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ɸʅʆʊɸʎɯʗ  

ʆʛʽʨʢʦ ʄ. ʆ. ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʜʨʫʢʘʨʩʴʢʠʭ 

ʚʽʜʙʠʪʢʽʚ ʥʘ ʛʦʬʨʦʢʘʨʪʦʥʽ ʜʣʷ ʦʟʜʦʙʣʝʥʥʷ ʧʘʢʦʚʘʥʴ. ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ 

ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʬʽʣʦʩʦʬʽʾ ʟʘ 

ʩʧʝʮʽʘʣʴʥʩ̔ʪʁ 186 çɺʠʜʘʚʥʠʮʪʚʦ ʪʘ ʧʦʣʽʛʨʘʬʽʷè (18 çɺʠʨʦʙʥʠʮʪʚʦ ʪʘ 

ʪʝʭʥʦʣʦʛʽʾè). ï ʋʢʨʘʾʥʩʴʢʘ ʘʢʘʜʝʤʽʷ ʜʨʫʢʘʨʩʪʚʘ, ʃʴʚʽʚ, 2022. 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʚʠʨʽʰʝʥʥʶ ʘʢʪʫʘʣʴʥʦʛʦ ʥʘʫʢʦʚʦ- 

ʧʨʠʢʣʘʜʥʦʛʦ ʟʘʚʜʘʥʥʷ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ 

ʜʨʫʢʘʨʩʴʢʠʭ ʚʽʜʙʠʪʢʽʚ ʥʘ ʛʦʬʨʦʢʘʨʪʦʥʽ ʰʣʷʭʦʤ ʚʠʷʚʣʝʥʥʷ ʚʟʘʻʤʦʚʧʣʠʚʫ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʦʬʩʝʪʥʦʛʦ, ʬʣʝʢʩʦʛʨʘʬʽʯʥʦʛʦ ʪʘ ʮʠʬʨʦʚʦʛʦ (ink-jet) ʜʨʫʢʫ ʥʘ 

ʛʦʬʨʦʢʘʨʪʦʥʽ ʤʝʪʦʜʦʤ preprint ʽ postprint ʪʘ ʦʟʜʦʙʣʝʥʥʷ ʤʝʪʦʜʦʤ ʣʶʤʽʥʝʩʮʝʥʮʽʾ 

ʪʘ ʘʨʦʤʘʪʠʟʘʮʽʾ ʥʘ ʜʝʥʩʠʪʦʤʝʪʨʠʯʥʽ, ʢʦʣʦʨʠʤʝʪʨʠʯʥʽ, ʜʨʫʢʘʨʩʴʢʦ-ʪʝʭʥʽʯʥʽ 

ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʚʽʜʙʠʪʢʽʚ; ʦʮʽʥʶʚʘʥʥʷ ʤʦʨʬʦʣʦʛʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʽ ʪʦʧʦʛʨʘʬʽʾ 

ʧʦʚʝʨʭʥʽ ʣʘʡʥʝʨʽʚ ʪʘ ʚʽʜʙʠʪʢʽʚ ʥʘ ʥʠʭ, ʨʦʟʨʦʙʣʝʥʥʷ ʤʝʪʦʜʠʢʠ ʦʮʽʥʶʚʘʥʥʷ 

ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʷʢʦʩʪʽ ʚʽʜʙʠʪʢʽʚ; ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʧʨʫʞʝʥʦ-

ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʛʦʬʨʦʢʘʨʪʦʥʫ ʧʨʠ ʜʨʫʢʫʚʘʥʥʽ; ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʽ 

ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʘʨʦʤʘʪʠʟʘʮʽʾ ʧʘʢʦʚʘʥʴ ʤʝʪʦʜʦʤ 

Peel&Smell; ʚʠʟʥʘʯʝʥʥʷ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ ʥʘ ʚʝʣʠʯʠʥʫ ʤʽʛʨʘʮʽʾ ʰʢʽʜʣʠʚʠʭ 

ʢʦʤʧʦʥʝʥʪ ʟ ʚʽʜʙʠʪʢʽʚ  ʜʦ ʟʘʧʘʢʦʚʘʥʠʭ ʧʨʦʜʫʢʪʽʚ, ʱʦ ʫʤʦʞʣʠʚʣʶʻ ʨʦʟʨʦʙʣʝʥʥʷ 

ʢʦʥʮʝʧʪʫʘʣʴʥʦʾ ʤʦʜʝʣʽ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ ʚʽʜʙʠʪʢʽʚ,  

ʘʣʛʦʨʠʪʤʫ ʩʠʩʪʝʤʠ ʦʙˇʨʫʥʪʦʚʘʥʦʛʦ ʚʠʙʦʨʫ ʤʝʪʦʜʽʚ ʜʨʫʢʫʚʘʥʥʷ ʥʘ ʛʦʬʨʦʢʘʨʪʦʥʽ 

ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʩʪʽ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʘʢʦʚʘʥʴ.  

ʋ ʧʝʨʰʦʤʫ ʨʦʟʜʽʣʽ ʨʦʙʦʪʠ ʥʘʚʝʜʝʥʦ ʘʥʘʣʽʟ  ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʪʘ ʪʝʥʜʝʥʮʽʾ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʘʢʦʚʘʥʴ ʟ ʛʦʬʨʦʢʘʨʪʦʥʫ, ʷʢ ʝʢʦʣʦʛʽʯʥʦʛʦ ʪʘ ʟʜʘʪʥʦʛʦ ʜʦ ʧʦʚʥʦʛʦ   

ʨʝʮʠʢʣʽʥʛʫ ʤʘʪʝʨʽʘʣʫ. ʅʘʚʝʜʝʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʪʝʭʥʦʣʦʛʽʡ ʜʨʫʢʫʚʘʥʥʷ ʥʘ 

ʛʦʬʨʦʢʘʨʪʦʥʽ, ʷʢʘ ʚʠʦʢʨʝʤʣʶʻ ʩʧʦʩʦʙʠ ʜʨʫʢʫ (ʦʬʩʝʪʥʠʡ, ʬʣʝʢʩʦʛʨʘʬʽʯʥʠʡ, 

ʮʠʬʨʦʚʠʡ (ink- jet)) ʪʘ ʾʭ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʽʜ ʚʝʣʠʯʠʥʠ ʥʘʢʣʘʜʫ; ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʪʘ 

ʩʪʨʫʢʪʫʨʥʫ ʙʫʜʦʚʫ ʛʦʬʨʦʢʘʨʪʦʥʫ; ʤʝʪʦʜʠ ʟʘʜʨʫʢʦʚʫʚʘʥʥʷ (preprint ̔  postprint) ʪʘ 

ʦʟʜʦʙʣʝʥʥʷ. ʅʘʚʝʜʝʥʦ ʘʥʘʣʽʟ ʥʘʫʢʦʚʠʭ ʜʞʝʨʝʣ, ʷʢʠʡ ʧʦʢʘʟʘʚ ʥʝʜʦʩʪʘʪʥʽʩʪʴ 
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ʛʣʠʙʦʢʠʭ ʜʦʩʣʽʜʞʝʥʴ ʱʦʜʦ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʚʜʘʥʴ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʪʝʤʘʪʠʢʠ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʥʮʝʧʪʫʘʣʴʥʫ ʤʦʜʝʣʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʜʨʫʢʘʨʩʴʢʠʭ 

ʚʽʜʙʠʪʢʽʚ ʥʘ ʛʦʬʨʦʢʘʨʪʦʥʽ, ʷʢʘ ʚʢʣʶʯʘʻ ʽʥʬʦʨʤʘʮʽʡʥʫ ʩʠʩʪʝʤʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʟʙʠʨʘʥʥʷ ʪʘ ʦʧʨʘʮʶʚʘʥʥʷ ʜʘʥʠʭ ʥʘ ʚʩʽʭ ʝʪʘʧʘʭ ʧʨʦʮʝʩʫ ʩʪʚʦʨʝʥʥʷ ʚʽʜʙʠʪʢʫ, 

ʧʦʢʨʦʢʦʚʠʡ ʢʦʥʪʨʦʣʴ ʦʧʪʠʯʥʠʭ, ʢʦʣʦʨʠʤʝʪʨʠʯʥʠʭ, ʜʨʫʢʘʨʩʴʢʦ-ʪʝʭʥʽʯʥʠʭ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʜʨʫʢʘʨʩʴʢʠʭ ʚʽʜʙʠʪʢʽʚ.  

ʋ ʜʨʫʛʦʤʫ ʨʦʟʜʽʣʽ ʦʙˇʨʫʥʪʦʚʘʥʦ ʚʠʙʽʨ ʦʙôʻʢʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ, ʘ ʩʘʤʝ 

ʚʽʜʙʠʪʢʽʚ ʦʬʩʝʪʥʦʛʦ, ʬʣʝʢʩʦʛʨʘʬʽʯʥʦʛʦ ʪʘ ʮʠʬʨʦʚʦʛʦ (ink-jet) ʜʨʫʢʫ, ʫʪʚʦʨʝʥʠʭ 

ʤʝʪʦʜʦʤ preprint ʽ postprint ʥʘ ʣʘʡʥʝʨʘʭ ʟ ʧʦʢʨʠʪʪʷʤ ʪʘ ʙʝʟ ʧʦʢʨʠʪʪʷ ʪʨʠ ʽ 

ʧôʷʪʠʰʘʨʦʚʦʛʦ ʛʦʬʨʦʢʘʨʪʦʥʫ ʬʣʝʢʩʦʛʨʘʬʽʯʥʠʤʠ ʽ ʦʬʩʝʪʥʠʤʠ ʬʘʨʙʘʤʠ ʪʘ  ʋʌ-

ʯʦʨʥʠʣʘʤʠ CMYK. ʊʝʦʨʝʪʠʯʥʽ ʪʘ ʧʨʘʢʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʜʨʫʢʫʚʘʥʥʷ 

ʥʘ ʛʦʬʨʦʢʘʨʪʦʥʽ, ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ ʚʽʜʙʠʪʢʽʚ, ʦʟʜʦʙʣʝʥʥʷ ʾʭ ʤʝʪʦʜʦʤ 

ʣʶʤʽʥʝʩʮʝʥʮʽʾ ʪʘ ʘʨʦʤʘʪʠʟʘʮʽʾ ʟʜʽʡʩʥʝʥʦ ʥʘ ʦʩʥʦʚʽ ʝʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʦʛʦ, 

ʜʝʥʩʠʪʦʤʝʪʨʠʯʥʦʛʦ, ʢʦʣʦʨʠʤʝʪʨʠʯʥʦʛʦ, ʪʝʨʤʦʛʨʘʚʽʤʝʪʨʠʯʥʦʛʦ ʪʘ 

ʦʨʛʘʥʦʣʝʧʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ, ʤʝʪʦʜʽʚ ʽʤʽʪʘʮʽʡʥʦʛʦ ʪʘ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ. ɼʣʷ ʦʧʨʘʮʶʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʪʘ ʧʝʨʝʚʽʨʢʠ ʾʭ 

ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʦ ʧʨʦʛʨʘʤʥʽ ʤʝʪʦʜʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ. 

ʊʨʝʪʽʡ ʨʦʟʜʽʣ ʨʦʙʦʪʠ ʧʨʠʩʚʷʯʝʥʠʡ ʜʦʩʣʽʜʞʝʥʥʶ ʤʦʨʬʦʣʦʛʽʯʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʣʘʡʥʝʨʽʚ ʪʘ ʚʽʜʙʠʪʢʽʚ ʥʘ ʥʠʭ ʟʘ ʚʠʟʥʘʯʝʥʥʷʤ ʧʣʦʱʽ ʤʽʢʨʦʚʠʩʪʫʧʽʚ ʪʘ 

ʚʧʘʜʠʥ, ʧʦʢʘʟʥʠʢʽʚ ʦhʨʩʪʢʦʩʪʽ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʦʙ'ʻʤʥʫ ʤʘʢʨʦ- ʽ 

ʤʽʢʨʦʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʧʦʚʝʨʭʥʽ ʪʘ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʟʘʻʤʦʜʽʾ 

ʩʫʙʩʪʨʘʪʽʚ ʟ ʘʜʛʝʟʠʚʘʤʠ. ʇʦʢʘʟʘʥʦ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʰʘʨʽʚ ʢʨʝʡʜʦʚʘʥʦʛʦ 

ʧʦʢʨʠʪʪʷ ʥʘ  ʣʘʡʥʝʨʘʭ ʟʤʝʥʰʫʻʪʴʩʷ ʤʘʡʞʝ  ʫ 3 ʨʘʟʠ ʨʦʟʨʘʭʦʚʘʥʘ ʧʣʦʱʘ ʚʧʘʜʠʥ 

(Sʚʧ) ʽ ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʧʨʦʬʽʣʶ (ʧʘʨʘʤʝʪʨ Ra), ʧʨʦʪʝ, ʩʝʨʝʜʥʷ 

ʛʣʠʙʠʥʘ ʰʦʨʩʪʢʦʩʪʽ Rz  ʽ ʧʣʦʱʘ ʧʽʢʽʚ ʧʦʚʝʨʭʥʽ (Sʧʽʢ) ʟʙʽʣʴʰʫʻʪʴʩʷ.  

ɿʘ ʧʦʙʫʜʦʚʘʥʦʶ ʬʫʥʢʮʽʻʶ ʙʘʞʘʥʦʩʪʽ ʍʘʨʨʽʥˇʪʦʥʘ ʦʙʯʠʩʣʝʥʽ ʛʨʘʥʠʯʥʦ 

ʜʦʧʫʩʪʠʤʽ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʜʨʫʢʘʨʩʴʢʠʭ ʚʽʜʙʠʪʢʽʚ, ʦʪʨʠʤʘʥʠʭ 

ʤʝʪʦʜʦʤ preprint ʽ postprint ʥʘ ʛʦʬʨʦʢʘʨʪʦʥʽ, ʘ ʩʘʤʝ: ʦʧʪʠʯʥʦʾ ʛʫʩʪʠʥʠ, 

ʢʦʣʴʦʨʦʧʝʨʝʜʘʯʽ, ʨʽʚʥʦʤʽʨʥʦʩʪʽ ʪʘ ʩʪʘʙʽʣʴʥʦʩʪʽ ʜʨʫʢʫ, ʢʦʥʪʨʘʩʪʫ, ʨʦʟʪʠʩʢʫʚʘʥʥʷ 

ʨʘʩʪʨʦʚʠʭ ʝʣʝʤʝʥʪʽʚ, ʪʨʝʧʽʥʛʫ. ʇʦʢʘʟʘʥʦ ʚʧʣʠʚ ʩʪʨʫʢʪʫʨʠ ʧʦʚʝʨʭʥʽ ʣʘʡʥʝʨʘ ʥʘ 
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ʜʝʥʩʠʪʦʤʝʪʨʠʯʥʽ ʧʦʢʘʟʥʠʢʠ ʚʽʜʙʠʪʢʽʚ: ʧʨʠ ʥʘʩʠʯʝʥʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ - 90%, 

ʦʧʪʠʯʥʘ ʛʫʩʪʠʥʘ ʚʽʜʙʠʪʢʽʚ ʥʘ ʢʘʨʪʦʥʽ UD-3 ʙʝʟ ʧʦʢʨʠʪʪʷ ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ 0,75 

ʚʽʜʥʦʩʥʠʭ ʦʜʠʥʠʮʴ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʽʜʙʠʪʢʘʤʠ ʥʘ ʢʘʨʪʦʥʽ GD-2 ʟ ʧʦʢʨʠʪʪʷʤ, ʘ 

ʧʦʢʘʟʥʠʢ ʨʦʟʪʠʩʢʫʚʘʥʥʷ ʨʘʩʪʨʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ï ʚʽʜʧʦʚʽʜʥʦ ʥʘ 7 ʦʜʠʥʠʮʴ 

ʟʙʽʣʴʰʫʻʪʴʩʷ. ʆʜʠʥʠʯʥʽ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʙʘʞʘʥʦʩʪʽ ʦʧʪʠʯʥʦʾ ʱʽʣʴʥʦʩʪʽ ʬʦʥʫ 

ʧʣʘʰʢʠ ʪʘ ʨʽʚʥʦʤʽʨʥʦʩʪʽ ʜʨʫʢʫ ʥʘ ʣʘʡʥʝʨʘʭ ʟ ʧʦʢʨʠʪʪʷʤ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 

0,95 ʜʦ 0,99; ʘ ʧʦʢʘʟʥʠʢʠ ʙʘʣʘʥʩʫ ʧʦ-ʩʽʨʦʤʫ ʥʝ ʟʘʣʝʞʥʦ ʚʽʜ ʧʣʦʱʽ (75%, 50%, 

25%) ʟʘʧʦʚʥʝʥʥʷ ʚʽʜʙʠʪʢʫ, ʢʦʚʟʘʥʥʷ, ʢʦʥʪʨʘʩʪʫ ʪʘ ʨʦʟʪʠʩʢʫʚʘʥʥʷ ʨʘʩʪʨʦʚʦʾ 

ʢʨʘʧʢʠ ʥʘʙʣʠʞʫʶʪʴʩʷ ʜʦ 1. ʅʘ ʚʽʜʙʠʪʢʘʭ ʙʝʟ ʧʦʢʨʠʪʪʷ ʮʽ ʧʦʢʘʟʥʠʢʠ ʟʥʘʯʥʦ 

ʥʠʞʯʽ ʽ ʟʤʽʥʶʶʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 0,04 ʜʦ 0,55. ɸʧʨʦʙʘʮʽʷ ʤʝʪʦʜʠʢʠ ʚʠʟʥʘʯʝʥʥʷ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʷʢʦʩʪʽ ʚʽʜʙʠʪʢʽʚ ʜʣʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʧʦʩʦʙʽʚ ʜʨʫʢʫ ʟʘ 

ʫʟʘʛʘʣʴʥʝʥʠʤ ʢʨʠʪʝʨʽʻʤ ʦʧʪʠʤʽʟʘʮʽʾ ʦʜʠʥʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʥʘ ʧʽʜʩʪʘʚʽ ʬʫʥʢʮʽʾ 

ʙʘʞʘʥʦʩʪʽ ʍʘʨʨʽʥˇʪʦʥʘ ʧʦʢʘʟʘʣʘ ʜʦʮʽʣʴʥʽʩʪʴ ʾʾ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʥʘʤʽʢʠ ʟʤʽʥʠ ʢʨʘʡʦʚʠʭ ʢʫʪʽʚ ʟʤʦʯʫʚʘʥʥʷ 

ʧʦʚʝʨʭʥʽ ʣʘʡʥʝʨʽʚ ʟ ʧʦʢʨʠʪʪʷʤ, ʷʢ ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʛʦʬʨʦʢʘʨʪʦʥʫ, ʱʦ 

ʜʦʟʚʦʣʠʣʦ ʦʮʽʥʠʪʠ ʾʭ ʟʜʘʪʥʽʩʪʴ ʩʧʨʠʡʤʘʪʠ ʯʦʨʥʠʣʘ ʧʨʠ ʮʠʬʨʦʚʦʤʫ (ink-jet) 

ʜʨʫʮʽ. ʅʘ ʦʩʥʦʚʽ ʨʦʟʨʦʙʣʝʥʦʾ ʽʤʽʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʚʟʘʻʤʦʜʽʾ ʯʘʩʪʠʥʦʢ ʧʨʘʡʤʝʨʘ ʟ 

ʧʦʚʝʨʭʥʝʚʠʤʠ ʰʘʨʘʤʠ ʣʘʡʥʝʨʘ, ʧʽʜʪʚʝʨʜʞʝʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʘʡʤʝʨʽʚ ʥʘ 

ʦʩʥʦʚʽ ʇɺʉ ʟʽ ʩʪʫʧʝʥʝʤ ʦʤʠʣʝʥʥʷ ʤʝʥʰʝ 97% ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʷʢʽʩʥʽʰʽ 

ʚʽʜʙʠʪʢʠ ʟ ʙʽʣʴʰʦʶ ʦʧʪʠʯʥʦʶ ʛʫʩʪʠʥʦʶ ʪʘ ʩʪʫʧʝʥʝʤ ʨʦʟʨʽʟʥʝʥʥʷ ʢʦʣʴʦʨʽʚ.  

ɼʦʚʝʜʝʥʦ, ʱʦ ʚʽʜʙʠʪʢʠ ʮʠʬʨʦʚʦʛʦ ʜʨʫʢʫ (ʤʝʪʦʜ postprint) ʤʘʶʪʴ ʧʨʘʢʪʠʯʥʦ 

ʦʜʠʥʘʢʦʚʽ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʤiʥʽʤʘʣʴʥʦʾ ʪʦʥʦʧʝʨʝʜʘʯʽ ʜʣʷ ʩʚʽʪʣʠʭ ʜʽʣʷʥʦʢ 

ʟʦʙʨʘʞʝʥʥʷ ʟʽ ʩʪʫʧʝʥʝʤ ʧʦʢʨʠʪʪʷ 0,4% ʪʘ ʪʝʤʥʠʭ ʜʽʣʷʥʦʢ ʟʽ ʩʪʫʧʝʥʝʤ ʧʦʢʨʠʪʪʷ  

99%. ʋ ʬʣʝʢʩʦʛʨʘʬʽʯʥʦʤʫ ʜʨʫʮʽ ʧʝʨʝʜʘʯʘ ʪʦʥʘʣʴʥʦʩʪʽ ʥʘʜʨʫʢʦʚʘʥʠʭ 

ʟʦʙʨʘʞʝʥʴ ʙʫʣʘ ʥʘʙʣʠʞʝʥʦʶ ʽ ʩʢʣʘʜʘʣʘ  0,8 - 95 % ʥʘ ʚʽʜʙʠʪʢʘʭ, ʟʘʜʨʫʢʦʚʘʥʠʭ 

ʟ ʙʦʢʫ ʛʦʬʨʠ E, ʘ ʜʣʷ ʚʽʜʙʠʪʢʽʚ, ʟʘʜʨʫʢʦʚʘʥʠʭ ʟ ʙʦʢʫ ʛʦʬʨʠ B ʩʢʣʘʜʘʣʘ ʚ 

ʩʝʨʝʜʥʴʦʤʫ 0,8-97,3 %. ɼʦʩʣʽʜʞʝʥʥʷ  ʷʢʦʩʪʽ ʚʽʜʙʠʪʢʽʚ ʬʣʝʢʩʦʛʨʘʬʽʯʥʦʛʦ ʜʨʫʢʫ 

ʥʘ ʛʦʬʨʦʢʘʨʪʦʥʽ, ʦʪʨʠʤʘʥʠʭ ʤʝʪʦʜʦʤ postprint, ʧʽʜʪʚʝʨʜʠʣʠ ʚʧʣʠʚ ʚʠʩʦʪʠ ʭʚʠʣʽ 

ʛʦʬʨʠ ʥʘ ʧʦʢʘʟʥʠʢʠ ʦʧʪʠʯʥʦʾ ʛʫʩʪʠʥʠ, ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ, ʪʦʥʦʧʝʨʝʜʘʯʽ, 

ʢʦʣʽʨʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ȹɽ, ʩʪʘʙʽʣʴʥʦʩʪʽ ʜʨʫʢʫ, ʷʢʽ ʤʘʶʪʴ ʚʠʱʽ ʟʥʘʯʝʥʥʷ ʧʨʠ 
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ʟʘʜʨʫʢʦʚʫʚʘʥʥʽ ʣʘʡʥʝʨʘ ʟ ʙʦʢʫ ʛʦʬʨʠ ɽ, ʥʽʞ ʟ ʙʦʢʫ ʛʦʬʨʠ ɺ. ʎʝ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ 

ʧʨʦʚʝʜʝʥʠʤ ʤʦʜʝʣʶʚʘʥʥʷʤ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʛʦʬʨʦʢʘʨʪʦʥʫ 

ʧʨʠ ʬʣʝʢʩʦʛʨʘʬʽʯʥʦʤʫ ʜʨʫʮʽ. ɼʦʚʝʜʝʥʦ, ʱʦ ʧʨʠ ʩʪʠʩʢʫʚʘʥʥʽ ʰʘʨʽʚ 

ʛʦʬʨʦʢʘʨʪʦʥʫ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʧʨʦʬʽʣʶ ʛʦʬʨʠ ʤʘʢʩʠʤʘʣʴʥʽ ʜʝʬʦʨʤʘʮʽʾ ʚ 

ʤʘʪʝʨʽʘʣʽ ʟʨʦʩʪʘʶʪʴ ʟʘ ʥʝʣʽʥʽʡʥʠʤ ʟʘʢʦʥʦʤ. ʅʘ ʚʝʣʠʯʠʥʫ ʜʝʬʦʨʤʘʮʽʡ 

ʛʦʬʨʦʢʘʨʪʦʥʫ ʧʨʠ ʜʨʫʢʫʚʘʥʥʽ ʚʧʣʠʚʘʻ ʚʠʩʦʪʘ ʭʚʠʣʽ ʛʦʬʨʠ, ʾʾ ʢʨʦʢ, ʪʠʩʢ ʫ ʟʦʥʽ 

ʜʨʫʢʘʨʩʴʢʦʛʦ ʢʦʥʪʘʢʪʫ, ʚʠʜʦʚʞʝʥʥʷ ʣʘʡʥʝʨʘ. ʉʬʦʨʤʫʣʴʦʚʘʥʘ ʟʘʜʘʯʘ 

ʦʧʪʠʤʽʟʘʮʽʾ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʛʦʬʨʦʢʘʨʪʦʥʫ ʥʘ ʦʩʥʦʚʽ 

ʥʝʣʽʥʽʡʥʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ ʜʦʟʚʦʣʷʻ ʨʦʟʛʣʷʥʫʪʠ ʢʦʤʧʣʝʢʩ 

ʯʘʩʪʢʦʚʠʭ ʟʘʜʘʯ ʧʨʠ ʟʘʜʘʥʥʽ ʬʫʥʢʮʽʾ ʢʝʨʫʚʘʥʥʷ, ʢʨʠʪʝʨʽʶ ʦʧʪʠʤʽʟʘʮʽʾ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʧʨʫʞʝʥʴ. ɿʜʽʡʩʥʝʥʦ ʘʥʘʣʽʟ ʡʤʦʚʽʨʥʠʭ ʧʨʠʯʠʥ ʧʦʷʚʠ ʜʝʬʝʢʪʽʚ 

ʟʦʙʨʘʞʝʥʴ ʥʘ ʚʽʜʙʠʪʢʘʭ ʟ ʛʦʬʨʦʢʘʨʪʦʥʫ ʧʨʠ ʬʣʝʢʩʦʛʨʘʬʽʯʥʦʤʫ ʜʨʫʮʽ, 

ʦʢʨʝʩʣʝʥʽ ʤʝʪʦʜʠ ʾʭ ʫʩʫʥʝʥʥʷ.  

ʋ ʯʝʪʚʝʨʪʦʤʫ ʨʦʟʜʽʣʽ ʨʦʙʦʪʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ 

ʦʟʜʦʙʣʝʥʥʷ ʧʘʢʦʚʘʥʴ ʚʚʝʜʝʥʥʷʤ  ʣʶʤʽʥʝʩʮʝʥʪʥʠʭ ʜʦʤʽʰʦʢ ʚ ʬʘʨʙʠ ʪʘ ʣʘʢʠ, ʷʢʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʘʜʽʡʥʠʡ ʟʘʭʠʩʪ ʧʨʦʜʫʢʮʽʾ ʚʽʜ ʧʽʜʨʦʙʢʠ ʪʘ ʥʘʜʘʶʪʴ ʙʘʞʘʥʦʛʦ 

ʦʟʜʦʙʣʶʚʘʣʴʥʦʛʦ ʝʬʝʢʪʫ ʧʨʠ ʟʙʫʜʞʝʥʥʽ ɯʏ-ʣʘʟʝʨʥʠʤ ʦʧʨʦʤʽʥʝʥʥʷʤ. 

ɼʦʩʣʽʜʞʝʥʥʷʤʠ ʷʢʦʩʪʽ ʚʽʜʙʠʪʢʽʚ ʧʽʜʪʚʝʨʜʞʝʥʦ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʤʽʩʪʫ 

ʥʘʥʦʯʘʩʪʠʥʦʢ ʚʽʜ 10 ʜʦ 30 % ʬʽʢʩʫʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʦʧʪʠʯʥʦʾ ʱʽʣʴʥʦʩʪʽ, ʙʽʣʴʰʝ 

ʷʢ ʚʜʚʽʯʽ ʟʨʦʩʪʘʻ ʙʣʠʩʢ ʪʘ ʧʣʦʱʘ ʢʦʣʽʨʥʦʛʦ ʦʭʦʧʣʝʥʥʷ ʥʘʜʨʫʢʦʚʘʥʠʭ 

ʟʦʙʨʘʞʝʥʴ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʫʜʦʩʢʦʥʘʣʝʥʫ ʪʝʭʥʦʣʦʛʽʶ ʟʘʢʨʠʪʦʾ ʧʨʝʟʝʥʪʘʮʽʾ 

ʘʨʦʤʘʪʫ ʤʝʪʦʜʦʤ Pʝʝl&Smell, ʷʢʘ ʧʝʨʝʜʙʘʯʘʻ ʥʘʥʝʩʝʥʥʷ ʫ ʚʠʟʥʘʯʝʥʠʭ ʤʽʩʮʷʭ 

ʥʘ ʚʽʜʙʠʪʦʢ ʤʝʪʦʜʦʤ ʨʦʟʧʠʣʝʥʥʷ ʢʣʝʶ ʟ 15-25% ʤʽʢʨʦʢʘʧʩʫʣ ʘʨʦʤʘʪʠʟʘʪʦʨʘ, ʜʦ 

ʷʢʦʛʦ ʧʨʠʢʣʝʶʶʪʴ ʝʪʠʢʝʪʢʫ-ʥʘʢʣʝʡʢʫ, ʧʨʠ ʚʽʜʢʣʝʶʚʘʥʥʽ ʷʢʦʾ ʨʫʡʥʫʶʪʴʩʷ 

ʦʙʦʣʦʥʢʠ  ʘʨʦʤʦʢʘʧʩʫʣ ʽ ʚʠʚʽʣʴʥʶʻʪʴʩʷ ʘʨʦʤʘʪ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ ʜʦʩʣʽʜʞʝʥʦ ʟʤʽʥʫ ʩʪʨʫʢʪʫʨʠ 

ʢʣʝʡʦʚʠʭ ʘʨʦʤʦʟʦʥ ʥʘ ʚʽʜʙʠʪʢʘʭ, ʜʝ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʧʦʩʪʫʧʦʚʽ ʨʫʡʥʫʚʘʥʥʷ 

ʦʙʦʣʦʥʦʢ ʘʨʦʤʦʢʘʧʩʫʣ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ  ʧʨʝʟʝʥʪʘʮʽʡ ʤʝʪʦʜʦʤ Pʝʝl& 

Smell. ɿʜʽʡʩʥʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʦʮʽʥʶʚʘʥʥʷ ʩʪʫʧʝʥʷ ʚʧʣʠʚʫ ʬʘʢʪʦʨʽʚ 

ʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʪʘ ʜʦʚʛʦʪʨʠʚʘʣʽʩʪʴ ʧʨʝʟʝʥʪʘʮʽʾ ʘʨʦʤʘʪʽʚ. ʎʝ ʜʦʟʚʦʣʠʣʦ 
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ʧʦʙʫʜʫʚʘʪʠ ʛʨʘʬ ʟʚôʷʟʢʽʚ ʤʽʞ ʧʘʨʘʤʝʪʨʘʤʠ: ʧʨʦʮʝʥʪʥʠʤ ʚʤʽʩʪʦʤ 

ʘʨʦʤʘʪʠʟʦʚʘʥʠʭ ʜʦʤʽʰʦʢ, ʪʦʚʱʠʥʦʶ, ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

ʢʣʝʶ ʪʘ ʩʫʙʩʪʨʘʪʫ, ʪʦʧʦʛʨʘʬʽʻʶ ʡʦʛʦ ʧʦʚʝʨʭʥʽ, ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʧʨʝʟʝʥʪʘʮʽʾ 

ʘʨʦʤʦʨʝʢʣʘʤʠ; ʬʦʨʤʘʣʽʟʫʚʘʪʠ ʪʘ ʚʧʝʨʰʝ ʨʦʟʚôʷʟʘʪʠ ʟʘʜʘʯʫ ʦʧʪʠʤʽʟʘʮʽʾ, ʟʘ 

ʧʨʽʦʨʠʪʝʪʥʽʩʪʶ ʚʧʣʠʚʫ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʧʨʦʮʝʩ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʘʨʦʤʘʪʠʟʘʮʽʾ. ɿʘ ʩʪʘʪʠʩʪʠʯʥʦʶ ʦʙʨʦʙʢʦʶ ʨʝʟʫʣʴʪʘʪʽʚ ʦʮʽʥʶʚʘʥʥʷ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʘʨʦʤʘʪʫ ʚ ʧʨʦʮʝʩʽ ʧʨʝʟʝʥʪʘʮʽʾ, ʧʨʦʚʝʜʝʥʦʛʦ 11 ʝʢʩʧʝʨʪʘʤʠ, ʙʫʣʠ 

ʧʦʙʫʜʦʚʘʥʽ 3D ʤʦʜʝʣʽ, ʷʢʽ ʧʦʢʘʟʫʶʪʴ  ʚʟʘʻʤʦʟʚôʷʟʦʢ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʘʨʦʤʘʪʫ, 

ʧʨʦʮʝʥʪʥʦʛʦ ʚʤʽʩʪʫ ʘʨʦʤʘʪʠʟʘʪʦʨʘ ʚ ʢʣʝʡʦʚʽʡ ʢʦʤʧʦʟʠʮʽʾ ʪʘ ʢʽʣʴʢʦʩʪʽ ʟʘʢʨʠʪʠʭ 

ʧʨʝʟʝʥʪʘʮʽʡ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʚʠʟʥʘʯʠʪʠ ʢʦʝʬʽʮʽʻʥʪ ʘʨʦʤʘʪʠʟʘʮʽʾ ʪʘ ʚʩʪʘʥʦʚʠʪʠ 

ʡʦʛʦ ʩʧʘʜʘʥʥʷ ʟ 9.8 ʜʦ 1  ʧʽʩʣʷ 75 ʨʘʟʦʚʦʾ ʧʨʝʟʝʥʪʘʮʽʾ.   

ʇôʷʪʠʡ ʨʦʟʜʽʣ ʨʦʙʦʪʠ ʧʨʠʩʚʷʯʝʥʠʡ ʜʦʩʣʽʜʞʝʥʥʷʤ ʧʨʦʙʣʝʤ ʤʽʛʨʘʮʽʾ 

ʢʦʤʧʦʥʝʥʪʽʚ ʬʘʨʙ ʪʘ ʣʘʢʽʚ ʚ ʩʪʨʫʢʪʫʨʫ ʧʘʢʫʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʨʠ ʨʽʟʥʠʭ 

ʩʧʦʩʦʙʘʭ ʜʨʫʢʫ. ɼʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʠ, ʩʪʨʫʢʪʫʨʠ ʢʘʨʪʦʥʽʚ ʪʘ ʯʘʩʫ ʥʘ 

ʚʝʣʠʯʠʥʫ ʛʣʦʙʘʣʴʥʦʾ ʤʽʛʨʘʮʽʾ ʰʢʽʜʣʠʚʠʭ ʜʦʤʽʰʦʢ ʟ ʜʨʫʢʘʨʩʴʢʠʭ ʚʽʜʙʠʪʢʽʚ ʜʦ 

ʟʘʧʘʢʦʚʘʥʠʭ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ. ɺʠʷʚʣʝʥʦ, ʱʦ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ (ʚʽʜ 25 

Áʉ ʜʦ 150 Áʉ) ʧʨʠʟʚʦʜʠʪʴ ʜʦ 3-4-ʢʨʘʪʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʤʘʨʢʫʚʘʣʴʥʠʭ 

ʨʝʯʦʚʠʥ, ʦʪʨʠʤʘʥʠʭ ʽʟ ʚʽʜʙʠʪʢʽʚ. ɼʦʧʫʩʪʠʤʝ ʟʥʘʯʝʥʥʷ ʟʘʙʨʫʜʥʶʚʘʣʴʥʠʭ 

ʨʝʯʦʚʠʥ (10 ʤʛ/ʜʤ2) ʟ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʚʽʜʙʠʪʢʽʚ ʙʫʣʦ ʧʝʨʝʚʠʱʝʥʦ ʥʘ 11-12% 

ʣʠʰʝ ʧʨʠ 150 ÁC, ʱʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʝʨʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ, ʷʢʠʡ 

ʚʠʷʚʠʚ ʽʥʪʝʥʩʠʚʥʫ ʚʪʨʘʪʫ ʤʘʩʠ ʟʨʘʟʢʘ, ʯʝʨʝʟ ʘʢʪʠʚʥʽ ʜʝʩʪʨʫʢʪʠʚʥʽ ʪʘ 

ʪʝʨʤʦʦʢʠʩʥʽ ʧʨʦʮʝʩʠ ʚ ʥʴʦʤʫ ʟʘ ʪʝʤʧʝʨʘʪʫʨ, ʚʠʱʠʭ 217Áʉ. ʅʘʷʚʥʽʩʪʴ ʚ ʩʪʨʫʢʪʫʨʽ 

ʣʘʡʥʝʨʫ ʤʘʢʫʣʘʪʫʨʥʦʾ ʩʠʨʦʚʠʥʠ ʟʙʽʣʴʰʫʻ ʛʣʦʙʘʣʴʥʫ ʤʽʛʨʘʮʽʶ ʥʘ 20 %. 

ɼʚʦʰʘʨʦʚʝ ʢʨʝʡʜʦʚʘʥʝ ʧʦʢʨʠʪʪʷ ʟʙʽʣʴʰʫʻ ʘʜʩʦʨʙʮʽʶ ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ʥʠʟʴʢʦʤʽʛʨʘʮʽʡʥʠʭ ʦʬʩʝʪʥʠʭ ʬʘʨʙ ʽ ʟʤʝʥʰʫʻ ʚ 2 ʨʘʟʠ ʤʽʛʨʘʮʽʶ, ʘʣʝ ʟʙʽʣʴʰʫʻ 

ʷʚʠʱʝ ʜʠʥʘʤʽʢʠ ʧʨʦʥʠʢʥʝʥʥʷ ʬʘʨʙ ʥʘ ʨʦʩʣʠʥʥʽʡ ʦʣʠʚʽ  ʚ ʩʪʨʫʢʪʫʨʫ ʢʘʨʪʦʥʫ, ʱʦ 

ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʧʦʙʫʜʦʚʘʥʽ 2D i 3D ʤʦʜʝʣʽ ʜʠʥʘʤʽʢʠ ʧʨʦʥʠʢʥʝʥʥʷ ʨʽʜʠʥ.  

ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʪʝʩʪʫ ʈʦʙʽʥʩʦʥʘ ʧʽʜʪʚʝʨʜʞʝʥʦ ʚʧʣʠʚ ʤʽʛʨʘʮʽʡʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʬʘʨʙ ʽ ʤʦʨʬʦʣʦʛʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʧʘʢʫʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʩʤʘʢ 

ʪʘ ʟʘʧʘʭ ʟʘʧʘʢʦʚʘʥʠʭ ʧʨʦʜʫʢʪʽʚ.  
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ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʨʦʟʚôʷʟʘʥʦ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʫ ʟʘʜʘʯʫ ʽ ʦʪʨʠʤʘʥʽ ʪʘʢʽ ʥʦʚʽ ʨʝʟʫʣʴʪʘʪʠ:  

V ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʤʧʣʝʢʩ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʜʨʫʢʫ 

ʥʘ ʛʦʬʨʦʢʘʨʪʦʥʽ ʤʝʪʦʜʦʤ preprint ʽ postprint ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʧʘʢʦʚʘʥʴ ʥʘ 

ʦʩʥʦʚʽ ʝʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʤʦʨʬʦʣʦʛʽʾ ʧʦʚʝʨʭʥʽ ʧʘʢʫʚʘʣʴʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʩʪʨʫʢʪʫʨʥʦʾ ʙʫʜʦʚʠ ʛʦʬʨʦʢʘʨʪʦʥʫ, ʚʠʨʦʙʥʠʯʦʛʦ ʢʦʥʪʨʦʣʶ 

ʜʨʫʢʘʨʩʴʢʦ-ʪʝʭʥʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʝʢʦʣʦʛʽʯʥʽʩʪʴ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʘʢʦʚʘʥʴ; 

V ʟʜʽʡʩʥʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ  

ʛʦʬʨʦʢʘʨʪʦʥʫ ʧʨʠ ʬʣʝʢʩʦʛʨʘʬʽʯʥʦʤʫ ʜʨʫʮʽ ʤʝʪʦʜʦʤ preprint ʽ postprint ʪʘ 

ʦʧʠʩʘʥʦ ʡʦʛʦ ʭʘʨʘʢʪʝʨ ʤʘʪʝʤʘʪʠʯʥʠʤʠ ʤʦʜʝʣʷʤʠ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʚʠʩʦʪʫ ʭʚʠʣʽ 

ʛʦʬʨʠ, ʢʽʣʴʢʽʩʪʴ ʰʘʨʽʚ ʛʦʬʨʦʢʘʨʪʦʥʫ, ʚʧʣʠʚ ʤʝʪʦʜʫ ʟʘʜʨʫʢʦʚʫʚʘʥʥʷ ï ʧʦʧʝʨʝʢ 

ʯʠ ʚʟʜʦʚʞ ʭʚʠʣʽ ʛʦʬʨʠ, ʱʦ  ʚʧʣʠʚʘʻ ʥʘ ʷʢʽʩʪʴ ʚʽʜʙʠʪʢʽʚ ʪʘ ʚʠʟʥʘʯʘʻ ʧʨʠʯʠʥʠ 

ʧʦʷʚʠ  ʜʝʬʝʢʪʽʚ ʚʽʜʙʠʪʢʽʚ ʥʘ ʛʦʬʨʦʢʘʨʪʦʥʽ; 

V ʨʦʟʨʦʙʣʝʥʦ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ ʦʮʽʥʶʚʘʥʥʷ ʩʫʢʫʧʥʦʩʪʽ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ 

ʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʪʘ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʘʨʦʤʦʨʝʢʣʘʤʠ ʧʨʠ ʟʘʢʨʠʪʽʡ ʧʨʝʟʝʥʪʘʮʽʾ 

ʘʨʦʤʘʪʽʚ ʤʝʪʦʜʦʤ Pʝʝl&Smell, ʷʢʘ ʚʨʘʭʦʚʫʻ ʪʝʭʥʦʣʦʛʽʯʥʽ, ʩʪʨʫʢʪʫʨʥʽ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʧʦʢʘʟʥʠʢʠ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʬʦʨʤʘʣʽʟʫʚʘʪʠ ʪʘ ʨʦʟʚôʷʟʘʪʠ ʟʘʜʘʯʫ 

ʦʧʪʠʤʽʟʘʮʽʾ ʟʘ ʧʨʽʦʨʠʪʝʪʥʽʩʪʶ ʚʧʣʠʚʫ ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʧʨʦʮʝʩ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʘʨʦʤʘʪʠʟʘʮʽʾ ʥʘ ʧʘʢʦʚʘʥʥʷʭ. 

ʋʜʦʩʢʦʥʘʣʝʥʦ ʤʝʪʦʜ ʦʟʜʦʙʣʝʥʥʷ ʧʘʢʦʚʘʥʴ ʰʣʷʭʦʤ ʧʦʻʜʥʘʥʥʷ 

ʘʨʦʤʘʪʠʟʦʚʘʥʠʭ ʪʘ ʣʶʤʽʥʝʩʮʝʥʪʥʠʭ ʣʘʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʥʘ ʜʨʫʢʘʨʩʴʢʠʭ 

ʚʽʜʙʠʪʢʘʭ ʪʘ ʤʝʪʦʜ ʟʘʢʨʠʪʦʾ ʧʨʝʟʝʥʪʘʮʽʾ ʘʨʦʤʘʪʽʚ ï Pʝʝl&Smell, ʱʦ ʜʦʟʚʦʣʠʣʦ 

ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʘʨʦʤʦʨʝʢʣʘʤʠ ʥʘ ʧʘʢʦʚʘʥʷʭ. 

ɼʽʩʪʘʣʠ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ: 

- ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʷʢʦʩʪʽ ʟʘ ʫʟʘʛʘʣʴʥʝʥʠʤ 

ʢʨʠʪʝʨʽʻʤ ʦʧʪʠʤʽʟʘʮʽʾ ʦʜʠʥʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʨʦʙʥʠʭ ʚʽʜʙʠʪʢʽʚ (ʦʧʪʠʯʥʦʾ 

ʱʽʣʴʥʦʩʪʽ, ʢʦʣʴʦʨʦʚʽʜʪʚʦʨʝʥʥʷ, ʪʨʝʧʽʥʛʫ, ʙʘʣʘʥʩʫ ʧʦ-ʩʽʨʦʤʫ, ʩʪʘʙʽʣʴʥʦʩʪʽ 

ʜʨʫʢʫ, ʢʦʥʪʨʘʩʪʫ, ʨʦʟʪʠʩʢʫʚʘʥʥʷ ʨʘʩʪʨʦʚʦʾ ʢʨʘʧʢʠ) ʥʘ ʦʩʥʦʚʽ ʬʫʥʢʮʽʾ 

ʍʘʨʨʽʥˇʪʦʥʘ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʨʽʚʥʷ ʙʘʞʘʥʦʩʪʽ ʩʧʨʦʛʥʦʟʫʚʘʪʠ 
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ʦʧʪʠʯʥʽ, ʢʦʣʦʨʠʤʝʪʨʠʯʥʽ ʪʘ ʜʨʫʢʘʨʩʴʢʽ ʧʦʢʘʟʥʠʢʠ ʥʘʢʣʘʜʫ  ʚ ʦʬʩʝʪʥʦʤʫ ʪʘ 

ʬʣʝʢʩʦʛʨʘʬʽʯʥʦʤʫ ʜʨʫʮʽ; 

- ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʛʣʦʙʘʣʴʥʦʾ ʤʽʛʨʘʮʽʾ ʰʢʽʜʣʠʚʠʭ 

ʜʦʤʽʰʦʢ ʟ ʜʨʫʢʘʨʩʴʢʠʭ ʬʘʨʙ ʪʘ ʣʘʢʽʚ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʩʪʨʫʢʪʫʨʠ ʤʘʪʝʨʽʘʣʽʚ ʪʘ 

ʧʨʦʤʽʞʢʫ ʯʘʩʫ ʚʽʜ ʦʪʨʠʤʘʥʥʷ ʥʘ ʥʠʭ ʜʨʫʢʦʚʘʥʠʭ ʟʦʙʨʘʞʝʥʴ ʨʽʟʥʠʤʠ ʩʧʦʩʦʙʘʤʠ 

ʽ ʪʝʤʧʝʨʘʪʫʨʠ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʜʦʩʣʽʜʠʪʠ ʬʽʟʠʯʥʠʡ ʧʨʦʮʝʩ ʤʽʛʨʘʮʽʾ, ʟʘʩʥʦʚʘʥʠʡ 

ʥʘ ʜʠʬʫʟʽʾ ʪʘ ʨʦʟʜʽʣʝʥʥʽ ʨʝʯʦʚʠʥ, ʷʢʽ ʤʦʞʫʪʴ ʚʽʜʙʫʚʘʪʠʩʷ ʤʽʞ ʧʘʢʦʚʘʥʥʷʤ ʪʘ 

ʟʘʧʘʢʦʚʘʥʠʤ ʧʨʦʜʫʢʪʦʤ.  

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʥʘʫʢʦʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʩʧʨʷʤʦʚʘʥʝ ʥʘ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʚʽʜʙʠʪʢʽʚ ʥʘ ʛʦʬʨʦʢʘʨʪʦʥʽ, ʦʪʨʠʤʘʥʠʭ ʤʝʪʦʜʦʤ prʝprint ʽ 

postprint. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʩʧʦʩʦʙʠ ʦʟʜʦʙʣʝʥʥʷ ʧʘʢʦʚʘʥʴ ʣʶʤʽʥʝʩʮʝʥʪʥʠʤʠ 

ʜʨʫʢʦʚʘʥʠʤʠ ʟʦʙʨʘʞʝʥʥʷʤʠ (ʧʘʪʝʥʪ ʥʘ ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ ˉ148804) ʪʘ 

ʘʨʦʤʘʪʠʟʘʮʽʻ ,ʁ ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʘʢʨʠʪʫ ʧʨʝʟʝʥʪʘʮʽʶ ʘʨʦʤʘʪʫ ʤʝʪʦʜʦʤ 

Pʝʝl&Smell ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʨʦʤʦʢʣʝʶ ʪʘ ʝʪʠʢʝʪʦʢ-ʥʘʢʣʝʡʦʢ (ʧʘʪʝʥʪ ʥʘ 

ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ ˉ136660). 

ɸʧʨʦʙʘʮʽʷ  ʚʠʨʦʙʥʠʯʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʷʢʦʩʪʽ ʚʽʜʙʠʪʢʽʚ ʦʬʩʝʪʥʦʛʦ ʜʨʫʢʫ ʥʘ 

ʛʦʬʨʦʢʘʨʪʦʥʽ ʤʝʪʦʜʦʤ preprint ʟʜʽʡʩʥʝʥʘ ʥʘ ʇʇ ʇɸʃʇ ʄɯʃʃ ʇʈɯʅʊ (ʤ. ʂʠʾʚ). 

ʈʦʟʨʦʙʣʝʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʽʥʩʪʨʫʢʮʽʾ çʆʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ ʜʨʫʢʘʨʩʴʢʠʭ ʚʽʜʙʠʪʢʽʚ  

ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽʾ ʙʘʞʘʥʦʩʪʽ ʪʘ ʰʢʘʣʠ ʍʘʨʨʽʥˇʪʦʥʘè ʫʟʛʦʜʞʝʥʽ ʟ ʊʟʆɺ 

çɽʣʴʛʨʘʬè (ʤ. ʃʴʚʽʚ). ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʚʧʨʦʚʘʜʞʝʥʦ ʫ ʥʘʚʯʘʣʴʥʠʡ 

ʧʨʦʮʝʩ ʋɸɼ ʧʨʠ ʧʨʦʚʝʜʝʥʽ ʣʝʢʮʽʡʥʠʭ ʽ ʣʘʙʦʨʘʪʦʨʥʦ-ʧʨʘʢʪʠʯʥʠʭ ʟʘʥʷʪʴ ʟ 

ʜʠʩʮʠʧʣʽʥ çʎʠʬʨʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʧʦʣʽʛʨʘʬʽʯʥʦʾ ʪʘ ʧʘʢʫʚʘʣʴʥʦʾ 

ʧʨʦʜʫʢʮʽʾè, çɽʢʦʣʦʛʽʯʥʽ ʘʩʧʝʢʪʠ ʧʦʣʽʛʨʘʬʽʯʥʠʭ ʽ ʧʘʢʫʚʘʣʴʥʠʭ ʚʠʨʦʙʥʠʮʪʚè, 

çʊʝʭʥʦʣʦʛʽʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʘʢʦʚʘʥʴè, çʊʝʭʥʦʣʦʛʽʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʘʢʦʚʘʥʴ ʜʣʷ 

ʭʘʨʯʦʚʦʾ ʧʨʦʜʫʢʮʽʾè, çʊʝʭʥʦʣʦʛʽʷ ʦʟʜʦʙʣʝʥʥʷ ʧʦʣʽʛʨʘʬʽʯʥʦʾ ʽ ʧʘʢʫʚʘʣʴʥʦʾ 

ʧʨʦʜʫʢʮʽʾè. ɼʘʥʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʽʜʪʚʝʨʜʞʝʥʦ ʚʽʜʧʦʚʽʜʥʠʤʠ ʜʦʢʫʤʝʥʪʘʤʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʛʦʬʨʦʢʘʨʪʦʥ, ʧʘʢʦʚʘʥʥʷ, ʤʽʢʨʦʩʢʦʧʽʷ, ʧʦʚʝʨʭʥʝʚʘ 

ʩʪʨʫʢʪʫʨʘ, ʦʬʩʝʪʥʠʡ ʜʨʫʢ, ʬʣʝʢʩʦʛʨʘʬʽʯʥʠʡ ʜʨʫʢ, ʮʠʬʨʦʚʠʡ (ink-jet) ʜʨʫʢ, 

ʦʟʜʦʙʣʝʥʥʷ, ʚʽʜʙʠʪʢʠ, ʦʧʪʠʯʥʘ ʱʽʣʴʥʽʩʪʴ, ʢʦʣʴʦʨʦʚʽʜʪʚʦʨʝʥʥʷ, ʧʦʢʘʟʥʠʢʠ 

ʷʢʦʩʪʽ, ʤʝʪʦʜʠ, ʧʘʨʘʤʝʪʨʠ, ʤʦʜʝʣʽ.  
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ʉʇʀʉʆʂ ʇʋɹʃɯʂɸʎɯʁ ɿɼʆɹʋɺɸʏɸ 

ʇʫʙʣʽʢʘʮʽʾ ʫ ʥʘʫʢʦʚʠʭ ʚʠʜʘʥʥʷʭ, ʚʢʣʶʯʝʥʠʭ ʜʦ ʥʘʫʢʦʤʝʪʨʠʯʥʦʾ ʙʘʟʠ 

Scopus: 

1. Havenko S., Ohirko M., Ryvak P., Kotmalova O. Determining the factors 
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of Enterprise Technologies. 2020. 2/5(104) ʈ. 53ï63. DOI: 

https://doi.org/10.15587/1729-4061.2020.200360.    
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2. Havenko S., Ohirko M. Badanie skutecznoŜci reklamy zapachowej na 

opakowaniach. PrzňglŃd papierniczy. 2021. No 10. P. 452-455. DOI: 

https://doi.org/10.15199/54.2021.10.1. 
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ʚʧʣʠʚʫ ʟʘʜʨʫʢʦʚʘʥʠʭ ʦʬʩʝʪʥʠʤʠ ʬʘʨʙʘʤʠ ʧʘʢʫʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ 
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4. ʆʛʽʨʢʦ ʄ. ʆ. ɺʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʚʝʣʠʯʠʥʫ ʤʽʛʨʘʮʽʾ ʰʢʽʜʣʠʚʠʭ 

ʜʦʤʽʰʦʢ ʟ ʟʘʜʨʫʢʦʚʘʥʠʭ ʧʘʢʦʚʘʥʴ ʜʦ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ. ʂʚʘʣʽʣʦʛʽʷ ʢʥʠʛʠ. 2019. 

ˉ2 (36). ʉ. 99ï106. URL: http://kk.uad.lviv .ua/wp-content/docs/2019-2-36/14.pdf. 

5. ɻʘʚʝʥʢʦ ʉ. ʌ., ɹʝʨʥʘʮʝʢ ɺ. ɺ., ʆʛʽʨʢʦ ʄ. ʆ. ɼʨʫʢ ʥʘ ʛʦʬʨʦʢʘʨʪʦʥʽ: 

ʬʣʝʢʩʦ ʯʠ ʮʠʬʨʦʚʠʡ ink-jet? ʋʧʘʢʦʚʢʘ. 2020. ˉ 6. ʉ. 43ï47. URL: 
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6. ɻʘʚʝʥʢʦ ʉ. ʌ., ʆʛʽʨʢʦ ʄ. ʆ., ʃʦʟʦʚʠʡ ɸ-ʁ. ʇ., ʂʦʪʤʘʣʴʦʚʘ ʆ. ɻ., ʂʘʥʮʽʨ 

ʅ. ɯ. ɼʦʩʣʽʜʞʝʥʥʷ ʷʢʦʩʪʽ ʚʽʜʙʠʪʢʽʚ ʥʘʜʨʫʢʦʚʘʥʠʭ ʣʶʤʽʥʝʩʮʝʥʪʥʠʤʠ ʬʘʨʙʘʤʠ. 

ʂʚʘʣʽʣʦʛʽʷ ʢʥʠʛʠ. 2020. ˉ 1 (37). C. 29ï40. URL: http://kk.uad.lviv .ua/wp-

content/uploads/2017/01/6.pdf. 

7. Ohirko ʄ., Havenko S., Labetska M., Czubak J. Simulation of stress-strain 

state of corrugated  cardboard in flexographic printing and its influence on imprints 

quality. ʅʘʫʢʦʚʽ ʟʘʧʠʩʢʠ ʋɸɼ. 2021. ˉ1/62. C. 122ï132. URL: 

http://nz.uad.lviv.ua/static/media/1-62/15.pdf. 
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ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ ʤʝʪʦʜʦʤ ʛʘʟʦʚʦʾ ʭʨʦʤʘʪʦʛʨʘʬʽʾ. ʉʫʯʘʩʥʽ ʪʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ 

ʜʦʜʨʫʢʘʨʩʴʢʠʭ ʩʠʩʪʝʤ : ʤʘʪʝʨʽʘʣʠ ɺʩʝʫʢʨʘʾʥʩʴʢʦʾ ʥʘʫʢ.-ʧʨʘʢʪ. ʢʦʥʬ., ʤ. ʃʴʚʽʚ, 
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ʤʫʣʴʪʠ- ʪʘ ʢʨʦʩʤʝʜʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ : ʤʘʪʝʨʽʘʣʠ ʥʘʫʢ.-ʧʨʘʢʪ. ʩʝʤʽʥʘʨʫ, ʤ. ʂʠʾʚ, 24 
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ANNOTATION  

Ohirko M.O. Improving the technology of ensuring the quality of imprints on 

corrugated cardboard for decorating packaging. Qualifying scientific work on the 

rights of the manuscript. Qualifying scientific work on the rights of the manuscript. 

Dissertation thesis for the degree Doctor of Philosophy in the field of knowledge 

18 çProduction and technologiesè on a specialty 186 çPublishing and printingè. ï 

Ukrainian Academy of Printing, Lviv, 2022. 

The dissertation is devoted to the solution of the actual scientific and applied 

task of improving the technology of ensuring the quality of imprints on corrugated 

cardboard by identifying the mutual influence of the features of offset, flexographic 

and digital (ink-jet) printing on corrugated cardboard by preprint and postprint methods 

and decorating by luminescence and aromatization methods on densitometric, 

colorimetric, printing-technical indicators of imprintôs quality; evaluation of the 

morphological structure and topography of the liners surface and imprints on them, 

development of a methodology for evaluating the generalized indicator of the imprintôs 

quality; simulation of the stress-strain state of corrugated cardboard during printing; 

creation of a model for parametric forecasting of the effectiveness of packaging 

aromatization by the Peel&Smell method; determination of influencing factors on the 

amount of migration of harmful components from imprints to packaged products, 

which enables the development of a conceptual model of the system for monitoring 

and evaluating the imprintôs quality, the algorithm of the system for the justified 

selection of printing methods on corrugated cardboard to increase the environmental 

friendliness and efficiency of packaging production. 

The first chapter of the work provides an analysis of the current state and trends 

in the production of corrugated cardboard packaging as an ecological and fully 

recyclable material. The classification of printing technologies on corrugated 

cardboard is presented, which separates printing methods (offset, flexographic, digital 

(ink-jet)) and their efficiency by the amount of print run; characteristics and structure 

of corrugated cardboard; methods of printing (preprint and postprint) and decorating. 

The analysis of scientific sources is given, which showed the insufficiency of in-depth 
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research on solving the problems of the researched topic. A conceptual model for 

ensuring the imprintôs quality on corrugated cardboard is proposed, which includes an 

information system that provides data collection and processing at all stages of the 

process of creating an imprint, step-by-step control of optical, colorimetric, printing-

technical and operational indicators of the imprintôs quality. 

In the second chapter the selection of research objects is justified, namely offset, 

flexographic and digital (ink-jet) imprints, created by the preprint and postprint method 

on coated and uncoated liners of three- and five-layer corrugated cardboard with 

flexographic, offset and UV inks. Theoretical and practical studies of the process of 

printing on corrugated cardboard, evaluating the quality of imprints, decorating them 

with the method of luminescence and aromatization were carried out on the basis of 

electron-microscopic, densitometric, colorimetric, thermogravimetric and organoleptic 

analysis, methods of simulation and mathematical modeling. Software methods of 

mathematical statistics were used to process experimental data and check their 

reliability. 

The third chapter of the work is devoted to the study of the liners morphological 

structure and imprints on them by determining the area of micro protrusions and 

depressions, roughness indicators, which characterize the volumetric macro- and 

microheterogeneity of the surface and affect the effectiveness of the interaction of 

substrates with adhesives. It is shown that with an increase in the coating layers on the 

liners, the calculated area of depressions (Sd) and the average arithmetic deviation of 

the profile (parameter Ra) decrease by almost 3 times, however, the average depth of 

roughness Rz and the area of surface peaks (Speak) increases. 

Based on the constructed Harrington desirability function, the maximum 

permissible values of the imprintôs quality indicators obtained by the preprint and 

postprint method on corrugated cardboard were calculated, namely: optical density, 

color rendering, uniformity and stability of printing, contrast, compression of raster 

elements, trapping. The influence of the structure of the liner surface on the 

densitometric indicators of the imprints is shown: at an image saturation of 90%, the 

optical density of imprints on UD-3 cardboard without coating decreases by 0,75 
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relative units compared to imprints on GD-2 cardboard with coating, and the index of 

raster elements compression - increases by 7 units, respectively. The single values of 

the desirability function of the optical density of the background of a continuous filling 

and the uniformity of printing on coated liners are in the range from 0,95 to 0,99; and 

the gray balance indicators regardless of the area (75%, 50%, 25%) of imprintôs filling, 

sliding, contrast and raster dot compression are approaching 1. These indicators are 

much lower and vary in the range from 0,04 to 0,55 on imprints without coating. 

Approbation of the method of determining the comprehensive indicator of the imprintôs 

quality for the investigated printing methods according to the generalized criterion of 

optimization of single indicators on the basis of the Harrington desirability function 

showed the feasibility of its application. 

Studies of the dynamics of changes in the edge wetting angles of coated liners 

surface, as structural elements of corrugated cardboard, were conducted, which made 

it possible to assess their ability to perceive ink during digital (ink-jet) printing. On the 

basis of the developed simulation model of the interaction of primer particles with the 

surface layers of the liner, it was confirmed that the use of PVA-based primers with a 

degree of saponification less than 97% allows obtaining better quality imprints with 

greater optical density and a degree of color separation. It has been proven that digital 

imprints (postprint method) have almost the same average values of minimum tonal 

transfer for light areas of the image with a degree of coverage of 0,4% and dark areas 

with a degree of coverage of 99%. In flexographic printing, the tonal transfer of printed 

images was approximate and amounted to 0,8-95% on imprints, printed from the side 

of the corrugation E, and for imprints, printed from the side of the corrugation B, 

averaged 0.8-97.3%. Research on the quality of flexographic imprints on corrugated 

cardboard, obtained by the postprint method, confirmed the influence of the wave 

height of the corrugation on the indicators of optical density, resolution, tone transfer, 

color characteristics ȹɽ, print stability, which have higher values when printing the 

liner from the side of the corrugation E than from the side of the corrugation B. This is 

consistent with the modelling of the stress-strain state of corrugated cardboard during 

flexographic printing. It has been proven that when the layers of corrugated cardboard 
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are compressed with an increase in the profile of the corrugation, the maximum 

deformations in the material increase according to a non-linear law. The amount of 

corrugated cardboard deformation during printing is affected by the height of the 

corrugation wave, its pitch, pressure in the printing contact zone, and the elongation of 

the liner. The formulated task of optimizing the stress-strain state of corrugated 

cardboard based on the nonlinear spatial theory of elasticity allows us to consider a 

complex of partial problems when specifying a control function, a criterion for 

optimizing stress intensity. An analysis of the possible causes of the appearance of 

image defects on imprints made of corrugated cardboard during flexographic printing 

was carried out, and the methods of their elimination were outlined. 

In the fourth chapter of the work, it is proposed to improve the packaging 

decoration technology by introducing luminescent impurities into inks and varnishes, 

which provide reliable protection of products against counterfeiting and the desired 

decorative effect when excited by IR laser irradiation. Studies of the imprintôs quality 

have confirmed that with an increase in the content of nanoparticles from 10 to 30%, an 

increase in optical density is recorded, and the gloss and color coverage area of printed 

images increases more than twice. An improved technology of the closed presentation 

of the aroma by the Peel&Smell method is proposed, which involves the application by 

spraying adhesive with 15-25% of the microcapsules of the aromatization agent in 

specified places on the imprint, to which a label-sticker is glued, when peeling it off, the 

shells of the aroma capsules are destroyed and the aroma is released.  

With the help of electron microscopy, the change in the structure of the adhesive 

aroma zones on the imprints was studied, where the gradual destruction of the aroma 

capsule shells with an increase in the number of presentations by the Peel&Smell 

method was observed. Modelling of the process of assessing the degree of influencing 

factors on the intensity and duration of aroma presentation was carried out. This made 

it possible to build a graph of relationships between parameters: the percentage of 

aromatized impurities, thickness, physical and mechanical properties of the adhesive 

and substrate, topography of its surface, intensity of aroma advertisementôs 

presentation; to formalize and for the first time to solve the optimization problem, 
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according to the priority of the influence of these parameters on the process of 

forecasting of the aromatization efficiency. 

According to the statistical processing of the assessment results of the aroma 

intensity during the presentation, carried out by 11 experts, 3D models were built that 

show the relationship between the intensity of the aroma, the percentage of the 

aromatization agent in the adhesive composition and the number of closed 

presentations, which made it possible to determine the aromatization coefficient and 

establish its decrease from 9,8 to 1 after 75 single presentations. 

The fifth chapter of the work is devoted to researching the problems of the 

migration of inks and varnishes components into the structure of packaging materials 

during various printing methods. The effect of temperature, cardboard structure and 

time on the amount of global migration of harmful impurities from printing inks to 

packaged food products was studied. It was found that increasing the temperature (from 

25 Áʉ to 150 Áʉ) leads to 3-4 times increase in the amount of marking substances 

obtained from imprints. The permissible value of pollutants (10 mg/dm2) from the 

studied imprints was exceeded by 11-12% only at 150 ÁC, which was confirmed by the 

results of thermal analysis, which revealed an intensive loss of mass of the sample, due 

to active destructive and thermo-oxidative processes in it at temperatures, higher than 

217Áʉ. The presence of waste paper in the structure of the liner increases global 

migration by 20%. The two-layer coating increases the adsorption of the studied low-

migration offset inks and reduces the migration by 2 times, but increases the 

phenomenon of the dynamics of penetration of vegetable oil-based inks into the 

cardboard structure, which is confirmed by the built 2D and 3D models of the liquid 

penetration dynamics. Based on the analysis of the Robinson test, the influence of the 

migration properties of inks and the morphological structure of packaging materials on 

the taste and smell of packaged products has been confirmed.  

As a result of theoretical and experimental research, a scientific and applied task 

was solved and the following new results were obtained: 

V a complex of technological quality assurance of printing on corrugated 

cardboard by the preprint and postprint method in the manufacture of packages is 
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proposed on the basis of electron-microscopic analysis of the surface morphology of 

packaging materials, the structure of corrugated cardboard, production control of 

printing and technical indicators, which ensures the efficiency and environmental 

friendliness of packaging production; 

V simulation of the stress-strain state of corrugated cardboard during 

flexographic printing using the preprint and postprint method was carried out and its 

nature was described by mathematical models that take into account the height of the 

corrugation wave, the number of layers of corrugated cardboard, the influence of the 

printing method - across or along the corrugation wave, which affects the quality of 

imprints and determines the causes of imprints defects on corrugated cardboard; 

V a model of the evaluation process of a set of factors influencing the 

intensity and durability of aroma advertisements during the closed presentation of 

aromas using the Peel&Smell method was developed, which takes into account 

technological, structural and operational indicators, which made it possible to 

formalize and solve the optimization problem by prioritizing the influence of 

parameters on the process of forecasting the intensity of aromatization on packaging. 

The method of decorating packaging by combining aromatized and luminescent 

varnish images on imprints and the method of closed presentation of aromas ï 

Peel&Smell ï have been improved, which made it possible to increase the effectiveness 

of aroma advertisements on packaging. 

Received further development: 

V a method of determining a complex quality indicator based on a 

generalized criterion for optimizing individual indicators of test imprints (optical 

density, color reproduction, trapping, gray balance, print stability, contrast, raster dot 

compression) based on the Harrington function, which will allow, taking into account 

the level of desirability, to predict optical, colorimetric and printing indicators of 

circulation in offset and flexographic printing. 

V methods for determining the amount of global migration of harmful 

impurities from printing inks and varnishes, taking into account the structure of the 

materials and the time interval from the formation of printed images on them by various 
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methods and temperature, which made it possible to study the physical process of 

migration, based on the diffusion and separation of substances that can occur between 

the packaging and the packaged product. 

The practical significance of the obtained scientific results is aimed at ensuring 

the imprints quality on corrugated cardboard obtained by the preprint and postprint 

method. Methods of decorating packaging with luminescent printed images (utility 

model patent No. 148804) and aromatization, which provide a closed presentation of 

aroma by the Peel&Smell method using aroma varnish and sticker-labels (utility model 

patent No. 136660), are proposed. 

Approbation of production tests of the quality of offset imprints on corrugated 

cardboard using the preprint method was carried out at the private enterprise PALP 

MILL PRINT (Kyiv).  The developed technological instructions "Evaluation of the 

imprints quality using the desirability function and the Harrington scale" were agreed 

with LLC çElgrafè (Lviv). The results of the research were implemented in the 

educational process of the UAʈ during lectures and laboratory-practical classes in the 

disciplines çDigital technologies in the production of printing and packaging 

productsè, çEnvironmental aspects of printing and packaging productionè, 

çTechnology of manufacturing packagingè, çTechnology of manufacturing packaging 

for food productsè, çTechnology of decoration of printed and packaging productsè. 

Implementation data is confirmed by relevant documents. 

Keywords: corrugated cardboard, packaging, microscopy, surface structure, 

offset printing, flexographic printing, digital (ink-jet) printing, decoration, imprints, 

optical density, color reproduction, quality indicators, methods, parameters, models. 
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ɺʉʊʋʇ 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. ʉʚʽʪʦʚʽ ʪʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ ʧʘʢʫʚʘʣʴʥʦʾ ʛʘʣʫʟʽ 

ʩʧʨʠʷʶʪʴ ʧʦʷʚʽ ʥʦʚʠʭ ʪʘ ʫʜʦʩʢʦʥʘʣʝʥʥʶ ʽʩʥʫʶʯʠʭ ʧʦʣʽʛʨʘʬʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʜʨʫʢʫʚʘʥʥʷ ʪʘ ʦʟʜʦʙʣʝʥʥʷ ʧʘʢʦʚʘʥʴ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʭ ʝʢʦʣʦʛʽʯʥʦʩʪʽ, ʟʘʭʠʩʪʫ ʚʽʜ 

ʧʽʜʨʦʙʢʠ ʪʘ ʟʘʜʦʚʦʣʝʥʥʷ ʧʦʪʨʝʙ ʥʘʡʚʠʙʘʛʣʠʚʽʰʠʭ ʩʧʦʞʠʚʘʯʽʚ. ɺ ʫʤʦʚʘʭ ʢʨʠʟʠ 

ʦʩʪʘʥʥʽʭ ʨʦʢʽʚ ʪʝʭʥʦʣʦʛʽʾ ʜʨʫʢʫʚʘʥʥʷ ʥʘ ʧʘʢʫʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʘʭ ʟʘʣʠʰʘʶʪʴʩʷ 

ʻʜʠʥʦʶ ʛʘʣʫʟʟʶ, ʜʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷ ï ʚ ʮ̔ʣʦʤʫ ʥʘ 3,3% ʚ ʨʽʢ. ɿʦʢʨʝʤʘ, 

ʚʠʨʦʙʥʠʮʪʚʦ ʧʘʢʦʚʘʥʴ ʟ  ʛʦʬʨʦʢʘʨʪʦʥʫ ʟʙʽʣʴʰʠʣʘʩʴ ʥʘ 4% ʽ ʟʘʡʤʘʻ ʧʝʨʰʝ ʤʽʩʮʝ 

ʩʝʨʝʜ ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʜʫʢʪʽʚ, ʷʢʽ ʣʝʛʢʦ ʧʽʜʜʘʶʪʴʩʷ ʨʝʮʠʢʣʽʥʛʫ (ʢʘʨʪʦʥʥʝ 

ʧʘʢʦʚʘʥʥʷ ʟʘ ʞʠʪʪʷ ʧʝʨʝʞʠʚʘʻ 5-7 ʮʠʢʣʽʚ ʧʝʨʝʨʦʙʢʠ). ɿʘ ʜʘʥʠʤʠ ʜʦʩʣʽʜʥʦʛʦ 

ʽʥʩʪʠʪʫʪʫ  Smithers Pira çFuture of Package Printing to 2027è ʛʣʦʙʘʣʴʥʽ ʧʦʪʨʝʙʠ 

ʛʦʬʨʦʢʘʨʪʦʥʫ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ ʧʝʨʝʚʠʱʠʣʠ 143 ʤʣʥ.ʪʦʥʥ ʽ ʧʨʦʛʥʦʟʫʻʪʴʩʷ ʾʭ 

ʱʦʨʽʯʥʝ ʟʨʦʩʪʘʥʥʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʘʢʦʚʘʥʴ ʥʘ ʨʽʚʥʽ 3,7%. ʆʩʥʦʚʥʠʤ 

ʩʧʦʞʠʚʘʯʝʤ ʧʘʢʦʚʘʥʴ ʟ ʛʦʬʨʦʢʘʨʪʦʥʫ ʧʨʦʜʦʚʞʫʻ ʟʘʣʠʰʘʪʠʩʷ ʭʘʨʯʦʚʘ, ʭʽʤʽʯʥʘ, 

ʬʘʨʤʘʮʝʚʪʠʯʥʘ, ʧʘʨʬʶʤʝʨʥʘ ʽʥʜʫʩʪʨʽʷ, ʚʠʨʦʙʥʠʮʪʚʦ ʧʦʙʫʪʦʚʦʾ ʭʽʤʽʾ ʽ ʪʝʭʥʽʢʠ 

ʪʦʱʦ. ʊʦʤʫ ʪʘʢʽ ʧʘʢʦʚʘʥʥʷ ʧʦʚʠʥʥʽ ʚʽʜʧʦʚʽʜʘʪʠ ʩʚʽʪʦʚʠʤ ʩʪʘʥʜʘʨʪʥʠʤ, 

ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʽʯʥʠʤ, ʝʩʪʝʪʠʯʥʠʤ, ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤ, ʝʢʦʥʦʤʽʯʥʠʤ, 

ʝʢʦʣʦʛʽʯʥʠʤ, ʩʘʥʽʪʘʨʥʦ-ʛʽʛʽʻʥʽʯʥʠʤ ʪʘ ʦʩʦʙʣʠʚʠʤ  ʩʧʝʮʠʬʽʯʥʠʤ ʚʠʤʦʛʘʤ 

ʗʢ ʚʽʜʦʤʦ, ʚʘʞʣʠʚʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʛʦʬʨʦʢʘʨʪʦʥʫ ʻ ʬʣʶʪʠʥʛ ʽ ʣʘʡʥʝʨ. 

ʉʪʨʫʢʪʫʨʘ ʧʦʚʝʨʭʥʽ ʣʘʡʥʝʨʘ, ʡʦʛʦ ʰʦʨʩʪʢʽʩʪʴ ʽ ʛʣʘʜʢʽʩʪʴ ʚʠʟʥʘʯʘʶʪʴ  ʜʨʫʢʘʨʩʴʢʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʛʦʬʨʦʢʘʨʪʦʥʫ. ʉʘʤʝ ʥʘʷʚʥʽʩʪʴ ʢʨʝʡʜʦʚʘʥʦʛʦ ʧʦʢʨʠʪʪʷ ʘʙʦ ʡʦʛʦ 

ʚʽʜʩʫʪʥʽʩʪʴ ʥʘ ʧʦʚʝʨʭʥʽ ʣʘʡʥʝʨʘ ʚʠʟʥʘʯʘʻ ʨʽʚʝʥʴ ʷʢʦʩʪʽ ʥʘʜʨʫʢʦʚʘʥʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ. ɼʣʷ ʦʟʜʦʙʣʝʥʥʷ ʧʘʢʦʚʘʥʴ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʝʭʥʦʣʦʛʽʾ ʦʬʩʝʪʥʦʛʦ, 

ʬʣʝʢʩʦʛʨʘʬʽʯʥʦʛʦ, ʮʠʬʨʦʚʦʛʦ ʜʨʫʢʫ. ɿʘ ʧʨʦʛʥʦʟʘʤʠ Smithers  ʨʠʥʦʢ 

ʬʣʝʢʩʦʛʨʘʬʽʾ ʩʢʣʘʜʘʻ 36%, ʽ ʜʦ 2024 ʨ. ʟʨʦʩʪʝ ʥʘ 2,4%; ʘ ʦʬʩʝʪʫ ï ʥʘ 2,5%. 

ʎʠʬʨʦʚʠʡ ʜʨʫʢ ʟʘ ʪʠʤʠ ʞ ʧʨʦʛʥʦʟʘʤʠ ʜʦ 2027 ʨ. ʟʘʡʤʝ ʙʽʣʴʰʝ 10% ʧʨʠ 

ʜʨʫʢʫʚʘʥʥʽ ʥʘ ʛʦʬʨʦʢʘʨʪʦʥʽ [1]. ʇʨʠ ʜʨʫʢʫʚʘʥʥʽ ʚʝʣʠʢʠʭ ʥʘʢʣʘʜʽʚ ʧʝʨʝʚʘʛʠ 

ʥʘʜʘʶʪʴʩʷ ʪʨʘʜʠʮʽʡʥʦʤʫ ʦʬʩʝʪʥʦʤʫ ʽ ʬʣʝʢʩʦʜʨʫʢʫ. ʄʦʞʣʠʚʽʩʪʴ ʟʜʽʡʩʥʶʚʘʪʠ 

ʨʝʥʪʘʙʝʣʴʥʠʡ ʝʢʦʥʦʤʽʯʥʠʡ ʜʨʫʢ ʤʘʣʠʤʠ ʪʘ ʩʝʨʝʜʥʽʤʠ ʥʘʢʣʘʜʘʤʠ ʟʘʙʝʟʧʝʯʫʻ 

ʮʠʬʨʦʚʠʡ ʜʨʫʢ, ʚʠʩʦʢʘ ʷʢʽʩʪʴ ʷʢʦʛʦ ʜʦʟʚʦʣʷʻ ʡʦʤʫ ʢʦʥʢʫʨʫʚʘʪʠ ʟ ʦʬʩʝʪʥʠʤ. ʂʨʽʤ 
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ʪʦʛʦ, ʟôʷʚʣʷʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʩʦʥʘʣʽʟʘʮʽʾ ʧʘʢʦʚʘʥʴ, ʷʢʘ ʻ ʘʢʪʫʘʣʴʥʦʶ ʚʠʤʦʛʦʶ 

ʩʴʦʛʦʜʝʥʥʷ. ʈʦʟʚʠʪʦʢ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʩʧʨʠʷʻ ʽʥʪʝʥʩʠʚʥʦʤʫ 

ʚʠʢʦʨʠʩʪʘʥʥʶ ʮʠʬʨʦʚʦʛʦ ʜʨʫʢʫ (32% ʜʨʫʢʘʨʝʥʴ ʫ ʩʚʽʪʽ ʧʨʦʧʦʥʫʶʪʴ ʮʠʬʨʦʚʠʡ 

ink-jet ʜʨʫʢ  ʜʣʷ ʦʟʜʦʙʣʝʥʥʷ, ʤʘʨʢʫʚʘʥʥʷ, ʧʝʨʩʦʥʘʣʽʟʘʮʽʾ ʧʘʢʦʚʘʥʴ). ɼʦʩʣʽʜʞʝʥʥʷ, 

ʧʨʦʚʝʜʝʥʽ ʢʦʤʧʘʥʽʻʶ Smithers Pira, ʧʦʢʘʟʫʶʪʴ, ʱʦ  ʫ 2019 ʨ. ʮʠʬʨʦʚʽ ʪʝʭʥʦʣʦʛʽʾ 

ʚ ʧʘʢʫʚʘʣʴʥʽʡ ʛʘʣʫʟʽ ʩʢʣʘʜʘʣʠ 19 ʤʣʨʜ $.  ɿʘ ʜʘʥʠʤʠ ʚʠʜʘʚʥʠʯʦʾ ʢʦʤʧʘʥʽʾ 

MarketsandMarkets ʫ çɻʣʦʙʘʣʴʥʦʤʫ ʧʨʦʛʥʦʟʽ ʜʦ 2026 ʨʦʢʫ ʨʠʥʢʫ ʮʠʬʨʦʚʦʛʦ 

ʜʨʫʢʫ ʧʘʢʦʚʘʥʴè ʟʘ ʜʝʩʷʪʴ ʨʦʢʽʚ ʦʯʽʢʫʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʨʠʥʢʫ ʟ 11,42 ʤʣʨʜ ʜʦ 

42,11 ʤʣʨʜ $., ʱʦ ʩʢʣʘʜʘʻ 13,9% ʚ ʨʽʢ. ʄʘʰʠʥʠ ʩʫʯʘʩʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʜʨʫʢʫ ʥʘ 

ʛʦʬʨʦʢʘʨʪʦʥʽ ʧʨʠʟʥʘʯʝʥʽ ʜʦ ʥʘʥʝʩʝʥʥ̫  ʟʦʙʨʘʞʝʥʴ ʥʘ ʣʘʡʥʝʨ, ʷʢʠʡ ʧʦʪʽʤ 

ʢʘʰʠʨʫʻʪʴʩʷ ʜʦ ʛʦʬʨʦʢʘʨʪʦʥʫ ʽ ʪʘʢʦʞ ʜʣʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʨʫʢʫ ʥʘ ʘʨʢʫʰʘʭ 

ʛʦʬʨʦʢʘʨʪʦʥʫ. 

ʌʣʝʢʩʦʛʨʘʬʽʷ ʟʘʚʜʷʢʠ ʥʠʟʴʢʦʤʫ ʪʠʩʢʫ ʧʨʠ ʧʨʷʤʦʤʫ ʋʌ ʜʨʫʮ ̔ ʻ 

ʥʘʡʧʦʰʠʨʝʥʽʰʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʥʘʥʝʩʝʥʥʷ ʟʦʙʨʘʞʝʥʴ ʥʘ ʛʦʬʨʦʢʘʨʪʦʥ ʤʝʪʦʜʦʤ 

postprint. ʊʝʭʥʦʣʦʛʽʷ ʦʬʩʝʪʥʦʛʦ ʜʨʫʢʫ ʥʝ ʥʘʜʘʻʪʴʩʷ ʜʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ 

ʟʘʜʨʫʢʦʚʫʚʘʥʥʷ ʛʦʬʨʦʢʘʨʪʦʥʫ, ʘʣʝ ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʧʦʧʫʣʷʨʥʽʰʠʭ ʧʨʠ ʜʨʫʮ ̔ʥʘ 

ʢʘʨʪʦʥʽ (ʤʝʪʦʜ preprint) ʟ ʧʦʜʘʣʴʰʠʤ  ʢʘʰʠʨʫʚʘʥʥʷʤ ʡʦʛʦ ʜʦ ʛʦʬʨʠ.  

ʆʪʞʝ, ʧʦʪʨʝʙʘ ʩʧʦʞʠʚʘʯʽʚ ʫ ʚʠʛʦʪʦʚʣʝʥʥʽ ʧʘʢʦʚʘʥʴ ʟ ʥʘʜʨʫʢʦʚʘʥʠʤʠ ʪʘ 

ʦʟʜʦʙʣʝʥʠʤʠ ʟʦʙʨʘʞʝʥʥʷʤʠ, ʩʧʨʠʷʪʠʤʝ ʟʨʦʩʪʘʥʥ ʁ ʦʬʩʝʪʥʦʛʦ, 

ʬʣʝʢʩʦʛʨʘʬʽʯʥʦʛʦ ʪʘ ʮʠʬʨʦʚʦʛʦ ʜʨʫʢʫ ʚ ʦʩʪʘʥʥʽ 5 ʨʦʢʽʚ, ʪʦʤʫ ʘʢʪʫʘʣʴʥʠʤʠ ʻ 

ʜʦʩʣʽʜʞʝʥʥʷ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʜʨʫʢʘʨʩʴʢʠʭ ʚʽʜʙʠʪʢʽʚ. 

ɺʘʛʦʤʠʡ ʚʥʝʩʦʢ ʚ ʽʥʪʝʥʩʠʬʽʢʘʮʽʶ ʪʝʭʥʽʢʠ ʽ ʪʝʭʥʦʣʦʛʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʧʘʢʦʚʘʥʴ, ʨʦʟʨʦʙʢʫ ʝʥʝʨʛʦʦʱʘʜʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ, ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʠʩʪʨʦʾʚ ʜʣʷ 

ʚʨʽʟʫʚʘʥʥʷ, ʚʠʩʽʢʘʥʥʷ ʨʦʟʛʦʨʪʦʢ ʢʦʥʩʪʨʫʢʮʽʡ ʧʘʢʦʚʘʥʴ ʟ ʢʘʨʪʦʥʫ ʽ ʛʦʬʨʦʢʘʨʪʦʥʫ, 

ʢʘʰʠʨʫʚʘʥʥʷ ʚʥʝʩʣʠ ʚʽʪʯʠʟʥʷʥʽ ʪʘ ʟʘʢʦʨʜʦʥʥʽ ʥʘʫʢʦʚʮʽ: ɯ. ʈʝʛʝʡ, ʊ. ʂʦʚʘʣʴ, ɺ. 

ɹʝʨʥʘʮʝʢ, ʅ. ɻʦʣʦʚʘʮʴʢʘ, W. Szewczyk, Tomas Nordstrand, Flink Mattias, Sven 

Dieter Wendler ʪʘ ʽʥʰʽ. ʅʘʜ ʧʽʜʚʠʱʝʥʥʷʤ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʜʨʫʢʘʨʩʴʢʠʭ ʘʧʘʨʘʪʽʚ ʬʣʝʢʩʦʛʨʘʬʽʯʥʠʭ ʘʨʢʫʰʝʚʠʭ ʤʘʰʠʥ, ʨʦʟʨʦʙʣʝʥʥʷʤ 

ʤʦʜʝʣʝʡ ʽ ʤʝʪʦʜʽʚ ʜʨʫʢʫʚʘʥʥʷ ʪʘ ʦʟʜʦʙʣʝʥʥʷ, ʜʦʩʣʽʜʞʝʥʥʷʤ ʜʨʫʢʘʨʩʴʢʦ-

ʪʝʭʥʽʯʥʠʭ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʣʽʛʨʘʬʽʯʥʠʭ ʤʘʪʝʨʘ̔ʣʽʚ, 
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ʧʨʘʮʶʚʘʣʠ ʥʘʫʢʦʚʮʽ: ʇ. ʂʠʨʠʯʦʢ, ʆ. ʐʦʩʪʘʯʫʢ, ɹ. ɼʫʨʥʷʢ, ʄ. ʃʫʮʢʽʚ, ɺ. 

ʄʦʨʬʣʶʢ, ʆ. ɺʝʣʠʯʢʦ, ʉ. ɻʘʚʝʥʢʦ, ɹ. ʂʦʚʘʣʴʩʴʢʠʡ, ʆ. ʂʦʪʤʘʣʴʦʚʘ, ɺ. 

ʉʝʥʴʢʽʚʩʴʢʠʡ, ʇ. ʇʝʪʨʠʢ, T. Garbowski ʪʘ ʽʥʰʽ. 

ʇʨʦʙʣʝʤʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʦʥʪʨʦʣʶ ʬʣʝʢʩʦʛʨʘʬʽʯʥʦʛʦ, ʦʬʩʝʪʥʦʛʦ, 

ʮʠʬʨʦʚʦʛʦ ʪʘ ʽʥʰʠʭ ʩʧʦʩʦʙʽʚ ʜʨʫʢʫ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʷʢʦʩʪʽ ʚʽʜʙʠʪʢʽʚ ʜʦʩʣʽʜʞʫʚʘʣʠ 

ʚ ʩʚʦʾʭ ʧʨʘʮʷʭ ʊ. ʂʠʨʠʯʦʢ, ɹ. ʈʝʧʝʪʘ, ʅ. ʃʦʪʦʰʠʥʩʴʢʘ, ʉ. ʄ. ʗʢʫʮʝʚʠʯ, ʉ. 

ʍʘʜʞʠʥʦʚʘ, ʂ. StňpieŒ, ʊ. ʈʦʟʫʤ, ɺ. ʂʦʭʘʥ, ʆ. ɹʣʘʛʦʜʽʨ, C.-M. Tag, M. Juuti, K.-E. 

Peiponen, J. B. Rosenholm, L. Varepo, J. Claypole, P. R. Williams, D. Deganello, M. S. 

Yusof, T. C. Claypole, D. T. Gethin,  A. M. Zaidi, A. James, T. Andy ʪʘ ʽʥʰʽ. 

ʇʨʦʪʝ ʘʥʘʣʽʟ ʥʘʫʢʦʚʠʭ ʨʦʟʨʦʙʦʢ ʚʢʘʟʫʻ ʥʘ ʥʝʜʦʩʪʘʪʥʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ 

ˇʨʫʥʪʦʚʥʠʭ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʱʦʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʚʽʜʙʠʪʢʽʚ ʥʘ 

ʛʦʬʨʦʢʘʨʪʦʥʽ, ʦʪʨʠʤʘʥʠʭ ʤʝʪʦʜʦʤ preprint ʽ postprint, ʧʦʛʣʠʙʣʝʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʚʠʤʘʛʘʶʪʴ ʧʨʦʮʝʩʠ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʛʦʬʨʦʢʘʨʪʦʥʫ ʧʨʠ 

ʜʨʫʢʫʚʘʥʥʽ ʪʘ ʷʚʠʱʘ ʤʽʛʨʘʮʽʾ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʟ ʜʨʫʢʘʨʩʴʢʠʭ ʚʽʜʙʠʪʢʽʚ ʜʦ 

ʟʘʧʘʢʦʚʘʥʠʭ ʧʨʦʜʫʢʪʽʚ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʝʢʦʣʦʛʽʯʥʽʩʪʴ ʽ ʙʝʟʧʝʯʥʽʩʪʴ ʧʘʢʦʚʘʥʴ.  

ʊʦʤʫ, ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʜʨʫʢʘʨʩʴʢʠʭ 

ʚʽʜʙʠʪʢʽʚ ʥʘ ʛʦʬʨʦʢʘʨʪʦʥʽ, ʰʣʷʭʦʤ ʚʠʷʚʣʝʥʥʷ ʚʟʘʻʤʦʚʧʣʠʚʫ ʦʩʦʙʣʠʚʦʩʪʝʡ  

ʦʬʩʝʪʥʦʛʦ, ʬʣʝʢʩʦʛʨʘʬʽʯʥʦʛʦ ʪʘ ʮʠʬʨʦʚʦʛʦ (ink-jet) ʜʨʫʢʫ ʥʘ ʛʦʬʨʦʢʘʨʪʦʥʽ 

ʤʝʪʦʜʦʤ preprint ʽ postprint ʪʘ ʦʟʜʦʙʣʝʥʥʷ ʤʝʪʦʜʦʤ ʣʶʤʽʥʝʩʮʝʥʮʽʾ ʪʘ ʘʨʦʤʘʪʠʟʘʮʽʾ 

ʥʘ ʜʝʥʩʠʪʦʤʝʪʨʠʯʥʽ, ʢʦʣʦʨʠʤʝʪʨʠʯʥʽ, ʜʨʫʢʘʨʩʴʢʦ-ʪʝʭʥʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ 

ʚʽʜʙʠʪʢʽʚ; ʦʮʽʥʶʚʘʥʥʷ ʤʦʨʬʦʣʦʛʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʽ ʪʦʧʦʛʨʘʬʽʾ ʧʦʚʝʨʭʥʽ ʣʘʡʥʝʨʽʚ  

ʪʘ ʚʽʜʙʠʪʢʽʚ ʥʘ ʥʠʭ, ʨʦʟʨʦʙʣʝʥʥʷ ʤʝʪʦʜʠʢʠ ʦʮʽʥʶʚʘʥʥʷ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʧʦʢʘʟʥʠʢʘ 

ʷʢʦʩʪʽ ʚʽʜʙʠʪʢʽʚ; ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ  ʛʦʬʨʦʢʘʨʪʦʥʫ 

ʧʨʠ ʜʨʫʢʫʚʘʥʥʽ; ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʽ ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʘʨʦʤʘʪʠʟʘʮʽʾ ʧʘʢʦʚʘʥʴ ʤʝʪʦʜʦʤ Peel&Smell; ʚʠʟʥʘʯʝʥʥʷ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ ʥʘ 

ʚʝʣʠʯʠʥʫ  ʤʽʛʨʘʮʽʾ ʰʢʽʜʣʠʚʠʭ ʢʦʤʧʦʥʝʥʪ ʟ ʚʽʜʙʠʪʢʽʚ ʜʦ ʟʘʧʘʢʦʚʘʥʠʭ ʧʨʦʜʫʢʪʽʚ, 

ʨʦʟʨʦʙʣʝʥʥʷ ʢʦʥʮʝʧʪʫʘʣʴʥʦʾ ʤʦʜʝʣʽ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ 

ʚʽʜʙʠʪʢʽʚ, ʘʣʛʦʨʠʪʤʫ ʩʠʩʪʝʤʠ ʦʙˇʨʫʥʪʦʚʘʥʦʛʦ ʚʠʙʦʨʫ ʤʝʪʦʜʽʚ ʜʨʫʢʫʚʘʥʥʷ ʥʘ 

ʛʦʬʨʦʢʘʨʪʦʥʽ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʩʪʽ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʧʘʢʦʚʘʥʴ ʻ ʘʢʪʫʘʣʴʥʠʤ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʠʤ ʟʘʚʜʘʥʥʷʤ. 
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ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʚʠʢʦʥʫʚʘʣʘʩʴ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ɿʘʢʦʥʫ ʋʢʨʘʾʥʠ çʇʨʦ 

ʧʨʽʦʨʠʪʝʪʥʽ ʥʘʧʨʷʤʢʠ ʨʦʟʚʠʪʢʫ ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠè ˉ2519-17 ʪʘ ʡʦʛʦ ʟʤʽʥʘʤʠ, ʜʽʶ 

ʷʢʦʛʦ ʧʨʦʜʦʚʞʝʥʦ ʧʦʩʪʘʥʦʚʦʶ ʂʘʙʽʥʝʪ ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ ʚʽʜ 12 ʣʠʧʥʷ 2022 ʨʦʢʫ 

ʜʦ ʢʽʥʮʷ 2022 ʨʦʢʫ.  

ʈʦʙʦʪʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʚôʷʟʘʥʘ ʟ ʪʝʤʘʪʠʯʥʠʤʠ ʥʘʧʨʷʤʘʤʠ ʥʘʫʢʦʚʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʋʢʨʘʾʥʩʴʢʦʾ ʘʢʘʜʝʤʽʾ ʜʨʫʢʘʨʩʪʚʘ, ʟʦʢʨʝʤʘ ʢʘʬʝʜʨʠ ʧʦʣʽʛʨʘʬʽʯʥʠʭ 

ʤʝʜʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʽ ʧʘʢʦʚʘʥʴ, ʘ  ʘʢʦʞ ʚʠʢʦʥʫʚʘʣʘʩʴ ʚ ʨʘʤʢʘʭ ʜʦʛʦʚʦʨʫ ʤʽʞ 

ʋʢʨʘʾʥʩʴʢʦʶ ʘʢʘʜʝʤʽʻʶ ʜʨʫʢʘʨʩʪʚʘ ʪʘ ʬʽʨʤʦʶ Amcor Specialty Carton 

(ʐʚʝʡʮʘʨʽʷ) ʧʨʦ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʫ ʨʦʙʦʪʫ (ʨʝʻʩʪʨʘʮʽʡʥʠʡ ʥʦʤʝʨ 2/2021) 

çɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʩʧʦʩʦʙʽʚ ʜʨʫʢʫ ʥʘ ʷʢʽʩʪʴ ʚʽʜʙʠʪʢʽʚ ʥʘ ʢʘʨʪʦʥʽ ʪʘ 

ʛʦʬʨʦʢʘʨʪʦʥʽè.  

ʄʝʪʘ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ  

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʜʨʫʢʫ ʥʘ ʛʦʬʨʦʢʘʨʪʦʥʽ ʤʝʪʦʜʦʤ preprint i 

postprint, ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ ʘʨʦʤʘʪʠʟʘʮʽʾ ʪʘ ʣʶʤʽʥʝʩʮʝʥʮʽʾ ʜʣʷ ʦʟʜʦʙʣʝʥʥʷ 

ʧʘʢʦʚʘʥʴ, ʥʘ ʦʩʥʦʚʽ ʨʦʟʨʦʙʣʝʥʥʷ ʤʦʜʝʣʽ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʪʘ ʦʮʽʥʶʚʘʥʥʷ 

ʜʨʫʢʘʨʩʴʢʦ-ʪʝʭʥʽʯʥʠʭ, ʜʝʥʩʠʪʦʤʝʪʨʠʯʥʠʭ, ʝʢʦʣʦʛʽʯʥʠʭ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ  

ʧʦʢʘʟʥʠʢʽʚ ʚʽʜʙʠʪʢʽʚ, ʱʦ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʜʦʩʣʽʜʞʝʥʥʷʭ ʤʦʨʬʦʣʦʛʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʧʦʚʝʨʭʥʽ ʟʘʜʨʫʢʦʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʤʦʜʝʣʶʚʘʥʥʽ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ 

ʩʪʘʥʫ ʛʦʬʨʦʢʘʨʪʦʥʫ ʚ ʧʨʦʮʝʩʽ ʜʨʫʢʫʚʘʥʥʷ ʪʘ ʤʽʛʨʘʮʽʡʥʠʭ  ʧʨʦʮʝʩʽʚ ʩʢʣʘʜʥʠʢʽʚ 

ʬʘʨʙ, ʣʘʢʽʚ ʟ ʚʽʜʙʠʪʢʽʚ ʜʦ ʟʘʧʘʢʦʚʘʥʦʾ ʧʨʦʜʫʢʮʽʾ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʷʢʦʩʪʽ ʧʘʢʦʚʘʥʴ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʨʦʟʚôʷʟʘʪʠ ʪʘʢʽ ʟʘʚʜʘʥʥʷ: 

- ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʦʪʨʠʤʘʥʥʷ ʜʨʫʢʘʨʩʴʢʠʭ 

ʚʽʜʙʠʪʢʽʚ ʥʘ ʣʘʡʥʝʨʘʭ (ʢʘʨʪʦʥʘʭ) ʪʘ ʛʦʬʨʦʢʘʨʪʦʥʽ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʧʘʢʦʚʘʥʴ, 

ʤʝʪʦʜʽʚ ʾʭ ʦʟʜʦʙʣʝʥʥʷ, ʚʠʟʥʘʯʠʪʠ ʾʭ ʧʝʨʝʚʘʛʠ ʽ ʥʝʜʦʣʽʢʠ ʪʘ ʥʘʢʨʝʩʣʠʪʠ ʰʣʷʭ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ; 

- ʜʦʩʣʽʜʠʪʠ ʤʦʨʬʦʣʦʛʽʯʥʫ ʩʪʨʫʢʪʫʨʫ ʧʦʚʝʨʭʥʽ ʟʘʜʨʫʢʦʚʫʚʘʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ  ʪʘ ʚʩʪʘʥʦʚʠʪʠ ʾʾ ʚʧʣʠʚ  ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ 

ʜʨʫʢʫʚʘʥʥʷ ʥʘ ʛʦʬʨʦʢʘʨʪʦʥʽ ʤʝʪʦʜʦʤ preprint ʽ postprint, ʦʮʽʥʠʪʠ 
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ʜʝʥʩʠʪʦʤʝʪʨʠʯʥʽ, ʢʦʣʦʨʠʤʝʪʨʠʯʥʽ, ʜʨʫʢʘʨʩʴʢʦ-ʪʝʭʥʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʚʽʜʙʠʪʢʽʚ ʽ 

ʨʦʟʨʦʙʠʪʠ ʤʦʜʝʣʴ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʜʨʫʢʫ ʥʘ 

ʛʦʬʨʦʢʘʨʪʦʥʽ; 

- ʟʜʽʡʩʥʠʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ 

ʛʦʬʨʦʢʘʨʪʦʥʫ ʧʨʠ ʜʨʫʢʫʚʘʥʥʽ ʤʝʪʦʜʦʤ preprint ̔  postprint, ʦʧʠʩʘʪʠ ʡʦʛʦ ʭʘʨʘʢʪʝʨ 

ʤʘʪʝʤʘʪʠʯʥʠʤʠ ʤʦʜʝʣʷʤʠ;  

- ʫʜʦʩʢʦʥʘʣʠʪʠ ʪʝʭʥʦʣʦʛʽʶ ʦʟʜʦʙʣʝʥʥʷ ʧʘʢʦʚʘʥʴ ʤʝʪʦʜʦʤ 

ʣʶʤʽʥʝʩʮʝʥʮʽʾ ʥʘʜʨʫʢʦʚʘʥʠʭ ʟʦʙʨʘʞʝʥʴ; ʨʦʟʨʦʙʠʪʠ ʤʦʜʝʣʴ ʧʘʨʘʤʝʪʨʽʚ ʚʧʣʠʚʫ ʥʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʘʨʦʤʘʪʠʟʘʮʽʾ ʤʝʪʦʜʦʤ ʟʘʢʨʠʪʦʾ ʧʨʝʟʝʥʪʘʮʽʾ; 

- ʚʠʟʥʘʯʠʪʠ ʚʧʣʠʚ ʯʠʥʥʠʢʽʚ (ʩʪʨʫʢʪʫʨʠ ʧʘʢʫʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ 

ʚʽʜʙʠʪʢʽʚ ʥʘ ʥʠʭ, ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʯʘʩʫ) ʥʘ ʚʝʣʠʯʠʥʫ ʤʽʛʨʘʮʽʾ ʰʢʽʜʣʠʚʠʭ ʜʦʤʽʰʦʢ  

ʬʘʨʙ ʪʘ ʣʘʢʽʚ ʟ ʜʨʫʢʘʨʩʴʢʠʭ ʚʽʜʙʠʪʢʽʚ ʜʦ ʟʘʧʘʢʦʚʘʥʠʭ ʧʨʦʜʫʢʪʽʚ. 

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽ ʾʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ 

ʜʨʫʢʘʨʩʴʢʠʭ ʚʽʜʙʠʪʢʽʚ ʥʘ ʛʦʬʨʦʢʘʨʪʦʥʽ ʤʝʪʦʜʦʤ preprint i postprint ʜʣʷ 

ʦʟʜʦʙʣʝʥʥʷ ʧʘʢʦʚʘʥʴ. 

ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ̒  ʧʘʨʘʤʝʪʨʠ, ʤʦʜʝʣʽ, ʤʝʪʦʜʠ  ̔ʟʘʩʦʙʠ ʦʮʽʥʶʚʘʥʥʷ 

ʷʢʦʩʪʽ ʦʬʩʝʪʥʦʛʦ, ʬʣʝʢʩʦʛʨʘʬʽʯʥʦʛʦ ʪʘ ʮʠʬʨʦʚʦʛʦ (ink-jet) ʜʨʫʢʫ ʥʘ 

ʛʦʬʨʦʢʘʨʪʦʥʽ ʽ ʡʦʛʦ ʦʟʜʦʙʣʝʥʥʷ ʤʝʪʦʜʦʤ ʘʨʦʤʘʪʠʟʘʮʽʾ ʪʘ ʣʶʤʽʥʝʩʮʝʥʮʽʾ; ʬʘʢʪʦʨʠ 

ʚʧʣʠʚʫ ʥʘ ʤʽʛʨʘʮʽʡʥʽ ʧʨʦʮʝʩʠ ʟ ʜʨʫʢʘʨʩʴʢʠʭ ʚʽʜʙʠʪʢʽʚ.   

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ: ʪʝʦʨʝʪʠʯʥʽ ʪʘ ʧʨʘʢʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ 

ʜʨʫʢʫʚʘʥʥʷ ʥʘ ʛʦʬʨʦʢʘʨʪʦʥʽ, ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ ʚʽʜʙʠʪʢʽʚ, ʦʟʜʦʙʣʝʥʥʷ ʾʭ ʤʝʪʦʜʦʤ 

ʣʶʤʽʥʝʩʮʝʥʮʽʾ ʪʘ ʘʨʦʤʘʪʠʟʘʮʽʾ, ʟʜʽʡʩʥʝʥʦ ʥʘ ʦʩʥʦʚʽ ʝʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʦʛʦ, 

ʜʝʥʩʠʪʦʤʝʪʨʠʯʥʦʛʦ, ʢʦʣʦʨʠʤʝʪʨʠʯʥʦʛʦ, ʪʝʨʤʦʛʨʘʚʽʤʝʪʨʠʯʥʦʛʦ ʪʘ 

ʦʨʛʘʥʦʣʝʧʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ, ʤʝʪʦʜʽʚ ʽʤʽʪʘʮʽʡʥʦʛʦ ʪʘ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. 

ɼʣʷ ʦʧʨʘʮʶʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʪʘ ʧʝʨʝʚʽʨʢʠ ʾʭ ʜʦʩʪʦʚʽʨʥʦʩʪʽ 

ʚʠʢʦʨʠʩʪʘʥʦ ʧʨʦʛʨʘʤʥʽ ʤʝʪʦʜʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʥʷ 

ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʚôʷʟʘʥʦ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʫ ʟʘʜʘʯʫ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ 

ʜʨʫʢʫ ʥʘ ʧʘʢʦʚʘʥʥʷʭ ʰʣʷʭʦʤ ʚʠʷʚʣʝʥʥʷ ʚʟʘʻʤʦʚʧʣʠʚʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʜʨʫʢʫʚʘʥʥʷ ʥʘ ʛʦʬʨʦʢʘʨʪʦʥʽ ʤʝʪʦʜʦʤ preprint ʽ postprint 
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ʪʘ ʦʟʜʦʙʣʝʥʥʷ ʤʝʪʦʜʦʤ ʣʶʤʽʥʝʩʮʝʥʮʽʾ ʪʘ ʘʨʦʤʘʪʠʟʘʮʽʾ ʥʘ ʜʝʥʩʠʪʦʤʝʪʨʠʯʥʽ, 

ʢʦʣʦʨʠʤʝʪʨʠʯʥʽ, ʜʨʫʢʘʨʩʴʢʦ-ʪʝʭʥʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʚʽʜʙʠʪʢʽʚ, ʦʮʽʥʶʚʘʥʥʷ 

ʤʦʨʬʦʣʦʛʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʧʦʚʝʨʭʥʽ ʧʘʢʫʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʤʦʜʝʣʶʚʘʥʥʷ 

ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʛʦʬʨʦʢʘʨʪʦʥʫ ʧʨʠ ʜʨʫʢʫʚʘʥʥʽ, ʜʣʷ ʨʦʟʨʦʙʢʠ  

ʤʦʜʝʣʽ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʷʢʦʩʪʽ ʚʽʜʙʠʪʢʽʚ ʽ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʧʘʢʦʚʘʥʴ.  

ʇʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʦʪʨʠʤʘʥʽ ʪʘʢʽ ʥʦʚʽ ʨʝʟʫʣʴʪʘʪʠ: 

ʚʧʝʨʰʝ: 

- ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʤʧʣʝʢʩ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʜʨʫʢʫ ʥʘ 

ʛʦʬʨʦʢʘʨʪʦʥʽ ʤʝʪʦʜʦʤ preprint ʽ postprint ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʧʘʢʦʚʘʥʴ ʥʘ ʦʩʥʦʚʽ 

ʝʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʤʦʨʬʦʣʦʛʽʾ ʧʦʚʝʨʭʥʽ ʧʘʢʫʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, 

ʩʪʨʫʢʪʫʨʥʦʾ ʙʫʜʦʚʠ ʛʦʬʨʦʢʘʨʪʦʥʫ, ʚʠʨʦʙʥʠʯʦʛʦ ʢʦʥʪʨʦʣʶ ʜʨʫʢʘʨʩʴʢʦ-ʪʝʭʥʽʯʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʝʢʦʣʦʛʽʯʥʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʘʢʦʚʘʥʴ; 

- ʟʜʽʡʩʥʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ 

ʛʦʬʨʦʢʘʨʪʦʥʫ ʧʨʠ ʬʣʝʢʩʦʛʨʘʬʽʯʥʦʤʫ ʜʨʫʮʽ ʤʝʪʦʜʦʤ preprint ʽ postprint ʪʘ 

ʦʧʠʩʘʥʦ ʡʦʛʦ ʭʘʨʘʢʪʝʨ ʤʘʪʝʤʘʪʠʯʥʠʤʠ ʤʦʜʝʣʷʤʠ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʚʠʩʦʪʫ ʭʚʠʣʽ 

ʛʦʬʨʠ, ʢʽʣʴʢʽʩʪʴ ʰʘʨʽʚ ʛʦʬʨʦʢʘʨʪʦʥʫ, ʚʧʣʠʚ ʤʝʪʦʜʫ ʟʘʜʨʫʢʦʚʫʚʘʥʥʷ ï ʧʦʧʝʨʝʢ ʯʠ 

ʚʟʜʦʚʞ ʭʚʠʣʽ ʛʦʬʨʠ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʷʢʽʩʪʴ ʚʽʜʙʠʪʢʽʚ ʪʘ ʚʠʟʥʘʯʘʻ ʧʨʠʯʠʥʠ ʧʦʷʚʠ  

ʜʝʬʝʢʪʽʚ ʚʽʜʙʠʪʢʽʚ ʥʘ ʛʦʬʨʦʢʘʨʪʦʥʽ; 

- ʨʦʟʨʦʙʣʝʥʦ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ ʦʮʽʥʶʚʘʥʥʷ ʩʫʢʫʧʥʦʩʪʽ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ 

ʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʪʘ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʘʨʦʤʦʨʝʢʣʘʤʠ ʧʨʠ ʟʘʢʨʠʪʽʡ ʧʨʝʟʝʥʪʘʮʽʾ  

ʘʨʦʤʘʪʽʚ ʤʝʪʦʜʦʤ Pʝʝl&Smell, ʷʢʘ ʚʨʘʭʦʚʫʻ ʪʝʭʥʦʣʦʛʽʯʥʽ, ʩʪʨʫʢʪʫʨʥʽ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʧʦʢʘʟʥʠʢʠ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʬʦʨʤʘʣʽʟʫʚʘʪʠ ʪʘ ʨʦʟʚôʷʟʘʪʠ ʟʘʜʘʯʫ 

ʦʧʪʠʤʽʟʘʮʽʾ ʟʘ ʧʨʽʦʨʠʪʝʪʥʽʩʪʶ ʚʧʣʠʚʫ ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʧʨʦʮʝʩ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʘʨʦʤʘʪʠʟʘʮʽʾ ʥʘ ʧʘʢʦʚʘʥʥʷʭ. 

ʋʜʦʩʢʦʥʘʣʝʥʦ: 

- ʤʝʪʦʜ ʦʟʜʦʙʣʝʥʥʷ ʧʘʢʦʚʘʥʴ ʰʣʷʭʦʤ ʧʦʻʜʥʘʥʥʷ ʘʨʦʤʘʪʠʟʦʚʘʥʠʭ ʪʘ 

ʣʶʤʽʥʝʩʮʝʥʪʥʠʭ ʣʘʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʥʘ ʜʨʫʢʘʨʩʴʢʠʭ ʚʽʜʙʠʪʢʘʭ  ʪʘ ʤʝʪʦʜ ʟʘʢʨʠʪʦʾ 

ʧʨʝʟʝʥʪʘʮʽʾ ʘʨʦʤʘʪʽʚ ï Pʝʝl&Smell, ʱʦ ʜʦʟʚʦʣʠʣʦ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʘʨʦʤʦʨʝʢʣʘʤʠ ʥʘ ʧʘʢʦʚʘʥʥ̫ ʭ. 
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ɼʽʩʪʘʣʠ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ: 

- ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʷʢʦʩʪʽ ʟʘ ʫʟʘʛʘʣʴʥʝʥʠʤ 

ʢʨʠʪʝʨʽʻʤ ʦʧʪʠʤʽʟʘʮʽʾ ʦʜʠʥʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʨʦʙʥʠʭ ʚʽʜʙʠʪʢʽʚ (ʦʧʪʠʯʥʦʾ 

ʱʽʣʴʥʦʩʪʽ, ʢʦʣʴʦʨʦʚʽʜʪʚʦʨʝʥʥʷ, ʪʨʝʧʽʥʛʫ, ʙʘʣʘʥʩʫ ʧʦ-ʩʽʨʦʤʫ, ʩʪʘʙʽʣʴʥʦʩʪʽ 

ʜʨʫʢʫ, ʢʦʥʪʨʘʩʪʫ, ʨʦʟʪʠʩʢʫʚʘʥʥʷ ʨʘʩʪʨʦʚʦʾ ʢʨʘʧʢʠ) ʥʘ ʦʩʥʦʚʽ ʬʫʥʢʮʽʾ 

ʍʘʨʨʽʥˇʪʦʥʘ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʨʽʚʥʷ ʙʘʞʘʥʦʩʪʽ ʩʧʨʦʛʥʦʟʫʚʘʪʠ 

ʦʧʪʠʯʥʽ, ʢʦʣʦʨʠʤʝʪʨʠʯʥʽ ʪʘ ʜʨʫʢʘʨʩʴʢʽ ʧʦʢʘʟʥʠʢʠ ʥʘʢʣʘʜʫ ʚ ʦʬʩʝʪʥʦʤʫ ʪʘ 

ʬʣʝʢʩʦʛʨʘʬʽʯʥʦʤʫ ʜʨʫʮʽ; 

- ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʛʣʦʙʘʣʴʥʦʾ ʤʽʛʨʘʮʽʾ ʰʢʽʜʣʠʚʠʭ 

ʜʦʤʽʰʦʢ ʟ ʜʨʫʢʘʨʩʴʢʠʭ ʬʘʨʙ ʪʘ ʣʘʢʽʚ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʩʪʨʫʢʪʫʨʠ ʤʘʪʝʨʽʘʣʽʚ ʪʘ 

ʧʨʦʤʽʞʢʫ ʯʘʩʫ ʚʽʜ ʦʪʨʠʤʘʥʥʷ ʥʘ ʥʠʭ ʜʨʫʢʦʚʘʥʠʭ ʟʦʙʨʘʞʝʥʴ ʨʽʟʥʠʤʠ ʩʧʦʩʦʙʘʤʠ 

ʽ, ʪʝʤʧʝʨʘʪʫʨʠ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʜʦʩʣʽʜʠʪʠ ʬʽʟʠʯʥʠʡ ʧʨʦʮʝʩ ʤʽʛʨʘʮʽʾ, ʟʘʩʥʦʚʘʥʠʡ 

ʥʘ ʜʠʬʫʟʽʾ ʪʘ ʨʦʟʜʽʣʝʥʥʽ ʨʝʯʦʚʠʥ, ʷʢʽ ʤʦʞʫʪʴ ʚʽʜʙʫʚʘʪʠʩʷ ʤʽʞ ʧʘʢʦʚʘʥʥʷʤ ʪʘ 

ʟʘʧʘʢʦʚʘʥʠʤ ʧʨʦʜʫʢʪʦʤ.  

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ.  

ʆʪʨʠʤʘʥʽ  ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʚʽʜʙʠʪʢʽʚ 

ʥʘ ʛʦʬʨʦʢʘʨʪʦʥʽ, ʦʪʨʠʤʘʥʠʭ ʤʝʪʦʜʦʤ prʝprint ʽ postprint. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʩʧʦʩʦʙʠ 

ʦʟʜʦʙʣʝʥʥʷ ʧʘʢʦʚʘʥʴ ʣʶʤʽʥʝʩʮʝʥʪʥʠʤʠ ʜʨʫʢʦʚʘʥʠʤʠ ʟʦʙʨʘʞʝʥʥʷʤʠ (ʧʘʪʝʥʪ ʥʘ 

ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ ˉ148804) ʪʘ ʘʨʦʤʘʪʠʟʘʮʽʻʶ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʘʢʨʠʪʫ 

ʧʨʝʟʝʥʪʘʮʽʶ ʘʨʦʤʘʪʫ ʤʝʪʦʜʦʤ Pʝʝl&Smell ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʨʦʤʦʢʣʝʶ ʪʘ 

ʝʪʠʢʝʪʦʢ-ʥʘʢʣʝʡʦʢ (ʧʘʪʝʥʪ ʥʘ ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ ˉ136660).  

ɸʧʨʦʙʘʮʽʷ ʚʠʨʦʙʥʠʯʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʷʢʦʩʪʽ ʚʽʜʙʠʪʢʽʚ ʦʬʩʝʪʥʦʛʦ ʜʨʫʢʫ ʥʘ 

ʛʦʬʨʦʢʘʨʪʦʥʽ ʤʝʪʦʜʦʤ preprint ʟʜʽʡʩʥʝʥʘ ʥʘ ʇʇ ʇɸʃʇ ʄɯʃʃ ʇʈɯʅʊ (ʤ. ʂʠʾʚ). 

ʈʦʟʨʦʙʣʝʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʽʥʩʪʨʫʢʮʽʾ çʆʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ ʜʨʫʢʘʨʩʴʢʠʭ ʚʽʜʙʠʪʢʽʚ  

ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽʾ ʙʘʞʘʥʦʩʪʽ ʪʘ ʰʢʘʣʠ ʍʘʨʨʽʥˇʪʦʥʘè ʫʟʛʦʜʞʝʥʽ ʟ ʊʟʆɺ 

çɽʣʴʛʨʘʬè (ʤ. ʃʴʚʽʚ). ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʚʧʨʦʚʘʜʞʝʥʦ ʫ ʥʘʚʯʘʣʴʥʠʡ ʧʨʦʮʝʩ 

ʋɸɼ ʧʨʠ ʧʨʦʚʝʜʝʥʽ ʣʝʢʮʽʡʥʠʭ ʽ ʣʘʙʦʨʘʪʦʨʥʦ-ʧʨʘʢʪʠʯʥʠʭ ʟʘʥʷʪʴ ʟ ʜʠʩʮʠʧʣʽʥ 

çʎʠʬʨʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʧʦʣʽʛʨʘʬʽʯʥʦʾ ʪʘ ʧʘʢʫʚʘʣʴʥʦʾ ʧʨʦʜʫʢʮʽʾè, 

çɽʢʦʣʦʛʽʯʥʽ ʘʩʧʝʢʪʠ ʧʦʣʽʛʨʘʬʽʯʥʠʭ ʽ ʧʘʢʫʚʘʣʴʥʠʭ ʚʠʨʦʙʥʠʮʪʚè, çʊʝʭʥʦʣʦʛʽʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʘʢʦʚʘʥʴè, çʊʝʭʥʦʣʦʛʽʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʘʢʦʚʘʥʴ ʜʣʷ ʭʘʨʯʦʚʦʾ 
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ʧʨʦʜʫʢʮʽʾè, çʊʝʭʥʦʣʦʛʽʷ ʦʟʜʦʙʣʝʥʥʷ ʧʦʣʽʛʨʘʬʽʯʥʦʾ ʽ ʧʘʢʫʚʘʣʴʥʦʾ ʧʨʦʜʫʢʮʽʾè. 

ɼʘʥʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʽʜʪʚʝʨʜʞʝʥʦ ʚʽʜʧʦʚʽʜʥʠʤʠ ʜʦʢʫʤʝʥʪʘʤʠ. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʪʘ ʨʝʟʫʣʴʪʘʪʠ 

ʪʝʦʨʝʪʠʯʥʠʭ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʦʪʨʠʤʘʥʦ ʟʜʦʙʫʚʘʯʝʤ ʩʘʤʦʩʪʽʡʥʦ. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʘʚʪʦʨʘ ʫ ʩʧʽʣʴʥʠʭ ʧʨʘʮʷʭ ʧʦʣʷʛʘʻ ʚ ʦʜʝʨʞʘʥʥʽ ʘʥʘʣʽʪʠʯʥʠʭ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʬʘʢʪʦʨʠ ʚʧʣʠʚʫ ʥʘ ʷʢʽʩʪʴ  

ʚʽʜʙʠʪʢʽʚ ʥʘ ʛʦʬʨʦʢʘʨʪʦʥʽ ʫ ʬʣʝʢʩʦʛʨʘʬʽʯʥʦʤʫ, ʦʬʩʝʪʥʦʤʫ ʪʘ ʮʠʬʨʦʚʦʤʫ ink-jet 

ʜʨʫʮʽ ʤʝʪʦʜʦʤ preprint [5,8,23,24-26]; ʽʜʝʷ, ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ 

ʦʟʜʦʙʣʝʥʥʷ ʧʘʢʦʚʘʥʴ ʤʝʪʦʜʦʤ ʘʨʦʤʘʪʠʟʘʮʽʾ ʪʘ ʣʶʤʽʥʝʩʮʝʥʮʽʾ, ʾʭ ʘʧʨʦʙʘʮʽʷ 

[1,6,16, 19,28-30]; ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʤʘʪʝʨʽʘʣʽʚ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʾʭ ʤʦʨʬʦʣʦʛʽʾ 

ʧʦʚʝʨʭʥʽ, ʩʪʨʫʢʪʫʨʥʦʾ ʙʫʜʦʚʠ, ʜʨʫʢʘʨʩʴʢʦ-ʪʝʭʥʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʥʘ 

ʜʝʥʩʠʪʦʤʝʪʨʠʯʥʽ, ʢʦʣʦʨʠʤʝʪʨʠʯʥʽ ʪʘ ʜʨʫʢʘʨʩʴʢʦ-ʪʝʭʥʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ 

ʚʽʜʙʠʪʢʽʚ [1,5]; ʫ ʨʦʙʦʪʽ [7] ʘʚʪʦʨʫ ʥʘʣʝʞʠʪʴ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʧʨʫʞʝʥʦ-

ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʛʦʬʨʦʢʘʨʪʦʥʫ ʧʨʠ ʜʨʫʢʫʚʘʥʥʽ ʤʝʪʦʜʦʤ postprint ʪʘ ʦʧʠʩ 

ʡʦʛʦ ʭʘʨʘʢʪʝʨʫ ʤʘʪʝʤʘʪʠʯʥʠʤʠ ʤʦʜʝʣʷʤʠ; ʫ ʨʦʙʦʪʘʭ [3,10,13,14,15,18,20,21] ï 

ʚʩʪʘʥʦʚʣʝʥʥʷ, ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʪʘ ʦʧʠʩ ʯʠʥʥʠʢʽʚ ʚʧʣʠʚʫ ʥʘ ʝʢʦʣʦʛʽʯʥʽʩʪʴ 

ʧʘʢʦʚʘʥʴ, ʟʦʢʨʝʤʘ ʚʝʣʠʯʠʥʫ ʛʣʦʙʘʣʴʥʦʾ ʤʽʛʨʘʮʽʾ ʰʢʽʜʣʠʚʠʭ ʜʦʤʽʰʦʢ ʟ ʧʘʢʦʚʘʥʴ 

ʜʦ ʧʨʦʜʫʢʪʽʚ ʭʘʨʯʫʚʘʥʥʷ; ʫʟʘʛʘʣʴʥʝʥʥʷ ʪʘ ʩʠʩʪʝʤʘʪʠʟʘʮʽʷ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ ʥʘ 

ʷʢʽʩʪʴ ʜʨʫʢʫ [22,27].   

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ 

ʨʦʙʦʪʠ ʜʦʧʦʚʽʜʘʣʠʩʷ ʪʘ ʦʙʛʦʚʦʨʶʚʘʣʠʩʴ ʥʘ ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ ʪʘ 

ʦʧʫʙʣʽʢʦʚʘʥʽ ʚ ʾʭ ʪʝʟʘʭ ʽ ʤʘʪʝʨʽʘʣʘʭ: 

ɺʩʝʫʢʨʘʾʥʩʴʢʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʉʫʯʘʩʥʽ ʪʝʥʜʝʥʮʽʾ 

ʨʦʟʚʠʪʢʫ ʜʦʜʨʫʢʘʨʩʴʢʠʭ ʩʠʩʪʝʤè (ʃʴʚʽʚ, 19 ʢʚʽʪʥʷ 2018 ʨ.), ʄʽʞʥʘʨʦʜʥʽʡ 

ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʩʪʫʜʝʥʪʽʚ ʪʘ ʘʩʧʽʨʘʥʪʽʚ çɼʨʫʢʘʨʩʪʚʦ ʤʦʣʦʜʝè 

(ʂʠʾʚ, 2018 ʨ.), ʍVII ʽ ʍVIIɯ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ 

çʅʦʚʽʪʥʽ ʪʝʭʥʦʣʦʛʽʾ ʧʘʢʫʚʘʥʥʷè (ʂʠʾʚ, 20 ʢʚʽʪʥʷ, 2018 ʨ., 2019 ʨ), ʥʘʫʢʦʚʦ-

ʧʨʘʢʪʠʯʥʦʤʫ ʩʝʤʽʥʘʨʽ çCʫʯʘʩʥʝ ʨʝʧʨʦʜʫʢʫʚʘʥʥʷ: ʽʥʞʠʥʽʨʠʥʛ, ʤʦʜʝʣʶʚʘʥʥʷ, 

ʤʫʣʴʪʠ- ʪʘ ʢʨʦʩʤʝʜʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾè (ʂʠʾʚ, ʂʇɯ, 24 ʞʦʚʪʥʷ 2018 ʨ., 23 ʞʦʚʪʥʷ 2019 

ʨ.), VIɯ ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çɯʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ 

ʜʨʫʢʘʨʩʪʚʘ: ʘʣʛʦʨʠʪʤʠ, ʩʠʛʥʘʣʠ, ʩʠʩʪʝʤʠè ɼʈʋʂʆʊɽʍʅ-2018 (ʃʴʚʽʚ), ʊʨʝʪʽʡ 
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ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʇʦʣʽʛʨʘʬʽʯʥʽ, ʤʫʣʴʪʠʤʝʜʽʡʥʽ  ʪʘ 

web-ʪʝʭʥʦʣʦʛʽʾè (ʃʴʚʽʚ,19 ʞʦʚʪʥʷ 2018 ʨ.), 10 ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ 

ʢʦʥʬʝʨʝʥʮʽʾ çʂʚʘʣʽʣʦʛʽʷ ʢʥʠʛʠè (ʃʴʚʽʚ, 12 ʚʝʨʝʩʥʷ 2019 ʨ.), XIV Miňdzynarodowa 

Konferencja i Wystawa Techniczna. -August·w, 10-12 czerwca 2019, ʥʘʫʢʦʚʦ-

ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʧʨʦʬ.-ʚʠʢʣ. ʩʢʣʘʜʫ, ʥʘʫʢʦʚʠʭ ʧʨʘʮʽʚʥʠʢʽʚ ʪʘ ʘʩʧʽʨʘʥʪʽʚ 

ʋɸɼ (ʃʴʚʽʚ, 2019 ʨ., 2020 ʨ., 2021 ʨ.),  ʄʽʞʥʘʨʦʜʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çFood chemistry. 

Modern methods for production of food, food additives and packaging materials : book 

of abstracts, (Lviv , 7-9 October 2020,), ʍʍʍ ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ 

ʢʦʥʬʝʨʝʥʮʽʾ ʟ ʧʨʦʙʣʝʤ ʚʠʜʘʚʥʠʯʦ-ʧʦʣʽʛʨʘʬʽʯʥʦʾ ʛʘʣʫʟʽ (ʂʠʾʚ: ɸʊ "ʋʂʈʅɼɯʉɺɼ", 

2020 ʨ.), V ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽ ʾçPrint, Multimedia & 

Webè PMWï2020è (ʂʠʾʚ, ʅʊʋʋ ʂʇɯ, 2020 ʨ.), ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ 

çʇʘʢʫʚʘʣʴʥʘ ʥ̔ʜʫʩʪʨʽʷè (ʂʠʾʚ, 1-2 ʞʦʚʪʥʷ 2020 ʨ.), ɯV ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-

ʧʨʘʢʪʠʯʥʽʡ ʽʥʪʝʨʥʝʪ ʢʦʥʬʝʨʝʥʮʽ ʾ ʩʪʫʜʝʥʪʽʚ, ʤʘʛʽʩʪʨʘʥʪʽʚ ʪʘ ʘʩʧʽʨʘʥʪʽʚ 

çʂʚʘʣʽʣʦʛʽʷ ʢʥʠʛʠè (ʃʴʚʽʚ: ʋɸɼ, 25 ʣʶʪʦʛʦ 2021 ʨ.), Proceedings of I International 

Scientific and Practical Conference çInnovations and prospects of world scienceè 

(Vancouver, Canada, 8-10 September 2021ʨ.). 

ʇʫʙʣʽʢʘʮʽʾ. ɿʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʦʧʫʙʣʽʢʦʚʘʥʦ 30 ʥʘʫʢʦʚʠʭ 

ʧʨʘʮʴ, ʟʦʢʨʝʤʘ: 

- 1 ʧʫʙʣʽʢʘʮʽʷ ʫ ʧʝʨʽʦʜʠʯʥʦʤʫ ʚʠʜʘʥʥʽ, ʱʦ ʚʭʦʜʠʪʴ ʜʦ ʤʽʞʥʘʨʦʜʥʠʭ 

ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟ Scopus ʘʙʦ Web of Science Core Collection; 

- 1 ʧʫʙʣʽʢʘʮʽʷ ʫ ʟʘʨʫʙʽʞʥʦʤʫ ʥʘʫʢʦʚʦʤʫ ʚʠʜʘʥʥʽ; 

- 7 ʧʫʙʣʽʢʘʮʽʡ ʫ ʧʝʨʽʦʜʠʯʥʠʭ ʚʠʜʘʥʥʷʭ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʤʽʞʥʘʨʦʜʥʠʭ 

ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟ Index Copernicus ʽ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʴ ʋʢʨʘʾʥʠ (ʟ ʥʠʭ 

2 ʦʜʥʦʦʩʽʙʥʠʭ); 

- 19 ʧʫʙʣʽʢʘʮʽʾ ʫ ʤʘʪʝʨʽʘʣʘʭ ʽ ʪʝʟʘʭ ʢʦʥʬʝʨʝʥʮʽʡ; 

- 2 ʧʘʪʝʥʪʠ ʥʘ ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ. 

ʉʪʨʫʢʪʫʨʘ ʡ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʘʥʦʪʘʮʽʡ, ʚʩʪʫʧʫ, 

ʧôʷʪʠ ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʽʟ 162 ʥʘʡʤʝʥʫʚʘʥʴ ʪʘ 3 

ʜʦʜʘʪʢʽʚ. ɿʘʛʘʣʴʥʠʡ ʦʙʩʷʛ ʨʦʙʦʪʠ ï 238 ʩʪʦʨʽʥʦʢ, 170 ʟ ʷʢʠʭ ʟʘʡʤʘʻ ʦʩʥʦʚʥʠʡ 

ʪʝʢʩʪ. ʋ ʜʠʩʝʨʪʘʮʽʾ 86 ʨʠʩʫʥʢʽʚ ʪʘ 21 ʪʘʙʣʠʮ.̫  
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ʈʆɿɼɯʃ 1.  

ʉʋʏɸʉʅʀʁ ʉʊɸʅ ʊɸ ʊɽʅɼɽʅʎɯɰ ɺʀʂʆʈʀʉʊɸʅʅʗ 

ʇʆʃɯɻʈɸʌɯʏʅʀʍ ʊɽʍʅʆʃʆɻɯʁ ɼʃʗ ʆɿɼʆɹʃɽʅʅʗ  ʇɸʂʆɺɸʅʔ ɿ 

ɻʆʌʈʆʂɸʈʊʆʅʋ  

 

1.1. ʉʫʯʘʩʥʽ ʪʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ ʨʠʥʢʫ ʧʘʢʦʚʘʥʴ ʟ ʛʦʬʨʦʢʘʨʪʦʥʫ ʚ 

ʋʢʨʘʾʥʽ ʪʘ ʩʚʽʪʽ 

ʈʦʟʚʠʪʦʢ ʧʨʦʤʠʩʣʦʚʦʾ ʽʥʜʫʩʪʨʽʾ ʩʚʽʪʫ ʚʠʟʥʘʯʘʻ ʪʝʤʧʠ ʟʨʦʩʪʘʥʥʷ 

ʧʘʢʫʚʘʣʴʥʦʾ ʛʘʣʫʟʽ, ʯʠʤ ʚʧʣʠʚʘʻ ʥʘ ʧʦʣʽʧʰʝʥʥʷ ʫʤʦʚ ʱʦʜʝʥʥʦʛʦ ʞʠʪʪʷ ʣʶʜʩʪʚʘ.  

ɼʦʩʣʽʜʥʠʢʠ ʧʨʦʛʥʦʟʫʶʪʴ, ʱʦ ʢʦʣʠ ʚ ʥʝʜʘʣʝʢʦʤʫ ʤʘʡʙʫʪʥʴʦʤʫ ʜʝʷʢʽ ʚʠʨʦʙʥʠʯʽ 

ʦʧʝʨʘʮʽʾ, ʷʢʽ ʚʠʢʦʥʫʻ ʣʶʜʠʥʘ, ʤʦʞʫʪʴ ʟʘʤʽʥʠʪʠ ʨʦʙʦʪʠ, ʪʦ ʧʘʢʦʚʘʥʥʷ, ʷʢ 

ʘʨʪʠʬʘʢʪ ʨʠʥʢʫ, ʟʘʣʠʰʠʪʴʩʷ ʥʝʟʤʽʥʥʦ ʚʠʢʦʥʫʚʘʪʠ ʩʚʦʾ ʟʘʚʜʘʥʥʷ ʽ ʬʫʥʢʮʽʾ. 

ʇʘʢʫʚʘʣʴʥʘ ʛʘʣʫʟʴ ʨʦʟʚʠʚʘʪʠʤʝʪʴʩʷ ʚ ʪʠʭ ʯʠ ʽʥʰʠʭ ʢʨʘʾʥʘʭ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ  ʫʤʦʚ 

ʨʦʟʚʠʪʢʫ ʩʫʩʧʽʣʴʩʪʚʘ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʦʚʘʨʽʚ ʪʘ ʧʦʪʨʝʙ ʩʧʦʞʠʚʘʯʽʚ. ɿʛʽʜʥʦ ʟ 

ʜʘʥʠʤʠ ʉʚʽʪʦʚʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʫʧʘʢʫʚʘʥʥʷ (WPO) ʪʘ ɹʨʠʪʘʥʩʴʢʦʛʦ ʜʦʩʣʽʜʥʠʮʴʢʦʛʦ 

ʦʙôʻʜʥʘʥʥʷ PSRA, ʩʚʽʪʦʚʠʡ ʨʠʥʦʢ ʧʘʢʫʚʘʥʥʷ ɦ ʦʨʽʯʥʦ ʟʨʦʩʪʘʻ ʥʘ 4,2 %. ʆʩʦʙʣʠʚʦ 

ʩʫʪʪʻʚʝ ʟʙʽʣʴʰʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʢʦʚʘʥʴ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ɯʥʜʽʾ (14,2%), 

ʇʦʣʴʱʽ (11,0%) ʪʘ ʂʠʪʘʾ (8,2%) [1]. ɿʨʦʩʪʘʶʪʴ ʽ ʚʠʤʦʛʠ ʜʦ ʧʘʢʦʚʘʥʴ ʚ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʩʬʝʨʘʭ, ʘʜʞʝ ʚʦʥʦ ʙʝʨʝ ʫʯʘʩʪʴ ʫ ʙʘʛʘʪʴʦʭ ʧʨʦʮʝʩʘʭ: ʚʠʨʦʙʥʠʮʪʚʦ; 

ʩʢʣʘʜʩʴʢʝ ʛʦʩʧʦʜʘʨʩʪʚʦ; ʤʘʨʢʝʪʠʥʛ; ʪʦʨʛʽʚʣʷ; ʪʨʘʥʩʧʦʨʪ; ʣʦʛʽʩʪʠʢʘ ʪʦʱʦ. 

ɺʽʜʧʦʚʽʜʥʦ, ʧʘʢʫʚʘʣʴʥʘ ʧʨʦʜʫʢʮʽʷ ʚʠʤʘʛʘʻ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, 

ʢʣʘʩʠʬʽʢʘʮʽʾ, ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ, ʩʝʨʪʠʬʽʢʘʮʽʾ, ʧʦʛʣʠʙʣʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʝʭʥʦʣʦʛʽʡ 

ʚʠʛʦʪʦʚʣʝʥʥʷ, ʦʟʜʦʙʣʝʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ.  

ɯʥʥʦʚʘʮʽʾ ʥʘ ʨʠʥʢʫ ʧʘʢʫʚʘʣʴʥʦʾ ʽʥʜʫʩʪʨʽʾ ʚʽʜʙʫʚʘʶʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʧʦʷʚʠ 

ʥʦʚʠʭ ʩʫʯʘʩʥʠʭ ʚʠʜʽʚ ʧʘʢʦʚʘʥʴ. ʎʝ ʙʝʟʫʤʦʚʥʦ ʩʪʠʤʫʣʶʻ ʚʠʨʦʙʥʠʢʽʚ ʜʦ 

ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʾʭ ʷʢʦʩʪʽ, ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ, ʦʩʚʦʻʥʥʷ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ 

ʤʘʪʝʨʽʘʣʽʚ. ɸʜʞʝ ʧʘʢʦʚʘʥʥʷ ʟʘʙʝʟʧʝʯʫʻ ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʟʘʭʠʩʪ ʪʦʚʘʨʫ, ʩʚʦʾʤ 

ʧʦʣʽʛʨʘʬʽʯʥʠʤ ʦʟʜʦʙʣʝʥʥʷʤ, ʽʥʪʝʨʘʢʪʠʚʥʽʩʪʶ ʪʘ ʝʢʦʣʦʛʽʯʥʽʩʪʶ ʧʨʠʚʝʨʪʘʻ ʫʚʘʛʫ 

ʩʧʦʞʠʚʘʯʽʚ, ʩʧʦʥʫʢʘʻ ʜʦ ʢʫʧʽʚʣʽ, ʘ ʯʘʩʪʦ ʬʦʨʤʫʻ ʢʦʥʢʫʨʝʥʪʦʟʜʘʪʥʽʩʪʴ ʧʨʦʜʫʢʮʽʾ 

ʥʘ ʨʠʥʢʫ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʢʦʤʝʨʮʽʡʥʠʡ ʫʩʧʽʭ ʚʠʨʦʙʥʠʢʘʤ. ʎʝ ʧʽʜʪʚʝʨʜʠʣʠ 96% 



37 

ʨʝʩʧʦʥʜʝʥʪʽʚ ï ʚʠʨʦʙʥʠʢʽʚ ʧʘʢʦʚʘʥʴ ʟ ʛʦʬʨʦʢʘʨʪʦʥʫ, ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʦʧʠʪʫʚʘʥʥʷ 

ʘʥʛʣʽʡʩʴʢʦʶ ʬʽʨʤʦʶ Smithers Pira ʥʘ ʟʘʤʦʚʣʝʥʥʷ ʪʦʚʘʨʠʩʪʚʘ Pro Carton [1].       

ʇʘʢʫʚʘʣʴʥʽ ʤʘʪʝʨʽʘʣʠ ʚʽʜʽʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʬʦʨʤʫʚʘʥʥʽ ʘʩʦʨʪʠʤʝʥʪʫ 

ʪʦʚʘʨʽʚ, ʾʭ ʽʤʽʜʞʫ, ʟʘʙʝʟʧʝʯʝʥʥʽ ʥʘʜʽʡʥʦʛʦ ʪʘ ʙʝʟʧʝʯʥʦʛʦ ʟʙʝʨʽʛʘʥʥʷ. ʉʴʦʛʦʜʥʽ ʫ 

ʩʚʽʪʽ ʚʩʝ ʙʽʣʴʰʦʾ ʧʦʧʫʣʷʨʥʦʩʪʽ ʥʘʙʫʚʘʶʪʴ ʧʘʢʦʚʘʥʥʷ ʟ ʛʦʬʨʦʢʘʨʪʦʥʫ. ʉʘʤʝ  

ʛʦʬʨʦʢʘʨʪʦʥʫ ï ʝʢʦʣʦʛʽʯʥʦʤʫ, ʤʽʮʥʦʤʫ ʽ ʦʜʥʦʯʘʩʥʦ ʣʝʛʢʦʤʫ, ʟʨʫʯʥʦʤʫ ʜʦ 

ʦʟʜʦʙʣʝʥʥʷ ʧʦʣʽʛʨʘʬʽʯʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ, ʟʜʘʪʥʦʤʫ ʜʦ ʨʝʮʠʢʣʽʥʛʫ ʤʘʪʝʨʽʘʣʫ, 

ʚʽʜʜʘʶʪʴ ʧʝʨʝʚʘʛʫ ʙʽʣʴʰʝ 50% ʚʠʨʦʙʥʠʢʽʚ ʧʘʢʫʚʘʣʴʥʦʾ ʧʨʦʜʫʢʮʽʾ ʫ ʨʽʟʥʠʭ 

ʢʨʘʾʥʘʭ ʩʚʽʪʫ [2]. ɿʘʚʜʷʢʠ ʩʚʦʾʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʪʘ ʩʧʦʞʠʚʯʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤ, 

ʷʢʦʩʪʽ, ʝʬʝʢʪʠʚʥʦʩʪʽ, ʝʢʦʥʦʤʥʦʤʫ ʚʠʪʨʘʯʘʥʥ ʁ ʨʝʩʫʨʩʽʚ, ʧʘʢʦʚʘʥʥʷ ʟ 

ʛʦʬʨʦʢʘʨʪʦʥʫ ʟʘʡʤʘʶʪʴ ʧʨʽʦʨʠʪʝʪʥʽ ʧʦʟʠʮʽʾ ʥʘ ʩʚʽʪʦʚʦʤʫ ʨʠʥʢʫ [3-6]. ʇʘʢʦʚʘʥʥʷ 

ʟ ʛʦʬʨʦʢʘʨʪʦʥʫ ʤʘʁʪʴ ʥʠʟʢʫ ʧʝʨʝʚʘʛ, ʟʘʚʜʷʢʠ ʷʢʠʤ ʾʭ ʧʦʧʫʣʷʨʥʽʩʪʴ ʟʨʦʩʪʘʻ. ɺʦʥʠ 

ʚʽʜʥʦʩʥʦ ʜʦʚʛʦʚʽʯʥʽ, ʽ ʚ ʪʦʡ ʞʝ ʯʘʩ ʜʫʞʝ ʣʝʛʢʽ ʪʘ ʝʩʪʝʪʠʯʥʽ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʾʭ 

ʽʥʪʝʥʩʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʧʨʦʜʫʢʮʽʾ. ʆʩʪʘʥʥʽ ʟʫʩʠʣʣʷ 

ʣʶʜʩʪʚʘ ʱʦʜʦ ʟʤʝʥʰʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʩʪʘʚʣʷʪʴ 

ʢʘʨʪʦʥ ̔  ʛʦʬʨʦʢʘʨʪʦʥ ʥʘ ʧʝʨʰʝ ʤʽʩʮʝ ʟ ʪʦʯʢʠ ʟʦʨʫ ʝʢʦʣʦʛʽʾ, ʦʩʢʽʣʴʢʠ ʮʝʡ ʤʘʪʝʨʽʘʣ 

ʧʦʭʦʜʠʪʴ ʟ ʚʽʜʥʦʚʣʝʥʠʭ ʜʞʝʨʝʣ ʽ ʤʦʞʝ ʙʫʪʠ ʧʝʨʝʨʦʙʣʝʥʠʡ ʷʢ ʤʘʢʫʣʘʪʫʨʘ. ʂʨʽʤ 

ʪʦʛʦ, ʮʝʣʶʣʦʟʥʽ ʚʦʣʦʢʥʘ ʧʝʨʝʨʦʙʣʷʶʪʴʩʷ ʚʽʜ 4 ʜʦ 6 ʨʘʟʽʚ ʽ ʪʦʜʽ ʩʪʘʶʪʴ ʭʦʨʦʰʠʤ 

ʧʘʣʠʚʦʤ. ʇʘʢʫʚʘʣʴʥʘ ʛʘʣʫʟʴ ʟʘʦʭʦʯʫʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷʤ ʧʨʦʜʘʞʽʚ ʚ ɯʥʪʝʨʥʝʪʽ ʪʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʣʷ ʥʠʭ ʧʘʢʦʚʘʥʴ ʟ ʛʦʬʨʦʢʘʨʪʦʥʫ. ʊʘʨʘ ʟ ʛʦʬʨʦʢʘʨʪʦʥʫ ʟʜʘʪʥʘ 

ʧʨʦʪʠʩʪʦʷʪʠ ʫʜʘʨʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ, ʚʠʪʨʠʤʫʚʘʪʠ ʣʦʢʘʣʴʥʽ ʫʜʘʨʠ, ʧʨʦʪʠʩʪʦʷʪʠ 

ʧʨʦʥʠʢʥʝʥʥʶ ʚʦʣʦʛʠ, ʟʙʝʨʽʛʘʪʠ ʬʦʨʤʫ ʧʨʠ ʚʽʙʨʘʮʽʷʭ, ʯʠʥʠʪʠ ʦʧʽʨ ʪʦʨʮʝʚʦʤʫ ʽ 

ʧʣʦʱʠʥʥʦʤʫ ʩʪʠʩʢʫʚʘʥʥʶ, ʚʠʪʨʠʤʫʚʘʪʠ ʧʘʜʽʥʥʷ ʟ ʚʠʩʦʪʠ. ɿʘ ʜʘʥʠʤʠ ʜʦʩʣʽʜʥʦʛʦ 

ʽʥʩʪʠʪʫʪʫ Smithers Pira ʛʣʦʙʘʣʴʥʽ ʧʦʪʨʝʙʠ ʛʦʬʨʦʢʘʨʪʦʥʫ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ 

ʧʝʨʝʚʠʱʠʣʠ 143 ʤʣʥ.ʪʦʥʥ. ʉʧʝʮʽʘʣʽʩʪʠ ʧʨʦʛʥʦʟʫʶʪʴ ʱʦʨʽʯʥʝ ʟʨʦʩʪʘʥʥʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʦʬʨʦʢʘʨʪʦʥʫ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʘʢʦʚʘʥʴ ʥʘ ʨʽʚʥʽ 3,7% [7-12].  

ɿʦʢʨʝʤʘ, ʚʠʨʦʙʥʠʮʪʚʦ ʧʘʢʦʚʘʥʴ ʟ ʛʦʬʨʦʢʘʨʪʦʥʫ ʟʙʽʣʴʰʠʣʘʩʴ ʥʘ 4% ʽ ʟʘʡʤʘʻ 

ʧʝʨʰʝ ʤʽʩʮʝ ʩʝʨʝʜ ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʜʫʢʪʽʚ, ʷʢʽ ʣʝʛʢʦ ʧʽʜʜʘʶʪʴʩʷ ʨʝʮʠʢʣʽʥʛʫ 

(ʢʘʨʪʦʥʥʝ ʧʘʢʦʚʘʥʥʷ ʟʘ ʞʠʪʪʷ ʧʝʨʝʞʠʚʘʻ 5-7 ʮʠʢʣʽʚ ʧʝʨʝʨʦʙʢʠ). ʆʩʥʦʚʥʠʤ 

ʩʧʦʞʠʚʘʯʝʤ ʧʘʢʦʚʘʥʴ ʟ ʛʦʬʨʦʢʘʨʪʦʥʫ ʧʨʦʜʦʚʞʫʻ ʟʘʣʠʰʘʪʠʩʷ ʭʘʨʯʦʚʘ, ʭʽʤʽʯʥʘ, 
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ʬʘʨʤʘʮʝʚʪʠʯʥʘ, ʧʘʨʬʶʤʝʨʥʘ  ʽʥʜʫʩʪʨʽʷ, ʚʠʨʦʙʥʠʮʪʚʦ ʧʦʙʫʪʦʚʦʾ ʭʽʤʽʾ ʽ ʪʝʭʥʽʢʠ 

ʪʦʱʦ. ʊʦʤʫ ʪʘʢʽ ʧʘʢʦʚʘʥʥʷ ʧʦʚʠʥʥʽ ʚʽʜʧʦʚʽʜʘʪʠ ʩʚʽʪʦʚʠʤ ʩʪʘʥʜʘʨʪʥʠʤ, 

ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʽʯʥʠʤ, ʝʩʪʝʪʠʯʥʠʤ, ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤ, ʝʢʦʥʦʤʽʯʥʠʤ, 

ʝʢʦʣʦʛʽʯʥʠʤ, ʩʘʥʽʪʘʨʥʦ-ʛʽʛʽʻʥʽʯʥʠʤ ʪʘ ʦʩʦʙʣʠʚʠʤ ʩʧʝʮʠʬʽʯʥʠʤ ʚʠʤʦʛʘʤ [13,14]. 

ʉʚʽʪʦʚʽ ʪʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ ʧʘʢʫʚʘʣʴʥʦʾ ʛʘʣʫʟʽ ʩʧʨʠʷʶʪʴ ʧʦʷʚʽ ʥʦʚʠʭ ʪʘ 

ʫʜʦʩʢʦʥʘʣʝʥʥʶ ʽʩʥʫʶʯʠʭ ʧʦʣʽʛʨʘʬʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʨʫʢʫʚʘʥʥʷ ʪʘ ʦʟʜʦʙʣʝʥʥʷ 

ʧʘʢʦʚʘʥʴ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʭ ʝʢʦʣʦʛʽʯʥʦʩʪʽ, ʟʘʭʠʩʪʫ ʚʽʜ ʧʽʜʨʦʙʢʠ ʪʘ ʟʘʜʦʚʦʣʝʥʥʷ 

ʧʦʪʨʝʙ ʥʘʡʚʠʙʘʛʣʠʚʽʰʠʭ ʩʧʦʞʠʚʘʯʽʚ. ɺ ʫʤʦʚʘʭ ʢʨʠʟʠ ʦʩʪʘʥʥʽʭ ʨʦʢʽʚ ʪʝʭʥʦʣʦʛʽʾ 

ʜʨʫʢʫʚʘʥʥʷ ʥʘ ʧʘʢʫʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʘʭ ʟʘʣʠʰʘʶʪʴʩʷ ʻʜʠʥʦʶ ʛʘʣʫʟʟʶ, ʜʝ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷ ï ʚ ʮʽʣʦʤʫ ʥʘ 3,3% ʚ ʨʽʢ.   

 

1.2. ʆʩʦʙʣʠʚʦʩʪʽ ʧʦʣʽʛʨʘʬʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʦʪʨʠʤʘʥʥʷ ʜʨʫʢʘʨʩʴʢʠʭ 

ʚʽʜʙʠʪʢʽʚ ʥʘ ʛʦʬʨʦʢʘʨʪʦʥʽ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʘʢʦʚʘʥʴ   

ɯʥʪʝʥʩʠʬʽʢʘʮʽʷ ʚʠʨʦʙʥʠʮʪʚʘ ʧʘʢʦʚʘʥʴ ʟ ʛʦʬʨʦʢʘʨʪʦʥʫ ʩʪʠʤʫʣʶʻ ʨʦʟʚʠʪʦʢ 

ʪʝʭʥʽʢ ʽ ʪʝʭʥʦʣʦʛʽʡ ʜʨʫʢʫʚʘʥʥʷ ʥʘ ʥʴʦʤʫ. ʉʝʨʝʜ ʙʘʛʘʪʴʦʭ ʦʩʥʦʚʥʠʭ ʜʨʫʢʘʨʩʴʢʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʚʽʜʪʚʦʨʝʥʥʷ ʪʝʢʩʪʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʽʣʶʩʪʨʘʮʽʡʥʠʭ ʟʦʙʨʘʞʝʥʴ, 

ʤʘʨʢʫʚʘʥʥʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʛʦʬʨʦʢʘʨʪʦʥ ̔ ʟʘʩʣʫʛʦʚʫʶʪʴ ʥʘ ʫʚʘʛʫ 

ʬʣʝʢʩʦʛʨʘʬʽʯʥʠʡ ʪʘ ʮʠʬʨʦʚʠʡ (ink-jet) ʩʧʦʩʦʙʠ ʜʨʫʢʫ. ɼʦʩʣʽʜʞʝʥʥʷ, ʧʨʦʚʝʜʝʥʽ 

ʢʦʤʧʘʥʽʻʶ Smithers Pira, ʧʦʢʘʟʫʶʪʴ, ʱʦ ʫ 2019 ʨ. ʮʠʬʨʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʚ 

ʧʘʢʫʚʘʣʴʥʽʡ ʛʘʣʫʟʽ ʩʢʣʘʜʘʣʠ 19 ʤʣʨʜ $. ɿʘ ʜʘʥʠʤʠ ʢʦʤʧʘʥʽʾ MarketsandMarkets ʫ 

çɻʣʦʙʘʣʴʥʦʤʫ ʧʨʦʛʥʦʟʽ ʜʦ 2026 ʨʦʢʫ ʨʠʥʢʫ ʮʠʬʨʦʚʦʛʦ ʜʨʫʢʫ ʧʘʢʦʚʘʥʴè ʟʘ ʜʝʩʷʪʴ 

ʨʦʢʽʚ ʦʯʽʢʫʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʨʠʥʢʫ ʟ 11,42 ʤʣʨʜ ʜʦ 42,11 ʤʣʨʜ $, ʱʦ ʩʢʣʘʜʘʻ 

13,9% ʚ ʨʽʢ [15].  

ʉʫʯʘʩʥʠʡ ʨʠʥʦʢ ʧʨʦʧʦʥʫʻ ʰʠʨʦʢʠʡ ʘʩʦʨʪʠʤʝʥʪ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʘʢʦʚʘʥʴ, ʘʣʝ ʽ ʚʠʨʦʙʥʠʢʠ, ʽ ʩʧʦʞʠʚʘʯʽ ʚʽʜʜʘʶʪʴ ʧʨʽʦʨʠʪʝʪ 

ʝʢʦʣʦʛʽʯʥʠʤ ʤʘʪʝʨʽʘʣʘʤ, ʜʦ ʷʢʠʭ ʚʽʜʥʦʩʷʪʴʩʷ ʢʘʨʪʦʥ ʽ ʛʦʬʨʦʢʘʨʪʦʥ. ʋ 

ʚʠʨʦʙʥʠʮʪʚʽ ʛʦʬʨʦʢʘʨʪʦʥʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʚʘ ʚʠʜʠ ʟʘʛʦʪʦʚʦʢ: ʣʘʡʥʝʨ 

(ʢʘʨʪʦʥ ʜʣʷ ʧʣʦʩʢʠʭ ʰʘʨʽʚ) ʪʘ ʬʣʶʪʠʥʛ (ʧʘʧʽʨ ʜʣʷ ʛʦʬʨʫʚʘʥʥʷ), ʷʢʽ ʩʢʣʝʶʶʪʴʩʷ 

ʤʽʞ ʩʦʙʦʶ ʫ ʤʽʩʮʷʭ ʚʠʩʪʫʧʽʚ ʭʚʠʣʴ ʛʦʬʨʠ. ʈʽʟʥʽ ʚʘʨʽʘʥʪʠ ʾʭ ʢʦʤʙʽʥʘʮʽʾ ʜʘʶʪʴ 

ʙʝʟʣʽʯ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʤʘʨʦʢ ʛʦʬʨʦʚʘʥʦʛʦ ʢʘʨʪʦʥʫ. ɼʣʷ ʣʘʡʥʝʨʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 
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ʟʜʝʙʽʣʴʰʦʛʦ ʪʘʢʽ ʚʠʜʠ ʢʘʨʪʦʥʽʚ: ʙʘʛʘʪʦʰʘʨʦʚʠʡ ʢʦʨʦʙʢʦʚʠʡ ʢʘʨʪʦʥ (ʭʨʦʤ-ʝʨʟʘʮ, 

FBB, GC ʘʙʦ UC), ʯʠʩʪʦʮʝʣʶʣʦʟʥʠʡ ʢʨʝʡʜʦʚʘʥʠʡ ʢʘʨʪʦʥ ʟ ʙʽʣʝʥʦʾ ʮʝʣʶʣʦʟʠ 

(SBB, SBS ʘʙʦ GZ), ʯʠʩʪʦʮʝʣʶʣʦʟʥʠʡ ʢʨʝʡʜʦʚʘʥʠʡ ʢʘʨʪʦʥ ʟ ʥʝʙʽʣʝʥʦʾ ʮʝʣʶʣʦʟʠ 

(SUB ʘʙʦ SUS), ʤʘʢʫʣʘʪʫʨʥʠʡ ʢʨʝʡʜʦʚʘʥʠʡ ʢʘʨʪʦʥ (WLC, GD, GT ʘʙʦ UD), 

ʢʘʨʪʦʥʠ ʙʝʟ ʧʦʢʨʠʪʪʷ. ʊʦʚʱʠʥʘ ʛʦʬʨʦʢʘʨʪʦʥʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʩʦʪʠ ʭʚʠʣʴ 

ʬʣʶʪʠʥʛʫ, ʽ ʤʦʞʝ ʚʘʨʽʶʚʘʪʠʩʷ ʚʽʜ 0,5 ʤʤ ʜʣʷ ʥʘʡʪʦʥʰʦʛʦ ʢʘʨʪʦʥʫ ʜʦ 15 ʤʤ (ʘ 

ʽʥʦʜʽ ʽ ʙʽʣʴʰʝ) ʜʣʷ ʥʘʡʪʦʚʩʪʽʰʦʛʦ. ɿʘʣʝʞʥʦ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʭʚʠʣʽ ʛʦʬʨʦʢʘʨʪʦʥʠ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʘ ʬʦʨʤʦʶ, ʨʦʟʤʽʨʦʤ ʽ ʢʦʝʬʽʮʽʻʥʪʦʤ ʛʦʬʨʫʚʘʥʥʷ. ʎʽ ʪʨʠ 

ʚʣʘʩʪʠʚʦʩʪʽ ʻ ʥʘʡʚʘʞʣʠʚʽʰʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʛʦʬʨʦʢʘʨʪʦʥʫ. ʅʘʡʙʽʣʴʰ 

ʪʠʧʦʚʽ ʬʦʨʤʠ ʭʚʠʣʴ ï ʮʝ ʩʠʥʫʩʦʾʜʘʣʴʥʽ ʪʘ ʢʣʠʥʦʧʦʜʽʙʥʽ (ʨʠʩ. 1.1). 

 

ʈʠʩ. 1.1. ʊʠʧʠ ʬʦʨʤ ʭʚʠʣʽ ʛʦʬʨʠ: ʘ ï ʩʠʥʫʩʦʾʜʥʘ; ʙ ï ʢʣʠʥʦʧʦʜʽʙʥʘ 

 

ɼʦʚʞʠʥʘ ʭʚʠʣʽ ʦʧʠʩʫʻʪʴʩʷ ʜʚʦʤʘ ʧʘʨʘʤʝʪʨʘʤʠ ï ʚʠʩʦʪʦʶ ʭʚʠʣʽ (h), ʷʢʘ 

ʧʦʢʘʟʫʻ ʚʽʜʩʪʘʥʴ ʚʽʜ ʦʩʥʦʚʠ ʜʦ ʚʝʨʰʠʥʠ ʭʚʠʣʽ ʪʘ ʢʨʦʢʦʤ (t) ï ʚʽʜʩʪʘʥʥʶ ʤʽʞ 

ʚʝʨʰʠʥʘʤʠ ʭʚʠʣʴ. ɿʘʣʝʞʥʦ ʚʽʜ ʮʽʻʾ ʚʣʘʩʪʠʚʦʩʪʽ ʨʦʟʨʽʟʥʷʶʪʴ ʥʠʟʴʢʽ (B), ʩʝʨʝʜʥʽ 

(C), ʚʠʩʦʢʽ (A), ʤʽʢʨʦ (E ʽ F), ʤʽʥʽ (G ʽ N) ʽ ʜʫʞʝ ʚʠʩʦʢʽ ʭʚʠʣʽ (D ʽ K). ʂʽʣʴʢʽʩʪʴ 

ʭʚʠʣʴ ʥʘ ʦʜʠʥʠʮʶ ʜʦʚʞʠʥʠ ʢʘʨʪʦʥʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʩʦʪʠ ʭʚʠʣʽ.  

ɿʘʣʝʞʥʦ ʚʽʜ ʚʠʩʦʪʠ ʛʦʬʨʦʚʘʥʦʛʦ ʰʘʨʫ ʨʦʟʨʽʟʥʷʶʪʴ ʥʘʩʪʫʧʥʽ ʧʨʦʬʽʣʽ 

ʛʦʬʨʦʢʘʨʪʦʥʫ: 

- ʚʝʣʠʢʠʡ (ʧʨʦʬʽʣʴ ɸ) ï ʤʘʻ ʚʠʩʦʪʫ ʭʚʠʣʽ 4,6-5,2 ʤʤ; 

- ʜʨʽʙʥʠʡ (ʧʨʦʬʽʣʴ B) ï ʤʘʻ ʚʠʩʦʪʫ ʭʚʠʣʽ 2,5-3,2 ʤʤ;  

- ʩʝʨʝʜʥʽʡ (ʧʨʦʬʽʣʴ ʉ) ï ʤʘʻ ʚʠʩʦʪʫ ʭʚʠʣʽ 3,6-4,3 ʤʤ;  

- ʤʽʢʨʦʛʦʬʨʦʢʘʨʪʦʥ (ʧʨʦʬʽʣʴ ɽ) - ʤʘʻ ʚʠʩʦʪʫ ʭʚʠʣʽ 1,1-1,7 ʤʤ.  

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʪʨʘʥʩʧʦʨʪʥʘ ʪʘʨʘ ʟ ʛʦʬʨʦʢʘʨʪʦʥʫ ʱʝ ʜʘʣʝʢʘ ʚʽʜ 

ʜʦʩʢʦʥʘʣʦʩʪʽ, ʩʧʠʩʦʢ ʾʾ ʧʝʨʝʚʘʛ ʷʚʥʦ ʧʝʨʝʚʠʱʫʻ ʯʠʩʣʦ ʥʝʜʦʣʽʢʽʚ. ʐʠʨʦʢʝ 



40 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʦʬʨʦʪʘʨʠ, ʾʾ ʥʠʟʴʢʘ ʚʘʨʪʽʩʪʴ ʽ ʤʦʞʣʠʚʽʩʪʴ ʫʪʠʣʽʟʘʮʽʾ ʙʝʟ ʥʘʥʝʩʝʥʥʷ 

ʰʢʦʜʠ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʫ ʜʦʟʚʦʣʷʶʪʴ ʚʠʨʦʙʥʠʢʘʤ ʪʘʢʦʛʦ ʚʠʜʫ 

ʧʘʢʦʚʘʥʴ ʧʦʩʪʽʡʥʦ ʩʪʚʦʨʶʚʘʪʠ ʥʦʚʽ ʟʨʘʟʢʠ ʪʘʨʠ ʪʘ ʫʩʧʽʰʥʦ ʾʭ ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʚ 

ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʥʘʨʦʜʥʦʛʦ ʩʧʦʞʠʚʘʥʥʷ. ɿʘ ʢʽʣʴʢʽʩʪʶ ʰʘʨʽʚ ʛʦʬʨʦʢʘʨʪʦʥ 

ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʜʚʦ-, ʪʨʠ-, ʧôʷʪʠ- ʽ ʩʝʤʠʰʘʨʦʚʠʡ (ʨʠʩ. 1.2). 

 

ʈʠʩ. 1.2. ʂʣʘʩʠʬʽʢʘʮʽʷ ʢʘʨʪʦʥʫ ʟʘ ʢʽʣʴʢʽʩʪʶ ʰʘʨʽʚ ʣʘʡʥʝʨʘ ʽ ʬʣʶʪʠʥʛʘ: 

ʘ ï ʜʚʦʰʘʨʦʚʠʡ; ʙ ï ʪʨʠh ʘʨʦʚʠʡ; ʚ ï ʧôʷʪʠʰʘʨʦʚʠʡ; ʛ ï ʩʝʤʠʰʘʨʦʚʠʡ 

 

ɼʚʦʰʘʨʦʚʠʡ ʛʦʬʨʦʢʘʨʪʦʥ ʫʪʚʦʨʶʶʪʴ ʣʘʡʥʝʨ ʽ ʬʣʶʪʠʥʛ, ʪʨʠʰʘʨʦʚʠʡ ï 

ʣʘʡʥʝʨ, ʬʣʶʪʠʥʛ, ʣʘʡʥʝʨ ʽ ʪ.ʜ. ɺ ʦʩʪʘʥʥʽʭ ʚʠʧʘʜʢʘʭ ʡʦʛʦ ʚʠʨʦʙʥʠʮʪʚʦ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʜʦʜʘʚʘʥʥʷʤ ʰʘʨʽʚ ʣʘʡʥʝʨʘ ʽ ʬʣʶʪʠʥʛʘ.  

ɺ ʋʢʨʘʾʥʽ ʚʠʨʦʙʣʷʶʪʴ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʛʦʬʨʦʢʘʨʪʦʥ ʤʘʨʦʢ ʊ21 ï ʊ24. 

ʆʩʥʦʚʥʽ ʤʘʨʢʠ ʧôʷʪʠʰʘʨʦʚʦʛʦ ʛʦʬʨʦʢʘʨʪʦʥʫ ï ʇ 31 ï ʇ37. ʄʘʨʢʠ ʚʽʜ ʇ31 ʜʦ ʇ34 

ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʝʣʠʢʦʛʘʙʘʨʠʪʥʦʾ  ʚʠʩʦʢʦʤʽʮʥʦʾ  ʽ ʞʦʨʩʪʢʦʾ ʪʘʨʠ, ʘ 

ʇ35 ï ʇ37 ï ʜʣʷ ʪʘʨʠ, ʥʝʟʜʘʪʥʦʾ ʩʧʨʠʡʤʘʪʠ ʚʘʥʪʘʞ ʰʪʘʙʝʣʷ. ɼʝʷʢʽ ʚʠʨʦʙʥʠʢʠ 

ʥʘʜʘʶʪʴ ʧʝʨʝʚʘʛʫ ʫ ʚʠʧʘʜʢʫ ʟʘʤʦʚʣʝʥʥʷ ʪʘʨʠ ʟ ʧʽʜʚʠʱʝʥʠʤʠ ʷʢʦʩʪʷʤʠ ʤʽʮʥʦʩʪʽ 

ʟʨʦʙʠʪʠ ʪʨʠh ʘʨʦʚʠʡ ʛʦʬʨʦʢʘʨʪʦʥ, ʚʟʷʚʰʠ ʜʦʩʪʘʪʥʴʦ ʤʽʮʥʠʡ ʣʘʡʥʝʨ (175 ï 200 

ʛ/ʤ2) ʽ ʪʘʢʠʡ ʞʝ ʬʣʶʪʠʥʛ. ʉʝʤʠʰʘʨʦʚʠʡ ʛʦʬʨʦʢʘʨʪʦʥ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ 

ʛʦʬʨʦʚʘʥʠʭ, ʜʚʦʭ ʧʣʦʩʢʠʭ ʟʦʚʥʽʰʥʽʭ ʽ ʜʚʦʭ ʧʣʦʩʢʠʭ ʚʥʫʪʨʽʰʥʽʭ ʰʘʨʽʚ. ʇʨʠ 
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ʚʠʛʦʪʦʚʣʝʥʥʽ ʩʝʤʠʰʘʨʦʚʦʛʦ ʛʦʬʨʦʢʘʨʪʦʥʫ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʥʘʩʪʫʧʥʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʠʜʽʚ ʛʦʬʨʠ: E, A, B. ɯʩʥʫʻ ʱʝ ʜʝʚôʷʪʠʰʘʨʦʚʠʡ  

ʛʦʬʨʦʢʘʨʪʦʥ, ʧʨʦʪʝ ʚ ʋʢʨʘʾʥʽ ʚʽʥ ʥʝ ʚʠʛʦʪʦʚʣʷʻʪʴʩʷ. ɯʥʰʘ ʢʣʘʩʠʬʽʢʘʮʽʷ 

ʛʦʬʨʦʢʘʨʪʦʥʫ ʧʨʦʧʦʥʫʻ ʧʦʜʽʣ ʡʦʛʦ ʟʘ ʪʠʧʦʤ, ʩʠʤʚʦʣʦʤ, ʚʠʩʦʪʦʶ ʪʘ ʢʨʦʢʦʤ 

ʛʦʬʨʠ (ʪʘʙʣ.1). 

 

ʊʘʙʣʠʮʷ 1.1 

ʂʣʘʩʠʬʽʢʘʮʽʷ ʛʦʬʨʦʢʘʨʪʦʥʫ 

ʉʠʤʚʦʣ 

ʛʦʬʨʠ 

ɺʠʜ ʛʦʬʨʠ 

(ʭʚʠʣʽ) 

ɺʠʩʦʪʘ 

ʛʦʬʨʠ, ʤʤ 

ʂʨʦʢ 

ʛʦʬʨʠ, ʤʤ 

ʂʽʣʴʢʽʩʪʴ ʛʦʬʨʦʭʚʠʣʴ 

ʥʘ 1 ʧʦʛ. ʤ 

A ɺʠʩʦʢʘ 3,6 ï 4,8 8,3 ï 8,9 108 ï 118 

B ʅʠʟʴʢʘ 2,3 ï 3,2 5,8 ï 6,4 154 ï 166 

C ʉʝʨʝʜʥʷ 3,0 ï 3,7 7,0 ï 7,6 127 ï 138 

D ɼʫʞʝ ʚʠʩʦʢʘ 6,6 10 ï 12 83 ï 110 

E ʄʽʢʨʦʛʦʬʨʘ 1,2 ï 2,0 3,3 ï 4,2 238 ï 295 

F ʄʽʥʽʛʦʬʨʘ 0,6 ï 1,1 2,2 ï 3 309 ï 445 

G ʄʽʥʽʛʦʬʨʘ 0,85 ï 0,98 2,6 ï 2,8 357 ï 384 

K ɼʫʞʝ ʚʠʩʦʢʘ 7 12,5 ï 13 75 ï 80 

N ʄʽʥʽʛʦʬʨʘ 10,6,14 ï 1,58 1,82 550 

 

ɺʠʩʦʪʘ ʭʚʠʣʽ ʛʦʬʨʦʚʘʥʦʛʦ ʰʘʨʫ ʙʫʚʘʻ ʜʚʦʭ ʚʠʜʽʚ: ʚʝʣʠʢʘ ï 4 ʤʤ ʽ ʙʽʣʴʰʝ 

ʪʘ ʜʨʽʙʥʘ ï ʚʽʜ 1,8 ʜʦ 3,5 ʤʤ.  

ɺ ʜʘʥʠʡ ʯʘʩ ʚʩʝ ʙʽʣʴʰʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ, ̫ ʢ ʚ ʉʐɸ, ʪʘʢ ʽ ʚ ʻʚʨʦʧʝʡʩʴʢʠʭ 

ʢʨʘʾʥʘʭ, ʟʥʘʭʦʜʠʪʴ ʛʦʬʨʦʚʘʥʠʡ ʢʘʨʪʦʥ ʟ ʛʦʬʨʦʶ E. ɺʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʛʦʬʨʠ ʥʘ 1 

ʧʦʛ.ʤ ʤʘʪʝʨʽʘʣʫ ʨʦʙʠʪʴ ʡʦʛʦ ʧʦʚʝʨʭʥʶ ʨʽʚʥʦʶ, ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʧʦʚʝʨʭʥʝʚʫ 

ʤʽʮʥʽʩʪʴ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʥʫʚʘʪʠ ʚʠʩʦʢʦʷʢʽʩʥʠʡ ʪʝʢʩʪʦʚʠʡ ʽ 

ʽʣʶʩʪʨʘʮʽʡʥʠʡ ʜʨʫʢ.  

ʆʜʥʠʤ ʟ ʩʫʪʪʻʚʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʛʦʬʨʦʢʘʨʪʦʥʫ ʻ ʢʦʝʬʽʮʽʻʥʪ 

ʛʦʬʨʫʚʘʥʥʷ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻ ʚʠʪʨʘʪʠ ʧʘʧʝʨʫ ʜʣʷ ʬʣʶʪʠʥʛʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʚʠʜʫ ʛʦʬʨʠ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ. ɺʠʜʽʣʷʶʪʴ ʪʘʢʽ ʢʦʝʬʽʮʽʻʥʪʠ ʛʦʬʨʫʚʘʥʥʷ: ʜʣʷ 
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ʛʦʬʨʠ ɸ ï 1,55, ɺ ï 1,34, ʉ ï 1,44 ʽ ɽ ï 1,29. ʗʧʦʥʩʴʢʘ ʬʽʨʤʘ ʄʽʪʩʫʙʽʩʽ, ʷʢʘ 

ʚʠʧʫʩʢʘʻ ʛʦʬʨʦʘʛʨʝʛʘʪʠ ʧʦ ʣʽʮʝʥʟʽʾ ʘʤʝʨʠʢʘʥʩʴʢʦʾ ʬʽʨʤʠ ʃʘʥʛʩʪʦʥ, ʟʘʩʪʦʩʦʚʫʻ 

ʢʦʥʬʽʛʫʨʘʮʽʶ ʛʦʬʨʠ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʦʪʨʠʤʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʛʦʬʨʫʚʘʥʥʷ ʜʣʷ 

ʧʨʦʬʽʣʶ ɸ ï 1,537 ʽ ʜʣʷ ʧʨʦʬʽʣʶ ɺ ï 325. 

ɿ ʮʴʦʛʦ ʚʠʧʣʠʚʘʻ, ʱʦ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʢʘʨʪʦʥʫ ʟ ʛʦʬʨʦʶ ɺ, ʉ ʽ ɽ ʚʠʪʨʘʪʠ 

ʧʘʧʝʨʫ ʜʣʷ ʛʦʬʨʦʚʘʥʦʛʦ ʰʘʨʫ ʩʫʪʪʻʚʦ ʟʤʝʥʰʫʶʪʴʩʷ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʛʦʬʨʦʶ ɸ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʛʦʬʨʠ ɺ ʩʢʦʨʦʯʫ ̒ʚʠʪʨʘʪʠ ʧʘʧʝʨʫ ʜʣʷ ʬʣʶʪʠʥʛʫ  ʥʘ 12 ï 14%. 

ʗʢ ʚʽʜʦʤʦ, ʚʘʞʣʠʚʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʛʦʬʨʦʢʘʨʪʦʥʫ ʻ ʬʣʶʪʠʥʛ ʽ ʣʘʡʥʝʨ, ʜʣʷ 

ʟôʻʜʥʘʥʥʷ ʷʢʠʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʣʝʡʦʚʽ ʢʦʤʧʦʟʠʮʽʾ. ʆʩʥʦʚʥʽ ʚʽʜʤʽʥʥʦʩʪʽ ʤʽʞ 

ʣʘʡʥʝʨʘʤʠ ʽ ʬʣʶʪʠʥʛʘʤʠ ʨʽʟʥʠʭ ʚʠʨʦʙʥʠʢʽʚ ʟʘʣʝʞʘʪʴ ʚʽʜ ʩʠʨʦʚʠʥʥʦʾ ʙʘʟʠ, 

ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ, ʢʽʥʮʝʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʪʦʱʦ. ɺʽʜ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʣʘʡʥʝʨʘ ʟʘʣʝʞʠʪʴ ʥʝ ʪʽʣʴʢʠ ʤʽʮʥʽʩʪʴ ʧʘʢʦʚʘʥʥʷ, ʘʣʝ ʡ ʟʜʘʪʥʽʩʪʴ ʜʦ 

ʥʘʥʝʩʝʥʥʷ ʜʨʫʢʦʚʘʥʠʭ ʟʦʙʨʘʞʝʥʴ, ʪʦʙʪʦ ʡʦʛʦ ʜʨʫʢʘʨʩʴʢʽ ʚʣʘʩʪʠʚʦʩʪʽ.  

ɺʽʜʦʤʦ, ʱʦ ʛʦʬʨʦʢʘʨʪʦʥ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʘʥʽʟʦʪʨʦʧʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ 

ʤʘʶʪʴ ʨʽʟʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚ ʨʽʟʥʠʭ ʥʘʧʨʷʤʘʭ. ɺʽʥ ʤʘʻ ʜʦʩʪʘʪʥʴʦʶ ʞʦʨʩʪʢʽ ʪʘ 

ʘʤʦʨʪʠʟʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ʇʨʠ ʧʨʠʢʣʘʜʝʥʥʽ ʩʠʣ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ ʣʽʥʽʾ ʛʦʬʨʠ 

ʚʽʥ ʩʧʨʘʮʴʦʚʫʻ ʷʢ ʘʤʦʨʪʠʟʘʮʽʡʥʠʡ ʤʘʪʝʨʽʘʣ, ʧʨʠ ʧʨʠʢʣʘʜʘʥʥʽ ʩʠʣ ʚʟʜʦʚʞ 

ʥʘʧʨʷʤʫ ʛʦʬʨʠ ï ʷʢ ʞʦʨʩʪʢʠʡ ʤʘʪʝʨʽʘʣ. ʐʘʨʠ ʣʘʡʥʝʨʘ  (ʟʦʚʥʽʰʥʽ ʽ ʚʥʫʪʨʽʰʥʽ) 

ʬʽʢʩʫʶʪʴ ʧʦʣʦʞʝʥʥʷ ʛʦʬʨʠ ʬʣʶʪʠʥʛʫ, ʧʨʘʮʶʶʪʴ ʥʘ ʩʪʠʩʢ, ʨʦʟʨʠʚ ʽ ʦʧʽʨ 

ʧʨʦʜʘʚʣʶʚʘʥʥʶ, ʘ ʪʘʢʦʞ ʨʘʟʦʤ ʟ ʬʣʶʪʠʥʛʦʤ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʠʡ ʧʦʢʘʟʥʠʢ 

ʪʦʨʮʝʚʦʛʦ ʩʪʠʩʢʫʚʘʥʥʷ ʛʦʬʨʦʢʘʨʪʦʥʫ. 

ʉʪʨʫʢʪʫʨʘ ʧʦʚʝʨʭʥʽ ʣʘʡʥʝʨʘ, ʡʦʛʦ ʰʦʨʩʪʢʽʩʪʴ ʽ ʛʣʘʜʢʽʩʪʴ ʚʠʟʥʘʯʘʶʪʴ  

ʜʨʫʢʘʨʩʴʢʽ ʚʣʘʩʪʠʚʦʩʪʽ ʛʦʬʨʦʢʘʨʪʦʥʫ. ʉʘʤʝ ʥʘʷʚʥʽʩʪʴ ʢʨʝʡʜʦʚʘʥʦʛʦ ʧʦʢʨʠʪʪʷ 

ʘʙʦ ʡʦʛʦ ʚʽʜʩʫʪʥʽʩʪʴ ʥʘ ʧʦʚʝʨʭʥʽ ʣʘʡʥʝʨʘ ʚʠʟʥʘʯʘʻ ʨʽʚʝʥʴ ʷʢʦʩʪʽ ʥʘʜʨʫʢʦʚʘʥʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ.  

ʅʘ ʷʢʽʩʪʴ ʜʨʫʢʘʨʩʴʢʠʭ ʚʽʜʙʠʪʢʽʚ ʚʧʣʠʚʘʻ ʙʝʟʣʽʯ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʚʠʙʨʘʥʦʾ ʪʝʭʥʽʢʠ ʽ ʪʝʭʥʦʣʦʛʽʾ, ʟʘʜʨʫʢʦʚʫʚʘʥʦʾ ʦʩʥʦʚʠ, ʾʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʣʽʛʨʘʬʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʜʨʫʢʘʨʩʴʢʦʾ ʬʦʨʤʠ ʪʦʱʦ [9]. ʗʢʽʩʪʴ 

ʜʨʫʢʫ ʥʘ ʛʦʬʨʦʢʘʨʪʦʥʽ ʪʘʢʦʞ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʪʨʫʢʪʫʨʠ ʧʦʚʝʨʭʥʽ ʣʘʡʥʝʨʘ. 

ɺʠʨʦʙʥʠʢʠ ʧʘʢʦʚʘʥʴ ʥʝʨʽʜʢʦ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʟ ʪʘʢʠʤʠ ʥʝʜʦʣʽʢʘʤʠ, ʷʢ 
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ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʣʘʡʥʝʨʘ, ʡʦʛʦ ʛʦʬʨʫʚʘʥʥʷ, ʧʝʨʝʙʠʚʘʥʥʷʤ ʢʣʝʶ ʥʘ ʧʦʚʝʨʭʥʽ. ʎʽ 

ʜʝʬʝʢʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʥʘʩʣʽʜʢʦʤ ʟʘʥʘʜʪʦ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʢʣʝʶ, ʥʘʥʝʩʝʥʦʛʦ ʥʘ 

ʬʣʶʪʠʥʛ ʧʨʠ ʧʨʠʢʣʝʶʚʘʥʥʽ ʜʦ ʣʘʡʥʝʨʘ, ʥʝʨʽʚʥʦʤʽʨʥʦʛʦ ʧʨʦʬʽʣʶ ʭʚʠʣʽ ʛʦʬʨʠ 

(ʢʦʝʬʽʮʽʻʥʪ ʛʦʬʨʠ), ʥʝʷʢʽʩʥʦʛʦ ʬʣʶʪʠʥʛʫ, ʧʦʛʘʥʦʾ ʤʽʮʥʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʘʨʪʦʥʫ, ʘʙʦ ʧʦʛʘʥʠʭ ʫʤʦʚ ʟʙʝʨʽʛʘʥʥʷ 

(ʚʦʣʦʛʦʩʪʽ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ). ʅʝʟʘʣʝʞʥʦ ʚʽʜ ʪʠʭ ʯʠ ʽʥʰʠʭ ʧʨʠʯʠʥ, ʮʽ ʬʘʢʪʦʨʠ 

ʯʘʩʪʦ ʧʝʨʝʰʢʦʜʞʘʶʪʴ ʧʨʦʮʝʩʫ ʜʨʫʢʫʚʘʥʥʷ, ʽ, ʪʘʢʠʤ ʯʠʥʦʤ, ʟʤʫʰʫʶʪʴ 

ʧʽʜʚʠʱʫʚʘʪʠ ʪʠʩʢ ʘʙʦ ʟʙʽʣʴʰʫʚʘʪʠ ʢʽʣʴʢʽʩʪʴ ʜʨʫʢʘʨʩʴʢʦ ʾʬʘʨʙʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʚʽʜʙʠʪʢʽʚ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ. ɿʘʣʝʞʥʦ ʚʽʜ ʦʙʨʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʜʨʫʢʫ, ʚʠʱʝʟʘʟʥʘʯʝʥʽ 

ʥʝʜʦʣʽʢʠ  ʣʘʡʥʝʨʫ ʘʙʦ ʛʦʬʨʦʢʘʨʪʦʥʫ ʻ ʚʘʞʣʠʚʠʤʠ ʜʣʷ ʚʩʴʦʛʦ ʧʨʦʮʝʩʫ.  

ɼʣʷ ʟʘʜʨʫʢʦʚʫʚʘʥʥʷ ʛʦʬʨʦʢʘʨʪʦʥʫ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʧʘʢʦʚʘʥʴ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʚʘ ʤʝʪʦʜʠ ʜʨʫʢʫʚʘʥʥʷ (ʨʠʩ. 1.3). ʇʝʨʰʠʡ  ʤʝʪʦʜ ʧʝʨʝʜʙʘʯʘʻ 

ʜʨʫʢʫʚʘʥʥʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʘʨʢʫʰʘʭ ʛʦʬʨʦʢʘʨʪʦʥʫ (postprint). ɼʣʷ ʮʴʦʛʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʝʭʥʦʣʦʛʽʶ ʬʣʝʢʩʦʛʨʘʬʽʯʥʦʛʦ ʪʘ ʮʠʬʨʦʚʦʛʦ (ink-jet) ʜʨʫʢʫ. ʅʘ 

ʨʠʥʢʫ ʪʘʢʦʞ ʻ ʩʧʝʮʽʘʣʴʥʽ ʦʬʩʝʪʥʽ ʤʘʰʠʥʠ, ʦʩʥʘʱʝʥʽ ʮʠʣʽʥʜʨʘʤʠ ʚʝʣʠʢʠʭ 

ʨʦʟʤʽʨʽʚ, ʚ ʷʢʠʭ ʤʦʞʥʘ ʟʘʜʨʫʢʦʚʫʚʘʪʠ ʪʨʠʰʘʨʦʚʠʡ ʤʽʢʨʦʛʦʬʨʦʢʘʨʪʦʥ, ʧʨʦʪʝ 

ʤʽʮʥʽʩʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘʢʦʛʦ ʚʽʜʙʠʪʢʫ ʟʥʠʞʫʶʪʴʩʷ ʧʨʠʙʣʠʟʥʦ ʥʘ 40%. ʇʨʠ 

ʜʨʫʢʫʚʘʥʥʽ ʥʘ ʛʦʬʨʦʢʘʨʪʦʥʽ ʡʦʛʦ ʩʪʨʫʢʪʫʨʘ ʚʧʣʠʚʘʻ ʥʘ ʷʢʽʩʪʴ ʜʨʫʢʫ. ɼʨʫʛʠʡ 

ʩʧʦʩʽʙ ï ʮʝ ʤʝʪʦʜ ʜʨʫʢʫʚʘʥʥʷ ʥʘ ʣʘʡʥʝʨʽ (preprint), ʷʢʠʡ ʚ ʧʦʜʘʣʴʰʦʤʫ 

ʧʨʠʢʘʰʠʨʦʚʫʻʪʴʩʷ ʜʦ ʬʣʶʪʠʥʛʫ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʜʨʫʢʫʚʘʥʥʷ ʧʨʦʚʦʜʠʪʴʩʷ ʟʘ 

ʦʬʩʝʪʥʦʶ, ʬʣʝʢʩʦʛʨʘʬʽʯʥʦʶ ʪʘ ʮʠʬʨʦʚʦʶ (ink-jet) ʪʝʭʥʦʣʦʛʽʻʶ, ʤʦʞʥʘ ʚʠʢʦʥʘʪʠ 

ʦʟʜʦʙʣʝʥʥʷ ʋʌ-ʣʘʢʦʤ, ʪʠʩʥʝʥʥʷʤ (ʬʦʣʴʛʦʶ, ʢʦʥʛʨʝʚʥʠʤ) ʪʦʱʦ. 

ʊʝʭʥʦʣʦʛʽʷ ʦʬʩʝʪʥʦʛʦ ʜʨʫʢʫ ʧʝʨʝʜʙʘʯʘʻ ʫʪʚʦʨʝʥʥʷ ʚʽʜʙʠʪʢʫ ʰʣʷʭʦʤ 

ʧʝʨʝʥʝʩʝʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʟ ʜʨʫʢʘʨʩʴʢʦʾ ʬʦʨʤʠ ʥʘ ʟʘʜʨʫʢʦʚʫʚʘʥʫ ʦʩʥʦʚʫ ʯʝʨʝʟ 

ʧʨʦʤʽʞʥʠʡ (ʦʬʩʝʪʥʠʡ) ʮʠʣʽʥʜʨ ʟ ʝʣʘʩʪʠʯʥʠʤ ʧʦʢʨʠʪʪʷʤ (ʨʠʩ. 1.4). ɿʘʚʜʷʢʠ ʮʴʦʤʫ 

ʧʦʢʨʠʪʪʶ ʧʨʠ ʤʘʣʦʤʫ ʪʠʩʢʫ ʥʘ ʨʽʟʥʠʭ ʧʦʚʝʨʭʥʷʭ ʚʽʜʪʚʦʨʶʶʪʴʩʷ ʥʘʡʜʨʽʙʥʽʰʽ 

ʝʣʝʤʝʥʪʠ ʟʦʙʨʘʞʝʥʥʷ. ɺʠʙʽʨʢʦʚʝ ʧʝʨʝʥʝʩʝʥʥʷ ʜʨʫʢʘʨʩʴʢʦʾ ʬʘʨʙʠ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʨʽʟʥʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʨʫʢʘʨʩʴʢʠʭ (ʦʣʝʦʬʽʣʴʥʠʭ) ʪʘ ʧʨʦʛʘʣʠʥʥʠʭ 

(ʛʽʜʨʦʬʽʣʴʥʠʭ) ʝʣʝʤʝʥʪʽʚ [14].  
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ʈʠʩ. 1.3. ʄʝʪʦʜʠ ʜʨʫʢʫʚʘʥʥʷ ʥʘ ʛʦʬʨʦʢʘʨʪʦʥʽ 

 

ʅʘʡʙʽʣʴʰʦ  ʁ ʧʝʨʝʚʘʛʦ  ʁ ʪʝʭʥʦʣʦʛʽʾ ʦʬʩʝʪʥʦʛʦ ʜʨʫʢʫ ʻ  ʚʠʩʦʢʘ ʷʢʽʩʪʴ 

ʚʽʜʙʠʪʢʽʚ, ʚʽʜʪʚʦʨʝʥʥʷ ʟʦʙʨʘʞʝʥʴ ʟ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʜʦ 100 ʣʽʥʽʡ / ʩʤ. ʇʨʠ 

ʙʽʣʴʰʠʭ ʥʘʢʣʘʜʘʭ ʦʬʩʝʪ ʧʦʨʽʚʥʷʥʦ ʜʝʰʝʚʠʡ ʪʘ ʝʬʝʢʪʠʚʥʠʡ. ɸʣʝ ʧʝʚʥʽ ʚʠʤʦʛʠ 

ʩʪʘʚʣʷʪʴʩʷ ʜʦ ʩʫʙʩʪʨʘʪʽʚ, ʱʦ ʟʘʜʨʫʢʦʚʫʶʪʴʩʷ ʩʧʦʩʦʙʦʤ ʦʬʩʝʪʥʦʛʦ ʜʨʫʢʫ. 

ʂʘʨʪʦʥʠ, ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʧʣʦʩʢʠʭ ʰʘʨʽʚ ʛʦʬʨʦʢʘʨʪʦʥʫ, ʧʦʚʠʥʥʽ 

ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠʩʷ ʚʠʩʦʢʦʶ ʩʪʽʡʢʽʩʪʶ ʧʦʚʝʨʭʥʽ ʜʦ ʩʪʠʨʘʥʥʷ, ʦʧʪʠʤʘʣʴʥʠʤ 

ʚʙʠʨʘʥʥʷʤ ʟʚʦʣʦʞʫʶʯʦʛʦ ʨʦʟʯʠʥʫ, ʩʪʘʙʽʣʴʥʽʩʪʶ ʨʦʟʤʽʨʽʚ, ʛʣʘʜʢʽʩʪʶ. 

 

ʈʠʩ. 1.4. ʉʭʝʤʘ ʙʫʜʦʚʠ ʜʨʫʢʘʨʩʴʢʦʛʦ ʘʧʘʨʘʪʫ ʦʬʩʝʪʥʦʾ ʤʘʰʠʥʠ 
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ʉʴʦʛʦʜʥʽ ʥʘ ʨʠʥʢʫ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʦʣʽʛʨʘʬʽʯʥʦʾ ʧʨʦʜʫʢʮʽʾ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʪʝʥʜʝʥʮʽʷ ʜʦ ʽʥʪʝʥʩʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʣʝʢʩʦʛʨʘʬʽʯʥʦʛʦ ʩʧʦʩʦʙʫ ʜʨʫʢʫ. ʎʝ 

ʧʦʚôʷʟʘʥʦ ʟ ʰʚʠʜʢʠʤʠ ʪʝʤʧʘʤʠ ʨʦʟʚʠʪʢʫ ʧʘʢʫʚʘʣʴʥʦʾ ʛʘʣʫʟʽ, ʚʧʨʦʚʘʜʞʝʥʥʷʤ 

ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʟʥʠʞʝʥʥʷʤ ʩʦʙʽʚʘʨʪʦʩʪʽ ʧʨʦʜʫʢʮʽʾ, ʷʢʘ ʚʠʧʫʩʢʘʻʪʴʩʷ 

ʚʝʣʠʢʠʤʠ ʥʘʢʣʘʜʘʤʠ. ɼʦʩʠʪʴ ʨʽʟʥʦʤʘʥʽʪʥʠʡ ʨʠʥʦʢ ʜʨʫʢʘʨʩʴʢʠʭ 

ʬʣʝʢʩʦʛʨʘʬʽʯʥʠʭ ʤʘʰʠʥ ï ʚʽʜ ʤʘʰʠʥ ʧʣʘʥʝʪʘʨʥʦʛʦ, ʷʨʫʩʥʦʛʦ (ʩʪʝʢʦʚʦʛʦ, 

ʙʘʣʢʦʥʥʦʛʦ) ʜʦ ʣʽʥʽʡʥʦʛʦ ʪʠʧʫ. ʗʢ ʚʽʜʦʤʦ, ʦʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʣʘʥʦʢ 

ʬʣʝʢʩʦʛʨʘʬʽʯʥʦʛʦ ʬʘʨʙʦʚʦʛʦ ʘʧʘʨʘʪʫ ʻ ʘʥʽʣʦʢʩʦʚʠʡ ʚʘʣʠʢ. ɿʘʚʜʷʢʠ ʟʤʽʥʽ 

ʘʥʽʣʦʢʩʦʚʦʛʦ ʚʘʣʠʢʘ ʨʝʛʫʣʶʻʪʴʩʷ ʜʦʟʫʚʘʥʥʷ ʬʘʨʙʠ, ʷʢʘ ʧʦʜʘʻʪʴʩʷ ʥʘ 

ʬʦʪʦʧʦʣʽʤʝʨʥʫ ʜʨʫʢʘʨʩʴʢʫ ʬʦʨʤʫ, ʘ ʟ ʥʝʾ ʥʘ ʟʘʜʨʫʢʦʚʫʚʘʥʠʡ ʤʘʪʝʨʽʘʣ. ʆʙôʻʤ 

ʢʦʤʽʨʦʢ ʤʘʻ ʚʠʟʥʘʯʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʥʘ ʚʝʣʠʯʠʥʫ ʦʧʪʠʯʥʦʾ ʱʽʣʴʥʦʩʪʽ ʚʽʜʙʠʪʢʘ ʽ 

ʦʜʥʦʨʽʜʥʦʩʪʽ ʧʨʠ ʜʨʫʢʫʚʘʥʥʽ ʧʣʘʰʢʠ. ʅʘʜʤʽʨʥʠʡ ʦʙôʻʤ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʟʘʪʽʢʘʥʥʷ ʬʘʨʙʠ ʥʘ ʩʪʽʥʢʠ ʜʨʫʢʘʨʩʴʢʠʭ ʝʣʝʤʝʥʪʽʚ ʬʦʨʤʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʩʧʦʪʚʦʨʝʥʥʷ ʨʘʩʪʨʦʚʠʭ ʢʨʘʧʦʢ. ʐʠʨʦʢʠʤ ʻ ʘʩʦʨʪʠʤʝʥʪ ʽ ʜʨʫʢʘʨʩʴʢʠʭ ʬʘʨʙ ʜʣʷ 

ʬʣʝʢʩʦʛʨʘʬʽʯʥʦʛʦ ʜʨʫʢʫ, ʚʽʜ ʚʠʙʦʨʫ ʷʢʦʛʦ ʟʘʣʝʞʠʪʴ ʷʢʽʩʪʴ ʥʘʜʨʫʢʦʚʘʥʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʚʽʜʙʠʪʢʫ. 

ʊʝʭʥʦʣʦʛʽʷ ʬʣʝʢʩʦʛʨʘʬʽʯʥʦʛʦ ʜʨʫʢʫ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʨʝʣʴʻʬʥʦʶ 

ʜʨʫʢʘʨʩʴʢʦʶ ʬʦʨʤʦʶ, ʚ ʷʢʽʡ ʜʨʫʢʫʚʘʣʴʥʽ ʝʣʝʤʝʥʪʠ ʨʦʟʪʘʰʦʚʘʥʽ ʚʠʱʝ ʥʘʜ 

ʧʨʦʛʘʣʠʥʥʠʤʠ. ʌʘʨʙʘ ʧʦʪʨʘʧʣʷʻ ʪʽʣʴʢʠ ʥʘ ʜʨʫʢʫʚʘʣʴʥʽ ʝʣʝʤʝʥʪʠ ʧʨʠ ʢʦʥʪʘʢʪʽ 

ʩʫʙʩʪʨʘʪʫ ʟ ʥʠʤʠ ʧʽʜ ʜʽʻʶ ʪʠʩʢʫ (ʨʠʩ. 1.5). ɻʥʫʯʢʽ ʜʨʫʢʘʨʩʴʢʽ ʬʦʨʤʠ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʮʽʡ ʪʝʭʥʽʮʽ, ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʟ ʛʫʤʠ ʘʙʦ ʥʘʡʯʘʩʪʽʰʝ ʽʟ 

ʩʧʝʮʽʘʣʴʥʠʭ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡ, ʘ ʪʘʢʦʞ ʨʽʜʢʽ , ʰʚʠʜʢʦ ʚʠʩʠʭʘʶʯʽ ʬʘʨʙʠ  ʥʘ 

ʚʦʜʥʽʡ ʦʩʥʦʚʽ ʘʙʦ ʥʘ ʦʩʥʦʚʽ ʨʦʟʯʠʥʥʠʢʘ ʪʘ ʥʠʟʴʢʠʡ ʪʠʩʢ ʜʦʟʚʦʣʷʶʪʴ ʜʨʫʢʫʚʘʪʠ 

ʥʘ ʥʝʚʩʦʪʫʶʯʠʭ ʧʽʜʢʣʘʜʢʘʭ ʪʘ ʤʘʪʝʨʽʘʣʘʭ ʟ ʥʠʟʴʢʦʶ ʛʣʘʜʢʽʩʪʶ ʧʦʚʝʨʭʥʽ 

(ʰʦʨʩʪʢʠʤʠ) ʟʦʙʨʘʞʝʥʥʷ  ʟ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʜʦ 80 ʣʽʥʽʡ/ʩʤ, ʦʜʥʘʢ, ʮʝ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʠʧʫ ʧʽʜʢʣʘʜʢʠ ( ʫ ʚʠʧʘʜʢʫ ʜʨʫʢʫ ʥʘ ʢʘʨʪʦʥ ̔ʮʽ  ʟʥʘʯʝʥʥʷ ʩʪʘʥʦʚʣʷʪʴ 

ʚʽʜ 18 ʜʦ 54 ʣʽʥʽʡ/ʩʤ). ʋ ʬʣʝʢʩʦʛʨʘʬʽʯʥʦʤʫ ʜʨʫʮ ̔ʤʦʞʣʠʚʽ ʜʝʬʝʢʪʠ ʟʦʙʨʘʞʝʥʴ ʥʘ 

ʚʽʜʙʠʪʢʘʭ, ʦʜʥʘʢ ʮʷ ʪʝʭʥʦʣʦʛʽʷ  ʚ ʜʘʥʠʡ ʯʘʩ ʻ ʥʘʡʧʦʧʫʣʷʨʥʽʰʦʶ ʪʝʭʥʽʢʦʶ ʜʨʫʢʫ 

ʥʘ ʛʦʬʨʦʢʘʨʪʦʥʽ.  
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ʈʠʩ. 1.5. ʉʭʝʤʘ ʙʫʜʦʚʠ ʜʨʫʢʘʨʩʴʢʦʛʦ ʘʧʘʨʘʪʫ ʬʣʝʢʩʦʛʨʘʬʽʯʥʦʾ ʤʘʰʠʥʠ 

 

ʎʠʬʨʦʚʠʡ (ink jet) ʜʨʫʢ ʚ ʜʘʥʠʡ ʯʘʩ ʻ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʦʶ ʽ ʰʚʠʜʢʦ 

ʨʦʟʚʠʚʘʶʯʦʶʩ ̫ʪʝʭʥʦʣʦʛʽʻʶ, ʷʢʘ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʷʢʽʩʥʦʛʦ ʢʦʣʴʦʨʦʚʦʛʦ ʜʨʫʢʫ 

ʥʘ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʤʘʪʝʨʽʘʣʘʭ, ʚ ʪ.ʯ. ʜʣʷ ʦʟʜʦʙʣʝʥʥʷ ʧʘʢʦʚʘʥʴ. ʗʢʽʩʪʴ ʩʪʨʫʤʠʥʥʦʛʦ 

ʜʨʫʢʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʨʘʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʘʜʨʫʢʦʚʫʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʎʠʬʨʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʟʨʦʙʠʣʠ 

ʨʝʚʦʣʶʮʽʶ ʫ ʩʚʽʪʽ ʜʨʫʢʘʨʩʪʚʘ. ʋ ʥʘʰ ʯʘʩ ʮʠʬʨʦʚʠʡ ʜʨʫʢ ʦʭʦʧʣʶʻ ʧʨʠʙʣʠʟʥʦ 15% 

ʚʩʴʦʛʦ ʨʠʥʢʫ ʜʨʫʢʫ ʚ ɭʚʨʦʧʽ (ʧʨʠʙʣʠʟʥʦ 20% ʚ ʉʐɸ), ʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʜ̔ʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʮʷ ʯʘʩʪʢʘ ʽ ʥʘʜʘʣʽ ʟʨʦʩʪʘʪʠʤʝ [15]. ɿʘʚʜʷʢʠ ʯʠʩʣʝʥʥʠʤ 

ʧʝʨʝʚʘʛʘʤ, ʥʘʧʨʠʢʣʘʜ, ʤʦʞʣʠʚʦʩʪʽ ʧʝʨʩʦʥʘʣʽʟʘʮʽʾ, ʜʨʫʢʫ ʟʤʽʥʥʠʭ ʜʘʥʠʭ, ʜʨʫʢ 

ʦʜʥʦʛʦ ʧʨʠʤʽʨʥʠʢʘ ʥʘ ʚʠʤʦʛʫ (print on demand) ʪʘ ʝʢʦʥʦʤʽʯʥʽʩʪʴ ʧʨʠ ʤʘʣʠʭ 

ʥʘʢʣʘʜʘʭ ʟʨʦʙʠʣʠ ʮʠʬʨʦʚʠʡ ʜʨʫʢ ʧʦʧʫʣʷʨʥʠʤ. ʂʨʽʤ ʪʦʛʦ ʚʽʜʩʫʪʥʽʩʪʴ ʝʪʘʧʽʚ 

ʩʪʚʦʨʝʥʥʷ ʜʨʫʢʘʨʩʴʢʠʭ ʬʦʨʤ, ʧʽʜʛʦʪʦʚʢʠ ʤʘʰʠʥʠ, ʧʽʜʙʦʨʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ 

ʢʦʣʴʦʨʽʚ, ʦʯʠʱʝʥʥʷ ʜʨʫʢʘʨʩʴʢʠʭ ʩʪʘʥʮʽʡ ʪʘ ʙʘʛʘʪʦ ʽʥʰʠʭ, ʟʚʦʜʠʪʴ ʜʦ ʤʽʥʽʤʫʤʫ 

ʧʽʜʛʦʪʦʚʯʽ ʦʧʝʨʘʮʽʾ , ʩʢʦʨʦʯʫʶʯʠ ʯʘʩ ʚʠʛʦʪʦʚʣʝʥʥʷ ʟʘʤʦʚʣʝʥʥʷ. ɼʣʷ ʮʠʬʨʦʚʦʛʦ 

ʜʨʫʢʫ ʭʘʨʘʢʪʝʨʥʝ ʟʙʝʨʝʞʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ (ʧʘʧʽʨ, ʬʘʨʙʠ, ʝʣʝʤʝʥʪʠ ʜʨʫʢʘʨʩʴʢʠʭ 

ʬʦʨʤ) ʧʦʚ'ʷʟʘʥʝ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʽ ʩʢʦʨʦʯʝʥʥʷʤ ʚʠʪʨʘʪ. ʇʦʚʥʽʩʪʶ ʮʠʬʨʦʚʘ 

ʦʙʨʦʙʢʘ ʟʦʙʨʘʞʝʥʴ ʜʦʟʚʦʣʷʻ ʧʦʚʥʦʮʽʥʥʦ ʢʝʨʫʚʘʪʠ ʢʦʣʴʦʨʘʤʠ ʪʘ ʟʤʽʥʶʚʘʪʠ 

ʜʠʟʘʡʥ ʫ ʙʫʜʴ-ʷʢʠʡ ʯʘʩ. ɭ ʤʦʞʣʠʚʽʩʪʴ ʰʚʠʜʢʦʛʦ ʪʘ ʣʝʛʢʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ 
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ʧʦʚʪʦʨʥʦʛʦ ʜʨʫʢʫ, ʘʜʞʝ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʟʘʤʦʚʣʝʥʥʷ ʟʙʝʨʽʛʘʻʪʴʩʷ ʣʠʰʝ ʚ 

ʮʠʬʨʦʚʽʡ ʬʦʨʤʽ, ʪʦʤʫ ʘʨʭʽʚʫʚʘʥʥʷ ʾʾ ʥʝ ʻ ʧʨʦʙʣʝʤʦʶ ʧʨʠ ʧʦʚʪʦʨʥʦʤʫ ʜʨʫʮ.̔ ɼʦ 

ʥʝʜʦʣʽʢʽʚ ʮʠʬʨʦʚʦʛʦ ʜʨʫʢʫ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʥʠʞʯʫ ʷʢʽʩʪʴ ʚʽʜʙʠʪʢʽʚ ʫ ʧʦʨʽʚʥʷʥʥʽ 

ʟ ʦʬʩʝʪʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ [16]. ʉʫʯʘʩʥʠʡ ʧʦʣʽʛʨʘʬʽʯʥʠʡ ʨʠʥʦʢ ʥʘʩʠʯʝʥʠʡ  

ʰʠʨʦʢʠʤ ʘʩʦʨʪʠʤʝʥʪʦʤ ʢʘʨʪʦʥʫ ʽ ʛʦʬʨʦʢʘʨʪʦʥʫ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʘʢʦʚʘʥʴ. 

ʆʜʥʘʢ ʽʥʬʦʨʤʘʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ, ʷʢ ʧʨʘʚʠʣʦ, ʥʝ ʤʽʩʪʷʪʴ ʧʦʢʘʟʥʠʢʽʚ, ʟʘ ʷʢʠʤʠ 

ʤʦʞʥʘ ʧʨʦʛʥʦʟʫʚʘʪʠ ʷʢʽʩʪʴ ʦʜʝʨʞʫʚʘʥʦʾ ʧʨʦʜʫʢʮʽʾ ʽ ʧʦʚʝʜʽʥʢʫ ʤʘʪʝʨʽʘʣʫ ʚ 

ʧʨʦʮʝʩʽ ʮʠʬʨʦʚʦʛʦ ʜʨʫʢʫ. ʊʦʤʫ ʚʘʞʣʠʚʦʶ ʟʘʜʘʯʝʶ ʻ ʚʠʚʯʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʮʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʪʝʩʪʫʚʘʥʥʷ ʾʭ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʤʦʛ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ 

ʜʨʫʢʫʚʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʨʘʚʠʣʴʥʦ ʽ ʥʘʡʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʦ ʚʠʙʨʘʪʠ ʚʠʜ 

ʧʘʢʫʚʘʣʴʥʦʛʦ ʢʘʨʪʦʥʫ (ʧʘʧʝʨʫ ʯʠ ʛʦʬʨʦʢʘʨʪʦʥʫ) ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʘʢʦʚʘʥʴ. 

ʋʤʦʚʥʦ ʧʘʧʽʨ ʜʣʷ ʩʪʨʫʤʝʥʝʚʦʛʦ ʜʨʫʢʫ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʚʘ ʢʣʘʩʠ: ʙʝʟ 

ʧʦʢʨʠʪʪʷ ʪʘ ʟ ʧʦʢʨʠʪʪʷʤ. ʉʪʫʧʽʥʴ ʛʣʷʥʮʶ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʢʣʘʜʫ ʧʦʢʨʠʪʪʷ, 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʩʥʦʚʠ ʽ ʦʙʨʦʙʢʠ ʧʘʧʝʨʫ ʯʠ ʢʘʨʪʦʥʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʘʡʤʝʨʽʚ. 

ʇʨʘʡʤʝʨʠ  ʤʦʞʥʘ ʥʘʥʦʩʠʪʠ  ʚ ʣʽʥʽʶ ʟ ʧʨʦʮʝʩʦʤ ʜʨʫʢʫ ʚ ʤʘʰʠʥʽ, ʪʘ ʘʚʪʦʥʦʤʥʦ, 

ʰʣʷʭʦʤ ʥʘʥʝʩʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʶ ʤʘʪʝʨʽʘʣʫ ʚ ʦʢʨʝʤʠʭ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʧʨʠʩʪʨʦʷʭ 

ʧʝʨʝʜ ʜʨʫʢʫʚʘʥʥʷʤ. ʆʩʥʦʚʥʝ ʧʨʠʟʥʘʯʝʥʥʷ ʧʨʘʡʤʝʨʽʚ ï ʟʘʙʝʟʧʝʯʠʪʠ ʥʘʜʽʡʥʫ 

ʘʜʛʝʟʽʶ ʬʘʨʙ ʜʦ ʟʘʜʨʫʢʦʚʫʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʜʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʨʦʙʦʪʠ ʟ ʰʠʨʦʢʠʤ 

ʩʧʝʢʪʨʦʤ ʥʦʩʽʾʚ,  ʛʘʨʘʥʪʫʚʘʪʠ ʚʠʩʦʢʫ ʷʢʽʩʪʴ ʧʨʦʜʫʢʮʽʾ. ɼʣʷ ʙʽʣʴʰʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ 

ʨʝʢʦʤʝʥʜʦʚʘʥʘ ʚʠʪʨʘʪʘ ʧʨʘʡʤʝʨʘ ʩʪʘʥʦʚʠʪʴ 1-1,5 ʛ/ʤ2, ʭʦʯʘ ʧʨʠ ʚʝʣʠʢʦʤʫ 

ʚʩʤʦʢʪʫʚʘʥʥʽ ʚʠʪʨʘʪʘ ʤʦʞʝ ʙʫʪʠ ʟʙʽʣʴʰʝʥʘ. ʂʦʥʢʨʝʪʥʘ ʚʝʣʠʯʠʥʘ ʧʦʢʨʠʪʪʷ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ.   

ɼʣʷ ʜʨʫʢʫʚʘʥʥʷ ʥʘ ʛʦʬʨʦʢʘʨʪʦʥʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʮʠʬʨʦʚʠʡ (ink-jet) 

ʜʨʫʢ, ʦʩʥʦʚʥʠʡ ʧʨʠʥʮʠʧ ʷʢʦʛʦ ʧʦʣʷʛʘʻ ʫ ʢʦʥʪʨʦʣʴʦʚʘʥʦʤʫ ʧʦʜʘʚʘʥʥʽ ʢʨʘʧʝʣʴ 

ʯʦʨʥʠʣʘ ʟ ʬʦʨʩʫʥʦʢ ʜʣʷ ʜʨʫʢʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʘʜʘʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʩʠʛʥʘʣʫ ʥʘ 

ʟʘʜʨʫʢʦʚʫʚʘʥʫ ʦʩʥʦʚʫ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʧ'ʶʪʝʨʘ ʷʢ ʟʦʚʥʽʰʥʴʦʛʦ ʧʨʠʩʪʨʦ ʁ

ʫʧʨʘʚʣʽʥʥʷ, ʟʘʜʘʥʝ ʟʦʙʨʘʞʝʥʥʷ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʥʘʙʽʨ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʠʡ 

ʧʝʨʝʜʘʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʽʤʧʫʣʴʩʫ ʜʦ ʬʦʨʩʫʥʦʢ. ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʚ 

ʧʦʪʨʽʙʥʠʡ ʤʦʤʝʥʪ ʢʨʘʧʣʷ ʬʘʨʙʠ (ʯʦʨʥʠʣʘ) ʧʦʜʘʻʪʴʩʷ ʘʙʦ ʥʝ ʧʦʜʘʻʪʴʩʷ ʥʘ 

ʧʦʚʝʨʭʥʶ. ʗʢʽʩʪʴ ʚʽʜʙʠʪʢʽʚ ʮʠʬʨʦʚʦʛʦ ʜʨʫʢʫ ʢʦʥʪʨʦʣʶʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 
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ISO/TS15311-2: 2018. ʄʘʰʠʥʠ ʩʫʯʘʩʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʜʨʫʢʫ ʥʘ ʛʦʬʨʦʢʘʨʪʦʥʽ 

ʧʨʠʟʥʘʯʝʥʽ ʜʣ ̫ʥʘʥʝʩʝʥʥ̫  ʟʦʙʨʘʞʝʥʴ ʥʘ ʣʘʡʥʝʨ, ʷʢʠʡ ʧʦʪʽʤ ʢʘʰʠʨʫʻʪʴʩʷ ʜʦ 

ʛʦʬʨʦʢʘʨʪʦʥʫ, ʘ ʪʘʢʦʞ ʜʣʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʜʨʫʢʫ ʥʘ ʘʨʢʫʰʘʭ ʛʦʬʨʦʢʘʨʪʦʥʫ 

[17].  

ʆʪʞʝ, ʽʥʪʝʥʩʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʬʩʝʪʥʦʛʦ, ʬʣʝʢʩʦʛʨʘʬʽʯʥʦʛʦ ʪʘ 

ʮʠʬʨʦʚʦʛʦ ʜʨʫʢʫ ʜʣʷ ʦʟʜʦʙʣʝʥʥʷ ʧʘʢʦʚʘʥʴ ʟ ʛʦʬʨʦʢʘʨʪʦʥʫ ʪʘ ʧʽʜʚʠʱʝʥʽ ʚʠʤʦʛʠ 

ʩʧʦʞʠʚʘʯʽʚ ʜʦ ʥʝʾ ʚʠʤʘʛʘʶʪʴ ʧʦʛʣʠʙʣʝʥʦʛʦ ʚʠʚʯʝʥʥʷ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ ʥʘ ʷʢʽʩʪʴ 

ʜʨʫʢʘʨʩʴʢʠʭ ʚʽʜʙʠʪʢʽʚ. 

 

1.3. ɸʥʘʣʽʟ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʝʭʥʦʣʦʛʽʡ  ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʘʢʦʚʘʥʴ 

ʟ ʛʦʬʨʦʢʘʨʪʦʥʫ ʪʘ  ʧʦʣʽʛʨʘʬʽʯʥʠʭ ʩʧʦʩʦʙʽʚ ʾʭ ʦʟʜʦʙʣʝʥʥʷ 

ʉʪʨʽʤʢʠʡ ʨʦʟʚʠʪʦʢ ʧʘʢʫʚʘʣʴʥʦʾ ʛʘʣʫʟʽ ʪʘ ʽʥʪʝʥʩʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʝʢʦʣʦʛʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʘʢʦʚʘʥʴ ʧʨʠʚʝʨʪʘʶʪʴ ʫʚʘʛʫ 

ʜʦʩʣʽʜʥʠʢʽʚ, ʷʢʽ ʚʠʚʯʘʶʪʴ ʤʝʭʘʥʽʯʥʽ, ʪʝʭʥʦʣʦʛʽʯʥʽ, ʝʢʦʥʦʤʽʯʥʽ, ʤʘʪʝʨʽʘʣʦʟʥʘʚʯʽ, 

ʝʢʦʣʦʛʽʯʥʽ ʪʘ ʤʽʛʨʘʮʽʡʥʽ ʘʩʧʝʢʪʠ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ. ʊʘʢ, ʚ ʨʦʙʦʪʽ [18] 

ʥʘʚʦʜʷʪʴʩʷ ʪʝʦʨʝʪʠʯʥʽ ʪʘ ʤʝʪʦʜʦʣʦʛʽʯʥʽ ʟʘʩʘʜʠ ʩʫʯʘʩʥʠʭ ʝʥʝʨʛʦʦʱʘʜʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʽ ʨʦʟʛʦʨʪʦʢ ʢʘʨʪʦʥʥʦʛʦ ʧʘʢʦʚʘʥʥʷ, ʦʧʠʩʘʥʦ 

ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʪʘ ʟʘʩʦʙʠ ʚʠʛʦʪʦʚʣʝʥʥʷ ʟʘʜʨʫʢʦʚʘʥʠʭ ʨʦʟʛʦʨʪʦʢ 

ʢʘʨʪʦʥʥʠʭ ʧʘʢʦʚʘʥʴ ʥʦʞʠʮʝʚʠʤ ʨʽʟʘʥʥʷʤ. ɺʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʪʝʭʥʦʣʦʛʽʷʤʠ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʢʘʨʪʦʥʽʚ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʘʢʦʚʘʥʴ 

ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʚ ʨʦʙʦʪʽ [18]. ʌʣʝʢʩʦʛʨʘʬʽʯʥʠʡ ʜʨʫʢ, ʡʦʛʦ ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʠʚʝʨʪʘʻ 

ʫʚʘʛʫ ʙʘʛʘʪʴʦʭ ʜʦʩʣʽʜʥʠʢʽʚ ʚ ʋʢʨʘʾʥʽ ʪʘ ʩʚʽʪʽ [19-23], ʷʢʽ ʨʦʟʨʦʙʣʷʶʪʴ ʤʝʪʦʜʠ 

ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʫʩʪʘʪʢʫʚʘʥʥʷ, ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ 

ʬʘʨʙʦʧʝʨʝʥʝʩʝʥʥʷ, ʧʦʢʘʟʘʥʦ ʟʥʘʯʥʫ ʟʘʣʝʞʥʽʩʪʴ ʬʘʨʙʦʧʝʨʝʥʝʩʝʥʥʷ ʚʽʜ 

ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ ʢʦʥʪʘʢʪʫʶʯʠʭ ʧʦʚʝʨʭʦʥʴ. ʇʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʝʨʝʥʝʩʝʥʥʷ ʬʘʨʙʠ ʟ ʜʨʫʢʘʨʩʴʢʦʾ ʬʦʨʤʠ ʥʘ ʟʘʜʨʫʢʦʚʫʚʘʥʠʡ ʤʘʪʝʨʽʘʣ, ʨʝʟʫʣʴʪʘʪʠ 

ʷʢʦʛʦ ʧʦʷʩʥʶʶʪʴ ʧʦʷʚʫ ʜʝʬʝʢʪʽʚ ʜʨʫʢʫ ʥʘ  ʚʽʜʙʠʪʢʘʭ. ɸʚʪʦʨʘʤʠ ʧʽʜʪʚʝʨʜʞʝʥʦ 

ʪʝʦʨʝʪʠʯʥʝ ʧʨʠʧʫʱʝʥʥʷ ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ 

ʬʘʨʙʦʧʝʨʝʥʝʩʝʥʥʷ ʙʣʠʟʴʢʦ 0,5 ʚ ʟʦʥʽ ʢʦʥʪʘʢʪʫ çʜʨʫʢʘʨʩʴʢʘ ʬʦʨʤʘ ï 

ʟʘʜʨʫʢʦʚʫʚʘʥʠʡ ʤʘʪʝʨʽʘʣè ʟʘ ʫʤʦʚʠ, ʱʦ ʢʨʘʡʦʚʽ ʢʫʪʠ ʟʤʦʯʫʚʘʥʥʷ ʦʙʦʭ ʧʦʚʝʨʭʦʥʴ 
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ʻ ʦʜʥʘʢʦʚʠʤʠ. ʋʥʦʨʤʫʚʘʥʥʷ ʬʘʨʙʦʧʝʨʝʥʝʩʝʥʥʷ ʩʠʩʪʝʤʘʤʠ ʟ ʘʥʽʣʦʢʩʦʚʠʤʠ 

ʚʘʣʠʢʘʤʠ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʫ ʨʦʙʦʪʽ [8], ʟʦʢʨʝʤʘ ʭʘʨʘʢʪʝʨ ʨʫʭʫ ʬʘʨʙʠ ʟ ʢʦʤʽʨʦʢ 

ʘʥʽʣʦʢʩʦʚʦʛʦ ʚʘʣʠʢʘ ʨʽʟʥʦʾ ʛʝʦʤʝʪʨʽʾ, ʡʦʛʦ ʩʪʘʙʽʣʽʟʘʮʽ ̫ʧʨʠ ʚʽʜʪʚʦʨʝʥʥʽ ʪʝʢʩʪʦʚʦ-

ʽʣʶʩʪʨʘʮʽʡʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʨʽʟʥʦʛʦ ʭʘʨʘʢʪʝʨʫ. ɺʽʜʩʫʪʥʽʩʪʴ ʥʘ ʩʴʦʛʦʜʥʽ ʥʘʫʢʦʚʦ-

ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʨʝʛʫʣʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ 

ʬʘʨʙʦʧʝʨʝʥʝʩʝʥʥʷ ʘʥʽʣʦʢʩʦʚʠʤʠ ʩʠʩʪʝʤʘʤʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ 

ʜʨʫʢʘʨʩʴʢʦʛʦ ʧʨʦʮʝʩʫ, ʧʦʨʫʰʝʥʥʷ ʢʦʣʴʦʨʦʚʽʜʪʚʦʨʝʥʥʷ, ʜʝʬʝʢʪʥʦʩʪʽ ʚʽʜʙʠʪʢʽʚ. ʋ 

ʨʦʙʦʪʘʭ [25,26] ʨʦʟʨʦʙʣʝʥʽ ʤʝʪʦʜʦʣʦʛʽʯʥʽ ʦʩʥʦʚʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʧʨʦʮʝʩʫ 

ʬʣʝʢʩʦʛʨʘʬʽʯʥʦʛʦ ʜʨʫʢʫ ʝʪʠʢʝʪʢʠ ʋʌ-ʬʘʨʙʘʤʠ. ɯʥʬʦʨʤʘʮʽʡʥʽʡ ʪʝʭʥʦʣʦʛʽ ʾ

ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʋʌ-ʬʣʝʢʩʦʛʨʘʬʽʯʥʦʛʦ ʜʨʫʢʫ ʝʪʠʢʝʪʦʢ ʥʘ ʚʫʟʴʢʦ-ʨʫʣʦʥʥʠʭ 

ʤʘʰʠʥʘʭ ʧʨʠʩʚʷʯʝʥʘ ʨʦʙʦʪʘ [27]. ʈʦʙʦʪʘ [28] ʦʢʨʝʩʣʶʻ ʰʣʷʭʠ ʧʽʜʚʠʱʝʥʥʷ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʨʫʢʘʨʩʴʢʦʛʦ ʘʧʘʨʘʪʫ ʬʣʝʢʩʦʛʨʘʬʽʯʥʠʭ 

ʘʨʢʫʰʝʚʠʭ ʤʘʰʠʥ. ʊʝʦʨʝʪʠʯʥʽ ʦʩʥʦʚʠ ʚʟʘʻʤʦʜʽʾ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ, ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʽ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʧʦʪʦʢʽʚ ʫ ʜʨʫʢʘʨʩʴʢʦʤʫ ʢʦʥʪʘʢʪʽ ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʚ ʨʦʙʦʪʽ [29]. 

ʄʝʪʦʜʦʣʦʛʽʯʥʽ ʦʩʥʦʚʠ ʩʪʚʦʨʝʥʥʷ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ 

ʢʦʣʴʦʨʦʚʦʛʦ ʜʨʫʢʫ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʫ ʥʘʫʢʦʚʽʡ ʨʦʙʦʪʽ [30], ʘʜʞʝ ʷʢʽʩʪʴ ʚʽʜʙʠʪʢʽʚ 

ʧʦʚʠʥʥʘ ʚʽʜʧʦʚʽʜʘʪʠ ʚʠʤʦʛʘʤ ʟʘʤʦʚʥʠʢʽʚ ʪʘ ʥʦʨʤʘʤ ʩʪʘʥʜʘʨʪʽʚ. ʈʦʙʦʪʠ [31,32] 

ʧʨʠʩʚʷʯʝʥʽ ʜʦʩʣʽʜʞʝʥʥʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ 

ʩʝʛʤʝʥʪʘʮʽʾ ʥʘʧʦʚʥʶʚʘʯʘ ʟʦʙʨʘʞʝʥʴ ʧʘʧʝʨʫ, ʥʘ ʦʩʥʦʚʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ  ʦʧʠʩʘʥʘ ʤʦʨʬʦʣʦʛʽʷ ʧʦʚʝʨʭʥʽ ʚʽʜʙʠʪʢʫ, ʷʢʘ ʚʠʟʥʘʯʘʻ ʷʢʽʩʪʴ ʜʨʫʢʫ.  

ɺʧʣʠʚ ʨʦʟʤʽʨʽʚ ʚʦʣʦʢʥʠʩʪʦʾ ʩʪʨʫʢʪʫʨʠ ʪʘ ʢʽʣʴʢʽʩʥʠʡ ʨʦʟʧʦʜʽʣ ʨʦʟʤʽʨʽʚ 

ʥʘʧʦʚʥʶʚʘʯʘ ʚ ʧʘʧʝʨʘʭ ʥʘ ʷʢʽʩʪʴ ʟʦʙʨʘʞʝʥʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʥʥʦʾ 

ʤʽʢʨʦʩʢʦʧʽʾ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʫ ʨʦʙʦʪʽ [33]. ʋ ʨʦʙʦʪʽ [34] ʘʚʪʦʨʠ ʥʘʚʦʜʷʪʴ ʦʛʣʷʜ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʧʝʢʪʨʦʩʢʦʧʽʯʥʠʭ ʤʝʪʦʜʽʚ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʘʧʝʨʦʚʠʭ ʚʽʜʙʠʪʢʽʚ. 

ʇʨʦʙʣʝʤʫ ʷʢʦʩʪʽ ʚʽʜʙʠʪʢʽʚ, ʟʦʢʨʝʤʘ ʧʦʷʚʠ ʪʘʢʦʛʦ ʜʝʬʝʢʪʫ ʷʢ çʤʦʪʣʽʥʛè 

ʜʦʩʣʽʜʞʫʶʪʴ ʫ ʨʦʙʦʪʽ [35]. ʋ ʤʘʪʝʨʽʘʣʘʭ ʢʦʥʬʝʨʝʥʮʽʾ ʧʦʚʽʜʦʤʣʷʪʁʴʩʷ ʨʝʟʫʣʴʪʘʪʠ 

ʢʦʥʪʨʦʣʶ ʨʦʟʧʦʜʽʣʫ ʩʪʨʫʢʪʫʨʠ ʬʘʨʙʠ ʧʽʜ ʯʘʩ ʦʬʩʝʪʥʦʛʦ ʜʨʫʢʫ [36]. ʏʠʩʣʦʚʠʡ 

ʨʦʟʨʘʭʫʥʦʢ ʧʝʨʝʥʝʩʝʥʥʷ ʬʘʨʙʠ ʷʢ ʚôʷʟʢʦʾ ʥʝʩʪʠʩʣʠʚʦʾ ʨʽʜʠʥʠ ʥʘ ʧʦʨʠʩʪʫ 

ʧʦʚʝʨʭʥʶ ʤʽʞ ʦʙʝʨʪʦʚʠʤʠ ʮʠʣʽʥʜʨʘʤʠ ʜʨʫʢʘʨʩʴʢʦʾ ʤʘʰʠʥʠ ʦʧʠʩʘʥʦ ʚ ʨʦʙʦʪʽ 

[37]. ʋ ʨʦʙʦʪʘʭ [38-40] ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʫ 
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ʥʘʥʝʩʝʥʥʷ ʬʘʨʙʠ ʥʘ ʜʨʫʢʫʶʯʽ ʝʣʝʤʝʥʪʠ ʬʦʨʤʠ ʧʨʠ ʜʨʫʢʫʚʘʥʥʽ ʧʨʦʜʫʢʮʽʾ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʤʘʻ ʚʠʙʽʨ ʤʝʪʦʜʫ ʨʘʩʪʨʫʚʘʥʥʷ. ɸʚʪʦʨʠ 

ʟʘʟʥʘʯʘʶʪʴ, ʱʦ ʩʝʨʡʦʟʥʦʶ ʧʨʦʙʣʝʤʦʶ ʬʣʝʢʩʦʛʨʘʬʽʯʥʦʛʦ ʜʨʫʢʫ ʻ ʚʝʣʠʢʝ 

ʨʦʟʪʠʩʢʫʚʘʥʥʷ ï ʟʙʽʣʴʰʝʥʥʷ ʧʣʦʱʽ ʨʘʩʪʨʦʚʠʭ ʢʨʘʧʦʢ ʥʘ ʚʽʜʙʠʪʢʫ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʾʭ ʧʣʦʱʝʶ ʥʘ ʦʨʠʛʽʥʘʣʴʥʦʤʫ ʜʦʢʫʤʝʥʪʽ, ï ʦʙʫʤʦʚʣʝʥʝ ʧʝʨʰ ʟʘ ʚʩʝ ʝʣʘʩʪʠʯʥʽʩʪʶ 

ʬʣʝʢʩʦʛʨʘʬʽʯʥʦʾ ʬʦʨʤʠ. ʈʦʟʪʠʩʢʫʚʘʥʥʷ ʢʦʤʧʝʥʩʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʚʥʝʩʝʥʥʷ ʟʤʽʥ 

ʚ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʬʦʨʤʽ: ʨʦʟʤʽʨ ʢʨʘʧʦʢ ʥʘ ʜʨʫʢʘʨʩʴʢʽʡ ʬʦʨʤʽ ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ 

ʚʝʣʠʯʠʥʫ ʨʦʟʪʠʩʢʫʚʘʥʥʷ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʢʦʤʧʝʥʩʘʮʽʾ ʨʦʟʪʠʩʢʫʚʘʥʥʷ 

ʚʠʢʦʥʫʻʪʴʩʷ ʜʨʫʢʫʚʘʥʥʷ ʪʝʩʪʦʚʠʭ ʰʢʘʣ ʟ ʧʦʜʘʣʴʰʠʤ ʜʝʥʩʠʪʦʤʝʪʨʠʯʥʠʤ 

ʢʦʥʪʨʦʣʝʤ ʚʽʜʙʠʪʢʽʚ.  

ʆʜʥʽʻʶ ʟ ʧʨʦʙʣʝʤ ʬʣʝʢʩʦʛʨʘʬʽʯʥʦʛʦ ʜʨʫʢʫ ʻ ʧʦʛʘʥʝ ʟʤʦʯʫʚʘʥʥʷ ʬʘʨʙʦʶ 

ʧʦʚʝʨʭʥʽ ʜʨʫʢʫʚʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʦʩʦʙʣʠʚʦ ʧʣʘʰʦʢ. ʉʪʚʦʨʶʻʪʴʩʷ ʧʘʨʘʜʦʢʩʘʣʴʥʘ 

ʩʠʪʫʘʮʽʷ: ʪʦʚʱʠʥʘ ʰʘʨʫ ʬʘʨʙʠ ʥʘ ʜʽʣʷʥʢʘʭ ʟ ʚʽʜʥʦʩʥʦʶ ʧʣʦʱʝʶ ʨʘʩʪʨʦʚʠʭ ʪʦʯʦʢ 

95ï98% ʚʠʷʚʣʷʻʪʴʩʷ ʙʽʣʴʰʦʶ, ʥʽʞ ʥʘ ʧʣʘʰʢʘʭ. ʉʘʤʝ ʮʷ ʧʨʦʙʣʝʤʘ ʜʦʩʣʽʜʞʫʻʪʴʩʷ 

ʚ ʨʦʙʦʪʽ [41]. ɸʚʪʦʨʠ ʩʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʟʦʙʨʘʞʝʥʥʷ, ʷʢʝ ʤʽʩʪʷʪʴ ʦʙʣʘʩʪʽ ʩʫʮʽʣʴʥʦʛʦ 

ʬʦʥʫ, ʦʪʦʯʝʥʽ ʪʽʥʴʦʚʠʤʠ ʜʽʣʷʥʢʘʤʠ, ʨʝʧʨʦʜʫʢʫʻʪʴʩʷ ʥʝʢʦʨʝʢʪʥʦ: ʥʘ ʚʽʜʙʠʪʢʫ 

ʜʽʣʷʥʢʠ ʩʫʮʽʣʴʥʦʛʦ ʬʦʥʫ ʦʪʦʯʫʶʪʴ ʪʝʤʥʽ ʦʨʝʦʣʠ. ʇʦʛʘʥʝ ʟʤʦʯʫʚʘʥʥʷ ʬʘʨʙʦʶ 

ʧʣʘʰʦʢ ʥʘ ʬʦʨʤʽ ʟʘʟʚʠʯʘʡ ʥʘʤʘʛʘʶʪʴʩʷ ʢʦʤʧʝʥʩʫʚʘʪʠ ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ 

ʧʦʜʘʯʽ ʬʘʨʙʠ ʽ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʜʨʫʢʫ. ʇʨʦʪʝ ʚʝʣʠʢʘ ʜʝʬʦʨʤʘʮʽʷ ʛʥʫʯʢʦʾ 

ʜʨʫʢʘʨʩʴʢʦʾ ʬʦʨʤʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʦʛʦ ʨʦʟʪʠʩʢʫʚʘʥʥʷ ʨʘʩʪʨʦʚʠʭ ʢʨʘʧʦʢ. 

ʅʘʩʣʽʜʢʘʤʠ ʮʠʭ ʟʘʭʦʜʽʚ ʻ ʚʝʣʠʢʘ ʚʠʪʨʘʪʘ ʬʘʨʙʠ ʽ ʛʨʘʜʘʮʽʡʥʽ ʩʧʦʪʚʦʨʝʥʥʷ ʥʘ 

ʚʽʜʙʠʪʢʫ. ʎʝ ʷʚʠʱʝ ʦʧʠʩʫʻʪʴʩʷ ʚ ʨʦʙʦʪʽ [42]. ɸʥʘʣʽʟ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ 

ʬʣʝʢʩʦʛʨʘʬʽʯʥʦʛʦ ʜʨʫʢʫ ʧʦʢʘʟʫʻ, ʱʦ ʚʠʟʥʘʯʘʣʴʥʠʤ ʜʣʷ ʷʢʦʩʪʽ ʚʽʜʙʠʪʢʽʚ ʻ ʚʠʙʽʨ 

ʘʥʽʣʦʢʩʦʚʠʭ ʚʘʣʠʢʽʚ, ʟ ʧʝʚʥʦʶ ʬʦʨʤʦʶ ʢʦʤʽʨʢʠ ʪʘ ʧʦʢʨʠʪʪʷ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʜʦʩʣʽʜʞʝʥʴ ʢʦʤʧʘʥʽʷ Zeller+Gmelin ʧʨʠ ʜʨʫʢʫʚʘʥʥʽ ʋʌ-ʬʘʨʙʘʤʠ UVAFLEX Y77 

ʨʝʢʦʤʝʥʜʫʻ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʘʥʽʣʦʢʩʦʚʽ ʚʘʣʠʢʠ ʟ ʣʽʥʽʘʪʫʨʦʶ 400 ʣʽʥ/ʩʤ ʽ ʦʙôʻʤʦʤ 

ʢʦʤʽʨʦʢ 2,7 ʩʤ3/ʤ2 ʜʣʷ ʛʦʣʫʙʦʾ ʬʘʨʙʠ, 4,0 ʩʤ3/ʤ2 ʜʣʷ ʧʫʨʧʫʨʥʦʾ ʽ ʞʦʚʪʦʾ ʪʘ 4,5 

ʩʤ3/ʤ2 ʜʣʷ ʯʦʨʥʦʾ ʬʘʨʙʠ, ʱʦ ʧʦʚʠʥʥʦ ʩʧʨʠʷʪʠ ʧʦʢʨʘʱʝʥʥʶ ʷʢʦʩʪʽ ʬʘʨʙʦʧʝʨʝʜʘʯʽ. 

ɸʚʪʦʨʠ ʩʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʜʣʷ ʫʥʠʢʥʝʥʥʷ ʧʦʷʚʠ ʤʫʘʨʫ, ʨʘʩʪʨʦʚʘ ʩʪʨʫʢʪʫʨʘ, ʷʢʘ 

ʬʦʨʤʫʻʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ ʜʨʫʢʘʨʩʴʢʦʾ ʬʦʨʤʠ, ʧʦʚʠʥʥʘ ʙʫʪʠ ʧʦʚʝʨʥʝʥʘ ʱʦʜʦ 



51 

ʩʪʨʫʢʪʫʨʠ ʘʥʽʣʦʢʩʦʚʦʛʦ ʚʘʣʠʢʘ ʥʘ ʢʫʪ 15 ʽ 45 ʛʨʘʜʫʩʽʚ [43]. ʋ ʨʦʙʦʪʽ [44] 

ʟʘʟʥʘʯʘʻʪʴʩʷ, ʱʦ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʦʧʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ ʚʽʜʙʠʪʢʽʚ ʤʘʶʪʴ 

ʜʨʫʢʘʨʩʴʢʦ-ʪʝʭʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʬʘʨʙʦʚʠʭ ʚʘʣʠʢʽʚ. ɺʽʜʦʤʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ 

ʧʽʜʚʠʱʝʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʬʣʝʢʩʦʛʨʘʬʽʯʥʠʡ ʜʨʫʢ. ʇʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʨʠʩʢʦʨʝʥʥʷ ʚʠʩʠʭʘʥʥʷ ʬʘʨʙʠ ʥʘ ʚʽʜʙʠʪʢʘʭ, ʘʣʝ ʚʦʜʥʦʯʘʩ ʤʦʞʝ 

ʩʧʨʠʯʠʥʷʪʠ ʧʦʛʽʨʰʝʥʥʷ ʜʨʫʢʫ. ɿʘʥʘʜʪʦ ʚʠʩʦʢʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʩʫʰʘʨʮʽ ʤʦʞʝ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʨʦʟʪʷʛʫʚʘʥʥʷ ʚʽʜʙʠʪʢʘ, ʱʦ ʧʦʚôʷʟʘʥʦ ʽʟ ʧʽʜʚʠʱʝʥʥʷʤ ʥʘʪʷʛʫ ʩʪʨʽʯʢʠ. 

ɿʘ ʪʘʢʠʭ ʞʝ ʫʤʦʚ, ʙʝʟ ʜʦʩʪʘʪʥʴʦʾ ʢʽʣʴʢʦʩʪʽ ʦʭʦʣʦʜʞʫʚʘʣʴʥʠʭ ʚʘʣʠʢʽʚ ʤʽʞ ʩʫʰʢʦʶ 

ʽ ʥʘʤʦʪʫʚʘʥʥʷʤ ʟʘʜʨʫʢʦʚʘʥʦʾ ʩʪʨʽʯʢʠ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʽʜʤʘʨʶʚʘʥʥʷ ʯʠ ʟʣʠʧʘʥʥʷ 

ʜʨʫʢʘʨʩʴʢʦʾ ʬʘʨʙʠ [45]. ʌʘʢʪʦʨʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʷʢʦʩʪʽ ʬʣʝʢʩʦʛʨʘʬʽʯʥʦʛʦ ʜʨʫʢʫ 

ʦʧʠʩʘʥʦ ʚ ʨʦʙʦʪʽ [46-49]. ʆʩʢʽʣʴʢʠ ʬʣʝʢʩʦʛʨʘʬʽʯʥʠʡ ʜʨʫʢ ʩʴʦʛʦʜʥʽ ʟʘʡʤʘʻ ʟʥʘʯʥʝ 

ʤʽʩʮʝ ʧʨʠ ʦʟʜʦʙʣʝʥʥʽ ʧʘʢʦʚʘʥʴ ʜʣʷ ʭʘʨʯʦʚʦʾ ʪʘ ʬʘʨʤʘʮʝʚʪʠʯʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, 

ʫʚʘʛʘ ʧʨʠʚʝʨʥʫʪʘ ʜʦ ʜʦʩʣʽʜʞʝʥʥʷ ʬʘʨʙ ʟ ʥʠʟʴʢʦʶ ʤʽʛʨʘʮʽʻʶ, ʱʦʙ ʟʨʦʙʠʪʠ 

ʙʝʟʧʝʯʥʠʤʠ ʧʘʢʦʚʘʥʥʷ. ʋʚʘʛʫ ʜʦʩʣʽʜʥʠʢʽʚ ʧʨʠʚʝʨʪʘʶʪʴ ʧʨʦʙʣʝʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʋʌ-ʬʘʨʙ ʢʘʪʽʦʥʥʦʾ ʘʙʦ ʨʘʜʠʢʘʣʴʥʦʾ ʧʦʣʽʤʝʨʠʟʘʮʽʾ ʜʣʷ ʬʣʝʢʩʦʜʨʫʢʫ ʥʘ 

ʧʘʢʫʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʘʭ ʜʣʷ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ. ɼʦʩʣʽʜʞʝʥʥʷ ʯʠʥʥʠʢʽʚ, ʷʢʽ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʨʦʮʝʩ ʧʝʨʝʥʝʩʝʥʥʷ ʬʘʨʙʠ ʥʘ ʟʘʜʨʫʢʦʚʫʚʘʥʠʡ ʤʘʪʝʨʽʘʣ, ʧʦʢʘʟʘʥʽ ʚ 

ʨʦʙʦʪʽ [48]. ʆʜʥʘʢ ʮʽ ʧʨʦʮʝʩʠ ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʰʣʷʭʦʤ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʨʦʙʥʠʯʠʭ 

ʩʠʪʫʘʮʽʡ ʽ ʥʝ ʚʨʘʭʦʚʫʶʪʴʩʷ ʨʝʘʣʴʥʽ ʫʤʦʚʠ ʜʨʫʢʫʚʘʥʥʷ. ʌʘʢʪʦʨʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʷʢʦʩʪʽ ʬʣʝʢʩʦʛʨʘʬʽʯʥʦʛʦ ʜʨʫʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʥʦʞʠʥʠ ʣʽʥʛʚʽʩʪʠʯʥʠʭ ʟʤʽʥʥʠʭ 

ʥʘʚʝʜʝʥʽ ʚ ʨʦʙʦʪʽ [49]. ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʚʧʣʠʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ 

ʜʨʫʢʫʚʘʥʥʷ ʥʘ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ. ʇʨʦʪʝ ʘʚʪʦʨʠ ʥʝ ʧʨʦʚʦʜʷʪʴ ʛʣʠʙʦʢʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʧʨʦʙʥʠʭ ʚʽʜʙʠʪʢʽʚ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʷʢʽʩʪʴ ʤʘʡʙʫʪʥʴʦʾ 

ʥʘʜʨʫʢʦʚʘʥʦʾ ʧʨʦʜʫʢʮʽʾ. ɸʜʞʝ ʫ ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚʘʭ ʨʽʰʝʥʥʷ ʧʨʦ ʜʨʫʢʫʚʘʥʥʷ 

ʪʠʨʘʞʫ ʧʨʠʡʤʘʻʪʴʩʷ ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ ʥʝʦʙʭʽʜʥʦʛʦ ʨʽʚʥʷ ʷʢʦʩʪʽ ʥʘ ʝʪʘʧʽ ʦʪʨʠʤʘʥʥʷ 

ʧʨʦʙʥʠʭ ʚʽʜʙʠʪʢʽʚ. ʉʘʤʝ ʥʘ ʮʴʦʤʫ ʝʪʘʧʽ ʻ ʱʝ ʟʤʦʛʘ ʚʽʜʢʦʨʠʛʫʚʘʪʠ ʦʢʨʝʤʽ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʨʝʞʠʤʠ ʪʘ ʧʘʨʘʤʝʪʨʠ ʜʨʫʢʫʚʘʥʥʷ ʧʨʦʜʫʢʮʽʾ. ʊʦʤʫ ʪʘʢʠʤ ʚʘʞʣʠʚʠʤ ʻ 

ʧʨʦʮʝʩ ʦʪʨʠʤʘʥʥʷ ʧʨʦʙʥʠʭ ʚʽʜʙʠʪʢʽʚ ʥʘ ʧʨʦʙʦʜʨʫʢʘʨʩʴʢʦʤʫ ʦʙʣʘʜʥʘʥʥʽ, ʱʦʙ 

ʧʦʧʝʨʝʜʥʴʦ ʚʠʟʥʘʯʠʪʠ ʾʭ ʜʝʥʩʠʪʦʤʝʪʨʠʯʥʽ ʧʦʢʘʟʥʠʢʠ ʽ ʟʘʙʝʟʧʝʯʠʪʠ ʷʢʽʩʪʴ 

ʤʘʡʙʫʪʥʴʦʛʦ ʪʠʨʘʞʫ ʥʘʜʨʫʢʦʚʘʥʦʾ ʧʨʦʜʫʢʮʽʾ.  
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ɺ ʨʦʙʦʪʽ [50] ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʧʦʨʽʚʥʷʥʥʷ ʩʧʝʢʪʨʦʬʦʪʦʛʨʘʬʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʘʧʝʨʽʚ ʪʘ ʚʽʜʙʠʪʢʽʚ ʥʘ ʥʠʭ, ʘʚʪʦʨʠ ʧʽʜʪʚʝʨʜʞʫʶʪʴ, ʟʥʘʥʥʷ ʪʘʢʦʾ 

ʨʽʟʥʠʮʽ ʧʦʢʘʟʥʠʢ̔ ʚ ʚʘʞʣʠʚʦ ʜʣʷ ʧʦʣʝʛʰʝʥʥʷ ʪʦʯʥʦʛʦ ʦʙʤʽʥʫ ʜʘʥʠʤʠ ʤʽʞ 

ʧʘʧʝʨʦʚʦʶ ʪʘ ʧʦʣʽʛʨʘʬʽʯʥʦʶ ʛʘʣʫʟʟʶ, ʘ ʪʘʢʦʞ ʜʣʷ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʚʠʤʽʨʶʚʘʥʴ 

ʷʢʦʩʪʽ ʚʽʜʙʠʪʢʽʚ. ʋ ʨʦʙʦʪʽ [51]ʘʚʪʦʨ ʨʦʟʛʣʷʜʘʻ ʤʦʞʣʠʚʦʩʪʽ ʤʦʜʠʬʽʢʘʮʽʾ ʧʦʚʝʨʭʥʽ 

ʛʦʬʨʦʢʘʨʪʦʥʫ ʧʦʣʝʦʣʝʬʽʥʘʤʠ ʜʣʷ ʧʦʣʽʧʰʝʥʥʷ ʾʾ ʚʣʘʩʪʠʚʦʩʪʝʡ. ʂʘʨʪʦʥʥʘ 

ʫʧʘʢʦʚʢʘ ʟʘ ʞʠʪʪʷ ʧʝʨʝʞʠʚʘʻ 5-7 ʮʠʢʣʽʚ ʧʝʨʝʨʦʙʢʠ. ʂʦʞʥʘ ʨʝʽʥʢʘʨʥʘʮʽʷ ʢʦʨʦʪʰʘ 

ʟʘ ʧʦʧʝʨʝʜʥʶ, ʦʩʢʽʣʴʢʠ ʧʨʠ ʢʦʞʥʦʤʫ ʮʠʢʣʽ ʧʝʨʝʨʦʙʢʠ ʷʢʽʩʪʴ ʢʘʨʪʦʥʫ ʥʝʤʠʥʫʯʝ 

ʧʦʛʽʨʰʫʻʪʴʩʷ. ɺ ʨʦʙʦʪ ̔ [52] ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʨʦʟʨʘʭʫʥʢʫ ʩʪʽʡʢʦʩʪʽ 

ʛʦʬʨʦʢʘʨʪʦʥʫ ʜʦ ʟʜʘʚʣʶʚʘʥʥʷ ʩʪʦʚʧʘ ʥʘ ʦʩʥʦʚʽ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʰʘʨʽʚ 

ʢʘʨʪʦʥʫ ʪʘ ʡʦʛʦ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʣʽʥʽʡʥʽʡ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ ʪʘ ʚʨʘʭʦʚʫʻ ʤʦʞʣʠʚʽʩʪʴ ʚʪʨʘʪʠ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ 

ʧʨʦʬʥʘʩʪʠʣʫ ʚʥʘʩʣʽʜʦʢ ʡʦʛʦ ʛʣʦʙʘʣʴʥʦʛʦ ʪʘ ʣʦʢʘʣʴʥʦʛʦ ʧʨʦʛʠʥʫ ʘʙʦ ʟʤʠʥʘʥʥʷ 

ʦʢʨʝʤʠʭ ʰʘʨʽʚ. ɸʚʪʦʨʠ [53] ʜʦʩʣʽʜʞʫʶʪʴ ʚʧʣʠʚ ʬʦʨʤʠ ʛʦʬʨʠ ʥʘ ʤʽʮʥʽʩʪʴ 

ʛʦʬʨʦʢʘʨʪʦʥʫ, ʟʦʢʨʝʤʘ ʥʘ ʨʦʟʜʘʚʣʶʚʘʥʥʷ ʧʦ ʢʨʘʷʭ ʽ ʞʦʨʩʪʢʽʩʪʴ ʥʘ ʟʛʠʥ ʧʨʠ 

ʚʠʛʦʪʦʚʣʝʥʥʽ ʧʘʢʦʚʘʥʴ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʝʣʽʥʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʦʧʠʩʫ 

ʝʣʝʤʝʥʪʽʚ ʛʦʬʨʦʢʘʨʪʦʥʫ. ʋʚʘʛʫ ʜʦʩʣʽʜʥʠʢʽʚ ʧʨʠʚʝʨʪʘʶʪʴ ʨʦʟʨʦʙʢʠ ʤʦʜʝʣʝʡ ʜʣʷ 

ʘʥʽʟʦʪʨʦʧʥʦʾ ʧʨʫʞʥʦʧʣʘʩʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʧʘʧʝʨʫ, ʢʘʨʪʦʥʫ ʪʘ ʛʦʨʦʢʘʨʪʦʥʫ [54].  

ʋ ʨʦʙʦʪʘʭ [55,56] ʜʦʩʣʽʜʞʝʥʦ ʢʣʘʩʠʬʽʢʘʮʽʡʥʽ ʦʟʥʘʢʠ ʩʫʯʘʩʥʦʛʦ 

ʫʩʪʘʪʢʫʚʘʥʥʷ ʜʣʷ ʢʘʰʠʨʫʚʘʥʥʷ ʤʽʢʨʦʛʦʬʨʦʢʘʨʪʦʥʫ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚ 

ʢʘʰʠʨʫʚʘʣʴʥʦʤʫ ʧʨʠʩʪʨʦʾ ʦʨʠʛʽʥʘʣʴʥʫ ʢʦʥʩʪʨʫʢʮʽʶ ʢʣʝʡʦʚʦʛʦ ʘʧʘʨʘʪʫ, ʜʝ 

ʢʣʝʡʦʥʘʥʦʩʥʠʡ ʚʘʣʠʢ ʚʠʢʦʥʘʥʠʡ ʟ ʜʠʩʢʽʚ ʤʝʥʰʦʛʦ ʽ ʙʽʣʴʰʦʛʦ ʜʽʘʤʝʪʨʽʚ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʟʤʝʥʰʝʥʥʷ ʜʝʬʦʨʤʘʮʽʡʥʠʭ ʷʚʠʱ ʪʘ ʚʠʪʨʘʪ ʢʣʝʶ ʧʨʠ ʢʘʰʠʨʫʚʘʥʥʽ 

ʤʽʢʨʦʛʦʬʨʦʢʘʨʪʦʥʫ; ʜʦʩʣʽʜʞʝʥʦ ʥʘʧʨʫʞʝʥʦïʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʩʢʣʘʜʦʚʠʭ 

ʤʽʢʨʦʛʦʬʨʦʢʘʨʪʦʥʫ ʧʨʠ ʢʘʰʠʨʫʚʘʥʥʽ ʪʘ ʦʧʠʩʘʥʦ ʾʭ ʟʤʽʥʠ ʤʘʪʝʤʘʪʠʯʥʠʤʠ 

ʤʦʜʝʣʷʤʠ; ʜʦʩʣʽʜʞʝʥʦ ʢʽʥʝʪʠʢʫ ʟʤʦʯʫʚʘʥʥʷ ʢʣʝʻʤ ʩʢʣʘʜʦʚʠʭ ʢʘʰʠʨʦʚʘʥʦʛʦ 

ʤʽʢʨʦʛʦʬʨʦʢʘʨʪʦʥʫ, ʚʠʷʚʣʝʥʦ ʦʩʦʙʣʠʚʦʩʪʽ ʾʭ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʪʘ ʚʠʟʥʘʯʝʥʦ 

ʬʘʢʪʦʨʠ ʚʧʣʠʚʫ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʧʦʢʘʟʥʠʢʠ ʧʨʦʜʫʢʮʽʾ, ʤʝʭʘʥʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʽʢʨʦʛʦʬʨʦʢʘʨʪʦʥʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʷʢʽʩʪʴ ʧʨʦʜʫʢʮʽʾ ʪʘ 

ʩʪʘʙʽʣʴʥʽʩʪʴ ʨʦʙʦʪʠ ʢʘʰʠʨʫʚʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ.  
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ʋ ʨʦʙʦʪʘʭ [57-68] ʜʦʩʣʽʜʞʫʪʁʴʩʷ ʩʧʦʩʦʙʠ ʜʨʫʢʫʚʘʥʥʷ ʥʘ ʛʦʬʨʦʢʘʨʪʦʥʽ, 

ʟʦʢʨʝʤʘ ʮʠʬʨʦʚʠʡ ʜʨʫʢ; ʚʧʣʠʚ ʚʦʣʦʛʦʩʪʽ ʥʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʣʘʡʥʝʨʫ, ʡʦʛʦ ʩʢʣʘʜʦʚʠʭ ʥʘ ʩʪʨʫʢʪʫʨʥʫ ʮʽʣʽʩʥʽʩʪʴ ʪʘ ʟʜʘʪʥʽʩʪʴ ʜʦ 

ʟʘʜʨʫʢʦʚʫʚʘʥʥʷ. ɸʚʪʦʨʠ ʨʦʙʣʷʪʴ ʩʧʨʦʙʫ ʢʽʣʴʢʽʩʥʦ ʾʦʮʽʥʢʠ ʜʨʫʢʦʚʘʥʠʭ ʟʦʙʨʘʞʝʥʴ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʪʦʪʥʦʛʦ ʘʥʘʣʽʟʫ, ʚʠʚʯʘʶʪʴ ʧʨʠʯʠʥʠ ʜʝʬʦʨʤʫʚʘʥʥʷ 

ʛʦʬʨʦʢʘʨʪʦʥʫ.  

ɸʥʘʣʽʟ ʤʘʨʢʝʪʠʥʛʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʫʻ, ɦ ʦ ʩʫʯʘʩʥʝ ʧʘʢʦʚʘʥʥʷ ʧʦʚʠʥʥʦ 

ʥʝ ʪʽʣʴʢʠ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʪʨʠʚʘʣʝ ʟʙʝʨʽʛʘʥʥʷ ʪʦʚʘʨʫ, ʘʣʝ ʡ ʥʘʜʽʡʥʦ ʟʘʭʠʱʘʪʠ ʪʦʚʘʨ 

ʚʽʜ ʧʽʜʨʦʙʢʠ, ʤʝʭʘʥʽʯʥʠʭ ʧʦʰʢʦʜʞʝʥʴ ʽ ʟʘʙʨʫʜʥʝʥʴ, ʙʫʪʠ ʧʨʠʚʘʙʣʠʚʠʤ ʜʣʷ 

ʩʧʦʞʠʚʘʯʘ, ʚʽʜʧʦʚʽʜʘʪʠ ʚʠʤʦʛʘʤ ʽ ʩʧʝʮʠʬʽʯʥʠʤ ʫʧʦʜʦʙʘʥʥʷʤ ʧʦʢʫʧʮʽʚ. ʊʦʤʫ 

ʚʠʙʽʨ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʦʟʜʦʙʣʝʥʥʷ ʧʘʢʫʚʘʣʴʥʦʾ ʧʨʦʜʫʢʮʽʾ ʻ 

ʚʽʜʧʦʚʽʜʘʣʴʥʠʤ ʝʪʘʧʦʤ ʚʠʨʦʙʥʠʮʪʚʘ, ʥʘ ʷʢʠʡ ʚʧʣʠʚʘʻ ʨʷʜ ʬʘʢʪʦʨʽʚ, ʟʦʢʨʝʤʘ  ʚʠʜ 

ʧʘʢʦʚʘʥʥʷ, ʡʦʛʦ ʢʦʥʩʪʨʫʢʮʽʷ ʪʘ ʧʨʠʟʥʘʯʝʥʥʷ, ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʤʘʪʝʨʽʘʣʽʚ, ʾʭ ʙʘʨôʻʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ.  ʆʩʢʽʣʴʢʠ ʨʠʥʦʢ ʧʘʢʫʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʫʞʝ 

ʨʽʟʥʦʤʘʥʽʪʥʠʡ, ʚʘʞʣʠʚʠʤʠ ʻ ʧʦʰʫʢʠ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʦʟʜʦʙʣʝʥʥʷ ʧʘʢʦʚʘʥʴ ʪʘ ʾʭ 

ʟʘʭʠʩʪʫ ʚʽʜ ʧʽʜʨʦʙʢʠ ʧʦʣʽʛʨʘʬʽʯʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ. ʎʝ ʚʠʤʘʛʘʻ ʛʣʠʙʦʢʠʭ  

ʜʦʩʣʽʜʞʝʥʴ ʪʦʧʦʛʨʘʬʽʾ ʪʘ ʚʥʫʪʨʽʰʥʴʦʾ ʩʪʨʫʢʪʫʨʠ  ʘʜʛʝʟʠʚʽʚ (ʧʦʣʽʛʨʘʬʽʯʥʠʭ ʬʘʨʙ, 

ʣʘʢʽʚ, ʢʣʝʾʚ ʪʦʱʦ) ʽ ʩʫʙʩʪʨʘʪʽʚ, ʘʜʞʝ ʚʽʜ ʥʠʭ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʟʘʣʝʞʠʪʴ ʷʢʽʩʪʴ 

ʥʘʜʨʫʢʦʚʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʘʢʦʚʘʥʴ, ʾʭ 

ʝʢʦʣʦʛʽʯʥʽʩʪʴ ʪʘ ʙʝʟʧʝʯʥʽʩʪʴ ʜʣʷ ʩʧʦʞʠʚʘʯʘ ʽ ʜʦʚʢʽʣʣʷ.  

ʆʜʥʽʻʶ ʟ ʥʘʡʧʦʧʫʣʷʨʥʽʰʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʮʝʩʫ ʦʟʜʦʙʣʝʥʥʷ 

ʧʘʢʦʚʘʥʴ  ʻ ʣʘʢʫʚʘʥʥʷ, ʷʢʝ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʙʘʛʘʪʦ ʚʽʟʫʘʣʴʥʠʭ ʝʬʝʢʪʽʚ ʦʙʨʦʙʢʠ 

ʧʦʚʝʨʭʥʽ, ʥʘʜʘʻ ʾʡ ʙʘʞʘʥʠʭ ʝʩʪʝʪʠʯʥʠʭ ʬʫʥʢʮʽʡ, ʙʫʜʫʯʠ ʧʨʠ ʮʴʦʤʫ ʟʘʭʠʩʥʠʤ 

ʰʘʨʦʤ ʜʣʷ ʩʫʙʩʪʨʘʪʫ ʘʙʦ ʚʽʜʙʠʪʢʫ ʥʘ ʥʴʦʤʫ. ʐʘʨ ʣʘʢʫ ʤʦʞʝ ʧʦʢʨʠʚʘʪʠ ʷʢ ʚʩʶ 

ʧʦʚʝʨʭʥʶ ʚʽʜʙʠʪʢʘ, ʪʘʢ ʽ ʡʦʛʦ ʚʠʜʽʣʝʥʽ ʬʨʘʛʤʝʥʪʠ, ʩʪʚʦʨʶʶʯʠ ʚʨʘʞʝʥʥʷ 

ʪʨʠʚʠʤʽʨʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ. ʃʘʢ ʤʦʞʝ ʙʫʪʠ ʧʦʚʥʽʩʪʶ ʧʨʦʟʦʨʠʤ, ʪʦʤʫ ʚʽʥ ʥʝ 

ʟʤʽʥʠʪʴ ʢʦʣʽʨʥʝ ʟʦʙʨʘʞʝʥʥʷ ʜʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʇʨʘʚʠʣʴʥʦ ʧʽʜʽʙʨʘʥʠʡ ʣʘʢ ʤʦʞʝ 

ʧʽʜʢʨʝʩʣʠʪʠ ʭʘʨʘʢʪʝʨ ʥʘʜʨʫʢʦʚʘʥʠʭ ʟʦʙʨʘʞʝʥʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʬʝʢʪʫ ʙʣʠʩʢʫ, 

ʤʘʪʫʚʘʥʥʷ ʘʙʦ ʤʽʩʪʠʪʠ ʩʧʝʮʽʘʣʴʥʽ ʜʦʙʘʚʢʠ ʚ ʩʚʦʾʡ ʩʪʨʫʢʪʫʨʽ (ʥʘʧʨʠʢʣʘʜ, ʨʽʟʥʽ 

ʚʠʜʠ ʧʽʛʤʝʥʪʽʚ). ʇʨʠʢʣʘʜʘʤʠ ʪʘʢʦʛʦ ʟʘʭʠʩʪʫ ʤʦʞʫʪʴ ʙʫʪʠ ʝʪʠʢʝʪʢʠ ʽ ʧʘʢʦʚʘʥʥʷ, 
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ʤʘʨʢʫʚʘʥʥʷ ʥʘ ʷʢʠʭ, ʥʘʜʨʫʢʦʚʘʥʽ ʪʝʨʤʦ- ʽ ʬʦʪʦʭʨʦʤʥʠʤʠ, ʘʨʦʤʦʬʘʨʙʘʤʠ, 

ʣʶʤʽʥʝʩʮʝʥʪʥʠʤʠ, ʬʝʨʦʤʘʛʥʽʪʥʠʤʠ ʬʘʨʙʘʤʠ, ʋʌ-ʬʘʨʙʘʤʠ ʪʦʱʦ [69].  

ɺʽʜʦʤʠʡ ʩʧʦʩʽʙ ʦʟʜʦʙʣʝʥʥʷ ʨʝʢʣʘʤʥʦʾ ʜʨʫʢʦʚʘʥʦʾ  ʧʨʦʜʫʢʮʽʾ, ʷʢʠʡ ʚʢʣʶʯʘʻ 

ʥʘʥʝʩʝʥʥʷ ʜʨʫʢʦʚʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʦʬʩʝʪʥʠʤ ʜʨʫʢʦʤ  ʪʘ ʧʦʢʨʠʪʪʷ ʡʦʛʦ ʫ ʤʽʩʮʷʭ 

ʘʨʦʤʘʪʠʟʘʮʽʾ ʦʜʥʦʯʘʩʥʦ ʣʘʢʘʤʠ ʟ ʨʽʟʥʠʤʠ ʤʽʢʨʦʢʘʧʩʫʣʴʦʚʘʥʠʤʠ 

ʘʨʦʤʘʪʠʟʘʪʦʨʘʤʠ. ʗʢ ʟʘʫʚʘʞʫʶʪʴ ʜʦʩʣʽʜʥʠʢʠ [70-76], ʚʘʞʣʠʚʠʤ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʧʨʦʮʝʩʫ ʚʠʚʽʣʴʥʝʥʥʷ ʘʨʦʤʘʪʫ ʧʨʠ ʦʜʥʦʯʘʩʥʽʡ ʩʪʽʡʢʦʩʪʽ ʘʨʦʤʦʚʽʜʙʠʪʢʽʚ ʜʦ 

ʩʪʠʨʘʥʥʷ ʧʨʠ ʟʘʢʨʠʪʽʡ ʧʨʝʟʝʥʪʘʮʽʾ ʪʘ ʩʪʽʡʢʽʩʪʴ ʬʣʫʦʨʝʩʮʝʥʪʥʠʭ ʚʽʜʙʠʪʢʽʚ ʜʦ 

ʩʚʽʪʣʘ ʪʘ ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʚ ʦʙʦʭ ʚʠʧʘʜʢʘʭ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʽʛʤʝʥʪʫ 

ʥʘ ʧʦʚʝʨʭʥʽ ʟʦʙʨʘʞʝʥʥʷ ʽ ʪʦʚʱʠʥʠ ʥʘʥʝʩʝʥʦʛʦ ʰʘʨʫ ʣʘʢʫ ʥʘ ʩʫʙʩʪʨʘʪʽ. ʊʦʤʫ 

ʘʢʪʫʘʣʴʥʠʤʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʥʘʜʨʫʢʦʚʘʥʠʭ ʟʦʙʨʘʞʝʥʴ. 

ʉʴʦʛʦʜʥʽ ʻ ʜʦʩʠʪʴ ʧʦʧʫʣʷʨʥʦʶ ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʧʘʢʦʚʘʥʴ ʯʠ ʪʦʚʘʨʽʚ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʋʌ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʽʜ ʯʘʩ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʣʫʦʨʝʩʮʝʥʪʥʠʭ 

ʢʦʤʧʦʟʠʮʽʡ. ʊʝʭʥʦʣʦʛʽʷ ʣʘʢʫʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʣʘʢʽʚ, ʱʦ ʤʽʩʪʷʪʴ 

ʣʶʤʽʥʝʩʮʝʥʪʥʽ ʧʽʛʤʝʥʪʠ, ʻ ʦʜʥʠʤ ʽʟ ʤʝʪʦʜʽʚ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʡʢʨʘʱʠʤ 

ʧʽʜʭʦʜʦʤ ʜʦ ʙʦʨʦʪʴʙʠ ʟ ʧʽʜʨʦʙʢʘʤʠ ʟʘʚʜʷʢʠ ʥʠʟʴʢʽʡ ʩʦʙʽʚʘʨʪʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ, 

ʝʢʦʣʦʛʽʯʥʦʩʪʽ ʽ, ʥʘʩʘʤʧʝʨʝʜ, ʩʢʣʘʜʥʦʩʪʽ ʧʽʜʨʦʙʢʠ. ɿʘʭʠʱʝʥʠʡ ʚ ʪʘʢʠʡ ʩʧʦʩʽʙ 

ʚʽʜʙʠʪʦʢ ʘʙʦ ʛʦʪʦʚʠʡ ʧʨʦʜʫʢʪ ʪʘʢʦʞ ʧʦʚʠʥʝʥ ʚʽʜʧʦʚʽʜʘʪʠ ʽʥʰʠʤ ʚʠʤʦʛʘʤ ʱʦʜʦ 

ʷʢʦʩʪʽ ʪʘ ʜʦʚʛʦʚʽʯʥʦʩʪʽ, ʟʦʢʨʝʤʘ ʧʦʚʠʥʝʥ ʤʘʪʠ ʜʦʙʨʫ ʩʪʽʡʢʽʩʪʴ ʜʦ ʩʪʠʨʘʥʥʷ (ʷʢ 

ʩʫʭʦʛʦ, ʪʘʢ ʽ ʚʦʣʦʛʦʛʦ), ʨʽʟʥʠʭ ʨʦʟʯʠʥʥʠʢʽʚ ʽ ʭʽʤʽʯʥʠʭ ʨʝʯʦʚʠʥ. ʂʨʽʤ ʪʦʛʦ ʻ ʧʝʚʥʽ 

ʚʠʤʦʛʠ ʜʦ ʨʦʟʤʽʨʽʚ ʯʘʩʪʠʥʦʢ ʧʽʛʤʝʥʪʫ, ʷʢʽ ʥʝ ʧʦʚʠʥʥʽ ʩʪʚʦʨʶʚʘʪʠ ʧʝʨʝʰʢʦʜ ʧʨʠ 

ʜʨʫʢʫʚʘʥʥʽ ʨʽʟʥʠʤʠ ʩʧʦʩʦʙʘʤʠ. 

ɺʽʜʦʤʦ, ʱʦ ʬʣʫʦʨʝʩʮʝʥʪʥʽ ʧʽʛʤʝʥʪʠ ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴ ʜʦʚʛʦʛʦ ʧʝʨʽʦʜʫ 

ʩʚʽʪʽʥʥʷ. ʗʢ ʪʽʣʴʢʠ ʟʥʠʢʘʻ ʋʌ-ʜʞʝʨʝʣʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʩʚʽʪʣʘ, ʬʣʫʦʨʝʩʮʝʥʮʽʷ 

ʧʨʠʧʠʥʷʻʪʴʩʷ. ʊʦʤʫ ʽʥʪʝʥʩʠʚʥʦ ʟʘʨʘʟ ʚʝʜʫʪʴʩʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʛʘʣʫʟʽ 

ʥʘʥʦʪʝʭʥʦʣʦʛʽʡ. ʅʘʧʨʠʢʣʘʜ, ʣʶʤʽʥʦʬʦʨʠ ʥʘ ʦʩʥʦʚʽ ʨʽʜʢʦʟʝʤʝʣʴʥʠʭ ʽʦʥʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʙʽʦʤʘʨʢʝʨʘʭ, ʪʝʭʥʽʮʽ ʦʩʚʽʪʣʝʥʥʷ ʪʘ ʧʣʘʟʤʦʚʠʭ ʜʠʩʧʣʝʷʭ, 

ʦʧʪʦʝʣʝʢʪʨʦʥʽʮʽ, ʩʠʩʪʝʤʘʭ ʚʠʷʚʣʝʥʥʷ, ʣʶʤʽʥʝʩʮʝʥʪʥʦʤʫ ʤʘʨʢʫʚʘʥʥ.̔ ɺ 

ʧʦʣʽʛʨʘʬʽʾ ʚʽʜʦʤʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʘʢʽʚ, ʚʠʜʠʤʠʭ ʚ ʋʌ-ʩʚʽʪʣʽ. ʎʽʢʘʚʠʤʠ ʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʘʢʽʚ, ʱʦ ʤʽʩʷʪʴ ʧʽʛʤʝʥʪ ʽʟ ʣʶʤʽʥʝʩʮʝʥʪʥʠʤʠ ʥʘʥʦʯʘʩʪʠʥʢʘʤʠ ʟ 



55 

ʧʽʜʚʠʱʝʥʠʤ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʝʥʝʨʛʽʾ. ʊʘʢʽ ʣʘʢʠ ʩʚʽʪʷʪʴʩʷ ʧʽʩʣʷ ʟʙʫʜʞʝʥʥʷ 

ʣʘʟʝʨʥʠʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʚ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʜʽʘʧʘʟʦʥʽ, ʱʦ ʟʥʘʯʥʦ ʫʩʢʣʘʜʥʶʻ 

ʢʦʧʽʶʚʘʥʥʷ [77-78], ʪʦʤʫ ʤʦʞʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʴ ʜʣʷ ʜʨʫʢʫʚʘʥʥʷ QR-ʢʦʜʽʚ, ʷʢʽ 

ʤʦʞʥʘ ʟʯʠʪʫʚʘʪʠ ʪʘ ʜʝʢʦʜʫʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʚʠʯʘʡʥʦʛʦ ʩʤʘʨʪʬʦʥʘ ʟʽ 

ʟʯʠʪʫʚʘʯʝʤ ʢʦʜʽʚ.   

ʅʝʦʨʛʘʥʽʯʥʽ ʬʣʫʦʨʝʩʮʝʥʪʥʽ ʧʽʛʤʝʥʪʠ ʟʘʟʚʠʯʘʡ ʧʨʦʟʦʨʽ ʘʙʦ ʤʘʶʪʴ ʧʘʩʪʝʣʴʥʽ 

ʢʦʣʴʦʨʠ ʧʨʠ ʜʝʥʥʦʤʫ ʦʩʚʽʪʣʝʥʥʽ, ʪʦʜʽ ʷʢ ʚ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʤʫ ʩʚʽʪʣʽ ʚʦʥʠ 

ʬʣʫʦʨʝʩʮʽʶʶʪʴ ʫ ʥʘʜʟʚʠʯʘʡʥʦ ʷʩʢʨʘʚʽ ʢʦʣʴʦʨʠ. ʉʪʘʥʜʘʨʪʥʽ ʥʝʦʨʛʘʥʽʯʥʽ ʧʽʛʤʝʥʪʠ 

ʥʘʡʯʘʩʪʽʰʝ ʩʪʚʦʨʝʥʽ ʥʘ ʦʩʥʦʚʽ ʩʫʣʴʬʽʜʽʚ ʮʠʥʢʫ ʽ ʘʢʪʠʚʫʶʪʴʩʷ ʩʨʽʙʣʦʤ, ʤʽʜʜʶ ʽ 

ʤʘʨʛʘʥʮʝʤ (ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʢʦʣʽʨ ʬʣʫʦʨʝʩʮʝʥʮʽʾ). ʑʦʙ ʧʦʣʝʛʰʠʪʠ ʜʨʫʢ ʽ 

ʟʘʜʦʚʦʣʴʥʠʪʠ ʚʠʤʦʛʠ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʜʝʷʢʽ ʥʝʦʨʛʘʥʽʯʥʽ ʧʽʛʤʝʥʪʠ ʧʽʜʜʘʶʪʴ 

ʩʧʝʮʽʘʣʴʥʽʡ ʦʙʨʦʙʮʽ ʧʦʚʝʨʭʥʽ. ɺ ʦʩʥʦʚʥʦʤʫ ʚʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʟʘʭʠʩʪʫ 

ʚʽʜʙʠʪʢʽʚ ʚʽʜ ʧʽʜʨʦʙʢʠ. ʎʽ ʧʽʛʤʝʥʪʠ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʤʽʢʨʦʢʨʠʩʪʘʣʽʚ. ʊʘʢ ʟʚʘʥʘ 

ʤʘʪʨʠʮʷ ʥʘ ʦʩʥʦʚʽ ʨʽʜʢʦʟʝʤʝʣʴʥʠʭ ʤʝʪʘʣʽʚ ʽ ʘʢʪʠʚʘʪʦʨ ʫ ʚʠʛʣʷʜʽ ʪʘʢʦʾ ʞ ʢʽʣʴʢʦʩʪʽ 

ʜʦʜʘʥʠʭ ʘʪʦʤʽʚ ʜʦʤʽʰʢʠ, ʷʢʽ ʩʚʽʜʦʤʦ ʨʦʟʧʦʜʽʣʝʥʽ ʚ ʢʨʠʩʪʘʣʽ ʣʶʤʽʥʝʩʮʝʥʪʥʦʾ 

ʨʝʯʦʚʠʥʠ. ʇʨʠʢʣʘʜʘʤʠ ʪʘʢʠʭ ʤʘʪʨʠʮʴ ʻ ʩʫʣʴʬʽʜʠ ʪʘ ʨʽʜʢʦʟʝʤʝʣʴʥʽ ʦʢʩʠʜʠ, ʘ 

ʪʘʢʦʞ ʛʣʠʥʦʟʝʤ ʣʫʞʥʦʟʝʤʝʣʴʥʠʭ ʤʝʪʘʣʽʚ [79-80]. ʊʘʢʽ ʝʣʝʤʝʥʪʠ ʫʧʘʢʦʚʢʠ ʥʝ 

ʪʽʣʴʢʠ ʟʘʭʠʱʘʶʪʴ ʚʽʜ ʧʽʜʨʦʙʢʠ, ʘʣʝ ʽ ʤʦʞʫʪʴ ʧʨʝʟʝʥʪʫʚʘʪʠ ʪʦʚʘʨ, çʨʦʟʧʦʚʽʩʪʠè 

ʩʧʦʞʠʚʘʯʝʚʽ, ʧʨʦ ʫʤʦʚʠ ʡʦʛʦ ʟʙʝʨʽʛʘʥʥʷ, ʚʠʷʚʠʪʠ  ʯʠ ʥʝ ʙʫʣʦ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ 

ʚʽʜʢʨʠʚʘʥʥʷ ʧʘʢʦʚʘʥʥʷ ʧʝʨʝʜ ʧʨʦʜʘʞʦʤ ʪʦʚʘʨʫ. ʎʽ ʧʨʦʮʝʩʠ ʦʟʜʦʙʣʝʥʥʷ, 

ʤʘʨʢʫʚʘʥʥʷ  ʪʘ ʟʘʭʠʩʪʫ ʧʘʢʦʚʘʥʴ ʤʦʞʫʪʴ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʫʯʘʩʥʦʛʦ 

ʜʨʫʢʘʨʩʴʢʦʛʦ ʪʘ ʧʽʩʣʷʜʨʫʢʘʨʩʴʢʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

ʇʦʧʫʣʷʨʥʠʤʠ ʻ ʦʟʜʦʙʣʶʚʘʣʴʥʽ ʪʘ ʟʘʭʠʩʥʽ ʧʦʣʽʛʨʘʬʽʯʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʤʘʨʢʫʚʘʥʥʷ ʧʘʢʦʚʘʥʴ, ʧʨʦʤʠʩʣʦʚʠʭ ʽ ʧʨʦʜʫʢʪʦʚʠʭ 

ʪʦʚʘʨʽʚ, ʣʽʢʽʚ ʪʦʱʦ ʽ ʻ ʥʘʜʽʡʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʧʨʦʪʠʜʽʾ ʧʽʜʨʦʙʢʘʤ. ʆʩʢʽʣʴʢʠ 

ʝʪʠʢʝʪʢʘ ð ʦʙʣʠʯʯʷ ʧʨʦʜʫʢʮʽʾ, ʪʦ ʥʘʩʘʤʧʝʨʝʜ ʧʽʜʨʦʙʣʷʶʪʴ ʩʘʤʝ ʾʾ, ʪʦʤʫ 

ʥʘʡʙʽʣʴʰ ʩʝʨʡʦʟʥʫ ʫʚʘʛʫ ʧʦʪʨʽʙʥʦ ʧʨʠʜʽʣʷʪʠ ʚʠʛʦʪʦʚʣʝʥʥʶ ʟʘʭʠʱʝʥʦʾ ʝʪʠʢʝʪʢʠ, 

ʷʢʘ ʩʪʘʻ ʦʩʥʦʚʥʠʤ ʬʘʢʪʦʨʦʤ ʧʨʦʪʠʜʽʾ ʚʠʛʦʪʦʚʣʝʥʥʶ ʬʘʣʴʩʠʬʽʢʘʮʽʾ.  

ʆʜʥʠʤ ʟʽ ʰʣʷʭʽʚ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʧʨʦʪʠʜʽʾ ʬʘʣʴʩʠʬʽʢʘʮʽʾ ʜʨʫʢʦʚʘʥʦʾ ʪʘ 

ʧʘʢʫʚʘʣʴʥʦʾ ʧʨʦʜʫʢʮʽʾ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʪʨʘʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʽ ʩʧʝʮʠʬʽʯʥʠʤʠ 



56 

ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤʠ ʪʘ ʦʧʪʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ɼʣʷ ʮʴʦʛʦ ʤʦʞʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʚʽʜʦʤʽ ʩʧʦʩʦʙʠ ʜʨʫʢʫ ð ʦʬʩʝʪʥʠʡ, ʪʨʘʬʘʨʝʪʥʠʡ, 

ʬʣʝʢʩʦʛʨʘʬʽʯʥʠʡ, ʮʠʬʨʦʚʠʡ. ɼʦʙʨʝ ʚʽʜʦʤʽ ʟʘʭʠʩʥʽ ʝʣʝʤʝʥʪʠ ʜʣʷ ʧʘʢʦʚʘʥʴ ʪʘ 

ʝʪʠʢʝʪʦʢ, ʚ ʦʩʥʦʚʽ ʷʢʠʭ ʣʝʞʘʪʴ ʩʘʤʽ ʧʦʣʽʤʝʨʥʽ ʤʘʪʝʨʽʘʣʠ (ʪʝʨʤʦʤʝʭʘʥʽʯʥʘ 

ʤʦʜʠʬʽʢʘʮʽʷ), ʘ ʪʘʢʦʞ ʤʦʞʣʠʚʽʩʪʴ ʜʦʜʨʫʢʘʨʩʴʢʦʾ ʧʽʜʛʦʪʦʚʢʠ ʦʨʠʛʽʥʘʣʫ 

(ʜʠʩʪʦʨʩʽʷ, ʣʘʪʝʥʪʥʽʩʪʴ, ʽʥʚʝʨʩʽʷ). ʉʫʪʴ ʟʘʭʠʩʪʫ ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʽʥʪʝʨʚʘʣʴʥʠʭ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʫ ʩʪʚʦʨʝʥʥʽ, ʘ ʧʦʪʽʤ ʩʧʦʪʚʦʨʝʥʥʽ ʘʙʦ 

ʤʘʩʢʫʚʘʥʥʽ ʝʣʝʢʪʨʦʥʥʦʾ ʚʝʨʩʽʾ ʰʪʨʠʭʦʚʠʭ ʢʦʜʽʚ, ʷʢʽ ʤʽʩʪʷʪʴ ʨʽʟʥʦʤʘʥʽʪʥʝ 

ʽʥʬʦʨʤʘʮʽʡʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʪʘ ʫ ʚʽʜʪʚʦʨʝʥʥʽ ʮʠʭ ʟʦʙʨʘʞʝʥʴ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʪʨʘʬʘʨʝʪʥʦʛʦ ʜʨʫʢʫ.  

ɸʚʪʦʨʠ ʧʨʘʮʽ [81] ʧʨʦʧʦʥʫʶʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʬʣʫʦʨʝʩʮʝʥʪʥʫ ʢʦʤʧʦʟʠʮʽʶ, 

ʷʢʘ ʥʝ ʧʦʪʨʝʙʫʻ ʜʠʩʪʦʨʛʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ. ʁʦʛʦ ʥʝ ʨʦʟʧʽʟʥʘʻ ʩʢʘʥʝʨ, ʽ ʚʦʥʦ ʥʝ 

ʤʽʩʪʠʪʴ ʽʥʬʦʨʤʘʮʽʾ. ɿʯʠʪʫʚʘʥʥʷ ʤʦʞʣʠʚʝ ʪʽʣʴʢʠ ʧʽʜ ʚʧʣʠʚʦʤ ʋʌ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, 

ʥʘ ʷʢʝ ʨʝʘʛʫʻ ʬʣʫʦʨʝʩʮʝʥʪʥʘ ʢʦʤʧʦʟʠʮʽʷ. ʋ ʪʘʢʠʡ ʩʧʦʩʽʙ ʧʨʦʷʚʣʷʶʪʴʩʷ ʨʘʥʽʰʝ 

ʟʘʤʘʩʢʦʚʘʥʽ ʧʨʦʙʽʣʠ, ʽ ʰʪʨʠʭʦʚʠʡ ʢʦʜ ʩʪʘʻ ʚʠʜʠʤʠʤ ʜʣʷ ʩʢʘʥʫʚʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ. 

ʋ ʧʨʦʮʝʩʽ ʜʨʫʢʫʚʘʥʥʷ ʚʘʞʣʠʚʦʶ ʻ ʧʨʠʚʦʜʢʘ, ʦʩʢʽʣʴʢʠ, ʷʢʱʦ ʣʶʤʽʥʦʬʦʨ ʧʦʪʨʘʧʣʷʻ 

ʥʘ ʰʪʨʠʭʠ, ʟʯʠʪʫʚʘʥʥʷ ʢʦʜʫ ʩʪʘʻ ʥʝʤʦʞʣʠʚʠʤ. ɯʜʝʥʪʠʬʽʢʘʮʽʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʋʌ-

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʽʜ ʯʘʩ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʣʫʦʨʝʩʮʝʥʪʥʠʭ ʢʦʤʧʦʟʠʮʽʡ ʩʴʦʛʦʜʥʽ ʻ 

ʜʦʩʠʪʴ ʧʦʧʫʣʷʨʥʦʶ. ɿ ʧʦʟʠʮʽʡ ʬʽʟʠʢʠ ʬʣʫʦʨʝʩʮʝʥʮʽʷ ï ʮʝ ʢʦʨʦʪʢʦʯʘʩʥʘ 

ʣʶʤʽʥʝʩʮʝʥʮʽʷ. ʇʽʜ ʯʘʩ ʬʣʫʦʨʝʩʮʝʥʮʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʧʨʦʤʽʥʶʚʘʣʴʥʠʡ ʧʝʨʝʭʽʜ 

ʟʙʫʜʞʝʥʦʛʦ ʩʪʘʥʫ ʟ ʥʘʡʥʠʞʯʦʛʦ ʢʦʣʠʚʥʦʛʦ ʨʽʚʥʷ ʚ ʦʩʥʦʚʥʠʡ ʩʪʘʥ. ʇʨʦʪʝ 

ʬʣʫʦʨʝʩʮʝʥʪʥʽ ʧʽʛʤʝʥʪʠ ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴ ʜʦʚʛʦʛʦ ʧʝʨʽʦʜʫ ʩʚʽʪʽʥʥʷ, ʷʢ, ʥʘʧʨʠʢʣʘʜ, 

ʧʦʨʦʰʢʦʚʽ ʣʶʤʽʥʦʬʦʨʠ ï ʚʽʜ 8 ʜʦ 12 ʛʦʜʠʥ. ɿʥʠʢʘʻ ʋʌ-ʜʞʝʨʝʣʦ ʩʚʽʪʣʘ, ʽ ʩʚʽʪʽʥʥʷ 

ʧʨʠʧʠʥʷʻʪʴʩʷ. ʅʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʥʘʥʦʢʨʠʩʪʘʣʠ ʚʠʜʘʶʪʴ ʬʣʫʦʨʝʩʮʝʥʪʥʠʡ ʩʠʛʥʘʣ ʫ 

ʜʽʘʧʘʟʦʥʽ ʜʦʚʞʠʥ ʭʚʠʣʴ ʬʣʫʦʨʝʩʮʝʥʮʽʾ ʚʽʜ 400 ʜʦ 3000 ʥʤ ʧʽʜ ʚʧʣʠʚʦʤ ʜʞʝʨʝʣʘ 

ʩʚʽʪʣʘ ʚʠʜʠʤʦʛʦ ʘʙʦ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʛʦ ʜʽʘʧʘʟʦʥʫ, ʚʽʜʥʦʩʥʠʡ ʢʚʘʥʪʦʚʠʡ ʚʠʭʽʜ 

ʬʣʫʦʨʝʩʮʝʥʮʽʾ ʩʪʘʥʦʚʠʪʴ ʥʝ ʤʝʥʰʝ 80 %. ʅʘ ʦʩʥʦʚʽ ʣʶʤʽʥʝʩʮʝʥʪʥʠʭ ʟʘʭʠʩʥʠʭ 

ʯʦʨʥʠʣ ʚʠʛʦʪʦʚʣʷʶʪʴ ʟʘʭʠʩʥʫ ʤʽʪʢʫ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʾ ʢʦʥʪʨʦʣʶʶʪʴ ʩʧʨʘʚʞʥʽʩʪʴ 

ʚʠʨʦʙʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʩʪʠʭ ʟʘʩʦʙʽʚ. ɿʘʙʝʟʧʝʯʫʻʪʴʩʷ ʜʦʜʘʪʢʦʚʠʡ ʟʘʭʠʩʪ ʧʨʦʪʷʛʦʤ 

ʜʚʘʜʮʷʪʠ ʨʦʢʽʚ.  
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ʋ ʧʨʘʮʽ [82] ʦʧʠʩʫʶʪʴʩʷ ʜʦʩʣʽʜʞʝʥʥʷ ʥʝʦʨʛʘʥʽʯʥʠʭ ɯʏ-ʣʶʤʽʥʦʬʦʨʽʚ 

(ʬʦʩʬʦʨʽʚ) ʪʘ ʾʭʥʽʭ ʦʩʥʦʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʃʶʤʽʥʝʩʮʝʥʪʥʽ ʬʘʨʙʠ ʟʘʩʪʦʩʦʚʫʶʪʴ 

ʜʣʷ ʟʦʚʥʽʰʥʴʦʾ ʨʝʢʣʘʤʠ, ʾʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʧʨʠʚʝʨʥʝʥʥʷ ʫʚʘʛʠ ʜʦ ʪʝʢʩʪʫ, 

ʜʣʷ ʷʩʢʨʘʚʠʭ ʝʪʠʢʝʪʦʢ, ʨʝʢʣʘʤʥʠʭ ʧʨʦʩʧʝʢʪʽʚ. ɰʭ ʤʦʞʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʩʪʫʧʝʥʷ ʟʘʭʠʩʪʫ ʜʦʢʫʤʝʥʪʽʚ. ʊʘʢ, ʧʽʜ ʯʘʩ ʢʦʧʽʶʚʘʥʥʷ ʥʘ 

ʢʦʣʴʦʨʦʚʦʤʫ ʧʨʠʥʪʝʨʽ ʜʝʷʢʽ ʢʦʣʴʦʨʠ Novaspot Fluorescent ʥʝ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ï 

ʟʤʽʥʶʻʪʴʩʷ ʾʭʥʽʡ ʢʦʣʽʨ. ʅʘʧʨʠʢʣʘʜ, 804 ï ʷʩʢʨʘʚʦ-ʧʦʤʘʨʘʥʯʝʚʘ ʬʘʨʙʘ ï ʩʪʘʻ ʧʽʜ 

ʯʘʩ ʢʦʧʽʶʚʘʥʥʷ ʙʝʞʝʚʦʶ. ʉʘʤʝ 804 ʬʘʨʙʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʟʘʭʠʩʪʫ ʚʽʜ 

ʢʦʧʽʶʚʘʥʥʷ. ʎʽ ʬʘʨʙʠ, ʢʦʞʥʘ ʫ ʩʚʦʾʡ ʟʦʥʽ, ʚʠʧʨʦʤʽʥʶʶʪʴ ʙʘʛʘʪʦ ʩʚʽʪʣʘ. ɼʣʷ 

ʬʣʫʦʨʝʩʮʝʥʪʥʠʭ ʬʘʨʙ ʭʘʨʘʢʪʝʨʥʝ ʷʚʠʱʝ çʤʝʨʝʭʪʽʥʥʷ ʚ ʦʯʘʭè, ʷʢʱʦ ʚʠʥʠʢʘʶʪʴ 

ʨʦʟʙʽʞʥʦʩʪʽ ʚ ʷʩʢʨʘʚʦʩʪʽ ʬʘʨʙʠ ʥʘ ʩʫʩʽʜʥʽʭ ʜʽʣʷʥʢʘʭ ʚʽʜʙʠʪʢʘ. ɺʽʜʦʤʽ ʬʘʨʙʠ ʩʝʨʽʾ 

Novaspot Fluorescent PANTONE, ʷʢʽ ʧʽʜʭʦʜʷʪʴ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʣʘʢʫʚʘʥʥʷ ʚʦʜʥʦ-

ʜʠʩʧʝʨʩʽʡʥʠʤ ʣʘʢʦʤ. ʇʦʪʨʽʙʥʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʯʠʤ ʪʦʚʩʪʽʰʠʡ ʰʘʨ ʬʘʨʙʠ, ʪʠʤ 

ʩʠʣʴʥʽʰʠʡ ʝʬʝʢʪ ʬʣʫʦʨʝʩʮʝʥʮʽʾ. ɼʣʷ ʡʦʛʦ ʧʽʜʩʠʣʝʥʥʷ ʯʘʩʪʦ ʨʝʢʦʤʝʥʜʫʶʪʴ 

ʧʦʜʚʽʡʥʝ ʟʘʜʨʫʢʦʚʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʧʨʠ ʥʠʟʴʢʽʡ ʣʽʥʽʘʪʫʨʽ ʨʘʩʪʨʘ. ʉʦʥʷʯʥʝ 

ʩʚʽʪʣʦ, ʧʦʪʨʘʧʣʷʶʯʠ ʥʘ ʟʦʙʨʘʞʝʥʥʷ, ʟʘʜʨʫʢʦʚʘʥʝ ʬʣʫʦʨʝʩʮʝʥʪʥʦʶ ʬʘʨʙʦʶ, ʥʝ 

ʧʦʛʣʠʥʘʻʪʴʩʷ, ʷʢ ʽʥʰʠʤʠ ʬʘʨʙʘʤʠ, ʘ ʧʽʜʩʫʤʦʚʫʻʪʴʩʷ ʯʝʨʝʟ ʟʤʽʥʫ ʝʥʝʨʛʽʾ. ɿʘʚʜʷʢʠ 

ʮʴʦʤʫ ʷʚʠʱʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘʩʠʯʝʥʥʷ ʬʘʨʙʠ ʽ ʚʠʥʠʢʘʻ ʝʬʝʢʪ ʬʣʫʦʨʝʩʮʝʥʮʽʾ: 

ʬʘʨʙʠ ʥʘʯʝ ʩʚʽʪʷʪʴʩʷ, ʧʦʩʠʣʶʻʪʴʩʷ ʾʭʥʽʡ ʢʦʣʽʨʥʠʡ ʝʬʝʢʪ. ʉʭʦʞʝ ʷʚʠʱʝ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʪʽʣʴʢʠ ʟʘ ʜʝʥʥʦʛʦ ʦʩʚʽʪʣʝʥʥʷ.  

ɯʩʥʫʻ ʜʝʢʽʣʴʢʘ ʪʝʦʨʽʡ ʚʠʥʠʢʥʝʥʥʷ ʣʶʤʽʥʝʩʮʝʥʮʽʾ. ʊʘʢ, ʉʪʨʝʥʜʞ, ʷʢʠʡ 

ʧʨʦʞʘʨʶʚʘʚ ZnS ʫ ʢʚʘʨʮʦʚʠʭ ʘʤʧʫʣʘʭ ʧʨʠ 1000 Áʉ ʧʨʦʪʷʛʦʤ ʜʝʢʽʣʴʢʦʭ ʛʦʜʠʥ, 

ʩʧʦʩʪʝʨʽʛʘʚ, ʱʦ ʷʢʱʦ ʻ 0,001 % CuS ʽ ʝʢʚʽʚʘʣʝʥʪʥʘ ʢʽʣʴʢʽʩʪʴ NH4Cl, ʟôʷʚʣʷʻʪʴʩʷ 

ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ZnSCu ʟʝʣʝʥʘ ʣʶʤʽʥʝʩʮʝʥʮʽʷ, ʚʦʜʥʦʯʘʩ ʷʢʱʦ ʻ ʣʠʰʝ CuS (ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʱʝ 200 Áʉ ʚʽʥ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ Cu2S) ʙʝʟ NH4Cl, 

ʣʶʤʽʥʝʩʮʝʥʮʽʷ ʩʣʘʙʢʘ ʘʙʦ ʾʾ ʥʝʤʘʻ. 

ʍʘʨʘʢʪʝʨʥʠʤ ʷʚʠʱʝʤ ʧʽʜ ʯʘʩ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʢʠʩʣʝʥʥʷ 

ʚʫʛʣʝʚʦʜʥʽʚ ʧʦʪʨʽʙʥʦ ʚʚʘʞʘʪʠ ʚʠʥʠʢʥʝʥʥʷ ʙʣʽʜʦ-ʙʣʘʢʠʪʥʦʾ ʣʶʤʽʥʝʩʮʝʥʮʽʾ, ʘʙʦ 

ʭʦʣʦʜʥʦʛʦ ʧʦʣʫʤôʷ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʻ ʰʚʠʜʢʝ ʦʢʠʩʣʝʥʥʷ. ɺʚʝʜʝʥʽ ʚ ʨʝʰʽʪʢʫ 

ʣʶʤʽʥʦʬʦʨʘ ʯʫʞʦʨʽʜʥʽ ʘʪʦʤʠ, ʱʦ ʦʪʨʠʤʘʣʠ ʥʘʟʚʫ ʘʢʪʠʚʘʪʦʨʽʚ, ʟʫʤʦʚʣʶʶʪʴ ʷʢ 
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ʚʠʥʠʢʥʝʥʥʷ ʣʶʤʽʥʝʩʮʝʥʮʽʾ, ʪʘʢ ʽ ʩʧʝʢʪʨʘʣʴʥʠʡ ʩʢʣʘʜ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɺʽʜʦʤʽ 

ʜʚʘ ʤʝʭʘʥʽʟʤʠ ʚʠʥʠʢʥʝʥʥʷ ʣʶʤʽʥʝʩʮʝʥʮʽʾ: 

1) ʩʚʽʪʽʥʥʷ ʦʢʨʝʤʠʭ ʮʝʥʪʨʽʚ, ʢʦʣʠ ʧʨʦʮʝʩ ʚʠʥʠʢʥʝʥʥʷ ʣʶʤʽʥʝʩʮʝʥʮʽʾ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʣʠʰʝ ʚ ʦʜʥʽʡ ʯʘʩʪʠʥʮʽ (ʮʝʥʪʨ ʩʚʽʪʽʥʥʷ), ʱʦ ʻ ʷʢ ʧʦʛʣʠʥʘʯʝʤ ʝʥʝʨʛʽʾ, 

ʪʘʢ ʽ ʚʠʧʨʦʤʽʥʶʚʘʯʝʤ ʩʚʽʪʣʦʚʠʭ ʢʚʘʥʪʽʚ;  

2) ʨʝʢʦʤʙʽʥʘʮʽʡʥʽ ʧʨʦʮʝʩʠ ʩʚʽʪʽʥʥʷ, ʧʽʜ ʯʘʩ ʷʢʠʭ ʟʘʟʚʠʯʘʡ ʧʦʛʣʠʥʘʥʥʷ 

ʝʥʝʨʛʽʾ ʟʜʽʡʩʥʶʶʪʴ ʥʝ ʪʽ ʯʘʩʪʠʥʢʠ, ʷʢʽ ʚʠʧʨʦʤʽʥʶʶʪʴ ʩʚʽʪʣʦʚʽ ʢʚʘʥʪʠ [83]. 

ɿʘʣʝʞʥʦ ʚʽʜ ʭʘʨʘʢʪʝʨʫ ʝʣʝʤʝʥʪʘʨʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʩʧʨʠʯʠʥʶʶʪʴ ʣʶʤʽʥʝʩʮʝʥʪʥʝ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʨʦʟʨʽʟʥʷʶʪʴ: ʩʧʦʥʪʘʥʥʫ ʣʶʤʽʥʝʩʮʝʥʮʽʶ, ʷʢʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, 

ʱʦ ʧʽʜ ʚʧʣʠʚʦʤ ʜʞʝʨʝʣʘ ʣʶʤʽʥʝʩʮʝʥʮʽʾ ʩʧʦʯʘʪʢʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʙʫʜʞʝʥʥʷ ʘʪʦʤʽʚ 

(ʤʦʣʝʢʫʣ ʘʙʦ ʽʦʥʽʚ) ʥʘ ʧʨʦʤʽʞʥʽ ʟʙʫʜʞʝʥʽ ʝʥʝʨʛʝʪʠʯʥʽ ʨʽʚʥʽ. ɼʘʣʽ ʟ ʮʠʭ ʨʽʚʥʽʚ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʚʠʧʨʦʤʽʥʶʚʘʣʴʥʽ, ʘ ʯʘʩʪʽʰʝ ʙʝʟʚʠʧʨʦʤʽʥʶʚʘʣʴʥʽ ʧʝʨʝʭʦʜʠ ʥʘ 

ʨʽʚʥʽ, ʟ ʷʢʠʭ ʚʠʧʨʦʤʽʥʶʻʪʴʩʷ ʣʶʤʽʥʝʩʮʝʥʪʥʝ ʩʚʽʪʽʥʥʷ. ʊʘʢʠʡ ʚʠʜ ʣʶʤʽʥʝʩʮʝʥʮʽʾ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫ ʩʢʣʘʜʥʠʭ ʤʦʣʝʢʫʣʘʭ ʧʘʨʽʚ ʽ ʨʦʟʯʠʥʽʚ, ʫ ʮʝʥʪʨʘʭ ʪʚʝʨʜʠʭ ʪʽʣ. 

ɺʠʤʫʰʝʥʘ (ʤʝʪʘʩʪʘʙʽʣʴʥʘ) ʣʶʤʽʥʝʩʮʝʥʮʽʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʪʠʤ, ʱʦ ʧʽʜ ʚʧʣʠʚʦʤ 

ʜʞʝʨʝʣʘ ʣʶʤʽʥʝʩʮʝʥʮʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʭʽʜ ʥʘ ʤʝʪʘʩʪʘʙʽʣʴʥʠʡ ʨʽʚʝʥʴ, ʘ ʧʦʪʽʤ 

ð ʥʘ ʨʽʚʝʥʴ ʣʶʤʽʥʝʩʮʝʥʪʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (ʧʨʠʢʣʘʜʦʤ ʻ ʬʦʩʬʦʨʝʩʮʝʥʮʽʷ 

ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ). ʈʝʢʦʤʙʽʥʘʮʽʡʥʘ ʣʶʤʽʥʝʩʮʝʥʮʽʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ 

ʩʧʦʣʫʯʝʥʥʷ ʯʘʩʪʠʥʦʢ, ʱʦ ʨʦʟʜʽʣʠʣʠʩʷ ʧʽʜ ʯʘʩ ʧʦʛʣʠʥʘʥʥʷ ʟʙʫʜʞʝʥʦʾ ʝʥʝʨʛʽʾ. 

ʇʝʨʝʜ ʦʯʠʤʘ ʣʶʜʠʥʠ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʨʝʢʦʤʙʽʥʘʮʽʷ ʨʘʜʠʢʘʣʽʚ ʘʙʦ ʽʦʥʽʚ, 

ʚʥʘʩʣʽʜʦʢ ʷʢʦʾ ʚʠʥʠʢʘʻ ʤʦʣʝʢʫʣʘ ʫ ʟʙʫʜʞʝʥʦʤʫ ʩʪʘʥʽ. ʇʦʜʘʣʴʰʠʡ ʧʝʨʝʭʽʜ ʚ 

ʦʩʥʦʚʥʠʡ ʩʪʘʥ ʤʦʞʝ ʩʫʧʨʦʚʦʜʞʫʚʘʪʠʩʷ ʣʶʤʽʥʝʩʮʝʥʮʽʻʶ. ʌʣʫʦʨʝʩʮʝʥʮʽʷ ʤʦʞʝ 

ʙʫʪʠ ʩʧʦʚʽʣʴʥʝʥʦʶ, ʘʙʦ, ʷʢ ʾʾ ʥʘʟʠʚʘʶʪʴ, ʬʦʩʬʦʨʝʩʮʝʥʮʽʻʶ. ɺʽʜʦʤʽ ʜʚʘ ʚʠʜʠ 

ʩʧʦʚʽʣʴʥʝʥʦʾ ʬʣʫʦʨʝʩʮʝʥʮʽʾ: ʚ ʦʜʥʦʤʫ ʩʧʝʢʪʨ ʩʚʽʪʽʥʥʷ ʟʙʽʛʘʻʪʴʩʷ ʟʽ ʩʧʝʢʪʨʦʤ 

ʬʣʫʦʨʝʩʮʝʥʮʽʾ (a-ʧʨʦʮʝʩ), ʚ ʽʥʰʦʤʫ ð ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʽʥʰʠʡ ʩʧʝʢʪʨ ʩʚʽʪʽʥʥʷ, 

ʟʤʽʱʝʥʠʡ ʜʦ ʜʦʚʛʠʭ ʭʚʠʣʴ (b-ʧʨʦʮʝʩ) [84,85]. 
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1.4. ʉʠʩʪʝʤʥʠʡ ʧʽʜʭʽʜ ʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʜʨʫʢʫ ʥʘ ʧʘʢʦʚʘʥʥʷʭ ʟ 

ʛʦʬʨʦʢʘʨʪʦʥʫ 

ʉʠʩʪʝʤʘ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʜʨʫʢʫ ʥʘ ʧʘʢʦʚʘʥʥʷʭ  ʧʦʚʠʥʥʘ 

ʟʘʡʤʘʪʠ ʯʽʣʴʥʝ ʤʽʩʮʝ ʚ ʩʪʨʫʢʪʫʨʽ ʩʫʯʘʩʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ. ʎʝ ʻ ʦʩʥʦʚʦʶ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʪʠʧʫ ʪʘ ʩʧʦʩʦʙʫ ʟʙʦʨʫ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʦʪʦʢʫ ʜʘʥʠʭ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ 

ʟ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʘʢʦʚʘʥʴ. ɼʣʷ ʮʴʦʛʦ ʚʘʞʣʠʚʦ ʫ ʟʘʛʘʣʴʥʦ ʧʨʠʡʥʷʪʽʡ ISO ʤʦʜʝʣʽ 

ʫʧʨʘʚʣʽʥʥʷ ʷʢʽʩʪʶ ʚʠʟʥʘʯʠʪʠ ʩʚʦʾ ʜʽʾ (ʨʠʩ. 1.6).  

 
ʈʠʩ. 1.6. ʂʦʥʮʝʧʪʫʘʣʴʥʘ ʤʦʜʝʣʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʜʨʫʢʫ ʪʘ ʦʟʜʦʙʣʝʥʥʷ ʥʘ 

ʧʘʢʦʚʘʥʥʷʭ ʟ ʛʦʬʨʦʢʘʨʪʦʥʫ 

 

ʆʜʥʠʤ ʽʟ ʢʝʨʽʚʥʠʭ ʧʨʠʥʮʠʧʽʚ ʤʦʜʝʣʽ ʻ ʩʠʩʪʝʤʥʠʡ ʧʽʜʭʽʜ ʜʦ ʫʧʨʘʚʣʽʥʥʷ 

ʷʢʽʩʪʶ, ʷʢʠʡ ʧʦʣʷʛʘʻ ʫ ʚʠʟʥʘʯʝʥʥʽ, ʨʦʟʫʤʽʥʥʽ ʪʘ ʫʧʨʘʚʣʽʥʥʽ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʠʤʠ 

ʧʨʦʮʝʩʘʤʠ ʷʢ ʩʠʩʪʝʤʦʶ. ʉʠʩʪʝʤʘ ʜʦʟʚʦʣʷʻ ʥʝ ʪʽʣʴʢʠ ʢʦʥʪʨʦʣʶʚʘʪʠ ʭʽʜ ʧʨʦʮʝʩʫ 

ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ, ʘʣʝ ʪʘʢʦʞ ʧʦʣʝʛʰʫʻ ʚʠʟʥʘʯʝʥʥʷ ʤʽʩʮʴ, ʜʝ ʩʠʩʪʝʤʘ 

ʚʽʜʭʠʣʷʻʪʴʩʷ ʚʽʜ ʥʦʨʤʠ. ʄʽʩʮʷ, ʜʝ ʧʨʦʮʝʩʠ ʚʽʜʭʠʣʷʶʪʴʩʷ ʚʽʜ ʥʦʨʤʠ, ʚʠʤʘʛʘʶʪʴ 

ʦʩʦʙʣʠʚʦʾ ʫʚʘʛʠ, ʦʩʢʽʣʴʢʠ ʧʦʷʚʘ ʚ ʥʠʭ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ ʤʦʞʝ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʥʫʪʠ 

ʥʘ ʨʽʚʝʥʴ ʟʘʜʦʚʦʣʝʥʦʩʪʽ ʩʧʦʞʠʚʘʯʽʚ, ʙʝʟʧʝʢʠ ʧʘʢʦʚʘʥʴ, ʾʭ ʝʢʦʣʦʛʽʯʥʦʩʪʽ.  
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ʗʢ ʚʽʜʦʤʦ, ʦʩʥʦʚʥʫ ʨʦʣʴ ʫ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʽʥʥʷ ʷʢʽʩʪʶ ʚʽʜʽʛʨʘʻ ʽʥʬʦʨʤʘʮʽʷ, 

ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʱʦʜʦ ʢʦʥʪʨʦʣʶ, ʧʣʘʥʫʚʘʥʥʷ, ʦʨʛʘʥʽʟʘʮʽʾ ʪʦʱʦ 

[86-89]. ʆʙʨʦʙʢʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʜʘʥʠʭ ʟ ʨʽʟʥʠʭ ʚʠʨʦʙʥʠʯʠʭ ʜʽʣʷʥʦʢ, ʟʙʠʨʘʻʪʴʩʷ 

ʚ ʽʥʬʦʨʤʘʮʽʡʥʽʡ ʩʠʩʪʝʤʽ ʫʧʨʘʚʣʽʥʥʷ (ʪʘʙʣʠʮʷ 1.2). 

 

ʊʘʙʣʠʮʷ 1.2 

ʅʝʦʙʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʜʨʫʢʫ ʥʘ ʛʦʬʨʦʢʘʨʪʦʥʽ 

ɺʭʽʜʥʽ ʜʘʥʽ  ʇʘʨʘʤʝʪʨʠ ʢʦʥʪʨʦʣʶ 

ɼʘʥʽ ʧʨʦ ʟʘʤʦʚʣʝʥʥʷ 

ʟʛʽʜʥʦ ʦʨʠʛʽʥʘʣʫ 

ʅʘʟʚʘ  ̔ʧʨʠʟʥʘʯʝʥʥʷ ʧʨʦʜʫʢʮʽʾ, ʢʦʨʦʪʢʠʡ ʦʧʠʩ  

ɺʠʨʦʙʥʠʯʽ ʜʘʥʽ 

ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʥʷ 

ʅʘʢʣʘʜ, ʩʧʦʩʽʙ ʜʨʫʢʫ, ʬʘʨʙʦʚʽʩʪʴ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʤʘʪʝʨʽʘʣʽʚ, ʧʘʨʘʤʝʪʨʠ ʨʘʩʪʨʫʚʘʥʥʷ, ʤʝʪʦʜʠ 

ʦʟʜʦʙʣʝʥʥʷ, ʧʽʜʛʦʪʦʚʯʽ ʦʧʝʨʘʮʽʾ ʫʩʪʘʪʢʫʚʘʥʥʷ 

(ʧʨʦʬʽʣʶʚʘʥʥʷ ʪʦʱʦ) 

ʊʝʭʥʽʯʥʽ ʜʘʥʽ  ʇʘʨʘʤʝʪʨʠ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʨʫʢʘʨʩʴʢʦʾ ʬʦʨʤʠ, 

ʩʧʝʮʠʬʽʢʘʮʽʷ ʜʨʫʢʘʨʩʴʢʦʾ ʤʘʰʠʥʠ (ʢʽʣʴʢʽʩʪʴ ʬʘʨʙ, 

ʨʝʛʫʣʶʚʘʥʥʷ ʤʝʭʘʥʽʟʤʽʚ), ʽʥʰʘ ʪʝʭʥʽʯʥʘ ʽʥʬʦʨʤʘʮʽʷ 

ɼʘʥʽ ʜʣʷ ʢʦʥʪʨʦʣʶʚʘʥʥʷ 

ʷʢʦʩʪʽ 

ʈʦʟʪʘʰʫʚʘʥʥʷ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʰʢʘʣ, ʧʝʨʝʣʽʢ 

ʧʘʨʘʤʝʪʨʽʚ ʷʢʦʩʪʽ, ʜʦʧʫʩʢʠ ʥʘ ʦʢʨʝʤʽ ʧʘʨʘʤʝʪʨʠ 

ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ, ʧʨʦʮʝʜʫʨʠ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ 

(ʤʝʪʦʜ ʚʠʤʽʨʶʚʘʥʥʷ, ʚʠʤʽʨʶʚʘʣʴʥʽ ʧʨʠʩʪʨʦʾ) 

ɺʠʭʽʜʥʽ ʜʘʥʽ  ʇʘʨʘʤʝʪʨʠ  

ɯʥʬʦʨʤʘʮʽʷ ʧʨʦ ʭʽʜ 

ʧʨʦʮʝʩʫ ʢʦʥʪʨʦʣʶ 

ʷʢʦʩʪʽ  

 

ʂʽʣʴʢʽʩʪʴ ʧʨʦʚʝʜʝʥʠʭ ʧʝʨʝʚʽʨʦʢ 

ʏʘʩʪʦʪʘ ʧʝʨʝʚʽʨʢʠ 

ʄʝʪʦʜ ʚʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʷʢʦʩʪʽ 

(ʘʚʪʦʤʘʪʠʯʥʠʡ, ʨʫʯʥʠʡ, ʟʤʽʰʘʥʠʡ) 

ɿʥʘʯʝʥʥʷ ʚʠʤʽʨʶʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ɯʥʬʦʨʤʘʮʽʷ ʧʨʦ ʘʥʘʣʽʟ 

ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ 

ɺʽʜʭʠʣʝʥʥʷ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ ʷʢʦʩʪʽ ʚʽʜ ʩʪʘʥʜʘʨʪʽʚ  

ʉʪʘʪʫʩ ʧʘʨʘʤʝʪʨʽʚ ʧʽʩʣʷ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ 

ɿʘʟʥʘʯʝʥʥʷ ʧʨʠʯʠʥ ʜʝʬʝʢʪʽʚ ʷʢʦʩʪʽ 

ɯʥʬʦʨʤʘʮʽʷ ʧʨʦ 

ʚʠʧʨʘʚʣʝʥʥʷ ʜʝʬʝʢʪʽʚ 

ʷʢʦʩʪʽ  

ɯʥʩʪʨʫʢʮʽʷ ʟ  ʨʝʢʦʤʝʥʜʘʮʽʡ ʩʧʦʩʦʙʽʚ ʚʠʧʨʘʚʣʝʥʥʷ 

ʜʝʬʝʢʪʫ ʷʢʦʩʪʽ 
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ɹʝʨʫʯʠ ʜʦ ʫʚʘʛʠ ʭʽʜ ʚʩʴʦʛʦ ʧʨʦʮʝʩʫ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʫ ʚʠʨʦʙʥʠʯʦʤʫ 

ʧʨʦʮʝʩʽ ʦʪʨʠʤʘʥʥʷ ʜʨʫʢʘʨʩʴʢʠʭ ʚʽʜʙʠʪʢʽʚ ʥʘ ʛʦʬʨʦʢʘʨʪʦʥʽ, ʚʘʞʣʠʚʦ ʚʢʘʟʘʪʠ 

ʦʩʥʦʚʥʽ ʘʩʧʝʢʪʠ, ʷʢʽ ʨʝʘʣʽʟʫʻ ʩʠʩʪʝʤʘ (ʨʠʩ. 1.7). 

 

 
ʈʠʩ. 1.7. ɸʣʛʦʨʪʤ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʜʨʫʢʫ ʥʘ 

ʛʦʬʨʦʢʘʨʪʦʥʽ 

 

ʇʨʦʙʣʝʤʠ, ʧʦʚôʷʟʘʥʽ ʽʟ ʟʘʣʝʞʥʽʩʪʶ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʾʭ ʚʧʣʠʚʦʤ ʥʘ ʷʢʽʩʪʴ 

ʜʨʫʢʘʨʩʴʢʠʭ ʚʽʜʙʠʪʢʽʚ, ʙʫʣʘ  ʧʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʴ ʙʘʛʘʪʴʦʭ ʝʢʩʧʝʨʪʽʚ, ʪʘʢʠʭ ʷʢ 

Destree, Kipphan,  Breede, Zaikin O., Olejnik-Krugğy A., ʂʠʨʠʯʦʢ ʊ.ʖ ʪʘ ʙʘʛʘʪʦ 

ʽʥʰʠʭ [90 -97]. ɿʦʢʨʝʤʘ, ʥʘ ʦʩʥʦʚʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ, ʫʩʽ ʧʘʨʘʤʝʪʨʠ ʷʢʦʩʪʽ 

ʙʘʟʫʶʪʴʩʷ ʥʘ ʚʠʤʽʨʶʚʘʥʥʽ ʥʘʧʨʠʢʣʘʜ, ʦʧʪʠʯʥʦʾ ʛʫʩʪʠʥʠ. ʄʘʣʝ ʟʥʘʯʝʥʥʷ ʛʫʩʪʠʥʠ 

ʧʨʦʷʚʣʷʻʪʴʩʷ ʥʠʟʴʢʦʶ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʜʨʫʢʫ, ʚʪʨʘʪʦʶ ʜʝʪʘʣʝʡ ʽ ʟʥʠʞʝʥʥʷʤ 

ʯʽʪʢʦʩʪʽ ʢʨʘʾʚ ʟʦʙʨʘʞʝʥʥʷ. ʇʨʠʯʦʤʫ ʮʽ ʜʝʬʝʢʪʠ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʧʦ ʚʩʽʡ ʰʠʨʠʥʽ 

ʜʨʫʢʦʚʘʥʦʛʦ ʘʨʢʫʰʘ ʘʙʦ ʪʽʣʴʢʠ ʥʘ ʡʦʛʦ ʯʘʩʪʠʥʽ. ɿʘʥʘʜʪʦ ʚʠʩʦʢʝ ʟʥʘʯʝʥʥʷ 

ʦʧʪʠʯʥʦʾ ʱʽʣʴʥʦʩʪʽ ʩʧʨʠʯʠʥʷʻ ʨʦʟʧʣʠʚʘʥʥʷ ʬʘʨʙʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʪʨʘʪʠ 
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ʜʝʪʘʣʝʡ ʫ ʪʽʥʷʭ ʽ ʛʨʘʜʘʮʽʷʭ ʪʦʥʫ ʪʘ ʨʽʟʢʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ. ɺʧʣʠʚ ʦʧʪʠʯʥʦʾ 

ʱʽʣʴʥʦʩʪʽ ʥʘ ʽʥʰʽ ʧʘʨʘʤʝʪʨʠ ʻ ʥʝʣʽʥʽʡʥʠʤ, ʪʦʙʪʦ ʧʽʩʣʷ ʧʝʨʝʚʠʱʝʥʥʷ ʧʝʚʥʦʛʦ 

ʧʦʨʦʛʫ ʷʢʽʩʪʴ ʜʨʫʢʫ ʨʽʟʢʦ ʧʘʜʘʻ. ʋ ʨʘʟʽ ʢʦʥʪʨʘʩʪʫ ʜʨʫʢʫ ʟʘʥʘʜʪʦ ʚʠʩʦʢʝ ʟʥʘʯʝʥʥʷ 

ʦʧʪʠʯʥʦʾ ʱʽʣʴʥʦʩʪʽ ʟʙʽʣʴʰʫʻ ʥʘʩʠʯʝʥʽʩʪʴ ʧʦʚʝʨʭʥʽ ʪʘ ʚʪʨʘʯʘʻ ʜʝʪʘʣʽ ʚ ʪʽʥʷʭ ʽ 

ʨʽʟʢʽʩʪʴ ʢʨʘʾʚ. ʅʘ ʟʙʽʣʴʰʝʥʥʷ ʨʘʩʪʨʦʚʠʭ ʪʦʯʦʢ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʶʪʴ ʷʢ ʥʠʟʴʢʽ, 

ʪʘʢ ʽ ʚʠʩʦʢʽ ʟʥʘʯʝʥʥʷ ʦʧʪʠʯʥʦʾ ʱʽʣʴʥʦʩʪʽ ʪʘ, ʩʝʨʝʜ ʽʥʰʦʛʦ, ʩʧʨʠʯʠʥʷʶʪʴ: 

ʟʘʪʝʤʥʝʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʚ ʪʝʤʥʠʭ ʪʦʥʘʭ, ʣʦʢʘʣʴʥʝ ʟʥʝʙʘʨʚʣʝʥʥʷ, ʚʽʜʩʫʪʥʽʩʪʴ 

ʧʣʘʚʥʦʛʦ ʪʦʥʘʣʴʥʦʛʦ ʧʝʨʝʭʦʜʫ. ʅʘ ʟʙʽʣʴʰʝʥʥʷ ʥʘʧʽʚʪʦʥʦʚʠʭ ʪʦʯʦʢ ʚʧʣʠʚʘʻ 

ʥʝʨʽʚʥʦʤʽʨʥʘ ʧʦʜʘʯʘ ʘʙʦ ʧʦʛʣʠʥʘʥʥʷ ʰʘʨʫ ʬʘʨʙʠ ʧʦʧʝʨʝʜʥʴʦ ʥʘʜʨʫʢʦʚʘʥʠʤʠ 

ʬʘʨʙʘʤʠ. ʆʪʞʝ, ʽʩʥʫʻ ʩʢʣʘʜʥʠʡ ʟʚôʷʟʦʢ ʣʠʰʝ ʤʽʞ ʜʝʷʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʷʢʦʩʪʽ ʽ 

ʪʦʤʫ ʚʘʞʣʠʚʦ ʡʦʛʦ ʜʝʪʘʣʴʥʦ ʜʦʩʣʽʜʠʪʠ  ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʱʦʙ 

ʚʩʪʘʥʦʚʠʪʠ  ʦʧʪʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʽ ʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʜʝʥʩʠʪʦʤʝʪʨʠʯʥʠʭ, 

ʢʦʣʦʨʠʤʝʪʨʠʯʥʠʭ, ʜʨʫʢʘʨʩʴʢʦ-ʪʝʭʥʽʯʥʠʭ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʜʨʫʢʘʨʩʴʢʠʭ ʚʽʜʙʠʪʢʽʚ, ʱʦʙ ʚʦʥʠ ʚʽʜʧʦʚʽʜʘʣʠ ʤʽʞʥʘʨʦʜʥʠʤ ʩʪʘʥʜʘʨʪʘʤ ISO ʪʘ 

ʚʠʤʦʛʘʤ ʩʧʦʞʠʚʘʯʽ [98]. ʅʘ ʨʠʩ.1.8. ʥʘʚʝʜʝʥʦ ʨʦʟʨʦʙʣʝʥʫ ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʫ 

ʢʦʥʪʨʦʣʶ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʜʨʫʢʘʨʩʴʢʠʭ ʚʽʜʙʠʪʢʽʚ.  

ʅʘ ʨʠʩ. 1.9. ʥʘʚʝʜʝʥʘ ʩʭʝʤʘ ʙʣʦʢʫ ʢʦʥʪʨʦʣʶ  ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʷʢʦʩʪʽ ʚʽʜʙʠʪʢʫ 

ʥʘ ʛʦʬʨʦʢʘʨʪʦʥʽ, ʷʢʘ ʚʢʣʶʯʘʻ ʨʽʟʥʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ, ʟʦʢʨʝʤʘ  

ʜʝʥʩʠʪʦʤʝʪʨʠʯʥʽ, ʢʦʣʴʦʨʦʤʝʪʨʠʯʥʽ, ʝʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʽ, ʤʦʜʝʣʶʚʘʥʥʷ, 

ʩʝʥʩʦʨʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʽʥʰʽ, ʷʢʽ ʚʠʙʠʨʘʶʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʤʽʨʶʚʘʥʥʷ ʪʠʭ 

ʯʠ ʽʥʰʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘʜʨʫʢʦʚʘʥʠʭ ʟʦʙʨʘʞʝʥʴ. 
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ʈʠʩ. 1.8. ʉʭʝʤʘ ʘʣʛʦʨʠʪʤʫ ʢʦʥʪʨʦʣʶ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʜʨʫʢʘʨʩʴʢʠʭ ʚʽʜʙʠʪʢʽʚ 

 
ʈʠʩ. 1.9. ʉʭʝʤʘ ʙʣʦʢʫ ʢʦʥʪʨʦʣʶ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʷʢʦʩʪʽ ʚʽʜʙʠʪʢʫ ʥʘ ʛʦʬʨʦʢʘʨʪʦʥʽ 
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ʈʝʟʫʣʴʪʘʪ ʦʧʝʨʘʮʽʾ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ,  ʚʠʟʥʘʯʘʻ ʩʪʘʪʫʩ ʟʘʜʦʚʦʣʝʥʥʷ 

ʚʠʨʦʙʥʠʮʪʚʦʤ ʚʠʤʦʛ ʟʘʤʦʚʥʠʢʘ, ʘʣʝ ʬʦʨʤʫʻʪʴʩʷ ʚʽʥ ʧʦʝʪʘʧʥʦ. ʂʦʥʪʨʦʣʶʚʘʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʷʢʦʩʪʽ ʜʨʫʢʘʨʩʴʢʠʭ ʚʽʜʙʠʪʢʽʚ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʪʝʭʥʦʣʦʛʽʾ ʜʨʫʢʫ ʪʘ 

ʤʝʪʦʜʫ ʟʘʜʨʫʢʦʚʫʚʘʥʥʷ ʛʦʬʨʦʢʘʨʪʦʥʫ ʦʭʦʧʣʶʻ ʧʝʨʝʣʽʢ ʢʚʘʣʽʤʝʪʨʠʯʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ, ʷʢʽ ʧʦʚʠʥʥʽ ʚʽʜʧʦʚʽʜʘʪʠ ʩʪʘʥʜʘʨʪʘʤ. ɿʥʘʯʝʥʥʷ ʜʝʥʩʠʪʦʤʝʪʨʠʯʥʠʭ, 

ʢʦʣʦʨʠʤʝʪʨʠʯʥʠʭ, ʜʨʫʢʘʨʩʴʢʦ-ʪʝʭʥʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʢʦʨʝʣʶʶʪʴ ʟ ʦʧʝʨʘʮʽʷʤʠ 

ʧʽʜʛʦʪʦʚʢʠ ʜʦ ʜʨʫʢʫ ʜʨʫʢʘʨʩʴʢʦʾ ʤʘʰʠʥʠ, ʧʦʣʽʛʨʘʬʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʚʠʨʦʙʥʠʯʠʭ 

ʫʤʦʚ (ʪʝʤʧʝʨʘʪʫʨʠ, ʚʦʣʦʛʦʩʪʽ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʢʚʘʣʽʬʽʢʘʮʽʾ 

ʦʧʝʨʘʪʦʨʽʚ, ʾʭ ʜʦʩʚʽʜʫ, ʟʥʘʥʥʷ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ), ʥʘʷʚʥʦʩʪʽ 

ʚʙʫʜʦʚʘʥʠʭ ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʥʘ ʝʪʘʧʽ ʜʨʫʢʫʚʘʥʥʷ  ʪʘ ʣʘʙʦʨʘʪʦʨʥʦʛʦ 

ʢʦʥʪʨʦʣʶ ʛʦʪʦʚʠʭ ʚʽʜʙʠʪʢʽʚ. ʧʦʣʷʛʘʻ ʫ ʚʠʷʚʣʝʥʥʽ ʧʨʠʯʠʥ ʥʝʢʦʨʝʢʪʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʧʘʨʘʤʝʪʨʽʚ ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ, ʚʠʷʚʣʝʥʠʭ ʥʘ ʧʦʧʝʨʝʜʥʴʦʤʫ ʢʨʦʮʽ 

ʩʠʩʪʝʤʠ, ʪʘ ʚʢʘʟʽʚʮʽ ʩʧʦʩʦʙʽʚ ʾʭ ʫʩʫʥʝʥʥʷ[99]. 

ʊʦʤʫ, ʚʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʾ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʜʨʫʢʘʨʩʴʢʠʭ 

ʚʽʜʙʠʪʢʽʚ ʻ ʚʠʷʚʣʝʥʥʷ ʧʨʠʯʠʥ ʧʦʷʚʠ ʤʦʞʣʠʚʠʭ ʜʝʬʝʢʪʽʚ ʧʦʣʽʛʨʘʬʽʯʥʦʾ ʧʨʦʜʫʢʮʽʾ, 

ʪʘ ʧʦʰʫʢ ʤʝʪʦʜʽʚ ʾʭ ʚʠʧʨʘʚʣʝʥʥʷ ʯʠ ʫʩʫʥʝʥʥʷ. ɺʘʞʣʠʚʦ  ʚʠʟʥʘʯʠʪʠ ʧʨʠʯʠʥʥʦ-

ʥʘʩʣʽʜʢʦʚʽ ʟʚô̫ ʟʢʠ, ʷʢʽ ʡʤʦʚʽʨʥʦ ʩʪʘʣʠ ʧʨʠʯʠʥʦʶ ʧʦʷʚʠ ʜʝʬʝʢʪʽʚ ʥʘʜʨʫʢʦʚʘʥʠʭ 

ʟʦʙʨʘʞʝʥʴ, ʘʙʦ ʤʦʞʫʪʴ  ʣʷʛʪʠ ʚ ʦʩʥʦʚʫ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʙʘʞʘʥʦʛʦ 

ʨʽʚʥʷ ʷʢʦʩʪʽ ʜʨʫʢʘʨʩʴʢʠʭ ʚʽʜʙʠʪʢʽʚ ʥʘ ʛʦʬʨʦʢʘʨʪʦʥʽ. 

 

 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 1 

1. ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ ʩʫʯʘʩʥʽ 

ʪʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ ʨʠʥʢʫ ʧʘʢʦʚʘʥʴ ʟ ʛʦʬʨʦʢʘʨʪʦʥʫ ʚ ʋʢʨʘʾʥʽ ʪʘ ʩʚʽʪʽ, ʦʢʨʝʩʣʝʥʽ 

ʧʝʨʩʧʝʢʪʠʚʠ ʜʣʷ ʧʘʢʦʚʘʥʴ ʟ ʛʦʬʨʦʢʘʨʪʦʥʫ ʷʢ ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʷʢʠʡ 

ʧʦʚʥʽʩʪʶ ʧʽʜʜʘʻʪʴʩʷ ʨʝʮʠʢʣʽʥʛʫ, ʤʘʻ ʜʦʙʨʽ ʜʨʫʢʘʨʩʴʢʦ-ʪʝʭʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʘ 

ʩʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʤʦʞʣʠʚʦʩʪʽ ʫʩʪʘʪʢʫʚʘʥʥʷ ʜʦʟʚʦʣʷʶʪʴ ʝʬʝʢʪʠʚʥʦ ʪʘ ʟ 

ʤʽʥʽʤʘʣʴʥʠʤʠ ʝʢʦʥʦʤʽʯʥʠʤʠ ʟʘʪʨʘʪʘʤʠ ʚʠʛʦʪʦʚʣʷʪʠ ʧʘʢʦʚʘʥʥʷ ʚʝʣʠʢʠʤʠ 

ʥʘʢʣʘʜʘʤʠ ʜʣʷ ʨʽʟʥʠʭ ʛʘʣʫʟʝʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 
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2. ʅʘʚʝʜʝʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʛʦʬʨʦʢʘʨʪʦʥʫ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʘʢʦʚʘʥʴ, 

ʦʧʠʩʘʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʧʦʣʽʛʨʘʬʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʜʨʫʢʘʨʩʴʢʠʭ 

ʚʽʜʙʠʪʢʽʚ ʥʘ ʥʴʦʤʫ, ʟʦʢʨʝʤʘ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʝʪʦʜʽʚ preprint ʽ postprint ʚ 

ʦʬʩʝʪʥʦʤʫ, ʬʣʝʢʩʦʛʨʘʬʽʯʥʦʤʫ ʪʘ ʮʠʬʨʦʚʦʤʫ (ink-jet) ʜʨʫʮ,̔ ʘʥʘʣʽʟ ʥʘʫʢʦʚʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʪʝʭʥʦʣʦʛʽʡ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʘʢʦʚʘʥʴ ʟ ʛʦʬʨʦʢʘʨʪʦʥʫ ʪʘ  ʧʦʣʽʛʨʘʬʽʯʥʠʭ 

ʩʧʦʩʦʙʽʚ ʾʭ ʦʟʜʦʙʣʝʥʥʷ.     

3. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʥʮʝʧʪʫʘʣʴʥʫ ʤʦʜʝʣʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ 

ʜʨʫʢʫʚʘʥʥʷ ʥʘ ʛʦʬʨʦʢʘʨʪʦʥʽ, ʘʣʛʦʨʠʪʤ ʢʦʥʪʨʦʣʶ ʧʦʢʘʟʥʠʢʽʚ, ʷʢʠʡ ʤʽʩʪʠʪʴ ʙʣʦʢ 

ʬʦʨʤʫʚʘʥʥʷ ʷʢʦʩʪʽ ʜʨʫʢʘʨʩʴʢʠʭ ʚʽʜʙʠʪʢʽʚ ʥʘ ʦʩʥʦʚʽ ʚʠʙʨʘʥʠʭ ʤʝʪʦʜʽʚ ʢʦʥʪʨʦʣʶ, 

ʦʙʯʠʩʣʝʥʥʷ ʚʽʜʭʠʣʝʥʴ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʚʽʜ ʥʦʨʤ, ʩʪʘʥʜʘʨʪʽʚ ʪʘ ʚʠʙʦʨʫ 

ʢʨʠʪʝʨʽʾʚ ʾʭ ʫʟʛʦʜʞʝʥʥʷ. 
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ʈʆɿɼɯʃ 2 

ʆɹôɭʂʊʀ ɯ ʄɽʊʆɼʀ ɼʆʉʃɯɼɾɽʅʔ 

 

2.1. ʆʙô̒ ʢʪʠ ʜʦʩʣʽʜʞʝʥʴ 

ʆʙ`ʻʢʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʚʠʙʨʘʥʦ ʚʽʜʙʠʪʢʠ ʦʬʩʝʪʥʦʛʦ, 

ʬʣʝʢʩʦʛʨʘʬʽʯʥʦʛʦ ʪʘ ʮʠʬʨʦʚʦʛʦ (ink-jet) ʜʨʫʢʫ, ʦʪʨʠʤʘʥʽ  ʥʘ ʣʘʡʥʝʨʘʭ ʧʨʠ 

ʜʨʫʢʫʚʘʥʥʽ ʤʝʪʦʜʦʤ preprint ʟ ʥʘʩʪʫʧʥʠʤ ʢʘʰʠʨʫʚʘʥʥʷʤ ʾʭ ʜʦ ʛʦʬʨʦʢʘʨʪʦʥʫ. ɺ 

ʨʦʣʽ ʣʘʡʥʝʨʽʚ ʙʫʣʠ ʚʠʙʨʘʥʽ ʢʘʨʪʦʥʠ: ARKTIKA GC1 ʟ ʜʚʦʰʘʨʦʚʠʤ ʢʨʝʡʜʦʚʘʥʠʤ 

ʧʦʢʨʠʪʪʷʤ, ʚʠʛʦʪʦʚʣʝʥʠʡ ʟ ʙʽʣʝʥʦʾ ʭʽʤʽʯʥʦ ʾʮʝʣʶʣʦʟʠ (ʚʠʨʦʙʥʠʢ ʇʦʣʴʱʘ); Alaska 

Plus GC2 ʟ ʜʚʦʰʘʨʦʚʠʤ ʢʨʝʡʜʦʚʘʥʠʤ ʧʦʢʨʠʪʪʷʤ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʙʽʣʝʥʦʾ 

ʮʝʣʶʣʦʟʠ, ʭʽʤʽʯʥʦ-ʪʝʨʤʦʤʝʭʘʥʽʯʥʦ ʾʜʝʨʝʚʥʦ ʾʤʘʩʠ (ʚʠʨʦʙʥʠʢ ʇʦʣʴʱʘ); Umka  

GD-2 ʟ ʪʨʠʰʘʨʦʚʠʤ ʢʨʝʡʜʦʚʘʥʠʤ ʧʦʢʨʠʪʪʷʤ, ʟ ʧʝʨʝʨʦʙʣʝʥʦʾ ʤʘʢʫʣʘʪʫʨʠ ʟ 

ʜʦʜʘʚʘʥʥʷʤ ʮʝʣʶʣʦʟʠ ʽ ʜʝʨʝʚʥʦʾ ʤʘʩʠ (ʚʠʨʦʙʥʠʢ ʉʣʦʚʝʥʽʷ) [100]; DivoEcoÈUD3 

ʙʝʟ ʢʨʝʡʜʦʚʘʥʦʛʦ ʧʦʢʨʠʪʪʷ, ʤʽʩʪʠʪʴ ʤʘʢʫʣʘʪʫʨʫ, ʤʝʭʘʥʽʯʥʫ ʜʝʨʝʚʥʫ ʤʘʩʫ 

(ʚʠʨʦʙʥʠʢ ʋʢʨʘʾʥʘ), ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʷʢʠʭ ʥʘʚʝʜʝʥʘ ʚ ʪʘʙʣʠʮʽ 2.1. 

 

ʊʘʙʣʠʮʷ 2.1 

ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʨʪʦʥʽʚ 

 ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʨʪʦʥʽʚ 

ARKTIKA 

GC1 

 

ALASKA 

PLUS 

GC2 

UMKA  

GD-2 

 

DivoEcoÈ 

UD3 

ʇʘʨʘʤʝʪʨʠ 

ʆʜʠʥʠʮʽ 

ʚʠʤʽʨʶ-

ʚʘʥʥʷ 

ʉʪʘʥʜʘʨʪ ʇʦʢʘʟʥʠʢ ʇʦʢʘʟʥʠʢ ʇʦʢʘʟʥʠʢ ʇʦʢʘʟʥʠʢ 

1 2 3 4 5 6 7 

ɹʽʣʠʟʥʘ % ISO 2470 
ɺʝʨʭ 91Ñ1 

ʅʠʟ 70Ñ1 

ɺʝʨʭ 92 

ʅʠʟ 70 

ɺʝʨʭ 80Ñ1 

ʅʠʟ 70Ñ1 

ɺʝʨʭ 91Ñ1 

ʅʠʟ 70Ñ1 

ɻʣʷʥʝʮʴ,75 

ę 
% 

TAPPI 480 

Om-99 
> 45 > 45 > 45  

ʐʦʨʩʪʢʽʩʪʴ ɛʤ PPS S10 < 1,3 <1,4 <1,4 - 

ɺʦʣʦʛʦ 

ʧʦʛʣʠʥʘʥʥʷ 

Cobb 60 

ʛ/ʤ2 
PN-EN 

20535:1996 

ɺʝʨʭ < 55 

ʅʠʟ < 70 

ɺʝʨʭ<55 

ʅʠʟ < 70 

ɺʝʨʭ<55 

ʅʠʟ < 70 

ɺʝʨʭ <65 

ʅʠʟ < 70  

ɺʦʣʦʛʽʩʪʴ % 
ISO 

287:1994 
7,5Ñ1 7,5Ñ1 7,5Ñ1 5-9 

ʑʽʣʴʥʽʩʪʴ ʛ/ʤ2 
ISO 

536:1996 
260Ñ 2,5% 255Ñ2,5% 250Ñ 2,5% 360Ñ2,5% 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣ. 2.1 

ʊʦʚʱʠʥʘ ʤʢʤ 

EN 

20534:199

5 

280Ñ 4 % 

max 20  

 

336Ñ 4 % 

max 20  

315Ñ 4 % 

max 20   

400Ñ 4 % 

max 20 

ɾʦʨʩʪʢʽʩʪʴ ʤʅʤ 

DIN 53121 

(5Ü) 

TABER(15ę) 

MD-24,5; 

CD-12,7 

MD-14;  

CD-6,8 

MD-42,5; 

CD-21 

MD-20,5; 

CD-10,1 

MD-13,5; 

CD-5,7 

MD-6,8;  

CD-2,9 

- 

ʆʧʽʨ 

ʨʦʟʰʘʨʫʚʘʥʥʶ 
ɼʞ/ʤ2 Scott >100 >100 >100 - 

 

ʊʘʢʦʞ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʪʨʠ ʽ ʧôʷʪʠʰʘʨʦʚʦʤʫ ʛʦʬʨʦʢʘʨʪʦʥʽ 

ʟʘʜʨʫʢʦʚʘʥʦʤʫ ʤʝʪʦʜʦʤ postprint ʟ ʙʦʢʫ ʛʦʬʨʠ ɺ (ʢʘʨʪʦʥ GC2) ʽ ʛʦʬʨʠ ɽ (ʢʘʨʪʦʥ 

UD3), ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʷʢʠʭ ʥʘʚʝʜʝʥʘ ʚ ʪʘʙʣʠʮʽ 2.2. 

ʊʘʙʣʠʮʷ 2.2 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʛʦʬʨʦʢʘʨʪʦʥʫ 

ʉʪʨʫʢʪʫʨʥʘ ʙʫʜʦʚʘ 

ɺʠʩʦʪʘ 

ʭʚʠʣʽ ʛʦʬʨʠ 

[ʤʤ] 

ʂʨʦʢ ʛʦʬʨʠ 

[ʤʤ] 

ʂʦʝʬʽʮʽʻʥʪ 

ʛʦʬʨʫʚʘʥʥʷ  

ʂʽʣʴʢʽʩʪʴ 

ʭʚʠʣʴ ʥʘ ʤ2 

 

1,2 ï 2,0 3,3 ï 4,2 1,20 ï 1,35 238 ï 295 

 

2,3 ï 3,2 5,8 ï 6,4 1,26 ï 1,48 154 ï 166 

 

1,2 ï 2,0 3,3 ï 4,2 1,20 ï 1,35  

 

2,3 ï 3,2 5,8 ï 6,4 1,26 ï 1,48  

 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʬʣʝʢʩʦʛʨʘʬʽʯʥʠʭ ʚʽʜʙʠʪʢʽʚ ʥʘ ʛʦʬʨʦʢʘʨʪʦʥʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʪʝʭʥʦʣʦʛʽʷ ʜʨʫʢʫʚʘʥʥʷ ʤʝʪʦʜʦʤ postprint ʚʦʜʦʨʦʟʯʠʥʥʠʤʠ 

ʬʘʨʙʘʤʠ EURO-BOARD ʥʘ ʬʣʝʢʩʦʛʨʘʬʽʯʥʽʡ ʤʘʰʠʥʽ Comexi FW 1508. ɺʽʜʙʠʪʢʠ 

ʦʬʩʝʪʥʦʛʦ ʜʨʫʢʫ ʦʪʨʠʤʫʚʘʣʠ ʥʘ ʤʘʰʠʥʽ Rapida105/6 ʬʘʨʙʘʤʠ ʟ ʥʠʟʴʢʠʤ ʨʽʚʥʝʤ 
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ʤʽʛʨʘʮʽʾ  CORONA MGA 5100 (ʚʠʨʦʙʥʠʢ Huber Group, ʅʽʤʝʯʯʠʥʘ) ʤʝʪʦʜʦʤ ʨre-

print ʟ ʧʦʜʘʣʴʰʠʤ ʢʘʰʠʨʫʚʘʥʥʷ ʜʦ ʬʣʶʪʠʥʛʫ. ɺʽʜʙʠʪʢʠ ʮʠʬʨʦʚʦʛʦ (ink-jet) ʜʨʫʢʫ 

ʦʪʨʠʤʫʚʘʣʠ ʥʘ ʛʦʬʨʦʢʘʨʪʦʥʽ  ʥʘ  ʧʣʦʪʝʨʽ  Durst Rho 10-200 ʋʌ-ʯʦʨʥʠʣʘʤʠ CMYK 

ʟ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʟʦʙʨʘʞʝʥʥʷ ʜʦ 1000 dpi  ʤʝʪʦʜʦʤ ʨost-print  ʪʘ  ʨre-print.  

ɼʣʷ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʪʘʢʦʞ ʚʽʜʙʠʪʢʠ, ʦʪʨʠʤʘʥʽ ʚ 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ ʥʘ ʧʨʦʙʦʜʨʫʢʘʨʩʴʢʦʤʫ ʩʪʘʥʢʫ ʬʣʝʢʩʦʛʨʘʬʽʯʥʦʛʦ ʜʨʫʢʫ 

ʤʦʜʝʣʽ IGT F1 (ʨʠʩ. 2.1). 

 

 
ʈʠʩ. 2.1. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʬʣʝʢʩʦʛʨʘʬʽʯʥʦʛʦ ʧʨʦʙʦʜʨʫʢʘʨʩʴʢʦʛʦ ʩʪʘʥʢʘ 

ʤʦʜʝʣʽ IGT F1 

 

ʇʨʦʮʝʩ ʜʨʫʢʫ ʥʘ ʧʨʦʙʦʜʨʫʢʘʨʩʴʢʦʤʫ ʩʪʘʥʢʫ ʟʘʙʝʟʧʝʯʫʚʘʚʩʷ ʥʘʩʪʫʧʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ: ʣʽʥʽʡʥʘ ʰʚʠʜʢʽʩʪʴ ʜʨʫʢʫ: 0,2õ1,5 ʤ/ʩ (12õ90 ʤ/ʭʚ); ʩʠʣʘ ʧʨʠʪʠʩʢʫ: 

10õ500 ʅ (0,25õ12,5 ʢʅ/ʤ); ʰʠʨʠʥʘ ʜʨʫʢʫ: 40 ʤʤ; ʜʦʚʞʠʥʘ ʜʨʫʢʫ: 200 ʤʤ; 

ʜʽʘʤʝʪʨ ʮʠʣʽʥʜʨʘ ʬʦʨʤʠ: 167 ʤʤ, 156 ʤʤ (ʜʣʷ ʬʦʨʤ, ʱʦ ʜʨʫʢʫʶʪʴ ʥʘ 

ʛʦʬʨʦʢʘʨʪʦʥʽ); ʜʽʘʤʝʪʨ ʨʘʩʪʨʦʚʦʛʦ ʮʠʣʽʥʜʨʘ: 66-67 ʤʤ; ʤʦʥʪʘʞʥʘ ʩʪʨʽʯʢʘ 

ʪʦʚʠɦʥʦ ʁï 5,2; ʨʘʩʪʨʦʚʠʡ ʮʠʣʽʥʜʨ ʟ ʣʽʥʽʘʪʫʨʦʶ ʨʘʩʪʨʘ ï 90 ʣʽʥ/cʤ ʪʘ ʧʝʨʝʜʘʯʝʶ 

ʬʘʨʙʠ ï 18 ʤʣ/ʤ2). ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʧʨʦʙʥʠʭ ʚʽʜʙʠʪʢʽʚ ʬʣʝʢʩʦʛʨʘʬʽʯʥʦʛʦ ʜʨʫʢʫ  

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʦʨʛʘʥʦʨʦʟʯʠʥʥʽ ʬʘʨʙʠ ʥʘ ʥʽʪʨʦʮʝʣʶʣʦʟʥʽʡ ʦʩʥʦʚʽ (ʊʋ ʋ 

24.3.-30904372-002-2004) ï (ʚʠʨʦʙʥʠʢ ʋʢʨʘʾʥʘ) ʨʽʟʥʠʭ ʢʦʣʴʦʨʽʚ ï ʞʦʚʪʘ (ʢʦʜ PNL 

8201-F), ʧʫʨʧʫʨʥʘ (ʢʦʜ PNL-8101), ʯʦʨʥʘ (ʢʦʜ PNL-8501-F), ʛʦʣʫʙʘ (ʢʦʜ PNL-

8301-F), ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʜʨʫʢʫʚʘʥʥʷ ʥʘ ʧʘʢʦʚʘʥʥʷʭ ʜʣʷ ʭʘʨʯʦʚʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ.  

ʇʨʦʙʥʽ ʚʽʜʙʠʪʢʠ ʦʬʩʝʪʥʦʛʦ ʜʨʫʢʫ ʥʘ ʢʘʨʪʦʥʘʭ ʦʪʨʠʤʫʚʘʣʠ ʥʘ 

ʧʨʦʙʦʜʨʫʢʘʨʩʴʢʦʤʫ ʩʪʘʥʢʫ IGT C1 (Netherlands) (ʨʠʩ.2.2).  
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ʈʠʩ. 2.2. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʧʨʦʙʦʜʨʫʢʘʨʩʴʢʦʛʦ ʩʪʘʥʢʘ IGT C1  

ʦʬʩʝʪʥʦʛʦ ʜʨʫʢʫ 

 

ʋ ʪʘʙʣʠʮʽ 2.3 ʥʘʚʝʜʝʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʣʝʢʩʦʛʨʘʬʽʯʥʠʭ ʬʘʨʙ, ʷʢʠʤʠ 

ʟʜʽʡʩʥʶʚʘʣʦʩʴ ʧʨʦʙʥʝ ʜʨʫʢʫʚʘʥʥʷ ʟ ʪʝʩʪ-ʬʦʨʤʠ ʥʘ ʛʦʬʨʦʢʘʨʪʦʥʽ ʤʝʪʦʜʦʤ 

preprint i postprint. 

 

ʊʘʙʣʠʮʷ 2.3 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʬʘʨʙ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʧʨʦʙʥʠʭ ʚʽʜʙʠʪʢʽʚ 

ʇʦʢʘʟʥʠʢʠ 
ɾʦʚʪʘ 

(ʢʦʜ PNL 

8201-F) 

ʇʫʨʧʫʨʥʘ 

(ʢʦʜ PNL 

-8101) 

ɻʦʣʫʙʘ 

(ʢʦʜ PNL-

8301-F). 

ʏʦʨʥʘ 

(ʢʦʜ PNL-

8501-F) 

ʉʪʫʧʽʥʴ ʧʝʨʝʪʠʨʫ  

(ʥʦʨʤʘ ï ʥʝ ʙʽʣʴʰʝ 5 ʤʢʤ) 
1 1 1 1 

ʋʤʦʚʥʘ ʚôʷʟʢʽʩʪʴ ʧʨʠ 20Á ʟʘ 

ɺɿ-246 (ʜʽʘʤʝʪʨ ʩʦʧʣʘ 4 ʤʤ) 

(ʥʦʨʤʘ ï 30ï45 ʩ) 

42 41 39 37 

ɸʜʛʝʟʽʷ ʤʝʪʦʜʦʤ ʣʠʧʢʦʾ 

ʩʪʨʽʯʢʠ  

(ʥʦʨʤʘ ï ʥʝ ʤʝʥʰʝ 4 ʙʘʣʠ) 

4 4 4 4 

ɺʤʽʩʪ ʣʝʪʢʠʭ ʨʝʯʦʚʠʥ (ʥʦʨʤʘ 

ï ʥʝ ʤʝʥʰʝ 25 %) 
33 36 34 31 

ʉʪʽʡʢʽʩʪʴ ʚʽʜʙʠʪʢʫ ʜʦ ʜʽʾ 

ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, Áʉ 
+200 +200 +200 +200 
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ʉʪʽʡʢʽʩʪʴ ʜʦ ʜʽʾ ʚʦʜʥʦʛʦ 

ʨʦʟʯʠʥʫ ʣʫʛʫ  

(ʥʦʨʤʘ ïʥʝ ʤʝʥʰʝ 5 ʙʘʣʽʚ) 

4 3 5 5 

ʉʪʽʡʢʽʩʪʴ ʜʦ ʜʽʾ ʦʣʽʾ  

(ʥʦʨʤʘ ï ʥʝ ʤʝʥʰʝ 3 ʙʘʣʠ) 
3 3 3 3 

ʉʪʽʡʢʽʩʪʴ ʜʦ ʜʽʾ ʚʦʜʠ (ʥʦʨʤʘ ï 

ʥʝ ʤʝʥʰʝ 5 ʙʘʣʽʚ) 
5 5 5 5 

ʉʪʽʡʢʽʩʪʴ ʜʦ ʜʽʾ ʤʦʣʦʯʥʦʾ 

ʢʠʩʣʦʪʠ 

(ʥʦʨʤʘ ï ʥʝ ʤʝʥʰʝ 5 ʙʘʣʽʚ) 

5 4 5 5 

 

 

2.2. ʄʝʪʦʜʠʢʠ ʜʦʩʣʽʜʞʝʥʴ 

2.2.1. ʄʝʪʦʜʠʢʘ ʜʦʩʣʽʜʞʝʥʥʷ ʪʦʧʦʛʨʘʬʽʾ ʧʦʚʝʨʭʥʽ ʢʘʨʪʦʥʽʚ (ʣʘʡʥʝʨʽʚ) 

ʪʘ ʚʽʜʙʠʪʢʽʚ ʥʘ ʥʠʭ 

ʇʨʦʬʽʣ ̔ ʧʦʚʝʨʭʥʽ ʣʘʡʥʝʨʽʚ ʪʘ ʚʽʜʙʠʪʢʽʚ ʥʘ ʥʠʭ ʚʠʟʥʘʯʘʣʠ ʥʘ  

ʚʠʤʽʨʶʚʘʣʴʥʽʡ ʫʩʪʘʥʦʚʮ ̔ Surtronic +3 ʬʽʨʤʠ TaylorïHobson, ʦʩʥʘʱʝʥʦ ʾ

ʚʠʤʽʨʶʚʘʣʴʥʠʤ ʜʘʪʯʠʢʦʤ ʟ ʨʽʟʮʝʤ, ʷʢʠʡ ʧʝʨʝʩʫʚʘʻʪʴʩʷ ʧʨʷʤʦʣʽʥʽʡʥʦ ʧʦ ʧʦʚʝʨʭʥʽ 

ʚʽʜʙʠʪʢʫ. ʆʧʨʘʮʴʦʚʘʥʽ ʢʦʤʧ'ʶʪʝʨʥʦ  ʁ ʧʨʦʛʨʘʤʦʶ ʜʘʥʽ ʧʨʝʜʩʪʘʚʣʷʶʪʴʩʷ ʷʢ 

ʜʽʘʛʨʘʤʘ ʰʦʨʩʪʢʦʩʪʽ ʧʦʚʝʨʭʥʽ ʟ ʪʦʯʥʽʩʪʶ ʚʠʤʽʨʶʚʘʥʥʷ 2%. ɻʨʘʥʠʮʷ ʚʠʤʽʨʽʚ 

ʧʨʦʬʽʣʦʤʝʪʨʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ  150 ɛm. ɺʠʤʽʨʶʚʘʥʥʷ ʛʣʘʜʢʦʩʪʽ ʩʢʣʘʜʘʻ 0,01 

ɛm. ɺʠʟʥʘʯʘʶʪʴʩʷ ʪʘʢʽ ʧʘʨʘʤʝʪʨʠ ʰʦʨʩʪʢʦʩʪʽ: Ra ï ʩʝʨʝʜʥʷ ʘʨʠʬʤʝʪʠʯʥʘ 

ʚʝʣʠʯʠʥʘ ʘʙʩʦʣʶʪʥʦʛʦ ʧʨʦʬʽʣʶ ʰʦʨʩʪʢʦʩʪʽ ʚʽʜ ʩʝʨʝʜʥʴʦʾ ʣʽʥʽʾ; Rt ï ʤʘʢʩʠʤʘʣʴʥʘ 

ʚʠʩʦʪʘ ʧʨʦʬʽʣʶ ʥʘ ʜʦʚʞʠʥʽ ʚʠʤʽʨʶʚʘʥʦʛʦ ʟʨʘʟʢʘ; Rz  ï  ʩʝʨʝʜʥ ̫ʚʝʣʠʯʠʥʘ ʚʩʽʭ 

ʚʘʨʪʦʩʪʝʡ Rti (ʥʘʡʚʠʱʘ ʘʤʧʣʽʪʫʜʘ) ʥʘ ʘʥʘʣʽʟʦʚʘʥʽʡ ʜʦʚʞʠʥʽ ʚʽʜʙʠʪʢʘ [103]. 

ʉʪʨʫʢʪʫʨʫ ʧʦʚʝʨʭʥʽ ʣʘʡʥʝʨʽʚ ʪʘ ʚʽʜʙʠʪʢʽʚ ʥʘ ʥʠʭ ʜʦʩʣʽʜʞʫʚʘʣʠ ʥʘ  

ʫʩʪʘʥʦʚʮ ̔AniCam ʬʽʨʤʠ TROIKA Systems Limited (ʨʠʩ. 2.3), ʦʩʥʘʱʝʥʦ ʾ 24-

ʙʽʪʦʚʦʶ ʢʦʣʴʦʨʦʚʦʶ ʢʘʤʝʨʦʶ ʟ ʨʦʟʜʽʣʴʥʽʩʪʶ 640Ĭ480 ʧʽʢʩʝʣʽʚ ʽ ʧʦʣʝʤ ʟʦʨʫ ʚʽʜ 

1,25Ĭ0,92 ʤʤ. ʊʨʠʚʠʤʽʨʥʝ ʟʦʙʨʘʞʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʧʦʚʝʨʭʥʽ  ʦʪʨʠʤʫʚʘʣʠ ʟ ʘʥʘʣʽʟʫ 

ʮʠʬʨʦʚʠʭ ʬʦʪʦʛʨʘʬʽʡ ʧʦʚʝʨʭʥʽ ʩʫʙʩʪʨʘʪʫ ʽ ʚʽʜʙʠʪʢʫ (ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʽʚ ʩʢʣʘʜʘʻ 

Ñ1%).  
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ʈʠʩ. 2.3. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʧʨʠʣʘʜʫ AniCam ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ 

ʪʘ ʧʨʦʬʽʣʶ ʧʦʚʝʨʭʥʽ ʢʘʨʪʦʥʽʚ ʪʘ ʚʽʜʙʠʪʢʽʚ  

 

2.2.2. ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʥʷ ʝʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʅʘʧʽʚʪʦʥʢʽ ʟʨʽʟʠ ʢʘʨʪʦʥʽʚ ʽ ʚʽʜʙʠʪʢʽʚ ʥʘ ʥʠʭ ʜʦʩʣʽʜʞʫʚʘʣʠ ʚ ʩʚʽʪʣʦʚʦʤʫ 

ʤʽʢʨʦʩʢʦʧʽ ɹʀʆʃɸʄ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʟʙʽʣʴʰʝʥʥʽ ʦʙôʻʢʪʠʚʫ Ĭ2 500, ʘ 

ʬʦʪʦʛʨʘʬʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʦʾ ʧʨʠʩʪʘʚʢʠ ʥʘ ʜʟʝʨʢʘʣʴʥʫ 

ʮʠʬʨʦʚʫ ʬʦʪʦʢʘʤʝʨʫ Olympus E520 ʟ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʟʦʙʨʘʞʝʥʥʷ 10 

ʤʝʛʘʧʽʢʩʝʣʽʚ ʟ ʥʘʩʪʫʧʥʠʤ ʢʘʜʨʫʚʘʥʥʷʤ ʟʦʙʨʘʞʝʥʴ ʜʦ ʨʦʟʤʽʨʫ ʧʦʨʷʜʢʫ 800Ĭ600 

ʧʽʢʩʝʣʽʚ. ɺʠʚʯʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʥʘʜʨʫʢʦʚʘʥʦʛʦ ʣʶʤʽʥʝʩʮʝʥʪʥʦʛʦ ʪʘ 

ʘʨʦʤʘʪʠʟʦʚʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʟʜʽʡʩʥʶʚʘʣʠ ʚ ʩʢʘʥʫʶʯʦʤʫ ʝʣʝʢʪʨʦʥʥʦʤʫ 

ʤʽʢʨʦʩʢʦʧʽ JEOL JSM-T220A Scanning Mʽcroscope (ʗʧʦʥʽʷ). ɿʦʙʨʘʞʝʥʥʷ 

ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʽʚ ʦʪʨʠʤʫʚʘʣʠ ʧʨʠ ʟʙʽʣʴʰʝʥʥʷʭ Ĭ1 500 [103].  

 

2.2.3. ʄʝʪʦʜʠʢʘ ʜʦʩʣʽʜʞʝʥʥʷ ʜʝʥʩʠʪʦʤʝʪʨʠʯʥʠʭ, ʢʦʣʦʨʠʤʝʪʨʠʯʥʠʭ  ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʜʨʫʢʘʨʩʴʢʠʭ ʚʽʜʙʠʪʢʽʚ ʥʘ ʛʦʬʨʦʢʘʨʪʦʥʽ 

ʄʝʪʦʜʠʢʘ ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ ʚʽʜʙʠʪʢʽʚ ʧʝʨʝʜʙʘʯʘʣʘ ʚʠʟʥʘʯʝʥʥʷ ʪʘʢʠʭ 

ʧʘʨʘʤʝʪʨʽʚ, ʷʢ ʪʦʥʦʧʝʨʝʜʘʯʘ, ʦʧʪʠʯʥʘ ʱʽʣʴʥʽʩʪʴ, ʨʦʟʨʽʟʥʝʥʥʷ ʜʽʘʧʘʟʦʥʫ ʢʦʣʴʦʨʽʚ.  

ɼʝʥʩʠʪʦʤʝʪʨʠʯʥʽ ʧʦʢʘʟʥʠʢʠ ʚʽʜʙʠʪʢʽʚ ʜʦʩʣʽʜʞʫʚʘʣʠ ʥʘ 

ʩʧʝʢʪʨʦʜʝʥʩʠʪʦʤʝʪʨʽ SPM 50 ʬʽʨʤʠ GRETAG, ʷʢʠʡ ʧʨʘʮʶʻ ʫ ʚʽʜʙʠʪʦʤʫ ʩʚʽʪʣʽ, 

ʚʠʟʥʘʯʘʻ ʦʧʪʠʯʥʫ ʱʽʣʴʥʽʩʪʴ ʬʦʥʫ ʽ ʧʣʘʰʦʢ, ʨʦʟʪʠʩʢʫʚʘʥʥʷ (ʚʽʜʥʦʩʥʫ ʧʣʦʱʫ) 

ʨʘʩʪʨʦʚʠʭ ʝʣʝʤʝʥʪʽʚ, ʪʨʝʧʽʥʛ, ʙʘʣʘʥʩ ʧʦ-ʩʽʨʦʤʫ, ʨʽʚʥʦʤʽʨʥʽʩʪʴ ʪʘ ʢʦʥʪʨʘʩʪ ʜʨʫʢʫ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʢʦʣʦʨʠʤʝʪʨʠʯʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʟʦʙʨʘʞʝʥʴ, ʷʢʽ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʟ 

ʨʽʟʥʠʭ ʚʽʜʩʪʘʥʝʡ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʽ ʢʫʪʠ ʩʧʦʩʪʝʨʽʛʘʥʥʷ 20 ʪʘ 
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100. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʨʦʟʨʽʟʥʝʥʥʷ ʢʦʣʴʦʨʽʚ (æE) ʚʠʤʽʨʶʚʘʣʠ 

ʢʦʦʨʜʠʥʘʪʠ ʢʦʣʴʦʨʫ ʚ ʩʠʩʪʝʤʽ CIE L*a*b ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʣʦʨʠʤʝʪʨʘ ʽ 

ʨʦʟʨʘʭʦʚʫʚʘʣʠ æE ʟʘ ʬʦʨʤʫʣʦʶ: 

ЎὉ  ὒᶻ  ὒᶻ ὥᶻ  ὥᶻ ὦᶻ  ὦᶻ    (2.1) 

ʜʝ  

ȹὒz = ὒz1īὒz2 ȹὥz = ὥz1īὥz2 ȹὦz = ὦz1īὦz2   (2.2) 

ȹEab ï ʚʽʜʩʪʘʥʴ ʤʽʞ ʜʚʦʤʘ ʧʫʥʢʪʘʤʠ ʚ ʪʨʠʚʠʤʽʨʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ 

ʢʦʣʴʦʨʫ;  

L*1, a*1, b*1 ï ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʜʣʷ ʝʪʘʣʦʥʥʦʛʦ ʟʨʘʟʢʘ; 

L*2, a*2, b*2 ï ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʜʣʷ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʚʽʜʙʠʪʢʘ.  

ɿʘʣʝʞʥʦ ʚʽʜ ʦʪʨʠʤʘʥʠʭ ʟʥʘʯʝʥʴ, ʨʦʟʨʽʟʥʷʶʪʴ ʧôʷʪʴ ʚʘʨʽʘʥʪʽʚ ʽʜʝʥʪʠʬʽʢʘʮʽʾ 

ʢʦʣʴʦʨʫ: 

ȹE < 1 ï ʨʽʟʥʠʮʷ ʥʝ ʧʦʤʽʪʥʘ ʜʣʷ ʣʶʜʩʴʢʦʛʦ ʦʢʘ; 

ȹE = 1õ2 ï ʨʽʟʥʠʮʷ ʢʦʣʴʦʨʫ ʧʦʤʽʪʥʘ ʜʣʷ ʜʦʩʚʽʜʯʝʥʦʾ ʣʶʜʠʥʠ; 

ȹE = 2õ3,5 ï ʨʽʟʥʠʮʷ ʢʦʣʴʦʨʫ ʧʦʤʽʪʥʘ ʜʣʷ ʙʫʜʴ-ʢʦʛʦ; 

ȹE = 3,5õ5 ï ʧʦʤʽʪʥʘ ʨʽʟʥʠʮʷ ʢʦʣʴʦʨʫ; 

ȹE > 5 ï ʜʫʞʝ ʚʝʣʠʢʘ ʨʽʟʥʠʮʷ ʤʽʞ ʚʠʤʽʨʶʚʘʣʴʥʠʤʠ ʢʦʣʴʦʨʘʤʠ. 

ʐʢʘʣʘ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ  ʷʢʦʩʪʽ ʚʽʜʙʠʪʢʽʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2.4. 

 

ʈʠʩ. 2.4. ʐʢʘʣʘ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ  ʷʢʦʩʪʽ ʚʽʜʙʠʪʢʽʚ 
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ɺʘʞʣʠʚʠʤ ʧʘʨʘʤʝʪʨʦʤ ʷʢʦʩʪʽ ʚʽʜʙʠʪʢʽʚ ʻ ʙʣʠʩʢ ï ʷʚʠʱʝ, ʷʢʝ ʚʠʥʠʢʘʻ 

ʚʥʘʩʣʽʜʦʢ ʨʦʟʩʽʶʚʘʥʥʷ ʘʙʦ ʚʽʜʙʠʪʪʷ ʩʚʽʪʣʘ ʥʘ ʧʦʚʝʨʭʥʽ ʪʚʝʨʜʠʭ ʪʽʣ ʯʠ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘʜ ʾʭʥʴʦʶ ʧʦʚʝʨʭʥʝʶ. ɹʣʠʩʢ ʚʽʜʙʠʪʢʘ ʚʠʟʥʘʯʘʣʠ ʷʢ ʚʣʘʩʪʠʚʽʩʪʴ 

ʧʦʚʝʨʭʥʽ, ʱʦ ʚʠʨʘʞʘʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʨʷʤʦʛʦ ʚʽʜʙʠʪʪʷ ʩʚʽʪʣʘ, ʚʠʤʽʨʷʥʠʤ ʥʘ 

ʧʣʦʱʠʥʽ ʜʨʫʢʫ ʥʘ ʙʣʠʩʢʦʤʽʨ ̔ Zehntner ZGM 1020. ɺʠʤʽʨʶʚʘʥʥʷ ʙʣʠʩʢʫ 

ʧʨʦʚʦʜʠʣʠ ʧʽʜ ʦʜʥʘʢʦʚʠʤ ʢʫʪʦʤ 20ʦ, ʱʦʙ ʫʥʠʢʥʫʪʠ ʨʽʟʥʠʮʽ ʫ ʚʽʜʙʠʚʘʣʴʥʽʡ 

ʟʜʘʪʥʦʩʪʽ ʚʽʜ ʨʽʟʥʠʭ ʢʫʪʽʚ ʚʠʤʽʨʶʚʘʥʥʷ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʷʢʦʩʪʽ ʚʽʜʙʠʪʢʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʤʝʪʦʜ ʍʘʨʨʽʥʛʪʦʥʘ [105], ʩʫʪʴ ʷʢʦʛʦ ʧʦʣʷʛʘʻ ʚ ʨʦʟʨʦʙʣʝʥʥʽ ʫʟʘʛʘʣʴʥʶʶʯʦʾ 

ʬʫʥʢʮʽʾ ʙʘʞʘʥʦʩʪʽ ʪʘ ʯʘʩʪʢʦʚʠʭ ʬʫʥʢʮʽʡ ʙʘʞʘʥʦʩʪʽ. ɺ ʰʢʘʣʽ ʙʘʞʘʥʦʩʪʽ 

ʍʘʨʨʽʥʛʪʦʥʘ ʚʩʪʘʥʦʚʣʝʥʽ ʨʝʧʝʨʥʽ ʪʦʯʢʠ, ʷʢʽ ʜʽʣʷʪʴ ʚʩʶ ʰʢʘʣʫ ʥʘ ʽʥʪʝʨʚʘʣʠ, ʘ 

ʩʘʤʝ: (0ï0.2) ï ʜʫʞʝ ʧʦʛʘʥʦ, (0.2ï0.37) ïʧʦʛʘʥʦ, (0.37ï0.63) ï ʟʘʜʦʚʽʣʴʥʦ, (0.63ï

0.80) ï ʜʦʙʨʝ, (0.80ï1) ï ʚʽʜʤʽʥʥʦ. ʐʢʘʣʘ ʙʘʞʘʥʦʩʪʽ ʤʘʻ ʜʽʘʧʘʟʦʥ ʟʤʽʥ ʟʥʘʯʝʥʴ ʚʽʜ 

ʥʫʣʷ ʜʦ ʦʜʠʥʠʮʽ [106]. ʌʫʥʢʮʽʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ɽ. ʍʘʨʨʽʥʛʪʦʥʘ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ 

ʙʘʛʘʪʴʤʘ ʚʯʝʥʠʤʠ ʪʘ ʚʦʣʦʜʽʻ ʪʘʢʠʤʠ ʧʝʨʝʚʘʞʘʶʯʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʷʢ 

ʥʝʧʝʨʝʨʚʥʽʩʪʴ, ʤʦʥʦʪʦʥʥʽʩʪʴ ʪʘ ʛʣʘʜʢʽʩʪʴ. ʈʝʢʦʤʝʥʜʦʚʘʥʦ ʩʠʤʝʪʨʠʯʥʦ ʥʫʣʷ ʥʘ 

ʦʩʽ ʘʙʩʮʠʩ ʨʦʟʤʽʱʫʚʘʪʠ ʢʦʜʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ. ɿʥʘʯʝʥʥʷ ʥʘ ʢʦʜʦʚʘʥʽʡ 

ʰʢʘʣʽ ʧʨʠʡʥʷʪʦ ʚʠʙʠʨʘʪʠ ʚʽʜ 3 ʜʦ 6. ʅʘʧʨʠʢʣʘʜ, ʰʽʩʪʴ ʽʥʪʝʨʚʘʣʽʚ ʚ ʙʽʢ ʟʨʦʩʪʘʥʥʷ 

ʽ ʰʽʩʪʴ ʽʥʪʝʨʚʘʣʽʚ ʚ ʙʽʢ ʩʧʘʜʘʥʥʷ ʟʥʘʯʝʥʥʷ ʦʟʥʘʢʠ. ʉʘʤʝ ʚʠʙʽʨ ʯʠʩʣʘ ʽʥʪʝʨʚʘʣʽʚ 

ʚʠʟʥʘʯʘʻ ʢʨʫʪʠʟʥʫ ʢʨʠʚʦʾ ʚ ʩʝʨʝʜʥʽʭ ʽʥʪʝʨʚʘʣʘʭ. ʂʨʠʚʫ ʙʘʞʘʥʦʩʪʽ ʟʘʟʚʠʯʘʡ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʘʦʯʥʦ ʚʽʟʫʘʣʴʥʦ ʚ ʷʢʦʩʪʽ ʥʦʤʦʛʨʘʤʠ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʷʢʦʩʪʽ ʜʨʫʢʦʚʘʥʠʭ ʚʽʜʙʠʪʢʽʚ ʚ ʨʦʣʽ ʢʨʠʪʝʨʽʾʚ ʷʢʦʩʪʽ 

ʟʦʙʨʘʞʝʥʥʷ, ʦʪʨʠʤʘʥʦʛʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʙʥʦʛʦ ʬʣʝʢʩʦʜʨʫʢʫ, ʙʫʣʦ ʦʙʨʘʥʦ 9 

ʧʦʢʘʟʥʠʢʽʚ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ. ʎʝ ï ʦʧʪʠʯʥʘ ʱʽʣʴʥʽʩʪʴ ʬʦʥʫ, ʦʧʪʠʯʥʘ ʱʽʣʴʥʽʩʪʴ 

ʚʽʜʙʠʪʢʘ, ʢʦʣʽʨʥʘ ʚʽʜʤʽʥʥʽʩʪʴ, ʚʝʣʠʯʠʥʠ ʪʨʝʧʽʥʛʫ, ʢʦʥʪʨʘʩʪʫ, ʨʦʟʪʠʩʢʫʚʘʥʥʷ, 

ʢʦʥʪʨʦʣʶ ʩʫʤʽʱʝʥʥʷ ʬʘʨʙ, ʙʘʣʘʥʩʫ çʧʦ ʩʽʨʦʤʫè. 

ɿʥʘʯʝʥʥʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʷʢʦʩʪʽ ʜʨʫʢʦʚʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ, 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ:  
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ʜʝ d  ̔ï ʦʜʠʥʠʯʥʽ ʬʫʥʢʮʽʾ ʙʘʞʘʥʦʩʪʽ ʟʘ ʦʩʥʦʚʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ. ɼʣʷ 

ʜʚʦʩʪʦʨʦʥʥʽʭ ʪʘ ʦʜʥʦʩʪʦʨʦʥʥʽʭ ʟʘʣʝʞʥʦʩʪʝʡ ʬʫʥʢʮʽʾ ʙʘʞʘʥʦʩʪʽ ʍʘʨʨʽʥʛʪʦʥʘ 

ʤʘʶʪʴ ʚʠʛʣʷʜ: 

ï ʩʠʤʝʪʨʠʯʥʽ ʜʚʦʩʪʦʨʦʥʥʽ:  
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      (2.4) 

ï ʦʜʥʦʩʪʦʨʦʥʥʽ: 
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     (2.5) 

ʜʝ ʫ̔ ï ʢʦʜʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ, ʚʠʟʥʘʯʝʥʠʭ ʟʘ ʰʢʘʣʦʶ; ʘ̔ ï 

ʦʧʪʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʫ̔, ʧʨʠ ʷʢʦʤʫ ʜʚʦʩʪʦʨʦʥʥʷ ʬʫʥʢʮʽʷ ʙʘʞʘʥʦʩʪʽ 

ʜʦʨʽʚʥʶʻ 1 (100 % ʷʢʦʩʪʽ), ʘ ʦʜʥʦʩʪʦʨʦʥʥʷ ï ʥʝ ʤʝʥʰʝ ʟʘ 0,95; bʽ ï ʟʥʘʯʝʥʥʷ 

ʧʦʢʘʟʥʠʢʘ ʫ̔, ʧʨʠ ʷʢʦʤʫ ʷʢʽʩʪʴ ʥʠʟʴʢʘ, ʤʝʥʰʝ ʟʘ 0,05 (5 %); ʩ̔ ï ʟʥʘʯʝʥʥʷ 

ʧʦʢʘʟʥʠʢʘ ʫ̔, ʧʨʠ ʷʢʦʤʫ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘʜʦʚʽʣʴʥʝ ʟʥʘʯʝʥʥʷ ʷʢʦʩʪʽ (0,37) ʦʜʠʥʠʯʥʦʾ 

ʬʫʥʢʮʽʾ ʙʘʞʘʥʦʩʪʽ. 

ʄʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ʜʨʫʢʫ ʥʘ ʚʽʜʙʠʪʢʫ ï ʮʝ ʟʜʘʪʥʽʩʪʴ 

ʚʽʜʪʚʦʨʶʚʘʪʠ ʟʘʜʘʥʝ ʟʦʙʨʘʞʝʥʥʷ ʟ ʦʜʥʘʢʦʚʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚ ʨʽʟʥʠʭ ʤʽʩʮʷʭ 

ʚʽʜʙʠʪʢʘ ʪʘ ʚʩʴʦʛʦ ʥʘʢʣʘʜʫ. ɼʣʷ ʮʴʦʛʦ ʫ ʢʦʞʥʦʤʫ ʟ ʯʦʪʠʨʴʦʭ ʢʫʪʽʚ ʪʝʩʪʦʚʘʥʦʛʦ 

ʘʨʢʫʰʘ ʙʫʣʠ ʥʘʜʨʫʢʦʚʘʥʽ ʩʧʝʮʽʘʣʴʥʽ ʚʠʤʽʨʶʚʘʣʴʥʽ ʟʦʥʠ, ʷʢʽ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʪʨʴʦʭ 

ʧʦʣʽʚ ʨʽʟʥʦʛʦ ʩʪʫʧʝʥʷ ʩʽʨʦʛʦ ʢʦʣʴʦʨʫ: ʪʝʤʥʦʛʦ (C65, M50, Y50, K50), ʩʝʨʝʜʥʴʦʛʦ 

(C40, M30, Y30, K30) ʽ ʩʚʽʪʣʦʛʦ (C20, M15, Y15, K15).ʇʦʪʽʤ  ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ 

ʨʽʟʥʠʮʶ ʢʦʣʴʦʨʽʚ,  ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ȹEab ʜʣʷ ʚʩʽʭ ʧʝʨʝʚʽʨʝʥʠʭ ʚʽʜʙʠʪʢʽʚ ʜʣʷ 

ʢʦʥʢʨʝʪʥʦʛʦ ʧʦʣʷ ʥʘ  3 ʨʽʟʥʠʭ ʘʨʢʫʰʘʭ (ʨʠʩ. 2.5). 

ʇʘʨʘʤʝʪʨʠ ʢʦʣʴʦʨʫ L*, a*, b* ʮʠʭ ʧʦʣʽʚ ʚʠʤʽʨʶʚʘʣʠ ʧʦʩʣʽʜʦʚʥʦ (ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʧʝʢʪʨʦʜʝʥʩʠʪʦʤʝʪʨʘ SPM 50 ʬʽʨʤʠ GRETAG) ʽ ʨʦʟʨʘʭʦʚʫʚʘʣʠ 

ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʯʦʪʠʨʴʦʭ ʚʠʤʽʨʶʚʘʥʴ ʜʣʷ ʢʦʞʥʦʛʦ ʧʦʣʷ ʰʢʘʣʠ - ʩʚʽʪʣʦʛʦ, 

ʩʝʨʝʜʥʴʦʛʦ ʽ ʪʝʤʥʦʛʦ. ɹʫʣʦ ʨʦʟʨʘʭʦʚʘʥʦ ʟʥʘʯʝʥʥʷ ȹE*ab, ʜʣʷ ʢʽʣʴʢʽʩʥʦʛʦ 

ʚʠʟʥʘʯʝʥʥʷ ʨʽʟʥʠʮʽ ʢʦʣʴʦʨʽʚ ʤʽʞ ʢʦʣʴʦʨʦʤ, ʱʦ ʤʘʻ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʢʦʦʨʜʠʥʘʪ ʟ 

ʯʦʪʠʨʴʦʭ ʧʦʣʽʚ ʽ ʢʦʣʴʦʨʦʤ ʢʦʥʢʨʝʪʥʦʛʦ ʧʦʣʷ. ʈʽʟʥʠʮʷ ʢʦʣʴʦʨʽʚ ȹE * ab ʙʫʣʘ 

ʦʪʨʠʤʘʥʘ ʰʣʷʭʦʤ ʨʦʟʨʘʭʫʥʢʫ ʟʘ ʬʦʨʤʫʣʦʶ:  
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ȹEzab=ãȹL2z+ȹa2z+ȹbz2     (2.6) 

ʜʝ: ȹL* ï ʨʽʟʥʠʮʷ ʤʽʞ ʟʥʘʯʝʥʥʷʤ ʥʘ ʢʦʞʥʦʤʫ ʧʦʣʽ ʽ ʩʝʨʝʜʥʽʤ ʟʥʘʯʝʥʥʷʤ 

ʷʩʥʦʛʦ ʧʦʣʷ; 

ȹa* ï ʨʽʟʥʠʮʷ ʤʽʞ ʟʥʘʯʝʥʥʷʤ ʥʘ ʢʦʞʥʦʤʫ ʧʦʣʽ ʽ ʩʝʨʝʜʥʽʤ ʟʥʘʯʝʥʥʷʤ ʘ  ʧʦʣʷ 

ʰʢʘʣʠ; 

ȹb* ï ʨʽʟʥʠʮʷ ʤʽʞ ʟʥʘʯʝʥʥʷʤ ʥʘ ʢʦʞʥʦʤʫ ʧʦʣʽ ʽ ʩʝʨʝʜʥʽʤ ʟʥʘʯʝʥʥʷʤ b ʧʦʣʷ 

ʰʢʘʣʠ. 

 

ʈʠʩ. 2.5 ʇʦʣʷ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ʜʨʫʢʫ ʥʘ  ʚʽʜʙʠʪʫ ʟ 

ʛʦʬʨʦʢʘʨʪʦʥʫ ʪʘ ʧʽʜ ʯʘʩ ʜʨʫʢʫ ʥʘʢʣʘʜʫ  

 

ʉʪʘʙʽʣʴʥʽʩʪʴ ʜʨʫʢʫ ʪʘʢʦʞ ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʘʩʷ ʚʝʣʠʯʠʥʦʶ ʩʪʘʥʜʘʨʪʥʦʛʦ 

ʚʽʜʭʠʣʝʥʥʷ ʢʦʣʽʨʥʠʭ ʢʦʦʨʜʠʥʘʪ ʫʩʽʭ ʚʠʤʽʨʶʚʘʥʴ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʘʥʜʘʨʪʫ ISO 

12647-7 ʩʪʘʥʜʘʨʪʥʝ ʚʽʜʭʠʣʝʥʥʷ ʚʠʤʽʨʷʥʠʭ ʟʥʘʯʝʥʴ L *, a *, b * ʥʝ ʧʦʚʠʥʥʦ 

ʧʝʨʝʚʠʱʫʚʘʪʠ 0,5, ʘ ʟʥʘʯʝʥʥʷ ȹE * ab ʤʽʞ ʩʝʨʝʜʥʽʤʠ ʟʥʘʯʝʥʥʷʤʠ ʽ ʢʦʞʥʠʤ ʧʦʣʝʤ 

ʦʢʨʝʤʦ ʥʝ ʧʦʚʠʥʥʽ  ʧʝʨʝʚʠʱʫʚʘʪʠ 2 [104].  

ʄʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʪʦʯʥʦʩʪʽ ʩʫʤʽʱʝʥʥʷ ʢʦʣʴʦʨʽʚ ʥʘ ʚʽʜʙʠʪʢʫ 

ʧʦʙʫʜʦʚʘʥʘ  ʥʘ ʘʥʘʣʽʟʽ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ. ʉʧʝʮʽʘʣʴʥʽ ʪʝʩʪʠ ʜʨʫʢʫʶʪʴʩʷ ʥʘ ʘʨʢʫʰʽ 

(ʨʠʩ. 2.6), ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 3 ʧʘʨ ʣʽʥʽʡ ï ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ, ʜʽʘʛʦʥʘʣʴʥʠʭ ʽ 

ʚʝʨʪʠʢʘʣʴʥʠʭ. 
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ʈʠʩ. 2.6. ʐʢʘʣʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʫʤʽʱʝʥʥʷ ʢʦʣʴʦʨʽʚ ʥʘ ʚʽʜʙʠʪʢʫ ʧʨʠ 

ʜʨʫʢʫʚʘʥʥʽ ʥʘʢʣʘʜʫ ʥʘ ʛʦʬʨʦʢʘʨʪʦʥʽ 

 

ʆʜʥʘ ʟ ʣʽʥʽʡ ʙʫʣʘ ʯʦʨʥʦʶ, ʘ ʽʥʰʘ, ʧʘʨʘʣʝʣʴʥʘ ʾʡ, ʩʢʣʘʜʘʣʘʩʷ ʟ ʯʦʪʠʨʴʦʭ 

ʢʦʨʦʪʢʠʭ ʣʽʥʽʡ ʟ ʦʩʥʦʚʥʠʤʠ ʢʦʣʴʦʨʘʤʠ CMYK. ɺʠʤʽʨʶʚʘʥʥʷ ʧʦʣʷʛʘʣʦ ʫ 

ʚʠʚʯʝʥʥʽ ʨʽʟʥʠʮʽ ʫ ʚʽʜʩʪʘʥʽ ʤʽʞ ʜʚʦʤʘ ʯʦʨʥʠʤʠ ʣʽʥʽʷʤʠ ʪʘ ʯʦʨʥʦʶ ʣʽʥʽʻʶ ʪʘ 

ʪʨʴʦʤʘ ʽʥʰʠʤʠ ʢʦʣʴʦʨʘʤʠ: ʙʣʘʢʠʪʥʠʤ, ʧʫʨʧʫʨʥʠʤ ʪʘ ʞʦʚʪʠʤ. ʈʝʟʫʣʴʪʘʪʠ 

ʫʩʝʨʝʜʥʶʚʘʣʠ ʽ ʧʝʨʝʚʽʨʷʣʠʩʴ ʟʥʘʯʝʥʥʷʤ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʛʦʬʨʦʢʘʨʪʦʥʫ ʚ ʧʨʦʮʝʩʽ 

ʬʣʝʢʩʦʛʨʘʬʽʯʥʦʛʦ ʜʨʫʢʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʤʝʪʦʜʠ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ 

ʥʝʣʽʥʽʡʥʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ. 

 

2.2.4. ʄʝʪʦʜʠʢʘ ʜʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʫ ʣʶʤʽʥʝʩʮʝʥʮʽʾ ʥʘ ʚʽʜʙʠʪʢʘʭ 

ɹʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʠʡ ʩʧʦʩʽʙ ʦʟʜʦʙʣʝʥʥʷ ʧʦʣʽʛʨʘʬʽʯʥʦʾ ʪʘ ʧʘʢʫʚʘʣʴʥʦʾ 

ʧʨʦʜʫʢʮʽʾ, ʚ ʷʢʦʤʫ ʚʚʝʜʝʥʥʷʤ ʣʶʤʽʥʝʩʮʝʥʪʥʠʭ ʧʽʛʤʝʥʪʽʚ ʜʦ ʜʨʫʢʘʨʩʴʢʠʭ ʬʘʨʙ ʪʘ  

ʘʨʦʤʘʪʠʟʦʚʘʥʠʭ ʣʘʢʽʚ, ʯʠʤ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚʠʙʽʨʢʦʚʝ ʦʟʜʦʙʣʝʥʥʷ ʬʨʘʛʤʝʥʪʽʚ 

ʥʘʜʨʫʢʦʚʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ ʫʪʚʦʨʶʻʪʴʩʷ ʦʜʥʦʯʘʩʥʦ ʘʨʦʤʘʪʠʟʦʚʘʥʝ 

ʽ ʣʶʤʽʥʝʩʮʝʥʪʥʝ ʟʦʙʨʘʞʝʥʥʷ, ʷʢʝ ʩʚʽʪʠʪʴʩʷ ʚ ʪʝʤʥʦʪʽ ʧʽʩʣʷ ʟʘʨʷʜʢʠ ʚʽʜ ʙʫʜʴ-

ʷʢʦʛʦ ʜʞʝʨʝʣʘ ʩʚʽʪʣʘ ʽ ʨʝʢʣʘʤʘ ʩʪʘʻ ʜʦʙʨʝ ʚʠʜʠʤʦ  ʁʜʣʷ ʩʧʦʞʠʚʘʯʘ. ʉʧʦʩʽʙ 

ʧʝʨʝʜʙʘʯʘʚ ʫʪʚʦʨʝʥʥʷ ʜʨʫʢʦʚʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ, ʧʦʢʨʠʪʪʷ ʡʦʛʦ ʯʘʩʪʠʥʠ ʘʙʦ 

ʬʨʘʛʤʝʥʪʫ  ʦʜʥʦʯʘʩʥʦ ʣʘʢʦʤ ʟ ʤʽʢʨʦʢʘʧʩʫʣʴʦʚʘʥʠʤ ʘʨʦʤʘʪʠʟʘʪʦʨʦʤ, ʜʦ ʷʢʦʛʦ 

ʧʦʧʝʨʝʜʥʴʦ ʚʚʝʜʝʥʦ ʚ ʢʽʣʴʢʦʩʪʽ ʚʽʜ  10 ʜʦ 30% ʣʶʤʽʥʦʬʦʨʫ ʊɸʊ 33 (ʚʠʨʦʙʥʠʢ 

Noxton) ʥʘ ʦʩʥʦʚʽ ʦʢʩʠʜʽʚ ʘʣʶʤʽʥʽʶ, ʷʢʠʡ ʟʘ ʩʪʘʥʜʘʨʪʦʤ  DIN 67510 ʩʚʽʪʠʪʴʩʷ ʜʦ  

8-12 ʛʦʜʠʥ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʽʜʝʥʪʠʬʽʢʘʮʽʶ ʨʝʢʣʘʤʥʠʭ ʤʽʩʮʴ ʟʘʚʜʷʢʠ  

ʩʚʽʪʽʥʥʶ ʯʝʨʚʦʥʠʤ ʢʦʣʴʦʨʦʤ ʚ ʪʝʤʥʦʪʽ [107]. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʢʨʘʱʦʛʦ ʝʬʝʢʪʫ 
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ʩʚʽʪʽʥʥʷ ʥʘʥʦʩʠʣʠ ʜʦʩʪʘʪʥʴʦ ʪʦʚʩʪʠʡ ʬʘʨʙʦʚʠʡ ʰʘʨ > 2,0 ʛ/ʤĮ. ɺʠʤʽʨʶʚʘʥʥʷ 

ʣʶʤʽʥʝʩʮʝʥʮʽʾ ʟʜʽʡʩʥʶʚʘʣʠ ʟʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʢʦʦʨʜʠʥʘʪ ʢʦʣʴʦʨʦʚʦʩʪʽ CIE ʥʘ 

ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʩʧʝʢʪʨʽʚ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʩʚʽʪʣʘ. ʉʧʝʢʪʨʦʩʢʦʧʽʯʥʽ ʟʥʘʯʝʥʥʷ 

ʚʠʤʽʨʶʚʘʣʠ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨ ̔ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʽʦʜʥʦʛʦ ʣʘʟʝʨʘ 

ʙʝʟʧʝʨʝʨʚʥʦʾ ʭʚʠʣʽ ʟ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ 808, 975, 1208 ʪʘ 1532 ʥʤ (2 ɺʪ), 

ʦʩʥʘʱʝʥʦʛʦ ʮʠʬʨʦʚʦʶ ʢʘʤʝʨʦʶ ʽʟ ʩʧʝʢʪʨʦʛʨʘʬʦʤ ʟʦʙʨʘʞʝʥʥʷ SP-2156. ʇʽʜ ʯʘʩ 

ʚʠʧʨʦʙʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʟʙʫʜʞʝʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʽʟ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ 

ɚ=975 ʥʤ. ɼʣʷ ʟʙʦʨʫ ʩʧʝʢʪʨʽʚ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʚʽʜʧʦʚʽʜʥʽ ʬʽʣʴʪʨʠ.  

 

 

 

2.2.5. ʄʝʪʦʜʠʢʘ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʘʨʦʤʘʪʠʟʘʮʽʾ ʤʝʪʦʜʦʤ 

Pʝʝl&Smell  

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʢʨʠʪʦʾ ʧʨʝʟʝʥʪʘʮʽʾ ʘʨʦʤʘʪʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ 

ʪʝʭʥʦʣʦʛʽʷ Pʝʝl&Smell, ʷʢʘ ʧʝʨʝʜʙʘʯʘʻ ʥʘʢʣʝʶʚʘʥʥʷ ʝʪʠʢʝʪʢʠ ʥʘ ʢʣʝʡ ʟ 

ʟʘʣʠʰʢʦʚʦʶ ʣʠʧʢʽʩʪʶ, ʪʘ ʢʦʣʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʙʘʛʘʪʦʨʘʟʦʚʝ ʾʾ ʚʽʜʢʣʝʶʚʘʥʷ, 

ʚʠʚʽʣʴʥʶʻʪʴʩʷ ʘʨʦʤʘʪ. ɼʣʷ ʧʨʠʢʣʝʶʚʘʥʥʷ ʝʪʠʢʝʪʢʠ-ʥʘʢʣʝʡʢʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ  

ʢʣʝʡ ʽʟ ʟʘʣʠʰʢʦʚʦʶ ʣʠʧʢʽʩʪʶ, ʷʢʠʡ ʤʽʩʪʠʚ ʘʢʨʠʣʦʚʫ ʜʠʩʧʝʨʩʽʶ (100 ʤʘʩ.ʯ.), 

ʛʽʜʨʦʤʝʪʠʣʮʝʣʶʣʦʟʫ (10 ʤʘʩ.ʯ.), ʧʣʘʩʪʠʬʽʢʘʪʦʨ ï ʜʠʙʫʪʠʣʬʪʘʣʘʪ (10 ʤʘʩ.ʯ),  

ʧʦʣʽʚʽʣʘʮʝʪʘʪ (10 ʤʘʩ.ʯ.), ʧʦʚʝʨʭʥʝʚʦ ʘʢʪʠʚʥʫ ʨʝʯʦʚʠʥʫ ʥʘ ʦʩʥʦʚʫ ʩʠʣʽʢʦʥʫ (10 

ʤʘʩ.ʯ.). ʋ ʢʣʝʡ ʚʚʦʜʠʣʠ ʤʽʢʨʦʢʘʧʩʫʣʠ, ʷʢʽ ʤʽʩʪʠʣʠ ʘʨʦʤʘʪʠʟʘʪʦʨ (ʚʽʜ 15% ʜʦ 25%) 

ʥʘ ʦʩʥʦʚʽ ʚʘʥʽʣʽʥʫ C8H8O3 (3-ʤʝʪʦʢʩʠ-4-ʛʽʜʨʦʢʩʠʙʝʥʟʘʣʴʜʝʛʽʜ). ʄʝʪʦʜʦʤ 

ʨʦʟʧʠʣʝʥʥʷ ʥʘʥʦʩʠʣʠ ʩʫʤʽʰ ʯʝʨʝʟ ʰʘʙʣʦʥ ʥʘ ʛʦʬʨʦʢʘʨʪʦʥ ʫ ʚʽʜʧʦʚʽʜʥʠʭ ʤʽʩʮʷʭ 

ʟʛʽʜʥʦ ʦʨʠʛʽʥʘʣʫ. ʇʨʠ ʚʽʜʢʣʝʶʚʘʥʥʽ ʝʪʠʢʝʪʢʠ ʦʙʦʣʦʥʢʠ  ʢʘʧʩʫʣ ʨʫʡʥʫʶʪʴʩʷ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʚʽʣʴʥʝʥʥʷ ʟʘʧʘʭʫ [108]. ʄʝʪʦʜʦʤ ʝʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʦʛʦ 

ʘʥʘʣʽʟʫ ʜʽʣʷʥʢʠ ʟ ʘʨʦʤʦʢʣʝʻʤ, ʬʽʢʩʫʚʘʣʠ ʟʤʽʥʫ ʩʪʨʫʢʪʫʨʠ ʘʨʦʤʦʢʘʧʩʫʣ ʧʽʩʣʷ 

ʙʘʛʘʪʦʨʘʟʦʚʠʭ ʚʽʜʢʣʝʶʚʘʥʴ ʝʪʠʢʝʪʢʠ. ɼʣʷ ʝʢʩʧʝʨʪʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʟʘʧʘʭʫ ʚʽʜʙʠʪʢʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʦʜʠʥ ʽʟ ʤʝʪʦʜʽʚ ʩʝʥʩʦʨʥʦʛʦ ʘʥʘʣʽʟʫ, ʘ ʩʘʤʝ 

ʤʝʪʦʜ ʧʘʨʥʦʛʦ ʧʦʨʽʚʥʷʥʥʷ ʱʦʡʥʦ ʧʨʠʢʣʝʻʥʦʾ ʪʘ ʚʽʜʢʣʝʻʥʦʾ ʝʪʠʢʝʪʢʠ-ʥʘʢʣʝʡʢʠ ʪʘ 

ʧʽʩʣʷ 5, 25 ʪʘ 50 ʨʘʟʽʚ ʾʾ ʚʽʜʢʣʝʶʚʘʥʴ.  
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ɺ ʝʢʩʧʝʨʠʤʝʥʪʽ ʙʫʣʦ ʟʘʜʽʷʥʦ 11 ʝʢʩʧʝʨʪʽʚ, ʷʢʠʤ ʧʨʦʧʦʥʫʚʘʣʠ ʟʘ 10-ʪʠ 

ʙʘʣʴʥʦʶ ʰʢʘʣʦʶ ʦʮʽʥʠʪʠ ʟʤʽʥʫ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʘʨʦʤʘʪʫ. ɼʣʷ ʤʘʪʝʤʘʪʠʯʥʦ-

ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʾʭ 

ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʤʝʪʦʜʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ ʚ ʧʨʦʛʨʘʤʽ 

Statistica 10.0, MS Excel. 

 

2.2.6. ʄʝʪʦʜʠʢʘ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʤʽʛʨʘʮʽʾ ʭʽʤʽʯʥʠʭ ʢʦʤʧʦʥʝʥʪ ʟ 

ʜʨʫʢʘʨʩʴʢʠʭ ʚʽʜʙʠʪʢʽʚ ʜʦ ʚʤʽʩʪʠʤʦʛʦ ʧʘʢʦʚʘʥʴ 

ʊʝʩʪ ʥʘ ʤʽʛʨʘʮʽʶ ʧʨʦʚʦʜʠʚʩʷ ʥʘ ʦʩʥʦʚʽ ʨʝʢʦʤʝʥʜʘʮʽʡ ɼʠʨʝʢʪʠʚʠ 82/711 

ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʉʦʶʟʫ, ʷʢʘ ʦʧʠʩʫʻ ʦʩʥʦʚʥʽ ʫʤʦʚʠ ʪʘ ʧʨʠʥʮʠʧʠ ʧʨʦʚʝʜʝʥʥʷ ʪʝʩʪʽʚ. 

ʅʝ ʟʘʚʞʜʠ ʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʽʜʧʦʚʽʜʥʠʡ ʭʘʨʯʦʚʠʡ ʧʨʦʜʫʢʪ, ʪʦʤʫ 

ʽʤʽʪʘʪʦʨʠ ʮʠʭ ʧʨʦʜʫʢʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʇʦʩʪʘʥʦʚʠ ʂʦʤʽʩʽʾ ʚʽʜ 

14 ʩʽʯʥʷ 2011 ʨ. ˉ 10/2011. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʝʨʝʭʦʜʫ ʥʝʧʦʣʷʨʥʠʭ ʤʽʛʨʫʶʯʠʭ 

ʨʝʯʦʚʠʥ ʫ ʾʞʫ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʊʝʥʘʢʩ ʷʢ ʪʨʝʥʘʞʝʨ. ʊʝʥʘʢʩ ʻ 

ʤʦʜʠʬʽʢʦʚʘʥʠʤ ʦʢʩʠʜʦʤ ʧʦʣʽʬʝʥʽʣʝʥʫ ʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʧʦʨʦʰʢʫ ʟ 

ʨʦʟʤʽʨʦʤ ʟʝʨʝʥ 0,18ï0,25 ʤʤ. ʍʽʜ ʧʨʦʚʝʜʝʥʥʷ ʤʽʛʨʘʮʽʡʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʦʧʠʩʘʥʠʡ 

ʫ ʥʦʨʤʘʭ [109]. ɿʨʘʟʦʢ ʧʣʦʱʝʶ 1,22 ʜʤ2 ʧʦʤʽʱʘʶʪʴ ʫ ʯʘʰʢʫ ʇʝʪʨʽ ʽ ʨʽʚʥʦʤʽʨʥʦ 

ʧʦʩʠʧʘʶʪʴ 4,8 ʛ ʊʝʥʘʢʩʫ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʟʨʘʟʦʢ ʟʘʚʘʥʪʘʞʫʶʪʴ ʘʜʩʦʨʙʝʥʪʦʤ ʫ 

ʧʨʦʧʦʨʮʽʾ 4 ʛ/ʜʤ2. ɿʘʢʨʠʪʫ ʢʘʩʪʨʫʣʶ ʟʙʝʨʽʛʘʶʪʴ ʧʨʠ 40 Áʉ ʧʨʦʪʷʛʦʤ 10 ʜʥʽʚ. 

ʇʦʪʽʤ Tenax ʝʢʩʪʨʘʛʫʶʪʴ ʧʝʚʥʦʶ ʢʽʣʴʢʽʩʪʶ ʜʽʝʪʠʣʦʚʦʛʦ ʝʬʽʨʫ ʽ ʚʠʧʘʨʶʶʪʴ 

ʥʘʩʫʭʦ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʛʣʦʙʘʣʴʥʦʾ ʤʽʛʨʘʮʽʾ ʟʘʣʠʰʢʦʚʫ ʩʫʭʫ ʤʘʩʫ ʧʦʨʽʚʥʶʶʪʴ ʟʘ 

ʤʘʩʦʶ. ʂʦʞʥʘ ʧʨʦʙʘ ʦʮʽʥʶʻʪʴʩʷ ʪʨʠʯʽ, ʽ ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥɹ ʩʪʘʥʦʚʠʪʴ Ñ 0,5ï

1,0 ʤʛ/ʜʤ2. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʢʽʣʴʢʽʩʪʴ ʤʽʛʨʫʶʯʠʭ ʨʝʯʦʚʠʥ, 

ʧʨʦʚʦʜʠʣʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʙʥʠʭ ʚʽʜʙʠʪʢʽʚ, ʦʪʨʠʤʘʥʠʭ ʥʘ ʧʨʦʙʦʜʨʫʢʘʨʩʴʢʠʭ 

ʩʪʘʥʢʘʭ: IGT F1 (ʜʣʷ ʽʤʽʪʘʮʽʾ ʬʣʝʢʩʦʛʨʘʬʽʯʥʦʛʦ ʜʨʫʢʫ) ʽ  IGT ʉ1 (ʜʣʷ ʦʬʩʝʪʥʦʛʦ 

ʜʨʫʢʫ).  

ʈ̔ ʚʥʦʤʽʨʥʽʩʪʴ ʨʦʟʪʠʨʘʥʥʷ ʬʘʨʙʠ ʟʘʙʝʟʧʝʯʫʚʘʣʘʩʴ ʪʨʴʦʤʘ ʚʘʣʠʢʘʤʠ, ʜʚʘ ʟ 

ʷʢʠʭ ʤʘʶʪʴ ʧʦʟʠʪʠʚʥʦ-ʟʚʦʨʦʪʥʽʡ ʨʫʭ ʘʧʘʨʘʪʫ IGT (ʨʠʩ. 2.7). ʂʽʣʴʢʽʩʪʴ ʥʘʥʝʩʝʥʦʾ 

ʬʘʨʙʠ ʥʘ ʚʽʜʙʠʪʦʢ ï 2 cm3, ʯʘʩ ʨʦʟʪʠʨʘʥʥʷ ï 8 ʭʚ., ʰʚʠʜʢʽʩʪʴ ʜʨʫʢʫ ï 0,2 ʤ/ʩ, ʪʠʩʢ 

ï 400 ʅ.  
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ʈʠʩ. 2.7. ʉʭʝʤʘ ʧʨʠʩʪʨʦʶ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʛʣʦʙʘʣʴʥʦʾ ʤʽʛʨʘʮʽʾ 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ  25, 40, 75, 100, 125, 140 ÁC ʧʽʩʣʷ  

1 ʪʘ 14 ʜʥʽʚ ʧʽʩʣʷ ʦʪʨʠʤʘʥʥʷ ʚʽʜʙʠʪʢʽʚ. ɼʣʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʙʫʣʦ 

ʧʨʦʚʝʜʝʥʦ ʧʦ ʜʚʘ ʧʘʨʘʣʝʣʴʥʠʭ ʚʠʧʨʦʙʫʚʘʥʥʷ. ʂʽʣʴʢʽʩʪʴ ʭʽʤʽʯʥʠʭ ʩʧʦʣʫʢ, 

ʘʜʩʦʨʙʦʚʘʥʠʭ ʽʤʽʪʘʪʦʨʦʤ Tenax, ʷʢʠʡ ʨʝʢʦʤʝʥʜʫʻ ɭʚʨʦʧʝʡʩʴʢʘ ʬʝʜʝʨʘʮʽʷ 

ʚʠʨʦʙʥʠʢʽʚ ʛʦʬʨʦʢʘʨʪʦʥʫ ï FEFCO,  ʚʠʟʥʘʯʘʣʠ ʚ ʤʛ/ʜʤ2 ʧʦʚʝʨʭʥʽ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʟʨʘʟʢʘ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʬʦʨʤʫʣʫ: 

ʄ =(ma ī mb )  z10/ S    (2.7) 

ʜʝ M ïʛʣʦʙʘʣʴʥʘ ʤʽʛʨʘʮʽʷ, ʤʛ/ʜʤ2 

ma ï ʤʘʩʘ ʟʘʣʠʰʢʫ ʧʽʩʣʷ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʨʦʟʯʠʥʥʠʢʘ, ʷʢʠʤ ʙʫʣʘ ʥʘʧʦʚʥʝʥʘ 

ʯʘʰʢʘ, ʛ; 

mb ï ʤʘʩʘ ʟʘʣʠʰʢʫ ʧʽʩʣʷ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʨʦʟʯʠʥʥʠʢʘ, ʛ; 

S ï ʧʣʦʱʘ ʧʦʚʝʨʭʥʽ ʚʟʽʨʮʷ, ʜʤ2. 

ʂʦʤʧʣʝʢʩʥʠʡ ʪʝʨʤʽʯʥʠʡ ʘʥʘʣʽʟ ʟʨʘʟʢʽʚ ʚʽʜʙʠʪʢʽʚ ʧʨʦʚʦʜʠʣʠ ʥʘ 

ʜʝʨʠʚʘʪʦʛʨʘʬʽ Qï1500D, ʧʽʜ'ʻʜʥʘʥʦʤʫ ʜʦ IBM ʩʫʤʽʩʥʦʛʦ ʧʝʨʩʦʥʘʣʴʥʦʛʦ 

ʢʦʤʧ'ʶʪʝʨʘ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʚ ʜʠʥʘʤʽʯʥʦʤʫ ʨʝʞʠʤʽ ʟʽ ʰʚʠʜʢʽʩʪʶ 

ʥʘʛʨʽʚʘʥʥʷ 5Üʉ/ʭʚ, ʚ ʘʪʤʦʩʬʝʨʽ ʧʦʚʽʪʨʷ ʟʘ ʚʽʜʦʤʦʶ ʤʝʪʦʜʠʢʦʶ [110]. ʄʘʩʘ ʟʨʘʟʢʽʚ 

ʩʪʘʥʦʚʠʣʘ ʚ ʩʝʨʝʜʥʴʦʤʫ 150 ʤʛ. ɽʪʘʣʦʥʥʦʶ ʨʝʯʦʚʠʥʦʶ ʙʫʚ ʘʣʶʤʽʥʽʶ ʦʢʩʠʜ. 

ɺʠʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʧʨʦʥʠʢʥʝʥʥʷ ʨʽʜʢʦʾ ʩʫʙʩʪʘʥʮʽʾ (ʜʠʩʪʠʣʴʦʚʘʥʦʾ ʚʦʜʠ 

ʪʘ ʽʟʦʧʨʦʧʠʣʦʚʦʛʦ ʩʧʠʨʪʫ) ʚ ʢʘʨʪʦʥ ʟʜʽʡʩʥʶʚʘʣʠ ʥʘ ʘʧʘʨʘʪʽ PDA (Penetration 
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Dynamics Analyzer) ʬʽʨʤʠ Emtec Electronic GmbH. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʙʫʜʫʚʘʣʠʩʴ ʢʨʠʚʽ, ʷʢʽ ʧʦʢʘʟʫʶʪʴ ʧʨʦʮʝʥʪ ʧʨʦʥʠʢʥʝʥʥʷ ʨʽʜʠʥʠ ʚ 

ʜʦʩʣʽʜʞʫʚʘʥʽ ʧʘʢʫʚʘʣʴʥʽ ʤʘʪʝʨʽʘʣʠ ʟʘ ʧʝʚʥʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ [111].  

 

2.2.6.1 ʄʝʪʦʜʠ ʦʨʛʘʥʦʣʝʧʪʠʯʥʦʾ ʦʮʽʥʢʠ 

ʆʨʛʘʥʦʣʝʧʪʠʯʥʘ ʦʮʽʥʢʘ ï ʮʝ ʤʝʪʦʜ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʚʠʧʨʦʙʦʚʫʚʘʥʠʡ 

ʧʨʦʜʫʢʪ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʨʛʘʥʽʚ ʯʫʪʪʷ ʘʙʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʝʥʩʦʨʥʦʾ ʦʮʽʥʢʠ, ʪʦʙʪʦ 

ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʽʣʴʢʦʭ ʦʨʛʘʥʽʚ ʯʫʪʪʷ ʦʜʥʦʯʘʩʥʦ. ʎʝʡ ʤʝʪʦʜ 

ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʪʘʢʠʭ ʦʨʛʘʥʘʭ ʯʫʪʪʷ: ʩʣʫʭ, ʩʤʘʢ, ʟʽʨ, ʥʶʭ, ʜʦʪʠʢ. ʇʝʨʝʚʘʛʦʶ ʡʦʛʦ 

ʻ ʰʚʠʜʢʝ ʚʠʢʦʥʘʥʥʷ ʪʘ ʥʠʟʴʢʘ ʚʘʨʪʽʩʪʴ. ʆʜʥʘʢ ʥʝʜʦʣʽʢʦʤ ʪʘʢʦʾ ʦʮʽʥʢʠ ʤʦʞʝ ʙʫʪʠ 

ʾʾ ʩʫʙôʻʢʪʠʚʥʽʩʪʴ. ʊʦʤʫ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʥʘʡʢʨʘʱʝ, ʢʦʣʠ ʪʝʩʪ ʧʨʦʚʦʜʠʪʴ 

ʣʶʜʠʥʘ ʟ ʚʠʩʦʢʦʶ ʩʝʥʩʦʨʥʦʶ ʯʫʪʣʠʚʽʩʪʶ [112]. 

ʆʨʛʘʥʦʣʝʧʪʠʯʥʘ ʦʮʽʥʢʘ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʟʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʧʘʢʦʚʘʥʥʷ ʪʘ 

ʾʾ ʷʢʽʩʪʴ. ɿʘʚʜʷʢʠ ʤʝʪʦʜʫ ʧʽʜʨʘʭʫʥʢʫ ʙʘʣʽʚ ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʽʥʜʠʚʽʜʫʘʣʴʥʽ 

ʦʩʦʙʣʠʚʦʩʪʽ ʜʘʥʦʛʦ ʪʦʚʘʨʫ. ʆʮʽʥʢʘ ʧʝʨʝʚʦʜʠʪʴʩʷ ʫ ʚʽʜʧʦʚʽʜʥʫ ʢʽʣʴʢʽʩʪʴ ʙʘʣʽʚ, ʷʢʽ 

ʧʽʜʩʫʤʦʚʫʶʪʴʩʷ ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ. ʎʝʡ ʤʝʪʦʜ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʭʘʨʯʦʚʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ.  

 

2.2.6.2. ʊʝʩʪ ʈʦʙʽʥʩʦʥʘ  

ʆʨʛʘʥʦʣʝʧʪʠʯʥʘ ʦʮʽʥʢʘ ʙʫʣʘ ʚʠʢʦʥʘʥʘ ʥʘ ʦʩʥʦʚʽ ʩʝʥʩʦʨʥʦʛʦ ʘʥʘʣʽʟʫ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ Tʝʩʪʫ ʈʦʙʽʥʩʦʥʘ [113]. ɿʘʧʘʢʦʚʘʥʠʡ ʧʨʦʜʫʢʪ ʧʝʨʝʚʽʨʷʻʪʴʩʷ ʥʘ 

ʟʤʽʥʫ ʩʤʘʢʫ ʪʘ ʟʘʧʘʭʫ. ʇʨʦʜʫʢʪʦʤ, ʷʢʠʡ ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʜʘʥʦʤʫ 

ʚʠʧʘʜʢʫ, ʻ ʰʦʢʦʣʘʜ, ʦʩʢʽʣʴʢʠ ʮʝ ʾʞʘ, ʷʢʘ ʜʫʞʝ ʯʫʪʣʠʚʘ ʜʦ ʩʝʥʩʦʨʥʠʭ ʟʤʽʥ. ʇʨʦʙʫ 

ʥʘ ʩʤʘʢ ʈʦʙʽʥʩʦʥʘ ʧʨʦʚʦʜʷʪʴ ʫ ʩʢʣʷʥʽʡ ʧʦʩʫʜʠʥʽ, ʚ ʷʢʫ ʧʦʤʽʱʘʶʪʴ ʪʝʨʪʠʡ 

ʰʦʢʦʣʘʜ ʽ ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʟʨʘʟʦʢ. ʇʦʪʽʤ ʧʦʩʫʜʠʥʫ ʟʘʢʨʠʚʘʶʪʴ ʥʘ 24 ʛʦʜʠʥʠ 

(ʨʠʩ.2.8). ʇʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʯʘʩʫ ʰʦʢʦʣʘʜ ʧʨʦʙʫʶʪʴ, ʧʦʨʽʚʥʶʶʯʠ ʡʦʛʦ ʩʤʘʢ ʟʽ 

ʩʚʽʞʦ ʥʘʪʝʨʪʠʤ ʰʦʢʦʣʘʜʦʤ. ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʘʢʘ ʰʢʘʣʘ ʦʮʽʥʢʠ ʟʤʽʥʠ ʩʤʘʢʫ: 

0 ï ʨʽʟʥʠʮʽ ʩʤʘʢʫ ʥʝ ʚʠʷʚʣʝʥʦ; 1 ï ʣʝʜʴ ʧʦʤʽʪʥʘ ʟʤʽʥʘ ʩʤʘʢʫ; 2 ï ʥʝʟʥʘʯʥʘ 

ʟʤʽʥʘ ʩʤʘʢʫ; 3 ï ʯʽʪʢʦ ʚʽʜʯʫʪʥʘ ʟʤʽʥʘ ʩʤʘʢʫ; 4 ï ʜʫʞʝ ʚʽʜʯʫʪʥʘ ʟʤʽʥʘ ʩʤʘʢʫ. 
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ʈʠʩ. 2.8. ɿʨʘʟʢʦʚʠʡ ʪʝʩʪ ʥʘ ʟʤʽʥʫ ʩʤʘʢʦʚʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

 

ʇʦʜʽʙʥʦ ʜʦ ʩʤʘʢʦʚʦʛʦ ʪʝʩʪʫ, ʪʝʩʪ ʥʘ ʘʨʦʤʘʪ ʈʦʙʽʥʩʦʥʘ ʧʨʦʚʦʜʷʪʴ ʫ ʩʢʣʷʥʽʡ 

ʧʦʩʫʜʠʥʽ, ʱʦ ʤʽʩʪʠʪʴ ʪʝʨʪʠʡ ʰʦʢʦʣʘʜ ʽ ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʟʨʘʟʦʢ. ʇʦʪʽʤ ʧʦʩʫʜʠʥʫ 

ʛʝʨʤʝʪʠʯʥʦ ʟʘʢʨʠʚʘʶʪʴ ʥʘ 24 ʛʦʜʠʥʠ. ʇʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʯʘʩʫ ʰʦʢʦʣʘʜ 

ʧʝʨʝʚʽʨʷʶʪʴ, ʧʦʨʽʚʥʶʶʯʠ ʡʦʛʦ ʘʨʦʤʘʪ ʟ ʘʨʦʤʘʪʦʤ ʩʚʽʞʦʛʦ ʪʝʨʪʦʛʦ ʰʦʢʦʣʘʜʫ 

(ʨʠʩ.2.9).  

.  

ʈʠʩ. 2.9. ʇʨʠʢʣʘʜ ʜʦʩʣʽʜʞʝʥʥʷ ʟʤʽʥʠ ʟʘʧʘʭʫ 

 

ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʦʧʝʨʝʜʥʷ ʰʢʘʣʘ ʦʮʽʥʢʠ ʟʤʽʥʠ ʟʘʧʘʭʫ ʧʦʜʽʙʥʘ ʜʦ 

ʦʮʽʥʶʚʘʥʥʷ ʩʤʘʢʫ: 0 ï ʨʽʟʥʠʮʽ ʟʘʧʘʭʫ ʥʝ ʚʠʷʚʣʝʥʦ;1 ï ʣʝʜʴ ʚʽʜʯʫʪʥʘ ʟʤʽʥʘ ʟʘʧʘʭʫ; 

2 ï ʥʝʟʥʘʯʥʘ ʟʤʽʥʘ ʟʘʧʘʭʫ; 3 ï ʯʽʪʢʦ ʚʽʜʯʫʪʥʘ ʟʤʽʥʘ ʟʘʧʘʭʫ; 4 ï ʜʫʞʝ ʚʽʜʯʫʪʥʘ 

ʟʤʽʥʘ ʟʘʧʘʭʫ. 

 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 2 

1. ʆʙˇʨʫʥʪʦʚʘʥʦ ʚʠʙʽʨ ʦʙôʻʢʪʽʚ ʜʦʩʣʽʜʞʝʥʴ, ʟʦʢʨʝʤʘ ʚʽʜʙʠʪʢʽʚ 

ʦʬʩʝʪʥʦʛʦ, ʬʣʝʢʩʦʛʨʘʬʽʯʥʦʛʦ ʪʘ ʮʠʬʨʦʚʦʛʦ (ink-jet) ʜʨʫʢʫ ʥʘ ʢʘʨʪʦʥʘʭ: 

ARKTIKA GC1 ʽ Alaska Plus GC2 ʟ ʜʚʦʰʘʨʦʚʠʤ ʢʨʝʡʜʦʚʘʥʠʤ ʧʦʢʨʠʪʪʷʤ; Umka 



82 

GD-2 ʟ ʪʨʠʰʘʨʦʚʠʤ ʢʨʝʡʜʦʚʘʥʠʤ ʧʦʢʨʠʪʪʷʤ; DivoEcoÈUD3 ʙʝʟ ʢʨʝʡʜʦʚʘʥʦʛʦ 

ʧʦʢʨʠʪʪʷ, ʘ ʪʘʢʦʞ ʪʨʠ ʽ ʧôʷʪʠʰʘʨʦʚʦʤʫ ʛʦʬʨʦʢʘʨʪʦʥʽ, ʟʘʜʨʫʢʦʚʘʥʦʤʫ ʟʘ 

ʪʝʭʥʦʣʦʛʽʻʶ preprint ʟ ʥʘʩʪʫʧʥʠʤ ʢʘʰʠʨʫʚʘʥʥʷʤ ʚʽʜʙʠʪʢʽʚ ʜʦ ʛʦʬʨʠ ʽ 

ʪʝʭʥʦʣʦʛʽʻʶ  postprint ʟ ʙʦʢʫ ʛʦʬʨʠ ɺ (ʢʘʨʪʦʥ GC2) ʽ ʛʦʬʨʠ ɽ (ʢʘʨʪʦʥ UD3). 

2. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʫʜʦʩʢʦʥʘʣʝʥʫ ʪʝʭʥʦʣʦʛʽʶ ʟʘʢʨʠʪʦʾ ʘʨʦʤʘʪʠʟʘʮʽʾ ʪʠʧʫ 

Pʝʝl&Smell, ʷʢʘ ʧʝʨʝʜʙʘʯʘʻ ʥʘʥʝʩʝʥʥʷ ʯʝʨʝʟ ʰʘʙʣʦʥ ʫ  ʚʠʟʥʘʯʝʥʠʭ ʤʽʩʮʷʭ ʥʘ 

ʚʽʜʙʠʪʦʢ ʟʛʽʜʥʦ ʦʨʠʛʽʥʘʣʫ ʤʝʪʦʜʦʤ ʨʦʟʧʠʣʝʥʥʷ ʢʣʝʶ ʟ ʤʽʢʨʦʢʘʧʩʫʣʘʤʠ, ʷʢʽ 

ʤʽʩʪʷʪʴ ʘʨʦʤʘʪʠʟʘʪʦʨʠ (ʚʽʜ 15% ʜʦ 25%), ʜʦ ʷʢʦʛʦ ʧʨʠʢʣʝʶʶʪʴ ʝʪʠʢʝʪʢʫ ï 

ʥʘʢʣʝʡʢʫ. ʇʨʠ ʚʽʜʢʣʝʶʚʘʥʥʽ ʦʙʦʣʦʥʢʠ ʢʘʧʩʫʣʠ ʨʫʡʥʫʶʪʴʩʷ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʚʠʚʽʣʴʥʝʥʥʷ ʟʘʧʘʭʫ.  

3. ʆʧʠʩʘʥʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ ʪʦʧʦʛʨʘʬʽʾ ʧʦʚʝʨʭʥʽ ʢʘʨʪʦʥʽʚ ʪʘ ʚʽʜʙʠʪʢʽʚ 

ʥʘ ʥʠʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ; ʜʝʥʩʠʪʦʤʝʪʨʠʯʥʠʭ, 

ʢʦʣʦʨʠʤʝʪʨʠʯʥʠʭ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʜʨʫʢʘʨʩʴʢʠʭ ʚʽʜʙʠʪʢʽʚ; 

ʪʝʨʤʦʛʨʘʚʽʤʝʪʨʠʯʥʦʛʦ ʘʥʘʣʽʟʫ; ʤʝʪʦʜʠ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ 

ʩʪʘʥʫ ʛʦʬʨʦʢʘʨʪʦʥʫ ʧʽʜ ʯʘʩ ʜʨʫʢʫʚʘʥʥʷ; ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʘʨʦʤʘʪʠʟʘʮʽʾ ʧʘʢʦʚʘʥʴ ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ Pʝʝl&Smell; ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ 

ʤʽʛʨʘʮʽʾ ʭʽʤʽʯʥʠʭ ʢʦʤʧʦʥʝʥʪ ʟ ʜʨʫʢʘʨʩʴʢʠʭ ʚʽʜʙʠʪʢʽʚ ʜʦ ʚʤʽʩʪʠʤʦʛʦ ʧʘʢʦʚʘʥʴ 

(ʤʝʪʦʜʦʤ ʦʨʛʘʥʦʣʝʧʪʠʯʥʦʾ ʦʮʽʥʢʠ;  ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʩʪʽʚ ʈʦʙʽʥʩʦʥʘ). 
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ʈʆɿɼɯʃ  3 

ɼʆʉʃɯɼɾɽʅʅʗ ʄʆʈʌʆʃʆɻɯʏʅʆɰ ʉʊʈʋʂʊʋʈʀ  ʇɸʂʋɺɸʃʔʅʀʍ 

ʂɸʈʊʆʅɯɺ ʊɸ ɺɯɼɹʀʊʂɯɺ ʅɸ ʅʀʍ 

 

3.1 ɺʠʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʦʧʦʛʨʘʬʽ ʾ ʧʦʚʝʨʭʥʽ ʧʘʢʫʚʘʣʴʥʠʭ 

ʢʘʨʪʦʥʽʚ (ʣʘʡʥʝʨʽʚ) ʪʘ ʦʬʩʝʪʥʠʭ ʚʽʜʙʠʪʢʽʚ ʥʘ ʥʠʭ 

ʅʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ ʦʪʨʠʤʘʥʥʷ ʷʢʽʩʥʠʭ ʚʽʜʙʠʪʢʽʚ ʻ ʥʝ ʪʽʣʴʢʠ ʩʪʘʙʽʣʴʥʘ, 

ʙʝʟʚʽʜʤʦʚʥʘ ʨʦʙʦʪʘ ʜʨʫʢʘʨʩʴʢʦʾ ʤʘʰʠʥʠ, ʘʣʝ ʽ ʧʨʘʚʠʣʴʥʠʡ ʚʠʙʽʨ ʧʦʣʽʛʨʘʬʽʯʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ. ʇʦʚʝʨʭʥʷ ʢʘʨʪʦʥʫ ʧʝʨʝʜ ʟʘʜʨʫʢʦʚʫʚʘʥʥʷʤ ʤʘʻ ʜʝʷʢʫ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ 

ʽ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʩʪʨʫʢʪʫʨʠ, ʷʢʘ ʟʙʽʣʴʰʫ ̒ ʚʠʪʨʘʪʠ ʬʘʨʙʠ, ʥʝʦʙʭʽʜʥʦ ʾ ʜʣʷ 

ʟʘʧʦʚʥʝʥʥʷ ʤʽʢʨʦʧʨʦʩʪʦʨʫ ʪʘ ʦʪʨʠʤʘʥʥʷ ʨʽʚʥʦʤʽʨʥʦʛʦ ʰʘʨʫ. ɼʨʫʢʘʨʩʴʢʘ ʬʘʨʙʘ ʚ 

ʢʘʨʪʦʥʽ ʙʝʟ ʧʦʢʨʠʪʪʷ ʙʽʣʴʰʝ ʧʦʛʣʠʥʘʻʪʴʩʷ ʡʦʛʦ ʩʪʨʫʢʪʫʨʦʶ, ʱʦ ʤʦʞʝ 

ʩʧʨʠʯʠʥʠʪʠ ʥʝʷʢʽʩʥʝ ʫʪʚʦʨʝʥʝ ʟʦʙʨʘʞʝʥʥʷ. ʅʘʜʣʠʰʦʢ ʜʨʫʢʘʨʩʴʢʦʾ ʬʘʨʙʠ ʥʘ 

ʟʘʜʨʫʢʦʚʫʚʘʥʦʤʫ ʤʘʪʝʨʽʘʣʽ ʩʧʨʠʷʻ ʚʠʥʠʢʥʝʥʥʶ ʪʘʢʦʾ  ʧʨʦʙʣʝʤʠ, ʷʢ ʥʝʧʨʘʚʠʣʴʥʝ 

ʚʠʩʠʭʘʥʥʷ ʬʘʨʙʠ, ʽ, ʦʪʞʝ, ʚʽʜʤʘʨʶʚʘʥʥʷ ʚʽʜʙʠʪʢʫ.  

ʆʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ ʚʩʪʘʥʦʚʠʪʠ  ʨʦʟʧʦʜʽʣ ʬʘʨʙʠ ʧʨʠ ʢʦʥʪʘʢʪʽ ʟ ʩʫʙʩʪʨʘʪʦʤ. 

ʋ ʚʠʧʘʜʢʫ ʥʝʦʜʥʦʨʽʜʥʦʛʦ ʩʫʙʩʪʨʘʪʫ ʪʦʚʱʠʥʘ ʥʘʥʝʩʝʥʦʾ ʬʘʨʙʠ ʥʝ ʤʦʞʝ 

ʟʤʽʥʶʶʪʴʩʷ ʚ ʤʝʞʘʭ ʦʜʥʦʛʦ ʪʦʥʫ. ʂʦʣʠ ʩʫʙʩʪʨʘʪ ʩʪʠʢʘʻʪʴʩʷ ʟ ʬʘʨʙʘʤʠ, 

ʟʚʦʣʦʞʫʶʯʠʤʠ ʨʦʟʯʠʥʘʤʠ (ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʙʨʘʥʦʛʦ ʩʧʦʩʦʙʫ ʜʨʫʢʫ), 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʦʯʫʚʘʥʥʷ ʨʦʩʣʠʥʥʠʭ ʚʦʣʦʢʦʥ, ʱʦ ʤʽʩʪʷʪʴʩʷ ʚ ʩʪʨʫʢʪʫʨʽ ʢʘʨʪʦʥʫ, 

ʪʘ ʛʣʠʙʦʢʝ ʧʨʦʥʠʢʥʝʥʥʽ ʬʘʨʙʠ ʚ ʧʽʜʢʣʘʜʢʫ. ɼʦʩʣʽʜʥʠʢʠ ʚʩʪʘʥʦʚʠʣʠ, ʱʦ ʥʘ ʮʝʡ 

ʧʨʦʮʝʩ ʚʧʣʠʚʘʶʪʴ ʩʪʫʧʽʥʴ ʧʦʤʦʣʫ ʚʦʣʦʢʦʥ, ʾʭ ʨʦʟʤʽʨʠ, ʧʦʚʝʨʭʥʝʚʘ ʩʪʨʫʢʪʫʨʘ 

ʧʘʧʝʨʫ, ʾʾ ʪʦʚʱʠʥʘ ʽ ʧʦʨʠʩʪʽʩʪʴ [112]. ʊʦʤʫ ʚʘʞʣʠʚʦ ʧʨʦʚʝʩʪʠ ʝʣʝʢʪʨʦʥʥʦ-

ʤʽʢʨʦʩʢʦʧʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʨʬʦʣʦʛʽʾ ʧʦʚʝʨʭʥʽ ʟʘʜʨʫʢʦʚʫʚʘʥʠʭ ʩʫʙʩʪʨʘʪʽʚ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʟʘʻʤʦʜʽʷ  

ʘʜʛʝʟʠʚʽʚ ʽ ʩʫʙʩʪʨʘʪʽʚ ʧʨʠ ʜʨʫʢʫʚʘʥʥ ̔ ʚʠʟʥʘʯʘʻ ʷʢʽʩʪʴ ʚʽʜʙʠʪʢʽʚ. ʅʘ ʧʨʦʮʝʩ 

ʚʩʦʪʫʚʘʥʥʷ ʬʘʨʙʠ ʚ ʦʬʩʝʪʥʦʤʫ ʽ ʬʣʝʢʩʦʛʨʘʬʽʯʥʦʤʫ ʜʨʫʮʽ ʤʦʞʫʪʴ ʩʫʪʪʻʚʦ 

ʚʧʣʠʚʘʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʚʝʨʭʦʥʴ ʢʘʨʪʦʥʽʚ, ʦʩʦʙʣʠʚʦ ʪʘʢʠʡ ʧʘʨʘʤʝʪʨ ʷʢ  

ʰʦʨʩʪʢʽʩʪʴ. ʊʦʤʫ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʤʦʨʬʦʣʦʛʽʾ ʧʦʚʝʨʭʥʽ ʟʘʜʨʫʢʦʚʘʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʥʘ ʷʢʽʩʪʴ ʚʽʜʙʠʪʢʽʚ ʻ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ. ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ, ʦʙ'ʻʤʥʘ 
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ʤʘʢʨʦ- ʽ ʤʽʢʨʦʦʜʥʦʨʽʜʥʽʩʪʴ ʩʫʙʩʪʨʘʪʽʚ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ  ʰʦʨʩʪʢʽʩʪʶ ʧʦʚʝʨʭʥʽ 

ʢʘʨʪʦʥʽʚ, ʽ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘ ̒ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʟʘʻʤʦʜʽʾ ʨʽʟʥʠʭ ʘʜʛʝʟʠʚʽʚ ʪʘ 

ʩʫʙʩʪʨʘʪʽʚ. ɻʨʘʥʠʮʽ ʟʥʘʯʝʥʴ ʤʽʢʨʦʥʝʨʽʚʥʦʩʪʝʡ ʢʘʨʪʦʥʽʚ ʚʠʟʥʘʯʘʶʪʴ ʨʦʟʤʽʨʠ 

ʚʽʜʪʚʦʨʶʚʘʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟʦʙʨʘʞʝʥʥʷ. ʎʝ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʜʦʩʣʽʜʞʝʥʥ ̫

ʤʦʨʬʦʣʦʛʽʾ ʧʦʚʝʨʭʦʥʴ ʢʘʨʪʦʥʽʚ ʜʦ ʽ ʧʽʩʣʷ ʟʘʜʨʫʢʦʚʫʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʢʘʥʫʶʯʦʛʦ ʝʣʝʢʪʨʦʥʥʦʛʦ ʤʽʢʨʦʩʢʦʧʫ JEOL JSM- T220A Scanning Mʽcroscope. ʅʘ 

ʨʠʩ. 3.1. ʧʦʢʘʟʘʥʽ ʤʽʢʨʦʬʦʪʦʛʨʘʬʽʾ ʧʦʧʝʨʝʯʥʠʭ ʟʨʽʟʽʚ ʢʘʨʪʦʥʽʚ ʪʘ ʚʽʜʙʠʪʢʽʚ ʥʘ ʥʠʭ. 

 

  

a ʙ 

  

ʚ ʛ 

ʈʠʩ. 3.1. ʄʽʢʨʦʬʦʪʦʛʨʘʬʽʾ ʧʦʧʝʨʝʯʥʠʭ ʟʨʽʟʽʚ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʚʽʜʙʠʪʢʽʚ 

ʥʘ ʢʘʨʪʦʥʘʭ: ʘ ï Arktika GC-1; ʙ ï Alaska Plus GC2;  

ʚ ï UMKA COLOR  GD2; ʛ ï DivoEcoÈUD3 
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ʄʽʢʨʦʩʢʦʧʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʧʝʨʝʯʥʠʭ ʟʨʽʟʽʚ ʢʘʨʪʦʥʫ GC-1 (ʟ ʙʽʣʝʥʦʾ 

ʮʝʣʶʣʦʟʠ, ʧʦʜʚʽʡʥʠʤ ʰʘʨʦʤ ʧʽʛʤʝʥʪʦʚʘʥʦʛʦ ʧʦʢʨʠʪʪʷ ʥʘ ʣʠʮʝʚʽʡ ʩʪʦʨʦʥʽ) ʪʘ 

ʢʘʨʪʦʥʫ GC-2 (ʟ ʙʽʣʝʥʦʾ ʩʫʣʴʬʘʪʥʦʾ ʮʝʣʶʣʦʟʠ ʟ ʜʝʨʝʚʥʦʶ ʤʘʩʦʶ; ʚʝʨʭʥʽʡ ʰʘʨ 

ʤʘʻ ʦʜʥʦʰʘʨʦʚʝ ʢʨʝʡʜʦʚʘʥʝ ʧʦʢʨʠʪʪʷ,) ʢʘʨʪʦʥʫ UMKA COLOR GD2 

(ʤʘʢʫʣʘʪʫʨʥʠʡ ʟ ʥʝʟʥʘʯʥʠʤ ʫʤʽʩʪʦʤ ʜʝʨʝʚʠʥʥʦʾ ʤʘʩʠ, ʟ ʢʨʝʡʜʦʚʘʥʠʤ  ʧʦʢʨʠʪʪʷʤ) 

ʚʢʘʟʫʶʪʴ ʥʘ ʥʘʷʚʥʽʩʪʴ ʧʦʨ, ʟʘʧʦʚʥʝʥʠʭ ʨʽʟʥʠʤʠ ʟʘ ʬʦʨʤʦʶ (ʧʨʘʚʠʣʴʥʦʾ 

ʛʝʢʩʘʛʦʥʘʣʴʥʦʾ ʬʦʨʤʠ) ʪʘ ʨʦʟʤʽʨʦʤ ʯʘʩʪʠʥʦʢ ʧʽʛʤʝʥʪʥʦʛʦ ʧʦʢʨʠʪʪʷ 

(ʥʘʧʦʚʥʶʚʘʯʘ). ʇʦʚʝʨʭʥʷ ʯʘʩʪʠʥʦʢ ʥʝʯʽʪʢʘ, ʨʦʟʤʠʪʘ. ʉʪʨʫʢʪʫʨʘ ʢʘʨʪʦʥʫ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʽʩʥʦ ʧʝʨʝʧʣʝʪʝʥʠʭ ʤʽʢʨʦʬʽʙʨʠʣ, ʚʦʣʦʢʦʥ ʙʽʣʝʥʦʾ ʩʫʣʴʬʘʪʥʦʾ ʪʘ 

ʭʽʤʽʢʦ-ʪʝʨʤʦʤʝʭʘʥʽʯʥʦʾ ʮʝʣʶʣʦʟʠ. ʇʫʩʪʦʪʠ ʤʽʢʨʦʚʦʣʦʢʥʠʩʪʦʛʦ ʧʨʦʩʪʦʨʫ 

ʟʘʧʦʚʥʝʥʥʽ ʥʘʧʦʚʥʶʚʘʯʝʤ ʥʝʨʽʚʥʦʤʽʨʥʦ (ʨʠʩ. 3.1. ʘ,ʚ), ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʚʝʣʠʢʽ 

ʘʛʨʝʛʘʪʠ ʡʦʛʦ ʯʘʩʪʠʥʦʢ, ʷʢʽ ʟʘʙʠʚʘʶʪʴ ʧʦʨʠ, ʟʘʣʠʰʘʶʯʠ ʜʨʽʙʥʽ ʱʽʣʠʥʠ ʚʽʜ 0,2 ʜʦ 

1 ʤʢʤ ʽ ʟʤʝʥʰʫʶʯʠ ʡʦʛʦ ʧʦʨʠʩʪʽʩʪʴ 

ɽʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʢʘʨʪʦʥʫ DivoEcoÈ 

UD3, ʧʦʚʝʨʭʥʷ ʷʢʦʛʦ ʥʝʤʘʻ ʢʨʝʡʜʦʚʘʥʦʛʦ ʧʦʢʨʠʪʪʷ, ʚʠʛʦʪʦʚʣʝʥʦʛʦ ʟ ʤʘʢʫʣʘʪʫʨʠ 

ʽʟ ʜʦʜʘʚʘʥʥʷʤ ʤʝʭʘʥʽʯʥʦʾ ʜʝʨʝʚʠʥʥʦʾ ʤʘʩʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʥʘ ʧʦʚʝʨʭʥʽ ʚʦʣʦʢʦʥ 

ʯ̔ ʪʢʦ ʚʠʜʥʽʶʪʴʩʷ ʦʚʘʣʴʥʦʾ ʬʦʨʤʠ ʧʦʨʠ, ʨʦʟʤʽʨʦʤ ʜʦ 6 ʤʢʤ, ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ 

ʟʘʢʨʫʯʝʥʽ ʥʘʚʢʦʣʦ ʧʦʨ ʤʽʢʨʦʬʽʙʨʠʣʠ, ʧʨʦʛʣʷʜʘʶʪʴʩʷ ʽ ʥʘʩʢʨʽʟʥʽ ʤʘʢʨʦ- ʪʘ 

ʤʽʢʨʦʧʦʨʠ, ʱʦ ʚʢʘʟʫʶʪʴ ʥʘ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʡʦʛʦ ʩʪʨʫʢʪʫʨʠ (ʨʠʩ. 3.1.ʛ).  

ʄʽʢʨʦʬʦʪʦʛʨʘʬʽʾ ʧʦʚʝʨʭʥʽ ʢʘʨʪʦʥʽʚ ʧʝʨʝʜ ʜʨʫʢʫʚʘʥʥʷʤ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 

3.2. ɸʥʘʣʽʟ ʤʦʨʬʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʫʻ, ʱʦ ʜʣʷ ʢʘʨʪʦʥʫ UD-3, ʙʝʟ 

ʢʨʝʡʜʦʚʘʥʦʛʦ ʧʦʢʨʠʪʪʷ ʟ ʜʦʜʘʪʢʦʤ ʮʝʣʶʣʦʟʥʠʭ ʚʦʣʦʢʦʥ, ʭʘʨʘʢʪʝʨʥʘ ʚʝʣʠʢʘ 

ʩʪʫʧʽʥʴ ʥʝʨʽʚʥʦʩʪʝʡ ʧʦʚʝʨʭʥʽ ʚʽʜ ï5,48 ʜʦ +6,24 ʤʢʤ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʥʝʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʝʣʝʤʝʥʪʽʚ ʩʪʨʫʢʪʫʨʠ ʧʦʚʝʨʭʥʽ. ʎʝ ʧʽʜʪʚʝʨʜʞʝʥʦ ʽ 

ʧʘʨʘʤʝʪʨʦʤ ʰʦʨʩʪʢʦʩʪʽ Ra=1,416 ʤʢʤ. ɼʦʩʣʽʜʞʫʚʘʥʠʡ ʢʘʨʪʦʥ GD-2 ʤʘʻ 

ʥʘʡʤʝʥʰʫ ʩʪʫʧʽʥʴ ʥʝʨʽʚʥʦʩʪʝʡ ʧʦʚʝʨʭʥʽ ʚʽʜ ï2,98 ʜʦ +2,02 ʤʢʤ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʝʣʝʤʝʥʪʽʚ ʩʪʨʫʢʪʫʨʠ ʚʦʣʦʢʦʥ ʙʽʣʝʥʦʾ ʮʝʣʶʣʦʟʠ, 

ʚʽʜʩʫʪʥʽʩʪʴ ʚʝʣʠʢʠʭ ʤʘʢʨʦʥʝʨʽʚʥʦʩʪʝʡ. ʅʘ ʧʦʚʝʨʭʥʶ ʢʘʨʪʦʥʫ ʥʘʥʝʩʝʥʦ ʪʨʠ 

ʢʨʝʡʜʦʚʘʥʠʭ ʰʘʨʠ ʧʦʢʨʠʪʪʷ, ʧʘʨʘʤʝʪʨ ʰʦʨʩʪʢʦʩʪʽ Ra=0,514 ʤʢʤ, ʱʦ ʩʚʽʜʯʠʪʴ 

ʧʨʦ ʚʠʩʦʢʦ ʨʦʟʚʠʥʫʪʫ ʤʽʢʨʦ- ʽ ʩʫʙʤʽʢʨʦʩʪʨʫʢʪʫʨʫ ʧʦʚʝʨʭʥʽ.  
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ʈʠʩ. 3.2. ʄʽʢʨʦʬʦʪʦʛʨʘʬʽʾ ʧʦʚʝʨʭʥʝʚʦʾ ʩʪʨʫʢʪʫʨʠ ʢʘʨʪʦʥʽʚ:  

ʘ ï GC1, ʙ ï GC2; ʚ ï GD2, ʛ ï UD3 

 

ʅʝʨʽʚʥʦʩʪʽ ʧʦʚʝʨʭʥʽ ʢʘʨʪʦʥʫ GC2 ï  ʟʤʽʥʶʶʪʴʩʷ ʚʽʜ -3,7 ʜʦ +5,02 ʤʢʤ, ʱʦ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʝʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʝʣʝʤʝʥʪʽʚ ʩʪʨʫʢʪʫʨʠ ʚʦʣʦʢʦʥ ʙʽʣʝʥʦʾ 

ʩʫʣʴʬʘʪʥʦʾ ʮʝʣʶʣʦʟʠ ʟ ʜʝʨʝʚʥʦʶ ʤʘʩʦʶ, ʚʽʜʩʫʪʥʽʩʪʴ ʚʝʣʠʢʠʭ ʤʘʢʨʦʥʝʨʽʚʥʦʩʪʝʡ 

ʽ ʧʨʠʩʫʪʥʽʩʪʴ ʯʘʩʪʢʦʚʠʭ ʤʽʢʨʦʚʧʘʜʠʥ ʥʘ ʧʦʚʝʨʭʥʽ ʢʘʨʪʦʥʫ. ʂʘʨʪʦʥ GC1 ʟ 

ʧʦʜʚʽʡʥʠʤ  ʢʨʝʡʜʦʚʘʥʠʤ ʧʦʢʨʠʪʪʷʤ ʤʘʻ ʧʘʨʘʤʝʪʨ ʰʦʨʩʪʢʦʩʪʽ Ra = 1,082 ʤʢʤ, ʱʦ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʠʩʦʢʦ ʨʦʟʚʠʥʫʪʫ ʤʽʢʨʦ- ʽ ʩʫʙʤʽʢʨʦʩʪʨʫʢʪʫʨʫ ʧʦʚʝʨʭʥʽ.   

ʆʪʞʝ, ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ 

ʤʽʢʨʦʛʝʦʤʝʪʨʽʶ ʧʦʚʝʨʭʥʽ ʤʘʻ ʥʘʷʚʥʽʩʪʴ ʢʨʝʡʜʦʚʘʥʦʛʦ ʧʦʢʨʠʪʪʷ. ʎʝʡ ʰʘʨ ʟʤʽʥʶʻ 

ʧʘʨʘʤʝʪʨʠ ʰʦʨʩʪʢʦʩʪʽ ʽ ʧʣʦʱʽ ʧʽʢʽʚ ʪʘ ʚʧʘʜʠʥ ʥʘ ʢʘʨʪʦʥʽ. ʇʘʨʘʤʝʪʨ ʰʦʨʩʪʢʦʩʪʽ 
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Ra ʜʣʷ  ʢʘʨʪʦʥʫ ʟ ʪʨʠʰʘʨʦʚʠʤ ʢʨʝʡʜʫʚʘʥʥʷʤ ʫ 2,75 ʨʘʟʠ ʤʝʥʠhʡ, ʥʽʞ ʜʣʷ ʢʘʨʪʦʥʫ  

ʙʝʟ ʢʨʝʡʜʫʚʘʥʥʷ. ʄʽʢʨʦʬʦʪʦʛʨʘʬʽʾ ʤʦʨʬʦʣʦʛʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʧʦʚʝʨʭʥʽ  ʦʬʩʝʪʥʠʭ 

ʚʽʜʙʠʪʢʽʚ ʥʘ ʢʘʨʪʦʥʘʭ ʪʘ ʾʭ 3D ʤʦʜʝʣʽ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 3.3. 

 

  
ʘ ʙ 

  

ʚ ʛ 

ʈʠʩ. 3.3. ʄʽʢʨʦʬʦʪʦʛʨʘʬʽʾ ʤʦʨʬʦʣʦʛʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʧʦʚʝʨʭʥʽ ʚʽʜʙʠʪʢʽʚ 

ʪʘ ʾʭ 3D ʤʦʜʝʣʽ ʥʘ ʢʘʨʪʦʥʘʭ: 

ʘ ï GC1, ʙ ï GD2, ʚ ï GC2, ʛ ï UD3 

 

ʄʦʨʬʦʣʦʛʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʜʣʷ ʚʩʽʭ ʚʽʜʙʠʪʢʽʚ ʭʘʨʘʢʪʝʨʥʘ 

ʧʦʚʪʦʨʶʚʘʥʽʩʪʴ ʩʪʨʫʢʪʫʨʠ ʥʝʟʘʜʨʫʢʦʚʘʥʦʾ ʧʦʚʝʨʭʥʽ ʢʘʨʪʦʥʽʚ GC1, GC2 , GD2, 

UD3 (ʨʠʩ. 3.4). ɸʥʘʣʽʟ ʧʦʚʝʨʭʥʽ ʚʽʜʙʠʪʢʽʚ ʧʦʢʘʟʘʚ, ʱʦ ʪʦʚʱʠʥʘ ʰʘʨʫ ʬʘʨʙʠ ʥʘ 

ʢʘʨʪʦʥʽ ʧʽʩʣʷ ʡʦʛʦ ʟʘʪʚʝʨʜʽʥʥʷ ʟʘʣʠʰʘʻʪʴʩʷ ʩʪʘʣʦʶ, ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʤʽʱʫʻʪʴʩʷ ʧʦ 

ʧʦʚʝʨʭʥʽ ʢʘʨʪʦʥʫ, ʧʦʚʪʦʨʶʶʯʠ ʡʦʛʦ ʧʨʦʬʽʣʴ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʽʜʪʚʝʨʜʠʣʠ, ʱʦ ʤʽʞ 

ʡʦʛʦ ʚʠʜʠʤʦʶ ʧʦʨʠʩʪʦʶ ʩʪʨʫʢʪʫʨʦʶ ʽ ʚʩʦʪʫʚʘʥʥʷʤ ʬʘʨʙ ʯʠ ʣʘʢʽʚ ʽʩʥʫʻ ʧʨʷʤʠʡ 

ʟʚ'ʷʟʦʢ. 
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ʈʠʩ. 3.4. ʇʦʨʽʚʥʷʣʴʥʘ ʜʽʘʛʨʘʤʘ ʤʦʨʬʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʥʝʟʘʜʨʫʢʦʚʘʥʠʭ 

ʧʦʚʝʨʭʦʥʴ ʢʘʨʪʦʥʽʚ ʪʘ ʚʽʜʙʠʪʢʽʚ ʥʘ ʥʠʭ 

 

ʆʪʞʝ, ʥʘʷʚʥʽʩʪʴ ʫ ʢʘʨʪʦʥʽ ʢʨʝʡʜʦʚʘʥʦʛʦ ʧʦʢʨʠʪʪʷ ʤʘʻ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ 

ʡʦʛʦ ʤʽʢʨʦʛʝʦʤʝʪʨʽʶ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʟʦʢʨʝʤʘ ʚʠʟʥʘʯʝʥʠʡ  ʧʘʨʘʤʝʪʨ ʰʦʨʩʪʢʦʩʪʽ 

Ra, ʷʢʠʡ ʜʣʷ ʢʘʨʪʦʥʫ GD2 ʟ ʧʦʪʨʽʡʥʠʤ ʢʨʝʡʜʦʚʘʥʠʤ ʧʦʢʨʠʪʪʷʤ ʟʤʝʥʰʫʻʪʴʩʷ ʫ 

1,2 ʨʘʟʠ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʘʨʪʦʥʦʤ ʙʝʟ ʧʦʢʨʠʪʪʷ [113]. ʅʘ ʨʠʩ. 3.5 ʧʦʢʘʟʘʥʘ ʟʤʽʥʘ 

ʧʣʦʱʽ ʧʽʢʽʚ (ʘ) ʽ ʧʣʦʱʽ ʚʧʘʜʠʥ (ʙ) ʥʘ ʚʽʜʙʠʪʢʫ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʥʝʟʘʜʨʫʢʦʚʘʥʦʶ 

ʧʦʚʝʨʭʥʝʶ ʢʘʨʪʦʥʫ. 

ʇʨʠ ʥʘʥʝʩʝʥʽ ʬʘʨʙʦʚʦʛʦ ʰʘʨʫ ʥʘ ʢʘʨʪʦʥ GC-1 ʟ ʜʚʦʰʘʨʦʚʠʤ ʢʨʝʡʜʦʚʘʥʠʤ 

ʧʦʢʨʠʪʪʷʤ ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʧʨʦʬʽʣʶ ï ʧʘʨʘʤʝʪʨ Ra ʜʦʨʽʚʥʶʻ 

1,390 ʤʢʤ, ʪʦʙʪʦ ʜʝʱʦ ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ 0, 208 ʤʢʤ. ʉʝʨʝʜʥʷ ʛʣʠʙʠʥʘ ʰʦʨʩʪʢʦʩʪʽ 

Rz ʟʙʽʣʴʰʫʻʪʴʩʷ ʟ 7,395 ʜʦ 7,685 ʤʢʤ. ʇʣʦʱʘ ʧʽʢʽʚ ʧʦʚʝʨʭʥʽ Sʧʽʢ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟ 

1064 ʜʦ 1124 ʤʢʤ2, ʘ Sʚʧ ʟʤʝʥʰʫʻʪʴʩʷ ʟ 1198 ʜʦ 886 ʤʢʤ2. ʇʦʚʝʨʭʥʷ ʧʽʩʣʷ 

ʥʘʥʝʩʝʥʥʷ ʬʘʨʙʦʚʦʛʦ ʰʘʨʫ, ʩʪʘʣʘ ʙʽʣʴʰ ʨʽʚʥʦʤʽʨʥʦʶ (ʚʽʜʩʫʪʥʽ ʤʘʢʨʦʥʝʨʽʚʥʦʩʪʽ), 

ʘʣʝ ʧʨʠ ʮʴʦʤʫ ʟʤʽʥʠʣʠʩʴ ʧʘʨʘʤʝʪʨʠ Rz i Sʚʧ [115].  
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ʈʠʩ. 3.5. ʇʦʨʽʚʥʷʣʴʥʽ ʜʽʘʛʨʘʤʠ ʤʦʨʬʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʦʚʝʨʭʦʥʴ 

ʜʦʩʣʽʜʞʝʥʠʭ ʢʘʨʪʦʥʽʚ ʪʘ ʚʽʜʙʠʪʢʽʚ ʥʘ ʥʠʭ -  ʧʣʦʱʽ ʧʘʢʽʚ Sʧʽʢ (ʘ) ʽ ʧʣʦʱʽ ʚʧʘʜʠʥ 

Sʚʧ (ʙ) 

 

ɸʥʘʣʦʛʽʯʥʘ ʢʘʨʪʠʥʘ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʽ ʜʣʷ ʢʘʨʪʦʥʫ GC-2. ʊʘʢ, ʧʘʨʘʤʝʪʨ 

ʰʦʨʩʪʢʦʩʪʽ Ra ʚʽʜʙʠʪʢʫ ʟʤʝʥʰʫʻʪʴʩʷ ʽ ʩʢʣʘʜʘʻ 0,925 ʤʢʤ, ʘ ʧʣʦʱʽ ʧʽʢʽʚ Sʧʽʢ 

ʟʙʽʣʴʰʫʶʪʴʩʷ ʜʦ 1095 ʤʢʤ2 ̔  ʧʣʦʱʽ ʚʧʘʜʠʥ Sʚʧ ʟʤʝʥʰʫʶʪʴʩʷ ʜʦ 846 ʤʢʤ2. ʎʝ ʱʝ 

ʨʘʟ ʧʽʜʪʚʝʨʜʞʫʻ ʧʨʘʚʜʠʚʽʩʪʴ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʬʘʨʙʦʚʠʡ ʰʘʨ ʟʛʣʘʜʞʫʻ 

ʤʽʢʨʦʥʝʨʽʚʥʦʩʪʽ ʧʦʚʝʨʭʥʽ. ɼʣʷ ʢʘʨʪʦʥʫ UD3 ʙʝʟ ʧʦʢʨʠʪʪʷ, ʧʘʨʘʤʝʪʨ ʰʦʨʩʪʢʦʩʪʽ 
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Ra ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ 0,19 ʤʢʤ, ʘ ʩʝʨʝʜʥʷ ʛʣʠʙʠʥʘ ʰʦʨʩʪʢʦʩʪʽ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘ 0,11 

ʤʢʤ. ʇʣʦʱʽ ʧʽʢʽʚ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʜʽʣʷʥʦʢ Sʧʽʢ ʟʙʽʣʴʰʫʶʪʴʩʷ ʟ 1104 ʜʦ 1204 ʤʢʤ2, 

ʘ ʧʣʦʱʽ ʚʧʘʜʠʥ Sʚʧ ʟʤʝʥʰʫʶʪʴʩʷ ʟ 2474 ʜʦ 2105 ʤʢʤ2. ʎʠʤ ʦʯʝʚʠʜʥʦ  

ʧʦʷʩʥʶʻʪʴʩʷ, ʱʦ ʬʘʨʙʘ ʥʘʥʦʩʠʪʴʩʷ ʥʘ ʜʘʥʠʡ ʢʘʨʪʦʥ ʥʝʨʽʚʥʦʤʽʨʥʠʤ ʰʘʨʦʤ, ʤʘʻ 

ʨʘʩʪʨʦʚʫ ʩʪʨʫʢʪʫʨʫ, ʜʝ ʢʦʞʥʘ ʨʘʩʪʨʦʚʘ ʪʦʯʢʘ ʤʘʻ ʩʚʽʡ ʤʽʢʨʦʨʝʣʴʻʬ, ʷʢʠʡ ʚʧʣʠʚʘʻ 

ʥʘ ʚʝʣʠʯʠʥʫ ʧʽʢʽʚ ʽ ʚʧʘʜʠʥ. 

 

3.2. ɺʠʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʦʧʦʛʨʘʬʽʾ ʧʦʚʝʨʭʥʽ ʚʽʜʙʠʪʢʽʚ 

ʬʣʝʢʩʦʛʨʘʬʽʯʥʦʛʦ ʜʨʫʢʫ ʪʘ ʾʭ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʟʘ ʰʢʘʣʦʶ ʍʘʨʨʽʥʛʪʦʥʘ 

ɯʥʪʝʥʩʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʣʝʢʩʦʛʨʘʬʽʯʥʦʛʦ ʜʨʫʢʫ ʜʣʷ ʦʟʜʦʙʣʝʥʥʷ 

ʧʘʢʦʚʘʥʴ ʪʘ ʧʽʜʚʠʱʝʥʽ ʚʠʤʦʛʠ ʩʧʦʞʠʚʘʯʽʚ ʜʦ ʥʴʦʛʦ ʚʠʤʘʛʘʶʪʴ ʧʦʛʣʠʙʣʝʥʦʛʦ 

ʚʠʚʯʝʥʥʷ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ ʥʘ ʷʢʽʩʪʴ ʜʨʫʢʘʨʩʴʢʠʭ ʚʽʜʙʠʪʢʽʚ.  

ʋ ʤʽʨʫ ʟʨʦʩʪʘʥʥʷ ʚʠʤʦʛ ʜʦ ʷʢʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʦʾ ʬʣʝʢʩʦʛʨʘʬʽʯʥʠʤ ʩʧʦʩʦʙʦʤ 

ʧʨʦʜʫʢʮʽʾ ʟ'ʷʚʣʷʻʪʴʩʷ ʨʷʜ ʧʨʦʙʣʝʤ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ. ʊʦʤʫ 

ʚʠʷʚʣʝʥʥʷ ʚʧʣʠʚʫ ʦʢʨʝʤʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʜʨʫʢʘʨʩʴʢʠʭ ʬʦʨʤ ʽ ʜʨʫʢʫʚʘʥʥʷ ʤʦʞʝ ʚʠʨʽʰʠʪʠ ʧʨʦʙʣʝʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ 

ʚʽʜʙʠʪʢʽʚ ʬʣʝʢʩʦʛʨʘʬʽʯʥʦʛʦ ʜʨʫʢʫ. ʏʘʩʪʦ ʚʠʥʠʢʘʶʪʴ ʧʨʦʙʣʝʤʠ ʟ ʧʨʘʚʠʣʴʥʠʤ 

ʚʽʜʪʚʦʨʝʥʥʷʤ ʝʣʝʤʝʥʪʽʚ ʟʦʙʨʘʞʝʥʥʷ ʨʽʟʥʦʾ ʩʢʣʘʜʥʦʩʪʽ ʩʶʞʝʪʫ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ 

ʩʪʘʙʽʣʴʥʽʩʪʴ ʧʨʦʮʝʩʫ ʜʨʫʢʫʚʘʥʥʷ ʽ ʦʪʨʠʤʘʥʥʷ ʚʽʜʙʠʪʢʽʚ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʜʨʫʢʫʚʘʥʥʷ ʬʣʝʢʩʦʛʨʘʬʽʯʥʠʤ ʩʧʦʩʦʙʦʤ 

ʟʦʙʨʘʞʝʥʴ ʚʠʤʘʛʘʻ ʜʦʩʣʽʜʞʝʥʴ ʾʭ ʧʦʚʝʨʭʥʝʚʦʾ ʩʪʨʫʢʪʫʨʠ ʜʦ ʽ ʧʽʩʣʷ ʥʘʥʝʩʝʥʥʷ 

ʬʘʨʙʠ, ʽ ʤʘʻ ʧʝʨʰʦʯʝʨʛʦʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʚʽʜʙʠʪʢʽʚ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ 

ʦʧʪʠʯʥʠʤʠ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ. ʊʦʤʫ ʚʘʞʣʠʚʦ ʙʫʣʦ ʚʠʷʚʠʪʠ 

ʬʘʢʪʦʨʠ ʚʧʣʠʚʫ ʪʦʧʦʛʨʘʬʽʾ ʧʦʚʝʨʭʥʽ ʟʘʜʨʫʢʦʚʫʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʥʘ ʷʢʽʩʪʴ ʚʽʜʙʠʪʢʽʚ 

ʬʣʝʢʩʦʛʨʘʬʽʯʥʦʛʦ ʜʨʫʢʫ ʟʘ ʪʘʢʠʤʠ ʢʚʘʣʽʤʝʪʨʠʯʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ, ʷʢ ʦʧʪʠʯʥʘ 

ʱʽʣʴʥʩ̔ʪɹ, ʢʦʥʪʨʘʩʪ, ʨʦʟʪʠʩʢʫʚʘʥʥʷ, ʙʘʣʘʥʩ ʧʦ-ʩʽʨʦʤʫ, ʪʨʝʧʽʥʛ ʪʘ ʟʜʽʡʩʥʠʪʠ 

ʦʧʪʠʤʽʟʘʮʽʶ ʦʜʠʥʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽʾ ʙʘʞʘʥʦʩʪʽ ʍʘʨʨʽʥʛʪʦʥʘ.  

ʋ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʞʝʥʴ ʘʢʮʝʥʪʫʚʘʣʘʩʴ ʫʚʘʛʘ ʥʘ ʦʪʨʠʤʘʥʥ ̔ ʚʽʜʙʠʪʢʽʚ 

ʬʣʝʢʩʦʛʨʘʬʽʯʥʦʛʦ ʜʨʫʢʫ ʦʨʛʘʥʦʨʦʟʯʠʥʥʠʤʠ ʬʘʨʙʘʤʠ ʥʘ ʥʽʪʨʦʮʝʣʶʣʦʟʥʽʡ ʦʩʥʦʚʽ 

(ʊʋ ʋ 24.3.-30904372-002-2004) ʨʽʟʥʠʭ ʢʦʣʴʦʨʽʚ. 
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ʋ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʴ ʩʪʨʫʢʪʫʨʠ ʜʨʫʢʘʨʩʴʢʠʭ ʚʽʜʙʠʪʢʽʚ ʧʽʜʪʚʝʨʜʞʝʥʦ 

ʩʫʪʪʻʚʠʡ ʚʧʣʠʚ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʚʝʨʭʥʽ ʢʘʨʪʦʥʽʚ ʥʘ ʧʨʦʮʝʩ ʚʩʦʪʫʚʘʥʥʷ ʬʘʨʙʠ ʧʽʜ 

ʯʘʩ ʜʨʫʢʫʚʘʥʥʷ. ɺʩʪʘʥʦʚʣʝʥʦ, ʰʦ ʧʘʨʘʤʝʪʨ ʰʦʨʩʪʢʦʩʪʽ ʢʘʨʪʦʥʽʚ ʚʧʣʠʚʘʻ ʥʘ 

ʷʢʽʩʪʴ ʚʽʜʙʠʪʢʽʚ. ɸʜʞʝ ʚʽʜʦʤʦ, ʱʦ ʛʣʘʜʢʽʩʪʴ (ʰʦʨʩʪʢʽʩʪʴ) ʭʘʨʘʢʪʝʨʠʟʫʻ 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʫ ʧʦʚʝʨʭʥʽ ʢʘʨʪʦʥʽʚ ʪʘ ʨʽʚʥʦʤʽʨʥʽʩʪʴ, ʷʢʘ ʚʠʟʥʘʯʘʻ ʚʪʦʨʠʥʥʫ 

ʩʪʨʫʢʪʫʨʫ ʢʘʨʪʦʥʫ, ʪʦʙʪʦ ʡʦʛʦ ʦʙ'ʻʤʥʫ ʤʘʢʨʦʦʜʥʦʨʽʜʥʽʩʪʴ, ʽ ʚʧʣʠʚʘʻ ʥʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʟʘʻʤʦʜʽʾ ʟ ʬʘʨʙʦʶ. ɻʨʘʥʠʮʽ ʟʥʘʯʝʥʴ ʤʽʢʨʦʥʝʨʽʚʥʦʩʪʝʡ ʜʣʷ ʨʽʟʥʠʭ 

ʚʠʜʽʚ ʢʘʨʪʦʥʽʚ ʚʠʟʥʘʯʘʶʪʴʩʷ ʨʦʟʤʽʨʘʤʠ ʚʽʜʪʚʦʨʶʚʘʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟʦʙʨʘʞʝʥʥʷ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʤʽʩʮʷ ʚʠʤʽʨʶʚʘʥʥʷ ʥʘ ʚʽʜʙʠʪʢʘʭ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʨʽʟʥʘ ʰʦʨʩʪʢʽʩʪʴ ʢʘʨʪʦʥʫ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʤʦʨʬʦʣʦʛʽʾ 

ʚʽʜʙʠʪʢʽʚ ʥʘ ʢʘʨʪʦʥʘʭ ʧʦʢʘʟʘʥʽ ʚ ʪʘʙʣʠʮʽ 3.1. 

ʊʘʙʣʠʮʷ 3.1 

ʄʦʨʬʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʧʦʚʝʨʭʦʥʴ ʢʘʨʪʦʥʽʚ ʪʘ ʚʽʜʙʠʪʢʽʚ 

ʄʘʨʢʘ ʢʘʨʪʦʥʫ Ra, ʤʢʤ Rz, ʤʢʤ  Sʧʽʢ, ʤʢʤ2 Sʚʧ, ʤʢʤ2 

ʅʝʟʘʜʨʫʢʦʚʘʥʘ ʧʦʚʝʨʭʥʷ  

GD2 0,426 4,5 874 860 

UD3 1,264 7,34 1034 2475 

ʇʦʚʝʨʭʥʷ ʬʣʝʢʩʦʜʨʫʢʘʨʩʴʢʠʭ ʚʽʜʙʠʪʢʽʚ 

GD2 0,415 5,92 896 812 

UD3 1,234 7,89 1410 1885 

 

ʆʪʞʝ, ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ 

ʤʽʢʨʦʛʝʦʤʝʪʨʽʶ ʧʦʚʝʨʭʥʽ ʤʘʻ ʥʘʷʚʥʽʩʪʴ ʢʨʝʡʜʦʚʘʥʦʛʦ ʧʦʢʨʠʪʪʷ. ʎʝʡ ʰʘʨ ʟʤʽʥʶʻ 

ʧʘʨʘʤʝʪʨʠ ʰʦʨʩʪʢʦʩʪʽ ʽ ʧʣʦʱʽ ʧʽʢʽʚ ʪʘ ʚʧʘʜʠʥ ʥʘ ʢʘʨʪʦʥʽ. ʇʘʨʘʤʝʪʨ ʰʦʨʩʪʢʦʩʪʽ 

Ra ʚʽʜ ʢʘʨʪʦʥʫ ʙʝʟ ʢʨʝʡʜʫʚʘʥʥʷ ʜʦ ʜʚʦʰʘʨʦʚʦʛʦ ʢʨʝʡʜʫʚʘʥʥʷ ʟʤʝʥʰʫʻʪʴʩʷ ʫ 3 

ʨʘʟʠ.  

ʇʨʠ ʥʘʥʝʩʝʥʽ ʬʘʨʙʦʚʦʛʦ ʰʘʨʫ ʥʘ ʢʘʨʪʦʥ UD-3 ʙʝʟ ʢʨʝʡʜʦʚʘʥʦʛʦ ʧʦʢʨʠʪʪʷ 

ʧʘʨʘʤʝʪʨ ʰʦʨʩʪʢʦʩʪʽ Ra (ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʧʨʦʬʽʣʶ) 

ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ 0,30 ʤʢʤ, ʽ ʩʢʣʘʜʘʻ 1,234 ʤʢʤ, ʧʨʠ ʮʴʦʤʫ ʩʝʨʝʜʥʷ ʛʣʠʙʠʥʘ 

ʰʦʨʩʪʢʦʩʪʽ Rz ʟʙʽʣʴʰʫʻʪʴʩʷ ʟ 7,34 ʜʦ 7,89 ʤʢʤ. ʇʣʦʱʘ ʧʽʢʽʚ ʧʦʚʝʨʭʥʽ Sʧʽʢ 
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ʟʙʽʣʴʰʫʻʪʴʩʷ ʟ 1034 ʜʦ 1410 ʤʢʤ2, ʘ Sʚʧ ʟʤʝʥʰʫʻʪʴʩʷ ʟ 2475 ʜʦ 1885 ʤʢʤ2. 

ʇʦʚʝʨʭʥʷ ʧʽʩʣʷ ʥʘʥʝʩʝʥʥʷ ʬʘʨʙʦʚʦʛʦ ʰʘʨʫ, ʩʪʘʣʘ ʙʽʣʴʰ ʨʽʚʥʦʤʽʨʥʦʶ (ʚʽʜʩʫʪʥʽ 

ʤʘʢʨʦʥʝʨʽʚʥʦʩʪʽ), ʘʣʝ ʧʨʠ ʮʴʦʤʫ ʟʤʽʥʠʣʠʩʴ ʧʘʨʘʤʝʪʨʠ Rz i Sʚʧ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ 

ʪʠʤ, ʱʦ ʬʘʨʙʘ ʥʘʥʦʩʠʪʴʩʷ ʥʘ ʜʘʥʽ ʩʫʙʩʪʨʘʪʠ ʥʝʨʽʚʥʦʤʽʨʥʠʤ ʰʘʨʦʤ, ʤʘʻ ʨʘʩʪʨʦʚʫ 

ʩʪʨʫʢʪʫʨʫ, ʜʝ ʢʦʞʥʘ ʨʘʩʪʨʦʚʘ ʪʦʯʢʘ ʤʘʻ ʩʚʽʡ ʤʽʢʨʦʨʝʣʴʻʬ, ʷʢʠʡ ʚʧʣʠʚʘʻ ʥʘ 

ʚʝʣʠʯʠʥʫ ʧʽʢʽʚ ʽ ʚʧʘʜʠʥ. ɸʥʘʣʦʛʽʯʥʘ ʢʘʨʪʠʥʘ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʽ ʜʣʷ ʢʘʨʪʦʥʫ GD-

2, ʟ ʪʨʠʰʘʨʦʚʠʤ ʢʨʝʡʜʫʚʘʥʥʷʤ, ʧʘʨʘʤʝʪʨ ʰʦʨʩʪʢʦʩʪʽ Ra ʟʤʝʥʰʫʻʪʴʩʷ ʽ ʩʢʣʘʜʘʻ 

0,415 ʤʢʤ, ʧʨʠ ʮʴʦʤʫ ʧʣʦʱʽ ʧʽʢʽʚ Sʧʽʢ ʟʙʽʣʴʰʫʶʪʴʩʷ ʜʦ 896 ʤʢʤ2, ʘ ʧʣʦʱʘ 

ʚʧʘʜʠʥ Sʚʧ ʟʤʝʥʰʠʣʘʩʴ ʜʦ 812 ʤʢʤ2. ʎʝ ʱʝ ʨʘʟ ʧʽʜʪʚʝʨʜʞʫʻ, ʱʦ ʬʘʨʙʦʚʠʡ ʰʘʨ 

ʟʛʣʘʜʞʫʻ ʤʽʢʨʦʥʝʨʽʚʥʦʩʪʽ ʧʦʚʝʨʭʥʽ ʚʽʜʙʠʪʢʫ. ɼʨʫʢʘʨʩʴʢʽ ʚʽʜʙʠʪʢʠ ʥʘ ʢʘʨʪʦʥʽ GD-

2 ʤʘʶʪʴ ʙʽʣʴʰʫ ʛʣʘʜʢʽʩʪʴ, ʥʽʞ ʥʘ ʢʘʨʪʦʥʽ UD-3. ʏʘʩʪʠʥʢʠ ʬʘʨʙʠ ʧʨʦʥʠʢʘʶʪʴ 

ʛʣʠʙʰʝ ʫ ʢʘʨʪʦʥ ʙʝʟ ʢʨʝʡʜʦʚʘʥʦʛʦ ʧʦʢʨʠʪʪʷ ʽ ʥʝ ʟʛʣʘʜʞʫʶʪʴ ʧʦʚʥʽʩʪʶ ʡʦʛʦ 

ʤʽʢʨʦʥʝʨʽʚʥʦʩʪʽ. ʅʘ ʨʠʩ. 3.6 ï 3.9 ʧʨʝʜʩʪʘʚʣʝʥʽ ʤʽʢʨʦʬʦʪʦʛʨʘʬʽʾ ʪʦʧʦʛʨʘʬʽʾ 

ʧʦʚʝʨʭʥʽ ʬʣʝʢʩʦʛʨʘʬʽʯʥʠʭ ʚʽʜʙʠʪʢʽʚ, ʥʘʜʨʫʢʦʚʘʥʠʭ ʬʘʨʙʘʤʠ ʨʽʟʥʠʭ ʢʦʣʴʦʨʽʚ ʪʘ 

ʾʭ ʧʨʦʬʽʣʽ. 

 

  

ʘ ʙ 

ʈʠʩ. 3.6. ʊʦʧʦʛʨʘʬʽʷ ʧʦʚʝʨʭʥʽ ʪʘ ʧʨʦʬʽʣʴ ʬʣʝʢʩʦʛʨʘʬʽʯʥʦʛʦ ʚʽʜʙʠʪʢʫ, 

ʦʪʨʠʤʘʥʦʛʦ ʛʦʣʫʙʦʶ ʬʘʨʙʦʶ ʥʘ ʢʘʨʪʦʥʽ: ʘ ï UD-3; ʙ ï GD-2 
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ʘ ʙ 

ʈʠʩ. 3.7. ʊʦʧʦʛʨʘʬʽʷ ʧʦʚʝʨʭʥʽ ʪʘ ʧʨʦʬʽʣʴ ʬʣʝʢʩʦʛʨʘʬʽʯʥʦʛʦ ʚʽʜʙʠʪʢʫ, 

ʦʪʨʠʤʘʥʦʛʦ ʧʫʨʧʫʨʥʦʶ ʬʘʨʙʦʶ ʥʘ ʢʘʨʪʦʥʽ: ʘ ï UD-3; ʙ ï GD-2 

  

ʘ ʙ 

ʈʠʩ.3.8. ʊʦʧʦʛʨʘʬʽʷ ʧʦʚʝʨʭʥʽ ʪʘ ʧʨʦʬʽʣʴ ʬʣʝʢʩʦʛʨʘʬʽʯʥʦʛʦ ʚʽʜʙʠʪʢʫ, 

ʦʪʨʠʤʘʥʦʛʦ ʞʦʚʪʦʶ ʬʘʨʙʦʶ ʥʘ ʢʘʨʪʦʥʽ: ʘ ï UD-3; ʙ ï GD-2 
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ʘ ʙ 

ʈʠʩ. 3.9. ʊʦʧʦʛʨʘʬʽʷ ʧʦʚʝʨʭʥʽ ʪʘ ʧʨʦʬʽʣʴ ʬʣʝʢʩʦʛʨʘʬʽʯʥʦʛʦ ʚʽʜʙʠʪʢʫ, 

ʦʪʨʠʤʘʥʦʛʦ ʯʦʨʥʦʶ ʬʘʨʙʦʶ ʥʘ ʢʘʨʪʦʥʽ: ʘ ï UD-3; ʙ ï GD-2 

 

ʌʦʪʦʛʨʘʬʽʾ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʧʦʚʝʨʭʥʽ ʚʽʜʙʠʪʢʽʚ, ʾʭ ʧʨʦʬʽʣʶ ʧʦʢʘʟʫʶʪʴ, ʱʦ 

ʢʨʝʡʜʦʚʘʥʝ ʧʦʢʨʠʪʪʷ ʥʘ ʩʫʙʩʪʨʘʪʽ ʤʘʻ ʟʥʘʯʥʠʡ ʚʣʠʚ ʥʘ ʷʢʽʩʪʴ ʚʽʜʙʠʪʢʽʚ. 

ɺʠʟʥʘʯʝʥʽ ʩʝʨʝʜʥʴʦ ʘʨʠʬʤʝʪʠʯʥʽ ʟʥʘʯʝʥʥʷ ʚʽʜʭʠʣʝʥʥʷ ʧʨʦʬʽʣʶ Ra, ʛʣʠʙʠʥʠ 

ʰʦʨʩʪʢʦʩʪʽ Rz, ʟʤʽʥʠ ʧʣʦʱʽ ʧʽʢʽʚ Sʧʽʢ ʽ ʚʧʘʜʠʥ Sʚʧ ʧʦʚʝʨʭʥʽ ʧʽʜʪʚʝʨʜʞʫʶʪʴ 

ʚʧʣʠʚ ʢʨʝʡʜʦʚʘʥʦʛʦ ʧʦʢʨʠʪʪʷ ʥʘ ʛʣʠʙʠʥʫ ʧʨʦʥʠʢʥʝʥʥʷ ʬʘʨʙʠ ʽ ʜʝʥʩʠʪʦʤʝʪʨʠʯʥʽ 

ʧʦʢʘʟʥʠʢʠ ʚʽʜʙʠʪʢʽʚ.  

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʚʽʜʙʠʪʢʽʚ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ ʧʨʠ ʚʽʜʪʚʦʨʝʥʥʽ ʰʪʨʠʭʦʚʠʭ ʽ 

ʩʫʮʽʣʴʥʠʭ ʜʽʣʷʥʦʢ ʟʦʙʨʘʞʝʥʴ ʩʣʽʜ ʜʦʪʨʠʤʫʚʘʪʠʩʴ ʧʝʚʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʝʞʠʤʽʚ. 

ɿʦʢʨʝʤʘ, ʬʘʨʙʠ ʧʦʚʠʥʥʽ ʤʘʪʠ ʚôʷʟʢʽʩʪʴ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 22ï24 ʩ, ʘ ʚʝʣʠʢʽ ʜʽʣʷʥʢʠ 

ʩʫʮʽʣʴʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʧʦʚʠʥʥʽ ʤʘʪʠ ʧʣʦʱʫ ʨʘʩʪʨʦʚʠʭ ʢʨʘʧʦʢ ʥʝ ʙʽʣʴʰʝ 97 %.  

ʗʢʱʦ ʨʦʟʤʽʨ ʜʨʫʢʫʶʯʦʛʦ ʝʣʝʤʝʥʪʫ ʤʝʥʰʠʡ ʟʘ ʧʣʦʱʫ ʢʦʤʽʨʢʠ ʥʘ ʚʘʣʠʢʫ, ʚʽʥ 

ʧʨʦʚʘʣʶʻʪʴʩʷ ʚ ʮʶ ʢʦʤʽʨʢʫ ʽ ʬʘʨʙʘ ʥʘʥʦʩʠʪʴʩʷ ʧʦʟʘ ʤʝʞʽ ʛʨʘʥʠʮʴ ʟʦʙʨʘʞʝʥʥʷ. ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʥʘ ʚʽʜʙʠʪʢʫ ʟʘʤʽʩʪʴ ʨʘʩʪʨʦʚʦʾ ʢʨʘʧʢʠ ʧʝʚʥʦʛʦ ʨʦʟʤʽʨʫ ʫʪʚʦʨʶʻʪʴʩʷ 

ʧʣʷʤʘ ʜʦʚʽʣʴʥʦʾ ʬʦʨʤʠ, ʪʦʙʪʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʪʘʢ ʟʚʘʥʘ çʽʥʚʝʨʩʥʘ ʪʦʥʦʧʝʨʝʜʘʯʘè. 

ʆʧʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʜʨʫʢʦʚʘʥʠʭ ʟʦʙʨʘʞʝʥʴ ʚʠʟʥʘʯʘʶʪʴ ʷʢʽʩʪʴ 

ʚʽʜʙʠʪʢʽʚ. ʅʘ ʨʠʩ. 3.10 ʧʦʢʘʟʘʥʽ ʛʨʘʬʽʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʦʧʪʠʯʥʦʾ ʛʫʩʪʠʥʠ 

ʜʨʫʢʘʨʩʴʢʠʭ ʚʽʜʙʠʪʢʽʚ, ʫʪʚʦʨʝʥʠʭ ʛʦʣʫʙʦʶ, ʯʦʨʥʦʶ, ʧʫʨʧʫʨʥʦʶ ʽ ʞʦʚʪʦʶ 
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ʬʘʨʙʦʶ. ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 3.10  ʘ, ʚʝʨʭʥʷ ʤʝʞʘ ʦʧʪʠʯʥʦʾ ʛʫʩʪʠʥʠ ʜʣʷ ʛʦʣʫʙʦʾ ʬʘʨʙʠ 

ʩʪʘʥʦʚʠʪʴ 1.64, ʥʠʞʥʷ ï 1.42. ɼʣʷ ʚʽʜʙʠʪʢʫ, ʫʪʚʦʨʝʥʦʛʦ ʧʫʨʧʫʨʥʦʶ ʬʘʨʙʦʶ, 

ʚʝʨʭʥʷ ʤʝʞʘ ʦʧʪʠʯʥʦʾ ʛʫʩʪʠʥʠ ʩʪʘʥʦʚʠʪʴ ï1.98, ʥʠʞʥʷ ï 1.72 (ʨʠʩ. 3.10, ʙ).  

 

  

ʘ ʙ 

  

ʚ ʛ 

ʈʠʩ. 3.10. ɿʘʣʝʞʥʽʩʪʴ ʦʧʪʠʯʥʦʾ ʛʫʩʪʠʥʠ ʚʽʜʙʠʪʢʽʚ ʥʘ ʢʘʨʪʦʥʽ, ʫʪʚʦʨʝʥʠʭ: 

ʘ ï ʛʦʣʫʙʦʶ; ʙ ï ʧʫʨʧʫʨʥʦʶ; ʚ ï ʞʦʚʪʦʶ; ʛ ï ʯʦʨʥʦʶ ʬʘʨʙʦʶ;  

D ï ʦʧʪʠʯʥʘ ʛʫʩʪʠʥʘ (ʦʜʠʥʠʮʴ); N ï ʥʘʩʠʯʝʥʽʩʪʴ (%);  

1 ï ʚʝʨʭʥʷ ʜʦʧʫʩʪʠʤʘ ʤʝʞʘ; 2 ï ʥʠʞʥʷ ʜʦʧʫʩʪʠʤʘ ʤʝʞʘ;  

3 ï ʢʘʨʪʦʥ GD-2; 4 ï ʢʘʨʪʦʥ UD-3 

 

ɺʝʨʭʥʷ ʤʝʞʘ ʦʧʪʠʯʥʦʾ ʛʫʩʪʠʥʠ ʜʣʷ ʚʽʜʙʠʪʢʫ, ʫʪʚʦʨʝʥʦʛʦ ʞʦʚʪʦʶ ʬʘʨʙʦʶ 

(ʨʠʩ. 3.10, ʚ), ʜʝʱʦ ʩʧʘʜʘʻ ʽ ʩʪʘʥʦʚʠʪʴ 1.52, ʘ ʥʠʞʥʷ ï 1.38. ʄʘʢʩʠʤʘʣʴʥʝ 

ʟʥʘʯʝʥʥʷ ʚʝʨʭʥʴʦʾ (1.99) ʽ ʥʠʞʥʴʦʾ (1.76) ʤʝʞʽ ʦʧʪʠʯʥʦʾ ʛʫʩʪʠʥʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʥʘ ʚʽʜʙʠʪʢʫ, ʫʪʚʦʨʝʥʦʛʦ ʯʦʨʥʦʶ ʬʘʨʙʦʶ (ʨʠʩ. 3.10, ʛ). ɼʣʷ ʚʽʜʙʠʪʢʽʚ ʥʘ ʢʘʨʪʦʥʽ 
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GD-2 ʦʧʪʠʯʥʘ ʛʫʩʪʠʥʘ ʛʦʣʫʙʦʾ, ʧʫʨʧʫʨʥʦʾ, ʞʦʚʪʦʾ ʽ ʯʦʨʥʦʾ ʬʘʨʙʠ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 

ʟʥʘʯʝʥʥʷ 0.2 (ʧʨʠ ʥʘʩʠʯʝʥʦʩʪʽ ï 20 %) ʜʦ 2.0 (ʧʨʠ ʥʘʩʠʯʝʥʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ 90 %). 

ɿʥʘʯʝʥʥʷ ʦʧʪʠʯʥʦʾ ʛʫʩʪʠʥʠ ʚʽʜʙʠʪʢʽʚ ʥʘ ʢʘʨʪʦʥʽ UD-3 ʟʥʘʯʥʦ ʤʝʥʰʽ. ʇʨʠ 

ʥʘʩʠʯʝʥʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ 90 % ʜʣʷ ʛʦʣʫʙʦʾ, ʧʫʨʧʫʨʥʦʾ ʽ ʯʦʨʥʦʾ ʬʘʨʙ ʦʧʪʠʯʥʘ 

ʛʫʩʪʠʥʘ ʚʽʜʙʠʪʢʫ ʩʪʘʥʦʚʠʪʴ 1.24, ʘ ʜʣʷ ʞʦʚʪʦʾ ʬʘʨʙʠ ï1.15. ʎʽ ʟʥʘʯʝʥʥʷ 

ʜʝʥʩʠʪʦʤʝʪʨʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʚʽʜʙʠʪʢʽʚ ʱʝ ʨʘʟ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʚʧʣʠʚ 

ʧʦʚʝʨʭʥʝʚʦʾ ʩʪʨʫʢʪʫʨʠ ʢʘʨʪʦʥʽʚ ʥʘ ʷʢʽʩʪʴ ʥʘʜʨʫʢʦʚʘʥʠʭ ʟʦʙʨʘʞʝʥʴ.  

ɼʣʷ ʢʘʣʽʙʨʫʚʘʥʥʷ ʟʘ ʰʢʘʣʦʶ ʍʘʨʨʽʥʛʪʦʥʘ ʦʧʪʠʯʥʦʾ ʱʽʣʴʥʦʩʪʽ ʬʦʥʫ ʥʘ 

ʚʽʜʙʠʪʢʫ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʰʢʘʣʘ ʢʘʣʽʙʨʫʚʘʥʥʷ ʪʘ ʚʠʟʥʘʯʝʥʽ ʢʦʜʦʚʘʥʽ ʟʥʘʯʝʥʥʷ 

ʧʦʢʘʟʥʠʢʽʚ (ʨʠʩ. 3.11). 

 

 
                        a                                                       ʙ 

 

ʈʠʩ.3.11 . ɺʠʟʥʘʯʝʥʥʷ ʢʦʜʦʚʘʥʦʛʦ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʦʧʪʠʯʥʦʾ ʛʫʩʪʠʥʠ 

ʬʦʥʫ ʢʘʨʪʦʥʽʚ: ʘ ï ʢʘʨʪʦʥ GD-2; ʙ ï ʢʘʨʪʦʥ UD-3;  

Dpaperï ʦʧʪʠʯʥʘ ʛʫʩʪʠʥʘ ʬʦʥʫ (ʦʜʠʥʠʮʴ);  

ʫ1 Dpaper ï ʢʦʜʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʦʧʪʠʯʥʦʾ ʛʫʩʪʠʥʠ ʬʦʥʫ (ʦʜʠʥʠʮʴ);  

1 ï ʰʢʘʣʘ ʢʘʣʽʙʨʫʚʘʥʥʷ ʟʥʘʯʝʥʴ; 2 ï ʚʠʤʽʨʶʚʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʷʢʦʩʪʽ 

 

ɺʽʜʧʦʚʽʜʥʦ ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ ʟʘ ʰʢʘʣʦʶ ʍʘʨʨʽʥˇʪʦʥʘ ʢʦʜʦʚʘʥʽ ʟʥʘʯʝʥʥʷ 

ʧʦʢʘʟʥʠʢʽʚ ʦʧʪʠʯʥʦʾ ʛʫʩʪʠʥʠ ʬʦʥʫ ʟʦʙʨʘʞʝʥʥʷ, ʥʘʜʨʫʢʦʚʘʥʦʛʦ ʛʦʣʫʙʦʶ, 

ʞʦʚʪʦʶ, ʧʫʨʧʫʨʥʦʶ ʽ ʯʦʨʥʦʶ ʬʘʨʙʘʤʠ. ʎʽ ʟʥʘʯʝʥʥʷ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ 3.2.  
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ʊʘʙʣʠʮʷ 3.2 

ʂʦʜʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʦʧʪʠʯʥʦʾ ʱʽʣʴʥʦʩʪʽ ʚʽʜʙʠʪʢʽʚ,  

ʚʠʟʥʘʯʝʥʽ ʟʘ ʰʢʘʣʦʶ ʍʘʨʨʽʥˇʪʦʥʘ 

ɿʦʙʨʘʞʝʥʥʷ ʥʘ ʚʽʜʙʠʪʢʘʭ  ʂʦʜʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʦʧʪʠʯʥʦʾ ʱʽʣʴʥʦʩʪʽ 

ɿʘʜʨʫʢʦʚʘʥʠʡ ʤʘʪʝʨʽʘʣ ɻʦʣʫʙʦʶ 

ʬʘʨʙʦʶ 

ʇʫʨʧʫʨʥʦʶ 

ʬʘʨʙʦʶ 

ɾʦʚʪʦʶ 

ʬʘʨʙʦʶ 

ʏʦʨʥʦʶ 

ʬʘʨʙʦʶ 

ʂʘʨʪʦʥ GD-2      

max 0.54 0.49 0.44 0.66 

min 1.64 1.59 1.54 1.96 

middle 1.0  0.95 0.9 1.2 

ʂʘʨʪʦʥ UD-3     

max 0.49 0.47 0.47 0.64 

min 1.60 1.62 1.56 1.93 

middle 0.98 0.94 0.92 1.17 
 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʜʣʷ ʷʢʦʩʪʽ ʚʽʜʙʠʪʢʽʚ 

ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʤʘʻ ʧʦʢʘʟʥʠʢ ʨʽʚʥʦʤʽʨʥʦʩʪʽ ʜʨʫʢʫʚʘʥʥʷ. ʅʘ ʨʠʩ.3.12 ʧʦʢʘʟʘʥʦ 

ʛʨʘʬʽʢ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʘ ʰʢʘʣʦʶ ʍʘʨʨʽʥʛʪʦʥʘ ʢʦʜʦʚʘʥʦʛʦ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ 

ʨʽʚʥʦʤʽʨʥʦʩʪʽ ʜʨʫʢʫʚʘʥʥʷ ʛʦʣʫʙʦʶ ʬʘʨʙʦʶ ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʢʘʨʪʦʥʘʭ.  

 

 
                                ʘ                                                                    ʙ 

ʈʠʩ. 3.12. ɺʠʟʥʘʯʝʥʥʷ ʟʘ ʰʢʘʣʦʶ ʍʘʨʨʽʥʛʪʦʥʘ ʢʦʜʦʚʘʥʦʛʦ ʟʥʘʯʝʥʥʷ 

ʧʦʢʘʟʥʠʢʘ ʨʽʚʥʦʤʽʨʥʦʩʪʽ ʜʨʫʢʫʚʘʥʥʷ ʛʦʣʫʙʦʶ ʬʘʨʙʦʶ:  

ʘ ï ʢʘʨʪʦʥ GD-2; ʙ ï ʢʘʨʪʦʥ UD-3;  

Dc ï ʦʧʪʠʯʥʘ ʛʫʩʪʠʥʘ ʧʣʘʰʢʠ ʛʦʣʫʙʦʾ ʬʘʨʙʠ (ʦʜʠʥʠʮʴ);  

ʫ3 Dcï ʢʦʜʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʦʧʪʠʯʥʦʾ ʛʫʩʪʠʥʠ ʧʣʘʰʢʠ ʛʦʣʫʙʦʾ 

ʬʘʨʙʠ (ʦʜʠʥʠʮʴ);  

1 ï ʰʢʘʣʘ ʢʘʣʽʙʨʫʚʘʥʥʷ ʟʥʘʯʝʥʴ; 2 ï ʚʠʤʽʨʶʚʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʷʢʦʩʪʽ 
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ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ.3.12, ʢʦʜʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʨʽʚʥʦʤʽʨʥʦʩʪʽ 

ʜʨʫʢʫʚʘʥʥʷ ʛʦʣʫʙʦʶ ʬʘʨʙʦʶ ʟʘ ʰʢʘʣʦʶ ʍʘʨʨʽʥʛʪʦʥʘ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 0 ʜʦ 0.37. 

ʇʨʠʯʦʤʫ ʽʜʝʥʪʠʯʥʽ ʟʥʘʯʝʥʥʷ ʮʴʦʛʦ ʧʦʢʘʟʥʠʢʘ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʽ ʧʨʠ ʜʨʫʢʫʚʘʥʥʽ 

ʽʥʰʠʤʠ ʬʘʨʙʘʤʠ ʪʨʽʘʜʠ. ʆʯʝʚʠʜʥʦ ʮʝ ʧʦʷʩʥʶʻʪʴʩʷ ʽʜʝʥʪʠʯʥʠʤʠ ʫʤʦʚʘʤʠ 

ʜʨʫʢʫʚʘʥʥʷ ʪʘ ʦʜʥʘʢʦʚʠʤʠ ʪʝʭʥʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʬʘʨʙ. 

ʇʦʢʘʟʥʠʢ ʪʨʝʧʽʥʛʫ ʟʘ ʰʢʘʣʦʶ ʍʘʨʨʽʥʛʪʦʥʘ ʥʘ ʚʽʜʙʠʪʢʘʭ ʜʣʷ ʚʩʽʭ ʬʘʨʙ 

ʩʪʘʥʦʚʠʪʴ 1. ʊʘʢʦʞ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʢʦʜʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʙʘʣʘʥʩʫ ʧʦ-

ʩʽʨʦʤʫ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʣʷ ʨʽʟʥʦʾ ʧʣʦʱʽ ʟʘʧʦʚʥʝʥʥʷ ʚʽʜʙʠʪʢʫ (75 %, 50 %, 25 % 

ʧʦʣʷ) ʮʝʡ ʧʦʢʘʟʥʠʢ ʟʘ ʰʢʘʣʦʶ ʍʘʨʨʽʥʛʪʦʥʘ ʜʦʨʽʚʥʶʻ 1.  

ɺʘʞʣʠʚʠʤ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʚʽʜʙʠʪʢʽʚ ʻ 

ʟʥʘʯʝʥʥʷ ʢʦʥʪʨʘʩʪʫ ʥʘʜʨʫʢʦʚʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ. ʂʦʜʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ 

ʢʦʥʪʨʘʩʪʫ ʧʨʠ ʜʨʫʢʫʚʘʥʥʽ ʯʦʨʥʦʶ ʬʘʨʙʦʶ ʥʘ ʢʘʨʪʦʥʽ GD-2 ʽ UD-3 ʥʘʚʝʜʝʥʽ ʥʘ 

ʨʠʩ. 3.13.  

 

 
                                    ʘ                                                               ʙ 

ʈʠʩ. 3.13. ɺʠʟʥʘʯʝʥʥʷ ʢʦʜʦʚʘʥʦʛʦ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʢʦʥʪʨʘʩʪʫ ʧʨʠ 

ʜʨʫʢʫʚʘʥʥʽ ʯʦʨʥʦʶ ʬʘʨʙʦʶ:  

ʘ ï ʢʘʨʪʦʥ GD-2; ʙ ï ʢʘʨʪʦʥ UD-3;  

PCb ï ʢʦʥʪʨʘʩʪ ʯʦʨʥʦʾ ʬʘʨʙʠ ( %); ʫ6 PCbï ʢʦʜʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ 

ʢʦʥʪʨʘʩʪʫ ʯʦʨʥʦʾ ʬʘʨʙʠ (ʦʜʠʥʠʮʴ);  

1 ï ʰʢʘʣʘ ʢʘʣʽʙʨʫʚʘʥʥʷ ʟʥʘʯʝʥʴ; 2 ï ʚʠʤʽʨʶʚʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʷʢʦʩʪʽ 

 

ʋ ʪʘʙʣʠʮʽ 3.3 ʥʘʚʝʜʝʥʽ ʢʦʜʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʢʦʥʪʨʘʩʪʫ ʟʦʙʨʘʞʝʥʥʷ 

ʥʘ ʚʽʜʙʠʪʢʫ, ʫʪʚʦʨʝʥʦʛʦ ʛʦʣʫʙʦʶ, ʧʫʨʧʫʨʥʦʶ, ʞʦʚʪʦʶ ʽ ʯʦʨʥʦʶ ʬʘʨʙʦʶ. 
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ʊʘʙʣʠʮʷ 3.3 

ʂʦʜʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʢʦʥʪʨʘʩʪʫ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʚʽʜʙʠʪʢʫ 

ɺʽʜʙʠʪʢʠ ʂʦʜʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʢʦʥʪʨʘʩʪʫ ʟʦʙʨʘʞʝʥʥʷ 

ʌʘʨʙʘ ɻʦʣʫʙʘ ʇʫʨʧʫʨʥʘ ɾʦʚʪʘ ʏʦʨʥʘ 

ʢʘʨʪʦʥ GD-2 54.5 54.5 53.7 21 

ʢʘʨʪʦʥ UD-3 52.1 53.5 49.8 52 

 

ʂʦʜʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʢʦʥʪʨʘʩʪʫ ʧʨʠ ʜʨʫʢʫʚʘʥʥʽ ʥʘ ʢʘʨʪʦʥʽ GD-2 

ʛʦʣʫʙʦʶ ʽ ʧʫʨʧʫʨʥʦʶ ʬʘʨʙʦʶ ʟʘ ʰʢʘʣʦʶ ʍʘʨʨʽʥʛʪʦʥʘ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 0.5 ʜʦ 54.5. 

ʇʨʠ ʜʨʫʢʫʚʘʥʥʽ ʞʦʚʪʦʶ ʬʘʨʙʦʶ ʮʝʡ ʧʦʢʘʟʥʠʢ ʩʢʣʘʜʘʻ ʚʽʜ ï2.3 ʜʦ 53.7. ʇʨʠ 

ʜʨʫʢʫʚʘʥʥʽ ʯʦʨʥʦʶ ʬʘʨʙʦʶ ʧʦʢʘʟʥʠʢ ʢʦʥʪʨʘʩʪʫ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ ï12 ʜʦ 60.  

ʇʨʠ ʜʨʫʢʫʚʘʥʥʽ ʥʘ ʢʘʨʪʦʥʽ UD-3 ʢʦʜʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʢʦʥʪʨʘʩʪʫ 

ʜʝʱʦ ʟʤʽʥʶʻʪʴʩʷ ʚ ʛʽʨʰʫ ʩʪʦʨʦʥʫ, ʱʦ ʦʯʝʚʠʜʥʦ ʧʦʚôʷʟʘʥʦ ʟ ʧʦʚʝʨʭʥʝʚʦʶ 

ʩʪʨʫʢʪʫʨʦʶ ʩʫʙʩʪʨʘʪʫ, ʪʦʙʪʦ ʚʽʜʩʫʪʥʽʩʪʶ ʢʨʝʡʜʦʚʘʥʦʛʦ ʧʦʢʨʠʪʪʷ.  

ʆʜʥʽʻʶ ʟ ʧʨʦʙʣʝʤ ʬʣʝʢʩʦʛʨʘʬʽʯʥʦʛʦ ʜʨʫʢʫ ʻ ʧʦʛʘʥʝ ʟʤʦʯʫʚʘʥʥʷ ʬʘʨʙʦʶ 

ʜʨʫʢʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ ʬʦʨʤʠ, ʟʦʢʨʝʤʘ ʧʣʘʰʦʢ. ʉʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʘʨʘʜʦʢʩʘʣʴʥʘ 

ʩʠʪʫʘʮʽʷ, ʢʦʣʠ ʪʦʚʱʠʥʘ ʰʘʨʫ ʬʘʨʙʠ ʥʘ ʜʽʣʷʥʢʘʭ ʟ ʚʽʜʥʦʩʥʦʶ ʧʣʦʱʝʶ ʨʘʩʪʨʦʚʠʭ 

ʝʣʝʤʝʥʪʽʚ 95ï98 % ʻ ʙʽʣʴʰʦʶ, ʥʽʞ ʥʘ ʧʣʘʰʢʘʭ. ʎʝ ʩʧʦʪʚʦʨʶʻ ʚʽʜʙʠʪʦʢ, 

ʟôʷʚʣʷʶʪʴʩʷ ʪʽʥʽ ʥʘʚʢʦʣʦ ʢʦʥʪʫʨʽʚ ʟʦʙʨʘʞʝʥʥʷ. ʇʦʛʘʥʝ ʟʤʦʯʫʚʘʥʥʷ ʬʘʨʙʦʶ 

ʧʣʘʰʦʢ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʢʦʤʧʝʥʩʫʚʘʪʠ ʰʣʷʭʦʤ ʟʙʽʣʴʰʝʥʥʷ ʧʦʜʘʚʘʥʥʷ ʬʘʨʙʠ ʽ 

ʟʙʽʣʴʰʝʥʥʷ ʪʠʩʢʫ ʧʨʠ ʜʨʫʢʫʚʘʥʥʽ. ɸʣʝ ʩʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʮʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʧʝʨʝʚʠʪʨʘʪ ʬʘʨʙʠ ʽ ʩʧʦʪʚʦʨʝʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʚʽʜʙʠʪʢʫ ʯʝʨʝʟ ʟʙʽʣʴʰʝʥʥʷ 

ʧʦʢʘʟʥʠʢʘ ʨʦʟʪʠʩʢʫʚʘʥʥʷ ʨʘʩʪʨʦʚʠʭ ʝʣʝʤʝʥʪʽʚ. 

ʊʦʤʫ ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ ʢʦʜʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʨʦʟʪʠʩʢʫʚʘʥʥʷ 

ʨʘʩʪʨʦʚʠʭ ʝʣʝʤʝʥʪʽʚ (ʟʙʽʣʴʰʝʥʥʷ ʧʣʦʱʽ ʨʘʩʪʨʦʚʠʭ ʝʣʝʤʝʥʪʽʚ), ʷʢʽ ʥʘʚʝʜʝʥʦ ʥʘ 

ʨʠʩ. 3.14.  

 



100 
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ʈʠʩ. 3.14. ɺʠʟʥʘʯʝʥʥʷ ʢʦʜʦʚʘʥʦʛʦ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʨʦʟʪʠʩʢʫʚʘʥʥʷ 

ʨʘʩʪʨʦʚʠʭ ʝʣʝʤʝʥʪʽʚ 100 % ʧʦʣʷ ʯʦʨʥʦʾ ʬʘʨʙʠ: 

ʘ ï ʢʘʨʪʦʥ GD-2; ʙ ï ʢʘʨʪʦʥ UD-3; DGb 80 ï ʨʦʟʪʠʩʢʫʚʘʥʥʷ ʨʘʩʪʨʦʚʠʭ 

ʝʣʝʤʝʥʪʽʚ ʯʦʨʥʦʾ ʬʘʨʙʠ ( %); ʫ7 DGb 80 ï ʢʦʜʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ 

ʨʦʟʪʠʩʢʫʚʘʥʥʷ ʨʘʩʪʨʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʯʦʨʥʦʾ ʬʘʨʙʠ (ʦʜʠʥʠʮʴ);  

1 ï ʰʢʘʣʘ ʢʘʣʽʙʨʫʚʘʥʥʷ ʟʥʘʯʝʥʴ; 2 ï ʚʠʤʽʨʶʚʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʷʢʦʩʪʽ 

 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ.3.14, ʧʦʢʘʟʥʠʢ ʨʦʟʪʠʩʢʫʚʘʥʥʷ ʨʘʩʪʨʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʧʨʠ 

ʜʨʫʢʫʚʘʥʥʽ ʛʦʣʫʙʦʶ, ʧʫʨʧʫʨʥʦʶ ʽ ʞʦʚʪʦʶ ʬʘʨʙʘʤʠ ʥʘ ʢʘʨʪʦʥʽ GD-2 ʩʪʘʥʦʚʠʪʴ 

14 (ʜʣʷ ʧʦʣʷ 80 %).  ɺ ʪʦʡ ʞʝ ʯʘʩ ʧʨʠ ʜʨʫʢʫʚʘʥʥʽ ʥʘ ʮʴʦʤʫ ʞ ʢʘʨʪʦʥʽ ʯʦʨʥʦʶ 

ʬʘʨʙʦʶ, ʧʦʢʘʟʥʠʢ ʨʦʟʪʠʩʢʫʚʘʥʥʷ ʩʪʘʥʦʚʠʪʴ 17 (ʜʣʷ ʧʦʣʷ 80 % ) ʽ 20 (ʜʣʷ ʧʦʣʷ 

40 %). ɸʥʘʣʽʟ ʧʦʢʘʟʥʠʢʘ ʨʦʟʪʠʩʢʫʚʘʥʥʷ ʧʨʠ ʜʨʫʢʫʚʘʥʥʽ ʥʘ ʢʘʨʪʦʥʽ UD-3 ʧʦʢʘʟʫʻ 

ʟʨʦʩʪʘʥʥʷ ʡʦʛʦ ʟʥʘʯʝʥʥʷ ʜʦ 21 ʦʜʠʥʠʮʽ ʧʨʠ ʜʨʫʢʫʚʘʥʥʽ ʛʦʣʫʙʦʶ, ʧʫʨʧʫʨʥʦʶ, 

ʞʦʚʪʦʶ ʽ ʯʦʨʥʦʶ ʬʘʨʙʘʤʠ (ʜʣʷ ʧʦʣʷ 40 %). ʇʨʠ ʜʨʫʢʫʚʘʥʥʽ ʮʠʤʠ ʬʘʨʙʘʤʠ (ʜʣʷ 

ʧʦʣʷ 80 %) ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʨʦʟʪʠʩʢʫʚʘʥʥʷ ʨʘʩʪʨʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʩʧʘʜʘʻ ʜʦ 16 

ʦʜʠʥʠʮʴ. ʇʨʠ ʜʨʫʢʫʚʘʥʥʽ ʯʦʨʥʦʶ ʬʘʨʙʦʶ ʮʝʡ ʧʦʢʘʟʥʠʢ ʩʧʘʜʘʻ ʜʦ 13 ʦʜʠʥʠʮʴ ( 

ʜʣʷ ʧʦʣʷ 80 %)  

ɹʫʣʦ ʚʠʟʥʘʯʝʥʦ ʢʦʜʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʢʦʚʟʘʥʥʷ ʧʨʠ ʜʨʫʢʫʚʘʥʥʽ 

ʛʦʣʫʙʦʶ, ʯʦʨʥʦʶ, ʧʫʨʧʫʨʥʦʶ ʪʘ ʞʦʚʪʦʶ ʬʘʨʙʦʶ ʥʘ ʢʘʨʪʦʥʘʭ. ɿʘ ʰʢʘʣʦʶ 

ʍʘʨʨʽʥʛʪʦʥʘ ʧʦʢʘʟʥʠʢ ʢʦʚʟʘʥʥʷ ʩʪʘʥʦʚʠʪʴ 1 ʙʘʣ. 

ɺʘʞʣʠʚʠʤ ʧʨʠ ʜʨʫʢʫʚʘʥʥʽ ʻ ʧʨʦʮʝʩ ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʱʝ ʟʛʘʜʘʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʷʢʦʩʪʽ ʚʽʜʙʠʪʢʽʚ. ʅʘ ʨʠʩ. 3.15 ʥʘʚʝʜʝʥʽ ʜʽʘʛʨʘʤʠ ʦʜʠʥʠʯʥʠʭ ʬʫʥʢʮʽʡ ʙʘʞʘʥʦʩʪʽ 

ʦʧʪʠʯʥʠʭ ʱʽʣʴʥʦʩʪʝʡ ʟʦʙʨʘʞʝʥʴ ʥʘ ʚʽʜʙʠʪʢʘʭ. 
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ʈʠʩ. 3.15. ɼʽʘʛʨʘʤʠ ʦʜʠʥʠʯʥʠʭ ʬʫʥʢʮʽʡ ʙʘʞʘʥʦʩʪʽ ʍʘʨʨʽʥʛʪʦʥʘ (d) ʜʣʷ 

ʧʦʢʘʟʥʠʢʘ ʦʧʪʠʯʥʦʾ ʛʫʩʪʠʥʠ ʬʦʥʫ ʧʣʘʰʢʠ ʪʘ ʨʽʚʥʦʤʽʨʥʦʩʪʽ ʜʨʫʢʫʚʘʥʥʷ ʥʘ 

ʢʘʨʪʦʥʽ: ʘ ï UD-3; ʙ ï GD-2; ʩ ï ʨʽʚʝʥʴ ʙʘʞʘʥʦʩʪʽ; y ï ʢʦʜʦʚʘʥʽ ʟʥʘʯʝʥʥʷ 

ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʜʨʫʢʘʨʩʴʢʦʛʦ ʚʽʜʙʠʪʢʫ 

 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 3.15, ʦʜʠʥʠʯʥʽ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʙʘʞʘʥʦʩʪʽ ʧʦʢʘʟʥʠʢʽʚ 

ʦʧʪʠʯʥʦʾ ʱʽʣʴʥʦʩʪʽ ʬʦʥʫ ʧʣʘʰʢʠ ʪʘ ʨʽʚʥʦʤʽʨʥʦʩʪʽ ʜʨʫʢʫ ʥʘ ʢʘʨʪʦʥʘʭ ʟʥʘʭʦʜʷʪʴʩʷ 

ʚ ʤʝʞʘʭ ʚʽʜ 0.95 ʜʦ 0.99. 

ʅʘ ʨʠʩ. 3.16 ʥʘʚʝʜʝʥʽ ʜʽʘʛʨʘʤʠ ʦʜʠʥʠʯʥʠʭ ʬʫʥʢʮʽʡ ʙʘʞʘʥʦʩʪʽ ʍʘʨʨʽʥʛʪʦʥʘ 

ʜʣʷ ʧʦʢʘʟʥʠʢʽʚ ʙʘʣʘʥʩʫ ʧʦ-ʩʽʨʦʤʫ, ʢʦʥʪʨʘʩʪʫ, ʨʦʟʪʠʩʢʫʚʘʥʥʷ (ʟʙʽʣʴʰʝʥʥʷ ʧʣʦʱʽ 

ʨʘʩʪʨʦʚʦʾ ʢʨʘʧʢʠ) ʧʨʠ ʜʨʫʢʫʚʘʥʥʽ ʥʘ ʢʘʨʪʦʥʘʭ UD-3 ʽ GD-2.  

ɿʥʘʯʝʥʥʷ ʬʫʥʢʮʽʡ ʙʘʞʘʥʦʩʪʽ ʧʦʢʘʟʥʠʢʽʚ ʙʘʣʘʥʩʫ ʧʦ ʩʽʨʦʤʫ, ʢʦʥʪʨʘʩʪʫ ʪʘ 

ʨʦʟʪʠʩʢʫʚʘʥʥʷ ʨʘʩʪʨʦʚʦʾ ʢʨʘʧʢʠ ʧʨʠ ʜʨʫʢʫʚʘʥʥʽ ʥʘ ʢʘʨʪʦʥʽ GD-2 ʥʘʙʣʠʞʘʁ ʪʴʩʷ 

ʜʦ 1. ɺ ʪʦʡ ʯʘʩ ʧʨʠ ʜʨʫʢʫʚʘʥʥʽ ʥʘ ʢʘʨʪʦʥʽ UD-3 ʮʽ ʧʦʢʘʟʥʠʢʠ ʟʥʘʯʥʦ ʟʘʥʠʞʝʥʽ ʽ 

ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 0.04 ʜʦ 0.55 [116]. 
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ʈʠʩ. 3.16. ɼʽʘʛʨʘʤʠ ʦʜʠʥʠʯʥʠʭ ʬʫʥʢʮʽʡ ʙʘʞʘʥʦʩʪʽ ʍʘʨʨʽʥʛʪʦʥʘ (d) ʜʣʷ 

ʧʦʢʘʟʥʠʢʽʚ ʙʘʣʘʥʩʫ ʧʦ ʩʽʨʦʤʫ, ʢʦʥʪʨʘʩʪʫ, ʨʦʟʪʠʩʢʫʚʘʥʥʷ ʨʘʩʪʨʦʚʦʾ ʢʨʘʧʢʠ ʧʨʠ 

ʜʨʫʢʫʚʘʥʥʽ ʥʘ ʢʘʨʪʦʥʽ: ʘ ï UD-3; ʙ ï GD-2; 

ʩ ï ʨʽʚʝʥʴ ʙʘʞʘʥʦʩʪʽ; y ï ʢʦʜʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ 

ʜʨʫʢʘʨʩʴʢʦʛʦ ʚʽʜʙʠʪʢʫ 

 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʽʜʪʚʝʨʜʞʝʥʦ, 

ʱʦ ʢʦʤʧʣʝʢʩʥʠʡ ʧʦʢʘʟʥʠʢ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʚʽʜʙʠʪʢʽʚ ʬʣʝʢʩʦʛʨʘʬʽʯʥʦʛʦ ʜʨʫʢʫ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʮʽʥʶʚʘʥʥʷ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ ʜʨʫʢʦʚʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ. 

ɺʨʘʭʦʚʫʶʯʠ ʧʽʜʚʠʱʝʥʽ ʚʠʤʦʛʠ ʩʧʦʞʠʚʘʯʽʚ ʜʦ ʷʢʦʩʪʽ ʚʽʜʙʠʪʢʽʚ, ʧʽʜʪʚʝʨʜʞʝʥʦ 

ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʧʨʦʙʥʠʭ ʚʽʜʙʠʪʢʽʚ ʥʘ ʧʨʦʙʦʜʨʫʢʘʨʩʴʢʦʤʫ ʦʙʣʘʜʥʘʥʥʽ 

ʧʝʨʝʜ ʜʨʫʢʫʚʘʥʥʷʤ ʪʠʨʘʞʫ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʧʨʘʚʠʣʴʥʦ ʧʽʜʽʙʨʘʪʠ ʪʝʭʥʦʣʦʛʽʯʥʽ 

ʨʝʞʠʤʠ ʜʨʫʢʫ, ʘʧʨʦʙʫʚʘʪʠ ʚʣʘʩʪʠʚʦʩʪʽ ʬʘʨʙ, ʾʭ ʚʟʘʻʤʦʜʽʶ ʟ ʩʫʙʩʪʨʘʪʘʤʠ, ʟʥʘʯʥʦ 

ʟʝʢʦʥʦʤʠʪʴ ʚʠʪʨʘʪʥʽ ʤʘʪʝʨʽʘʣʠ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʬʽʣʽʚ ʧʦʚʝʨʭʥʽ ʧʦʢʘʟʘʣʠ, ʱʦ ʥʘʷʚʥʽʩʪʴ ʢʨʝʡʜʦʚʘʥʦʛʦ 

ʧʦʢʨʠʪʪʷ ʚʧʣʠʚʘʻ ʥʘ ʟʥʠʞʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʰʦʨʩʪʢʦʩʪʽ ʢʘʨʪʦʥʫ, ʟʛʣʘʜʞʝʥʥʷ ʡʦʛʦ 

ʤʽʢʨʦʥʝʨʽʚʥʦʩʪʝʡ. ʊʘʢʘ ʚʠʩʦʢʦʨʦʟʚʠʥʫʪʘ ʤʽʢʨʦ- ʽ ʩʫʙʤʽʢʨʦʩʪʨʫʢʪʫʨʘ ʜʦʟʚʦʣʷʻ 

ʷʢʽʩʥʦ ʧʝʨʝʜʘʚʘʪʠ ʚʠʩʦʢʦʣʽʥʽʘʪʫʨʥʽ ʨʘʩʪʨʦʚʽ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʚʽʜʙʠʪʢʫ. ʊʦʧʦʛʨʘʬʽʷ 

ʧʦʚʝʨʭʥʽ ʚʽʜʙʠʪʢʫ ʧʦʚʪʦʨʶʻ ʤʽʢʨʦʛʝʦʤʝʪʨʽʶ ʩʫʙʩʪʨʘʪʫ. ɼʦʚʝʜʝʥʦ, ʱʦ ʜʣʷ 

ʢʘʨʪʦʥʫ UD-3 ʭʘʨʘʢʪʝʨʥʘ ʚʝʣʠʢʘ ʩʪʫʧʽʥʴ ʥʝʨʽʚʥʦʩʪʝʡ ʧʦʚʝʨʭʥʽ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ 

ʚʽʜʩʫʪʥʽʩʪʶ ʢʨʝʡʜʦʚʘʥʦʛʦ ʧʦʢʨʠʪʪʷ. ʅʘ ʤʽʢʨʦʬʦʪʦʛʨʘʬʽʷʭ ʚʽʜʙʠʪʢʽʚ ʯʽʪʢʦ ʚʠʜʥʽ 
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ʟʘʛʣʠʙʣʝʥʥʷ, ʤʽʢʨʦʚʧʘʜʠʥʠ, ʷʢʽ ʥʘʚʽʪʴ ʧʽʩʣʷ ʥʘʥʝʩʝʥʥʷ ʬʘʨʙʦʚʦʛʦ ʰʘʨʫ 

ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʟʛʣʘʜʞʝʥʠʤʠ. ʋ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʢʘʨʪʦʥʫ GD-2 ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʝʣʝʤʝʥʪʽʚ ʩʪʨʫʢʪʫʨʠ. ɺʽʜʩʫʪʥʽʩʪʴ ʚʝʣʠʢʠʭ 

ʤʘʢʨʦʥʝʨʽʚʥʦʩʪʝʡ ʦʙʫʤʦʚʣʝʥʘ ʥʘʷʚʥʽʩʪʶ ʥʘ ʧʦʚʝʨʭʥʽ ʢʘʨʪʦʥʫ ʜʚʦʭ ʢʨʝʡʜʦʚʘʥʠʭ 

ʰʘʨʽʚ ʧʦʢʨʠʪʪʷ. ɸʥʘʣʽʟ ʧʨʦʬʽʣʽʚ ʧʦʚʝʨʭʥʽ ʢʘʨʪʦʥʽʚ ʪʘ ʤʽʢʨʦʬʦʪʦʛʨʘʬʽʡ 

ʩʪʨʫʢʪʫʨʠ ʧʦʢʘʟʫʻ, ʱʦ ʥʘʷʚʥʽʩʪʴ ʧʦʜʚʽʡʥʦʛʦ ʢʨʝʡʜʫʚʘʥʥʷ ʚ ʪʨʠʯʽ ʟʤʝʥʰʫʻ 

ʧʘʨʘʤʝʪʨ ʰʦʨʩʪʢʦʩʪʽ. ʅʝʨʽʚʥʦʤʽʨʥʘ ʧʦʚʝʨʭʥʷ ʩʫʙʩʪʨʘʪʫ ʩʧʨʠʷʻ ʛʣʠʙʦʢʦʤʫ 

ʧʨʦʥʠʢʥʝʥʥʶ ʬʘʨʙʠ ʚ ʩʪʨʫʢʪʫʨʫ ʢʘʨʪʦʥʫ ʽ ʟʤʝʥʰʝʥʥʶ ʥʘʩʠʯʝʥʦʩʪʽ ʚʽʜʙʠʪʢʽʚ. 

ɻʣʘʜʢʘ ʧʦʚʝʨʭʥʷ ʢʨʝʡʜʦʚʘʥʦʛʦ ʢʘʨʪʦʥʫ ʩʧʨʠʷʻ ʫʪʚʦʨʝʥʥʶ ʤʽʮʥʦʛʦ ʟʚôʷʟʢʫ ʬʘʨʙʠ 

ʟ ʚʦʣʦʢʥʘʤʠ ʮʝʣʶʣʦʟʠ ʧʘʧʝʨʦʚʦʾ ʦʩʥʦʚʠ, ʟʘʙʝʟʧʝʯʫʻ ʾʾ ʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʥʘ 

ʚʽʜʙʠʪʢʫ ʪʘ ʚʠʩʦʢʫ ʷʢʽʩʪʴ ʥʘʜʨʫʢʦʚʘʥʠʤ ʟʦʙʨʘʞʝʥʥʷʤ.  

ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʙʥʠʭ ʚʽʜʙʠʪʢʽʚ ʬʣʝʢʩʦʛʨʘʬʽʯʥʦʛʦ ʜʨʫʢʫ 

ʧʽʜʪʚʝʨʜʠʣʠ, ʱʦ ʥʝʜʦʪʨʠʤʘʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʪʠʩʢʫ ʧʨʠ ʜʨʫʢʫʚʘʥʥʽ ʧʨʠʚʦʜʠʪʴ 

ʜʦ ʨʦʟʪʠʩʢʫʚʘʥʥʷ ʨʘʩʪʨʦʚʠʭ ʢʨʘʧʦʢ, ʟʤʽʥʠ ʢʦʥʪʨʘʩʪʫ ʟʦʙʨʘʞʝʥʥʷ, ʦʧʪʠʯʥʦʾ 

ʱʽʣʴʥʦʩʪʽ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʪʦʛʦ, ʷʢʦʶ ʬʘʨʙʦʶ ʙʫʚ ʦʪʨʠʤʘʥʠʡ ʚʽʜʙʠʪʦʢ [114,115].  

ɸʥʘʣʽʟ ʜʝʥʩʠʪʦʤʝʪʨʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʘʚ, ʱʦ ʦʧʪʠʯʥʽ ʛʫʩʪʠʥʠ 

ʜʨʫʢʘʨʩʴʢʠʭ ʚʽʜʙʠʪʢʽʚ ʟʘʣʝʞʘʪʴ ʚʽʜ ʩʪʨʫʢʪʫʨʠ ʧʦʚʝʨʭʥʽ ʢʘʨʪʦʥʽʚ. ʇʨʠ ʥʘʩʠʯʝʥʦʩʪʽ 

ʟʦʙʨʘʞʝʥʥʷ 90 % ʦʧʪʠʯʥʘ ʛʫʩʪʠʥʘ ʚʽʜʙʠʪʢʽʚ ʥʘ ʢʘʨʪʦʥʽ UD-3 ʙʝʟ ʢʨʝʡʜʦʚʘʥʦʛʦ 

ʧʦʢʨʠʪʪʷ ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ 0.75 ʚʽʜʥʦʩʥʠʭ ʦʜʠʥʠʮʴ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʽʜʙʠʪʢʘʤʠ ʥʘ 

ʢʨʝʡʜʦʚʘʥʦʤʫ ʢʘʨʪʦʥʽ GD-2. ʅʘʡʥʠʞʯʽ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʦʧʪʠʯʥʦʾ ʛʫʩʪʠʥʠ 

ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʚʽʜʙʠʪʢʽʚ, ʫʪʚʦʨʝʥʠʭ ʞʦʚʪʦʶ ʬʘʨʙʦʶ (1.52) ʽ ʥʘʡʚʠʱʽ (1.99) ʜʣʷ 

ʚʽʜʙʠʪʢʽʚ, ʫʪʚʦʨʝʥʠʭ ʯʦʨʥʦʶ ʬʘʨʙʦʶ, ʱʦ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʪʝʦʨʝʪʠʯʥʠʤʠ ʟʘʩʘʜʘʤʠ 

ʧʨʦʮʝʩʽʚ ʜʨʫʢʫʚʘʥʥʷ. ʗʢʽʩʪʴ ʧʨʦʙʥʠʭ ʚʽʜʙʠʪʢʽʚ ʚʠʟʥʘʯʘʻ ʧʦʢʘʟʥʠʢ ʨʽʚʥʦʤʽʨʥʦʩʪʽ 

ʜʨʫʢʫ, ʷʢʠʡ ʚʠʷʚʠʚʩʷ ʦʜʥʘʢʦʚʠʤ ʜʣʷ ʚʩʽʭ ʟʦʙʨʘʞʝʥʴ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʘʨʙ ʟ ʦʜʥʘʢʦʚʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʪʘ ʜʦʪʨʠʤʘʥʥʷʤ ʥʦʨʤ ʧʨʦʮʝʩʫ 

ʜʨʫʢʫʚʘʥʥʷ. ɿʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʨʦʟʪʠʩʢʫʚʘʥʥʷ ʨʘʩʪʨʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʥʘ ʚʽʜʙʠʪʢʘʭ 

ʟ ʢʘʨʪʦʥʫ UD-3 ʥʘ 7 ʦʜʠʥʠʮʴ ʙʽʣʴʰʽ, ʥʽʞ ʥʘ ʢʘʨʪʦʥʽ GD-2. ɿʙʽʣʴʰʝʥʥʷ ʧʣʦʱʽ 

ʨʘʩʪʨʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʾʭ ʩʧʦʪʚʦʨʝʥʥʷ ʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʷʚʠ ʙʨʘʢʫ. 

ʅʘʡʙʽʣʴʰ ʢʦʥʪʨʘʩʪʥʠʤʠ ʚʠʷʚʠʣʠʩʴ ʚʽʜʙʠʪʢʠ, ʫʪʚʦʨʝʥʽ ʯʦʨʥʦʶ ʽ ʧʫʨʧʫʨʥʦʶ 

ʬʘʨʙʦʶ, ʥʘʡʤʝʥʰ ʢʦʥʪʨʘʩʪʥʠʤʠ ïʚʽʜʙʠʪʢʠ ʞʦʚʪʦʾ ʬʘʨʙʠ. 
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ʇʦʙʫʜʦʚʘʥʽ ʬʫʥʢʮʽʾ ʙʘʞʘʥʦʩʪʽ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʚʽʜʙʠʪʢʽʚ, ʟʦʢʨʝʤʘ 

ʢʦʥʪʨʘʩʪʫ ʪʘ ʨʦʟʪʠʩʢʫʚʘʥʥʷ ʨʘʩʪʨʦʚʦʾ ʢʨʘʧʢʠ, ʧʦʢʘʟʘʣʠ, ʱʦ ʧʨʠ ʜʨʫʢʫʚʘʥʥʽ 

ʨʽʟʥʠʤʠ ʬʘʨʙʘʤʠ ʥʘ ʢʘʨʪʦʥʽ GD-2, ʾʭ ʟʥʘʯʝʥʥʷ ʥʘʙʣʠʞʫʶʪʴʩʷ ʜʦ ʦʜʠʥʠʮʽ. ʅʘ 

ʧʦʣʦʚʠʥʫ ʤʝʥʰʽ ʟʥʘʯʝʥʥʷ ʮʠʭ ʧʦʢʘʟʥʠʢʽʚ ʜʣʷ ʚʽʜʙʠʪʢʽʚ ʥʘ ʢʘʨʪʦʥʽ UD-3. 

ɸʧʨʦʙʘʮʽʷ ʤʝʪʦʜʠʢʠ ʚʠʟʥʘʯʝʥʥʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʷʢʦʩʪʽ ʚʽʜʙʠʪʢʽʚ 

ʟʘ ʫʟʘʛʘʣʴʥʝʥʠʤ ʢʨʠʪʝʨʽʻʤ ʦʧʪʠʤʽʟʘʮʽʾ ʦʜʠʥʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʥʘ ʧʽʜʩʪʘʚʽ ʬʫʥʢʮʽʾ 

ʙʘʞʘʥʦʩʪʽ ʍʘʨʨʽʥˇʪʦʥʘ ʧʦʢʘʟʘʣʘ ʜʦʮʽʣʴʥʽʩʪʴ ʾʾ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠ ʦʮʽʥʶʚʘʥʥʽ 

ʷʢʦʩʪʽ ʧʨʦʙʥʠʭ ʚʽʜʙʠʪʢʽʚ. ɼʘʥʘ ʤʝʪʦʜʠʢʘ ʤʦʞʝ ʤʘʪʠ ʧʨʦʜʦʚʞʝʥʥʷ ʚ 

ʧʨʦʛʥʦʟʫʚʘʥʥʽ ʷʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʥʘʜʨʫʢʦʚʘʥʠʭ ʬʣʝʢʩʦʛʨʘʬʽʯʥʠʭ ʟʦʙʨʘʞʝʥʴ ʥʘ 

ʢʘʨʪʦʥʘʭ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʛʦʬʨʦʢʘʨʪʦʥʫ ʽ ʧʘʢʦʚʘʥʴ ʟ 

ʥʴʦʛʦ [117]. 

ɼʝʥʩʠʪʦʤʝʪʨʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʷʢʦʩʪʽ ʚʽʜʙʠʪʢʽʚ ʧʦʢʘʟʘʣʠ ʚʠʟʥʘʯʝʥʽ ʟʘ 

ʰʢʘʣʦʶ ʍʘʨʨʽʥʛʪʦʥʘ ʢʦʜʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ: 

ï ʦʧʪʠʯʥʘ ʱʽʣʴʥʽʩʪʴ ʚʽʜʙʠʪʢʽʚ ʜʣʷ ʢʦʞʥʦʾ ʬʘʨʙʠ ʟʤʽʥʶʻʪʴʩʷ ʧʦ ʨʽʟʥʦʤʫ: 

ʜʣʷ ʛʦʣʫʙʦʾ ʬʘʨʙʠ  - ʚʽʜ 0.54 ʜʦ 1.64, ʜʣʷ ʧʫʨʧʫʨʥʦʾ ʬʘʨʙʠ ï ʚʽʜ 0.49 ʜʦ 1.59, ʜʣʷ 

ʞʦʚʪʦʾ ʬʘʨʙʠ - ʚʽʜ 0.44 ʜʦ 1.54, ʜʣʷ ʯʦʨʥʦʾ ʬʘʨʙʠ  - ʚʽʜ 0.66 ʜʦ 1.96;  

ï ʨʽʚʥʦʤʽʨʥʽʩʪʴ ʜʨʫʢʫʚʘʥʥʷ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 0 ʜʦ 0.37 ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʢʦʣʴʦʨʫ 

ʬʘʨʙʠ, ʦʩʢʽʣʴʢʠ ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʘʨʙ ʦʜʠʥʘʢʦʚʽ ʽ ʥʘʥʝʩʝʥʥʷ ʾʭ ʥʘ ʢʘʨʪʦʥ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʦʜʥʘʢʦʚʠʭ ʫʤʦʚʘʭ; 

ï ʪʨʝʧʽʥʛ ʥʘ ʚʽʜʙʠʪʢʘʭ ʟʘ 100 % ʧʦʣʝʤ ʥʘ ʚʩʽʡ ʧʣʦʱʽ ʚʽʜʙʠʪʢʫ ʜʦʨʽʚʥʶʻ 

ʦʜʠʥʠʮʽ; 

ï ʢʦʥʪʨʘʩʪ ʧʨʠ ʜʨʫʢʫʚʘʥʥʽ ʥʘ ʢʘʨʪʦʥʽ GD-2 ʛʦʣʫʙʦʶ ʽ ʧʫʨʧʫʨʥʦʶ ʬʘʨʙʦʶ 

ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 0.5 ʜʦ 54.5 (ʧʨʠ ʜʨʫʢʫʚʘʥʥʽ ʞʦʚʪʦʶ ʬʘʨʙʦʶ ʮʝʡ ʧʦʢʘʟʥʠʢ ʩʢʣʘʜʘʻ 

ï2.3 ʜʦ 53.7, ʧʨʠ ʜʨʫʢʫʚʘʥʥʽ ʯʦʨʥʦʶ ʬʘʨʙʦʶ ʧʦʢʘʟʥʠʢ ʢʦʥʪʨʘʩʪʫ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 

ï12 ʜʦ 60); 

ï ʨʦʟʪʠʩʢʫʚʘʥʥʷ (ʟʙʽʣʴʰʝʥʥʷ ʧʣʦʱʽ ʨʘʩʪʨʦʚʠʭ ʝʣʝʤʝʥʪʽʚ) (ʜʣʷ ʧʦʣʷ 80 %) 

ʧʨʠ ʜʨʫʢʫʚʘʥʥʽ  ʪʨʽʘʜʦʶ ʬʘʨʙ ʥʘ ʢʘʨʪʦʥʽ GD-2  ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 14 ʜʦ 17 ʦʜʠʥʠʮʴ; 

ʥʘ ʢʘʨʪʦʥʽ UD-3 ʟʨʦʩʪʘʻ ʜʦ 20 ʦʜʠʥʠʮʴ;  

ï ʦʜʠʥʠʯʥʽ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʙʘʞʘʥʦʩʪʽ ʧʦʢʘʟʥʠʢʽʚ ʦʧʪʠʯʥʦʾ ʱʽʣʴʥʦʩʪʽ ʬʦʥʫ 

ʧʣʘʰʢʠ ʪʘ ʨʽʚʥʦʤʽʨʥʦʩʪʽ ʜʨʫʢʫ ʥʘ ʢʘʨʪʦʥʘʭ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 0.95 ʜʦ 0.99; 
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ï ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʡ ʙʘʞʘʥʦʩʪʽ ʧʦʢʘʟʥʠʢʽʚ ʙʘʣʘʥʩʫ ʧʦ-ʩʽʨʦʤʫ ʜʣʷ ʨʽʟʥʦʾ 

ʧʣʦʱʽ ʟʘʧʦʚʥʝʥʥʷ ʚʽʜʙʠʪʢʫ (75 %, 50 %, 25 % ʧʦʣʷ), ʢʦʚʟʘʥʥʷ ʧʨʠ ʜʨʫʢʫʚʘʥʥʽ 

ʨʽʟʥʠʤʠ ʬʘʨʙʘʤʠ, ʢʦʥʪʨʘʩʪʫ ʪʘ ʨʦʟʪʠʩʢʫʚʘʥʥʷ ʨʘʩʪʨʦʚʦʾ ʢʨʘʧʢʠ ʧʨʠ ʜʨʫʢʫʚʘʥʥʽ 

ʨʽʟʥʠʤʠ ʬʘʨʙʘʤʠ ʥʘ ʢʘʨʪʦʥʽ GD-2 ʥʘʙʣʠʞʫʶʪʴʩʷ ʜʦ 1. ɺ ʪʦʡ ʯʘʩ ʧʨʠ ʜʨʫʢʫʚʘʥʥʽ 

ʥʘ ʢʘʨʪʦʥʽ UD-3 ʮʽ ʧʦʢʘʟʥʠʢʠ ʟʥʘʯʥʦ ʥʠʞʯʽ ʽ ʟʤʽʥʶʶʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 0.04 ʜʦ 

0.55.  

  

3.3. ɼʦʩʣʽʜʞʝʥʥʷ ʷʢʦʩʪʽ ʚʽʜʙʠʪʢʽʚ ʬʣʝʢʩʦʛʨʘʬʽʯʥʦʛʦ ʜʨʫʢʫ ʥʘ 

ʛʦʬʨʦʢʘʨʪʦʥʽ ʤʝʪʦʜʦʤ postprint  

ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʚʽʜʙʠʪʢʽʚ ʬʣʝʢʩʦʜʨʫʢʫ ʤʝʪʦʜʦʤ postprint ʥʘ 

ʛʦʬʨʦʢʘʨʪʦʥʽ ʧʨʦʚʝʜʝʥʦ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʟʘʜʨʫʢʫʚʘʥʥʷ ʟ ʙʦʢʫ ʛʦʬʨʠ ɽ ʽ ɺ (ʪʘʙʣʠʮʷ 

3.4). ʗʢ ʚʠʜʥʦ ʟ ʪʘʙʣʠʯʥʠʭ ʜʘʥʠʭ, ʜʝ  ʥʘʚʝʜʝʥʽ ʟʥʘʯʝʥʥʷ ʦʧʪʠʯʥʦʾ ʛʫʩʪʠʥʠ 

ʚ̔ ʜʙʠʪʢʽʚ, ʜʝʱʦ ʚʠʱʘ ʦʧʪʠʯʥʘ ʛʫʩʪʠʥʘ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʜʨʫʮʽ ʟ ʙʦʢʫ ʛʦʬʨʠ ɽ 

ʽ ʩʪʘʥʦʚʠʪʴ 0.89, ʥʽʞ ʧʨʠ ʜʨʫʮ ̔ʟ ʙʦʢʫ ʛʦʬʨʠ ɺ, ʷʢʘ ʙʽʣʴʰ ʧʽʜʣʷʛʘʻ ʜʝʬʦʨʤʫʚʘʥʥʶ 

ʧʨʠ ʜʨʫʮ ̔ (ʧʨʠ ʦʜʥʘʢʦʚʠʭ ʣʘʡʥʝʨʘʭ) ʽ ʩʪʘʥʦʚʠʪʴ 0.86. ɸʥʘʣʦʛʽʯʥʘ ʢʘʨʪʠʥʘ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʽ ʜʣʷ ʟʥʘʯʝʥʴ ȹɽ ʥʘ ʚʽʜʙʠʪʢʘʭ.  

ʊʘʙʣʠʮʷ 3.4 

ʆʧʪʠʯʥʘ ʛʫʩʪʠʥʘ ʚʽʜʙʠʪʢʽʚ 

ɻʦʬʨʦʢʘʨʪʦʥ C M Y K CMYK (ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ) 

UD3-E 0.9 0.91 0.79 0.98 0.89 

UD3-B 0.83 0.88 0.7 1.02 0.86 

  

ʅʘʡʢʨʘʱʽ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʽ ʥʘ ʚʽʜʙʠʪʢʫ, ʟʘʜʨʫʢʦʚʘʥʦʛʦ ʟ ʙʦʢʫ ʛʦʬʨʠ E, 

ʜʝ ʧʣʦʱʘ ʜʽʘʛʨʘʤʠ ʢʦʣʘ ʢʦʣʴʦʨʦʚʦʛʦ ʦʭʦʧʣʝʥʥʷ ʥʘ 15% ʙʽʣʴʰʘ ʟʘ ʟʥʘʯʝʥʥʷ ʥʘ 

ʚʽʜʙʠʪʢʫ, ʦʪʨʠʤʘʥʦʤʫ ʥʘ ʪʦʤʫ ʩʘʤʦʤʫ ʣʘʡʥʝʨʽ ʟ ʙʦʢʫ ʛʦʬʨʠ ɺ (ʨʠʩ. 3.17). 

 



106 

 

ʈʠʩ.3.17. ɼʽʘʛʨʘʤʘ ʢʦʣʘ ʢʦʣʴʦʨʦʚʦʛʦ ʦʭʦʧʣʝʥʥʷ ʥʘʜʨʫʢʦʚʘʥʠʭ ʟʦʙʨʘʞʝʥʴ 

ʥʘ ʚʽʜʙʠʪʢʘʭ 

UD3-E, UD3-B 

 

ɺ̔ ʜʙʠʪʢʠ, ʥʘʜʨʫʢʦʚʘʥʽ ʥʘ ʣʘʡʥʝʨʽ ʟ ʙʦʢʫ  ʛʦʬʨʠ ɽ, ʤʘʶʪʴ ʙʽʣʴʰʫ ʨʦʟʜʽʣʴʥʫ 

ʟʜʘʪʥʽʩʪʴ (124 ʣʽʥʽʾ/ʩʤ), ʥʽʞ ʚʽʜʙʠʪʢʠ, ʦʪʨʠʤʘʥʽ ʥʘ ʣʘʡʥʝʨʽ ʟ ʙʦʢʫ ʛʦʬʨʠ ɺ ï 74 

ʣʽʥʽʡ/ʩʤ (ʨʠʩ.3.18). 

 

 

ʈʠʩ. 3.18. ɼʽʘʛʨʘʤʘ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʚʽʜʙʠʪʢʽʚ 

 

ɸʥʘʣʽʟ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʘʚ, ʱʦ ʙʽʣʴʰʫ ʩʪʘʙʽʣʴʥʽʩʪʴ ʜʨʫʢʫ ʤʘʶʪʴ ʚʽʜʙʠʪʢʠ 

ʬʣʝʢʩʦʜʨʫʢʫ, ʦʪʨʠʤʘʥʽ ʟ ʙʦʢʫ ʛʦʬʨʠ E ʥʘ ʣʘʡʥʝʨʽ UD3, ʜʝ ȹEab max ʚ ʩʝʨʝʜʥʴʦʤʫ 

ʩʢʣʘʜʘʻ 3,71 (4.14 ï ʜʣʷ ʩʚʽʪʣʠʭ ʪʦʥʽʚ, 3,49 ï ʜʣʷ ʩʝʨʝʜʥʽʭ ʽ  3,27 ï ʜʣʷ ʪʝʤʥʠʭ 

ʜʽʣʷʥʦʢ ʟʦʙʨʘʞʝʥʥʷ). ɼʣʷ ʚʽʜʙʠʪʢʽʚ, ʟʘʜʨʫʢʦʚʘʥʠʭ ʟ ʙʦʢʫ ʛʦʬʨʠ ɺ ʩʝʨʝʜʥʽ 

ʟʥʘʯʝʥʥʷ ȹE max ʩʪʘʥʦʚʠʪʴ 2.74. (1.51 ʜʣʷ ʩʚʽʪʣʠʭ ʪʦʥʽʚ, 2,70 ï ʜʣʷ ʩʝʨʝʜʥʽʭ ʽ  

2,59 ï ʜʣʷ ʪʝʤʥʠʭ ʜʽʣʷʥʦʢ ʟʦʙʨʘʞʝʥʥʷ) (ʨʠʩ.3.19). 
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ʈʠʩ. 3.19. ɼʽʘʛʨʘʤʘ ʚʠʟʥʘʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ʬʣʝʢʩʦʜʨʫʢʫ ʥʘ ʛʦʬʨʦʢʘʨʪʦʥʽ 

 

ʊʦʤʫ ʟʤʽʥʠ ʪʠʩʢʫ ʚ ʟʦʥʽ ʜʨʫʢʘʨʩʴʢʦʛʦ ʢʦʥʪʘʢʪʫ, ʧʦʚôʷʟʘʥʽ ʟ ʚʥʫʪʨʽʰʥʴʦʶ 

ʩʪʨʫʢʪʫʨʦʶ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʛʦʬʨʦʚʘʥʦʛʦ ʢʘʨʪʦʥʫ ʻ 

ʚʘʞʣʠʚʠʤʠ, ʦʩʢʽʣʴʢʠ ʩʧʨʠʯʠʥʷʶʪʴ ʟʤʽʥʠ ʦʧʪʠʯʥʦʾ ʱʽʣʴʥʦʩʪʽ ʧʦʚʥʠʭ ʧʦʣʽʚ 

(100%), ʩʪʫʧʝʥʷ ʧʦʢʨʠʪʪʷ ʨʘʩʪʨʦʚʠʭ ʧʦʣʽʚ. ʋ ʟʦʥʘʭ ʚʠʩʦʪʠ ʭʚʠʣʽ ʛʦʬʨʠ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʙʽʣʴʰʠʡ ʪʠʩʢ ʜʨʫʢʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʢʨʘʱʦʛʦ ʧʝʨʝʥʝʩʝʥʥʷ 

ʬʘʨʙʠ ʽ, ʦʪʞʝ, ʟʙʽʣʴʰʝʥʥʷ ʦʧʪʠʯʥʦʾ ʱʽʣʴʥʦʩʪʽ. ʋ ʤʽʩʮʷʭ ʥʘʧʽʚʪʦʥʦʚʠʭ ʧʦʣʽʚ 

ʙʽʣʴʰʠʡ ʪʠʩʢ ʚʠʢʣʠʢʘʻ ʟʙʽʣʴʰʝʥʥʷ ʧʨʠʨʦʩʪʫ ʨʘʩʪʨʦʚʦʛʦ ʪʦʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ. 

ʎʠʤ ʦʯʝʚʠʜʥʦ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ  ʨʽʚʥʦʤʽʨʥʽʰʠʡ ʨʦʟʧʦʜʽʣ ʪʠʩʢʫ ʤʽʞ ʜʨʫʢʘʨʩʴʢʦʶ 

ʬʦʨʤʦʶ ʽ ʣʘʡʥʝʨʦʤ ʚʥʘʩʣʽʜʦʢ ʤʝʥʰʦʾ ʚʠʩʦʪʠ ʛʦʬʨʠ, ʟʤʝʥʰʝʥʥʷʤ ʜʝʬʦʨʤʘʮʽʾ ʧʨʠ 

ʜʨʫʢʫʚʘʥʥʽ ʟ ʙʦʢʫ ʛʦʬʨʠ ɽ ʛʦʬʨʦʢʘʨʪʦʥʫ [117]. 

 

 

3.4. ʇʦʨʽʚʥʷʥʥʷ ʷʢʦʩʪʽ ʚʽʜʙʠʪʢʽʚ ʬʣʝʢʩʦʛʨʘʬʽʯʥʦʛʦ ʽ ʮʠʬʨʦʚʦʛʦ (ink-

jet) ʜʨʫʢʫ ʥʘ ʛʦʬʨʦʢʘʨʪʦʥʽ, ʫʪʚʦʨʝʥʠʭ ʤʝʪʦʜʦʤ preprint  i postprint  

ɯʥʪʝʥʩʠʬʽʢʘʮʽʷ ʚʠʨʦʙʥʠʮʪʚʘ ʧʘʢʦʚʘʥʴ ʟ ʛʦʬʨʦʢʘʨʪʦʥʫ ʩʪʠʤʫʣʶʻ ʨʦʟʚʠʪʦʢ 

ʪʝʭʥʽʢ ʽ ʪʝʭʥʦʣʦʛʽʡ ʜʨʫʢʫʚʘʥʥʷ ʥʘ ʥʴʦʤʫ. ʉʝʨʝʜ ʙʘʛʘʪʴʦʭ ʦʩʥʦʚʥʠʭ ʜʨʫʢʘʨʩʴʢʠʭ  

ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʚʽʜʪʚʦʨʝʥʥʷ ʪʝʢʩʪʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʽʣʶʩʪʨʘʮʽʡʥʠʭ ʟʦʙʨʘʞʝʥʴ ʥʘ 

ʧʘʢʦʚʘʥʥʷʭ ʟ ʛʦʬʨʦʢʘʨʪʦʥʫ ʟʘʩʣʫʛʦʚʫʶʪʴ ʥʘ ʫʚʘʛʫ ʬʣʝʢʩʦʛʨʘʬʽʯʥʠʡ ʪʘ ʮʠʬʨʦʚʠʡ 

ʜʨʫʢ. ʗʢ ʙʫʣʦ ʟʘʟʥʘʯʝʥʦ, ʥʘ ʷʢʽʩʪʴ ʜʨʫʢʫ ʚʧʣʠʚʘʻ ʙʝʟʣʽʯ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʟʘʣʝʞʘʪʴ 

ʚʽʜ ʚʠʙʨʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʥʘʥʝʩʝʥʥʷ ʟʦʙʨʘʞʝʥʴ, ʟʘʜʨʫʢʦʚʫʚʘʥʦʾ ʧʦʚʝʨʭʥʽ, ʾʾ 

ʚʣʘʩʪʠʚʦʩʪʝʡ,  ʜʨʫʢʘʨʩʴʢʦʾ ʬʦʨʤʠ ʪʦʱʦ.  
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ʇʝʨʝʜ ʜʨʫʢʫʚʘʥʥʷʤ  ʥʘ ʣʘʡʥʝʨʠ (ʢʘʨʪʦʥʠ) ʥʘʥʦʩʠʣʠ ʧʨʘʡʤʝʨʠ ʥʘ ʦʩʥʦʚʽ 

ʇɺʉ ʟ ʨʽʟʥʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʪʘ ʚôʷʟʢʽʩʪʶ [118]. ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʜʠʥʘʤʽʢʠ ʟʤʽʥʠ ʢʨʘʡʦʚʠʭ ʢʫʪʽʚ ʟʤʦʯʫʚʘʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʽʚ ʢʘʨʪʦʥʫ ʟ 

ʧʦʢʨʠʪʪʷʤ ʜʦʟʚʦʣʠʣʠ ʦʮʽʥʠʪʠ ʾʭ ʟʜʘʪʥʽʩʪʴ ʩʧʨʠʡʤʘʪʠ ʯʦʨʥʠʣʘ ʧʨʠ  ʮʠʬʨʦʚʦʤʫ 

(ink-jet) ʜʨʫʢʫ. ʈʦʟʛʣʷʥʫʪʦ ʽʤʽʪʘʮʽʡʥʫ ʤʦʜʝʣʴ ʚʟʘʻʤʦʜʽʾ ʧʨʘʡʤʝʨʘ ʟ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʧʦʚʝʨʭʥʝʚʦʾ ʩʪʨʫʢʪʫʨʠ ʟʘʜʨʫʢʦʚʫʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ï ʣʘʡʥʝʨʽʚ (ʨʠʩ.3. 20).  

 

ʈʠʩ. 3.20. ɯʤʽʪʘʮʽʡʥʘ ʤʦʜʝʣʴ ʚʟʘʻʤʦʜʽʾ ʯʘʩʪʠʥʦʢ ʧʨʘʡʤʝʨʘ ʟ ʧʦʚʝʨʭʥʝʚʠʤʠ 

ʰʘʨʘʤʠ ʣʘʡʥʝʨʘ 

 

ʇ̔ ʜʪʚʝʨʜʞʝʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʘʡʤʝʨʽʚ ʥʘ ʦʩʥʦʚʽ ʇɺʉ ʟʽ ʩʪʫʧʝʥʝʤ 

ʦʤʠʣʝʥʥʷ ʤʝʥʰʝ 97% ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʷʢʽʩʥʽʰʽ ʚʽʜʙʠʪʢʠ ʟ ʙʽʣʴʰʦʶ ʦʧʪʠʯʥʦʶ 

ʛʫʩʪʠʥʦʶ, ʩʪʫʧʝʥʝʤ ʨʦʟʨʽʟʥʝʥʥʷ ʢʦʣʴʦʨʽʚ (ʨʠʩ. 3.21). 

  

 

ʈʠʩ. 3.21 ɼʽʘʛʨʘʤʘ ʢʦʣɹʦʨʦʚʽʜʪʚʦʨʝʥʥʷ ʥʘ ʚʽʜʙʠʪʢʘʭ 
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ɿʜʽʡʩʥʝʥʦ ʘʥʘʣʽʟ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʷʢʽʩʪʴ ʚʽʜʙʠʪʢʽʚ. ʇʨʦʚʝʜʝʥʦ 

ʤʘʪʝʤʘʪʠʯʥʦ-ʩʪʘʪʠʩʪʠʯʥʠʡ ʘʥʘʣʽʟ ʚʘʛʦʤʦʩʪʽ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ ʥʘ ʷʢʽʩʪʴ ʥʘʥʝʩʝʥʥʷ 

ʧʨʘʡʤʝʨʽʚ ʚʘʣʢʦʚʠʤ ʤʝʪʦʜʦʤ, ʚʠʟʥʘʯʝʥʦ ʚʧʣʠʚ ʪʦʚʱʠʥʠ ʧʦʢʨʠʪʪʷ ʥʘ 

ʜʝʥʩʠʪʦʤʝʪʨʠʯʥʽ ʽ ʢʦʣʦʨʠʤʝʪʨʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʽʜʙʠʪʢʽʚ  

ɺʘʞʣʠʚʦ ʧʦʨʽʚʥʷʪʠ ʷʢ̔ʩʪʴ ʬʣʝʢʩʦʛʨʘʬʽʯʥʠʭ ʚʽʜʙʠʪʢʽʚ ʽ ʚʽʜʙʠʪʢʽʚ 

ʮʠʬʨʦʚʦʛʦ ink-jet ʜʨʫʢʫ ʥʘ ʛʦʬʨʦʢʘʨʪʦʥʽ. ɼʨʫʢʫʚʘʥʥʷ ʟʜʽʡʩʥʶʚʘʣʦʩʴ ʟ ʙʦʢʫ 

ʛʦʬʨʠ ɽ ʟ ʫʪʚʦʨʝʥʥʷʤ ʚʽʜʙʠʪʢʽʚ GC1-E ʥʘ ʢʨʝʡʜʦʚʘʥʦʤʫ ʣʘʡʥʝʨʽ (GC1) ʽ ʟ ʙʦʢʫ 

ʛʦʬʨʠ ɺ ʥʘ ʥʝʢʨʝʡʜʦʚʘʥʦʤʫ (UD3) ʣʘʡʥʝʨʽ ʟ ʫʪʚʦʨʝʥʥ̫ ʤ ʚʽʜʙʠʪʢʽʚ  UD3-B ʥʘ 

ʧôʷʪʠʰʘʨʦʚʦʤʫ ʛʦʬʨʦʢʘʨʪʦʥʽ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʬʣʶʪʠʥʛʽʚ ʥʘʚʝʜʝʥʘ ʚ ʪʘʙʣʠʮʽ 3.5. 

  

ʊʘʙʣʠʮʷ 3.5 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʬʣʶʪʠʥʛʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʛʦʬʨʦʢʘʨʪʦʥʽʚ 

ʇʨʦʬʽʣʴ ʛʦʬʨʠ ʂʦʝʬʽʮʽʻʥʪ ʛʦʬʨʠ ɺʠʩʦʪʘ, ʤʤ ʂʨʦʢ, ʤʤ 

ɽ 1.2-1.35 1.1-1.4 3.2-3.7 

ɺ 1.26-1.48 2.3-2.8 6.1-6.6 

 

ʅʘ ʚʽʜʙʠʪʢʘʭ ʮʠʬʨʦʚʦʛʦ ʜʨʫʢʫ ʚ ʪʝʤʥʠʭ ʽ ʩʚʽʪʣʠʭ ʜʽʣʷʥʢʘʭ (ʪʝʭʥʦʣʦʛʽʾ 

postprint) ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʪʦʥʦʧʝʨʝʜʘʯʽ ʧʨʘʢʪʠʯʥʦ ʦʜʠʥʘʢʦʚʽ. Miʥʽʤʘʣʴʥʘ 

ʪʦʥʦʧʝʨʝʜʘʯʘ ʩʧʦʩʪʝʨʽʛʘʣʘʩʴ ʚ ʧʫʥʢʪʘʭ ʟʽ ʩʪʫʧʝʥʝʤ ʧʦʢʨʠʪʪʷ 0,4% ʥʘ ʩʚʽʪʣʠʭ 

ʜʽʣʷʥʢʘʭ ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʟʽ ʩʪʫʧʝʥʝʤ ʧʦʢʨʠʪʪʷ 99% ï ʚ ʪʝʤʥʠʭ ʜʽʣʷʥʢʘʭ 

ʟʦʙʨʘʞʝʥʥʷ (ʨʘʩʪʨʦʚʝ ʧʦʣʝ 100% ʧʦʢʨʠʪʪʷ). ʋ ʬʣʝʢʩʦʛʨʘʬʽʯʥʦʤʫ ʜʨʫʮʽ ʧʝʨʝʜʘʯʘ 

ʪʦʥʘʣʴʥʦʩʪʽ ʥʘʜʨʫʢʦʚʘʥʠʭ ʟʦʙʨʘʞʝʥʴ ʙʫʣʘ ʥʘʙʣʠʞʝʥʦʶ ʽ ʩʢʣʘʜʘʣʘ  0,8- 95 % ʥʘ 

ʚʽʜʙʠʪʢʘʭ ʟʘʜʨʫʢʦʚʘʥʠʭ ʟ ʙʦʢʫ ʛʦʬʨʠ E-E, i B-B, ʘ ʜʣʷ ʚʽʜʙʠʪʢʽʚ , ʟʘʜʨʫʢʦʚʘʥʠʭ ʟ 

ʙʦʢʫ ʛʦʬʨʠ B-E ʩʢʣʘʜʘʣʘ ʚ ʩʝʨʝʜʥʴʦʤʫ 0,8-97,3 % [119].                                                                                           

ɼʽʘʛʨʘʤʠ ʧʦʨʽʚʥʷʥʥʷ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʚʽʜʙʠʪʢʽʚ ʥʘ ʣʘʡʥʝʨʘʭ ʟ 

ʢʨʝʡʜʦʚʘʥʦʛʦ ʧʘʧʝʨʫ ʧʨʠ ʜʨʫʢʫʚʘʥʥʽ ʟ ʙʦʢʫ ʛʦʬʨʠ ɽ ʽ ɺ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ.3.22. ʗʢ 

ʚʠʜʥʦ, ʥʘʡʙʽʣʴʰʘ ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʟʦʙʨʘʞʝʥʥʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʘ ʚʽʜʙʠʪʢʘʭ 

ʟʘʜʨʫʢʦʚʘʥʠʭ ʟ ʙʦʢʫ ʛʦʬʨʠ ɽ. ʉʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ CMYʂ ʥʘ ʚʽʜʙʠʪʢʘʭ ʜʣʷ 

ʚʽʜʙʠʪʢʽʚ ʥʘ ʢʨʝʡʜʦʚʘʥʦʤʫ ʧʘʧʝʨʽ GC2 (E-E) ï 99 ʣʽʥ/cʤ. ɿʥʘʯʥʦ ʤʝʥʰʘ ʨʦʟʜʽʣʴʥʘ 

ʟʜʘʪʥʽʩʪʴ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ  ʥʘ ʢʨʝʡʜʦʚʘʥʠʭ ʣʘʡʥʝʨʘʭ, ʟʘʜʨʫʢʦʚʘʥʠʭ ʟ ʙʦʢʫ ʛʦʬʨʠ 

ɺ ʽ ʥʘ ʥʝʢʨʝʡʜʦʚʘʥʠʭ ʣʘʡʥʝʨʘʭ (116 ʣʽʥ/ʩʤ).  
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ʈʠʩ. 3.22. ɼʽʘʛʨʘʤʠ ʧʦʨʽʚʥʷʥʥʷ  ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ (ʩʝʨʝʜʥʷ ʟ  CMYK) 

ʜʣʷ ʚʽʜʙʠʪʢʽʚ ʬʣʝʢʩʦʜʨʫʢʫ (ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʚʠʩʦʪʠ ʛʦʬʨʠ ʽ ʧʦʚʝʨʭʥʝʚʦʾ  

ʩʪʨʫʢʪʫʨʠ ʣʘʡʥʝʨʘ) 

 

ɼʝʱʦ ʽʥʰʘ ʢʘʨʪʠʥʘ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʘ ʚʽʜʙʠʪʢʘʭ ʮʠʬʨʦʚʦʛʦ ʜʨʫʢʫ, 

ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʷʢʠʭ  ʻ ʥʠʞʯʦʶ ʽ ʩʢʣʘʜʘʻ ʙʽʣʷ 44 ʣʽʥ/cʤ. ʇʨʦʪʝ, ʚʽʜʙʠʪʢʠ 

ʦʪʨʠʤʘʥʽ ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ preprint ʥʘ ʛʦʬʨʦʢʘʨʪʦʥʽ ʤʘʶʪʴ ʢʨʘʱʫ ʨʦʟʜʽʣʴʥʫ 

ʟʜʘʪʥʽʩʪʴ (ʥʘ 10% ʚʠʱʫ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʚʽʜʙʠʪʢʽʚ ʦʪʨʠʤʘʥʠʭ ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ 

postprint).  ʆʯʝʚʠʜʥʦ ʤʦʞʥʘ ʜʦʧʫʩʪʠʪʠ, ʱʦ ʥʘ ʮʝʡ ʧʘʨʘʤʝʪʨ ʤʘʻ ʚʧʣʠʚ ʧʣʘʩʢʝ 

ʧʦʣʦʞʝʥʥʷ ʘʨʢʫʰʘ ʛʦʬʨʦʢʘʨʪʦʥʫ ʚ ʧʨʦʮʝʩʽ ʜʨʫʢʫʚʘʥʥʷ ʥʘ ʥʴʦʤʫ. ɺ ʪʝʭʥʦʣʦʛʽʾ 

ʮʠʬʨʦʚʦʛʦ ʜʨʫʢʫ ʤʝʪʦʜʦʤ postprint ʢʨʘʱʫ ʨʦʟʜʽʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʧʦʢʘʟʘʣʠ ʚʽʜʙʠʪʢʠ 

ʟʘʜʨʫʢʦʚʘʥʽ ʟ ʙʦʢʫ ʛʦʬʨʠ E ʥʘ ʢʨʝʡʜʦʚʘʥʠʭ ʽ ʥʝʢʨʝʡʜʦʚʘʥʠʭ ʣʘʡʥʝʨʘʭ:GC2-E (44 

ʣʽʥ/ʩʤ) i UD3-E (38 ʣʽʥ/ʩʤ). ʈʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʚʽʜʙʠʪʢʽʚ ink-jet ʜʨʫʢʫ, 

ʟʘʜʨʫʢʦʚʘʥʠʭ ʟ ʙʦʢʫ ʛʦʬʨʠ ɺ ʩʢʣʘʜʘʣʘ: 30 ʣʽʥ/ ʩʤ ʜʣʷ  GC2-ɺ ʽ 28 ʣʽʥ/ʩʤ ʜʣʷ UD3-

ɺ.  ɺʽʜʦʤʦ, ʱʦ ʟʥʘʯʝʥʥʷ ʦʧʪʠʯʥʦʾ ʱʽʣʴʥʦʩʪʽ ʚʽʜʙʠʪʢʽʚ ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʦʚʱʠʥʠ 

ʬʘʨʙʦʚʦʛʦ ʰʘʨʫ, ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʘʜʨʫʢʦʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʟʦʢʨʝʤʘ ʡʦʛʦ ʛʣʘʜʢʦʩʪʽ, 

ʚʙʠʨʥʦʾ ʟʜʘʪʥʦʩʪʽ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ (ʨʠʩ. 3.23) ʧʽʜʪʚʝʨʜʠʣʠ, ʱʦ ʥʘ ʦʧʪʠʯʥʫ ʱʽʣʴʥʽʩʪʴ 

ʚʽʜʙʠʪʢʽʚ ʤʘʻ ʚʧʣʠʚ ʧʦʚʝʨʭʥʷ ʣʘʡʥʝʨʘ ʽ ʚʝʣʠʯʠʥʘ ʭʚʠʣʽ ʛʦʬʨʠ ʬʣʶʪʠʥʛʘ. ʊʘʢ, 

ʥʘʡʙʽʣʴʰʫ ʦʧʪʠʯʥʫ ʱʽʣʴʥʽʩʪʴ -1.39 (ʩʝʨʝʜʥʷ ʟ CMYK) ʧʦʢʘʟʘʣʠ ʚʽʜʙʠʪʢʠ ʥʘ 

ʣʘʡʥʝʨʘʭ ʟ ʢʨʝʡʜʦʚʘʥʦʶ GC2 ʧʦʚʝʨʭʥʝʶ, ʟʘʜʨʫʢʦʚʘʥʽ ʟ ʙʦʢʫ ʛʦʬʨʠ ɽ (E-E). 
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ʄʝʥʰʝ ʟʥʘʯʝʥʥʷ ʦʧʪʠʯʥʦʾ ʱʽʣʴʥʦʩʪʽ  (1.35) ʧʦʢʘʟʘʣʠ ʚʽʜʙʠʪʢʠ ʟʘʜʨʫʢʦʚʘʥʽ ʟ ʙʦʢʫ 

ʛʦʬʨʠ ɺ (B-B). ʇʨʠʯʦʤʫ ʥʘ ʣʘʡʥʝʨʘʭ ʟ ʥʝʢʨʝʡʜʦʚʘʥʦʶ ʧʦʚʝʨʭʥʝʶ ʩʧʦʩʪʝʨʽʛʘʣʘʩʴ 

ʤʝʥʰʘ ʦʧʪʠʯʥʘ ʱʽʣʴʥʽʩʪʴ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʚʠʩʦʪʠ ʛʦʬʨʠ (0.9). ʎʠʬʨʦʚʠʡ ink-jet 

ʜʨʫʢ ʜʦʟʚʦʣʠʚ ʦʪʨʠʤʘʪʠ ʥʘ ʚʽʜʙʠʪʢʘʭ ʜʝʱʦ ʚʠʱʽ ʟʥʘʯʝʥʥʷ ʦʧʪʠʯʥʦʾ ʱʽʣʴʥʦʩʪʽ 

(ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ -1.48, ʤʽʥʽʤʘʣʴʥʝ -1.18).  

 

ʈʠʩ. 3.23 ʇʦʨʽʚʥʷʣʴʥʽ ʜʽʘʛʨʘʤʠ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ ʦʧʪʠʯʥʦʾ ʱʽʣʴʥʦʩʪʽ 

ʚʽʜʙʠʪʢʽʚ ʬʣʝʢʩʦʛʨʘʬʽʯʥʦʛʦ ʪʘ ʮʠʬʨʦʚʦʛʦ ʜʨʫʢʫ. 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʥʘʡʢʨʘʱʽ ʟʥʘʯʝʥʥʷ  ʦʪʨʠʤʘʥʽ ʥʘ ʚʽʜʙʠʪʢʫ E-E, 

ʜʝ ʢʦʣʴʦʨʦʚʝ ʦʭʦʧʣʝʥʥʷ   ʥʘ 15% ʙʽʣʴʰʝ ʚʽʜ ʟʥʘʯʝʥʥʷ ʥʘ ʚʽʜʙʠʪʢʫ, ʦʪʨʠʤʘʥʦʤʫ 

ʥʘ ʪʦʤʫ ʩʘʤʦʤʫ ʣʘʡʥʝʨʽ ʟ ʙʦʢʫ ʛʦʬʨʠ ɺ (ʨʠʩ. 3.24). 

ʅʘ ʢʨʝʡʜʦʚʘʥʠʭ ʣʘʡʥʝʨʘʭ GC2 ʦʪʨʠʤʘʥʦ ʙʽʣʴʰʫ ʧʦʚʝʨʭʥʶ ʢʦʣʘ 

ʢʦʣʴʦʨʦʚʦʛʦ ʦʭʦʧʣʝʥʥʷ, ʥʽʞ ʥʘ ʥʝʢʨʝʡʜʦʚʘʥʠʭ. ɿʦʢʨʝʤʘ ʜʣʷ ʚʽʜʙʠʪʢʽʚ ʟ ʙʦʢʫ 

ʛʦʬʨʠ ɺ  ʢʦʣʦ ʢʦʣʴʦʨʦʚʦʛʦ ʦʭʦʧʣʝʥʥʷ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘ 88% ʽ ʜʣʷ ʚʽʜʙʠʪʢʽʚ ʟ ʙʦʢʫ 

ʛʦʬʨʠ ɽ ï ʥʘ 81% (ʪʘʙʣʠʮʷ 3.6).  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʪʘʙʽʣʴʥʦʩʪʽ ʜʨʫʢʫʚʘʥʥʷ ʥʘ ʛʦʬʨʦʢʘʨʪʦʥʽ ʚʢʣʶʯʘʣʘ ʜʚʘ 

ʧʘʨʘʤʝʪʨʠ ï ʩʪʘʥʜʘʨʪʥʝ ʤʘʢʩʠʤʘʣʴʥʝ ʚʽʜʭʠʣʝʥʥʷ (OS) ʜʣʷ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ ȹE*Lab 

ʪʨʴʦʭ ʛʨʫʧ ʧʦʣʽʚ ʰʢʘʣʠ (C20M15Y15K15; C40M30Y30K30; C65M50Y50K50), ʷʢʽ 

ʨʦʟʤʽʱʝʥʽ ʚ ʯʦʪʠʨʴʦʭ ʢʫʪʘʭ ʘʨʢʫʰʘ ʽ ʤʘʢʩʠʤʘʣʴʥʦ ʨʽʟʥʠʮʽ ʢʦʣʴʦʨʽʚ  (max ȹEab) ʤʽʞ 

ʟʥʘʯʝʥʥʷʤʠ ʮʠʭ ʧʦʣʽʚ. ʅʘ ʧʽʜʩʪʘʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʤʦʞʥʘ ʢʦʥʩʪʘʢʪʫʚʘʪʠ, 

ʱʦ ʽʩʥʫʻ ʩʪʘʙʽʣʴʥʽʩʪʴ ʜʨʫʢʫ ʥʘ ʛʦʬʨʦʢʘʨʪʦʥʽ ʚ ʪʝʭʥʦʣʦʛʽʷʭ postprint i preprint. 

ʉʝʨʝʜʥʻ ʩʪʘʥʜʘʨʪʥʝ ʚʽʜʭʠʣʝʥʥʷ OS ʩʢʣʘʜʘʻ 0.55, ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʽʡ ȹEab- 1,1 [120]. 



112 

 

ʈʠʩ. 3.24. ɼʽʘʛʨʘʤʠ ʧʦʚʝʨʭʥʽ ʢʦʣʘ ʢʦʣʴʦʨʦʚʦʛʦ ʦʭʦʧʣʝʥʥʷ ʚʽʜʙʠʪʢʽʚ 

ʬʣʝʢʩʦ- ʪʘ ink-jet ʜʨʫʢʫ ʟʘʜʨʫʢʦʚʘʥʠʭ ʟ ʙʦʢʫ ʛʦʬʨʠ ɺ (ʘ) ʽ ʛʦʬʨʠ ɽ (ʙ) 

 

ʊʘʙʣʠʮʷ 3.6 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʚʝʨʭʦʥʴ ȹE*ab 

ɺʽʜʙʠʪʦʢ ʥʘ ʛʦʬʨʦʢʘʨʪʦʥʽ ʇʦʚʝʨʭʥʷ ȹE*ab 

(ʬʣʝʢʩʦʜʨʫʢ) 

ʇʦʚʝʨʭʥʷ ȹE*ab 

(ink-jet ʜʨʫʢ) 

Postprint Preprint Postprint Preprint 

GC2-B(ʢʨʝʡʜ) 6275 7534 11094 12454 

GC2-E (ʢʨʝʡʜ) 10967 11864 11256  

UD3-B(ʥʝʢʨʝʡʜ.) 5784 6987 8146 11986 

UD3-E (ʥʝʢʨʝʡʜ.) 10409 11296 8296  

ʅʦʨʤʘ ISO 12647-2 (ʦʬʩʝʪ) 13126 13126   

 

ʗʢ ʚʠʜʥʦ ʟ ʜʽʘʛʨʘʤ (ʨʠʩ. 3.25), ʥʘʡʙʽʣʴʰʫ ʩʪʘʙʽʣʴʥʽʩʪʴ ʜʨʫʢʫ ʤʘʶʪʴ ʚʽʜʙʠʪʢʠ  

ʥa GC2-E (ʬʣʝʢʩʦʜʨʫʢ ʟ ʙʦʢʫ ʛʦʬʨʠ E), ʜʝ  ȹEab max ʚ ʩʝʨʝʜʥʴʦʤʫ ʩʢʘʜʘʻ 2,23 

(1,41 ï ʜʣʷ ʩʚʽʪʣʠʭ ʪʦʥʽʚ, 2,69 ï ʜʣʷ ʩʝʨʝʜʥʽʭ ʽ  2,59 ï ʜʣʷ ʪʝʤʥʠʭ ʜʽʣʷʥʦʢ 

ʟʦʙʨʘʞʝʥʥʷ). ɼʣʷ ʚʽʜʙʠʪʢʽʚ E-E ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ȹE max ʩʪʘʥʦʚʠʪʴ 3,70. ɼʣʷ 

ʚʽʜʙʠʪʢʽʚ ʟ ʙʦʢʫ ʛʦʬʨʠ B ʟʥʘʯʝʥʥʷ ȹEmax  ʩʪʘʥʦʚʠʪ ɹ4,13ʜʣʷ E-B ʽ 5,15 ʜʣʷ B-B.  



113 

 

ʈʠʩ. 3.25 ɼʽʘʛʨʘʤʠ ʩʪʘʙʽʣʴʥʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ ʷʢʦʩʪʽ ʚʽʜʙʠʪʢʽʚ ʚ ʧʨʦʮʝʩʽ 

ʬʣʝʢʩʦʛʨʘʬʽʯʥʦʛʦ ʽ ʮʠʬʨʦʚʦʛʦ ʜʨʫʢʫ 

 

ʉʪʘʙʽʣʴʥʽʩʪʴ ʚʽʜʙʠʪʢʽʚ ʮʠʬʨʦʚʦʛʦ ʜʨʫʢʫ ʟʘ ʧʘʨʘʤʝʪʨʦʤ ȹEab max 

ʧʨʘʢʪʠʯʥʦ ʦʜʥʘʢʦʚʘ, ʥʝʟʘʣʝʞʥʦ ʷʢʘ ʧʦʚʝʨʭʥʷ ʣʘʡʥʝʨʘ ʽ ʟ ʷʢʦʛʦ ʙʦʢʫ ʛʦʬʨʠ 

ʚʽʜʙʫʚʘʣʦʩʴ ʜʨʫʢʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ (ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʩʪʘʥʦʚʠʪʴ 1.15). 

ʄʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʩʧʦʩʪʝʨʽʛʘʣʦʩʴ ʜʣʷ ʚʽʜʙʠʪʢʽʚ UD3-B (1.75).  

ɺʠʷʚʣʝʥʦ, ʱʦ ʜʣʷ ʚʽʜʙʠʪʢʽʚ ʥʘ ʣʘʡʥʝʨʘʭ ʟ ʥʝʢʨʝʡʜʦʚʘʥʦʶ ʧʦʚʝʨʭʥʝʶ UD3 

ʭʘʨʘʢʪʝʨʥʘ ʙʽʣʴʰʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʜʨʫʢʫ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʽʜʙʠʪʢʘʤʠ ʥʘ ʣʘʡʥʝʨʘʭ 

GC2. ɼʣʷ ʚʽʜʙʠʪʢʽʚ ʟ ʙʦʢʫ ʛʦʬʨʠ B ʥʘ ʥʝʢʨʝʡʜʦʚʘʥʠʭ ʧʦʚʝʨʭʥʷʭ ʣʘʡʥʝʨʘ 

ʩʪʘʙʽʣʴʥʽʩʪʴ ʜʨʫʢʫ ʩʢʣʘʜʘʣʘ ʙʽʣʷ 25 %, ʧʨʦʪʝ ʜʣʷ ʚʽʜʙʠʪʢʽʚ ʟ ʙʦʢʫ ʛʦʬʨʠ ɽ 

ʩʪʘʙʽʣʴʥʽʩʪʴ ʜʨʫʢʫ ʙʫʣʘ ʚʠʱʦʶ ʽ ʩʪʘʥʦʚʠʣʘ 66%. 

ʏʘʩʪʦ ʧʘʨʘʤʝʪʨ ʙʣʠʩʢʫ ʚʽʜʙʠʪʢʫ ʻ ʦʜʥʠʤ ʟ ʚʘʞʣʠʚʠʭ ʧʦʢʘʟʥʠʢʽʚ ʜʣʷ 

ʩʧʦʞʠʚʘʯʘ. ʗʢ ʧʦʢʘʟʘʣʠ ʜʦʩʣʽʜʞʝʥʥʷ (ʨʠʩ. 3.26), ʥʘ ʢʨʝʡʜʦʚʘʥʠʭ ʧʦʚʝʨʭʥʷʭ 

ʣʘʡʥʝʨʫ  (GC2-E i GC2-B) ʧʨʠ ʮʠʬʨʦʚʦʤʫ ʜʨʫʮʽ ʦʪʨʠʤʘʥʦ ʚʠʱʠʡ ʥʘ 40-50% 

ʙʣʠʩʢ ʧʦʨʽʚʥʦ ʟ ʚʽʜʙʠʪʢʘʤʠ ʥʘ  ʥʝʢʨʝʡʜʦʚʘʥʠʭ ʧʦʚʝʨʭʥʷʭ (UD3-B i UD3-E).   
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ʈʠʩ. 3.26. ɼʽʘʛʨʘʤʠ ʚʠʟʥʘʯʝʥʥʷ ʙʣʠʩʢʫ ʚʽʜʙʠʪʢʽʚ ʥʘ ʢʨʝʡʜʦʚʘʥʠʭ ʽ 

ʥʝʢʨʝʡʜʦʚʘʥʠʭ ʧʦʚʝʨʭʥʷʭ 

 

ʅʘʡʚʠʱʠʡ ʙʣʠʩʢ (62 ʦʜ.) ʤʘʣʠ ʚʽʜʙʠʪʢʠ ʮʠʬʨʦʚʦʛʦ ʜʨʫʢʫ ʥʘ ʣʘʡʥʝʨʽ GC2 

ʟʘʜʨʫʢʦʚʘʥʦʤʫ ʟ  ʙʦʢʫ ʛʦʬʨʠ E, ʥʘʡʥʠʞʯʠʡ ʙʣʠʩʢ (41 ʦʜ.) ï ʥʘ ʚʽʜʙʠʪʢʘʭ UD3, 

ʟʘʜʨʫʢʦʚʘʥʠʭ ʟ ʙʦʢʫ ʛʦʬʨʠ ɺ. ʅʘʡʚʠʱʝ ʟʥʘʯʝʥʥʷ ʙʣʠʩʢʫ ʤʘʶʪʴ ʚʽʜʙʠʪʢʠ 

ʬʣʝʢʩʦʜʨʫʢʫ ʥʘ ʪʠʭ ʞʝ ʢʨʝʡʜʦʚʘʥʠʭ ʣʘʡʥʝʨʘʭ GC2, ʢʦʪʨʽ ʟʘʜʨʫʢʦʚʘʥʽ ʟ ʙʦʢʫ 

ʛʦʬʨʠ E (82 ʦʜ.) ʽ  ʥʘʡʤʝʥʰʝ (9 ʦʜ.) ʥʘ ʚʽʜʙʠʪʢʘʭ UD3 , ʟʘʜʨʫʢʦʚʘʥʠʭ ʟ ʙʦʢʫ ʛʦʬʨʠ 

ɺ ʽ 11 ʦʜ. ʟ ʙʦʢʫ ʛʦʬʨʠ ɽ. ʇʨʦʚʝʜʝʥʽ  ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜʪʚʝʨʜʠʣʠ, 

ʱʦ ʥʘ ʧʘʨʘʤʝʪʨ ʙʣʠʩʢʫ ʚʽʜʙʠʪʢʽʚ, ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʤʘʻ ʪʘʢʦʞ ʩʪʨʫʢʪʫʨʘ ʧʦʚʝʨʭʥʽ 

ʟʘʜʨʫʢʦʚʫʚʘʥʦʾ ʦʩʥʦʚʠ [121].  

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʚʽʚʰʠ ʘʥʘʣʽʟ ʥʘʫʢʦʚʠʭ ʧʫʙʣʽʢʘʮʽʡ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ, ʤʦʞʥʘ ʦʢʨʝʩʣʠʪʠ ʧʝʨʝʚʘʛʠ ʽ ʥʝʜʦʣʽʢʠ ʩʧʦʩʦʙʽʚ ʜʨʫʢʫ ʥʘ 

ʛʦʬʨʦʢʘʨʪʦʥʽ. ɼʦ ʧʝʨʝʚʘʛ ʬʣʝʢʩʦʜʨʫʢʫ ʥʘ ʛʦʬʨʦʢʘʨʪʦʥʽ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ:  

- ʤʦʞʣʠʚʽʩʪʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʜʨʫʢʫʚʘʥʥʷ ʥʘ ʛʦʬʨʦʢʘʨʪʦʥʽ, ʥʘʚʽʪʴ 

ʧʷʪʠ-ʩʝʤʠʰʘʨʦʚʦʤʫ;  

- ʥʠʟʴʢʘ ʚʘʨʪʽʩʪʴ ʚʽʜʙʠʪʢʫ ʧʨʠ ʩʝʨʝʜʥʽʭ ʥʘʢʣʘʜʘʭ ʽ ʟʥʘʯʥʝ ʾʾ ʟʤʝʥʰʝʥʥʷ 

ʧʨʠ ʟʨʦʩʪʘʥʥʽ ʪʠʨʘʞʫ;  

- ʚʠʩʦʢʘ ʰʚʠʜʢʽʩʪʴ ʜʨʫʢʫʚʘʥʥʷ (ʙʽʣʴʰʝ 600 ʤ2);  

- ʧʨʦʩʪʘ ʽ ʰʚʠʜʢʘ ʜʦʜʨʫʢʘʨʩʴʢʘ ʦʙʨʦʙʢʘ, ʘʚʪʦʤʘʪʠʟʦʚʘʥʝ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʜʨʫʢʘʨʩʴʢʠʭ ʬʦʨʤ;  
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- ʚʠʩʦʢʘ ʪʠʨʘʞʦʩʪʽʡʢʽʩʪʴ; 

- ʜʦʩʪʫʧʥʠʡ ʰʠʨʦʢʠʡ ʘʩʦʨʪʠʤʝʥʪ ʬʘʨʙ ʜʣʷ ʜʨʫʢʫ (ʥʘ ʚʦʜʷʥʽʡ ʦʩʥʦʚʽ, ʥʘ 

ʦʩʥʦʚʽ ʣʝʪʢʠʭ ʨʦʟʯʠʥʥʠʢʽʚ, ʋʌ-ʟʘʢʨʽʧʣʝʥʥʷ); 

- ʝʢʦʣʦʛʽʯʥʽʩʪʴ.  

ɼʦ ʥʝʜʦʣʽʢʽʚ ʬʣʝʢʩʦʜʨʫʢʫ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ: ʥʠʟʴʢʫ ʨʦʟʜʽʣʴʥʫ ʟʜʘʪʥʽʩʪʴ 

ʚʽʜʙʠʪʢʽʚ ʧʦʨʽʚʥʷʥʦ ʟ ʋʌ ʪʘ ʦʬʩʝʪʥʠʤ ʜʨʫʢʦʤ; ʚʽʜʩʫʪʥʽʩʪʴ ʢʣʘʩʠʯʥʦʛʦ 

ʧʦʚʥʦʢʦʣʽʨʥʦʛʦ ʚʽʜʪʚʦʨʝʥʥʷ ʟʦʙʨʘʞʝʥʴ. 

ʇʨʦʪʝ, ʮʽ ʥʝʜʦʣʽʢʠ ʢʦʤʧʝʥʩʫʶʪʴʩʷ ʙʝʟʣʽʯʯʶ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʘ 

ʜʠʟʘʡʥʝʨʩʴʢʠʭ ʚʘʨʽʘʥʪʽʚ. ʆʩʢʽʣʴʢʠ ʬʣʝʢʩʦʜʨʫʢ ʙʘʟʫʻʪʴʩʷ ʥʘ ʨʘʩʪʨʫʚʘʥʥʽ 

ʟʦʙʨʘʞʝʥʴ, ʪʦ ʟʘʚʜʷʢʠ ʥʘʥʝʩʝʥʥʶ ʪʦʯʢʦʚʠʭ ʨʠʩʫʥʢʽʚ, ʤʦʞʥʘ ʩʪʚʦʨʶʚʘʪʠ 

ʨʽʟʥʦʤʘʥʽʪʥʽ ʢʦʣʴʦʨʦʚʽ ʚʽʜʪʽʥʢʠ, ʜʦʩʷʛʘʶʯʠ ʷʢʦʩʪʽ ʚʽʜʙʠʪʢʫ ʟ ʬʦʪʦʛʨʘʬʽʯʥʦʶ 

ʪʦʯʥʽʩʪʶ. ɿʘ ʨʘʭʫʥʦʢ ʧʣʘʚʥʠʭ ʧʝʨʝʭʦʜʽʚ çʩʚʽʪʣʦ-ʪʽʥʴè ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʽʤʽʪʘʮʽʾ 

ʪʨʠʚʠʤʽʨʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ.  

ɽʬʝʢʪʠʚʥʠʤ ʝʣʝʤʝʥʪʦʤ ʦʟʜʦʙʣʝʥʥʷ ʻ ʤʘʪʦʚʠʡ ʙʽʣʠʡ ʬʣʝʢʩʦʜʨʫʢ ʥʘ ʥʝ 

ʦʙʨʦʙʣʝʥʦʤʫ ʙʫʨʦʤʫ ʛʦʬʨʦʢʘʨʪʦʥʽ. ʇʨʠ ʧʨʘʚʠʣʴʥʦʤʫ ʚʠʙʦʨʽ ʙʘʨʚʥʠʢʽʚ 

ʪʝʭʥʦʣʦʛʽʷ ʬʣʝʢʩʦʜʨʫʢʫ ʜʦʟʚʦʣʷʻ ʫʪʚʦʨʶʚʘʪʠ ʽʤʽʪʘʮʽʾ ʧʦʚʝʨʭʦʥʴ, ʥʘʧʨʠʢʣʘʜ 

ʜʝʨʝʚʠʥʠ, ʨʽʟʥʠʭ ʧʝʨʝʧʣʝʪʝʥʴ, ʤʝʨʝʞʠʚ ʪʦʱʦ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʟʥʘʯʝʥʽ ʚʠʱʝ 

ʯʠʥʥʠʢʠ ʨʦʙʣʷʪʴ ʬʣʝʢʩʦʜʨʫʢ ʦʧʪʠʤʘʣʴʥʠʤ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʘʢʦʚʘʥʴ ʟ 

ʛʦʬʨʦʢʘʨʪʦʥʫ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʩʝʨʝʜʥʽʭ ʪʘ ʚʝʣʠʢʠʭ ʥʘʢʣʘʜʘʭ. 

ɼʦʜʘʪʢʦʚʠʡ ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ ʤʦʞʣʠʚʦʩʪʽ ʥʘʥʝʩʝʥʥʷ 

ʟʦʙʨʘʞʝʥʴ ʬʣʝʢʩʦʜʨʫʢʦʤ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʷʢ ʤʘʨʢʝʪʠʥʛʦʚʦʛʦ, ʪʘʢ ʪʨʘʥʩʧʦʨʪʥʦ-

ʣʦʛʽʩʪʠʯʥʦʛʦ ʧʘʢʦʚʘʥʥʷ. ɺʠʤʦʛʠ ʜʦ ʝʢʦʣʦʛʽʯʥʦʩʪʽ ʧʘʢʦʚʘʥʴ ʩʴʦʛʦʜʥʽ ʥʘʜʪʦ 

ʚʠʩʦʢʽ. ʊʦʤʫ ʬʣʝʢʩʦʜʨʫʢ ʥʘ ʛʦʬʨʦʢʘʨʪʦʥʽ ʦʨʽʻʥʪʫʻʪʴʩʷ ʥʘ ʙʝʟʧʝʯʥʽ ʝʢʦʣʦʛʽʯʥʽ 

ʬʘʨʙʠ ʥʘ ʚʦʜʷʥʽʡ ʪʘ ʩʧʠʨʪʦʚʽʡ ʦʩʥʦʚʽ, ʧʽʛʤʝʥʪʠ ʷʢʠʭ ʥʝ ʤʽʩʪʷʪʴ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʽ 

ʥʝʪʦʢʩʠʯʥʽ ʜʦ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ.  

ʉʴʦʛʦʜʥʽ ʥʘ ʩʧʦʞʠʚʯʦʤʫ ʨʠʥʢʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʪʝʥʜʝʥʮʽʷ ʧʦʧʫʣʷʨʥʦʩʪʽ 

ʪʦʚʘʨʽʚ, ʷʢʽ ʜʝʢʣʘʨʫʶʪʴ ʥʘʪʫʨʘʣʴʥʽʩʪʴ. ʉʘʤʝ ʬʣʝʢʩʦʜʨʫʢʦʤ ʥʘ ʛʦʬʨʦʢʘʨʪʦʥʽ 

ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʩʧʨʠʡʥʷʪʪʷ ʤʘʢʩʠʤʘʣʴʥʦʾ  ʥʘʪʫʨʘʣʴʥʦʩʪʽ. ʎʶ ʦʩʦʙʣʠʚʽʩʪʴ ʯʘʩʪʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʠʨʦʙʥʠʢʠ ʘʩʦʨʪʠʤʝʥʪʫ ʧʘʢʦʚʘʥʴ ʜʣʷ ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʜʫʢʪʽʚ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʤʘʨʢʝʪʦʣʦʛʽʚ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʪʝʢʩʪʫʨʘ ʽ ʢʦʣʽʨ ʥʝʢʨʝʡʜʦʚʘʥʦʛʦ 
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ʙʫʨʦʛʦ ʢʘʨʪʦʥʫ ʫ ʙʘʛʘʪʴʦʭ ʩʧʦʞʠʚʘʯʽʚ ʘʩʦʮʽʶʻʪʴʩʷ ʟ ʥʘʪʫʨʘʣʴʥʽʩʪʶ. ɯ ʤʝʪʦʜ 

ʥʘʥʝʩʝʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʧʨʠ ʮʴʦʤʫ ʚʽʜʽʛʨʘʻ ʚʘʞʣʠʚʫ ʨʦʣʴ. ɻʣʷʥʮʝʚʠʡ ʣʘʡʥʝʨ 

ʛʦʬʨʦʢʘʨʪʦʥʫ ʥʝ ʩʧʨʠʡʤʘʻʪʴʩʷ ʥʘʪʫʨʘʣʴʥʠʤ ʫ ʧʦʢʫʧʮʷ. ɸ ʜʠʟʘʡʥʝʨʩʴʢʽ ʚʘʨʽʘʥʪʠ 

ʥʘ ʦʩʥʦʚʽ ʛʘʤʠ ʪʝʧʣʠʭ ʢʦʣʴʦʨʽʚ ʩʧʨʠʡʤʘʶʪʴʩʷ ʷʢ ʙʽʣʴʰ ʧʨʠʨʦʜʥʽ. ʊʝʭʥʦʣʦʛʽʷ 

ʬʣʝʢʩʦʜʨʫʢʫ ʽʜʝʘʣʴʥʘ ʜʣʷ ʥʘʥʝʩʝʥʥʷ ʣʦʛʦʪʠʧʽʚ, ʜʨʫʢʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ 

ʚʠʨʦʙʥʠʢʘ  ̔ʪʦʚʘʨ, ʽʥʩʪʨʫʢʮʽʾ ʟ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʤʽʩʪʠʤʦʛʦ ʚ ʪʘʨʽ, 

ʜʦʟʫʚʘʥʥʷ, ʨʝʮʝʧʪʫʨʠ, ʪʦʱʦ. ʊʘʢʠʤ ʯʠʥʦʤ, ʬʣʝʢʩʦʜʨʫʢ ʥʝʤʘʻ ʘʣʴʪʝʨʥʘʪʠʚʠ ʧʨʠ 

ʚʠʛʦʪʦʚʣʝʥʥʽ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʽʩʪʠʯʥʦʛʦ ʧʘʢʦʚʘʥʥʷ (ʪʘʨʠ).  

ʇʽʜʩʫʤʫʻʤʦ ʧʝʨʝʚʘʛʠ ʽ ʥʝʜʦʣʽʢʠ  ʮʠʬʨʦʚʦʛʦ ink-jet ʜʨʫʢʫ ʥʘ ʛʦʬʨʦʢʘʨʪʦʥʽ, 

ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻ ʩʧʝʮʽʘʣʴʥʽ ʋʌ-ʯʦʨʥʠʣʘ, ʱʦ ʧʦʣʽʤʝʨʠʟʫʶʪʴʩʷ ʧʽʜ ʜʽʻʶ 

ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɼʦ ʧʝʨʝʚʘʛ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ: ʚʽʜʩʫʪʥʽʩʪʴ 

ʧʝʨʝʭʽʜʥʠʭ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ; ʚʽʜʩʫʪʥʽʩʪʴ ʧʦʪʨʝʙʠ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʨʫʢʘʨʩʴʢʦʾ 

ʬʦʨʤʠ, ʪʨʘʬʘʨʝʪʽʚ, ʰʘʙʣʦʥʽʚ (ʜʦʩʪʘʪʥʴʦ ʤʘʪʠ ʮʠʬʨʦʚʠʡ ʬʘʡʣ ʽ ʟʘʨʷʜʠʪʠ 

ʜʨʫʢʘʨʩʴʢʠʡ ʘʧʘʨʘʪ); ʚʠʩʦʢʘ ʷʢʽʩʪʴ ʜʨʫʢʫ (ʣʽʥʽʘʪʫʨʘ ʨʘʩʪʨʘ ʚʽʜ 100 lpi); 

ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ ʜʨʫʢʫʚʘʥʥʷ ʥʘ ʙʫʜʴ-ʷʢʠʭ ʤʘʪʝʨʽʘʣʘʭ ʨʽʟʥʦʾ ʪʦʚʱʠʥʠ, ʩʪʨʫʢʪʫʨʠ.  

ʗʢ ʥʝʜʦʣʽʢʠ ʮʠʬʨʦʚʦʛʦ ʜʨʫʢʫ ʬʘʭʽʚʮʽ ʚʽʜʟʥʘʯʘʶʪʴ: ʚʠʩʦʢʫ ʮʽʥʫ ʚʠʪʨʘʪʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʟʦʢʨʝʤʘ ʬʘʨʙ; ʥʠʟʴʢʫ ʰʚʠʜʢʽʩʪʴ ʜʨʫʢʫ; ʝʥʝʨʛʦʟʘʪʨʘʪʥʽʩʪʴ ʯʝʨʝʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʪʫʞʥʠʭ ʋʌ-ʩʫʰʘʨʦʢ; ʚʘʨʪʽʩʪ ɹʫʩʪʘʪʢʫʚʘʥʥʷ.  

ɺʘʞʣʠʚʠʤ ʯʠʥʥʠʢʦʤ ʧʨʠ ʚʠʙʦʨʽ ʩʧʦʩʦʙʫ ʜʨʫʢʫ ʻ ʝʢʦʥʦʤʽʯʥʽ ʯʠʥʥʠʢʠ, 

ʟʦʢʨʝʤʘ ʩʦʙʽʚʘʨʪʽʩʪʴ ʧʨʦʜʫʢʮʽʾ. ʆʪʞʝ, ʟʘ ʜʘʥʠʤʠ ʜʦʩʣʽʜʥʠʢʽʚ, ʮʽʥʘ ʚʽʜʙʠʪʢʽʚ 

ʮʠʬʨʦʚʦʛʦ ʜʨʫʢʫ ʧʨʠ ʥʘʢʣʘʜʘʭ ʜʦ 5000 ʚ 1.5-2 ʨʘʟʠ ʤʝʥʰʘ ʟʘ ʮʽʥʫ 

ʬʣʝʢʩʦʛʨʘʬʽʯʥʦʾ ʧʨʦʜʫʢʮʽʾ, ʘʣʝ  ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʥʘʢʣʘʜʽʚ ʜʦ 10000 ʚʽʜʙʠʪʢʽʚ ʽ 

ʙʽʣʴʰʝ, ʮʽʥʘ ʚʽʜʙʠʪʢʽʚ ʬʣʝʢʩʦʜʨʫʢʫ ʩʧʘʜʘʻ ʚ 1,4 ʨʘʟʠ [122]. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʷʚʣʝʥʦ, ʱʦ 

ʬʣʝʢʩʦʛʨʘʬʽʯʥʠʡ ʜʨʫʢ ʥʘ ʛʦʬʨʦʢʘʨʪʦʥʽ ʤʝʪʦʜʦʤ postprint ʟ ʙʦʢʫ ʛʦʬʨʠ ɽ 

ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʢʨʘʱʽ ʟʥʘʯʝʥʥʷ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪ,̔ ʪʦʥʦʧʝʨʝʜʘʯʽ, ʦʧʪʠʯʥʦʾ 

ʱʽʣʴʥʦʩʪʽ, ʢʦʣʽʨʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʙʣʠʩʢʫ ʧʦʨʽʚʥʶʶʯʠ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤʠ ʧʨʠ ʜʨʫʢʫʚʘʥʥʽ ʥʘ ʣʘʡʥʝʨʽ ʟ ʙʦʢʫ ʛʦʬʨʠ ɺ. ʎʝ ʦʯʝʚʠʜʥʦ ʤʦʞʥʘ 

ʧʦʷʩʥʠʪʠ ʨʽʚʥʦʤʽʨʥʽʰʠʤ ʨʦʟʧʦʜʽʣʦʤ ʪʠʩʢʫ ʤʽʞ ʜʨʫʢʘʨʩʴʢʦ ʁ ʬʦʨʤʦʶ ʽ  

ʣʘʡʥʝʨʦʤ ʚʥʘʩʣʽʜʦʢ ʤʝʥʰʦʾ ʚʠʩʦʪʠ ʛʦʬʨʠ, ʟʤʝʥʰʝʥʥʷʤ ʜʝʬʦʨʤʘʮʽʾ 
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ʛʦʬʨʦʢʘʨʪʦʥʫ ʧʨʠ ʜʨʫʢʫʚʘʥʥʽ. ʗʢʽʩʪʴ ʚʽʜʙʠʪʢʽʚ ʮʠʬʨʦʚʦʛʦ ʜʨʫʢʫ ʟʘ 

ʜʦʩʣʽʜʞʫʚʘʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ  ʧʨʘʢʪʠʯʥʦ ʦʜʥʘʢʦʚʘ ʽ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʚʝʨʭʥ ̔

ʣʘʡʥʝʨʘ ʽ ʟ ʷʢʦʛʦ ʙʦʢʫ ʛʦʬʨʠ ʚʽʜʙʫʚʘʣʦʩʴ ʜʨʫʢʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ.    

ʊʘʢʠʤ ʯʠʥʦʤ, ʬʣʝʢʩʦʛʨʘʬʽʯʥʠʡ ʪʘ ʮʠʬʨʦʚʠʡ ink-jet ʜʨʫʢ ʤʘʻ ʧʝʨʩʧʝʢʪʠʚʫ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʚʽʜʪʚʦʨʝʥʥʷ ʪʝʢʩʪʦʚʦ-ʽʣʶʩʪʨʘʮʽʡʥʠʭ ʟʦʙʨʘʞʝʥʴ ʥʘ 

ʛʦʬʨʦʢʘʨʪʦʥ ̔ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʧʘʢʦʚʘʥʴ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʚʠʩʦʢʫ ʷʢʽʩʪʴ ʚʽʜʙʠʪʢʽʚ 

ʪʘ ʟʘʜʦʚʦʣʴʥʷʶʯʠ ʧʦʪʨʝʙʠ ʥʘʡʚʠʙʘʛʣʠʚʽʰʠʭ  ʩʧʦʞʠʚʘʯʽʚ.  

 

3.5. ɸʥʘʣʽʟ ʜʝʬʝʢʪʽʚ ʬʣʝʢʩʦʛʨʘʬʽʯʥʦʛʦ ʜʨʫʢʫ ʥʘ ʛʦʬʨʦʢʘʨʪʦʥʽ 

ʌʣʝʢʩʦʛʨʘʬʽʷ ʻ ʚʘʨʽʘʥʪʦʤ ʜʨʫʢʫ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ ʧʝʨʝʜʘʯʽ ʟʦʙʨʘʞʝʥʥʷ, 

ʷʢʠʡ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʠʟʴʢʦʚôʷʟʢʠʭ ʬʘʨʙ ʽ ʝʣʘʩʪʠʯʥʠʭ 

ʬʣʝʢʩʦʬʦʨʤ. ɿ ʪʝʭʥʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʬʣʝʢʩʦʛʨʘʬʽʷ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʜʦʩʠʪʴ ʧʨʦʩʪʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʽ ʥʝ ʧʦʪʨʝʙʫʻ ʪʨʠʚʘʣʦʾ ʘʙʦ ʚʠʪʨʘʪʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʜʦ ʧʨʦʮʝʩʫ. ʊʝʭʥʦʣʦʛʽʷ 

ʬʣʝʢʩʦʛʨʘʬʽʾ ʝʬʝʢʪʠʚʥʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʥʘʥʝʩʝʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʨʽʟʥʦʤʘʥʽʪʥʝ 

ʧʘʢʦʚʘʥʥʷ, ʚ ʪ.ʯ. ʟ ʢʘʨʪʦʥʫ ʽ ʛʦʬʨʦʢʘʨʪʦʥʫ. ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʥʘʥʝʩʝʥʥʷ 

ʬʣʝʢʩʦʜʨʫʢʫ ʥʘ ʛʦʬʨʦʢʘʨʪʦʥ ʤʘʻ ʽʩʪʦʪʥʽ ʚʽʜʤʽʥʥʦʩʪʽ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʬʣʝʢʩʦʜʨʫʢʦʤ 

ʥʘ ʧʘʧʝʨʽ: ʫ ʤʘʪʝʨʽʘʣʘʭ, ʬʦʨʤʘʭ, ʬʘʨʙʘʭ, ʬʦʨʤʘʪʘʭ ʦʙʣʘʜʥʘʥʥʷ, ʘ ʪʘʢʦʞ ʛʦʪʦʚʠʭ 

ʚʠʨʦʙʘʭ, ʽ, ʱʦ ʚʘʞʣʠʚʦ, ʫ ʚʠʤʦʛʘʭ ʜʦ ʢʚʘʣʽʬʽʢʘʮʽʾ ʧʨʘʮʽʚʥʠʢʽʚ, ʟʘʡʥʷʪʠʭ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷʤ ʫʩʪʘʪʢʫʚʘʥʥʷ. ʋ ʟʚôʷʟʢʫ ʟʽ ʟʤʽʥʦʶ ʪʦʚʱʠʥʠ ʛʦʬʨʦʢʘʨʪʦʥʫ 

ʤʦʞʣʠʚʽ ʜʝʷʢʽ ʪʨʫʜʥʦʱʽ ʧʨʠ ʬʣʝʢʩʦʜʨʫʢʫ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ ʜʨʫʢʫ ʩʣʽʜ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʤôʷʢʽ ʬʦʨʤʠ, ʧʨʠʙʣʠʟʥʦ 30 ʦʜʠʥʠʮʴ ʧʦ ʐʦʨʫ, ʷʢʽ ʟʘʟʜʘʣʝʛʽʜʴ 

ʢʨʽʧʣʷʪʴʩʷ ʥʘ ʥʦʩʽʾ ʟʽ ʟʙʝʨʝʞʝʥʥʷʤ ʪʦʯʥʦʛʦ ʧʨʠʚʝʜʝʥʥʷ. ʊʘʢ ʷʢ ʛʦʬʨʦʢʘʨʪʦʥ ʻ 

ʞʦʨʩʪʢʠʤ ʤʘʪʝʨʽʘʣʦʤ, ʪʦ ʚ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʘʨʢʫʰʽ ʥʝ ʧʦʚʠʥʥʽ ʟʛʠʥʘʪʠʩʷ.  

ɼʣʷ ʬʣʝʢʩʦʜʨʫʢʫ ʥʘ ʛʦʬʨʦʢʘʨʪʦʥʽ ʥʘʡʯʘʩʪʽʰʝ ʟʘʩʪʦʩʦʚʫʶʪʴ ʬʘʨʙʠ ʥʘ 

ʚʦʜʥʽʡ ʦʩʥʦʚʽ, ʷʢʽ ʩʪʚʦʨʶʶʪʴ ʤʘʪʦʚʝ ʟʦʙʨʘʞʝʥʥʷ, ʩʪʽʡʢʽ ʜʦ ʪʝʨʪʷ ʽ ʜʦʩʠʪʴ ʰʚʠʜʢʦ 

ʚʠʩʠʭʘʶʪʴ. ʆʩʪʘʥʥʷ ʦʩʦʙʣʠʚʽʩʪʴ ʜʦʟʚʦʣʷʻ ʦʙʽʡʪʠʩʷ ʙʝʟ ʩʧʝʮʽʘʣʴʥʠʭ ʚʽʜʩʽʢʽʚ ʜʣʷ 

ʩʫʰʢʠ. ʌʘʨʙʠ ʧʨʦʭʦʜʷʪʴ ʯʝʨʝʟ ʬʽʣʴʪʨʠ ʽ ʪʨʘʥʩʧʦʨʪʫʶʪʴʩʷ ʥʘʩʦʩʦʤ. ʇʦʪʨʽʙʥʘ 

ʢʽʣʴʢʽʩʪʴ ʬʘʨʙʠ ʚʽʜʜʽʣʷʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʘʣʠʢʘ ʽ ʨʘʢʝʣʴʥʦʛʦ ʥʦʞʘ ʘʙʦ ʜʚʦʤʘ 

ʚʘʣʠʢʘʤʠ. ʉʪʘʥʜʘʨʪʥʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʩʪʘʣʝʚʠʡ ʘʥʽʣʦʢʩʦʚʠʡ ʚʘʣ ʟ ʭʨʦʤʦʚʠʤ 

ʧʦʢʨʠʪʪʷʤ, ʨʽʜʰʝ ʢʝʨʘʤʽʯʥʽ ʘʥʘʣʦʛʠ. ɺʘʣʠʢʠ ʤʦʞʫʪʴ ʪʘʢʦʞ ʚʽʜʨʽʟʥʷʪʠʩʷ 
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ʧʦʚʝʨʭʥʝʶ ï ʨʘʩʪʨʦʚʘʥʽ ʘʙʦ ʛʣʘʜʢʽ. ʇʦʧʫʣʷʨʥʠʤ ʩʴʦʛʦʜʥʽ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʟʚʦʨʦʪʥʴʦʛʦ ʨʘʢʝʣʷ ʜʣʷ ʬʣʝʢʩʦʜʨʫʢʫ ʥʘ ʛʦʬʨʦʢʘʨʪʦʥʽ. ʇʦʷʩʥʶʻʪʴʩʷ ʮʝ ʪʠʤ, ʱʦ 

ʚ ʜʦʛʣʷʜʽ ʨʘʢʝʣʴ ʜʦʩʠʪʴ ʧʨʦʩʪʠʡ, ʘ ʚ ʨʘʟʽ ʢʦʣʠ ʬʘʨʙʘ ʟʘʢʽʥʯʠʣʘʩʷ ʽ ʧʨʦʮʝʩ ʜʨʫʢʫ 

ʧʨʦʜʦʚʞʫʻʪʴʩʷ, ʪʦ ʚʠʧʨʘʚʠʪʠ ʮʝ ʤʦʞʥʘ  ʜʫʞʝ ʰʚʠʜʢʦ. ɺ ʩʠʣʫ ʝʢʦʣʦʛʽʯʥʦʩʪʽ ʬʘʨʙ 

ʥʘ ʚʦʜʥʽʡ ʦʩʥʦʚʽ, ʟʘʟʚʠʯʘʡ ʥʝ ʚʠʥʠʢʘʶʪʴ ʧʨʦʙʣʝʤʠ ʟʽ ʟʘʙʨʫʜʥʝʥʥʷʤ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʉʪʽʯʥʽ ʚʦʜʠ ʥʝ ʻ ʪʦʢʩʠʯʥʠʤʠ,  ̔  ʮʶ ʚʦʜʫ  ʜʝʷʢʽ ʬʽʨʤʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʢʣʝʶ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʛʦʬʨʦʢʘʨʪʦʥʫ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʛʦʬʨʦʢʘʨʪʦʥ ʤʘʻ ʥʝʨʽʚʥʦʩʪʽ ʥʘ ʩʚʦʾʡ ʧʦʚʝʨʭʥʽ, ʬʣʝʢʩʦʜʨʫʢ 

ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʘʪʠ ʚʽʜʤʽʥʥʦʾ ʷʢʦʩʪʽ ʜʨʫʢʫ ʥʘ ʥʴʦʤʫ. ʗʢ ʚʽʜʦʤʦ, ʩʪʘʥʜʘʨʪʥʦ 

ʛʦʬʨʦʚʘʥʠʡ ʢʘʨʪʦʥ ï ʮʝ ʜʚʘ ʧʣʦʩʢʠʭ ʘʨʢʫʰʘ ʧʘʧʝʨʫ, ʧʨʠʢʣʝʻʥʽ ʜʦ ʛʦʬʨʦʚʘʥʦʾ 

ʯʘʩʪʠʥʠ ʟ ʜʚʦʭ ʩʪʦʨʽʥ. ʊʦʤʫ ʤʦʞʝ ʙʫʪʠ ʚʘʨʽʘʥʪ ʧʦʧʝʨʝʜʥʴʦʛʦ ʟʘʜʨʫʢʦʚʫʚʘʥʥʷ 

ʧʣʦʩʢʠʭ ʰʘʨʽʚ ʟ ʧʦʜʘʣʴʰʠʤ ʧʨʠʧʨʝʩʫʚʘʥʥʷʤ ʜʦ ʬʣʶʪʠʥʛʫ. ʅʦʚʠʡ ʤʝʪʦʜ ʧʦʣʷʛʘʻ 

ʚ ʪʦʤʫ, ʱʦ ʦʜʠʥ ʧʣʦʩʢʠʡ ʰʘʨ, ʷʢʠʡ ʥʝ ʚʠʤʘʛʘʻ ʧʨʦʭʦʜʞʝʥʥʷ ʯʝʨʝʟ ʚʽʜʩʽʢʠ 

ʦʙʨʦʙʢʠ ʦʙʣʘʜʥʘʥʥʷ, ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʞʝ ʟ ʥʘʥʝʩʝʥʠʤ ʟʦʙʨʘʞʝʥʥʷʤ. ʅʘ 

ʨʫʣʦʥʥʦʤʫ ʤʘʪʝʨʽʘʣʽ ʥʘʥʝʩʝʥʥʷ ʬʣʝʢʩʦʜʨʫʢʫ ʤʦʞʣʠʚʦ ʚ ʯʦʪʠʨʴʦʭ ʢʦʣʴʦʨʘʭ, ʘ  

ʷʢʱʦ ʻ ʧʦʪʨʝʙʘ, ʜʦʧʫʩʪʠʤʠʡ ʜʨʫʢ ʨʘʩʪʨʦʚʠʭ ʟʦʙʨʘʞʝʥʴ. ʋ ʨʘʟʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ 

ʛʦʬʨʦʚʘʥʦʛʦ ʢʘʨʪʦʥʫ ʨʫʣʦʥʽʚ ʟ ʫʞʝ ʥʘʥʝʩʝʥʠʤ ʟʦʙʨʘʞʝʥʥʷʤ,  ʬʘʨʙʘ ʜʣʷ ʜʨʫʢʫ 

ʧʦʚʠʥʥʘ ʚʽʜʧʦʚʽʜʘʪʠ ʧʝʚʥʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. ʌʘʨʙʘ ʧʦʚʠʥʥʘ ʜʦʟʚʦʣʷʪʠ 

ʦʪʨʠʤʫʚʘʪʠ ʟʦʙʨʘʞʝʥʥʷ ʧʦʪʨʽʙʥʦʾ ʷʩʢʨʘʚʦʩʪʽ ʪʘ ʢʦʣʴʦʨʽʚ; ʾʾ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʚʠʥʥʽ 

ʚʨʘʭʦʚʫʚʘʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʛʦʬʨʦʢʘʨʪʦʥʫ: ʚʧʣʠʚ ʚʠʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʽ ʧʽʜʚʠʱʝʥʦʾ ʚʦʣʦʛʦʩʪʽ ʧʨʠ ʩʢʣʝʶʚʘʥʥʽ ʽ ʩʫʰʮʽ, ʚʠʩʦʢʝ ʪʝʨʪʷ ʚ 

ʧʨʦʮʝʩʽ ʨʫʭʫ ʘʨʢʫʰʽʚ. ʂʨʽʤ ʮʴʦʛʦ, ʜʦʜʘʪʢʦʚʦʤʫ ʪʝʨʪʶ ʧʦʚʝʨʭʥʷ ʧʽʜʜʘʻʪʴʩʷ ʚ 

ʩʝʢʮʽʾ ʦʭʦʣʦʜʞʝʥʥʷ ʤʘʰʠʥʠ.   

ʇʦʷʩʥʠʪʠ ʚʠʙʽʨ ʪʝʭʥʦʣʦʛʽʾ  ʥʘ ʢʦʨʠʩʪʴ ʬʣʝʢʩʦʜʨʫʢʫ, ʘ ʥʝ ʦʬʩʝʪʥʦʛʦ, ʤʦʞʥʘ 

ʚʨʘʭʦʚʫʶʯʠ ʪʘʢʽ ʦʩʦʙʣʠʚʦʩʪʽ: ʥʘ ʙʽʣʴʰʽʩʪʴ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʘʢʦʚʘʥʥʷ, ʥʘʧʨʠʢʣʘʜ, ʬʦʣʴʛʫ ʽ ʧʣʽʚʢʠ, ʥʝ ʤʦʞʥʘ ʥʘʥʝʩʪʠ 

ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʦʙʣʘʜʥʘʥʥʽ ʜʣʷ ʦʬʩʝʪʥʦʛʦ ʜʨʫʢʫ, ʪʦʤʫ ʱʦ ʦʬʩʝʪʥʽ ʬʦʨʤʠ ʟʜʘʪʥʽ 

ʥʘʥʦʩʠʪʠ ʬʘʨʙʫ ʣʠʰʝ ʥʘ ʛʣʘʜʢʫ ʧʘʧʝʨʦʚʫ ʧʦʚʝʨʭʥʶ; ʫʩʪʘʪʢʫʚʘʥʥʷ ʜʣʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʘʢʦʚʘʥʥʷ ʧʝʨʝʚʘʞʥʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʨʫʣʦʥʥʽ ʤʘʪʝʨʽʘʣʠ, ʘ 

ʪʝʭʥʦʣʦʛʽʷ ʦʬʩʝʪʥʦʛʦ ʜʨʫʢʫ ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʘʨʢʫʰʽʚ, ʭʦʯ 
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ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʨʦʟʚʠʪʦʢ ʦʪʨʠʤʘʣʘ ʪʝʭʥʦʣʦʛʽʷ ʦʬʩʝʪʥʦʛʦ ʜʨʫʢʫ ʥʘ ʨʫʣʦʥʥʠʭ 

ʤʘʪʝʨʽʘʣʘʭ; ʬʘʨʙʠ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʦʬʩʝʪʥʦʛʦ ʜʨʫʢʫ, ʥʝ ʧʽʜʣʷʛʘʶʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʶ ʜʣʷ ʧʘʢʦʚʘʥʥʷ ʧʨʦʜʫʢʪʽʚ ʭʘʨʯʫʚʘʥʥʷ; ʫ ʬʣʝʢʩʦʛʨʘʬʽʯʥʦʤʫ ʜʨʫʮ ̔

ʤʦʞʣʠʚʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʨʫʢʘʨʩʴʢʠʭ ʬʦʨʤ ʨʽʟʥʦʛʦ ʨʦʟʤʽʨʫ, ʦʪʞʝ, ʚʠʪʨʘʪʘ 

ʤʘʪʝʨʽʘʣʽʚ ʤʘʢʩʠʤʘʣʴʥʦ ʦʧʪʠʤʽʟʦʚʘʥʘ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʦʬʩʝʪʥʦʛʦ ʜʨʫʢʫ ʟ 

ʬʽʢʩʦʚʘʥʠʤʠ ʛʘʙʘʨʠʪʘʤʠ ʜʨʫʢʘʨʩʴʢʠʭ ʬʦʨʤ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʚʝʣʠʢʠʤʠ ʚʠʪʨʘʪʘʤʠ 

ʤʘʪʝʨʽʘʣʫ ʥʘ ʚʠʭʦʜʽ. ʇʝʨʝʚʘʛʠ ʪʝʭʥʦʣʦʛʽʾ ʬʣʝʢʩʦʜʨʫʢʫ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 3.27. 

ʅʝʜʦʣʽʢʠ ʬʣʝʢʩʦʛʨʘʬʽʯʥʦʛʦ ʜʨʫʢʫ ʽʣʶʩʪʨʫʻ ʨʠʩ. 3.28. 

         

 

ʈʠʩ. 3.27. ʇʝʨʝʚʘʛʠ ʬʣʝʢʩʦʛʨʘʬʽʯʥʦʛʦ ʜʨʫʢʫ 

 

ʇʨʦʙʣʝʤʘ  ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʧʘʢʫʚʘʣʴʥʦʾ ʧʨʦʜʫʢʮʽʾ ʪʘ ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪ 

ʥʘ ʾ ʾʚʠʛʦʪʦʚʣʝʥʥʷ ʻ ʧʨʝʜʤʝʪʦʤ ʦʙʛʦʚʦʨʝʥʥʷ ʙʘʛʘʪʴʦʭ ʚʯʝʥʠʭ ʪʘ ʧʨʘʢʪʠʢʽʚ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʬʽʣʦʩʦʬʽʾ ʢʦʤʧʣʝʢʩʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʷʢʽʩʪʶ TQM, ʘʩʧʝʢʪ ʷʢʦʩʪʽ 

ʤʦʞʝ ʧʨʦʷʚʣʷʪʠʩʷ ʫ ʙʘʛʘʪʴʦʭ ʧʨʦʷʚʘʭ ʽ ʟʘʣʝʞʠʪʴ ʥʝ ʪʽʣʴʢʠ ʚʽʜ ʩʪʨʘʪʝʛʽʯʥʦʛʦ, 

ʪʘʢʪʠʯʥʦʛʦ ʪʘ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʚʠʨʦʙʥʠʮʪʚʦʤ, ʘʣʝ ʡʦʛʦ ʤʘʪʝʨʽʘʣʴʥʦ-

ʪʝʭʥʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ, ʨʽʚʥʷ 

ʧʽʜʛʦʪʦʚʢʠ ʬʘʭʽʚʮʽʚ, ʜʦʪʨʠʤʘʥʥʷ ʩʪʘʥʜʘʨʪʽʚ. ʇʨʦʙʣʝʤʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ 

ʧʦʣʽʛʨʘʬʽʯʥʦʛʦ ʦʬʦʨʤʣʝʥʥʷ ʧʘʢʦʚʘʥʴ ʻ ʚʠʙʽʨ ʚʽʜʧʦʚʽʜʥʦʛʦ ʩʪʘʥʜʘʨʪʫ ʪʘ ʡʦʛʦ 

ʘʜʘʧʪʘʮʽʷ ʜʦ ʜʽʷʣʴʥʦʩʪʽ ʢʦʥʢʨʝʪʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ. 

ʇɽʈɽɺɸɻʀ ʌʃɽʂʉʆɼʈʋʂʋ  

ʝʢʦʥʦʤʽʯʥʽʩʪʴ ʜʨʫʢʫ ʜʣʷ 
ʨʽʟʥʠʭ ʥʘʢʣʘʜʽʚ ʨʽʟʥʦʛʦ 
ʦʙʩʷʛʫ, ʱʦ ʟʥʠʞʫʻ 

ʩʦʙʽʚʘʨʪʦʩʪʽ ʧʨʦʜʫʢʮʽʾ;

ʤʦʞʣʠʚʽʩʪʴ ʜʨʫʢʫʚʘʥʥʷ 
ʥʘ ʨʽʟʥʦʪʦʚʱʠʥʥʠʭ 
ʤʘʪʝʨʽʘʣʘʭ

ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 
ʜʨʫʢʘʨʩʴʢʠʭ ʬʦʨʤ ʨʽʟʥʠʭ 
ʨʦʟʤʽʨʽʚ, ʱʦ ʦʧʪʠʤʽʟʫʻ 
ʚʠʨʦʙʥʠʮʪʚʦ ʟʘ ʨʘʭʫʥʦʢ 
ʟʥʠʞʝʥʥʷ ʦʙʩʷʛʫ ʚʽʜʭʦʜʽʚ;

ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʘʨʙ ʥʘ 
ʩʧʠʨʪʦʚʽʡ ʘʙʦ ʚʦʜʥʽʡ 
ʦʩʥʦʚʽ, ʱʦ ʜʦʟʚʦʣʷʻ 
ʧʨʦʚʦʜʠʪʠ ʜʨʫʢ ʥʘ 

ʧʘʢʦʚʘʥʥʷʭ ʜʣʷ ʭʘʨʯʦʚʦʾ 
ʧʨʦʤʠʩʣʦʚʦʩʪʽ

ʤʦʞʣʠʚʽʩʪʴ ʟʜʽʡʩʥʝʥʥʷ 
ʜʦʜʘʪʢʦʚʦʾ ʦʙʨʦʙʢʠ ʟʘ 
ʦʜʠʥ ʮʠʢʣ ʫ ʚʠʨʦʙʥʠʯʽʡ 
ʣʽʥʽʾ (ʪʠʩʥʝʥʥʷ, 

ʩʢʣʝʶʚʘʥʥʷ, ʣʘʤʽʥʫʚʘʥʥʷ 
ʪʦʱʦ)
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ʈʠʩ. 3.28. ʅʝʜʦʣʽʢʠ ʬʣʝʢʩʦʛʨʘʬʽʯʥʦʛʦ ʜʨʫʢʫ 

 

ɸʥʘʣʽʟ ʷʢʦʩʪʽ ʧʘʢʫʚʘʣʴʥʦʾ ʧʨʦʜʫʢʮʽʾ ʷʢ ʙʘʛʘʪʴʦʭ ʧʨʦʜʫʢʪʽʚ ʫ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʙʘʟʫʻʪʴʩʷ ʥʘ ʤʝʪʦʜʘʭ ʪʘ ʘʣʛʦʨʠʪʤʘʭ, ʱʦ ʚʠʢʦʥʫʶʪʴ ʢʦʥʢʨʝʪʥʽ 

ʟʘʚʜʘʥʥʷ ʚ ʧʨʦʮʝʩʽ ʢʦʥʪʨʦʣʶ ʾʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ, ʤʝʪʨʦʣʦʛʽʯʥʠʭ, ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

(ʙʝʟʧʝʯʥʦʩʪʽ, ʝʢʦʣʦʛʽʯʥʦʩʪʽ, ʝʨʛʦʥʦʤʽʯʥʦʩʪʽ, ʥʘʜʽʡʥʦʩʪʽ ʪʦʱʦ) ʧʦʢʘʟʥʠʢʽʚ. ɺʦʥʠ 

ʚ ʦʩʥʦʚʥʦʤʫ ʧʦʚ'ʷʟʘʥʽ ʟʽ ʩʪʘʪʠʩʪʠʯʥʠʤ ʢʦʥʪʨʦʣʝʤ ʧʨʦʮʝʩʽʚ, ʚʢʣʶʯʘʶʯʠ ʘʥʘʣʽʟ 

ʤʦʞʣʠʚʦʩʪʝʡ ʧʨʦʮʝʩʫ ʘʙʦ ʜʨʫʢʘʨʩʴʢʦʾ ʤʘʰʠʥʠ, ʢʦʥʪʨʦʣʴ  ʪʘ ʘʥʘʣʽʟ ʚʠʤʽʨʶʚʘʥʴ 

ʧʦʢʘʟʥʠʢʽʚ, ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʾʭ ʧʘʨʘʤʝʪʨʽʚ, ʧʣʘʥʫʚʘʥʥʷ 

ʚʠʧʨʦʙʫʚʘʥʴ ʪʘ ʦʮʽʥʢʫ ʾʭ ʟʥʘʯʝʥʴ. ʄʝʪʦʜʠ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʜʨʫʢʫ ʥʘ ʧʘʢʦʚʘʥʥʽ 

ʦʭʦʧʣʶʶʪʴ ʚʽʟʫʘʣʴʥʽ, ʜʝʥʩʠʪʦʤʝʪʨʠʯʥʦ-ʢʦʣʦʨʠʤʝʪʨʠʯʥʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ 

ʧʦʢʘʟʥʠʢʠ. ɺʽʟʫʘʣʴʥʘ ʦʮʽʥʢʘ ʷʢʦʩʪʽ ʚʽʜʪʚʦʨʝʥʥʷ ʪʦʥʦʚʠʭ, ʰʪʨʠʭʦʚʠʭ ʯʠ 

ʨʘʩʪʨʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʥʘ ʚʽʜʙʠʪʢʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʩʧʦʞʠʚʘʯʝʤ ʤʝʪʦʜʦʤ ʦʛʣʷʜʫ. ʋ 

ʨʘʟʽ ʚʽʟʫʘʣʴʥʦʾ ʦʮʽʥʢʠ ʜʨʫʢʘʨʩʴʢʦʛʦ ʚʽʜʙʠʪʢʫ ʫ ʜʦʙʨʝ ʦʩʚʽʪʣʝʥʦʤʫ ʤʽʩʮʽ 

ʧʝʨʝʚʽʨʷʶʪʴ  ʯʠ ʥʝʤʘʻ ʜʝʬʝʢʪʽʚ ʥʘ ʦʙʦʭ ʩʪʦʨʦʥʘʭ ʚʽʜʙʠʪʢʫ, ʪʘʢʠʭ ʷʢ ʧʦʜʨʷʧʠʥʠ, 

ʜʝʬʝʢʪʠ ʧʦʢʨʠʪʪʷ, ʜʨʽʙʥʽ ʪʦʯʢʠ (ʚʢʣʶʯʝʥʥʷ), ʩʪʦʨʦʥʥʽ ʪʽʣʘ, ʩʢʣʘʜʢʠ, 

ʥʝʨʽʚʥʦʤʽʨʥʘ ʧʨʦʟʦʨʽʩʪʴ ʘʙʦ ʛʣʘʜʢʽʩʪʴ ʪʦʱʦ. 
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ʋ ʨʘʟʽ ʚʽʟʫʘʣʴʥʦʾ ʦʮʽʥʢʠ  ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʨʽʚʥʷʥʥʷ ʢʦʣʴʦʨʽʚ ʟʽ ʩʪʘʥʜʘʨʪʦʤ 

ʣhʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ ʟ ʝʪʘʣʦʥʥʠʤ ʩʚʽʪʣʦʤ ʟ ʚʽʜʩʪʘʥʽ ʙʣʠʟʴʢʦ 50 ʩʤ. 

ɼʝʥʩʠʪʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʚʠʤʽʨʶʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʝʥʩʠʪʦʤʝʪʨʽʚ ʽ 

ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʫʚʘʪʠ ʪʘʢʫ ʽʥʬʦʨʤʘʮʽʶ, ʷʢ ʪʦʚʱʠʥʘ ʬʘʨʙʠ, ʢʦʥʪʨʘʩʪ ʜʨʫʢʫ, 

ʦʧʪʠʯʥʘ ʱʽʣʴʥʽʩʪʴ ʨʘʩʪʨʦʚʦʛʦ ʧʦʢʨʠʪʪʷ. ʂʦʣʦʨʠʤʝʪʨʽʷ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʢʦʣʽʨ ʫ ʩʠʩʪʝʤʽ L * a * b * ʽ ʨʦʟʨʘʭʫʚʘʪʠ ʪʦʯʥʽʩʪʴ ʚʽʜʪʚʦʨʝʥʥʷ 

ʢʦʣʴʦʨʫ. ʈʽʟʥʠʮʷ ʤʽʞ ʜʚʦʤʘ ʢʦʣʴʦʨʘʤʠ ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ȹE. ɿʘʚʜʷʢʠ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʽʾ ʘʙʦ ʢʦʣʦʨʠʤʝʪʨʽʾ ʦʪʨʠʤʫʻʤʦ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʢʦʣʴʦʨʦʚʠʡ 

ʚʽʜʪʽʥʦʢ ʪʘ ʡʦʛʦ ʥʘʩʠʯʝʥʽʩʪʴ. ɿʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʫ ʬʣʝʢʩʦʛʨʘʬʽʯʥʦʤʫ ʜʨʫʮʽ 

ʚʠʩʦʢʦʝʣʘʩʪʠʯʥʠʭ ʬʦʨʤ ʽ ʤʽʥʽʤʘʣʴʥʦʤʫ ʪʠʩʢʫ ʫ ʟʦʥʽ ʜʨʫʢʘʨʩʴʢʦʛʦ ʢʦʥʪʘʢʪʫ 

ʤʦʞʣʠʚʝ ʚʠʩʦʢʦʷʢʽʩʥʝ ʜʨʫʢʫʚʘʥʥʷ ʥʘ ʤʽʢʨʦ-ʽ ʛʦʬʨʦʢʘʨʪʦʥʽ. ɺʘʞʣʠʚʠʤ 

ʬʘʢʪʦʨʦʤ, ʷʢʠʡ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ ʜʨʫʮ ̔ ʻ ʷʢʽʩʪʴ ʛʦʬʨʦʢʘʨʪʦʥʫ, ʡʦʛʦ 

ʢʦʥʜʠʮʽʡʥʽʩʪʴ (ʚʦʣʦʛʽʩʪʴ ʽ ʪʝʤʧʝʨʘʪʫʨʘ). ʌʘʨʙʘ, ʷʢ ʚʽʜʦʤʦ, ʟʘʢʨʽʧʣʶʻʪʴʩʷ 

ʚʩʦʪʫʚʘʥʥʷʤ. ʂʦʣʠ ʢʘʨʪʦʥ ʚʦʣʦʛʠʡ, ʚʽʥ ʧʦʛʘʥʦ ʚʙʠʨʘʪʠʤʝ ʬʘʨʙʫ ʽ ʤʦʞʝ 

ʚʠʥʠʢʥʫʪʠ ʝʬʝʢʪ çʧʨʘʣʴʥʦʾ ʜʦʰʢʠè. 

ʌʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʛʦʬʨʦʢʘʨʪʦʥʫ ʪʘʢʦʞ ʚʧʣʠʚʘʶʪʴ ʥʘ ʷʢʽʩʪʴ 

ʬʣʝʢʩʦʜʨʫʢʫ. ʏʠʤ ʚʠʱʘ ʛʣʘʜʢʽʩʪʴ, ʯʠʤ ʰʦʨʩʪʢʽʰʠʡ ʢʘʨʪʦʥ, ʪʠʤ ʷʢʽʩʥʽʰʠʡ ʜʨʫʢ 

ʥʘ ʥʴʦʤʫ. ɸʣʝ ʜʝʢʦʣʠ, ʱʦʙ ʟʙʽʣʴʰʠʪʠ ʛʣʘʜʢʽʩʪʴ, ʢʘʨʪʦʥ ʧʽʜʜʘʶʪʴ ʩʠʣʴʥʦʤʫ 

ʢʘʣʘʥʜʨʫʚʘʥʥʶ. ɺʽʜʦʤʦ, ʱʦ ʯʠʤ ʙʽʣʴʰʝ ʫ ʬʘʨʙʽ ʩʤʦʣ, ʪʠʤ ʢʨʘʱʝ ʚʦʥʘ 

ʟʤʦʯʫʚʘʪʠʤʝ ʪʘʢʠʡ ʢʘʣʘʥʜʨʦʚʘʥʠʡ ʢʨʝʡʜʦʚʘʥʠʡ ʢʘʨʪʦʥ. ʊʦʤʫ ʚʦʜʥʦ-ʩʧʠʨʪʦʚʽ 

ʬʘʨʙʦʚʽ ʩʫʤʽʰʽ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʜʨʫʢʫ ʷʢ ʪʘʢʽ, ʱʦ ʤʘʶʪʴ ʢʨʘʱʫ ʟʤʦʯʫʚʘʥʽʩʪʴ.  

ʇʨʠ ʚʝʣʠʢʠʭ ʧʣʦʱʘʭ ʟʘʜʨʫʢʦʚʫʚʘʥʥʷ ʬʘʨʙʘ ʧʦʚʠʥʥʘ ʰʚʠʜʢʦ ʚʠʩʠʭʘʪʠ. ɸ 

ʜʣʷ ʮʴʦʛʦ ʧʦʪʨʽʙʥʦ ʟʙʽʣʴʰʠʪʠ ʾ ʾ ʨʅ ʜʦʜʘʚʘʥʥʷʤ ʚʦʜʥʦ-ʩʧʠʨʪʦʚʠʭ ʩʫʤʽʰʝʡ, ʩʤʦʣ. 

ɼʣʷ ʢʨʘʱʦʛʦ ʟʘʢʨʽʧʣʝʥʥʷ ʬʘʨʙ ʤʦʞʥʘ ʟʤʽʥʠʪʠ ʧʦʨʷʜʦʢ ʥʘʢʣʘʜʘʥʥʷ ʬʘʨʙ. ɼʣʷ 

ʧʨʠʩʢʦʨʝʥʥʷ ʚʠʩʠʭʘʥʥʷ ʬʘʨʙʦʚʦʛʦ ʰʘʨʫ  ʟʙʽʣʴʰʫʶʪʴ ʧʦʚʽʪʨʷʥʠʡ ʦʙʜʫʚ. 

ɿʘ ʜʦʩʣʽʜʞʝʥʥ̫ ʤʠ ʩʧʝʮʽʘʣʽʩʪʽʚ ʽʩʥʫʻ ʩʪʘʪʠʩʪʠʢʘ ʧʨʠʯʠʥ ʧʦʷʚʠ ʜʝʬʝʢʪʽʚ, 

ʷʢʘ ʚʨʘʭʦʚʫʻ ʧô̫ ʪʴ ʧʘʨʘʤʝʪʨʽʚ: ʟʘʜʨʫʢʦʚʫʚʘʥʠʡ ʤʘʪʝʨʽʘʣ, ʥʘʣʘʰʪʫʚʘʥʥʷ 

ʜʨʫʢʘʨʩʴʢʦʾ ʤʘʰʠʥʠ, ʪʠʧ ʜʨʫʢʘʨʩʴʢʦʾ ʬʦʨʤʠ (ʚʠʜ ʧʣʘʩʪʠʥʠ, ʢʣʽʰʝ), ʚʣʘʩʪʠʚʦʩʪʽ 

ʬʘʨʙ, ʢʚʘʣʽʬʽʢʘʮʽʷ ʦʧʝʨʘʪʦʨʘ-ʜʨʫʢʘʨʷ (ʨʠʩ. 3.29). 
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ʈʠʩ. 3.29. ʄʦʞʣʠʚʽ ʧʨʠʯʠʥ ʧʦʷʚʠ ʜʝʬʝʢʪʽʚ ʫ ʬʣʝʢʩʦʛʨʘʬʽʯʥʦʤʫ ʜʨʫʮʽ ʥʘ 

ʛʦʬʨʦʢʘʨʪʦʥʽ 

 

ʈʦʟʛʣʷʥʝʤʦ ʜʝʬʝʢʪʠ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʬʣʝʢʩʦʛʨʘʬʽʯʥʦʤʫ  ʜʨʫʮʽ ʥʘ ʤʽʢʨʦ- 

ʽ ʛʦʬʨʦʢʘʨʪʦʥʽ (ʪʘʙʣʠʮʷ 3.7) ʽ ʧʨʦʘʥʘʣʽʟʫʻʤʦ ʧʨʠʯʠʥʠ ʾʭ ʧʦʷʚʠ ʪʘ ʤʝʪʦʜʠ 

ʫʩʫʥʝʥʥʷ . 

ʊʘʙʣʠʮʷ 3.7 

ɼʝʬʝʢʪʠ ʫ ʬʣʝʢʩʦʛʨʘʬʽʯʥʦʤʫ ʜʨʫʮʽ ʥʘ ʛʦʬʨʦʢʘʨʪʦʥʽ ʤʝʪʦʜʦʤ postprint 

 ̄ ʅʘʟʚʘ ʜʝʬʝʢʪʫ ɺʠʛʣʷʜ ʜʝʬʝʢʪʫ ʥʘ ʚʽʜʙʠʪʢʫ 

1 ʥʝʧʨʦʜʨʫʢʦʚʫʚʘʥʥʷ ʚʽʜʙʠʪʢʫ ʚ ʟʦʥʽ 

ʟʘʛʣʠʙʣʝʥʥʷ ʛʦʬʨʠ ʥʘ 

ʤʽʢʨʦʛʦʬʨʦʢʘʨʪʦʥʽ 

 

2 ʫʪʚʦʨʝʥʥʷ ʤʘʨʘʰʦʢ ʥʘ ʚʽʜʙʠʪʢʫ 

(ʮʝʥʪʨʘʣʴʥʦʾ ʧʣʷʤʠ ʟ ʙʽʣʠʤ ʦʨʝʦʣʦʤ) 

 

3,4 ʧʦʷʚʘ ʧʦʟʜʦʚʞʥʽʭ (3)ʘʙʦ ʧʦʧʝʨʝʯʥʠʭ 

(4)ʩʚʽʪʣʠʭ ʘʙʦ ʪʝʤʥʠʭ ʩʤʫʛ ʥʘ 

ʚʽʜʙʠʪʢʫ 

3  4 
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5 ʝʬʝʢʪ ʧʨʘʣʴʥʦʾ ʜʦʰʢʠ ʥʘ ʧʣʘʰʢʘʭ 

ʧʨʠ ʨʦʟʤʽʱʝʥʥʽ ʧʨʦʬʽʣʶ ʛʦʬʨʠ ʧʨʠ 

ʥʘʧʽʚʪʦʥʦʚʦʤʫ ʨʘʩʪʨʦʚʦʤʫ ʜʨʫʮʽ 

  

6 ʭʘʦʪʠʯʥʦ ʥʝʟʘʜʨʫʢʦʚʘʥʽ ʧʣʷʤʠ ʯʝʨʝʟ 

ʟʘʤʠʥʘʥʥʷ ʥʘ ʢʘʨʪʦʥʽ (ʘ);  

ʟʘʧʦʚʥʝʥʥʷ ʧʣʷʤ ʬʘʨʙʦʶ ʥʘ 

ʥʘʩʪʫʧʥʦʤʫ ʘʨʢʫʰʽ (ʙ)   

 

ʘ                           ʙ 

7 ʝʬʝʢʪ Pinholing (ʧʦʷʚʘ ʧʣʷʤ-

ʥʝʧʨʦʜʨʫʢʽʚ ʥʘ ʟʦʙʨʘʞʝʥʥʽ 

 

8 ʙʨʫʜʥʠʡ ʜʨʫʢ (ʨʦʟʪʠʩʢʫʚʘʥʥʷ), ʢʦʣʠ 

ʬʘʨʙʘ ʚʠʪʽʢʘʻ ʟʘ ʤʝʞʽ ʜʨʫʢʘʨʩʴʢʦʛʦ 

ʝʣʝʤʝʥʪʫ, ʣʽʥʽʷ ʰʪʨʠʭʘ 0.5 ʤʤ ʩʪʘʻ 

ʚʜʚʽʯʽ ʛʨʫʙʰʦʶ 

 

9 ʤʘʨʘʰʢʠ, ʙʨʫʜʥʽ ʧʣʷʤʠ, ʷʢʽ 

ʥʘʢʣʘʜʘʶʪʴʩʷ ʥʘ ʩʚʽʪʣʽ ʤʽʩʮʷ ʧʣʘʰʢʠ 

ʥʘ ʚʽʜʙʠʪʢʫ 

 

10 ʩʤʫʛʘʩʪʽʩʪʴ  

(ʯʝʨʛʦʚʽʩʪʴ ʧʦʷʚʠ ʩʚʽʪʣʠʭ ʽ ʪʝʤʥʠʭ 

ʩʤʫʛ) 
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11 ʬʘʨʙʘ ʚʠʨʠʚʘ ̒ʚʦʣʦʢʥʘ ʟ ʣʘʡʥʝʨʘ ʧʨʠ 

ʜʨʫʢʫʚʘʥʥʽ ʥʘ ʛʦʬʨʦʢʘʪʦʥʽ 

 

12 (ghosting) ï ʥʝʯʽʪʢʠʡ ʜʨʫʢ 

ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʛʨʫʙʠʭ ʣʽʥʽʷʭ 

ʩʫʮʽʣʴʥʦʛʦ ʟʘʜʨʫʢʫ ʧʣʦʱʠʥʠ 

ʚʽʜʙʠʪʢʫ 

 

13 ʥʘʜʤʽʨʥʠʡ ʧʨʠʨʽʩʪ ʨʘʩʪʨʦʚʠʭ ʧʫʥʢʪʽʚ 

 

14 ʟʤʽʥʘ ʢʦʥʪʨʘʩʪʫ ʧʽʜ ʯʘʩ ʜʨʫʢʫʚʘʥʥʷ 

 

15 ʙʨʘʢ ʨʘʩʪʨʦʚʠʭ ʧʫʥʢʪʽʚ (ʤʘʣʽ ʨʘʩʪʨʦʚʽ 

ʝʣʝʤʝʥʪʠ ʥʝ ʧʨʦʜʨʫʢʦʚʫʶʪʴʩʷ) 

 

16 ʟʤʽʥʘ ʢʦʣʴʦʨʫ ʚ ʧʨʦʮʝʩʽ ʜʨʫʢʫʚʘʥʥʷ 

     

 

ʏʘʩʪʦ ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʥʝʧʨʦʜʨʫʢʦʚʫʚʘʥʥʷ ʚʽʜʙʠʪʢʫ ʚ ʟʦʥʽ ʟʘʛʣʠʙʣʝʥʥʷ ʛʦʬʨʠ 

ʥʘ ʤʽʢʨʦʛʦʬʨʦʢʘʨʪʦʥʽ (ʧʦʟʠʮʽʷ1). ʇʨʠʯʠʥʦʶ ʚʠʥʠʢʥʝʥʥʷ ʜʘʥʦʛʦ ʜʝʬʝʢʪʫ ʤʦʞʝ 

ʙʫʪʠ ʞʦʨʩʪʢʠʡ ʜʨʫʢʘʨʩʴʢʠʡ ʮʠʣʽʥʜʨ, ʟʘʚʝʣʠʢʠʡ ʧʝʨʝʜʥʽʡ ʢʨʘʡ ʬʦʨʤʠ, 

ʥʝʜʦʩʪʘʪʥʽʡ ʪʠʩʢ ʜʨʫʢʫ, ʥʝʧʨʘʚʠʣʴʥʠʡ ʪʠʩʢ ʬʘʨʙʠ (ʘʥʽʣʦʢʩʦʚʠʡ ʚʘʣʠʢ), ʙʨʘʢ 

ʬʘʨʙʠ, ʥʝʧʨʘʚʠʣʴʥʠʡ ʧʦʪʽʢ ʬʘʨʙʠ ʚʽʜ ʣʽʥʽʾ ʜʦ ʟʘʢʨʠʪʦʛʦ ʬʘʨʙʦʚʦʛʦ ʙʣʦʢʫ, 

ʟʥʦʰʝʥʘ ʜʨʫʢʘʨʩʴʢʘ ʬʦʨʤʘ, ʥʝʷʢʽʩʥʘ ʦʙʨʦʙʢʘ ʧʣʘʩʪʠʥʠ. ʑʦʙ ʫʩʫʥʫʪʠ ʜʘʥʠʡ 

ʜʝʬʝʢʪ ʩʣʽʜ ʟʤʝʥʰʠʪʠ ʰʚʠʜʢʽʩʪʴ ʜʨʫʢʫʚʘʥʥʷ. ʏʘʩʪʦ ʧʨʠ ʜʨʫʢʫʚʘʥʥ ̔ ʥʘ 

ʢʨʝʡʜʦʚʘʥʽʡ ʧʦʚʝʨʭʥʽ ʣʘʡʥʝʨʫ ʫʪʚʦʨʶʻʪʴʩʷ ʧʦʨʦʭ, ʷʢʠʡ ʦʩʽʜʘʻ ʥʘ ʚʽʜʙʠʪʢʫ ʟ 
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ʫʪʚʦʨʝʥʥʷʤ ʤʘʨʘʰʦʢ (ʮʝʥʪʨʘʣʴʥʦʾ ʧʣʷʤʠ ʟ ʙʽʣʠʤ ʦʨʝʦʣʦʤ) (ʧʦʟʠʮʽʷ 2). ʋʩʫʥʫʪʠ 

ʪʘʢʠʡ ʜʝʬʝʢʪ ʤʦʞʥʘ ʟʙʽʣʴʰʫʶʯʠ ʪʠʩʢ ʤʽʞ ʬʦʨʤʦʶ ʽ ʘʥʽʣʦʢʩʦʤ (ʟʤʝʥʰʫʶʯʠ 

ʚʽʜʜʘʣʴ ʤʽʞ ʚʘʣʠʢʘʤʠ ʥʘ 0,2 ʤʤ), ʱʦʙ ʟʘʙʨʘʪʠ ʜʨʽʙʥʠʡ ʧʦʨʦʭ ʘʙʦ ʚʩʪʘʥʦʚʠʪʠ ʥʘ 

ʤʘʰʠʥʽ ʧʨʦʪʠʚʽʜʧʠʣʶʶʯʽ ʧʨʠʩʪʨʦʾ. ʊʝʭʥʦʣʦʛʽʯʥʽ ʽʥʩʪʨʫʢʮʽʾ ʨʝʢʦʤʝʥʜʫʶʪʴ 

ʧʦʢʨʠʪʠ ʪʘʢʠʡ ʛʦʬʨʦʢʘʨʪʦʥ ʛʨʫʥʪʦʚʢʦʶ (ʟʤʝʥʰʫʶʯʠ ʧʠʣʽʥʥʷ ʥʘ 30%). ɼʦ 

ʜʝʬʝʢʪʽʚ ʬʣʝʢʩʦʜʨʫʢʫ ʥʘʣʝʞʠʪʴ ʪʘʢʦʞ ʧʦʷʚʘ ʧʦʟʜʦʚʞʥʽʭ (ʧʦʟʠʮʽʷ 3) ʘʙʦ 

ʧʦʧʝʨʝʯʥʠʭ ʩʚʽʪʣʠʭ ʘʙʦ ʪʝʤʥʠʭ ʩʤʫʛ ʥʘ ʚʽʜʙʠʪʢʫ (ʧʦʟʠʮʽʷ 4). ʋ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ 

ʯʝʨʝʟ ʩʧʣʶʩʥʫʪʠʡ ʣʘʡʥʝʨ, ʟôʷʚʣʷʻʪʴʩʷ ʨʝʣʴʻʬʥʘ ʩʤʫʛʘ ʫ ʤʽʩʮʽ ʦʩʥʦʚʠ ʛʦʬʨʠ. 

ʉʚʽʪʣʽ ʩʤʫʛʠ ʚʠʥʠʢʘʶʪʴ ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʬʘʨʙʠ ʥʘ ʛʦʬʨʽ, ʚʽʜʢʣʘʜʘʥʥʷ ʙʨʫʜʫ ʥʘ 

ʧʦʣʦʪʥʽ ʥʝʛʘʪʠʚʥʦʛʦ ʨʘʢʝʣʷ; ʪʝʤʥʽ ʩʤʫʛʠ ʩʧʨʠʯʠʥʷʻ ʜʝʬʦʨʤʘʮʽʷ ʘʙʦ ʝʨʦʟʽʷ 

ʨʝʚʝʨʩʥʦʛʦ ʨʘʢʝʣʷ, ʧʫʣʴʩʫʶʯʠʡ ʧʦʪʽʢ ʬʘʨʙʠ ʫ ʨʘʢʝʣʴʥʽʡ ʢʘʤʝʨʽ. ɼʣʷ ʫʩʫʥʝʥʥʷ ʾʭ 

ʩʣʽʜ ʚʽʜʨʝʛʫʣʶʚʘʪʠ ʩʠʩʪʝʤʫ ʧʦʜʘʚʘʥʥʷ ʛʦʬʨʦʢʘʨʪʦʥʫ, ʧʦʯʠʩʪʠʪʠ ʘʙʦ ʟʘʤʽʥʠʪʠ 

ʨʘʢʝʣʴʥʝ ʧʦʣʦʪʥʦ. 

ɸʥʘʣʽʟ ʚʽʜʙʠʪʢʽʚ ʧʦʢʘʟʫʻ, ʱʦ ʯʘʩʪʦ ʧʨʠ ʜʨʫʮ ̔ʥʘ ʛʦʬʨʦʢʘʨʪʦʥʽ ʚʠʥʠʢʘʻ 

ʪʘʢʠʡ ʜʝʬʝʢʪ ʷʢ çʧʨʘʣʴʥʘ ʜʦʰʢʘè, ʩʧʨʠʯʠʥʝʥʠʡ ʥʝʧʨʦʜʨʫʢʦʚʫʚʘʥʥʷʤ ʚʽʜʙʠʪʢʫ ʚ 

ʟʦʥʽ ʟʘʛʣʠʙʣʝʥʥʷ ʛʦʬʨʠ (ʧʦʟʠʮʽʷ 5) ʥʘ ʧʣʘʰʢʘʭ ʧʨʠ ʨʦʟʤʽʱʝʥʥʽ ʧʨʦʬʽʣʶ ʛʦʬʨʠ 

ʧʨʠ ʥʘʧʽʚʪʦʥʦʚʦʤʫ ʨʘʩʪʨʦʚʦʤʫ ʜʨʫʮʽ. ʆʧʪʠʯʥʘ ʛʫʩʪʠʥʘ ʢʦʣʴʦʨʦʚʦʛʦ ʚʽʜʙʠʪʢʫ 

ʚʠʱʘ ʥʘ ʚʝʨʰʠʥʽ ʛʦʬʨʠ ʯʝʨʝʟ ʨʦʟʪʠʩʢʫʚʘʥʥʷ ʨʘʩʪʨʦʚʦʾ ʢʨʘʧʢʠ ʚʥʘʩʣʽʜʦʢ ʦʧʦʨʫ 

ʛʦʬʨʠ ʩʪʠʩʢʫʚʘʥʥʶ. ɯʥʦʜʽ ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʧʨʠ ʜʨʫʮ ̔ʥʘ ʛʦʬʨʦʢʘʨʪʦʥʽ ʩʤʫʛʘʩʪʽʩʪʴ 

(ʯʝʨʛʦʚʽʩʪʴ ʧʦʷʚʠ ʩʚʽʪʣʠʭ ʽ ʪʝʤʥʠʭ ʩʤʫʛ), ʧʨʠʯʠʥʦʶ ʯʦʛʦ ʤʦʞʝ ʙʫʪʠ ʚʽʙʨʘʮʽʷ 

ʤʘʰʠʥʠ, ʪʦʤʫ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʧʨʠʯʠʥʫ ʾʾ ʧʦʷʚʠ, ʘ ʪʘʢʦʞ ʟʙʽʣʴʰʠʪʠ 

ʰʚʠʜʢʩ̔ʪɹ ʜʨʫʢʫ. ʊʦʤʫ ʚʘʞʣʠʚʦ ʟʥʘʪʠ ʧʦʚʝʜʽʥʢʫ ʰʘʨʽʚ ʛʦʬʨʦʢʘʨʪʦʥʫ ʧʨʠ ʜʨʫʮʽ. 

ʇʨʠʯʠʥʦʶ ʤʦʞʝ ʙʫʪʠ ʥʝʧʨʘʚʠʣɹ ʥʠʡ ʚʠʙʽʨ ʣʘʡʥʝʨʫ ʜʣʷ ʜʨʫʢʫ. ʇʨʠ ʢʦʤʙʽʥʘʮʽʾ 

ʧʨʦʬʽʣʶ ɽ ʽ ɺ, ʧʨʦʬʽʣʴ ɺ ʽʥʦʜʽ ʤʦʞʝ ʧʨʦʷʚʣʷʪʠʩʷ, ʘ ʪʘʢʦʞ ʥʝʧʨʘʚʠʣʴʥʘ ʪʦʚʱʠʥʘ 

ʜʨʫʢʘʨʩʴʢʦʾ ʬʦʨʤʠ. ʇʨʠ ʜʨʫʮʽ ʧʦ ʢʨʝʡʜʦʚʘʥʦʤʫ ʢʘʨʪʦʥʽ ʬʣʶʪʠʥʛ ʥʝ ʧʦʚʠʥʝʥ 

ʙʫʪʠ ʞʦʨʩʪʢʠʤ ʽ ʘʙʨʘʟʠʚʥʠʤ, ʪʘʢ ʷʢ ʢʨʝʡʜʦʚʘʥʠʡ ʰʘʨ ʥʘ ʚʝʨʰʠʥʘʭ ʛʦʬʨʠ ʤʦʞʝ  

ʩʪʠʨʘʪʠʩʷ. ʑʦʙ ʫʩʫʥʠʪʠ ʜʝʬʝʢʪ ʩʣʽʜ ʟʤʽʥʠʪʠ ʣʘʡʥʝʨ ʘʙʦ ʧʨʦʩʫʰʠʪʠ 

ʛʦʬʨʦʢʘʨʪʦʥ. ɼʣʷ ʛʦʬʨʠ ʪʠʧʫ ɸ, ɺ, ʉ ʥʝ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʬʦʨʤʥʽ ʧʣʘʩʪʠʥʠ ʟ ʪʚʝʨʜʽʩʪʶ ʙʽʣʴʰʝ, ʥʽʞ 32 ʛʨʘʜʫʩʠ ʧʦ ʐʦʨʫ ɸ, ʪʦʚʱʠʥʘ ʬʦʨʤʠ 

ʧʦʚʠʥʥʘ ʙʫʪʠ ʚʽʜ 3,9 ʜʦ 4,32. ʅʝ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʪʦʚʱʠʥʘ ʬʦʨʤʠ 2,84 ʟ ʤôʷʢʦʶ 
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ʤʦʥʪʘʞʥʦʶ ʩʪʨʽʯʢʦʶ. ɯʥʦʜʽ ʚʠʥʠʢʘʻ ʜʝʬʦʨʤʘʮʽʷ ʣʘʡʥʝʨʫ: (ʧʦʟʠʮʽʷ 6ʘ) ʭʘʦʪʠʯʥʦ 

ʥʝʟʘʜʨʫʢʦʚʘʥʽ ʧʣʷʤʠ ʯʝʨʝʟ ʟʘʤʠʥʘʥʥʷ ʥʘ ʢʘʨʪʦʥʽ; ʟʘʧʦʚʥʝʥʥʷ ʧʣʷʤ ʬʘʨʙʦʶ ʥʘ 

ʥʘʩʪʫʧʥʦʤʫ ʘʨʢʫʰʽ (ʧʦʟʠʮʽʷ 6ʙ). ʎʝ ʚʠʥʠʢʘʻ ʯʝʨʝʟ ʧʦʛʘʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ 

ʜʨʫʢʘʨʩʴʢʦʾ ʩʝʢʮʽʾ ʪʘ ʩʪʠʩʥʝʥʥʷ ʘʨʢʫʰʘ ʚ ʩʠʩʪʝʤʽ ʧʨʠʚʝʜʝʥʥʷ. ʑʦʙ ʫʩʫʥʠʪʠ ʮʝ 

ʩʣʽʜ ʧʦʣʽʧʰʠʪʠ ʫʢʣʘʜʘʥʥʷ ʛʦʬʨʦʢʘʨʪʦʥʫ ʥʘ ʧʘʣʝʪʠ ʪʘ ʧʝʨʝʚʽʨʠʪʠ ʢʦʨʝʢʪʥʽʩʪʴ 

ʨʦʙʦʪʠ ʜʨʫʢʘʨʩʴʢʦʾ ʩʝʢʮʽʾ. ɽʬʝʢʪ Pinholing (ʧʦʷʚʘ ʧʣʷʤ-ʥʝʧʨʦʜʨʫʢʽʚ ʥʘ 

ʟʦʙʨʘʞʝʥʥʽ) (ʧʦʟʠʮʽʷ 7) ʚʠʥʠʢʘʻ ʯʝʨʝʟ ʟʘʙʨʫʜʥʝʥʥʷ ʬʘʨʙʠ ʇɸʈ, ʩʠʣʽʢʦʥʦʚʠʤʠ 

ʝʤʫʣʴʩʽʷʤʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʢʦʥʩʝʨʚʘʮʽʾ ʨʘʢʝʣʽʚ, ʢʦʣʠ ʬʘʨʙʘ ʤʽʩʪʠʪʴ 

ʥʘʜʣʠʰʦʢ ʜʦʤʽʰʦʢ (ʚʦʩʢʫ, ʧʨʦʪʠʚʩʧʽʥʶʚʘʯʽʚ). ʑʦʙ ʫʩʫʥʠʪʠ ʜʝʬʝʢʪ 

ʨʝʢʦʤʝʥʜʫʶʪʴ ʟʤʽʥʠʪʠ ʬʦʨʤʫ ʘʙʦ ʬʘʨʙʫ ʪʘ ʧʦʤʠʪʠ ʬʘʨʙʦʚʫ ʩʠʩʪʝʤʫ. 

ʅʘʡʧʦʰʠʨʝʥʽʰʠʡ ʜʝʬʝʢʪ ï ʙʨʫʜʥʠʡ ʜʨʫʢ (ʧʦʟʠʮʽʷ 8), ʨʦʟʪʠʩʢʫʚʘʥʥʷ, ʢʦʣʠ ʬʘʨʙʘ 

ʚʠʪʽʢʘʻ ʟʘ ʤʝʞʽ ʜʨʫʢʘʨʩʴʢʦʛʦ ʝʣʝʤʝʥʪʫ, ʣʽʥʽʷ ʰʪʨʠʭʘ 0,5 ʤʤ ʩʪʘʻ ʚʜʚʽʯʽ ʛʨʫʙʰʦʶ. 

ʇʨʠʯʠʥʦʶ ʤʦʞʝ ʙʫʪʠ ʥʝʷʢʽʩʥʘ ʧʦʰʢʦʜʞʝʥʘ ʙʨʫʜʥʘ ʬʦʨʤʘ; ʟʘʚʝʣʠʢʠʡ ʦʙôʻʤ 

ʬʘʨʙʠ ʫ ʤʘʰʠʥʽ, ʪʘʢ ʷʢ ʧʝʨʝʪʠʩʥʫʪʠʡ ʟʘʟʦʨ ʤʽʞ ʘʥʽʣʦʢʩʦʚʠʤ ʚʘʣʠʢʦʤ ʽ ʬʦʨʤʦʶ; 

ʚʠʩʦʢʘ ʚôʷʟʢʽʩʪʴ ʬʘʨʙʠ, ʚʩʧʽʥʝʥʘ ʬʘʨʙʘ; ʜʨʫʢʘʨʝʤ ʚʠʩʪʘʚʣʝʥʦ ʚʠʩʦʢʠʡ ʪʠʩʢ ʤʽʞ 

ʬʦʨʤʥʠʤ ʽ ʜʨʫʢʘʨʩʴʢʠʤ ʮʠʣʽʥʜʨʦʤ. ʇʨʠʯʠʥʘ ʧʦʷʚʠ ʤʘʨʘʦhʢ, ʙʨʫʜʥʠʭ ʧʣʷʤ, ʷʢʽ 

ʥʘʢʣʘʜʘʶʪʴʩʷ ʥʘ ʩʚʽʪʣʽ ʤʽʩʮʷ ʧʣʘʰʢʠ ʥʘ ʚʽʜʙʠʪʢʫ (ʧʦʟʠʮʽʷ 9) ï ʤʘʰʠʥʘ ʧʦʜʘʻ 

ʟʘʙʘʛʘʪʦ ʬʘʨʙʠ ʥʘ ʘʥʽʣʦʢʩʦʚʠʡ ʚʘʣʠʢ. ɼʣʷ ʫʩʫʥʝʥʥʷ ʜʝʬʝʢʪʫ ʨʝʢʦʤʝʥʜʫʶʪʴ 

ʟʘʤʽʥʠʪʠ ʜʫʢʪʦʨʥʫ ʩʠʩʪʝʤʫ ʥʘ ʨʘʢʝʣʴʥʫ (ʘ ʜʣʷ ʨʘʢʝʣʴʥʦʾ ʩʠʩʪʝʤʠ ʟʤʽʥʠʪʠ ʥʦʞʽ); 

ʜʦʙʘʚʠʪʠ ʩʧʦʚʽʣʴʥʶʚʘʯ ʫ ʬʘʨʙʫ, ʙʦ ʚʦʥʘ ʰʚʠʜʢʦ ʩʦʭʥʝ ʽ ʧʦʛʘʥʦ ʨʦʟʯʠʥʷʻʪʴʩʷ; 

ʚʽʜʨʝʛʫʣʶʚʘʪʠ ʪʠʩʢ ʤʽʞ ʬʦʨʤʦʶ ʽ ʘʥʽʣʦʢʩʦʚʠʤ ʚʘʣʠʢʦʤ ʽ ʟʙʽʣʴʰʠʪʠ ʰʚʠʜʢʽʩʪʴ 

ʜʨʫʢʫʚʘʥʥʷ. ɯʥʦʜʽ ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʧʨʠ ʜʨʫʮ ̔ ʥʘ ʛʦʬʨʦʢʘʨʪʦʥʽ ʩʤʫʛʘʩʪʽʩʪʴ 

(ʯʝʨʛʦʚʽʩʪʴ ʧʦʷʚʠ ʩʚʽʪʣʠʭ ʽ ʪʝʤʥʠʭ ʩʤʫʛ) (ʧʦʟʠʮʽʷ 10) . ʇʦʷʚʘ ʜʝʬʝʢʪʫ ʩʧʨʠʯʠʥʝʥʘ 

ʚʽʙʨʘʮʽʻʶ ʤʘʰʠʥʠ, ʪʦʤʫ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʧʨʠʯʠʥʫ ʾʾ ʧʦʷʚʠ, ʘ ʪʘʢʦʞ 

ʟʙʽʣʴʰʠʪʠ ʰʚʠʜʢʦʩʪʽ ʜʨʫʢʫ ʜʦ 200 ʤ/ʭʚ.                                                     

ɺ ʧʨʦʮʝʩʽ ʜʨʫʢʫ ʬʘʨʙʘ ʤʦʞʝ ʚʠʨʠʚʘʪʠ ʚʦʣʦʢʥʘ ʧʘʧʝʨʫ ʧʨʠ ʜʨʫʢʫʚʘʥʥʽ ʥʘ 

ʛʦʬʨʦʢʘʨʪʦʥʽ (ʧʦʟʠʮʽʷ 11). ʇʨʠʯʠʥʦʶ ʮʴʦʛʦ ʤʦʞʝ ʙʫʪʠ ʚʠʩʦʢʘ ʛʫʩʪʠʥʘ ʬʘʨʙʠ 

(ʚʦʥʘ ʧʨʘʮʶʻ ʷʢ ʢʣʝʡ), ʪʦʤʫ ʩʣʽʜ ʾʾ ʨʦʟʙʘʚʠʪʠ ʨʦʟʯʠʥʥʠʢʦʤ, ʟʥʠʟʠʪʠ ʪʦʥʘʣʴʥʽʩʪʴ 

ʜʦ 270 ʘʙʦ 280%.   

ʑʝ ʦʜʥʘ ʚʘʜʘ ʜʨʫʢʫ (ghosting) (ʧʦʟʠʮʽʷ 12) ï ʥʝʯʽʪʢʠʡ ʜʨʫʢ ʟʦʙʨʘʞʝʥʥʷ ʥʘ 
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ʛʨʫʙʠʭ ʣʽʥʽʷʭ ʩʫʮʽʣʴʥʦʛʦ ʟʘʜʨʫʢʫ ʧʣʦʱʠʥʠ ʚʽʜʙʠʪʢʫ. ʆʩʦʙʣʠʚʦ ʮʝ ʧʦʤʽʪʥʦ ʥʘ 

ʪʝʤʥʠʭ ʜʽʣʷʥʢʘʭ ʟʦʙʨʘʞʝʥʥʷ. ʇʨʠʯʠʥʦʶ ʜʝʬʝʢʪʫ ʤʦʞʝ ʙʫʪʠ ʥʠʟʴʢʘ ʻʤʥʽʩʪʴ 

ʨʘʩʪʨʦʚʦʛʦ ʚʘʣʠʢʘ. ʄʦʞʣʠʚʽ ʧʨʠʯʠʥʠ ʥʘʜʤʽʨʥʦʛʦ ʧʨʠʨʦʩʪʫ ʨʘʩʪʨʦʚʦʛʦ ʧʫʥʢʪʫ 

(ʧʦʟʠʮʽʷ 13) ï ʥʘʜʤʽʨʥʠʡ ʪʠʩʢ ʜʨʫʢʫ, ʥʘʜʣʠʰʦʢ ʬʘʨʙʠ. ʗʢʱʦ ʧʽʚʪʦʥʦʚʘ ʪʦʯʢʘ 

ʦʚʘʣʴʥʘ ʚ ʧʦʟʜʦʚʞʥʴʦʤʫ ʥʘʧʨʷʤʢʫ, ʡʤʦʚʽʨʥʦʶ ʧʨʠʯʠʥʦʶ ʧʨʦʙʣʝʤʠ ʻ 

ʥʝʥʦʨʤʘʣʴʥʠʡ ʜʽʘʤʝʪʨ ʰʝʩʪʝʨʥʽ; ʜʨʫʢʘʨʩʴʢʘ ʬʦʨʤʘ ʤʦʞʝ ʤʘʪʠ ʙʽʣʴʰʫ ʘʙʦ ʤʝʥʰʫ 

ʪʦʚʱʠʥʫ, ʥʽʞ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ. ʄʦʞʣʠʚʽ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ: ʨʝʛʫʣʷʮʽʷ ʪʠʩʢʫ 

ʧʨʠ ʜʨʫʮ,̔ ʧʝʨʝʚʽʨʢʘ ʥʘʷʚʥʦʩʪʽ ʥʘʜʣʠʰʢʫ ʬʘʨʙʠ. ʗʢʱʦ ʨʘʩʪʨʦʚʘ ʩʪʨʫʢʪʫʨʘ ʥʘ 

ʜʨʫʢʘʨʩʴʢʽʡ ʬʦʨʤʽ ʟʥʦʰʝʥʘ, ʾʾ ʥʝʦʙʭʽʜʥʦ ʟʘʤʽʥʠʪʠ. ʊʘʢʠʡ ʜʝʬʝʢʪ, ʷʢ ʟʤʽʥʘ 

ʢʦʥʪʨʘʩʪʫ ʧʽʜ ʯʘʩ ʜʨʫʢʫʚʘʥʥʷ (ʧʦʟʠʮʽʷ 14), ʪʦʙʪʦ ʨʽʟʥʠʮʷ ʤʽʞ ʩʚʽʪʣʠʤʠ ʽ ʪʝʤʥʠʤʠ 

ʜʽʣʷʥʢʘʤʠ ʧʝʨʝʭʦʜʠʪʴ ʚ ʩʪʦʨʦʥʫ ʪʝʤʥʠʭ, ʧʦʚôʷʟʘʥʘ ʟʽ ʟʤʽʥʦʶ ʣʠʧʢʦʩʪʽ ʬʘʨʙʠ 

(ʚʦʥʘ ʟʨʦʩʪʘʻ). ʋʩʫʥʫʪʠ ʧʨʠʯʠʥʫ ʤʦʞʥʘ ʢʦʥʪʨʦʣʝʤ ʣʠʧʢʦʩʪʽ ʬʘʨʙʠ ʽ ʟʘʤʽʥʦʶ 

ʜʨʫʢʘʨʩʴʢʦʾ ʬʦʨʤʠ, ʷʢʘ ʧʦʰʢʦʜʞʝʥʘ. ɹʨʘʢ ʨʘʩʪʨʦʚʠʭ ʝʣʝʤʝʥʪʽʚ 

(ʥʝʧʨʦʜʨʫʢʫʚʘʥʥʷ ʤʘʣʠʭ ʨʘʩʪʨʽʚ) (ʧʦʟʠʮʽʷ 15) ʩʧʨʠʯʠʥʷʻ ʧʨʠʨʦʜʥʻ ʟʥʦʰʫʚʘʥʥʷ 

ʜʨʫʢʘʨʩʴʢʦʾ ʬʦʨʤʠ ʧʨʠ ʚʝʣʠʢʠʭ ʥʘʢʣʘʜʘʭ. ʎʝ ʷʚʠʱʝ ʙʽʣʴʰ ʧʦʰʠʨʝʥʝ ʚ ʦʙʣʘʩʪʷʭ 

ʧʽʜʩʚʽʯʫʚʘʥʥʷ, ʦʩʢʽʣʴʢʠ ʪʘʤ ʨʘʩʪʨʦʚʽ ʢʨʘʧʢʠ ʜʝʣʽʢʘʪʥʽʰʽ. 

ʄʦʞʣʠʚʝ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ: ʟʘʤʽʥʠʪʠ ʬʦʨʤʫ ʜʣʷ ʜʨʫʢʫ ʪʘ ʧʝʨʝʚʽʨʠʪʠ, 

ʷʢ ʜʦʚʛʦ ʬʦʨʤʘ ʚʠʪʨʠʤʘʻ ʚʠʨʦʙʥʠʯʠʡ ʧʨʦʮʝʩ. ʈʝʢʦʤʝʥʜʫʻʪʴʩʷ ʘʢʫʨʘʪʥʽʰʝ 

ʧʨʦʚʦʜʠʪʠ ʦʯʠʱʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʬʦʨʤʠ. ɿʘʟʚʠʯʘʡ ʥʝʜʦʣʽʢ ï ʟʤʽʥʘ ʢʦʣʴʦʨʫ ʚ 

ʧʨʦʮʝʩʽ ʜʨʫʢʫʚʘʥʥʷ (ʧʦʟʠʮʽʷ 16), ʧʦʚ'ʷʟʘʥʠʡ ʟ ʥʝʜʦʩʪʘʪʥʴʦʶ ʩʚʽʪʣʦʩʪʽʡʢʽʩʪʶ 

ʧʽʛʤʝʥʪʫ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʬʘʨʙʠ. ɺʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʽʛʤʝʥʪʥʦʾ ʬʘʨʙʠ ʟ ʢʨʘʱʦʶ ʩʚʽʪʣʦʩʪʽʡʢʽʩʪʶ. ɯʥʰʦʶ ʡʤʦʚʽʨʥʦʶ 

ʧʨʠʯʠʥʦʶ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʤʦʣ, ʱʦ ʤʽʩʪʷʪʴ ʘʨʦʤʘʪʠʯʥʽ ʢʽʣʴʮʷ, ʥʘʧʨʠʢʣʘʜ, 

ʬʫʤʘʨʦʚʫ ʘʙʦ ʬʝʥʦʣʴʥʫ ʩʤʦʣʫ, ʷʢʽ, ʥʘʧʨʠʢʣʘʜ, ʨʦʙʣʷʪʴ ʞʦʚʪʠʡ ʢʦʣʽʨ ʙʽʣʠʤ. 

ʄʦʞʣʠʚʽ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ: ʟʘʤʽʥʘ ʬʘʨʙʠ ʥʘ ʽʥʰʫ, ʙʽʣʴʰ ʩʪʽʡʢʫ ʜʦ ʩʚʽʪʣʘ. 

ɸʥʘʣʽʟ ʥʝʜʦʣʽʢʽʚ ʬʘʨʙʦʧʝʨʝʜʘʯʽ ʧʨʠ ʬʣʝʢʩʦʛʨʘʬʽʯʥʦʤʫ ʜʨʫʮʽ ʥʘ 

ʛʦʬʨʦʢʘʨʪʦʥʽ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.30. 
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ʈʠʩ. 3.30. ʄʦʞʣʠʚʽ ʥʝʜʦʣʽʢʠ ʬʘʨʙʦʧʝʨʝʜʘʯʽ ʧʨʠ ʬʣʝʢʩʦʜʨʫʮʽ ʥʘ 

ʛʦʬʨʦʢʘʨʪʦʥʽ 

 

ʏʘʩʪʦ ʚʠʥʠʢʘʻ ʪʘʢʠʡ ʜʝʬʝʢʪ, ʷʢ ʪʨʝʧʽʥʛ ʧʨʠ ʜʨʫʢʫʚʘʥʥ ̔ʙʘʛʘʪʦʬʘʨʙʦʚʠʭ 

ʟʦʙʨʘʞʝʥʴ. ʊʦʤʫ ʧʨʠ ʘʥʘʣʽʟ ̔ʤʝʪʦʜʠʢ ʦʮʽʥʶʚʘʥʥʷ çʪʨʝʧʽʥʛʫè  ʚʘʞʣʠʚʦ ʚʠʙʨʘʪʠ 

ʪʫ, ʷʢʘ ʚʩʝʩʪʦʨʦʥʥʴʦ ʚʨʘʭʦʚʫʚʘʪʠʤʝ ʚʩʽ ʬʘʢʪʦʨʠ ʚʧʣʠʚʫ. ʉʫʯʘʩʥʠʡ 

ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʜʨʫʢʫʚʘʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʝʟʣʽʯʽ ʪʝʭʥʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, 

ʷʢʠʤʠ ʥʝʦʙʭʽʜʥʦ ʢʝʨʫʚʘʪʠ, ʱʦʙ ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʢʦʥʪʨʦʣʶʚʘʪʠ ʽ 

ʇʦʚʽʣʴʥʝ ʚʠʩʠʭʘʥʥʷ ʬʘʨʙʠ ʧʽʜ ʯʘʩ ʜʨʫʢʫ ïʦʜʠʥ ʢʦʣʽʨ ʧʝʨʝʙʠʚʘʻ ʽʥʰʠʡ, 
ʬʘʨʙʘ ʚʽʜʤʘʨʶʻʪʴʩʷ, ʨʦʟʤʠʚʘʥʥʷ ʢʦʣʴʦʨʽʚ

ʥʝʧʨʘʚʠʣʴʥʦ ʚʠʙʨʘʥʘ ʩʝʨʽʷ ʬʘʨʙʠ ʜʣʷ ʜʘʥʦʛʦ 
ʤʘʪʝʨʽʘʣʫ; ʚʠʩʦʢʘ ʚ'ʷʟʢʽʩʪʴ ʬʘʨʙʠ. 

ʈʦʟʰʘʨʫʚʘʥʥʷ ʬʘʨʙʠ ʚ ʢʦʨʠʪʽ, ʥʘʷʚʥʽʩʪʴ ʧʽʥʠ

ʥʝʧʨʘʚʠʣʴʥʦ ʚʠʙʨʘʥʦ ʨʦʟʯʠʥʥʠʢ;
ʥʝʧʨʘʚʠʣʴʥʠʡ ʨʝʞʠʤ ʩʫʰʽʥʥʷ, 
ʥʝʜʦʩʪʘʪʥʷ ʘʜʛʝʟʽʷ, ʥʝʘʢʪʠʚʦʚʘʥʘ 

ʧʦʚʝʨʭʥʷ

ɺʠʩʠʭʘʥʥʷ ʬʘʨʙʠ ʥʘ ʜʨʫʢʘʨʩʴʢʠʭ ʬʦʨʤʘʭ ʽ/ʘʙʦ ʘʥʽʣʦʢʩʦʚʠʭ ʚʘʣʘʭ ʪʘ 
ʚʽʜʩʫʪʥʽʩʪʴ ʯʠ ʯʘʩʪʢʦʚʘ ʧʝʨʝʜʘʯʘ ʥʘ ʟʘʜʨʫʢʦʚʫʚʘʥʠʡ ʤʘʪʝʨʽʘʣ

ʥʝʧʨʘʚʠʣʴʥʦ ʚʠʙʨʘʥʦ 
ʨʦʟʯʠʥʥʠʢ, ʩʝʨʽʷ  ʬʘʨʙʠ, 
ʥʠʟʴʢʘ ʚ'ʷʟʢʽʩʪʴ ʬʘʨʙʠ ʽ 
ʰʚʠʜʢʽʩʪʴ ʜʨʫʢʫ

ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʠʡ ʽ/ʯʠ ʥʝʦʙʤʝʞʝʥʠʡ 
ʨʫʭ ʧʦʚʽʪʨʷ ʥʘʚʢʦʣʦ ʚʘʣʽʚ ʟ 

ʜʨʫʢʘʨʩʴʢʠʤʠ ʬʦʨʤʘʤʠ ʽ ʘʥʽʣʦʢʩʽʚ, 
ʟʥʦʰʝʥʠʡ ʚʘʣ, ʤʘʣʠʡ ʦʙ'ʻʤ ʢʦʤʽʨʦʢ

ʩʣʽʜʠ ʟʘʩʦʭʣʦʾ 
ʬʘʨʙʠ ʥʘ  
ʬʦʨʤʘʭ ʧʽʩʣʷ 
ʧʨʦʙʥʦʛʦ ʜʨʫʢʫ

ɺʽʜʩʫʪʥʽʩʪʴ ʜʨʫʢʫ ʥʘ ʜʝʷʢʠʭ ʜʽʣʷʥʢʘʭ ʜʨʫʢʘʨʩʴʢʦʾ ʬʦʨʤʠ ʘʙʦ ʚʽʜʙʠʪʦʢ ʟ 
ʬʦʨʤʠ ʧʦʚʥʽʩʪʶ ʥʝ ʚʽʜʪʚʦʨʶʻʪʴʩʷ.

ʉʢʣʝʶʚʘʥʥʷ (ʟʣʠʧʘʥʥʷ) ʧʦʚʝʨʭʦʥʴ 
ʟʘʜʨʫʢʦʚʫʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɺʽʜʤʘʨʶʚʘʥʥʷ 
ʬʘʨʙʠ ʧʨʠ ʜʨʫʮʽ ʽ ʥʘ ʟʚʦʨʦʪ. ɺʽʜʙʠʪʦʢ ʧʨʠ 
ʜʨʫʢʫʚʘʥʥʽ ʧʣʘʰʦʢ ʟʽ ʩʤʫʛʘʤʠ, ʢʨʘʧʢʘʤʠ, 
ʧʣʷʤʘʤʠ.ʅʝʩʫʤʽʱʝʥʥʷ, ʧʦʨʫʰʝʥʥʷ 

ʧʨʠʚʦʜʢʠ

ʅʝʯʽʪʢʽ ʢʨʘʾ ʧʣʘʰʢʠ. ʆʨʝʦʣ -ʧʦʜʚʽʡʥʽ 
ʣʽʥʽʾ ʥʘʚʢʦʣʦ ʜʨʫʢʘʨʩʴʢʦʛʦ ʚʽʜʙʠʪʢʘ. ʌʘʨʙʘ 
ʥʝʜʦʩʪʘʪʥʴʦ ʥʘʩʠʯʝʥʘ. ʄʫʘʨ. ɹʨʫʜʥʠʡ 

ʜʨʫʢ, ʟʘʙʠʚʘʥʥʷ ʨʘʩʪʨʘ.
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ʩʪʘʥʜʘʨʪʠʟʫʚʘʪʠ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʚʽʜʙʠʪʢʽʚ. ʆʩʢʽʣʴʢʠ ʢʦʣʴʦʨʦʚʠʡ ʜʨʫʢ çʧʦ-

ʩʠʨʦʤʫè ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʨʽʘʜʥʠʭ ʬʘʨʙ, ʦʩʦʙʣʠʚʫ ʨʦʣʴ ʚ ʮʴʦʤʫ 

ʧʨʦʮʝʩʽ ʚʽʜʽʛʨʘʻ ʢʦʝʬʽʮʽʻʥʪ ʬʘʨʙʦ ʧʝʨʝʥʝʩʝʥʥʷ, ʘʜʞʝ ʚʽʜ ʥʴʦʛʦ ʟʘʣʝʞʠʪʴ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʥʘʜʨʫʢʦʚʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ. ʅʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ ʩʠʥʪʝʟʫ ʥʦʚʠʭ 

ʢʦʣʴʦʨʽʚ ʚ ʧʨʦʮʝʩʽ ʜʨʫʢʫʚʘʥʥʷ ʙʘʛʘʪʦʬʘʨʙʦʚʠʭ  ʟʦʙʨʘʞʝʥʴ ʻ ʥʘʢʣʘʜʝʥʥʷ ʬʘʨʙ 

ʦʜʥʘ ʥʘ ʦʜʥʫ ʘʙʦ ʪʘʢ ʟʚʘʥʠʡ  çʪʨʝʧʽʥʛè. ɼʨʫʢ ʢʦʣʴʦʨʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʚ ʨʝʞʠʤʽ 

çʧʦ-ʩʠʨʦʤʫè ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʨʽʟʥʠʤʠ ʫʤʦʚʘʤʠ ʧʝʨʝʥʝʩʝʥʥʷ ʧʝʨʰʦʾ ʪʘ 

ʥʘʩʪʫʧʥʠʭ ʬʘʨʙ. ʗʢʱʦ ʰʘʨ ʧʝʨʰʦʾ ʬʘʨʙʠ ʥʘʥʦʩʠʪʴʩʷ ʥʘ ʩʫʭʠʡ ʩʫʙʩʪʨʘʪ, ʪʦ 

ʥʘʩʪʫʧʥʽ ʧʦʚʥʽʩʪʶ ʘʙʦ ʯʘʩʪʢʦʚʦ ʚʟʘʻʤʦʜʽʶʪʴ ʟ ʧʦʧʝʨʝʜʥʴʦ ʥʘʥʝʩʝʥʠʤʠ 

ʥʝʚʠʩʦʭʣʠʤʠ  ʰʘʨʘʤʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʰʘʨʠ ʬʘʨʙʠ, ʥʘʥʝʩʝʥʽ ʥʘ ʟʘʜʨʫʢʦʚʫʚʘʥʠʡ 

ʤʘʪʝʨʽʘʣ, ʤʘʶʪʴ ʨʽʟʥʫ ʪʦʚʱʠʥʫ (ʨʽʟʥʠʮʷ ʤʦʞʝ ʜʦʩʷʛʘʪʠ 50%), ʘ ʧʨʠ 

ʢʦʣʦʨʠʤʝʪʨʠʯʥʦʤʫ ʢʦʥʪʨʦʣʽ ʟʦʙʨʘʞʝʥʴ ʤʦʞʥʘ ʟʘʫʚʘʞʠʪʠ ʱʝ ʡ ʟʩʫʚ ʾʭ ʢʦʣʽʨʥʠʭ 

ʢʦʦʨʜʠʥʘʪ ʚ ʩʪʦʨʦʥʫ ʢʦʣʴʦʨʫ ʥʠʞʥʴʦʾ ʬʘʨʙʠ [119-121]. 

ʇʨʠ ʦʮʽʥʶʚʘʥʥʽ ʚʝʣʠʯʠʥʠ ʪʨʝʧʽʥʛʫ ʚʘʞʣʠʚʦ ʥʝ ʩʪʽʣʴʢʠ ʡʦʛʦ ʘʙʩʦʣʶʪʥʝ 

ʟʥʘʯʝʥʥʷ, ʩʢʽʣʴʢʠ ʪʝʥʜʝʥʮʽʷ ʜʦ ʟʤʽʥʠ ʚ ʪʫ ʯʠ ʽʥʰʫ ʩʪʦʨʦʥʫ. ɺʠʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ 

ʪʨʝʧʽʥʛʫ ʧʨʦʚʦʜʠʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʝʥʩʠʪʦʤʝʪʨʘ ʘʙʦ ʩʧʝʢʪʨʦʜʝʥʩʠʪʦʤʝʪʨʘ 

ʰʣʷʭʦʤ ʚʠʤʽʨʶʚʘʥʥʷ ʦʧʪʠʯʥʦʾ ʱʽʣʴʥʦʩʪʽ ʜʚʦʬʘʨʙʦʚʠʭ (ʙʽʥʘʨʥʠʭ) ʧʦʣʽʚ 

ʢʦʥʪʨʦʣʴʥʦʾ ʰʢʘʣʠ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʧʝʚʥʦʾ ʦʧʪʠʯʥʦʾ ʱʽʣʴʥʦʩʪʽ ʥʘ ʚʽʜʙʠʪʢʫ 

ʥʝʦʙʭʽʜʥʦ ʢʦʥʪʨʦʣʶʚʘʪʠ ʪʦʚʱʠʥʫ ʬʘʨʙʠ ʥʘ ʜʨʫʢʘʨʩʴʢʽʡ ʬʦʨʤʽ. ɸ ʚ ʧʨʦʮʝʩʽ 

ʙʘʛʘʪʦʢʦʣʴʦʨʦʚʦʛʦ ʜʨʫʢʫ ʥʝʦʙʭʽʜʥʦ ʜʦʪʨʠʤʫʚʘʪʠʩʷ ʦʜʥʽʻ ʾʽ ʪʽʻ ʾʞ ʧʦʩʣʽʜʦʚʥʦʩʪʽ 

ʥʘʢʣʘʜʝʥʥʷ ʬʘʨʙ. ʇʨʠ ʮʴʦʤʫ ʢʦʞʥʘ ʥʘʩʪʫʧʥʘ ʬʘʨʙʘ ʧʦʚʠʥʥʘ ʤʘʪʠ ʤʝʥʰʫ 

ʣʠʧʢʽʩʪʴ, ʱʦ, ʷʢ ʧʨʘʚʠʣʦ, ʚʨʘʭʦʚʫʻʪʴʩʷ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʬʘʨʙ. ʂʽʣʴʢʽʩʪʴ ʜʨʫʛʦʾ 

ʬʘʨʙʠ, ʷʢʘ ʧʝʨʝʡʰʣʘ ʥʘ ʚʽʜʙʠʪʦʢ ʙʫʜʝ ʟʘʚʞʜʠ ʤʝʥʰʦʶ, ʥʽʞ ʧʨʠ ʟʘʜʨʫʢʦʚʫʚʘʥʥʽ 

ʪʘʢʦʾ ʞ ʩʘʤʦʾ ʧʣʦʱʽ ʧʝʨʰʦʶ ʬʘʨʙʦʶ. ʊʦʤʫ ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʧʝʨʝʥʝʩʝʥʦʾ ʬʘʨʙʠ 

ʙʫʜʝ ʟʘʣʝʞʘʪʠ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʧʝʨʰʦʾ ʽ ʬʘʨʙʦʧʝʨʝʥʝʩʝʥʥʷ ʜʨʫʛʦʾ ʬʘʨʙʠ [122]. 

ʇʨʠ ʚʠʤʽʨʶʚʘʥʥʽ ʦʧʪʠʯʥʦʾ ʱʽʣʴʥʦʩʪʽ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʩʫʮʽʣʴʥʘ 

ʢʦʣʴʦʨʦʚʘ ʧʣʘʰʢʘ ʤʘʻ ʦʜʥʦʨʽʜʥʫ ʱʽʣʴʥʽʩʪʴ ʧʦ ʚʩʴʦʤʫ ʟʦʙʨʘʞʝʥʥʶ. ʆʜʥʘʢ, 

ʚʦʣʦʢʥʠʩʪʘ ʩʪʨʫʢʪʫʨʘ ʧʘʧʝʨʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʾʾ ʱʽʣʴʥʽʩʪʴ ʥʝ ʻ ʽʜʝʘʣʴʥʦ 

ʦʜʥʦʨʽʜʥʦʶ ʧʦ ʚʩʽʡ ʧʦʚʝʨʭʥʽ. 

ʆʩʢʽʣʴʢʠ ʪʨʽʘʜʥʽ ʬʘʨʙʠ ʻ ʥʘʧʽʚʧʨʦʟʦʨʠʤʠ, ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʽ ʱʽʣʴʥʦʩʪʽ 
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ʚʽʜʙʠʪʢʽʚ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʧʦʚʝʨʭʥʽ ʧʘʧʝʨʫ ʙʫʜʝ ʚʧʣʠʚʘʪʠ ʥʘ ʨʝʟʫʣʴʪʘʪʠ. ʊʦʚʱʠʥʘ 

ʬʘʨʙʦʚʦʾ ʧʣʽʚʢʠ ʥʝ ʟʘʚʞʜʠ ʽʜʝʘʣʴʥʦ ʦʜʥʦʨʽʜʥʘ ʧʦ ʚʩʽʡ ʧʦʚʝʨʭʥʽ ʚʽʜʙʠʪʢʫ. ɭʜʠʥʦʾ 

ʤʝʪʦʜʠʢʠ ʦʮʽʥʢʠ ʥʘʢʣʘʜʝʥʥʷ ʬʘʨʙ ʧʦʢʠ ɦ ʦ ʥʝ ʽʩʥʫʻ, ʘʣʝ ʥʘʡʙʽʣʴʰʦʛʦ ʧʦʰʠʨʝʥʥʷ 

ʥʘʙʫʣʠ ʪʨʠ ʤʝʪʦʜʠ: ʇʨʫʩʩʝʣʘ, ʈʽʪʮʘ ʽ ɹʨʫʥʥʝʨʘ. 

ʄʝʪʦʜ ʇʨʫʩʩʝʣʘ ʧʦʣʷʛʘʻ ʚ ʧʦʨʽʚʥʷʥʥʽ ʚʝʣʠʯʠʥ ʦʧʪʠʯʥʦʾ ʱʽʣʴʥʦʩʪʽ ʬʘʨʙʠ 

ʧʨʠ ʾʾ ʥʘʥʝʩʝʥʥʽ ʥʘ ʧʦʧʝʨʝʜʥʽʡ ʰʘʨ ʬʘʨʙʠ ʽ ʥʘ ʟʘʜʨʫʢʦʚʫʚʘʥʠʡ ʤʘʪʝʨʽʘʣ. 

ɺʝʣʠʯʠʥʫ ʪʨʝʧʽʥʛʫ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ, ʟʥʘʶʯʠ  ʦʧʪʠʯʥʫ ʱʽʣʴʥʽʩʪʴ ʜʚʦʬʘʨʙʦʚʦʛʦ 

ʧʦʣʷ D12; ʦʧʪʠʯʥʫ ʱʽʣʴʥʽʩʪʴ ʧʦʣʷ ʧʝʨʰʦʾ (ʥʠʞʥʴʦʾ) ʬʘʨʙʠ D1 ʪʘ ʦʧʪʠʯʥʫ 

ʱʽʣʴʥʽʩʪʴ ʧʦʣʷ ʜʨʫʛʦʾ (ʚʝʨʭʥʴʦʾ) ʬʘʨʙʠ D2. 

ʊʨ =D12-D1 /D2x100     (3.1) 

ɿʘ ʬʦʨʤʫʣʦʶ ʇʨʫʩʩʝʣʘ ʦʙʯʠʩʣʶʻʪʴʩʷ ʚʽʜʥʦʩʥʘ ʚʝʣʠʯʠʥʘ ʪʦʚʱʠʥʠ ʰʘʨʫ 

ʚʝʨʭʥʴʦʾ ʬʘʨʙʠ. ɼʘʥʠʡ ʤʝʪʦʜ ʧʝʨʝʜʙʘʯʘʻ ʣʽʥʽʡʥʫ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʦʧʪʠʯʥʦʶ 

ʱʽʣʴʥʽʩʪʶ ʙʽʥʘʨʥʦʛʦ ʧʦʣʷ ʽ ʪʦʚʱʠʥʦʶ ʰʘʨʫ ʚʝʨʭʥʴʦʾ ʬʘʨʙʠ. ʄʝʪʦʜ ʇʨʫʩʩʝʣʘ ʥʝ 

ʚʨʘʭʦʚʫʻ ʥʽ ʚʧʣʠʚʫ ʥʘ ʦʧʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʜʚʦʬʘʨʙʦʚʦʛʦ ʧʦʣʷ, ʥʽ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ 

ʥʘʢʣʘʜʝʥʥʷ ʚʝʨʭʥʴʦʾ ʬʘʨʙʠ, ʪʦʤʫ ʡʦʛʦ ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ 

ʚʝʨʭʥʷ ʬʘʨʙʘ ʫʪʚʦʨʶʻ ʨʽʚʥʠʡ ʩʫʮʽʣʴʥʠʡ ʰʘʨ. ɿʥʘʯʝʥʥʷ ʪʨʝʧʽʥʛʫ ʟʘʣʝʞʠʪʴ ʪʘʢʦʞ 

ʚʽʜ ʜʨʫʢʘʨʩʴʢʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ. ʇʨʠ ʜʨʫʮ ̔ʥʘ ʘʨʢʫʰʝʚʠʭ  ʪʘ ʨʫʣʦʥʥʠʭ ʤʘʰʠʥʘʭ 

(ʪʝʭʥʦʣʦʛʽʷ heatset), ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʢʦʣʴʦʨʽʚ M+Y ʟʥʘʯʝʥʥʷ ʪʨʝʧʽʥʛʫ ʜʦʨʽʚʥʶʻ 

70,  ʘ ʧʨʠ ʜʨʫʢʫʚʘʥʥʽ ʥʘ  ʨʫʣʦʥʥʠʭ ʤʘʰʠʥʘʭ (ʪʝʭʥʦʣʦʛʽʷ coldest) ï 50.  

ʄʝʪʦʜ ʈʽʪʮʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʧʝʨʝʚʘʛʘ ʢʦʣʴʦʨʫ ʥʠʞʥʴʦʾ ʬʘʨʙʠ ʧʦʚôʷʟʘʥʘ 

ʥʝ ʟ ʤʝʥʰʦʶ ʪʦʚʱʠʥʦʶ ʚʝʨʭʥʴʦʛʦ ʰʘʨʫ, ʘ ʟ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʶ ʥʘʢʣʘʜʘʥʥʷ ʜʨʫʛʦʾ 

ʬʘʨʙʠ.ʇʨʠ ʮʴʦʤʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʝʬʝʢʪ ʨʦʟʜʽʣʝʥʥʷ ʚʝʨʭʥʴʦʛʦ ʬʘʨʙʦʚʦʛʦ ʰʘʨʫ ʟ 

ʫʪʚʦʨʝʥʥʷʤ ʧʣʷʤʠʩʪʦʾ ʩʪʨʫʢʪʫʨʠ. ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʦʮʽʥʢʠ ʥʘʢʣʘʜʘʥʥʷ ʬʘʨʙʠ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ  ʤʦʜʠʬʽʢʦʚʘʥʘ ʬʦʨʤʫʣʘ ʄʶʨʨʝʷ-ɼʝʚʽʩʘ: 

ʊʨ =1-10 -(D12-D) /1-10 ïD2x100    (3.2) 

ʄʝʪʦʜ ɹʨʫʥʥʝʨʘ ʪʘʢʦʞ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʤʦʜʠʬʽʢʦʚʘʥʽʡ ʬʦʨʤʫʣʽ ʄʶʨʨʝʷ-

ɼʝʚʽʩʘ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʬʦʨʤʫʣʠ ɹʨʫʥʥʝʨʘ ʧʨʠ ʤʘʣʽʡ ʚʝʣʠʯʠʥʽ ʥʘʢʣʘʜʘʥʥʷ 

ʚʝʨʭʥʴʦʾ ʬʘʨʙʠ ʧʨʠʚʦʜʠʪʴ ʜʦ ʦʪʨʠʤʘʥʥʷ ʟʘʚʠʱʝʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ [124].    
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3.6. ʄʦʜʝʣʶʚʘʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʛʦʬʨʦʢʘʨʪʦʥʫ ʧʨʠ 

ʬʣʝʢʩʦʛʨʘʬʽʯʥʦʤʫ ʜʨʫʮʽ ʪʘ ʡʦʛʦ ʚʧʣʠʚ ʥʘ ʷʢʽʩʪʴ ʚʽʜʙʠʪʢʽʚ 

ʇʦʻʜʥʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʘ ʩʧʦʞʠʚʯʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʦʟʚʦʣʠʣʠ 

ʛʦʬʨʦʢʘʨʪʦʥʫ ʟʘʡʥʷʪʠ ʧʨʽʦʨʠʪʝʪʥʽ ʧʦʟʠʮʽʾ ʥʘ ʩʚʽʪʦʚʦʤʫ ʨʠʥʢʫ ʧʘʢʦʚʘʥʴ. ɼʦʩʚʽʜ 

ʟʘʨʫʙʽʞʥʠʭ ʢʨʘʾʥ ʧʦʢʘʟʫʻ, ʱʦ ʩʘʤʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʢʦʚʘʥʴ ʟ ʛʦʬʨʦʢʘʨʪʦʥʫ ʟ 

ʧʦʣʽʧʰʝʥʠʤʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʝ, ʦʩʢʽʣʴʢʠ 

ʧʨʠ ʮʴʦʤʫ ʟʥʘʯʥʦ ʨʦʟʰʠʨʶʻʪʴʩʷ ʩʬʝʨʘ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʧʽʜʚʠʱʫʻʪʴʩʷ ʷʢʽʩʪʴ ʽ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʝʢʦʥʦʤʥʝ ʚʠʪʨʘʯʘʥʥʷ ʨʝʩʫʨʩʽʚ. ɼʦ ʧʝʨʝʚʘʛ ʧʘʢʦʚʘʥʴ ʟ 

ʛʦʬʨʦʢʘʨʪʦʥʫ ʥʘʣʝʞʠʪʴ: 

- ʥʝʚʝʣʠʢʘ ʚʣʘʩʥʘ ʚʘʛʘ, ʧʦʨʽʚʥʷʥʦ ʟ ʪʘʨʦʶ ʟ ʧʣʘʩʪʠʢʫ ʽ ʜʝʨʝʚʘ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʧʦʣʝʛʰʠʪʠ ʧʨʦʮʝʩ ʚʘʥʪʘʞʝʥʥʷ-ʚʠʚʘʥʪʘʞʝʥʥʷ ʪʦʚʘʨʫ, ʪʘ ʟʘʦʱʘʜʠʪʠ 

ʧʘʣʴʥʝ ʧʨʠ ʣʦʛʽʩʪʠʯʥʠʭ ʦʧʝʨʘʮʽʷʭ;  

- ʥʝʚʠʩʦʢʘ ʩʦʙʽʚʘʨʪʽʩʪʴ, ʦʩʦʙʣʠʚʦ ʧʦʨʽʚʥʶʶʯʠ ʟ ʪʘʨʦʶ ʟ ʞʦʨʩʪʢʦʛʦ 

ʧʣʘʩʪʠʢʫ ʘʙʦ ʜʝʨʝʚʘ; 

- ʢʦʤʧʘʢʪʥʽʩʪʴ ï ʪʘʨʫ ʟ ʛʦʬʨʦʢʘʨʪʦʥʫ ʧʦʩʪʘʚʣʷʶʪʴ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʜʝ ʾʾ 

ʟʘʧʦʚʥʶʚʘʪʠʤʫʪʴ ʧʨʦʜʫʢʮʽʻʶ, ʚ ʩʢʣʘʜʝʥʦʤʫ ʧʣʦʩʢʦʤʫ ʚʠʛʣʷʜʽ, ʘ ʟʙʠʨʘʶʪʴ ʚ 

ʦʙôʻʤʥʽ ʷʱʠʢʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʝʨʝʜ ʾʭ ʟʘʧʦʚʥʝʥʥʷʤ; 

- ʤʦʞʣʠʚʽʩʪʴ ʚʽʜʪʚʦʨʝʥʥʷ ʧʦʣʽʛʨʘʬʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʚ ʪʦʤʫ ʯʠʩʣʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʘʛʘʪʦʢʦʣʽʨʥʦʛʦ ʜʨʫʢʫ. ɭ ʤʦʞʣʠʚʽʩʪʴ ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʦʬʩʝʪʥʠʡ, 

ʪʨʘʬʘʨʝʪʥʠʡ, ʬʣʝʢʩʦʛʨʘʬʽʯʥʠʡ ʜʨʫʢ ʽ ʽʥ.; 

- ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ ʪʘ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ï ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʜʣʷ ʧʝʨʝʚʝʟʝʥʥʷ ʪʦʚʘʨʽʚ ʟ ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʪʘʢʠʭ ʷʭ ʭʘʨʯʦʚʽ 

ʧʨʦʜʫʢʪʠ, ʧʦʙʫʪʦʚʘ ʪʝʭʥʽʢʘ, ʦʜʷʛ, ʤʝʙʣʽ ʽ ʽʥ.; 

- ʧʨʠʨʦʜʥʷ ʚʽʜʪʚʦʨʶʚʘʥʽʩʪʴ ʩʠʨʦʚʠʥʠ ʜʣʷ ʛʦʬʨʦʪʘʨʠ ʫ ʥʘʚʢʦʣʠʰʥʴʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ, ʟʥʘʯʥʦ ʤʝʥʰʠʡ ʚʧʣʠʚ ʥʘ ʝʢʦʣʦʛʽʶ, ʧʦʨʽʚʥʷʥʦ ʟ ʪʘʨʦʶ ʟ ʧʣʘʩʪʠʢʫ. 

ʊʘʢʦʞ ʤʦʞʣʠʚʝ ʧʦʚʪʦʨʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʨʦʚʠʥʠ, ʥʘʧʨʠʢʣʘʜ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʤʘʢʫʣʘʪʫʨʥʦʛʦ ʢʘʨʪʦʥʫ.  

ɼʦ ʥʝʜʦʣʽʢʽʚ ʪʨʘʥʩʧʦʨʪʥʦʾ ʛʦʬʨʦʪʘʨʠ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʾʾ ʚʠʩʦʢʫ ʛʘʟʦ- ʽ 

ʚʦʣʦʛʦʧʨʦʥʠʢʥʽʩʪʴ. ɸʣʝ ʮʶ ʧʨʦʙʣʝʤʫ ʤʦʞʣʠʚʦ ʯʘʩʪʢʦʚʦ ʚʠʨʽʰʠʪʠ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʣʘʤʽʥʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʢʘʨʪʦʥʫ ʪʘ ʣʘʢʫʚʘʥʥʷ. ʊʘʢʦʞ ʦʜʥʠʤ ʟ 
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ʤʽʥʫʩʽʚ ʛʦʬʨʦʪʘʨʠ ʚʚʘʞʘʻʪʴʩʷ ʥʝʜʦʩʪʘʪʥʷ ʤʽʮʥʽʩʪʴ ʪʘ ʞʦʨʩʪʢʽʩʪʴ, ʱʦ ʦʙʤʝʞʫʻ 

ʚʠʩʦʪʫ ʩʪʘʧʝʣʶʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʘʣʝʪ. ʂʨʽʤ ʪʦʛʦ, ʧʦʢʘʟʥʠʢʠ ʞʦʨʩʪʢʦʩʪʽ 

ʩʫʪʪʻʚʦ ʟʥʠʞʫʶʪʴʩʷ ʧʨʠ ʪʨʠʚʘʣʦʤʫ ʟʙʝʨʽʛʘʥʥʽ, ʦʩʦʙʣʠʚʦ ʫ ʩʝʨʝʜʦʚʠʱʽ ʟ 

ʥʘʜʤʽʨʥʦʶ ʚʦʣʦʛʽʩʪʶ ʧʦʚʽʪʨʷ. 

ʋʚʘʛʫ ʩʚʽʪʦʚʠʭ ʪʘ ʚʽʪʯʠʟʥʷʥʠʭ ʜʦʩʣʽʜʥʠʢʽʚ ʧʨʠʚʝʨʪʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʥʦʚʽʪʥʽʭ ʧʦʣʽʛʨʘʬʽʯʥʠʭ ʪʝʭʥʽʢ ʜʣʷ ʦʟʜʦʙʣʝʥʥʷ ʧʘʢʦʚʘʥʴ ʟ ʛʦʬʨʦʢʘʨʪʦʥʫ. ʉʝʨʝʜ 

ʙʘʛʘʪʴʦʭ ʪʝʭʥʦʣʦʛʽʡ ʜʨʫʢʫʚʘʥʥʷ ʜʣʷ ʚʽʜʪʚʦʨʝʥʥʷ ʪʝʢʩʪʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʪʘ 

ʽʣʶʩʪʨʘʮʽʡʥʠʭ ʟʦʙʨʘʞʝʥʴ ʥʘ ʧʘʢʦʚʘʥʥʷʭ ʟ ʛʦʬʨʦʢʘʨʪʦʥʫ ʧʦʧʫʣʷʨʥʠʤʠ 

ʟʘʣʠʰʘʶʪʴʩʷ ʬʣʝʢʩʦʛʨʘʬʽʯʥʠʡ ʪʘ ʮʠʬʨʦʚʠʡ ʜʨʫʢ. ɿʘʩʣʫʛʦʚʫʶʪʴ ʥʘ ʫʚʘʛʫ 

ʜʦʩʣʽʜʞʝʥʥʷ [52- 55, 123-128],  ʚ ʷʢʠʭ ʘʚʪʦʨʠ ʦʧʠʩʫʶʪʴ ʟʘʩʦʙʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ 

ʟʤʽʥʫ  ʩʪʘʥʫ ʢʘʨʪʦʥʫ ʪʘ  ʩʢʣʘʜʦʚʠʭ ʛʦʬʨʦʢʘʨʪʦʥʫ  ʧʨʠ ʡʦʛʦ ʚʠʛʦʪʦʚʣʝʥʥʽ. ʆʜʥʘʢ 

ʥʝʜʦʩʪʘʪʥʴʦ ʚʠʚʯʝʥʽ ʧʠʪʘʥʥʷ ʟʤʽʥʠ ʩʪʨʫʢʪʫʨʠ ʰʘʨʽʚ ʛʦʬʨʦʢʘʨʪʦʥʫ ʚ ʧʨʦʮʝʩʽ 

ʜʨʫʢʫʚʘʥʥʷ ʥʘ ʥʴʦʤʫ.   

ɿʘʜʘʯʘ ʧʨʦʚʝʜʝʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʦʣʷʛʘʣʘ ʫ ʜʦʩʣʽʜʞʝʥʥʽ ʥʘʧʨʫʞʝʥʦ-

ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʛʦʬʨʦʢʘʨʪʦʥʫ ʧʨʠ ʬʣʝʢʩʦʛʨʘʬʽʯʥʦʤʫ ʜʨʫʮʽ. ɼʣʷ ʮʴʦʛʦ  

ʨʦʟʛʣʷʥʝʤʦ ʫʟʘʛʘʣʴʥʝʥʫ ʩʭʝʤʫ  ʬʘʨʙʦʚʦʾ ʩʠʩʪʝʤʠ  ʜʨʫʢʘʨʩʴʢʦ ʾʤʘʰʠʥʠ (ʨʠʩ. 

3.31).  

 

 

ʈʠʩ. 3.31. ʉʭʝʤʘ ʬʘʨʙʦʚʦʾ ʩʠʩʪʝʤʠ ʜʨʫʢʘʨʩʴʢʦʾ ʤʘʰʠʥʠ: 1 ï ʬʘʨʙʦʚʠʡ 

ʮʠʣ̔ʥʜʨ, 2 ï ʘʥʽʣʦʢʩʦʚʠʡ ʮʠʣʽʥʜʨ, 3 ï ʬʦʨʤʥʠʡ ʮʠʣʽʥʜʨ, 4 ï ʛʦʬʨʦʢʘʨʪʦʥ, 5 ï 

ʜʨʫʢʘʨʩʴʢʠʡ ʮʠʣʽʥʜʨ, 6 ï ʬʘʨʙʦʚʠʡ ʷʱʠʢ 
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ʌʘʨʙʘ ʥʘʥʦʩʠʪʴʩʷ ʥʘ ʘʥʽʣʦʢʩʦʚʠʡ ʮʠʣʽʥʜʨ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʫʤʦʚʦʛʦ ʚʘʣʠʢʘ. 

ɿ ʘʥʽʣʦʢʩʦʚʦʛʦ ʚʘʣʠʢʘ ʚʦʥʘ ʧʝʨʝʜʘʻʪʴʩʷ ʥʘ ʬʦʨʤʥʠʡ ʮʠʣʽʥʜʨ, ʜʦ ʷʢʦʛʦ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʠʭ ʤʦʥʪʘʞʥʠʭ ʩʪʨʽʯʦʢ ʢʨʽʧʠʪʴʩʷ ʛʥʫʯʢʘ ʜʨʫʢʘʨʩʴʢʘ ʬʦʨʤʘ. 

ʇʦʚʝʨʭʥʷ ʘʥʽʣʦʢʩʫ ʧʦʢʨʠʪʘ ʢʦʤʽʨʢʘʤʠ ʧʝʚʥʦʾ ʛʣʠʙʠʥʠ ʽ ʬʦʨʤʠ, ʱʦ ʬʦʨʤʫʶʪʴʩʷ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʭʘʥʽʯʥʦʛʦ ʘʙʦ ʣʘʟʝʨʥʦʛʦ ʛʨʘʚʽʶʚʘʥʥʷ. ʂʽʣʴʢʽʩʪʴ ʬʘʨʙʠ, ʱʦ 

ʧʝʨʝʥʦʩʠʪʴʩʷ ʥʘ ʟʘʜʨʫʢʦʚʫʚʘʥʠʡ ʤʘʪʝʨʽʘʣ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʛʝʦʤʝʪʨʽʾ ʧʦʚʝʨʭʥʽ 

ʘʥʽʣʦʢʩʫ, ʪʦʙʪʦ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʬʘʨʙʦʚʠʭ ʢʦʤʽʨʦʢ, ʾʭ ʬʦʨʤʠ ʪʘ ʨʦʟʤʽʨʫ. ʅʘʜʣʠʰʢʠ 

ʬʘʨʙʠ ʟ ʧʦʚʝʨʭʥʽ ʘʥʽʣʦʢʩʫ ʚʠʜʘʣʷʶʪʴʩʷ ʨʘʢʝʣʝʤ. ɻʣʘʜʢʠʡ ʤʝʪʘʣʝʚʠʡ ʮʠʣʽʥʜʨ  

ʧʨʠʪʠʩʢʘʻʪʴʩʷ ʜʦ ʧʦʚʝʨʭʥʽ ʬʦʨʤʥʦʛʦ ʮʠʣʽʥʜʨʘ. ʊʠʩʢ ʮʴʦʛʦ ʮʠʣʽʥʜʨʘ ʟʘʧʫʩʢʘʻ 

ʧʨʦʮʝʩ ʧʝʨʝʥʝʩʝʥʥʷ ʬʘʨʙʠ ʥʘ ʟʘʜʨʫʢʦʚʫʚʘʥʫ ʦʩʥʦʚʫ. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʜʝʬʦʨʤʘʮʽʡʥʠʭ ʩʪʘʥʽʚ ʩʢʣʘʜʦʚʠʭ ʛʦʬʨʦʢʘʨʪʦʥʫ 

ʟʘʜʨʫʢʦʚʫʚʘʥʥʷ ʛʦʬʨʦʢʘʨʪʦʥʫ ʧʨʦʚʦʜʠʣʠ ʥʘ ʪʝʩʪʦʚʦʤʫ ʘʧʘʨʘʪʽ IGT F1. ʇʨʠʩʪʨʽʡ 

ʜʦʟʚʦʣʷʻ ʽʤʽʪʫʚʘʪʠ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ ʧʨʦʮʝʩʠ ʬʣʝʢʩʦʛʨʘʬʽʯʥʦʛʦ ʜʨʫʢʫ. 

ɹʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʟʦʢʨʝʤʘ ʪʨʠʰʘʨʦʚʠʡ ʛʦʬʨʦʢʘʨʪʦʥ ʨʦʟʤʽʨʦʤ ï 50Ĭ700 ʤʤ ʟ 

ʥʠʟʴʢʦʶ ʭʚʠʣʝʶ ɺ (3,2 ʤʤ), ʪʦʚʱʠʥʦʶ 3,8 ʤʤ, ʢʨʦʢʦʤ 6,4 ʤʤ, 150 ʭʚʠʣʷʤʠ ʥʘ 

ʜʦʚʞʠʥʽ 1 ʤ ʛʦʬʨʦʢʘʨʪʦʥʫ ʽ ʢʦʝʬʽʮʽʻʥʪʦʤ ʭʚʠʣʷʩʪʦʩʪʽ ~ 1,36. ʊʠʩʢ ʤʽʞ 

ʘʥʽʣʦʢʩʦʚʠʤ ʚʘʣʠʢʦʤ ʽ ʬʦʨʤʥʠʤ  ʮʠʣʽʥʜʨʦʤ ʩʪʘʥʦʚʠʚ ï 1,4 ʢʅ/ʤ; ʰʚʠʜʢʽʩʪʴ 

ʜʨʫʢʫ: 1 ʤ/ʩ. ʊʠʩʢ ʤʽʞ ʬʦʨʤʥʠʤ ʽ ʜʨʫʢʘʨʩʴʢʠʤ ʮʠʣʽʥʜʨʦʤ ʟʤʽʥʶʚʘʣʠ: 1,25; 2,5; 

5; 7,5; 10 ʽ 12,5 ʢʅ/ʤ (ʩʠʣʘ ʪʠʩʢʫ ʚ ʟʦʥʽ ʜʨʫʢʫʚʘʥʥʷ 500 ʅ). ɼʣʷ ʜʨʫʢʫʚʘʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʬʘʨʙʠ ʥʘ ʥʽʪʨʦʮʝʣʶʣʦʟʥʽʡ ʦʩʥʦʚʽ ʤʘʨʢʠ PNL (ʊʋ ʋ 24.3.-

30904372-002-2004, ʚʠʨʦʙʥʠʢ - ʋʢʨʘʾʥʘ).  

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʨʠ ʜʨʫʢʫʚʘʥʥʽ ʧʦʧʝʨʝʢ ʭʚʠʣʽ ʛʦʬʨʠ 

ʯʠ ʧʦʚʟʜʦʚʞ ʥʘʡʤʝʥʰʘ ʩʪʫʧʽʥʴ ʜʝʬʦʨʤʘʮʽʾ ʛʦʬʨʦʢʘʨʪʦʥʫ ʩʧʦʩʪʝʨʽʛʘʣʘʩʷ ʧʨʠ 

ʪʠʩʢʫ ʜʦ 2,5 ʢʅ/ʤ (ʪʦʚʱʠʥʘ ʟʤʝʥʰʠʣʘʩʴ ʥʘ 34%). ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʧʨʠʢʣʘʜʝʥʦʛʦ 

ʪʠʩʢʫ ʜʦ 5 ʢʅ/ʤ ʚʠʥʠʢʘʻ ʜʠʥʘʤʽʯʥʝ ʟʤʝʥʰʝʥʥʷ ʪʦʚʱʠʥʠ ʛʦʬʨʦʢʘʨʪʦʥʫ (ʜʦ 81%). 

ʇʦʜʘʣʴʰʝ ʟʙʽʣʴʰʝʥʥʷ ʪʠʩʢʫ ʜʦ 12,5 ʢʅ/ʤ ʥʝ ʚʠʢʣʠʢʘʻ ʰʚʠʜʢʠʭ ʟʤʽʥ ʪʦʚʱʠʥʠ (ʜʦ 

8-12%), ʪʦʙʪʦ ʦʯʝʚʠʜʥʦ ʥʘʩʪʫʧʘʻ ʷʢʘʩʴ ʩʪʘʙʽʣʽʟʘʮʽʷ ʟʜʝʬʦʨʤʦʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ʆʪʞʝ, ʚ ʦʙʦʭ ʚʠʧʘʜʢʘʭ ʟʘʜʨʫʢʦʚʫʚʘʥʥʷ ʥʘʡʤʝʥʰʘ ʜʝʬʦʨʤʘʮʽʷ ʛʦʬʨʦʢʘʨʪʦʥʫ ʙʫʣʘ 

ʚ ʩʝʨʝʜʥʴʦʤʫ ʧʨʠ ʪʠʩʢʫ 2,5 ʢʅ/ʤ  ʤʽʞ ʬʦʨʤʥʠʤ ʽ ʜʨʫʢʘʨʩʴʢʠʤ ʮʠʣʽʥʜʨʦʤ.  

ʈʦʟʛʣʷʥʝʤʦ ʚʧʣʠʚ ʤʝʭʘʥʽʯʥʠʭ ʯʠʥʥʠʢʽʚ ʥʘ ʛʦʬʨʦʢʘʨʪʦʥ ʫ ʧʨʦʮʝʩʽ 
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ʜʨʫʢʫʚʘʥʥʷ ʤʝʪʦʜʦʤ preprint ʟ ʧʦʜʘʣʴʰʠʤ ʢʘʰʠʨʫʚʘʥʥʷʤ. ɿʤʦʜʝʣʶʻʤʦ ʚʘʨʽʘʥʪ, 

ʢʦʣʠ ʛʦʬʨʦʢʘʨʪʦʥ, ʷʢ ʧʨʫʞʥʠʡ ʰʘʨ ʟʘʜʘʥʦʾ ʪʦʚʱʠʥʠ, ʩʪʠʩʢʘʻʪʴʩʷ ʟ ʟʘʜʘʥʠʤʠ 

ʟʫʩʠʣʣʷʤʠ ʜʚʦʤʘ ʞʦʨʩʪʢʠʤʠ ʮʠʣʽʥʜʨʘʤʠ ʦʜʥʘʢʦʚʦʛʦ ʨʘʜʽʫʩʫ (ʨʠʩ. 3.32). 

 

ʈʠʩ. 3.32. ʉʭʝʤʘ ʟʘʜʨʫʢʦʚʫʚʘʥʥʷ ʛʦʬʨʦʢʘʨʪʦʥʫ ʤʝʪʦʜʦʤ preprint, 

ʜʝ h1 ï ʪʦʚʱʠʥʘ ʣʘʡʥʝʨʘ, h2 ï ʪʦʚʱʠʥʘ ʛʦʬʨʦʢʘʨʪʦʥʫ, ʜʦ ʷʢʦʛʦ 

ʧʨʠʢʘʰʠʨʦʚʫʻʪʴʩʷ ʣʘʡʥʝʨ, ʪʦʚʱʠʥʘ ʢʘʰʠʨʦʚʘʥʦʛʦ ʛʦʬʨʦʢʘʨʪʦʥʫ h = h1+h2 .   

 

ɻʦʬʨʦʢʘʨʪʦʥ, ʪʦʚʱʠʥʦʶ 2h ʫʪʚʦʨʶʻʪʴʩʷ ʩʪʠʩʢʘʥʥʷʤ ʦʜʥʘʢʦʚʠʤʠ 

ʮʠʣʽʥʜʨʘʤʠ ʟ ʨʘʜʽʫʩʦʤ R ʚ ʧʨʦʮʝʩʽ ʢʘʰʠʨʫʚʘʥʥʷ. ɼʝʬʦʨʤʫʚʘʥʥʷ ʛʦʬʨʦʢʘʨʪʦʥʫ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʚ ʤʽʩʮʷʭ ʩʢʣʝʶʚʘʥʥʷ ʬʣʶʪʠʥʛʫ ʽ ʣʘʡʥʝʨʫ, ʧʦ ʚʝʨʰʠʥʽ 

ʭʚʠʣʴ ʛʦʬʨʠ. ʆʩʢʽʣʴʢʠ ʟʘʜʘʯʘ ʩʠʤʝʪʨʠʯʥʘ ʚʽʜʥʦʩʥʦ ʥʝʟʜʝʬʦʨʤʦʚʘʥʦʾ ʩʝʨʝʜʠʥʥʦʾ 

ʧʣʦʱʠʥʠ ʛʦʬʨʦʢʘʨʪʦʥʫ, ʾʾ ʤʦʞʥʘ ʟʘʤʽʥʠʪʠ ʝʢʚʽʚʘʣʝʥʪʥʦʶ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʜʚʦʚʠʤʽʨʥʦʶ ʟʘʜʘʯʝʶ ʧʨʦ ʥʘʢʦʯʫʚʘʥʥʷ 

ʞʦʨʩʪʢʦʛʦ ʮʠʣʽʥʜʨʘ ʨʘʜʽʫʩʫ R ʥʘ ʥʝʣʽʥʽʡʥʦ ʧʨʫʞʥʠʡ ʰʘʨ ʪʦʚʱʠʥʠ h ʥʘ ʞʦʨʩʪʢʽʡ 

ʦʩʥʦʚʽ (ʨʠʩ.3.33). 
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ʈʠʩ. 3.33. ʄʦʜʝʣʶʚʘʥʥʷ  ʜʝʬʦʨʤʫʚʘʥʥʷ ʭʚʠʣʽ ʛʦʬʨʠ ʚ ʤʽʩʮʷʭ ʩʢʣʝʶʚʘʥʥʷ 

ʟ  ʬʣʁ ʪʠʥʛʦʤ 

 

ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ, ʚʨʘʭʦʚʫʶʯʠ ʧʦʨʦʞʥʠʩʪʫ ʙʫʜʦʚʫ ʛʦʬʨʦʢʘʨʪʦʥʫ ʽ, ʷʢ 

ʥʘʩʣʽʜʦʢ, ʧʨʘʢʪʠʯʥʫ ʚʽʜʩʫʪʥʽʩʪʴ ʜʝʬʦʨʤʘʮʽʡ ʧʦʚʝʨʭʥʽ ʧʦʟʘ ʟʦʥʦʶ ʢʦʥʪʘʢʪʫ ʟ 

ʞʦʨʩʪʢʠʤ ʮʠʣʽʥʜʨʦʤ ʨʘʜʽʫʩʘ, ʜʦʩʪʘʪʥʴʦ ʦʙʤʝʞʠʪʠʩʷ ʪʝʦʨʽʻʶ ʢʦʥʪʘʢʪʫ ʪʽʣ ɻʝʨʮʘ 

[129]. ɺ ʨʘʤʢʘʭ ʮʽʻʾ ʪʝʦʨʽʾ ʥʘʡʙʽʣʴʰ ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʫʻ ʧʨʫʞʥʝ ʜʝʬʦʨʤʫʚʘʥʥʷ 

ʛʦʬʨʦʢʘʨʪʦʥʫ ʧʨʠ ʩʪʠʩʢʘʥʥʽ ʤʦʜʝʣʴ ʧʨʫʞʥʦʛʦ ʰʘʨʫ ɺʽʥʢʣʝʨʘ (ʨʠʩ. 3.34). 

 

ʈʠʩ. 3.34. ʄʦʜʝʣʴ ʧʨʫʞʥʦʛʦ ʰʘʨʫ ɺʽʥʢʣʝʨʘ 

 

ʇʝʨʝʤʽʱʝʥʥʷ ʧʦʚʝʨʭʥʽ ʛʦʬʨʦʢʘʨʪʦʥʫ ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ (ʨʠʩ. 3.34) 

ʢʽʥʝʤʘʪʠʯʥʦ ʽ ʛʝʦʤʝʪʨʠʯʥʦ ʦʧʠʩʫʶʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ: 

[ ]
[ ]

2 2
max , ,

( )
0, ,

h y d R R x x a a
d x

x a a

ëî- = - + - Í -
=ì

Î -îí

,   (3.3) 
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ʜʝ [ ],a a-  ï ʜʦʚʞʠʥʘ ʟʦʥʠ ʢʦʥʪʘʢʪʫ, max maxsin (2 )
2

a R d R d
a

= = - , maxd  ï 

ʚʝʣʠʯʠʥʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʦʛʠʥʫ ʧʦʚʝʨʭʥʽ ʛʦʬʨʦʢʘʨʪʦʥʫ ʚ ʪ. 0x= . ʅʦʨʤʘʣʴʥʠʡ 

ʪʠʩʢ ʚ ʜʦʚʽʣʴʥʽʡ ʪʦʯʮʽ ʢʦʥʪʘʢʪʫ ʟʛʽʜʥʦ ʟ ʛʽʧʦʪʝʟʦʶ ɺʽʥʢʣʝʨʘ ʚʠʟʥʘʯʘʻʪʴʩʷ, ʚʟʘʛʘʣʽ 

ʢʘʞʫʯʠ, ʥʝʣʽʥʽʡʥʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ: 

( ) ( ) ( )p x k x d x=- ,      (3.4) 

ʜʝ ( )k x  ï ʧʨʠʚʝʜʝʥʠʡ ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʥʘ ʩʪʠʩʢ ʛʦʬʨʦʢʘʨʪʦʥʫ. 

ʈʦʟʛʣʷʥʝʤʦ ʤʦʜʝʣ ɹʜʝʬʦʨʤʫʚʘʥʥʷ ʭʚʠʣʴ ʛʦʬʨʠ ʧʨʠ ʟʘʜʨʫʢʦʚʫʚʘʥʥʽ  ʤʝʪʦʜʦʤ 

postprint (ʨʠʩ.3.35). ʗʢʱʦ ʥʘʢʦʯʫʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʟʜʦʚʞ ʭʚʠʣʽ ʬʣʶʪʠʥʛʫ, ʪʦ ʟ 

ʧʦʩʪʽʡʥʠʤ ʟʥʘʯʝʥʥʷʤ 0( )k x k const= = . ʗʢʱʦ ʥʘʢʦʯʫʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʧʦʧʝʨʝʢ 

ʭʚʠʣʽ ʬʣʶʪʠʥʛʫ (ʨʠʩ.3.44), ʪʦ ʧʨʠʚʝʜʝʥʠʡ ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʤʦʞʥʘ ʚ ʣʦʢʘʣʴʥʽʡ 

ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ (maxd  ʥʝʭʘʡ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʪ. 0x= ) ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ:  

1 2

2
( ) cos

x
k x k k

b

p
= +      (3.5) 

ʜʝ b  ï ʢʨʦʢ ʬʣʶʪʠʥʛʫ, ʘ 1 2,k k  ï ʧʘʨʘʤʝʪʨʠ ʜʽʘʧʘʟʦʥʫ ʟʤʽʥʠ ʧʨʠʚʝʜʝʥʦʛʦ 

ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ ʚ ʨʽʟʥʠʭ ʪʦʯʢʘʭ ʬʣʶʪʠʥʛʫ. ʇʨʠ ʮʴʦʤʫ ʧʦʚʠʥʥʦ ʙʫʪʠ 

( )1 2 0( ) 0, 1, ,...k nb k k k n= + = = ° °, ʘ ʪʘʢʦʞ 1 2k k> . 

 

ʈʠʩ. 3.35. ʄʦʜʝʣʶʚʘʥʥʷ ʜʝʬʦʨʤʫʚʘʥʥʷ ʭʚʠʣʴ ʛʦʬʨʠ ʧʨʠ ʟʘʜʨʫʢʦʚʫʚʘʥʥʽ  

ʤʝʪʦʜʦʤ postprint 
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ɿʨʦʟʫʤʽʣʦ, ʱʦ max 0 maxp k d=-  ʚ ʪʦʯʮʽ 0x=  ʥʝ ʧʦʚʠʥʝʥ ʧʝʨʝʚʠʱʫʚʘʪʠ 

ʛʨʘʥʠʯʥʝ ʟʥʘʯʝʥʥʷ ʪʠʩʢʫ limp , ʧʨʠ ʷʢʦʤʫ ʚʪʨʘʯʘʶʪʴʩʷ ʧʨʫʞʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʤʘʪʝʨʽʘʣʫ ʽ ʧʦʯʠʥʘʻʪʴʩʷ ʥʝʟʚʦʨʦʪʥʻ ʟʤʠʥʘʥʥʷ.  

ɺ ʽʥʰʠʭ ʪʦʯʢʘʭ ʢʦʥʪʘʢʪʫ ʪʠʩʢ ʩʪʘʥʦʚʠʪʴ:  

[ ]

( )

[ ]

( )

( )

max max

2
2

max

2
2

max

2 2

1 2 0

1

1 2

1 2 max

( ) 0, ,

(0)

,
4 16

2 4

....

2

.

cos

.

( )

p x x a a

p d d

b b
p d R R x a a

b b
p d R R

p x d
x

R R

k k k

k

k k

k k x
b

= Î -

=- =-

å õ
å õ æ ö=- - + - Í -æ ö

æ

å

+

-
ö

på

õ

õ
+æ ö

ç

æ

÷

öç ÷
ç ÷

å õ ö=- - + -æ ö
æç ÷
ç ÷

=- - + -

  (3.6) 

ɿʘ ʪʝʭʥʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʬʣʶʪʠʥʛʘ ʪʠʩʢlimp  ʩʪʘʥʦʚʠʪʴ ʧʨʠʙʣʠʟʥʦ 

120-450 ʢʇʘ, ʘ ʜʣʷ ʣʘʡʥʝʨʘ (ʢʘʨʪʦʥʫ) - 350-1050 ʢʇʘ. ɿʫʩʠʣʣʷ, ʱʦ ʧʨʠʪʠʩʢʘʻ 

ʮʠʣʽʥʜʨ ʜʦ ʧʦʚʝʨʭʥʽ ʰʘʨʫ ʧʦʚʠʥʥʦ ʚʨʽʚʥʦʚʘʞʫʚʘʪʠʩʷ ʢʦʥʪʘʢʪʥʠʤ ʪʠʩʢʦʤ 

( )

( )

2 2
1 max

2 2
2 max

( )

2
cos

a a

a a

a

a

P p x dx k d R R x dx

x
k d R R x dx

b

- -

-

=- = - + - +

p
+ - + -

ñ ñ

ñ

   (3.7) 

ɿʘ ʧʦʟʜʦʚʞʥʴʦʛʦ ʥʘʢʦʯʫʚʘʥʥʷ ʮʠʣʽʥʜʨʘ ʥʘ ʰʘʨ ʬʦʨʤʫʣʘ (3.7) ʧʨʠʡʤʘʻ 

ʚʠʛʣʷʜ:  

( )2 2
0 max( )

a a

a a

P p x dx k d R R x dx

- -

=- = - + -ñ ñ    (3.8) 

ɺʨʘʭʦʚʫʶʯʠ ʟʘʣʝʞʥʽʩʪʴ (3.4), ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʱʦ 

ʧʦʚôʷʟʫʻ ʧʦʛʦʥʥʝ ʟʫʩʠʣʣʷ P  ʟ ʤʘʢʩʠʤʘʣʴʥʠʤ ʧʨʦʛʠʥʦʤ maxd , ʘʙʦ ʟ 

ʤʘʢʩʠʤʘʣʴʥʠʤ ʪʠʩʢʦʤ maxp : 
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2 2 2 2
max max

2 max max
max max max

2 max max
max max max

2 ( ) arcsin ( ) arcsin

(2 )
(2 )( ) arcsin

( 2 )1
( 2 )( ) arcsin

a a
P ak d R ak R a kR ak d R kR

R R

d R d
k d R d d R R

R

p p kR
p p kR kR p kR

k kR

= - + - + = - + =

å õ-
= - - + =æ ö
æ ö
ç ÷

å õ- +
= - - + + +æ ö
æ ö
ç ÷

(3.9) 

ʊʘʢʠʤ ʯʠʥʦʤ ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʥʝʦʙʭʽʜʥʠʡ (ʦʧʪʠʤʘʣʴʥʠʡ) ʪʠʩʢ ʚ ʙʫʜʴ-

ʷʢʽʡ ʪʦʯʮʽ ʢʦʥʪʘʢʪʫ ʛʦʬʨʦʢʘʨʪʦʥʫ ʟ ʜʨʫʢʘʨʩʴʢʠʤ ʽ ʬʦʨʤʥʠʤ ʮʠʣʽʥʜʨʘʤʠ. ʆʢʨʽʤ 

ʪʦʛʦ, ʬʦʨʤʫʣʘ (3.9) ʧʦʚôʷʟʫʻ ʪʠʩʢ ʟ ʢʨʦʢʦʤ ʬʣʶʪʠʥʛʘ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʙʨʘʪʠ 

ʦʧʪʠʤʘʣʴʥʫ ʡʦʛʦ ʚʝʣʠʯʠʥʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʨʦʢʫ  ̔  ʚʠʩʦʪʠ ʭʚʠʣʽ ʛʦʬʨʠ, ʚʽʜ ʷʢʠʭ 

ʟʘʣʝʞʠʪʴ ʷʢʽʩʪʴ ʚʽʜʙʠʪʢʽʚ. 

ɺʠʢʦʨʠʩʪʘʚʰʠ ʤʝʪʦʜʠ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ, ʦʩʥʦʚʥʽ ʨʽʚʥʷʥʥʷ ʷʢʦʾ ʤʦʞʫʪʴ 

ʙʫʪʠ ʚʨʘʭʦʚʘʥʽ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʥʘʧʨʫʞʝʥʴ ʽ ʜʝʬʦʨʤʘʮʽʡ ʩʢʣʘʜʦʚʠʭ ʛʦʬʨʦʢʘʨʪʦʥʫ 

ʧʨʠ ʬʣʝʢʩʦʛʨʘʬʽʯʥʦʤʫ ʜʨʫʮ,̔ ʟʦʢʨʝʤʘ ʛʝʦʤʝʪʨʠʯʥʫ ʪʘ ʬʽʟʠʯʥʫ ʥʝʣʽʥʽʡʥʽʩʪʴ ʫ 

ʤʘʪʝʨʽʘʣ,̔ ʷʢʠʡ ʧʝʨʝʙʫʚʘʻ ʧʽʜ ʜʽʻʶ ʩʠʣʦʚʠʭ ʧʦʣʽʚ ʧʨʠ ʟʘʜʨʫʢʦʚʫʚʘʥʥʽ. ɿʘʜʘʯʫ 

ʦʧʪʠʤʽʟʘʮʽʾ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʛʦʬʨʦʢʘʨʪʦʥʫ ʤʦʞʥʘ 

ʩʬʦʨʤʫʣʶʚʘʪʠ ʥʘ ʦʩʥʦʚʽ ʥʝʣʽʥʽʡʥʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʪʝʦʨʽʾ ʪʝʨʤʦʧʨʫʞʥʦʩʪʽ.  

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʝʨʝʤʽʱʝʥʴ ʩʢʣʘʜʦʚʠʭ ʛʦʬʨʦʢʘʨʪʦʥʫ ʧʨʠ ʜʨʫʢʫʚʘʥʥʽ 

ʚʠʢʦʠʩʪʘʻʤʦ ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ. ʅʝʭʘʡ ʪʽʣʦ ʜʝʬʦʨʤʫʻʪʴʩʷ. ʊʦʜʽ ʪʦʯʢʘ 

ʪʽʣʘ ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ ʦʜʝʨʞʠʪʴ ʧʝʨʝʤʽʱʝʥʥʷ, ʷʢʝ ʤʦʞʥʘ ʧʝʨʝʜʘʪʠ ʪʨʴʦʤʘ 

ʧʨʦʝʢʮʽʷʤʠ ʚʝʢʪʦʨʘ ʧʦʚʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʥʘ ʥʘʧʨʷʤʠ ʜʦʪʠʯʥʠʭ ʜʦ ʢʦʦʨʜʠʥʘʪʥʠʭ 

ʣʽʥ̔ʡ: 

( ) ( ) ( )1 1 2 2 3 3, , , , , , , ,u u u u u ua b g a b g a b g= = =      (3.10) 

ɺʽʜʥʦʩʥʽ ʚʠʜʦʚʞʝʥʥʷ ʥʘ ʥʘʧʨʷʤʘʭ , ,a b g  ʦʙʯʠʩʣʶʶʪʴ ʟʘ ʬʦʨʤʫʣʘʤʠ: 

1 11 2 22 3 231 2 1, 1 2 1, 1 2 1.E E Ee e e= + - = + - = + -   (3.11) 

ʂʫʪʠ ʟʩʫʚʫ ʤʽʞ ʚʦʣʦʢʥʘʤʠ: 

( )( ) ( )( ) ( )( )
23 1312

12 23 13

1 2 2 3 1 3

sin ,sin ,sin
1 1 1 1 1 1E E E E E E

e ee
f f f= = =

+ + + + + +  (3.12) 

ʆʜʠʥʠʯʥʽ ʚʝʢʪʦʨʠ  
* * *

1 2 3, ,K K K  ʜʦʪʠʯʥʽ ʜʦ ʣʽʥʽʡ , ,a b g  ʫ ʪʽʣʽ ʧʽʩʣʷ ʜʝʬʦʨʤʘʮʽʾ 

ʟʥʘʭʦʜʷʪʴ ʟʘ ʬʦʨʤʫʣʘʤʠ: 
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( )

( )

( )

*

1 11 1 12 3 2 13 2 3

1

*

2 12 3 1 22 2 23 1 3

2

*

3 13 2 1 23 1 2 33 3

3.

1 1 1
1 ,

1 2 2

1 1 1
1 ,

1 2 2

1 1 1
1 .

1 2 2

K K K K
E

K K K K
E

K K K K
E

w w

w w

w w

è øå õ å õ
= + + + + -æ ö æ öé ù
+ ç ÷ ç ÷ê ú

è øå õ å õ
= - + + + +æ ö æ öé ù
+ ç ÷ ç ÷ê ú

è øå õ å õ
= + + - + +æ ö æ öé ù
+ ç ÷ ç ÷ê ú   (3.13) 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʩʣʽʜ ʟʘʜʘʪʠ ʛʝʦʤʝʪʨʠʯʥʫ 

ʢʦʥʬ̔ʛʫʨʘʮʽʶ ʪʽʣʘ, ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʰʘʨʽʚ ʣʘʡʥʝʨʘ ʽ ʬʣʶʪʠʥʛʘ  ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʟʘʣʝʞʥʦʩʪʽ ʚʽʣʴʥʦʾ ʝʥʝʨʛʽʾ ʚʽʜ ʜʝʬʦʨʤʘʮʽʾ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ, ʤʘʩʦʚ ̔

ʩʠʣʠ ʪʘ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ. ʆʩʥʦʚʥʠʤʠ ʬʫʥʢʮʽʷʤʠ ʥʝʣʽʥʽʡʥʦʩʪʽ ʪʝʨʤʦʧʨʫʞʥʦʩʪʽ 

ʚʚʘʞʘʪʠʤʝʤʦ ʢʦʤʧʦʥʝʥʪʠ ʚʝʢʪʦʨʘ  iu ʡ ʪʝʤʧʝʨʘʪʫʨʫ ʊ. ʏʝʨʝʟ ʚʝʢʪʦʨ ʬʫʥʢʮʽʶ 

ʧʦʟʥʘʯʠʤʦ: 

{ }1 2 3, , ,u u u Tj=
      (3.14) 

ɸʥʘʣʦʛʽʯʥʦ (3.14) ʧʦʟʥʘʯʠʤʦ ʚʝʣʠʯʠʥʦʶ F  ʚʝʢʪʦʨ ʬʫʥʢʮʽʡ, ʷʢʽ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʩʠʣʦʚʽ ʡ ʪʝʤʧʝʨʘʪʫʨʥʽ ʜʽʾ, ʛʝʦʤʝʪʨʠʯʥʫ ʢʦʥʬʽʛʫʨʘʮʽʶ ʪʽʣʘ, 

ʤʝʭʘʥʽʯʥʽ ʪʘ ʪʝʧʣʦʬʽʟʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʽʘʣʫ: 

( )1 2, ,..., .nF F F F=
     (3.15) 

ʇʨʷʤʫ ʢʨʘʡʦʚʫ ʟʘʜʘʯʫ ʪʝʨʤʦʧʨʫʞʥʦʩʪʽ ʪʝʧʝʨ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ: 

( ), 0;L FF =
      (3.16) 

 ( ), 0,FG F =
      (3.17) 

ʜʝ ʦʧʝʨʘʪʦʨL-  ʚʽʜʧʦʚʽʜʘʻ ʯʦʪʠʨʴʦʤ ʨʽʚʥʷʥʥʷʤ ʥʘ ʢʦʤʧʦʥʝʥʪʠ ʧʝʨʝʤʽʱʝʥʴ 

ʽ ʪʝʤʧʝʨʘʪʫʨʫ, ʘ ʦʧʝʨʘʪʦʨG-  ʛʨʘʥʠʯʥʠʤ ʩʠʣʦʚʠʤ ʽ ʪʝʤʧʝʨʘʪʫʨʥʠʤ ʫʤʦʚʘʤ. 

ʇʨʠ ʧʦʩʪʘʥʦʚʮʽ ʦʧʪʠʤʽʟʘʮʽʡʥʦʾ ʟʘʜʘʯʽ ʧʨʠʧʫʩʢʘʻʤʦ, ʱʦ ʦʙʣʘʩʪʴ ʟʤʽʥʠ 

ʬʫʥʢʮʽʾ F   ʦʙʤʝʞʝʥʘ: 

,F F F- +¢ ¢       (3.18) 

ʜʝ  ,F F- +- ʟʘʜʘʥʽ ʬʫʥʢʮʽʾ ʘʙʦ ʧʘʨʘʤʝʪʨʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʦʙʣʘʩʪʴ 

ʤʦʞʣʠʚʠʭ ʟʤʽʥ ʩʠʣʦʚʠʭ ʽ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʜʽʡ, ʛʝʦʤʝʪʨʠʯʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ʪʽʣʘ, 

ʤʝʭʘʥʽʯʥʠʭ ʽ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʽʘʣʫ. 

ʆʙʣʘʩʪʴ ʟʤʽʥʠ ʬʫʥʢʮʽʡ  ʌ ʪʘʢʦʞ ʤʦʞʝ ʙʫʪʠ ʦʙʤʝʞʝʥʘ, ʪʦʙʪʦ ʧʨʷʤʫ 

ʢʨʘʡʦʚʫ ʟʘʜʘʯʫ ʪʝʨʤʦʧʨʫʞʥʦʩʪʽ ʪʝʧʝʨ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ: 

,- +F ¢F¢F       (3.19) 
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ʜʝ  ,
- +F F -ʟʘʜʘʥʽ ʬʫʥʢʮʽʾ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʦʙʣʘʩʪʴ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ 

ʪʘ ʢʦʤʧʦʥʝʥʪ ʧʝʨʝʤʽʱʝʥʥʷ ʫ ʪʽʣʽ. 

ʆʙʤʝʞʝʥʥʷ ʤʦʞʫʪʴ ʟʘʜʘʚʘʪʠʩʷ ʥʘ ʥʘʧʨʫʞʝʥʥʷ, ʜʝʬʦʨʤʘʮʽʾ, ʛʨʘʜʽʻʥʪ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʩʝʨʝʜʠʥʽ ʪʽʣʘ ʽ ʥʘ ʧʦʚʝʨʭʥʽ, ʘ ʪʘʢʦʞ ʥʘ ʽʥʰʽ ʧʘʨʘʤʝʪʨʠ. ʋ ʟʚôʷʟʢʫ ʟ 

ʮʠʤ ʦʙʤʝʞʝʥʥʷ ʦʧʪʠʤʽʟʘʮʽʡʥʦʾ ʟʘʜʘʯʽ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʟʘʧʠʰʝʤʦ ʷʢ:  

( ),F- +B ¢A F ¢B
     (3.20) 

ʜʝ A- ʟʘʜʘʥʠʡ ʦʧʝʨʘʪʦʨ;  ,- +B B -ʚʽʜʦʤʽ ʬʫʥʢʮʽʾ.  

ʆʧʪʠʤʽʟʘʮʽʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ 

ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʪʨʽʙʥʠʡ ʢʨʠʪʝʨʽʡ ʦʧʪʠʤʽʟʘʮʽʾ: 

()K Q Y=
      (3.21) 

ʜʝ Q ï ʟʘʜʘʥʠʡ ʦʧʝʨʘʪʦʨ; Y ï ʬʫʥʢʮʽʷ ʢʝʨʫʚʘʥʥʷ. 

( ),Y F=Z F
      (3.22) 

ʉʬʦʨʤʫʣʴʦʚʘʥʘ ʟʘʜʘʯʘ ʦʧʪʠʤʽʟʘʮʽʾ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʥʘ 

ʦʩʥʦʚʽ ʥʝʣʽʥʽʡʥʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ ʜʘʻ ʟʤʦʛʫ ʨʦʟʛʣʷʥʫʪʠ ʤʥʦʞʠʥʫ 

ʯʘʩʪʢʦʚʠʭ ʟʘʜʘʯ ʧʨʠ ʢʦʥʢʨʝʪʠʟʘʮʽʾ ʬʫʥʢʮʽʾ ʢʝʨʫʚʘʥʥʷ (3.21), ʢʨʠʪʝʨʽʶ 

ʦʧʪʠʤʽʟʘʮʽʾ (3.22), ʢʨʠʪʝʨʽʡ ʦʧʪʠʤʽʟʘʮʽʾ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʷʢ: 

( )( ), ,min max ,ua b gs       (3.23) 

ʘʙʦ 

( )( ), ,min max ,Hua b g      (3.24) 

ʜʝ us -  ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʥʘʧʨʫʞʝʥʴ; Hu - ʧʝʨʝʤʽʱʝʥʥʷ ʪʦʯʦʢ ʪʽʣʘ, ʱʦ 

ʜʝʬʦʨʤʫʻʪʴʩʷ, ʚ ʟʘʜʘʥʦʤʫ ʥʘʧʨʷʤʽ. 

ʆʧʪʠʤʽʟʘʮʽʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʛʦʬʨʦʢʘʨʪʦʥʫ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʤʦʜʫʣʴʥʦʤʫ ʧʨʠʥʮʠʧʽ.  ʋ ʜʦʩʣʽʜʞʝʥʥʽ ʧʨʠʡʥʷʪʦ ʨʽʟʥʠʮʝʚʠʡ ʤʝʪʦʜ ʧʽʜʚʠʱʝʥʥʷ 

ʪʦʯʥʦʩʪʽ, ʧʨʠʜʘʪʥʠʡ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ 

ʩʪʘʥʫ. ɼʠʩʢʨʝʪʠʟʘʮʽʷ ʛʝʦʤʝʪʨʠʯʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ʪʽʣʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʛʽʜʥʦ ʟ 

ʚʠʙʨʘʥʦʶ ʩʠʩʪʝʤʦʶ ʢʦʦʨʜʠʥʘʪ , ,a b g. ɺ ʦʙʣʘʩʪʽ ʟʤʽʥʠ ʟʤʽʥʥʠʭ  , ,a b g ʙʫʜʫʻʤʦ 

ʧʨʦʩʪʦʨʦʚʫ ʩʽʪʢʫ ʟ ʣʽʥʽʡ: 

( ) ( ) ( )

, ,

1 , 1 , 1 ,i i K

const const const

i h j h K ha b g

a b g

a b g

= = =

= - = - = -   (3.25) 
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ʜʝ
, ,h h ha b g-ʢʨʦʢʠ ʩʽʪʢʠ ʚ ʥʘʧʨʷʤʢʘʭ, , :a b g( )1 1 11,2,..., ; 1,2,..., ; 1,2,..., .i i j j K K= = =

 

ʊʦʯʢʠ ʧʝʨʝʪʠʥʫ ʣʽʥʽʡ ʫʪʚʦʨʶʶʪʴ ʩʫʢʫʧʥʽʩʪʴ ʚʫʟʣʽʚ{ }, ,N i j Ka b gW
, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʚʠʟʥʘʯʘʣʴʥʠʭ ʽ ʦʩʥʦʚʥʠʭ ʬʫʥʢʮʽʡ, ʢʨʘʡʦʚʦʾ 

ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ. ʋ ʚʫʟʣʠ ʩʽʪʢʠ ʚʚʦʜʷʪʴ ʪʘʙʣʠʯʥʽ ʬʫʥʢʮʽʾ ʧʝʨʝʤʽʱʝʥʴ, 

ʜʝʬʦʨʤʘʮʽʡ ʪʘ ʥʘʧʨʫʞʝʥʴ. ɺʠʟʥʘʯʘʣʴʥʽ ʬʫʥʢʮʽʾ F   ʘʥʘʣʦʛʽʯʥʦ ʧʝʨʝʭʦʜʷʪʴ ʫ 

ʜʠʩʢʨʝʪʥʦ ʟʘʜʘʥʽ: 

( ), , .ijK i j KF F a b g=
      (3.26) 

ɺʠʭʽʜʥʽ ʨʽʚʥʷʥʥʷ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ 

ʛʦʬʨʦʢʘʨʪʦʥʫ ʧʽʜ ʯʘʩ ʬʣʝʢʩʦʛʨʘʬʽʯʥʦʛʦ ʜʨʫʢʫ,  ʷʢ ʦʙʦʣʦʥʢʠ  ʧʽʜ ʜʽʻʶ ʩʠʣʦʚʠʭ 

ʧʦʣʽʚ, ʤʽʩʪʷʪʴ ʛʝʦʤʝʪʨʠʯʥʽ ʪʘ ʬʽʟʠʯʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʨʽʚʥʷʥʥʷ ʨʽʚʥʦʚʘʛʠ, 

ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ.  

ɼʦʩʣʽʜʞʝʥʥʷ ʥʘʧʨʫʞʝʥʴ ʽ ʜʝʬʦʨʤʘʮʽʡ ʫ ʛʦʬʨʦʢʘʨʪʦʥʽ ʧʨʠ ʜʨʫʢʫʚʘʥʥʽ 

ʧʨʦʚʝʜʝʥʦ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʛʝʦʤʝʪʨʠʯʥʦʾ ʥʝʣʽʥʽʡʥʦʩʪʽ ʚ ʧʨʦʩʪʦʨʦʚʠʭ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ ʧʨʫʞʥʦʩʪʽ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʪʦʚʩʪʠʭ ʦʙʦʣʦʥʦʢ, ʧʣʘʩʪʠʥ ʽ 

ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʡ. ʇʨʠ ʯʠʩʣʦʚʦʤʫ ʨʦʟʚôʷʟʘʥʥʽ ʧʨʷʤʦʾ ʟʘʜʘʯʽ ʧʨʫʞʥʦʩʪʽ ʫ 

ʥʝʩʪʠʩʣʠʚʠʭ ʪʽʣʘʭ ʢʨʽʤ ʨʽʚʥʷʥʴ ʨʽʚʥʦʚʘʛʠ ʚ ʧʝʨʝʤʽʱʝʥʥʷʭ ʧʦʪʨʽʙʥʦ 

ʟʘʜʦʚʦʣʴʥʠʪʠ ʨʽʚʥʷʥʥʷ ʥʝʩʪʠʩʣʠʚʦʩʪʽ, ʪʦʙʪʦ ʢʨʽʤ ʢʦʤʧʦʥʝʥʪ ʧʝʨʝʤʽʱʝʥʴ  iu ð 

ʩʣʽʜ ʚʠʟʥʘʯʠʪʠ ʛʽʜʨʦʩʪʘʪʠʯʥʠʡ ʪʠʩʢ h  . ʆʩʥʦʚʥʽ ʥʝʣʽʥʽʡʥʽ ʨʽʚʥʷʥʥʷ ʧʨʫʞʥʦʩʪʽ ʚ 

ʜʝʢʘʨʪʦʚʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ  ( )1 2 3, ,x x x
 ʤʘʶʪʴ ʪʘʢʠʡ ʚʠʛʣʷʜ: 

( )
2 2 2 2

* * * *1 1 1 1

1 11 22 33 122 2 2

1 21 2 3

* *2 2 *

* * 23 331 1 12 1

13 23

1 3 2 3 1 2 3 3

* ** * *

13 2311 12 1 12

1 2 3 1 1 2

, 2

2 2

1

i

u u u u
L u h

x xx x x

u u u

x x x x x x x x

u

x x x x x x

s s s s

s ss
s s

s ss s s

µ µ µ µ
¹ + + + +

µ µµ µ µ

å õµ µµ µ µ µ
+ + + + + +æ ö

µ µ µ µ µ µ µ µç ÷

å õå õµ µµ µ µ µ
+ + + + + + +æ öæ ö
µ µ µ µ µ µç ÷ç ÷

*

33 1

3 2

0;
u

x x

så õµ µ
=æ ö

µ µç ÷    (3.27) 

( )2 , 0iL u h =
, ( )3 , 0iL u h =

,
()4 det || || 1 0r

i rS

S

u
L u

x
d

µ
¹ - - =

µ    (3.28) 

ʈʽʚʥʷʥʥʷ (3.27) ʦʪʨʠʤʫʶʪʴ ʟ (3.25) ʰʣʷʭʦʤ ʮʠʢʣʽʯʥʦʾ ʧʝʨʝʩʪʘʥʦʚʢʠ  ( )1 2 3, ,u u u
 

ʽ  ( )1 2 3, ,x x x
. ʋ ʜʝʢʘʨʪʦʚʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ ʨʽʟʥʠʮʝʚʠʤ ʤʝʪʦʜʦʤ ʟʨʫʯʥʦ 

ʟʜʽʡʩʥʶʚʘʪʠ ʨʦʟʨʘʭʫʥʦʢ ʧʨʫʞʥʠʭ ʪʽʣ ʟ ʛʝʦʤʝʪʨʽʻʶ, ʷʢʘ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ 
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ʧʘʨʘʣʝʣʝʧʽʧʝʜʥʠʤ ʨʦʟʙʠʪʪʷʤ. ɺʘʞʣʠʚʠʤʠ ʻ ʜʝʬʦʨʤʘʮʽʾ ʫ ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʠ 

ʩʪʠʩʢʘʥʥʽ ʩʠʣʦʶ q .           ʅʝʭʘʡ ʫ ʧʨʷʤʦʢʫʪʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ ʤʘʻʤʦ ʧʨʫʞʥʫ 

ʧʣʘʩʪʠʥʫ ʨʦʟʤʽʨʘʤʠ 2ʘʭ2bxc  ʟ ʪʨʘʧʝʮʽʻʧʦʜʽʙʥʠʤ ʧʘʟʦʤ ʚʠʩʦʪʦʶ (ʨʠʩ. 3.36). 

ʉʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ  ( )1 2 3, ,x x x
 ʚʠʙʨʘʥʘ ʪʘʢ, ʱʦ  1a x a- ¢ ¢, 2b x b- ¢ ¢ , 30 nx c h¢ ¢ + .  

ʈʝʟʫʣʴʪʘʪʠ ʤʘʢʩʠʤʘʣʴʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʄe  ʧʨʠ ʩʪʠʩʢʘʥʥʽ ʢʦʥʩʪʨʫʢʮʽʾ 

ʟʘʣʝʞʥʦ ʚʽʜ ʧʨʠʢʣʘʜʝʥʦʾ ʩʠʣʠ ʜʣʷ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʢʫʪʘ   ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 3.36. 

 

 

ʘ                                           ʙ 

ʈʠʩ. 3.36. ʄʦʜʝʣʴ ʜʦ ʨʦʟʨʘʭʫʥʢʫ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʛʦʬʨʦʢʘʨʪʦʥʫ ʪʘ 

ʭʘʨʘʢʪʝʨʥʽ ʚʠʜʠ ʟʤʠʥʘʥʥʷ ʭʚʠʣʽ ʤʽʢʨʦʛʦʬʨʠ:  

ʘ) ʩʠʥʫʩʦʚʠʜʥʠʡ; ʙ) ʪʨʘʧʝʮʽʻʚʠʜʥʠʡ 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʩʠʣʠ ʟʥʘʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ 

ʜʝʬʦʨʤʘʮʽʾ ʟʨʦʩʪʘʻ ʟʘ ʥʝʣʽʥʽʡʥʠʤ ʟʘʢʦʥʦʤ. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʧʨʦʬʽʣʶ ʛʦʬʨʠ (ʢʫʪʘ 

ʚʽʜ 65Á ʜʦ 85Á) ʤʘʢʩʠʤʘʣʴʥʽ ʜʝʬʦʨʤʘʮʽʾ ʚ ʤʘʪʝʨʽʘʣʽ ʪʘʢʦʞ ʟʨʦʩʪʘʶʪʴ. ʗʢʱʦ ʭʚʠʣʷ 

ʛʦʬʨʠ ʤʘʻ ʧʦʯʘʪʢʦʚʫ ʩʠʥʫʩʦʚʠʜʥʫ ʬʦʨʤʫ (ʨʠʩ. 3.36.ʘ), ʪʦ ʰʠʨʠʥʘ ʩʤʫʛʠ 2b 

ʟʨʦʩʪʘʻ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʦʥʪʘʢʪʥʦʛʦ ʪʠʩʢʫ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʧʨʦʛʠʥʫ d ʧʦʚʝʨʭʥʽ. ʎʝ 

ʟʨʦʩʪʘʥʥʷ ʦʙʫʤʦʚʣʝʥʝ ʟʛʠʥʥʦʶ ʜʝʬʦʨʤʘʮʽʻʶ ʬʦʨʤʠ ʭʚʠʣʽ ʛʦʬʨʠ [130] ʽ 
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ʦʙʤʝʞʝʥʝ ʣʠʰʝ ʚʪʨʘʪʦʶ ʧʨʫʞʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʠ ʛʨʘʥʠʯʥʦʤʫ ʧʨʦʛʠʥʽ. 

ʇʨʫʞʥʝ ʜʝʬʦʨʤʫʚʘʥʥʷ (ʩʪʠʩʢʘʥʥʷ) ʪʨʘʧʝʮʽʻʚʠʜʥʦʾ ʬʦʨʤʠ ʭʚʠʣʽ ʛʦʬʨʠ (ʨʠʩ. 

3.36.ʙ), ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʩʠʥʫʩʦʚʠʜʥʦʾ, ʥʝ ʟʤʽʥʶʻ ʰʠʨʠʥʠ ʟʦʥʠ ʢʦʥʪʘʢʪʫ. 

ʇʦʷʩʥʶʻʪʴʩʷ ʮʝ ʪʠʤ, ʱʦ ʪʨʘʧʝʮʽʷ ʻ ʙʽʣʴʰ ʞʦʨʩʪʢʦʶ ʽ ʾʾ ʜʝʬʦʨʤʫʚʘʥʥʷ ʧʦʚôʷʟʘʥʝ 

ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʟ ʷʚʠʱʝʤ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʙʽʯʥʠʭ ʩʪʦʨʽʥ. ʋ ʜʝʷʢʦʤʫ ʚʠʧʘʜʢʫ 

ʟʨʫʯʥʦ ʚʠʙʠʨʘʪʠ ʬʦʨʤʫ ʭʚʠʣʽ ʛʦʬʨʠ ʙʝʟ ʢʫʪʦʚʠʭ ʟʣʘʤʽʚ ʫ ʟʦʥʽ ʢʦʥʪʘʢʪʫ. 

ɿʘʣʝʞʥʽʩʪʴ ʰʠʨʠʥʠ ʩʤʫʛʠ ʢʦʥʪʘʢʪʫ ʚʽʜ ʧʨʦʛʠʥʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʫ ʢʦʞʥʦʤʫ 

ʢʦʥʢʨʝʪʥʦʤʫ ʚʠʧʘʜʢʫ ʬʦʨʤʦʶ ʭʚʠʣʽ ʛʦʬʨʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʛʝʦʤʝʪʨʠʯʥʦʾ ʥʝʣʽʥʽʡʥʦʩʪʽ ʚ ʧʨʦʩʪʦʨʦʚʠʭ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ ʧʨʫʞʥʦʩʪʽ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʪʦʚʩʪʠʭ ʦʙʦʣʦʥʦʢ, ʧʣʘʩʪʠʥ ʽ 

ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʡ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʧʨʫʞʝʥʴ ʽ ʜʝʬʦʨʤʘʮʽʡ 

ʛʦʬʨʦʢʘʨʪʦʥʫ  ʧʽʜ ʯʘʩ ʜʨʫʢʫʚʘʥʥʷ ʤʝʪʦʜʦʤ ʬʣʝʢʩʦʜʨʫʢʫ. ʅʘ ʨʠʩ. 3.37 ʧʦʢʘʟʘʥʽ 

ʤʽʢʨʦʬʦʪʦʛʨʘʬʽʾ ʪʨʠ ʽ ʧôʷʪʠʰʘʨʦʚʦʛʦ ʛʦʬʨʦʢʘʨʪʦʥʫ ʧʽʩʣʷ ʟʘʜʨʫʢʫʚʘʥʥʷ ʤʝʪʦʜʦʤ 

postprint. 

  

ʘ ʙ 

ʈʠʩ. 3.37. ɿʨʘʟʦʢ  ʪʨʠʰʘʨʦʚʦʛʦ (ʘ) ʽ  ʧôʷʪʠʰʘʨʦʚʦʛʦ ʛʦʬʨʦʢʘʨʪʦʥʫ  (ʙ) 

ʧʽʩʣʷ ʟʘʜʨʫʢʫʚʘʥʥʷ ʤʝʪʦʜʦʤ postprint 

 

ʇʨʦʚʝʜʝʥʦ ʦʮʽʥʢʫ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʚʽʜʙʠʪʢʽʚ. ɼʦʩʣʽʜʞʝʥʦ, ʱʦ ʧʨʠ 

ʦʜʥʘʢʦʚʠʭ ʣʘʡʥʝʨʘʭ,  ʜʝʱʦ ʚʠʱʘ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʦʧʪʠʯʥʘ ʛʫʩʪʠʥʘ  ʚʽʜʙʠʪʢʫ ʥʘ 

ʛʦʬʨʦʢʘʨʪʦʥʽ ʧʨʠ ʟʘʜʨʫʢʫʚʘʥʥʽ ʟ ʙʦʢʫ ʛʦʬʨʠ ɽ,  ʥʽʞ ʧʨʠ ʜʨʫʢʫʚʘʥʥʽ ʟ ʙʦʢʫ ʛʦʬʨʠ 

ɺ, ʷʢʘ ʙʽʣʴʰ ʧʽʜʘʻʪʴʩʷ  ʜʝʬʦʨʤʫʚʘʥʥʶ. ɸʥʘʣʦʛʽʯʥʘ ʢʘʨʪʠʥʘ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʽ ʜʣʷ 
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ʧʦʢʘʟʥʠʢʘ ʢʦʣʴʦʨʦʚʽʜʪʚʦʨʝʥʥʷ. 

ʗʢ ʚʠʜʥʦ, ʟʤʽʥʠ ʪʠʩʢʫ ʚ ʟʦʥʽ ʜʨʫʢʘʨʩʴʢʦʛʦ ʢʦʥʪʘʢʪʫ, ʧʦʚôʷʟʘʥʽ ʟ 

ʚʥʫʪʨʽʰʥʴʦʶ ʩʪʨʫʢʪʫʨʦʶ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʛʦʬʨʦʚʘʥʦʛʦ 

ʢʘʨʪʦʥʫ, ʻ ʚʘʞʣʠʚʠʤʠ , ʦʩʢʽʣʴʢʠ ʩʧʨʠʯʠʥʷʶʪʴ ʟʤʽʥʠ ʦʧʪʠʯʥʦʾ ʱʽʣʴʥʦʩʪʽ ʧʦʚʥʠʭ 

ʧʦʣʽʚ (100%), ʩʪʫʧʝʥʷ ʧʦʢʨʠʪʪʷ ʨʘʩʪʨʦʚʠʭ ʧʦʣʽʚ. ʋ ʟʦʥʘʭ ʚʠʩʦʪʠ  ʭʚʠʣʽ ʛʦʬʨʠ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʙʽʣʴʰʠʡ ʪʠʩʢ ʜʨʫʢʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʢʨʘʱʦʛʦ ʧʝʨʝʥʝʩʝʥʥʷ 

ʬʘʨʙʠ ʽ, ʦʪʞʝ, ʟʙʽʣʴʰʝʥʥʷ ʦʧʪʠʯʥʦʾ ʱʽʣʴʥʦʩʪʽ. ʋ ʤʽʩʮʷʭ ʥʘʧʽʚʪʦʥʦʚʠʭ ʧʦʣʽʚ 

ʙʽʣʴʰʠʡ ʪʠʩʢ ʚʠʢʣʠʢʘʻ ʟʙʽʣʴʰʝʥʥʷ ʧʨʠʨʦʩʪʫ ʨʘʩʪʨʦʚʦʛʦ ʪʦʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ. 

ʎʠʤ ʦʯʝʚʠʜʥʦ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ  ʨʽʚʥʦʤʽʨʥʽʰʠʡ ʨʦʟʧʦʜʽʣ ʪʠʩʢʫ ʤʽʞ ʜʨʫʢʘʨʩʴʢʦʶ 

ʬʦʨʤʦʶ ʽ  ʣʘʡʥʝʨʦʤ ʚʥʘʩʣʽʜʦʢ ʤʝʥʰʦʾ ʚʠʩʦʪʠ ʛʦʬʨʠ, ʟʤʝʥʰʝʥʥʷʤ ʜʝʬʦʨʤʘʮʽʾ 

ʧʨʠ ʜʨʫʢʫʚʘʥʥʽ ʟ ʙʦʢʫ ʛʦʬʨʠ ɽ ʛʦʬʨʦʢʘʨʪʦʥʫ [116-119]. 

ʉʬʦʨʤʫʣʴʦʚʘʥʘ ʟʘʜʘʯʘ ʦʧʪʠʤʽʟʘʮʽʾ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ 

ʛʦʬʨʦʢʘʨʪʦʥʫ ʥʘ ʦʩʥʦʚʽ ʥʝʣʽʥʽʡʥʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ ʜʦʟʚʦʣʷʻ 

ʨʦʟʛʣʷʥʫʪʠ ʢʦʤʧʣʝʢʩ ʯʘʩʪʢʦʚʠʭ ʟʘʜʘʯ ʧʨʠ ʟʘʜʘʥʥʽ ʬʫʥʢʮʽʾ ʢʝʨʫʚʘʥʥʷ, ʢʨʠʪʝʨʽʶ 

ʦʧʪʠʤʽʟʘʮʽʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʧʨʫʞʝʥʴ; ʧʝʨʝʤʽʱʝʥʥʷ ʜʝʬʦʨʤʦʚʘʥʠʭ ʪʦʯʦʢ ʪʽʣʘ ʚ 

ʟʘʜʘʥʦʤʫ ʥʘʧʨʷʤʢʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʽʜʪʚʝʨʜʞʝʥʦ, ʱʦ ʧʨʫʞʥʦ-ʜʝʬʦʨʤʘʮʽʡʥʠʡ ʩʪʘʥ 

ʛʦʬʨʦʢʘʨʪʦʥʫ ʚ ʧʨʦʮʝʩʽ ʬʣʝʢʩʦʛʨʘʬʽʯʥʦʛʦ ʜʨʫʢʫ ʥʘ ʥʴʦʤʫ ʚʧʣʠʚʘʻ ʥʘ ʷʢʽʩʥʽ 

ʧʦʢʘʟʥʠʢʠ ʦʪʨʠʤʘʥʠʭ ʚʽʜʙʠʪʢʽʚ. ɼʨʫʢ ʥʘ ʛʦʬʨʦʢʘʨʪʦʥʽ ʟ ʙʦʢʫ ʛʦʬʨʫʚʘʥʥʷ ɽ ʤʘʻ 

ʢʨʘʱʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ (ʦʧʪʠʯʥʘ ʱʽʣʴʥʽʩʪʴ, ʧʝʨʝʜʘʯʘ ʢʦʣʴʦʨʫ, ʩʪʘʙʽʣʴʥʽʩʪʴ 

ʜʨʫʢʫ) ʧʦʨʽʚʥʷʥʦ ʟ ʚʽʜʙʠʪʢʘʤʠ, ʥʘʜʨʫʢʦʚʘʥʠʤʠ ʟ ʙʦʢʫ ʛʦʬʨʫʚʘʥʥʷ ɺ. ʆʯʝʚʠʜʥʦ, 

ʮʝ ʧʦʚôʷʟʘʥʦ ʟ ʙʽʣʴʰʦʶ ʜʝʬʦʨʤʘʮʽʻʶ ʚʥʫʪʨʽʰʥʽʭ ʰʘʨʽʚ ʛʦʬʨʦʢʘʨʪʦʥʫ. ɼʝʬʝʢʪ 

ʚʽʜʦʤʠʡ ʷʢ çʧʨʘʣʴʥʘ ʜʦʰʢʘè ï ʧʦʷʚʘ ʪʝʤʥʠʭ ʽ ʩʚʽʪʣʠʭ ʩʤʫʛ ʥʘ ʟʦʙʨʘʞʝʥʥʽ, 

ʚʠʷʚʣʝʥʠʭ ʥʘ ʚʽʜʙʠʪʢʘʭ ʟ ʙʦʢʫ ʛʦʬʨʠ ɺ, ʷʢʽ ʥʝ ʚʠʜʥʦ ʥʘ ʚʽʜʙʠʪʢʘʭ ʟ ʙʦʢʫ ʛʦʬʨʠ 

ɽ, ʧʽʜʪʚʝʨʜʞʫʻ ʚʧʣʠʚ ʜʝʬʦʨʤʘʮʽʾ ʛʦʬʨʦʢʘʨʪʦʥʫ ʧʽʜ ʪʠʩʢʦʤ ʩʠʩʪʝʤʠ 

ʜʨʫʢʘʨʩʴʢʦʛʦ ʽ ʬʘʨʙʦʚʦʛʦ ʘʧʘʨʘʪʽʚ  ʥʘ ʷʢʽʩʪʴ ʟʦʙʨʘʞʝʥʥʷ. ɿʘ ʜʦʧʦʤʦʛʦʶ 

ʤʽʢʨʦʩʢʦʧʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʟʘʬʽʢʩʦʚʘʥʦ ʬʦʨʤʫʚʘʥʥʷ ʢʨʘʱʠʭ ʚʽʜʙʠʪʢʽʚ ʧʨʠ 

ʜʨʫʢʫʚʘʥʥʽ ʤʝʪʦʜʦʤ postprint ʟ ʙʦʢʫ ʭʚʠʣʽ ʛʦʬʨʠ ɽ, ʱʦ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ  ʙʽʣʴʰ 

ʨʽʚʥʦʤʽʨʥʠʤ ʧʝʨʝʨʦʟʧʦʜʽʣʦʤ ʪʠʩʢʫ ʪʘ ʥʘʧʨʫʞʝʥʦʩʪʽ  ʚ ʤʘʪʝʨʽʘʣʽ ʧʽʜ ʯʘʩ ʜʨʫʢʫ ʥʘ 

ʣʘʡʥʝʨʽ ʟ ʥʠʞʯʦ ʁʭʚʠʣʝʶ  ʛʦʬʨʠ ʪʘ ʧʽʜʪʚʝʨʜʞʫʻ ʚʧʣʠʚ ʚʠʩʦʪʠ ʭʚʠʣʽ ʥʘ ʷʢʽʩʪʴ 
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ʚʽʜʙʠʪʢʫ [129].        

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 3 

1. ɼʦʩʣʽʜʞʝʥʥʷʤ ʤʦʨʬʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʣʘʡʥʝʨʽʚ (ʢʘʨʪʦʥʽʚ) ʪʘ 

ʚʽʜʙʠʪʢʽʚ ʥʘ ʥʠʭ, ʚʠʷʚʣʝʥʦ, ʱʦ ʜʣʷ ʢʨʝʡʜʦʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʢʘʨʪʦʥʘʤʠ ʙʝʟ ʧʦʢʨʠʪʪʷ ʟʤʝʥʰʫʶʪʴʩʷ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʰʦʨʩʪʢʦʩʪʽ Ra ʚ 1,18 

ʨʘʟʽʚ, ʘ ʧʣʦʱʽ ʚʧʘʜʠʥ Sʚʧ ï ʚ 2,07 ʨʘʟʠ; ʚʽʜʧʦʚʽʜʥʦ ʜʣʷ ʚʽʜʙʠʪʢʽʚ Ra  ʟʤʝʥʰʫʻʪʴʩʷ 

ʚ 1,19, ʘ  Sʚʧ ï ʚ 2,4 ʨʘʟʠ. ʉʝʨʝʜʥʷ ʛʣʠʙʠʥʘ ʰʦʨʩʪʢʦʩʪʽ Rz ʽ ʧʣʦʱʽ ʧʽʢʽʚ Sʧʽʢ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʜʽʣʷʥʦʢ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚ 1,03 ʨʘʟʠ (ʜʣʷ ʢʘʨʪʦʥʽʚ) ʽ ʚ 1,07 ʨʘʟʽʚ (ʜʣʷ 

ʚʽʜʙʠʪʢʽʚ). ʅʘʷʚʥʽʩʪʴ ʫ ʢʘʨʪʦʥʽ ʢʨʝʡʜʦʚʘʥʦʛʦ ʧʦʢʨʠʪʪʷ, ʤʘʻ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ 

ʡʦʛʦ ʤʽʢʨʦʛʝʦʤʝʪʨʽʶ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʚʠʟʥʘʯʝʥʠʡ  ʧʘʨʘʤʝʪʨ ʰʦʨʩʪʢʦʩʪʽ Ra, ʷʢʠʡ 

ʜʣʷ ʢʘʨʪʦʥʫ ʟ ʧʦʪʨʽʡʥʠʤ ʢʨʝʡʜʦʚʘʥʠʤ ʧʦʢʨʠʪʪʷʤ ʟʤʝʥʰʫʻʪʴʩʷ ʫ 2,3 ʨʘʟʠ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʘʨʪʦʥʦʤ ʟ ʜʚʦʰʘʨʦʚʠʤ ʧʦʢʨʠʪʪʷʤ ʽ ʚ 2.5 ʨʘʟʠ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʢʘʨʪʦʥʦʤ ʙʝʟ ʧʦʢʨʠʪʪʷ, ʱʦ ʧʽʜʪʚʝʨʜʞʫ ̒ʩʫʪʪʻʚʠʡ ʚʧʣʠʚ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʚʝʨʭʥʽ 

ʢʘʨʪʦʥʽʚ ʥʘ ʷʢʽʩʪʴ ʜʨʫʢʘʨʩʴʢʠʭ ʚʽʜʙʠʪʢʽʚ.  

2. ʇʦʙʫʜʦʚʘʥʽ ʬʫʥʢʮʽʾ ʙʘʞʘʥʦʩʪʽ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʚʽʜʙʠʪʢʽʚ ʪʘ 

ʦʮʽʥʶʚʘʥʥʷ ʾʭ ʟʘ ʰʢʘʣʦʶ ʍʘʨʨʥ̔ˇʪʦʥʘ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʨʠ ʜʨʫʢʫʚʘʥʥʽ ʥʘ 

ʢʨʝʡʜʦʚʘʥʠʭ ʧʦʚʝʨʭʥʷʭ ʟʥʘʯʝʥʥʷ ʢʦʥʪʨʘʩʪʫ, ʪʨʝʧʽʥʛʫ, ʙʘʣʘʥʩʫ ʧʦ-ʩʽʨʦʤʫ, 

ʨʦʟʪʠʩʢʫʚʘʥʥʷ ʨʘʩʪʨʦʚʦʾ ʢʨʘʧʢʠ, ʢʦʚʟʘʥʥʷ ʧʨʠ ʜʨʫʢʫʚʘʥʥʽ ʨʽʟʥʠʤʠ ʬʘʨʙʘʤʠ ʥʘ 

ʢʨʝʡʜʦʚʘʥʠʭ ʧʦʚʝʨʭʥʷʭ ʥʘʙʣʠʞʫʶʪʴʩʷ ʜʦ 1 ʽ ʟʤʝʥʰʫʶʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 0,04 

ʜʦ 0,55 ʜʣʷ ʚʽʜʙʠʪʢʽʚ ʥʘ ʢʘʨʪʦʥʽ ʙʝʟ ʧʦʢʨʠʪʪʷ. ɿʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʨʽʚʥʦʤʽʨʥʦʩʪʽ 

ʜʨʫʢʫʚʘʥʥʷ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 0 ʜʦ 0,37 ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʢʦʣʴʦʨʫ ʬʘʨʙʠ, ʘ ʦʧʪʠʯʥʦʾ 

ʱʽʣʴʥʦʩʪʽ ʚʽʜʙʠʪʢʽʚ ʚʽʜʧʦʚʽʜʥʦ ï ʜʣʷ ʛʦʣʫʙʦʾ ʬʘʨʙʠ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 0,54 ʜʦ 1,64, 

ʜʣʷ ʧʫʨʧʫʨʥʦʾ ʬʘʨʙʠ ï ʚʽʜ 0,49 ʜʦ 1,59, ʜʣʷ ʞʦʚʪʦʾ ʬʘʨʙʠ ʚʽʜ 0,44 ʜʦ 1,54, ʜʣʷ 

ʯʦʨʥʦʾ ʬʘʨʙʠ ʚʽʜ 0,66 ʜʦ 1,96. 

3. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʤʽʥʠ ʪʠʩʢʫ ʚ ʟʦʥʽ ʜʨʫʢʘʨʩʴʢʦʛʦ ʢʦʥʪʘʢʪʫ, ʧʦʚôʷʟʘʥʽ 

ʟ ʚʥʫʪʨʽʰʥʴʦʶ ʩʪʨʫʢʪʫʨʦʶ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʥʦʛʦ ʩʪʘʥʫ ʛʦʬʨʦʚʘʥʦʛʦ 

ʢʘʨʪʦʥʫ ʻ ʚʘʞʣʠʚʠʤʠ, ʦʩʢʽʣʴʢʠ ʩʧʨʠʯʠʥʷʶʪʴ ʟʤʽʥʠ ʦʧʪʠʯʥʦʾ ʱʽʣʴʥʦʩʪʽ ʧʦʚʥʠʭ 

ʧʦʣʽʚ (100%), ʩʪʫʧʝʥʷ ʧʦʢʨʠʪʪʷ ʨʘʩʪʨʦʚʠʭ ʧʦʣʽʚ. ʋ ʟʦʥʘʭ ʚʠʩʦʪʠ  ʭʚʠʣʽ ʛʦʬʨʠ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʙʽʣʴʰʠʡ ʪʠʩʢ ʜʨʫʢʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʢʨʘʱʦʛʦ ʧʝʨʝʥʝʩʝʥʥʷ 

ʬʘʨʙʠ ʽ, ʦʪʞʝ, ʟʙʽʣʴʰʝʥʥʷ ʦʧʪʠʯʥʦʾ ʱʽʣʴʥʦʩʪʽ. ʋ ʥʘʧʽʚʪʦʥʘʭ ʟʦʙʨʘʞʝʥʥʷ ʙʽʣʴʰʠʡ 
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ʪʠʩʢ ʚʠʢʣʠʢʘʻ ʟʙʽʣʴʰʝʥʥʷ ʧʨʠʨʦʩʪʫ ʨʘʩʪʨʦʚʦʛʦ ʧʦʣʷ. ʎʠʤ ʦʯʝʚʠʜʥʦ ʤʦʞʥʘ 

ʧʦʷʩʥʠʪʠ ʨʽʚʥʦʤʽʨʥʽʰʠʡ ʨʦʟʧʦʜʽʣ ʪʠʩʢʫ ʤʽʞ ʜʨʫʢʘʨʩʴʢʦʶ ʬʦʨʤʦʶ ʽ  ʣʘʡʥʝʨʦʤ 

ʚʥʘʩʣʽʜʦʢ ʤʝʥʰʦʾ ʚʠʩʦʪʠ ʛʦʬʨʠ, ʟʤʝʥʰʝʥʥʷʤ ʜʝʬʦʨʤʘʮʽʾ ʧʨʠ ʜʨʫʢʫʚʘʥʥʽ ʟ ʙʦʢʫ 

ʛʦʬʨʠ ɽ. 

4. ɿʜʽʡʩʥʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʷʢʦʩʪʽ ʚʽʜʙʠʪʢʽʚ ʬʣʝʢʩʦʛʨʘʬʽʯʥʦʛʦ ʽ 

ʮʠʬʨʦʚʦʛʦ (ink-jet) ʜʨʫʢʫ ʥʘ ʛʦʬʨʦʢʘʨʪʦʥʽ. ɼʦʩʣʽʜʞʝʥʦ, ʱʦ ʥʘ ʚʽʜʙʠʪʢʘʭ 

ʮʠʬʨʦʚʦʛʦ ʜʨʫʢʫ ʚ ʪʝʤʥʠʭ ʽ ʩʚʽʪʣʠʭ ʜʽʣʷʥʢʘʭ (ʚ ʪʝʭʥʦʣʦʛʽʾ postprint) ʩʝʨʝʜʥʽ 

ʟʥʘʯʝʥʥʷ ʪʦʥʦʧʝʨʝʜʘʯʽ ʧʨʘʢʪʠʯʥʦ ʦʜʠʥʘʢʦʚʽ. Miʥʽʤʘʣʴʥʘ ʪʦʥʦʧʝʨʝʜʘʯʘ 

ʩʧʦʩʪʝʨʽʛʘʣʘʩʴ ʚ ʧʫʥʢʪʘʭ ʟʽ ʩʪʫʧʝʥʝʤ ʧʦʢʨʠʪʪʷ 0,4% ʥʘ ʩʚʽʪʣʠʭ ʜʽʣʷʥʢʘʭ 

ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʟʽ ʩʪʫʧʝʥʝʤ ʧʦʢʨʠʪʪʷ 99% ï ʪʝʤʥʠʭ ʜʽʣʷʥʢʘʭ ʟʦʙʨʘʞʝʥʥʷ 

(ʨʘʩʪʨʦʚʝ ʧʦʣʝ 100% ʧʦʢʨʠʪʪʷ). ʋ ʬʣʝʢʩʦʛʨʘʬʽʯʥʦʤʫ ʜʨʫʮʽ ʧʝʨʝʜʘʯʘ ʪʦʥʘʣʴʥʦʩʪʽ 

ʥʘʜʨʫʢʦʚʘʥʠʭ ʟʦʙʨʘʞʝʥʴ ʙʫʣʘ ʥʘʙʣʠʞʝʥʦʶ ʽ ʩʢʣʘʜʘʣʘ  0,8-95 % ʥʘ ʚʽʜʙʠʪʢʘʭ, 

ʟʘʜʨʫʢʦʚʘʥʠʭ ʟ ʙʦʢʫ ʛʦʬʨʠ E-E, i B-B, ʘ ʜʣʷ ʚʽʜʙʠʪʢʽʚ, ʟʘʜʨʫʢʦʚʘʥʠʭ ʟ ʙʦʢʫ ʛʦʬʨʠ 

B-E ʩʢʣʘʜʘʣʘ ʚ ʩʝʨʝʜʥʴʦʤʫ 0,8-97,3 %. 

5. ɿʜʽʡʩʥʝʥʦ ʘʥʘʣʽʟ ʜʝʬʝʢʪʽʚ ʬʣʝʢʩʦʜʨʫʢʫ ʥʘ ʛʦʬʨʦʢʘʨʪʦʥʽ, ʦʧʠʩʘʥʦ 

ʢʣʘʩʠʬʽʢʘʮʽʶ ʤʦʞʣʠʚʠʭ ʧʨʠʯʠʥ ʾʭ ʧʦʷʚʠ, ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʡʤʦʚʽʨʥʽ ʤʝʪʦʜʠ ʾʭ 

ʫʩʫʥʝʥʥʷ. 

6. ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʟʜʽʡʩʥʝʥʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʛʦʬʨʦʢʘʨʪʦʥʫ ʧʨʠ ʜʨʫʢʫʚʘʥʥʽ ʪʘ 

ʦʧʠʩʘʥʦ ʡʦʛʦ ʤʘʪʝʤʘʪʠʯʥʠʤʠ ʤʦʜʝʣʷʤʠ, ʷʢʽ ʧʦʚôʷʟʫʶʪʴ ʤʽʞ ʩʦʙʦʶ ʩʧʦʩʽʙ ʜʨʫʢʫ 

(ʧʦʧʝʨʝʢ ʯʠ ʧʦʟʜʦʚʞ ʭʚʠʣʽ ʛʦʬʨʠ), ʚʝʣʠʯʠʥʫ ʪʠʩʢʫ, ʚʠʩʦʪʫ ʽ ʢʨʦʢ ʭʚʠʣʽ ʛʦʬʨʠ 

ʬʣʶʪʠʥʛʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʨʦʟʨʘʭʫʚʘʪʠ ʥʝʦʙʭʽʜʥʠʡ (ʦʧʪʠʤʘʣʴʥʠʡ) ʪʠʩʢ ʚ ʙʫʜʴ-ʷʢʽʡ 

ʪʦʯʮʽ ʢʦʥʪʘʢʪʫ ʛʦʬʨʦʢʘʨʪʦʥʫ ʟ ʜʨʫʢʘʨʩʴʢʠʤ ʽ ʬʦʨʤʥʠʤ ʮʠʣʽʥʜʨʘʤʠ ʪʘ 

ʟʘʙʝʟʧʝʯʠʪʠ ʷʢʽʩʪʴ ʚʽʜʙʠʪʢʽʚ.  
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ʈʆɿɼɯʃ 4 

ʊɽʍʅʆʃʆɻɯʗ ʆɿɼʆɹʃɽʅʅʗ ʇɸʂʆɺɸʅʔ ɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ 

ɽʌɽʂʊɯɺ  ʃʖʄɯʅɽʉʎɽʅʎɯɰ ʊɸ ɸʈʆʄɸʊʀɿɸʎɯɰ ʅɸ ɼʈʋʂɸʈʉʔʂʀʍ 

ɺɯɼɹʀʊʂɸʍ 

  

4.1. ɼʦʩʣʽʜʞʝʥʥʷ ʷʢʦʩʪʽ ʚʽʜʙʠʪʢʽʚ, ʫʪʚʦʨʝʥʠʭ ʬʘʨʙʘʤʠ ʟ 

ʣʶʤʽʥʝʩʮʝʥʪʥʠʤʠ ʜʦʤʽʰʢʘʤʠ 

ɸʥʘʣʽʟ ʤʘʨʢʝʪʠʥʛʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʫʻ ʧʽʜʚʠʱʝʥʫ ʫʚʘʛʫ ʩʧʦʞʠʚʘʯʽʚ ʜʦ 

ʦʟʜʦʙʣʝʥʥʷ ʧʘʢʦʚʘʥʴ ʪʘ ʟʘʭʠʩʪʫ ʧʨʦʜʫʢʮʽʾ ʚʽʜ ʧʽʜʨʦʙʢʠ. ʊʦʤʫ ʚʠʙʽʨ  

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʦʟʜʦʙʣʝʥʥʷ ʧʘʢʫʚʘʣʴʥʦʾ ʧʨʦʜʫʢʮʽʾ ʻ ʚʽʜʧʦʚʽʜʘʣʴʥʠʤ 

ʝʪʘʧʦʤ ʚʠʨʦʙʥʠʮʪʚʘ, ʥʘ ʷʢʠʡ ʚʧʣʠʚʘʻ ʨʷʜ ʬʘʢʪʦʨʽʚ, ʟʦʢʨʝʤʘ ʧʨʠʟʥʘʯʝʥʥʷ 

ʧʘʢʦʚʘʥʥʷ,  ʚʠʜ ʡʦʛʦ ʢʦʥʩʪʨʫʢʮʽʾ, ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʽʘʣʽʚ, 

ʾʭ ʙʘʨôʻʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ʗʢ ʚʽʜʦʤʦ, ʜʣʷ ʚʠʥʠʢʥʝʥʥʷ ʣʶʤʽʥʝʩʮʝʥʮʽʾ ʥʝʦʙʭʽʜʥʦ 

ʧʝʨʝʚʝʩʪʠ ʯʘʩʪʠʥʢʠ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʨʝʯʦʚʠʥʠ ʟ ʥʦʨʤʘʣʴʥʦʛʦ ʚ ʟʙʫʜʞʝʥʠʡ ʩʪʘʥ ʽ 

ʟʘʙʝʟʧʝʯʠʪʠ ʡʦʛʦ ʟʙʝʨʝʞʝʥʥʷ ʧʨʦʪʷʛʦʤ ʯʘʩʫ, ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ 

ʝʣʝʢʪʨʦʥʥʦʛʦ ʧʝʨʝʭʦʜʫ ʧʨʠ ʧʦʚʝʨʥʝʥʥʽ ʮʝʥʪʨʽʚ ʩʚʽʪʽʥʥʷ ʫ ʟʙʫʜʞʝʥʦʤʫ ʩʪʘʥʽ.  

ʃʶʤʽʥʦʬʦʨ ʟʤʫʩʠʚ ʩʚʽʪʠʪʠʩʷ ʯʝʨʚʦʥʠʤ ʢʦʣʴʦʨʦʤ  ʚʽʜʙʠʪʢʠ, ʦʪʨʠʤʘʥʽ 

ʢʦʣʴʦʨʘʤʠ CMY, ʷʢʠʡ  ʙʫʚ ʚʚʝʜʝʥʠʡ ʫ ʚʽʜʧʦʚʽʜʥʽ ʬʘʨʙʠ ʧʝʨʝʜ ʜʨʫʢʫʚʘʥʥʷʤ. 

ɽʬʝʢʪ ʩʚʽʪʽʥʥʷ ʙʫʚ ʧʦʤʽʪʥʠʡ ʥʘ ʚʽʜʙʠʪʢʘʭ  ʚ ʪʝʤʥʦʪʽ (ʨʠʩ. 4.1). 

ʗʢ ʚʠʜʥʦ ʟ ʬʦʪʦʛʨʘʬʽʡ, ʚʤʽʩʪ ʣʶʤʽʥʦʬʦʨʘ ʚʧʣʠʚʘʻ ʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʣʶʤʽʥʝʩʮʝʥʮʽʾ ʟʦʙʨʘʞʝʥʥʷ. 

ɺ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʭʨʦʤʘʪʠʯʥʫ ʜʽʘʛʨʘʤʫ CIE ʟ 

ʚʠʟʥʘʯʝʥʦʶ ʝʤʽʩʽʻʶ ʣʶʤʽʥʦʬʦʨʘ ʥʘ ʚʽʜʙʠʪʢʫ. ʇʽʜ ʚʧʣʠʚʦʤ ʟʙʫʜʞʝʥʥʷ ʣʘʟʝʨʥʦʶ 

ʣʘʤʧʦʶ ʚ ʜʽʘʧʘʟʦʥʽ ʙʣʠʞʥʴʦʾ ʽʥʬʨʘʯʝʨʚʦʥʦʾ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ɚ = 975 ʥʤ ʙʫʣʦ 

ʦʪʨʠʤʘʥʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘʥʦʣʶʤʽʥʦʬʦʨʘ ʯʝʨʚʦʥʦʛʦ ʢʦʣʴʦʨʫ (ʨʠʩ.4.2). 
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ʈʠʩ. 4.1. ʉʪʨʫʢʪʫʨʘ ʧʦʚʝʨʭʥʽ ʚʽʜʙʠʪʢʽʚ, ʫʪʚʦʨʝʥʠʭ ʬʘʨʙʦʶ ʟ ʨʽʟʥʠʤ 

ʚʽʜʩʦʪʢʦʤ ʣʶʤʽʥʦʬʦʨʘ, ʟʘʬʽʢʩʦʚʘʥʘ ʚ ʪʝʤʥʦʪʽ (ʟʙ.Ĭ150):  

ʘ ï 5 %; ʙ ï 10 %; ʚ ï 20 %; ʛï 30% 

 

ʈʠʩ. 4.2. ʍʨʦʤʘʪʠʯʥʘ ʜʽʘʛʨʘʤʘ CIE ʟ ʚʠʟʥʘʯʝʥʦʶ ʝʤʽʩʽʻʶ ʣʶʤʽʥʦʬʦʨʘ 
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ɹʫʣʦ ʚʠʤʽʨʷʥʦ ʚʝʣʠʯʠʥʫ ʙʣʠʩʢʫ ʟʦʙʨʘʞʝʥʴ ʥʘ ʚʽʜʙʠʪʢʫ, ʪʘ ʟʜʽʡʩʥʝʥʦ ʡʦʛʦ 

ʦʮʽʥʶʚʘʥʥʷ ʟʛʽʜʥʦ ʟʥʘʯʝʥʴ,  ʥʘʚʝʜʝʥʠʭ ʚ ʪʘʙʣʠʮʽ 4.1. 

ʊʘʙʣʠʮʷ 4.1 

 ʂʫʪʠ ʚʠʤʽʨʽʚ ʙʣʠʩʢʫ  

ɺʝʣʠʯʠʥʘ ʙʣʠʩʢʫ ɿʥʘʯʝʥʥʷ  ɿʥʘʯʝʥʥʷ ʢʫʪʽʚ 

ɺʠʩʦʢʠʡ > 70 20O 

ʉʝʨʝʜʥʽʡ 10ï70  60O 

ʅʠʟʴʢʠʡ < 10 85O 

 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʙʣʠʩʢʫ ʥʘ ʚʽʜʙʠʪʢʘʭ ʥʘ ʢʘʨʪʦʥʽ GC-2 ʫ 

ʥʝʟʘʜʨʫʢʦʚʘʥʠʭ ʽ ʟʘʜʨʫʢʦʚʘʥʠʭ ʤʽʩʮʷʭ ʣʘʢʦʤ ʟ ʣʶʤʽʥʝʩʮʝʥʪʥʠʤʠ ʜʦʤʽʰʢʘʤʠ (ʚʽʜ 

10 ʜʦ 30 %) ʟʘʩʚʽʜʯʠʣʠ, ʱʦ ʣʶʤʽʥʝʩʮʝʥʪʥʘ ʬʘʨʙʘ ʟʙʽʣʴʰʫʻ ʡʦʛʦ  ʚʽʜ 2 ʜʦ 15 

ʦʜʠʥʠʮʴ. ʅʘ ʦʩʥʦʚʽ ʩʝʨʝʜʥʭ̔ ʟʥʘʯʝʥ ɹ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʚʝʣʠʯʠʥ, ʧʦʙʫʜʦʚʘʥʦ 

ʜʽʘʛʨʘʤʫ ʙʣʠʩʢʫ ʟʦʙʨʘʞʝʥʴ (ʨʠʩ. 4.3), ʟʘʣʝʞʥʦ ʚʽʜ ʢʦʣʴʦʨʫ ʟʦʙʨʘʞʝʥʥʷ ʥʘ 

ʚʽʜʙʠʪʢʘʭ [131].  

 

ʈʠʩ. 4.3. ɼʽʘʛʨʘʤʘ ʟʥʘʯʝʥʴ ʙʣʠʩʢʫ ʚʽʜʙʠʪʢʽʚ, ʫʪʚʦʨʝʥʠʭ ʬʘʨʙʘʤʠ ʟ 

ʣʶʤʽʥʝʩʮʝʥʪʥʠʤʠ ʜʦʤʽʰʢʘʤʠ 
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ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʣʶʤʽʥʦʬʦʨʠ ʥʘʥʝʩʝʥʽ ʥʘ ʟʘʜʨʫʢʦʚʫʚʘʥʫ ʦʩʥʦʚʫ, 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʟʤʽʥʫ ʟʥʘʯʝʥʥʷ ʙʣʠʩʢʫ. ɸʥʘʣʽʟ ʜʽʘʛʨʘʤ ʟʘʩʚʽʜʯʫʻ, ʱʦ ʙʣʠʩʢ 

ʜʨʫʢʘʨʩʴʢʠʭ ʚʽʜʙʠʪʢʽʚ ʟʤʽʥʶʻʪʴʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʢʦʣʴʦʨʫ ʟʦʙʨʘʞʝʥʥʷ. ʊʘʢ, ʙʣʠʩʢ 

ʚʽʜʙʠʪʢʘ ʛʦʣʫʙʦʾ ʬʘʨʙʠ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʟʤʽʥʥʠʤ (23,6) ʧʨʠ 10 ʽ 20 % ʣʶʤʽʥʦʬʦʨʘ 

ʽ ʟʨʦʩʪʘʻ ʙʽʣʴʰʝ ʷʢ ʚʜʚʽʯʽ (55,1) ʧʨʠ ʜʦʜʘʚʘʥʥʽ ʣʶʤʽʥʝʩʮʝʥʪʥʠʭ ʥʘʥʦʯʘʩʪʠʥʦʢ ʜʦ 

30 %. ʋ ʚʠʧʘʜʢʫ ʟ ʧʫʨʧʫʨʥʠʤ ʢʦʣʴʦʨʦʤ, ʪʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʣʶʤʽʥʦʬʦʨʘ ʜʦ 20 % 

ʙʣʠʩʢ ʚʽʜʙʠʪʢʘ ʜʝʱʦ ʩʧʘʜʘʻ (ʟ 47 ʜʦ 42) ʽ ʧʨʠ 30 % ʣʶʤʽʥʦʬʦʨʘ ʟʨʦʩʪʘʻ ʜʦ 53. 

ɼʦʩʣʽʜʞʝʥʥʷ ʦʧʪʠʯʥʦʾ ʱʽʣʴʥʦʩʪʽ ʚʽʜʙʠʪʢʽʚ ʜʣʷ ʢʦʞʥʦʛʦ ʢʦʣʴʦʨʫ CMYK 

ʟʘʩʚʽʜʯʠʣʠ, ʱʦ ʞʦʚʪʠʡ ʢʦʣʽʨ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʡʤʝʥʰʠʤʠ ʟʥʘʯʝʥʥʷʤʠ. 

ʅʘʡʚʠʱʫ ʦʧʪʠʯʥʫ ʱʽʣʴʥʽʩʪʴ ʤʘʻ ʚʽʜʙʠʪʦʢ ʯʦʨʥʦʛʦ ʢʦʣʴʦʨʫ. ʇʨʠʯʦʤʫ ʟʥʘʯʝʥʥʷ 

ʦʧʪʠʯʥʦʾ ʱʽʣʴʥʦʩʪʽ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘ ʦʜʥʫ ʩʦʪʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ 

ʣʶʤʽʥʦʬʦʨʘ (ʪʘʙʣʠʮʷ 4.2). ɼʣʷ ʢʦʞʥʦʛʦ ʢʦʣʴʦʨʫ CMYK ʟʥʘʯʝʥʥʷ ʦʧʪʠʯʥʦʾ 

ʛʫʩʪʠʥʠ, ʦʪʨʠʤʘʥʽ ʥʘ ʚʽʜʙʠʪʢʘʭ ʙʝʟ ʣʶʤʽʥʦʬʦʨʫ, ʚʠʱʽ, ʥʽʞ ʫ ʪʠʭ ʤʽʩʮʷʭ, ʜʝ 

ʟʦʙʨʘʞʝʥʥʷ ʫʪʚʦʨʝʥʽ ʬʘʨʙʦʶ ʟ ʣʶʤʽʥʦʬʦʨʦʤ [132]. 

 

ʊʘʙʣʠʮʷ 4.2 

ɿʥʘʯʝʥʥʷ ʦʧʪʠʯʥʦʾ ʱʽʣʴʥʦʩʪʽ ʚʽʜʙʠʪʢʽʚ 

ɺʤʽʩʪ ʣʶʤʽʥʦʬʦʨʘ, % C M Y K 

10 1,23 1,31 1,22 1,71 

20 1,25 1,32 1,24 1,72 

30 1,26 1,33 1,25 1,73 

                                                                                  

ɼʦʜʘʚʘʥʥʷ ʣʶʤʽʥʝʩʮʝʥʪʥʠʭ ʥʘʥʦʯʘʩʪʠʥʦʢ ʜʦ ʬʘʨʙʠ ʩʧʨʠʯʠʥʷʻ ʚʠʜʠʤʽ 

ʟʤʽʥʠ ʫ ʩʧʨʠʡʥʷʪʪʽ ʢʦʣʴʦʨʫ. ɺʽʜʤʽʥʥʦʩʪʽ ʢʦʣʽʨʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʽʜʙʠʪʢʽʚ 

ʟʘʩʚʽʜʯʫʶʪʴ (ʨʠʩ. 4.4), ʱʦ ʥʘʡʙʽʣʴʰʝ ʢʦʣʽʨʥʝ ʦʭʦʧʣʝʥʥʷ ʤʘʻ ʚʽʜʙʠʪʦʢ ʟ 30 % 

ʣʶʤʽʥʦʬʦʨʘ, ʥʘʡʤʝʥʰʝ ï ʟ 10 % ʥʘʥʦʯʘʩʪʠʥʦʢ. ɿ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʜʥʦ, 

ʱʦ ʥʘʡʙʽʣʴʰʘ ʚʠʤʽʨʷʥʘ ʨʽʟʥʠʮʷ ʢʦʣʴʦʨʽʚ ʜʣʷ ʙʣʘʢʠʪʥʦʾ ʪʘ ʧʫʨʧʫʨʦʚʦʾ ʬʘʨʙʠ. 

ʅʘʡʤʝʥʰʘ ʚʠʤʽʨʷʥʘ ʨʽʟʥʠʮʷ ʢʦʣʴʦʨʽʚ ʩʧʦʩʪʝʨʽʛʘʣʘʩʷ ʜʣʷ ʯʦʨʥʦʾ ʬʘʨʙʠ. 

ɿʙʽʣʴʰʝʥʥʷ ʣʶʤʽʥʝʩʮʝʥʪʥʠʭ ʥʘʥʦʯʘʩʪʠʥʦʢ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʧʣʦʱ̔ 

ʢʦʣʽʨʥʦʛʦ ʦʭʦʧʣʝʥʥʷ ʥʘ ʚʽʜʙʠʪʢʫ [133,134]. 
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ʈʠʩ. 4.4. ʇʣʦʱʘ ʢʦʣʽʨʥʦʛʦ ʦʭʦʧʣʝʥʥʷ ʬʘʨʙʠ Cyan ʽʟ ʜʦʜʘʚʘʥʥʷʤ 

ʣʶʤʽʥʦʬʦʨʘ ʊɸʊ: ʘ ï 10 %; ʙ ï 30 % 

 

ʆʪʞʝ, ʥʘ ʦʩʥʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ:  

1) ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʶʤʽʥʝʩʮʝʥʪʥʠʭ ʥʘʥʦʯʘʩʪʠʥʦʢ ʫ ʬʘʨʙʘʭ ʟʘʙʝʟʧʝʯʫʻ 

ʥʘʜʽʡʥʠʡ ʟʘʭʠʩʪ ʧʨʦʜʫʢʮʽʾ ʚʽʜ ʧʽʜʨʦʙʢʠ ʪʘ ʥʘʜʘʻ ʙʘʞʘʥʦʛʦ ʦʟʜʦʙʣʶʚʘʣʴʥʦʛʦ 

ʝʬʝʢʪʫ ʧʨʠ ʟʙʫʜʞʝʥʥʽ ɯʏ-ʣʘʟʝʨʥʠʤ ʦʧʨʦʤʽʥʝʥʥʷʤ;  

2)  ʭʘʨʘʢʪʝʨ ʣʶʤʽʥʝʩʮʝʥʪʥʠʭ ʩʧʝʢʪʨʽʚ ʜʘʥʠʭ ʟʨʘʟʢʽʚ ʧʦʢʘʟʘʚ, ʱʦ ʢʽʣʴʢʽʩʪʴ 

ʣʶʤʽʥʦʬʦʨʫ (ʚʽʜ 5 ʜʦ 30%) ʚʧʣʠʚʘʻ ʥʘ ʣʶʤʽʥʝʩʮʝʥʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʧʨʦʪʝ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʣʶʤʽʥʦʬʦʨʫ ʙʣʠʟʴʢʦ 10-15% ʜʦʩʪʘʪʥʴʦ, ʱʦʙ ʩʧʦʩʪʝʨʽʛʘʪʠ ʯʽʪʢʝ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʩʚʽʪʣʘ ʥʘʚʽʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʦʥʢʦʛʦ ʰʘʨʫ ʧʦʢʨʠʪʪʷ, ʱʦ 

ʧʽʜʪʚʝʨʜʞʫʻ ʝʢʦʥʦʤʽʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʮʴʦʛʦ ʤʝʪʦʜʫ; 

3) ʜʦʜʘʚʘʥʥʷ ʣʶʤʽʥʝʩʮʝʥʪʥʠʭ ʥʘʥʦʯʘʩʪʠʥʦʢ ʥʝ ʚʧʣʠʚʘʻ ʥʝʛʘʪʠʚʥʦ ʥʘ 

ʷʢʽʩʪʴ ʚʽʜʙʠʪʢʫ, ʽ ʥʝ ʩʪʚʦʨʶʻ ʧʨʦʙʣʝʤ ʚ ʧʨʦʮʝʩʽ ʜʨʫʢʫʚʘʥʥʷ. ɺʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ 

ʤʘʶʪʴ ʪʘʢʦʞ ʨʦʟʤʽʨʠ ʣʶʤʽʥʝʩʮʝʥʪʥʠʭ ʯʘʩʪʠʥʦʢ. ɿʘʫʚʘʞʝʥʦ, ʱʦ ʫ ʚʠʧʘʜʢʫ 

ʜʦʩʣʽʜʞʝʥʥʷ ʙʽʣʴʰ ʪʝʤʥʠʭ ʢʦʣʴʦʨʽʚ ʚʠʥʠʢʘʶʪʴ ʪʨʫʜʥʦʱʽ ʧʨʠ ʚʠʷʚʣʝʥʥʽ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʩʚʽʪʣʘ ʯʝʨʝʟ ʣʘʟʝʨʥʝ ʚʠʧʘʣʶʚʘʥʥʷ ʯʦʨʥʠʭ ʧʦʣʽʚ ʥʘ  ʟʨʘʟʢʘʭ, 

ʪʦʤʫ ʜʦʜʘʚʘʥʥʷ ʣʶʤʽʥʦʬʦʨʘ ʩʪʚʦʨʶʻ ʢʨʘʱʠʡ ʝʬʝʢʪ ʥʘ ʩʚʽʪʣʠʭ ʜʽʣʷʥʢʘʭ 

ʚʽʜʙʠʪʢʘ.  
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4.2. ɼʦʩʣʽʜʞʝʥʥʷ  ʷʢʦʩʪʽ ʚʽʜʙʠʪʢʽʚ, ʫʪʚʦʨʝʥʠʭ  ʜʨʫʢʘʨʩʴʢʠʤʠ ʣʘʢʘʤʠ ʟ 

ʘʨʦʤʘʪʠʟʦʚʘʥʠʤʠ ʪʘ ʣʶʤʽʥʝʩʮʝʥʪʥʠʤʠ ʜʦʤʽʰʢʘʤʠ  

ɼʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʘʢʦʚʘʥʴ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʝʣʠʢʠʡ ʘʩʦʨʪʠʤʝʥʪ 

ʧʦʣʽʛʨʘʬʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʚʠʤʘʛʘʶʪʴ ʧʦʛʣʠʙʣʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʦʧʦʛʨʘʬʽʾ, 

ʚʥʫʪʨʽʰʥʴʦʾ ʩʪʨʫʢʪʫʨʠ ʜʣʷ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʙʦʨʫ ʤʝʪʦʜʽʚ ʾʭ ʦʟʜʦʙʣʝʥʥʷ, 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʙʨʦʾ ʚʟʘʻʤʦʜʽʾ ʘʜʛʝʟʠʚʽʚ ʽ ʩʫʙʩʪʨʘʪʽʚ, ʚʽʜ ʷʢʦʾ ʟʘʣʝʞʠʪʴ ʷʢʽʩʪʴ  

ʥʘʜʨʫʢʦʚʘʥʠʭ ʟʦʙʨʘʞʝʥʴ.  

ʊʦʤʫ ʦʙôʻʢʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʠ ʚʠʙʨʘʥʽ ʚʽʜʙʠʪʢʠ, ʫʪʚʦʨʝʥʽ ʷʢ ʥʘ 

ʟʘʜʨʫʢʦʚʘʥʦʤʫ, ʪʘʢ ʽ ʥʘ ʥʝʟʘʜʨʫʢʦʚʘʥʦʤʫ ʛʦʬʨʨʦʢʘʨʪʦʥʽ, ʣʘʢʦʤ, ʱʦ ʤʽʩʪʠʪʴ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦʟʦʚʘʥʫ ʩʫʤʽʰ ʘʨʦʤʦʪʠʟʦʚʘʪʠʭ ʪʘ ʣʶʤʽʥʝʩʮʝʥʪʥʠʭ ʥʘʥʦʯʘʩʪʠʥʦʢ. 

ɼʦʜʘʚʘʥʥʷ ʣʶʤʽʥʝʩʮʝʥʪʥʠʭ ʥʘʥʦʯʘʩʪʠʥʦʢ ʜʦʟʚʦʣʠʣʦ ʩʧʦʩʪʝʨʽʛʘʪʠ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʯʝʨʚʦʥʦʛʦ ʩʚʽʪʣʘ ʫ ʚʠʜʠʤʦʤʫ ʜʽʘʧʘʟʦʥʽ ʧʽʜ ʯʘʩ ʟʙʫʜʞʝʥʥʷ ʚ ɯʏ-ʧʨʦʤʝʥʷʭ. 

ʄʦʜʠʬʽʢʘʮʽʷ ʣʘʢʽʚ ʪʘʢʦʞ ʜʦʟʚʦʣʠʣʘ ʚʠʟʥʘʯʠʪʠ, ʷʢʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʥʘʥʦʣʶʤʽʥʦʬʦʨʘ ʚ 

ʣʘʢʘʭ ʜʦʟʚʦʣʠʪʴ ʦʪʨʠʤʘʪʠ ʦʧʪʠʤʘʣʴʥʠʡ ʩʧʝʢʪʨ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ.  

ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʝʬʝʢʪʫ ʘʨʦʤʘʪʠʟʘʮʽʾ ʽ ʣʶʤʽʥʝʩʮʝʥʮʽʾ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʧʨʦʙʥʽ 

ʚʽʜʙʠʪʢʠ ʦʬʩʝʪʥʠʤ ʪʘ ʬʣʝʢʩʦʛʨʘʬʯ̔ʥʠʤ ʜʨʫʢʦʤ ʥʘ ʢʘʨʪʦʥʽ GC1, ʷʢʠʡ 

ʚʠʛʦʪʦʚʣʝʥʠʡ ʟ 100% ʧʝʨʚʠʥʥʠʭ ʚʦʣʦʢʦʥ, ʤʝʭʘʥʽʯʥʦʾ ʪʘ ʭʽʤʽʯʥʦʾ ʮʝʣʶʣʦʟʠ, ʤʘʻ 

ʜʦʙʨʫ ʚʙʠʨʥʫ ʟʜʘʪʥʽʩʪʴ.  

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʣʘʢʦʚʘʥʠʭ ʬʨʘʛʤʝʥʪʽʚ ʟʦʙʨʘʞʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʘʨʦʤʦʣʘʢ ʟ ʜʦʜʘʚʘʥʥʷʤ  ʣʶʤʽʥʦʬʦʨʫ ʚ ʢʽʣʴʢʦʩʪʽ ʚʽʜ  10 ʜʦ 30% [107, 108].  ɼʣʷ 

ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʢʦʥʫʚʘʣʦʩʴ ʧʦ ʪʨʠ ʧʘʨʘʣʝʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷ. ʗʢʽʩʪʴ 

ʥʘʜʨʫʢʦʚʘʥʠʭ ʟʦʙʨʘʞʝʥʴ ʦʮʽʥʶʚʘʣʠ ʟʘ ʷʩʢʨʘʚʽʩʪʶ ʟʦʙʨʘʞʝʥʥʷ, ʽʥʪʝʥʩʠʚʥʽʩʪʶ 

ʚʠʚʽʣʴʥʝʥʥʷ ʘʨʦʤʘʪʫ (ʢʽʣʴʢʽʩʪʶ ʟʨʫʡʥʦʚʘʥʠʭ ʘʨʦʤʦʢʘʧʩʫʣ ʧʽʩʣʷ ʧʨʝʟʝʥʪʘʮʽʾ 

ʘʨʦʤʘʪʫ ʤʝʪʦʜʦʤ çʧʦʪʨʠ ʽ ʧʦʥʶʭʘʡè) ʪʘ ʚʽʟʫʘʣʴʥʦ.   

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ  ʪʦʧʦʛʨʘʬʽʾ ʧʦʚʝʨʭʥʽ ʢʘʨʪʦʥʫ GC1 ʧʝʨʝʜ ʫʪʚʦʨʝʥʥʷʤ 

ʜʨʫʢʦʚʘʥʠʭ ʟʦʙʨʘʞʝʥʴ (ʨʠʩ. 4.5) ʚʢʘʟʫʻ ʥʘ ʜʦʩʪʘʪʥʴʦ ʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʝʣʝʤʝʥʪʽʚ 

ʩʪʨʫʢʪʫʨʠ ʚʦʣʦʢʦʥ ʤʝʭʘʥʽʯʥʦʾ ʪʘ ʭʽʤʽʯʥʦʾ ʮʝʣʶʣʦʟʠ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʩʝʨʝʜʥʷ 

ʥʝʨʽʚʥʽʩʪʴ ʧʦʚʝʨʭʥʽ ʚʽʜ -3,4 ʜʦ +5,2 ɛm. ʆʜʥʘʢ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʪʦʥʢʽ ʛʣʠʙʦʢʽ 

ʧʨʦʛʘʣʠʥʠ ʚ ʧʦʚʝʨʭʥʽ ʢʘʨʪʦʥʫ. ʅʘʷʚʥʽʩʪʴ ʢʨʝʡʜʦʚʘʥʦʛʦ ʧʦʢʨʠʪʪʷ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʦ 

ʨʦʟʚʠʥʫʪʫ ʤʽʢʨʦ- ̔  ʩʫʙʤʽʢʨʦʩʪʨʫʢʪʫʨʫ ʧʦʚʝʨʭʥʽ (ʰʦʨʩʪʢʦʩʪʽ Ra = 0,418 ʤʢʤ).  
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ʈʠʩ. 4.5 ʊʦʧʦʛʨʘʬʽʷ ʧʦʚʝʨʭʥʽ ʣʘʡʥʝʨʘ  ʪʘ ʾʾ ʪʨʠʚʠʤʽʨʥʘ ʤʦʜʝʣʴ 

 

ʌʨʘʛʤʝʥʪ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʚʽʜʙʠʪʢʫ, ʫʪʚʦʨʝʥʦʛʦ ʣʘʢʦʤ ʟ ʣʶʤʽʥʝʩʮʝʥʪʥʠʤʠ 

ʜʦʤʽʰʢʘʤʠ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4.6. ʗʢ ʚʠʜʥʦ, ʟʘʧʦʚʥʝʥʥʷ ʤʽʢʨʦʥʝʨʽʚʥʦʩʪʝʡ 

ʩʪʨʫʢʪʫʨʠ ʧʦʚʝʨʭʥʽ ʢʘʨʪʦʥʫ ʘʨʦʤʦʢʦʤʧʦʟʠʮʽʻʶ ʧʨʠ ʦʬʩʝʪʥʦʤʫ ʜʨʫʮʽ ʧʦʚʪʦʨʶʻ  

ʡʦʛʦ ʧʨʦʬʽʣʴ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʘʨʘʤʝʪʨ ʰʦʨʩʪʢʦʩʪʽ ʟʤʝʥʰʫʻʪʴʩʷ ʽ 

ʩʢʣʘʜʘʻ 0,409 ʤʢʤ,  ʧʣʦʱʘ ʧʽʢʽʚ ʟʙʽʣʴʰʫʶʪʴʩʷ ʜʦ 845 ʤʢʤ2, ʘ ʧʣʦʱʘ ʚʧʘʜʠʥ  

ʚʽʜʧʦʚʽʜʥʦ ʟʤʝʥʰʠʣʘʩʴ ʜʦ 812 ʤʢʤ2 , ʱʦ ʟʘʩʚʽʜʯʫʻ ʟʛʣʘʜʞʝʥʥʷ ʤʽʢʨʦʥʝʨʽʚʥʦʩʪʝʡ 

ʧʦʚʝʨʭʥʽ ʚʽʜʙʠʪʢʫ.                                                         

ɼʦʩʣʽʜʞʝʥʥʷ ʤʝʭʘʥʽʟʤʫ ʧʣʽʚʢʦʫʪʚʦʨʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʠʭ ʣʘʢʦʚʠʭ 

ʢʦʤʧʦʟʠʮʽʡ ʧʽʜʪʚʝʨʜʠʣʦ ʚʽʜʦʤʽ ʧʨʠʧʫʱʝʥʥʷ ʥʘʫʢʦʚʮʽʚ ʧʨʦ ʪʝ, ʱʦ ʮʝʡ ʧʨʦʮʝʩ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʜʚʘ ʝʪʘʧʠ ʯʝʨʝʟ ʬʽʟʠʯʥʝ ʽ ʭʽʤʽʯʥʝ ʧʣʽʚʢʦʫʪʚʦʨʝʥʥʷ [134]. ʗʢ ʚʠʜʥʦ 

ʟ ʤʽʢʨʦʬʦʪʦʛʨʘʬʽʡ, ʥʘ ʧʦʚʝʨʭʥʽ ʟʘʜʨʫʢʦʚʘʥʦʛʦ ʘʨʦʤʦʣʘʢʦʚʦʶ ʢʦʤʧʦʟʠʮʽʻʶ ʟ 

ʜʦʤʽʰʢʘʤʠ ʣʶʤʽʥʦʬʦʨʫ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʩʢʫʧʯʝʥʥʷ ʤʘʢʨʦʤʦʣʝʢʫʣ ʩʢʣʘʜʥʠʢʽʚ.   
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ʈʠʩ. 4.6.ʊʦʧʦʛʨʘʬʽʷ ʧʦʚʝʨʭʥʽ (ʘ) ʪʘ ʾʾ 3D ʤʦʜʝʣʴ (ʙ) ʬʨʘʛʤʝʥʪʫ ʚʽʜʙʠʪʢʫ ʟ 

ʟʦʙʨʘʞʝʥʥʷʤ, ʫʪʚʦʨʝʥʠʤ  ʣʘʢʦʤ ʟ ʣʶʤʽʥʝʩʮʝʥʪʥʠʤʠ ʜʦʤʽʰʢʘʤʠ (10%) 

 

ʇʨʠ ʧʦʪʨʘʧʣʷʥʥʽ  ʥʘ ʚʽʜʙʠʪʦʢ  çʚʽʣʴʥʽè, ʭʽʤʽʯʥʦ ʥʝ ʟʚôʷʟʘʥʽ ʥʘʥʦʯʘʩʪʠʥʢʠ 

ʣʘʢʦʚʦʾ ʢʦʤʧʦʟʠʮʽʾ ʧʨʦʥʠʢʘʶʪʴ ʫ ʢʘʧʽʣʷʨʠ ʽ ʧʦʨʠ ʩʫʙʩʪʨʘʪʫ, ʥʘʩʪʘʻ ʨʦʟʜʽʣʝʥʥʷ 

ʬʘʟ (ʨʠʩ.4.7). ʋ ʨʝʟʫʣʴʪʘʪʽ ʩʢʫʧʯʝʥʽ ʤʦʣʝʢʫʣʠ ʧʦʻʜʥʫʶʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ, 

ʫʪʚʦʨʶʶʯʠ ʛʝʣʝʧʦʜʽʙʥʫ ʩʪʨʫʢʪʫʨʫ, ʱʦ ʻ ʧʦʯʘʪʢʦʚʦʶ ʬʘʟʦʶ ʧʝʨʝʭʦʜʫ ʣʘʢʦʚʦʾ 

ʢʦʤʧʦʟʠʮʽʾ ʟ ʨʽʜʢʦʛʦ ʩʪʘʥʫ ʚ ʪʚʝʨʜʠʡ, ʘ ʩʘʤʘ ʧʦʚʝʨʭʥʷ ʚʞʝ ʩʪʘʻ ʤʝʥʰ ʢʣʝʡʢʦʶ 

(ʨʠʩ. 4.7 ʙ). ʍʽʤʽʯʥʠʡ ʧʨʦʮʝʩ ʟʘʢʨʽʧʣʝʥʥʷ ʧʦʢʨʠʪʪʷ ʥʘ ʚʽʜʙʠʪʢʫ ʟʘ ʨʘʭʫʥʦʢ 

ʦʢʠʩʣʶʚʘʣʴʥʦʾ ʧʦʣʽʤʝʨʠʟʘʮʽʾ ʻ ʚʽʜʥʦʩʥʦ ʧʦʚʽʣʴʥʠʤ. ʇʨʠʯʦʤʫ, ʧʨʠ ʧʝʨʝʭʦʜʽ 

ʜʨʫʢʘʨʩʴʢʦʾ ʢʦʤʧʦʟʠʮʽʾ ʟ ʨʽʜʢʦʛʦ ʩʪʘʥʫ ʚ ʪʚʝʨʜʠʡ ʟʘ ʨʘʭʫʥʦʢ ʚʙʠʨʘʥʥʷ ʪʘ 

ʦʢʠʩʣʶʚʘʣʴʥʦʾ ʧʦʣʽʤʝʨʠʟʘʮʽʾ ʾʾ ʤʘʩʘ ʟʤʝʥʰʫʻʪʴʩʷ. ʊʦʤʫ ʢʽʣʴʢʽʩʪʴ ʢʦʤʧʦʟʠʮʽʾ, ʱʦ 

ʟʘʣʠʰʘʻʪʴʩʷ ʥʘ ʚʽʜʙʠʪʢʫ ʧʽʩʣʷ ʚʠʩʠʭʘʥʥʷ, ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʝʣʠʯʠʥʦʶ ʩʫʭʦʛʦ 
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ʟʘʣʠʰʢʫ ʽ ʚʠʨʘʞʘʻʪʴʩʷ ʫ ʚʽʜʩʦʪʢʘʭ ʚʽʜ ʧʝʨʰʦʯʝʨʛʦʚʦʾ ʤʘʩʠ ʨʝʯʦʚʠʥ. ʅʘ  

ʤʽʢʨʦʬʦʪʦʛʨʘʬʽʷʭ ʥʘʜʨʫʢʦʚʘʥʠʭ ʬʨʘʛʤʝʥʪʽʚ ʚʠʜʥʦ,  ʱʦ ʥʘʥʦʯʘʩʪʠʥʢʠ 

ʣʶʤʽʥʦʬʦʨʫ  ʩʢʫʧʯʫʶʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ ʚʽʜʙʠʪʢʫ, ʫʪʚʦʨʶʶʯʠ ʣʶʤʽʥʝʩʮʝʥʪʥʫ 

ʩʤʫʛʫ. ɼʦʜʘʚʘʥʥʷ ʣʶʤʽʥʝʩʮʝʥʪʥʠʭ ʥʘʥʦʯʘʩʪʠʥʦʢ ʥʝ ʩʪʚʦʨʶʻ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ  

ʥʘ ʧʨʦʮʝʩ ʟʘʢʨʽʧʣʝʥʦʛʦ ʣʘʢʦʚʦʛʦ ʧʦʢʨʠʪʪʷ ʥʘ ʚʽʜʙʠʪʢʫ. 

 

 

                                ʘ                                                          ʙ 

ʈʠʩ. 4.7. ʄʽʢʨʦʬʦʪʦʛʨʘʬʽʾ ʣʶʤʽʥʝʩʮʝʥʪʥʦʛʦ ʣʘʢʦʚʦʛʦ ʧʦʢʨʠʪʪʷ ʥʘ 

ʚʽʜʙʠʪʢʫ: ʘ ï ʜʦ ʪʘ ʙ ï ʧʽʩʣʷ ʧʣʽʚʢʦʫʪʚʦʨʝʥʥʷ 

 

ʊʦʧʦʛʨʘʬʽʷ ʧʦʚʝʨʭʥʽ ʣʘʢʦʚʦʛʦ ʧʦʢʨʠʪʪʷ ʧʦʚʪʦʨʶʻ ʧʦʧʝʨʝʜʥʽʡ ʧʨʦʬʽʣʴ 

ʩʫʙʩʪʨʘʪʫ. ʃʶʤʽʥʝʩʮʝʥʪʥʝ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʚʽʜʙʠʪʢʫ, ʫʪʚʦʨʝʥʝ ʣʘʢʦʚʦʶ 

ʢʦʤʧʦʟʠʮʽʻʶ ʥʘ ʥʝʟʘʜʨʫʢʦʚʘʥʽʡ ʽ ʟʘʜʨʫʢʦʚʘʥʽʡ ʧʦʚʝʨʭʥʽ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4.8. 

 

ʈʠʩ. 4.8. ʌʨʘʛʤʝʥʪ ʥʘʜʨʫʢʦʚʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ, ʫʪʚʦʨʝʥʦʛʦ ʣʘʢʦʤ ʟ 

ʣʶʤʽʥʝʩʮʝʥʪʥʠʤʠ ʪʘ ʘʨʦʤʘʪʠʟʦʚʘʥʠʤʠ ʜʦʤʽʰʢʘʤʠ ʥʘ ʥʝʟʘʜʨʫʢʦʚʘʥʽʡ ʽ 

ʟʘʜʨʫʢʦʚʘʥʽʡ ʧʦʚʝʨʭʥʽ ʚʽʜʙʠʪʢʫ 
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ʅʘʚʝʜʝʥʽ ʥʘ ʨʠʩ.4.9 ʪʘ ʨʠʩ. 4.10 ʬʦʪʦʛʨʘʬʽʾ ʧʦʚʝʨʭʦʥʴ ʥʘʜʨʫʢʦʚʘʥʠʭ 

ʟʦʙʨʘʞʝʥʴ, ʧʦʢʨʠʪʠʭ ʣʘʢʦʤ ʟ 10% ʣʶʤʽʥʝʩʮʝʥʪʥʠʭ ʜʦʤʽʰʦʢ, ʧʽʜʪʚʝʨʜʞʫʶʪʴ 

ʥʘʷʚʥʽʩʪʴ ʣʶʤʽʥʝʩʮʝʥʪʥʦʛʦ ʩʚʽʪʽʥʥʷ ʚ ʪʝʤʥʦʪʽ ʣʶʤʽʥʦʬʦʨʫ.  

 

ʈʠʩ. 4.9. ʌʦʪʦʛʨʘʬʽʾ  ʬʨʘʛʤʝʥʪʽʚ ʧʦʚʝʨʭʦʥʴ ʚʽʜʙʠʪʢʽʚ, ʫʪʚʦʨʝʥʠʭ 

ʬʘʨʙʘʤʠ: ʘ ï cyan, ʙ ï magenta, ʚ ï yellow, ʛ ï black  ʽ ʧʦʢʨʠʪʠʭ ʣʘʢʦʤ ʟ 

ʣʶʤʽʥʝʩʮʝʥʪʥʠʤʠ ʜʦʤʽʰʢʘʤʠ (10%) 

  

ʘ ʙ 

ʈʠʩ. 4.10. ʌʨʘʛʤʝʥʪʠ ʧʦʚʝʨʭʥʽ ʘʨʦʤʘʪʠʟʦʚʘʥʦʛʦ ʪʘ ʣʶʤʽʩʮʝʥʪʥʦʛʦ 

ʟʦʙʨʘʞʝʥʥ:̫  

ʘ ï 10% ʘʨʦʤʘʪʠʟʘʪʦʨʘ ʽ 10%ʣʶʤʽʥʦʬʦʨʫ; ʙ ï ʧʦʧʝʨʝʯʥʠʡ ʧʝʨʝʨʽʟ ʚʽʜʙʠʪʢʫ 
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ɿʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʥʘʥʦʯʘʩʪʠʥʦʢ ʣʶʤʽʥʦʬʦʨʫ ʜʦ 30% ʚ ʢʦʤʧʦʟʠʮʽʾ 

ʧʽʜʚʠʱʫʻ ʦʧʪʠʯʥʫ ʛʫʩʪʠʥʫ ʚʽʜʙʠʪʢʫ ʪʘ ʧʽʜʩʠʣʶʻ ʝʬʝʢʪ ʣʶʤʽʥʝʩʮʝʥʮʽʾ. ʆʜʥʘʢ, 

ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʷʩʢʨʘʚʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʜʦʤʽʰʦʢ 

ʣʶʤʽʥʦʬʦʨʫ ʚʽʜ 10 ʜʦ 30% ʟʘʙʝʟʧʝʯʫʻ ʷʩʢʨʘʚʽʩʪʴ ʟʦʙʨʘʞʝʥʥʷ ï ʚʽʜ 90 ʜʦ 98 % 

[108]. ɼʣʷ ʚʩʽʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʚʟʽʨʮʽʚ ʩʧʦʩʪʝʨʽʛʘʣʘʩʴ ʦʜʥʘʢʦʚʘ  ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʩʚʽʪʣʦʚʠʧʨʦʤʽʥʶʚʘʥʥʷ [135]. 

 

4.3. ɽʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʘʨʦʤʦʢʣʝʡʦʚʠʭ 

ʟʦʥ ʥʘ ʚʽʜʙʠʪʢʫ ʧʽʩʣʷ ʟʘʢʨʠʪʦʾ ʧʨʝʟʝʥʪʘʮʽʾ ʤʝʪʦʜʦʤ Pʝʝl&Smell 

ɽʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʘʨʦʤʦʧʦʢʨʠʪʪʷ ʥʘ 

ʚʽʜʙʠʪʢʘʭ ʧʽʜʪʚʝʨʜʠʣʠ ʩʫʪʪʻʚʠʡ ʚʧʣʠʚ ʢʽʣʴʢʦʩʪʽ (ʧʨʦʮʝʥʪʥʦʛʦ ʚʤʽʩʪʫ) 

ʤʽʢʨʦʢʘʧʩʫʣʴʚʘʥʦʛʦ ʘʨʦʤʘʪʠʟʘʪʦʨʘ ʚ ʢʣʝʡʦʚʽʡ ʢʦʤʧʦʟʠʮʽʾ ʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʘʨʦʤʘʪʫ. ʗʢ ʧʦʢʘʟʫʻ ʝʣʝʢʪʨʦʥʥʘ ʤʽʢʨʦʩʢʦʧʽʷ ʤʽʢʨʦʢʘʧʩʫʣʠ ʚ ʥʘʧʠʣʝʥʦʤʫ 

ʢʣʝʡʦʚʦʤʫ ʰʘʨʽ ʨʦʟʤʽʱʝʥʽ ʥʝʨʽʚʥʦʤʽʨʥʦ, ʚʠʜʥʽ ʾʭ ʩʢʫʧʯʝʥʥʷ ʚ ʦʜʥʦʤʫ ʤʽʩʮʽ ʽ 

ʚʽʜʩʫʪʥʽʩʪʴ ʚ ʽʥʰʦʤʫ ʥʘ ʜʽʣʷʥʮʽ ʘʨʦʤʦʟʦʥʠ (ʨʠʩ .4.11). 

 

 

ʈʠʩ. 4.11. ʄʽʢʨʦʬʦʪʦʛʨʘʬʽʾ ʨʦʟʤʽʱʝʥʥʷ ʤʽʢʨʦʢʘʧʩʫʣ ʚ ʩʪʨʫʢʪʫʨʽ 

ʢʣʝʡʦʚʦʛʦ ʧʦʢʨʠʪʪʷ (25%) 

 

ɺʽʜʦʤʦ, ʱʦ  ʧʝʨʝʜ ʥʘʥʝʩʝʥʥʷʤ ʘʨʦʤʦʢʣʝʶ ʥʘ ʚʽʜʙʠʪʦʢ ʚʘʞʣʠʚʦ ʡʦʛʦ ʜʦʙʨʝ 

ʧʝʨʝʤʽʰʘʪʠ, ʤʝʪʦʜ ʥʘʧʠʣʝʥʥʷ ʘʨʦʤʦʢʣʝʶ ʯʝʨʝʟ ʰʘʙʣʦʥ ʜʦʩʠʪʴ ʝʬʝʢʪʠʚʥʠʡ, 

ʦʩʢʽʣʴʢʠ ʚʩʽ ʢʦʤʧʦʥʝʥʪʠ ʡʦʛʦ ʜʦʙʨʝ ʟʤʽʰʫʶʪʴʩʷ ʧʨʠ ʫʪʚʦʨʝʥʥʽ ʘʨʦʤʦʟʦʥ [107,108].   
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ɼʦʩʣʽʜʞʝʥʥʷ  ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ ʢʣʝʡʦʚʠʭ ʘʨʦʤʦʟʦʥ 

ʧʽʩʣʷ ʙʘʛʘʪʦʨʘʟʦʚʦʛʦ ʚʽʜʢʣʝʶʚʘʥʥʷ ʽ ʥʘʢʣʝʶʚʘʥʥʷ ʝʪʠʢʝʪʢʠ-ʥʘʢʣʝʡʢʠ ʧʨʠ 

ʧʨʝʟʝʥʪʘʮʽʾ ʘʨʦʤʘʪʫ, ʧʦʢʘʟʫʻ ʥʘʷʚʥʽ ʟʛʣʘʜʞʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʚʽʜʙʠʪʢʫ ʫ ʤʽʩʮʷʭ 

ʘʨʦʤʦʟʦʥ ʪʘ ʨʫʡʥʫʚʘʥʥʷ ʦʙʦʣʦʥʦʢ ʤʽʢʨʦʢʘʧʩʫʣ (ʨʠʩ. 4.12). 

 

ʘ 

 

ʙ 

ʈʠʩ. 4.12. ʊʦʧʦʛʨʘʬʽʷ ʧʦʚʝʨʭʥʽ ʚʽʜʙʠʪʢʫ ʜʦ (ʘ) ʽ ʧʽʩʣʷ ʟʘʢʨʠʪʦʾ ʧʨʝʟʝʥʪʘʮʽʾ 

(ʙ) ʘʨʦʤʘʪʫ  ʤʝʪʦʜʦʤ  Pʝʝl&Smell (50 ʚʽʜʨʠʚʘʥʴ ʽ ʧʨʠʢʣʝʶʚʘʥʴ)  

 

ɽʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʠʡ ʘʥʘʣʽʟ ʚʢʘʟʫʻ ʪʘʢʦʞ ʥʘ ʚʠʜʠʤʝ  ʨʫʡʥʫʚʘʥʥʷ 

ʦʙʦʣʦʥʦʢ ʤʽʢʨʦʢʘʧʩʫʣ ʧʽʜ ʯʘʩ ʧʨʝʟʝʥʪʘʮʽʾ (ʨʠʩ. 4.13), ʱʦ ʩʧʨʠʯʠʥʷʻ ʙʘʞʘʥʝ 

ʚʠʚʽʣʴʥʝʥʥʷ ʘʨʦʤʘʪʫ [133-136]. 
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ʘ ʙ 

 

ʚ ʛ 

ʈʠʩ. 4.13. ʄʽʢʨʦʬʦʪʦʛʨʘʬʽʾ ʘʨʦʤʦʧʦʢʨʠʪʪ̔ ʚ ʥʘ ʛʦʬʨʦʢʘʨʪʦʥʽ:  

ʘ ï ʜʦ ʪʘ ʧʽʩʣʷ  ʙʘʛʘʪʦʨʘʟʦʚʦʾ ʧʨʝʟʝʥʪʘʮʽʾ ʤʝʪʦʜʦʤ Pʝʝl&Smell:  

ʙ ï 5 ʨʘʟʽʚ;  ʚ ï 50 ʨʘʟʽʚ; ʛ ï 75 ʨʘʟʽʚ 

 

ʗʢ  ʚʠʜʥʦ ʟ ʘʥʘʣʽʟʫ ʤʽʢʨʦʬʦʪʦʛʨʘʬʽʡ (ʨʠʩ. 4.13) ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʦʩʪʫʧʦʚʽ 

ʨʫʡʥʫʚʘʥʥʷ ʘʨʦʤʦʢʘʧʩʫʣ ʧʽʩʣʷ ʚʽʜʨʠʚʘʥʥʷ ʥʘʢʣʝʡʢʠ, ʧʨʠʯʦʤʫ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 

ʢʽʣʴʢʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʟʨʦʩʪʘʻ ʢʽʣʴʢʽʩʪʴ ʟʨʫʡʥʦʚʘʥʠʭ ʦʙʦʣʦʥʦʢ ʘʨʦʤʦʢʘʧʩʫʣ. 

ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʘʨʦʤʘʪʠʟʘʮʽʾ (ɯ), ʚʠʟʥʘʯʘʣʘʩʴ ʝʢʩʧʝʨʪʥʠʤ ʤʝʪʦʜʦʤ ʟʘ 

ʩʝʨʝʜʥʴʦʘʨʠʬʤʝʪʠʯʥʠʤ ʟʥʘʯʝʥʥʷʤ ʦʮʽʥʦʢ 11 ʝʢʩʧʝʨʪʽʚ ʫ ʧʨʦʮʝʥʪʥʦʤʫ 

ʚʽʜʥʦʰʝʥʥʽ.  ʗʢ ʧʦʢʘʟʘʣʠ ʜʦʩʣʽʜʞʝʥʥʷ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʘʨʦʤʘʪʠʟʘʮʽʾ ʟʤʝʥʰʫʻʪʴʩʷ 

ʟ 78% (ʧʽʩʣʷ 5 ʨʘʟʦʚʦʾ ʧʨʝʟʝʥʪʘʮʽʾ) ʜʦ  65,6% (ʧʽʩʣʷ 75-ʪʠ ʨʘʟʦʚʦʾ ʧʨʝʟʝʥʪʘʮʽʾ 

ʝʪʠʢʝʪʢʠ-ʥʘʢʣʝʡʢʠ), ʱʦ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʨʠʩ. 4.14 3D ʤʦʜʝʣʽ, ʷʢʽ 
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ʧʦʢʘʟʫʶʪʴ ʟʘʣʝʞʥʦʩʪʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ (ɯ) ʘʨʦʤʘʪʠʟʘʮʽʾ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʧʨʝʟʝʥʪʘʮʽʡ 

ʤʝʪʦʜʦʤ Pʝʝl&Smell ʪʘ ʢʽʣʴʢʦʩʪʽ ʘʨʦʤʘʪʠʟʦʚʘʥʠʭ ʜʦʤʽʰʦʢ ʚ ʢʣʝʡʦʚʽʡ ʢʦʤʧʦʟʠʮʽʾ.  

 

 

ʈʠʩ. 4.14. 3D ʤʦʜʝʣʽ ʚʟʘʻʤʦʟʚôʷʟʢʫ  ʽʥʪʝʥʩʠʚʥʦʩʪʽ (ɯ) ʘʨʦʤʘʪʠʟʘʮʽʾ, 

ʢʽʣʴʢʦʩʪʽ ʧʨʝʟʝʥʪʘʮʽʡ ʤʝʪʦʜʦʤ Pʝʝl&Smell ʪʘ ʢʽʣʴʢʦʩʪʽ ʘʨʦʤʘʪʠʟʦʚʘʥʠʭ 

ʜʦʤʽʰʦʢ ʚ ʢʣʝʡʦʚʽʡ ʢʦʤʧʦʟʠʮʽʾ (ʂ) 

 

ʇʽʜʨʘʭʫʥʦʢ ʧʽʜ ʤʽʢʨʦʩʢʦʧʦʤ ʢʽʣʴʢʦʩʪʽ ʟʨʫʡʥʦʚʘʥʠʭ ʦʙʦʣʦʥʦʢ ʘʨʦʤʦʢʘʧʩʫʣ 

ʚ 1 ʩʤ2 ʧʦʢʨʠʪʦʛʦ ʢʣʝʻʤ ʬʨʘʛʤʝʥʪʫ ʥʘ ʚʽʜʙʠʪʢʫ ʧʽʩʣʷ ʚʽʜʢʣʝʶʚʘʥʥʷ ʝʪʠʢʝʪʢʠ-

ʥʘʢʣʝʡʢʠ  ʪʘ ʾʭ ʚʽʜʥʦʰʝʥʥʷ ʜʦ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʘʨʦʤʦʢʘʧʩʫʣ ʧʝʨʝʜ 

ʧʨʝʟʝʥʪʘʮʽʻʶ, ʚʠʟʥʘʯʠʚ ʢʦʝʬʽʮʽʻʥʪ ʘʨʦʤʘʪʠʟʘʮʽʾ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʦʧʠʩʫʻ 

ʪʨʠʚʠʤʽʨʥʘ ʜʽʘʛʨʘʤʘ (ʨʠʩ. 4.15), ʷʢʘ ʧʽʜʪʚʝʨʜʞʫʻ ʚʝʣʠʯʠʥʫ ʢʦʝʬʽʮʽʻʥʪʘ 

ʘʨʦʤʘʪʠʟʘʮʽʾ ʚʽʜ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʨʝʟʝʥʪʘʮʽʾ ʪʘ ʢʽʣʴʢʦʩʪʽ ʘʨʦʤʦʜʦʤʽʰʦʢ ʚ ʢʣʝʾ . 

ɹʫʣʦ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʧʽʩʣʷ  75 ʨʘʟʦʚʦʾ ʧʨʝʟʝʥʪʘʮʽʾ ʘʨʦʤʘʪʽʚ ʤʝʪʦʜʦʤ Pʝʝl&Smell 

ʢʦʝʬʽʮʽʻʥʪ ʘʨʦʤʘʪʠʟʘʮʽʾ ʩʧʘʜʘʻ ʟ 9.8 ʜʦ 1 [135]. 
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ʈʠʩ. 4.15. ɿʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ ʘʨʦʤʘʪʠʟʘʮʽʾ (ɸ) ʚʽʜ ʢʽʣʴʢʦʩʪʽ 

ʧʨʝʟʝʥʪʘʮʽʡ (N) ʪʘ  ʢʽʣʴʢʦʩʪʽ ʘʨʦʤʦʜʦʤʽʰʦʢ ʚ ʢʣʝʶ (ʂ) 

 

ʇʨʦʚʝʜʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʝʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧ̔ ʯʥʠʤʠ 

ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʟʤʽʥ ʩʪʨʫʢʪʫʨʠ ʘʨʦʢʣʝʡʦʚʠʭ ʧʦʢʨʠʪʪʽʚ ʽ ʜʦʚʦʜ̫ ʪ,ɹ ʱʦ ʤʝʪʦʜ 

ʟʘʢʨʠʪʦʾ ʧʨʝʟʝʥʪʘʮʽʾ ʘʨʦʤʘʪʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʯʠʥʥʠʢʽʚ, ʷʢʽ ʩʣʽʜ  

ʚʨʘʭʦʚʫʚʘʪʠ ʚʠʨʦʙʥʠʢʘʤʠ ʧʨʦʜʫʢʮʽʾ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʜʦʚʛʦʪʨʠʚʘʣʦʩʪʽ ʪʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʝʟʝʥʪʘʮʽʾ ʘʨʦʤʘʪʽʚ ʤʝʪʦʜʦʤ Peel&Smell ʥʘ ʧʘʢʦʚʘʥʥʷʭ.  

ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ ʜʦʟʚʦʣʷʶʪʴ ʦʙôʻʢʪʠʚʥʦ ʦʮʽʥʠʪʠ ʷʢʽʩʪʴ 

ʘʨʦʤʦʧʦʢʨʠʪʪ̔ ʚ ʪʘ ʢʽʣʴʢʽʩʥʦ ʚʠʟʥʘʯʠʪʠ ʧʨʦʛʥʦʟʦʚʘʥʠʡ ʧʝʨʽʦʜ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʘʨʦʤʦʨʝʢʣʘʤʠ ʤʝʪʦʜʦʤ ʟʘʢʨʠʪʦʾ ʧʨʝʟʝʥʪʘʮʽʾ ʪʦʚʘʨʽʚ, ʥʘʧʨʠʢʣʘʜ ʭʘʨʯʦʚʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʯʠ  ʢʦʩʤʝʪʠʯʥʦ-ʧʘʨʬʶʤʝʨʥʦʾ ʧʨʦʜʫʢʮʽʾ. 

 

4.4. ʄʦʜʝʣʴ ʧʘʨʘʤʝʪʨʽʚ ʚʧʣʠʚʫ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʘʨʦʤʘʪʠʟʘʮʽʾ ʤʝʪʦʜʦʤ 

ʟʘʢʨʠʪʦʾ ʧʨʝʟʝʥʪʘʮʽʾ 

ɺʠʩʦʢʠʡ ʨʽʚʝʥʴ ʢʦʥʢʫʨʝʥʮʽʾ ʥʘ ʨʠʥʢʫ ʩʧʦʥʫʢʘʻ ʩʫʯʘʩʥʠʭ ʚʠʨʦʙʥʠʢʽʚ 

ʧʨʦʜʫʢʮʽʾ ʟʜʽʡʩʥʶʚʘʪʠ ʧʦʰʫʢ ʥʦʚʠʭ ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʚʧʣʠʚʫ ʥʘ ʧʦʪʝʥʮʽʡʥʠʭ 

ʩʧʦʞʠʚʘʯʽʚ. ʆʜʥʠʤ ʽʟ ʪʘʢʠʭ ʻ ʘʨʦʤʘʪʠʟʘʮʽʷ ʧʦʣʽʛʨʘʬʽʯʥʦʾ ʧʨʦʜʫʢʮʽʾ. 

ʄʘʨʢʝʪʠʥʛʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ  ʘʨʦʤʘʪʠʟʦʚʘʥʘ ʧʦʣʽʛʨʘʬʽʯʥʘ ʨʝʢʣʘʤʘ 
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ʝʬʝʢʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ  ʩʧʦʞʠʚʯʫ ʘʫʜʠʪʦʨʽʶ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʚʽʢʫ ʯʠ ʩʪʘʪʽ, ʟʙʽʣʴʰʫʻ 

ʥʘ 30 % ʟʘʩʚʦʻʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚ ʧʘʤ'ʷʪʽ ʣʶʜʠʥʠ, ʬʦʨʤʫʻ ʧʦʟʠʪʠʚʥʝ ʩʪʘʚʣʝʥʥʷ ʜʦ 

ʪʦʚʘʨʫ, ʤʦʪʠʚʫʻ ʜʦ ʡʦʛʦ ʧʨʠʜʙʘʥʥʷ. ɿʘ ʦʩʪʘʥʥʽ ʨʦʢʠ ʮʷ ʪʝʭʥʦʣʦʛʽʷ ʽʥʪʝʥʩʠʚʥʦ  

ʨʦʟʚʠʚʘʻʪʴʩʷ ʚ ʙʘʛʘʪʴʦʭ ʢʨʘʾʥʘʭ. ɸʥʘʣʽʟ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʫʻ, ʱʦ ʩʴʦʛʦʜʥʽ 

ʪʝʭʥʦʣʦʛʽʾ ʘʨʦʤʘʪʠʟʘʮʽʾ  ʧʦʣʽʛʨʘʬʽʯʥʦʾ ʪʘ ʧʘʢʫʚʘʣʴʥʦʾ ʧʨʦʜʫʢʮʽʾ ʧʝʨʝʜʙʘʯʘʶʪʴ 

ʟʘʢʨʠʪʫ, ʚʽʜʢʨʠʪʫ ʽ ʧʦʩʪʽʡʥʫ ʘʙʦ ʙʝʟʧʝʨʝʨʚʥʫ ʧʨʝʟʝʥʪʘʮʽʶ ʥʘʜʨʫʢʦʚʘʥʠʭ 

ʘʨʦʤʘʪʽʚ. ɿʘʣʝʞʥʦ ʚʽʜ ʧʦʙʘʞʘʥʥʷ ʟʘʤʦʚʥʠʢʘ, ʘʨʦʤʘʪʠʟʫʚʘʪʠ ʤʦʞʥʘ ʚʩʶ 

ʧʦʚʝʨʭʥʶ ʟʦʙʨʘʞʝʥʥʷ ʘʙʦ ʾʾ ʯʘʩʪʠʥʫ. ʋ ʪʝʭʥʦʣʦʛʽʾ ʘʨʦʤʘʪʠʟʘʮʽʾ ʚʘʞʣʠʚʦ 

ʟʜʽʡʩʥʠʪʠ ʧʨʘʚʠʣʴʥʠʡ ʚʠʙʽʨ ʤʘʪʝʨʽʘʣʫ-ʦʩʥʦʚʠ, ʘʨʦʤʘʪʠʟʘʪʦʨʽʚ, ʫʩʪʘʪʢʫʚʘʥʥʷ ʜʣʷ 

ʫʪʚʦʨʝʥʥʷ ʘʨʦʤʦʧʦʢʨʠʪʪʽʚ. ʊʦʤʫ ʚʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ ʻ ʩʠʩʪʝʤʘʪʠʟʘʮʽ ̫

ʬʘʢʪʦʨʽʚ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʷʢʽʩʪʴ ʘʨʦʤʦʧʦʢʨʠʪʪʽʚ, ʚʠʟʥʘʯʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʘʨʦʤʘʪʠʟʘʮʽʾ ʪʘ ʪʨʠʚʘʣʦʩʪʽ ʧʨʝʟʝʥʪʘʮʽʾ ʘʨʦʤʘʪʫ ʟ ʤʝʪʦʶ ʨʝʢʣʘʤʠ. 

ɿʘʜʘʯʘ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʛʘʣʘ ʫ ʚʠʟʥʘʯʝʥʥʽ ʟʤʽʥʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʘʨʦʤʘʪʽʚ 

ʧʽʩʣʷ ʙʘʛʘʪʦʨʘʟʦʚʠʭ ʚʽʜʢʣʝʶʚʘʥʴ ʽ ʧʨʠʢʣʝʶʚʘʥʴ ʝʪʠʢʝʪʢʠ ʟ ʥʘʜʨʫʢʦʚʘʥʠʤ 

ʣʶʤʽʥʝʩʮʝʥʪʥʠʤ ʨʝʢʣʘʤʥʠʤ ʟʦʙʨʘʞʝʥʥʷʤ, ʘ ʪʘʢʦʞ ʚʠʚʯʝʥʥʷ ʨʫʡʥʫʚʘʥʥʷ 

ʩʪʨʫʢʪʫʨʠ ʘʨʦʤʦʢʘʧʩʫʣ ʚ ʢʣʝʶ ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʟʤʽʥʠ 

ʘʨʦʤʘʪʠʟʘʮʽʾ ʜʽʣʷʥʢʠ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʚʽʜʙʠʪʢʫ, ʱʦʙ ʩʧʨʦʛʥʦʟʫʚʘʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʦʾ ʨʝʢʣʘʤʠ.  ɼʫʞʝ ʚʘʞʣʠʚʦ, ʱʦʙ ʟʫʩʠʣʣʷ ʩʢʣʝʶʚʘʥʥʷ ʢʦʤʙʽʥʘʮʽʾ 

ï ʘʨʦʤʘʪʠʯʥʘ ʢʘʧʩʫʣʘ / ʢʣʝʶʯʘ ʩʫʤʽʰ ʚʽʜʧʦʚʽʜʘʣʦ ʤʽʮʥʦʩʪʽ ʧʘʧʝʨʫ ʯʠ ʢʘʨʪʦʥʫ  ʽ 

ʱʦʙ ʧʨʠ ʚʽʜʢʣʝʶʚʘʥʥʽ ʥʝ ʚʽʜʙʫʣʦʩʷ ʨʦʟʨʠʚʫ ʧʦ ʦʩʥʦʚʽ ʩʫʙʩʪʨʘʪʫ ʚ ʟʦʥʽ 

ʩʢʣʝʶʚʘʥʥʷ [137,138].   

ʌʦʨʤʘʣʽʟʘʮʽʷ ʚʟʘʻʤʦʟʚ'ʷʟʢʽʚ ʤʽʞ ʬʘʢʪʦʨʘʤʠ ʽ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʦʮʝʩʫ 

ʘʨʦʤʘʪʠʟʘʮʽʾ, ʜʦʟʚʦʣʠʣʘ ʟʜʽʡʩʥʠʪʠ ʦʧʪʠʤʽʟʘʮʽ ʁʪʝʭʥʦʣʦʛʽʾ ʟʘʢʨʠʪʦʾ ʧʨʝʟʝʥʪʘʮʽʾ 

ʘʨʦʤʘʪʫ ʨʝʢʣʘʤʠ ʧʘʢʦʚʘʥʴ. ʇʦʩʪʘʥʦʚʢʘ ʪʘ ʨʦʟʚ'ʷʟʘʥʥʷ ʧʦʜʽʙʥʦʾ ʟʘʜʘʯʽ ʚʠʤʘʛʘʻ 

ʚʠʷʚʣʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʚʥʦʾ ʤʥʦʞʠʥʠ ʚʠʭʽʜʥʠʭ ʢʨʠʪʝʨʽʾʚ, ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʝʢʩʧʝʨʪʥʠʭ ʦʮʽʥʦʢ ʚʘʞʣʠʚʦʩʪʽ ʚʧʣʠʚʫ ʢʦʞʥʦʛʦ ʟ ʥʠʭ ʥʘ  ʢʽʥʮʝʚʠʡ ʧʨʦʜʫʢʪ, ʘʥʘʣʽʟ 

ʚʟʘʻʤʦʟʚ'ʷʟʢʽʚ ʽ ʚʟʘʻʤʦʚʧʣʠʚʽʚ ʢʨʠʪʝʨʽʾʚ ʤʽʞ ʩʦʙʦʶ. ʅʘʷʚʥʽʩʪʴ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ 

ʢʨʠʪʝʨʽʾʚ, ʱʦ ʤʘʶʪʴ ʚʽʜʥʦʰʝʥʥʷ ʜʦ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʝʟʝʥʪʘʮʽʾ 

ʘʨʦʤʘʪʽʚ  ʥʘ ʨʝʢʣʘʤʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ, ʫʪʚʦʨʶʻ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʤʦʞʣʠʚʠʭ 

ʟʚ'ʷʟʢʽʚ ʤʽʞ ʥʠʤʠ.  
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ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʙʘʛʘʪʴʦʭ ʬʘʢʪʦʨʽʚ ʟʘ ʩʫʪʪʶ ʪʘ ʩʪʫʧʝʥʝʤ ʚʧʣʠʚʫ 

ʜʦʟʚʦʣʠʚ ʦʙ'ʻʜʥʘʪʠ ʾʭ, ʚʠʜʽʣʠʚʰʠ ʫʟʘʛʘʣʴʥʝʥʽ ʢʨʠʪʝʨʽʾ, ʷʢʽ ʤʘʶʪʴ ʚʽʜʥʦʰʝʥʥʷ ʜʦ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʨʦʤʦʨʝʢʣʘʤʠ, ʾʾ ʜʦʚʛʦʚʽʯʥʦʩʪʽ, ʪʝʭʥʦʣʦʛʽʯʥʦʩʪʽ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ  ʥʘʣʝʞʥʦʾ ʷʢʦʩʪʽ ʪʦʱʦ. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥ ̫ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʨʦʤʦʨʝʢʣʘʤʠ ʥʘ ʧʘʢʦʚʘʥʥʷʭ 

ʙʫʚ ʧʨʦʚʝʜʝʥʠʡ ʩʠʩʪʝʤʥʠʡ ʘʥʘʣʽʟ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ ʥʘ ʷʢʽʩʪʴ ʘʨʦʤʘʪʠʟʘʮʽʾ. ɹʫʣʦ 

ʟʜʽʡʩʥʝʥʦ ʦʧʪʠʤʽʟʘʮʽʶ ʦʩʥʦʚʥʠʭ ʩʢʣʘʜʦʚʠʭ ʘʨʦʤʘʪʠʟʘʮʽʾ ʤʝʪʦʜʦʤ ʟʘʢʨʠʪʦʾ 

ʧʨʝʟʝʥʪʘʮʽʾ. ɿʦʢʨʝʤʘ ʚʨʘʭʦʚʫʚʘʣʠ: ʤʘʪʝʨʽʘʣ (ʢʘʨʪʦʥ, ʛʦʬʨʦʢʘʨʪʦʥ, ʘʨʦʤʦʢʣʝʡ), 

ʪʝʭʥʦʣʦʛʽʾ ʥʘʥʝʩʝʥʥʷ ʘʨʦʤʦʢʣʝʶ (ʥʘʧʠʣʝʥʥʷ ʯʝʨʝʟ ʰʘʙʣʦʥ, ʪʨʘʬʘʨʝʪʥʠʡ ʜʨʫʢ ), 

ʧʨʦʮʝʩʠ ʫʪʚʦʨʝʥʥʷ ʘʨʦʤʦʧʦʢʨʠʪʪʷ. ʈʦʟʛʣʷʜʘʶʯʠ ʪʘʢʫ ʩʠʩʪʝʤʫ, ʤʦʞʥʘ ʜʦʧʫʩʪʠʪʠ 

ʱʦ ʾʾ ʧʦʚʝʜʽʥʢʘ ʦʮʽʥʶʻʪʴʩʷ ʟʘ N ʚʝʣʠʯʠʥʘʤʠ ʚʠʭʦʜʽʚ ʋʽ, ʷʢʽ ʫʪʚʦʨʶʶʪʴʩ ̫ʚ 

ʧʝʚʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ t , ʱʦ ʟʤʽʥʶʻʪʴʩʷ ʚ ʧʝʚʥʠʭ ʤʝʞʘʭ (j=1,éN). ʎʽʣʝʩʧʨʷʤʦʚʘʥʘ 

ʟʤʽʥʘ  ʧʦʚʝʜʽʥʢʠ ʋʪ ʩʠʩʪʝʤʠ ʽ ʧʽʜʪʨʠʤʢʘ ʾʾ ʩʪʘʙʽʣʴʥʦʩʪʽ ʧʨʠ ʚʧʣʠʚʽ ʟʦʚʥʽʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʫʧʨʘʚʣʽʥʥʷ ʮʠʤʠ ʬʘʢʪʦʨʘʤʠ. ɿ ʪʦʯʢʠ ʟʦʨʫ 

ʦʧʪʠʤʽʟʘʮʽʾ ʚʩʽ ʚʭʦʜʠ ʍʽ ʽ ʚʠʭʦʜʠ ʋʽ ʫ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʨʦʮʝʩʽ ʜʦʮʽʣʴʥʦ ʚʠʜʽʣʠʪʠ 

ʚ ʛʨʫʧʠ, ʷʢʽ ʦʭʦʧʣʶʶʪʴ ʪʝʭʥʦʣʦʛʽʯʥʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʬʘʢʪʦʨʠ. ʄʦʞʥʘ 

ʜʦʧʫʩʪʠʪʠ, ʱʦ ʥʘ ʚʠʭʦʜʽ ʩʠʩʪʝʤʠ, ʜʦ ʷʢʦʾ ʥʘʣʝʞʠʪʴ ʧʨʦʮʝʩ ʘʨʦʤʘʪʠʟʘʮʽʾ 

ʧʦʣʽʛʨʘʬʽʯʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ, ʽʩʥʫʻ ʯʦʪʠʨʠ ʽʻʨʘʨʭʽʯʥʽ ʛʨʫʧʠ ʧʦʢʘʟʥʠʢʽʚ:  

1) ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ, ʷʢʽ ʦʙôʻʜʥʫʶʪʴ: ʧʘʨʘʤʝʪʨʠ ʽ ʨʝʞʠʤʠ 

ʤʦʜʠʬʽʢʘʮʽʾ ʘʨʦʤʦʢʣʝʶ, ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʪʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ; 

ʧʘʨʘʤʝʪʨʠ ʨʝʞʠʤʽʚ ʬʦʨʤʫʚʘʥʥʷ ʘʨʦʤʦʟʦʥ, ʪʦʚʱʠʥʫ ʧʦʢʨʠʪʪʷ, ʨʽʚʥʦʤʽʨʥʽʩʪʴ, 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ ʢʣʝʶ, ʧʨʦʮʝʥʪʥʠʡ ʚʤʽʩʪ ʜʦʤʽʰʦʢ;  

2) ʩʪʨʫʢʪʫʨʥʽ ʧʦʢʘʟʥʠʢʠ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʘʜʛʝʟʽʡʥʫ ʤʽʮʥʽʩʪʴ ʢʣʝʡʦʚʦʛʦ 

ʧʦʢʨʠʪʪʷ ʽʟ ʟʘʣʠʰʢʦʚʦʶ ʣʠʧʢʽʩʪʶ; ʪʦʧʦʛʨʘʬʽʶ ʧʦʚʝʨʭʥʽ ʢʘʨʪʦʥʫ (ʛʦʬʨʦʢʘʨʪʦʥʫ) 

ʽ ʛʣʠʙʠʥʫ ʧʨʦʥʠʢʥʝʥʥʷ ʘʨʦʤʦʢʣʝʶ ʚ ʡʦʛʦ ʩʪʨʫʢʪʫʨʫ; 

3) ʧʦʢʘʟʥʠʢʠ ʦʩʥʦʚʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ (ʢʦʝʬʽʮʽʻʥʪʠ ʘʢʪʠʚʥʦʩʪʽ ʜʽʣʷʥʦʢ ʟ 

ʘʨʦʤʦʧʦʢʨʠʪʪʷʤ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʝʪʠʢʝʪʦʢ-ʥʘʢʣʝʡʦʢ, ʘ ʩʘʤʝ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʘʨʦʤʘʪʽʚ ʧʨʠ ʧʨʝʟʝʥʪʘʮʽʾ ʘʨʦʤʘʪʫ ʧʨʠ ʙʘʛʘʪʦʨʘʟʦʚʦʤʫ ʚʽʜʢʣʝʶʚʘʥʥʽ, ʦʢʨʝʩʣʝʥʽ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʘʨʦʤʘʪʠʟʘʮʽʾ ʂʘ; 

4) ʡʤʦʚʽʨʥʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʪʠʢʝʪʢʠ-
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ʥʘʢʣʝʡʢʠ ʧʨʠʢʣʝʻʥʦʾ ʘʨʦʤʦʢʣʝʻʤ ʽʟ ʟʘʣʠʰʢʦʚʦʶ ʣʠʧʢʽʩʪʶ; ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ 

ʜʦʚʛʦʪʨʠʚʘʣʽʩʪʴ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʨʦʤʦʧʦʢʨʠʪʪʷ. 

ʆʪʞʝ, ʘʥʘʣʽʟ ʩʠʩʪʝʤʠ çʘʨʦʤʦʢʣʝʡ-ʚʽʜʙʠʪʦʢ- ʝʪʠʢʝʪʢʘ-ʥʘʢʣʝʡʢʘè ʚʢʘʟʫʻ ʥʘ 

ʽʩʥʫʚʘʥʥʷ ʤʥʦʞʠʥʠ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʚ 

ʮʽʣʦʤʫ ʽ ʷʢʽ ʧʦʚʠʥʥʽ ʙʫʪʠ ʚʨʘʭʦʚʘʥʽ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʘʨʦʤʦʨʝʢʣʘʤʠ.  

ʅʝʭʘʡ ʩʫʢʫʧʥʽʩʪʴ ʢʨʠʪʝʨʽʾʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ 

ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʟʘʢʨʠʪʦʾ ʘʨʦʤʦʧʨʝʟʝʥʪʘʮʽʾ, ʩʪʘʥʦʚʠʪʴ ʜʝʷʢʫ ʤʥʦʞʠʥʫ D={d1, d2, ..., 

dn}. ɺʠʙʝʨʝʤʦ ʩʝʨʝʜ ʥʠʭ ʧʽʜʤʥʦʞʠʥʫ D1={d1, d2, ..., d8} ʥʘʡʙʽʣʴʰ ʩʫʪʪʻʚʠʭ 

ʢʨʠʪʝʨʽʾʚ, ʚ ʷʢʫ ʚʥʝʩʝʤʦ ʥʘʩʪʫʧʥʽ ʝʣʝʤʝʥʪʠ: 

d1 ï ʧʨʦʮʝʥʪʥʠʡ ʚʤʽʩʪ ʘʨʦʤʘʪʠʟʦʚʘʥʠʭ ʜʦʤʽʰʦʢ ʫ ʢʣʝʾ;  

d2 ï ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʢʣʝʶ (ʘʜʛʝʟʽʡʥʘ 

ʤʽʮʥʽʩʪʴ ʪʘ ʟʘʣʠʰʢʦʚʘ ʣʠʧʢʽʩʪʴ); 

d3 ï ʪʦʧʦʛʨʘʬʽʷ ʧʦʚʝʨʭʥʽ ʩʫʙʩʪʨʘʪʫ (ʢʘʨʪʦʥʫ, ʛʦʬʨʦʢʘʨʪʦʥʫ); 

d4 ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʨʝʟʝʥʪʘʮʽʾ (ʢ̔ ʣʴʢʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʽʚ ʘʨʦʤʦʨʝʢʣʘʤʦʶ);  

d5 ï ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ (ʢʘʨʪʦʥʫ, ʛʦʬʨʦʢʘʨʪʦʥʫ);  

d6 ï ʪʦʚʱʠʥʘ ʘʨʦʤʦʧʦʢʨʠʪʪʷ;  

d7 ï  ʛʣʠʙʠʥʘ ʧʨʦʥʠʢʥʝʥʥʷ ʘʨʦʤʦʢʣʝʶ ʚ ʩʪʨʫʢʪʫʨʫ ʩʫʙʩʪʨʘʪʫ; 

d8 ï ʨʽʚʥʦʤʽʨʥʽʩʪʴ ʘʨʦʤʦʧʦʢʨʠʪʪʷ ʥʘ ʚʽʜʙʠʪʢʫ. 

ʇʦʙʫʜʫʻʤʦ ʛʨʘʬ ʟʚ'ʷʟʢʽʚ (ʨʠʩ. 4.16) ʤʽʞ ʚʠʙʨʘʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʄʥʦʞʠʥʫ 

ʜʫʛ ʛʨʘʬʘ ʟʘʧʠʩʫʻʤʦ ʫ ʚʠʛʣʷʜʽ ʢʚʘʜʨʘʪʥʦʾ ʙʽʥʘʨʥʦʾ ʤʘʪʨʠʮʽ ʟʘʣʝʞʥʦʩʪʽ ɸ ʟʘ 

ʧʨʠʥʮʠʧʦʤ ï çʥʘʷʚʥʠʡ ʯʠ ʚʽʜʩʫʪʥʽʡ ʟʚ'ʷʟʦʢ ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʚʝʨʰʠʥʘʤʠè.  

ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʪʨʠʮʽ ɸ ʙʫʜʫʻʪʴʩʷ ʤʘʪʨʠʮʷ ʜʦʩʷʞʥʦʩʪʽ ɺ. ʌʦʨʤʫʻʪʴʩʷ 

ʙʽʥʘʨʥʘ ʤʘʪʨʠʮʷ (ɯ + ɸ), ʜʝ ɯ ï ʦʜʠʥʠʯʥʘ ʤʘʪʨʠʮʷ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʤʘʪʨʠʮʷ 

ʜʦʩʷʞʥʦʩʪʽ ʧʦʚʠʥʥʘ ʟʘʜʦʚʦʣʴʥʷʪʠ ʫʤʦʚʫ:  

(ɯ + ɸ)ʢ-1 Ò (ɯ + ɸ)ʢ=(ɯ + ɸ) ʢ+1    (4.1) 

ʇʦʙʫʜʦʚʘ ʪʘʢʦʾ ʤʘʪʨʠʮʽ ʟʚʦʜʠʪʴʩʷ ʜʦ ʟʘʧʦʚʥʝʥʥʷ ʪʘʙʣʠʮʽ, ʙʽʥʘʨʥʽ ʝʣʝʤʝʥʪʠ 

ʷʢʦʾ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʪʘʢʠʤ ʧʨʘʚʠʣʦʤ: 

 
í
ì
ë
=

ʚʠʧʘʜʢʫʽʥʰʦʤʫʚ

jʚʧʦʧʘʩʪʠʤʦʞʥʘʟ̔ʷʢʱʦ
bij

,0

,1
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ʈʠʩ. 4.16. ɻʨʘʬ ʟʚ'ʷʟʢʽʚ ʤʽʞ ʧʘʨʘʤʝʪʨʘʤʠ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʪʘ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʘʨʦʤʦʧʨʝʟʝʥʪʘʮʽʾ 

 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʫʪʚʦʨʶʻʪʴʩʷ  ʪʘʙʣʠʮ-̫ʤʘʪʨʠʮ:̫ 

ʊʘʙʣʠʮʷ 4.2 

ʄʘʪʨʠʮʷ ʟʘʣʝʞʥʦʩʪʽ 

 d1 d2 d3 d4 d5 d6 d7 d8 

d1 0                               0 0 0 0 0 0 0 

d2 1 0 0 0 0 0 0 0 

d3 1 1 0 0 0 0 0 0 

d4 1 1 0 0 0 0 0 0 

d5 0 1 1 1 0 0 0 0 

d6 0 0 0 0 1 0 0 0 

d7 0 0 0 0 1 0 0 1 

d8  0 0 0 0 0 0 0 

 

ɿʘʥʦʩʠʤʦ  ʚ  ʪʘʙʣʠʮʶ 4.3 ʟʥʘʯʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʤʘʪʨʠʮʽ ʜʦʩʷʞʥʦʩʪʽ. 

ʗʢʱʦ ʚ ʛʨʘʬʽ (ʨʠʩ. 4.16) ʽʩʥʫʻ ʰʣʷʭ, ʷʢʠʡ ʧʨʠʚʦʜʠʪʴ ʟ ʚʝʨʰʠʥʠ d ̔ʜʦ 

ʚʝʨʰʠʥʠ dj, ʪʦʙʪʦ ʚʝʨʰʠʥʘ dj ʜʦʩʷʛʘʻʪʴʩʷ ʟ ʚʝʨʰʠʥʠ d,̔ ʪʦ ʪʘʢʘ ʚʝʨʰʠʥʘ 

ʥʘʟʠʚʘʻʪʴʩʷ ʜʦʩʷʛʥʫʪʦʶ. ɼʣʷ ʟʨʫʯʥʦʩʪʽ ʧʦʟʥʘʯʠʤʦ ʧʽʜʤʥʦʞʠʥʫ ʧʦʜʽʙʥʠʭ ʚʝʨʰʠʥ 

ʯʝʨʝʟ Z (dʽ). 
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ʊʘʙʣʠʮʷ 4.3 

ʄʘʪʨʠʮʷ ʜʦʩʷʞʥʦʩʪʽ 

 d1 d2 d3 d4 d5 d6 d7 d8 

d1 1 0 0 0 0 0 0 0 

d2 1 1 0 0 0 0 0 0 

d3 1 1 1 0 0 0 0 0 

d4 1 1 0 1 0 0 0 0 

d5 1 1 1 1 1 0 0 0 

d6 1 1 1 1 1 1 0 0 

d7 1 1 1 1 1 0 1 1 

d8 0 0 0 0 0 0 0 1 

 

ɸʥʘʣʦʛʽʯʥʦ ʚʝʨʰʠʥʘ dʽ ʻ ʧʦʧʝʨʝʜʥʠʮʝʶ ʚʝʨʰʠʥʠ dj, ʷʢʱʦ ʚʦʥʘ ʜʦʩʷʛʘʻʪʴʩʷ 

ʟ ʮʽʻʾ ʚʝʨʰʠʥʠ. ʅʝʭʘʡ ʩʫʢʫʧʥʽʩʪʴ ʚʝʨʰʠʥ ʧʦʧʝʨʝʜʥʠʮʴ ʫʪʚʦʨʶʻ ʧʽʜʤʥʦʞʠʥʫ 

P(dʽ). 

ʆʩʪʘʪʦʯʥʦ ʧʝʨʝʪʠʥ ʧʽʜʤʥʦʞʠʥ ʚʝʨʰʠʥ ʜʦʩʷʛʥʫʪʠʭ ʪʘ ʚʝʨʰʠʥ 

ʧʦʧʝʨʝʜʥʠʮʴ, ʪʦʙʪʦ ʧʽʜʤʥʦʞʠʥʘ 

 ʍ(dʽ) = Z(dʽ) ž P(dʽ)     (4.2) 

ʚʝʨʰʠʥʠ ʷʢʦʾ ʥʝ ʜʦʩʷʛʘʶʪʴʩʷ ʽʟ ʙʫʜʴ-ʷʢʦʾ ʟ ʚʝʨʰʠʥ ʤʥʦʞʠʥʠ D, ʱʦ ʟʘʣʠʰʠʣʠʩʷ, 

ʚʠʟʥʘʯʘʻ ʧʝʚʥʠʡ ʨʽʚʝʥʴ ʽʻʨʘʨʭʽʾ ʧʨʽʦʨʠʪʝʪʥʦʩʪʽ ʜʽʾ ʢʨʠʪʝʨʽʾʚ, ʱʦ ʚʽʜʥʝʩʝʥʽ ʜʦ ʮʠʭ 

ʚʝʨʰʠʥ. 

ɼʦʜʘʪʢʦʚʦʶ ʫʤʦʚʦʶ ʧʨʠ ʮʴʦʤʫ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʽʚʥʦʩʪʽ: 

P(dʽ)  = ʍ(dʽ)     (4.3)  

ɺʠʭʦʜʷʯʠ ʟ ʮʠʭ ʤʽʨʢʫʚʘʥʴ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʧʝʨʰʠʡ ʨʽʚʝʥʴ ʽʻʨʘʨʭʽʾ 

ʢʨʠʪʝʨʽʾʚ, ʷʢʠʡ ʟʛʽʜʥʦ ʚʠʢʦʨʠʩʪʘʥʦʛʦ ʤʝʪʦʜʫ ʚʚʘʞʘʻʪʴʩʷ ʥʘʡʥʠʞʯʠʤ ʟʘ 

ʧʨʽʦʨʠʪʝʪʥʽʩʪʶ ʚʧʣʠʚʫ ʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʪʘ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʘʨʦʤʦʨʝʢʣʘʤʠ ʥʘ 

ʧʘʢʦʚʘʥʥʷʭ.  

ʅʘ ʦʩʥʦʚʽ ʧʦʧʝʨʝʜʥʴʦʾ ʤʘʪʨʠʮʽ ʪʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʘʣʝʞʥʦʩʪʝʡ (4.2) ʽ (4.3) 

ʙʫʜʫʻʤʦ ʪʘʙʣʠʮʶ 4.4. 
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ʊʘʙʣʠʮʷ 4.4 

d ̔ Z(dʽ) P(dʽ) Z(dʽ) ž P(dʽ) 

1 1 1,2,3,4,5,6,7 1 

2 1,2 2,3,4,5,6,7 2 

3 1,2,3 3,5,6,7 3 

4 1,2,4 4,5,6,7 4 

5 1,2,3,4,5 5,6,7 5 

6 1,2,3,4,5,6 6 6 

7 1,2,3,4,5,6,7 7 7 

8 8 7,8 8 

 

ʅʘ ʦʩʥʦʚʽ ʮʽʻʾ ʤʘʪʨʠʮʽ ʙʫʜʫʻʤʦ ʪʘʙʣʠʮʶ, ʜʝ ʜʨʫʛʠʡ ʾʾ ʩʪʦʚʧʝʮʴ ʚʢʘʟʫʻ ʥʘ 

ʥʦʤʝʨʠ ʦʜʠʥʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚʽʜʧʦʚʽʜʥʠʭ ʨʷʜʢʽʚ ʤʘʪʨʠʮʽ ʜʦʩʷʞʥʦʩʪʽ, ʪʨʝʪʽʡ ï ʥʘ 

ʥʦʤʝʨʠ ʦʜʠʥʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʩʪʦʚʧʮʽʚ ʮʽʻʾ ʤʘʪʨʠʮʽ. 

ʇʘʨʘʤʝʪʨʠ, ʥʦʤʝʨʠ ʷʢʠʭ ʟʙʽʛʘʶʪʴʩʷ ʫ 2-ʤʫ ʽ 3-ʤʫ ʩʪʦʚʧʮʷʭ ʪʘʙʣʠʮʽ, 

ʚʠʟʥʘʯʘʶʪʴ ʦʩʪʘʥʥʽʡ, ʥʘʡʥʠʞʯʠʡ ʨʽʚʝʥʴ ʽʻʨʘʨʭʽʾ ʫ ʤʘʡʙʫʪʥʽʡ ʤʦʜʝʣʽ. ʗʢ ʙʘʯʠʤʦ 

ï ʮʝ ʧʘʨʘʤʝʪʨʠ ʟ ʥʦʤʝʨʘʤʠ 6 ʽ 7. ɿʛʽʜʥʦ ʘʣʛʦʨʠʪʤʫ ʧʦʙʫʜʦʚʠ ʽʻʨʘʨʭʽʡ, ʚʠʢʠʜʘʻʤʦ 

ʟ ʪʘʙʣʠʮʽ ʨʷʜʢʠ ʟ ʥʦʤʝʨʘʤʠ 6 ʽ 7, ʘ ʚ ʜʨʫʛʦʤʫ ʽ ʪʨʝʪʴʦʤʫ ʩʪʦʚʧʮʷʭ ʮʽʻʾ ʪʘʙʣʠʮʽ 

ʚʠʢʨʝʩʣʶʻʤʦ ʮʠʬʨʠ 6 ʽ 7. ʆʜʝʨʞʠʤʦ ʪʘʙʣʠʮʶ, ʷʢʘ ʻ ʦʩʥʦʚʦʶ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ 

ʜʨʫʛʦʾ ʽʻʨʘʨʭʽʾ (ʪʘʙʣʠʮʷ 4.5). ʇʨʦʮʝʩ ʧʦʚʪʦʨʶʻʪʴʩʷ ʜʦ ʪʠʭ ʧʽʨ, ʧʦʢʠ ʥʝ ʙʫʜʫʪʴ 

ʚʠʙʨʘʥʽ ʚʩʽ ʧʘʨʘʤʝʪʨʠ. ʆʩʪʘʪʦʯʥʦ ʨʝʟʫʣʴʪʘʪʦʤ ʪʘʢʠʭ ʜʽʡ ʙʫʜʝ ʤʦʜʝʣʴ, 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ.4.17. 

 

ʊʘʙʣʠʮʷ 4.5 

d ̔ Z(dʽ) P(dʽ) Z(dʽ) ž P(dʽ) 

1 1 1,2,3,4,5 1 

2 1,2 2,3,4,5 2 

3 1,2,3 3,5 3 

4 1,2,4 4,5 4 

5 1,2,3,4,5 5 5 

8 8 8 8 
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ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʦʜʝʨʞʠʤʦ ʪʘʙʣʠʮʶ, ʟʘ ʷʢʦʶ ʟʤʦʞʝʤʦ ʦʙʯʠʩʣʠʪʠ ʜʨʫʛʫ 

ʽʻʨʘʨʭʽʶ ʟʥʘʭʦʜʞʝʥʥʷ ʥʦʤʝʨʽʚ, ʱʦ ʜʘʩʪʴ ʟʤʦʛʫ ʚʠʟʥʘʯʠʪʠ ʥʘʩʪʫʧʥʠʡ ʪʨʝʪʽʡ 

ʨ̔ ʚʝʥʴ ʽʻʨʘʨʭʽʾ. ɼʣʷ ʮʴʦʛʦ ʚʠʢʠʜʘʻʤʦ ʟ ʪʘʙʣʠʮʽ 4.6 ʨʷʜʢʠ ʟ ʥʦʤʝʨʘʤʠ 3 ʽ 4, ʘ ʚ 

ʜʨʫʛʦʤʫ ʽ ʪʨʝʪʴʦʤʫ ʨʷʜʢʘʭ ʮʽʻʾ ʪʘʙʣʠʮʽ ʚʠʢʨʝʩʣʶʻʤʦ ʮʠʬʨʫ 3, 4. 

ʊʘʙʣʠʮʷ 4.6 

d ̔ Z(dʽ) P(dʽ) Z(dʽ) ž P(dʽ) 

1 1 1,2,3,4 1 

2 1,2 2,3,4 2 

3 1,2,3 3 3 

4 1,2,4 4 4 

 

ʂʨʠʪʝʨʽʾ ʯʝʪʚʝʨʪʦʛʦ ʽ ʧôʷʪʦʛʦ ʨʽʚʥʽʚ ʽʻʨʘʨʭʽʾ ʙʫʜʫʪʴ ʥʘʡʚʠʠɦʤ ʨʽʚʥʝʤ 

ʧʨʽʦʨʠʪʝʪʥʦʩʪʽ  ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʘ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʧʨʝʟʝʥʪʘʮʽʾ ʘʨʦʤʦʨʝʢʣʘʤʠ. 

 

ʊʘʙʣʠʮʷ 4.7 

d ̔ Z(dʽ) P(dʽ) Z(dʽ) ž P(dʽ) 

1 1 1,2 1 

2 1,2 2 2 

 

ʇʽʩʣʷ ʨʦʟʨʘʭʫʥʢʫ ʚʩʭ̔ ʨʽʚʥʽʚ ʽʻʨʘʨʭʽʾ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʜʽʡ ʥʘʜ 

ʝʣʝʤʝʥʪʘʤʠ ʧʦʯʘʪʢʦʚʦʛʦ ʛʨʘʬʫ (ʨʠʩ. 4.16), ʦʪʨʠʤʘʻʤʦ ʽʻʨʘʨʭʽʯʥʦ ʩʪʨʫʢʪʫʨʦʚʘʥʫ 

ʛʨʘʬʽʯʥʫ ʤʦʜʝʣʴ (ʨʠʩ. 4.17), ʱʦ ʧʦʢʘʟʫʻ ʧʨʽʦʨʠʪʝʪʥʽʩʪʴ ʚʧʣʠʚʫ ʚʠʙʨʘʥʠʭ 

ʢʨʠʪʝʨʽʾʚ ʥʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʘ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʟʘʢʨʠʪʦʾ ʧʨʝʟʝʥʪʘʮʽʾ ʘʨʦʤʦʨʝʢʣʘʤʠ.  
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ʈʠʩ. 4.17. ɻʨʘʬʽʯʥʘ ʤʦʜʝʣʴ ʽʻʨʘʨʭʽʾ ʢʨʠʪʝʨʽʾʚ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʪʘ ʜʦʚʛʦʪʨʠʚʘʣʽʩʪʴ ʧʨʝʟʝʥʪʘʮʽʾ ʘʨʦʤʘʪʫ ʤʝʪʦʜʦʤ Pʝʝl&Smell 

 

ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʦʾ ʤʦʜʝʣʽ ʜʦʟʚʦʣʷʻ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʟʘ ʚʘʞʣʠʚʽʩʪʶ ʚʧʣʠʚʫ 

ʥʘ ̔ ʥʪʝʥʩʠʚʥʽʩʪʴ ʪʘ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʧʨʝʟʝʥʪʘʮʽʾ ʘʨʦʤʘʪʫ ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ Peel&Smell 

çʚʽʜʢʣʝʡ ʪʘ ʧʦʥʶʭʘʡè ʩʝʨʝʜ ʢʨʠʪʝʨʽʾʚ ʥʘʡʚʠʱʠʡ ʧʨʽʦʨʠʪʝʪ ʚʧʣʠʚʫ ʤʘʻ 

ʧʨʦʮʝʥʪʥʠʡ ʚʤʽʩʪ ʘʨʦʤʘʪʠʟʦʚʘʥʠʭ ʜʦʤʽʰʦʢ ʫ ʢʣʝʾ, ʘ ʪʘʢʦʞ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ  ʚʣʘʩʪʠʚʦʩʪʽ ʢʣʝʶ (ʘʜʛʝʟʽʡʥʘ ʤʽʮʥʽʩʪʴ ʪʘ ʟʘʣʠʰʢʦʚʘ ʣʠʧʢʽʩʪʴ). ʅʘ 

ʥʘʩʪʫʧʥʦʤʫ ʨʽʚʥʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʪʦʧʦʛʨʘʬʽʷ ʧʦʚʝʨʭʥʽ (ʢʘʨʪʦʥʫ, 

ʛʦʬʨʦʢʘʨʪʦʥʫ) ʪʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʨʝʟʝʥʪʘʮʽʾ (ʢʽʣʴʢʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʽʚ 

ʘʨʦʤʦʨʝʢʣʘʤʦʶ). ɼʘʣʴʰʝ ʥʘ ʤʝʥʰ ʚʘʞʣʠʚʠʭ ʨʽʚʥʷʭ ʛʨʘʬʽʯʥʦʾ ʤʦʜʝʣʽ 

ʨʦʟʤʽʱʘʶʪʴʩʷ ʚ ʧʝʚʥʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʢʨʠʪʝʨʽʾ ï ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

(ʢʘʨʪʦʥʫ, ʛʦʬʨʦʢʘʨʪʦʥʫ) ̔  ʨʽʚʥʦʤʽʨʥʽʩʪʴ ʘʨʦʤʦʧʦʢʨʠʪʪʷ ʥʘ ʚʽʜʙʠʪʢʫ. ʇʦʜʘʣʴʰʠʡ 

ʘʥʘʣʽʟ ʤʦʜʝʣʽ ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʥʘ ʥʘʩʪʫʧʥʦʤʫ ʨʽʚʥʽ ʽʻʨʘʨʭʽʾ ʟʥʘʭʦʜʠʪʴʩʷ ʪʦʚʱʠʥʘ 

ʪʘ ʛʣʠʙʠʥʘ ʧʨʦʥʠʢʥʝʥʥʷ ʘʨʦʤʦʢʣʝʶ ʚ ʩʪʨʫʢʪʫʨʫ ʩʫʙʩʪʨʘʪʫ.   
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ʆʪʞʝ, ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʦʮʽʥʶʚʘʥʥʷ ʩʪʫʧʝʥʷ ʚʧʣʠʚʫ ʩʫʢʫʧʥʦʩʪʽ 

ʬʘʢʪʦʨʽʚ ʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʪʘ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʟʘʢʨʠʪʦʾ ʧʨʝʟʝʥʪʘʮʽʾ ʤʝʪʦʜʦʤ 

çʚʽʜʢʣʝʡ ʽ ʧʦʥʶʭʘʡè ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʨʘʬʫ ʜʦʟʚʦʣʠʣʦ ʬʦʨʤʘʣʽʟʫʚʘʪʠ ʪʘ ʚʧʝʨʰʝ 

ʨʦʟʚôʷʟʘʪʠ ʟʘʜʘʯʫ ʦʧʪʠʤʽʟʘʮʽʾ, ʟʘ ʧʨʽʦʨʠʪʝʪʥʽʩʪʶ ʚʧʣʠʚʫ ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʧʨʦʮʝʩ 

ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʝʭʥʦʣʦʛʽʾ Peel&Smell çʚʽʜʢʣʝʡ ʪʘ 

ʧʦʥʶʭʘʡè ʘʨʦʤʘʪʠʟʘʮʽʾ ʨʝʢʣʘʤʠ ʥʘ ʧʘʢʦʚʘʥʥʷʭ. 

 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 4. 

1. ʋʜʦʩʢʦʥʘʣʝʥʦ ʧʨʦʮʝʩ ʦʟʜʦʙʣʝʥʥʷ ʧʘʢʦʚʘʥʴ ʚʚʝʜʝʥʥʷʤ  

ʣʶʤʽʥʝʩʮʝʥʪʥʠʭ ʜʦʤʽʰʦʢ ʚ ʬʘʨʙʠ ʪʘ ʣʘʢʠ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʥʘʜʽʡʥʠʡ ʟʘʭʠʩʪ 

ʧʨʦʜʫʢʮʽʾ ʚʽʜ ʧʽʜʨʦʙʢʠ ʪʘ ʥʘʜʘʻ ʙʘʞʘʥʦʛʦ ʦʟʜʦʙʣʶʚʘʣʴʥʦʛʦ ʝʬʝʢʪʫ ʧʨʠ 

ʟʙʫʜʞʝʥʥʽ ɯʏ-ʣʘʟʝʨʥʠʤ ʦʧʨʦʤʽʥʝʥʥʷʤ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ  

ʷʢʦʩʪʽ ʚʽʜʙʠʪʢʽʚ ʧʽʜʪʚʝʨʜʞʝʥʦ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ ʥʘʥʦʯʘʩʪʠʥʦʢ ʚʽʜ 10 ʜʦ 

30 % ʬʽʢʩʫʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʦʧʪʠʯʥʦʾ ʱʽʣʴʥʦʩʪʽ ʪʘ ʧʣʦʱʽ ʢʦʣʽʨʥʦʛʦ ʦʭʦʧʣʝʥʥʷ 

ʚʽʜʙʠʪʢʽʚ; ʙʣʠʩʢ ʟʨʦʩʪʘʻ ʙʽʣʴʰʝ ʷʢ ʚʜʚʽʯʽ ʟʘʣʝʞʥʦ ʚʽʜ ʢʦʣʴʦʨʫ ʬʘʨʙʠ.  

2. ɿʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ 

ʨʽʚʥʦʤʽʨʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʥʘʥʦʯʘʩʪʠʥʦʢ ʣʶʤʽʥʦʬʦʨʘ ʥʘ  ʧʦʚʝʨʭʥʽ ʜʨʫʢʘʨʩʴʢʦʛʦ 

ʚʽʜʙʠʪʢʘ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʚʽʜʩʦʪʢʘ ʣʶʤʽʥʝʩʮʝʥʪʥʠʭ ʯʘʩʪʠʥʦʢ, 

ʩʧʨʠʷʻ ʟʙʽʣʴʰʝʥʥʶ ʧʣʦʱʽ ʢʦʣʽʨʥʦʛʦ ʦʭʦʧʣʝʥʥʷ ʥʘ ʚʽʜʙʠʪʢʫ. ɺʠʷʚʣʝʥʦ, ʱʦ 

ʟʥʘʯʝʥʥʷ ʦʧʪʠʯʥʦʾ ʱʽʣʴʥʦʩʪʽ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘ ʦʜʥʫ ʩʦʪʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʟʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ ʣʶʤʽʥʦʬʦʨʘ. ʇʽʜʪʚʝʨʜʞʝʥʦ, ʱʦ 10% ʣʶʤʽʥʦʬʦʨʫ ʜʦʩʪʘʪʥʴʦ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʷʚʥʦʩʪʽ ʝʬʝʢʪʫ ʣʶʤʽʥʝʩʮʝʥʮʽʾ. 

3. ʅʘ ʦʩʥʦʚʽ ʝʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʪʨʫʢʪʫʨʠ 

ʘʨʦʤʦʧʦʢʨʠʪʪʷ ʥʘ ʚʽʜʙʠʪʢʘʭ ʧʦʙʫʜʦʚʘʥʽ 3D ʤʦʜʝʣʽ ʚʟʘʻʤʦʟʚôʷʟʢʫ  ʽʥʪʝʥʩʠʚʥʦʩʪʽ  

ʘʨʦʤʘʪʫ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʘʨʦʤʘʪʠʟʘʪʦʨʘ ʚ ʢʣʝʡʦʚʽʡ ʢʦʤʧʦʟʠʮʽʾ  ʪʘ ʢʽʣʴʢʦʩʪʽ ʟʘʢʨʠʪʠʭ 

ʧʨʝʟʝʥʪʘʮʽʡ  Pʝʝl&Smell, ʱʦ ʜʦʟʚʦʣʠʣʦ ʚʠʟʥʘʯʠʪʠ  ʢʦʝʬʽʮʽʻʥʪ ʘʨʦʤʘʪʠʟʘʮʽʾ ʪʘ 

ʚʩʪʘʥʦʚʠʪʠ ʡʦʛʦ ʩʧʘʜʘʥʥʷ ʟ  9,8 ʜʦ 1  ʧʽʩʣʷ 75 ʨʘʟʦʚʦʾ ʧʨʝʟʝʥʪʘʮʽʾ.   

4. ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ ʦʮʽʥʶʚʘʥʥʷ ʩʫʢʫʧʥʦʩʪʽ 

ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ ʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʪʘ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʘʨʦʤʦʨʝʢʣʘʤʠ ʧʨʠ ʟʘʢʨʠʪʽʡ 

ʧʨʝʟʝʥʪʘʮʽʾ  ʘʨʦʤʘʪʽʚ ʤʝʪʦʜʦʤ Peel&Smell çʚʽʜʢʣʝʡ ʪʘ ʧʦʥʶʭʘʡè ʟ 
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ʚʠʢʦʨʠʩʪʘʥʥʷʤ   ʝʪʠʢʝʪʦʢ-ʥʘʢʣʝʡʦʢ ʙʘʛʘʪʦʨʘʟʦʚʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʧʦʻʜʥʘʥʥʽ ʟ 

ʥʘʜʨʫʢʦʚʘʥʠʤʠ ʣʶʤʽʥʝʩʮʝʥʥʠʤʠ ʟʦʙʨʘʞʝʥʥʷʤʠ, ʷʢʘ ʚʨʘʭʦʚʫʻ: ʧʨʦʮʝʥʪʥʠʡ ʚʤʽʩʪ 

ʘʨʦʤʘʪʠʟʦʚʘʥʠʭ ʜʦʤʽʰʦʢ ʫ ʢʣʝʾ,  ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ  ʚʣʘʩʪʠʚʦʩʪʽ 

ʢʣʝʶ (ʘʜʛʝʟʽʡʥʫ ʤʽʮʥʽʩʪʴ ʪʘ ʟʘʣʠʰʢʦʚʫ ʣʠʧʢʽʩʪʴ) (1-ʡ ʨʽʚʝʥʴ); ʪʦʧʦʛʨʘʬʽʶ 

ʧʦʚʝʨʭʥʽ ʩʫʙʩʪʨʘʪʫ ʪʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʨʝʟʝʥʪʘʮʽʾ ʘʨʦʤʦʨʝʢʣʘʤʠ (2-ʡ ʨʽʚʝʥʴ);  

ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʘʢʫʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʨʽʚʥʦʤʽʨʥʽʩʪʴ 

ʘʨʦʤʦʧʦʢʨʠʪʪʷ (3-ʡ ʨʽʚʝʥʴ); ʪʦʚʱʠʥʫ ʪʘ ʛʣʠʙʠʥʫ ʧʨʦʥʠʢʥʝʥʥʷ ʘʨʦʤʦʢʣʝʶ ʚ 

ʩʪʨʫʢʪʫʨʫ ʩʫʙʩʪʨʘʪʫ (4-ʡ ʨʽʚʝʥʴ), ʱʦ ʜʦʟʚʦʣʠʣʦ ʬʦʨʤʘʣʽʟʫʚʘʪʠ ʪʘ ʨʦʟʚôʷʟʘʪʠ 

ʟʘʜʘʯʫ ʦʧʪʠʤʽʟʘʮʽʾ ʟʘ ʧʨʽʦʨʠʪʝʪʥʦʩʪ̔ ʚʧʣʠʚʫ ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʧʨʦʮʝʩ ʧʨʦʛʥʦʟʫʚʘʥʥʷ  

ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʘʨʦʤʘʪʠʟʘʮʽʾ ʨʝʢʣʘʤʠ ʥʘ ʧʘʢʦʚʘʥʥʷʭ.   
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ʈʆɿɼɯʃ 5 

ɼʆʉʃɯɼɾɽʅʅʗ  ʌɸʂʊʆʈɯɺ ɺʇʃʀɺʋ ʅɸ ɺɽʃʀʏʀʅʋ ʄɯɻʈɸʎɯɰ 

ʐʂɯɼʃʀɺʀʍ ʂʆʄʇʆʅɽʅʊɯɺ ɿ ɼʈʋʂɸʈʉʔʂʀʍ ɺɯɼɹʀʊʂɯɺ  

 

5.1. ʈʦʣʴ ʤʽʛʨʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʘʢʦʚʘʥʴ ʟ ʢʘʨʪʦʥʫ ʽ 

ʛʦʬʨʦʢʘʨʪʦʥʫ  

ʇʘʢʫʚʘʣʴʥʽ ʤʘʪʝʨʽʘʣʠ ʚʽʜʽʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʬʦʨʤʫʚʘʥʥʽ ʘʩʦʨʪʠʤʝʥʪʫ 

ʪʦʚʘʨʽʚ, ʾʭ ʧʨʦʩʫʚʘʥʥʽ ʥʘ ʨʠʥʢʫ, ʟʙʝʨʽʛʘʥʥʽ ʚʤʽʩʪʠʤʦʛʦ, ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʽ.  

ʉʧʦʞʠʚʘʯʽ ʪʘʢʦʞ ʨʝʘʛʫʶʪʴ ʥʘ ʬʫʥʢʮʽʾ ʧʘʢʦʚʘʥʥʷ, ʟʦʢʨʝʤʘ ʥʘ ʡʦʛʦ ʟʨʫʯʥʽʩʪʴ ʫ 

ʢʦʨʠʩʪʫʚʘʥʥʽ, ʧʨʠʚʘʙʣʠʚʠʡ ʜʠʟʘʡʥ, ʬʦʨʤʫ, ʢʦʣʽʨ, ʥʘʷʚʥʫ ʥʘ ʥʴʦʤʫ ʽʥʬʦʨʤʘʮʽʶ. 

ʊʦʤʫ ʩʴʦʛʦʜʥʽ ʫ ʩʚʽʪʽ  ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʠʡ ʨʦʟʚʠʪʦʢ ʨʠʥʢʫ ʧʘʢʫʚʘʣʴʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʧʘʢʫʚʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʘ ʪʘʢʦʞ ʪʘʨʠ ʪʘ ʧʘʢʦʚʘʥʥʷ. ʈʦʟʚʠʪʦʢ ʪʝʭʥʽʢʠ 

ʪʘ ʪʝʭʥʦʣʦʛʽʾ ʦʪʨʠʤʘʥʥʷ ʧʘʢʫʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʨʦʟʰʠʨʶʻ ʬʫʥʢʮʽʾ ʧʘʢʦʚʘʥʴ. 

ɺʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʻ ʧʽʜʙʽʨ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʘʢʦʚʘʥʥʷ, ʘ ʪʘʢʦʞ 

ʧʦʣʽʛʨʘʬʽʯʥʠʭ ʬʘʨʙ, ʣʘʢʽʚ, ʢʣʝʾʚ ʜʣʷ ʡʦʛʦ ʦʟʜʦʙʣʝʥʥʷ. ʇʨʦʙʣʝʤʘ ʙʝʟʧʝʢʠ 

ʧʘʢʫʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʪʘʨʠ ʧʨʠʚʝʨʪʘʻ ʫʚʘʛʫ  ʙʘʛʘʪʴʦʭ ʚʯʝʥʠʭ ʫ ʥʘʰʽʡ ʢʨʘʾʥʽ ʽ 

ʟʘ ʢʦʨʜʦʥʦʤ, ʦʩʢʽʣʴʢʠ  ʚʽʜ  ʙʝʟʧʝʯʥʦʩʪʽ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ ʟʘʣʝʞʠʪʴ  ʟʜʦʨʦʚôʷ 

ʣʶʜʝʡ, ʱʦ ʾʭ ʩʧʦʞʠʚʘʶʪʴ. ɼʦ ʧʘʢʫʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʠʩʫʚʘʶʪʴʩʷ ʞʦʨʩʪʢʽ 

ʩʘʥʽʪʘʨʥʦ-ʛʽʛʽʻʥʽʯʥʽ ʪʘ ʝʢʦʣʦʛʽʯʥʽ ʚʠʤʦʛʠ ʱʦʜʦ ʷʢʦʩʪʽ ʽ ʙʝʟʧʝʢʠ. ʆʜʥʽʻʶ ʟ  

ʬʫʥʢʮʽʡ ʧʘʢʦʚʘʥʥʷ ̒   ʩʪʚʦʨʝʥʥʷ ʽʥʝʨʪʥʦʛʦ ʙʘʨôʻʨʫ ʤʽʞ ʧʨʦʜʫʢʪʘʤʠ ʪʘ ʦʪʦʯʫʶʯʠʤ 

ʩʝʨʝʜʦʚʠʱʝʤ. ʋ ʢʦʤʧʣʝʢʩ ʛʽʛʽʻʥʽʯʥʦʾ ʦʮʽʥʢʠ ʧʘʢʫʚʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚʭʦʜʷʪʴ: 

ʦʨʛʘʥʦʣʝʧʪʠʯʥʽ; ʩʘʥʽʪʘʨʥʦ-ʭʽʤʽʯʥʽ; ʪʦʢʩʠʢʦʣʦʛʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ. ɿʘʣʝʞʥʦ ʚʽʜ 

ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʶʶʪʴ ʦʩʥʦʚʥʠʡ ʛʽʛʽʻʥʽʯʥʠʡ ʢʨʠʪʝʨʽʡ ʤʘʪʝʨʽʘʣʫ 

ï ʜʦʧʫʩʪʠʤʫ ʢʽʣʴʢʽʩʪʴ ʤʽʛʨʘʮʽʾ ʨʝʯʦʚʠʥ ʟ ʧʘʢʫʚʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚ ʧʨʦʜʫʢʪ ʘʙʦ 

ʤʦʜʝʣʴʥʝ ʩʝʨʝʜʦʚʠʱʝ, ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʷʢʽʡ ʧʦʚʠʥʥʘ ʛʘʨʘʥʪʫʚʘʪʠ ʙʝʟʧʝʢʫ ʜʣʷ 

ʟʜʦʨʦʚ'ʷ ʣʶʜʝʡ ʧʨʠ ʥʝʦʙʤʝʞʝʥʦ ʪʨʠʚʘʣʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʧʦʞʠʚʘʯʝʤ 

ʟʘʧʘʢʦʚʘʥʦʾ ʧʨʦʜʫʢʮʽʾ [138-140].  

ɺʘʞʣʠʚʦʶ ʚʠʤʦʛʦʶ ʜʦ ʧʘʢʫʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʭʘʨʯʦʚʦʾ ʧʨʦʜʫʢʮʽʾ, ʻ 

ʛʘʟʦ-, ʧʘʨʦ-, ʚʦʜʦ-, ʞʠʨʦ- ʽ ʘʨʦʤʘʪʦʧʨʦʥʠʢʥʩ̔ʪɹ. ʇʘʨʦʧʨʦʥʠʢʥʩ̔ʪʴ ʭʘʨʘʢʪʝʨʠʟʫʻ 

ʢʽʣʴʢʽʩʪʴ ʚʦʜʷʥʦʾ ʧʘʨʠ, ʱʦ ʧʨʦʡʰʣʘ ʯʝʨʝʟ ʦʜʠʥʠʮʶ ʧʦʚʝʨʭʥʽ ʤʘʪʝʨʽʘʣʫ ʟʘ 
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ʦʜʠʥʠʮʶ ʯʘʩʫ ʧʨʠ ʟʘʜʘʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʽ ʨʽʟʥʠʮʽ ʪʠʩʢʫ ʧʦ ʦʙʠʜʚʽ ʩʪʦʨʦʥʠ ʟʨʘʟʢʘ. 

ɾʠʨʦʧʨʦʥʠʢʥʽʩʪʴ ʧʘʢʫʚʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʪʨʠʚʘʣʽʩʪʶ 

ʥʘʩʢʨʽʟʥʦʛʦ ʧʨʦʥʠʢʥʝʥʥʷ ʤʘʩʣʘ ʘʙʦ ʞʠʨʫ ʯʝʨʝʟ ʟʨʘʟʦʢ ʧʨʠ ʟʘʜʘʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ. 

ɾʠʨʦʩʪʽʡʢʽ ʤʘʪʝʨʽʘʣʠ ʫʪʚʦʨʶʶʪʴ ʟʘʙʘʨʚʣʝʥʫ ʧʣʷʤʫ ʟʘ ʧʨʦʤʽʞʦʢ ʯʘʩʫ, ʱʦ 

ʧʝʨʝʚʠʱʫʻ 30 ʭʚʠʣʠʥ; ʤʘʪʝʨʽʘʣʠ, ʩʪʚʦʨʶʶʯʠ ʪʘʢʫ ʧʣʷʤʫ ʧʨʦʪʷʛʦʤ 30 ʩʝʢʫʥʜ, 

ʚʚʘʞʘʶʪʴʩʷ ʟʘ ʥʝʧʨʠʜʘʪʥʽ ʜʣʷ ʧʘʢʦʚʘʥʥʷ ʞʠʨʦʚʤʽʩʪʢʦʾ ʭʘʨʯʦʚʦʾ ʧʨʦʜʫʢʮʽʾ [141-

143].  

ʍʘʨʯʦʚʝ ʧʘʢʦʚʘʥʥʷ ʟʘʡʤʘʻ ʚʠʩʦʢʠʡ ʚʽʜʩʦʪʦʢ ʧʘʢʦʚʘʥʴ ʥʘ ʚʥʫʪʨʽʰʥʴʦʤʫ 

ʨʠʥʢʫ. ʑʦʜʥʷ ʤʠ ʾʤʦ ʧʨʦʜʫʢʪʠ, ʷʢʽ ʤʦʞʫʪʴ ʤʽʩʪʠʪʠ ʥʝʥʘʚʤʠʩʥʽ ʜʦʙʘʚʢʠ. 

ʅʘʡʯʘʩʪʽʰʝ ʧʨʠʯʠʥʦʶ ʮʴʦʛʦ ʻ ʥʝʘʜʝʢʚʘʪʥʦ ʚʠʛʦʪʦʚʣʝʥʝ ʧʘʢʦʚʘʥʥʷ. ʎʝ 

ʩʪʦʩʫʻʪʴʩʷ ʧʦʛʘʥʦ ʧʽʜʽʙʨʘʥʠʭ ʬʘʨʙ, ʣʘʢʽʚ, ʜʨʫʢʘʨʩʴʢʦʾ ʦʩʥʦʚʠ ʪʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʜʦʧʦʤʽʞʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɺʠʨʦʙʥʠʮʪʚʦ ʪʘ ʦʙʨʦʙʢʘ ʧʘʢʫʚʘʣʴʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʤʦʞʝ ʩʧʨʠʯʠʥʠʪʠ ʚʟʘʻʤʦʜʽʶ ʤʽʞ ʧʘʢʦʚʘʥʥʷʤ ʪʘ ʭʘʨʯʦʚʠʤʠ 

ʧʨʦʜʫʢʪʘʤʠ. ʈʦʟʨʽʟʥʷʶʪʴ ʪʘʢʽ ʩʧʦʩʦʙʠ ʚʟʘʻʤʦʜʽʾ: ʤʽʛʨʘʮʽʷ (ʨʠʩ. 5.1), ʥʝʚʠʜʠʤʝ 

ʚʽʜʙʠʪʪʷ ʪʘ ʧʨʦʥʠʢʥʝʥʥʷ ʨʝʯʦʚʠʥ ʫʩʝʨʝʜʠʥʫ ʟʘʢʨʠʪʦʛʦ ʧʘʢʦʚʘʥʥʷ. ʄʽʛʨʘʮʽʷ 

ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʯʝʨʝʟ ʬʘʨʙʫ, ʘ ʪʦʯʥʽʰʝ ʾʾ ʢʦʤʧʦʥʝʥʪʠ. ʉʢʣʘʜ ʟʚʠʯʘʡʥʠʭ 

ʦʬʩʝʪʥʠʭ ʬʘʨʙ ʥʘʩʪʫʧʥʠʡ: ʧʽʛʤʝʥʪʠ, ʥʘʧʦʚʥʶʚʘʯʽ, ʩʤʦʣʠ, ʨʦʩʣʠʥʥʽ ʪʘ ʤʽʥʝʨʘʣʴʥʽ 

ʤʘʩʣʘ, ʚʽʩʢ, ʩʫʰʘʨʢʠ. ɿʘʚʜʷʢʠ ʧʨʦʮʝʩʫ ʜʨʫʢʫ ʧʘʢʦʚʘʥʥʷ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʧʨʷʤʝ, ʜʝ 

ʥʝʜʨʫʢʦʚʘʥʘ ʩʪʦʨʦʥʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʢʦʥʪʘʢʪʫʻ ʟ ʭʘʨʯʦʚʠʤʠ ʧʨʦʜʫʢʪʘʤʠ, ʽ 

ʥʝʧʨʷʤʝ, ʜʝ ʪʘʢʦʛʦ ʢʦʥʪʘʢʪʫ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ, ʟʘʚʜʷʢʠ ʨʦʟʜʽʣʝʥʥʶ ʟ ʧʝʚʥʠʤ 

ʙʘʨôʻʨʥʠʤ ʧʦʢʨʠʪʪʷʤ [144-146].  

ɸʢʪʫʘʣʴʥʦʶ ʻ ʧʨʦʙʣʝʤʘ ʤʽʛʨʘʮʽʾ ʢʦʤʧʦʥʝʥʪʽʚ ʬʘʨʙ ʪʘ ʣʘʢʽʚ ʚ ʩʪʨʫʢʪʫʨʫ 

ʧʘʢʫʚʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʨʠ ʨʽʟʥʠʭ ʩʧʦʩʦʙʘʭ ʜʨʫʢʫʚʘʥʥʷ. ʅʝʙʘʞʘʥʦʶ ʻ ʧʨʷʤʘ  

ʤʽʛʨʘʮʽʷ ʜʦ ʧʨʦʜʫʢʪʽʚ ʭʘʨʯʫʚʘʥʥʷ ʯʝʨʝʟ ʟʘʜʨʫʢʦʚʫʚʘʥʫ ʦʩʥʦʚʫ. ʆʩʦʙʣʠʚʦ ʩʣʽʜ 

ʫʥʠʢʘʪʠ ʪʘʢʦʛʦ ʚʠʜʫ ʤʽʛʨʘʮʽʾ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʧʘʢʦʚʘʥʴ ʜʣʷ ʞʠʨʦʚʤʽʩʥʠʭ 

ʧʨʦʜʫʢʪʽʚ, ʦʩʢʽʣʴʢʠ ʢʦʤʧʦʥʝʥʪʠ ʬʘʨʙʠ ʤʦʞʫʪʴ ʚ ʥʠʭ ʨʦʟʯʠʥʷʪʠʩʴ. ɿʘ ʨʘʭʫʥʦʢ 

ʤʦʞʣʠʚʦʛʦ ʧʝʨʝʪʠʩʢʫʚʘʥʥʷ, ʥʝʙʘʞʘʥʠʡ ʢʦʥʪʘʢʪ ʟʘʜʨʫʢʦʚʘʥʦʾ ʽ ʥʝʟʘʜʨʫʢʦʚʘʥʦʾ 

ʧʦʚʝʨʭʥʽ, ʷʢʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʢʦʥʪʘʢʪʫʻ ʟ ʧʨʦʜʫʢʪʘʤʠ,  ʤʦʞʝ ʩʧʨʠʯʠʥʠʪʠ 

ʧʝʨʝʥʝʩʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʧʦʣʽʛʨʘʬʽʯʥʦʾ ʬʘʨʙʠ, ʪʦʙʪʦ ʤʘʩʦʧʝʨʝʥʝʩʝʥʥʷ ʯʝʨʝʟ 

ʛʘʟʦʚʫ ʬʘʟʫ. ʄʝʭʘʥʽʟʤ ʤʦʞʣʠʚʦʾ ʤʽʛʨʘʮʽʾ ʚ ʟʘʜʨʫʢʦʚʘʥʠʭ ʧʘʢʦʚʘʥʥʷʭ ʪʽʩʥʦ 
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ʧʦʚ'ʷʟʘʥʠʡ ʟʽ ʩʪʨʫʢʪʫʨʦʶ ʬʘʨʙʦʚʠʭ ʩʠʩʪʝʤ. ʊʨʘʜʠʮʽʡʥʘ ʦʬʩʝʪʥʘ ʬʘʨʙʘ, ʷʢ 

ʚʽʜʦʤʦ, ʤʽʩʪʠʪʴ ʦʣʠʚʠ, ʜʦʤʽʰʢʠ, ʧʽʛʤʝʥʪʠ, ʝʪʝʨʠ ʞʠʨʥʠʭ ʢʠʩʣʦʪ, ʩʤʦʣʠ, ʩʫʰʢʠ. 

ʈʽʟʥʦʤʘʥʽʪʥʽ ʋʌ-ʬʘʨʙʠ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʤʦʥʦʤʝʨʽʚ, ʟʚôʷʟʫʶʯʠʭ, ʬʦʪʦ ʽʥʽʮʽʘʪʦʨʽʚ, 

ʧʽʛʤʝʥʪʽʚ, ʜʦʤʽʰʦʢ. ʅʘʡʙʽʣʴʰʘ ʤʽʛʨʘʮʽʷ ʚʣʘʩʪʠʚʘ ʜʣʷ ʨʝʯʦʚʠʥ ʟ ʥʠʟʴʢʦʶ 

ʤʦʣʝʢʫʣʷʨʥʦʶ ʤʘʩʦʶ. ʅʘʧʨʠʢʣʘʜ, ʽʥʽʮʽʘʪʦʨʠ ʚ ʋʌ-ʬʘʨʙʘʭ ʨʦʟʧʘʜʘʶʪʴʩʷ ʥʘ 

ʜʨʽʙʥʽ ʯʘʩʪʠʥʢʠ ʟʜʘʪʥʽ ʤʽʛʨʫʚʘʪʠ ʚ ʩʝʨʝʜʠʥʫ ʧʘʢʦʚʘʥʥʷ. ʇʽʛʤʝʥʪʠ ʫ ʬʘʨʙʘʭ, ʣʘʢʘʭ 

ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʙʨʫʜʥʝʥʽ ʚʘʞʢʠʤʠ ʤʝʪʘʣʘʤʠ. ʊʦʤʫ ʩʴʦʛʦʜʥʽ ʚʽʜʦʤʽ ʥʘ ʨʠʥʢʫ 

ʬʘʨʙʠ, ʷʢʽ ʚʠʢʣʶʯʘʶʪʴ ʢʘʥʮʝʨʦʛʝʥʥʽ ʽ ʤʫʪʘʛʝʥʥʽ ʨʝʯʦʚʠʥʠ, ʤʽʩʪʷʪʴ ʬʦʪʦ 

ʽʥʽʮʽʘʪʦʨʠ ʟ ʚʠʩʦʢʦʶ ʤʦʣʝʢʫʣʷʨʥʦʶ ʤʘʩʦʶ, ʦʯʠʱʝʥʽ ʟʚôʷʟʫʶʯʽ, ʧʨʦʧʦʨʮʽʷ 

ʤʦʥʦʤʝʨʽʚ ʫ ʟʚô̫ ʟʫʶʯʦʤʫ ʟʚʝʜʝʥʘ ʜʦ ʤʽʥʽʤʫʤʫ. ʇʨʠ ʜʨʫʢʫʚʘʥʥʽ ʥʘ ʧʘʢʫʚʘʣʴʥʠʭ 

ʤʘʪʝʨʽʘʣʘʭ ʩʣʽʜ ʫʥʠʢʘʪʠ ʥʠʟʴʢʦʤʦʣʝʢʫʣʷʨʥʠʭ ʜʦʧʦʤʽʞʥʠʭ ʟʤʠʚʥʠʭ ʨʦʟʯʠʥʽʚ. 

ɺʝʣʠʢʠʡ ʨʠʟʠʢ ʤʽʛʨʘʮʽʾ ʚʠʥʠʢʘʻ ʪʘʢʦʞ ʧʨʠ ʩʢʣʘʜʘʥʥʽ ʛʦʪʦʚʠʭ ʚʽʜʙʠʪʢʽʚ, ʧʝʨʝʜ 

ʚʠʢʦʥʘʥʥʷʤ ʥʘʩʪʫʧʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ. ɿʦʢʨʝʤʘ ʮʝ ʩʪʦʩʫʻʪʴʩʷ 

ʜʦʪʨʠʤʘʥʥʷ ʨʝʞʠʤʽʚ ʪʠʩʢʫ ʽ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʩʪʦʧʽ ʚʽʜʙʠʪʢʽʚ. ʊʦʤʫ ʚ ʢʽʥʮʝʚʦʤʫ 

ʨʝʟʫʣʴʪʘʪʽ ʜʣʷ ʦʟʜʦʙʣʝʥʥʷ ʧʘʢʦʚʘʥʴ ʜʣʷ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ, ʜʫʞʝ ʚʘʞʣʠʚʦ ʚʜʘʣʦ 

ʧʽʜʽʙʨʘʪʠ ʩʠʩʪʝʤʫ çʦʩʥʦʚʘ-ʧʽʜʢʣʘʜʢʘ- ʬʘʨʙʘ (ʣʘʢ)è [147-150].  

ɿʘʚʜʷʢʠ ʬʽʟʠʯʥʦʤʫ ʧʨʦʮʝʩʫ ʬʝʥʦʤʝʥ ʤʽʛʨʘʮʽʾ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʜʠʬʫʟʽʾ ʪʘ 

ʨʦʟʜʽʣʝʥʥʽ ʨʝʯʦʚʠʥ, ʷʢʽ ʤʦʞʫʪʴ ʧʨʦʭʦʜʠʪʠ ʤʽʞ ʧʘʢʦʚʘʥʥʷʤ ʪʘ ʧʨʦʜʫʢʪʦʤ. 

ɯʩʥʫʶʪʴ ʜʚʽ ʢʦʥʮʝʧʮʽʾ ʤʽʛʨʘʮʽʾ: ʛʣʦʙʘʣʴʥʘ ʤʽʛʨʘʮʽʷ ʪʘ ʩʧʝʮʠʬʽʯʥʘ ʤʽʛʨʘʮʽʷ. 

çɻʣʦʙʘʣʴʥʘ ʤʽʛʨʘʮʽʷ ï ʮʝ ʩʫʤʘ ʤʘʩʠ, ʙʝʟ ʫʪʦʯʥʝʥʥʷ ʪʠʧʫ ʥʝʣʝʪʢʠʭ ʨʝʯʦʚʠʥ, ʱʦ 

ʤʽʛʨʫʶʪʴ ʚʽʜ ʤʘʪʝʨʽʘʣʫ ʯʠ ʧʨʝʜʤʝʪʘ ʜʦ ʾʞʽ, ʷʢʫ ʚ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ 

ʥʘʡʯʘʩʪʽʰʝ ʟʘʤʽʥʶʶʪʴ ʤʦʜʝʣʴʥʠʤʠ ʨʽʜʠʥʘʤʠ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʢʦʥʢʨʝʪʥʽ 

ʭʘʨʯʦʚʽ ʛʨʫʧʠ. ʉʧʝʮʠʬʽʯʥʘ ʤʽʛʨʘʮʽʷ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʤʘʩʠ ʧʝʚʥʦʾ ʨʝʯʦʚʠʥʠ, ʱʦ 

ʤʽʛʨʫʻ ʟ ʤʘʪʝʨʽʘʣʫ ʘʙʦ ʧʨʝʜʤʝʪʘ, ʪʘʢʦʞ ʟʘʟʚʠʯʘʡ ʚ ʽʤʽʪʘʪʦʨʠè [151-153].  
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ʈʠʩ. 5.1. ʉʭʝʤʘ ʧʨʦʮʝʩʫ ʤʽʛʨʘʮʽʾ 

 

ɺʽʜʙʠʪʦʢ ʤʦʞʝ ʚʽʜʙʠʚʘʪʠʩʷ ʚ ʩʪʦʧʮʽ ʘʨʢʫʰʽʚ (ʨʠʩ. 5.2 ʘ) ʘʙʦ ʚ ʨʫʣʦʥʽ (ʨʠʩ. 

5.2 ʙ) ʧʽʩʣʷ ʜʨʫʢʫ. ɿʘʟʚʠʯʘʡ, ʢʦʣʠ ʷʚʠʱʝ ʚʽʜʙʠʪʪʷ ʷʩʢʨʘʚʦ ʚʠʨʘʞʝʥʦ, ʤʘʪʝʨʽʘʣ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʤʘʢʫʣʘʪʫʨʘ. ʂʦʣʠ ʮʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʝʚʠʜʠʤʠʤ ʯʠʥʦʤ, ʤʦʞʝ 

ʚʽʜʙʫʪʠʩʷ ʤʽʛʨʘʮʽʷ ʥʠʟʴʢʦʤʦʣʝʢʫʣʷʨʥʠʭ ʨʝʯʦʚʠʥ. 

 

 

                                ʘ                                                            ʙ 

ʈʠʩ. 5.2. ʄʦʞʣʠʚʠʡ ʧʝʨʝʭʽʜ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʟ ʟʘʜʨʫʢʦʚʫʚʘʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʜʦ ʟʘʧʘʢʦʚʘʥʠʭ ʧʨʦʜʫʢʪʽʚ: ʘ ï ʚʽʜʙʠʪʢʠ ʥʘ ʘʨʢʫʰʘʭ ʢʘʨʪʦʥʫ 

(ʛʦʬʨʦʢʘʨʪʦʥʫ) ʩʢʣʘʜʝʥʽ ʚ ʩʪʦʩ; ʙ ï ʚʽʜʙʠʪʢʠ ʥʘ ʢʘʨʪʦʥʽ, ʩʢʨʫʯʝʥʽ ʚ ʨʫʣʦʥ  

 

ɺʽʜʦʤʦ, ʱʦ ʞʠʨʦʤʽʩʪʢʽ ʧʨʦʜʫʢʪʠ ʦʩʦʙʣʠʚʦ ʯʫʪʣʠʚʽ ʜʦ ʤʽʛʨʘʮʽʾ. ɺʠʧʘʜʢʦʚʠʡ 

ʢʦʥʪʘʢʪ ʟʘʜʨʫʢʦʚʘʥʦʾ ʩʪʦʨʦʥʠ ʧʘʢʦʚʘʥʥʷ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʥʝʙʘʞʘʥʦʾ ʤʽʛʨʘʮʽʾ 

ʢʦʤʧʦʥʝʥʪʽʚ ʬʘʨʙʠ. ɿ ʚʽʜʙʠʪʢʽʚ, ʫʪʚʦʨʝʥʠʭ  ʦʬʩʝʪʥʠʤʠ ʬʘʨʙʘʤʠ ʤʦʞʫʪʴ ʤʽʛʨʫʚʘʪʠ 

ʦʣʠʚʠ, ʤʘʩʣʘ ʽ ʝʬʽʨʠ ʞʠʨʥʠʭ ʢʠʩʣʦʪ, ʧʽʛʤʝʥʪʠ. ɿ ʚʽʜʙʠʪʢʽʚ, ʫʪʚʦʨʝʥʠʭ ʋʌ-

ʬʘʨʙʘʤʠ, ʤʦʞʫʪʴ ʤʽʛʨʫʚʘʪʠ ʬʦʪʦʽʥʽʮʽʘʪʦʨʠ, ʟʚôʷʟʫʶʯʽ, ʧʽʛʤʝʥʪʠ. 
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ʇʨʘʚʠʣʴʥʠʡ ʚʠʙʽʨ ʟʘʜʨʫʢʦʚʫʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʽ ʜʨʫʢʘʨʩʴʢʦʾ ʬʘʨʙʠ 

ʚʠʟʥʘʯʘʻ ʥʝ ʪʽʣʴʢʠ ʩʪʘʙʽʣʴʥʫ, ʙʝʟʚʽʜʤʦʚʥʫ ʨʦʙʦʪʫ ʜʨʫʢʘʨʩʴʢʦʾ ʤʘʰʠʥʠ, ʘʣʝ ʪʘʢʦʞ 

ʻ ʥʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʷʢʽʩʥʠʭ ʚʽʜʙʠʪʢʽʚ. ʊʦʤʫ ʪʘʢʠʤ ʚʘʞʣʠʚʠʤ ʻ 

ʘʥʘʣʽʟ ʚʧʣʠʚʫ ʧʽʜʢʣʘʜʢʠ-ʦʩʥʦʚʠ ʥʘ ʟʜʘʪʥʽʩʪʴ ʬʘʨʙʦʩʧʨʠʡʥʷʪʪʷ. ʇʽʜ ʯʘʩ 

ʩʧʨʠʡʥʷʪʪʷ ʬʘʨʙʠ ʧʘʢʫʚʘʣʴʥʠʤ ʤʘʪʝʨʽʘʣʘʤ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʷʜ  ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ 

ʷʚʠʱ, ʷʢʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʫ ʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʬʽʢʩʘʮʽʶ ʽ 

ʰʚʠʜʢʽʩʪʴ ʧʨʦʥʠʢʥʝʥʥʷ ʬʘʨʙʠ ʚ ʡʦʛʦ ʩʪʨʫʢʪʫʨʫ. ʇʦʚʝʨʭʥʝʚʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʤʘʪʝʨʽʘʣʫ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʪʦʯʥʽʩʪʴ ʽ ʷʢʽʩʪʴ ʦʪʨʠʤʘʥʦʛʦ ʚʽʜʙʠʪʢʘ ʥʘ 

ʥʴʦʤʫ, ʦʩʢʽʣʴʢʠ ʮʝʡ ʩʫʙʩʪʨʘʪ ʻ ʥʦʩʽʻʤ ʟʦʙʨʘʞʝʥʥʷ ʘʙʦ ʪʝʢʩʪʫ, ʧʝʨʝʜʘʥʦʛʦ ʚ 

ʧʨʦʮʝʩʽ ʜʨʫʢʫ.  

ɼʦ ʢʦʤʧʣʝʢʩʫ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʽʜʢʣʘʜʢʠ-ʦʩʥʦʚʠ ʚʠʩʫʚʘ̒ ʪʴʩʷ ʨʷʜ ʚʠʤʦʛ: 

ʟʜʘʪʥʽʩʪʴ ʘʜʩʦʨʙʫʚʘʪʠ ʜʨʫʢʘʨʩʴʢʫ ʬʘʨʙʫ, ʷʢʘ ʤʘʻ ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʚʧʣʠʚ ʥʘ 

ʰʚʠʜʢʽʩʪʴ ʧʨʦʥʠʢʥʝʥʥʷ ʚ ʡʦʛʦ ʩʪʨʫʢʪʫʨʫ; ʩʪʘʙʽʣʴʥʽʩʪʴ ʨʦʟʤʽʨʽʚ ʚ ʫʤʦʚʘʭ ʟʤʽʥʠ 

ʚʦʣʦʛʦʩʪʽ; ʚʽʜʧʦʚʽʜʥʠʡ ʩʢʣʘʜ ʤʘʪʝʨʽʘʣʫ, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʨʽʚʥʦʤʽʨʥʽʩʪʴ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʚʦʣʦʢʦʥ, ʥʘʷʚʥʽʩʪʴ ʥʘʧʦʚʥʶʚʘʯʽʚ ʘʙʦ ʩʫʤʽʰʝʡ ʫ ʧʦʢʨʠʪʪʽ ʥʘ 

ʧʦʚʝʨʭʥʽ ʢʘʨʪʦʥʫ. ɺʽʜʩʫʪʥʽʩʪʴ ʾʭ ʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ 

ʧʦʛʣʠʥʘʥʥʷ ʬʘʨʙʠ ʪʘ ʾʾ ʧʨʦʥʠʢʥʝʥʥʷ ʚ ʩʪʨʫʢʪʫʨʫ ʧʘʢʫʚʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɺ 

ʦʬʩʝʪʥʦʤʫ ʜʨʫʮʽ ʥʘ ʰʚʠʜʢʽʩʪʴ ʬʽʢʩʘʮʽʾ ʬʘʨʙʠ ʚʧʣʠʚʘʻ ï ʨʅ (ʙʘʞʘʥʦ, ʱʦʙ ʨʝʘʢʮʽʷ 

ʧʽʜʢʣʘʜʢʠ ï ʦʩʥʦʚʠ ʙʫʣʘ ʥʝʡʪʨʘʣʴʥʦʶ ʘʙʦ ʩʣʘʙʦ ʣʫʞʥʦʶ). ɼʦ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʩʫʙʩʪʨʘʪʽʚ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʧʨʠʡʥʷʪʪʷ ʬʘʨʙʠ ʪʘ ʷʢʽʩʪʴ ʚʽʜʙʠʪʢʫ ʥʘʣʝʞʠʪʴ:  

ʦʩʥʦʚʥʘ ʚʘʛʘ ʽ ʪʦʚʱʠʥʘ, ʛʣʘʜʢʽʩʪʴ, ʰʦʨʩʪʢʽʩʪʴ ʧʦʚʝʨʭʥʽ, ʝʬʝʢʪ ʙʣʠʩʢʫ ʘʙʦ 

ʤʘʪʦʚʦʩʪʽ ʤʘʪʝʨʽʘʣʫ [ 154].  

ʇʘʢʫʚʘʣʴʥʽ ʤʘʪʝʨʽʘʣʠ ʽ ʪʘʨʘ ʧʦʚʠʥʥʽ ʟʘʙʝʟʧʝʯʠʪʠ ʟʙʝʨʝʞʝʥʥʷ ʷʢʦʩʪʽ 

ʧʨʦʜʫʢʪʫ, ʡʦʛʦ ʟʦʚʥʽʰʥʴʦʛʦ ʚʠʛʣʷʜʫ, ʩʤʘʢʦʚʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʘ ʪʘʢʦʞ 

ʙʝʟʧʝʯʥʽʩʪʴ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʽ ʟʜʦʨʦʚôʷ ʛʨʦʤʘʜʷʥ, ʝʢʦʣʦʛʽʯʥʫ ʙʝʟʧʝʯʥʽʩʪʴ, 

ʟʘʧʦʙʽʛʪʠ ʟʘʙʨʫʜʥʝʥʥʶ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʥʝʩʪʠ ʽʥʬʦʨʤʘʮʽʶ ʜʣʷ 

ʩʧʦʞʠʚʘʯʘ. 

ɯʟ ʚʩʽʻʾ ʢʽʣʴʢʦʩʪʽ ʧʘʢʫʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʘʢʦʚʘʥʥʷ 

ʥʘʡʙʽʣʴʰʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʘʧʽʨ, ʢʘʨʪʦʥ ʪʘ ʨʽʟʥʽ ʚʠʜʠ ʧʦʣʽʤʝʨʽʚ, ʘʩʦʨʪʠʤʝʥʪ 

ʷʢʠʭ ʧʦʩʪʽʡʥʦ ʨʦʟʰʠʨʶʻʪʴʩʷ. ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʥʝ ʚʩʽ ʧʘʢʫʚʘʣʴʥʽ ʤʘʪʝʨʽʘʣʠ ʻ 
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ʙʝʟʧʝʯʥʠʤʠ ʚ ʦʜʥʘʢʦʚʽʡ ʤʽʨʽ. ʇʨʠ ʫʧʘʢʫʚʘʥʥʽ ʽ ʟʙʝʨʽʛʘʥʥʽ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ ʥʝ 

ʤʦʞʥʘ ʚʠʢʣʶʯʘʪʠ ʡʤʦʚʽʨʥʽʩʪʴ ʧʝʨʝʭʦʜʫ ʫ ʭʘʨʯʦʚʠʡ ʧʨʦʜʫʢʪ ʥʝʙʝʟʧʝʯʥʠʭ 

ʨʝʯʦʚʠʥ ʟ ʧʘʢʫʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɿʘʣʝʞʥʦ ʚʽʜ ʩʧʦʩʦʙʫ ʤʽʛʨʘʮʽʾ, ʧʘʢʫʚʘʣʴʥʽ 

ʤʘʪʝʨʽʘʣʠ ʧʦʜʽʣʷʶʪʴ ʥʘ ʪʨʠ ʢʣʘʩʠ.  

ɼʦ ʧʝʨʰʦʛʦ ʢʣʘʩʫ ʚʽʜʥʦʩʷʪʴ ʧʘʢʦʚʘʥʥʷ, ʷʢʘ ʥʝ ʧʨʦʷʚʣʷʻ ʤʽʛʨʘʮʽʾ ʟʘ ʫʤʦʚʠ, 

ʱʦ ʪʝʤʧʝʨʘʪʫʨʘ ʽ ʧʨʠʨʦʜʘ ʫʧʘʢʦʚʘʥʦʛʦ ʧʨʦʜʫʢʪʫ ʥʘʣʝʞʥʠʤ ʯʠʥʦʤ ʫʟʛʦʜʞʝʥʽ. 

ʊʘʢʘ ʤʽʛʨʘʮʽʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫ ʩʫʭʠʭ ʧʨʦʜʫʢʪʘʭ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʢʦʥʪʘʢʪʽ ʟ 

ʽʥʝʨʪʥʠʤʠ ʧʘʢʫʚʘʣʴʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ, ʜʦ ʷʢʠʭ ʥʘʣʝʞʠʪʴ ʧʘʧʽʨ, ʢʘʨʪʦʥ, 

ʛʦʬʨʦʢʘʨʪʦʥ, ʫ ʙʝʟʚʦʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

ɼʦ ʜʨʫʛʦʛʦ ʢʣʘʩʫ ʚʽʜʥʦʩʠʪʴʩʷ ʧʘʢʦʚʘʥʥʷ, ʱʦ ʩʪʚʦʨʶʻ çʥʝʟʘʣʝʞʥʫè 

ʤʽʛʨʘʮʽʶ, ʪʦʙʪʦ ʪʫ ʤʽʛʨʘʮʽʶ, ʜʝ ʤʽʛʨʫʶʪʴ ʣʝʪʢʽ ʩʢʣʘʜʦʚʽ, ʧʝʨʝʚʘʞʥʦ ʤʦʥʦʤʝʨʠ 

ʪʝʨʤʦʧʣʘʩʪʠʯʥʠʭ ʧʦʣʽʤʝʨʽʚ.  

ɼʦ ʪʨʝʪʴʦʛʦ ʢʣʘʩʫ ʥʘʣʝʞʠʪʴ ʧʘʢʦʚʘʥʥʷ, ʫ ʷʢʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ çʟʘʣʝʞʥʘè 

ʤʽʛʨʘʮʽʷ, ʷʢʘ ʚʠʢʣʠʢʘʥʘ ʡʦʛʦ ʚʤʽʩʪʦʤ. ʇʘʢʦʚʘʥʥʷ, ʚ ʷʢʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ 

çʟʘʣʝʞʥʘè ʤʽʛʨʘʮʽʷ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʦʥʪʘʢʪʦʤ ʟ ʨʽʜʢʠʤ ʩʝʨʝʜʦʚʠʱʝ, ʽ ʤʝʥʰʦʶ 

ʤʽʨʦʶ, ʪʝʤʧʝʨʘʪʫʨʦʶ. ʊʘʢʘ ʤʽʛʨʘʮʽʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʠʧʫ ʧʘʢʦʚʘʥʥʷ ʽ ʧʨʠʨʦʜʠ 

ʫʧʘʢʦʚʘʥʦʛʦ ʧʨʦʜʫʢʪʫ[155]. 

 

 

5.2. ɺʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʚʝʣʠʯʠʥʫ ʤʽʛʨʘʮʽʾ ʰʢʽʜʣʠʚʠʭ ʜʦʤʽʰʦʢ ʟ 

ʚʽʜʙʠʪʢʽʚ ʜʦ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ 

ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʧʘʢʦʚʘʥʥʷ ʜʨʫʛʦʛʦ ʢʣʘʩʫ ʜʣʷ ʭʘʨʯʦʚʦʾ  

ʧʨʦʜʫʢʮʽʾ. ɿʘʜʘʯʘ ʧʦʣʷʛʘʣʘ ʫ ʚʠʟʥʘʯʝʥʥ̔ ʚʧʣʠʚʫ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʤʽʛʨʘʮʽʶ 

ʭʽʤʽʯʥʠʭ ʨʝʯʦʚʠʥ ʟ ʟʘʜʨʫʢʦʚʘʥʠʭ ʟʘʜʨʫʢʦʚʘʥʠʭ ʨʽʟʥʠʤʠ ʩʧʦʩʦʙʘʤʠ ʚʽʜʙʠʪʢʽʚ. 

ɼʦʩʣʽʜʞʝʥʥʷ  ʚʧʣʠʚʫ ʪʝʤʧʝʨʘʪʫʨʠ (ʚʽʜ 25 ʜʦ 150 ÁC) ʥʘ ʚʝʣʠʯʠʥʫ ʤʽʛʨʘʮʽʾ, ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʯʘʩʫ ʢʦʥʪʘʢʪʫ ʚʽʜʙʠʪʢʽʚ ʟ ʽʤʽʪʘʪʦʨʦʤ (1 ʛʦʜʠʥʘ ʽ 14 ʜʥʽʚ) 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣʠʮʽ 5.1 ʪʘ ʥʘ ʨʠʩ. 5.3.-5.4. 
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ʊʘʙʣʠʮʷ 5.1 

ɺʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʛʣʦʙʘʣʴʥʫ ʤʽʛʨʘʮʽʶ (ʤʛ/ʜʤ2) ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ 

ʢʘʨʪʦʥʥʠʭ ʚʽʜʙʠʪʢʽʚ ʦʬʩʝʪʥʦʛʦ ʽ ʬʣʝʢʩʦʛʨʘʬʽʯʥʦʛʦ ʜʨʫʢʫ 

         ʊʝʤʧʝʨʘʪʫʨʘÁC 

 

ʊʨʠʚʘʣʽʩʪʴ 

ʜʦʩʣʽʜʞʝʥʥʷ 

25 50 75 100 125 150 25 50 

 

                   ʆʜʥʘ ʛʦʜʠʥʘ 

 

    14 ʜʥʽʚ 

ɺʽʜʙʠʪʢʠ ʦʬʩʝʪʥʦʛʦ ʜʨʫʢʫ 

ARKTIKA GC-1  3.3 4.2 5.6 7.8 8.0 11.2 4.5 8.3 

UMKA  GD2  3.0 5.2 5.9  6.9 8.4 11.4 4.6 8.6 

ɺʽʜʙʠʪʢʠ ʬʣʝʢʩʦʛʨʘʬʽʯʥʦʛʦ ʜʨʫʢʫ 

ALASKA  PLUS GC-2  3.6 5.8 6.1 6.8 8.2 11.5 4.9 8.7 

DivoEcoÈ UD3 -  3.2 5.6 6.6 7.8 8.6 11.7 5.0 8.9 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʛʣʦʙʘʣʴʥʦʾ ʤʽʛʨʘʮʽʾ ʟ ʦʬʩʝʪʥʦʛʦ ʚʽʜʙʠʪʢʫ ʥʘ ʢʘʨʪʦʥʽ 

ARKTIKA GC-1 ʟ ʙʽʣʝʥʦʾ ʮʝʣʶʣʦʟʠ ʪʘ ʧʦʜʚʽʡʥʠʤ ʰʘʨʦʤ ʧʽʛʤʝʥʪʦʚʘʥʦʛʦ 

ʧʦʢʨʠʪʪʷ ʧʨʠ 25 ÁC ʧʦʢʘʟʘʣʦ ʢʽʣʴʢʽʩʪʴ ʤʽʛʨʫʶʯʠʭ ʨʝʯʦʚʠʥ ï 3,3 ʤʛ/ʜʤ2.  

ʇʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʧʨʦʙʫʚʘʥʥʷ ʜʦ 50 ÁC ʟʙʽʣʴʰʠʣʦ ʢʽʣʴʢʦʩʪʽ ʭʽʤʽʯʥʠʭ 

ʩʧʦʣʫʢ, ʱʦ ʤʽʛʨʫʚʘʣʠ ʟ ʚʽʜʙʠʪʢʽʚ ʥʘ ʭʘʨʯʦʚʠʡ ʩʠʤʫʣʷʪʦʨ ʥʘ 27%. ʇ̔ ʜʚʠʱʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ 150 Áʉ ʩʧʨʠʯʠʥʠʣʦ ʚ 2,5 ʨʘʟʠ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʤʽʛʨʫʶʯʠʭ 

ʜʦʤʽʰʦʢ (8,3 ʤʛ/ʜʤ2). ɸʥʘʣʦʛʽʯʥʘ ʢʘʨʪʠʥʘ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ 

ʛʣʦʙʘʣʴʥʦʾ ʤʽʛʨʘʮʽʾ ʟ ʦʬʩʝʪʥʠʭ ʚʽʜʙʠʪʢʽʚ ʥʘ ʢʘʨʪʦʥʽ UMKA COLOR GD2.  

ʇʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ (ʚʽʜ 25 Áʉ ʜʦ 150 Áʉ) ʧʨʠʚʝʣʦ ʜʦ ʟʙʽʣʴʰʝʥʥʷ 

ʢʽʣʴʢʦʩʪʽ ʛʨʘʚʽʤʝʪʨʠʯʥʦ ʤʘʨʢʫʚʘʣʴʥʠʭ ʭʽʤʽʢʘʪʽʚ, ʦʪʨʠʤʘʥʠʭ ʽʟ ʦʬʩʝʪʥʠʭ 

ʚʽʜʙʠʪʢʽʚ ʚ 2,5 ʨʘʟ. ʅʘʷʚʥʽʩʪʴ ʚ ʩʪʨʫʢʪʫʨʽ ʢʘʨʪʦʥʫ ʤʘʢʫʣʘʪʫʨʥʦʾ ʩʠʨʦʚʠʥʠ 

ʟʙʽʣʴʰʫʻ ʛʣʦʙʘʣʴʥʫ ʤʽʛʨʘʮʽʶ ʥʘ 20 %.  

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʛʣʦʙʘʣʴʥʦʾ ʤʽʛʨʘʮʽʾ ʟ ʬʣʝʢʩʦʜʨʫʢʘʨʩʴʢʠʭ ʚʽʜʙʠʪʢʽʚ 

ʧʦʢʘʟʘʣʠ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʟʨʦʩʪʘʻ ʤʽʛʨʘʮʽʷ ʤʘʨʢʫʚʘʣʴʥʠʭ 

ʨʝʯʦʚʠʥ. ʊʘʢ, ʜʣʷ ʚʽʜʙʠʪʢʫ ʥʘ ʢʘʨʪʦʥʽ GC-2 ʧʨʠ 25 Áʉ ʤʽʛʨʘʮʽʷ ʩʢʣʘʜʘʻ 3,6 ʤʛ/ʜʤ2 

, ʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 150 Áʉ ï 8,7 ʤʛ/ʜʤ2, ʪʦʙʪʦ ʟʨʦʩʣʘ ʥʘ 5,1 ʤʛ/ʜʤ2. ɼʣʷ ʚʽʜʙʠʪʢʫ 
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ʥʘ ʢʘʨʪʦʥʽ UD3 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 25 Áʉ ʤʽʛʨʘʮʽʷ ʩʢʣʘʜʘʻ 3,2 ʤʛ/ʜʤ2, ʚ ʪʦʡ ʯʘʩ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ 150 Áʉ ï 8,9  ʤʛ/ʜʤ2, ʪʦʙʪʦ ʟʨʦʩʣʘ ʥʘ 78%, ʱʦ ʥʘ 36% ʙʽʣʴʰʝ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʥʘ ʢʘʨʪʦʥʽ ʟ ʮʝʣʶʣʦʟʥʠʭ ʚʦʣʦʢʦʥ, ʙʝʟ 

ʜʦʤʽʰʦʢ ʤʘʢʫʣʘʪʫʨʠ. ʆʯʝʚʠʜʥʦ ʩʢʣʘʜ ʢʘʨʪʦʥʫ ʚʧʣʠʚʘʻ ʪʘʢʦʞ ʥʘ ʛʣʦʙʘʣʴʥʫ 

ʤʽʛʨʘʮʽʶ ʨʝʯʦʚʠʥ ʟ ʟʘʜʨʫʢʦʚʘʥʦʛʦ ʧʘʢʦʚʘʥʥʷ   ʜʦ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ [156].                                                                                                                                                                                                                                                         

 

ʈʠʩ. 5.3. ɿʘʣʝʞʥʽʩʪʴ ʛʣʦʙʘʣʴʥʦʾ ʤʽʛʨʘʮʽʾ ʟ ʦʬʩʝʪʥʠʭ ʚʽʜʙʠʪʢʽʚ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ  ʪʘ ʯʘʩʫ ʧʽʩʣʷ 1 ʛʦʜʠʥʠ ʧʦ ʜʨʫʢʫʚʘʥʥ ʁ 

 

ʈʠʩ. 5.4. ɿʘʣʝʞʥʽʩʪʴ ʛʣʦʙʘʣʴʥʦʾ ʤʽʛʨʘʮʽʾ ʟ ʬʣʝʢʩʦʛʨʘʬʽʯʥʠʭ ʚʽʜʙʠʪʢʽʚ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ  ʪʘ ʯʘʩʫ ʧʽʩʣʷ  1 ʛʦʜʠʥʠ ʧʦ ʜʨʫʢʫʚʘʥʥʶ  
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ʅʘ ʨʠʩ. 5.5-5.6 ʧʨʝʜʩʪʘʚʣʝʥʽ ʜʽʘʛʨʘʤʠ ʚʧʣʠʚʫ ʥʘ ʚʝʣʠʯʠʥʫ ʛʣʦʙʘʣʴʥʦʾ 

ʤʽʛʨʘʮʽʾ ʜʦʤʽʰʦʢ ʯʘʩʫ ʪʨʠʚʘʣʦʛʦ ʟʙʝʨʽʛʘʥʥʷ ʚʽʜʙʠʪʢʽʚ. ʗʢ ʚʠʜʥʦ, ʛʣʦʙʘʣʴʥʘ 

ʤʽʛʨʘʮʽʷ ʟʙʝʨʽʛʘʻ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ (ʟʨʦʩʪʘʻ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 

ʪʝʤʧʝʨʘʪʫʨʠ) ʽ ʟʥʘʯʥʦ ʟʨʦʩʪʘʻ ʟʽ ʧʣʠʥʦʤ ʯʘʩʫ ʧʦ ʦʪʨʠʤʘʥʥ ʁʚʽʜʙʠʪʢʽʚ. ʊʘʢ , ʜʣʷ 

ʚʽʜʙʠʪʢʫ ʥʘ ʢʘʨʪʦʥʽ  GC-1 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 25 Áʉ ʤʽʛʨʘʮʽʷ ʩʢʣʘʜʘʻ 4,5 ʤʛ/ʜʤ2, ʘ 

ʧʨʠ  50 Áʉ ï 8,3 ʤʛ/ʜʤ2. ɼʣʷ ʦʬʩʝʪʥʠʭ ʚʽʜʙʠʪʢʽʚ ʥʘ ʢʘʨʪʦʥʽ GD2 ʤʽʛʨʘʮʽʷ ʟʨʦʩʣʘ 

ʥʘ 4 ʤʛ/ʜʤ2 ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ  ʪʝʤʧʝʨʘʪʫʨʠ ʟ 25 ʜʦ  50 Áʉ, ʱʦ ʥʘ 0,2 ʤʛ/ʜʤ2 ʙʽʣʴʰʝ, 

ʥʽʞ ʥʘ ʢʘʨʪʦʥʽ GC-1. 

 

ʈʠʩ. 5.5. ɿʘʣʝʞʥʽʩʪʴ ʛʣʦʙʘʣʴʥʦʾ ʤʽʛʨʘʮʽʾ ʟ ʦʬʩʝʪʥʠʭ ʚʽʜʙʠʪʢʽʚ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʽʩʣʷ ʜʚʦʪʠʞʥʝʚʦʛʦ ʾʭ ʟʙʝʨʽʛʘʥʥʷ 

 

ʈʠʩ. 5.6. ɿʘʣʝʞʥʽʩʪʴ ʛʣʦʙʘʣʴʥʦʾ ʤʽʛʨʘʮʽʾ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ  ʟ 

ʬʣʝʢʩʦʛʨʘʬʽʯʥʠʭ ʚʽʜʙʠʪʢʽʚ ʧʽʩʣʷ ʜʚʦʪʠʞʥʝʚʦʛʦ ʾʭ ʟʙʝʨʽʛʘʥʥʷ  
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ɿʘʣʝʞʥʽʩʪʴ ʛʣʦʙʘʣʴʥʦʾ ʤʽʛʨʘʮʽʾ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʟ ʬʣʝʢʩʦʛʨʘʬʽʯʥʠʭ 

ʚʽʜʙʠʪʢʽʚ ʧʽʩʣʷ ʜʚʦʪʠʞʥʝʚʦʛʦ ʟʙʝʨʽʛʘʥʥʷ (ʨʠʩ. 5.6) ʧʦʢʘʟʘʣʘ ʜʝʱʦ ʙʽʣʴʰʽ 

ʟʥʘʯʝʥʥʷ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʦʬʩʝʪʥʠʤʠ ʚʽʜʙʠʪʢʘʤʠ. ɿʦʢʨʝʤʘ, ʤʽʛʨʘʮʽʷ ʧʨʠ  

ʪʝʤʧʝʨʘʪʫʨʽ 25 Áʉ ʟ ʚʽʜʙʠʪʢʽʚ GC-2 ʩʢʣʘʜʘʻ 4,9 ʤʛ/ʜʤ2, ʱʦ ʥʘ 9% ʙʽʣʴʰʝ, ʥʽʞ 

ʦʬʩʝʪʥʠʭ ʚʽʜʙʠʪʢʽʚ ʧʨʠ ʪʽʡ ʞʝ ʪʝʤʧʝʨʘʪʫʨʽ. ɯʜʝʥʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʜʣʷ ʚʽʜʙʠʪʢʽʚ ʥʘ ʢʘʨʪʦʥʽ UD3. ʄʽʛʨʘʮʽʷ ʜʝʱʦ ʟʨʦʩʪʘʻ ʧʨʠ 

ʟʙʽʣʴʰʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ: ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 50 Áʉ  ʚʦʥʘ ʩʢʣʘʜʘʻ 8,7 ʤʛ/ʜʤ2 (ʜʣʷ 

ʚʽʜʙʠʪʢʽʚ ʥʘ ʢʘʨʪʦʥʽ GC-2) ʽ 8,9 ʤʛ/ʜʤ2 (ʜʣʷ ʚʽʜʙʠʪʢʽʚ ʥʘ ʢʘʨʪʦʥʽ UD3), ʱʦ 

ʚʽʜʧʦʚʽʜʥʦ ʥʘ 3-5 % ʙʽʣʴʰʝ, ʥʽʞ ʜʣʷ ʦʬʩʝʪʥʠʭ ʚʽʜʙʠʪʢʽʚ ʧʨʠ ʪʽʡ ʞʝ ʪʝʤʧʝʨʘʪʫʨʽ. 

ʆʪʞʝ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʴ ʧʽʜʪʚʝʨʜʞʝʥʦ, ʱʦ ʤʽʛʨʘʮʽʷ ʟʤʽʥʶʻʪʴʩʷ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʯʘʩʫ ʜʦʩʣʽʜʞʝʥʥʷ ʚʽʜʙʠʪʢʽʚ. ʅʘ ʚʝʣʠʯʠʥʫ ʤʽʛʨʘʮʽʾ 

ʭʽʤʽʯʥʠʭ ʨʝʯʦʚʠʥ ʚʧʣʠʚʘʻ ʪʘʢʦʞ ʩʪʨʫʢʪʫʨʘ ʩʫʙʩʪʨʘʪʽʚ, ʘ ʪʘʢʦʞ ʩʧʦʩʽʙ ʦʪʨʠʤʘʥʥʷ 

ʚʽʜʙʠʪʢʽʚ, ʪʦʙʪʦ ʩʢʣʘʜ ʬʘʨʙ ʜʣʷ ʜʨʫʢʫʚʘʥʥʷ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ ʪʘʢʦʞ 

ʚʧʣʠʚ ʧʨʦʮʝʩʫ ʪʝʩʪʫʚʘʥʥʷ ʛʣʦʙʘʣʴʥʦʾ ʤʽʛʨʘʮʽʾ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʽʟ 

ʚʽʜʙʠʪʢʽʚ. ʊʘʢ, ʜʣʷ ʦʬʩʝʪʥʠʭ ʚʽʜʙʠʪʢʽʚ ʥʘ ʢʘʨʪʦʥʽ GC-1 ʟ ʜʚʦʰʘʨʦʚʠʤ 

ʢʨʝʡʜʦʚʘʥʠʤ ʧʦʢʨʠʪʪʷʤ ʟʦʚʥʽʰʥʴʦʛʦ ʰʘʨʫ ʛʣʦʙʘʣʴʥʘ ʤʽʛʨʘʮʽʷ ʧʽʩʣʷ 1 ʛʦʜʠʥʠ ʧʦ 

ʦʪʨʠʤʘʥʥʶ ʚʽʜʙʠʪʢʫ ʤʝʥʰʘ ʚ 0,9-2 ʨʘʟʠ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʽʜʙʠʪʢʘʤʠ ʥʘ ʢʘʨʪʦʥʽ GC-

2 ʟ ʥʝʟʥʘʯʥʠʤ ʫʤʽʩʪʦʤ ʜʝʨʝʚʠʥʥʦʾ ʤʘʩʠ ʽ ʚ 3-4% ʤʝʥʰʘ ʧʽʩʣʷ ʜʚʦʪʠʞʥʝʚʦʛʦ ʾʭ 

ʟʙʝʨʽʛʘʥʥʷ [156]. 

ʊʠʧ ʟʘʜʨʫʢʦʚʫʚʘʥʦʾ ʦʩʥʦʚʠ  ʚʧʣʠʚʘʻ ʥʘ ʨʦʟʤʽʨ ʟʘʙʨʫʜʥʝʥʴ, ʱʦ ʤʽʛʨʫʶʪʴ ʟ 

ʚʽʜʙʠʪʢʽʚ. ɸʥʘʣʽʟ ʚʽʜʙʠʪʢʽʚ, ʟʨʦʙʣʝʥʠʭ ʦʬʩʝʪʥʠʤʠ ʽ ʬʣʝʢʩʦʛʨʘʬʽʯʥʠʤʠ ʬʘʨʙʘʤʠ 

ʥʘ ʢʘʨʪʦʥʘʭ, ʚʽʜʽʙʨʘʥʠʭ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ, ʧʦʢʘʟʘʚ ʨʽʟʥʫ ʢʽʣʴʢʽʩʪʴ ʭʽʤʽʯʥʠʭ ʩʧʦʣʫʢ, 

ʱʦ ʥʘʜʭʦʜʷʪʴ ʜʦ ʭʘʨʯʦʚʦʛʦ ʩʠʤʫʣʷʪʦʨʘ.  

ʅʝʟʘʣʝʞʥʦ ʚʽʜ ʫʤʦʚ ʧʨʦʮʝʩʫ, ʚʽʜʥʦʩʥʦ ʥʘʡʤʝʥʰʘ ʢʽʣʴʢʽʩʪʴ ʭʽʤʽʯʥʠʭ 

ʩʧʦʣʫʢ, ʱʦ ʤʽʛʨʫʶʪʴ ʜʦ ʽʤʽʪʘʪʦʨʘ ʾʞʽ, ʙʫʣʘ ʟʘʬʽʢʩʦʚʘʥʘ ʥʘ ʚʽʜʙʠʪʢʘʭ, ʟʨʦʙʣʝʥʠʭ 

ʥʘ ʢʘʨʪʦʥʘʭ ʟ ʢʨʝʡʜʦʚʘʥʠʤ ʧʦʢʨʠʪʪʷʤ, ʥʘʡʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ ʟʘʙʨʫʜʥʝʥʴ ʙʫʣʘ 

ʚʠʷʚʣʝʥʘ ʫ ʚʽʜʙʠʪʢʘʭ, ʦʪʨʠʤʘʥʠʭ ʥʘ  ʤʘʢʫʣʘʪʫʨʥʦʤʫ ʢʘʨʪʦʥʽ. 

ʇʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʧʨʦʙʫʚʘʥʥʷ ʚ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ 25 Áʉ 

ʜʦ 150 Áʉ ʧʨʠʟʚʝʣʦ ʜʦ 3-4-ʢʨʘʪʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʤʽʛʨʫʶʯʠʭ ʭʽʤʽʯʥʠʭ 

ʨʝʯʦʚʠʥ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʷʚʥʝ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʛʣʦʙʘʣʴʥʦʾ ʤʽʛʨʘʮʽʾ 
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ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʟ ʚʠʧʨʦʙʫʚʘʥʠʭ ʚʽʜʙʠʪʢʽʚ, ʜʦʧʫʩʪʠʤʝ ʟʥʘʯʝʥʥʷ ʙʫʣʦ 

ʧʝʨʝʚʠʱʝʥʦ ʣʠʰʝ ʧʨʠ 150 ÁC. ʈʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ, ʧʨʦʚʝʜʝʥʠʭ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ 150 ÁC, ʧʦʢʘʟʘʣʠ, ʱʦ ʤʝʞʘ ʛʣʦʙʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʤʽʛʨʘʮʽʾ (10 ʤʛ/ʜʤ2) 

ʙʫʣʘ ʧʝʨʝʚʠʱʝʥʘ ʥʘ 11-12%. ʋ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 25 ÁC ʜʦ 125 ÁC 

ʢʽʣʴʢʽʩʪʴ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʚʽʜ ʟʘʜʨʫʢʦʚʘʥʦʾ ʦʩʥʦʚʠ, ʙʫʣʘ 

ʥʠʞʯʝ ʜʦʧʫʩʪʠʤʦʾ ʛʣʦʙʘʣʴʥʦʾ ʤʝʞʽ ʤʽʛʨʘʮʽʾ. 

ɿʙʽʣʴʰʝʥʥʷ ʯʘʩʫ ʢʦʥʪʘʢʪʫ ʚʽʜʙʠʪʢʘ ʟ ʽʤʽʪʘʪʦʨʦʤ ʭʽʤʽʯʥʠʭ ʰʢʽʜʣʠʚʠʭ 

ʨʝʯʦʚʠʥ (Tenax) ʟ 1 ʛʦʜʠʥʠ ʜʦ 14 ʜʥʽʚ ʧʨʠ 25 ÁC ʽ 40 ÁC ʚʠʢʣʠʢʘʣʦ ʟʙʽʣʴʰʝʥʥʷ 

ʢʽʣʴʢʦʩʪʽ ʛʨʘʚʽʤʝʪʨʠʯʥʦ ʚʠʟʥʘʯʝʥʠʭ ʜʦʤʽʰʦʢ ʫ 2 ʨʘʟʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʧʽʜʪʚʝʨʜʞʝʥʦ, ʱʦ ʤʽʛʨʘʮʽʷ ʟʤʽʥʶʻʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʦʚʱʠʥʠ 

ʬʘʨʙʦʚʦʛʦ ʰʘʨʫ ʥʘ ʚʽʜʙʠʪʢʫ, ʧʨʦʪʝ ʟʘʣʠʰʘʻʪʴʩʷ  ʚ ʤʝʞʘʭ 10 ʛ/ʜʤ2. ʅʘ ʚʝʣʠʯʠʥʫ 

ʤʽʛʨʘʮʽʾ ʭʽʤʽʯʥʠʭ ʨʝʯʦʚʠʥ ʚʧʣʠʚʘʻ ʪʘʢʦʞ ʥʘʷʚʥʽʩʪʴ ʢʨʝʡʜʦʚʘʥʦʛʦ ʧʦʢʨʠʪʪʷ ʥʘ 

ʧʦʚʝʨʭʥʽ ʢʘʨʪʦʥʫ [156]. 

ɹʫʣʠ ʧʨʦʚʝʜʝʥʽ ʪʝʨʤʦʛʨʘʚʽʤʝʪʨʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ  ʟʘʜʨʫʢʦʚʘʥʠʭ ʢʘʨʪʦʥʽʚ ʪʘ 

ʛʦʬʨʦʢʘʨʪʦʥʽʚ. ɺʪʨʘʪʘ ʤʘʩʠ (5,23%) ʟʨʘʟʢʘ ʢʘʨʪʦʥʫ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʽʥʪʝʨʚʘʣʽ 

20 ï 170 ¯ʉ ʥʘ ʧʝʨʰʽʡ ʩʪʘʜʽʾ ʪʝʨʤʦʣʽʟʫ, ʚʽʜʧʦʚʽʜʘʻ ʚʠʜʽʣʝʥʥʶ ʣʝʪʢʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, 

ʧʨʠʩʫʪʥʽʭ ʫ ʟʨʘʟʢʫ. ʎʝʡ ʧʨʦʮʝʩ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʦʷʚʦʶ ʝʥʜʦʪʝʨʤʽʯʥʦʛʦ ʝʬʝʢʪʫ 

ʥʘ ʢʨʠʚʽʡ DTA, ʟ ʤʘʢʩʠʤʫʤʦʤ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 95 ¯ʉ. ʅʝʟʥʘʯʥʘ ʚʪʨʘʪʘ ʤʘʩʠ 

(0,41%) ʟʨʘʟʢʘ ʢʘʨʪʦʥʫ ʚ ʦʙʣʘʩʪʽ ʪʝʤʧʝʨʘʪʫʨ 170 ï 217 ¯ʉ, ʥʘ ʜʨʫʛʽʡ ʩʪʘʜʽʾ 

ʪʝʨʤʦʣʽʟʫ, ʟʫʤʦʚʣʝʥʘ  ʧʨʦʪʽʢʘʥʥʷʤ ʧʦʯʘʪʢʦʚʠʭ ʪʝʨʤʦʦʢʠʩʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘʡʤʝʥʰ 

ʪʝʨʤʽʯʥʦ ʩʪʽʡʢʦʾ ʢʦʤʧʦʥʝʥʪʠ ʟʨʘʟʢʘ. ɰʤ ʚʽʜʧʦʚʽʜʘʻ ʥʝʟʥʘʯʥʠʡ ʚʠʛʠʥ ʥʘ ʢʨʠʚʽʡ 

DTG ʪʘ ʚʽʜʭʠʣʝʥʥʷ ʢʘʥʘʣʫ DTA ʚ ʦʙʣʘʩʪʴ ʝʢʟʦʪʝʨʤʽʯʥʠʭ ʝʬʝʢʪʽʚ (ʨʠʩ. 5.7). 



183 

 

ʈʠʩ. 5.7. ɿʨʘʟʢʠ ʪʝʨʤʦʛʨʘʤ ʚʽʜʙʠʪʢʽʚ ʥʘ ʢʘʨʪʦʥʽ GC-1 

 

ʉʪʨʽʤʢʘ ʚʪʨʘʪʘ ʤʘʩʠ (56,32%) ʟʨʘʟʢʘ ʢʘʨʪʦʥʫ ʚ ʦʙʣʘʩʪʽ ʪʝʤʧʝʨʘʪʫʨ 217 ï 365 

¯ʉ, ʥʘ ʪʨʝʪʽʡ ʩʪʘʜʽʾ ʪʝʨʤʦʣʽʟʫ, ʟʫʤʦʚʣʝʥʘ ʧʨʦʪʽʢʘʥʥʷʤ ʘʢʪʠʚʥʠʭ ʜʝʩʪʨʫʢʪʠʚʥʠʭ ʪʘ 

ʪʝʨʤʦʦʢʠʩʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʮʝʣʶʣʦʟʽ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ  ʧʦʣʫʤʝʥʝʚʠʤ ʛʦʨʽʥʥʷʤ 

ʧʨʦʜʫʢʪʽʚ ʨʦʟʢʣʘʜʫ. ʎʴʦʤʫ ʧʨʦʮʝʩʫ ʚʽʜʧʦʚʽʜʘʻ ʧʦʷʚʘ ʛʣʠʙʦʢʦʛʦ ʝʢʩʪʨʝʤʫʤʫ ʥʘ 

ʢʨʠʚʽʡ DTG, ʟ ʤʘʢʩʠʤʫʤʦʤ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 303 ¯ʉ, ʪʘ ʚʠʩʦʢʦʛʦ ʝʢʟʦʪʝʨʤʽʯʥʦʛʦ 

ʝʬʝʢʪʫ ʥʘ ʢʨʠʚʽʡ DTA, ʟ ʤʘʢʩʠʤʫʤʦʤ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 332¯ʉ.   

ʇʦʩʪʫʧʦʚʘ ʚʪʨʘʪʘ ʤʘʩʠ (18,09%) ʟʨʘʟʢʘ ʢʘʨʪʦʥʫ ʚ ʦʙʣʘʩʪʽ ʪʝʤʧʝʨʘʪʫʨ 365 ï 

500¯ʉ, ʥʘ ʯʝʪʚʝʨʪʽʡ ʩʪʘʜʽʾ ʪʝʨʤʦʣʽʟʫ, ʟʫʤʦʚʣʝʥʘ ʟʛʦʨʘʥʥʷʤ ʧʽʨʦʣʽʪʠʯʥʦʛʦ 

ʟʘʣʠʰʢʫ ʟʨʘʟʢʘ. ʎʴʦʤʫ ʧʨʦʮʝʩʫ ʚʽʜʧʦʚʽʜʘʻ ʧʦʷʚʘ ʯʽʪʢʦʛʦ ʝʢʟʦʪʝʨʤʽʯʥʦʛʦ ʝʬʝʢʪʫ 

ʥʘ ʢʨʠʚʽʡ DTA, ʟ ʤʘʢʩʠʤʫʤʦʤ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 384 ¯ʉ ʪʘ ʝʢʩʪʨʝʤʫʤʫ ʥʘ ʢʨʠʚʽʡ 

DTG, ʟ ʤʘʢʩʠʤʫʤʦʤ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 400¯ʉ. 

ʅʘ ʧôʷʪʽʡ ʩʪʘʜʽʾ ʪʝʨʤʦʣʽʟʫ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʽʥʪʝʨʚʘʣʽ 635 ï 750¯ʉ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʦʟʢʣʘʜ ʢʘʨʙʦʥʘʪʥʦʾ ʩʢʣʘʜʦʚʦʾ ʟʨʘʟʢʘ. ɺʽʥ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 

ʥʝʟʥʘʯʥʦʶ ʚʪʨʘʪʦʶ ʤʘʩʠ ʟʨʘʟʢʘ ʢʘʨʪʦʥʫ (5,45%) ʪʘ ʧʦʷʚʦ  ʁ ʥʝʛʣʠʙʦʢʦʛʦ 

ʝʥʜʦʪʝʨʤʽʯʥʦʛʦ ʝʬʝʢʪʫ ʥʘ ʢʨʠʚʽʡ DTA. 
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ʆʪʞʝ, ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʝʨʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʽʥʪʝʥʩʠʚʥʘ ʚʪʨʘʪʘ ʤʘʩʠ ʟʨʘʟʢʘ, 

ʷʢʘ ʟʫʤʦʚʣʝʥʘ ʧʨʦʪʽʢʘʥʥʷʤ ʚ ʥʴʦʤʫ ʘʢʪʠʚʥʠʭ ʜʝʩʪʨʫʢʪʠʚʥʠʭ ʪʘ ʪʝʨʤʦʦʢʠʩʥʠʭ 

ʧʨʦʮʝʩʽʚ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʘ ʪʝʤʧʝʨʘʪʫʨ, ʚʠʱʠʭ 217 ¯ʉ.  

 

5.3. ɺʧʣʠʚ ʩʪʨʫʢʪʫʨʠ ʧʘʢʫʚʘʣʴʥʠʭ ʢʘʨʪʦʥʽʚ ʥʘ ʤʽʛʨʘʮʽʶ ʭʽʤʽʯʥʠʭ 

ʩʢʣʘʜʥʠʢʽʚ ʟ ʚʽʜʙʠʪʢʽʚ, ʦʪʨʠʤʘʥʠʭ ʨʽʟʥʠʤʠ ʩʧʦʩʦʙʘʤʠ ʜʨʫʢʫ, ʜʦ ʧʨʦʜʫʢʪʽʚ 

ʭʘʨʯʫʚʘʥʥʷ 

ʉʴʦʛʦʜʥʽ ʫ ʩʚʽʪʽ  ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʦʟʠʪʠʚʥʘ ʪʝʥʜʝʥʮʽʷ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ 

ʩʧʦʞʠʚʯʦʾ ʧʨʦʜʫʢʮʽʾ. ʇʦʩʠʣʶʻʪʴʩʷ ʜʝʨʞʘʚʥʠʡ ʢʦʥʪʨʦʣʴ, ʢʦʨʠʛʫʻʪʴʩʷ 

ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʘ ʙʘʟʘ. ʊʘ ʡ ʩʘʤ ʚʠʨʦʙʥʠʢ ʚʩʝ ʙʽʣʴʰʝ ʘʢʮʝʥʪʫʻ ʫʚʘʛʫ ʥʘ ʷʢʦʩʪʽ 

ʧʨʦʜʫʢʮʽʾ, ʱʦ ʚʠʧʫʩʢʘʻʪʴʩʷ, ʾʾ ʙʝʟʧʝʮʽ. ɿʘ ʦʮʽʥʢʦʶ ʥʠʟʢʠ ʬʘʭʽʚʮʽʚ, 89% 

ʘʤʝʨʠʢʘʥʩʴʢʠʭ ʩʧʦʞʠʚʘʯʽʚ ʜʙʘʶʪʴ ʧʨʦ ʚʧʣʠʚ ʩʧʦʞʠʚʘʥʠʭ ʪʦʚʘʨʽʚ ʥʘ 

ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, ʘ 79% ʛʦʪʦʚʽ ʧʣʘʪʠʪʠ ʙʽʣʴʰʫ ʮʽʥʫ ʟʘ ʚʠʨʦʙʠ, ʷʢʱʦ ʚʦʥʠ 

"ʩʧʨʠʷʪʣʠʚʽ" ʜʣʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʅʘ ʞʘʣʴ, ʚ ʋʢʨʘʾʥʽ ʱʝ ʥʝʜʦʩʪʘʪʥʴʦ 

ʚʞʠʪʦ ʟʘʭʦʜʽʚ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʧʨʦʜʫʢʮʽʾ, ʪʘʢ ʷʢ ʮʝ ʜʦʩʷʛʥʫʪʦ 

ʚ ʙʘʛʘʪʴʦʭ ʻʚʨʦʧʝʡʩʴʢʠʭ ʜʝʨʞʘʚʘʭ. ʂʦʥʮʝʧʮʽʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʧʠʪʘʥʥʷ 

ʝʢʦʣʦʛʽʾ ʧʨʦʜʫʢʮʽʾ ʪʽʩʥʦ ʧʦʚôʷʟʘʥʘ ʟ ʝʢʦʣʦʛʽʻʶ ʧʘʢʦʚʘʥʴ, ʪʦʤʫ ʚʘʞʣʠʚʠʤ ʻ 

ʚʨʘʭʫʚʘʥʥʷ ʬʘʢʪʦʨʫ ʝʢʦʣʦʛʽʯʥʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ  ʥʘ ʚʩʽʭ ʝʪʘʧʘʭ ʩʪʚʦʨʝʥʥʷ, 

ʚʠʨʦʙʥʠʮʪʚʘ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʢʦʚʘʥʴ, ʟʦʢʨʝʤʘ  ʜʣʷ ʧʨʦʜʫʢʪʽʚ ʭʘʨʯʫʚʘʥʥʷ, ʘ 

ʪʘʢʦʞ ʩʪʚʦʨʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʩʠʩʪʝʤ ʾʭ ʟʙʦʨʫ ʽ ʧʝʨʝʨʦʙʣʝʥʥʷ [157].  

ʈʦʟʨʽʟʥʷʶʪʴ ʟʘʛʘʣʴʥʽ ʚʠʤʦʛʠ, ʷʢʽ ʚʠʩʫʚʘʶʪʴʩʷ ʜʦ ʧʘʢʫʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʽ 

ʩʧʝʮʠʬʽʯʥʽ ʚʠʤʦʛʠ, ʷʢʠʭ ʩʣʽʜ ʜʦʪʨʠʤʫʚʘʪʠʩʷ ʧʨʠ ʟʘʧʘʢʦʚʫʚʘʥʥʽ ʧʨʦʜʫʢʮʽʾ 

ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. ʎʽ ʚʽʜʤʽʥʥʦʩʪʽ ʽʩʪʦʪʥʽ: ʪʘʢ, ʥʘʧʨʠʢʣʘʜ, ʩʧʦʞʠʚʯʝ 

ʧʘʢʦʚʘʥʥʷ, ʧʨʠʟʥʘʯʝʥʝ ʜʣʷ ʭʘʨʯʦʚʦʾ ʧʨʦʜʫʢʮʽʾ, ʢʨʽʤ ʢʦʤʧʣʝʢʩʫ ʟʘʛʘʣʴʥʠʭ ʚʠʤʦʛ, 

ʧʦʚʠʥʥʝ ʟʘʜʦʚʦʣʴʥʷʪʠ ʩʧʝʮʠʬʽʯʥʠʤ ʛʽʛʽʻʥʽʯʥʠʤ ʚʠʤʦʛʘʤ, ʤʘʪʠ ʚʠʩʦʢʽ ʙʘʨ'ʻʨʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ. ʇʘʢʦʚʘʥʥʷ ʜʣʷ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ ʧʦʚʠʥʥʦ ʙʫʪʠ ʩʚʦʻʨʽʜʥʠʤ 

ʙʘʨôʻʨʦʤ ʜʣʷ ʟʦʚʥʽʰʥʽʭ ʩʫʙʩʪʘʥʮʽʡ, ʟʦʢʨʝʤʘ ʜʣʷ ʪʠʭ, ʷʢʽ ʤʦʞʫʪʴ ʟʘʰʢʦʜʠʪʠ 

ʟʜʦʨʦʚôʶ ʣʶʜʠʥʠ ʽ ʦʜʥʦʯʘʩʥʦ ʚʧʣʠʚʘʪʠ ʥʘ ʦʨʛʘʥʦʣʝʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʨʦʜʫʢʪʫ, 

ʥʘʧʨʠʢʣʘʜ ʟʘʧʘʭ ʽ ʩʤʘʢ. ɼʦ ʛʦʣʦʚʥʠʭ ʰʢʽʜʣʠʚʠʭ ʩʫʙʩʪʘʥʮʽʡ, ʷʢʽ ʤʦʞʫʪʴ 

ʤʽʛʨʫʚʘʪʠ ʟ ʧʘʢʦʚʘʥʴ ʤʦʞʫʪʴ ʙʫʪʠ ʚʽʜʥʝʩʝʥʽ ʘʣʴʜʝʛʽʜʠ, ʢʝʪʦʥʠ, ʚʫʛʣʝʚʦʜʠ, 
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ʬʪʘʣʘʪʠ. ʉʫʙʩʪʘʥʮʽʾ, ʷʢʽ ʤʦʞʫʪʴ ʤʽʛʨʫʚʘʪʠ ʟ ʜʨʫʢʘʨʩʴʢʠʭ ʬʘʨʙ ʽ ʣʘʢʽʚ ï ʮʝ 

ʤʽʥʝʨʘʣʴʥʽ ʦʣʠʚʠ, ʝʬʽʨʠ, ʧʦʣʽʤʝʨʠ, ʙʝʥʟʦʬʝʥʦʣʠ, ʛʝʢʩʘʥʦʣ, ʙʽʩʬʝʥʦʣ ʪʦʱʦ. 

ɺʘʞʣʠʚʠʤʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʤʽʛʨʘʮʽʾ ʩʢʣʘʜʥʠʢʽʚ ʦʬʩʝʪʥʠʭ ʬʘʨʙ ʚ 

ʩʪʨʫʢʪʫʨʫ ʧʘʢʫʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʟʤʽʥʠ ʷʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʨʦʜʫʢʪʽʚ ʭʘʨʯʫʚʘʥʥʷ ʧʨʠ ʪʨʠʚʘʣʦʤʫ ʢʦʥʪʘʢʪʽ ʟ ʜʨʫʢʘʨʩʴʢʠʤʠ ʚʽʜʙʠʪʢʘʤʠ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʩʪʽʡʢʦʩʪʽ ʬʘʨʙʦʚʠʭ ʚʽʜʙʠʪʢʽʚ, ʟʘʜʨʫʢʦʚʘʥʠʭ 

ʦʬʩʝʪʥʠʤʠ ʬʘʨʙʘʤʠ ʤʘʨʢʠ HUBER REFLECTA, ʤʘʨʢʠ CORONA MGA 5100 ʽ 

ʬʣʝʢʩʦʛʨʘʬʽʯʥʠʤʠ ʬʘʨʙʘʤʠ ʤʘʨʢʠ PNL ʪʘ EURO-BOARD, ʨʦʟʨʦʙʣʝʥʠʤʠ 

ʩʧʝʮʽʘʣʴʥʦ ʜʣʷ ʧʘʢʦʚʘʥʴ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ, ʜʦ ʚʧʣʠʚʫ ʨʝʘʛʝʥʪʽʚ, ʥʘʚʝʜʝʥʽ ʚ 

ʪʘʙʣʠʮʽ 5.2. 

ʊʘʙʣʠʮʷ 5.2 

ʉʪʽʡʢʽʩʪʴ ʬʘʨʙ ʜʦ ʚʧʣʠʚʫ ʨʝʘʛʝʥʪʽʚ 

ʌʘʨʙʠ ʉʚʽʪʣʦ- 

ʩʪʽʡʢʽʩʪʴ  

 

ʉʪʽʡʢʩ̔ʪʴ 

ʜʦ ʜʽʾ ʣʫʛʫ, 

ʙʘʣʠ (ʥʝ 

ʤʝʥʰʝ) 

ʉʪʽʡʢʽʩʪʴ 

ʜʦ ʦʣʽʾ, 

ʙʘʣʠ (ʥʝ 

ʤʝʥʰʝ) 

ʉʪʽʡʢʽʩʪʴ ʜʦ 

ʜʽʾ ʤʦʣʦʯʥʦʾ 

ʢʠʩʣʦʪʠ, ʙʘʣʠ 

(ʥʝ ʤʝʥʰʝ) 

ɻʫʩʪʠʥʘ, 

ʛ/ʩʤ3 

ˉ1 

ʉORONA 

MGA 5100 

(red) 

 (ʟ ʥʠʟʴʢʠʤ 

ʩʪʫʧʝʥʝʤ 

ʤʽʛʨʘʮʽʾ) 

5-8 3-5 3 4-5 1,14 

ˉ2 HUBER 

REFLECTA 

(red)   

(ʥʘ ʦʩʥʦʚʽ 

ʨʦʩʣʠʥʥʠʭ 

ʦʣʠʚ)  

5-8 5 3 4-5 1,18 

ˉ3 PNL 

8101(red); 

PNL-8501 

(ʊʋ ʋ24.3.-

30904372-

7-8 

 

 

 

5 3 4-5 1,30 
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002-2004) 

ʆʨʛʘʥʦʨʦʟ-

ʯʠʥʥʽ ʥʘ 

ʥʽʪʨʦʮʝʣʶʣʦ

ʟʥʽʡ ʦʩʥʦʚʽ 

ˉ4 

EURO-

BOARD (red) 

ʚʦʜʦʨʦʟʯʠʥʥʽ 

6-8 4 2 4 1.16 

 

ʗʢ ʚʽʜʦʤʦ, ʢʦʞʥʘ ʬʘʨʙʘ ʤʽʩʪʠʪʴ ʧʝʚʥʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ɼʣʷ 

ʷʢʽʩʥʦʛʦ ʧʨʦʚʝʜʝʥʥʷ ʧʨʦʮʝʩʫ ʜʨʫʢʫʚʘʥʥʷ, ʬʘʨʙʠ ʧʦʚʠʥʥʽ ʤʘʪʠ ʢʣʶʯʦʚʽ 

ʚʣʘʩʪʠʚʦʩʪʽ:ʘʜʛʝʟʽʶ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʟʜʘʪʥʽʩʪʴ ʬʘʨʙʠ ʜʦ ʟʘʜʨʫʢʦʚʫʚʘʥʥʷ ʥʘ 

ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʘʭ;ʢʦʛʝʟʽʶ;ʯʘʩ ʚʠʩʠʭʘʥʥʷ; ʦʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ;ʪʝʭʥʦʣʦʛʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ (ʚôʷʟʢʽʩʪʴ, ʣʠʧʢʽʩʪʴ ʪʦʱʦ) [151]. 

ʌʘʨʙʠ ʜʣʷ ʟʘʜʨʫʢʦʚʫʚʘʥʥʷ ʥʘ ʧʘʢʫʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʘʭ ʧʦʚʠʥʥʽ ʚʽʜʧʦʚʽʜʘʪʠ 

ʱʝ ʝʢʦʣʦʛʽʯʥʠʤ ʚʠʤʦʛʘʤ. ʍʘʨʘʢʪʝʨʥʽ ʜʣʷ ʟʚʠʯʘʡʥʠʭ ʦʬʩʝʪʥʠʭ ʬʘʨʙ ʤʽʥʝʨʘʣʴʥʽ 

ʦʣʠʚʠ ʚʠʨʦʙʥʠʢʠ ʟʘʤʽʥʶʶʪʴ ʨʦʩʣʠʥʥʠʤʠ ʦʣʠʚʘʤʠ ʘʙʦ ʾʭ ʝʬʽʨʘʤʠ. ʈʦʩʣʠʥʥʽ 

ʦʣʠʚʠ ʷʚʣʷʶʪʴ ʟʘʟʚʠʯʘʡ ʪʨʠʛʣʽʮʝʨʠʜʠ ʞʠʨʥʠʭ ʢʠʩʣʦʪ ʪʘ ʝʬʽʨʠ ʛʣʽʮʝʨʠʥʫ. 

ɺ'ʷʞʫʯʽ ʪʘ ʨʦʟʯʠʥʥʠʢʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʝʢʦʣʦʛʽʯʥʠʭ ʬʘʨʙ 

(ʙʽʦ-ʬʘʨʙ), ʚʠʢʣʶʯʥʦ  ʨʦʩʣʠʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ. ʆʬʩʝʪʥʽ ʙʽʦ-ʬʘʨʙʠ ʚ ʦʩʥʦʚʥʦʤʫ 

ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʦʨʛʘʥʽʯʥʠʭ ʧʽʛʤʝʥʪʽʚ, ʷʢʽ ʥʝ ʤʽʩʪʷʪʴ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ, ʘʣʝ ʤʦʞʫʪʴ 

ʤʽʩʪʠʪʠ ʾʭ ʩʣʽʜʠ. ɼʨʫʢʘʨʩʴʢʽ ʬʘʨʙʠ, ʱʦ ʤʽʩʪʷʪʴ ʜʦ 2% ʤʽʥʝʨʘʣʴʥʠʭ ʤʘʩʝʣ, 

ʚʚʘʞʘʶʪʴʩʷ "ʝʢʦʣʦʛʽʯʥʠʤʠ". ɺʥʘʩʣʽʜʦʢ ʚʠʥʠʢʥʝʥʥʷ ʤʽʛʨʘʮʽʾ ʥʝʙʘʞʘʥʠʭ ʭʽʤʽʯʥʠʭ 

ʨʝʯʦʚʠʥ ʟ ʜʨʫʢʦʚʘʥʦʛʦ ʧʘʢʦʚʘʥʥʷ ʜʦ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ, ʪʦʙʪʦ ʝʬʽʨʽʚ, ʤʘʩʝʣ, 

ʞʠʨʥʠʭ ʩʤʦʣ, ʞʠʨʥʠʭ ʦʣʠʚ, ʘʣʢʘʣʦʾʜʽʚ ʪʦʱʦ, ʚʠʥʠʢʣʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚ ʧʦʷʚʽ 

ʦʬʩʝʪʥʠʭ ʥʠʟʴʢʦ ʤʽʛʨʘʮʽʡʥʠʭ ʬʘʨʙ, ʦʪʨʠʤʘʥʠʭ ʥʘ ʙʘʟʽ ʦʣʠʚ ʨʦʩʣʠʥʥʦʛʦ 

ʧʦʭʦʜʞʝʥʥʷ. ʄʝʭʘʥʽʟʤ ʚʠʩʠʭʘʥʥʷ ʬʘʨʙ ʟ ʥʠʟʴʢʦʶ ʤʽʛʨʘʮʽʻʶ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ 

ʧʨʠʥʮʠʧʽ ʧʦʚʽʣʴʥʦʛʦ ʧʨʦʥʠʢʥʝʥʥʷ ʡʦʛʦ ʨʽʜʢʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʩʫʙʩʪʨʘʪ ʽ 

ʧʦʯʠʥʘʻʪʴʩʷ, ʢʦʣʠ ʬʘʨʙʘ ʥʘʥʦʩʠʪʴʩʷ ʥʘ ʟʘʜʨʫʢʦʚʫʚʘʥʠʡ ʤʘʪʝʨʽʘʣ. ʎʝʡ ʧʨʦʮʝʩ 

ʥʘʟʠʚʘʻʪʴʩʷ ʬʽʟʠʯʥʦʶ ʬʽʢʩʘʮʽʻʶ, ʷʢʘ ʤʦʞʝ ʪʨʠʚʘʪʠ ʢʽʣʴʢʘ ʭʚʠʣʠʥ, ʟʘʣʝʞʥʦ ʚʽʜ 

ʚʙʠʨʘʶʯʦʾ ʟʜʘʪʥʦʩʪʽ ʩʫʙʩʪʨʘʪʫ [155, 156].  
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ʅʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʧʦʚʝʨʭʥʽ ʢʘʨʪʦʥʫ ʟʙʽʣʴʰʫ ̒ʚʠʪʨʘʪʠ ʬʘʨʙʠ, ʷʢʘ ʥʝʦʙʭʽʜʥʘ 

ʜʣʷ ʟʘʧʦʚʥʝʥʥʷ ʤʽʢʨʦʧʨʦʩʪʦʨʫ ʪʘ ʦʪʨʠʤʘʥʥʷ ʨʽʚʥʦʤʽʨʥʦʛʦ ʰʘʨʫ. ɼʨʫʢʘʨʩʴʢʘ 

ʬʘʨʙʘ ʚ ʢʘʨʪʦʥʽ ʙʝʟ ʧʦʢʨʠʪʪʷ ʙʽʣʴʰʝ ʧʦʛʣʠʥʘʻʪʴʩʷ ʡʦʛʦ ʩʪʨʫʢʪʫʨʦʶ, ʱʦ ʤʦʞʝ 

ʩʧʨʠʯʠʥʠʪʠ ʥʝʷʢʽʩʥʝ ʫʪʚʦʨʝʥʝ ʟʦʙʨʘʞʝʥʥʷ. ʅʘʜʣʠʰʦʢ ʜʨʫʢʘʨʩʴʢʦʾ ʬʘʨʙʠ ʥʘ 

ʦʩʥʦʚʽ ï ʧʽʜʢʣʘʜʮʽ ʩʧʨʠʷʻ ʚʠʥʠʢʥʝʥʥʶ ʪʘʢʦʾ  ʧʨʦʙʣʝʤʠ, ʷʢ ʥʝʧʨʘʚʠʣʴʥʝ 

ʚʠʩʠʭʘʥʥʷ ʬʘʨʙʠ, ʽ, ʦʪʞʝ, ʚʽʜʤʘʨʶʚʘʥʥʷ ʥʘ ʚʽʜʙʠʪʢʫ.  

ʆʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ ʚʩʪʘʥʦʚʠʪʠ  ʨʦʟʧʦʜʽʣ ʬʘʨʙʠ ʧʨʠ ʢʦʥʪʘʢʪʽ ʟ ʩʫʙʩʪʨʘʪʦʤ. 

ʋ ʚʠʧʘʜʢʫ ʥʝʦʜʥʦʨʽʜʥʦʛʦ ʩʫʙʩʪʨʘʪʫ ʪʦʚʱʠʥʘ ʥʘʥʝʩʝʥʦʾ ʬʘʨʙʠ ʥʝ ʤʦʞʝ 

ʟʤʽʥʶʚʘʪʠʩʷ ʚ ʤʝʞʘʭ ʦʜʥʦʛʦ ʪʦʥʫ. ʂʦʣʠ ʩʫʙʩʪʨʘʪ ʩʪʠʢʘʻʪʴʩʷ ʟ ʬʘʨʙʘʤʠ, 

ʟʚʦʣʦʞʫʶʯʠʤʠ ʨʦʟʯʠʥʘʤʠ (ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʙʨʘʥʦʛʦ ʩʧʦʩʦʙʫ ʜʨʫʢʫ), 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʦʯʫʚʘʥʥʷ ʨʦʩʣʠʥʥʠʭ ʚʦʣʦʢʦʥ, ʱʦ ʤʽʩʪʷʪʴʩʷ ʚ ʩʪʨʫʢʪʫʨʽ ʢʘʨʪʦʥʫ, 

ʪʘ ʛʣʠʙʦʢʝ ʧʨʦʥʠʢʥʝʥʥ ̫ʬʘʨʙʠ ʚ ʧʽʜʢʣʘʜʢʫ. ɼʦʩʣʽʜʥʠʢʠ ʚʩʪʘʥʦʚʠʣʠ, ʱʦ ʥʘ ʮʝʡ 

ʧʨʦʮʝʩ ʚʧʣʠʚʘʶʪʴ  ʩʪʫʧʽʥʴ ʧʦʤʦʣʫ ʚʦʣʦʢʦʥ, ʾʭ ʨʦʟʤʽʨʠ, ʧʦʚʝʨʭʥʝʚʘ ʩʪʨʫʢʪʫʨʘ 

ʧʘʧʝʨʫ, ʾʾ ʪʦʚʱʠʥʘ ʽ ʧʦʨʠʩʪʽʩʪʴ. ʅʘ ʨʠʩ. 5.8 ʧʦʢʘʟʘʥʘ ʤʦʨʬʦʣʦʛʽʯʥʘ  ʩʪʨʫʢʪʫʨʘ 

ʧʦʚʝʨʭʥʽ ʥʘ ʢʘʨʪʦʥʽ GC1 ʽ GD2. 

 

  

a ʙ 

ʈʠʩ. 5.8. ʄʽʢʨʦʬʦʪʦʛʨʘʬʽʾ ʧʦʚʝʨʭʥʝʚʦʾ ʩʪʨʫʢʪʫʨʠ ʢʘʨʪʦʥʽʚ ʜʦ 

ʟʘʜʨʫʢʦʚʫʚʘʥʥʷ: ʘ ï ʢʘʨʪʦʥ GC-2; ʙ ï ʢʘʨʪʦʥ GC-1 

 

ɹʫʣʘ ʧʨʦʚʝʜʝʥʘ ʦʮʽʥʢʘ ʚʧʣʠʚʫ ʚʠʜʫ ʧʘʢʫʚʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʥʘ 

ʧʨʦʥʠʢʥʝʥʥʷ ʚʦʜʠ ʪʘ ʨʦʟʯʠʥʫ ʽʟʦʧʨʦʧʠʣʦʚʦʛʦ ʩʧʠʨʪʫ  ʚ ʾʭ ʩʪʨʫʢʪʫʨʫ. ɺʠʟʥʘʯʝʥʥʷ 
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ʧʦʚʝʨʭʥʝʚʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʨʽʜʠʥ ʟʘ ʤʝʪʦʜʦʤ ʂʦʙʙ 60 ʧʦʢʘʟʘʣʦ, ʱʦ ʤʝʥʰʠʡ 

ʘʙʩʦʨʙʫʶʯʠʡ ʩʫʙʩʪʨʘʪ (ʩʪʫʧʽʥʴ ʟʚ'ʷʟʫʚʘʥʥʷ 0,7 ʛ/ʤ2 ʜʣʷ ʩʪʦʨʦʥʠ ɸ ʽ 1,02 ʛ/ʤ2 ʜʣʷ 

ʩʪʦʨʦʥʠ ɺ) ʤʘʻ ʢʘʨʪʦʥ GC-1, ʷʢʠʡ ʥʝ ʤʘʻ ʘʙʩʦʨʙʫʶʯʠʭ ʨʦʩʣʠʥʥʠʭ ʚʦʣʦʢʦʥ. 

ʂʘʨʪʦʥʠ GC-2 ʽ GD2 ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʦʨʽʚʥʷʥʦ ʙʽʣʴʰʠʤ  ʩʪʫʧʝʥʝʤ  ʟʚôʷʟʫʚʘʥʥʷ 

ï 1,77 ʛ/ʤ2  ̔  1,82 ʛ/ʤ2. ʅʘ  ʨʠʩ. 5.9-5.10 ʧʦʢʘʟʘʥʽ ʬʦʪʦʛʨʘʬʽʾ ʢʨʘʧʣʽ ʚʦʜʠ, ʥʘʥʝʩʝʥʦʾ 

ʥʘ ʧʦʚʝʨʭʥʶ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʢʘʨʪʦʥʽʚ. 

 

ʈʠʩ. 5.9. ʌʦʪʦʛʨʘʬʽʾ ʟʤʽʥʠ ʬʦʨʤʠ ʢʨʘʧʣʽ ʚʦʜʠ, ʥʘʥʝʩʝʥʦʾ ʥʘ ʧʦʚʝʨʭʥʶ 

ʢʘʨʪʦʥʫ ʤʘʨʢʠ GC-1 

 

 

 

ʈʠʩ. 5.10. ʌʦʪʦʛʨʘʬʽʾ ʟʤʽʥʠ ʬʦʨʤʠ ʢʨʘʧʣʽ ʚʦʜʠ, ʥʘʥʝʩʝʥʦʾ ʥʘ ʧʦʚʝʨʭʥʶ 

ʢʘʨʪʦʥʫ ʤʘʨʢʠ GC-2 

 

ʗʢ ʚʠʜʥʦ, ʜʦʩʣʽʜʞʫʚʘʥʽ ʢʘʨʪʦʥʠ, ʦʪʨʠʤʘʣʠ ʧʦʜʽʙʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʟ ʪʦʯʢʠ 

ʟʦʨʫ ʧʨʦʥʠʢʥʝʥʥʷ ʬʘʨʙʠ ʪʘ ʩʪʽʡʢʦʩʪʽ ʜʦ ʟʤʦʯʫʚʘʥʥʷ. ʆʜʥʘʢ ʢʘʨʪʦʥ ʤʘʨʢʠ GC-1 

ʜʝʱʦ ʢʨʘʱʝ ʟʤʦʯʫʻʪʴʩʷ ʬʘʨʙʦʶ, ʱʦ ʦʯʝʚʠʜʥʦ ʧʦʚôʷʟʘʥʦ ʟ ʙʽʣʴʰ ʛʣʘʜʢʦʶ 

ʧʦʚʝʨʭʥʝʚʦʶ ʩʪʨʫʢʪʫʨʦʶ ʪʘ ʩʧʦʩʦʙʦʤ ʦʙʨʦʙʢʠ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ. ʈʝʟʫʣʴʪʘʪʠ 

ʧʝʨʝʚʽʨʢʠ ʦʜʥʦʨʽʜʥʦʩʪʽ ʧʨʦʥʠʢʥʝʥʥʷ ʚʦʜʠ ʚ ʩʪʨʫʢʪʫʨʫ ʚʠʧʨʦʙʫʚʘʥʦʛʦ ʢʘʨʪʦʥʫ 

ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʾʭ ʩʪʽʡʢʽʩʪʴ ʜʦ ʧʨʦʥʠʢʥʝʥʥʷ ʨʽʜʠʥʠ, ʘʣʝ ʪʘʢʦʞ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʮʝʡ 

ʧʨʦʮʝʩ ʥʝʦʜʥʦʨʽʜʥʠʡ ʽ ʚʠʤʘʛʘʶʪʴ ʜʝʪʘʣʴʥʠʭ ʛʣʠʙʦʢʠʭ ʜʦʩʣʽʜʞʝʥʴ.  
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ʗʢ ʚʽʜʦʤʦ, ʥʘ ʛʣʠʙʠʥʫ ʧʨʦʥʠʢʥʝʥʥʷ ʭʽʤʽʯʥʠʭ ʩʫʙʩʪʘʥʮʽʡ ʚ ʧʘʧʽʨ ʯʠ ʢʘʨʪʦʥ 

ʚʧʣʠʚʘʻ ʾʭ ʧʦʨʠʩʪʽʩʪʴ, ʷʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʽʣʴʢʦʩʪʽ, ʚʝʣʠʯʠʥʠ, ʨʦʟʤʽʨʽʚ ʧʦʨ ʽ ʾʭ 

ʨʦʟʤʽʱʝʥʥʷ ʚ ʩʫʙʩʪʨʘʪʽ. ʇʦʨʠʩʪʽʩʪʴ ʩʫʙʩʪʨʘʪʽʚ ʻ ʚʘʞʣʠʚʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʜʣʷ 

ʧʨʦʮʝʩʫ ʜʨʫʢʫʚʘʥʥʷ, ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʘʙʩʦʨʙʮʽʻʶ, ʟʜʘʪʥʽʩʪʶ ʜʦ  

ʧʨʦʥʠʢʥʝʥʥʷ ʬʘʨʙʠ ʽ ʚʦʜʠ ʚ ʾʭ  ʩʪʨʫʢʪʫʨʫ. ɺ ʦʬʩʝʪʥʦʤʫ ʜʨʫʮʽ ʧʽʩʣʷ ʧʦʧʘʜʘʥʥʷ 

ʬʘʨʙʠ ʥʘ ʟʘʜʨʫʢʦʚʫʚʘʥʠʡ ʤʘʪʝʨʽʘʣ, ʧʦʯʠʥʘʻʪʴʩʷ ʧʨʦʮʝʩ ʧʦʩʪʫʧʦʚʦʛʦ 

ʧʨʦʥʠʢʥʝʥʥʷ ʾʾ ʚ ʧʦʨʠ, ʢʘʧʽʣʷʨʠ ʩʫʙʩʪʨʘʪʫ. ʂʨʽʤ ʪʦʛʦ ʜʦ ʩʢʣʘʜʫ ʟʚʦʣʦʞʫʚʘʣʴʥʠʭ 

ʨʦʟʯʠʥʽʚ ʚʭʦʜʠʪʴ ʚʦʜʘ, ʨʦʟʯʠʥʠ ʽʟʦʧʨʦʧʠʣʦʚʦʛʦ ʩʧʠʨʪʫ ʪʦʱʦ. ʅʘ ʮʝʡ ʧʨʦʮʝʩ 

ʧʨʦʥʠʢʥʝʥʥʷ ʨʽʜʠʥ ʚʧʣʠʚʘʶʪʴ ʜʦʜʘʪʢʠ ʜʦ ʩʫʙʩʪʨʘʪʽʚ, ʥʘʧʨʠʢʣʘʜ ʢʨʝʡʜʦʚʘʥʽ 

ʧʦʢʨʠʪʪʷ, ʢʘʦʣʽʥ, ʢʣʝʾ ʪʦʱʦ, ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʷʢʠʭ ʟʘʣʝʞʠʪʴ ʤʦʞʣʠʚʘ ʤʽʛʨʘʮʽʷ 

ʭʽʤʽʯʥʠʭ ʩʫʙʩʪʘʥʮʽʡ ʜʦ ʟʘʧʘʢʦʚʘʥʠʭ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ [157]. 

ʇʨʝʜʩʪʘʚʣʝʥʽ 3D i 2D ʤʦʜʝʣʽ (ʨʠʩ.5.11 ʽ 5.12) ʧʦʢʘʟʫʶʪʴ, ʱʦ ʟʽ ʟʨʦʩʪʘʥʥʷʤ 

ʩʪʫʧʝʥʷ ʧʨʦʢʣʝʶʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʟʙʽʣʴʰʫʻʪʴʩʷ ʘʙʩʦʨʙʮʽʷ, ʪʦʙʪʦ ʧʨʦʥʠʢʥʝʥʥʷ 

ʨʽʜʠʥ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʽʚʥʦʤʽʨʥʽʰʝ.      

 

a 

 

ʙ 

ʈʠʩ. 5.11. ʄʦʜʝʣ ̔ʧʨʦʮʝʩʫ ʧʨʦʥʠʢʥʝʥʥʷ ʚʦʜʠ ʚ ʩʪʨʫʢʪʫʨʫ ʢʘʨʪʦʥʫ:  

ʘ ï GC1, ʙ ï GC2 
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ʘ 

 

ʙ 

ʈʠʩ. 5.12. ʄʦʜʝʣʽ ʧʨʦʮʝʩʫ ʧʨʦʥʠʢʥʝʥʥʷ ʨʦʟʯʠʥʫ ʽʟʦʧʨʦʧʠʣʦʚʦʛʦ ʩʧʠʨʪʫ ʚ 

ʢʘʨʪʦʥ: ʘ ï GC1, ʙ ï GC2 

       

ʅʘ ʨʠʩ. 5.13 ʧʦʢʘʟʘʥʽ ʢʨʠʚʽ, ʷʢʽ ʽʣʶʩʪʨʫʶʪʴ ʜʠʥʘʤʽʢʫ ʧʨʦʥʠʢʥʝʥʥʷ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʬʘʨʙ ʚ ʢʘʨʪʦʥ. ɸʥʘʣʽʟ ʢʨʠʚʠʭ ʧʦʢʘʟʫʻ, ʱʦ ʥʘʡʙʽʣʴʰʝ 

ʧʨʦʥʠʢʥʝʥʥʷ ʬʘʨʙ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ  ʚ ʧʝʨʽʦʜ ʚʽʜ 0 ʜʦ 5 ʩʝʢʫʥʜ ʫ ʬʘʨʙʠ HUBER 

REFLECTA ʥʘ ʦʩʥʦʚʽ ʨʦʩʣʠʥʥʠʭ ʦʣʠʚ, ʥʘʡʤʝʥʰʝ ï ʫ ʬʘʨʙʠ Corona MGA 5100, 

ʜʝʱʦ ʙʽʣʴʰʫ ʩʪʫʧʽʥʴ ʧʨʦʥʠʢʥʝʥʥʷ ʚʽʜ ʧʦʧʝʨʝʜʥʴʦʾ ʧʦʢʘʟʘʣʘ ʬʘʨʙʘ PNL (ʟ 

ʥʠʟɹ ʢʠʤ ʨʽʚʥʝʤ ʤʽʛʨʘʮʽʾ). 
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ʈʠʩ. 5.13. ɼʠʥʘʤʽʢʘ ʧʨʦʥʠʢʥʝʥʥʷ ʬʘʨʙ ʚ ʢʘʨʪʦʥ Gʉ2, ʜʝ 1 ï ʬʘʨʙʘ CORONA 

MGA 5100; 2 ï ʬʘʨʙʘ HUBER REFLECTA;3 ï ʬʘʨʙʘ PNL; 4 ï ʬʘʨʙʘ EURO-

BOARD  

 

ʇʨʦʮʝʩ ʧʨʦʥʠʢʥʝʥʥʷ ʬʘʨʙ ʚ ʢʘʨʪʦʥ GC1 ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ.5.14.ɸʥʘʣʽʟ 

ʢʨʠʚʠʭ ʧʦʢʘʟʘʚ ʘʥʘʣʦʛʽʯʥʫ ʢʘʨʪʠʥʫ. ʅʘʡʙʽʣʴʰʝ ʧʨʦʥʠʢʘʻ ʚ ʩʪʨʫʢʪʫʨʫ ʢʘʨʪʦʥʫ  

ʬʘʨʙʘ  ʥʘ ʨʦʩʣʠʥʥʽʡ ʦʣʠʚʽ  HUBER REFLECTA , ʦʙʤʝʞʝʥʝ ʧʨʦʥʠʢʥʝʥʥʷ ʤʘʶʪʴ 

ʬʘʨʙʠ  CORONA MGA 5100 ʽ ʬʘʨʙʠ ʤʘʨʢʠ PNL. 

 

ʈʠʩ. 5.14. ɼʠʥʘʤʽʢʘ ʧʨʦʥʠʢʥʝʥʥʷ ʬʘʨʙ ʚ ʢʘʨʪʦʥ GC1, ʜʝ 1 ï ʬʘʨʙʘ CORONA MGA 

5100; 2 ï ʬʘʨʙʘ HUBER REFLECTA; 3 ï ʬʘʨʙʘ PNL; 4 ï ʬʘʨʙʘ EURO-BOARD  
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ʆʪʞʝ, ʥʘʷʚʥʽʩʪʴ ʚʝʣʠʢʦ ʩʪʫʧʝʥʷ ʧʨʦʢʣʝʶʚʘʥʥʷ ʚ ʧʘʢʫʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʘʭ 

ʚʧʣʠʚʘʻ ʥʘ ʤʽʛʨʘʮʽʶ ʭʽʤʽʯʥʠʭ ʩʢʣʘʜʥʠʢʽʚ ʬʘʨʙʠ ʫ ʾʭ ʩʪʨʫʢʪʫʨʫ. ɿʦʢʨʝʤʘ, 

ʟʙʽʣʴʰʝʥʥʷ ʩʪʫʧʝʥʷ ʧʨʦʢʣʝʶʚʘʥʥʷ, ʧʦʜʚʽʡʥʠʡ ʢʨʝʡʜʦʚʘʥʠʡ ʰʘʨ ʥʘ ʧʦʚʝʨʭʥʽ 

ʤʘʪʝʨʽʘʣʫ ʟʤʝʥʰʠʣʦ ʘʙʩʦʨʙʮʽʶ ʦʬʩʝʪʥʦʾ ʬʘʨʙʠ ʤʘʨʢʠ CORONA MGA 5100 ʽ 

ʬʘʨʙʠ ʤʘʨʢʠ PNL, ʘʣʝ ʟʙʽʣʴʰʠʣʦ ʷʚʠʱʝ ʜʠʥʘʤʽʢʠ ʧʨʦʥʠʢʥʝʥʥʷ ʬʘʨʙʠ ʥʘ 

ʨʦʩʣʠʥʥʽʡ ʦʣʠʚʽ HUBER REFLECTA ʚ ʩʪʨʫʢʪʫʨʫ ʢʨʝʡʜʦʚʘʥʦʛʦ ʧʘʧʝʨʫ. 

ɺʠʷʚʣʝʥʦ, ʱʦ ʚʽʜʙʠʪʢʠ, ʟʘʜʨʫʢʦʚʘʥʽ ʦʬʩʝʪʥʠʤʠ ʬʘʨʙʘʤʠ ʟ ʥʠʟʴʢʠʤ ʨʽʚʥʝʤ 

ʤʽʛʨʘʮʽʾ ʤʘʶʪʴ ʫ 3 ʨʘʟʠ ʥʠʞʯʠʡ ʨʽʚʝʥʴ ʽʟʦʧʨʦʧʘʥʦʣʫ ʪʘ ʜʽʝʪʠʣʦʚʦʛʦ ʝʬʽʨʫ, ʫ 2 

ʨʘʟʠ ʤʝʥʰʝ ʮʠʢʣʦʛʝʢʩʘʥʫ,  ʥʽʞ ʚʽʜʙʠʪʢʠ, ʟʘʜʨʫʢʦʚʘʥʽ ʟʚʠʯʘʡʥʠʤʠ ʦʬʩʝʪʥʠʤʠ 

ʬʘʨʙʘʤʠ [158,159]. 

ʅʘ ʦʩʥʦʚʽ ʪʝʩʪʫ ʈʦʙʽʥʩʦʥʘ ʙʫʣʦ ʦʮʽʥʝʥʦ ʟʘʧʘʭ ʽ ʩʤʘʢ ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ʧʨʦʜʫʢʪʽʚ. ɺʠʷʚʣʝʥʦ, ʱʦ ʧʽʩʣʷ 24 ʛʦʜʠʥ ʢʦʥʪʘʢʪʫ ʰʦʢʦʣʘʜʥʦʛʦ ʧʝʯʠʚʘ ʟ 

ʚʽʜʙʠʪʢʘʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʦʬʩʝʪʥʦʶ ʥʠʟʴʢʦ ʤʽʛʨʘʮʽʡʥʦʶ ʬʘʨʙʦʶ Corona MGA 

5100 ʪʘ ʬʣʝʢʩʦʛʨʘʬʽʯʥʦʶ PNL ʥʘ ʢʘʨʪʦʥʘʭ GD2, ʟʤʽʥʠ ʟʘʧʘʭʫ ʽ ʩʤʘʢʫ ʙʫʣʠ 

ʤʽʥʽʤʘʣʴʥʽ (0 ʙʘʣʽʚ); ʥʘ ʢʘʨʪʦʥʘʭ GC1 ʽ  GC2 ï 1 ʙʘʣ. ʄʘʢʩʠʤʘʣʴʥʽ ʟʤʽʥʠ ʩʤʘʢʫ ʽ 

ʟʘʧʘʭʫ (4 ʙʘʣʠ ʟʘ ʦʨʛʘʥʦʣʝʧʪʠʯʥʦʶ ʰʢʘʣʦʶ) ʩʧʦʩʪʝʨʽʛʘʣʠ ʝʢʩʧʝʨʪʠ ʧʨʠ 

ʜʦʩʣʽʜʞʝʥʥʽ ʚʽʜʙʠʪʢʽʚ, ʦʪʨʠʤʘʥʠʭ ʪʠʤʠ ʞ ʬʘʨʙʘʤʠ ʥʘ  ʢʘʨʪʦʥʽ UD3 ʙʝʟ ʧʦʢʨʠʪʪʷ.  

ʉʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʟʤʽʥ ʟʘʧʘʭʫ ʽ ʩʤʘʢʫ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʧʨʦʜʫʢʪʫ (3 ʙʘʣʠ)  

ʩʧʦʩʪʝʨʽʛʘʣʠ ʝʢʩʧʝʨʪʠ ʫ ʢʦʥʪʘʢʪʽ ʟ ʚʽʜʙʠʪʢʘʤʠ ʥʘ  ʢʘʨʪʦʥʘʭ GC1, GC2, GD2, 

ʫʪʚʦʨʝʥʠʤʠ  ʬʘʨʙʦʶ HUBER REFLECTA ʥʘ ʦʩʥʦʚʽ ʨʦʩʣʠʥʥʠʭ ʦʣʠʚ (3 ʙʘʣʠ) ʽ 

ʢʘʨʪʦʥʽ UD3 (3 ʙʘʣʠ). ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʨʛʘʥʦʣʝʧʪʠʯʥʠʭ ʤʝʪʦʜʽʚ 

ʜʦʩʣʽʜʞʝʥʴ ʧʽʜʪʚʝʨʜʞʝʥʦ ʚʧʣʠʚ ʚʣʘʩʪʠʚʦʩʪʝʡ  ʬʘʨʙʠ, ʩʪʨʫʢʪʫʨʠ ʧʘʢʫʚʘʣʴʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʩʤʘʢʦʚʽ ʪʘ ʟʘʧʘʭʦʚʽ ʚʣʘʩʪʠʚʦʩʪʽ ʟʘʧʘʢʦʚʘʥʠʭ ʧʨʦʜʫʢʪʽʚ. ɸʥʘʣʽʟ 

ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʘʚ, ʱʦ ʩʤʘʢ ʽ ʟʘʧʘʭ ʰʦʢʦʣʘʜʥʦʛʦ ʧʝʯʠʚʘ ʟʤʽʥʶʚʘʚʩʷ 

ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʜʫ ʬʘʨʙʠ, ʷʢʦʶ ʙʫʣʠ ʟʘʜʨʫʢʦʚʘʥʽ ʧʘʢʫʚʘʣʴʥʽ ʤʘʪʝʨʽʘʣʠ. 

ʌʘʨʙʠ, ʷʢʽ ʥʝ ʤʽʩʪʠʣʠ ʤʽʥʝʨʘʣʴʥʠʭ ʦʣʠʚ, ʧʦʢʘʟʘʣʠ ʥʝʟʥʘʯʥʽ ʟʤʽʥʠ ʟʘʧʘʭʫ ʽ ʩʤʘʢʫ 

ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ ʧʨʠ ʢʦʥʪʘʢʪʽ ʟ ʥʠʤʠ [160].    
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1. ʆʧʠʩʘʥʦ ʧʨʦʙʣʝʤʠ ʤʽʛʨʘʮʽʾ ʢʦʤʧʦʥʝʥʪʽʚ ʜʨʫʢʘʨʩʴʢʠʭ ʬʘʨʙ ʪʘ ʣʘʢʽʚ 

ʤʽʞ ʟʘʜʨʫʢʦʚʘʥʠʤ ʧʘʢʦʚʘʥʥʷʤ ʪʘ ʟʘʧʘʢʦʚʘʥʠʤ ʧʨʦʜʫʢʪʦʤ. ɿ ʚʽʜʙʠʪʢʽʚ, ʫʪʚʦʨʝʥʠʭ 

ʦʬʩʝʪʥʠʤʠ ʬʘʨʙʘʤʠ ʤʦʞʫʪʴ ʤʽʛʨʫʚʘʪʠ ʦʣʠʚʠ, ʤʘʩʣʘ ʽ ʝʬʽʨʠ ʞʠʨʥʠʭ ʢʠʩʣʦʪ, 

ʧʽʛʤʝʥʪʠ, ʘ ʟ ʚʽʜʙʠʪʢʽʚ, ʫʪʚʦʨʝʥʠʭ ʋʌ-ʬʘʨʙʘʤʠ, ʤʦʞʫʪʴ ʤʽʛʨʫʚʘʪʠ 

ʬʦʪʦʽʥʽʮʽʘʪʦʨʠ, ʟʚôʷʟʫʶʯʽ, ʧʽʛʤʝʥʪʠ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʩʪʨʫʢʪʫʨʠ 

ʧʘʢʫʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʦʢʘʟʘʣʠ, ʱʦ ʥʘ ʛʣʦʙʘʣʴʥʫ ʤʽʛʨʘʮʽʶ ʟʘʙʨʫʜʥʶʶʯʠʭ 

ʨʝʯʦʚʠʥ ʟ ʚʽʜʙʠʪʢʽʚ ʜʦ ʽʤʽʪʘʪʦʨʽʚ ʾʞʽ ʚʧʣʠʚʘʻ ʩʪʨʫʢʪʫʨʘ ʤʘʪʝʨʽʘʣʽʚ, ʪʦʚʱʠʥʘ 

ʬʘʨʙʠ, ʪʝʤʧʝʨʘʪʫʨʘ ʽ ʯʘʩ.  

2. ɼʦʚʝʜʝʥʦ, ʱʦ ʥʘʷʚʥʽʩʪʴ ʢʨʝʡʜʦʚʘʥʦʛʦ ʧʦʢʨʠʪʪʷ ʥʘ ʚʽʜʙʠʪʢʫ ʩʪʨʠʤʫʻ 

ʧʨʦʥʠʢʥʝʥʥʷ  ʭʽʤʽʯʥʠʭ ʩʧʦʣʫʢ ʜʦ ʟʘʧʘʢʦʚʘʥʠʭ ʧʨʦʜʫʢʪʽʚ. ʅʘʷʚʥʽʩʪʴ ʚ ʩʪʨʫʢʪʫʨʽ 

ʢʘʨʪʦʥʫ ʤʘʢʫʣʘʪʫʨʥʦʾ ʩʠʨʦʚʠʥʠ ʟʙʽʣʴʰʫʻ ʛʣʦʙʘʣʴʥʫ ʤʽʛʨʘʮʽʶ ʥʘ 20 %. 

ʇʦʙʫʜʦʚʘʥʽ ʪʨʠʚʠʤʽʨʥʽ ʤʦʜʝʣʽ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʩʪʫʧʝʥʷ 

ʧʨʦʢʣʝʶʚʘʥʥʷ ʧʘʢʫʚʘʣʴʥʠʭ ʢʘʨʪʦʥʽʚ ʟʙʽʣʴʰʫʻʪʴʩʷ ʘʜʩʦʨʙʮʽʷ. ʇʦʜʚʽʡʥʠʡ 

ʢʨʝʡʜʦʚʘʥʠʡ ʰʘʨ ʥʘ ʧʦʚʝʨʭʥʽ ʤʘʪʝʨʽʘʣʫ ʟʤʝʥʰʫʻ ʘʙʩʦʨʙʮʽʶ ʦʬʩʝʪʥʦʾ ʬʘʨʙʠ, ʘʣʝ 

ʟʙʽʣʴʰʫʻ  ʷʚʠʱʝ ʜʠʥʘʤʽʢʠ ʧʨʦʥʠʢʥʝʥʥʷ ʬʘʨʙʠ ʥʘ ʨʦʩʣʠʥʥʽʡ ʦʣʠʚʽ ʚ ʩʪʨʫʢʪʫʨʫ 

ʧʘʢʫʚʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ.  

3. ʇʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 25 Áʉ ʜʦ 150 Áʉ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ 3-4-ʢʨʘʪʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʛʨʘʚʽʤʝʪʨʠʯʥʦ ʤʘʨʢʫʚʘʣʴʥʠʭ ʤʽʛʨʫʶʯʠʭ 

ʭʽʤʽʯʥʠʭ ʨʝʯʦʚʠʥ ʟ ʦʬʩʝʪʥʠʭ ʚʽʜʙʠʪʢʽʚ ʚ 2,5 ʨʘʟʠ. ɸʥʘʣʦʛʽʯʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʜʦʩʣʽʜʞʝʥʴ ʛʣʦʙʘʣʴʥʦʾ ʤʽʛʨʘʮʽʾ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʩʧʦʩʪʝʨʽʛʘʣʠʩʴ ʽ ʥʘ 

ʬʣʝʢʩʦʜʨʫʢʘʨʩʴʢʠʭ ʚʽʜʙʠʪʢʘʭ. ʆʜʥʘʢ ʤʽʛʨʘʮʽʷ ʧʨʠ  ʪʝʤʧʝʨʘʪʫʨʽ 25 Áʉ ʟ ʚʽʜʙʠʪʢʽʚ 

ʢʨʝʡʜʦʚʘʥʦʛʦ ʢʘʨʪʦʥʫ ʥʘ 9% ʙʽʣʴʰʝ, ʥʽʞ ʦʬʩʝʪʥʠʭ ʚʽʜʙʠʪʢʽʚ ʧʨʠ ʪʽʡ ʞʝ 

ʪʝʤʧʝʨʘʪʫʨʽ. ʄʝʞʘ ʨʽʚʥʷ  ʛʣʦʙʘʣʴʥʦʾ ʤʽʛʨʘʮʽʾ (10 ʤʛ/ʜʤ2) ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ 

ʟ ʚʽʜʙʠʪʢʽʚ ʧʝʨʝʚʠʱʠʣʘ ʜʦʧʫʩʪʠʤʝ ʟʥʘʯʝʥʥʷ  ʥʘ 11-12% ʣʠʰʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 

150 ÁC. 

4. ʈʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʧʽʜʪʚʝʨʜʞʝʥʦ, ʱʦ ʤʽʛʨʘʮʽʷ ʟʤʽʥʶʻʪʴʩʷ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʯʘʩʫ ʜʦʩʣʽʜʞʝʥʥʷ ʚʽʜʙʠʪʢʽʚ. ɿʙʽʣʴʰʝʥʥʷ ʯʘʩʫ ʢʦʥʪʘʢʪʫ ʚʽʜʙʠʪʢʘ ʟ 

ʽʤʽʪʘʪʦʨʦʤ ʭʽʤʽʯʥʠʭ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʟ 1 ʛʦʜʠʥʠ ʜʦ 14 ʜʥʽʚ ʧʨʠ 25 ÁC ʽ 40 ÁC 

ʚʠʢʣʠʢʘʣʦ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʛʨʘʚʽʤʝʪʨʠʯʥʦ ʚʠʟʥʘʯʝʥʠʭ ʜʦʤʽʰʦʢ ʫ 2 ʨʘʟʠ, ʱʦ  
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ʧʽʜʪʚʝʨʜʞʫʻ ʬʽʟʠʯʥʠʡ ʧʨʦʮʝʩ ʤʽʛʨʘʮʽʾ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʜʠʬʫʟʽʾ ʪʘ ʨʦʟʜʽʣʝʥʥʽ 

ʨʝʯʦʚʠʥ, ʷʢʽ ʤʦʞʫʪʴ ʧʨʦʭʦʜʠʪʠ ʤʽʞ ʧʘʢʦʚʘʥʥʷʤ ʪʘ ʟʘʧʘʢʦʚʘʥʠʤ ʧʨʦʜʫʢʪʦʤ.   ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʧʽʜʪʚʝʨʜʞʝʥʦ, ʱʦ ʤʽʛʨʘʮʽʷ ʟʤʽʥʶʻʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʪʦʚʱʠʥʠ ʬʘʨʙʦʚʦʛʦ ʰʘʨʫ ʥʘ ʚʽʜʙʠʪʢʫ, ʧʨʦʪʝ ʟʘʣʠʰʘʻʪʴʩʷ  ʚ ʤʝʞʘʭ 10 ʛ/ʜʤ2. 

5. ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ ʚʧʣʠʚ ʧʨʦʮʝʩʫ ʪʝʩʪʫʚʘʥʥʷ ʛʣʦʙʘʣʴʥʦʾ 

ʤʽʛʨʘʮʽʾ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʽʟ ʚʽʜʙʠʪʢʽʚ. ʊʘʢ, ʜʣʷ ʚʽʜʙʠʪʢʽʚ ʥʘ  ʢʘʨʪʦʥʽ GC-1 

ʟ ʜʚʦʰʘʨʦʚʠʤ ʢʨʝʡʜʦʚʘʥʠʤ ʧʦʢʨʠʪʪʷʤ ʟʦʚʥʽʰʥʴʦʛʦ ʰʘʨʫ ʛʣʦʙʘʣʴʥʘ ʤʽʛʨʘʮʽʷ 

ʧʽʩʣʷ 1 ʛʦʜʠʥʠ ʧʦ ʦʪʨʠʤʘʥʥʶ ʚʽʜʙʠʪʢʫ ʤʝʥʰʘ ʚ 0,9-2 ʨʘʟʠ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʚʽʜʙʠʪʢʘʤʠ ʥʘ ʢʘʨʪʦʥʽ GC-2 ʟ ʥʝʟʥʘʯʥʠʤ ʫʤʽʩʪʦʤ ʜʝʨʝʚʠʥʥʦʾ ʤʘʩʠ ʟ 

ʦʜʥʦʰʘʨʦʚʠʤ ʢʨʝʡʜʦʚʘʥʠʤ ʧʦʢʨʠʪʪʷʤ ʽ ʚ 3-4% ʤʝʥʰʘ ʧʽʩʣʷ ʜʚʦʪʠʞʥʝʚʦʛʦ 

ʟʙʝʨʽʛʘʥʥʷ  ʚʽʜʙʠʪʢʘ. 

6. ʆʨʛʘʥʦʣʝʧʪʠʯʥʽ ʤʝʪʦʜʠ ʧʽʜʪʚʝʨʜʠʣʠ ʚʧʣʠʚ ʚʣʘʩʪʠʚʦʩʪʝʡ  ʬʘʨʙʠ ʥʘ 

ʩʤʘʢʦʚʽ ʪʘ ʟʘʧʘʭʦʚʽ ʚʣʘʩʪʠʚʦʩʪʽ ʟʘʧʘʢʦʚʘʥʠʭ ʧʨʦʜʫʢʪʽʚ. ʌʘʨʙʠ, ʨʝʢʦʤʝʥʜʦʚʘʥʽ 

ʜʣʷ ʜʨʫʢʫʚʘʥʥʷ ʥʘ ʧʘʢʦʚʘʥʥʷʭ ʜʣʷ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ, ʷʢʽ ʥʝ ʤʽʩʪʠʣʠ 

ʤʽʥʝʨʘʣʴʥʠʭ ʦʣʠʚ, ʧʦʢʘʟʘʣʠ ʥʝʟʥʘʯʥʽ ʟʤʽʥʠ ʟʘʧʘʭʫ ʽ ʩʤʘʢʫ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ 

ʧʨʠ ʢʦʥʪʘʢʪʽ ʟ ʥʠʤʠ.                   
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ɺʀʉʅʆɺʂʀ 

ʋ ʜʠʩʝʨʪʘʮʽʡʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥ ̔ʨʦʟʚôʷʟʘʥʦ ʘʢʪʫʘʣʴʥʫ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʫ 

ʟʘʜʘʯʫ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʜʨʫʢʫ ʪʘ ʦʟʜʦʙʣʝʥʥʷ 

ʧʘʢʦʚʘʥʴ ʟ ʛʦʬʨʦʢʘʨʪʦʥʫ ʰʣʷʭʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʨʬʦʣʦʛʽʾ ʧʦʚʝʨʭʥʽ ʣʘʡʥʝʨʽʚ ʽ  

ʤʝʪʦʜʽʚ ʾʭ ʟʘʜʨʫʢʦʚʫʚʘʥʥʷ (preprint ʽ postprint); ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ ʚʽʜʙʠʪʢʽʚ, 

ʚʠʷʚʣʝʥʥʷ ʜʝʬʝʢʪʽʚ ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʧʨʠʯʠʥ ʾʭ ʧʦʷʚʠ; ʤʦʜʝʣʶʚʘʥʥʷ  ʥʘʧʨʫʞʝʥʦ 

- ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʛʦʬʨʦʢʘʨʪʦʥʫ ʧʽʜ ʯʘʩ  ʜʨʫʢʫʚʘʥʥʷ;  ʚʠʟʥʘʯʝʥʥʷ ʬʘʢʪʦʨʽʚ 

ʚʧʣʠʚʫ ʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʘʨʦʤʘʪʠʟʦʚʘʥʠʭ ʽ ʣʶʤʽʥʝʩʮʝʥʪʥʠʭ ʟʦʙʨʘʞʝʥʴ ʪʘ 

ʚʝʣʠʯʠʥʫ  ʤʽʛʨʘʮʽʾ ʰʢʽʜʣʠʚʠʭ ʜʦʤʽʰʦʢ ʟ ʚʽʜʙʠʪʢʽʚ  ʜʦ ʟʘʧʘʢʦʚʘʥʠʭ ʧʨʦʜʫʢʪʽʚ, ʱʦ 

ʫʤʦʞʣʠʚʣʶʻ ʟʜʽʡʩʥʝʥʥʷ ʦʙˇʨʫʥʪʦʚʘʥʦʛʦ ʚʠʙʦʨʫ ʤʝʪʦʜʽʚ ʫʪʚʦʨʝʥʥʷ ʷʢʽʩʥʠʭ 

ʜʨʫʢʘʨʩʴʢʠʭ ʚʽʜʙʠʪʢʽʚ ʥʘ ʛʦʬʨʦʢʘʨʪʦʥʽ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʩʪʽ ʪʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʘʢʦʚʘʥʴ.    

ʇʨʠ ʮʴʦʤʫ ʦʪʨʠʤʘʥʦ ʪʘʢʽ ʥʦʚʽ ʨʝʟʫʣʴʪʘʪʠ: 

1. ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʩʫʯʘʩʥʠʭ ʪʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ ʨʠʥʢʫ ʧʘʢʦʚʘʥʴ ʟ 

ʛʦʬʨʦʢʘʨʪʦʥʫ ʚ ʋʢʨʘʾʥʽ ʪʘ ʩʚʽʪʽ, ʚʠʤʦʛ ʩʧʦʞʠʚʘʯʽʚ ʜʦ ʧʘʢʦʚʘʥʴ, ʚʠʟʥʘʯʝʥʦ 

ʢʣʘʩʠʬʽʢʘʮʽʡʥʽ ʦʟʥʘʢʠ ʩʫʯʘʩʥʠʭ ʩʧʦʩʦʙʽʚ ʜʨʫʢʫʚʘʥʥʷ ʥʘ ʛʦʬʨʦʢʘʨʪʦʥʽ ʟʘ 

ʤʝʪʦʜʘʤʠ ʫʪʚʦʨʝʥʥʷ ʜʨʫʢʦʚʘʥʠʭ ʟʦʙʨʘʞʝʥʴ, ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʪʘ ʝʢʦʥʦʤʽʯʥʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤʠ, ʩʧʦʩʦʙʘʤʠ ʦʟʜʦʙʣʝʥʥʷ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʦʢʨʝʩʣʠʪʠ ʧʨʦʙʣʝʤʠ  

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʜʨʫʢʫ ʥʘ ʛʦʬʨʦʢʘʨʪʦʥʽ ʪʘ ʚʠʷʚʠʪʠ ʡʤʦʚʽʨʥ ̔

ʧʨʠʯʠʥʠ ʧʦʷʚʠ ʜʝʬʝʢʪʽʚ  ʥʘ ʚʽʜʙʠʪʢʘʭ.  

2. ɺʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʤʧʣʝʢʩ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʷʢʦʩʪʽ ʜʨʫʢʫ ʥʘ ʛʦʬʨʦʢʘʨʪʦʥʽ ʤʝʪʦʜʦʤ preprint ʽ postprint ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ 

ʧʘʢʦʚʘʥʴ ʥʘ ʦʩʥʦʚʽ ʢʦʥʮʝʧʪʫʘʣʴʥʦʾ ʤʦʜʝʣʽ, ʷʢʘ ʚʢʣʶʯʘʻ ʙʣʦʢʠ ʢʦʥʪʨʦʣʶ ʽ 

ʬʦʨʤʫʚʘʥʥʷ ʷʢʦʩʪʽ ʚʽʜʙʠʪʢʫ ʥʘ ʛʦʬʨʦʢʘʨʪʦʥʽ ʪʘ ʫʟʛʦʜʞʝʥʦʩʪʽ ʢʨʠʪʝʨʽʾʚ ʟ 

ʥʦʨʤʘʤʠ, ʩʪʘʥʜʘʨʪʘʤʠ, ʟʦʢʨʝʤʘ ʧʝʨʝʜʙʘʯʘʻ  ʘʥʘʣʽʟ ʤʦʨʬʦʣʦʛʽʾ ʧʦʚʝʨʭʥʽ 

ʧʘʢʫʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʩʪʨʫʢʪʫʨʥʦʾ ʙʫʜʦʚʠ ʛʦʬʨʦʢʘʨʪʦʥʫ, ʚʠʨʦʙʥʠʯʠʡ 

ʢʦʥʪʨʦʣʴ ʦʧʪʠʯʥʠʭ, ʢʦʣʴʦʨʦʤʝʪʨʠʯʥʠʭ ʪʘ  ʜʨʫʢʘʨʩʴʢʦ-ʪʝʭʥʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʝʢʦʣʦʛʽʯʥʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʘʢʦʚʘʥʴ. 

3. ʅʘ ʦʩʥʦʚʽ ʝʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʤʦʨʬʦʣʦʛʽʾ ʽ 

ʪʦʧʦʛʨʘʬʽʾ ʧʦʚʝʨʭʥʽ ʩʫʙʩʪʨʘʪʽʚ ʪʘ ʚʽʜʙʠʪʢʽʚ ʥʘ ʥʠʭ, ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʽ 
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ʟʙʽʣʴʰʝʥʥʷʤ ʰʘʨʽʚ ʢʨʝʡʜʦʚʘʥʦʛʦ ʧʦʢʨʠʪʪʷ ʧʘʨʘʤʝʪʨ ʰʦʨʩʪʢʦʩʪʽ Ra ʽ 

ʨʦʟʨʘʭʦʚʘʥʘ ʧʣʦʱʘ ʚʧʘʜʠʥ Sʚʧ ʟʤʝʥʰʫʶʪʴʩʷ ʙʽʣʴʰʝ ʷʢ ʚ 2 ʨʘʟʠ, ʘ ʛʣʠʙʠʥʘ 

ʰʦʨʩʪʢʦʩʪʽ Rz  ̔ʧʣʦʱʘ ʧʽʢʽʚ ʧʦʚʝʨʭʥʽ Sʧʽʢ ʟʙʽʣʴʰʫʪʁʴʩʷ, ʯʠʤ  ʧʽʜʪʚʝʨʜʞʝʥʦ 

ʚʧʣʠʚ ʢʨʝʡʜʦʚʘʥʦʛʦ ʧʦʢʨʠʪʪʷ ʥʘ ʤʽʢʨʦʛʝʦʤʝʪʨʽʶ ʧʦʚʝʨʭʥʽ  ʪʘ ʷʢʽʩʪʴ ʜʨʫʢʘʨʩʴʢʠʭ 

ʚʽʜʙʠʪʢʽʚ.  

4. ɸʧʨʦʙʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʷʢʦʩʪʽ ʟʘ 

ʫʟʘʛʘʣʴʥʝʥʠʤ ʢʨʠʪʝʨʽʻʤ ʦʧʪʠʤʽʟʘʮʽʾ ʦʜʠʥʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʨʦʙʥʠʭ ʚʽʜʙʠʪʢʽʚ  

(ʦʧʪʠʯʥʦʾ ʱʽʣʴʥʦʩʪʽ, ʢʦʣʴʦʨʦʚʽʜʪʚʦʨʝʥʥʷ, ʪʨʝʧʽʥʛʫ, ʙʘʣʘʥʩʫ ʧʦ-ʩʽʨʦʤʫ, 

ʩʪʘʙʽʣʴʥʦʩʪʽ ʜʨʫʢʫ, ʢʦʥʪʨʘʩʪʫ, ʨʦʟʪʠʩʢʫʚʘʥʥʷ ʨʘʩʪʨʦʚʦʾ ʢʨʘʧʢʠ) ʥʘ ʦʩʥʦʚʽ 

ʬʫʥʢʮʽʾ ʙʘʞʘʥʦʩʪʽ ʍʘʨʨʽʥˇʪʦʥʘ, ʷʢʘ ʜʦʟʚʦʣʠʪʴ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʨʽʚʥʷ ʙʘʞʘʥʦʩʪʽ 

ʩʧʨʦʛʥʦʟʫʚʘʪʠ ʦʧʪʠʯʥʽ, ʢʦʣʦʨʠʤʝʪʨʠʯʥʽ ʪʘ ʜʨʫʢʘʨʩʴʢʽ ʧʦʢʘʟʥʠʢʠ ʥʘʢʣʘʜʫ  ʚ 

ʦʬʩʝʪʥʦʤʫ ʪʘ ʬʣʝʢʩʦʛʨʘʬʽʯʥʦʤʫ ʜʨʫʮʽ.  

5. ɺʧʝʨʰʝ ʟʜʽʡʩʥʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ  

ʛʦʬʨʦʢʘʨʪʦʥʫ ʧʨʠ ʬʣʝʢʩʦʛʨʘʬʽʯʥʦʤʫ ʜʨʫʮʽ ʤʝʪʦʜʦʤ postprint ʪʘ ʦʧʠʩʘʥʦ ʡʦʛʦ 

ʭʘʨʘʢʪʝʨ ʤʘʪʝʤʘʪʠʯʥʠʤʠ ʤʦʜʝʣʷʤʠ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʚʠʩʦʪʫ ʭʚʠʣʽ ʛʦʬʨʠ, 

ʢʽʣʴʢʽʩʪʴ ʰʘʨʽʚ ʛʦʬʨʦʢʘʨʪʦʥʫ, ʚʧʣʠʚ ʤʝʪʦʜʫ ʟʘʜʨʫʢʦʚʫʚʘʥʥʷ ï ʧʦʧʝʨʝʢ ʯʠ 

ʚʟʜʦʚʞ ʭʚʠʣʽ ʛʦʬʨʠ, ʱʦ ʧʦʟʥʘʯʘʻʪʴʩʷ ʥʘ ʷʢʦʩʪʽ ʚʽʜʙʠʪʢʽʚ ʪʘ ʚʠʟʥʘʯʘʻ ʧʨʠʯʠʥʠ 

ʧʦʷʚʠ  ʜʝʬʝʢʪʽʚ.  

6. ʅʘ ʦʩʥʦʚʽ ʩʧʝʢʪʨʦʩʢʦʧʽʯʥʠʭ, ʝʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʚʠʷʚʣʝʥʦ, ʱʦ ʚʚʝʜʝʥʥʷ  10% ʣʶʤʽʥʝʩʮʝʥʪʥʠʭ ʜʦʤʽʰʦʢ ʫ ʬʘʨʙʠ ʪʘ 

ʣʘʢʠ ʜʦʩʪʘʪʥʴʦ ʜʣʷ  ʟʘʙʝʟʧʝʯʝʥʥʷ  ʣʶʤʽʥʝʩʮʝʥʮʽʾ  ʥʘ ʚʽʜʙʠʪʢʫ, ʧʨʦʪʝ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ ʣʶʤʽʥʦʬʦʨʘ ʜʦ 30 % ʟʨʦʩʪʘʻ ʦʧʪʠʯʥʘ ʱʽʣʴʥʽʩʪʴ, ʙʣʠʩʢ  ʽ  

ʢʦʣʴʦʨʦʚʽʜʪʚʦʨʝʥʥʷ ʥʘʜʨʫʢʦʚʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ, ʯʠʤ ʧʽʜʪʚʝʨʜʞʝʥʦ ʤʦʞʣʠʚʽʩʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ  ʪʘʢʦʛʦ ʤʝʪʦʜʫ ʦʟʜʦʙʣʝʥʥʷ  ʧʘʢʦʚʘʥ.ɹ 

7. ʋʜʦʩʢʦʥʘʣʝʥʦ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʘʨʦʤʘʪʠʟʘʮʽʾ ʚʽʜʙʠʪʢʽʚ  

ʤʝʪʦʜʦʤ Pʝʝl&Smell ʽ ʥʘ ʦʩʥʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʙʫʜʦʚʘʥʦ 3D 

ʤʦʜʝʣʽ, ʷʢʽ ʧʦʢʘʟʫʶʪʴ  ʚʟʘʻʤʦʟʚôʷʟʦʢ  ʽʥʪʝʥʩʠʚʥʦʩʪʽ  ʘʨʦʤʘʪʫ ʚʽʜ ʧʨʦʮʝʥʪʥʦʛʦ 

ʚʤʽʩʪʫ ʘʨʦʤʘʪʠʟʘʪʦʨʘ ʚ ʢʣʝʡʦʚʽʡ ʢʦʤʧʦʟʠʮʽʾ  ʪʘ ʢʽʣʴʢʦʩʪʽ ʧʨʝʟʝʥʪʘʮʽʡ, ʱʦ  

ʜʦʟʚʦʣʠʣʦ ʚʠʟʥʘʯʠʪʠ  ʢʦʝʬʽʮʽʻʥʪ ʘʨʦʤʘʪʠʟʘʮʽʾ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʘʨʦʤʦʨʝʢʣʘʤʠ. 
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8. ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ ʦʮʽʥʶʚʘʥʥʷ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ ʥʘ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʪʘ ʜʦʚʛʦʪʨʠʚʘʣʽʩʪʴ ʘʨʦʤʘʪʠʟʘʮʽʾ ʧʨʠ ʟʘʢʨʠʪʽʡ ʧʨʝʟʝʥʪʘʮʽʾ  ʤʝʪʦʜʦʤ 

Pʝʝl&Smell, ʷʢʘ ʚʨʘʭʦʚʫʻ: ʧʨʦʮʝʥʪʥʠʡ ʚʤʽʩʪ ʘʨʦʤʘʪʠʟʦʚʘʥʠʭ ʜʦʤʽʰʦʢ ʫ ʢʣʝʾ,  

ʚʣʘʩʪʠʚʦʩʪʽ ʢʣʝʶ (ʘʜʛʝʟʽʡʥʫ ʤʽʮʥʽʩʪʴ ʪʘ ʟʘʣʠʰʢʦʚʫ ʣʠʧʢʽʩʪʴ); ʪʦʧʦʛʨʘʬʽʶ 

ʧʦʚʝʨʭʥʽ ʩʫʙʩʪʨʘʪʫ ʪʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʨʝʟʝʥʪʘʮʽʾ ʘʨʦʤʦʨʝʢʣʘʤʠ; ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʧʘʢʫʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʨʽʚʥʦʤʽʨʥʽʩʪʴ ʘʨʦʤʦʧʦʢʨʠʪʪʷ; ʪʦʚʱʠʥʫ ʪʘ 

ʛʣʠʙʠʥʫ ʧʨʦʥʠʢʥʝʥʥʷ ʘʨʦʤʦʢʣʝʶ ʚ ʩʪʨʫʢʪʫʨʫ ʩʫʙʩʪʨʘʪʫ, ʱʦ ʜʦʟʚʦʣʠʣʦ 

ʬʦʨʤʘʣʽʟʫʚʘʪʠ ʪʘ ʨʦʟʚôʷʟʘʪʠ ʟʘʜʘʯʫ ʦʧʪʠʤʽʟʘʮʽʾ ʟʘ ʧʨʽʦʨʠʪʝʪʥʽʩʪʶ ʚʧʣʠʚʫ 

ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʧʨʦʮʝʩ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʚʛʦʪʨʠʚʘʣʦʩʪʽ ʪʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʘʨʦʤʦʨʝʢʣʘʤʠ ʥʘ ʧʘʢʦʚʘʥʥʷʭ. 

9. ʇʽʜʪʚʝʨʜʞʝʥʦ ʚʧʣʠʚ ʥʘ ʚʝʣʠʯʠʥʫ ʛʣʦʙʘʣʴʥʦʾ ʤʽʛʨʘʮʽʾ ʰʢʽʜʣʠʚʠʭ  

ʨʝʯʦʚʠʥ ʟ ʚʽʜʙʠʪʢʽʚ ʜʦ ʽʤʽʪʘʪʦʨʽʚ ʾʞʽ ʩʪʨʫʢʪʫʨʠ ʤʘʪʝʨʽʘʣʽʚ, ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʯʘʩʫ 

ʢʦʥʪʘʢʪʫ. ɼʦʩʣʽʜʞʝʥʦ, ʱʦ ʟʙʽʣʴʰʫʻ ʤʽʛʨʘʮʽʶ: ʥʘ 20 % ï ʥʘʷʚʥʽʩʪʴ ʤʘʢʫʣʘʪʫʨʥʦʾ 

ʩʠʨʦʚʠʥʠ ʫ ʚʽʜʙʠʪʢʫ; ʚ 3-4-ʨʘʟʠ ï ʧ̔ ʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʟ 25 Áʉ ʜʦ 150 Áʉ; 

ʚʜʚʽʯʽ  - ʯʘʩ ʢʦʥʪʘʢʪʫ ( ʚʽʜ 1 ʛʦʜʠʥʠ ʜʦ ʜʚʦʭ ʪʠʞʥʽʚ). ʇʦʙʫʜʦʚʘʥʽ 3D i 2D ʤʦʜʝʣʽ 

ʧʦʢʘʟʫʶʪʴ, ʱʦ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʩʪʫʧʝʥʷ ʧʨʦʢʣʝʶʚʘʥʥʷ ʩʫʙʩʪʨʘʪʫ ʟʤʝʥʰʫʻʪʴʩʷ 

ʘʙʩʦʨʙʮʽʷ ʝʢʦʣʦʛʽʯʥʦʾ ʦʬʩʝʪʥʦʾ ʬʘʨʙʠ, ʘʣʝ ʟʙʽʣʴʰʫʻʪʴʩʷ  ʜʠʥʘʤʽʢʘ ʧʨʦʥʠʢʥʝʥʥʷ 

ʬʘʨʙʠ ʥʘ ʨʦʩʣʠʥʥʽʡ ʦʣʠʚʽ ʚ ʩʪʨʫʢʪʫʨʫ ʤʘʪʝʨʽʘʣʫ. ʆʨʛʘʥʦʣʝʧʪʠʯʥʽ ʤʝʪʦʜʠ 

ʧʽʜʪʚʝʨʜʠʣʠ ʚʧʣʠʚ ʚʣʘʩʪʠʚʦʩʪʝʡ  ʬʘʨʙʠ ʥʘ ʩʤʘʢʦʚʽ ʪʘ ʟʘʧʘʭʦʚʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʟʘʧʘʢʦʚʘʥʠʭ ʧʨʦʜʫʢʪʽʚ. 
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ɼʘʥʘ ʽʥʩʪʨʫʢʮʽʷ ʨʝʛʣʘʤʝʥʪʫʻ ʤʝʪʦʜʠʢʫ ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ ʜʨʫʢʘʨʩʴʢʠʭ 

ʚʽʜʙʠʪʢʽʚ ʥʘ ʧʘʢʦʚʘʥʥʷʭ ʟ ʢʘʨʪʦʥʫ ʽ ʛʦʬʨʦʢʘʨʪʦʥʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʫʥʢʮʽʾ 

ʙʘʞʘʥʦʩʪʽ  ʪʘ ʰʢʘʣʠ ʍʘʨʨʥ̔ʛʪʦʥʘ. 

ɸ.1. ɿʘʛʘʣʴʥʽ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʧʦʙʫʜʦʚʫ ʬʫʥʢʮʽʾ ʙʘʞʘʥʦʩʪʽ ʜʣʷ  

ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ ʜʨʫʢʘʨʩʴʢʠʭ ʚʽʜʙʠʪʢʽʚ 

ʏʘʩʪʦ ʧʝʨʝʜ ʚʠʨʦʙʥʠʢʘʤʠ ʧʦʣʽʛʨʘʬʽʯʥʦʾ ʪʘ ʧʘʢʫʚʘʣʴʥʦʾ ʧʨʦʜʫʢʮʽʾ ʧʦʩʪʘʻ 

ʧʨʦʙʣʝʤʘ ʥʝ ʪʽʣʴʢʠ ʚʠʟʥʘʯʝʥʥʷ ʥʘʙʦʨʫ ʢʚʘʣʽʤʝʪʨʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʜʨʫʢʘʨʩʴʢʠʭ 

ʚʽʜʙʠʪʢʽʚ, ʘ ʱʝ ʡ ʨʦʟʨʘʭʫʥʢʫ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʷʢʦʩʪʽ. ʊʠʧʦʚʠʤ 

ʧʨʠʢʣʘʜʦʤ ʻ ʧʨʦʙʣʝʤʘ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʜʨʫʢʘʨʩʴʢʠʭ ʚʽʜʙʠʪʢʽʚ ʟʘ ʜʝʢʽʣʴʢʦʤʘ 

ʧʘʨʘʤʝʪʨʘʤʠ, ʟʦʢʨʝʤʘ ʟʘ ʦʜʠʥʠʯʥʠʤʠ ʜʝʥʩʠʪʦʤʝʪʨʠʯʥʠʤʠ ʪʘ ʢʦʣʦʨʠʤʝʪʨʠʯʥʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤʠ : ʦʧʪʠʯʥʦʶ ʱʽʣʴʥʽʩʪʶ, ʨʽʟʥʠʮʝʶ ʢʦʣʴʦʨʽʚ, ʧʦʢʘʟʥʠʢʦʤ ʩʪʘʙʽʣʴʥʦʩʪʽ 

ʜʨʫʢʫ, ʢʦʝʬʽʮʽʻʥʪʦʤ ʢʦʥʪʨʘʩʪʫ ʪʦʱʦ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʧʦʢʘʟʥʠʢʘ 

ʷʢʦʩʪʽ ʚʽʜʙʠʪʢʘ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʝʪʦʜ ʍʘʨʨʽʥʛʪʦʥʘ, ʫ ʷʢʦʤʫ 

ʟʥʘʭʦʜʷʪʴʩʷ ʫʟʘʛʘʣʴʥʶʶʯʽ ʬʫʥʢʮʽʾ ʙʘʞʘʥʦʩʪʽ ʪʘ ʯʘʩʪʠʥʥʽ ʬʫʥʢʮʽʡ ʙʘʞʘʥʦʩʪʽ.  

ɼʣʷ ʧʦʙʫʜʦʚʠ ʬʫʥʢʮʽʾ ʙʘʞʘʥʦʩʪʽ ʥʘ ʚʽʩʴ ʦʨʜʠʥʘʪ ʥʘʥʦʩʷʪʴʩʷ ʟʥʘʯʝʥʥʷ 

ʧʦʢʘʟʥʠʢʘ ʙʘʞʘʥʦʩʪʽ d, ʷʢʽ ʟʤʽʥʶʶʪʴʩʷ ʚʽʜ 0 ʜʦ 1, ʧʨʠ ʮʴʦʤʫ 0 ʚʽʜʧʦʚʽʜʘʻ 

ʥʘʡʛʽʨʰʦʤʫ ʟʥʘʯʝʥʥʶ ʧʦʢʘʟʥʠʢʘ, ʘ 1 ï ʥʘʡʢʨʘʱʦʤʫ (ʪʘʙʣʠʮʷ ɸ.1).  

 

ʊʘʙʣʠʮʷ ɸ.1 

çʐʢʘʣʘ ʙʘʞʘʥʦʩʪʽè ʍʘʨʨʽʥʛʪʦʥʘ  

ʗʢʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʰʢʘʣʠ çdè ʅʠʞʥʽ ʽ ʚʝʨʭʥʽ ʤʝʞʽ 

ʽʥʪʝʨʚʘʣʽʚ ʰʢʘʣʠ 

ʙʘʞʘʥʦʩʪʽ çdè 

ɺʽʜʦʙʨʘʞʘʻ ʢʨʘʡʥʽʡ ʨʽʚʝʥʴ ʥʘʡʚʠʱʦʾ ʷʢʦʩʪʽ, 

ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʛʦ ʥʝʤʘʻ ʩʝʥʩʫ 

1,00 

ɺʽʜʦʙʨʘʞʘʻ ʥʝʟʚʠʯʥʦ ʭʦʨʦʰʫ ʷʢʽʩʪʴ ʚʽʜʙʠʪʢʫ ʥʘ 

ʨʽʚʥʽ çʚʽʜʤʽʥʥʦè 

1,00 ï 0,80 

ʇʨʠʡʥʷʪʥʠʡ ʥʘ ʨʽʚʥʽ çʜʦʙʨʝè. ɺʽʜʦʙʨʘʞʘʻ ʨʽʚʝʥʴ, 

ʱʦ ʧʝʨʝʚʠʱʫʻ ʥʘʡʢʨʘʱʠʡ ʨʽʚʝʥʴ, ʷʢʦʤʫ ʚʽʜʧʦʚʽʜʘʻ 

ʟʥʘʯʝʥʥʷ d=0,63 

0,80 ï 0,63 
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ʗʢʽʩʪʴ ʧʨʠʡʥʷʪʥʘ ʜʦ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʦʛʦ ʨʽʚʥʷ 

çʟʘʜʦʚʽʣʴʥʦè, ʘʣʝ ʚʠʤʘʛʘʻ ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

0,63ï0,37 

ɻʨʘʥʠʯʥʠʡ ʨʽʚʝʥʴ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʩʪʘʥʜʘʨʪʥʠʤ 

ʜʦʧʫʩʪʠʤʠʤ ʚʠʤʦʛʘʤ ʜʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. (ʗʢʱʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚ ʪʦʯʥʦʩʪʽ ʚʽʜʧʦʚʽʜʘʻ 

ʚʩʪʘʥʦʚʣʝʥʦʤʫ ʤʽʥʽʤʫʤʫ ʯʠ ʤʘʢʩʠʤʫʤʫ, ʪʦ 

ʟʥʘʯʝʥʥʷ çdè ʤʘʻ ʜʦʨʽʚʥʶʚʘʪʠ 0,36788=1/ʝ). 

0,37 ï 0,63 

ʇʦʛʘʥʘ 0,37ï0,20 

ɼʫʞʝ ʧʦʛʘʥʘ ʷʢʽʩʪʴ 0,20-0,00 

 

ɿ ʤʘʪʝʤʘʪʠʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʍʘʨʨʽʥʛʪʦʥ ʨʝʢʦʤʝʥʜʫʻ ʧʨʠʟʥʘʯʠʪʠ ʟʥʘʯʝʥʥʷ 

ʙʘʞʘʥʦʩʪʽ d ʚ ʪʦʯʮʽ 0,37 ʥʦʨʤʘʪʠʚʥʠʤ ʟʥʘʯʝʥʥʷʤ ʧʦʢʘʟʥʠʢʽʚ. ʏʠʩʣʦ 0,37 ʻ 

ʧʨʠʙʣʠʟʥʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʜʽʣʝʥʥʷ ʦʜʠʥʠʮʽ ʥʘ ʯʠʩʣʦ ʝ, ʜʝ ʝ ï ʦʩʥʦʚʘ ʥʘʪʫʨʘʣʴʥʦʛʦ 

ʣʦʛʘʨʠʬʤʫ. ɼʨʫʛʦʶ ʪʘʢʦʶ ʪʦʯʢʦʶ ʻ ʟʥʘʯʝʥʥʷ ʙʘʞʘʥʦʩʪʽ 0,63, ʷʢʝ ʻ ʨʝʟʫʣʴʪʘʪʦʤ 

ʨʽʟʥʠʮʽ (1-1/ʝ). ɻʨʘʬʽʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʰʢʘʣʠ ʙʘʞʘʥʦʩʪʽ ʜʣʷ ʧʦʢʘʟʥʠʢʽʚ, ʷʢʽ ʤʘʶʪʴ 

ʚʝʨʭʥʻ ʽ ʥʠʞʥʻ ʦʙʤʝʞʝʥʥʷ (ʘ ʜʦ ʪʘʢʠʭ ʚʽʜʥʦʩʠʪʴʩʷ ʦʧʪʠʯʥʘ ʱʽʣʴʥʽʩʪʴ ʚʽʜʙʠʪʢʫ, 

ʢʦʥʪʨʘʩʪ, ʧʦʢʘʟʥʠʢ ʢʦʣʴʦʨʦʚʦʛʦ ʦʭʦʧʣʝʥʥʷ, ʷʢʽ ʤʘʶʪʴ ʦʙʤʝʞʝʥʥʷ ʟʛʽʜʥʦ 

ʩʪʘʥʜʘʨʪʽʚ ISO ʜʣʷ ʨʽʟʥʠʭ ʩʧʦʩʦʙʽʚ ʜʨʫʢʫ) ʽʣʶʩʪʨʫʻ ʨʠʩ. ɸ.1, ʥʘ ʷʢʦʤʫ ʧʦ ʦʩʽ 

ʘʙʩʮʠʩ  ʚʢʘʟʘʥʽ ʟʥʘʯʝʥʥʷ ʙʘʞʘʥʦʩʪʽ d, ʟʘʧʠʩʘʥʽ ʚ ʫʤʦʚʥʦʤʫ ʤʘʩʰʪʘʙʽ. 

 

 

 

 

 

 

ʈʠʩ. ɸ.1 ʋʟʘʛʘʣʴʥʝʥʘ ʬʫʥʢʮʽʷ ʍʘʨʨʽʥʛʪʦʥʘ ʜʣʷ ʧʦʢʘʟʥʠʢʽʚ ʟ ʜʚʦʩʪʦʨʦʥʥʽʤ 

ʦʙʤʝʞʝʥʥʷʤ [1] 
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ɺ ʩʚʦʶ ʯʝʨʛʫ, ʧʦʢʘʟʥʠʢ ʙʘʞʘʥʦʩʪʽ d ʜʣʷ ʢʦʞʥʦʾ ʦʢʨʝʤʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ Y¡ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 

d = e-( Y ' )n     (ɸ.1) 

ʜʝ ʝ ï ʣʦʛʘʨʠʬʤʽʯʥʘ ʢʦʥʩʪʘʥʪʘ, ʷʢʘ ʧʨʠʙʣʠʟʥʦ ʜʦʨʽʚʥʶʻ 2,71828é;  n ï ʜʦʜʘʪʥʻ 

ʯʠʩʣʦ (0<n<Ð), ʥʝ ʦʙʦʚôʷʟʢʦʚʦ ʮʽʣʝ; 

Y¡ ï ʨʝʟʫʣʴʪʘʪ ʣʽʥʽʡʥʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʟʤʽʥʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ Y, ʜʝ Y¡ = - 

1, ʷʢʱʦ Y ʜʦʨʽʚʥʶʻ ʥʠʞʥʽʡ ʛʨʘʥʠʯʥʽʡ ʥʦʨʤʽ, ʽ Y¡ =+1, ʷʢʱʦ Y ʜʦʨʽʚʥʶʻ ʚʝʨʭʥʽʡ 

ʛʨʘʥʠʯʥʽʡ ʥʦʨʤʽ. 

ɿʘ ʬʫʥʢʮʽʻʶ ʧʝʨʝʪʚʦʨʝʥʥʷ ɽ. ʍʘʨʨʽʥʛʪʦʥʘ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʩʠʤʝʪʨʠʯʥʦ 

ʥʫʣʷ ʥʘ ʦʩʽ ʘʙʩʮʠʩ ʨʦʟʤʽʱʫʚʘʪʠ ʢʦʜʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ. ɿʥʘʯʝʥʥʷ ʥʘ 

ʢʦʜʦʚʘʥʽʡ ʰʢʘʣʽ ʧʨʠʡʥʷʪʦ ʚʠʙʠʨʘʪʠ ʚʽʜ 3 ʜʦ 6. ʅʘʧʨʠʢʣʘʜ, ʰʽʩʪʴ ʽʥʪʝʨʚʘʣʽʚ ʚ ʙʽʢ 

ʟʨʦʩʪʘʥʥʷ ʽ ʰʽʩʪʴ ʽʥʪʝʨʚʘʣʽʚ ʚ ʙʽʢ ʩʧʘʜʘʥʥʷ ʟʥʘʯʝʥʥʷ ʦʟʥʘʢʠ. ʉʘʤʝ ʚʠʙʽʨ ʯʠʩʣʘ 

ʽʥʪʝʨʚʘʣʽʚ ʚʠʟʥʘʯʘʻ ʢʨʫʪʠʟʥʫ ʢʨʠʚʦʾ ʚ ʩʝʨʝʜʥʽʭ ʽʥʪʝʨʚʘʣʘʭ. ʂʨʠʚʫ ʙʘʞʘʥʦʩʪʽ 

ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʘʦʯʥʦ ʚʽʟʫʘʣʴʥʦ ʚ ʷʢʦʩʪʽ ʥʦʤʦʛʨʘʤʠ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʷʢʦʩʪʽ ʜʨʫʢʦʚʘʥʠʭ ʚʽʜʙʠʪʢʽʚ ʚ ʨʦʣʽ ʢʨʠʪʝʨʽ ̫ʷʢʦʩʪʽ 

ʟʦʙʨʘʞʝʥʥʷ, ʦʪʨʠʤʘʥʦʛʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʙʥʦʛʦ ʜʨʫʢʫ, ʤʦʞʥʘ ʦʙʨʘʪʠ ʪʘʢʽ 

ʧʦʢʘʟʥʠʢʠ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ: ʦʧʪʠʯʥʘ ʱʽʣʴʥʽʩʪʴ ʬʦʥʫ, ʦʧʪʠʯʥʘ ʱʽʣʴʥʽʩʪʴ 

ʚʽʜʙʠʪʢʘ, ʢʦʣʽʨʥʘ ʚʽʜʤʽʥʥʽʩʪʴ, ʚʝʣʠʯʠʥʠ ʪʨʝʧʽʥʛʫ, ʢʦʥʪʨʘʩʪʫ, ʨʦʟʪʠʩʢʫʚʘʥʥʷ, 

ʢʦʚʟʘʥʥʷ, ʨʦʟʜʽʣʴʥʦʾ ʪʘ ʚʠʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ, ʢʦʥʪʨʦʣʶ ʩʫʤʽʱʝʥʥʷ ʬʘʨʙ, ʙʘʣʘʥʩʫ 

çʧʦ ʩʽʨʦʤʫè, ʧʝʨʝʜʙʘʯʝʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʚʽʜʪʚʦʨʝʥʥʷ ʥʘ ʚʽʜʙʠʪʢʫ ʜʨʽʙʥʠʭ 

ʨʘʩʪʨʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʟʘʣʝʞʥʦ ʚʽʜ ʚʠʜʫ ʟʘʜʨʫʢʦʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʤʽʢʨʦʪʝʢʩʪ. ɺ 

ʷʢʦʩʪʽ ʪʝʩʪʦʚʠʭ ʦʙ'ʻʢʪʽʚ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʽ ʪʝʩʪʦʚʽ 

ʰʢʘʣʠ  ʨʽʟʥʠʭ ʚʽʜʦʤʠʭ ʚʠʨʦʙʥʠʢʽʚ ʟ ʚʩʽʤʘ ʚʠʱʝ ʧʝʨʝʨʘʭʦʚʘʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ 

ʷʢʦʩʪʽ ʜʨʫʢʦʚʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ. 

ɿʥʘʯʝʥʥʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʷʢʦʩʪʽ ʜʨʫʢʦʚʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ, 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ:  
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ʜʝ d  ̔ï ʦʜʠʥʠʯʥʽ ʬʫʥʢʮʽʾ ʙʘʞʘʥʦʩʪʽ ʟʘ ʦʩʥʦʚʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ. ɼʣʷ 

ʜʚʦʩʪʦʨʦʥʥʽʭ ʪʘ ʦʜʥʦʩʪʦʨʦʥʥʽʭ ʟʘʣʝʞʥʦʩʪʝʡ ʬʫʥʢʮʽʾ ʙʘʞʘʥʦʩʪʽ ʍʘʨʨʽʥʛʪʦʥʘ 

ʤʘʶʪʴ ʚʠʛʣʷʜ: 

ï ʩʠʤʝʪʨʠʯʥʽ ʜʚʦʩʪʦʨʦʥʥʽ:      

,

2

exp

ö
ö
ö
ö
ö
ö

÷

õ

æ
æ
æ
æ
æ
æ

ç

å

ö
ö
ö
ö

÷

õ

æ
æ
æ
æ

ç

å

-

-
-=

i
a

i
b

i
a

i
y

k
i

d

      (ɸ.3) 

ï ʦʜʥʦʩʪʦʨʦʥʥʽ: 
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ʜʝ ʫ̔ ï ʢʦʜʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ, ʚʠʟʥʘʯʝʥʠʭ ʟʘ ʰʢʘʣʦʶ; ʘ̔ ï 

ʦʧʪʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʫ̔, ʧʨʠ ʷʢʦʤʫ ʜʚʦʩʪʦʨʦʥʥʷ ʬʫʥʢʮʽʷ ʙʘʞʘʥʦʩʪʽ 

ʜʦʨʽʚʥʶʻ 1 (100 % ʷʢʦʩʪʽ), ʘ ʦʜʥʦʩʪʦʨʦʥʥʷ ï ʥʝ ʤʝʥʰʝ ʟʘ 0,95; bʽ ï ʟʥʘʯʝʥʥʷ 

ʧʦʢʘʟʥʠʢʘ ʫ̔, ʧʨʠ ʷʢʦʤʫ ʷʢʽʩʪʴ ʥʠʟʴʢʘ, ʤʝʥʰʝ ʟʘ 0,05 (5 %); ʩ̔ ï ʟʥʘʯʝʥʥʷ 

ʧʦʢʘʟʥʠʢʘ ʫ̔, ʧʨʠ ʷʢʦʤʫ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘʜʦʚʽʣʴʥʝ ʟʥʘʯʝʥʥʷ ʷʢʦʩʪʽ (0,37) ʦʜʠʥʠʯʥʦʾ 

ʬʫʥʢʮʽʾ ʙʘʞʘʥʦʩʪʽ, ʧʘʨʘʤʝʪʨ k ʫʧʨʘʚʣʷʻ ʬʦʨʤʦʶ ʢʨʠʚʦʾ (ʟʛʽʜʥʦ ʦʮʽʥʦʢ ʝʢʩʧʝʨʪʽʚ, 

ʥʘʡʢʨʘʱʝ ʟʥʘʯʝʥʥʷ ʮʴʦʛʦ ʧʘʨʘʤʝʪʨʫ ʧʨʘʢʪʠʯʥʦ ʫ ʚʩʽʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʤʦʜʝʣʷʭ 

ʜʦʨʽʚʥʶʻ 1, ʪʦʤʫ, ʱʦ ʧʨʠ ʫ̔ = 0 ʜʦʩʷʛʘʻʪʴʩʷ ʟʘʜʦʚʽʣʴʥʝ ʟʥʘʯʝʥʥʷ ʷʢʦʩʪʽ (0,37) 

ʦʜʠʥʠʯʥʦʾ ʬʫʥʢʮʽʾ ʙʘʞʘʥʦʩʪʽ). 

ɼʣʷ ʬʦʨʤʫʚʘʥʥʷ ʢʦʜʦʚʘʥʠʭ ʟʥʘʯʝʥʴ ʦʜʠʥʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʩʠʭʦʬʽʟʠʯʥʘ çh ʢʘʣʘ ʙʘʞʘʥʦʩʪʽ ʍʘʨʨʽʥʛʪʦʥʘè, ʚʥʘʩʣʽʜʦʢ ʷʢʦʾ 

ʚʠʚʦʜʠʪʴʩʷ ʢʦʜʦʚʘʥʘ ʦʮʽʥʢʘ ʰʣʷʭʦʤ ʚʚʝʜʝʥʥʷ ʢʽʣʴʢʽʩʥʠʭ ʦʮʽʥʦʢ ʷʢʦʩʪʽ 

ʜʨʫʢʦʚʘʥʠʭ ʚʽʜʙʠʪʢʽʚ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʨʠʪʝʨʽʡ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʧʘʨʘʤʝʪʨʘ 

ʦʧʪʠʤʽʟʘʮʽʾ, ʨʦʟʨʘʭʦʚʘʥʠʡ ʟʘ ʫʟʘʛʘʣʴʥʶʶʯʦʶ ʬʫʥʢʮʽʻʶ ʙʘʞʘʥʦʩʪʽ ʍʘʨʨʽʥʛʪʦʥʘ.  

ʄʦʞʣʠʚʽʩʪʴ ʙʘʛʘʪʦʨʽʚʥʝʚʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʫʥʢʮʽʾ ʙʘʞʘʥʦʩʪʽ ʍʘʨʨʽʥʛʪʦʥʘ 

ʪʘ ʛʥʫʯʢʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʢʦʥʘʥʥʷ 

ʨʦʟʨʘʭʫʥʢʽʚ ʢʦʤʧʣʝʢʩʥʦʾ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ ʨʽʟʥʠʭ ʟʘ 
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ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʧʨʦʩʪʦʪʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘ ʨʝʘʣʴʥʫ 

ʧʨʘʢʪʠʯʥʫ ʢʦʨʠʩʥʽʩʪʴ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʦʮʽʥʶʚʘʥʥʷ ʜʨʫʢʦʚʘʥʠʭ ʚʽʜʙʠʪʢʽʚ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ çʬʫʥʢʮʽʾ ʙʘʞʘʥʦʩʪʽè ʜʣʷ ʬʦʨʤʘʣʽʟʘʮʽʾ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʢʘʟʥʠʢʘ 

ʷʢʦʩʪʽ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʧʨʦʜʫʢʮʽʾ ʪʘ ʟʘʜʦʚʦʣʝʥʥʷ 

ʚʠʤʦʛ ʩʧʦʞʠʚʘʯʽʚ. 

 

ɸ.2. ʇʨʠʢʣʘʜʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʫʥʢʮʽʾ ʍʘʨʨʽʥʛʪʦʥʘ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ 

ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʚʽʜʙʠʪʢʽʚ 

ʇʦʙʫʜʦʚʘʥʽ ʥʘ ʨʠʩ. ɸ.2.1-ɸ.2.4 ʛʨʘʬʽʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʦʧʪʠʯʥʦʾ ʱʽʣʴʥʦʩʪʽ 

ʜʨʫʢʘʨʩʴʢʠʭ ʚʽʜʙʠʪʢʽʚ ʥʘʜʨʫʢʦʚʘʥʠʭ ʛʦʣʫʙʦʶ, ʯʦʨʥʦʶ, ʧʫʨʧʫʨʥʦʶ ʽ ʞʦʚʪʦʶ 

ʬʘʨʙʦʶ, ʧʦʢʘʟʫʶʪʴ, ʱʦ ʚʝʨʭʥʷ ʤʝʞʘ ʦʧʪʠʯʥʦʾ ʱʽʣʴʥʦʩʪʽ ʛʦʣʫʙʦ ʾ ʬʘʨʙʠ 

ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 0,44 ʜʦ 1,64, ʥʠʞʥʷ ï ʚʽʜ 0,2 ʜʦ 1,42. 

 

ʈʠʩ. ɸ.2.1. ɿʘʣʝʞʥʽʩʪʴ ʦʧʪʠʯʥʦʾ ʱʽʣʴʥʦʩʪʽ ʛʦʣʫʙʦʾ ʬʘʨʙʠ ʥʘ ʚʽʜʙʠʪʢʘʭ 
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ʈʠʩ. ɸ.2.2. ɿʘʣʝʞʥʽʩʪʴ ʦʧʪʠʯʥʦʾ ʱʽʣʴʥʦʩʪʽ ʧʫʨʧʫʨʥʦʾ ʬʘʨʙʠ ʥʘ ʚʽʜʙʠʪʢʘʭ 

  

ɼʣʷ ʧʫʨʧʫʨʥʦʾ ʬʘʨʙʠ ʥʘ ʚʽʜʙʠʪʢʫ  ʦʧʪʠʯʥʘ ʱʽʣʴʥʽʩʪʴ ʩʢʣʘʜʘʻ: ʚʝʨʭʥʷ ʤʝʞʘ 

1,6, ʥʠʞʥʷ ï 1,4. 

 

ʈʠʩ. ɸ.2.3. ɿʘʣʝʞʥʽʩʪʴ ʦʧʪʠʯʥʦʾ ʱʽʣʴʥʦʩʪʽ ʯʦʨʥʦʾ ʬʘʨʙʠ ʥʘ ʚʽʜʙʠʪʢʘʭ 

 

ɼʣʷ ʚʽʜʙʠʪʢʫ ʯʦʨʥʦʶ ʬʘʨʙʦʶ ʤʘʢʩʠʤʘʣʴʥʘ ʦʧʪʠʯʥʘ ʱʽʣʴʥʽʩʪʴ ʩʪʘʥʦʚʠʪʴ 

1,58, ʤʽʥʽʤʘʣʴʥʘ ï 1,32.  
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ʈʠʩ. ɸ.2.4. ɿʘʣʝʞʥʽʩʪʴ ʦʧʪʠʯʥʦʾ ʱʽʣʴʥʦʩʪʽ ʞʦʚʪʦʾ ʬʘʨʙʠ ʥʘ ʚʽʜʙʠʪʢʘʭ 

 

ɼʣʷ ʚʽʜʙʠʪʢʫ ʞʦʚʪʦʶ ʬʘʨʙʦʶ ʚʝʨʭʥʷ ʤʝʞʘ ʦʧʪʠʯʥʦʾ ʱʽʣʴʥʦʩʪʽ ʟʤʽʥʶʻʪʴʩʷ 

ʚʽʜ 0,42 ʜʦ 1,9, ʥʠʞʥʷ ʤʝʞʘ ï ʚʽʜ 0,2 ʜʦ 1,7. 

ʅʘ ʨʠʩ. ɸ.2.5. ï ɸ.2.9 ʥʘʚʝʜʝʥʘ ʰʢʘʣʘ ʢʘʣʽʙʨʫʚʘʥʥʷ ʦʧʪʠʯʥʦʾ ʱʽʣʴʥʦʩʪʽ 

ʚʽʜʙʠʪʢʽʚ. 

 

 

 

 

 

 

 

 

 

ʈʠʩ. ɸ.2.5 ɺʠʟʥʘʯʝʥʥʷ ʢʦʜʦʚʘʥʦʛʦ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʦʧʪʠʯʥʦʾ ʱʽʣʴʥʦʩʪʽ 

ʬʦʥʫ ʟʘ ʰʢʘʣʦʶ ʍʘʨʨʽʥʛʪʦʥʘ. 
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ʈʠʩ. ɸ.2.6 . ɺʠʟʥʘʯʝʥʥʷ ʢʦʜʦʚʘʥʦʛʦ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʦʧʪʠʯʥʦʾ 

ʱʽʣʴʥʦʩʪʽ ʧʣʘʰʢʠ ʛʦʣʫʙʦʾ ʬʘʨʙʠ ʟʘ ʰʢʘʣʦʶ ʍʘʨʨʽʥʛʪʦʥʘ. 

 

ʈʠʩ. ɸ.2.7 . ɺʠʟʥʘʯʝʥʥʷ ʢʦʜʦʚʘʥʦʛʦ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʦʧʪʠʯʥʦʾ 

ʱʽʣʴʥʦʩʪʽ ʧʣʘʰʢʠ ʧʫʨʧʫʨʥʦʾ ʬʘʨʙʠ ʟʘ ʰʢʘʣʦʶ ʍʘʨʨʽʥʛʪʦʥʘ

  

ʈʠʩ. A.2.8 ɺʠʟʥʘʯʝʥʥʷ ʢʦʜʦʚʘʥʦʛʦ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʦʧʪʠʯʥʦʾ ʱʽʣʴʥʦʩʪʽ 

ʧʣʘʰʢʠ ʞʦʚʪʦʾ ʬʘʨʙʠ ʟʘ ʰʢʘʣʦʶ ʍʘʨʨʽʥʛʪʦʥʘ
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ʈʠʩ. ɸ.2.9. ɺʠʟʥʘʯʝʥʥʷ ʢʦʜʦʚʘʥʦʛʦ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʦʧʪʠʯʥʦʾ 

ʱʣ̔ʴʥʦʩʪʽ ʧʣʘʰʢʠ ʯʦʨʥʦʾ ʬʘʨʙʠ ʟʘ ʰʢʘʣʦʶ ʍʘʨʨʽʥʛʪʦʥʘ 

 

ɼʣʷ ʛʦʣʫʙʦʾ ʬʘʨʙʠ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʦʧʪʠʯʥʦʾ ʱʽʣʴʥʦʩʪʽ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 

0,54 ʜʦ 1,64, ʜʣʷ ʧʫʨʧʫʨʥʦʾ ʬʘʨʙʠ ï ʚʽʜ 0,49 ʜʦ 1,59, ʜʣʷ ʞʦʚʪʦʾ ʬʘʨʙʠ ʚʽʜ 0,44 

ʜʦ 1,54, ʜʣʷ ʯʦʨʥʦʾ ʬʘʨʙʠ  ʚʽʜ 0,66 ʜʦ 1,96       

             

  

ʈʠʩ. ɸ.2.10. ɺʠʟʥʘʯʝʥʥʷ ʢʦʜʦʚʘʥʦʛʦ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʨʽʚʥʦʤʽʨʥʦʩʪʽ 

ʜʨʫʢʫʚʘʥʥʷ ʛʦʣʫʙʦʶ ʬʘʨʙʦʶ ʟʘ ʰʢʘʣʦʶ ʍʘʨʨʽʥʛʪʦʥʘ


