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ɸʅʆʊɸʎɯʗ 

ɹʘʛʣʘʡ ɺ. ɸ.  ʊʝʭʥʦʣʦʛʽʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʬʦʨʤ ʽʥʪʘʛʣʽʦʜʨʫʢʫ. 

ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʬʽʣʦʩʦʬʽʾ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 186 ɺʠʜʘʚʥʠʮʪʚʦ ʪʘ ʧʦʣʽʛʨʘʬʽʷ (18 ɺʠʨʦʙʥʠʮʪʚʦ ʪʘ ʪʝʭʥʦʣʦʛʽʾ). 

ï ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ 

ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè, ʂʠʾʚ, 2023. 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʚʠʨʽʰʝʥʥʶ ʘʢʪʫʘʣʴʥʦʛʦ ʥʘʫʢʦʚʦ- 

ʧʨʠʢʣʘʜʥʦʛʦ ʟʘʚʜʘʥʥʷ  ï  ʨʦʟʨʦʙʣʝʥʥʶ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ 

ʬʦʨʤ ʽʥʪʘʛʣʽʦʜʨʫʢʫ, ʚʠʛʦʪʦʚʣʶʚʘʥʠʭ ʧʨʷʤʠʤ ʣʘʟʝʨʥʠʤ ʛʨʘʚʽʶʚʘʥʥʷʤ ʪʘ 

ʥʘʥʝʩʝʥʥʷʤ ʟʘʭʠʩʥʦʛʦ ʥʽʪʨʠʜ-ʭʨʦʤʦʚʦʛʦ ʧʦʢʨʠʪʪʷ ʚʘʢʫʫʤʥʠʤ ʥʘʧʠʣʝʥʥʷʤ. 

ɯʥʪaʛʣiʦʜʨʫʢ (ʤʝʪʘʣʦʛʨʘʬʽʯʥʠʡ ʜʨʫʢ) ï ʚʠʩʦʢʦʟʘʭʠʱʝʥʠʡ ʨʽʟʥʦʚʠʜ  

ʛʣʠʙʦʢʦʛʦ ʜʨʫʢʫ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʫʩʴʦʤʫ ʩʚʽʪʽ ʜʣʷ ʟʘʭʠʩʪʫ ʧʝʨʝʚʘʞʥʦ  

ʙʘʥʢʥʦʪʥʦʾ ʧʨʦʜʫʢʮʽʾ, ʷʢʠʡ ʻ ʦʙʦʚôʷʟʢʦʚʠʤ ʟʘ ʨʝʢʦʤʝʥʜʘʮʽʷʤʠ ɯʥʪʝʨʧʦʣʫ. 

ɿʘʭʦʜʠ ʱʦʜʦ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʽʥʪʘʛʣʽʦʜʨʫʢʫ ʧʦʪʨʝʙʫʶʪʴ ʽ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ 

ʬʦʨʤ. ʅʘʡʩʫʯʘʩʥʽʠhʡ ʩʧʦʩʽʙ ʚʠʛʦʪʦʚʣʝʥʥʷ ʬʦʨʤ ʽʥʪʘʛʣʽʦʜʨʫʢʫ ï  ʪʝʭʥʦʣʦʛʽʷ 

ʧʨʷʤʦʛʦ ʣʘʟʝʨʥʦʛʦ ʛʨʘʚʽʶʚʘʥʥʷ ï ʤʘʻ ʥʠʟʢʫ ʧʝʨʝʚʘʛ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʤʦʞʣʠʚʦʩʪʝʡ ʧʦʨʽʚʥʷʥʦ ʟ ʪʨʘʜʠʮʽʡʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʪʨʘʚʣʝʥʥʷ, ʦʜʥʘʢ, 

ʦʩʦʙʣʠʚʦʩʪʽ ʦʙʨʦʙʢʠ ʤʘʪʝʨʽʘʣʽʚ ʬʦʨʤ ʣʘʟʝʨʦʤ ʪʘ ʧʦʜʘʣʴʰʦʛʦ ʥʘʥʝʩʝʥʥʷ 

ʟʘʭʠʩʥʦʛʦ ʥʽʪʨʠʜ-ʭʨʦʤʦʚʦʛʦ ʧʦʢʨʠʪʪʷ ʚʘʢʫʫʤʥʠʤ ʥʘʧʠʣʝʥʥʷʤ ʤʦʞʫʪʴ 

ʚʠʢʣʠʢʘʪʠ ʟʥʠʞʝʥʥʷ ʪʠʨʘʞʝʩʪʽʡʢʦʩʪʽ ʬʦʨʤ ʧʦʨʽʚʥʷʥʦ ʽʟ ʪʨʘʜʠʮʽʡʥʠʤʠ 

ʪʝʭʥʦʣʦʛʽʷʤʠ ʚʠʛʦʪʦʚʣʝʥʥʷ ʬʦʨʤ. ʊʦʤʫ ʪʝʭʥʦʣʦʛʽʷ ʧʨʷʤʦʛʦ ʣʘʟʝʨʥʦʛʦ 

ʛʨʘʚʽʶʚʘʥʥʷ ʟ ʚʘʢʫʫʤʥʠʤ ʥʘʧʠʣʝʥʥʷʤ ʟʘʭʠʩʥʦʛʦ ʥʽʪʨʠʜ-ʭʨʦʤʦʚʦʛʦ ʧʦʢʨʠʪʪʷ 

ʧʦʪʨʝʙʫʻ ʫʜʦʩʢʦʥʘʣʝʥʥʷ, ʘ  ʜʦʩʣʽʜʞʝʥʥʷ, ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ 

ʬʦʨʤ ʽʥʪʘʛʣʽʦʜʨʫʢʫ ʻ ʘʢʪʫʘʣʴʥʠʤ ʥʘʫʢʦʚʠʤ  ʪʘ ʧʨʠʢʣʘʜʥʠʤ ʟʘʚʜʘʥʥʷʤ, 

ʨʦʟʚôʷʟʘʥʥʷ ʷʢʦʛʦ ʩʧʨʠʷʪʠʤʝ ʧʽʜʚʠʱʝʥʥʶ ʜʝʨʞʘʚʥʦʾ ʙʝʟʧʝʢʠ ʚ ʛʘʣʫʟʽ 

ʙʘʥʢʥʦʪʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ.  

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʚʠʢʦʥʫʚʘʣʘʩʷ  ʚ ʨʘʤʢʘʭ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʾ ʨʦʙʦʪʠ 

ˉ 2212-ʧ, ˉ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0119U100984 çʊʝʦʨʝʪʠʯʥʽ ʪʘ ʧʨʘʢʪʠʯʥʽ ʟʘʩʘʜʠ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʤʝʪʘʣʦʛʨʘʬʽʯʥʦʛʦ ʜʨʫʢʫè.  
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ʄʝʪʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʜʨʫʢʘʨʩʴʢʠʭ ʬʦʨʤ ʽʥʪʘʛʣʽʦʜʨʫʢʫ, ʚʠʛʦʪʦʚʣʝʥʠʭ ʤʝʪʦʜʦʤ 

ʧʨʷʤʦʛʦ ʣʘʟʝʨʥʦʛʦ ʛʨʘʚʽʶʚʘʥʥʷ ʪʘ ʚʘʢʫʫʤʥʦʛʦ ʥʘʧʠʣʝʥʥʷ ʟʘʭʠʩʥʦʛʦ ʧʦʢʨʠʪʪʷ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʚ ʨʦʙʦʪʽ, ʦʩʥʦʚʥʠʡ ʟʤʽʩʪ ʷʢʦʾ 

ʚʠʢʣʘʜʝʥʦ ʚ ʯʦʪʠʨʴʦʭ ʨʦʟʜʽʣʘʭ, ʚʠʢʦʥʘʥʦ ʥʠʟʢʫ ʟʘʚʜʘʥʴ.  

ʋ ʨʦʟʜʽʣʽ 1 çɿʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʽʥʪʘʛʣʽʦʜʨʫʢʫ ʚ ʩʫʯʘʩʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ 

ʙʘʥʢʥʦʪʥʦʾ ʧʨʦʜʫʢʮʽʾè ʧʨʦʚʝʜʝʥʦ ʜʝʪʘʣʴʥʠʡ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚʠʛʦʪʦʚʣʝʥʥʷ ʬʦʨʤ ʽʥʪʘʛʣʽʦʜʨʫʢʫ ʟ ʧʦʛʣʷʜʫ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʬʦʨʤ ʪʘ ʚ ʢʦʥʪʝʢʩʪʽ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʯʥʦʩʪʽ ʾʭ 

ʚʠʨʦʙʥʠʮʪʚʘ; ʨʦʟʨʦʙʣʝʥʦ ʤʦʜʝʣʴ ʚʠʟʥʘʯʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʬʦʨʤʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʽʥʪʘʛʣʽʦʜʨʫʢʫ; ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʽʥʪʘʛʣʽʦʜʨʫʢʫ, ʱʦ ʩʧʨʠʯʠʥʷʶʪʴ ʨʫʡʥʘʮʽʶ ʬʦʨʤ, ʨʦʟʨʦʙʣʝʥʦ 

ʩʠʩʪʝʤʫ ʬʦʨʤʫʚʘʥʥʷ ʪʠʨʘʞʦʩʪʽʡʢʦʩʪʽ ʬʦʨʤ ʽʥʪʘʛʣʽʦʜʨʫʢʫ; ʩʬʦʨʤʫʣʴʦʚʘʥʦ 

ʟʘʚʜʘʥʥʷ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ.  

ʋ ʨʦʟʜʽʣʽ 2 çʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷè ʨʦʟʨʦʙʣʝʥʦ ʟʘʛʘʣʴʥʠʡ 

ʘʣʛʦʨʠʪʤ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʱʦʜʦ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʬʦʨʤ ʽʥʪʘʛʣʽʦʜʨʫʢʫ, 

ʦʙˇʨʫʥʪʦʚʘʥʦ ʦʙʨʘʥʽ ʤʘʪʝʨʽʘʣʠ, ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʤʝʪʦʜʠʢʠ, ʦʧʠʩʘʥʦ ʨʦʟʨʦʙʣʝʥ ̔

ʥʦʚʽ ʤʝʪʦʜʠʢʠ ʜʦʩʣʽʜʞʝʥʥʷ ʷʢʦʩʪʽ ʛʨʘʚʽʡʦʚʘʥʠʭ ʰʪʨʠʭʽʚ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʫʩʴʦʛʦ 

ʢʦʤʧʣʝʢʩʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʘ ʪʝʦʨʝʪʠʯʥʠʭ  ʜʦʩʣʽʜʞʝʥʴ.  

ʋ ʨʦʟʜʽʣʽ 3 çɼʦʩʣʽʜʞʝʥʥʷ ʩʪʘʥʫ ʧʦʚʝʨʭʥʽ ʪʘ ʧʨʠʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ 

ʜʨʫʢʫʚʘʣʴʥʠʭ ʪʘ ʧʨʦʙʽʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʪʠʨʘʞʝʩʪʽʡʢʦʩʪʽ ʪʘ ʷʢʦʩʪʽ ʜʨʫʢʫʚʘʥʥʷ 

ʬʦʨʤ ʽʥʪʘʛʣʽʦʜʨʫʢʫ, ʚʠʛʦʪʦʚʣʝʥʠʭ ʧʨʷʤʠʤ ʣʘʟʝʨʥʠʤ ʛʨʘʚʽʶʚʘʥʥʷʤ ʟ 

ʥʘʧʠʣʝʥʥʷʤ ʟʘʭʠʩʥʦʛʦ ʧʦʢʨʠʪʪʷè ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʟʤʽʥʫ ʩʪʘʥʫ 

ʧʦʚʝʨʭʥʽ ʪʘ ʧʨʠʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ ʛʨʘʚʽʡʦʚʘʥʠʭ ʰʪʨʠʭʽʚ, ʪʠʨʘʞʝʩʪʽʡʢʦʩʪʽ ʪʘ 

ʷʢʦʩʪʽ ʜʨʫʢʫʚʘʥʥʷ ʬʦʨʤ ʽʥʪʘʛʣʽʦʜʨʫʢʫ, ʚʠʛʦʪʦʚʣʝʥʠʭ ʧʨʷʤʠʤ ʣʘʟʝʨʥʠʤ 

ʛʨʘʚʽʶʚʘʥʥʷʤ ʟ ʥʘʧʠʣʝʥʥʷʤ ʟʘʭʠʩʥʦʛʦ ʧʦʢʨʠʪʪʷ, ʘ ʪʘʢʦʞ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ 

ʧʨʦʮʝʩʠ ʪʘ ʫʩʽ ʚʠʜʠ ʚʧʣʠʚʽʚ ʚ ʜʨʫʢʘʨʩʴʢʽʡ ʩʝʢʮʽʾ ʤʘʰʠʥ ʽʥʪʘʛʣʽʦʜʨʫʢʫ, 

ʚʩʪʘʥʦʚʣʝʥʦ ʤʝʭʘʥʽʟʤʠ ʟʥʦʰʫʚʘʥʥʷ ʚ ʜʨʫʢʘʨʩʴʢʽʡ ʩʠʩʪʝʤʽ ʽʥʪʘʛʣʽʦʜʨʫʢʫ ʪʘ 

ʨʦʟʨʦʙʣʝʥʦ ʽʥʪʝʛʨʦʚʘʥʫ ʤʦʜʝʣʴ ʟʥʦʰʫʚʘʥʥʷ ʬʦʨʤ ʽʥʪʘʛʣʽʦʜʨʫʢʫ.  

ʋ ʨʦʟʜʽʣʽ 4 çʋʜʦʩʢʦʥʘʣʝʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʚʠʛʦʪʦʚʣʝʥʥʷ ʬʦʨʤ 
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ʽʥʪʘʛʣʽʦʜʨʫʢʫè ʚʩʪʘʥʦʚʣʝʥʦ ʚʧʣʠʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʘ 

ʧʘʨʘʤʝʪʨʠ ʷʢʦʩʪʽ ʛʨʘʚʽʡʦʚʘʥʠʭ ʜʨʫʢʫʚʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘ ʫʟʘʛʘʣʴʥʝʥʽ 

ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʛʨʘʚʽʡʦʚʘʥʠʭ ʰʪʨʠʭʽʚ ʬʦʨʤ, ʚʠʛʦʪʦʚʣʝʥʠʭ  ʧʨʷʤʠʤ ʣʘʟʝʨʥʠʤ 

ʛʨʘʚʽʶʚʘʥʥʷʤ, ʚʠʟʥʘʯʝʥʦ ʟʘʩʦʙʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʬʦʨʤ ʽʥʪʘʛʣʽʦʜʨʫʢʫ, 

ʜʦʩʣʽʜʞʝʥʦ ʧʘʨʘʤʝʪʨʠ ʷʢʦʩʪʽ ʤʦʜʝʣʴʥʠʭ ʬʦʨʤ, ʚʠʛʦʪʦʚʣʝʥʠʭ ʟʘ 

ʘʣʴʪʝʨʥʘʪʠʚʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ, ʪʘ ʥʘ ʮʽʡ ʦʩʥʦʚʽ  ʨʦʟʨʦʙʣʝʥʦ ʩʠʩʪʝʤʫ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʜʨʫʢʘʨʩʴʢʠʭ ʬʦʨʤ ʽʥʪʘʛʣʽʦʜʨʫʢʫ; ʦʧʠʩʘʥʦ 

ʥʠʟʢʫ ʦʪʨʠʤʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʱʦʜʦ ʚʟʘʻʤʦʟʚʷʟʢʫ  

ʧʘʨʘʤʝʪʨʽʚ ʛʨʘʚʽʡʦʚʘʥʠʭ ʰʪʨʠʭʽʚ ʟ ʨʝʞʠʤʘʤʠ ʚʠʛʦʪʦʚʣʝʥʥʷ ʬʦʨʤ, 

ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʽʥʪʝʛʣʽʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ  ʷʢʦʩʪʽ ʛʨʘʚʽʶʚʘʥʥʷ ʪʘ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʧʦʢʘʟʥʠʢʘ ʷʢʦʩʪʽ ʬʦʨʤ ʜʦʚʝʜʝʥʦ, ʱʦ ʩʪʘʥ ʧʦʚʝʨʭʥʽ ʰʪʨʠʭʽʚ ʻ ʱʝ ʦʜʥʠʤ 

ʜʦʜʘʪʢʦʚʠʤ ʬʘʢʪʦʨʦʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʬʦʨʤ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʥʘʥʥʷ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʦʪʨʠʤʘʥʦ ʪʘʢʽ ʥʦʚʽ ʥʘʫʢʦʚʽ 

ʨʝʟʫʣʴʪʘʪʠ: 

1. ɺʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʽʥʪʝʛʨʦʚʘʥʫ ʬʝʥʦʤʝʥʦʣʦʛʽʯʥʫ ʤʦʜʝʣʴ 

ʟʥʦʰʫʚʘʥʥʷ ʬʦʨʤ ʽʥʪʘʛʣʽʦʜʨʫʢʫ, ʷʢʘ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʚʩʝʙʽʯʥʦʤʫ ʘʥʘʣʽʟʽ ʫʩʽʭ 

ʚʠʜʽʚ ʚʧʣʠʚʫ ʥʘ ʬʦʨʤʫ ʥʘ ʫʩʽʭ ʝʪʘʧʘʭ ʜʨʫʢʫʚʘʥʥʷ ʪʘ ʚʩʪʘʥʦʚʣʝʥʠʭ ʤʝʭʘʥʽʟʤʘʭ 

ʟʥʦʰʝʥʥʷ ʚ ʜʨʫʢʘʨʩʴʢʽʡ ʩʠʩʪʝʤʽ ʽʥʪʘʛʣʽʦʜʨʫʢʫ, ʢʦʪʨʘ ʜʦʟʚʦʣʷʻ ʚʩʪʘʥʦʚʠʪʠ 

ʟʘʩʦʙʠ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʬʦʨʤ; 

2. ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʤʦʜʝʣʴ ʚʠʟʥʘʯʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʬʦʨʤʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʽʥʪʘʛʣʽʦʜʨʫʢʫ, ʷʢʘ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʜʝʪʘʣʴʥʦʤʫ ʘʥʘʣʽʟʽ 

ʦʢʨʝʤʠʭ ʝʪʘʧʽʚ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʢʣʘʜʥʠʢʽʚ ʧʨʦʮʝʩʽʚ ʚʠʛʦʪʦʚʣʝʥʥʷ ʬʦʨʤ, ʥʘ 

ʦʩʥʦʚʽ ʷʢʦʾ ʜʦʚʝʜʝʥʦ ʱʦ ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʧʨʷʤʦʛʦ 

ʣʘʟʝʨʥʦʛʦ ʛʨʘʚʽʶʚʘʥʥʷ ʪʘ ʚʘʢʫʫʤʥʦʛʦ ʥʘʧʠʣʝʥʥʷ ʟʘʭʠʩʥʦʛʦ ʧʦʢʨʠʪʪʷ 

ʜʦʟʚʦʣʠʪʴ ʟʥʠʟʠʪʠ ʚ 80ï170 ʨʘʟʽʚ ʝʢʦʣʦʛʽʯʥ ̔ʨʠʟʠʢʠ ʧʦʨʽʚʥʷʥʦ ʟ ʪʠʨʘʞʥʠʤʠ 

ʚʘʨʽʘʥʪʘʤʠ ʚʠʛʦʪʦʚʣʝʥʥʷ ʬʦʨʤ.  

3. ʋʜʦʩʢʦʥʘʣʝʥʦ ʬʝʥʦʤʝʥʦʣʦʛʽʯʥʫ ʤʦʜʝʣʴ ʬʦʨʤʫʚʘʥʥʷ ʬʘʨʙʦʚʦʛʦ 

ʨʝʣʴʻʬʫ ɯɼ, ʱʦ ʽʟ ʚʧʝʨʰʝ ʦʜʝʨʞʘʥʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʚʟʘʻʤʦʟʚôʷʟʢʫ ʧʨʦʬʽʣʽʚ ʛʨʘʚʽʡʦʚʘʥʠʭ ɼɽ ʬʦʨʤ ʪʘ ʧʨʦʝʢʪʦʚʘʥʠʭ ʧʨʦʬʽʣʽʚ ʽ 

ʨʝʞʠʤʽʚ ʛʨʘʚʽʶʚʘʥʥʷ ʚʧʝʨʰʝ ʜʦʟʚʦʣʠʣʦ ʚʩʪʘʥʦʚʠʪʠ, ʱʦ ʚʠʟʥʘʯʘʣʴʥʠʤ ʜʣʷ 
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ʢʨʘʧʣʝʧʦʜʽʙʥʦʾ ʬʦʨʤʠ ʬʘʨʙʦʚʦʛʦ ʨʝʣʴʻʬʫ ʻ ʩʘʤʝ ʬʦʨʤʘ ɻʐ, ʷʢʽ, ʥʝʟʘʣʝʞʥʦ 

ʚ̔ ʜ ʧʨʦʝʢʪʦʚʘʥʦʛʦ ʧʨʦʬʽʣʶ, ʟʘʚʞʜʠ ʤʘʶʪʴ ʢʫʪ ʥʘʭʠʣʫ ʩʪʽʥʦʢ 60Ñ10Ü.    

4. ɼʽʩʪʘʣʠ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʤʝʪʦʜʠ ʢʦʤʧʣʝʢʩʥʦʾ 

ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʾ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʧʦʣʽʛʨʘʬʽʯʥʦʾ ʧʨʦʜʫʢʮʽʾ ʨʦʟʨʦʙʣʝʥʥʷʤ 

ʩʠʩʪʝʤʠ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʬʦʨʤ ʽʥʪʘʛʣʽʦʜʨʫʢʫ ʥʘ ʦʩʥʦʚʽ ʯʘʩʪʢʦʚʠʭ ʧʦʢʘʟʥʠʢʽʚ  

ʷʢʦʩʪʽ ʛʨʘʚʽʡʦʚʘʥʠʭ ʰʪʨʠʭʽʚ ʬʦʨʤʠ ï ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʷʢʦʩʪʽ 

ʛʨʘʚʽʶʚʘʥʥʷ, ʱʦ ʨʘʟʦʤ ʟ ʚʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʁʩʠʩʪʝʤʦ  ʁʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʬʦʨʤ ʽʥʪʘʛʣʽʦʜʨʫʢʫ ʪʘ ʚʧʝʨʰʝ ʚʠʟʥʘʯʝʥʠʤʠ ʟʘʩʦʙʘʤʠ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʬʦʨʤ ʜʦʟʚʦʣʠʣʦ ʚʠʷʚʠʪʠ ʥʘʧʨʷʤʠ ʧʝʨʰʦʯʝʨʛʦʚʠʭ 

ʟʘʭʦʜʽʚ ʱʦʜʦ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʬʦʨʤ, ʱʦ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʧʨʷʤʠʤ ʣʘʟʝʨʥʠʤ 

ʛʨʘʚʽʶʚʘʥʥʷʤ.  

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʚ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʽ  ʥʘ 

ʚʩʽʭ ʝʪʘʧʘʭ ʚʠʛʦʪʦʚʣʝʥʥʷ ʬʦʨʤ ʽʥʪʘʛʣʽʦʜʨʫʢʫ, ʟʦʢʨʝʤʘ ʜʣʷ ʢʦʨʝʛʫʚʘʥʥʷ 

ʨʦʙʦʯʦʛʦ ʧʦʪʦʢʫ ʧʽʜʛʦʪʦʚʢʠ ʬʘʡʣʽʚ ʜʣʷ ʛʨʘʚʽʶʚʘʥʥʷ ʪʘ ʧʨʠʣʘʛʦʜʞʫʚʘʥʥʷ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʦʟʨʦʙʣʝʥʦʾ ʩʠʩʪʝʤʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʬʦʨʤ 

ʽʥʪʘʛʣʽʦʜʨʫʢʫ. ɺʠʟʥʘʯʝʥʽ ʟʘʩʦʙʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʜʦʟʚʦʣʠʣʠ ʚʠʷʚʠʪʠ 

ʥʘʧʨʷʤʠ ʧʝʨʰʦʯʝʨʛʦʚʠʭ ʟʘʭʦʜʽʚ ï  ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʢʦʨʝʛʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʮʝʩʫ ʚʠʛʦʪʦʚʣʝʥʥʷ ï ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʬʦʨʤ, ʱʦ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ 

ʧʨʷʤʠʤ ʣʘʟʝʨʥʠʤ ʛʨʘʚʽʶʚʘʥʥʷʤ. ʊʘʢʦʞ ʮʝ ʜʦʟʚʦʣʠʣʦ ʚʩʪʘʥʦʚʠʪʠ ʥʘʧʨʷʤʢʠ 

ʜʝʨʞʘʚʥʦʾ ʧʦʣʽʪʠʢʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʙʣʘʜʥʘʥʥʷʤ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ. 

ɸʧʨʦʙʘʮʽ ʁʚʠʨʦʙʥʠʯʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʬʦʨʤ ʧʨʦʚʝʜʝʥʦ ʫ ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚʘʭ 

ɹʘʥʢʥʦʪʥʦ-ʤʦʥʝʪʥʦʛʦ ʜʚʦʨʫ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʙʘʥʢʫ ʋʢʨʘʾʥʠ. ʈʝʟʫʣʴʪʘʪʠ 

ʜʦʩʣʽʜʞʝʥʴ ʚʧʨʦʚʘʜʞʝʥʦ ʫ ʥʘʚʯʘʣʴʥʠʡ ʧʨʦʮʝʩ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ ʧʽʜ 

ʯʘʩ ʧʨʦʚʝʜʝʥ ̫ ʣʝʢʮʽʡʥʠʭ, ʣʘʙʦʨʘʪʦʨʥʠʭ ʽ ʧʨʘʢʪʠʯʥʠʭ ʟʘʥʷʪʴ ʟ ʜʠʩʮʠʧʣʽʥ 

çɿʘʭʠʩʪ ʽʥʬʦʨʤʘʮʽʾ ʚ ʧʦʣʽʛʨʘʬʽʾè, çʊʝʭʥʦʣʦʛʽʾ ʟʘʭʠʩʪʫ ʜʨʫʢʦʚʘʥʦʾ ʧʨʦʜʫʢʮʽʾè.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʽʥʪʘʛʣʽʦʜʨʫʢ, ʪʝʭʥʦʣʦʛʽʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, 

ʜʨʫʢʘʨʩʴʢʘ ʬʦʨʤʘ, ʷʢʽʩʪʴ ʜʨʫʢʦʚʘʥʦʾ ʧʨʦʜʫʢʮʽʾ, ʜʨʫʢʘʨʩʴʢʘ ʪʝʭʥʦʣʦʛʽʷ, 

ʟʘʭʠʩʥʠʡ ʝʣʝʤʝʥʪ, ʧʨʦʙʥʠʡ ʚʽʜʙʠʪʦʢ, ʨʝʣʴʻʬʥʝ ʟʦʙʨʘʞʝʥʥʷ, ʟʘʭʠʱʝʥʘ 

ʧʦʣʽʛʨʘʬʽʯʥʘ ʧʨʦʜʫʢʮʽʷ, ʪʨʠʙʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ, 

ʟʘʭʠʩʥʝ ʧʦʢʨʠʪʪʷ, ʮʠʣʽʥʜʨ, ʣʘʟʝʨʥʝ ʛʨʘʚʽʶʚʘʥʥʷ, ʚʘʢʫʫʤʥʝ ʥʘʧʠʣʝʥʥʷ.  
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ANNOTATION  

Baglai V. A. Technological ensuring of intaglio printing plates quality. 

Qualifying scientific work on manuscript rights. 

Dissertation for obtaining the scientific degree of Doctor of Philosophy in 

specialty 186 Publishing and printing (18 Production and technologies). ï National 

Technical University of Ukraine "Ihor Sikorsky Kyiv Polytechnic Institute", Kyiv, 

2023. 

The dissertation work is devoted to solving an actual scientific and applied 

task ï developing technological quality assurance of intaglio printing plates 

produced by direct laser engraving and applying a protective nitride-chromium 

coating by vacuum sputtering. 

Intaglio printing (metallographic printing) is a highly secured type of gravure 

printing used worldwide to protect mainly banknote products, which is mandatory 

according to the recommendations of Interpol. Measures to improve the quality of 

intaglio printing also demand improving the quality of plates. The most modern 

method of manufacturing intaglio printing plates is direct laser engraving technology 

which has a number of advantages and technological possibilities compared to 

traditional etching technology. However, the peculiarities of processing the 

materials of the plates with a laser and the subsequent application of a protective 

chromium nitride coating by vacuum sputtering (PVD) can cause a decrease in the 

plates' durability compared to traditional technologies of plate making. Therefore, 

the technology of direct laser engraving with vacuum sputtering of a protective 

nitride-chromium PVD coating needs improvement. Research aimed at improving 

the quality of intaglio printing plates is an urgent scientific and applied task. The 

solving of this will contribute to the increasing of state security in the field of 

banknote production. 

The dissertation work was carried out within the framework of research work 

No. 2212-p, state registration No. 0119U100984 "Theoretical and practical 

principles of ensuring the quality of metallographic printing". 

The aim of the dissertation is to develop technological quality assurance of 
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intaglio printing plates made by the method of direct laser engraving and vacuum 

sputtering of a protective coating. 

To achieve the set goal in the work, the main content of which is laid out in 

four sections, a number of tasks were completed. 

In Chapter 1 "Ensuring the quality of intaglio printing in the modern banknote 

production", the detailed comparative analysis of the technological processes of 

manufacturing intaglio printing plates is carried out from the point of view of 

ensuring the quality of the plates and in the context of the environmental safety of 

their production. The model for determining the environmental efficiency of intaglio 

printing plate production was developed. The analysis of the technological features 

of intaglio printing, which cause the deterioration of plates, was carried out, and the 

system for forming the run length durability of intaglio printing plates was 

developed. The tasks of the dissertation research have been formulated. 

In Chapter 2 "Research materials and methods", a general algorithm for 

conducting research on improving the quality of intaglio printing plates has been 

developed.  The materials, equipment, and methods have been chosen. The new 

methods of researching the quality of engraved strokes have been developed for the 

entire complex of experimental and theoretical research.  

In Chapter 3 "Investigation of the state of the surface and surface layers of 

printing and blank spaces, run-length resistance and printing quality of intaglio 

printing plates made by direct laser engraving with vacuum sputtering of a protective 

coating",  it was presented the results of research on changes in the state of the 

surface and near-surface layers of engraved strokes, run length durability, and 

printing quality of intaglio printing plates made by direct laser engraving with 

sputtered of a protective coating. The processes and all types of influences in the 

printing section of intaglio printing machines were analyzed.  The wear mechanisms 

in the printing section of the intaglio printing machine were established. The 

integrated model of wear of intaglio printing plates has been developed.  

In Chapter 4 "Improved technological process of intaglio printing plates 

making", the influence of manufacturing technological parameters on the quality 
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parameters of engraved printing elements and generalized indicators of the quality 

of engraved strokes of plates made by direct laser engraving are determined, the 

means of ensuring the quality of intaglio printing plates are determined, the quality 

parameters of model plates made by alternative technologies are investigated, and 

on this basis, the system of technological assurance of the quality of intaglio printing 

plates has been created. A number of obtained experimental results regarding the 

relationship between the parameters of engraved strokes and modes of plate making 

have been described. The integral coefficient of engraving quality and the complex 

indicator of the quality of plates have been formulated. It has been proved that the 

state of the surface of strokes is another additional factor in ensuring the wear 

resistance of plates. 

As a result of the dissertation work, the following new scientific results were 

obtained: 

1. For the first time, an integrated phenomenological model of wear of 

intaglio printing plates is proposed, which is based on a comprehensive analysis of 

all types of influence on the plate at all stages of printing and established wear 

mechanisms in the intaglio printing system, which allows establishing means of 

improving the quality of plates; 

2.  For the first time, a model for determining the environmental efficiency 

of intaglio printing plate production was developed, which is based on a detailed 

analysis of individual stages and technological components of the processes of plate 

making. Based on this it was proven that the introduction of technological processes 

of direct laser engraving and vacuum sputtering of a protective coating will allow 

for a reduction of 80ï170 times environmental risks compared to mass production 

variants of plates.  

3. The phenomenological model of the formation of the ink layer of intaglio 

printing was improved, which, together with for the first  time obtained experimental 

results of the relationship between the profiles of the engraved elements of the plates 

and the projected profiles and modes of engraving, made it possible to establish for the 

first time that the shape of the engraved strokes is the determining factor for the drop-



9 

like shape of the ink relief, which, regardless of the projected profile, always have an 

angle of inclination of the sides 60Ñ10Ü.    

4. The methods of complex multifactorial assessment of the quality of 

printing products were further developed by means of the designing of a system 

for assessing the quality of intaglio printing plates based on partial indicators of 

the quality of engraved plates' strokes - an integral indicator of the quality of 

engraving, which, together with for the first time developed system of 

technological assurance of the quality of intaglio printing plates and for the first 

time defined means of ensuring the quality of plates made it possible to identify 

directions of priority measures to improve the quality of plates produced by direct 

laser engraving. 

The practical significance of the obtained results is in their application at all 

stages of the intaglio printing plates production, in particular for correcting the 

workflow of preparing files for engraving and adjusting in accordance with the 

developed system of technological ensuring of intaglio printing plates quality.  

The identified means of quality assurance made it possible to identify areas of 

priority measures - research and correction of the manufacturing process - to 

improve the quality of plates produced by direct laser engraving. It also made it 

possible to establish the directions of the state policy of providing specialized 

enterprises with equipment.  

Approbation of production tests of plates was carried out in the production 

conditions of the National Bank of Ukraine Mint. The results of the research are 

implemented in the educational process of KPI named after Ihor Sikorsky during 

lectures, laboratory, and practical classes in the disciplines "Protection of 

information in printing", and "Technologies of protection of printed products". 

Keywords: intaglio printing, technological assurance, printing plate, 

quality of printed products, printing technology, security element, imprint, relief 

image, protected printed products, tribological properties, wear resistance, 

protective coating, cylinder, laser engraving, vacuum sputtering. 
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ʉʇʀʉʆʂ ʇʋɹʃɯʂɸʎɯʁ ɿɼʆɹʋɺɸʏɸ 

ʅʘʫʢʦʚʽ ʧʨʘʮʽ, ʚ ̫ʢʠʭ ʦʧʫʙʣʽʢʦʚʘʥʦ ʦʩʥʦʚʥʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ 

ʜʠʩʝʨʪʘʮʽʾ: 

ɯ. ʇʫʙʣʽʢʘʮʽʾ ʫ ʥʘʫʢʦʚʠʭ ʚʠʜʘʥʥʷʭ, ʚʢʣʶʯʝʥʠʭ ʜʦ ʥʘʫʢʦʤʝʪʨʠʯʥʦʾ 

ʙʘʟʠ Scopus: 

1. ʈʫʜʝʥʢʦ ɽʄ, ʉʚʘʚʽʣʴʥʠʡ ʄɭ, ʂʠʨʠʯʦʢ ʊʖ, ʇʘʥʘʨʽʥ ɺɭ, 

ɹʘʛʣʘʡ ɺɸ, ʆʣʽʡʥʠʢ ɺɻ, ɼʷʢʽʥ ʄɺ. ʄʦʜʠʬʽʢʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʧʦʚʝʨʭʥʽ 

ʣʘʪʫʥʽ ʃ63 ʧʽʩʣʷ ʦʙʨʦʙʣʝʥʥʷ ʡʦʥʥʠʤ ʨʦʟʧʦʨʦʰʝʥʥʷʤ ʫ ʛʝʣʽʢʦʥʥʦʤʫ ʨʦʟʨʷʜʽ 

ʄʝʪʘʣʦʬʽʟʠʢʘ ʪʘ ʥʦʚʽʪʥʽ ʪʝʭʥʦʣʦʛʽʾ. 2023;45(2):183ï197. 

DOI: 10.15407/mfint.45.02.0183. ɿʜʦʙʫʚʘʯʝʤ ʦʙˇʨʫʥʪʦʚʘʥʦ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʣʝʞʥʦʛʦ ʦʯʠʱʫʚʘʥʥʷ ʛʨʘʚʽʡʦʚʘʥʠʭ ʬʦʨʤ ʧʝʨʝʜ PVD ʪʘ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʘʨʽʶʚʘʪʠ ʨʝʞʠʤʠ ʦʙʨʦʙʣʝʥʥʷ ʬʦʨʤ ʧʝʨʝʜ ʥʘʧʠʣʝʥʥʷʤ 

ʟʘʭʠʩʥʦʛʦ ʧʦʢʨʠʪʪʷ. 

ɯɯ. ʇʫʙʣʽʢʘʮʽʾ ʫ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ ʋʢʨʘʾʥʠ: 

2. ʂʠʨʠʯʦʢ ʊʖ, ɻʝʨʫʢ ʗɺ, ɹʘʛʣʘʡ ɺɸ. ʉʠʩʪʝʤʘ ʬʦʨʤʫʚʘʥʥʷ ʷʢʦʩʪi 

ʜʨʫʢʦʚʘʥʦʾ ʩʫʚʝʥʽʨʥʦʾ ʧʨʦʜʫʢʮʽʾ ʙʘʥʢʥʦʪʥʦ-ʤʦʥʝʪʥʠʭ ʜʚʦʨʽʚ ʩʚʽʪʫ. ʊʝʭʥʦʣʦʛʽʷ 

ʽ ʪʝʭʥʽʢʘ ʜʨʫʢʘʨʩʪʚʘ. 2018;1:4ï10. DOI: 10.20535/2077-

7264.1(59).2018.137811. ɿʜʦʙʫʚʘʯʝʤ ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʟʘʜʘʯʫ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʤʝʪʦʜʦʣʦʛʽʶ ʜʦʩʣʽʜʞʝʥʥʷ, ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʢʠ.  

3. ʂʠʨʠʯʦʢ ʊʖ, ɹʘʛʣʘʡ ɺɸ, ʊʘʣʽʤʦʥʦʚʘ ʅʃ, ʊʘʣʽʤʦʥʦʚ ʗʖ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʷʚʠʱʘ ʧʝʨʝʙʠʚʘʥʥʷ ʬʘʨʙʠ ʥʘ ʧʘʧʝʨʽ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, 

ʚʠʛʦʪʦʚʣʝʥʦʛʦ ʟʘ ʨʽʟʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ. ʊʝʭʥʦʣʦʛʽʷ ʽ ʪʝʭʥʽʢʘ ʜʨʫʢʘʨʩʪʚʘ. 

2019;1(63):19ï27. DOI: 10.20535/2077-7264.1(63).2019.180649. ɿʜʦʙʫʚʘʯʝʤ 

ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʟʘʜʘʯʫ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜʦʣʦʛʽʶ ʜʦʩʣʽʜʞʝʥʥʷ, ʟʨʦʙʣʝʥʦ 

ʚʠʩʥʦʚʢʠ. 

4. ʂʠʨʠʯʦʢ ʊʖ, ɹʘʛʣʘʡ ɺɸ. ʉʠʩʪʝʤʘ ʬʦʨʤʫʚʘʥʥʷ ʪʠʨʘʞʦʩʪʽʡʢʦʩʪʽ 

ʬʦʨʤ ʽʥʪʘʛʣʽʦʜʨʫʢʫ. ʊʝʭʥʦʣʦʛʽʷ ʽ ʪʝʭʥʽʢʘ ʜʨʫʢʘʨʩʪʚʘ. 2019;3(65):15ï24. 

DOI: 10.20535/2077-7264.3(65).2019.196565. ɿʜʦʙʫʚʘʯʝʤ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ 

ʽʩʥʫʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚʠʛʦʪʦʚʣʝʥʥʷ ʬʦʨʤ, ʧʨʦʙʣʝʤʠ, ʱʦ ʩʧʨʠʯʠʥʷʶʪʴ 

ʟʥʠʞʝʥʥʷ ʪʠʨʘʞʝʩʪʽʡʢʦʩʪʽ, ʚʠʦʢʨʝʤʣʝʥʦ ʬʘʢʪʦʨʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʪʠʨʘʞʝʩʪʽʡʢʽʩʪʴ. 
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5. ʂʠʨʠʯʦʢ ʊʖ, ɹʘʛʣʘʡ ɺɸ, ɹʝʟʧʘʣʠʡ ɸɸ, ʈʝʛʽʜʘ ʇɻ. ʄʝʪʦʜʠʢʘ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʦʧʝʨʘʮʽʾ ʧʨʷʤʦʛʦ 

ʣʘʟʝʨʥʦʛʦ ʛʨʘʚʽʶʚʘʥʥʷ ʬʦʨʤ ʽʥʪʘʛʣʽʦʜʨʫʢʫ. ʊʝʭʥʦʣʦʛʽʷ ʽ ʪʝʭʥʽʢʘ ʜʨʫʢʘʨʩʪʚʘ. 

2019;4(66):31ï41. DOI: 10.20535/2077-7264.4(66).2019.208868. ɿʜʦʙʫʚʘʯʝʤ 

ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʟʘʜʘʯʫ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜʦʣʦʛʽʶ ʜʦʩʣʽʜʞʝʥʥʷ, ʟʨʦʙʣʝʥʦ 

ʚʠʩʥʦʚʢʠ. 

6. ʂʠʨʠʯʦʢ ʊʖ, ɹʘʛʣʘʡ ɺɸ, ɹʝʟʧʘʣʠʡ ɸɸ. ɺʧʣʠʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʜʨʫʢʫʚʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʬʦʨʤ ʽʥʪʘʛʣʽʦʜʨʫʢʫ, 

ʦʪʨʠʤʘʥʠʭ ʧʨʷʤʠʤ ʣʘʟʝʨʥʠʤ ʛʨʘʚʽʶʚʘʥʥʷʤ. ʊʝʭʥʦʣʦʛʽʷ ʽ ʪʝʭʥʽʢʘ ʜʨʫʢʘʨʩʪʚʘ. 

2020;3(69):4ï15. DOI: 10.20535/2077-7264.3(69).2020.226568. ɿʜʦʙʫʚʘʯʝʤ 

ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʟʘʜʘʯʫ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜʦʣʦʛʽʶ ʜʦʩʣʽʜʞʝʥʥʷ, ʟʨʦʙʣʝʥʦ 

ʚʠʩʥʦʚʢʠ. 

7. ʂʠʨʠʯʦʢ ʊʖ, ɹʘʛʣʘʡ ɺɸ, ʊʘʣʽʤʦʥʦʚʘ ʅʃ, ʂʣʠʤʝʥʢʦ ʊɭ, 

ɹʝʟʧʘʣʠʡ ɸɸ. ɼʦʩʣʽʜʞʝʥʥʷ ʷʢʦʩʪʽ ʧʦʚʝʨʭʥʽ ʜʨʫʢʫʚʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʬʦʨʤ 

ʽʥʪʘʛʣʽʦʜʨʫʢʫ, ʚʠʛʦʪʦʚʣʝʥʠʭ ʧʨʷʤʠʤ ʣʘʟʝʨʥʠʤ ʛʨʘʚʽʶʚʘʥʥʷʤ. ʊʝʭʥʦʣʦʛʽʷ ʽ 

ʪʝʭʥʽʢʘ ʜʨʫʢʘʨʩʪʚʘ. 2020;4(70):4ï14. DOI: 10.20535/2077-

7264.4(70).2020.229630. ɿʜʦʙʫʚʘʯʝʤ ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʟʘʜʘʯʫ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʤʝʪʦʜʦʣʦʛʽʶ ʜʦʩʣʽʜʞʝʥʥʷ, ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʢʠ. 

8. ʂʠʨʠʯʦʢ ʊʖ, ɹʘʛʣʘʡ ɺɸ, ɻʦʨʦʚʘ ʊɺ, ʉʦʢʦʣ ʆʇ, ʂʦʤʘʨʥʠʮʴʢʘ ɸʆ, 

ʉʠʯʠʢ ʖɺ. ɸʥʘʣʽʟ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʬʘʭʦʚʠʭ ʚʠʜʘʥʴ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʥʘʫʢʦ-

ʤʝʪʨʠʯʥʠʭ ʙʘʟ ʜʘʥʠʭ, ʧʨʝʜʤʝʪʥʽʡ ʦʙʣʘʩʪʽ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 186 ɺʠʜʘʚʥʠʮʪʚʦ ʪʘ 

ʧʦʣʽʛʨʘʬʽʷ. ʊʝʭʥʦʣʦʛʽʷ ʽ ʪʝʭʥʽʢʘ ʜʨʫʢʘʨʩʪʚʘ. 2021;1(71):4ï26. 

DOI: 10.20535/2077-7264.1(71).2021.239073. ɿʜʦʙʫʚʘʯʝʤ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ 

ʬʘʭʦʚʠʭ ʚʠʜʘʥʴ, ʜʦʪʠʯʥʠʭ ʜʦ ʚʠʛʦʪʦʚʣʝʥʥʷ ʟʘʭʠʱʝʥʦʾ ʧʦʣʽʛʨʘʬʽʯʥʦʾ 

ʧʨʦʜʫʢʮʽʾ.   

9. ʂʠʨʠʯʦʢ ʊʖ, ʊʘʣʽʤʦʥʦʚʘ ʅʃ, ʂʣʠʤʝʥʢʦ ʊɭ, ɹʘʛʣʘʡ ɺɸ, 

ʈʫʜʝʥʢʦ ɽʄ, ʊʘʣʽʤʦʥʦʚ ʗʖ, ʅʦʚʠʮʴʢʘ ɸɭ. ɺʧʣʠʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʝʞʠʤʽʚ 

ʦʙʨʦʙʢʠ ʣʘʪʫʥʥʦʾ ʦʩʥʦʚʠ ʥʘ ʷʢʽʩʪʴ ʬʦʨʤ ʽʥʪʘʛʣʽʦʜʨʫʢʫ. ʊʝʭʥʦʣʦʛʽʷ ʽ ʪʝʭʥʽʢʘ 

ʜʨʫʢʘʨʩʪʚʘ. 2021;2(72):13ï19. DOI: 10.20535/2077-7264.2(72).2021.123609. 

ɿʜʦʙʫʚʘʯʝʤ ʚʠʟʥʘʯʝʥʦ ʧʨʦʙʣʝʤʫ ʥʝʜʦʩʪʘʪʥʴʦʾ ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ ʟʘʭʠʩʥʦʛʦ 



12 

ʧʦʢʨʠʪʪʷ ʬʦʨʤ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʣʝʞʥʦʛʦ ʦʯʠʱʫʚʘʥʥʷ ʬʦʨʤ ʧʝʨʝʜ PVD 

ʟʜʦʙʫʚʘʯʝʤ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʘʨʽʶʚʘʪʠ ʨʝʞʠʤʠ ʦʙʨʦʙʣʝʥʥʷ ʬʦʨʤ ʧʝʨʝʜ 

ʥʘʧʠʣʝʥʥʷʤ ʟʘʭʠʩʥʦʛʦ ʧʦʢʨʠʪʪʷ. 

10. ʂʠʨʠʯʦʢ ʊʖ, ʂʦʨʦʪʝʥʢʦ ʆɺ, ɹʘʛʣʘʡ ɺɸ. ɺʧʣʠʚ ʧʘʨʘʤʝʪʨʽʚ 

ʜʨʫʢʫʚʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʬʦʨʤ ʽʥʪʘʛʣʽʦʜʨʫʢʫ, ʦʪʨʠʤʘʥʠʭ ʧʨʷʤʠʤ ʣʘʟʝʨʥʠʤ 

ʛʨʘʚʽʶʚʘʥʥʷʤ, ʥʘ ʛʨʘʬʽʯʥʫ ʪʦʯʥʽʩʪʴ ʚʽʜʙʠʪʢʽʚ. ʊʝʭʥʦʣʦʛʽʷ ʽ ʪʝʭʥʽʢʘ 

ʜʨʫʢʘʨʩʪʚʘ. 2021;4(74):4ï15. DOI: 10.20535/2077-7264.4(74).2021.258285. 

ɿʜʦʙʫʚʘʯʝʤ ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʟʘʜʘʯʫ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜʦʣʦʛʽʶ ʜʦʩʣʽʜʞʝʥʥʷ, 

ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʢʠ. 

11. ʂʠʨʠʯʦʢ ʊʖ, ɹʘʛʣʘʡ ɺɸ. ɺʠʟʥʘʯʝʥʥʷ ʟʘʩʦʙʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ 

ʬʦʨʤ ʽʥʪʘʛʣʽʦʜʨʫʢʫ. ʊʝʭʥʦʣʦʛʽʷ ʽ ʪʝʭʥʽʢʘ ʜʨʫʢʘʨʩʪʚʘ. 2022:1(75):4ï14. 

DOI: 10.20535/2077-7264.1(75).2022.263575. ɿʜʦʙʫʚʘʯʝʤ ʫʟʘʛʘʣʴʥʝʥʦ  

ʧʨʦʙʣʝʤʠ, ʱʦ ʩʧʨʠʯʠʥʷʶʪʴ ʟʥʠʞʝʥʥʷ ʪʠʨʘʞʝʩʪʽʡʢʦʩʪʽ, ʚʠʦʢʨʝʤʣʝʥʦ 

ʬʘʢʪʦʨʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʷʢʽʩʪʴ ʬʦʨʤ, ʩʬʦʨʤʦʚʘʥʦ ʜʦʤʽʥʘʥʪʥʫ ʽʻʨʘʨʭʽʶ, 

ʧʨʦʚʝʜʝʥʦ ʝʢʩʧʝʨʪʥʝ ʦʮʽʥʶʚʘʥʥʷ, ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʢʠ. 

ɯɯɯ. ʇʫʙʣʽʢʘʮʽʾ ʫ ʤʘʪʝʨʽʘʣʘʭ ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʡ, 

ʧʨʦʽʥʜʝʢʩʦʚʘʥʠʭ ʫ ʙʘʟʘʭ ʜʘʥʠʭ Web of Science Core Collection ʪʘ Scopus: 

12. Kyrychok T, Bahlai V, Kyrychok A. Optical methods of banknotes 

sorting for Ukrainian Hryvnia: results and problems. In: Proceedings of the 

Fourteenth International Conference on Correlation Optics (SPIE); 2020 Febr. 

p. 325ï35. DOI:10.1117/12.2553936 (SCOPUS). ɿʜʦʙʫʚʘʯʝʤ ʩʬʦʨʤʫʣʴʦʚʘʥʦ 

ʟʘʜʘʯʫ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜʦʣʦʛʽʶ ʜʦʩʣʽʜʞʝʥʥʷ, ʧʨʦʚʝʜʝʥʦ ʩʪʘʪʠʩʪʠʯʥʠʡ 

ʘʥʘʣʽʟ ʟʥʦʰʫʚʘʥʥʷ ʙʘʥʢʥʦʪ, ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʢʠ. 

13. Rudenko E, Kyrychok T, Panarin V, Svavilnyi M, Polotskyi D, Skoryk 

M, Baglai V, Talimonova N, Novytska A. Influence of helicon discharge treatment 

on ensuring adhesive strength of protective PVD coating CrN on brass-based forms 

of intaglio printing. In: Proceedings of the 15th International Conference 

Correlation Optics(SPIE); 2021 Sep 13ï16. Chernivtsi. DOI: 10.1117/12.2615570 

(SCOPUS). ɿʜʦʙʫʚʘʯʝʤ ʚʠʟʥʘʯʝʥʦ ʧʨʦʙʣʝʤʫ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʣʝʞʥʦʛʦ 

ʦʯʠʱʫʚʘʥʥʷ ʬʦʨʤ ʧʝʨʝʜ PVD ʪʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʘʨʽʶʚʘʪʠ ʨʝʞʠʤʠ 

ʦʙʨʦʙʣʝʥʥʷ ʬʦʨʤ ʧʝʨʝʜ ʥʘʧʠʣʝʥʥʷʤ ʟʘʭʠʩʥʦʛʦ ʧʦʢʨʠʪʪʷ. 
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IV . ʇʫʙʣʽʢʘʮʽʾ ʫ ʟʙʽʨʥʠʢʘʭ ʤʘʪʝʨʽʘʣʽʚ ʤʽʞʥʘʨʦʜʥʠʭ ʢʦʥʬʝʨʝʥʮʽʡ:      

14. ɹʘʛʣʘʡ ɺ. ʊʝʭʥʦʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʬʦʨʤ 

ʽʥʪʘʛʣʽʦʜʨʫʢʫ ʧʨʷʤʠʤ ʣʘʟʝʨʥʠʤ ʛʨʘʚʽʶʚʘʥʥʷʤ. ɺ: ʄʘʪʝʨʽʘʣʠ ʍʍ ʄʽʞʥʘʨʦʜʥʦʾ 

ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ çɼʨʫʢʘʨʩʪʚʦ ʤʦʣʦʜʝ ï 2020è;2020 7ï9 ʢʚʽʪ; ʂʠʾʚ. 

ʩ. 5ï7. ɼʦʩʪʫʧʥʦ: http://dm-conf.vpi.kpi.ua/2020/paper/viewFile/20729/10929. 

15. ʂʠʨʠʯʦʢ ʊʖ, ɹʘʛʣʘʡ ɺɸ. ʅʘʧʨʷʤʢʠ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʪʠʨʘʞʝʩʪʽʡʢʦʩʪʽ ʬʦʨʤ ʽʥʪʘʛʣʽʦʜʨʫʢʫ, ʚʠʛʦʪʦʚʣʝʥʠʭ ʧʨʷʤʠʤ ʣʘʟʝʨʥʠʤ 

ʛʨʘʚʽʶʚʘʥʥʷʤ. ɺ: ʄʘʪʝʨʽʘʣʠ V ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ 

çʇʦʣʽʛʨʘʬʽʯʥʽ, ʤʫʣʴʪʠʤʝʜʽʡʥʽ ʪʘ web-ʪʝʭʥʦʣʦʛʽʾ = Print, Multimedia & WEB 

(PMWï2020)è; 2020 3ï6 ʣʠʩ; ʂʠʾʚ. ʩ. 5ï7. ɼʦʩʪʫʧʥʦ: 

https://vpi.kpi.ua/images/pmwt-conf/zbirnyk-tez-PWM-2020.pdf ɿʜʦʙʫʚʘʯʝʤ 

ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚʠʛʦʪʦʚʣʝʥʥʷ ʬʦʨʤ, ʧʨʦʙʣʝʤʠ, ʱʦ 

ʩʧʨʠʯʠʥʷʶʪʴ ʟʥʠʞʝʥʥʷ ʪʠʨʘʞʝʩʪʽʡʢʦʩʪʽ, ʚʠʟʥʘʯʝʥʦ ʥʘʧʨʷʤʢʠ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʪʠʨʘʞʝʩʪʽʡʢʦʩʪʽ ʬʦʨʤ ʽʥʪʘʛʣʽʦʜʨʫʢʫ, ʚʠʛʦʪʦʚʣʝʥʠʭ ʧʨʷʤʠʤ ʣʘʟʝʨʥʠʤ 

ʛʨʘʚʽʶʚʘʥʥʷʤ. 

16. ɹʘʛʣʘʡ ɺ. ʇʘʪʝʥʪʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ 

ʽʥʪʘʛʣʽʦʜʨʫʢʫ. ɺ: ʄʘʪʝʨʽʘʣʠ ɯV ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʽʥʪʝʨʥʝʪ 

ʢʦʥʬʝʨʝʥʮʽʾ ʩʪʫʜʝʥʪʽʚ, ʤʘʛʽʩʪʨʘʥʪʽʚ ʪʘ ʘʩʧʽʨʘʥʪʽʚ çʂʚʘʣʽʣʦʛʽʷ ʢʥʠʛʠè;2021 25 

ʣʶʪ; ʃʴʚʽʚ. ʩ. 206ï207. ɼʦʩʪʫʧʥʦ: https://pmtp.uad.lviv.ua/wp-

content/uploads/2023/06/Materialy-KK-2021.pdf 

17. ʂʠʨʠʯʦʢ ʊʖ, ɹʘʛʣʘʡ ɺɸ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ ʤʦʨʬʦʣʦʛʽʯʥʦʛʦ 

ʘʥʘʣʽʟʫ ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʚʠʛʦʪʦʚʣʝʥʥʷ ʬʦʨʤ 

ʽʥʪʘʛʣʽʦʜʨʫʢʫ. ɺ:  ʄʘʪʝʨʽʘʣʠ Vɯ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ 

çʇʦʣʽʛʨʘʬʽʯʥʽ, ʤʫʣʴʪʠ-ʤʝʜʽʡʥʽ ʪʘ web-ʪʝʭʥʦʣʦʛʽʾ = Print, Multimedia & WEB 

(PMWï2021)è;2021 18ï20 ʪʨʘʚ; ʂʠʾʚ; ʍʘʨʢʽʚ. ɼʦʩʪʫʧʥʦ: 

https://tpv.vpi.kpi.ua/images/pwm/Tezisy-konferenciya-PMW-2021.pdf. 

ɿʜʦʙʫʚʘʯʝʤ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʟʘʩʪʦʩʫʚʘʪʠ ʤʝʪʦʜ ʤʦʨʬʦʣʦʛʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʜʣʷ 

ʬʦʨʤʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. 
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 = ʤʘʛʥʝʪʨʦʥʥʝ ʨʦʟʧʠʣʝʥʥʷ (ʄʈ) 
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ɺʉʊʋʇ 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. ɯʥʪaʛʣiʦʜʨʫʢ (ɯɼ), ʯʠ ʤʝʪʘʣʦʛʨʘʬʽʯʥʠʡ ʜʨʫʢ ï 

ʚʠʩʦʢʦʟʘʭʠʱʝʥʠʡ ʨʽʟʥʦʚʠʜ  ʛʣʠʙʦʢʦʛʦ ʜʨʫʢʫ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʫʩʴʦʤʫ 

ʩʚʽʪʽ ʜʣʷ ʟʘʭʠʩʪʫ ʧʝʨʝʚʘʞʥʦ ʙʘʥʢʥʦʪʥʦʾ ʧʨʦʜʫʢʮʽʾ. ɿʘ ʜʦʧʦʤʦʛʦʶ ɯɼ 

ʦʪʨʠʤʫʶʪʴ ʚiʜʙʠʪʢʠ ʚʝʣʠʢʦʾ ʨʝʣʴʻʬʥʦʩʪʽ ʟʘ ʨʘʭʫʥʦʢ ʧʝʨʝʥʝʩʝʥʥʷ ʛʫʩʪʠʭ 

ʧʘʩʪʦʧʦʜʽʙʥʠʭ ʬaʨʙ ʥʘ ʚʦʩʢʦʚʽʡ ʦʩʥʦʚʽ iʟ ʛʨaʚiʡʦʚaʥʠʭ ʰʪʨʠʭʽʚ (ɻʐ) 

ʜʨʫʢaʨʩʴʢʠʭ ʬʦʨʤ ʽʥʪʘʛʣʽʦʜʨʫʢʫ (ɼʌɯ) ʥʘ ʧʘʧʽʨ ʧʽʜ ʜʽʻʶ ʥʘʜʟʚʠʯʘʡʥʦ 

ʚʝʣʠʢʦʛʦ ʪʠʩʢʫ ʫ ʜʨʫʢaʨʩʴʢʦʤʫ ʢʦʥʪʘʢʪʽ (ɼʂ) ʤʽʞ ʬʦʨʤʥʠʤ ʮʠʣʽʥʜʨʦʤ (ʌʎ) ʽ 

ʜʨʫʢʘʨʩʴʢʠʤ ʮʠʣʽʥʜʨʦʤ (ɼʎ) [18ï20].  

ɿʘ ʨʝʢʦʤʝʥʜʘʮʽʷʤʠ ɯʥʪʝʨʧʦʣʫ [21, 22], ɯɼ ʻ ʦʙʦʚôʷʟʢʦʚʠʤ ʤʝʪʦʜʦʤ 

ʟʘʭʠʩʪʫ ʜʣʷ ʚʩʽʻʾ ʙʘʥʢʥʦʪʥʦʾ ʧʨʦʜʫʢʮʽʾ, ʧʨʠʯʦʤʫ ʟ ʦʙʦʭ ʙʦʢʽʚ ʙʘʥʢʥʦʪʠ. 

ɼʝʨʞʘʚʠ ʩʚʽʪʫ ʧʝʨʝʚʘʞʥʦ ʜʦʪʨʠʤʫʶʪʴʩʷ ʮʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ ï ʜʚʽ ʪʨʝʪʠʥʠ 

ʜʝʨʞʘʚ ʚʠʛʦʪʦʚʣʶʶʪʴ ʙʘʥʢʥʦʪʠ ʟ ʜʚʦʙʽʯʥʠʤ ʟʘʜʨʫʢʦʚʫʚʘʥʥʷʤ ɯɼ, ʪʨʝʪʠʥʘ ï ʟ 

ʦʜʥʦʙʽʯʥʠʤ ɯɼ [23]. ɼʦ ʦʩʪʘʥʥʽʭ ʥʘʣʝʞʠʪʴ ʽ ʋʢʨʘʾʥʘ [12].  

ɿʘ ʜʘʥʠʤʠ ʬʘʭʽʚʮʽʚ [48], ʥʘ ʙʘʥʢʥʦʪʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ  ʥʘ ɹʘʥʢʥʦʪʥʦ-

ʤʦʥʝʪʥʦʤʫ ʜʚʦʨʽ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʙʘʥʢʫ ʋʢʨʘʾʥʠ (ɹʄɼ ʅɹʋ) ʚ ʋʢʨʘʾʥʽ 

ʥʝʚʽʜʧʦʚʽʜʥʘ ʷʢʽʩʪʴ ɯɼ ʧʝʨʝʚʘʞʘʻ ʚʩʽ ʽʥʰʽ ʧʨʠʯʠʥʠ ʚʽʜʙʨʘʢʫʚʘʥʥʷ ʽ ʩʪʘʥʦʚʠʪʴ 

ʧʦʥʘʜ 21 %. ʊʦʤʫ ʟʘʭʦʜʠ ʱʦʜʦ ʧʽʜʚʠʱʝʥʥʷ  ʷʢʦʩʪʽ ɯɼ ʻ ʥʘʜʟʚʠʯʘʡʥʦ 

ʘʢʪʫʘʣʴʥʠʤʠ. ʊʘʢʽ ʟʘʭʦʜʠ, ʥʘ ʜʫʤʢʫ ʥʘʫʢʦʚʮʽʚ ʪʘ ʧʨʝʜʩʪʘʚʥʠʢʽʚ KBA (ʟʘʨʘʟ 

Koenig & Bauer Banknote Solutions) [49], ʷʢʽʩʪʴ ɯɼ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʨʴʦʤʘ 

ʛʦʣʦʚʥʠʤʠ ʯʠʥʥʠʢʘʤʠ: 1) ʷʢʽʩʪʶ ɼʌɯ; 2) ʜʦʪʨʠʤʘʥʥʷʤ ʙʘʣʘʥʩʫ ʤʽʞ ʪʠʩʢʦʤ ʫ 

ɼʂ ʽ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʬʘʨʙʠ; 3) ʧʨʦʮʝʩʦʤ ʩʪʠʨʘʥʥʷ ʬʘʨʙʠ ʟ ʧʨʦʙʽʣʴʥʠʭ 

ʝʣʝʤʝʥʪʽʚ (ʇɽ). ʇʨʠʯʦʤʫ, ʘʚʪʦʨʠ [49] ʧʽʜʢʨʝʩʣʶʶʪʴ, ʱʦ ʚʣʘʩʪʠʚʦʩʪʽ ɼʌɯ ʻ 

ʥʘʡʚʘʞʣʠʚʽʰʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʬʘʨʙʦʧʝʨʝʥʝʩʝʥʥʷ ʽ ʟʘʢʨʽʧʣʝʥʥʷ 

ʬʘʨʙʠ ʥʘ ʚʽʜʙʠʪʢʫ. 

 ʅʘʡʩʫʯʘʩʥʽʰʠʡ ʩʧʦʩʽʙ ʚʠʛʦʪʦʚʣʝʥʥʷ ɼʌɯ ï ʪʝʭʥʦʣʦʛʽʷ ʧʨʷʤʦʛʦ 

ʣʘʟʝʨʥʦʛʦ ʛʨʘʚʽʶʚʘʥʥʷ (Direct Laser Engraving, DLE). ʊʝʭʥʦʣʦʛʽʷ DLE ʤʘʻ 

ʥʠʟʢʫ ʧʝʨʝʚʘʛ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʧʦʨʽʚʥʷʥʦ ʟ ʪʨʘʜʠʮʽʡʥʦʶ 

ʪʝʭʥʦʣʦʛʽʻʶ ʪʨʘʚʣʝʥʥʷ. ʆʜʥʘʢ, ʦʩʦʙʣʠʚʦʩʪʽ ʦʙʨʦʙʢʠ ʤʘʪʝʨʽʘʣʽʚ ʬʦʨʤ ʣʘʟʝʨʦʤ 

ʪʘ ʧʦʜʘʣʴʰʦʛʦ ʥʘʥʝʩʝʥʥʷ ʟʘʭʠʩʥʦʛʦ ʧʦʢʨʠʪʪʷ (ɿʇ) ʥʽʪʨʠʜʫ ʭʨʦʤʫ ʚʘʢʫʫʤʥʠʤ 
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ʥʘʧʠʣʝʥʥʷʤ (Physical Vapor Deposition (PVD), ʯʠ ʤʘʛʥʝʪʨʦʥʥʝ ʨʦʟʧʠʣʝʥʥʷ 

(ʄʈ)) ʤʦʞʫʪʴ ʚʠʢʣʠʢʘʪʠ ʟʥʠʞʝʥʥʷ ʪʠʨʘʞʝʩʪʽʡʢʦʩʪʽ ʬʦʨʤ ʧʦʨʽʚʥʷʥʦ ʽʟ 

ʪʨʘʜʠʮʽʡʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ. ʊʝʭʥʦʣʦʛʽʷ DLE ʟ ʧʦʜʘʣʴʰʠʤ ʥʘʥʝʩʝʥʥʷʤ ɿʇ 

ʥʽʪʨʠʜʫ ʭʨʦʤʫ ʟʘ ʜʦʧʦʤʦʛʦʶ PVD (ʪʝʭʥʦʣʦʛʽʷ DLE+PVD), ʷʢʘ ʻ 

ʝʢʦʝʬʝʢʪʠʚʥʦʶ, ʧʦʪʨʝʙʫʻ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʨʝʞʠʤʽʚ ʛʨʘʚʽʶʚʘʥʥʷ, ʦʙʨʦʙʣʝʥʥʷ 

ʬʦʨʤ ʧʽʩʣʷ ʚʠʜʘʣʝʥʥʷ ʥʘʧʣʠʚʽʚ ʪʘ ʨʝʞʠʤʽʚ PVD [10].  

 ʆʪʞʝ, ʜʦʩʣʽʜʞʝʥʥʷ, ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ɼʌɯ ʻ ʘʢʪʫʘʣʴʥʠʤ 

ʥʘʫʢʦʚʠʤ ʪʘ ʧʨʠʢʣʘʜʥʠʤ ʟʘʚʜʘʥʥʷʤ, ʨʦʟʚôʷʟʘʥʥʷ ʷʢʦʛʦ ʩʧʨʠʷʪʠʤʝ ʚʠʨʽʰʝʥʥʶ 

ʟʘʚʜʘʥʴ ʜʝʨʞʘʚʥʦʾ ʙʝʟʧʝʢʠ ʚ ʛʘʣʫʟʽ ʙʘʥʢʥʦʪʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ.  

ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. ʈʦʙʦʪʘ 

ʧʦʚôʷʟʘʥʘ ʟ ʪʝʤʘʪʠʯʥʠʤ ʥʘʧʨʷʤʦʤ ʥʘʫʢʦʚʦʾ ʛʨʫʧʠ çʊʝʭʥʦʣʦʛʽʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʷʢʦʩʪʽ ʟʘʭʠʱʝʥʦʾ ʚʽʜ ʧʽʜʨʦʙʣʝʥʥʷ ʧʦʣʽʛʨʘʬʽʯʥʦʾ ʧʨʦʜʫʢʮʽʾè ʢʘʬʝʜʨʠ ʪʝʭʥʦʣʦʛʽʾ 

ʧʦʣʽʛʨʘʬʽʯʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʅʘʚʯʘʣʴʥʦ-ʥʘʫʢʦʚʦʛʦ ʚʠʜʘʚʥʠʯʦ-ʧʦʣʽʛʨʘʬʽʯʥʦʛʦ 

ʽʥʩʪʠʪʫʪʫ (ʅʅ ɺʇɯ) ʽ ʚʠʢʦʥʫʚʘʣʘʩʷ  ʚ ʨʘʤʢʘʭ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʾ ʨʦʙʦʪʠ ˉ 

2212-ʧ, ˉ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0119U100984 çʊʝʦʨʝʪʠʯʥʽ ʪʘ ʧʨʘʢʪʠʯʥʽ ʟʘʩʘʜʠ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʤʝʪʘʣʦʛʨʘʬʽʯʥʦʛʦ ʜʨʫʢʫè, ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʷʢʦʾ 

ʟʜʦʙʫʚʘʯʝʤ ʧʨʦʚʝʜʝʥʦ ʘʥaʣiʟ ʩʫʯaʩʥʦʛʦ ʩʪaʥʫ ʪa ʧʨʦʙʣʝʤ ɯɼ, ʟʦʢʨʝʤʘ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ɯɼ, ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʤaʰʠʥ ɯɼ; ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ 

ʚʧʣʠʚʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ɯɼ ʥʘ ʫʪʚʦʨʝʥʥʷ ʨʝʣʴʻʬʫ ʧʦʚʝʨʭʥʽ ʫ 

ʟʘʭʠʱʝʥʽʡ ʧʨʦʜʫʢʮʽʾ; ʚʩʪʘʥʦʚʣʝʥʦ ʦʧʪʠʤʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ɼʌɯ ʜʣʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʩʫʚʝʥʽʨʥʦʾ ʧʨʦʜʫʢʮʽʾ ʙʘʥʢʥʦʪʥʦ-ʤʦʥʝʪʥʠʭ ʜʚʦʨʽʚ, ʚʠʛʦʪʦʚʣʝʥʦʾ 

ʽʥʪʘʛʣʽʦʜʨʫʢʦʤ ʪʘ ʦʬʩʝʪʥʠʤ ʜʨʫʢʦʤ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʟʘʩʦʙʠ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʛʦ 

ʢʝʨʫʚʘʥʥʷ ʷʢʽʩʪʶ ɯɼ.   

ʄʝʪʘ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʻ 

ʨʦʟʨʦʙʣʝʥʥʷ  ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʜʨʫʢʘʨʩʴʢʠʭ ʬʦʨʤ 

ʽʥʪʘʛʣʽʦʜʨʫʢʫ, ʚʠʛʦʪʦʚʣʝʥʠʭ ʤʝʪʦʜʦʤ ʧʨʷʤʦʛʦ ʣʘʟʝʨʥʦʛʦ ʛʨʘʚʽʶʚʘʥʥʷ ʪʘ 

ʚʘʢʫʫʤʥʦʛʦ ʥʘʧʠʣʝʥʥʷ ʟʘʭʠʩʥʦʛʦ ʧʦʢʨʠʪʪʷ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʨʦʟʚôʷʟʘʪʠ ʪʘʢʽ ʟʘʚʜʘʥʥʷ: 

1. ʇʨʦʚʝʩʪʠ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ɼʌɯ ʟ ʧʦʛʣʷʜʫ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʬʦʨʤ ʪʘ ʚ ʢʦʥʪʝʢʩʪʽ 
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ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʯʥʦʩʪʽ ʾʭ ʚʠʨʦʙʥʠʮʪʚʘ; ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʽʥʪʘʛʣʽʦʜʨʫʢʫ ɯɼ, ʱʦ ʩʧʨʠʯʠʥʷʶʪʴ ʨʫʡʥʘʮʽʶ ʬʦʨʤ, ʨʦʟʨʦʙʠʪʠ 

ʩʠʩʪʝʤʫ ʬʦʨʤʫʚʘʥʥʷ ʪʠʨʘʞʦʩʪʽʡʢʦʩʪʽ ɼʌɯ; 

2. ɼʦʩʣʽʜʠʪʠ ʟʤʽʥʫ ʩʪʘʥʫ ʧʦʚʝʨʭʥʽ ʪʘ ʧʨʠʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ 

ʜʨʫʢʘʨʩʴʢʠʭ ʝʣʝʤʝʥʪʽʚ (ɼɽ) ʪʘ ʇɽ, ʪʠʨʘʞʝʩʪʽʡʢʦʩʪʽ ʪʘ ʷʢʦʩʪʽ ʜʨʫʢʫʚʘʥʥʷ ɼʌɯ, 

ʚʠʛʦʪʦʚʣʝʥʠʭ ʧʨʷʤʠʤ ʣʘʟʝʨʥʠʤ ʛʨʘʚʽʶʚʘʥʥʷʤ ʟ ʥʘʧʠʣʝʥʥʷʤ ʟʘʭʠʩʥʦʛʦ 

ʧʦʢʨʠʪʪʷ ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ DLE+PVD; 

3. ʇʨʦʘʥʘʣʽʟʫʚʘʪʠ ʧʨʦʮʝʩʠ ʪʘ ʫʩʽ ʚʠʜʠ ʚʧʣʠʚʽʚ ʚ ʜʨʫʢʘʨʩʴʢʽʡ ʩʝʢʮʽʾ 

ʤʘʰʠʥ ɯɼ, ʚʩʪʘʥʦʚʠʪʠ ʤʝʭʘʥʽʟʤʠ ʟʥʦʰʝʥʥʷ ʚ ʜʨʫʢʘʨʩʴʢʽʡ ʩʠʩʪʝʤʽ ɯɼ ʪʘ 

ʨʦʟʨʦʙʠʪʠ ʽʥʪʝʛʨʦʚʘʥʫ ʤʦʜʝʣʴ ʟʥʦʰʫʚʘʥʥʷ ɼʌɯ;  

4. ɺʩʪʘʥʦʚʠʪʠ ʚʧʣʠʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʘ 

ʧʘʨʘʤʝʪʨʠ ʷʢʦʩʪʽ ʛʨʘʚʽʡʦʚʘʥʠʭ ɼɽ ʪʘ ʫʟʘʛʘʣʴʥʝʥʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ɻʐ ʬʦʨʤ, 

ʚʠʛʦʪʦʚʣʝʥʠʭ  DLE; 

5. ɺʠʟʥʘʯʠʪʠ ʟʘʩʦʙʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ɼʌɯ, ʜʦʩʣʽʜʠʪʠ ʧʘʨʘʤʝʪʨʠ 

ʷʢʦʩʪʽ ɼɽ, ʚʠʛʦʪʦʚʣʝʥʠʭ ʟʘ ʘʣʴʪʝʨʥʘʪʠʚʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ ʪʘ ʥʘ ʮʽʡ ʦʩʥʦʚʽ  

ʨʦʟʨʦʙʠʪʠ ʩʠʩʪʝʤʫ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ɼʌɯ. 

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʜʨʫʢʘʨʩʴʢʠʭ ʬʦʨʤ ʽʥʪʘʛʣʽʦʜʨʫʢʫ ʤʝʪʦʜʦʤ ʧʨʷʤʦʛʦ ʣʘʟʝʨʥʦʛʦ ʛʨʘʚʽʶʚʘʥʥʷ ʪʘ 

ʚʘʢʫʫʤʥʦʛʦ ʥʘʧʠʣʝʥʥʷ ʟʘʭʠʩʥʦʛʦ ʧʦʢʨʠʪʪʷ. 

ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʘʨʘʤʝʪʨʠ ʜʨʫʢʘʨʩʴʢʠʭ ʬʦʨʤ ʽʥʪʘʛʣʽʦʜʨʫʢʫ, 

ʛʨʘʚʽʡʦʚʘʥʠʭ ʰʪʨʠʭʽʚ ʬʦʨʤ ʪʘ ʟʘʩʦʙʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʭ ʷʢʦʩʪʽ.  

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɿʘʩʪʦʩʦʚʘʥʦ ʪʝʦʨʝʪʠʯʥʽ ʪʘ ʧʨʘʢʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʨʦʮʝʩʽʚ ʚ ʜʨʫʢʘʨʩʴʢʽʡ ʩʠʩʪʝʤʽ ɯɼ ʫ ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚʘʭ. ɺʩʪʘʥʦʚʣʝʥʥʷ 

ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ɼʌɯ ʪʘ ʾʭ ɼɽ ʧʨʦʚʝʜʝʥʦ ʥʘ ʦʩʥʦʚʽ ʩʫʢʫʧʥʦʩʪʽ ʤʝʪʦʜʽʚ ï 

ʤʝʪʘʣʦʛʨʘʬʽʾ, ʦʧʪʠʯʥʠʭ, ʝʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʠʭ, ʧʨʦʬʽʣʦʤʝʪʨʠʯʥʠʭ, 

ʦʨʛʘʥʦʣʝʧʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʤʝʪʦʜʽʚ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʙʘʯʝʥʥʷ,  

ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ. ʗʢʽʩʪʴ ʚʽʜʙʠʪʢʽʚ ɯɼ ʚʩʪʘʥʦʚʣʝʥʦ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʦʧʪʠʯʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ, ʪʘ ʧʨʦʬʽʣʦʤʝʪʨʽʾ. ɺʠʟʥʘʯʝʥʥʷ ʟʘʩʦʙʽʚ 

ʟʘʙʝʟʧʝʯʝʥʥʷ  ʷʢʦʩʪʽ ɼʌɯ ʟʜʽʡʩʥʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ ʽʻʨʘʨʭʽʡ 

(ʄɸɯ).  ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʬʦʨʤʫ ʚ ʜʨʫʢʘʨʩʴʢʽʡ ʩʝʢʮʽʾ 
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ɯɼ, ʟʘʩʪʦʩʦʚʘʥʦ ʤʝʪʦʜʠ ʬʝʥʦʤʝʥʦʣʦʛʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ʆʧʨʘʮʶʚʘʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʪʘ ʧʝʨʝʚʽʨʢʘ ʾʭ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʟʜʽʡʩʥʝʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʤʝʪʦʜʽʚ ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚ 

ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ: 

1. ɺʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʽʥʪʝʛʨʦʚʘʥʫ ʬʝʥʦʤʝʥʦʣʦʛʽʯʥʫ ʤʦʜʝʣʴ 

ʟʥʦʰʫʚʘʥʥʷ ɼʌɯ, ʷʢʘ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʚʩʝʙʽʯʥʦʤʫ ʘʥʘʣʽʟʽ ʫʩʽʭ ʚʠʜʽʚ ʚʧʣʠʚʫ ʥʘ 

ʬʦʨʤʫ ʥʘ ʫʩʽʭ ʝʪʘʧʘʭ ʜʨʫʢʫʚʘʥʥʷ ʪʘ ʚʩʪʘʥʦʚʣʝʥʠʭ ʤʝʭʘʥʽʟʤʘʭ ʟʥʦʰʝʥʥʷ ʚ 

ʜʨʫʢʘʨʩʴʢʽʡ ʩʠʩʪʝʤʽ ɯɼ, ʢʦʪʨʘ ʜʦʟʚʦʣʷʻ ʚʩʪʘʥʦʚʠʪʠ ʟʘʩʦʙʠ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ 

ʬʦʨʤ; 

2. ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʤʦʜʝʣʴ ʚʠʟʥʘʯʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʬʦʨʤʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ɯɼ, ʷʢʘ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʜʝʪʘʣʴʥʦʤʫ ʘʥʘʣʽʟʽ ʦʢʨʝʤʠʭ 

ʝʪʘʧʽʚ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʢʣʘʜʥʠʢʽʚ ʧʨʦʮʝʩʽʚ ʚʠʛʦʪʦʚʣʝʥʥʷ ʬʦʨʤ, ʥʘ ʦʩʥʦʚʽ ʷʢʦʾ 

ʜʦʚʝʜʝʥʦ ʱʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʧʨʷʤʦʛʦ ʣʘʟʝʨʥʦʛʦ 

ʛʨʘʚʽʶʚʘʥʥʷ ʪʘ ʚʘʢʫʫʤʥʦʛʦ ʥʘʧʠʣʝʥʥʷ ʟʘʭʠʩʥʦʛʦ ʧʦʢʨʠʪʪʷ ʜʦʟʚʦʣʠʪʴ ʟʥʠʟʠʪʠ 

ʚ 80ï170 ʨʘʟʽʚ ʝʢʦʣʦʛʽʯʥʽ ʨʠʟʠʢʠ ʧʦʨʽʚʥʷʥʦ ʟ ʪʠʨʘʞʥʠʤʠ ʚʘʨʽʘʥʪʘʤʠ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʬʦʨʤ.  

3. ʋʜʦʩʢʦʥʘʣʝʥʦ ʬʝʥʦʤʝʥʦʣʦʛʽʯʥʫ ʤʦʜʝʣʴ ʬʦʨʤʫʚʘʥʥʷ ʬʘʨʙʦʚʦʛʦ 

ʨʝʣʴʻʬʫ ɯɼ, ʱʦ ʽʟ ʚʧʝʨʰʝ ʦʜʝʨʞʘʥʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʚʟʘʻʤʦʟʚôʷʟʢʫ ʧʨʦʬʽʣʽʚ ʛʨʘʚʽʡʦʚʘʥʠʭ ɼɽ ʬʦʨʤ ʪʘ ʧʨʦʝʢʪʦʚʘʥʠʭ ʧʨʦʬʽʣʽʚ ʽ 

ʨʝʞʠʤʽʚ ʛʨʘʚʽʶʚʘʥʥʷ ʚʧʝʨʰʝ ʜʦʟʚʦʣʠʣʦ ʚʩʪʘʥʦʚʠʪʠ, ʱʦ ʚʠʟʥʘʯʘʣʴʥʠʤ ʜʣʷ 

ʢʨʘʧʣʝʧʦʜʽʙʥʦʾ ʬʦʨʤʠ ʬʘʨʙʦʚʦʛʦ ʨʝʣʴʻʬʫ ʻ ʩʘʤʝ ʬʦʨʤʘ ɻʐ, ʷʢʽ, ʥʝʟʘʣʝʞʥʦ 

ʚ̔ ʜ ʧʨʦʝʢʪʦʚʘʥʦʛʦ ʧʨʦʬʽʣʶ, ʟʘʚʞʜʠ ʤʘʶʪʴ ʢʫʪ ʥʘʭʠʣʫ ʩʪʽʥʦʢ 60Ñ10Ü.    

4. ɼʽʩʪʘʣʠ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʤʝʪʦʜʠ ʢʦʤʧʣʝʢʩʥʦʾ 

ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʾ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʧʦʣʽʛʨʘʬʽʯʥʦʾ ʧʨʦʜʫʢʮʽʾ ʨʦʟʨʦʙʣʝʥʥʷʤ 

ʩʠʩʪʝʤʠ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ɼʌɯ ʥʘ ʦʩʥʦʚʽ ʯʘʩʪʢʦʚʠʭ ʧʦʢʘʟʥʠʢʽʚ  ̫ ʢʦʩʪʽ ɻʐ ʬʦʨʤʠ 

ï ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʷʢʦʩʪʽ ʛʨʘʚʽʶʚʘʥʥʷ, ʱʦ ʨʘʟʦʤ ʟ ʚʧʝʨʰʝ 

ʨʦʟʨʦʙʣʝʥʦʶ ʩʠʩʪʝʤʦʶ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ɼʌɯ ʪʘ ʚʧʝʨʰʝ 

ʚʠʟʥʘʯʝʥʠʤʠ ʟʘʩʦʙʘʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʬʦʨʤ ʜʦʟʚʦʣʠʣʦ ʚʠʷʚʠʪʠ 

ʥʘʧʨʷʤʠ ʧʝʨʰʦʯʝʨʛʦʚʠʭ ʟʘʭʦʜʽʚ ʱʦʜʦ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʬʦʨʤ, ʱʦ 
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ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʧʨʷʤʠʤ ʣʘʟʝʨʥʠʤ ʛʨʘʚʽʶʚʘʥʥʷʤ.  

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʚ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʽ  

ʥʘ ʚʩʽʭ ʝʪʘʧʘʭ ʚʠʛʦʪʦʚʣʝʥʥʷ ɼʌɯ, ʟʦʢʨʝʤʘ ʜʣʷ ʢʦʨʝʛʫʚʘʥʥʷ ʨʦʙʦʯʦʛʦ ʧʦʪʦʢʫ 

ʧʽʜʛʦʪʦʚʢʠ ʬʘʡʣʽʚ ʜʣʷ ʛʨʘʚʽʶʚʘʥʥʷ ʪʘ ʧʨʠʣʘʛʦʜʞʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʨʦʟʨʦʙʣʝʥʦʾ ʩʠʩʪʝʤʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ɼʌɯ.  

ɺʠʟʥʘʯʝʥʽ ʟʘʩʦʙʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ɼʌɯ ʜʦʟʚʦʣʠʣʠ ʚʠʷʚʠʪʠ ʥʘʧʨʷʤʠ 

ʧʝʨʰʦʯʝʨʛʦʚʠʭ ʟʘʭʦʜʽʚ (ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʢʦʨʝʛʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ 

ʚʠʛʦʪʦʚʣʝʥʥʷ) ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʬʦʨʤ, ʱʦ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʧʨʷʤʠʤ 

ʣʘʟʝʨʥʠʤ ʛʨʘʚʽʶʚʘʥʥʷʤ. ʊʘʢʦʞ ʮʝ ʜʦʟʚʦʣʠʣʦ ʚʩʪʘʥʦʚʠʪʠ ʥʘʧʨʷʤʢʠ ʜʝʨʞʘʚʥʦʾ 

ʧʦʣʽʪʠʢʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʙʣʘʜʥʘʥʥʷʤ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ.  

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʤʘʶʪʴ ʨʦʟʨʦʙʣʝʥʽ ʤʝʪʦʜʠʢʠ ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ 

ʰʪʨʠʭʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʽʜʭʦʜʽʚ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʙʘʯʝʥʥʷ. 

ɺʠʨʦʙʥʠʯʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʧʨʦʚʝʜʝʥʦ ʚ ʫʤʦʚʘʭ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ɹʄɼ ʅɹʋ.  

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʚʧʨʦʚʘʜʞʝʥʦ ʫ ʥʘʚʯʘʣʴʥʠʡ ʧʨʦʮʝʩ ʅʅ ɺʇɯ ʧʽʜ 

ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʣʝʢʮʽʡʥʠʭ, ʣʘʙʦʨʘʪʦʨʥʠʭ ʽ ʧʨʘʢʪʠʯʥʠʭ ʟʘʥʷʪʴ ʟ ʥʘʚʯʘʣʴʥʠʭ 

ʜʠʩʮʠʧʣʽʥ çʊʝʭʥʦʣʦʛʽʾ ʟʘʭʠʩʪʫ ʜʨʫʢʦʚʘʥʦʾ ʧʨʦʜʫʢʮʽʾè ʪʘ çɿʘʭʠʩʪ ʽʥʬʦʨʤʘʮʽʾ ʚ 

ʧʦʣʽʛʨʘʬʽʾè.  ʎʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʽʜʪʚʝʨʜʞʝʥʦ ʚʽʜʧʦʚʽʜʥʠʤʠ ʜʦʢʫʤʝʥʪʘʤʠ. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʻ ʩʘʤʦʩʪʽʡʥʦ 

ʚʠʢʦʥʘʥʦʶ ʥʘʫʢʦʚʦʶ ʧʨʘʮʝʶ. ɺʩʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ, ʧʨʠʢʣʘʜʠ 

ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʦʟʨʘʭʫʥʢʠ, ʚʠʢʣʘʜʝʥʽ ʫ ʜʠʩʝʨʪʘʮʽʾ, ʦʜʝʨʞʘʥʽ ʟʜʦʙʫʚʘʯʝʤ 

ʦʜʥʦʦʩʽʙʥʦ. ʋ ʥʘʫʢʦʚʠʭ ʨʦʙʦʪʘʭ, ʱʦ ʦʧʫʙʣʽʢʦʚʘʥʽ ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ, ʚ 

ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʘʥʽ ʣʠʰʝ ʪʽ ʨʝʟʫʣʴʪʘʪʠ, ʷʢʽ ʩʪʘʥʦʚʣʷʪʴ 

ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ ʚʥʝʩʦʢ ʘʚʪʦʨʘ. ʉʧʽʚʘʚʪʦʨʘʤʠ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ʻ ʥʘʫʢʦʚʠʡ 

ʢʝʨʽʚʥʠʢ, ʘ ʪʘʢʦʞ ʥʘʫʢʦʚʮʽ, ʩʧʽʣʴʥʦ ʟ ʷʢʠʤʠ ʧʨʦʚʦʜʠʣʠʩʷ ʜʦʩʣʽʜʞʝʥʥʷ. ɺ 

ʧʝʨʝʚʘʞʥʽʡ ʙʽʣʴʰʦʩʪʽ ʨʦʙʽʪ, ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ, ʟʜʦʙʫʚʘʯʝʤ  

ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʟʘʜʘʯʫ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜʦʣʦʛʽʶ ʜʦʩʣʽʜʞʝʥʥʷ, ʫʟʘʛʘʣʴʥʝʥʦ 

ʨʝʟʫʣʴʪʘʪʠ,  ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʢʠ.  

ʋ ʥʘʫʢʦʚʠʭ ʨʦʙʦʪʘʭ ʟʽ ʩʧʽʚʘʚʪʦʨʘʤʠ ʟʜʦʙʫʚʘʯʝʤ: ʚʠʟʥʘʯʝʥʦ ʪʘ 

ʦʙˇʨʫʥʪʦʚʘʥʦ ʧʨʦʙʣʝʤʫ ʥʝʜʦʩʪʘʪʥʴʦʾ ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ ʟʘʭʠʩʥʦʛʦ ʧʦʢʨʠʪʪʷ 
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ʬʦʨʤ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʣʝʞʥʦʛʦ ʦʯʠʱʫʚʘʥʥʷ ʛʨʘʚʽʡʦʚʘʥʠʭ ʬʦʨʤ ʫ PVD, 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʘʨʽʶʚʘʪʠ ʨʝʞʠʤʠ ʦʙʨʦʙʣʝʥʥʷ ʬʦʨʤ ʧʝʨʝʜ ʥʘʧʠʣʝʥʥʷʤ 

ʟʘʭʠʩʥʦʛʦ ʧʦʢʨʠʪʪʷ ʽ ʚʠʢʦʨʠʩʪʘʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʛʝʣʽʢʦʥʥʦʛʦ ʨʦʟʨʷʜʫ [1, 9, 13]; 

ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʟʘʜʘʯʫ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜʦʣʦʛʽʶ ʜʦʩʣʽʜʞʝʥʥʷ, ʫʟʘʛʘʣʴʥʝʥʦ 

ʨʝʟʫʣʴʪʘʪʠ,  ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʢʠ [2, 3, 5, 6, 7, 10, 12, 17]; ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ 

ʽʩʥʫʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚʠʛʦʪʦʚʣʝʥʥʷ ʬʦʨʤ, ʧʨʦʙʣʝʤʠ, ʱʦ ʩʧʨʠʯʠʥʷʶʪʴ 

ʟʥʠʞʝʥʥʷ ʪʠʨʘʞʝʩʪʽʡʢʦʩʪʽ, ʚʠʟʥʘʯʝʥʦ ʥʘʧʨʷʤʢʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʠʨʘʞʝʩʪʽʡʢʦʩʪʽ 

ʬʦʨʤ ʽʥʪʘʛʣʽʦʜʨʫʢʫ, ʚʠʛʦʪʦʚʣʝʥʠʭ ʧʨʷʤʠʤ ʣʘʟʝʨʥʠʤ ʛʨʘʚʽʶʚʘʥʥʷʤ [4, 15]; 

ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʬʘʭʦʚʠʭ ʚʠʜʘʥʴ ʟ ʚʠʛʦʪʦʚʣʝʥʥʷ ʟʘʭʠʱʝʥʦʾ ʧʦʣʽʛʨʘʬʽʯʥʦʾ 

ʧʨʦʜʫʢʮʽʾ [8].  

ʇʦʩʪʘʥʦʚʢʘ ʤʝʪʠ ʪʘ ʟʘʚʜʘʥʴ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʧʨʦʚʝʜʝʥʘ ʨʘʟʦʤ ʟ 

ʥʘʫʢʦʚʠʤ ʢʝʨʽʚʥʠʢʦʤ. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ 

ʨʦʙʦʪʠ ʜʦʧʦʚʽʜʘʣʠʩʷ ʪʘ ʦʙʛʦʚʦʨʶʚʘʣʠʩʴ ʥʘ ʩʝʤʠ ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ ʪʘ 

ʦʧʫʙʣʽʢʦʚʘʥʽ ʚ ʾʭ ʪʝʟʘʭ ʽ ʤʘʪʝʨʽʘʣʘʭ: The 14th International Conference 

Correlation Optics 2019, SPIE, Chernivtsi National University, Chernivtsi, Ukraine, 

September 16ï19, 2019; The 15th International Conference Correlation Optics 

2021, SPIE, Chernivtsi National University, Chernivtsi, Ukraine, September 13ï16, 

2021; ʍʍ ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʩʪʫʜʝʥʪʽʚ ʪʘ ʘʩʧʽʨʘʥʪʽʚ 

çɼʨʫʢʘʨʩʪʚʦ ʤʦʣʦʜʝè, ʋʢʨʘʾʥʘ, ʤ. ʂʠʾʚ, ɺʠʜʘʚʥʠʯʦ-ʧʦʣʽʛʨʘʬʽʯʥʠʡ ʽʥʩʪʠʪʫʪ 

ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, 7ï9 ʢʚʽʪʥʷ 2020 ʨ.; V ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-

ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʇʦʣʽʛʨʘʬʽʯʥʽ, ʤʫʣʴʪʠʤʝʜʽʡʥʽ ʪʘ web-ʪʝʭʥʦʣʦʛʽʾ = Print, 

Multimedia & WEB (PMWï2020)è, ʋʢʨʘʾʥʘ, ʤ. ʂʠʾʚ, ɺʠʜʘʚʥʠʯʦ-ʧʦʣʽʛʨʘʬʽʯʥʠʡ 

ʽʥʩʪʠʪʫʪ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, 3ï6 ʣʠʩʪʦʧʘʜʘ 2020 ʨ.; ɯV ʄʽʞʥʘʨʦʜʥʽʡ 

ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʽʥʪʝʨʥʝʪ ʢʦʥʬʝʨʝʥʮʽʾ ʩʪʫʜʝʥʪʽʚ, ʤʘʛʽʩʪʨʘʥʪʽʚ ʪʘ ʘʩʧʽʨʘʥʪʽʚ 

çʂʚʘʣʽʣʦʛʽʷ ʢʥʠʛʠè, ʋʢʨʘʾʥʘ, ʃʴʚʽʚ: ʋɸɼ, 25 ʣʶʪʦʛʦ 2021 ʨ.; Vɯ ʄʽʞʥʘʨʦʜʥʽʡ 

ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʇʦʣʽʛʨʘʬʽʯʥʽ, ʤʫʣʴʪʠʤʝʜʽʡʥʽ ʪʘ web-

ʪʝʭʥʦʣʦʛʽʾ = Print, Multimedia & WEB (PMWï2021)è, ʋʢʨʘʾʥʘ, ʤ. ʍʘʨʢʽʚ, 

ʍʅʋʈɽ, 18ï20 ʪʨʘʚʥʷ 2021 ʨ.  

ʇʫʙʣʽʢʘʮʽʾ. ɿʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʦʧʫʙʣʽʢʦʚʘʥʦ 17 ʥʘʫʢʦʚʠʭ 

ʧʨʘʮʴ: 1 ʧʫʙʣʽʢʘʮʽʷ ʫ ʧʝʨʽʦʜʠʯʥʦʤʫ ʚʠʜʘʥʥʽ, ʱʦ ʚʭʦʜʠʪʴ ʜʦ ʤʽʞʥʘʨʦʜʥʠʭ 
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ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟ Scopus; 10 ʧʫʙʣʽʢʘʮʽʡ ʫ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ 

ʋʢʨʘʾʥʠ; 2 ʧʫʙʣʽʢʘʮʽʾ ʫ ʤʘʪʝʨʽʘʣʘʭ ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʡ, 

ʧʨʦʽʥʜʝʢʩʦʚʘʥʠʭ ʫ ʙʘʟʘʭ ʜʘʥʠʭ Web of Science Core Collection ʪʘ Scopus; 4 

ʧʫʙʣʽʢʘʮʽ ʾʫ ʤʘʪʝʨʽʘʣʘʭ ʽ ʪʝʟʘʭ ʤʽʞʥʘʨʦʜʥʠʭ ʪʘ ʚʩʝʫʢʨʘʾʥʩʴʢʠʭ ʢʦʥʬʝʨʝʥʮʽʡ. 

ʉʪʨʫʢʪʫʨʘ ʡ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʘʥʦʪʘʮʽʡ, 

ʚʩʪʫʧʫ, ʯʦʪʠʨʴʦʭ ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʽʟ 163 

ʥʘʡʤʝʥʫʚʘʥʴ ʪʘ 3 ʜʦʜʘʪʢʠ. ɿʘʛʘʣʴʥʠʡ ʦʙʩʷʛ ʨʦʙʦʪʠ ï 189 ʩʪʦʨʽʥʦʢ, 164 ʟ ʷʢʠʭ 

ï ʦʩʥʦʚʥʠʡ ʪʝʢʩʪ. ʋ ʜʠʩʝʨʪʘʮʽʾ 64 ʨʠʩʫʥʢʠ ʪʘ 23 ʪʘʙʣʠʮʽ. 
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ʈʆɿɼɯʃ 1. ɿɸɹɽɿʇɽʏɽʅʅʗ ʗʂʆʉʊɯ ɯʅʊɸɻʃɯʆɼʈʋʂʋ ɺ 

ʉʋʏɸʉʅʆʄʋ ɺʀʈʆɹʅʀʎʊɺɯ ɹɸʅʂʅʆʊʅʆɰ ʇʈʆɼʋʂʎɯɰ 

1.1. ɯʥʪʘʛʣʽʦʜʨʫʢ ʫ ʩʠʩʪʝʤʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʙʘʥʢʥʦʪʥʦʾ 

ʧʨʦʜʫʢʮʽʾ.  

ɿ ʤʦʤʝʥʪʫ ʩʚʦʛʦ ʧʝʨʰʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘ ʮʽʥʥʠʭ ʧʘʧʝʨʘʭ ʥʘʧʨʠʢʽʥʮʽ 

XVII ʩʪ. [2, 24] ɯɼ ʥʝ ʚʪʨʘʯʘʻ ʩʚʦʾʭ ʧʦʟʠʮʽʡ ʫ ʙʘʥʢʥʦʪʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ, ʥʘ 

ʚʽʜʤʽʥʫ ʚʽʜ ʙʘʛʘʪʴʦʭ ʽʥʰʠʭ ʝʣʝʤʝʥʪʽʚ ʟʘʭʠʩʪʫ, ʷʢʽ ʤʘʶʪʴ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʠʡ 

ʞʠʪʪʻʚʠʡ ʮʠʢʣ [25]. ʇʨʠʯʠʥʘʤʠ ʪʘʢʦʛʦ ʪʨʠʚʘʣʦʛʦ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʮʽʻʾ 

ʟʘʭʠʩʥʦʾ ʦʟʥʘʢʠ ʻ ʥʝ ʣʠʰʝ ʚʠʩʦʢʽ ʭʫʜʦʞʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʨʦʜʫʢʮʽʾ, ʚʠʛʦʪʦʚʣʝʥʦʾ 

ɯɼ [2], ʘʣʝ ʡ ʫʥʽʢʘʣʴʥʽ ʟʘʭʠʩʥʽ ʚʣʘʩʪʠʚʦʩʪʽ: 

- ʚʠʩʦʢʘ ʨʦʟʧʽʟʥʘʚʘʥʽʩʪʴ ɯɼ ʰʠʨʦʢʠʤ ʟʘʛʘʣʦʤ [24], ʦʩʢʽʣʴʢʠ ʮʝʡ ʚʠʜ 

ʜʨʫʢʫ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʪʘʢʪʠʣʴʥʽʩʪʴ ʧʨʦʜʫʢʮʽʾ, ʧʽʜʚʠʱʫʶʯʠ ʪʘʢʪʠʣʴʥʽ 

ʚʽʜʯʫʪʪʷ ʚʽʜ ʙʘʥʢʥʦʪʥʦʛʦ ʧʘʧʝʨʫ [26]. ɺʠʩʦʪʘ ʬʘʨʙʦʚʦʛʦ ʨʝʣʴʻʬʫ ʥʘ ʪʠʨʘʞʥʽʡ 

ʧʨʦʜʫʢʮʽʾ ʩʪʘʥʦʚʠʪʴ 20ï100 ʤʢʤ, ʪʦʜʽ ʷʢ ʤʘʢʩʠʤʘʣʴʥʦ ʦʪʨʠʤʘʥʽ ʪʦʚʱʠʥʠ 

ʬʘʨʙʦʚʦʛʦ ʰʘʨʫ ʥʘ ʧʨʝʟʝʥʪʘʮʽʡʥʽʡ ʙʘʥʢʥʦʪʽ çɸʤʝʨʙʘʭè (Amerbach) ʬʽʨʤʠ 

KBA ʩʪʘʥʦʚʠʪʴ ʣʦʢʘʣʴʥʦ ʜʦ 320 ʤʢʤ [27]; 

- ʟʘʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʬʘʣʴʰʠʚʦʤʦʥʝʪʥʠʮʪʚʫ, ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ɯɼ 

ʧʦʩʪʘʯʘʻʪʴʩʷ ʣʠʰʝ ʚʧʦʚʥʦʚʘʞʝʥʠʤ ʜʝʨʞʘʚʘʤʠ ʚʠʨʦʙʥʠʢʘʤ ʙʘʥʢʥʦʪʥʦʾ 

ʧʨʦʜʫʢʮʽʾ, ʘ ʚʩʽ ʧʦʩʪʘʚʢʠ ʧʝʨʝʙʫʚʘʶʪʴ ʧʽʜ ʢʦʥʪʨʦʣʝʤ ɯʥʪʝʨʧʦʣʫ [21, 22, 28]. ɿʘ 

ʜʘʥʠʤʠ [29], ʥʘʡʙʽʣʴʰʠʤ ʩʚʽʪʦʚʠʤ ʚʠʨʦʙʥʠʢʦʤ (ʦʮʽʥʢʘ ï 90 % ʩʚʽʪʦʚʦʛʦ 

ʨʠʥʢʫ) ʦʙʣʘʜʥʘʥʥʷ ʽ ʨʦʟʨʦʙʥʠʢʦʤ ʪʝʭʥʦʣʦʛʽʡ ʟʘʭʠʩʪʫ ʻ KBA ï Koenig & Bauer 

Banknote Solutions (ʨʘʥʽʰʝ KBA-GIORI, De la Rue Giori,  KBA Notasys), 

ʐʚʝʡʮʘʨʽʷ. ʅʝʚʝʣʠʢʠʡ ʚʽʜʩʦʪʦʢ ʦʙʣʘʜʥʘʥʥʷ ʚʠʨʦʙʣʷʻ ʷʧʦʥʩʴʢʘ ʢʦʤʧʘʥʽʷ 

Komori, ʷʢʘ ʧʦʩʪʘʯʘʻ ʩʧʝʮʽʘʣʽʟʦʚʘʥʝ ʜʨʫʢʘʨʩʴʢʝ ʫʩʪʘʪʢʫʚʘʥʥʷ ʅʘʮʽʦʥʘʣʴʥʦʤʫ 

ʧʦʣʽʛʨʘʬʽʯʥʦʤʫ ʙʶʨʦ ʗʧʦʥʽʾ, ʜʝʨʞʘʚʥʠʤ ʢʦʤʧʘʥʽʷʤ ʂʦʨʝʾ, ʂʠʪʘʶ, ʌʽʣʽʧʧʽʥ, 

ɯʥʜʽʾ, ɯʥʜʦʥʝʟʽʾ, ʅʽʛʝʨʽʾ, ɺôʻʪʥʘʤʫ ʪʦʱʦ, ʘ ʪʘʢʦʞ ʫʧʦʚʥʦʚʘʞʝʥʠʤ ʜʝʨʞʘʚʘʤʠ 

ʢʦʤʝʨʮʽʡʥʠʤ ʢʦʤʧʘʥʽʷʤ (De la Rue ʽ Crane) [28]. ʎʷ ʦʩʦʙʣʠʚʽʩʪʴ 

ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʽ ʚ ʪʝʥʜʝʥʮʽʷʭ ʧʘʪʝʥʪʫʚʘʥʥʷ, ʟʦʢʨʝʤʘ, ʧʨʦ ʪʝʭʥʦʣʦʛʽʯʥʠʡ 

ʧʨʦʮʝʩ ʽʥʪʘʛʣʽʦʜʨʫʢʫ [16]. ɯʥʰʠʤʠ ʚʠʨʦʙʥʠʢʘʤʠ ʤʘʰʠʥ ʽʥʪʘʛʣʽʦʜʨʫʢʫ ʻ Goebel 

[30], Nanjing Mint (ʂʠʪʘʡ) [28]; 
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- ʪʨʘʜʠʮʽʡʥʽ ʤʝʪʦʜʠ ʽ ʜʠʟʘʡʥ ʟʦʙʨʘʞʝʥʴ ɯɼ ʧʦʩʪʽʡʥʦ ʫʜʦʩʢʦʥʘʣʶʶʪʴʩʷ: 

ʜʦʜʘʶʪʴʩʷ ʥʦʚʽ ʚʣʘʩʪʠʚʦʩʪʽ ʬʘʨʙ (ʤʘʛʥʽʪʥʽ, ɯʏ, ʋʌ, OVI) [33ï37]; 

- ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʢʦʤʙʽʥʘʮʽʾ ʟʚʠʯʘʡʥʦʛʦ ɯɼ ʪʘ ʙʝʟʬʘʨʙʦʚʦʛʦ ʪʠʩʥʝʥʥʷ 

ʽʥʪʘʛʣʽʦʜʨʫʢʦʤ ʷʢ ʩʘʤʦʩʪʽʡʥʦ, ʪʘʢ ʽ ʫ ʢʦʤʙʽʥʘʮʽʾ ʟ ʽʥʰʠʤʠ ʚʠʜʘʤʠ ʜʨʫʢʫ 

(ʪʨʘʬʘʨʝʪʥʠʤ ʜʨʫʢʦʤ, ʪʠʩʥʝʥʥʷʤ ʛʦʣʦʛʨʘʬʽʯʥʦʶ ʬʦʣʴʛʦʶ ʪʦʱʦ) [33, 38, 39]; 

- ʜʦʩʢʦʥʘʣʝ ʧʽʜʨʦʙʣʝʥʥʷ ɯɼ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʤʝʨʮʽʡʥʠʭ ʜʨʫʢʘʨʩʴʢʠʭ 

ʟʘʩʦʙʽʚ ʧʨʘʢʪʠʯʥʦ ʥʝʤʦʞʣʠʚʝ ʽ ʜʦʩʪʘʪʥʴʦ ʣʝʛʢʦ ʨʦʟʧʽʟʥʘʚʘʥʝ [31, 32, 40ï42]. 

ɼʦ ʦʩʦʙʣʠʚʦʩʪʝʡ ɯɼ, ʧʦʨʽʚʥʷʥʦ ʟ ʩʫʪʦ ʛʣʠʙʦʢʠʤ ʜʨʫʢʦʤ ʥʘʣʝʞʘʪʴ: 1) 

ʧʝʨʝʚʘʞʥʦ ʰʪʨʠʭʦʚʠʡ, ʘ ʥʝ ʨʘʩʪʨʦʚʠʡ ʭʘʨʘʢʪʝʨ ɼɽ [43]; 2) ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʛʨʘʚʽʡʦʚʘʥʠʭ ʜʨʫʢʘʨʩʴʢʠʭ ʬʦʨʤ, ʘ ʥʝ ʮʠʣʽʥʜʨʽʚ [19]; 3) ʥʘʛʨʽʚʘʥʥʷ ʚʫʟʣʽʚ ʤʘʰʠʥ 

ɯɼ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ,  ʬʘʨʙ ʧʽʜ ʯʘʩ ʧʦʪʨʘʧʣʷʥʥʷ ʾʭ ʥʘ ʮʽ ʚʫʟʣʠ. ʗʢ ʟʘʟʥʘʯʝʥʦ [20, 44], 

ʥʘ ʰʣʷʭʫ ʜʦ ʌʎ ʪʝʤʧʝʨʘʪʫʨʘ ʬʘʨʙʠ ʧʦʩʪʫʧʦʚʦ ʧʽʜʚʠʱʫʻʪʴʩʷ: 17ï21 Üʉ  ʫ 

ʬʘʨʙʦʚʠʭ ʷʱʠʢʘʭ, ʙʣʠʟʴʢʦ 34 Üʉ ʥʘ ʰʘʙʣʦʥʥʠʭ ʚʘʣʘʭ, 36 Üʉ ʥʘ ʟʙʽʨʥʦʤʫ ʚʘʣʽ, 

80ï82 Üʉ ʥʘ ʌʎ; 4) ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʫʩʪʠʭ ʬʘʨʙ ʥʘ ʦʩʥʦʚʽ ʦʨʛʘʥʽʯʥʠʭ 

ʨʦʟʯʠʥʥʠʢʽʚ ï ʚʦʩʢʽʚ, ʢʦʪʨʽ ʟʤʽʥʶʶʪʴ  ʨʝʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ  ʧʽʜ ʜʽʻʶ 

ʥʘʛʨʽʚʘʥʥʷ ʪʘ ʧʽʩʣʷ ʚʠʭʦʜʫ ʟ ɼʂ [20], ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʷʢ ʬʘʨʙʦʧʝʨʝʥʝʩʝʥʥʷ ʟ ɻʐ 

ʥʘ ʧʘʧʽʨ, ʪʘ ʽ ʰʚʠʜʢʝ ʟʘʢʨʽʧʣʝʥʥʷ ʬʘʨʙʦʚʦʛʦ ʰʘʨʫ ʥʘ ʧʦʚʝʨʭʥʽ ʧʘʧʝʨʫ ʙʝʟ 

ʜʦʜʘʪʢʦʚʦʛʦ ʩʫʰʽʥʥʷ [19]; 5) ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʜʟʚʠʯʘʡʥʦ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ ʫ ʟʦʥʽ 

ɼʂ. ʊʠʩʢ ʤʽʞ ʌʎ ʽ ɼʎ, ʟʘ ʨʽʟʥʠʤʠ ʦʮʽʥʢʘʤʠ  ʩʪʘʥʦʚʠʪʴ ʚʽʜ 10 ʄʇʘ  [45]  ʜʦ 

265 ʄʇʘ [46], ʘ ʣʽʥʽʡʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʪʘʥʦʚʠʪʴ ʜʦ 1000 ʢʅ/ʤ [30]. ʊʘʢʠʡ 

ʚʠʩʦʢʠʡ ʪʠʩʢ ʩʧʨʠʯʠʥʷʻ ʢʘʣʘʥʜʨʫʚʘʣʴʥʠʡ ʝʬʝʢʪ ʥʘ ʧʘʧʝʨʽ  [19, 20, 30], 

ʧʨʦʩʪʫʧʘʥʥʷ ʪʠʩʥʫʪʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʟʚʦʨʦʪ [19, 47]. ʂʨʽʤ ʪʦʛʦ, ʪʠʩʢ 

ʧʨʠʢʣʘʜʘʻʪʴʩʷ ʙʘʛʘʪʦʨʘʟʦʚʦ (20ï30 ʨʘʟ ʥʘ ʭʚʠʣʠʥʫ, ʟʘʣʝʞʥʦ ʚʽʜ ʰʚʠʜʢʦʩʪʽ 

ʜʨʫʢʫʚʘʥʥʷ), ʱʦ ʩʧʨʠʯʠʥʷʻ ʧʦʩʪʫʧʦʚʝ ʟʥʦʰʫʚʘʥʥʷ ʬʦʨʤʠ. 

ɺʘʞʣʠʚʦ ʟʘʙʝʟʧʝʯʠʪʠ ʷʢʽʩʪʴ ɼʌɯ ʷʢ ʟ ʧʦʛʣʷʜʫ ʾʭ ʪʠʨʘʞʝʩʪʽʡʢʦʩʪʽ, ʪʘʢ ʽ ʟ 

ʧʦʛʣʷʜʫ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʚʥʷ ʬʘʨʙʦʧʝʨʝʥʝʩʝʥʥʷ, ʢʦʣʠ ʜʦʪʨʠʤʘʥʘ 

ʛʨʘʬʽʯʥʘ ʪʦʯʥʽʩʪʴ ʚʽʜʙʠʪʢʽʚ ɯɼ, ʷʢʘ ʤʘʢʩʠʤʘʣʴʥʦ ʚʽʜʧʦʚʽʜʘʻ ʟʘʧʨʦʝʢʪʦʚʘʥʦʤʫ 

ʧʨʦʬʽʣʶ, ʱʦ ʚ ʧʦʜʘʣʴʰʦʤʫ ʟʘʙʝʟʧʝʯʠʪʴ ʾʭ ʥʘʣʝʞʥʽ ʪʘʢʪʠʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ [50]. 

ɸʚʪʦʨʠ [50] ʟʘʟʥʘʯʠʣʠ, ʱʦ ʜʣʷ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ ɯɼ ʚʘʞʣʠʚʦ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦ 

ʢʝʨʫʚʘʪʠ ʥʝ ʣʠʰʝ ʙʘʣʘʥʩʦʤ ʪʠʩʢʫ ʽ ʨʝʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʬʘʨʙʠ, ʘʣʝ ʡ  
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ʜʠʟʘʡʥʦʤ ʪʘ ʚʠʛʦʪʦʚʣʝʥʥʷʤ ʬʦʨʤʠ ʚ ʧʨʦʮʝʩʽ ʜʦʜʨʫʢʘʨʩʴʢʦʾ ʧʽʜʛʦʪʦʚʢʠ. ʆʜʥʘʢ, 

ɻʐ ʬʦʨʤʠ ʤʘʶʪʴ ʛʣʠʙʠʥʫ ʪʘ ʰʠʨʠʥʫ, ʷʢʽ ʟʘʜʘʶʪʴʩʷ ʧʽʜ ʯʘʩ ʨʦʟʨʦʙʣʝʥʥʷ 

ʜʠʟʘʡʥʫ ʙʘʥʢʥʦʪ ʽ ʥʝ ʤʦʞʫʪʴ ʚʘʨʽʶʚʘʪʠʩʷ. ʊʦʤʫ ʟʘʜʣʷ ʢʨʘʱʦʛʦ 

ʬʘʨʙʦʧʝʨʝʥʝʩʝʥʥʷ ʪʘ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ ʜʨʫʢʫ ʥʝʦʙʭʽʜʥʦ ʚʘʨʽʶʚʘʪʠ ʪʘʢʽ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʬʘʢʪʦʨʠ, ʷʢ ʛʝʦʤʝʪʨʠʯʥʘ ʬʦʨʤʘ ɻʐ (ʢʫʪ ʥʘʭʠʣʫ ʩʪʽʥʦʢ ʰʪʨʠʭʽʚ, 

ʟʦʢʨʝʤʘ), ʘ ʪʘʢʦʞ ʷʢʽʩʪʴ ʾʭ ʧʦʚʝʨʭʥʽ, ʰʦʨʩʪʢʽʩʪʴ ʷʢʦʾ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʥʝ 

ʧʝʨʝʰʢʦʜʞʘʣʘ ʙ ʧʝʨʝʥʝʩʝʥʥʶ ʬʘʨʙʠ ʥʘ ʟʘʜʨʫʢʦʚʫʚʘʥʠʡ ʤʘʪʝʨʽʘʣ, ʟ ʽʥʰʦʛʦ ï 

ʟʘʙʝʟʧʝʯʫʚʘʣʘ ʙ ʫʪʨʠʤʘʥʥʷ ʥʘʣʝʞʥʦʛʦ ʦʙôʻʤʫ ʬʘʨʙʠ ʚʽʜ ʤʦʤʝʥʪʫ ʩʪʠʨʘʥʥʷ ʾʾ 

ʩʪʠʨʘʣʴʥʠʤ ʚʘʣʦʤ (ʉɺ) ʽ ʜʦ ʚʭʦʜʞʝʥʥʷ ʚ ɼʂ. 

ɺʘʞʣʠʚʽʩʪʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ɼʌɯ ʧʦʷʩʥʶʻ ʚʝʣʠʢʫ ʯʘʩʪʢʫ ʧʘʪʝʥʪʽʚ, 

ʧʨʠʩʚʷʯʝʥʠʭ ʩʘʤʝ ʮʴʦʤʫ ʧʠʪʘʥʥʶ ʩʝʨʝʜ ʫʩʽʭ ʽʥʰʠʭ ʥʘʧʨʷʤʢʽʚ ʧʘʪʝʥʪʫʚʘʥʥʷ 

ʱʦʜʦ ɯɼ. ʎʷ ʪʝʥʜʝʥʮʽʷ, ʷʢʘ ʟʙʝʨʽʛʘʻʪʴʩʷ ʧʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ 30 ʨʦʢʽʚ, ʙʫʜʝ 

ʜʦʩʣʽʜʞʝʥʘ ʥʘʤʠ ʜʝʪʘʣʴʥʦ ʜʘʣʽ. 

 

1.2. ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʬʦʨʤ ʽʥʪʘʛʣʽʦʜʨʫʢʫ 

ɺʧʝʨʰʝ ʟʘʧʘʪʝʥʪʦʚʘʥʘ ʧʨʠʥʮʠʧʦʚʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʜʨʫʢʫʚʘʥʥʷ 

ɯɼ ʥʘʧʨʠʢʽʥʮʽ ʍɯʍ ʩʪ. [16, 51]. ʊʝʭʥʦʣʦʛʽʯʥʠʤʠ ʚʘʨʽʘʥʪʘʤʠ ʧʨʦʮʝʩʫ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ɼʌɯ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʦʩʪʘʥʥʽ ʜʝʩʷʪʠʣʽʪʪʷ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʟ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʟʘʭʠʱʝʥʦʾ ʚʽʜ ʧʽʜʨʦʙʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ, ʻ [14, 52]: 

1. ɺʠʛʦʪʦʚʣʝʥʥʷ ʭʨʦʤʦʚʘʥʠʭ ʥʽʢʝʣʝʚʠʭ ʬʦʨʤ ɯɼ ʟ ʦʜʠʥʠʯʥʦʛʦ ʦʨʠʛʽʥʘʣʫ 

(ʪʨʘʜʠʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ, ʦʨʠʛʽʥʘʣ ï ʯʘʩʪʦ ʬʽʟʠʯʥʠʡ ʦʨʠʛʽʥʘʣʴʥʠʡ  ʚʠʨʽʙ)),  

ʟʙʽʨʥʠʭ ʤʘʪʨʠʮʴ, ʰʠʨʦʢʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʮʝʩʽʚ ʪʨʘʚʣʝʥʥʷ (ʜʣʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʦʜʠʥʦʯʥʦʛʦ ʦʨʠʛʽʥʘʣʫ) ʽ ʙʘʛʘʪʦʨʘʟʦʚʦʾ ʛʘʣʴʚʘʥʦʧʣʘʩʪʠʢʠ (ʤʽʜʥʦʾ 

ʤʘʪʨʠʮʽ, ʥʽʢʝʣʝʚʦʾ ʢʦʥʪʨʤʘʪʨʠʮʽ ʽ ʥʽʢʝʣʝʚʦʾ ʬʦʨʤʠ, ʭʨʦʤʦʚʘʥʦʛʦ ɿʇ), ʚʧʝʨʰʝ 

ʟʘʧʘʪʝʥʪʦʚʘʥʝ ʚ ʪʦʡ ʞʝ ʧʝʨʽʦʜ, ʱʦ ʡ ʧʨʠʥʮʠʧʠ ʽʥʪʘʛʣʽʦʜʨʫʢʫʚʘʥʥʷ [2, 14, 16, 

53]. ɺʽʜʪʦʜʽ ʮʷ ʪʝʭʥʦʣʦʛʽʷ ʧʦʩʪʽʡʥʦ ʫʜʦʩʢʦʥʘʣʶʚʘʣʘʩʷ, ʧʨʠʥʮʠʧʦʚʦ ʥʝ 

ʟʤʽʥʶʶʯʠʩʴ [14, 16, 54, 55]. ʊʘʢʠʡ ʧʨʦʮʝʩ ʙʫʚ ʙʘʟʦʚʠʤ ʜʣʷ ʫʩʽʭ ʧʦʜʘʣʴʰʠʭ 

ʨʦʟʨʦʙʦʢ ʧʨʦʚʽʜʥʠʭ ʚʠʨʦʙʥʠʢʽʚ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʜʨʫʢʘʨʩʴʢʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

[16, 56, 57] ʽ ʙʫʜʝ ʨʦʟʛʣʷʥʫʪʠʡ ʥʘʤʠ ʜʘʣʽ ʜʝʪʘʣʴʥʦ; 
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2. ɺʠʛʦʪʦʚʣʝʥʥʷ ʭʨʦʤʦʚʘʥʠʭ ʥʽʢʝʣʝʚʠʭ ɼʌɯ ʟ ʩʫʮʽʣʴʥʦʛʦ ʧʦʣʽʤʝʨʥʦʛʦ 

ʦʨʠʛʽʥʘʣʫ ï ʢʦʥʪʨʤʘʪʨʠʮʽ, ʦʪʨʠʤʘʥʦʛʦ ʣʘʟʝʨʥʠʤ ʛʨʘʚʽʶʚʘʥʥʷʤ. ʎʷ ʪʝʭʥʦʣʦʛʽʷ 

ʨʦʟʨʦʙʣʝʥʘ ʽ ʟʘʨʝʻʩʪʨʦʚʘʥʘ ʥʘʡʙʽʣʴʰʠʤ ʚʠʨʦʙʥʠʢʦʤ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʟʘʭʠʱʝʥʦʾ ʧʦʣʽʛʨʘʬʽʯʥʦʾ ʧʨʦʜʫʢʮʽʾ Koenig & Bauer Banknote 

Solutions SA ʷʢ ʪʦʨʛʽʚʝʣʴʥʘ ʤʘʨʢʘ ʧʽʜ ʥʘʟʚʦʶ CTIP one COMPUTER TO 

INTAGLIO PLATE (2008 ʨ., ʧʦʜʘʥʥʷ 2003 ʨ.) ʽ ʟʘʧʘʪʝʥʪʦʚʘʥʘ [58, 59]. ɿ 2002 

ʧʦ 2015 ʨʦʢʠ ʧʦʜʘʥʦ ʟʘʷʚʢʠ ʽ ʚʠʜʘʥʦ ʧʘʪʝʥʪʠ ʱʦʜʦ ʮʽʻʾ ʪʝʭʥʦʣʦʛʽʾ ʚ ʧʦʥʘʜ 30 

ʢʨʘʾʥʘʭ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʚ ʋʢʨʘʾʥʽ [60], ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʘʜʟʚʠʯʘʡʥʦ ʰʠʨʦʢʝ ʾʾ 

ʚʠʢʦʨʠʩʪʘʥʥʷ. ʆʨʠʛʽʥʘʣ ʚʠʛʦʪʦʚʣʶʻʪʴʩʷ ʷʢ ʬʘʡʣ ʜʘʥʠʭ, ʧʝʨʝʚʘʞʥʦ, ʷʢ 

ʢʦʤʧôʶʪʝʨʥʝ ʦʙʨʦʙʣʝʥʥʷ ʭʫʜʦʞʥʴʦʾ ʛʨʘʚʶʨʠ ʟ ʧʦʜʘʣʴʰʠʤ ʨʝʧʣʽʢʫʚʘʥʥʷʤ, 

ʚʠʟʥʘʯʝʥʥʷʤ ʛʣʠʙʠʥʠ ʪʘ ʬʦʨʤʠ ʰʪʨʠʭʽʚ [61]. ɻʘʣʴʚʘʥʦʧʣʘʩʪʠʢʘ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʽʢʝʣʝʚʦʾ ʬʦʨʤʠ ʽ ʭʨʦʤʫʚʘʥʥʷ. ʇʽʜ ʯʘʩ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʴʦʛʦ ʩʧʦʩʦʙʫ ʚʠʛʦʪʦʚʣʝʥʥʷ ʦʨʠʛʽʥʘʣʫ ʚʜʘʻʪʴʩʷ ʚʠʢʣʶʯʠʪʠ ʟ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʥʘʡʩʢʣʘʜʥʽʰʠʡ ʪʘ ʥʘʡʙʽʣʴʰ ʪʨʫʜʦʤʽʩʪʢʠʡ ʧʨʦʮʝʩ ï 

ʨʫʯʥʝ ʛʨʘʚʽʶʚʘʥʥʷ ʦʨʠʛʽʥʘʣʫ, ʱʦ ʢʨʽʤ ʪʦʛʦ ʩʫʪʪʻʚʦ ʟʥʠʞʫʻ ʥʝʙʝʟʧʝʢʫ 

ʥʝʟʚʦʨʦʪʥʦʾ ʚʪʨʘʪʠ ʦʨʠʛʽʥʘʣʫ, ʧʨʦ ʷʢʫ ʟʘʟʥʘʯʝʥʦ ʚ [62]; 

3. ɺʠʛʦʪʦʚʣʝʥʥʷ ʬʦʨʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʇʃɻ ʦʩʥʦʚʠ (ʩʧʣʘʚʠ ʮʠʥʢʫ) ʟ 

ʧʦʜʘʣʴʰʠʤ ʥʘʥʝʩʝʥʥʷʤ ʟʘʭʠʩʥʦʛʦ ʭʨʦʤʦʚʦʛʦ ʧʦʢʨʠʪʪʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʛʘʣʴʚʘʥʦʧʣʘʩʪʠʢʠ. ʆʨʠʛʽʥʘʣ ï ʬʘʡʣ ʜʘʥʠʭ, ʧʽʜʛʦʪʦʚʣʝʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʣʘʟʝʨʥʦʛʦ 

ʦʙʨʦʙʣʝʥʥʷ. ɻʘʣʴʚʘʥʦʧʣʘʩʪʠʢʘ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʟʘʭʠʩʥʦʛʦ ʭʨʦʤʫʚʘʥʥʷ. 

ʊʘʢʝ ʦʪʨʠʤʘʥʥʷ ʬʦʨʤʠ (ʯʠ ʦʨʠʛʽʥʘʣʫ) ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʘʛʘʪʦʨʘʟʦʚʦʛʦ 

ʧʨʦʭʦʜʞʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʫ (ʤʝʭʘʥʽʯʥʦʛʦ, ʯʠ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ) 

ʧʦʩʪʘʣʦ ʥʘ ʯʘʩʽ ʥʘʧʨʠʢʽʥʮʽ ʍʍ ï ʧʦʯʘʪʢʫ ʍʍɯ ʩʪ. ʷʢ ʨʝʟʫʣʴʪʘʪ ʦʜʥʦʯʘʩʥʠʭ 

ʨʦʟʨʦʙʦʢ ʜʝʢʽʣʴʢʦʭ ʚʠʨʦʙʥʠʢʽʚ ï  Giesecke and Devrient GmbH [63]; ɹʘʥʢʫ 

ɸʚʩʪʨʽʾ (Oesterreichische Banknoten U S) [64, 65], KBA Giory/Notasys SA [66]. 

ʅʘʡʘʢʪʠʚʥʽʰʝ ʚʧʨʦʚʘʜʞʫʻ ʢʦʥʮʝʧʮʽʶ, ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ 

Direct Laser EngraverÈ (DLE) ʨʦʟʨʦʙʥʠʢ JURA ʚ ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʽ ʟ ʧʨʦʚʽʜʥʠʤ 

ʚʠʨʦʙʥʠʢʦʤ ʙʘʥʢʥʦʪʥʦʾ ʧʨʦʜʫʢʮʽʾ Oesterreichische Banknoten- und 

Sicherheitsdruckerei GmbH (OeBS) ï ʧʽʜʨʦʟʜʽʣʦʤ ɸʚʩʪʨʽʡʩʴʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ 
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ʙʘʥʢʫ [67], ʜʝ ʩʚʦʛʦ ʯʘʩʫ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʽ ʧʨʦʪʝʩʪʦʚʘʥʦ ʜʣʷ ʧʦʜʘʣʴʰʠʭ 

ʚʧʨʦʚʘʜʞʝʥʴ ʧʝʨʰʫ ʩʠʩʪʝʤʫ Direct Laser EngraverÈ (DLE) ï Direct Laser 

EngraverÈ (DLE), ʷʢʘ ʙʫʣʘ ʽ ʜʦʩʽ ʚʠʧʫʩʢʘʻʪʴʩʷ ʷʢ ʧʦʚʥʽʩʪʶ ʘʚʪʦʤʘʪʠʟʦʚʘʥʘ 

ʮʠʬʨʦʚʘ ʩʠʩʪʝʤʘ ʢʦʤʧôʶʪʝʨ-ʩʠʩʪʝʤʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ɼʌɯ. ʇʝʨʰʽ ʙʘʥʢʥʦʪʠ ʟ 

ʛʨʘʚʽʶʚʘʥʥʷʤ DLE ʫʚʽʡʰʣʠ ʚ ʦʙʽʛ ʚ 2006 ʨʦʮʽ [67]; 

4. ɺʠʛʦʪʦʚʣʝʥʥʷ ʬʦʨʤ ʟʘ ʜʦʧʦʤʦʛʦʶ DLE ʤʘʪʨʠʮʽ ʥʘ ʦʩʥʦʚʽ ʣʘʪʫʥʽ ʽ 

ʙʘʛʘʪʦʨʘʟʦʚʦʾ ʛʘʣʴʚʘʥʦʧʣʘʩʪʠʢʠ (ʥʽʢʝʣʝʚʦʾ ʢʦʥʪʨʤʘʪʨʠʮʽ ʽ ʥʽʢʝʣʝʚʦʾ ʬʦʨʤʠ, 

ʭʨʦʤʦʚʘʥʦʛʦ ʟʘʭʠʩʥʦʛʦ ʧʦʢʨʠʪʪʷ). ʆʨʠʛʽʥʘʣ ï ʬʘʡʣ ʜʘʥʠʭ, ʧʽʜʛʦʪʦʚʣʝʥʠʡ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ 

ʣʘʟʝʨʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ. ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʪʘʢʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʪʠʨʘʞʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʚ ʋʢʨʘʾʥʽ ʽ ʻ ʩʫʯʘʩʥʠʤ,  

ʧʦʰʠʨʝʥʠʤ ʟʘ ʢʦʨʜʦʥʦʤ [68], ʭʦʯʘ ʮʽ ʨʦʟʨʦʙʥʠʢʠ ʥʝ ʚʽʜʢʠʜʘʶʪʴ ʽ ʤʦʞʣʠʚʦʩʪʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʦʨʠʛʽʥʘʣʫ ʧʣʘʩʪʠʢʫ; 

5. ɺʠʛʦʪʦʚʣʝʥʥʷ ʬʦʨʤ ʟʘ ʜʦʧʦʤʦʛʦʶ DLE ʤʘʪʨʠʮʽ ʥʘ ʦʩʥʦʚʽ ʣʘʪʫʥʽ ʽ 

ʛʘʣʴʚʘʥʦʧʣʘʩʪʠʢʠ ʥʽʢʝʣʝʚʦʾ ʢʦʥʪʨʤʘʪʨʠʮʽ ʽ ʥʽʢʝʣʝʚʦʾ ʬʦʨʤʠ. ʆʨʠʛʽʥʘʣ ï ʬʘʡʣ 

ʜʘʥʠʭ, ʧʽʜʛʦʪʦʚʣʝʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʣʘʟʝʨʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ. ɿʇ ʥʽʪʨʠʜʫ ʭʨʦʤʫ 

ʥʘʥʦʩʠʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ PVD ʨʦʟʧʠʣʝʥʥʷʤ ʭʨʦʤʦʚʦʾ ʤʽʰʝʥʽ ʚ ʘʪʤʦʩʬʝʨʽ 

ʘʟʦʪʫ.   

6. ɺʠʛʦʪʦʚʣʝʥʥʷ ʬʦʨʤ ʟʘ ʜʦʧʦʤʦʛʦʶ DLE ʬʦʨʤʠ ʥʘ ʦʩʥʦʚʽ ʣʘʪʫʥʽ. 

ʆʨʠʛʽʥʘʣ ï ʬʘʡʣ ʜʘʥʠʭ, ʧʽʜʛʦʪʦʚʣʝʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʣʘʟʝʨʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ. ɿʇ ʥʽʪʨʠʜʫ 

ʭʨʦʤʫ ʥʘʥʦʩʠʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ PVD ʨʦʟʧʠʣʝʥʥʷʤ ʭʨʦʤʦʚʦʾ ʤʽʰʝʥʽ ʚ 

ʘʪʤʦʩʬʝʨʽ ʘʟʦʪʫ. ʎʝʡ ʚʘʨʽʘʥʪ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʷʢʠʡ ʻ ʥʘʡʤʝʥʰ 

ʪʨʠʚʘʣʠʤ ʪʘ ʥʘʡʙʽʣʴʰ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʠʤ ʧʦʪʨʝʙʫʻ ʜʦʜʘʪʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʟʘʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ ʬʦʨʤ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʚʠʛʦʪʦʚʣʝʥʥʷ ɼʌɯ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦ ʪʘʢʠʭ ʥʘʧʨʷʤʢʘʭ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʢʨʝʤʠʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤ 

ʙʣʦʢʘʤ:  
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1. ʇʝʨʝʭʽʜ ʚʽʜ ʨʫʯʥʦʛʦ ʛʨʘʚʽʶʚʘʥʥʷ ʽ ʪʨʘʚʣʝʥʥʷ ʦʜʠʥʠʯʥʦʛʦ ʦʨʠʛʽʥʘʣʫ ʜʦ 

ʢʦʤʧôʶʪʝʨʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʽ ʩʪʚʦʨʝʥʥʷ ʧʦʚʥʦʬʦʨʤʘʪʥʦʛʦ (ʪʘʢʦʛʦ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʧʘʨʘʤʝʪʨʘʤ ʬʦʨʤʥʦʛʦ ʮʠʣʽʥʜʨʫ) ʦʨʠʛʽʥʘʣʫ ʟ ʢʦʤʧôʶʪʝʨʥʦʶ 

ʦʙʨʦʙʢʦʶ ʜʘʥʠʭ;  

2. ʉʧʦʩʽʙ ʦʪʨʠʤʘʥʥʷ ʢʦʥʪʨʤʘʪʨʠʮʽ; 

3. ʉʧʦʩʽʙ ʽ ʤʘʪʝʨʽʘʣ ʦʪʨʠʤʘʥʥʷ ʛʨʘʚʽʡʦʚʘʥʦʾ ʬʦʨʤʠ; 

4. ʉʧʦʩʽʙ ʽ ʤʘʪʝʨʽʘʣ ʥʘʥʝʩʝʥʥʷ ɿʇ. 

1.2.1. ɺʠʛʦʪʦʚʣʝʥʥʷ ʭʨʦʤʦʚʘʥʠʭ ʥʽʢʝʣʝʚʠʭ ʬʦʨʤ ʽʥʪʘʛʣʽʦʜʨʫʢʫ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʦʟʨʦʙʣʝʥʠʭ ʚ 90-ʭ ʨʦʢʘʭ ʍʍ ʩʪ. ʧʽʜ ʯʘʩ ʟʘʩʥʫʚʘʥʥʷ 

ʙʘʥʢʥʦʪʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʥʝʟʘʣʝʞʥʦʾ ʋʢʨʘʾʥʠ ʚʠʛʦʪʦʚʣʝʥʥʷ ʭʨʦʤʦʚʘʥʠʭ 

ʥʽʢʝʣʝʚʠʭ ɼʌɯ, ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʜʨʫʢʫʚʘʥʥʷ ʥʘ ʤʘʰʠʥʘʭ ʉʫʧʝʨ-ʆʨʣʦʚ-

ɯʥʪʘʛʣʽʦ, ʚʽʜʙʫʚʘʣʦʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʘʛʘʪʦʝʪʘʧʥʠʭ ʊʇ. ɿʘʛʘʣʴʥʘ ʩʭʝʤʘ ʊʇ, 

ʚ ʮʽʣʦʤʫ, ʚʽʜʧʦʚʽʜʘʻ ʪʽʡ, ʷʢʘ ʥʘʚʝʜʝʥʘ ʚ ʨʦʙʦʪʽ [69], ʘʣʝ ʟ ʦʢʨʝʤʠʤʠ 

ʫʪʦʯʥʝʥʥʷʤʠ ( ʨʠʩ. 1.1 ). ɰɰ ʦʩʥʦʚʥʠʤʠ ʝʪʘʧʘʤʠ ʪʨʘʜʠʮʽʡʥʦ ʙʫʣʠ [2, 58, 59, 69]:  

ɯ. ʈʦʟʨʦʙʣʝʥʥʷ ʪʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʦʨʠʛʽʥʘʣʫ (ʬʽʟʠʯʥʦʛʦ ʯʠ (ʧʽʟʥʽʰʝ) ʬʘʡʣʫ 

ʜʘʥʠʭ): ʨʫʯʥʝ ʛʨʘʚʽʶʚʘʥʥʷ; ʭʽʤʽʯʥʝ ʪʨʘʚʣʝʥʥʷ; ʚʠʛʦʪʦʚʣʝʥʥʷ ʦʜʠʥʠʯʥʦʛʦ 

ʧʣʘʩʪʠʢʦʚʦʛʦ ʦʨʠʛʽʥʘʣʫ-ʤʘʪʨʠʮʽ;  

ɯɯ. ɺʠʛʦʪʦʚʣʝʥʥʷ ʟʙʽʨʥʦʾ ʧʣʘʩʪʤʘʩʦʚʦʾ ʤʘʪʨʠʮʽ; 

ɯɯɯ ɻʘʣʴʚʘʥʦʧʣʘʩʪʠʯʥʝ ʬʦʨʤʫʚʘʥʥʷ ʥʽʢʝʣʝʚʦʾ ʬʦʨʤʥʦʾ ʧʣʘʩʪʠʥʠ: 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʽʜʥʦʾ ʤʘʪʨʠʮʽ ʟʽ ʟʙʽʨʥʦʾ ʧʣʘʩʪʤʘʩʦʚʦʾ ʤʘʪʨʠʮʽ; ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʥʽʢʝʣʝʚʦʾ ʢʦʥʪʨʤʘʪʨʠʮʽ ʟ ʤʽʜʥʦʾ ʤʘʪʨʠʮʽ; ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʽʢʝʣʝʚʦʾ ʬʦʨʤʥʦʾ 

ʧʣʘʩʪʠʥʠ ʟ ʥʽʢʝʣʝʚʦʾ ʢʦʥʪʨʤʘʪʨʠʮʽ; ʰʣʽʬʫʚʘʥʥʷ ʬʦʨʤʥʦʾ ʧʣʘʩʪʠʥʠ. 

IV. ʅʘʥʝʩʝʥʥʷ ʟʘʭʠʩʥʦʛʦ ʭʨʦʤʦʚʦʛʦ ʧʦʢʨʠʪʪʷ. 

1. ɽʣʝʢʪʨʦʣʽʪʠʯʥʝ ʭʨʦʤʫʚʘʥʥʷ ʬʦʨʤʥʦʾ ʧʣʘʩʪʠʥʠ.  

 2. ɿʘʢʣʶʯʥʘ ʦʙʨʦʙʢʘ ʬʦʨʤʥʦʾ ʧʣʘʩʪʠʥʠ. 

ʂʦʥʪʨʦʣʴ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʽ ʧʘʨʘʤʝʪʨʽʚ ʬʦʨʤʥʠʭ 

ʥʘʧʽʚʬʘʙʨʠʢʘʪʽʚ ʪʘ ʬʦʨʤʥʠʭ ʧʣʘʩʪʠʥ, ʘ ʪʘʢʦʞ (ʟʘ ʧʦʪʨʝʙʠ) ʨʝʪʫʰʫʚʘʥʥʷ 

ʚʽʜʙʫʚʘʣʠʩʷ ʧʽʩʣʷ ʢʦʞʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʝʪʘʧʫ.  
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ʈʠʩ. 1.1. ʊʨʠʚʘʣʽʩʪʴ ʝʪʘʧʽʚ ʚʠʛʦʪʦʚʣʝʥʥʷ ɼʌɯ ʟʘ ʨʽʟʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ  [69]. 

 

ʇʨʦʮʝʩ ʚʠʛʦʪʦʚʣʝʥʥʷ ʟʙʽʨʥʦʾ ʧʣʘʩʪʤʘʩʦʚʦʾ ʤʘʪʨʠʮʽ ʩʢʣʘʜʘʚʩʷ ʟ ʪʘʢʠʭ 

ʝʪʘʧʽʚ: ʧʽʜʛʦʪʦʚʢʠ ʦʨʠʛʽʥʘʣʘ ʜʦ ʤʘʪʨʠʮʽʶʚʘʥʥʷ; ʧʨʝʩʫʚʘʥʥʷ ʦʜʠʥʠʯʥʠʭ 

ʤʘʪʨʠʮʴ; ʨʦʟʢʣʘʜʢʠ ʦʜʠʥʠʯʥʠʭ  ʤʘʪʨʠʮʴ; ʧʦʨʽʟʢʠ ʦʜʠʥʠʯʥʠʭ ʤʘʪʨʠʮʴ ʧʦ 

ʛʦʨʠʟʦʥʪʘʣʽ; ʟʚʘʨʶʚʘʥʥʷ ʤʘʪʨʠʮʴ ʫ ʚʝʨʪʠʢʘʣʴʥʠʭ ʨʷʜʘʭ; ʧʦʨʽʟʢʠ ʧʦ ʰʠʨʠʥʽ ʪʘ 

ʤʦʥʪʘʞʫ ʚʝʨʪʠʢʘʣʴʥʠʭ ʨʷʜʽʚ; ʟʚʘʨʶʚʘʥʥʷ ʚʝʨʪʠʢʘʣʴʥʠʭ ʨʷʜʽʚ; ʧʽʜʛʦʪʦʚʢʠ 

ʟʙʽʨʥʦʾ  ʤʘʪʨʠʮʽ ʜʦ ʛʘʣʴʚʘʥʦʧʣʘʩʪʠʢʠ.  ʇʦʜʽʙʥʘ ʪʝʭʥʦʣʦʛʽʷ ʦʧʠʩʘʥʘ [69] (ʨʠʩ. 

1.1), ʜʝ ʪʨʠʚʘʣʽʩʪʴ ʧʨʦʮʝʩʫ ʚʠʛʦʪʦʚʣʝʥʥʷ ʦʜʥʽʻʾ ʬʦʨʤʠ ʦʮʽʥʝʥʘ ʷʢ 48 ʜʥʽʚ.  
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ʇʨʦʮʝʩ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʽʜʥʦʾ ʤʘʪʨʠʮʽ (ʨʠʩ. 1.1) ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʘʢʠʭ 

ʝʪʘʧʽʚ: ʩʨʽʙʣʝʥʥʷ ʟʙʽʨʥʦʾ ʧʣʘʩʪʤʘʩʦʚʦʾ ʤʘʪʨʠʮʽ; ʧʽʜʛʦʪʦʚʢʠ ʛʘʣʴʚʘʥʽʯʥʦʾ ʚʘʥʥʠ 

ʤʽʜʥʝʥʥʷ ʜʦ ʨʦʙʦʪʠ; ʛʘʣʴʚʘʥʦʧʣʘʩʪʠʯʥʦʛʦ ʤʽʜʥʝʥʥʷ ʧʣʘʩʪʤʘʩʦʚʦʾ ʤʘʪʨʠʮʽ;  

ʨʦʟʤʽʪʢʠ ʤʽʜʥʦʾ ʤʘʪʨʠʮʽ; ʚʠʢʽʥʯʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʤʽʜʥʦʾ ʤʘʪʨʠʮʽ. ɿʘʛʘʣʴʥʠʡ 

ʯʘʩ, ʧʦʪʨʽʙʥʠʡ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʤʽʜʥʦʾ ʤʘʪʨʠʮʽ ʪʦʚʱʠʥʦʶ 1500 ʤʢʤ 

ʝʣʝʢʪʨʦʣʽʪʠʯʥʠʤ ʤʽʜʥʝʥʥʷʤ, ʩʪʘʥʦʚʠʪʴ 42ï43 ʛʦʜ. 

 ʇʨʦʮʝʩ ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʽʢʝʣʝʚʦʾ ʢʦʥʪʨʤʘʪʨʠʮʽ ʟ ʤʽʜʥʦʾ ʤʘʪʨʠʮʽ  

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʘʢʠʭ ʝʪʘʧʽʚ: ʧʽʜʛʦʪʦʚʢʠ ʤʽʜʥʦʾ ʤʘʪʨʠʮʽ ʜʦ ʥʽʢʝʣʶʚʘʥʥʷ; 

ʥʘʥʝʩʝʥʥʷ ʨʦʟʜʽʣʶʚʘʣʴʥʦʛʦ ʰʘʨʫ; ʧʽʜʛʦʪʦʚʢʠ  ʛʘʣʴʚʘʥʽʯʥʦʾ ʚʘʥʥʠ ʥʽʢʝʣʶʚʘʥʥʷ 

ʜʦ ʨʦʙʦʪʠ; ʛʘʣʴʚʘʥʦʧʣʘʩʪʠʯʥʦʛʦ ʥʽʢʝʣʶʚʘʥʥʷ ʤʽʜʥʦʾ ʤʘʪʨʠʮʽ; ʚʠʢʽʥʯʫʚʘʥʥʷ 

ʥʽʢʝʣʝʚʦʾ ʢʦʥʪʨʤʘʪʨʠʮʽ. 

ɿʘʛʘʣʴʥʠʡ ʯʘʩ, ʧʦʪʨʽʙʥʠʡ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʥʽʢʝʣʝʚʦʾ ʢʦʥʪʨʤʘʪʨʠʮʽ 

ʪʦʚʱʠʥʦʶ 1400 ʤʢʤ ʛʘʣʴʚʘʥʦʧʣʘʩʪʠʯʥʠʤ ʥʽʢʝʣʶʚʘʥʥʷʤ ʤʽʜʥʦʾ ʤʘʪʨʠʮʽ, 

ʩʪʘʥʦʚʠʪʴ 18-19 ʛʦʜ.  ɺʠʢʽʥʯʫʚʘʥʥʷ ʥʽʢʝʣʝʚʦʾ ʢʦʥʪʨʤʘʪʨʠʮʽ ʧʨʦʚʦʜʠʪʴʩʷ 

ʨʫʯʥʠʤ ʰʣʽʬʫʚʘʥʥʷʤ. 

ʇʨʦʮʝʩ ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʽʢʝʣʝʚʦʾ ʬʦʨʤʥʦʾ ʧʣʘʩʪʠʥʠ ʟ ʥʽʢʝʣʝʚʦʾ 

ʢʦʥʪʨʤʘʪʨʠʮʽ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʘʢʠʭ ʝʪʘʧʽʚ: ʥʘʥʝʩʝʥʥʷ ʨʦʟʜʽʣʶʚʘʣʴʥʦʛʦ ʰʘʨʫ; 

ʧʽʜʛʦʪʦʚʢʠ ʚʘʥʥʠ ʥʽʢʝʣʶʚʘʥʥʷ ʜʦ ʨʦʙʦʪʠ; ʛʘʣʴʚʘʥʦʧʣʘʩʪʠʯʥʦʛʦ ʥʽʢʝʣʶʚʘʥʥʷ 

ʥʽʢʝʣʝʚʦʾ ʢʦʥʪʨʤʘʪʨʠʮʽ. ɿʘʛʘʣʴʥʠʡ ʯʘʩ ʦʪʨʠʤʘʥʥʷ ʥʽʢʝʣʝʚʦʾ ʬʦʨʤʠ ʪʦʚʱʠʥʦʶ 

900 ʤʢʤ ʛʘʣʴʚʘʥʦʧʣʘʩʪʠʯʥʠʤ ʥʽʢʝʣʶʚʘʥʥʷʤ ʥʽʢʝʣʝʚʦʾ ʢʦʥʪʨʤʘʪʨʠʮʽ, 

ʩʪʘʥʦʚʠʪʴ ʙʽʣʷ 15 ʛʦʜ. ʅʽʢʝʣʴ (II) ʩʫʣʴʬʘʤʽʥʦʚʦʢʠʩʣʠʡ ʝʣʝʢʪʨʦʣʽʪ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʦʩʦʙʣʠʚʦ ʤʽʮʥʠʭ ʛʘʣʴʚʘʥʽʯʥʠʭ ʧʦʢʨʠʪʪʽʚ ʥʘ 

ʧʦʚʝʨʭʥʶ ʧʨʝʩ-ʬʦʨʤ ʪʘ ʤʘʪʨʠʮʴ ʜʣʷ ʰʪʘʤʧʫʚʘʥʥʷ ʜʝʪʘʣʝʡ ʙʫʜʴ-̫ ʢʦʾ 

ʩʢʣʘʜʥʦʩʪʽ. ɽʣʝʢʪʨʦʣʽʪʥʝ ʧʦʢʨʠʪʪʷ ʚʠʨʦʙʽʚ ʥʽʢʝʣʝʤ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ 

ʤʽʮʥʽʩʪʴ, ʜʦʚʛʦʚʽʯʥʽʩʪʴ, ʩʪʽʡʢʽʩʪʴ ʜʦ ʘʛʨʝʩʠʚʥʠʭ ʩʝʨʝʜʦʚʠʱ, ʜʦ ʚʠʩʦʢʠʭ ʽ 

ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʘ ʪʘʢʦʞ ʜʦ ʨʘʜʽʘʮʽʡʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ [70].  

ʇʨʦʮʝʩ ʰʣʽʬʫʚʘʥʥʷ ʬʦʨʤʥʦʾ ʧʣʘʩʪʠʥʠ ʤʽʩʪʠʪʴ ʝʪʘʧʠ:  ʧʽʜʛʦʪʦʚʢʘ 

ʬʦʨʤʥʦʾ ʧʣʘʩʪʠʥʠ ʜʦ ʰʣʽʬʫʚʘʥʥʷ; ʥʘʣʘʰʪʫʚʘʥʥʷ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʚʝʨʩʪʘʪʘ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʦʯʥʦʩʪʽ ʰʣʽʬʫʚʘʥʥʷ ʧʣʘʩʪʠʥ ʧʦ ʪʦʚʱʠʥʽ ʫ ʤʝʞʘʭ Ñ0,005 ʤʤ; 

ʰʣʽʬʫʚʘʥʥʷ ʥʽʢʝʣʝʚʦʾ ʧʣʘʩʪʠʥʠ ʜʦ ʟʘʜʘʥʦʾ ʪʦʚʱʠʥʠ. ʐʣʽʬʫʚʘʥʥʷ ʟʚʦʨʦʪʫ 
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ʥʽʢʝʣʝʚʦʾ ʧʣʘʩʪʠʥʠ ʜʦ ʟʘʜʘʥʦʾ ʪʦʚʱʠʥʠ ʧʨʦʚʦʜʠʪʴʩʷ ʧʦʝʪʘʧʥʦ: 1) ʜʦ 

ʚʠʨʽʚʥʶʚʘʥʥʷ ʧʦ ʪʦʚʱʠʥʽ; 2) ʜʦ ʪʦʚʱʠʥʠ (0,79°0,01) ʤʤ; 3) ʯʠʩʪʦʚʝ 

ʰʣʽʬʫʚʘʥʥʷ ʜʦ ʪʦʚʱʠʥʠ ʧʣʘʩʪʠʥʠ (0,76°0,005) ʤʤ, ʧʦʪʽʤ (0,75Ñ0,005) ʤʤ ʽ 

ʦʩʪʘʪʦʯʥʦ ï (0,745°0,005) ʤʤ.  

ʇʨʦʮʝʩ ʭʨʦʤʫʚʘʥʥʷ ʥʽʢʝʣʝʚʦʾ ʬʦʨʤʠ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʘʢʠʭ ʝʪʘʧʽʚ: 

ʧʽʜʛʦʪʦʚʢʠ ʜʨʫʢʘʨʩʴʢʦʾ ʬʦʨʤʠ ʜʦ ʭʨʦʤʫʚʘʥʥʷ (ʧʦʣʽʨʫʚʘʥʥʷ ʜʦ ʙʣʠʩʢʫ ʚʩʽʻʾ 

ʣʠʮʴʦʚʦʾ ʧʦʚʝʨʭʥʽ ʜʨʫʢʘʨʩʴʢʦʾ ʬʦʨʤʠ ï ʧʦʚʝʨʭʥʷ ʤʘʻ ʙʫʪʠ ʨʽʚʥʦʶ, ʙʣʠʩʢʫʯʦʶ, 

ʙʝʟ ʟʘʣʦʤʽʚ ʽ ʜʝʬʦʨʤʘʮʽʡ ʧʦʙʣʠʟʫ ʜʨʫʢʘʨʩʴʢʠʭ ʝʣʝʤʝʥʪʽʚ); ʝʣʝʢʪʨʦʣʽʪʠʯʥʦʛʦ 

ʟʥʝʞʠʨʝʥʥʷ ʥʽʢʝʣʝʚʦʾ ʜʨʫʢʘʨʩʴʢʦʾ ʬʦʨʤʠ (ʜʦ ʩʪʘʥʫ, ʢʦʣʠ ʧʦʚʝʨʭʥʷ ʧʣʘʩʪʠʥʠ 

ʧʦʚʥʽʩʪʶ ʟʤʦʯʫʻʪʴʩʷ ʚʦʜʦʶ); ʧʽʜʛʦʪʦʚʢʠ ʚʘʥʥʠ ʭʨʦʤʫʚʘʥʥʷ ʜʦ ʨʦʙʦʪʠ; 

ʥʘʥʝʩʝʥʥʷ ʭʨʦʤʦʚʦʛʦ ʧʦʢʨʠʪʪʷ ʥʘ ʧʦʚʝʨʭʥʶ ʥʽʢʝʣʝʚʦʾ ʜʨʫʢʘʨʩʴʢʦʾ ʬʦʨʤʠ; 

ʚʠʜʘʣʝʥʥʷ ʥʝʷʢʽʩʥʦʛʦ ʭʨʦʤʦʚʦʛʦ ʧʦʢʨʠʪʪʷ ʟ ʧʦʚʝʨʭʥʽ ʜʨʫʢʘʨʩʴʢʦʾ ʬʦʨʤʠ.  

ʅʘʥʝʩʝʥʥʷ ʭʨʦʤʦʚʦʛʦ ʧʦʢʨʠʪʪʷ ʥʘ ʧʦʚʝʨʭʥʶ ʥʽʢʝʣʝʚʦʾ ʜʨʫʢʘʨʩʴʢʦʾ 

ʬʦʨʤʠ ʻ ʝʢʦʣʦʛʽʯʥʦ ʥʘʡʰʢʽʜʣʠʚʽʰʠʤ ʝʪʘʧʦʤ ʚʠʛʦʪʦʚʣʝʥʥʷ ʬʦʨʤ: ʜʣʷ 

ʥʝʡʪʨʘʣʽʟʫʚʘʥʥʷ ʪʘ ʜʝʢʘʧʽʶʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʬʦʨʤʥʦʾ ʧʣʘʩʪʠʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

10%-ʡ ʨʦʟʯʠʥ ʩʽʨʯʘʥʦʾ ʢʠʩʣʦʪʠ ʪʘ ʭʨʦʤʦʚʠʡ ʘʥʛʽʜʨʠʜ.  

ɿʘʢʣʶʯʥʘ ʦʙʨʦʙʢʘ ʬʦʨʤʥʦʾ ʧʣʘʩʪʠʥʠ ʧʦʣʷʛʘʻ ʚ ʾʾ ʧʦʣʽʨʫʚʘʥʥʽ ʧʦʚʩʪʷʥʠʤ 

ʧʦʣʽʨʫʚʘʣʴʥʠʤ ʢʨʫʛʦʤ ʪʘ ʧʝʨʬʦʨʫʚʘʥʥʽ ʢʣʘʧʘʥʥʦʛʦ ʽ ʭʚʦʩʪʦʚʦʛʦ ʢʽʥʮʷ 

ʬʦʨʤʥʦʾ ʧʣʘʩʪʠʥʠ.  

1.2.2. ɺʠʛʦʪʦʚʣʝʥʥʷ ɼʌɯ ʧʨʷʤʠʤ ʣʘʟʝʨʥʠʤ ʛʨʘʚʽʶʚʘʥʥʷʤ.  

ʊʝʭʥʦʣʦʛʽʷ DLE ʟʘʚʜʷʢʠ ʥʠʟʮʽ ʧʝʨʝʚʘʛ ʰʚʠʜʢʦ ʩʪʘʣʘ, ʧʦʨʷʜ ʽʟ ʉʊɯʈ, 

ʧʘʥʽʚʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʚʠʛʦʪʦʚʣʝʥʥʷ ʬʦʨʤ [14, 16]. ʊʘʢʠʤʠ ʧʝʨʝʚʘʛʘʤʠ ʻ:  

- ʩʫʪʪʻʚʦ ʤʝʥʰʠʡ, ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ, ʯʘʩ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʬʦʨʤʠ ï 3ï4 ʜʥʽ (ʨʠʩ. 1.1, [64, 69, 71], ʪʦʜʽ ʷʢ ʉʊɯʈ ï 15 ʜʥʽʚ, ʪʨʘʜʠʮʽʡʥʘ 

ʪʝʭʥʦʣʦʛʽʷ ï 39 ʜʥʽʚ. ʋ ʘʚʪʦʨʽʚ [64, 69, 71] ʪʨʠʚʘʣʽʩʪʴ ʪʨʘʜʠʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ 

ʦʮʽʥʝʥʦ ʥʘʚʽʪʴ 48 ʜʥʽʚ, ʦʜʥʘʢ ï ʮʝ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʢʦʤʧʣʝʢʪʫ ʟ 3-ʭ ʬʦʨʤ, ʘ ʪʘʢʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʻ ʚ ʫʩʽʭ ʪʝʭʥʦʣʦʛʽʷʭ;  

- ʥʘʙʘʛʘʪʦ ʤʝʥʰʠʡ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʜʦʚʢʽʣʣʷ, ʦʩʢʽʣʴʢʠ ʚ 

ʪʨʘʜʠʮʽʡʥʠʭ ʫʞʝ ʪʝʧʝʨ ʚʠʜʘʭ DLE ʥʝʤʘʻ ʜʚʦʭ ʝʪʘʧʽʚ ʥʽʢʝʣʶʚʘʥʥʷ, ʚʩʝ ʞ 

ʥʘʷʚʥʘ ʛʘʣʴʚʘʥʽʯʥʘ ʦʧʝʨʘʮʽʷ ʭʨʦʤʫʚʘʥʥʷ; 
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- ʚʠʩʦʢʘ ʷʢʽʩʪʴ ʛʨʘʚʽʶʚʘʥʥʷ ʷʢ ʪʦʥʢʠʭ (ʚʽʜ 10 ʤʢʤ), ʪʘʢ ʽ ʛʣʠʙʦʢʠʭ (ʜʦ 

300 ʤʢʤ) ʰʪʨʠʭʽʚ [69]; 

- ʚʠʢʦʨʠʩʪʘʥʥʷ ʽ ʩʪʚʦʨʝʥʥʷ ʥʦʚʽʪʥʽʭ ʤʝʪʦʜʽʚ ʟʘʭʠʩʪʫ ʟʘʚʜʷʢʠ 

ʧʽʜʚʠʱʝʥʥʶ ʩʪʫʧʝʥʶ ʢʦʥʪʨʦʣʴʦʚʘʥʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ ʛʨʘʚʽʡʦʚʘʥʠʭ ʰʪʨʠʭʽʚ 

(ʧʨʦʬʽʣʶ, ʪʦʚʱʠʥʠ ʪʘ ʛʣʠʙʠʥʠ ʛʨʘʚʽʶʚʘʥʥʷ, ʷʢʽ ʤʦʞʫʪʴ ʟʤʽʥʶʚʘʪʠʩʷ ʚ ʤʝʞʘʭ 

ʦʜʥʦʛʦ ʰʪʨʠʭʘ); 

- ʩʪʚʦʨʝʥʥʷ ʩʧʨʘʚʜʽ ʪʨʠʚʠʤʽʨʥʠʭ ʩʪʨʫʢʪʫʨ (ʘʩʠʤʝʪʨʠʯʥʠʭ ʧʨʦʬʽʣʽʚ 

ʣʽʥʽʡ,  ʚʘʨʽʘʮʽʾ ʛʣʠʙʠʥʠ ʣʽʥʽʾ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʰʠʨʠʥʠ ʣʽʥʽʾ ʪʦʱʦ), ʱʦ ʜʦʟʚʦʣʷʻ 

ʧʦʜʦʣʘʪʠ ʦʙʤʝʞʝʥʥʷ ʪʨʘʜʠʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʽ ʟʘʙʝʟʧʝʯʫʻ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ 

ʜʠʟʘʡʥʝʨʽʚ ʪʘ ʨʦʟʨʦʙʥʠʢʽʚ ʩʠʩʪʝʤʠ ʟʘʭʠʩʪʫ  [69]; 

- ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʦʶ ʻ ʪʘʢʦʞ ʟʤʦʛʘ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʨʘʜʠʮʽʡʥʠʭ 

ʙʘʛʘʪʦʝʪʘʧʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚʠʛʦʪʦʚʣʝʥʥʷ ʬʦʨʤ, ʛʨʘʚʽʶʚʘʪʠ ʢʨʘʡʦʚʫ ʯʘʩʪʠʥʫ 

ʙʘʥʢʥʦʪ ʽ ʟaʜʨʫʢʦʚʫʚaʪʠ ʾʾ ɯɼ, ʦʩʢʽʣʴʢʠ ʩʘʤʝ ʥʘ ʢʨʘʡʦʚʠʭ ʯʘʩʪʠʥʘʭ ʨʦʟʤʽʱʫʶʪʴ  

ʧʦʟʥʘʯʢʠ ʜʣʷ ʣʶʜʝʡ ʟ ʦʙʤʝʞʝʥʥʷʤ ʟʦʨʫ [39].  

ʅʘ ʨʠʩ. 1.2 ʥʘʚʝʜʝʥʦ ʩʭʝʤʫ  ʧʦʝʪʘʧʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʣʘʪʫʥʥʦʾ ʧʣʘʩʪʠʥʠ 

ʧʽʜ ʯʘʩ ʾʾ ʦʙʨʦʙʣʝʥʥʷ ʣʘʟʝʨʥʠʤ ʧʨʦʤʝʥʝʤ, ʧʨʝʜʩʪʘʚʣʝʥʫ ʚ ʦʜʥʦʤʫ ʟ ʢʣʶʯʦʚʠʭ 

ʧʘʪʝʥʪʽʚ ʱʦʜʦ DLE [66]: ʛʨʘʚʽʶʚʘʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʤʧʫʣʴʩʥʦʾ 

ʦʙʨʦʙʢʠ ʣʘʟʝʨʥʠʤ ʧʨʦʤʝʥʝʤ, ʩʪʚʦʨʶʚʘʥʦʛʦ ʽʤʧʫʣʴʩʥʠʤ ʣʘʟʝʨʥʠʤ ʧʨʠʩʪʨʦʻʤ 

ʥʘ ʦʩʥʦʚʽ ʪʚʝʨʜʦʪʽʣʴʥʦʛʦ ʘʣʶʤʦ-ʽʪʨʽʻʚʦʛʦ ʛʨʘʥʘʪʘ, ʣʝʛʦʚʘʥʦʛʦ ʥʝʦʜʠʤʦʤ Nd-

YAG. ʇʣʘʩʪʠʥʘ, ʱʦ ʛʨʘʚʽʶʻʪʴʩʷ, ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʚ ʧʨʠʩʪʨʦʾ ʥʘ ʧʣʘʪʬʦʨʤʽ, 

ʟʜʘʪʥʽʡ ʨʫʭʘʪʠʩʷ ʚʟʜʦʚʞ ʜʚʦʭ ʜʝʢʘʨʪʦʚʠʭ ʦʩʝʡ. ɰɰ ʧʝʨʝʤʽʱʝʥʥʷ, ʘ ʪʘʢʦʞ 

ʚʝʨʪʠʢʘʣʴʥʝ ʧʝʨʝʤʽʱʝʥʥʷ ʚʽʜʥʦʩʥʦ ʧʣʘʪʬʦʨʤʠ, ʧʦʪʫʞʥʽʩʪʴ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʪʘ ʬʦʢʫʩʫʚʘʥʥʷ ʦʧʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʣʘʟʝʨʥʦʛʦ ʧʨʠʩʪʨʦʶ ʢʝʨʫʻʪʴʩʷ 

ʢʦʤʧôʶʪʝʨʦʤ. ʆʧʪʠʯʥʘ ʩʠʩʪʝʤʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʩʧʨʷʤʫʚʘʥʥʷ ʣʘʟʝʨʥʦʛʦ 

ʧʨʦʤʝʥʶ ʥʘ ʬʦʢʘʣʴʥʽ ʣʽʥʟʠ, ʷʢʽ ʢʦʥʮʝʥʪʨʫʶʪʴ ʣʘʟʝʨʥʠʡ ʧʨʦʤʽʥʴ ʫ ʧʦʪʨʽʙʥʽʡ 

ʪʦʯʮʽ ʚ ʤʝʞʘʭ ʧʝʚʥʦʾ ʦʙʣʘʩʪʽ ʛʨʘʚʽʶʚʘʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ ʟʘ ʦʜʠʥ ʧʨʦʭʽʜ 

ʛʨʘʚʽʶʻʪʴʩʷ ʜʽʣʷʥʢʘ ʛʣʠʙʠʥʦʶ 10ï15 ʤʢʤ. 

ʊʘʢʘ ʪʝʭʥʦʣʦʛʽʷ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʧʨʦʬʽʣʽ 2D ʽ 3D ʧʨʦʬʽʣʽ ɻʐ ʨʽʟʥʦʾ 

ʬʦʨʤʠ, ʷʢʦʾ ʚʠʤʘʛʘʶʪʴ ʟʘʚʜʘʥʥʷ ʟʘʭʠʩʪʫ ʪʘ ʜʠʟʘʡʥ [72].  
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ʘ) ʙ) 

 
 

ʚ) ʛ) 

ʈʠʩ. 1.2. ʉʪʚʦʨʝʥʥʷ  ɻʐ ʬʦʨʤ ɯɼ ʟa ʪʝʭʥʦʣʦʛiʻʶ DLE: ʘ ï ʧʨʠʥʮʠʧ ʦʙʨʦʙʣʝʥʥʷ; ʙ, ʚ, 

ʛ ï ɻʐ ʨiʟʥʦʾ ʛʣʠʙʠʥʠ ʽ ʬʦʨʤʠ ʥʘ ʧʝʨʰʦʤʫ, ʜʨʫʛʦʤʫ ʽ ʪʨʝʪʴʦʤʫ ʧʨʦʭʦʜʞʝʥʥʽ ʣʘʟʝʨʥʦʛʦ 

ʧʨʦʤʝʥʷ, ʚʽʜʧʦʚʽʜʥʦ [66].  

 

1.2.3. ʅʘʥʝʩʝʥʥʷ ʟʘʭʠʩʥʦʛʦ ʧʦʢʨʠʪʪʷ ʤʘʛʥʝʪʨʦʥʥʠʤ ʨʦʟʧʠʣʝʥʥʷʤ. 

ʅʦʚʽʪʥʽʡ ʧʨʦʮʝʩ ʥʘʥʝʩʝʥʥʷ ɿʇ ʥʽʪʨʠʜʫ ʭʨʦʤʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʄʈ 

ʭʨʦʤʦʚʦʾ ʤʽʰʝʥʽ ʚ ʘʪʤʦʩʬʝʨʽ ʘʟʦʪʫ (PVD), ʧʦʚʥʽʩʪʶ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʡ ʽ 

ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʠʡ, ʟʘʙʝʟʧʝʯʫʻ ʚʽʜʪʚʦʨʶʚʘʥʠʡ ʽ ʝʢʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ [73].  

ʎʝʡ ʧʨʦʮʝʩ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʟʘ ʧʽʜʪʨʠʤʢʠ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʮʝʥʪʨʘʣʴʥʦʛʦ ʙʘʥʢʫ 

[74] ʽ ʚʧʨʦʚʘʜʞʝʥʦ ʚʧʝʨʰʝ ɹʘʥʢʥʦʪʥʠʤ ʜʚʦʨʦʤ ɹʘʥʢʫ ɯʪʘʣʽʾ (Banca dôItalia) 

[75]. ɺʠʢʦʨʠʩʪʘʥʦ ʪʝʭʥʦʣʦʛʽʶ ʬʽʟʠʯʥʦʛʦ ʦʩʘʜʞʝʥʥʷ ʟ ʧʘʨʦʚʦʾ ʬʘʟʠ (PVD): 

ʧʨʷʤʝ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʷ ʥʘ ʧʣʘʩʪʠʥʠ ʚ ʩʝʨʝʜʦʚʠʱʽ ʚʠʩʦʢʦʛʦ ʚʘʢʫʫʤʫ 

ʜʦʟʚʦʣʠʪʴ ʚʠʨʦʙʣʷʪʠ ʟʘʭʠʩʥʽ ʰʘʨʠ ʟ ʧʦʢʨʘʱʝʥʠʤʠ ʤʝʭʘʥʽʯʥʠʤʠ ʪʘ 

ʪʨʠʙʦʣʦʛʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʙʝʟʧʝʯʥʠʭ ʭʽʤʽʢʘʪʽʚ ʘʙʦ 

ʙʝʟ ʫʪʚʦʨʝʥʥʷ ʚʽʜʭʦʜʽʚ ʽ ʟʘʙʨʫʜʥʝʥʥʷ ʜʦʚʢʽʣʣʷ [75].  

ʇʨʦʮʝʩ ʩʪʚʦʨʝʥʥʷ ʪʦʥʢʠʭ ʧʣʽʚʦʢ CrN ʥʘʚʝʜʝʥʦ ʨʦʟʨʦʙʥʠʢʦʤ   ʧʨʠʩʪʨʦʶ 

ʜʣʷ ʮʽʻʾ ʦʙʨʦʙʢʠ [76]. ʊʝʭʥʦʣʦʛʽʷ PVD (ʬʽʟʠʯʥʝ ʦʩʘʜʞʝʥʥʷ ʟ ʧʘʨʦʚʦʾ ʬʘʟʠ) 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ, ʟʦʢʨʝʤʘ, ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ. ʇʨʦʮʝʩ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʘʪʦʜʥʠʭ ʨʦʟʧʠʣʶʚʘʯʽʚ ʽ ʧʦʣʷʛʘʻ ʚ ʙʦʤʙʘʨʜʫʚʘʥʥʽ 

ʤʽʰʝʥʽ (ʤʘʪʝʨʽʘʣʫ, ʟ ʷʢʦʛʦ ʙʫʜʝ ʚʠʛʦʪʦʚʣʝʥʘ ʧʣʽʚʢʘ,) ʽʦʥʘʤʠ ʽʥʝʨʪʥʦʛʦ ʛʘʟʫ 

(ʪʘʢʠʭ ʷʢ ʘʨʛʦʥ, Ar) ʟ ʚʠʩʦʢʦʶ ʝʥʝʨʛʽʻʶ (ʧʨʠʙʣʠʟʥʦ ʚʽʜ 100 ʝɺ ʜʦ ~ ʢʝɺ), 

ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʘʪʦʤʠ ʤʽʰʝʥʽ ʚʠʙʠʚʘʶʪʴʩʷ ʟ ʥʝʾ ʽ ʦʩʘʜʞʫʶʪʴʩʷ ʥʘ ʧʽʜʢʣʘʜʮʽ, 



37 
 

ʫʪʚʦʨʶʶʯʠ ʧʦʢʨʠʪʪʷ [77]. ʋ ʧʨʠʩʪʨʦʾ PLATECOAT ʚʠʢʦʨʠʩʪʘʥʦ ʨʝʘʢʪʠʚʥʝ 

ʨʦʟʧʠʣʝʥʥʷ, ʢʦʣʠ ʜʦ ʽʥʝʨʪʥʦʛʦ ʛʘʟʫ (Ar), ʷʢʠʤ ʟʜʽʡʩʥʶʻʪʴʩʷ ʨʦʟʧʠʣʝʥʥʷ 

ʭʨʦʤʦʚʦʾ ʤʽʰʝʥʽ, ʜʦʜʘʻʪʴʩʷ ʨʝʘʢʮʽʡʥʦ ʟʜʘʪʥʠʡ ʛʘʟ (ʘʟʦʪ N2). ʇʽʜ ʯʘʩ 

ʨʝʘʢʪʠʚʥʦʛʦ ʨʦʟʧʠʣʝʥʥʷ ʘʪʦʤʠ, ʚʠʙʠʪʽ ʟ ʤʽʰʝʥʽ, ʫʪʚʦʨʶʶʯʠ ʧʣʽʚʢʫ, ʚʭʦʜʷʪʴ ʫ 

ʨʝʘʢʮʽʶ ʟ ʨʝʘʢʪʠʚʥʠʤ ʛʘʟʦʤ. ɺ ʧʽʜʩʫʤʢʫ ʥʘ ʧʽʜʢʣʘʜʮʽ (ʛʨʘʚʽʡʦʚʘʥʽʡ ʣʘʪʫʥʥʽʡ 

ʬʦʨʤʽ) ʫʪʚʦʨʶʻʪʴʩʷ ʧʦʢʨʠʪʪʷ CrN. ʊʝʤʧʝʨʘʪʫʨʠ ʧʨʦʮʝʩʫ ʥʠʞʯʝ 150ÁC 

ʟʘʟʚʠʯʘʡ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 30ÁC ʜʦ 80ÁC. ɿʘʚʜʷʢʠ ʪʘʢʽʡ ʟʥʠʞʝʥʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ ʧʽʜʢʣʘʜʢʘ ʥʝ ʟʘʟʥʘʻ ʞʦʜʥʠʭ ʤʦʜʠʬʽʢʘʮʽʡ (ʞʦʜʥʦʛʦ ʩʧʦʪʚʦʨʝʥʥʷ 

ʯʠ ʚʪʨʘʪʠ ʪʚʝʨʜʦʩʪʽ, ʘ ʪʘʢʦʞ ʟʤʽʥʠ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ) [77]. 

ʇʨʠʩʪʨʽʡ ʜʣʷ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʷ ʥʘ ʬʦʨʤʫ ʥʘʚʝʜʝʥʦ ʚ [76] ʪʘ ʪʠʭ ʧʦʥʘʜ 

ʜʚʘʜʮʷʪʠ ʧʘʪʝʥʪʘʭ ʬʽʨʤʠ KBA, ʷʢʠʤʠ ʟʘʭʠʱʝʥʦ ʚ ʨʽʟʥʠʭ ʢʨʘʾʥʘʭ ʮʶ ʨʦʟʨʦʙʢʫ 

(ʨʠʩ. 1.3).  

 

ʈʠʩ. 1.3. ʂʦʥʩʪʨʫʢʮʽʷ ʧʨʠʩʪʨʦʶ ʜʣʷ ʥʘʥʝʩʝʥʥʷ ʥʽʪʨʠʜ-ʭʨʦʤʦʚʦʛʦ ʧʦʢʨʠʪʪʷ ʥʘ 

ʬʦʨʤʠ ʽʥʪʘʛʣʽʦʜʨʫʢʫ [76] 

 

ɺ ʧʘʪʝʥʪʘʭ, ʟʦʢʨʝʤʘ [76], ʦʧʠʩʫʻʪʴʩʷ çʘʧʘʨʘʪ (1) ʜʣʷ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʷ 

ʥʘ ʬʦʨʤʠ ʜʣʷ ʛʣʠʙʦʢʦʛʦ ʜʨʫʢʫ, ʷʢʠʡ ʤʽʩʪʠʪʴ ʚʘʢʫʫʤʥʫ ʢʘʤʝʨʫ (3), ʱʦ ʤʘʻ 

ʚʥʫʪʨʽʰʥʽʡ ʧʨʦʩʪʽʨ (30), ʧʨʠʩʪʦʩʦʚʘʥʠʡ ʜʣʷ ʧʨʠʡʦʤʫ ʱʦʥʘʡʤʝʥʰʝ ʦʜʥʽʻʾ 

ʬʦʨʤʠ (10) ʜʣʷ ʛʣʠʙʦʢʦʛʦ ʜʨʫʢʫ, ʥʘ ʷʢʫ ʥʘʥʦʩʠʪʴʩʷ ʧʦʢʨʠʪʪʷ, ʚʘʢʫʫʤʥʫ 
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ʩʠʩʪʝʤʫ (4), ʟôʻʜʥʘʥʫ ʟ ʚʘʢʫʫʤʥʦʶ ʢʘʤʝʨʦʶ (3) ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʚʘʢʫʫʤʫ ʫ 

ʚʥʫʪʨʽʰʥʴʦʤʫ ʧʨʦʩʪʦʨʽ (30) ʚʘʢʫʫʤʥʦʾ ʢʘʤʝʨʠ (3), ʽ ʩʠʩʪʝʤʫ (5) ʬʽʟʠʯʥʦʛʦ 

ʦʩʘʜʞʝʥʥʷ ʟ ʧʘʨʦʚʦʾ ʬʘʟʠ (PVD) ʜʣʷ ʦʩʘʜʞʝʥʥʷ ʟʥʦʩʦʩʪʽʡʢʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʧʦʢʨʠʪʪʷ ʧʽʜ ʚʘʢʫʫʤʦʤ ʥʘ ʛʨʘʚʽʨʦʚʘʥʫ ʧʦʚʝʨʭʥʶ (10ʘ) ʬʦʨʤʠ (10) ʜʣʷ 

ʛʣʠʙʦʢʦʛʦ ʜʨʫʢʫ, ʷʢʘ ʩʠʩʪʝʤʘ (5) ʬʽʟʠʯʥʦʛʦ ʦʩʘʜʞʝʥʥʷ ʟ ʧʘʨʦʚʦʾ ʬʘʟʠ ʚʢʣʶʯʘʻ 

ʱʦʥʘʡʤʝʥʰʝ ʦʜʥʘ ʤʽʰʝʥʴ (51, 52) ʤʘʪʝʨʽʘʣʫ ʧʦʢʨʠʪʪʷ, ʱʦ ʤʽʩʪʠʪʴ ʜʞʝʨʝʣʦ 

ʟʥʦʩʦʩʪʽʡʢʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʦʢʨʠʪʪʷ, ʷʢʠʡ ʥʘʥʦʩʠʪʴʩʷ ʥʘ ʛʨʘʚʽʨʦʚʘʥʫ ʧʦʚʝʨʭʥʶ 

(10ʘ) ʬʦʨʤʠ (10) ʜʣʷ ʛʣʠʙʦʢʦʛʦ ʜʨʫʢʫ. ɺʘʢʫʫʤʥʘ ʢʘʤʝʨʘ (3) ʨʦʟʪʘʰʦʚʘʥʘ ʪʘʢʠʤ 

ʯʠʥʦʤ, ʱʦ ʬʦʨʤʘ ʜʣʷ ʛʣʠʙʦʢʦʛʦ ʜʨʫʢʫ (10), ʥʘ ʷʢʫ ʥʘʥʦʩʠʪʴʩʷ ʧʦʢʨʠʪʪʷ, 

ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʚʝʨʪʠʢʘʣʴʥʦ ʫ ʚʥʫʪʨʽʰʥʴʦʤʫ ʧʨʦʩʪʦʨʽ (30) 

ʚʘʢʫʫʤʥʦʾ ʢʘʤʝʨʠ (3) ʟ ʚʠʛʨʘʚʽʨʫʚʘʥʦʶ ʧʦʚʝʨʭʥʝʶ (10a) ʟʚʝʨʥʝʥʘ 

ʱʦʥʘʡʤʝʥʰʝ ʜʦ ʦʜʥʽʻʾ ʤʽʰʝʥʽ (51, 52) ʤʘʪʝʨʽʘʣʫ ʧʦʢʨʠʪʪʷ. ʇʨʠʩʪʨʽʡ (1) ʜʣʷ 

ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʷ ʥʘ ʬʦʨʤʫ ʜʣʷ ʛʣʠʙʦʢʦʛʦ ʜʨʫʢʫ ʜʦʜʘʪʢʦʚʦ ʤʽʩʪʠʪʴ ʨʫʭʦʤʠʡ 

ʥʦʩʽʡ (6), ʨʦʟʪʘʰʦʚʘʥʠʡ ʫ ʚʥʫʪʨʽʰʥʴʦʤʫ ʧʨʦʩʪʦʨʽ (30) ʚʘʢʫʫʤʥʦʾ ʢʘʤʝʨʠ (3) ʽ 

ʧʨʠʩʪʦʩʦʚʘʥʠʡ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʪʘ ʮʠʢʣʽʯʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʬʦʨʤʠ (10) ʜʣʷ 

ʛʣʠʙʦʢʦʛʦ ʜʨʫʢʫ ʧʝʨʝʜ ʽ ʧʦʚʟ ʱʦʥʘʡʤʝʥʰʝ ʦʜʥʫ ʤʽʰʝʥʴ (51, 52) ʤʘʪʝʨʽʘʣʫ 

ʧʦʢʨʠʪʪʷè. 

ʇʝʨʝʙʽʛ ʧʨʦʮʝʩʫ ʥʘʥʝʩʝʥʥʷ ʥʽʪʨʠʜ-ʭʨʦʤʦʚʦʛʦ ʧʦʢʨʠʪʪʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʫʩʪʘʪʢʫʚʘʥʥʷ PLATECOAT [77], ʱʦ ʚʠʛʦʪʦʚʣʝʥʦ ʟʛʘʜʘʥʠʤ ʚʠʱʝ 

ʧʘʪʝʥʪʦʚʣʘʩʥʠʢʦʤ KBA ʡ ʽʥʩʪʘʣʴʦʚʘʥʦ ʥʘ ʥʠʟʮʽ ʙʘʥʢʥʦʪʥʠʭ ʚʠʨʦʙʥʠʮʪʚ ʩʚʽʪʫ, 

ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1.4: 1) ʟʘʚʘʥʪʘʞʝʥʥʷ ʧʦʧʝʨʝʜʥʴʦ ʦʯʠʱʝʥʦʾ ʛʨʘʚʽʡʦʚʘʥʦʾ 

ʬʦʨʤʠ ʚ ʨʦʙʦʯʫ ʢʘʤʝʨʫ ʧʨʠʩʪʨʦʶ; 2) ʚʽʜʢʘʯʫʚʘʥʥʷ ʨʦʙʦʯʦʾ ʢʘʤʝʨʠ ʧʨʠʩʪʨʦʶ 

ʜʦ ʪʠʩʢʫ 10-5ï10-4 ʤʙʘʨ; 3) ʽʦʥʦ-ʧʣʘʟʤʦʚʝ ʪʨʘʚʣʝʥʥʷ (ʦʯʠʱʝʥʥʷ) ʬʦʨʤʠ 

ʧʦʟʠʪʠʚʥʦ ʟʘʨʷʜʞʝʥʠʤʠ ʽʦʥʘʤʠ ʘʨʛʦʥʫ Ar+ ʟ ʧʦʜʘʯʝʶ ʘʨʛʦʥʫ ʚ ʢʘʤʝʨʫ ʟʘ 

ʨʦʙʦʯʦʛʦ ʪʠʩʢʫ ʚ ʨʽʟʥʠʭ ʮʠʢʣʘʭ 10-4-10-3 ʤʙʘʨ (ʟ ʢʽʣʴʢʘʨʘʟʦʚʠʤ ʚʽʜʢʘʯʫʚʘʥʥʷʤ 

ʨʦʙʦʯʦʾ ʛʘʟʦʚʦʾ ʩʫʤʽʰʽ ʜʦ 10-5-10-4 ʤʙʘʨ). ʅʘ ʬʦʨʤʫ ʧʦʜʘʻʪʴʩʷ ʚʽʜôʻʤʥʠʡ 

ʧʦʪʝʥʮʽʘʣ; 4) ʽʦʥʦ-ʧʣʘʟʤʦʚʝ ʪʨʘʚʣʝʥʥʷ (ʦʯʠʱʝʥʥʷ) ʭʨʦʤʦʚʠʭ ʤʽʰʝʥʝʡ 

ʧʦʟʠʪʠʚʥʦ ʟʘʨʷʜʞʝʥʠʤʠ ʽʦʥʘʤʠ ʘʨʛʦʥʫ Ar+ ʟ ʧʦʜʘʯʝʶ ʘʨʛʦʥʫ ʚ ʢʘʤʝʨʫ ʟʘ 

ʨʦʙʦʯʦʛʦ ʪʠʩʢʫ ʚ ʨʽʟʥʠʭ ʮʠʢʣʘʭ 10-3ï10-1 ʤʙʘʨ (ʟ ʢʽʣʴʢʘʨʘʟʦʚʠʤ ʚʽʜʢʘʯʫʚʘʥʥʷʤ 

ʨʦʙʦʯʦʾ ʛʘʟʦʚʦʾ ʩʫʤʽʰʽ ʜʦ 10-5ï10-4 ʤʙʘʨ). ʅʘ ʤʽʰʝʥʽ ʧʦʜʘʻʪʴʩʷ ʚʽʜôʻʤʥʠʡ 
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ʧʦʪʝʥʮʽʘʣ; 5) ʥʘʥʝʩʝʥʥʷ  ʥʽʪʨʠʜ-ʭʨʦʤʦʚʦʛʦ ʧʦʢʨʠʪʪʷ ʪʦʚʱʠʥʦʶ 2ï4 ʤʢʤ. ɺ 

ʨʦʙʦʯʫ ʢʘʤʝʨʫ ʧʦʜʘʻʪʴʩʷ ʘʟʦʪ ʚ ʩʫʤʽʰʽ ʟ ʘʨʛʦʥʦʤ ʚ ʧʨʦʧʦʨʮʽʾ 1:5; 6) ʟʘʢʽʥʯʝʥʥʷ 

ʮʠʢʣʫ (ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʽʜʢʣʘʜʢʠ (ʬʦʨʤʠ), ʦʯʠʱʝʥʥʷ ʨʦʙʦʯʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʚʽʜʢʘʯʫʚʘʥʥʷʤ ʜʦ 10-6 ʤʙʘʨ; 7) ʟʥʷʪʪʷ ʚʘʢʫʫʤʫ ï ʥʘʧʫʩʢʘʥʥʷ 

ʧʦʚʽʪʨʷ ʜʦ ʘʪʤʦʩʬʝʨʥʦʛʦ ʪʠʩʢʫ, ʚʽʜʢʨʠʚʘʥʥʷ ʨʦʙʦʯʦʾ ʢʘʤʝʨʠ, ʚʠʡʤʘʥʥʷ ʬʦʨʤʠ 

[77].  

ɿʘʛʘʣʴʥʘ ʪʨʠʚʘʣʽʩʪʴ ʧʨʦʮʝʩʫ ʩʪʘʥʦʚʠʪʴ ʜʦ 5ï5,5 ʛʦʜ. 

 

ʈʠʩ.1.4. ʊʨʠʚʘʣʽʩʪʴ ʝʪʘʧʽʚ ʥʘʥʝʩʝʥʥʷ ʥʽʪʨʠʜ-ʭʨʦʤʦʚʦʛʦ ʧʦʢʨʠʪʪʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʫʩʪʘʪʢʫʚʘʥʥʷ PLATECOAT [77] 

 

1.3. ɺʠʨʦʙʥʠʮʪʚʦ ʬʦʨʤ ʽʥʪʘʛʣʽʦʜʨʫʢʫ ʚ ʢʦʥʪʝʢʩʪʽ ʝʢʦʣʦʛʽʯʥʦʾ 

ʙʝʟʧʝʯʥʦʩʪʽ: ʚʠʟʥʘʯʝʥʥʷ ʧʦʪʝʥʮʽʡʥʦʾ ʰʢʽʜʣʠʚʦʩʪ̔ ʝʪʘʧʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʮʝʩʫ ʚʘʨʽʘʥʪʽʚ ʚʠʛʦʪʦʚʣʝʥʥʷ ʬʦʨʤ 

ʌʘʭʽʚʮʷʤʠ ʙʘʥʢʥʦʪʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʥʝʦʜʥʦʨʘʟʦʚʦ ʟʘʟʥʘʯʘʣʦʩʷ, ʱʦ 

ʧʨʦʮʝʩʠ ʛʘʣʴʚʘʥʦʧʣʘʩʪʠʢʠ ʚʩʝ ʱʝ ʟʘʣʠʰʘʻʪʴʩʷ ʢʣʶʯʦʚʠʤ ʝʪʘʧʦʤ ʚʠʨʦʙʥʠʮʪʚʘ 

ɼʌɯ [71], ʟ ʥʠʤʠ ʧʦʚôʷʟʘʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʥʘʡʤʥʽ ʚʘʥʥ ʜʣʷ ʭʨʦʤʫʚʘʥʥʷ ʪʘ 

ʥʽʢʝʣʶʚʘʥʥʷ, ʘ ʜʦʥʝʜʘʚʥʘ ï ʽ ʤʽʜʥʝʥʥʷ. ʎʽ ʧʨʦʮʝʩʠ ʚʠʤʘʛʘʶʪʴ ʨʝʪʝʣʴʥʦʛʦ 

ʢʦʥʪʨʦʣʶ ʪʘ ʩʪʘʥʦʚʣʷʪʴ ʝʢʦʣʦʛʽʯʥʫ ʧʨʦʙʣʝʤʫ [71].  

ɸʥʘʣʽʟ ʩʪʘʥʫ ʪʘ ʥʘʧʨʷʤʢʽʚ ʧʽʜʚʠʱʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʯʥʦʩʪʽ 

ʚʠʨʦʙʥʠʮʪʚʘ ɼʌɯ ʙʫʜʝʤʦ ʧʨʦʚʦʜʠʪʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʪʠʭ ʨʽʟʥʠʭ ʚʘʨʽʘʥʪʽʚ ʊʇ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʟʘʨʘʟ ʫ ʪʠʨʘʞʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʚ ʋʢʨʘʾʥʽ:  
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I. ɺʠʛʦʪʦʚʣʝʥʥʷ ʬʦʨʤ ʤʝʪʦʜʦʤ DLE ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʷʢ ʦʩʥʦʚʠ ʣʘʪʫʥʽ ʽ 

ʙʘʛʘʪʦʨʘʟʦʚʦʾ ʛʘʣʴʚʘʥʦʧʣʘʩʪʠʢʠ (ʥʽʢʝʣʝʚʦʾ ʢʦʥʪʨʤʘʪʨʠʮʽ ʽ ʥʽʢʝʣʝʚʦʾ ʬʦʨʤʠ, 

ʭʨʦʤʦʚʘʥʦʛʦ ʟʘʭʠʩʥʦʛʦ ʧʦʢʨʠʪʪʷ). 

II. ɺʠʛʦʪʦʚʣʝʥʥʷ ʬʦʨʤ ʤʝʪʦʜʦʤ DLE ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʷʢ ʦʩʥʦʚʠ ʣʘʪʫʥʽ 

ʽ ʛʘʣʴʚʘʥʦʧʣʘʩʪʠʢʠ ʥʽʢʝʣʝʚʦʾ ʢʦʥʪʨʤʘʪʨʠʮʽ ʽ ʥʽʢʝʣʝʚʦʾ ʬʦʨʤʠ. ɿʇ ʥʽʪʨʠʜʫ 

ʭʨʦʤʫ ʥʘʥʦʩʠʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ PVD ʨʦʟʧʠʣʝʥʥʷʤ ʭʨʦʤʦʚʦʾ ʤʽʰʝʥʽ ʚ 

ʘʪʤʦʩʬʝʨʽ ʘʟʦʪʫ. 

III. ɺʠʛʦʪʦʚʣʝʥʥʷ ʬʦʨʤ ʤʝʪʦʜʦʤ DLE ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʷʢ ʦʩʥʦʚʠ ʣʘʪʫʥʽ 

ʟ ʧʦʜʘʣʴʰʠʤ ʥʘʥʝʩʝʥʥʷʤ ɿʇ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʘʣʴʚʘʥʦʧʣʘʩʪʠʢʠ. 

ʊʘʢʦʞ ʧʨʦʧʦʥʫʻʪʴʩʷ ʨʦʟʛʣʷʜʘʪʠ ʚʘʨʽʘʥʪ IV (ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ) ï 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʬʦʨʤ ʤʝʪʦʜʦʤ DLE ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʷʢ ʦʩʥʦʚʠ ʣʘʪʫʥʽ ʽʟ 

ʥʘʥʝʩʝʥʥʷʤ ɿʇ ʥʽʪʨʠʜʫ ʭʨʦʤʫ ʟʘ ʜʦʧʦʤʦʛʦʶ PVD ʨʦʟʧʠʣʝʥʥʷʤ ʭʨʦʤʦʚʦʾ 

ʤʽʰʝʥʽ ʚ ʘʪʤʦʩʬʝʨʽ ʘʟʦʪʫ. 

ɺ ʫʩʽʭ ʚʘʨʽʘʥʪʘʭ ʊʇ ʦʨʠʛʽʥʘʣʦʤ ʻ ʬʘʡʣ ʜʘʥʠʭ, ʧʽʜʛʦʪʦʚʣʝʥʠʡ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ 

ʣʘʟʝʨʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ. ʇʝʨʰʠʭ ʪʨʠ ʚʘʨʽʘʥʪʠ ʧʝʨʝʜʙʘʯʘʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʦʩʘʜʞʝʥʥʷ ʥʽʢʝʣʷ (ʚʘʨʽʘʥʪʠ ɯ ʽ ɯɯ) ʪʘ /ʘʙʦ ʭʨʦʤʫ (ʚʘʨʽʘʥʪʠ ɯ ʽ 

ɯɯɯ). ʊʦʤʫ ʜʦʮʽʣʴʥʦ ʟʨʦʙʠʪʠ ʘʥʘʣʽʟ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʯʥʦʩʪʽ ʊʇ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʚʠʪʨʘʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʦʢʨʽʤ ʣʘʪʫʥʥʦʾ ʦʩʥʦʚʠ), ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʬʦʨʤ ɯɼ, ʪʘ ʾʭ ʤʦʞʣʠʚʦʾ ʰʢʦʜʠ ʜʣʷ ʣʶʜʠʥʠ ʪʘ ʜʦʚʢʽʣʣʷ. 

ʆʮʽʥʢʘ ʧʦʪʝʥʮʽʡʥʠʭ ʥʘʩʣʽʜʢʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʘʣʴʚʘʥʽʯʥʠʭ ʧʨʦʮʝʩʽʚ 

ʧʝʨʝʙʫʚʘʻ ʚʞʝ ʪʨʠʚʘʣʠʡ ʯʘʩ ʫ ʬʦʢʫʩʽ ʫʚʘʛʠ ʥʝ ʣʠʰʝ ʽʥʞʝʥʝʨʥʦʾ ʩʧʽʣʴʥʦʪʠ [78ï

80], ʘ ʡ ʧʽʜ ʯʘʩ ʚʠʢʦʨʠʩʪʘʥʥʷ ɯɼ ʷʢ ʤʠʩʪʝʮʪʚʘ [8, 81]. ʋ ʜʦʩʣʽʜʞʝʥʥʷʭ [78ï80] 

ʥʘʛʦʣʦʰʫʻʪʴʩʷ ʥʘ ʧʠʪʘʥʥʷʭ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʡ ʽ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʦʯʠʱʝʥʥʷ 

ʩʪʽʯʥʠʭ ʚʦʜ ʪʘʢʠʭ ʚʠʨʦʙʥʠʮʪʚ. ʎʝ ʪʦʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʝʪʘʧ, ʷʢʠʡ ʤʘʻ ʤʽʩʮʝ ʥʘ 

ʫʩʽʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ. 

ʌʘʙʨʠʢʘ ʙʘʥʢʥʦʪʥʦʛʦ ʧʘʧʝʨʫ, ɹʘʥʢʥʦʪʥʘ ʬʘʙʨʠʢʘ ʽ ʄʦʥʝʪʥʠʡ ʜʚʽʨ  

ɹʘʥʢʥʦʪʥʦ-ʤʦʥʝʪʥʦʛʦ ʜʚʦʨʫ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʙʘʥʢʫ ʋʢʨʘʾʥʠ ʫʩʧʽʰʥʦ ʧʨʦʡʰʣʠ 

ʥʘʛʣʷʜʦʚʠʡ ʘʫʜʠʪ [82] ʥʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʩʠʩʪʝʤʠ ʤʝʥʝʜʞʤʝʥʪʫ ʧʽʜʧʨʠʻʤʩʪʚʘ 

ʚʠʤʦʛʘʤ ʤʽʞʥʘʨʦʜʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ISO ʱʦʜʦ ʫʧʨʘʚʣʽʥʥʷ ʷʢʽʩʪʶ ʪʘ ʦʭʦʨʦʥʦʶ 
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ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ: ʩʠʩʪʝʤʘ ʤʝʥʝʜʞʤʝʥʪʫ ʧʽʜʧʨʠʻʤʩʪʚʘ ʻ 

ʝʬʝʢʪʠʚʥʦʶ ʪʘ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ ʩʪʘʥʜʘʨʪʽʚ ISO 9001 ʉʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ 

ʷʢʽʩʪʶ. ɺʠʤʦʛʠ [83] ʪʘ ISO 14001. ʉʠʩʪʝʤʠ ʝʢʦʣʦʛʽʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ. ɺʠʤʦʛʠ 

ʪʘ ʥʘʩʪʘʥʦʚʠ ʱʦʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ [84], ʘ ʪʘʢʦʞ ISO 45001. ʉʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ 

ʦʭʦʨʦʥʦʶ ʟʜʦʨʦʚ'ʷ ʪʘ ʙʝʟʧʝʢʦʶ ʧʨʘʮʽ ï ɺʠʤʦʛʠ [85]. ʊʦʤʫ ʙʫʜʝʤʦ ʚʚʘʞʘʪʠ, ʱʦ 

ʩʠʩʪʝʤʥʽ ʨʠʟʠʢʠ ʟ ʧʦʛʣʷʜʫ ɼʉʊʋ ɯɽʉ/ɯSʆ 31010:2013 [86] ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ ʥʝ 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ. ʆʜʥʘʢ, ʚʘʨʪʦ, ʟʘʩʪʦʩʦʚʫʶʯʠ ʨʝʢʦʤʝʥʜʦʚʘʥʠʡ, ʟʦʢʨʝʤʘ ʡ 

ʩʪʘʥʜʘʨʪʦʤ [86] ʤʝʪʦʜ ʤʘʪʨʠʮʽ ʥʘʩʣʽʜʢʽʚ/ʽʤʦʚʽʨʥʦʩʪʝʡ, ʟʨʦʙʠʪʠ ʧʦʨʽʚʥʷʣʴʥʠʡ 

ʘʥʘʣʽʟ ʚʢʘʟʘʥʠʭ ʚʘʨʽʘʥʪʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʟ ʧʦʛʣʷʜʫ ʧʦʪʝʥʮʽʡʥʠʭ 

ʨʠʟʠʢʽʚ, ʘ ʪʘʢʦʞ ʥʝʦʙʭʽʜʥʦʛʦ ʦʙʩʷʛʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʭʦʜʽʚ ʟ ʦʯʠʱʝʥʥʷ ʩʪʽʯʥʠʭ 

ʚʦʜ. 

ɼʣʷ ʢʦʨʝʢʪʥʦʛʦ ʧʦʨʽʚʥʷʥʥʷ ʚʘʨʪʦ ʥʘʚʝʩʪʠ ʩʢʣʘʜ ʪʘ ʦʙôʻʤ ʦʯʠʱʫʚʘʣʴʥʠʭ 

ʨʦʟʯʠʥʽʚ ʪʘ ʝʣʝʢʪʨʦʣʽʪʽʚ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ɼʌɯ, ʦʩʢʽʣʴʢʠ ʚʘʞʣʠʚʦ ʚʨʘʭʫʚʘʪʠ 

ʥʝ ʣʠʰʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘ ʧʝʚʥʦʤʫ ʝʪʘʧʽ ʊʇ ʥʝʙʝʟʧʝʯʥʠʭ ʨʝʯʦʚʠʥ, ʘʣʝ ʡ ʾʭ ʦʙʩʷʛ 

ʚʠʢʦʨʠʩʪʘʥʥʷ (ʪʘʙʣ. 1.1). 

ʇʨʦʧʦʥʫʻʤʦ ʜʣʷ ʦʮʽʥʢʠ ʧʦʪʝʥʮʽʡʥʦʾ ʥʝʙʝʟʧʝʢʠ ʟʘ ʩʪʫʧʝʥʝʤ ʚʧʣʠʚʫ ʥʘ 

ʣʶʜʩʴʢʠʡ ʦʨʛʘʥʽʟʤ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʚʟʷʪʠ ʜʦ ʫʚʘʛʠ ʦʙôʻʤ 

ʟʘʩʪʦʩʦʚʫʚʘʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ Vtcʽ , ʧʨʠʯʦʤʫ ʟʘ ʙʘʟʦʚʠʡ ʧʨʠʡʥʷʪʠ ʦʙôʻʤ ʚʘʥʥʠ 

Vb =1000 ʣ. ʊʦʜʽ ʤʘʪʠʤʝʤʦ ʢʦʝʬʽʮʽʻʥʪ ʰʢʽʜʣʠʚʦʩʪʽ -̔ʛʦ ʝʪʘʧʫ ʊʇ k :̔  

Ὧ ÍÁØ , 

ʜʝ Ὄ  ï ʢʣʘʩ ʥʝʙʝʟʧʝʢʠ j-ʛʦ ʩʢʣʘʜʥʠʢʘ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʨʦʟʯʠʥʫ i-ʛʦ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʝʪʘʧʫ ʚʠʛʦʪʦʚʣʝʥʥʷ ʬʦʨʤ.  

 ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʝʤʦ ʚʩʪʘʥʦʚʠʪʠ ʧʦʢʘʟʥʠʢ ʟʘʛʘʣʴʥʦʾ ʥʝʙʝʟʧʝʢʠ ʟʘ 

ʩʪʫʧʝʥʝʤ ʚʧʣʠʚʫ ʥʘ ʣʶʜʩʴʢʠʡ ʦʨʛʘʥʽʟʤ ʚʩʽʭ ʝʪʘʧʽʚ m-ʛʦ ʚʘʨʽʘʥʪʫ ʊʇ Km ʷʢ  

ὑ Ὧ ȟ 

ʜʝ n ï ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʝʪʘʧʽʚ ʊʇ. 

 

 

 



42 
 

ʊʘʙʣʠʮʷ 1.1. ʇʦʪʝʥʮʽʡʥʘ ʰʢʽʜʣʠʚʽʩʪʴ ʝʪʘʧʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʚʘʨʽʘʥʪʽʚ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʬʦʨʤ 

 

 ̄ ʊʝʭʥʦʣʦʛʽʯʥʠʡ 

ʝʪʘʧ 

ɿʘʩʪʦʩʦʚʫʚʘʥʽ 

ʨʝʯʦʚʠʥʠ 

ʂ
ʣ
ʘ
ʩ
 

ʥ
ʝ
ʙ
ʝ
ʟ
ʧ
ʝ
ʢ
ʠ
 

ʩ
ʢ
ʣ
ʘ
ʜ
ʥ
ʠ
ʢ
ʘ
 
ʟ
ʘ
 
ʩ
ʪ
ʫ
ʧ
ʝ
ʥ
ʝ
ʤ
 

ʚ
ʧ
ʣ
ʠ
ʚ
ʫ
 
ʥ
ʘ
 
ʣ
ʶ
ʜ
ʩ
ʴ
ʢ
ʠ
ʡ
 

ʦ
ʨ
ʛ
ʘ
ʥ
ʽ
ʟ
ʤ
*

 

ʂ
ʣ
ʘ
ʩ
 

ʥ
ʝ
ʙ
ʝ
ʟ
ʧ
ʝ
ʢ
ʠ
 

ʪ
ʝ
ʭ
ʥ
ʦ
ʣ
ʦ
ʛ
ʽ
ʯ
ʥ
ʦ
ʛ
ʦ
 
ʝ
ʪ
ʘ
ʧ
ʫ
 
ʟ
ʘ
 

ʩ
ʪ
ʫ
ʧ
ʝ
ʥ
ʝ
ʤ
 

ʚ
ʧ
ʣ
ʠ
ʚ
ʫ
 

ʥ
ʘ
 

ʣ
ʶ
ʜ
ʩ
ʴ
ʢ
ʠ
ʡ
 
ʦ
ʨ
ʛ
ʘ
ʥ
ʽ
ʟ
ʤ

 

ɿ
ʘ
ʛ
ʘ
ʣ
ʴ
ʥ
ʠ
ʡ
 
ʦ
ʙ
ô
ʻ
ʤ
 

ʟ
ʘ
ʩ
ʪ
ʦ
ʩ
ʦ
ʚ
ʫ
ʚ
ʘ
ʥ
ʦ
ʛ
ʦ
 

ʨ
ʦ
ʟ
ʯ
ʠ
ʥ
ʫ
 

V
t
c
ʽ

 

ʂ
ʦ
ʻ
ʬ
ʽ
ʮ
ʽ
ʻ
ʥ
ʪ
 
ʰ
ʢ
ʽ
ʜ
ʣ
ʠ
ʚ
ʦ
ʩ
ʪ
ʽ
 

-̔ʛ
ʦ
 
ʝ
ʪ
ʘ
ʧ
ʫ
 
ʊ
ʇ
 

k
 ̔

1 2 3 4 5 6 7 

ʆʯʠʱʝʥʥʷ (ʚʠʜʠ) 

1. ʇʦʧʝʨʝʜʥʻ 

ʦʯʠʱʝʥʥʷ 

(ʟʥʝʞʠʨʝʥʥʷ) 

ʧʦʚʝʨʭʥʽ 

ʧʣʘʩʪʠʥʠ ʧʝʨʝʜ 

ʥʽʢʝʣʶʚʘʥʥʷʤ 

ʍʣʦʨʠʩʪʠʡ ʥʘʪʨʽʡ  3 3 1000 1,33 

ɺʠʥʥʠʡ ʦʮʝʪ  **  

2. ʇʦʧʝʨʝʜʥʻ 

ʦʯʠʱʝʥʥʷ 

(ʟʥʝʞʠʨʝʥʥʷ) 

ʧʦʚʝʨʭʥʽ 

ʣʘʪʫʥʥʦʾ 

ʧʣʘʩʪʠʥʠ ʧʝʨʝʜ 

DLE 

ʅʘʪʨʽʡ ʧʽʨʦ-

ʬʦʩʬʦʨʥʦʢʠʩʣʠʡ 
4 

2 40 0,08 

ɽʪʦʢʩʠʣʘʪ 

ʧʝʨʚʠʥʥʠʭ ʩʧʠʨʪʽʚ 
4 

ɻʽʧʦʭʣʦʨʠʪ ʥʘʪʨʽʶ 2 

ɻʽʜʨʦʢʩʠʜ ʥʘʪʨʽʶ 

(ʢʘʫʩʪʠʯʥʘ ʩʦʜʘ) 

2 

3.  ɽʣʝʢʪʨʦʣʽʪʠʯʥʝ 

ʟʥʝʞʠʨʝʥʥʷ 

ʜʨʫʢʘʨʩʴʢʦʾ 

ʬʦʨʤʠ ʧʝʨʝʜ 

ʝʣʝʢʪʨʦʣʽʪʠʯʥʠʤ 

ʭʨʦʤʫʚʘʥʥʷʤ 

ʅʘʪʨʽʶ ʛʽʜʨʦʢʩʠʜ                                             2 2 1000 2,00 

 ʅʘʪʨʽʶ ʬʦʩʬʘʪ                                                  4 

 ʅʘʪʨʽʶ ʤʝʪʘʩʠʣʽʢʘʪ                                          **  

4.  ʍʽʤʽʯʥʝ 

ʦʯʠʱʝʥʥʷ 

ʛʨʘʚʽʡʦʚʘʥʦʾ 

ʣʘʪʫʥʥʦʾ 

ʧʣʘʩʪʠʥʠ 

ʂʠʩʣʦʪʘ ʩʽʨʯʘʥʘ 2 2 40 0,08 

ʇʝʨʝʢʠʩ ʚʦʜʥʶ 3 

5. ʇʦʣʽʨʫʚʘʥʥʷ 

ʧʦʚʝʨʭʥʽ 

ʛʨʘʚʽʡʦʚʘʥʦʾ 

ʣʘʪʫʥʥʦʾ 

ʧʣʘʩʪʠʥʠ 

ʧʣʘʩʪʠʥʠ 

ɹʝʥʟʠʥ 4 4 0,5 0,0005 

ʎʠʪʨʘʪ ʘʤʦʥʽʶ 4 

ɻʽʜʨʦʢʩʠʜ ʘʤʦʥʽʶ **  

ɽʪʘʥʦʣ **  
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣʠʮʽ 1.1. 

1 2 3 4 5 6 7 

6.  ʇʦʧʝʨʝʜʥʻ 

ʦʯʠʱʝʥʥʷ 

(ʟʥʝʞʠʨʝʥʥʷ) 

ʧʦʚʝʨʭʥʽ 

ʣʘʪʫʥʥʦʾ/ 

ʥʽʢʝʣʝʚʦʾ ʬʦʨʤʠ 

ʧʝʨʝʜ PVD 

ʉʧʠʨʪ ʝʪʠʣʦʚʠʡ 4 4 0,5 0,00005 

ɻʘʣʴʚʘʥʽʯʥʝ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʽʚ (ʚʠʜʠ) 

7. ʅʽʢʝʣʶʚʘʥʥʷ ʅʽʢʝʣʴ 

ʩʫʣʴʬʘʤʽʥʦʚʦʢʠʩʣʠʡ                           

1 1 2800 11,20 

ʅʽʢʝʣʶ ʭʣʦʨʠʜ                                                     1 

ʂʠʩʣʦʪʘ ʙʦʨʥʘ                                                              3 

ʅʘʪʨʽʶ 

ʣʘʫʨʽʣʩʫʣʴʬʘʪ                                     

**  

 ɺʦʜʘ 

ʜʝʤʽʥʝʨʘʣʽʟʦʚʘʥʘ                                             

**  

7.1 ʉʝʣʝʢʪʠʚʥʝ 

ʝʣʝʢʪʨʦʣʽʪʠʯʥʝ 

ʦʯʠʱʝʥʥʷ  

ʝʣʝʢʪʨʦʣʽʪʫ 

ʥʽʢʝʣʶʚʘʥʥʷ 

ʂʠʩʣʦʪʘ 

ʩʫʣʴʬʘʤʽʥʦʚʘ 

3 1 

ʅʽʢʝʣʴ ʚʫʛʣʝʢʠʩʣʠʡ 1 

7.2. ɿʥʝʞʠʨʝʥʥʷ 

ʢʘʪʦʜʽʚ 

ʅʘʪʨʽʶ ʛʽʜʨʦʢʩʠʜ                                             2 2 1000 2,00 

 ʅʘʪʨʽʶ ʬʦʩʬʘʪ                                                  4 

 ʅʘʪʨʽʶ ʤʝʪʘʩʠʣʽʢʘʪ                                          **  

7.3. ɼʝʢʘʧʽʶʚʘʥʥʷ 

ʢʘʪʦʜʽʚ 

ʂʠʩʣʦʪʘ ʩʽʨʯʘʥʘ 2 2 40 0,08 

ɺʩʴʦʛʦ ʥʽʢʝʣʶʚʘʥʥʷ 13,28 

9. ʍʨʦʤʫʚʘʥʥʷ ɸʥʛʽʜʨʽʜ ʭʨʦʤʦʚʠʡ                                          1 1 2800 11,20 

ʂʠʩʣʦʪʘ ʩʽʨʯʘʥʘ 2 

ʆʢʩʠʜ ʭʨʦʤʫ (III)                                        2 

ɺʦʜʘ 

ʜʝʤʽʥʝʨʘʣʽʟʦʚʘʥʘ                                    

**  

ɹʘʨʽʡ ʚʫʛʣʝʢʠʩʣʠʡ 2 

10. ɼʝʭʨʦʤʫʚʘʥʥʷ ɻʽʜʨʦʢʩʠʜ ʥʘʪʨʽʶ  2 2 1000 2,00 

ɺʦʜʘ 

ʜʝʤʽʥʝʨʘʣʽʟʦʚʘʥʘ                                    

**  

ʅʘʥʝʩʝʥʥʷ ʨʦʟʜʽʣʷʶʯʦʛʦ ʰʘʨʫ 

11. ʅʘʥʝʩʝʥʥʷ 

ʨʦʟʜʽʣʷʶʯʦʛʦ 

ʰʘʨʫ 

ʂʠʩʣʦʪʘ ʙʦʨʥʘ 3 3 40 0,05 

ʇʦʨʦʰʦʢ ʷʻʯʥʠʡ 

ʘʣʴʙʫʤʽʥʦʚʠʡ 

**  

ɺʦʜʘ 

ʜʝʤʽʥʝʨʘʣʽʟʦʚʘʥʘ                                    

**  

*  - ʟʘ ʩʪʫʧʝʥʝʤ ʚʧʣʠʚʫ ʥʘ ʦʨʛʘʥʽʟʤ ʭʽʤʽʯʥʽ ʨʝʯʦʚʠʥʠ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʯʦʪʠʨʠ ʢʣʘʩʠ 

ʥʝʙʝʟʧʝʯʥʦʩʪʽ [87-89] : 1 - ʨʝʯʦʚʠʥʠ ʥʘʜʟʚʠʯʘʡʥʦ ʥʝʙʝʟʧʝʯʥʽ; 2 - ʨʝʯʦʚʠʥʠ 

ʚʠʩʦʢʦʥʝʙʝʟʧʝʯʥʽ; 3 - ʨʝʯʦʚʠʥʠ ʧʦʤʽʨʥʦ ʥʝʙʝʟʧʝʯʥʽ; 4 - ʨʝʯʦʚʠʥʠ ʤʘʣʦʥʝʙʝʟʧʝʯʥʽ; ** - ɻɼʂ 

ʜʣʷ ʨʝʯʦʚʠʥʠ ʚ ʋʢʨʘʾʥʽ ʥʝ ʚʠʟʥʘʯʝʥʦ. 
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ʗʢ ʟʘʟʥʘʯʝʥʦ ʫ ʩʪʘʥʜʘʨʪʽ ɼʉʊʋ ɯɽʉ/ɯSʆ 31010:2013 [86], ʤʘʪʨʠʮʷ 

ʥʘʩʣʽʜʢʽʚ/ʽʤʦʚʽʨʥʦʩʪʝʡ ï ʮʝ ʟʘʩʽʙ ʧʦʻʜʥʘʥʥʷ ʷʢʽʩʥʠʭ ʘʙʦ ʥʘʧʽʚʢʽʣʴʢʽʩʥʠʭ 

ʦʮʽʥʦʢ ʥʘʩʣʽʜʢʽʚ ʽ ʡʤʦʚʽʨʥʦʩʪʝʡ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʨʽʚʥʷ ʨʠʟʠʢʫ ʯʠ ʨʘʥʞʫʚʘʥʥʷ 

ʨʠʟʠʢʫ. ʆʩʢʽʣʴʢʠ ʬʦʨʤʘʪ ʤʘʪʨʠʮʽ ʪʘ ʟʘʩʪʦʩʦʚʫʚʘʥʽ ʚʽʜʧʦʚʽʜʥʽ ʚʠʟʥʘʯʝʥʥʷ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʚʠʨʽʰʫʚʘʥʠʭ ʟʘʚʜʘʥʴ, ʮʝ ʥʘʜʘʻ ʥʘʤ ʟʤʦʛʫ ʩʬʦʨʤʫʚʘʪʠ ʾʾ 

ʩʪʨʫʢʪʫʨʫ, ʚʠʭʦʜʷʯʠ ʟ ʧʨʦʙʣʝʤʠ, ʷʢʘ ʚʠʨʽʰʫʻʪʴʩʷ: ʚʘʨʽʘʥʪʠ ʊʇ, ʚʠʭʦʜʷʯʠ ʟ ʮʠʭ 

ʤʽʨʢʫʚʘʥʴ, ʤʦʞʥʘ ʧʦʨʽʚʥʷʪʠ, ʟʘʩʪʦʩʫʚʘʚʰʠ ʤʘʪʨʠʮʶ ʥʘʩʣʽʜʢʽʚ/ʽʤʦʚʽʨʥʦʩʪʝʡ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʝʪʘʧʽʚ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʚʘʨʽʘʥʪʽʚ ʊʇ (ʪʘʙʣ. 1.2). ʊʫʪ ʧʨʠʡʤʘʻʤʦ 

ki=0, ʷʢʱʦ i-ʡ ʝʪʘʧ ʥʝ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ, ʘʙʦ ʚʩʽ ʡʦʛʦ ʩʢʣʘʜʥʠʢʠ ʻ ʪʘʢʠʤʠ, ɻɼʂ 

ʜʣʷ ʷʢʠʭ ʚ ʋʢʨʘʾʥʽ ʥʝ ʚʠʟʥʘʯʝʥʦ (ʚʚʘʞʘʻʪʴʩʷ ʥʝʰʢʽʜʣʠʚʠʤ). 

ʊʦʜʽ ʬʦʨʤʫʚʘʥʥʷ ʤʘʪʨʠʮʽ ʥʘʩʣʽʜʢʽʚ/ʽʤʦʚʽʨʥʦʩʪʝʡ ʜʣʷ ʨʘʥʞʫʚʘʥʥʷ 

ʧʦʪʝʥʮʽʡʥʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʨʠʟʠʢʽʚ, ʷʢʽ ʚʠʧʣʠʚʘʶʪʴ ʟ ʦʙʩʷʛʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ 

ʥʘ ʚʠʨʦʙʥʠʮʪʚʽ ʥʝʙʝʟʧʝʯʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʨʝʯʦʚʠʥ ʽ ʥʝʦʙʭʽʜʥʦʩʪʽ ʦʯʠʱʝʥʥʷ 

ʩʪʽʯʥʠʭ ʚʦʜ, ʧʨʦʚʝʜʝʤʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʪʝʥʮʽʡʥʦʾ ʰʢʽʜʣʠʚʦʩʪʽ ʝʪʘʧʽʚ ʊʇ 

ʚʘʨʽʘʥʪʽʚ ʚʠʛʦʪʦʚʣʝʥʥʷ ʬʦʨʤ, ʚʠʟʥʘʯʝʥʠʭ ʚ ʪʘʙʣ. 1.1. 

ʈʘʥʞʫʚʘʥʥʷ ʧʦʪʝʥʮʽʡʥʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʨʠʟʠʢʽʚ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʡʤʦʚʽʨʥʦʩʪʽ ʚʠʥʠʢʥʝʥʥʷ ʮʠʭ ʨʠʟʠʢʽʚ, ʘ ʪʘʢʦʞ, ʬʘʢʪʠʯʥʦ, ʻ ʚʘʛʦʚʠʤʠ 

ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ (ʟʘ ʧʦʪʨʝʙʠ) ʚʠʜʘʪʢʽʚ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʝʢʦʣʦʛʽʯʥʠʭ ʥʦʨʤ, ʚʠʟʥʘʯʠʤʦ ʷʢ ʥʦʨʤʦʚʘʥʠʡ ʚʣʘʩʥʠʡ ʚʝʢʪʦʨ ʤʘʪʨʠʮʽ-ʨʷʜʢʘ: 

ὖ
ὑ

В ὑ   
ȟ 

 

ʜʝ r ï ʢʽʣʴʢʽʩʪʴ ʚʘʨʽʘʥʪʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ (ʫ ʥʘʩ r=4).  

ʗʢ ʙʘʯʠʤʦ, ʟ ʧʦʛʣʷʜʫ ʧʦʪʝʥʮʽʡʥʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʨʠʟʠʢʽʚ, ʘ ʪʘʢʦʞ ʚʠʜʘʪʢʽʚ 

ʥʘ ʫʪʠʣʽʟʘʮʽʶ ʥʝʙʝʟʧʝʯʥʠʭ ʚʽʜʭʦʜʽʚ ʚʠʨʦʙʥʠʮʪʚʘ, ʥʘʡʤʝʥʰ ʝʢʦʝʬʝʢʪʠʚʥʠʤ ʻ 

ʚʘʨʽʘʥʪ ɯ P1=0,50 ʪʘ ʚʘʨʽʘʥʪ ɯɯ P2=0,34. ʍʦʯʘ ʦʩʪʘʥʥʽʡ ʽ ʥʝ ʤʽʩʪʠʪʴ 

ʝʣʝʢʪʨʦʣʽʪʠʯʥʦʛʦ ʭʨʦʤʫʚʘʥʥʷ, ʘ ʚʠʢʦʨʠʩʪʦʚʫʻ PVD, ʜʚʦʨʘʟʦʚʝ ʥʽʢʝʣʶʚʘʥʥʷ 

ʤʘʡʞʝ ʥʽʚʝʣʶʻ ʧʦʟʠʪʠʚʥʠʡ ʚʧʣʠʚ PVD. ʊʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ɯɯɯ ʽ IV ʤʘʶʪʴ 

ʨʘʥʛʠ P3=0,16 ʪʘ P4=0,002, ʚʽʜʧʦʚʽʜʥʦ. ʊʘʢʠʤ ʯʠʥʦʤ, ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʊʇ DLE+ 
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PVD ʜʦʟʚʦʣʠʪʴ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʠʪʠ ʝʢʦʣʦʛʽʯʥʫ ʙʝʟʧʝʯʥʽʩʪʴ ʽ ʟʥʠʟʠʪʠ ʚʠʜʘʪʢʠ 

ʥʘ ʫʪʠʣʽʟʘʮʽʶ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʫʤʽʰʝʡ. 

ʊʘʙʣʠʮʷ 1.2. ʄʘʪʨʠʮʷ ʥʘʩʣʽʜʢʽʚ/ʽʤʦʚʽʨʥʦʩʪʝʡ ʽ ʨʘʥʞʫʚʘʥʥʷ ʧʦʪʝʥʮʽʡʥʠʭ ʝʢʦʣʦʛʽʯʥʠʭ 

ʨʠʟʠʢʽʚ ʚʘʨʽʘʥʪʽʚ ʚʠʛʦʪʦʚʣʝʥʥʷ ʬʦʨʤ 

 ̄

ɽʪʘʧʠ ʊʇ 

ɺʘʨʽʘʥʪʠ ʊʇ 
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1 ʇʦʧʝʨʝʜʥʻ ʦʯʠʱʝʥʥʷ (ʟʥʝʞʠʨʝʥʥʷ) 

ʧʦʚʝʨʭʥʽ ʣʘʪʫʥʥʦʾ ʧʣʘʩʪʠʥʠ ʧʝʨʝʜ DLE 

0,08 0,08 0,08 0,08 

2 ʍʽʤʽʯʥʝ ʦʯʠʱʝʥʥʷ ʛʨʘʚʽʡʦʚʘʥʦʾ ʣʘʪʫʥʥʦʾ 

ʧʣʘʩʪʠʥʠ 

0,08 0,08 0,08 0,08 

3 ʇʦʣʽʨʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʛʨʘʚʽʡʦʚʘʥʦʾ 

ʣʘʪʫʥʥʦʾ ʧʣʘʩʪʠʥʠ ʧʣʘʩʪʠʥʠ 

0,0005 0,0005 0,0005 0,0005 

4. ʇʦʧʝʨʝʜʥʻ ʦʯʠʱʝʥʥʷ (ʟʥʝʞʠʨʝʥʥʷ) 

ʧʦʚʝʨʭʥʽ ʧʣʘʩʪʠʥʠ ʧʝʨʜ ʥʽʢʝʣʶʚʘʥʥʷʤ 

1,33 1,33 0 0 

5. ʅʘʥʝʩʝʥʥʷ ʨʦʟʜʽʣʷʶʯʦʛʦ ʰʘʨʫ 0,05 0,05 0 0 

6. ʅʽʢʝʣʶʚʘʥʥʷ (ʢʦʥʪʨʤʘʪʨʠʮʷ) 13,28 13,28 0 0 

7. ʇʦʧʝʨʝʜʥʻ ʦʯʠʱʝʥʥʷ (ʟʥʝʞʠʨʝʥʥʷ) 

ʧʦʚʝʨʭʥʽ ʧʣʘʩʪʠʥʠ ʧʝʨʜ ʥʽʢʝʣʶʚʘʥʥʷʤ 

1,33 1,33 0 0 

8. ʅʘʥʝʩʝʥʥʷ ʨʦʟʜʽʣʷʶʯʦʛʦ ʰʘʨʫ 0,05 0,05 0 0 

9. ʅʽʢʝʣʶʚʘʥʥʷ (ʬʦʨʤʘ) 13,28 13,28 0 0 

10.  ɽʣʝʢʪʨʦʣʽʪʠʯʥʝ ʟʥʝʞʠʨʝʥʥʷ ʜʨʫʢʘʨʩʴʢʦʾ 

ʬʦʨʤʠ ʧʝʨʝʜ ʝʣʝʢʪʨʦʣʽʪʠʯʥʠʤ ʭʨʦʤʫʚʘʥʥʷʤ 

2,00 0 2,00 0 

11. ʍʨʦʤʫʚʘʥʥʷ 11,20 0 11,20 0 

12. ɼʝʭʨʦʤʫʚʘʥʥʷ* 2,00 2,00 2,00 2,00 

13. ʇʦʧʝʨʝʜʥʻ ʦʯʠʱʝʥʥʷ (ʟʥʝʞʠʨʝʥʥʷ) ʧʦ- 

ʚʝʨʭʥʽ ʣʘʪʫʥʥʦʾ/ ʥʽʢʝʣʝʚʦʾ ʬʦʨʤʠ ʧʝʨʝʜ 

PVD 

0 0,00005 0 0,00005 

ɺʩʴʦʛʦ ʟʘ ʚʘʨʽʘʥʪʦʤ ʊʇ, Km 42.68 29.48 13.36 0.16 

ʈʘʥʞʫʚʘʥʥʷ ʧʦʪʝʥʮʽʡʥʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʨʠʟʠʢʽʚ 

ʚʘʨʽʘʥʪʽʚ ʚʠʛʦʪʦʚʣʝʥʥʷ ʬʦʨʤ, Pm 
0.50 0.34 0.16 0.002 

* - ʦʧʝʨʘʮʽʷ ʜʝʭʨʦʤʫʚʘʥʥʷ ʥʝ ʚʨʘʭʦʚʫʚʘʣʘʩʷ, ʦʩʢʽʣʴʢʠ ʚʠʢʦʥʫʻʪʴʩʷ ʧʦʟʘʧʣʘʥʦʚʦ. 
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1.4. ʊʝʭʥʽʯʥʽ ʚʠʤʦʛʠ ʜʦ ʷʢʦʩʪʽ ʬʦʨʤ. 

1.4.1. ʆʨʛʘʥʽʟʘʮʽʷ ʢʦʥʪʨʦʣʶ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʬʦʨʤ ʽʥʪʘʛʣʽʦʜʨʫʢʫ.  

ʅʘ ʧʨʦʤʽʞʥʠʭ ʝʪʘʧʘʭ ʚʠʛʦʪʦʚʣʝʥʥʷ ɼʌɯ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʩʪʽʡʥʠʡ 

ʢʦʥʪʨʦʣʴ ʷʢʦʩʪʽ ʥʘʧʽʚʬʘʙʨʠʢʘʪʽʚ. ʇʨʦʚʦʜʠʪʴʩʷ ʢʦʥʪʨʦʣʴ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ  

ʚʣʘʩʪʠʚʦʩʪʝʡ ʽ ʧʘʨʘʤʝʪʨʽʚ ʥʽʢʝʣʝʚʦʾ ʬʦʨʤʠ: ʛʦʪʦʚʘ ʜʨʫʢʘʨʩʴʢʘ ʬʦʨʤʘ ʧʦʚʠʥʥʘ 

ʤʘʪʠ ʨʦʟʤʽʨʠ ʟ ʜʦʧʫʩʢʦʤ ʨʦʟʤʽʨʠ Ñ1 ʤʤ: ʜʦʚʞʠʥʘ ʬʦʨʤʠ                                                                                                    

(860Ñ1) ʤʤ, ʰʠʨʠʥʘ (850) ʤʤ. ʊʚʝʨʜʽʩʪʴ ʥʽʢʝʣʶ ʟʘ ɹʨʽʥʝʣʝʤ ʤʘʻ ʙʫʪʠ (190 Ñ10) 

ʢʛ/ʤʤ2. ɻʘʣʴʚʘʥʽʯʥʠʡ ʥʽʢʝʣʴ ʧʦʚʠʥʝʥ ʚʠʪʨʠʤʫʚʘʪʠ (20Ñ2) ʧʦʜʚʽʡʥʠʭ ʟʛʠʥʽʚ. 

ʂʦʥʪʨʦʣʶ ʧʽʜʣʷʛʘʻ ʢʦʞʥʘ ɼʌɯ ʱʦʜʦ ʚʠʢʦʥʘʥʥʷ ʪʘʢʠʭ ʚʠʤʦʛ: ʘ)  

ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʬʦʨʤʽ ʧʦʚʠʥʥʦ ʙʫʪʠ ʨʦʟʪʘʰʦʚʘʥʝ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʤʘʢʝʪʫ, ʘʙʦ 

ʩʭʝʤʠ, ʧʨʠʚʝʜʝʥʦʾ ʫ ʜʦʜʘʪʢʫ ʜʦ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʢʘʨʪʠ ʥʘ ʟʘʤʦʚʣʝʥʥʷ. ʈʦʟʤʽʨʠ 

ʟʦʙʨʘʞʝʥʥʷ ʧʦʚʠʥʥʽ ʩʫʚʦʨʦ ʚʽʜʧʦʚʽʜʘʪʠ ʚʢʘʟʘʥʠʤ ʫ ʪʝʭʥʦʣʦʛʽʯʥʽʡ ʢʘʨʪʽ ʥʘ ʮʝ 

ʟʘʤʦʚʣʝʥʥʷ. ɼʦʧʫʩʪʠʤʝ ʚʽʜʭʠʣʝʥʥʷ ʨʦʟʤʽʨʫ ʟʦʙʨʘʞʝʥʥʷ ʚʽʜ ʚʢʘʟʘʥʦʛʦ ʫ 

ʪʝʭʥʦʣʦʛʽʯʥʽʡ ʢʘʨʪʽ  ʥʝ ʤʘʻ ʧʝʨʝʚʠʱʫʚʘʪʠ  ° 0,1 ʤʤ, ʢʨʦʢʫ ʤʥʦʞʝʥʥʷ ʚʠʨʦʙʽʚ  

° 0,03 ʤʤ; ʙ) ʚʩʽ ɼɽ, ʷʢʽ ʻ ʥʘ ʛʨʘʚʶʨʽ, ʚʢʣʶʯʘʶʯʠ  ʥʘʡʜʨʽʙʥʽʰʽ ʪʘ ʣʽʥʽʡʥʠʡ 

ʨʘʩʪʨ ʥʘ ʜʥʽ ɼɽ, ʤʘʶʪʴ ʙʫʪʠ ʚʽʜʪʚʦʨʝʥʽ ʥʘ ʬʦʨʤʽ.  ʅʝʜʦʧʫʩʪʠʤʽ ʨʦʟʨʠʚʠ, ʷʢʽ 

ʧʦʨʫʰʫʶʪʴ ʮʽʣʽʩʥʽʩʪʴ ʛʨʘʬʽʯʥʠʭ ʟʘʭʠʩʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟʦʙʨʘʞʝʥʥʷ (ʛʽʣʴʡʦʰʽʚ, 

ʨʦʟʝʪʦʢ, ʩʽʪʦʢ ʪʦʱʦ); ʚ) ʥʘ ʇɽ ʥʝ ʤʘʻ ʙʫʪʠ ʧʣʷʤ ʤʘʪʦʚʦʛʦ ʭʨʦʤʫ ʪʘ ʧʦʨʫʰʝʥʴ 

ʧʣʦʱʠʥʥʦʩʪʽ (ʥʘʢʠʜʽʚ, ʟʘʛʣʠʙʣʝʥʴ, ʨʠʩʦʢ, ʩʣʽʜʽʚ ʧʦʣʽʨʫʚʘʥʥʷ ʪʘ ʽʥʰʠʭ 

ʜʝʬʝʢʪʽʚ); ʛ) ʪʨʠ ʬʦʨʤʠ ʦʜʥʦʛʦ ʢʦʤʧʣʝʢʪʫ ʤʘʶʪʴ ʙʫʪʠ ʪʦʚʱʠʥʦʶ 0,76 ° 0,01 

ʤʤ. ʈʦʟʙʽʞʥʽʩʪʴ ʟʘ ʪʦʚʱʠʥʦʶ ʜʣʷ ʦʜʥʽʻʾ ʬʦʨʤʠ ʥʝ ʤʘʻ ʧʝʨʝʚʠʱʫʚʘʪʠ 0,015 ʤʤ. 

ɼʨʫʢʘʨʩʴʢʘ ʬʦʨʤʘ ʧʦʚʠʥʥʘ ʤʘʪʠ ʨʦʟʤʽʨʠ: ʜʦʚʞʠʥʘ ʬʦʨʤʠ (860°1) ʤʤ; ʰʠʨʠʥʘ 

ʬʦʨʤʠ (850°1) ʤʤ. ɹʦʢʦʚʽ ʧʦʣʷ ʧʦʚʠʥʥʽ ʙʫʪʠ ʦʜʥʘʢʦʚʽ. 

1.4.2. ʄʦʞʣʠʚʽ ʜʝʬʝʢʪʠ ʬʦʨʤ, ʧʨʠʯʠʥʠ ʾʭ ʚʠʥʠʢʥʝʥʥʷ ʽ ʤʝʪʦʜʠ 

ʫʩʫʥʝʥʥʷ.  

ʈʦʟʛʣʷʜ ʜʝʬʝʢʪʽʚ, ʱʦ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʧʽʜ ʯʘʩ ʚʠʛʦʪʦʚʣʝʥʥʷ ʬʦʨʤ 

ʙʫʜʝʤʦ ʧʨʦʚʦʜʠʪʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʪʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʪʠʨʘʞʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. 
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ʇʽʜ ʯʘʩ ʛʘʣʴʚʘʥʽʯʥʦʛʦ ʥʘʥʝʩʝʥʥʷ ʥʽʢʝʣʶ (ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʽʢʝʣʝʚʦʾ 

ʢʦʥʪʨʤʘʪʨʠʮʽ ʽ ʥʽʢʝʣʝʚʦʾ ʤʘʪʨʠʮʽ) ʤʦʞʣʠʚʽ ʫʪʚʦʨʝʥʥʷ ʧʽʪʪʽʥʛʽʚ (ʦʪʚʦʨʽʚ ʽ 

ʥʘʥʝʩʝʥʦʤʫ ʰʘʨʽ)  [89] ʯʝʨʝʟ ʥʝʜʦʩʪʘʪʥʶ ʢʽʣʴʢʽʩʪʴ ʣʘʫʨʠʣ-ʩʫʣʴʬʘʪʫ ʥʘʪʨʽʶ ʚ 

ʝʣʝʢʪʨʦʣʽʪʽ ʪʘ ʟʘʙʨʫʜʥʝʥʥʷ ʝʣʝʢʪʨʦʣʽʪʫ ʦʨʛʘʥʽʯʥʠʤʠ ʜʦʤʽʰʢʘʤʠ, ʱʦ ʧʦʪʨʝʙʫʻ 

ʢʦʨʝʛʫʚʘʥʥʷ ʝʣʝʢʪʨʦʣʽʪʫ. ʊʘʢʦʞ ʤʦʞʝ ʩʧʦʩʪʝʨʽʛʘʪʠʩʷ ʥʝʜʦʧʫʩʪʠʤʘ (ʧʦʥʘʜ 

20 %) ʨʽʟʥʠʮʷ ʧʦ ʪʦʚʱʠʥʽ ʥʽʢʝʣʝʚʦʾ ʧʣʘʩʪʠʥʠ ʯʝʨʝʟ ʥʝʜʦʩʪʘʪʥʶ ʢʽʣʴʢʽʩʪʴ ʯʠ 

ʥʝʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʘʥʦʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ (ʥʽʢʝʣʶ) ʚ ʘʥʦʜʥʠʭ ʢʦʰʠʢʘʭ, ʱʦ 

ʧʦʪʨʝʙʫʻ ʢʦʨʝʛʫʚʘʥʥʷ ʜʣʷ ʧʦʜʘʣʴʰʠʭ ʊʇ. ɼʝʬʝʢʪ  ̒ ʥʝʟʚʦʨʦʪʥʽʤ. 

ʊʘʢʦʞ ʥʝʟʚʦʨʦʪʥʠʤʠ ʻ ʤʦʞʣʠʚʽ ʜʝʬʝʢʪʠ: ʨʦʟʰʘʨʫʚʘʥʥʷ ʥʽʢʝʣʝʚʦʛʦ ʰʘʨʫ 

ʯʝʨʝʟ ʥʝʥʘʣʝʞʥʠʡ ʨʝʞʠʤ ʧʦʜʘʚʘʥʥʷ ʩʪʨʫʤʫ, ʪʚʝʨʜʽʩʪʴ ʥʽʢʝʣʶ ʥʠʞʯʘ 180 ʅɺ 

ʯʝʨʝʟ ʥʠʟʴʢʫ ʪʝʤʧʝʨʘʪʫʨʫ ʝʣʝʢʪʨʦʣʽʪʫ, ʥʠʞʯʫ ʟʘ ʥʦʨʤʫ ʨʅ ʝʣʝʢʪʨʦʣʽʪʫ ʪʘ 

ʚʠʩʦʢʫ ʱʽʣʴʥʽʩʪʴ ʩʪʨʫʤʫ; ʪʚʝʨʜʽʩʪʴ ʥʽʢʝʣʶ ʚʠʱʘ 220 ʅɺ ʯʝʨʝʟ ʚʠʩʦʢʫ 

ʪʝʤʧʝʨʘʪʫʨʘ ʝʣʝʢʪʨʦʣʽʪʫ ʯʠ ʪʝ, ʱʦ ʨʅ ʝʣʝʢʪʨʦʣʽʪʫ ʧʝʨʝʚʠʱʫʻ ʥʦʨʤʫ. ʂʨʽʤ 

ʪʦʛʦ, ʪʚʝʨʜʽʩʪʴ ʥʽʢʝʣʶ ʤʦʞʝ ʥʝ ʚʽʜʧʦʚʽʜʘʪʠ ʥʦʨʤʘʤ ʽ ʥʘʚʽʪʴ ʟʘ ʦʧʪʠʤʘʣʴʥʠʭ 

ʨʝʞʠʤʽʚ ʽ ʨʅ ʝʣʝʢʪʨʦʣʽʪʫ ʯʝʨʝʟ ʟʘʙʨʫʜʥʝʥʥʷ ʝʣʝʢʪʨʦʣʽʪʫ ʥʝʦʨʛʘʥʽʯʥʠʤʠ ʘʙʦ 

ʦʨʛʘʥʽʯʥʠʤʠ ʜʦʤʽʰʢʘʤʠ. ɺʩʝ ʮʝ ʧʦʪʨʝʙʫʻ ʦʯʠʱʝʥʥʷ ʝʣʝʢʪʨʦʣʽʪʫ. ʊʦʤʫ ʤʦʞʥʘ 

ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʥʘʷʚʥʽʩʪʴ ʦʧʝʨʘʮʽʾ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʦʩʘʜʞʝʥʥʷ ʥʽʢʝʣʶ 

ʚ ʊʇ ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʝ ʣʠʰʝ ʩʫʪʪʻʚʦ ʧʦʜʦʚʞʫʶʪʴ ʊʇ, ʘʣʝ ʡ ʤʦʞʫʪʴ ʧʨʠʟʚʦʜʠʪʠ 

ʜʦ ʥʝʟʚʦʨʦʪʥʦʛʦ ʙʨʘʢʫ. 

ʊʝʭʥʦʣʦʛʽʯʥʘ ʦʧʝʨʘʮʽʷ ʟʘʭʠʩʥʦʛʦ ʭʨʦʤʫʚʘʥʥʷ ɼʌɯ ʪʘʢʦʞ ʤʦʞʝ ʤʘʪʠ 

ʥʠʟʢʫ ʜʝʬʝʢʪʽʚ, ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ ʢʦʥʪʨʦʣʶ: 

1) ʭʨʦʤ ʥʝ ʦʩʘʜʞʫʻʪʴʩʷ ʘʙʦ ʦʩʘʜʞʫʻʪʴʩʷ ʥʘ ʦʢʨʝʤʠʭ ʜʽʣʷʥʢʘʭ ʬʦʨʤʠ 

ʯʝʨʝʟ: ʥʝʜʦʩʪʘʪʥʶ ʢʽʣʴʢʽʩʪʴ ʩʽʨʯʘʥʦʾ ʢʠʩʣʦʪʠ ʫ ʝʣʝʢʪʨʦʣʽʪʽ; ʚʽʜʩʫʪʥʽʩʪʴ Cr+3 ʚ 

ʝʣʝʢʪʨʦʣʽʪʽ; ʥʝʥʘʣʝʞʥʫ ʧʽʜʛʦʪʦʚʢʘ ʜʦ ʭʨʦʤʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʬʦʨʤʠ (ʥʝʜʦʣʽʢʠ 

ʟʥʝʞʠʨʶʚʘʥʥʷ); 2) ʭʨʦʤ ʥʝ ʦʩʘʜʞʫʻʪʴʩʷ ʫ ɼɽ ʬʦʨʤʠ ʯʝʨʝʟ ʥʠʟʴʢʫ ʢʨʠʶʯʫ 

ʟʜʘʪʥʽʩʪʴ ʝʣʝʢʪʨʦʣʽʪʫ, ʱʦ ʧʦʪʨʝʙʫʻ ʢʦʨʝʛʫʚʘʥʥʷ ʨʝʞʠʤʽʚ ʧʦʜʘʯʽ ʩʪʨʫʤʫ; 3) 

ʥʠʟʴʢʘ ʪʚʝʨʜʽʩʪʴ ʭʨʦʤʦʚʦʛʦ ʧʦʢʨʠʪʪʷ ʩʧʨʠʯʠʥʷʻʪʴʩʷ ʥʘʜʤʽʨʥʦʶ ʢʽʣʴʢʽʩʪʶ 

ʩʽʨʯʘʥʦʾ ʢʠʩʣʦʪʠ ʫ ʝʣʝʢʪʨʦʣʽʪʽ ʯʠ ʧʽʜʚʠʱʝʥʦʶ ʢʽʣʴʢʽʩʪʶ Cr+3; 4) ʤʘʪʦʚʝ 

ʭʨʦʤʦʚʝ ʧʦʢʨʠʪʪʷ ʩʧʨʠʯʠʥʷʻʪʴʩʷ ʚʽʜʭʠʣʝʥʥʷ ʱʽʣʴʥʦʩʪʽ ʩʪʨʫʤʫ ʘʙʦ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜ ʟʘʜʘʥʠʭ,  ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʶ ʩʢʣʘʜʫ ʝʣʝʢʪʨʦʣʽʪʫ ʦʙʨʘʥʦʤʫ 
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ʨʝʞʠʤʫ ʭʨʦʤʫʚʘʥʥʷ ʯʠ ʥʠʟʴʢʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ʧʣʘʩʪʠʥʠ; 5) ʰʦʨʩʪʢʝ 

ʚʽʜʢʣʘʜʝʥʥʷ ʭʨʦʤʫ ʚʠʥʠʢʘʻ ʯʝʨʝʟ ʚʽʜʭʠʣʝʥʥʷ ʱʽʣʴʥʦʩʪʽ ʩʪʨʫʤʫ ʘʙʦ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜ ʟʘʜʘʥʠʭ ʯʠ ʟʘʙʨʫʜʥʝʥʥʷ ʝʣʝʢʪʨʦʣʽʪʫ; 6) ʚʽʜʰʘʨʫʚʘʥʥʷ 

ʭʨʦʤʦʚʦʛʦ ʧʦʢʨʠʪʪʷ ʚʠʥʠʢʘʻ ʥʝ ʣʠʰʝ ʯʝʨʝʟ ʟʤʽʥʘ ʨʝʞʠʤʽʚ ʝʣʝʢʪʨʦʣʽʟʫ ʘʙʦ 

ʧʝʨʝʨʚʫ ʫ ʧʦʜʘʯʽ ʩʪʨʫʤʫ ʫ ʧʨʦʮʝʩʽ ʭʨʦʤʫʚʘʥʥʷ, ʘʣʝ ʡ ʯʝʨʝʟ  ʥʝʥʘʣʝʞʥʫ 

ʧʽʜʛʦʪʦʚʢʫ ʧʦʚʝʨʭʥʽ ʬʦʨʤʠ. ʆʩʪʘʥʥʻ ʻ ʦʜʥʽʻʶ ʟ ʧʨʠʯʠʥ ʧʦʛʘʥʦʾ ʘʜʛʝʟʽʾ 

ʟʘʭʠʩʥʦʛʦ ʧʦʢʨʠʪʪʷ ʽ ʫ ʨʘʟʽ ʡʦʛʦ ʥʘʥʝʩʝʥʥʷ PVD. 

ʆʜʥʘʢ, ʦʧʝʨʘʮʽʷ ʭʨʦʤʫʚʘʥʥʷ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʩʚʦʶ ʙʝʟʟʘʧʝʨʝʯʥʫ 

ʝʢʦʣʦʛʽʯʥʫ ʰʢʽʜʣʠʚʽʩʪʴ, ʟʘʟʚʠʯʘʡ ʥʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʟʚʦʨʦʪʥʠʭ ʜʝʬʝʢʪʽʚ, 

ʦʩʢʽʣʴʢʠ ʬʦʨʤʘ ʤʦʞʝ ʙʫʪʠ ʨʦʟʭʨʦʤʦʚʘʥʘ ʽ ʭʨʦʤʦʚʘʥʘ ʧʦʚʪʦʨʥʦ.  

 

1.5. ʆʩʦʙʣʠʚʦʩʪʽ  ʽʥʪʘʛʣʽʦʜʨʫʢʫ, ʱʦ ʤʦʞʫʪʴ ʩʧʨʠʯʠʥʷʪʠ ʨʫʡʥʘʮʽʶ 

ʬʦʨʤ. 

ʗʢ ʚʞʝ ʟʘʟʥʘʯʝʥʦ ʫ ʚʩʪʫʧʽ, DLE+PVD ʧʦʪʨʝʙʫʻ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʨʝʞʠʤʽʚ 

ʛʨʘʚʽʶʚʘʥʥʷ ʪʘ PVD [4]. ʆʢʨʝʤʽ ʚʠʱʝ ʦʧʠʩʘʥʽ (ʧʽʜʨʦʟʜ. 1.1) ʦʩʦʙʣʠʚʦʩʪʽ ɯɼ 

ʩʧʨʠʯʠʥʷʶʪʴ ʧʦʩʪʫʧʦʚʝ ʨʫʡʥʫʚʘʥʥʷ ʬʦʨʤ: 1) ʤʝʭʘʥʽʯʥʠʡ ʬʘʢʪʦʨ - 

ʥʘʜʟʚʠʯʘʡʥʦ ʚʠʩʦʢʠʡ ʪʠʩʢ ʚ ʟʦʥʽ ʢʦʥʪʘʢʪʫ ʌʎ ʽ ɼʎ [4, 30, 91] ʥʝ ʣʠʰʝ 

ʫʱʽʣʴʥʶʻ ʦʩʥʦʚʫ ʙʘʥʢʥʦʪ ʪʘ ʜʦʟʚʦʣʷʻ ʟʘʩʪʦʩʫʚʘʪʠ ʚ ʜʠʟʘʡʥʽ ʽ ʟʘʭʠʩʥʠʭ 

ʝʣʝʤʝʥʪʘʭ ʝʬʝʢʪ ʪʠʩʥʝʥʥʷ, ʘʣʝ ʡ ʤʦʞʝ ʙʫʪʠ ʧʨʠʯʠʥʦʶ ʨʫʡʥʫʚʘʥʥʷ ʬʦʨʤ ɯɼ, 

ʦʩʦʙʣʠʚʦ, ʷʢʱʦ ʚʨʘʭʫʚʘʪʠ, ʱʦ ʚ ʨʦʙʦʪʘʭ [20, 91ï96] ʟʘʟʥʘʯʝʥʦ, ʱʦ ʪʠʩʢ ʚ ɼʂ 

ʧʨʠʢʣʘʜʘʻʪʴʩʷ ʚʽʜʤʽʥʥʦ ʜʦ ʨʽʟʥʠʭ ʜʽʣʷʥʦʢ ʬʦʨʤʠ [4]. ʊʘʢʦʞ ʤʘʻ ʤʽʩʮʝ ʪʝʨʪʷ 

ʌʎ ʟʽ ʉɺ ʪʘ ʟʙʽʨʥʠʤ (ʬʘʨʙʦʚʠʤ) ʮʠʣʽʥʜʨʦʤ; 2) ʪʝʧʣʦʚʠʡ ʚʧʣʠʚ ï ʚ ʯʠʩʣʝʥʥʠʭ 

ʧʘʪʝʥʪʘʭ [54ï59, 66] ʽ ʜʦʩʣʽʜʞʝʥʥʷʭ [20, 91ï96] ʥʘʛʦʣʦʰʫʻʪʴʩʷ, ʱʦ ʌʎ ʤʘʻ 

ʪʝʤʧʝʨʘʪʫʨʫ ʜʦ 80ï82 Üʉ, ʘ ʧʦʜʝʢʫʜʠ ʽ ʜʦ 85 Üʉ [66, 97ï103], ʪʦʙʪʦ ʽ ʬʘʨʙʘ ʥʘ 

ʥʴʦʤʫ ʤʘʻ ʪʘʢʫ ʞ ʪʝʤʧʝʨʘʪʫʨʫ; 3) ʭʽʤʽʯʥʠʡ ʚʧʣʠʚ  ʯʝʨʝʟ ʜʽʶ ʬʘʨʙʠ ʥʘ ʦʩʥʦʚʽ 

ʘʣʢʽʜʥʠʭ ʩʤʦʣ  [20, 91, 95, 96] ʟ ʧʦʚʝʨʭʥʝʚʦ-aʢʪʠʚʥʠʤʠ [97ï99] ʪʘ 

ʧʨʦʪʠʚʽʜʤʘʨʶʚʘʣʴʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ [100, 101], ʘ ʪʘʢʦʞ ʯʝʨʝʟ ʜʽʶ ʟʘʣʠʰʢʽʚ 

ʦʯʠʱʫʚʘʣʴʥʠʭ ʨʝʯʦʚʠʥ ʉɺ [102, 103]. 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʨʫʡʥʫʚʘʥʥʷ ɼʌɯ ʩʧʨʠʯʠʥʷʻ 

ʥʠʟʢʘ ʬʘʢʪʦʨʽʚ ʨʽʟʥʦʤʘʥʽʪʥʦʾ ʧʨʠʨʦʜʠ [4], ʷʢʽ ʜʽʶʪʴ ʩʧʽʣʴʥʦ ʪʘ ʮʠʢʣʽʯʥʦ, 

ʩʧʨʠʯʠʥʷʶʯʠ ʚʪʦʤʥʝ ʨʫʡʥʫʚʘʥʥʷ [104] ʬʦʨʤ. 

ʂʣʶʯʦʚʠʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʾ ʪʠʨʘʞʝʩʪʽʡʢʦʩʪʽ ɼʌɯ, ʦʪʨʠʤʘʥʠʭ 

DLE, ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʾ ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ ɿʇ ʥʽʪʨʽʜʫ ʭʨʦʤʫ ʜʦ ʚʧʣʠʚʫ 

ʟʘʟʥʘʯʝʥʠʭ ʬʘʢʪʦʨʽʚ. 

ʅʝʦʙʭʽʜʥʦ ʜʝʪʘʣʴʥʦ ʜʦʩʣʽʜʠʪʠ, ʷʢ ʟʘʟʥʘʯʝʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ɯɼ 

ʩʧʨʠʯʠʥʷʶʪʴ ʨʫʡʥʘʮʽʶ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʟʥʠʞʝʥʥʷ ʪʠʨʘʞʝʩʪʽʡʢʦʩʪʽ ʬʦʨʤ,  

ʚʠʟʥʘʯʠʪʠ ʬʘʢʪʦʨʠ ʬʦʨʤʫʚʘʥʥʷ ʪʠʨʘʞʝʩʪʽʡʢʦʩʪʽ ɼʌɯ, ʚʠʟʥʘʯʠʪʠ ʩʠʩʪʝʤʫ 

ʬʦʨʤʫʚʘʥʥʷ ʪʠʨʘʞʦʩʪʽʡʢʦʩʪʽ ʬʦʨʤ [4] ʪʘ ʨʦʟʨʦʙʠʪʠ ʥʘ ʮʽʡ ʦʩʥʦʚʽ ʪʝʭʥʦʣʦʛʽʯʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ɼʌɯ.  

 

1.6. ʉʠʩʪʝʤʘ ʬʦʨʤʫʚʘʥʥʷ ʪʠʨʘʞʦʩʪʽʡʢʦʩʪʽ ʬʦʨʤ ʽʥʪʘʛʣʽʦʜʨʫʢʫ. 

ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʪʘ ʘʥʘʣʽʟʫ ʧʨʦʮʝʩʫ ɯɼ 

ʚʠʦʢʨʝʤʣʝʥʦ ʜʚʽ ʦʩʥʦʚʥʽ ʛʨʫʧʠ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʪʠʨʘʞʦʩʪʽʡʢʽʩʪʴ 

ɼʌɯ [4, 15]. 

ʇʝʨʰʦʶ ʛʨʫʧʦʶ ʻ ʧʘʨʘʤʝʪʨʠ ʧʨʦʮʝʩʫ ʜʨʫʢʫʚʘʥʥʷ (ʪʠʩʢ ʫ ɼʂ, ʰʚʠʜʢʽʩʪʴ 

ʜʨʫʢʫ, ʩʢʣʘʜ ʟʤʠʚʥʦʛʦ ʨʦʟʯʠʥʫ, ʩʢʣʘʜ ʬʘʨʙʠ, ʧʨʠʪʠʩʢʘʥʥʷ ʉɺ, ʧʘʨʘʤʝʪʨʠ 

ʜʝʢʝʣʷ, ʧʘʨʘʤʝʪʨʠ ʧʘʧʝʨʫ), ʢʦʪʨʽ ʟʜʽʡʩʥʶʶʪʴ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʽ, ʚʣʘʩʥʝ, 

ʩʧʨʠʯʠʥʷʶʪʴ ʧʦʩʪʫʧʦʚʝ ʨʫʡʥʫʚʘʥʥʷ ʬʦʨʤ ɯɼ (ʨʠʩ. 1.5). ʎʽ ʬʘʢʪʦʨʠ ʻ ʪʘʢʠʤʠ, 

ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ ʫʨʘʭʫʚʘʥʥʷ ʧʽʜ ʯʘʩ, ʥʘʧʨʠʢʣʘʜ, ʤʦʜʝʣʶʚʘʥʥʷ ʯʠ ʰʪʫʯʥʦʛʦ 

ʟʥʦʰʫʚʘʥʥʷ ʬʦʨʤ ʚ ʜʦʩʣʽʜʞʝʥʥʷʭ. ʆʜʥʘʢ ʚʦʥʠ ʻ ʧʨʘʢʪʠʯʥʦ ʥʝʟʤʽʥʥʠʤʠ, 

ʦʩʢʽʣʴʢʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʩʧʦʩʦʙʫ ʜʨʫʢʫ ʯʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ 

ʨʝʛʣʘʤʝʥʪʘʤʠ [4]. 

ɼʨʫʛʦʶ ʛʨʫʧʦʶ ʬʘʢʪʦʨʽʚ ʻ ʧʘʨʘʤʝʪʨʠ ʧʨʦʮʝʩʽʚ DLE ʽ PVD ʚʠʛʦʪʦʚʣʝʥʥʷ 

ɼʌɯ [4]: ʩʧʦʩʽʙ ʦʯʠʱʝʥʥʷ ʬʦʨʤʠ ʚʽʜ ʥʘʧʣʠʚʽʚ DLE (ʭʽʤʽʯʥʝ ʦʯʠʱʝʥʥʷ, 

ʧʦʣʽʨʫʚʘʥʥʷ) ʜʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʚ ʚʘʢʫʫʤʥʫ ʢʘʤʝʨʫ ʪʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʨʝʞʠʤʠ 

ʦʯʠʱʝʥʥʷ ʪʨʘʚʣʝʥʥʷʤ ʚ ʢʘʤʝʨʽ PVD; ʪʦʚʱʠʥʘ ɿʇ ʥʽʪʨʠʜʫ ʭʨʦʤʫ; ʩʢʣʘʜ 

ʘʨʛʦʥʦʚʦ-ʘʟʦʪʥʦʾ ʩʫʤʽʰʽ ʚ ʢʘʤʝʨʽ ʧʽʜ ʯʘʩ PVD; ʪʝʤʧʝʨʘʪʫʨʘ ʬʦʨʤʠ ʧʽʜ ʯʘʩ 

PVD; ʩʢʣʘʜ (ʯʠʩʪʦʪʘ) ʭʨʦʤʦʚʦʾ ʤʽʰʝʥʽ; ʚʠʜ ʽ ʧʘʨʘʤʝʪʨʠ ʩʠʩʪʝʤʠ ʇʃɻ; 
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ʧʘʨʘʤʝʪʨʠ ɻʐ (ʾʭ ʰʠʨʠʥʘ, ʜʦʚʞʠʥʘ, ʛʣʠʙʠʥʘ, ʥʘʧʨʷʤʦʢ ʚʽʜʥʦʩʥʦ ʧʝʨʝʚʘʞʥʦʾ 

ʦʨʽʻʥʪʘʮʽʾ ʚʦʣʦʢʦʥ ʧʘʧʝʨʫ, ʚʽʜʩʪʘʥʴ ʤʽʞ ʰʪʨʠʭʘʤʠ, ʚʠʜ ʧʨʦʬʽʣʶ (V ï 

ʧʦʜʽʙʥʠʡ, ʪʨʘʧʝʮʽʻʧʦʜʽʙʥʠʡ, ʧʨʷʤʦʢʫʪʥʠʡ, U ï ʧʦʜʽʙʥʠʡ), ʩʠʤʝʪʨʠʯʥʽʩʪʴ 

ʧʨʦʬʽʣʶ (ʩʠʤʝʪʨʠʯʥʠʡ, ʘʩʠʤʝʪʨʠʯʥʠʡ) [4, 15]. 

ʏʘʩʪʠʥʘ ʚʭʽʜʥʠʭ ʬʘʢʪʦʨʽʚ (ʰʠʨʠʥʘ, ʜʦʚʞʠʥʘ, ʚʠʜ ʣʽʥʽʾ (ʧʨʷʤʘ/ʢʨʠʚʘ), 

ʥʘʧʨʷʤʦʢ ʚʽʜʥʦʩʥʦ ʧʝʨʝʚʘʞʥʦʾ ʦʨʽʻʥʪʘʮʽʾ ʚʦʣʦʢʦʥ ʧʘʧʝʨʫ, ʚʽʜʩʪʘʥʴ ʤʽʞ 

ʰʪʨʠʭʘʤʠ) ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʠʟʘʡʥʦʤ ʙʘʥʢʥʦʪ ʽ ʥʝ ʧʽʜʣʷʛʘʻ ʚʘʨʽʶʚʘʥʥʶ. ʎʽ 

ʬʘʢʪʦʨʠ ʚʩʪʘʥʦʚʣʝʥʽ ʧʽʜ ʯʘʩ ʘʥʘʣʽʟʫ ʟʦʙʨʘʞʝʥʴ ɯɼ ʙʘʥʢʥʦʪ ʨʽʟʥʠʭ ʥʦʤʽʥʘʣʽʚ ʽ 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʨʘʭʦʚʘʥʽ ʧʽʜ ʯʘʩ ʨʦʟʨʦʙʣʝʥʥʷ ʤʦʜʝʣʴʥʠʭ ʬʦʨʤ ʜʣʷ ʧʦʜʘʣʴʰʠʭ 

ʜʦʩʣʽʜʞʝʥʴ. 

ʏʠʩʪʦʪʘ ʤʽʰʝʥʽ ʧʨʠʡʤʘʻʪʴʩʷ ʟʘ ʽʜʝʘʣʴʥʫ ʽ ʥʝ ʧʽʜʣʷʛʘʻ ʚʘʨʽʶʚʘʥʥʶ: 

ʤʽʝhʥʽ ʧʦʩʪʘʚʣʷʶʪʴʩʷ ʽ ʫʪʠʣʽʟʫʶʪʴʩʷ ʚʠʨʦʙʥʠʢʦʤ ʦʙʣʘʜʥʘʥʥʷ [77]. ʍʦʯʘ 

ʧʽʜʚʠʱʝʥʥʷ ʘʜʛʝʟʽʾ ɿʇ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʣʝʛʦʚʘʥʠʭ 

ʤʽʰʝʥʝʡ ʤʦʞʝ ʙʫʪʠ ʦʙôʻʢʪʦʤ ʧʦʜʘʣʴʰʠʭ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʜʦʩʣʽʜʞʝʥʴ.  

ʉʪʘʥ ʧʦʚʝʨʭʥʽ ʬʦʨʤʠ ʧʽʩʣʷ ʧʨʦʮʝʩʫ DLE (ʰʦʨʩʪʢʽʩʪʴ ʩʪʽʥʦʢ ʰʪʨʠʭʘ ʪʘ 

ʪʚʝʨʜʽʩʪʴ ʧʨʠʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ) ʤʘʻ ʙʫʪʠ ʦʙôʻʢʪʦʤ ʚʠʚʯʝʥʥʷ ʽ ʫʨʘʭʫʚʘʥʥʷ 

ʟʘʜʣʷ ʟôʷʩʫʚʘʥʥʷ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʟ ʧʘʨʘʤʝʪʨʘʤʠ ʰʪʨʠʭʽʚ ʬʦʨʤʠ ʽ ʘʜʛʝʟʽʻʶ 

ʟʘʭʠʩʥʦʛʦ ʧʦʢʨʠʪʪʷ [1, 4, 15]. ʎʝ ʜʦʮʽʣʴʥʦ ʙʫʜʝ ʟʨʦʙʠʪʠ ʚ ʧʦʜʘʣʴʰʠʭ 

ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ.   

ʗʢ ʧʝʨʰʦʯʝʨʛʦʚʽ, ʜʦʮʽʣʴʥʦ ʚʠʦʢʨʝʤʠʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘʢʠʭ ʬʘʢʪʦʨʽʚ ʷʢ 

ʧʘʨʘʤʝʪʨʠ ɻʐ, ʷʢʽ ʤʦʞʫʪʴ ʚʘʨʽʶʚʘʪʠʩʷ ï ʚʠʜ ʧʨʦʬʽʣʶ (ʪʨʘʧʝʮʽʻʧʦʜʽʙʥʠʡ, 

ʧʨʷʤʦʢʫʪʥʠʡ), ʩʠʤʝʪʨʠʯʥʽʩʪʴ ʧʨʦʬʽʣʶ (ʩʠʤʝʪʨʠʯʥʠʡ, ʘʩʠʤʝʪʨʠʯʥʠʡ), ʢʫʪ 

ʥʘʭʠʣʫ ʩʪʽʥʦʢ ʰʪʨʠʭʘ, ʛʣʠʙʠʥʘ ʰʪʨʠʭʘ (ʚ ʧʝʚʥʠʭ, ʟʘʜʘʥʠʭ ʜʠʟʘʡʥʦʤ, ʤʝʞʘʭ), 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʣʝʞʥʦʛʦ ʩʪʘʥʫ ʧʦʚʝʨʭʥʽ ʰʪʨʠʭʽʚ ʧʽʩʣʷ ʛʨʘʚʽʶʚʘʥʥʷ [4].  

ʊʘʢʦʞ ʜʦʮʽʣʴʥʦ ʚʠʦʢʨʝʤʠʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘʢʠʭ ʬʘʢʪʦʨʽʚ ʷʢ ʩʧʦʩʽʙ 

ʦʯʠʱʝʥʥʷ ʬʦʨʤʠ ʚʽʜ ʥʘʧʣʠʚʽʚ DLE ʜʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʚ ʚʘʢʫʫʤʥʫ ʢʘʤʝʨʫ ʪʘ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʨʝʞʠʤʠ ʪʨʘʚʣʝʥʥʷ ʚ ʢʘʤʝʨʽ (ʪʨʠʚʘʣʽʩʪʴ 

(ʟʙʽʣʴʰʝʥʘ/ʨʝʢʦʤʝʥʜʦʚʘʥʘ), ʥʘʧʨʫʛʘ, ʱʦ ʧʨʠʢʣʘʜʘʻʪʴʩʷ ʜʦ ʬʦʨʤʠ, ʚʠʜ 

ʨʦʟʨʷʜʫ); ʪʦʚʱʠʥʘ ʟʘʭʠʩʥʦʛʦ ʧʦʢʨʠʪʪʷ ʥʽʪʨʠʜʫ ʭʨʦʤʫ (ʚ ʤʝʞʘʭ 
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ʨʝʢʦʤʝʥʜʦʚʘʥʠʭ ʚʠʨʦʙʥʠʢʦʤ (2ï6 ʤʢʤ). ɺʩʽ ʬʘʢʪʦʨʠ, ʷʢʽ ʤʦʞʫʪʴ ʚʘʨʽʶʚʘʪʠʩʷ, 

ʧʦʟʥʘʯʝʥʦ ʥʘ ʨʠʩ 1.5 ʥʘʧʽʚʞʠʨʥʠʤ ʰʨʠʬʪʦʤ. 

 

ʈʠʩ. 1.5. ʉʠʩʪʝʤʘ ʬʦʨʤʫʚʘʥʥʷ ʪʠʨʘʞʦʩʪʽʡʢʦʩʪʽ ɼʌɯ [4].  
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ʆʩʢʽʣʴʢʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʠʨʘʞʝʩʪʽʡʢʦʩʪʽ ɼʌɯ ʻ ʩʢʣʘʜʥʠʤ 

ʙʘʛʘʪʦʬʘʢʪʦʨʥʠʤ ʧʨʦʮʝʩʦʤ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ ʬʘʢʪʦʨʘʤʠ, 

ʷʢʠʤʠ ʤʦʞʥʘ ʢʝʨʫʚʘʪʠ, ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʩʢʣʘʜʥʠʭ ʢʦʨʝʣʷʮʽʡʥʠʭ ʟʚôʷʟʢʽʚ 

ʤʽʞ ʬʘʢʪʦʨʘʤʠ, ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʪʠʨʘʞʝʩʪʽʡʢʦʩʪʽ ɼʌɯ ʧʦʪʨʝʙʫʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ [4]. ɺʠʭʽʜʥʽ ʧʘʨʘʤʝʪʨʠ ʤʦʞʫʪʴ 

ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʷʢ ʢʨʠʪʝʨʽʾ ʦʧʪʠʤʽʟʘʮʽʾ.  

ʌʘʢʪʠʯʥʦ, ʻʜʠʥʠʤ ʚʠʭʽʜʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʷʢʦʩʪʽ ʬʦʨʤ ʻ ʪʠʨʘʞʦʩʪʽʡʢʽʩʪʴ 

ï ʧʦʚʥʘ ʢʽʣʴʢʽʩʪʴ ʟʘʜʦʚʽʣʴʥʦʾ ʷʢʦʩʪʽ ʚʽʜʙʠʪʢʽʚ, ʷʢʽ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʟ ʦʜʥʽʻʾ 

ʜʨʫʢʘʨʩʴʢʦʾ ʬʦʨʤʠ [43]. ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʪʠʨʘʞʦʩʪʽʡʢʽʩʪʴ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʘʜʛʝʟʽʡʥʦʶ ʤʽʮʥʽʩʪʶ ʧʦʢʨʠʪʪʷ, ʚʘʨʪʦ ʚʠʟʥʘʯʘʪʠ ʾʾ ʧʦʢʘʟʥʠʢʠ ʪʘ 

ʯʠʥʥʠʢʠ (ʥʘʧʨʫʛʠ ʥʘ ʦʢʨʝʤʠʭ ʜʽʣʷʥʢʘʭ ʬʦʨʤ, ʤʽʮʥʽʩʪʴ ʧʦʢʨʠʪʪʷ ʪʘ 

ʧʨʠʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ, ʤʽʢʨʦʩʪʨʫʢʪʫʨʫ ʧʝʨʝʨʽʟʫ ʧʦʢʨʠʪʪʷ ʪʘ 

ʧʨʠʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ) ʷʢ ʜʦ ʟʥʦʰʫʚʘʥʥʷ ʬʦʨʤʠ, ʪʘʢ ʽ ʧʽʩʣʷ ʥʴʦʛʦ.  

ɿʚôʷʟʦʢ ʤʽʞ ʚʭʽʜʥʠʤʠ ʪʘ ʚʠʭʽʜʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʤʘʻ ʚʠʛʣʷʜ ʬʫʥʢʮʽʾ 

ʚʽʜʛʫʢʫ ʪʠʧʫ ὣ •ὼȟὼȟȣȟὼ , ʜʝ 
k
ʭxʭ ,...,

21
 ï ʢʝʨʦʚʘʥʽ ʬʘʢʪʦʨʠ, ʱʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʽʜʛʫʢ ʩʠʩʪʝʤʠ, ʷʢʽ ʤʦʞʥʘ ʬʽʢʩʫʚʘʪʠ ʥʘ ʧʝʚʥʦʤʫ ʨʽʚʥʽ ʘʙʦ 

ʚʘʨʽʶʚʘʪʠ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʝʨʠʤʝʥʪʫ (ʥʘʧʨʠʢʣʘʜ, ʚʠʜ ʦʯʠʱʝʥʥʷ ʬʦʨʤʠ, ʪʦʚʱʠʥʘ 

ʟʘʭʠʩʥʦʛʦ ʧʦʢʨʠʪʪʷ, ʛʣʠʙʠʥʘ, ʚʠʜ ʪʘ ʩʠʤʝʪʨʠʯʥʽʩʪʴ ʧʨʦʬʽʣʶ) [4]. ʌʫʥʢʮʽʻʶ 

ʚʽʜʛʫʢʫ ʻ ʪʠʨʘʞʦʩʪʽʡʢʽʩʪʴ ɼʌɯ, ʱʦ ʤʦʞʣʠʚʦ ʚʠʟʥʘʯʠʪʠ ʢʦʤʧʣʝʢʩʥʠʤ 

ʧʦʢʘʟʥʠʢʦʤ ʷʢʦʩʪʽ ɯ ʯʝʨʝʟ ʬʦʨʤʫʚʘʥʥʷ ʬʫʥʢʮʽʾ ʢʦʨʠʩʥʦʩʪʽ ʥʘ ʦʩʥʦʚʽ ʯʘʩʪʢʦʚʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ï ʯʽʪʢʦʩʪʽ ʚʽʜʪʚʦʨʝʥʥʷ ʰʪʨʠʭʽʚ ʥʘ ʚʽʜʙʠʪʢʫ ʫ1 ʪʘ 

ʪʘʢʪʠʣʴʥʦʩʪʽ ʚʽʜʙʠʪʢʘ ʫ2, ʥʘʧʨʠʢʣʘʜ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʜʠʪʠʚʥʦʾ ʟʛʦʨʪʢʠ 

ʧʦʢʘʟʥʠʢʽʚ [4, 20]. ʅʝʟʘʣʝʞʥʽ ʬʘʢʪʦʨʠ ʦʙʨʘʥʦ, ʚʠʭʦʜʷʯʠ ʽʟ ʟʘʛʘʣʴʥʦ ʧʨʠʡʥʷʪʠʭ 

ʤʽʨʢʫʚʘʥʴ: ʬʘʢʪʦʨʠ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʷʢʽʩʪʴ ʚʽʜʙʠʪʢʽʚ ɯɼ, ʧʦʚʠʥʥʽ ʤʘʪʠ ʧʝʚʥʫ 

ʦʙʣʘʩʪʴ ʚʠʟʥʘʯʝʥʥʷ, ʚʽʜʧʦʚʽʜʘʪʠ ʪʘʢʠʤ ʚʠʤʦʛʘʤ, ʷʢ ʢʝʨʦʚʘʥʽʩʪʴ, 

ʦʜʥʦʟʥʘʯʥʽʩʪʴ, ʩʫʤʽʩʥʽʩʪʴ ʤʽʞ ʩʦʙʦʶ, ʤʦʞʣʠʚʽʩʪʴ ʟʘʜʘʥʥʷ ʟ ʜʦʩʪʘʪʥʴʦʶ ʜʣʷ 

ʢʽʣʴʢʽʩʥʦʛʦ ʘʥʘʣʽʟʫ ʪʦʯʥʽʩʪʶ, ʚʝʣʠʯʠʥʘ ʾʭ ʤʘʻ ʟʘʣʠʰʘʪʠʩʷ ʩʪʘʣʦʶ ʚ ʧʨʦʮʝʩʽ 

ʝʢʩʧʝʨʠʤʝʥʪʫ ʪʘ ʚʧʣʠʚʘʪʠ ʥʘ ʟʘʣʝʞʥʽ ʬʘʢʪʦʨʠ. ʅʝʟʘʣʝʞʥʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʷʢʽ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʮʠʤ ʚʠʤʦʛʘʤ, ʫ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʫʪʴ ʙʫʪʠ: ʛʣʠʙʠʥʘ ʰʪʨʠʭʘ 

(a) ï x1,  ʤʢʤ; ʰʠʨʠʥʘ ʰʪʨʠʭʘ (b) ï x2, ʤʢʤ, ʷʢʘ ʭʦʯ ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʠʟʘʡʥʦʤ, 
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ʦʜʥʘʢ ʤʦʞʝ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʪʠ ʥʘ ʷʢʽʩʪʴ ʬʦʨʤ ʽ ʪʦʤʫ ʾʾ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ 

ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʾʭ ʚʠʛʦʪʦʚʣʝʥʥʷ; ʢʫʪ ʥʘʭʠʣʫ ʙʦʢʦʚʠʭ ʩʪʽʥʦʢ 

ʰʪʨʠʭʘ (ŭ) ï x3, ʛʨʘʜ.; ʚʠʜ ʧʨʦʬʽʣʶ ï x4,(ʫ.ʦ.).; ʚʠʜ ʣʘʟʝʨʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ 

ʦʙʨʦʙʢʠ DLE ï x5, (ʫ.ʦ.); ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʦʙʨʦʙʢʠ DLE ï x6, (ʫ.ʦ.); ʚʠʜ ʦʙʨʦʙʢʠ 

(ʦʯʠʱʝʥʥʷ) ʧʽʩʣʷ DLE ï x7,  (ʫ.ʦ.); ʪʦʚʱʠʥʘ ʟʘʭʠʩʥʦʛʦ ʧʦʢʨʠʪʪʷ (d) ï x8, ʤʢʤ.; 

ʨʝʞʠʤ ʪʨʘʚʣʝʥʥʷ ʬʦʨʤʠ PVD x9 (ʫ.ʦ.); ʩʢʣʘʜ ʩʫʤʽʰʽ ʧʽʜ ʯʘʩ PVD (Ar-N2)ï x9, 

ʚʽʜʩ. [4, 17].    

 

1.7. ʊʝʭʥʽʯʥʽ ʚʠʤʦʛʠ ʜʦ ʤʘʪʝʨʽʘʣʫ ʬʦʨʤ, ʦʪʨʠʤʫʚʘʥʠʭ DLE 

ʆʩʥʦʚʥʠʤʠ ʚʠʤʦʛʘʤʠ ʜʦ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʇʃɻ ʬʦʨʤ ɯɼ ʻ [69, 71]:  1) 

ʚʽʜʤʽʥʥʽ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʱʦʙ ʚʠʪʨʠʤʫʚʘʪʠ ʚʠʩʦʢʠʡ ʪʠʩʢ ʜʦ 80 ʪʦʥ ʫ 

ʜʨʫʢʘʨʩʴʢʦʤʫ ʢʦʥʪʘʢʪʽ [69]; 2) ʭʦʨʦʰʘ ʦʙʨʦʙʢʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʘʟʝʨʥʦʛʦ 

ʧʨʦʤʝʥʶ ʟ ʪʦʯʢʠ ʟʦʨʫ: ʥʠʟʴʢʝ ʫʪʚʦʨʝʥʥʷ ʘʙʦ ʚʽʜʩʫʪʥʽʩʪʴ ʟʘʣʠʰʢʦʚʦʛʦ ʩʤʽʪʪʷ; 

ʦʜʥʦʨʽʜʥʽʩʪʴ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʪʘ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦ ʚʩʽʡ ʧʦʚʝʨʭʥʽ; 

ʤʦʞʣʠʚʽʩʪʴ ʭʨʦʤʫʚʘʥʥʷ ʪʘ ʧʝʨʝʭʨʦʤʫʚʘʥʥʷ ʧʣʘʩʪʠʥʠ; ʭʦʨʦʰʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʤʝʭʘʥʽʯʥʦʛʦ ʧʦʣʽʨʫʚʘʥʥʷ. ʎʽ ʞ ʘʚʪʦʨʠ ʚʽʜʟʥʘʯʠʣʠ ʥʝʧʨʠʜʘʪʥʽʩʪʴ ʥʽʢʝʣʶ ʜʦ 

DLE ʯʝʨʝʟ ʥʘʜʤʽʨʥʝ ʫʪʚʦʨʝʥʥʷ ʥʘʧʣʠʚʽʚ ʧʽʜ ʯʘʩ ʦʙʨʦʙʣʝʥʥʷ ʣʘʟʝʨʥʠʤ 

ʧʨʦʤʝʥʝʤ, ʷʢʽ ʚ ʧʦʜʘʣʴʰʦʤʫ ʚʘʞʢʦ ʚʠʜʘʣʷʶʪʴʩʷ ʟ ʧʦʚʝʨʭʥʽ ʧʣʘʩʪʠʥʠ. 

ʊʦʤʫ ʚ ʦʜʥʦʤʫ ʟ ʧʝʨʰʠʭ ʧʘʪʝʥʪʽʚ ʱʦʜʦ ʣʘʟʝʨʥʦʛʦ ʛʨʘʚʽʶʚʘʥʥʷ ʬʦʨʤ ɯɼ 

[105], ʘ ʪʘʢʦʞ  [106] ʧʨʦʧʦʥʫʻʪʴʩʷ ʮʠʥʢ, ʤʽʜʴ ʯʠ ʾʭ ʩʧʣʘʚʠ (ʣʘʪʫʥʴ) ʷʢ ʤʘʪʝʨʽʘʣ 

ʜʣʷ ʛʨʘʚʽʶʚʘʥʥʷ ʽʟ ʧʦʢʨʠʪʪʷʤ ʙʽʣʴʰ ʪʚʝʨʜʠʤ ʤʝʪʘʣʦʤ (ʭʨʦʤʦʤ). ɼʦʩʣʽʜʥʠʢʠ 

[69] ʧʠʩʘʣʠ ʧʨʦ ʥʝʜʦʩʪʘʪʥʶ ʤʝʭʘʥʽʯʥʫ ʩʪʽʡʢʽʩʪʴ ʣʘʪʫʥʽ ʚ ʫʤʦʚʘʭ ʥʘʜʟʚʠʯʘʡʥʦ 

ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ ʚ ɼʂ ɯɼ ʽ ʧʨʦʧʦʥʫʚʘʣʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʣʘʚʽʚ ʥʝʦʛʦʣʦʰʝʥʦʛʦ 

ʘʚʪʦʨʘʤʠ ʩʢʣʘʜʫ. ʆʜʥʘʢ, ʨʦʟʨʦʙʥʠʢʠ ʤʝʪʦʜʫ DLE ʥʘʛʦʣʦʩʠʣʠ ʥʘ ʚʽʜʧʦʚʽʜʥʦʩʪʽ 

ʣʘʪʫʥʽ ʷʢ ʤʘʪʝʨʽʘʣʫ ʜʣʷ ʛʨʘʚʽʶʚʘʥʥʷ [107], ʟʘʧʨʦʧʦʥʫʚʘʚʰʠ ʥʘʥʝʩʝʥʥʷ 

ʜʦʜʘʪʢʦʚʦʛʦ ʰʘʨʫ ʤʝʪʘʣʫ ʥʘ ʧʦʚʝʨʭʥʶ ʛʘʟʦʪʝʨʤʽʯʥʠʤ ʥʘʧʠʣʝʥʥʷʤ, ʦʩʢʽʣʴʢʠ 

ʥʘ ʜʫʤʢʫ ʘʚʪʦʨʽʚ, ʚʽʜʦʤʦ, ʱʦ ʮʠʥʢ-ʥʽʢʝʣʝʚʽ ʩʧʣʘʚʠ ʤʘʶʪʴ ʪʚʝʨʜʽʩʪʴ ʜʦ 400 HV, 

ʱʦ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʻ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 150 HV ʷʢ ʜʣʷ ʰʘʨʽʚ ʯʠʩʪʦʛʦ 

ʮʠʥʢʫ, ʪʘʢ ʽ ʥʽʢʝʣʶ [107]. ʊʘʤ ʞʝ ʟʘʟʥʘʯʝʥʦ, ʱʦ ʪʘʢʽ ʮʠʥʢ-ʥʽʢʝʣʝʚʽ ʩʧʣʘʚʠ 

ʪʘʢʦʞ ʤʘʶʪʴ ʭʦʨʦʰʫ ʩʪʽʡʢʽʩʪʴ ʜʦ ʦʢʠʩʣʝʥʥʷ. ʆʪʞʝ, ʮʠʥʢ-ʥʽʢʝʣʝʚʽ ʩʧʣʘʚʠ 
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ʪʚʝʨʜʽʰʽ ʧʦʨʽʚʥʷʥʦ ʟ ʯʠʩʪʠʤ ʮʠʥʢʦʤ, ʘʣʝ ʚ ʪʦʡ ʞʝ ʯʘʩ ʾʭ ʤʦʞʥʘ ʜʫʞʝ ʜʦʙʨʝ 

ʩʪʨʫʢʪʫʨʫʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʘʟʝʨʥʠʭ ʧʨʦʤʝʥʽʚ. ʆʪʞʝ, ʧʦʜʘʣʴʰʝ ʝʢʦʣʦʛʽʯʥʦ 

ʥʝʙʝʟʧʝʯʥʝ ʽ ʪʨʫʜʦʤʽʩʪʢʝ ʭʨʦʤʫʚʘʥʥʷ, ʷʢʝ ʻ ʥʝʟʘʤʽʥʥʠʤ ʜʣʷ ʩʫʯʘʩʥʠʭ ʚʽʜʦʤʠʭ 

ɿʇ, ʙʽʣʴʰʝ ʥʝ ʧʦʪʨʽʙʥʝ [107]. ʊʘʢʠʡ ʧʽʜʭʽʜ ʥʝ ʙʫʚ ʚʧʨʦʚʘʜʞʝʥʠʡ ʫ 

ʚʠʨʦʙʥʠʮʪʚʦ, ʦʜʥʘʢ, ʚʧʝʨʰʝ ʙʫʣʦ ʥʘʛʦʣʦʰʝʥʦ ʥʘ ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʘʤʽʥʠ 

ʪʨʫʜʦʤʽʩʪʢʦʛʦ ʽ ʝʢʦʣʦʛʽʯʥʦ ʥʝʙʝʟʧʝʯʥʦʛʦ ʛʘʣʴʚʘʥʦʧʣʘʩʪʠʯʥʦʛʦ ʭʨʦʤʫʚʘʥʥʷ 

ʧʦʚʝʨʭʥʽ ʬʦʨʤ ʥʘʧʠʣʝʥʥʷʤ (ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ ï ʛʘʟʦʪʝʨʤʽʯʥʠʤ). ɺ ʟʛʘʜʘʥʦʤʫ 

ʧʘʪʝʥʪʽ ʚʢʘʟʘʥʦ, ʱʦ ʚʤʽʩʪ ʮʠʥʢʫ ʚ ʩʧʣʘʚʽ ʜʣʷ ʛʨʘʚʽʶʚʘʥʥʷ ʙʘʞʘʥʠʡ ʥʝ ʤʝʥʰ, 

ʷʢ 60 %. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʧʣʘʚʽʚ ʮʠʥʢʫ ʪʠʧʫ ʣʘʪʫʥʽ (ʤʘʨʢʠ ʃ 63, 

ʥʘʧʨʠʢʣʘʜ) ʻ ʮʽʣʢʦʤ ʦʙˇʨʫʥʪʦʚʘʥʠʤ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʽʥʪʘʛʣʽʦʬʦʨʤ, ʘ ʡʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʬʦʨʤ ʧʦʪʨʝʙʫʻ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʫʜʦʩʢʦʥʘʣʝʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʪʘ ʜʦʩʷʛʥʝʥʥʷ ʚʠʩʦʢʠʭ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ. 

 

1.8. ɸʥʘʣʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʛʘʣʴʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʟʥʦʰʫʚʘʥʥʷ ʜʝʪʘʣʝʡ 

ʽ ʚʫʟʣʽʚ ʧʦʣʽʛʨʘʬʽʯʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ. 

ɿʘʛʘʣʴʥʽ ʧʨʦʙʣʝʤʠ ʟʥʦʰʫʚʘʥʥʷ ʜʝʪʘʣʝʡ ʽ ʚʫʟʣʽʚ ʧʦʣʽʛʨʘʬʽʯʥʦʛʦ 

ʫʩʪʘʪʢʫʚʘʥʥʷ ʨʦʟʛʣʷʜʘʣʠʩʷ ʥʠʟʢʦʶ ʚʽʪʯʠʟʥʷʥʠʭ ʪʘ ʟʘʢʦʨʜʦʥʥʠʭ ʚʯʝʥʠʭ [108ï

112]. ʋ ʨʦʙʦʪʽ [112], ʷʢʘ ʩʪʦʩʫʚʘʣʘʩʷ ʦʬʩʝʪʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʚʠʟʥʘʯʝʥʦ, ʱʦ ʜʣʷ 

ʚʫʟʣʽʚ ʪʝʨʪʷ ʮʠʭ ʤʘʰʠʥ ʭʘʨʘʢʪʝʨʥʠʤʠ ʻ: ʛʨʫʧʠ ʚʠʜʽʚ ʟʥʦʰʫʚʘʥʥʷ ï ʤʝʭʘʥʽʯʥʝ, 

ʘʪʦʤʥʦ-ʤʦʣʝʢʫʣʷʨʥʝ, ʢʦʨʦʟʽʡʥʝ ʽ ʝʨʦʟʽʡʥʝ  [112]. ʉʝʨʝʜ ʥʠʭ  ʧʨʦʩʪʽ ʚʠʜʠ 

ʟʥʦʰʫʚʘʥʥʷ ï ʘʙʨʘʟʠʚʥʝ, ʚʪʦʤʥʝ, ʬʨʝʪʠʥʛ (ʚʽʙʨʦʜʠʩʧʝʨʛʫʚʘʥʥʷ), ʪʝʧʣʦʚʝ, 

ʦʢʠʩʣʶʚʘʣʴʥʝ, ʢʦʨʦʟʽʡʥʘ ʜʽʷ ʘʛʨʝʩʠʚʥʠʭ ʩʝʨʝʜʦʚʠʱ, ʛʽʜʨʦʝʨʦʟʽʡʥʝ ʽ 

ʝʣʝʢʪʨʦʝʨʦʟʽʡʥʝ [112], ʘ ʪʘʢʦʞ ʟʤʽʰʘʥʽ ʧʘʨʥʽ ʚʠʜʠ ʟʥʦʰʫʚʘʥʥʷ ï ʘʙʨʘʟʠʚʥʦ-

ʪʝʧʣʦʚʝ, ʬʨʝʪʠʥʛ-ʢʦʨʦʟʽʷ, ʘʙʨʘʟʠʚʥʦ-ʢʦʨʦʟʽʡʥʝ [112]. ɺ ʮʽʣʦʤʫ, ʧʦʜʽʣʷʶʯʠ 

ʪʘʢʠʡ ʧʽʜʭʽʜ, ʚʙʘʯʘʻʤʦ ʟʘ ʜʦʮʽʣʴʥʝ ʧʨʦʚʝʩʪʠ ʜʝʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʚʟʘʻʤʦʜʽʾ 

ʩʢʣʘʜʥʠʢʽʚ ʩʘʤʝ ʜʣʷ ʜʨʫʢʘʨʩʴʢʦʾ ʩʝʢʮʽʾ ɯɼ. 

ʇʨʦʮʝʩʠ ʟʥʦʰʫʚʘʥʥʷ ʬʦʨʤ ʽʥʪʘʛʣʽʦʜʨʫʢʫ ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʚ ʨʦʙʦʪʽ [113], 

ʜʝ ʘʚʪʦʨʘʤʠ ʨʦʟʛʣʷʥʫʪʦ ʩʢʣʘʜʥʠʢʠ ʪʘ ʩʪʨʫʢʪʫʨʫ ʜʨʫʢʘʨʩʴʢʦʛʦ ʘʧʘʨʘʪʫ ɯɼ, 

ʦʜʥʘʢ ʥʝʦʙˇʨʫʥʪʦʚʘʥʦ, ʥʘ ʥʘʰʫ ʜʫʤʢʫ, ʟʦʩʝʨʝʜʞʝʥʦ ʫʚʘʛʫ ʣʠʰʝ ʥʘ ʚʟʘʻʤʦʜʽʾ 

ʌʎ ʟʽ ʉɺ ʽ ʚʠʚʝʜʝʥʦ ʟ ʨʦʟʛʣʷʜʫ, ʷʢ ʥʝʩʫʪʪʻʚʠʡ, ʥʘ ʾʭ ʜʫʤʢʫ, ɼʂ ʬʦʨʤʥʦʛʦ ʪʘ 
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ʜʨʫʢʘʨʩʴʢʦʛʦ ʮʠʣʽʥʜʨʽʚ ʽ ʟʘʫʚʘʞʝʥʦ, ʱʦ çʫ ʮʴʦʤʫ ʢʦʥʪʘʢʪʽ ʧʘʧʽʨ 

ʧʨʠʪʠʩʢʘʻʪʴʩʷ ʜʦ ʟʘʧʦʚʥʝʥʦʾ ʬʘʨʙʦʶ ʬʦʨʤʠ. ʅʝʚʝʣʠʢʝ ʢʦʚʟʘʥʥʷ ʩʧʨʠʯʠʥʝʥʝ 

ʜʝʬʦʨʤʘʮʽʻʶ ʧʘʧʝʨʫ ʪʘ ʜʨʫʢʘʨʩʴʢʦʛʦ ʮʠʣʽʥʜʨʘ. ɿʘ ʮʠʭ ʦʙʩʪʘʚʠʥ ʚʘʞʣʠʚʦʶ 

ʟʤʽʥʥʦʶ ʻ ʢʽʣʴʢʽʩʪʴ ʤʽʢʨʦʢʦʚʟʘʥʥʷ ʯʝʨʝʟ ʜʝʬʦʨʤʘʮʽʶ. ʆʩʢʽʣʴʢʠ ʢʦʚʟʘʥʥʷ, 

ʡʤʦʚʽʨʥʦ, ʙʫʜʝ ʥʝʚʝʣʠʢʠʤ, ʮʝʡ ʢʦʥʪʘʢʪ ʜʫʞʝ ʤʘʣʦ ʩʧʨʠʷʪʠʤʝ ʟʥʦʩʫ 

ʭʨʦʤʦʚʘʥʦʛʦ ʧʦʢʨʠʪʪʷè [113]. ʆʜʥʘʢ,  ʯʠʩʣʝʥʥʽ ʘʚʪʦʨʠ ʷʢ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ 

[20, 49, 50, 91ï94, 114], ʪʘʢ ʽ ʯʠʩʣʝʥʥʠʭ ʧʘʪʝʥʪʽʚ [53ï66] ʥʘʛʦʣʦʰʫʚʘʣʠ ʥʘ 

ʚʠʨʽʰʘʣʴʥʽʡ ʨʦʣʽ ʚʝʣʠʢʦʛʦ ʪʠʩʢʫ ʚ ɼʂ ɯɼ ʜʣʷ ʧʝʨʝʙʽʛʫ ʫʩʽʭ ʧʨʦʮʝʩʽʚ.  

ʊʦʤʫ ʚʙʘʯʘʻʪʴʩʷ ʟʘ ʜʦʮʽʣʴʥʝ ʫʪʦʯʥʠʪʠ ʪʠʧ ʟʥʦʰʫʚʘʥʥʷ ʚ ʧʘʨʽ ʌʎ ï ʉɺ 

(ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʤʠʚʥʦʛʦ ʨʦʟʯʠʥʫ) ʪʘ ʌʎ ï ʬʘʨʙʦʚʠʡ ʮʠʣʽʥʜʨ, ʘ 

ʪʘʢʦʞ ʨʦʟʛʣʷʥʫʪʠ ʧʨʦʮʝʩʠ ʚ ɼʂ ʥʘ ʧʨʦʙʽʣʴʥʠʭ ʽ ʜʨʫʢʫʚʘʣʴʥʠʭ ʝʣʝʤʝʥʪʘʭ, ʜʝ 

ʧʨʠʩʫʪʥʽ ʥʝ ʣʠʰʝ ʘʙʨʘʟʠʚʥʘ ʜʽʷ ʬʘʨʙʠ, ʱʦ ʚʠʪʠʩʢʘʻʪʴʩʷ ʟʽ ʰʪʨʠʭʘ, ʧʘʧʝʨʫ, ʱʦ 

ʟʜʽʡʩʥʶʻ ʨʫʭ ʚ ɼʂ, ʘʣʝ ʡ ʜʝʬʦʨʤʫʚʘʥʥʷ ʬʦʨʤʠ ʧʽʜ ʜʽʻʶ ʪʠʩʢʫ.  
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ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 1 ʪʘ ʧʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʴ ʜʦʩʣʽʜʞʝʥʥʷ. 

1.ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʷʢʦʩʪʽ ɼʌɯ ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʠʤ ʥʘʫʢʦʚʦ-

ʧʨʘʢʪʠʯʥʠʤ ʟʘʚʜʘʥʥʷʤ ʜʝʨʞʘʚʥʦʾ ʚʘʛʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʪʯʠʟʥʷʥʦʛʦ 

ʙʘʥʢʥʦʪʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʦʩʢʽʣʴʢʠ ɯɼ ʻ ʟʘʭʠʩʥʦʶ ʦʟʥʘʢʦʶ ʟ ʥʘʜʟʚʠʯʘʡʥʦ 

ʪʨʠʚʘʣʠʤ ʞʠʪʪʻʚʠʤ ʮʠʢʣʦʤ.   

2. ʊʝʭʥʦʣʦʛʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ ɼʌɯ ʧʦʩʪʽʡʥʦ ʫʜʦʩʢʦʥʘʣʶʶʪʴʩʷ ʷʢ ʯʝʨʝʟ 

ʧʦʪʨʝʙʫ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʫ ʷʢʽʩʪʴ ʜʨʫʢʫ ʽ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ,  ʪʘʢ ʽ ʟ 

ʤʽʨʢʫʚʘʥʴ ʧʽʜʚʠʱʝʥʥʷ ʝʢʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʘʥʢʥʦʪʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. ʅʘʤʠ ʥʘ 

ʦʩʥʦʚʽ ʨʘʥʞʫʚʘʥʥʷ ʧʦʪʝʥʮʽʡʥʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʨʠʟʠʢʽʚ ʚʧʝʨʰʝ ʜʦʚʝʜʝʥʦ, ʱʦ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʘʡʩʫʯʘʩʥʽʰʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ DLE+ PVD ʜʦʟʚʦʣʠʪʴ 

ʟʥʠʟʠʪʠ ʚ 80-170 ʨʘʟʽʚ ʝʢʦʣʦʛʽʯʥʽ ʨʠʟʠʢʠ ʧʦʨʽʚʥʷʥʦ ʟ ʪʠʨʘʞʥʠʤʠ ʚʘʨʽʘʥʪʘʤʠ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʬʦʨʤ. 

 3. ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ DLE+ PVD ʧʦʪʨʝʙʫʻ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʨʝʞʠʤʽʚ 

ʛʨʘʚʽʶʚʘʥʥʷ, ʦʙʨʦʙʣʝʥʥʷ ʬʦʨʤ ʧʽʩʣʷ ʚʠʜʘʣʝʥʥʷ ʥʘʧʣʠʚʽʚ ʪʘ PVD, ʦʩʢʽʣʴʢʠ 

ʦʩʦʙʣʠʚʦʩʪʽ ʣʘʟʝʨʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ, ʦʯʠʱʝʥʥʷ ʬʦʨʤ ʧʽʩʣʷ ʥʴʦʛʦ ʪʘ ʚʘʢʫʫʤʥʦʛʦ 

ʥʘʧʠʣʝʥʥʷ ʤʦʞʫʪʴ ʚʠʢʣʠʢʘʪʠ ʟʥʠʞʝʥʥʷ ʪʠʨʘʞʝʩʪʽʡʢʦʩʪʽ ʬʦʨʤ ʯʝʨʝʟ 

ʥʝʜʦʩʪʘʪʥʶ ʘʜʛʝʟʽʡʥʫ ʩʪʽʡʢʽʩʪʴ ɿʇ. ɻʝʦʤʝʪʨʠʯʥʘ ʬʦʨʤʘ ʰʪʨʠʭʽʚ 

(ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʰʠʨʠʥʠ ʜʦ ʛʣʠʙʠʥʠ, ʢʫʪ ʥʘʭʠʣʫ ʩʪʽʥʦʢ ʰʪʨʠʭʽʚ) ʪʘ ʷʢʽʩʪʴ ʾʭ 

ʧʦʚʝʨʭʥʽ ʻ ʚʘʞʣʠʚʠʤ ʯʠʥʥʠʢʦʤ ʥʘʣʝʞʥʦʛʦ ʬʘʨʙʦʧʝʨʝʥʝʩʝʥʥʷ ʪʘ ʚʠʩʦʢʦʾ 

ʷʢʦʩʪʽ ʜʨʫʢʫ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʣʘʪʫʥʽ ʻ ʦʙˇʨʫʥʪʦʚʘʥʠʤ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʽʥʪʘʛʣʽʦʬʦʨʤ, ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʪʨʝʙʫʻ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʪʘ ʜʦʩʷʛʥʝʥʥʷ ʚʠʩʦʢʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʷʢʦʩʪʽ. 

4. ɸʥʘʣʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʛʘʣʴʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʟʥʦʰʫʚʘʥʥʷ ʜʝʪʘʣʝʡ ʽ 

ʚʫʟʣʽʚ ʧʦʣʽʛʨʘʬʽʯʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ ʧʦʢʘʟʘʚ ʜʦʮʽʣʴʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ 

ʫ ʜʨʫʢʘʨʩʴʢʽʡ ʩʝʢʮʽʾ ʽʥʪʘʛʣʽʦʜʨʫʢʫ ʟ ʧʦʛʣʷʜʫ ʚʠʟʥʘʯʝʥʥʷ ʯʠʥʥʠʢʽʚ ʪʘ ʚʠʜʽʚ 

ʟʥʦʰʫʚʘʥʥʷ ʫ ʚʩʽʭ ʢʦʥʪʘʢʪʘʭ ʬʦʨʤʥʦʛʦ ʮʠʣʽʥʜʨʫ,  ʨʦʟʛʣʷʥʫʪʠ ʧʨʦʮʝʩʠ ʚ ɼʂ ʥʘ 

ʧʨʦʙʽʣʴʥʠʭ ʽ ʜʨʫʢʫʚʘʣʴʥʠʭ ʝʣʝʤʝʥʪʘʭ.  

5. ɺʠʦʢʨʝʤʣʝʥʦ ʦʩʥʦʚʥʽ ʛʨʫʧʠ ʬʘʢʪʦʨʽʚ, ʱʦ ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʥʘ 

ʪʠʨʘʞʝʩʪʽʡʢʽʩʪʴ ɼʌɯ: ʧʘʨʘʤʝʪʨʠ ʧʨʦʮʝʩʫ DLE, ʚ ʪʦʤʫ ʯʠʩʣʽ ʩʧʦʩʽʙ ʚʠʜʘʣʝʥʥʷ 
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ʥʘʧʣʠʚʽʚ ʤʝʪʘʣʫ ʫ ʧʨʦʮʝʩʽ ʣʘʟʝʨʥʦʛʦ ʛʨʘʚʽʶʚʘʥʥʷ; ʧʘʨʘʤʝʪʨʠ ɻʐ ʬʦʨʤʠ ɯɼ 

(ʰʠʨʠʥʘ, ʜʦʚʞʠʥʘ, ʛʣʠʙʠʥʘ, ʚʽʜʩʪʘʥʴ ʤʽʞ ʰʪʨʠʭʘʤʠ, ʚʠʜ ʧʨʦʬʽʣʶ 

(ʪʨʘʧʝʮʽʻʧʦʜʽʙʥʠʡ, ʧʨʷʤʦʢʫʪʥʠʡ), ʩʠʤʝʪʨʠʯʥʽʩʪʴ ʧʨʦʬʽʣʶ (ʩʠʤʝʪʨʠʯʥʠʡ, 

ʘʩʠʤʝʪʨʠʯʥʠʡ)); ʧʘʨʘʤʝʪʨʠ ʧʨʦʮʝʩʫ ʚʘʢʫʫʤʥʦʛʦ ʥʘʧʠʣʝʥʥʷ (ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʽʜʣʦʞʢʠ (ʬʦʨʤʠ ʧʽʜ ʯʘʩ ʥʘʧʠʣʝʥʥʷ), ʰʦʨʩʪʢʽʩʪʴ ʧʨʦʙʽʣʴʥʠʭ ʪʘ ʜʨʫʢʫʚʘʣʴʥʠʭ 

ʝʣʝʤʝʥʪʽʚ, ʪʦʚʱʠʥʘ ʥʽʪʨʠʜ-ʭʨʦʤʦʚʦʛʦ ʧʦʢʨʠʪʪʷ, ʨʝʞʠʤʽʚ ʪʨʘʚʣʝʥʥʷ ʧʽʜʣʦʞʢʠ 

ʚ ʢʘʤʝʨʽ ʥʘʧʠʣʝʥʥʷ, ʚʽʜʩʦʪʢʦʚʠʡ ʩʢʣʘʜ ʛʘʟʦʚʦʾ ʩʫʤʽʰʽ Ar-N2 ʚ ʢʘʤʝʨʽ 

ʥʘʧʠʣʝʥʥʷ). ʎʽ ʬʘʢʪʦʨʠ ʻ ʧʽʜˇʨʫʥʪʷʤ ʜʣʷ  ʨʦʟʨʦʙʣʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʫ 

ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʚʠʙʦʨʫ  ʩʪʘʥʜʘʨʪʥʠʭ ʤʝʪʦʜʠʢ ʪʘ ʨʦʟʨʦʙʣʝʥʥʷ ʥʦʚʠʭ. 

6. ɿʘʚʜʘʥʥʷʤʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ, ʷʢʽ ʚʠʧʣʠʚʘʶʪʴ ʟ ʧʨʦʚʝʜʝʥʦʛʦ 

ʘʥʘʣʽʟʫ ʻ: ʥʝʦʙʭʽʜʥʽʩʪʴ ʜʦʩʣʽʜʠʪʠ ʟʤʽʥʫ ʩʪʘʥʫ ʧʦʚʝʨʭʥʽ ʪʘ ʧʨʠʧʦʚʝʨʭʥʝʚʠʭ 

ʰʘʨʽʚ ʝʣʝʤʝʥʪʽʚ, ʪʠʨʘʞʝʩʪʽʡʢʦʩʪʽ ʪʘ ʷʢʦʩʪʽ ʜʨʫʢʫʚʘʥʥʷ ɼʌɯ, ʚʠʛʦʪʦʚʣʝʥʠʭ 

DLE+PVD; ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʧʨʦʮʝʩʠ ʪʘ ʫʩʽ ʚʠʜʠ ʚʧʣʠʚʽʚ ʚ ʜʨʫʢʘʨʩʴʢʽʡ ʩʝʢʮʽʾ 

ʤʘʰʠʥ ɯɼ, ʚʩʪʘʥʦʚʠʪʠ  ʤʝʭʘʥʽʟʤʠ ʟʥʦʰʝʥʥʷ ʚ ʜʨʫʢʘʨʩʴʢʽʡ ʩʠʩʪʝʤʽ ɯɼ ʪʘ 

ʨʦʟʨʦʙʠʪʠ ʽʥʪʝʛʨʦʚʘʥʫ ʤʦʜʝʣʴ ʟʥʦʰʫʚʘʥʥʷ ɼʌɯ; ʚʩʪʘʥʦʚʠʪʠ ʚʧʣʠʚ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʘ ʧʘʨʘʤʝʪʨʠ ʷʢʦʩʪʽ ʛʨʘʚʽʡʦʚʘʥʠʭ ɼɽ 

ʪʘ ʫʟʘʛʘʣʴʥʝʥʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ɻʐ ʬʦʨʤ, ʚʠʛʦʪʦʚʣʝʥʠʭ DLE; ʚʠʟʥʘʯʠʪʠ 

ʟʘʩʦʙʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ɼʌɯ, ʜʦʩʣʽʜʠʪʠ ʧʘʨʘʤʝʪʨʠ ʷʢʦʩʪʽ ɼɽ, ʚʠʛʦʪʦʚʣʝʥʠʭ 

ʟʘ ʘʣʴʪʝʨʥʘʪʠʚʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ ʪʘ ʥʘ ʮʽʡ ʦʩʥʦʚʽ  ʨʦʟʨʦʙʠʪʠ ʩʠʩʪʝʤʫ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʬʦʨʤ ɯɼ. 
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ʈʆɿɼɯʃ 2. ʄɸʊɽʈɯɸʃʀ ʊɸ ʄɽʊʆɼʀ ɼʆʉʃɯɼɾɽʅʅʗ. 

2.1 ɿʘʛʘʣʴʥʠʡ ʘʣʛʦʨʠʪʤ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ. 

ʃʘʟʝʨʥʝ ʛʨʘʚʽʶʚʘʥʥʷ ʻ ʧʝʨʰʠʤ, ʥʝ ʨʘʭʫʶʯʠ ʝʪʘʧʫ ʜʠʟʘʡʥʫ ʬʦʨʤ, ʝʪʘʧʦʤ 

ʊʇ, ʧʽʜ ʯʘʩ ʷʢʦʛʦ ʤʘʶʪʴ ʙʫʪʠ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʪʨʠʤʘʥʽ ʟʘʧʨʦʝʢʪʦʚʘʥʽ 

ʧʘʨʘʤʝʪʨʠ ɻʐ, ʢʦʪʨʽ ʚʠʟʥʘʯʘʶʪʴ ʷʢ ʪʘʢʪʠʣʴʥʽʩʪʴ ʚʽʜʙʠʪʢʽʚ (ʢʣʶʯʦʚʫ ʟʘʭʠʩʥʫ 

ʦʟʥʘʢʫ, ʷʢʫ ʟʘʙʝʟʧʝʯʫʻ ʽʥʪʘʛʣʽʦʜʨʫʢ), ʪʘʢ ʽ ʾʭ ʢʦʣʽʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʊʦʤʫ 

ʚʠʟʥʘʯʝʥʥʷ ʷʢʦʩʪʽ ʚʽʜʪʚʦʨʝʥʥʷ ɻʐ ʪʘ ʾʾ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʘʧʨʦʝʢʪʦʚʘʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ  ʧʨʦʬʽʣʶ ʻ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʫʜʦʩʢʦʥʘʣʠʪʠ 

ʨʝʞʠʤʠ ʦʙʨʦʙʣʝʥʥʷ ʬʦʨʤ DLE ʪʘ ʨʦʟʰʠʨʠʪʴ ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʚʠʨʦʙʥʠʮʪʚʽ 

ʟʘʭʠʱʝʥʦʾ ʧʦʣʽʛʨʘʬʽʯʥʦʾ ʧʨʦʜʫʢʮʽʾ [6]. 

ɿʘʛʘʣʴʥʠʡ ʘʣʛʦʨʠʪʤ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʱʦʜʦ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ 

ɼʌɯ ʚʢʣʶʯʘʚ ʪʘʢʽ ʝʪʘʧʠ: 

1. ʇʦʧʝʨʝʜʥʻ ʜʦʩʣʽʜʞʝʥʥʷ ʪʠʨʘʞʝʩʪʽʡʢʦʩʪʽ ʬʦʨʤʠ DLE+PVD ʫ 

ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚʘʭ ʟ ʜʦʩʣʽʜʞʝʥʥʷʤ ʩʪʘʥʫ ɻʐ ʧʽʩʣʷ ʚʠʨʦʙʥʠʯʠʭ ʚʠʧʨʦʙʫʚʘʥʴ 

ʪʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʧʘʨʘʤʝʪʨʽʚ ɻʐ ʟ ʷʢʽʩʪʶ ʚʽʜʙʠʪʢʽʚ [4, 10]. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʚ ʜʨʫʢʘʨʩʴʢʽʡ ʩʝʢʮʽʾ ɯɼ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʧʨʠʯʠʥ ʨʫʡʥʘʮʽʾ 

ʥʽʪʨʠʜ-ʭʨʦʤʦʚʦʛʦ PVD-ʧʦʢʨʠʪʪʷ ɼʌɯ, ʚʠʛʦʪʦʚʣʝʥʠʭ ʤʝʪʦʜʦʤ DLE ʪʘ ʰʣʷʭʽʚ 

ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʪʠʨʘʞʝʩʪʽʡʢʦʩʪʽ [4]; 

2. ɼʦʩʣʽʜʞʝʥʥʷ ʷʢʦʩʪʽ ʛʨʘʚʽʶʚʘʥʥʷ ʰʪʨʠʭʽʚ ʟ ʨʽʟʥʠʤʠ 

ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʥʘ ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ ʦʙʨʦʙʣʝʥʥʷ ʪʠʨʘʞʥʦʶ 

ʚʠʨʦʙʥʠʯʦʶ ʣʘʟʝʨʥʦʶ ʩʠʩʪʝʤʦʶ DLE ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʨʝʢʦʤʝʥʜʦʚʘʥʠʭ ʧʨʦʬʽʣʽʚ 

ʰʪʨʠʭʽʚ ʥʘ ʤʦʜʝʣʴʥʽʡ ʬʦʨʤʽ (ʄʌ) [5, 6, 7, 9, 10, 11]; 

3. ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʨʝʞʠʤʽʚ ʧʦʧʝʨʝʜʥʴʦʛʦ ʦʯʠʩʥʦʛʦ ʪʨʘʚʣʝʥʥʷ 

ʣʘʪʫʥʥʦʾ ʦʩʥʦʚʠ ʥʘ ʩʪʘʥ ʧʦʚʝʨʭʥʽ ʬʦʨʤʠ ʧʝʨʝʜ PVD [1, 9, 13]; 

4.  ʇʦʨʽʚʥʷʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʷʢʦʩʪʽ ʛʨʘʚʽʶʚʘʥʥʷ ʰʪʨʠʭʽʚ ʥʘ ʄʌ ʟ 

ʨʽʟʥʠʤʠ ʨʝʢʦʤʝʥʜʦʚʘʥʠʤʠ ʧʨʦʬʽʣʷʤʠ ʥʘ ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ ʦʙʨʦʙʣʝʥʥʷ 

ʪʠʨʘʞʥʦʶ ʚʠʨʦʙʥʠʯʦʶ ʣʘʟʝʨʥʦʶ ʩʠʩʪʝʤʦʶ DLE ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʶ 
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ʣʘʟʝʨʥʦʶ ʩʠʩʪʝʤʦʶ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʨʝʢʦʤʝʥʜʦʚʘʥʠʭ ʨʝʞʠʤʽʚ ʦʙʨʦʙʣʝʥʥʷ  [5, 6, 

7, 9, 11]. 

5. ɺʠʟʥʘʯʝʥʥʷ ʟʘʩʦʙʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ɼʌɯ [4, 11, 15, 17]. 

 

2.2. ʄʘʪʝʨʽʘʣʠ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʦ ʚ ʜʦʩʣʽʜʞʝʥʥʷʭ. 

2.2.1. ʄʘʪʝʨʽʘʣʠ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʦʜʝʣʴʥʠʭ ʬʦʨʤ. 

ɺ ʫʩʽʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʷʢ ʤʘʪʝʨʽʘʣ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʬʦʨʤʠ ʚʠʢʦʨʠʩʪʘʥʦ 

ʣʘʪʫʥʴ [105ï107] ʤʘʨʢʠ ʃ 63 [115ï119]. ɺ ʪʘʙʣʠʮʽ 2.1 ʥʘʚʝʜʝʥʦ ʪʠʧʦʚʠʡ 

ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʤʘʪʝʨʽʘʣʫ [119]. ʊʦʚʱʠʥʘ ʧʣʘʩʪʠʥʠ 0,977ï1,032 ʤʤ. 

ʊʘʙʣʠʮʷ 2.1. ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʤʘʪʝʨʽʣʘ ʃ63, % [119] 

ɽʣʝʤʝʥʪ Cu Zn Fe P Pb Sb Bi ɼʦʤʽʰʢʠ 

ʂʽʣʴʢʽʩʪʴ, 

% 
62 - 65 

34.22 

- 37.5 
ʜʦ   0.2 ʜʦ   0.01 ʜʦ   0.07 ʜʦ   0.005 ʜʦ   0.002 

ʚʩʴʦʛʦ 

0.5 

 

ɿʘ ʜʘʥʠʤʠ ʘʚʪʦʨʽʚ [119], ʪʚʝʨʜʽʩʪʴ  ʣʘʪʫʥʽ  ʃ63 (ʟʘ ʫʤʦʚʠ ʣʠʩʪʦʚʦʾ 

ʧʦʩʪʘʚʢʠ)  HB 10 -1 = 70   ʄʇʘ. 

ʊʘʙʣʠʮʷ 2.2. ʌʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʣʘʪʫʥʽ ʃ 63 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 20oʉ [119] 

ʄʝʞʘ 

ʢʦʨʦʪʢʦʯʘʩʥʦʾ 

ʤʽʮʥʦʩʪʽ ůʚ, 

ʄʇʘ 

ɺʽʜʥʦʩʥʝ 

ʧʦʜʦʚʞʝʥʥʷ 

ʧʨʠ ʨʦʟʨʠʚʽ 

ŭ5, 

% 

ʄʦʜʫʣʴ 

ʧʨʫʞʥʦʩʪʽ 

ʧʝʨʰʦʛʦ ʨʦʜʫ 

E 10- 5, 

ʄʇʘ 

ʂʦʝʬʽʮʽʻʥʪ ʣʽʥʽʡʥʦʛʦ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʨʦʟʰʠʨʝʥʥʷ (ʜʽʘʧʘʟʦʥ 

20o ï 100 o ) 

Ŭ 10 6, 

1/ɻʨʘʜ 

ʑʽʣʴʥʽʩʪʴ 

ɟ, 

ʢʛ/ʤ3 

290-400 30-38 1.16 20.5 8440 

 

ʂʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ: ʟʽ ʟʤʘʱʫʚʘʥʥʷʤ  0.012; ʙʝʟ ʟʤʘʱʫʚʘʥʥʷ 0.39 [119]. 

ʋ PVD ʚʠʢʦʨʠʩʪʘʥʦ ʤʽʰʝʥʽ ʟ ʭʨʦʤʫ ʯʠʩʪʦʪʦʶ 99,99%, ʨʦʙʦʯʽ ʛʘʟʠ (ʘʨʛʦʥ 

ʽ ʘʟʦʪ) ʢʣʘʩʫ ʯʠʩʪʦʪʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ʚʠʨʦʙʥʠʢʘ ʦʙʣʘʜʥʘʥʥʷ [77]. 

ʄʘʪʝʨʽʘʣʠ ʜʣʷ ʦʯʠʱʝʥʥʷ ʦʩʥʦʚʠ ʧʝʨʝʜ DLE, ʧʽʩʣʷ DLE, ʧʝʨʝʜ PVD, 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ [120] ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 1.1 ʽ 1.2 (ʨʦʟʜʽʣ 1).  
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2.2.2. ʄʘʪʝʨʽʘʣʠ ʜʣʷ ʜʨʫʢʫʚʘʥʥʷ ʧʨʦʙʥʦʛʦ ʥʘʢʣʘʜʫ.  

ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʪʠʨʘʞʝʩʪʽʡʢʦʩʪʽ ʬʦʨʤ DLE+PVD ʚ ʫʤʦʚʘʭ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʙʫʣʦ ʚʠʛʦʪʦʚʣʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʨʘʟʢʠ ʥʘ 

ʪʠʨʘʞʥʦʤʫ ʚʠʜʽ ʙʘʥʢʥʦʪʥʦʛʦ ʧʘʧʝʨʫ (ʪʘʙʣ. 2.3) [10]. 

ʉʢʣʘʜ ʤʦʜʝʣʴʥʦʾ ʬʘʨʙʠ: ʩʠʢʘʪʠʚ ï 3 %; ʙʽʣʘ ʩʤʦʣʘ ST ï 28 %; ʧʨʦʟʦʨʘ 

ʩʤʦʣʘ ST ï 8 %; ʧʽʛʤʝʥʪʥʽ ʢʦʥʮʝʥʪʨʘʪʠ (ʟʘ ʨʝʮʝʧʪʫʨʦʶ, 4 ʚʠʜʠ) ï ʟʘʛʘʣʦʤ 46 

%; ʩʤʦʣʘ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʚ'ʷʟʢʦʩʪʽ ï 10 %; ʧʨʦʪʠʚʽʜʤʘʨʶʚʘʣʴʥʘ ʜʦʤʽʰʢʘ  ï  5 

%. ʂʦʣʽʨ ʬʘʨʙʠ ï ʪʝʤʥʦ-ʬʽʦʣʝʪʦʚʘ. ʈʝʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʬʘʨʙ (ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʠ 40 Üʉ): ʣʠʧʢʽʩʪʴ 126 ʢɼʞ; ʚ'ʷʟʢʽʩʪʴ 7 ʇʘĿʩ. 

ʊʘʙʣʠʮʷ 2.3. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʘʧʝʨʫ ʜʣʷ ʧʨʦʙʥʦʛʦ ʜʨʫʢʫ [10] 

 

ʇʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ɿʥʘʯʝʥʥʷ 

ʂʽʣʴʢʽʩʪʴ ʰʘʨʽʚ ɼʚʦʰʘʨʦʚʠʡ 

ʇʨʦʢʣʝʶʚʘʥʥʷ ɹʌ* 

ʊʦʚʱʠʥʘ ʤʢʤ 111Ñ1 

ʄʘʩʘ, ʛ/ʤ2 91,8 

ɺʦʣʦʛʽʩʪʴ, % 6,2 

ʃʽʥʽʡʥʘ ʜʝʬʦʨʤʘʮʽʷ ʫ ʧʦʧʝʨʝʯʥʦʤʫ ʥʘʧʨʷʤʽ, % 1,9 

ʇʦʚʝʨʭʥʝʚʘ ʚʙʠʨʥʽʩʪʴ ʚʦʜʠ, ʛ/ʤ2 (ʂʦʙʙ60) 
ï ʚʝʨʭʥʽʡ ʙʽʢ ʧʘʧʝʨʫ 

ï ʩʽʪʢʦʚʠʡ ʙʽʢ ʧʘʧʝʨʫ 

 

12,4Ñ3   

14,2Ñ2,5  

ʨʅ ʚʦʜʷʥʦʾ ʚʠʪʷʞʢʠ  6,5 

ʐʦʨʩʪʢʽʩʪʴ, ʚʝʨʭʥʽʡ ʙʽʢ /ʩʽʪʢʦʚʠʡ ʙʽʢ, ʤʣ/ʭʚ. 378 / 362 

ʅʝʧʨʦʟʦʨʽʩʪʴ, % 91,0  

ɸʙʩʦʣʶʪʥʠʡ ʦʧʽʨ ʨʦʟʜʠʨʘʥʥʶ, ʤʅ ʄʘʰ.=830; ʇʦʧʝʨ.=935 

ʇʦʜʚʽʡʥʽ ʟʛʠʥʠ ʄʘʰ.=7460; ʇʦʧʝʨ.=4385 

ʈʫʡʥʽʚʥʝ ʟʫʩʠʣʣʷ, ʅ  ʄʘʰ.=124; ʇʦʧʝʨ.=65 

ɺʽʜʥʦʩʥʝ ʧʦʜʦʚʞʝʥʥʷ,  % ʄʘʰ.= 5,2 ; ʇʦʧʝʨ.= 9,9  

ɺʦʣʦʛʦʤʽʮʥʽʩʪʴ, % 50,6 

ɿʦʣʴʥʽʩʪʴ, % 3 

* - ʙʝʟʬʦʨʤʘʣʴʜʝʛʽʜʥʝ ʧʨʦʢʣʝʶʚʘʥʥʷ. 
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2.3. ʆʩʥʦʚʥʝ ʪʝʭʥʦʣʦʛʽʯʥʝ ʦʙʣʘʜʥʘʥʥʷ, ʚʠʢʦʨʠʩʪʘʥʝ ʚ ʜʦʩʣʽʜʞʝʥʥʷʭ 

1. DLE ʬʦʨʤ ï ʩʠʩʪʝʤʘ ʇʃɻ Jura JSP Direct Laser Engraver [65]: ʪʠʧ ʣʘʟʝʨʘ 

ï ʥʝʦʜʠʤʦʚʠʡ (Nd:YAG, ʘʣʶʤʦ-ʽʪʪʨʠʻʚʠʡ ʛʨʘʥʘʪ ʣʝʛʦʚʘʥʠʡ ʽʦʥʘʤʠ ʥʝʦʜʠʤʫ); 

ʜʦʚʞʠʥʘ ʭʚʠʣʽ 1064 ʥʤ; ʧʦʪʫʞʥʽʩʪʴ 15 ɺʪ; ʯaʩʪʦʪa iʤʧʫʣʴʩiʚ, 0ï200 ʢɻʮ; 

ʪʨʠʚʘʣʽʩʪʴ ʽʤʧʫʣʴʩʫ ï ʤʽʥ. 5 ʤʢʩ; ʛʣʠʙʠʥʘ ʛʨʘʚʽʶʚʘʥʥʷ 30-100 ʤʢʤ; 

ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʘ ʛʣʠʙʠʥʘ ʛʨʘʚʽʶʚʘʥʥʷ ʜʦ 250 ʤʢʤ; ʜʽʘʤʝʪʨ ʣʘʟʝʨʘ ï 10 

ʤʢʤ, ʣʘʟʝʨ ʬʽʨʤʠ ROFIN; ʦʙʣʘʩʪʴ ʛʨʘʚʽʶʚʘʥʥʷ ï 54Ĭ54 ʤʤ. ɺʠʨʦʙʥʠʢ - Jura 

JSP. 

2. DLE ʬʦʨʤ  ï ʩʠʩʪʝʤʘ ʧʨʷʤʦʛʦ ʣʘʟʝʨʥʦʛʦ ʛʨʘʚʽʶʚʘʥʥʷ Piranha ɛ Pico 

[121] (ʪʠʧ ʣʘʟʝʨʘ ï ʥʝʦʜʠʤʦʚʠʡ (Nd:YAG, ʘʣʶʤʦ-ʽʪʪʨʠʻʚʠʡ ʛʨʘʥʘʪ ʣʝʛʦʚʘʥʠʡ 

ʽʦʥʘʤʠ ʥʝʦʜʠʤʫ); ʜʦʚʞʠʥʘ ʭʚʠʣʽ 1064 ʥʤ; ʧʦʪʫʞʥʽʩʪʴ 12 ɺʪ; ʪʨʠʚʘʣʽʩʪʴ 

ʽʤʧʫʣʴʩʫ ï ʜʦ 12 ʧʩ). ʇʣʦʱʘ ʦʙʨʦʙʣʝʥʥʷ 510 x 465 x 510 ʤʤ. ɺʠʨʦʙʥʠʢ ï 

ACSYS Lasertechnik GmbH (ʅʽʤʝʯʯʠʥʘ);  

3. ʅʘʥʝʩʝʥʥʷ ɿʇ ʟʘ ʜʦʧʦʤʦʛʦʶ PVD ï ʩʠʩʪʝʤʘ ʥʘʧʠʣʝʥʥʷ PLATECOAT 

(ʧʽʜʨʦʟʜʽʣ 1.3, ʨʠʩ. 1.10, 1.11. [77]). ɺʠʨʦʙʥʠʢ KBA Notasys S.A./ SURCOTEC 

S.A. [77, 122]. 

4. ɼʨʫʢʫʚʘʥʥʷ ʧʨʦʙʥʠʭ ʥʘʢʣʘʜʽʚ ʟʜʽʡʩʥʝʥʦ ʥʘ ʥa aʨʢʫʰʝʚiʡ ʜʨʫʢaʨʩʴʢiʡ 

ʤaʰʠʥi KBA Notasys S.A. Super-Orlof-Intaglio. 

 

2.4. ʄʝʪʦʜʠʢʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʦʜʝʣʴʥʠʭ ʬʦʨʤ.  

2.4.1. ɹʘʟʦʚʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʦʜʝʣʴʥʠʭ 

ʬʦʨʤ. ʄʦʜʝʣʴʥʘ ʬʦʨʤʘ 1 -  ʧʦʚʥʦʨʦʟʤʽʨʥʘ (ʬʦʨʤʘʪ 850ʭ860 ʤʤ). 

1) ʍʽʤʽʯʥʝ ʦʯʠʱʝʥʥʷ ʧʝʨʝʜ ʛʨʘʚʽʶʚʘʥʥʷʤ (ʧʽʜʨʦʟʜʽʣ 1.4,  ʪʘʙʣ. 1.1);  

2) ɻʨʘʚʽʶʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʠʩʪʝʤʠ ʇʃɻ Jura JSP Direct Laser 

Engraver [65] (ʤʘʪʝʨʽʘʣ ʧʣʘʩʪʠʥʠ ï ʣʘʪʫʥʴ ʃ63; ʪʦʚʱʠʥʘ ʧʣʘʩʪʠʥʠ 0,977ï 

1,032 ʤʤ. ɺʠʢʦʨʠʩʪʘʥʦ ʬʘʡʣ ʜʣʷ ʛʨʘʚʽʶʚʘʥʥʷ ʪʝʩʪʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ 
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(ʙʘʛʘʪʦʪʦʥʦʚʦʛʦ) ʪʘ ʧʣʘʰʦʢ ʟ ʧʘʨʘʤʝʪʨʘʤʠ ʰʪʨʠʭʽʚ, ʥʘʚʝʜʝʥʠʤʠ ʚ ʪʘʙʣʠʮʽ 2.4 

ʪʘ ɼʦʜʘʪʢʫ ɺ; 

ʊʘʙʣʠʮʷ 2.4. ɿʘʧʨʦʝʢʪʦʚʘʥʽ ʧʘʨʘʤʝʪʨʠ ɻʐ ʧʣʘʰʦʢ ʄʌ 1 [10] 

 ̄
ʐʠʨʠʥʘ ʰʪʨʠʭʘ, 

ʤʢʤ 
ɻʣʠʙʠʥʘ ʰʪʨʠʭʘ, 

ʤʢʤ 
ʂʫʪ ʥʘʭʠʣʫ ʩʪʽʥʦʢ 

ʰʪʨʠʭʘ, ʛʨʘʜ. 
ʂʫʪ ʥʘʭʠʣʫ ʰʪʨʠʭʘ ʜʦ 

ʥʘʧʨʷʤʢʫ ʜʨʫʢʫ, ʛʨʘʜ. 

1 50 60 90 45 

2 90 60 90 45 

3 140 60 90 0 

4 140 60 90 90 

5 300 80 90 0 

6 300 80 90 90 

3)  ʍʽʤʽʯʥʝ ʦʯʠʱʝʥʥʷ ʧʽʩʣʷ ʛʨʘʚʽʶʚʘʥʥʷ (ʧʽʜʨʦʟʜʽʣ 1.4,  ʪʘʙʣ. 1.1), 7 ʭʚ.; 

4) ʇʨʦʤʠʚʘʥʥʷ ʜʝʤʽʥʝʨʘʣʽʟʦʚʘʥʦʶ ʚʦʜʦʶ; 

5) ʉʫʰʽʥʥʷ  ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ; 

6) ʐʣʽʬʫʚʘʥʥʷ ʟʚʦʨʦʪʫ ʛʨʘʚʽʡʦʚʘʥʠʭ ʧʣʘʩʪʠʥ ʥʘ ʰʣʽʬʫʚʘʣʴʥʦʤʫ ʩʪʘʥʢʫ 

Rastelli Super (ORMAG SpA) ʜʦ ʪʦʚʱʠʥ: ʤʽʥʽʤʘʣʴʥʘ  ╖  0,82 ʤʤ., ʤʘʢʩʠʤʘʣʴʥʘ  ╖  

0,83 ʤʤ; (ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʢʘʤʽʥʴ ʅʦʨʪʦʥ 39ʩ54ʅɺ12); 

7) ʐʣʽʬʫʚʘʥʥʷ ʣʠʮʴʦʚʠʭ ʧʦʚʝʨʭʦʥʴ ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʥʘʧʣʠʚʽʚ ʥʘ ʢʨʘʷʭ 

ʰʪʨʠʭʽʚ ʟʦʙʨʘʞʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʨʫʩʦʯʢʽʚ ʟ ʣʠʧʦʚʦʛʦ ʚʫʛʽʣʣʷ; 

8) ʇʦʣʽʨʫʚʘʥʥʷ ʣʠʮʴʦʚʠʭ ʧʦʚʝʨʭʦʥʴ: ʘ) ʧʦʣʽʨʫʚʘʣʴʥʘ ʤʘʰʠʥʘ Rota-Set, 

ʧʦʣʽʨʫʚʘʣʴʥʘ ʧʘʩʪʘ MENZERNA P126A, ʥʝʬʨʘʩ ɸ 150/330 (ɻɸʉ) 0,78-0,8 

ʛ/ʩʤ3; ʙ) ʪʢʘʥʠʥʘ ʩʽʨʦʰʠʥʝʣʴʥʘ, ʧʘʩʪʘ ʜʣʷ ʧʦʣʽʨʫʚʘʥʥʷ ʤʽʜʥʠʭ ʧʣʘʩʪʠʥ Sigolin; 

ʚ) ʧʨʦʤʠʚʘʥʥʷ ʪʨʠʭʣʦʨʝʪʠʣʝʥʦʤ 1,35 ʛ/ʩʤ3.  

9) ɿʥʝʞʠʨʝʥʥʷ ʭʽʤʽʯʥʦ ʦʩʘʜʞʝʥʠʤ ʢʘʨʙʦʥʘʪʦʤ ʢʘʣʴʮʽʶ ʪʘ ʦʮʪʦʤ ʚʠʥʥʠʤ; 

10) ʉʫʰʽʥʥʷ ʧʦʚʝʨʭʥʽ ʧʣʘʩʪʠʥ ʩʪʠʩʥʫʪʠʤ ʧʦʚʽʪʨʷʤ; 

11) ʆʙʨʦʙʢʘ ʝʪʠʣʦʚʠʤ ʩʧʠʨʪʦʤ å 0,2 ʣʽʪʨʘ ʥʘ ʢʦʞʥʫ ʧʣʘʩʪʠʥʫ; 

12) ʅʘʥʝʩʝʥʥʷ ɿʇ ʥʽʪʨʠʜʫ ʭʨʦʤʫ ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ PVD ʫ ʚʘʢʫʫʤʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ ʚ ʩʠʩʪʝʤʽ PLATECOAT. ʇʝʨʝʜ ʥʘʥʝʩʝʥʥʷʤ ʰʘʨʫ ʥʽʪʨʠʜʫ ʭʨʦʤʫ 

ʧʽʩʣʷ ʟʘʢʨʽʧʣʝʥʥʷ ʚ ʥʘʧʨʘʚʣʷʶʯʽ ʩʠʩʪʝʤʠ PLATECOAT ʧʣʘʩʪʠʥʫ ʙʫʣʦ ʱʝ ʨʘʟ 

ʦʙʨʦʙʣʝʥʦ ʧʦʣʠʚʘʥʥʷʤ ʝʪʠʣʦʚʠʤ ʩʧʠʨʪʦʤ ʚ ʢʽʣʴʢʦʩʪʽ å 0,2 ʣʽʪʨʘ; 
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13) ɺʽʟʫʘʣʴʥʘ ʦʮʽʥʢʘ ʩʫʮʽʣʴʥʦʩʪʽ ʥʽʪʨʠʜ-ʭʨʦʤʦʚʦʛʦ ʧʦʢʨʠʪʪʷ; 

14) ʄʝʭʘʥʽʯʥʽ ʪʝʩʪʠ ʥʘ ʩʪʫʧʽʥʴ ʟʘʢʨʽʧʣʝʥʥʷ ɿʇ. 

ɺʠʛʦʪʦʚʣʝʥʦ ʯʦʪʠʨʠ ʄʌ 1. ʊʘʢʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʦʧʝʨʘʮʽʡ ʟʘʩʪʦʩʦʚʘʥʘ ʚ 

ʫʩʽʭ ʚʘʨʽʘʥʪʘʭ ʚʠʛʦʪʦʚʣʝʥʥʷ ʄʌ, ʪʦʤʫ ʜʘʣʽ ʙʫʜʝ ʚʠʩʚʽʪʣʝʥʦ ʣʠʰʝ ʚʽʜʤʽʥʥʦʩʪʽ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. 

2.4.2. ʄʦʜʝʣʴʥʘ ʬʦʨʤʘ 2.  

ʆʩʦʙʣʠʚʽʩʪʴ ʄʌ 2 ï ʚʠʛʦʪʦʚʣʝʥʥʷ ʾʾ ʙʝʟ ɿʇ  [5, 6, 7, 9, 10, 11]. ɺʽʜʤʽʥʥʦʩʪʽ 

ʊʇ ʚʽʜ ʙʘʟʦʚʦʛʦ (ʧʽʜʨʦʟʜʽʣ 2.4.1):  

- ʚʠʢʦʥʘʥʦ ʧ. 1 ï 10 ʙʘʟʦʚʦʛʦ ʊʇ (ʦʢʨʽʤ ʧ. 6); 

- ʟʘʧʨʦʝʢʪʦʚʘʥʦ ʽ ʚʠʛʨʘʚʽʡʦʚʘʥʦ (ʧ. 2) ʚʽʩʽʤ ʧʣʘʰʦʢ, ʢʦʞʥʘ ʟ ʷʢʠʭ ʻ 

ʩʫʢʫʧʥʽʩʪʶ 30 ɻʐ ʟ ʧʘʨʘʤʝʪʨʘʤʠ, ʥʘʚʝʜʝʥʠʤʠ ʚ ʪʘʙʣ. 2.5, ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʧʨʦʬʽʣʶ (ʨʠʩ. 2.1). ʂʦʞʥʘ ʧʣʘʰʢʘ ʤʘʻ ʦʙʣʘʩʪʴ ʛʨʘʚʽʶʚʘʥʥʷ ï 54ʭ54 ʤʤ.   

 

ʘ)                                                              ʙ) 

ʈʠʩ. 2.1. ʇʨʦʬʽʣʽ ɼɽ 

ɿʘʩʪʦʩʦʚʘʥʦ ʪʨʠ ʨʽʟʥʠʭ ʨʝʞʠʤʠ ʣʘʟʝʨʥʦʛʦ ʛʨʘʚʽʶʚʘʥʥʷ (H3L ï ʚʠʜʘʣʷʻ 

ʰʘʨ ʪʦʚʱʠʥʦʶ 2 ʤʢʤ ʟʘ ʧʨʦʭʽʜ; H3M ï ʚʠʜʘʣʷʻ ʰʘʨ ʪʦʚʱʠʥʦʶ 4 ʤʢʤ ʟʘ 

ʧʨʦʭʽʜ; H3H ï ʚʠʜʘʣʷʻ ʰʘʨ ʪʦʚʱʠʥʦʶ 8 ʤʢʤ ʟʘ ʧʨʦʭʽʜ) ʙʫʣʦ ʚʠʛʨʘʚʽʡʦʚʘʥʦ 

ʚʽʩʽʤ ʽʜʝʥʪʠʯʥʠʭ ʜʽʣʷʥʦʢ (ʧʣʘʰʦʢ) ʟ ʥʘʙʦʨʦʤ ʜʨʫʢʘʨʩʴʢʠʭ ʝʣʝʤʝʥʪʽʚ ʟ ʨʽʟʥʦʶ 

ʛʝʦʤʝʪʨʽʻʶ ʧʦʧʝʨʝʯʥʠʭ ʧʨʦʬʽʣʽʚ (ʪʘʙʣ. 2.5) [1, 5, 6, 7, 9, 11, 13]. 
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ʊʘʙʣʠʮʷ 2.5. ɿʘʧʨʦʝʢʪʦʚʘʥʽ ʧʘʨʘʤʝʪʨʠ ʰʪʨʠʭʽʚ ʄʌ 2 ʙʝʟ ɿʇ [1, 5, 6, 7, 9, 11, 13] . 

ʅʦʤʝʨ 

ʰʪʨʠʭʘ ʚ 

ʧʣʘʰʮʽ 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

ɻʣʠʙʠʥʘ 

ʰʪʨʠʭʘ a, 

ʤʢʤ 

  20 30 60 40 40 

ʐʠʨʠʥʘ 

ʰʪʨʠʭʘ b, 

ʤʢʤ 

  30 30 60 40 40 

ʂʫʪ ʥʘʭʠʣʫ 

ʩʪʽʥʦʢ 

ʰʪʨʠʭʘ Ŭ, 

ʛʨʘʜ. 

          60.00 

ʇʣʦʱʘ 

ʧʝʨʝʪʠʥʫ 

ʪʝʦʨʝʪʠʯʥʘ, 

ʤʢʤ2 

  600 900 3600 1600 1080.4 

ʊʠʧ 

ʧʨʦʬʽʣʶ 
2 

2 

 

2 

 

2 

 

2 

 

1 
 

ʇʦʪʫʞʥʽʩʪʴ 
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3
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3
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3
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3
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3

M
 

H
3

H
 

ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣ. 2.5.  

ʅʦʤʝʨ 

ʰʪʨʠʭʘ ʚ 

ʧʣʘʰʮʽ 

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 

ɻʣʠʙʠʥʘ 

ʰʪʨʠʭʘ a, 

ʤʢʤ 

40 80 80 80 100 100 100 

ʐʠʨʠʥʘ 

ʰʪʨʠʭʘ b, 

ʤʢʤ 

40 100 100 100 100 100 100 

ʂʫʪ ʥʘʭʠʣʫ 

ʩʪʽʥʦʢ 

ʰʪʨʠʭʘ Ŭ, 

ʛʨʘʜ. 

75.00   60.00 75.00   60.00 75.00 

ʇʣʦʱʘ 

ʧʝʨʝʪʠʥʫ 

ʪʝʦʨʝʪʠʯʥʘ, 

ʤʢʤ2 

1358.8 8000 5171.3 6902.4   5323.6 8109.16 

ʊʠʧ 

ʧʨʦʬʽʣʶ 

1 

 
2 

1 

 
1 2 

1 

 
1 

ʇʦʪʫʞʥʽʩʪʴ 

ʛʨʘʚʽʶ-
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3
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3
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3
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2.4.3 ʄʦʜʝʣʴʥʘ ʬʦʨʤʘ 3.   

ʆʩʦʙʣʠʚʽʩʪʶ  ʄʌ 3 ʻ:  

1) ʾʾ ʜʚʦʝʪʘʧʥʝ ʛʨʘʚʽʶʚʘʥʥʷ ʣʘʟʝʨʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʟ ʨʽʟʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ɻʨʘʚʽʶʚʘʥʥʷ ʟʜʽʡʩʥʝʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʠʩʪʝʤ ʧʨʷʤʦʛʦ ʣʘʟʝʨʥʦʛʦ 

ʛʨʘʚʽʶʚʘʥʥʷ Jura JSP Direct Laser Engraver  (ɯ ʝʪʘʧ ʛʨʘʚʽʶʚʘʥʥʷ) ʽ Piranha ɛ Pico 

ɯɯ ʝʪʘʧ ʛʨʘʚʽʶʚʘʥʥʷ) ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʭʝʤʠ ʪʘ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʛʨʘʚʽʶʚʘʥʥʷ ʪʘ 

ʦʙʨʦʙʣʝʥʥʷ, ʥʘʚʝʜʝʥʦʾ ʥʘ ʨʠʩ. 2.2 ʽ 2.3;  

2) ʥʘʥʝʩʝʥʥʷ ɿʇ PVD ʥʘ ʛʨʘʚʽʡʦʚʘʥʽ ʜʽʣʷʥʢʠ ʟ ʦʧʝʨʘʮʽʻʶ ʧʦʣʽʨʫʚʘʥʥʷ ʪʘ 

ʙʝʟ ʥʝʾ ʜʣʷ ʦʙʦʭ ʚʠʜʽʚ ʣʘʟʝʨʥʠʭ ʩʠʩʪʝʤ. ʑʝ ʦʜʥʘ ʚʽʜʤʽʥʥʽʩʪʴ ʚʽʜ ʙʘʟʦʚʦʛʦ 

ʚʘʨʽʘʥʪʫ (ʧʽʜʨʦʟʜʽʣ 2.4.1) ï ʟʘʩʪʦʩʦʚʘʥʦ ʣʘʪʫʥʥʫ ʧʣʘʩʪʠʥʫ 470Ĭ497 ʤʤ;  

 ʈʠʩ. 2.2. ʉʭʝʤʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʜʽʣʷʥʦʢ ʟ ɻʐ 

3) ɺʠʢʦʨʠʩʪʘʥʦ ʬʘʡʣ ʜʣʷ ʛʨʘʚʽʶʚʘʥʥʷ ʪʝʩʪʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ï ʧʣʘʰʦʢ ʟ 

ʧʘʨʘʤʝʪʨʘʤʠ ʰʪʨʠʭʽʚ, ʥʘʚʝʜʝʥʠʤʠ ʚ ʪʘʙʣʠʮʽ 2.6; 
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4) ʏʘʩʪʠʥʠ ʧʣʘʩʪʠʥʠ, ʱʦ ʤʽʩʪʷʪʴ ʙʣʦʢʠ 1 ʪʘ 8 ʟ ʛʨʘʚʽʡʦʚʘʥʠʤʠ ʜʽʣʷʥʢʘʤʠ, 

ʙʫʣʦ ʚʽʜʦʢʨʝʤʣʝʥʦ ʧʽʩʣʷ ʧʦʚʥʦʛʦ ʛʨʘʚʽʶʚʘʥʥʷ ʧʦ ʣʽʥʽʷʭ ʨʽʟʫ (ʨʠʩ. 2.3). ʎʽ 

ʯʘʩʪʠʥʠ ʥʝ ʧʽʜʜʘʚʘʣʠ ʭʽʤʽʯʥʦʤʫ ʦʯʠʱʝʥʥʶ ʧʽʩʣʷ ʛʨʘʚʽʶʚʘʥʥʷ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʙʣʦʢʽʚ 2ï7.  

5) ʐʣʽʬʫʚʘʥʥʷ ʟʚʦʨʦʪʫ ʛʨʘʚʽʡʦʚʘʥʠʭ ʧʣʘʩʪʠʥ ʥʝ ʟʜʽʡʩʥʶʚʘʣʦʩʷ; 

6) ʐʣʽʬʫʚʘʥʥʷ ʣʠʮʴʦʚʠʭ ʧʦʚʝʨʭʦʥʴ ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʥʘʧʣʠʚʽʚ ʥʘ ʢʨʘʷʭ 

ʰʪʨʠʭʽʚ ʟʦʙʨʘʞʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʨʫʩʦʯʢʽʚ ʟ ʣʠʧʦʚʦʛʦ ʚʫʛʽʣʣʷ ʽ ʨʫʯʥʝ 

ʧʦʣʽʨʫʚʘʥʥʷ ʣʠʮʴʦʚʠʭ ʜʽʣʷʥʦʢ ʟʜʽʡʩʥʝʥʦ ʣʠʰʝ ʜʣʷ ʙʣʦʢʽʚ 4 ʽ 5 (ʨʠʩ. 2.3); 

7) ʅʘʥʝʩʝʥʥʷ ʰʘʨʫ ʥʽʪʨʠʜʫ ʭʨʦʤʫ ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ PVD ʫ ʚʘʢʫʫʤʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ ʚ ʩʠʩʪʝʤʽ PLATECOAT ʟʜʽʡʩʥʝʥʦ ʥʘ ʜʽʣʷʥʢʫ ʙʣʦʢʽʚ 3ï6 (ʨʠʩ. 2.3). 

 
 

ʈʠʩ. 2.3.  ʉʭʝʤʘ ʧʦʩʣʽʜʦʚʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʟʨʘʟʢʽʚ  
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ʊʘʙʣʠʮʷ 2.6. ʇʘʨʘʤʝʪʨʠ ɻʐ, ʱʦ ʙʫʣʠ ʚʽʜʛʨʘʚʽʡʦʚʘʥʽ ʚ ʤʝʞʘʭ ʦʜʥʽʻʾ ʜʽʣʷʥʢʠ ʄʌ 3 

ˉ 

ʣʽʥʽʾ  

ʊʠʧ 

ʧʨʦʬʽʣʶ* 

ɻʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ 
ʈʝʞʠʤ ʣʘʟʝʨʥʦʾ 

ʦʙʨʦʙʢʠ a, ʤʢʤ b, ʤʢʤ c, ʤʢʤ Ŭ, ʛʨʘʜ. 

1 2 3 4 5 6 7 

1 1 100 100 16 75 H3H 

2 1 100 100 16 75 H3M 

3 1 100 100 10 60 H3H 

4 1 100 100 10 60 H3M 

5 2 100 100 - - H3H 

6 2 100 100 - - H3M 

7 1 80 100 16 75 H3H 

8 1 80 100 16 75 H3M 

9 1 80 100 10 60 H3H 

10 1 80 100 10 60 H3M 

11 2 80 100 - - H3H 

12 2 80 100 - - H3M 

13 1 40 40 10 75 H3H 

14 1 40 40 10 75 H3M 

15 1 40 40 10 75 H3L 

16 1 40 40 10 60 H3H 

17 1 40 40 10 60 H3M 

18 1 40 40 10 60 H3L 

19 2 40 40 - - H3H 

20 2 40 40 - - H3M 

21 2 40 40 - - H3L 

22 2 60 60 - - H3H 

23 2 60 60 - - H3M 

24 2 30 30 - - H3H 

25 2 30 30 - - H3M 

26 2 30 30 - - H3L 

27 2 20 30 - - H3H 

28 2 20 30 - - H3M 

29 2 20 30 - - H3L 

30 2 20 140   H3L 

31 2 20 140   H3M 

32 2 20 140   H3H 
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ʊʘʙʣʠʮʷ 2.6. ʇʘʨʘʤʝʪʨʠ ʣʽʥʽʡʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʙʫʣʠ ʚʽʜʛʨʘʚʽʡʦʚʘʥʽ ʚ ʤʝʞʘʭ ʦʜʥʽʻʾ 

ʜʽʣʷʥʢʠ (ʧʨʦʜʦʚʞʝʥʥʷ) 

1 2 3 4 5 6 7 
33 2 40 140   H3M 

34 2 40 140   H3H 

35 2 60 140   H3M 

36 2 60 140   H3H 

37 2 80 140   H3M 

38 2 80 140   H3H 

39 2 60 300   H3M 

40 2 60 300   H3H 

41 2 80 300   H3M 

42 2 80 300   H3H 

43 2 100 300   H3M 

44 2 100 300   H3H 
ɼʦʚʞʠʥʘ ɻʐ ï 25 ʤʤ 

ɺʽʜʩʪʘʥʴ ʤʽʞ ɻʐ ï 0,4 ʤʤ 

 

2.5. ʄʝʪʦʜʠʢʘ ʦʙʨʦʙʣʝʥʥʷ ʧʦʚʝʨʭʥʽ ʧʨʦʙʽʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʤʦʜʠʬʽʢʦʚʘʥʠʤ ʜʞʝʨʝʣʦʤ ʧʣʘʟʤʠ.  

ɺʠʚʯʝʥʥʷ ʜʦʮʽʣʴʥʦʩʪʽ ʢʦʨʝʛʫʚʘʥʥʷ ʨʝʞʠʤʽʚ ʧʦʧʝʨʝʜʥʴʦʛʦ ʦʙʨʦʙʣʝʥʥʷ 

(ʪʨʠʚʘʣʦʩʪʽ, ʽʥʪʝʥʩʠʚʥʦʩʪʽ, ʚʠʜʫ ʽʦʥʥʦ-ʧʣʘʟʤʦʚʦʛʦ ʪʨʘʚʣʝʥʥʷ ʣʘʪʫʥʥʦʾ 

ʧʣʘʩʪʠʥʠ ʫ ʢʘʤʝʨʽ ʚʘʢʫʫʤʥʦʛʦ ʥʘʧʠʣʝʥʥʷ ʧʝʨʝʜ ʥʘʥʝʩʝʥʥʷʤ ʟʘʭʠʩʥʦʛʦ 

ʧʦʢʨʠʪʪʷ) ʧʽʜ ʯʘʩ PVD ʷʢ ʟʘʩʦʙʫ ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ ʟʘʭʠʩʥʦʛʦ 

ʧʦʢʨʠʪʪʷ [1, 9, 13] ʧʨʦʚʝʜʝʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʛʝʣʽʢʦʥʥʦʛʦ 

ʨʦʟʨʷʜʫ [123, 124] ʷʢ ʜʞʝʨʝʣʘ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʧʣʘʟʤʠ.  

 ɺʠʩʦʢʦʯʘʩʪʦʪʥʠʡ ʛʝʣʽʢʦʥʥʠʡ ʨʦʟʨʷʜ, ʷʢ ʚʠʟʥʘʯʝʥʦ ʘʚʪʦʨʘʤʠ  [123, 124], 

ʬʫʥʢʮʽʦʥʫʻ ʫ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʪʠʩʢʽʚ ʨʦʙʦʯʦʛʦ ʛʘʟʫ, ʩʫʤʽʩʥʠʭ ʟ 

ʥʝʦʙʭʽʜʥʠʤʠ ʧʘʨʮʽʘʣʴʥʠʤʠ ʪʠʩʢʘʤʠ ʘʟʦʪʫ ʷʢ ʭʽʤʽʯʥʦ ʘʢʪʠʚʥʦʛʦ ʛʘʟʫ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ  ʥʽʪʨʠʜʫ ʭʨʦʤʫ.  

ʗʢ ʦʙ'ʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʦʙʨʘʥʦ ʟʨʘʟʢʠ, ʚʠʨʽʟʘʥʽ ʟʽ ʩʪʘʥʜʘʨʪʥʦʛʦ 

ʧʨʦʤʠʩʣʦʚʦʛʦ ʢʘʪʘʥʦʛʦ ʣʠʩʪʘ ʣʘʪʫʥʽ ʃ63, ʷʢʽ ʙʫʣʠ ʧʨʦʤʽʞʥʠʤʠ ʤʽʞ ʧʣʘʰʢʘʤʠ 
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(ʤʦʜʝʣʴʥʘ ʬʦʨʤʘ 2). ʈʦʟʤʽʨ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʣʘʪʫʥʥʠʭ ʟʨʘʟʢʽʚ 18ʭ10ʭ1 ʤʤ. 

ɿʨʘʟʢʠ ʧʝʨʝʜ ʜʦʩʣʽʜʞʝʥʥʷʤ ʦʯʠʱʫʚʘʣʠ ʚʽʣ ʤʝʭʘʥʽʯʥʠʭ ʯʘʩʪʦʢ ʩʪʘʥʜʘʨʪʥʦ 

ʧʨʠʪʠʨʘʥʥʷʤ ʪʢʘʥʠʥʦʶ, ʟʤʦʯʝʥʦʶ ʚ ʦʯʠʱʝʥʦʤʫ ʙʝʥʟʠʥʽ ʽ ʜʦʜʘʪʢʦʚʦ 

ʟʥʝʞʠʨʶʚʘʣʠ ʚ ʝʪʠʣʦʚʦʤʫ ʩʧʠʨʪʽ [1, 9, 13]. 

ɿʘʛʘʣʴʥʘ ʩʭʝʤʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʘ ʚ [125]. 

ɺʘʢʫʫʤʥʘ ʢʘʤʝʨʘ ʚʽʜʢʘʯʫʚʘʣʘʩʷ ʜʦ ʟʘʣʠʰʢʦʚʦʛʦ ʛʘʟʫ ʟ ʧʘʨʮʽʘʣʴʥʠʤ ʪʠʩʢʦʤ ʥʝ 

ʚʠʱʝ 8Ā10-3 ʇʘ. ʗʢʱʦ ʧʦʨʽʚʥʶʚʘʪʠ ʟ ʧʨʦʤʠʩʣʦʚʠʤ ʥʘʥʝʩʝʥʥʷʤ ɿʇ ʥʽʪʨʠʜʫ 

ʭʨʦʤʫ ʥʘ ʣʘʪʫʥʥʫ ʧʽʜʢʣʘʜʢʫ ʧʽʜ ʯʘʩ PVD [77, 122], ʢʦʣʠ ʦʙʨʦʙʢʘ ɼʌɯ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʧʦʧʝʨʝʜʥʴʦʛʦ ʚʽʜʢʘʯʫʚʘʥʥʷ ʜʦ 10-3ï10-2 ʇʘ ʽ ʧʦʜʘʣʴʰʦʛʦ 

ʪʨʘʚʣʝʥʥʷ ʧʨʦʪʷʛʦʤ 20-100 ʭʚ. ʚ ʘʪʤʦʩʬʝʨʽ ʘʨʛʦʥʫ ʪʠʩʢʦʤ 10-2-10-1 ʇʘ, 

ʜʦʩʣʽʜʞʫʚʘʥʽ ʥʘʤʠ ʟʨʘʟʢʠ ʦʙʨʦʙʣʝʥʦ ʟʘ ʫʤʦʚ ʛʣʠʙʰʦʛʦ ʚʘʢʫʫʤʫ. 

ɿʨʘʟʦʢ ʟʘʢʨʽʧʣʶʚʘʣʠ ʥʘ ʧʦʚʝʨʭʥʽ ʨʦʙʦʯʦʛʦ ʩʪʦʣʠʢʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ 

ʫʩʪʘʥʦʚʢʠ [125] ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʣʘʩʪʠʥ, ʱʦ ʧʨʠʪʠʩʢʘʶʪʴ, ʥʘ ʚʽʜʩʪʘʥʽ 200ï

250 ʤʤ ʚʽʜ ʜʞʝʨʝʣʘ ɺʏ ʧʣʘʟʤʠ. ʏʘʩ ʦʙʨʦʙʣʝʥʥʷ ʟʨʘʟʢʽʚ (ʧʽʩʣʷ ʚʽʜʢʘʯʫʚʘʥʥʷ ʜʦ 

ʨʦʙʦʯʠʭ ʟʥʘʯʝʥʴ ʪʠʩʢʫ) ʩʪʘʥʦʚʠʚ 10ï45 ʭʚ [1, 9, 13]. 

 

2.6. ʄʝʪʦʜʠʢʘ ʜʦʩʣʽʜʞʝʥʴ ʷʢʦʩʪʽ ʛʨʘʚʽʡʦʚʘʥʠʭ ʰʪʨʠʭʽʚ. 

2.6. 1. ʄʝʪʦʜʠʢʘ ʧʽʜʛʦʪʦʚʢʠ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʪʘʣʦʛʨʘʬʽʯʥʠʭ ʰʣʽʬʽʚ 

ɯʟ ʦʧʠʩʘʥʠʭ ʚ ʧʽʜʨʦʟʜʽʣʽ 2.4 ʬʦʨʤ ʫʩʽʭ ʚʠʜʽʚ ʟ ʜʽʣʷʥʦʢ ʟ ɻʐ ʚʽʜʧʦʚʽʜʥʦ 

ʜʦ ʩʪʘʥʜʘʨʪʥʠʭ ʤʝʪʦʜʠʢ [126ï-128] ʧʽʜʛʦʪʦʚʣʝʥʦ ʜʣʷ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʤʝʪʘʣʦʛʨʘʬʽʯʥʽ ʰʣʽʬʠ, ʷʢʽ, ʟʘ ʚʠʤʦʛʘʤʠ [126] ʙʫʣʦ ʚʠʨʽʟʘʥʦ ʚ ʪʠʧʦʚʠʭ ʤʽʩʮʷʭ 

- ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ ʧʣʦʱʠʥʠ ʧʣʘʩʪʠʥʠ ʽ ɻʐ: 1) ʟʨʘʟʢʠ ʩʧʝʨʰʫ ʰʣʽʬʫʚʘʣʠ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʠʭ ʘʙʨʘʟʠʚʽʚ ʨʽʟʥʦʾ ʟʝʨʥʠʩʪʦʩʪʽ (ʚʽʜ 500 ʜʦ 2500; 

ʰʣʽʬʫʚʘʣʴʥʽ ʧʦʨʦʰʢʠ ʄ20, ʄ14); 2) ʧʦʪʽʤ ʟʨʘʟʢʠ ʧʦʣʽʨʫʚʘʣʠ ʨʝʯʦʚʠʥʦʶ ʟ 

ʜʦʜʘʚʘʥʥʷʤ ʩʫʩʧʝʥʟʽʾ ʟ ʦʢʩʠʜʫ ʘʣʶʤʽʥʽʶ, ʭʨʦʤʫ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦ-

ʧʦʣʽʨʫʚʘʣʴʥʦʤʫ ʢʨʫʟʽ, ʧʦʢʨʠʪʦʤʫ ʩʫʢʥʦʤ [5, 6, 7, 9, 11].  
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ʆʜʝʨʞʘʥʽ ʟʨʘʟʢʠ [5, 6, 7, 9, 11]ʜʦʩʣʽʜʞʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʧʪʠʯʥʦʛʦ 

ʤʽʢʨʦʩʢʦʧʘ ʚʽʜʜʟʝʨʢʘʣʝʥʦʛʦ ʩʚʽʪʣʘ Neophot-32, ʷʢʠʡ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʜʦʩʣʽʜʞʫʚʘʪʠ ʪʨʘʚʣʝʥʽ ʪʘ ʥʝʪʨʘʚʣʝʥʽ ʤʽʢʨʦʰʣʽʬʠ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʜʦ Ĭ1000 ʟ 

ʬʦʪʦʬʽʢʩʘʮʽʻʶ [129]. ʊʘʢʠʤ ʩʧʦʩʦʙʦʤ ʟʜʽʡʩʥʝʥʦ ʚʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ɻʐ 

ʪʘ ʦʮʽʥʢʫ ʷʢʦʩʪʽ ʛʨʘʚʽʶʚʘʥʥʷ (ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʨʦʟʨʦʙʣʝʥʠʭ ʤʝʪʦʜʠʢ, ʷʢʽ ʙʫʜʝ 

ʦʧʠʩʘʥʦ ʜʘʣʽ [5, 6]), ʘ ʪʘʢʦʞ ʚʠʤʽʨʶʚʘʥʥʷ ʪʦʚʱʠʥʠ ɿʇ [130].   

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ɼʌɯ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜʠ 

ʦʧʪʠʯʥʦʾ ʤʝʪʘʣʦʛʨʘʬʽʾ [126, 131] ʟ ʪʨʘʚʣʝʥʥʷʤ ʰʣʽʬʽʚ ʫ ʩʫʤʽʰʽ ʘʤʽʘʢʫ ʚʦʜʥʦʛʦ 

(ʱʽʣʴʥʽʩʪʴ 0,9 ʛ/ʩʤ3 ) ʪʘ ʧʝʨʝʢʠʩʫ ʚʦʜʥʶ 3 %-ʦʛʦ ʟʘ ISO 14577-4:2016 ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʽʢʨʦʩʢʦʧʘ ʚʽʜʜʟʝʨʢʘʣʝʥʦʛʦ ʩʚʽʪʣʘ Neophot-32 [5, 6, 7, 9, 11].  

ɺʠʤʽʨʶʚʘʥʥʷ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ɿʇ, ʘ ʪʘʢʦʞ ʧʨʠʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ 

ʣʘʪʫʥʥʦʾ ʦʩʥʦʚʠ (ʄʌ1) ʟʜʽʡʩʥʝʥʦ ʟʘ ɺʽʢʢʝʨʩʦʤ ISO 6507-1:2018 [132] ʥʘ 

ʤʽʢʨʦʰʣʽʬʘʭ ʚ ʟʦʥʽ ʥʘʡʙʽʣʴʰʠʭ ʪʘ ʥʘʡʤʝʥʰʠʭ ʟʘ ʧʣʦʱʠʥʦʶ ʧʦʧʝʨʝʯʥʦʛʦ 

ʧʝʨʝʪʠʥʫ ɻʐ ʟʘ 16-ʤʘ ʪʦʯʢʘʤʠ ʢʦʞʥʦʾ ʛʣʠʙʠʥʠ (ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʙʽʣʷ ʾʭ ʜʥʘ 

(ʚʽʜʩʪʘʥʴ ʜʦ 10 ʤʢʤ) ʪʘ ʥʘ ʚʽʜʩʪʘʥʽ 30, 70, 150, 200, 250 ʤʢʤ ʚʽʜ ʜʥʘ ʟ ʧʦʭʠʙʢʦʶ, 

ʱʦ ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʘ 10 %) ʟʘ ʩʭʝʤʦʶ (ʨʠʩ. 2.4). ɺʠʢʦʨʠʩʪʘʥʦ ʪʚʝʨʜʦʤʽʨ HV-

1000B (ʚʠʨʦʙʥʠʮʪʚʦ LEADTEK) [133]. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʴ ʬʦʨʤʠ 3, ʚʠʛʦʪʦʚʣʝʥʦʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʭ ʩʠʩʪʝʤ 

ʣʘʟʝʨʥʦʛʦ ʛʨʘʚʽʶʚʘʥʥʷ (ʧʽʜʨʦʟʜ. 2.4.3) ʚʠʤʽʨʶʚʘʥʥʷ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʟʘʭʠʩʥʦʛʦ 

ʧʦʢʨʠʪʪʷ, ʘ ʪʘʢʦʞ ʧʨʠʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʣʘʪʫʥʥʦʾ ʦʩʥʦʚʠ ʟʜʽʡʩʥʝʥʦ ʟʘ ISO 

14577-1:2015 [131, 132] ʥʘ ʤʽʢʨʦʰʣʽʬʘʭ  ʟʘ 16-ʤʘ ʪʦʯʢʘʤʠ ʢʦʞʥʦʾ ʛʣʠʙʠʥʠ 

(ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʙʽʣʷ ʾʭ ʜʥʘ (ʚʽʜʩʪʘʥʴ ʜʦ 10 ʤʢʤ) ʪʘ ʥʘ ʚʽʜʩʪʘʥʽ 20, 40, 60, 80, 

100 ʪʘ 200 ʤʢʤ ʚʽʜ ʜʥʘ ʟ ʧʦʭʠʙʢʦʶ, ʱʦ ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʘ 10 %) ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʪʚʝʨʜʦʤʽʨʘ FISCHERSCOPEÈ H100C [135, 136] ʟ ʢʦʤʧôʶʪʝʨʥʠʤ ʢʝʨʫʚʘʥʥʷʤ, 

ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʠʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʷʢ ʟʘ ɺʽʢʢʝʨʩʦʤ, ʪʘʢ ʽ 

ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʪʚʝʨʜʦʩʪʽ HU ʽ ʪʚʝʨʜʦʩʪʽ  ʟʘ ʄʘʨʪʝʥʩʦʤ HM (ʮʝʡ 

ʤʝʪʦʜ ʧʦʨʽʚʥʷʥʦ ʽʟ ʧʦʰʠʨʝʥʠʤ ʤʝʪʦʜʦʤ ʚʠʤʽʨʶʚʘʥʥʷ ʪʚʝʨʜʦʩʪʽ ʟʘ ɺʽʢʢʝʨʩʦʤ 
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ʜʦʟʚʦʣʷʻ ʫʥʠʢʥʫʪʠ ʚʧʣʠʚʫ ʩʫʙ'ʻʢʪʠʚʥʦʛʦ ʬʘʢʪʦʨʘ ï ʚʽʟʫʘʣʴʥʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ 

ʜʽʘʛʦʥʘʣʝʡ ʚʽʜʙʠʪʢʘ ʚʜʘʚʣʶʚʘʥʥʷ) [135, 136]. ʇʝʨʝʚʝʜʝʥʥʷ ʫʥʽʚʝʨʩʘʣʴʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʪʚʝʨʜʦʩʪʽ HU ʪʘ HM  ʫ ʚʝʣʠʯʠʥʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʦʢʘʟʥʠʢʘʤ ʟʘ 

ɺʽʢʢʝʨʩʦʤ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʪʘʙʣʠʮʷʤʠ ʧʝʨʝʚʝʜʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʢʣʘʩʫ 

ʤʘʪʝʨʽʘʣʽʚ. 

 

ʈʠʩ. 2.4. ɿʤʽʥʘ ʨʦʟʤʽʨʫ ʚʽʜʙʠʪʢʽʚ ʽʥʜʝʥʪʦʨʘ, ʦʜʝʨʞʘʥʠʭ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ 

ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʦʩʥʦʚʠ ʟʘʣʝʞʥʦ ʚʽʜ ʚʽʜʩʪʘʥʽ ʚʽʜ ʜʥʘ ɼɽ 
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2.6.2. ʄʝʪʦʜʠʢʘ ʦʧʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʷʢʦʩʪʽ ʛʨʘʚʽʡʦʚʘʥʠʭ ʰʪʨʠʭʽʚ 

ʪʘ ʬʘʨʙʦʚʠʭ ʚʽʜʙʠʪʢʽʚ ʽʥʪʘʛʣʽʦʜʨʫʢʫ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʤʝʪʘʣʦʛʨʘʬʽʯʥʠʭ ʰʣʽʬʽʚ, ʧʦʚʝʨʭʥʽ ʇɽ, ɼɽ ʪʘ ʬʘʨʙʦʚʠʭ 

ʚʽʜʙʠʪʢʽʚ ɯɼ ʟʜʽʡʩʥʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʧʪʠʯʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

[1ï3, 5ï7, 11, 13] [1, 5ï7, 9ï11, 13]: 

1) ʦʧʪʠʯʥʦʛʦ ʤʽʢʨʦʩʢʦʧʘ ʚʽʜʜʟʝʨʢʘʣʝʥʦʛʦ ʩʚʽʪʣʘ Neophot-32; 

2) ʤʦʥʦʢʫʣʷʨʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʤʽʢʨʦʩʢʦʧʘ ʄʆʎï45 ʄiʢʨʦʪʝʭ ̔ ʟ ʩʠʩʪʝʤʦʶ 

ʚʽʟʫʘʣʽʟʘʮʽʾ Micam ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 45Ĭ ʫ ʚʽʜʙʠʪʦʤʫ ʪʘ ʧʨʦʧʫʩʢʥʦʤʫ ʩʚʽʪʣʽ, 

ʢʦʪʨʠʡ ʜʦʟʚʦʣʷʻ ʬʦʪʦʬʽʢʩʘʮʽʶ ʽ ʚʠʟʥʘʯʝʥʥʷ ʰʠʨʠʥʠ ʥʘʜʨʫʢʦʚʘʥʠʭ ʰʪʨʠʭʽʚ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ; 

3) ʪʨʠʥʦʢʫʣʷʨʥʦʛʦ ʤʽʢʨʦʩʢʦʧʘ Sigeta Biogenic Lite ʽʟ ʩʠʩʪʝʤʦʶ 

ʚʽʟʫʘʣʽʟʘʮʽʾ Sigeta UCMOS ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 40ï2000Ĭ ʫ ʚʽʜʙʠʪʦʤʫ ʩʚʽʪʣʽ.  

2.6.3. ʄʝʪʦʜʠʢʘ ʧʨʦʬʽʣʦʤʝʪʨʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʷʢʦʩʪʽ ʛʨʘʚʽʡʦʚʘʥʠʭ 

ʰʪʨʠʭʽʚ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʪʦʧʦʣʦʛʽʾ ɻʐ ʬʦʨʤʠ ʟʜʽʡʩʥʝʥʦ ʤʝʪʦʜʦʤ 

ʧʨʦʬʽʣʦʛʨʘʬʫʚʘʥʥʷ [7]. ʎʝʡ ʤʝʪʦʜ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʢʦʥʪʘʢʪʥʦʤʫ ʘʥʘʣʽʟʽ ʜʽʣʷʥʢʠ 

ʧʦʚʝʨʭʥʽ ɼʌɯ ʟ ɻʐ ʪʦʥʢʦʶ ʛʦʣʢʦʶ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʦʪʨʠʤʘʪʠ ʟʙʽʣʴʰʝʥʝ 

ʟʦʙʨʘʞʝʥʥʷ ʧʨʦʬʽʣʶ ʧʦʚʝʨʭʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʬʽʣʦʤʝʪʨʘ. ɺ ʪʘʢʠʭ ʧʨʠʣʘʜʘʭ 

ʜʦʩʣʽʜʞʫʚʘʥʘ ʧʦʚʝʨʭʥʷ ʘʥʘʣʽʟʫʻʪʴʩʷ ʘʣʤʘʟʥʦʶ ʛʦʣʢʦʶ ʟ ʨʘʜʽʫʩʦʤ ʟʘʢʨʫʛʣʝʥʥʷ 

10ï12,5 ʤʢʤ [137]. ʆʩʢʽʣʴʢʠ ʪʘʢʠʡ ʨʦʟʤʽʨ ʘʣʤʘʟʥʦʾ ʛʦʣʢʠ ʻ ʦʙʤʝʞʝʥʥʷʤ ʥʘ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ, ʥʘʤʠ ʜʦʩʣʽʜʞʝʥʦ ʪʝʢʩʪʫʨʫ ʧʦʚʝʨʭʥʽ ʥʘʡʰʠʨʰʠʭ ɻʐ  ˉ 

15, 16, 17, 18, 19, 20 (ʪʘʙʣ. 2.5) ʪʘ ʇɽ ʤʽʞ ʥʠʤʠ, ʘ ʪʘʢʦʞ ʜʥʘ ʚʢʘʟʘʥʠʭ ɼɽ. 

ɼʦʚʞʠʥʘ ʪʨʘʩʫʚʘʥʥʷ ʥʘ ʜʽʣʷʥʢʘʭ ʇɽ ʪʘ ɼɽ ʩʪʘʥʦʚʠʣʘ 3200 ʤʢʤ, ʜʦʚʞʠʥʘ 

ʪʨʘʩʫʚʘʥʥʷ ʜʥʘ ɼɽ ï 100 ʤʢʤ. ɺʩʪʘʥʦʚʣʝʥʦ ʧʘʨʘʤʝʪʨʠ ʰʦʨʩʢʦʩʪʽ [137] Ra, Rz, 

Rmax. ɼʣʷ ʢʦʞʥʦʛʦ ʟʨʘʟʢʘ ʙʫʣʦ ʚʠʤʽʨʷʥʦ 10 ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʦʥ, ʚʠʤʽʨʠ 

ʟʜʽʡʩʥʶʚʘʣʠʩʴ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ ʰʪʨʠʭʽʚ. ɺʠʤʽʨʶʚʘʥʥʷ ʰʦʨʩʪʢʦʩʪʽ 
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ʟʜʽʡʩʥʶʚʘʣʦʩʷ ʥʘ ʤʦʜʫʣʽ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʬʘʩʦʥʥʠʭ ʧʨʦʬʽʣʽʚ, ʱʦ ʷʚʣʷʻ ʩʦʙʦʶ 

ʧʨʦʬʽʣʦʤʝʪʨ, ʧʽʜôʻʜʥʘʥʠʡ ʜʦ ʇʂ [138]. 

2.6.4. ʄʝʪʦʜʠʢʘ ʝʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʷʢʦʩʪʽ 

ʛʨʘʚʽʡʦʚʘʥʠʭ ʰʪʨʠʭʽʚ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʤʦʨʬʦʣʦʛʽʾ ʪʘ ʝʣʝʤʝʥʪʥʦʛʦ ʩʢʣʘʜʫ ʧʦʚʝʨʭʥʽ ʇɽ ʪʘ ɼɽ ʄʌ 

2 (ʙʝʟ ɿʇ) [1, 9, 13] ʪʘ ʄʌ 3 (ʚʩʽ ʚʠʜʠ ʧʣʘʰʦʢ) ʟʜʽʡʩʥʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʘʩʪʨʦʚʦʛʦ ʝʣʝʢʪʨʦʥʥʦʛʦ ʤʽʢʨʦʩʢʦʧʘ 

TESCAN MIRA 3, ʟ ʚʩʪʘʥʦʚʣʝʥʠʤ ʝʥʝʨʛʦʜʠʩʧʝʨʩʽʡʥʠʤ ʨʝʥʪʛʝʥʽʚʩʴʢʠʤ 

ʩʧʝʢʪʨʦʩʢʦʧʦʤ Oxford Instruments X-max 80 ʤʤ2. ɽʣʝʤʝʥʪʥʠʡ ʩʢʣʘʜ 

ʜʦʩʣʽʜʞʫʚʘʚʩʷ: Spectrum 1 ï ʽʥʪʝʛʨʘʣʴʥʦ ʚ ʧʦʣʽ ʟʦʨʫ ʤʽʢʨʦʩʢʦʧʫ (300ʭ300 

ʤʢʤ); Spectrum 2 (3, 4) ï ʣʦʢʘʣʴʥʦ ʟ ʚʽʜʧʦʚʽʜʥʠʤ ʟʤʝʥʰʝʥʥʷʤ ʧʦʣʷ ʜʦʩʣʽʜʞʝʥʴ 

(ʨʠʩ. 2.5). 

 

ʈʠʩ.2.5. ʇʦʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʣʝʤʝʥʪʥʦʛʦ ʩʢʣʘʜʫ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʽʚ [1]. 

2.6.5. ʈʦʟʨʦʙʣʝʥʥʷ ʘʣʛʦʨʠʪʤʫ ʽ ʤʝʪʦʜʠʢʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ 

ʦʮʽʥʶʚʘʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʛʨʘʚʽʡʦʚʘʥʠʭ ʰʪʨʠʭʽʚ. 

ʇʝʨʚʠʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ  ʛʨʘʬʽʯʥʠʭ ʬʘʡʣʽʚ ʰʣʽʬʽʚ ɻʐ ʧʦʢʘʟʘʣʠ, ʱʦ ʚʩʽ  

ɻʐ ʟʨʘʟʢʘ ʤʘʶʪʴ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʟʘʜʘʥʦʛʦ  ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʧʨʦʬʽʣʷ ʽ ʟʘʟʚʠʯʘʡ 
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ʻ ʥʝʩʠʤʝʪʨʠʯʥʠʤʠ. ʎʝ ʥʝ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʘʪʠ ʟʘʜʘʥʽ ʧʘʨʘʤʝʪʨʠ ʰʪʨʠʭʘ ʜʣʷ 

ʦʙʯʠʩʣʝʥʥʷ ʡʦʛʦ ʬʘʨʙʦʻʤʥʦʩʪʽ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ, ʟʦʢʨʝʤʘ, ʡ ʧʣʦʱʝʶ 

ʧʝʨʝʪʠʥʫ. ʊʦʤʫ, ʚʨʘʭʦʚʫʶʯʠ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʛʨʘʬʽʯʥʠʭ ʟʦʙʨʘʞʝʥʴ ʰʣʽʬʽʚ, 

ʧʦʩʪʘʣʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠʢʫ, ʷʢʘ ʙ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʨʦʟʨʦʙʣʝʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʟʚʦʣʠʣʘ ʥʘ ʦʩʥʦʚʽ ʨʽʟʥʠʮʽ ʢʦʣʴʦʨʽʚ  

ʧʽʢʩʝʣʽʚ  ʣʘʪʫʥʽ ʪʘ ʯʦʨʥʦʛʦ ʪʣʘ  ʰʣʽʬʽʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦ ʚʩʪʘʥʦʚʠʪʠ ʨʝʘʣʴʥʽ 

ʧʘʨʘʤʝʪʨʠ ʧʨʦʬʽʣʶ [5]. 

ɸʥʘʣʽʟ ʛʨʘʬʽʯʥʠʭ ʬʘʡʣʽʚ ʰʣʽʬʽʚ ɻʐ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʾʭ ʭʘʨʘʢʪʝʨʥʽ 

ʨʠʩʠ: ʟʦʙʨʘʞʝʥʥʷ ʫʪʚʦʨʝʥʽ ʧʝʨʝʚʘʞʥʦ ʜʚʦʤʘ ʪʠʧʘʤʠ ʧʽʢʩʝʣʽʚ ï ʩʚʽʪʣʠʤʠ 

(ʣʘʪʫʥʴ) ʪʘ ʪʝʤʥʠʤʠ (ʪʣʦ ʜʣʷ ʬʦʪʦʛʨʘʬʫʚʘʥʥʷ), ʪʦʤʫ, ʚʨʘʭʦʚʫʶʯʠ ʩʫʪʪʻʚʫ 

ʢʨʠʚʦʣʽʥʽʡʥʽʩʪʴ ʩʪʽʥʦʢ ʰʪʨʠʭʽʚ, ʘ ʪʘʢʦʞ ʯʘʩʪʦ ʥʘʷʚʥʫ  ʘʩʠʤʝʪʨʽʶ, ʧʣʦʱʫ 

ʧʝʨʝʪʠʥʫ ɻʐ ʬʦʨʤʠ ʜʦʮʽʣʴʥʦ ʚʩʪʘʥʦʚʠʪʠ, ʘʥʘʣʽʟʫʶʯʠ ʩʘʤʝ ʢʽʣʴʢʽʩʪʴ ʪʘ ʨʦʟʤʽʨ 

(ʟʘ ʤʘʩʰʪʘʙʦʤ) ʪʝʤʥʠʭ ʧʽʢʩʝʣʽʚ ʟʦʙʨʘʞʝʥʥʷ. ʎʝ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ 

ʧʨʦ ʜʦʮʽʣʴʥʽʩʪʴ ʯʘʩʪʢʦʚʦʾ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʫ ʦʮʽʥʶʚʘʥʥʷ ʧʣʦʱʽ ʧʝʨʝʪʠʥʫ 

ɻʐ ʬʦʨʤʠ, ʢʦʣʠ ʨʦʟʨʦʙʣʝʥʘ ʩʠʩʪʝʤʘ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʜʣʷ ʚʠʢʦʥʘʥʥʷ 

ʦʩʥʦʚʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʦʙʨʘʭʫʥʢʽʚ, ʦʜʥʘʢ ʧʦʪʨʝʙʫʻ ʢʦʨʝʛʫʚʘʥʥʷ ʥʘʣʘʰʪʫʚʘʥʴ 

ʜʣʷ ʢʦʞʥʦʛʦ ʦʢʨʝʤʦʛʦ ʛʨʘʬʽʯʥʦʛʦ ʬʘʡʣʫ ʬʘʭʽʚʮʝʤ.  

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʛʦ ʟʘʚʜʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤ ʦʙʨʦʙʣʝʥʥʷ 

ʟʦʙʨʘʞʝʥʥʷ, ʥʘ ʦʩʥʦʚʽ ʷʢʦʛʦ ʧʦʪʽʤ ʩʪʚʦʨʝʥʦ ʜʦʜʘʪʦʢ ʟ ʨʦʙʦʯʦʶ ʥʘʟʚʦʶ 

DLEScript [5], ʜʣʷ ʯʦʛʦ ʚʠʢʦʨʠʩʪʘʥʦ ʤʦʚʫ ʧʨʦʛʨʘʤʫʚʘʥʥʷ JavaScript, ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ ʤʦʞʣʠʚʘ ʤʘʥʽʧʫʣʷʮʽʷ Canvas ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʛʫ 

<canvas> , ʱʦ ʻ ʝʣʝʤʝʥʪʦʤ ʩʧʝʮʠʬʽʢʘʮʽʾ HTML5 [139]. ʆʩʥʦʚʥʠʤ 

ʧʨʠʟʥʘʯʝʥʥʷʤ Canvas ʻ ʩʪʚʦʨʝʥʥʷ ʜʚʦʚʠʤʽʨʥʠʭ ʨʘʩʪʨʦʚʠʭ ʟʦʙʨʘʞʝʥʴ. ʊʘʢʠʡ 

ʥʘʙʽʨ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʦʟʚʦʣʠʪʴ ʤʘʥʽʧʫʣʶʚʘʪʠ ʦʪʨʠʤʘʥʠʤʠ ʟʦʙʨʘʞʝʥʥʷʤʠ ʜʣʷ 

ʧʦʰʫʢʫ ʧʣʦʱʽ ʧʝʨʝʪʠʥʫ ʛʨʘʚʽʡʦʚʘʥʦʛʦ ʰʪʨʠʭʘ [5].   

ɸʣʛʦʨʠʪʤ ʦʙʨʦʙʣʝʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʽ ʨʦʙʦʪʠ ʜʦʜʘʪʢʫ DLEScript [5], 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʧʦʯʘʪʢʦʚʦʤʫ ʽʥʪʝʨʬʝʡʩʽ ʜʦʜʘʪʢʫ (ʨʠʩ. 2.6 ʘ).   
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ʙ) 

 

ʚ) 

 

ʛ) 

 

ʘ) ʜ) 

ʈʠʩ 2.6. ɸʣʛʦʨʠʪʤ ʨʦʙʦʪʠ ʽ ʽʥʪʝʨʬʝʡʩ ʜʦʜʘʪʢʫ DLEScript: ʘ -  ʧʦʯʘʪʢʦʚʠʡ ʽʥʪʝʨʬʝʡʩ; ʙ ï 

ʧʦʰʫʢ ʬʘʡʣʫ ʟʦʙʨʘʞʝʥʥʷ; ʚ - ʛʦʪʦʚʝ ʜʦ ʦʧʨʘʮʶʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ; ʛ - ʤʘʩʰʪʘʙʫʚʘʥʥʷ 

ʟʦʙʨʘʞʝʥʥʷ; ʜ - ʟʦʙʨʘʞʝʥʥʷ ʧʽʩʣʷ ʚʽʜʩʽʢʘʥʥʷ [5]. 
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ɸʣʛʦʨʠʪʤ ʨʝʘʣʽʟʫʻʪʴʩʷ ʪʘʢ [5]: 1) ʝʪʘʧ Image Parser (ʨʠʩ. 2.6 ʙ) ʧʦʰʫʢ 

ʟʦʙʨʘʞʝʥʥʷ ʜʣʷ ʘʥʘʣʽʟʫ ʟʘ ʽʤʝʥʝʤ ʛʨʘʬʽʯʥʦʛʦ ʬʘʡʣʫ, ʷʢʠʡ ʧʦʪʨʽʙʥʦ 

ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ; 2) ʝʪʘʧ Original image (ʨʠʩ. 2.6 ʚ) ï ʟʘʚʘʥʪʘʞʝʥʥʷ ʟʦʙʨʘʞʝʥʥʷ 

ʜʣʷ ʘʥʘʣʽʟʫ ʫ ʚʽʢʥʦ ʜʦʜʘʪʢʫ ʧʽʩʣʷ ʡʦʛʦ ʟʥʘʭʦʜʞʝʥʥʷ; 3) ʝʪʘʧ Scale image (ʨʠʩ. 

2.6 ʛ) ʚʩʪʘʥʦʚʣʝʥʥʷ ʤʘʩʰʪʘʙʫ ʟʦʙʨʘʞʝʥʥʷ ï ʧʦʰʫʢ ʥʘ ʟʦʙʨʘʞʝʥʥʽ ʫ ʚʽʢʥʽ 

ʧʨʦʛʨʘʤʠ ʤʘʩʰʪʘʙʥʦʾ ʣʽʥʽʡʢʠ ʜʣʷ ʧʨʘʚʠʣʴʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʤʽʨʫ ʧʽʢʩʝʣʷ; 4) 

ʝʪʘʧ Cutted image (ʨʠʩ. 2.6 ʜ) ï ʚʠʦʢʨʝʤʣʝʥʥʷ ʯʘʩʪʠʥʠ ʟʦʙʨʘʞʝʥʥʷ ʜʣʷ 

ʦʙʨʦʙʣʝʥʥʷ.ʑʦʙ ʦʪʨʠʤʘʪʠ ʰʫʢʘʥʫ ʧʣʦʱʫ, ʧʨʦʛʨʘʤʥʦ ʥʝʦʙʭʽʜʥʦ ʚʠʜʘʣʠʪʠ 

ʟʘʡʚʽ ʯʘʩʪʠʥʠ ʥʘ ʟʦʙʨʘʞʝʥʥʽ, ʱʦ ʘʥʘʣʽʟʫʻʪʴʩʷ. ɼʣʷ ʮʴʦʛʦ ʧʦʪʨʽʙʥʦ ʟʜʽʡʩʥʠʪʠ 

ʧʦʰʫʢ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʣʽʥʽʡ, ʱʦ ʚʽʜʩʽʯʫʪʴ ʣʽʚʫ ʪʘ ʧʨʘʚʫ ʥʝʧʦʪʨʽʙʥʽ ʜʣʷ ʘʥʘʣʽʟʫ 

ʯʘʩʪʠʥʠ. ʃʽʚʘ ʯʘʩʪʠʥʘ ʟʦʙʨʘʞʝʥʥʷ ʷʚʣʷʻ ʩʦʙʦʶ ʤʘʩʠʚ ʣʘʪʫʥʥʦʛʦ ʣʠʩʪʘ ʚʽʜ ʜʥʘ 

ʛʨʘʚʽʡʦʚʘʥʦʛʦ ʰʪʨʠʭʘ, ʘ ʧʨʘʚʘ ï ʦʢʨʝʩʣʶʻʪʴʩʷ ʧʣʦʱʠʥʦʶ ʧʨʦʙʽʣʴʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʪʘ ʧʨʦʜʦʚʞʫʻʪʴʩʷ ʪʝʤʥʠʤ ʪʣʦʤ [5]; 5) ʝʪʘʧ Analyze the picture 

(ʢʥʦʧʢʘ ʟʘʧʫʩʢʫ ʦʙʯʠʩʣʝʥʴ, ʨʠʩ. 2.6 ʘ) ï ʘʥʘʣʽʟ ʢʽʣʴʢʦʩʪʽ ʪʝʤʥʠʭ ʧʽʢʩʝʣʽʚ ʪʘ 

ʚʠʟʥʘʯʝʥʥʷ ʾʭ ʩʫʤʘʨʥʦʾ ʧʣʦʱʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʘʩʰʪʘʙʫ, ʢʦʣʠ ʧʽʩʣʷ ʦʙʨʦʙʢʠ 

ʟʦʙʨʘʞʝʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʟʘ ʤʘʩʰʪʘʙʦʤ ʥʘ ʧʦʧʝʨʝʜʥʽʭ ʢʨʦʢʘʭ 

ʨʦʟʤʽʨʫ ʧʽʢʩʝʣʷ ʟʦʙʨʘʞʝʥʥʷ ʚʠʟʥʘʯʘʻʤʦ ʧʣʦʱʫ ʧʝʨʝʪʠʥʫ ɻʐ ʟʘ ʢʽʣʴʢʽʩʪʶ 

ʪʝʤʥʠʭ ʧʽʢʩʝʣʽʚ [5]. ɯʥʪʝʨʬʝʡʩ ʦʨʽʻʥʪʦʚʘʥʠʡ ʥʘ ʨʦʙʦʪʫ ʽʟ ʦʜʥʠʤ ʟʦʙʨʘʞʝʥʥʷʤ.  

 ɺʩʪʘʥʦʚʣʝʥʥʷ ʢʫʪʘ ʥʘʭʠʣʫ ʩʪʽʥʦʢ ʰʪʨʠʭʽʚ ʜʣʷ ʤʦʜʝʣʴʥʦʾ ʬʦʨʤʠ 3 ʪʘʢʦʞ 

ʧʨʦʚʝʜʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ  ʜʦʜʘʪʢʫ DLEScript [5]. ʄʘʥʽʧʫʣʶʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷʤ  

ʜʣʷ ʧʦʰʫʢʫ ʣʽʚʦʛʦ ʪʘ ʧʨʘʚʦʛʦ ʢʫʪʘ ʥʘʭʠʣʫ ʛʨʘʚʽʡʦʚʘʥʦʛʦ ʰʪʨʠʭʘ ʧʦʪʨʝʙʫʻ 

ʧʽʜʪʨʠʤʢʠ ʬʘʭʽʚʮʷ, ʟʘʚʜʘʥʥʷʤ ʷʢʦʛʦ ʻ ʚʠʟʥʘʯʝʥʥʷ ʢʦʦʨʜʠʥʘʪ (ʫ ʧʽʢʩʝʣʷʭ) 

ʪʦʯʦʢ, ʷʢʽ ʫʪʚʦʨʶʶʪʴ ʢʫʪʠ ʰʪʨʠʭʘ (ʣʽʚʠʡ ʽ ʧʨʘʚʠʡ) (ʨʠʩ. 2.7). ʌʘʭʽʚʝʮʴ ʤʘʻ 

ʢʦʥʪʨʦʣʶʚʘʪʠ ʽ, ʟʘ ʧʦʪʨʝʙʠ, ʢʦʨʝʛʫʚʘʪʠ ʥʘʧʨʷʤʦʢ ʣʽʥʽʾ, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻ ʢʫʪ.  

ʅʘ ʨʠʩ. 2.7 Xlb,Ylb, Xlt,Ylt , Xrb,Yrb,  Xrt,Yrt ï ʢʦʦʨʜʠʥʘʪʠ ʣʽʚʠʭ ʪʘ ʧʨʘʚʠʭ  ʥʠʞʥʽʭ 

ʪʘ ʚʝʨʭʥʽʭ ʪʦʯʦʢ, ʚʽʜʧʦʚʽʜʥʦ, ʱʦ ʟʘʜʘʶʪʴ  ʥʘʧʨʷʤʦʢ ʩʪʦʨʦʥʠ ʢʫʪʘ, ʧʽʜ ʷʢʠʤ ɻʐ 

ʤʘʻ ʥʘʭʠʣ ʜʦ ʛʦʨʠʟʦʥʪʘʣʽ ʧʦʚʝʨʭʥʽ ʬʦʨʤʠ. 
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ʈʠʩ 2.7. ɿʦʙʨʘʞʝʥʥʷ ʧʽʩʣʷ ʚʽʜʩʽʢʘʥʥʷ ʟ ʧʦʟʥʘʯʝʥʥʷʤ ʢʨʘʡʦʚʠʭ ʪʦʯʦʢ ʣʽʥʽʡ ʢʫʪʽʚ 

ʰʪʨʠʭʽʚ.  

2.6.6. ʄʝʪʦʜʠʢʘ ʝʢʩʧʝʨʪʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ ʧʦʚʝʨʭʥʽ 

ʛʨʘʚʽʡʦʚʘʥʠʭ ʰʪʨʠʭʽʚ 

ɼʣʷ ʫʨʘʭʫʚʘʥʥʷ ʩʪʘʥʫ ʧʦʚʝʨʭʥʽ ɻʐ ʷʢ ʚʘʞʣʠʚʦʛʦ ʬʘʢʪʦʨʫ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʬʦʨʤ DLE+PVD ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʧʨʠʥʮʠʧʠ ʝʢʩʧʝʨʪʥʦʛʦ 

ʙʘʣʴʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ɻʐ ʥʘ ʦʩʥʦʚʽ ʧʦʨʽʚʥʷʥʥʷ ʟʽ ʟʨʘʟʢʦʤ ʟʘ 5-

ʙʘʣʴʥʦʶ ʰʢʘʣʦʶ,  ʧʨʠʥʮʠʧʠ ʷʢʦʛʦ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 2.7 [6].  

2.7. ʄʝʪʦʜʠʢʘ ʜʦʩʣʽʜʞʝʥʥʷ ʘʜʛʝʟʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ ʟʘʭʠʩʥʦʛʦ ʧʦʢʨʠʪʪʷ.  

ʄʝʪʦʜʠ ʦʮʽʥʢʠ ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ ɿʇ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʤʝʭʘʥʽʯʥʦʤʫ 

ʨʫʡʥʫʚʘʥʥʽ ʟ'ʻʜʥʘʥʥʷ ʥʘ ʤʝʞʽ çʘʜʛʝʟʠʚ ï ʦʩʥʦʚʘè. ɸʜʛʝʟʽʶ ʟʥʦʩʦʩʪʽʡʢʦʛʦ PVD-

ʧʦʢʨʠʪʪʷ ʜʦ ʣʘʪʫʥʥʦʾ ʦʩʥʦʚʠ ʚʠʟʥʘʯʘʣʠ ʟʘ ʤʝʪʦʜʠʢʦʶ, ʥʘʚʝʜʝʥʦʶ ʚ [140]. ɼʣʷ 

ʚʠʧʨʦʙʫʚʘʥʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʟʨʘʟʢʠ ʟ ʇɽ ʪʘ ɼɽ. ʇʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʚʠʧʨʦʙʫʚʘʥʴ, ʟ ʦʛʣʷʜʫ ʥʘ ʤʘʣʫ ʪʦʚʱʠʥʫ ʧʦʢʨʠʪʪʷ ʟ ʥʠʭ ʚʠʛʦʪʦʚʣʷʣʠ 

ʤʝʪʘʣʦʛʨʘʬʽʯʥʽ ʰʣʽʬʠ, ʷʢʽ ʜʦʩʣʽʜʞʫʚʘʣʠ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʽʢʨʦʩʢʦʧʘ 

ʚʽʜʜʟʝʨʢʘʣʝʥʦʛʦ ʩʚʽʪʣʘ Neophot-32 ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ Ĭ400.  
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ʊʘʙʣʠʮʷ 2.7. ʉʠʩʪʝʤʘ ʙʘʣʴʥʦʾ ʦʮʽʥʢʠ ʬʦʨʤʠ ʩʪʘʥʫ ʧʦʚʝʨʭʥʽ ʩʪʽʥʦʢ ɻʐ ʬʦʨʤʠ ʙʝʟ ɿʇ [6] 

 
ʆʮʽʥʢʘ  ʆʟʥʘʢʠ ʇʨʠʢʣʘʜʠ ʝʪʘʣʦʥʥʠʭ ʟʨʘʟʢʽʚ 

0 ʅʝʤʘʻ ʪʨʽʱʠʥ ʽ ʩʢʦʣʽʚ. 

ɻʣʘʜʢʽ, ʦʧʣʘʚʣʝʥʽ ʩʪʽʥʢʠ. 

  
1 ʇʝʨʝʚʘʞʥʦ ʛʣʘʜʢʽ, 

ʦʧʣʘʚʣʝʥʽ ʩʪʽʥʢʠ. 

ʅʝʟʥʘʯʥʘ ʚʠʜʠʤʘ 

ʰʦʨʩʪʢʽʩʪʴ ʩʪʽʥʦʢ 

ʄʦʞʣʠʚʽ ʥʝʟʥʘʯʥʽ 

ʚʽʜʰʘʨʫʚʘʥʥʷ. 

  
2 ʇʝʨʝʚʘʞʥʦ ʛʣʘʜʢʽ, 

ʦʧʣʘʚʣʝʥʽ ʩʪʽʥʢʠ. 

ʅʝʟʥʘʯʥʘ ʚʠʜʠʤʘ 

ʰʦʨʩʪʢʽʩʪʴ ʩʪʽʥʦʢ. 

ʄʦʞʣʠʚʽ ʥʝʟʥʘʯʥʽ 

ʚʽʜʰʘʨʫʚʘʥʥʷ. 

 

  

3 

ʊʨʽʱʠʥʠ ʥʘ ʧʦʥʘʜ 

ʧʦʣʦʚʠʥʽ ʧʝʨʠʤʝʪʨʫ 

ʰʪʨʠʭʘ. ʇʦʤʽʪʥʽ 

ʚʽʜʰʘʨʫʚʘʥʥʷ  

 

  

4 

ʊʨʽʱʠʥʠ ʧʨʘʢʪʠʯʥʦ ʧʦ 

ʫʩʴʦʤʫ ʧʝʨʠʤʝʪʨʫ ʰʪʨʠʭʘ. 

ɿʥʘʯʥʽ ʚʽʜʰʘʨʫʚʘʥʥʷ 
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ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 2 

1. ʈʦʟʨʦʙʣʝʥʦ ʟʘʛʘʣʴʥʠʡ ʘʣʛʦʨʠʪʤ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʱʦʜʦ 

ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ɼʌɯ: ʘ) ʜʦʩʣʽʜʞʝʥʥʷ ʪʠʨʘʞʝʩʪʽʡʢʦʩʪʽ ʬʦʨʤʠ DLE+PVD ʫ 

ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚʘʭ, ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʘʥʫ ɻʐ ʧʽʩʣʷ ʚʠʨʦʙʥʠʯʠʭ ʚʠʧʨʦʙʫʚʘʥʴ, 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʧʘʨʘʤʝʪʨʽʚ ɻʐ ʟ ʷʢʽʩʪʶ ʚʽʜʙʠʪʢʽʚ; ʙ) ʪʝʦʨʝʪʠʯʥʝ 

ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʬʝʥʦʤʝʥʦʣʦʛʽʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʚ ʜʨʫʢʘʨʩʴʢʽʡ ʩʝʢʮʽʾ 

ɯɼ; ʚ) ʜʦʩʣʽʜʞʝʥʥʷ ʷʢʦʩʪʽ ʛʨʘʚʽʶʚʘʥʥʷ ʰʪʨʠʭʽʚ ʟ ʨʽʟʥʠʤʠ ʛʝʦʤʝʪʨʠʯʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʥʘ ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ ʦʙʨʦʙʣʝʥʥʷ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʨʝʢʦʤʝʥʜʦʚʘʥʠʭ 

ʧʨʦʬʽʣʽʚ ʰʪʨʠʭʽʚ; ʛ) ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʨʝʞʠʤʽʚ ʧʦʧʝʨʝʜʥʴʦʛʦ ʦʯʠʩʥʦʛʦ 

ʪʨʘʚʣʝʥʥʷ ʣʘʪʫʥʥʦʾ ʦʩʥʦʚʠ ʥʘ ʩʪʘʥ ʧʦʚʝʨʭʥʽ ʬʦʨʤʠ ʜʦ PVD; ʜ) ʜʦʩʣʽʜʞʝʥʥʷ 

ʷʢʦʩʪʽ ʛʨʘʚʽʶʚʘʥʥʷ ʰʪʨʠʭʽʚ ʥʘ ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ ʦʙʨʦʙʣʝʥʥʷ; ʝ) ʚʠʟʥʘʯʝʥʥʷ 

ʟʘʩʦʙʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ɼʌɯ. 

2. ʆʙʨʘʥʦ ʤʘʪʝʨʽʘʣʠ ʪʘ ʦʩʥʦʚʥʝ ʪʝʭʥʦʣʦʛʽʯʥʝ ʦʙʣʘʜʥʘʥʥʷ,  ʨʦʟʨʦʙʣʝʥʦ 

ʊʇ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʦʜʝʣʴʥʠʭ ʬʦʨʤ ɯɼ, ʩʭʝʤʠ ʧʦʩʣʽʜʦʚʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʟʨʘʟʢʽʚ.  

3. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʷʢʦʩʪʽ ʛʨʘʚʽʶʚʘʥʥʷ ɼɽ ʧʝʨʝʜʙʘʯʝʥʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʩʪʘʥʜʘʨʪʥʠʭ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ (ʧʽʜʛʦʪʦʚʣʝʥʥʷ 

ʤʝʪʘʣʦʛʨʘʬʽʯʥʠʭ ʰʣʽʬʽʚ, ʦʧʪʠʯʥʦʾ ʤʝʪʘʣʦʛʨʘʬʽʾ, ʚʠʤʽʨʶʚʘʥʥʷ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ, 

ʘʜʛʝʟʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ ʧʦʢʨʠʪʪʽʚ, ʧʨʦʬʽʣʦʛʨʘʬʫʚʘʥʥʷ, ʦʧʪʠʯʥʦʾ ʪʘ ʝʣʝʢʪʨʦʥʥʦʾ 

ʤʽʢʨʦʩʢʦʧʽʾ), ʪʘʢ ʽ ʨʦʟʨʦʙʣʝʥʽ ʤʝʪʦʜʠʢʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ɻʐ (ʛʣʠʙʠʥʠ, ʰʠʨʠʥʠ, ʧʣʦʱʽ ʧʝʨʝʪʠʥʫ, ʢʫʪʘ ʥʘʭʠʣʫ 

ʩʪʽʥʦʢ ʰʪʨʠʭʽʚ) ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʽʚ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʙʘʯʝʥʥʷ, ʘ ʪʘʢʦʞ 

ʨʦʟʨʦʙʣʝʥʫ ʤʝʪʦʜʠʢʫ ʝʢʩʧʝʨʪʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ ʧʦʚʝʨʭʥʽ ɻʐ. 
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ʈʆɿɼɯʃ 3. ɼʆʉʃɯɼɾɽʅʅʗ ʉʊɸʅʋ ʇʆɺɽʈʍʅɯ ʊɸ 

ʇʈʀʇʆɺɽʈʍʅɽɺʀʍ ʐɸʈɯɺ ɼʈʋʂʋɺɸʃʔʅʀʍ ʊɸ ʇʈʆɹɯʃʔʅʀʍ 

ɽʃɽʄɽʅʊɯɺ, ʊʀʈɸɾɽʉʊɯʁʂʆʉʊɯ ʊɸ ʗʂʆʉʊɯ ɼʈʋʂʋɺɸʅʅʗ 

ʌʆʈʄ ɯʅʊɸɻʃɯʆɼʈʋʂʋ, ɺʀɻʆʊʆɺʃɽʅʀʍ ʇʈʗʄʀʄ ʃɸɿɽʈʅʀʄ 

ɻʈɸɺɯʖɺɸʅʅʗʄ ɿ ʅɸʇʀʃɽʅʅʗʄ ɿɸʍʀʉʅʆɻʆ ʇʆʂʈʀʊʊʗ. 

3.1. ɺʠʧʨʦʙʫʚʘʥʥʷ ʧʦʚʥʦʨʦʟʤʽʨʥʠʭ ʬʦʨʤ ʽʥʪʘʛʣʽʦʜʨʫʢʫ ʫ 

ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚʘʭ.   

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʝʜʝʥʦ ʱʦʜʦ ʙʘʟʦʚʦʛʦ (ʧʦʚʥʦʨʦʟʤʽʨʥʦʛʦ) ʚʘʨʽʘʥʪʫ 

ʄʌ 1, ʚʠʛʦʪʦʚʣʝʥʦʾ ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ DLE+PVD (ʧʽʜʨʦʟʜʽʣ 2.4.1).  

ʇʝʨʝʜ ʤʦʥʪʘʞʝʤ ʬʦʨʤ (3 ʰʪ.) ʥʘ ʌʎ aʨʢʫʰʝʚʦʾ ʜʨʫʢaʨʩʴʢʦʾ ʤaʰʠʥʠ 

KBA Notasys S.A. Super-Orlof-Intaglio ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʚʽʟʫʘʣʴʥʝ ʦʮʽʥʶʚʘʥʥʷ 

ʩʫʮʽʣʴʥʦʩʪʽ ʽ ʮʽʣʽʩʥʦʩʪʽ ɿʇ ʥʽʪʨʠʜʫ ʭʨʦʤʫ, ʷʢʠʤ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʰʘʨ ʥʽʪʨʠʜʫ 

ʭʨʦʤʫ ʧʦʚʥʽʩʪʶ ʧʦʢʨʠʚ ʨʦʙʦʯʫ ʧʦʚʝʨʭʥʶ ʚʩʽʭ ʄʌ.  

ʊʘʢʦʞ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʤʝʭʘʥʽʯʥʽ ʪʝʩʪʠ ʘʜʛʝʟʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ ɿʇ ʥʽʪʨʠʜʫ 

ʭʨʦʤʫ (ʧʽʜʨʦʟʜʽʣ 2.7). ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʫ ʚʩʽʭ ʚʠʧʘʜʢʘʭ ʧʨʠ ʟʛʠʥʘʥʥʽ 

ʟʨʘʟʢʽʚ ʟ ʇɽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʫʡʥʘʮʽʷ (ʨʦʟʪʨʽʩʢʫʚʘʥʥʷ) ɿʇ ʥʽʪʨʠʜʫ ʭʨʦʤʫ. ʈʘʟʦʤ 

ʟ ʮʠʤ ʥʘ ʞʦʜʥʦʤʫ ʟʽ ʟʨʘʟʢʽʚ ʥʝ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʚʽʜʰʘʨʫʚʘʥʥʷ PVD-ʧʦʢʨʠʪʪʷ ʚʽʜ 

ʦʩʥʦʚʠ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʜʦʩʠʪʴ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʘʜʛʝʟʽʾ ʤʽʞ ʥʠʤʠ (ʨʠʩ. 3.1).  

ʇʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʨʦʙʽʪ ʟ ʧʨʠʣʘʛʦʜʞʝʥʥʷ ʬʦʨʤ ʚ ʜʨʫʢʘʨʩʴʢʽʡ ʤʘʰʠʥʽ 

ʧʨʠ ʚʩʪʘʥʦʚʣʝʥʠʭ ʥʦʚʠʭ ʜʝʢʝʣʷʭ ʪʘ ʧʦʧʝʨʝʜʥʴʦ ʟʘʜʘʥʠʭ ʥʠʟʴʢʠʭ ʟʥʘʯʝʥʥʷʭ 

ʪʠʩʢʫ ʫ ʜʨʫʢʘʨʩʴʢʽʡ ʧʘʨʽ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʜʽʣʷʥʢʠ ʚʽʜʰʘʨʫʚʘʥʥʷ ɿʇ ʥʘ ʙʽʯʥʠʭ 

ʜʽʣʷʥʢʘʭ (ʧʦʟʘ ʟʦʥʦʶ ʜʨʫʢʫ) ɼʌɯ (ʨʠʩ. 3.2). ʊʘʢʠʡ ʪʠʧ  ʚʽʜʰʘʨʫʚʘʥʥʷ ʧʦʢʨʠʪʪʷ 

ʤʦʞʝ ʙʫʪʠ ʧʦʚôʷʟʘʥʠʡ ʥʝ ʣʠʰʝ ʟ ʚʧʣʠʚʦʤ ʪʠʩʢʫ ʚ ɼʂ, ʘʣʝ ʡ ʟ ʚʠʛʠʥʦʤ ʪʘ 

ʟʘʢʨʽʧʣʝʥʥʷʤ ʬʦʨʤ ʥʘ ʌʎ.  

ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʧʨʠʣʘʛʦʜʞʝʥʥʷ ʬʦʨʤ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʥʝʟʥʘʯʥʝ 

ʚʽʜʰʘʨʦʚʫʚʘʥʥʷ ʭʨʦʤʫ ʚʽʜ ʧʦʚʝʨʭʥʽ ʬʦʨʤʠ ʧʦʟʘ ʤʝʞʘʤʠ ʦʙʣʘʩʪʽ ʜʨʫʢʫ, ʱʦ ʥʝ 

ʚʧʣʠʚʘʣʦ ʥʘ ʷʢʽʩʪʴ ʚʽʜʙʠʪʢʽʚ, ʙʫʣʦ ʚʽʜʜʨʫʢʦʚʘʥʦ 7760 ʘʨʢʫʰʽʚ (2587/2587/2586 

ʥʘ ʬʦʨʤʫ). 

ʇʽʩʣʷ ʧʨʦʭʦʜʞʝʥʥʷ ʚʠʱʝʟʘʟʥʘʯʝʥʦʛʦ ʦʙʩʷʛʫ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʜʝʬʝʢʪ 

ʜʨʫʢʫʚʘʥʥʷ ï ʬʘʨʙʦʚʽ ʧʣʷʤʠ ʥʘ ʘʨʢʫʰʝʚʽʜʙʠʪʢʘʭ ɯɼ. ʆʛʣʷʜ ʬʦʨʤ ʽ ʦʮʽʥʢʘ 
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ʷʢʦʩʪʽ ɿʇ ʧʦʢʘʟʘʣʠ, ʱʦ ʮʝ ʙʫʣʦ ʩʧʨʠʯʠʥʝʥʦ ʚʽʜʰʘʨʦʚʫʚʘʥʥʷʤ ɿʇ ʚ ʦʢʨʝʤʠʭ 

ʜʽʣʷʥʢʘʭ ʟʦʥʠ ʜʨʫʢʫʚʘʥʥʷ (ʨʠʩ. 3.3 ʘ). 

  
ʘ) ʙ) 

 
ʚ) 

ʈʠʩ. 3.1. ʄʽʢʨʦʬʦʪʦʛʨʘʬʽʾ ʧʦʧʝʨʝʯʥʠʭ ʧʝʨʝʪʠʥʽʚ ʧʨʦʙʽʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʄʌ ʧʽʩʣʷ 

ʚʠʧʨʦʙʫʚʘʥʴ ʘʜʛʝʟʽʾ ʤʝʪʦʜʦʤ ʟʛʠʥʫ (Ĭ400): ʘ, ʙ ï ʨʽʟʥʽ ʜʽʣʷʥʢʠ ʇɽ ʜʦ ʧʨʠʣʘʛʦʜʞʫʚʘʥʥʷ; 

ʚ ï ʨʽʟʥʽ ʜʽʣʷʥʢʠ ʇɽ ʧʽʩʣʷ ʧʨʠʣʘʛʦʜʞʫʚʘʥʥʷ ʽ ʜʨʫʢʫʚʘʥʥʷ. 

 

 

ʈʠʩ. 3.2. ɺʽʜʰʘʨʦʚʫʚʘʥʥʷ ɿʇ ʥʘ ʄʌ 1 ʧʦʟʘ ʟʦʥʦʶ ʜʨʫʢʫ ʧʽʩʣʷ ʧʨʠʣʘʛʦʜʞʝʥʥʷ. 

 



82 
 

  

ʘ) ʙ) 

ʈʠʩ. 3.3. ɺʽʜʰʘʨʦʚʫʚʘʥʥʷ ɿʇ ʥʘ ʄʌ 1 ʚ ʟʦʥʽ ʜʨʫʢʫ: ʘ ï  ʧʽʩʣʷ ʧʝʨʰʦʛʦ ʧʨʦʙʥʦʛʦ 

ʜʨʫʢʫʚʘʥʥʷ 2587 ʘʨʢ./ʬʦʨʤʫ, ʙ ï ʧʽʩʣʷ ʧʝʨʝʭʨʦʤʫʚʘʥʥʷ ʽ ʜʨʫʛʦʛʦ ʧʨʦʙʥʦʛʦ ʜʨʫʢʫʚʘʥʥʷ 

12000 ʘʨʢ./ʬʦʨʤʫ. 

 

ʎʽ ʨʝʟʫʣʴʪʘʪʠ ʩʪʘʣʠ ʧʽʜʩʪʘʚʦʶ ʜʣʷ ʫʭʚʘʣʝʥʥʷ ʨʽʰʝʥʥʷ ʱʦʜʦ ʜʝʤʦʥʪʘʞʫ 

ʬʦʨʤ ʪʘ ʾʭ ʧʝʨʝʭʨʦʤʫʚʘʥʥʷ. ʆʩʢʽʣʴʢʠ ʚʠʛʦʪʦʚʣʝʥʦ ʟʘ ʙʘʟʦʚʠʤ ʧʨʦʮʝʩʦʤ 

(ʧʽʜʨʦʟʜ. 2.4.1) ʯʦʪʠʨʠ ʬʦʨʤʠ, ʪʦ ʦʜʥʘ ʟʽ ʟʥʦʰʝʥʠʭ ʬʦʨʤ ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʴ ʩʪʘʥʫ ɼɽ ʽ ʇɽ ʬʦʨʤʠ. 

ʈʦʟʭʨʦʤʫʚʘʥʥʷ ( ʟʥʷʪʪʷ ʰʘʨʫ ʧʦʢʨʠʪʪʷ ʥʽʪʨʠʜʫ ʭʨʦʤʫ) ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʨʦʟʯʠʥʫ F-49 (çʈʦʟʯʠʥ ʜʣʷ ʟʥʷʪʪʷ ʭʨʦʤʦʚʠʭ ʧʦʢʨʠʪʪʽʚ ʟ ʣʘʪʫʥʥʠʭ 

ʪʘ ʤʽʜʥʠʭ ʧʦʚʝʨʭʦʥʴè, ʨʦʟʜ. 1, ʪʘʙʣ. 1.2). ʇʦʚʪʦʨʥʝ ʥʘʥʝʩʝʥʥʷ ɿʇ ʟʜʽʡʩʥʝʥʦ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʤ ʩʧʦʩʦʙʦʤ (ʧʽʜʨʦʟʜ 1.3.1).  

ʇʝʨʝʭʨʦʤʦʚʘʥʽ ʄʌ ʽʥʪʘʛʣʽʦʜʨʫʢʫ ʙʫʣʠ ʧʦʚʪʦʨʥʦ ʚʩʪʘʥʦʚʣʝʥʽ ʥʘ 

ʜʨʫʢʘʨʩʴʢʫ ʤʘʰʠʥʫ KBA Notasys S.A. Super-Orlof-Intaglio. ʇʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʧʨʠʣʘʛʦʜʞʫʚʘʣʴʥʠʭ ʨʦʙʽʪ, ʚ ʧʨʦʮʝʩʽ ʷʢʠʭ ʥʝ ʩʧʦʩʪʝʨʽʛʘʣʠʩʷ ʧʦʰʢʦʜʞʝʥʥʷ ɿʇ, 

ʨʦʟʧʦʯʘʪʦ ʜʨʫʢʫʚʘʥʥʷ ʧʨʦʜʫʢʮʽʾ. 

ʇʨʦʪʷʛʦʤ ʜʨʫʢʫʚʘʥʥʷ ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʥʝʟʥʘʯʥʝ ʚʽʜʰʘʨʦʚʫʚʘʥʥʷ ɿʇ ʧʦ 

ʢʨʘʷʭ ɼʌɯ. ʇʽʩʣʷ ʧʨʦʭʦʜʞʝʥʥʷ ʦʙʩʷʛʫ ʫ ʢʽʣʴʢʦʩʪʽ 36 000 ʘʨʢʫʰʽʚ (ʧʦ 12 000 

ʘʨʢʫʰʽʚ ʥʘ ʢʦʞʥʫ ʬʦʨʤʫ) ʚʠʷʚʣʝʥʦ ʧʦʩʪʫʧʦʚʝ ʚʽʜʰʘʨʦʚʫʚʘʥʥʷ ɿʇ ʚ ʟʦʥʽ 

ʟʦʙʨʘʞʝʥʥʷ (ʈʠʩ. 3.3.ʙ) ʥʘ ʜʥʽ ɼɽ, ʱʦ ʧʨʠʟʚʝʣʦ ʜʦ ʜʝʬʝʢʪʽʚ ʧʨʠ ʜʨʫʢʫʚʘʥʥʽ ʫ 

ʚʠʛʣʷʜʽ ʬʘʨʙʦʚʠʭ ʧʣʷʤ.  
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ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʷʚʣʝʥʦ, ʱʦ ʟʥʠʞʝʥʥʷ ʪʠʨʘʞʝʩʪʽʡʢʦʩʪʽ ʬʦʨʤ, 

ʚʠʛʦʪʦʚʣʝʥʠʭ  ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ DLE+PVD, ʩʧʨʠʯʠʥʷʻʪʴʩʷ ʥʝʜʦʩʪʘʪʥʴʦʶ 

ʘʜʛʝʟʽʡʥʦʶ ʩʪʽʡʢʽʩʪʶ ɿʇ, ʥʘʥʝʩʝʥʦʛʦ ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ PVD: ʪʠʨʘʞʝʩʪʽʡʢʽʩʪʴ 

ʬʦʨʤ ʟ ʛʘʣʴʚʘʥʽʯʥʠʤ ʧʦʢʨʠʪʪʷʤ ʧʨʘʢʪʠʯʥʦ ʚ 4,6 ʨʘʟʠ ʚʠʱʝ ï 12000 ʘʨʢ./ʬʦʨʤʫ, 

ʪʦʜʽ ʷʢ ʜʣʷ PVD ʧʦʢʨʠʪʪʷ ï ʜʦ 2600 ʘʨʢ./ʬʦʨʤʫ. ʊʘʢʦʞ ʧʽʜʪʚʝʨʜʞʝʥʦ, ʱʦ 

ʣʘʪʫʥʥʘ ʦʩʥʦʚʘ ʷʢ ʤʘʪʝʨʽʘʣ ʜʣʷ ʣʘʟʝʨʥʦʛʦ ʛʨʘʚʽʶʚʘʥʥʷ ʜʦʟʚʦʣʠʪʴ ʦʪʨʠʤʘʪʠ 

ʧʨʠʡʥʷʪʥʽ ʟ ʧʦʛʣʷʜʫ ʪʠʨʘʞʝʩʪʽʡʢʦʩʪʽ ʬʦʨʤʠ.   

 

3.2. ɼʦʩʣʽʜʞʝʥʥʷ ʩʪʘʥʫ ʧʦʚʝʨʭʥʽ ʪʘ ʧʨʠʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ 

ʜʨʫʢʫʚʘʣʴʥʠʭ ʽ ʧʨʦʙʽʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʬʦʨʤ ʽʥʪʘʛʣʽʦʜʨʫʢʫ 

ɼʦʩʣʽʜʞʝʥʦ ʤʽʢʨʦʰʣʽʬʠ ʪʝʩʪʦʚʦʛʦ ʙʘʛʘʪʦʪʦʥʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʪʘ 

ʧʣʘʰʦʢ (ʄʌ 1, ʧʽʜʨʦʟʜ. 2.4.1). ʇʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʥʦʰʝʥʦʾ ʚ 

ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʜʨʫʢʫʚʘʥʥʷ ɼʌɯ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʙʝʨʝʞʝʥʘ ʘʜʛʝʟʽʡʥʘ 

ʤʽʮʥʽʩʪʴ ʥʽʪʨʠʜ-ʭʨʦʤʦʚʦʛʦ PVD ʧʦʢʨʠʪʪʷ ʥʘ ʇɽ ʬʦʨʤʠ ʷʢ ʪʝʩʪʦʚʦʛʦ 

ʙʘʛʘʪʦʪʦʥʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ (ʨʠʩ. 3.4, 3.5) ʪʘʢ ʽ ʧʣʘʰʦʢ (ʨʠʩ. 3.6).  

ʇʦʚʝʨʭʥʷ ʜʨʽʙʥʠʭ ɼɽ (ʛʣʠʙʠʥʦʶ ʜʦ 10 ʤʢʤ) ʨʽʚʥʦʤʽʨʥʦ ʧʦʢʨʠʪʘ ɿʇ ʷʢ 

ʜʣʷ ʘʩʠʤʝʪʨʠʯʥʦʛʦ ʰʪʨʠʭʘ (ʨʠʩ. 3.4 ʘ), ʪʘʢ ʽ ʜʣʷ ʩʠʤʝʪʨʠʯʥʦʛʦ (ʨʠʩ. 3.4 ʙ). ɼʣʷ 

ʪʘʢʠʭ ɻʐ ʧʦʚʝʨʭʥʝʚʠʡ ʰʘʨ ʣʘʪʫʥʥʦʾ ʦʩʥʦʚʠ ʚʽʟʫʘʣʴʥʦ ʥʝ ʤʘʻ ʚʽʜʤʽʥʥʦʩʪʝʡ ʚʽʜ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʇɽ. ʎʝ ʧʽʜʪʚʝʨʜʞʫʻ ʚʠʩʥʦʚʢʠ [69] ʧʨʦ ʚʠʩʦʢʫ ʷʢʽʩʪʴ ʬʦʨʤ  

DLE ʜʣʷ ʜʨʽʙʥʠʭ ʝʣʝʤʝʥʪʽʚ ʬʦʨʤʠ, ʷʢʽ ʤʘʶʪʴ ʛʽʨʰʫ ʷʢʽʩʪʴ ʧʨʠ ʪʨʘʜʠʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʷʭ. 

ɺʘʞʣʠʚʦ, ʱʦ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʧʨʦʬʽʣʽ ʚʩʽʭ ɼɽ ʧʣʘʰʦʢ 

ʟʘʧʨʦʝʢʪʦʚʘʥʦ ʧʨʷʤʦʢʫʪʥʠʤʠ (ʪʘʙʣ. 2.4, ɼʦʜʘʪʦʢ ɺ), ʨʝʘʣʴʥʦ ʦʪʨʠʤʘʥʽ ʧʨʦʬʽʣʽ 

ʻ ʪʨʠʢʫʪʥʠʤʠ (ʜʣʷ ʰʠʨʠʥʠ ʰʪʨʠʭʽʚ ʜʦ 100 ʤʢʤ, ʨʠʩ. 3.6 ʘ, ʙ) ʯʠ 

ʪʨʘʧʝʮʽʻʧʦʜʽʙʥʠʤʠ (ʧʦʥʘʜ 100 ʤʢʤ, ʨʠʩ. 3.6 ʚ-ʻ). 

ɯʥʰʘ ʩʠʪʫʘʮʽʷ ʤʘʻ ʤʽʩʮʝ ʜʣʷ ʛʣʠʙʰʠʭ ɻʐ: ʧʦʚʝʨʭʥʷ ʪʘʢʠʭ ɼɽ (ʛʣʠʙʠʥʘ 

ʷʢʠʭ ʚʽʜ 10 ʤʢʤ), ʤʘʻ ʩʫʪʪʻʚʽ ʧʦʨʫʰʝʥʥʷ ɿʇ (ʨʠʩ. 3.4 ʚï̒ ). ʆʩʦʙʣʠʚʦ ʚʠʨʘʟʥʦ 

ʮʝ ʚʠʜʥʦ ʥʘ ʘʩʠʤʝʪʨʠʯʥʦʤʫ ʰʪʨʠʭʫ (ʨʠʩ. 3.4 ʚ), ʜʝ ʤʝʥʰ ʛʣʠʙʦʢʘ ʯʘʩʪʠʥʘ 

ʰʪʨʠʭʘ (ʛʣʠʙʠʥʘ 10 ʤʢʤ) ʥʝ ʤʘʻ ʧʦʨʫʰʝʥʴ ʧʦʢʨʠʪʪʷ, ʘ ʯʘʩʪʠʥʘ ʰʪʨʠʭʘ 

ʛʣʠʙʠʥʦʶ 20 ʤʢʤ ʤʘʻ ʚʽʜʰʘʨʫʚʘʥʥʷ ʧʦʢʨʠʪʪʷ. ʇʨʠʯʦʤʫ ʽ ʟʛʘʜʘʥʠʡ ɼɽ (ʨʠʩ. 3.4 
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ʚ), ʽ ʽʥʰʽ ʜʝʤʦʥʩʪʨʫʶʪʴ ʥʝʟʘʜʦʚʽʣʴʥʫ ʘʜʛʝʟʽʶ ɿʇ ʜʦ ʩʪʽʥʦʢ ʰʪʨʠʭʘ ʧʨʘʢʪʠʯʥʦ 

ʚʽʜ ʨʽʚʥʷ ʇɽ. ʋ ʮʠʭ ʰʪʨʠʭʽʚ ɿʇ ʤʘʻ ʨʽʟʥʫ ʪʦʚʱʠʥʫ, ʨʦʟʨʠʚʠ, ʚʽʜʰʘʨʫʚʘʥʥʷ ʘʞ 

ʜʦ ʧʦʚʥʦʾ ʚʽʜʩʫʪʥʦʩʪʽ ʧʦʢʨʠʪʪʷ.  

 

ʈʠʩ. 3.4. ʄʽʢʨʦʬʦʪʦʛʨʘʬʽʾ ʧʦʧʝʨʝʯʥʠʭ ʧʝʨʝʪʠʥʽʚ ʩʝʨʝʜʥʽʭ ʪʘ ʜʨʽʙʥʠʭ ʜʨʫʢʫʚʘʣʴʥʠʭ 

ɼɽ (Ĭ400). ʊʝʩʪʦʚʝ ʙʘʛʘʪʦʪʦʥʦʚʝ ʟʦʙʨʘʞʝʥʥʷ ʄʌ 1. 

 ͊  ͋

 ͎ ͍

 ͒ Ί 
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ʈʠʩ. 3.5. ʄʽʢʨʦʬʦʪʦʛʨʘʬʽʾ ʧʦʧʝʨʝʯʥʠʭ ʧʝʨʝʪʠʥʽʚ ʚʝʣʠʢʠʭ ɼɽ ʪʘ ʇɽ ʬʦʨʤʠ: ʘ, ʙ, ʚ, ʛ, ʜ ïɼɽ 

ʪʘ ʾʭ ʜʽʣʷʥʢʠ; ʻ ï ʇɽ. ʊʝʩʪʦʚʝ ʙʘʛʘʪʦʪʦʥʦʚʝ ʟʦʙʨʘʞʝʥʥʷ ʄʌ 1. 

 

ʇʦʚʝʨʭʥʝʚʠʡ ʰʘʨ ʤʘʪʝʨʽʘʣʫ ʦʩʥʦʚʠ ʫ ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʙʣʠʟʴʢʦʩʪʽ ʚʽʜ ɼɽ 

ʩʝʨʝʜʥʽʭ ʪʘ ʢʨʫʧʥʠʭ ʨʦʟʤʽʨʽʚ ʻ ʪʨʽʱʠʥʫʚʘʪʠʤ, ʧʦʨʠʩʪʠʤ ʪʘ ʥʝʦʜʥʦʨʽʜʥʠʤ (ʨʠʩ. 

3.4 ʚï̒ , 3.5, 3.6), ʡʦʛʦ ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʣʘʪʫʥʽ 

(ʨʠʩ. 3.7), ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʧʦʟʘ ʟʦʥʦʶ ʣʘʟʝʨʥʦʛʦ ʛʨʘʚʽʶʚʘʥʥʷ, ʘ ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ 
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ʻ ʤʝʥʰʦʶ ʥʘ 15ï40 % ʚʽʜ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʣʘʪʫʥʥʦʾ ʦʩʥʦʚʠ 

(ʪʘʙʣ. 3.1), ʚʠʟʥʘʯʝʥʦʾ ʥʘ ʛʣʠʙʠʥʽ ʚʽʜ ʧʣʦʱʠʥʠ ʇɽ (ʧʽʜʨʦʟʜ. 2.6, ʨʠʩ. 2.4). 

  

ʘ) ʙ) 

  

ʚ) ʛ) 

  

ʜ) ʻ) 

 

ʈʠʩ. 3.6. ʄʽʢʨʦʬʦʪʦʛʨʘʬʽʾ ʧʦʧʝʨʝʯʥʠʭ ʧʝʨʝʪʠʥʽʚ ɼɽ ʧʣʘʰʦʢ ʄʌ 1: ʘ ï ʧʣʘʰʢʘ 1, Ĭ100;  ʙ , 

ï ʧʣʘʰʢʘ 2, Ĭ100; ʚ , ï ʧʣʘʰʢʘ 3, Ĭ200; ʛ ï ʧʣʘʰʢʘ 4, Ĭ200, ʜ ï  ʧʣʘʰʢʘ 5, Ĭ100 [3]; ʻ ï  

ʧʣʘʰʢʘ 6, Ĭ100 [3].  
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ʈʠʩ. 3. 7. ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʤʘʪʝʨʽʘʣʫ ʦʩʥʦʚʠ ʬʦʨʤ ʚ ʟʦʥʽ ɼɽ (Ĭ200) 

 

ʊʘʙʣʠʮʷ 3.1. ʄʽʢʨʦʪʚʝʨʜʽʩʪʴ ʣʘʪʫʥʥʦʾ ʦʩʥʦʚʠ ʟʘʣʝʞʥʦ ʚʽʜ ʚʽʜʩʪʘʥʽ ʚʽʜ ʧʦʚʝʨʭʥʽ, ʱʦ 

ʙʫʣʦ ʧʽʜʜʘʥʦ ʣʘʟʝʨʥʽʡ ʦʙʨʦʙʮʽ 

 

 ̄
ɺʽʜʩʪʘʥʴ ʚʽʜ 

ʧʦʚʝʨʭʥʽ, ʤʢʤ 

ɼʽʘʛʦʥʘʣʴ 

ʚʽʜʙʠʪʢʘ, 

ʤʢʤ 
ʄʽʢʨʦʪʚʝʨʜʽʩʪʴ, ʄʇʘ 

1 ʥʘ ʧʦʚʝʨʭʥʽ (Ó 5) 10.5 120 

2 32 9.7 140 

3 67 9.4 160 

4 157 9 197 

5 212 9.4 180 

6 253 9.2 192 

 

ɼʥʦ ɼɽ ʤʘʻ ʩʫʪʪʻʚʽ ʥʝʨʽʚʥʦʩʪʽ, ʱʦ ʩʧʨʠʷʻ ʧʦʛʽʨʰʝʥʥʶ ʘʜʛʝʟʽʾ ʟʘʭʠʩʥʦʛʦ 

PVD ʧʦʢʨʠʪʪʷ: ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʫʪʪʻʚʝ ʚʽʜʰʘʨʫʚʘʥʥʷ ɿʇ [3]. ɼʦʩʣʽʜʞʝʥʥʷ 

ʤʽʢʨʦʬʦʪʦʛʨʘʬʽʡ (ʨʠʩ. 3.8) ʧʦʚʝʨʭʥʽ ʜʥʘ ɼɽ ʧʦʢʘʟʘʣʦ, ʱʦ ʥʝʨʽʚʥʦʩʪʽ ʤʘʶʪʴ 

ʨʝʛʫʣʷʨʥʠʡ ʭʘʨʘʢʪʝʨ, ʱʦ ʩʧʨʠʯʠʥʝʥʦ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʣʘʟʝʨʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ 

ʧʦʚʝʨʭʥʽ [3]. ɿʘʟʥʘʯʝʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʩʪʘʥʫ ʧʦʚʝʨʭʥʽ ɼɽ, ʡʤʦʚʽʨʥʦ, ʻ ʥʘʩʣʽʜʢʦʤ 
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ʟʥʝʤʽʮʥʝʥʥʷ ʧʨʠʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ ʯʝʨʝʟ ʣʘʟʝʨʥʝ ʛʨʘʚʽʶʚʘʥʥʷ. ʅʘʡʙʽʣʴʰ 

ʡʤʦʚʽʨʥʦʶ ʧʨʠʯʠʥʦʶ ʻ ʥʘʜʤʽʨʥʦ ʽʥʪʝʥʩʠʚʥʽ ʨʝʞʠʤʠ ʣʘʟʝʨʥʦʾ ʦʙʨʦʙʢʠ, ʷʢʽ 

ʧʦʪʨʝʙʫʶʪʴ ʢʦʨʝʛʫʚʘʥʥʷ. 

ɻʝʦʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ ʥʝʨʽʚʥʦʩʪʝʡ  ʚʩʪʘʥʦʚʣʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʦʬʽʣʦʛʨʘʬʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʇɽ ʽ ɼɽ ʬʦʨʤ. ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʴ ʥʘʚʝʜʝʥʦ 

ʚ ʪʘʙʣ. 3.2 [7]. 

 

ʈʠʩ. 3.8. ʄʽʢʨʦʬʦʪʦʛʨʘʬʽʾ ʜʥʘ ʚʝʣʠʢʠʭ ʜʨʫʢʘʨʩʴʢʠʭ ʝʣʝʤʝʥʪʽʚ ʽʥʪʘʛʣʽʦʬʦʨʤ: ʘ - ʜʥʦ 

ʜʨʫʢʘʨʩʴʢʦʛʦ ʝʣʝʤʝʥʪʘ ʟʽ ʟʥʦʩʦʩʪʽʡʢʠʤ PVD-ʧʦʢʨʠʪʪʷʤ; ʙ, ʚ - ʜʥʦ ʜʨʫʢʘʨʩʴʢʦʛʦ ʝʣʝʤʝʥʪʘ 

ʥʘ ʜʽʣʷʥʮʽ ʟʨʫʡʥʦʚʘʥʦʛʦ PVD-ʧʦʢʨʠʪʪʷ; ʛ ï 3-D ʟʦʙʨʘʞʝʥʥʷ ʜʥʘ ʜʨʫʢʘʨʩʴʢʦʛʦ ʝʣʝʤʝʥʪʫ ʟʽ 

ʟʨʫʡʥʦʚʘʥʠʤ ʟʥʦʩʦʩʪʽʡʢʠʤ PVD-ʧʦʢʨʠʪʪʷʤ [7] 

 

ʊʠʧʦʚʽ ʧʨʦʬʽʣʦʛʨʘʤʠ ʧʦʚʝʨʭʥʽ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ɼʌɯ ʥʘ ʜʽʣʷʥʢʘʭ ʇɽ ʪʘ ɼɽ 

(ʜʦʚʞʠʥʘ ʪʨʘʩʫʚʘʥʥʷ 3200 ʤʢʤ) ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3.9, ʘ ʪʠʧʦʚʽ ʧʨʦʬʽʣʦʛʨʘʤʠ 

ʜʥʘ ɼɽ (ʜʦʚʞʠʥʘ ʪʨʘʩʫʚʘʥʥʷ 100 ʤʢʤ) ï ʥʘ ʨʠʩ. 3.10 [7]. 
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ʊʘʙʣʠʮʷ 3.2. ʇʘʨʘʤʝʪʨʠ ʧʨʦʬʽʣʷ ʜʥʘ ɼɽ [7] 

 

ˉ ʟʨʘʟʢʘ ʇʘʨʘʤʝʪʨʠ ʰʦʨʩʢʦʩʪʽ 

Ra Rz Rmax 

1 2,54 10,18 10,56 

2 0,99 3,94 5,1 

3 2,52 10,06 15,0 

4 2,29 10,1 10,7 

5 0,95 3,79 4,46 

6 0,95 3,83 5,58 

 

ɸʥʘʣʽʟ ʧʨʦʬʽʣʦʛʨʘʤ ʧʦʚʝʨʭʥʽ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ɼʌɯ ʥʘ ʜʽʣʷʥʢʘʭ ʇɽ ʪʘ ɼɽ 

ʧʦʢʘʟʫʻ, ʱʦ ʰʦʨʩʪʢʽʩʪʴ ʇɽ ʩʫʪʪʻʚʦ ʥʠʞʯʘ, ʥʽʞ ʰʦʨʩʪʢʽʩʪʴ ʜʥʘ ɼɽ, ʱʦ 

ʧʦʚʥʽʩʪʶ ʢʦʨʝʩʧʦʥʜʫʻʪʴʩʷ ʟ ʜʘʥʠʤʠ ʜʦʩʣʽʜʞʝʥʴ ʤʽʢʨʦʰʣʽʬʽʚ ʪʘ ʤʽʢʨʦʩʢʦʧʽʾ 

ʜʥʘ ɼɽ [7].  

 
ʘ 

 

 
ʙ 

 
ʚ 

ʈʠʩ. 3.9. ʊʠʧʦʚʘ ʧʨʦʬʽʣʦʛʨʘʤʘ ʧʦʚʝʨʭʥʽ ɼʌɯ ʥʘ ʜʽʣʷʥʢʘʭ ʇɽ ʪʘ ɼɽ (ʜʦʚʞʠʥʘ ʪʨʘʩʫʚʘʥʥʷ 

3200 ʤʢʤ): ʘ ï ʟʨʘʟʦʢ 1; ʙ - ʟʨʘʟʦʢ 5; ʚ ï ʟʨʘʟʦʢ 6 [7]. 
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ʆʙʤʝʞʝʥʘ ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʤʝʪʦʜʫ ʥʝ ʜʦʟʚʦʣʠʣʘ ʜʦʩʪʦʚʽʨʥʦ ʦʮʽʥʠʪʠ 

ʰʦʨʩʪʢʽʩʪʴ ʩʪʽʥʦʢ ɼɽ. ʊʦʤʫ ʚ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʫʚʘʪʠ 

ʤʝʪʦʜʠ ʦʧʪʠʯʥʦʛʦ ʧʨʦʬʽʣʦʛʨʘʬʫʚʘʥʥʷ. ʊʘʢʦʞ ʧʣʘʥʫʻʪʴʩʷ ʜʦʩʣʽʜʠʪʠ 

ʰʦʨʩʪʢʽʩʪʴ ʧʦʚʝʨʭʥʽ ʫʩʽʭ ʝʣʝʤʝʥʪʽʚ ʬʦʨʤʠ ʜʦ ʥʘʧʠʣʝʥʥʷ ʟʘʭʠʩʥʦʛʦ PVD 

ʧʦʢʨʠʪʪʷ [7]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʷʚʥʠʡ ʩʪʘʥ ʧʦʚʝʨʭʥʽ, ʩʪʨʫʢʪʫʨʘ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ 

ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ ʣʘʪʫʥʥʦʾ ʦʩʥʦʚʠ ʚ ʟʦʥʽ ɼɽ ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴ ʫʤʦʚ ʜʣʷ 

ʷʢʽʩʥʦʛʦ ʥʘʥʝʩʝʥʥʷ PVD-ʧʦʢʨʠʪʪʷ ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʩʧʨʠʷʻ ʰʚʠʜʢʦʤʫ 

ʨʫʡʥʫʚʘʥʥʶ ʬʦʨʤ. 

 

 
ʘ 

 
ʙ 

 
ʚ 

ʈʠʩ. 3.10. ʊʠʧʦʚʘ ʧʨʦʬʽʣʦʛʨʘʤʘ ʜʥʘ ɼɽ (ʜʦʚʞʠʥʘ ʪʨʘʩʫʚʘʥʥʷ 100 ʤʢʤ): ʘ ï ʟʨʘʟʦʢ 1; ʙ - 

ʟʨʘʟʦʢ 5; ʚ ï ʟʨʘʟʦʢ 6 [7]. 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʇɽ ʩʚʽʜʯʘʪʴ, ʱʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʾ ʷʢʦʩʪʽ ʧʦʚʝʨʭʥʽ 

ʣʘʪʫʥʥʦʾ ʦʩʥʦʚʠ (ʚʽʜʩʫʪʥʦʩʪʽ ʜʝʬʝʢʪʽʚ ʫ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʘʭ ʪʘ ʚʽʜʧʦʚʽʜʥʘ 

ʩʪʫʧʽʥʴ ʧʦʧʝʨʝʜʥʴʦʾ ʧʽʜʛʦʪʦʚʢʠ (ʦʯʠʱʝʥʥʥʷ) ʧʝʨʝʜ ʥʘʥʝʩʝʥʥʷʤ PVD-
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ʧʦʢʨʠʪʪʷ) ʩʪʚʦʨʶʶʪʴ ʫʤʦʚʠ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʷʢʽʩʥʦʾ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʬʦʨʤ. 

ʊʦʤʫ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʣʘʪʫʥʥʠʭ ʬʦʨʤ, ʦʜʝʨʞʘʥʠʭ ʤʝʪʦʜʦʤ DLE+PVD 

ʜʦʮʽʣʴʥʦ ʚʠʟʥʘʯʠʪʠ ʨʝʞʠʤʠ ʪʘ ʫʤʦʚʠ ʣʘʟʝʨʥʦʾ ʦʙʨʦʙʢʠ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʚʘʣʠ ʙ 

ʦʜʝʨʞʘʥʥʷ ʨʽʚʥʦʤʽʨʥʦʛʦ ʧʨʦʬʽʣʶ ʧʦʚʝʨʭʥʽ ɼɽ ʪʘ ʤʽʥʽʤʘʣʴʥʠʡ ʚʧʣʠʚ 

ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʩʪʨʫʢʪʫʨʫ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ 

ʣʘʪʫʥʥʦʾ ʦʩʥʦʚʠ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʨʦʟʤʽʨʽʚ ɼɽ. 

ʊʘʢʦʞ ʚʘʞʣʠʚʦ ʟʘʙʝʟʧʝʯʠʪʠ ʦʯʠʱʝʥʥʷ ʧʦʚʝʨʭʥʽ ʬʦʨʤ ʚʽʜ ʥʘʧʣʠʚʽʚ ʧʽʩʣʷ 

DLE ʧʝʨʝʜ ʥʘʥʝʩʝʥʥʷʤ PVD-ʧʦʢʨʠʪʪʷ, ʷʢʘ ʙ ʟʘʙʝʟʧʝʯʫʚʘʣʘ ʚʠʜʘʣʝʥʥʷ 

ʟʘʙʨʫʜʥʝʥʴ ʷʢ ʟ ʧʨʦʙʽʣʴʥʠʭ, ʪʘʢ ʽ ʟ ʜʨʫʢʫʚʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

 

3.3. ɺʧʣʠʚ ʧʘʨʘʤʝʪʨʽʚ ʜʨʫʢʫʚʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʬʦʨʤ ʽʥʪʘʛʣʽʦʜʨʫʢʫ, 

ʦʪʨʠʤʘʥʠʭ ʧʨʷʤʠʤ ʣʘʟʝʨʥʠʤ ʛʨʘʚʽʶʚʘʥʥʷʤ, ʥʘ ʛʨʘʬʽʯʥʫ ʪʘ ʛʨʘʜʘʮʽʡʥʫ 

ʪʦʯʥʽʩʪʴ ʚʽʜʙʠʪʢʽʚ 

ʅʘʚʝʜʝʥʽ ʚʠʱʝ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʰʣʽʬʽʚ ɻʐ ʧʣʘʰʦʢ ʄʌ 1, ʱʦ 

ʚʽʜʨʽʟʥʷʣʠʩʷ ʟʘʧʨʦʝʢʪʦʚʘʥʠʤ ʧʨʦʬʽʣʝʤ, ʘ ʩʘʤʝ ʨʽʟʥʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

ʛʣʠʙʠʥʠ ʜʦ ʰʠʨʠʥʠ ɼɽ (ʫ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 0,2 ʜʦ 1,2), ʧʦʢʘʟʘʣʦ,  ʱʦ ʚʩʽ  ɻʐ ʟʨʘʟʢʘ 

ʤʘʶʪʴ ʩʫʪʪʻʚʽ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʟʘʜʘʥʦʛʦ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʧʨʦʬʽʣʷ, ʟʘʟʚʠʯʘʡ ʻ 

ʥʝʩʠʤʝʪʨʠʯʥʠʤʠ ʪʘ ʽʟ ʨʽʟʥʦʶ ʤʽʢʨʦʛʝʦʤʝʪʨʽʻʶ ʧʦʚʝʨʭʥʽ ʛʨʘʚʽʡʦʚʘʥʠʭ 

ʝʣʝʤʝʥʪʽʚ. ɺʘʞʣʠʚʦ ʚʩʪʘʥʦʚʠʪʠ, ʷʢ ʦʪʨʠʤʘʥʽ  ʨʝʘʣʴʥʽ ʧʨʦʬʽʣʽ ɼɽ ʚʧʣʠʚʘʶʪʴ 

ʥʘ ʷʢʽʩʪʴ ʬʘʨʙʦʚʦʛʦ ʰʘʨʫ ɯɼ [10].  

ʇʨʦʙʥʠʡ ʥʘʢʣʘʜ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʚʥʦʨʦʟʤʽʨʥʠʭ ʄʌ 1 (ʧʽʜʨʦʟʜ. 2.4.1) 

ʙʫʣʦ ʚʠʜʨʫʢʫʚʘʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʜʨʫʢʫʚʘʥʥʷ (ʧʽʜʨʦʟʜ.2.2.2) 

ʟʘʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʧʘʨʘʤʝʪʨʽʚ ɼʌɯ ʟ ʧʦʢʘʟʥʠʢʘʤʠ ʷʢʦʩʪʽ 

ʬʘʨʙʦʚʦʛʦ ʨʝʣʴʻʬʫ [20] ʚʽʜʙʠʪʢʽʚ (ʾʭ ʛʨʘʬʽʯʥʦʾ ʪʘ ʛʨʘʜʘʮʽʡʥʦʾ ʪʦʯʥʦʩʪʽ)  ʪʘ 

ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʛʦ ʢʦʨʝʛʫʚʘʥʥʷ ʥʘ ʝʪʘʧʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʨʦʬʽʣʶ ʜʨʫʢʫʚʘʣʴʥʠʭ 

ʬʦʨʤ, ʱʦ ʚʠʛʦʪʦʚʣʶʶʪʴʩʷ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ DLE. 

ɻʨʘʬʽʯʥʘ ʪʦʯʥʽʩʪʴ ï ʮʝ çʩʪʫʧʽʥʴ ʥʘʙʣʠʞʝʥʥʷ ʚʩʽʭ ʝʣʝʤʝʥʪʽʚ ʚʽʜʙʠʪʢʘ ʜʦ 

ʦʨʠʛʽʥʘʣʫ ï ʬʦʨʤʦʶ, ʨʦʟʤʽʨʘʤʠ ʽ ʨʦʟʪʘʰʫʚʘʥʥʷʤè [43]; ʛʨʘʜʘʮʽʡʥʘ ʪʦʯʥʽʩʪʴ ï 

çʧʨʘʚʠʣʴʥʝ ʚʽʜʪʚʦʨʝʥʥʷ ʥʘ ʚʽʜʙʠʪʢʫ ʧʽʚʪʦʥʽʚ ʦʨʠʛʽʥʘʣʫè [43], ʷʢʘ 

ʢʦʥʪʨʦʣʶʻʪʴʩʷ ʷʢ ʚʽʟʫʘʣʴʥʦ, ʪʘʢ ʽ ʚʠʤʽʨʶʚʘʥʥʷʤ ʦʧʪʠʯʥʦʾ ʛʫʩʪʠʥʠ ʦʜʥʠʭ i ʪʠʭ 
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ʞʝ ʝʣʝʤʝʥʪʽʚ ʟʦʙʨʘʞʝʥʴ ʚʽʜʙʠʪʢʘ i ʦʨʠʛʽʥʘʣʫ. ʇʽʜ ʧʦʥʷʪʪʷʤ çʦʨʠʛʽʥʘʣè ʙʫʜʝʤʦ 

ʨʦʟʫʤʽʪʠ ʦʪʨʠʤʘʥʠʡ ʧʨʦʬʽʣʴ ʛʨʘʚʽʡʦʚʘʥʠʭ ʝʣʝʤʝʥʪʽʚ ʜʨʫʢʘʨʩʴʢʦʾ ʬʦʨʤʠ [10]. 

ʆʩʦʙʣʠʚʽʩʪʶ ɯɼ ʻ ʪʝ, ʱʦ ʥʘʧʽʚʪʦʥʦʚʽ ʟʦʙʨʘʞʝʥʥʷ ʫʪʚʦʨʶʶʪʴʩʷ ʰʪʨʠʭʦʚʠʤʠ 

ʝʣʝʤʝʥʪʘʤʠ ʨʽʟʥʦʾ ʰʠʨʠʥʠ ʪʘ ʨʽʟʥʦʾ ʪʦʚʱʠʥʠ ʬʘʨʙʦʚʦʛʦ ʰʘʨʫ, ʷʢʘ ʤʦʞʝ 

ʚʘʨʽʶʚʘʪʠʩʷ ʚ ʤʝʞʘʭ ʦʜʥʦʛʦ ʰʪʨʠʭʘ ʷʢ ʧʦ ʜʦʚʞʠʥʽ, ʪʘʢ ʽ ʚ ʧʝʨʝʨʽʟʽ [141]. ʊʦʤʫ 

ʫ ɯɼ ʧʦʥʷʪʪʷ ʛʨʘʬʽʯʥʦʾ ʪʦʯʥʦʩʪʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʙʝʨʝʞʝʥʥʷʤ ʰʠʨʠʥʠ ʰʪʨʠʭʽʚ, 

ʾʭ ʮʽʣʽʩʥʦʩʪʽ ʪʘ ʯʽʪʢʦʩʪʽ ʢʨʘʾʚ, a ʧʦʥʷʪʪʷ ʛʨʘʜʘʮʽʡʥʦʾ ʪʦʯʥʦʩʪʽ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʨʽʚʥʦʤʽʨʥʽʩʪʶ ʧʝʨʝʜʘʯʽ ʬʘʨʙʦʚʦʛʦ ʰʘʨʫ ʟʘ ʪʦʚʱʠʥʦʶ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʟʘʜʘʥʠʤ 

ʛʝʦʤʝʪʨʠʯʥʠʤ ʧʘʨʘʤʝʪʨʘʤ ɼʌɯ [10].  

ʂʦʝʬʽʮʽʻʥʪ ʬʘʨʙʦʚʽʜʜʘʯʽ - ʩʧ̔ʚʚʽʜʥʦʰʝʥʥʷ ʦʙôʻʤʫ ʬʘʨʙʠ, ʚʠʣʫʯʝʥʦʾ ʽʟ 

ɼɽ ʬʦʨʤʠ ʽ ʟʘʢʨʽʧʣʝʥʦʾ ʥʘ ʚʽʜʙʠʪʢʫ, ʜʦ ʟʘʛʘʣʴʥʦʛʦ ʦʙôʻʤʫ  ʬʘʨʙʠ ʫ ɼɽ [93]. 

ʎʝʡ ʢʦʝʬʽʮʽʻʥʪ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʦʩʥʦʚʥʠʭ ʨʦʟʤʽʨʽʚ ʛʨʘʚʽʡʦʚʘʥʠʭ 

ɼɽ ï ʚʽʜʥʦʰʝʥʥʷ ʛʣʠʙʠʥʠ ʛʨʘʚʽʶʚʘʥʥʷ ʜʦ ʰʠʨʠʥʠ [94, 146].  

ɺʯʝʥʽ ʚʠʟʥʘʶʪʴ ʧʘʨʘʤʝʪʨʠ ɻʐ ʜʨʫʢʘʨʩʴʢʦʾ ʬʦʨʤʠ, ʷʢ ʦʜʠʥ ʟ ʥʘʡʙʽʣʴʰ 

ʚʘʛʦʤʠʭ ʬʘʢʪʦʨʽʚ ʷʢʦʩʪʽ ʬʘʨʙʦʚʦʛʦ ʰʘʨʫ ɯɼ [20, 49, 93-96, 142ï145]. 

ɺʨʘʭʦʚʫʶʯʠ ʥʘʚʝʜʝʥʝ, ʥʘʤʠ ʜʦʩʣʽʜʞʝʥʦ ʛʨʘʬʽʯʥʫ ʪʦʯʥʽʩʪʴ ʚʽʜʙʠʪʢʽʚ ʧʣʘʰʦʢ 

ʄʌ 1 ʟ ʧʦʛʣʷʜʫ  ʟʙʝʨʝʞʝʥʥʷ ʰʠʨʠʥʠ ʪʘ ʯʽʪʢʦʩʪʽ ʥʘʜʨʫʢʦʚʘʥʠʭ ʰʪʨʠʭʽʚ [6]. 

ʐʠʨʠʥʘ ʥʘʜʨʫʢʦʚʘʥʠʭ ʰʪʨʠʭʽʚ ʚʠʟʥʘʯʝʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʧʪʠʯʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ 

(ʤʽʢʨʦʩʢʦʧ ʄʆʎï45 ʄiʢʨʦʪʝʭ ʟʘ ʟʙʽʣʴʰʝʥʥʷ 45Ĭ ʫ ʚʽʜʙʠʚʥʦʤʫ ʪʘ 

ʧʨʦʧʫʩʢʥʦʤʫ ʩʚʽʪʣʽ, ʪʘʙʣ. 3.3).  

ɿʘ ʦʪʨʠʤʘʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʰʠʨʠʥʠ ʰʪʨʠʭʽʚ ʚʠʟʥʘʯʝʥʦ ʧʦʢʘʟʥʠʢ 

ʨʦʟʪʽʢʘʥʥʷ  ʬʘʨʙʠ Ὧ  [10]: 

 

Ὧ
ὦ ὦ

ὦ
ϽρππϷ 

 

(3.1) 

ʜʝ b ï ʟʘʧʨʦʝʢʪʦʚʘʥʘ ʰʠʨʠʥʘ ʛʨʘʚʽʶʚʘʥʥʷ ʰʪʨʠʭʽʚ ʜʨʫʢʘʨʩʴʢʦʾ ʬʦʨʤʠ, 

bprintï ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʰʠʨʠʥʠ ʥʘʜʨʫʢʦʚʘʥʠʭ ʰʪʨʠʭʽʚ. 

ʏʽʪʢʽʩʪʴ ʥʘʜʨʫʢʦʚʘʥʠʭ ʰʪʨʠʭʽʚ ʦʮʽʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʢʘʟʥʠʢʘ 

ʰʧʨʠʮʶʚʘʥʥʷ ὔ  , ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ ʟʥʘʯʝʥʥʷ 
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ʢʽʣʴʢʦʩʪʽ ʚʫʩʠʢʽʚ, ʱʦ ʚʠʭʦʜʷʪʴ ʟʘ ʤʝʞʽ ʜʝʩʷʪʠ ʪʠʧʦʚʠʭ ʰʪʨʠʭʽʚ ʟʘʛʘʣʴʥʦʶ 

ʜʦʚʞʠʥʦʶ 10000 ʤʢʤ ʜʣʷ ʢʦʞʥʦʛʦ ʚʠʜʫ ʟʨʘʟʢʽʚ [147] . 

ʄʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʪʦʚʱʠʥʠ ʬʘʨʙʦʚʦʛʦ ʰʘʨʫ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ 

ʟʘʣʝʞʥʦʩʪʽ ʪʦʚʱʠʥʠ ʬʘʨʙʦʚʦʛʦ ʰʘʨʫ ʚʽʜ ʟʤʽʥʥʠʭ ʬʘʢʪʦʨʽʚ ʊʇ ʽʥʪʘʛʣʽʦʜʨʫʢʫ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʨʦʬiʣʦʤʝʪʨʠʯʥʦʤʫ ʘʥʘʣʽʟʽ ʚʽʜʙʠʪʢʽʚ [145, 148]. ʅʘ ʦʩʥʦʚʽ 

ʟʥʘʯʝʥʴ ʪʦʚʱʠʥʠ ʬʘʨʙʦʚʦʛʦ ʰʘʨʫ ɯɼ Ὑ  ʚʠʟʥʘʯʝʥʦ ʢʦʝʬʽʮʽʻʥʪ ʚʪʨʘʪʠ 

ʪʦʚʱʠʥʠ ʬʘʨʙʦʚʦʛʦ ʰʘʨʫ Ὧ ʧʦʨʽʚʥʷʥʦ ʽʟ ʟʘʧʨʦʝʢʪʦʚʘʥʦʶ ʛʣʠʙʠʥʦʶ 

ʛʨʘʚʽʶʚʘʥʥʷ ɼʌɯ  a [10]: 

Ὧ
ὥ Ὑ

ὥ
ϽρππϷ 

 

(3.2) 

ɺʝʣʠʢʽ ʟʥʘʯʝʥʥʷ ʮʴʦʛʦ ʧʦʢʘʟʥʠʢʘ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʛʨʘʜʘʮʽʡʥʫ 

ʪʦʯʥʽʩʪʴ ʚʽʜʙʠʪʢʽʚ, ʷʢʘ ʧʦʨʫʰʫʻʪʴʩʷ ʯʝʨʝʟ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʬʘʨʙʦʚʠʭ ʰʘʨʽʚ ʥʘ 

ʚʽʜʙʠʪʢʫ, a ʪʘʢʦʞ ʥʘ ʝʢʦʥʦʤʽʯʥʽʩʪʴ ʧʨʦʮʝʩʫ ï ʟʥʠʞʫʻʪʴʩʷ ʡʦʛʦ ʤʘʪʝʨʽʘʣʴʥʘ ʪʘ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ [10].  

ɺʘʞʣʠʚʫ ʨʦʣʴ ʫ ʬʦʨʤʫʚʘʥʥʽ ʧʨʦʬʽʣʶ ɼɽ ʚʽʜʽʛʨʘʻ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʨʦʟʤʽʨʽʚ ʡʦʛʦ ʩʪʦʨʽʥ Ὧ  ï ʢʦʝʬʽʮʽʻʥʪ ʚʽʜʥʦʰʝʥʥʷ ʛʣʠʙʠʥʠ ʜʦ ʰʠʨʠʥʠ ɻʐ: 

ʷʢʱʦ ʟʥʘʯʝʥʥʷ ʛʣʠʙʠʥʠ ɼɽ ʜʦʩʷʛʘʻ ʘʙʦ ʧʝʨʝʚʠʱʫʻ ʟʥʘʯʝʥʥʷ ʾʭ ʰʠʨʠʥʠ, ʪʦ 

ʟʘʧʨʦʝʢʪʦʚʘʥʠʡ ʧʨʷʤʦʢʫʪʥʠʡ ʧʨʦʬʽʣʴ ʰʪʨʠʭʘ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʫ ʪʨʠʢʫʪʥʠʡ, ʘ 

ʪʘʢʦʞ ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʦʜʘʪʢʦʚʝ ʧʨʦʧʘʣʶʚʘʥʥʷ ʬʦʨʤʠ ʣʘʟʝʨʦʤ, ʩʧʨʠʯʠʥʶʶʯʠ 

ʥʝʷʢʽʩʥʝ ʟʙʽʣʴʰʝʥʥʷ ʛʣʠʙʠʥʠ ʰʪʨʠʭʘ. ʎʝ ʷʚʠʱʝ ʻ ʥʝʛʘʪʠʚʥʠʤ ʟ ʧʦʛʣʷʜʫ 

ʪʠʨʘʞʝʩʪʽʡʢʦʩʪʽ ɼʌɯ, ʘ ʪʘʢʦʞ ʬʘʨʙʦʻʤʥʦʩʪʽ ʽ ʬʘʨʬʘʨʙʦʧʝʨʝʥʝʩʝʥʥʷ. ʋ ʪʦʡ ʞʝ 

ʯʘʩ ʟʙʽʣʴʰʝʥʥʷ ʰʠʨʠʥʠ ʽ ʟʤʝʥʰʝʥʥʷ ʛʣʠʙʠʥʠ ɼɽ ʩʧʨʠʷʻ ʙʽʣʴʰ ʷʢʽʩʥʦʤʫ 

ʬʦʨʤʫʚʘʥʥʶ ʧʨʦʬʽʣʷ ɼɽ ʬʦʨʤʠ [10].   

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʪʦʨʽʥ ɻʐ ʬʦʨʤʠ ʤʘʻ ʩʫʪʪʻʚʠʡ ʚʧʣʠʚ ʥʘ ʷʢʽʩʪʴ 

ʬʘʨʙʦʚʠʭ ʰʘʨʽʚ ɯɼ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʘʣʠ, ʱʦ ʟʘ ʫʤʦʚʠ ʟʙʽʣʴʰʝʥʥʷ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʛʣʠʙʠʥʠ ɻʐ ʜʦ ʾʭ ʰʠʨʠʥʠ ʧʽʜ ʯʘʩ ʬʘʨʙʦʧʝʨʝʥʝʩʝʥʥʷ 

ʚʪʨʘʯʘʻʪʴʩʷ ʙʽʣʴʰʘ ʯʘʩʪʢʘ ʬʘʨʙʠ (ʨʠʩ. 3.11): ʚʠʜʥʦ, ʱʦ ɻʐ ʽʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

ʩʪʦʨʽʥ ʧʦʥʘʜ 0,4 ʧʨʠ ʧʝʨʝʥʝʩʝʥʥʽ ʬʘʨʙʠ ʚʪʨʘʯʘʶʪʴ ʧʦʥʘʜ 50%  ʦʙôʻʤʫ ʬʘʨʙʠ, 

ʪʦʙʪʦ ʩʪʘʶʪʴ ʟʘʥʘʜʪʦ ʚʫʟʴʢʠʤʠ i ʤʦʞʫʪʴ ʥʝ ʩʧʨʠʡʤʘʪʠ ʬʘʨʙʫ ʘʙʦ ʞ ʥʝ 
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ʚʽʜʜʘʚʘʪʠ ʬʘʨʙʫ ʯʝʨʝʟ ʜʽʶ ʢʘʧʽʣʷʨʥʠʭ ʩʠʣ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʫ ʚʫʟʴʢʦʤʫ 

ʰʪʨʠʭʫ. ʇʨʠ ʚʽʜʪʚʦʨʝʥʥʽ ʟʘʥʘʜʪʦ ʪʦʥʢʠʭ ʰʪʨʠʭʽʚ ʤʦʞʣʠʚʝ 

ʥʝʧʨʦʜʨʫʢʦʚʫʚaʥʥʷ ʟʦʙʨʘʞʝʥʥʷ [10]. 

ɿʚʘʞʘʶʯʠ ʥʘ ʦʩʥʦʚʥʝ ʧʨʠʟʥʘʯʝʥʥʷ ʽʥʪʘʛʣʽʦʜʨʫʢʫ  ʷʢ ʟʘʭʠʩʥʦʛʦ ʟʘʩʦʙʫ ï 

ʬʦʨʤʫʚʘʥʥʷ ʪʦʚʩʪʦʛʦ ʬʘʨʙʦʚʦʛʦ ʰaʨʫ, ʚʽʜʯʫʪʥʦʛʦ ʪaʢʪʠʣʴʥʦ, ï ʚʪʨʘʪʘ 

ʪʦʚʱʠʥʠ ʬʘʨʙʦʚʦʛʦ ʰʘʨʫ ʻ ʩʫʪʪʻʚʠʤ ʥʝʜʦʣʽʢʦʤ ʜʨʫʢʫʚʘʥʥʷ, ʷʢʘ, ʜʦ ʪʦʛʦ ʞ 

ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʧʝʨʝʜʘʯʫ ʛʨʘʜʘʮʽʡʥʦʾ ʪʦʯʥʦʩʪʽ ʚʽʜʙʠʪʢʽʚ. ɿ ʮʴʦʛʦ 

ʧʦʛʣʷʜʫ, ʘ ʪʘʢʦʞ ʟʘʜʣʷ ʝʢʦʥʦʤʽʾ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ, ʚʠʜʘʻʪʴʩʷ ʟʘ ʜʦʮʽʣʴʥʝ ʥʝ 

ʧʨʦʝʢʪʫʚʘʪʠ ʜʨʫʢʫʚʘʣʴʥʽ ʝʣʝʤʝʥʪʠ, ʛʣʠʙʠʥʘ ʷʢʠʭ ʙʽʣʴʰʝ ʥʽʞ ʚʜʚʽʯʽ ʙʽʣʴʰʘ ʟʘ 

ʠhʨʠʥʫ [10]. 

ʊʘʙʣʠʮʷ 3.3. ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʟʘʧʨʦʝʢʪʦʚʘʥʠʭ, ʛʨʘʚʽʡʦʚʘʥʠʭ ʪʘ ʥʘʜʨʫʢʦʚʘʥʠʭ ʰʪʨʠʭʽʚ 

[10] 

 

 

 ̄

ɿʘʜʘʥʠʡ ʧʨʦʬʽʣʴ ɼɽ ʪʘ ʡʦʛʦ 

ʧʘʨʘʤʝʪʨʠ ʌʘʢʪʠʯʥʦ ʦʪʨʠʤʘʥʽ 

ʧʨʦʬʽʣʽ ɼɽ (ʭ200) 

ʌʘʢʪʠʯʥʦ ʦʪʨʠʤʘʥʽ 

ʥʘʜʨʫʢʦʚʘʥʽ ʰʪʨʠʭʠ 

(ʭ20) 
ɻʣʠʙʠʥʘ, 

ʤʢʤ 

ʐʠʨʠʥʘ, 

ʤʢʤ 
Ὧ  

1 60 50 1,20 

   

2 60 90 0,67 
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ʊʘʙʣʠʮʷ 3.3 (ʧʨʦʜʦʚʞʝʥʥʷ).  

 

 

 ̄

ɿʘʜʘʥʠʡ ʧʨʦʬʽʣʴ ɼɽ ʪʘ ʡʦʛʦ 

ʧʘʨʘʤʝʪʨʠ ʌʘʢʪʠʯʥʦ ʦʪʨʠʤʘʥʽ 

ʧʨʦʬʽʣʽ ɼɽ (ʭ200) 

ʌʘʢʪʠʯʥʦ ʦʪʨʠʤʘʥʽ 

ʥʘʜʨʫʢʦʚʘʥʽ ʰʪʨʠʭʠ 

(ʭ20) 
ɻʣʠʙʠʥʘ, 

ʤʢʤ 

ʐʠʨʠʥʘ, 

ʤʢʤ 
Ὧ  

3 60 140 0,43 

   

5 80 300 0,27 

   

* - ʥʘʚʝʜʝʥʦ ʚʽʟʫʘʣʽʟʘʮʽʶ ʰʪʨʠʭʽʚ ʧʣʘʰʦʢ 1, 2, 3, 5. 

 

ʈʠʩ 3.11. ɺʧʣʠʚ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʛʣʠʙʠʥʠ ʜʦ ʰʠʨʠʥʠ ɻʐ ʬʦʨʤʠ ʥʘ ʢʦʝʬʽʮʽʻʥʪ ʚʪʨʘʪʠ 

ʪʦʚʱʠʥʠ ʧʨʠ ʬʘʨʙʦʧʝʨʝʥʝʩʝʥʥʽ [10] 
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ɯʟ ʨʠʩ. 3.12 ʚʠʜʥʦ, ʱʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ɻʐ iʟ ʩʧiʚʚiʜʥʦʰʝʥʥʷʤ ʛʣʠʙʠʥʠ 

ʜʦ ʰʠʨʠʥʠ ʙiʣʴʰʝ 0,4 ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʪʽʢʘʥʥʷ ʬʘʨʙʠ ʧʝʨʝʚʠʱʫʻ 20%, ʱʦ ʤʦʞʝ 

ʩʚʽʜʯʠʪʠ ʧʨʦ ʪʝ, ʱʦ ʬʘʨʙʘ ʥʝ ʚʩʪʠʛʘʻ ʧʦʣʽʤʝʨʠʟʫʚʘʪʠʩʷ ʚ ɼʂ ʽ ʚʠʪʽʢʘʻ ʟ ɼɽ 

ʬʦʨʤʠ, ʩʧʨʠʯʠʥʶʶʯʠ ʟʙʽʣʴʰʝʥʥʷ ʰʠʨʠʥʠ ʥʘʜʨʫʢʦʚʘʥʠʭ ʰʪʨʠʭʽʚ. ʊʘʢʠʡ ʚʠʜ 

ʩʧʦʪʚʦʨʝʥʴ ʟʤʝʥʰʫʻ ʨʽʚʝʥʴ ʛʨʘʬʽʯʥʦʾ ʪʦʯʥʦʩʪʽ ʚʽʜʙʠʪʢʽʚ.   

 ʄʘʻ ʤʽʩʮʝ ʪʘʢʦʞ ʪʝʥʜʝʥʮʽʷ ʟʙʽʣʴʰʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʰʧʨʠʮʶʚʘʥʥʷ ʧʨʠ 

ʟʙʽʣʴʰʝʥʥʽ ʢʦʝʬʽʮʽʻʥʪʘ ʚʽʜʥʦʰʝʥʥʷ ʛʣʠʙʠʥʠ ʜʦ ʰʠʨʠʥʠ ɻʐ ʬʦʨʤʠ (ʨʠʩ. 3.13). 

ʎʝ ʪʘʢʦʞ ʧʦʷʩʥʶʻʪʴʩʷ ʟʥʠʞʝʥʥʷʤ ʨʽʚʥʷ ʧʦʣʽʤʝʨʠʟʘʮʽʾ ʬʘʨʙʠ ʧʽʩʣʷ ʚʠʭʦʜʫ 

ʟʘʜʨʫʢʦʚʫʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʽʟ ɼʂ ʟ ʬʦʨʤʦʶ. ɺʘʨʪʦ ʚʽʜʟʥʘʯʠʪʠ ʪʘʢʦʞ, ʱʦ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʰʠʨʠʥʠ ɻʐ, ʙʽʣʴʰʦʾ ʙʽʣʴʰ ʥʽʞ ʚʪʨʠʯʽ ʟʘ ʛʣʠʙʠʥʫ ʛʨʘʚʽʶʚʘʥʥʷ, 

ʧʦʢʘʟʥʠʢ ʰʧʨʠʮʶʚʘʥʥʷ ʩʪʨʽʤʢʦ ʟʨʦʩʪʘʻ. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʽʜʚʠʱʝʥʫ 

ʬʘʨʙʦʚʽʜʜʘʯʫ ɼɽ ʧʨʠ ʪʘʢʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʩʪʦʨʽʥ ɻʐ ʬʦʨʤʠ. ʎʽ ʛʨʘʬʽʯʥʽ 

ʩʧʦʪʚʦʨʝʥʥʷ ʟʥʘʯʥʦ ʟʥʠʞʫʶʪʴ ʨʦʟʜʽʣʴʥʫ ʟʜʘʪʥʽʩʪʴ, ʚʠʢʣʠʢʘʶʪʴ ʛʨaʜaʮiʡʥi i, 

ʷʢ ʥaʩʣiʜʦʢ, ʦʧʪʠʯʥi ʩʧʦʪʚʦʨʝʥʥʷ ʧʨʠ ʜʨʫʢʫʚʘʥʥʽ [10].  

 

ʈʠʩ 3.12. ɺʧʣʠʚ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʛʣʠʙʠʥʠ ʜʦ ʰʠʨʠʥʠ ɻʐ ʬʦʨʤʠ ʥʘ ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʪʽʢʘʥʥʷ 

ʬʘʨʙʠ ʧʨʠ ʬʘʨʙʦʧʝʨʝʥʝʩʝʥʥʽ  [10]. 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʽʜʙʠʪʢʽʚ ʧʨʦʙʥʦʛʦ ʜʨʫʢʫ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʄʌ 1 ʧʦʢʘʟʘʣʠ, ʱʦ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʘ ʚʽʜʥʦʰʝʥʥʷ 

ʛʣʠʙʠʥʠ ʜʦ ʰʠʨʠʥʠ ɻʐ ʧʦʥʘʜ 0,4 ʢʦʝʬʽʮʽʻʥʪ ʚʪʨʘʪʠ ʪʦʚʱʠʥʠ ʬʘʨʙʦʚʦʛʦ ʰʘʨʫ 
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ʟʨʦʩʪʘʻ ʪʘ ʧʝʨʝʚʠʱʫʻ 50%, ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʪʽʢʘʥʥʷ ʬʘʨʙʠ ʟʨʦʩʪʘʻ ʪʘ ʧʝʨʝʚʠʱʫʻ 

20%, ʧʦʢʘʟʥʠʢ ʰʧʨʠʮʶʚʘʥʥʷ ʪʘʢʦʞ ʟʨʦʩʪʘʻ ʪʘ ʧʝʨʝʚʠʱʫʻ 10 ʚʫʩʠʢʽʚ ʥʘ 1 ʩʤ, 

ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʟʘʛʘʣʴʥʝ ʟʥʠʞʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʬʘʨʙʦʧʝʨʝʥʝʩʝʥʥʷ ʪʘ 

ʛʨʘʬʽʯʥʦʾ ʽ ʛʨʘʜʘʮʽʡʥʦʾ ʪʦʯʥʦʩʪʽ ʚʽʜʙʠʪʢʽʚ. ʅʘʡʢʨʘʱʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ 

ʬʘʨʙʦʚʦʛʦ ʰʘʨʫ ʜʦʩʷʛʥʫʪʦ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʛʨʘʚʽʡʦʚʘʥʠʭ ʝʣʝʤʝʥʪʽʚ ʽʟ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʛʣʠʙʠʥʠ ʜʦ ʰʠʨʠʥʠ ʫ ʜʽʘʧʘʟʦʥʽ 0,3 ï 0,5 [10]. 

 

 

ʈʠʩ 3.13. ɺʧʣʠʚ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʛʣʠʙʠʥʠ ʜʦ ʰʠʨʠʥʠ ɻʐ ʬʦʨʤʠ ʥʘ ʧʦʢʘʟʥʠʢ 

ʰʧʨʠʮʶʚʘʥʥʷ ʥʘ ʚʽʜʙʠʪʢʘʭ [10]  

 

3.4. ɯʥʪʝʛʨʘʣʴʥʘ ʬʝʥʦʤʝʥʦʣʦʛʽʯʥʘ ʤʦʜʝʣʴ ʬʦʨʤʫʚʘʥʥʷ ʟʥʦʰʝʥʦʩʪʽ 

ʬʦʨʤ ʽʥʪʘʛʣʽʦʜʨʫʢʫ. 

ɿ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʱʝ ʥʘʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʪʘʥʫ ɼʌɯ ʥʘ ʨʽʟʥʠʭ ʝʪʘʧʘʭ ʾʾ 

ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ï ʚʽʜ ʤʦʥʪʘʞʫ ʥʘ ʬʦʨʤʥʠʡ ʮʠʣʽʥʜʨ ʜʦ ʚʪʨʘʪʠ ʪʠʨʘʞʝʩʪʽʡʢʦʩʪʽ 

(ʯʘʩʪʢʦʚʦʛʦ ʨʫʡʥʫʚʘʥʥʷ, ʱʦ ʩʧʨʠʯʠʥʷʻ ʥʝʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʚʽʜʙʠʪʢʽʚ 

ʥʘʣʝʞʥʦʾ ʷʢʦʩʪʽ (ʧʽʜʨʦʟʜ. 3.1, 3.2)) ï ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ ʧʨʦ ʚʠʜʠ 

ʨʫʡʥʫʚʘʥʥʷ, ʷʢʠʭ ʟʘʟʥʘʻ ʬʦʨʤʘ.  

ɺʪʨʘʪʘ ʪʠʨʘʞʝʩʪʽʡʢʦʩʪʽ, ʷʢ ʟôʷʩʦʚʘʥʦ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ ʨʫʡʥʫʚʘʥʥʷ 

ʩʘʤʝ ɿʇ ʥʽʪʨʠʜʫ ʭʨʦʤʫ, ʥʘʥʝʩʝʥʦʛʦ PVD, ʦʩʢʽʣʴʢʠ ʧʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʚʽʜʥʦʚʣʝʥʥʷ ʬʦʨʤ ï ʾ ʭ ʧʝʨʝʭʨʦʤʫʚʘʥʥʷ (ʨʦʟʭʨʦʤʫʚʘʥʥʷ (ʟʥʷʪʪʷ ʰʘʨʫ ʧʦʢʨʠʪʪʷ 

ʥʽʪʨʠʜʫ ʭʨʦʤʫ) ʽ ʧʦʚʪʦʨʥʦʛʦ ʥʘʥʝʩʝʥʥʷ ɿʇ, ʘʣʝ ʥʝ PVD, ʘ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʤ 
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ʩʧʦʩʦʙʦʤ) ʪʘ ʧʦʚʪʦʨʥʦʛʦ ʤʦʥʪʘʞʫ ʥʘ ʌʎ, ʧʨʠʣʘʛʦʜʞʫʚʘʥʥʷ ʪʘ ʜʨʫʢʫ 

ʚʠʷʚʠʣʦʩʷ, ʱʦ ʪʠʨʘʞʝʩʪʽʡʢʽʩʪʴ ʬʦʨʤ ʟ ʛʘʣʴʚʘʥʽʯʥʠʤ ʧʦʢʨʠʪʪʷʤ ʧʨʘʢʪʠʯʥʦ ʚ 

4,6 ʨʘʟʠ ʚʠʱʝ ï 12000 ʘʨʢ./ʬʦʨʤʫ, ʪʦʜʽ ʷʢ ʜʣʷ PVD ʧʦʢʨʠʪʪʷ ï ʜʦ 2600 

ʘʨʢ./ʬʦʨʤʫ. ʆʪʞʝ, ʤʘʻ ʤʽʩʮʝ ʧʦʚʝʨʭʥʝʚʝ ʨʫʡʥʫʚʘʥʥʷ ʙʘʛʘʪʦʰʘʨʦʚʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ, ʷʢʦʶ ʻ ʣʘʪʫʥʥʘ ʬʦʨʤʘ ʽʟ ɿʇ ʪʘ ʩʠʩʪʝʤʦʶ ɻʐ. 

3.4.1. ɺʠʟʥʘʯʝʥʥʷ ʩʠʣʦʚʠʭ ʚʧʣʠʚʽʚ ʪʘ ʧʨʦʮʝʩʽʚ ʪʝʨʪʷ ʚ ʜʨʫʢʘʨʩʴʢʽʡ 

ʩʝʢʮʽʾ ʤʘʰʠʥ ʽʥʪʘʛʣʽʦʜʨʫʢʫ. 

ʉʭʝʤʘʪʠʯʥʦ ʧʨʦʮʝʩ ɯɼ ʚ ʜʨʫʢʘʨʩʴʢʽʡ ʩʝʢʮʽʾ ʤʘʰʠʥ ʪʠʧʫ KBA Notasys S.A. 

Super-Orlof-Intaglio ʧʦʣʷʛʘʻ ʚ: 1) ʥʘʢʦʯʫʚʘʥʥʽ ʬʘʨʙʠ ʥʘ ʌʎ ʟʽ ʟʙʽʨʥʦʛʦ  

(ʬʘʨʙʦʚʦʛʦ) ʮʠʣʽʥʜʨʘ ʪʘ ʬʘʨʙʦʚʦʛʦ ʮʠʣʽʥʜʨʘ ʜʣʷ ʥʘʥʝʩʝʥʥʷ ʬʘʨʙ ʟʽ 

ʩʧʝʮʽʘʣʴʥʠʤʠ ʟʘʭʠʩʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ; 2) ʩʪʠʨʘʥʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʉɺ ʟʘʡʚʦʾ 

ʬʘʨʙʠ ʟ ʇɽ ʬʦʨʤʠ, ʚʩʪʘʥʦʚʣʝʥʦʾ ʥʘ  ʌʎ; 3) ʧʝʨʝʥʝʩʝʥʥʷ ʬʘʨʙʠ ʥʘ ʧʘʧʽʨ ʚ ɼʂ 

ʬʦʨʤʥʦʛʦ ʽ ʜʨʫʢʘʨʩʴʢʦʛʦ ʮʠʣʽʥʜʨʽʚ (ʨʠʩ. 3.14).  

ʋʪʦʯʥʠʤʦ ʦʩʦʙʣʠʚʦʩʪʽ ɯɼ, ʷʢʽ ʤʦʞʫʪʴ ʩʧʨʠʯʠʥʷʪʠ ʨʫʡʥʫʚʘʥʥʷ ʬʦʨʤ, 

ʙʫʣʦ ʯʘʩʪʢʦʚʦ ʚʞʝ ʦʢʨʝʩʣʝʥʦ ʚʠʱʝ (ʨʦʟʜʽʣ 1) [4]: 

1)  ʅʘʜʟʚʠʯʘʡʥʦ ʚʠʩʦʢʠʡ ʪʠʩʢ ʚ ʟʦʥʽ ʢʦʥʪʘʢʪʫ ʌʎ ʽ ɼʎ [4, 30, 91] 

ʩʧʨʠʯʠʥʷʻ ʥʝ ʣʠʰʝ ʟʥʘʯʥʝ ʫʱʽʣʴʥʝʥʥʷ ʦʩʥʦʚʠ ʙʘʥʢʥʦʪ ʪʘ ʜʦʟʚʦʣʷʻ ʟʘʩʪʦʩʫʚʘʪʠ 

ʚ ʜʠʟʘʡʥʽ ʽ ʟʘʭʠʩʥʠʭ ʝʣʝʤʝʥʪʘʭ ʝʬʝʢʪ ʪʠʩʥʝʥʥʷ, ʘʣʝ ʽ ʻ ʦʩʥʦʚʥʦʶ ʧʨʠʯʠʥʦʶ 

ʨʫʡʥʫʚʘʥʥʷ ʟʘ ʫʤʦʚʠ ʪʨʠʚʘʣʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ɼʌɯ. ʆʢʨʽʤ ʪʦʛʦ, ʚ ʨʦʙʦʪʘʭ [20, 

91-94] ʚʠʟʥʘʯʝʥʦ, ʱʦ ʪʠʩʢ ʚ ɼʂ ʧʨʠʢʣʘʜʘʻʪʴʩʷ ʚʽʜʤʽʥʥʦ ʜʦ ʨʽʟʥʠʭ ʜʽʣʷʥʦʢ 

ʧʘʧʝʨʫ ʫ ʚʟʘʻʤʦʜʽʾ ʟ ɼɽ ʪʘ ʇɽ ʬʦʨʤʠ. ʇʨʠ ʮʴʦʤʫ ʪʠʩʢ ʚ ɼʂ ʥʘ ɼɽ ʻ, ʦʯʝʚʠʜʥʦ, 

ʤʝʥʰʠʤ, ʥʽʞ ʥʘ ʇɽ, ʦʜʥʘʢ, ɼɽ ʧʽʜ ʜʽʻʶ ʪʠʩʢʫ ʜʝʬʦʨʤʫʶʪʴʩʷ ʚ ʥʘʧʨʷʤʢʫ ʜʦ 

ɼʎ, ʟʘʟʥʘʶʯʠ ʜʝʬʦʨʤʘʮʽʡ ʨʦʟʪʷʛʥʝʥʥʷ, ʪʦʜʽ ʷʢ ʇɽ ʟʘʟʥʘʶʪʴ ʜʝʬʦʨʤʘʮʽʡ 

ʩʪʠʩʥʝʥʥʷ. ʉʪʫʧʽʥʴ ʜʝʬʦʨʤʘʮʽʡ, ʷʢʠʭ ʟʘʟʥʘʶʪʴ ʙʽʯʥʽ ʛʨʘʥʽ ɻʐ, ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʧʨʦʬʽʣʶ ʰʪʨʠʭʽʚ (ʪʨʝʧʝʮʽʻʧʦʜʽʙʥʽ, ʯʠ ʧʨʷʤʦʢʫʪʥʽ). ʆʜʥʘʢ, ʟʨʦʟʫʤʽʣʦ, ʱʦ 

ʥʘʧʨʫʞʝʥʥʷ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʫ ʬʦʨʤʘʭ ʷʢ ʯʝʨʝʟ ʜʠʥʘʤʽʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʽʜ ʯʘʩ 

ʨʦʙʦʪʠ, ʪʘʢ ʽ ʯʝʨʝʟ ʢʦʤʧʦʟʠʮʽʡʥʠʡ ʾʭ ʭʘʨʘʢʪʝʨ (ʥʘʷʚʥʽʩʪʴ ʦʩʥʦʚʠ ʽ ʟʘʭʠʩʥʦʛʦ 

ʧʦʢʨʠʪʪʷ) ʩʧʨʠʯʠʥʷʶʪʴ ʧʦʨʫʰʝʥʥʷ ʘʜʛʝʟʽʾ ɿʇ ʜʦ ʦʩʥʦʚʠ ʽ, ʚ ʧʦʜʘʣʴʰʦʤʫ, ʜʦ 

ʧʦʩʪʫʧʦʚʦʛʦ ʨʫʡʥʫʚʘʥʥʷ ʬʦʨʤʠ [4]; 
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ʈʠʩ. 3.14. ɼʨʫʢʘʨʩʴʢʘ ʩʝʢʮʽʷ ʤʘʰʠʥʠ ɯɼ ʟ ʧʦʟʥʘʯʝʥʠʤʠ ʤʽʩʮʷʤʠ ʢʦʥʪʘʢʪʫ ʌʎ ʟ 

ʽʥʰʠʤʠ ʝʣʝʤʝʥʪʘʤʠ: ʂʦʥʪʘʢʪ ɯ ï ʤʽʩʮʝ ʢʦʥʪʘʢʪʫ ʌʎ ʽ ʟʙʽʨʥʦʛʦ  (ʬʘʨʙʦʚʦʛʦ) ʮʠʣʽʥʜʨʘ ʪʘ 

ʬʘʨʙʦʚʦʛʦ ʮʠʣʽʥʜʨʘ ʜʣʷ ʥʘʥʝʩʝʥʥʷ ʬʘʨʙ ʟʽ ʩʧʝʮʽʘʣʴʥʠʤʠ ʟʘʭʠʩʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ;  

ʂʦʥʪʘʢʪ ɯɯ ï ʤʽʩʮʝ ʢʦʥʪʘʢʪʫ ʌʎ ʽ ʉɺ; ʂʦʥʪʘʢʪ ɯɯɯ ï ʤʽʩʮʝ ɼʂ (ʢʦʥʪʘʢʪʫ ʌʎ ʽ ɼʎ). 

 

 2) ʚ ʜʦʩʣʽʜʞʝʥʥʷʭ [20, 91-94] ʪʘ ʧʘʪʝʥʪʘʭ [97ï103]  ʧʦʢʘʟʘʥʦ, ɦ ʦ ʨʝʣʴʻʬ 

ɯɼ (ʬʘʨʙʦʚʠʡ ʰʘʨ ʽ ʧʽʜʬʘʨʙʦʚʠʡ ʨʝʣʴʻʬ), ʬʦʨʤʫʻʪʴʩʷ ʫ ɼʂ ʧʽʜ  ʩʧʽʣʴʥʦʶ ʜʽʻʶ 

ʪʠʩʢʫ ʚ ɼʂ ʪʘ ʧʽʜʚʠʱʝʥʦʾ ʜʦ 80ï85 Üʉ ʪʝʤʧʝʨʘʪʫʨʠ ʌʎ ʽ ʥʘʛʨʽʪʦʾ ʜʦ ʮʽʻʾ ʞ 

ʪʝʤʧʝʨʘʪʫʨʠ ʬʘʨʙʠ [4] ; 

3) ʫ ʙʽʣʴʰʦʩʪʽ ʬʘʨʙ ʜʣʷ ɯɼ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʨʘʜʠʮʽʡʥʫ ʦʩʥʦʚʫ ï ʘʣʢiʜʥʽ 

ʩʤʦʣʠ ʚ ʢʽʣʴʢʦʩʪʽ ʧʨʠʙʣʠʟʥʦ 15ï50% ʚiʜ ʩʢʣʘʜʫ ʬaʨʙʠ [20, 91, 95, 96]. ɸʣʢʽʜʥʽ 

ʩʤʦʣʠ ʤʘʶʪʴ ʩʪʫʧʽʥʴ ʥʝʡʪʨaʣiʟaʮiʾ ʤʽʞ 10ï35% i ʢʠʩʣʦʪʥʝ ʯʠʩʣʦ 30ï110. 

ʌaʨʙʠ ʻ ʧaʩʪʦʧʦʜiʙʥʠʤʠ, ʤʦʞʫʪʴ ʤiʩʪʠʪʠ ʥʝʥaʩʠʯʝʥi ʤaʩʣʷʥi ʢʦʤʧʦʥʝʥʪʠ ʫ 

ʢiʣʴʢʦʩʪi 5ï15%, aʥiʦʥʥʫ ʪa ʥʝiʦʥʦʛʝʥʥʫ ʧʦʚʝʨʭʥʝʚʦ-aʢʪʠʚʥʫ ʨʝʯʦʚʠʥʫ ʚ 

ʢiʣʴʢʦʩʪi 0,5ï12%, i ʦʨʛaʥiʯʥʫ ʙaʛaʪʦʬʫʥʢʮiʦʥaʣʴʥʫ ʦʩʥʦʚʫ ʚ ʢiʣʴʢʦʩʪi 0,5ï

5%, ʚiʜiʙʨaʥʫ ʟ ʛʨʫʧʠ, ʱʦ ʩʢʣaʜaʻʪʴʩʷ ʟ aʤiʥiʚ ʩʧʠʨʪʫ, ʧʦʣiʝʪʠʣʝʥʫ ʪa 

ʦʨʛaʥiʯʥʦʾ ʦʩʥʦʚʠ, ʱʦ ʤaʻ ʪʦʯʢʫ ʢʠʧiʥʥʷ 70ï150Á [97ï99]. ʆʩʥʦʚʥʦʶ 

ʧʝʨʝʚaʛʦʶ ʬaʨʙ ʥa ʦʩʥʦʚi aʣʢiʜʥʠʭ ʩʤʦʣ ʻ ʭʦʨʦʰʝ ʟaʪʚʝʨʜiʥʥʷ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʤʝʭʘʥʽʟʤʦʤ ʦʢʠʩʥʶʚʘʣʴʥʦʾ ʧʦʣʽʤʝʨʠʟʘʮʽʾ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʠʡʥʷʪʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʬʽʟʠʯʥʦʾ i ʭʽʤʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ 
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ʟʘʜʨʫʢʦʚaʥʦʾ ʧʨʦʜʫʢʮʽʾ ʧʽʩʣʷ ʚʠʩʠʭʘʥʥʷ [99]. ɻʦʣʦʚʥʠʡ ʥʝʜʦʣʽʢ ʘʣʢiʜʥʠʭ ʩʤʦʣ 

ʦʢʠʩʥʶʚʘʣʴʥʦʾ ʧʦʣʽʤʝʨʠʟʘʮʽʾ ï ʧʦʚʽʣʴʥʝ ʚʠʩʠʭʘʥʥʷ. ʊʦʤʫ ʟʘʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ  

ʟʥʠʞʝʥʥʶ ʰʚʠʜʢʦʩʪʽ ʜʨʫʢʫʚʘʥʥʷ ʪʘ ʚiʜʤaʨʶʚaʥʥʷ ʬaʨʙʠ ʥa ʟʚʦʨʦʪʥiʡ ʙiʢ 

ʥʘʩʪʫʧʥʦʛʦ ʘʨʢʫʰʘ ʫ ʩʪʦʩʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʝʢʦʣʦʛʽʯʥʦ ʥʝʙʝʟʧʝʯʥʽ ʦʨʛʘʥʽʯʥʽ 

ʨʦʟʯʠʥʥʠʢʠ (VOC ï ʣʝʪʢʽ  ʦʨʛʘʥʽʯʥʽ ʩʧʦʣʫʢʠ) [100]. ʎʝ ʧʦʪʨʝʙʫʻ ʚʽʜ ʫʩʽʭ 

ʝʣʝʤʝʥʪʽʚ ʬʘʨʙʦʚʦʾ ʩʠʩʪʝʤʠ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʚʽʜ ʬʦʨʤ, ʭʽʤʽʯʥʦʾ ʩʪiʡʢʦʩʪʽ ʜʦ ʜiʾ 

aʣʢiʜʥʠʭ i ʚʫʛʣʝʚʦʜʥʝʚʠʭ ʩʧʦʣʫʢ ʜʨʫʢʘʨʩʴʢʠʭ ʬaʨʙ ɯɼ [97, 101];   

4) ʌʦʨʤʘ, ʚʩʪʘʥʦʚʣʝʥʘ ʥʘ ʌʎ, ʟʘʜʣʷ ʦʯʠʱʝʥʥʷ ʇɽ ʚʽʜ ʬʘʨʙʠ ʧʽʜ ʯʘʩ 

ʢʦʞʥʦʛʦ ʦʙʝʨʪʫ ʚʭʦʜʠʪʴ ʚ ʪʨʠʙʦʣʦʛʽʯʥʠʡ ʢʦʥʪʘʢʪ ʟʽ ʉɺ, ʷʢʠʡ, ʜʦ ʪʦʛʦ ʞ, ʤʦʞʝ 

ʤʽʩʪʠʪʠ ʥʘ ʧʦʚʝʨʭʥʽ ʟʘʣʠʰʢʠ ʟʤʠʚʥʦʛʦ ʨʦʟʯʠʥʫ, ʷʢʠʤ ʉɺ ʦʤʠʚʘʻʪʴʩʷ ʧʽʩʣʷ 

ʢʦʞʥʦʛʦ ʢʦʥʪʘʢʪʫ ʟ ʌʎ [102]. ʆʯʠʱʝʥʥʷ ʉɺ ʟʜʽʡʩʥʶʻʪʴʩʷ ʨʦʟʙʘʚʣʝʥʠʤ ʚʦʜʦʶ 

ʨʦʟʯʠʥʦʤ ʢʘʫʩʪʠʯʥʦʾ ʩʦʜʠ, ʱʦ ʤʽʩʪʠʪʴ 0,1ï1 % NaOH, 0,5% ʩʫʣʴʬʦʚʘʥʦʾ 

ʢʘʩʪʦʨʦʚʦʾ ʦʣʽʾ, ʽʥʰʠʭ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ, ʯʠ ʥʘʚʽʪʴ ʯʠʩʪʦʶ ʚʦʜʦʶ 

[102, 103]. 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 3.14, ʢʦʞʥʘ ʟ ʪʦʯʦʢ ʧʦʚʝʨʭʥʽ ʌʎ ʧʽʜ ʯʘʩ ʧʨʦʮʝʩʫ 

ʜʨʫʢʫʚʘʥʥʷ ʮʠʢʣʽʯʥʦ, ʟ ʧʝʨʽʦʜʠʯʥʽʩʪʶ, ʷʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʜʨʫʢʫ, 

ʚʭʦʜʠʪʴ ʚ ʩʠʣʦʚʠʡ, ʪʨʠʙʦʣʦʛʽʯʥʠʡ ʪʘ ʽʥʰʽ ʚʠʜʠ ʢʦʥʪʘʢʪʫ ʟ ʪʘʢʠʤʠ ʦʩʥʦʚʥʠʤʠ 

ʩʢʣʘʜʥʠʢʘʤʠ ʜʨʫʢʘʨʩʴʢʦʾ ʩʝʢʮʽʾ ʚ ʪʘʢʠʭ ʟʦʥʘʭ:  

- ʂʦʥʪʘʢʪ ɯ ï ʤʽʩʮʝ ʢʦʥʪʘʢʪʫ ʌʎ ʽ ʟʙʽʨʥʦʛʦ  (ʬʘʨʙʦʚʦʛʦ) ʮʠʣʽʥʜʨʘ ʪʘ 

ʬʘʨʙʦʚʦʛʦ ʮʠʣʽʥʜʨʘ ʜʣʷ ʥʘʥʝʩʝʥʥʷ ʬʘʨʙ ʟʽ ʩʧʝʮʽʘʣʴʥʠʤʠ ʟʘʭʠʩʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ; - ʂʦʥʪʘʢʪ ɯɯ ï ʤʽʩʮʝ ʢʦʥʪʘʢʪʫ ʌʎ ʽ ʉɺ;  - ʂʦʥʪʘʢʪ ɯɯɯ ï ʤʽʩʮʝ 

ɼʂ (ʢʦʥʪʘʢʪʫ ʌʎ, ɼʎ ʽ ʧʘʧʝʨʫ). 

 ʅʘʩʘʤʧʝʨʝʜ ʧʦʪʨʽʙʥʦ ʟ ʧʦʛʣʷʜʫ ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʮʝʩʽʚ ʟʥʦʰʫʚʘʥʥʷ 

ʨʦʟʛʣʷʥʫʪʠ ʧʠʪʘʥʥʷ ʚʟʘʻʤʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʮʠʣʽʥʜʨʽʚ ʽ ʚʘʣʽʚ ʫ ʟʘʟʥʘʯʝʥʠʭ 

ʢʦʥʪʘʢʪʘʭ. ɺʩʽ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʤʽʱʝʥʥʷ ʧʦʚʝʨʭʦʥʴ ʪʝʨʪʷ ʻ ʩʠʥʭʨʦʥʽʟʦʚʘʥʠʤʠ ʟʘ 

ʰʚʠʜʢʽʩʪʶ. ɿʘ ʢʣʘʩʠʬʽʢʘʮʽʻʶ ʚʠʜʽʚ ʨʫʡʥʫʚʘʥʥʷ ʟʘ ʭʘʨʘʢʪʝʨʦʤ ʩʠʣʦʚʦʛʦ 

ʚʧʣʠʚʫ [104, ʩ.108], ʤʘʻ ʤʽʩʮʝ ʨʫʡʥʫʚʘʥʥʷ ʚʽʜ ʩʧʽʣʴʥʦʾ ʜʽʾ ʜʚʦʭ ʚʠʜʽʚ 

ʥʘʚʘʥʪʘʞʝʥʥʷ: 1) ʩʪʘʪʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦʩʪʽʡʥʦʾ ʜʽʾ; 2) ʮʠʢʣʽʯʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ (ʪʘʙʣ. 3.4).  
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ʊʘʙʣʠʮʷ 3.4. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʠʣʦʚʠʭ ʚʧʣʠʚʽʚ ʚ ʜʨʫʢʘʨʩʴʢʽʡ ʩʠʩʪʝʤʽ ɯɼ. 

 

 ̄ ʊʝʭʥʦʣʦʛʽʯʥʽ 

ʝʪʘʧʠ 

ʍʘʨʘʢʪʝʨ 

ʩʠʣʦʚʦʛʦ 

ʚʧʣʠʚʫ* 

ɺʧʣʠʚ ʝʪʘʧʫ ʥʘ ʬʦʨʤʫ** ʄʦʞʣʠʚʽ ʥʘʩʣʽʜʢʠ 

ʚʧʣʠʚʫ 

1. ɺʩʪʘʥʦʚʣʝʥʥʷ 

ʬʦʨʤʠ ʥʘ 

ʬʦʨʤʥʠʡ ʮʠʣʽʥʜʨ 

/ ʚʠʛʠʥ ʬʦʨʤʠ 

ʉʪʘʪʠʯʥʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʧʦʩʪʽʡʥʦʾ ʜʽʾ 

ɺʠʥʠʢʥʝʥʥʷ ʥʘʧʨʫʞʝʥʴ. 

ʇʨʫʞʥʦ-ʧʣʘʩʪʠʯʥʝ 

ʜʝʬʦʨʤʫʚʘʥʥʷ 

ʙʘʛʘʪʦʰʘʨʦʚʦʾ ʩʪʨʫʢʪʫʨʠ 

ʬʦʨʤʠ.  

ʇʦʨʫʰʝʥʥʷ 

ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ 

ʟʘʭʠʩʥʦʛʦ 

ʧʦʢʨʠʪʪʷ. 

ɺʽʜʰʘʨʫʚʘʥʥʷ 

ʝʣʝʤʝʥʪʽʚ 

ʧʦʢʨʠʪʪʷ. 

2.  ʅʘʢʦʯʫʚʘʥʥʷ 

ʬʘʨʙʠ ʥʘ ʌʎ 

- - - 

3.  ʉʪʠʨʘʥʥʷ ʬʘʨʙʠ ʟ 

ʇɽ ʬʦʨʤʠ 

- - - 

4.  ɺʭʦʜʞʝʥʥʷ ʚ ɼʂ ʎʠʢʣʽʯʥʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ 

(ʣiʥiʡʥʝ 

ʥaʚaʥʪaʞʝʥʥʷ 

ʜʦ 1000 ʢʅ/ʤ) 
 

ʇʨʫʞʥʝ ʜʝʬʦʨʤʫʚʘʥʥʷ 

ʬʦʨʤʠ (ʟ ʯʘʩʦʤ ï ʧʨʫʞʥʦ-

ʧʣʘʩʪʠʯʥʝ, ʧʦʪʽʤ - 

ʧʣʘʩʪʠʯʥʝ). 

ɹʘʛʘʪʦʮʠʢʣʦʚʘ ʚʪʦʤʥʽʩʪʴ 

ʇʦʨʫʰʝʥʥʷ 

ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ 

ʟʘʭʠʩʥʦʛʦ 

ʧʦʢʨʠʪʪʷ.  

ʋʪʚʦʨʝʥʥʷ ʪʨʽʱʠʥ. 

ɺʽʜʰʘʨʫʚʘʥʥʷ 

ʝʣʝʤʝʥʪʽʚ ʧʦʢʨʠʪʪʷ 

ʪʘ ʩʪʽʥʦʢ ʰʪʨʠʭʽʚ. 

ɺʽʜʰʘʨʫʚʘʥʥʷ 

ʧʨʠʧʦʚʝʨʭʥʝʚʠʭ 

ʰʘʨʽʚ ʣʘʪʫʥʽ.  

5.  ʇʝʨʝʭʽʜ ʬʘʨʙʠ ʥʘ 

ʧʘʧʽʨ  

ʎʠʢʣʽʯʥʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ 

(ʣiʥiʡʥʝ 

ʥaʚaʥʪaʞʝʥʥʷ 

ʜʦ 1000 ʢʅ/ʤ) 

ʌʦʨʤʘ ʚ ʥʘʧʨʫʞʝʥʦ-

ʜʝʬʦʨʤʦʚʘʥʦʤʫ ʩʪʘʥʽ. 

ɹʘʛʘʪʦʮʠʢʣʦʚʘ ʚʪʦʤʥʽʩʪʴ 

6.  ɺʠʭʽʜ ʟ  

ʜʨʫʢʘʨʩʴʢʦʛʦ 

ʢʦʥʪʘʢʪʫ 

ʅʫʣʴʦʚʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʮʠʢʣʫ 

ʈʝʣʘʢʩʘʮʽʷ ʥʘʧʨʫʞʝʥʴ. 

ɹʘʛʘʪʦʮʠʢʣʦʚʘ ʚʪʦʤʥʽʩʪʴ 

* - ʜʣʷ ʢʦʞʥʦʛʦ ʥʝʩʢʽʥʯʝʥʥʦ ʤʘʣʦʛʦ ʝʣʝʤʝʥʪʫ ʦʙʦʣʦʥʢʠ (ʬʦʨʤʠ); 

** - ʟ ʧʦʛʣʷʜʫ ʩʠʣʦʚʦʛʦ ʚʧʣʠʚʫ. 

 

ɿ ʧʦʛʣʷʜʫ ʪʝʦʨʽʾ ʧʣʘʩʪʠʥ ʽ ʦʙʦʣʦʥʦʢ [149], ʬʦʨʤʥʘ ʧʣʘʩʪʠʥʘ ʟʘ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʦʞʝ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʦʙʦʣʦʥʢʘ ï 

ʧʣʘʩʢʘ ʜʦ ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʘ ʌʎ ʽ ʮʠʣʽʥʜʨʠʯʥʘ ʧʽʩʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ. ʉʪʘʪʠʯʥʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦʩʪʽʡʥʦʾ ʜʽʾ ʚʠʥʠʢʘʻ ʧʽʜ ʯʘʩ ʤʦʥʪʘʞʫ ʪʨʴʦʭ ʬʦʨʤ ʥʘ ʌʎ, ʱʦ 

ʯʝʨʝʟ ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʮʴʦʛʦ ʚʠʛʠʥ ʬʦʨʤʠ ʩʧʨʠʯʠʥʷʻ ʚʠʥʠʢʥʝʥʥʷ ʜʦʪʠʯʥʠʭ 

(ʤʝʤʙʨʘʥʥʠʭ) ʥʘʧʨʫʞʝʥʴ [149]. ʆʩʢʽʣʴʢʠ ʡʜʝʪʴʩʷ ʧʨʦ ʜʚʦʰʘʨʦʚʫ ʦʙʦʣʦʥʢʫ 

(ɿʇ + ʣʘʪʫʥʥʘ ʦʩʥʦʚʘ), ʨʝʣʘʢʩʘʮʽʷ ʥʘʧʨʫʞʝʥʴ ʫ ʚʽʜʤʽʥʥʠʭ ʟʘ ʤʝʭʘʥʽʯʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʤʘʪʝʨʽʘʣʘʭ  ʩʧʨʠʯʠʥʷʻ ʧʣʘʩʪʠʯʥʫ ʜʝʬʦʨʤʘʮʽʶ ɿʇ ʥʘ ʦʢʨʝʤʠʭ 

ʜʽʣʷʥʢʘʭ (ʨʠʩ. 3.2), ʥʘʩʣʽʜʢʦʤ ʯʦʛʦ ʻ ʧʦʨʫʰʝʥʥʷ ʘʜʛʝʟʽʡʥʦʛʦ ʟôʻʜʥʘʥʥʷ 

ʧʦʢʨʠʪʪʷ ʟ ʣʘʪʫʥʥʦʶ ʦʩʥʦʚʦʶ. ɿʘ ʫʤʦʚʠ ʚʠʩʦʢʦʾ ʘʜʛʝʟʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ ɿʇ, ʷʢʝ 



102 
 

ʤʘʻ ʤʽʩʮʝ ʫ ʛʘʣʴʚʘʥʽʯʥʦ ʥʘʥʝʩʝʥʦʤʫ ʭʨʦʤʦʚʦʤʫ ʰʘʨʽ (ʧʽʜʨʦʟʜ. 3.1) ʨʝʣʘʢʩʘʮʽʷ 

ʪʘʢʠʭ ʤʝʤʙʨʘʥʥʠʭ ʥʘʧʨʫʞʝʥʴ ʥʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʨʫʰʝʥʥʷ ɿʇ. ʊʦʤʫ ʚʥʝʩʦʢ ʫ 

ʧʨʦʮʝʩʠ ʨʫʡʥʫʚʘʥʥʷ ʬʦʨʤʠ ʩʪʘʪʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦʩʪʽʡʥʦʾ ʜʽʾ ʚ 

ʧʦʜʘʣʴʰʦʤʫ ʥʝ ʨʦʟʛʣʷʜʘʻʤʦ ʷʢ ʟʥʘʯʫʱʠʡ ʬʘʢʪʦʨ, ʦʩʢʽʣʴʢʠ ʚʽʥ ʥʝ ʧʨʦʷʚʣʷʻ 

ʩʝʙʝ ʟʘ ʫʤʦʚʠ ʥʘʣʝʞʥʦʾ ʘʜʛʝʟʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ ɿʇ. 

ʎʠʢʣʽʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ɼʌɯ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʨʦʪʷʛʦʤ ʚʩʴʦʛʦ ʯʘʩʫ 

ʜʨʫʢʫʚʘʥʥʷ ʽ ʚ ʧʽʜʩʫʤʢʫ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʚʪʦʤʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ ʬʦʨʤʠ. ʗʢ 

ʧʦʢʘʟʫʶʪʴ ʜʦʩʣʽʜʞʝʥʥʷ (ʧʽʜʨʦʟʜ. 3.1) ʮʝʡ ʚʠʜ ʨʫʡʥʫʚʘʥʥʷ ʪʘʢʦʞ ʧʨʦʷʚʣʷʻʪʴʩʷ 

ʫ ʚʽʜʰʘʨʦʚʫʚʘʥʥʽ ɿʇ (ʨʠʩ. 3.3), ʘʣʝ ʢʨʠʪʠʯʥʝ ʚʽʜʰʘʨʦʚʫʚʘʥʥʷ ɿʇ ʥʘ ʄʌ ʚ ʟʦʥʽ 

ʜʨʫʢʫ ʫ ʨʘʟʽ PVD ʧʦʢʨʠʪʪʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʩʣʷ ʜʨʫʢʫʚʘʥʥʷ ʙʽʣʷ 

2600 ʘʨʢ./ʬʦʨʤʫ, ʫ ʨʘʟʽ ʧʝʨʝʭʨʦʤʫʚʘʥʥʷ ʽ ʛʘʣʴʚʘʥʽʯʥʦʛʦ ʧʦʢʨʠʪʪʷ ï ʧʽʩʣʷ 

ʜʨʫʢʫʚʘʥʥʷ 12000 ʘʨʢ./ʬʦʨʤʫ. ʄʘʻ ʤʽʩʮʝ ʟʥʘʢʦʧʦʩʪʽʡʥʝ ʚʽʜʥʫʣʴʦʚʝ ʮʠʢʣʽʯʥʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ [104, ʩ.131]. 

ʋ ʂʦʥʪʘʢʪʽ ɯ (ʪʘʙʣ. 3.5) ʤʘʻ ʤʽʩʮʝ ʪʝʨʪʷ ʢʦʯʝʥʥʷ ʟʘ ʫʯʘʩʪʶ ʪʨʴʦʭ ʪʚʝʨʜʠʭ 

ʪʽʣ ï ʧʦʚʝʨʭʦʥʴ ʌʎ (ʡʦʛʦ ʇɽ) ʟ ʧʦʚʝʨʭʥʝʶ ʟʙʽʨʥʦʛʦ (ʘʙʦ ʟʙʽʨʥʦʛʦ ʽ ʬʘʨʙʦʚʦʛʦ) 

ʮʠʣʽʥʜʨʘ ʟ ʫʯʘʩʪʶ ʬʘʨʙʠ, ʱʦ ʚʠʢʦʥʫʻ ʷʢ ʟʤʘʱʫʚʘʣʴʥʫ, ʪʘʢ ʽ ʘʙʨʘʟʠʚʥʫ ʜʽʶ 

ʯʝʨʝʟ ʥʘʷʚʥʽʩʪʴ ʚ ʥʽʡ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʪʚʝʨʜʠʭ ʧʽʛʤʝʥʪʽʚ ʪʘ ʢʦʨʦʟʽʡʥʫ ʜʽʶ 

ʯʝʨʝʟ ʥʘʷʚʥʽʩʪʴ ʟʚôʷʟʫʶʯʦʛʦ. ʉʠʣʦʚʘ ʜʽʷ ʚʘʣʽʚ ʚ ʮʴʦʤʫ ʢʦʥʪʘʢʪʽ ʚʽʜʥʦʩʥʦ 

ʥʝʟʥʘʯʥʘ. ɼʨʫʢʫʚʘʣʴʥʽ ʝʣʝʤʝʥʪʠ ʟʘʟʥʘʶʪʴ ʢʦʨʦʟʽʡʥʦʛʦ ʚʧʣʠʚʫ ʬʘʨʙʦʚʦʾ 

ʢʦʤʧʦʟʠʮʽʾ. ʊʘʢʦʞ ʤʘʻ ʤʽʩʮʝ ʪʝʧʣʦʚʠʡ ʚʧʣʠʚ ʥʘʛʨʽʪʦʾ ʜʦ 82ï85Üʉ ʬʘʨʙʠ. 

ʋ ʂʦʥʪʘʢʪʽ ɯɯ (ʪʘʙʣ. 3.5)  ʉɺ ʩʧʨʠʯʠʥʷʻ ʩʫʪʪʻʚʠʡ  ʤʝʭʘʥʽʯʥʠʡ ʨʫʭ ʪʝʨʪʷ 

ʢʦʚʟʘʥʥʷ ʫ ʢʦʥʪʘʢʪʽ ʉɺ ʟ ʇɽ, ʜʝ ʪʨʝʪʽʤ ʪʽʣʦʤ ʪʘʢʦʞ ʚʠʩʪʫʧʘʶʪʴ ʯʘʩʪʠʥʢʠ 

ʧʽʛʤʝʥʪʫ ʬʘʨʙʠ. ʎʝʡ ʚʧʣʠʚ ʧʝʚʥʦʶ ʤʽʨʦʶ ʧʦʰʠʨʶʻʪʴʩʷ ʽ ʥʘ ʧʨʠʧʦʚʝʨʭʥʝʚʫ 

ʯʘʩʪʠʥʫ ɼɽ, ʦʩʦʙʣʠʚʦ ʥʝʚʝʣʠʢʦʾ ʛʣʠʙʠʥʠ ʪʘ ʚʝʣʠʢʦʾ ʰʠʨʠʥʠ, ʱʦ ʥʘ ʜʫʤʢʫ 

ʘʚʪʦʨʽʚ  [49], ʥʘʚʽʪʴ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʥʘʜʤʽʨʥʦʛʦ ʩʪʠʨʘʥʥʷ ʬʘʨʙʠ ʫ ʰʪʨʠʭʘʭ. 

ʆʜʥʘʢ, ʫ ʂʦʥʪʘʢʪʽ ɯɯ ʩʫʪʪʻʚʫ ʨʦʣʴ ʚʽʜʽʛʨʘʻ ʢʦʨʦʟʽʡʥʠʡ ʤʝʭʘʥʽʟʤ 

ʟʥʦʰʫʚʘʥʥʷ ʯʝʨʝʟ ʫʯʘʩʪʴ ʚ ʧʨʦʮʝʩʘʭ ʟʘʣʠʰʢʽʚ ʟʤʠʚʥʦʛʦ ʨʦʟʯʠʥʫ, ʷʢʠʤ ʉɺ 

(ʨʠʩ. 3.14) ʧʦʩʪʽʡʥʦ ʦʤʠʚʘʻʪʴʩʷ ʜʣʷ ʦʯʠʱʝʥʥʷ ʚʽʜ ʬʘʨʙʠ, ʚʠʜʘʣʝʥʦʾ ʟ ʇɽ 

ʬʦʨʤʠ. ʊʘʢʦʞ ʟʙʝʨʽʛʘʻʪʴʩʷ ʪʝʧʣʦʚʠʡ ʚʧʣʠʚ ʥʘʛʨʽʪʦʾ ʜʦ 82ï85ϊʉ ʬʘʨʙʠ ʥʘ ɼɽ, 

ʘʣʝ ʟʤʝʥʰʫʻʪʴʩʷ ʜʣʷ ʇɽ. 
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ɺ ʂʦʥʪʘʢʪʽ ɯɯɯ ʤʝʭʘʥʽʯʥʽ ʩʠʣʦʚʽ ʚʧʣʠʚʠ ʯʝʨʝʟ ʥʘʜʟʚʠʯʘʡʥʦ ʚʠʩʦʢʠʡ ʪʠʩʢ 

ʫ ʢʦʥʪʘʢʪʽ ʻ ʚʠʟʥʘʯʘʣʴʥʠʤʠ ʽ ʪʘʢʠʤʠ, ʱʦ ʦʙʫʤʦʚʣʶʶʪʴ ʩʪʨʫʢʪʫʨʥʽ ʟʤʽʥʠ ʚ 

ʧʨʠʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʘʭ ʩʧʝʨʰʫ ʜʨʫʢʫʚʘʣʴʥʠʭ, ʘ ʧʦʪʽʤ ʽ ʧʨʦʙʽʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʣʦʢʘʣʴʥʠʭ ʤʽʢʨʦʧʣʘʩʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ [104, ʩ.130] ʪʘ ʧʦʩʪʫʧʦʚʦʛʦ 

ʚʠʥʠʢʥʝʥʥʷ ʤʽʢʨʦʪʨʽʱʠʥ, ʧʦʪʽʤ ʪʨʽʱʠʥ ʪʘ ʚʽʜʰʘʨʦʚʫʚʘʥʥʷ ɿʇ (ʧʦʨʫʰʝʥʥʷ 

ʘʜʛʝʟʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ) ʪʘ ʟʘʭʠʩʥʦʛʦ ʧʦʢʨʠʪʪʷ ʟ ʢʦʛʝʟʽʻʶ ʣʘʪʫʥʥʦʾ ʦʩʥʦʚʠ [150]. 

ʄʽʢʨʦʯʘʩʪʢʠ ɿʇ ʚ ʧʦʜʘʣʴʰʦʤʫ ʚʠʩʪʫʧʘʶʪʴ ʷʢ ʪʨʝʪʻ ʪʽʣʦ ʚ ʫʩʽʭ ʪʨʴʦʭ 

ʪʨʠʙʦʣʦʛʽʯʥʠʭ ʢʦʥʪʘʢʪʘʭ, ʯʝʨʝʟ ʚʠʩʦʢʫ ʪʚʝʨʜʽʩʪʴ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʫʶʯʠ 

ʘʙʨʘʟʠʚʥʝ ʪʝʨʪʷ. ɺ ʮʴʦʤʫ ʢʦʥʪʘʢʪʽ ʚ ɼɽ ʟʙʝʨʽʛʘʻʪʴʩʷ ʪʝʧʣʦʚʠʡ ʚʧʣʠʚ ʥʘʛʨʽʪʦʾ 

ʬʘʨʙʠ. ɼʣʷ ʇɽ ʪʘ ʧʨʠʧʦʚʝʨʭʥʝʚʦʾ ʯʘʩʪʠʥʠ ʜʨʫʢʫʚʘʣʴʥʦʛʦ ʜʦʜʘʻʪʴʩʷ  ʘʙʨʘʟʠʚʥʘ 

ʜʽʷ ʧʘʧʝʨʫ ʪʘ ʤʦʞʣʠʚʽ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʽ ʚʧʣʠʚʠ ʯʝʨʝʟ ʮʝ ʪʝʨʪʷ. 

ʅʘ ʜʽʣʷʥʢʘʭ ʨʫʭʫ ʤʽʞ ʢʦʥʪʘʢʪʘʤʠ ɯïɯɯ, ɯɯïɯɯɯ ʽ ɯɯɯïɯ ʥʝʤʘʻ ʜʽʾ ʤʝʭʘʥʽʯʥʠʭ 

ʚʧʣʠʚʽʚ, ʟʙʝʨʽʛʘʻʪʴʩʷ ʪʝʧʣʦʚʘ ʜʽʷ ʥʘ ʬʦʨʤʫ ʥʘʛʨʽʪʦʛʦ ʌʎ. ɺ ʤʽʞʢʦʥʪʘʢʪʥʠʭ 

ʟʦʥʘʭ ʨʫʭʫ ʌʎ ɯïɯɯ ʽ ɯɯ-ïɯɯɯ ʩʫʪʪʻʚʠʤ ʻ ʭʽʤʽʯʥʠʡ ʚʧʣʠʚ ʥʘʥʝʩʝʥʦʾ ʥʘ ʇɽ ʽ ɼɽ 

ʬʘʨʙʠ (ɯïɯɯ) ʪʘ ʬʘʨʙʠ ʚ ɼɽ ʽ ʩʣʽʜʽʚ ʟʤʠʚʥʦʛʦ ʨʦʟʯʠʥʫ ʥʘ ʇɽ (ɯɯïɯɯɯ). 

ʏʝʨʝʟ ʮʠʢʣʽʯʥʠʡ ʭʘʨʘʢʪʝʨ ʚʩʽʭ ʢʦʥʪʘʢʪʽʚ ʽ ʚʧʣʠʚʽʚ ʧʨʦʮʝʩʠ ʟʥʦʰʫʚʘʥʥʷ 

ʬʦʨʤʠ ʤʘʻ ʤʽʩʮʝ ʝʬʝʢʪ ʩʠʥʝʨʛʽʾ, ʱʦ ʚʽʜʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 3.15, ʜʝ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʽʥʪʝʛʨʘʣʴʥʫ ʤʦʜʝʣʴ ʬʦʨʤʫʚʘʥʥʷ ʟʥʦʰʝʥʦʩʪʽ ʬʦʨʤʠ. 

ʆʪʞʝ, ʨʫʡʥʫʚʘʥʥʷ ɼʌɯ ʩʧʨʠʯʠʥʷʻ ʥʠʟʢʘ ʬʘʢʪʦʨʽʚ ʨʽʟʥʦʤʘʥʽʪʥʦʾ ʧʨʠʨʦʜʠ 

[4], ʷʢʽ ʜʽʶʪʴ ʩʧʽʣʴʥʦ ʪʘ ʮʠʢʣʽʯʥʦ, ʩʧʨʠʯʠʥʷʶʯʠ ʚʪʦʤʥʝ ʨʫʡʥʫʚʘʥʥʷ [104] 

ʬʦʨʤ: 

1) ʄʝʭʘʥʽʯʥʽ ʬʘʢʪʦʨʠ ï ʥʘʜʟʚʠʯʘʡʥʦ ʚʠʩʦʢʠʡ ʮʠʢʣʽʯʥʠʡ ʪʠʩʢ ʫ ɼʂ; 

ʥʝʦʜʥʘʢʦʚʘ ʜʽʷ ʟʘʟʥʘʯʝʥʦʛʦ ʪʠʩʢʫ ʥʘ ɼɽ ʪʘ ʇɽ ʬʦʨʤ, ʱʦ ʩʧʨʠʯʠʥʷʻ ʜʝʬʦʨʤʘʮʽʾ 

ʩʪʠʩʥʝʥʥʷ ʽ ʨʦʟʪʷʛʫʚʘʥʥʷ ʥʘ ʨʽʟʥʠʭ ʜʽʣʷʥʢʘʭ ʬʦʨʤʠ; ʮʠʢʣʽʯʥʠʡ ʪʨʠʙʦʣʦʛʽʯʥʠʡ 

ʢʦʥʪʘʢʪ ʟʽ ʉɺ, ʱʦ ʚʠʢʣʠʢʘʻ ʧʦʩʪʫʧʦʚʝ ʨʫʡʥʫʚʘʥʥʷ ɿʇ; ʥʘʧʨʫʛʠ, ʷʢʽ ʻ 

ʭʘʨʘʢʪʝʨʥʠʤʠ ʜʣʷ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʩʪʨʫʢʪʫʨ (ʟʘʭʠʩʥʝ ʥʽʪʨʠʜ-ʭʨʦʤʦʚʝ ʧʦʢʨʠʪʪʷ 

ï ʣʘʪʫʥʥʘ ʦʩʥʦʚʘ); ʤʦʞʣʠʚʝ ʟʥʝʤʽʮʥʝʥʥʷ ʧʨʠʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʣʘʪʫʥʥʦʾ 

ʦʩʥʦʚʠ ʧʽʜ ʯʘʩ ʣʘʟʝʨʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ [4]; 
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ʊʘʙʣʠʮʷ 3.5. ɸʥʘʣʽʟ ʧʨʦʮʝʩʽʚ ʪʝʨʪʷ ʚ ʜʨʫʢʘʨʩʴʢʽʡ ʩʠʩʪʝʤʽ ʽʥʪʘʛʣʽʦʜʨʫʢʫ. 
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ɯ ʇʈ ɿʙʽʨʥʠʡ 

(ʬʘʨʙʦʚʠʡ) 

ʮʠʣʽʥʜʨ 

ʆʜʥʘʢʦʚʠʡ ʂʦʯʝʥ-

ʥ ̫

ʌʘʨʙʘ (ʩʣʽʜʠ) + + +++ ++++ - 

ʏʘʩʪʢʠ 

ʚʽʜʰʘʨʦ-

ʚʘʥʦʛʦ 

ʧʦʢʨʠʪʪʷ 

ʽ  

ʯʘʩʪʢʠ 

ʚʽʜʰʘʨʦ-

ʚʘʥʠʭ 

ʩʪʽʥʦʢ 

ʰʪʨʠʭʽʚ 

ɼʈ ʂʦʯʝʥ-

ʥʷ** 

ʌʘʨʙʘ + - +++ ++++ - 

ɯ-ɯɯ ʇʈ ɹʝʟʢʦʥʪʘʢʪ-

ʥʠʡ ʨʫʭ 

- - ʌʘʨʙʘ - - +++ ++++ - 

ɼʈ ʌʘʨʙʘ - - +++ ++++ - 

ɯɯ ʇʈ ʉʪʨʠʨʘʣʴʥʠʡ 

ʚʘʣ 

ʇʨʦʪʠʣʝʞʥʠʡ ʂʦʚʟʘʥ-
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(ʩʣʽʜʠ) 

+ ++++ ++++ ++++ - 

ɼʈ ʂʦʚʟʘʥ-

ʥʷ** 

ʌʘʨʙʘ + + +++ ++++ - 

ɯɯ-ɯɯɯ ʇʈ ɹʝʟʢʦʥʪʘʢʪ-

ʥʠʡ ʨʫʭ 

- - ʌʘʨʙʘ, ʟʤʠʚʥʠʡ ʨʦʟʯʠʥ 

(ʩʣʽʜʠ) 

- - ++++ ++++ - 

ɼʈ ʌʘʨʙʘ - - +++ ++++ - 

ɯɯɯ ʇʈ ɼʨʫʢʘʨʩʴʢʠʡ 

ʮʠʣʽʥʜʨ 

ʆʜʥʘʢʦʚʠʡ ʂʦʯʝʥ-

ʥ ̫

ʌʘʨʙʘ (ʩʣʽʜʠ, ʰʧʨʠʮʶʚʘʥʥʷ), 

ʧʘʧʽʨ 

++++ ++ + ++++ + 

ɼʈ ʂʦʯʝʥ-

ʥʷ** 

ʌʘʨʙʘ, ʧʘʧʽʨ (ʚ ʤʝʞʘʭ 

ʪʠʩʥʝʥʥʷ ʧʘʧʝʨʫ ʚ ʰʪʨʠʭ) 

++++ ++ +++ ++++ + 

ɯɯɯ-ɯ ʇʈ ɹʝʟʢʦʥʪʘʢʪ-

ʥʠʡ ʨʫʭ 

- - - - - - ++++ - 

ɼʈ ʌʘʨʙʘ (ʩʣʽʜʠ) - - + ++++ - 

* - ʇʈ ï ʧʨʦʙʽʣʴʥʠʡ ʝʣʝʤʝʥʪ, ɼʈ ï ʜʨʫʢʫʚʘʣʴʥʠʡ ʝʣʝʤʝʥʪ; 

** - ʧʨʠʧʦʚʝʨʭʥʝʚʽ ʰʘʨʠ; 

*** - ʧʦʟʥʘʯʝʥʦ ʩʠʣʫ ʚʧʣʠʚʫ  ʧʝʚʥʦʛʦ ʚʠʜʫ, ʜʝ   ʟʥʘʢʦʤ ç-è ʧʦʟʥʘʯʝʥʦ ʧʨʘʢʪʠʯʥʘ ʚʽʜʩʫʪʥʽʩʪʴ  ʮʴʦʛʦ ʚʠʜʫ ʚʧʣʠʚʫ,  ç+è - ʥʘʷʚʥʽʩʪʴ ʚʧʣʠʚʫ 

ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ ʥʘʡʤʝʥʰʦʾ ʟʥʘʯʫʱʦʩʪʽ (+) ʜʦ ʥʘʡʙʽʣʴʰʦʾ (++++). 
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ʈʠʩ. 3.15. ɯʥʪʝʛʨʘʣʴʥʘ ʬʝʥʦʤʝʥʦʣʦʛʽʯʥʘ ʤʦʜʝʣʴ ʬʦʨʤʫʚʘʥʥʷ ʟʥʦʰʝʥʦʩʪʽ ɼʌɯ. ʊʫʪ 

ʧʦʟʥʘʯʝʥʦ: ɿʌʎ ï ʟʙʽʨʥʠʡ (ʬʘʨʙʦʚʠʡ) ʮʠʣʽʥʜʨ; ʂ ɯ, ʂ ɯɯ, ʂ ɯɯɯ ï ʢʦʥʪʘʢʪ ɯ, ɯɯ, ɯɯɯ, ʚʽʜʧʦʚʽʜʥʦ. 

ɺʧʣʠʚ ʪʘ ʟʥʘʯʫʱʽʩʪʴ ʜʽʶʯʠʭ ʬʘʢʪʦʨʽʚ ʜʣʷ ɼɽ ʥʘʚʝʜʝʥʦ ʚʩʝʨʝʜʠʥʽ ʫʤʦʚʥʦʛʦ ʬʦʨʤʥʦʛʦ 

ʮʠʣʽʥʜʨʘ, ʜʣʷ ʇɽ ï ʟʟʦʚʥʽ ʌʎ. ɺʧʣʠʚʠ ʚ ʢʦʥʪʘʢʪʘʭ ʥʘʚʝʜʝʥʦ ʥʘ ʪʣʽ ʚʽʜʧʦʚʽʜʥʠʭ ʚʘʣʽʚ ʽ 

ʮʠʣʽʥʜʨʽʚ ʜʣʷ ʇɽ ʽ ʚʩʝʨʝʜʠʥʽ ʫʤʦʚʥʦʛʦ ʌʎ ï ʜʣʷ ɼɽ. 

 

2) ʍʽʤʽʯʥʽ ʬʘʢʪʦʨʠ ï ʧʦʩʪʽʡʥʠʡ ʢʦʥʪʘʢʪ ʬʦʨʤʠ ʟ ʭʽʤʽʯʥʠʤʠ 

ʩʧʦʣʫʢʘʤʠ ʨʽʜʢʦʛʦ ʪʘ ʛʘʟʦʧʦʜʽʙʥʦʛʦ ʚʠʜʫ ï ʬʘʨʙʘʤʠ ʪʘ ʟʤʠʚʥʠʤʠ ʨʦʟʯʠʥʘʤʠ, 

ʱʦ ʩʧʨʠʷʶʪʴ ʦʢʠʩʥʶʚʘʣʴʥʽʡ ʨʫʡʥʘʮʽʾ [4]; 

3) ʊʝʧʣʦʚʠʡ ʚʧʣʠʚ ï ʮʠʢʣʽʯʥʠʡ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʛʨʘʜʽʻʥʪ ʯʝʨʝʟ 

ʢʦʥʪʘʢʪ ʟ ʌʎ ʪʘ ʥʘʛʨʽʪʦʶ ʬʘʨʙʦʶ [4]; 

4) ɽʣʝʢʪʨʦʤʘʛʥʽʪʥʠʡ ʚʧʣʠʚ ʯʝʨʝʟ ʪʝʨʪʷ ʧʘʧʝʨʫ ʚ ɼʂ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʽʜ ʯʘʩ ʜʨʫʢʘʨʩʴʢʦʛʦ ʧʨʦʮʝʩʫ ɯɼ ʤʘʻ ʤʽʩʮʝ ʚʪʦʤʥʝ 

ʟʥʦʰʝʥʥʷ ʯʝʨʝʟ ʮʠʢʣʽʯʥʽ ʤʝʭʘʥʽʯʥʽ ʚʧʣʠʚʠ ʩʠʣʦʚʦʛʦ ʭʘʨʘʢʪʝʨʫ ʪʘ ʪʝʨʪʷ, ʱʦ 

ʩʧʨʠʯʠʥʷʶʪʴ ʢʨʠʭʢʝ ʨʫʡʥʫʚʘʥʥʷ ʟʘʭʠʩʥʦʛʦ ʧʦʢʨʠʪʪʷ ʪʘ ʧʨʠʧʦʚʝʨʭʥʝʚʠʭ 

ʰʘʨʽʚ ʣʘʪʫʥʥʦʾ ʦʩʥʦʚʠ ɻʐ, ʷʢʝ ʧʦʩʠʣʶʻʪʴʩʷ ʜʽʻʶ ʘʛʨʝʩʠʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

(ʭʽʤʽʯʥʠʤʠ ʚʧʣʠʚʘʤʠ) ʪʘ ʧʦʩʪʽʡʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʧʣʠʚʫ. ɺ ɼʂ ʜʦʜʘʻʪʴʩʷ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʡ ʚʧʣʠʚ ʯʝʨʝʟ ʤʦʞʣʠʚʝ ʚʠʥʠʢʥʝʥʥʷ ʧʦʣʷʨʠʟʘʮʽʾ ʚʥʘʩʣʽʜʦʢ 

ʪʝʨʪʷ ʧʘʧʝʨʫ ʟ ʮʠʣʽʥʜʨʘʤʠ.  
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3.4.2. ɺʩʪʘʥʦʚʣʝʥʥ ̫ ʤʝʭʘʥʽʟʤʽʚ ʟʥʦʰʝʥʥʷ ʚ ʜʨʫʢʘʨʩʴʢʽʡ ʩʠʩʪʝʤʽ 

ʽʥʪʘʛʣʽʦʜʨʫʢʫ ʪʘ ʧʦʨʫʰʝʥʥʷ ʘʜʛʝʟʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ ʟʘʭʠʩʥʦʛʦ ʧʦʢʨʠʪʪʷ.  

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʧʨʦʮʝʩʽʚ ʚ ʫʩʽʭ ʩʢʣʘʜʥʠʢʘʭ ʜʨʫʢʘʨʩʴʢʦʾ ʩʝʢʮʽʾ ɯɼ, 

ʫʟʘʛʘʣʴʥʝʥʠʡ ʚ ʽʥʪʝʛʨʘʣʴʥʽʡ ʤʦʜʝʣʽ ʬʦʨʤʫʚʘʥʥʷ ʟʥʦʰʝʥʦʩʪʽ ʬʦʨʤʠ (ʨʠʩ. 3.15), 

ʜʦʟʚʦʣʷʻ ʚʠʦʢʨʝʤʠʪʠ ʪʽ ʚʠʜʠ ʟʥʦʰʫʚʘʥʥʷ ʟʘ ɼʉʊʋ 2823-94 [151], ʷʢʽ 

ʩʧʨʠʯʠʥʝʥʽ ʥʘʚʝʜʝʥʠʤʠ ʚʧʣʠʚʘʶʯʠʤʠ  ʬʘʢʪʦʨʘʤʠ (ʪʘʙʣ. 3.6).   

ɿ ʨʝʟʫʣʴʪʘʪʽʚ ʘʥʘʣʽʟʫ ʚʠʜʥʦ, ʱʦ ʧʝʨʝʚʘʞʥʠʤ ʚʠʜʦʤ ʟʥʦʰʫʚʘʥʥʷ, ʷʢʠʡ 

ʤʘʻ ʤʽʩʮʝ ʚ ʫʩʽʭ ʜʽʣʷʥʢʘʭ ʢʦʥʪʘʢʪʫ ʪʘ ʜʽʷ ʷʢʦʛʦ ʧʨʦʜʦʚʞʫʻʪʴʩʷ ʚ ʙʝʟʢʦʥʪʘʢʪʥʠʭ 

ʦʙʣʘʩʪʷʭ ʨʫʢʫ ʌʎ, ʻ ʤʝʭʘʥʦʭʽʤʽʯʥʝ ʟʥʦʰʫʚʘʥʥʷ, ʷʢʝ ʬʦʨʤʫʻ ʟʥʦʩ ɼʌɯ ʷʢ 

ʦʩʥʦʚʥʠʡ ʧʨʦʮʝʩ  ʯʠ ʜʦʜʘʪʢʦʚʠʡ ʧʨʦʮʝʩ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʮʠʢʣʫ ʦʙʝʨʪʘʥʥʷ ʌʎ. 

ʄʦʞʥʘ ʧʦʛʦʜʠʪʠʩʷ ʟ ʚʠʩʥʦʚʢʘʤʠ ˇʨʫʥʪʦʚʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ [113], ʱʦ ʦʩʥʦʚʥʠʤ 

ʚʠʜʦʤ ʟʥʦʰʫʚʘʥʥʷ ʚ ʢʦʥʪʘʢʪʽ ʉɺ ʽ ʬʦʨʤʠ, ʚʩʪʘʥʦʚʣʝʥʦʾ ʥʘ ʌʎ, ʻ ʘʙʨʘʟʠʚʥʠʡ. 

ʆʜʥʘʢ, ʪʫʪ ʚʘʨʪʦ ʚʨʘʭʦʚʫʚʘʪʠ ʥʝ ʣʠʰʝ  ʬʘʨʙʦʚʽ ʧʽʛʤʝʥʪʠ ʷʢ ʜʦʜʘʪʢʦʚʝ ʪʨʝʪʻ 

ʪʽʣʦ, ʘʣʝ ʡ ʯʘʩʪʢʠ ʚʽʜʰʘʨʦʚʘʥʦʛʦ ɿʇ ʽ ʯʘʩʪʢʠ ʚʽʜʰʘʨʦʚʘʥʠʭ ʩʪʽʥʦʢ ɻʐ.   

ɺʠʜʥʦ, ʱʦ ʥʘʡʩʢʣʘʜʥʽʰʽ ʚʟʘʻʤʦʜʽʾ ʽ ʧʨʦʮʝʩʠ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʂʦʥʪʘʢʪʽ ɯɯɯ, 

ʜʝ ʦʩʥʦʚʥʠʤ ʚʠʜʦʤ ʟʥʦʰʝʥʥʷ ʻ ʚʪʦʤʥʝ, ʷʢʝ ʚʠʥʠʢʘʻ ʚ ʫʤʦʚʘʭ ʙʘʛʘʪʦʨʘʟʦʚʦʛʦ 

ʜʝʬʦʨʤʫʚʘʥʥʷ ʤʽʢʨʦʦʙ'ʻʤʽʚ ʤʘʪʝʨʽʘʣʫ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ [151]. ʊʘʢʝ ʚʪʦʤʥʝ 

ʟʥʦʰʫʚʘʥʥʷ, ʱʦ ʚʠʥʠʢʘʻ ʯʝʨʝʟ ʟʥʘʢʦʧʦʩʪʽʡʥʝ ʚʽʜʥʫʣʴʦʚʝ ʮʠʢʣʽʯʥʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ɼʂ, ʻ ʦʩʥʦʚʥʦʶ ʧʨʠʯʠʥʦʶ ʫʪʚʦʨʝʥʥʷ ʤʽʢʨʦʪʨʽʱʠʥ ʚ ɼɽ. ʊʦʡ 

ʬʘʢʪ, ʱʦ ʚʽʜʰʘʨʫʚʘʥʥʷ ɿʇ ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʘʤʝ ʫ ɼɽ ʧʽʜʪʚʝʨʜʞʝʥʦ ʥʘʤʠ (ʧʽʜʨʦʟʜ 

3.1, ʨʠʩ. 3.3), ʘ ʪʘʢʦʞ ʫ ʜʦʩʣʽʜʞʝʥʥʷʭ [69, 71]. 

ʄʽʢʨʦʪʨʽʱʠʥʠ, ʚʨʘʭʦʚʫʶʯʠ ʥʘʷʚʥʽʩʪʴ ʫʩʽʭ ʚʠʜʽʚ ʚʧʣʠʚʫ ʚ ɼʂ (ʪʘʙʣ. 3.5, 

3.6), ʷʢʽ ʩʧʨʠʷʶʪʴ ʜʦʜʘʪʢʦʚʠʤ ʚʠʜʘʤ ʟʥʦʰʝʥʥʷ ï ʤʝʭʘʥʦʭʽʤʽʯʥʦʛʦ (ʯʝʨʝʟ 

ʚʟʘʻʤʦʜʽʶ ʟ ʬʘʨʙʦʶ ʽ ʾʾ ʘʛʨʝʩʠʚʥʠʤʠ ʩʧʦʣʫʢʘʤʠ), ʚ ʪʦʤʫ ʯʠʩʣʽ ʬʨʝʪʠʥʛ-

ʢʦʨʦʟʽʡʥʦʛʦ, ʝʣʝʢʪʨʦʝʨʦʟʽʡʥʦʛʦ ʪʘ ʘʙʨʘʟʠʚʥʦʛʦ (ʯʝʨʝʟ ʚʟʘʻʤʦʜʽʶ ʟ ʧʘʧʝʨʦʤ) ï 

ʧʦʩʪʫʧʦʚʦ ʟʙʽʣʴʰʫʶʪʴʩʷ, ʚʠʢʣʠʢʘʶʯʠ ʨʫʡʥʫʚʘʥʥʷ, ʥʘʩʘʤʧʝʨʝʜ, ɿʇ. 

ʗʢ ʟʘʟʥʘʯʝʥʦ ʘʚʪʦʨʘʤʠ [152], çʨʫʡʥʫʚʘʥʥʷ ʧʦʚʝʨʭʦʥʴ ʧʨʠ ʚʪʦʤʥʠʭ 

ʧʦʰʢʦʜʞʝʥʥʷʭ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʥʠʢʥʝʥʥʷʤ ʤʽʢʨʦʪʨʽʱʠʥ, ʦʜʠʥʠʯʥʠʭ ʽ 

ʛʨʫʧʦʚʠʭ ʚʧʘʜʠʥ é ʧʨʦʮʝʩ ʚʪʦʤʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ ʩʪʘʻ ʧʝʨʝʚʘʞʘʶʯʠʤè. ʎʽ ʞ 

ʘʚʪʦʨʠ ʦʧʠʩʫʶʪʴ ʨʦʟʚʠʪʦʢ ʚʪʦʤʥʠʭ ʪʨʽʱʠʥ, ʢʦʣʠ ʚʦʥʠ, ʙʝʨʫʯʠ ʧʦʯʘʪʦʢ ʥʘ 
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ʧʦʚʝʨʭʥʽ,  ʚʭʦʜʷʪʴ ʫ ʛʣʠʙʠʥʫ, ʫʪʚʦʨʶʶʪʴ ʩʽʪʢʫ, ʘ ʥʘ ʧʽʟʥʽʡ ʬʘʟʽ ʟʤʽʥʶʶʪʴ ʩʚʽʡ 

ʥʘʧʨʷʤʦʢ, ʯʝʨʝʟ ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʽʜʦʢʨʝʤʣʝʥʥʷ ʜʽʣʷʥʦʢ ʧʦʚʝʨʭʥʝʚʦʛʦ ʪʘ 

ʧʨʠʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ. ʆʪʞʝ, ʯʘʩʪʢʠ ʚʽʜʰʘʨʦʚʘʥʦʛʦ ɿʇ ʽ ʯʘʩʪʢʠ ʚʽʜʰʘʨʦʚʘʥʠʭ 

ʩʪʽʥʦʢ ɻʐ ʩʪʘʶʪʴ ʚ ʧʦʜʘʣʴʰʦʤʫ ʯʘʩʪʠʥʦʶ ʪʨʠʙʦʣʦʛʽʯʥʠʭ ʢʦʥʪʘʢʪʽʚ, ʩʫʪʪʻʚʦ 

ʧʽʜʩʠʣʶʶʯʠ ʚʞʝ ʘʙʨʘʟʠʚʥʝ ʟʥʦʰʝʥʥʷ ʚ ʂʦʥʪʘʢʪʽ ɯɯ. 

ɹʫʜʦʚʘ ʚʪʦʤʥʠʭ ʟʣʘʤʽʚ ʟʘʣʝʞʘʪʴ ʥʝ ʣʠʰʝ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʮʠʢʣʽʯʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʘʣʝ ʡ [104] çʦʧʦʨʫ ʨʦʟʚʠʪʢʫ ʪʨʽʱʠʥ ʦʙʫʤʦʚʣʝʥʦʛʦ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʤʘʪʝʨʽʘʣʫ, ʩʪʘʥʘʤ ʧʦʚʝʨʭʥʽ, éʥʘʷʚʥʽʩʪʶ ʢʦʥʮʝʥʪʨʘʪʦʨʽʚ 

ʥʘʧʨʫʞʝʥʴè. ʊʘʤ ʞʝ ʩʪʚʝʨʜʞʫʻʪʴʩʷ, ʱʦ çʩʪʘʥ ʧʦʚʝʨʭʥʽ, ʾʾ ʷʢʽʩʪʴé.ʤʦʞʫʪʴ 

ʙʫʪʠ ʧʨʠʯʠʥʦʶ ʚʠʧʘʜʢʦʚʠʭ ʚʽʜʭʠʣʝʥʴ ʫ ʟʥʘʯʝʥʥʷʭ ʛʨʘʥʠʮʽ ʚʠʪʨʠʚʘʣʦʩʪʽé. 

ɺʪʦʤʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ é, ʷʢʽ ʧʽʜʜʘʶʪʴʩʷ ʜʽʾ ʮʠʢʣʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, 

ʥʦʩʷʪʴ ʽʤʦʚʽʨʥʽʩʥʠʡ ʭʘʨʘʢʪʝʨè, ʽ çʧʨʦʮʝʩʠ ʥʘʛʨʦʤʘʜʞʝʥʥʷ ʚʪʦʤʥʠʭ 

ʫʰʢʦʜʞʝʥʴéʪʽʩʥʦ ʧʦʚôʷʟʘʥʽ ʟʽ ʩʪʨʫʢʪʫʨʥʦʶ ʥʝʦʜʥʦʨʽʜʥʽʩʪʶ ʤʘʪʝʨʽʘʣʫ ʽ 

ʣʦʢʘʣʴʥʽʩʪʶ ʜʞʝʨʝʣ ʚʪʦʤʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷè [104]. ʎʝʡ ʞʝ ʘʚʪʦʨ ʚʠʦʢʨʝʤʣʶʻ 

ʨʦʣʴ ʦʩʥʦʚʥʠʭ ʬʘʢʪʦʨʽʚ ʨʫʡʥʫʚʘʥʥʷ ï ʚʧʣʠʚ ʧʦʚʝʨʭʥʽ, ʢʦʥʩʪʨʫʢʪʠʚʥʽ 

ʧʘʨʘʤʝʪʨʠ, ʤʘʩʰʪʘʙʥʠʡ ʝʬʝʢʪ ʪʘ ʫʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ [104].  

ʅʘ ʨʦʣʽ ʢʦʥʮʝʥʪʨʘʪʦʨʽʚ ʥʘʧʨʫʞʝʥʴ ʚ ʨʦʟʚʠʪʢʫ ʚʪʦʤʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ 

ʥʘʛʦʣʦʰʝʥʦ ʽ ʘʚʪʦʨʘʤʠ [153]. ɸʚʪʦʨʠ [154] ʪʘʢʦʞ ʩʪʚʝʨʜʞʫʶʪʴ, ʱʦ  ʧʦʷʚʘ 

ʚʥʫʪʨʽʰʥʽʭ ʥʘʧʨʫʞʝʥʴ ʚ ʛʝʪʝʨʦʩʠʩʪʝʤʘʭ (ʷʢʦʶ, ʙʝʟʧʝʨʝʯʥʦ, ʻ ʙʘʛʘʪʦʰʘʨʦʚʘ 

ʢʦʤʧʦʟʠʮʽʷ ʣʘʪʫʥʴ ï ɿʇ) ʟʫʤʦʚʣʝʥʘ ʨʽʟʥʠʤʠ ʯʠʥʥʠʢʘʤʠ, ʚ ʪʦʤʫ ʯʠʩʣʽ 

ʥʘʷʚʥʽʩʪʶ ʚ ʧʦʢʨʠʪʪʽ ʪʘ ʧʽʜʢʣʘʜʠʥʮʽ ʜʝʬʝʢʪʽʚ ʩʪʨʫʢʪʫʨʠ.  

ʁʤʦʚʽʨʥʽʩʥʠʡ ʧʽʜʭʽʜ ʜʦ ʘʥʘʣʽʟʫ ʤʽʮʥʦʩʪʽ ʧʦʚʥʽʩʪʶ ʧʽʜʪʨʠʤʫʶʪʴ ʘʚʪʦʨʠ  

[155], ʷʢʽ ʜʦ ʪʦʛʦ ʞ ʟʘʫʚʘʞʫʶʪʴ, ʱʦ ʥʝʨʽʚʥʦʩʪʽ ʥʘ ʧʦʚʝʨʭʥʽ ʩʫʪʪʻʚʦ ʟʥʠʞʫʶʪʴ 

ʦʧʽʨ ʚʪʦʤʣʝʥʦʩʪʽ ʜʝʪʘʣʝʡ. ʊʘʢʠʤʠ ʥʝʨʽʚʥʦʩʪʷʤʠ ʥʘ ʬʦʨʤʘʭ ʻ ɻʐ ʨʽʟʥʦʾ ʬʦʨʤʠ 

ʪʘ ʨʦʟʤʽʨʫ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʯʫʪʣʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʜʦ ʢʦʥʮʝʥʪʨʘʪʦʨʽʚ ʥʘʧʨʫʞʝʥʴ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʦʢʘʟʥʠʢ ὑ  ï ʝʬʝʢʪʠʚʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʥʘʧʨʫʞʝʥʴ [104, 153, 155]: 
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ʊʘʙʣʠʮʷ 3.6. ɺʩʪʘʥʦʚʣʝʥʽ ʤʝʭʘʥʽʟʤʠ ʟʥʦʰʝʥʥʷ ʚ ʜʨʫʢʘʨʩʴʢʽʡ ʩʠʩʪʝʤʽ ʽʥʪʘʛʣʽʦʜʨʫʢʫ. 

ʂ
ʦ
ʥ
ʪ
ʘ
ʢ
ʪ

 

ɽʣʝʤʝʥʪ 

ʬʦʨʤʠ* 

ʂʦʥʪʘʢʪ 

ʬʦʨʤʥʦʛʦ 

ʮʠʣʽʥʜʨʘ  

ɸʛʝʥʪʠ ʚ ʪʨʠʙʦʣʦʛʽʯʥʦʤʫ 

ʢʦʥʪʘʢʪʽ ʪʘ ʤʽʞʢʦʥʪʘʢʪʥʦʤʫ 

ʨʫʩʽ 

ɺʧʣʠʚʠ ʥʘ ʬʦʨʤʫ *** ɺʠʜ ʟʥʦʰʫʚʘʥʥʷ (ʟʘ ɼʉʊʋ 

2823-94 ) 
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ʆʩʥʦʚʥʠʡ  ɼʦʜʘʪʢʦʚʠʡ 

ɯ ʇɽ ɿʙʽʨʥʠʡ 

(ʬʘʨʙʦʚʠʡ) 

ʮʠʣʽʥʜʨ 

ʌʘʨʙʘ (ʩʣʽʜʠ), ʯʘʩʪʢʠ 

ʚʽʜʰʘʨʦʚʘʥʦʛʦ ʧʦʢʨʠʪʪʷ ʽ  

ʯʘʩʪʢʠ ʚʽʜʰʘʨʦʚʘʥʠʭ ʩʪʽʥʦʢ 

ʰʪʨʠʭʽʚ (ʏʇ) 

+ + +++ ++++ - ʄʝʭʘʥʦʭʽ-

ʤʽʯʥʝ 

ɸʙʨʘʟʠʚʥʝ 

ɼɽ ʌʘʨʙʘ, ʏʇ + - +++ ++++ - ɸʙʨʘʟʠʚʥʝ 

ɯ-ɯɯ ʇɽ ɹʝʟʢʦʥʪʘʢʪ-

ʥʠʡ ʨʫʭ 

ʌʘʨʙʘ, ʏʇ - - +++ ++++ - 

ɼɽ ʌʘʨʙʘ, ʏʇ - - +++ ++++ - 

ɯɯ ʇɽ ʉʪʨʠʨʘʣʴʥʠʡ 

ʚʘʣ 

ʌʘʨʙʘ, ʟʤʠʚʥʠʡ ʨʦʟʯʠʥ 

(ʩʣʽʜʠ) , ʏʇ 

+ ++++ ++++ ++++ - ɸʙʨʘʟʠʚʥʝ ʄʝʭʘʥʦʭʽʤʽʯʥʝ 

(ʦʢʠʩʥʶʚʘʣʴʥʝ) 

ɼɽ ʌʘʨʙʘ, ʏʇ + + +++ ++++ - ʄʝʭʘʥʦʭʽʤʽʯʥʝ 

ɯɯ-ɯɯɯ ʇɽ ɹʝʟʢʦʥʪʘʢʪ-

ʥʠʡ ʨʫʭ 

ʌʘʨʙʘ, ʟʤʠʚʥʠʡ ʨʦʟʯʠʥ 

(ʩʣʽʜʠ) , ʏʇ 

- - ++++ ++++ - 

ɼɽ ʌʘʨʙʘ, ʏʇ - - +++ ++++ - 

ɯɯɯ ʇɽ ɼʨʫʢʘʨʩʴʢʠʡ 

ʮʠʣʽʥʜʨ 

ʌʘʨʙʘ (ʩʣʽʜʠ, ʰʧʨʠʮʶʚʘʥʥʷ), 

ʧʘʧʽʨ, ʏʇ 

++++ ++ + ++++ + ʋʪʦʤʥʝ ʄʝʭʘʥʦʭʽʤʽʯʥʝ 

+ ʌʨʝʪʠʥʛ-

ʢʦʨʦʟʽʡʥʝ 

ɽʣʝʢʪʨʦʝʨʦʟʽʡ-

ʥʝ 

ɸʙʨʘʟʠʚʥʝ 

ɼɽ ʌʘʨʙʘ, ʧʘʧʽʨ (ʚ ʤʝʞʘʭ 

ʪʠʩʥʝʥʥʷ ʧʘʧʝʨʫ ʚ ʰʪʨʠʭ) , 

ʏʇ 

++++ ++ +++ ++++ + ʋʪʦʤʥʝ 

ɯɯɯ-ɯ ʇɽ ɹʝʟʢʦʥʪʘʢʪ-

ʥʠʡ ʨʫʭ 

ʏʇ - - - ++++ - ʄʝʭʘʥʦʭʽʤʽʯʥʝ 

ɼɽ ʌʘʨʙʘ (ʩʣʽʜʠ) , ʏʇ - - + ++++ - 

* - ʇɽ ï ʧʨʦʙʽʣʴʥʠʡ ʝʣʝʤʝʥʪ, ɼɽ ï ʜʨʫʢʫʚʘʣʴʥʠʡ ʝʣʝʤʝʥʪ; ** - ʧʨʠʧʦʚʝʨʭʥʝʚʽ ʰʘʨʠ; *** - ʩʠʣʘ ʚʧʣʠʚʫ - ɼʠʚ. ʪʘʙʣ. 3.5. 
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                                       ὑ ,                                              (3.3) 

ʜʝ „   -  ʛʨʘʥʠʮʷ ʚʠʪʨʠʚʘʣʦʩʪʽ ʛʣʘʜʢʦʛʦ ʟʨʘʟʢʘ (ʙʝʟ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʥʘʧʨʫʞʝʥʴ),   „  - ʛʨʘʥʠʮʷ ʚʠʪʨʠʚʘʣʦʩʪʽ ʟʨʘʟʢʽʚ ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʥʘʧʨʫʞʝʥʴ, 

ʷʢʽ ʧʽʜʨʘʭʦʚʘʥʽ ʷʢ ʥʦʤʽʥʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ ʜʣʷ ʛʣʘʜʢʦʛʦ ʟʨʘʟʢʘ ʟ ʪʘʢʠʤ ʞʝ 

ʧʦʧʝʨʝʯʥʠʤ ʧʝʨʝʨʽʟʦʤ [104, 153] . 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ [155], ʢʦʥʮʝʥʪʨʘʮʽʷ ʥʘʧʨʫʞʝʥʴ ʚʠʥʠʢʘʻ ʯʝʨʝʟ ʟʤʽʥʫ 

ʬʦʨʤʠ ʜʝʪʘʣʽ. ɺʨʘʭʦʚʫʶʯʠ ʧʽʜʭʦʜʠ ʮʠʭ ʘʚʪʦʨʽʚ [155], 

                              ὑ ρ
Ͻ

                              (3.4) 

ʜʝ Ὧ ï ʢʦʝʬʽʮʽʻʥʪ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦʪʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ ʧʨʠ ʜʝʬʦʨʤʘʮʽʾ 

ʩʪʠʩʥʝʥʥʷ; Ὧ  ï ʤʘʩʰʪʘʙʥʠʡ ʬʘʢʪʦʨ, ʱʦ ʚʨʘʭʦʚʫʻ ʚʧʣʠʚ ʘʙʩʦʣʶʪʥʠʭ 

ʨʦʟʤʽʨʽʚ ɻʐ, ɿʇ ʪʘ ʨʝʞʠʤʠ DLE (  ὥ ï ʛʣʠʙʠʥʘ ʰʪʨʠʭʘ, ὦ ï ʰʠʨʠʥʘ ʰʪʨʠʭʘ,  

‌ ï ʢʫʪ ʥʘʭʠʣʫ ʩʪʽʥʦʢ ʰʪʨʠʭʘ, Ὠ ï ʚʽʜʩʪʘʥʴ ʤʽʞ ʰʪʨʠʭʘʤʠ, h - ʪʦʚʱʠʥʘ ɿʇ, l ï 

ʨʝʞʠʤʠ DLE); Ὧ   ï ʢʦʝʬʽʮʽʻʥʪ ʷʢʦʩʪʽ ʩʪʘʥʫ ʧʦʚʝʨʭʥʽ ɻʐ;  Ὧ  ï ʢʦʝʬʽʮʽʻʥʪ 

ʧʘʨʘʤʝʪʨʽʚ DLE, ʱʦ ʚʨʘʭʦʚʫʻ ʬʘʢʪʦʨ ʣʘʟʝʨʥʦʛʦ ʟʤʽʮʥʝʥʥʷ / ʣʦʢʘʣʴʥʦʛʦ 

ʟʥʝʤʽʮʥʝʥʥʷ;  Ὧ ï ʢʦʝʬʽʮʽʻʥʪ ʘʥʽʟʦʪʨʦʧʽʾ, ʢʦʪʨʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʪʦʚʱʠʥʠ ɿʇ,  ʘʙʩʦʣʶʪʥʠʭ ʨʦʟʤʽʨʽʚ ɻʐ, ʨʝʞʠʤʽʚ DLE. 

ɺʨʘʭʦʚʫʶʯʠ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʟ ʦʢʨʝʤʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʤʘʩʰʪʘʙʥʦʛʦ ʬʘʢʪʦʨʫ Ὧ , ʢʦʝʬʽʮʽʻʥʪʫ ʷʢʦʩʪʽ ʩʪʘʥʫ ʧʦʚʝʨʭʥʽ ɻʐ Ὧ ,  

ʢʦʝʬʽʮʽʻʥʪ ʧʘʨʘʤʝʪʨʽʚ DLE Ὧ  ʪʘ ʢʦʝʬʽʮʽʻʥʪʫ ʘʥʽʟʦʪʨʦʧʽʾ Ὧ: Ὧ

Ὢὥȟὦȟ‌ȟὨȟὬȟὰ ï Ὧ Ὧ Ὢὥȟὦȟ‌ȟὨȟὬȟὰ, Ὧ Ὧ

Ὢὥȟὦȟ‌ȟὨȟὬȟὰ, Ὧ  Ὧ Ὢὥȟὦȟ‌ȟὨȟὬȟὰ, Ὧ Ὧ Ὢὥȟὦȟ‌ȟὨȟὬȟὰȟ  

ʤʘʻʤʦ: 

                 ὑ
Б ȟȟȟȟȟ

Ὂὥȟὦȟ‌ȟὨȟὬȟὰ                    (3.5) 

ʆʪʞʝ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʜʝʬʝʢʪʽʚ ï 

ʢʦʥʮʝʥʪʨʘʪʦʨʽʚ ʥʘʧʨʫʞʝʥʴ ʥʘ ʧʦʚʝʨʭʥʽ ɻʐ (ʪʨʽʱʠʥ, ʩʢʦʣʽʚ ʽ ʚʽʜʰʘʨʫʚʘʥʴ  ɻʐ) 

ʤʦʞʝ ʙʫʪʠ ʜʽʻʚʠʤ ʩʧʦʩʦʙʦʤ ʟʤʝʥʰʝʥʥʷ ʚʪʦʤʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ ɿʇ.  
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ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 3 

1. ɿʥʠʞʝʥʥʷ ʪʠʨʘʞʝʩʪʽʡʢʦʩʪʽ ʬʦʨʤ DLE+PVD ʩʧʨʠʯʠʥʷʻʪʴʩʷ 

ʥʝʜʦʩʪʘʪʥʴʦʶ ʘʜʛʝʟʽʡʥʦʶ ʩʪʽʡʢʽʩʪʶ ɿʇ, ʥʘʥʝʩʝʥʦʛʦ ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ PVD: 

ʪʠʨʘʞʝʩʪʽʡʢʽʩʪʴ ʬʦʨʤ ʟ ʛʘʣʴʚʘʥʽʯʥʠʤ ʧʦʢʨʠʪʪʷʤ ʧʨʘʢʪʠʯʥʦ ʚ 4,6 ʨʘʟʠ ʚʠʱʝ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʣʘʪʫʥʥʦʾ ʦʩʥʦʚʠ ʜʦʟʚʦʣʷʻ ʚʠʛʦʪʦʚʠʪʠ ʧʨʠʡʥʷʪʥʽ ʟ ʧʦʛʣʷʜʫ 

ʪʠʨʘʞʝʩʪʽʡʢʦʩʪʽ ʬʦʨʤʠ.   

2. ɺʠʷʚʣʝʥʦ, ʱʦ ʩʪʘʥ ʧʦʚʝʨʭʥʽ, ʩʪʨʫʢʪʫʨʘ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʚʝʨʭʥʝʚʠʭ 

ʰʘʨʽʚ ʣʘʪʫʥʥʦʾ ʦʩʥʦʚʠ ʚ ʟʦʥʽ ɼɽ ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴ ʫʤʦʚ ʜʣʷ ʷʢʽʩʥʦʛʦ ʥʘʥʝʩʝʥʥʷ 

PVD-ʧʦʢʨʠʪʪʷ, ʥʘʩʣʽʜʢʦʤ ʯʦʛʦ ʻ ʰʚʠʜʢʝ ʨʫʡʥʫʚʘʥʥʷ ʬʦʨʤ: ʘʜʛʝʟʽʡʥʘ ʤʽʮʥʽʩʪʴ 

ʟʘʭʠʩʥʦʛʦ ʥʽʪʨʠʜ-ʭʨʦʤʦʚʦʛʦ PVD ʧʦʢʨʠʪʪʷ ʥʘ ʇɽ ʬʦʨʤʠ ʟʙʝʨʝʞʝʥʘ, ʥʘ 

ʚʽʜʤʽʥʫ ʚʽʜ ɼɽ (ʦʢʨʽʤ ʜʨʽʙʥʠʭ, ʛʣʠʙʠʥʦʶ 10 ʤʢʤ); ʧʦʚʝʨʭʥʝʚʠʡ ʰʘʨ ʤʘʪʝʨʽʘʣʫ 

ʦʩʥʦʚʠ ʫ ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʙʣʠʟʴʢʦʩʪʽ ʚʽʜ ɼɽ ʻ ʪʨʽʱʠʥʫʚʘʪʠʤ, ʧʦʨʠʩʪʠʤ ʪʘ 

ʥʝʦʜʥʦʨʽʜʥʠʤ, ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʻ ʤʝʥʰʦʶ ʥʘ 15-40 % ʚʽʜ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ 

ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʣʘʪʫʥʥʦʾ ʦʩʥʦʚʠ; ʜʥʦ ɼɽ ʯʝʨʝʟ ʦʩʦʙʣʠʚʦʩʪʽ ʣʘʟʝʨʥʦʛʦ 

ʛʨʘʚʽʶʚʘʥʥʷ (ʥʘʜʤʽʨʥʦ ʽʥʪʝʥʩʠʚʥʽ ʨʝʞʠʤʠ ʣʘʟʝʨʥʦʾ ʦʙʨʦʙʢʠ) ʤʘʻ ʩʫʪʪʻʚʽ 

ʥʝʨʽʚʥʦʩʪʽ ʨʝʛʫʣʷʨʥʦʛʦ ʭʘʨʘʢʪʝʨʫ, ʱʦ ʧʦʛʽʨʰʫʻ ʘʜʛʝʟʽʶ ʘʞ ʜʦ ʚʽʜʰʘʨʫʚʘʥʥʷ 

ʟʘʭʠʩʥʦʛʦ PVD ʧʦʢʨʠʪʪʷ; ʧʦʨʽʚʥʷʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʇɽ ʽ ɼɽ ʧʦʢʘʟʫʶʪʴ, ʱʦ 

ʰʦʨʩʪʢʽʩʪʴ ʇɽ ʬʦʨʤ ʩʫʪʪʻʚʦ ʥʠʞʯʘ, ʥʽʞ ʜʥʘ ɼɽ, ʱʦ ʧʦʚʥʽʩʪʶ ʢʦʨʝʩʧʦʥʜʫʻʪʴʩʷ 

ʟ ʜʘʥʠʤʠ ʤʝʪʘʣʦʛʨʘʬʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ.  

3. ɼʦʩʣʽʜʞʝʥʥʷ ʚʽʜʙʠʪʢʽʚ ʧʨʦʙʥʦʛʦ ʜʨʫʢʫ ʧʦʢʘʟʘʣʠ, ʱʦ ʬʦʨʤʘ 

DLE+PVD, ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʚʽʜʙʠʪʢʠ ʥʘʣʝʞʥʦʾ ʷʢʦʩʪʽ. ɺʠʷʚʣʝʥʦ, ʱʦ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʽʩʥʦʛʦ ʚʽʜʙʠʪʢʘ ʚʘʞʣʠʚʠʤʠ ʻ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ɻʐ: ʥʘʡʢʨʘʱʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʬʘʨʙʦʚʦʛʦ ʰʘʨʫ ʜʦʩʷʛʥʫʪʦ ʫ ɻʐ 

ʽʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʛʣʠʙʠʥʠ ʜʦ ʰʠʨʠʥʠ 0,3ï0,5. 

4. ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʪʘ ʚʧʣʠʚʽʚ, ʷʢʠʭ ʟʘʟʥʘʻ ʬʦʨʤʘ ʫ 

ʜʨʫʢʘʨʩʴʢʽʡ ʩʝʢʮʽʾ ɯɼ, ʚʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʽʥʪʝʛʨʘʣʴʥʫ ʬʝʥʦʤʝʥʦʣʦʛʽʯʥʫ 

ʤʦʜʝʣʴ ʬʦʨʤʫʚʘʥʥʷ ʟʥʦʰʝʥʦʩʪʽ ɼʌɯ, ʷʢʘ ʥʘ ʦʩʥʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ 

ʩʠʣʦʚʠʭ ʪʘ ʪʨʠʙʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʪʝʧʣʦʚʠʭ, ʭʽʤʽʯʥʠʭ ʪʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ 

ʚʧʣʠʚʽʚ ʪʘ ʟʥʘʯʫʱʦʩʪʽ ʜʽʶʯʠʭ ʬʘʢʪʦʨʽʚ ʜʣʷ ɼɽ ʪʘ ʇɽ ʜʦʟʚʦʣʠʣʘ ʚʩʪʘʥʦʚʠʪʠ 
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ʤʝʭʘʥʽʟʤʠ ʟʥʦʰʝʥʥʷ ʚ ʜʨʫʢʘʨʩʴʢʽʡ ʩʠʩʪʝʤʽ ɯɼ ʪʘ ʧʨʠʯʠʥʠ ʧʦʨʫʰʝʥʥʷ 

ʘʜʛʝʟʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ ɿʇ. 

5. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʝʭʘʥʦʭʽʤʽʯʥʝ ʟʥʦʰʫʚʘʥʥʷ ʬʦʨʤʫʻ ʟʥʦʩ ɼʌɯ ʷʢ 

ʦʩʥʦʚʥʠʡ ʯʠ ʜʦʜʘʪʢʦʚʠʡ ʧʨʦʮʝʩ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʮʠʢʣʫ ʦʙʝʨʪʘʥʥʷ ʌʎ. ɺ 

ʢʦʥʪʘʢʪʽ ʌʎ ʽ ɼʎ ʦʩʥʦʚʥʠʤ ʚʠʜʦʤ ʟʥʦʰʝʥʥʷ ʻ ʚʪʦʤʥʝ, ʱʦ ʚʠʥʠʢʘʻ ʯʝʨʝʟ 

ʟʥʘʢʦʧʦʩʪʽʡʥʝ ʚʽʜʥʫʣʴʦʚʝ ʮʠʢʣʽʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʻ ʦʩʥʦʚʥʦʶ ʧʨʠʯʠʥʦʶ 

ʫʪʚʦʨʝʥʥʷ ʤʽʢʨʦʪʨʽʱʠʥ ʚ ɼɽ. ʄʽʢʨʦʪʨʽʱʠʥʠ ʯʝʨʝʟ ʥʘʷʚʥʽʩʪʴ ʫʩʽʭ ʚʠʜʽʚ ʚʧʣʠʚʫ 

ʚ ɼʂ, ʷʢʽ ʩʧʨʠʷʶʪʴ ʜʦʜʘʪʢʦʚʠʤ ʚʠʜʘʤ ʟʥʦʰʝʥʥʷ ï ʤʝʭʘʥʦʭʽʤʽʯʥʦʛʦ (ʯʝʨʝʟ 

ʚʟʘʻʤʦʜʽʶ ʟ ʬʘʨʙʦʶ ʽ ʾʾ ʘʛʨʝʩʠʚʥʠʤʠ ʩʧʦʣʫʢʘʤʠ), ʚ ʪʦʤʫ ʯʠʩʣʽ ʬʨʝʪʠʥʛ-

ʢʦʨʦʟʽʡʥʦʛʦ, ʝʣʝʢʪʨʦʝʨʦʟʽʡʥʦʛʦ ʪʘ ʘʙʨʘʟʠʚʥʦʛʦ (ʯʝʨʝʟ ʚʟʘʻʤʦʜʽʶ ʟ ʧʘʧʝʨʦʤ) ï 

ʧʦʩʪʫʧʦʚʦ ʟʙʽʣʴʰʫʶʪʴʩʷ, ʚʠʢʣʠʢʘʶʯʠ ʨʫʡʥʫʚʘʥʥʷ ɿʇ. 

6. ɺʠʷʚʣʝʥʦ, ʱʦ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʜʝʬʝʢʪʽʚ ï ʢʦʥʮʝʥʪʨʘʪʦʨʽʚ 

ʥʘʧʨʫʞʝʥʴ ʥʘ ʧʦʚʝʨʭʥʽ ɻʐ (ʪʨʽʱʠʥ, ʩʢʦʣʽʚ, ʚʽʜʰʘʨʫʚʘʥʥʷ) ʤʦʞʝ ʙʫʪʠ ʜʽʻʚʠʤ 

ʩʧʦʩʦʙʦʤ ʟʤʝʥʰʝʥʥʷ ʚʪʦʤʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ ʟʘʭʠʩʥʦʛʦ ʧʦʢʨʠʪʪʷ. ɼʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʣʘʪʫʥʥʠʭ ʬʦʨʤ, ʦʜʝʨʞʘʥʠʭ ʤʝʪʦʜʦʤ DLE+PVD, ʥʝʦʙʭʽʜʥʦ 

ʚʠʟʥʘʯʠʪʠ ʨʝʞʠʤʠ ʪʘ ʫʤʦʚʠ ʣʘʟʝʨʥʦʾ ʦʙʨʦʙʢʠ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʚʘʣʠ ʙ ʦʜʝʨʞʘʥʥʷ 

ʨʽʚʥʦʤʽʨʥʦʛʦ ʧʨʦʬʽʣʶ ʧʦʚʝʨʭʥʽ ɼɽ ʽ ʤʽʥʽʤʘʣʴʥʠʡ ʚʧʣʠʚ ʣʘʟʝʨʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʤʦʨʬʦʣʦʛʽʶ, ʩʪʨʫʢʪʫʨʫ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ 

ʣʘʪʫʥʥʦʾ ʦʩʥʦʚʠ. 
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ʈʆɿɼɯʃ 4. ʋɼʆʉʂʆʅɸʃɽʅʀʁ ʊɽʍʅʆʃʆɻɯʏʅʀʁ ʇʈʆʎɽʉ 

ɺʀɻʆʊʆɺʃɽʅʅʗ ʌʆʈʄ ɯʅʊɸɻʃɯʆɼʈʋʂʋ. 

4.1. ɺʠʟʥʘʯʝʥʥʷ ʟʘʩʦʙʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʬʦʨʤ ʽʥʪʘʛʣʽʦʜʨʫʢʫ. 

ʋ ʘʥʘʣʽʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ, ʥʘʚʝʜʝʥʠʭ ʚ ʨʦʟʜ. 1,  ʥʘʤʠ ʚʠʦʢʨʝʤʣʝʥʦ 

ʦʩʥʦʚʥʽ ʛʨʫʧʠ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʪʠʨʘʞʝʩʪʽʡʢʽʩʪʴ ɼʌɯ [4], ʘ ʚ 

ʧʦʜʘʣʴʰʦʤʫ ʙʫʣʦ ʫʪʦʯʥʝʥʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʦʚʝʜʝʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʜʦʩʣʽʜʞʝʥʴ 

[1, 5ï10, 12ï17], ʧʦʨʽʚʥʷʥʦ ʟ ʧʦʧʝʨʝʜʥʽʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ [4] ʬʘʢʪʦʨʠ, ʱʦ ʻ 

ʚʠʨʽʰʘʣʴʥʠʤʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ɼʌɯ, ʪʘ ʤʦʞʣʠʚʽ ʟʘʩʦʙʠ ʾʾ ʧʽʜʚʠʱʝʥʥʷ 

[11]:  

- ʢʦʨʝʛʫʚʘʥʥʷ ʨʝʞʠʤʽʚ DLE (ʧʦʪʫʞʥʽʩʪʴ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʚʠʜ ʦʙʣʘʜʥʘʥʥʷ, 

ʱʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʪʨʠʚʘʣʽʩʪʶ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ);  

- ʢʦʨʝʛʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ɻʐ (ʥʝʟʘʣʝʞʥʠʭ ʚʽʜ ʟʘʜʘʥʠʭ ʜʠʟʘʡʥʦʤ ï ʚʠʜ 

ʧʨʦʬʽʣʶ, ʩʠʤʝʪʨʠʯʥʽʩʪʴ ʧʨʦʬʽʣʶ, ʢʫʪ ʥʘʭʠʣʫ ʩʪʽʥʦʢ ʰʪʨʠʭʘ, ʛʣʠʙʠʥʘ (ʫ 

ʚʠʟʥʘʯʝʥʠʭ ʤʝʞʘʭ), ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʛʣʠʙʠʥʠ ʽ ʰʠʨʠʥʠ);  

- ʢʦʨʝʛʫʚʘʥʥʷ ʨʝʞʠʤʽʚ ʦʙʨʦʙʣʝʥʥʷ ʧʽʩʣʷ DLE (ʭʽʤʽʯʥʦʛʦ ʦʯʠʱʝʥʥʷ, ʯʠ 

ʭʽʤʽʯʥʦʛʦ ʽ ʤʝʭʘʥʽʯʥʦʛʦ ʦʯʠʱʝʥʥʷ); 

- ʢʦʨʝʛʫʚʘʥʥʷ ʨʝʞʠʤʽʚ ʧʦʧʝʨʝʜʥʴʦʛʦ ʦʙʨʦʙʣʝʥʥʷ PVD (ʪʨʠʚʘʣʽʩʪʴ, 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʪʘ ʚʠʜ ʽʦʥʥʦ-ʧʣʘʟʤʦʚʦʛʦ ʪʨʘʚʣʝʥʥʷ ʣʘʪʫʥʥʦʾ ʧʣʘʩʪʠʥʠ ʫ ʢʘʤʝʨʽ 

ʚʘʢʫʫʤʥʦʛʦ ʥʘʧʠʣʝʥʥʷ ʧʝʨʝʜ ʥʘʥʝʩʝʥʥʷʤ ʟʘʭʠʩʥʦʛʦ ʧʦʢʨʠʪʪʷ);  

- ʢʦʨʝʛʫʚʘʥʥʷ ʨʝʞʠʤʽʚ PVD (ʪʦʚʱʠʥʘ ɿʇ (ʯʘʩ ʥʘʧʠʣʝʥʥʷ), ʚʽʜʩʦʪʢʦʚʠʡ 

ʩʢʣʘʜ ʛʘʟʦʚʦʾ ʩʫʤʽʰʽ ArïN2 ʚ ʢʘʤʝʨʽ ʥʘʧʠʣʝʥʥʷ, ʩʢʣʘʜ (ʣʝʛʫʚʘʥʥʷ) ʭʨʦʤʦʚʦʾ 

ʤʽʰʝʥʽ, ʪʝʤʧʝʨʘʪʫʨʘ ʧʽʜʢʣʘʜʢʠ (ʬʦʨʤʠ) ʧʽʜ ʯʘʩ PVD).  

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʮʝʩ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʱʦʜʦ ʢʦʨʝʛʫʚʘʥʥʷ ʨʝʞʠʤʽʚ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ɼʌɯ ʟʘ ʤʝʪʦʜʦʤ DLE+PVD ʤʦʞʝ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʟʘʜʘʯʘ 

ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʛʦ ʚʠʙʦʨʫ, ʷʢʫ ʜʦʮʽʣʴʥʦ ʚʠʨʽʰʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ 

ʘʥʘʣʽʟʫ ʽʻʨʘʨʭʽʡ (ʄɸɯ), ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʊ. ʉʘʘʪʽ [156].  

ʌʦʨʤʫʚʘʥʥʷ ʜʦʤʽʥʘʥʪʥʦʾ ʽʻʨʘʨʭʽʾ, ʟʘ ʷʢʦʶ ʙʫʜʝ ʦʙʨʘʥʦ ʦʜʠʥ ʟ ʚʘʨʽʘʥʪʽʚ ʊʇ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʬʦʨʤ, ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 4.1.   
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̒ͫͤ͊͟͜ ͺͦͪͣ͊ ͎ͤͭ͊ͦ͒ͪͯͯ͜͜͟͡ ̒  ̅

˾͔͙͙͗ͣ 5[9  ˾  ˶ 
0.481 

 

˽͊ ͔͙ͪ͊ͣͭͪ ΄͙ͭͪͻ͍͜ 

ͺͦͪͣ ˽  ̊

0.176 

˾͔ ͙͙͗ͣ ͔ͦ͋ͪͦ͋ͤͤ͡Ύ ͨͫ͜͡Ύ 

DLE ˾  ˻

0.064 

˿͊͒͟͡ ͎͍͊ͦͦ͘͝ ͫͯͣ͜΄͜ !Ǌ-N2 

͍ ͔͊ͣͪ͟͜ ͙͔ͤ͊ͨͤͤ͡Ύ ˥  ˿

0.012 

́ͦ ͍΅͙ͤ͊ ͊͘ͻ͙͎ͫͤͦͦ 

͙ͨͦͪͭͭ͟Ύ ́  ˽

0.041 

 

1s 

ʈʠʩ. 4.1. ɯʻʨʘʨʭʽʷ ʬʘʢʪʦʨʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʽʩʥʠʭ ʬʦʨʤ ʽʥʪʘʛʣʽʦʜʨʫʢʫ [11].  

˽ͦͭͯ͗ͤͫͭ͜Έ 
͍͙ͨͪͦͣͤ͜Ό͍͊ͤͤΎ 

˽  ˶

0.056 

2s 
 

Ns 

 

˾͔ ͙͙͗ͣ ͔͔ͨͦͨͪ͒ͤΈ͎ͦͦ 
͔ͦ͋ͪͦ͋ͤͤ͡Ύ t±5 ˾  ́

0.199 
 

˾͔ ͙͙͗ͣ ͔͔ͤ͊ͤͫͤͤΎ ͊͘ͻ͙͎ͫͤͦͦ 

͙ͨͦͪͭͭ͟Ύ t±5 ˾  ˹

0.080 

͙͍́ͪ͊ͫͭ͜͡Έ 

͍͙ͨͪͦͣͤ͜Ό͍͊ͤͤΎ 

̆  ˶

0.425 

ˤ͙͒ ͨͪͦͺ͜͡Ό ˤ  ˽

0.026 

˿͙͔͙ͣͭͪ;ͤͫͭ͜Έ 

ͨͪͦͺ͜͡Ό ˿ ˽

0.008 

˴ͯͭ ͤ͊ͻ͙ͯ͡ ͫͭͤͦ͜͟ 

ͨͪͦͺ͜͡Ό ˴  ˽

0.038 

˥͡ ͙͙͋ͤ͊  ͨ ͪͦͺ͜͡Ό 

˥ ˽

0.058 

˿ͨ ͍͍͒ͤͦ͜͜΄͔ͤͤΎ 

͎͙͙͙͋ͤ͡ ͜ ΄͙͙͙ͪͤ 

ͨͪͦͺ͜͡Ό ˥  ̊

0.045 

̆ͣ͜͜;͔ͤ ͦ;͙΅͔ͤͤΎ ̆  ˻

0.032 

˸͔ͻ͊ͤ͜;͔ͤ ͜ ͻͣ͜͜;͔ͤ 

͙͍ͨͪͦͣ͊ͤͤΎ ͦ;͙΅͔ͤͤΎ 

˸̆ ˻

0.032 

ˤ͙ ͒ ͦͤͤͦ͜-͍͎ͨ͊ͣͦͦͦ͘͡ 

͍͔ͭͪ͊ͤͤ͡Ύ ʕ  ́

0.148 

͙͍́ͪ͊ͫͭ͜͡Έ ͜ ͦͤͤͦ-

͍͎ͨ͊ͣͦͦͦ͘͡ 

͍͔ͭͪ͊ͤͤ͡Ύ ́  ́

0.037 

˱͔͙͍ͤͭͤͫͤͫͭ͜Έ ͜ ͦͤͤͦ-

͍͎ͨ͊ͣͦͦͦ͘͡ 

͍͔ͭͪ͊ͤͤ͡Ύ ˱ ́  

0.014 

˿͟ ͊͒͡ ό͔͎͍ͯ͊ͤͤ͡Ύύ 

ͻ͍ͪͦͣͦͦ͝ ͣ͜΄͔ͤ͜ ˿  ˸

0.006 

͔́ ͔ͣͨͪ͊ͭͯͪ͊ ͙ͨ͒͊͒͜͟͟͡ 

όͺ͙ͦͪͣύ ͨ͒͜ ;͊ͫ t±5 ́  ̅

0.020 
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ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʝʢʦʤʧʦʟʠʮʽʾ ʧʨʦʙʣʝʤʠ ʚʠʟʥʘʯʝʥʦ, ʱʦ  ʘʣʴʪʝʨʥʘʪʠʚʘʤʠ ʻ 

ʚʘʨʽʘʥʪʠ ʊʇ ɸ1é ɸN, ʷʢʽ ʜʘʣʽ ʤʘʶʪʴ ʙʫʪʠ ʦʧʪʠʤʽʟʦʚʘʥʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʽʡ 

ʘʢʪʦʨʽʚ ï ʟʘʟʥʘʯʝʥʠʭ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ ʥʘ ʜʦʩʷʛʥʝʥʥʷ ʛʣʦʙʘʣʴʥʦʾ ʤʝʪʠ ï ̫ ʢʽʩʥʦʾ 

ʬʦʨʤʠ ɯɼ (ʪʘʢʦʾ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʦʪʨʠʤʘʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʚʽʜʙʠʪʢʽʚ 

ʥʘʣʝʞʥʦʾ ʷʢʦʩʪʽ (ʯʽʪʢʦʩʪʽ ʽ ʪʘʢʪʠʣʴʥʦʩʪʽ) [10]). 

ʆʩʢʽʣʴʢʠ ʢʽʣʴʢʽʩʪʴ ʚʠʟʥʘʯʝʥʠʭ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ ʧʝʨʝʚʠʱʫʻ 9, ʪʦ 

ʜʦʮʽʣʴʥʦ ʧʨʦʚʝʩʪʠ ʾʭ ʢʣʘʩʪʝʨʽʟʘʮʽʶ ʟʘʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʾʭ ʚʘʛʦʤʦʩʪʽ: ʬʘʢʪʦʨʘʤʠ 

ʚʧʣʠʚʫ ʻ  ʨʝʞʠʤʠ DLE,  ʧʘʨʘʤʝʪʨʠ ɻʐ ʬʦʨʤ, ʨʝʞʠʤʠ ʦʙʨʦʙʣʝʥʥʷ ʧʽʩʣʷ DLE, 

ʨʝʞʠʤʠ ʧʦʧʝʨʝʜʥʴʦʛʦ ʦʙʨʦʙʣʝʥʥʷ PVD, ʨʝʞʠʤʠ ʥʘʥʝʩʝʥʥʷ ɿʇ PVD. ʂʦʞʝʥ ʟ 

ʬʘʢʪʦʨʽʚ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʽʜʬʘʢʪʦʨʘʤʠ, ʦʧʠʩʘʥʠʤʠ ʚʠʱʝ. 

ʅʘʩʪʫʧʥʠʤ ʝʪʘʧʦʤ ʻ ʚʠʟʥʘʯʝʥʥʷ ʧʨʽʦʨʠʪʝʪʽʚ ʚʩʽʭ ʝʣʝʤʝʥʪʽʚ ʽʻʨʘʨʭʽʾ  ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʧʘʨʥʠʭ ʧʦʨʽʚʥʷʥʴ. ʄʘʪʨʠʮʶ ʧʘʨʥʠʭ ʧʦʨʽʚʥʷʥʴ ʜʽʡ 

ʘʢʪʦʨʽʚ ï ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ ʥʘ ʜʦʩʷʛʥʝʥʥʷ ʛʣʦʙʘʣʴʥʦʾ ʤʝʪʠ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 4.1. 

ʄʘʪʨʠʮʽ ʧʘʨʥʠʭ ʧʦʨʽʚʥʷʥʴ ʧʽʜʬʘʢʪʦʨʽʚ ʚ ʢʣʘʩʪʝʨʘʭ ï  ʚ ʪʘʙʣ. 4.2ï4.6.  

ɼʣʷ ʟʨʫʯʥʦʩʪʽ ʚ ʤʘʪʨʠʮʷʭ ʧʘʨʥʠʭ ʧʦʨʽʚʥʷʥʴ ʚʞʠʪʦ ʫʤʦʚʥʽ ʧʦʟʥʘʯʢʠ ʜʣʷ 

ʝʣʝʤʝʥʪʽʚ ʽʻʨʘʨʭʽʡ, ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 4.1.  

ʇʽʜ ʯʘʩ ʬʦʨʤʫʚʘʥʥʷ ʤʘʪʨʠʮʴ ʧʘʨʥʠʭ ʧʦʨʽʚʥʷʥʴ ʚʠʢʦʨʠʩʪʘʥʦ ʪʨʘʜʠʮʽʡʥʫ 

ʜʣʷ ʄɸɯ ʰʢʘʣʫ ʚʽʜʥʦʰʝʥʴ ʟ ʦʮʽʥʢʘʤʠ ʚʽʜ 1 ʜʦ 9  [148], ʢʦʪʨʠʤ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʧʝʚʥʽ ʩʫʜʞʝʥʥʷ ʧʨʦ ʟʥʘʯʠʤʽʩʪʴ ʬʘʢʪʦʨʽʚ ʯʠ ʜʽʡ: 1ï ʦʜʥʘʢʦʚʘ ʟʥʘʯʠʤʽʩʪʴ, 3 ï 

ʩʣʘʙʢʘ ʟʥʘʯʠʤʽʩʪʴ (ʧʝʚʥʝ ʧʝʨʝʚʘʞʘʥʥʷ ʟʥʘʯʠʤʦʩʪʽ ʦʜʥʦʛʦ ʬʘʢʪʦʨʘ ʥʘʜ ʽʥʰʠʤ), 

5 ï ʩʫʪʪʻʚʘ ʯʠ ʩʠʣʴʥʘ ʟʥʘʯʠʤʽʩʪʴ, 7 ï ʜʫʞʝ ʩʠʣʴʥʘ ʘʙʦ ʦʯʝʚʠʜʥʘ ʟʥʘʯʠʤʽʩʪʴ, 9 

ï ʘʙʩʦʣʶʪʥʘ ʟʥʘʯʠʤʽʩʪʴ, 2, 4, 6, 8 ï ʧʨʦʤʽʞʥʽ ʟʥʘʯʝʥʥʷ ʤʽʞ ʩʫʩʽʜʥʽʤʠ 

ʟʥʘʯʝʥʥʷʤʠ ʰʢʘʣʠ, ʟʚʦʨʦʪʥʽ ʚʝʣʠʯʠʥʠ ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ ʯʠʩʝʣ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʟʥʘʯʠʤʦʩʪʽ ʬʘʢʪʦʨʽʚ j ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʬʘʢʪʦʨʦʤ i ʟʘ ʫʤʦʚʠ, ʱʦ ʬʘʢʪʦʨʫ i 

ʧʨʠʧʠʩʫʻʪʴʩʷ ʦʜʥʝ ʟʽ ʟʥʘʯʝʥʴ ʰʢʘʣʠ. 

ʄʘʪʨʠʮʽ ʧʘʨʥʠʭ ʧʦʨʽʚʥʷʥʴ (ʪʘʙʣ. 4.1ï4.6) ʩʬʦʨʤʦʚʘʥʦ ʥʘ ʦʩʥʦʚʽ ʦʮʽʥʦʢ 

ʪʨʴʦʭ ʝʢʩʧʝʨʪʽʚ ʨʽʚʥʦʾ ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ [11]. 
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ʊʘʙʣʠʮʷ 4.1. ʇʦʨʽʚʥʷʥʥʷ ʢʣʘʩʪʝʨʽʚ - ʜʽʡ ʘʢʪʦʨʽʚ ʚʽʜʥʦʩʥʦ ʛʣʦʙʘʣʴʥʦʾ ʮʽʣʽ ï ʷʢʽʩʥʦʾ ʬʦʨʤʠ 

ʽʥʪʘʛʣʽʦʜʨʫʢʫ[11] . 

 
ʗʌ ʈʃ ʇʐ ʈʆ ʈʊ ʈʅ ɺʝʢʪʦʨ ʧʨʽʦʨʠʪʝʪʽʚ ʤʘʪʨʠʮʽ 

ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ ʥʘ ʜʦʩʷʛʥʝʥʥʷ 

ʛʣʦʙʘʣʴʥʦʾ ʤʝʪʠ (0.481; 0.176; 

0.064; 0.199; 0.080).  

ɺʣʘʩʥʝ ʟʥʘʯʝʥʥʷ ʤʘʪʨʠʮʽ  

ɚmax= 5,427, ʽʥʜʝʢʩ 

ʫʟʛʦʜʞʝʥʦʩʪʽ ɯʋ=0,107, 

ʚʽʜʥʦʰʝʥʥʷ ʫʟʛʦʜʞʝʥʦʩʪʽ 

ɺʋ=0,095. 

ʈʃ 1.000 3.667 5.000 3.667 4.667 

ʇʐ 0.289 1.000 2.000 0.667 5.333 

ʈʆ 0.200 0.500 1.000 0.261 0.500 

ʈʊ 0.289 1.667 4.000 1.000 2.000 

ʈʅ 0.217 0.189 2.000 0.500 1.000 

 

ʅʘʡʙʽʣʴʰ ʚʘʛʦʤʠʤʠ ʬʘʢʪʦʨʘʤʠ ʚʧʣʠʚʫ ʥʘ ʜʦʩʷʛʥʝʥʥʷ ʛʣʦʙʘʣʴʥʦʾ ʤʝʪʠ ʻ 

ʢʣʘʩʪʝʨʠ ʨʝʞʠʤʠ DLE (ʚʘʛʦʤʽʩʪʴ 0,481),  ʨʝʞʠʤʠ ʧʦʧʝʨʝʜʥʴʦʛʦ ʦʙʨʦʙʣʝʥʥʷ 

PVD (ʚʘʛʦʤʽʩʪʴ 0,199) ʽ ʧʘʨʘʤʝʪʨʠ ɻʐ ʬʦʨʤʠ (ʚʘʛʦʤʽʩʪʴ 0,176). 

ʊʘʙʣʠʮʷ 4.2. ʇʦʨʽʚʥʷʥʥʷ ʯʘʩʪʢʦʚʠʭ ʜʽʡ ʘʢʪʦʨʽʚ ʚ ʤʝʞʘʭ ʢʣʘʩʪʝʨʘ ʨʝʞʠʤʽʚ DLE [11]. 

 
ʈʃ ʇʃ ʍʃ ɺʝʢʪʦʨ ʧʨʽʦʨʠʪʝʪʽʚ ʢʣʘʩʪʝʨʘ (0.116; 0.884).  

ɺʝʢʪʦʨ ʧʨʽʦʨʠʪʝʪʽʚ ʢʣʘʩʪʝʨʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʘʛʦʤʦʩʪʽ 

ʢʣʘʩʪʝʨʘ (0.056; 0.425). ʄʘʪʨʠʮʷ ʚʚʘʞʘʻʪʴʩʷ 

ʫʟʛʦʜʞʝʥʦʶ ʟʘʚʜʷʢʠ ʨʦʟʤʽʨʥʦʩʪʽ 2ʭ2. 

ʇʃ 1.000 0.132 

ʍʃ 7.667 1.000 

 

ʅʘʡʚʘʛʦʤʽʰʠʤ ʚʘʛʦʤʠʤ ʧʽʜʬʘʢʪʦʨʦʤ ʻ ʪʨʠʚʘʣʽʩʪʴ (ʯʘʩʪʦʪʘ) 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

ʊʘʙʣʠʮʷ 4.3. ʇʦʨʽʚʥʷʥʥʷ ʯʘʩʪʢʦʚʠʭ ʜʽʡ ʘʢʪʦʨʽʚ ʚ ʤʝʞʘʭ ʢʣʘʩʪʝʨʘ ʧʘʨʘʤʝʪʨʽʚ ɻʐ ʬʦʨʤ [11]. 

 
ʇʐ ɺʇ ʉʇ ʂʇ ɻʇ ɻʐ ɺʝʢʪʦʨ ʧʨʽʦʨʠʪʝʪʽʚ ʢʣʘʩʪʝʨʘ (0.149; 

0.048; 0.219; 0.330; 0.254).  

ɺʝʢʪʦʨ ʧʨʽʦʨʠʪʝʪʽʚ ʢʣʘʩʪʝʨʘ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʚʘʛʦʤʦʩʪʽ ʢʣʘʩʪʝʨʘ 

(0.026; 0.008; 0.038; 0.058; 0.045). 

ɺʣʘʩʥʝ ʟʥʘʯʝʥʥʷ ʤʘʪʨʠʮʽ ɚmax= 5,343, 

ʽʥʜʝʢʩ ʫʟʛʦʜʞʝʥʦʩʪʽ ɯʋ=0,086, 

ʚʽʜʥʦʰʝʥʥʷ ʫʟʛʦʜʞʝʥʦʩʪʽ ɺʋ=0,077. 

ɺʇ 1.000 6.667 0.200 0.444 0.833 

ʉʇ 0.151 1.000 0.200 0.306 0.189 

ʂʇ 2.000 5.000 1.000 0.667 0.500 

ɻʇ 2.333 3.333 1.667 1.000 2.000 

ɻʐ 1.333 5.333 2.000 0.500 1.000 

  

ʅʘʡʙʽʣʴʰ ʚʘʛʦʤʠʤʠ ʧʽʜʬʘʢʪʦʨʘʤʠ ʚ ʢʣʘʩʪʝʨʽ ʻ ʛʣʠʙʠʥʘ ʰʪʨʠʭʽʚ ʬʦʨʤʠ 

ʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʛʣʠʙʠʥʠ ʽ ʰʠʨʠʥʠ ʧʨʦʬʽʣʶ ʰʪʨʠʭʘ. 
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ʊʘʙʣʠʮʷ 4.4. ʇʦʨʽʚʥʷʥʥʷ ʯʘʩʪʢʦʚʠʭ ʜʽʡ ʘʢʪʦʨʽʚ ʚ ʤʝʞʘʭ ʢʣʘʩʪʝʨʘ ʨʝʞʠʤʽʚ ʦʙʨʦʙʣʝʥʥʷ 

ʧʽʩʣʷ DLE [11] 

 
ʈʆ ʍʆ ʄʍʆ ɺʝʢʪʦʨ ʧʨʽʦʨʠʪʝʪʽʚ ʢʣʘʩʪʝʨʘ (0.500; 0.500).  

ɺʝʢʪʦʨ ʧʨʽʦʨʠʪʝʪʽʚ ʢʣʘʩʪʝʨʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʘʛʦʤʦʩʪʽ 

ʢʣʘʩʪʝʨʘ (0.032; 0.032). ʄʘʪʨʠʮʷ ʚʚʘʞʘʻʪʴʩʷ 

ʫʟʛʦʜʞʝʥʦʶ ʟʘʚʜʷʢʠ ʨʦʟʤʽʨʥʦʩʪʽ 2ʭ2. 

ʍʆ 1.000 1.167 

ʄʍʆ 1.167 1.000 

 
ʊʘʙʣʠʮʷ 4.5. ʇʦʨʽʚʥʷʥʥʷ ʯʘʩʪʢʦʚʠʭ ʜʽʡ ʘʢʪʦʨʽʚ ʚ ʤʝʞʘʭ ʢʣʘʩʪʝʨʘ ʨʝʞʠʤʽʚ ʧʦʧʝʨʝʜʥʴʦʛʦ 

ʦʙʨʦʙʣʝʥʥʷ PVD[11] . 

 
ʈʊ ɺʊ ʊʊ ɯʊ ɺʝʢʪʦʨ ʧʨʽʦʨʠʪʝʪʽʚ ʢʣʘʩʪʝʨʘ (0.745; 0.186; 0.069).  

ɺʝʢʪʦʨ ʧʨʽʦʨʠʪʝʪʽʚ ʢʣʘʩʪʝʨʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʘʛʦʤʦʩʪʽ 

ʢʣʘʩʪʝʨʘ (0.148; 0.037; 0.014). 

ɺʣʘʩʥʝ ʟʥʘʯʝʥʥʷ ʤʘʪʨʠʮʽ ɚmax= 3,104, ʽʥʜʝʢʩ 

ʫʟʛʦʜʞʝʥʦʩʪʽ ɯʋ=0,052, ʚʽʜʥʦʰʝʥʥʷ ʫʟʛʦʜʞʝʥʦʩʪʽ 

ɺʋ=0,090. 

ɺʊ 1.000 5.333 8.333 

ʊʊ 0.189 1.000 3.667 

ɯʊ 0.122 0.289 1.000 

 

ʅʘʡʚʘʛʦʤʽʱʠʤ ʧʽʜʬʘʢʪʦʨʦʤ ʢʣʘʩʪʝʨʘ ʻ ʚʠʜ ʽʦʥʥʦ-ʧʣʘʟʤʦʚʦʛʦ ʪʨʘʚʣʝʥʥʷ. 

ʊʘʙʣʠʮʷ 4.6. ʇʦʨʽʚʥʷʥʥʷ ʯʘʩʪʢʦʚʠʭ ʜʽʡ ʘʢʪʦʨʽʚ ʚ ʤʝʞʘʭ ʢʣʘʩʪʝʨʘ ʨʝʞʠʤʽʚ ʥʘʥʝʩʝʥʥʷ ɿʇ 

PVD [11]. 

 
ʈʅ ʊʇ ɻʉ ʉʄ ʊʌ ɺʝʢʪʦʨ ʧʨʽʦʨʠʪʝʪʽʚ ʢʣʘʩʪʝʨʘ (0.516; 0.155; 

0.079; 0.249).  

ɺʝʢʪʦʨ ʧʨʽʦʨʠʪʝʪʽʚ ʢʣʘʩʪʝʨʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʚʘʛʦʤʦʩʪʽ ʢʣʘʩʪʝʨʘ (0.041; 0.012; 0.006; 

0.020). 

ɺʣʘʩʥʝ ʟʥʘʯʝʥʥʷ ʤʘʪʨʠʮʽ ɚmax= 4,183, 

ʽʥʜʝʢʩ ʫʟʛʦʜʞʝʥʦʩʪʽ ɯʋ=0,061, ʚʽʜʥʦʰʝʥʥʷ 

ʫʟʛʦʜʞʝʥʦʩʪʽ ɺʋ=0,068. 

ʊʇ 1.000 3.667 4.333 3.000 

ɻʉ 0.289 1.000 2.000 0.667 

ʉʄ 0.244 0.500 1.000 0.217 

ʊʌ 0.333 1.667 4.667 1.000 

 

ʅʘʡʙʽʣʴʰ ʚʘʛʦʤʠʤ ʧʽʜʬʘʢʪʦʨʦʤ ʢʣʘʩʪʝʨʘ ʻ ʪʦʚʱʠʥʘ ɿʇ. ɺʘʛʦʤʦʩʪʽ 

ʚʩʽʭ ʬʘʢʪʦʨʽʚ ʚ ʤʝʞʘʭ ʢʣʘʩʪʝʨʽʚ ʟʘʟʥʘʯʝʥʦ ʥʘ ʨʠʩ. 4.1 [11].  

 

4.2. ɼʦʩʣʽʜʞʝʥʥʷ ʷʢʦʩʪʽ ʛʨʘʚʽʶʚʘʥʥʷ ʟʨʘʟʢʽʚ ʬʦʨʤ ʽʥʪʘʛʣʽʦʜʨʫʢʫ.  

ʆʩʢʽʣʴʢʠ, ʷʢ ʟôʷʩʦʚʘʥʦ ʚʠʱʝ, ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ DLE ʪʘ 

ʧʨʦʝʢʪʦʚʘʥʽ ʧʘʨʘʤʝʪʨʠ ʬʦʨʤ ʻ ʚʘʛʦʤʠʤʠ ʟʘʩʦʙʘʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʬʦʨʤ, 

ʪʦ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʥʘʤʠ ʟʘʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʟʘʻʤʦʟʚôʷʟʢʫ 
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ʧʘʨʘʤʝʪʨʽʚ ɻʐ ʬʦʨʤʠ ʜʦ ʥʘʥʝʩʝʥʥʷ ɿʇ ʟ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ DLE ʽ 

ʚʠʟʥʘʯʝʥʥʷ ʥʘ ʮʽʡ ʦʩʥʦʚʽ ʥʘʧʨʷʤʢʽʚ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʷʢʦʩʪʽ ɻʐ 

ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ɼʌɯ.  

4.2.1. ɼʦʩʣʽʜʞʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʧʨʦʬʽʣʶ ʛʨʘʚʽʡʦʚʘʥʠʭ ʰʪʨʠʭʽʚ 

ʬʦʨʤʠ ʟʘʧʨʦʝʢʪʦʚʘʥʠʤ.  

ɼʦʩʣʽʜʞʝʥʦ ʄʌ 2  [5, 6] (ʙʝʟ ʟʘʭʠʩʥʦʛʦ ʧʦʢʨʠʪʪʷ, ʧʽʜʨʦʟʜ. 2.4.2). 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʩʽ ɻʐ ʮʽʻʾ ʄʌ ʤʘʶʪʴ ʩʫʪʪʻʚʽ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʟʘʜʘʥʦʛʦ  

ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʧʨʦʬʽʣʷ ʽ ʟʘʟʚʠʯʘʡ ʻ ʥʝʩʠʤʝʪʨʠʯʥʠʤʠ (ʪʘʙʣ. 4.7). ʇʨʠʢʣʘʜʠ 

ʤʽʢʨʦʰʣʽʬʽʚ ʬʘʢʪʠʯʥʦ ʦʪʨʠʤʘʥʠʭ ʧʨʦʬʽʣʽʚ ɻʐ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣ. 4.8. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʩʫʪʪʻʚʽ ʚʽʜʤʽʥʥʦʩʪʽ ʧʨʦʬʽʣʷ, ʱʦ ʙʫʚ ʦʪʨʠʤʘʥʠʡ 

ʛʨʘʚʽʶʚʘʥʥʷʤ, ʽ ʟʘʧʨʦʝʢʪʦʚʘʥʦʛʦ, ʟ ʧʦʛʣʷʜʫ ʤʦʞʣʠʚʦʾ ʪʘʢʪʠʣʴʥʦʩʪʽ ʚʽʜʙʠʪʢʽʚ 

(ʥʘʡʩʫʪʪʻʚʽʰʦʛʦ ʧʘʨʘʤʝʪʨʫ ɯɼ) ʧʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ ʨʝʞʠʤʽʚ ʚʠʛʦʪʦʚʣʝʥʥʷ ʽ 

ʧʨʦʬʽʣʽʚ ʟʘʙʝʟʧʝʯʫʻ  ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʬʘʢʪʠʯʥʦʾ ʰʠʨʠʥʠ ɻʐ 

(80ï130%) ʟʘʧʨʦʝʢʪʦʚʘʥʦʤʫ (ʨʠʩ. 4.2) [6]. ʌʘʢʪʠʯʥʘ ʛʣʠʙʠʥʘ ʰʪʨʠʭʘ 

ʟʤʽʥʶʻʪʴʩʷ ʩʫʪʪʻʚʽʰʝ ï ʚʽʜ 60 % ʚʽʜ ʟʘʧʨʦʝʢʪʦʚʘʥʦʛʦ ʜʦ ʤʘʡʞʝ 200% (ʨʠʩ. 4.3) 

[6].  

ʅʝʛʘʪʠʚʥʠʤ ʬʘʢʪʦʨʦʤ ʻ ʪʝ, ʱʦ ʪʘʢʘ ʛʣʠʙʠʥʘ ʧʦʜʝʢʫʜʠ ʜʦʩʷʛʘʻʪʴʩʷ ʯʝʨʝʟ 

ʢʨʘʧʣʝʧʦʜʽʙʥʫ ʚʠʜʦʚʞʝʥʫ ʬʦʨʤʫ ɻʐ, ʢʦʪʨʘ ʫʪʚʦʨʶʻʪʴʩʷ ʯʝʨʝʟ ʥʝʧʨʘʚʠʣʴʥʝ 

ʬʦʢʫʩʫʚʘʥʥʷ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʽ ʫʪʚʦʨʝʥʥʷ ʧʦʪʫʞʥʦʛʦ ʪʝʧʣʦʚʦʛʦ 

ʷʜʨʘ ʫʩʝʨʝʜʠʥʽ ʰʪʨʠʭʘ ʧʽʜ ʯʘʩ ʛʨʘʚʽʶʚʘʥʥʷ ʥʘ ʧʝʨʝʪʷʞʮʽ ʢʘʫʩʪʠʢʠ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ [157]. ɺ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ ʮʽ ʢʨʘʧʣʝʧʦʜʽʙʥʽ ʚʠʩʪʫʧʠ 

ʚʽʜʦʢʨʝʤʣʝʥʽ ʚʽʜ ʜʥʘ ʰʪʨʠʭʘ ʰʘʨʦʤ ʤʝʪʘʣʫ 20ï30 ʤʢʤ (ʨʠʩ. 4.4). ʊʘʢʽ ʞ 

ʚʠʩʥʦʚʢʠ ʱʦʜʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʬʦʨʤʠ ʰʪʨʠʭʽʚ ʯʝʨʝʟ ʧʦʨʫʰʝʥʥʷ ʬʦʢʫʩʫʚʘʥʥʷ 

ʣʘʟʝʨʥʦʛʦ ʧʨʦʤʝʥʶ ʧʽʜ ʯʘʩ ʛʨʘʚʽʶʚʘʥʥʷ ʧʽʜʪʚʝʨʜʞʫʶʪʴʩʷ ʽ ʜʘʥʠʤʠ ʜʦʩʣʽʜʞʝʥʴ 

ʤʦʨʬʦʣʦʛʽʾ ʧʦʚʝʨʭʥʽ ɼɽ ʮʽʻʾ ʄʌ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ (ʨʠʩ. 

4.5), ʜʝ ʚʠʜʥʦ, ʱʦ ʧʦ ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʰʪʨʠʭʘ ʚʠʥʠʢʣʠ ʟʘʛʣʠʙʣʝʥʥʷ 

(ʥʘʚʝʜʝʥʦ ʤʦʨʬʦʣʦʛʽʶ ʪʽ ʞ ʰʪʨʠʭʽʚ, ʱʦ ʡ ʥʘ ʨʠʩ. 4.4). 
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ʊʘʙʣʠʮʷ 4.7. ʌʘʢʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ɻʐ, ʦʪʨʠʤʘʥʠʭ ʥʘ  ʄʌ 2  
ʐ
ʪ
ʨ
ʠ
ʭ

 

ʐʠʨʠʥʘ, ʤʢʤ ɻʣʠʙʠʥʘ, ʤʢʤ ʇʣʦʱʘ, ʤʢʤ2 
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ʊʝʦʨ. 

ʇʨʘʢʪʠʯʥʦ 

ʊʝʦʨ. 

ʇʨʘʢʪʠʯʥʦ 

ʊʝʦʨ. 

ʇʨʘʢʪʠʯʥʦ 

ʤʢʤ % ʤʢʤ % ʤʢʤ % 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

1 100.00 96.50 96.50 100.00 121.00 121.00 9461.00 4560.83 48.21 2.25 0.97 0.48 0.56 0.67 ʌ H3H 

2 30.00 40.75 135.83 20.00 28.25 141.25 600.00 521.99 87.00 0.13 0.64 0.87 0.03 0.77 

ʇ 

H3L 

3 30.00 31.13 103.75 20.00 38.38 191.88 600.00 538.38 89.73 0.50 0.96 0.90 0.13 0.70 H3M 

4 30.00 26.13 87.08 20.00 22.25 111.25 600.00 341.92 56.99 0.13 0.87 0.57 0.03 0.82 H3H 

5 30.00 41.13 137.08 30.00 43.25 144.17 900.00 643.10 71.46 0.50 0.63 0.71 0.13 0.69 H3L 

6 30.00 33.00 110.00 30.00 49.25 164.17 900.00 589.78 65.53 1.00 0.90 0.66 0.25 0.67 H3M 

7 30.00 25.75 85.83 30.00 31.75 105.83 900.00 399.91 44.43 0.50 0.86 0.44 0.13 0.78 H3H 

8 60.00 64.38 107.29 60.00 79.25 132.08 3600.00 1962.35 54.51 1.63 0.93 0.55 0.41 0.69 H3M 

9 60.00 52.75 87.92 60.00 68.13 113.54 3600.00 1453.48 40.37 1.25 0.88 0.40 0.31 0.71 H3H 

10 40.00 52.63 131.56 40.00 45.13 112.81 1600.00 1048.77 65.55 0.38 0.68 0.66 0.09 0.78 H3L 

11 40.00 43.00 107.50 40.00 73.50 183.75 1600.00 932.11 58.26 1.63 0.93 0.58 0.41 0.57 H3M 

12 40.00 34.63 86.56 40.00 50.00 125.00 1600.00 648.35 40.52 1.00 0.87 0.41 0.25 0.69 H3H 

13 40.00 50.38 125.94 40.00 32.13 80.31 1080.40 611.20 56.57 0.75 0.74 0.57 0.19 0.73 

ʊ, 

60Á 

H3L 

14 40.00 36.50 91.25 40.00 44.88 112.19 1080.40 682.95 63.21 1.13 0.91 0.63 0.28 0.79 H3M 

15 40.00 31.88 79.69 40.00 28.00 70.00 1080.40 450.89 41.73 0.63 0.80 0.42 0.16 0.69 H3H 
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ʊʘʙʣʠʮʷ 4.7 (ʧʨʦʜʦʚʞʝʥʥʷ) 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

16 40.00 47.63 119.06 40.00 41.00 102.50 1358.80 832.27 61.25 0.63 0.81 0.61 0.16 0.81 

ʊ,  

75Á 

H3L 

17 40.00 37.00 92.50 40.00 59.13 147.81 1358.80 741.14 54.54 0.88 0.93 0.55 0.22 0.69 H3M 

18 40.00 32.63 81.56 40.00 39.00 97.50 1358.80 538.32 39.62 0.63 0.82 0.40 0.16 0.76 H3H 

19 100.00 107.00 107.00 80.00 95.25 119.06 8000.00 5503.69 68.80 1.25 0.93 0.69 0.31 0.78 

ʇ 

H3M 

20 100.00 97.88 97.88 80.00 108.25 135.31 8000.00 4462.61 55.78 2.75 0.98 0.56 0.69 0.62 H3H 

21 100.00 98.75 98.75 80.00 76.63 95.78 5171.30 3241.19 62.68 1.13 0.99 0.63 0.28 0.82 
ʊ, 

60Á 

H3M 

22 100.00 92.88 92.88 80.00 71.75 89.69 5171.30 2702.42 52.26 1.38 0.93 0.52 0.34 0.75 H3H 

23 100.00 100.57 100.57 80.00 92.00 115.00 6902.40 4348.97 63.01 1.43 0.99 0.63 0.36 0.78 
ʊ,  

75Á 

H3M 

24 100.00 91.13 91.13 80.00 95.00 118.75 6902.40 3682.95 53.36 1.63 0.91 0.53 0.41 0.71 H3H 

25 100.00 102.13 102.13 100.00 114.13 114.13 10000.00 6356.61 63.57 0.75 0.98 0.64 0.19 0.82 

ʇ 

H3M 

26 100.00 98.13 98.13 100.00 130.50 130.50 10000.00 5089.58 50.90 1.63 0.98 0.51 0.41 0.69 H3H 

27 100.00 98.63 98.63 100.00 73.38 73.38 5323.60 3146.75 59.11 1.38 0.99 0.59 0.34 0.74 
ʊ, 

60Á 

H3M 

28 100.00 91.00 91.00 100.00 79.88 79.88 5323.60 2541.18 47.73 2.38 0.91 0.48 0.59 0.65 H3H 

29 100.00 97.88 97.88 100.00 107.13 107.13 8109.16 4501.90 55.52 2.00 0.98 0.56 0.50 0.74 
ʊ,  

75Á 

H3M 

30 100.00 88.50 88.50 100.00 99.38 99.38 8109.16 3284.40 40.50 2.88 0.89 0.41 0.72 0.64 H3H 

*  -  ʪʫʪ ʧʦʟʥʘʯʝʥʥʷ ʬʦʨʤʠ ʧʨʦʬʽʣʶ: ʌ ï ʬʘʩʦʥʥʠʡ; ʇ ï ʧʨʷʤʦʢʫʪʥʠʡ; ʊ - ʪʨʘʧʝʮʽʻʧʦʜʽʙʥʠʡ
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ʊʘʙʣʠʮʷ 4.8. ʇʨʠʢʣʘʜʠ ʬʘʢʪʠʯʥʦ ʦʪʨʠʤʘʥʠʭ ʧʨʦʬʽʣʽʚ ɻʐ 
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ʈʠʩ 4.2. ʌʘʢʪʠʯʥʘ ʰʠʨʠʥʘ ʰʪʨʠʭʽʚ ʄʌ 2 ʧʦʨʽʚʥʷʥʦ ʽʟ ʟʘʧʨʦʝʢʪʦʚʘʥʠʤ ʧʨʦʬʽʣʝʤ [6]  . 

   

 

ʈʠʩ 4.3. ʌʘʢʪʠʯʥʘ ʛʣʠʙʠʥʘ ʰʪʨʠʭʽʚ ʄʌ 2 ʧʦʨʽʚʥʷʥʦ ʽʟ ʟʘʧʨʦʝʢʪʦʚʘʥʠʤ ʧʨʦʬʽʣʝʤ [6]. 

 

ɿ ʪʘʙʣ. 4.8 ʚʠʜʥʦ, ʱʦ ʚʩʽ ʰʪʨʠʭʠ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʟʘʧʨʦʝʢʪʦʚʘʥʦʾ ʬʦʨʤʠ 

ʤʘʶʪʴ ʪʨʠʢʫʪʥʠʡ ʧʨʦʬʽʣʴ ʟʘ ʟʘʜʘʥʠʭ ʰʠʨʠʥ ʰʪʨʠʭʽʚ. ɿʘ ʧʽʜʩʫʤʢʘʤʠ 

ʦʙʨʦʙʣʝʥʥʷ ʟʦʙʨʘʞʝʥʴ ʰʣʽʬʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ ʜʦʜʘʪʢʫ 

DLEScript [5] (ʧʽʜʨʦʟʜ. 2.6.5) ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʬʘʢʪʠʯʥʫ ʧʣʦʱʫ ʧʝʨʝʪʠʥʫ ɻʐ 

ʬʦʨʤʠ (ʨʠʩ. 4.6) ʧʦʨʽʚʥʷʥʦ ʽʟ ʟʘʧʨʦʝʢʪʦʚʘʥʦʶ, ʥʘʚʝʜʝʥʦʶ ʚ ʪʘʙʣ 2.5 ʧʽʜʨʦʟʜ. 

2.4.2. ʏʝʨʝʟ ʩʫʪʪʻʚʝ ʚʽʜʭʠʣʝʥʥʷ ʧʨʦʬʽʣʶ ʚʽʜ ʟʘʧʨʦʝʢʪʦʚʘʥʦʛʦ ʧʣʦʱʘ ʧʝʨʝʪʠʥʫ 

ɻʐ ʧʝʨʝʙʫʚʘʻ ʧʝʨʝʚʘʞʥʦ ʚ ʤʝʞʘʭ 40ï90 % ʚʽʜ ʟʘʧʨʦʝʢʪʦʚʘʥʦʛʦ. ʅʘʡʢʨʘʱʽ 

ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʤʘʶʪʴ ɻʐ ʥʝʚʝʣʠʢʦʛʦ ʨʦʟʤʽʨʫ  (ˉ 2 ʽ ˉ 3, ʨʠʩ. 4.6). 
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͊ύ ͋ύ ͍ύ 

   
͎ύ ͒ύ ͔ύ 

ʈʠʩ. 4.4. ɼʝʬʦʨʤʫʚʘʥʥʷ ʬʦʨʤʠ ʰʪʨʠʭʽʚ ʯʝʨʝʟ ʧʦʨʫʰʝʥʥʷ ʬʦʢʫʩʫʚʘʥʥʷ ʣʘʟʝʨʥʦʛʦ ʧʨʦʤʝʥʶ 

ʧʽʜ ʯʘʩ ʛʨʘʚʽʶʚʘʥʥʷ: ʘ ï ʰʪʨʠʭ 5 (a =30 ʤʢʤ); ʙ ï ʰʪʨʠʭ 9 (a = 60 ʤʢʤ); ʚ ï ʰʪʨʠʭ 11 

(a=40 ʤʢʤ); ʛ ï ʰʪʨʠʭ 24 (a =80 ʤʢʤ); ʜ ï ʰʪʨʠʭ 28 (a =100 ʤʢʤ); ʝ ï ʰʪʨʠʭ 30 (a =100 

ʤʢʤ). ʊʫʪ a ï ʟʘʧʨʦʝʢʪʦʚʘʥʘ ʛʣʠʙʠʥʘ ʰʪʨʠʭʘ, ʤʢʤ. 
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͊ύ ͋ύ 

  
͍ύ ͎ύ 

  
͒ύ ͔ύ 

ʈʠʩ. 4.5. ɽʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʙʽʣʴʰʝʥʥʷ ʛʣʠʙʠʥʠ ɼɽ ʬʦʨʤʠ ʯʝʨʝʟ 

ʧʦʨʫʰʝʥʥʷ ʬʦʢʫʩʫʚʘʥʥʷ ʣʘʟʝʨʥʦʛʦ ʧʨʦʤʝʥʶ ʧʽʜ ʯʘʩ ʛʨʘʚʽʶʚʘʥʥʷ: ʘ ï ʰʪʨʠʭ 5 (a =30 ʤʢʤ); 

ʙ ï ʰʪʨʠʭ 9 (a = 60 ʤʢʤ); ʚ ï ʰʪʨʠʭ 11 (a=40 ʤʢʤ); ʛ ï ʰʪʨʠʭ 24 (a =80 ʤʢʤ); ʜ ï ʰʪʨʠʭ 28 

(a =100 ʤʢʤ); ʝ ï ʰʪʨʠʭ 30 (a =100 ʤʢʤ). ʊʫʪ a ï ʟʘʧʨʦʝʢʪʦʚʘʥʘ ʛʣʠʙʠʥʘ ʰʪʨʠʭʘ, ʤʢʤ. 

 

ʆʪʞʝ, ʭʦʯʘ ʬʘʢʪʠʯʥʘ ʰʠʨʠʥʘ ʰʪʨʠʭʽʚ ʽ ʾʭ ʛʣʠʙʠʥʘ ʚ ʩʝʨʝʜʥʴʦʤʫ ʻ 

ʙʣʠʟʴʢʠʤʠ ʜʦ ʟʘʧʨʦʝʢʪʦʚʘʥʠʭ, ʧʣʦʱʘ ʧʝʨʝʪʠʥʫ ʰʪʨʠʭʽʚ, ʷʢʘ ʚʠʟʥʘʯʘʻ ʾʭ 

ʬʘʨʙʦʻʤʥʽʩʪʴ, ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʟʘʧʨʦʝʢʪʦʚʘʥʠʭ ʩʫʪʪʻʚʽʰʝ (ʨʠʩ. 4.6). 

ɺʘʨʽʶʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʽʜ ʯʘʩ ʛʨʘʚʽʶʚʘʥʥʷ ʚʧʣʠʚʘʻ 

ʩʫʪʪʻʚʦ ʥʘ ʷʢʽʩʪʴ ʚʽʜʪʚʦʨʝʥʥʷ ʟʘʧʨʦʝʢʪʦʚʘʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 
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ʰʪʨʠʭʽʚ: ʟʥʠʞʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʣʘʟʝʨʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ 

ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʢʨʘʱʫ ʷʢʽʩʪʴ ʚʽʜʪʚʦʨʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʰʪʨʠʭʘ (ʨʠʩ. 4.7). ʊʘʢʦʞ ʚʧʣʠʚ ʤʘʻ ʟʘʧʨʦʝʢʪʦʚʘʥʘ ʬʦʨʤʘ: ʪʨʘʧʝʮʽʻʧʦʜʽʙʥʘ 

ʬʦʨʤʘ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʙʽʣʴʰʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʰʪʨʠʭʽʚ, ʪʦʜʽ ʷʢ ʟʘ ʬʘʨʙʦʻʤʥʽʩʪʶ (ʧʣʦʱʝʶ ʧʝʨʝʪʠʥʫ ʰʪʨʠʭʘ) ʧʨʦʝʢʪʦʚʘʥʽ 

ʧʨʦʬʽʣʽ ʤʘʡʞʝ ʥʝ ʤʘʶʪʴ ʚʽʜʤʽʥʥʦʩʪʝʡ (ʨʠʩ. 4.8). 

    

   

ʈʠʩ 4.6. ʌʘʢʪʠʯʥʘ ʧʣʦʱʘ ʧʝʨʝʪʠʥʫ ʰʪʨʠʭʽʚ ʄʌ 2 ʧʦʨʽʚʥʷʥʦ ʽʟ ʟʘʧʨʦʝʢʪʦʚʘʥʠʤ 

ʧʨʦʬʽʣʝʤ [5]. 

4.2.2. ɼʦʩʣʽʜʞʝʥʥʷ ʷʢʦʩʪʽ ʧʦʚʝʨʭʥʽ ʛʨʘʚʽʡʦʚʘʥʠʭ ʰʪʨʠʭʽʚ ʬʦʨʤʠ 

ʧʽʩʣʷ DLE. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʦʟʨʦʙʣʝʥʠʭ ʧʨʠʥʮʠʧʽʚ ʙʘʣʴʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ 

ʧʦʨʽʚʥʷʥʥʷ ʟʽ ʟʨʘʟʢʦʤ ʟʘ 5-ʙʘʣʴʥʦʶ ʰʢʘʣʦʶ: (ʧʽʜʨʦʟʜ. 2.6.6, ʪʘʙʣ. 2.7), 

ʧʨʦʚʝʜʝʥʦ ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ ʧʦʚʝʨʭʥʽ ɻʐ [6].  

ʈʝʟʫʣʴʪʘʪʠ ʡʦʛʦ ʧʦʢʘʟʘʣʠ (ʨʠʩ. 4.9), ʱʦ ʩʪʫʧʽʥʴ ʧʦʰʢʦʜʞʝʥʥʷ ʩʪʽʥʦʢ ɻʐ 

ʩʫʪʪʻʚʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʪʫʞʥʦʩʪʽ ʦʙʨʦʙʢʠ: ʟʥʠʞʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʣʘʟʝʨʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʷʢ ʟʘʙʝʟʧʝʯʠʪʠ ʢʨʘʱʫ 

ʷʢʽʩʪʴ ʚʽʜʪʚʦʨʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ɻʐ (ʨʠʩ. 4.6), ʪʘʢ ʽ ʟʘʙʝʟʧʝʯʠʪʠ 
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ʢʨʘʱʫ ʷʢʽʩʪʴ ʧʦʚʝʨʭʥʽ ʰʪʨʠʭʘ (ʨʠʩ. 4.9). ʆʩʪʘʥʥʻ ʻ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʠʤ 

ʬʘʢʪʦʨʦʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʣʝʞʥʦʛʦ ʨʽʚʥʷ ʘʜʛʝʟʽʾ ɿʇ ʜʦ ʣʘʪʫʥʥʦʾ ʦʩʥʦʚʠ.  

 

 

ʈʠʩ 4.7. ɻʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʰʪʨʠʭʽʚ ʄʌ 2 ʟʘʣʝʞʥʦ ʚʽʜ ʧʦʪʫʞʥʦʩʪʽ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ [6]. 

 

 

ʈʠʩ 4.8. ɻʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʰʪʨʠʭʽʚ ʄʌ 2 ʟʘʣʝʞʥʦ ʚʽʜ ʟʘʧʨʦʝʢʪʦʚʘʥʦʾ ʬʦʨʤʠ 

ʰʪʨʠʭʘ [6]. 
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ʈʠʩ 4.9. ʉʪʫʧʽʥʴ ʧʦʰʢʦʜʞʝʥʥʷ ʰʪʨʠʭʽʚ ʤʦʜʝʣʴʥʦʾ ʬʦʨʤʠ ʚ ʙʘʣʘʭ[6]  . 

 

ʈʠʩ 4.10. ʉʪʫʧʽʥʴ ʧʦʰʢʦʜʞʝʥʥʷ ʰʪʨʠʭʽʚ ʤʦʜʝʣʴʥʦʾ ʬʦʨʤʠ ʚ ʙʘʣʘʭ ʟʘʣʝʞʥʦ ʚʽʜ 

ʧʦʪʫʞʥʦʩʪʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ [6]. 

ɿ ʧʦʛʣʷʜʫ ʷʢʦʩʪʽ ʧʦʚʝʨʭʥʽ ʰʪʨʠʭʽʚ  ʢʨʘʱʽ ʧʘʨʘʤʝʪʨʠ ʤʘʶʪʴ ʧʨʷʤʦʢʫʪʥʽ 

ʧʨʦʬʽʣʽ (ʨʠʩ. 4.11). ʊʘʢʽ ʚʠʩʥʦʚʢʠ ʱʦʜʦ ʩʪʘʥʫ ʧʦʚʝʨʭʥʽ ʰʪʨʠʭʽʚ 

ʧʽʜʪʚʝʨʜʞʫʶʪʴʩʷ ʽ ʜʘʥʠʤʠ ʜʦʩʣʽʜʞʝʥʴ ʤʦʨʬʦʣʦʛʽʾ ʧʦʚʝʨʭʥʽ ʧʨʦʙʽʣʴʥʠʭ ʪʘ 

ʜʨʫʢʘʨʩʴʢʠʭ ʝʣʝʤʝʥʪʽʚ ʤʦʜʝʣʴʥʦʾ ʬʦʨʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʥʥʦʾ 

ʤʽʢʨʦʩʢʦʧʽʾ ( ʨʠʩ. 4.12, 4.13). 
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ʊʘʢʽ ʨʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ ʧʨʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫʚʝʜʝʥʥʷ ʧʦʧʨʘʚʦʯʥʠʭ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʫ ʨʦʙʦʯʦʤʫ ʧʦʪʦʮʽ DLE. 

 

 

ʈʠʩ 4.11. ʉʪʫʧʽʥʴ ʧʦʰʢʦʜʞʝʥʥʷ ʰʪʨʠʭʽʚ ʤʦʜʝʣʴʥʦʾ ʬʦʨʤʠ ʚ ʙʘʣʘʭ ʟʘʣʝʞʥʦ ʚʽʜ 

ʟʘʧʨʦʝʢʪʦʚʘʥʦʾ ʬʦʨʤʠ ʰʪʨʠʭʘ[6]  . 

  
͊ύ ͋ύ 

  
͍ύ ͎ύ 

ʈʠʩ. 4.12. ʈʝʟʫʣʴʪʘʪʠ ʝʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʽ ʜʦʩʣʽʜʞʝʥʴ ʤʦʨʬʦʣʦʛʽʾ ʜʨʫʢʫʚʘʣʴʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʟ ʥʘʡʛʽʨʰʦʶ ʷʢʽʩʪʶ ʩʪʽʥʦʢ ʰʪʨʠʭʽʚ: ʘ ï ʰʪʨʠʭ 1 (2,25 ʙʘʣʽʚ); ʙ ï ʰʪʨʠʭ 20 (2,75 

ʙʘʣʽʚ); ʚ ï ʰʪʨʠʭ 28 (2,38 ʙʘʣʽʚ); ʛ ï ʰʪʨʠʭ 30 (2,88 ʙʘʣʽʚ). 

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6

˽ͪΎ͙͚ͣͦͯͭͤ͟

͔́ͪ͊ͨͼ͜ΎΣ слϲ

͔́ͪ͊ͨͼ͜ΎΣ  трϲ

˽ͦ΄͔ͦ͒͗ͤͤ͟ΎΣ ͙͋͊͡



128 
 

4.3. ɼʦʩʣʽʜʞʝʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ 

ʬʦʨʤ ʽʥʪʘʛʣʽʦʜʨʫʢʫ - ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʷʢʦʩʪʽ ʜʨʫʢʘʨʩʴʢʠʭ ʝʣʝʤʝʥʪʽʚ, 

ʛʨʘʚʽʡʦʚʘʥʠʭ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʦʙʣʘʜʥʘʥʥʷ Jura DLE ʪʘ Piranha ɛ Pico 

(ʤʦʜʝʣʴʥʘ ʬʦʨʤʘ 3). 

ɸʣʴʪʝʨʥʘʪʠʚʥʽ ʚʘʨʽʘʥʪʠ ʊʇ ʚʠʛʦʪʦʚʣʝʥʥʷ ɼʌɯ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʽʡ ʘʢʪʦʨʽʚ 

ï ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ ʥʘ ʜʦʩʷʛʥʝʥʥʷ ʛʣʦʙʘʣʴʥʦʾ ʤʝʪʠ ï ʷʢʽʩʥʦʾ ʬʦʨʤʠ 

ʽʥʪʘʛʣʽʦʜʨʫʢʫ (ʪʘʢʦʾ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʦʪʨʠʤʘʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʚʽʜʙʠʪʢʽʚ ʥʘʣʝʞʥʦʾ ʷʢʦʩʪʽ (ʯʽʪʢʦʩʪʽ ʽ ʪʘʢʪʠʣʴʥʦʩʪʽ)) ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʥʘʤʠ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʚʘʛʦʤʦʩʪʽ ʬʘʢʪʦʨʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ (ʨʠʩ. 4.1):  

- ʢʦʨʝʛʫʚʘʥʥʷ ʨʝʞʠʤʽʚ DLE (ʧʦʪʫʞʥʽʩʪʴ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʚʠʜ 

ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʪʨʠʚʘʣʽʩʪʶ ʽʤʧʫʣʴʩʽʚ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ);  

- ʢʦʨʝʛʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʰʪʨʠʭʽʚ (ʥʝʟʘʣʝʞʥʠʭ ʚʽʜ ʟʘʜʘʥʠʭ ʜʠʟʘʡʥʦʤ ï 

ʚʠʜ ʧʨʦʬʽʣʶ, ʩʠʤʝʪʨʠʯʥʽʩʪʴ ʧʨʦʬʽʣʶ, ʢʫʪ ʥʘʭʠʣʫ ʩʪʽʥʦʢ ʰʪʨʠʭʘ, ʛʣʠʙʠʥʘ (ʫ 

ʚʠʟʥʘʯʝʥʠʭ ʤʝʞʘʭ), ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʛʣʠʙʠʥʠ ʽ ʰʠʨʠʥʠ);  

- ʢʦʨʝʛʫʚʘʥʥʷ ʨʝʞʠʤʽʚ ʦʙʨʦʙʣʝʥʥʷ ʧʽʩʣʷ DLE (ʭʽʤʽʯʥʦʛʦ ʦʯʠʱʝʥʥʷ, ʯʠ 

ʭʽʤʽʯʥʦʛʦ ʽ ʤʝʭʘʥʽʯʥʦʛʦ ʦʯʠʱʝʥʥʷ). 

ʊʘʢʦʞ ʚʨʘʭʦʚʘʥʦ ʤʦʞʣʠʚʦʩʪʽ ʥʘʷʚʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ 

(ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʣʘʟʝʨʥʽ ʩʠʩʪʝʤʠ ʛʨʘʚʽʶʚʘʥʥʷ). ʂʦʨʝʛʫʚʘʥʥʷ ʨʝʞʠʤʽʚ 

ʧʦʧʝʨʝʜʥʴʦʛʦ ʦʙʨʦʙʣʝʥʥʷ PVD (ʪʨʠʚʘʣʽʩʪʴ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʪʘ ʚʠʜ ʽʦʥʥʦ-

ʧʣʘʟʤʦʚʦʛʦ ʪʨʘʚʣʝʥʥʷ ʣʘʪʫʥʥʦʾ ʧʣʘʩʪʠʥʠ ʫ ʢʘʤʝʨʽ ʚʘʢʫʫʤʥʦʛʦ ʥʘʧʠʣʝʥʥʷ 

ʧʝʨʝʜ ʥʘʥʝʩʝʥʥʷʤ ʟʘʭʠʩʥʦʛʦ ʧʦʢʨʠʪʪʷ) ʪʘ  ʢʦʨʝʛʫʚʘʥʥʷ ʨʝʞʠʤʽʚ PVD (ʪʦʚʱʠʥʘ 

ʟʘʭʠʩʥʦʛʦ ʧʦʢʨʠʪʪʷ (ʯʘʩ ʥʘʧʠʣʝʥʥʷ), ʚʽʜʩʦʪʢʦʚʠʡ ʩʢʣʘʜ ʛʘʟʦʚʦʾ ʩʫʤʽʰʽ ArïN2 

ʚ ʢʘʤʝʨʽ ʥʘʧʠʣʝʥʥʷ, ʩʢʣʘʜ (ʣʝʛʫʚʘʥʥʷ) ʭʨʦʤʦʚʦʾ ʤʽʰʝʥʽ, ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʽʜʢʣʘʜʢʠ (ʬʦʨʤʠ) ʧʽʜ ʯʘʩ PVD) ʚʘʨʪʦ ʙʫʜʝ ʜʦʩʣʽʜʠʪʠ ʚ ʧʦʜʘʣʴʰʦʤʫ, ʦʩʢʽʣʴʢʠ 

ʥʘʷʚʥʝ ʦʙʣʘʜʥʘʥʥʷ ʥʝ ʥʘʜʘʻ ʪʘʢʦʾ ʤʦʞʣʠʚʦʩʪʽ.  
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͊ύ ͋ύ 

  
͍ύ ͎ύ 

ʈʠʩ. 4.13. ʈʝʟʫʣʴʪʘʪʠ ʝʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʽ ʜʦʩʣʽʜʞʝʥʴ ʤʦʨʬʦʣʦʛʽʾ ʜʨʫʢʫʚʘʣʴʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʟ ʥʘʡʢʨʘʱʦʶ ʷʢʽʩʪʶ ʩʪʽʥʦʢ ʰʪʨʠʭʽʚ: ʘ ï ʰʪʨʠʭ 4 (0,13 ʙʘʣʽʚ); ʙ ï ʰʪʨʠʭ 7 (0,5 

ʙʘʣʽʚ); ʚ ï ʰʪʨʠʭ 10 (0,38 ʙʘʣʽʚ); ʛ ï ʰʪʨʠʭ 15 (0,63 ʙʘʣʽʚ). 

 

4.3.1. ɼʦʩʣʽʜʞʝʥʥʷ ʬʦʨʤʠ ʰʪʨʠʭʽʚ. 

ɼʣʷ ʄʌ 2, ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʷʢʦʾ ʥʘʚʝʜʝʥʦ ʚ ʧʽʜʨʦʟʜ. 4.2, ʙʫʣʦ 

ʟʘʧʨʦʝʢʪʦʚʘʥʦ ʧʝʨʝʚʘʞʥʦ ʜʨʽʙʥʽ (ʰʠʨʠʥʦʶ ʜʦ 100 ʤʢʤ) ʰʪʨʠʭʠ. ʊʦʤʫ 

ʧʦʜʘʣʴʰʝ ʜʦʩʣʽʜʞʝʥʥʷ ʰʠʨʰʠʭ (ʜʦ 300 ʤʢʤ) ʰʪʨʠʭʽʚ ʜʦʟʚʦʣʠʣʦ ʜʦʜʘʪʢʦʚʦ 

ʫʪʦʯʥʠʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʾʭ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ, ʘ ʪʘʢʦʞ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ 

ʣʘʟʝʨʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ. ʅʘʜʘʣʽ ʙʫʜʝʤʦ ʧʦʟʥʘʯʘʪʠ ʚʠʜ ʦʙʣʘʜʥʘʥʥʷ Jura DLE ʷʢ 

ʃ1, Piranha ɛ Pico ï ʃ2. 

ɺʠʷʚʣʝʥʦ, ʱʦ ʥʘʡʜʨʽʙʥʽʰʽ ʰʪʨʠʭʠ (ʰʠʨʠʥʦʶ ʜʦ 40 ʤʢʤ, ʛʣʠʙʠʥʦʶ ʜʦ 

40 ʤʢʤ) ʧʽʩʣʷ DLE, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʪʦʛʦ, ʱʦ ʾʭ ʟʘʧʨʦʝʢʪʦʚʘʥʦ ʧʨʷʤʦʢʫʪʥʠʤʠ, ʽ 

ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʚʠʜʫ ʦʙʣʘʜʥʘʥʥʷ, ʟʘʚʞʜʠ ʤʘʶʪʴ ʪʨʠʢʫʪʥʠʡ ʧʨʦʬʽʣʴ (ʨʠʩ. 4.14). 
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ʘ) ʙ) ʚ) ʛ) 

    

ʜ) ʝ) ʞ) ʟ) 

ʈʠʩ. 4.14. ʇʨʠʢʣʘʜʠ ʬʘʢʪʠʯʥʦ ʦʪʨʠʤʘʥʠʭ ʧʨʦʬʽʣʽʚ ʛʨʘʚʽʡʦʚʘʥʠʭ ɼɽ: ʘ-ʛ ï ʰʪʨʠʭ 13; ʜ-ʟ ï 

ʰʪʨʠʭ 20; ʘ, ʜ ï ʃ1, ʙʝʟ ʦʯʠʱʝʥʥʷ; ʙ, ʝ ï ʃ2, ʙʝʟ ʦʯʠʱʝʥʥʷ; ʚ, ʞ ï ʃ1, ʟ ʦʯʠʱʝʥʥʷʤ; ʛ, ʟ ï 

ʃ2, ʟ ʦʯʠʱʝʥʥʷʤ. Ĭ400. 

ɿʘ ʫʤʦʚʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʃ2 ʟʙʽʣʴʰʝʥʥʷ ʰʠʨʠʥʠ ʽ ʛʣʠʙʠʥʠ ʜʦ 60 ʤʢʤ 

ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʰʪʨʠʭ ʟʛʣʘʜʞʝʥʦʾ, ʫʤʦʚʥʦ ʪʨʘʧʝʮʽʻʧʦʜʽʙʥʦʾ ʬʦʨʤʠ ʽʟ 

ʟʘʦʢʨʫʛʣʝʥʠʤ ʜʥʦʤ (ʨʠʩ. 4.15). 

    

ʘ) ʙ) ʚ) ʛ) 

ʈʠʩ. 4.15. ʇʨʠʢʣʘʜʠ ʬʘʢʪʠʯʥʦ ʦʪʨʠʤʘʥʠʭ ʧʨʦʬʽʣʽʚ ʛʨʘʚʽʡʦʚʘʥʠʭ ɼɽ, ʰʪʨʠʭ 23: ʘ  ï ʃ1, ʙʝʟ 

ʦʯʠʱʝʥʥʷ; ʙ ï ʃ2, ʙʝʟ ʦʯʠʱʝʥʥʷ; ʚ ï ʃ1, ʟ ʦʯʠʱʝʥʥʷʤ; ʛ ï ʃ2, ʟ ʦʯʠʱʝʥʥʷʤ. Ĭ400. 
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ɺʠʢʦʨʠʩʪʘʥʥʷ ʃ2  ʟʘ ʰʠʨʠʥʠ 100 ʤʢʤ ʪʘ ʛʣʠʙʠʥʠ 80ï100 ʤʢʤ ʜʦʟʚʦʣʷʻ 

ʪʘʢʦʞ ʦʪʨʠʤʘʪʠ ʫʤʦʚʥʦ ʪʨʘʧʝʮʽʻʧʦʜʽʙʥʫ ʬʦʨʤʫ ʰʪʨʠʭʘ ʽʟ ʜʝʱʦ ʟʘʦʢʨʫʛʣʝʥʠʤ 

ʜʥʦʤ (ʨʠʩ. 4.16).  

    

ʘ) ʙ) ʚ) ʛ) 

    

ʜ) ʝ) ʞ) ʟ) 

ʈʠʩ. 4.16. ʇʨʠʢʣʘʜʠ ʬʘʢʪʠʯʥʦ ʦʪʨʠʤʘʥʠʭ ʧʨʦʬʽʣʽʚ ʛʨʘʚʽʡʦʚʘʥʠʭ ɼɽ: ʘ-ʛ ï ʰʪʨʠʭ 1; ʜ-ʟ ï 

ʰʪʨʠʭ 12; ʘ, ʜ ï ʃ1, ʙʝʟ ʦʯʠʱʝʥʥʷ; ʙ, ʝ ï ʃ2, ʙʝʟ ʦʯʠʱʝʥʥʷ; ʚ, ʞ ï ʃ1, ʟ ʦʯʠʱʝʥʥʷʤ; ʛ, ʟ ï 

ʃ2, ʟ ʦʯʠʱʝʥʥʷʤ. Ĭ400. 

ɿʙʽʣʴʰʝʥʥʷ ʟʘʧʨʦʝʢʪʦʚʘʥʦʾ ʰʠʨʠʥʠ ʰʪʨʠʭʘ ʜʦ 140 ʤʢʤ (ʰʪʨʠʭʠ 30ï38) 

ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʘʪʠ ʰʪʨʠʭʠ ʪʨʘʧʝʮʽʻʧʦʜʽʙʥʦʾ ʬʦʨʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʃ2, ʘ 

ʫ ʯʘʩʪʠʥʽ ʰʪʨʠʭʽʚ ï ʽ ʃ1 (ʨʠʩ. 4.17). ʅʘ ʰʪʨʠʭʘʭ ʥʝʚʝʣʠʢʦʾ ʛʣʠʙʠʥʠ (20 ʤʢʤ, 

ʨʠʩ. 4.17 ʚ, ʛ) ʧʽʩʣʷ ʦʯʠʱʝʥʥʷ ʥʘ ʤʝʞʽ ɼɽ-ʇɽ ʧʨʦʷʚʣʷʶʪʴʩʷ ʟʦʥʠ ʚʽʜʧʘʣʫ, ʱʦ 

ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʥʝʤʽʮʥʝʥʥʷ ʩʪʨʫʢʪʫʨʠ.  

ɼʣʷ ʰʪʨʠʭʽʚ ʛʣʠʙʠʥʦʶ 40 ʤʢʤ (ʃ1, ʨʠʩ. 4.17 ʜ, ʞ) ʪʨʘʧʝʮʽʻʧʦʜʽʙʥʘ 

ʬʦʨʤʘ ʧʦʯʠʥʘʻ ʚʪʨʘʯʘʪʠʩʷ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʃ2 (ʨʠʩ. 4.17 ʝ, ʟ). ɿʙʽʣʴʰʝʥʥʷ 

ʛʣʠʙʠʥʠ ʛʨʘʚʽʶʚʘʥʥʷ ʜʦ 80 ʤʢʤ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʚʥʦʾ ʚʪʨʘʪʠ 

ʪʨʘʧʝʮʽʻʧʦʜʽʙʥʦʛʦ ʧʨʦʬʽʣʶ ʰʪʨʠʭʘ ʜʣʷ ʃ1 (ʨʠʩ. 4.17 ʽ, ʣ), ʘʣʝ ʟʙʝʨʽʛʘʻʪʴʩʷ 

ʪʘʢʠʡ ʧʨʦʬʽʣʴ ʜʣʷ ʃ2 ((ʨʠʩ. 4.17 ʢ, ʤ). 

  


