯʥʦʾ ʪʢʘʥʠʥʠ. 

ʄʘʢʩʠʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʧʦʜʽʡ ʚʟʘʻʤʦʜʽʾ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʘ ʜʦʚʞʠʥʽ ʭʚʠʣʽ 

ʩʚʽʪʣʘ ï 550 ʥʤ, ʥʘʡʤʝʥʰʘ ʢʽʣʴʢʽʩʪʴ ï 850 ʥʤ. 

ʇʦʛʣʠʥʝʥʘ ʝʥʝʨʛʽʷ 

ʅʘ ʛʨʘʬʽʢʫ, ʥʘʚʝʜʝʥʦʤʫ ʥʘ ʨʠʩ. 2.3. ʟʦʙʨʘʞʝʥʘ ʟʘʣʝʞʥʽʩʪʴ ʢʽʣʴʢʦʩʪʽ 

ʧʦʛʣʠʥʫʪʦʾ ʝʥʝʨʛʽʾ ʚ ʰʘʨʘʭ ʙʽʦʣʦʛʽʯʥʦʾ ʪʢʘʥʠʥʠ ʚʽʜ ʥʦʤʝʨʘ ʰʘʨʫ. 

ʗʢ ʚʠʜʥʦ, ʥʘʡʙʽʣʴʰʝ ʧʦʛʣʠʥʘʥʥʷ ʝʥʝʨʛʽʾ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʤôʷʟʦʚʦʤʫ ʰʘʨʽ 

(ʽʥʜʝʢʩ 7) ʪʘ ʜʝʨʤʽʩʽ (ʽʥʜʝʢʩ 4), ʥʘʡʤʝʥʰʝ ʧʦʛʣʠʥʝʥʦʾ ʝʥʝʨʛʽʾ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ 

ʧʽʜʰʢʽʨʥʦʤʫ ʰʘʨʽ (ʽʥʜʝʢʩ 6), ʢʽʩʪʮʽ (ʽʥʜʝʢʩ 8) ʪʘ ʘʨʪʝʨʽʘʣʴʥʽʡ ʢʨʦʚʽ (ʽʥʜʝʢʩ 3).  

ɺʠʩʦʪʘ ʰʘʨʫ ʜʝʨʤʽʩʫ (ʽʥʜʝʢʩ 4) ʪʘ ʜʝʨʤʽʩʫ (ʽʥʜʝʢʩ 2) ʟʥʘʯʥʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ (0,9 ʤʤ 

ʪʘ 0,1 ʤʤ), ʱʦ ʤʦʞʝ ʙʫʪʠ ʧʨʠʯʠʥʦʶ ʪʦʛʦ, ʱʦ ʚ ʜʝʨʤʽʩʽ (ʽʥʜʝʢʩ 4) ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʙʽʣʴʰʝ ʧʦʛʣʠʥʘʥʥʷ ʝʥʝʨʛʽʾ. 
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ʈʠʩ. 2.3. ʂʽʣʴʢʽʩʪʴ ʧʦʛʣʠʥʫʪʦʾ ʝʥʝʨʛʽʾ ʚ ʰʘʨʘʭ ʙʽʦʣʦʛʽʯʥʦʾ ʪʢʘʥʠʥʠ. 

 

ʄʦʜʝʣʶʚʘʥʥʷ ʥʘ ʜʦʚʞʠʥʽ ʭʚʠʣʽ ʩʚʽʪʣʘ 550 ʥʤ ʜʘʻ ʥʘʡʢʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ 

ʧʦʛʣʠʥʝʥʦʾ ʝʥʝʨʛʽʾ ʚ ʫʩʽʭ ʰʘʨʘʭ ʙʽʦʣʦʛʽʯʥʦʾ ʪʢʘʥʠʥʠ. ʅʫʣʽ, ʱʦ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʜʣʷ 

ʜʝʷʢʠʭ ʰʘʨʽʚ ʪʢʘʥʠʥ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʩʢʣʘʜʥʽʩʪʶ ʽ ʙʘʛʘʪʦʰʘʨʦʚʽʩʪʶ ʤʦʜʝʣʽ 

ʪʢʘʥʠʥʠ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʧʨʦʮʝʩ ʤʦʜʝʣʶʚʘʥʥʷ. 
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ɺʀʉʅʆɺʂʀ 

1. ʇʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ ʚʟʘʻʤʦʜʽʡ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʜʝʨʤʽʩʽ (ʽʥʜʝʢʩ 4), ʚ 

ʤ'ʷʟʦʚʦʤʫ ʰʘʨʽ (ʽʥʜʝʢʩ 7) ʪʘ ʢʽʩʪʮʽ (ʽʥʜʝʢʩ 8). ʅʘʡʤʝʥʰʘ ʢʽʣʴʢʽʩʪʴ ʽʥʪʝʨʘʢʮʽʡ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʧʽʜʰʢʽʨʥʦʤʫ ʰʘʨʽ (ʽʥʜʝʢʩ 6). 

2. ʄʘʢʩʠʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʧʦʜʽʡ ʚʟʘʻʤʦʜʽʾ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʘ ʜʦʚʞʠʥʽ ʭʚʠʣʽ 

ʩʚʽʪʣʘ ï 550 ʥʤ, ʥʘʡʤʝʥʰʘ ʢʽʣʴʢʽʩʪʴ ï 850 ʥʤ. 

3. ʅʘʡʙʽʣʴʰʝ ʧʦʛʣʠʥʘʥʥʷ ʝʥʝʨʛʽʾ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʤôʷʟʦʚʦʤʫ ʰʘʨʽ (ʽʥʜʝʢʩ 7) ʪʘ 

ʜʝʨʤʽʩʽ (ʽʥʜʝʢʩ 4), ʥʘʡʤʝʥʰʝ ʧʦʛʣʠʥʝʥʦʾ ʝʥʝʨʛʽʾ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ 

ʧʽʜʰʢʽʨʥʦʤʫ ʰʘʨʽ (ʽʥʜʝʢʩ 6), ʢʽʩʪʮʽ (ʽʥʜʝʢʩ 8) ʪʘ ʘʨʪʝʨʽʘʣʴʥʽʡ ʢʨʦʚʽ (ʽʥʜʝʢʩ 3). 

ɺʠʩʦʪʘ h ʘʨʫ ʜʝʨʤʽʩʫ (ʽʥʜʝʢʩ 4) ʪʘ ʜʝʨʤʽʩʫ (ʽʥʜʝʢʩ 2) ʟʥʘʯʥʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ (0,9 

ʤʤ ʪʘ 0,1 ʤʤ), ʱʦ ʤʦʞʝ ʙʫʪʠ ʧʨʠʯʠʥʦʶ ʪʦʛʦ, ʱʦ ʚ ʜʝʨʤʽʩʽ (ʽʥʜʝʢʩ 4) 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʙʽʣʴʰʝ ʧʦʛʣʠʥʘʥʥʷ ʝʥʝʨʛʽʾ. 

4. ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʱʦʜʦ ʧʦʛʣʠʥʘʥʥʷ ʝʥʝʨʛʽʾ ʢʦʨʝʣʶʶʪʴ ʟ ʜʘʥʠʤʠ, ʱʦ ʙʫʣʠ 

ʚʠʟʥʘʯʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʽ ʜʦʚʦʜʷʪʴ, ʱʦ ʜʦʚʞʠʥʘ ʭʚʠʣʽ ʩʚʽʪʣʘ 

ʚʠʧʨʦʤʽʥʝʥʥʷ ï 550 ʥʤ ʻ ʥʘʡʝʬʝʢʪʠʚʥʽʰʦʶ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʣʘʟʝʨʥʽʡ 

ʪʝʨʘʧʽʾ. 
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ɼʆɼɸʊʆʂ ɹ 

1 import numpy as np 

2 import random 

3 import pandas as pd 

 

4 class Photon: 

5    def __init__(self, x, y, z, s_x, s_y, s_z, w): 

6        self.__x = x 

7        self.__y = y 

8        self.__z = z 

9        self.__s_x = s_x 

10             self.__s_y = s_y 

11        self.__s_z = s_z 

12        self.__w = w 

13    @property 

14    def get_x(self): 

15         return self.__x 

16     @property 

17     def get_y(self): 

18         return self.__y 

19     @property 

20     def get_z(self): 

21         return self.__z 

22     @property 

23     def get_s_x(self): 

24         return self.__s_x 

25     @property 

26     def get_s_y(self): 

27         return self.__s_y 

28     @property 

29     def get_s_z(self): 

30         return self.__s_z 

31     @property 

32     def get_w(self): 

33         return self.__w 

34     def set_x(self, x): 

35         self.__x = x 

36     def set_y(self, y): 

37         self.__y = y 

38     def set_z(self, z): 

39         self.__z = z 

40     def set_s_x(self, s_x): 

41         self.__s_x = s_x 

42     def set_s_y(self, s_y): 

43         self.__s_y = s_y 

 



27 
 

44     def set_s_z(self, s_z): 

45         self.__s_z = s_z 

46     def set_w(self, w): 

47         self.__w = w 

 

48 def coefficient_F(cos_z, n1, n2): 

49     theta_i = np.arccos(cos_z) 

50     sin_theta_i = np.sin(theta_i) 

51     sin_theta_t = n1 * sin_theta_i / n2 

52     cos_theta_t = np.sqrt(1 - sin_theta_t**2) 

53     R_1 = np.sin(theta_i - np.arcsin(sin_theta_t)) / np.sin(theta_i + 

np.arcsin(sin_theta_t)) 

54     R_2 = np.tan(theta_i - np.arcsin(sin_theta_t)) / np.tan(theta_i + 

np.arcsin(sin_theta_t)) 

 

55     R = (R_1**2 + R_2**2) / 2 

56     return R 

 

57 def Simulation(layersCount, photonsCount, epsilon, m, n, mu_a, mu_s, 

Interaction, Energy, height): 

58     df = 

pd.read_excel('C:/Users/User/Desktop/Projects/Monte_Karlo/Monte_Karlo_D.xlsx') 

59     new_df = pd.DataFrame(columns=['Layer', 'Interaction', 'Energy']) 

60     print("Initial Interaction:", Interaction) 

61     print("Initial Energy:", Energy)  

62     for _ in range(photonsCount): 

63         Layer = 0 

64         photon = Photon(0, 0, 0, 0, 0, 1, 1) 

65         while photon.get_w > epsilon and Layer < layersCount: 

66             mu_t = (df.loc[Layer, 'mu_a'] + df.loc[Layer, 'mu_s'])*10 ** 2 

67             xi = random.uniform(0, 1) 

68             s = -((np.log(xi)) / mu_t) 

69             s *= 10 ** 4 

70             photon.set_x(photon.get_x + photon.get_s_x * s) 

71             photon.set_y(photon.get_y + photon.get_s_y * s) 

72             photon.set_z(photon.get_z + photon.get_s_z * s) 

 

73             if photon.get_z < 0: 

74                 photon = Photon(0, 0, 0, 0, 0, 1, 1) 

77                 break 

78             elif photon.get_z < df.loc[Layer, 'h']: 

79                 Interaction[Layer] += 1 

80                 Loss_w = (photon.get_w * df.loc[Layer, 'mu_a']) / mu_t 

81                 Energy[Layer] += Loss_w 

82                 photon.set_weight(photon.get_w - Loss_w) 

83                 if photon.get_w < epsilon: 
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84                     number = random.uniform(0, 1) 

85                     if number <= (1 / m): 

86                         photon.set_w(photon.get_w * m) 

87                     else: 

88                         photon.set_w(0) 

89                         break 

 

90                 psi = random.uniform(0, 1) 

91                 theta = np.arccos(2 * psi - 1) 

92                 psi *= 2 * np.pi 

93                 if np.abs(photon.get_s_z) > 0.999999: 

94                     photon.set_s_x(np.sin(theta) * np.cos(psi)) 

95                     photon.set_s_y(np.sin(theta) * np.sin(psi)) 

96                     photon.set_s_z(np.abs(np.cos(theta))) 

97                 else: 

100                     photon.set_s_x((np.sin(theta) / np.sqrt(1 - photon.get_s_z ** 2)) * 

                                   (photon.get_s_x * photon.get_s_z * np.cos(psi) - 

                                    photon.get_s_y * np.sin(psi)) + photon.get_s_x * np.cos(theta)) 

101                     photon.set_s_y((np.sin(theta) / np.sqrt(1 - photon.get_s_z ** 2)) * 

                                   (photon.get_s_y * photon.get_s_z * np.cos(psi) - 

                                    photon.get_s_x * np.sin(psi)) + photon.get_s_y * np.cos(theta)) 

102                     photon.set_s_z(np.abs(-np.sin(theta) * np.cos(psi) * np.sqrt(1 - 

photon.get_s_z ** 2) + 

                                          photon.get_s_z * np.cos(theta))) 

103             else: 

104                 if photon.get_z < height: 

105                     R_1 = 0 

106                     if Layer + 1 < len(n): 

107                         verification = (n[Layer] * np.sin(np.arccos(photon.get_s_z))) / 

n[Layer + 1] 

108                         if verification > 1: 

109                             photon.set_s_z(-photon.get_s_z) 

110                         else: 

111                             R_1 = coefficient_F(photon.get_s_z, n[Layer], n[Layer + 1]) 

112                             number = random.uniform(0, 1) 

113                             if number < R_1: 

114                                 photon.set_s_z(-photon.get_s_z) 

115                            else: 

116                                 photon.set_w(photon.get_w - R_1) 

117                                 Layer += 1 

118                                 if Layer == layersCount - 1: 

119                                     Interaction[Layer] += 1 

120                                     Loss_w = (photon.get_w * df.loc[Layer, 'mu_a']) / mu_t 

121                                     Energy[Layer] += Loss_w 

122                                     photon.set_w(photon.get_w - Loss_w) 

123                                     break 
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124                     else: 

125                         break 

126         if photon.get_w > epsilon: 

127            Interaction[Layer] += 1 

128            Loss_w = (photon.get_w * df.loc[Layer, 'mu_a']) / mu_t 

129            Energy[Layer] += Loss_w 

130            photon.set_w(photon.get_w - Loss_w) 

 

131     for i in range(layersCount - 1): 

132         new_df.loc[i, 'Interaction'] = Interaction[i] 

133         new_df.loc[i, 'Energy'] = Energy[i] 

134     new_df.loc[layersCount - 2, 'Interaction'] = Interaction[-1] 

135     new_df.loc[layersCount - 2, 'Energy'] = Energy[-1] 

 

136     new_df.to_excel('C:/Users/User/Desktop/Monte-Karlo-R/Monte-Karlo-R.xlsx', 

index=False) 

137     result = photonsCount 

138     return result 

139 df = 

pd.read_excel('C:/Users/User/Desktop/Projects/Monte_Karlo/Monte_Karlo_D.xlsx') 

140 print(df.head()) 

141 layersCount = len(df) + 1 

142 photonsCount = 10 

143 epsilon = 0.001 

144 m = 10 

145 n = df['n'].tolist() 

146 coordinates = df['h'].tolist() 

147 mu_a = df['mu_a'].tolist() 

148 mu_s = df['mu_s'].tolist() 

149 Interaction = [0] * (layersCount - 1) 

150 Energy = [0] * (layersCount - 1) 

151 height = 13.85 

152 new_df = pd.DataFrame({'Layer': range(1, layersCount), 'Interaction': Interaction, 

153 'Energy': Energy}) 

154 new_df['Layer'] = new_df['Layer'].astype(int) 

155 result = Simulation(layersCount, photonsCount, epsilon, m, n, mu_a, mu_s, 

Interaction, Energy, height) 

156 new_df = new_df.iloc[:-1] 

157 new_df['Interaction'] = Interaction[:-1] 

158 new_df['Energy'] = Energy[:-1] 

159 new_df.to_excel('C:/Users/User/Desktop/Monte-Karlo-R/Monte-Karlo-R.xlsx', 

160 index=False) 

161 print("Updated Interaction:", Interaction) 

162 print("Updated Energy:", Energy) 


