
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 ʪʨʘʚʥʷ 2023 ʨ. 

 

 

ʂɺɸʃɯʌɯʂɸʎɯʁʅɸ ʄɸɻɯʉʊɽʈʉʔʂɸ ʈʆɹʆʊɸ 

ʥʘ ʪʝʤʫ: 

çɸʅɸʃɯɿ ɺʇʃʀɺʋ ʈʆɿʉɯʖɺɸʅʅʗ ʊɸ ʅɽʃɯʅɯʁʅʀʍ ɽʌɽʂʊɯɺ ʅɸ 

ʇʈʆʅʀʂʅɽʅʅʗ ɯʅʊɽʅʉʀɺʅʆɻʆ ʆʇʊʀʏʅʆɻʆ ɺʀʇʈʆʄɯʅʖɺɸʅʅʗ ɺ 

ɹɯʆʊʂɸʅʀʅʀ ɼʃʗ ɼʆɿʀʄɽʊʈɯɰè 

 

ɺʠʢʦʥʘʣʘ: 

ʩʪʫʜʝʥʪʢʘ 2-ʛʦ ʢʫʨʩʫ ʤʘʛʽʩʪʨʘʪʫʨʠ 

ʜʝʥʥʦʾ ʬʦʨʤʠ ʥʘʚʯʘʥʥʷ 

ʩʧʝʮʽʘʣʴʥʦʩʪʽ 105 ʇʨʠʢʣʘʜʥʘ ʬʽʟʠʢʘ ʪʘ ʥʘʥʦʤʘʪʝʨʽʘʣʠ 

ʆʅʇ çɹʽʦʤʝʜʠʯʥʘ ʬʽʟʠʢʘ, ʽʥʞʝʥʝʨʽʷ ʪʘ ʽʥʬʦʨʤʘʪʠʢʘè 

ʍʘʨʽʥʩʴʢʠʭ ɺʝʨʦʥʽʢʘ ɸʥʜʨʽʾʚʥʘ                                                                       _______________ 

 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: 

ʜ. ʬʽʟ.-ʤʘʪ. ʥ., ʜʦʮʝʥʪ 

ɯʚʘʥʽʩʽʢ ɸʥʘʪʦʣʽʡ ɯʚʘʥʦʚʠʯ                                                                               _______________ 

 

ʈʝʮʝʥʟʝʥʪ: 

ʢʘʥʜ. ʬʽʟ.-ʤʘʪ. ʥʘʫʢ, 

ɺʦʡʪʝʰʝʥʢʦ ɯʚʘʥ ʉʝʨʛʽʡʦʚʠʯ                                                                           _______________ 

 

ɿʘʩʚʽʜʯʫʶ, ʱʦ ʫ ʮʽʡ ʤʘʛʽʩʪʝʨʩʴʢʽʡ ʨʦʙʦʪʽ 

ʥʝʤʘʻ ʟʘʧʦʟʠʯʝʥʴ ʟ ʧʨʘʮʴ ʽʥʰʠʭ ʘʚʪʦʨʽʚ ʙʝʟ 

ʚʽʜʧʦʚʽʜʥʠʭ ʧʦʩʠʣʘʥʴ 

ʉʪʫʜʝʥʪ _____________ 

 

ʈʦʙʦʪʘ ʜʦʧʫʱʝʥʘ ʜʦ ʟʘʭʠʩʪʫ ʚ ɽʂ ʨʽʰʝʥʥʷʤ ʢʘʬʝʜʨʠ ʤʝʜʠʯʥʦʾ ʨʘʜʽʦʬʽʟʠʢʠ  

ʚʽʜ ç__è ʪʨʘʚʥʷ 2023 ʨ., ʧʨʦʪʦʢʦʣ ˉ __. 

 

ɿʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ ʤʝʜʠʯʥʦʾ ʨʘʜʽʦʬʽʟʠʢʠ,  

ʢʘʥʜ. ʬʽʟ.-ʤʘʪ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʈʘʜʯʝʥʢʦ ʉʝʨʛʽʡ ʇʝʪʨʦʚʠʯ                                                                              _______________ 

 

 

ʂʠʾʚ ï 2023 
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ʈʝʬʝʨʘʪ 

ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʨʦʙʦʪʘ ʤʘʛʽʩʪʨʘ: 42 ʩʪʨ., 31 ʨʠʩ., 13 ʜʞʝʨʝʣ.  

 

ʋ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʟʘʣʝʞʥʦʩʪʽ ʜʠʬʝʨʝʥʮʽʡʥʦʾ ʜʦʟʠ (ʚʠʨʘʞʝʥʦʾ ʚ ɼʞ/ʤ3) 

ʚʽʜ ʛʣʠʙʠʥʠ ʧʨʦʥʠʢʥʝʥʥʷ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʨʽʟʥʽ ʰʘʨʠ ʪʢʘʥʠʥ. ʇʨʠ 

ʮʴʦʤʫ ʚʨʘʭʦʚʫʶʪʴʩʷ ʥʝʣʽʥʽʡʥʽ ʝʬʝʢʪʠ, ʪʘʢʽ ʷʢ ʥʘʩʠʯʝʥʥʷ ʧʦʛʣʠʥʘʥʥʷ ʪʘ 

ʜʚʦʬʦʪʦʥʥʝ ʧʦʛʣʠʥʘʥʥʷ. ʈʝʟʫʣʴʪʘʪʠ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʫʶʪʴ 

ʜʠʬʝʨʝʥʮʽʡʥʫ ʜʦʟʫ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʣʷ ʨʽʟʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʟʦʢʨʝʤʘ ʧʦʪʫʞʥʦʩʪʽ, ʪʨʠʚʘʣʦʩʪʽ ʪʘ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʣʘʟʝʨʥʠʭ 

ʽʤʧʫʣʴʩʽʚ. ʎʽ ʨʝʟʫʣʴʪʘʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʬʦʨʤʽ ʛʨʘʬʽʢʽʚ. ɺʠʷʚʣʝʥʦ, ʱʦ ʜʣʷ 

ʧʨʘʚʠʣʴʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʜʦʟʠ ʧʦʛʣʠʥʫʪʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʙʽʦʪʢʘʥʠʥʦʶ 

ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʥʝʣʽʥʽʡʥʽ ʦʧʪʠʯʥʽ ʝʬʝʢʪʠ. 

ʃɸɿɽʈʅɸ ɼʆɿɸ, ɼɺʆʌʆʊʆʅʅɽ ʇʆɻʃʀʅɸʅʅʗ, ɹɯʆʊʂɸʅʀʅɸ, 

ʃɸɿɽʈʅɽ ɺʀʇʈʆʄɯʅɽʅʅʗ, ʈʆɿʉɯʗʅʅʗ 
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ɺʩʪʫʧ 

 

ʉʫʯʘʩʥʘ ʤʝʜʠʮʠʥʘ ʘʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʣʘʟʝʨʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʞʠʚʽ 

ʪʢʘʥʠʥʠ ʜʣʷ ʨʽʟʥʠʭ ʮʽʣʝʡ, ʚʽʜ ʭʽʨʫʨʛʽʾ ʜʦ ʜʽʘʛʥʦʩʪʠʢʠ. ʏʘʩʪʦ ʣʘʟʝʨʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʨʦʙʦʪʠ ʟ ʤ'ʷʢʠʤʠ ʪʢʘʥʠʥʘʤʠ, ʪʠʤʠ, ʱʦ ʤʘʶʪʴ ʨʽʟʥʫ ʚʦʣʦʛʽʩʪʴ 

ʘʙʦ ʚʦʜʦʥʘʩʠʯʝʥʽʩʪʴ. ʃʘʟʝʨʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʤʘʻ ʚʠʩʦʢʫ ʝʥʝʨʛʽʶ, ʷʢʘ ʤʦʞʝ 

ʚʠʢʣʠʢʘʪʠ ʪʝʧʣʦʚʽ, ʬʦʪʦʭʽʤʽʯʥʽ, ʫʜʘʨʥʦ-ʘʢʫʩʪʠʯʥʽ ʪʘ ʽʥʰʽ ʝʬʝʢʪʠ ʚ ʪʢʘʥʠʥʘʭ 

ʦʨʛʘʥʽʟʤʫ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʯʥʦʾ ʨʦʙʦʪʠ ʟ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʚʘʞʣʠʚʦ 

ʨʝʪʝʣʴʥʦ ʚʠʚʯʠʪʠ ʚʧʣʠʚ ʧʘʨʘʤʝʪʨʽʚ ʣʘʟʝʨʘ ʥʘ ʙʽʦʪʢʘʥʠʥʠ, ʘ ʪʘʢʦʞ ʛʣʠʙʠʥʫ 

ʧʦʛʣʠʥʘʥʥʷ ʜʠʬʝʨʝʥʮʽʡʥʦʾ ʜʦʟʠ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʎʷ ʨʦʙʦʪʘ ʤʘʻ ʘʢʪʫʘʣʴʥʽʩʪʴ ʯʝʨʝʟ 

ʫʥʽʢʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ 

ʥʘ ʡʦʛʦ ʢʦʨʠʩʥʽʩʪʴ ʫ ʤʝʜʠʯʥʠʭ ʟʘʩʪʦʩʫʚʘʥʥʷʭ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʣʘʟʝʨʽʚ ʫ ʭʽʨʫʨʛʽʯʥʽʡ 

ʧʨʘʢʪʠʮʽ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʢʨʦʚʦʚʪʨʘʪʫ ʧʘʮʽʻʥʪʘ ʪʘ ʧʨʠʩʢʦʨʠʪʠ ʟʘʛʦʻʥʥʷ ʨʘʥ 

ʟʘʚʜʷʢʠ ʾʭ ʚʠʩʦʢʠʤ ʢʦʘʛʫʣʷʮʽʡʥʠʤ ʽ ʛʝʤʦʩʪʘʪʠʯʥʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤ. ʄʝʪʦʶ ʮʴʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʻ: 

- ɸʥʘʣʽʟ ʧʦʛʣʠʥʘʥʥʷ ʽ ʨʦʟʩʽʷʥʥʷ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʙʽʦʪʢʘʥʠʥʘʤʠ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʣʽʥʽʡʥʠʭ ʪʘ ʥʝʣʽʥʽʡʥʠʭ ʦʧʪʠʯʥʠʭ ʝʬʝʢʪʽʚ; 

- ɺʠʟʥʘʯʝʥʥʷ ʜʦʮʽʣʴʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʣʽʥʽʡʥʦʛʦ ʧʦʛʣʠʥʘʥʥʷ ʜʣʷ ʟʤʝʥʰʝʥʥʷ 

ʜʦʟʠ ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ. 

ʆʙ'ʻʢʪʦʤ ʮʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʜʦʟʠʤʝʪʨʽʷ ʧʦʛʣʠʥʘʥʥʷ ʣʘʟʝʨʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʙʽʦʪʢʘʥʷʭ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʝʣʽʥʽʡʥʠʭ ʦʧʪʠʯʥʠʭ ʝʬʝʢʪʽʚ. 

ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʠʟʥʘʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʦʥʠʢʥʝʥʥʷ ʜʠʬʝʨʝʥʮʽʡʥʦʾ 

ʜʦʟʠ ʫ ʚʦʜʦʥʘʩʠʯʝʥʠʭ ʪʢʘʥʠʥʘʭ. ʄʝʪʦʜʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ̒  ʤʦʜʝʣʶʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʦʛʨʘʤʠ Wolfram Mathematica. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʘʶʪʴ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʨʦʟʚʠʪʢʫ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ 

ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫ ʛʘʣʫʟʽ ʙʽʦʪʢʘʥʠʥ ʪʘ ʦʮʽʥʢʠ ʚʣʘʩʪʠʚʦʩʪʝʡ ʾ ʭ ʜʠʥʘʤʽʯʥʦʛʦ ʩʪʘʥʫ 

ʷʢ ʩʢʣʘʜʥʦʛʦ ʨʝʘʛʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʈʦʟʨʦʙʣʝʥʽ ʧʽʜʭʦʜʠ ʪʘ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʽ ʜʣʷ ʧʦʛʣʠʙʣʝʥʦʛʦ ʪʘ ʜʝʪʘʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʬʽʟʽʦʣʦʛʽʯʥʦʛʦ ʪʘ ʧʘʪʦʣʦʛʽʯʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʙʽʦʪʢʘʥʠʥ. ɺʦʥʠ ʪʘʢʦʞ ʤʦʞʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʜʣʷ ʘʥʘʣʽʟʫ ʯʠʩʣʝʥʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʧʨʦʚʝʜʝʥʠʭ ʥʘ ʤ'ʷʟʘʭ ʪʘ 

ʽʥʰʠʭ ʤ'ʷʢʠʭ ʪʢʘʥʠʥʘʭ, ʢʨʦʚʦʥʦʩʥʠʭ ʪʘ ʣʽʤʬʘʪʠʯʥʠʭ ʩʫʜʠʥʘʭ, ʩʝʨʮʽ ʪʘ ʽʥʰʠʭ 
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ʦʨʛʘʥʘʭ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʧʨʠʷʪʠʤʫʪʴ ʛʣʠʙʦʢʦʤʫ ʨʦʟʫʤʽʥʥʶ ʮʠʭ ʧʨʦʮʝʩʽʚ ʽ 

ʩʧʨʠʷʪʠʤʫʪʴ ʧʦʜʘʣʴʰʦʤʫ ʨʦʟʚʠʪʢʫ ʤʝʜʠʯʥʦʾ ʥʘʫʢʠ ʪʘ ʧʨʘʢʪʠʢʠ. 
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1. ʆʛʣʷʜ ʣʽʪʝʨʘʪʫʨʠ 

 

1.1 ɼʽʷ ʣʘʟʝʨʽʚ ʥʘ ʙʽʦʪʢʘʥʠʥʠ  

 

ʃʘʟʝʨ ð ʮʝ ʛʝʥʝʨʘʪʦʨ ʦʧʪʠʯʥʠʭ ʭʚʠʣʴ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻ ʝʥʝʨʛʽʶ ʽʥʜʫʢʦʚʘʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʘʪʦʤʽʚ ʘʙʦ ʤʦʣʝʢʫʣ ʫ ʩʝʨʝʜʦʚʠʱʘʭ ʽʟ ʟʚʦʨʦʪʥʴʦ ʟʘʩʝʣʝʥʠʤʠ 

ʨʽʚʥʷʤʠ ʝʥʝʨʛʽʾ, ʷʢʽ ʤʘʶʪʴ ʚʣʘʩʪʠʚʽʩʪʴ ʧʦʩʠʣʶʚʘʪʠ ʩʚʽʪʣʦ ʧʝʚʥʦʾ ʜʦʚʞʠʥʠ ʭʚʠʣʽ. 

ɼʞʝʨʝʣʦ ʝʥʝʨʛʽʾ, ʷʢ ʦʯʝʚʠʜʥʦ ʟ ʥʘʟʚʠ, ʧʦʩʪʘʯʘʻ ʥʝʦʙʭʽʜʥʫ ʝʥʝʨʛʽʶ ʜʣʷ ʨʦʙʦʪʠ 

ʧʨʠʩʪʨʦʶ. ɺʘʞʣʠʚʦ ʧʘʤ'ʷʪʘʪʠ, ʱʦ ʩʚʽʪʣʦ ʧʝʨʝʜʘʻ ʝʥʝʨʛʽʶ, ʘ ʬʦʪʦʥ - ʮʝ ʥʝ ʪʽʣʴʢʠ 

ʯʘʩʪʠʥʢʘ ʘʙʦ ʢʚʘʥʪ ʩʚʽʪʣʘ, ʘʣʝ ʡ ʥʦʩʽʡ ʝʥʝʨʛʽʾ. ɼʣʷ ʧʦʤʥʦʞʝʥʥʷ ʩʚʽʪʣʘ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʦʧʪʠʯʥʠʡ ʨʝʟʦʥʘʪʦʨ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʜʟʝʨʢʘʣ. ɿʘʚʜʷʢʠ 

ʨʽʟʥʦʤʘʥʽʪʥʠʤ ʩʧʦʩʦʙʘʤ ʥʘʢʘʯʫʚʘʥʥʷ ʘʢʪʠʚʥʦʛʦ ʝʣʝʤʝʥʪʘ ʩʪʚʦʨʶʻʪʴʩʷ ʘʢʪʠʚʥʝ 

ʩʝʨʝʜʦʚʠʱʝ. 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 1.1.1 ï ʉʪʨʫʢʪʫʨʘ ʪʚʝʨʜʦʪʽʣʴʥʦʛʦ ʣʘʟʝʨʘ 

 

ɿʘ ʨʘʭʫʥʦʢ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʫʤʦʚ ʫ ʣʘʟʝʨʽ ʛʝʥʝʨʫʻʪʴʩʷ ʩʧʝʢʪʨ, ʷʢʠʡ ʧʦʢʘʟʘʥʠʡ ʥʘ 

ʤʘʣʶʥʢʫ 2 (ʯʠʩʣʦ ʤʦʜ ʣʘʟʝʨʘ ʨʝʛʫʣʶʻʪʴʩʷ ʜʦʚʞʠʥʦʶ ʨʝʟʦʥʘʪʦʨʘ): 

 

ʈʠʩʫʥʦʢ 1.1.2 ï ʉʧʝʢʪʨ ʧʦʟʜʦʚʞʥʽʭ ʤʦʜ ʣʘʟʝʨʘ 

 

 

 

дзеркало    
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ʃʘʟʝʨʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʠʩʦʢʠʤ ʩʪʫʧʝʥʝʤ ʤʦʥʦʭʨʦʤʘʪʠʯʥʦʩʪʽ (ʚʠʧʨʦʤʽʥʶʶʪʴ 

ʩʚʽʪʣʦ ʧʨʘʢʪʠʯʥʦ ʦʜʥʽʻʾ ʜʦʚʞʠʥʠ ʭʚʠʣʽ), ʩʧʨʷʤʦʚʘʥʽʩʪʶ ʪʘ ʧʦʣʷʨʠʟʘʮʽʻʶ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɺʦʥʠ ʤʘʶʪʴ ʟʥʘʯʥʫ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʪʘ ʷʩʢʨʘʚʽʩʪʴ, ʚʠʩʦʢʠʡ ʩʪʫʧʽʥʴ 

ʯʘʩʦʚʦʾ ʪʘ ʧʨʦʩʪʦʨʦʚʦʾ ʢʦʛʝʨʝʥʪʥʦʩʪʽ. ʃʘʟʝʨʠ ʤʦʞʫʪʴ ʨʝʛʫʣʶʚʘʪʠʩʴ ʟʘ ʜʦʚʞʠʥʘʤʠ 

ʭʚʠʣʴ ̔  ʚʠʧʨʦʤʽʥʶʚʘʪʠ ʩʚʽʪʣʦʚʽ ̔ ʤʧʫʣʴʩʠ ʨʝʢʦʨʜʥʦ ʢʦʨʦʪʢʦʾ ʪʨʠʚʘʣʦʩʪʽ. ʎʝ ʚʽʜʨʽʟʥʷʻ 

ʾʭ ʚʽʜ ʪʝʧʣʦʚʠʭ ʜʞʝʨʝʣ ʩʚʽʪʣʘ. 

 

ʃʘʟʝʨʥʽ ʫʩʪʘʥʦʚʢʠ ʤʦʞʫʪʴ ʙʫʪʠ ʨʦʟʧʦʜʽʣʝʥʽ ʥʘ ʥʘʩʪʫʧʥʽ ʛʨʫʧʠ: 

1) ʃʘʟʝʨʠ ʚʝʣʠʢʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʝʦʜʠʤ, ʦʢʠʩ ʚʫʛʣʝʮʶ, 

ʚʫʛʣʝʢʠʩʣʠʡ ʛʘʟ, ʘʨʛʦʥ, ʨʫʙʽʥ, ʧʘʨʠ ʤʝʪʘʣʽʚ ʪʘ ʽʥʰʽ. 

2) ʃʘʟʝʨʠ ʟ ʥʠʟʴʢʦʶ ʝʥʝʨʛʽʻʶ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʪʘʢʽ ʷʢ ʛʝʣʽʡ-ʢʘʜʤʽʻʚʽ, ʛʝʣʽʡ-

ʥʝʦʥʦʚʽ, ʥʘ ʦʩʥʦʚʽ ʘʟʦʪʫ, ʥʘ ʦʩʥʦʚʽ ʙʘʨʚʥʠʢʽʚ ʪʘ ʽʥʰʽ. ɺʦʥʠ ʥʝ ʤʘʶʪʴ ʚʠʨʘʞʝʥʦʾ 

ʪʝʧʣʦʚʦʾ ʜʽʾ ʥʘ ʪʢʘʥʠʥʠ ʦʨʛʘʥʽʟʤʫ.  

 

ʃʘʟʝʨʥʽ ʩʠʩʪʝʤʠ ʥʘʟʠʚʘʶʪʴʩʷ ʟʘ ʘʢʪʠʚʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ, ʚ ʷʢʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʩʪʠʤʫʣʶʚʘʥʘ ʝʤʽʩʽʷ. ɹʽʣʴʰ ʜʝʪʘʣʴʥʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʚʢʣʶʯʘʶʪʴ ʪʚʝʨʜʦʪʽʣʴʥʽ ʣʘʟʝʨʠ, 

ʛʘʟʦʚʽ ʣʘʟʝʨʠ, ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʣʘʟʝʨʠ ʪʘ ʨʽʜʠʥʥʽ ʣʘʟʝʨʠ. ʃʘʟʝʨʠ ʪʘʢʦʞ ʤʦʞʫʪʴ 

ʙʫʪʠ ʢʣʘʩʠʬʽʢʦʚʘʥʽ ʟʘ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ ʩʚʽʪʣʘ (ʨʠʩ. 1.1.3), ʷʢʫ ʚʦʥʠ ʚʠʧʨʦʤʽʥʶʶʪʴ, 

ʚʠʨʘʞʝʥʦʶ ʚ ʥʘʥʦʤʝʪʨʘʭ (ʥʤ). 
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ʈʠʩʫʥʦʢ 1.1.3 ï ʈʦʟʧʦʜʽʣ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʣʘʟʝʨʽʚ ʫ ʤʝʞʘʭ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʩʧʝʢʪʨʘ 

 

ɺʘʞʣʠʚʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʧʝʚʥʽ ʜʦʚʞʠʥʠ ʭʚʠʣʴ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʝ 

ʦʜʥʘʢʦʚʦ ʧʦʛʣʠʥʘʶʪʴʩʷ ʚʩʽʤʘ ʪʠʧʘʤʠ ʪʢʘʥʠʥ. ʃʘʟʝʨʥʘ ʝʥʝʨʛʽʷ, ʱʦ ʧʘʜʘʻ ʥʘ ʞʠʚʫ 

ʪʢʘʥʠʥʫ, ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ çʪʢʘʥʠʥʫ-ʤʽʰʝʥʴè ʽ ʧʦʛʣʠʥʘʻʪʴʩʷ, ʘ ʯʘʩʪʠʥʘ ʚʽʜʙʠʚʘʻʪʴʩʷ 

ʽ ʨʦʟʩʽʶʻʪʴʩʷ. ʇʦʛʣʠʥʝʥʘ ʜʦʟʘ ʚʽʜʽʛʨʘʻ ʚʠʨʽʰʘʣʴʥʫ ʨʦʣʴ ʜʣʷ ʧʨʘʚʠʣʴʥʦʛʦ ʪʘ 

ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʘʟʝʨʽʚ ʫ ʤʝʜʠʮʠʥʽ. ʄôʷʢʘ ʪʢʘʥʠʥʘ ʧʦʛʣʠʥʘʻ ʝʥʝʨʛʽʶ 

ʟʘʚʜʷʢʠ ʭʨʦʤʦʬʦʨʘʤ (ʚʦʜʘ, ʧʽʛʤʝʥʪʠ, ʙʽʣʢʠ), ʷʢʽ ʚʦʥʘ ʤʽʩʪʠʪʴ (ʨʠʩ. 1.1.3). ɼʝʷʢʽ 

ʜʦʚʞʠʥʠ ʭʚʠʣʴ ʣʘʟʝʨʘ ʜʦʙʨʝ ʧʦʛʣʠʥʘʶʪʴʩʷ ʧʽʛʤʝʥʪʘʤʠ (ʛʝʤʦʛʣʦʙʽʥʦʤ, ʤʝʣʘʥʽʥʦʤ), 

ʘ ʽʥʰʽ ʜʦʙʨʝ ʧʦʛʣʠʥʘʶʪʴʩʷ ʚʦʜʦʶ, ʪʦʤʫ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʣʘʟʝʨʘ ʜʣʷ ʨʽʟʥʠʭ ʦʧʝʨʘʮʽʡ 

ʥʝ ʽʩʥʫʻ.  

 

 

ʈʠʩʫʥʦʢ 1.1.4 ï ʉʧʝʢʪʨ ʧʦʛʣʠʥʘʥʥʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʣʘʟʝʨʽʚ 

 

ɺʧʣʠʚ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʙʽʦʣʦʛʽʯʥʠʡ ʤʘʪʝʨʽʘʣ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʽʟʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʤʝʥʷ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʢʘʥʠʥʠ. ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʚʢʣʶʯʘʶʪʴ ʜʦʚʞʠʥʫ ʭʚʠʣʽ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʪʨʠʚʘʣʽʩʪʴ ʦʧʨʦʤʽʥʝʥʥʷ, 

ʯʘʩʪʦʪʫ ʧʦʚʪʦʨʝʥʥʷ ʪʘ ʧʦʣʷʨʠʟʘʮʽʶ ʧʨʦʤʝʥʷ. 
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ɿʘʣʝʞʥʦ ʚʽʜ ʮʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʣʘʟʝʨʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ ʨʽʟʥʽ 

ʪʠʧʠ ʚʟʘʻʤʦʜʽʾ ʟ ʙʽʦʪʢʘʥʠʥʦʶ: 

 

1. ʌʦʪʦʭʽʤʽʯʥʘ ʚʟʘʻʤʦʜʽʷ: ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʬʦʪʦʥʠ ʚʟʘʻʤʦʜʽʶʪʴ ʟ ʤʦʣʝʢʫʣʘʤʠ 

ʪʢʘʥʠʥʠ, ʩʧʨʠʯʠʥʷʶʯʠ ʭʽʤʽʯʥʽ ʨʝʘʢʮʽʾ. ʎʝʡ ʧʨʦʮʝʩ ʧʝʨʝʚʘʞʘʻ ʧʨʠ ʥʠʟʴʢʽʡ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʪʨʠʚʘʣʦʤʫ ʯʘʩʽ ʦʧʨʦʤʽʥʝʥʥʷ. 

 

2. ʊʝʧʣʦʚʘ ʚʟʘʻʤʦʜʽʷ: ʇʨʠ ʚʠʩʦʢʽʡ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʢʦʨʦʪʢʦʤʫ 

ʯʘʩʽ ʦʧʨʦʤʽʥʝʥʥʷ, ʝʥʝʨʛʽʷ ʬʦʪʦʥʽʚ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʪʝʧʣʦ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʥʘʛʨʽʚʘʥʥʷ ʪʢʘʥʠʥʠ. 

 

3. ʅʝʣʽʥʽʡʥʽ ʧʨʦʮʝʩʠ: ʇʨʠ ʜʫʞʝ ʚʠʩʦʢʽʡ ʽʥʪʝʥʩʠʚʥʦʩʪʽ (q > 10 ʢɺʪ/ʩʤ2) ʪʘ 

ʢʦʨʦʪʢʦʤʫ ʯʘʩʽ ʦʧʨʦʤʽʥʝʥʥʷ (Ű Ò 10 ʥʩ) ʤʦʞʫʪʴ ʚʽʜʙʫʚʘʪʠʩʷ ʥʝʣʽʥʽʡʥʽ ʧʨʦʮʝʩʠ, 

ʥʘʧʨʠʢʣʘʜ, ʛʝʥʝʨʘʮʽʷ ʛʘʨʤʦʥʽʢ, ʦʧʪʠʯʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʘ ʽʥʰʽ. 

 

ʎʽ ʪʠʧʠ ʚʟʘʻʤʦʜʽʾ ʜʦʟʚʦʣʷʶʪʴ ʨʦʟʫʤʽʪʠ, ʷʢ ʣʘʟʝʨʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʧʣʠʚʘʻ ʥʘ 

ʙʽʦʣʦʛʽʯʥʠʡ ʤʘʪʝʨʽʘʣ ʽ ʚʠʟʥʘʯʠʪʠ ʦʧʪʠʤʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʣʷ 

ʙʘʞʘʥʦʛʦ ʝʬʝʢʪʫ. 

ɺʧʣʠʚ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʙʽʦʣʦʛʽʯʥʫ ʪʢʘʥʠʥʫ ʤʦʞʝ ʙʫʪʠ ʜʦʤʽʥʫʚʘʥʠʤ 

ʦʜʥʠʤ ʟ ʮʠʭ ʧʨʦʮʝʩʽʚ, ʟʘʣʝʞʥʦ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʣʘʟʝʨʥʦʛʦ ʧʨʦʤʝʥʷ. ʇʨʠʧʫʩʢʘʶʯʠ, ʱʦ 

ʜʦʚʞʠʥʘ ʭʚʠʣʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘʢʘ, ʱʦ ʚʦʥʦ ʜʦʙʨʝ ʧʦʛʣʠʥʘʻʪʴʩʷ ʪʢʘʥʠʥʦʶ, ʪʠʧ 

ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ ʦʙʣʘʩʪʽ, ʧʦʢʘʟʘʥʦʾ ʥʘ 

ʨʠʩʫʥʢʫ. [13]: 
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ʈʠʩ.1.1.5 ï ɿʘʣʝʞʥʽʩʪʴ ʱʽʣʴʥʦʩʪʽ ʝʥʝʨʛʽʾ ʚʽʜ ʪʨʠʚʘʣʦʩʪʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

 

1.2  ɺʠʢʦʨʠʩʪʘʥʥʷ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʫ ʨʽʟʥʠʭ ʩʬʝʨʘʭ 

 

ɺʠʥʘʭʽʜ ʣʘʟʝʨʽʚ ʟʜʽʡʩʥʠʚ ʚʠʩʦʢʠʡ ʚʧʣʠʚ ʥʘ ʨʦʟʚʠʪʦʢ ʨʽʟʥʠʭ ʛʘʣʫʟʝʡ ʥʘʫʢʠ ʽ 

ʪʝʭʥʽʢʠ, ʜʝ ʩʪʘʣʦ ʤʦʞʣʠʚʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʘʟʝʨʽʚ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ 

ʥʘʫʢʦʚʠʭ ʪʘ ʪʝʭʥʽʯʥʠʭ ʟʘʚʜʘʥʴ. ɿ ʧʦʷʚʦʶ ʣʘʟʝʨʽʚ ʩʪʘʣʦ ʤʦʞʣʠʚʠʤ ʟʥʘʯʥʝ 

ʧʦʣʽʧʰʝʥʥʷ ʙʘʛʘʪʴʦʭ ʦʧʪʠʯʥʠʭ ʧʨʠʣʘʜʽʚ ʽ ʩʠʩʪʝʤ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʜʞʝʨʝʣʦ 

ʩʚʽʪʣʘ, ʱʦ ʧʨʠʟʚʝʣʦ ʜʦ ʩʪʚʦʨʝʥʥʷ ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʠʭ ʧʨʠʩʪʨʦʾʚ. ʉʪʚʦʨʝʥʥʷ ʣʘʟʝʨʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ ʧʨʠʟʚʝʣʠ ʜʦ ʧʦʷʚʠ ʥʦʚʠʭ ʥʘʫʢʦʚʠʭ ʪʘ ʪʝʭʥʽʯʥʠʭ ʥʘʧʨʷʤʢʽʚ 

ï ʛʦʣʦʛʨʘʬʽʷ, ʥʝʣʽʥʽʡʥʘ ʪʘ ʽʥʪʝʛʨʘʣʴʥʘ ʦʧʪʠʢʘ, ʣʘʟʝʨʥʘ ʪʝʭʥʦʣʦʛʽʷ, ʣʘʟʝʨʥʘ ʭʽʤʽʷ, 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʘʟʝʨʽʚ ʜʣʷ ʢʝʨʦʚʘʥʦʛʦ ʪʝʨʤʦʷʜʝʨʥʦʛʦ ʩʠʥʪʝʟʫ ʪʦʱʦ. 

ɺʠʥʘʡʜʝʥʥʷ ʣʘʟʝʨʽʚ ʧʨʠʚʝʣʦ ʜʦ ʟʥʘʯʥʦʛʦ ʧʨʦʛʨʝʩʫ ʚ ʥʝʣʽʥʽʡʥʽʡ ʦʧʪʠʮʽ, 

ʜʦʩʣʽʜʞʝʥʥʽ ʽ ʚʠʢʦʨʠʩʪʘʥʥʽ ʷʚʠʱ, ʪʘʢʠʭ ʷʢ ʛʝʥʝʨʘʮʽʷ ʛʘʨʤʦʥʽʢ, ʩʘʤʦʬʦʢʫʩʫʚʘʥʥʷ 

ʩʚʽʪʣʦʚʠʭ ʧʫʯʢʽʚ, ʙʘʛʘʪʦʬʦʪʦʥʥʝ ʧʦʛʣʠʥʘʥʥʷ ʪʘ ʨʽʟʥʽ ʪʠʧʠ ʨʦʟʩʽʶʚʘʥʥʷ ʩʚʽʪʣʘ, ʱʦ 

ʚʠʥʠʢʘʶʪʴ ʧʽʜ ʚʧʣʠʚʦʤ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʎʝʡ ʧʨʦʨʠʚ ʤʘʚ ʚʝʣʠʢʝ 

ʟʥʘʯʝʥʥʷ ʜʣʷ ʨʦʟʚʠʪʢʫ ʮʠʭ ʦʙʣʘʩʪʝʡ, ʟʘʙʝʟʧʝʯʠʚʰʠ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʪʘ ʨʦʟʰʠʨʠʚʰʠ 

ʥʘʰʝ ʨʦʟʫʤʽʥʥʷ ʬʽʟʠʯʥʠʭ ʷʚʠʱ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʦʧʪʠʢʦʶ. 

ɼʘʣʽ ʥʘʚʝʜʝʥʦ ʧʝʨʝʣʽʢ ʟʘʩʪʦʩʫʚʘʥʴ ʣʘʟʝʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʥʘʫʢʠ ʽ 

ʪʝʭʥʽʢʠ, ʜʝ ʫʥʽʢʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʘʙʝʟʧʝʯʠʣʠ ʩʫʪʪʻʚʠʡ 

ʧʨʦʛʨʝʩ ʘʙʦ ʧʨʠʟʚʝʣʠ ʜʦ ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʠʭ ʥʘʫʢʦʚʠʭ ʪʘ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ [1]. 
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ɿʘʩʪʦʩʫʚʘʥʥʷ ʣʘʟʝʨʽʚ ʫ ʚʽʡʩʴʢʦʚʽʡ ʩʧʨʘʚʽ. ʅʠʥʽ ʩʬʦʨʤʫʚʘʣʠʩʷ ʦʩʥʦʚʥʽ ʥʘʧʨʷʤʠ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʣʘʟʝʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʚʽʡʩʴʢʦʚʫ ʩʧʨʘʚʫ. ʆʩʥʦʚʥʽ ʥʘʧʨʷʤʢʠ: 

.ʃʘʟʝʨʥʘ ʣʦʢʘʮʽʷ (ʥʘʟʝʤʥʘ, ʙʦʨʪʦʚʘ, ʧʽʜʚʦʜʥʘ); 

.ʃʘʟʝʨʥʠʡ ʟʚ'ʷʟʦʢ; 

.ʃʘʟʝʨʥʽ ʥʘʚʽʛʘʮʽʡʥʽ ʩʠʩʪʝʤʠ; 

.ʃʘʟʝʨʥʘ ʟʙʨʦʷ; 

.ʃʘʟʝʨʥʽ ʩʠʩʪʝʤʠ ʇʈʆ ʪʘ ʇʂʆ, ʱʦ ʩʪʚʦʨʶʶʪʴʩʷ ʚ ʨʘʤʢʘʭ ʩʪʨʘʪʝʛʽʯʥʦʾ ʦʙʦʨʦʥʥʦʾ 

ʽʥʽʮʽʘʪʠʚʠ ï ʉʆɯ. 

ʇʦʚʝʨʭʥʝʚʘ ʣʘʟʝʨʥʘ ʦʙʨʦʙʢʘ. ʃʘʟʝʨʥʝ ʟʘʛʘʨʪʫʚʘʥʥʷ - ʟʙʽʣʴʰʫʻ ʪʝʨʤʽʥ ʩʣʫʞʙʠ 

ʚʠʨʦʙʽʚ, ʷʢʽ ʧʽʜʜʘʶʪʴʩʷ ʚʠʩʦʢʦʤʫ ʟʥʦʩʫ. 

ʃʘʟʝʨʥʠʡ ʚʽʜʧʘʣ - ʟʙʽʣʴʰʫʻ ʧʣʘʩʪʠʯʥʽʩʪʴ ʪʘ ʟʤʝʥʰʫʻ ʪʚʝʨʜʽʩʪʴ. ʎʝʡ ʩʧʦʩʽʙ 

ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʤʽʢʨʦʝʣʝʢʪʨʦʥʽʮʽ ʜʣʷ ʚʽʜʧʘʣʫ ʜʝʬʝʢʪʽʚ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʭ. 

ʃʘʟʝʨʥʘ ʚʽʜʧʫʩʪʢʘ ï ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʣʦʢʘʣʴʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʧʣʘʩʪʠʯʥʦʩʪʽ, 

ʫʜʘʨʥʦʾ ʚ'ʷʟʢʦʩʪʽ. 

ʃʘʟʝʨʥʝ ʦʯʠʱʝʥʥʷ - ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʨʽʟʥʠʭ ʟʘʙʨʫʜʥʝʥʴ ʽʟ 

ʧʦʚʝʨʭʦʥʴ. ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠ ʦʯʠʱʝʥʥʽ ʪʚʦʨʽʚ ʤʠʩʪʝʮʪʚʘ ʪʘ ʧʘʤ'ʷʪʦʢ, ʤʝʪʘʣʽʚ (ʫ 

ʨʘʤʢʘʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚʠʨʦʙʥʠʮʪʚʘ), ʤʽʢʨʦʦʯʠʱʝʥʥʷ ʫ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ 

ʝʣʝʢʪʨʦʥʽʢʠ [5]. 

ʃʘʟʝʨʥʝ ʦʧʣʘʚʣʝʥʥʷ. ɸʤʦʨʬʽʟʘʮʽʷ ʧʦʚʝʨʭʥʽ ʩʧʣʘʚʫ ʚ ʫʤʦʚʘʭ ʰʚʠʜʢʽʩʥʦʛʦ 

ʦʧʨʦʤʽʥʝʥʥʷ (ʜʫʞʝ ʢʦʨʦʪʢʠʤ ʽʤʧʫʣʴʩʦʤ ʘʙʦ ʧʨʦʤʝʥʝʤ, ʱʦ ʩʢʘʥʫʻ). ʇʨʠ ʮʴʦʤʫ 

ʜʦʩʷʛʘʶʪʴʩʷ ʥʘʜʚʠʩʦʢʽ ʰʚʠʜʢʦʩʪʽ ʪʝʧʣʦʚʽʜʚʝʜʝʥʥʷ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʪʘʢ ʟʚʘʥʝ 

ʟʘʤʦʨʦʞʫʚʘʥʥʷ ʨʦʟʧʣʘʚʫ. 

ʃʘʟʝʨʥʝ ʥʘʧʣʘʚʣʝʥʥʷ - ʜʘʥʠʡ ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ ʥʘʥʦʩʠʪʠ ʟʥʦʩʦʩʪʽʡʢʽ ʧʦʚʝʨʭʥʝʚʽ 

ʰʘʨʠ. ʃʘʟʝʨʥʝ ʚʽʜʥʦʚʣʝʥʥʷ ʤʘʻ ʚʝʣʠʢʫ ʧʝʨʩʧʝʢʪʠʚʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʨʝʤʦʥʪʥʦʤʫ 

ʚʠʨʦʙʥʠʮʪʚʽ ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ, ʱʦ ʚʠʤʘʛʘʶʪʴ ʚʠʩʦʢʫ ʪʚʝʨʜʽʩʪʴ ʪʘ 

ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ. 

ɺʘʢʫʫʤʥʦ-ʣʘʟʝʨʥʝ ʥʘʧʠʣʝʥʥʷ - ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʫ ʚʘʢʫʫʤʽ ʤʘʪʝʨʽʘʣʽʚ ʧʨʠ ʚʧʣʠʚʽ 

ʥʘ ʥʴʦʛʦ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʧʦʜʘʣʴʰʝ ʢʦʥʜʝʥʩʫʚʘʥʥʷ ʥʘ ʧʽʜʢʣʘʜʮʽ 

ʧʨʦʜʫʢʪʽʚ ʚʠʧʘʨʦʚʫʚʘʥʥʷ. 

ʋʜʘʨʥʠʡ ʚʧʣʠʚ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ï ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʟʤʽʮʥʝʥʥʷ 

ʧʦʚʝʨʭʥʽ, ʜʣʷ ʫʪʚʦʨʝʥʥʷ ʨ-n ï ʧʝʨʝʭʦʜʽʚ ʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʤʘʪʝʨʽʘʣʘʭ. 
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ʃʘʟʝʨʥʝ ʟʚʘʨʶʚʘʥʥʷ - ʦʜʠʥ ʽʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʜʣʷ ʧʨʦʤʠʩʣʦʚʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ. ɿʚʘʨʥʝ ʟ'ʻʜʥʘʥʥʷ ʫʪʚʦʨʶʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʥʘʛʨʽʚʘʥʥʷ ʪʘ ʨʦʟʧʣʘʚʣʝʥʥʷ 

ʣʘʟʝʨʥʠʤ ʧʨʦʤʝʥʝʤ ʜʽʣʷʥʦʢ ʫ ʤʽʩʮʽ ʢʦʥʪʘʢʪʫ (ʩʪʠʢʫ) ʯʘʩʪʠʥ, ʱʦ ʟʚʘʨʶʶʪʴʩʷ. 

ʃʘʟʝʨʥʝ ʨʽʟʘʥʥʷ ʻ ʩʬʦʢʫʩʦʚʘʥʠʤ ʣʘʟʝʨʥʠʤ ʧʨʦʤʝʥʝʤ, ʷʢʠʡ ʥʝʩʝ ʚ ʩʦʙʽ ʚʠʩʦʢʫ 

ʝʥʝʨʛʽʶ ʽ ʟʜʘʪʥʠʡ ʨʦʟʨʽʟʘʪʠ ʧʨʘʢʪʠʯʥʦ ʚʩʽ ʽʩʥʫʶʯʽ ʤʘʪʝʨʽʘʣʠ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʾʭ 

ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ʇʨʠ ʮʴʦʤʫ ʫʪʚʦʨʶʶʪʴʩʷ ʚʫʟʴʢʽ ʨʦʟʨʽʟʠ ʟ ʥʝʚʝʣʠʢʦʶ 

ʟʦʥʦʶ ʪʝʨʤʽʯʥʦʛʦ ʚʧʣʠʚʫ. 

ʃʘʟʝʨʥʝ ʤʘʨʢʫʚʘʥʥʷ ʪʘ ʛʨʘʚʽʨʫʚʘʥʥʷ ʟʥʘʡʰʣʘ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ 

ʧʨʦʤʠʩʣʦʚʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʜʣʷ ʢʦʜʫʚʘʥʥʷ ʚʠʨʦʙʣʝʥʠʭ ʟʨʘʟʢʽʚ, ʥʘʥʝʩʝʥʥʷ ʨʽʟʥʦʛʦ 

ʨʦʜʫ ʥʘʧʠʩʽʚ ʥʘ ʧʘʥʝʣʽ ʧʨʠʣʘʜʽʚ, ʢʣʘʚʽʘʪʫʨʥʽ ʧʦʣʷ, ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘʙʣʠʯʦʢ ̔  h ʠʣʴʜʽʚ, 

ʚʠʤʽʨʶʚʘʣʴʥʠʡ ʽʥʩʪʨʫʤʝʥʪ; ʜʣʷ ʦʟʜʦʙʣʝʥʥʷ ʩʫʚʝʥʽʨʽʚ, ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʶʚʝʣʽʨʥʠʭ 

ʚʠʨʦʙʽʚ. 

 

1.3 ɿʘʩʪʦʩʫʚʘʥʥʷ ʣʘʟʝʨʽʚ ʚ ʤʝʜʠʮʠʥʽ 

 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʣʘʟʝʨʽʚ ʫ ʤʝʜʠʮʠʥʽ ʪʘ ʙʽʦʣʦʛʽʾ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʜʚʽ ʦʩʥʦʚʥʽ ʛʨʫʧʠ. 

ʇʝʨʰʘ ʛʨʫʧʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʣʘʟʝʨʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʷʢ ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʜʦʩʣʽʜʞʝʥʴ, ʥʘʧʨʠʢʣʘʜ, ʫ ʩʧʝʢʪʨʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ, ʣʘʟʝʨʥʽʡ ʤʽʢʨʦʩʢʦʧʽʾ ʪʘ 

ʛʦʣʦʛʨʘʬʽʾ. ɼʨʫʛʘ ʛʨʫʧʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʣʘʟʝʨʠ ʜʣʷ ʧʨʷʤʦʛʦ ʚʧʣʠʚʫ ʥʘ ʙʽʦʣʦʛʽʯʥʽ 

ʦʙ'ʻʢʪʠ ʽ ʚʢʣʶʯʘʻ ʪʨʠ ʪʠʧʠ ʚʧʣʠʚʫ. 

 

ʇʝʨʰʠʡ ʪʠʧ ʧʦʣʷʛʘʻ ʚ ʟʘʩʪʦʩʫʚʘʥʥʽ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʧʘʪʦʣʦʛʽʯʥʽ 

ʪʢʘʥʠʥʠ ʟ ʤʝʪʦʶ ʢʦʘʛʫʣʷʮʽʾ. ʎʝʡ ʪʠʧ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʜʝʨʤʘʪʦʣʦʛʽʾ ʪʘ ʦʥʢʦʣʦʛʽʾ. 

 

ɼʨʫʛʠʡ ʪʠʧ ʚʢʣʶʯʘʻ ʨʦʟʩʽʯʝʥʥʷ ʪʢʘʥʠʥ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʩʦʢʦʾ ʧʦʪʫʞʥʦʩʪʽ 

ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɺʽʥ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʫ ʭʽʨʫʨʛʽʾ. 

 

ʊʨʝʪʽʡ ʪʠʧ ʧʦʣʷʛʘʻ ʚ ʚʠʢʦʨʠʩʪʘʥʥʽ ʥʠʟʴʢʦʝʥʝʨʛʝʪʠʯʥʦʛʦ ʣʘʟʝʨʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʣʷ ʙʽʦʩʪʠʤʫʣʷʮʽʾ ʪʢʘʥʠʥ ʽ ʦʨʛʘʥʽʚ. ʎʝʡ ʪʠʧ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ 

ʬʽʟʽʦʪʝʨʘʧʽʾ ʜʣʷ ʧʨʠʩʢʦʨʝʥʥʷ ʟʘʛʦʻʥʥʷ ʨʘʥ ʪʘ ʽʥʰʠʭ ʧʦʨʫʰʝʥʴ. 
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ɼʦʩʣʽʜʞʝʥʥʷ ʤʝʭʘʥʽʟʤʫ ʙʽʦʣʦʛʽʯʥʦʾ ʜʽʾ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʩʧʨʷʤʦʚʘʥʽ ʥʘ 

ʚʠʚʯʝʥʥʷ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʨʠ ʦʧʨʦʤʽʥʝʥʥʽ, ʚʢʣʶʯʘʶʯʠ ʢʦʘʛʫʣʷʮʽʶ, 

ʨʦʟʩʽʯʝʥʥʷ ʪʘ ʙʽʦʩʪʠʤʫʣʷʮʽʶ. ɺʠʧʨʦʤʽʥʶʚʘʥʥʷ ʫ ʚʠʜʠʤʦʤʫ ʩʧʝʢʪʨʽ ʪʘʢʦʞ ʤʦʞʝ 

ʩʪʠʤʫʣʶʚʘʪʠ ʬʦʪʦʭʽʤʽʯʥʽ ʨʝʘʢʮʽʾ, ʷʢʽ ʩʧʨʠʷʶʪʴ ʟʘʛʦʻʥʥʶ ʨʘʥ ʪʘ ʽʥʰʠʭ ʧʦʨʫʰʝʥʴ. 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʚ ʮʠʭ ʥʘʧʨʷʤʢʘʭ ʜʦʧʦʤʦʞʫʪʴ ʢʨʘʱʝ ʨʦʟʫʤʽʪʠ ʜʽʶ ʣʘʟʝʨʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʽ ʩʧʨʠʷʪʠʤʫʪʴ ʡʦʛʦ ʝʬʝʢʪʠʚʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʶ ʚ ʢʣʽʥʽʯʥʽʡ 

ʧʨʘʢʪʠʮʽ. ʇʨʠ ʨʽʟʥʠʭ ʨʽʚʥʷʭ ʧʦʪʫʞʥʦʩʪʽ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʤʦʞʫʪʴ 

ʩʧʦʩʪʝʨʽʛʘʪʠʩʴ ʨʽʟʥʽ ʝʬʝʢʪʠ, ʚʽʜ ʢʦʘʛʫʣʷʮʽʾ ʜʦ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʙʽʦʪʢʘʥʠʥ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʽʤʧʫʣʴʩʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʙʽʦʣʦʛʽʯʥʽ 

ʦʙ'ʻʢʪʠ ʻ ʩʢʣʘʜʥʠʤ ʟʘʚʜʘʥʥʷʤ, ʦʩʢʽʣʴʢʠ ʚʟʘʻʤʦʜʽʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ ʞʠʚʦʶ 

ʪʢʘʥʠʥʦʶ ʤʘʻ ʚʠʙʫʭʦʚʠʡ ʭʘʨʘʢʪʝʨ ʽ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʷʢ ʪʝʧʣʦʚʠʤʠ (ʢʦʘʛʫʣʷʮʽʷ, 

ʚʠʧʘʨʦʚʫʚʘʥʥʷ), ʪʘʢ ʽ ʤʝʭʘʥʽʯʥʠʤʠ ʝʬʝʢʪʘʤʠ ʫʪʚʦʨʝʥʥʷ ʭʚʠʣʴ ʩʪʠʩʥʝʥʥʷ ʪʘ 

ʨʦʟʨʽʜʞʝʥʥʷ, ʱʦ ʧʦʰʠʨʶʶʪʴʩʷ ʫ ʛʣʠʙʠʥʫ ʪʢʘʥʠʥʠ. ʇʨʠ ʚʠʩʦʢʽʡ ʱʽʣʴʥʦʩʪʽ 

ʧʦʪʫʞʥʦʩʪʽ ʤʦʞʣʠʚʘ ʽʦʥʽʟʘʮʽʷ ʘʪʦʤʽʚ ʙʽʦʪʢʘʥʠʥʠ. 

 

ʈʽʟʥʽ ʧʘʨʘʤʝʪʨʠ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʧʣʠʚʘʶʪʴ ʥʘ ʤʝʭʘʥʽʟʤ ʽ ʨʝʟʫʣʴʪʘʪʠ 

ʚʟʘʻʤʦʜʽʾ ʟ ʙʽʦʣʦʛʽʯʥʠʤʠ ʪʢʘʥʠʥʘʤʠ, ʱʦ ʨʦʙʠʪʴ ʣʘʟʝʨʠ ʚʘʞʣʠʚʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʫ 

ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʤʝʜʠʮʠʥʠ, ʪʘʢʠʭ ʷʢ ʭʽʨʫʨʛʽʷ, ʦʥʢʦʣʦʛʽʷ, ʦʬʪʘʣʴʤʦʣʦʛʽʷ, ʪʝʨʘʧʽʷ, 

ʛʽʥʝʢʦʣʦʛʽʷ, ʫʨʦʣʦʛʽʷ, ʥʝʡʨʦʭʽʨʫʨʛʽʷ ʪʘ ʜʣʷ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʧʨʦʮʝʜʫʨ. 

 

ɺ ʭʽʨʫʨʛʽʾ ʣʘʟʝʨʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʫʥʽʚʝʨʩʘʣʴʥʠʡ 

ʩʢʘʣʴʧʝʣʴ ʟ ʢʨʘʱʠʤʠ ʨʽʞʫʯʠʤʠ ʪʘ ʛʝʤʦʩʪʘʪʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʧʦʨʽʚʥʷʥʦ ʟ 

ʝʣʝʢʪʨʦʥʦʞʝʤ. ɺʟʘʻʤʦʜʽʷ ʣʘʟʝʨʥʦʛʦ ʩʢʘʣʴʧʝʣʷ ʟ ʙʽʦʪʢʘʥʠʥʘʤʠ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʪʘʢʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ: ʚʽʜʩʫʪʥʽʩʪʴ ʧʨʷʤʦʛʦ ʢʦʥʪʘʢʪʫ ʟ ʪʢʘʥʠʥʦʶ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʫʥʠʢʥʫʪʠ ʽʥʬʽʢʫʚʘʥʥʷ; ʛʝʤʦʩʪʘʪʠʯʥʠʡ ʝʬʝʢʪ, ʟʫʧʠʥʝʥʥʷ ʢʨʦʚʦʪʝʯʽ; ʩʪʝʨʠʣʽʟʘʮʽʷ ʨʘʥ, 

ʟʘʧʦʙʽʛʘʥʥʷ ʧʽʩʣʷʦʧʝʨʘʮʽʡʥʠʤ ʫʩʢʣʘʜʥʝʥʥʷʤ; ʤʦʞʣʠʚʽʩʪʴ ʢʝʨʫʚʘʪʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʨʽʟʥʠʭ ʝʬʝʢʪʽʚ; ʤʽʥʽʤʘʣʴʥʠʡ ʚʧʣʠʚ ʥʘ ʧʨʠʣʝʛʣʽ 

ʪʢʘʥʠʥʠ. 
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ʋ ʟʚ'ʷʟʢʫ ʟ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʶ ʧʨʦʙʣʝʤ ʫ ʭʽʨʫʨʛʽʾ, ʥʝʦʙʭʽʜʥʦ ʜʦʢʣʘʜʥʽʰʝ ʚʠʚʯʠʪʠ 

ʤʦʞʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʣʘʟʝʨʽʚ ʟ ʨʽʟʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʪʘ ʨʝʞʠʤʘʤʠ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

 

1.4 ʆʧʪʠʯʥʽ ʽ ʪʝʧʣʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʙʽʦʪʢʘʥʠʥ 

 

ɹʽʦʣʦʛʽʯʥʘ ʪʢʘʥʠʥʘ ̒  ʦʧʪʠʯʥʦ ʥʝʦʜʥʦʨʽʜʥʠʤ ʧʦʛʣʠʥʘʶʯʠʤ ʩʝʨʝʜʦʚʠʱʝʤ ʟ ʚʠʱʠʤ 

ʩʝʨʝʜʥʽʤ ʧʦʢʘʟʥʠʢʦʤ ʟʘʣʦʤʣʝʥʥʷ, ʥʽʞ ʧʦʚʽʪʨʷ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʯʘʩʪʠʥʘ ʧʘʜʘʶʯʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʽʜʙʠʚʘʻʪʴʩʷ ʥʘ ʤʝʞʽ ʨʦʟʜʽʣʫ ʤʽʞ ʙʽʦʣʦʛʽʯʥʦʶ ʪʢʘʥʠʥʦʶ ̔  ʧʦʚʽʪʨʷʤ 

(ʚʽʜʙʠʪʪʷ ʌʨʝʥʝʣʷ), ʚ ʪʦʡ ʯʘʩ ʷʢ ʽʥʰʘ ʯʘʩʪʠʥʘ ʧʨʦʥʠʢʘʻ ʚʛʣʠʙ ʙʽʦʣʦʛʽʯʥʦʾ ʪʢʘʥʠʥʠ. 

ɹʘʛʘʪʦʨʘʟʦʚʝ ʨʦʟʩʽʶʚʘʥʥʷ ʽ ʧʦʛʣʠʥʘʥʥʷ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʨʦʟʰʠʨʝʥʥʷ ʣʘʟʝʨʥʦʛʦ 

ʧʨʦʤʝʥʷ, ʱʦ ʧʦʰʠʨʶʻʪʴʩʷ ʚ ʙʽʦʣʦʛʽʯʥʽʡ ʪʢʘʥʠʥʽ, ʽ ʡʦʛʦ ʦʩʣʘʙʣʝʥʥʷ, ʚ ʪʦʡ ʯʘʩ ʷʢ 

ʦʙ'ʻʤʥʝ ʨʦʟʩʽʶʚʘʥʥʷ ʻ ʦʩʥʦʚʥʦʶ ʧʨʠʯʠʥʦʶ ʟʥʘʯʥʦʾ ʜʠʬʫʟʥʦʾ ʩʢʣʘʜʦʚʦʾ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʟʚʦʨʦʪʥʦʤʫ ʥʘʧʨʷʤʢʫ. ʇʦʰʠʨʝʥʥʷ ʩʚʽʪʣʘ ʚ ʙʽʦʣʦʛʽʯʥʽʡ ʪʢʘʥʠʥʽ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʦʟʩʽʶʚʘʥʥʷ ʽ ʧʦʛʣʠʥʘʥʥʷ ʾʾ ʩʢʣʘʜʦʚʠʭ ʢʣʽʪʠʥ, ʦʨʛʘʥʝʣ ʽ 

ʨʽʟʥʠʭ ʚʦʣʦʢʥʠʩʪʠʭ ʩʪʨʫʢʪʫʨ. ʈʦʟʤʽʨ, ʬʦʨʤʘ ʽ ʱʽʣʴʥʽʩʪʴ ʮʠʭ ʩʪʨʫʢʪʫʨ, ʾʭʥʽʡ 

ʧʦʢʘʟʥʠʢ ʟʘʣʦʤʣʝʥʥʷ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʤʘʪʝʨʽʘʣʫ ʽ ʧʦʣʷʨʠʟʘʮʽʷ 

ʧʘʜʘʶʯʦʛʦ ʩʚʽʪʣʘ ʚʽʜʽʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʧʦʰʠʨʝʥʥʽ ʩʚʽʪʣʘ ʚ ʙʽʦʣʦʛʽʯʥʽʡ ʪʢʘʥʠʥʽ. 

[12] 

ɿ ʦʧʪʠʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ, ʙʽʦʣʦʛʽʯʥʽ ʪʢʘʥʠʥʠ (ʚʢʣʶʯʘʶʯʠ ʙʽʦʣʦʛʽʯʥʽ ʨʽʜʠʥʠ, ʪʘʢʽ ʷʢ 

ʢʨʦʚ ʽ ʣʽʤʬʘʪʠʯʥʘ ʨʽʜʠʥʘ) ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʚʘ ʚʝʣʠʢʽ ʢʣʘʩʠ 

1. ʩʠʣʴʥʦ ʨʦʟʩʽʶʶʯʽ, ʪʘʢʽ ʷʢ ʰʢʽʨʘ, ʤʦʟʦʢ, ʩʪʽʥʢʠ ʩʫʜʠʥ ʽ ʢʨʦʚ, ʦʧʪʠʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʷʢʠʭ ʜʦʩʠʪʴ ʜʦʙʨʝ ʦʧʠʩʫʶʪʴʩʷ ʤʦʜʝʣʣʶ ʙʘʛʘʪʦʨʘʟʦʚʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ 

ʩʢʘʣʷʨʥʠʭ ʭʚʠʣʴ ʫ ʚʠʧʘʜʢʦʚʦʤʫ, ʥʝʦʜʥʦʨʽʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʟ ʧʦʛʣʠʥʘʥʥʷʤ. 

2. ʩʣʘʙʢʦ ʨʦʟʩʽʶʶʯʽ ʦʙ'ʻʢʪʠ, ʥʘʧʨʠʢʣʘʜ, ʧʝʨʝʜʥʽ ʦʯʥʽ ʪʢʘʥʠʥʠ ʦʢʘ (ʨʦʛʽʚʢʘ, 

ʢʨʠʰʪʘʣʠʢ). ʁʦʛʦ ʦʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʧʠʩʫʶʪʴʩʷ ʤʦʜʝʣʣʶ ʦʜʥʦʢʨʘʪʥʦʛʦ 

ʨʦʟʩʽʶʚʘʥʥʷ ʚ ʫʧʦʨʷʜʢʦʚʘʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʟ ʱʽʣʴʥʦʶ ʫʧʘʢʦʚʢʦʶ ʨʦʟʩʽʶʚʘʯʽʚ, 

ʚʢʣʶʯʘʶʯʠ ʧʦʛʣʠʥʘʶʯʽ ʮʝʥʪʨʠ. [11] 

3. ʧʨʠ ʧʘʜʽʥʥʽ ʣʘʟʝʨʥʦʛʦ ʧʨʦʤʝʥʷ ʥʘ ʧʦʚʝʨʭʥʶ ʙʽʦʣʦʛʽʯʥʦʾ ʪʢʘʥʠʥʠ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚʽʜʙʠʪʪʷ, ʧʦʛʣʠʥʘʥʥʷ, ʨʦʟʩʽʶʚʘʥʥʷ ʽ ʧʨʦʧʫʩʢʘʥʥʷ. ʈʦʟʛʣʷʥʝʤʦ 

ʧʘʜʽʥʥʷ ʥʘ ʧʦʚʝʨʭʥʶ ʰʢʽʨʠ ʷʢ ʧʨʠʢʣʘʜ. ʐʢʽʨʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʨʦʛʦʚʦʛʦ ʰʘʨʫ 
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(ʪʦʚʱʠʥʦʶ 10-200 ʤʢʤ), ʝʧʽʜʝʨʤʽʩʫ (40-150 ʤʢʤ) ʽ ʜʝʨʤʠ (1000-4000 ʤʢʤ). ɿʘʟʚʠʯʘʡ 

ʥʝʚʝʣʠʢʘ ʯʘʩʪʠʥʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʽʜʙʠʚʘʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʽʜ ʧʦʚʝʨʭʥʽ. 

ɺʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʨʦʥʠʢʘʻ ʚ ʨʦʛʦʚʠʡ ʰʘʨ, ʯʘʩʪʢʦʚʦ ʧʦʛʣʠʥʘʻʪʴʩʷ (ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʟʘʢʦʥʫ ʃʘʤʙʝʨʪʘ-ɹʝʛʝʨʘ [9]), ʯʘʩʪʢʦʚʦ ʨʦʟʩʽʶʻʪʴʩʷ ʽ (ʷʢʱʦ ʛʣʠʙʠʥʘ ʧʨʦʥʠʢʥʝʥʥʷ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʦʩʪʘʪʥʷ) ʯʘʩʪʢʦʚʦ ʧʝʨʝʭʦʜʠʪʴ ʚ ʝʧʽʜʝʨʤʽʩ. ɺ ʝʧʽʜʝʨʤʽʩʽ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘʢʦʞ ʯʘʩʪʢʦʚʦ ʧʦʛʣʠʥʘʻʪʴʩʷ, ʯʘʩʪʢʦʚʦ ʨʦʟʩʽʶʻʪʴʩʷ ʽ ʯʘʩʪʢʦʚʦ 

ʧʝʨʝʜʘʻʪʴʩʷ ʚ ʜʝʨʤʫ. ʋ ʜʝʨʤʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘʢʦʞ ʯʘʩʪʢʦʚʦ ʧʦʛʣʠʥʘʻʪʴʩʷ ʽ 

ʯʘʩʪʢʦʚʦ ʨʦʟʩʽʶʻʪʴʩʷ. ʏʘʩʪʠʥʘ ʨʦʟʩʽʷʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʠʭʦʜʠʪʴ ʥʘʜ ʧʦʚʝʨʭʥʝʶ 

ʰʢʽʨʠ ʽ ʫʪʚʦʨʶʻ ʜʠʬʫʟʥʝ ʚʽʜʙʠʪʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 1.3. 

ɿʘʣʝʞʥʦ ʚʽʜ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʧʘʜʘʶʯʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʜʦ 60% ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʚʽʜʙʠʚʘʻʪʴʩʷ. ʈʦʟʩʽʶʚʘʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʙʽʦʣʦʛʽʯʥʽʡ ʪʢʘʥʠʥʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ 

ʪʝ, ʱʦ ʩʪʨʫʢʪʫʨʘ ʙʽʦʣʦʛʽʯʥʦʾ ʪʢʘʥʠʥʠ ʻ ʥʝʦʜʥʦʨʽʜʥʦʶ ʽ ʧʦʨʠʩʪʦʶ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʧʦʢʘʟʥʠʢʦʤ ʟʘʣʦʤʣʝʥʥʷ, ʷʢʠʡ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ ʢʣʽʪʠʥʠ ʜʦ ʢʣʽʪʠʥʠ ʽ ʚʽʜ ʢʣʽʪʠʥʠ ʜʦ 

ʩʝʨʝʜʦʚʠʱʘ. ɺ ʋʌ-ʦʙʣʘʩʪʽ ʧʦʛʣʠʥʘʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʤʽʩʪʦʤ ʙʽʣʢʘ, ʘ ʚ ɯʏ-ʦʙʣʘʩʪʽ - 

ʚʤʽʩʪʦʤ ʚʦʜʠ. ʇʦʛʣʠʥʘʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʤʘʢʨʦʤʦʣʝʢʫʣʘʤʠ, ʪʘʢʠʤʠ ʷʢ 

ʛʝʤʦʧʨʦʪʝʾʥʠ, ʧʽʛʤʝʥʪʠ ʽ ʥʫʢʣʝʾʥʦʚʽ ʢʠʩʣʦʪʠ, ʪʘʢʦʞ ʩʠʣʴʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʦʚʞʠʥʠ 

ʭʚʠʣʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɹʽʣʴʰʽʩʪʴ ʦʨʛʘʥʽʯʥʠʭ ʤʦʣʝʢʫʣ, ʘ ʪʘʢʦʞ ʙʽʣʢʠ ʽʥʪʝʥʩʠʚʥʦ 

ʧʦʛʣʠʥʘʶʪʴ ʋʌ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʅʘʩʠʯʝʥʠʡ ʢʠʩʥʝʤ ʛʝʤʦʛʣʦʙʽʥ ʽʥʪʝʥʩʠʚʥʦ 

ʧʦʛʣʠʥʘʻ ʋʌ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ ʜʦ 600 ʥʤ, ʚʢʣʶʯʘʶʯʠ ʟʝʣʝʥʫ ʽ 

ʞʦʚʪʫ ʦʙʣʘʩʪʽ ʚʠʜʠʤʦʛʦ ʜʽʘʧʘʟʦʥʫ ʩʚʽʪʣʘ. ʄʝʣʘʥʽʥ, ʥʘʡʚʘʞʣʠʚʽʰʠʡ ʭʨʦʤʦʬʦʨ 

ʝʧʽʜʝʨʤʽʩʫ, ʪʘʢʦʞ ʧʦʛʣʠʥʘʻ ʚʩʶ ʦʙʣʘʩʪʴ ʚʠʜʠʤʦʛʦ ʩʚʽʪʣʘ. [2] 
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ʈʠʩʫʥʦʢ 1.4.1 ï ʇʝʨʝʨʦʟʧʦʜʽʣ ʝʥʝʨʛʽʾ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʨʠ 

ʧʨʦʭʦʜʞʝʥʥʽ ʯʝʨʝʟ ʰʢʽʨʫ. 

 

ʈʦʟʩʽʶʚʘʥʥʷ ʩʚʽʪʣʘ ʚʽʜʙʫʚʘʻʪʴʩʷ, ʢʦʣʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʭʚʠʣʽ ʚʠʜʠʤʦʛʦ ʜʽʘʧʘʟʦʥʫ 

ʚʟʘʻʤʦʜʽʶʪʴ ʟ ʨʝʯʦʚʠʥʦʶ. ʇʽʜ ʯʘʩ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʤʽʥʘ ʧʨʦʩʪʦʨʦʚʦʛʦ 

ʨʦʟʧʦʜʽʣʫ, ʯʘʩʪʦʪʠ, ʧʦʣʷʨʠʟʘʮʽʾ ʪʘ ʢʫʪʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʩʚʽʪʣʦʚʦʛʦ ʧʦʪʦʢʫ.  

ɹʽʦʣʦʛʽʯʥʠʤ ʩʪʨʫʢʪʫʨʘʤ  ʥʘʡʙʽʣʴʰ ʭʘʨʘʢʪʝʨʥʽ ʪʘʢʽ ʚʠʜʠ ʨʦʟʩʽʶʚʘʥʥʷ 

ʇʦʟʥʘʯʠʤʦ ʨʦʟʤʽʨ ʯʘʩʪʠʥʢʠ ʥʘ ʷʢʽʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʦʟʩʽʶʚʘʥʥʷ - a, ʯʘʩʪʦʪʘ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ - , ʜʦʚʞʠʥʘ ʭʚʠʣʽ - 

1) ʈʝʣʝʾʚʩʴʢʝ: a<<, I4 

2) ʊʠʥʘʣʽʚʩʴʢʝ: a<, I4é1 

3) ʄʽ ʨʦʟʩʽʶʚʘʥʥʷ: a> 

4) ʈʝʬʨʘʢʮʽʡʥʽ ʩʪʨʫʢʪʫʨʠ a>> 

ʂʦʝʬʽʮʽʻʥʪ ʨʦʟʩʽʶʚʘʥʥʷ ïʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʨʦʟʩʽʶʚʘʥʥʷ ʥʘ ʦʜʠʥʠʮʶ 

ʦʙôʻʤʫ ʩʝʨʝʜʦʚʠʱʘ :  =s , ʜʝ s-ʧʦʧʝʨʝʯʥʠʡ ʧʝʨʝʨʽʟ ʨʦʟʩʽʶʚʘʥʥʷ 

-ʯʠʩʣʦʚʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʦʟʩʽʶʚʘʯʽʚ. 

ʉʝʨʝʜʥʷ ʜʦʚʞʠʥʘ ʚʽʣʴʥʦʛʦ ʧʨʦʙʽʛʫ ʨʦʟʩʽʶʚʘʥʥʷ ïʩʝʨʝʜʥʷ ʚʽʜʩʪʘʥʴ ʧʨʦʣʴʦʪʫ 

ʬʦʪʦʥʘʤʠ ʤʽʞ ʧʦʩʣʽʜʦʚʥʠʤʠ ʘʢʪʘʤʠ ʨʦʟʩʽʶʚʘʥʥʷ 
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ɿʘʢʦʥ ɹʫʛʝʨʘ-ʃʘʤʙʝʨʪʘ-ɹʝʨʘ ʚʠʟʥʘʯʘʻ, ʱʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʚʽʪʣʘ, ʱʦ ʧʨʦʭʦʜʠʪʴ 

ʯʝʨʝʟ ʨʦʟʯʠʥ ʙʽʦʤʘʢʨʦʤʦʣʝʢʫʣ, ʟʤʝʥʰʫʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʨʦʟʩʽʶʚʘʥʥʷ ʩʚʽʪʣʘ. ʎʝ 

ʟʤʝʥʰʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʦʧʪʠʯʥʦʾ ʛʫʩʪʠʥʠ (D), ʤʫʪʥʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ 

(Ű) ʽ ʜʦʚʞʠʥʠ ʦʧʪʠʯʥʦʛʦ ʰʣʷʭʫ (l).  
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ɯʥʜʠʢʘʪʨʠʩʘ ʨʦʟʩʽʶʚʘʥʥʷ ï ʢʨʠʚʘ, ʛʨʘʬʽʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ̔ ʥʪʝʥʩʠʚʥʦʩʪʽ 

ʨʦʟʩʽʶʚʘʥʥʷ ʚʽʜ ʢʫʪʘ ʨʦʟʩʽʶʚʘʥʥʷ.  

 

1) ʇʨʫʞʥʝ(ʈʝʣʻʻʚʩʴʢʝ) ʨʦʟʩʽʶʚʘʥʥʷ.ʈʝʣʻʡ ʧʦʢʘʟʘʚ ʟʘʣʝʞʥʽʩʪʴ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʩʚʽʪʣʘ IŪ, ʷʢʝ ʨʦʟʩʽʶʻʪʴʩʷ, ʚʽʜ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʘʜʘʶʯʦʛʦ ʩʚʽʪʣʘ ʪʘ ʚʽʜ ʢʫʪʘ Ū, ʟ ʷʢʦʛʦ 

ʩʧʦʩʪʝʨʽʛʘʶʪʴ ʧʦʪʽʢ ʩʚʽʪʣʘ.  
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2) ɽʬʝʢʪ ʊʽʥʜʘʣʷ ʚʠʥʠʢʘʻ, ʢʦʣʠ ʩʚʽʪʣʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʩʝʨʝʜʦʚʠʱʝ ʟ 

ʥʝʨʽʚʥʦʤʽʨʥʦʶ ʦʧʪʠʯʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʽ ʧʦʰʠʨʶʻʪʴʩʷ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʚʦʥʦ 

ʨʦʟʩʽʶʻʪʴʩʷ ʽ ʩʪʘʻ ʚʠʜʠʤʠʤ. ʗʢʱʦ ʩʧʦʩʪʝʨʽʛʘʪʠ ʜʠʩʧʝʨʩʥʫ ʩʠʩʪʝʤʫ ʧʽʜ ʩʧʝʮʠʬʽʯʥʠʤ 

ʢʫʪʦʤ (ʟʘʟʚʠʯʘʡ 90Á) ʜʦ ʥʘʧʨʷʤʢʫ ʧʨʦʧʫʩʢʘʥʥʷ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʧʫʯʢʘ ʩʚʽʪʣʘ ʯʝʨʝʟ ʮʶ 

ʩʠʩʪʝʤʫ, ʤʦʞʥʘ ʧʦʤʽʪʠʪʠ ʷʩʢʨʘʚʠʡ ʢʦʥʫʩ ʥʘ ʪʝʤʥʦʤʫ ʬʦʥʽ, ʷʢʠʡ ʥʘʟʠʚʘʻʪʴʩʷ 

ʢʦʥʫʩʦʤ ʊʽʥʜʘʣʷ. ʎʝʡ ʬʝʥʦʤʝʥ ʻ ʪʠʧʦʚʠʤ ʜʣʷ ʨʦʟʯʠʥʽʚ ʢʦʣʦʾʜʥʠʭ ʩʠʩʪʝʤ, ʪʘʢʠʭ ʷʢ 

ʤʝʪʘʣʝʚʽ ʟʦʣʽ, ʨʦʟʚʝʜʝʥʽ ʣʘʪʝʢʩʠ, ʪʶʪʶʥʦʚʠʡ ʜʠʤ, ʜʝ ʯʘʩʪʠʥʢʠ ʽ ʦʪʦʯʫʶʯʝ 

ʩʝʨʝʜʦʚʠʱʝ ʤʘʶʪʴ ʨʽʟʥʽ ʧʦʢʘʟʥʠʢʠ ʟʘʣʦʤʣʝʥʥʷ. ɽʬʝʢʪ ʊʽʥʜʘʣʷ ʣʝʞʠʪʴ ʚ ʦʩʥʦʚʽ 

ʙʘʛʘʪʴʦʭ ʦʧʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʨʦʟʤʽʨʽʚ, ʬʦʨʤʠ ʽ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʢʦʣʦʾʜʥʠʭ ʯʘʩʪʠʥʦʢ ʽ ʤʘʢʨʦʤʦʣʝʢʫʣ. ʂʨʽʤ ʪʦʛʦ, ʮʝ ʷʚʠʱʝ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ 

ʙʽʦʤʽʢʨʦʩʢʦʧʽʾ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʦʢʘ. 

3) ʈʦʟʩʽʶʚʘʥʥʷ ʄʽ - ʮʝ ʬʝʥʦʤʝʥ, ʧʨʠ ʷʢʦʤʫ ʩʚʽʪʣʦ ʨʦʟʩʽʶʻʪʴʩʷ ʥʘ ʦʧʪʠʯʥʠʭ 

ʥʝʦʜʥʦʨʽʜʥʦʩʪʷʭ, ʨʦʟʤʽʨʠ ʷʢʠʭ ʧʦʨʽʚʥʷʥʽ ʟ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ ʚʠʜʠʤʦʛʦ ʩʚʽʪʣʘ 

(ʧʨʠʙʣʠʟʥʦ 0,5 ʤʢʤ). ʄʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʮʝ ʷʚʠʱʝ ʷʢ ʜʠʬʨʘʢʮʽʶ ʧʣʦʩʢʦʾ ʭʚʠʣʽ ʥʘ 

ʦʜʥʦʨʽʜʥʠʭ ʩʬʝʨʘʭ, ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ ʫ ʚʠʧʘʜʢʦʚʦʤʫ ʧʦʨʷʜʢʫ ʚ ʦʜʥʦʨʽʜʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ ʪʘ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʠʭ ʚʽʜʩʪʘʥʷʭ ʦʜʥʘ ʚʽʜ ʦʜʥʦʾ, ʧʦʨʽʚʥʷʥʦ 

ʟ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ.ʆʩʥʦʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʮʴʦʛʦ ʷʚʠʱʘ: 

 - ʈʦʟʩʽʶʚʘʥʥʷ ʚʧʝʨʝʜ - ʙʽʣʴʰʝ; 

 - ɯʟ ʟʨʦʩʪʘʥʥʷʤ ʨʦʟʤʽʨʫ ʯʘʩʪʦʢ ʚʠʥʠʢʘʻ ʧʦʨʽʟʘʥʽʩʪʴ ʽʥʜʠʢʘʪʨʠʩʠ 

ʇʦʛʣʠʥʘʥʥʷ - ʮʝ ʧʨʦʮʝʩ ʟʤʝʥʰʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʦʧʪʠʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 
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ʧʨʠ ʧʨʦʭʦʜʞʝʥʥʽ ʯʝʨʝʟ ʷʢʝ-ʥʝʙʫʜʴ ʩʝʨʝʜʦʚʠʱʝ ʟʘ ʨʘʭʫʥʦʢ ʚʟʘʻʤʦʜʽʾ ʟ 

ʤʦʣʝʢʫʣʘʤʠ ʨʝʯʦʚʠʥʠ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʷʢʦʛʦ ʩʚʽʪʣʦʚʘ ʝʥʝʨʛʽʷ ʧʝʨʝʭʦʜʠʪʴ ʚ ʽʥʰʽ ʚʠʜʠ 

ʝʥʝʨʛʽʾ ʘʙʦ ʚ ʦʧʪʠʯʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʽʥʰʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʢʣʘʜʫ. 

-ʇʝʨʝʭʽʜ ʤʦʣʝʢʫʣʠ ʘʙʦ ʘʪʦʤʘ ʟ ʥʠʞʯʦʛʦ ʥʘ ʙʽʣʴʰ ʚʠʩʦʢʠʡ ʝʥʝʨʛʝʪʠʯʥʠʡ ʨʽʚʝʥʴ 

ʥʘʟʠʚʘʻʪʴʩʷ ʟʙʫʜʞʝʥʥʷʤ ʽ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʦʛʣʠʥʘʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʝʥʝʨʛʽʾ ʬʦʪʦʥʘ, 

ʨʽʚʥʦʛʦ ʨʽʟʥʠʮʽ ʝʥʝʨʛʽʡ ʤʽʞ ʜʚʦʤʘ ʨʽʚʥʷʤʠ: 

 

h=E 

 

-ʇʝʨʝʭʽʜ ʟ ʙʽʣʴʰ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʥʘ ʙʽʣʴʰ ʥʠʟʴʢʠʡ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʚʽʣʴʥʝʥʥʷʤ 

ʝʥʝʨʛʽʾ, ʨʽʚʥʦʾ ʨʽʟʥʠʮʽ ʝʥʝʨʛʽʡ ʤʽʞ ʜʚʦʤʘ ʨʽʚʥʷʤʠ, ʻ 

ʙʝʟʚʠʧʨʦʤʽʥʶʚʘʣʴʥʠʡ (ʥʘʛʨʽʚʘʥʥʷ)  ʪʘ / ʘʙʦ ʚʠʧʨʦʤʽʥʶʚʘʣʴʥʠʡ (ʣʶʤʽʥʝʩʮʝʥʮʽʷ). 

ɿ ʢʚʘʥʪʦʚʦʾ ʪʦʯʢʠ ʟʦʨʫ ʬʦʪʦʥʠ ʧʦʛʣʠʥʘʶʪʴʩʷ ʘʪʦʤʘʤʠ ʽ ʤʦʣʝʢʫʣʘʤʠ ʟʘ 

ʩʧʝʮʽʘʣʴʥʠʤʠ ʧʝʨʝʭʦʜʘʤʠ, ʽ ʝʥʝʨʛʽʷ ʬʦʪʦʥʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʾʭ 

ʚʥʫʪʨʽʰʥʽʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʪʘʥʽʚ 

Å ʆʙʣʘʩʪʽ ʩʧʝʢʪʨʘ, ʜʝ ʮʝ ʷʚʠʱʝ ʚʠʥʠʢʘʻ, ʥʘʟʠʚʘʶʪʴʩʷ ʩʤʫʛʘʤʠ ʧʦʛʣʠʥʘʥʥʷ 

 ʊʨʠ ʦʩʥʦʚʥʠʭ ʪʠʧʠ ʧʨʦʮʝʩʽʚ ʧʦʛʣʠʥʘʥʥʷ: 

Å ɽʣʝʢʪʨʦʥʥʠʡ (ʘʪʦʤʠ, ʤʦʣʝʢʫʣʠ) 

Å ʂʦʣʠʚʘʣʴʥʠʡ (ʤʦʣʝʢʫʣʠ) 

Å ʆʙʝʨʪʘʣʴʥʠʡ (ʤʦʣʝʢʫʣʠ) 

ʇʦʛʣʠʥʘʥʥʷ ʦʙʫʤʦʚʣʝʥʝ : 

1. ɽʣʝʢʪʨʦʥʥʽ ʧʝʨʝʭʦʜʠ(ʋʌ) 

2. ɼʠʩʦʮʽʘʮʽʷ(ʋʌ) 

3. ʇʝʨʝʭʦʜʠ ʤʽʞ ʢʦʣʠʚʘʣʴʥʠʤʠ ʽ ʦʙʝʨʪʘʣʴʥʠʤʠ ʨʫʭʘʤʠ(ɯʏ) 

4. ʈʫʭʠ ʤʘʢʨʦʤʦʣʝʢʫʣ(ʨʘʜʽʦ) 

5. ɽʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ(ʨʘʜʽʦ) 

6. ʆʙʝʨʪʘʥʥʷ ʜʠʧʦʣʽʚ(ʨʘʜʽʦ) 

ʇʦʛʣʠʥʘʥʥʷ ʧʦʯʠʥʘʻʪʴʩʷ ʧʨʠ  ʤʝʥʰʝ 1ʩʤ. ʇʨʠ  > 1ʩʤ ʧʦʛʣʠʥʘʥʥʷ ʜʫʞʝ ʩʣʘʙʢʝ. 

ɿʘʢʦʥ ɹʫʨʛʝʨʘ-ʃʘʤʙʝʨʪʘ-ɹʝʨʘ 

 

I = I0 exp[-Õx], 
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ʜʝ Õ-ʢʦʝʬʽʮʽʻʥʪ ʝʢʩʪʠʥʮʽʾ (ʟʘʪʫʭʘʥʥʷ) Õ=ʢ(ʧʦʛʣʠʥʘʥʥʷ)+(ʨʦʟʩʽʶʚʘʥʥʷ) 

 

 

ʈʠʩʫʥʦʢ 1.4.2 ï ɻʨʘʬʽʢʠ ʧʽʢʽʚ ʧʦʛʣʠʥʘʥʥʷ ʚʠʧʨʦʤʽʥʝʥʥʷ ʚʦʜʠ ʽ ʙʽʦʪʢʘʥʠʥ. 

 

ɼʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʘʟʝʨʽʚ ʚ ʤʝʜʠʮʠʥʽ ʪʘ ʨʦʟʰʠʨʝʥʥʷ ʾʭʥʴʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ, ʚʘʞʣʠʚʠʤ ʻ ʚʠʚʯʝʥʥʷ ʩʧʝʢʪʨʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʛʣʠʥʘʥʥʷ 

ʪʢʘʥʠʥ. ʎʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʦʟʚʦʣʷʶʪʴ ʧʝʨʝʜʙʘʯʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 
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ʨʽʟʥʠʭ ʪʠʧʽʚ ʣʘʟʝʨʽʚ ʽ ʚʠʙʨʘʪʠ ʥʘʡʦʧʪʠʤʘʣʴʥʽʰʠʡ. ʅʘʧʨʠʢʣʘʜ, ʣʘʟʝʨʠ Ar, ʣʘʟʝʨʠ ʥʘ 

ʙʘʨʚʥʠʢʘʭ, Nd:YAG ʽ Nd:YAG ʟ ʧʦʜʚʦʻʥʥʷʤ ʯʘʩʪʦʪʠ ʚʧʣʠʚʘʶʪʴ ʧʝʨʝʚʘʞʥʦ ʥʘ 

ʛʝʤʦʛʣʦʙʽʥ, ʤʝʣʘʥʽʥ ʪʘ ʽʥʰʽ ʦʨʛʘʥʽʯʥʽ ʨʝʯʦʚʠʥʠ, ʱʦ ʩʧʨʠʷʻ ʜʦʩʷʛʥʝʥʥʶ 

ʢʦʘʛʫʣʷʮʽʡʥʦʛʦ ʝʬʝʢʪʫ. ʃʘʟʝʨʠ CO2 ʽ Er:YAG (ʟ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ ɚ = 2,9 ʤʢʤ), 

ʟʘʚʜʷʢʠ ʚʠʩʦʢʦʤʫ ʧʦʛʣʠʥʘʥʥʶ ʾʭʥʴʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʦʜʦʶ, ʻ ʙʽʣʴʰ 

ʧʽʜʭʦʜʷʱʠʤʠ ʜʣʷ ʨʦʟʩʽʯʝʥʥʷ ʪʢʘʥʠʥ. 

 

ʇʽʜ ʯʘʩ ʚʧʣʠʚʫ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʧʦʚʝʨʭʥʶ ʦʙʨʦʙʣʶʚʘʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʛʣʠʥʘʥʥʷ ʩʚʽʪʣʘ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʝʢʩʧʦʥʝʥʮʽʡʥʦʤʫ ʟʘʢʦʥʫ 

ɹʫʛʝʨʘ-ʃʘʤʙʝʨʪʘ. 

 

-  

 

ɼʣʷ ʛʣʠʙʠʥʠ x ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʣʘʟʝʨʫ ʤʘʻ ʽʥʪʝʥʩʠʚʥʽʩʪʴ I(x), ʘ ʚʠʭʽʜʥʘ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʚʽʜʙʠʪʪʷ ʧʦʟʥʘʯʘʻʪʴʩʷ ʷʢ 

. ʇʨʠ ʮʴʦʤʫ ʚ ʤʘʪʝʨʽʘʣʽ ʚʠʥʠʢʘʻ ʪʝʧʣʦ, ʷʢʝ ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ ʯʝʨʝʟ 

ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ. [1] 

ʋ ʤʝʜʠʮʠʥʽ, ʪʝʨʤʽʯʥʠʡ ʚʧʣʠʚ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʘʟʚʠʯʘʡ ʦʟʥʘʯʘʻ 

ʢʦʘʛʫʣʷʮʽʶ ʘʙʦ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʙʽʦʣʦʛʽʯʥʦʾ ʪʢʘʥʠʥʠ (ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʩʧʨʠʯʠʥʷʻ ʧʦʰʢʦʜʞʝʥʥʷ ʥʘ ʢʣʽʪʠʥʥʦʤʫ ʨʽʚʥʽ). ʆʧʪʠʯʥʽ ʪʘ ʪʝʧʣʦʚʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʪʢʘʥʠʥʠ ʚʽʜʽʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʜʦʩʷʛʥʝʥʥʽ ʥʝʦʙʭʽʜʥʦʾ ʪ емператури. ɿʘʣʝʞʥʦ 

ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʛʣʠʥʘʥʥʷ ʪʢʘʥʠʥʠ (ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʣʘʟʝʨʘ ʟʤʝʥʰʫʻʪʴʩʷ 

ʝʢʩʧʦʥʝʥʮʽʡʥʦ ʟ ʛʣʠʙʠʥʦʶ), ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʪʨʠʚʘʣʦʩʪʽ ʦʧʨʦʤʽʥʝʥʥʷ, ʧʝʚʥʘ ʢʽʣʴʢʽʩʪʴ 

ʝʥʝʨʛʽʾ ʧʦʛʣʠʥʘʻʪʴʩʷ ʪʢʘʥʠʥʦʶ ʥʘ ʦʜʠʥʠʮʶ ʦʙ'ʻʤʫ. ʈʽʚʥʷʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ: 

 

 

 

푑푇

푑푡
=

1

퐶 휌
{(휂 휇 훷 ) − 푅 } 

 

ʋ ʚʽʜʤʽʥʫ ʚʽʜ ʟʚʠʯʘʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʨʝʟʫʣʴʪʘʪʠ ʨʘʜʽʘʮʽʡʥʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ 

ʙʽʦʣʦʛʽʯʥʠʭ ʪʢʘʥʠʥ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʝ ʣʠʰʝ ʟʘʣʝʞʥʽʩʪʶ ʚʽʜ ʯʘʩʫ ʦʧʨʦʤʽʥʝʥʥʷ, ʘʣʝ 
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ʡ ʚʽʜ ʪʨʠʚʘʣʦʩʪʽ ʧʝʨʝʙʫʚʘʥʥʷ ʪʢʘʥʠʥʠ ʚ ʥʘʛʨʽʪʦʤʫ ʩʪʘʥʽ. ʎʝʡ ʧʝʨʽʦʜ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ 

ʯʘʩ ʚʧʣʠʚʫ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʪʢʘʥʠʥʫ, ʪʘʢ ʽ ʧʨʦʮʝʩʦʤ ʨʦʟʧʦʜʽʣʫ ʪʝʧʣʘ ʧʽʜ ʯʘʩ 

ʦʭʦʣʦʜʞʝʥʥʷ ʧʽʩʣʷ ʦʧʨʦʤʽʥʝʥʥʷ. ʅʘ ʨʠʩʫʥʢʫ 1.4.3 ʧʦʢʘʟʘʥʦ, ʷʢ ʪʝʤʧʝʨʘʪʫʨʘ ʪʘ 

ʪʨʠʚʘʣʽʩʪʴ ʚʧʣʠʚʫ ʚʧʣʠʚʘʶʪʴ ʥʘ ʥʝʟʚʦʨʦʪʥʽ ʟʤʽʥʠ ʚ ʪʢʘʥʠʥʽ. 

 

ʈʠʩʫʥʦʢ 1.4.3ï ɺʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʯʘʩʫ ʚʧʣʠʚʫ ʥʘ ʥʝʟʚʦʨʦʪʥʽ ʟʤʽʥʠ ʪʢʘʥʠʥʠ 

 

ɼʣʷ ʧʨʘʚʠʣʴʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʨʝʟʫʣʴʪʘʪʽʚ ʣʘʟʝʨʥʦʛʦ ʥʘʛʨʽʚʫ ʪʢʘʥʠʥʠ ʚʘʞʣʠʚʦ 

ʫʨʘʭʦʚʫʚʘʪʠ ʟʤʽʥʠ ʚ ʦʧʪʠʯʥʠʭ, ʤʝʭʘʥʽʯʥʠʭ ʪʘ ʪʝʨʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʷʭ ʪʢʘʥʠʥʠ, ʱʦ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʽʜ ʯʘʩ ʡʦʛʦ ʜʽʾ. ɿʦʢʨʝʤʘ, ʧʽʜ ʯʘʩ ʧʨʦʮʝʩʫ ʦʙʚʫʛʣʶʚʘʥʥʷ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʨʽʟʢʝ ʟʙʽʣʴʰʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʧʦʛʣʠʥʘʥʥʷ ʪʢʘʥʠʥʠ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʽʩʪʦʪʥʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʦʙʣʘʩʪʽ, ɦ ʦ ʟʥʘʭʦʜʠʪʴʩʷ ʥʝʜʘʣʝʢʦ ʚʽʜ ʧʦʚʝʨʭʥʽ, 

ʽ ʚʠʢʣʠʢʘʻ ʥʝʣʽʥʽʡʥʽʩʪʴ ʫ ʧʨʦʮʝʩʽ ʥʘʛʨʽʚʫ [13].  

 

1.5 ʅʝʣʽʥʽʡʥʽ ʧʨʦʮʝʩʠ 

 

ɯʩʥʫʶʪʴ ʥʝʣʽʥʽʡʥʽ ʧʨʦʮʝʩʠ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʢʦʨʦʪʢʦʯʘʩʥʠʭ ʣʘʟʝʨʥʠʭ 

ʽʤʧʫʣʴʩʘʭ ʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʬʦʪʦʭʽʤʽʯʥʠʭ ʪʘ ʪʝʨʤʽʯʥʠʭ ʚʧʣʠʚʽʚ ʣʘʟʝʨʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʤʘʪʝʨʽʘʣ. ʋ ʮʽʡ ʨʦʙʦʪʽ ʙʫʜʝ ʜʝʪʘʣʴʥʦ ʨʦʟʛʣʷʥʫʪʦ ʜʚʦʬʦʪʦʥʥʝ 

ʧʦʛʣʠʥʘʥʥʷ. 

 

ʌʦʪoʘʙʣʷʮʽʷ 

ʇʨʠ ʦʧʨʘʮʶʚʘʥʥʽ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʛʦ (ʋʌ) ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʢʦʨʦʪʢʠʤʠ 

ʽʤʧʫʣʴʩʘʤʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʬʦʪʦʘʙʣʷʮʽʷ ʘʙʦ ʬʦʪʦʜʝʢʦʤʧʦʟʠʮʽʷ ʤʘʪʝʨʽʘʣʫ. ɼʘʚʘʡʪʝ 
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ʨʦʟʛʣʷʥʝʤʦ ʪʠʧʦʚʠʡ ʟʚ'ʷʟʦʢ ʤʽʞ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʘʙʣʷʮʽʾ (ʪʦʚʱʠʥʦʶ ʚʽʜʜʘʣʝʥʦʛʦ 

ʰʘʨʫ) ʪʘ ʱʽʣʴʥʽʩʪʶ ʝʥʝʨʛʽʾ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

 

ʈʠʩ.1.5.1 ï ɿʘʣʝʞʥʽʩʪʴ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʘʙʣʷʮʽʾ ʚʽʜ ʱʽʣʴʥʦʩʪʽ ʝʥʝʨʛʽʾ ʚʠʧʨ. 

 

ʇʨʠ ʥʠʟʴʢʽʡ ʝʥʝʨʛʽʾ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (ʟʦʥʘ I), ʚʧʣʠʚ ʥʘ ʪʢʘʥʠʥʫ 

ʚʠʢʣʠʢʘʻ ʣʠʰʝ ʥʝʟʥʘʯʥʝ ʧʽʜʽʛʨʽʚʘʥʥʷ. ʎʷ ʟʦʥʘ ʤʝʞʫʻ ʟ ʧʝʨʝʭʽʜʥʦʶ ʟʦʥʦʶ, ʜʝ 

ʱʽʣʴʥʽʩʪʴ ʝʥʝʨʛʽʾ ʚʠʱʘ. ɺ ʮʽʡ ʟʦʥʽ ʣʘʟʝʨʥʝ ʦʧʨʦʤʽʥʶʚʘʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʜʘʣʝʥʥʷ 

ʪʢʘʥʠʥʠ, ʩʭʦʞʝ ʥʘ ʘʙʣʷʮʽʶ, ʷʢʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʙʝʟʧʝʨʝʨʚʥʦʛʦ 

ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʂʦʣʠ ʛʫʩʪʠʥʘ ʝʥʝʨʛʽʾ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ Ůʢʨ ʜʦʩʷʛʘʻ 

ʧʝʚʥʦʛʦ ʢʨʠʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ (ʧʦʨʦʛʫ), ʛʣʠʙʠʥʘ ʘʙʣʷʮʽʾ ʟʥʘʯʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʽ ʦʙ'ʻʤ 

ʦʧʨʦʤʽʥʝʥʦʾ ʪʢʘʥʠʥʠ ʥʝʛʘʡʥʦ ʚʠʧʘʨʦʚʫʻʪʴʩʷ. ʎʝʡ ʝʥʝʨʛʝʪʠʯʥʠʡ ʜʽʘʧʘʟʦʥ 

ʥʘʟʠʚʘʻʪʴʩʷ ʟʦʥʦʶ ʘʙʣʷʮʽʾ (ʟʦʥʘ II). ʋ ʥʘʩʪʫʧʥʦʤʫ ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʽʥʪʝʨʚʘʣʽ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘʩʠʯʝʥʥʷ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʪʦʚʱʠʥʘ ʰʘʨʫ, ʷʢʠʡ ʚʠʜʘʣʷʻʪʴʩʷ, ʥʝ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʱʽʣʴʥʦʩʪʽ ʝʥʝʨʛʽʾ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʥʝ ʚʩʷ ʝʥʝʨʛʽʷ ʣʘʟʝʨʘ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʘʙʣʷʮʽʾ. ʅʘʩʠʯʝʥʥʷ ʚʠʢʣʠʢʘʻʪʴʩʷ ʧʦʷʚʦʶ ʧʣʘʟʤʠ ʥʘ ʧʦʚʝʨʭʥʽ 

ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʇʣʘʟʤʘ ʧʦʛʣʠʥʘʻ ʯʘʩʪʠʥʫ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʪʦʙʪʦ ʝʢʨʘʥʫʻ 

ʧʦʚʝʨʭʥʶ ʚʽʜ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

ʇʨʠ ʚʧʣʠʚʽ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʝʥʥʷ ʥʘ ʙʽʦʪʢʘʥʠʥʠ ʚʽʜʙʫʚʘʶʪʴʩʷ ʨʽʟʥʦʤʘʥʽʪʥʽ 

ʥʝʣʽʥʽʡʥʽ ʧʨʦʮʝʩʠ, ʷʢʽ ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʥʘ ʧʦʛʣʠʥʘʥʥʷ, ʨʦʟʩʽʶʚʘʥʥʷ ʪʘ ʧʝʨʝʜʘʯʫ 

ʝʥʝʨʛʽʾ. ʆʩʴ ʜʝʢʽʣʴʢʘ ʧʨʠʢʣʘʜʽʚ ʪʘʢʠʭ ʧʨʦʮʝʩʽʚ: 

 

1. ʅʘʩʠʯʝʥʥʷ ʧʦʛʣʠʥʘʥʥʷ: ʇʨʠ ʧʝʚʥʠʭ ʽʥʪʝʥʩʠʚʥʦʩʪʷʭ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʝʥʥʷ ʚ 

ʙʽʦʪʢʘʥʠʥʘʭ ʤʦʞʝ ʚʠʥʠʢʘʪʠ ʥʘʩʠʯʝʥʥʷ ʧʦʛʣʠʥʘʥʥʷ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʨʦʧʦʨʮʽʡʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ 
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ʧʦʛʣʠʥʝʥʦʾ ʝʥʝʨʛʽʾ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʮʴʦʛʦ ʥʝʣʽʥʽʡʥʦʛʦ ʝʬʝʢʪʫ ʧʦʛʣʠʥʘʥʥʷ ʤʦʞʝ 

ʩʪʘʙʽʣʽʟʫʚʘʪʠʩʴ ʘʙʦ ʟʤʝʥʰʫʚʘʪʠʩʴ ʧʨʠ ʟʨʦʩʪʘʥʥʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

 

2. ɼʚʦʬʦʪʦʥʥʝ ʧʦʛʣʠʥʘʥʥʷ: ʇʨʠ ʜʫʞʝ ʚʠʩʦʢʠʭ ʽʥʪʝʥʩʠʚʥʦʩʪʷʭ ʣʘʟʝʨʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʙʽʦʪʢʘʥʠʥʘʭ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʴ ʜʚʦʬʦʪʦʥʥʝ ʧʦʛʣʠʥʘʥʥʷ. ʎʝ 

ʦʟʥʘʯʘʻ, ʱʦ ʬʦʪʦʥʠ ʚʟʘʻʤʦʜʽʶʪʴ ʟ ʪʢʘʥʠʥʘʤʠ, ʷʢʽ ʧʦʛʣʠʥʘʶʪʴ ʾʭ ʝʥʝʨʛʽʶ ʥʝ 

ʦʜʠʥʦʯʥʠʤʠ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʤʠ ʧʦʜʽʷʤʠ, ʘ ʧʘʨʦʶ ʬʦʪʦʥʽʚ. ʎʝʡ ʧʨʦʮʝʩ ʤʦʞʝ ʤʘʪʠ 

ʚʧʣʠʚ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʦʛʣʠʥʘʥʥʷ ʝʥʝʨʛʽʾ ʪʘ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʪʦʯʥʦʛʦ 

ʩʧʨʷʤʫʚʘʥʥʷ ʝʥʝʨʛʽʾ ʚ ʛʣʠʙʦʢʽ ʰʘʨʠ ʙʽʦʪʢʘʥʠʥ. 

 

3. ʆʧʪʠʯʥʘ ʥʘʩʠʯʝʥʽʩʪʴ: ʇʨʠ ʜʝʷʢʠʭ ʜʦʚʞʠʥʘʭ ʭʚʠʣʴ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʽ ʚʠʩʦʢʠʭ ʽʥʪʝʥʩʠʚʥʦʩʪʷʭ ʤʦʞʝ ʚʠʥʠʢʘʪʠ ʦʧʪʠʯʥʘ ʥʘʩʠʯʝʥʽʩʪʴ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʧʣʠʚʘʻ ʥʘ ʨʦʟʧʦʜʽʣ ʧʦʢʘʟʥʠʢʘ ʟʘʣʦʤʣʝʥʥʷ ʚ ʪʢʘʥʠʥʘʭ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʦʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ʎʝʡ ʝʬʝʢʪ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ 

ʜʣʷ ʤʦʜʫʣʷʮʽʾ ʬʦʢʫʩʫʚʘʥʥʷ ʪʘ ʢʦʥʪʨʦʣʶ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʝʥʝʨʛʽʾ ʣʘʟʝʨʥʦʛʦ 

ʧʨʦʤʝʥʷ. 

 

ʎʽ ʥʝʣʽʥʽʡʥʽ ʧʨʦʮʝʩʠ ʚʽʜʦʙʨʘʞʘʶʪʴ ʩʢʣʘʜʥʫ ʚʟʘʻʤʦʜʽʶ ʣʘʟʝʨʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ ʙʽʦʪʢʘʥʠʥʘʤʠ ʽ ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʨʦʟʧʦʜʽʣ 

ʧʦʛʣʠʥʝʥʦʾ ʝʥʝʨʛʽʾ. ʈʦʟʫʤʽʥʥʷ ʮʠʭ ʧʨʦʮʝʩʽʚ ʜʦʧʦʤʘʛʘʻ ʚ ʨʦʟʨʦʙʮʽ ʝʬʝʢʪʠʚʥʠʭ 

ʤʝʪʦʜʽʚ ʣʘʟʝʨʥʦʾ ʪʝʨʘʧʽʾ, ʜʽʘʛʥʦʩʪʠʢʠ ʪʘ ʽʥʰʠʭ ʟʘʩʪʦʩʫʚʘʥʴ ʚ ʤʝʜʠʮʠʥʽ. 

 

ʈʠʩ.1.5.2 ï ʑʽʣʴʥʽʩʪʴ ʝʥʝʨʛʽʾ ʚʽʜ ʛʣʠʙʠʥʠ 

ʄʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʪʦʚʱʠʥʫ ʚʽʜʜʘʣʝʥʦʛʦ ʰʘʨʫ ʰʣʷʭʦʤ ʨʦʟʚ'ʷʟʘʥʥʷ ʥʝʨʽʚʥʦʩʪʽ, ɦ ʦ 



24 
 

ʚʠʧʣʠʚʘʻ ʟ ʫʤʦʚʠ ʘʙʣʷʮʽʾ, ʢʦʣʠ ʦʙ'ʻʤʥʘ ʱʽʣʴʥʽʩʪʴ ʝʥʝʨʛʽʾ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, 

ʧʦʛʣʠʥʫʪʘ ʚ ʪʢʘʥʠʥʽ, ʧʝʨʝʚʠʱʫʻ ʢʨʠʪʠʯʥʝ ʟʥʘʯʝʥʥʷ Q > Q . ʎʷ ʥʝʨʽʚʥʽʩʪʴ ʤʦʞʝ ʙʫʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʘʢʠʤ ʯʠʥʦʤ: 

 

-  

 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʮʶ ʥʝʨʽʚʥʽʩʪʴ, ʤʦʞʝʤʦ ʦʙʯʠʩʣʠʪʠ ʪʦʚʱʠʥʫ ʚʽʜʜʘʣʝʥʦʛʦ ʰʘʨʫ: 

 

h  

 

ʅʘ ʛʨʘʬʽʢʫ ʥʠʞʯʝ ʧʦʢʘʟʘʥʘ ʟʘʣʝʞʥʽʩʪʴ ʜʣʷ ʟʥʘʯʝʥʴ h :  

 

 

ʈʠʩ.1.5.3 ï ɻʣʠʙʠʥʘ ʘʙʣʷʮʽʾ ʚʽʜ ʝʥʝʨʛʽʾ 

 

ʆʪʞʝ, ʬʦʨʤʫʣʘ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʟʥʘʯʝʥʥʷ ʧʦʨʦʛʦʚʦʾ ʱʽʣʴʥʦʩʪʽ ʝʥʝʨʛʽʾ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʘ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

 

ɿʥʘʯʝʥʥʷ ʧʦʨʦʛʦʚʦʾ ʱʽʣʴʥʦʩʪʽ ʝʥʝʨʛʽʾ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (Ů0ʢʨ) ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʦʨʤʫʣʠ: 

 

 = Q l  
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ʇʨʦʮʝʩ ʬʦʪʦʘʙʣʷʮʽʾ ʚʚʘʞʘʻʪʴʩʷ ʜʫʞʝ ʝʬʝʢʪʠʚʥʠʤ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʣʘʟʝʨʥʽʡ 

ʤʝʜʠʮʠʥʽ, ʦʩʢʽʣʴʢʠ ʚʽʥ ʜʦʟʚʦʣʷʻ ʪʦʯʥʦ ʚʠʜʘʣʷʪʠ ʤʘʪʝʨʽʘʣ ʙʝʟ ʩʫʪʪʻʚʦʛʦ ʪʝʨʤʽʯʥʦʛʦ 

ʚʧʣʠʚʫ ʥʘ ʥʘʚʢʦʣʠʰʥʽ ʪʢʘʥʠʥʠ. 

 

ʌʦʪʦʘʙʣʷʮʽʷ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʤʽʢʨʦʭʽʨʫʨʛʽʯʥʠʭ ʦʧʝʨʘʮʽʷʭ, ʜʝ 

ʚʠʤʘʛʘʻʪʴʩʷ ʚʠʩʦʢʘ ʪʦʯʥʽʩʪʴ, ʥʘʧʨʠʢʣʘʜ, ʧʨʠ ʦʧʝʨʘʮʽʷʭ ʥʘ ʩʫʜʠʥʘʭ [13]. ʑʦʜʦ 

ʜʚʦʬʦʪʦʥʥʦʛʦ ʧʦʛʣʠʥʘʥʥʷ, ʮʝ ʧʨʦʮʝʩ, ʚ ʷʢʦʤʫ ʜʚʘ ʬʦʪʦʥʠ ʦʜʥʘʢʦʚʦʾ ʘʙʦ ʨʽʟʥʦʾ 

ʯʘʩʪʦʪʠ ʦʜʥʦʯʘʩʥʦ ʧʦʛʣʠʥʘʶʪʴʩʷ ʜʣʷ ʟʙʫʜʞʝʥʥʷ ʤʦʣʝʢʫʣʠ ʟ ʦʜʥʦʛʦ ʩʪʘʥʫ ʜʦ ʩʪʘʥʫ ʟ 

ʚʠʱʦʶ ʝʥʝʨʛʽʻʶ, ʯʘʩʪʦ ʟʙʫʜʞʝʥʠʡ ʝʣʝʢʪʨʦʥʥʠʡ ʩʪʘʥ. ʎʝʡ ʧʨʦʮʝʩ ʻ ʥʝʣʽʥʽʡʥʠʤ 

ʦʧʪʠʯʥʠʤ ʧʨʦʮʝʩʦʤ ʪʨʝʪʴʦʛʦ ʧʦʨʷʜʢʫ, ʽ ʚʽʥ ʚʠʷʚʣʷʻʪʴʩʷ ʟʥʘʯʥʦ ʩʣʘʙʰʠʤ ʟʘ ʣʽʥʽʡʥʝ 

ʧʦʛʣʠʥʘʥʥʷ ʧʨʠ ʥʠʟʴʢʠʭ ʽʥʪʝʥʩʠʚʥʦʩʪʷʭ ʩʚʽʪʣʘ. ɺʘʞʣʠʚʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʰʚʠʜʢʽʩʪʴ 

ʧʝʨʝʭʦʜʫ ʘʪʦʤʘ ʯʝʨʝʟ ʜʚʦʬʦʪʦʥʥʝ ʧʦʛʣʠʥʘʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʚʘʜʨʘʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʩʚʽʪʣʘ, ʱʦ ʨʦʙʠʪʴ ʡʦʛʦ ʥʝʣʽʥʽʡʥʠʤ ʦʧʪʠʯʥʠʤ ʧʨʦʮʝʩʦʤ. ʊʘʢʝ ʥʝʣʽʥʽʡʥʝ ʧʦʚʝʜʽʥʢʘ 

ʜʦʤʽʥʫʻ ʥʘʜ ʣʽʥʽʡʥʠʤ ʧʦʛʣʠʥʘʥʥʷʤ ʧʨʠ ʚʠʩʦʢʠʭ ʽʥʪʝʥʩʠʚʥʦʩʪʷʭ ʩʚʽʪʣʘ [3]. 

 

1.6 ʅʝʦʜʠʤʦʚʠʡ ʣʘʟʝʨ 

 

ʅʝʦʜʠʤʦʚʽ ʣʘʟʝʨʠ, ʷʢʽ ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʧʦʧʫʣʷʨʥʠʤʠ ʩʝʨʝʜ ʪʚʝʨʜʦʪʽʣʠʭ ʣʘʟʝʨʽʚ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʨʠʩʪʘʣ ʘʣʶʤʦ-ʽʪʪʨʽʻʚʦʛʦ ʛʨʘʥʘʪʫ Y3Al5O12 (YAG) ʟ ʜʦʜʘʥʠʤʠ 

ʽʦʥʘʤʠ ʥʝʦʜʠʤʘ ʚ ʷʢʦʩʪʽ ʘʢʪʠʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɻʝʥʝʨʘʮʽʷ ʩʚʽʪʣʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ 

ʜʦʚʞʠʥʽ ʭʚʠʣʽ 1064 ʥʤ, ʘʣʝ ʟʘʚʜʷʢʠ ʚʠʩʦʢʽʡ ʧʦʪʫʞʥʦʩʪʽ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʢʦʨʦʪʰʽ 

ʽʤʧʫʣʴʩʠ ʽ ʛʝʥʝʨʫʚʘʪʠ ʩʚʽʪʣʦ ʧʨʠ ʽʥʰʠʭ ʜʦʚʞʠʥʘʭ ʭʚʠʣʴ, ʥʘʧʨʠʢʣʘʜ, 532 ʥʤ, 355 ʥʤ 

ʽ ʪ.ʜ. ʎʽ ʣʘʟʝʨʠ ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʷʢ ʚ ʨʝʞʠʤʽ ʧʦʩʪʽʡʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʪʘʢ ʽ ʚ ʨʝʞʠʤʽ 

ʽʤʧʫʣʴʩʽʚ. 

 

ʇʽʜ ʯʘʩ ʨʦʙʦʪʠ, ʧʨʠ ʩʧʘʣʘʭʫ ʥʘʢʘʯʫʚʘʣʴʥʦʾ ʣʘʤʧʠ, ʘʪʦʤʠ ʘʢʪʠʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʧʝʨʝʭʦʜʷʪʴ ʫ ʟʙʫʜʞʝʥʠʡ ʩʪʘʥ ʽ ʚʠʧʨʦʤʽʥʶʶʪʴ ʬʦʪʦʥʠ. ʗʢʱʦ ʟʙʫʜʞʝʥʠʡ ʘʪʦʤ 

ʟʫʩʪʨʽʯʘʻ ʬʦʪʦʥ, ʚʽʥ ʚʠʢʣʠʢʘʻ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʽʥʰʦʛʦ ʬʦʪʦʥʘ, ʷʢʠʡ ʤʘʻ ʪʘʢʽ ʩʘʤʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʷʢ ʢʦʛʝʨʝʥʪʥʽʩʪʴ, ʜʦʚʞʠʥʘ ʭʚʠʣʽ, ʧʦʣʷʨʠʟʘʮʽʷ ʪʘ ʬʘʟʘ. 
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ʃʘʟʝʨʠ ʥʘ ʦʩʥʦʚʽ Nd:YAG ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ, 

ʚʢʣʶʯʘʶʯʠ ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʜʩʪʘʥʝʡ (ʥʘʧʨʠʢʣʘʜ, ʚʽʡʩʴʢʦʚʽ ʣʘʟʝʨʥʽ ʜʘʣʴʥʦʤʽʨʠ), 

ʥʘʫʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ (ʣʘʟʝʨʠ ʟ ʤʦʜʫʣʴʦʚʘʥʦʶ ʜʦʙʨʦʪʥʽʩʪʶ), ʦʙʨʦʙʢʫ ʤʘʪʝʨʽʘʣʽʚ 

(ʨʽʟʘʥʥʷ, ʟʚʘʨʶʚʘʥʥʷ ʽ ʪ.ʜ.) ʪʘ ʤʝʜʠʮʠʥʫ (ʬʦʪʦʢʦʘʛʫʣʷʮʽʶ). 

ʇʨʘʢʪʠʯʥʘ ʯʘʩʪʠʥʘ 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʧʨʦʛʨʘʤʘ Wolfram Mathematica, ʷʢʘ ʻ 

ʩʠʩʪʝʤʦʶ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʘʣʛʝʙʨʠ, ʨʦʟʨʦʙʣʝʥʦʶ ʢʦʤʧʘʥʽʻʶ Wolfram Research. ʎʷ 

ʧʨʦʛʨʘʤʘ ʥʘʜʘʻ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʬʫʥʢʮʽʡ ʜʣʷ ʘʥʘʣʽʪʠʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʪʘ ʯʠʩʝʣʴʥʠʭ 

ʦʙʯʠʩʣʝʥʴ. ʂʨʽʤ ʪʦʛʦ, ʚʦʥʘ ʧʽʜʪʨʠʤʫʻ ʨʦʙʦʪʫ ʟ ʛʨʘʬʽʢʦʶ ʽ ʟʚʫʢʦʤ, ʚʢʣʶʯʘʶʯʠ 

ʤʦʞʣʠʚʽʩʪʴ ʧʦʙʫʜʦʚʠ ʜʚʦ- ʪʘ ʪʨʠʚʠʤʽʨʥʠʭ ʛʨʘʬʽʢʽʚ ʬʫʥʢʮʽʡ, ʤʘʣʶʚʘʥʥʷ ʨʽʟʥʠʭ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʬʽʛʫʨ, ʘ ʪʘʢʦʞ ʽʤʧʦʨʪ ʽ ʝʢʩʧʦʨʪ ʟʦʙʨʘʞʝʥʴ ʽ ʟʚʫʢʫ. 

2.1 ʄʘʪʝʤʘʪʠʯʥʽ ʚʠʢʣʘʜʢʠ 

 

ɺʠʜʠ ʧʦʰʢʦʜʞʝʥʥʷ 

ʪʢʘʥʠʥ 

ʤʝʭʘʥʽʟʤ ʚʟʘʻʤʦʜʽʡ ʆʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʫ 

ʣʘʟʝʨʥʦʛʦ 

ʚʠʧʨʦʤʽʥʝʥʥʷ 

ʅʝʢʨʦʟ ʌʦʪʦʭʽʤʽʯʥʠʡ, 

ʪʝʧʣʦʚʠʡ 

ʛʫʩʪʠʥʘ ʝʥʝʨʛʽʾ >10 

ɼʞ/ʩʤ2 

ʂʦʘʛʫʣʷʮʽʷ ʌʦʪʦʪʝʨʤʽʯʥʠʡ ʛʫʩʪʠʥʘ ʧʦʪʫʞʥʦʩʪʽ 

>102-103 ɺʪ/ʩʤ2 

ɺʠʧʘʨʦʚʫʚʘʥʥʷ ʌʦʪʦʪʝʨʤʽʯʥʠʡ ʛʫʩʪʠʥʘ ʧʦʪʫʞʥʦʩʪʽ 

>104-105 ɺʪ/ʩʤ2 

ʌʦʪʦʘʙʣʷʮʽʷ ʅʝʪʝʨʤʽʯʥʥʠʡ ʚʠʩʦʢʦʝʥʝʨʛʝʪʠʯʥʽ 

ʢʦʨʦʪʢʽ ʽʤʧʫʣʴʩʠ >10 

ɼʞ/ʩʤ2 

ʌʦʪʦʨʦʟʨʠʚ ʅʝʪʝʨʤʽʯʥʥʠʡ ʜʫʞʝ ʚʠʩʦʢʘ ʽʤʧʫʣʴʩʥʘ 

ʛʫʩʪʠʥʘ ʝʥʝʨʛʽʾ >10 

ɼʞ/ʩʤ2 

ʊʘʙʣʠʮʷ 1 

 

ɼʘʣʽ ʥʘʚʝʜʝʤʦ ʜʘʥʽ, ʷʢʽ ʥʘʤ ʙʫʜʫʪʴ ʚ ʧʦʜʘʣʴʰʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʽ ʷʢʽ ʥʝ 

ʙʫʜʫʪʴ ʟʤʽʥʶʚʘʪʠʩʷ ʧʨʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʨʘʭʫʥʢʘʭ.  

ɼʦʚʞʠʥʘ ʭʚʠʣʽ ʣʘʟʝʨʘ ï 1064 ʥʤ, 532ʥʤ ʽ 355 ʥʤ. 

 

ʂʦʝʬʽʮʽʻʥʪ ʧʦʛʣʠʥʘʥʥʷ (ʜʣʷ ʚʦʜʠ) 0,61 ʤʢʤ-1 

ʂʦʝʬʽʮʽʻʥʪ ʧʦʛʣʠʥʘʥʥʷ (ʜʣʷ ʪʢʘʥʠʥʠ ʧʝʯʽʥʢʠ) - 5,9 ʩʤ-1 
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ʂʦʝʬʽʮʽʻʥʪ ʜʚʦʬʦʪʦʥʥʦʛʦ ʧʦʛʣʠʥʘʥʥʷ (ʜʣʷ ʚʦʜʠ ʥʘ ʜʦʚʞʠʥʽ ʭʚʠʣʽ 300 ʥʤ) 

4,5*10-13 ʤ/ɺʪ. 

ʂʦʝʬʽʮʽʻʥʪ ʨʦʟʩʽʶʚʘʥʥʷ (ʜʣʷ ʪʢʘʥʠʥʠ ʧʝʯʽʥʢʠ) 60,9 ʩʤ-1 

ʐʠʨʠʥʘ ʩʧʝʢʪʨʘ ʧʦʚ'ʷʟʘʥʘ ʟ ʪʨʠʚʘʣʽʩʪʶ ʽʤʧʫʣʴʩʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

훥푡 × 훥휆 ≥ . 

ʂʦʥʩʪʘʥʪʠ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ: 

h = 6,626176*10 -34 ; 

c = 2,99792458*108; 

ɼʘʣʽ ʤʠ ʧʨʝʜʩʪʘʚʠʤʦ ʤʘʪʝʤʘʪʠʯʥʝ ʚʠʨʘʞʝʥʥʷ ʜʦʟʠ ʨʘʜʽʘʮʽʾ: 

 

doza[ ] ïʧʦʟʥʘʯʘʻ ʜʠʬʝʨʝʥʮʽʡʥʫ ʜʦʟʫ ʧʦ z, ʷʢʘ ʤʦʞʝ ʙʫʪʠ ʚʠʨʘʞʝʥʘ ʥʘʩʪʫʧʥʠʤ 

ʯʠʥʦʤ: 

 doza =
ɚ { } ɚ { }

× ×

× ȹɚ[푀] × 휏[푠] = −
( ɚ )

× ȹɚ × 휏    (1), 

 

 

sdoza ï ʧʦʟʥʘʯʘʻ ʩʫʤʘʨʥʫ ʜʦʟʫ ʚʽʜ z = 0 ʜʦ z ʪʘ ʧʦ ʧʣʦʱʽ ˊĬr^2: 

 sdoza = (iɚ − iɚz)[
×

] × ȹɚ × 휏 × 휋 × 푟    (2), 

ʜʝ sdoza ʚʠʤʽʨʶʻʪʴʩʷ ʚ [J]. 

ʇʝʨʝʡʜʝʤʦ ʜʦ ʨʦʟʛʣʷʜʫ ʜʚʦʬʦʪʦʥʥʦʛʦ ʧʦʛʣʠʥʘʥʥʷ. ʂʦʝʬʽʮʽʻʥʪ, ʟʛʘʜʘʥʠʡ ʚ 

ʣʽʪʝʨʘʪʫʨʽ, ʤʦʞʥʘ ʧʦʟʥʘʯʠʪʠ ʷʢ kpɚ2, ʟ ʨʦʟʤʽʨʥʽʩʪʶ ʤ/ɺʪ ʜʣʷ ʤʦʥʦʭʨʦʤʘʪʠʯʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ ʽʥʪʝʥʩʠʚʥʽʩʪʶ [i] = [
ɺʪ

ʤ
]. ʈʽʚʥʷʥʥʷ (3) ʤʦʞʥʘ ʧʝʨʝʧʠʩʘʪʠ 

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

휕 (iɚz[푧]) = −(kpl ×
ɚ× ɚ [ ]

+ ks) × iɚz[푧] − kp2 × iɚz[푧]   (3), 

 

ʟʘʧʠʩʘʥʦʛʦ  ʚʽʜʥʦʩʥʦ  iɚz[
×

], ʚʽʥ ʧʦʚʠʥʝʥ ʤʘʪʠ ʨʦʟʤʽʨʥʽʩʪʴ 
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 [
×

×
= ],   

z ï ʛʣʠʙʠʥʘ ʧʨʦʥʠʢʥʝʥʥʷ. 

ʊʦʞ, ʚ ʜʘʥʠʭ ʨʽʚʥʷʥʥʷʭ ʡʦʛʦ ʢʨʘʱʝ ʧʦʟʥʘʯʠʪʠ ʷʢ kpɚ2: 

 

(iɚz[푧]) = −(kpl ×
ɚ× ɚ [ ]

+ ks) × iɚz[푧] − kpɚ2 × iɚz[푧]   (4). 

 

ʊʝʧʝʨ ʪʘʢʦʞ ʪʨʝʙʘ ʧʝʨʝʨʘʭʫʚʘʪʠ ʚʝʣʠʯʠʥʠ kp2[
×

= ] ʽ kpɚ2[
×

×
= ], ʜʝ 

kpɚ2 ʟʘʣʝʞʠʪʴ ʚʽʜ ȹɚ[ ].  

ɿʘ ʣʦʛʽʢʦʶ kpɚ2 = kp2 × ȹɚ, ʚ ʯʦʤʫ ʤʦʞʥʘ ʧʝʨʝʢʦʥʘʪʠʩʷ, ʜʦʤʥʦʞʠʚʰʠ ʨʽʚʥʷʥʥʷ 

(4) ʥʘ ȹɚ , ʱʦ ʜʘʩʪʴ ʧʝʨʝʭʽʜ ʜʦ ʽʥʪʝʥʩʠʚʥʦʩʪʝʡ:  

ȹɚ휕 (iz[푧]) = −ȹɚ(kpl ×
ɚ× ɚ [ ]

+ ks) × iz[푧] − kpɚ2 × iz[푧]   (5), 

 

ʇʦʜʽʣʠʤʦ ʦʙʠʜʚʽ ʯʘʩʪʠʥʠ ʥʘ ȹɚ: 

 

휕 (iz[푧]) = −(kpl ×
ɚ× ɚ [ ]

+ ks) × iz[푧] −
ɚ

ȹɚ
× iz[푧]    (6). 

ʄʠ ʤʘʻʤʦ ʨʽʟʥʽ ʚʠʧʘʜʢʠ ʜʣʷ ʨʦʟʚ'ʷʟʢʫ ʨʽʚʥʷʥʴ: 

 

 

휕 (iɚz[푧]) = −(kpl + ks) × iɚz[푧](7) 

 

 

휕 (iɚz[푧]) = −(kpl ×
ɚ× ɚ [ ]

+ ks) × iɚz[푧] − kpɚ2 × iɚz[푧]    (8) 
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2.2 ʂʦʜ Wolfram Mathematica 

 

ʈʠʩ.2.1. ʉʢʨʽʥʰʦʪ ʟ Wolfram Mathematica 

 

ʈʠʩ.2.2. ʉʢʨʽʥʰʦʪ ʟ Wolfram Mathematica 

 

2.3 ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ (ʛʨʘʬʽʢʠ) 

ɼʦʩʣʽʜʞʝʥʥʷ ʚʢʣʶʯʘʣʦ ʧʦʨʽʚʥʷʥʥʷ ʜʦʟ ʧʦʛʣʠʥʘʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʨʠ 

ʣʽʥʽʡʥʦʤʫ ʽ ʥʝʣʽʥʽʡʥʦʤʫ ʧʦʛʣʠʥʘʥʥʽ. ɼʣʷ ʩʧʨʦʱʝʥʥʷ ʧʦʨʽʚʥʷʥʥʷ, 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʥʘʩʪʫʧʥʽ ʜʘʥʽ: 

- ʊʨʠʚʘʣʽʩʪʴ ʽʤʧʫʣʴʩʽʚ ʚʘʨʽʶʚʘʣʘʩʷ ʚʽʜ 1 ʬʩ ʜʦ 1 ʩ. 

- ʈʘʜʽʫʩ ʧʨʦʤʝʥʷ ʩʢʣʘʜʘʚ 1 ʤʤ. 

- ʄʠʪʪʻʚʘ ʧʦʪʫʞʥʽʩʪʴ ʢʦʣʠʚʘʣʘʩʷ ʚʽʜ 1 ɺʪ ʜʦ 1 ʢɺʪ. 

 

1)  ʅʘ ʛʨʘʬʽʢʘʭ ʧʨʝʜʩʪʘʚʣʝʥʽ ʟʘʣʝʞʥʦʩʪʽ ʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ Nd:YAG ʣʘʟʝʨ (ɚ=355 ʥʤ). ɼʠʬʝʨʝʥʮʽʡʥʘ ʜʦʟʘ ʣʽʥʽʡʥʦʛʦ 

ʧʦʛʣʠʥʘʥʥʷ ʧʦʟʥʘʯʝʥʘ ʞʦʚʪʠʤ ʢʦʣʴʦʨʦʤ (1), ʘ ʜʠʬʝʨʝʥʮʽʡʥʘ ʜʦʟʘ ʥʝʣʽʥʽʡʥʦʛʦ 
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ʦʜʥʦʬʦʪʦʥʥʦʛʦ ʽ ʜʚʦʬʦʪʦʥʥʦʛʦ ʧʦʛʣʠʥʘʥʥʷ - ʟʝʣʝʥʠʤ ʢʦʣʴʦʨʦʤ (2). 

푖λ,[
Вт

м2×м
]  

ʈʠʩ.2.3. ɻʨʘʬʽʢ ʚʭʽʜʥʦʾ ʛʫʩʪʠʥʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

 

ddoza, [
Дж

м3
]

 

ʈʠʩ.2.4. ɻʨʘʬʽʢ ʜʠʬʝʨʝʥʮʽʡʥʦʾ ʜʦʟʠ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

0.002 0.004 0.006 0.008 0.010

1.0 1017

1.5 1017

2.0 1017

2.5 1017

3.0 1017

i z: black i zl; green i zn1; red i zn2; blu i zn

0.002 0.004 0.006 0.008 0.010

20

30

40

50

60

ddoza : black ddozal; green ddozan1; red ddozan2; blu ddozan

Z ,m 

Z ,m 
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 sdoza, [
Дж

м3
]

 

ʈʠʩ.2.5. ɻʨʘʬʽʢ ʩʫʤʘʨʥʦʾ ʜʦʟʠ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

2) ʅʘ ʛʨʘʬʽʢʘʭ ʧʨʝʜʩʪʘʚʣʝʥʽ ʟʘʣʝʞʥʦʩʪʽ ʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ Nd:YAG ʣʘʟʝʨ (ɚ=532 ʥʤ). ɼʠʬʝʨʝʥʮʽʡʥʘ ʜʦʟʘ ʣʽʥʽʡʥʦʛʦ 

ʧʦʛʣʠʥʘʥʥʷ ʧʦʟʥʘʯʝʥʘ ʞʦʚʪʠʤ ʢʦʣʴʦʨʦʤ (1), ʘ ʜʠʬʝʨʝʥʮʽʡʥʘ ʜʦʟʘ ʥʝʣʽʥʽʡʥʦʛʦ 

ʦʜʥʦʬʦʪʦʥʥʦʛʦ ʽ ʜʚʦʬʦʪʦʥʥʦʛʦ ʧʦʛʣʠʥʘʥʥʷ - ʟʝʣʝʥʠʤ ʢʦʣʴʦʨʦʤ (2). 

푖λ,[
Вт

м2×м
]  

 

ʈʠʩ.2.6. ɻʨʘʬʽʢ ʚʭʽʜʥʦʾ ʛʫʩʪʠʥʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

 

0.002 0.004 0.006 0.008 0.010

2. 10 7

4. 10 7

6. 10 7

8. 10 7

sdoza: green sdozan1; red sdozan2; blu sdozan, black sdozal

0.002 0.004 0.006 0.008 0.010

1.0 1017

1.5 1017

2.0 1017

2.5 1017

3.0 1017

i z: black i zl; green i zn1; red i zn2; blu i zn

Z ,m 

Z ,m 
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ddoza, [
Дж

м3
] 

 

ʈʠʩ.2.7. ɻʨʘʬʽʢ ʜʠʬʝʨʝʥʮʽʡʥʦʾ ʜʦʟʠ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

sdoza, [
Дж

м3
]

 

ʈʠʩ.2.8. ɻʨʘʬʽʢ ʩʫʤʘʨʥʦʾ ʜʦʟʠ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

 

3) ʅʘ ʛʨʘʬʽʢʘʭ ʧʨʝʜʩʪʘʚʣʝʥʽ ʟʘʣʝʞʥʦʩʪʽ ʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ Nd:YAG ʣʘʟʝʨ (ɚ=1064 ʥʤ). ɼʠʬʝʨʝʥʮʽʡʥʘ ʜʦʟʘ ʣʽʥʽʡʥʦʛʦ 

ʧʦʛʣʠʥʘʥʥʷ ʧʦʟʥʘʯʝʥʘ ʞʦʚʪʠʤ ʢʦʣʴʦʨʦʤ (1), ʘ ʜʠʬʝʨʝʥʮʽʡʥʘ ʜʦʟʘ ʥʝʣʽʥʽʡʥʦʛʦ 

0.002 0.004 0.006 0.008 0.010

20

30

40

50

60

ddoza : black ddozal; green ddozan1; red ddozan2; blu ddozan

0.002 0.004 0.006 0.008 0.010

2. 10 7

4. 10 7

6. 10 7

8. 10 7

sdoza: green sdozan1; red sdozan2; blu sdozan, black sdozal

Z ,m 

Z ,m 
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ʦʜʥʦʬʦʪʦʥʥʦʛʦ ʽ ʜʚʦʬʦʪʦʥʥʦʛʦ ʧʦʛʣʠʥʘʥʥʷ - ʟʝʣʝʥʠʤ ʢʦʣʴʦʨʦʤ (2). 

푖λ,[
Вт

м2×м
]  

 

ʈʠʩ.2.9. ɻʨʘʬʽʢ ʚʭʽʜʥʦʾ ʛʫʩʪʠʥʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ddosa, [
Дж

м3
] 

  

ʈʠʩ.2.10. ɻʨʘʬʽʢ ʜʠʬʝʨʝʥʮʽʡʥʦʾ ʜʦʟʠ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

 

 

 

 

0.002 0.004 0.006 0.008 0.010

1.0 1017

1.5 1017

2.0 1017

2.5 1017

3.0 1017

i z: black i zl; green i zn1; red i zn2; blu i zn

0.002 0.004 0.006 0.008 0.010

20

30

40

50

60

ddoza : black ddozal; green ddozan1; red ddozan2; blu ddozan

Z ,m 

Z ,m 
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sdoza, [
Дж

м3
]

 

ʈʠʩ.2.11. ɻʨʘʬʽʢ ʩʫʤʘʨʥʦʾ ʜʦʟʠ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʅʘʩʪʫʧʥʦʶ ʢʨʦʢʦʤ ʻ ʟʤʽʥʘ ʧʘʨʘʤʝʪʨʘ ʧʦʪʫʞʥʦʩʪʽ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʧʦʜʘʣʴʰʦʛʦ 

ʘʥʘʣʽʟʫ. 

- ʨʽʚʝʥʴ ʤʠʪʪʻʚʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚʘʨʽʶʚʘʚʩʷ ʚʽʜ 1 ɺʪ ʜʦ 10 ʄɺʪ. 

 

ʅʠʞʯʝ ʥʘʚʝʜʝʥʽ ʛʨʘʬʽʢʠ, ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʟʘʣʝʞʥʦʩʪʽ:  

 

1) ʅʘ ʛʨʘʬʽʢʘʭ ʧʨʝʜʩʪʘʚʣʝʥʽ ʟʘʣʝʞʥʦʩʪʽ ʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ Nd:YAG ʣʘʟʝʨ (ɚ=355 ʥʤ). ɼʠʬʝʨʝʥʮʽʡʥʘ ʜʦʟʘ ʣʽʥʽʡʥʦʛʦ 

ʧʦʛʣʠʥʘʥʥʷ ʧʦʟʥʘʯʝʥʘ ʞʦʚʪʠʤ ʢʦʣʴʦʨʦʤ (1), ʘ ʜʠʬʝʨʝʥʮʽʡʥʘ ʜʦʟʘ ʥʝʣʽʥʽʡʥʦʛʦ 

ʦʜʥʦʬʦʪʦʥʥʦʛʦ ʽ ʜʚʦʬʦʪʦʥʥʦʛʦ ʧʦʛʣʠʥʘʥʥʷ - ʟʝʣʝʥʠʤ ʢʦʣʴʦʨʦʤ (2). 

 

 

 

 

 

 

 

 

푖λ,[
Вт

м2×м
]  

0.002 0.004 0.006 0.008 0.010

2. 10 7

4. 10 7

6. 10 7

8. 10 7

sdoza: green sdozan1; red sdozan2; blu sdozan, black sdozal

Z ,m 
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ʈʠʩ.2.12. ɻʨʘʬʽʢ ʚʭʽʜʥʦʾ ʛʫʩʪʠʥʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

 

ddoza, [
Дж

м3
] 

 

ʈʠʩ.2.13. ɻʨʘʬʽʢ ʜʠʬʝʨʝʥʮʽʡʥʦʾ ʜʦʟʠ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

 

sdoza, [
Дж

м3
] 

0.002 0.004 0.006 0.008 0.010

5.0 1021

1.0 1022

1.5 1022

2.0 1022

2.5 1022

3.0 1022
i z: black i zl; green i zn1; red i zn2; blu i zn

0.002 0.004 0.006 0.008 0.010

2 106

4 106

6 106

8 106

1 107

ddoza : black ddozal; green ddozan1; red ddozan2; blu ddozan

Z ,m 

Z ,m 
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ʈʠʩ.2.14. ɻʨʘʬʽʢ ʩʫʤʘʨʥʦʾ ʜʦʟʠ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

 

2) ʅʘ ʛʨʘʬʽʢʘʭ ʧʨʝʜʩʪʘʚʣʝʥʽ ʟʘʣʝʞʥʦʩʪʽ ʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ Nd:YAG ʣʘʟʝʨ (ɚ=532 ʥʤ). ɼʠʬʝʨʝʥʮʽʡʥʘ ʜʦʟʘ ʣʽʥʽʡʥʦʛʦ 

ʧʦʛʣʠʥʘʥʥʷ ʧʦʟʥʘʯʝʥʘ ʞʦʚʪʠʤ ʢʦʣʴʦʨʦʤ (1), ʘ ʜʠʬʝʨʝʥʮʽʡʥʘ ʜʦʟʘ ʥʝʣʽʥʽʡʥʦʛʦ 

ʦʜʥʦʬʦʪʦʥʥʦʛʦ ʽ ʜʚʦʬʦʪʦʥʥʦʛʦ ʧʦʛʣʠʥʘʥʥʷ - ʟʝʣʝʥʠʤ ʢʦʣʴʦʨʦʤ (2). 

푖λ,[
Вт

м2×м
]  

 

ʈʠʩ.2.15. ɻʨʘʬʽʢ ʚʭʽʜʥʦʾ ʛʫʩʪʠʥʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

0.002 0.004 0.006 0.008 0.010

0.02

0.04

0.06

0.08

0.10

sdoza: green sdozan1; red sdozan2; blu sdozan, black sdozal

0.002 0.004 0.006 0.008 0.010

1.0 1021

1.5 1021

2.0 1021

2.5 1021

3.0 1021

i z: black i zl; green i zn1; red i zn2; blu i zn

Z ,m 

Z ,m 
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ddoza, [
Дж

м3
] 

 

ʈʠʩ.2.16. ɻʨʘʬʽʢ ʜʠʬʝʨʝʥʮʽʡʥʦʾ ʜʦʟʠ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

 

sdoza, [
Дж

м3
] 

 

 

ʈʠʩ.2.17. ɻʨʘʬʽʢ ʩʫʤʘʨʥʦʾ ʜʦʟʠ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

 

0.002 0.004 0.006 0.008 0.010

200000

300000

400000

500000

600000

700000

800000

ddoza : black ddozal; green ddozan1; red ddozan2; blu ddozan

0.002 0.004 0.006 0.008 0.010

0.002

0.004

0.006

0.008

sdoza: green sdozan1; red sdozan2; blu sdozan, black sdozal

Z ,m 

Z ,m 
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3) ʅʘ ʛʨʘʬʽʢʘʭ ʧʨʝʜʩʪʘʚʣʝʥʽ ʟʘʣʝʞʥʦʩʪʽ ʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ Nd:YAG ʣʘʟʝʨ (ɚ=1064 ʥʤ). ɼʠʬʝʨʝʥʮʽʡʥʘ ʜʦʟʘ ʣʽʥʽʡʥʦʛʦ 

ʧʦʛʣʠʥʘʥʥʷ ʧʦʟʥʘʯʝʥʘ ʞʦʚʪʠʤ ʢʦʣʴʦʨʦʤ (1), ʘ ʜʠʬʝʨʝʥʮʽʡʥʘ ʜʦʟʘ ʥʝʣʽʥʽʡʥʦʛʦ 

ʦʜʥʦʬʦʪʦʥʥʦʛʦ ʽ ʜʚʦʬʦʪʦʥʥʦʛʦ ʧʦʛʣʠʥʘʥʥʷ - ʟʝʣʝʥʠʤ ʢʦʣʴʦʨʦʤ (2). 

푖λ,[
Вт

м2×м
]  

 

ʈʠʩ.2.18. ɻʨʘʬʽʢ ʚʭʽʜʥʦʾ ʛʫʩʪʠʥʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ddoza, [
Дж

м3
] 

 

ʈʠʩ.2.14. ɻʨʘʬʽʢ ʜʠʬʝʨʝʥʮʽʡʥʦʾ ʜʦʟʠ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ  

0.002 0.004 0.006 0.008 0.010

1.0 1020

1.5 1020

2.0 1020

2.5 1020

3.0 1020

i z: black i zl; green i zn1; red i zn2; blu i zn

0.002 0.004 0.006 0.008 0.010

20000

30000

40000

50000

60000

ddoza : black ddozal; green ddozan1; red ddozan2; blu ddozan

Z ,m 

Z ,m 
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sdoza, [
Дж

м3
] 

 

ʈʠʩ.2.15. ɻʨʘʬʽʢ ʩʫʤʘʨʥʦʾ ʜʦʟʠ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ  

 

 

 

 

 

 

 

 

 

 

 

0.002 0.004 0.006 0.008 0.010

0.0002

0.0004

0.0006

0.0008

sdoza : green sdozan1; red sdozan2; blu sdozan, black sdozal

Z ,m 
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ɺʠʩʥʦʚʢʠ 

ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ ʢʦʤʧʣʝʢʩʥʠʡ ʘʥʘʣʽʟ ʚʧʣʠʚʫ ʨʦʟʩʽʶʚʘʥʥʷ ʪʘ ʥʝʣʽʥʽʡʥʠʭ 

ʝʬʝʢʪʽʚ ʥʘ ʧʨʦʥʠʢʥʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʛʦ ʦʧʪʠʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ 

ʙʽʦʪʢʘʥʠʥʠ ʜʣʷ ʜʦʟʠʤʝʪʨʽʾ. ɺʠʷʚʣʝʥʦ ʪʘʢʽ ʬʘʢʪʠ: 

 

1. ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʬʝʢʪʫ ʧʨʦʩʚʽʪʣʝʥʥʷ (ʥʘʩʠʯʝʥʥʷ ʧʦʛʣʠʥʘʥʥʷ) ʤʦʞʥʘ 

ʧʦʛʣʠʙʠʪʠ ʪʘ ʟʙʽʣʴʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʧʦʛʣʠʥʫʪʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʦʩʢʽʣʴʢʠ ʮʝʡ 

ʝʬʝʢʪ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʜʠʬʝʨʝʥʮʽʡʥʦʾ ʜʦʟʠ ʚ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʘʭ 

ʢʣʽʪʠʥ. ʎʝ ʜʦʩʷʞʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʘʟʝʨʥʠʭ ʽʤʧʫʣʴʩʽʚ ʥʘʥʦʩʝʢʫʥʜʥʦʾ 

ʪʨʠʚʘʣʦʩʪʽ. 

 

2. ɽʬʝʢʪ ʜʚʦʬʦʪʦʥʥʦʛʦ ʧʦʛʣʠʥʘʥʥʷ ʚʥʝʩʝ ʧʦʤʽʪʥʠʡ ʚʥʝʩʦʢ ʽ ʩʧʨʠʷʪʠʤʝ 

ʣʦʢʘʣʽʟʘʮʽʾ ʜʽʣʷʥʦʢ ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʜʦʟʦʶ ʥʝʧʦʜʘʣʽʢ ʚʽʜ ʧʦʚʝʨʭʥʽ. ɽʬʝʢʪ 

ʜʚʦʬʦʪʦʥʥʦʛʦ ʧʦʛʣʠʥʘʥʥʷ ʻ ʝʬʝʢʪʠʚʥʠʤ ʜʣʷ ʣʦʢʘʣʽʟʘʮʽʾ ʜʦʟʠ ʧʦʛʣʠʥʫʪʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ. ʎʝ ʜʦʩʷʞʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʘʟʝʨʥʠʭ ʽʤʧʫʣʴʩʽʚ 

ʧʽʢʦʩʝʢʫʥʜʥʦʾ ʪʨʠʚʘʣʦʩʪʽ. 

 

3. ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ ʘʥʘʣʽʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʚʽʜʯʘʪʴ ʧʨʦ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʨʘʭʫʚʘʥʥʷ ʥʝʣʽʥʽʡʥʠʭ ʦʧʪʠʯʥʠʭ ʝʬʝʢʪʽʚ ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʜʦʟʠ 

ʧʦʛʣʠʥʫʪʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʅʝʧʨʘʚʠʣʴʥʝ ʚʨʘʭʫʚʘʥʥʷ ʥʝʣʽʥʽʡʥʠʭ ʝʬʝʢʪʽʚ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʭʠʙʢʠ ʚ ʜʝʢʽʣʴʢʘ ʧʦʨʷʜʢʽʚ ʫ ʚʠʧʘʜʢʫ ʚʝʣʠʢʠʭ ʽʥʪʝʥʩʠʚʥʦʩʪʝʡ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʷʢ ʫ ʧʦʚʝʨʭʥʝʚʠʭ, ʪʘʢ ʽ ʚ ʛʣʠʙʦʢʠʭ ʰʘʨʘʭ ʪʢʘʥʠʥ. 

 

4. ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʦʜʥʦʟʥʘʯʥʦ ʩʚʽʜʯʘʪʴ ʧʨʦ ʚʧʣʠʚ ʨʦʟʩʽʶʚʘʥʥʷ ʩʚʽʪʣʘ ʥʘ 

ʜʠʬʝʨʝʥʮʽʡʥʫ ʜʦʟʫ ʫ ʛʣʠʙʠʥʫ ʪʢʘʥʠʥ. ɺʧʣʠʚ ʥʝʣʽʥʽʡʥʠʭ ʦʧʪʠʯʥʠʭ ʝʬʝʢʪʽʚ ʟʘ 

ʥʠʟʴʢʠʭ ʽʥʪʝʥʩʠʚʥʦʩʪʝʡ ʩʚʽʪʣʘ ʤʘʻ ʥʝʟʥʘʯʥʠʡ ʭʘʨʘʢʪʝʨ. 
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