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ʌɼʊ ʌʦʪʦ ʜʠʥʘʤʽʯʥʘ ʪʝʨʘʧʽʷ 

ʄɼʆ ʄʝʪʦʜ ʜʠʩʢʨʝʪʥʠʭ ʦʨʜʠʥʘʪ 

ʄʉʆ ʄʝʪʦʜ ʩʢʽʥʯʝʥʠʭ ʦʙôʻʤʽʚ 

ʉʃɸʈ ʉʠʩʪʝʤʘ ʣʽʥʽʡʥʠʭ ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ 

ʂʊ ʂʦʤʧ'ʶʪʝʨʥʘ ʪʦʤʦʛʨʘʬʽ ̫

ʈʅɼ ʈʘʜʽʦʥʫʢʣʽʜʥʘ ʜʽʘʛʥʦʩʪʠʢʘ 

ʋɿʀ ʋʣʴʪʨʘʟʚʫʢʦʚʘ ʪʦʤʦʛʨʘʬʽʷ 

ʗʄʈ ʗʜʝʨʥʦ-ʤʘʛʥʽʪʥʠʡ ʨʝʟʦʥʘʥʩ 

ʄʈʊ ʄʘʛʥʽʪʥʦ-ʨʝʟʦʥʘʥʩʥʘ ʪʦʤʦʛʨʘʬʽʷ 

ɯʏ ɯʥʬʨʘʯʝʨʚʦʥʠʡ 

ɺʂʏ ɺʢʨʘʡ ʚʠʩʦʢʽ ʯʘʩʪʦʪʠ 

ʅɺʏ ʅʘʜʚʠʩʦʢʽ ʯʘʩʪʦʪʠ 

ʈʅʂ ʈʠʙʦʥʫʢʣʝʾʥʦʚʘ ʢʠʩʣʦʪʘ 

ɼʅʂ ɼʝʟʦʢʩʠʨʠʙʦʥʫʢʣʝʾʥʦʚʘ ʢʠʩʣʦʪʘ 

ʅɯʃɺ ʅʠʟʴʢʦʽʥʪʝʥʩʠʚʥʝ ʣʘʟʝʨʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ  

ɹɯʏ ɹʣʠʞʥʽʡ ʥ̔ʬʨʘʯʝʨʚʦʥʠʡ 

ʋʌ ʋʣʴʪʨʘʬʽʦʣʝʪʦʚʠʡ 

ɼʉʂ ɼʠʬʝʨʝʥʮʽʘʣʴʥʘ ʩʢʘʥʫʶʯʘ ʢʘʣʦʨʠʤʝʪʨʽʷ 

ʂʉʊ ʂʦʣʘʛʝʥʚʤʽʱʫʶʯʘ ʪʢʘʥʠʥʘ  

ʅɸɼʅ ɺʥʫʪʨʽʰʥʴʦʢʣʽʪʠʥʥ ̔ʧʠʨʠʜʠʥʥʫʢʣʝʦʪʠʜʠ 

ɹɾ ɹʣʦʢ ʞʠʚʣʝʥʥʷ 

ɹʆ ɹʣʦʢ ʦʭʦʣʦʜʞʝʥʥʷ 

ʋʂɯ ʋʣʴʪʨʘ ʢʦʨʦʪʢʽ ʽʤʧʫʣʴʩʠ 

ʇɽʆʄ ʇʝʨʩʦʥʘʣʴʥʘ ʝʣʝʢʪʨʦʥʥʘ ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʤʘʰʠʥʘ 

LBO ʇʦʜʚʦʶʚʘʣʴʥʠʡ ʛʝʥʝʨʘʪʦʨ 

CW ʅʝʧʝʨʝʨʚʥʳʡ ʨʝʞʠʤ 
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TECs ʊʝʨʤʦʝʣʝʢʪʨʠʯʥʠʡ ʦʭʦʣʦʜʞʫʚʘʯ 

SHG ɼʨʫʛʘ ʛʘʨʤʦʥʽʢʘ 

ʊHG ʊʨʝʪʷ ʛʘʨʤʦʥʽʢʘ   

 

ɺʩʪʫʧ 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʣʘʟʝʨʽʚ ʚ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ ʽ ʧʨʘʢʪʠʯʥʫ ʤʝʜʠʮʠʥʫ, ʱʦ ʧʦʚ'ʷʟʘʥʦ ʟ ʫʥʽʢʘʣʴʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʮʠʭ ʜʞʝʨʝʣ ʩʚʽʪʣʘ, ʩʧʝʮʠʬʽʯʥʦʶ ʜʽʻʶ ʥʘ ʙʽʦʣʦʛʽʯʥʽ ʪʢʘʥʠʥʠ ʽ 

ʚʠʩʦʢʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ʍʦʯʘ ʥʘʡʙʽʣʴʰʝ ʧʦʰʠʨʝʥʥʷ ʣʘʟʝʨʠ ʦʪʨʠʤʘʣʠ ʚ ʭʽʨʫʨʛʽʾ, ʫʨʦʣʦʛʽʾ ʽ 

ʦʬʪʘʣʴʤʦʣʦʛʽʾ, ʜʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʨʫʡʥʽʚʥʠʡ ʝʬʝʢʪ ʚʠʩʦʢʦ 

ʽʥʪʝʥʩʠʚʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʙʝʟʢʨʦʚʥʠʭ ʦʧʝʨʘʮʽʡ (ʣʘʟʝʨʥʠʡ 

ʩʢʘʣʴʧʝʣʴ), ʚʦʥʠ ʪʘʢʦʞ ʫʩʧʽʰʥʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʽʥʰʠʭ ʛʘʣʫʟʷʭ ʤʝʜʠʮʠʥʠ, 

ʧʦʯʠʥʘʶʯʠ ʚʽʜ ʪʝʨʘʧʝʚʪʠʯʥʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ ʢʨʦʚʽ ʽ ʟʘʢʽʥʯʫʶʯʠ ʜʽʘʛʥʦʩʪʠʢʦʶ 

ʟʘʭʚʦʨʶʚʘʥʴ ʚʥʫʪʨʽʰʥʽʭ ʦʨʛʘʥʽʚ [1, 2]. 

ʈʦʟʚʠʪʦʢ ʣʘʟʝʨʥʦʾ ʪʝʭʥʽʢʠ ʥʠʥʽ ʜʦʩʷʛ ʪʘʢʦʛʦ ʨʽʚʥʷ, ʱʦ ʟ ʾʾ ʜʦʧʦʤʦʛʦʶ 

ʚʠʷʚʣʷʻʪʴʩʷ ʤʦʞʣʠʚʠʤ ʚʠʨʽʰʫʚʘʪʠ ʙʘʛʘʪʦ ʪʝʭʥʽʯʥʠʭ ʧʨʦʙʣʝʤ. ʃʘʟʝʨʥʘ ʪʝʭʥʦʣʦʛʽʷ 

ʟʘʩʪʦʩʦʚʥʘ ʜʣʷ ʦʙ'ʻʢʪʽʚ ʟ ʥʘʡʨʽʟʥʦʤʘʥʽʪʥʽʰʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʨʽʟʥʠʭ 

ʘʛʨʝʛʘʪʥʠʭ ʩʪʘʥʘʭ, ʩʝʨʝʜ ʷʢʠʭ ʥʘʡʮʽʢʘʚʽʰʠʤʠ ʽ ʩʢʣʘʜʥʽʰʠʤʠ ʻ ʙʽʦʣʦʛʽʯʥʽ. ʃʘʟʝʨʥʘ 

ʙʽʦʪʝʭʥʦʣʦʛʽʷ ʤʘʻ ʙʝʟʧʦʩʝʨʝʜʥʻ ʚʽʜʥʦʰʝʥʥʷ ʜʦ ʨʷʜʫ ʛʣʦʙʘʣʴʥʠʭ ʧʨʦʙʣʝʤ ʣʶʜʩʪʚʘ, 

ʪʘʢʠʭ, ʷʢ ʨʘʢ, ʉʅɯɼ, ʟʘʭʠʩʪ ʜʦʚʢʽʣʣʷ ʚʽʜ ʟʘʙʨʫʜʥʝʥʴ ʽ ʪʘʢ ʜʘʣʽ. ʉʝʨʝʜ ʚʝʣʠʢʦʛʦ ʢʦʣʘ 

ʧʠʪʘʥʴ, ʱʦ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʫ ʨʘʤʢʘʭ ʩʫʯʘʩʥʦʾ ʣʘʟʝʨʥʦʾ ʙʽʦʪʝʭʥʦʣʦʛʽʾ, ʤʦʞʥʘ 

ʚʠʜʽʣʠʪʠ:  

ī ʣʘʟʝʨʥʫ ʭʽʨʫʨʛʽʶ ʽ ʜʝʩʪʨʫʢʮʽʶ ʙʽʦʪʢʘʥʠʥ;  

ī ʣʘʟʝʨʥʫ ʪʝʨʘʧʽʶ;  

ī ʣʘʟʝʨʥʫ ʜʽʘʛʥʦʩʪʠʢʫ [3]. 

ʆʩʦʙʣʠʚʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʚʽʪʣʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʚ ʤʝʜʠʮʠʥʽ ʟʘʜʦʚʛʦ ʜʦ ʚʠʥʘʭʦʜʫ 

ʣʘʟʝʨʽʚ. ʊʘʢ, ʪʨʘʜʠʮʽʡʥʘ ʬʦʪʦʙʽʦʣʦʛʽʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʚʠʯʘʡʥʠʭ (ʪʝʧʣʦʚʠʭ) ʜʞʝʨʝʣ 

ʩʚʽʪʣʘ, ʪʘʢʠʭ ʷʢ: ʣʘʤʧʠ ʨʦʟʞʘʨʶʚʘʥʥʷ, ʛʘʟʦʨʦʟʨʷʜʥʽ ʧʨʠʣʘʜʠ, ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 
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ʉʦʥʮʷ, ʜʦʩʠʪʴ ʫʩʧʽʰʥʦ ʨʦʟʚʠʚʘʣʘʩʷ ʚʧʨʦʜʦʚʞ ʙʘʛʘʪʴʦʭ ʨʦʢʽʚ. ɯʩʪʦʪʥʽ ʜʦʩʷʛʥʝʥʥʷ ʚ 

ʨʦʟʫʤʽʥʥʽ ʧʨʦʮʝʩʽʚ ʬʦʪʦʩʠʥʪʝʟʫ ʨʦʩʣʠʥ ʽ ʙʘʢʪʝʨʽʡ, ʟ'ʷʩʫʚʘʥʥʽ ʧʨʠʨʦʜʠ ʟʦʨʫ, 

ʬʦʪʦʧʝʨʽʦʜʠʯʥʠʭ ʷʚʠʱ.  

ʇʦʚ̫ʘ ʣʘʟʝʨʽʚ ʩʪʠʤʫʣʶʚʘʣʘ ʧʦʜʘʣʴʰʠʡ ʰʚʠʜʢʠʡ ʨʦʟʚʠʪʦʢ ʬʦʪʦʙʽʦʣʦʛʽʾ, 

ʧʦʩʪʘʥʦʚʢʫ ʽ ʫʩʧʽʰʥʝ ʨʽʰʝʥʥʷ ʙʘʛʘʪʴʦʭ ʧʨʦʙʣʝʤ, ʷʢʽ ʨʘʥʽʰʝ ʘʙʦ ʟʦʚʩʽʤ ʥʝ ʩʪʘʚʠʣʠʩʷ 

(ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʚʽʜʧʦʚʽʜʥʠʭ ʜʞʝʨʝʣ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ) ʘʙʦ ʚʠʨʽʰʫʚʘʣʠʩʷ 

ʥʝʧʨʷʤʠʤ ʰʣʷʭʦʤ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʝʧʣʦʚʠʭ ʜʞʝʨʝʣ ʩʚʽʪʣʘ ʣʘʟʝʨʠ ʤʘʶʪʴ ʚʠʩʦʢʫ ʤʽʨʫ 

ʤʦʥʦʭʨʦʤʘʪʠʯʥʦʩʪʽ, ʚʠʩʦʢʫ ʤʽʨʫ ʪʠʤʯʘʩʦʚʦʾ ʽ ʧʨʦʩʪʦʨʦʚʦʾ ʢʦʛʝʨʝʥʪʥʦʩʪʽ, ʚʠʩʦʢʫ 

ʤʽʨʫ ʩʧʨʷʤʦʚʘʥʦʩʪʽ ʽ ʧʦʣʷʨʠʟʦʚʘʥʦʩʪʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʨʠ ʟʥʘʯʥʽʡ ʡʦʛʦ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʽ ʷʩʢʨʘʚʦʩʪʽ, ʤʦʞʫʪʴ ʧʝʨʝʣʘʰʪʦʚʫʚʘʪʠʩʴ ʧʦ ʜʦʚʞʠʥʘʭ ʭʚʠʣʴ, ʤʦʞʫʪʴ 

ʚʠʧʨʦʤʽʥʶʚʘʪʠ ʩʚʽʪʣʦʚʽ ʽʤʧʫʣʴʩʠ ʨʝʢʦʨʜʥʦ ʢʦʨʦʪʢʦʾ ʪʨʠʚʘʣʦʩʪʽ [4]. 

ɿʘ ʧʝʨʽʦʜ ʨʦʟʚʠʪʢʫ ʣʘʟʝʨʥʦʾ ʬʽʟʠʢʠ ʽ ʪʝʭʥʽʢʠ ʙʫʚ ʩʪʚʦʨʝʥʠʡ ʰʠʨʦʢʠʡ ʘʨʩʝʥʘʣ 

ʣʘʟʝʨʽʚ ʽ ʣʘʟʝʨʥʠʭ ʩʠʩʪʝʤ, ʧʦ ʩʚʦʾʭ ʧʘʨʘʤʝʪʨʘʭ ʪʠʭ, ʱʦ ʟʥʘʯʥʦʶ ʤʽʨʦʶ 

ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʧʦʪʨʝʙʠ ʣʘʟʝʨʥʦʾ ʪʝʭʥʦʣʦʛʽʾ, ʚʢʣʶʯʘʶʯʠ ʙʽʦʪʝʭʥʦʣʦʛʽʶ. ʇʨʦʪʝ 

ʩʢʣʘʜʥʽʩʪʴ ʙʫʜʦʚʠ ʙʽʦʣʦʛʽʯʥʠʭ ʦʙ'ʻʢʪʽʚ, ʟʥʘʯʥʘ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʚ ʭʘʨʘʢʪʝʨʽ ʾʭ 

ʚʟʘʻʤʦʜʽʾ ʟʽ ʩʚʽʪʣʦʤ ʚʠʟʥʘʯʘʶʪʴ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʘʛʘʪʴʦʭ ʪʠʧʽʚ ʣʘʟʝʨʽʚ ʽ 

ʣʘʟʝʨʥʠʭ ʩʠʩʪʝʤ ʫ ʬʦʪʦʙʽʦʣʦʛʽʾ, ʘ ʪʘʢʦʞ ʩʪʠʤʫʣʶʶʪʴ ʨʦʟʨʦʙʢʫ ʥʦʚʠʭ ʣʘʟʝʨʥʠʭ 

ʟʘʩʦʙʽʚ, ʚʢʣʶʯʘʶʯʠ ʽ ʟʘʩʦʙʠ ʜʦʩʪʘʚʢʠ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʦ ʦʙ'ʻʢʪʫ 

ʜʦʩʣʽʜʞʝʥʥʷ ʘʙʦ ʜʽʾ [5]. 

ʍʘʨʘʢʪʝʨ ʚʟʘʻʤʦʜʽʾ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ ʩʝʨʝʜʦʚʠʱʝʤ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʱʽʣʴʥʽʩʪʶ ʧʦʪʫʞʥʦʩʪʽ ʩʚʽʪʣʦʚʦʛʦ ʧʦʪʦʢʫ, ʱʦ ʧʘʜʘʻ, ʦʧʪʠʯʥʠʤʠ ʽ ʪʝʧʣʦʬʽʟʠʯʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʙʽʦʣʦʛʽʯʥʦʾ ʪʢʘʥʠʥʠ. ɺʠʧʨʦʤʽʥʶʚʘʥʥʷ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ 

ʚ ʣʘʟʝʨʥʽʡ ʪʝʨʘʧʽʾ He - Ne ʽ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʠʭ ʣʘʟʝʨʽʚ ʧʦʪʨʘʧʣʷʻ ʚ ʟʦʥʫ 

ʪʝʨʘʧʝʚʪʠʯʥʦʛʦ ʚʽʢʥʘ (ɚ=500-1500 ʥʤ) [6], ʜʝ ʧʨʦʮʝʩʠ ʜʠʥʘʤʽʯʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ 

ʦʜʥʦʟʥʘʯʥʦ ʧʝʨʝʚʘʞʘʶʪʴ ʥʘʜ ʧʨʦʮʝʩʘʤʠ ʧʦʛʣʠʥʘʥʥʷ. ʃʘʟʝʨʥʠʡ ʧʫʯʦʢ ʫ ʪʘʢʦʤʫ ʨʘʟʽ 

ʥʝ ʧʦʛʣʠʥʘʝʪʩʷ ʚ ʪʦʥʢʦʤʫ ʰʘʨʽ ʰʢʽʨʠ, ʘ ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʟʘ ʦʙ'ʻʤʦʤ. ɿ ʮʽʻʾ ʧʨʠʯʠʥʠ 

ʦʪʨʠʤʘʥʥʷ ʜʦʩʪʦʚʽʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʛʣʠʙʠʥʫ ʧʨʦʥʠʢʥʝʥʥʷ ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ ʚ 

ʤʘʪʝʨʽʘʣ, ʪʝʤʧʝʨʘʪʫʨʥʝ ʧʦʣʝ ʽ ʟʦʥʘ ʪʝʨʤʽʯʥʦʛʦ ʚʧʣʠʚʫ, ʘ ʪʘʢʦʞ ʧʦʛʣʠʥʝʥʽʡ ʜʦʟʽ 
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ʫʩʢʣʘʜʥʝʥʦ ʩʢʣʘʜʥʽʩʪʶ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦʚʠʭ ʜʞʝʨʝʣ ʚ ʪʢʘʥʠʥʽ, ʥʝʤʦʞʣʠʚʽʩʪʶ 

ʘʥʘʣʽʪʠʯʥʦʛʦ ʨʽʰʝʥʥʷ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʣʘʟʝʨʽʚ ʚ ʦʥʢʦʣʦʛʽʾ ʧʨʝʜʩʪʘʚʣʷʻ ʚʝʣʠʢʠʡ ʪʝʦʨʝʪʠʯʥʠʡ ʽ 

ʧʨʘʢʪʠʯʥʠʡ ʽʥʪʝʨʝʩ. ʃʘʟʝʨʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʜʘʪʥʝ ʟʨʫʡʥʫʚʘʪʠ ʽ ʜʽʘʛʥʦʩʪʫʚʘʪʠ 

ʧʫʭʣʠʥʫ ʩʘʤʦʩʪʽʡʥʦ ʘʙʦ ʚʠʙʽʨʢʦʚʦ ʘʢʪʠʚʫʚʘʪʠ ʜʝʷʢʽ ʨʝʯʦʚʠʥʠ, ʷʢʽ ʚʞʝ ʫ ʩʚʦʶ ʯʝʨʛʫ 

ʨʫʡʥʫʶʪʴ ʨʘʢʦʚʽ ʢʣʽʪʠʥʠ. ʊʘʢʠʤ ʯʠʥʦʤ ʙʫʣʦ ʩʬʦʨʤʫʣʴʦʚʘʥʘ ʤʝʪʘ ʪʘ ʟʘʚʜʘʥʥʷ 

ʨʦʙʦʪʠ: 

ɿʚ'ʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʚʠʢʦʥʘʥʘ ʥʘ ʢʘʬʝʜʨʽ ʣʘʟʝʨʥʦʾ ʪʝʭʥʽʢʠ ʪʘ ʬʽʟʠʢʦ- 

ʪʝʭʥʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʅʊʋʋ çʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʧʨʽʦʨʠʪʝʪʥʠʭ ʥʘʧʨʷʤʢʽʚ ʨʦʟʚʠʪʢʫ ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠ ʚ ʋʢʨʘʾʥʽ (ɿʘʢʦʥ ʋʢʨʘʾʥʠ çʇʨʦ 

ʧʨʽʦʨʠʪʝʪʥʽ ʥʘʧʨʷʤʢʠ ʨʦʟʚʠʪʢʫ ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠè ʟʘ ˉ2623-III, ʚʽʜ 11.07.2001 ʨ., ʟʽ 

ʟʤʽʥʘʤʠ ˉ3421-IV, ʚʽʜ 09.02.2006 ʨ., ʚ ʨʝʜʘʢʮʽʾ ʟʘʢʦʥʫ ˉ2519-VI ʚʽʜ 09.09.2010 ʨ., ʟʽ 

ʟʤʽʥʘʤʠ ˉ5460- VI  ʚʽʜ 16.10.2012 ʨ.), ʚʽʜʧʦʚʽʜʥʦ ʜʦ ɼʝʨʞʘʚʥʦʾ ʥʘʫʢʦʚʦʾ ʧʨʦʛʨʘʤʠ 

çʅʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʟʘʩʦʙʠ ʜʽʘʛʥʦʩʪʠʢʠ ʽ ʣʽʢʫʚʘʥʥʷ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ 

ʟʘʭʚʦʨʶʚʘʥʴè (ʧʦʩʪʘʥʦʚʘ ʂʄ ʋʢʨʘʾʥʠ ˉ1716 ʚʽʜ 24.12.2001 ʨ.) ʪʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʧʦʚôʷʟʘʥʘ ʟ ʪʝʤʘʪʠʢʦʶ ʜʝʨʞʙʶʜʞʝʪʥʦʾ ʨʦʙʦʪʠ çʈʦʟʨʦʙʢʘ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ 

ʣʘʟʝʨʥʦʛʦ ʚʠʨʽʟʘʥʥʷ ʤʝʜʠʯʥʠʭ ʝʥʜʦʧʨʦʪʝʟʽʚ (ʩʪʝʥʪʽʚ)è (ʥʦʤʝʨ ʜʝʨʞʘʚʥʦʾ ʨʝʻʩʪʨʘʮʽʾ 

0110u002330), ʚʠʢʦʥʘʥʦʾ ʟʘ ʫʯʘʩʪʽ ʘʚʪʦʨʘ. 

ʄʝʪʘ ʽ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʉʪʚʦʨʝʥʥʷ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʦʾ ʤʝʪʦʜʠʢʠ ʜʽʘʛʥʦʩʪʠʢʠ ʧʘʪʦʣʦʛʽʾ ʙʽʦʪʢʘʥʠʥ ʥʘ 

ʦʩʥʦʚʽ ʧʘʨʘʤʝʪʨʽʚ ʾʭ ʚʟʘʻʤʦʜʽʾ ʟ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʬʝʤʪʦʩʝʢʫʥʜʥʦʛʦ ʣʘʟʝʨʘ ʟʽ 

ʟʤʽʥʥʦʶ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʙʫʣʦ ʚʠʨʽʰʠʪʠ ʥʘʩʪʫʧʥʽ ʟʘʚʜʘʥʥʷ: 

1. ɺʠʢʦʥʘʪʠ ʘʥʘʣʽʟ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʤʝʪʦʜʽʚ ʜʽʘʛʥʦʩʪʠʢʠ ʧʘʪʦʣʦʛʽʯʥʠʭ ʫʪʚʦʨʝʥʴ. 

2. ɺʠʷʚʠʪʠ ʧʨʦʙʣʝʤʠ ʪʘ ʦʩʥʦʚʥʽ ʥʝʜʦʣʽʢʠ ʜʽʘʛʥʦʩʪʠʢʠ ʧʘʪʦʣʦʛʽʯʥʠʭ ʫʪʚʦʨʝʥʴ. 

3. ʈʦʟʨʦʙʠʪʠ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʪʘ ʧʨʦʚʝʩʪʠ ʨʦʟʨʘʭʫʥʢʠ ʪʝʤʧʝʨʘʪʫʨʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʙʽʦʪʢʘʥʠʥ (ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʙʘʛʘʪʦʰʘʨʦʚʦʩʪʽ ʪʘ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʧʦʛʣʠʥʘʥʥʷ, ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʨʦʟʩʽʶʚʘʥʥʷ ʥʘʧʽʚʧʨʦʟʦʨʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʱʦ 

ʦʪʦʯʝʥʝ ʥʘʧʽʚʧʨʦʟʦʨʠʤʠ ʜʠʬʫʟʥʦ-ʚʽʜʙʠʚʘʣʴʥʠʤʠ ʛʨʘʥʠʮʷʤʠ). 
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4. ʈʦʟʨʦʙʢʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʤʝʜʠʢʦ-ʙʽʦʣʦʛʽʯʥʦʾ ʜʦʩʣʽʜʥʠʮʴʢʦʾ ʫʩʪʘʥʦʚʢʠ ʥʘ 

ʙʘʟʽ ʬʝʤʪʦʩʝʢʫʥʜʥʦʛʦ ʣʘʟʝʨʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥ ̫ ʦʧʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ  ʪʘ 

ʭʘʨʘʢʪʝʨʫ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʧʘʪʦʣʦʛʽʯʥʠʭ ʪʘ ʟʜʦʨʦʚʠʭ ʙʽʦʪʢʘʥʠʥ. 

5. ɼʦʩʣʽʜʠʪʠ ʦʧʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ (Pʩʨ.ʚʽʜ ï ʩʝʨʝʜʥʷ ʧʦʪʫʞʥʽʩʪʴ ʚʽʜʙʠʪʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ., Pʩʨ.ʧʨʦʭ. ï ʩʝʨʝʜʥʷ ʧʦʪʫʞʥʽʩʪʴ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʘ ʟʨʘʟʢʦʤ, ɚʚʽʜ 

ï ʜʦʚʞʠʥʘ ʭʚʠʣʽ ʚʽʜʙʠʪʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ) ʪʘ ʭʘʨʘʢʪʝʨ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ 

(T1ʤʤ-T5ʤʤ ï ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʛʣʠʙʠʥʽ 1ʤʤ-5ʤʤ) ʟʜʦʨʦʚʠʭ ʪʘ ʧʘʪʦʣʦʛʽʯʥʠʭ 

ʙʽʦʪʢʘʥʠʥ. 

6. ʇʦʨʽʚʥʷʪʠ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʘ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

7. ʈʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠʢʫ ʪʘ ʨʝʢʦʤʝʥʜʘʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʪʨʠʤʘʥʠʭ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʦʧʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʭʘʨʘʢʪʝʨʫ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ 

ʙʽʦʣʦʛʽʯʥʠʭ ʪʢʘʥʠʥ ʜʣʷ ʨʘʥʥʴʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʧʘʪʦʣʦʛʽʯʥʠʭ ʫʪʚʦʨʝʥʴ. 

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʨʦʮʝʩ ʚʧʣʠʚʫ ʣʘʟʝʨʥʦʛʦ ʬʝʤʪʦʩʝʢʫʥʜʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʟʜʦʨʦʚʽ ʽ ʧʘʪʦʣʦʛʽʯʥʽ ʙʽʦʪʢʘʥʠʥʠ. 

ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʟʤʽʥʠ ʦʧʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ 

ʪʝʤʧʝʨʘʪʫʨʠ ʟʜʦʨʦʚʠʭ ʽ ʧʘʪʦʣʦʛʽʯʥʠʭ ʙʽʦʪʢʘʥʠʥ ʧʽʜ ʜʽʻʶ ʣʘʟʝʨʥʦʛʦ 

ʬʝʤʪʦʩʝʢʫʥʜʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ, ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʨʦʙʦʪʽ, ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʪʝʦʨʝʪʠʯʥʽ, ʜʦ 

ʷʢʠʭ ʚʽʜʥʦʩʷʪʴʩʷ ʩʪʘʪʠʩʪʠʯʥʽ ʤʝʪʦʜʠ ʽ ʩʪʚʦʨʝʥʥʷ ʯʠʩʝʣʴʥʠʭ ʤʦʜʝʣʝʡ ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ʦʙôʻʢʪʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʜʠʩʢʨʝʪʥʠʭ ʦʨʜʠʥʘʪ (ʄɼʆ) ʪʘ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʠʭ 

ʦʙôʻʤʽʚ (ʄʉʆ), ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ, ʧʝʨʝʚʘʞʥʦ ʩʧʝʢʪʨʦʩʢʦʧʽʯʥʽ ʤʝʪʦʜʠʢʠ 

ʧʦʛʣʠʥʘʥʥʷ, ʚʽʜʙʠʚʘʥʥʷ, ʪʘ ʤʝʪʦʜʠ ʣʘʟʝʨʥʦ-ʬʣʫʦʨʝʩʮʝʥʪʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ 

ʚʢʣʶʯʘʶʯʠ ʬʝʤʪʦʩʝʢʫʥʜʫ ʩʧʝʢʪʨʦʩʢʦʧʽʶ.  

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ɺ ʨʦʙʦʪʽ ʦʪʨʠʤʘʥʦ ʥʘʩʪʫʧʥʽ 

ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ: 

1. ɺʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʜʽʘʛʥʦʩʪʠʢʠ ʧʘʪʦʣʦʛʽʯʥʠʭ ʫʪʚʦʨʝʥʴ, ʱʦ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʦʨʽʚʥʷʥʥʽ ʦʧʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ (Pʩʨ.ʚʽʜ., Pʩʨ.ʧʨʦʭ. ,ɚʚʽʜ) ʪʘ ʭʘʨʘʢʪʝʨʫ 

ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʧʘʪʦʣʦʛʽʯʥʠʭ ʪʘ ʟʜʦʨʦʚʠʭ ʙʽʦʪʢʘʥʠʥ ʧʽʜ ʜʽʻʶ ʣʘʟʝʨʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʬʝʤʪʦʩʝʢʫʥʜʥʦʾ ʪʨʠʚʘʣʦʩʪʽ. 
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2. ɺʧʝʨʰʝ ʚʠʷʚʣʝʥʘ ʬʣʫʦʨʝʩʮʝʥʮʽʷ ʙʽʦʣʦʛʽʯʥʠʭ ʪʢʘʥʠʥ ʧʨʠ ʟʙʫʜʞʝʥʥʽ 

ʬʝʤʪʦʩʝʢʫʥʜʥʠʤ ʣʘʟʝʨʥʠʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʚ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʜʽʘʧʘʟʦʥʽ 

350-450 ʥʤ, ʟʘʨʝʻʩʪʨʦʚʘʥʦ ʯʽʪʢʫ ʚʽʜʤʽʥʥʽʩʪʴ ʩʧʝʢʪʨʽʚ ʬʣʫʦʨʝʩʮʝʥʮʽʾ 

ʧʘʪʦʣʦʛʽʯʥʠʭ ʪʘ ʟʜʦʨʦʚʠʭ ʙʽʦʪʢʘʥʠʥ ʜʦ 3-ʭ ʨʘʟʽʚ ʟʘ ʽʥʪʝʥʩʠʚʥʽʩʪʶ, ʚʽʜʧʦʚʽʜʥʦ.  

3. ɺʧʝʨʰʝ ʚʠʷʚʣʝʥʦ ʜʦʜʘʪʢʦʚʽ ʧiʢʠ ʫ ʩʧʝʢʪʨʘʭ ʬʣʫʦʨʝʩʮʝʥʮʽʾ ʚ ʜʦʚʛʦʭʚʠʣʴʦʚʽʡ 

ʦʙʣʘʩʪʽ (600ï 700 ʥʤ) ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʛʨʘʥʠʮʽ ʤʽʞ ʟʜʦʨʦʚʦʶ ʪʘ ʧʘʪʦʣʦʛʽʯʥʦʶ 

ʪʢʘʥʠʥʦʶ ʟʨʘʟʢʘ ʟ ʣʘʟʝʨʥʠʤ ʢʦʨʦʪʢʦʭʚʠʣʴʦʚʠʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ 

ʬʝʤʪʦʩʝʢʫʥʜʥʦʾ ʪʨʠʚʘʣʦʩʪʽ ʚ ʜʽʘʧʘʟʦʥʽ 380ï400 ʥʤ. 

4. ɺʧʝʨʰʝ ʚʩʪʘʥʦʚʣʝʥʦ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʧʨʦʧʫʩʢʘʥʥʷ ʪʘ ʧʦʛʣʠʥʘʥʥʷ ʣʘʟʝʨʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʬʝʤʪʦʩʝʢʫʥʜʥʦʾ ʪʨʠʚʘʣʦʩʪʽ ʚ ʙʽʦʣʦʛʽʯʥʠʭ ʪʢʘʥʠʥʘʭ (ʟʜʦʨʦʚʠʭ 

ʪʘ ʧʘʪʦʣʦʛʽʯʥʠʭ). 

5. ɺʧʝʨʰʝ ʚʩʪʘʥʦʚʣʝʥʦ ʭʘʨʘʢʪʝʨ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʧʘʪʦʣʦʛʽʯʥʠʭ ʪʘ ʟʜʦʨʦʚʠʭ 

ʙʽʦʪʢʘʥʠʥ ʧʽʜ ʜʽʻʶ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʬʝʤʪʦʩʝʢʫʥʜʥʦʾ ʪʨʠʚʘʣʦʩʪʽ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ: 

1. ʅʘʙʫʣʘ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʬʽʟʠʯʥʘ ʪʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʪʝʧʣʦʚʦʛʦ ʩʪʘʥʫ 

ʙʘʛʘʪʦʰʘʨʦʚʦʾ ʙʽʦʣʦʛʽʯʥʦʾ ʪʢʘʥʠʥʠ ʧʨʠ ʾʾ ʥʘʛʨʽʚʘʥʥʽ ʣʘʟʝʨʥʠʤ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʡʦʛʦ ʧʦʛʣʠʥʘʥʥʷ ʪʘ ʨʦʟʩʽʶʚʘʥʥʷ 

ʥʘʧʽʚʧʨʦʟʦʨʠʤ ʩʝʨʝʜʦʚʠʱʝʤ ʦʪʦʯʝʥʠʤ ʥʘʧʽʚʧʨʦʟʦʨʠʤʠ ʜʠʬʫʟʥʦ-

ʚʽʜʙʠʚʘʣʴʥʠʤʠ ʛʨʘʥʠʮʷʤʠ. 

2. ʈʦʟʨʦʙʣʝʥʦ ʯʠʩʣʦʚʫ ʤʦʜʝʣʴ, ʷʢʘ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʯʠʩʣʦʚʦʛʦ ʘʥʘʣʽʟʫ 

ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʠ, ʛʨʘʜʽʻʥʪʽʚ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʛʫʩʪʠʥʠ 

ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ (ʛʝʦʤʝʪʨʠʯʥʠʭ, ʬʽʟʠʯʥʠʭ, 

ʫʤʦʚ ʟʦʚʥʽʰʥʴʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ ʪʘ ʽʥ.). 

3. ʉʪʚʦʨʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ ʤʝʜʠʢʦ-ʙʽʦʣʦʛʽʯʥʫ ʜʦʩʣʽʜʥʠʮʴʢʫ ʫʩʪʘʥʦʚʢʫ ʥʘ 

ʙʘʟ̔ ʬʝʤʪʦʩʝʢʫʥʜʥʦʛʦ ʣʘʟʝʨʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥ ̫ ʦʧʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ 

ʭʘʨʘʢʪʝʨʫ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʧʘʪʦʣʦʛʽʯʥʠʭ ʪʘ ʟʜʦʨʦʚʠʭ ʙʽʦʪʢʘʥʠʥ. 

4. ɺʩʪʘʥʦʚʣʝʥʽ ʦʩʥʦʚʥʽ ʦʧʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʪʘ ʭʘʨʘʢʪʝʨ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ 

ʟʜʦʨʦʚʠʭ ʽ ʧʘʪʦʣʦʛʽʯʥʠʭ ʙʽʦʪʢʘʥʠʥ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʟ ʣʘʟʝʨʥʠʤ ʬʝʤʪʦʩʝʢʫʥʜʥʠʤ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʨʘʥʥʴʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʧʘʪʦʣʦʛʽʯʥʠʭ 

ʫʪʚʦʨʝʥʴ. 
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5. ʈʦʟʨʦʙʣʝʥʦ ʨʝʢʦʤʝʥʜʘʮʽʾ ʟ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʠʢʠ ʜʽʘʛʥʦʩʪʠʢʠ 

ʟʜʦʨʦʚʠʭ ʪʘ ʧʘʪʦʣʦʛʽʯʥʠʭ ʙʽʦʪʢʘʥʠʥ ʥʘ ʦʩʥʦʚʽ ʬʝʤʪʦʩʝʢʫʥʜʥʦʛʦ ʣʘʟʝʨʘ ʟʽ 

ʟʤʽʥʥʦʶ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ 

6. ʆʪʨʠʤʘʥʦ ʧʘʪʝʥʪ ʋʢʨʘʾʥʠ ʥʘ ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ ˉ 89304 ʧʨʦ ʩʧʦʩʽʙ 

ʢʦʤʙʽʥʦʚʘʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʫʨʘʞʝʥʴ ʟʣʦʷʢʽʩʥʦʶ ʧʫʭʣʠʥʦʶ ʦʨʛʘʥʽʚ ʛʨʫʜʥʦʾ 

ʧʦʨʦʞʥʠʥʠ. 

ʈʝʘʣʽʟʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʦʪʠ. ʆʪʨʠʤʘʥʽ ʚ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʨʝʟʫʣʴʪʘʪʠ 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ: ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʥʦʚʠʭ ʣʘʟʝʨʥʠʭ ʩʠʩʪʝʤ ʜʣʷ 

ʤʝʜʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ; ʬʘʭʽʚʮʷʤʠ ʤʝʜʠʯʥʦʛʦ ʧʝʨʩʦʥʘʣʫ ʪʘ ʤʝʜʠʯʥʠʤʠ 

ʫʩʪʘʥʦʚʘʤʠ, ʷʢʽ ʟʘʡʤʘʶʪʴʩʷ ʜʽʘʛʥʦʩʪʠʢʦʶ ʟʣʦʷʢʽʩʥʠʭ ʧʫʭʣʠʥ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʚʧʨʦʚʘʜʞʝʥʦ, ʽ ʧʽʜʪʚʝʨʜʞʝʥʦ ʘʢʪʘʤʠ 

ʚʧʨʦʚʘʜʞʝʥʥʷ, ʥʘ ʧʨʠʚʘʪʥʦʤʫ ʤʘʣʦʤʫ ʚʠʨʦʙʥʠʯʦʤʫ ʧʽʜʧʨʠʻʤʩʪʚʽ çʌʦʪʦʥʽʢʘ ʇʣʶʩè, 

ʘ ʪʘʢʦʞ ʪʦʚʘʨʠʩʪʚʦʤ ʟ ʦʙʤʝʞʝʥʦʶ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʶ çʄɯɾʅɸʈʆɼʅʀʁ ʎɽʅʊʈ 

ɺʇʈʆɺɸɼɾɽʅʅʗ ʄɽɼʀʏʅʀʍ ʊɽʍʅʆʃʆɻɯʁè. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ ʧʦʣʷʛʘʻ ʫ ʧʦʩʪʘʥʦʚʮʽ ʢʦʥʢʨʝʪʥʠʭ ʟʘʜʘʯ 

ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʚʠʙʦʨʽ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʴ, ʾʭ 

ʧʨʘʢʪʠʯʥʽʡ ʨʝʘʣʽʟʘʮʽʾ, ʦʙʨʦʙʮʽ ʽ ʘʥʘʣʽʟʽ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ, ʧʦʙʫʜʦʚʽ ʬʽʟʠʯʥʦʾ ʪʘ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʝʡ ʪʘ ʧʨʦʚʝʜʝʥʥʽ ʯʠʩʝʣʴʥʠʭ 

ʨʦʟʨʘʭʫʥʢʽʚ, ʬʦʨʤʫʚʘʥʥʽ ʚʠʩʥʦʚʢʽʚ ʽ ʥʘʧʠʩʘʥʥʽ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ. ʅʘʫʢʦʚʽ ʧʦʣʦʞʝʥʥʷ, 

ʱʦ ʚʠʥʦʩʷʪʴʩʷ ʥʘ ʟʘʭʠʩʪ, ʪʘ ʚʠʩʥʦʚʢʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʥʘʣʝʞʘʪʴ ʘʚʪʦʨʫ. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ. ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʜʦʧʦʚʽʜʘʣʠʩʴ ʥʘ  

ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ: ʟʘʛʘʣʴʥʦ ʫʥʽʚʝʨʩʠʪʝʪʩʴʢʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ 

ʢʦʥʬʝʨʝʥʮʽʷ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ ʪʘ ʩʪʫʜʝʥʪʽʚ, ʩʝʢʮʽʷ ʄʘʰʠʥʦʙʫʜʫʚʘʥʥʷ 2 ʯʘʩʪʠʥʘ. 

2010ʨ.; ʟʘʛʘʣʴʥʦ ʫʥʽʚʝʨʩʠʪʝʪʩʴʢʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ ʪʘ 

ʩʪʫʜʝʥʪʽʚ ʧʨʠʩʚʷʯʝʥʦʾ ʜʥʶ ʅʘʫʢʠ, ʩʝʢʮʽʷ ʄʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʧʽʜʩʝʢʮʽʷ çʣʘʟʝʨʥʘ 

ʪʝʭʥʽʢʘ ʪʘ ʬʽʟʠʢʦ-ʪʝʭʥʽʯʥʽ ʪʝʭʥʦʣʦʛʽʾè. 2012ʨ.; ɉII ʚʩʝʫʢʨʘʾʥʩʴʢʘ ʤʦʣʦʜʽʞʥʘ 

ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çʄʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʋʢʨʘʾʥʠ ʦʯʠʤʘ ʤʦʣʦʜʠʭ: 

ʧʨʦʛʨʝʩʠʚʥʽ ʽʜʝʾ-ʥʘʫʢʘ-ʚʠʨʦʙʥʠʮʪʚʦè ʉʝʢʮʽʷ II  çʊʝʭʥʦʣʦʛʽʷ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷè 

ʂʠʾʚ-2012ʨ.; Thirteenth International Young Scientists Conference Optics & High 

Techology Material Science SPO 2012. October 25-28, 2012 Kyiv , Ukraine.; 
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ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠ ʢʣʠʥʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ, ʄʘʪʝʨʠʘʣʳ 

ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʩʝʤʠʥʘʨʘ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ(15-16 ʤʘʨʪʘ 2013ʛ.) 

ʏʝʨʢʘʩʩʳ ɺʝʨʪʠʢʘʣʴ 2013; Intand technical conference, Laser Technologies. Lasers and 

Their application, June 25-27 Truskavets, Ukraine; ʍʍʍʍ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ. ʇʨʠʤʝʥʝʥʠʝ ʣʘʟʝʨʦʚ ʚ ʤʝʜʠʮʠʥʝ ʠ ʙʠʦʣʦʛʠʠ, 2-5 

ʦʢʪʷʙʨʷ 2013 ʗʣʪʘ.  

ʇʫʙʣʽʢʘʮʽʾ. ɿʘ ʤʘʪʝʨʽʘʣʘʤʠ ʜʠʩʝʨʪʘʮʽʾ ʦʧʫʙʣʽʢʦʚʘʥʦ 14 ʧʨʘʮʴ, ʫ ʪʦʤʫ 

ʯʠʩʣʽ 5 ʩʪʘʪʝʡ ʫ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ, ʟ ʥʠʭ ï 2 ʩʪʘʪʪʽ ʫ ʚʠʜʘʥʥʷʭ, ʷʢʽ 

ʚʢʣʶʯʝʥʽ ʜʦ ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʚʦ-ʤʝʪʨʠʯʥʠʭ ʙʘʟ ʜʘʥʠʭ ʪʘ 1 ʩʪʘʪʪʷ ʚ ʽʥʦʟʝʤʥʦʤʫ 

ʚʠʜʘʥʥʽ, 1 ʧʘʪʝʥʪ ʋʢʨʘʾʥʠ ʥʘ ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ ʪʘ 7 ʪʝʟ ʽ ʜʦʧʦʚʽʜʝʡ ʫ ʟʙʽʨʥʠʢʘʭ 

ʤʘʪʝʨʽʘʣʽʚ ʢʦʥʬʝʨʝʥʮʽʡ. 

ʉʪʨʫʢʪʫʨʘ ʪʘ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʟʤʽʩʪʫ, 

ʚʩʪʫʧʫ, ʧôʷʪʠ ʨʦʟʜʽʣʽʚ ʦʩʥʦʚʥʦʾ ʯʘʩʪʠʥʠ, ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʽ 

ʜʦʜʘʪʢʽʚ. ʆʙʩʷʛ ʨʦʙʦʪʠ: 131 ʩʪʦʨʽʥʢʘ ʦʩʥʦʚʥʦʛʦ ʪʝʢʩʪʫ, 59 ʨʠʩʫʥʢʽʚ ʥʘ 51 ʩʪʦʨʽʥʮ,̔ 7 

ʪʘʙʣʠʮʴ ʥʘ 8 ʩʪʦʨʽʥʢʘʭ, ʩʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʽʟ 138 ʥʘʡʤʝʥʫʚʘʥʴ ʥʘ 12 

ʩʪʦʨʽʥʢʘʭ, 3 ʜʦʜʘʪʢʠ ʥʘ 8 ʩʪʦʨʽʥʢʘʭ. ɿʘʛʘʣʴʥʠʡ ʦʙʩʷʛ ʨʦʙʦʪʠ ʩʢʣʘʜʘʻ 157 ʩʪʦʨʽʥʦʢ. 
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ʈʆɿɼɯʃ 1 

 

 ʃɯʊɽʈɸʊʋʈʅʀʁ ʆɻʃʗɼ 

 

1.1 ʃʘʟʝʨʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚ ʦʥʢʦʣʦʛʽʾ 

 

ʇʫʭʣʠʥʘ ʘʙʦ ʥʦʚʦʫʪʚʦʨʝʥʥʷ - ʮʝ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʝ ʧʘʪʦʣʦʛʽʯʥʝ ʨʦʟʤʥʦʞʝʥʥʷ 

ʢʣʽʪʠʥ ʨʽʟʥʠʭ ʪʢʘʥʠʥ ʦʨʛʘʥʽʟʤʫ, ʷʢʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʷʢ ʫ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʪʚʘʨʠʥʥʦʛʦ 

ʩʚʽʪʫ, ʪʘʢ ʽ ʫ ʨʦʩʣʠʥ [7]. 

ɿʣʦʷʢʽʩʥʘ ʧʫʭʣʠʥʘ ð ʮʝ ʦʩʦʙʣʠʚʘ ʧʘʪʦʣʦʛʽʯʥʘ ʬʦʨʤʘ ʧʨʦʣʽʬʝʨʘʮʽʾ ʢʣʽʪʠʥ, 

ʩʧʨʠʯʠʥʝʥʦʾ ʽʥʜʫʢʦʚʘʥʠʤʠ ʘʙʦ ʩʧʦʥʪʘʥʥʠʤʠ ʟʤʽʥʘʤʠ ʛʝʥʦʤʘ ʢʣʽʪʠʥʠ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʭʠʣʴʥʽʩʪʶ ʜʦ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʨʦʩʪʫ, ʥʝʟʘʚʝʨʰʝʥʦʾ 

ʜʠʬʝʨʝʥʮʽʘʮʽʾ, ʘ ʪʘʢʦʞ ʜʦ ʽʥʚʘʟʽʾ ʪʘ ʜʝʩʪʨʫʢʮʽʾ ʧʨʠʣʝʛʣʠʭ ʪʢʘʥʠʥ ʽ ʬʦʨʤʫʚʘʥʥʷ 

ʚʽʜʜʘʣʝʥʠʭ ʤʝʪʘʩʪʘʟʽʚ [8]. 

ʈʘʢʦʚʘ ʢʣʽʪʠʥʘ ð ʮʝ ʤʫʪʘʥʪ ʥʦʨʤʘʣʴʥʦʾ ʢʣʽʪʠʥʠ. ʉʪʽʡʢʽ ʟʤʽʥʠ ʚ ʩʪʨʫʢʪʫʨʽ ʯʠ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʽ ʛʝʥʦʤʘ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʥʦʚʦʛʦ ʬʝʥʦʪʠʧʫ ð ʢʣʽʪʠʥ ʟ 

ʦʩʦʙʣʠʚʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʱʦ ʚʝʜʫʪʴ ʜʦ ʟʣʦʷʢʽʩʥʦʛʦ ʨʦʩʪʫ. 

ɿʣʦʷʢʽʩʥʠʡ ʨʽʩʪ (ʨʘʢ, ʩʘʨʢʦʤʘ, ʣʝʡʢʦʟ) ʧʨʠʪʘʤʘʥʥʠʡ ʫʩʽʤ ʞʠʚʠʤ ʦʨʛʘʥʽʟʤʘʤ, 

ʟʦʢʨʝʤʘ ʣʶʜʠʥʽ. ʑʦʨʽʯʥʦ ʚʽʜ ʟʣʦʷʢʽʩʥʠʭ ʧʫʭʣʠʥ ʥʘ ʟʝʤʥʽʡ ʢʫʣʽ ʛʠʥʝ ʧʦʥʘʜ 5 ʤʣʥ 

ʣʶʜʝʡ [9]. 

ɼʘʪʠ ʪʦʯʥʝ ʚʠʟʥʘʯʝʥʥʷ ʧʫʭʣʠʥʽ ʥʘ ʩʴʦʛʦʜʥʽ ʥʝ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʤʦʞʣʠʚʠʤ 

ʟʚʘʞʘʶʯʠ ʥʘ ʚʽʜʩʫʪʥʽʩʪʴ ʫʷʚʣʝʥʴ ʧʨʦ ʛʣʠʙʠʥʥʽ ʧʨʠʯʠʥʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʦʨʤʘʣʴʥʠʭ 

ʢʣʽʪʠʥ ʚ ʧʫʭʣʠʥʫ.  

ɿ ʢʣʽʥʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʨʦʟʨʽʟʥʷʶʪʴ ʟʣʦʷʢʽʩʥʫ ʽ ʜʦʙʨʦʷʢʽʩʥʫ ʧʫʭʣʠʥʫ, ʦʙʣʘʩʪʴ 

ʤʝʜʠʮʠʥʠ, ʷʢʘ ʚʠʚʯʘʻ ʧʦʷʚʫ, ʧʦʰʠʨʝʥʥʷ ʧʨʦʬʽʣʘʢʪʠʢʫ ʽ ʣʽʢʫʚʘʥʥʷ ʧʫʭʣʠʥ, 

ʥʘʟʠʚʘʻʪʴʩʷ ʦʥʢʦʣʦʛʽʷ [7ï9] (ʚʽʜ ʣʘʪʽʚ. onkos - ʧʫʭʣʠʥʘ ʽ logos - ʥʘʫʢʘ). ɿʣʦʷʢʽʩʥʘ 

ʧʫʭʣʠʥʘ ʤʘʻ ʧʨʷʤʫ ʟʘʛʨʦʟʫ ʜʣʷ ʞʠʪʪʷ ʣʶʜʠʥʠ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʾʾ ʧʦʭʦʜʞʝʥʥʷ ʽ 

ʣʦʢʘʣʽʟʘʮʽʾ ʚ ʦʨʛʘʥʽʟʤʽ ʣʶʜʠʥʠ, ʪʦʜʽ ʷʢ ʜʦʙʨʦʷʢʽʩʥʘ ʧʫʭʣʠʥʘ ʥʝʙʝʟʧʝʯʥʘ ʣʠʰʝ ʫ 

ʚʠʥʷʪʢʦʚʠʭ ʚʠʧʘʜʢʘʭ (ʥʘʧʨʠʢʣʘʜ, ʚ ʦʙʣʘʩʪʽ ʯʝʨʝʧʘ ʘʙʦ ʢʠʰʢʠ). 
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ɼʦʙʨʦʷʢʽʩʥʽ ʧʫʭʣʠʥʠ ʤʦʞʥʘ ʚʠʷʚʠʪʠ ʧʨʘʢʪʠʯʥʦ ʫ ʢʦʞʥʦʾ ʣʶʜʠʥʠ, ʘʣʝ 

ʩʪʘʪʠʩʪʠʢʘ ʧʦ ʥʠʭ ʥʝ ʚʝʜʝʪʴʩʷ, ʫ ʙʽʣʴʰʦʩʪʽ ʢʨʘʾʥ ʩʚʽʪʫ ʨʝʻʩʪʨʫʶʪʴʩʷ ʚʠʢʣʶʯʥʦ 

ʟʣʦʷʢʽʩʥʽ ʧʫʭʣʠʥʠ, ʧʦʰʠʨʝʥʥʷ ʷʢʠʭ ʚ ʨʦʟʚʠʥʝʥʠʭ ʢʨʘʾʥʘʭ ʚʘʨʽʶʻ ʚ ʤʝʞʘʭ 200-400 ʥʘ 

100 000 ʥʘʩʝʣʝʥʥʷ. ʊʦʤʫ, ʢʦʣʠ ʟʛʘʜʫʶʪʴʩʷ ʦʥʢʦʣʦʛʽʯʥʽ ʟʘʭʚʦʨʶʚʘʥʥʷ, ʤʘʶʪʴ ʥʘ 

ʫʚʘʟʽ ʚʠʢʣʶʯʥʦ ʟʣʦʷʢʽʩʥʽ ʧʫʭʣʠʥʠ, ʷʢʽ ʥʘʟʠʚʘʶʪʴʩʷ ʟʘʛʘʣʴʥʠʤ ʪʝʨʤʽʥʦʤ ç ʨʘʢ è [7ï

10]. 

ʈʦʟʚʠʪʦʢ ʟʣʦʷʢʽʩʥʦʾ ʧʫʭʣʠʥʠ ʪʨʘʜʠʮʽʡʥʦ ʨʦʟʜʽʣʷʶʪʴ ʥʘ ʯʦʪʠʨʠ ʧʦʩʣʽʜʦʚʥʽ 

ʩʪʘʜʽʾ. ʇʨʠ ʧʝʨʰʽʡ (ʯʠ ʥʫʣʴʦʚʠʡ) ʩʪʘʜʽʾ ʢʽʣʴʢʽʩʪʴ ʨʘʢʦʚʠʭ ʢʣʽʪʠʥ ʚ ʪʢʘʥʠʥʽ ʱʝ 

ʥʝʚʝʣʠʢʘ ʽ ʚʦʥʠ ʥʝ ʚʠʭʦʜʷʪʴ ʟʘ ʤʝʞʽ ʙʘʟʘʣʴʥʦʾ ʤʝʤʙʨʘʥʠ ʝʧʽʪʝʣʽʶ, ʥʘ ʷʢʦʤʫ 

ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʜʦʩʠʪʴ ʣʠʰʝ ʣʦʢʘʣʴʥʦʛʦ ʚʠʜʘʣʝʥʥʷ ʫʨʘʞʝʥʦʾ 

ʜʽʣʷʥʢʠ ʟ ʯʘʩʪʢʦʚʠʤ ʟʘʭʦʧʣʝʥʥʷʤ ʟʜʦʨʦʚʦʾ ʪʢʘʥʠʥʠ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʨʝʮʠʜʠʚʫ 

(ʧʦʚʪʦʨʥʽʡ ʧʫʭʣʠʥʽ) ʽ ʤʝʪʘʩʪʘʟʫʚʘʥʥʶ. ʇʨʠʢʣʘʜʘʤʠ ʤʦʞʫʪʴ ʩʣʫʞʠʪʠ ʥʫʣʴʦʚʘ ʩʪʘʜʽʷ 

ʨʘʢʠ ʰʠʡʢʠ ʤʘʪʢʠ, ʰʢʽʨʥʠʭ ʧʦʢʨʠʚʽʚ ʘʙʦ ʩʣʠʟʦʚʠʭ ʦʙʦʣʦʥʦʢ ʧʦʨʦʞʥʠʥʠ ʨʦʪʘ.  

ʇʨʠ ʜʨʫʛʽʡ ʩʪʘʜʽʾ ʨʘʢʦʚʽ ʢʣʽʪʠʥʠ ʚʞʝ ʧʨʦʥʠʢʘʶʪʴ ʟ ʝʧʽʪʝʣʽʶ ʯʝʨʝʟ ʙʘʟʘʣʴʥʽ 

ʤʝʤʙʨʘʥʠ ʚ ʥʘʣʝʞʥʫ ʩʧʦʣʫʯʥʫ ʪʢʘʥʠʥʫ, ʭʦʯʘ ʽ ʥʝ ʧʦʰʠʨʶʶʪʴʩʷ ʚ ʣʽʤʬʘʪʠʯʥʽ ʚʫʟʣʠ 

(ʪʽ ʞ ʚʠʧʘʜʢʠ, ʘ ʪʘʢʦʞ ʨʘʢ ʤʦʣʦʯʥʦʾ, ʱʠʪʦʚʠʜʥʦʾ ʽ ʧʝʨʝʜʤʽʭʫʨʦʚʦʾ ʟʘʣʦʟ, ʙʨʦʥʭʘ, 

ʰʣʫʥʢʫ, ʨʽʟʥʠʭ ʚʽʜʜʽʣʽʚ ʛʦʣʦʚʥʦʛʦ ʤʦʟʢʫ ʽ ʜʝʷʢʽ ʽʥʰʽ). ʋ ʮʠʭ ʩʠʪʫʘʮʽʷʭ ʦʢʨʽʤ 

ʧʫʭʣʠʥʠ ʚʠʜʘʣʷʶʪʴ ʚʞʝ ʽ ʟʥʘʯʥʠʡ ʦʙ'ʻʤ ʥʘʚʢʦʣʠʰʥʽʭ ʟʜʦʨʦʚʠʭ ʪʢʘʥʠʥ, ʱʦʙ 

ʟʘʩʪʨʘʭʫʚʘʪʠ ʭʚʦʨʦʛʦ ʚʽʜ ʨʝʮʠʜʠʚʫ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʦʧʘʜʘʥʥʷ ʦʜʠʥʠʯʥʠʭ ʨʘʢʦʚʠʭ 

ʢʣʽʪʠʥ, ʱʦ ʟʘʣʠʰʠʣʠʩʷ ʚ ʨʘʥʽ, ʟʘ ʤʝʞʽ ʟʦʥʠ ʚʪʨʫʯʘʥʥʷ.  

ʇʨʠ ʪʨʝʪʽʡ ʩʪʘʜʽʾ ʨʘʢʦʚʽ ʢʣʽʪʠʥʠ ʚʞʝ ʧʨʦʥʠʢʘʶʪʴ ʚ ʤʽʩʮʝʚʽ ʣʽʤʬʘʪʠʯʥʽ ʚʫʟʣʠ, 

ʱʦ ʧʨʠʤʫʰʫʻ ʨʦʙʠʪʠ ʤʘʩʠʚʥʽ ʚʠʜʘʣʝʥʥʷ ʟʥʘʯʥʦʾ ʘʙʦ ʙʽʣʴʰʦʾ ʯʘʩʪʠʥʠ ʦʨʛʘʥʫ, ʘ ʽʥʦʜʽ 

ʽ ʚʠʜʘʣʷʪʠ ʡʦʛʦ ʮʽʣʢʦʤ (ʵʢʩʪʠʨʧʘʮʠʷ ʘʙʦ ʧʦʚʥʝ ʚʠʜʘʣʝʥʥʷ ʰʣʫʥʢʫ, ʥʠʨʢʠ, ʤʦʣʦʯʥʦʾ 

ʽ ʽʥʰʠʭ ʟʘʣʦʟ, ʚʝʨʭʥʴʦʾ ʘʙʦ ʥʠʞʥʴʦʾ ʱʝʣʝʧʠ, ʚʝʣʠʢʦʛʦ ʚʽʜʜʽʣʫ ʢʠʰʢʦʚʠʢʘ, ʣʝʛʝʥʽ ʽ 

ʪʦʤʫ ʧʦʜʽʙʥʝ).  

ʇʨʠ ʯʝʪʚʝʨʪʽʡ ʩʪʘʜʽʾ, ʢʦʣʠ ʨʘʢʦʚʽ ʢʣʽʪʠʥʠ ʧʦʰʠʨʝʥʽ ʚʞʝ ʧʦ ʙʘʛʘʪʴʦʭ 

ʣʽʤʬʘʪʠʯʥʠʭ ʚʫʟʣʘʭ ʘʙʦ ʥʘʚʽʪʴ ʦʨʛʘʥʘʭ (ʤʝʪʘʩʪʘʟʠ ʨʘʢʠ ʪʦʚʩʪʦʾ ʢʠʰʢʠ ʚ ʧʝʯʽʥʢʫ, 

ʤʝʪʘʩʪʘʟʠ ʤʝʣʘʥʦʤʠ ʚ ʣʝʛʝʥʽ, ʢʽʩʪʢʦʚʠʡ ʽ ʛʦʣʦʚʥʠʡ ʤʦʟʦʢ), ʭʚʦʨʠʡ ʚʚʘʞʘʻʪʴʩʷ 

ʧʨʠʨʝʯʝʥʠʤ ʽ ʣʽʢʫʚʘʥʥʷ ʩʧʨʷʤʦʚʘʥʝ ʥʘ ʟʤʝʥʰʝʥʥʷ ʩʪʨʘʞʜʘʥʴ ʽ ʧʨʦʜʦʚʞʝʥʥʷ ʞʠʪʪʷ. 

ɺ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ (ʨʘʢ ʪʦʚʩʪʦʾ ʢʠʰʢʠ ʟ ʤʝʪʘʩʪʘʟʘʤʠ ʚ ʧʝʯʽʥʢʫ) ʭʚʦʨʦʛʦ ʱʝ ʤʦʞʥʘ 
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ʚʨʷʪʫʚʘʪʠ, ʚʠʜʘʣʷʶʯʠ ʷʢ ʧʝʨʚʠʥʥʫ ʧʫʭʣʠʥʫ, ʪʘʢ ʽ ʤʝʪʘʩʪʘʟʠ (ʷʢʱʦ ʚʦʥʠ ʥʝʯʠʩʣʝʥʥʽ ʽ 

ʚʽʜʜʘʣʝʥʽ ʚʽʜ ʚʝʣʠʢʠʭ ʢʨʦʚʦʥʦʩʥʠʭ ʩʫʜʠʥ). ʋ ʽʥʰʠʭ ʩʠʪʫʘʮʽʷʭ ʭʽʨʫʨʛ ʧʨʠʙʽʛʘʻ ʜʦ 

ʪʘʢʦʛʦ ʚʪʨʫʯʘʥʥʷ, ʷʢ ʽʦʥʽʟʫʶʯʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʽ (ʯʠ) ʭʽʤʽʦʪʝʨʘʧʝʚʪʠʯʥʽ ʟʘʩʦʙʠ [9, 

11].  

ʃʘʟʝʨʥʽ ʦʧʝʨʘʮʽʾ ʟʘʟʚʠʯʘʡ ʧʨʦʚʦʜʷʪʴ ʜʣʷ ʣʽʢʚʽʜʘʮʽʾ ʟʣʦʷʢʽʩʥʠʭ ʧʫʭʣʠʥ ʥʘ 

ʨʘʥʥʽʭ ʩʪʘʜʽʷʭ. ɺ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʣʘʟʝʨʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ 

ʨʝʢʘʥʘʣʽʟʘʮʽʾ ʧʨʦʩʚʽʪʫ ʧʦʨʦʞʥʠʩʪʠʭ ʦʨʛʘʥʽʚ ʫ ʥʝʚʠʣʽʢʦʚʥʠʭ ʧʘʮʽʻʥʪʽʚ, ʣʽʢʫʚʘʥʥʷ 

ʜʝʷʢʠʭ ʧʦʚʽʣʴʥʦ ʧʨʦʛʨʝʩʫʶʯʠʭ ʥʦʚʦʫʪʚʦʨʝʥʴ, ʟʦʢʨʝʤʘ, ʨʘʢʠ ʩʝʯʦʚʦʛʦ ʤʽʭʫʨʘ ʽ 

ʜʝʷʢʠʭ ʧʫʭʣʠʥ ʛʦʣʦʚʥʦʛʦ ʤʦʟʢʫ, ʫʩʫʥʝʥʥʷ (ʥʝʨʽʜʢʦ ʫʩʧʽʰʥʦʛʦ) ʤʝʪʘʩʪʘʟʽʚ, 

ʥʘʧʨʠʢʣʘʜ, ʚ ʧʝʯʽʥʮʽ.  

ʃʘʟʝʨʠ ʟ ʫʩʧʽʭʦʤ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʣʽʢʫʚʘʥʥʷ ʙʘʛʘʪʴʦʭ ʜʦʙʨʦʷʢʽʩʥʠʭ 

ʥʦʚʦʫʪʚʦʨʝʥʴ (ʫ ʰʣʫʥʢʦʚʦ-ʢʠʰʢʦʚʦʤʫ ʪʨʘʢʪʽ, ʥʘ ʩʣʠʟʦʚʠʭ ʦʙʦʣʦʥʢʘʭ ʧʦʨʦʞʥʠʥ 

ʨʦʪʘ, ʥʦʩʘ, ʛʦʨʪʘʥʽ, ʧʦʚʝʨʭʥʽ ʰʢʽʨʠ ʽ ʨʷʜʫ ʽʥʰʠʭ ʦʨʛʘʥʽʚ).  

ɯʩʥʫʶʯʽ ʥʠʥʽ ʚ ʦʥʢʦʣʦʛʽʾ ʣʘʟʝʨʥʽ ʫʩʪʘʥʦʚʢʠ ʤʦʞʥʘ ʫʤʦʚʥʦ ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʚʽ 

ʛʨʫʧʠ. ɼʦ ʧʝʨʰʦʾ ʚʽʜʥʦʩʷʪʴʩʷ ʧʦʪʫʞʥʽ ʣʘʟʝʨʠ ʥʘ ʥʝʦʜʠʤʽ, ʨʫʙʽʥʽ, ʚʫʛʣʝʢʠʩʣʦʤʫ ʛʘʟʽ, 

ʘʨʛʦʥʽ, ʧʘʨʘʭ ʤʝʪʘʣʽʚ ʪʘ ʽʥ., ʷʢʽ ʚʠʢʣʠʢʘʶʪʴ ʚ ʪʢʘʥʠʥʘʭ ʚʠʨʘʞʝʥʽ ʜʝʩʪʨʫʢʪʠʚʥʽ ʟʤʽʥʠ 

ʪʝʨʤʽʯʥʦʛʦ ʭʘʨʘʢʪʝʨʫ. ɼʨʫʛʘ ʛʨʫʧʘ ʦʙ'ʻʜʥʫʻ ʣʘʟʝʨʠ, ʱʦ ʛʝʥʝʨʫʶʪʴ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʤʘʣʦʾ ʧʦʪʫʞʥʦʩʪʽ ʫ ʚʠʜʠʤʽʡ ʽ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʽʡ ʦʙʣʘʩʪʷʭ ʩʧʝʢʪʨʫ (ʛʝʣʽʦīʥʝʦʥʦʚʽ, 

ʛʝʣʽʦīʢʘʜʤʽʝʚʽ ʪʘ ʽʥ.) ʽ ʱʦ ʥʝ ʚʠʢʣʠʢʘʶʪʴ ʚ ʦʨʛʘʥʘʭ ʽ ʪʢʘʥʠʥʘʭ ʛʨʫʙʠʭ ʟʤʽʥ, ʘʣʝ ʱʦ 

ʽʩʪʦʪʥʦ ʟʤʽʥʶʶʪʴ ʘʢʪʠʚʥʽʩʪʴ ʦʙʤʽʥʥʠʭ ʧʨʦʮʝʩʽʚ. ɺʠʧʨʦʤʽʥʶʚʘʥʥʷ ʮʠʭ ʣʘʟʝʨʽʚ 

ʯʠʥʠʪʴ ʽʩʪʦʪʥʠʡ ʚʧʣʠʚ ʥʘ ʧʽʩʣʷʦʧʝʨʘʮʽʡʥʠʡ ʧʝʨʝʙʽʛ ʟʘʭʚʦʨʶʚʘʥʥʷ. ʊʫʪ ʟʘʣʝʞʥʦ ʚʽʜ 

ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʡʦʛʦ ʜʦʟʠ ʽ ʩʧʦʩʦʙʽʚ ʦʧʨʦʤʽʥʝʥʥʷ ʤʦʞʝ 

ʩʧʦʩʪʝʨʽʛʘʪʠʩʷ ʧʨʠʩʢʦʨʝʥʥʷ ʘʙʦ ʛʘʣʴʤʫʚʘʥʥʷ ʧʫʭʣʠʥʥʦʛʦ ʨʦʩʪʫ.  

ʏʠʥʥʠʢʘʤʠ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʘʛʠʙʝʣʽ ʧʫʭʣʠʥʥʠʭ ʢʣʽʪʠʥ ʧʨʠ ʜʽʾ ʣʘʟʝʨʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʻ: ʥʝʢʨʦʟ ʮʠʪʦʧʣʘʟʤʠ ʟʣʦʷʢʽʩʥʠʭ ʢʣʽʪʠʥ, ʨʫʡʥʫʚʘʥʥʷ ʢʣʽʪʠʥʥʠʭ 

ʤʝʤʙʨʘʥ, ʟʤʽʥʘ ʩʠʥʪʝʪʠʯʥʠʭ ʽ ʬʝʨʤʝʥʪʘʪʠʚʥʠʭ ʧʨʦʮʝʩʽʚ, ʧʦʨʫʰʝʥʥʷ ʢʨʦʚʦʦʙʽʛʫ ʚ 

ʧʫʭʣʠʥʽ ʪʘ ʽʥ.  

ʋ ʦʩʥʦʚʽ ʜʽʾ ʚʠʩʦʢʦ ʽʥʪʝʥʩʠʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʷʢ ʽʤʧʫʣʴʩʥʦʾ, 

ʪʘʢ ʽ ʙʝʟʧʝʨʝʨʚʥʦʾ ʜʽʾ, ʱʦ ʚʠʢʣʠʢʘʻ ʜʝʩʪʨʫʢʮʽʶ ʧʫʭʣʠʥʥʦʾ ʪʢʘʥʠʥʠ, ʣʝʞʠʪʴ 

ʪʝʨʤʽʯʥʠʡ ʯʠʥʥʠʢ. ʇʨʠ ʽʤʧʫʣʴʩʥʽʡ ʜʽʾ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʣʘʟʝʨʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ 
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ʧʦʚʝʨʭʥʽ ʧʫʭʣʠʥʠ ʧʽʜʚʠʱʫʻʪʴʩʷ ʜʦ 300Áʉ. ɺʥʘʩʣʽʜʦʢ ʪʘʢʦʛʦ ʟʥʘʯʥʦʛʦ ʽ 

ʢʦʨʦʪʢʦʯʘʩʥʦʛʦ ʥʘʛʨʽʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʰʚʠʜʢʝ ʟʘʢʠʧʘʥʥʷ ʽ ʚʠʧʘʨ ʨʽʜʢʠʭ 

ʩʫʙʩʪʘʥʮʽʡ ʦʧʨʦʤʽʥʶʚʘʥʠʭ ʪʢʘʥʠʥ ʟ ʫʪʚʦʨʝʥʥʷʤ ʧʘʨʠ. ʇʨʠ ʮʴʦʤʫ ʥʘ ʦʙʤʝʞʝʥʽʡ 

ʜʽʣʷʥʮʽ ʟʦʥʠ ʜʽʾ ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʧʽʜʚʠʱʝʥʥʷ ʚʥʫʪʨʠʪʢʘʥʝʚʦʛʦ ʪʠʩʢʫ, ʱʦ ʚʠʢʣʠʢʘʻ 

ʜʦʩʠʪʴ ʩʠʣʴʥʠʡ ʜʠʥʘʤʽʯʥʠʡ ʝʬʝʢʪ, ʱʦ ʚʦʣʦʜʽʻ ʱʦ ʚʝʣʠʢʠʡ ʨʫʡʥʫʻ ʩʠʣʦʶ[12, 13].  

ɼʦ ʪʝʧʝʨʽʰʥʴʦʛʦ ʯʘʩʫ ʥʝ ʽʩʥʫʻ ʻʜʠʥʦʾ ʜʫʤʢʠ ʧʨʦ ʚʧʣʠʚ ʧʦʪʫʞʥʦʛʦ ʽʤʧʫʣʴʩʥʦʛʦ 

ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʜʠʩʝʤʽʥʘʮʽʶ ʧʫʭʣʠʥʥʠʭ ʢʣʽʪʠʥ ʧʨʠ ʦʧʨʦʤʽʥʝʥʥʽ ʥʠʤ 

ʟʣʦʷʢʽʩʥʠʭ ʥʦʚʦʫʪʚʦʨʝʥʴ. ʊʘʢ, ʜʝʷʢʽ ʜʦʩʣʽʜʥʠʢʠ ʚʚʘʞʘʶʪʴ, ʱʦ ʫʜʘʨʥʘ ʭʚʠʣʷ, ʱʦ 

ʚʠʥʠʢʘʻ ʧʨʠ ʜʽʾ ʧʦʪʫʞʥʦʛʦ ʽʤʧʫʣʴʩʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʧʫʭʣʠʥʫ, 

ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ ʧʨʦʥʠʢʥʝʥʥʷ ʧʫʭʣʠʥʥʠʭ ʢʣʽʪʠʥ ʚ ʥʘʚʢʦʣʠʰʥʽ ʽʥʪʘʢʪʥʽ ʪʢʘʥʠʥʠ, ʘ 

ʪʘʢʦʞ ʢʨʦʚʦʥʦʩʥʽ ʽ ʣʽʤʬʘʪʠʯʥʽ ʩʫʜʠʥʠ, ʽ ʪʠʤ ʩʘʤʠʤ ʩʧʨʠʷʪʠ ʧʦʰʠʨʝʥʥʶ ʧʫʭʣʠʥʥʦʛʦ 

ʧʨʦʮʝʩʫ [3, 14, 15]. ʇʨʦʪʝ ʽʥʰʽ ʩʭʠʣʴʥʽ ʚʚʘʞʘʪʠ, ʱʦ ʧʦʪʫʞʥʝ ʽʤʧʫʣʴʩʥʝ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʝ ʧʦʩʠʣʶʻ ʤʝʪʘʩʪʘʟʫʚʘʥʥʷ [3, 16, 17]. ʃʘʟʝʨʠ, ʧʨʘʮʶʶʯʽ ʫ 

ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʨʝʞʠʤʽ, ʧʦʟʙʘʚʣʝʥʽ ʚʢʘʟʘʥʠʭ ʥʝʜʦʣʽʢʽʚ. ʇʨʠ ʾʭ ʜʽʾ ʜʠʥʘʤʽʯʥʠʡ ʝʬʝʢʪ 

ʚʠʨʘʞʝʥʠʡ ʪʨʦʭʠ. ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʣʘʟʝʨʠ ʙʝʟʧʝʨʝʨʚʥʦʾ ʜʽʾ ʤʘʶʪʴ ʜʝʷʢʫ ʧʝʨʝʚʘʛʫ 

ʧʝʨʝʜ ʽʤʧʫʣʴʩʥʠʤʠ ʣʘʟʝʨʘʤʠ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʾʭ ʚ ʦʥʢʦʣʦʛʽʾ.  

ʃʘʟʝʨʥʝ ʣʽʢʫʚʘʥʥʷ ʟʣʦʷʢʽʩʥʠʭ ʧʫʭʣʠʥ ʰʢʽʨʠ ʽ ʩʣʠʟʦʚʠʭ ʦʙʦʣʦʥʦʢ ʤʦʞʝ ʙʫʪʠ 

ʟʜʽʡʩʥʝʥʝ ʨʽʟʥʠʤʠ ʤʝʪʦʜʘʤʠ: ʚʠʧʘʨ, ʢʦʘʛʫʣʷʮʽʷ, ʚʠʜʘʣʝʥʥʷ, ʤʦʞʣʠʚʦ ʢʦʤʙʽʥʦʚʘʥʝ 

ʣʽʢʫʚʘʥʥʷ. ʇʨʠ ʚʠʙʦʨʽ ʪʦʛʦ ʘʙʦ ʽʥʰʦʛʦ ʤʝʪʦʜʫ ʣʘʟʝʨʥʦʾ ʜʽʾ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ 

ʟʘʛʘʣʴʥʠʡ ʩʪʘʥ ʭʚʦʨʦʛʦ, ʛʽʩʪʦʣʦʛʽʯʥʫ ʩʪʨʫʢʪʫʨʫ, ʨʦʟʤʽʨʠ ʽ ʣʦʢʘʣʽʟʘʮʽʶ ʧʫʭʣʠʥʠ, ʤʽʨʫ 

ʧʦʰʠʨʝʥʦʩʪʽ ʧʨʦʮʝʩʫ ʽ ʽʥʬʽʣʴʪʨʘʮʽʾ ʥʘʚʢʦʣʠʰʥʽʭ ʪʢʘʥʠʥ, ʭʘʨʘʢʪʝʨ ʨʘʥʽʰʝ 

ʧʨʦʚʝʜʝʥʦʛʦ ʣʽʢʫʚʘʥʥʷ ʽ ʪʦʤʫ ʧʦʜʽʙʥʝ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʨʠ ʣʽʢʫʚʘʥʥʽ ʦʥʢʦʣʦʛʽʯʥʠʭ ʭʚʦʨʠʭ 

ʻ ʤʝʪʦʜʦʤ ʚʠʙʦʨʫ, ʤʦʞʣʠʚʽ ʧʦʻʜʥʘʥʥʷ ʜʝʢʽʣʴʢʦʭ ʣʘʟʝʨʥʠʭ ʤʝʪʦʜʽʚ, ʘ ʪʘʢʦʞ 

ʢʦʤʙʽʥʘʮʽʷ ʾʭ ʟ ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ ʣʽʢʫʚʘʥʥʷ : ʨʝʥʪʛʝʥʦʪʝʨʘʧʽʻʶ, ʭʽʤʽʦʪʝʨʘʧʽʻʶ, 

ʽʤʫʥʦʪʝʨʘʧʽʻʶ ʽ ʪʘʢ ʜʘʣʽ. ʇʨʠ ʧʨʘʚʠʣʴʥʦʤʫ ʚʠʙʦʨʽ ʨʝʞʠʤʫ ʦʧʨʦʤʽʥʝʥʥʷ ʽ 

ʜʦʪʨʠʤʘʥʥʽ ʦʩʥʦʚʥʦʛʦ ʦʥʢʦʣʦʛʽʯʥʦʛʦ ʧʨʠʥʮʠʧʫ ʣʽʢʫʚʘʥʥʷ ʧʫʭʣʠʥ (ʦʧʨʦʤʽʥʝʥʥʷ 

ʫʩʴʦʛʦ ʧʫʭʣʠʥʥʦʛʦ ʚʫʟʣʘ ʽʟ ʟʘʭʦʧʣʝʥʥʷʤ ʥʘʚʢʦʣʠʰʥʽʭ ʟʜʦʨʦʚʠʭ ʪʢʘʥʠʥ) ʤʦʞʥʘ 

ʜʦʙʠʪʠʩʷ ʟʥʘʯʥʦʛʦ ʧʨʦʛʨʝʩʫ ʚ ʣʽʢʫʚʘʥʥʽ ʦʥʢʦʣʦʛʽʯʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ. 
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ʃʘʟʝʨʥʝ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚ ʦʩʥʦʚʥʦʤʫ ʧʨʠ ʣʽʢʫʚʘʥʥʽ ʭʚʦʨʠʭ ʙʝʟ 

ʤʝʪʘʩʪʘʟʽʚ ʘʙʦ ʟ ʦʜʠʥʠʯʥʠʤʠ ʤʝʪʘʩʪʘʟʘʤʠ ʚ ʨʝˇʽʦʥʘʨʥʠʭ ʣʽʤʬʘʪʠʯʥʠʭ ʚʫʟʣʘʭ. 

ʆʩʪʘʥʥʽ ʟʘ ʥʘʷʚʥʦʩʪʽ ʧʦʢʘʟʘʥʴ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʜʘʣʝʥʽ ʭʽʨʫʨʛʽʯʥʠʤ ʰʣʷʭʦʤ ʘʙʦ 

ʧʽʜʜʘʥʽ ʨʝʥʪʛʝʥʦʪʝʨʘʧʽʾ. ɺʝʣʠʢʽ ʨʦʟʤʽʨʠ ʧʝʨʚʠʥʥʦʛʦ ʧʫʭʣʠʥʥʦʛʦ ʫʪʚʦʨʝʥʥʷ ʥʝ 

ʤʦʞʫʪʴ ʚʚʘʞʘʪʠʩʷ ʩʪʨʦʛʠʤ ʧʨʦʪʠʧʦʢʘʟʘʥʥʷʤ ʜʦ ʧʨʦʚʝʜʝʥʥʷ ʣʘʟʝʨʥʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʚʢʘʟʘʥʦʛʦ ʤʝʪʦʜʫ ʤʦʞʥʘ ʨʫʡʥʫʚʘʪʠ ʧʫʭʣʠʥʠ ʧʦʨʽʚʥʷʥʦ ʚʝʣʠʢʠʭ 

ʨʦʟʤʽʨʽʚ - ʜʦ 200 ʩʤ
2
 ʽ ʙʽʣʴʰʝ. 

ʋ ʨʷʜʽ ʚʠʧʘʜʢʽʚ ʧʨʠ ʟʘʧʫʱʝʥʦʤʫ ʨʘʢʫ ʰʢʽʨʠ ʽ ʩʣʠʟʦʚʠʭ ʦʙʦʣʦʥʦʢ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʣʘʟʝʨʥʦʛʦ ʚʠʧʘʨʫ ʤʦʞʥʘ ʜʦʙʠʪʠʩʷ ʨʫʡʥʫʚʘʥʥʷ ʦʩʥʦʚʥʦʾ ʤʘʩʠ ʧʫʭʣʠʥʠ, ʘ 

ʧʦʪʽʤ ʟʘʩʪʦʩʫʚʘʪʠ ʽʥʰʠʡ ʤʝʪʦʜ ʣʽʢʫʚʘʥʥʷ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʽ ʣʘʟʝʨʥʠʡ. ʃʘʟʝʨʥʠʡ ʚʠʧʘʨ 

ʥʝ ʟʘʡʤʘʻ ʙʘʛʘʪʦ ʯʘʩʫ ʽ, ʷʢ ʩʚʽʜʯʠʪʴ ʜʦʩʚʽʜ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʥʝ ʚʠʢʣʠʢʘʻ ʷʢʠʭ ʘʙʦ 

ʧʦʙʽʯʥʠʭ ʨʝʘʢʮʽʡ ʚ ʦʨʛʘʥʽʟʤʽ. ʗʢ ʧʨʘʚʠʣʦ, ʡʦʛʦ ʧʨʦʚʦʜʷʪʴ ʘʤʙʫʣʘʪʦʨʥʦ. ɺ ʜʝʷʢʠʭ 

ʚʠʧʘʜʢʘʭ ʤʦʞʣʠʚʘ ʛʦʩʧʽʪʘʣʽʟʘʮʽʷ ʭʚʦʨʠʭ. 

ʃʘʟʝʨʥʘ ʢʦʘʛʫʣʷʮʽʷ ʻ ʩʘʤʦʩʪʽʡʥʠʤ, ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʤ ʤʝʪʦʜʦʤ ʣʽʢʫʚʘʥʥʷ 

ʧʫʭʣʠʥ. ʃʘʟʝʨʥʫ ʢʦʘʛʫʣʷʮʽʶ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʠ ʣʽʢʫʚʘʥʥʽ ʧʫʭʣʠʥʥʠʭ 

ʧʨʦʮʝʩʽʚ ʚ ʰʢʽʨʽ, ʩʣʠʟʦʚʠʭ ʦʙʦʣʦʥʦʢ, ʰʠʡʢʠ ʤʘʪʢʠ. ɰʾ ʟʘʟʚʠʯʘʡ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ 

ʨʫʡʥʫʚʘʥʥʷ ʥʝʚʝʣʠʢʠʭ ʟʘ ʨʦʟʤʽʨʦʤ (ʜʽʘʤʝʪʨʦʤ ʤʝʥʰʝ 3 ʩʤ) ʦʙʤʝʞʝʥʠʭ ʟʣʦʷʢʽʩʥʠʭ 

ʧʫʭʣʠʥ ʰʢʽʨʠ, ʩʣʠʟʦʚʠʭ ʦʙʦʣʦʥʦʢ, ʤʝʪʘʩʪʘʟʽʚ ʪʘ ʽʥ. ʃʘʟʝʨʥʘ ʢʦʘʛʫʣʷʮʽʷ ʻ ʤʝʪʦʜʦʤ 

ʚʠʙʦʨʫ ʧʨʠ ʜʠʩʝʤʽʥʦʚʘʥʽʡ ʤʝʣʘʥʦʤʽ ʰʢʽʨʠ, ʨʝʮʠʜʠʚʘʭ ʨʘʢʠ ʤʦʣʦʯʥʦʾ ʟʘʣʦʟʠ, 

ʧʝʨʚʠʥʥʦ ʤʥʦʞʠʥʥʠʭ ʚʦʛʥʠʱʘʭ ʙʘʟʘʣʽʦʤʠ, ʘ ʪʘʢʦʞ ʤʥʦʞʠʥʥʠʭ ʧʫʭʣʠʥʥʠʭ ʚʫʟʣʘʭ, 

ʢʽʣʴʢʽʩʪʴ ʷʢʠʭ ʥʝʨʽʜʢʦ ʜʦʩʷʛʘʻ ʜʝʢʽʣʴʢʦʭ ʜʝʩʷʪʢʽʚ. ʋ ʧʦʜʽʙʥʠʭ ʚʠʧʘʜʢʘʭ ʭʽʨʫʨʛʽʯʥʝ 

ʚʠʜʘʣʝʥʥʷ ʘʙʦ ʜʽʷ ʽʦʥʽʟʫʶʯʠʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʪʘʢʦʾ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʚʫʟʣʽʚ 

ʥʝʧʨʠʡʥʷʪʥʠʡ, ʘ ʣʘʟʝʨʥʘ ʢʦʘʛʫʣʷʮʽʷ ʜʦʟʚʦʣʷʻ ʧʦʚʥʽʩʪʶ ʟʨʫʡʥʫʚʘʪʠ ʫʩʽ ʥʘʷʚʥʽ ʫ 

ʭʚʦʨʦʛʦ ʧʫʭʣʠʥʥʽ ʚʫʟʣʠ [3, 18, 19]. 

ʆʜʥʽʻʶ ʟ ʩʫʯʘʩʥʠʭ ʣʘʟʝʨʥʠʭ ʦʥʢʦʣʦʛʽʯʥʠʭ ʤʝʪʦʜʠʢ ʻ ʬʦʪʦʜʠʥʘʤʽʯʥʘ ʪʝʨʘʧʽʷ 

(ʌɼʊ). ʋ ʦʩʥʦʚʽ ʤʝʭʘʥʽʟʤʽʚ ʬʦʪʦʜʠʥʘʤʽʯʥʦʾ ʪʝʨʘʧʽʾ ʧʫʭʣʠʥ ʣʝʞʘʪʴ ʦʜʥʦʬʦʪʦʥʥʽ 

ʬʦʪʦʙʽʦʭʽʤʽʯʥʽ ʧʨʦʮʝʩʠ. ʋ ʨʷʜʽ ʚʠʧʘʜʢʽʚ ʟʙʫʜʞʝʥʘ ʤʦʣʝʢʫʣʘ ʘʙʦ ʙʝʨʝ ʫʯʘʩʪʴ ʚ 

ʭʽʤʽʯʥʽʡ ʨʝʘʢʮʽʾ, ʘʙʦ ʧʝʨʝʜʘʻ ʩʚʦʻ ʟʙʫʜʞʝʥʥʷ ʽʥʰʽʡ ʤʦʣʝʢʫʣʽ, ʱʦ ʙʝʨʝ ʫʯʘʩʪʴ ʚ 

ʭʽʤʽʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥʥʷʭ [20]. ɯʥʦʜʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʝʣʽʥʽʡʥʘ ʙʘʛʘʪʦʬʦʪʦʥʥʘ 

ʬʦʪʦʙʽʦʣʦʛʽʷ, ʷʢʘ ʨʝʘʣʽʟʫʻʪʴʩʷ ʧʨʠ ʪʘʢʽʡ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, 
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ʢʦʣʠ ʤʦʣʝʢʫʣʘ ʤʦʞʝ ʧʦʛʣʠʥʫʪʠ ʙʽʣʴʰ ʥʽʞ ʦʜʠʥ ʬʦʪʦʥ. ʊʘʢʠʤ ʯʠʥʦʤ, ʬʦʪʦʜʠʥʘʤʽʯʥʘ 

ʪʝʨʘʧʽʷ ʻ ʤʝʪʦʜʦʤ ʣʦʢʘʣʴʥʦʾ ʘʢʪʠʚʘʮʽʾ ʩʚʽʪʣʦʤ ʬʦʪʦʩʝʥʩʠʙʽʣʽʟʘʪʦʨʘ, ʱʦ ʥʘʢʦʧʠʯʠʚʩʷ 

ʚ ʧʫʭʣʠʥʽ, ʱʦ ʫ ʧʨʠʩʫʪʥʦʩʪʽ ʢʠʩʥʶ ʪʢʘʥʠʥ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʦʟʚʠʪʢʫ ʬʦʪʦʭʽʤʽʯʥʦʾ 

ʨʝʘʢʮʽʾ, ʱʦ ʨʫʡʥʫʻ ʧʫʭʣʠʥʥʽ ʢʣʽʪʠʥʠ. 

ʄʝʭʘʥʽʟʤ ʜʽʾ ʌɼʊ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ: ʤʦʣʝʢʫʣʘ 

ʬʦʪʦʩʝʥʩʠʙʽʣʽʟʘʪʦʨʘ, ʧʦʛʣʠʥʫʚʰʠ ʢʚʘʥʪ ʩʚʽʪʣʘ, ʧʝʨʝʭʦʜʠʪʴ ʫ ʟʙʫʜʞʝʥʠʡ ʪʨʠʧʣʝʪʥʠʡ 

ʩʪʘʥ ʽ ʚʩʪʫʧʘʻ ʫ ʬʦʪʦʭʽʤʽʯʥʽ ʨʝʘʢʮʽʾ ʜʚʦʭ ʪʠʧʽʚ. ʇʨʠ ʧʝʨʰʦʤʫ ʪʠʧʽ ʨʝʘʢʮʽʡ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʟʘʻʤʦʜʽʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟ ʤʦʣʝʢʫʣʘʤʠ ʙʽʦʣʦʛʽʯʥʦʛʦ ʩʫʙʩʪʨʘʪʫ, ʱʦ 

ʟʨʝʰʪʦʶ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʦʩʚʽʪʠ ʚʽʣʴʥʠʭ ʨʘʜʠʢʘʣʽʚ. ʋ ʜʨʫʛʦʤʫ ʪʠʧʽ ʨʝʘʢʮʽʡ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʟʘʻʤʦʜʽʷ ʟʙʫʜʞʝʥʦʛʦ ʬʦʪʦʩʝʥʩʠʙʽʣʽʟʘʪʦʨʘ ʟ ʤʦʣʝʢʫʣʦʶ ʢʠʩʥʶ ʟ 

ʫʪʚʦʨʝʥʥʷʤ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʥʶ, ʷʢʠʡ ʟʘʚʜʷʢʠ ʩʚʦʾʡ ʚʣʘʩʪʠʚʦʩʪʽ ʩʠʣʴʥʦʛʦ ʦʢʠʩʥʠʢʘ 

ʙʽʦʤʦʣʝʢʫʣ ʻ ʮʠʪʦʪʦʢʩʠʯʥʠʤ ʜʣʷ ʞʠʚʠʭ ʢʣʽʪʠʥ [21ï23]. ʌɼʊ ʜʦʩʠʪʴ ʰʚʠʜʢʦ 

ʟʥʘʡʰʣʘ ʩʚʦʻ ʤʽʩʮʝ ʚ ʦʥʢʦʣʦʛʽʾ ʽ ʚʠʷʚʠʣʘʩʷ ʢʦʨʠʩʥʦʶ ʚ ʣʽʢʫʚʘʥʥʽ ʨʘʢʫ ʨʽʟʥʠʭ ʩʪʘʜʽʡ 

ʽ ʣʦʢʘʣʽʟʘʮʽʡ, ʘ ʪʘʢʦʞ ʚ ʮʽʣʦʤʫ ʨʷʜʫ ʥʝ ʧʫʭʣʠʥʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ .  

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʘʟʝʨʽʚ ʚ ʦʥʢʦʣʦʛʽʾ ʤʘʻ ʧʝʚʥʽ ʧʝʨʝʚʘʛʠ ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʟʚʠʯʘʡʥʠʤʠ ʭʽʨʫʨʛʽʯʥʠʤʠ ʚʪʨʫʯʘʥʥʷʤʠ. ɺʽʜʩʫʪʥʽʩʪʴ ʧʨʷʤʦʛʦ ʢʦʥʪʘʢʪʫ 

ʟ ʦʧʝʨʦʚʘʥʠʤʠ ʪʢʘʥʠʥʘʤʠ ʚʠʢʣʶʯʘʻ ʤʝʪʘʩʪʘʟʫʚʘʥʥʷ ʽʤʧʣʘʥʪʘʮʽʾ. ʍʦʨʦʰʠʡ 

ʛʦʤʝʦʩʪʘʟ ʽ ʦʙʣʽʪʝʨʘʮʽʷ ʩʫʜʠʥ ʚʥʘʩʣʽʜʦʢ ʢʦʘʛʫʣʷʮʽʾ ʟʘʧʦʙʽʛʘʻ ʧʦʰʠʨʝʥʥʶ ʟʣʦʷʢʽʩʥʠʭ 

ʫʪʚʦʨʝʥʴ. ɼʦʜʘʪʢʦʚʫ ʧʝʨʝʚʘʛʫ ʟʘʙʝʟʧʝʯʫʻ ʬʦʪʦʜʠʥʘʤʽʯʥʘ ʪʝʨʘʧʽʷ, ʟʘʚʜʷʢʠ ʷʢʽʡ 

ʤʦʞʣʠʚʦ ʚʠʢʣʶʯʠʪʠ ʫʰʢʦʜʞʝʥʥʷ ʟʜʦʨʦʚʦʾ ʪʢʘʥʠʥʠ [3]. 

1.2 ʄʝʪʦʜʠ ʜʽʘʛʥʦʩʪʠʢʠ ʚ ʦʥʢʦʣʦʛʽʾ 

1.2.1 ʂʣʘʩʠʯʥʽ ʤʝʪʦʜʠ ʜʽʘʛʥʦʩʪʠʢʠ ʧʘʪʦʣʦʛʽʯʥʠʭ ʫʪʚʦʨʝʥʴ 

ɽʥʜʦʩʢʦʧʽʷ 

ɺʘʞʣʠʚʝ ʤʽʩʮʝ ʚ ʜʽʘʛʥʦʩʪʠʮʽ ʦʥʢʦʣʦʛʽʯʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ ʥʘʣʝʞʠʪʴ 

ʝʥʜʦʩʢʦʧʽʯʥʠʤ ʤʝʪʦʜʘʤ. ʆʩʪʘʥʥʽ ʜʘʶʪʴ ʟʤʦʛʫ ʥʝ ʪʽʣʴʢʠ ʚʽʟʫʘʣʽʟʫʚʘʪʠ "ʥʝʚʠʜʠʤʠʡ" 

ʧʘʪʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ, ʘʣʝ ʟʽʙʨʘʪʠ ʤʘʪʝʨʽʘʣ ʜʣʷ ʤʦʨʬʦʣʦʛʽʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, 

ʦʙ'ʻʢʪʠʚʥʦ ʦʮʽʥʠʪʠ ʧʦʰʠʨʝʥʥʷ ʧʨʦʮʝʩʫ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʭʽʨʫʨʛʽʯʥʦʛʦ, ʧʨʦʤʝʥʝʚʦʛʦ ʪʘ 

ʤʝʜʠʢʘʤʝʥʪʦʟʥʦʛʦ ʣʽʢʫʚʘʥʥʷ. 
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ɯʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʝʥʜʦʩʢʦʧʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ ʦʥʢʦʣʦʛʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʩʘʤʧʝʨʝʜ 

ʬʦʨʤʦʶ ʨʦʩʪʫ ʧʫʭʣʠʥʠ. 

ʇʫʭʣʠʥʠ, ʷʢʽ ʨʦʩʪʫʪʴ ʽʥʬʽʣʴʪʨʘʪʠʚʥʦ, "ʩʪʝʣʷʪʴʩʷ" ʫ ʧʽʜʩʣʠʟʦʚʦʤʫ ʰʘʨʽ, ʥʝ 

ʚʽʟʫʘʣʽʟʫʶʪʴʩʷ. ʇʨʦ ʾʭʥʶ ʥʘʷʚʥʽʩʪʴ ʩʚʽʜʯʘʪʴ ʣʠʰʝ ʧʦʙʽʯʥʽ ʦʟʥʘʢʠ (ʨʠʛʽʜʥʽʩʪʴ 

ʦʨʛʘʥʘ, ʟʤʝʥʰʝʥʥʷ ʡʦʛʦ ʨʦʟʤʽʨʽʚ, ʽʥʬʽʣʴʪʨʘʮʽʷ ʩʣʠʟʦʚʦʾ ʦʙʦʣʦʥʢʠ, ʤʦʞʣʠʚʝ ʫʢʨʠʪʪʷ 

ʚʠʨʘʟʢʘʤʠ), ʘ ʙʽʦʧʩʽʷ ʯʘʩʪʦ ʥʝʛʘʪʠʚʥʘ. ʇʨʦ ʮʝ ʩʣʽʜ ʦʙʦʚ'ʷʟʢʦʚʦ ʧʘʤ'ʷʪʘʪʠ. 

ɿ ʜʽʘʛʥʦʩʪʠʯʥʦʶ ʤʝʪʦʶ ʧʽʜ ʯʘʩ ʝʥʜʦʩʢʦʧʽʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʷʪʴ ʪʘʢʽ 

ʚʪʨʫʯʘʥʥʷ, ʷʢ ʧʫʥʢʮʽʷ, ʟʩʢʨʽʙʦʢ (ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʢʘʨʠʬʽʢʘʪʦʨʘ, ʱʽʪʢʠ), ʙʽʦʧʩʽʷ, ʧʦʚʥʝ 

ʚʠʜʘʣʝʥʥʷ ʧʫʭʣʠʥʠ. ɺ ʦʩʥʦʚʽ ʚʪʨʫʯʘʥʥʷ ʤʦʞʫʪʴ ʣʝʞʘʪʠ ʷʢ ʤʝʭʘʥʽʯʥʠʡ (ʧʫʥʢʮʽʷ, 

ʙʽʦʧʩʽʷ), ʪʘʢ ʽ ʝʣʝʢʪʨʦ- ʘʙʦ ʣʘʟʝʨʥʠʡ ʚʧʣʠʚ (ʜʽʘʪʝʨʤʦʢʦʘʛʫʣʷʮʽʷ ʥʽʞʢʠ ʧʦʣʽʧʘ, 

ʣʘʟʝʨʥʘ ʜʝʩʪʨʫʢʮʽʷ ʧʫʭʣʠʥʠ) [9]. 

ɽʟʦʬʘʛʦʩʢʦʧʽʷ. ʎʝʡ ʤʝʪʦʜ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʧʘʨʘʪʘ ʟ ʚʦʣʦʢʦʥʥʦʶ ʦʧʪʠʢʦʶ ʜʘʻ ʟʤʦʛʫ 

ʦʛʣʷʥʫʪʠ ʩʣʠʟʦʚʫ ʦʙʦʣʦʥʢʫ ʩʪʨʘʚʦʭʦʜʫ. 

ɻʘʩʪʨʦʩʢʦʧʽʷ. ɻʘʩʪʨʦʩʢʦʧ ð ʧʨʠʣʘʜ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ ʟʜʽʡʩʥʶʶʪʴ ʦʛʣʷʜ 

ʩʣʠʟʦʚʦʾ ʦʙʦʣʦʥʢʠ ʰʣʫʥʢʘ. 

ɽʥʜʦʩʢʦʧʽʯʥʘ ʝʭʦʛʨʘʬʽʷ ð ʤʝʪʦʜ ʜʦʩʣʽʜʞʝʥʥʷ, ʢʦʣʠ ʫʣʴʪʨʘʟʚʫʢʦʚʠʡ ʜʘʪʯʠʢ ʫʚʦʜʷʪʴ 

ʯʝʨʝʟ ʩʪʨʘʚʦʭʽʜ. ʇʨʠ ʦʙʩʪʝʞʝʥʥʽ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʧʦʰʘʨʦʚʫ ʩʪʨʫʢʪʫʨʫ ʩʪʽʥʢʠ 

ʩʪʨʘʚʦʭʦʜʫ, ʰʣʫʥʢʘ, ʜʚʘʥʘʜʮʷʪʠʧʘʣʦʾ ʢʠʰʢʠ, ʩʪʫʧʽʥʴ ʧʦʰʠʨʝʥʥʷ ʧʘʪʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʮʝʩʫ, ʦʮʽʥʠʪʠ ʩʪʘʥ ʨʝʛʽʦʥʘʨʥʠʭ ʣʽʤʬʘʪʠʯʥʠʭ ʚʫʟʣʽʚ, ʧʨʦʚʝʩʪʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʫ 

ʜʽʘʛʥʦʩʪʠʢʫ ʧʽʜʩʣʠʟʦʚʠʭ ʫʪʚʦʨʽʚ ʽ ʧʘʪʦʣʦʛʽʾ ʩʫʤʽʞʥʠʭ ʦʨʛʘʥʽʚ [9, 24]. 

ʈʝʥʪʛʝʥʦʣʦʛʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʈʝʥʪʛʝʥʦʜʽʘʛʥʦʩʪʠʯʥʽ ʤʝʪʦʜʠ ʚʠʷʚʣʷʶʪʴ ʧʫʭʣʠʥʫ ʜʽʘʤʝʪʨʦʤ 1ð2 ʩʤ, ʧʨʠ ʷʢʽʡ ʫ 

15 % ʻ ʤʽʢʨʦʤʝʪʘʩʪʘʟʠ. ʊʦʤʫ ʜʽʘʛʥʦʟ ʪʘʢʦʾ ʧʫʭʣʠʥʠ ʥʝ ʻ ʨʘʥʥʽʤ, ʫ ʥʘʡʣʽʧʰʦʤʫ 

ʚʠʧʘʜʢʫ ʚʽʥ ʻ ʣʠʰʝ ʩʚʦʻʯʘʩʥʠʤ. 

ʈʝʥʪʛʝʥʦʜʽʘʛʥʦʩʪʠʢʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʩʠʤʧʪʦʤʘʭ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʪʦʯʥʫ ʣʦʢʘʣʽʟʘʮʽʶ, 

ʬʦʨʤʫ, ʨʦʟʤʽʨʠ ʦʢʨʝʤʠʭ ʦʨʛʘʥʽʚ ʽ ʧʘʪʦʣʦʛʽʯʥʦʛʦ ʚʦʛʥʠʱʘ. ʏʝʨʝʟ ʥʝʜʦʩʪʘʪʥʻ 

ʧʦʛʣʠʥʘʥʥʷ ʧʨʦʤʝʥʽʚ ʤ'ʷʢʠʤʠ ʪʢʘʥʠʥʘʤʠ ʪʘ ʦʨʛʘʥʘʤʠ, ʢʨʽʤ ʪʨʘʜʠʮʽʡʥʠʭ 

ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʤʝʪʦʜʠʢ ð ʨʝʥʪʛʝʥʦʩʢʦʧʽʾ ʪʘ ʨʝʥʪʛʝʥʦʛʨʘʬʽʾ ð ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʪʦʤʦ-

ʛʨʘʬʽʷ, ʟʦʢʨʝʤʘ ʢʦʤʧ'ʶʪʝʨʥʘ. ɼʣʷ ʟʙʽʣʴʰʝʥʥʷ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʽ ʚʠʜʠ ʢʦʥʪʨʘʩʪʫʚʘʥʥʷ ʦʨʛʘʥʽʚ ʽ ʩʠʩʪʝʤ: ʧʥʝʚʤʦʛʨʘʬʽʶ, 
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ʘʥʛʽʦʛʨʘʬʽʶ, ʣʽʤʬʦʛʨʘʬʽʶ. ʈʘʟʦʤ ʟ ʪʠʤ, ʟ'ʷʚʠʣʠʩʷ ʩʧʝʮʽʘʣʴʥʽ ʤʝʪʦʜʠʢʠ ʜʦʩʣʽʜʞʝʥʴ, 

ʱʦ ʧʦʻʜʥʫʶʪʴ ʜʽʘʛʥʦʩʪʠʯʥʽ ʪʘ ʣʽʢʫʚʘʣʴʥʽ ʟʘʚʜʘʥʥʷ, ʟʦʢʨʝʤʘ ʨʝʥʪʛʝʥʦʜʽʘʧʝʚʪʠʢʘ. 

ʊʦʤʦʛʨʘʬʽʷ ð ʤʝʪʦʜ ʧʦʰʘʨʦʚʦʛʦ ʨʝʥʪʛʝʥʦʣʦʛʽʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʱʦ ʜʘʻ 

ʟʤʦʛʫ ʦʪʨʠʤʘʪʠ ʽʟʦʣʴʦʚʘʥʝ ʟʦʙʨʘʞʝʥʥʷ ʦʢʨʝʤʠʭ ʰʘʨʽʚ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʦʙ'ʻʢʪʘ. ɰʾ 

ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʨʽʟʥʠʭ ʦʨʛʘʥʽʚ ʽ ʩʠʩʪʝʤ, ʘʣʝ ʥʘʡʯʘʩʪʽʰʝ ð 

ʧʨʠ ʚʠʚʯʝʥʥʽ ʦʨʛʘʥʽʚ ʜʠʭʘʥʥʷ ʪʘ ʩʝʨʝʜʦʩʪʽʥʥʷ. 

ʄʘʤʦʛʨʘʬʽʷ - ʮʝ ʩʧʝʮʽʘʣʴʥʝ ʨʝʥʪʛʝʥʽʚʩʴʢʝ ʦʙʩʪʝʞʝʥʥʷ ʤʦʣʦʯʥʦʾ ʟʘʣʦʟʠ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʝʚʝʣʠʢʦʾ ʜʦʟʠ ʨʝʥʪʛʝʥʽʚʩʴʢʠʭ ʧʨʦʤʝʥʽʚ. ʄʘʤʦʛʨʘʬʽʷ ʜʦʧʦʤʘʛʘʻ 

ʚʠʷʚʠʪʠ ʚ ʪʢʘʥʠʥʘʭ ʤʦʣʦʯʥʦʾ ʟʘʣʦʟʠ ʫʱʽʣʴʥʝʥʥʷ, ʷʢʽ ʚʘʞʢʦ ʚʠʟʥʘʯʠʪʠ 

ʦʙʤʘʮʫʚʘʥʥʷʤ, ʘ ʪʘʢʦʞ ʽʥʰʽ ʟʤʽʥʠ, ʷʢʽ ʤʦʞʫʪʴ ʚʢʘʟʫʚʘʪʠ ʥʘ ʤʦʞʣʠʚʠʡ ʨʦʟʚʠʪʦʢ 

ʧʫʭʣʠʥʠ ʱʝ ʜʦ ʪʦʛʦ, ʷʢ ʱʦ-ʥʝʙʫʜʴ ʚʟʘʛʘʣʽ ʤʦʞʥʘ ʧʨʦʤʘʮʘʪʠ. 

ɹʨʦʥʭʦʛʨʘʬʽʶ ʚʠʢʦʥʫʶʪʴ ʧʽʩʣʷ ʝʥʜʦʙʨʦʥʭʽʘʣʴʥʦʛʦ ʚʚʝʜʝʥʥʷ ʨʽʜʢʦʾ ʢʦʥʪʨʘʩʪʥʦʾ 

ʨʝʯʦʚʠʥʠ. ʆʩʪʘʥʥʶ ʚʚʦʜʷʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʠʭ ʢʘʪʝʪʝʨʽʚ, ʷʢʽ ʤʦʞʥʘ 

ʩʢʝʨʫʚʘʪʠ ʚ ʪʦʡ ʯʠ ʽʥʰʠʡ ʙʨʦʥʭ. 

ɽʢʩʢʨʝʪʦʨʥʘ ʫʨʦʛʨʘʬʽʷ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʙʽʨʢʦʚʦʤʫ ʚʠʜʽʣʝʥʥʽ ʥʠʨʢʘʤʠ ʚʚʝʜʝʥʦʾ 

ʚʥʫʪʨʽʰʥʴʦʚʝʥʥʦ ʢʦʥʪʨʘʩʪʥʦʾ ʨʽʜʠʥʠ. ʉʝʨʽʷ ʨʝʥʪʛʝʥʦʛʨʘʤ ʯʝʨʝʟ ʚʽʜʧʦʚʽʜʥʽ 

ʧʨʦʤʽʞʢʠ ʯʘʩʫ ʜʘʻ ʟʤʦʛʫ ʚʠʚʯʠʪʠ ʥʝ ʪʽʣʴʢʠ ʘʥʘʪʦʤʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ, ʘʣʝ ʡ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʩʪʘʥ ʥʠʨʦʢ [9, 25]. 

ʄʝʪʨʦʩʘʣʴʧʽʥʛʦʛʨʘʬʽʷ ð ʮʝ ʤʝʪʦʜ ʨʝʥʪʛʝʥʦʣʦʛʽʯʥʦʛʦ ʚʠʚʯʝʥʥʷ ʤʘʪʢʠ ʽ ʪʨʫʙ 

ʧʽʩʣʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʚʚʝʜʝʥʥʷ ʚ ʾʭʥʽ ʧʦʨʦʞʥʠʥʠ ʢʦʥʪʨʘʩʪʥʦʾ ʨʝʯʦʚʠʥʠ. 

ʉʽʘʧʦʛʨʘʬʽʷ ʜʘʻ ʟʤʦʛʫ ʜʽʘʛʥʦʩʪʫʚʘʪʠ ʧʫʭʣʠʥʠ ʧʨʠʚʫʰʥʦʾ ʪʘ ʧʽʜʱʝʣʝʧʥʠʭ 

ʩʣʠʥʥʠʭ ʟʘʣʦʟ. ʂʦʥʪʨʘʩʪʥʫ ʨʝʯʦʚʠʥʫ ʜʣʷ ʮʴʦʛʦ ʚʚʦʜʷʪʴ ʫ ʩʣʠʥʦʚʠʚʽʜʥʫ ʧʨʦʪʦʢʫ. 

ɸʥʛʽʦʛʨʘʬʽʷ ð ʤʝʪʦʜ ʢʦʥʪʨʘʩʪʫʚʘʥʥʷ ʢʨʦʚʦʥʦʩʥʠʭ ʩʫʜʠʥ. ʇʨʠ ʢʦʥʪʨʘʩʪʫʚʘʥʥʽ 

ʩʫʜʠʥ ʦʨʛʘʥʽʚ ʛʨʫʜʥʦʾ ʧʦʨʦʞʥʠʥʠ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʟʘʛʘʣʴʥʫ ʘʥʛʽʦʧʥʝʚʤʦʛʨʘʬʽʶ, 

ʩʝʣʝʢʪʠʚʥʫ, ʘ ʪʘʢʦʞ ʤʝʜʽʘʩʪʠ-ʥʘʣʴʥʫʬʣʝʙʦʛʨʘʬʽʶ. ʇʨʠ ʟʘʛʘʣʴʥʽʡ ʘʥʛʽʦʧʥʝʚʤʦʛʨʘʬʽʾ 

ʢʦʥʪʨʘʩʪʥʫ ʨʝʯʦʚʠʥʫ ʚʚʦʜʷʪʴ ʫ ʟʦʥʘʣʴʥʫ ʯʠ ʩʝʛʤʝʥʪʘʨʥʫ ʘʨʪʝʨʽʶ. 

ʃʽʤʬʦʛʨʘʬʽʷ ð ʜʦʩʣʽʜʞʝʥʥʷ, ʧʨʠ ʷʢʦʤʫ ʦʣʽʡʥʠʡ ʨʦʟʯʠʥ ʢʦʥʪʨʘʩʪʥʦʾ ʨʝʯʦʚʠʥʠ 

ʚʚʦʜʷʪʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʣʽʤʬʘʪʠʯʥʽ ʩʫʜʠʥʠ. ʅʝʨʦʟʯʠʥʥʘ ʫ ʚʦʜʽ ʢʦʥʪʨʘʩʪʥʘ ʨʝʯʦʚʠʥʘ 

ʢʦʥʮʝʥʪʨʫʻʪʴʩʷ ʪʽʣʴʢʠ ʚ ʣʽʤʬʘʪʠʯʥʠʭ ʚʫʟʣʘʭ, ʱʦ ʦʪʨʠʤʫʶʪʴ ʣʽʤʬʫ ʽʟ ʩʫʜʠʥ, ʚ ʷʢʽ 

ʧʨʦʚʝʜʝʥʦ ʽʥ'ʻʢʮʽʶ, ʚʽʜʦʙʨʘʞʘʶʯʠ ʾʭʥʽ ʨʦʟʤʽʨʠ ʽ ʩʪʨʫʢʪʫʨʫ. 
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ʐʪʫʯʥʠʡ ʧʥʝʚʤʦʪʦʨʘʢʩ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʯʘʩʪʢʦʚʦʛʦ ʩʧʘʜʘʥʥʷ ʣʝʛʝʥʽʚ ʟ ʤʝʪʦʶ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʧʫʭʣʠʥʠ. ʁʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ, ʷʢʱʦ ʚʘʞʢʦ 

ʚʠʟʥʘʯʠʪʠ ʜʞʝʨʝʣʦ ʧʫʭʣʠʥʠ ð ʩʪʽʥʢʘ ʛʨʫʜʥʦʾ ʢʣʽʪʢʠ, ʩʝʨʝʜʦʩʪʽʥʥʷ, ʧʣʝʚʨʘ, 

ʜʽʘʬʨʘʛʤʘ ʯʠ ʣʝʛʝʥʽ. 

ʇʥʝʚʤʦʤʝʜʽʘʩʪʠʥʦʛʨʘʬʽʷ ð ʮʝ ʤʝʪʦʜ ʨʝʥʪʛʝʥʦʣʦʛʽʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʩʝʨʝʜʦʩʪʽʥʥʷ. ɺʚʝʜʝʥʥʷ ʛʘʟʫ ʚ ʩʝʨʝʜʦʩʪʽʥʥʷ ʙʫʚʘʻ ʧʨʷʤʠʤ ʽ ʥʝʧʨʷʤʠʤ. 

ɿʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʯʽʪʢʦʛʦ ʚʠʷʚʣʝʥʥʷ ʧʫʭʣʠʥ ʽ ʢʽʩʪ ʮʽʻʾ ʜʽʣʷʥʢʠ. 

ʇʥʝʚʤʦʧʝʨʠʪʦʥʝʫʤ ʷʢ ʨʝʥʪʛʝʥʦʢʦʥʪʨʘʩʪʥʠʡ ʤʝʪʦʜ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʞʽʥʦʯʠʭ ʩʪʘʪʝʚʠʭ ʦʨʛʘʥʽʚ [9]. 

ɭ ʜʦʩʣʽʜʞʝʥʥʷ, ʷʢʽ ʜʦʧʦʤʘʛʘʶʪʴ ʫʪʦʯʥʠʪʠ ʜʽʘʛʥʦʟ ʧʫʭʣʠʥʠ ʟʘ ʤʝʪʦʜʦʤ 

ʧʦʜʚʽʡʥʦʛʦ ʢʦʥʪʨʘʩʪʫʚʘʥʥʷ ʦʨʛʘʥʽʚ ʛʘʟʦʤ ʽ ʨʽʜʢʦʶ ʢʦʥʪʨʘʩʪʥʦʶ ʨʝʯʦʚʠʥʦʶ. 

ʂʦʤʧ'ʶʪʝʨʥʘ ʪʦʤʦʛʨʘʬʽʷ. ʉʝʨʝʜ ʤʝʪʦʜʽʚ ʜʽʘʛʥʦʩʪʠʢʠ ʦʥʢʦʣʦʛʽʯʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ, 

ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʫʚʘʪʠ ʟʦʙʨʘʞʝʥʥʷ ʨʽʟʥʠʭ ʜʽʣʷʥʦʢ ʣʶʜʩʴʢʦʛʦ ʪʽʣʘ, 

ʢʦʤʧ'ʶʪʝʨʥʽʡ ʪʦʤʦʛʨʘʬʽʾ (ʂʊ) ʚʽʜʚʦʜʠʪʴʩʷ ʦʩʦʙʣʠʚʘ ʨʦʣʴ, ʘ ʩʘʤʝ ʨʦʣʴ ʩʪʘʥʜʘʨʪʫ. 

ʗʢʽʩʪʴ ʂʊ - ʟʦʙʨʘʞʝʥʥʷ, ʘ ʟʥʘʯʠʪʴ ʽ ʡʦʛʦ ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ, ʟʘʣʝʞʘʪʴ ʚʽʜ ʬʽʟʠʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽ ʦʩʦʙʣʠʚʦʩʪʝʡ ʙʫʜʦʚʠ ʦʨʛʘʥʫ (ʱʽʣʴʥʽʩʪʴ, ʢʦʥʮʝʥʪʨʘʮʽʾ ʝʣʝʢʪʨʦʥʽʚ ʥʘ 

ʦʜʠʥʠʮʶ ʤʘʩʠ ʽ ʽʥʰʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʙʽʦʣʦʛʽʯʥʠʭ ʪʢʘʥʠʥ), ʘ ʪʘʢʦʞ ʚʽʜ ʝʥʝʨʛʽʾ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʛʦ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʇʝʨʝʚʘʛʘʤʠ ʂʊ ʻ ʚʠʱʝ ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ ʚʽʟʫʘʣʽʟʘʮʽʾ ʨʦʟʜʽʣʝʥʥʷ ʧʦ ʢʦʥʪʨʘʩʪʫ, ʤʦʞʣʠʚʽʩʪʴ 

ʦʪʨʠʤʘʪʠ ʟʘ ʢʦʨʦʪʢʠʡ ʯʘʩ ʚʝʣʠʢʝ ʯʠʩʣʦ ʧʦʧʝʨʝʯʥʠʭ ʧʨʦʝʢʮʽʡ, ʱʦ ʦʩʦʙʣʠʚʦ ʮʽʥʥʦ 

ʜʣʷ ʣʦʢʘʣʽʟʘʮʽʾ ʦʙʣʘʩʪʽ, ʟ ʷʢʦʾ ʥʘʜʘʣʽ ʙʝʨʝʪʴʩʷ ʧʨʦʙʘ ʪʢʘʥʠʥʠ ʜʣʷ ʙʽʦʧʩʽʾ, ʘ ʪʘʢʦʞ ʜʣʷ 

ʧʣʘʥʫʚʘʥʥʷ ʭʽʨʫʨʛʽʯʥʦʛʦ ʚʪʨʫʯʘʥʥʷ ʽ ʥʘʩʪʫʧʥʦʾ ʨʘʜʽʦʪʝʨʘʧʽʾ [7ï9]. 

ʈʘʜʽʦʥʫʢʣʽʜʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʈʘʜʽʦʥʫʢʣʽʜʥʘ ʜʽʘʛʥʦʩʪʠʢʘ (ʈʅɼ) ʤʘʻ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʧʨʠ ʦʙʩʪʝʞʝʥʥʽ 

ʦʥʢʦʣʦʛʽʯʥʠʭ ʭʚʦʨʠʭ ʽ ʧʨʠ ʧʽʜʦʟʨʽ ʥʘ ʟʣʦʷʢʽʩʥʠʡ ʧʨʦʮʝʩ. ɺ ʦʩʥʦʚʫ ʤʝʪʦʜʫ ʟʘʢʣʘʜʝʥʦ 

ʧʨʠʥʮʠʧ "ʤʽʯʝʥʠʭ ʘʪʦʤʽʚ". ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʭʽʤʽʯʥʽ ʩʧʦʣʫʢʠ, ʚ 

ʷʢʠʭ ʩʪʘʙʽʣʴʥʠʡ ʘʪʦʤ ʟʘʤʽʥʝʥʦ ʥʘ ʨʘʜʽʦʘʢʪʠʚʥʠʡ, ʪʘʢ ʟʚʘʥʽ ʨʘʜʽʦʬʘʨʤʘʮʝʚʪʠʯʥʽ 

ʧʨʝʧʘʨʘʪʠ (ʈʌʇ). ʉʫʯʘʩʥʝ ʪʝʭʥʽʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʘʻ ʟʤʦʛʫ ʧʨʦʚʦʜʠʪʠ ʜʠʥʘʤʽʯʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʦʙʤʽʥʥʠʭ ʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ, ʘ ʪʘʢʦʞ ʦʪʨʠʤʫʚʘʪʠ ʚʽʟʫʘʣʴʥʝ 

ʟʦʙʨʘʞʝʥʥʷ ʦʨʛʘʥʘ ʡ ʭʘʨʘʢʪʝʨ ʨʦʟʧʦʜʽʣʫ ʈʌʇ ʫ ʥʴʦʤʫ. ʈʘʜʽʦʥʫʢʣʽʜʥʽ ʜʦʩʣʽʜʞʝʥʥʷ in 
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vitro ʩʝʨʝʜʦʚʠʱ, ʚʠʜʽʣʝʥʠʭ ʟ ʦʨʛʘʥʽʟʤʫ ʚʢʣʶʯʘʶʪʴ ʤʝʪʦʜʠʢʠ ʫʩʪʘʥʦʚʣʝʥʥʷ ʦʙ'ʻʤʫ 

ʮʠʨʢʫʣʶʶʯʦʾ ʢʨʦʚʽ, ʨʘʜʽʦʽʤʫʥʦʣʦʛʽʯʥʠʡ ʘʥʘʣʽʟ ʪʘ ʽʥ. 

ɸʚʪʦʨʘʜʽʦʛʨʘʬʽʶ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʨʘʜʽʦʘʢʪʠʚʥʦʾ ʤʽʪʢʠ ʚ 

ʮʠʪʦʣʦʛʽʯʥʠʭ ʽ ʛʽʩʪʦʣʦʛʽʯʥʠʭ ʧʨʝʧʘʨʘʪʘʭ ʟ ʤʝʪʦʶ ʚʠʚʯʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʤʦʣʝʢʫʣ, 

ʭʨʦʤʦʩʦʤ, ʢʣʽʪʠʥʥʠʭ ʦʨʛʘʥʦʾʜʽʚ (ʣʽʟʦʩʦʤ, ʤʽʢʨʦʩʦʤ ʪʦʱʦ) [9]. 

ʋʣʴʪʨʘʟʚʫʢʦʚʘ ʪʦʤʦʛʨʘʬʽʷ 

ʋʣʴʪʨʘʟʚʫʢʦʚʘ ʪʦʤʦʛʨʘʬʽʷ (ʋɿʀ, ʩʦʥʦʛʨʘʬʠʷ) - ʚʠʩʦʢʦʽʥʬʦʨʤʘʪʠʚʥʠʡ ʤʝʪʦʜ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʜʽʘʛʥʦʩʪʠʢʠ ʧʫʭʣʠʥ ʦʨʛʘʥʽʚ ʯʝʨʝʚʥʦʾ ʧʦʨʦʞʥʠʥʠ 

(ʦʩʦʙʣʠʚʦ ʧʝʯʽʥʢʠ, ʞʦʚʯʥʦʛʦ ʤʽʭʫʨʘ, ʛʦʣʽʚʢʠ ʧʽʜʰʣʫʥʢʦʚʦʾ ʟʘʣʦʟʠ) ʽ ʟʘʯʝʨʝʚʥʦʛʦ 

ʧʨʦʩʪʦʨʫ (ʥʠʨʦʢ, ʥʘʜʥʠʨʢʦʚʠʭ ʟʘʣʦʟ), ʤʘʣʦʛʦ ʪʘʟʫ (ʩʝʯʦʚʦʛʦ ʤʽʭʫʨʘ, ʤʘʪʢʠ ʽ ʾʾ 

ʧʨʠʜʘʪʢʽʚ : ʧʝʨʝʜʤʽʭʫʨʦʚʦʾ ʟʘʣʦʟʠ), ʱʠʪʦʚʠʜʥʦʾ ʟʘʣʦʟʠ, ʤ'ʷʢʠʭ ʪʢʘʥʠʥ ʪʫʣʫʙʘ ʽ ʪʘʢ 

ʜʘʣʽ ʇʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘʢʦʞ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʥʘʥʘ ʧʨʠʮʽʣʴʥʘ ʧʫʥʢʮʽʷ ʧʫʭʣʠʥʠ. 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʟ ʨʦʟʚʠʪʢʦʤ ʩʫʯʘʩʥʦʾ ʘʧʘʨʘʪʫʨʠ ʰʠʨʦʢʝ ʧʦʰʠʨʝʥʥʷ ʦʪʨʠʤʘʣʘ 

ʜʦʧʧʣʝʨʦʩʦʥʦʛʨʘʬʠʷ - ʋɿʀ-ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʬʝʢʪʫ ɼʦʧʣʝʨʘ. ʇʨʠ 

ʮʴʦʤʫ ʩʪʘʣʦ ʤʦʞʣʠʚʠʤ ʩʧʦʩʪʝʨʽʛʘʪʠ ʥʘʧʨʷʤ ʽ ʰʚʠʜʢʽʩʪʴ ʢʨʦʚʦʪʦʢʫ ʚ ʩʫʜʠʥʘʭ ʦʨʛʘʥʫ 

ʘʙʦ ʧʘʪʦʣʦʛʽʯʥʦʛʦ ʫʪʚʦʨʝʥʥʷ, ʱʦ ʜʘʻ ʜʦʜʘʪʢʦʚʫ ʮʽʥʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʡʦʛʦ ʙʫʜʦʚʫ 

[7, 8]. 

ʊʝʨʤʦʛʨʘʬʽʷ ʚ ʦʥʢʦʣʦʛʽʾ 

ʅʠʥʽ ʥʘʢʦʧʠʯʝʥʦ ʟʥʘʯʥʠʡ ʜʦʩʚʽʜ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʨʤʦʛʨʘʬʽʯʥʦʛʦ ʤʝʪʦʜʫ ʚ 

ʦʥʢʦʣʦʛʽʾ, ʷʢʠʡ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʚʠʷʚʣʝʥʥʽ ʘʩʠʤʝʪʨʠʯʥʠʭ ʛʽʧʝʨʪʝʨʤʽʯʥʠʭ ʜʽʣʷʥʦʢ ʥʘʜ 

ʟʦʥʦʶ ʣʦʢʘʣʽʟʘʮʽʾ ʧʫʭʣʠʥʠ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʪʝʨʤʦʛʨʘʬʽʾ ʤʦʞʥʘ: ɯ) ʚʠʨʽʰʫʚʘʪʠ 

ʧʠʪʘʥʥʷ ʪʦʧʽʯʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʧʫʭʣʠʥʥʠʭ ʚʦʛʥʠʱ; 2) ʧʨʦʚʦʜʠʪʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʫ 

ʜʽʘʛʥʦʩʪʠʢʫ ʜʦʙʨʦʷʢʽʩʥʠʭ ʽ ʟʣʦʷʢʽʩʥʠʭ ʧʫʭʣʠʥ; 3) ʧʨʦʛʥʦʟʫʚʘʪʠ ʧʝʨʝʙʽʛ 

ʟʘʭʚʦʨʶʚʘʥʥʷ. 

ʊʝʨʤʦʛʨʘʬʽʯʥʝ ʦʙʩʪʝʞʝʥʥʷ, ʧʨʦʚʝʜʝʥʝ ʚ ʜʠʥʘʤʽʮʽ, ʜʘʻ ʟʤʦʛʫ ʚʠʷʚʣʷʪʠ ʨʘʥʥʽ 

ʨʝʮʠʜʠʚʠ ʪʘ ʤʝʪʘʩʪʘʟʠ, ʦʮʽʥʶʚʘʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʦʥʩʝʨʚʘʪʠʚʥʦʛʦ ʣʽʢʫʚʘʥʥʷ. ʎʝʡ 

ʤʝʪʦʜ ʥʘʡʰʠʨʰʝ ʟʘʩʪʦʩʦʚʫʶʪʴ ʧʨʠ ʜʽʘʛʥʦʩʪʠʮʽ ʧʫʭʣʠʥ ʛʨʫʜʥʦʾ ʟʘʣʦʟʠ, ʰʢʽʨʠ, 

ʤ'ʷʢʠʭ ʪʢʘʥʠʥ, ʃʆʈ-ʦʨʛʘʥʽʚ. 

ɭ ʨʽʟʥʽ ʧʘʪʦʛʥʦʤʦʥʽʯʥʽ ʦʟʥʘʢʠ ʪʝʨʤʦʛʨʘʬʽʯʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ. ɸʣʝ ʥʘʡʩʫʪʪʻʚʽʰʦʶ 

ʻ ʚʽʜʤʽʥʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨ ʦʜʥʦʛʦ ʟ ʧʘʨʥʠʭ ʦʨʛʘʥʽʚ ʱʦʜʦ ʜʨʫʛʦʛʦ. ʗʢʱʦ ʮʷ ʨʽʟʥʠʮʷ 
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ʙʽʣʴʰʘ, ʥʽʞ ɿ Áʉ, ʪʦ ʤʦʞʥʘ ʟʘʧʽʜʦʟʨʠʪʠ, ʱʦ ʧʨʦʮʝʩ ʟʣʦʷʢʽʩʥʠʡ, ʷʢʱʦ ʤʝʥʰʘ, ʥʽʞ 2 

Áʉ, ʪʦ ʤʘʻʤʦ ʩʧʨʘʚʫ ʟ ʜʦʙʨʦʷʢʽʩʥʠʤ ʧʨʦʮʝʩʦʤ. ɺ ʽʥʪʝʨʚʘʣʽ 2ð3 Áʉ ʜʘʥʽ ʩʫʤʥʽʚʥʽ. 

ʇʦʜʽʙʥʘ ʟʘʣʝʞʥʽʩʪʴ ʟʙʝʨʽʛʘʻʪʴʩʷ ʽ ʧʨʠ ʜʽʘʛʥʦʩʪʠʮʽ ʥʝʧʘʨʥʠʭ ʦʨʛʘʥʽʚ ð ʰʢʽʨʠ, 

ʤ'ʷʢʠʭ ʪʢʘʥʠʥ. ʊʦʜʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʟʥʠʮʷ ʪʝʤʧʝʨʘʪʫʨ ʱʦʜʦ ʧʨʠʣʝʛʣʠʭ ʪʢʘʥʠʥ. 

ʊʦʯʥʽʩʪʴ ʪʝʨʤʦʛʨʘʬʽʯʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʤʝʞʘʭ 80ð85 %. ɿʘʛʘʣʦʤ ʮʝ ð 

ʧʝʨʩʧʝʢʪʠʚʥʠʡ, ʝʢʦʥʦʤʥʠʡ ʽ ʮʽʣʢʦʤ ʥʝʰʢʽʜʣʠʚʠʡ ʤʝʪʦʜ ʦʙʩʪʝʞʝʥʥʷ [9]. 

ʃʘʙʦʨʘʪʦʨʥʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ 

ʄʦʨʬʦʣʦʛʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ. ʅʘʡʪʦʯʥʽʰʠʤ ʤʝʪʦʜʦʤ ʜʽʘʛʥʦʩʪʠʢʠ ʧʫʭʣʠʥ, ʟʦʢʨʝʤʘ 

ʾʭʥʽʭ ʨʘʥʥʽʭ ʩʪʘʜʽʡ, ʻ ʙʽʦʧʩʽʷ. ʉʫʪʪʻʚʦ ʟʨʦʩʣʘ ʨʦʣʴ ʙʽʦʧʩʽʾ ʚ ʧʣʘʥʫʚʘʥʥʽ ʪʘ 

ʧʨʦʚʝʜʝʥʥʽ ʣʽʢʫʚʘʥʥʷ ʭʚʦʨʠʭ. ɻʽʩʪʦʣʦʛʽʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʫʭʣʠʥʠ ʚʠʟʥʘʯʘʻ ʾʾ 

ʩʪʘʜʽʶ ʧʨʠ ʨʘʥʥʽʭ ʬʦʨʤʘʭ, ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʭʽʤʽʦʧʨʝʧʘʨʘʪʽʚ ʽ ʧʨʦʤʝʥʝʚʦʾ ʪʝʨʘʧʽʾ. ʊʦʤʫ 

ʙʽʦʧʩʽʷ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʚ ʩʫʤʥʽʚʥʠʭ ʚʠʧʘʜʢʘʭ, ʘʣʝ ʽ ʧʨʠ ʢʣʽʥʽʯʥʦ 

ʚʩʪʘʥʦʚʣʝʥʦʤʫ ʜʽʘʛʥʦʟʽ "ʨʘʢ". ʂʨʽʤ ʮʴʦʛʦ, ʧʦʚʪʦʨʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʫʨʘʞʝʥʦʾ ʪʢʘʥʠʥʠ 

ʧʽʜ ʯʘʩ ʘʙʦ ʧʽʩʣʷ ʣʽʢʫʚʘʥʥʷ ʜʘʻ ʟʤʦʛʫ ʩʧʦʩʪʝʨʽʛʘʪʠ ʟʘ ʝʬʝʢʪʠʚʥʽʩʪʶ ʪʝʨʘʧʽʾ. ʇʨʦ-

ʩʪʦʪʘ ʦʩʚʦʻʥʥʷ, ʪʦʯʥʽʩʪʴ ʜʽʘʛʥʦʩʪʠʢʠ, ʫʥʠʢʥʝʥʥʷ ʦʙʰʠʨʥʠʭ ʦʧʝʨʘʪʠʚʥʠʭ ʫʪʨʫʯʘʥʴ 

ʚʠʟʥʘʯʘʶʪʴ ʝʢʦʥʦʤʽʯʥʫ ʽ ʣʽʢʫʚʘʣʴʥʦ-ʜʽʘʛʥʦʩʪʠʯʥʫ ʮʽʥʥʽʩʪʴ ʜʘʥʠʭ ʤʝʪʦʜʠʢ. 

ʈʦʟʨʽʟʥʷʶʪʴ ʪʘʢʽ ʬʦʨʤʠ ʙʽʦʧʩʽʾ: 

ʇʫʥʢʮʽʡʥʘ ʙʽʦʧʩʽʷ ð ʤʝʪʦʜ, ʷʢʠʡ ʥʘʡʯʘʩʪʽʰʝ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʧʝʨʚʠʥʥʦʾ 

ʚʝʨʠʬʽʢʘʮʽʾ ʜʽʘʛʥʦʟʫ, ʩʫʪʴ ʷʢʦʛʦ ʧʦʣʷʛʘʻ ʚ ʦʪʨʠʤʘʥʥʽ ʙʽʦʧʪʘʪʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʦʣʦʢ 

ʨʽʟʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʟʘʚʜʦʚʞʢʠ 5ð 25 ʩʤ, ʜʽʘʤʝʪʨʦʤ 1,5ð0,4 ʤʤ. ɺʠʙʽʨ ʢʦʥʩʪʨʫʢʮʽʾ, 

ʜʽʘʤʝʪʨʘ ʽ ʜʦʚʞʠʥʠ ʛʦʣʢʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʛʣʠʙʠʥʠ ʨʦʟʤʽʱʝʥʥʷ ʦʨʛʘʥʘ ʯʠ ʩʪʨʫʢʪʫʨʠ, 

ʱʦ ʮʽʢʘʚʠʪʴ. ʎʝʡ ʚʠʜ ʙʽʦʧʩʽʾ ʥʝʟʘʤʽʥʥʠʡ ʧʨʠ ʫʨʘʞʝʥʥʽ ʚʥʫʪʨʽʰʥʽʭ ʦʨʛʘʥʽʚ (ʧʝʯʽʥʢʘ, 

ʧʽʜʰʣʫʥʢʦʚʘ ʟʘʣʦʟʘ, ʥʠʨʢʠ, ʟʘʦʯʝʨʝʚʠʥʥʽ ʧʫʭʣʠʥʠ), ʢʦʣʠ ʙʫʜʴ-ʷʢʽ ʭʽʨʫʨʛʽʯʥʽ 

ʚʪʨʫʯʘʥʥʷ ʟ ʜʽʘʛʥʦʩʪʠʯʥʦʶ ʤʝʪʦʶ ʥʝ ʙʘʞʘʥʽ. 

ɽʢʩʮʠʟʽʡʥʘ ʙʽʦʧʩʽʷ ð ʭʽʨʫʨʛʽʯʥʝ ʚʠʜʘʣʝʥʥʷ ʚʩʴʦʛʦ ʧʘʪʦʣʦʛʽʯʥʦʛʦ ʚʦʛʥʠʱʘ. 

ʅʘʡʯʘʩʪʽʰʝ ʟʘʩʪʦʩʦʚʫʶʪʴ ʧʨʠ ʧʨʦʮʝʩʘʭ ʰʢʽʨʠ, ʛʨʫʜʥʦʾ ʟʘʣʦʟʠ, ʟʙʽʣʴʰʝʥʥʽ 

ʣʽʤʬʘʪʠʯʥʦʛʦ ʚʫʟʣʘ. ʏʘʩʦʤ ʝʢʩʮʠʟʽʡʥʘ ʙʽʦʧʩʽʷ ʻ ʽ ʣʽʢʫʚʘʣʴʥʠʤ ʟʘʭʦʜʦʤ. 

ɯʥʮʠʟʽʡʥʘ ʙʽʦʧʩʽʷ ð ʚʠʩʽʯʝʥʥʷ ʦʜʥʦʛʦ ʘʙʦ ʢʽʣʴʢʦʭ ʰʤʘʪʢʽʚ ʧʫʭʣʠʥʠ (ʧʨʠ 

ʧʫʭʣʠʥʘʭ ʚʝʣʠʢʠʭ ʨʦʟʤʽʨʽʚ). 
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ʊʨʝʧʘʥʦʙʽʦʧʩʽʷ ð ʦʪʨʠʤʘʥʥʷ ʩʪʦʚʧʯʠʢʘ ʪʢʘʥʠʥʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʦ 

ʩʢʦʥʩʪʨʫʡʦʚʘʥʦʾ ʜʣʷ ʮʽʻʾ ʤʝʪʠ ʛʦʣʢʠ. ʎʝʡ ʚʠʜ ʙʽʦʧʩʽʾ ʧʨʠ ʛʣʠʙʦʢʦ ʨʦʟʤʽʱʝʥʠʭ 

ʧʫʭʣʠʥʘʭ ʤʦʞʥʘ ʧʨʦʚʦʜʠʪʠ ʧʽʜ ʢʦʥʪʨʦʣʝʤ ʨʝʥʪʛʝʥʦʩʢʦʧʽʾ ʘʙʦ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ. 

ʑʠʧʮʝʚʘ ʙʽʦʧʩʽʷ ð ʦʪʨʠʤʘʥʥʷ ʰʤʘʪʦʯʢʘ ʪʢʘʥʠʥʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʱʠʧʮʽʚ ʨʽʟʥʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ. ɰʾ ʟʘʩʪʦʩʦʚʫʶʪʴ, ʟʦʢʨʝʤʘ, ʧʨʠ ʝʥʜʦʩʢʦʧʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ. 

ʂʶʨʝʪʘʞ ð ʦʪʨʠʤʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʰʣʷʭʦʤ ʚʠʰʢʨʽʙʘʥʥʷ (ʤʘʪʢʠ ʘʙʦ ʛʘʡʤʦʨʦʚʦʾ 

ʯʠ ʽʥʰʦʾ ʧʦʨʦʞʥʠʥʠ). 

ɺʠʧʘʜʢʦʚʘ ʙʽʦʧʩʽʷ ð ʷʢʱʦ ʤʘʪʝʨʽʘʣ ʦʪʨʠʤʘʥʦ ʥʝʩʧʦʜʽʚʘʥʦ, ʥʘʧʨʠʢʣʘʜ, ʧʨʠ 

ʚʽʜʢʘʰʣʶʚʘʥʥʽ ʰʤʘʪʢʘ ʧʫʭʣʠʥʠ ʙʨʦʥʭʘ ʯʠ ʧʨʠ ʚʘʛʽʥʘʣʴʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʰʤʘʪʢʘ 

ʧʫʭʣʠʥʠ ʭʚʦʨʦʾ ʤʘʪʢʠ [9, 26]. 

1.2.2 ʅʦʚʽʪʥʽ ʤʝʪʦʜʠ ʜʽʘʛʥʦʩʪʠʢʠ ʧʘʪʦʣʦʛʽʯʥʠʭ ʫʪʚʦʨʝʥʴ 

 

ʗʜʝʨʥʦ-ʤʘʛʥʽʪʥʠʡ ʨʝʟʦʥʘʥʩ ʫ ʤʝʜʠʯʥʽʡ ʜʽʘʛʥʦʩʪʠʮʽ 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʫ ʤʝʜʠʯʥʫ ʧʨʘʢʪʠʢʫ ʚʚʦʜʷʪʴ ʜʽʘʛʥʦʩʪʠʯʥʠʡ ʤʝʪʦʜ, ʦʩʥʦʚʦʶ 

ʷʢʦʛʦ ʻ ʧʨʠʥʮʠʧ ʷʜʝʨʥʦ-ʤʘʛʥʽʪʥʦʛʦ ʨʝʟʦʥʘʥʩʫ (ʗʄʈ).  

ʊʝʭʥʽʢʘ ʦʪʨʠʤʘʥʥʷ ʗʄʈ-ʪʦʤʦʛʨʘʤ ʙʘʟʫʻʪʴʩʷ ʥʘ ʤʦʞʣʠʚʦʩʪʽ ʟʤʽʥʠ ʨʝʘʢʮʽʾ ʷʜʝʨ 

ʚʦʜʥʶ, ʱʦ ʤʽʩʪʷʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʚ ʪʢʘʥʠʥʥʽʡ ʨʽʜʠʥʽ ʘʙʦ ʞʠʨʦʚʽʡ ʢʣʽʪʢʦʚʠʥʽ, ʫ 

ʚʽʜʧʦʚʽʜʴ ʥʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʘʜʽʦʯʘʩʪʦʪʥʠʭ ʽʤʧʫʣʴʩʽʚ ʫ ʩʪʘʙʽʣʴʥʦʤʫ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ. 

ɸʥʘʣʽʟ ʩʪʘʥʫ ʷʜʝʨ ʚʦʜʥʶ (ʧʨʦʪʦʥʽʚ) ʚ ʗʄʈ-ʪʝʭʥʽʮʽ ʟʫʤʦʚʣʝʥʠʡ ʪʠʤ, ʱʦ ʚʦʥʠ ʤʘʶʪʴ 

ʥʘʡʙʽʣʴʰʠʡ ʤʘʛʥʽʪʥʠʡ ʤʦʤʝʥʪ ʩʝʨʝʜ ʫʩʽʭ ʘʪʦʤʥʠʭ ʷʜʝʨ ʽ ʫ ʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ 

ʤʽʩʪʷʪʴʩʷ ʚ ʪʢʘʥʠʥʘʭ ʣʶʜʠʥʠ. ʎʝ ʜʘʻ ʟʤʦʛʫ ʦʪʨʠʤʘʪʠ ʚʽʜʧʦʚʽʜʥʠʡ ʩʠʛʥʘʣ ʜʣʷ 

ʧʦʙʫʜʦʚʠ ʪʦʤʦʛʨʘʬʽʯʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ. ʁʜʝʪʴʩʷ ʣʠʰʝ ʧʨʦ ʥʝʬʽʢʩʦʚʘʥʽ ʫ ʚʝʣʠʢʠʭ 

ʤʦʣʝʢʫʣʘʭ ʷʜʨʘ ʚʦʜʥʶ, ʱʦ ʥʝ ʤʽʩʪʷʪʴʩʷ ʚ ʱʽʣʴʥʠʭ ʩʪʨʫʢʪʫʨʘʭ (ʢʽʩʪʢʘʭ). 

ʉʧʽʨʘʣʴʥʘ ʢʦʤʧ'ʶʪʝʨʥʘ ʪʦʤʦʛʨʘʬʽʷ, ʷʢʫ ʚʧʨʦʚʘʜʞʝʥʦ ʥʝʜʘʚʥʦ, ð ʮʝ ʥʦʚʘ 

ʢʦʥʮʝʧʮʽʷ ʩʢʘʥʫʚʘʥʥʷ, ʱʦ ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ. ʋ ʧʨʦʮʝʩʽ 

ʦʙʩʪʝʞʝʥʥʷ ʩʪʽʣ, ʥʘ ʷʢʦʤʫ ʣʝʞʠʪʴ ʧʘʮʽʻʥʪ, ʧʦʩʪʽʡʥʦ ʨʫʭʘʻʪʴʩʷ ʨʘʟʦʤ ʽʟ 

ʨʝʥʪʛʝʥʽʚʩʴʢʦʶ ʪʨʫʙʢʦʶ ʽ ʜʝʪʝʢʪʦʨʘʤʠ, ʫ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʩʧʽʨʘʣʝʧʦʜʽʙʥʝ ʧʨʦʭʦʜʞʝʥʥʷ ʚʽʷʣʦʧʦʜʽʙʥʦʛʦ ʧʨʦʤʝʥʷ ʯʝʨʝʟ ʪʽʣʦ ʧʘʮʽʻʥʪʘ. ɺʝʣʠʢʘ 

ʘʥʘʪʦʤʽʯʥʘ ʜʽʣʷʥʢʘ ʩʢʘʥʫʻʪʴʩʷ ʟʘ ʦʜʠʥ ʧʝʨʽʦʜ ʟʘʪʨʠʤʢʠ ʜʠʭʘʥʥʷ ʧʘʮʽʻʥʪʦʤ. ɿʘʚʜʷʢʠ 
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ʪʦʥʢʠʤ ʟʨʽʟʘʤ, ʰʽʣʴʥʦ ʨʦʟʤʽʱʝʥʠʤ ʧʦ ʩʧʽʨʘʣʽ, ʤʝʪʦʜ ʟʘʙʝʟʧʝʯʫʻ ʩʪʚʦʨʝʥʥʷ 

ʚʠʩʦʢʦʷʢʽʩʥʠʭ ʪʨʠʚʠʤʽʨʥʠʭ ʨʝʢʦʥʩʪʨʫʢʮʽʡ [9]. 

ɯʤʫʥʦʜʽʘʛʥʦʩʪʠʢʘ. ʋʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʦʛʦ ʤʝʜʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ 

ʢʣʽʥʽʯʥʦʾ ʣʘʙʦʨʘʪʦʨʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ, ʟʦʢʨʝʤʘ ʪʝʩʪ-ʩʠʩʪʝʤ ʽ ʧʨʠʣʘʜʽʚ ʜʣʷ 

ʽʤʫʥʦʬʝʨʤʝʥʪʥʦʛʦ ʘʥʘʣʽʟʫ, ʩʧʨʠʷʣʦ ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʠʤ ʤʦʞʣʠʚʦʩʪʷʤ ʚʠʟʥʘʯʝʥʥʷ 

ʦʥʢʦʤʘʨʢʝʨʽʚ, ʮʠʪʦʢʽʥʽʚ, ʬʘʢʪʦʨʽʚ ʨʦʩʪʫ, ʛʦʨʤʦʥʽʚ, ʜʽʘʛʥʦʩʪʠʢʠ ʘʚʪʦʽʤʫʥʥʠʭ, 

ʽʥʬʝʢʮʽʡʥʠʭ ʪʘ ʽʥʰʠʭ ʟʘʭʚʦʨʶʚʘʥʴ. ʆʩʥʦʚʥʦʶ ʤʝʪʦʶ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʦʥʢʦʤʘʨʢʝʨʽʚ ʻ ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʧʝʮʠʬʽʯʥʦʛʦ ʘʥʪʠʛʝʥʫ ʣʶʜʠʥʠ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ 

ʤʦʞʥʘ ʙʫʣʦ ʙ ʚʠʟʥʘʯʠʪʠ ʨʘʥʥʶ ʩʪʘʜʽʶ ʤʘʣʽʛʥʽʟʘʮʽʾ ʢʣʽʪʠʥʠ, ʜʦ ʧʦʷʚʠ ʢʣʽʥʽʯʥʦʾ 

ʢʘʨʪʠʥʠ ʽ ʧʦʯʘʪʢʫ ʤʝʪʘʩʪʘʟʫʚʘʥʥʷ. ɸʣʝ ʪʘʢʠʡ ʘʥʪʠʛʝʥ ʜʦʩʽ ʥʝ ʟʥʘʡʜʝʥʦ. ɯ ʤʘʙʫʪʴ, ʥʝ 

ʙʫʜʝ ʚʠʷʚʣʝʥʦ ʪʘʢʠʭ ʘʥʪʠʛʝʥʥʠʭ ʜʝʪʝʨʤʽʥʘʥʪ ʧʫʭʣʠʥʥʠʭ ʢʣʽʪʠʥ, ʷʢʠʭ ʥʝ ʙʫʣʦ ʙ ʫ 

ʥʦʨʤʘʣʴʥʠʭ ʢʣʽʪʠʥʘʭ. ɺʦʜʥʦʯʘʩ ʫ ʟʣʦʷʢʽʩʥʠʭ ʢʣʽʪʠʥʘʭ ʟʥʘʭʦʜʷʪʴ ʘʥʪʠʛʝʥʠ, ʭʘ-

ʨʘʢʪʝʨʥʽ ʜʣʷ ʨʘʥʥʽʭ ʧʝʨʽʦʜʽʚ ʦʥʪʦʛʝʥʝʟʫ (ʟʦʢʨʝʤʘ, ʝʤʙʨʽʦʥʘʣʴʥʽ ʘʥʪʠʛʝʥʠ). ʎʽ ʪʘ 

ʜʝʷʢʽ ʽʥʰʽ ʘʥʪʠʛʝʥʠ ʚʠʷʚʣʷʶʪʴʩʷ ʚ ʢʽʣʴʢʦʩʪʷʭ, ʱʦ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʶʪʴ ʾʭʥʽʡ ʚʤʽʩʪ ʫ 

ʥʦʨʤʘʣʴʥʠʭ ʪʢʘʥʠʥʘʭ. ʊʦʤʫ ʩʴʦʛʦʜʥʽ ʤʠ ʛʦʚʦʨʠʤʦ ʥʝ ʩʪʽʣʴʢʠ ʧʨʦ 

ʧʫʭʣʠʥʦʩʧʝʮʠʬʽʯʥʽ ʘʥʪʠʛʝʥʠ, ʩʢʽʣʴʢʠ ʧʨʦ ʧʫʭʣʠʥʦʘʩʦʮʽʡʦʚʘʥʽ ʘʥʪʠʛʝʥʠ [9]. 

ʄʘʛʥʽʪʥʦ-ʨʝʟʦʥʘʥʩʥʘ ʪʦʤʦʛʨʘʬʽʷ (ʄʈʊ) - ʮʝ ʤʝʪʦʜ ʦʪʨʠʤʘʥʥʷ ʟʦʙʨʘʞʝʥʴ, 

ʱʦ ʽʥʜʫʢʫʶʪʴʩʷ ʩʠʛʥʘʣʦʤ ʷʜʝʨʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʨʝʟʦʥʘʥʩʫ. ʇʝʨʝʚʘʛʠ ʄʈʊ: ʤʝʪʦʜ 

ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʘʪʠ ʚʠʢʣʶʯʥʦ ʚʠʩʦʢʦʛʦ ʢʦʥʪʨʘʩʪʫʚʘʥʥʷ ʪʢʘʥʠʥ, ʦʪʨʠʤʫʚʘʪʠ ʚ ʭʦʜʽ 

ʦʜʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʚ ʫʩʽʭ ʘʥʘʪʦʤʽʯʥʠʭ ʧʨʦʝʢʮʽʷʭ, ʚʠʚʯʘʪʠ ʜʠʥʘʤʽʯʥʽ 

ʧʨʦʮʝʩʠ, ʧʦʚ'ʷʟʘʥʽ ʟ ʨʫʭʦʤ ʙʽʦʣʦʛʽʯʥʠʭ ʨʽʜʠʥ (ʢʨʦʚʽ, ʣʽʢʚʦʨʫ, ʩʝʯʽ, ʞʦʚʯʽ), ʘ ʪʘʢʦʞ, 

ʟʘʚʜʷʢʠ ʟʘʩʪʦʩʫʚʘʥʥʶ ʢʦʥʪʨʘʩʪʥʠʭ ʨʝʯʦʚʠʥ, ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ ʨʦʟʨʽʟʥʷʪʠ 

ʧʝʨʠʪʫʤʦʨʘʣʴʥʳʡ ʥʘʙʨʷʢ ʽ ʚʣʘʩʥʝ ʧʫʭʣʠʥʫ. ɼʦ ʥʝʜʦʣʽʢʽʚ ʄʈʊ ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʜʦʩʠʪʴ 

ʚʠʩʦʢʫ ʚʘʨʪʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ, ʘ ʪʘʢʦʞ ʥʝʤʦʞʣʠʚʽʩʪʴ ʡʦʛʦ ʧʨʦʚʝʜʝʥʥʷ ʟʘ ʥʘʷʚʥʦʩʪʽ ʫ 

ʧʘʮʽʻʥʪʘ ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʽʤʧʣʘʥʪʘʪʽʚ [7, 8]. 

ʃʘʟʝʨʥʘ ʬʣʫʦʨʝʩʮʝʥʪʥʘ ʜʽʘʛʥʦʩʪʠʢʘ. ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʣʘʟʝʨʥʫ 

ʬʣʫʦʨʝʩʮʝʥʪʥʫ ʜʽʘʛʥʦʩʪʠʢʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʜʽʘʛʥʦʩʪʠʢʠ ʨʽʟʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ ʽ 

ʩʪʘʥʽʚ, ʥʘʧʨʠʢʣʘʜ ʜʣʷ ʜʽʘʛʥʦʩʪʠʢʠ ʩʪʘʥʫ ʨʦʪʦʚʦʾ ʧʦʨʦʞʥʠʥʠ, ʜʽʘʛʥʦʩʪʠʢʠ ʟʦʚʥʽʰʥʽʭ 

ʰʢʽʨʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ. ʎʷ ʪʝʭʥʦʣʦʛʽʷ ʜʫʞʝ ʧʝʨʩʧʝʢʪʠʚʥʘ, ʦʩʢʽʣʴʢʠ ʤʘʻ ʨʷʜ ʧʝʨʝʚʘʛ, 

ʪʘʢʽ ʷʢ ʜʫʞʝ ʚʠʩʦʢʘ ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ - ʤʦʞʥʘ ʚʠʷʚʠʪʠ ʧʘʪʦʣʦʛʽʯʥʽ ʫʪʚʦʨʝʥʥʷ  
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ʤʘʣʝʥʴʢʠʭ ʨʦʟʤʽʨʽʚ, ʚʽʜʩʫʪʥʷ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʚʝʜʝʥʥʷ ʚ ʦʨʛʘʥʽʟʤ ʜʦʜʘʪʢʦʚʠʭ ʨʝʯʦʚʠʥ 

(ʬʦʪʦʩʝʥʩʠʙʽʣʽʟʘʪʦʨʽʚ) [27ï31]. 

1.2.3 ɸʥʘʣʽʟ ʤʝʪʦʜʽʚ ʜʽʘʛʥʦʩʪʠʢʠ ʧʘʪʦʣʦʛʽʯʥʠʭ ʫʪʚʦʨʝʥʴ 

 

ʈʦʟʛʣʷʥʫʚʰʠ ʚ ʮʽʡ ʨʦʙʦʪʽ ʙʽʣʴʰʽʩʪʴ ʤʝʪʦʜʽʚ ʨʘʥʥʴʦʾ ʽ ʟʚʠʯʘʡʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ 

ʨʘʢʫ ʜʽʡʰʣʠ ʚʠʩʥʦʚʢʽʚ ʱʦ ʮʽ ʧʨʦʮʝʜʫʨʠ ʤʘʶʪʴ ʨʷʜ ʥʝʜʦʣʽʢʽʚ : 

ʈʝʥʪʛʝʥʦʣʦʛʽʯʥʠʡ ʤʝʪʦʜ ʚʠʷʚʣʷʻ ʪʽʣʴʢʠ ʧʫʭʣʠʥʠ ʚʝʣʠʢʠʭ ʨʦʟʤʽʨʽʚ (ʚʽʜ 1-2ʩʤ), 

ʽ ʥʝ ʜʘʻ ʤʦʞʣʠʚʦʩʪʽ ʚʠʷʚʠʪʠ ʤʝʪʘʩʪʘʟʠ.   

ʆʙʤʝʞʝʥʥʷʤ ʤʝʪʦʜʫ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʪʦʤʦʛʨʘʬʽʾ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʷʭ ʚʥʫʪʨʽʰʥʽʭ 

ʦʨʛʘʥʽʚ ʻ ʚʽʜʩʫʪʥʽʩʪʴ ʤʦʞʣʠʚʦʩʪʽ ʦʪʨʠʤʫʚʘʪʠ ʟʦʙʨʘʞʝʥʥʷ ʚʽʜ ʚʝʣʠʢʠʭ ʜʽʣʷʥʦʢ ʚ 

ʧʦʜʦʚʞʥʽʭ ʽ ʬʨʦʥʪʘʣʴʥʠʭ ʧʨʦʝʢʮʽʷʭ.   

ɼʦ ʥʝʜʦʣʽʢʽʚ ʄʈʊ ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʜʦʩʠʪʴ ʚʠʩʦʢʫ ʚʘʨʪʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ, 

ʥʝʤʦʞʣʠʚʽʩʪʴ ʡʦʛʦ ʧʨʦʚʝʜʝʥʥʷ ʟʘ ʥʘʷʚʥʦʩʪʽ ʫ ʧʘʮʽʻʥʪʘ ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʽʤʧʣʘʥʪʘʪʽʚ, ʘ 

ʪʘʢʦʞ ʧʨʠ ʚʚʝʜʝʥʥʷ ʢʦʥʪʨʘʩʪʽʚ ʙʘʨʚʥʠʢʽʚ, ʚʦʥʠ ʦʩʽʜʘʶʪʴ ʽ ʥʘʢʦʧʠʯʫʶʪʴʩʷ ʚ ʦʨʛʘʥʘʭ. 

ʅʝʜʦʣʽʢʦʤ ʤʝʪʦʜʫ ʌʦʪʦʜʠʥʘʤʽʯʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʻ ʪʝ, ʦɦ ʙʘʨʚʥʠʢʠ ʦʩʽʜʘʶʪʴ ʽ ʚ 

ʽʥʰʠʭ ʦʨʛʘʥʘʭ, ʦʢʨʽʤ ʧʫʭʣʠʥʠ (ʧʨʠʙʣʠʟʥʦ 5%) ʽ ʜʫʞʝ ʧʦʚʽʣʴʥʦ ʚʠʚʦʜʠʪʴʩʷ ʟ 

ʦʨʛʘʥʽʟʤʫ. 

ɻʦʣʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʩʘʤʦʾ ʧʨʦʮʝʜʫʨʠ ʜʽʘʛʥʦʩʪʠʢʠ ʻ ʧʽʜʙʽʨ ʤʝʪʦʜʫ ʜʦ ʧʝʚʥʦʛʦ 

ʦʨʛʘʥʫ, ʥʝ ʽʩʥʫʻ ʦʜʥʦʛʦ ʧʝʚʥʦʛʦ ʤʝʪʦʜʫ ʜʽʘʛʥʦʩʪʠʢʠ ʜʣʷ ʫʩʽʭ ʦʨʛʘʥʽʚ. 

 

1.3 ɺʟʘʻʤʦʜʽʷ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ ʙʽʦʣʦʛʽʯʥʠʤʠ ʪʢʘʥʠʥʘʤʠ 

 

ʃʘʟʝʨʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘʢ ʩʘʤʦ, ʷʢ ʽ ʟʚʠʯʘʡʥʝ ʩʚʽʪʣʦ, ʤʦʞʝ ʧʦʛʣʠʥʘʪʠʩʷ, 

ʚʽʜʙʠʚʘʪʠʩʷ, ʨʦʟʩʽʶʚʘʪʠʩʷ ʽ ʧʝʨʝʚʠʧʨʦʤʽʥʶʚʘʪʠʩʷ ʙʽʦʣʦʛʽʯʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ. ʂʦʞʝʥ 

ʟ ʚʢʘʟʘʥʠʭ ʧʨʦʮʝʩʽʚ ʥʝʩʝ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʤʽʢʨʦ ʽ ʤʘʢʨʦʩʪʨʫʢʪʫʨʽ ʮʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, 

ʨʫʭʫ ʽ ʬʦʨʤʠ ʦʢʨʝʤʠʭ ʾʾ ʩʢʣʘʜʦʚʠʭ. ʉʚʽʪʣʦʚʠʡ ʜʽʘʧʘʟʦʥ ʜʦʚʞʠʥ ʭʚʠʣʴ ʪʷʛʥʝʪʴʩʷ ʚʽʜ 

ʜʝʩʷʪʢʽʚ ʥʘʥʦʤʝʪʨʽʚ ʜʦ ʜʝʩʷʪʢʽʚ ʤʽʢʨʦʤʝʪʨʽʚ ʽ ʜʽʣʠʪʴʩʷ ʥʘ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʠʡ (ʋʌ), 

ʚʠʜʠʤʠʡ ʽ ʽʥʬʨʘʯʝʨʚʦʥʠʡ (ɯʏ) ʜʽʘʧʘʟʦʥʠ. ɽʥʝʨʛʽʷ ʬʦʪʦʥʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʡʦʛʦ ʜʦʚʞʠʥʠ 

ʭʚʠʣʽ (ʯʠ ʯʘʩʪʦʪʠ) : 
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l
p

c
vhE Ö=Ö= 2 , (1-1)  

ʜʝ h ī ʧʦʩʪʽʡʥʘ ʇʣʘʥʢʘ (6,626.10h
-34
ɼʞ.ʩ); ɜ ī ʯʘʩʪʦʪʘ (ʩ

-1

); ɚ ī ʜʦʚʞʠʥʘ ʭʚʠʣʽ (ʤ); c 

ī ʰʚʠʜʢʽʩʪʴ ʩʚʽʪʣʘ ʚ ʨʝʯʦʚʠʥʽ (ʤ/ʩ). 

ʌʦʪʦʥʠ ʤʘʣʠʭ ʝʥʝʨʛʽʡ, ʜʘʣʽ ʀʂ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʢʨʘʡ 

ʚʠʩʦʢʠʭ ʯʘʩʪʦʪ (ʂɺʏ) ʽ ʥʘʜʚʠʩʦʢʠʭ ʯʘʩʪʦʪ (ʅɺʏ) ʨʘʜʽʦʜʽʘʧʘʟʦʥʫ ʤʦʞʫʪʴ ʯʠʥʠʪʠ 

ʩʝʣʝʢʪʠʚʥʫ ʜʽʶ ʥʘ ʜʝʷʢʽ ʙʽʦʤʦʣʝʢʫʣʠ, ʥʘʧʨʠʢʣʘʜ, ʟʘ ʨʘʭʫʥʦʢ ʟʙʫʜʞʝʥʥʷ ʦʙʝʨʪʘʣʴʥʠʭ 

ʨʽʚʥʽʚ (ʆʅīʛʨʫʧʠ ʚʘʣʝʥʪʥʦʛʦ ʢʦʣʠʚʘʥʥʷ ʚʽʣʴʥʦʾ ʘʙʦ ʧʦʚ'ʷʟʘʥʦʾ ʚʦʜʠ ʫ ʙʽʦʣʦʛʽʯʥʠʭ 

ʟ'ʻʜʥʘʥʥʷʭ), ʤʝʭʘʥʽʯʥʠʭ ʢʦʣʠʚʘʥʴ ʤʘʢʨʦʤʦʣʝʢʫʣ ʘʙʦ ʘʢʫʩʪʠʯʥʠʭ ʢʦʣʠʚʘʥʴ ʚ 

ʢʣʽʪʠʥʥʠʭ ʤʝʤʙʨʘʥʘʭ, ʘʣʝ ʚ ʦʩʥʦʚʥʦʤʫ ʾʭ ʜʽʷ ʥʝʩʧʝʮʠʬʽʯʥʘ ʽ ʟʚʦʜʠʪʴʩʷ ʜʦ ʪʝʧʣʦʚʦʛʦ. 

ʌʦʪʦʥʠ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʽ ʙʽʣʴʰʝ ʢʦʨʦʪʢʦʭʚʠʣʴʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʤʘʶʪʴ 

ʥʘʩʪʽʣʴʢʠ ʚʠʩʦʢʫ ʝʥʝʨʛʽʶ, ʱʦ ʤʦʞʫʪʴ ʟ ʦʜʥʘʢʦʚʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ ʽʦʥʽʟʫʚʘʪʠ ʙʫʜʴ-

ʷʢʫ ʤʦʣʝʢʫʣʫ, ʱʦ ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ ʩʢʣʘʜʥʦ ʦʨʛʘʥʽʟʦʚʘʥʦʾ ʙʽʦʣʦʛʽʯʥʦʾ ʤʘʪʝʨʽʾ, ʪʦʤʫ 

ʾʭ ʚʟʘʻʤʦʜʽʷ ʟ ʤʦʣʝʢʫʣʘʤʠ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʭʽʤʽʯʥʦʾ ʧʨʠʨʦʜʠ ʤʦʣʝʢʫʣ [3, 32].  

ʇʨʦʮʝʩʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʚʟʘʻʤʦʜʽʶ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ 

ʙʽʦʦʙ'ʻʢʪʘʤʠ, ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʪʨʠ ʛʨʫʧʠ. ɼʦ ʧʝʨʰʦʾ ʛʨʫʧʠ ʚʽʜʥʦʩʷʪʴʩʷ ʫʩʽ 

ʥʝʟʙʫʜʞʫʶʯʽ ʧʨʦʮʝʩʠ (ʱʦ ʧʨʠʥʘʡʤʥʽ ʥʝ ʯʠʥʷʪʴ ʧʦʤʽʪʥʦʾ ʜʽʾ ʥʘ ʙʽʦʦʙ'ʻʢʪ ʚ ʤʝʞʘʭ 

ʧʦʤʠʣʦʢ ʚʠʤʽʨʽʚ). ɼʦ ʜʨʫʛʦʾ ʧʨʦʮʝʩʠ, ʚ ʷʢʠʭ ʧʨʦʷʚʣʷʻʪʴʩʷ ʬʦʪʦʭʽʤʽʯʥʘ ʘʙʦ ʪʝʧʣʦʚʘ 

ʜʽʷ. ɼʦ ʪʨʝʪʴʦʾ  ʧʨʦʮʝʩʠ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʬʦʪʦʨʫʡʥʫʚʘʥʥʷ. 

ʆʩʢʽʣʴʢʠ ʣʘʟʝʨʥʘ ʙʽʦʪʝʭʥʦʣʦʛʽʷ ʤʘʻ ʩʧʨʘʚʫ ʟ ʞʠʚʠʤʠ ʦʙ'ʻʢʪʘʤʠ, ʪʦ ʦʢʨʽʤ 

ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʧʨʦʷʚʽʚ ʩʚʽʪʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʚʧʣʠʚ 

ʩʚʽʪʣʘ ʥʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʞʠʚʦʾ ʤʘʪʝʨʽʾ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʽʨʦʶ ʛʦʤʝʦʩʪʘʟʫ ʞʠʚʦʛʦ 

ʦʙ'ʻʢʪʫ. ʄʽʨʘ ʛʦʤʝʦʩʪʘʟʫ ʚʠʟʥʘʯʘʻ ʩʧʝʮʠʬʽʯʥʽ ʨʝʘʢʮʽʾ ʦʨʛʘʥʽʟʤʫ ʥʘ ʟʦʚʥʽʰʥʽʡ 

ʧʦʜʨʘʟʥʠʢ, ʻ ʬʫʥʢʮʽʻʶ ʝʚʦʣʶʮʽʡʥʦʛʦ ʨʦʟʚʠʪʢʫ ʽ ʚʠʷʚʣʷʻʪʴʩʷ ʥʘʡʤʝʥʰʦʶ ʫ 

ʙʽʦʣʦʛʽʯʥʠʭ ʤʦʣʝʢʫʣ ʽ ʥʘʡʚʠʱʦʶ ʫ ʭʨʝʙʝʪʥʠʭ ʪʚʘʨʠʥ. ɺʠʧʨʦʤʽʥʶʚʘʥʥʷ ʤʘʣʦʾ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʝ ʟʘʧʫʩʢʘʻ ʘʜʘʧʪʘʮʽʡʥʽ ʤʝʭʘʥʽʟʤʠ ʙʽʦʩʠʩʪʝʤʠ, ʪʦʙʪʦ ʥʝ ʟʘʯʽʧʘʻʪʴʩʷ ʾʾ 

ʛʦʤʝʦʩʪʘʟ. ʇʨʠ ʥʝʚʝʣʠʢʦʤʫ ʟʙʽʣʴʰʝʥʥʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʽʜʙʫʚʘʶʪʴʩʷ 

ʣʠʰʝ ʦʙʫʨʝʥʥʷ ʣʦʢʘʣʴʥʦʛʦ ʛʦʤʝʦʩʪʘʟʫ, ʽ ʥʝ ʫ ʚʩʽʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʚʦʥʠ ʚʠʷʚʣʷʶʪʴʩʷ. 

ʈʽʩʪ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʢʣʶʯʘʻ ʟʘʛʘʣʴʥʽ ʘʜʘʧʪʘʮʽʡʥʽ ʽ ʨʝʛʫʣʷʮʽʾ ʤʝʭʘʥʽʟʤʠ ʞʠʚʦʛʦ 

ʦʙ'ʻʢʪʫ, ʧʦʚʥʽʩʪʶ ʧʦʥʦʚʣʶʶʯʠ ʩʠʩʪʝʤʫ, ʷʢʱʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʥʝ ʟʘʥʘʜʪʦ ʚʝʣʠʢʘ. ʇʨʠ 
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ʧʦʜʘʣʴʰʦʤʫ ʟʙʽʣʴʰʝʥʥʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʦʥʠ ʚʞʝ ʥʝ ʩʧʨʘʚʣʷʶʪʴʩʷ ʟ ʧʦʚʥʠʤ 

ʚʽʜʥʦʚʣʝʥʥʷʤ ʩʠʩʪʝʤʠ ʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʯʘʩʪʢʦʚʦ ʙʝʟʧʦʚʦʨʦʪʥʽ ʧʨʦʮʝʩʠ. ʊʘʢʽ 

ʙʝʟʧʦʚʦʨʦʪʥʽ ʟʤʽʥʠ ʥʘʨʦʩʪʘʶʪʴ, ʽ ʨʦʙʣʷʪʴ ʨʫʡʥʫʚʘʥʥʷ ʚ ʩʠʩʪʝʤʽ, ʘʣʝ ʦʙ'ʻʢʪ ʤʦʞʥʘ 

ʱʝ ʚʚʘʞʘʪʠ "ʞʠʚʠʤ" (ʫ ʭʽʨʫʨʛʽʾ ʨʦʟʨʽʟʥʷʶʪʴ ʧʦʥʷʪʪʷ ʧʦʚʥʦʛʦ ʽ ʯʘʩʪʢʦʚʦʛʦ ʥʝʢʨʦʟʫ). 

ʋ ʦʙʣʘʩʪʽ ʟʥʘʯʥʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪ ̔ʨʫʡʥʫʚʘʥʥʷ ʚʠʷʚʣʷʶʪʴʩʷ ʥʘʩʪʽʣʴʢʠ ʟʥʘʯʥʠʤʠ, ʱʦ 

ʦʙ'ʻʢʪ ʚʞʝ ʥʝ ʤʦʞʝ ʚʚʘʞʘʪʠʩʷ "ʞʠʚʠʤ". ʇʨʠ ʥʠʟʴʢʽʡ ʽʥʪʝʥʩʠʚʥʦʩʪ ̔ʤʦʞʣʠʚʦ ʚʠʚʯʘʪʠ 

ʧʨʦʮʝʩʠ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʚʽʪʣʘ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʞʠʚʦʤʫ ʦʙ'ʻʢʪʽ, ʥʝ ʚʥʦʩʷʯʠ 

ʩʝʨʡʦʟʥʠʭ ʟʙʫʜʞʝʥʴ ʚ ʡʦʛʦ ʧʦʚʝʜʽʥʢʫ [3, 33, 34]. ɺʝʣʠʢʠʡ ʽʥʪʝʨʝʩ ʤʘʻ ʦʙʣʘʩʪʴ ʜʫʞʝ 

ʤʘʣʠʭ ʽʥʪʝʥʩʠʚʥʦʩʪʝʡ, ʚ ʷʢʽʡ ʤʦʞʣʠʚʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʷʜʫ ʥʘʡʙʽʣʴʰ ʯʫʪʣʠʚʠʭ 

ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʥʝ ʚʠʤʘʛʘʶʪʴ ʩʠʣʴʥʠʭ ʩʚʽʪʣʦʚʠʭ ʧʦʪʦʢʽʚ ʽ ʥʝ ʚʥʦʩʷʪʴ 

ʧʦʭʠʙʦʢ ʚ ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʽʚ ʟʘ ʨʘʭʫʥʦʢ ʛʦʤʝʦʩʪʘʟʫ ʞʠʚʦʾ ʤʘʪʝʨʽʾ ʥʘʚʽʪʴ ʥʘ 

ʣʦʢʘʣʴʥʦʤʫ ʨʽʚʥʽ. ʋ ʦʙʣʘʩʪʽ ʜʫʞʝ ʚʝʣʠʢʠʭ ʽʥʪʝʥʩʠʚʥʦʩʪʝʡ ʚʠʤʽʨʠ ʪʘʢʦʞ 

ʚʠʚ̫ʣʷʶʪʴʩʷ ʢʦʨʝʢʪʥʠʤʠ ʟʘ ʨʘʭʫʥʦʢ ʨʝʛʫʣʷʪʦʨʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʙʽʦʩʠʩʪʝʤʠ, ʦʩʢʽʣʴʢʠ 

ʚʞʝ "ʥʝʞʠʚʘ", ʧʨʦʪʝ ʜʦʩʣʽʜʥʠʢ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʤʘʻ ʩʧʨʘʚʫ ʣʠʰʝ ʟ ʦʨʛʘʥʽʯʥʦʶ 

ʤʘʪʝʨʽʻʶ, ʩʢʣʘʜ ʽ ʚʣʘʩʪʠʚʦʩʪʽ ʷʢʦʾ ʚʽʜʧʦʚʽʜʘʶʪʴ ʤʦʤʝʥʪʫ ʧʨʠʧʠʥʝʥʥʷ 

ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ. 

ɼʣʷ ʚʟʘʻʤʦʜʽʾ ʩʚʽʪʣʘ ʟ ʙʽʦʣʦʛʽʯʥʠʤʠ ʦʙ'ʻʢʪʘʤʠ ʻ ʚʘʞʣʠʚʠʤʠ: ʯʘʩ ʦʧʨʦʤʽʥʝʥʥʷ, 

ʨʝʞʠʤ ʦʧʨʦʤʽʥʝʥʥʷ (ʙʝʟʧʝʨʝʨʚʥʠʡ ʘʙʦ ʽʤʧʫʣʴʩʥʠʡ), ʧʝʨʽʦʜʠʯʥʽʩʪʴ ʽ ʪʨʠʚʘʣʽʩʪʴ ʜʽʾ. ʋ 

ʮʴʦʤʫ ʪʘʢʦʞ ʤʦʞʝ ʚʠʷʚʠʪʠ ʩʝʙʝ ʛʦʤʝʦʩʪʘʟ ʞʠʚʦʾ ʤʘʪʝʨʽʾ. ɿʘʣʝʞʥʦ ʚʽʜ ʜʦʚʞʠʥʠ ʭʚʠʣʽ 

ʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʚʽʪʣʘ ʧʦʨʦʛʦʚʘ ʪʨʠʚʘʣʽʩʪʴ ʦʧʨʦʤʽʥʝʥʥʷ, ʧʨʠ ʷʢʽʡ ʧʦʯʠʥʘʶʪʴ 

ʚʽʜʙʫʚʘʪʠʩʷ ʤʦʨʬʦʣʦʛʽʯʥʽ ʟʤʽʥʠ, ʤʦʞʝ ʙʫʪʠ ʜʫʞʝ ʨʽʟʥʦʶ ʜʣʷ ʦʜʥʦʛʦ ʽ ʪʦʛʦ ʞ ʦʙ'ʻʢʪʫ, 

ʪʦʙʪʦ ʜʣʷ ʞʠʚʦʛʦ ʦʙ'ʻʢʪʫ ʜʦʙʫʪʦʢ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘ ʯʘʩ ʦʧʨʦʤʽʥʝʥʥʷ ʥʝ ʻ 

ʢʦʥʩʪʘʥʪʦʶ.  

ɿʘʣʝʞʥʦ ʚʽʜ ʧʝʨʽʦʜʠʯʥʦʩʪʽ ʩʚʽʪʣʦʚʠʭ ʽʤʧʫʣʴʩʽʚ ʤʦʞʣʠʚʽ ʨʝʟʦʥʘʥʩʥʽ ʷʚʠʱʘ ʚ 

ʦʙʣʘʩʪʽ ʯʘʩʪʦʪ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʝʨʽʦʜʫ ʢʦʣʠʚʘʥʴ ʬʦʪʦ ʚʽʜʛʫʢʫ ʙʽʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ, 

ʷʢʠʡ ʟʤʽʥʶʻʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 10
-3
 ʜʦ 10

3
 ʩ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʩʢʣʘʜʥʽʩʪʴ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʚʝʜʽʥʢʠ ʙʽʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʽʟ ʟʘ ʚʢʣʶʯʝʥʥʷ 

ʘʜʘʧʪʘʮʽʡʥʠʭ ʽ ʨʝʛʫʣʷʪʦʨʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʾʭ ʚʽʜʛʫʢ ʻ ʥʝʣʽʥʽʡʥʠʤ ʥʘʚʽʪʴ ʧʨʠ ʜʫʞʝ 

ʤʘʣ̔ʡ ʽʥʪʝʥʩʠʚʥʦʩʪ ̔ʩʚʽʪʣʘ. 
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ɺ ʨʝʟʫʣʴʪʘʪʽ ʣʘʟʝʨʥʦʾ ʜʽʾ ʚ ʦʧʨʦʤʽʥʝʥʠʭ ʪʢʘʥʠʥʘʭ ʚʽʜʙʫʚʘʶʪʴʩʷ ʨʽʟʥʽ ʬʽʟʠʢʦ-

ʭʽʤʽʯʥʽ ʟʤʽʥʠ. 

ʎʽ ʟʤʽʥʠ ʨʝʻʩʪʨʫʶʪʴʩʷ ʥʘ ʫʩʽʭ ʨʽʚʥʷʭ ʦʨʛʘʥʽʟʘʮʽʾ ʞʠʚʦʾ ʤʘʪʝʨʽʾ [3, 35, 36]:  

- ʩʫʙʢʣʽʪʠʥʥʠʡ (ʚʠʥʠʢʥʝʥʥʷ ʟʙʫʜʞʝʥʠʭ ʩʪʘʥʽʚ ʤʦʣʝʢʫʣ, ʫʪʚʦʨʝʥʥʷ ʚʽʣʴʥʠʭ 

ʨʘʜʠʢʘʣʽʚ, ʩʪʝʨʝʦʭʽʤʽʯʥʘ ʧʝʨʝʙʫʜʦʚʘ ʤʦʣʝʢʫʣ, ʢʦʘʛʫʣʷʮʽʷ ʙʽʣʢʦʚʠʭ ʩʪʨʫʢʪʫʨ, 

ʧʨʠʩʢʦʨʝʥʥʷ ʩʠʥʪʝʟʫ ʙʽʣʢʫ, ʨʠʙʦʥʫʢʣʝʾʥʦʚʦʾ ʢʠʩʣʦʪʠ (ʈʅʂ), 

ʜʝʟʦʢʩʠʨʠʙʦʥʫʢʣʝʾʥʦʚʦʾ ʢʠʩʣʦʪʠ (ɼʅʂ), ʧʨʠʩʢʦʨʝʥʥʷ ʩʠʥʪʝʟʫ ʢʦʣʘʛʝʥʫ ʽ ʡʦʛʦ 

ʩʪʨʫʢʪʫʨ ʪʘ ʽʥ.);  

- ʢʣʽʪʠʥʥʠʡ (ʟʤʽʥʘ ʟʘʨʷʜʫ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʢʣʽʪʠʥʠ, ʟʤʽʥʘ ʤʝʤʙʨʘʥʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ ʽ ʧʨʦʥʠʢʥʦʩʪʽ ʤʝʤʙʨʘʥ, ʧʽʜʚʠʱʝʥʥʷ ʩʠʥʪʝʪʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʽ ʪʘʢ 

ʜʘʣʽ);  

- ʪʢʘʥʠʥʥʠʡ (ʟʤʽʥʘ ʭʽʤʽʟʤʫ ʽ ʪʠʩʢʫ ʤʽʞʢʣʽʪʠʥʥʦʾ ʨʽʜʠʥʠ, ʟʤʽʥʘ ʤʽʢʨʦʮʠʨʢʫʣʷʮʽʾ, 

ʢʠʩʥʝʚʦʛʦ ʙʘʣʘʥʩʫ ʽ ʘʢʪʠʚʘʮʽʾ ʦʢʠʩʣʶʚʘʣʴʥʦ ʚʽʜʥʦʚʥʠʭ ʧʨʦʮʝʩʽʚ); 

- ʦʨʛʘʥʽʚ (ʩʪʠʤʫʣʷʮʽʷ ʘʙʦ ʧʨʠʛʥʦʙʣʝʥʥʷ ʬʫʥʢʮʽʾ ʦʨʛʘʥʫ); 

- ʩʠʩʪʝʤʥʠʡ (ʚʠʥʠʢʥʝʥʥʷ ʘʜʘʧʪʘʮʽʡʥʠʭ ʥʝʨʚʦʚʦ-ʨʝʬʣʝʢʪʦʨʥʠʭ ʽ ʥʝʨʚʦʚʦ-

ʛʫʤʦʨʘʣʴʥʠʭ ʨʝʘʢʮʽʡ ʫ ʚʽʜʧʦʚʽʜʴ ʟ ʘʢʪʠʚʘʮʽʻʶ ʩʠʤʧʘʪʦʘʜʨʝʥʘʣʦʚʦʾ ʩʠʩʪʝʤ). 

ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʽ ʩʧʝʮʠʬʽʯʥʽʩʪʴ ʧʨʦʷʚʫ ʨʝʘʢʮʽʡ ʫ ʚʽʜʧʦʚʽʜʴ ʥʘ ʣʘʟʝʨʥʫ ʜʽʶ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʦʟʦʶ, ʙʽʦʣʦʛʽʻʶ, ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʙʽʦʦʙ'ʻʢʪʽʚ ʽ 

ʚʧʣʠʚʘʶʯʦʛʦ ʘʛʝʥʪʘ. ʅʘ ʘʪʦʤʥʦ-ʤʦʣʝʢʫʣʷʨʥʦʤʫ ʨʽʚʥʽ ʚʟʘʻʤʦʜʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʦʛʣʠʥʘʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʨʽʟʥʠʤʠ ʙʽʦʪʢʘʥʠʥʘʤʠ ʽ 

ʙʽʦʣʦʛʽʯʥʠʤʠ ʨʽʜʠʥʘʤʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʦʛʣʠʥʘʥʥʷ ʝʥʝʨʛʽʾ ʩʚʽʪʣʘ ʚʠʥʠʢʘʶʪʴ 

ʝʣʝʢʪʨʦʥʥʽ ʟʙʫʜʞʝʥʽ ʩʪʘʥʠ ʘʪʦʤʽʚ ʽ ʤʦʣʝʢʫʣ ʮʠʭ ʨʝʯʦʚʠʥ, ʥʘʩʪʫʧʥʘ ʤʽʛʨʘʮʽʷ 

ʝʣʝʢʪʨʦʥʥʦʛʦ ʟʙʫʜʞʝʥʥʷ, ʧʝʨʚʠʥʥʠʡ ʬʦʪʦʬʽʟʠʯʥʠʡ ʝʬʝʢʪ, ʧʦʷʚʘ ʧʝʨʚʠʥʥʠʭ 

ʬʦʪʦʧʨʦʜʫʢʪʽʚ, ʥʘʛʨʽʚʘʥʥʷ. ʃʘʟʝʨʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʜʘʪʥʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʽʩʪʦʪʥʦʾ 

ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʨʘʜʽʻʥʪʘ ʚ ʪʢʘʥʠʥʘʭ, ʦʩʦʙʣʠʚʦ ʥʘ ʨʽʚʥʽ ʦʜʥʽʻʾ 

ʢʣʽʪʠʥʠ ʘʙʦ ʾʾ ʦʨʛʘʥʝʣ. ʎʝ ʤʦʞʝ ʚʧʣʠʚʘʪʠ ʥʘ ʢʦʥʩʪʘʥʪʠ ʰʚʠʜʢʦʩʪʽ ʙʽʦʭʽʤʽʯʥʠʭ 

ʨʝʘʢʮʽʡ, ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʜʝʬʦʨʤʘʮʽʾ ʢʣʽʪʠʥʥʠʭ ʤʝʤʙʨʘʥ, ʟʤʽʥʠ ʾʭ ʪʨʘʥʩʤʝʤʙʨʘʥʥʠʭ 

ʧʦʪʝʥʮʽʘʣʽʚ ʽ ʪʦʤʫ ʧʦʜʽʙʥʝ. ʇʨʦʪʽʢʘʥʥʷ ʝʥʜʦʪʝʨʤʽʯʥʠʭ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ ʟʘʣʝʞʠʪʴ, ʷʢ 

ʧʦʢʘʟʫʶʪʴ ʙʘʛʘʪʦ ʬʽʟʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ [3, 37ï39], ʥʝ ʣʠʰʝ ʚʽʜ ʩʝʨʝʜʥʴʦʾ ʪʝʧʣʦʚʦʾ 

ʝʥʝʨʛʽʾ, ʱʦ ʧʽʜʚʦʜʠʪʴʩʷ, ʜʦ ʨʝʘʛʝʥʪʽʚ, ʘʣʝ ʽ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʽ ʧʝʨʽʦʜʠʯʥʦʩʪʽ ʚʢʣʘʜʝʥʥʷ 



30 

 

ʝʥʝʨʛʽʾ, ʷʢʽ ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʥʘ ʢʦʥʩʪʘʥʪʠ ʪʝʨʤʦʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ. ɿʘʣʝʞʥʦ ʚʽʜ 

ʚʝʣʠʯʠʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʯʘʩʫ ʾʾ ʜʽʾ ʥʘ ʙʽʦʪʢʘʥʠʥʫ ʚ ʦʩʪʘʥʥʽʡ ʤʦʞʫʪʴ ʩʧʦʩʪʝʨʽʛʘʪʠʩʷ 

ʦʢʨʝʤʦ ʘʙʦ ʨʘʟʦʤ: ʪʝʤʧʝʨʘʪʫʨʥʘ ʘʢʪʠʚʘʮʽʷ, ʜʝʥʘʪʫʨʘʮʽʷ ʙʽʣʢʫ, ʢʦʘʛʫʣʷʮʽʷ, 

ʚʠʧʘʨʦʚʫʚʘʥʥʷ, ʢʘʨʙʦʥʽʟʘʮʽʷ. 

ʇʝʨʝʪʚʦʨʝʥʘ ʥʘ ʪʝʧʣʦ ʝʥʝʨʛʽʷ ʩʚʽʪʣʘ ʚʠʢʣʠʢʘʻ ʚ ʦʧʨʦʤʽʥʝʥʦʤʫ ʦʙ'ʻʤʽ ʪʢʘʥʠʥʠ 

ʣʦʢʘʣʴʥʝ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ. ʆʩʢʽʣʴʢʠ ʧʨʠ ʜʽʾ ʥʠʟʴʢʦʽʥʪʝʥʩʠʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (ʅɯʃɺ) ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʬʘʟʦʚʠʭ ʧʝʨʝʭʦʜʽʚ, ʪʦ ʪʝʤʧʝʨʘʪʫʨʘ 

ʙʽʦʪʢʘʥʠʥʠ ʧʽʜʚʠʱʫʻʪʴʩʷ ʧʨʦʧʦʨʮʽʡʥʦ ʛʫʩʪʠʥʽ ʝʥʝʨʛʽʾ. ʏʘʩʪʠʥʘ ʪʝʧʣʘ ʚʽʜʚʦʜʠʪʴʩʷ ʽʟ 

ʟʦʥʠ ʚʟʘʻʤʦʜʽʾ ʟʘʣʝʞʥʦ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʨʘʜʽʻʥʪʘ ʰʣʷʭʦʤ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʚ 

ʭʦʣʦʜʥʽʰʫ ʥʘʚʢʦʣʠʰʥʶ ʜʽʣʷʥʢʫ. ʏʝʨʝʟ ʮʝ ʦʙʤʝʞʫʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʩʷʞʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʦʧʨʦʤʽʥʶʚʘʥʦʾ ʜʽʣʷʥʢʠ ʧʨʠ ʮʽʡ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʪʦʙʪʦ ʟ 

ʧʝʚʥʦʶ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʦʧʨʦʤʽʥʝʥʥʷ ʧʦʚ'ʷʟʘʥʘ ʧʝʚʥʘ ʤʘʢʩʠʤʘʣʴʥʘ ʪʝʤʧʝʨʘʪʫʨʘ. 

ʆʩʢʽʣʴʢʠ ʯʘʩʪʠʥʘ ʝʥʝʨʛʽʾ ʪʨʘʥʩʧʦʨʪʫʻʪʴʩʷ ʚ ʩʫʩʽʜʥʽ ʦʙʣʘʩʪʽ, ʪʦ ʥʘʛʨʽʚʘʻʪʴʩʷ ʥʝ ʣʠʰʝ 

ʦʧʨʦʤʽʥʝʥʠʡ ʦʙ'ʻʤ, ʘʣʝ ʽ ʜʽʣʷʥʢʠ, ʱʦ ʦʪʦʯʫʶʪʴ ʡʦʛʦ. ʊʝʧʣʦ ʚʽʜʚʦʜʠʪʴʩʷ ʚʽʜ 

ʦʧʨʦʤʽʥʝʥʦʾ ʪʢʘʥʠʥʠ ʪʘʢʦʞ ʽ ʣʦʢʘʣʴʥʠʤ ʢʨʦʚʦʙʽʛʦʤ. ʊʘʢʠʤ ʯʠʥʦʤ, ʪʝʨʤʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʞʠʚʦʾ ʪʢʘʥʠʥʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ ʪʨʴʦʤʘ ʷʚʠʱʘʤʠ: 

ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʶ, ʥʘʢʦʧʠʯʝʥʥʷʤ ʪʝʧʣʘ, ʚʽʜʚʝʜʝʥʥʷʤ ʪʝʧʣʘ ʩʫʜʠʥʥʦʶ ʩʠʩʪʝʤʦʶ. 

ʇʦʛʣʠʥʘʥʥʷ ʩʚʽʪʣʘ ʻ ʦʜʥʽʻʶ ʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʟʘʻʤʦʜʽʾ ʩʚʽʪʣʘ ʟ 

ʜʦʩʣʽʜʞʫʚʘʥʠʤ ʙʽʦʣʦʛʽʯʥʠʤ ʦʙ'ʻʢʪʦʤ. ʉʧʝʢʪʨʠ ʧʦʛʣʠʥʘʥʥʷ ʙʽʦʦʙ'ʻʢʪʽʚ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʪʠʧʦʤ ʜʦʤʽʥʫʶʯʠʭ ʧʦʛʣʠʥʘʶʯʠʭ ʮʝʥʪʨʽʚ, ʪʘʢ ʟʚʘʥʠʭ ʭʨʦʤʦʬʦʨʽʚ, ʽ ʚʦʜʦʶ, ʱʦ 

ʤʽʩʪʠʪʴʩʷ ʚ ʥʠʭ.  

ɺ ʪʦʡ ʞʝ ʯʘʩ ʧʨʦʧʫʩʢʘʥʥʷ ʚ ʦʙʣʘʩʪʽ ʢʦʨʦʪʢʠʭ ʜʦʚʞʠʥ ʭʚʠʣʴ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʨʦʟʩʽʶʚʘʥʥʷʤ ʩʚʽʪʣʘ. ʈʦʟʩʽʷʥʥʷ ʩʚʽʪʣʘ ʙʽʦʦʙ'ʻʢʪʘʤʠ ʧʦʚ'ʷʟʘʥʝ ʽʟ ʩʪʨʫʢʪʫʨʦʶ 

ʙʽʦʩʠʩʪʝʤ, ʷʢʽ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʚʝʣʠʢʦʛʦ ʯʠʩʣʘ ʚʠʧʘʜʢʦʚʦ ʨʦʟʧʦʜʽʣʝʥʠʭ ʚ ʦʙ'ʻʤʽ 

ʨʦʟʩʽʶʶʯʠʭ ʮʝʥʪʨʽʚ. ɺʠʥʷʪʦʢ ʩʪʘʥʦʚʣʷʪʴ ʣʠʰʝ ʜʝʷʢʽ ʪʠʧʠ ʪʢʘʥʠʥ, ʥʘʧʨʠʢʣʘʜ, 

ʧʨʦʟʦʨʽ ʪʢʘʥʠʥʠ ʦʯʽ, ʚ ʷʢʠʭ ʮʷ ʩʪʨʫʢʪʫʨʘ ʚʧʦʨʷʜʢʦʚʘʥʘ. ɼʣʷ ʙʘʛʘʪʴʦʭ ʪʠʧʽʚ 

ʙʽʦʪʢʘʥʠʥ ʚ ʋʌ ʽ ɯʏ ʜʽʘʧʘʟʦʥʘʭ ʜʦʚʞʠʥ ʭʚʠʣʴ ʧʝʨʝʚʘʞʘʻ ʧʦʛʣʠʥʘʥʥʷ, ʘ ʨʦʟʩʽʷʥʥʷ 

ʚʠʷʚʣʷʻʪʴʩʷ ʽʩʪʦʪʥʠʤ ʫ ʚʠʜʠʤʽʡ ʽ ʙʣʠʞʥʽʡ ɯʏ (ɹɯʏ) ʦʙʣʘʩʪʷʭ. ɼʣʷ ʜʦʚʞʠʥ ʭʚʠʣʴ 

0,45.0,59 ʤʢʤ ʧʦʛʣʠʥʘʥʥʷ ʽ ʨʦʟʩʽʷʥʥʷ ʜʘʶʪʴ ʧʨʠʙʣʠʟʥʦ ʨʽʚʥʽ ʚʢʣʘʜʠ ʚ ʢʦʝʬʽʮʽʻʥʪ 
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ʧʨʦʧʫʩʢʘʥʥʷ ʪʢʘʥʠʥʠ, ʘ ʜʣʷ ʜʦʚʞʠʥ ʭʚʠʣʴ 0,59.1,5 ʤʢʤ ʨʦʟʩʽʷʥʥʷ ʧʝʨʝʚʘʞʘʻ ʥʘʜ 

ʧʦʛʣʠʥʘʥʥʷʤ [40ï42]. 

ɺʘʞʣʠʚʦʶ ʦʧʪʠʯʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʙʽʦʦʙ'ʻʢʪʫ ʻ ʪʘʢʦʞ ʢʦʝʬʽʮʽʻʥʪ ʚʽʜʙʠʪʪʷ. 

ɼʣʷ ʙʽʣʴʰʦʩʪʽ ʚʥʫʪʨʽʰʥʽʭ ʦʨʛʘʥʽʚ ʪʚʘʨʠʥ ʢʦʝʬʽʮʽʻʥʪ ʚʽʜʙʠʪʪʷ ʥʘ ʦʢʨʝʤʠʭ ʜʦʚʞʠʥʘʭ 

ʭʚʠʣʴ ʫ ʚʠʜʠʤʽʡ ʽ ʙʣʠʞʥʽʡ ɯʏ ʦʙʣʘʩʪʽ ʩʢʣʘʜʘʻ 10.30%, ʰʢʽʨʥʠʡ ʧʦʢʨʠʚ ʣʶʜʠʥʠ 

ʚʽʜʙʠʚʘʻ ʫ ʚʠʜʠʤʽʡ ʦʙʣʘʩʪʽ 10.60% ʩʚʽʪʣʦʚʦʾ ʝʥʝʨʛʽʾ. ɺʽʜʙʠʚʘʥʷ ʦʙʫʤʦʚʣʝʥʝ ʷʢ 

ʩʪʨʠʙʢʦʤ ʧʦʢʘʟʥʠʢʘ ʟʘʣʦʤʣʝʥʥʷ ʥʘ ʤʝʞʽ ʙʽʦʦʙ'ʻʢʪʫ ʟ ʧʦʚʽʪʨʷʤ, ʪʘʢ ʽ ʟʚʦʨʦʪʥʠʤ 

ʨʦʟʩʽʷʥʥʷʤ ʚʽʜ ʛʣʠʙʠʥʥʠʭ ʰʘʨʽʚ ʪʢʘʥʠʥʠ. ʇʨʠ ʮʴʦʤʫ ʥʘ ʛʣʠʙʠʥʽ, ʨʽʚʥʽʡ ʧʨʠʙʣʠʟʥʦ 

ʪʨʴʦʤ ʦʧʪʠʯʥʠʤ ʪʦʚʱʠʥʘʤ ʪʢʘʥʠʥʠ, ʢʦʣʠʤʦʚʘʥʠʡ ʣʘʟʝʨʥʠʡ ʧʫʯʦʢ ʜʘʻ ʩʬʝʨʠʯʥʦ 

ʩʠʤʝʪʨʠʯʥʝ, ʙʣʠʟʴʢʝ ʜʦ ʽʟʦʪʨʦʧʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ.  

ʉʝʣʝʢʪʠʚʥʽʩʪʴ ʜʽʾ ʩʚʽʪʣʘ ʥʘ ʙʽʦʣʦʛʽʯʥʠʡ ʦʙ'ʻʢʪ ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʜʽʘʧʘʟʦʥʫ. ʋʣʴʪʨʘʬʽʦʣʝʪʦʚʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʝʨʝʚʘʞʥʦ 

ʧʦʛʣʠʥʘʻʪʴʩʷ ʤʦʣʝʢʫʣʘʤʠ ʥʫʢʣʝʾʥʦʚʠʭ ʢʠʩʣʦʪ, ʙʽʣʢʽʚ ʽ ʣʽʧʽʜʽʚ. ʉʚʽʪʣʦ ʚʠʜʠʤʦʾ 

ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʫ ʧʝʨʝʚʘʞʥʦ ʧʦʛʣʠʥʘʻʪʴʩʷ ʭʨʦʤʦʬʦʨʥʠʤʠ ʛʨʫʧʘʤʠ ʙʽʣʢʦʚʠʭ ʤʦʣʝʢʫʣ, 

ʯʘʩʪʢʦʚʦ ʢʠʩʥʝʤ. ʅʘʡʙʽʣʴʰ ʚʘʞʣʠʚʘ ʨʦʣʴ ʥʘʣʝʞʠʪʴ ʛʝʤʦʛʣʦʙʽʥʫ, ʤʝʣʘʥʽʥʫ ʽ ʨʷʜʫ 

ʬʝʨʤʝʥʪʽʚ. ʉʚʽʪʣʦ ʙʣʠʞʥʴʦʾ ʽʥʬʨʘʯʝʨʚʦʥʦʾ ʦʙʣʘʩʪʽ (ʜʦʚʞʠʥʘ ʭʚʠʣʽ 0,8.1,4 ʤʢʤ) 

ʧʦʛʣʠʥʘʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʤʦʣʝʢʫʣʘʤʠ ʙʽʣʢʫ ʽ ʢʠʩʥʝʤ [3, 43, 44].  

1.3.1 ʌʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʧʨʦʮʝʩʠ ʽ ʝʬʝʢʪʠ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʪʢʘʥʠʥʽ ʧʨʠ 

ʣʘʟʝʨʥʦʤʫ ʦʧʨʦʤʽʥʝʥʥʽ 

 

ʇʨʠ ʚʧʣʠʚʽ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʙʽʦʣʦʛʽʯʥʽ ʦʙôʻʢʪʠ ʚ ʦʩʪʘʥʥʽʭ 

ʧʨʦʪʽʢʘʶʪʴ ʨʽʟʥʦʤʘʥʽʪʥʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʧʨʦʮʝʩʠ, ʭʘʨʘʢʪʝʨ ʷʢʠʭ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʽʥʪʝʥʩʠʚʥʽʩʪʶ, ʯʘʩʦʤ ʦʧʨʦʤʽʥʝʥʥʷ ʪʘ ʤʝʭʘʥʽʟʤʦʤ ʧʦʛʣʠʥʘʥʥʷ ʝʥʝʨʛʽʾ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ [45]. ɺʩʽ ʮʽ ʧʨʦʮʝʩʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʝʬʝʢʪʽʚ, ʱʦ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʫ 

ʙʽʦʣʦʛʽʯʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ, ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʪʨʠ ʦʩʥʦʚʥʽ ʛʨʫʧʠ [46]:   

- ʬʦʪʦ-ʭʽʤʽʯʥʽ 

- ʬʦʪʦ-ʪʝʨʤʽʯʥʽ 

- ʬʦʪʦ-ʜʝʩʪʨʫʢʮʽʽʡʥʽ 

ʌʦʪʦ-ʭʽʤʽʯʥʽ ʧʨʦʮʝʩʠ ʧʨʦʪʽʢʘʶʪʴ ʚ ʙʽʦʩʝʨʝʜʦʚʠʱʘʭ ʧʨʠ ʥʠʟʴʢʠʭ ʨʽʚʥʷʭ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʢʦʣʠ ʚʽʜʩʫʪʥʻ ʯʫʪʪʻʚʝ ʥʘʛʨʽʚʘʥʥʷ 
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ʪʢʘʥʠʥʠ. ɻʣʠʙʠʥʘ ʣʘʟʝʨʥʦʛʦ ʚʧʣʠʚʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʜʝʙʽʣʴʰʦʛʦ ʦʧʪʠʯʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʩʝʨʝʜʦʚʠʱʘ, ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ ʽ ʪʨʠʚʘʣʽʩʪʶ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ.  ʅʝ 

ʜʠʚʣʷʯʠʩʴ ʥʘ ʪʝ, ʱʦ ʮʽ ʧʨʦʮʝʩʠ ʱʝ ʥʝʜʦʩʪʘʪʥʴʦ ʚʠʚʯʝʥʽ, ʚʦʥʠ ʚʞʝ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʤʝʜʠʯʥʽʡ ʧʨʘʢʪʠʮʽ (ʙʽʦʩʪʠʤʫʣʷʮʽʷ ʟʘʚʜʷʢʠ ʣʘʟʝʨʥʽʡ 

ʬʦʪʦʽʥʜʫʢʮʽʾ, ʬʦʪʦʘʢʪʠʚʘʮʽʷ ʣʽʢʘʨʩʴʢʠʭ ʧʨʝʧʘʨʘʪʽʚ, ʬʦʪʦʭʽʤʽʦʪʝʨʘʧʽʷ). 

ʌʦʪʦ-ʪʝʨʤʽʯʥʽ ʧʨʦʮʝʩʠ ʤʦʞʫʪʴ ʩʫʧʨʦʚʦʜʞʫʚʘʪʠʩʷ ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ ʝʬʝʢʪʘʤʠ, 

ʪʘʢʠʤʠ ʷʢ: 

- ʬʦʪʦʛʽʧʝʨʪʝʨʤʽʷ, ʱʦ ʨʝʘʣʽʟʫʻʪʴʩʷ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʪʢʘʥʠʥʠ ʚ ʜʽʘʧʘʟʦʥʽ 37-60 
0
ʉ, 

ʧʨʠ ʮʴʦʤʫ ʥʘʛʨʽʚ ʚ ʜʽʘʧʘʟʦʥʽ 37-43 
0
ʉ ʟʫʤʦʚʣʶʻ ʚʽʜʥʦʚʣʝʥʥʷ ʥʦʨʤʘʣʴʥʦʾ ʪʢʘʥʠʥʠ, 

ʘ ʚ ʽʥʪʝʨʚʘʣʽ 45-60 
0
ʉ ï ʜʝʩʪʨʫʢʮʽʶ ʤʝʤʙʨʘʥʠ ʢʣʽʪʠʥ, ʟʚʘʨʶʚʘʥʥʷ ʪʢʘʥʠʥ ʽ 

ʜʝʥʘʪʫʨʘʮʽʶ ʝʥʟʠʤʠ; 

- ʬʦʪʦʢʦʘʛʫʣʷʮʽʷ, ʱʦ ʨʝʘʣʽʟʫʻʪʴʩʷ ʧʨʠ ʥʘʛʨʽʚʽ ʪʢʘʥʠʥʠ ʚ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ 

60-100 
0
ʉ ʽ ʟʫʤʦʚʣʶʻ ʢʦʘʛʫʣʷʮʽʶ ʪʘ ʥʝʢʨʦʟ ʪʢʘʥʠʥʠ; 

- ʬʦʪʦʢʘʨʙʦʥʽʟʘʮʽʷ, ʱʦ ʨʝʘʣʽʟʫʻʪʴʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 100-300 
0
ʉ ʽ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʦʙʚʫʛʣʁʚʘʥʥʷʤ, ʚʠʧʘʨʦʚʫʚʘʥʥʷʤ ʚʦʜʠ, ʢʘʨʙʦʥʽʟʘʮʽʻʶ; 

- ʬʦʪʦʚʠʧʘʨʦʚʫʚʘʥʥʷ, ʱʦ ʨʝʘʣʽʟʫʻʪʴʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦʥʘʜ 300 0
ʉ ʽ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʨʦʟʢʣʘʜʦʤ ʪʘ ʚʠʧʘʨʦʚʫʚʘʥʥʷʤ ʪʚʝʨʜʦʾ ʪʢʘʥʠʥʠ. 

ʌʦʪʦ-ʜʝʩʢʪʨʫʢʮʽʡʥʽ ʧʨʦʮʝʩʠ ʩʧʨʠʯʠʥʷʶʪʴ [47]: 

- ʬʦʪʦʘʙʣʷʮʽʶ, ʧʽʜ ʯʘʩ ʷʢʦʾ ʙʽʦʣʦʛʽʯʥʘ ʪʢʘʥʠʥʘ ʨʫʡʥʫʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʣʦʢʘʣʴʥʦʛʦ ʪʝʨʤʽʯʥʦʛʦ ʚʠʙʫʭʫ; 

- ʬʦʪʦʧʨʦʙʽʡ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʦʧʪʠʯʥʠʤ ʨʫʡʥʫʚʘʥʥʷʤ ʪʢʘʥʠʥʠ ʟʘ ʨʘʭʫʥʦʢ 

ʤʝʭʘʥʽʯʥʦʾ ʫʜʘʨʥʦʾ ʭʚʠʣʽ. 

ʇʝʨʚʠʥʥʠʤʠ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʽʾ ʣʘʟʝʨʥʦʛʦ ʦʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ 

ʞʠʚʫ ʙʽʦʪʢʘʥʠʥʫ ʻ ʬʦʪʦʙʽʦʭʽʤʽʯʥʽ ʨʝʘʢʮʽʾ ʪʘ  ʪʝʧʣʦʚʠʡ ʥʘʛʨʽʚ, ʢʦʪʨʽ ʤʦʞʫʪʴ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʧʦʟʠʪʠʚʥʠʡ ʤʝʜʠʯʥʠʡ ʝʬʝʢʪ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʟʘʭʠʩʥʠʭ ʨʝʘʢʮʽʡ 

ʦʨʛʘʥʽʟʤʫ ʯʠ ʨʫʡʥʫʚʘʥʥʽ ʧʘʪʦʣʦʛʽʯʥʠʭ ʫʪʚʦʨʝʥʴ. ʂʽʥʮʝʚʠʡ ʨʝʟʫʣʴʪʘʪ ʣʘʟʝʨʥʦʛʦ 

ʚʧʣʠʚʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʦʶ ʥʘʛʨʽʚʫ ʦʙôʻʤʫ ʙʽʦʪʢʘʥʠʥʠ, ʜʝ ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ 

ʝʥʝʨʛʽʷ ʧʦʛʣʠʥʫʪʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ.  
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1.3.2 ʉʧʝʮʠʬʽʢʘ ʨʦʟʧʦʜʽʣʫ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ 

ʙʽʦʪʢʘʥʠʥʘʭ 

 

ɺʝʣʠʯʠʥʘ ʧʦʛʣʠʥʫʪʦʛʦ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʻ ʚʠʟʥʘʯʘʣʴʥʠʤ ʯʠʥʥʠʢʦʤ 

ʧʨʦʮʝʩʫ ʛʽʧʝʨʪʝʨʤʽʯʥʦʾ ʪʝʨʘʧʽʾ ʦʩʢʽʣʴʢʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʻ ʥʘ ʨʦʟʧʦʜʽʣ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʦʧʨʦʤʽʥʶʚʘʥʦʤʫ ʦʙôʻʤʫ ʙʽʦʪʢʘʥʠʥʠ. ʊʦʤʫ ʜʣʷ ʪʦʯʥʦʛʦ ʜʦʟʫʚʘʥʥʷ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʫʞʝ ʚʘʞʣʠʚʠʤ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʞʠʚʠʭ 

ʪʢʘʥʠʥ: ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʦʛʣʠʥʘʥʥʷ ʡ ʨʦʟʩʽʶʚʘʥʥʷ, ʝʬʝʢʪʠʚʥʦʾ ʛʣʠʙʠʥʠ ʧʨʦʥʠʢʥʝʥʥʷ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ [48].  

ʉʠʩʪʝʤʘʪʠʯʥʦʤʫ ʦʛʣʷʜʫ ʦʧʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʽʦʣʦʛʽʯʥʠʭ ʪʢʘʥʠʥ ʽ ʤʝʪʦʜʽʚ 

ʾʭ ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʠʩʚʷʯʝʥʘ ʨʦʙʦʪʘ [49]. ɸʚʪʦʨʘʤʠ ʙʫʣʠ ʨʦʟʛʣʷʥʫʪʽ ʦʩʥʦʚʥʽ ʤʦʜʝʣʽ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʩʚʽʪʣʘ ʚ ʞʠʚʠʭ ʪʢʘʥʠʥʘʭ, ʙʽʣʴʰʽʩʪʴ ʟ ʷʢʠʭ ʷʚʣʷʶʪʴ ʩʦʙʦʶ 

ʩʠʣʴʥʦʨʦʟʩʽʶʶʯʽ ʩʝʨʝʜʦʚʠʱʘ (ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʩʽʶʚʘʥʥʷ ʩʚʽʪʣʘ sm  ʚ 10-100 ʨʘʟʽʚ 

ʧʝʨʝʚʠʱʫʻ ʢʦʝʬʽʮʽʻʥʪ ʧʦʛʣʠʥʘʥʥʷ  am ). 

ɺ ʦʩʥʦʚʫ ʙʽʣʴʰʦʩʪʽ ʚʽʜʦʤʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʣʴʥʦʨʦʟʩʽʶʁ ʯʠʭ ʩʝʨʝʜʦʚʠʱ ʧʦʢʣʘʜʝʥʽ ʚʠʤʽʨʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʨʦʟʩʽʷʥʦʛʦ ʜʠʬʫʟʥʦʛʦ ʩʚʽʪʣʘ. ʇʨʠ ʮʴʦʤʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʥʬʽʛʫʨʘʮʽʾ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ ʽ ʪʝʦʨʝʪʠʯʥʦʾ ʤʦʜʝʣʽ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʩʚʽʪʣʘ 

ʨʦʟʨʽʟʥʷʶʪʴ ʥʘʩʪʫʧʥʽ ʙʘʟʦʚʽ ʤʝʪʦʜʠʢʠ ʚʠʟʥʘʯʝʥʥʷ ʰʫʢʘʥʠʭ ʦʧʪʠʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ: 

1.  ʉʧʝʢʪʨʦʩʢʦʧʽʷ ʟ ʚʠʩʦʢʦʶ ʯʘʩʦʚʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ("Time-resolved-" 

ʘʙʦ "Time-domainspectroscopy"). ʇʨʠʥʮʠʧ ʜʘʥʦʾ ʤʝʪʦʜʠʢʠ ʧʦʣʷʛʘʻ ʫ ʚʩʪʘʥʦʚʣʝʥʥʽ 

ʟʥʘʯʝʥʴ ʦʧʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʰʣʷʭʦʤ ʚʠʤʽʨʽʚ ʟ ʚʠʩʦʢʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʧʦ 

ʯʘʩʫ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʨʦʟʩʽʷʥʦʛʦ ʥʘʟʘʜ ʩʚʽʪʣʘ [50ï52]. ɼʦ ʥʝʜʦʣʽʢʽʚ ʤʝʪʦʜʫ ʩʣʽʜ 

ʚʽʜʥʝʩʪʠ ʚʠʩʦʢʫ ʚʘʨʪʽʩʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʩʢʣʘʜʥʽʩʪʴ ʡʦʛʦ 

ʥʘʣʘʰʪʫʚʘʥʥʷ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ:  

2. ʄʦʜʫʣʷʮʽʡʥʠʡ ʤʝʪʦʜ ("Frequency-domain technique"). ʆʩʥʦʚʘʥʠʡ ʥʘ ʚʠʤʽʨʘʭ 

ʟʙʫʨʝʥʥʷ ʛʫʩʪʠʥʠ ʝʥʝʨʛʽʾ ʩʚʽʪʣʘ ʚ ʩʝʨʝʜʦʚʠʱʽ ʧʨʠ ʧʘʜʽʥʥʽ ʥʘ ʥʴʦʛʦ ʘʤʧʣʽʪʫʜʥʦ-

ʤʦʜʫʣʴʦʚʘʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ [53, 54]. ʅʝʜʦʣʽʢʦʤ ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʻ ʚʠʩʦʢʘ ʧʦʭʠʙʢʘ 
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ʚʠʤʽʨʶʚʘʥʥʷ (10-25%), ʱʦ ʤʦʞʝ ʙʫʪʠ ʧʦʚôʷʟʘʥʦ ʟ ʥʝʦʙʭʽʜʥʽʩʪʶ ʧʨʦʚʝʜʝʥʥʷ ʟʘʤʽʨʽʚ 

ʜʫʞʝ ʩʣʘʙʢʦʛʦ ʩʠʛʥʘʣʫ ʟʤʽʥʥʦʾ ʩʢʣʘʜʦʚʦʾ ʛʫʩʪʠʥʠ ʝʥʝʨʛʽʾ. 

3. ʉʪʘʮʽʦʥʘʨʥʠʡ ʤʝʪʦʜ ʩ ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ("Steady-state 

spatially-resolved method"). ɼʘʥʠʡ ʤʝʪʦʜ ʦʧʠʩʘʥʠʡ ʚ ʨʦʙʦʪʽ [55] ʽ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ 

ʚʠʱʝʦʧʠʩʘʥʦʛʦ ʤʝʪʦʜʫ ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʣʠʰʝ ʥʝʦʙʭʽʜʥʽʩʪʶ ʨʦʟʚôʷʟʘʥʥʷ ʩʪʘʮʽʦʥʘʨʥʦʛʦ 

ʨʽʚʥʷʥʥʷ ʜʠʬʫʟʽʾ ʟʘʤʽʩʪʴ ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ. ʇʨʠ ʮʴʦʤʫ ʚʜʘʻʪʴʩʷ ʚʩʪʘʥʦʚʠʪʠ ʦʧʪʠʯʥʽ 

ʧʘʨʘʤʝʪʨʠ ʣʠʰʝ ʜʫʞʝ ʥʝʚʝʣʠʢʠʭ ʦʙôʻʤʽʚʟʨʘʟʢʽʚ. 

4. ʄʝʪʦʜ ʬʦʪʦʪʝʧʣʦʚʦʾ ʨʘʜʽʦʤʝʪʨʽʾ. ʇʦʣʷʛʘʻ ʫ ʟʥʘʭʦʜʞʝʥʥʽ ʦʧʪʠʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʽʦʣʦʛʽʯʥʦʾ ʪʢʘʥʠʥʠ ʧʦ ʯʘʩʪʦʪʥʽʡ ʟʘʣʝʞʥʦʩʪʽ ʬʦʪʦʘʢʫʩʪʠʯʥʦʛʦ 

ʩʠʛʥʘʣʫ [52]. ʄʝʪʦʜ ʧʨʠʜʘʪʥʠʡ ʣʠʰʝ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʣʠʭ 

ʧʨʠʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ ʨʝʘʣʴʥʠʭ ʙʽʦʣʦʛʽʯʥʠʭ ʦʙôʻʢʪʽʚ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʚʩʽ ʦʧʠʩʘʥʽ ʚʠʱʝ ʤʝʪʦʜʠ ʚ ʪʽʡ ʯʠ ʽʥʰʽʡ ʤʽʨʽ ʤʘʶʪʴ ʧʝʚʥʽ ʥʝʜʦʣʽʢʠ, 

ʱʦ ʩʫʪʪʻʚʦ ʟʥʠʞʫʶʪʴ ʧʨʘʢʪʠʯʥʫ ʧʨʠʜʘʪʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ  ʜʘʥʠʭ. ʊʦʤʫ ʜʦʚʦʣʽ 

ʮʽʢʘʚʠʤʠ ʻ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʽʦʣʦʛʽʯʥʠʭ ʪʢʘʥʠʥ, 

ʦʪʨʠʤʘʥʽ ʥʘ ʂʘʬʝʜʨʽ ʣʘʟʝʨʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʅʊʋʋ çʂʇɯè ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʦʩʠʪʴ ʪʦʯʥʠʭ 

ʧʨʷʤʠʭ ʤʝʪʦʜʽʚ ʚʠʤʽʨʶʚʘʥʥʷ [56]. ɹʫʣʠ ʚʠʟʥʘʯʝʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʧʦʛʣʠʥʘʥʥʷ ʽ 

ʨʦʟʩʽʶʚʘʥʥʷ ʪʘ ʬʦʨʤʘ ʨʦʟʧʦʜʽʣʫ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʩʝʨʝʜʠʥʽ 

ʦʙôʻʤʫ ʙʽʦʪʢʘʥʠʥʠ, ʱʦ ʥʘʛʘʜʫʻ ʚʠʪʷʛʥʫʪʫ ʥʠʞʥʶ ʥʘ ʧʽʚʩʬʝʨʫ (ʨʠʩ.1.1).  

 

ʈʠʩʫʥʦʢ 1.1 ʌʦʨʤʘ ʨʦʟʧʦʜʽʣʫ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʭʘʨʘʢʪʝʨʥʘ 

ʜʣʷ ʙʽʦʣʦʛʽʯʥʠʭ ʪʢʘʥʠʥ 
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1.4 ʈʝʘʢʮʽʷ ʙʽʦʣʦʛʽʯʥʠʭ ʪʢʘʥʠʥ ʥʘ ʪʝʧʣʦʚʫ ʜʽʶ ʚʠʢʣʠʢʘʥʫ ʣʘʟʝʨʥʠʤ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ 

 

ʊʝʧʣʦʚʘ ʜʽʷ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʙʽʦʪʢʘʥʠʥʽ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ 

ʧʦʛʣʠʥʘʥʥʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʽ ʧʝʨʝʪʚʦʨʝʥʥʽ ʡʦʛʦ ʝʥʝʨʛʽʾ ʚ ʪʝʧʣʦ. ɽʬʝʢʪ ʟʘʣʝʞʠʪʴ ʷʢ 

ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ, ʪʘʢ ʽ ʚʽʜ ʪʨʠʚʘʣʦʩʪʽ ʜʽʾ. ʋ ʪʘʙʣʠʮʽ 1.1 ʧʨʠʚʝʜʝʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ 

ʨʝʘʢʮʽʡ ʙʽʦʪʢʘʥʠʥʠ ʥʘ ʾʾ ʥʘʛʨʽʚ ʟʘʣʝʞʥʦ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ.  

ʊʘʙʣʠʮʷ 1.1- 

 ʃʘʟʝʨʥʘ ʜʽʷ ʥʘ ʙʽʦʪʢʘʥʠʥʫ ʟʘʣʝʞʥʦ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ [28, 57, 58]: 

ʊʝʤʧʝʨʘʪʫʨʘ, ÁC ʈʝʘʢʮʽʷ ʙʽʦʪʢʘʥʠʥʠ 

37 ʥʝʤʘʻ ʟʤʽʥ 

 

40-45 

ʘʢʪʠʚʘʮʽʷ ʬʝʨʤʝʥʪʽʚ, ʫʪʚʦʨʝʥʥʷ ʥʘʙʨʷʢʽʚ, ʟʤʽʥʘ ʤʝʤʙʨʘʥ 

ʽ ʟʘʣʝʞʥʦ ʚʽʜ ʯʘʩʫ ʜʽʾ, ʩʤʝʨʪʴ ʢʣʽʪʠʥ 

60 ʜʝʥʘʪʫʨʘʮʽʷ ʙʽʣʢʽʚ, ʧʦʯʘʪʦʢ ʢʦʘʛʫʣʷʮʽʾ ʽ ʥʝʢʨʦʟʠ 

80 ʜʝʥʘʪʫʨʘʮʽʷ ʢʦʣʘʛʝʥʫ, ʜʝʬʝʢʪʠ ʤʝʤʙʨʘʥʠ 

100 ʦʙʝʟʚʦʜʥʝʥʥʷ 

ʧʦʥʘʜ 150 ʦʙʚʫʛʣʶʚʘʥʥʷ 

300> ɺʠʧʘʨʶʚʘʥʥʷ, ʛʘʟʦʫʪʚʦʨʝʥʥʷ 

 

ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʜʦ 45ÁC ʥʝ ʦʯʽʢʫʻʪʴʩʷ ʷʢʠʭ-ʥʝʙʫʜʴ ʙʝʟʧʦʚʦʨʦʪʥʠʭ 

ʫʰʢʦʜʞʝʥʴ ʪʢʘʥʠʥʠ (ʣʠʰʝ ʧʨʠ ʜʦʩʠʪʴ ʪʨʠʚʘʣʦʤʫ ʥʘʛʨʽʚʽ ʤʦʞʝ ʩʪʘʪʠʩʷ ʟʘʛʠʙʝʣʴ 

ʢʣʽʪʠʥ). 

ʇʨʦʛʨʽʚʘʥʥʷ ʪʢʘʥʠʥ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 42-45ÁC ʚ ʤʝʜʠʯʥʽʡ ʧʨʘʢʪʠʮʽ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠ ʩʪʠʤʫʣʶʶʯʽʡ ʣʦʢʘʣʴʥʽʡ ʪʝʨʤʦʪʝʨʘʧʽʾ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 

ʙʣʠʟʴʢʦ 60ÁC ʜʦʩʠʪʴ ʰʚʠʜʢʦ ʥʘʩʪʘʻ ʜʝʥʘʪʫʨʘʮʽʷ ʙʽʣʢʽʚ. ɺʦʥʘ ʤʦʞʝ ʙʫʪʠ ʧʦʚʥʦʶ ʽ 

ʯʘʩʪʢʦʚʦʶ, ʦʙʦʨʦʪʥʦʶ ʽ ʙʝʟʧʦʚʦʨʦʪʥʦʶ. ɹʘʛʘʪʦ ʚ ʯʦʤʫ ʤʽʨʘ ʜʝʥʘʪʫʨʘʮʽʾ ʙʽʣʢʽʚ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʘʩʫ ʜʽʾ. 

ʇʨʦʮʝʩ ʜʝʥʘʪʫʨʘʮʽʾ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʫ ʭʽʤʽʯʥʫ ʨʝʘʢʮʽʶ, 

ʢʦʥʩʪʘʥʪʘ ʰʚʠʜʢʦʩʪʽ ʷʢʦʾ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘ ʟʘʢʦʥʦʤ ɸʨʝʥʽʫʩʘ, ʽ ʷʢ 

ʬʘʟʦʚʠʡ ʧʝʨʝʭʽʜ ʧʝʨʰʦʛʦ ʨʦʜʫ (ʜʠʚ. ɼʉʂ ʢʘʣʦʨʠʤʝʪʨʽʷ) [59]. ʇʦʤʽʪʥʝ ʦʙʝʟʚʦʜʥʝʥʥʷ 
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ʙʽʦʣʦʛʽʯʥʠʭ ʪʢʘʥʠʥ, ʧʦʯʠʥʘʻʪʴʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʙʣʠʟʴʢʦ 70Áʉ. ɼʦʩʷʛʰʠ 

ʪʝʤʧʝʨʘʪʫʨʠ ʢʠʧʽʥʥʷ ʚʦʜʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʙʝʟʚʦʜʥʝʥʥʷ ʪʢʘʥʠʥʠ, ʦʩʢʽʣʴʢʠ ʚʥʫʪʨʽʰʥʷ 

ʪʢʘʥʠʥʥʘ-ʚʦʜʘ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʧʘʨʫ, ʧʨʠ ʮʴʦʤʫ ʩʪʚʦʨʶʻʪʴʩʷ ʟʥʘʯʥʠʡ ʥʘʜʤʽʨʥʠʡ 

ʪʠʩʢ. ʇʨʠ ʧʦʚʽʣʴʥʦʤʫ ʥʘʛʨʽʚʽ ʧʘʨʘ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ, ʚʩʪʠʛʘʻ ʚʠʡʪʠ ʟ ʦʙ'ʻʤʫ 

ʙʽʦʪʢʘʥʠʥʠ ʯʝʨʝʟ ʙʝʟʣʽʯ ʧʦʨ, ʷʢʽ ʚ ʥʽʡ ʟʘʟʚʠʯʘʡ ʻ, ʘʙʦ ʫʪʚʦʨʶʶʪʴʩʷ ʧʽʜ ʥʘʪʠʩʢʦʤ 

ʧʘʨʠ ʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʪʝʨʤʽʯʥʦʾ ʜʝʩʪʨʫʢʮʽʾ ʤʘʪʨʠʢʩʫ. ʊʘʢʠʡ ʧʨʦʮʝʩ ʥʘʟʠʚʘʶʪʴ 

ʬʦʪʦʚʠʧʘʨʦʚʫʚʘʥʥʷʤ.  

ʐʚʠʜʢʽʩʪʴ ʥʘʛʨʽʚʫ ʪʢʘʥʠʥʠ ʧʦʙʣʠʟʫ 100ÁC ʽʩʪʦʪʥʦ ʟʤʝʥʰʫʻʪʴʩʷ ʽʟ-ʟʘ ʟʥʘʯʥʠʭ 

ʚʠʪʨʘʪ ʝʥʝʨʛʽʾ ʥʘ ʧʘʨʦʫʪʚʦʨʝʥʥʷ. ʇʽʩʣʷ ʚʽʜʭʦʜʫ ʚʦʜʠ ʚʠʩʫʰʝʥʘ ʪʢʘʥʠʥʘ ʰʚʠʜʢʦ 

ʥʘʛʨʽʚʘʻʪʴʩʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 150ÁC, ʧʨʠ ʷʢʽʡ ʧʦʯʠʥʘʻʪʴʩʷ ʧʨʦʮʝʩ, ʱʦ ʢʘʨʙʦʥʽʟʫʻ. 

ʇʨʠ ʢʘʨʙʦʥʽʟʘʮʽʾ ʟ ʦʨʛʘʥʽʯʥʠʭ ʤʦʣʝʢʫʣ ʚʠʭʦʜʠʪʴ ʚʦʜʝʥʴ ʽ ʫʪʚʦʨʶʻʪʴʩʷ 

ʜʨʽʙʥʦʜ̔ʩʧʝʨʩʽʡʥʠʡ ʚʫʛʣʝʮʴ (ʩʘʞʘ), ʪʦʙʪʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʙʚʫʛʣʶʚʘʥʥʷ. ʇʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ ʚʠʱʝ 300ÁC ʚʠʧʘʨʦʚʫʻʪʴʩʷ ʦʨʛʘʥʽʯʥʠʡ ʤʘʪʨʠʢʩ ʪʢʘʥʠʥʠ [60, 61]. 

1.4.1 ʅʠʟʴʢʦʽʥʪʝʥʩʠʚʥʘ ʣʘʟʝʨʥʘ ʜʽʷ 

ʆʙʨʦʙʢʘ ʪʢʘʥʠʥ ʽ ʦʨʛʘʥʽʚ ʚ ʨʝʞʠʤʽ ʥʠʟʴʢʦʽʥʪʝʥʩʠʚʥʦ ʾ ʣʘʟʝʨʥʦʾ ʜʽʾ ʥʝ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʽʩʪʦʪʥʠʭ ʟʤʽʥ ʩʪʨʫʢʪʫʨʠ ʪʢʘʥʠʥ, ʦʩʢʽʣʴʢʠ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʭʦʜʽ ʪʘʢʦʾ 

ʧʨʦʮʝʜʫʨʠ ʧʽʜʚʠʱʫʻʪʴʩʷ ʥʘ ʜʝʢʽʣʴʢʘ ʛʨʘʜʫʩʽʚ. ʊʘʢʝ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʪʠʤʫʣʷʮʽʾ ʢʣʽʪʠʥʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʽ ʨʝʧʘʨʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ. ɸʚʪʦʨʠ [62ï

64] ʚʽʜʤʽʯʘʶʪʴ ʟʤʝʥʰʝʥʥʷ ʟʘʧʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʢʦʣʽʥʥʦʤʫ ʭʨʷʱʽ ʩʚʠʥʝʡ ʧʦʪʽʤ 

ʥʠʟɹʢʦ̔ʥʪʝʥʩʠʚʥʦ ʾʦʙʨʦʙʢʠ He - Ne ʣʘʟʝʨʦʤ. ɻʽʩʪʦʣʦʛʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ 

ʧʽʩʣʷ ʣʘʟʝʨʥʦʾ ʜʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘʤʽʥʘ ʧʦʰʢʦʜʞʝʥʦʛʦ ʢʦʣʘʛʝʥʫ ʥʦʚʠʤ ʽ ʫʪʚʦʨʝʥʥʷ 

ʭʨʷʱʦʚʠʭ ʤʽʩʪʢʽʚ, ʥʘ ʤʽʩʮʽ ʧʦʰʢʦʜʞʝʥʦʛʦ ʭʨʷʱʘ. 

1.4.2 ʉʫʙʘʙʣʷʮʽʡʥʘ ʣʘʟʝʨʥʘ ʜʽʷ ʥʘ ʙʽʦʪʢʘʥʠʥʠ 

ʈʝʞʠʤ ʣʘʟʝʨʥʦʾ ʦʙʨʦʙʢʠ ʪʢʘʥʠʥʠ, ʧʨʠ ʷʢʦʤʫ ʜʦʟʘ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʥʠʞʯʝ ʧʦʨʦʛʫ ʘʙʣʷʮʽʾ, ʥʘʟʠʚʘʻʪʴʩʷ ʩʫʙʘʙʣʷʮʽʡʥʠʤ. ʉʫʙʘʙʣʷʮʽʡʥʘ ʣʘʟʝʨʥʘ ʜʽʷ ʥʘ 

ʙʽʦʪʢʘʥʠʥʠ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʥʠʟʴʢʦʽʥʪʝʥʩʠʚʥʦʾ ʣʘʟʝʨʥʦʾ ʜʽʾ ʪʠʤ, ʱʦ ʚ ʥʽʡ ʩʝʨʝʜʥʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʙʽʦʪʢʘʥʠʥʠ ʧʽʜʚʠʱʫʻʪʴʩʷ ʥʘ ʜʝʢʽʣʴʢʘ ʜʝʩʷʪʢʽʚ ʛʨʘʜʫʩʽʚ [28, 57]. 

ʋ ʩʫʙʘʙʣʷʮʽʡʥʦʤʫ ʨʝʞʠʤʽ ʟʜʽʡʩʥʶʶʪʴʩʷ ʪʘʢʽ ʣʘʟʝʨʥʽ ʧʨʦʮʝʜʫʨʠ ʷʢ 

ʪʝʨʤʦʪʝʨʘʧʽʷ (43-60Áʉ), ʛʽʧʝʨʪʝʨʤʽʷ (60-100Áʉ), ʟʫʧʠʥʢʘ ʢʨʦʚʦʪʝʯʽ (60-150Áʉ), 

ʪʝʨʤʦʧʣʘʩʪʠʢʘ ʭʨʷʱʽʚ ʽ ʢʦʣʘʛʝʥʚʤʽʱʫʶʯʠʭ ʪʢʘʥʠʥ (65-75Áʉ). ɺ ʧʣʘʩʪʠʯʥʽʡ ʭʽʨʫʨʛʽʾ 
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ʩʫʙʘʙʣʷʮʽʡʥʠʡ ʨʝʞʠʤ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʣʘʟʝʨʥʦʛʦ ʟʰʠʚʘʥʥʷ (ʧʨʠʪʠʩʢʫʶʪʴ 2 

ʯʘʩʪʠʥʠ ʪʢʘʥʠʥʠ ʽ ʛʨʽʶʪʴ) ʽ ʟʚʘʨʶʚʘʥʥʷ (ʤʽʞ ʪʢʘʥʠʥʘʤʠ, ʱʦ ʟʰʠʚʘʶʪʴʩʷ, 

ʟʥʘʭʦʜʠʪʴʩʷ ʙʽʣʢʦʚʝ ʧʨʦʢʣʘʜʝʥʥʷ) ʧʦʰʢʦʜʞʝʥʠʭ ʭʨʷʱʦʚʠʭ ʽ ʽʥʰʠʭ 

ʢʦʣʘʛʝʥʚʤʽʱʫʶʯʠʭ ʪʢʘʥʠʥ. ʇʨʠ ʮʴʦʤʫ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʠʥʥʘ ʟʥʘʭʦʜʠʪʠʩʷ ʚ ʜʽʘʧʘʟʦʥʽ 

60-80Áʉ. ʎʝ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʣʘʟʝʨʽʚ ʧʦʤʽʨʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʧʦʨʽʚʥʷʥʦ 

ʚʝʣʠʢʠʤʠ ʽʥʪʝʨʚʘʣʘʤʠ ʤʽʞ ʝʢʩʧʦʟʠʮʽʷʤʠ, ʜʦʩʪʘʪʥʽʤʠ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʘʢʫʤʫʣʷʮʽʾ 

ʪʝʧʣʘ ʽ ʧʝʨʝʛʨʽʚʘʥʥʷ ʤʽʩʮʷ ʤʘʡʙʫʪʥʴʦʛʦ ʟʚʘʨʥʦʛʦ ʰʚʘ, ʥʘʥʝʩʝʥʥʷʤ ʙʘʨʚʥʠʢʽʚ 

(çʧʨʠʧʦʾʚè), ʱʦ ʧʦʛʣʠʥʘʶʪʴ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʥʘ ʧʦʚʝʨʭʥʶ ʤʽʩʮʷ ʟʚʘʨʶʚʘʥʥʷ ʟ 

ʤʝʪʦʶ ʟʥʠʞʝʥʥʷ ʪʝʨʤʽʯʥʠʭ ʫʰʢʦʜʞʝʥʴ ʚ ʛʣʠʙʦʢʠʭ ʰʘʨʘʭ ʦʧʨʦʤʽʥʶʚʘʥʦʾ ʪʢʘʥʠʥʠ. 

ʃʘʟʝʨʥʝ ʟʚʘʨʶʚʘʥʥʷ ʟʘʩʪʦʩʦʚʫʶʪʴ ʽ ʜʣʷ ʟʰʠʚʘʥʥʷ ʜʨʽʙʥʠʭ ʽ ʩʝʨʝʜʥʴʦʛʦ 

ʢʘʣʽʙʨʫ ʢʨʦʚʦʥʦʩʥʠʭ ʩʫʜʠʥ, ʧʝʨʝʩʽʯʝʥʠʭ ʥʝʨʚʦʚʠʭ ʩʪʚʦʣʽʚ, ʟ'ʻʜʥʘʥʥʷ ʩʪʽʥʦʢ 

ʧʦʨʦʞʥʠʩʪʠʭ ʦʨʛʘʥʽʚ. ʇʦʨʽʚʥʷʥʦ ʥʦʚʘ ʪʝʭʥʦʣʦʛʽʷ ʟʤʽʥʠ ʬʦʨʤʠ ʭʨʷʱʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʣʘʟʝʨʥʦʾ ʦʙʨʦʙʢʠ ʪʘʢʦʞ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʩʫʙʘʙʣʷʮʽʡʥʦʤʫ ʨʝʞʠʤʽ. ʎʷ ʪʝʭʥʦʣʦʛʽʷ ʚʞʝ 

ʫʩʧʽʰʥʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʢʣʽʥʽʮʽ ʜʣʷ ʢʦʨʝʢʮʽʾ ʬʦʨʤʠ ʥʦʩʦʚʦʾ ʧʝʨʝʛʦʨʦʜʢʠ. ɺʦʥʘ 

ʚʽʜʢʨʠʚʘʻ ʰʠʨʦʢʽ ʧʝʨʩʧʝʢʪʠʚʠ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʠʭ ʪʠʧʽʚ ʦʧʝʨʘʮʽʡ ʚ 

ʧʣʘʩʪʠʯʥʽʡ ʽ ʝʩʪʝʪʠʯʥʽʡ ʭʽʨʫʨʛʽʾ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʄʝʪʦʜ 

ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʝʬʝʢʪʽ ʨʝʣʘʢʩʘʮʽʾ ʚʥʫʪʨʽʰʥʴʦʾ ʤʝʭʘʥʽʯʥʦʾ ʥʘʧʨʫʛʠ ʭʨʷʱʦʚʠʭ ʪʢʘʥʠʥ 

ʧʨʠ ʥʘʛʨʽʚʽ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠʙʣʠʟʥʦ 65-75Áʉ. ʇʨʠ ʮʴʦʤʫ ʭʨʷʱ ʩʪʽʡʢʦ ʟʙʝʨʽʛʘʻ 

ʥʦʚʫ ʬʦʨʤʫ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʨʦʛʨʽʚʘʥʥʷ ʭʨʷʱʦʚʦʾ 

ʪʢʘʥʠʥʠ ʤʦʞʥʘ ʟʜʽʡʩʥʠʪʠ ʚ ʫʩʴʦʤʫ ʦʙ'ʻʤʽ ʟʘ ʯʘʩ, ʚʧʨʦʜʦʚʞ ʷʢʦʛʦ ʥʝ ʚʩʪʠʛʥʫʪʴ 

ʩʪʘʪʠʩʷ ʽʩʪʦʪʥʽ ʨʫʡʥʫʚʘʥʥʷ ʤʘʪʨʠʢʩʫ, ʘ ʢʣʽʪʠʥʠ ʟʙʝʨʽʛʘʶʪʴ ʩʚʦʶ ʞʠʪʪʻʟʜʘʪʥʽʩʪʴ, ʽ ʚ 

ʪʦʡ ʞʝ ʯʘʩ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʨʦʮʝʩʠ, ʱʦ ʟʤʽʥʶʶʪʴ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʭʨʷʱʽʚ 

[57, 58, 65]. 

ʋ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʜʽʘʧʘʟʦʥʽ 60-80ÁC (ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʠʧʫ ʩʧʦʣʫʯʥʦʾ ʪʢʘʥʠʥʠ) 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʝʥʘʪʫʨʘʮʽʷ ʢʦʣʘʛʝʥʦʚʦʾ ʚʦʣʦʢʥʠʥʠ, ʷʢʘ ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ ʩʧʦʣʫʯʥʠʭ 

ʪʢʘʥʠʥ ʽ ʚʠʟʥʘʯʘʻ ʙʘʛʘʪʦ ʾʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ʈʦʟʨʽʟʥʷʶʪʴ ʜʚʘ ʪʠʧʠ ʜʝʥʘʪʫʨʘʮʽʾ : 

ʪʝʨʤʽʯʥʘ ʽ ʪʝʨʤʦʤʝʭʘʥʽʯʥʘ (ʧʨʠ ʪʨʠʚʘʣʽʡ ʝʢʩʧʦʟʠʮʽʾ ʽ ʪʝʤʧʝʨʘʪʫʨʽ ʚʠʱʝ 100Áʉ 

ʚʠʥʠʢʘʶʪʴ ʛʨʘʜʽʻʥʪʠ ʪʠʩʢʫ). ʂʦʣʘʛʝʥʦʚʘ ʚʦʣʦʢʥʠʥʘ ʟʘʟʥʘʻ ʧʝʨʝʪʚʦʨʝʥʥʷ: ʚʠʩʦʢʦ 

ʦʨʛʘʥʽʟʦʚʘʥʠʡ ʥʘʧʽʚʢʨʠʩʪʘʣʽʯʥʠʡ ʩʪʘʥ ʩʪʘʪʠʩʪʠʯʥʠʡ ʢʣʫʙʦʢ, ʱʦ ʦʧʠʩʫʻʪʴʩʷ ʷʢ 

ʬʘʟʦʚʠʡ ʧʝʨʝʭʽʜ ʧʝʨʰʦʛʦ ʨʦʜʫ. ʇʨʠ ʮʴʦʤʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʢʦʨʦʯʝʥʥʷ 
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ʢʦʣʘʛʝʥʚʤʽʱʫʶʯʦʾ ʪʢʘʥʠʥʠ, ʾʾ ʫʩʘʜʢʘ. ɺʝʣʠʯʠʥʘ ʫʩʘʜʢʠ ʟʘʣʝʞʠʪʴ ʷʢ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ, ʪʘʢ ʽ ʚʽʜ ʯʘʩʫ ʝʢʩʧʦʟʠʮʽʾ, ʧʨʠʯʦʤʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʝʬʝʢʪ 

ʪʝʤʧʝʨʘʪʫʨʥʦ-ʪʠʤʯʘʩʦʚʦʾ ʩʫʧʝʨʧʦʟʠʮʽʾ. ʄʘʢʩʠʤʘʣʴʥʘ ʫʩʘʜʢʘ (50%) ʩʧʦʩʪʝʨʽʛʘʣʘʩʷ 

ʧʨʠ ʦʧʨʦʤʽʥʝʥʥʽ Ho:YAG-ʣʘʟʝʨʦʤ (650ʉ
0
 ʽ ʯʘʩ ʝʢʩʧʦʟʠʮʽʾ Ó1 ʭʚʠʣʠʥʘ). ʇʨʠ ʥʘʛʨʽʚʽ 

ʢʦʣʘʛʝʥʚʤʽʱʫʶʯʦʾ ʪʢʘʥʠʥʠ (ʂʉʊ) ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʜʝʥʘʪʫʨʘʮʽʾ ʢʦʣʘʛʝʥʫ, 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʽʥʘ ʫʣʴʪʨʘʩʪʨʫʢʪʫʨʠ ʢʦʣʘʛʝʥʦʚʠʭ ʚʦʣʦʢʦʥ. ɸʚʪʦʨʠ [66-68][66ï68] ʥʘ 

ʦʩʥʦʚʽ ʤʦʨʬʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʽʜʤʽʯʘʶʪʴ ʪʨʠ ʟʦʥʠ ʟʤʽʥʠ ʢʦʣʘʛʝʥʦʚʦʾ ʚʦʣʦʢʥʠʥʠ 

(ʜʝʨʤʘ ʽ ʟʚ'ʷʟʢʠ) ʧʨʠ ʦʙʨʦʙʮʽ ʽʤʧʫʣʴʩʥʠʤ ʉʆ2-ʣʘʟʝʨʦʤ : 

1) ʚʪʨʘʪʘ ʚʦʣʦʢʦʥʥʦʾ ʩʪʨʫʢʪʫʨʠ ʢʦʣʘʛʝʥʫ (ʜʝʥʘʪʫʨʘʮʽʷ) 

2) ʟʤʽʰʘʥʽ ʤʽʩʮʷ ʟ ʥʘʪʠʚʥʠʤʠ ʽ ʢʦʣʘʛʝʥʦʚʦʶ ʚʦʣʦʢʥʠʥʦʶ, ʱʦ ʟʙʽʣʴʰʠʣʘʩʷ ʚ 

ʜʽʘʤʝʪʨʽ 

3) ʥʦʨʤʘʣʴʥʘ ʢʦʣʘʛʝʥʦʚʘ ʩʪʨʫʢʪʫʨʘ 

ɸ ʧʨʠ ʦʧʨʦʤʽʥʝʥʥʽ Ho : YAG ʣʘʟʝʨʦʤ ʟ ʨʦʩʪʦʤ ʧʦʪʫʞʥʦʩʪʽ ʢʦʣʘʛʝʥ ʟʘʟʥʘʻ 

ʥʘʩʪʫʧʥʽ ʟʤʽʥʠ [69]: 

1) 5 ɺʪ - ʟʥʠʢʥʝʥʥʷ ʧʦʧʝʨʝʯʥʦʾ ʧʦʢʨʝʩʣʝʥʦʾ ʢʦʣʘʛʝʥʦʚʦʾ ʚʦʣʦʢʥʠʥʠ 

2) 10 ɺʪ - ʪʝʞ  ʥʝʯʽʪʢʠʡ ʢʦʥʪʫʨ ʢʨʘʾʚ ʚʦʣʦʢʥʠʥʠ 

3) 15 ɺʪ - ʟʙʽʣʴʰʝʥʥʷ ʜʽʘʤʝʪʨʫ ʚʦʣʦʢʥʠʥʠ ʽ ʧʦʚʥʘ ʚʪʨʘʪʘ ʢʦʥʪʫʨʘ ʚʦʣʦʢʥʠʥʠ 

ʊʘʢʽ ʞ ʟʤʽʥʠ ʙʫʣʠ ʚʽʜʤʽʯʝʥʽ ʚ ʨʦʙʦʪʽ [70] ʧʨʠ ʦʧʨʦʤʽʥʝʥʥʽ ʂʉʊ Nd : YAG 

ʣʘʟʝʨʦʤ. ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʘ, ʧʨʠ ʷʢʽʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫʩʘʜʢʘ ʢʦʣʘʛʝʥʫ, 

ʨʦʩʪʝ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʟʤʽʩʪʫ ʘʤʽʥʦʢʠʩʣʦʪ ʧʨʦʣʽʥʫ ʽ ʛʽʜʨʦʢʩʠʧʨʦʣʽʥʫ. ʊʠʤʯʘʩʦʚʝ 

ʩʢʦʨʦʯʝʥʥʷ ʢʦʣʘʛʝʥʦʚʠʭ ʚʦʣʦʢʦʥ ʩʪʠʤʫʣʶʻ ʨʝʛʝʥʝʨʘʮʽʶ ʪʢʘʥʠʥʠ. ʎʝʡ ʧʨʦʮʝʩ 

ʘʢʪʠʚʥʦ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʫ ʟʚ'ʷʟʢʫ ʟ ʤʦʞʣʠʚʠʤ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧʨʠ ʧʣʘʩʪʠʮʽ ʰʢʽʨʠ  

ʽ ʽʥʰʠʭ ʪʢʘʥʠʥ, ʱʦ ʤʽʩʪʷʪʴ ʢʦʣʘʛʝʥ. 

1.4.3 ɸʙʣʷʮʽʡʥʘ ʣʘʟʝʨʥʘ ʜʽʷ ʥʘ ʙʽʦʪʢʘʥʠʥʽ 

ʇʨʠ ʜʦʩʠʪʴ ʚʠʩʦʢʽʡ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʦʨʛʘʥʽʯʥʽ 

ʢʦʤʧʦʥʝʥʪʠ ʙʽʦʪʢʘʥʠʥʠ ʤʝʭʘʥʽʯʥʦ ʨʫʡʥʫʶʪʴʩʷ ʧʽʜ ʜʽʻʶ ʽʤʧʫʣʴʩʫ ʪʠʩʢʫ, ʱʦ 

ʩʪʚʦʨʶʻʪʴʩʷ ʧʘʨʦʶ ʽ ʨʦʟʧʘʜʘʶʪʴʩʷ ʥʘ ʘʪʦʤʠ ʽ ʤʦʣʝʢʫʣʠ ʧʽʜ ʜʽʻʶ ʚʠʩʦʢʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ (ʧʽʨʦʣʽʟ) [71]. ɹʽʦʪʢʘʥʠʥʘ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʛʘʟʦʧʦʜʽʙʥʠʡ ʧʦʪʽʢ 

ʘʪʦʤʽʚ, ʤʦʣʝʢʫʣ ʽ ʜʨʽʙʥʦʜʽʩʧʝʨʩʽʡʥʠʭ ʯʘʩʪʦʢ, ʱʦ ʚʠʭʦʜʠʪʴ ʽʟ ʟʦʥʠ ʜʽʾ ʭʽʨʫʨʛʽʯʥʦʛʦ 

ʣʘʟʝʨʘ. ʆʧʠʩʘʥʠʡ ʧʨʦʮʝʩ ʥʘʟʠʚʘʻʪʴʩʷ ʣʘʟʝʨʥʦʶ ʘʙʣʷʮʽʻʶ ʙʽʦʣʦʛʽʯʥʦʾ ʪʢʘʥʠʥʠ. ʁʦʛʦ 
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ʦʩʥʦʚʥʘ ʦʟʥʘʢʘ - ʮʝ ʣʽʢʚʽʜʘʮʽʷ ʪʢʘʥʠʥʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʜ ʜʽʻʶ ʬʦʪʦʥʽʚ ʣʘʟʝʨʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɯʤʧʫʣʴʩʥʘ ʘʙʣʷʮʽʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʦʨʦʛʦʚʦʶʛʫʩʪʠʥʦʶ ʝʥʝʨʛʽʾ ʟʘ 

ʦʜʠʥ ʽʤʧʫʣʴʩ. 

ɸʙʣʷʮʽʷ ʙʝʟʧʝʨʝʨʚʥʠʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʪʫʞʥʦʩʪʽ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʨʠ ʟʘʜʘʥʦʤʫ ʜʽʘʤʝʪʨʽ ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ ʽ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʯʘʩʦʤ 

ʜʦʩʷʛʥʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʫʤʦʚ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʘʙʣʷʮʽʷ ʪʢʘʥʠʥʠ ʧʽʜ ʜʽʻʶ ʣʘʟʝʨʥʦʛʦ 

ʧʨʦʤʝʥʷ ʥʘʩʪʘʻ ʣʠʰʝ ʥʘ ʦʩʪʘʥʥʽʭ ʝʪʘʧʘʭ ʚʟʘʻʤʦʜʽʾ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ ʦʙ'ʻʢʪʦʤ ʽ ʻ 

ʨʝʟʫʣʴʪʘʪʦʤ ʢʫʤʫʣʷʪʠʚʥʦʛʦ ʬʦʪʦʪʝʨʤʽʯʥʦʛʦ ʝʬʝʢʪʫ, ʧʨʠ ʷʢʦʤʫ ʥʘʢʦʧʠʯʝʥʥʷ ʪʝʧʣʘ ʚ 

ʦʙ'ʻʢʪʽ ʧʦʭʦʜʠʪʴ ʰʚʠʜʰʝ ʟʘ ʡʦʛʦ ʨʦʟʩʽʷʥʥʷ ʽʟ ʟʦʥʠ ʦʧʨʦʤʽʥʝʥʥʷ. ʉʣʽʜ ʚʽʜʨʽʟʥʷʪʠ 

ʘʙʣʷʮʽʶ ʙʽʦʪʢʘʥʠʥ ʽʤʧʫʣʴʩʥʠʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ, ʧʨʠ ʷʢʽʡ ʚʠʧʘʨ ʫʩʽʭ ʢʦʤʧʦʥʝʥʪ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʯʘʩ ʢʦʨʦʪʢʦʛʦ ʣʘʟʝʨʥʦʛʦ ʽʤʧʫʣʴʩʫ, ʽ ʘʙʣʷʮʽʶ ʙʽʦʪʢʘʥʠʥ 

ʩʬʦʢʫʩʦʚʘʥʠʤ ʧʨʦʤʝʥʝʤ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʣʘʟʝʨʘ. ʇʨʠ ʽʤʧʫʣʴʩʥʽʡ 

ʘʙʣʷʮʽʾ ʨʘʟʦʤ ʟ ʧʝʨʝʛʨʽʪʠʤ ʤʘʪʝʨʽʘʣʦʤ ʟ ʪʢʘʥʠʥʠ ʚʽʜʜʘʣʷʻʪʴʩʷ ʽ ʚʝʣʠʢʘ ʯʘʩʪʠʥʘ 

ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ, ʘ ʾʾ ʥʝʟʥʘʯʥʠʡ ʟʘʣʠʰʦʢ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʤʽʥʽʤʘʣʴʥʠʭ ʪʝʨʤʽʯʥʠʭ 

ʫʰʢʦʜʞʝʥʴ ʟʘ ʤʝʞʘʤʠ ʘʙʣʷʮʽʡʥʦʛʦ ʢʨʘʪʝʨʘ. ʅʘʧʨʠʢʣʘʜ [62, 69], ʟʤʽʥʠ ʚ ʭʨʷʱʦʚʽʡ 

ʪʢʘʥʠʥʽ ʧʨʠ ʜʽʾ ʽʤʧʫʣʴʩʥʦʛʦ ʉʆ2-ʣʘʟʝʨʘ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʷʢʦʾ ʙʽʣʴʰ ʥʽʞ ʚ 20 ʨʘʟʽʚ 

ʧʝʨʝʚʠʱʫʚʘʣʘ ʧʦʨʦʛʦʚʝ ʟʥʘʯʝʥʥʷ (50 ɺʪ/ʩʤ2), ʥʝʦʙʭʽʜʥʝ ʜʣʷ ʣʘʟʝʨʥʦʾ ʟʤʽʥʠ ʬʦʨʤʠ 

ʭʨʷʱʽʚ ʚʠʛʣʷʜʘʶʪʴ ʪʘʢʠʤ ʯʠʥʦʤ (ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʽ 

ʚ̔ʜʜʘʣʝʥʥʽ ʚʽʜ ʦʧʨʦʤʽʥʶʚʘʥʦʾ ʧʦʚʝʨʭʥʽ: 

1) ʦʙʚʫʛʣʶʚʘʥʥʷ ʭʨʷʱʦʚʦʾ ʪʢʘʥʠʥʠ; 

2) ʢʦʘʛʫʣʷʮʽʡʥʠʡ ʥʝʢʨʦʟ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʦʚʥʠʤ ʨʫʡʥʫʚʘʥʥʷʤ; 

ʭʦʥʜʨʦʮʠʪʽʚ ʽ ʪʝʨʤʽʯʥʦʶ ʜʝʩʪʨʫʢʮʽʻʶ ʤʘʪʨʠʢʩʫ; 

3) ʩʧʽʢʘʥʥʷ ʽ ʟʥʘʯʥʘ ʜʝʬʦʨʤʘʮʽʷ ʭʦʥʜʨʦʮʠʪʽʚ, ʚʠʧʘʨʶʚʘʥʥʷ ʪʢʘʥʠʥʥʦʾ ʨʽʜʠʥʠ ʽ 

ʧʦʨʫʰʝʥʥʷ ʚʧʦʨʷʜʢʦʚʘʥʦʾ ʩʪʨʫʢʪʫʨʠ ʤʘʪʨʠʢʩʫ; 

4) ʫʰʢʦʜʞʝʥʥʷ ʦʙʦʣʦʥʢʠ ʽ ʥʝʟʥʘʯʥʘ ʜʝʬʦʨʤʘʮʽʷ ʭʦʥʜʨʦʮʠʪʽʚ, ʟʤʽʥʘ ʪʦʥʢʦʾ 

ʩʪʨʫʢʪʫʨʠ ʧʨʦʪʝʦʛʣʽʢʘʥʽʚ, ʥʝʟʥʘʯʥʽ ʟʤʽʥʠ ʚʥʫʪʨʽʰʥʴʦʾ ʩʪʨʫʢʪʫʨʠ ʭʦʥʜʨʦʮʠʪʽʚ 

ʙʝʟ ʧʦʤʽʪʥʦʾ ʟʤʽʥʠ ʤʘʪʨʠʢʩʫ. 

ʋ ʤʦʥʦʛʨʘʬʽʾ ʅʝʚʦʨʦʪʠʥʘ (2000) [72] ʚʠʜʽʣʝʥʦ ʯʦʪʠʨʠ ʦʩʥʦʚʥʽ ʤʝʭʘʥʽʟʤʠ 

ʘʙʣʷʮʽʾ ʙʽʦʪʢʘʥʠʥ. ʇʝʨʰʠʡ ʤʝʭʘʥʽʟʤ ʚʽʜʧʦʚʽʜʘʻ ʥʠʟʴʢʦʤʫ ʨʽʚʥʶ ʧʦʛʣʠʥʘʥʥʷ ʚ 

ʦʩʥʦʚʥʦʤʫ ʢʦʤʧʦʥʝʥʪʽ ʤ'ʷʢʠʭ ʪʢʘʥʠʥ - ʚʦʜʽ ʧʨʠ ʥʝʟʥʘʯʥʦʤʫ ʡʦʛʦ ʧʦʛʣʠʥʘʥʥʽ ʚ 
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ʽʥʰʠʭ ʪʢʘʥʠʥʥʠʭ ʢʦʤʧʦʥʝʥʪʘʭ (ɯɸɻ: Nd ʣʘʟʝʨ, ɚ=1,064 ʤʢʤ) ʘʙʦ ʩʠʣʴʥʦʤʫ 

ʧʦʛʣʠʥʘʥʥʽ ʣʠʰʝ ʚ ʦʢʨʝʤʠʭ ʟ ʥʠʭ (ʘʨʛʦʥʦʚʠʡ ʽ ʘʥʘʣʦʛʽʯʥʽ ʣʘʟʝʨʠ, ʧʨʘʮʶʶʯʽ ʫ 

ʚʠʜʠʤʽʡ ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʫ). 

ɼʽʷ ʜʨʫʛʦʛʦ ʤʝʭʘʥʽʟʤʫ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʉO2 -ʣʘʟʝʨʦʚ ʘʙʦ ɯɸɻ: Er ʣʘʟʝʨʽʚ, 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʷʢʠʭ ʽʥʪʝʥʩʠʚʥʦ ʧʦʛʣʠʥʘʻʪʴʩʷ ʤʦʣʝʢʫʣʘʤʠ ʪʢʘʥʠʥʥʦʾ ʚʦʜʠ. ɼʣʷ 

ʪʘʢʠʭ ʣʘʟʝʨʽʚ ʤʘʻ ʤʽʩʮʝ ʰʚʠʜʢʝ ʨʦʟʽʛʨʽʚʘʥʥʷ ʚʦʜʠ, ʘ ʚʽʜ ʥʝʾ ʽ ʥʝʚʦʜʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ 

ʪʢʘʥʠʥʠ. 

ʊʨʝʪʽʡ ʤʝʭʘʥʽʟʤ ʧʨʘʮʶʻ ʧʨʠ ʘʙʣʷʮʽʾ ʪʚʝʨʜʠʭ ʪʢʘʥʠʥ (ʢʽʩʪʢʘ, ʜʝʥʪʠʥ). ʁʦʛʦ 

ʭʘʨʘʢʪʝʨʥʦʶ ʨʠʩʦʶ ʻ ʟʥʘʯʥʝ ʧʦʛʣʠʥʘʥʥʷ ʥʝ ʣʠʰʝ ʪʢʘʥʠʥʥʦʶ ʚʦʜʠ, ʘʣʝ ʽ 

ʤʽʥʝʨʘʣʴʥʦʶ ʢʦʤʧʦʥʝʥʪʦʶ. 

ʋ ʦʩʥʦʚʽ ʯʝʪʚʝʨʪʦʛʦ ʤʝʭʘʥʽʟʤʫ ʣʝʞʠʪʴ ʬʦʪʦʭʽʤʽʯʥʘ ʜʝʩʪʨʫʢʮʽʷ ʦʨʛʘʥʽʯʥʠʭ 

ʤʦʣʝʢʫʣ ʙʽʦʪʢʘʥʠʥʠ, ʷʢʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʜ ʜʽʻʶ ʽʥʪʝʥʩʠʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʛʦ ʜʽʘʧʘʟʦʥʫ. ʋ ʧʣʘʩʪʠʯʥʽʡ ʭʽʨʫʨʛʽʾ ʟʥʘʭʦʜʷʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʣʠʰʝ ʧʝʨʰʠʡ ʽ ʜʨʫʛʠʡ ʤʝʭʘʥʽʟʤʠ ʘʙʣʷʮʽʾ ʙʽʦʪʢʘʥʠʥ. 

 

1.5 ʃʶʤʽʥʝʩʮʝʥʮʽʷ ʪʘ ʾʾ ʚʠʜʠ 

 

ʗʚʠʱʝ, ʧʨʠ ʷʢʦʤʫ ʨʝʯʦʚʠʥʘ ʧʨʠ ʧʦʛʣʠʥʘʥʥʽ ʝʥʝʨʛʽʾ ʩʚʽʪʣʘ, ʽʥʰʦʛʦ ʽʦʥʽʟʫʶʯʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʘʙʦ ʧʽʜ ʜʽʻʶ ʨʽʟʥʠʭ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ ʧʝʨʝʭʦʜʠʪʴ ʫ ʟʙʫʜʞʝʥʠʡ ʩʪʘʥ, 

ʘ ʧʽʩʣʷ ʮʴʦʛʦ, ʧʦʚʝʨʪʘʶʯʠʩʴ ʚ ʧʦʯʘʪʢʦʚʠʡ ʩʪʘʥ, ʚʠʧʨʦʤʽʥʶʻ ʦʪʨʠʤʘʥʫ ʝʥʝʨʛʽʶ ʫ 

ʚʠʛʣʷʜʽ ʩʚʽʪʣʘ, ʥʘʟʠʚʘʶʪʴ ʣʶʤʽʥʝʩʮʝʥʮʽʻʶ. ʂʦʨʦʪʢʦʯʘʩʥʝ ʣʶʤʽʥʝʩʮʝʥʪʥʝ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʱʦ ʧʨʠʧʠʥʷʻʪʴʩʷ ʤʘʡʞʝ ʚʽʜʨʘʟʫ ʽʟ ʟʘʢʽʥʯʝʥʥʷʤ ʟʙʫʜʞʝʥʥʷ, ʮʝ 

ʬʣʫʦʨʝʩʮʝʥʮʽʷ, ʘ ʪʨʠʚʘʣʝ, ʪʘʢʝ, ʱʦ ʪʨʠʚʘʻ ʽ ʧʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʟʙʫʜʞʝʥʥʷ, - 

ʬʦʩʬʦʨʝʩʮʝʥʮʽʷ [73]. ʗʚʠʱʘ ʣʶʤʽʥʝʩʮʝʥʮʽʾ ʜʽʣʷʪʴʩʷ ʥʘ ʜʝʢʽʣʴʢʘ ʚʠʜʽʚ, ʟʘʣʝʞʥʦ ʚʽʜ 

ʩʧʦʩʦʙʫ ʟʙʫʜʞʝʥʥʷ. 

ʌʦʪʦʣʶʤʽʥʝʩʮʝʥʮʽʷ - ʩʚʽʪʽʥʥʷ ʨʝʯʦʚʠʥʠ ʧʨʠ ʦʧʨʦʤʽʥʝʥʥʽ ʩʚʽʪʣʦʤ [74]. 

ʂʘʪʦʜʥʘ ʣʶʤʽʥʝʩʮʝʥʮʽʷ - ʩʚʽʪʽʥʥʷ ʨʝʯʦʚʠʥʠ ʧʨʠ ʦʧʨʦʤʽʥʝʥʥʽ ʧʫʯʢʦʤ 

ʝʣʝʢʪʨʦʥʽʚ [75]. 

ɽʣʝʢʪʨʦʣʶʤʽʥʝʩʮʝʥʮʽʷ - ʩʚʽʪʽʥʥʷ ʨʝʯʦʚʠʥʠ ʧʽʜ ʜʽʻʶ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ. ʇʨʠ 

ʮʴʦʤʫ ʩʚʽʪʽʥʥʷ ʧʽʜ ʜʽʻʶ ʩʠʣʴʥʦʛʦ ʧʦʣʷ, ʱʦ ʟʙʽʣʴʰʫʻ ʢʽʥʝʪʠʯʥʫ ʝʥʝʨʛʽʶ ʥʦʩʽʾʚ ʟʘʨʷʜʫ 
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ʚ ʨʝʯʦʚʠʥʽ, ʥʘʟʠʚʘʶʪʴ ʧʝʨʝʜ ʧʨʦʙʥʦʶ ʝʣʝʢʪʨʦʣʶʤʽʥʝʩʮʝʥʮʽʻʶ, ʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʩʚʽʪʣʘ, ʱʦ ʟʙʫʜʞʫʻʪʴʩʷ ʽʥʞʝʢʪʦʚʘʥʠʤʠ ʥʦʩʽʷʤʠ ʟʘ ʨʘʭʫʥʦʢ ʨʽʟʥʠʮʽ ʾʭ ʧʦʪʝʥʮʽʡʥʠʭ 

ʝʥʝʨʛʽʡ, ʩʪʚʦʨʝʥʦʶ ʚ ʪʚʝʨʜʦʤʫ ʪʽʣʽ, ʥʘʟʠʚʘʶʪʴ ʽʥʞʝʢʮʽʡʥʦʶ ʣʶʤʽʥʝʩʮʝʥʮʽʻʶ [76]. 

ɺʠʧʨʦʤʽʥʶʚʘʥʥʷ ʩʚʽʪʣʘ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʻ ʭʽʤʽʯʥʽ ʨʝʘʢʮʽʾ ʚ ʨʝʯʦʚʠʥʘʭ, 

ʥʘʟʠʚʘʶʪʴ ʭʝʤʦʣʶʤʽʥʝʩʮʝʥʮʽʻʶ. ʇʨʠʢʣʘʜ ʪʘʢʦʛʦ ʷʚʠʱʘ  - ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʩʚʽʪʣʘ 

ʩʠʥʴʦʛʦ ʢʦʣʴʦʨʫ, ʱʦ ʚʠʥʠʢʘʻ ʧʨʠ ʦʢʠʩʣʝʥʥʽ ʞʦʚʪʦʛʦ ʬʦʩʬʦʨʫ. ɿʙʫʜʞʝʥʥʷ ʭʽʤʽʯʥʦʛʦ 

ʣʘʟʝʨʘ ʨʦʙʠʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ, ʨʝʘʢʮʽʾ ʤʽʞ ʬʪʦʨʦʤ ʽ ʚʦʜʥʝʤ. 

ʅʘʡʯʘʩʪʽʰʝ ʝʥʝʨʛʽʷ (ʯʘʩʪʦʪʘ) ʟʙʫʜʞʫʶʯʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʠʱʘ ʟʘ ʝʥʝʨʛʽʶ 

(ʯʘʩʪʦʪʠ) ʩʚʽʪʽʥʥʷ, ʽ ʪʦʜʽ ʣʶʤʽʥʝʩʮʝʥʮʽʶ ʥʘʟʠʚʘʶʪʴ ʩʪʦʢʩʦʚʦʶ. ʋ ʧʨʦʪʠʣʝʞʥʦʤʫ 

ʚʠʧʘʜʢʫ ʢʘʞʫʪʴ ʧʨʦʘʥʪʠʩʪʦʢʩʦʚʫ ʣʶʤ̔ʥʝʩʮʝʥʮʽʁ [77ï79]. 

 

1.5.1 ɺʠʢʦʨʠʩʪʘʥʥʷ ʘʚʪʦʬʣʫʦʨʝʩʮʝʥʮʽʾ ʙʽʦʣʦʛʽʯʥʠʭ ʪʢʘʥʠʥ ʚ 

ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʮʽʣʷʭ 

 

ɺ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʰʠʨʦʢʦ ʚʝʜʫʪʴʩʷ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ ʨʽʟʥʠʭ 

ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʜʽʘʛʥʦʩʪʠʢʠ ʚʠʷʚʣʝʥʥʷ ʨʘʥʥʽʭ ʩʪʘʜʽʡ ʨʦʟʚʠʪʢʫ ʧʘʪʦʣʦʛʽʡ, 

ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʝ ʮʝ ʧʠʪʘʥʥʷ ʚ ʦʥʢʦʣʦʛʽʾ. ɿʘʨʘʟ ʚ ʤʝʜʠʮʠʥʽ ʽʥʪʝʥʩʠʚʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʝʪʦʜʠʢʠ ʟ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʥʷʤ ʪʦʤʦʛʨʘʬʽʡ [80], ʘʣʝ ʨʘʟʦʤ ʟ 

ʨʝʥʪʛʝʥʽʚʩʴʢʠʤʠ ʽ ʗʄʈ-ʤʝʪʦʜʘʤʠ, ʱʦ ʜʦʩʣʽʜʞʫʚʘʪʠ ʚʥʫʪʨʽʰʥʽ ʦʨʛʘʥʠ, ʨʦʟʚʠʚʘʶʪʴʩʷ 

ʤʝʪʦʜʠʢʠ ʦʧʪʠʯʥʦʾ ʙʽʦʧʩʽʾ, ʚ ʷʢʠʭ ʚʠʚʯʝʥʥʷʤ ʦʧʪʠʯʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʟʦʥʜʫʶʪʴʩʷ 

ʧʨʠʧʦʚʝʨʭʥʝʚʽ ʦʙʣʘʩʪʽ ʪʢʘʥʠʥʠ. ʌʣʫʦʨʝʩʮʝʥʪʥʘ ʩʧʝʢʪʨʦʩʢʦʧʽʷ ʙʽʦʣʦʛʽʯʥʠʭ ʪʢʘʥʠʥ ʻ 

ʦʜʥʽʻʶ ʟ ʪʘʢʠʭ ʤʝʪʦʜʠʢ. 

 ʉʧʝʢʪʨʦʬʣʫʦʨʠʤʝʪʨʽ̫  - ʯʫʪʣʠʚʠʡ ʤʝʪʦʜ ʚʠʷʚʣʝʥʥʷ ʽ ʢʽʣʴʢʽʩʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ 

ʣʶʤʽʥʝʩʮʫʶʯʦʾ ʨʝʯʦʚʠʥʠ ʫ ʙʽʦʣʦʛʽʯʥʦʤʫ ʟʨʘʟʢʫ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʟʚʠʯʘʡʥʦʛʦ ʬʣʫʦʨʠʤʝʪʨʘ ʚʜʘʻʪʴʩʷ ʚʠʤʽʨʶʚʘʪʠ ʢʦʥʮʝʥʪʨʘʮʽʶ ʬʣʫʦʨʝʩʮʠʥʘ ʫ 

ʙʽʦʣʦʛʽʯʥʠʭ ʨʽʜʠʥʘʭ ʙʣʠʟʴʢʦ 10
-17

 ʄ ʧʨʠ ʦʙ'ʻʤʽ ʦʜʥʽʻʾ ʧʨʦʙʠ 0,2-0,3 ʤʣ [81]. ʂʨʽʤ 

ʪʦʛʦ, ʜʦ ʦʩʥʦʚʥʠʭ ʧʝʨʝʚʘʛ ʤʝʪʦʜʫ ʬʣʫʦʨʝʩʮʝʥʪʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ 

ʙʽʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ ʩʣʽʜ ʚʽʜʥʝʩʪʠ, ʦʢʨʽʤ ʚʠʩʦʢʦʾ ʯʫʪʣʠʚʦʩʪʽ, ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʤʝʪʦʜʫ 

(ʧʦʚ'ʷʟʘʥʫ ʟ ʤʦʞʣʠʚʽʩʪʶ ʟʤʽʥʶʚʘʪʠ ʜʦʚʞʠʥʫ ʭʚʠʣʽ ʟʙʫʜʞʫʶʯʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 
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ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʪʦʛʦ ʘʙʦ ʽʥʰʦʛʦ ʬʣʫʦʨʦʬʦʨʫ), ʡʦʛʦ ʙʝʟʽʥʝʨʮʽʡʥʽʩʪʴ, ʟʜʘʪʥʽʩʪʴ ʥʝ 

ʧʦʨʫʰʫʚʘʪʠ ʧʨʠʨʦʜʥʦʛʦ ʧʨʦʪʽʢʘʥʥʷ ʬʽʟʽʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ (ʟʘʛʘʣʴʥʘ ʨʠʩʘ ʜʣʷ ʫʩʽʭ 

ʤʝʪʦʜʽʚ ʟʦʥʜʫʚʘʥʥʷ ʥʠʟʴʢʦʽʥʪʝʥʩʠʚʥʠʤ ʦʧʪʠʯʥʠʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ), ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʴʦʛʦ ʤʝʪʦʜʫ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʩʠʣʴʥʦʨʦʟʩʽʶʶʯʠʭ, ʛʝʪʝʨʦʛʝʥʥʠʭ 

ʩʝʨʝʜʦʚʠʱ (ʩʘʤʝ ʪʘʢʠʤʠ ʽ ʷʚʣʷʶʪʴʩʷ ʙʽʣʴʰʽʩʪʴ ʙʽʦʣʦʛʽʯʥʠʭ ʨʽʜʠʥ ʪʢʘʥʠʥ). 

 ɹ̔ ʦʭʽʤʽʯʥ ̔ ʢʦʤʧʦʥʝʥʪʠ ʪʢʘʥʠʥʠ, ʱʦ ʷʚʣʷʶʪʴʩʷ ʧʨʠʨʦʜʥʠʤʠ ʤʝʪʘʙʦʣʽʪʘʤʠ, 

ʤʘʁʪʴ ʟʜʘʪʥʽʩʪʴ ʜʦ ʬʣʫʦʨʝʩʮʝʥʮʽʾ. ʊʘʢʽ ʨʝʯʦʚʠʥʠ ʧʨʠʡʥʷʪʦ ʥʘʟʠʚʘʪʠ ʝʥʜʦʛʝʥʥʠʤʠ 

ʬʣʫʦʨʦʬʦʨʘʤʠ ʚ ʧʨʦʪʠʣʝʞʥʽʩʪʴ ʩʠʥʪʝʪʠʯʥʠʤ ʤʦʣʝʢʫʣʘʤ (ʝʢʟʦʛʝʥʥʽ ʬʣʫʦʨʦʬʦʨʠ), 

ʱʦ ʚʥʦʩʷʪʴʩʷ ʫ ʙʽʦʣʦʛʽʯʥʠʡ ʦʙ'ʻʢʪ ʜʣʷ ʥʘʩʪʫʧʥʦʛʦ ʩʧʝʢʪʨʦʬʣʫʦʨʤ̔ʝʪʨʠʯʥʦʛʦ 

ʜʝʪʝʢʪʫʚʘʥʥʷ. ʉʧʝʢʪʨʠ ʬʣʫʦʨʝʩʮʝʥʮʽʾ ʪʢʘʥʠʥʠ (ʙʽʦʣʦʛʽʯʥʦʛʦ ʦʙ'ʻʢʪʫ), ʫ ʬʦʨʤʫʚʘʥʥʷ 

ʷʢʠʭ ʥʦʩʷʪʴ ʚʢʣʘʜ ʩʚʽʪʽʥʥʷ ʣʠʰʝ ʝʥʜʦʛʝʥʥʠʭ ʬʣʫʦʨʦʬʦʨʽʚ, ʪʦʙʪʦ ʚʣʘʩʥʝ ʩʚʽʪʽʥʥʷ 

ʪʢʘʥʠʥ, ʜʽʩʪʘʣʠ, ʥʘʟʚʫ ʩʧʝʢʪʨʽʚ ʘʚʪʦʬʣʫʦʨʝʩʮʝʥʮʽʾ. ʇʨʠ ʥʘʣʝʞʥʦʤʫ ʚʠʙʦʨʽ ʜʦʚʞʠʥʠ 

ʭʚʠʣʽ ʟʙʫʜʞʫʶʯʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʩʧʝʢʪʨʘʭ ʘʚʪʦʬʣʫʦʨʝʩʮʝʥʮʽʾ ʚʜʘʻʪʴʩʷ 

ʟʘʨʝʻʩʪʨʫʚʘʪʠ ʩʚʽʪʽʥʥʷ ʫ ʩʢʣʘʜʽ ʪʢʘʥʠʥʠ ʙʘʛʘʪʴʦʭ ʝʥʜʦʛʝʥʥʠʭ ʬʣʫʦʨʦʬʦʨʽʚ, ʷʢ 

ʧʦʚ'ʷʟʘʥʠʭ ʟ ʦʨʛʘʥʽʟʘʮʽʻʶ ʪʢʘʥʠʥʠ (ʥʘʧʨʠʢʣʘʜ ʩʪʨʫʢʪʫʨʥʠʭ ʪʨʠʧʪʦʬʘʥʚʤʽʱʫʶʯʠʭ 

ʙʽʣʢʽʚ), ʪʘʢ ʽ ʟʘʣʫʯʝʥʠʭ ʚ ʤʝʪʘʙʦʣʽʯʥʽ ʧʨʦʮʝʩʠ (ʥʘʧʨʠʢʣʘʜ, ʢʦʬʝʨʤʝʥʪʠ, 

ʣʠʧʦʧʽʛʤʝʥʪʠ). ɿʘʣʝʞʥʽʩʪʴ ʨʝʻʩʪʨʦʚʘʥʦʛʦ ʩʧʝʢʪʨʫ ʘʚʪʦʬʣʫʦʨʝʩʮʝʥʮʽʾ ʚʽʜ ʜʦʚʞʠʥʠ 

ʭʚʠʣʽ ʟʙʫʜʞʝʥʥʷ ʫ ʨʘʟʽ ʙʘʛʘʪʦʰʘʨʦʚʦʾ ʪʢʘʥʠʥʠ ʚʠʟʥʘʯʘʻʪʴʩʷ [82] ʥʘʩʪʫʧʥʠʤʠ 

ʘʩʧʝʢʪʘʤʠ: 

- ʩʧʝʢʪʨʠ ʟʙʫʜʞʝʥʥʷ ʝʥʜʦʛʝʥʥʠʭ ʬʣʫʦʨʦʬʦʨʽʚ, ʱʦ ʚʥʦʩʷʪʴ ʥʘʡʙʽʣʴʰʠʡ ʚʢʣʘʜ ʚ 

ʘʚʪʦʬʣʫʦʨʝʩʮʝʥʮʽʶ (ʢʦʣʘʛʝʥ, ʝʣʘʩʪʠʥ, ʅɸɼʅ, ʬʣʘʚʽʥʠ, ʣʽʧʦʧʝʛʤʝʥʪʠ), ʨʦʟʪʘʰʦʚʘʥʽ 

ʚ ʨʽʟʥʠʭ ʩʧʝʢʪʨʘʣʴʥʠʭ ʦʙʣʘʩʪʷʭ; 

- ʙʘʛʘʪʦʰʘʨʦʚʘ ʦʨʛʘʥʽʟʘʮʽʷ ʪʢʘʥʠʥʠ ʧʨʦʷʚʣʷʻʪʴʩʷ ʚ ʥʝʦʜʥʦʨʽʜʥʦʤʫ ʨʦʟʧʦʜʽʣʽ 

ʬʣʫʦʨʦʬʦʨʽʚ ʧʦ ʛʣʠʙʠʥʽ; 

- ʛʣʠʙʠʥʘ ʧʨʦʥʠʢʥʝʥʥʷ ʚ ʪʢʘʥʠʥʫ ʟʙʫʜʞʫʶʯʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʤʽʥʶʪ̒ʴʩʷ ʟ 

ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʘʣʫʯʝʥʥʷ ʬʦʨʤʫʚʘʥʴ ʩʧʝʢʪʨʫ ʘʚʪʦ 

ʬʣʫʦʨʝʩʮʝʥʮʽʾ ʬʣʫʦʨʦʬʦʨʽʚ, ʱʦ ʟʘʣʷʛʘʶʪʴ ʥʘ ʨʽʟʥʽʡ ʛʣʠʙʠʥʽ. 

 ɼʽʘʧʘʟʦʥ ʤʦʞʣʠʚʠʭ ʜʦʚʞʠʥ ʭʚʠʣʴ ʟʙʫʜʞʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʛʨʫʙʦ ʨʦʟʜʽʣʝʥʠʡ ʥʘ 

ʪʨʠ ʦʙʣʘʩʪʽ: 
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- ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʦʨʦʪʢʠʭ ʜʦʚʞʠʥ ʭʚʠʣʴ ʟʙʫʜʞʝʥʥʷ (ʤʝʥʰʝ 330 ʥʤ) 

ʬʣʫʦʨʝʩʮʽʶʶʪʴ ʙʽʣʢʠ, ʱʦ ʤʽʩʪʷʪʴ ʟʘʣʠʰʢʠ ʘʨʦʤʘʪʠʯʥʠʭ ʘʤʽʥʦʢʠʩʣʦʪ, ʽ ʯʘʩʪʢʦʚʦ 

ʢʦʣʘʛʝʥ ʽ ʝʣʘʩʪʠʥ ʩʤʫʛʘ ʬʣʫʦʨʝʩʮʝʥʮʽʾ 330-400 ʥʤ ʟ ʧʣʘʚʥʠʤ ʩʧʘʜʦʤ ʚ ʦʙʣʘʩʪʴ 

ʚʝʣʠʢʠʭ ʜʦʚʞʠʥ ʭʚʠʣʴ; 

- ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʜʣʷ ʟʙʫʜʞʝʥʥʷ ʟ ʽʥʪʝʨʚʘʣʫ 340-380 ʥʤ 

ʬʣʫʦʨʝʩʮʽʶʶʪʴ ʅɸɼʅ ʽ ʧʦʭʽʜʥʽ ʧʽʨʠʜʦʢʩʘʣʷ, ʚ ʜʽʘʧʘʟʦʥʽ ʩʚʽʪʣʘ 420-480 ʥʤ (ʮʠʤʠ 

ʜʦʚʞʠʥʘʤʠ ʭʚʠʣʴ ʤʦʞʝ ʙʫʪʠ ʟʙʫʜʞʝʥʘ ʬʣʫʦʨʝʩʮʝʥʮʽʷ ʧʦʧʝʨʝʯʥʠʭ ʟʰʠʚʘʥʴ ʟʘ 

ʫʯʘʩʪʶ ʙʽʯʥʠʭ ʣʘʥʮʶʛʽʚ ʢʦʣʘʛʝʥʫ ʽ ʝʣʘʩʪʠʥʫ, ʦʙʣʘʩʪʴ ʬʣʫʦʨʝʩʮʝʥʮʽʾ ʧʨʠ ʮʴʦʤʫ ʚʽʜ 

400ʥʤ ʜʦ 600 ʥʤ); 

- ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʦʚʛʦʭʚʠʣʴʦʚʦʛʦ ʟʙʫʜʞʝʥʥʷ (390-480ʥʤ) ʬʣʫʦʨʝʩʮʽʶʻ ʬʣʘʚʽʥʠ, 

ʣʽʧʦʧʠʛʤʝʥʪʠ ʽ ʝʥʜʦʛʝʥʥʽ ʧʦʨʬʽʨʠʥʠ, ʜʦʚʞʠʥʠ ʭʚʠʣʴ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʝʨʝʚʠʱʫʶʪʴ 

500ʥʤ. 

 ʄʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʣʫʦʨʝʩʮʝʥʪʥʠʭ ʤʝʪʦʜʠʢ ʜʣʷ ʜʽʘʛʥʦʩʪʠʢʠ ʨʽʟʥʠʭ 

ʚʠʜʽʚ ʧʘʪʦʣʦʛʽʡ, ʟʘʩʥʦʚʘʥʘ ʥʘ ʪʦʤʫ, ʱʦ ʧʨʠ ʧʨʦʪʽʢʘʥʥʽ ʧʘʪʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚ 

ʪʢʘʥʠʥʘʭ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜʥʦʩʥʠʡ ʟʤʽʩʪ ʚ ʥʠʭ ʬʣʫʦʨʦʬʦʨʽʚ 

(ʥ̔ʢʘʦʪʠʥʘʤʠʜʘʜʝʥʥ̔ʜʠʥʫʢʣʝʦʪʠʜʘ, ʬʣʘʚʽʥʫ, ʢʦʣʘʛʝʥʫ, ʝʣʘʩʪʠʥʫ, ʧʨʦʪʦʧʦʨʬʝʨʠʥʘ), 

ʱʦ ʤʘʶʪʴ ʨʽʟʥʠʡ ʧʨʦʩʪʦʨʦʚʠʡ ʨʦʟʧʦʜʽʣ, ʘ ʪʘʢʦʞ ʤʽʥʷʻʪʴʩʷ ʧʨʦʩʪʦʨʦʚʘ ʩʪʨʫʢʪʫʨʘ 

(ʤʦʨʬʦʣʦʛʽʷ) ʪʢʘʥʠʥʠ, ʱʦ ʚ ʩʫʢʫʧʥʦʩʪʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʦʧʪʠʯʥʠʭ ʽ 

ʩʧʝʢʪʨʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʋʩʽ ʮʽ ʟʤʽʥʠ ʧʨʦʷʚʣʷʶʪʴʩʷ ʽ ʚ ʩʧʝʢʪʨʘʭ 

ʘʚʪʦʬʣʫʦʨʝʩʮʝʥʮʽ.ʾ ʇʨʠ ʨʦʟʚʠʪʢʫ ʧʘʪʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʟʤʽʥʶʻʪʴʩʷ ʪʘʢʦʞ ʢʽʣʴʢʽʩʪʴ 

ʥʝ ʬʣʫʦʨʝʩʮʽʶʶʯʠʭ ʽ ʩʠʣʴʥʦ ʧʦʛʣʠʥʘʶʯʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʪʢʘʥʠʥʠ (ʛʝʤʦʛʣʦʙʽʥ, 

ʤʝʣʘʥʽʥ). ɿ ʦʜʥʦʛʦ ʙʦʢʫ ʮʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʧʦʪʚʦʨʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʽ ʩʧʝʢʪʨʽʚ 

ʨʝʻʩʪʨʦʚʘʥʦʾ ʬʣʫʦʨʝʩʮʝʥʮʽʾ ʪʢʘʥʠʥʠ ʽ ʫʪʨʫʜʥʷʻ ʢʽʣʴʢʽʩʥʫ ʦʮʽʥʢʫ ʟʤʽʥʘ ʩʢʣʘʜʫ 

ʬʣʫʦʨʦʬʦʨʽʚ, ʟ ʽʥʰʦʛʦ ʙʦʢʫ ʧʨʠ ʥʘʷʚʥʽʩʪʴ ʤʦʜʝʣʽ ʬʣʫʦʨʝʩʮʝʥʮʽʾ (ʬʦʨʤʫʚʘʥʥʷ 

ʨʝʻʩʪʨʦʚʘʥʠʭ ʩʧʝʢʪʨʽʚ ʬʣʫʦʨʝʩʮʝʥʮʽʾ) ʪʢʘʥʠʥʠ, ʱʦ ʚʨʘʭʦʚʫʻ ʝʬʝʢʪʠ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʬʽʣʴʪʨʫ, ʟ'ʷʚʣʷʻʪʴʩʷ ʧʨʠʥʮʠʧʦʚʘ ʤʦʞʣʠʚʽʩʪʴ ʦʮʽʥʠʪʠ ʧʦ ʩʧʝʢʪʨʘʭ ʬʣʫʦʨʝʩʮʝʥʮʽʾ 

ʟʤʽʥʫ ʟʤʽʩʪʫ ʽ ʣʦʢʘʣʽʟʘʮʽʾ ʮʠʭ ʭʨʦʤʦʬʦʨʚ̔. 

 ɺʠʚʯʝʥʥʷ ʘʚʪʦʬʣʫʦʨʝʩʮʝʥʮʽʾ ʙʽʦʦʙ'ʻʢʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʜʽʘʛʥʦʩʪʠʢʠ 

ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʥʠʭ ʟʤʽʥ ʩʫʜʠʥ [83ï86], ʬʣʫʦʨʝʩʮʝʥʪʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʢʘʥʠʥʠ 

ʤʽʦʢʘʨʜʫ ʜʦʟʚʦʣʷʶʪʴ ʚʩʪʘʥʦʚʠʪʠ ʪʦʥʫʩ ʩʝʨʮʝʚʦʛʦ ʤ'ʷʟʘ [87]. ɸʚʪʦʬʣʫʦʨʝʩʮʝʥʪʥʘ 
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ʩʧʝʢʪʨʦʩʢʦʧʽʷ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʟʘʛʦʻʥʥʷ ʨʘʥ ʽ ʦʧʽʢʽʚ [88]. 

ʧʝʨʩʧʝʢʪʠʚʥʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʩʣʘʙʦ ʨʦʟʩʽʶʶʯʠʭ ʪʢʘʥʠʥ ʦʢʘ [89ï91]. ʇʨʦʚʝʜʝʥʽ 

invitro ʽ invivo ʜʦʩʣʽʜʞʝʥʥʷ ʘʚʪʦʬʣʫʦʨʝʩʮʝʥʮʽʾ ʙʘʛʘʪʴʦʭ ʪʠʧʽʚ ʪʢʘʥʠʥ : ʰʢʽʨʠ, ʩʪʽʥʢʠ 

ʘʨʪʝʨʽʾ, ʩʪʨʘʚʦʭʦʜʫ, ʩʪʽʥʢʠ ʩʝʯʦʚʦʛʦ ʤʽʭʫʨʘ, ʣʝʛʢʦʛʦ, ʪʦʚʩʪʦʛʦ ʩʪʨʘʚʦʭʦʜʘ, ʰʠʡʢʠ 

ʤʘʪʢʠ. 

 ɺʝʣʠʢʘ ʫʚʘʛʘ ʬʣʫʦʨʝʩʮʝʥʪʥʠʤ ʤʝʪʦʜʠʢʘʤ ʧʨʠʜʽʣʷʻʪʴʩʷ ʧʨʠ ʨʦʟʨʦʙʮʽ ʤʝʪʦʜʽʚ 

ʨʘʥʥʴʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʨʘʢʦʚʠʭ ʟʘʭʚʦʨʶʚʘʥʴ. ʆʩʥʦʚʥʘ ʜʦʣʷ ʜʦʩʣʽʜʞʝʥʴ, ʱʦ 

ʧʨʦʚʦʜʷʪʴʩʷ ʥʠʥʽ, ʧʦʚ'ʷʟʘʥʘ ʟ ʚʠʚʯʝʥʥʷʤ ʝʧʽʪʝʣʽʘʣʴʥʠʭ ʪʢʘʥʠʥ, ʷʢ ʥʘʡʙʽʣʴʰ 

ʜʦʩʪʫʧʥʠʭ ʜʣʷ ʝʥʜʦʩʢʦʧʽʯʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ. ʆʜʥʠʤʠ ʟ ʧʝʨʰʠʭ ʨʦʙʽʪ, ʱʦ ʧʨʠʪʷʛʥʫʣʠ 

ʫʚʘʛʫ ʜʦ ʘʚʪʦʬʣʫʦʨʝʩʮʝʥʪʥʠʭ ʤʝʪʦʜʠʢ, ʷʢ ʜʦ ʧʦʪʝʥʮʽʡʥʦʾ ʦʩʥʦʚʠ ʤʝʪʦʜʽʚ ʨʘʥʥʴʦʾ 

ʜʽʘʛʥʦʩʪʠʢʠ ʨʘʢʦʚʠʭ ʽ ʧʝʨʝʜʨʘʢʦʚʠʭ ʩʪʘʥʽʚ, ʚ ʷʢʠʭ ʬʽʢʩʫʚʘʣʠʩʷ ʚʽʜʤʽʥʥʦʩʪʽ ʚ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʚʽʪʽʥʥʷ ʥʦʚʦʫʪʚʦʨʝʥʴ ʽ ʟʜʦʨʦʚʠʭ ʪʢʘʥʠʥ, ʱʦ ʦʪʦʯʫʚʘʣʠ ʾʭ : 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʬʣʫʦʨʝʩʮʝʥʮʽʾ ʨʘʢʦʚʦʾ ʧʫʭʣʠʥʠ ʤʘʣʘ, ʘ ʥʘ ʤʝʞʽ ʟʜʦʨʦʚʘ ʪʢʘʥʴ - 

ʟʣʦ̫ʢʽʩʥʘ ʧʫʭʣʠʥʘ ʘʙʦ ʜʠʩʧʣʘʟʽʷ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʬʣʫʦʨʝʩʮʝʥʮʽʾ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʩʚʽʪʽʥʥʷʤ ʟʜʦʨʦʚʦʾ ʪʢʘʥʠʥʠ. ʇʨʠʯʦʤʫ ʷʢ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʚʽʪʽʥʥʷ, ʪʘʢ ʽ 

ʰʠʨʠʥʘ ʟʦʥʠ, ʱʦ ʩʚʽʪʠʪʴʩʷ, ʟʙʽʣʴʰʫʚʘʣʠʩʷ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʪʷʞʢʦʩʪʽ ʜʠʩʧʣʘʟʽʾ [92ï

95]. ʎʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʙʫʣʠ ʧʽʜʪʚʝʨʜʞʝʥʽ ʤʽʢʨʦʩʢʦʧʽʯʥʠʤʠ ʽ 

ʤ̔ʢʨʦʬʣʫʦʨʠʤʝʪʨʠʯʥʠʤʠ ʚʠʤʽʨʘʤʠ, ʷʢʽ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʬʣʫʦʨʦʬʦʨʠ, ʨʦʟʧʦʜʽʣʝʥʽ ʚ 

ʦʙʣʘʩʪʽ ʥʘʚʢʦʣʦ ʟʣʦʷʢʽʩʥʦʾ ʧʫʭʣʠʥʠ, ʧʦʚ'ʷʟʘʥʽ ʟ ʚʦʣʦʢʥʠʩʪʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ [93, 96]. 

ɹʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʚʦʣʦʢʥʘ, ʱʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʛʨʘʥʠʯʘʪʴ ʟ ʧʫʭʣʠʥʦʶ, ʪʦʥʢʽ, ʢʦʨʦʪʢʽ, 

ʘʣʝ ʨʦʟʧʦʜʽʣʝʥʽ ʟ ʚʝʣʠʢʦʶ ʱʽʣʴʥʽʩʪʶ, ʫʪʚʦʨʶʶʯʠ ʜʫʞʝ ʱʽʣʴʥʫ ʩʪʨʫʢʪʫʨʫ, ʡʤʦʚʽʨʥʦ, 

ʚ ʷʢʦʩʪʽ ʟʘʭʠʩʪʫ ʚʽʜ ʧʦʰʠʨʝʥʥʷ ʧʫʭʣʠʥʠ. 

1.6 ʌʝʤʪʦʩʝʢʫʜʥʽ ʣʘʟʝʨʥʽ ʩʠʩʪʝʤʠ ʜʣʷ ʙʽʦʤʝʜʠʮʠʥʠ ʪʘ ʜʽʘʛʥʦʩʪʠʢʠ. 

 

ʌʝʤʪʦʩʝʢʫʜʥʽ ʽʤʧʫʣʴʩʥʽ ʣʘʟʝʨʥʽ ʩʠʩʪʝʤʠ ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʨʷʜ ʧʝʨʝʚʘʛ ʜʣʷ 

ʤʝʜʠʯʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʦʥʢʦʣʦʛʽʯʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ, ʟʦʢʨʝʤʘ ʜʣʷ ʥʝʽʥʚʘʟʠʚʥʦʾ ʙʽʦʧʩʽʾ. 

ʇʨʦʪʝ, ʧʠʪʘʥʥʷ ʚʧʣʠʚʫ ʪʘ ʤʦʞʣʠʚʠʭ ʫʰʢʦʜʞʝʥʴ ʬʝʤʪʦʩʝʢʫʜʥʦʛʦ ʣʘʟʝʨʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ  ʞʠʚʽ ʙʽʦʣʦʛʽʯʥʽ ʪʢʘʥʠʥʠ ʜʦʩʽ ʚʽʜʢʨʠʪʝ ʪʘ ʧʦʪʨʝʙʫʻ ʦʢʨʝʤʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʚ ʛʘʣʫʟʽ ʬʝʤʪʦ- ʜʽʘʛʥʦʩʪʠʢʠ, ʱʦʡʥʦ (ʫ 

2016 ʨʦʮʽ)  ʛʨʫʧʦʶ ʚʯʝʥʠʭ  ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ 
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ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʧʦʰʢʦʜʞʝʥʥʷ ʽʥʜʫʢʦʚʘʥʽ ʚʧʣʠʚʦʤ ʬʝʤʪʦʩʝʢʫʥʜʥʠʭ ʣʘʟʝʨʥʠʭ 

ʽʤʧʫʣʴʩʽʚ (19, 42 ʽ 100 ʬʩ) ʚ ʙʣʠʞʥʽʡ ʽʥʬʨʘʯʝʨʚʦʥʽʡ ʦʙʣʘʩʪʽ ʜʦʚʞʠʥ ʭʚʠʣʴ (NIR; ~ 

800 ʥʤ) ʟ ʩʝʨʝʜʥʴʦʶ ʧʦʪʫʞʥʽʩʪʶ ʚʽʜ 5 ʜʦ 15 ʤɺʪ ʫ  ʞʠʚʠʭ ʣʠʯʠʥʦʢ ʜʨʦʟʦʬʽʣʠ 

Drosophila (ʚ ʞʠʚʦʤʫ ʦʨʛʘʥʽʟʤʽ) [97]. ʌʝʤʪʦʩʝʢʫʥʜʥʦʛʦ ʣʘʟʝʨʥʽ ʽʤʧʫʣʴʩʠ ʤʦʞʫʪʴ 

ʚʧʣʠʚʘʪʠ ʥʘ ʢʦʥʮʝʥʪʨʘʮʽʶ ʬʣʫʦʨʝʩʮʝʥʪʥʠʭ ʙʽʦʤʦʣʝʢʫʣ, ʣʦʢʘʣʽʟʦʚʘʥʠʭ ʚ 

ʤʽʪʦʭʦʥʜʨʽʷʭ ʢʣʽʪʠʥ ʞʠʚʠʭ ʣʽʯʠʥʦʢ ʜʨʦʟʦʬʽʣʠ. ɰʭ ʨʝʟʫʣʴʪʘʪʠ ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ 

ʪʝʦʨʝʪʠʯʥʠʤʠ ʨʦʟʨʘʭʫʥʢʘʤʠ ʪʘ ʧʽʜʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ 

ʬʝʤʪʦʩʝʢʫʥʜʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʧʨʦʮʝʩʫ ʽʦʥʽʟʘʮʽʾ ʚ ʞʠʚʠʭ ʪʢʘʥʠʥʘʭ ʤʦʞʫʪʴ ʤʘʪʠ 

ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʨʦʟʚʠʪʢʫ ʥʝʽʥʚʘʟʠʚʥʦʾ ʙʽʦʧʩʽʾ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʬʝʤʪʦʩʝʢʫʥʜʥʠʭ ʽʤʧʫʣʴʩʽʚ. ʊʘʢʦʞ, ʫ 2015-2016 ʨʨ. ʙʫʣʦ ʦʧʫʙʣʽʢʦʚʘʥʦ ʜʚʽ ʢʣʶʯʦʚʽ 

ʨʦʙʦʪʠ ʩʪʦʩʦʚʥʦ ʨʘʥʥʴʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʦʟʥʘʢ ʦʥʢʦʣʦʛʽʯʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ ʥʘ ʙʘʟʽ 

ʤʝʪʦʜʫ ʣʘʟʝʨʥʦʾ-ʽʩʢʨʦʚʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʬʝʤʪʦʩʝʢʫʜʥʠʭ ʣʘʟʝʨʥʠʭ 

ʩʠʩʪʝʤ [98]. ʅʘʧʨʠʢʣʘʜ, ʫ ʨʦʙʦʪʽ [99] ʩʘʤʝ ʥʘ ʙʘʟʽ ʤʝʪʦʜʽʚ ʬʝʤʪʦʩʝʢʫʜʥʦʾ ʣʘʟʝʨʥʦ-

ʽʩʢʨʦʚʦʾ ʝʤʽʩʽʡʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʨʦʟʨʦʙʣʝʥʦ ʤʽʥʽʤʘʣʴʥʦ ʽʥʚʘʟʠʚʥʽ ʪʝʩʪʠ ʜʣʷ ʯʫʪʣʠʚʦʾ 

ʽ ʩʧʝʮʠʬʽʯʥʦʾ ʜʝʪʝʢʮʽʾ ʙʽʦʤʘʨʢʝʨʽʚ ʨʘʢʫ ʷʻʯʥʠʢʽʚ ʚ ʧʣʘʟʤʽ ʢʨʦʚʽ ʣʶʜʠʥʠ. ʎʷ ʨʦʙʦʪʘ 

ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ ʰʣʷʭʠ ʜʣʷ ʨʘʥʥʴʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʦʥʢʦʣʦʛʽʯʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ ʪʘ ʫ 

ʦʙʣʘʩʪʷʭ ʧʨʦʪʝʦʤʽʢʠ, ʛʝʥʦʤʽʢʠ ʪʘ ʥʝʚʨʦʣʦʛʽʾ. ʅʝʱʦʜʘʚʥʦ ʚ ʨʦʙʦʪʽ [100] ʙʫʣʦ 

ʜʦʩʣʽʜʞʝʥʦ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʝʤʪʦʩʝʢʫʜʥʠʭ ʣʘʟʝʨʥʠʭ ʩʠʩʪʝʤ ʜʣʷ  

ʧʽʜʚʠʱʝʥʥʷ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʤʝʪʦʜʫ ʜʚʦʬʦʪʦʥʥʦʾ ʣʘʟʝʨʥʦʾ ʩʢʘʥʫʶʯʦʾ 

ʤʽʢʨʦʩʢʦʧʽʾ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʙʽʦʤʝʜʠʮʠʥʠ ʪʘ ʜʽʘʛʥʦʩʪʠʢʠ. ʉʘʤʝ ʟʘʚʜʷʢʠ 

ʚʠʢʦʨʠʩʪʘʥʥʶ ʬʝʤʪʦʩʝʢʫʜʥʦʛʦ ʣʘʟʝʨʫ ʽʟ ʚʠʩʦʢʦʶ ʧʽʢʦʚʦʶ ʧʦʪʫʞʥʽʩʪʶ ʙʫʣʦ ʩʫʪʪʻʚʦ 

ʟʙʽʣʴʰʝʥʦ ʝʬʝʢʪʠʚʥʫ ʦʙʣʘʩʪʴ ʟʦʥʜʫʚʘʥʥʷ, ʱʦ ʚʽʜʢʨʠʣʦ ʧʦʪʝʥʮʽʡʥʽ ʤʦʞʣʠʚʦʩʪʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ  ʪʨʠʚʠʤʽʨʥʦʾ ʚʽʟʫʘʣʽʟʘʮʽʾ ʛʣʠʙʦʢʦʾ ʪʘ ʰʠʨʦʢʦʾ ʦʙʣʘʩʪʽ ʬʽʢʩʦʚʘʥʠʭ 

ʟʨʽʟʽʚ ʤʦʟʢʫ ʤʠʰʝʡ, ʯʽʪʢʦʾ ʯʦʪʠʨʠʚʠʤʽʨʥʦʾ ʚʽʟʫʘʣʽʟʘʮʽʾ ʜʠʥʘʤʽʢʠ ʘʢʪʠʥʫ ʚ ʞʠʚʠʭ 

ʢʣʽʪʠʥʘʭ ʩʩʘʚʮʽʚ ʪʘ ʜʠʥʘʤʽʢʠ ʤʽʢʨʦʪʨʫʙʦʯʦʢ ʧʽʜ ʯʘʩ ʤʽʪʦʟʫ  ̔ʮʠʪʦʢʠʥʝʟ ʚ ʢʣʽʪʠʥʘʭ 

ʞʠʚʠʭ ʨʦʩʣʠʥ. ʅʘʩʘʤʢʽʥʝʮʴ, ʫ 2015 ʨʦʮʽ ʙʫʣʦ ʦʧʫʙʣʽʢʦʚʘʥʦ ʨʦʙʦʪʫ [101] ʩʪʦʩʦʚʥʦ 

ʨʦʟʚʠʪʢʫ ʪʘ ʨʦʟʨʦʙʢʠ ʢʦʤʧʘʢʪʥʠʭ, ʜʦʩʪʫʧʥʠʭ ʟʘ ʮʽʥʦʶ ʬʝʤʪʦʩʝʢʫʥʜʥʠʭ ʚʦʣʦʢʦʥʥʠʭ 

ʣʘʟʝʨʽʚ ʜʣʷ ʥʝʣʽʥʽʡʥʦʾ ʦʧʪʠʯʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ ʪʘ ʜʽʘʛʥʦʩʪʠʢʠ ʦʥʢʦʣʦʛʽʯʥʠʭ 

ʟʘʭʚʦʨʶʚʘʥʴ, ʟʦʢʨʝʤʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʦʪʝʥʮʽʡʥʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ ʨʘʢʫ 

ɹʘʨʨʝʪʪʘ ʪʘ ʛʦʣʦʚʥʦʛʦ ʤʦʟʢʫ.   
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1.7 ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 1 

 

ʇʨʠ ʨʦʟʛʣʷʜʽ ʣʽʪʝʨʘʪʫʨʠ ʙʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʦʩʥʦʚʥʽ ʣʘʟʝʨʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚ 

ʦʥʢʦʣʦʛʽʾ, ʘ ʪʘʢʦʞ ʨʦʟʛʣʷʥʫʪʠʡ ʘʥʘʣʽʟ ʚʟʘʻʤʦʜʽʾ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ 

ʙʽʦʪʢʘʥʠʥʦʶ. ʊʘʢʦʞ ʨʦʟʛʣʷʥʫʪʦ ʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʤʝʪʦʜʠ ʜʽʘʛʥʦʩʪʠʢʠ ʟʣʦʷʢʽʩʥʠʭ 

ʧʫʭʣʠʥ. ɸʥʘʣʽʟ ʧʦʢʘʟʘʚ, ʱʦ ʜʦʮʽʣʴʥʦʛʦ ʪʦʯʥʦʛʦ ʪʘ ʻʜʠʥʦʛʦ ʤʝʪʦʜʫ ʜʽʘʛʥʦʩʪʠʢʠ 

ʟʣʦʷʢʽʩʥʠʭ ʧʫʭʣʠʥ ʥʝ ʽʩʥʫʻ ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ. 

ʆʮʽʥʠʚʰʠ ʧʨʦʙʣʝʤʫ ʽ ʧʦʪʨʝʙʠ ʚ ʦʥʢʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʧʦʢʘʟʘʥʦ 

ʧʨʠʥʮʠʧʦʚʫ ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʣʘʟʝʨʥʦʾ ʬʣʫʦʨʝʩʮʝʥʪʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ 

ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʧʫʭʣʠʥʠ ʥʘ ʨʘʥʥʽʡ ʩʪʘʜʽʾ ʨʦʟʚʠʪʢʫ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʤʝʪʦʜʫ ʜʽʘʛʥʦʩʪʠʢʠ ʽ ʨʦʟʰʠʨʝʥʥʷ ʩʧʝʢʪʨʫ ʙʽʦʣʦʛʽʯʥʠʭ ʦʙ'ʻʢʪʽʚ 

ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʽ ʟʤʽʥʥʦʶ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ. 

ʇʨʠ ʛʣʠʙʦʢʦʤʫ ʘʥʘʣʽʟʽ ʚʟʘʻʤʦʜʽʾ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ ʙʽʦʣʦʛʽʯʥʦʶ 

ʪʢʘʥʠʥʦʶ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʜʦʜʘʪʢʦʚʦ ʨʦʟʛʣʷʥʫʪʠ ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʙʽʦʣʦʛʽʯʥʽʡ 

ʪʢʘʥʠʥʽ. ʑʦ ʜʦʟʚʦʣʠʪʴ ʧʨʠ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠʢʫ ʽ 

ʨʝʢʦʤʝʥʜʘʮʽʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʘʟʠ ʣʶʤʽʥʝʩʮʝʥʪʥʠʭ ʩʧʝʢʪʨʽʚ ʪʘ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʦ ʛʣʠʙʠʥʽ ʙʽʦʪʢʘʥʠʥʠ ʟ ʤʝʪʦʶ ʨʘʥʥʴʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʧʘʪʦʣʦʛʽʯʥʠʭ ʫʪʚʦʨʝʥʴ.  

ʅʘ ʧʨʘʢʪʠʮʽ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʘʢʪʫʘʣʴʥʠʤʠ ʻ ʜʽʘʛʥʦʩʪʠʢʘ ʟʣʦʷʢʽʩʥʠʭ ʧʫʭʣʠʥ 

ʥʘ ʨʘʥʥʽʡ ʩʪʘʜʽʾ ʨʦʟʚʠʪʢʫ. ʅʘ ʜʘʥʥʽʡ ʯʘʩ ʥʝ ʽʩʥʫʻ ʻʜʠʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʜʞʝʨʝʣʘ ʜʣʷ 

ʜʽʘʛʥʦʩʪʠʢʠ ʚʩʽʭ ʦʨʛʘʥʽʚ, ʛʦʣʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʩʘʤʦʾ ʧʨʦʮʝʜʫʨʠ ʜʽʘʛʥʦʩʪʠʢʠ ʻ ʧʽʜʙʽʨ 

ʧʝʚʥʦʛʦ ʣʘʟʝʨʘ ʜʦ ʧʝʚʥʦʛʦ ʦʨʛʘʥʫ. ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʧʠʪʘʥʴ ʷʢʽ ʥʝ ʚʠʢʦʥʘʣʠ ʽʩʥʫʶʯʠ 

ʤʝʪʦʜʠ ʜʽʘʛʥʦʩʪʠʢʠ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʩʪʚʦʨʠʪʠ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʫ ʤʝʪʦʜʠʢʫ 

ʜʽʘʛʥʦʩʪʠʢʠ ʧʘʪʦʣʦʛʽʯʥʠʭ ʙʽʦʪʢʘʥʠʥ ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʟʜʦʨʦʚʠʤʠ ʥʘ ʦʩʥʦʚʽ 

ʬʝʤʪʦʩʝʢʫʥʜʥʦʛʦ ʣʘʟʝʨʘ ʟʽ ʟʤʽʥʥʦʶ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ. 
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ʈʆɿɼɯʃ 2 

 

ʊɽʆʈɽʊʀʏʅɯ ɼʆʉʃɯɼɾɽʅʅʗ ʈʆɿʇʆɼɯʃʋ ʊɽʄʇɽʈɸʊʋʈʀ 

ɺ ɹɸɻɸʊʆʐɸʈʆɺɯʁ ɹɯʆʃʆɻɯʏʅɯʁ ʊʂɸʅʀʅɯ ʇʈʀ ɰɰ  ʅɸɻʈɯɺɸʅʅɯ 

ʇɯɼ ɼɯɭʖ ʃɸɿɽʈʅʆɻʆ ɺʀʇʈʆʄɯʅʖɺɸʅʅʗ 

 

2.1 ʌʽʟʠʯʥʘ ʤʦʜʝʣʴ  

 

ʃʘʟʝʨʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʧʣʠʚʘʻ ʥʘ ʙʦ̔ʣʦʛʯ̔ʥʫ ʪʢʘʥʠʥʫ ʪʘʢʠʤʠ ʬ̔ʟʠʯʥʠʤʠ 

ʬʘʢʪʦʨʘʤʠ ʷʢ: ʪʝʤʧʝʨʘʪʫʨʘ, ʩʣʘʙʢʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʩʪʨʫʤ, ʪʠʩʢ ʪʘ ʽʥ. ɺʽʜʤʽʥʥʦ ʁ

ʦʩʦʙʣʠʚʽʩʪʶ ʡʦʛʦ ʚʧʣʠʚʫ  ̒ʣʦʢʘʣʟ̔ʘʮ̫̔. ʍʚʠʣʽ ʩʚ̔ʪʣʦʚʦʛʦ ʜʘ̔ʧʘʟʦʥʫ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʧʦʛʣʠʥʘʶʪʴʩʷ ʪʘ ʚʽʜʙʠʚʘʶʪʴʩʷ ʧʦʚʝʨʭʥʝʶ ʙʽʦʪʢʘʥʠʥʠ, ʧʨʦʤʝʥʽ ʚʠʩʦʢʦʯʘʩʪʦʪʥ ̔

ʧʨʦʥʠʢʘʶʪ ɹʛʣʠʙh ʝ, ʘʣʝ ʚ ʙʫʜʴ-ʷʢʦʤʫ ʚʠʧʘʜʢʫ ʟʦʥʘ ʚʧʣʠʚʫ ʟʘʯʽʧʘʻ ʪʽʣʴʢʠ ʯʘʩʪʠʥʫ 

ʙ̔ʦʣʦʛ̔ʯʥʦʾ ʪʢʘʥʠʥʠ.  

ɯʩʥʫʶʪʴ ʨʽʟʥʽ ʧ̔ʜʭʦʜʠ ʜʦ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ̔ʚʧʣʠʚʫ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʥʘ ʙʦ̔ʣʦʛʯ̔ʥʫ ʪʢʘʥʠʥʫ ʪʘ ʙʝʟʣʽʯ  ʨ̔ʟʥʦʤʘʥʽʪʥʠʭ ʬʽʟʠʯʥʠʭ ʽ ʯʠʩʣʦʚʠʭ ʤʦʜʝʣʝʡ [102, 

103]. ɺʽʜʦʤʽ ʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʤʦʜʝʣʽ ʚʟʘʻʤʦʜʽʾ ʙʽʦʪʢʘʥʠʥʠ ʟ ʣʘʟʝʨʥʠʤ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʦʙôʻʜʥʫʶʪʴ ʪʘʢʽ ʾʭ ʦʩʦʙʣʠʚʦʩʪʽ:   

1. ʂʦʞʥʠʡ ʰʘʨ ʤʘʻ ʩʚʦʾ ʥʝʟʘʣʝʞʥʽ ʬ̔ʟʠʯʥ ̔ʚʣʘʩʪʠʚʦʩʪʽ [102, 103]. 

2. ʄʘʻ ʤʽʩʮʝ ʩʢʣʘʜʥʘ ʘʙʦ ʚʠʧʘʜʢʦʚʘ ʛʝʦʤʝʪʨʽ̫  hʘʨʽʚ ʙ̔ʦʣʦʛʽʯʥʠʭ ʪʢʘʥʠʥ. 

3. ʅʝʦʙʭʜ̔ʥ̔ ʩʪʴ ʚʨʘʭʫʚʘʥʥ ̫ ʧʝʨʬʫʟʽʁ  ʢʨʦʚ,̔ ʱʦ ʧʦʚôʷʟʘʥʘ ʟ ʢʨʦʚʦʥʦʩʥʠʤʠ 

ʩʫʜʠʥʘʤʠ ʫ ʞʠʚ̔ʡ ʙ̔ʦʣʦʛʯ̔ʥʡ̔ ʪʢʘʥʠʥ,̔ ʷʢʽ ʟʜʽʡʩʥʶʶʪʴ ʪʝʨʤʦʨʝʛʫʣʷʮʽʁ  ʚ 

ʦʨʛʘʥʟ̔ʤ̔ [102, 103]. 

ʄʦʞʥʘ ʟʥʘʯʥʦ ʩʧʨʦʩʪʠʪʠ ʬ̔ʟʠʯʥʫ ʤʦʜʝʣʴ ʦʙôʢ̒ʪʘ ʣʘʟʝʨʥʦʛʦ ʚʧʣʠʚʫ 

ʦʙʤʝʞʠʚʰʠ ʜʽʣʷʥʢʫ ʙ̔ʦʣʦʛʯ̔ʥʦʾ ʪʢʘʥʠʥʠ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ. ɺ ʫʤʦʚʘʭ 

ʰʚʠʜʢʦʧʣʠʥʥʠʭ ʧʨʦʮʝʩʚ̔ ʣʘʟʝʨʥʦʛʦ ʚʧʣʠʚʫ  ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ 

ʪʝʧʣʦʧʨʦʚʜ̔ʥ ̔ʚʣʘʩʪʠʚʦʩʪʽ ʙ̔ʦʪʢʘʥʠʥʠ, ʤʦʞʫʪɹ ʙʫʪʠ ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʪʘʢʠʤ ʯʠʥʦʤ: 
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ï ʙ̔ʦʣʦʛʯ̔ʥʘ ʪʢʘʥʠʥʘ ʩʪʨʘʚʦʭʦʜʫ (ʰʣʫʥʢʫ) ʧʨʝʜʩʪʘʚʣʷ ̒ʩʦʙʦ ʁʰʝʩʪʠʰʘʨʦʚʫ 

ʩʪʨʫʢʪʫʨʫ, ʱʦ ʫʪʚʦʨʝʥʘ ʝʧ̔ʜʝʨʤʩ̔ʦʤ, ʚʝʨʭʥʴʦʶ ʜʝʨʤʦ,ʁ ʢʨʦʚʦʥʦʩʥʠʤ ʩʧʣʝʪʥ̔ʥʤ̫, 

ʥʠʞʥɹʦʶ ʜʝʨʤʦ,ʁ ʞʠʨʦʚʦ ʁ  ̔ʤôʷʟʦʚʦʶ ʪʢʘʥʠʥʘʤʠ; 

ï ʧʨʠ ʦʧʠʩʘʥʥ ̔ʧʝʨʝʥʦʩʫ ʪʝʧʣʦʪʠ ʫ ʙʽʦʪʢʘʥʠʥʽ ʰʘʨʠ, ʱʦ ʾʾ ʫʪʚʦʨʶʶʪʴ, ʤʦʞʫʪɹ 

ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥ ̔ ʢ̫ ʧʘʨʘʣʝʣʝʧʽʧʝʜʠ ʨʦʟʪʘʰʦʚʘʥʽ ʦʜʠʥ ʟʘ ʜʨʫʛʠʤ; 

ï ʪʝʧʣʦʪʚʽʨʥʘ ʩʧʨʦʤʦʞʥʽʩʪʴ (ʧʝʨʬʫʟʽʷ) ʰʘʨʽʚ ʨ̔ʚʥʦʤʨ̔ʥʦ ʨʦʟʧʦʜʽʣʝʥʘ ʚ ʦʙôʤ̒̔; 

ï ʞʠʨʦʚʘ  ʢʣ̔ʪʢʦʚʠʥʘ ʚʠʢʦʥʫ ̒ʪʝʧʣʦʟ̔ʦʣʁʁʯʫ ʬʫʥʢʮʽʁ  ̔ ʥʝ ʧʦʩʪʘʯʘʻ ʪʝʧʣʦʪʠ; 

ï ʢʦʞʝʥ ʟ ʰʘʨʽʚ ʙʽʦʪʢʘʥʠʥʠ ʧʨʠʡʤʘʻʪʴʩʷ çʩʽʨʠʤè ʚʠʧʨʦʤʽʥʶʚʘʣʴʥʠʤ, 

ʧʦʛʣʠʥʘʣʴʥʠʤ ʪʘ ʨʦʟʩʽʶʚʘʣʴʥʠʤ ʥʘʧʽʚʧʨʦʟʦʨʠʤ ʩʝʨʝʜʦʚʠʱʝʤ, ʱʦ ʦʪʦʯʝʥʦ çʩʽʨʠʤʠè 

ʜʠʬʫʟʥʦ-ʚʽʜʙʠʚʘʣʴʥʠʤʠ ʦʙʣʘʩʪʷʤʠ. ɻʨʘʥʠʮʽ ʤʽʞ ʰʘʨʘʤʠ ʙʽʦʪʢʘʥʠʥʠ ʚʚʘʞʘʪʴʩʷ 

ʥʘʧʽʚʧʨʦʟʦʨʠʤʠ; 

ï ʢʦʥʪʘʢʪ ʤʽʞ ʰʘʨʘʤʠ ʙʽʦʪʢʘʥʠʥʠ ʚʚʘʞʘʻʪʴʩʷ ʘʙʩʦʣʶʪʥʠʤ, ʪʦʙʪʦ ʙʝʟ 

ʚʨʘʭʫʚʘʥʥʷ ʢʦʥʪʘʢʪʥʦʛʦ ʪʝʨʤʽʯʥʦ ʦʧʦʨʫ; 

ï ʧʦʪʫʞʥʽʩʪʴ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʚʘʞʘʻʪʴʩʷ ʧʦʩʪʽʡʥʦʶ ʚʝʣʠʯʠʥʦʶ ʚ 

ʧʨʦʮʝʩʽ ʥʘʛʨʽʚʘʥʥʷ ʙʽʦʪʢʘʥʠʥʠ; 

ï ʟʦʥʘ ʜʽʾ ʣʦʢʘʣʴʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʝʚʥʠʤ 

ʜʽʘʤʝʪʨʦʤ; 

ï ʝʧʽʜʝʨʤʽʩ ʻ ʰʘʨʦʤ ʙʽʦʪʢʘʥʠʥʠ, ʷʢʠʡ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʟʘʻʤʦʜʽʻ ʟ ʣʘʟʝʨʥʠʤ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ, ʽ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʝʚʥʦʶ ʧʦʛʣʠʥʘʣʴʥʦʶ ʪʘ ʚʽʜʙʠʚʘʣʴʥʦʶ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ; 

ï ʟʘ ʤʝʞʘʤʠ ʧʣʷʤʠ ʜʽʾ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʡʦʛʦ ʫʤʦʚʠ 

ʚʟʘʻʤʦʜʽʾ ʟ ʦʪʦʯʫʶʯʠʤ ʩʝʨʝʜʦʚʠʱʝʤ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʟʘʢʦʥʦʤ ʅʴʶʪʦʥʘ-ʈʽʭʤʘʥʘ 

(ʫʤʦʚʠ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ); 

ï ʥʘ ʽʥʰʠʭ ʧʦʚʝʨʭʥʷʭ ʙʽʦʪʢʘʥʠʥʠ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʘʜʽʘʙʘʪʥʽ ʫʤʦʚʠ ʘʙʦ ʫʤʦʚʠ 

ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ. 

ʇʨʠʡʥʷʪ̔ ʧʨʠʧʫʱʝʥʥ̫  ʜʦʟʚʦʣʠʣʠ ʧʦʙʫʜʫʚʘʪʠ ʬ̔ʟʠʯʥʫ ʤʦʜʝʣ ɹ ʙ̔ʦʣʦʛʯ̔ʥʦʾ 

ʪʢʘʥʠʥʠ (ʰʣʫʥʢʘ ʘʙʦ ʩʪʨʘʚʦʭʦʜʫ). ʉʧʨʦʱʝʥʘ ʛʝʦʤʝʪʨʠʯʥʘ ʚʝʨʩʽ̫  ʧʦʙʫʜʦʚʠ 

ʙ̔ʦʣʦʛʯ̔ʥʦʾ ʪʢʘʥʠʥʠ ʰʣʫʥʢʘ (ʩʪʨʘʚʦʭʦʜʫ) ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2.1. 
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ʇʦʚʥʘ ʪʦʚʱʠʥʘ ʜʦʩʣʽʜʥʦʛʦ ʟʨʘʟʢʘ ʙʽʦʣʦʛʽʯʥʦʾ ʪʢʘʥʠʥʠ ʰʣʫʥʢʫ (ʩʪʨʘʚʦʭʦʜʫ) 

ʧʨʠʡʤʘʻʪʴʩʷ 10ʤʤ. ʊʦʚʱʠʥʘ  ʰʘʨʽʚ  ʤʦʞʝ ʢʦʣʠʚʘʪʠʩʴ ʫ  ʤʝʞʘʭ: 0.2 Ó ǎe Ó 0.5 ʤʤ,  

1Óǎtd Ó1.5 ʤʤ,  1 Óǎb Ó1.5 ʤʤ. 1 Óǎbd Ó1.5 ʤʤ 1 Óǎf Ó1.5 ʤʤ 5 Óǎm Ó8 ʤʤ. 

 

ʈʠʩ. 2.1 ʉʭʝʤʘʪʠʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥ ̫ ʨʦʟʧʦʜʽʣʫ ʰʘʨʽʚ  ʙ̔ʦʣʦʛʯ̔ʥʦʾ ʪʢʘʥʠʥʠ 

ʰʣʫʥʢʘ (ʩʪʨʘʚʦʭʦʜʫ): 1 ï ʝʧ̔ʜʝʨʤʩ̔; 2 ï ʚʝʨʭʥʷ ʜʝʨʤʘ; 3 ï ʢʨʦʚʦʥʦʩʥ ̔ʩʧʣʝʪʥ̔ʥ;̫   

4 ï ʥʠʞʥʷ ʜʝʨʤʘ; 5 ï ʞʠʨʦʚʠʡ ʧʨʦhʘʨʦʢ; 6 ï ʪʢʘʥʠʥʘ ʤôʷʟʽʚ. 

 

2.2 ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ  

 

2.2.1 ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ 

  

 ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʨʦʟʨʦʙʣʝʥʦʶ ʬʽʟʠʯʥʦʶ ʤʦʜʝʣʣʶ (ʜʠʚ. ʧ. 2.1) ʤʘʪʝʤʘʪʠʯʥʘ 

ʤʦʜʝʣʴ ʥʘʛʨʽʚʘʥʥʷ ʟʨʘʟʢʘ ʙʽʦʣʦʛʽʯʥʠʭ ʪʢʘʥʠʥ ʧʽʜ ʜʽʻʶ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʧʦʛʣʠʥʘʥʥʷ, ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʨʦʟʩʽʶʚʘʥʥʷ ʥʘʧʽʚʧʨʦʟʦʨʠʤ 

ʩʝʨʝʜʦʚʠʱʝʤ, ʱʦ ʦʪʦʯʝʥʦ ʥʘʧʽʚʧʨʦʟʦʨʠʤʠ ʜʠʬʫʟʥʦ-ʚʽʜʙʠʚʘʣʴʥʠʤʠ ʛʨʘʥʠʮʷʤʠ [102, 
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103], ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʚʠʛʣʷʜʽ ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ʥʝʣʽʥʽʡʥʦʛʦ ʨʽʚʥʷʥʥʷ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʟ ʚʥʫʪʨʽʰʥʽʤʠ ʜʞʝʨʝʣʘʤʠ ʪʝʧʣʦʪʠ 

   

()[ ] () ()TETqTT
h

ivbii
i

i ++ÐÖÐ=
µ

µ
l

t
r , (2.1) 

 

 ʜʝ r ï  ʛʫʩʪʠʥʘ, ʢʛ/ʤ
3
; ()()dTTcTh

T

T

p

r

ñr= ï ʦʙôʻʤʥʘ ʝʥʪʘʣʴʧʽʷ, ɼʞ/(ʤ
3
Öʂ);  

rT ï ʪʝʤʧʝʨʘʪʫʨʘ ʚʽʜʣʽʢʫ; ʂ; pc  ï ʤʘʩʦʚʘ ʽʟʦʙʘʨʥʘ ʪʝʧʣʦʻʤʥʽʩʪʴ, ɼʞ/(ʢʛÖʂ); t ï ʯʘʩ, ʩ; 

öö
÷

õ
ææ
ç

å

µ

µ

µ

µ

µ

µ
=Ð

z
,

y
,

x
 ï ʦʧʝʨʘʪʦʨ ɻʘʤʽʣʪɹʦʥʘ; ()Ö ï ʦʟʥʘʯʘʻ ʩʢʘʣʷʨʥʠʡ ʜʦʙʫʪʦʢ ʚʝʢʪʦʨʽʚ;  

l ï ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ, ɺʪ/(ʤÖʂ); T  ï ʪʝʤʧʝʨʘʪʫʨʘ, ʂ; M,i 1=  ï ʽʥʜʝʢʩ ʝʣʝʤʝʥʪʘ 

ʙʽʦʣʦʛʽʯʥʦʾ ʪʢʘʥʠʥʠ; M ï ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ ʪʢʘʥʠʥʠ; () ( )TTwcTq bbbpbvb -r=  ï 

ʛʫʩʪʠʥʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʜʞʝʨʝʣʘ ʪʝʧʣʦʪʠ, ʱʦ ʧʦʚôʷʟʘʥʘ ʟ ʧʝʨʬʫʟʽʻʶ, ɺʪ/ʤ
3
;  

bpbc r,  ï ʤʘʩʦʚʘ ʽʟʦʙʘʨʥʘ ʪʝʧʣʦʻʤʥʽʩʪʴ (ɼʞ/(ʢʛÖʂ)) ʪʘ ʛʫʩʪʠʥʘ (ʢʛ/ʤ
3
) ʢʨʦʚʽ, ʚʽʜʧʦʚʽʜʥʦ; 

bw  ï ʦʙôʻʤʥʘ ʧʝʨʬʫʟʽʷ ʢʨʦʚʽ, ʩ
-1
; bT  ï ʪʝʤʧʝʨʘʪʫʨʘ ʢʨʦʚʽ, ʂ; ()TE  ï ʦʙôʻʤʥʘ ʛʫʩʪʠʥʘ 

ʨʘʜʽʘʮʽʡʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ çʩʽʨʦʛʦè ʚʠʧʨʦʤʽʥʶʶʯʦʛʦ, ʧʦʛʣʠʥʘʶʯʦʛʦ ʪʘ 

ʨʦʟʩʽʶʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (ɺʪ/ʤ
3
), ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʯʝʨʝʟ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʽʟ ʨʦʟʚôʷʟʢʫ ʨʽʚʥʷʥʥʷ ʧʝʨʝʥʦʩʫ 

( )
( ) () ( )W¡¡

p

s
+=b+ ñ

p

dsITKIsI
ds

sdI s
b

4

,
4

,
,

; s ï ʜʦʚʞʠʥʘ ʰʣʷʭʫ, ʱʦ ʚʠʤʽʨʶʻʪʴʩ ̫

ʚʟʜʦʚʞ ʥʘʧʨʷʤʢʫ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ W, ʤ;  

I  ï ʥ̔ʪʝʥʩʠʚʥʩ̔ʪʴ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʟʜʦʚʞ s ʫ ʪ̔ʣʝʩʥʦʤʫ ʢʫʪʽ W, ɺʪ/(ʤ
2
Öʩʨ); 

p

s
=

42 Tn
I b  ï ʥ̔ʪʝʥʩʠʚʥʩ̔ʪʴ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʘʙʩʦʣʶʪʥʦ ʯʦʨʥʦʛʦ ʪʣ̔ʘ, ɺʪ/(ʤ

2
Öʩʨ);  

s ï ʧʦʩʪʽʡʥʘ ʉʪʝʬʘʥʘ-ɹʦʣʴʮʤʘʥʘ, ɺʪ/(ʤ
2
Öʂ

4
); n  ï  ʧʦʢʘʟʥʠʢ ʟʘʣʦʤʣʝʥʥ̫  ʩʝʨʝʜʦʚʠʱʘ; 

sK s+=b ï ʢʦʝʬ̔ʮ̔ ʥ̒ʪ ʧʦʩʣʘʙʣʝʥʥ̫  ʩʝʨʝʜʦʚʠʱʘ, ʤ
-1
; Kï ʢʦʝʬ̔ʮ̔ ʥ̒ʪ ʧʦʛʣʠʥʘʥʥ̫ 

ʩʝʨʝʜʦʚʠʱʘ, ʤ
-1
; ss ï ʢʦʝʬ̔ʮ̔ ʥ̒ʪ ʨʦʟʩʽʶʚʘʥʥʷ ʩʝʨʝʜʦʚʠʱʘ, ʤ

-1
. 

 ʇʦʯʘʪʢʦʚʽ ʫʤʦʚʠ 
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() 0TXT = . (2.2) 

 

 ʜʝ ( ) 0,, WÍzyxX  ï ɼʝʢʘʨʪʦʚʽ ʢʦʦʨʜʠʥʘʪʠ, ʤ; 0W  ï ʨʦʟʨʘʭʫʥʢʦʚʘ ʦʙʣʘʩʪʴ. 

 ɻʨʘʥʠʯʥʽ ʫʤʦʚʠ: 

 ï ʚ ʟʦʥʽ ʜʽʾ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʘʜʘʶʪʴʩʷ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ɯɯ ʨʦʜʫ 

(ʛʫʩʪʠʥʘ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ) 

 

()( ) ,nqTT =Ðl-Ön  (2.3) 

 

 ʜʝ n  ï ʟʦʚʥʽʰʥʷ ʥʦʨʤʘʣʴ ʜʦ ʛʨʘʥʠʯʥʦʾ ʧʦʚʝʨʭʥʽ; 
S

PA
qn =  ï ʥʦʨʤʘʣʴʥʘ ʛʫʩʪʠʥʘ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, ɺʪ/ʤ
2
; P  ï ʧʦʪʫʞʥʽʩʪʴ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ɺʪ;  

A ï ʧʦʛʣʠʥʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʟʦʚʥʽʰʥʴʦʾ ʙʽʦʣʦʛʽʯʥʦʾ ʪʢʘʥʠʥʠ ʘʙʦ ʩʪʫʧʽʥʴ ʯʦʨʥʦʪʠ; 

4

2d
S
p
=  ï ʧʣʦʱʘ ʟʦʥʠ ʜʽʾ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʙʽʦʣʦʛʽʯʥʽʡ ʪʢʘʥʠʥʽ, ʤ

2
; d  ï 

ʜʽʘʤʝʪʨ ʟʦʥʠ, ʤ; 

 ï ʥʘ ʛʨʘʥʠʮʽ ʢʦʥʪʘʢʪʫ ʨʽʟʥʠʭ ʙʽʦʣʦʛʽʯʥʠʭ ʪʢʘʥʠʥ ʟʨʘʟʢʘ ʟʘʜʘʶʪʴʩʷ ʛʨʘʥʠʯʥʽ 

ʫʤʦʚʠ ʘʙʩʦʣʶʪʥʦʛʦ ʢʦʥʪʘʢʪʫ (ʪʠʧʫ IV ʨʦʜʫ) 

 

{}

( ){ }í
ì
ë

=-Ö

=

,0

;0

r

T

qqn
 (2.4) 

 

 ʜʝ {} -+-= TTT ; { } --++ Ö-Ö=Ö qnqnqn ; ()TT Ðl-=q  ï ʚʝʢʪʦʨ ʛʫʩʪʠʥʠ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʶ, ɺʪ/ʤ
2
; ( )( )ñp=W

WÖ=
4

, dI wwr nssrq  ï ʚʝʢʪʦʨ 

ʛʫʩʪʠʥʠ ʨʘʜʽʘʮʽʡʥʦʛʦ ʧʦʪʦʢʫ, ɺʪ/ʤ
2
; r  ï ʨʘʜʽʫʩ ʚʝʢʪʦʨ, ʤ; w ï ʽʥʜʝʢʩ ʛʨʘʥʠʮʽ; 

ï ʥʘ ʛʨʘʥʠʮʽ ʢʦʥʪʘʢʪʫ ʟʨʘʟʢʘ ʙʽʦʣʦʛʽʯʥʠʭ ʪʢʘʥʠʥ ʟ ʦʪʦʯʫʶʯʠʤ ʩʝʨʝʜʦʚʠʱʝʤ 
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( ) ()( )env.speff TTTT -a=Ðl-Ön , (2.5) 

 

ʜʝ effa  ï ʝʬʝʢʪʠʚʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ, ʚ ʷʢʦʤʫ ʚʨʘʭʦʚʫʻʪʴʩʷ 

ʨʘʜʽʘʮʽʡʥʠʡ ʪʝʧʣʦʦʙʤʽʥ, ɺʪ/(ʤ
2
Öʂ); env.spT  ï ʪʝʤʧʝʨʘʪʫʨʘ ʦʪʦʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʂ; 

ï ʥʘ ʛʨʘʥʠʮʷʭ ʩʠʤʝʪʨʽʾ ʙʽʦʣʦʛʽʯʥʦʛʦ ʟʨʘʟʢʘ ʟʘʜʘʶʪʴʩʷ ʘʜʽʘʙʘʪʥʽ ʫʤʦʚʠ ʘʙʦ 

ʫʤʦʚʠ ʚʽʜʩʫʪʥʦʩʪʽ ʪʝʧʣʦʦʙʤʽʥʫ 

 

0=ÐÖTn . (2.6) 

 

ʇʦʩʪʘʥʦʚʢʘ (2.1)ï(2.6) ʻ ʧʦʚʥʠʤ ʤʘʪʝʤʘʪʠʯʥʠʤ ʬʦʨʤʫʣʶʚʘʥʥʷʤ ʟʘʜʘʯʽ 

ʥʘʛʨʽʚʘʥʥʷ ʟʨʘʟʢʘ ʙʽʦʣʦʛʽʯʥʦ ʾ ʪʢʘʥʠʥʠ ʧʽʜ ʜʽʻʶ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʘ 

ʚʠʥʷʪʢʦʤ ʪʦʛʦ, ʱʦ ʥʘ ʥʘʧʽʚʧʨʦʟʦʨʠʭ ʜʠʬʫʟʥʠʭ ʛʨʘʥʠʮʷʭ ʤʽʞ ʪʢʘʥʠʥʘʤʠ ʟʨʘʟʢʘ ʪʨʝʙʘ 

ʟʘʜʘʪʠ ʟʥʘʯʝʥʥʷ ʩʪʫʧʝʥʷ ʯʦʨʥʦʪʠ ʟ ʦʙʦʭ ʩʪʦʨʽʥ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʽʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ: 

 

2
11

2  ++e=e iiii nn , (2.7) 

 

ʜʝ e ï ʩʪʫʧʽʥʴ ʯʦʨʥʦʪʠ, ʷʢʠʡ ʜʣʷ ʩʝʨʝʜʦʚʠʱʘ ʟ ʤʝʥʰʠʤ ʧʦʢʘʟʥʠʢʦʤ 

ʟʘʣʦʤʣʝʥʥʷ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ ʬʦʨʤʫʣʘʤʠ ʌʨʝʥʝʣʷ [104]; n  ï ʧʦʢʘʟʥʠʢ 

ʟʘʣʦʤʣʝʥʥʷ;  

i  ï ʽʥʜʝʢʩ ʩʝʨʝʜʦʚʠʱʘ ʘʙʦ ʥʦʤʝʨ ʙʽʦʣʦʛʽʯʥʦʾ ʪʢʘʥʠʥʠ. 

 

2.2.2 ʄʝʪʦʜʠʢʘ ʯʠʩʣʦʚʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ 

 

ʈʽʚʥʷʥʥʷ (2.1) ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʽʥʪʝʛʨʦ-ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʟʘʚʜʷʢʠ ʥʘʷʚʥʦʩʪʽ ʫ 

ʡʦʛʦ ʧʨʘʚʽʡ ʯʘʩʪʠʥʽ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʯʣʝʥʘ, ʧʦʚôʷʟʘʥʦʛʦ ʟ ʨʘʜʽʘʮʽʡʥʠʤ ʪʝʧʣʦʦʙʤʽʥʦʤ. 

ɿʘ ʦʩʪʘʥʥʽ 20 ʨʦʢʽʚ ʫ ʩʚʽʪʦʚʽʡ ʧʨʘʢʪʠʮʽ ʧʨʠ ʯʠʩʣʦʚʦʤʫ ʨʦʟʚôʷʟʘʥʥ ̔ ʟʘʜʘʯ 

ʨʘʜʽʘʮʽʡʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ ʥʘʡʙʽʣʴʰʦʛʦ ʧʦʰʠʨʝʥʥʷ ʟʜʦʙʫʚ ʤʝʪʦʜ ʜʠʩʢʨʝʪʥʠʭ 

ʦʨʜʠʥʘʪ (ʄɼʆ) [105ï107]. ʅʘʡʙʽʣʴʰ ʙʣʠʟʴʢʠʤ ʜʦ ʄɼʆ ʻ ʤʝʪʦʜ ʩʢʽʥʯʝʥʠʭ ʦʙôʻʤʽʚ 

(ʄʉʆ) [108], ʷʢʠʡ ʪʘʢʦʞ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʦ ʟʘʜʘʯ ʛʽʜʨʦʜʠʥʘʤʽʢʠ ʪʘ 
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ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ. ʄʉʆ ʪʘʢʦʞ ʤʦʞʥʘ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣ ̫

ʟʘʜʘʯ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʫ ʪʚʝʨʜʠʭ ʪʽʣʘʭ. ʊʦʤʫ ʚ ʜʠʩʝʨʪʘʮʽʾ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ 

ʩʬʦʨʤʫʣʴʦʚʘʥʦʾ ʟʘʜʘʯʽ (2.1)ï(2.7) ʙʫʣʦ ʚʠʨʽʰʝʥʦ ʟʘʩʪʦʩʫʚʘʪʠ ʩʘʤʝ ʮʠʭ ʜʚʘ ʤʝʪʦʜʠ, 

ʪʦʙʪʦ ʄʉʆ ʽ ʄɼʆ. 

ʉʧʦʯʘʪʢʫ ʨʦʟʛʣʷʥʝʤʦ ʤʝʪʦʜʠʢʫ ʯʠʩʣʦʚʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʾ 

ʯʘʩʪʠʥʠ (2.1) ʥʘ ʙʘʟʽ ʄʉʆ, ʘ ʧʦʪʽʤ ʧʝʨʝʡʜʝʤʦ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʨʘʜʽʘʮʽʡʥʦʾ ʩʢʣʘʜʦʚʦʾ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʄɼʆ. 

ʈʦʟʛʣʷʥʝʤʦ ʯʠʩʣʦʚʫ ʤʝʪʦʜʠʢʫ ʜʣʷ ʧʨʠʚʝʜʝʥʥʷ ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ ʨʽʚʥʷʥʥ ̫ʪʠʧʫ (2.1) 

ʜʦ ʜʠʩʢʨʝʪʥʦʛʦ ʚʠʛʣʷʜʫ ʪʘ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ ʩʠʩʪʝʤʠ ʣʽʥʽʡʥʠʭ ʘʣʛʝʙʨʘʾʯʥʠʭ 

ʨʽʚʥʷʥʴ (ʉʃɸʈ), ʷʢʘ ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʤʝʪʦʜʽ ʢʦʥʪʨʦʣʴʥʠʭ ʦʙôʻʤʽʚ [108]. ɿʘʧʠʰʝʤʦ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʦʨʝʤʠ ʆʩʪʨʦʛʨʘʜʩʴʢʦʛʦ-ɻʘʫʩʘ [109] ʩʢʘʣʷʨʥʝ ʥʝʩʪʘʮʽʦʥʘʨʥʝ ʨʽʚʥʷʥʥʷ 

(2.1) ʚ ʽʥʪʝʛʨʘʣʴʥʽʡ ʬʦʨʤʽ ʜʣʷ ʜʦʚʽʣʴʥʦʛʦ ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʙôʻʤʫ  V  

 

ñññ +ÖÐl=
tµ

rµ

VV

SdVdTdV
h

,A  (2.8) 

 

ʜʝ r ï ʛʫʩʪʠʥʘ; A  ï ʚʝʢʪʦʨ ʧʣʦʱʽ ʧʦʚʝʨʭʥʽ; TÐ  ï  ʛʨʘʜʽʻʥʪ  ʪʝʤʧʝʨʘʪʫʨʠ; 

() ()TETqS vb +=  ï ʦʙôʻʤʥʘ ʛʫʩʪʠʥʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʜʞʝʨʝʣʘ ʪʝʧʣʦʪʠ, ʷʢʘ ʧʦʚôʷʟʘʥʘ ʟ 

ʧʝʨʬʫʟʽʻʶ ʪʘ ʪʝʧʣʦʚʠʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ.  

ʈʽʚʥʷʥʥʷ (2.8) ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʦ ʢʦʞʥʦʛʦ ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʙôʻʤʫ (ʢʦʤʽʨʢʠ) ʚ ʤʝʞʘʭ 

ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ. ʇʨʠʢʣʘʜʦʤ ʪʘʢʦʛʦ ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʙôʻʤʫ ʤʦʞʝ ʙʫʪʠ ʜʚʦʚʠʤʽʨʥʘ 

ʢʦʤʽʨʢʘ (ʨʠʩ. 2.2ʘ). ʈʝʟʫʣʴʪʘʪʦʤ ʜʠʩʢʨʝʪʠʟʘʮʽ ʾʨʽʚʥʷʥʥʷ (2.8) ʜʣʷ ʜʘʥʦʾ ʢʦʤʽʨʢʠ ʻ: 

 

,SVTV
h fN

f
ff +ÖÐl==

tµ

rµ
ä A  (2.9) 

 

 

ʜʝ fN  ï ʢʽʣʴʢʽʩʪʴ ʛʨʘʥʝʡ, ʱʦ ʦʪʦʯʫʶʪʴ ʢʦʤʽʨʢʫ; fA  ï ʚʝʢʪʦʨ ʧʣʦʱ ̔ʛʨʘʥʽ f ; fTÐ  

ï ʛʨʘʜʽʻʥʪ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʛʨʘʥʽ f ; V  ï ʦʙôʻʤ ʢʦʤʽʨʢʠ.  
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ɺʠʟʥʘʯʝʥʥʷ V
h

tµ

rµ
 ʚʠʢʦʥʫʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʦʙʨʘʥʦʾ ʩʭʝʤʠ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʟʘ 

ʯʘʩʦʤ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʥʠʞʯʝ ʫ ʨʽʚʥʷʥʥʷʭ (2.16). 

 ʈʽʚʥʷʥʥʷ (2.9) ʻ ʩʧʨʘʚʝʜʣʠʚʠʤ ʷʢ ʜʣʷ ʜʚʦʚʠʤʽʨʥʠʭ, ʪʘʢ ʽ ʪʨʠʚʠʤʽʨʥʠʭ ʟʘʜʘʯ.  

ɺ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʙʫʣʘ ʚʠʙʨʘʥʘ ʪʨʠʚʠʤʽʨʥʘ ʛʝʦʤʝʪʨʽʷ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ ʪʦʤʫ, 

ʱʦ ʟʨʘʟʢʠ ʙʽʦʪʢʘʥʠʥʠ, ʷʢʽ ʜʦʩʣʽʜʞʫʚʘʣʠʩʴ, ʥʝ ʻ ʚʽʩʝʩʠʤʝʪʨʠʯʥʠʤʠ (ʨʠʩ. 2.5).   
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ʈʠʩ. 2.2 ʇʨʠʢʣʘʜ ʜʠʩʢʨʝʪʠʟʘʮʽ ʾʄʉʆ: ʘ ï ʢʦʥʪʨʦʣʴʥʠʡ ʦʙôʻʤ; ʙ ï ʚʠʟʥʘʯʝʥʥʷ 

ʟʥʘʯʝʥʴ ʚʝʣʠʯʠʥʠ ʫ ʚʫʟʣʦʚʠʭ ʪʦʯʢʘʭ. 

 

ɼʠʩʢʨʝʪʥʝ ʩʢʘʣʷʨʥʝ ʨʽʚʥʷʥʥʷ (2.9) ʤʽʩʪʠʪʴ ʥʝʚʽʜʦʤʫ ʩʢʘʣʷʨʥʫ ʚʝʣʠʯʠʥʫ T  ʫ ʮʝʥʪʨʽ 

ʢʦʤʽʨʢʠ, ʘ ʪʘʢʦʞ ʥʝʚʽʜʦʤʽ ʾʾ ʟʥʘʯʝʥʥʷ ʚ ʦʪʦʯʫʶʯʠʭ ʩʫʩʽʜʥʽʭ ʢʦʤʽʨʢʘʭ. ʎʝ ʨʽʚʥʷʥʥʷ, ʚ 

ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ, ʙʫʜʝ ʥʝʣʽʥʽʡʥʠʤ ʚʽʜʥʦʩʥʦ ʮʠʭ ʟʤʽʥʥʠʭ. ʃʽʥʝʘʨʠʟʦʚʘʥʘ ʬʦʨʤʘ 

ʨʽʚʥʷʥʥʷ (2.9) ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʘ ʫ ʚʠʛʣʷʜʽ [110]: 

 

ä +=
nb

nbnbp bTaTa ,  (2.10) 

 

ʜʝ ʽʥʜʝʢʩ nb ʚʢʘʟʫʻ ʥʘ ʩʫʩʽʜʥʽ ʢʦʤʽʨʢʠ, pa  ʪʘ nba  ʻ ʣʽʥʝʘʨʠʟʦʚʘʥʠʤʠ 

ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʜʣʷ T  ʪʘ nbT .  

ʂʽʣʴʢʽʩʪʴ ʩʫʩʽʜʽʚ ʜʣʷ ʢʦʞʥʦʾ ʢʦʤʽʨʢʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʧʦʣʦʛʽʾ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʽʪʢʠ, 

ʘʣʝ ʟʘʟʚʠʯʘʡ ʨʽʚʥʘ ʢʽʣʴʢʦʩʪʽ ʛʨʘʥʝʡ, ʱʦ ʦʪʦʯʫʶʪʴ ʢʦʤʽʨʢʫ (ʟʘ ʚʠʢʣʶʯʝʥʥʷʤ 

ʧʨʠʛʨʘʥʠʯʥʠʭ ʢʦʤʽʨʦʢ, ʜʠʚ. ʨʠʩ. 2.2ʙ). 
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 ɸʥʘʣʦʛʽʯʥʽ ʨʽʚʥʷʥʥʷ ʟʘʧʠʩʫʶʪʴʩʷ ʜʣʷ ʚʩʽʭ ʢʦʤʽʨʦʢ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʽʪʢʠ, ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʦʪʨʠʤʫʻʪʴʩʷ ʉʃɸʈ ʟ ʢʦʝʬʽʮʽʻʥʪʘʤʠ, ʱʦ ʬʦʨʤʫʶʪʴ ʨʦʟʨʽʜʞʝʥʫ ʤʘʪʨʠʮʶ. 

ʎʷ ʩʠʩʪʝʤʘ ʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ ʨʦʟʚôʷʟʫʻʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʦʯʢʦʚʦ-ʥʝʷʚʥʦʛʦ ʤʝʪʦʜʫ 

(ʤʝʪʦʜʫ ɻʘʫʩʩʘ-ɿʝʡʜʝʣʷ) [111]. 

ɼʠʩʢʨʝʪʥʽ ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ T  ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʦʦʨʜʠʥʘʪʘʤ ʮʝʥʪʨʽʚ ʢʦʤʽʨʦʢ (0c  ʪʘ 

1c  ʥʘ ʨʠʩ. 2.2ʘ). ʆʜʥʘʢ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ fTÐ  ʫ ʨʽʚʥʷʥʥʽ (2.9) ʥʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ ʚʽʜʧʦʚʽʜʥʽ 

ʟʥʘʯʝʥʥʷ ʥʘ ʛʨʘʥʠʮʷʭ fT . ɼʣʷ ʾʭ ʚʠʟʥʘʯʝʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʽʥʪʝʨʧʦʣʷʮʽʷ ʥʘ ʦʩʥʦʚʽ ʚʽʜʦʤʠʭ 

ʟʥʘʯʝʥʴ ʚʝʣʠʯʠʥʠ ʫ ʮʝʥʪʨʘʭ ʢʦʤʽʨʦʢ.  

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʛʨʘʜʽʻʥʪʽʚ fT  ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʪʝʦʨʝʤʘ ɻʨʽʥʘ-ɻʘʫʩʘ [109], ʟʘ ʷʢʦʶ 

ʛʨʘʜʽʻʥʪ ʩʢʘʣʷʨʥʦʾ ʚʝʣʠʯʠʥʠ T  ʫ ʮʝʥʪʨʽ ʢʦʤʽʨʢʠ 0c  ʫ ʜʠʩʢʨʝʪʥʽʡ ʬʦʨʤʽ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʬʦʨʤʫʣʠ 

 

ä=Ð
f

ffc
AT
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1

0
, (2.11) 

 

ʜʝ fT  ï ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ T  ʫ ʮʝʥʪʨʽ ʛʨʘʥʽ ʢʦʤʽʨʢʠ, ʘ ʩʫʤʘ ʙʝʨʝʪʴʩʷ ʧʦ ʚʩʽʭ 

ʛʨʘʥʷʭ, ʱʦ ʦʪʦʯʫʶʪ ɹʢʦʤʽʨʢʫ. ɿʥʘʯʝʥʥʷ fT  ʤʦʞʝ ʦʮʽʥʶʚʘʪʠʩʴ ʦʜʥʠʤ ʟ̔ ʜʚʦʭ ʩʧʦʩʦʙʽʚ: 

ʧʝʨʰʠʡ ï ̫ ʢ ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ ʟʥʘʯʝʥʴ ʫ ʮʝʥʪʨʘʭ ʩʫʩʽʜʥʽʭ ʢʦʤʽʨʦʢ, ʪʦʙʪʦ 
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= ; (2.12) 

 

ʜʨʫʛʠʡ ï ̫ ʢ ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ ʟʥʘʯʝʥʴ ʫ ʚʫʟʣʘʭ ʛʨʘʥʽ 
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ʜʝ fnN  ï ʢʽʣʴʢʽʩʪʴ ʚʫʟʣʽʚ ʥʘ ʛʨʘʥʽ f  ʢʦʤʽʨʢʠ (²fnN 2 ʜʣʷ ʪʨʠʚʠʤʽʨʥʠʭ ʟʘʜʘʯ). 

ɺʫʟʣʦʚʽ ʟʥʘʯʝʥʥʷ nT  ʚʠʟʥʘʯʘʶʪʴʩʷ ʷʢ ʟʚʘʞʝʥʽ ʩʝʨʝʜʥʽ ʚʽʜ ʢʦʤʽʨʦʢ, ʱʦ ʦʪʦʯʫʶʯʠʭ ʚʫʟʦʣ, 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʧʦʩʦʙʫ, ʷʢʠʡ ʟʘʧʨʦʧʦʥʫʚʘʣʠ Holmes [112] ʪʘ Rauch [113]. ʅʘʧʨʠʢʣʘʜ, 

ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ T  ʫ ʚʫʟʣʽ 1n  (ʨʠʩ. 2.2ʙ) ʚʠʟʥʘʯʘʻʪʴʩʷ ʽʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 
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ʜʝ cN  ï ʢʽʣʴʢʽʩʪʴ ʢʦʤʽʨʦʢ, ʱʦ ʦʪʦʯʫʶʪʴ ʚʫʟʦʣ 1n , 
icnr 1
ï ʚʽʜʩʪʘʥʴ ʚʽʜ ʚʫʟʣʘ 1n  ʜʦ 

ʮʝʥʪʨʘ ʧʦʪʦʯʥʦʾ ʢʦʤʽʨʢʠ.  

ʇʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʧʨʦʮʝʩʽʚ, ʜʦ ʷʢʠʭ ʪʘʢʦʞ ʚʽʜʥʦʩʠʪʴʩʷ 

ʪʝʨʤʦʦʙʨʦʙʢʘ ʙʽʦʣʦʛʽʯʥʠʭ ʪʢʘʥʠʥ ʣʘʟʝʨʥʠʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ, ʜʠʩʢʨʝʪʠʟʘʮʽʶ 

ʚʠʟʥʘʯʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʧʝʨʝʥʦʩʫ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʫʚʘʪʠ ʷʢ ʫ ʧʨʦʩʪʦʨʽ, ʪʘʢ ʽ ʫ ʯʘʩʽ. 

ɼʠʩʢʨʝʪʠʟʘʮʽʷ ʟʘ ʯʘʩʦʤ ʧʨʠʧʫʩʢʘʻ ʽʥʪʝʛʨʫʚʘʥʥʷ ʢʦʞʥʦʾ ʩʢʣʘʜʦʚʦʾ ʨʽʚʥʷʥʥʷ (2.1) 

ʚ ̔ ʥʪʝʨʚʘʣʽ ʯʘʩʫ tD, ʪʦʙʪʦ 

 

()
()TF

Th
=

tµ

rµ
, (2.15) 

 

ʜʝ ʬʫʥʢʮʽʷ F  ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʙʫʜʴ-ʷʢʫ ʧʨʦʩʪʦʨʦʚʫ ʜʠʩʢʨʝʪʠʟʘʮʽʶ.  

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ()TF  ʥʘ ʥʘʩʪʫʧʥʦʤʫ ʯʘʩʦʚʦʤʫ ʢʨʦʮʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʝʷʚʥʝ 

ʽʥʪʝʛʨʫʚʘʥʥʷ ʟʘ ʯʘʩʦʤ, ʪʦʙʪʦ ()[ ]1+
r

m
Th  ʜʣʷ ʜʘʥʦʾ ʢʦʤʽʨʢʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʯʝʨʝʟ ()[ ]1+

r
m

Th  

ʩʫʩʽʜʥʽʭ ʢʦʤʽʨʦʢ (ʪʫʪ m ʻ ʥʦʤʝʨʦʤ ʢʨʦʢʫ ʟʘ ʯʘʩʦʤ). ʅʝʷʚʥʝ ʽʥʪʝʛʨʫʚʘʥʥʷ ʟʘ ʯʘʩʦʤ ʪʘʢʦʞ 

ʤʦʞʝ ʚʠʢʦʥʫʚʘʪʠʩʴ ʟ ʧʝʨʰʠʤ ʘʙʦ ʜʨʫʛʠʤ ʧʦʨʷʜʢʦʤ ʘʧʨʦʢʩʠʤʘʮʽʾ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʩʧʽʚʚʽʜʥʦʰʝʥʴ:  
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(2.16) 

 

ʜʝ ʽʥʜʝʢʩʠ 1+m , m, 1-m  ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʥʘʯʝʥʥʷʤ ʥʘ ʥʘʩʪʫʧʥʦʤʫ ʯʘʩʦʚʦʤʫ ʢʨʦʮʽ 

( )tD+t , ʧʦʪʦʯʥʦʤʫ ʢʨʦʮʽ ()t ʪʘ ʧʦʧʝʨʝʜʥʴʦʤʫ ʢʨʦʮʽ ( )tD-t , ʚʽʜʧʦʚʽʜʥʦ. 

ʎʽ ʥʝʷʚʥʽ ʨʽʚʥʷʥʥʷ ʨʦʟʚôʷʟʫʶʪʴʩʷ ʚ ʽʪʝʨʘʪʠʚʥʦʤʫ ʮʠʢʣʽ ʥʘ ʢʦʞʥʦʤʫ ʯʘʩʦʚʦʤʫ 

ʢʨʦʮʽ ʧʝʨʝʜ ʧʝʨʝʭʦʜʦʤ ʥʘ ʥʘʩʪʫʧʥʠʡ ʯʘʩʦʚʠʡ ʢʨʦʢ. ʇʝʨʝʚʘʛʦʶ ʧʦʚʥʽʩʪʶ ʥʝʷʚʥʦʾ ʩʭʝʤʠ ʻ 

ʾʾ ʙʝʟʫʤʦʚʥʘ ʟʙʽʞʥʽʩʪʴ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʚʝʣʠʯʠʥʠ ʢʨʦʢʫ ʽʥʪʝʛʨʫʚʘʥʥʷ ʟʘ ʯʘʩʦʤ [111]. 

ʊʝʧʝʨ ʨʦʟʛʣʷʥʝʤʦ ʥʘ ʙʘʟʽ ʄɼʆ ʜʠʩʢʨʝʪʠʟʘʮʽʶ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʨʘʜʽʘʮʽʡʥʦʛʦ 

ʯʣʝʥʫ ʨʽʚʥʷʥʥʷ (2.1), ʪʦʙʪʦ ʨʽʚʥʷʥʥʷ ʧʝʨʝʥʦʩʫ. ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʫ 

ʥʘʧʽʚʧʨʦʟʦʨʦʤʫ çʩʽʨʦʤʫè ʩʝʨʝʜʦʚʠʱʽ ʚ ʙʫʜʴ-ʷʢʽʡ ʪʦʯʮʽ r  ʚʟʜʦʚʞ ʥʘʧʨʷʤʢʫ s 

ʧʦʛʣʠʥʘʻʪʴʩʷ, ʚʠʧʨʦʤʽʥʶʻʪʴʩʷ ʪʘ ʨʦʟʩʽʶʻʪʴʩʷ ʩʝʨʝʜʦʚʠʱʝʤ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ 

ʨʽʚʥʷʥʥʷ ʧʝʨʝʥʦʩʫ ʚʠʜʫ  
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, (2.17) 

 

ʜʝ ( )sr ,I  ï ʥ̔ʪʝʥʩʠʚʥʩ̔ʪʴ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʟʜʦʚʞ s ʫ ʪ̔ʣʝʩʥʦʤʫ ʢʫʪʽ W, 

ɺʪ/(ʤ
2
Öʩʨ); ()

p

s
=

42 Tn
I b r  ï ʥ̔ʪʝʥʩʠʚʥʩ̔ʪʴ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʘʙʩʦʣʶʪʥʦ ʯʦʨʥʦʛʦ ʪʣ̔ʘ, 

ɺʪ/(ʤ
2
Öʩʨ); s ï ʧʦʩʪʽʡʥʘ ʉʪʝʬʘʥʘ-ɹʦʣʴʮʤʘʥʘ, ɺʪ/(ʤ

2
Öʂ

4
); n  ï  ʧʦʢʘʟʥʠʢ ʟʘʣʦʤʣʝʥʥ̫  

ʩʝʨʝʜʦʚʠʱʘ; sK s+=b ï ʢʦʝʬ̔ʮ̔ ʥ̒ʪ ʧʦʩʣʘʙʣʝʥʥ̫  ʩʝʨʝʜʦʚʠʱʘ, ʤ
-1
; Kï ʢʦʝʬ̔ʮ̔ ʥ̒ʪ 

ʧʦʛʣʠʥʘʥʥ̫ ʩʝʨʝʜʦʚʠʱʘ, ʤ
-1
; ss ï ʢʦʝʬ̔ʮ̔ ʥ̒ʪ ʨʦʟʩʽʶʚʘʥʥʷ ʩʝʨʝʜʦʚʠʱʘ, ʤ

-1
. 

ɻʨʘʥʠʯʥʽ ʫʤʦʚʠ ʜʣʷ ʜʠʬʫʟʥʦ-ʚʠʧʨʦʤʽʥʶʚʘʣʴʥʠʭ ʽ ʚʽʜʙʠʚʘʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ ʜʣʷ 

ʨʽʚʥʷʥʥʷ (2.17) ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʧʠʩʘʥʽ ʪʘʢʠʤ ʯʠʥʦʤ [105ï107] 
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 ʜʝ we ï ʩʪʫʧʽʥʴ ʯʦʨʥʦʪʠ ʛʨʘʥʠʮʽ; wn  ï ʥʦʨʤʘʣʴ ʜʦ ʛʨʘʥʠʮʽ. 

 ʇʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʄɼʆ ʜʠʩʢʨʝʪʠʟʘʮʽʷ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ 

ʢʦʥʪʨʦʣʴʥʽʤ ʦʙôʻʤʦʤ (ʪʘʢ ʩʘʤʦ ʷʢ ʽ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʄʉʆ, ʜʠʚ. ʨʠʩ. 2.2) ʽ ʟʘ 

ʢʦʥʪʨʦʣʴʥʠʤ ʢʫʪʦʤ (ʨʠʩ. 2.3, 2.4). 

 

ʈʠʩ. 2.3 ɼʠʩʢʨʝʪʠʟʘʮʽʷ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ ʟʘ ʢʦʥʪʨʦʣʴʥʠʤ ʢʫʪʦʤ [105ï107].   

 

ɼʠʩʢʨʝʪʥʘ ʬʦʨʤʘ ʟʘʧʠʩʫ ʨʽʚʥʷʥʥʷ (2.17) ʜʣʷ ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʙôʻʤʫ ʽ 

ʢʦʥʪʨʦʣʴʥʦʛʦ ʢʫʪʘ ʜʣʷ ʪʨʠʚʠʤʽʨʥʦʾ ʛʝʦʤʝʪʨʽʾ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʷʢ [105ï107] 
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ʜʝ 

( )0,max mn
ciiI DAa D-= , (2.20) 

  

( )ä
=

DWDb+D-=
tbsnwei

mn
P

mn
ciiP VDAa

,,,,,

0,max , (2.21) 



59 

 

 

( ) mn

p

mn
RP VSb DWD= , (2.22) 

 

W¡F
p

s
+= ­¡

p=W¡

¡

ñ dIKIS mnnmnms
b

mn
R

44
, (2.23) 

 

 

( )ñ
DW

WÖ=
mn

dD i
mn
ci ns . (2.24) 

 

ʋ ʨʽʚʥʷʥʥʽ (2.20) ʧʽʜ ʽʥʜʝʢʩʘʤʠ I  ʪʘ i  ʨʦʟʫʤʽʶʪʴ TBSNWE ,,,,,  ʘʙʦ 

tbsnwe ,,,,,  (ʨʠʩ. 2.4). 

 

ʈʠʩ. 2.4 ɼʠʩʢʨʝʪʠʟʘʮʽʷ ʪʨʠʚʠʤʽʨʥʦʾ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ ʟʘ ʢʦʥʪʨʦʣʴʥʠʤ ʦʙôʻʤʦʤ 

 

ɯʪʝʨʘʮʽʾ ʧʨʠ ʨʦʟʚôʷʟʘʥʥʽ (2.19) ʟʘʢʽʥʯʫʶʪʴʩʷ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʫʤʦʚʠ 
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ʜʝ oldmn
PI ,  ï ʟʥʘʯʝʥʥʷ mn

PI  ʥʘ ʧʦʧʝʨʝʜʥʽʡ ʽʪʝʨʘʮʽʾ; Ie ï ʥʘʧʝʨʝʜ ʟʘʜʘʥʘ ʧʦʭʠʙʢʘ 

ʨʦʟʨʘʭʫʥʢʫ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

ʇʽʩʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʣʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʛʫʩʪʠʥʫ ʨʘʜʽʘʮʽʡʥʦʛʦ 

ʧʦʪʦʢʫ ʥʘ ʛʨʘʥʠʮʽ ʪʽʣʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚʠʜʫ 
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ʊʝʧʝʨ ʨʦʟʛʣʷʥʝʤʦ ʚʠʧʘʜʦʢ ʥʘʧʽʚʧʨʦʟʦʨʦʾ ʜʠʬʫʟʥʦʾ ʛʨʘʥʠʮʽ (ʤʽʞ ʪʽʣʘʤʠ ʘ ʽ b).  

ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ, ʚʽʜʙʠʚʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʛʨʘʥʠʮʽ ()sr  ʧʨʠʡʤʘʻʪʴʩʷ ʥʝʟʘʣʝʞʥʦʶ ʚʽʜ s, ʪʘ 

ʨʽʚʥʦʶ ʫʩʝʨʝʜʥʝʥʦʤʫ ʥʘ ʧʽʚʩʬʝʨʽ ʟʥʘʯʝʥʥ ʁ dr . ɼʣʷ 1/ >= ba nnn , ʢʦʝʬʽʮʽʻʥʪʠ 

ʚʽʜʙʠʪʪʷ ʜʣʷ ʦʙʦʭ ʩʪʦʨʽʥ ʥʘʧʽʚʧʨʦʟʦʨʦʾ ʛʨʘʥʠʮʽ adr ,  ʪʘ bdr ,  ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʛʽʜʥʦ [112] 
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(2.27) 

 

ʊʝʧʝʨ ʟʘʧʠʰʝʤʦ ʬʦʨʤʫʣʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ 

ʛʫʩʪʠʥʠ ʨʘʜʽʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ ʥʘ ʛʨʘʥʠʮʷʭ ʟʽ ʩʪʦʨʽʥ ʩʝʨʝʜʦʚʠʱ a ʪʘ b: 
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( ) ( ) .0  ,   ;0  ,
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,, ²ÖWÖ=<ÖWÖ-= ññ
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aw dIqdIq nsnsnsns  (2.29) 

 

2.2.3 ʏʠʩʣʦʚʘ ʤʦʜʝʣʴ 

ʅʘ ʧʽʜʩʪʘʚʽ ʩʬʦʨʤʫʣʴʦʚʘʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ (2.1)ï(2.7) ʥʘʛʨʽʚʘʥʥʷ ʟʨʘʟʢʘ 

ʙʽʦʣʦʛʽʯʥʦ ʾʪʢʘʥʠʥʠ ʧʽʜ ʜʽʻʶ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʩʢʣʘʜʥʦʛʦ 

ʪʝʧʣʦʦʙʤʽʥʫ (ʨʘʜʽʘʮʽʡʥʦ-ʢʦʥʜʫʢʪʠʚʥʦʛʦ) ʪʘ ʤʝʪʦʜʠʢʠ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʨʦʟʨʦʙʣʝʥʦ 

ʚʽʜʧʦʚʽʜʥʫ ʯʠʩʣʦʚʫ ʤʦʜʝʣʴ, ʷʢʘ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ ʨʦʟʧʦʜʽʣʫ 
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ʪʝʤʧʝʨʘʪʫʨ ʾʾ ʛʨʘʜʽʻʥʪʽʚ ʪʘ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ 

ʩʠʩʪʝʤʠ (ʛʝʦʤʝʪʨʠʯʥʠʭ, ʬʽʟʠʯʥʠʭ, ʫʤʦʚ ʟʦʚʥʽʰʥʴʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ ʪʘ ʽʥ.). ɻʝʦʤʝʪʨʠʯʥʽ 

ʧʘʨʘʤʝʪʨʠ ʪʨʠʚʠʤʽʨʥʦʾ ʯʠʩʣʦʚʦʾ ʤʦʜʝʣʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 2.5.  ʌʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʰʘʨʽʚ ʤʘʪʝʨʽʘʣʽʚ ʙʽʦʣʦʛʽʯʥʦʾ ʪʢʘʥʠʥʠ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 2.1. ɼʠʩʢʨʝʪʠʟʘʮʽʷ ʯʠʩʣʦʚʦʾ 

ʤʦʜʝʣʽ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2.6. 

ʇʨʠ ʚʠʟʥʘʯʘʥʥʽ ʫʤʦʚ ʟʦʚʥʽʰʥʴʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ ʫ ʯʠʩʣʦʚʽʡ ʤʦʜʝʣʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʪʘʢʽ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ: ʜʣʷ ʚʨʘʭʫʚʘʥʥʷ ʜʽʾ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʥʘ ʙʽʦʪʢʘʥʠʥʫ (2.3) ʟʘʜʘʚʘʣʠʩʷ ʧʦʪʫʞʥʽʩʪʴ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ( )ɺʪ 4,0=P  ʪʘ 

ʧʦʛʣʠʥʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʝʧʽʜʝʨʤʽʩʫ ( )4,035,0 -=A  [114ï120], ʘ ʜʣʷ ʚʨʘʭʫʚʘʥʥʷ ʫʤʦʚ 

ʟʦʚʥʽʰʥʴʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ (2.5) ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ  ( )effa  [114ï120] ʪʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʦʪʦʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ( )env.spT . bw  = 0.00125 ʩ
-1 
ï ʟʥʘʯʝʥʥʷ ʦʙôʻʤʥʦʾ ʧʝʨʬʫʟʽʾ ʢʨʦʚʽ, ʱʦ 

ʧʨʠʡʤʘʣʦʩʷ ʚ ʯʠʩʣʦʚʽʡ ʤʦʜʝʣʽ.  

 

ʈʠʩ. 2.5 ɻʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʯʠʩʣʦʚʦʾ ʤʦʜʝʣʽ ʥʘʛʨʽʚʘʥʥʷ ʟʨʘʟʢʘ ʙʽʦʣʦʛʽʯʥʠʭ 

ʪʢʘʥʠʥ ʧʽʜ ʜʽʻʶ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʩʢʣʘʜʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ:  

1 ï ʝʧʽʜʝʨʤʽʩ; 2 ï ʚʝʨʭʥʷ ʜʝʨʤʘ; 3 ï ʢʨʦʚʦʥʦʩʥʽ ʩʧʣʝʪʽʥʥʷ;   

4 ï ʥʠʞʥʷ ʜʝʨʤʘ; 5 ï ʞʠʨʦʚʠʡ ʧʨʦʰʘʨʦʢ; 6 ï ʪʢʘʥʠʥʘ ʤôʷʟʽʚ; 7 ï ʟʦʥʘ ʜʽʾ ʣʦʢʘʣʴʥʦʛʦ 

ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (d  = 2 ʤʤ). 
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ʈʠʩ. 2.6 ɼʠʩʢʨʝʪʠʟʘʮʽʷ ʯʠʩʣʦʚʦʾ ʤʦʜʝʣʽ ʥʘʛʨʽʚʘʥʥʷ ʟʨʘʟʢʘ ʙʽʦʣʦʛʽʯʥʦ ʾʪʢʘʥʠʥʠ 

ʧʽʜ ʜʽʻʶ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʩʢʣʘʜʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ: ʢʽʣʴʢʽʩʪʴ 

ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʢʦʤʽʨʦʢ (ʛʝʢʩʘʛʝʜʨʦʥʽʚ) ï 266 700; ʢʽʣʴʢʽʩʪʴ ʚʫʟʣʽʚ ï 279 467. 

 

ʊʘʙʣʠʮʷ 2.1 - 

ʌʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʰʘʨʽʚ ʙʽʦʣʦʛʽʯʥʦʾ ʪʢʘʥʠʥʠ 

ʐʘʨ 
l)* , 

ɺʪ/(ʤÖʂ) 
pc , 

ɼʞ/(ʢʛÖʂ) 

r, 

ʢʛ/ʤ
3
 

K , 

ʤ
-1 ss, 

ʤ
-1
 

n  

ɽʧʽʜʝʨʤʽʩ 0.266 3700 1600 430 10700 1.5 

ɺʝʨʭʥʷ 

ʜʝʨʤʘ 

0.530 3600 1000 270 18700 1.4 

ʂʨʦʚʦʥʦʩʥʝ 

ʩʧʣʝʪʽʥʥʷ 

0.498 3200 1000 2500 40000 1.35 

ʅʠʞʥʷ 

ʜʝʨʤʘ 

0.530 3600 1000 270 18700 1.4 

ɾʠʨʦʚʘ 

ʪʢʘʥʠʥʘ 

0.19 2500 890 260 2900 1.44 

ʄôʷʟʦʚʘ 

ʪʢʘʥʠʥʘ 

0.5 4000 995 300 3700 1.46 

ʇʨʠʤʽʪʢʘ: )* l ï ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ [114ï120], pc  ï ʤʘʩʦʚʘ ʽʟʦʙʘʨʥʘ ʪʝʧʣʦʻʤʥʽʩʪʴ [114ï120], rï 

ʛʫʩʪʠʥʘ [114ï120], Kï ʢʦʝʬʽʮʽʻʥʪ ʧʦʛʣʠʥʘʥʥʷ [114ï120], ssï ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʩʽʶʚʘʥʥʷ [114ï120], 

nï ʧʦʢʘʟʥʠʢ ʟʘʣʦʤʣʝʥʥʷ [114ï120]. 
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2.2.4 ʈʝʟʫʣʴʪʘʪʠ ʯʠʩʣʦʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʠ ʚ 

ʙʘʛʘʪʦʰʘʨʦʚʽʡ ʙʽʦʣʦʛʽʯʥʽʡ ʪʢʘʥʠʥʽ  ʧʽʜ ʜʽʻʶ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

 

ʇʨʝʜʩʪʘʚʣʝʥʘ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ, ʦʨʽʻʥʪʦʚʘʥʘ ʥʘ ʚʠʨʽʰʝʥʥʷ 

ʮʽʣʦʛʦ ʩʧʝʢʪʨʘ ʟʘʚʜʘʥʴ, ʟ ʷʢʠʭ ʦʩʥʦʚʥʦʶ ʻ ʚʧʣʠʚ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ 

ʙʽʦʣʦʛʽʯʥʫ ʪʢʘʥʠʥʫ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 2.7- 2.8 ʪʘ ʫ ʪʘʙʣ. 

2.2.[121] ʇʦʯʘʪʢʦʚʫ ʪʝʤʧʝʨʘʪʫʨʫ ʟʨʘʟʢʘ ʟʘʜʘʻʤʦ ʊ=20 Áʉ ʚ ʟʚôʷʟʢʫ ʟ ʪʠʤ, ʱʦ 

ʦʪʨʠʤʘʥʽ ʟʨʘʟʢʠ ʟʜʦʨʦʚʦʾ ʪʘ ʧʘʪʦʣʦʛʽʯʥʦʾ ʙʽʦʣʦʛʽʯʥʦʾ ʪʢʘʥʠʥʠ ʚ ʧʨʦʮʝʩʽ ʜʦʩʪʘʚʢʠ ʜʦ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʟʦʥʠ ʦʭʦʣʦʜʞʫʚʘʣʠʩʷ ʦʪʦʯʫʶʯʠʤ ʩʝʨʝʜʦʚʠʱʝʤ, ʪʘ ʬʽʟʠʯʥʠʤ 

ʨʦʟʯʠʥʦʤ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ. 

  

ʘ ʙ 

  

ʚ ʛ 

ʘ ï ʯʘʩ 1 ʩ; ʙ ï 5 ʩ; ʚ ï 10 ʩ; ʛ ï 15 ʩ 

ʈʠʩ.2.7 ʈʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʟʨʘʟʢʘ ʙʽʦʪʢʘʥʠʥʠ ʧʽʜ ʜʽʻʶ 

ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ.  
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 ʅʘ ʨʠʩ. 2.7 ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ, ʷʢʠʡ ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʘʩʫ 

ʥʘʛʨʽʚʘʥʥʷ ʙʘʛʘʪʦʰʘʨʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʷʢʝ ʧʦʛʣʠʥʘʻ ʪʘ ʨʦʟʩʽʶʻ ʩʚʽʪʣʦ, ʮʝ ʤʦʜʝʣʶʻ 

ʙʽʦʣʦʛʽʯʥʫ ʪʢʘʥʠʥʫ ʣʶʜʠʥʠ ʽ ʾʾ ʢʦʤʧʦʥʝʥʪʠ ʧʨʠ ʨʽʟʥʠʭ ʢʦʝʬʽʮʽʻʥʪʘʭ ʟʘʣʦʤʣʝʥʥʷ. ɿ 

ʨʠʩʫʥʢʫ ʚʠʜʥʦ, ʱʦ ʚʝʨʭʥʽʡ ʰʘʨ ʤʦʜʝʣʴʦʚʘʥʦʾ ʙʽʦʪʢʘʥʠʥʠ (ʝʧʽʜʝʨʤʽʩ) ʧʦʤʽʪʥʦ 

ʥʘʛʨʽʚʘʻʪʴʩʷ.[121] ʎʝ ʧʦʚ'ʷʟʘʥʦ, ʤʘʙʫʪʴ, ʟ ʪʠʤ, ʱʦ ʚ ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ ʣʘʟʝʨʥʝ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʨʠ ʟʘʜʘʥʽʡ ʜʦʚʞʠʥʽ ʭʚʠʣʽ ʩʠʣʴʥʦ ʧʦʛʣʠʥʘʻʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ 

ʤʝʣʘʥʽʥʦʤ. 

  

ʘ ʙ 

  

ʚ ʛ 

ʘ ï ʯʘʩ 1 ʩ; ʙ ï 5 ʩ; ʚ ï 10 ʩ; ʛ ï 15 ʩ 

ʈʠʩ.2.8 ʈʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʟʨʘʟʢʘ ʙʽʦʪʢʘʥʠʥʠ ʧʽʜ ʜʽʻʶ 

ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ.  

 

ʅʘ ʨʠʩ. 2.8 ʧʨʝʜʩʪʘʚʣʝʥʽ ʟʘʣʝʞʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦ ʛʣʠʙʠʥʽ 

ʙʽʦʣʦʛʽʯʥʦʾ ʪʢʘʥʠʥʠ ʚʽʜ ʯʘʩʫ ʦʧʨʦʤʽʥʝʥʥʷʤ ʣʘʟʝʨʦʤ. ʄʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ 
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ʚʞʝ ʥʘ ʜʝʩʷʪʽʡ ʩʝʢʫʥʜʽ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʚʧʣʠʚʫ ʣʘʟʝʨʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʧʦʚʝʨʭʥʽ (0,5 

ʤʤ) ʧʝʨʝʚʠʱʫʻ ʧʨʠʙʣʠʟʥʦ 50 Üʉ ʽ ʤʦʞʣʠʚʦ ʥʘʩʪʘʻ ʥʝʢʨʦʟ ʪʢʘʥʠʥʠ ʘʙʦ ʪʝʨʤʽʯʥʠʡ 

ʦʧʽʢ. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʜʝʣʴ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʪʝʨʤʽʯʥʫ ʜʽʶ ʥʘ ʙʽʦʪʢʘʥʠʥʠ ʽ ʚʠʙʨʘʪʠ 

ʦʧʪʠʤʘʣʴʥʠʡ ʯʘʩ ʜʽʾ, ʱʦʙ ʚʽʜʙʫʚʘʣʦʩʷ ʨʽʚʥʦʤʽʨʥʝ ʽ ʪʨʠʚʘʣʝ ʥʘʛʨʽʚʘʥʥʷ ʪʢʘʥʠʥʠ, 

ʰʣʷʭʦʤ ʚʠʢʣʶʯʝʥʥʷ ʥʝʛʘʪʠʚʥʠʭ ʨʝʘʢʮʽʡ ʽ ʚʠʟʥʘʯʠʪʠ ʦʯʽʢʫʚʘʥʦʾ ʤʝʞʽ ʟʦʥ ʜʝʩʪʨʫʢʮʽʾ 

ʽ ʥʝʢʨʦʪʠʟʘʮʽʾ ʙʽʦʣʦʛʽʯʥʦʾ ʪʢʘʥʠʥʠ. ʆʙʨʦʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʚʦʜʠʣʘʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ Origin Pro. 

ʈʝʟʫʣʴʪʘʪʠ ʯʠʩʣʦʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʱʦ ʧʨʠʚʝʜʝʥʽ ʚ ʪʘʙ.2.2 ʪʘ ʨʠʩ.2.7-2.8 

ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʦʮʽʥʠʪʠ ʚʧʣʠʚ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʙʽʦʣʦʛʽʯʥʫ ʪʢʘʥʠʥʫ 

ʧʦ ʛʣʠʙʠʥʽ. 

ʊʘʙʣʠʮʷ 2.2 - 

ʈʝʟʫʣʴʪʘʪʠ ʯʠʩʣʦʚʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʪʝʤʧʝʨʘʪʫʨʠ ʙʽʦʪʢʘʥʠʥʠ ʧʽʜ ʜʽʻʶ ʣʘʟʝʨʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

x , 

ʤʤ 

ʏʘʩ ʜʽʾ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʙʽʦʪʢʘʥʠʥʫ 

1 ʩ 5 ʩ 10 ʩ 15 ʩ 

ʈʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦ ʛʣʠʙʠʥʽ ʙʽʦʪʢʘʥʠʥʠ, ʂ)
-1
 

0 334,573 369,837 372,402 377,361 

0,2 308,051 337,787 350,279 355,056 

0,4 300,842 325,109 334,88 339,411 

0,6 296,792 315,691 324,584 328,871 

0,8 294,715 308,88 316,865 320,888 

1 293,733 304,05 311,122 314,865 

1,2 293,306 300,687 306,836 310,287 

1,4 293,12 298,211 303,483 306,624 

1,6 293,045 296,491 300,921 303,756 

1,8 293,016 295,306 298,971 301,51 

2 293,006 294,496 297,479 299,739 

2,2 293,002 293,945 296,342 298,343 

2,4 293,001 293,6 295,518 297,295 

2,6 293 293,377 294,913 296,494 

2,8 293 293,238 294,475 295,887 

3 293 293,155 294,172 295,443 

3,2 293 293,112 293,949 295,088 

3,4 293 293,057 293,525 294,319 

3,6 293 293,028 293,421 294,109 

3,8 293 293,013 293,262 293,761 

4 293 293,006 293,15 293,486 
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x , 

ʤʤ 

ʏʘʩ ʜʽʾ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʙʽʦʪʢʘʥʠʥʫ 

1 ʩ 5 ʩ 10 ʩ 15 ʩ 

ʈʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦ ʛʣʠʙʠʥʽ ʙʽʦʪʢʘʥʠʥʠ, ʂ)
-1
 

4,2 293 293,002 293,073 293,276 

4,4 293 293,001 293,044 293,191 

4,6 293 293 293,029 293,139 

4,8 293 293 293,018 293,101 

5 293 293 293,012 293,072 

5,2 293 293 293,007 293,051 

5,4 293 293 293,004 293,036 

5,6 293 293 293,002 293,025 

5,8 293 293 293,001 293,017 

6 293 293 293,001 293,011 
ʇʨʠʤ̔ʪʢʘ: )

1
 ï  ʢʨʦʢ ʽʥʪʝʛʨʫʚʘʥʥʷ ʟʘ ʯʘʩʦʤ 0,1 ʩ;)

1
ï  ʢʽʣʴʢʽʩʪʴ ʚʫʟʣʽʚ 62379 ʪʘ ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ 

14240 ʯʠʩʣʦʚʦʾ ʤʦʜʝʣʽ. 

 ɺʠʭʦʜʷʯʠ ʩ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʮʽʣʴʥʦ ʦʧʨʦʤʽʥʶʚʘʪʠ ʙʽʦʪʢʘʥʠʥʫ ʥʘ ʧʨʦʪʷʟʽ ʥʝ 

ʙʽʣʴʰʝ 10 ʩʝʢʫʥʜ, ʪʦʤʫ ʱʦ ʥʘ 15ʩʝʢʫʥʜʽ ʚʧʣʠʚʫ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ 

ʧʦʚʝʨʭʥʽ ʙʽʦʪʢʘʥʠʥʠ ʪʝʤʧʝʨʘʪʫʨʘ ʟʥʘʯʥʦ ʙʽʣʴʰʘ ʥʽʞ 55 Üʉ, ʱʦ ʻ ʥʝʜʦʧʫʩʪʠʤʠʤ ʜʣʷ 

ʩʘʤʦʾ ʧʨʦʮʝʜʫʨʠ ʜʽʘʛʥʦʩʪʠʢʠ, ʪʘʢ ʷʢ ʧʦʯʠʥʘʻʪʴʩʷ ʧʨʦʮʝʩ ʜʝʥʘʪʫʨʘʮʽʾ ʙʽʣʴʰʦʩʪʽ 

ʪʢʘʥʠʥʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. ɿ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʯʠʩʣʦʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʤʦʞʥʘ 

ʟʘʟʥʘʯʠʪʠ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʥʝ ʧʦʣʝ ʷʢʝ ʚʠʢʣʠʢʘʥʝ ʣʘʟʝʨʥʠʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʧʦʪʫʞʥʽʩʪʶ 0,4 ɺʪ  ʧʨʦʥʠʢʘʻ ʫ ʙʽʦʣʦʛʽʯʥʫ ʪʢʘʥʠʥʫ ʥʝ ʛʣʠʙʰʝ 5ʤʤ. 

 ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʜʝʣʴ ʜʦʟʚʦʣʷʻ ʚʘʨʽʶʚʘʪʠ ʩʢʣʘʜ ʙʽʦʣʦʛʽʯʥʠʭ ʦʙ'ʻʢʪʽʚ, ʾʭ 

ʝʣʝʢʪʨʦʬʽʟʠʯʥʽ ʧʘʨʘʤʝʪʨʠ, ʪʝʧʣʦʬʽʟʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʭʘʨʘʢʪʝʨʥʫ ʪʦʚʱʠʥʫ 

ʰʘʨʽʚ, ʘ ʪʘʢʦʞ ʭʘʨʘʢʪʝʨʥʽ ʨʦʟʤʽʨʠ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʙʽʦʣʦʛʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʨʽʟʥʦʾ 

ʙʫʜʦʚʠ ʟ ʤʝʪʦʶ ʘʥʘʣʽʟʫ ʙʽʦʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʪʝʨʤʽʯʥʠʤ ʚʧʣʠʚʦʤ 

ʣʘʟʝʨʘ ʥʘ ʚʝʨʭʥʽ ʰʘʨʠ ʙʽʦʪʢʘʥʠʥʠ. ʄʦʜʝʣʶʚʘʥʥʷ ʪʘʢʦʛʦ ʨʦʜʫ ʜʦʟʚʦʣʷʻ ʥʝ ʪʽʣʴʢʠ 

ʟʥʘʭʦʜʠʪʠ ʧʦʧʝʨʝʜʥʽ ʧʘʨʘʤʝʪʨʠ ʧʦʣʷ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʘʣʝ ʽ ʚʠʷʚʣʷʪʠ ʪʘ 

ʚʠʚʯʘʪʠ ʝʬʝʢʪʠ ʚʽʜʧʦʚʽʜʥʠʭ ʨʝʘʢʮʽʡ ʥʘ ʣʘʟʝʨʥʫ ʚʟʘʻʤʦʜʽʶ ʧʨʠ ʨʽʟʥʠʭ ʨʽʚʥʷʭ 

ʦʨʛʘʥʽʟʘʮʽʾ ʞʠʚʦʾ ʤʘʪʝʨʽʾ. 
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2.2.5 ʇʝʨʝʚʽʨʢʘ ʘʜʝʢʚʘʪʥʦʩʪʽ ʯʠʩʣʦʚʦʾ ʤʦʜʝʣʽ 

 

ʇʝʨʝʚʽʨʢʘ ʘʜʝʢʚʘʪʥʦʩʪʽ ʨʦʟʨʦʙʣʝʥʦʾ ʯʠʩʣʦʚʦʾ ʤʦʜʝʣʽ ʚʠʢʦʥʫʚʘʣʘʩʴ ʥʘ 

ʘʥʘʣʽʪʠʯʥʦʤʫ ʨʦʟʚôʷʟʢʫ ʣʽʥʽʡʥʦʾ ʥʝʩʪʘʮʽʦʥʘʨʥʦʾ ʟʘʜʘʯʽ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʜʣʷ 

ʥʘʧʽʚʦʙʤʝʞʝʥʦʛʦ ʦʜʥʦʨʽʜʥʦʛʦ ʪʽʣʘ ʧʨʠ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚʘʭ ɯɯ ʨʦʜʫ (ʪʦʙʪʦ, ʢʦʣʠ ʪʽʣʦ 

ʷʢʝ ʤʘʻ ʧʦʯʘʪʢʦʚʫ ʧʦʩʪʽʡʥʫ ʪʝʤʧʝʨʘʪʫʨʫ, ʥʘʛʨʽʚʘʻʪʴʩʷ ʧʦʩʪʽʡʥʠʤ ʪʝʧʣʦʚʠʤ 

ʧʦʪʦʢʦʤ), ̫ ʢʠʡ ʧʨʠʚʝʜʝʥʦ ʫ ʧʽʜʨʫʯʥʠʢʫ ʆ.ɺ. ʃʠʢʦʚʘ [122]: 
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ʜʝ ( )t,xT  ï ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʡ ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʫ ʥʘʧʽʚʩʢʽʥʯʝʥʦʤʫ ʪʽʣʽ, ʂ;  

x  ï ʢʦʦʨʜʠʥʘʪʘ, ʤ; t ï ʯʘʩ, ʩ; 0T  ï ʧʦʯʘʪʢʦʚʘ ʪʝʤʧʝʨʘʪʫʨʘ, ʂ; cq ï ʛʫʩʪʠʥʘ ʪʝʧʣʦʚʦʛʦ 

ʧʦʪʦʢʫ ʥʘ ʧʦʚʝʨʭʥʽ ʪʽʣʘ, ɺʪ/ʤ
2
; l ï ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʪʽʣʘ, ɺʪ/(ʤĀʂ); 

r

l
=

pc
a  ï 

ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʽʜʥʽʩʪʴ, ʤ
2
/ʩ; pc  ï ʤʘʩʦʚʘ ʽʟʦʙʘʨʥʘ ʪʝʧʣʦʻʤʥʽʩʪʴ, ɼʞ/(ʢʛÖʂ); r ï  ʛʫʩʪʠʥʘ, 

ʢʛ/ʤ
3
; () () ()xxedx x

x

erfc 
1

erfcierfc
2

-
p

=xx= -
¤

ñ  ï ʬʫʥʢʮʽʷ ʧʦʭʠʙʦʢ ɻʘʫʩʘ [122,123]. 

 ɿʽʩʪʘʚʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ ʪʘʢʠʭ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ 

(ʫʤʦʚʘʭ ʦʜʥʦʟʥʘʯʥʦʩʪʽ ʜʣʷ ʧʦʩʪʘʥʦʚʢʠ (2.1)ï(2.7)): 

ï ʛʝʦʤʝʪʨʠʯʥʽ ʩʢʽʥʯʝʥʠʡ ʦʜʥʦʨʽʜʥʠʡ ʮʠʣʽʥʜʨ ʨʘʜʽʫʩʦʤ 0,01 ʤ ʪʘ ʜʦʚʞʠʥʦʶ 

0,02 ʤ; 

ï ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ: r= 1100 ʢʛ/ʤ
3
. l = 0,5 ɺʪ/(ʤĀʂ), pc  = 3700 ɼʞ/(ʢʛÖʂ); 

ï ʧʦʯʘʪʢʦʚʽ ʫʤʦʚʠ: ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʫ ʚʩʴʦʤʫ ʮʠʣʽʥʜʨʽ ï 22 ̄ ʉ; 

ï ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ: ʛʫʩʪʠʥʘ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʥʘ ʦʜʥʦʤʫ ʪʦʨʮʽ ʮʠʣʽʥʜʨʘ ï  

50000 ɺʪ/ʤ
2
, ʘ ʥʘ ʨʝʰʪʽ ʧʦʚʝʨʭʦʥʴ ï ʘʜʽʘʙʘʪʥʽ ʫʤʦʚʠ. 

ʈʝʟʫʣʴʪʘʪʠ ʟʽʩʪʘʚʣʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʟʘ ʯʠʩʣʦʚʦʶ ʤʦʜʝʣʣʶ (ʨʠʩ. 2.9, 2.10)  ̔

ʜʘʥʠʤʠ, ʷʢʽ ʦʪʨʠʤʘʥʦ ʟʘ ʘʥʘʣʽʪʠʯʥʦ  ʁʟʘʣʝʞʥʩ̔ʪʁ, ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 2.3, 2.4 ʪʘ ʥʘ  

ʨʠʩ. 2.11, 2.12. 
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           ʈʠʩ. 2.9 ʄʦʜʝʣʴ ʧʨʦʮʝʩʫ ʥʘʛʨʽʚʘʥʥʷ ʥʘʧʽʚʩʢʽʥʯʝʥʦʛʦ ʪʽʣʘ ʜʣʷ ʟʽʩʪʘʚʣʝʥʥʷ 

ʯʠʩʣʦʚʦʛʦ ʟ ʘʥʘʣʽʪʠʯʥʠʤ ʨʦʟʚôʷʟʢʦʤ [122]: 1 ï ʟʘʜʘʥʦ ʧʦʩʪʽʡʥʫ ʛʫʩʪʠʥʫ ʪʝʧʣʦʚʦʛʦ 

ʧʦʪʦʢʫ; 2 ï ʟʘʜʘʥʦ ʘʜʽʘʙʘʪʥʽ ʫʤʦʚʠ. 

 

 

ʈʠʩ. 2.10 ɼʠʩʢʨʝʪʠʟʘʮʽʷ ʤʦʜʝʣʽ ʜʣʷ ʟʽʩʪʘʚʣʝʥʥʷ ʯʠʩʣʦʚʦʛʦ ʟ ʘʥʘʣʽʪʠʯʥʠʤ 

ʨʦʟʚôʷʟʢʦʤ [122]: ʢʽʣʴʢʽʩʪʴ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʢʦʤʽʨʦʢ (ʛʝʢʩʘʛʝʜʨʦʥʽʚ) ï 112 400; 

ʢʽʣʴʢʽʩʪʴ ʚʫʟʣʽʚ ï 119637. 

1 

2 
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ʊʘʙʣʠʮʷ 2.3 - 

ʈʝʟʫʣʴʪʘʪʠ ʟʽʩʪʘʚʣʝʥʥʷ ʜʘʥʠʭ ʯʠʩʣʦʚʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʟ ʘʥʘʣʽʪʠʯʥʠʤ 

 ʏʘʩ ʜʽʾ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ 

ʙʽʦʪʢʘʥʠʥʫ 1 ʩ 

ʏʘʩ ʜʽʾ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʥʘ ʙʽʦʪʢʘʥʠʥʫ 5 ʩ 

x , 

ʤʤ 

ʈʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦ 

ʛʣʠʙʠʥʽ ʙʽʦʪʢʘʥʠʥʠ, ʉ̄  

ʇʦʭʠʙʢʘ 

% 

ʈʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦ 

ʛʣʠʙʠʥʽ ʙʽʦʪʢʘʥʠʥʠ, ʉ̄ 

ʇʦʭʠʙʢʘ 

% 

ʏʠʩʣʦʚʠʡ 

ʨʦʟʨʘʭʫʥʦʢ)
1
 

ɸʥʘʣʽʪʠʯʥʘ 

ʟʘʣʝʞʥʽʩʪʴ 

[14] 

ʏʠʩʣʦʚʠʡ 

ʨʦʟʨʘʭʫʥʦʢ)
2
 

ɸʥʘʣʽʪʠʯʥʘ 

ʟʘʣʝʞʥʽʩʪʴ 

[14] 

0 61,361 61,55 0,307 110,15 110,436 0,258 

0,25 41,334 41,476 0,342 87,416 87,676 0,296 

0,5 30,084 30,123 0,129 69,081 69,285 0,294 

0,75 24,886 24,82 -0,265 54,821 54,943 0,222 

1 22,898 22,803 -0,416 44,136 44,173 0,0837 

1,25 22,249 22,186 -0,283 36,432 36,394 -0,104 

1,5 22,069 22,035 -0,154 31,092 31,001 -0,293 

1,75 22,017 22,005 -0,0545 27,533 27,414 -0,434 

2 22,005 22,001 -0,018 25,253 25,129 -0,493 

2,25 22,001 22 -0,0045 23,848 23,736 -0,471 

2,5 22 22 0 23,015 22,924 -0,396 

2,75 22 22 0 22,539 22,471 -0,302 

3 22 22 0 22,278 22,23 -0,215 

3,25 22 22 0 22,138 22,107 -0,140 

3,5 22 22 0 22,067 22,048 -0,0861 

3,75 22 22 0 22,032 22,02 -0,0545 

4 22 22 0 22,014 22,008 -0,0272 

ʇʨʠʤʽʪʢʘ: )
1
 ï  ʢʨʦʢ ʽʥʪʝʛʨʫʚʘʥʥʷ ʟʘ ʯʘʩʦʤ 0,05 ʩ; )

2
 ï  ʢʨʦʢ ʽʥʪʝʛʨʫʚʘʥʥʷ ʟʘ ʯʘʩʦʤ 0,1 ʩ; 

)
1,2

 ï  ʢʽʣʴʢʽʩʪʴ ʚʫʟʣʽʚ 62379 ʪʘ ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ 14240 ʯʠʩʣʦʚʦʾ ʤʦʜʝʣʽ. 
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ʏʠʩʣʦʚʠʡ ʨʦʟʚ'ʷʟʦʢɸʥʘʣʽʪʠʯʥʠʡ ʨʦʟʚ'ʷʟʦʢ
 

ʈʠʩ. 2.11 ʈʝʟʫʣʴʪʘʪʠ ʟʽʩʪʘʚʣʝʥʥʷ ʜʘʥʠʭ ʯʠʩʣʦʚʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʟ ʘʥʘʣʽʪʠʯʥʠʤ 

ʥʘ ʯʘʩ ʜʽʾ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʙʽʦʪʢʘʥʠʥʫ 5 ʩ ʧʨʠ ʢʨʦʮʽ ʽʥʪʝʛʨʫʚʘʥʥʷ  

ʟʘ ʯʘʩʦʤ 0,1 ʩ. 
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ʊʘʙʣʠʮʷ 2.4 - 

ʈʝʟʫʣʴʪʘʪʠ ʟʽʩʪʘʚʣʝʥʥʷ ʜʘʥʠʭ ʯʠʩʣʦʚʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʟ ʘʥʘʣʽʪʠʯʥʠʤ 

 ʏʘʩ ʜʽʾ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ 

ʙʽʦʪʢʘʥʠʥʫ 10 ʩ ʧʨʠ ʢʨʦʮʽ 

ʽʥʪʝʛʨʫʚʘʥʥʷ ʟʘ ʯʘʩʦʤ 0,1 ʩ 

ʏʘʩ ʜʽʾ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ 

ʙʽʦʪʢʘʥʠʥʫ 10 ʩ ʧʨʠ ʢʨʦʮ ̔

ʽʥʪʝʛʨʫʚʘʥʥʷ ʟʘ ʯʘʩʦʤ 0,05 ʩ 

x , 

ʤʤ 

ʈʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦ 

ʛʣʠʙʠʥʽ ʙʽʦʪʢʘʥʠʥʠ, ʉ̄  

ʇʦʭʠʙʢʘ 

% 

ʈʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦ 

ʛʣʠʙʠʥʽ ʙʽʦʪʢʘʥʠʥʠ, ʉ̄ 

ʇʦʭʠʙʢʘ 

% 

ʏʠʩʣʦʚʠʡ 

ʨʦʟʨʘʭʫʥʦʢ)
1
 

ɸʥʘʣʽʪʠʯʥʘ 

ʟʘʣʝʞʥʽʩʪʴ 

[14] 

ʏʠʩʣʦʚʠʡ 

ʨʦʟʨʘʭʫʥʦʢ)
1
 

ɸʥʘʣʽʪʠʯʥʘ 

ʟʘʣʝʞʥʽʩʪʴ 

[14] 

0 146,89 147,067 0,120 146,99 147,067 0,0523 

0,25 123,49 123,654 0,132 123,58 123,654 0,0598 

0,5 103,23 103,376 0,141 103,31 103,376 0,0638 

0,75 85,998 86,116 0,137 86,063 86,116 0,0615 

1 71,605 71,689 0,117 71,651 71,689 0,0530 

1,25 59,808 59,854 0,0768 59,833 59,854 0,0350 

1,5 50,322 50,332 0,0198 50,327 50,332 0,0099 

1,75 42,844 42,822 -0,0513 42,831 42,822 -0,0210 

2 37,066 37,019 -0,126 37,04 37,019 -0,0567 

2,25 32,692 32,628 -0,196 32,656 32,628 -0,0858 

2,5 29,448 29,374 -0,251 29,407 29,374 -0,1123 

2,75 27,092 27,015 -0,285 27,049 27,015 -0,1258 

3 25,416 25,342 -0,292 25,375 25,342 -0,1302 

3,25 24,248 24,182 -0,272 24,212 24,182 -0,1240 

3,5 23,452 23,395 -0,243 23,421 23,395 -0,1111 

3,75 22,92 22,87 -0,205 22,894 22,87 -0,0918 

4 22,572 22,534 -0,168 22,552 22,534 -0,0798 

ʇʨʠʤʽʪʢʘ: )
1
 ï  ʢʽʣʴʢʽʩʪʴ ʚʫʟʣʽʚ 62379 ʪʘ ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ 14240 ʯʠʩʣʦʚʦʾ ʤʦʜʝʣʽ. 
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ʏʠʩʣʦʚʠʡ ʨʦʟʚ'ʷʟʦʢɸʥʘʣʽʪʠʯʥʠʡ ʨʦʟʚ'ʷʟʦʢ
 

ʈʠʩ. 2.12 ʈʝʟʫʣʴʪʘʪʠ ʟʽʩʪʘʚʣʝʥʥʷ ʜʘʥʠʭ ʯʠʩʣʦʚʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʟ ʘʥʘʣʽʪʠʯʥʠʤ 

ʥʘ ʯʘʩ ʜʽʾ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʙʽʦʪʢʘʥʠʥʫ 10 ʩ ʧʨʠ ʢʨʦʮʽ ʽʥʪʝʛʨʫʚʘʥʥʷ ʟʘ 

ʯʘʩʦʤ 0,1 ʩ.  
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ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʟʽʩʪʘʚʣʝʥʥʷ ʜʘʥʠʭ ʯʠʩʣʦʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʟʧʦʜʽʣʫ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʦ ʪʦʚʱʠʥʽ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʟʨʘʟʢʘ ʧʨʠ ʡʦʛʦ ʥʘʛʨʽʚʘʥʥʽ ʧʽʜ ʜʽʻʶ 

ʧʦʩʪʽʡʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʟ ʜʘʥʠʤʠ ʨʦʟʨʘʭʫʥʢʽʚ ʟʘ ʘʥʘʣʽʪʠʯʥʦʶ ʟʘʣʝʞʥʽʩʪʶ [122, 

123] ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʧʦʭʠʙʢʘ ʯʠʩʣʦʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʥʝ ʧʝʨʝʚʠʱʫʻ 0,5 %. ʊʦʙʪʦ 

ʤʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʨʘʟʦʤ ʟ ʚʠʢʦʨʠʩʪʘʥʦʶ 

ʤʝʪʦʜʠʢʦʶ ʯʠʩʣʦʚʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ ʩʬʦʨʤʫʣʴʦʚʘʥʦʾ ʟʘʜʘʯʽ ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʫʻ 

ʥʝʩʪʘʮʽʦʥʘʨʥʠʡ ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʫ ʟʨʘʟʢʫ ʧʽʜ ʯʘʩ ʜʽʾ ʥʘ ʥʴʦʛʦ ʣʘʟʝʨʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

 

2.3 ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 2 

 

1. ʅʘʙʫʣʘ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʬʽʟʠʯʥʘ ʪʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣ ɹʪʝʧʣʦʚʦʛʦ 

ʩʪʘʥʫ ʙʘʛʘʪʦʰʘʨʦʚʦʾ ʙʽʦʣʦʛʽʯʥʦ ʾ ʪʢʘʥʠʥʠ ʧʨʠ ʾʾ ʥʘʛʨʽʚʘʥʥʽ ʣʘʟʝʨʥʠʤ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʡʦʛʦ ʧʦʛʣʠʥʘʥʥʷ ʪʘ ʨʦʟʩʽʶʚʘʥʥʷ 

ʥʘʧʽʚʧʨʦʟʦʨʠʤ ʩʝʨʝʜʦʚʠʱʝʤ ʦʪʦʯʝʥʠʤ ʥʘʧʽʚʧʨʦʟʦʨʠʤʠ ʜʠʬʫʟʥʦ-

ʚʽʜʙʠʚʘʣʴʥʠʤʠ ʛʨʘʥʠʮʷʤʠ. 

2. ɸʜʘʧʪʦʚʘʥʦ ʤʝʪʦʜʠʢʫ ʯʠʩʣʦʚʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ ʩʬʦʨʤʫʣʴʦʚʘʥʦʾ ʟʘʜʘʯʽ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʽʚ ʩʢʽʥʯʝʥʠʭ ʦʙôʻʤʽʚ ʽ ʜʠʩʢʨʝʪʥʠʭ ʦʨʜʠʥʘʪ.  

3. ʅʘ ʧʽʜʩʪʘʚʽ ʦʪʨʠʤʘʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʥʘʛʨʽʚʘʥʥʷ ʟʨʘʟʢʘ ʙʽʦʣʦʛʽʯʥʠʭ 

ʪʢʘʥʠʥ ʧʽʜ ʜʽʻʶ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʩʢʣʘʜʥʦʛʦ 

ʨʘʜʽʘʮʽʡʥʦ-ʢʦʥʜʫʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ ʪʘ ʤʝʪʦʜʠʢʠ ʯʠʩʣʦʚʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ 

ʟʘʜʘʯʽ ʨʦʟʨʦʙʣʝʥʦ ʯʠʩʣʦʚʫ ʤʦʜʝʣʴ, ʷʢʘ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʯʠʩʣʦʚʦʛʦ 

ʘʥʘʣʽʟʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʠ, ʛʨʘʜʽʻʥʪʽʚ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ 

ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ 

(ʛʝʦʤʝʪʨʠʯʥʠʭ, ʬʽʟʠʯʥʠʭ, ʫʤʦʚ ʟʦʚʥʽʰʥʴʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ ʪʘ ʽʥ.). 

4. ʇʝʨʝʚʽʨʢʘ ʘʜʝʢʚʘʪʥʦʩʪʽ ʨʦʟʨʦʙʣʝʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʜʘʥʠʭ ʟ ʜʘʥʠʤʠ ʘʥʘʣʽʪʠʯʥʦʛʦ ʨʦʟʚôʷʟʢʫ 

ʣʽʥʽʡʥʦʾ ʥʝʩʪʘʮʽʦʥʘʨʥʦʾ ʟʘʜʘʯʽ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʜʣʷ ʥʘʧʽʚʦʙʤʝʞʝʥʦʛʦ 

ʦʜʥʦʨʽʜʥʦʛʦ ʪʽʣʘ ʧʨʠ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚʘʭ ɯɯ ʨʦʜʫ [122]. ʈʝʟʫʣʴʪʘʪʠ 
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ʟʽʩʪʘʚʣʝʥʥʷ ʜʘʥʠʭ ʯʠʩʣʦʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʘʥʘʣʽʪʠʯʥʦʛʦ ʨʦʟʚôʷʟʢʫ 

ʧʦʢʘʟʘʣʠ, ʱʦ ʧʦʭʠʙʢʘ ʯʠʩʣʦʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʥʝ ʧʝʨʝʚʠʱʫʻ 0,5 %. 
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ʈʆɿɼɯʃ 3 

 

ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅɽ ʆɹʃɸɼʅɸʅʅʗ ʊɸ ʄɽʊʆɼʀʂɸ ʇʈʆɺɽɼɽʅʅʗ 

ɽʂʉʇɽʈʀʄɽʅʊʋ 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʪʘ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ ʤʝʜʠʢʦ-

ʙʽʦʣʦʛʽʯʥʫ ʜʦʩʣʽʜʥʠʮʴʢʫ ʫʩʪʘʥʦʚʢʫ ʥʘ ʙʘʟʽ ʬʝʤʪʦʩʝʢʫʥʜʥʦʛʦ ʣʘʟʝʨʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʦʧʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ (Pʩʨ.ʚʽʜ., Pʩʨ.ʧʨʦʭ. ,ɚʚʽʜ , ɚʧʨʦʭ.) ʪʘ ʭʘʨʘʢʪʝʨʫ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ 

(T1ʤʤ- T5ʤʤ) ʧʘʪʦʣʦʛʽʯʥʠʭ ʪʘ ʟʜʦʨʦʚʠʭ ʙʽʦʪʢʘʥʠʥ. 

 

ʈʠʩʫʥʦʢ 3.1.- ɹʣʦʢ-ʩʭʝʤʘ ʢʦʤʧʣʝʢʩʫ 
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ʈʠʩʫʥʦʢ 3.2- ʌʦʪʦʛʨʘʬʽʷ ʢʦʤʧʣʝʢʩʫ 

1 ï ʙʣʦʢ ʞʠʚʣʝʥʥʷ (ɹɾ) 

2ï ʙʣʦʢ ʦʭʦʣʦʜʞʝʥʥʷ (ɹʆ) 

3 ï ʣʘʟʝʨ Verdi V-10 

4 ï ʣʘʟʝʨ MiraOptima 900-F  

5 ï ʌʝʤʪʦʩʝʢʫʥʜʥʠʡ ʢʦʤʧʣʝʢʩ 

6 ï ʛʝʥʝʨʘʪʦʨ ʛʘʨʤʦʥʽʢ 9300  

7 ï ɺʠʤʽʨʶʚʘʯ ʧʦʣʷʨʠʟʘʮʽʾ 

8 ï ʩʧʝʢʪʨʦʤʝʪʨ HR-2000+ 

9 ï ʩʪʽʣ ʦʧʪʠʯʥʠʡ  

10 ï ʚʠʤʽʨʶʚʘʯ ʧʦʪʫʞʥʦʩʪʽ FieldMaster GS 

11 ï ʇɽʆʄ 

12 ï ʚʠʤʽʨʶʚʘʯ ʪʝʤʧʝʨʘʪʫʨʠ 

 

3.1 ʇʦʙʫʜʦʚʘ ʪʘ ʨʘʙʦʪʘ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ ʢʦʤʧʣʝʢʩʫ. 

 

3.1.1 ʃʘʟʝʨ ʥʘʢʘʯʢʠ  Verdi
TM

 V-10 

 

ʃʘʟʝʨ ʥʘʢʘʯʢʠ  Verdi
TM

 V-10  ʻ ʢʦʤʧʘʢʪʥʠʤ ʣʘʟʝʨʦʤ ʟ ʜʽʦʜʥʦʶ ʥʘʢʘʯʢʦʶ,  

ʧʦʜʚʦʶʚʘʥʥʷʤ ʯʘʩʪʦʪʠ ʽ ʥʠʟʴʢʠʤ ʨʽʚʥʝʤ ʰʫʤʫ ʥʘ ʚʩʽʭ ʨʽʚʥʷʭ ʧʦʪʫʞʥʦʩʪʽ ʣʘʟʝʨʥʦʛʦ 
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ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʣʘʟʝʨ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʣʘʟʝʨʥʦʾ ʛʦʣʦʚʢʠ, ʙʣʦʢʫ 

ʞʠʚʣʝʥʥʷ ʽ ʙʣʦʢʫ ʦʭʦʣʦʜʞʫʚʘʥʥʷ. 

 

ʈʠʩʫʥʦʢ 3.3.1 - ʆʧʪʠʯʥʘ ʩʭʝʤʘ ʣʘʟʝʨʥʦʾ ʛʦʣʦʚʢʠ ʣʘʟʝʨʘ Verdi
TM

 V-10 

 

 

ʈʠʩʫʥʦʢ 3.3.2 - ʃʘʟʝʨ Verdi
TM

 V-10 

 

ʆʩʥʦʚʥʠʤʠ ʦʧʪʠʯʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʣʘʟʝʨʥʦʾ ʛʦʣʦʚʢʠ ʣʘʟʝʨʘ ʥʘʢʘʯʢʠ  Verdi
TM

 V-

10  ʷʚʣʷʶʪʴʩʷ (ʜʠʚ. ʨʠʩʫʥʦʢ 3.3.1) [124]: 

- ʧʽʜʩʠʣʶʶʯʝ ʩʝʨʝʜʦʚʠʱʝ ï NeodymiumVanadate (Nd:YVO4); 

- ʧʦʜʚʦʶʚʘʣʴʥʠʡ ʛʝʥʝʨʘʪʦʨ (LBO); 

- ʝʪʘʣʦʥ ʷʢ ʨʝʧʝʨ ʦʜʥʽʻʾ ʦʧʪʠʯʥʦʾ ʯʘʩʪʦʪʠ; 

- ʦʧʪʠʯʥʠʡ ʜʽʦʜ; 

- ʘʩʪʠʛʤʘʪʠʯʥʠʡ ʢʦʤʧʝʥʩʘʪʦʨ; 

- ʜʟʝʨʢʘʣʘ. 
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ʄʽʞʙʣʦʯʥʠʡ ʟôʻʜʥʫʚʘʯ ʤʽʩʪʠʪʴ ʝʣʝʢʪʨʠʯʥʽ ʽ ʦʧʪʠʯʥʽ ʢʘʙʝʣʽ. ɽʣʝʢʪʨʠʯʥʽ   ʢʘʙʝʣʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʢʦʥʪʨʦʣʶʚʘʥʥʷ ʽ ʤʦʥʽʪʦʨʠʥʛ ʩʠʛʥʘʣʽʚ ʤʽʞ ʣʘʟʝʨʥʦʶ ʛʦʣʦʚʢʦʶ ʽ ʙʣʦʢʦʤ 

ʞʠʚʣʝʥʥʷ. ʆʧʪʠʯʥʽ ʢʘʙʝʣʽ ʧʝʨʝʜʘʶʪʴ ʩʚʽʪʣʦ ʚʽʜ ʜʽʦʜʥʠʭ ʣʘʟʝʨʽʚ ʜʦ ʣʘʟʝʨʥʦʾ ʛʦʣʦʚʢʠ. 

ɺʩʽ ʦʧʪʠʯʥʽ ʢʦʤʧʦʥʝʥʪʠ ʫʩʪʘʥʦʚʣʝʥʽ ʥʘ ʤʝʪʘʣʝʚʽʡ ʽʥʚʘʨʦʚʽʡ ʧʣʠʪʽ ʜʣʷ ʥʘʜʽʡʥʦʩʪʽ 

ʽ ʩʪʘʙʽʣʴʥʦʩʪʽ. ʊʝʤʧʝʨʘʪʫʨʘ Vanadate ʽ ʝʪʘʣʦʥʘ ʢʦʥʪʨʦʣʶʻʪʴʩʷ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʤʠ 

ʦʭʦʣʦʜʞʫʚʘʯʘʤʠ (TECs), ʷʢʽ ʟʜʘʪʥʽ ʥʘʛʨʽʚʘʪʠ ʘʙʦ ʦʭʦʣʦʜʞʫʚʘʪʠ ʦʧʪʠʯʥʽ ʝʣʝʤʝʥʪʠ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʣʽʪʽʷʧʦʜʚʦʶʚʘʣʴʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ (LBO) ʢʦʥʪʨʦʣʶʻʪʴʩʷ ʪʝʨʤʦʨʝʟʠʩʪʦʨʦʤ ʽ 

ʧʽʜʪʨʠʤʫʻʪʴʩʷ, ʧʨʠʙʣʠʟʥʦ, 148 
ʦ
ʉ. ʅʘʢʦʧʠʯʝʥʘ ʚ ʣʘʟʝʨʥʽʡ ʛʦʣʦʚʮʽ ʪʝʧʣʦʪʘ ʨʦʟʩʽʶʻʪʴʩʷ 

ʥʘ ʧʣʠʪʽ, ʷʢʘ ʦʭʦʣʦʜʞʫʻʪʴʩʷ ʚʦʜʦʶ. ʊʝʤʧʝʨʘʪʫʨʘ ʧʣʠʪʠ ʢʦʥʪʨʦʣʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʦʮʝʩʦʨʘ, ʷʢʠʡ ʚʠʢʣʶʯʘʻ ʩʠʩʪʝʤʫ, ʷʢʱʦ ʪʝʤʧʝʨʘʪʫʨʘ ʣʘʟʝʨʘ ʧʝʨʝʚʠʱʫʻ 55 
ʦ
ʉ. 

ʂʨʠʩʪʘʣ  Nd:YVO4  ʣʘʟʝʨʘ Vanadate, ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʣʘʟʝʨʥʽʡ ʛʦʣʦʚʮʽ ʽ 

ʥʘʢʘʯʫʻʪʴʩʷ ʯʝʨʝʟ ʦʧʪʦʚʦʣʦʢʥʦ. ʅʝʣʽʥʽʡʥʝ ʩʝʨʝʜʦʚʠʱʝ ʪʠʧʫ ɯ, ʢʫʪ ʬʘʟʦʚʦʛʦ 

ʩʠʥʭʨʦʥʽʟʤʫ, ʧʨʠʙʣʠʟʥʦ, 150
ʦ
ʉ. ʆʜʥʦʥʘʧʨʘʚʣʝʥʘ ʨʦʙʦʪʘ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʦʧʪʠʯʥʦʛʦ ʜʽʦʜʫ. ʆʩʢʽʣʴʢʠ ʣʘʟʝʨ ʻ ʦʜʥʦʥʘʧʨʘʚʣʝʥʦʶ, ʦʜʥʦʨʽʜʥʦ ʨʦʟʰʠʨʝʥʦʶ 

ʩʠʩʪʝʤʦʶ, ʚʽʥ  ʤʦʞʝ ʫʧʨʘʚʣʷʪʠʩʷ ʟʘ ʯʘʩʪʦʪʦʶ  ʝʪʘʣʦʥʦʤ. 

ɹʣʦʢ ʞʠʚʣʝʥʥʷ ʣʘʟʝʨʘ ʥʘʢʘʯʢʠ Verdi
TM

 V-10 ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʤʝʪʘʣʝʚʠʡ 

ʢʦʨʧʫʩ, ʚ ʷʢʦʤʫ ʨʦʟʤʽʱʝʥʽ ʩʠʩʪʝʤʠ ʽ ʚʫʟʣʠ, ʱʦ ʚʠʢʦʥʫʶʪʴ ʪʘʢʽ ʦʩʥʦʚʥʽ ʬʫʥʢʮʽʾ [124]: 

- ʧʦʩʪʘʯʘʥʥʷ ʧʦʩʪʽʡʥʦʾ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ ʣʘʟʝʨʥʠʭ ʜʽʦʜʽʚ; 

- ʢʦʥʪʨʦʣʶʚʘʥʥʷ ʰʝʩʪʠ ʧʝʪʝʣʴ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ; 

- ʦʭʦʣʦʜʞʝʥʥʷ ʣʘʟʝʨʥʠʭ ʜʽʦʜʽʚ; 

- ʢʦʥʪʨʦʣʶʚʘʥʥʷ ʽ ʤʦʥʽʪʦʨʠʥʛ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ; 

- ʟʙʝʨʝʞʝʥʥʷ ʜʘʥʠʭ. 

ɹʣʦʢ ʦʭʦʣʦʜʞʝʥʥʷ ʣʘʟʝʨʥʦʾ ʛʦʣʦʚʢʠ ʽ ʧʣʠʪʠ ʬʝʤʪʦʩʝʢʫʥʜʥʦʛʦ  ʣʘʟʝʨʘ  Mira 900-F 

ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʟʘʤʢʥʫʪʠʡ ʢʦʥʪʫʨ, ʚ ʷʢʦʤʫ ʧʨʦʢʘʯʫʚʘʥʥʷ ʜʠʩʪʠʣʴʦʚʘʥʦʾ ʚʦʜʠ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʦʜʷʥʠʤ ʥʘʩʦʩʦʤ, ʘ ʦʭʦʣʦʜʞʝʥʥʷ ï ʚ ʪʝʧʣʦʦʙʤʽʥʥʠʢʫ ʚʦʜʘ-ʧʦʚʽʪʨʷ, 

ʷʢʠʡ ʦʭʦʣʦʜʞʫʻʪʴʩʷ ʚʝʥʪʠʣʷʪʦʨʦʤ. 

ɿʚʦʨʦʪʥʽʡ ʟʚôʷʟʦʢ ʩʚʽʪʣʦ-ʬʦʪʦʜʽʦʜ ʚ ʣʘʟʝʨʥʽʡ ʛʦʣʦʚʮʽ ʢʦʥʪʨʦʣʶʻ ʣʘʟʝʨʥʫ 

ʧʦʪʫʞʥʽʩʪʴ. ʎʝʥʪʨʘʣʴʥʠʡ ʧʨʦʮʝʩʦʨ ʫʧʨʘʚʣʷʻ ʚʠʭʽʜʥʦʶ ʧʦʪʫʞʥʽʩʪʶ ʣʘʟʝʨʘ ʥʘʢʘʯʢʠ  

Verdi
TM

 V-10 ʰʣʷʭʦʤ ʢʦʥʪʨʦʣʶ ʽ ʨʝʛʫʣʶʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʣʘʟʝʨʥʠʭ ʜʽʦʜʽʚ.  
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ʑʦʙ ʟʘʧʦʙʽʛʪʠ ʰʚʠʜʢʽʡ ʟʤʽʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʜʚʦʶʚʘʣʴʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ LBO, ʷʢʘ 

ʤʦʞʝ ʚʠʟʚʘʪʠ ʡʦʛʦ ʧʦʰʢʦʜʞʝʥʥʷ ʧʽʜ ʯʘʩ ʧʨʦʛʨʽʚʫ ʣʘʟʝʨʘ ʥʘʢʘʯʢʠ  Verdi
TM

 V-10, 

ʮʝʥʪʨʘʣʴʥʠʡ ʧʨʦʮʝʩʦʨ ʟʘʙʝʟʧʝʯʫʻ ʧʦʚʽʣʴʥʠʡ ʥʘʛʨʽʚ ʜʦ ʨʦʙʦʯʦʾ ʪʝʤʧʝʨʘʪʫʨʠ. ʎʝʡ 

ʧʨʦʛʨʽʚ ʪʨʠʚʘʻ, ʧʨʠʙʣʠʟʥʦ 30 ʭʚʠʣʠʥ. ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʧʨʦʧʘʜʘʻ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ, 

ʚʢʣʶʯʘʻʪʴʩʷ ʨʝʟʝʨʚʥʘ ʙʘʪʘʨʝʷ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʾ ʧʨʦʮʝʩʦʨ ʧʨʦʚʦʜʠʪʴ ʧʦʚʽʣʴʥʝ 

ʦʭʦʣʦʜʞʝʥʥʷ   ʧʦʜʚʦʶʚʘʣʴʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ LBO ʜʦ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʣʘʟʝʨʥʠʭ ʜʽʦʜʽʚ, ʷʢʽ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʙʣʦʮʽ ʞʠʚʣʝʥʥʷ, 

ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʧʦʩʪʽʡʥʦʶ ʟʘ ʨʘʭʫʥʦʢ ʧʦʚʽʪʨʷʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ ʚʝʥʪʠʣʷʪʦʨʦʤ. 

ɺʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʩʪʚʦʨʝʥʝ ʜʚʦʤʘ ʣʘʟʝʨʥʠʤʠ ʜʽʦʜʘʤʠ,  ʥʘʜʭʦʜʠʪʴ ʚ ʣʘʟʝʨʥʫ 

ʛʦʣʦʚʢʫ, ʜʝ ʧʽʩʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ  ʧʨʦʤʽʥʴ ʟ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ 532 ʥʤ ʥʘʧʨʘʚʣʷʻʪʴʩʷ ʚ 

ʬʝʤʪʦʩʝʢʫʥʜʥʠʡ  ʣʘʟʝʨ  Mira 900-F [125]. 

3.1.2 ʌʝʤʪʦʩʝʢʫʥʜʥʠʡ  ʣʘʟʝʨ  Mira 900-F 

 

ʃʘʟʝʨ Mira 900-F ʻ ʫʣʴʪʨʘ ʰʚʠʜʢʠʤ ʧʝʨʝʩʪʨʦʶʚʘʥʠʤ ʪʚʝʨʜʦʪʽʣʴʥʠʤ ʣʘʟʝʨʦʤ, ʚ 

ʷʢʦʤʫ ʢʨʠʩʪʘʣ Titanium:sapphire ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʧʽʜʩʠʣʶʶʯʝ ʩʝʨʝʜʦʚʠʱʝ.  

ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʘʟʝʨʘ Mira 900-F [125]: 

- ʜʞʝʨʝʣʦ ʥʘʢʘʯʢʠ ï ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʣʘʟʝʨʘ ʥʘʢʘʯʢʠ Verdi
TM

 V-10; 

- ʚʠʭʽʜʥʘ ʧʦʪʫʞʥʽʩʪʴ: ʩʝʨʝʜʥʷ ʜʦ 1,5 ɺʪ, ʧʽʢʦʚʘ ʜʦ 100 ʢɺʪ; 

- ʜʦʚʞʠʥʘ ʭʚʠʣʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (ʜʽʘʧʘʟʦʥ ʧʝʨʝʩʪʨʦʶʚʘʥʥʷ) ʚʽʜ 700 ʜʦ 900ʥʤ; 

- ʪʨʠʚʘʣʽʩʪʴ ʽʤʧʫʣʴʩʫ, ʥʝ ʙʽʣʴʰʝ 200 ʬʩ; 

- ʯʘʩʪʦʪʘ ʩʣʽʜʫʚʘʥʥʷ ʽʤʧʫʣʴʩʽʚ 76 ʄɻʮ; 

- ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʤʝʥʰ, ʥʽʞ 3%; 

- ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʤʝʥʰ, ʥʽʞ 2 ʥʤ; 

- ʜʽʘʤʝʪʨ ʧʨʦʤʝʥʷ 0,8 ʤʤ; 

- ʨʦʟʭʦʜʞʝʥʥʷ ʧʨʦʤʝʥʷ 1,7 ʤʨʘʜ; 

- ʧʦʣʷʨʠʟʘʮʽʷ ʧʨʦʤʝʥʷ ʛʦʨʠʟʦʥʪʘʣʴʥʘ; 

- ʰʫʤ ʥʝ ʙʽʣʴʰʝ 2%. 

ʂʦʥʩʪʨʫʢʪʠʚʥʦ  ʣʘʟʝʨ Mira 900-F ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʣʘʟʝʨʥʦʾ ʛʦʣʦʚʢʠ ʽ ʢʦʥʪʨʦʣʝʨʘ, ʚ 

ʷʢʠʭ ʨʦʟʤʽʱʝʥʽ ʜʝʪʝʢʪʦʨʠ, ʚʠʤʽʨʶʚʘʯ ʨʽʚʥʷ ʧʦʪʫʞʥʦʩʪʽ, ʰʚʠʜʢʠʡ ʬʦʪʦʜʽʦʜ, ʜʘʪʯʠʢ 

ʚʦʣʦʛʦʩʪʽ, ʥʘʙʽʨ ʦʧʪʠʢʠ X-Wave, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʜʽʘʧʘʟʦʥ ʧʝʨʝʩʪʨʦʶʚʘʥʥʷ  ʚʽʜ 700 ʜʦ 
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900ʥʤ. ʆʧʪʠʯʥʽ ʝʣʝʤʝʥʪʠ ʣʘʟʝʨʥʦʾ ʛʦʣʦʚʢʠ ʣʘʟʝʨʘ Mira 900-F ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩʫʥʢʫ 

3.4.1 [125]. 

 

ʈʠʩʫʥʦʢ 3.4.1 - ʆʧʪʠʯʥʘ ʩʭʝʤʘ ʣʘʟʝʨʥʦʾ ʛʦʣʦʚʢʠ ʣʘʟʝʨʘ Mira 900-F 

 

ʈʠʩʫʥʦʢ 3.4.2 ʃʘʟʝʨʥʘ ʛʦʣʦʚʢʘ ʣʘʟʝʨʘ Mira 900-F 



79 

 

 

ʈʠʩʫʥʦʢ 3.4.3 - ʃʘʟʝʨʘ Mira 900-F 

 

ɺʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʩʪʚʦʨʝʥʝ ʣʘʟʝʨʦʤ Mira 900-F, ʷʚʣʷʻʪʴʩʷ ʜʞʝʨʝʣʦʤ ʦʩʥʦʚʥʦʾ 

ʛʘʨʤʦʥʽʢʠ ʜʣʷ ʛʝʥʝʨʘʪʦʨʘ ʛʘʨʤʦʥʽʢ Model 0-050. 

 

3.1.3 ɻʝʥʝʨʘʪʦʨ ʛʘʨʤʦʥʽʢ Model 0-050 

 

ʅʘʜʰʚʠʜʢʠʡ  ʛʝʥʝʨʘʪʦʨ ʛʘʨʤʦʥʽʢ Model 0-050 ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʩʠʩʪʝʤʫ 

ʨʦʟʰʠʨʝʥʥʷ ʚ ʙʽʣʴʰ ʢʦʨʦʪʢʦʭʚʠʣʴʦʚʫ ʦʙʣʘʩʪʴ ʚʠʧʨʦʤʽʥʝʥʥʷ ʜʣʷ ʣʘʟʝʨʽʚ ʥʘ ʢʨʠʩʪʘʣʽ 

Titanium:sapphire ʟʘ ʨʘʭʫʥʦʢ ʥʝ ʣʽʥʽʡʥʦʩʪʽ ʢʨʠʩʪʘʣʘ. ɿ ʮʽʻʶ ʩʠʩʪʝʤʦʶ ʙʫʜʴ-ʷʢʠʡ ʥʘʜ 

ʰʚʠʜʢʠʡ Titanium:sapphire ʣʘʟʝʨ ʤʦʞʝ ʙʫʪʠ ʧʝʨʝʣʘʰʪʦʚʘʥʠʤ ʥʘ ʙʽʣʴʰ ʢʦʨʦʪʢʽ 

ʜʦʚʞʠʥʠ ʭʚʠʣʴ. ɺ ʜʽʘʧʘʟʦʥʽ ʦʩʥʦʚʥʦʾ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʚʽʜ 700 ʜʦ 900 ʥʤ, ʥʘʧʨʠʢʣʘʜ, 

ʜʦʚʞʠʥʠ ʭʚʠʣʴ ʛʝʥʝʨʘʪʦʨʘ ʜʨʫʛʦʾ ʛʘʨʤʦʥʽʢʠ (SHG) ʤʦʞʫʪʴ  ʫʩʪʘʥʦʚʣʶʚʘʪʠʩʷ ʚʽʜ 350 

ʜʦ 450 ʥʤ, ʽ ʜʦʚʞʠʥʠ ʭʚʠʣʴ ʛʝʥʝʨʘʪʦʨʘ ʪʨʝʪʴʦʾ ʛʘʨʤʦʥʽʢʠ (ʊHG) ʤʦʞʫʪʴ  

ʫʩʪʘʥʦʚʣʶʚʘʪʠʩʷ ʚʽʜ 233 ʜʦ 300 ʥʤ. 

ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʝʥʝʨʘʪʦʨʘ ʛʘʨʤʦʥʽʢ Model 0-050 [126]: 

- ʜʦʚʞʠʥʘ ʭʚʠʣʽ, ʥʤ: ʩʪʘʥʜʘʨʪʥʘ (700-900); ʦʧʮʽʦʥʥʦ (900-1000); 

- ʚʠʩʦʪʘ ʧʫʯʢʘ ʧʨʦʤʝʥʷ 120 ʤʤ; 

- ʧʦʣʷʨʠʟʘʮʽʷ ʛʦʨʠʟʦʥʪʘʣʴʥʘ; 
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- ʜʦʚʞʠʥʘ ʭʚʠʣʽ ʜʨʫʛʦʾ ʛʘʨʤʦʥʽʢʠ (SHG), ʥʤ: ʢʦʨʦʪʢʘ (350-400); ʩʝʨʝʜʥʷ (400-450); 

ʜʦʚʛʘ (450-500); 

- ʜʦʚʞʠʥʘ ʭʚʠʣʽ ʪʨʝʪʴʦʾ ʛʘʨʤʦʥʽʢʠ (ʊHG), ʥʤ: ʢʦʨʦʪʢʦ-ʩʝʨʝʜʥʷ (233-300); ʩʝʨʝʜʥʴʦ-

ʜʦʚʛʘ (260-333). 

ʆʧʪʠʯʥʘ ʩʭʝʤʘ  ʛʝʥʝʨʘʪʦʨʘ ʛʘʨʤʦʥʽʢ Model 0-050 ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʫ 3.5.1. 

 

ʈʠʩʫʥʦʢ 3.5.1 - ʆʧʪʠʯʥʘ ʩʭʝʤʘ ʛʝʥʝʨʘʪʦʨʘ ʛʘʨʤʦʥʽʢ Model 0-050 

 

ʈʠʩʫʥʦʢ 3.5.2 ɻʝʥʝʨʘʪʦʨ ʛʘʨʤʦʥʽʢ 
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ɼʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʚ ʬʽʦʣʝʪʦʚʫ ʽ ʩʠʥʶ ʦʙʣʘʩʪʽ 

ʩʧʝʢʪʨʫ, ʬʦʢʫʩʫʚʘʥʥʷ ʚʭʽʜʥʦʛʦ ʧʨʦʤʝʥʷ ʚʽʜ ʰʠʨʦʢʦʧʦʣʦʩʥʠʭ ʜʟʝʨʢʘʣ 2 ʚʠʢʦʥʫʻʪʴʩʷ 

ʚʽʜʙʠʚʥʠʤ ʩʬʝʨʠʯʥʠʤ ʜʟʝʨʢʘʣʦʤ 3. ɼʟʝʨʢʘʣʦ 3 ʬʦʢʫʩʫʻ ʧʨʦʤʽʥʴ ʦʩʥʦʚʥʦʾ ʛʘʨʤʦʥʽʢʠ ʟ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʶ ʧʦʣʷʨʠʟʘʮʽʻʶ Titanium:sapphire ʥʘ ʢʨʠʩʪʘʣ 11 SHG, ʱʦʙ ʩʪʚʦʨʠʪʠ 

ʩʠʥʻ ʩʚʽʪʣʦ. ʂʨʠʩʪʘʣ 11 ʤʦʞʝ ʙʫʪʠ ʥʘʭʠʣʝʥʠʤ ʧʽʜ ʢʫʪʦʤ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʬʘʟʦʚʦʛʦ 

ʩʠʥʭʨʦʥʽʟʤʫ ʽ ʤʦʞʝ ʧʝʨʝʤʽʱʫʚʘʪʠʩʷ ʜʣʷ ʪʦʯʥʦʛʦ ʬʦʢʫʩʫʚʘʥʥʷ ʦʩʥʦʚʥʦʾ ʛʘʨʤʦʥʽʢʠ. 

ʇʨʦʤʝʥʽ ʦʩʥʦʚʥʦʾ ʽ ʜʨʫʛʦʾ ʛʘʨʤʦʥʽʢʠ ʢʦʣʽʤʽʨʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʜʽʝʣʝʢʪʨʠʯʥʦʛʦ ʜʟʝʨʢʘʣʘ 4. ʆʩʢʽʣʴʢʠ ʜʣʷ ʧʦʪʨʝʙ ʢʦʤʧʣʝʢʩʫ ʩʠʩʪʝʤʘ ʦʧʪʠʢʠ INRAD 

H/N 5-050 ʧʨʘʮʶʻ ʪʽʣʴʢʠ ʥʘ ʛʝʥʝʨʘʮʽʶ ʜʨʫʛʦʾ ʛʘʨʤʦʥʽʢʠ, ʪʦ ʚ ʧʦʜʘʣʴʰʦʤʫ  ʦʩʥʦʚʥʘ ʽ 

ʜʨʫʛʘ ʛʘʨʤʦʥʽʢʠ ʨʦʟʜʽʣʷʶʪʴʩʷ,ʪʦʙʪʦ ʨʝʢʦʣʣʽʤʽʨʫʶʪʴʩʷ ʜʟʝʨʢʘʣʦʤ 6 (ʚʢʘʟʘʥʦ 

ʧʫʥʢʪʠʨʦʤ) ʽ ʚʠʚʦʜʷʪʴʩʷ ʽʟ ʛʝʥʝʨʘʪʦʨʘ ʛʘʨʤʦʥʽʢ ʯʝʨʝʟ ʦʢʨʝʤʽ ʦʧʪʠʯʥʽ ʦʪʚʦʨʠ (ʚʠʭʦʜʠ 

13-13 ʽ 13-14 ʚʽʜʧʦʚʽʜʥʦ). ʆʩʥʦʚʥʘ ʛʘʨʤʦʥʽʢʘ ʚʠʜʽʣʷʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʟʝʨʢʘʣ 13, ʘ 

ʜʨʫʛʘ ʛʘʨʤʦʥʽʢʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʟʝʨʢʘʣʘ 18 ʽ ʧʦʩʪʫʧʘʻ ʯʝʨʝʟ ʩʚʽʪʣʦʧʨʦʚʽʜ ʥʘ  ʦʙôʻʢʪ 

ʦʧʨʦʤʽʥʝʥʥʷ. 

ʅʘ ʨʠʩʫʥʢʫ 3.5.1 ʪʘʢʦʞ ʧʦʢʘʟʘʥʽ ʦʧʪʠʯʥʽ ʝʣʝʤʝʥʪʠ ʩʭʝʤʠ ʛʝʥʝʨʘʮʽʾ ʪʨʝʪʴʦʾ 

ʛʘʨʤʦʥʽʢʠ. ɸʣʝ ʚʦʥʘ ʚ ʢʦʤʧʣʝʢʩʽ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʽ ʻ ʦʧʮʽʦʥʥʦʶ.  

 

3.1.4.ɿʘʩʦʙʠ ʚʠʤʽʨʶʚʘʥʥʷ, ʽʥʩʪʨʫʤʝʥʪʠ ʪʘ ʧʨʠʣʘʜʜʷ 

 

ʇʨʠ ʨʦʙʦʪʽ ʢʦʤʧʣʝʢʩʘ ʥʝʦʙʭʽʜʥʝ ʞʠʚʣʝʥʥʷ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ ʷʢʝ  ʟʘʙʝʟʧʝʯʫʻ ʙʣʦʢ 

ʞʠʚʣʝʥʥʷ ʪʘ ʙʣʦʢ ʦʭʦʣʦʜʞʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʨʠʩ 3.6. 
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ʈʠʩ. 3.6 ï ɹʣʦʢ ʦʭʦʣʦʜʞʝʥʥʷ ʪʘ ʙʣʦʢ ʞʠʚʣʝʥʥʷ 

 

ʇʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʢʦʤʧʣʝʢʩʫ ʥʝʦʙʭʽʜʥʦ ʢʦʥʪʨʦʣʶʚʘʪʠ ʜʚʽ ʦʩʥʦʚʥʽ ʤʝʪʨʦʣʦʛʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʣʝʢʩʫ ï ʧʦʪʫʞʥʽʩʪʴ ʽ ʜʦʚʞʠʥʘ ʭʚʠʣʽ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥ̫ . 

ɼʣʷ  ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ  ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥ̫  ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʚʠʤʽʨʶʚʘʯ ʧʦʪʫʞʥʦʩʪʽ  FieldMaster
 TM

 GS, ʷʢʠʡ ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ ʢʦʤʧʣʝʢʩʫ ʽ 

ʟʘʙʝʟʧʝʯʫʻ ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ  ʥʝʧʝʨʝʨʚʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥ̫  ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 1 

ʥɺʪ ʜʦ 5 ʢɺʪ ʚ ʽ ʝʥʝʨʛʽʾ ʽʤʧʫʣʴʩʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥ̫  ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 1 ʤʢɼʞ ʜʦ 20 ɼʞ 

[127].  

ʅʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʽ ʪʝʧʣʦʚʽ ʜʘʪʯʠʢʠ FieldMaster GS ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʤʽʨʶʚʘʥʥʷ 

ʧʦʪʫʞʥʦʩʪʽ ʚ ʰʠʨʦʢʦʤʫ ʩʧʝʢʪʨʽ ʜʦʚʞʠʥ ʭʚʠʣʴ ʚʽʜ 0,19 ʜʦ 10,6 ʤʢʤ. 

ɼʣʷ  ʚʠʤʽʨʶʚʘʥʥʷ ʩʧʝʢʪʨʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʧʝʢʪʨʦʤʝʪʨ ʦʧʪʠʯʥʠʡ HR2000
+
, ʷʢʠʡ ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ ʢʦʤʧʣʝʢʩʫ ʽ 

ʟʘʙʝʟʧʝʯʫʻ ʚʠʤʽʨʶʚʘʥʥʷ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 200 ʜʦ 1100 ʥʤ ʟ ʚʠʩʦʢʦʶ ʦʧʪʠʯʥʦʶ 

ʨʦʟʜʽʣʴʥʽʩʪʶ 0,035 ʥʤ [128].  



83 

 

 

ʈʠʩʫʥʦʢ 3.7 ɺʠʤʽʨʶʚʘʯ ʧʦʪʫʞʥʦʩʪʽ FieldMaster
 TM

 GS ʪʘ ʩʧʝʢʪʨʦʤʝʪʨ 

ʦʧʪʠʯʥʠʡ HR2000
+
 

 

ʇʦʣʷʨʠʟʘʮʽʷ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʠʟʥʘʯʘʣʘʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʠʟʤʠ ɻʣʘʥʘ-

ʊʝʡʣʦʨʘ, ʷʢʘ ʟʘʢʨʽʧʣʝʥʘ ʚ ʧʨʠʩʪʨʦʾ ʜʣʷ ʾʾ ʧʦʚʦʨʦʪʫ ʨʠʩ.3.8. 

 

ʈʠʩʫʥʦʢ 3.8 ʇʨʠʟʤʘ ɻʣʘʥʘïʊʝʡʣʦʨʘ ʪʘ ʧʨʠʩʪʨʽʡ ʾʾ ʢʨʽʧʣʝʥʥʷ. 

ʈʦʟʩʽʷʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘʜʭʦʜʠʪʴ ʜʦ ʧʝʨʝʩʫʚʥʦʛʦ(ʤʦʙʽʣʴʥʦʛʦ) ʫʣʦʚʣʶʚʘʯʘ 

ʩʧʝʢʪʨʦʤʝʪʨʘ 8 ʨʠʩ.3.9. ʇʦʪʫʞʥʽʩʪʴ ʨʦʟʩʽʷʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʠʟʥʘʯʘʻʤʦ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʛʦʣʦʚʢʠ ʨʠʩ.3.9, ʷʢʘ ʻ ʩʢʣʘʜʦʚʦʶ ʯʘʩʪʠʥʦʶ  ʧʝʨʝʩʫʚʥʦʛʦ 

ʚʠʤʽʨʶʚʘʯʘ ʧʦʪʫʞʥʦʩʪʽ 10. 
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ʈʠʩʫʥʦʢ 3.9 ʄʦʙʽʣʴʥʽ ʫʣʦʚʣʶʚʘʯʽ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ 

ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʪʘ ʧʦʪʫʞʥʦʩʪʽ ʚʽʜʧʦʚʽʜʥʦ. 

 

ɺʠʤʽʨʶʚʘʥʥʷ ʯʘʩʫ ʪʨʠʚʘʣʦʩʪʽ ʽʤʧʫʣʴʩʫ ʚʠʟʥʘʯʘʻʤʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʠʩʪʨʦʶ 

Autocorrelator Mini  [129]. ʆʪʨʠʤʘʥʠʡ ʯʘʩ ʪʨʠʚʘʣʦʩʪʽ ʽʤʧʫʣʴʩʫ ʧʨʠʙʣʠʟʥʦ ʜʦʨʽʚʥʶʚʘʚ 

150 ʬʝʤʪʦʩʝʢʫʥʜ ʨʠʩ.3.10. 

 

ʈʠʩ.3.10 ɺʠʤʽʨʶʚʘʯ ʯʘʩʫ ʪʨʠʚʘʣʦʩʪʽ ʽʤʧʫʣʴʩʫ Autocorrelator Mini  
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ɺʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʟʥʘʯʘʻʤʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʮʠʬʨʦʚʦʛʦ ʤʫʣʴʪʠʤʝʪʨʘ 

DT 838 [130], ʷʢʠʡ ʦʩʥʘʱʝʥʠʡ ʪʝʨʤʦʧʘʨʦ  ʁ ʊʇ-01. ʊʝʨʤʦʧʘʨʘ ʚʩʪʘʥʦʚʣʶʚʘʣʘʩʴ ʚ 

ʙʽʦʪʢʘʥʠʥʫ ʥʘ ʛʣʠʙʠʥʘʭ 1,2.5,5 ʤʤ. ʊʨʠʚʘʣʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʢʦʞʥʽʡ 

ʛʣʠʙʠʥʽ 1,5,10 ʩ. 

 

3.2 ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʥʷ ʚʠʤʽʨʶʚʘʥʴ ʧʘʨʘʤʝʪʨʽʚ ʟʜʦʨʦʚʦʾ ʪʘ ʧʘʪʦʣʦʛʽʯʥʦʾ 

ʙʽʦʪʢʘʥʠʥʠ. 

1. ʇʦʧʝʨʝʜʥʷ ʧʽʜʛʦʪʦʚʢʘ. 

1.1 ɿʘʚʯʘʩʥʦ ʦʪʨʠʤʫʻʤʦ ʚʽʜ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʽʥʩʪʠʪʫʪʫ ʨʘʢʫ ʟʨʘʟʢʠ 

ʧʘʪʦʣʦʛʽʯʥʦʾ ʪʘ ʟʜʦʨʦʚʦʾ ʙʽʦʪʢʘʥʠʥʠ ʫ ʚʠʛʣʷʜʽ ʢʫʙʠʢʽʚ ʪʦʚʱʠʥʦʶ 

(1,5,10ʤʤ). 

1.2 ɿʨʘʟʦʢ ʙʽʦʪʢʘʥʠʥʠ ʨʦʟʤʽʱʫʻʤʦ ʥʘ ʧʣʘʩʪʠʥʫ ʪʘ ʟʘʢʨʽʧʣʶʻʤʦ ʡʦʛʦ. 

2 ʇʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ. 

2.1 ɺʤʠʢʘʻʤʦ ʙʣʦʢ ʦʭʦʣʦʜʞʝʥʥʷ. ɺʩʪʘʥʦʚʣʶʻʤʦ ʪʝʤʧʝʨʘʪʫʨʫ 17 ʉ ʜʠʚ 

ʨʠʩ.3.6.  

2.2 ʇʽʩʣʷ ʦʭʦʣʦʜʞʝʥʥʷ ʚʦʜʠ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ< 19 ʉ, ʚʤʠʢʘʻʤʦ ʢʦʤʧʣʝʢʩ ʜʦ 

ʤʝʨʝʞʽ 220 ɺ ʪʘ 50 ɻʮ. ʏʝʢʘʻʤʦ 20 ʭʚ ʜʣʷ ʧʨʦʛʨʽʚʫ ʝʣʝʤʝʥʪʽʚ ʨʝʟʦʥʘʪʦʨʘ.  

3 ʇʨʠ ʨʦʙʦʪʽ ʚ ʦʧʪʠʯʥʦʤʫ ʜʽʘʧʘʟʦʥʽ 750-900 ʥʤ: 

3.1  ʟʙʠʨʘʻʤʦ ʦʧʪʠʯʥʫ ʩʭʝʤʫ ʚʠʤʽʨʶʚʘʥʥʷ ʟʛʽʜʥʦ ʨʠʩ.3.11.  
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ʈʠʩ.3.11 ʆʧʪʠʯʥʘ ʩʭʝʤʘ ʜʣʷ ʨʦʙʦʪʠ ʚ ʦʧʪʠʯʥʦʤʫ ʜʽʘʧʘʟʦʥʽ 750-900ʥʤ. 

3.2 ʆʪʨʠʤʫʻʤʦ ʬʝʤʪʦʩʝʢʫʥʜʥʠʡ ʨʝʞʠʤ ʛʝʥʝʨʘʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʝʛʫʣʶʚʘʥʥʷ 

ʨʦʟʤʽʨʫ ʱʽʣʠʥʠ.  

3.3 ɿʘ ʜʦʧʦʤʦʛʦʶ ʌʽʣʴʪʨʘ ʃʽʦ ʨʠʩ.3.12 ʚʩʪʘʥʦʚʣʶʻʤʦ ʥʝʦʙʭʽʜʥʫ ʜʦʚʞʠʥʫ 

ʭʚʠʣʽ, ʢʦʥʪʨʦʣʶʶʯʠ ʽʾ ʩʧʝʢʪʨʦʤʝʪʨʦʤ ʥʘ ʝʢʨʘʥʽ ʤʦʥʽʪʦʨʘ ʇɽʆʄ. 

 

ʈʠʩ.3.12 ʌʽʣʴʪʨ ʃʽʦ. 



87 

 

3.4 ɿʘ ʜʦʧʦʤʦʛʦʶ ʨʝʛʫʣʷʪʦʨʘ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʙʣʦʮʽ ʞʠʚʣʝʥʥʷ ʣʘʟʝʨʘ ʥʘʢʘʯʢʠ 

ʚʩʪʘʥʦʚʣʶʻʤʦ ʧʦʪʫʞʥʽʩʪʴ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 400 ʤɺʪ.  

3.5 ɿʘ ʜʦʧʦʤʦʛʦʶ ʧʨʠʟʤʠ ɻʣʘʥʘ-ʊʝʡʣʦʨʘ ʚʠʟʥʘʯʘʻʤʦ ʧʦʣʷʨʠʟʘʮʽʶ ʣʘʟʝʨʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ.  

3.6 ʈʦʟʪʘʰʦʚʫʻʤʦ ʟʨʘʟʦʢ ʙʽʦʪʢʘʥʠʥʠ ʥʘ ʪʨʠʤʘʯʽ. 

3.7 ʇʽʩʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʣʷʨʠʟʘʮʽʾ ʣʘʟʝʨʥʠʡ ʧʨʦʤʽʥʴ ʥʘʧʨʘʚʣʷʻʤʦ ʥʘ 

ʙʽʦʪʢʘʥʠʥʫ. 

3.8 ɸʥʘʣʽʟ ʨʦʟʩʽʷʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ: 

3.8.1 ʈʦʟʩʽʷʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘʜʭʦʜʠʪʴ ʜʦ ʧʝʨʝʩʫʚʥʦʛʦ(ʤʦʙʽʣʴʥʦʛʦ) 

ʫʣʦʚʣʶʚʘʯʘ ʩʧʝʢʪʨʦʤʝʪʨʘ 8, ʷʢʠʡ ʚʩʪʘʥʦʚʣʶʻʤʦ ʥʘ ʚʽʜʩʪʘʥʽ 5ʩʤ ʥʘ ʨʽʟʥʠʢ 

ʢʫʪʘʭ (60,75,105,120) ʚʽʜ ʙʽʦʪʢʘʥʠʥʠ ʪʘ ʟʥʽʤʘʻʤʦ ʩʧʝʢʪʨʘʣʴʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʨʦʟʩʽʷʥʦʛʦ ʚʽʜ ʙʽʦʪʢʘʥʠʥʠ. ʉʭʝʤʘ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʤʦʙʽʣʴʥʦʛʦ ʫʣʦʚʣʶʚʘʯʘ ʩʧʝʢʪʨʦʤʝʪʨʘ ʪʘ ʤʦʙʽʣʴʥʦʛʦ 

ʫʣʦʚʣʶʚʘʯʘ ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʟʦʙʨʘʞʝʥʘ ʥʘʨʠʩ.3.13.  

 

ʈʠʩ.3.13 ʉʭʝʤʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʤʦʙʽʣʴʥʦʛʦ ʫʣʦʚʣʶʚʘʯʘ ʩʧʝʢʪʨʦʤʝʪʨʘ ʪʘ 

ʤʦʙʽʣʴʥʦʛʦ ʫʣʦʚʣʶʚʘʯʘ ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ. 

 

3.9 ʅʘ ʮʠʭ ʢʫʪʘʭ ʪʘ ʥʘ ʪʘʢʽʡ ʞʝ ʚʽʜʩʪʘʥʽ ʚʠʤʽʨʶʻʤʦʧʦʪʫʞʥʽʩʪʴ ʨʦʟʩʽʷʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʝʨʝʩʫʚʥʦʛʦ (ʤʦʙʽʣʴʥʦʛʦ) ʚʠʤʽʨʶʚʘʯʘ 

ʧʦʪʫʞʥʦʩʪʽ 10. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʦʙʨʦʙʣʶʻʤʦ ʚ ʧʨʦʛʨʘʤʽ Excel. 
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3.10 ʅʘ ʚʽʜʩʪʘʥʽ 5ʩʤ ʚʠʤʽʨʶʶʪʴʩʷ ʩʧʝʢʪʨʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ 5-ʪʴʦʭ ʢʫʪʘʭ 

(60,75,105,120), ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʝʨʝʩʫʚʥʦʛʦ (ʤʦʙʽʣʴʥʦʛʦ) ʩʧʝʢʪʨʦʤʝʪʨʘ 8. 

3.11 ʅʘ ʚʽʜʩʪʘʥʽ 5ʩʤ ʚʠʤʽʨʶʪ̒ʴʩʷ ʧʦʪʫʞʥʽʩʪʴ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ  ʥʘ 5-ʴʦʭ ʢʫʪʘʭ 

(60,75,105,120), ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʤʽʨʶʚʘʯʘ ʧʦʪʫʞʥʦʩʪʽ 10. ʉʭʝʤʘ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʤʦʙʽʣʴʥʦʛʦ ʫʣʦʚʣʶʚʘʯʘ ʩʧʝʢʪʨʦʤʝʪʨʘ ʪʘ ʤʦʙʽʣʴʥʦʛʦ 

ʫʣʦʚʣʶʚʘʯʘ ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ.3.14. 

 

ʈʠʩ.3.14 ʉʭʝʤʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʤʦʙʽʣʴʥʦʛʦ ʫʣʦʚʣʶʚʘʯʘ ʩʧʝʢʪʨʦʤʝʪʨʘ ʪʘ 

ʤʦʙʽʣʴʥʦʛʦ ʫʣʦʚʣʶʚʘʯʘ ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ. 

 

3.12 ɿʘ ʜʦʧʦʤʦʛʦʶ ʚʠʤʽʨʶʚʘʯʘ ʪʝʤʧʝʨʘʪʫʨʠ 12 ʧʨʦʚʦʜʠʣʦʩʴ ʚʠʤʽʨʶʚʘʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ. ʊʝʨʤʦʧʘʨʘ ʊʇ-01 ʚʩʪʘʥʦʚʣʶʚʘʣʘʩʴ ʚ ʙʽʦʪʢʘʥʠʥʫ ʥʘ 

ʛʣʠʙʠʥʘʭ 1,2.5,5 ʤʤ. ʊʨʠʚʘʣʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʢʦʞʥʽʡ 

ʛʣʠʙʠʥʽ ʟ ʽʥʪʝʨʚʘʣʦʤ 1,5,10 ʩ. 

3.13 ʇʽʩʣʷ ʦʪʨʠʤʘʥʥʷ ʚʩʽʭ ʧʘʨʘʤʝʪʨʽʚ ʫ ʬʝʤʪʦʩʝʢʫʥʜʥʦʤʫ ʨʝʞʠʤʽ ʣʘʟʝʨ 

ʧʝʨʝʤʠʢʘʚʩʷ ʥʘ ʥʝʧʝʨʝʨʚʥʠʡ ʨʝʞʠʤ ʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʚʪʦʨʶʚʘʣʠʩʷ (ʧʧ.3.3 

ï 3.13).. 

4 ʇʨʠ ʨʦʙʦʪʽ ʚ ʦʧʪʠʯʥʦʤʫ ʜʽʘʧʘʟʦʥʽ 375-450ʥʤ: 

4.1 ɿʙʠʨʘʻʤʦ ʦʧʪʠʯʥʫ ʩʭʝʤʫ ʚʠʤʽʨʶʚʘʥʥʷ ʟʛʽʜʥʦ ʨʠʩ.3.15 (ʜʦʜʘʪʢʦʚʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʛʝʥʝʨʘʪʦʨ ʛʘʨʤʦʥʽʢ 6 ʷʢʠʡ ʧʝʨʝʪʚʦʨʶʻ ʚʠʭʽʜʥʝ 
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ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʬʝʤʪʦʩʝʢʫʥʜʥʦʛʦ  ʣʘʟʝʨʘ ʚ ʩʠʥʶ ʦʙʣʘʩʪʴ ʩʧʝʢʪʨʫ (375-

450) ʥʤ ʰʣʷʭʦʤ ʧʦʜʚʦʻʥʥʷ ʡʦʛʦ ʯʘʩʪʦʪʠ). 

 

ʈʠʩ.3.15 ʆʧʪʠʯʥʘ ʩʭʝʤʘ ʜʣʷ ʨʦʙʦʪʠ ʚ ʦʧʪʠʯʥʦʤʫ ʜʽʘʧʘʟʦʥʽ 375-450ʥʤ. 

 

4.2 ʆʪʨʠʤʫʻʤʦ ʬʝʤʪʦʩʝʢʫʥʜʥʠʡ ʨʝʞʠʤ ʛʝʥʝʨʘʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʝʛʫʣʶʚʘʥʥʷ 

ʨʦʟʤʽʨʫ ʱʽʣʠʥʠ. 

4.3 ɿʘ ʜʦʧʦʤʦʛʦʶ ʌʽʣʴʪʨʘ ʃʽʦ ʚʩʪʘʥʦʚʣʶʻʤʦ ʥʝʦʙʭʽʜʥʫ ʜʦʚʞʠʥʫ ʭʚʠʣʽ, 

ʢʦʥʪʨʦʣʶʶʯʠ ʽʾ ʩʧʝʢʪʨʦʤʝʪʨʦʤ ʥʘ ʝʢʨʘʥʽ ʤʦʥʽʪʦʨʘ ʇɽʆʄ ʨʠʩ3.16. 

4.4 ɿʘ ʜʦʧʦʤʦʛʦʶ ʨʝʛʫʣʷʪʦʨʘ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʙʣʦʮʽ ʞʠʚʣʝʥʥʷ ʣʘʟʝʨʘ ʥʘʢʘʯʢʠ 

ʚʩʪʘʥʦʚʣʶʻʤʦ ʧʦʪʫʞʥʽʩʪʴ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 150 ʤɺʪ.  

4.5 ʇʨʦʚʦʜʠʤʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟʛʽʜʥʦ ʧʧ. 3.5 ï 3.13. 

 ʆʪʨʠʤʘʥʽ ʩʧʝʢʪʨʠ ʟʜʦʨʦʚʦʾ ʪʘ ʧʘʪʦʣʦʛʽʯʥʦʾ ʙʽʦʪʢʘʥʠʥʠ ʦʙʨʦʙʣʶʻʤʦ ʪʘ 

ʘʥʘʣʽʟʫʻʤʦ ʥʘ ʢʦʤʧôʶʪʝʨʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʠ OriginPro. ɼʦʩʣʽʜʞʝʥʥʷ ʟʨʘʟʢʘ 

ʧʨʦʚʦʜʷʪʴʩʷ ʥʝ ʙʽʣʴʰʝ 3 ʛʦʜʠʥ ʧʽʩʣʷ ʦʪʨʠʤʘʥʥʷ, ʱʦʙ ʥʝ ʚʪʨʘʪʠʪʠ ʧʦʯʘʪʢʦʚʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʟʜʦʨʦʚʦʾ ʪʘ ʧʘʪʦʣʦʛʽʯʥʦʾ ʙʽʦʪʢʘʥʠʥʠ. 
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3.3 ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 3 

 

1. ʈʦʟʨʦʙʣʝʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʤʝʜʠʢʦ-ʙʽʦʣʦʛʽʯʥʘ ʜʦʩʣʽʜʥʠʮʴʢʘ ʫʩʪʘʥʦʚʢʠ ʥʘ 

ʙʘʟʽ ʬʝʤʪʦʩʝʢʫʥʜʥʦʛʦ ʣʘʟʝʨʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ  ʪʘ ʭʘʨʘʢʪʝʨʫ 

ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʧʘʪʦʣʦʛʽʯʥʠʭ ʪʘ ʟʜʦʨʦʚʠʭ ʙʽʦʪʢʘʥʠʥ. 

2. ʈʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ  ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʽʟʫ ʚʟʘʻʤʦʜʽʾ ʣʘʟʝʨʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʬʝʤʪʦʩʝʢʫʥʜʥʦʾ ʪʨʠʚʘʣʦʩʪʽ ʟ ʙʽʦʣʦʛʽʯʥʠʤʠ ʪʢʘʥʠʥʘʤʠ ʜʣʷ 

ʦʪʨʠʤʘʥʥ ̫ʧʘʨʘʤʝʪʨʽʚ(Pʚʽʜ., Pʧʨʦʭ., ɚʚʽʜ, T), ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʧʘʪʦʣʦʛʽʯʥʫ 

ʙʽʦʪʢʘʥʠʥʫ ʙʽʣʴʰ ʪʦʯʥʦ ʥʽʞ ʽʩʥʫʶʯʽ ʤʝʪʦʜʠ ʜʽʘʛʥʦʩʪʠʢʠ. 
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ʈʆɿɼɯʃ 4 

 

ʆʉʅʆɺʅɯ ɿɸʂʆʅʆʄɯʈʅʆʉʊɯ ɺʇʃʀɺʋ ʃɸɿɽʈʅʆɻʆ 

ʌɽʄʊʆʉɽʂʋʅɼʅʆɻʆ ɺʀʇʈʆʄɯʅʖɺɸʅʅʗ ʅɸ ɿɼʆʈʆɺʋ ɯ 

ʇɸʊʆʃʆɻɯʏʅʋ ɹɯʆʃʆɻɯʏʅʋ ʊʂɸʅʀʅʋ 

 

 ɺ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʯʦʪʠʨʠ ʩʧʦʩʦʙʠ (ʟʘ: ʩʠʛʥʘʣʦʤ ʬʣʫʦʨʝʩʮʝʥʮʽʾ, 

ʧʦʪʫʞʥʽʩʪʶ ʚʽʜʙʠʪʦʛʦ ʧʨʦʤʝʥʷ, ʪʝʤʧʝʨʘʪʫʨʦʶ ʪʘ  ʧʦʪʫʞʥʽʩʪʶ ʧʨʦʤʝʥʷ, ʱʦ 

ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʙʽʦʪʢʘʥʠʥʫ) ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʘʪʦʣʦʛʽʯʥʦʾ ʙʽʦʪʢʘʥʠʥʠ, ʷʢʽ ʨʘʟʦʤ 

ʥʘʜʘʜʫʪʴ ʤʦʞʣʠʚʽʩʪʴ ʜʘʪʠ ʭʘʨʘʢʪʝʨʥʫ ʦʮʽʥʢʫ ʙʽʦʣʦʛʽʯʥʽʡ ʪʢʘʥʠʥʽ. ʊʘʢʦʞ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʨʦʟʨʘʭʫʥʢʠ ʨʦʟʧʦʜʽʣʫ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠ ʧʦʯʘʪʢʦʚʽʡ ʪʝʤʧʝʨʘʪʫʨʽ 37Áʉ. ʇʦʭʠʙʢʘ ʧʨʠ ʚʝʨʠʬʽʢʘʮʽʾ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʪʘ ʜʘʥʠʭ ʩ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʨʠ ʧʦʯʘʪʢʦʚʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ 20Áʉ ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʘ 10%. ʎʝ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʮʽʥʠʪʠ ʚʧʣʠʚ 

ʣʘʟʝʨʥʦʛʦ ʬʝʤʪʦʩʝʢʫʥʜʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʞʠʚʫ ʙʽʦʣʦʛʽʯʥʦ ʪʢʘʥʠʥʫ ʪʘ 

ʦʪʨʠʤʘʪʠ ʚʽʜʤʽʥʥʽʩʪʴ ʤʽʞ ʟʜʦʨʦʚʦʶ ʪʘ ʧʘʪʦʣʦʛʽʯʥʦʶ ʙʽʦʪʢʘʥʠʥʦʶ. ʍʘʨʘʢʪʝʨʥʘ 

ʚʽʜʤʽʥʥʽʩʪʴ ʟʜʦʨʦʚʦʾ ʪʘ ʧʘʪʦʣʦʛʽʯʥʦʾ ʙʽʦʪʢʘʥʠʥʠ ʧʽʜ ʚʧʣʠʚʦʤ ʣʘʟʝʨʥʦʛʦ 

ʬʝʤʪʦʩʝʢʫʥʜʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʟʘ ʯʦʪʠʨʤʘ ʧʘʨʘʤʝʪʨʘʤʠ(ʬʣʫʦʨʝʩʮʝʥʮʽʷ, 

ʧʦʪʫʞʥʽʩʪʴ ʚʽʜʙʠʪʦʛʦ ʧʨʦʤʝʥʷ, ʪʝʤʧʝʨʘʪʫʨʘ ʪʘ  ʧʦʪʫʞʥʽʩʪʶ ʧʨʦʤʝʥʷ, ʱʦ ʧʨʦʭʦʜʠʪʴ 

ʯʝʨʝʟ ʙʽʦʪʢʘʥʠʥʫ) ʟʘʧʠʩʫʻʪʴʩʷ ʚ ʩʪʚʦʨʝʥʫ ʙʘʟʫ, ʟʘ ʷʢʦʶ ʤʦʞʣʠʚʦ ʦʮʽʥʠʪʠ ʩʪʘʥ 

ʙʽʦʪʢʘʥʠʥʠ ʪʘ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʧʘʪʦʣʦʛʽʯʥʫ ʙʽʦʣʦʛʽʯʥʫ ʪʢʘʥʠʥʫ. 
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4.1 ɿʘʢʦʥʦʤʽʨʥʦʩʪʽ ʟʤʽʥʠ ʩʧʝʢʪʨʽʚ ʬʣʫʦʨʝʩʮʝʥʮʽʾ ʚʽʜ ʨʽʟʥʦʚʠʜʫ (ʧʘʪʦʣʦʛʽʯʥʦʾ, 

ʟʜʦʨʦʚʦʾ) ʙʽʦʣʦʛʽʯʥʦʾ ʪʢʘʥʠʥʠ. 

 

ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʬʣʫʦʨʝʩʮʝʥʪʥʽ ʤʝʪʦʜʠʢʠ ʩʪʘʶʪʴ ʦʩʥʦʚʦʶ ʜʣʷ ʜʽʘʛʥʦʩʪʠʢʠ 

ʜʝʷʢʠʭ ʰʢʽʨʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ [131, 132]. ʇʨʠ ʧʝʚʥʠʭ ʧʘʪʦʣʦʛʽʷʭ ʚʦʛʥʠʱʝ ʫʨʘʞʝʥʥʷ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʝʧʽʜʝʨʤʘʣʴʥʦʤʫ ʰʘʨʽ (ʥʘʧʨʠʢʣʘʜ, ʧʨʠ ʧʩʦʨʽʘʟʽ) ʽ 

ʩʧʝʢʪʨʦʬʣʫʦʨʽʤʝʪʨʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʝʧʽʜʝʨʤʽʩʫ ʤʦʞʫʪʴ ʜʘʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ 

ʟʤʽʥʠ ʩʢʣʘʜʫ ʬʣʫʦʨʦʬʦʨʦʚ ʽ ʩʪʘʥʫ ʪʢʘʥʠʥʠ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʧʨʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ 

ʚʠʟʥʘʯʝʥʥʽ ʧʘʨʘʤʝʪʨʽʚ ʧʦʛʣʠʥʘʥʥʷ ʽ ʨʦʟʩʽʶʚʘʥʥʷ ʙʽʦʦʙ'ʻʢʪʫ (ʦʩʦʙʣʠʚʦ ʚ ʋʌ 

ʦʙʣʘʩʪʽ), ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʬʣʫʦʨʝʩʮʝʥʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʪʦʤʫ ʚʣʘʩʥʝ ʩʚʽʪʽʥʥʷ 

ʟʨʘʟʢʘ ʤʦʞʝ ʩʧʦʪʚʦʨʠʪʠ ʨʝʟʫʣʴʪʘʪʠ ʬʦʪʦʤʝʪʨʠʯʥʠʭ ʟʤʽʥ. 

ɺ ʣʽʪʝʨʘʪʫʨʽ ʚʽʜʩʫʪʥʷ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʩʧʝʢʪʨʠ ʬʣʫʦʨʝʩʮʝʥʮʽʾ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ 

(ʝʧʽʜʝʨʤʽʩʫ, ʜʝʨʤʠ, ʞʠʨʫ, ʤôʷʟʦʚʦʾ ʪʢʘʥʠʥʠ) ʚʥʫʪʨʽʰʥʽʭ ʦʨʛʘʥʽʚ ʣʶʜʠʥʠ ʧʨʠ 

ʟʙʫʜʞʝʥʥʽ ʚ ʨʽʟʥʠʭ ʩʧʝʢʪʨʘʣʴʥʠʭ ʦʙʣʘʩʪʷʭ, ʻ ʜʘʥʽ ʪʽʣʴʢʠ ʣʠʰʝ ʜʣʷ ʰʢʽʨʠ ʚ ʮʽʣʦʤʫ  

[133]. 

ɿʘʩʪʦʩʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʦʪʨʠʤʘʥʥʷ ʬʣʫʦʨʝʩʮʝʥʪʥʠʭ ʩʧʝʢʪʨʽʚ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ 

ʩʧʝʢʪʨʠ ʬʣʫʦʨʝʩʮʝʥʮʽʾ ʧʘʪʦʣʦʛʽʯʥʦʾ ʪʘ ʟʜʦʨʦʚʦʾ ʙʽʦʪʢʘʥʠʥ ʦʨʛʘʥʽʚ ʣʶʜʠʥʠ. 

ʌʣʫʦʨʝʩʮʝʥʪʥʘ ʜʽʘʛʥʦʩʪʠʢʘ ʚʠʩʦʢʦʯʫʪʣʠʚʘ, ʫʥʽʚʝʨʩʘʣʴʥʘ ʽ ʚʽʜʥʦʩʥʦ ʧʨʦʩʪʘ ʫ 

ʟʘʩʪʦʩʫʚʘʥʥʽ ʷʢ ʤʝʪʦʜ, ʷʢʠʡ ʜʦʧʫʩʢʘʻ ʢʦʤʙʽʥʦʚʘʥʫ ʜʽʘʛʥʦʩʪʠʢʫ ʪʘ ʤʦʞʣʠʚʽʩʪʴ 

ʨʦʙʦʪʠ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʙʝʟ ʧʦʰʢʦʜʞʝʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʪʢʘʥʠʥʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʤʝʪʦʜʫ ʚ ʜʽʘʛʥʦʩʪʠʮʽ ʨʽʟʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ ʦʙʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ ʚ ʧʨʦʮʝʩʽ ʨʦʟʚʠʪʢʫ 

ʧʘʪʦʣʦʛʽʾ ʚʽʜʙʫʚʘʶʪʴʩʷ ʙʽʦʭʽʤʽʯʥʽ ʟʤʽʥʠ ʚ ʪʢʘʥʠʥʽ, ʘ ʦʪʞʝ, ʟʤʽʥʶʻʪʴʩʷ ʚʽʜʥʦʩʥʠʡ 

ʚʤʽʩʪ ʦʩʥʦʚʥʠʭ ʬʣʫʦʨʦʬʦʨʦʚ ʽ ʭʨʦʤʦʬʦʨʽʚ, ʟʤʽʥʶʶʪʴʩʷ ʤʦʨʬʦʣʦʛʽʯʥʽ ʽ ʛʽʩʪʦʣʦʛʽʯʥʽ 

ʧʘʨʘʤʝʪʨʠ ʪʢʘʥʠʥʠ ʽ, ʷʢ ʨʝʟʫʣʴʪʘʪ ʾʭ ʚʥʝʩʦʢ ʫ ʟʘʛʘʣʴʥʠʡ ʩʧʦʩʪʝʨʝʞʫʚʘʥʠʡ ʩʧʝʢʪʨ 

ʬʣʫʦʨʝʩʮʝʥʮʽʾ ʪʢʘʥʠʥʠ. 

ɸʥʘʣʽʟ ʩʧʝʢʪʨʽʚ ʬʣʫʦʨʝʩʮʝʥʮʽʾ ʟʜʦʨʦʚʦʾ ʙʽʦʣʦʛʽʯʥʦʾ ʪʢʘʥʠʥʠ ʽ ʟʣʦʷʢʽʩʥʦʾ 

ʧʫʭʣʠʥʠ ʧʨʦʚʦʜʠʚʩʷ ʧʽʜ ʯʘʩ ʦʧʨʦʤʽʥʝʥʥʷ ʣʘʟʝʨʥʠʤ ʧʨʦʤʝʥʝʤ ʥʘ ʨʽʟʥʠʭ ʜʦʚʞʠʥʘʭ 

ʭʚʠʣʴ ʚ ʜʽʘʧʘʟʦʥʽ 350-450 ʥʤ. ɼʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʫʚʘʣʠʩʴ ʥʘ ʧʫʭʣʠʥʘʭ ʨʽʟʥʠʭ 

ʦʨʛʘʥʽʚ. ʊʠʧʦʚʽ ʩʧʝʢʪʨʦʛʨʘʤʠ ʧʨʠʚʝʜʝʥʽ ʥʘ ʨʠʩ. 4.2-4.5. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ 

ʦʙʨʘʥʽ 3 ʟʦʥʠ: ʮʝʥʪʨʘʣʴʥʘ ʯʘʩʪʠʥʘ ʥʦʚʦʫʪʚʦʨʝʥʥʷ; ʧʝʨʠʬʝʨʽʷ ʥʦʚʦʫʪʚʦʨʝʥʥʷ (ʟʦʥʘ 
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ʚʽʟʫʘʣʴʥʦʾ ʢʦʨʜʦʥʫ ʟʽ ʟʜʦʨʦʚʦʶ ʪʢʘʥʠʥʦʶ); ʥʝʟʤʽʥʝʥʘ ʪʢʘʥʠʥʘ (ʟʜʦʨʦʚʘ). ɼʣʷ ʢʦʞʥʦʾ 

ʣʦʢʘʣʽʟʘʮʽʾ ʧʨʦʚʦʜʠʣʦʩʷ 3-4 ʚʠʤʽʨʶʚʘʥʥʷ, ʦʪʨʠʤʘʥʽ ʜʘʥʽ ʫʩʝʨʝʜʥʶʚʘʣʠʩʷ. 

ʉʭʝʤʘ ʜʦʩʣʽʜʞʝʥʥʷ ʩʧʝʢʪʨʽʚ ʬʣʫʦʨʝʩʮʝʥʮʽʾ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 4.1. ʉʠʛʥʘʣʠ 

ʬʣʫʦʨʝʩʮʝʥʮʽʾ ʨʝʻʩʪʨʫʚʘʣʠʩʷ ʥʘ ʚʽʜʩʪʘʥʽ 10ʤʤ ʚʽʜ ʙʽʦʣʦʛʽʯʥʦʾ ʪʢʘʥʠʥʠ ʪʘ ʥʘ ʨʽʟʥʠʭ 

ʢʫʪʘʭ ʥʘʭʠʣʫ ʚʽʜʥʦʩʥʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʦʩʽ ʆ-ʆ
/
. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʦʢʘʟʘʣʠ, ʱʦ ʥʘʡʙʽʣʴʰ ʽʥʬʦʨʤʘʪʠʚʥʠʤ ʜʽʘʧʘʟʦʥʦʤ ʜʣʷ ʟʥʷʪʪʷ ʩʧʝʢʪʨʽʚ 

ʬʣʫʦʨʝʩʮʝʥʮʽʾ ʷʚʣʷʶʪʴʩʷ ʢʫʪʠ 60-120Á. 

 

ʈʠʩ 4.1 ʉʭʝʤʘ ʜʦʩʣʽʜʞʝʥʥʷ ʩʧʝʢʪʨʽʚ ʬʣʫʦʨʝʩʮʝʥʮʽʾ 

 

ʋ ʟʚ'ʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʩʧʝʢʪʨʠ ʬʣʫʦʨʝʩʮʝʥʮʽʾ ʤʦʞʫʪʴ ʟʘʣʝʞʘʪʠ ʚʽʜ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʩʪʨʫʢʪʫʨʠ ʪʘ ʩʢʣʘʜʫ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʜʽʣʷʥʢʠ, ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʜʦʩʪʦʚʽʨʥʠʭ ʜʘʥʠʭ 

ʧʨʦʚʦʜʠʚʩʷ ʥʘʙʽʨ ʜʘʥʠʭ. ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʬʣʫʦʨʝʩʮʝʥʪʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʦʪʨʠʤʫʚʘʣʠ 

ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʩʧʝʢʪʨʽʚ (ʥʝ ʤʝʥʰʝ 8 ʚʽʜ ʢʦʞʥʦʾ ʙʽʦʪʢʘʥʠʥʠ). ɿ ʜʘʥʠʭ ʦʙʯʠʩʣʶʚʘʣʠ 

ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʬʣʫʦʨʝʩʮʝʥʮʽʾ ʥʦʨʤʘʣʴʥʠʭ ʜʽʣʷʥʦʢ ʽ ʬʣʫʦʨʝʩʮʝʥʮʽʾ 

ʧʫʭʣʠʥʠ ʜʣʷ ʢʦʞʥʦʾ ʙʽʦʪʢʘʥʠʥʠ. ʎʽ ʟʥʘʯʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʟʜʦʨʦʚʦʾ ʪʘ ʧʘʪʦʣʦʛʽʯʥʦʾ ʙʽʦʪʢʘʥʠʥʠ ʨʽʟʥʠʭ ʦʨʛʘʥʽʚ. 

 ʅʘ ʨʠʩ. 4.2 ʧʦʢʘʟʘʥʽ ʩʧʝʢʪʨʠ ʬʣʫʦʨʝʩʮʝʥʮʽʾ ʧʘʪʦʣʦʛʽʯʥʦʾ ʪʘ ʟʜʦʨʦʚʦʾ ʪʢʘʥʠʥʠ 

ʩʪʨʘʚʦʭʦʜʫ ʧʨʠ ʟʙʫʜʞʝʥʥʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ 400ʥʤ. ʇʨʝʜʩʪʘʚʣʝʥʽ 

ʩʧʝʢʪʨʠ ʦʪʨʠʤʘʥʽ ʟʘ ʜʝʢʽʣʴʢʦʤʘ ʟʨʘʟʢʘʤʠ [134] (ʜʠʚ. ʜʦʜʘʪʦʢ ɺ) ʫ ʨʽʟʥʠʭ ʤʽʩʮʷʭ 

ʣʦʢʘʣʽʟʘʮʽʾ ʧʫʭʣʠʥʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʥʘ ʨʽʟʥʠʭ ʜʦʚʞʠʥʘʭ ʭʚʠʣʴ 350ʥʤ-

450ʥʤ. ʅʘʡʢʨʘʱʦʶ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʥʘʛʣʷʜʥʦʾ ʨʽʟʥʠʮʽ ʤʽʞ ʟʜʦʨʦʚʦʶ ʪʘ ʧʘʪʦʣʦʛʽʯʥʦʶ 

ʆ 

ʆ
/
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ʙʽʦʪʢʘʥʠʥʦʶ ʙʫʣʘ ʜʦʚʞʠʥʘ ʭʚʠʣʽ 400ʥʤ. ʉʧʝʢʪʨʦʛʨʘʤʘ, ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 4.2, ʧʦʢʘʟʫʻ 

ʚʽʜʤʽʥʥʽʩʪʴ ʚ ʬʣʫʦʨʝʩʮʝʥʮʽʾ ʟʜʦʨʦʚʦʾ ʪʢʘʥʠʥʠ ʪʘ ʟʣʦʷʢʽʩʥʦʾ ʧʫʭʣʠʥʠ ʩʪʨʘʚʦʭʦʜʫ. 

 

ʈʠʩ. 4.2ʉʧʝʢʪʨʠ ʬʣʫʦʨʝʩʮʝʥʮʽʾ ʧʘʪʦʣʦʛʽʯʥʦʾ ʪʘ ʟʜʦʨʦʚʦʾ ʙʽʦʪʢʘʥʠʥʠ 

ʩʪʨʘʚʦʭʦʜʫ. 

1 ï ʌʣʫʦʨʝʩʮʝʥʮʽʷ ʟʜʦʨʦʚʦʾ ʪʢʘʥʠʥʠ. 

2 ï ʌʣʫʦʨʝʩʮʝʥʮʽʷ ʩʝʨʝʜʠʥʠ ʧʫʭʣʠʥʠ 

3 ï ʌʣʫʦʨʝʩʮʝʥʮʽʷ ʧʫʭʣʠʥʠ ʥʝʜʘʣʝʢʦ ʚʽʜ ʛʨʘʥʠʮʽ 

4 ï ʌʣʫʦʨʝʩʮʝʥʮʽʷ ʛʨʘʥʠʮʽ ʧʫʭʣʠʥʠ  

 

 ʗʢ ʚʠʜʥʦ, ʬʣʫʦʨʝʩʮʝʥʮʽʷ ʟʜʦʨʦʚʦʾ ʙʽʦʪʢʘʥʠʥʠ ʩʪʨʘʚʦʭʦʜʫ 1 ʤʘʻ ʥʝʚʝʣʠʢʫ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʠʛʥʘʣʫ. ɿʘʚʜʷʢʠ ʧʨʦʚʝʜʝʥʠʤ ʝʢʩʧʝʨʠʤʝʥʪʘʤ, ʜʠʚ. ʜʦʜʘʪʦʢ ɺ, 

ʟʥʘʡʜʝʥʘ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ ʚʽʜʤʽʥʥʦʩʪʽ ʬʣʫʦʨʝʩʮʝʥʮʽʾ ʟʜʦʨʦʚʦʾ ʙʽʦʪʢʘʥʠʥʠ ʩʪʨʘʚʦʭʦʜʫ 

ʚʽʜ ʧʘʪʦʣʦʛʽʯʥʦʾ ʘ ʩʘʤʝ:  

- ʧʽʜʩʠʣʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚ ʜʽʘʧʘʟʦʥʽ 475-525ʥʤ;  

- ʧʦʷʚʘ ʜʚʦʭ ʧʽʢʽʚ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚ ʜʽʘʧʘʟʦʥʽ 600-700 ʥʤ ʫ ʟʚôʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʚ 

ʧʨʦʮʝʩʽ ʨʦʟʚʠʪʢʫ ʧʘʪʦʣʦʛʽ ʾʚʽʜʙʫʚʘʶʪʴʩʷ ʙʽʦʭʽʤʽʯʥʽ ʟʤʽʥʠ ʚ ʪʢʘʥʠʥʽ ʟʤʽʥʶʻʪʴʩʷ 
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ʚʽʜʥʦʩʥʠʡ ʚʤʽʩʪ ʦʩʥʦʚʥʠʭ ʬʣʫʦʨʦʬʦʨʦʚ ʽ ʭʨʦʤʦʬʦʨʽʚ, ʟʤʽʥʶʶʪʴʩʷ 

ʤʦʨʬʦʣʦʛʽʯʥʽ ʽ ʛʽʩʪʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʪʢʘʥʠʥʠ.  

ʊʘʢʦʞ ʙʫʣʦ ʟʥʘʡʜʝʥʦ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ ʨʽʟʥʠʮʽ ʬʣʫʦʨʝʩʮʝʥʮʽʾ ʩʠʛʥʘʣʫ 

ʧʘʪʦʣʦʛʽʯʥʦʾ ʙʽʦʪʢʘʥʠʥʠ ʩʪʨʘʚʦʭʦʜʫ ʚʽʜ ʤʽʩʮʷ ʟʥʷʪʪʷ ʩʠʛʥʘʣʫ. ɼʦʩʣʽʜʞʝʥʥʷ 

ʧʦʢʘʟʘʣʠ, ʱʦ ʥʘʡʙʽʣʴʰ ʽʥʬʦʨʤʘʪʠʚʥʠʤ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʘʪʦʣʦʛʽʯʥʦʾ ʙʽʦʪʢʘʥʠʥʠ 

ʩʪʨʘʚʦʭʦʜʫ ʻ ʟʥʷʪʪʷ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʩʠʛʥʘʣʫ ʥʘ ʛʨʘʥʠʮʽ ʧʫʭʣʠʥʠ, ʪʘʢ ʷʢ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʽʩʪʦʪʥʽ ʙʽʦʭʽʤʽʯʥʽ ʟʤʽʥʠ ʙʽʦʪʢʘʥʠʥʠ, ʘ ʫ ʮʝʥʪʨʽ ʧʫʭʣʠʥʠ ʧʨʦʮʝʩʠ 

ʟʘʚʝʨʰʠʣʠʩʷ ʽ ʪʢʘʥʠʥʘ ʚʭʦʜʠʪʴ ʫ ʩʪʘʜʽʶ ʥʝʢʨʦʟʫ. ɺ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʩʠʛʥʘʣ 

ʬʣʫʦʨʝʩʮʝʥʮʽʾ ʥʘʙʘʛʘʪʦ ʩʣʘʙʰʠʡ ʥʽʞ ʥʘ ʛʨʘʥʠʮʽ. 

 

ʈʠʩ. 4.3 ʉʧʝʢʪʨʠ ʬʣʫʦʨʝʩʮʝʥʮʽʾ ʧʘʪʦʣʦʛʽʯʥʦʾ ʪʘ ʟʜʦʨʦʚʦʾ ʙʽʦʪʢʘʥʠʥʠ ʣʝʛʝʥʴ. 

1 ï ʌʣʫʦʨʝʩʮʝʥʮʽʷ ʟʜʦʨʦʚʦʾ ʪʢʘʥʠʥʠ. 

2 ï ʌʣʫʦʨʝʩʮʝʥʮʽʷ ʩʝʨʝʜʠʥʠ ʧʫʭʣʠʥʠ 

3 ï ʌʣʫʦʨʝʩʮʝʥʮʽʷ ʧʫʭʣʠʥʠ ʥʝʜʘʣʝʢʦ ʚʽʜ ʛʨʘʥʠʮʽ 

4 ï ʌʣʫʦʨʝʩʮʝʥʮʽʷ ʛʨʘʥʠʮʽ ʧʫʭʣʠʥʠ  
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ʗʢ ʚʠʜʥʦ ʟ ʧʨʠʚʝʜʝʥʦʾ ʩʧʝʢʪʨʦʛʨʘʤʠ ʨʠʩ. 4.3 ʪʘ ʟ ʜʦʜʘʪʢʫ ɺ, ʽʩʥʫʻ ʩʫʪʪʻʚʘ 

ʚʽʜʤʽʥʥʽʩʪʴ ʚ ʬʣʫʦʨʝʩʮʝʥʮʽʾ ʟʜʦʨʦʚʦʾ ʙʽʦʪʢʘʥʠʥʠ ʪʘ ʟʣʦʷʢʽʩʥʦʾ ʧʫʭʣʠʥʠ ʣʝʛʝʥʴ, ʫ 

ʟʚôʷʟʢʫ ʟ ʟʤʽʥʘʤʠ ʤʦʨʬʦʣʦʛʽʯʥʠʭ ʽ ʛʽʩʪʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʢʘʥʠʥʠ. ɺʘʞʣʠʚʠʤ ʻ 

ʥʘʷʚʥʽʩʪʴ ʩʠʛʥʘʣʫ ʣʶʤʽʥʝʩʮʝʥʮʽʾ ʚ ʜʽʘʧʘʟʦʥʽ 540 ï 570 ʥʤ ʥʘ ʛʨʘʥʠʮʽ ʧʫʭʣʠʥʠ, ʷʢʠʡ 

ʚʽʜʩʫʪʥʽʡ ʚ ʩʠʛʥʘʣʽ ʚʽʜ ʟʜʦʨʦʚʦʾ ʪʢʘʥʠʥʠ. ʊʘʢʦʞ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ 

ʨʽʟʥʠʮʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʠʛʥʘʣʫ ʬʣʫʦʨʝʩʮʝʥʮʽʾ ʟʜʦʨʦʚʦʾ ʪʘ ʧʘʪʦʣʦʛʽʯʥʦʾ ʙʽʦʪʢʘʥʠʥʠ 

ʣʝʛʝʥʴ ʚ ʜʽʘʧʘʟʦʥʽ 475-525ʥʤ, ʪʘ 575-625ʥʤ, ʷʢʘ ʦʙʫʤʦʚʣʝʥʘ ʙʽʦʭʽʤʽʯʥʠʤ ʟʤʽʥʘʤʠ ʚ 

ʙʽʦʪʢʘʥʠʥʽ. 

 

ʈʠʩ. 4.4 ʉʧʝʢʪʨʠ ʬʣʫʦʨʝʩʮʝʥʮʽʾ ʟʜʦʨʦʚʦʾ ʪʘ ʧʘʪʦʣʦʛʽʯʥʦʾ ʙʽʦʪʢʘʥʠʥʠ ʰʣʫʥʢʫ. 

1 ï ʌʣʫʦʨʝʩʮʝʥʮʽʷ ʟʜʦʨʦʚʦʾ ʪʢʘʥʠʥʠ. 

2 ï ʌʣʫʦʨʝʩʮʝʥʮʽʷ ʩʝʨʝʜʠʥʠ ʧʫʭʣʠʥʠ 

3 ï ʌʣʫʦʨʝʩʮʝʥʮʽʷ ʧʫʭʣʠʥʠ ʥʝʜʘʣʝʢʦ ʚʽʜ ʛʨʘʥʠʮʽ 

4 ï ʌʣʫʦʨʝʩʮʝʥʮʽʷ ʛʨʘʥʠʮʽ ʧʫʭʣʠʥʠ  

 



97 

 

 ʉʧʝʢʪʨʠ ʬʣʫʦʨʝʩʮʝʥʮʽʾ ʟʜʦʨʦʚʦʾ ʪʘ ʧʘʪʦʣʦʛʽʯʥʦʾ ʙʽʦʪʢʘʥʠʥʠ ʰʣʫʥʢʘ 

ʚʽʜʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ.4.4. ɯʟ ʟʽʩʪʘʚʣʝʥʥʷ ʜʠʥʘʤʽʢʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʬʣʫʦʨʝʩʮʝʥʮʽʾ ʨʽʟʥʠʭ 

ʙʽʦʪʢʘʥʠʥ (ʟʜʦʨʦʚʦʾ ʽ ʧʘʪʦʣʦʛʽʯʥʦʾ ʙʽʦʪʢʘʥʠʥʠ ʰʣʫʥʢʘ) ʚʠʜʥʦ, ʱʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʬʣʫʦʨʝʩʮʝʥʮʽʾ ʧʘʪʦʣʦʛʽʯʥʠʭ ʙʽʦʪʢʘʥʠʥ ʰʣʫʥʢʘ ʙʽʣʴʰʝ ʥʽʞ ʫ ʟʜʦʨʦʚʦʾ ʙʽʦʪʢʘʥʠʥʠ, 

ʱʦ ʚʠʢʣʠʢʘʥʦ ʧʨʦʮʝʩʘʤʠ ʨʦʟʚʠʪʢʫ ʧʘʪʦʣʦʛʽ ʾʪʘ ʙʽʦʭʽʤʽʯʥʠʤʠ ʟʤʽʥʘʤʠ ʚ ʪʢʘʥʠʥʽ. 

ɿʘʚʜʷʢʠ ʟʤʽʥʽ ʤʦʨʬʦʣʦʛʽʯʥʠʭ ʪʘ ʛʽʩʪʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʢʘʥʠʥʠ ʟʙʝʨʽʛʘʻʪʴʩʷ 

ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ ʧʦʷʚʠ ʧʽʢʫ ʬʣʫʦʨʝʩʮʝʥʮʽʾ ʥʘ ʛʨʘʥʠʮʽ ʧʫʭʣʠʥʠ ʚ ʜʽʘʧʘʟʦʥʽ 575-625 ʪʘ 

ʧʦʷʚʘ ʧʽʢʫ ʚ ʜʽʘʧʘʟʦʥʽ 640-660 ʥʤ. ʆʙʫʤʦʚʣʝʥʝ ʪʠʤ ,ʱʦ ʧʨʠ ʧʨʦʪʽʢʘʥʥʽ ʧʘʪʦʣʦʛʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ʚ ʪʢʘʥʠʥʘʭ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜʥʦʩʥʠʡ ʟʤʽʩʪ ʚ ʥʠʭ ʬʣʫʦʨʦʬʦʨʽʚ (ʢʦʣʘʛʝʥʫ, 

ʝʣʘʩʪʠʥʫ, ʧʨʦʪʦʧʦʨʬʝʨʠʥʘ), ʘ ʪʘʢʦʞ ʤʽʥʷʻʪʴʩʷ ʧʨʦʩʪʦʨʦʚʘ ʩʪʨʫʢʪʫʨʘ (ʤʦʨʬʦʣʦʛʽʷ) 

ʪʢʘʥʠʥʠ. 

 

ʈʠʩ. 4.5 ʉʧʝʢʪʨʠ ʬʣʫʦʨʝʩʮʝʥʮʽʾ ʟʜʦʨʦʚʦʾ ʪʘ ʧʘʪʦʣʦʛʽʯʥʦʾ ʙʽʦʪʢʘʥʠʥʠ ʪʽʣʘ 

ʤʘʪʢʠ. 

1 ï ʌʣʫʦʨʝʩʮʝʥʮʽʷ ʟʜʦʨʦʚʦʾ ʪʢʘʥʠʥʠ. 

2 ï ʌʣʫʦʨʝʩʮʝʥʮʽʷ ʩʝʨʝʜʠʥʠ ʧʫʭʣʠʥʠ 

3 ï ʌʣʫʦʨʝʩʮʝʥʮʽʷ ʛʨʘʥʠʮʽ ʧʫʭʣʠʥʠ  
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 ʉʧʝʢʪʨʦʛʨʘʤʘ, ʱʦ ʟʦʙʨʘʞʝʥʘ  ʨʠʩ.4.5, ʧʦʢʘʟʫʻ ʚʽʜʤʽʥʥʽʩʪʴ ʚ ʬʣʫʦʨʝʩʮʝʥʮʽʾ 

ʟʜʦʨʦʚʦʾ ʪʘ ʟʣʦʷʢʽʩʥʦʾ ʙʽʦʪʢʘʥʠʥʠ ʪʽʣʘ ʤʘʪʢʠ. ʗʢ ʚʠʜʥʦ, ʬʣʫʦʨʝʩʮʝʥʮʽʷ ʟʜʦʨʦʚʦʾ 

ʙʽʦʪʢʘʥʠʥʠ ʪʽʣʘ ʤʘʪʢʠ 1 ʤʘʻ ʥʝʚʝʣʠʢʫ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʠʛʥʘʣʫ, ʘ ʩʠʛʥʘʣ ʬʣʫʦʨʝʩʮʝʥʮʽʾ 

ʧʫʭʣʠʥʠ 2,3 - ʟʥʘʯʥʦ ʙʽʣʴʰʫ ʽʥʪʝʥʩʠʚʥʽʩʪʴ. ʊʘʢʦʞ ʻ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ ʧʦʷʚʠ ʜʚʦʭ ʧʽʢʽʚ 

ʬʣʫʦʨʝʩʮʝʥʮʽʾ ʩʠʛʥʘʣʫ ʫ ʧʘʪʦʣʦʛʽʯʥʽʡ ʪʢʘʥʠʥʽ ʪʽʣʘ ʤʘʪʢʠ ʚ ʜʽʘʧʘʟʦʥʽ 540-560ʥʤ ʪʘ 

590-620ʥʤ. 

 ʉʧʦʩʪʝʨʝʞʫʚʘʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʜʦʟʚʦʣʷʶʪʴ ʩʬʦʨʤʫʣʶʚʘʪʠ ʤʦʞʣʠʚʠʡ 

ʤʝʭʘʥʽʟʤ ʬʦʨʤʫʚʘʥʥʷ ʙʘʟʠ ʩʧʝʢʪʨʽʚ ʬʣʫʦʨʝʩʮʝʥʮʽʾ ʟʜʦʨʦʚʠʭ ʽ ʧʘʪʦʣʦʛʽʯʥʠʭ 

ʙʽʦʪʢʘʥʠʥ ʨʽʟʥʠʭ ʦʨʛʘʥʽʚ ʣʶʜʠʥʠ. ɺ ʩʧʝʢʪʨʘʭ ʬʣʫʦʨʝʩʮʝʥʮʽʾ ʨʽʟʥʠʭ ʜʦʩʣʽʜʞʫʤ̒ʠʭ 

ʟʨʘʟʢʽʚ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʪʽʡʢʦ ʚʽʜʪʚʦʨʶʚʘʥʽ ʧʽʢʠ ʬʣʫʦʨʝʩʮʝʥʮʽʾ, ʱʦ ʻ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ 

ʧʘʪʦʣʦʛʽʯʥʦʾ ʙʽʦʪʢʘʥʠʥʠ. ʇʨʠ ʟʙʫʜʞʝʥʥʽ ʚ ʜʽʘʧʘʟʦʥʽ 380-400 ʥʤ ʚʽʜʟʥʘʯʝʥʦ 

ʟʨʫʰʝʥʥʷ ʧʦʣʦʞʝʥʥʷ ʤʘʢʩʠʤʫʤʫ ʩʧʝʢʪʨʽʚ ʬʣʫʦʨʝʩʮʝʥʮʽʾ ʚ ʦʙʣʘʩʪʴ ʙʽʣʴʰʠʭ ʜʦʚʞʠʥ 

ʭʚʠʣʴ 600-700 ʥʤ. ʊʘʢʦʞ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ ʨʽʟʥʠʮʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʬʣʫʦʨʝʩʮʝʥʮʽʾ ʧʘʪʦʣʦʛʽʯʥʦʾ ʪʘ ʟʜʦʨʦʚʦʾ ʙʽʦʪʢʘʥʠʥʠ ʨʽʟʥʠʭ ʦʨʛʘʥʽʚ. ʆʜʥʽʻʶ ʟ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʷʚʣʷʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʽʜ ʮʝʥʪʨʫ ʧʫʭʣʠʥʠ ʜʦ ʾʾ 

ʛʨʘʥʠʮʽ, ʱʦ ʥʘʜʘʻ ʟʤʦʛʫ ʣʦʢʘʣʽʟʫʚʘʪʠ ʧʫʭʣʠʥʫ. 

 ʋ ʚʩʽʭ ʨʦʟʛʣʷʥʫʪʠʭ ʙʽʦʣʦʛʽʯʥʠʭ ʪʢʘʥʠʥʘʭ ʨʝʻʩʪʨʫʚʘʣʠʩʷ ʩʧʝʢʪʨʠ ʟ ʚʝʣʠʢʦʶ 

ʨʽʟʥʠʮʝʶ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʘʚʪʦʬʣʫʦʨʝʩʮʝʥʮʽʾ ʟʜʦʨʦʚʦʾ ʪʘ ʧʘʪʦʣʦʛʽʯʥʦʾ ʪʢʘʥʠʥʠ ʽ 

ʭʘʨʘʢʪʝʨʥʠʤʠ ʤʘʢʩʠʤʫʤʘʤʠ ʥʘ 370 ʥʤ ʽ 440 ʥʤ. ʍʘʨʘʢʪʝʨʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʚʩʽʭ 

ʧʨʦʚʝʜʝʥʠʭ ʥʘʤʠ ʚʠʤʽʨʶʚʘʥʴ ʻ ʟʥʘʯʥʦ ʟʥʠʞʝʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʘʚʪʦʬʣʫʦʨʝʩʮʝʥʮʽʽ ʫ 

ʚʦʛʥʠʱʽ ʤʘʣʽʛʥʽʟʘʮʽʾ. ɯʥʪʝʥʩʠʚʥʦʩʪʽ ʩʧʝʢʪʨʽʚ ʘʚʪʦʬʣʫʦʨʝʩʮʝʥʮʽʽ ʨʘʢʫ 

ʨʦʟʪʘʰʦʚʫʚʘʣʠʩʷ ʚ ʽʥʪʝʨʚʘʣʽ ʚʽʜ 0,1 ʜʦ 0,5 ʚʽʜʥʦʩʥʠʭ ʦʜʠʥʠʮʴ. ʋʩʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ 

ʦʙʫʤʦʚʣʝʥʽ ʪʠʤ, ʱʦ ʚ ʧʨʦʮʝʩʽ ʨʦʟʚʠʪʢʫ ʧʘʪʦʣʦʛʽ ʾʚʽʜʙʫʚʘʶʪʴʩʷ ʙʽʦʭʽʤʽʯʥʽ ʟʤʽʥʠ ʚ 

ʪʢʘʥʠʥʽ, ʘ ʦʪʞʝ, ʟʤʽʥʶʻʪʴʩʷ ʚʽʜʥʦʩʥʠʡ ʚʤʽʩʪ ʦʩʥʦʚʥʠʭ ʬʣʫʦʨʦʬʦʨʦʚ ʽ ʭʨʦʤʦʬʦʨʽʚ, 

ʟʤʽʥʶʶʪʴʩʷ ʤʦʨʬʦʣʦʛʽʯʥʽ ʽ ʛʽʩʪʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʪʢʘʥʠʥʠ. ɸʚʪʦʬʣʫʦʨʝʩʮʝʥʪʥʘ 

ʩʧʝʢʪʨʦʩʢʦʧʽʷ ʻ ʧʨʦʩʪʠʤ, ʙʝʟʧʝʯʥʠʤ, ʥʝʽʥʚʘʟʠʚʥʠʤ ʤʝʪʦʜʦʤ ʽ ʤʦʞʝ ʙʫʪʠ 

ʨʝʢʦʤʝʥʜʦʚʘʥʘ ʚ ʷʢʦʩʪʽ ʝʢʩʧʨʝʩ-ʜʽʘʛʥʦʩʪʠʢʠ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʟʣʦʷʢʽʩʥʠʭ 

ʥʦʚʦʫʪʚʦʨʝʥʴ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʧʝʨʚʠʥʥʠʡ ʩʢʨʠʥʽʥʛ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʛʨʫʧ 

ʨʠʟʠʢʫ ʧʦ ʨʦʟʚʠʪʢʫ ʦʥʢʦʣʦʛʽʯʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ. 
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4.2 ɿʘʢʦʥʦʤʽʨʥʦʩʪʽ ʚʧʣʠʚʫ ʟʜʦʨʦʚʦʾ ʪʘ ʧʘʪʦʣʦʛʽʯʥʦʾ ʙʽʦʪʢʘʥʠʥʠ ʥʘ ʧʦʪʫʞʥʽʩʪʴ 

ʚʽʜʙʠʪʦʛʦ ʪʘ ʧʦʛʣʠʥʫʪʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

  

ʋ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦʛʣʠʥʫʪʘ ʪʘ ʚʽʜʙʠʪʘ ʧʦʪʫʞʥʽʩʪʴ ʣʘʟʝʨʥʦʛʦ 

ʬʝʤʪʦʩʝʢʫʥʜʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʽʜ ʟʜʦʨʦʚʦʾ ʪʘ ʧʘʪʦʣʦʛʽʯʥʦʾ ʙʽʦʪʢʘʥʠʥʠ. ɺʠʙʽʨ 

ʜʘʥʦʛʦ ʚʠʜʫ ʪʢʘʥʠʥ ʦʙʫʤʦʚʣʝʥʠʡ ʧʨʦʙʣʝʤʦʶ, ʷʢʘ ʧʦʚôʷʟʘʥʘ ʟ ʥʝʤʦʞʣʠʚʽʩʪʶ 

ʩʚʦʻʯʘʩʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʟʣʦʷʢʽʩʥʠʭ ʥʦʚʦʫʪʚʦʨʝʥʴ. ʋ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʜʚʽ ʩʭʝʤʠ ʚʠʟʥʘʯʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʟʜʦʨʦʚʦʾ ʪʘ ʧʘʪʦʣʦʛʽʯʥʦʾ 

ʙʽʦʪʢʘʥʠʥʠ, ʘ ʩʘʤʝ ʟʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʚʠʤʽʨʘʤʠ ʟʥʘʯʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʚʽʜʙʠʪʦʛʦ ʚʽʜ ʟʨʘʟʢʘ, ʪʘ ʱʦ ʧʨʦʡʰʣʦ ʧʦʟʘ ʟʨʘʟʦʢ ʚ ʟʜʦʨʦʚʠʭ ʪʘ 

ʧʘʪʦʣʦʛʽʯʥʠʭ ʙʽʦʪʢʘʥʠʥʘʭ ʜʠʚ. ʨʠʩ 4.6, ʤʝʪʦʜʠʢʘ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʘ ʫ ʨʦʟʜʽʣʽ 3. 

  

ʈʠʩ. 4.6 ʉʭʝʤʠ ʚʠʟʥʘʯʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʚʽʜʙʠʪʦʛʦ ʚʽʜ ʟʨʘʟʢʘ, 

ʪʘ ʱʦ ʧʨʦʡʰʣʦ ʧʦʟʘ ʟʨʘʟʦʢ ʚ ʟʜʦʨʦʚʠʭ ʪʘ ʧʘʪʦʣʦʛʽʯʥʠʭ ʙʽʦʪʢʘʥʠʥʘʭ. 

 

 ʋ ʟʚ'ʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʩʠʛʥʘʣ ʧʦʪʫʞʥʦʩʪʽ ʤʦʞʝ ʟʘʣʝʞʘʪʠ ʚʽʜ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʩʪʨʫʢʪʫʨʠ ʪʘ ʩʢʣʘʜʫ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʜʽʣʷʥʢʠ ʙʽʦʪʢʘʥʠʥʠ, ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʜʦʩʪʦʚʽʨʥʠʭ 

ʜʘʥʠʭ ʧʨʦʚʦʜʠʚʩʷ ʥʘʙʽʨ ʜʘʥʠʭ. ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʦʪʨʠʤʫʚʘʣʠ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʚʠʤʽʨʷʥʠʭ ʩʠʛʥʘʣʽʚ (ʥʝ ʤʝʥʰʝ 8 ʚʽʜ ʢʦʞʥʦʾ 

ʙʽʦʪʢʘʥʠʥʠ). ɿ ʜʘʥʠʭ ʦʙʯʠʩʣʶʚʘʣʠ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʥʦʨʤʘʣʴʥʠʭ ʜʽʣʷʥʦʢ 

ʽ ʧʫʭʣʠʥ ʜʣʷ ʢʦʞʥʦʾ ʙʽʦʪʢʘʥʠʥʠ. ʎʽ ʟʥʘʯʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʟʜʦʨʦʚʦʾ ʪʘ ʧʘʪʦʣʦʛʽʯʥʦʾ ʙʽʦʪʢʘʥʠʥʠ ʨʽʟʥʠʭ ʦʨʛʘʥʽʚ. ɼʦʩʣʽʜʞʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʚʽʜʙʠʪʦʛʦ ʚʽʜ ʟʨʘʟʢʘ, ʪʘ ʱʦ ʧʨʦʡʰʣʦ ʧʦʟʘ ʟʨʘʟʦʢ ʟʜʦʨʦʚʦʾ ʪʘ 
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ʧʘʪʦʣʦʛʽʯʥʦʾ ʙʽʦʪʢʘʥʠʥʠ ʧʨʦʚʦʜʠʣʠʩʷ ʧʽʜ ʚʧʣʠʚʦʤ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʧʦʪʫʞʥʽʩʪʶ 400 ʤɺʪ ʥʘ ʨʽʟʥʠʭ ʜʦʚʞʠʥʘʭ ʭʚʠʣʴ ʚ ʜʽʘʧʘʟʦʥʽ 700-900 ʥʤ. 

 ʅʘ ʨʠʩ. 4.7 ʟʦʙʨʘʞʝʥʦ ʚʽʜʙʠʪʽ ʩʠʛʥʘʣʠ ʧʦʪʫʞʥʦʩʪʽ ʚʽʜ ʧʘʪʦʣʦʛʽʯʥʦʾ ʪʘ ʟʜʦʨʦʚʦʾ 

ʙʽʦʪʢʘʥʠʥʠ ʩʪʨʘʚʦʭʦʜʫ ʧʨʠ ʟʙʫʜʞʝʥʥʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʧʦʪʫʞʥʽʩʪʶ 400ʤʣɺʪ ʥʘ 

ʜʦʚʞʠʥʽ ʭʚʠʣʽ 800ʥʤ. ʇʨʝʜʩʪʘʚʣʝʥʽ ʩʠʛʥʘʣʠ ʦʪʨʠʤʘʥʽ ʟʘ ʜʝʢʽʣʴʢʦʤʘ ʟʨʘʟʢʘʤʠ [135, 

136] (ʜʠʚ. ʜʦʜʘʪʦʢ ɺ). ʆʪʨʠʤʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʫʩʝʨʝʜʥʶʶʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʠ Origin Pro ʽ ʛʨʘʬʽʢ ʥʘʙʫʚʘʻ ʬʦʨʤʫ ʧʘʨʘʙʦʣʠ. ʎʝ ʥʘʜʘʻ ʟʤʦʛʫ 

ʦʙʯʠʩʣʠʪʠ ʫʩʝʨʝʜʥʝʥʽ ʜʘʥʽ ʚʽʜʙʠʪʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚʽʜ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʙʽʦʣʦʛʽʯʥʦʾ 

ʪʢʘʥʠʥʠ ʥʘ ʢʫʪʽ 90Á, ʷʢʽ ʥʝʤʦʞʣʠʚʠʤ ʦʪʨʠʤʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʪʦʤʫ, ʱʦ 

ʚʠʤʽʨʶʚʘʯ ʧʦʪʫʞʥʦʩʪʽ ʧʝʨʝʢʨʠʚʘʻ ʭʽʜ ʧʨʦʤʝʥʷ ʥʘ ʮʴʦʤʫ ʢʫʪʽ. 

 

ʈʠʩ. 4.7 ɺʽʜʙʠʪʠʡ ʩʠʛʥʘʣ ʧʦʪʫʞʥʦʩʪʽ ʚʽʜ ʟʜʦʨʦʚʦʾ ʪʘ ʧʘʪʦʣʦʛʽʯʥʦʾ ʙʽʦʪʢʘʥʠʥʠ 

ʩʪʨʘʚʦʭʦʜʫ. 

 

 ʅʘ ʜʘʥʦʤʫ ʛʨʘʬʽʢʫ ʤʦʞʥʘ ʩʧʦʩʪʝʨʽʛʘʪʠ ʦʩʦʙʣʠʚʽʩʪʴ ʙʽʣʴʰʦʛʦ ʟʥʘʯʝʥʥʷ 

ʚʽʜʙʠʪʦʛʦ ʩʠʛʥʘʣʫ ʧʦʪʫʞʥʦʩʪʽ ʟʜʦʨʦʚʦʾ ʙʽʦʣʦʛʽʯʥʦʾ ʪʢʘʥʠʥʠ ʥʽʞ ʩʠʛʥʘʣʫ ʚʽʜʙʠʪʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʧʘʪʦʣʦʛʽʯʥʦʾ ʙʽʦʪʢʘʥʠʥʠ, ʱʦ ʥʘʜʘʻ ʥʘʤ ʟʤʦʛʫ ʜʽʘʛʥʦʩʪʫʚʘʪʠ ʧʘʪʦʣʦʛʽʯʥʫ 
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ʙʽʦʪʢʘʥʠʥʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʟʥʠʮʽ ʚʽʜʙʠʪʦʛʦ ʩʠʛʥʘʣʫ ʤʽʞ ʟʜʦʨʦʚʦʾ ʪʘ ʧʘʪʦʣʦʛʽʯʥʦʾ 

ʙʽʦʪʢʘʥʠʥʠ ʩʪʨʘʚʦʭʦʜʫ. ʉʧʦʩʪʝʨʝʞʝʥʘ ʨʽʟʥʠʮʷ ʤʽʞ ʩʠʛʥʘʣʘʤʠ ʚʽʜʙʠʪʦʾ ʧʦʪʫʞʥʦʩʪʽ 

ʟʜʦʨʦʚʦʾ ʪʘ ʧʘʪʦʣʦʛʽʯʥʦʾ ʪʢʘʥʠʥʠ ʦʙʫʤʦʚʣʝʥʘ ʙʽʦʭʽʤʽʯʥʠʤʠ ʟʤʽʥʘʤʠ ʚ ʪʢʘʥʠʥʽ, ʷʢ 

ʨʝʟʫʣʴʪʘʪ ʧʘʪʦʣʦʛʽʯʥʘ ʪʢʘʥʠʥʘ ʧʦʛʣʠʥʘʻ ʙʽʣʴʰʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʽʞ ʟʜʦʨʦʚʘ. ʋ 

ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʧʘʪʦʣʦʛʽʯʥʦʾ ʙʽʦʣʦʛʽʯʥʦʾ ʪʢʘʥʠʥʠ ʩʪʨʘʚʦʭʦʜʫ 

ʩʠʛʥʘʣ ʚʽʜʙʠʪʦʾ ʧʦʪʫʞʥʦʩʪʽ ʥʝ ʧʝʨʝʚʠʱʫʚʘʚ 1ʤʢɺʪ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʘʪʦʣʦʛʽʯʥʦʾ 

ʪʢʘʥʠʥʠ ʟʜʦʨʦʚʘ ʙʽʦʪʢʘʥʠʥʘ ʩʪʨʘʚʦʭʦʜʫ  ʥʘ ʢʫʪʘʭ 75-105Á ʧʝʨʝʚʠʱʫʚʘʣʘ ʧʦʢʘʟʥʠʢ ʚ 

1ʤʢɺʪ, ʘ  ʟʘ ʜʦʧʦʤʦʛʦʶ ʫʩʝʨʝʜʥʝʥʥʷ ʛʨʘʬʽʢʘ  ʤʦʞʥʘ ʩʧʦʩʪʝʨʽʛʘʪʠ ʧʦʢʘʟʥʠʭ ʚʽʜʙʠʪʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʢʫʪʽ 90Á ʈ=1,4 ʤʢɺʪ, ʷʢʠʡ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʻ ʧʦʢʘʟʥʠʢ ʚʽʜʙʠʪʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʫ ʧʘʪʦʣʦʛʽʯʥʦʾ ʙʽʦʪʢʘʥʠʥʠ ʤʘʡʞʝ ʥʘ 40%. ʎʷ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ ʥʘʜʘʻ ʟʤʦʛʫ 

ʦʮʽʥʠʪʠ ʪʘ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʧʘʪʦʣʦʛʽʯʥʫ ʙʽʦʪʢʘʥʠʥʫ ʩʪʨʘʚʦʭʦʜʫ. 

ʅʘ ʛʨʘʬʽʢʫ ʨʠʩ. 4.8 ʟʦʙʨʘʞʝʥʦ ʩʠʛʥʘʣ ʧʦʪʫʞʥʦʩʪʽ ʧʦʟʘ ʟʨʘʟʢʦʤ ʧʽʜ ʨʽʟʥʠʤʠ 

ʢʫʪʘʤʠ ʥʘʭʠʣʫ ʜʦ ʟʜʦʨʦʚʦʾ ʪʘ ʧʘʪʦʣʦʛʽʯʥʦʾ ʙʽʦʪʢʘʥʠʥʠ ʩʪʨʘʚʦʭʦʜʫ. ɿʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ Origin Pro ʫʩʝʨʝʜʥʶʻʤʦ ʛʨʘʬʽʢ ʽ ʦʪʨʠʤʘʻʤʦ ʧʘʨʘʙʦʣʽʯʥʫ 

ʢʘʨʪʠʥʢʫ, ʷʢʘ ʥʘʜʘʻ ʟʤʦʛʫ ʦʮʽʥʠʪʠ ʩʠʛʥʘʣ ʧʦʪʫʞʥʦʩʪʽ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, 

ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʟʜʦʨʦʚʫ ʪʘ ʧʘʪʦʣʦʛʽʯʥʫ ʙʽʦʪʢʘʥʠʥʫ ʩʪʨʘʚʦʭʦʜʫ. ʗʢ ʚʠʜʥʦ ʟ 

ʛʨʘʬʽʢʫ ʨʠʩ 4.8 ʪʘ ʛʨʘʬʽʢʽʚ [137] (ʜʠʚ. ʜʦʜʘʪʦʢ ɺ) ʩʠʛʥʘʣ ʧʨʦʧʫʩʢʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʫ 

ʟʜʦʨʦʚʦʾ ʙʽʦʪʢʘʥʠʥʠ ʙʽʣʴʰʠʡ ʥʘ 20%, ʱʦ ʚʠʢʣʠʢʘʥʦ ʟʤʽʥʦʶ ʤʦʨʬʦʣʦʛʽʯʥʽ ʽ 

ʛʽʩʪʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʽʚ ʪʢʘʥʠʥʠ ʚ ʧʨʦʮʝʩʽ ʨʦʟʚʠʪʢʫ ʧʘʪʦʣʦʛʽʾ, ʮʝ ʥʘʜʘʻ ʥʘʤ ʟʤʦʛʫ 

ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʧʘʪʦʣʦʛʽʯʥʫ ʙʽʦʪʢʘʥʠʥʫ ʩʪʨʘʚʦʭʦʜʫ ʟʘ ʨʽʟʥʠʮʝʶ ʧʨʦʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ 

ʧʦʪʫʞʥʦʩʪʽ. 
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ʈʠʩ. 4.8 ʉʠʛʥʘʣ ʧʦʪʫʞʥʦʩʪʽ ʧʦʟʘ ʟʨʘʟʢʦʤ ʟʜʦʨʦʚʦʾ ʪʘ ʧʘʪʦʣʦʛʽʯʥʦʾ ʙʽʦʪʢʘʥʠʥʠ 

ʩʪʨʘʚʦʭʦʜʫ. 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʥʘ ʨʽʟʥʠʭ ʜʦʚʞʠʥʘʭ ʭʚʠʣʴ 700 ʥʤ ï 900 ʥʤ. 

ʅʘʡʢʨʘʱʠʤ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʥʘʛʣʷʜʥʦʾ ʨʽʟʥʠʮʽ ʤʽʞ ʟʜʦʨʦʚʦʶ ʪʘ ʧʘʪʦʣʦʛʽʯʥʦʶ 

ʙʽʦʪʢʘʥʠʥʦʶ ʙʫʣʘ ʜʦʚʞʠʥʘ ʭʚʠʣʽ 850 ʥʤ ʪʦʤʫ, ʱʦ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʨʽʟʥʠʮʷ ʤʽʞ 

ʩʠʛʥʘʣʘʤ ʫ ʚʽʜʩʦʪʢʦʚʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʥʘʡʙʽʣʴʰʘ. ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʩʝʨʝʜʥʽʭ 

ʟʥʘʯʝʥʴ ʚʽʜʙʠʪʦʾ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʧʦʪʫʞʥʦʩʪʽ ʧʦʟʘ ʟʨʘʟʢʦʤ, ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ 

ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ ʚʽʜʤʽʥʥʦʩʪʽ ʟʜʦʨʦʚʦʾ ʚʽʜ ʧʘʪʦʣʦʛʽʯʥʦʾ ʙʽʦʪʢʘʥʠʥʠ ʩʪʨʘʚʦʭʦʜʫ: 

1. ʉʠʛʥʘʣ ʧʦʪʫʞʥʦʩʪʽ ʚʽʜʙʠʪʠʡ ʚʽʜ ʟʜʦʨʦʚʦʾ ʙʽʦʪʢʘʥʠʥʠ ʩʪʨʘʚʦʭʦʜʫ ʙʽʣʴʰʠʡ 

ʥʽʞ ʚʽʜ ʧʘʪʦʣʦʛʽʯʥʦʾ ʙʽʦʪʢʘʥʠʥʠ ʥʘ 30-40%. 

2. ʉʠʛʥʘʣ ʧʦʪʫʞʥʦʩʪʽ ʧʦʟʘ ʟʨʘʟʢʦʤ ʟʜʦʨʦʚʦʾ ʙʽʦʪʢʘʥʠʥʠ ʩʪʨʘʚʦʭʦʜʫ ʪʘʢʦʞ 

ʙʽʣʴʰʠʡ ʥʽʞ ʚʽʜ ʧʘʪʦʣʦʛʽʯʥʦʾ ʙʽʦʪʢʘʥʠʥʠ ʥʘ 20%-30%. 

ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʟʘʣʝʞʥʦʩʪʷʭ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʪʝ, ʱʦ 

ʧʘʪʦʣʦʛʽʯʥʘ ʙʽʦʪʢʘʥʠʥʘ ʩʪʨʘʚʦʭʦʜʫ ʤʘʻ ʟʥʘʯʥʦ ʙʽʣʴʰʫ ʧʦʛʣʠʥʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ. ʎʝ 

ʦʙʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ ʚ ʧʨʦʮʝʩʽ ʨʦʟʚʠʪʢʫ ʧʘʪʦʣʦʛʽʾ ʚʽʜʙʫʚʘʶʪʴʩʷ ʙʽʦʭʽʤʽʯʥʽ ʟʤʽʥʠ ʚ 
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ʪʢʘʥʠʥʽ, ʟʤʽʥʶʶʪʴʩʷ ʤʦʨʬʦʣʦʛʽʯʥʽ ʽ ʛʽʩʪʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʪʢʘʥʠʥʠ. ɺʘʞʣʠʚʦʶ 

ʦʩʦʙʣʠʚʽʩʪʶ ʻ ʨʽʟʥʠʮʷ ʩʠʛʥʘʣʽʚ ʧʦʪʫʞʥʦʩʪʽ ʟʜʦʨʦʚʦʾ ʪʘ ʧʘʪʦʣʦʛʽʯʥʦʾ ʙʽʦʪʢʘʥʠʥʠ ʥʘ 

ʚʩʽʭ ʦʪʨʠʤʘʥʠʭ ʢʫʪʘʭ ʦʛʣʷʜʫ 60-120Á. ʉʧʦʩʪʝʨʝʞʫʚʘʥʘ ʟʘʣʝʞʥʽʩʪʴ ʥʘʜʘʻ ʥʘʤ ʟʤʦʛʫ 

ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʧʘʪʦʣʦʛʽʯʥʫ ʙʽʦʪʢʘʥʠʥʫ ʩʪʨʘʚʦʭʦʜʫ ʟʘ ʨʽʟʥʠʮʝʶ ʚʽʜʙʠʪʦʛʦ ʩʠʛʥʘʣʫ 

ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʩʠʛʥʘʣʫ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʟʜʦʨʦʚʫ ʪʘ ʧʘʪʦʣʦʛʽʯʥʫ ʙʽʦʪʢʘʥʠʥʫ.  

ʅʘ ʨʠʩ. 4.9 ʧʦʢʘʟʘʥʦ ʚʽʜʙʠʪʽ ʩʠʛʥʘʣʠ ʧʦʪʫʞʥʦʩʪʽ ʧʘʪʦʣʦʛʽʯʥʦʾ ʪʘ ʟʜʦʨʦʚʦʾ 

ʪʢʘʥʠʥʠ ʰʣʫʥʢʫ ʧʨʠ ʟʙʫʜʞʝʥʥʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ 850ʥʤ ʪʘ 

ʧʦʪʫʞʥʽʩʪʶ 400 ʤɺʪ. 

 

ʈʠʩ 4.9 ɺʽʜʙʠʪʠʡ ʩʠʛʥʘʣ ʧʦʪʫʞʥʦʩʪʽ ʚʽʜ ʟʜʦʨʦʚʦʾ ʪʘ ʧʘʪʦʣʦʛʽʯʥʦʾ ʙʽʦʪʢʘʥʠʥʠ 

ʰʣʫʥʢʫ. 

 

ʗʢ ʚʠʜʥʦ ʟ ʦʪʨʠʤʘʥʠʭ ʛʨʘʬʽʢʽʚ, ʤʦʞʥʘ ʩʧʦʩʪʝʨʽʛʘʪʠ ʪʫ ʞ ʩʘʤʫ ʟʘʣʝʞʥʽʩʪʴ 

ʙʽʣʴʰʦʛʦ ʥʘ 30% ʚʽʜʙʠʪʦʛʦ ʩʠʛʥʘʣʫ ʧʦʪʫʞʥʦʩʪʽ ʟʜʦʨʦʚʦʾ ʙʽʦʪʢʘʥʠʥʠ ʥʽʞ ʚʽʜʙʠʪʦʛʦ 

ʩʠʛʥʘʣʫ ʧʦʪʫʞʥʦʩʪʽ ʚʽʜ ʧʘʪʦʣʦʛʽʯʥʦʾ ʙʽʦʪʢʘʥʠʥʠ. ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʜʦʩʣʽʜʞʝʥʴ ʪʘ 

ʫʩʝʨʝʜʥʝʥʥʽ ʟʥʘʯʝʥʴ ʚʽʜʙʠʪʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚʽʜ ʨʽʟʥʠʭ ʙʽʦʪʢʘʥʠʥ ʟʘʣʠʰʘʻʪʴʩʷ 
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ʥʝʟʤʽʥʥʦʶ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ ʟʥʘʯʥʦ ʙʽʣʴʰʦʛʦ ʩʠʛʥʘʣʫ ʫ ʟʜʦʨʦʚʦʾ ʙʽʦʪʢʘʥʠʥʠ ʥʽʞ ʫ 

ʧʘʪʦʣʦʛʽʯʥʦʾ ʙʽʦʪʢʘʥʠʥʠ [137] (ʜʠʚ. ʜʦʜʘʪʦʢ ɺ), ʦʙʫʤʦʚʣʝʥʦʛʦ ʙʽʦʭʽʤʽʯʥʠʤʠ ʟʤʽʥʘʤʠ 

ʫ ʧʘʪʦʣʦʛʽʯʥʽʡ ʪʢʘʥʠʥʽ. ɼʦʮʽʣʴʥʦ ʧʨʦʚʦʜʠʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʚʩʽʭ ʢʫʪʘʭ ʥʘʭʠʣʫ 

ʫʣʦʚʣʶʚʘʯʘ ʦʩʢʽʣʴʢʠ ʙʫʜʝ ʩʧʦʩʪʝʨʽʛʘʪʠʩʷ ʧʦʚʥʘ ʢʘʨʪʠʥʘ ʚʽʜʙʠʪʠʭ ʩʠʛʥʘʣʘʭ 

ʧʦʪʫʞʥʦʩʪʽ ʟʜʦʨʦʚʦʾ ʪʘ ʧʘʪʦʣʦʛʽʯʥʦʾ ʙʽʦʪʢʘʥʠʥʠ. ʎʝ ʥʘʜʘʩʪʴ ʟʤʦʛʫ ʧʦʚʥʽʩʪʶ ʦʮʽʥʠʪʠ 

ʩʪʘʥ ʪʘ ʨʽʟʥʠʮʶ ʤʽʞ ʟʜʦʨʦʚʦʶ ʪʘ ʧʘʪʦʣʦʛʽʯʥʦʾ ʙʽʦʪʢʘʥʠʥʦʶ. 

ʅʘ ʛʨʘʬʽʢʫ ʨʠʩ. 4.10 ʟʦʙʨʘʞʝʥʦ ʩʠʛʥʘʣ ʧʦʪʫʞʥʦʩʪʽ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʧʽʜ ʨʽʟʥʠʤʠ 

ʢʫʪʘʤʠ ʥʘʭʠʣʫ ʜʦ ʟʜʦʨʦʚʦʾ ʪʘ ʧʘʪʦʣʦʛʽʯʥʦʾ ʙʽʦʪʢʘʥʠʥʠ ʰʣʫʥʢʫ. 

 

ʈʠʩ. 4.10 ʇʨʦʭʽʜʥʠʡ ʩʠʛʥʘʣ ʧʦʪʫʞʥʦʩʪʽ ʟʜʦʨʦʚʦʾ ʪʘ ʧʘʪʦʣʦʛʽʯʥʦʾ ʙʽʦʪʢʘʥʠʥʠ 

ʰʣʫʥʢʫ. 

 

ʆʪʨʠʤʘʥʠʡ ʫʩʝʨʝʜʥʝʥʠʡ ʧʘʨʘʙʦʣʽʯʥʠʡ ʛʨʘʬʽʢ ʥʘʜʘʻ ʥʘʤ ʟʤʦʛʫ ʦʮʽʥʠʪʠ ʩʠʛʥʘʣ 

ʧʦʪʫʞʥʦʩʪʽ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʱʦ ʧʨʦʡʰʦʚ ʯʝʨʝʟ ʟʜʦʨʦʚʫ ʪʘ ʧʘʪʦʣʦʛʽʯʥʫ 

ʙʽʦʪʢʘʥʠʥʫ ʰʣʫʥʢʫ. ʗʢ ʚʠʜʥʦ ʟ ʛʨʘʬʽʢʫ ʪʘ ʛʨʘʬʽʢʽʚ [137] (ʜʠʚ. ʜʦʜʘʪʦʢ ɺ) ʩʠʛʥʘʣ 

ʧʦʪʫʞʥʦʩʪʽ ʧʦʟʘ ʟʨʘʟʢʦʤ ʫ ʟʜʦʨʦʚʦʾ ʙʽʦʪʢʘʥʠʥʠ ʰʣʫʥʢʫ ʙʽʣʴʰʠʡ ʥʘ 20%-30%. 



105 

 

ʉʧʦʩʪʝʨʝʞʫʚʘʥʘ ʟʘʣʝʞʥʽʩʪʴ ʥʘʜʘʻ ʥʘʤ ʟʤʦʛʫ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʧʘʪʦʣʦʛʽʯʥʫ ʙʽʦʪʢʘʥʠʥʫ 

ʰʣʫʥʢʫ ʟʘ ʨʽʟʥʠʮʝʶ ʧʨʦʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʧʦʪʫʞʥʦʩʪʽ. 

ɼʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʘʪʦʣʦʛʽʯʥʠʭ ʫʪʚʦʨʝʥʴ ʜʦʮʽʣʴʥʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʣʘʟʝʨʥʝ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ 850ʥʤ, ʪʦʤʫ ʱʦ ʧʨʠ ʮʽʡ ʜʦʚʞʠʥʽ ʭʚʠʣʽ ʙʽʣʴʰʘ 

ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʧʦʢʘʟʥʠʢʽʚ ʚʽʜʙʠʪʦʾ ʪʘ ʧʦʪʫʞʥʦʩʪʽ ʧʦʟʘ ʟʨʘʟʢʦʤ ʚʽʜ ʙʽʦʣʦʛʽʯʥʦʾ 

ʪʢʘʥʠʥʠ. ʇʨʠ ʚʠʚʯʝʥʥʽ ʛʨʘʬʽʢʽʚ, ʚʠʷʚʣʝʥʽ ʥʘʩʪʫʧʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽʫ ʚʩʽʭ 

ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʩʠʛʥʘʣʘʭ ʧʦʪʫʞʥʦʩʪʽ, ʘ ʩʘʤʝ ʩʠʛʥʘʣ ʧʦʪʫʞʥʦʩʪʽ ʚʽʜʙʠʪʠʡ ʚʽʜ ʟʜʦʨʦʚʦʾ 

ʙʽʦʪʢʘʥʠʥʠ  ʙʽʣʴʰʠʡ ʥʽʞ ʚʽʜ ʧʘʪʦʣʦʛʽʯʥʦʾ ʙʽʦʪʢʘʥʠʥʠ ʥʘ 30-40% ʪʘ ʩʠʛʥʘʣ 

ʧʦʪʫʞʥʦʩʪʽ ʧʦʟʘ ʟʨʘʟʢʦʤ ʟʜʦʨʦʚʦʾ ʙʽʦʪʢʘʥʠʥʠ ʩʪʨʘʚʦʭʦʜʫ ʪʘʢʦʞ ʙʽʣʴʰʠʡ ʥʽʞ ʚʽʜ 

ʧʘʪʦʣʦʛʽʯʥʦʾ ʙʽʦʪʢʘʥʠʥʠ ʥʘ 20%-30%.  

ɿʘʚʜʷʢʠ ʨʦʟʨʦʙʣʝʥʽʡ ʤʝʪʦʜʠʮʽ ʟʥʷʪʪʷ ʚʽʜʙʠʪʠʭ ʩʠʛʥʘʣʽʚ ʧʦʪʫʞʥʦʩʪʽ ʟ 

ʙʽʦʣʦʛʽʯʥʠʭ ʪʢʘʥʠʥ ʪʘ ʩʠʛʥʘʣʽʚ ʱʦ ʧʨʦʡʰʣʠ ʯʝʨʝʟ ʙʽʦʣʦʛʽʯʥʫ ʪʢʘʥʠʥʫ ʧʽʜ ʜʽʻʶ 

ʬʝʤʪʦʩʝʢʫʥʜʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʦʪʨʠʤʘʥʠʤ ʟʘʢʦʥʦʤʽʨʥʦʩʪʷʤ 

ʤʦʞʣʠʚʦ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʧʘʪʦʣʦʛʽʯʥʽ ʙʽʦʪʢʘʥʠʥʠ. 

 

4.3 ɿʘʢʦʥʦʤʽʨʥʦʩʪʽ ʟʤʽʥʠ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʙʘʛʘʪʦʰʘʨʦʚʽʡ ʙʽʦʣʦʛʽʯʥʽʡ 

ʪʢʘʥʠʥʽ ʧʨʠ ʾʾ ʥʘʛʨʽʚʘʥʥʽ ʧʽʜ ʜʽʻʶ ʬʝʤʪʦʩʝʢʫʥʜʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

 

ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʦʪʨʠʤʫʚʘʣʠ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ 

ʚʠʤʽʨʷʥʠʭ ʩʠʛʥʘʣʽʚ (ʥʝ ʤʝʥʰʝ 6 ʚʽʜ ʢʦʞʥʦʾ ʙʽʦʪʢʘʥʠʥʠ). ʇʝʨʝʜ ʢʦʞʥʠʤ ʟʘʤʽʨʦʤ 

ʪʝʤʧʝʨʘʪʫʨʠ ʜʘʚʘʣʠ ʯʘʩ ʦʭʦʣʦʜʠʪʠʩʷ ʙʽʦʪʢʘʥʠʥʽ ʫ ʬʽʟʠʯʥʦʤʫ ʨʦʟʯʠʥʽ ʢʽʤʥʘʪʥʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ 20Áʉ. ɿ ʜʘʥʠʭ ʦʪʨʠʤʫʚʘʣʠ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʥʦʨʤʘʣʴʥʠʭ 

ʜʽʣʷʥʦʢ ʽ ʧʫʭʣʠʥ ʜʣʷ ʢʦʞʥʦʾ ʙʽʦʪʢʘʥʠʥʠ. ʎʽ ʟʥʘʯʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʟʜʦʨʦʚʦʾ ʪʘ ʧʘʪʦʣʦʛʽʯʥʦʾ ʙʽʦʪʢʘʥʠʥʠ ʨʽʟʥʠʭ ʦʨʛʘʥʽʚ. ɼʦʩʣʽʜʞʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʟʜʦʨʦʚʦʾ ʪʘ ʧʘʪʦʣʦʛʽʯʥʦʾ ʙʽʦʪʢʘʥʠʥʠ ʧʨʦʚʦʜʠʣʠʩʷ ʧʽʜ ʚʧʣʠʚʦʤ 

ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʦʪʫʞʥʽʩʪʶ 400ʤʣɺʪ ʥʘ ʨʽʟʥʠʭ ʜʦʚʞʠʥʘʭ ʭʚʠʣʴ ʚ 

ʜʽʘʧʘʟʦʥʽ 700-900ʥʤ. ʊʝʤʧʝʨʘʪʫʨʥʽ ʟʘʤʽʨʠ ʧʨʦʚʦʜʠʣʠʩʷ ʥʘ ʛʣʠʙʠʥʽ 1-10ʤʤ ʚ 

ʙʽʦʣʦʛʽʯʥʽʡ ʪʢʘʥʠʥʽʜʠʚ. ʨʠʩ.4.11. ɼʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʫʚʘʣʠʩʴ ʥʘ ʟʜʦʨʦʚʠʭ ʪʘ 

ʧʘʪʦʣʦʛʽʯʥʠʭ ʙʽʦʣʦʛʽʯʥʠʭ ʪʢʘʥʠʥʘʭ ʰʣʫʥʢʫ ʪʘ ʩʪʨʘʚʦʭʦʜʫ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ  

ʨʝʟʫʣʴʪʘʪʠ ʦʙʨʦʙʣʶʚʘʣʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʇʆɽʄ, ʘ ʩʘʤʝ ʫ ʧʨʦʛʨʘʤʽ Origin Pro. 
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ʈʠʩ. 4.11 ʉʭʝʤʘ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʙʽʦʪʢʘʥʠʥʠ ʧʽʜ ʜʽʻʶ ʣʘʟʝʨʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

  

ʅʘ ʨʠʩ.4.12 ʟʦʙʨʘʞʝʥʦ ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦ ʛʣʠʙʠʥʽ ʟʜʦʨʦʚʦʾ ʙʽʦʪʢʘʥʠʥʠ 

ʩʪʨʘʚʦʭʦʜʫ, ʱʦ ʚʠʢʣʠʢʘʥʦ ʣʘʟʝʨʥʠʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʦʪʫʞʥʩ̔ʪʁ 0.4ɺʪ ʪʨʠʚʘʣʽʩʪʶ 

ʚʽʜ 1 ʜʦ 10ʩ. ɿʘʤʽʨʠ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʦʚʦʜʠʣʠʩʷ ʥʘ ʛʣʠʙʠʥʽ 1ʤʤ, 3ʤʤ, 6ʤʤ, 10ʤʤ. ɿʘ 

ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ Origin Pro ʦʙʨʦʙʣʶʻʤʦ ʨʝʟʫʣʴʪʘʪʠ ʪʘ 

ʘʧʨʦʢʩʠʤʫʻʤʦ ʾʭ. ɿ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ [135] (ʜʠʚ. ʜʦʜʘʪʦʢ ɺ) ʚʠʜʥʦ, ʱʦ ʥʘʡʙʽʣʴʰʫ 

ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʛʣʠʙʠʥʽ ʙʽʦʣʦʛʽʯʥʠʭ ʪʢʘʥʠʥ ʧʽʜ ʚʧʣʠʚʦʤ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʦʪʨʠʤʫʚʘʣʠ ʚ ʜʽʘʧʘʟʦʥʽ  ʭʚʠʣʴ 750 ʥʤ. 
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ʈʠʩ 4.12 ʈʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦ ʛʣʠʙʠʥʽ ʟʜʦʨʦʚʦʾ ʙʽʦʪʢʘʥʠʥʠ ʩʪʨʘʚʦʭʦʜʫ. 

 

ʗʢ ʚʠʜʥʦ ʟ ʛʨʘʬʽʢʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʦ ʛʣʠʙʠʥʽ ʟʜʦʨʦʚʦʾ ʙʽʦʪʢʘʥʠʥʠ ʩʪʨʘʚʦʭʦʜʫ, ʤʘʢʩʠʤʘʣʴʥʘ ʪʝʤʧʝʨʘʪʫʨʘ  ʜʦʩʷʛʘʻ 

ʟʥʘʯʝʥʥʷ 37 Áʉ ʥʘ 10 ʩʝʢʫʥʜʽ ʣʘʟʝʨʥʦʛʦ ʚʧʣʠʚʫ. ʊʘʢʦʞ ʤʦʞʥʘ ʚʽʜʤʽʪʠʪʠ, ʱʦ 

ʪʝʤʧʝʨʘʪʫʨʘ ʥʝ ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ ʛʣʠʙʰʝ ʥʽʞ 3 ʤʤ ʥʘ 1ʩ ʚʟʘʻʤʦʜʽʾ ʣʘʟʝʨʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ ʙʽʦʪʢʘʥʠʥʦʶ, ʘ ʧʨʠ ʪʨʠʚʘʣʦʩʪʽ 10ʩ ʪʝʤʧʝʨʘʪʫʨʘ 

ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ ʥʘ ʛʣʠʙʠʥʫ 8 ʤʤ . 

ʅʘ ʛʨʘʬʽʢʫ, ʷʢʠʡ ʟʦʙʨʘʞʝʥʠʡ ʥʘ ʨʠʩ.4.13, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʨʦʟʧʦʜʽʣ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʦ ʛʣʠʙʠʥʽ ʧʘʪʦʣʦʛʽʯʥʦʾ ʙʽʦʪʢʘʥʠʥʠ ʩʪʨʘʚʦʭʦʜʫ, ʱʦ ʚʠʢʣʠʢʘʥʦ ʜʽʻʶ 

ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʽʘʤʝʪʨʦʤ 2ʤʤ ʪʘ ʧʦʪʫʞʥʽʩʪʶ 0,4 ɺʪ ʧʨʦʪʷʛʦʤ ʯʘʩʫ ʚʽʜ 1 

ʜʦ 10ʩ. 



108 

 

 

ʈʠʩ 4.13 ʈʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦ ʛʣʠʙʠʥʽ ʧʘʪʦʣʦʛʽʯʥʦʾ ʙʽʦʪʢʘʥʠʥʠ 

ʩʪʨʘʚʦʭʦʜʫ. 

 

ʅʘ 10 ʩʝʢʫʥʜʽ ʣʘʟʝʨʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʧʘʪʦʣʦʛʽʯʥʫ ʙʽʦʪʢʘʥʠʥʫ ʩʪʨʘʚʦʭʦʜʫ 

ʪʝʤʧʝʨʘʪʫʨʘ ʜʦʩʷʛʘʻ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ 40 Áʉ. ʊʘʢʦʞ ʤʦʞʥʘ ʚʽʜʤʽʪʠʪʠ, ʱʦ 

ʪʝʤʧʝʨʘʪʫʨʘ ʥʝ ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ ʛʣʠʙʰʝ ʥʽʞ 6 ʤʤ ʥʘ 1ʩ ʚʟʘʻʤʦʜʽʾ ʣʘʟʝʨʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʩ ʙʽʦʪʢʘʥʠʥʦʶ, ʘ ʧʨʠ ʪʨʠʚʘʣʦʩʪʽ 10ʩ ʪʝʤʧʝʨʘʪʫʨʘ 

ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ ʥʘ ʛʣʠʙʠʥʫ 9 ʤʤ. ʊʘʢʠʤ ʯʠʥʦʤ ʦʜʨʘʟʫ ʧʽʩʣʷ ʧʦʯʘʪʢʫ ʚʟʘʻʤʦʜʽʾ 

ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʧʘʪʦʣʦʛʽʯʥʦʶ ʙʽʦʪʢʘʥʠʥʦʶ ʚʞʝ ʥʘ ʧʝʨʰʽʡ ʩʝʢʫʥʜʽ 

ʡʦʛʦ ʚʧʣʠʚʫ ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʟʥʘʯʥʘ ʪʝʤʧʝʨʘʪʫʨʘ. ʎʝ ʦʙʫʤʦʚʣʝʥʦ ʙʽʦʭʽʤʽʯʥʠʤʠ 

ʟʤʽʥʘʤʠ ʚ ʧʘʪʦʣʦʛʽʯʥʽʡ ʙʽʦʪʢʘʥʠʥʽ, ʧʨʠ ʷʢʠʭ ʟʤʽʥʶʶʪʴʩʷ ʤʦʨʬʦʣʦʛʽʯʥʽ ʽ ʛʽʩʪʦʣʦʛʽʯʥʽ 

ʧʘʨʘʤʝʪʨʠ ʪʢʘʥʠʥʠ ʽ, ʷʢ ʨʝʟʫʣʴʪʘʪ, ʧʘʪʦʣʦʛʽʯʥʘ ʙʽʦʪʢʘʥʠʥʘ ʧʦʛʣʠʥʘʻ ʪʘ ʫʪʨʠʤʘʻ 

ʪʝʧʣʦ. 

ʅʘ ʨʠʩ. 4.14 ʟʦʙʨʘʞʝʥʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨ ʧʦ ʛʣʠʙʠʥʽ 

ʟʜʦʨʦʚʦʾ ʪʘ ʧʘʪʦʣʦʛʽʯʥʦʾ ʙʽʦʪʢʘʥʠʥʠ ʧʨʠ ʪʨʠʚʘʣʦʩʪʽ ʚʟʘʻʤʦʜʽʾ 10 ʩ ʟ ʣʘʟʝʨʥʠʤ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ. 
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ʈʠʩ. 4.14 ʈʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦ ʛʣʠʙʠʥʽ ʟʜʦʨʦʚʦʾ ʪʘ ʧʘʪʦʣʦʛʽʯʥʦʾ 

ʙʽʦʪʢʘʥʠʥʠ ʩʪʨʘʚʦʭʦʜʫ. 

 

ɿ ʛʨʘʬʽʢʫ ʚʠʜʥʦ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʧʘʪʦʣʦʛʽʯʥʽʡ ʪʢʘʥʠʥʽ ʥʘ ʛʣʠʙʠʥʽ 1ʤʤ 

ʙʽʣʴʰʘ ʥʽʞ ʫ ʟʜʦʨʦʚʦʾ ʧʨʠʙʣʠʟʥʦ ʥʘ 3Áʉ, ʮʝ ʦʙʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ ʫ ʧʘʪʦʣʦʛʽʯʥʽʡ 

ʙʽʦʪʢʘʥʠʥʽ ʚʽʜʙʫʣʠʩʷ ʟʤʽʥʠ ʥʘ ʙʽʦʭʽʤʽʯʥʦʤʫ ʨʽʚʥʽ  ʽ ʷʢ ʨʝʟʫʣʴʪʘʪ ʟʤʽʥʠʚʩʷ ʢʦʝʬʽʮʽʻʥʪ 

ʧʦʛʣʠʥʘʥʥʷ. ɿʘʚʜʷʢʠ ʥʴʦʤʫ ʽ ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʙʽʣʴʰʝ ʪʝʧʣʦ ʥʽʞ ʫ ʟʜʦʨʦʚʦʾ ʙʽʦʪʢʘʥʠʥʠ. 

ʅʘ ʛʣʠʙʠʥʽ 6-10 ʤʤ ʨʽʟʥʠʮʷ ʪʝʤʧʝʨʘʪʫʨ ʥʝ ʻ ʚʠʩʦʢʦʶ ʽ ʤʦʞʝ ʙʫʪʠ ʚʠʢʣʠʢʘʥʦ 

ʧʦʭʠʙʢʦʶ ʚʠʤʽʨʶʚʘʥʴ, ʦʪʞʝ ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʙʽʦʪʢʘʥʠʥʠ ʚʘʞʣʠʚʠʤ ʻ 

ʟʥʷʪʪʷ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʛʣʠʙʠʥʘʭ ʚʽʜ 1-3 ʤʤ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʨʦʟʛʣʷʥʫʚʰʠ ʚʩʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʦ ʛʣʠʙʠʥʽ ʟʜʦʨʦʚʦʾ ʪʘ ʧʘʪʦʣʦʛʽʯʥʦʾ ʙʽʦʪʢʘʥʠʥʠ ʩʪʨʘʚʦʭʦʜʫ ʪʘ ʰʣʫʥʢʫ 

[135] (ʜʠʚ. ʜʦʜʘʪʦʢ ɼ) ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʪʝ, ʱʦ ʧʘʪʦʣʦʛʽʯʥʘ ʙʽʦʪʢʘʥʠʥʘ 

ʙʽʣʴʰʝ ʥʘʢʦʧʠʯʫʻ ʪʝʧʣʦ ʥʽʞ ʟʜʦʨʦʚʘ ʙʽʦʪʢʘʥʠʥʘ ʮʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʫ ʧʨʦʮʝʩʽ 

ʫʪʚʦʨʝʥʥʷ ʧʘʪʦʣʦʛʽʾ ʟʤʽʥʶʶʪʴʩʷ ʤʦʨʬʦʣʦʛʽʯʥʽ ʽ ʛʽʩʪʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʪʢʘʥʠʥʠ. 

ʆʪʞʝ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʪʝ, ʱʦ ʟʘ ʨʽʟʥʠʮʝʶ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨ 

ʤʦʞʣʠʚʦ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʧʘʪʦʣʦʛʽʯʥʫ ʙʽʦʪʢʘʥʠʥʫ. 
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4.4 ɺʝʨʠʬʽʢʘʮʽʷ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʧʦʜʽʣʫ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʙʘʛʘʪʦʰʘʨʦʚʽʡ ʙʽʦʣʦʛʽʯʥʽʡ ʪʢʘʥʠʥʽ ʧʨʠ ʽʽ ʥʘʛʨʽʚʘʥʥʽ ʧʽʜ ʜʽʻʶ 

ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

 

 ʋ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚʝʨʠʬʽʢʘʮʽʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦ ʛʣʠʙʠʥʽ ʟʜʦʨʦʚʦʾ ʙʽʦʪʢʘʥʠʥʠ ʪʘ ʯʠʩʣʦʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʙʘʛʘʪʦʰʘʨʦʚʽʡ ʙʽʦʣʦʛʽʯʥʽʡ ʪʢʘʥʠʥʽ  ʧʽʜ ʜʽʻʶ ʣʘʟʝʨʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɼʘʥʥʽ ʚʝʨʠʬʽʢʘʮʽʾ ʪʘ ʨʦʟʨʘʭʫʥʦʢ ʧʦʭʠʙʦʢ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ 

ʪʘʙʣʠʮʽ 4.1.  

ʊʘʙʣʠʮʷ 4.1 - 

ʈʝʟʫʣʴʪʘʪʠ ʟʽʩʪʘʚʣʝʥʥʷ ʜʘʥʠʭ ʯʠʩʣʦʚʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ 

 ʏʘʩ ʜʽʾ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ 

ʙʽʦʪʢʘʥʠʥʫ 1 ʩ 

ʏʘʩ ʜʽʾ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ 

ʙʽʦʪʢʘʥʠʥʫ 10 ʩ 

x , 

ʤʤ 

ʈʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦ 

ʛʣʠʙʠʥʽ ʙʽʦʪʢʘʥʠʥʠ, ʉ̄  

ʇʦʭʠʙʢʘ, 

% 

ʈʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦ 

ʛʣʠʙʠʥʽ ʙʽʦʪʢʘʥʠʥʠ, ʉ̄ 

ʇʦʭʠʙʢʘ, 

% 

ʏʠʩʣʦʚʠʡ 

ʨʦʟʨʘʭʫʥʦʢ)
1
 

ɽʢʩʧʝʨʠʤʝʥʪ ʏʠʩʣʦʚʠʡ 

ʨʦʟʨʘʭʫʥʦʢ)
1
 

ɽʢʩʧʝʨʠʤʝʥʪ 

1 31,05 32 3,059581 38,122 37,3 -2,15624 

3 20,155 21,6 7,169437 21,172 22,6 6,744757 

6 20 20,3 1,5 20 20,6 3 

10 20 20 0 20 20 0 

ʇʨʠʤʽʪʢʘ: )
1
 ï  ʢʨʦʢ ʽʥʪʝʛʨʫʚʘʥʥʷ ʟʘ ʯʘʩʦʤ 0,1 ʩ;  ʢʽʣʴʢʽʩʪʴ ʚʫʟʣʽʚ 62379 ʪʘ ʢʽʣʴʢʽʩʪʴ 

ʝʣʝʤʝʥʪʽʚ 14240 ʯʠʩʣʦʚʦʾ ʤʦʜʝʣʽ. 

 

ʗʢ ʚʠʜʥʦ ʟ ʨʦʟʨʘʭʫʥʢʫ ʧʦʭʠʙʢʘ ʥʝ ʧʝʨʝʚʠʱʫʻ 10%. ʅʘ ʨʠʩ 4.15 ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʛʨʘʬʽʢʠ ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʜʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʦ ʛʣʠʙʠʥʽ ʟʜʦʨʦʚʦʾ ʙʽʦʪʢʘʥʠʥʠ ʪʘ ʯʠʩʣʦʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʟʧʦʜʽʣʫ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʙʘʛʘʪʦʰʘʨʦʚʽʡ ʙʽʦʣʦʛʽʯʥʽʡ ʪʢʘʥʠʥʽ  ʧʽʜ ʜʽʻʶ ʣʘʟʝʨʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʨʽʟʥʠʭ ʧʨʦʤʽʞʢʘʭ ʯʘʩʫ 1ʩ,5ʩ,10ʩ. 
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ʈʠʩ 4.15 ʉʧʽʚʩʪʘʚʣʝʥʥʷ ʜʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ 

ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦ ʛʣʠʙʠʥʽ ʫ ʙʽʦʣʦʛʽʯʥʠʭ ʪʢʘʥʠʥʘʭ ʥʘ 

ʨʽʟʥʠʭ ʧʨʦʤʽʞʢʘʭ ʯʘʩʫ 1ʩ,5ʩ,10ʩ. 

 

 ɺʠʭʦʜʷʯʠ ʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʽ ʪʝʦʨʝʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʪʝ, ʱʦ 

ʨʦʟʨʦʙʣʝʥʫ ʯʠʩʣʦʚʫ ʤʦʜʝʣʴ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʙʘʛʘʪʦʰʘʨʦʚʽʡ ʙʽʦʣʦʛʽʯʥʽʡ 

ʪʢʘʥʠʥʽ ʧʽʜ ʜʽʻʶ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʟʜʦʨʦʚʦʾ ʙʽʦʣʦʛʽʯʥʦʾ ʪʢʘʥʠʥʠ. ʏʠʩʣʦʚʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʠ ʧʦʯʘʪʢʦʚʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ ʙʽʦʪʢʘʥʠʥʠ 20 Áʉ ʜʦʟʚʦʣʷʻ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ (ʧʨʠʙʣʠʟʥʦ 10%) 

ʚʠʟʥʘʯʠʪʠ ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʙʘʛʘʪʦʰʘʨʦʚʽʡ ʙʽʦʪʢʘʥʠʥʽ ʧʽʜ ʜʽʻʶ ʣʘʟʝʨʥʦʛʦ 
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ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɼʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʘʪʦʣʦʛʽʯʥʦʾ ʙʽʦʪʢʘʥʠʥʠ ʚ ʢʣʽʥʽʯʥʠʭ ʫʤʦʚʘʭ  ʟ 

ʤʦʜʝʣʴʦʚʘʥʦ ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʙʘʛʘʪʦʰʘʨʦʚʽʡ ʙʽʦʪʢʘʥʠʥʽ ʧʽʜ ʜʽʻʶ ʣʘʟʝʨʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʨʠ ʧʦʯʘʪʢʦʚʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʟʨʘʟʢʘ ʊ=37 Áʉ ʚ ʟʚôʷʟʢʫ ʩ ʪʠʤ, ʱʦ 

ʟʨʘʟʦʢ ʟʜʦʨʦʚʦʾ ʙʽʦʣʦʛʽʯʥʦʾ ʪʢʘʥʠʥʠ ʚ ʩʝʨʝʜʠʥʽ ʦʨʛʘʥʽʟʤʫ ʤʘʻ ʪʝʤʧʝʨʘʪʫʨʫ 

ʧʨʠʙʣʠʟʥʦ 37Áʉ. ʈʝʟʫʣʴʪʘʪʠ ʯʠʩʣʦʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 4.16 -4.17 

ʪʘ ʫ ʪʘʙʣʠʮʽ 4.2. 

  

ʘ ʙ 

  

ʚ ʛ 

ʘ ï ʯʘʩ 1 ʩ; ʙ ï 5 ʩ; ʚ ï 10 ʩ; ʛ ï 15 ʩ 

ʈʠʩ.4.16 ʈʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʟʨʘʟʢʘ ʙʽʦʪʢʘʥʠʥʠ ʧʽʜ ʜʽʻʶ 

ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ.  
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 ʅʘ ʨʠʩ.4.16 ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ, ʷʢʠʡ ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʘʩʫ 

ʥʘʛʨʽʚʘʥʥʷ ʙʘʛʘʪʦʰʘʨʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʧʨʠ ʧʦʯʘʪʢʦʚʽʡ ʪʝʤʧʝʨʘʪʫʨʽ 37Áʉ, ʮʝ 

ʤʦʜʝʣʶʻ ʞʠʚʫ ʙʽʦʣʦʛʽʯʥʫ ʪʢʘʥʠʥʫ ʣʶʜʠʥʠ ʽ ʾʾ ʢʦʤʧʦʥʝʥʪʠ ʧʨʠ ʨʽʟʥʠʭ ʢʦʝʬʽʮʽʻʥʪʘʭ 

ʟʘʣʦʤʣʝʥʥʷ. ɺʝʨʭʥʽʡ ʰʘʨ ʤʦʜʝʣʴʦʚʘʥʦʾ ʙʽʦʪʢʘʥʠʥʠ (ʝʧʽʜʝʨʤʽʩ) ʧʦʤʽʪʥʦ ʥʘʛʨʽʚʘʻʪʴʩʷ. 

ʎʝ ʧʦʚ'ʷʟʘʥʦ, ʤʘʙʫʪʴ, ʟ ʪʠʤ, ʱʦ ʚ ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ ʣʘʟʝʨʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʨʠ 

ʟʘʜʘʥʽʡ ʜʦʚʞʠʥʽ ʭʚʠʣʽ ʩʠʣʴʥʦ ʧʦʛʣʠʥʘʻʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ ʤʝʣʘʥʽʥʦʤ. 

 

ʈʠʩ.4.17 ʈʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʟʨʘʟʢʘ ʙʽʦʪʢʘʥʠʥʠ ʧʽʜ ʜʽʻʶ 

ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

 

ʅʘ ʨʠʩ. 4.17 ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʣʝʞʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦ ʛʣʠʙʠʥʽ 

ʙʽʦʣʦʛʽʯʥʦʾ ʪʢʘʥʠʥʠ ʚʽʜ ʯʘʩʫ ʦʧʨʦʤʽʥʝʥʥʷʤ ʣʘʟʝʨʦʤ. ʄʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ 

ʚʞʝ ʥʘ ʜʝʩʷʪʽʡ ʩʝʢʫʥʜʽ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʚʧʣʠʚʫ ʣʘʟʝʨʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʧʦʚʝʨʭʥʽ (0,5 

ʤʤ) ʧʝʨʝʚʠʱʫʻ ʧʨʠʙʣʠʟʥʦ 70Üʉ ʽ ʥʘʩʪʘʻ ʧʦʤʽʪʥʝ ʦʙʝʟʚʦʜʥʝʥʥʷ ʙʽʦʣʦʛʽʯʥʠʭ ʪʢʘʥʠʥ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʜʝʣʴ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʪʝʨʤʽʯʥʫ ʜʽʶ ʥʘ ʙʽʦʪʢʘʥʠʥʠ ʽ ʚʠʙʨʘʪʠ 

ʦʧʪʠʤʘʣʴʥʠʡ ʯʘʩ ʜʽʾ, ʱʦʙ ʚʽʜʙʫʚʘʣʦʩʷ ʨʽʚʥʦʤʽʨʥʝ ʽ ʪʨʠʚʘʣʝ ʥʘʛʨʽʚʘʥʥʷ ʪʢʘʥʠʥʠ, 

ʰʣʷʭʦʤ ʚʠʢʣʶʯʝʥʥʷ ʥʝʛʘʪʠʚʥʠʭ ʨʝʘʢʮʽʡ ʽ ʚʠʟʥʘʯʠʪʠ ʦʯʽʢʫʚʘʥʦʾ ʤʝʞʽ ʟʦʥ ʜʝʩʪʨʫʢʮʽʾ 

ʽ ʥʝʢʨʦʪʠʟʘʮʽʾ ʙʽʦʣʦʛʽʯʥʦʾ ʪʢʘʥʠʥʠ. ʆʙʨʦʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʚʦʜʠʣʘʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ Origin Pro. 
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ʈʝʟʫʣʴʪʘʪʠ ʯʠʩʣʦʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʱʦ ʧʨʠʚʝʜʝʥʽ ʚ ʪʘʙ.4.2 ʪʘ ʨʠʩ.4.16-4.17 

ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʦʮʽʥʠʪʠ ʚʧʣʠʚ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ñʞʠʚʫòʙʽʦʣʦʛʽʯʥʫ 

ʪʢʘʥʠʥʫ ʧʦ ʛʣʠʙʠʥʽ. 

ʊʘʙʣʠʮʷ 4.2 - 

ʈʝʟʫʣʴʪʘʪʠ ʯʠʩʣʦʚʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʪʝʤʧʝʨʘʪʫʨʠ ʙʽʦʪʢʘʥʠʥʠ ʧʽʜ ʜʽʻʶ ʣʘʟʝʨʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

x , 

ʤʤ 

ʏʘʩ ʜʽʾ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʙʽʦʪʢʘʥʠʥʫ 

1 ʩ 5 ʩ 10 ʩ 

ʈʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦ ʛʣʠʙʠʥʽ ʙʽʦʪʢʘʥʠʥʠ, ʂ)
-1
 

0 351,555 386,754 398,05 

0,2 325,043 354,722 365,219 

0,4 317,837 342,054 351,725 

0,6 313,788 332,644 341,436 

0,8 311,71 325,842 333,722 

1 310,726 321,019 327,982 

1,2 310,294 317,661 323,726 

1,4 310,103 315,19 320,343 

1,6 310,026 313,475 317,785 

1,8 310,008 312,294 315,843 

2 310 311,487 314,363 

2,2 310,002 310,939 313,234 

2,4 310,001 310,595 312,432 

2,6 310 310,374 311,84 

2,8 310 310,235 311,413 

3 310 310,153 311,118 

3,2 310 310,111 310,933 

3,4 310 310,055 310,615 

3,6 310 310,027 310,396 

3,8 310 310,012 310,245 

4 310 310,005 310,139 

4,2 310 310,003 310,062 

4,4 310 310,001 310,04 

4,6 310 310 310,026 

4,8 310 310 310,016 

5 310 310 310,01 

5,4 310 310 310,004 

5,8 310 310 310,002 

6 310 310 310,001 

ʇʨʠʤʽʪʢʘ: )
1
 ï  ʢʨʦʢ ʽʥʪʝʛʨʫʚʘʥʥʷ ʟʘ ʯʘʩʦʤ 0,1 ʩ;)

1
ï  ʢʽʣʴʢʽʩʪʴ ʚʫʟʣʽʚ 62379 ʪʘ 

ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ 14240 ʯʠʩʣʦʚʦʾ ʤʦʜʝʣʽ. 
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 ɿ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʯʠʩʣʦʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʠ ʧʦʯʘʪʢʦʚʽʡ ʪʝʤʧʝʨʘʪʫʨʽ 

37Áʉ ʤʦʞʥʘ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʥʝ ʧʦʣʝ ʷʢʝ ʚʠʢʣʠʢʘʥʝ ʣʘʟʝʨʥʠʤ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʦʪʫʞʥʽʩʪʶ 0,4 ɺʪ  ʧʨʦʥʠʢʘʻ ʫ ʙʽʦʣʦʛʽʯʥʫ ʪʢʘʥʠʥʫ ʥʝ ʛʣʠʙʰʝ 6ʤʤ. 

 ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʜʝʣʴ ʜʦʟʚʦʣʷʻ ʚʘʨʽʶʚʘʪʠ ʩʢʣʘʜ ʙʽʦʣʦʛʽʯʥʠʭ ʦʙ'ʻʢʪʽʚ, ʾʭ 

ʝʣʝʢʪʨʦʬʽʟʠʯʥʽ ʧʘʨʘʤʝʪʨʠ, ʪʝʧʣʦʬʽʟʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʭʘʨʘʢʪʝʨʥʫ ʪʦʚʱʠʥʫ 

ʰʘʨʽʚ, ʘ ʪʘʢʦʞ ʭʘʨʘʢʪʝʨʥʽ ʨʦʟʤʽʨʠ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʙʽʦʣʦʛʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʨʽʟʥʦʾ 

ʙʫʜʦʚʠ ʟ ʤʝʪʦʶ ʘʥʘʣʽʟʫ ʙʽʦʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʪʝʨʤʽʯʥʠʤ ʚʧʣʠʚʦʤ 

ʣʘʟʝʨʘ ʥʘ ʚʝʨʭʥʽ ʰʘʨʠ ʙʽʦʪʢʘʥʠʥʠ. ʄʦʜʝʣʶʚʘʥʥʷ ʪʘʢʦʛʦ ʨʦʜʫ ʜʦʟʚʦʣʷʻ ʥʝ ʪʽʣʴʢʠ 

ʟʥʘʭʦʜʠʪʠ ʧʦʧʝʨʝʜʥʽ ʧʘʨʘʤʝʪʨʠ ʧʦʣʷ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʘʣʝ ʽ ʚʠʷʚʣʷʪʠ ʪʘ 

ʚʠʚʯʘʪʠ ʝʬʝʢʪʠ ʚʽʜʧʦʚʽʜʥʠʭ ʨʝʘʢʮʽʡ ʥʘ ʣʘʟʝʨʥʫ ʚʟʘʻʤʦʜʽʶ ʧʨʠ ʨʽʟʥʠʭ ʨʽʚʥʷʭ 

ʦʨʛʘʥʽʟʘʮʽʾ ʞʠʚʦʾ ʤʘʪʝʨʽʾ [121]. 

4.5 ʆʩʦʙʣʠʚʦʩʪʽ ʧʨʦʧʫʩʢʘʥʥʷ ʪʘ ʚʽʜʙʠʚʘʥʥʷ ʙiʦʪʢʘʥʠʥʘʤʠ ʣʘʟʝʨʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʝʧʝʨʝʨʚʥʦʛʦ ʪʘ ʽʤʧʫʣʴʩʥʦʛʦ ʨʝʞʠʤʽʚ 

ɼʦʩʣʽʜʞʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʨʦʧʫʩʢʘʥʥʷ ʙiʦʪʢʘʥʠʥʘʤʠ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʥʝʧʝʨʝʨʚʥʦʛʦ ʪʘ ʽʤʧʫʣʴʩʥʦʛʦ ʨʝʞʠʤʽʚ ʧʨʦʚʦʜʠʣʠ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽʡ ʫʩʪʘʥʦʚʮʽ, 

ʥʘʚʝʜʝʥʽʡ ʥʘ ʨʠʩ. 4.18. 

 

ʈʠʩ. 4.18 ɹʣʦʢ-ʩʭʝʤʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ ʌʝʤʪʦʩʝʢʫʥʜʥʠʡ ʢʦʤʧʣʝʢʩ: 1 ï 

ɹɾ ï ʙʣʦʢ ʞʠʚʣʝʥʥʷ; 2 ï ɹʆ ï ʙʣʦʢ ʦʭʦʣʦʜʞʝʥʥʷ; 3 ï Verdi V-10; 4 ï Mira Optima 

900-F; 5 ï ʛʝʥʝʨʘʪʦʨ ʛʘʨʤʦʥiʢ Model 0-050, ɹʣʦʢ ʚʠʤiʨʶʚʘʥʴ; 6 ï ʧʦʣʷʨʠʟʘʪʦʨ, 7 ï 

ʪʝʧʣʦʚi ʪʘ ʦʧʪʠʯʥi ʜʘʪʯʠʢʠ, ɹʣʦʢ ʨʝʻʩʪʨʘʮiʾ; 8 ï ʩʧʝʢʪʨʦʤʝʪʨ HR2000+; 9 ï 

ʚʠʤiʨʶʚʘʯ ʧʦʪʫʞʥʦʩʪi Field Master GS; 10 ï ʮʠʬʨʦʚʠʡ ʚʠʤiʨʶʚʘʯ ʪʝʤʧʝʨʘʪʫʨʠ 

ʤʫʣʴʪʠʤʝʪʨ DT 838 ʟ ʪʝʨʤʦʧʘʨʦʶ ʊʇ-01; 11 ï ʇʂ ï ʧʝʨʩʦʥʘʣʴʥʠʡ ʢʦʤʧôʶʪʝʨ 
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ʃʘʟʝʨʥʝ ʚʠʧʨʦʤiʥʶʚʘʥʥʷ ʟ ʪʘʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: ‗ = 800 ʥʤ, ὖ = 400 ʤɺʪ, 

ʧʨʦʭʦʜʠʣʦ ʢʨiʟʴ ʟʨʘʟʢʠ ʙiʦʪʢʘʥʠʥ ʪʘ ʨʝʻʩʪʨʫʚʘʣʦʩʷ ʫ ʨiʟʥʠʭ ʥʘʧʨʷʤʢʘʭ ʨʫʭʣʠʚʠʤ 

ʜʘʪʯʠʢʦʤ ʚʠʤiʨʶʚʘʯʘ ʧʦʪʫʞʥʦʩʪi, ʷʢʠʡ ʨʦʟʤiʱʫʚʘʚʩʷ ʥʘ ʚiʜʩʪʘʥi 50 ʤʤ ʧʦʟʘ 

ʟʨʘʟʢʦʤ. ʎʝ ʜʦʟʚʦʣʠʣʦ ʚʠʟʥʘʯʠʪʠ ʢʫʪʦʚi ʟʘʣʝʞʥʦʩʪi ʢʦʝʬiʮiʻʥʪʘ ʧʨʦʧʫʩʢʘʥʥʷ, 

ʥʘʚʝʜʝʥi ʥʘ ʨʠʩ. 4.19. ʅʝʧʝʨʝʨʚʥʽʡ ʨʝʞʠʤ ʦʪʨʠʤʫʚʘʣʠ ʟʘʚʜʷʢʠ ʟʙʽʣʴʰʝʥʥʶ ʨʦʟʤʽʨʘ 

ʱʽʣʠʥʠ, ʪʦʜʽ ʚʪʨʘʪʠ ʩʣʘʙʢʠʭ ʽʤʧʫʣʴʩʽʚ ʟʤʝʥʰʫʶʪʴʩʷ, ʽ ʟʘ ʨʘʭʫʥʦʢ ʚʠʧʘʜʢʦʚʠʭ 

ʬʣʫʢʪʫʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʨʝʟʦʥʘʪʦʨʽ ʨʝʞʠʤ ʟʨʠʚʘʻʪʴʩʷ, ʘ ʣʘʟʝʨ ʧʝʨʝʭʦʜʠʪʴ ʚ CW 

ʨʝʞʠʤ. 

 

ʈʠʩ. 4.19 Iʥʜʠʢʘʪʨʠʩʠ ʢʦʝʬiʮiʻʥʪiʚ ʧʨʦʧʫʩʢʘʥʥʷ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤiʥʶʚʘʥʥʷ 

ʟʨʘʟʢʘʤʠ ʙiʦʪʢʘʥʠʥ: 1 ï ʬʝʤʪʦʩʝʢʫʥʜʥʠʡ ʨʝʞʠʤ, ʟʜʦʨʦʚʘ ʙiʦʪʢʘʥʠʥʘ, 

2 ï ʬʝʤʪʦʩʝʢʫʥʜʥʠʡ ʨʝʞʠʤ, ʧʘʪʦʣʦʛiʯʥʘ ʙiʦʪʢʘʥʠʥʘ, 3 ï ʥʝʧʝʨʝʨʚʥʠʡ ʨʝʞʠʤ, 

ʟʜʦʨʦʚʘ ʙiʦʪʢʘʥʠʥʘ 

 

ʅʘ ʨʠʩ. 4.20 ʩʭʝʤʘʪʠʯʥʦ ʟʦʙʨʘʞʝʥʦ ʦʩʦʙʣʠʚʦʩʪi ʢʫʪʦʚʦʛʦ ʨʦʟʧʦʜiʣʫ 

ʧʨʦʧʫʩʢʘʥʥʷ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤiʥʶʚʘʥʥʷ ʨiʟʥʠʭ ʨʝʞʠʤiʚ ʟʨʘʟʢʦʤ ʟʜʦʨʦʚʠʭ 

ʙiʦʪʢʘʥʠʥ.  
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ʈʠʩ. 4.20 ʉʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʧʨʦʧʫʩʢʘʥʥʷ ʟʨʘʟʢʘʤʠ ʟʜʦʨʦʚʠʭ ʙiʦʪʢʘʥʠʥ 

ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤiʥʶʚʘʥʥʷ ʨiʟʥʠʭ ʨʝ ʞʠʤiʚ: ʘ ï ʥʝʧʝʨʝʨʚʥʦʛʦ, ʙ ï ʬʝʤʪʦʩʝʢʫʥʜʥʦʛʦ 

 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 4.20, ʽʩʥʫʻ ʢʫʪʦʚʘ ʟʘʢʦʥʦʤiʨʥiʩʪʴ ʧʨʦʥʠʢʥʝʥʥʷ ʥʝʧʝʨʝʨʚʥʦʛʦ 

ʪʘ ʬʝʤʪʦʩʝʢʫʥʜʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤiʥʶʚʘʥʥʷ ʢʨiʟʴ ʙiʦʪʢʘʥʠʥʠ, ʷʢʘ ʭʘʨʘʢʪʝʨʥʘ 

ʜʣʷ ʨiʟʥʠʭ ʾʾ ʪʠʧiʚ. ɸ ʩʘʤʝ, ʨʦʟʩʽʷʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʘ ʟʨʘʟʢʦʤ ʥʘ ʥʘʧʽʚʚʠʩʦʪʽ 

ʢʫʪʦʚʦʛʦ ʧʨʦʬʽʣʶ ʩʪʘʥʦʚʠʪʴ 30Á ʜʣʷ ʥʝʧʝʨʝʨʚʥʦʛʦ ʨʝʞʠʤʫ ʽ 60Á ʜʣʷ 

ʬʝʤʪʦʩʝʢʫʥʜʥʦʛʦ ʨʝʞʠʤʫ. ʉʫʤʘʨʥʘ ʧʦʪʫʞʥiʩʪʴ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʚ ʮi ʢʫʪʠ, ʩʪʘʥʦʚʠʪʴ 

48 ʤɺʪ ʜʣʷ ʥʝʧʝʨʝʨʚʥʦʛʦ ʨʝʞʠʤʫ ʪʘ 67 ʤɺʪ ʜʣʷ ʬʝʤʪʦʩʝʢʫʥʜʥʦʛʦ ʨʝʞʠʤʫ, ʱʦ 

ʚiʜʧʦʚiʜʘʻ 12% ʪʘ 17% ʚiʜ ʧʦʪʫʞʥʦʩʪi ʧʘʜʘʶʯʦʛʦ ʚʠʧʨʦʤiʥʶʚʘʥʥʷ. 

ɼʦʩʣiʜʞʝʥʥʷ ʦʙʝʨʥʝʥʦʛʦ ʨʦʟʩiʷʥʥʷ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤiʥʶʚʘʥʥʷ ʨiʟʥʠʭ ʨʝʞʠʤiʚ 

ʟʨʘʟʢʘʤʠ ʙiʦʪʢʘʥʠʥ ʧʨʦʚʦʜʠʣʠʩ ̫ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥiʡ ʫʩʪʘʥʦʚʮi, ʥʘʚʝʜʝʥiʡ ʥʘ ʨʠʩ. 

4.18. ʈʦʟʩiʷʥʝ ʚiʜ ʟʨʘʟʢiʚ ʙiʦʪʢʘʥʠʥ ʣʘʟʝʨʥʝ ʚʠʧʨʦʤiʥʶʚʘʥʥʷ ʨiʟʥʠʭ ʨʝʞʠʤiʚ 

(ʥʝʧʝʨʝʨʚʥʝ ʪʘ iʤʧʫʣʴʩʥʝ), ʨʝʻʩʪʨʫʚʘʣʦʩʷ ʜʘʪʯʠʢʦʤ ʚʠʤiʨʶʚʘʯʘ ʧʦʪʫʞʥʦʩʪi, ʷʢʠʡ 

ʨʦʟʤiʱʫʚʘʚʩʷ ʥʘ ʚiʜʩʪʘʥi 50 ʤʤ ʧʝʨʝʜ ʪʢʘʥʠʥʦʶ. 
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ʈʠʩ. 4.21. Iʥʜʠʢʘʪʨʠʩʠ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩiʷʥʥʷ ʣʘʟʝʨʥʦʛʦ ʚʠ- ʧʨʦʤiʥʶʚʘʥʥʷ:  

1 ï ʬʝʤʪʦʩʝʢʫʥʜʥʠʡ ʨʝʞʠʤ, ʟʜʦʨʦʚʘ ʙiʦʪʢʘʥʠʥʘ, 2 ï ʬʝʤʪʦʩʝʢʫʥʜʥʠʡ ʨʝʞʠʤ, 

ʧʘʪʦʣʦʛiʯʥʘ ʙiʦʪʢʘʥʠʥʘ, 3 ï ʥʝʧʝʨʝʨʚʥʠʡ ʨʝʞʠʤ, ʟʜʦʨʦʚʘ ʙiʦʪʢʘʥʠʥʘ 

 

ʅʘ ʨʠʩ. 4.21 ʥʘʚʝʜʝʥʦ iʥʜʠʢʘʪʨʠʩʠ ʦʙʝʨʥʝʥʦʛʦ ʨʦʟʩiʷʥʥʷ ʜʣʷ ʟʜʦʨʦʚʠʭ ʪʘ 

ʧʘʪʦʣʦʛiʯʥʠʭ ʟʨʘʟʢiʚ ʙiʦʪʢʘʥʠʥ. ɸʥʘʣiʟ ʨʠʩ. 4.18-20, ʜʘʻ ʤʦʞʣʠʚiʩʪʴ ʟʨʦʙʠʪʠ ʪʘʢi 

ʚʠʩʥʦʚʢʠ ʩʪʦʩʦʚʥʦ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʨʦʧʫʩʢʘʥʥʷ ʪʘ ʨʦʟʩiʷʥʥʷ ʟʜʦʨʦʚʠʤʠ ʪʘ 

ʧʘʪʦʣʦʛiʯʥʠʤʠ ʪʢʘʥʠʥʘʤʠ ʨiʟʥʠʭ ʪʠʧiʚ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤiʥʶʚʘʥ ʥʷ, ʘ ʩʘʤʝ:  

ï ʟʨʘʟʢʠ ʟʜʦʨʦʚʠʭ ʪʢʘʥʠʥ ʧʦʛʣʠʥʘʶʪʴ ʤʝʥʰʝ, ʥiʞ ʧʘʪʦʣʦʛiʯʥi; 

ï ʬʝʤʪʦʩʝʢʫʥʜʥʝ ʚʠʧʨʦʤiʥʶʚʘʥʥʷ ʧʦʛʣʠʥʘʻʪʴʩʷ ʤʝʥʰʝ, ʥiʞ ʥʝʧʝʨʝʨʚʥʝ [137].  

ʎi ʚʠʩʥʦʚʢʠ ʪʘʢʦʞ ʧiʜʪʚʝʨʜʞʫʶʪʴʩʷ ʜʦʩʣiʜʞʝʥʥʷʤʠ ʪʝʤʧʝʨʘʪʫʨʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙiʦʪʢʘʥʠʥ, ʥʘʚʝʜʝʥʠʭ ʫ (ʧ. 4.3). ʅʝʦʙʭiʜʥʦ ʚiʜʟʥʘʯʠʪʠ, ʱʦ ʚʢʘʟʘʥi 

ʚʠʱʝ ʦʩʦʙʣʠʚʦʩʪi ʩʧʦʩʪʝʨiʛʘʶʪʴʩʷ ʜʣʷ ʙiʣʴʰʦʩʪi ʚʠʜiʚ ʤôʷʢʠʭ ʙiʦʣʦʛiʯʥʠʭ ʪʢʘʥʠʥ. 
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4.6 ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 4 

 

1. ʉʧʦʩʪʝʨʝʞʫʚʘʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʜʦʟʚʦʣʷʶʪʴ ʩʬʦʨʤʫʣʶʚʘʪʠ ʤʦʞʣʠʚʠʡ 

ʤʝʭʘʥʽʟʤ ʬʦʨʤʫʚʘʥʥʷ ʙʘʟʠ ʩʧʝʢʪʨʽʚ ʬʣʫʦʨʝʩʮʝʥʮʽʾ ʟʜʦʨʦʚʠʭ ʽ ʧʘʪʦʣʦʛʽʯʥʠʭ 

ʙʽʦʪʢʘʥʠʥ ʨʽʟʥʠʭ ʦʨʛʘʥʽʚ ʣʶʜʠʥʠ. ɺ ʩʧʝʢʪʨʘʭ ʬʣʫʦʨʝʩʮʝʥʮʽʾ ʨʽʟʥʠʭ ʜʦʩʣʽʜʞʝʥʠʭ 

ʟʨʘʟʢʽʚ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʩʪʽʡʢʦ ʚʽʜʪʚʦʨʶʚʘʥʽ ʧʽʢʠ ʬʣʫʦʨʝʩʮʝʥʮʽʾ. ʇʨʠ ʟʙʫʜʞʝʥʥʽ ʚ 

ʜʽʘʧʘʟʦʥʽ 380-400 ʥʤ ʚʽʜʟʥʘʯʝʥʦ ʟʨʫʰʝʥʥʷ ʧʦʣʦʞʝʥʥʷ ʤʘʢʩʠʤʫʤʫ ʩʧʝʢʪʨʽʚ 

ʬʣʫʦʨʝʩʮʝʥʮʽʾ ʚ ʦʙʣʘʩʪʴ ʙʽʣʴʰʠʭ ʜʦʚʞʠʥ ʭʚʠʣʴ 600-700 ʥʤ. ʉʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ ʨʽʟʥʠʮʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʬʣʫʦʨʝʩʮʝʥʮʽʾ ʧʘʪʦʣʦʛʽʯʥʦʾ ʪʘ ʟʜʦʨʦʚʦʾ 

ʙʽʦʪʢʘʥʠʥʠ ʨʽʟʥʠʭ ʦʨʛʘʥʽʚ. ʂʨʽʤ ʪʦʛʦ ʤʘʻ ʤʽʩʮʝ ʟʙʽʣʴʰʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʽʜ ʮʝʥʪʨʫ 

ʧʫʭʣʠʥʠ ʜʦ ʾʾ ʛʨʘʥʠʮʽ, ʱʦ ʥʘʜʘʻ ʟʤʦʛʫ ʣʦʢʘʣʽʟʫʚʘʪʠ ʧʫʭʣʠʥʫ. 

2. ɸʥʘʣʽʟ ʩʧʝʢʪʨʽʚ ʬʣʫʦʨʝʩʮʝʥʮʽʾ ʨʽʟʥʠʭ ʦʨʛʘʥʽʚ ʧʦʢʘʟʘʚ, ʱʦ ʪʘʢʽ ʦʨʛʘʥʠ ʷʢ 

ʰʣʫʥʦʢ ʪʘ ʩʪʨʘʚʦʭʽʜ ʤʘʶʪʴ ʤʘʡʞʝ ʦʜʥʘʢʦʚʫ ʢʘʨʪʠʥʫ ʩʧʝʢʪʨʽʚ ʬʣʫʦʨʝʩʮʝʥʮʽʾ ʪʘ ʾʭ 

ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʜʦ ʦʜʥʽʻʾ ʛʨʫʧʠ ʟ ʪʦʯʢʠ ʟʦʨʫ ʜʽʘʛʥʦʩʪʠʢʠ. 

3. ʉʠʛʥʘʣ ʧʦʪʫʞʥʦʩʪʽ ʚʽʜʙʠʪʦʾ ʚʽʜ ʟʜʦʨʦʚʦʾ ʙʽʦʣʦʛʽʯʥʦʾ ʪʢʘʥʠʥʠ ʙʽʣʴʰʝ ʥʽʞ 

ʩʠʛʥʘʣ ʧʦʪʫʞʥʦʩʪʽ ʚʽʜʙʠʪʦʾ ʚʽʜ ʧʘʪʦʣʦʛʽʯʥʦʾ ʙʽʦʪʢʘʥʠʥʠ, ʱʦ ʥʘʜʘʻ ʥʘʤ ʟʤʦʛʫ 

ʜʽʘʛʥʦʩʪʫʚʘʪʠ ʧʘʪʦʣʦʛʽʯʥʫ ʙʽʦʪʢʘʥʠʥʫ.  

4. ʉʠʛʥʘʣ ʧʦʪʫʞʥʦʩʪʽ ʧʦʟʘ ʟʨʘʟʢʦʤ ʫ ʟʜʦʨʦʚʦʾ ʙʽʦʪʢʘʥʠʥʠ ʰʣʫʥʢʫ ʪʘ 

ʩʪʨʘʚʦʭʦʜʫ ʙʽʣʴʰʠʡ ʥʘ 20%-30%. ʉʧʦʩʪʝʨʝʞʫʚʘʥʽ ʟʘʣʝʞʥʦʩʪʽ ʥʘʜʘʶʪʴ  ʟʤʦʛʫ 

ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʧʘʪʦʣʦʛʽʯʥʫ ʙʽʦʪʢʘʥʠʥʫ ʰʣʫʥʢʫ ʪʘ ʩʪʨʘʚʦʭʦʜʫ ʟʘ ʨʽʟʥʠʮʝʶ 

ʧʨʦʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʧʦʪʫʞʥʦʩʪʽ. 

5. ʈʦʟʛʣʷʥʫʚʰʠ ʚʩʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦ 

ʛʣʠʙʠʥʽ ʟʜʦʨʦʚʦʾ ʪʘ ʧʘʪʦʣʦʛʽʯʥʦʾ ʙʽʦʪʢʘʥʠʥʠ ʩʪʨʘʚʦʭʦʜʫ ʪʘ ʰʣʫʥʢʫ ʤʦʞʥʘ ʟʨʦʙʠʪʠ 

ʚʠʩʥʦʚʦʢ ʧʨʦ ʪʝ, ʱʦ ʧʘʪʦʣʦʛʽʯʥʘ ʙʽʦʪʢʘʥʠʥʘ ʙʽʣʴʰʝ ʥʘʢʦʧʠʯʫʻ ʪʝʧʣʦ ʥʽʞ ʟʜʦʨʦʚʘ 

ʙʽʦʪʢʘʥʠʥʘ, ʱʦ ʜʦʟʚʦʣʷʻ ʽʥʜʝʥʪʠʬʽʢʫʚʘʪʠ ʾʾ. 

6. ʈʝʟʫʣʴʪʘʪʠ ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʪʝʦʨʝʪʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʜʘʶʪʴ ʟʤʦʛʫ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʪʝ, ʱʦ ʨʦʟʨʦʙʣʝʥʫ ʯʠʩʣʦʚʫ ʤʦʜʝʣʴ 

ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʙʘʛʘʪʦʰʘʨʦʚʽʡ ʙʽʦʣʦʛʽʯʥʽʡ ʪʢʘʥʠʥʽ ʧʽʜ ʜʽʻʶ ʣʘʟʝʨʥʦʛʦ 
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ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʟʜʦʨʦʚʦʾ ʙʽʦʣʦʛʽʯʥʦʾ 

ʪʢʘʥʠʥʠ.  

7. ʉʫʢʫʧʥʠʡ ʘʥʘʣʽʟ ʚʩʽʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ (Pʩʨ.ʚʽʜ., Pʩʨ.ʧʨʦʭ. , ɚʚʽʜ, T1ʤʤ- T5ʤʤ) 

ʜʦʟʚʦʣʷʻ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʧʘʪʦʣʦʛʽʯʥʫ ʙʽʦʪʢʘʥʠʥʫ ʙʽʣʴʰ ʪʦʯʥʦ ʥʽʞ ʦʧʠʩʘʥʽ ʚʠʱʝ 

ʤʝʪʦʜʠ ʜʽʘʛʥʦʩʪʠʢʠ. 

8. ɯʩʥʫʻ ʢʫʪʦʚʘ ʟʘʢʦʥʦʤiʨʥiʩʪʴ ʧʦʰʠʨʝʥʥʷ ʥʝʧʝʨʝʨʚʥʦʛʦ ʪʘ ʬʝʤʪʦʩʝʢʫʥʜʥʦʛʦ 

ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤiʥʶʚʘʥʥʷ ʢʨiʟʴ ʙiʦʪʢʘʥʠʥʠ, ʷʢʘ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʨiʟʥʠʭ ʪʠʧiʚ 

ʙiʦʪʢʘʥʠʥ. ɸ ʩʘʤʝ, ʨʦʟʩʽʷʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʘ ʟʨʘʟʢʦʤ ʥʘ ʥʘʧʽʚʚʠʩʦʪʽ ʢʫʪʦʚʦʛʦ 

ʧʨʦʬʽʣʶ ʩʪʘʥʦʚʠʪʴ 30Á ʜʣʷ ʥʝʧʝʨʝʨʚʥʦʛʦ ʨʝʞʠʤʫ ʽ 60Á ʜʣʷ ʬʝʤʪʦʩʝʢʫʥʜʥʦʛʦ 

ʨʝʞʠʤʫ. 



121 

 

ʈʆɿɼɯʃ 5 

ʈɽʂʆʄɽʅɼɸʎɯɰ ʑʆ ɼʆ ɺʀʂʆʈʀʉʊɸʅʅʗ ɺʀʇʈʆʄɯʅʖɺɸʅʅʗ  

ʌɽʄʊʆʉɽʂʋʅɼʅʆɻʆ ʃɸɿɽʈɸ ɼʃʗ ʈɸʅʅʔʆɰ ɼɯɸɻʅʆʉʊʀʂʀ 

ʇɸʊʆʃʆɻɯʏʅʀʍ ʋʊɺʆʈɽʅʔ 

ʋ ʧʝʨʰʦʤʫ ʨʦʟʜʽʣʽ ʜʠʩʝʨʪʘʮʽʾ (ʧ. 1.3.1) ʧʦʢʘʟʘʥʦ, ʱʦ ʚʟʘʻʤʦʜʽʶ ʤʽʞ 

ʙʽʦʣʦʛʽʯʥʦʶ ʪʢʘʥʠʥʦʶ ʪʘ ʣʘʟʝʨʥʠʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ 

ʩʫʢʫʧʥʽʩʪʴ ʭʽʤʽʯʥʠʭ ʽ ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʭʘʨʘʢʪʝʨ ʷʢʠʭ ʚʠʟʥʘʯʘʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʽʩʪʶ, 

ʯʘʩʦʤ ʦʧʨʦʤʽʥʝʥʥʷ ʪʘ ʤʝʭʘʥʽʟʤʦʤ ʧʦʛʣʠʥʘʥʥʷ ʝʥʝʨʛʽʾ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ.  

ʊʝʦʨʝʪʠʯʥʽ ʧʝʨʝʜʫʤʦʚʠ ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʙʘʛʘʪʦʰʘʨʦʚʽʡ 

ʙʽʦʣʦʛʽʯʥʽʡ ʪʢʘʥʠʥʽ ʧʨʠ ʾʾ ʥʘʛʨʽʚʘʥʥʽ ʧʽʜ ʜʽʻʶ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʜʨʫʛʦʤʫ ʨʦʟʜʽʣʽ ʜʠʩʝʨʪʘʮʽʾ. 

 

5.1 ɯʥʬʦʨʤʘʮʽʡʥʽ ʩʢʣʘʜʦʚʽ ʪʘ ʨʝʢʦʤʝʥʜʘʮʽʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʧʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʪʘ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʠ ʚʟʜʦʚʞ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʙʽʦʣʦʛʽʯʥʠʭ ʪʢʘʥʠʥ ʟ 

ʤʝʪʦʶ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʨʘʥʥʴʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʧʘʪʦʣʦʛʽʯʥʠʭ ʫʪʚʦʨʝʥʴ 

 

5.1.1 ʆʩʥʦʚʥʘ ʽʜʝʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʘʪʦʣʦʛʽʯʥʠʭ ʫʪʚʦʨʝʥʴ. ʇʨʠʯʠʥʠ 

ʙʽʣʴʰʦʩʪʽ ʧʘʪʦʣʦʛʽʾ ʙʽʦʣʦʛʽʯʥʠʭ ʪʢʘʥʠʥ ʞʠʚʦʛʦ ʦʨʛʘʥʽʟʤʫ ʚʠʚʯʝʥʽ ʪʘ ʨʦʟʨʦʙʣʝʥʽ 

ʬʽʟʽʦʣʦʛʘʤʠ ʜʦʩʠʪʴ ʜʦʢʣʘʜʥʦ. ʆʜʥʘʢ ʥʘ ʩʴʦʛʦʜʥʽ ʪʦʯʥʝ ʚʠʟʥʘʯʝʥʥʷ ʧʫʭʣʠʥʽ ʥʝ 

ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʤʦʞʣʠʚʠʤ ʟʚʘʞʘʶʯʠ ʥʘ ʚʽʜʩʫʪʥʽʩʪʴ ʫʷʚʣʝʥʴ ʧʨʦ ʛʣʠʙʠʥʥʽ ʧʨʠʯʠʥʠ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʦʨʤʘʣʴʥʠʭ ʢʣʽʪʠʥ ʚ ʧʫʭʣʠʥʫ. 

ɺ ʥʦʨʤʘʣʴʥʦʤʫ (ʟʜʦʨʦʚʦʤʫ) ʩʪʘʥʽ ʙʽʦʣʦʛʽʯʥʘ ʪʢʘʥʠʥʘ ʤʘʻ ʩʚʦʾ ʧʝʚʥʽ ʬʽʟʠʯʥʽ ʽ 

ʭʽʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʧʨʠ ʫʪʚʦʨʝʥʥʽ ʨʘʢʦʚʠʭ ʢʣʽʪʠʥ ʷʢʽ ʤʘʶʪʴ ʩʪʽʡʢʽ ʟʤʽʥʠ ʚ 

ʩʪʨʫʢʪʫʨʽ ʯʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʽ ʛʝʥʦʤʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʥʦʚʦʛʦ ʬʝʥʦʪʠʧʫ 

ʢʣʽʪʠʥ ʟ ʦʩʦʙʣʠʚʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʱʦ ʚʝʜʫʪʴ ʜʦ ʟʣʦʷʢʽʩʥʦʛʦ ʨʦʩʪʫ. ʊʦʙʪʦ ʫ 

ʧʘʪʦʣʦʛʽʯʥʽʡ ʙʽʦʪʢʘʥʠʥʽ ʟʤʽʥʶʶʪʴʩʷ ʬʽʟʠʯʥʽ ʪʘ ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟʽ 

ʟʜʦʨʦʚʦʾ ʙʽʦʣʦʛʽʯʥʦʶ ʪʢʘʥʠʥʦʶ.  

ʗʢ ʙʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʚʠʱʝ (ʧ 1.2) ʥʝ ʽʩʥʫʻ ʻʜʠʥʦʛʦ ʤʝʪʦʜʫ ʜʣʷ ʜʽʘʛʥʦʩʪʠʢʠ 

ʚʩʽʭ ʦʨʛʘʥʽʚ, ʛʦʣʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʩʘʤʦʾ ʧʨʦʮʝʜʫʨʠ ʜʽʘʛʥʦʩʪʠʢʠ ʻ ʧʽʜʙʽʨ ʧʝʚʥʦʛʦ 

ʣʘʟʝʨʘ ʜʦ ʧʝʚʥʦʛʦ ʦʨʛʘʥʫ. 
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ʆʪʨʠʤʘʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ, ʷʢʽ ʦʧʠʩʘʥʽ ʚʠʱʝ (ʧ. 4.1) ʜʦʟʚʦʣʷʶʪʴ ʩʬʦʨʤʫʣʶʚʘʪʠ 

ʤʦʞʣʠʚʠʡ ʤʝʭʘʥʽʟʤ ʬʦʨʤʫʚʘʥʥʷ ʙʘʟʠ ʩʧʝʢʪʨʽʚ ʬʣʫʦʨʝʩʮʝʥʮʽʾ ʟʜʦʨʦʚʠʭ ʽ 

ʧʘʪʦʣʦʛʽʯʥʠʭ ʙʽʦʪʢʘʥʠʥ ʨʽʟʥʠʭ ʦʨʛʘʥʽʚ ʣʶʜʠʥʠ. ʇʦʪʫʞʥʽʩʪʴ ʨʦʟʩʽʷʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʽʜ ʟʜʦʨʦʚʦʾ ʙʽʦʪʢʘʥʠʥʠ ʙʽʣʴʰʝ, ʥʽʞ ʚʽʜ ʧʘʪʦʣʦʛʽʯʥʦʾ ʥʘ 20%-30%, 

ʚ ʥʘʩʣʽʜʦʢ ʪʦʛʦ, ʱʦ ʧʘʪʦʣʦʛʽʯʥʘ ʪʢʘʥʠʥʘ ʤʘʻ ʙʽʣʴʰʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʦʛʣʠʥʘʥʥʷ. 

ʇʘʪʦʣʦʛʽʯʥʘ ʙʽʦʪʢʘʥʠʥʘ ʙʽʣʴʰʝ ʥʘʢʦʧʠʯʫʻ ʪʝʧʣʦ ʥʽʞ ʟʜʦʨʦʚʘ ʙʽʦʪʢʘʥʠʥʘ ʮʝ 

ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʷʤʠ ʷʢʽ ʨʦʟʛʣʷʥʫʪʽ ʫ (ʧ. 4.4) ʱʦ ʜʦʟʚʦʣʷʻ 

ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʾʾ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʢʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʜʦʩʣʽʜʞʝʥʥʽ: ʩʧʝʢʪʨʽʚ 

ʬʣʫʦʨʝʩʮʝʥʮʽʾ, ʧʦʪʫʞʥʦʩʪʽ ʨʦʟʩʽʷʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʱʦ  

ʧʨʦʡʰʣʦ ʢʨʽʟʴ ʙʽʦʪʢʘʥʠʥʫ, ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʨʽʟʥʠʪʠ ʟʜʦʨʦʚʽ ʪʢʘʥʠʥʠ ʚʽʜ 

ʧʘʪʦʣʦʛʽʯʥʠʭ. ʊʘʢʦʞ ʪʘʢʠʡ ʧʽʜʭʽʜ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʨʽʟʥʠʪʠ ʤʝʞʽ ʧʘʪʦʣʦʛʽʯʥʠʭ 

ʥʦʚʦʫʪʚʦʨʝʥʴ, ʱʦ ʧʨʠʥʮʠʧʦʚʦ ʚʘʞʣʠʚʦ ʧʽʜ ʯʘʩ ʥʝʦʙʭʽʜʥʦʩʪʽ ʭʽʨʫʨʛʽʯʥʦʛʦ ʚʪʨʫʯʘʥʥʷ. 

ɺ ʩʚʦʶ ʯʝʨʛʫ, ʘʥʘʣʽʟ ʢʫʪʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ, ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʩʚʽʪʣʘ ʚ ʙʽʦʪʢʘʥʠʥʘʭ (ʧ. 

4.6), ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ ʚʝʣʠʯʠʥʫ ʱʽʣʴʥʦʩʪʽ ʧʦʪʫʞʥʦʩʪʽ ʨʽʟʥʠʭ ʙʽʦʪʢʘʥʠʥ, ʱʦ ʻ 

ʚʘʞʣʠʚʠʤ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʜʦʟʠ ʣʘʟʝʨʥʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʩʝʘʥʩʽʚ 

ʣʘʟʝʨʥʦʾ ʪʝʨʘʧʽʾ.  

ɻʦʣʦʚʥʘ ʽʜʝʷ ʤʝʪʦʜʫ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʘʪʦʣʦʛʽʯʥʠʭ ʙʽʦʪʢʘʥʠʥ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʩʫʢʫʧʥʦʤʫ ʘʥʘʣʽʟʽ ʯʦʪʠʨʴʦʭ ʧʘʨʘʤʝʪʨʽʚ (Pʚʽʜ., Pʧʨʦʭ. , ɚʚʽʜ, T1ʤʤ- T5ʤʤ) ʷʢʽ ʦʪʨʠʤʘʥʽ ʧʨʠ 

ʚʟʘʻʤʦʜʽʾ ʣʘʟʝʨʥʦʛʦ ʬʝʤʪʦʩʝʢʫʥʜʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʩ ʙʽʦʣʦʛʽʯʥʦʶ ʪʢʘʥʠʥʦʶ. 

ʎʝʡ ʤʝʪʦʜ ʩʧʨʷʤʦʚʘʥʦ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʜʦʩʣʽʜʞʝʥʴ ʙʽʦʣʦʛʽʯʥʠʭ 

ʪʢʘʥʠʥ ʰʣʷʭʦʤ ʦʪʨʠʤʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʪʘʥʫ ʙʽʦʣʦʛʽʯʥʠʭ ʪʢʘʥʠʥʠ. 

5.1.2 ʉʪʨʫʢʪʫʨʘ ʪʘ ʨʝʢʦʤʝʥʜʘʮʽʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʘʪʦʣʦʛʽʯʥʠʭ ʙʽʦʪʢʘʥʠʥ.  

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʘʚʪʦʨʦʤ ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʧʘʪʦʣʦʛʽʯʥʠʭ ʪʢʘʥʠʥ ʥʘ ʦʩʥʦʚʽ 

ʦʙ`ʻʜʥʘʥʥʷ ʯʦʪʠʨʴʦʭ ʧʘʨʘʤʝʪʨʽʚ (ʩʧʝʢʪʨʽʚ ʬʣʫʦʨʝʩʮʝʥʮʽʾ, ʧʦʪʫʞʥʦʩʪʽ ʨʦʟʩʽʷʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʱʦ ʧʨʦʡʰʣʦ ʢʨʽʟʴ ʙʽʦʪʢʘʥʠʥʫ ʽ ʪʝʤʧʝʨʘʪʫʨʠ) 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ 3-ʭ ʝʪʘʧʽʚ: 

1.ʇʽʜʛʦʪʦʚʯʠʡ ʝʪʘʧ. 
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Å ʚʩʪʘʥʦʚʣʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʱʦʙ ʥʝ 

ʜʦʩʷʛʪʠ ʤʘʢʩʠʤʘʣʴʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʙʽʦʣʦʛʽʯʥʦʾ ʪʢʘʥʠʥʠ ʧʨʠ ʷʢʽʡ ʚʽʜʙʫʚʘʶʪʴʩʷ ʥʝ 

ʦʙʦʨʦʪʥʽ ʟʤʽʥʠ 

Å ʢʦʤʧʣʝʢʩ ʫʤʦʚ ʜʣʷ ʚʠʙʦʨʫ ʘʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ 

Å ʤʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ 

2. ɺʠʤʽʨʶʚʘʥʥʷ ʦʧʪʠʯʥʠʭ ʪʘ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ: 

Å ʚʠʤʽʨʶʚʘʥʥʷ ʩʧʝʢʪʨʽʚ ʬʣʫʦʨʝʩʮʝʥʮʽʾ (ɚʚʽʜ). 

Å ʚʠʤʽʨʶʚʘʥʥʷ ʩʠʛʥʘʣʫ ʧʦʪʫʞʥʦʩʪʽ ʚʽʜʙʠʪʦʛʦ ʪʘ ʧʦʛʣʠʥʫʪʦʛʦ (Pʚʽʜ., Pʧʨʦʭ.) 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

Å ʚʠʤʽʨʶʚʘʥʥʷ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʠ (T) ʚ ʙʘʛʘʪʦʰʘʨʦʚʽʡ ʙʽʦʣʦʛʽʯʥʽʡ ʪʢʘʥʠʥʽ ʧʨʠ ʾʾ 

ʥʘʛʨʽʚʘʥʥʽ ʣʘʟʝʨʥʠʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ. 

3. ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ: 

Å ʧʨʠʥʮʠʧ ʧʦʻʜʥʘʥʦʛʦ ʘʥʘʣʽʟʫ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʽ ʦʧʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʙʽʦʪʢʘʥʠʥ 

Å ʽʥʬʦʨʤʘʪʠʚʥʽ ʧʦʢʘʟʥʠʢʠ "Pʚʽʜ., Pʧʨʦʭ. , ɚʚʽʜ, T1ʤʤ- T5ʤʤ" 

Å ʪʝʭʥʽʯʥʘ ʨʝʘʣʽʟʘʮʽʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʘʪʦʣʦʛʽʯʥʠʭ ʙʽʦʪʢʘʥʠʥ 

Å ʯʽʪʢʝ ʚʠʟʥʘʯʝʥʥʷ ʛʨʘʥʠʮʴ ʧʘʪʦʣʦʛʽʯʥʠʭ ʥʦʚʦʫʪʚʦʨʝʥʴ ʟʘ ʧʦʢʘʟʥʠʢʦʤ" ɚʚʽʜ" 

Å ʣʦʢʘʣʽʟʘʮʽʷ ʧʘʪʦʣʦʛʽʯʥʦʛʦ ʥʦʚʦʫʪʚʦʨʝʥʥʷ ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ "Pʚʽʜ., Pʧʨʦʭ. , ɚʚʽʜ, T1ʤʤ- 

T5ʤʤ" 

ʊʝʦʨʝʪʠʯʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʝʪʘʧʽʚ ʙʘʟʫʻʪʴʩʷ ʥʘ:  

ï ʦʩʥʦʚʥʠʭ ʧʨʠʥʮʠʧʘʭ ʦʜʝʨʞʘʥʥʷ ʜʽʘʛʥʦʩʪʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ (ʽʥʬʦʨʤʘʪʠʚʥʽ 

ʧʘʨʘʤʝʪʨʠ, ʪʝʤʧʝʨʘʪʫʨʥʘ ʘʜʘʧʪʘʮʽʷ ʦʙ`ʻʢʪʫ ʜʦʩʣʽʜʞʝʥʴ, ʫʥʠʢʥʝʥʥʷ ʪʝʧʣʦʚʠʭ 

ʥʘʚʝʜʝʥʴ, ʫʥʠʢʥʝʥʥʷ ʥʘʚʝʜʝʥʴ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (ʨ. 3);  

ï ʦʩʦʙʣʠʚʦʩʪʷʭ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʠ (ʦʩʥʦʚʥʽ ʢʨʠʪʝʨʽʾ ï ʧʦʜʽʙʥʽʩʪʴ ʽ 

ʩʠʤʝʪʨʠʯʥʽʩʪʴ ʪʝʧʣʦʚʦʛʦ ʨʠʩʫʥʢʫ, ʭʘʨʘʢʪʝʨ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʠ (ʨ. 4);  

ï ʤʝʪʦʜʠʯʥʠʭ ʽ ʢʣʽʥʽʯʥʠʭ ʘʩʧʝʢʪʘʭ ʜʦʩʣʽʜʞʝʥʴ ʙʽʦʣʦʛʽʯʥʠʭ ʪʢʘʥʠʥ ʰʣʫʥʢʫ ʪʘ 

ʩʪʨʘʚʦʭʦʜʫ (ʨ.3);  
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ï ʚʠʟʥʘʯʝʥʥʽ ʦʩʥʦʚʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ (ʯʦʪʠʨʠ ʧʘʨʘʤʝʪʨʠ ʚʽʜ ʟʜʦʨʦʚʠʭ ʙʽʦʪʢʘʥʠʥ 

ʪʘ ʯʦʪʠʨʠ ʧʘʨʘʤʝʪʨʠ ʚʽʜ ʧʘʪʦʣʦʛʽʯʥʠʭ ʙʽʦʪʢʘʥʠʥ);  

ï ʨʦʟʨʦʙʮʽ ʽʥʬʦʨʤʘʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ (ʭʘʨʘʢʪʝʨʥʘ ʨʽʟʥʠʮʷ ʪʝʤʧʝʨʘʪʫʨ, 

ʨʽʟʥʠʮʷ ʩʠʛʥʘʣʽʚ(ʧʽʢʽʚ) ʬʣʫʦʨʝʩʮʝʥʮʽʾ, ʨʽʟʥʠʮʷ ʩʠʛʥʘʣʫ ʧʦʪʫʞʥʦʩʪʽ ʨʦʟʩʽʷʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʱʦ ʧʨʦʡʰʣʦ ʢʨʽʟʴ ʙʽʦʪʢʘʥʠʥʫ). 

ʅʘʣʘʰʪʫʚʘʥʥʷ ʣʘʟʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʫ. 

ʅʘ ʮʴʦʤʫ ʝʪʘʧʽ ʚʠʢʦʨʠʩʪʘʥʦ ʪʝʦʨʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʠ ʚ 

ʙʽʦʣʦʛʽʯʥʽʡ ʪʢʘʥʠʥʽ ʽ ʤʝʪʦʜʠʢʫ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ. 

1. ʇʽʜʛʦʪʦʚʢʘ ʙʽʦʪʢʘʥʠʥʠ ʜʦ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ: ʦʪʨʠʤʫʶʪʴ ʟʨʘʟʦʢ 

ʙʽʦʪʢʘʥʠʥʠ(ʰʣʫʥʢʫ, ʩʪʨʘʚʦʭʦʜʫ); ʟʘʥʫʨʶʶʪʴ ʙʽʦʪʢʘʥʠʥʫ ʥʘ ʧʦʣʦʚʠʥʫ ʫ ʬʽʟʠʯʥʠʡ 

ʨʦʟʯʠʥ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 20 
ʦ
ʉ ʫ ʪʘʢʦʤʫ ʩʪʘʥʽ ʟʘʣʠʰʘʻʪʴʩʷ ʥʘ 5-10 ʭʚʠʣʠʥ (ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠʤʽʱʝʥʥʷ) ʟ ʤʝʪʦʶ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʘʜʘʧʪʘʮʽʾ ʜʦ ʫʤʦʚ 

ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ.  

2. ʇʽʜʛʦʪʦʚʢʘ ʣʘʟʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʪʘ ʘʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ: 

ʚʤʠʢʘʻʪʴʩʷ ʇʂ; ʚʤʠʢʘʻʪʴʩʷ ʣʘʟʝʨʥʠʡ ʢʦʤʧʣʝʢʩ; ʧʨʦʚʦʜʠʪʴʩʷ ʥʘʣʘʰʪʫʚʘʥʥʷ 

ʣʘʟʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʫ (ʧ. 3.2).  

3. ɺʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʘ 

ʚʠʜʽʣʝʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ (ʧ. 3.2): ʚʠʩʦʢʘ ʧʦʪʫʞʥʽʩʪʴ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʤʦʞʝ 

ʧʨʠʚʝʩʪʠ ʜʦ ʥʘʜʤʽʨʥʦʛʦ ʥʘʛʨʽʚʫ ʙʽʦʣʦʛʽʯʥʦʾ ʪʢʘʥʠʥʠ |ʊ| Ò 60
ʦ
ʉ; ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʬʦʪʦ ʢʦʘʛʫʣʷʮʽʾ. 

ɺʠʤʽʨʶʚʘʥʥʷ ʦʧʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʭʘʨʘʢʪʝʨʫ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʚʟʜʦʚʞ 

ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʙʽʦʣʦʛʽʯʥʠʭ ʪʢʘʥʠʥ. ʅʘ ʮʴʦʤʫ ʝʪʘʧʽ ʧʽʩʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʘ ʨʦʟʨʦʙʣʝʥʦʶ ʤʝʪʦʜʠʢʦʶ (ʧ. 3.1) 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʠʤʽʨʶʚʘʥʥʷ ʦʧʪʠʯʥʠʭ ʪʘ ʭʘʨʘʢʪʝʨʘ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʙʽʦʪʢʘʥʠʥʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʧʝʢʪʨʦʤʝʪʨʘ, ʚʠʤʽʨʶʚʘʯʘ ʧʦʪʫʞʥʦʩʪʽ ʽ ʪʝʨʤʦʧʘʨʠ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʚʠʟʥʘʯʝʥʠʭ ʢʨʠʪʝʨʽʾʚ (ʧ. 3.2). 

1. ʇʽʜʛʦʪʦʚʢʘ ʨʝʻʩʪʨʫʶʯʠʭ ʟʘʩʦʙʽʚ: ʚʤʠʢʘʻʪʴʩʷ ʩʧʝʢʪʨʦʤʝʪʨ (ʧ.3.1.4) ʜʣʷ 

ʟʥʷʪʪʷ ʩʧʝʢʪʨʽʚ ʬʣʫʦʨʝʩʮʝʥʮʽʾ; ʧʨʦʚʦʜʠʪʴʩʷ ʥʘʣʘʰʪʫʚʘʥʥʷ ʩʧʝʢʪʨʦʤʝʪʨʘ ʪʘ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʨʝʻʩʪʨʫʶʯʦʛʦ ʜʘʪʯʠʢʘ ʫ ʚʠʟʥʘʯʝʥʠʭ ʤʽʩʮʷʭ ʙʽʣʷ ʙʽʦʪʢʘʥʠʥʠ ʟʛʽʜʥʦ 

ʤʝʪʦʜʠʢʠ (ʧ. 3.2); ʪʘʢʦʞ ʚʤʠʢʘʻʪʴʩʷ ʚʠʤʽʨʶʚʘʯ ʧʦʪʫʞʥʦʩʪʽ (ʧ.3.1.4) ʜʣʷ ʟʥʷʪʪʷ 
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ʩʠʛʥʘʣʫ ʧʦʛʣʠʥʫʪʦʾ ʪʘ ʚʽʜʙʠʪʦʾ ʧʦʪʫʞʥʦʩʪʽ ʣʘʟʝʨʥʦʛʦ ʬʝʤʪʦʩʝʢʫʥʜʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʽʜ ʙʽʦʪʢʘʥʠʥʠ  ̔ʚʩʪʘʥʦʚʣʝʥʥʷ ʨʝʻʩʪʨʫʶʯʦʛʦ ʜʘʪʯʠʢʘ ʫ ʚʠʟʥʘʯʝʥʠʭ 

ʤʽʩʮʷʭ ʙʽʣʷ ʙʽʦʪʢʘʥʠʥʠ ʟʛʽʜʥʦ ʤʝʪʦʜʠʢʠ (ʧ. 3.2); ʢʨʽʤ ʪʦʛʦ ʚʤʠʢʘʻʪʴʩʷ ʧʨʠʩʪʨʽʡ 

ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ (ʧ.3.1.4) ʽ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʪʝʨʤʦʧʘʨʘ ʟʛʽʜʥʦ ʤʝʪʦʜʠʢʠ (ʧ. 

3.2). 

2. ɿʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʥʷʪʪʷ ʩʧʝʢʪʨʽʚ 

ʬʣʫʦʨʝʩʮʝʥʮʽʾ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʽʜ ʙʽʦʣʦʛʽʯʥʦʾ ʪʢʘʥʠʥʠ (ʧ. 4.1): ʚ ʥʦʨʤʽ 

ʩʠʛʥʘʣ ʬʣʫʦʨʝʩʮʝʥʮʽʾʾ ʙʽʦʪʢʘʥʠʥʠ ʰʣʫʥʢʫ ʪʘ ʩʪʨʘʚʦʭʦʜʫ ʤʘʻ ʪʘʢʫ ʢʘʨʪʠʥʫ (ʧ. 4.1, 

ʜʦʜʘʪʦʢ ɺ); ʚ ʧʘʪʦʣʦʛʽʯʥʽʡ ʪʢʘʥʠʥʽ ʰʣʫʥʢʫ ʪʘ ʩʪʨʘʚʦʭʦʜʫ ʩʠʛʥʘʣ ʬʣʫʦʨʝʩʮʝʥʮʽʾ ʤʘʻ 

ʟʤʽʥʝʥʫ ʢʘʨʪʠʥʫ (ʧ. 4.1, ʜʦʜʘʪʦʢ ɺ).  

3. ɿʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʥʷʪʪʷ ʩʠʛʥʘʣʫ 

ʧʦʛʣʠʥʫʪʦʾ ʪʘ ʚʽʜʙʠʪʦʾ ʧʦʪʫʞʥʦʩʪʽ ʣʘʟʝʨʥʦʛʦ ʬʝʤʪʦʩʝʢʫʥʜʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʽʜ 

ʙʽʦʪʢʘʥʠʥʠ (ʧ. 3.3.1): ʚ ʥʦʨʤʽ ʩʠʛʥʘʣ ʧʦʛʣʠʥʫʪʦʾ ʪʘ ʚʽʜʙʠʪʦʾ ʧʦʪʫʞʥʦʩʪʽ ʙʽʦʪʢʘʥʠʥʠ 

ʰʣʫʥʢʫ ʪʘ ʩʪʨʘʚʦʭʦʜʫ ʤʘʻ ʪʘʢʫ ʢʘʨʪʠʥʫ (ʧ. 4.2, ʜʦʜʘʪʦʢ ɺ); ʚ ʧʘʪʦʣʦʛʽʯʥʽʡ ʪʢʘʥʠʥʽ 

ʰʣʫʥʢʫ ʪʘ ʩʪʨʘʚʦʭʦʜʫ ʩʠʛʥʘʣ ʧʦʛʣʠʥʫʪʦʾ ʪʘ ʚʽʜʙʠʪʦʾ ʧʦʪʫʞʥʦʩʪʽ ʤʘʻ ʟʤʽʥʝʥʫ 

ʢʘʨʪʠʥʫ (ʧ. 4.2, ʜʦʜʘʪʦʢ ɺ). 

4. ʈʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦ ʛʣʠʙʠʥʽ ʙʽʦʪʢʘʥʠʥʠ ʩʪʨʘʚʦʭʦʜʫ ʪʘ ʰʣʫʥʢʫ 

ʦʪʨʠʤʫʚʘʚʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ (ʧ. 3.3.1): ʚ ʥʦʨʤʽ ʤʘʢʩʠʤʘʣʴʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ  ʙʽʦʪʢʘʥʠʥʠ ʰʣʫʥʢʫ ʪʘ ʩʪʨʘʚʦʭʦʜʫ ʜʦʩʷʛʘʻ ʟʥʘʯʝʥʥʷ 37 Áʉ ʥʘ 10 ʩʝʢʫʥʜʽ 

ʣʘʟʝʨʥʦʛʦ ʚʧʣʠʚʫ (ʧ. 4.3, ʜʦʜʘʪʦʢ ɺ); ʚ ʧʘʪʦʣʦʛʽʯʥʽʡ ʪʢʘʥʠʥʽ ʰʣʫʥʢʫ ʪʘ ʩʪʨʘʚʦʭʦʜʫ 

ʥʘ 10 ʩʝʢʫʥʜʽ ʣʘʟʝʨʥʦʛʦ ʚʧʣʠʚʫ ʪʝʤʧʝʨʘʪʫʨʘ ʜʦʩʷʛʘʻ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ 40 Áʉ 

(ʧ. 4.3,). 

5. ɿʙʝʨʝʞʝʥʥʷ ʜʘʥʠʭ ʦʧʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʭʘʨʘʢʪʝʨʘ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʫ 

ʝʣʝʢʪʨʦʥʥʽʡ ʙʘʟʽ ʜʦʩʣʽʜʞʝʥʴ ʙʽʦʪʢʘʥʠʥ (ʧ.3.1.3): ʧʦʪʫʞʥʽʩʪʴ, ʪʨʠʚʘʣʽʩʪʴ, ʜʦʚʞʠʥʘ 

ʭʚʠʣʽ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʪʦʱʦ. 

ɸʥʘʣʽʟ ʪʘ ʨʝʢʦʤʝʥʜʘʮʽʾ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʅʘ ʮʴʦʤʫ ʝʪʘʧʽ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʧʦʻʜʥʘʥʠʡ ʘʥʘʣʽʟ ʦʧʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʭʘʨʘʢʪʝʨʫ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫ ʚʟʜʦʚʞ 

ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʙʽʦʣʦʛʽʯʥʠʭ ʪʢʘʥʠʥ. 

1. ɸʥʘʣʽʟ ʜʘʥʠʭ ʦʪʨʠʤʘʥʠʭ ʥʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʜʦʩʣʽʜʞʝʥʴ ʦʧʪʠʯʥʠʭ ʪʘ 

ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʙʽʦʪʢʘʥʠʥʠ (Pʚʽʜ., Pʧʨʦʭ. , ɚʚʽʜ, T1ʤʤ- T5ʤʤ) (ʧ. 4.1-4.5): 
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ʭʘʨʘʢʪʝʨ ʟʤʽʥʠ ʩʠʛʥʘʣʫ ʬʣʫʦʨʝʩʮʝʥʮʽʾ, ʜʠʥʘʤʽʢʘ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ, ʭʘʨʘʢʪʝʨ ʟʤʽʥʠ 

ʧʦʛʣʠʥʫʪʦʾ ʪʘ ʚʽʜʙʠʪʦʾ ʧʦʪʫʞʥʦʩʪʽ ʣʘʟʝʨʥʦʛʦ ʬʝʤʪʦʩʝʢʫʥʜʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʽʜ 

ʙʽʦʪʢʘʥʠʥʠ. 

2. ʌʦʨʤʫʚʘʥʥʷ ʧʨʘʚʠʣ ʽ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʷʢ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʜʣʷ ʧʦʩʪʘʥʦʚʢʠ ʧʦʧʝʨʝʜʥʴʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʘʪʦʣʦʛʽʯʥʦʾ ʙʽʦʪʢʘʥʠʥʠ ʣʽʢʘʨʝʤ-

ʬʘʭʽʚʮʝʤ, ʷʢʽ ʙʘʟʫʶʪʴʩʷ ʥʘ ʪʘʢʠʭ ʦʩʥʦʚʥʠʭ ʢʨʠʪʝʨʽʷʭ: ʚ ʧʘʪʦʣʦʛʽʯʥʽʡ ʪʢʘʥʠʥʽ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʠʱʘ, ʥʽʞ ʚ ʟʜʦʨʦʚʽʡ, ʧʨʠ ʮʴʦʤʫ ʚʦʥʘ ʟʨʦʩʪʘʻ ʧʨʠ ʧʝʨʝʤiʱʝʥʥi ʚiʜ 

ʩʝʨʝʜʠʥʠ ʜʦ ʛʨʘʥʠʮʽ ʧʫʭʣʠʥʠ ʜʦ 3-ʭ ʨʘʟʽʚ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚ 

ʟʜʦʨʦʚʽʡ ʪʢʘʥʠʥʽ. ʇʨʠ ʦʧʨʦʤʽʥʝʥʥʽ ʦʙʣʘʩʪʽ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʤʝʞi ʤiʞ ʟʜʦʨʦʚʦʶ ʪʘ 

ʧʘʪʦʣʦʛʽʯʥʦʶ ʜʽʣʷʥʢʘʤʠ ʪʢʘʥʠʥʠ ʟʨʘʟʢʘ, ʣʘʟʝʨʥʠʤ ʢʦʨʦʪʢʦʭʚʠʣʴʦʚʠʤ 

ʚʠʧʨʦʤiʥʶʚʘʥʥʷʤ ʚ ʜiʘʧʘʟʦʥi 380ï400 ʥʤ ʫ ʩʧʝʢʪʨi ʬʣʫʦʨʝʩʮʝʥʮʽʾ ʟôʷʚʣʷʶʪʴʩʷ 

ʜʦʜʘʪʢʦʚʽ ʧiʢʠ ʚ ʜʦʚʛʦʭʚʠʣʴʦʚiʡ ʦʙʣʘʩʪi (600ï700 ʥʤ); ʧʦʪʫʞʥiʩʪʴ ʚʠʧʨʦʤiʥʶʚʘʥʥʷ 

ʨʦʟʩiʷʥʦʛʦ ʟʨʘʟʢʘʤʠ ʟʜʦʨʦʚʠʭ ʙiʦʪʢʘʥʠʥ ʥʘ 20%ï30% ʙiʣʴʰʘ ʧʦʨiʚʥʷʥʥʦ ʟ 

ʧʘʪʦʣʦʛiʯʥʠʤʠ ʟʨʘʟʢʘʤʠ; ʧʘʪʦʣʦʛiʯʥi ʙiʦʪʢʘʥʠʥʠ ʟʜʘʪʥi ʚ ʙiʣʴʰiʡ ʤiʨi ʥʘʢʦʧʠʯʫʚʘʪʠ 

ʪʝʧʣʦ(1-3
ʦ
ʉ). ʊʘʢʠʤ ʯʠʥʦʤ, ʢʦʤʧʣʝʢʩʥʠʡ ʧiʜʭiʜ, ʱʦ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʜʦʩʣiʜʞʝʥʥi: 

ʩʧʝʢʪʨiʚ ʬʣʫʦʨʝʩʮʝʥʮiʾ, ʧʦʪʫʞʥʦʩʪi ʨʦʟʩiʷʥʦʛʦ ʚʠʧʨʦʤiʥʶʚʘʥʥʷ ʪʘ ʚʠʧʨʦʤiʥʶʚʘʥʥʷ, 

ʱʦ ʧʨʦʡʰʣʦ ʢʨiʟʴ ʙiʦʣʦʛiʯʥi ʪʢʘʥʠʥʠ, ʜʘʻ ʤʦʞʣʠʚiʩʪʴ ʚiʜʨiʟʥʠʪʠ ʧʘʪʦʣʦʛiʯʥi 

ʪʢʘʥʠʥʠ ʚiʜ ʟʜʦʨʦʚʠʭ, ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʠʪʠ ʤʝʞi ʧʘʪʦʣʦʛiʯʥʠʭ ʥʦʚʦʫʪʚʦʨʝʥʴ, ʱʦ ʻ 

ʧʨʠʥʮʠʧʦʚʦ ʚʘʞʣʠʚʠʤ ʚ ʨʘʟi ʥʝʦʙʭiʜʥʦʩʪi ʭiʨʫʨʛiʯʥʦʛʦ ʚʪʨʫʯʘʥʥʷ. 

5.1.3 ʂʨʠʪʝʨʽʾ ʚʠʟʥʘʯʝʥʥʷ ʧʘʪʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʙʽʦʪʢʘʥʠʥʠ. ʆʩʥʦʚʥʠʤ 

ʯʠʥʥʠʢʦʤ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʘʪʦʣʦʛʽʯʥʦʾ ʪʢʘʥʠʥʠ, ʷʢ ʧʝʨʚʠʥʥʦʛʦ ʤʝʪʦʜʫ ʨʘʥʥʴʦʾ 

ʜʽʘʛʥʦʩʪʠʢʠ ʧʘʪʦʣʦʛʽʯʥʦʾ ʪʢʘʥʠʥʠ ʰʣʫʥʢʫ ʪʘ ʩʪʨʘʚʦʭʦʜʫ ʣʶʜʠʥʠ ʻ ʷʢʽʩʥʠʡ ʪʘ 

ʢʽʣʴʢʽʩʥʠʡ ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʠ, ʱʦ ʤʽʩʪʷʪʴʩʷ ʚ 

ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʘʭ, ʟʘ ʪʘʢʠʤʠ ʚʠʟʥʘʯʝʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ ʷʢ: ï ʧʦʜʽʙʥʽʩʪʴ ʽ 

ʩʠʤʝʪʨʠʯʥʽʩʪʴ ʪʝʧʣʦʚʦʾ ʢʘʨʪʠʥʠ, ʢʦʣʠ ʨʽʟʥʠʮʷ T1ʤʤ- T5ʤʤ ʤʽʞ ʧʘʪʦʣʦʛʽʯʥʠʤʠ ʪʘ 

ʟʜʦʨʦʚʠʤʠ ʙʽʦʪʢʘʥʠʥʘʤʠ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʨʽʟʥʠʭ ʛʣʠʙʠʥʘʭ ʧʝʨʝʚʠʱʫʻ 1-3
ʦ
ʉ; ï 

ʥʘʷʚʥʽʩʪʴ ʫ ʩʧʝʢʪʨi ʬʣʫʦʨʝʩʮʝʥʮʽʾ ʜʦʜʘʪʢʦʚʠʭ ʧiʢʽʚ ʚ ʜʦʚʛʦʭʚʠʣʴʦʚiʡ ʦʙʣʘʩʪi (600ï

700 ʥʤ) ï ʚ ʧʘʪʦʣʦʛʽʯʥʽʡ ʪʢʘʥʠʥʽ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʠʱʘ, ʥʽʞ ʚ ʟʜʦʨʦʚʽʡ; ï ʧʦʪʫʞʥiʩʪʴ 

ʚʠʧʨʦʤiʥʶʚʘʥʥʷ ʨʦʟʩiʷʥʦʛʦ ʟʨʘʟʢʘʤʠ ʟʜʦʨʦʚʠʭ ʙiʦʪʢʘʥʠʥ ʥʘ 20%ï30% ʙiʣʴʰʘ 
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ʧʦʨiʚʥʷʥʥʦ ʟ ʧʘʪʦʣʦʛiʯʥʠʤʠ ʟʨʘʟʢʘʤʠ. ɹʫʜʴ-ʷʢʘ ʚʽʜʤʽʥʥʽʩʪʴ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʚʽʜʯʠʪʴ 

ʧʨʦ ʧʘʪʦʣʦʛʽʶ ʚ ʙʽʦʪʢʘʥʠʥʽ.  

ʇʨʠ ʧʦʩʪʘʥʦʚʮʽ ʜʽʘʛʥʦʟʫ (ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʙʽʦʪʢʘʥʠʥʠ) ʪʨʝʙʘ ʚʨʘʭʦʚʫʚʘʪʠ 

ʩʫʢʫʧʥʽʩʪʴ ʜʘʥʠʭ ʦʧʪʠʯʥʠʭ ʪʘ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʙʽʦʪʢʘʥʠʥʠ (Pʚʽʜ., Pʧʨʦʭ. , 

ɚʚʽʜ, T1ʤʤ- T5ʤʤ), ʷʢ ʧʝʨʝʜʚʽʩʥʠʢʠ ʧʝʚʥʦʾ ʧʘʪʦʣʦʛʽʾ. ʂʨʽʤ ʪʦʛʦ, ʚʥʘʩʣʽʜʦʢ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʩʢʣʘʜʥʦʩʪʽ ʦʨʛʘʥʽʟʤʫ ʣʶʜʠʥʠ ʫ ʥʴʦʤʫ ʤʦʞʣʠʚʘ ʥʘʷʚʥʽʩʪʴ ʚʝʣʠʢʦʾ 

ʢʽʣʴʢʦʩʪʽ ʨʽʟʥʠʭ ʩʪʘʥʽʚ, ʱʦ ʪʘʢʦʞ ʪʨʝʙʘ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ ʘʥʘʣʽʟʽ ʪʘ ʽʥʪʝʨʧʨʝʪʘʮʽʾ 

ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ. 

ʆʪʨʠʤʘʥʘ ʚ ʪʘʢʠʡ ʩʧʦʩʽʙ ʽʥʬʦʨʤʘʮʽʷ ʻ ʚʠʭʽʜʥʦʶ ʙʘʟʦʶ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ 

ʧʘʪʦʣʦʛʽʯʥʠʭ ʙʽʦʪʢʘʥʠʥ ʜʦʩʣʽʜʞʝʥʴ ʟʘ ʜʘʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ. 

 

5.1.4 ʏʠʥʥʠʢʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ. ɿʚʘʞʘʶʯʠ ʥʘ 

ʩʢʣʘʜʥʽʩʪʴ ʙʽʦʣʦʛʽʯʥʦʾ ʪʢʘʥʠʥʠ ʣʶʜʠʥʠ, ʷʢ ʦʙ`ʻʢʪʫ ʜʦʩʣʽʜʞʝʥʴ, ʦʩʥʦʚʥʠʤʠ 

ʟʘʛʘʣʴʥʠʤʠ ʯʠʥʥʠʢʘʤʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʻ: ʤʘʣʽ ʘʙʩʦʣʶʪʥʽ 

ʟʥʘʯʝʥʥʷ ʚʠʤʽʨʶʚʘʥʠʭ ʚʝʣʠʯʠʥ, ʚʝʣʠʢʽ ʟʥʘʯʝʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʰʫʤʽʚ ʦʨʛʘʥʽʟʤʫ, ʚʧʣʠʚ 

ʟʦʚʥʽʰʥʽʭ ʥʘʚʝʜʝʥʴ, ʩʢʣʘʜʥʽʩʪʴ ʽʟ ʚʠʟʥʘʯʝʥʥʷ ʤʽʩʮʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʘʪʦʣʦʛʽʾ.  

ʆʜʥʘ ʟ ʛʦʣʦʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʙʽʦʣʦʛʽʯʥʦʾ ʪʢʘʥʠʥʠ ʣʶʜʠʥʠ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʘʟʥʘʯʝʥʦʛʦ ʤʝʪʦʜʘ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʬʘʭʽʚʝʮʴ-ʣʽʢʘʨ 

ʦʪʨʠʤʫʻ ʣʠʰʝ ʢʦʥʢʨʝʪʥʠʡ ʨʝʟʫʣʴʪʘʪ ʜʦʩʣʽʜʞʝʥʴ:  

1. ʗʢʽʩʥʘ ʽʥʬʦʨʤʘʮʽʷ ï ʩʠʤʝʪʨʠʯʥʽʩʪʴ ʬʣʫʦʨʝʩʮʝʥʪʥʦʾ ʢʘʨʪʠʥʠ, ʥʘʷʚʥʽʩʪʴ 

ʬʣʫʦʨʝʩʮʝʥʪʥʠʭ ʧʽʢʽʚ ʭʘʨʘʢʪʝʨʥʠʭ ʜʣʷ ʧʘʪʦʣʦʛʽʯʥʦʾ ʪʢʘʥʠʥʠ,  ʚʽʟʫʘʣʴʥʘ ʢʘʨʪʠʥʘ 

ʙʽʣʴʰʦʛʦ ʨʦʟʩʽʷʥʥʷ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʽʜ ʟʜʦʨʦʚʦʾ ʙʽʦʪʢʘʥʠʥʠ ʥʽʞ ʚʽʜ 

ʧʘʪʦʣʦʛʽʯʥʦʾ ʪʦʱʦ. 

2. ʂʽʣʴʢʽʩʥʘ ʽʥʬʦʨʤʘʮʽʷ ï ʛʨʘʜʽʻʥʪ ʪʝʤʧʝʨʘʪʫʨʠ, ʨʦʟʤʽʨ ʧʘʪʦʣʦʛʽʯʥʦʾ ʟʦʥʠ, 

ʚʝʣʝʯʠʥʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʬʣʫʦʨʝʩʮʝʥʮʽʾ, ʚʝʣʝʯʠʥʘ ʨʦʟʩʽʷʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʣʘʟʝʨʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʽʜ ʙʽʦʪʢʘʥʠʥʠ ʪʦʱʦ.  

ʋ ʪʨʝʪʴʦʤʫ ʨʦʟʜʽʣʽ ʜʠʩʝʨʪʘʮʽʾ ʦʧʠʩʘʥʽ ʧʨʠʥʮʠʧʠ ʧʨʦʚʝʜʝʥʥʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ 

ʧʘʪʦʣʦʛʽʯʥʠʭ ʪʢʘʥʠʥ (ʧ. 3.1) ʪʘ ʤʝʪʦʜʠʯʥʽ ʘʩʧʝʢʪʠ ʜʦʩʣʽʜʞʝʥʴ (ʚ ʧ. 3.3), ʥʘ ʧʽʜʩʪʘʚʽ 

ʯʦʛʦ ʤʦʞʥʘ ʧʝʨʝʨʘʭʫʚʘʪʠ ʦʩʥʦʚʥʽ ʯʠʥʥʠʢʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʝʟʫʣʴʪʘʪʠ 

ʜʦʩʣʽʜʞʝʥʴ. 
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ʌʣʫʦʨʝʩʮʝʥʪʥʽ ʜʦʩʣʽʜʞʝʥʥʷ: ʟʦʚʥʽʰʥʽ ʥʘʚʝʜʝʥʥʷ ʚʽʜ ʧʨʠʣʘʜʽʚ ʦʩʚʽʪʣʝʥʥʷ ʪʘ 

ʜʞʝʨʝʣʘ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ; ʥʘʚʝʜʝʥʥʷ ʚʽʜ ʟʙʫʜʞʫʶʯʦʾ ʜʦʚʞʠʥʠ ʭʚʠʣʽ  

ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

ʊʝʨʤʧʝʨʘʪʫʨʥʽ ʜʦʩʣʽʜʞʝʥʥʷ: ʟʦʚʥʽʰʥʽ ʪʝʧʣʦʚʽ ʥʘʚʝʜʝʥʥʷ ʚʽʜ ʜʞʝʨʝʣ 

ʦʧʘʣʝʥʥʷ ʪʘ ʦʩʚʽʪʣʝʥʥʷ;  ʚʽʜʩʫʪʥʽʩʪʴ ʚʩʪʘʥʦʚʣʝʥʦʾ ʦʧʪʠʤʘʣʴʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 

ʜʦʩʣʽʜʞʝʥʴ; ʯʘʩ ʘʜʘʧʪʘʮʽʾ ʙʽʦʪʢʘʥʠʥʠ ʜʦ ʚʩʪʘʥʦʚʣʝʥʦʾ ʪʝʤʧʝʨʘʪʫʨʽ ʜʦʩʣʽʜʞʝʥʴ 20
ʦ
ʉ; 

ʢʨʽʧʣʝʥʥʷ ʪʝʨʤʦʧʘʨʠ ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʽʡ ʛʣʠʙʠʥʽ ʙʽʦʪʢʘʥʠʥʠ; ʽʥʪʝʨʚʘʣ ʯʘʩʫ ʘʜʘʧʪʘʮʽʾ 

ʥʘʩʪʫʧʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʙʽʦʪʢʘʥʠʥʠ ʧʽʩʣʷ ʦʧʨʦʤʽʥʝʥʥʷ ʣʘʟʝʨʥʠʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʨʦʟʩʽʷʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʽʜ ʙʽʦʪʢʘʥʠʥʠ : 

ʟʦʚʥʽʰʥʽ ʪʝʧʣʦʚʽ ʥʘʚʝʜʝʥʥʷ ʚʽʜ ʜʞʝʨʝʣ ʦʧʘʣʝʥʥʷ, ʜʞʝʨʝʣʘ ʣʘʟʝʨʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʦʩʚʽʪʣʝʥʥʷ; ʚʠʩʪʘʚʣʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʣʘʟʝʨʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʛʽʜʥʦ ʟ ʷʢʠʤʠ ʧʨʦʚʦʜʠʪʴʩʷ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʂʨʽʤ ʟʘʟʥʘʯʝʥʦʛʦ, ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʘʪʦʣʦʛʽʯʥʠʭ 

ʫʪʚʦʨʝʥʴ ʚʘʞʣʠʚʦ ʚʨʘʭʦʚʫʚʘʪʠ ʪʘʢʠʡ ʬʘʢʪʦʨ, ʷʢ: ʥʝʘʜʝʢʚʘʪʥʘ ʨʝʘʢʮʽʷ ʟʜʦʨʦʚʦʾ ʪʘ 

ʧʘʪʦʣʦʛʽʯʥʦʾ ʙʽʦʪʢʘʥʠʥʠ ʥʘ ʣʘʟʝʨʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʷʢʱʦ ʙʽʦʪʢʘʥʠʥʘ ʧʨʦʣʝʞʘʣʘ 

ʙʘʛʘʪʦ ʯʘʩʫ ʽ ʧʦʯʘʣʠʩʷ ʟʤʽʥʠ ʚ ʥʽʡ, ʥʝ ʚʠʷʚʣʷʻʪʴʩʷ ʨʽʟʥʠʮʷ ʤʽʞ ʧʘʨʘʤʝʪʨʘʤʠ ʟʜʦʨʦʚʦʾ 

ʪʘ ʧʘʪʦʣʦʛʽʯʥʦʾ ʙʽʦʪʢʘʥʠʥʠ.  

ʇʽʩʣʷ ʦʜʝʨʞʘʥʥʷ, ʨʝʟʫʣʴʪʘʪʠ ʧʽʜʣʷʛʘʶʪʴ ʩʧʽʣʴʥʦʤʫ ʘʥʘʣʽʟʫ ʽ ʽʥʪʝʨʧʨʝʪʘʮʽʾ 

ʬʘʭʽʚʮʽʚ ʟ ʤʝʪʦʶ ʧʦʩʪʘʥʦʚʢʠ ʚʽʨʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʘʪʦʣʦʛʽʯʥʠʭ ʫʪʚʦʨʝʥʴ.  

 

5.2 ʈʝʘʣʽʟʘʮʽʷ ʨʦʟʨʦʙʣʝʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʘʪʦʣʦʛʽʯʥʠʭ ʙʽʦʪʢʘʥʠʥ 

ʣʶʜʠʥʠ 

ʇʨʘʢʪʠʯʥʘ ʨʝʘʣʽʟʘʮʽʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʷʚʣʝʥʥʷ 

ʧʘʪʦʣʦʛʽʯʥʦʾ ʙʽʦʪʢʘʥʠʥʠ ʚ ʦʨʛʘʥʽʟʤʽ ʣʶʜʠʥʠ ʥʘ ʨʘʥʥʽʡ ʩʪʘʜʽʾ. ʆʩʦʙʣʠʚʦ ʮʝ ʚʘʞʣʠʚʦ 

ʧʨʠ ʜʽʘʛʥʦʩʪʫʚʘʥʥʽ ʨʘʢʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʣʝʪʘʣʴʥʠʭ ʥʘʩʣʽʜʢʽʚ.  

ʈʝʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ ʢʦʤʧʣʝʢʩʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʘʪʦʣʦʛʽʯʥʦʾ 

ʙʽʦʪʢʘʥʠʥʠ ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʽ ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʟʘʜʘʯ ʜʦʩʣʽʜʞʝʥʥʷ ʧʘʪʦʣʦʛʽʾ ʙʽʦʪʢʘʥʠʥ 

ʩʪʨʘʚʦʭʦʜʫ ʪʘ ʰʣʫʥʢʫ.  

ʅʘʡʙʽʣʴʰʫ ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʧʘʨʘʤʝʪʨʠ ʤʘʶʪʴ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʜʦʩʣʽʜʞʝʥʴ 

ʤʘʡʞʝ ʚʽʜʨʘʟʫ ʧʽʩʣʷ ʥʘʜʭʦʜʞʝʥʥʷ ʙʽʦʪʢʘʥʠʥʠ ʚʽʜ ʧʘʮʽʻʥʪʘ. ʉʧʨʘʚʘ ʚ ʪʦʤʫ, ʷʢʱʦ 
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ʙʽʦʪʢʘʥʠʥʠ ʧʨʦʣʝʞʘʪʴ ʜʫʞʝ ʚʝʣʠʢʠʡ ʯʘʩ ʚ ʥʠʭ ʨʦʟʧʦʯʥʫʪʴʩʷ ʧʘʪʦʣʦʛʽʯʥʽ ʟʤʽʥʠ ʷʢʽ ʚ 

ʩʚʦʶ ʯʝʨʛʫ ʟʤʽʥʷʪʴ ʢʘʨʪʠʥʫ ʦʪʨʠʤʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ.  

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʨʦʙʽʪ, ʧʨʠʩʚʷʯʝʥʠʭ ʚʠʚʯʝʥʥʶ ʬʣʫʦʨʝʩʮʝʥʮʽʾ 

ʙʽʦʣʦʛʽʯʥʠʭ ʪʢʘʥʠʥ ʧʽʜ ʜʽʻʶ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʧʦʚ`ʷʟʘʥʠʭ ʟʽ ʟʤʽʥʦʶ 

ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʩʠʛʥʘʣʫ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʨʠ ʧʦʧʘʜʘʥʥʽ ʥʘ ʧʘʪʦʣʦʛʽʯʥʫ 

ʙʽʦʪʢʘʥʠʥʫ, ʫ ʜʦʩʪʫʧʥʽʡ ʥʘʫʢʦʚʽʡ ʣʽʪʝʨʘʪʫʨʽ ʥʘʤʠ ʥʝ ʚʠʷʚʣʝʥʦ, ʘ ʩʘʤʝ: ʟʙʫʜʞʝʥʥʷ 

ʬʝʤʪʦʩʝʢʫʥʜʥʠʤ ʣʘʟʝʨʥʠʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʟʽ ʟʤʽʥʥʦʶ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ, 

ʩʫʢʫʧʥʦʛʦ ʘʥʘʣʽʟʫ ʧʘʪʦʣʦʛʽʯʥʦʾ ʙʽʦʪʢʘʥʠʥʠ ʟʘ ʯʦʪʠʨʤʘ ʧʘʨʘʤʝʪʨʘʤʠ (Pʚʽʜ., Pʧʨʦʭ. , ɚʚʽʜ, 

T1ʤʤ- T5ʤʤ). 

ʅʘ ʧʽʜʩʪʘʚʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʙʫʣʠ ʧʨʦʚʝʜʝʥʘ ʧʨʦʙʥʘ ʜʽʘʛʥʦʩʪʠʢʘ 

ʧʘʪʦʣʦʛʽʯʥʦʾ ʪʢʘʥʠʥʠ ʧʦ ʩʠʛʥʘʣʫ ʬʣʫʦʨʝʩʮʝʥʮʽʾ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʜʦʩʣʽʜʞʝʥʴ 

ʥʦʚʦʫʪʚʦʨʝʥʴ ʩʪʨʘʚʦʭʦʜʫ. ʈʝʟʫʣʴʪʘʪʠ ʜʘʥʠʭ ʨʦʙʽʪ ʟʦʙʨʘʞʝʥʽ ʥʘ ʨʠʩ.5.4. 

  

  

  

ʈʠʩ 5.1 ʌʦʪʦʛʨʘʬʽʾ ʧʘʪʦʣʦʛʽʯʥʦʾ ʪʢʘʥʠʥʠ ʩʪʨʘʚʦʭʦʜʫ, ʟʨʦʙʣʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʝʥʜʦʩʢʦʧʫ. 
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ʅʘ ʨʠʩʫʥʢʫ 5.1 ʧʦʢʘʟʘʥʽ ʬʦʪʦʛʨʘʬʽʾ, ʷʢʽ ʟʨʦʙʣʝʥʽ ʧʽʜ ʯʘʩ ʧʨʦʮʝʩʫ ʜʽʘʛʥʦʩʪʠʢʠ. 

ʅʘ ʧʝʨʰʠʭ ʯʦʪʠʨʴʦʭ ʬʦʪʦʛʨʘʬʽʷʭ ʩʚʽʪʣʦ ʚʽʜ ʝʥʜʦʩʢʦʧʫ ʚʚʽʤʢʥʝʥʝ ʜʣʷ ʚʽʟʫʘʣʴʥʦʛʦ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʧʨʦʭʦʜʞʝʥʥʷ ʝʥʜʦʩʢʦʧʫ ʧʦ ʩʪʨʘʚʦʭʦʜʫ, ʘ ʥʘ ʜʚʦʭ ʦʩʪʘʥʥʽʭ 

ʬʦʪʦʛʨʘʬʽʷʭ ʜʞʝʨʝʣʦ ʦʩʚʽʪʣʝʥʥʷ ʚʠʤʢʥʝʥʦ ʜʣʷ ʟʙʦʨʫ ʽʥʬʦʨʤʘʮʽʾ ʢʘʨʪʠʥʠ ʩʧʝʢʪʨʽʚ 

ʬʣʫʦʨʝʩʮʝʥʮʽʾ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʥʜʦʩʢʦʧʘ ʨʠʩ.5.2-5.3 ʚ ʷʢʠʡ 

ʨʦʟʤʽʩʪʠʣʠ ʜʞʛʫʪ ʟ ʜʚʦʭ ʦʧʪʦʚʦʣʦʢʦʥ, ʧʦ ʦʜʥʦʤʫ ʟ ʦʧʪʦʚʦʣʦʢʥʘ ʧʨʦʭʦʜʠʣʦ ʣʘʟʝʨʥʝ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ 400ʥʤ.  

  

ʈʠʩ 5.2 ʌʦʪʦʛʨʘʬʽʷ ʝʥʜʦʩʢʦʧʫ ʈʠʩ 5.3 ʉʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ 

ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʝʥʜʦʩʢʦʧʽʯʥʦʛʦ 

ʟʦʥʜʘ. 

 

ɿʘʚʜʷʢʠ ʜʨʫʛʦʤʫ ʦʧʪʦʚʦʣʦʢʥʫ ʙʫʣʦ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʩʠʛʥʘʣ ʬʣʫʦʨʝʩʮʝʥʮʽʾ 

ʙʽʦʣʦʛʽʯʥʦʾ ʪʢʘʥʠʥʠ ʩʪʨʘʚʦʭʦʜʫ. ʈʝʟʫʣʴʪʘʪ ʬʣʫʦʨʝʩʮʝʥʮʽʾ ʧʘʪʦʣʦʛʽʯʥʦʾ ʪʘ ʟʜʦʨʦʚʦʾ 

ʙʽʦʪʢʘʥʠʥʠ ʩʪʨʘʚʦʭʦʜʫ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ.5.4. 
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ʈʠʩ. 5.4 ʉʧʝʢʪʨʠ ʬʣʫʦʨʝʩʮʝʥʮʽʾ ʧʘʪʦʣʦʛʽʯʥʦʾ ʪʘ ʟʜʦʨʦʚʦʾ ʙʽʦʪʢʘʥʠʥʠ ʩʪʨʘʚʦʭʦʜʫ. 

1 ï ʌʣʫʦʨʝʩʮʝʥʮʽʷ ʟʜʦʨʦʚʦʾ ʪʢʘʥʠʥʠ. 

2 ï ʌʣʫʦʨʝʩʮʝʥʮʽʷ ʧʫʭʣʠʥʠ ʥʝʜʘʣʝʢʦ ʚʽʜ ʛʨʘʥʠʮʽ 

3 ï ʌʣʫʦʨʝʩʮʝʥʮʽʷ ʛʨʘʥʠʮʽ ʧʫʭʣʠʥʠ  

ɺʽʜʤʽʥʥʽʩʪʶ ʟʜʦʨʦʚʦʾ ʙʽʦʪʢʘʥʠʥʠ ʚʽʜ ʧʘʪʦʣʦʛʽʯʥʦʾ ʥʘ ʜʘʥʦʤʫ ʛʨʘʬʽʢʫ 

(ʜʠʚ. ʨʠʩ.5.4) ʻ ʧʽʜʩʠʣʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚ ʜʽʘʧʘʟʦʥʽ 475-525ʥʤ. ʪʘ ʧʦʷʚʘ ʧʽʢʫ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚ ʜʽʘʧʘʟʦʥʽ 625-650 ʥʤ. 

ʅʘ ʧʽʜʩʪʘʚʽ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʦʾ ʤʝʪʦʜʠʢʠ ʤʦʞʥʘ 

ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʣʫʦʨʝʩʮʝʥʪʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ, ʷʢ 

ʜʦʧʦʤʽʞʥʠʡ ʩʧʦʩʽʙ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʘʪʦʣʦʛʽʯʥʠʭ ʫʪʚʦʨʝʥʴ.  

ʇʝʨʝʚʽʨʢʘ ʚʩʽʭ ʽʥʰʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʦʩʣʽʜʞʝʥʠʭ ʫ ʨʦʙʦʪʽ ʙʫʣʘ ʥʝʤʦʞʣʠʚʘ ʚ 

ʟʚôʷʟʢʫ ʟ ʩʢʣʘʜʥʦʶ ʧʨʦʮʝʜʫʨʦʶ ʦʪʨʠʤʘʥʥʷ ʜʦʟʚʦʣʽʚ ʥʘ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʫ 

ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʚ ʤʝʜʠʯʥʠʭ ʫʩʪʘʥʦʚʘʭ. 

ʇʝʨʩʧʝʢʪʠʚʘʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ: 
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1. ʇʨʦʩʪʘ ʚʽʟʫʘʣʽʟʘʮʽʷ ʤʝʞ ʧʫʭʣʠʥʠ. 

2. ʄʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʣʽʢʘʨʩʴʢʽʡ ʧʨʘʢʪʠʮʽ ʜʣʷ ʚʽʟʫʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʶ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʚʪʨʫʯʘʥʥʷ. 

3. ɼʽʘʛʥʦʩʪʠʯʥʘ ʟʥʘʯʠʤʽʩʪʴ ʣʘʟʝʨʥʦʛʦ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʨʽʟʥʠʭ ʧʫʭʣʠʥ. 

ʈʝʘʣʽʟʘʮʽʷ ʜʘʥʦʾ ʨʦʙʦʪʠ ʙʫʣʘ ʚʪʽʣʝʥʘ ʚ ʜʚʦʭ ʘʢʪʘʭ ʚʧʨʦʚʘʜʞʝʥʥʷʭ, ʱʦ ʥʘʚʝʜʝʥʽ 

ʚ ʜʦʜʘʪʢʘʭ. 

 

5.3 ʐʣʷʭʠ ʨʦʟʰʠʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʬʝʤʪʦʩʝʢʫʥʜʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʣʷ ʜʽʘʛʥʦʩʪʠʢʠ ʙʽʦʣʦʛʽʯʥʠʭ 

ʪʢʘʥʠʥ 

ɺʘʞʣʠʚʠʤ ʥʘʧʨʷʤʦʤ ʮʽʻʾ ʨʦʙʦʪʠ ʻ ʧʦʰʫʢ, ʚʽʜʙʽʨ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ ʧʨʘʢʪʠʢʫ 

ʥʦʚʠʭ ʩʫʯʘʩʥʠʭ ʤʝʜʠʯʥʠʭ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʽ ʟʘʩʦʙʽʚ ʾʭ ʨʝʘʣʽʟʘʮʽʾ, ʷʢʽ ʥʘʜʘʶʪʴ 

ʤʦʞʣʠʚʽʩʪʴ ʥʝʽʥʚʘʟʠʚʥʦ ʽ ʥʘ ʨʘʥʥʽʭ ʩʪʘʜʽʷʭ ʚʠʟʥʘʯʘʪʠ ʥʘʷʚʥʽʩʪʴ, ʘʙʦ ʪʝʥʜʝʥʮʽʶ 

ʨʦʟʚʠʪʢʫ ʨʽʟʥʠʭ ʧʘʪʦʣʦʛʽʡ.  

ʗʢ ʙʫʣʦ ʚʢʘʟʘʥʦ ʚʠʱʝ, ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʜʦʚʞʠʥ ʭʚʠʣʴ: 

300-500 ʥʤ, ʪʘ 600-1000 ʥʤ. ʗʢ ʚʠʜʥʦ, ʽʩʥʫʻ ʩʧʝʢʪʨʘʣʴʥʠʡ ʜʽʘʧʘʟʦʥ, ʱʦ ʥʝ ʙʫʚ 

ʟʘʜʽʷʥʠʡ ʚ ʜʦʩʣʽʜʞʝʥʥʷʭ. ʎʝ ʧʦʚ'ʷʟʘʥʦ ʟ ʪʝʭʥʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʬʝʤʪʦʩʝʢʫʥʜʥʦʛʦ ʢʦʤʧʣʝʢʩʫ. ɺ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ, ʟ ʤʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʙʽʦʣʦʛʽʯʥʠʭ 

ʪʢʘʥʠʥ ʚ ʩʧʝʢʪʨʘʣʴʥʽʡ ʦʙʣʘʩʪʽ, ʷʢʘ ʚʽʜʩʫʪʥʷ ʫ ʬʝʤʪʦʩʝʢʫʥʜʥʦʤʫ ʚʠʘʨʦʤʽʥʶʚʘʥʥʽ, 

ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʦʪʨʠʤʘʥʥʷ ʟʙʫʜʞʫʶʯʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʜʽʘʧʘʟʦʥʽ 

ʜʦʚʞʠʥ ʭʚʠʣʴ 500-600 ʥʤ. ɼʣʷ ʮʴʦʛʦ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʩʧʝʢʪʨʽʚ 

ʬʦʪʦʣʶʤʽʥʝʩʮʝʥʮʽʾ ʩʚʽʪʣʦʜʽʦʜʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʟ 

ʤʥʦʞʠʥʥʠʤʠ ʢʚʘʥʪʦʚʠʤʠ ʷʤʘʤʠ GaN / InGaN.  

ɼʦʩʣʽʜʞʝʥʥʷ ʩʧʝʢʪʨʽʚ ʬʦʪʦʣʶʤʽʥʝʩʮʝʥʮʽʾ ʝʧʽʪʘʢʩʽʡʥʠʭ ʩʪʨʫʢʪʫʨ ʟ 

ʯʝʪʠʨʝʭʧʝʨʽʦʜʥʠʤʽ InGaN / GaN-ʄʂʗ ʧʨʦʚʦʜʠʣʦʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 20ęʉ. ɿʨʘʟʢʠ 

ʙʫʣʠ ʥʘʜʘʥʽ ʛʨʫʧʦʶ ʚʯʝʥʠʭ ʟ ʽʥʩʪʠʪʫʪʫ ʤʽʢʨʦʧʨʠʙʦʨʽʚ ʅɸʅ ʋʢʨʘʠʥʠ. ʗʢ ʜʞʝʨʝʣʦ 

ʟʙʫʜʞʝʥʥʷ (ʜʠʚ. ʨʠʩ.5.5) ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʦʩʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʨʝʪʴʦʾ ʛʘʨʤʦʥʽʢʠ 

(ʊHG) ʬʝʤʪʦʩʝʢʫʥʜʥʦʛʦ ʣʘʟʝʨʘ Mirra Optima 900-F, ʷʢʝ ʚʽʜʧʦʚʽʜʘʣʦ ʜʦʚʞʠʥʽ ʭʚʠʣʽ 
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302 ʥʤ. ʌʝʤʪʦʩʝʢʫʥʜʥʠʡ ʣʘʟʝʨ Mirra Optima 900-F ʛʝʥʝʨʫʚʘʚ ʧʦʩʣʽʜʦʚʥʽʩʪʴ 

ʽʤʧʫʣʴʩʽʚ ʥʘ ʜʦʚʞʠʥʽ ʭʚʠʣʽ 906 ʥʤ ʪʨʠʚʘʣʽʩʪʶ 80 ʬʩ ʽ ʯʘʩʪʦʪʦʶ ʧʦʚʪʦʨʝʥʥʷ 76 ʄɻʮ 

ʧʨʠ ʩʝʨʝʜʥʽʡ ʧʦʪʫʞʥʦʩʪʽ 500 ʤɺʪ. ʇʽʢʦʚʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʙʫʜʞʫʶʯʠʭ ʽʤʧʫʣʴʩʽʚ ʊHG 

ʩʪʘʥʦʚʠʣʘ 25 ɺʪ / ʩʤ2 ʧʨʠ ʪʨʠʚʘʣʦʩʪʽ ʽʤʧʫʣʴʩʽʚ ʙʽʣʴʰʝ 0,5 ʧʩ ʽ ʩʝʨʝʜʥʴʦʾ ʧʦʪʫʞʥʦʩʪʽ 

ʤʝʥʰʝ 1 ʤɺʪ, ʧʨʠ ʮʴʦʤʫ ʯʘʩʪʦʪʘ ʧʨʦʭʦʜʞʝʥʥʷ ʽʤʧʫʣʴʩʽʚ ʟʙʝʨʽʛʘʣʘʩʷ ʥʝʟʤʽʥʥʦʶ. 

ʈʝʻʩʪʨʘʮʽʷ ʬʦʪʦʣʶʤʽʥʝʩʮʝʥʮʽʾ ʧʨʦʚʦʜʠʣʘʩʷ ʩʧʝʢʪʨʦʤʝʪʨʦʤ Action Spectra Pro 2500 ʟ 

ʝʢʩʧʦʟʠʮʽʻʶ 5 ʩ ʟ ʢʨʦʢʦʤ 25 ʥʤ. 

 

 

ʈʠʩ.5.5 ɹʣʦʢ-ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʧʦ ʜʦʩʣʽʜʞʝʥʥʶ ʬʦʪʦʣʶʤʽʥʝʩʮʝʥʮʽʾ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ 

ɺʠʷʚʠʣʦʩʷ, ʱʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʬʦʪʦʣʶʤʽʥʝʩʮʝʥʮʽʾ ʤʥʦʞʠʥʥʠʭ 

ʢʚʘʥʪʦʚʠʭ ʷʤ ʥʘ "ʧʣʦʩʢʠʭ" ʥʘʥʦʪʝʤʧʣʘʪʥʠʭ ʰʘʨʘʭ GaN ʥʘ ʧʦʨʷʜʦʢ ʥʠʞʯʝ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ, ʦʪʨʠʤʘʥʦʾ ʥʘ ʥʘʥʦʩʪʝʨʞʥʷ. ʇʨʠ ʮʴʦʤʫ ʤʘʢʩʠʤʫʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʽʜ 

ʤʥʦʞʠʥʥʠʭ ʢʚʘʥʪʦʚʠʭ ʷʤ ʥʘ ʥʘʥʦʩʪʝʨʞʥʷ ʙʫʚ ʟʩʫʥʫʪʠʡ ʥʘ 67 ʥʤ ʚ ʜʦʚʛʦʭʚʠʣʴʦʚʫ 

ʦʙʣʘʩʪʴ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʦʥʪʨʦʣʴʥʠʤ "ʧʣʦʩʢʠʤ" ʟʨʘʟʢʦʤ ʨʠʩ 5.6 [138]. 
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ʈʠʩ.5.6 ʉʧʝʢʪʨʠ ʬʦʪʦʣʶʤʽʥʝʩʮʝʥʮʽʾ ʄʂʗ GaN / InGaN ʥʘ "ʧʣʘʥʘʨʥʠʭ" 

GaN ʥʘʥʦʪʝʤʧʣʘʪʥʠʭ ʰʘʨʘʭ (ʘ) ʽ ʥʘ ʩʠʩʪʝʤʽ ʥʘʥʦʩʪʝʨʞʥʝʡ (ʙ), ʦʪʨʠʤʘʥʽ ʧʨʠ 

ʟʙʫʜʞʝʥʥʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʪʨʝʪʴʦʾ ʛʘʨʤʦʥʽʢʠ ʬʝʤʪʦʩʝʢʫʥʜʥʦʛʦ ʣʘʟʝʨʘ (ɚ = 

302 ʥʤ) 

 

ʊʘʢʠʤ ʯʠʥʦʤ ʨʦʟʨʦʙʣʝʥʽ ʟʨʘʟʢʠ ʛʨʫʧʦʶ ʚʯʝʥʠʭ ʟ ʽʥʩʪʠʪʫʪʫ ʤʽʢʨʦʧʨʠʙʦʨʽʚ 

ʅɸʅ ʋʢʨʘʠʥʠ ʥʘ ʯʦʣʽ ʟ ʆʩʽʥʩʴʢʠʤ ɺʦʣʦʜʠʤʠʨʦʤ ɯʚʘʥʦʚʠʯʝʤ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ 

ʨʦʟʨʦʙʠʪʠ ʩʚʽʪʦʜʽʦʜʠ ʷʢʽ ʙʫʜʫ ʚʠʧʨʦʤʽʥʶʚʘʪʠ ʚ ʜʽʘʧʘʟʦʥʽ ʜʦʚʞʠʥ ʭʚʠʣʴ 500-600 ʥʤ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʚ ʮʽʡ ʦʙʣʘʩʪʽ ʫʞʝ ʧʨʠʚʝʣʠ ʜʦ ʥʠʟʴʢʠ ʚʘʞʣʠʚʠʭ ʥʘʫʢʦʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ 

ʫʩʧʽʰʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ. ʇʨʠʩʫʜʞʝʥʘ ʅʦʙʝʣʽʚʩʴʢʘ ʧʨʝʤʽʷ ʟ ʬʽʟʠʢʠ ʚ 2014 ʨʦʮʽ ʟʘ 

ʩʪʚʦʨʝʥʥʷ ʩʠʥʽʭ ʩʚʽʪʣʦʜʽʦʜʽʚ ʷʧʦʥʮʷʤʠ ʀʩʘʤʫ ɸʢʘʩʘʢʘ, ʍʽʨʦʩʽ ɸʤʘʥʦ ʽ ʉʶʜʟʽ 

ʅʘʢʘʤʫʨʠ (ʛʨʦʤʘʜʷʥʠʥ ʉʐɸ). ʎʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʜʘʶʪʴ ʥʘʤ ʤʦʞʣʠʚʽʩʪʴ 

ʧʨʦʜʦʚʞʫʚʘʪʠ ʜʦʩʣʽʜʞʫʚʘʪʠ ʙʽʦʣʦʛʽʯʥʽ ʪʢʘʥʠʥʠ ʚ ʮʽʡ ʦʙʣʘʩʪʽ. 
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ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 5 

ʗʢ ʙʫʣʦ ʧʦʢʘʟʘʥʦ ʚʠʱʝ, ʦʜʥʠʤ ʟ ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʣʢ̔ʫʚʘʥʥʷ ʣʶʜʠʥʠ ʽ 

ʥʘʩʝʣʝʥʥʷ ʚʽʜ ʨʘʢʫ ʚ ʮʽʣʦʤʫ ʻ ʟʘʚʯʘʩʥʘ ʨʘʥʥʷ ʜʽʘʛʥʦʩʪʠʢʘ ʨʘʢʫ. ʉʝʨʝʜ ʰʠʨʦʢʦʛʦ 

ʢʦʤʧʣʝʢʩʫ ʧʨʦʬʽʣʘʢʪʠʯʥʠʭ ʟʘʭʦʜʽʚ ʚʘʞʣʠʚʘ ʨʦʣʴ ʥʘʣʝʞʠʪʴ ʜʦ ʦʧʝʨʘʪʠʚʥʦʛʦ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ (ʤʦʥʽʪʦʨʠʥʛʫ) in vivo ʟʘ ʩʪʘʥʦʤ ʦʩʥʦʚʥʠʭ ʙʽʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʧʦʢʘʟʥʠʢʽʚ ʦʨʛʘʥʽʟʤʫ, ʱʦ ʻ ʨʘʥʥʴʦʶ ʜʽʘʛʥʦʩʪʠʢʦʶ ʪʘ ʤʝʪʦʶ ʜʘʥʦʾ ʜʠʩʝʨʪʘʮʽʡʥʦʾ 

ʨʦʙʦʪʠ. ɺ ʜʘʥʥʦʤʫ ʨʦʟʜʽʣʽ ʟʘʟʥʘʯʝʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʪʨʠʤʘʥʠʭ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʦʧʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʭʘʨʘʢʪʝʨʫ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʙʽʦʣʦʛʽʯʥʠʭ 

ʪʢʘʥʠʥ ʜʣʷ ʨʘʥʥʴʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʧʘʪʦʣʦʛʽʯʥʠʭ ʫʪʚʦʨʝʥʴ. ʊʘʢʦʞ ʧʨʦʚʝʜʝʥʦ ʧʨʦʙʥʫ 

ʜʽʘʛʥʦʩʪʠʢʫ ʧʘʪʦʣʦʛʽʯʥʦʾ ʪʢʘʥʠʥʠ ʟʘ ʩʠʛʥʘʣʦʤ ʬʣʫʦʨʝʩʮʝʥʮʽʾ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ 

ʜʦʩʣʽʜʞʝʥʴ ʥʦʚʦʫʪʚʦʨʝʥʴ ʩʪʨʘʚʦʭʦʜʫ. ɿʘ ʨʝʟʫʣʴʪʘʪʦʤ ʜʽʘʛʥʦʩʪʠʢʠ ʤʦʞʥʘ ʟʨʦʙʠʪʠ 

ʚʠʩʥʦʚʦʢ ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʣʫʦʨʝʩʮʝʥʪʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ, ʷʢ ʜʦʧʦʤʽʞʥʠʡ 

ʩʧʦʩʽʙ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʘʪʦʣʦʛʽʯʥʠʭ ʫʪʚʦʨʝʥʴ. 
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ɺʀʉʅʆɺʂʀ 

ɺ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʚʠʨʽʰʝʥʦ ʥʘʫʢʦʚʫ ʟʘʜʘʯʫ ʩʪʚʦʨʝʥʥʷ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʦʾ 

ʤʝʪʦʜʠʢʠ ʜʽʘʛʥʦʩʪʠʢʠ ʟʜʦʨʦʚʠʭ ʪʘ ʧʘʪʦʣʦʛʽʯʥʠʭ ʙʽʦʪʢʘʥʠʥ ʥʘ ʦʩʥʦʚʽ 

ʬʝʤʪʦʩʝʢʫʥʜʥʦʛʦ ʣʘʟʝʨʘ ʟʽ ʟʤʽʥʥʦʶ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ. 

ʆʜʝʨʞʘʥʦ ʥʘʩʪʫʧʥʽ ʦʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ: 

1. ɸʜʘʧʪʦʚʘʥʘ ʬʽʟʠʯʥʘ ʪʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʪʝʧʣʦʚʦʛʦ ʩʪʘʥʫ ʙʘʛʘʪʦʰʘʨʦʚʦʾ 

ʙʽʦʣʦʛʽʯʥʦʾ ʪʢʘʥʠʥʠ ʧʨʠ ʾʾ ʥʘʛʨʽʚʘʥʥʽ ʣʘʟʝʨʥʠʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʟ ʚʨʘʭʫʚʘʥʥʷʤ 

ʡʦʛʦ ʧʦʛʣʠʥʘʥʥʷ ʪʘ ʨʦʟʩʽʶʚʘʥʥʷ ʥʘʧʽʚʧʨʦʟʦʨʠʤ ʩʝʨʝʜʦʚʠʱʝʤ ʦʪʦʯʝʥʠʤ 

ʥʘʧʽʚʧʨʦʟʦʨʠʤʠ ʜʠʬʫʟʥʦ-ʚʽʜʙʠʚʘʣʴʥʠʤʠ ʛʨʘʥʠʮʷʤʠ. 

2. ʈʦʟʨʦʙʣʝʥʘ ʯʠʩʣʦʚʘ ʤʦʜʝʣʴ, ʷʢʘ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʯʠʩʣʦʚʦʛʦ ʘʥʘʣʽʟʫ 

ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʠ, ʛʨʘʜʽʻʥʪʽʚ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʠʭ 

ʧʦʪʦʢʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ (ʛʝʦʤʝʪʨʠʯʥʠʭ, ʬʽʟʠʯʥʠʭ, ʫʤʦʚ 

ʟʦʚʥʽʰʥʴʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ ʪʘ ʽʥ.). 

3. ʈʦʟʨʦʙʣʝʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʤʝʜʠʢʦ-ʙʽʦʣʦʛʽʯʥʘ ʜʦʩʣʽʜʥʠʮʴʢʘ ʫʩʪʘʥʦʚʢʠ ʥʘ 

ʙʘʟʽ ʬʝʤʪʦʩʝʢʫʥʜʥʦʛʦ ʣʘʟʝʨʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ  ʪʘ ʭʘʨʘʢʪʝʨʫ 

ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʧʘʪʦʣʦʛʽʯʥʠʭ ʪʘ ʟʜʦʨʦʚʠʭ ʙʽʦʪʢʘʥʠʥ. 

4. ʅʘ ʦʩʥʦʚʽ ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ ʚʠʢʦʥʘʥʦ ʢʦʤʧʣʝʢʩʥʠʡ ʘʥʘʣʽʟ ʚʟʘʻʤʦʜʽʾ 

ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʬʝʤʪʦʩʝʢʫʥʜʥʦʾ ʪʨʠʚʘʣʦʩʪʽ ʟ ʙʽʦʣʦʛʽʯʥʠʤʠ ʪʢʘʥʠʥʘʤʠ ʪʘ 

ʦʪʨʠʤʘʥʽ ʧʘʨʘʤʝʪʨʠ(Pʚʽʜ., Pʧʨʦʭ., ɚʚʽʜ, T), ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʧʘʪʦʣʦʛʽʯʥʫ 

ʙʽʦʪʢʘʥʠʥʫ ʙʽʣʴʰ ʪʦʯʥʦ ʥʽʞ ʽʩʥʫʶʯʽ ʤʝʪʦʜʠ ʜʽʘʛʥʦʩʪʠʢʠ. 

5. ʇʨʦʚʝʜʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜʪʚʝʨʜʠʣʠ ʘʜʝʢʚʘʪʥʽʩʪʴ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʦʜʝʣʽ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʠ, ʛʨʘʜʽʻʥʪʽʚ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ 

ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ ʚ ʙʽʦʣʦʛʽʯʥʠʭ ʪʢʘʥʠʥʘʭ ʧʽʜ ʚʧʣʠʚʦʤ ʣʘʟʝʨʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

6. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʷʚʣʝʥʦ ʯʽʪʢʫ ʚiʜʤiʥʥiʩʪʴ ʩʧʝʢʪʨiʚ ʬʣʫʨʝʩʮʝʥʮiʾ 

ʧʘʪʦʣʦʛʽʯʥʠʭ ʪʘ ʟʜʦʨʦʚʠʭ ʙiʦʪʢʘʥʠʥ ʟʘ iʥʪʝʥʩʠʚʥiʩʪʶ (ʚ ʧʘʪʦʣʦʛiʯʥiʡ ʪʢʘʥʠʥi 

iʥʪʝʥʩʠʚʥiʩʪʴ ʚʠʱʘ, ʥiʞ ʚ ʟʜʦʨʦʚiʡ, ʧʨʠ ʮʴʦʤʫ ʚʦʥʘ ʟʨʦʩʪʘʻ ʧʨʠ ʧʝʨʝʤiʱʝʥʥi ʚiʜ 

ʩʝʨʝʜʠʥʠ ʜʦ ʛʨʘʥʠʮi ʧʫʭʣʠʥʠ ʜʦ 3-ʭ ʨʘʟiʚ ʧʦ ʚiʜʥʦʰʝʥʥʶ ʜʦ iʥʪʝʥʩʠʚʥʦʩʪi ʚ 

ʟʜʦʨʦʚiʡ ʪʢʘʥʠʥi). ʇʨʠ ʦʧʨʦʤiʥʝʥʥi ʦʙʣʘʩʪi, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʤʝʞi ʤiʞ ʟʜʦʨʦʚʦʶ 

ʪʘ ʧʘʪʦʣʦʛiʯʥʦʶ ʜiʣʷʥʢʘʤʠ ʪʢʘʥʠʥʠ ʟʨʘʟʢʘ,  ʣʘʟʝʨʥʠʤ ʢʦʨʦʪʢʦʭʚʠʣʴʦʚʠʤ 
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ʚʠʧʨʦʤiʥʶʚʘʥʥʷʤ ʚ ʜiʘʧʘʟʦʥi 380ï400 ʥʤ, ʫ ʩʧʝʢʪʨi ʬʣʫʦʨʝʩʮʝʥʮiʾ ʟôʷʚʣʷʶʪʴʩʷ 

ʜʦʜʘʪʢʦʚi ʧiʢʠ ʚ ʜʦʚʛʦʭʚʠʣʴʦʚiʡ ʦʙʣʘʩʪi (600ï 700 ʥʤ). 

7. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʦʪʫʞʥiʩʪʴ ʚʠʧʨʦʤiʥʶʚʘʥʥʷ ʨʦʟʩiʷʥʦʛʦ ʟʨʘʟʢʘʤʠ ʟʜʦʨʦʚʠʭ 

ʙiʦʪʢʘʥʠʥ ʥʘ 20%ï30% ʙiʣʴʰʘ ʧʦʨiʚʥʷʥʥʦ ʟ ʧʘʪʦʣʦʛiʯʥʠʤʠ ʟʨʘʟʢʘʤʠ, ʚʥʘʩʣiʜʦʢ 

ʪʦʛʦ, ʱʦ ʧʘʪʦʣʦʛiʯʥʘ ʪʢʘʥʠʥʘ ʤʘʻ ʙiʣʴʰʠʡ ʢʦʝʬiʮiʻʥʪ ʧʦʛʣʠʥʘʥʥʷ. ʎʝ, ʚ ʩʚʦʶ ʯʝʨʛʫ, 

ʧʨʠʚʦʜʠʪʴ ʜʦ ʙiʣʴʰʦʛʦ ʥʘʛʨiʚʘʥʥʷ ʧʘʪʦʣʦʛiʯʥʦʾ ʙiʦʪʢʘʥʠʥʠ ʧiʜ ʯʘʩ ʝʢʩʧʦʟʠʮiʾ 

ʣʘʟʝʨʥʠʤ ʚʠʧʨʦʤiʥʶʚʘʥʥʷʤ. 

8. ɺʩʪʘʥʦʚʣʝʥʦ ʢʫʪʦʚʫ ʟʘʢʦʥʦʤiʨʥiʩʪʴ ʧʦʰʠʨʝʥʥʷ ʥʝʧʝʨʝʨʚʥʦʛʦ ʪʘ 

ʬʝʤʪʦʩʝʢʫʥʜʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤiʥʶʚʘʥʥʷ ʢʨiʟʴ ʙiʦʪʢʘʥʠʥʠ, ʷʢʘ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ 

ʨiʟʥʠʭ ʪʠʧiʚ ʙiʦʪʢʘʥʠʥ. ɸ ʩʘʤʝ, ʧʨʦʡʰʦʚʰʠ ʚʠʧʨʦʤiʥʶʚʘʥʥʷ ʥʘ ʨiʚʥi 0,5 ʚiʜ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʪʘ ʚʠʱʝ ʤʦʞʥʘ ʫʤʦʚʥʦ ʚiʜʦʙʨʘʟʠʪʠ ʷʢ ʚʠʧʨʦʤiʥʶʚʘʥʥʷ, ʱʦ 

ʧʨʦʭʦʜʠʪʴ ʚ ʪiʣʝʩʥʠʡ ʢʫʪ 30 ʐ ʜʣʷ ʥʝʧʝʨʝʨʚʥʦʛʦ ʨʝʞʠʤʫ ʪʘ ʚ ʢʫʪ 60 ʐ ʜʣʷ 

ʬʝʤʪʦʩʝʢʫʥʜʥʦʛʦ ʨʝʞʠʤʫ. 

9. ʇʦʢʘʟʘʥʦ, ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʭʘʨʘʢʪʝʨʘ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʙiʦʪʢʘʥʠʥ ʧʽʜ ʜʽʻʶ 

ʽʤʧʫʣʴʩʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʬʝʤʪʦʩʝʢʫʥʜʥʦʾ ʪʨʠʚʘʣʦʩʪʽ, ʱʦ ʧʘʪʦʣʦʛiʯʥi 

ʙiʦʪʢʘʥʠʥʠ ʟʜʘʪʥi ʚ ʙiʣʴʰiʡ ʤiʨi ʥʘʢʦʧʠʯʫʚʘʪʠ ʪʝʧʣʦ, ʚʥʘʩʣiʜʦʢ ʟʤiʥ ʾʭ 

ʤʦʨʬʦʣʦʛiʯʥʠʭ ʪʘ ʛiʩʪʦʣʦʛiʯʥʠʭ ʧʘʨʘʤʝʪʨiʚ. ʆʪʞʝ, ʟʘ ʪʝʧʣʦʬiʟʠʯʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʤʦʞʥʘ ʚʩʪʘʥʦʚʠʪʠ ʧʘʪʦʣʦʛiʶ ʙiʦʪʢʘʥʠʥ. 

10. ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʪʘ ʨʝʢʦʤʝʥʜʘʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʪʨʠʤʘʥʠʭ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʦʧʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʭʘʨʘʢʪʝʨʫ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʙʽʦʣʦʛʽʯʥʠʭ 

ʪʢʘʥʠʥ ʜʣʷ ʨʘʥʥʴʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʧʘʪʦʣʦʛʽʯʥʠʭ ʫʪʚʦʨʝʥʴ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʢʦʤʧʣʝʢʩʥʠʡ ʧiʜʭiʜ, ʱʦ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʜʦʩʣiʜʞʝʥʥi: ʩʧʝʢʪʨiʚ 

ʬʣʫʦʨʝʩʮʝʥʮi ,ʾ ʧʦʪʫʞʥʦʩʪi ʨʦʟʩiʷʥʦʛʦ ʚʠʧʨʦʤiʥʶʚʘʥʥʷ ʪʘ ʚʠʧʨʦʤiʥʶʚʘʥʥʷ, ʱʦ 

ʧʨʦʡʰʣʦ ʢʨiʟ ɹʙiʦʣʦʛiʯʥi ʪʢʘʥʠʥʠ, ʜʘʻ ʤʦʞʣʠʚiʩʪʴ ʚiʜʨiʟʥʠʪʠ ʧʘʪʦʣʦʛiʯʥi ʪʢʘʥʠʥʠ 

ʚiʜ ʟʜʦʨʦʚʠʭ, ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʠʪʠ ʤʝʞi ʧʘʪʦʣʦʛiʯʥʠʭ ʥʦʚʦʫʪʚʦʨʝʥʴ, ʱʦ  ̒ʧʨʠʥʮʠʧʦʚʦ 

ʚʘʞʣʠʚʠʤ ʚ ʨʘʟi ʥʝʦʙʭiʜʥʦʩʪi ʭiʨʫʨʛiʯʥʦʛʦ ʚʪʨʫʯʘʥʥʷ. ɺ ʩʚʦʶ ʯʝʨʛʫ, ʘʥʘʣiʟ ʢʫʪʦʚʦʛʦ 

ʨʦʟʧʦʜiʣʫ ʧʦʰʠʨʝʥʥʷ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤiʥʶʚʘʥʥʷ ʚ ʙiʦʪʢʘʥʠʥʘʭ, ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ 

ʚʝʣʠʯʠʥʫ ʛʫʩʪʠʥʠ ʧʦʪʫʞʥʦʩʪi ʜʣʷ ʨiʟʥʠʭ ʙiʦʪʢʘʥʠʥ, ʱʦ ʻ ʚʘʞʣʠʚʠʤ ʚ ʨʦʟʨʘʭʫʥʢʘʭ 

ʜʦʟʠ ʣʘʟʝʨʥʦʛʦ ʦʧʨʦʤiʥʝʥʥʷ ʧʨʠ ʧʨʦʚʝʜʝʥʥi ʩʝʘʥʩiʚ ʣʘʟʝʨʥʦʾ ʪʝʨʘʧiʾ. 
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