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ʆʨʛʘʥʠʟʘʮʠʦʥʥʳʡ ʢʦʤʠʪʝʪ 

 

ɸʢʠʤ ʕ.ʃ. 

ʧʨʝʜʩʝʜʘʪʝʣʴ 

ʯʣʝʥ ʂʦʥʩʫʣʴʪʘʪʠʚʥʦʛʦ ʂʦʤʠʪʝʪʘ ʌɸʆ ʆʆʅ ʧʦ ʙʫ-

ʤʘʛʝ ʠ ʜʨʝʚʝʩʥʳʤ ʧʨʦʜʫʢʪʘʤ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦ-

ʬʝʩʩʦʨ, ʉʇʙɻʊʋʈʇ, ʈʦʩʩʠʷ 

ɹʦʛʦʣʠʮʳʥ ʂ.ɻ. 

ʩʦʧʨʝʜʩʝʜʘʪʝʣʴ 

ʧʨʦʨʝʢʪʦʨ ʧʦ ʥʘʫʯʥʦʡ ʨʘʙʦʪʝ, ʜ-ʨ ʭʠʤ. ʥʘʫʢ, ʧʨʦʬʝʩ-

ʩʦʨ, ʉɸʌʋ, ʈʦʩʩʠʷ 

ʂʘʟʘʢʦʚ ʗ. ɺ. 

ʩʦʧʨʝʜʩʝʜʘʪʝʣʴ 

ʟʘʚ. ʢʘʬʝʜʨʦʡ ʪʝʭʥʦʣʦʛʠʠ ʎɹʇ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦ-

ʮʝʥʪ, ʉɸʌʋ, ʈʦʩʩʠʷ 

ɼʴʷʢʦʚʘ ɽ.ɺ. 

ʩʝʢʨʝʪʘʨʴ 

ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ, ʉɸʌʋ, ʈʦʩʩʠʷ 

ɹʝʣʦʛʣʘʟʦʚ ɺ.ʀ.  ɻʣʘʚʘ ʘʜʤʠʥʠʩʪʨʘʮʠʠ ʄʆ ʛ. ʅʦʚʦʜʚʠʥʩʢ, ʢʘʥʜ. ʪʝʭʥ. 

ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʉɸʌʋ, ʈʦʩʩʠʷ 

ɻʫʨʴʝʚ ɸ.ɺ. ʥʘʯʘʣʴʥʠʢ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, 

ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ, ʉɸʌʋ, ʈʦʩʩʠʷ 

ɼʘʮʳʢʦʚʘ ɻ.ɸ. ʥʘʯʘʣʴʥʠʢ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʉɸʌʋ, 

ʈʦʩʩʠʷ 

ɼʫʙʦʚʳʡ ɺ.ʂ. ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʉʇʙɻʊʋʈʇ, ʈʦʩʩʠʷ 

ɼʫʣʴʢʠʥ ɼ.ɸ. ʛʝʥ. ʜʠʨʝʢʪʦʨ ʋʂ çʆʙʲʝʜʠʥʝʥʥʳʝ ʙʫʤʘʞʥʳʝ ʬʘʙʨʠ-

ʢʠè, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʈʦʩʩʠʷ 

ɽʣʴʮʦʚʘ ʆ.ɸ. ʟʘʤʝʩʪʠʪʝʣʴ ʧʝʨʚʦʛʦ ʧʨʦʨʝʢʪʦʨʘ ʧʦ ʩʪʨʘʪʝʛʠʯʝʩʢʦʤʫ 

ʨʘʟʚʠʪʠʶ ï ʥʘʯʘʣʴʥʠʢ ʫʧʨʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʧʦʣʠʪʠʢʠ, ʉɸʌʋ, ʈʦʩʩʠʷ 

ʂʦʤʘʨʦʚʘ ɻ.ɺ. ʜʠʨʝʢʪʦʨ ʀʥʩʪʠʪʫʪʘ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʧʨʠʢʣʘʜʥʦʡ 

ʭʠʤʠʠ, ʢʘʥʜ. ʭʠʤ. ʥʘʫʢ, ʜʦʮʝʥʪ, ʉɸʌʋ, ʈʦʩʩʠʷ 

ʉʝʚʘʩʪʴʷʥʦʚʘ ʖ.ɺ. ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ, ʉɸʌʋ, ʈʦʩʩʠʷ 

ʉʤʦʣʠʥ ɸ.ʉ. ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʉʇʙɻʊʋʈʇ, ʈʦʩʩʠʷ 

ʉʳʩʦʝʚʘ ʅ.ɺ. ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ, ʉɸʌʋ, ʈʦʩʩʠʷ 

ʎʠʙʫʣʴʩʢʠ ʋ.ʆ. ʜʠʨʝʢʪʦʨ ʧʦ ʵʢʩʧʦʨʪʫ ʢʦʤʧʘʥʠʠ çBim Finland OYè, 

ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʌʠʥʣʷʥʜʠʷ 
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ʇʦʥʝʜʝʣʴʥʠʢ, 9 ʩʝʥʪʷʙʨʷ  

 ɿʘʝʟʜ ʫʯʘʩʪʥʠʢʦʚ. ʈʘʟʤʝʱʝʥʠʝ ʚ ʛʦʩʪʠʥʠʮʘʭ 

ɺʪʦʨʥʠʢ, 10 ʩʝʥʪʷʙʨʷ  

9:00ï10:00 ʈʝʛʠʩʪʨʘʮʠʷ ʫʯʘʩʪʥʠʢʦʚ 

10:00ï10:30 ʆʪʢʨʳʪʠʝ ʢʦʥʬʝʨʝʥʮʠʠ (ʘʫʜʠʪʦʨʠʷ ʠʤʝʥʠ ʧʨʦʬ. ʆ.ʄ. ʉʦʢʦʣʦʚʘ) 

10:30ï12:00 ʇʣʝʥʘʨʥʦʝ ʟʘʩʝʜʘʥʠʝ (ʘʫʜʠʪʦʨʠʷ ʠʤʝʥʠ ʧʨʦʬ. ʆ.ʄ. ʉʦʢʦʣʦʚʘ) 

12:30ï13:30 ʆʙʝʜ 

13:30ï15:30 ʇʣʝʥʘʨʥʦʝ ʟʘʩʝʜʘʥʠʝ (ʘʫʜʠʪʦʨʠʷ ʠʤʝʥʠ ʧʨʦʬ. ʆ.ʄ. ʉʦʢʦʣʦʚʘ) 

15:30ï16:00 ʂʦʬʝ-ʙʨʝʡʢ 

16:30ï18:00 ɸʚʪʦʙʫʩʥʘʷ ʵʢʩʢʫʨʩʠʷ ʧʦ ʛʦʨʦʜʫ 

18:30 ʇʨʠʝʤ ʚ ʯʝʩʪʴ ʫʯʘʩʪʥʠʢʦʚ ʢʦʥʬʝʨʝʥʮʠʠ 

ʉʨʝʜʘ, 11 ʩʝʥʪʷʙʨʷ  

9:00ï16:00 ʐʢʦʣʘ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ (ʘʫʜʠʪʦʨʠʷ ʠʤʝʥʠ ʧʨʦʬ. ɺ.ʀ. ʂʦʤʘʨʦʚʘ) 

9:00ï16:00 ʉʪʝʥʜʦʚʘʷ ʩʝʩʩʠʷ (ʘʫʜʠʪʦʨʠʷ ʠʤʝʥʠ ʧʨʦʬ. ɺ.ʀ. ʂʦʤʘʨʦʚʘ) 

9:00ï13:00 ʉʝʩʩʠʷ çʌʠʟʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʠ ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʦ-

ʚʝʜʝʥʠʷ ʮʝʣʣʶʣʦʟʥʦ-ʙʫʤʘʞʥʳʭ ʤʘʪʝʨʠʘʣʦʚè (ʘʫʜʠʪʦʨʠʷ ʠʤʝʥʠ 

ʧʨʦʬ. ʆ.ʄ. ʉʦʢʦʣʦʚʘ) 

 ʉʝʩʩʠʷ çʅʦʚʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʪʝʭʥʠʯʝʩʢʦʡ ʮʝʣʣʶʣʦʟʳ, ʙʫʤʘʛʠ ʠ ʢʘʨʪʦ-

ʥʘè (ʃʦʤʦʥʦʩʦʚʩʢʘʷ ʘʫʜʠʪʦʨʠʷ) 

10:40ï11:00 ʂʦʬʝ-ʙʨʝʡʢ 

 ʉʝʩʩʠʷ çʇʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʙʠʦʨʝʬʘʡʥʠʥʛʘ ʠ çʟʝʣʝʥʦʡ ʭʠ-

ʤʠʠè ʚ ʧʝʨʝʨʘʙʦʪʢʝ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷè (ʃʦʤʦʥʦʩʦʚʩʢʘʷ ʘʫʜʠ-

ʪʦʨʠʷ) 

13:00ï14:00 ʆʙʝʜ 

14:00ï16:00 ʉʝʩʩʠʷ çʅʘʥʦʪʝʭʥʦʣʦʛʠʠ ʚ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʙʫʤʘʛʦʧʦʜʦʙʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʤʠʥʝʨʘʣʴʥʳʭ ʚʦʣʦʢʦʥ ʠ ʧʦʣʠʤʝʨʦʚè (ʟʘʣ 

ʟʘʩʝʜʘʥʠʡ ʋʯʝʥʦʛʦ ʩʦʚʝʪʘ) 
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ʇʷʪʥʠʮʘ, 13 ʩʝʥʪʷʙʨʷ 

9:00ï18:00 ʆʪʲʝʟʜ ʫʯʘʩʪʥʠʢʦʚ 
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ʈʌ, ʧʦʯʝʪʥʳʡ ʨʘʙʦʪʥʠʢ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦ-

ʚʘʥʠʷ ʈʌ, ʧʦʯʝʪʥʳʡ ʨʘʙʦʪʥʠʢ ʣʝʩʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʈʌ, ʜʝʡʩʪʚʠʪʝʣʴʥʳʡ 

ʯʣʝʥ ɸʢʘʜʝʤʠʠ ʧʨʦʙʣʝʤ ʢʘʯʝʩʪʚʘ ʈʌ, 

ʯʣʝʥ-ʢʦʨʨʝʩʧʦʥʜʝʥʪ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝ-

ʤʠʠ ʝʩʪʝʩʪʚʝʥʥʳʭ ʥʘʫʢ, ʯʣʝʥ ʤʝʞʜʫʥʘ-

ʨʦʜʥʦʛʦ ʥʘʫʯʥʦʛʦ ʦʙʱʝʩʪʚʘ 

EUROMECH. 

ɺʘʣʝʨʠʡ ʀʚʘʥʦʚʠʯ ʨʦʜʠʣʩʷ ʚ 1946 ʛʦʜʫ ʚ ɺʦʨʦʥʝʞʩʢʦʡ ʦʙʣʘʩʪʠ, ʚ 

1969 ʛʦʜʫ ʩ ʦʪʣʠʯʠʝʤ ʦʢʦʥʯʠʣ ʃʝʥʠʥʛʨʘʜʩʢʫʶ ʣʝʩʦʪʝʭʥʠʯʝʩʢʫʶ ʘʢʘʜʝ-

ʤʠʶ, ʚ 1972 ʫʩʧʝʰʥʦ ʟʘʱʠʪʠʣ ʜʠʩʩʝʨʪʘʮʠʶ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ 

ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ. ʊʨʫʜʦʚʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʥʘʯʘʣ ʚ 1972 ʛʦʜʫ ʘʩ-

ʩʠʩʪʝʥʪʦʤ ʢʘʬʝʜʨʳ ʪʝʭʥʦʣʦʛʠʠ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʮʝʣʣʶʣʦʟʥʦ-ʙʫʤʘʞʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ɸʨʭʘʥʛʝʣʴʩʢʦʛʦ ʣʝʩʦʪʝʭʥʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ, ʟʘʪʝʤ ʨʘʙʦʪʘʣ 

ʩʪʘʨʰʠʤ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ, ʜʦʮʝʥʪʦʤ, ʘ ʩ 1988 ʛʦʜʘ ʜʦ ʢʦʥʮʘ ʞʠʟʥʠ ʚʦʟʛʣʘʚ-

ʣʷʣ ʢʘʬʝʜʨʫ ʪʝʭʥʦʣʦʛʠʠ ʮʝʣʣʶʣʦʟʥʦ-ʙʫʤʘʞʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ɸʃʊʀ ï 

ɸɻʊʋ ï ʉɸʌʋ. ɺ 1994 ʛʦʜʫ ɺ.ʀ. ʂʦʤʘʨʦʚʫ ʧʨʠʩʫʞʜʝʥʦ ʟʚʘʥʠʝ ʧʨʦʬʝʩʩʦ-

ʨʘ, ʘ ʚ 1999 ï ʫʯʝʥʘʷ ʩʪʝʧʝʥʴ ʜʦʢʪʦʨʘ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ. 

ʇʨʦʬʝʩʩʦʨ ɺ.ʀ. ʂʦʤʘʨʦʚ ʩʦʟʜʘʣ ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʫʶ ʥʘʫʯʥʫʶ ʰʢʦʣʫ 

ʠ ʫʩʧʝʰʥʦ ʨʘʟʚʠʚʘʣ ʥʦʚʦʝ ʥʘʫʯʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ï ʤʝʭʘʥʠʢʘ ʚʦʣʦʢʥʠʩʪʳʭ 

ʮʝʣʣʶʣʦʟʥʦ-ʙʫʤʘʞʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚʳʧʦʣ-

ʥʝʥʳ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠ ʧʨʠʢʣʘʜʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʟʚʦʣʠʚʰʠʝ ʨʘʟʨʘ-

ʙʦʪʘʪʴ: ʪʝʦʨʠʶ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʘʟʨʫʰʝʥʠʷ ʚʦʣʦʢʥʠʩʪʳʭ ʮʝʣʣʶʣʦʟʥʦ-

ʙʫʤʘʞʥʳʭ ʤʘʪʝʨʠʘʣʦʚ; ʥʦʚʳʝ ʤʝʪʦʜʠʢʠ ʠ ʤʝʪʦʜʦʣʦʛʠʶ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ 

ʜʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ; ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢ ʜʝʬʦʨʤʘʪʠʚʥʦʩʪʠ; ʘʣʛʦʨʠʪʤ ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʦʙ-

ʨʘʙʦʪʢʠ ʩʣʦʞʥʳʭ ʜʣʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ; ʪʝʭʥʦ-
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ʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʝʭʥʠʯʝʩʢʦʡ ʮʝʣʣʶʣʦʟʳ, ʙʫʤʘʛʠ ʠ ʢʘʨʪʦʥʘ ʩ ʧʦʚʳ-

ʰʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʝʬʦʨʤʘʪʠʚʥʦʩʪʠ.  

ʉʦʛʣʘʩʥʦ ʨʝʰʝʥʠʷ ʇʨʝʟʠʜʠʫʤʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʝʩʪʝʩʪʚʦʟʥʘʥʠʷ 

(ʈɸɽ) ʦʪ 12.08.2011 ʛ. ʧʨʦʬʝʩʩʦʨʫ ɺ.ʀ. ʂʦʤʘʨʦʚʫ ʧʨʠʩʚʦʝʥʦ ʧʦʯʝʪʥʦʝ ʟʚʘ-

ʥʠʝ ʆʩʥʦʚʘʪʝʣʴ ʥʘʫʯʥʦʡ ʰʢʦʣʳ: ʄʝʭʘʥʠʢʘ ʮʝʣʣʶʣʦʟʥʦ-ʙʫʤʘʞʥʳʭ ʤʘʪʝ-

ʨʠʘʣʦʚ (ʩʝʨʪʠʬʠʢʘʪ ˉ0744). 

ɼʦʢʪʦʨʩʢʘʷ ʜʠʩʩʝʨʪʘʮʠʷ ʧʨʦʬʝʩʩʦʨʘ ɺ.ʀ. ʂʦʤʘʨʦʚʘ ʦʪʤʝʯʝʥʘ ɺʳʩ-

ʰʝʡ ʘʪʪʝʩʪʘʮʠʦʥʥʦʡ ʢʦʤʠʩʩʠʝʡ ʈʌ ʢʘʢ ʚʥʦʩʷʱʘʷ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ 

ʥʘʫʢʫ ʠ ʪʝʭʥʦʣʦʛʠʶ ʭʠʤʠʯʝʩʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʜʨʝʚʝʩʠʥʳ. ɺʘʣʝʨʠʡ ʀʚʘʥʦ-

ʚʠʯ ʂʦʤʘʨʦʚ ï ʘʚʪʦʨ ʩʚʳʰʝ 500 ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʫʯʝʙʥʠʢʦʚ, 

ʤʦʥʦʛʨʘʬʠʡ ʠ ʫʯʝʙʥʳʭ ʧʦʩʦʙʠʡ. 

ʆʥ ʷʚʣʷʣʩʷ ʯʣʝʥʦʤ ʵʢʩʧʝʨʪʥʦʛʦ ʩʦʚʝʪʘ ɺɸʂ, ʟʘʤʝʩʪʠʪʝʣʝʤ ʧʨʝʜʩʝʜʘ-

ʪʝʣʷ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʩʦʚʝʪʘ ɼ.212.008.02 ʉʝʚʝʨʥʦʛʦ (ɸʨʢʪʠʯʝʩʢʦʛʦ) ʬʝ-

ʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ ʠ ʯʣʝʥʦʤ ʜʠʩʩʝʨʪʘʮʠʦʥ-

ʥʦʛʦ ʩʦʚʝʪʘ ɼ.212.220.01 ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʣʝʩʦʪʝʭ-

ʥʠʯʝʩʢʦʡ ʘʢʘʜʝʤʠʠ, ʯʣʝʥʦʤ ʨʝʜʢʦʣʣʝʛʠʡ ʞʫʨʥʘʣʦʚ çʀʟʚʝʩʪʠʷ ʚʳʩʰʠʭ 

ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ ʃʝʩʥʦʡ ʞʫʨʥʘʣè, çʍʠʤʠʷ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷè ʠ 

çʎʝʣʣʶʣʦʟʘ. ɹʫʤʘʛʘ. ʂʘʨʪʦʥè. 

ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʨʘʙʦʪʘ ʧʨʦʬʝʩʩʦʨʘ ɺ.ʀ. ʂʦʤʘʨʦʚʘ ʙʳʣʘ 

ʪʝʩʥʦ ʩʚʷʟʘʥʘ ʩ ʧʦʜʛʦʪʦʚʢʦʡ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʜʨʦʚ. ʇʦʜ ʝʛʦ 

ʨʫʢʦʚʦʜʩʪʚʦʤ ʟʘʱʠʱʝʥʳ 23 ʢʘʥʜʠʜʘʪʩʢʠʭ ʜʠʩʩʝʨʪʘʮʠʠ. ɺʘʣʝʨʠʡ ʀʚʘʥʦʚʠʯ 

ʙʳʣ ʧʨʝʢʨʘʩʥʳʤ ʧʝʜʘʛʦʛʦʤ, ʧʦʣʴʟʦʚʘʣʩʷ ʟʘʩʣʫʞʝʥʥʳʤ ʫʚʘʞʝʥʠʝʤ ʩʨʝʜʠ 

ʩʪʫʜʝʥʪʦʚ ʠ ʚʳʧʫʩʢʥʠʢʦʚ ʠʥʩʪʠʪʫʪʘ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʭʠʤʠʠ. 

ʂʘʬʝʜʨʘ, ʢʦʪʦʨʫʶ ʦʥ ʚʦʟʛʣʘʚʣʷʣ ʙʦʣʝʝ ʯʝʪʚʝʨʪʠ ʚʝʢʘ, ʟʘʥʠʤʘʝʪ ʦʜʥʦ ʠʟ 

ʧʝʨʚʳʭ ʤʝʩʪ ʚ ʈʦʩʩʠʠ ʩʨʝʜʠ ʢʘʬʝʜʨ, ʚʝʜʫʱʠʭ ʧʦʜʛʦʪʦʚʢʫ ʩʧʝʮʠʘʣʠʩʪʦʚ 

ʜʣʷ ʮʝʣʣʶʣʦʟʥʦ-ʙʫʤʘʞʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ɿʘʩʣʫʛʠ ʧʨʦʬʝʩʩʦʨʘ ɺ.ʀ. ʂʦʤʘʨʦʚʘ ʚ ʦʙʣʘʩʪʠ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ ʠ ʚʳʩ-

ʰʝʡ ʰʢʦʣʳ ʦʪʤʝʯʝʥʳ ʧʨʝʩʪʠʞʥʳʤʠ ʧʦʯʝʪʥʳʤʠ ʟʚʘʥʠʷʤʠ, ʦʨʜʝʥʦʤ ɼʨʫʞ-

ʙʳ, ʧʦʯʝʪʥʦʡ ʩʝʨʝʙʨʷʥʦʡ ʤʝʜʘʣʴʶ ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦ (ʈɸɽʅ), ʦʨʜʝʥʦʤ 

çʂʫʣʠʙʠʥʘ ʀ.ʇ.è, ʧʦʯʝʪʥʳʤʠ ʛʨʘʤʦʪʘʤʠ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʦʙʨʘʟʦʚʘ-

ʥʠʷ ʈʌ, ʘʜʤʠʥʠʩʪʨʘʮʠʠ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ, ʤʵʨʠʠ ʛ. ɸʨʭʘʥʛʝʣʴʩʢʘ, 

ɸʨʭʘʥʛʝʣʴʩʢʦʛʦ ʦʙʣʘʩʪʥʦʛʦ ʩʦʙʨʘʥʠʷ ʜʝʧʫʪʘʪʦʚ, ʧʨʝʤʠʝʡ ʠʤ. ʄ.ɺ. ʃʦʤʦ-

ʥʦʩʦʚʘ. 

ʂʦʣʣʝʛʠ ʠ ʜʨʫʟʴʷ ɺʘʣʝʨʠʷ ʀʚʘʥʦʚʠʯʘ ʚʳʩʦʢʦ ʮʝʥʠʣʠ ʝʛʦ ʧʨʦʬʝʩʩʠʦ-

ʥʘʣʠʟʤ, ʦʛʨʦʤʥʦʝ ʪʨʫʜʦʣʶʙʠʝ, ʪʨʝʙʦʚʘʪʝʣʴʥʦʩʪʴ ʚ ʨʘʙʦʪʝ, ʠʩʪʠʥʥʫʶ ʧʦʨʷ-

ʜʦʯʥʦʩʪʴ ʠ ʠʥʪʝʣʣʠʛʝʥʪʥʦʩʪʴ.  
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ɸʫʜʠʪʦʨʠʷ 1406, ʛʜʝ ʚ ʪʝʯʝʥʠʝ ʤʥʦʛʠʭ ʣʝʪ ɺ.ʀ. ʂʦʤʘʨʦʚ ʯʠʪʘʣ ʣʝʢ-

ʮʠʠ, ʩʝʛʦʜʥʷ ʥʦʩʠʪ ʝʛʦ ʠʤʷ. 

ɺ 2011 ʛʦʜʫ ʚ ʉɸʌʋ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ I ʄʝʞʜʫʥʘʨʦʜʥʘ ̫ʢʦʥʬʝʨʝʥʮʠʷ 

çʇʨʦʙʣʝʤʳ ʤʝʭʘʥʠʢʠ ʮʝʣʣʶʣʦʟʥʦ-ʙʫʤʘʞʥʳʭ ʤʘʪʝʨʠʘʣʦʚè, ʚ ʨʝʰʝʥʠʠ ʢʦ-

ʪʦʨʦʡ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʧʦʩʚʷʪʠʪʴ ʜʘʥʥʫʶ ʢʦʥʬʝʨʝʥʮʠʶ ɺ.ʀ. ʂʦʤʘʨʦʚʫ. 

II  ʄʝʞʜʫʥʘʨʦʜʥʘ ̫ʢʦʥʬʝʨʝʥʮʠ,̫ çʇʨʦʙʣʝʤʳ ʤʝʭʘʥʠʢʠ ʮʝʣʣʶʣʦʟʥʦ-

ʙʫʤʘʞʥʳʭ ʤʘʪʝʨʠʘʣʦʚè, ʢʦʪʦʨʘʷ ʧʨʦʭʦʜʠʪ ʚ ʉʝʚʝʨʥʦʤ (ɸʨʢʪʠʯʝʩʢʦʤ) ʬʝ-

ʜʝʨʘʣʴʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ ʩ 10 ʧʦ 12 ʩʝʥʪʷʙʨʷ 

2013 ʛ., ʧʦʩʚʷʱʘʝʪʩʷ ʧʘʤʷʪʠ ʧʨʦʬʝʩʩʦʨʘ ɺ.ʀ. ʂʦʤʘʨʦʚʘ.  
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ʈɽʐɽʅʀɽ ʇʈʆɹʃɽʄ ʄɽʍɸʅʀʂʀ ɺʆʃʆʂʅʀʉʊʓʍ ʎɽʃʃʖʃʆɿʅʆ-

ɹʋʄɸɾʅʓʍ ʄɸʊɽʈʀɸʃʆɺ ʅɸ ʆʉʅʆɺɽ ʂʆʅʎɽʇʎʀʀ 

ʂʆʄʇʃɽʂʉʅʆʁ ʆʎɽʅʂʀ ʂɸʏɽʉʊɺɸ 

 

ʗ.ɺ. ʂʘʟʘʢʦʚ  

ʉʝʚʝʨʥʳʡ (ɸʨʢʪʠʯʝʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɸʨʭʘʥʛʝʣʴʩʢ, ʈʦʩʩʠʷ 

 

ɺʳʧʦʣʥʝʥ ʦʙʟʦʨ ʦʩʥʦʚʥʳʭ ʚʦʧʨʦʩʦʚ ʚ ʦʙʣʘʩʪʠ ʠʟʫʯʝʥʠʷ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʠ ʧʨʦʯ-

ʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʣʦʢʥʠʩʪʳʭ ʮʝʣʣʶʣʦʟʥʦ-ʙʫʤʘʞʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʆʪʤʝʯʝʥʳ 

ʦʩʥʦʚʥʳʝ ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʥʘʫʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦ ʠʟʫʯʝʥʠʶ ʤʝʭʘʥʠʟʤʦʚ ʬʦʨʤʠʨʦ-

ʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ, ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʘʟʨʫʰʝʥʠʷ ʙʫʤʘʛʠ ʠ ʢʘʨʪʦʥʘ. ʆʧʨʝʜʝʣʝʥʳ ʙʘʟʦ-

ʚʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʩ ʧʦʚʳ-

ʰʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʝʬʦʨʤʘʪʠʚʥʦʩʪʠ.  

 

ADDRESSING THE MECHA NICS OF FIBER PULP AND PAPER 

MATERIALS BASED ON  THE CONCEPT OF INTEG RATED QUALITY 

EVALUATION  

 

Y. Kazakov  

Northern (Arctic) Federal University, Arkhangelsk, Russia 

 

The review of the basic questions in the field of studying deformation and strength 

characteristics of fibrous pulp-and-paper materials is executed. The basic tendencies of de-

velopment of scientific directions on studying of mechanisms of structure formation, defor-

mation and paper and cardboard destruction are noted. Priorities of using of the integrated 

quality evaluation for the technology modernization in the production of materials with im-

proved deformability characteristics are defined. 

 

ʇʦʚʝʜʝʥʠʝ ʙʫʤʘʛʠ ʠ ʢʘʨʪʦʥʘ ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʠ ʧʨʠʤʝʥʝʥʠʠ ʦʧʨʝʜʝ-

ʣʷʝʪʩʷ ʫʨʦʚʥʝʤ ʠʭ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʢʦʪʦʨʳʝ ʦʙʫʩʣʦʚʣʝʥʳ 

ʩʪʨʫʢʪʫʨʦʡ ʮʝʣʣʶʣʦʟʥʦ-ʙʫʤʘʞʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʧʦʩʣʝʜʥʷʷ ʚ ʩʚʦʶ ʦʯʝ-

ʨʝʜʴ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʦʞʥʳʤ ʠ ʤʥʦʛʦʬʘʢʪʦʨʥʳʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʨʝʞʠ-

ʤʦʤ ʠʟʛʦʪʦʚʣʝʥʠʷ. ʇʦʣʫʯʝʥʠʝ ʙʫʤʘʛʠ ʠ ʢʘʨʪʦʥʘ ʥʝʦʙʭʦʜʠʤʦʛʦ ʢʘʯʝʩʪʚʘ 

ʧʨʠ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʤʠʥʠʤʘʣʴʥʳʭ ʟʘʪʨʘʪʘʭ ʪʨʝʙʫʝʪ 

ʟʥʘʥʠʡ ʦ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚʘʭ ʙʫʤʘʛʠ ʠ ʫʤʝʥʠʷ ʫʧʨʘʚʣʷʪʴ ʠʤʠ [4].  

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʚ ʦʙʣʘʩʪʠ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʚʦʣʦʢʥʠʩʪʳʭ ʮʝʣʣʶʣʦʟʥʦ-ʙʫʤʘʞʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʣʝʜʫʝʪ ʧʨʠʥʠ-

ʤʘʪʴ ʚʦ ʚʥʠʤʘʥʠʝ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʜʘʥʥʳʝ ʣʠʩʪʦʚʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʨʘʩʪʠʪʝʣʴʥʳʭ ʚʦʣʦʢʦʥ, ʦʙʣʘʜʘʷ ʪʦʣʴʢʦ ʠʤ ʧʨʠʩʫʱʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ, ʧʨʦʷʚʣʷʪʁ ʚ ʪʦʞʝ ʚʨʝʤʷ ʧʨʠʟʥʘʢʠ ʧʦʣʠʤʝʨʦʚ ʠ ʢʦʤʧʦʟʠʪʦʚ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘʜʘʧʪʘʮʠʷ ʤʝʪʦʜʦʚ ʠ ʪʝʦʨʠʡ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʜʣʷ ʧʦʣʠʤʝ-

ʨʦʚ ʠ ʢʦʤʧʦʟʠʪʦʚ, ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʚʦʡʩʪʚ ʙʫʤʘʛʠ ʠ ʢʘʨʪʦʥʘ, ʧʦʟʚʦʣʷʝʪ 
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ʧʦʣʫʯʠʪʴ ʥʦʚʳʝ ʜʘʥʥʳʝ ʦʙ ʠʭ ʩʪʨʫʢʪʫʨʝ, ʩʚʦʡʩʪʚʘʭ ʠ ʦʩʦʙʝʥʥʦʩʪʷʭ ʤʝʭʘ-

ʥʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ.  

ɼʦʩʪʠʞʝʥʠʝ ʟʘʜʘʥʥʦʛʦ ʫʨʦʚʥʷ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ, ʧʨʦʯʥʦʩʪʥʳʭ ʠ 

ʞʝʩʪʢʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʮʝʣʣʶʣʦʟʳ, ʙʫʤʘʛʠ ʠ ʢʘʨʪʦʥʘ ʷʚʣʷʶʪʩʷ ʚʘʞʥʦʡ ʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʦʡ ʠ ʤʘʪʝʨʠʘʣʦʚʝʜʯʝʩʢʦʡ ʧʨʦʙʣʝʤʦʡ, ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʠʤʝʶʱʝʡ 

ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʠ ʥʘʜʝʞʥʦʛʦ ʨʝʰʝʥʠʷ. ʕʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪʩʷ: ʩʣʦʞʥʦʩʪʴʶ 

ʟʘʜʘʯ, ʩʪʦʷʱʠʭ ʥʘ ʩʪʳʢʝ ʤʥʦʛʠʭ ʥʘʫʢ; ʤʥʦʛʦʩʪʘʜʠʡʥʦʩʪʴʶ ʠ ʤʥʦʛʦʬʘʢʪʦʨ-

ʥʦʩʪʴʶ, ʭʘʨʘʢʪʝʨʥʳʤʠ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʮʝʣʣʶʣʦʟʥʦ-ʙʫʤʘʞʥʳʭ ʤʘʪʝʨʠʘ-

ʣʦʚ. ɺʩʝ ʵʪʦ ʦʧʨʝʜʝʣʷʝʪ ʚʳʩʦʢʠʝ ʚʘʨʠʘʮʠʦʥʥʦʩʪʴ ʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʠʭ 

ʩʪʨʫʢʪʫʨʳ [3,4]. 

ʀʥʞʝʥʝʨʥʳʡ ʧʦʜʭʦʜ ʢ ʨʝʰʝʥʠʶ ʮʝʣʦʛʦ ʨʷʜʘ ʟʘʜʘʯ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ 

ʩʚʷʟʘʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ 

ʚ ʦʙʨʘʟʮʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʧʨʫʛʦʩʪʠ (ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ, ʧʨʝʜʝʣ ʫʧʨʫʛʦʩʪʠ, 

ʧʨʝʜʝʣ ʫʧʨʫʛʦʡ ʜʝʬʦʨʤʘʮʠʠ), ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʜʦʩʪʦʚʝʨʥʦʡ ʦʮʝʥʢʠ ʧʦʚʝ-

ʜʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʠ ʢʦʥʝʯʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ. ʕʪʦ ʧʦʟʚʦʣʷ-

ʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʨʘʟʨʘʙʦʪʢʠ ʠ ʨʘʩʯʝʪʳ ʜʣʷ ʚʳʙʦʨʘ ʢʦʤʧʦʟʠ-

ʮʠʠ ʧʦ ʚʦʣʦʢʥʫ ʠ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ. 

ʇʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʤʝʭʘʥʠʟʤʝ ʷʚʣʝʥʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʩʪʨʫʢʪʫʨʝ 

ʮʝʣʣʶʣʦʟʥʦ-ʙʫʤʘʞʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʧʨʠʣʦʞʝʥʠʠ ʨʘʩʪʷʛʠʚʘʶʱʠʭ, ʩʞʠ-

ʤʘʶʱʠʭ ʠʣʠ ʠʟʛʠʙʘʶʱʠʭ ʥʘʛʨʫʟʦʢ, ʧʦʟʚʦʣʷʶʪ ʨʘʟʨʘʙʦʪʘʪʴ ʪʝʦʨʝʪʠʯʝʩʢʫʶ 

ʦʩʥʦʚʫ ʜʣʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʢʘʢ ʧʨʦʮʝʩʩʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʮʝʣʣʶʣʦʟʳ, 

ʙʫʤʘʛʠ ʠ ʢʘʨʪʦʥʘ, ʪʘʢ ʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʢʦʥʪʨʦʣʷ ʥʦ-

ʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʠʘʣʘ [3]. 

ʂʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʨʝʰʝʥʠʶ ʩʪʦʷʱʠʭ ʧʝʨʝʜ ʦʪʨʘʩʣʝʚʦʡ ʥʘʫʢʦʡ 

ʧʨʦʙʣʝʤ ʚ ʦʙʣʘʩʪʠ ʤʝʭʘʥʠʢʠ ʩʚʷʟʘʥ ʩ ʨʘʟʚʠʪʠʝʤ ʥʘʫʯʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ 

ʦʮʝʥʢʠ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʜʝʬʦʨʤʘʪʠʚʥʦʩʪʠ ʠ ʧʨʦʯʥʦʩʪʠ ʙʫʤʘʛʠ 

ʠ ʢʘʨʪʦʥʘ ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʚʦʣʦʢʥʠʩʪʦʡ ʤʘʩʩʳ ʥʘ ʦʩʥʦʚʝ ʬʫʥʜʘʤʝʥ-

ʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʩʪʨʫʢʪʫʨʥʦʡ ʤʝʭʘʥʠʢʠ ʙʫʤʘʛʠ ʠ ʦʙʦʩʥʦ-

ʚʘʥʠʝʤ ʥʘʫʢʦʸʤʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʮʝʣʣʶʣʦʟʳ, ʙʫʤʘʛʠ ʠ ʢʘʨʪʦʥʘ ʩ ʟʘʜʘʥʥʳʤʠ 

ʜʝʬʦʨʤʘʮʠʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ʉʬʦʨʤʫʣʠʨʦʚʘʥʥʘʷ ʠ ʨʝʘʣʠʟʦʚʘʥʥʘʷ ʥʘ ʧʨʘʢʪʠʢʝ ʢʦʥʮʝʧʮʠʷ ʢʦʤ-

ʧʣʝʢʩʥʦʡ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʚʦʣʦʢʥʠʩʪʦʡ ʤʘʩʩʳ ʠ ʣʠʩʪʦʚʳʭ ʮʝʣʣʶʣʦʟʥʦ-

ʙʫʤʘʞʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʚʢʣʶʯʘʶʱʘʷ ʪʝʦʨʝʪʠʯʝʩʢʦʝ, ʤʝʪʦʜʠʯʝʩʢʦʝ ʠ ʧʨʦ-

ʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ, ʜʝʬʦʨʤʘʮʠʦʥ-

ʥʳʭ ʠ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ, ʩʞʘʪʠʠ ʠ ʠʟʛʠʙʝ, ʧʦʜ-

ʨʘʟʫʤʝʚʘʝʪ ʨʝʰʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʟʘʜʘʯ: 
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- ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ 

ʩʪʨʫʢʪʫʨʥʳʭ, ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʠ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʮʝʣʣʶʣʦʟʥʦ-

ʙʫʤʘʞʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ, ʩʞʘʪʠʠ ʠ ʠʟʛʠʙʝ, ʚʢʣʶʯʘʷ ʘʧʧʘʨʘ-

ʪʫʨʥʦʝ ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ; 

- ʫʩʪʘʥʦʚʣʝʥʠʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʝʞʜʫ ʦʩʥʦʚʥʳʤʠ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚʦʣʦʢʥʘ ʠ ʩʪʨʫʢʪʫʨʥʳʤʠ, ʜʝʬʦʨʤʘʮʠʦʥʥʳʤʠ ʠ ʧʨʦʯʥʦʩʪ-

ʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʙʫʤʘʛʠ ʠ ʢʘʨʪʦʥʘ; 

-  ʢʦʣʠʯʝʩʪʚʝʥʥʘ ̫ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ ʜʝʬʦʨʤʘʪʠʚʥʦʩʪʠ ʠ ʧʨʦʯʥʦʩʪʠ ʪʝʭʥʠʯʝʩʢʦʡ ʮʝʣʣʶʣʦʟʳ, ʙʫ-

ʤʘʛʠ ʠ ʢʘʨʪʦʥʘ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʠ ʤʘʰʠʥʥʦʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ; 

- ʫʩʪʘʥʦʚʣʝʥʠʝ ʤʝʭʘʥʠʟʤʘ ʨʘʟʚʠʪʠʷ ʦʙʱʠʭ ʠ ʣʦʢʘʣʴʥʳʭ ʜʝʬʦʨʤʘʮʠʡ 

ʠ ʥʘʧʨʷʞʝʥʠʡ ʚ ʦʙʨʘʟʮʘʭ ʙʫʤʘʛʠ ʠ ʢʘʨʪʦʥʘ ʧʨʠ ʠʭ ʥʘʛʨʫʞʝʥʠʠ ʠ ʜʝʬʦʨʤʠ-

ʨʦʚʘʥʠʠ; 

- ʨʘʟʨʘʙʦʪʢʘ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʢʦʥʮʝʧʮʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʝʬʦʨʤʘʮʠʦʥ-

ʥʳʭ ʠ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʚʦʣʦʢʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ; 

- ʨʘʟʨʘʙʦʪʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʚʦʡʩʪʚ 

ʙʫʤʘʛʠ ʠ ʢʘʨʪʦʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʣʦʢʥʘ ʠ ʤʘʢʨʦʩʪʨʫʢ-

ʪʫʨʳ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʨʘʟʨʘʙʦʪʘʥʦ ʤʝʪʦʜʠʯʝʩʢʦʝ ʦʙʝʩʧʝ-

ʯʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ, ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʠ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢ ʮʝʣʣʶʣʦʟʥʦ-ʙʫʤʘʞʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ, ʩʞʘʪʠʠ ʠ 

ʠʟʛʠʙʝ, ʚʢʣʶʯʘʷ ʘʧʧʘʨʘʪʫʨʥʦʝ ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ. ɺ ʬʝʜʝʨʘʣʴʥʦʡ 

ʩʣʫʞʙʝ ʧʦ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ, ʧʘʪʝʥʪʘʤ ʠ ʪʦʚʘʨʥʳʤ ʟʥʘʢʘʤ 

(ʈʦʩʧʘʪʝʥʪ) ʦʬʠʮʠʘʣʴʥʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ 11 ʩʚʠʜʝʪʝʣʴʩʪʚ. ʄʝʪʦʜʠʢʠ ʠʟ 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʤʘʪʝʨʠʘʣʦʚ 

3 ʜʦʢʪʦʨʩʢʠʭ ʠ 22 ʢʘʥʜʠʜʘʪʩʢʠʭ ʜʠʩʩʝʨʪʘʮʠʡ, ʘ ʪʘʢʞʝ ʘʧʨʦʙʠʨʦʚʘʥʳ ʜʣʷ 

ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʚʦʣʦʢʥʠʩʪʳʭ ʮʝʣʣʶʣʦʟʥʦ-ʙʫʤʘʞʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʢʨʫʧ-

ʥʝʡʰʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʮʝʣʣʶʣʦʟʥʦ-ʙʫʤʘʞʥʦʡ ʧʨʦʤʳʰʣʝʥ-

ʥʦʩʪʠ ʠ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʦʨʛʘʥʠʟʘʮʠʷʭ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʪʘʣʠ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʙʘʟʦʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʯʝʪʳʨʝʭ ʥʦʚʳʭ ʧʨʠʙʦʨʦʚ ʜʣʷ ʦʮʝʥʢʠ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʠ ʧʨʦʯʥʦʩʪʥʳʭ 

ʩʚʦʡʩʪʚ ʮʝʣʣʶʣʦʟʥʦ-ʙʫʤʘʞʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʠ ʩʞʘʪʠʠ.  

ʉʦʚʨʝʤʝʥʥʦʝ ʧʨʠʙʦʨʥʦʝ ʦʩʥʘʱʝʥʠʝ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʠ ʢʦʤʧʴʶʪʝʨʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʝʪʦʜʠʢ. ɼʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʮʝʣʣʶʣʦ-

ʟ,r ʙʫʤʘʛʠ ʠ ʢʘʨʪʦʥʘ ʨʘʟʨʘʙʦʪʘʥʦ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝ-

ʥʠʝ: 



 

I I  ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 
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- ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʣʷ ʦʮʝʥʢʠ ʜʝʬʦʨʤʘʪʠʚ-

ʥʦʩʪʠ ʠ ʧʨʦʯʥʦʩʪʠ ʮʝʣʣʶʣʦʟʥʦ-ʙʫʤʘʞʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (2001); 

- ʜʣʷ ʨʘʩʯʸʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʷʟʢʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ ʮʝʣʣʶʣʦʟʥʦ-

ʙʫʤʘʞʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʦʛʣʘʩʥʦ SCANïP 77:95 (2001); 

- ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʡ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʣʠʩʪʦʚʳʭ ʤʘ-

ʪʝʨʠʘʣʦʚ ʠʟ ʤʠʥʝʨʘʣʴʥʳʭ ʚʦʣʦʢʦʥ (2005); 

- ʜʣʷ ʨʘʩʯʝʪʘ ʜʚʫʭʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʢʨʠʪʝʨʠʷ ʨʘʟʨʫʰʝʥʠʷ ʮʝʣʣʶ-

ʣʦʟʥʦ-ʙʫʤʘʞʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (2009); 

- ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʡ ʧʨʠ ʠʟʛʠʙʝ ʮʝʣʣʶʣʦʟʥʦ-

ʙʫʤʘʞʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (2010); 

- ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʡ ʧʨʠ ʩʞʘʪʠʠ ʧʦ ʤʝʪʦʜʫ SCT 

(2010); 

- ʜʣʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʬʨʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ ʙʫ-

ʤʘʞʥʦʡ ʤʘʩʩʳ ʧʦ ʜʣʠʥʝ ʚʦʣʦʢʥʘ ʚ ʩʪʨʫʢʪʫʨʝ ʣʠʩʪʘ (2011); 

- ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʙʫʤʘʛʠ ʥʘ 

ʧʨʦʩʚʝʪ (2012); 

- ʜʣʷ ʘʥʘʣʠʟʘ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʜʣʠʥʝ ʠ ʰʠʨʠʥʝ 

ʮʝʣʣʶʣʦʟʥʳʭ ʚʦʣʦʢʦʥ ʚ ʙʫʤʘʞʥʦʡ ʤʘʩʩʝ (2012); 

- ʜʣʷ ʪʨʝʭʤʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʮʝʣʣʶʣʦʟʥʦʛʦ ʚʦʣʦʢʥʘ (2012); 

- ʜʣʷ ʨʘʩʯʝʪʘ ʥʝʦʙʭʦʜʠʤʦʡ ʧʨʦʯʥʦʩʪʠ ʛʦʬʨʦʷʱʠʢʘ ʧʨʠ ʩʞʘʪʠʠ 

(2012); 

- ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʮʝʣʣʶʣʦʟʳ 

ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʚʦʣʦʢʥʘ (2013); 

ʌʘʢʪʠʯʝʩʢʠʤ ʧʨʠʟʥʘʥʠʝʤ ʠ ʧʨʘʢʪʠʯʝʩʢʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʥʘʫʯʥʳʭ ʨʘʟ-

ʨʘʙʦʪʦʢ, ʚʳʧʦʣʥʝʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʢʘʬʝʜʨʳ ʪʝʭʥʦʣʦʛʠʠ ʎɹʇ ʉɸʌʋ 

ʚ ʦʙʣʘʩʪʠ ʬʠʟʠʢʠ ʠ ʤʝʭʘʥʠʢʠ ʮʝʣʣʶʣʦʟʥʦ-ʙʫʤʘʞʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʩʦʦʪ-

ʚʝʪʩʪʚʠʠ ʩ ʜʘʥʥʦʡ ʢʦʥʮʝʧʮʠʝʡ, ʩʪʘʣʦ ʚʢʣʶʯʝʥʠʝ ʚ ʧʨʦʛʨʘʤʤʫ ʨʘʟʚʠʪʠʷ ʉʝ-

ʚʝʨʥʦʛʦ (ɸʨʢʪʠʯʝʩʢʦʛʦ) ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦ-

ʩʦʚʘ (ʉɸʌʋ) ʥʘ 2011-2015 ʛ.ʛ. ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʢʦʨʝʥʥʦʤʫ ʧʝʨʝʦʩʥʘʱʝʥʠʶ 

ʣʘʙʦʨʘʪʦʨʥʦʡ ʙʘʟʳ ʩʦʚʨʝʤʝʥʥʳʤ ʥʘʫʢʦʝʤʢʠʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ.  

ɺ ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʛʨʘʤʤʳ ʨʘʟʚʠʪʠʷ ʉɸʌʋ, ʚ 2012 ʛ. ʚ ʨʘʤʢʘʭ 

ʥʘʫʯʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ çʈʘʟʚʠʪʠʝ ʥʘʫʯʥʳʭ ʦʩʥʦʚ ʩʦʚʨʝʤʝʥʥʳʭ ʩʧʦʩʦʙʦʚ 

ʢʦʤʧʣʝʢʩʥʦʡ ʭʠʤʠʯʝʩʢʦʡ ʠ ʙʠʦʭʠʤʠʯʝʩʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ 

ʩʳʨʴʷè, ʨʝʘʣʠʟʫʝʤʦʛʦ ʀʥʩʪʠʪʫʪʦʤ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʭʠʤʠʠ, ʩʦ-

ʟʜʘʥ ʠ ʚ 2012 ʛ. ʦʪʢʨʳʪ ʠʥʥʦʚʘʮʠʦʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʮʝʥʪʨ çʉʦʚʨʝʤʝʥ-

ʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ ʙʠʦʨʝʩʫʨʩʦʚ ʉʝʚʝʨʘè. 
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ɺ ʩʦʩʪʘʚ ʀʊʎ ʚʭʦʜʷʪ ʨʷʜ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʣʘʙʦʨʘʪʦʨʠʡ [1], 

ʦʩʥʘʱʝʥʥʳʭ ʩʦʚʨʝʤʝʥʥʳʤ ʥʘʫʢʦʝʤʢʠʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷ-

ʶʪ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʨʝʘʣʠʟʦʚʘʪʴ ʧʦʣʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʮʠʢʣ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʮʝʣʣʶʣʦʟʥʦ-ʙʫʤʘʞʥʳʭ ʤʘʪʝʨʠʘʣʦʚ: ʧʨʦʮʝʩʩʳ ʧʦʣʫʯʝʥʠʷ ʚʦ-

ʣʦʢʥʠʩʪʳʭ ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ ʠ ʧʨʦʮʝʩʩʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʦʤʧʦʟʠʮʠʡ ʙʫʤʘ-

ʛʠ ʠ ʢʘʨʪʦʥʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʘʥʠʟʦʪʨʦʧʥʳʭ ʦʙʨʘʟʮʦʚ [2], ʠ ʥʘ ʩʘʤʦʤ ʩʦʚʨʝ-

ʤʝʥʥʦʤ ʫʨʦʚʥʝ ʧʨʦʚʝʩʪʠ ʢʦʥʪʨʦʣʴ ʤʘʩʩʦʧʦʜʛʦʪʦʚʢʠ, ʚʢʣʶʯʘʷ ʘʚʪʦʤʘʪʠʟʠ-

ʨʦʚʘʥʥʳʡ ʘʥʘʣʠʟ ʩʚʦʡʩʪʚ ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ ʠ ʢʦʥʪʨʦʣʴ ʵʣʝʢʪʨʦʢʠʥʝʪʠʯʝ-

ʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʫʤʘʞʥʦʡ ʤʘʩʩʳ, ʠ ʧʦʣʥʳʡ ʣʘʙʦʨʘʪʦʨʥʳʡ ʘʥʘʣʠʟ ʬʠ-

ʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʙʫʤʘʛʠ ʠ ʢʘʨʪʦʥʘ, ʨʠʩ.1.  

ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʣʘʙʦʨʘʪʦʨʠʠ ʮʝʣʣʶʣʦʟʥʦ-ʙʫʤʘʞʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʉɸʌʋ ʩʪʘʪʴ ʣʫʯʰʝʡ ʧʦ ʦʩʥʘʱʝʥʠʶ ʚ ʈʦʩʩʠʠ ʠ ʩʦʧʦʩʪʘʚʠʤʦʡ ʧʦ ʚʦʟʤʦʞ-

ʥʦʩʪʷʤ ʩ ʣʘʙʦʨʘʪʦʨʠʷʤʠ ʚʝʜʫʱʠʭ ʟʘʨʫʙʝʞʥʳʭ ʫʥʠʚʝʨʩʠʪʝʪʦʚ. 

  
ʘ ʙ 

  
ʚ ʛ 

ʈʠʩ. 1. ʀʥʥʦʚʘʮʠʦʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʮʝʥʪʨ çʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝ-

ʨʘʙʦʪʢʠ ʙʠʦʨʝʩʫʨʩʦʚ ʉʝʚʝʨʘè 

ʅʘʢʦʧʣʝʥʥʳʡ ʦʧʳʪ ʠʥʪʝʛʨʘʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʥʘʫʯʥʳʤ ʩʦʦʙʱʝ-

ʩʪʚʦʤ ʧʦʟʚʦʣʷʶʪ ʧʦʜʢʣʶʯʠʪʴʩʷ ʢ ʨʝʰʝʥʠʶ ʧʨʦʙʣʝʤ ʤʝʭʘʥʠʢʠ ʮʝʣʣʶʣʦʟ-

ʥʦ-ʙʫʤʘʞʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʙʩʫʞʜʘʝʤʳʭ ʚ ʤʠʨʦʚʦʡ ʥʘʫʢʝ [5], ʩʨʝʜʠ ʢʦʪʦ-
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ʨʳʭ: ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʧʨʦʯʥʦʩʪʠ ʚʦʣʦʢʦʥ ʠ ʤʝʞʚʦʣʦʢʦʥʥʳʭ ʩʚʷʟʝʡ; 

ʩʪʨʫʢʪʫʨʘ ʙʫʤʘʛʠ, ʚʦʣʦʢʥʠʩʪʦʡ ʩʝʪʢʠ ʠ ʚʦʣʦʢʦʥ; ʧʝʯʘʪʥʳʝ ʩʚʦʡʩʪʚʘ ʠ 

ʩʚʦʡʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ ʨʘʙʦʪʳ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘ-

ʥʠʷ; ʨʘʩʯʝʪ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʠ ʧʦʚʳʰʝʥʠʝ ʞʝʩʪʢʦʩʪʠ, ʧʨʦʯʥʦʩʪʠ ʠ ʜʦʣʛʦ-

ʚʝʯʥʦʩʪʠ ʛʦʬʨʦʢʘʨʪʦʥʘ ʠ ʛʦʬʨʦʷʱʠʢʦʚ; ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʮʝʣʣʶʣʦʟʥʳʭ ʤʘʪʝʨʠʘʣʦʚ; ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʩʫʩʧʝʥʟʠʠ ʠ ʥʘ ʩʝʪʢʝ ɹɼʄ; ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝ-

ʣʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʙʫʤʘʛʠ; ʤʝʭʘʥʠʢʘ ʚʦʣʦʢʥʠʩʪʦʡ ʩʝʪʢʠ; ʤʝʭʘʥʠʢʘ ʨʘʟ-

ʨʫʰʝʥʠʷ ʮʝʣʣʶʣʦʟʥʳʭ ʤʘʪʝʨʠʘʣʦʚ; ʧʨʠʤʝʥʝʥʠʝ ʙʠʦ- ʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʚ 

ʙʫʤʘʞʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ; ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʘʢʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʢʦʥʮʝʧʮʠʠ ʢʦʤʧʣʝʢʩʥʦʡ 

ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ ʤʝʭʘʥʠʢʠ ʚʦʣʦʢʥʠʩʪʳʭ ʮʝʣʣʶʣʦʟ-

ʥʦ-ʙʫʤʘʞʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʨʘʟʚʠʪʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʤʝʭʘʥʠʟʤʝ ʷʚʣʝʥʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʩʪʨʫʢʪʫʨʝ ʮʝʣʣʶ-

ʣʦʟʥʦ-ʙʫʤʘʞʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʧʨʠʣʦʞʝʥʠʠ ʨʘʩʪʷʛʠʚʘʶʱʠʭ, ʩʞʠʤʘʶ-

ʱʠʭ ʠʣʠ ʠʟʛʠʙʘʶʱʠʭ ʥʘʛʨʫʟʦʢ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʦʨʝʪʠʯʝ-

ʩʢʫʶ ʦʩʥʦʚʫ ʜʣʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴ-

ʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʮʝʣʣʶʣʦʟʳ, ʙʫʤʘʛʠ ʠ ʢʘʨʪʦʥʘ, ʠ ʜʣʷ ʩʦʟʜʘ-

ʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʢʦʥʪʨʦʣʷ ʥʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʠʘʣʘ. 
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ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʪʦʨʠʯʥʦʛʦ ʚʦʣʦʢʥʘ ʚ ʈʦʩʩʠʠ, ʠ ʚ ʤʠʨʝ ʚ ʮʝʣʦʤ, ʦʧʝʨʝʞʘʝʪ ʧʦ 

ʪʝʤʧʘʤ ʦʙʱʝʝ ʨʘʟʚʠʪʠʝ ʮʝʣʣʶʣʦʟʥʦ-ʙʫʤʘʞʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʆʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ 

ʪʘʢʦʛʦ ʧʦʣʦʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʢʫʣʘʪʫ-

ʨr . ʂʨʦʤʝ ʪʦʛʦ, ʦʧʨʝʜʝʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʨʝʜʧʦʯʪʝʥʠʷ ʚʪʦʨʠʯʥʦʛʦ ʚʦʣʦʢʥʘ ʠʤʝʶʪ 

ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʚʝʞʠʭ ʚʦʣʦʢʥʠʩʪʳʭ ʧʦʣʫ-

ʬʘʙʨʠʢʘʪʦʚ. 
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The utilization of secondary fibers in Russia and worldwide is ahead of the rate of to-

tal production of pulp and paper industry. The main origin of this situation is the economic 

effectiveness of waste paper utilization. The economic problems accompanying the production 

of non-secondary pulps play the huge role for the reason of preference of the secondary fibers 

as well. 

 

ʈʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʙʫʤʘʛʠ ʠ ʢʘʨ-

ʪʦʥʘ ʥʘ ʦʩʥʦʚʝ ʚʪʦʨʠʯʥʳʭ ʚʦʣʦʢʦʥ ʥʘʧʨʘʚʣʝʥʦ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʚ ʩʪʦʨʦ-

ʥʫ ʩʥʠʞʝʥʠʷ ʨʘʟʣʠʯʠʷ ʧʦ ʧʨʦʯʥʦʩʪʠ ʤʝʞʜʫ ʤʘʢʫʣʘʪʫʨʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʠ 

ʙʫʤʘʛʦʡ ʠ ʢʘʨʪʦʥʦʤ ʠʟ ʩʚʝʞʠʭ ʚʦʣʦʢʥʠʩʪʳʭ ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ. ʈʘʟʥʠʮʘ 

ʚ ʧʨʦʯʥʦʩʪʠ ʧʦʣʥʦʩʪʴʶ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʦʜʦʣʝʥʘ, ʧʦʩʢʦʣʴʢʫ ʚʪʦʨʠʯʥʳʝ 

ʚʦʣʦʢʥʘ ʚʩʝʛʜʘ ʙʦʣʝʝ ʜʝʩʪʨʫʢʪʠʨʦʚʘʥʳ, ʯʝʤ ʩʚʝʞʠʝ, ʠ ʤʝʥʝʝ ʩʧʦʩʦʙʥʳ 

ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʚʷʟʝʡ ʠʟ-ʟʘ ʧʨʦʙʣʝʤ ʩ ʦʨʦʛʦʚʝʥʠʝʤ. ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʶʪ 

ʣʠʙʦ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʩʥʠʞʝʥʠʷ ʫʧʦʤʷʥʫʪʳʭ ʨʘʟʣʠʯʠʡ, 

ʯʪʦ, ʝʩʪʝʩʪʚʝʥʥʦ, ʧʨʠʚʦʜʠʪ ʢ ʫʣʫʯʰʝʥʠʶ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʠ ʨʘʩʰʠʨʝʥʠʶ ʘʩʩʦʨʪʠʤʝʥʪʘ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʚʪʦʨʠʯʥʳʭ ʚʦʣʦʢʦʥ. 

ʉʨʝʜʠ ʧʦʜʦʙʥʳʭ ʤʝʪʦʜʦʚ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʰʠʨʦʢʦʝ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ ʠʟ ʢʣʘʩʩʘ ʩʚʷʟʫʶʱʠʭ ʜʣʷ ʠʥʪʝʥʩʠʬʠ-

ʢʘʮʠʠ ʤʝʞʚʦʣʦʢʦʥʥʦʛʦ ʩʚʷʟʝʦʙʨʘʟʦʚʘʥʠʷ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʫʚʝʣʠʯʝʥʠʝ ʧʦ-

ʢʘʟʘʪʝʣʝʡ ʧʨʦʯʥʦʩʪʠ. ɺ ʢʘʯʝʩʪʚʝ ʩʚʷʟʫʶʱʠʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʮʝʣʳʡ ʨʷʜ ʭʠ-
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ʤʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʦʣʠʤʝʨʥʦʛʦ ʭʘʨʘʢʪʝʨʘ. ʂ ʥʠʤ ʩʣʝʜʫʝʪ 

ʦʪʥʝʩʪʠ ʩʦʝʜʠʥʝʥʠʷ ʩʣʝʜʫʶʱʠʭ ʚʠʜʦʚ: 

ï ʢʨʘʭʤʘʣ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʝ, ʢʘʨʙʦʢʩʠʤʝʪʠʣʮʝʣʣʶʣʦʟʘ ʠ ʜʨʫʛʠʝ ʵʬʠʨʳ 

ʮʝʣʣʶʣʦʟʳ; 

ï ʧʦʣʠʘʢʨʠʣʘʤʠʜʳ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ, ʧʦʣʠʚʠʥʠʣʦʚʳʡ ʩʧʠʨʪ, ʧʦʣʠʚʠʥʠʣʘ-

ʮʝʪʘʪʳ, ʧʦʣʠʦʢʩʠʵʪʠʣʝʥ, ʧʦʣʠʘʢʨʠʣʘʪʳ, ʧʦʣʠʠʤʠʥʳ; 

ï ʧʦʣʠʘʤʠʜʥʳʝ ʩʤʦʣʳ ʩ ʵʧʠʭʣʦʨʛʠʜʨʠʥʦʤ, ʧʦʣʠʚʠʥʠʣʘʤʠʥʳ, ʧʦʣʠʵʣʝʢ-

ʪʨʦʣʠʪʥʳʝ ʢʦʤʧʣʝʢʩʳ. 

ʇʨʝʜʩʪʘʚʠʪʝʣʠ ʨʝʘʛʝʥʪʦʚ ʵʪʠʭ ʚʠʜʦʚ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫ-

ʶʪʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʩʦʩʪʘʚʝ ʨʘʟʣʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ. ʆʥʠ 

ʚʳʧʦʣʥʷʶʪ ʩ ʙʦʣʴʰʝʡ ʠʣʠ ʤʝʥʴʰʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʬʫʥʢʮʠʠ ʥʝ ʪʦʣʴʢʦ 

ʫʧʨʦʯʥʠʪʝʣʝʡ, ʥʦ ʠ ʨʝʛʫʣʷʪʦʨʦʚ ʬʦʨʤʦʚʘʥʠʷ, ʦʙʝʟʚʦʞʠʚʘʥʠʷ, ʫʜʝʨʞʠʚʘʝ-

ʤʦʩʪʠ, ʚʦʜʦʩʪʦʡʢʦʩʪʠ ʠ ʚʣʘʛʦʧʨʦʯʥʦʩʪʠ, ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʨʦʯʥʦʩʪʠ ʠ ʜʨʫ-

ʛʠʭ ʚʘʞʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʦʚ ʠ ʩʚʦʡʩʪʚ ʛʦʪʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʀʭ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦ ʚ ʚʠʜʝ ʜʦʙʘʚʦʢ ʚ ʤʘʩʩʫ ʠ ʩ ʧʦʚʝʨʭʥʦʩʪʠ, ʠʥʜʠʚʠʜʫ-

ʘʣʴʥʦ ʠ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʜʨʫʛʠʤʠ ʨʝʘʛʝʥʪʘʤʠ, ʥʘʧʨʠʤʝʨ, ʩ ʥʝʡʪʨʘʣʠʟʘʪʦʨʘʤʠ 

ʢʘʪʠʦʥʥʦʡ ʧʦʪʨʝʙʥʦʩʪʠ ʠ ʚʝʱʝʩʪʚʘʤʠ, ʚʣʠʷʶʱʠʤʠ ʥʘ ʵʣʝʢʪʨʦʢʠʥʝʪʠʯʝ-

ʩʢʠʡ ʧʦʪʝʥʮʠʘʣ [2]. ɼʦʩʪʘʪʦʯʥʦ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʪʝʭʥʦʣʦ-

ʛʠʠ ʩʦʯʝʪʘʥʠʷ ʢʘʪʠʦʥʥʳʭ ʠ ʘʥʠʦʥʥʳʭ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ 

ʚʚʝʜʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ ʥʘ ʥʦʩʠʪʝʣʷʭ ʥʘ ʦʩʥʦʚʝ ʤʠʢʨʦ- ʠ ʥʘʥʦʚʦ-

ʣʦʢʦʥ. 

ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʬʬʝʢʪʠʚʥʳʭ ʩʚʷʟʫʶʱʠʭ ʧʨʠʦʙʨʝ-

ʪʘʝʪ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʚʪʦʨʠʯʥʳʭ ʚʦʣʦʢʦʥ [1]. ɿʘʯʘ-

ʩʪʫʶ ʠʤʝʥʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʭʠʤʠʢʘʪʦʚ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʜʦʩʪʫʧʥʳʤ ʠ 

ʚʳʛʦʜʥʳʤ ʵʢʦʥʦʤʠʯʝʩʢʠ ʩʧʦʩʦʙʦʤ ʧʨʠʙʣʠʞʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʯʥʦʩʪʠ ʢ 

ʫʨʦʚʥʶ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʩʚʝʞʠʭ ʚʦʣʦʢʦʥ. ʇʦʪʝʥʮʠʘʣ ʧʦʚʳʰʝʥʠʷ 

ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʜʦʙʘʚʢʝ ʵʬʬʝʢʪʠʚʥʳʭ ʨʝʘʛʝʥʪʦʚ ʠʣʠ ʠʭ ʩʠʩʪʝʤ ʚ ʫʩʣʦʚʠʷʭ 

ʦʧʪʠʤʘʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʚ 15-20 %. 

ɼʨʫʛʠʤ ʚʦʟʤʦʞʥʳʤ ʧʫʪʝʤ ʧʦʚʳʰʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩ-

ʥʦʚʝ ʚʪʦʨʠʯʥʳʭ ʚʦʣʦʢʦʥ ʷʚʣʷʝʪʩʷ ʜʦʟʠʨʦʚʘʥʠʝ ʚ ʢʦʤʧʦʟʠʮʠʶ ʚʪʦʨʠʯʥʳʭ 

ʚʦʣʦʢʦʥ ʩʚʝʞʝʛʦ ʚʦʣʦʢʥʠʩʪʦʛʦ ʧʦʣʫʬʘʙʨʠʢʘʪʘ, ʟʘʚʝʜʦʤʦ ʙʦʣʝʝ ʧʨʦʯʥʦʛʦ, 

ʯʝʤ ʠʩʧʦʣʴʟʫʝʤʘʷ ʤʘʢʫʣʘʪʫʨʘ. ɽʩʪʝʩʪʚʝʥʥʦ, ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʜʦʟʠʨʫʝʤʦʛʦ 

ʩʚʝʞʝʛʦ ʚʦʣʦʢʥʘ ʟʘʚʠʩʠʪ ʫʨʦʚʝʥʴ ʧʦʚʳʰʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ. ʆʩʦ-

ʙʝʥʥʦ ʵʬʬʝʢʪʠʚʥʘ ʜʦʙʘʚʢʘ ʩʚʝʞʝʛʦ ʚʦʣʦʢʥʘ ʧʨʠ ʫʩʣʦʚʠʠ ʤʥʦʛʦʩʣʦʡʥʦʛʦ 

ʬʦʨʤʦʚʘʥʠʷ ʢʘʨʪʦʥʘ, ʧʦʩʢʦʣʴʢʫ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧ-

ʪʠʤʠʟʘʮʠʠ ʢʦʤʧʦʟʠʮʠʠ ʧʦ ʩʣʦʷʤ ʢʘʨʪʦʥʘ [3]. 
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ɺʚʝʜʝʥʠʝ ʚ ʢʦʤʧʦʟʠʮʠʶ ʩʚʝʞʠʭ ʚʦʣʦʢʦʥ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʦʪʨʠʮʘ-

ʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʮʠʢʣʠʯʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʢʫʣʘʪʫʨʳ. ʕʪʦ ʩʚʷʟʘʥʦ 

ʩ ʪʝʤ, ʯʪʦ ʚ ʢʘʞʜʦʤ ʮʠʢʣʝ ʧʝʨʝʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ, ʠʤʝʶʱʠʭ ʚ ʩʦʩʪʘʚʝ 

ʩʚʝʞʝʝ ʚʦʣʦʢʥʦ, ʚʩʝʛʜʘ ʙʫʜʝʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʢʘʢʦʝ-ʪʦ ʢʦʣʠʯʝʩʪʚʦ ʚʦʣʦʢʦʥ, 

ʜʣʷ ʢʦʪʦʨʳʭ ʧʝʨʝʨʘʙʦʪʢʘ ʚʩʝʛʜʘ ʙʫʜʝʪ ʧʝʨʚʦʡ. ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʮʠʢ-

ʣʠʯʥʦʩʪʴ, ʪ.ʝ. ʩʥʠʞʝʥʠʝ ʙʫʤʘʛʦʦʙʨʘʟʫʶʱʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʪʦʨʠʯʥʳʭ ʚʦ-

ʣʦʢʦʥ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʮʠʢʣʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ 

ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ ʩʥʠʞʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʯʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩ-

ʥʦʚʝ ʤʘʢʫʣʘʪʫʨʳ. ʕʢʦʥʦʤʠʯʝʩʢʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦʝ ʜʦʟʠʨʦʚʘʥʠʝ ʩʚʝʞʝʛʦ ʚʦ-

ʣʦʢʥʘ ʫʚʝʣʠʯʠʚʘʝʪ ʧʨʦʯʥʦʩʪʴ ʛʦʪʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ 20-25 %. 

ʉʘʤʳʤ ʵʬʬʝʢʪʠʚʥʳʤ, ʥʦ, ʢ ʩʦʞʘʣʝʥʠʶ, ʥʘʠʙʦʣʝʝ ʟʘʪʨʘʪʥʳʤ ʧʫʪʝʤ 

ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʩʧʝʮʠʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ 

ʙʫʤʘʛʠ ʠ ʢʘʨʪʦʥʘ ʥʘ ʦʩʥʦʚʝ ʚʪʦʨʠʯʥʦʛʦ ʚʦʣʦʢʥʘ. ʇʨʠ ʵʪʦʤ ʦʯʝʥʴ ʚʝʨʦʷʪʥʦ, 

ʯʪʦ ʤʦʜʝʨʥʠʟʘʮʠʷ ʦʩʥʦʚʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʳʚ-

ʰʠʭ ʚ ʫʧʦʪʨʝʙʣʝʥʠʠ ʙʫʤʘʛʦ- ʠ ʢʘʨʪʦʥʦʜʝʣʘʪʝʣʴʥʳʭ ʤʘʰʠʥ ʠ ʠʭ ʧʝʨʝʧʨʦ-

ʬʠʣʠʨʦʚʘʥʠʝ ʥʠʢʦʛʜʘ ʥʝ ʙʫʜʝʪ ʩʪʦʣʴ ʞʝ ʵʬʬʝʢʪʠʚʥʳʤ ʧʫʪʝʤ, ʢʘʢ ʫʩʪʘʥʦʚ-

ʢʘ ʥʦʚʳʭ ʧʨʦʬʠʣʴʥʳʭ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʙʫʤʘʛʦ- ʠ ʢʘʨʪʦʥʦʜʝʣʘʪʝʣʴʥʳʭ 

ʤʘʰʠʥ ʠ ʩʠʩʪʝʤ ʤʘʩʩʦʧʦʜʛʦʪʦʚʢʠ. 

ɼʣʷ ʩʦʚʨʝʤʝʥʥʳʭ ʮʝʭʦʚ ʠ ʟʘʚʦʜʦʚ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʤʘʢʫʣʘʪʫʨʥʦʡ 

ʤʘʩʩʳ ʭʘʨʘʢʪʝʨʥʳʤʠ ʯʝʨʪʘʤʠ ʷʚʣʷʶʪʩʷ ʥʘʣʠʯʠʝ ʩʦʨʪʠʨʫʶʱʠʭ ʛʠʜʨʦʨʘʟ-

ʙʠʚʘʪʝʣʝʡ, ʩʠʩʪʝʤ ʩʦʨʪʠʨʦʚʘʥʠʷ ʩ ʚʦʟʤʦʞʥʦ ʧʦʣʥʳʤ ʫʜʘʣʝʥʠʝʤ ʥʝʚʦʣʦʢ-

ʥʠʩʪʳʭ ʚʢʣʶʯʝʥʠʡ, ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʦʧʪʠʤʘʣʴʥʳʭ ʩʠʩʪʝʤ ʨʘʟʤʦʣʘ ʩ 

ʧʦʜʙʦʨʦʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʛʘʨʥʠʪʫʨʳ ʠ ʪʦʯʥʦ ʨʝʛʫʣʠʨʫʝʤʦʡ ʫʜʝʣʴʥʦʡ 

ʥʘʛʨʫʟʢʦʡ.  ʆʩʥʦʚʥʳʤ ʮʝʣʝʚʳʤ ʥʘʟʥʘʯʝʥʠʝʤ ʤʘʩʩʦʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ ʦʪ-

ʜʝʣʦʚ ʜʦʣʞʥʦ ʷʚʣʷʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʦʙʝʩʧʝʯʝʥʠʝ ʪʨʝʙʫʝʤʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴ-

ʥʦʩʪʠ, ʥʦ ʠ ʜʦʩʪʠʞʝʥʠʷ ʢʘʯʝʩʪʚʘ ʚʦʣʦʢʥʠʩʪʦʡ ʤʘʩʩʳ, ʧʦʪʝʥʮʠʘʣʴʥʦ ʚʦʟ-

ʤʦʞʥʦʛʦ ʜʣʷ ʚʪʦʨʠʯʥʦʛʦ ʚʦʣʦʢʥʘ. 

ɼʣʷ ʢʘʨʪʦʥʦʜʝʣʘʪʝʣʴʥʳʭ ʤʘʰʠʥ ʥʝʧʨʝʤʝʥʥʳʤ ʫʩʣʦʚʠʝʤ ʫʚʝʣʠʯʝʥʠʷ 

ʧʨʦʯʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʩʣʦʡʥʦʝ ʬʦʨʤʦʚʘʥʠʝ. ʄʥʦʛʦʩʣʦʡʥʳʝ 

ʤʘʪʝʨʠʘʣʳ ʧʨʠ ʩʨʘʚʥʠʤʦʡ ʢʦʤʧʦʟʠʮʠʝʡ ʚʩʝʛʜʘ ʧʨʦʯʥʝʝ ʦʜʥʦʩʣʦʡʥʳʭ. ʇʨʠ 

ʚʳʧʫʩʢʝ ʢʘʨʪʦʥʘ ʥʘ ʦʩʥʦʚʝ ʚʪʦʨʠʯʥʳʭ ʚʦʣʦʢʦʥ ʵʪʦʪ ʪʝʟʠʩ ʧʦʜʪʚʝʨʞʜʝʥ ʥʝ-

ʦʜʥʦʢʨʘʪʥʦ ʠ ʤʥʦʛʦʩʣʦʡʥʦʝ ʬʦʨʤʦʚʘʥʠʝ ʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʠʡ ʵʬ-

ʬʝʢʪ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʙʦʣʝʝ ʧʨʦʯʥʦʡ ʢʦʤʧʦʟʠʮʠʝʡ. 

ɺʝʩʴʤʘ ʵʬʬʝʢʪʠʚʥʳʤ ʜʣʷ ʢʦʤʧʦʟʠʮʠʡ ʥʘ ʦʩʥʦʚʝ ʚʪʦʨʠʯʥʳʭ ʚʦʣʦʢʦʥ 

ʷʚʣʷʶʪʩʷ ʧʨʝʩʩʦʚʳʝ ʯʘʩʪʠ ʩ ʦʜʥʠʤ ʠʣʠ ʥʝʩʢʦʣʴʢʠʤʠ ʧʨʝʩʩʘʤʠ ʩ ʰʠʨʦʢʦʡ 

ʟʦʥʦʡ ʧʨʝʩʩʦʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʥʘʨʷʜʫ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʨʦʯʥʦʩʪʠ ʙʣʘʛʦʜʘʨʷ 

ʫʧʣʦʪʥʝʥʠʶ ʚʦʣʦʢʦʥ ʚʦ ʚʣʘʞʥʦʡ ʩʨʝʜʝ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʩʪʠʞʝ-
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ʥʠʷ ʪʨʝʙʫʝʤʦʡ ʩʫʭʦʩʪʠ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʤ ʫʨʦʚʥʝ ʪʦʣʱʠʥʳ 

ʤʘʪʝʨʠʘʣʘ, ʯʪʦ ʢʨʘʡʥʝ ʚʘʞʥʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʞʝʩʪʢʦʩʪʠ ʢʘʨ-

ʪʦʥʘ. 

ɿʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʙʫʤʘʛʠ ʠ 

ʢʘʨʪʦʥʘ ʥʘ ʦʩʥʦʚʝ ʚʪʦʨʠʯʥʦʛʦ ʚʦʣʦʢʥʘ ʨʘʙʦʪʘ ʩʦʚʨʝʤʝʥʥʦʛʦ ʥʘʥʦʩʷʱʝʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ï ʧʣʝʥʦʯʥʦʛʦ ʢʣʝʠʣʴʥʦʛʦ ʧʨʝʩʩʘ. ʕʬʬʝʢʪʠʚʥʳʝ ʢʣʝʝʚʳʝ ʩʠʩʪʝ-

ʤʳ ʥʝ ʪʦʣʴʢʦ ʨʝʰʘʶʪ ʚʦʧʨʦʩʳ ʚʦʜʦʩʪʦʡʢʦʩʪʠ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʨʦʯʥʦʩʪʠ, 

ʥʦ ʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʫʧʨʦʯʥʝʥʠʶ ʤʘʪʝʨʠʘʣʘ ʚ ʮʝʣʦʤ ʙʣʘʛʦʜʘʨʷ ʜʠʬʬʫʟʠʠ 

ʩʚʷʟʫʶʱʝʛʦ ʨʝʘʛʝʥʪʘ ʥʘ ʜʦʩʪʘʪʦʯʥʫʶ ʛʣʫʙʠʥʫ ʚʥʫʪʨʴ ʥʘʨʫʞʥʳʭ ʩʣʦʝʚ ʙʫ-

ʤʘʛʠ ʠ ʢʘʨʪʦʥʘ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʞʚʦʣʦʢʦʥʥʳʭ ʩʚʷʟʝʡ. 

ɺʦʟʤʦʞʥʳʡ ʧʦʪʝʥʮʠʘʣ ʫʚʝʣʠʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʯʥʦʩʪʠ ʠ ʞʝʩʪʢʦ-

ʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʚʪʦʨʠʯʥʳʭ ʚʦʣʦʢʦʥ ʙʣʘʛʦʜʘʨʷ ʩʦʟʜʘʥʠʶ ʩʦʚʨʝ-

ʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ ʤʦʞʝʪ ʩʦʩʪʘʚʠʪʴ 35-40 %. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʫʱʝʩʪʚʫʶʪ ʚʧʦʣʥʝ ʜʦʩʪʠʞʠʤʳʝ ʨʘʮʠʦʥʘʣʴʥʳʝ ʧʫʪʠ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʧʦʚʳʰʝʥʠʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʤʘʪʝʨʠʘʣʦʚ 

ʥʘ ʦʩʥʦʚʝ ʚʪʦʨʠʯʥʦʛʦ ʚʦʣʦʢʥʘ ʠ ʧʨʠʙʣʠʞʝʥʠʷ ʵʪʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʘʤ ʧʦʜʦʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʩʚʝʞʠʭ ʚʦʣʦʢʦʥ. 
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ɼʆʃɻʆʉʈʆʏʅɸʗ ʂʆʅʎɽʇʎʀʗ ʇʆɺʓʐɽʅʀʗ ʂɸʏɽʉʊɺɸ ʊɸʈʅʆɻʆ 

ʂɸʈʊʆʅɸ ɼʃʗ ɺʓʉʆʂʆʉʂʆʈʆʉʊʅʓʍ ɻʆʌʈʆɸɻʈɽɻɸʊʆɺ 

 

ɼ.ɸ. ɼʫʣʴʢʠʥ, ɸ.ɺ. ʉʠʥʯʫʢ, ʃ.ɸ. ʖʞʘʥʠʥʦʚʘ, ɺ.ɸ. ʉʧʠʨʠʜʦʥʦʚ 

ʆʆʆ çʋʧʨʘʚʣʷʶʱʘʷ ʢʦʤʧʘʥʠʷ çʆʙʲʝʜʠʥʝʥʥʳʝ ɹʫʤʘʞʥʳʝ ʌʘʙʨʠʢʠè, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

ʂʦʥʮʝʧʮʠʷ ʋʂ çʆɹʌè ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʦʧʪʠʤʠʟʘʮʠʶ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʘʨʥʦʛʦ 

ʢʘʨʪʦʥʘ, ʪʘʨʳ ʠ ʫʧʘʢʦʚʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ (ʧʘʨʪʥʝʨʦʚ ʧʦ ʚʩʝʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʮʝʧʦʯʢʝ) 

ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʠʟʜʝʨʞʢʘʤʠ. ʇʨʠʦʨʠʪʝʪʥʳʤʠ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʥʘʫʯʥʦʝ ʦʙʦʩʥʦʚʘʥʠʝ 

ʥʦʤʝʥʢʣʘʪʫʨʳ ʠ ʚʝʣʠʯʠʥʳ ʧʦʢʘʟʘʪʝʣʝʡ; ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʠʟʛʠʙʘ ʚʥʝʰʥʝʛʦ ʩʣʦʷ ʥʘ 

ʧʨʦʯʥʦʩʪʴ ʛʦʬʨʦʢʘʨʪʦʥʘ; ʨʝʘʣʠʟʘʮʠʷ ʢʦʤʧʣʝʢʩʥʦʡ ʧʨʦʛʨʘʤʤʳ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ. 

 

THE LONG -TERM CONCE PT OF QUALITY IMPROV EMENT OF THE 

TARE CARDBOARD FOR H IGH -SPEED CORRUGATORS 

 

D. Dulkin, A. Sinchuk, L. Juzhaninova, V. Spiridonov 

Open Company "Managing company" Incorporated Paper-mills ", Moscow, Russia 

 

Concept MC çIPMè provides optimisation of tare cardboard manufacture, container 

and packing process (partners in all technological chain) with the minimum costs. Priority 

are represented a scientific substantiation of the nomenclature and size of indicators; re-

search of influence of a bend of an external layer on durability of a corrugated cardboard; 

realisation of the complex program of improvement of quality. 

 

ɺ ʪʘʨʥʦʤ ʩʝʢʪʦʨʝ ʈʦʩʩʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʥʦʚʣʝʥʠʝ ʤʦʱʥʦʩʪʝʡ ʧʨʦʠ-

ʟʚʦʜʩʪʚʘ ʛʦʬʨʠʨʦʚʘʥʥʦʛʦ ʢʘʨʪʦʥʘ ʠ ʫʧʘʢʦʚʢʠ ʠʟ ʥʝʸ. ɺʳʨʦʩʣʘ ʩʨʝʜʥʷʷ ʩʢʦ-

ʨʦʩʪʴ ʤʘʰʠʥ, ʧʦʩʢʦʣʴʢʫ ʫʩʪʘʥʦʚʣʝʥʦ ʤʥʦʛʦ ʛʦʬʨʦʘʛʨʝʛʘʪʦʚ ʩʦ ʩʢʦʨʦʩʪʴʶ 

ʨʘʙʦʪʳ ʙʦʣʝʝ 180 ʤ/ʤʠʥ, ʠ ʩʦʩʪʘʚʣʷʶʱʠʭ ʦʢʦʣʦ 40% ʚʩʝʛʦ ʤʘʰʠʥʥʦʛʦ ʧʘ-

ʨʢʘ ʚ ʈʌ [1]. 

ʊʘʢʦʝ ʦʙʥʦʚʣʝʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘʨʷʜʫ ʩ ʨʘʩʪʫʱʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ 

ʟʘʢʘʟʯʠʢʦʚ ʧʨʠʚʝʣʠ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʝʨʝʩʤʦʪʨʘ ʪʨʝʙʦʚʘʥʠʡ ʢ ʢʘʯʝʩʪʚʫ 

ʤʘʢʫʣʘʪʫʨʥʦʛʦ ʪʘʨʥʦʛʦ ʢʘʨʪʦʥʘ (ʄʊʂ) ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʫʧʘʢʦʚʢʠ ʥʘ ʥʦ-

ʚʳʭ ʛʦʬʨʦʘʛʨʝʛʘʪʘʭ. ʆʮʝʥʢʘ ʧʦ 10-ʙʘʣʣʴʥʦʡ ʰʢʘʣʝ 12 ʦʩʥʦʚʥʳʭ ʧʦʢʘʟʘʪʝ-

ʣʝʡ (ʚʘʞʥʳʭ ʜʣʷ ʧʨʦʮʝʩʩʘ ʛʦʬʨʦʧʨʦʠʟʚʦʜʩʪʚʘ) ʚʳʧʫʩʢʘʝʤʦʛʦ ʪʘʨʥʦʛʦ ʢʘʨ-

ʪʦʥʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1.  

ɸʥʘʣʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʛʣʘʚʥʳʤʠ ʧʨʦʙʣʝ-

ʤʘʤʠ ʢʘʯʝʩʪʚʘ ʪʘʨʥʦʛʦ ʢʘʨʪʦʥʘ ʷʚʣʷʶʪʩʷ ʧʨʝʞʜʝ ʚʩʝʛʦ ʠʭ ʥʠʟʢʘʷ ʩʪʘʙʠʣʴ-

ʥʦʩʪʴ, ʘ ʧʦ ʨʷʜʫ ʩʚʦʡʩʪʚ ʠ ʫʨʦʚʝʥʴ (ʪʨʝʙʦʚʘʥʠʷʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʦʣʴʢʦ 

3 ʠʟ 12 ʧʨʠʚʝʜʝʥʥʳʭ ʥʘ ʜʠʘʛʨʘʤʤʝ ʧʦʢʘʟʘʪʝʣʝʡ). 

ʊʨʝʙʫʶʪʩʷ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʨʝʰʝʥʠʶ ʠʤʝʶʱʠʭʩʷ ʧʨʦ-

ʙʣʝʤ. 
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ɹʫʤʘʞʥʳʡ ʣʠʩʪ ʜʦʣʞʝʥ ʦʪʣʠʯʘʪʴʩʷ ʚʳʩʦʢʠʤʠ ʧʨʦʯʥʦʩʪʥʳʤʠ, ʧʝʯʘʪ-

ʥʳʤʠ ʠ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɽʛʦ ʩʪʨʫʢʪʫʨʘ ʚʦ ʤʥʦʛʦʤ ʦʙʫʩʣʦʚ-

ʣʝʥʘ ʧʨʦʮʝʩʩʘʤʠ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʯʝʨʝʟ ʘʤʬʠʬʠʣʴʥʳʝ (ʛʠʜʨʦʬʦʙʥʳʝ ʠ 

ʛʠʜʨʦʬʠʣʴʥʳʝ) ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ.  
 

 

ʈʠʩ. 1. ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʄʊʂ ʧʦ ʦʩʥʦʚʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ  

ɺʦʣʦʢʥʘ (ʠʭ ʦʪ 3-ʭ ʜʦ ʙʦʣʝʝ 15ʤʠʣʣʠʦʥʦʚ ʚ 1 ʛ ʩʫʭʦʡ ʤʘʩʩʳ), ʬʠʙ-

ʨʠʣʣʳ ʠ ʥʘʧʦʣʥʠʪʝʣʠ ñʩʘʤʦ ʦʨʛʘʥʠʟʫʶʪʩʷò (ñself assembledò) ʚʩʣʝʜʩʪʚʠʝ 

ʚʣʠʷʥʠʷ ʧʨʦʮʝʩʩʦʚ ʬʦʨʤʦʚʘʥʠʷ, ʫʜʝʨʞʘʥʠʷ ʠ ʦʙʝʟʚʦʞʠʚʘʥʠʷ. 

ʇʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʣʠʩʪʘ ʩʫʧʝʨʢʘʣʘʥʜʨʠʨʦʚʘʥʥʦʡ ʙʫʤʘʛʠ (ʨʠʩ.2, ʘ), 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʥʝʜʦʩʪʘʪʦʯʥʫʶ ʦʜʥʦʨʦʜʥʦʩʪʴ ʝʛʦ ʩʪʨʫʢʪʫʨʳ [2]. 

  

ʘ ʙ 

ʈʠʩ. 2. ʇʦʧʝʨʝʯʥʳʝ ʧʨʦʬʠʣʠ ʙʫʤʘʛʠ ʠʟ çʩʘʤʦ ʦʨʛʘʥʠʟʦʚʘʥʥʳʭè ʚʦʣʦʢʦʥ:  

ʘ ï ʩʫʧʝʨʢʘʣʘʥʜʨʠʨʦʚʘʥʥʦʡ; ʙ ï ʦʬʠʩʥʦʡ 
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ʄʦʞʥʦ ʧʦʩʯʠʪʘʪʴ 12 ʩʣʦʝʚ ʚʦʣʦʢʦʥ ʧʨʠ ʤʘʩʩʝ 1 ʤ
2
 60-70 ʛ/ʤ

2
. ɹʦʣʝʝ 

ʫʧʦʨʷʜʦʯʝʥʳ ʚʦʣʦʢʥʘ, ʬʠʙʨʠʣʣʳ ʠ ʥʘʧʦʣʥʠʪʝʣʠ ñʩʘʤʦ ʦʨʛʘʥʠʟʦʚʘʥʥʳʝò 

(ʧʦʩʨʝʜʩʪʚʦʤ ʚʣʠʷʥʠʷ ʬʦʨʤʦʚʘʥʠʷ, ʫʜʝʨʞʘʥʠʷ ʠ ʦʙʝʟʚʦʞʠʚʘʶʱʠʭ ʜʦʙʘ-

ʚʦʢ) ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʣʠʩʪʘ ʦʬʠʩʥʦʡ ʙʫʤʘʛʠ (ʨʠʩ.2, ʙ). 

ʊʦ ʝʩʪʴ ʚ ʧʨʦʮʝʩʩʝ ʥʘʧʫʩʢʘ, ʬʦʨʤʦʚʘʥʠʷ ʠ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʙʫʤʘʞʥʦʛʦ 

ʧʦʣʦʪʥʘ ʟʥʘʯʠʤʦʡ ʷʚʣʷʝʪʩʷ ʨʦʣʴ ʨʝʘʣʴʥʦʡ ʩʤʝʩʠ ʚʦʣʦʢʦʥ ʠ ʵʣʝʢʪʨʦʢʠʥʝʪʠ-

ʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (ʘʜʩʦʨʙʮʠʠ ʠ ʜʝʩʦʨʙʮʠʠ), ʠʥʠʮʠʠʨʦʚʘʥʥʦʛʦ 

(ʥʘʚʝʜʝʥʥʦʛʦ) ʚʟʘʠʤʥʳʤ ʧʝʨʝʤʝʱʝʥʠʝʤ ʚʦʣʦʢʦʥ ʠ ʜʨʫʛʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ 

ʞʠʜʢʦʡ ʬʘʟʝ ʢʦʤʧʦʟʠʮʠʠ [2]. ʇʦʣʫʯʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʙʫʤʘʞʥʦʛʦ (ʢʘʨʪʦʥʥʦ-

ʛʦ) ʧʦʣʦʪʥʘ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʠʭ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ ʧʨʠ ʜʘʣʴʥʝʡʰʝʡ ʧʝʨʝʨʘ-

ʙʦʪʢʝ ʥʘ ʛʦʬʨʦʘʛʨʝʛʘʪʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʠʟʛʦʪʦʚʣʝʥʠʝʤ ʪʘʨʳ ʠ ʝʸ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝʤ. ɸʢʪʫʘʣʴʥʳʤʠ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚʳʷʚʣʝʥʠʝ ʟʥʘʯʠʤʳʭ ʬʘʢʪʦʨʦʚ 

ʜʝʬʦʨʤʘʪʠʚʥʦʩʪʠ ʠ ʧʨʦʯʥʦʩʪʠ, ʦʙʫʩʣʦʚʣʠʚʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ ʪʘʨʥʦ-

ʛʦ ʢʘʨʪʦʥʘ, ʘ ʪʘʢʞʝ ʠʭ ʦʙʲʝʢʪʠʚʥʦʡ ʦʮʝʥʢʠ.  

ʎʝʣʴ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʤʘʩʩʳ ʙʳʣʠ 

ʧʦʜʚʝʨʛʥʫʪʳ ʬʣʦʢʫʣʷʮʠʠ ʩ ʧʦʤʦʱʴʶ ʥʘʥʦʯʘʩʪʠʮ (nanoflocculated) ʚ ʜʚʫ-

ʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʝ.  

 

                                                                              
                            ʄʝʣʢʦʝ ʚʦʣʦʢʥʦ   
                                                                                    

                                                                                                ʘʥʠʦʥʥʘʷ ʯʘʩʪʠʮʘ 

             ʤʦʣʝʢʫʣʷʨʥʳʝ ʤʦʩʪʠʢʠ 

 

 

 

                                                                                       ʇʦʚʝʨʭʥʦʩʪʴ ʚʦʣʦʢʥʘ 

 

 
ʈʠʩ. 3. ʄʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ ʤʠʢʨʦʯʘʩʪʠʮ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʚʦʣʦʢʦʥ 

ʇʨʠ ʵʪʦʤ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʟʘʨʷʜʳ ʜʦʣʞʥʳ ʙʳʪʴ 

ʫʨʘʚʥʦʚʝʰʝʥʳ; ʪʦ ʝʩʪʴ ʦʪʪʘʣʢʠʚʘʥʠʝ ʟʘʨʷʜʦʚ ʩʣʝʜʫʝʪ ʧʦʣʥʦʩʪʴʶ ʫʩʪʨʘ-

ʥʠʪʴ. ɸʢʪʠʚʥʳʝ ʭʠʤʠʢʘʪʳ ʬʦʨʤʠʨʫʶʪ 2-ʤʝʨʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʠ ʦʙʝʩʧʝʯʠʚʘ-

ʶʪ ʩʘʤʳʡ ʣʫʯʰʠʡ ʙʘʣʘʥʩ ʤʝʞʜʫ ʬʦʨʤʦʚʘʥʠʝʤ ʠ ʫʜʝʨʞʘʥʠʝʤ [3]. ʅʘʥʦʯʘ-

ʩʪʠʮʳ çʩʰʠʚʘʶʪè ʮʝʧʦʯʢʠ (ʤʦʩʪʠʢʦʚʳʝ ʧʝʪʣʠ) ʧʦʣʠʤʝʨʦʚ, ʜʝʣʘʷ ʩʚʷʟʠ 

ʤʝʞʜʫ ʚʦʣʦʢʥʘʤʠ ʠ ʤʝʣʦʯʴʶ ʙʦʣʝʝ ʞʝʩʪʢʠʤʠ ʠ ʧʨʦʯʥʳʤʠ. 

ɺʘʞʥʝʡʰʝʝ ʪʨʝʙʦʚʘʥʠʝ ʬʣʦʢʫʣʷʮʠʠ ʩ ʧʦʤʦʱʴʶ ʥʘʥʦʯʘʩʪʠʮ 

(nanoflocculation chemistry) ï ʛʦʤʦʛʝʥʥʦʩʪʴ (ʦʜʥʦʨʦʜʥʦʩʪʴ) ʤʘʩʩʳ. ʕʪʦ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʝ ʪʨʝʙʦʚʘʥʠʝ ʜʣʷ ʤʘʢʩʠʤʠʟʠʨʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʭʠ-
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ʤʠʠ (ʪʨʘʜʠʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʥʝ ʚ ʩʦʩʪʦʷʥʠʠ ʧʝʨʝʤʝʰʠʚʘʪʴ ʭʠʤʠʢʘʪʳ ʠ ʚʦ-

ʣʦʢʥʠʩʪʫʶ ʩʫʩʧʝʥʟʠʶ ʜʦ ʦʜʥʦʨʦʜʥʦʛʦ (ʛʦʤʦʛʝʥʥʦʛʦ) ʩʦʩʪʦʷʥʠʷ).  

ʊʨʘʜʠʮʠʦʥʥʘʷ ʧʦʩʪʦʷʥʥʘʷ ʯʘʩʪʴ ɹɼʄ ʜʦʣʞʥʘ ʙʳʪʴ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘ-

ʥʘ ʩ ʫʩʪʘʥʦʚʢʦʡ ʜʚʫʭ ʧʝʨʝʤʝʰʠʚʘʶʱʠʭ ʸʤʢʦʩʪʝʡ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʨʘʩ-

ʧʦʣʦʞʝʥʠʝʤ.  

ʇʝʨʚʘʷ ʩʣʫʞʠʪ ʜʣʷ ʜʦʟʠʨʦʚʘʥʠʷ ʢʘʪʠʦʥʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʠ ʚʩʝʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʜʦʙʘʚʦʢ, ʚʪʦʨʘʷ ʜʣʷ ʥʘʥʦ ʯʘʩʪʠʮ.  

ɸʣʴʪʝʨʥʘʪʠʚʦʡ ʤʦʞʝʪ ʩʪʘʪʴ ʪʝʭʥʦʣʦʛʠʷ Wetend TrumpJet
È
. 

ʅʘ ʨʠʩ. 4 ʧʦʢʘʟʘʥ ʧʨʠʤʝʨ ʭʦʨʦʰʝʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠ-

ʝʤ ʩʠʩʪʝʤʳ Wetend TrumpJet
È
, ʚ ʧʨʦʮʝʩʩʝ ʢʦʪʦʨʦʛʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʣʝʢʪʨʦ-

ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʦʠʩʭʦʜʠʪ ʵʬʬʝʢʪʠʚʥʘʷ ʘʜʩʦʨʙʮʠʷ ʯʘʩʪʠʮ 

ʥʘʧʦʣʥʠʪʝʣʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʣʦʢʦʥ.  

ʇʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʥʠʞʝʩʣʝʜʫʶʱʝʛʦ [2,4]. 

 

ʂʦʥʪʨʦʣʴ ʥʝ ʢʦʚʘʣʝʥʪʥʳʭ ʩʚʷʟʝʡ. 

ɺ ʙʫʤʘʞʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʚ ʜʦ-

ʧʦʣʥʝʥʠʝ ʢ ʚʦʜʦʨʦʜʥʳʤ ʩʚʷʟʷʤ (ʧʦ-

ʩʨʝʜʩʪʚʦʤ ʵʣʝʢʪʨʦʥʥʳʭ ʧʘʨ) ʠʤʝʶʪ ʤʝ-

ʩʪʦ ʜʨʫʛʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʊʘʢ ʩʠʣʴ-

ʥʳʝ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ʩʠʣʳ ɺʘʥ-ʜʝʨ-

ɺʘʘʣʴʩʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦ ʵʢʩʧʦʥʝʥʪʝ, 

ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ 6-ʦʡ ʩʪʝʧʝʥʠ 

ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ. ʉʦʟʜʘ-

ʥʠʝ ʫʩʣʦʚʠʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʣ ɺʘʥ-

ʜʝʨ-ɺʘʘʣʴʩʘ ʤʦʞʝʪ ʧʦʟʚʦʣʠʪʴ ʟʥʘʯʠ-

ʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪʴ ʩʦʜʝʨʞʘʥʠʝ ʥʘʧʦʣʥʠ-

ʪʝʣʷ ʚ ʙʫʤʘʛʝ ʙʝʟ ʫʭʫʜʰʝʥʠʷ ʝʸ ʧʨʦʯʥʦ-

ʩʪʠ. 

ʈʠʩ. 4. ʇʨʠʤʝʨ ʭʦʨʦʰʝʛʦ ʧʝʨʝʤʝ-

ʰʠʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝ-

ʤʳ Wetend TrumpJet
È
 

ʅʝ ʢʦʚʘʣʝʥʪʥʳʝ ʩʠʣʳ ʤʦʞʥʦ ʫʚʝʣʠʯʠʪ,ɹ ʧʨʝʜʧʨʠʥʠʤʘʷ ʩʣʝʜʫʶʱʠʝ 

ʢʣʶʯʝʚʳʝ ʤʝʨr ʚ ʢʦʨʦʪʢʦʡ ʮʠʨʢʫʣʷʮʠʠ ɹɼʄ (wet end): 

- ʫʩʪʨʘʥʝʥʠʝ ʦʪʪʘʣʢʠʚʘʶʱʝʛʦ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ ʥʘ ʧʦʚʝʨʭ-

ʥʦʩʪʷʭ ʚʦʣʦʢʦʥ, ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʭʠʤʠʢʘʪʦʚ, ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʭ 

ʜʣʷ ʵʪʦʡ ʮʝʣʠ; 

- ʦʙʝʩʧʝʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʭʠʤʠʢʘʪʦʚ; 

- ʫʤʝʥʴʰʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʩ 72 ʜʠʥ/ʩʤ2
 ʜʦ 30 ʜʠʥ/ʩʤ

2
; 

- ʫʩʪʘʥʘʚʣʝʥʠʝ ʙʘʣʘʥʩʘ ʢʘʪʠʦʥʥʳʭ ʠ ʘʥʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ, ʜʦʩʪʠʛʘʷ 

ʟʥʘʯʝʥʠʷ ʜʟʝʪʘ ʧʦʪʝʥʮʠʘʣʘ ʙʣʠʟʢʦʛʦ ʥʫʣʝʚʦʡ ʦʪʤʝʪʢʠ. 
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ʂʦʥʪʨʦʣʴ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ:  

- ʫʚʝʣʠʯʝʥʠʝ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʚʦʣʦʢʦʥ ʠ ʬʠʙʨʠʣʣ; 

- ʫʤʝʥʴʰʝʥʠʝ ʦʙʨʘʪʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʚʦʜʳ (Reduced rewet); 

- ʫʚʝʣʠʯʝʥʠʝ ʩʫʭʦʩʪʠ ʚ ʧʨʦʮʝʩʩʝ ʧʨʝʩʩʦʚʘʥʠʷ ʧʦʣʦʪʥʘ; 

- ʦʙʣʝʛʯʝʥʠʝ ʧʝʨʝʤʝʱʝʥʠʷ ʚʦʜʳ ʯʝʨʝʟ ʧʦʚʝʨʭʥʦʩʪʴ ʙʫʤʘʛʠ ʠ ʫʩʢʦʨʝ-

ʥʠʝ ʝʸ ʩʫʰʢʠ, ʧʦʟʚʦʣʷʶʱʝʝ ʫʚʝʣʠʯʠʪʴ ʩʢʦʨʦʩʪʴ ɹɼʄ ʥʘ 6-7 %. 

ʊʱʘʪʝʣʴʥʦʩʪʴ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʦʮʝʥʠʚʘʝʪʩʷ ʩʪʘʥʜʘʨʪʥʳʤʠ ʚʘʨʠʘʮʠʷ-

ʤʠ ʟʥʘʯʝʥʠʡ ʜʟʝʪʘ ʧʦʪʝʥʮʠʘʣʘ (ʪʘʙʣ. 1). 

ʊʘʙʣʠʮʘ 1. ʉʪʘʥʜʘʨʪʥʳʝ ʚʘʨʠʘʮʠʠ ʜʟʝʪʘ ʧʦʪʝʥʮʠʘʣʘ ʚ ʧʝʨʝʤʝʰʘʥʥʦʡ ʤʘʩʩʝ  

ʋʩʣʦʚʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʩʩʳ ʉʪʘʥʜʘʨʪʥʳʝ ʚʘʨʠʘʮʠʠ 

ʜʟʝʪʘ ʧʦʪʝʥʮʠʘʣʘ, ʤɺ  

ɺ ʣʘʙʦʨʘʪʦʨʠʠ  0,2 

ʅʘ ʪʠʭʦʭʦʜʥʦʡ ʩʪʘʨʦʡ ɹɼʄ  0,2-0,5 

ʅʘ ʙʳʩʪʨʦʭʦʜʥʦʡ ɹɼʄ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ tissue 1,6 

 

ʇʨʠ ʚʳʨʘʙʦʪʢʝ ʙʫʤʘʛʠ ʥʘ ʙʳʩʪʨʦʭʦʜʥʦʡ ɹɼʄ ʚʘʨʠʘʮʠʠ ʜʟʝʪʘ ʧʦʪʝʥ-

ʮʠʘʣʘ, ʧʨʝʚʳʰʘʶʱʠʝ 2,9 ʤɺ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʦʙʨʳʚʘʤ ʚ ʤʦʢʨʦʡ ʯʘʩʪʠ, 

ʪɻʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʝ ʪʨʝʙʦʚʘʥʠʝ ʜʣʷ ʭʦʨʦʰʝʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʨʘʙʦʪʳ. 

ɼʠʩʧʝʨʛʠʨʦʚʘʥʠʝ ʭʠʤʠʢʘʪʦʚ ʜʦ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʤʘʩʰʪʘʙʘ (ʙʣʘʛʦʜʘʨʷ 

ʧʝʨʝʤʝʰʠʚʘʥʠʶ), ʧʨʠʚʦʜʷʱʝʝ ʢ ʫʚʝʣʠʯʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʯʘʩʪʠʮ ʚ ʩʫʩʧʝʥ-

ʟʠʠ ʥʘ 1-2 ʧʦʨʷʜʢʘ, ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʟʥʘʯʠʤʦʝ ʩʥʠʞʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʵʪʠʭ ʭʠʤʠʢʘʪʦʚ. 

ʆʩʦʙʝʥʥʦ ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ ʠʟʤʝʥʝʥʠʶ ʜʟʵʪʘ ʧʦʪʝʥʮʠʘʣʘ ʧʨʦʢʣʝʡʢʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʥʪʨʦʣʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʥʘʥʦ ʨʘʟʤʝʨʥʦʤ ʤʘʩʰʪʘʙʝ ʧʦʟ-

ʚʦʣʷʝʪ ʤʘʢʩʠʤʘʣʴʥʦ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʳʨʴʝ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʦʧ-

ʪʠʤʘʣʴʥʦʛʦ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ɹɼʄ 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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WET END CONTROL STRA TEGIES WITH FOCUS ON  PAPER STRENGTH 

 

Roland Berger  

BTG Instruments GmbH, Germany 

 

In todayôs paper and board market it is vital to focus on strength proper-

ties. Increased strength in the paper allows the papermaker to gain flexibility in 

other challenging areas like chemical addition, raw material selection or basis 

weight reduction. Major process areas that need to be observed when strength is 

an issue are the stock preparation and the wet end as refining control and 

strength additives build the foundation for a high quality product. 

Operators often apply high additive dosages to achieve this target result-

ing in foaming, poor paper machine runnability, heavy deposits and high COD 

loads. Starch, wet-strength resins or internal-sizing agents attain maximum per-

formance and cost effectiveness if they adsorb completely to the fibers. Other-

wise, they tend to accumulate in the circuit water. With Zeta potential measure-

ment the surface charge of solids in the system, such as fibers, fines and fillers, 

can be determined which indicates the adsorption behavior of chemical addi-

tives. The M¿tek Particle Charge Detector measures the charge of substances 

dissolved in water. Together, both charge measurements enable optimum selec-

tion of dosage points, choosing the most cost-effective additives and an under-

standing of chemical reactions within the process.  

Understanding the dynamics and reaction in the wet end of a paper ma-

chine by means of a thorough survey is the basis to proceed with process con-

trol. By continuous measurement of the most driving process parameters, pa-

permakers can e.g. control dosages of fixing agents to neutralize anionic trash or 

to stabilize charge variations. It enables precise and efficient dosing of function-

al chemicals leading to cost-effective solutions. Control of dewatering proper-

ties, highly accurate consistency and fines content measurement throughout the 

process allow adoptions and adjustments of refining control, basis weight con-

trol, fines management and fiber recovery. 

Actual process data will explain how applying this strategy results in 

higher paper machine efficiency and improved quality properties. 
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ʆ ɹʋʄɸɻʆʆɹʈɸɿʋʖʑʀʍ ʉɺʆʁʉʊɺɸʍ ʈɸɿʅʓʍ ɺʀɼʆɺ 

ɺʊʆʈʀʏʅʆɻʆ ɺʆʃʆʂʅɸ 

 

ɸ.ʄ. ʀʜʠʘʪʫʣʣʠʥ, ʅ.ɸ. ʊʘʨʘʢʘʥʦʚʘ, ʀ.ʉ. ʀʜʠʘʪʫʣʣʠʥʘ, ʀ.ɺ. ʃʶʙʘʚʠʥʘ 

ʆʆʆ çʊʝʭʥʦʙʫʤ-2è, ʇʨʘʚʜʠʥʩʢʠʡ, ʄʦʩʢʦʚʩʢʘʷ ʦʙʣ., ʈʦʩʩʠʷ 

 

ʀʩʩʣʝʜʦʚʘʥʳ ʙʫʤʘʛʦʦʙʨʘʟʫʶʱʠʝ ʩʚʦʡʩʪʚʘ ʰʝʩʪʠ ʚʠʜʦʚ ʤʘʢʫʣʘʪʫʨʳ, ʪʘʢʠʭ ʢʘʢ 

ʛʦʬʨʦʷʱʠʢʠ, ʦʬʠʩʥʘʷ ʙʫʤʘʛʘ, ʛʘʟʝʪʳ, ʢʥʠʛʠ, ʠ ʞʫʨʥʘʣʳ ʠʟ ʤʝʣʦʚʘʥʥʦʡ ʙʫʤʘʛʠ. ʇʨʦ-

ʘʥʘʣʠʟʠʨʦʚʘʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʨʘʟʤʝʨʘʤ ʯʘʩʪʠʮ, ʤʫʪʥʦʩʪʴ, ʢʘʪʠʦʥʥʘʷ ʧʦʪʨʝʙ-

ʥʦʩʪʴ, ʩʦʜʝʨʞʘʥʠʝ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʨʘʭʤʘʣʘ, ʜʨʫʛʠʝ ʩʚʦʡʩʪʚʘ ʠʩʭʦʜʥʦʡ ʙʫʤʘʞʥʦʡ 

ʤʘʩʩʳ. ʀʩʩʣʝʜʦʚʘʥʘ ʩʢʦʨʦʩʪʴ ʦʙʝʟʚʦʞʠʚʘʥʠʷ, ʩʚʦʡʩʪʚʘ ʧʦʜʩʝʪʦʯʥʦʡ ʚʦʜʳ. ʀʟʫʯʝʥʳ 

ʦʩʥʦʚʥʳʝ ʧʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʦʪʣʠʚʦʢ, ʩʢʣʦʥʥʦʩʪʴ ʢ ʧʨʦʢʣʝʡʢʝ ɸʂɼ. 

 

ABOUT THE PAPER FORM ING PROPERTIES OF DIFFERENT KINDS  

OF SECONDARY FIBERS 

 

A.M.  Idiatullin, N.A.  Tarakanova, I.S. Idiatullina, I.V.  Ljubavina  

"Technoboom-2" Ltd., Pravdinsky, Moscow region, Russia 

 
The paper forming properties of six kinds of secondary fibers have been studied, such 

as old corrugated containers, office paper, newspapers, books, and coated paper magazines 

(in the process of making paper hand sheets ). Particle size distribution, turbidity, cationic 

demand, dissolved starch levels and other properties of the original pulp have been analyzed. 

The rate of dewatering and the properties of white water have been investigated. Basic paper 

strength properties and susceptibility to AKD sizing have been studied too. 

 

ʎʝʣʴ ʨʘʙʦʪʳ 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʠʟʫʯʠʪʴ, ʢʘʢ ʚʣʠʷʶʪ 

ʥʘʠʙʦʣʝʝ ʪʠʧʠʯʥʳʝ ʚʠʜʳ ʤʘʢʫʣʘʪʫʨʳ ʥʘ ʧʨʦʮʝʩʩ ʦʪʣʠʚʘ, ʦʩʥʦʚʥʳʝ ʧʨʦʯ-

ʥʦʩʪʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʠ ʧʨʦʢʣʝʡʢʫ ʢʘʨʪʦʥʘ ʠ ʙʫʤʘʛʠ, ʯʪʦʙʳ ʜʘʪʴ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʩʧʝʮʠʘʣʠʩʪʘʤ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʠʢʘʤ ʦʮʝʥʠʚʘʪʴ ʚʣʠʷʥʠʝ ʢʦʤʧʦʟʠʮʠʠ 

ʧʦ ʚʦʣʦʢʥʫ ʥʘ ʧʨʦʮʝʩʩʳ ʦʪʣʠʚʘ, ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʠ 

ʧʨʦʢʣʝʡʢʫ ʢʘʨʪʦʥʘ ʠʟ ʚʪʦʨʠʯʥʦʛʦ ʚʦʣʦʢʥʘ. 

ʇʦʨʷʜʦʢ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʜʛʦʪʦʚʢʘ ʦʙʨʘʟʮʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʆʆʆ çʊʝʭʥʦʙʫʤ-2è, ʩʦ-

ʟʜʘʥʥʦʡ ʚ 1995 ʛ. ʥʘ ʙʘʟʝ ʣʘʙʦʨʘʪʦʨʠʠ ʦʪʜʝʣʘ ʭʠʤʠʠ ʠ ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦ-

ʣʦʛʠʠ ʆɸʆ çʎʝʥʪʨʘʣʴʥʳʡ ʅʀʀ ɹʫʤʘʛʠè.  

ɼʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʰʝʩʪʠ ʚʠʜʦʚ ʙʫʤʘʞʥʦʡ ʤʘʩʩʳ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘ-

ʥʳ ʰʝʩʪʴ ʚʠʜʦʚ ʤʘʢʫʣʘʪʫʨʳ: 1) ʛʦʬʨʦʷʱʠʢʠ ʠʟ ʢʘʨʪʦʥʘ ʠ ʙʫʤʘʛʠ ʥʘ 70 % 

ʩʦʩʪʦʷʱʠʝ ʠʟ ʧʝʨʚʠʯʥʦʛʦ ʚʦʣʦʢʥʘ; 2) ʛʦʬʨʦʷʱʠʢʠ ʧʦʣʥʦʩʪʴʶ ʠʟ ʚʪʦʨʠʯʥʦ-

ʛʦ ʚʦʣʦʢʥʘ; 3) ʙʫʤʘʛʘ ʦʬʠʩʥʘʷ, ʟʘʧʝʯʘʪʘʥʥʘʷ ʥʘ ʧʨʠʥʪʝʨʝ; 4) ʢʥʠʞʥʘʷ ʙʫ-
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ʤʘʛʘ (ʩʤʝʩʴ ʨʘʟʥʳʭ ʢʥʠʛ ʥʘ ʥʝʜʦʨʦʛʦʡ ʙʫʤʘʛʝ); 5)ʛʘʟʝʪʳ; 6) ʞʫʨʥʘʣʳ 

ç7 ʜʥʝʡè ʠʟ ʤʝʣʦʚʘʥʥʦʡ ʙʫʤʘʛʠ. 

ʄʘʢʫʣʘʪʫʨʫ ʨʘʩʧʫʩʢʘʣʠ ʠ ʧʦʜʚʝʨʛʘʣʠ ʣʝʛʢʦʤʫ ʨʘʟʤʦʣʫ ʚ ʘʧʧʘʨʘʪʝ 

ʎʈɸ ʜʦ ʧʦʣʥʦʛʦ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ ʥʘ ʚʦʣʦʢʥʘ, ʨʘʟʙʘʚʣʷʣʠ ʜʦ 1 % ʠ ʜʘʣʝʝ 

ʧʨʦʚʦʜʠʣʠ ʠʩʧʳʪʘʥʠʷ ʠʩʭʦʜʥʦʡ ʤʘʩʩʳ. ʇʦʪʦʤ ʠʟʛʦʪʘʚʣʠʚʘʣʠ ʙʫʤʘʞʥʳʝ 

ʦʪʣʠʚʢʠ ʥʘ ʘʧʧʘʨʘʪʝ ʈʘʧʠʜ-ʂʝʪʪʝʥ ʠ ʠʩʧʳʪʳʚʘʣʠ ʠʭ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʯʥʦ-

ʩʪʠ ʠ ʧʨʦʢʣʝʡʢʠ. ʀʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʢʘʢ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ɸʂɼ ʠ ʢʘʪʠʦʥ-

ʥʦʛʦ ʢʨʘʭʤʘʣʘ, ʪʘʢ ʠ ʩ ʢʣʝʝʤ ɸʂɼ ʙʝʟ ʢʘʪʠʦʥʥʦʛʦ ʢʨʘʭʤʘʣʘ.  

ʄʝʪʦʜʳ ʠʩʧʳʪʘʥʠʡ. 

ɺʨʝʤʷ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʙʫʤʘʞʥʦʡ ʤʘʩʩʳ ʦʧʨʝʜʝʣʷʣʠ ʥʘ ʘʧʧʘʨʘʪʝ ʐʦ-

ʧʝʨ-ʈʠʛʣʝʨʘ, ʟʘʤʝʨʷʷ ʚʨʝʤʷ ʠʩʪʝʯʝʥʠʷ ʨʘʟʥʳʭ ʦʙʲʸʤʦʚ ʧʦʜʩʝʪʦʯʥʦʡ ʚʦʜʳ 

200, 300, 400, 500 ʤʣ. ʄʫʪʥʦʩʪʴ ʤʘʩʩʳ ʠ ʧʦʜʩʝʪʦʯʥʦʡ ʚʦʜʳ ʦʧʨʝʜʝʣʷʣʠ ʥʘ 

ʧʨʠʙʦʨʝ ʪʫʨʙʠʜʠʤʝʪʨʝ ʬʠʨʤʳ ñHANNAò. 

ʂʦʥʮʝʥʪʨʘʮʠʶ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʨʘʭʤʘʣʘ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʤʝʪʦʜʠʢʝ 

ʆʆʆ çʊʝʭʥʦʙʫʤ-2è ʥʘ ʬʦʪʦʤʝʪʨʝ ñSmartò ʬʠʨʤʳ ñLa Motteò. 

ʂʘʪʠʦʥʥʫʶ ʧʦʪʨʝʙʥʦʩʪʴ ʤʘʩʩʳ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʤʝʪʦʜʠʢʝ 

ʆʆʆ çʊʝʭʥʦʙʫʤ-2è ʥʘ ʧʨʠʙʦʨʝ ñMutek PCD-03ò. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʨʘʟʤʝʨʘʤ ʯʘʩʪʠʮ ʙʫʤʘʞʥʫʶ 

ʤʘʩʩʫ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʥʘ ʣʘʟʝʨʥʦʤ ʜʠʬʨʘʢʮʠʦʥʥʦʤ ʘʥʘʣʠʟʘʪʦʨʝ ʨʘʟʤʝʨʘ ʯʘ-

ʩʪʠʮ ñAnalysette 22ò ʬʠʨʤʳ ñFritchò, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʯʘ-

ʩʪʠʮʳ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0,01 ʤʢʤ ʜʦ 3,0 ʤʤ.  

ʕʥʝʨʛʠʶ ʩʚʷʟʝʡ ʚʦʣʦʢʦʥ ʦʧʨʝʜʝʣʷʣʠ ʥʘ ʧʨʠʙʦʨʝ ñScott Bond Testerò, 

ʜʨʫʛʠʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʙʫʤʘʞʥʳʭ ʦʪʣʠʚʦʢ ʦʧʨʝʜʝʣʷʣʠ ʥʘ 

ʠʟʚʝʩʪʥʳʭ ʧʨʠʙʦʨʘʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʦʙʩʫʞʜʝʥʠʝ.  

ɺʩʝ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 1 ʠ 2. 

ɺ ʪʘʙʣ. 1 ʧʦʢʘʟʘʥʳ ʩʚʦʡʩʪʚʘ ʠʩʭʦʜʥʦʡ ʙʫʤʘʞʥʦʡ ʤʘʩʩʳ ʢʘʞʜʦʛʦ ʚʠʜʘ, 

ʘ ʪʘʢʞʝ ʩʚʦʡʩʪʚʘ ʤʘʩʩʳ ʠ ʧʦʜʩʝʪʦʯʥʦʡ ʚʦʜʳ ʧʨʠ ʦʙʝʟʚʦʞʠʚʘʥʠʠ.  

ɺ ʢʘʯʝʩʪʚʝ ʢʘʪʠʦʥʥʦʛʦ ʢʨʘʭʤʘʣʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʘʪʠʦʥʥʳʡ ʢʨʘʭʤʘʣ 

ʩʨʝʜʥʝʛʦ ʢʘʯʝʩʪʚʘ ï ʢʫʢʫʨʫʟʥʳʡ ʩʦ ʩʪʝʧʝʥʴʶ ʟʘʤʝʱʝʥʠʷ 0,040 ʤʦʣʴ/ʤʦʣʴ.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʫʤʘʞʥʦʡ ʤʘʩʩʳ ʥʘ ʩʦʩʪʘʚ ʯʘʩʪʠʮ ʥʘ ʣʘ-

ʟʝʨʥʦʤ ʘʥʘʣʠʟʘʪʦʨʝ ñAnalysette 22ò ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʯʝʩʢʠ. ʀʟ-ʟʘ ʦʛʨʘ-

ʥʠʯʝʥʠʷ ʦʙʲʸʤʘ ʧʫʙʣʠʢʘʮʠʠ ʟʜʝʩʴ ʧʨʠʚʦʜʷʪʩʷ ʛʨʘʬʠʢʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘ-

ʩʪʠʮ ʣʠʰʴ ʜʣʷ ʜʚʫʭ ʚʠʜʦʚ ʤʘʢʫʣʘʪʫʨʦʡ ʤʘʩʩʳ ï ʛʦʬʨʦʷʱʠʢʦʚ ʠʟ ʧʝʨʚʠʯ-

ʥʦʛʦ ʢʘʨʪʦʥʘ ʠ ʤʝʣʦʚʘʥʥʦʡ ʙʫʤʘʛʠ ʥʘ ʨʠʩ.1,2 ʠ ʪʘʙʣ.3. ɺ ʮʝʣʦʤ ʩʨʘʚʥʠʚʘʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʠʮ ʜʣʷ ʨʘʟʥʳʭ ʚʠʜʦʚ ʤʘʢʫʣʘʪʫʨʳ ʥʘ ʛʨʘʬʠʢʘʭ ʨʠʩ.1-6 

ʚ ʨʘʟʣʠʯʥʳʭ ʚʠʜʘʭ ʙʫʤʘʞʥʦʡ ʤʘʩʩʳ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ: 
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ʊʘʙʣʠʮʘ 1. ʉʚʦʡʩʪʚʘ ʠʩʭʦʜʥʦʡ ʙʫʤʘʞʥʦʡ ʤʘʩʩʳ, ʧʦʜʘʯʘ ʭʠʤʠʢʘʪʦʚ ʠ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʧʳʪʘʥʠʡ ʬʘʢʪʦʨʦʚ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʙʫʤʘʞʥʦʡ ʤʘʩʩʳ ʙʝʟ ʢʘʪʠʦʥʥʦʛʦ ʢʨʘʭʤʘʣʘ ʠ 

ʩ ʢʘʪʠʦʥʥʳʤ ʢʨʘʭʤʘʣʦʤ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 
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ʉʚʦʡʩʪʚʘ ʠʩʭʦʜʥʦʡ ʙʫʤʘʞʥʦʡ ʤʘʩʩʳ 

ʉʪʝʧʝʥʴ ʧʦʤʦʣʘ, ʐ̄ʈ  17,5 29 24,5 32 61 71 

ʉʨʝʜʥʠʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ, ʤʢʤ  116,8 107,1 108,5 88 94,8 70,6 

ɿʦʣʴʥʦʩʪʴ, %  3,2 6,5 21,9 4,7 1,0 37,0 

ʄʫʪʥʦʩʪʴ 1%-ʥʦʡ ʤʘʩʩʳ , 

FTU  
295 513 1360 437 440 3540 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʝʥ-

ʥʦʛʦ ʢʨʘʭʤʘʣʘ, ʤʛ/ʣ  
159 222 119 9,5 10,1 136 

ʂʘʪʠʦʥʥʥʘʷ ʧʦʪʨʝʙʥʦʩʪʴ, 

ʤʢʛ-ʵʢʚ/ʣ  
688 640 520 704 560 1440 

ʉʚʦʡʩʪʚʘ ʙʫʤʘʞʥʦʡ ʤʘʩʩʳ ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ ʭʠʤʠʢʘʪʦʚ: ɸʂɼ (6 ʢʛ/ʪ) ʠ ʢʘʪʠʦʥʥʦʛʦ 

ʢʨʘʭʤʘʣʘ (5 ʢʛ/ʪ) 
ɺʨʝʤʷ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʦʙʲʸʤʘ, ʩ 

200 ʤʣ ï 1,8 3,4 2,5 4,6 17,6 35,8 

 5 1,5 5,2 3,2 5,4 14,2 22,9 

300 ʤʣ ï 3,7 9,7 8,2 11,1 40,8 85,7 

 5 3,8 12,2 8,5 11,6 31,7 54,5 

400 ʤʣ ï 7,3 18,8 17,3 20,3 74,6 168,4 

 5 7,5 21,9 17,8 20 56,7 101,8 

500 ʤʣ ï 12,7 32,8 29,7 33,9 125,2 263,8 

 5 13,1 35,8 31 32,4 92,7 170,6 

ʄʫʪʥʦʩʪʴ ʧʦʜʩʝʪʦʯʥʦʡ ʚʦʜʳ,  ï 91 154 706 127 112 572 

FTU 5 56 82 370 71 76 356 

 

- ʥʘʠʙʦʣʴʰʠʡ ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʦʪʤʝʯʘʝʪʩʷ ʫ ʤʘʢʫʣʘʪʫʨʳ ʠʟ 

ʧʝʨʚʠʯʥʦʛʦ ʚʦʣʦʢʥʘ ï 116,8 ʤʢʤ (ʨʠʩ. 1), ʘ ʥʘʠʤʝʥʴʰʠʡ ʫ ʤʝʣʦʚʘʥʥʦʡ ʙʫ-

ʤʘʛʠ 70,6 ʤʢʤ (ʨʠʩ.2); 

- ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝʣʢʠʭ ʯʘʩʪʠʮ ʨʘʟʤʝʨʦʤ ʤʝʥʝʝ 10 ʤʢʤ, ʯʪʦ 

ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʥʘʧʦʣʥʠʪʝʣʝʡ ʠ ʧʠʛʤʝʥʪʦʚ, ʦʪʤʝʯʘʝʪʩʷ ʫ ʤʝʣʦʚʘʥʥʦʡ ʙʫʤʘ-

ʛʠ, ʛʜʝ ʦʪʤʝʯʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʟʦʣʴʥʦʩʪʴ. 

- ʥʘʠʙʦʣʴʰʘʷ ʜʦʣʷ ʩʘʤʳʭ ʤʝʣʢʠʭ ʯʘʩʪʠʮ ʤʝʥʝʝ 1 ʤʢʤ ʦʪʤʝʯʘʝʪʩʷ ʫ 

ʤʝʣʦʚʘʥʥʦʡ ʙʫʤʘʛʠ (1,6 %) ʠ ʫ ʦʬʠʩʥʦʡ ʙʫʤʘʛʠ (1,0 %), ʫ ʜʨʫʛʠʭ ʚʠʜʦʚ 

ʤʘʩʩʳ ʜʦʣʷ ʵʪʠʭ ʯʘʩʪʠʮ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʤʝʥʴʰʝ; 
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ʊʘʙʣʠʮʘ 2. ɺʣʠʷʥʠʝ ʧʦʜʘʯʠ ʭʠʤʠʢʘʪʦʚ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʧʨʦʯʥʦʩʪʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʙʫʤʘʞʥʳʭ ʦʪʣʠʚʦʢ (ʤʘʩʩʘ 100 ʛ/ʤ
2
) 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 
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ʉʚʦʡʩʪʚʘ ʙʫʤʘʞʥʦʡ ʤʘʩʩʳ 

ʉʪʝʧʝʥʴ ʧʦʤʦʣʘ, ʐ̄ʈ ï 17,5 29 24,5 32 61 71 

ɿʦʣʴʥʦʩʪʴ, % 5 17,5 29 24,5 32 61 71 

ʉʚʦʡʩʪʚʘ ʣʘʙʦʨʘʪʦʨʥʳʭ ʦʪʣʠʚʦʢ ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ ʭʠʤʠʢʘʪʦʚ: ɸʂɼ (6 ʢʛ/ʪ) ʠ 

ʢʘʪʠʦʥʥʦʛʦ ʢʨʘʭʤʘʣʘ (5 ʢʛ/ʪ) 
ʕʥʝʨʛʠʷ ʩʚʷʟʝʡ, Scott, ɼʞ/ʤ

2
 ï 246,4 311,7 374,6 150,1 144,6 119,3 

 5 443,5 511,2 498,5 211,2 198,5 166,9 

ʀʥʜʝʢʩ, % ï 100 126,5 152 60,9 58,7 48,4 

  5 180 207,5 202,3 85,7 80,6 67,7 

ʈʘʟʨʫʰʘʶʱʝʝ ʫʩʠʣʠʝ, ʅ ï 73,0 75,4 73,8 52,3 58,9 43,6 

 5 81,7 82,6 75,6 51,6 60,6 41,7 

ʀʥʜʝʢʩ, % ï 100 103,3 101,1 71,6 80,7 59,7 

  5 111,9 113,2 103,6 70,7 83,0 57,1 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝ-  ï 279 307 318 138 132 94 

ʥʠʝ ʧʨʦʜʘʚʣʠʚʘʥʠʶ, ʢʇʘ 5 352 349 354 158 164 109 

ʀʥʜʝʢʩ, % ï 100 110 114 49,5 47,3 33,7 

  5 126,2 125,1 126,9 56,6 58,8 39,1 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝ-  ï 21,4 20,5 20,3 18,9 17,6 17,1 

ʥʠʝʩʞʘʪʠʶ ʢʦʣʴʮʘ, ʢʛʩ 5 21,8 20,9 19,3 19,6 20,0 18,2 

ʀʥʜʝʢʩ, % ï 100 95,8 90,2 88,3 82,2 79,9 

  5 101,9 97,7 94,9 91,6 93,5 85 

ʂʦʙʙ60, ʛ/ʤ
2
 ï 203,6 52,0 41,8 187,9 163,1 113,5 

  5 47,9 22,7 23,1 52,1 151,3 109,5 

 

ɺ ʮʝʣʦʤ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʨʘʟʤʝʨʫ ʯʘʩʪʠʮ ʜʘʶʪ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʯʘʩʪʠʮ ʜʣʷ ʨʘʟʥʳʭ ʚʠʜʦʚ ʤʘʢʫʣʘʪʫʨʳ. ʆʜ-

ʥʘʢʦ, ʨʘʟʤʝʨʳ ʯʘʩʪʠʮ ʜʣʷ ʚʦʣʦʢʦʥ, ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʧʨʠʚʳʯʥʦ-

ʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʨʘʟʤʝʨʝ ʚʦʣʦʢʦʥ, ʢʘʢ ʦʙ ʠʭ ʜʣʠʥʝ. ʀ ʝʩʣʠ ʜʣʷ ʰʘʨʦʦʙ-

ʨʘʟʥʳʭ ʠʣʠ ʢʫʙʠʯʝʩʢʠʭ ʯʘʩʪʠʮ ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʧʦ ʤʝʪʦʜʫ ʩʚʝʪʦʨʘʩʩʝʷʥʠʷ 

ʙʫʜʝʪ ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʠʤ ʨʝʘʣʴʥʦʤʫ ʩʨʝʜʥʝʤʫ ʨʘʟʤʝʨʫ ʯʘʩʪʠʮʳ, ʪʦ 

ʚ ʩʣʫʯʘʝ ʚʳʪʷʥʫʪʳʭ ʯʘʩʪʠʮ, ʪʘʢʠʭ ʢʘʢ ʚʦʣʦʢʥʘ ʮʝʣʣʶʣʦʟʳ, ʦʧʨʝʜʝʣʷʝʤʳʡ 

ʨʘʟʤʝʨ ʯʘʩʪʠʮʳ ʵʪʦ ʥʝʢʠʡ ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʤʝʞʜʫ ʜʣʠʥʦʡ, ʠ ʜʠʘʤʝʪʨʦʤ 

(ʪʦʣʱʠʥʦʡ, ʰʠʨʠʥʦʡ) ʠ ʨʝʘʣʴʥʦ ʦʧʨʝʜʝʣʷʝʤʳʡ ʨʘʟʤʝʨ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʥʠ-

ʞʝ, ʯʝʤ ʬʘʢʪʠʯʝʩʢʘʷ ʜʣʠʥʘ ʚʦʣʦʢʦʥ. 
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ʈʠʩ. 1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʠʮ ʧʦ ʨʘʟʤʝʨʘʤ ʤʘʢʫʣʘʪʫʨʳ ʠʟ ʛʦʬʨʦʷʱʠʢʦʚ  

ʠʟ ʧʝʨʚʠʯʥʦʛʦ ʩʳʨʴʷ 

 
ʈʠʩ.2. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʠʮ ʧʦ ʨʘʟʤʝʨʘʤ ʚ ʤʘʩʩʝ ʤʝʣʦʚʘʥʥʦʡ ʤʘʢʫʣʘʪʫʨ r

ʊʘʙʣʠʮʘ 3. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʠʮ ʧʦ ʨʘʟʤʝʨʘʤ ʜʣʷ ʤʘʢʫʣʘʪʫʨʥʦʡ ʤʘʩʩʳ ʧʦ ʨʝ-

ʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʣʘʟʝʨʥʦʤ ʘʥʘʣʠʟʘʪʦʨʝ ñAnalysette 22ò 

ɼʦʣʷ ʯʘʩʪʠʮ  ʈʘʟʤʝʨ, <, ʤʢʤ ʈʘʟʤʝʨ,  ɼʦʣʷ ʯʘʩʪʠʮ, % 

(ʧʦ ʦʙʲʸʤʫ), 

% 

ɻʦʬʨʦ-

ʷʱʠʢʠ 

ʄʝʣʦʚʘʥʥʘʷ 

ʤʘʢʫʣʘʪʫʨʘ 

<, ʤʢʤ ɻʦʬʨʦ-

ʷʱʠʢʠ 

ʄʝʣʦʚʘʥʥʘʷ 

ʤʘʢʫʣʘʪʫʨʘ 

10 24,3 8,1 1 0,3 1,6 

20 41,2 22,0 5 1,7 7,7 

30 59,7 35,6 10 3,3 11,3 

40 83,1 50,6 50 25,4 39,6 

50 116,8
*
  70,6

*
 100 45,8 59,2 

60 173,3 103,8 200 63,3 73,0 

70 271,8 171,3 500 86,1 89,4 

80 405,1 285,6 700 94,9 94,8 

90 574,7 525,3 1000 99,5 99,0 

100 1357,4 1571,3 1500 100 100 

* ï ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ 
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ʆʙʨʘʪʠʤʩʷ ʪʝʧʝʨʴ ʢ ʘʥʘʣʠʟʫ ʜʨʫʛʠʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ 

ʪʘʙʣ. 1. ʅʝʢʦʪʦʨʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʜʠʘʛʨʘʤʤ ʨʠʩ. 3-8. 

ʀʟ ʪʘʙʣ.1 ʚʠʜʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʠʡ ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ 116,8 ʤʢʤ ʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʘʤʘʷ ʥʠʟʢʘʷ ʩʪʝʧʝʥʴ ʧʦʤʦʣʘ 17,5 ʐ̄ʈ ʦʪʤʝʯʘʝʪʩʷ ʫ ʛʦʬʨʦ-

ʷʱʠʢʦʚ ʠʟ ʧʝʨʚʠʯʥʦʛʦ ʢʘʨʪʦʥʘ. ʀ, ʥʘʦʙʦʨʦʪ, ʫ ʤʝʣʦʚʘʥʥʦʡ ʤʘʢʫʣʘʪʫʨʳ ʦʪ-

ʤʝʯʘʝʪʩʷ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʧʦʤʦʣʘ 71 ʐ̄ʈ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʘʤʳʡ 

ʤʘʣʳʡ ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ 70,6 ʤʢʤ. ɼʨʫʛʠʝ ʚʠʜʳ ʤʘʢʫʣʘʪʫʨʳ ʟʘʥʠʤʘ-

ʶʪ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ, ʢʘʢ ʧʦ ʨʘʟʤʝʨʫ ʯʘʩʪʠʮ, ʪʘʢ ʠ ʧʦ ʩʪʝʧʝʥʠ 

ʧʦʤʦʣʘ.  

ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʥʪʝʨʝʩʥʘʷ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʟʦʣʴʥʦʩʪʴʶ ʠ 

ʤʫʪʥʦʩʪʴʶ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʙʫʤʘʞʥʦʡ ʤʘʩʩʳ.  

 

 
ʈʠʩ.3. ɺʟʘʠʤʦʩʚʷʟʴ ʟʦʣʴʥʦʩʪʠ ʠ ʤʫʪʥʦʩʪʠ ʙʫʤʘʞʥʦʡ ʤʘʩʩʳ  

ʠʟ ʨʘʟʥʳʭ ʚʠʜʦʚ ʤʘʢʫʣʘʪʫʨʳ 

ɺʠʜʥʘ ʭʦʨʦʰʘʷ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʟʦʣʴʥʦʩʪʴʶ ʠ ʤʫʪʥʦʩʪʴʶ ʙʫʤʘʞ-

ʥʦʡ ʤʘʩʩʳ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʥʘʧʦʣʥʠʪʝʣʠ, ʩʦʟʜʘʶʱʠʝ ʟʦʣʴʥʦʩʪʴ, 

ʠʤʝʶʪ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʝʣʦʤʣʝʥʠʷ ʩʚʝʪʘ, ʯʝʤ ʚʦʣʦʢʥʘ ʮʝʣ-

ʣʶʣʦʟʳ ʠ ʠʭ ʚʢʣʘʜ ʚ ʵʬʬʝʢʪ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ, ʢʦʪʦʨʳʡ ʩʦʟʜʘʝʪ ʤʫʪʥʦʩʪʴ, 

ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ, ʯʝʤ ʫ ʚʦʣʦʢʦʥ. ʄʦʞʥʦ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʛʘʟʝʪ-

ʥʦʡ ʙʫʤʘʛʠ, ʛʜʝ ʙʳʣʘ ʦʪʤʝʯʝʥʘ ʤʠʥʠʤʘʣʴʥʘʷ ʟʦʣʴʥʦʩʪʴ (1 %), ʤʫʪʥʦʩʪʴ ʥʝ 

ʩʘʤʘʷ ʥʠʟʢʘʷ. ʕʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʝʤ, ʯʪʦ, ʜʨʝʚʝʩʥʘʷ ʤʘʩʩʘ (ʊʄʄ, 

ʍʊʄʄ) ʦʙʣʘʜʘʝʪ ʥʘʠʙʦʣʴʰʝʡ ʩʚʝʪʦʨʘʩʩʝʠʚʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʚ ʩʨʘʚʥʝ-

ʥʠʠ ʩ ʜʨʫʛʠʤʠ ʚʠʜʘʤʠ ʚʦʣʦʢʥʠʩʪʳʭ ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ. ɺ ʮʝʣʦʤ, ʤʫʪʥʦʩʪʴ 

ʚʘʞʥʳʡ ʠ ʥʝ ʩʣʦʞʥʳʡ ʧʦʢʘʟʘʪʝʣʴ. ʂʦʥʪʨʦʣʠʨʫʷ ʝʛʦ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʜʘʥ-

ʥʳʝ ʦ ʢʘʯʝʩʪʚʝ ʙʫʤʘʞʥʦʡ ʤʘʩʩʳ ʠ ʝʝ ʟʦʣʴʥʦʩʪʠ. 
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ɼʘʣʝʝ ʥʘ ʨʠʩ. 4 ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʠʘʛʨʘʤʤʘ, ʦʪʨʘʞʘʶʱʘʷ ʩʦʜʝʨʞʘʥʠʝ 

ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʠ ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʦʛʦ ʢʨʘʭʤʘʣʘ ʚ ʙʫʤʘʞʥʦʡ ʤʘʩʩʝ. ɽʛʦ ʠʩ-

ʪʦʯʥʠʢʠ ʚ ʤʘʢʫʣʘʪʫʨʝ, ʦʩʥʦʚʥʦʤ, ʩʣʝʜʫʶʱʠʝ:  

1) ʥʘʪʫʨʘʣʴʥʳʡ ʢʨʘʭʤʘʣ ʠʟ ʢʣʝʝʚʳʭ ʰʚʦʚ ʛʦʬʨʦʷʱʠʢʦʚ;  

2) ʵʥʟʠʤʠʨʦʚʘʥʥʳʡ ʠʣʠ ʦʢʠʩʣʝʥʥʳʡ ʢʨʘʭʤʘʣ ʠʟ ʩʦʩʪʘʚʘ ʧʦʚʝʨʭʥʦʩʪ-

ʥʦʡ ʧʨʦʢʣʝʡʢʠ ʢʘʨʪʦʥʘ ʠ ʙʫʤʘʛʠ;  

3) ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʢʨʘʭʤʘʣ ʠʟ ʤʝʣʦʚʘʥʥʳʭ ʧʦʢʨʳʪʠʡ ʙʫʤʘʛʠ.  

 
ʈʠʩ. 4. ʂʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʨʘʭʤʘʣʘ ʚ ʙʫʤʘʞʥʦʡ ʤʘʩʩʝ  

ʠʟ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʤʘʢʫʣʘʪʫʨʳ 

ʕʪʦʪ ʨʘʩʪʚʦʨʝʥʥʳʡ ʠ ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʳʡ ʢʨʘʭʤʘʣ ʦʢʘʟʳʚʘʝʪ ʩʣʝʜʫ-

ʶʱʝʝ ʚʣʠʷʥʠʝ ʚ ʙʫʤʘʞʥʦʡ ʤʘʩʩʝ: 

- ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠ ʧʨʦʮʝʩʩʘʤ ʧʦʨʯʠ ʙʫ-

ʤʘʞʥʦʡ ʤʘʩʩʳ; 

- ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʘʥʠʦʥʥʳʭ ʟʘʛʨʷʟʥʝʥʠʡ, ʠ ʚ ʧʨʦʮʝʩʩʝ ʧʦʨʯʠ 

ʘʥʠʦʥʥʳʡ ʟʘʨʷʜ ʢʨʘʭʤʘʣʘ ʠ ʢʘʪʠʦʥʥʘʷ ʧʦʪʨʝʙʥʦʩʪʴ ʤʘʩʩʳ ʫʩʠʣʠʚʘʶʪʩʷ;  

- ʧʦʚʳʰʘʝʪ ʚʷʟʢʦʩʪʴ ʚʦʜʥʦʡ ʩʨʝʜʳ, ʟʘ ʩʯʝʪ ʯʝʛʦ ʩʥʠʞʘʝʪʩ ̫ʩʢʦʨʦʩʪʴ 

ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʤʘʩʩʳ ʥʘ ʩʝʪʦʯʥʦʤ ʩʪʦʣʝ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ɹɼʄ. 

- ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʯʘʩʪʠʮ rʤʝʣʦʯʠ ʠ ʥʘʧʦʣʥʠʪʝʣʷ, ʯʪʦ ʫʭʫʜʰʘʝʪ ʧʨʦ-

ʮʝʩʩ ʫʜʝʨʞʘʥʠʷ ʥʘʧʦʣʥʠʪʝʣʷ ʠ ʤʝʣʦʯʠ ʧʨʠ ʦʪʣʠʚʝ ʙʫʤʘʛʠ, ʘ ʪʘʢʞʝ ʚʳʟʳʚʘ-

ʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʪʨʫʜʥʦʩʪʠ ʧʨʠ ʦʯʠʩʪʢʝ ʩʪʦʯʥʳʭ ʚʦʜ; 

- ʥʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʧʨʦʯʥʝʥʠʶ ʙʫʤʘʛʠ, ʘ ʥʘʧʨʦʪʠʚ, ʦʙʚʦʣʘʢʠʚʘʝʪ ʚʦ-

ʣʦʢʥʘ ʤʠʢʨʦʧʣʝʥʢʦʡ ʩʠʣʴʥʦ ʛʠʜʨʦʣʠʟʦʚʘʥʥʦʛʦ ʢʨʘʭʤʘʣʘ, ʢʦʪʦʨʘʷ ʚ ʩʫʭʦʤ 

ʩʦʩʪʦʷʥʠʠ ʷʚʣʷʝʪʩʷ ʩʣʘʙʦʡ ʠ ʭʨʫʧʢʦʡ ʠ ʤʦʞʝʪ ʜʘʞʝ ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ ʬʦʨʤʠ-

ʨʦʚʘʥʠʶ ʧʦʣʥʦʮʝʥʥʳʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʚʦʣʦʢʥʘʤʠ ʮʝʣʣʶʣʦʟʳ. 
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ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʥʝʢʦʪʦʨʳʭ ʬʘʙʨʠʢʘʭ ʢʦʥ-

ʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʨʘʭʤʘʣʘ ʚ ʙʫʤʘʞʥʦʡ ʤʘʩʩʝ ʜʦʩʪʠʛʘʝʪ 1200 ʤʛ/ʣ. 

ɺ ʧʝʨʝʩʯʝʪʝ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʘʩʩʳ 1 % ʩʦʜʝʨʞʘʥʠʝ 

ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʨʘʭʤʘʣʘ ʩʦʩʪʘʚʣʷʝʪ 120 ʢʛ ʥʘ 1 ʪ ʙʫʤʘʛʠ. ʄʥʦʛʦʚʘʪʦ. 

ɺ ʩʠʣʫ ʫʢʘʟʘʥʥʳʭ ʬʘʢʪʦʨʦʚ ʢʦʥʪʨʦʣʴ ʩʦʜʝʨʞʘʥʠʷ ʨʘʩʪʚʦʨʝʥʥʦʛʦ 

ʢʨʘʭʤʘʣʘ ʚ ʤʘʩʩʝ ʜʘʝʪ ʤʥʦʛʦ ʧʦʣʝʟʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ʅʘ ʜʠʘʛʨʘʤʤʝ ʨʠʩ. 5 ʧʦʢʘʟʘʥʦ ʚʨʝʤʷ ʦʙʝʟʚʦʞʠʚʘʥʠʷ 500 ʤʣ ʨʘʟʣʠʯ-

ʥʳʭ ʚʠʜʦʚ ʙʫʤʘʞʥʦʡ ʤʘʩʩʳ ʥʘ ʘʧʧʘʨʘʪʝ ʐʦʧʝʨ-ʈʠʛʣʝʨʘ. 

 
ʈʠʩ. 5. ɺʨʝʤʷ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʙʫʤʘʞʥʦʡ ʤʘʩʩʳ ʠʟ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ  

ʤʘʢʫʣʘʪʫʨʳ (ʠʩʭʦʜʥʦʡ ʠ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʢʘʪʠʦʥʥʦʛʦ ʢʨʘʭʤʘʣʘ) 

ɺʠʜʥʦ, ʯʪʦ ʚʨʝʤʷ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʤʘʩʩʳ ʠʟ ʧʝʨʚʠʯʥʦʛʦ ʢʘʨʪʦʥʘ ʩʦ-

ʩʪʘʚʣʷʝʪ 12,7 ʩ, ʤʘʩʩʳ ʠʟ ʛʘʟʝʪʥʦʡ ʙʫʤʘʛʠ 125,2 ʩ, ʪʦ ʝʩʪʴ ʚ 10 ʨʘʟ ʙʦʣʴʰʝ, 

ʘ ʜʣʷ ʤʝʣʦʚʘʥʥʦʡ ʙʫʤʘʛʠ 263,4 ʩ, ʯʪʦ ʙʦʣʝʝ ʯʝʤ ʚ 20 ʨʘʟ ʙʦʣʴʰʝ. ʊʘʢʠʤ ʦʙ-

ʨʘʟʦʤ, ʠʤʝʥʥʦ ʵʪʠ ʚʠʜʳ ʤʘʢʫʣʘʪʫʨʳ ï ʛʘʟʝʪʥʘʷ ʠ ʤʝʣʦʚʘʥʥʘʷ ʩʦʟʜʘʶʪ 

ʥʘʠʙʦʣʴʰʠʝ ʪʨʫʜʥʦʩʪʠ ʧʨʠ ʦʙʝʟʚʦʞʠʚʘʥʠʠ ʤʘʩʩʳ ʥʘ ʂɼʄ, ɹɼʄ. ʅʘ ʜʠʘ-

ʛʨʘʤʤʝ 5 ʪʘʢʞʝ ʚʠʜʥʦ, ʯʪʦ, ʯʪʦ ʚʨʝʤʷ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ ʢʘ-

ʪʠʦʥʥʦʛʦ ʢʨʘʭʤʘʣʘ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʫʤʝʥʴʰʠʣʦʩʴ.  

ɼʘʣʝʝ ʥʘ ʨʠʩ. 6 ʧʦʢʘʟʘʥʘ ʤʫʪʥʦʩʪʴ ʧʦʜʩʝʪʦʯʥʦʡ ʚʦʜʳ ʧʨʠ ʦʙʝʟʚʦʞʠ-

ʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʙʫʤʘʞʥʦʡ ʤʘʩʩʳ. ʕʪʦʪ ʧʘʨʘʤʝʪʨ, ʢʘʢ ʫʞʝ ʫʢʘʟʘʥʦ 

ʚʳʰʝ, ʪʘʢʞʝ ʤʦʞʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠ ʦʥ ʜʘʝʪ ʧʨʝʜʩʪʘʚ-

ʣʝʥʠʝ ʥʝ ʪʦʣʴʢʦ ʦ ʩʦʩʪʘʚʝ ʤʘʢʫʣʘʪʫʨʳ, ʥʦ ʪʘʢʞʝ ʦʙ ʫʜʝʨʞʘʥʠʠ ʚʦʣʦʢʥʘ ʧʨʠ 

ʦʪʣʠʚʝ ʙʫʤʘʛʠ ʠ ʩʪʝʧʝʥʠ ʟʘʮʠʢʣʦʚʘʥʥʦʩʪʠ ʦʙʦʨʦʪʥʦʡ ʚʦʜʳ. ʆʥ ʪʘʢʞʝ ʤʦ-

ʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʢʘʢ ʵʢʩʧʨʝʩʩ-ʤʝʪʦʜ ʦʮʝʥʢʠ ʫʜʝʨʞʘʥʠʷ. ʅʘ ʜʠʘʛʨʘʤ-

ʤʝ ʨʠʩ. 6 ʚʠʜʝʥ ʝʱʝ ʦʜʠʥ ʚʳʨʘʞʝʥʥʳʡ ʵʬʬʝʢʪ ï ʵʬʬʝʢʪ ʩʥʠʞʝʥʠʷ ʤʫʪʥʦ-

ʩʪʠ ʧʦʜʩʝʪʦʯʥʦʡ ʚʦʜʳ, ʢʦʪʦʨʳʡ ʦʢʘʟʳʚʘʝʪ ʢʘʪʠʦʥʥʳʡ ʢʨʘʭʤʘʣ. ʕʪʦ ʩʣʝʜ-

ʩʪʚʠʝ ʵʬʬʝʢʪʘ ʢʦʘʛʫʣʷʮʠʠ ʠ ʫʜʝʨʞʘʥʠʷ ʤʝʣʦʯʠ. 
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ʇʝʨʝʡʜʝʤ ʢ ʧʦʢʘʟʘʪʝʣʷʤ ʧʨʦʯʥʦʩʪʠ ʨʘʟʥʳʭ ʚʠʜʦʚ ʙʫʤʘʞʥʦʡ ʤʘʩʩʳ. 

ɺ ʪʘʙʣ. 2 ʧʦʢʘʟʘʥʘ ʚʝʣʠʯʠʥʘ ʵʥʝʨʛʠʠ ʩʚʷʟʠ ʚʦʣʦʢʦʥ ʫ ʙʫʤʘʞʥʳʭ ʦʪʣʠʚʦʢ ʠʟ 

ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʙʫʤʘʞʥʦʡ ʤʘʩʩʳ. ʅʘʠʙʦʣʴʰʘʷ ʵʥʝʨʛʠʷ ʩʚʷʟʝʡ ʚʦʣʦʢʦʥ ʚ 

ʜʘʥʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʦʪʤʝʯʘʣʘʩʴ ʫ ʦʬʠʩʥʦʡ ʙʫʤʘʛʠ 375 ɼʞ/ʤ
2
, ʥʝʩʢʦʣʴʢʦ 

ʥʠʞʝ ʫ ʚʪʦʨʠʯʥʦʛʦ ʢʘʨʪʦʥʘ 311 ɼʞ/ʤ
2
 ʠ ʣʠʰʴ ʧʦʪʦʤ ʫ ʧʝʨʚʠʯʥʦʛʦ ʢʘʨʪʦʥʘ 

246 ɼʞ/ʤ
2
. ʕʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʝʤ, ʯʪʦ ʤʘʢʫʣʘʪʫʨʘ ʠʟ ʧʝʨʚʠʯʥʦʛʦ ʢʘʨ-

ʪʦʥʘ, ʠʤʝʝʪ ʦʯʝʥʴ ʥʠʟʢʫʶ ʩʪʝʧʝʥʴ ʧʦʤʦʣʘ (17,5 ʐ̄ʈ). ɺ ʮʝʣʦʤ ʧʦʢʘʟʘʪʝʣʴ 

ʵʥʝʨʛʠʷ ʩʚʷʟʝʡ ʚʦʣʦʢʦʥ (ʧʦ ʉʢʦʪʪʫ), ʧʦʞʘʣʫʡ, ʩʘʤʳʡ ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʧʦ-

ʢʘʟʘʪʝʣʴ ʢ ʧʨʦʯʥʦʩʪʠ ʤʝʞʚʦʣʦʢʦʥʥʳʭ ʩʚʷʟʝʡ ʠ ʫʧʨʦʯʥʷʶʱʠʤ ʜʦʙʘʚʢʘʤ. 

 
ʈʠʩ. 6. ʄʫʪʥʦʩʪʴ ʧʦʜʩʝʪʦʯʥʦʡ ʚʦʜʳ ʧʨʠ ʦʪʣʠʚʝ ʙʫʤʘʛʠ ʠʟ ʨʘʟʣʠʯʥʳʭ  

ʚʠʜʦʚ ʤʘʢʫʣʘʪʫʨʳ (ʙʝʟ ʠ ʩ ʢʘʪʠʦʥʥʳʤ ʢʨʘʭʤʘʣʦʤ) 

ʆ ʜʨʫʛʠʭ, ʧʦʢʘʟʘʪʝʣʷʭ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʪʝʩʪʣʘʡʥʝʨʘ ʠ ʬʣʶʪʠʥʛʘ. 

ɺ ʪʘʙʣ. 2 ʧʨʠʚʦʜʷʪʩʷ ʥʝ ʪʦʣʴʢʦ ʟʥʘʯʝʥʠʷ ʩʘʤʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʥʦ ʠ ʠʥʜʝʢʩ ï 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʧʦʢʘʟʘʪʝʣʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʦʢʘʟʘʪʝʣʷʤ ʫ ʦʪʣʠ-

ʚʦʢ ʠʟ ʤʘʢʫʣʘʪʫʨʳ ʧʝʨʚʠʯʥʦʛʦ ʛʦʬʨʦʢʘʨʪʦʥʘ. ʇʦʢʘʟʘʪʝʣʠ ʧʦʩʣʝʜʥʠʭ ʧʨʠ-

ʥ̫ ʪʳ ʟʘ 100 %. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʘʪʴ ʩʨʝʜʥʠʡ ʠʥʜʝʢʩ ʧʨʦʯ-

ʥʦʩʪʠ (ʩʨʝʜʥʠʡ ʠʟ ʪʨʝʭ), ʩ ʫʯʝʪʦʤ ʚʩʝʭ ʪʨʝʭ ʧʦʢʘʟʘʪʝʣʝʡ ï ʨʘʟʨʫʰʘʶʱʝʛʦ 

ʫʩʠʣʠʷ, ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʦʜʘʚʣʠʚʘʥʠʶ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʞʘʪʠʶ ʢʦʣʴʮʘ.  

ʄʳ ʩʯʠʪʘʝʤ, ʯʪʦ ʨʘʩʯʝʪ ʧʦʜʦʙʥʦʛʦ ʠʥʜʝʢʩʘ, ʦʙʲʝʜʠʥʷʶʱʝʛʦ ʥʝ-

ʩʢʦʣʴʢʦ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ - ʙʦʣʝʝ ʦʙʲʝʢʪʠʚʥʳʡ ʧʦʜʭʦʜ ʢ 

ʩʨʘʚʥʝʥʠʶ ʧʨʦʯʥʦʩʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʨʪʦʥʘ ʠʣʠ ʙʫʤʘʛʠ. ʊʘʢ ʢʘʢ ʠʟʚʝʩʪ-

ʥʦ, ʯʪʦ ʧʨʠ ʨʦʩʪʝ ʦʜʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʜʨʫʛʦʡ ʧʦʢʘʟʘʪʝʣʴ ʤʦʞʝʪ ʥʝ ʨʘʩʪʠ ʠʣʠ 

ʜʘʞʝ ʩʥʠʞʘʪʴʩʷ.  

ʅʘ ʜʠʘʛʨʘʤʤʝ ʨʠʩ. 7 ʚʠʜʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʠʡ ʠʥʜʝʢʩ ʧʨʦʯʥʦʩʪʠ ʧʦ 

ʪʨʝʤ ʧʦʢʘʟʘʪʝʣʷʤ ʥʘ ʫʨʦʚʥʝ 100-103 % ʦʪʤʝʯʘʝʪʩʷ ʩʨʘʟʫ ʫ ʪʨʝʭ ʚʠʜʦʚ ʤʘʢʫ-

ʣʘʪʫʨʳ ï ʛʦʬʨʦʷʱʠʢʦʚ ʧʝʨʚʠʯʥʦʛʦ, ʚʪʦʨʠʯʥʦʛʦ ʢʘʨʪʦʥʘ, ʠ ʦʬʠʩʥʦʡ ʙʫʤʘʛʠ. 
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ʈʠʩ. 7. ʉʨʝʜʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʠʥʜʝʢʩ ʧʨʦʯʥʦʩʪʠ (ʧʦ ʪʨʝʤ ʧʦʢʘʟʘʪʝ-

ʣʷʤ) ʙʫʤʘʞʥʳʭ ʦʪʣʠʚʦʢ ʠʟ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʤʘʢʫʣʘʪʫʨʳ ʙʝʟ ʠ ʩ ʜʦ-

ʙʘʚʣʝʥʠʝʤ ʢʘʪʠʦʥʥʦʛʦ ʢʨʘʭʤʘʣʘ 

ʉʘʤʳʡ ʥʠʟʢʠʡ ʠʥʜʝʢʩ ʫ ʤʝʣʦʚʘʥʥʦʡ ʙʫʤʘʛʠ 57,8 %, ʪʦ ʝʩʪʴ ʧʦʯʪʠ 

ʚ 2 ʨʘʟʘ ʥʠʞʝ, ʯʝʤ ʫ ʧʝʨʚʠʯʥʦʛʦ ʛʦʬʨʦʢʘʨʪʦʥʘ. ʅʝʩʢʦʣʴʢʦ ʚʳʰʝ ʠʥʜʝʢʩ ʫ 

ʛʘʟʝʪʥʦʡ ʤʘʢʫʣʘʪʫʨʳ 70,1 % ʠ ʢʥʠʞʥʦʡ ʤʘʢʫʣʘʪʫʨʳ 69,8 %. ɺʠʜʥʦ ʪʘʢʞʝ, 

ʯʪʦ ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ 5 ʢʛ/ʪ ʢʘʪʠʦʥʥʦʛʦ ʢʨʘʭʤʘʣʘ ʧʦʢʘʟʘʪʝʣʠ ʚʦʟʨʦʩʣʠ, ʠ 

ʥʘʠʙʦʣʴʰʠʡ ʠʥʜʝʢʩ ʧʨʦʯʥʦʩʪʠ ʠ ʝʛʦ ʧʨʠʨʦʩʪ ʦʢʘʟʘʣʩʷ ʫ ʦʪʣʠʚʦʢ ʠʟ ʤʘʢʫ-

ʣʘʪʫʨʳ ʧʝʨʚʠʯʥʦʛʦ ʢʘʨʪʦʥʘ 113,3 %, ʯʫʪʴ ʥʠʞʝ ʫ ʤʘʢʫʣʘʪʫʨʳ ʠʟ ʚʪʦʨʠʯʥʦ-

ʛʦ ʢʘʨʪʦʥʘ 112 % ʠ ʦʬʠʩʥʦʡ ʙʫʤʘʛʠ 108,5 %. ʅʘʠʙʦʣʝʝ ʥʠʟʢʠʡ ʧʨʠʨʦʩʪ ʧʦ-

ʢʘʟʘʪʝʣʝʡ ʦʢʘʟʘʣʩʷ ʫ ʤʝʣʦʚʘʥʥʦʡ ʙʫʤʘʛʠ ï ʨʦʩʪ ʠʥʜʝʢʩʘ ʧʨʦʯʥʦʩʪʠ ʩ 

57,8 % ʜʦ 60,4 %, ʪʦ ʝʩʪʴ ʤʝʥʝʝ, ʯʝʤ ʥʘ 2,6 %. ʆʪʯʘʩʪʠ ʵʪʦ ʤʦʞʥʦ ʦʙʲʷʩ-

ʥʠʪʴ ʪʝʤ, ʯʪʦ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʢʘʪʠʦʥʥʦʛʦ ʢʨʘʭʤʘʣʘ ʚʦʟʨʦʩʣʦ ʫʜʝʨʞʘʥʠʝ ʠ 

ʟʦʣʴʥʦʩʪʴ, ʠ ʧʦʚʳʰʝʥʥʘʷ ʟʦʣʴʥʦʩʪʴ ʫʤʝʥʴʰʠʣʘ ʵʬʬʝʢʪ ʫʧʨʦʯʥʷʶʱʝʛʦ 

ʜʝʡʩʪʚʠʷ ʢʘʪʠʦʥʥʦʛʦ ʢʨʘʭʤʘʣʘ.  

ʅʘ ʧʦʩʣʝʜʥʝʤ ʠʟ ʨʠʩ. 8 ʧʦʢʘʟʘʥʘ ʜʠʘʛʨʘʤʤʘ, ʦʪʨʘʞʘʶʱʘʷ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʴ ʧʨʦʢʣʝʡʢʠ ʦʪʣʠʚʦʢ ʠʟ ʨʘʟʥʳʭ ʚʠʜʦʚ ʤʘʢʫʣʘʪʫʨʳ. ʅʘ ʜʠʘʛʨʘʤʤʝ ʚʠʜ-

ʥʦ, ʯʪʦ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʢʘʪʠʦʥʥʦʛʦ ʢʨʘʭʤʘʣʘ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʧʨʦʢʣʝʠ-

ʚʘʪʁʩʷ ʣʠʰʴ ʦʪʣʠʚʢʠ ʠʟ ʤʘʢʫʣʘʪʫʨʳ ʚʪʦʨʠʯʥʦʛʦ ʢʘʨʪʦʥʘ ʠ ʦʬʠʩʥʦʡ ʙʫʤʘ-

ʛʠ. ʕʪʦ ʣʝʛʢʦ ʦʙʲʷʩʥʠʪʴ, ʪʘʢ ʢʘʢ ʠʤʝʥʥʦ ʵʪʠ ʚʠʜʳ ʙʫʤʘʛʠ ʫʞʝ ʠʤʝʣʠ 

ʧʨʦʢʣʝʡʢʫ ʥʝʡʪʨʘʣʴʥʳʤʠ ʢʣʝʷʤʠ ɸʂɼ ʠ ʯʘʩʪʠʯʥʦ ʝʸ ʩʦʭʨʘʥʠʣʠ. ɼʨʫʛʠʝ 

ʚʠʜʳ ʦʪʣʠʚʦʢ  ʠʤʝʶʪ ʦʯʝʥʴ ʚʳʩʦʢʫʶ ʚʧʠʪʳʚʘʝʤʦʩʪʴ, ʪʦ ʝʩʪʴ ʢʣʝʡ ɸʂɼ ʙʝʟ 

ʫʜʝʨʞʠʚʘʶʱʠʭ ʜʦʙʘʚʦʢ ʧʦ ʩʫʪʠ ʜʝʣʘ ʥʝ ʨʘʙʦʪʘʝʪ. ʂʘʨʪʠʥʘ ʤʝʥʷʝʪʩʷ ʧʨʠ 

ʜʦʙʘʚʢʝ ʢʘʪʠʦʥʥʦʛʦ ʢʨʘʭʤʘʣʘ, ʢʦʪʦʨʳʡ ʩʧʦʩʦʙʩʪʚʫʝʪ ʬʠʢʩʘʮʠʠ ʠ ʫʜʝʨʞʘ-

ʥʠʶ ʢʣʝʷ ɸʂɼ. ʆʜʥʘʢʦ ʠ ʟʜʝʩʴ ʦʩʪʘʝʪʩʷ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʡ ʧʨʦʢʣʝʡʢʘ 

ʫ ʙʫʤʘʞʥʳʭ ʦʪʣʠʚʦʢ ʠʟ ʤʘʢʫʣʘʪʫʨʳ ʛʘʟʝʪʥʦʡ ʠ ʤʝʣʦʚʘʥʥʦʡ ʙʫʤʘʛʠ. 
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ʈʠʩ. 8. ɺʧʠʪʳʚʘʝʤʦʩʪʴ ʚʦʜʳ ʦʪʣʠʚʦʢ ʠʟ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʤʘʢʫʣʘʪʫʨʳ.  

ʇʨʦʢʣʝʡʢʘ ɸʂɼ (ʙʝʟ ʠ ʩ ʢʘʪʠʦʥʥʳʤ ʢʨʘʭʤʘʣʦʤ) 

ɺʳʚʦʜʳ: 

1. ʇʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʫʤʘʛʦʦʙʨʘʟʫʶʱʠʭ ʩʚʦʡʩʪʚ ʰʝʩʪʠ ʚʠʜʦʚ 

ʙʫʤʘʞʥʦʡ ʤʘʩʩʳ, ʪʘʢʠʭ ʢʘʢ ʤʘʢʫʣʘʪʫʨʘ ʠʟ ʛʦʬʨʦʷʱʠʢʦʚ ʠʟ ʧʝʨʚʠʯʥʦʛʦ ʠ 

ʚʪʦʨʠʯʥʦʛʦ ʚʦʣʦʢʥʘ, ʦʬʠʩʥʘʷ ʙʫʤʘʛʘ, ʤʘʢʫʣʘʪʫʨʘ ʠʟ ʢʥʠʛ, ʠʟ ʛʘʟʝʪ ʠ ʠʟ 

ʞʫʨʥʘʣʦʚ ʥʘ ʤʝʣʦʚʘʥʥʦʡ ʙʫʤʘʛʝ. 

2. ʀʟʫʯʝʥʳ ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʙʫʤʘʞʥʦʡ ʤʘʩʩʳ. ʀʩʩʣʝʜʦʚʘʥʦ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʠʮ ʧʦ ʨʘʟʤʝʨʘʤ ʚ ʙʫʤʘʞʥʦʡ ʤʘʩʩʝ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0,01 ʤʢʤ 

ʜʦ 2000 ʤʢʤ. ʀʟʫʯʝʥʳ ʪʘʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʢʘʢ ʩʪʝʧʝʥʴ ʧʦʤʦʣʘ, ʟʦʣʴʥʦʩʪʴ, 

ʩʦʜʝʨʞʘʥʠʝ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʨʘʭʤʘʣʘ, ʤʫʪʥʦʩʪʴ, ʢʘʪʠʦʥʥʘʷ ʧʦʪʨʝʙʥʦʩʪʴ. 

ʀʩʩʣʝʜʦʚʘʥʳ ʧʦʢʘʟʘʪʝʣʠ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʙʫʤʘʞʥʦʡ ʤʘʩʩʳ, ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʦʪʣʠʚʦʢ, ʩʧʦʩʦʙʥʦʩʪʴ ʤʘʢʫʣʘʪʫʨʳ ʢ ʧʨʦʢʣʝʡʢʝ 

ʢʣʝʝʤ ɸʂɼ. ʇʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʢʘʪʠʦʥʥʦʛʦ ʢʨʘʭʤʘʣʘ. 

3. ʆʪʤʝʯʝʥʦ, ʯʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʢʦʥʪʨʦʣʴ ʤʫʪʥʦʩʪʠ ʠ ʩʦʜʝʨʞʘʥʠʷ 

ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʨʘʭʤʘʣʘ ʚ ʙʫʤʘʞʥʦʡ ʤʘʩʩʝ ʠ ʧʦʜʩʝʪʦʯʥʦʡ ʚʦʜʝ ʜʘʶʪ ʤʥʦʛʦ 

ʧʦʣʝʟʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʚʘʪʴ ʫʜʝʨʞʘʥʠʝ, ʟʦʣʴʥʦʩʪʴ, ʩʪʝ-

ʧʝʥʴ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʙʫʤʘʞʥʦʡ ʤʘʩʩʳ ʚʨʝʜʥʳʤ ʨʘʩʪʚʦʨʝʥʥʳʤ ʢʨʘʭʤʘʣʦʤ. 

4. ɼʣʷ ʙʦʣʝʝ ʦʙʲʝʢʪʠʚʥʦʡ ʦʮʝʥʢʠ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʯʥʦʩʪʠ ʢʘʨʪʦʥʘ ʠ 

ʙʫʤʘʛʠ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʨʝʜʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʠʥʜʝʢʩ ʧʨʦʯʥʦ-

ʩʪʠ, ʫʯʠʪʳʚʘʶʱʠʡ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʝʩʢʦʣʴʢʦ ʨʘʟʥʳʭ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʨʪʦʥʘ ʠʣʠ ʙʫʤʘʛʠ. 
ɹʣʘʛʦʜʘʨʥʦʩʪʴ. ɸʚʪʦʨʳ ʚʳʨʘʞʘʶʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʨʫʢʦʚʦʜʩʪʚʫ ʆʆʆ çɹʠʦ-

ʚʝʪ-ʌʝʨʤʝʥʪè ʟʘ ʧʨʝʜʦʩʪʘʚʣʝʥʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʫʤʘʞʥʦʡ 

ʤʘʩʩʳ ʥʘ ʘʥʘʣʠʟʘʪʦʨʝ ʯʘʩʪʠʮ ñAnalysette 22ò. 
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ɸ.ɺ. ʂʘʥʘʨʩʢʠʡ, ɸ.ʐ. ɿʘʢʠʨʦʚʘ, ɿ.ɸ. ʂʘʥʘʨʩʢʘʷ 

ʂʘʟʘʥʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 
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ɸʢʪʫʘʣʴʥʦʩʪʴ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʟʦʨʳ ʫʯʝʥʳʭ, ʠʥʞʝʥʝʨʦʚ ʠ ʧʨʦ-

ʤʳʰʣʝʥʥʠʢʦʚ ʚʦ ʚʩʝʤ ʤʠʨʝ ʦʙʨʘʱʝʥʳ ʥʘ ʩʦʟʜʘʥʠʝ ʠ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝ-

ʩʪʚʝ ʫʧʘʢʦʚʢʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʜʣʷ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ, ʙʠʦʨʘʟʣʘʛʘʝʤʳʭ 

ʧʣʝʥʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʅʘʙʣʶʜʘʝʪʩʷ ʜʚʘ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʩʦʟʜʘ-

ʥʠʠ ʙʠʦʨʘʟʣʘʛʘʝʤʳʭ ʧʣʝʥʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʇʦ ʦʜʥʦʡ ʠʟ ʪʝʭʥʦʣʦʛʠʡ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦ-

ʣʠʤʝʨʦʚ ʠ ʙʠʦʧʦʣʠʤʝʨʦʚ, ʧʦ ʜʨʫʛʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʠʟʛʦ-

ʪʦʚʣʝʥʠʝ ʫʧʘʢʦʚʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʪʦʣʴʢʦ ʙʠʦʧʦʣʠʤʝʨʦʚ. ʇʦ-

ʩʣʝʜʥʝʝ ʥʘʧʨʘʚʣʝʥʠʝ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʧʨʠ ʧʦʣʫʯʝʥʠʠ 

ʧʣʝʥʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʫʧʘʢʦʚʢʠ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ. 

ɹʠʦʧʦʣʠʤʝʨʳ ʠʟʛʦʪʦʚʣʷʶʪʩʷ ʠʟ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ, ʢʦʪʦʨʦʝ ʷʚʣʷ-

ʝʪʩʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʤ. ʀʭ ʧʨʦʠʟʚʦʜʩʪʚʦ ʤʝʥʝʝ ʵʥʝʨʛʦʝʤʢʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʩʠʥʪʝʪʠʯʝʩʢʠʤʠ ʧʦʣʠʤʝʨʘʤʠ. ɹʠʦʧʦʣʠʤʝʨʳ ʙʠʦʣʦʛʠʯʝʩʢʠ  ʙʝʟʦʧʘʩʥʳ ʜʣʷ 

ʯʝʣʦʚʝʢʘ. ʋʧʘʢʦʚʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʙʠʦʧʦʣʠʤʝʨʦʚ ʫʤʝʥʴʰʘʶʪ 

ʘʥʪʨʦʧʦʛʝʥʥʫʶ ʥʘʛʨʫʟʢʫ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʷʚʣʷʶʪʩʷ ʙʠʦʜʝʛʨʘʜʠʨʫʝ-

ʤʳʤʠ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʠ, ʯʪʦ ʦʯʝʥʴ ʚʘʞʥʦ, ʚʦʟʤʦʞʥʘ ʠʭ ʚʪʦʨʠʯʥʘʷ 

ʧʝʨʝʨʘʙʦʪʢʘ ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʟʘʪʨʘʪʘʤʠ. ʆʩʦʙʝʥʥʦ 

ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʣʝʥʦʯʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʢʨʘʭʤʘʣʘ, ʢʘʢ ʜʦʩʪʫʧʥʦʛʦ ʧʦ ʩʪʦʠʤʦʩʪʠ ʠ ʚʦʟʦʙʥʦʚʣʷʝʤʦʛʦ 

ʙʠʦʧʦʣʠʤʝʨʘ. ʈʘʥʝʝ ʘʚʪʦʨʘʤʠ ʧʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʙʝʣʢʘ, ʘʣʴ-

ʛʠʥʘʪʘ ʥʘʪʨʠʷ, ʘʤʠʣʦʧʝʢʪʠʥʘ ʠ ʜʝʢʩʪʨʠʥʘ ʢʫʢʫʨʫʟʥʦʛʦ ʢʨʘʭʤʘʣʘ, ʧʰʝʥʠʯ-

ʥʦʛʦ ʥʘʪʠʚʥʦʛʦ ʠ ʵʢʩʪʨʫʜʠʨʦʚʘʥʥʦʛʦ ʢʨʘʭʤʘʣʘ ʤʘʨʢʠ ɸ ʠ ɹ ʥʘ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʣʝʥʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [1]. 



 

I I  ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

çʇʈʆɹʃɽʄʓ ʄɽʍɸʅʀʂʀ ʎɽʃʃʖʃʆɿʅʆ-ɹʋʄɸɾʅʓʍ ʄɸʊɽʈʀɸʃʆɺè 

ʛ. ɸʨʭʘʥʛʝʣʴʩʢ, 10-12 ʩʝʥʪʷʙʨʷ 2013 ʛ.  
 

 

45 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʟʫʯʘʣʦʩʴ ʚʣʠʷʥʠʝ ʪʝʧʣʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʵʣʝʢʪʨʦ-

ʜʠʘʣʠʟʘ ʘʤʠʣʦʧʝʢʪʠʥʘ ʢʫʢʫʨʫʟʥʦʛʦ, ʢʨʘʭʤʘʣʘ ʢʘʨʪʦʬʝʣʴʥʦʛʦ, ʢʫʢʫʨʫʟʥʦʛʦ ʠ 

ʛʦʨʦʭʦʚʦʛʦ ʥʘ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʣʝʥʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ.  

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʦ-

ʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʙʦʪʢʠ ʘʤʠʣʦʧʝʢʪʠʥʘ ʢʫʢʫʨʫʟʥʦʛʦ ʢʨʘʭʤʘʣʘ ʩ 

90 ʜʦ 120 Üʉ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʣʝʥʦʯʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. ʊʘʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʢʘʢ ʨʘʟʨʫʰʘʶʱʝʝ ʫʩʠʣʠʝ ʠ ʧʨʦʯʥʦʩʪʴ ʧʨʠ 

ʨʘʩʪʷʞʝʥʠʠ, ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʩʥʠʞʘʶʪʩʷ (ʪʘʙʣ.1). ʊʘʢʞʝ ʩʥʠʞʘʶʪʩʷ ʧʦ-

ʢʘʟʘʪʝʣʠ ʫʜʣʠʥʝʥʠʝ ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ ʠ ʨʘʙʦʪʘ, ʧʨʠʣʘʛʘʝʤʘʷ ʜʣʷ ʨʘʟʨʫʰʝ-

ʥʠʷ ʧʣʝʥʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʊʘʙʣʠʮʘ 1. ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʣʝʥʦʢ ʥʘ ʦʩʥʦʚʝ ʘʤʠʣʦʧʝʢʪʠʥʘ ʢʫ-

ʢʫʨʫʟʥʦʛʦ ʢʨʘʭʤʘʣʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʙʦʪʢʠ 

ɹʠʦʧʦʣʠʤʝʨʳ 

ʊʝʧʣʦʚʘʷ ʦʙʨʘʙʦʪʢʘ 

90 Üʉ  120 Üʉ 

ʉʦʜʝʨʞʘʥʠʝ ʙʠʦʧʦʣʠʤʝʨʦʚ, % 

ɸʤʠʣʦʧʝʢʪʠʥ 80 80 

ɸʣʴʛʠʥʘʪ ʥʘʪʨʠʷ 20 20 

ʉʚʦʡʩʪʚʘ ʧʣʝʥʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʊʦʣʱʠʥʘ, ʤʢʤ 102 118 

ʄʘʩʩʘ, ʛ/ʤ
2 

146 160 

ʈʘʟʨʫʰʘʶʱʝʝ ʫʩʠʣʠʝ, ʅ 3,5 3,0 

ʇʨʦʯʥʦʩʪʴ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ, ʄʇʘ 2,3 1,7 

ʋʜʣʠʥʝʥʠʝ ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ, ʤʤ 11 9 

ʄʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ, ʄʇʘ 79 61 

ʈʘʙʦʪʘ ʨʘʟʨʫʰʝʥʠʷ, ʤɼʞ 33 18 

ɾʝʩʪʢʦʩʪʴ ʧʨʠ ʠʟʛʠʙʝ ʤʅÖʩʤ 0,10 0,11 

ʅʫʣʝʚʘʷ ʨʘʟʨʳʚʥʘʷ ʜʣʠʥʘ, ʤ 1060 740 

 

ɺ ʪʦʞʝ ʚʨʝʤʷ ʵʪʠ ʧʣʝʥʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠʤʝʶʪ ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʟʥʘʯʝ-

ʥʠʝ ʞʝʩʪʢʦʩʪʠ ʧʨʠ ʠʟʛʠʙʝ, ʘ ʪʘʢʞʝ ʧʦʥʠʞʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʥʫʣʝ-

ʚʘʷ ʨʘʟʨʳʚʥʘʷ ʜʣʠʥʘ. ʇʦ ʟʥʘʯʝʥʠʷʤ ʧʦʩʣʝʜʥʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʭʘʨʘʢʪʝʨʫ 

ʨʘʟʨʫʰʝʥʠʷ ʧʣʝʥʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʧʦʚʳ-

ʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʙʦʪʢʠ ʘʤʠʣʦʧʝʢʪʠʥʘ ʢʫʢʫʨʫʟʥʦʛʦ ʢʨʘʭʤʘʣʘ ʦʪʨʠ-

ʮʘʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚʘʭ ʧʣʝʥʦʯʥʳʭ ʤʘʪʝʨʠʘ-

ʣʦʚ. 

ʇʣʝʥʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʚʭʦʜʠʪ ʛʦʨʦʭʦʚʳʡ, ʢʫʢʫʨʫʟ-

ʥʳʡ ʠ ʢʘʨʪʦʬʝʣʴʥʳʡ ʢʨʘʭʤʘʣ, ʦʙʨʘʙʦʪʘʥʥʳʝ ʧʨʠ 90 Áʉ ʠʤʝʶʪ ʙʦʣʝʝ ʚʳʩʦ-

ʢʫʶ ʤʝʭʘʥʠʯʝʩʢʫʶ ʧʨʦʯʥʦʩʪʴ, ʯʝʤ ʧʣʝʥʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʚ ʩʦʩʪʘʚ ʢʦʪʦ-
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ʨʳʭ ʚʭʦʜʠʪ ʛʦʨʦʭʦʚʳʡ, ʢʫʢʫʨʫʟʥʳʡ ʠ ʢʘʨʪʦʬʝʣʴʥʳʡ ʢʨʘʭʤʘʣ, ʦʙʨʘʙʦʪʘʥ-

ʥʳʝ ʧʨʠ 120 Áʉ. ʈʘʙʦʪʘ, ʧʨʠʣʦʞʝʥʥʘʷ ʜʣʷ ʨʘʟʨʫʰʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʠʟ ʢʨʘʭ-

ʤʘʣʘ, ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʧʨʠ 90 Áʉ ʧʨʝʚʳʰʘʝʪ ʨʘʙʦʪʫ ʨʘʟʨʫʰʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ 

ʠʟ ʢʨʘʭʤʘʣʘ, ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʧʨʠ 120 Áʉ, ʚ 3 ʨʘʟʘ (ʪʘʙʣ. 2). ʇʨʠ ʵʪʦʤ ʧʦʢʘ-

ʟʘʪʝʣʴ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ ʧʨʠ ʨʘʟʨʳʚʝ ʚʳʰʝ ʫ ʧʣʝʥʦʯʥʳʭ ʤʘʪʝʨʠ-

ʘʣʦʚ ʠʟ ʢʫʢʫʨʫʟʥʦʛʦ ʠ ʢʘʨʪʦʬʝʣʴʥʦʛʦ ʢʨʘʭʤʘʣʘ, ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʧʨʠ 120 Áʉ 

(ʨʠʩ. 1). 

ʊʘʙʣʠʮʘ 2. ʉʦʩʪʘʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʣʝʥʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʢʘʨʪʦ-

ʬʝʣʴʥʦʛʦ, ʢʫʢʫʨʫʟʥʦʛʦ ʠ ʛʦʨʦʭʦʚʦʛʦ ʢʨʘʭʤʘʣʘ, ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʧʨʠ 90 Üʉ (ʯʠʩʣʠ-

ʪʝʣʴ) ʠ ʧʨʠ 120 Üʉ (ʟʥʘʤʝʥʘʪʝʣʴ) 

ɹʠʦʧʦʣʠʤʝʨʳ 
ʂʨʘʭʤʘʣ 

ʂʘʨʪʦʬʝʣʴʥʳʡ  ʂʫʢʫʨʫʟʥʳʡ  ɻʦʨʦʭʦʚʳʡ  

ʉʦʜʝʨʞʘʥʠʝ ʙʠʦʧʦʣʠʤʝʨʦʚ, % 

ʂʨʘʭʤʘʣ 80 80 80 

ɸʣʴʛʠʥʘʪ ʥʘʪʨʠʷ 20 20 20 

ʉʚʦʡʩʪʚʘ ʧʣʝʥʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʊʦʣʱʠʥʘ, ʤʢʤ 107 103 192 

ʄʘʩʩʘ, ʛ/ʤ
2 

142 145 161 

ʈʘʟʨʫʰʘʶʱʝʝ ʫʩʠʣʠʝ, ʅ 8/5 11/6 9/4 

ʇʨʦʯʥʦʩʪʴ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ, ʄʇʘ 5/4 7/4 3/2 

ʋʜʣʠʥʝʥʠʝ ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ, ʤʤ 14/14 11/12 25/17 

ʄʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ, ʄʇʘ 239/132 492/149 52/53 

ʈʘʙʦʪʘ ʨʘʟʨʫʰʝʥʠʷ, ʤɼʞ 105/58 137/66 169/ 53 

ɾʝʩʪʢʦʩʪʴ ʧʨʠ ʠʟʛʠʙʝ ʤʅÖʩʤ 0,11/0,07 0,23/0,07 0,08/0,05 

ʅʫʣʝʚʘʷ ʨʘʟʨʳʚʥʘʷ ʜʣʠʥʘ, ʤ 1950/1310 2490/1230 1230/690 

 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʢʫʢʫʨʫʟʥʦʛʦ, ʢʘʨʪʦʬʝʣʴʥʦʛʦ ʠ ʛʦʨʦ-

ʭʦʚʦʛʦ ʢʨʘʭʤʘʣʘ ʧʨʠ 120 Áʉ ʠʟ ʛʨʘʥʫʣ ʢʨʘʭʤʘʣʘ ʚʳʜʝʣʷʝʪʩʷ ʙʦʣʴʰʝʝ ʢʦʣʠ-

ʯʝʩʪʚʦ ʘʤʠʣʦʟʳ [2], ʢʦʪʦʨʘʷ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʫʣʫʯʰʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʦʪʥʦ-

ʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ ʧʨʠ ʨʘʟʨʳʚʝ. ɼʝʬʦʨʤʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʧʣʝʥʦʯʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠʟ ʛʦʨʦʭʦʚʦʛʦ ʢʨʘʭʤʘʣʘ ʤʦʞʥʦ ʪʘʢʞʝ ʦʙʲʷʩʥʠʪʴ ʚʳʩʦʢʠʤ ʩʦ-

ʜʝʨʞʘʥʠʝʤ ʘʤʠʣʦʟʳ ʚ ʵʪʦʤ ʢʨʘʭʤʘʣʝ (35 %) ʠ ʥʘʣʠʯʠʝʤ ʙʝʣʢʘ (6 %). 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘʣʠʯʠʝ ʘʤʠʣʦʟʳ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠ ʧʦʣʫʯʝʥʠʶ 

ʙʦʣʝʝ ʧʨʦʯʥʳʭ ʧʣʝʥʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʟ ʢʨʘʭʤʘʣʘ, ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʪʝʧʣʦ-

ʚʳʤ ʤʝʪʦʜʦʤ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʣʝʥʦʯʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʠʟ ʘʤʠʣʦʧʝʢʪʠʥʘ. 

ʇʨʦʚʝʜʝʥʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʪʝʥʩʠʬʠ-

ʢʘʮʠʠ ʪʝʧʣʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʢʨʘʭʤʘʣʘ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʨʘʟʜʝʣʝʥʠʷ ʢʨʘʭ-

ʤʘʣʘ ʥʘ ʘʤʠʣʦʟʫ ʠ ʘʤʠʣʦʧʝʢʪʠʥ, ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʜʠʘʣʠʟʘ ʚ ʘʧʧʘʨʘʪʘʭ ʩ ʛʦ-

ʨʠʟʦʥʪʘʣʴʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʵʣʝʢʪʨʦʜʦʚ. ʇʦʢʘʟʘʪʝʣʠ ʧʨʦʯʥʦʩʪʠ ʠ ʦʪʥʦ-
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ʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ ʧʨʠ ʨʘʟʨʳʚʝ ʫ ʧʣʝʥʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʟ ʢʘʨʪʦʬʝʣʴ-

ʥʦʛʦ ʢʨʘʭʤʘʣʘ, ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʜʠʘʣʠʟʘ ʧʨʠ 70 Áʉ, ʚʳʰʝ, 

ʯʝʤ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʯʥʦʩʪʠ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ ʧʨʠ ʨʘʟʨʳʚʝ ʧʣʝ-

ʥʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʟ ʢʘʨʪʦʬʝʣʴʥʦʛʦ ʢʨʘʭʤʘʣʘ, ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʧʨʠ 90 Áʉ ʠ 

120 Áʉ (ʪʘʙʣ. 3). 

 
ʈʠʩ. 1. ɼʠʘʛʨʘʤʤʘ ʥʘʧʨʷʞʝʥʠʝ-ʜʝʬʦʨʤʘʮʠʷ ʧʣʝʥʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ 

ʦʩʥʦʚʝ ʢʨʘʭʤʘʣʘ, ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʧʨʠ 90 Üʉ: 1 ï ʢʘʨʪʦʬʝʣʴʥʦʛʦ; 2 ï ʢʫ-

ʢʫʨʫʟʥʦʛʦ; 3 ï ʛʦʨʦʭʦʚʦʛʦ, ʥʘ ʦʩʥʦʚʝ ʢʨʘʭʤʘʣʘ, ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʧʨʠ 

120 Üʉ: 4 ï ʢʘʨʪʦʬʝʣʴʥʦʛʦ; 5 ï ʢʫʢʫʨʫʟʥʦʛʦ; 6 ï ʛʦʨʦʭʦʚʦʛʦ  

ʇʦʢʘʟʘʪʝʣʴ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʧʣʝʥʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʟ ʢʘʨʪʦʬʝʣʴ-

ʥʦʛʦ ʢʨʘʭʤʘʣʘ, ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʜʠʘʣʠʟʘ ʤʦʞʥʦ ʩʦʧʦʩʪʘʚʠʪʴ 

ʩʦ ʟʥʘʯʝʥʠʝʤ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʙʠʦʧʣʝʥʦʢ ʠʟ ʢʘʨʪʦʬʝʣʴʥʦʛʦ ʢʨʘʭʤʘʣʘ ʦʙ-

ʨʘʙʦʪʘʥʥʦʛʦ ʧʨʠ 90 Áʉ, 120 Áʉ. 

ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʪʘʢʞʝ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʙʦʣʝʝ ʚʳʩʦ-

ʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʜʝʣʝʥʠʷ ʢʨʘʭʤʘʣʘ ʥʘ ʘʤʠʣʦʟʫ ʠ ʘʤʠʣʦʧʝʢʪʠʥ ʵʣʝʢ-

ʪʨʦʜʠʘʣʠʟʦʤ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʣʝʥʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠʟ ʢʨʘʭʤʘʣʘ, ʦʙʨʘʙʦ-

ʪʘʥʥʦʛʦ ʵʣʝʢʪʨʦʜʠʘʣʠʟʦʤ, ʠʤʝʶʪ ʣʫʯʰʠʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʣʝʥʦʯʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʠʟ ʢʨʘʭʤʘʣʘ, ʦʙʨʘʙʦʪʘʥʥʦʛʦ 

ʪʝʧʣʦʚʳʤ ʩʧʦʩʦʙʦʤ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʙʠʦʧʣʝʥʢʠ ʠʟ ʢʘʨʪʦʬʝʣʴʥʦʛʦ ʢʨʘʭʤʘʣʘ, ʦʙʨʘʙʦʪʘʥ-

ʥʦʛʦ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʜʠʘʣʠʟʘ, ʩ ʘʣʴʛʠʥʘʪʦʤ ʥʘʪʨʠʷ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ ʠʤʝʶʪ ʚʳʩʦʢʠʝ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʨʘʟ-

ʨʳʚʝ ʠ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ), ʯʝʤ ʙʠʦʧʣʝʥʢʠ ʠʟ ʢʘʨʪʦʬʝʣʴʥʦʛʦ ʢʨʘʭʤʘʣʘ, ʦʙ-
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ʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʜʠʘʣʠʟʘ, ʩ ʘʣʴʛʠʥʘʪʦʤ ʥʘʪʨʠʷ ʬʠʨʤʳ Sigma. 

ʇʨʠ ʵʪʦʤ ʧʦʢʘʟʘʪʝʣʴ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ ʧʨʠ ʨʘʟʨʳʚʝ ʚʳʰʝ ʫ ʙʠʦ-

ʧʣʝʥʦʢ ʠʟ ʢʘʨʪʦʬʝʣʴʥʦʛʦ ʢʨʘʭʤʘʣʘ ʠ ʘʣʴʛʠʥʘʪʘ ʥʘʪʨʠʷ ʬʠʨʤʳ Sigma. 

ʊʘʙʣʠʮʘ 3. ʉʦʩʪʘʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʣʝʥʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʢʘʨʪʦ-

ʬʝʣʴʥʦʛʦ ʢʨʘʭʤʘʣʘ, ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʜʠʘʣʠʟʘ ʩ ʘʣʴʛʠʥʘʪʦʤ ʥʘʪʨʠʷ  

ɹʠʦʧʦʣʠʤʝʨʳ 

ʉʦʜʝʨʞʘʥʠʝ ʙʠʦʧʦʣʠʤʝʨʦʚ, % ʚʘʨʠʘʥʪʳ 

ɸʣʴʛʠʥʘʪ ʥʘʪʨʠʷ 

ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ 

ɸʣʴʛʠʥʘʪ ʥʘʪʨʠʷ 

ʬʠʨʤʳ Sigma 

ʂʘʨʪʦʬʝʣʴʥʳʡ ʢʨʘʭʤʘʣ 40 40 

ɸʣʴʛʠʥʘʪ ʥʘʪʨʠʷ 60 60 

 ʉʚʦʡʩʪʚʘ ʧʣʝʥʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʊʦʣʱʠʥʘ, ʤʢʤ 95 100 

ʄʘʩʩʘ, ʛ/ʤ
2
 125 136 

ʈʘʟʨʫʰʘʶʱʝʝ ʫʩʠʣʠʝ, ʅ 19 15 

ʇʨʦʯʥʦʩʪʴ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ, ʄʇʘ 14 12 

ʋʜʣʠʥʝʥʠʝ ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ, ʤʤ 15 22 

ʄʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ, ʄʇʘ 240 115 

ʈʘʙʦʪʘ ʨʘʟʨʫʰʝʥʠʷ, ʤɼʞ 154 224 

ɾʝʩʪʢʦʩʪʴ ʧʨʠ ʠʟʛʠʙʝ ʤʅÖʩʤ 0,21 0,09 

ʅʫʣʝʚʘʷ ʨʘʟʨʳʚʥʘʷ ʜʣʠʥʘ, ʤ 2740 2020 
 

 

ʈʠʩ.2. ɼʠʘʛʨʘʤʤʘ ʥʘʧʨʷʞʝʥʠʝ-ʜʝʬʦʨʤʘʮʠʷ ʧʣʝʥʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ 

ʦʩʥʦʚʝ ʢʘʨʪʦʬʝʣʴʥʦʛʦ ʢʨʘʭʤʘʣʘ (40 %), ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʦʤ ʵʣʝʢ-

ʪʨʦʜʠʘʣʠʟʘ ʩ ʘʣʴʛʠʥʘʪʦʤ ʥʘʪʨʠʷ (60 %): 1 ï ʘʣʴʛʠʥʘʪ ʥʘʪʨʠʷ ʦʪʝʯʝ-

ʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ; 2 ï ʘʣʴʛʠʥʘʪ ʥʘʪʨʠʷ (ʬʠʨʤʳ Sigma) 
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ʇʣʝʥʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠʟ ʢʨʘʭʤʘʣʘ ʢʘʨʪʦʬʝʣʴʥʦʛʦ ʠ ʘʣʴʛʠʥʘʪʘ 

ʥʘʪʨʠʷ ʬʠʨʤʳ Sigma ʠʤʝʶʪ ʣʫʯʰʠʝ ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦ ʩʨʘʚʥʝ-

ʥʠʶ ʩ ʧʣʝʥʦʯʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʚ ʩʦʩʪʘʚʝ ʢʦʪʦʨʳʭ ʘʣʴʛʠʥʘʪ ʥʘʪʨʠʷ ʦʪʝʯʝ-

ʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ (ʨʠʩ. 2). 

 

ɺʳʚʦʜʳ 

1. ʊʝʧʣʦʚʘʷ ʦʙʨʘʙʦʪʢʘ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʜʝʣʝʥʠʶ ʢʨʘʭʤʘʣʘ ʥʘ ʘʤʠʣʦʟʫ ʠ 

ʘʤʠʣʦʧʝʢʪʠʥ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʣʫʯʰʝʥʠʶ ʧʨʦʯʥʦʩʪʥʳʭ ʠ ʜʝʬʦʨʤʘʮʠʦʥ-

ʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʣʝʥʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

2. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʝʪʦʜ ʵʣʝʢʪʨʦʜʠʘʣʠʟʘ ʧʦʟʚʦʣʷʝʪ ʠʥʪʝʥʩʠʬʠʮʠ-

ʨʦʚʘʪʴ ʨʘʟʜʝʣʝʥʠʝ ʢʨʘʭʤʘʣʘ ʥʘ ʘʤʠʣʦʟʫ ʠ ʘʤʠʣʦʧʝʢʪʠʥ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

70 Áʉ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙʦʤ ʧʦʚʳʰʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʧʨʦʯʥʦʩʪʠ ʠ ʫʣʫʯʰʝʥʠʝʤ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʧʣʝʥʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʠʟ ʢʨʘʭʤʘʣʘ. 
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ʇʆɺʓʐɽʅʀɽ ʄɽʍɸʅʀʂʀ ɹʋʄɸɻʀ ʍʀʄʀʏɽʉʂʀʄʀ ʉʈɽɼʉʊɺɸʄʀ 

ʅɸ ʆʉʅʆɺɽ ʕʃɽʂʊʈʆʇʆɺɽʈʍʅʆʉʊʅʓʍ ʉɺʆʁʉʊɺ ɺʆʃʆʂʅʀʉʊʆʁ 
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ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʢʘʪʠʦʥʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʚʝ-
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The paper examines the influence of cationic polymer chemicals electronegative po-

tential of pulp and mechanical properties of paper 
 

ɹʫʤʘʞʥʘʷ ʤʘʩʩʘ ʦʪʥʦʩʠʪʩʷ ʢ ʩʣʦʞʥʳʤ ʛʝʪʝʨʦʛʝʥʥʳʤ ʩʠʩʪʝʤʘʤ. 

ɻʣʘʚʥʳʤʠ ʝʝ ʢʦʤʧʦʥʝʥʪʘʤʠ ʷʚʣʷʝʪʩʷ ʚʦʣʦʢʥʦ (ʦʜʠʥ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʚʠʜʦʚ 

ʮʝʣʣʶʣʦʟʥʦ-ʙʫʤʘʞʥʳʭ ʚʦʣʦʢʥʠʩʪʳʭ ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ), ʚʦʜʘ ʠ ʭʠʤʠʯʝʩʢʠʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʨʝʜʩʪʚʘ (ʦʙʳʯʥʦ ʢʦʤʧʣʝʢʩ ʩʨʝʜʩʪʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʬʫʥʢ-

ʮʠʷʤʠ). ɺ ʚʦʜʝ ʚʦʣʦʢʥʠʩʪʘʷ ʤʘʩʩʘ ʧʨʠʦʙʨʝʪʘʝʪ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʳʡ ʧʦ-

ʪʝʥʮʠʘʣ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʷʜʦʤ ʬʘʢʪʦʨʦʚ. ʕʪʦ, ʧʨʝʞʜʝ 

ʚʩʝʛʦ, ʚʠʜ ʚʦʣʦʢʥʠʩʪʦʛʦ ʧʦʣʫʬʘʙʨʠʢʘʪʘ (ʮʝʣʣʶʣʦʟʘ, ʧʦʣʫʮʝʣʣʶʣʦʟʘ, ʜʨʝ-

ʚʝʩʥʘʷ ʤʘʩʩʘ), ʩʪʝʧʝʥʴ ʧʦʤʦʣʘ ʤʘʩʩʳ, ʨʅ ʤʘʩʩʳ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʘʩʩʳ ʠ ʜʦ-

ʙʘʚʣʝʥʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ ʢʘʪʠʦʥʥʦʡ ʠ ʘʥʠʦʥʥʦʡ ʧʨʠʨʦʜʳ). ʉʫʤ-

ʤʘʨʥʦ ʬʘʢʪʦʨʳ ʦʧʨʝʜʝʣʷʶʪ ʚʝʣʠʯʠʥʫ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ʤʘʩʩʳ [2-4]. 

ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʙʫʤʘʛʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʨʦʯʥʦʩʪʴʶ ʚʦʣʦʢʥʘ ʠ 

ʧʨʦʯʥʦʩʪʴʶ ʩʚʷʟʠ ʤʝʞʜʫ ʚʦʣʦʢʥʘʤʠ. ʆʙʘ ʬʘʢʪʦʨʘ, ʪʘʢʞʝ ʟʘʚʠʩʷʪ ʦʪ ʪʝʭ ʞʝ 

ʬʘʢʪʦʨʦʚ, ʯʪʦ ʠ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʙʫʤʘʞʥʦʡ ʤʘʩʩʳ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʠʤʝʝʪʩʷ ʧʨʷʤʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʴʶ ʵʣʝʢʪʨʦ-

ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʤʘʩʩʳ. 

ʄʥʦʛʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʧʦʜʪʚʝʨʞʜʝʥʦ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʧʨʝʜʝʣ ʚʝ-

ʣʠʯʠʥʳ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʤʘʩʩʳ, ʙʦʣʴʰʝ ʢʦʪʦʨʦʛʦ, ʧʨʠ 

ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ, ʬʦʨʤʦʚʘʥʠʝ ʙʫʤʘʛʠ ʧʨʦʠʩʭʦʜʠʪ ʩ ʧʨʠʜʘʥʠʝʤ ʝʡ 

ʤʘʢʩʠʤʘʣʴʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʕʪʦ ʧʨʝʜʝʣ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ɕ- ʧʦʪʝʥ-
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ʮʠʘʣʫ 5-10 ʤɺ. ʊʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʦʜʥʘʷ ʩʫʩʧʝʥʟʠʷ ʨʘʟʣʠʯʥʳʭ ʚʦ-

ʣʦʢʥʠʩʪʳʭ ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ, ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʠʤʝʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʠʡ ɕ-ʧʦʪʝʥʮʠʘʣ. ʋʢʘʞʝʤ ʚʦʟʤʦʞʥʳʝ ʧʨʝʜʝʣʳ - ʵʪʦ 20-

60 ʤɺ. ʇʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ɕ-ʧʦʪʝʥʮʠʘʣʘ, ʚʦʣʦʢʥʠʩʪʳʝ 

ʧʦʣʫʬʘʙʨʠʢʘʪʳ ʤʦʞʥʦ ʨʘʩʧʦʣʦʞʠʪʴ ʚ ʩʣʝʜʫʶʱʠʡ ʨʷʜ: ʮʝʣʣʶʣʦʟʘ, ʧʦʣʫ-

ʮʝʣʣʶʣʦʟʘ, ʜʨʝʚʝʩʥʘʷ ʤʘʩʩʘ, ʤʘʢʫʣʘʪʫʨʥʘʷ ʤʘʩʩʘ (ʧʨʠ ʧʨʠʤʝʨʥʦ ʨʘʚʥʦʡ 

ʩʪʝʧʝʥʠ ʧʦʤʦʣʘ).  

ʋʯʘʩʪʠʝ ʭʠʤʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʚ ʧʨʦʮʝʩʩʘʭ ʬʦʨʤʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʙʫ-

ʤʘʛʠ ʠ ʤʝʞʚʦʣʦʢʦʥʥʦʤ ʩʚʷʟʝʦʙʨʘʟʦʚʘʥʠʠ ʚʝʣʠʢʦ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠ  ʧʨʠʝʤ-

ʣʝʤʳʝ ʤʘʩʩʦʚʳʝ ʜʦʣʠ ʢʘʪʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʚ ʙʫʤʘʞʥʦʡ ʤʘʩʩʝ, ʩʧʦʩʦʙʥʳ 

ʢʘʨʜʠʥʘʣʴʥʦ ʤʝʥʷʪʴ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʴ ʤʘʩʩʳ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʪʴ 

ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʙʫʤʘʛʠ [1].  

ɺ ʪʘʙʣ. 1 ʧʨʠʚʝʜʝʥʳ ʥʦʨʤʠʨʫʝʤʳʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, 

ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʝ ɻʆʉʊʘʤʠ ʜʣʷ ʬʣʶʪʠʥʛʘ ʠ ʪʝʩʪ-ʣʘʡʥʝʨʘ, ʘ ʪʘʢʞʝ ʚʣʠʷʶ-

ʱʠʝ ʥʘ ʥʠʭ ʦʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ ʠ ʚʟʘʠʤʦʩʚʷʟʴ ʧʨʦʯʥʦʩʪʠ ʠ ʞʝʩʪʢʦʩʪʠ. 

ʊʘʙʣʠʮʘ 1. ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʬʣʶʪʠʥʛʘ ʠ ʪʝʩʪ-ʣʘʡʥʝʨʘ, ʦʩʥʦʚ-

ʥʳʝ ʚʣʠʷʶʱʠʝ ʬʘʢʪʦʨʳ ʠ ʚʟʘʠʤʦʩʚʷʟʴ ʧʨʦʯʥʦʩʪʠ ʠ ʞʝʩʪʢʦʩʪʠ  

 ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ 

ʆʩʥʦʚʥʳʝ ʚʣʠʷʶʱʠʝ 

ʬʘʢʪʦʨʳ 

ɺʟʘʠʤʦʩʚʷʟʴ 

ʧʨʦʯʥʦʩʪʠ ʠ 

ʞʝʩʪʢʦʩʪʠ 

1 ɸʙʩʦʣʶʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʧʨʦʜʘʚʣʠʚʘʥʠʶ, ʢʇʘ (ʢʛʩ/ʩʤĮ) 

ʉʚʦʡʩʪʚʘ ʙʫʤʘʞʥʦʡ 

ʤʘʩʩʳ: 

- ʤʦʨʬʦʣʦʛʠʯʝʩʢʘʷ 

ʠ ʨʘʟʤʝʨʥʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʚʦʣʦʢʥʘ; 

- ʬʨʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ 

ʤʘʩʩʳ; 

- ʩʦʜʝʨʞʘʥʠʝ 

çʘʥʠʦʥʥʳʭ 

ʟʘʛʨʷʟʥʝʥʠʡè; 

- ʵʣʝʢʪʨʦʢʠʥʝʪʠʯʝʩʢʠʡ 

ʧʦʪʝʥʮʠʘʣ ʚʦʣʦʢʥʘ; 

- ʢʘʪʠʦʥʥʘʷ 

ʧʦʪʨʝʙʥʦʩʪʴ 

ůʈ = Fʈ/S 

 

ɿʘʢʦʥ ɻʫʢʘ 

ůʈ  = EŮʈ 
 

E Ůʈ = Fʈ/S 

 

Fʈ= ŮʈES 

  

Iʀɿɻ= EI 

 

Iʀɿɻ = Ebŭ
3
/12 

Iʀɿɻ = ESŭ
2
/12 

 

2 ʋʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʨʘʟʨʳʚʫ ʚ ʤʘʰʠʥʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ, ʢʅ/ʤ 

3 ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʪʦʨʮʝʚʦʤʫ 

ʩʞʘʪʠʶ ʛʦʬʨʠʨʦʚʘʥʥʦʛʦ ʦʙʨʘʟʮʘ 

(ʉʉʊ), ʢʅ/ʤ 

4 ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʩʞʘʪʠʶ 

ʢʦʨʦʪʢʦʛʦ ʦʙʨʘʟʮʘ (Sʉʊ), ʢʅ/ʤ 

5 ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʧʣʦʩʢʦʩʪʥʦʤʫ 

ʩʞʘʪʠʶ ʛʦʬʨʠʨʦʚʘʥʥʦʛʦ ʦʙʨʘʟʮʘ 

ï ʉʄʊ, (ʧʦʣʦʩʢʘ 12,7 ʤʤ), ʅ 

ʆʙʦʟʥʘʯʝʥʠʷ ʚ ʬʦʨʤʫʣʘʭ: ůʈ ï ʧʨʝʜʝʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʨʘʟʨʫʰʝʥʠʷ ʙʫʤʘʛʠ 

ʠʣʠ ʢʘʨʪʦʥʘ; Fʈ ï ʩʠʣʘ ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ; S ï ʧʣʦʱʘʜʴ ʜʝʡʩʪʚʠʷ ʩʠʣʳ ʨʘʟʨʫ-

ʰʝʥʠʷ; E ï ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʙʫʤʘʛʠ; Ůʈ ï ʜʝʬʦʨʤʘʮʠʷ ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ 

ʙʫʤʘʛʠ; Iʀɿɻ ï ʞʝʩʪʢʦʩʪʴ ʧʨʠ ʠʟʛʠʙʝ; I ï ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ; b ï ʰʠʨʠʥʘ ʠʩ-

ʧʳʪʫʝʤʦʛʦ ʦʙʨʘʟʮʘ; ŭ ï ʪʦʣʱʠʥʘ ʠʩʧʳʪʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ʙʫʤʘʛʠ 



 

I I  ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

çʇʈʆɹʃɽʄʓ ʄɽʍɸʅʀʂʀ ʎɽʃʃʖʃʆɿʅʆ-ɹʋʄɸɾʅʓʍ ʄɸʊɽʈʀɸʃʆɺè 

ʛ. ɸʨʭʘʥʛʝʣʴʩʢ, 10-12 ʩʝʥʪʷʙʨʷ 2013 ʛ.  
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ɸʥʘʣʠʟʠʨʫʷ ʠʥʬʦʨʤʘʮʠʶ ʪʘʙʣ. 1, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʦʩ-

ʥʦʚʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ: 

ʘ) ʘʙʩʦʣʶʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʦʜʘʚʣʠʚʘʥʠʶ ʠ ʫʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚ-

ʣʝʥʠʝ ʨʘʟʨʳʚʫ, ʧʨʝʚʘʣʠʨʫʶʱʝ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʧʨʦʯʥʦʩʪʴ ʙʫʤʘʛʠ (ʢʘʨ-

ʪʦʥʘ), ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʟʘʚʠʩʷʪ ʦʪ ʚʝʣʠʯʠʥʳ ʜʝʬʦʨʤʘʮʠʠ, ʤʦʜʫʣʷ 

ʫʧʨʫʛʦʩʪʠ ʠ ʧʣʦʱʘʜʠ ʧʨʠʣʦʞʝʥʠʷ ʩʠʣʳ; 

ʙ) ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʦʨʮʝʚʦʤʫ ʩʞʘʪʠʶ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʞʘʪʠʶ ʢʦʨʦʪ-

ʢʦʛʦ ʦʙʨʘʟʮʘ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʞʘʪʠʶ ʛʦʬʨʠʨʦʚʘʥʥʦʛʦ ʦʙʨʘʟʮʘ, ʛʣʘʚʥʳʤ 

ʦʙʨʘʟʦʤ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʞʝʩʪʢʦʩʪʴ ʙʫʤʘʛʠ (ʢʘʨʪʦʥʘ), ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦ-

ʥʘʣʴʥʦ ʟʘʚʠʩʷʪ ʦʪ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ, ʧʣʦʱʘʜʠ ʧʨʠʣʦʞʝʥʠʷ ʩʠʣʳ ʠ ʪʦʣʱʠ-

ʥʳ ʦʙʨʘʟʮʘ ʚʦ ʚʪʦʨʦʡ ʩʪʝʧʝʥʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʱʠʤʠ ʬʘʢʪʦʨʘʤʠ ʜʣʷ ʧʨʦʯʥʦʩʪʠ ʠ ʞʝʩʪʢʦʩʪʠ ʷʚ-

ʣʷʶʪʩʷ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʠ ʧʣʦʱʘʜʴ ʧʨʠʣʦʞʝʥʠʷ ʩʠʣʳ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ, 

ʧʨʦʯʥʦʩʪʴ ʟʘʚʠʩʠʪ ʦʪ ʜʝʬʦʨʤʘʮʠʠ, ʘ ʞʝʩʪʢʦʩʪʴ ï ʦʪ ʪʦʣʱʠʥʳ ʙʫʤʘʛʠ ʚʦ 

ʚʪʦʨʦʡ ʩʪʝʧʝʥʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʯʝʤ ʙʦʣʴʰʝ ʜʝʬʦʨʤʘʮʠʷ ʙʫʤʘʛʠ, ʪʝʤ ʚʳʰʝ 

ʝʝ ʧʨʦʯʥʦʩʪʴ, ʥʦ ʤʝʥʴʰʝ ʞʝʩʪʢʦʩʪʴ, ʧʨʠ ʦʜʠʥʘʢʦʚʦʤ ʤʦʜʫʣʝ ʫʧʨʫʛʦʩʪʠ ʠ 

ʧʣʦʱʘʜʠ ʧʨʠʣʦʞʝʥʠʷ ʩʠʣʳ. ʄʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ, ʢʘʢ ʤʝʨʘ ʜʝʬʦʨʤʠʨʫʝʤʦʩʪʠ 

(ʧʦʜʘʪʣʠʚʦʩʪʠ) ʙʫʤʘʛʠ, ʟʘʚʠʩʠʪ ʦʪ ʧʨʦʯʥʦʩʪʠ ʠ ʧʣʦʪʥʦʩʪʠ ʩʠʣ ʤʝʞʚʦʣʦ-

ʢʦʥʥʦʡ ʩʚʷʟʠ, ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʷʚʣʷʶʪʩʷ ʠʥʪʝʛʨʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷ-

ʶʱʝʡ ʦʩʥʦʚʥʳʭ ʚʣʠʷʶʱʠʭ ʬʘʢʪʦʨʦʚ (ʪʘʙʣ. 1).  

ɺ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʦ ʚʣʠʷʥʠʠ ʢʘʪʠʦʥʥʦ-

ʛʦ ʧʦʣʠʘʢʨʠʣʘʤʠʜʘ (ʂʇɸ) ʥʘ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʙʫʤʘʛʠ. 

ɼʘʥʥʳʝ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 2. 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʪʘʙʣ. 2 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʂʇɸ, ʜʦʙʘʚʣʷʝʤʳʡ ʚ ʤʘʩʩʫ, 

ʫʤʝʥʴʰʘʝʪ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ɕ-ʧʦʪʝʥʮʠʘʣʘ ʤʘʩʩʳ ʠ ʵʪʦʪ ʵʬʬʝʢʪ ʚʳ-

ʟʳʚʘʝʪ ʧʦʚʳʰʝʥʠʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʙʫʤʘʛʠ. ʇʨʠ ʵʪʦʤ 

ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʧʦʜʘʚʘʝʤʦʛʦ ʂʇɸ, ʫʚʝʣʠʯʠʚʘʝʪ ʧʦʢʘʟʘʪʝʣʠ, ʭʘʨʘʢ-

ʪʝʨʠʟʫʶʱʠʝ ʧʨʦʯʥʦʩʪʴ ʙʫʤʘʛʠ. ʇʦʢʘʟʘʪʝʣʴ ʞʝʩʪʢʦʩʪʠ ï ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠʟ-

ʛʠʙʫ, ʧʨʠ ʨʘʩʭʦʜʝ ʂʇɸ 2,5 ʢʛ/ʪ, ʧʦʢʘʟʳʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ï 

89 %, ʠ, ʧʦ ʤʝʨʝ, ʫʚʝʣʠʯʝʥʠʷ ʨʘʩʭʦʜʘ ʂʇɸ, ʟʘʤʝʪʥʦ ʩʥʠʞʘʝʪʩʷ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʪʠʦʥʥʳʡ ʧʦʣʠʘʢʨʠʣʘʤʠʜ ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʙʫʤʘʛʠ, ʥʦ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʘʩʭʦʜʘʭ, ʤʦ-

ʞʝʪ ʣʠʙʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦʚʳʰʘʪʴ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʯʥʦʩʪʠ ʠ ʞʝʩʪʢʦʩʪʠ, ʣʠ-

ʙʦ ʧʦʚʳʰʘʪʴ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʯʥʦʩʪʠ, ʧʦʥʠʞʘʷ ʧʦʢʘʟʘʪʝʣʠ ʞʝʩʪʢʦʩʪʠ. 

ʋʯʠʪʳʚʘʷ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʯʥʦʩʪʠ ʠ ʞʝʩʪʢʦʩʪʠ, ʧʨʠʚʝ-

ʜʝʥʥʳʝ ʚ ʪʘʙʣ. 1, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʫʩʪʘʥʦʚʣʝʥʥʦʝ ʚʣʠʷʥʠʝ ʂʇɸ, 

ʧʨʠʚʝʜʝʥʥʦʝ ʚ ʪʘʙʣ. 2, ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʘʢʪʦʨʦʤ Ůʈ ï ʜʝʬʦʨʤʘʮʠʷ ʙʫʤʘʛʠ. 



 

I I  ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

çʇʈʆɹʃɽʄʓ ʄɽʍɸʅʀʂʀ ʎɽʃʃʖʃʆɿʅʆ-ɹʋʄɸɾʅʓʍ ʄɸʊɽʈʀɸʃʆɺè 
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ʄʝʭʘʥʠʟʤ ʚʣʠʷʥʠʷ ʩʣʝʜʫʶʱʠʡ: ʨʘʩʭʦʜ ʂʇɸ ʜʦ 2,5 ʢʛ/ʪ ʧʦʚʳʰʘʝʪ ʧʣʦʪ-

ʥʦʩʪʴ ʠ ʧʨʦʯʥʦʩʪʴ ʤʝʞʚʦʣʦʢʦʥʥʳʭ ʩʚʷʟʝʡ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʤʦʜʫʣʴ ʫʧʨʫʛʦ-

ʩʪʠ ɽ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʥʠʞʘʝʪ ʜʝʬʦʨʤʠʨʫʝʤʦʩʪʴ ʙʫʤʘʛʠ; 

ʊʘʙʣʠʮʘ 2. ɺʣʠʷʥʠʝ ʠʟʤʝʥʝʥʠʷ ɕ-ʧʦʪʝʥʮʠʘʣʘ ʢʘʪʠʦʥʥʳʤ ʧʦʣʠʘʢʨʠʣʘʤʠʜʦʤ ʥʘ 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʙʫʤʘʛʠ 

ʈʘʩʭʦʜ 

ʂʇɸ  

ʚ ʤʘʩʩʫ, 

ʢʛ/ʪ 

ʄʘʩʩʘ 

1 ʤ
2
 

ʙʫʤʘʛʠ, 

ʛ 

ɕ,  

ʤɺ 

ʉʪʝʧʝ-ʥʴ 

ʧʦʤʦʣʘ, 

Áʐʈ 

ʉʦʧʨʦ-

ʪʠʚʣʝʥʠʝ 

ʨʘʟʜʠʨʘ-

ʥʠʶ, ʤʅ 

ʉʦʧʨʦ-

ʪʠʚʣʝʥʠʝ 

ʨʘʟʨʳʚʫ, 

ʅ/ʤ 

ʉʦʧʨʦ-

ʪʠʚʣʝʥʠʝ 

ʧʨʦʜʘʚʣʠ-

ʚʘʥʠʶ,  

ʢʇʘ 

ʉʦʧʨʦ-

ʪʠʚʣʝʥʠʝ 

ʠʟʛʠʙʫ, ʤʅ 

ɺ ʯʠʩʣʠʪʝʣʝ ʚʘʨʠʘʥʪ ç0è, ʚ ʟʥʘʤʝʥʘʪʝʣʝ ï ʧʨʠʨʦʩʪ ʧʦʢʘʟʘʪʝʣʷ ʚ % ʢ ç0è ʚʘʨʠʘʥʪʫ 

0  
(ʙʝʟ ʂʇɸ) 

82,5 ï15,3 14,5 311,0 2063,5 56,7 35,2 

2,5  85,7 ï12,8 14,0 387,5/25 2172,2/5 67,3/19 66,6/89 

3,5  75,7 ï11,7 13,5 364,0/17 2320,7/12 72,0/27 56,6/60 

5,0  81,0 ï8,7 14,0 456,4/45 2524,3/22 78,4/38 51,0/45 

 

ʋʚʝʣʠʯʝʥʠʝ ʨʘʩʭʦʜʘ ʂʇɸ ʚ ʤʘʩʩʫ, ʩʦʟʜʘʝʪ ʫʩʣʦʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʙʦ-

ʣʝʝ ʜʝʬʦʨʤʠʨʫʝʤʳʭ ʤʦʩʪʠʢʦʚʳʭ ʤʝʞʚʦʣʦʢʦʥʥʳʭ ʩʚʷʟʝʡ ʯʝʨʝʟ ʤʘʢʨʦʤʦʣʝ-

ʢʫʣʳ ʂʇɸ, ʘ ʵʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʚʳʰʘʝʪ Ůʈ, ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʠʣʠ ʥʝ-

ʩʢʦʣʴʢʦ ʚʦʟʨʘʩʪʘʶʱʝʤ ʤʦʜʫʣʝ ʫʧʨʫʛʦʩʪʠ. 

ɺʳʚʦʜʳ: 

1) ʕʣʝʢʪʨʦʧʦʚʝʨʭʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʙʫʤʘʞʥʦʡ ʤʘʩʩʳ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ 

ʠʟ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ ʧʨʦʯʥʦʩʪʠ ʙʫʤʘʛʠ. 

2) ʂʘʪʠʦʥʥʳʡ ʧʦʣʠʘʢʨʠʣʘʤʠʜ ʧʦʥʠʞʘʝʪ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʵʣʝʢʪʨʦʢʠʥʝ-

ʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʤʘʩʩʳ ʠ ʦʢʘʟʳʚʘʝʪ ʫʧʨʦʯʥʷʶʱʝʝ ʜʝʡʩʪʚʠʝ ʥʘ ʙʫʤʘʛʫ. 

3) ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʭʦʜʘ ʢʘʪʠʦʥʥʦʛʦ ʧʦʣʠʘʢʨʠʣʘʤʠʜʘ ʚ ʤʘʩʩʫ, 

ʝʛʦ ʜʝʡʩʪʚʠʝ ʥʘ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʙʫʤʘʛʠ ʤʦʞʝʪ ʧʨʦʷʚ-

ʣʷʪʴʩʷ ʚ ʧʦʚʳʰʝʥʠʠ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʯʥʦʩʪʠ ʠ ʞʝʩʪʢʦʩʪʠ ʠʣʠ ʚ ʧʦʚʳʰʝʥʠʠ 

ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʯʥʦʩʪʠ ʠ ʩʥʠʞʝʥʠʠ ʧʦʢʘʟʘʪʝʣʝʡ ʞʝʩʪʢʦʩʪʠ. 

4) ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʧʦʣʠʢʘʪʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʜʣʷ ʧʦ-

ʚʳʰʝʥʠʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʙʫʤʘʛʠ, ʥʝʦʙʭʦʜʠʤʦ ʠʟʫʯʘʪʴ 

ʠʭ ʜʝʡʩʪʚʠʝ ʨʘʟʜʝʣʴʥʦ ʜʣʷ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʯʥʦʩʪʠ ʠ ʞʝʩʪʢʦʩʪʠ. 
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ʈɸʉʏɽʊ ʇɸʈɸʄɽʊʈʆɺ ʌɽʅʆʄɽʅʆʃʆɻʀʏɽʉʂʆʁ ʄʆɼɽʃʀ 

ɼɽʌʆʈʄʀʈʆɺɸʅʀʗ ʎɽʃʃʖʃʆɿʅʆɻʆ ʄɸʊɽʈʀɸʃɸ ʇʆ 

ʈɽɿʋʃʔʊɸʊɸʄ ʀɿʄɽʈɽʅʀʁ ʅɸ ɸɺʊʆʄɸʊʀʏɽʉʂʆʄ 

ɸʅɸʃʀɿɸʊʆʈɽ ɺʆʃʆʂʅɸ 

 

ʊ.ʅ. ʄʘʥʘʭʦʚʘ, ʗ.ɺ. ʂʘʟʘʢʦʚ 

ʉʝʚʝʨʥʳʡ (ɸʨʢʪʠʯʝʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɸʨʭʘʥʛʝʣʴʩʢ, ʈʦʩʩʠʷ 

 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʩʫʣʴ-

ʬʘʪʥʦʡ ʭʚʦʡʥʦʡ ʥʝʙʝʣʝʥʦʡ ʮʝʣʣʶʣʦʟʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ c 

ʧʨʠʤʝʥʝʥʠʝʤ ʫʨʘʚʥʝʥʠʷ ʪʠʧʠʯʥʦʛʦ ʪʝʣʘ ʩ ʦʜʥʠʤ ʚʨʝʤʝʥʝʤ ʨʝʣʘʢʩʘʮʠʠ. ʇʘʨʘʤʝʪʨʳ 

ʤʦʜʝʣʠ ʨʘʩʩʯʠʪʘʥʳ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ, ʚ ʢʦ-

ʪʦʨʦʤ ʚ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʥʘ ʘʚʪʦ-

ʤʘʪʠʯʝʩʢʦʤ ʘʥʘʣʠʟʘʪʦʨʝ ʚʦʣʦʢʥʘ. 

 

CALCULATION OF PHENO MENOLOGICAL MODEL PARAMETERS  

OF CELLULOSIC MATERI AL DEFORMATION FROM THE 

MEASUREMENTS ON AUTOMATIC FIBER ANAL YZER  

 

T. Manakhova, Y. Kazakov  

Northern (Arctic) Federal University, Arkhangelsk, Russia 

 

This paper presents a method for predicting the deformation behavior of unbleached 

softwood kraft pulp using a phenomenological model using the equation of typical body with 

a single relaxation time. The model parameters are calculated from the results of the multi-

factor regression analysis, which as the input parameters used in the measurement results in 

an automatic fiber analyzer. 
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ʀɿʋʏɽʅʀɽ ʌʆʈʄʀʈʆɺɸʅʀʗ ʉʊʈʋʂʊʋʈʓ ʎɽʃʃʖʃʆɿʅʓʍ 

ɺʆʃʆʂʅʀʉʊʓʍ ʄɸʊɽʈʀɸʃʆɺ ʉ ʇʈʀʄɽʅɽʅʀɽʄ ʂʈʀʆʌʀʂʉɸʎʀʀ 

ʀ ʃʀʆʌʀʃʀɿɸʎʀʀ 

 

ʗ.ɺ. ʂʘʟʘʢʦʚ, ɼ.ɻ. ʏʫʭʯʠʥ 

ʉʝʚʝʨʥʳʡ (ɸʨʢʪʠʯʝʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɸʨʭʘʥʛʝʣʴʩʢ, ʈʦʩʩʠʷ 

 

ʀʟʤʝʨʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʝʣʣʶʣʦʟʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʪʦʙʨʘʥʥʳʭ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʩʪʘʜʠʷʭ ʠʟʛʦʪʦʚʣʝʥʠʷ ʙʫʤʘʛʠ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʨʠʦʬʠʢʩʘʮʠʠ ʠ ʣʠʦʬʠʣʴʥʦʡ 

ʩʫʰʢʠ, ʢʦʪʦʨʳʝ ʧʨʝʧʷʪʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ ʤʝʞʚʦʣʦʢʦʥʥʳʭ ʩʚʷʟʝʡ ʚ ʩʪʨʫʢʪʫʨʝ ʙʫʤʘ-

ʛʠ. ʉ ʧʨʠʤʝʥʝʥʠʝʤ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʧʨʦʩʣʝʞʝʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʦʣʦʢʥʠʩʪʦʡ 

ʩʪʨʫʢʪʫʨʳ. ʋʩʪʘʥʦʚʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʯʥʦʩʪʠ ʙʫʤʘʞʥʦʛʦ ʣʠ-

ʩʪʘ ʚ ʧʨʦʮʝʩʩʝ ʩʫʰʢʠ.  

 

STUDY OF THE STRUCTURES FORMATION OF CEL LULOSE FIBROUS 

MATERIALS USING CRYO FIXATION AND LYOPHIL IZATION  

 

Y. Kazakov, D. Chukhchin  

Northern (Arctic) Federal University, Arkhangelsk, Russia 

 

Measured characteristics cellulosic materials obtained using criofixation and lyo-

philic drying, which prevents the formation of interfiber bonds within the paper structure. Us-

ing electron microscopy traced formation of a fibrous structure. The regularities of the for-

mation strength in the paper sheet during drying are presented. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʩʝ ʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʧʨʠʜʘʝʪʩʷ ʠʟʫʯʝʥʠʶ ʧʨʦ-

ʮʝʩʩʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚ ʭʦʜʝ ʠʟʛʦʪʦʚʣʝʥʠʷ ʚʦʣʦʢʥʠ-

ʩʪʦʛʦ ʮʝʣʣʶʣʦʟʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʯʥʦʩʪʠ ʙʫʤʘʛʠ ʟʘʚʝʨʰʘʝʪʩʷ ʧʨʠ ʝʝ ʩʫʰʢʝ ʠ ʩʚʷʟʳ-

ʚʘʝʪʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʝʞʚʦʣʦʢʦʥʥʳʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷ-

ʟʝʡ ʧʦʜ ʚʣʠʷʥʠʝʤ ʩʠʣ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʚʦʜʳ, ʚʳʟʳʚʘʶʱʠʭ 

ʩʙʣʠʞʝʥʠʝ ʚʦʣʦʢʦʥ. ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʤʝʭʘʥʠʟʤʝ ʦʙʨʘʟʦʚʘʥʠ ̫

ʚ ʙʫʤʘʛʝ ʤʝʞʚʦʣʦʢʦʥʥʳʭ ʩʚʷʟʝʡ ʧʨʠ ʩʫʰʢʝ ʙʳʣʠ ʩʬʦʨʤʠʨʦʚʘʥʳ ʚ ʢʦʥʮʝ 

20 ʚʝʢʘ [4,6] ʠ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʥʝʩʢʦʣʴʢʦ ʩʪʘʜʠʡ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ. ɺ ʧʝʨ-

ʚʦʡ ʩʪʘʜʠʠ ʩʫʰʢʠ ʚʦʣʦʢʥʦ ʧʦʢʨʳʪʦ ʧʣʝʥʢʦʡ ʞʠʜʢʦʩʪʠ, ʠ ʜʦ ʩʫʭʦʩʪʠ ʦʢʦʣʦ 

55 % ʩʮʝʧʣʝʥʠʝ ʤʝʞʜʫ ʚʦʣʦʢʥʘʤʠ ʚ ʙʫʤʘʛʝ ʦʙʫʩʣʦʚʣʝʥʦ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ 

ʩʠʣʘʤʠ ʪʨʝʥʠʷ. ɺʦ ʚʪʦʨʦʡ ʩʪʘʜʠʠ ʫʜʘʣʝʥʠʷ ʚʣʘʛʠ, ʧʨʠ ʩʫʭʦʩʪʠ ʙʫʤʘʞʥʦʛʦ 

ʧʦʣʦʪʥʘ ʚʳʰʝ 60 %, ʩʚʦʙʦʜʥʘʷ ʚʣʘʛʘ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʣʦʢʦʥ ʥʘʯʠʥʘʝʪ ʠʩ-

ʯʝʟʘʪʴ, ʥʦ ʝʱʝ ʦʩʪʘʝʪʩʷ ʚʦ ʚʥʫʪʨʝʥʥʠʭ ʢʘʧʠʣʣʷʨʘʭ ʚʦʣʦʢʥʘ, ʥʘʯʠʥʘʝʪʩʷ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʚʦʣʦʢʥʘʤʠ. ɺ ʪʨʝʪʴʝʡ ʩʪʘʜʠʠ 

ʫʜʘʣʝʥʠʝ ʩʚʷʟʘʥʥʦʡ ʚʣʘʛʠ, ʦʩʪʘʚʰʝʡʩʷ ʚ ʩʪʝʥʢʘʭ ʚʦʣʦʢʦʥ ʠ ʚ ʤʠʢʨʦʢʘʧʠʣ-
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ʣʷʨʘʭ, ʪ.ʝ. ʥʠʞʝ ʪʦʯʢʠ ʥʘʩʳʱʝʥʠʷ ʚʦʣʦʢʥʘ (ʘʙʩʦʣʶʪʥʘʷ ʚʣʘʞʥʦʩʪʴ ʦʢʦʣʦ 

30 %), ʥʘʯʠʥʘʝʪʩʷ ʫʩʘʜʢʘ ʩʘʤʠʭ ʚʦʣʦʢʦʥ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʙʫʤʘʛʠ, ʚ ʥʝʡ 

ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʝʞʚʦʣʦʢʦʥʥʳʭ ʩʚʷʟʝʡ, ʠ ʙʫʤʘʛʘ ʧʨʠʦʙʨʝʪʘ-

ʝʪ ʧʨʦʯʥʦʩʪʴ. ʌʠʟʠʯʝʩʢʘʷ ʧʨʠʨʦʜʘ ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʠ ʪʘʢʦʤ ʚʠʜʝ ʩʫʰʢʠ 

ʠʟʤʝʥʝʥʠʡ, ʩʚʷʟʘʥʘ ʩ ʫʧʣʦʪʥʝʥʠʝʤ ʢʣʝʪʦʯʥʳʭ ʩʪʝʥʦʢ ʚʦʣʦʢʦʥ, ʩʞʘʪʠʝʤ 

ʚʥʫʪʨʝʥʥʝʛʦ ʢʘʥʘʣʘ ʠ ʧʦʨ, ʧʝʨʝʭʦʜʘ ʪʨʫʙʯʘʪʦʡ ʬʦʨʤʳ ʚʦʣʦʢʦʥ ʚ ʣʝʥʪʦʯ-

ʥʫʶ [6]. 

ɺʠʟʫʘʣʴʥʳʡ ʘʥʘʣʠʟ ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʤʘʪʝʨʠʘʣʝ ʠʟʤʝʥʝʥʠʡ ʚ ʧʨʦʮʝʩ-

ʩʝ ʩʫʰʢʠ ʤʦʞʝʪ ʜʘʪʴ ʧʦʣʝʟʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʠʟʤʝʥʝʥʠʷʭ, ʧʨʦʠʩʭʦʜʷ-

ʱʠʭ ʩ ʚʦʣʦʢʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ ʧʨʠ ʝʸ ʦʙʝʟʚʦʞʠʚʘʥʠʠ ʧʨʠ ʬʦʨʤʦʚʘʥʠʠ, 

ʧʨʝʩʩʦʚʘʥʠʠ ʠ ʩʫʰʢʝ. ʊʘʢʠʝ ʦʙʨʘʟʮʳ ʠʤʝʶʪ ʨʳʭʣʫʶ ʠ ʦʙʲʝʤʥʫʶ ʩʪʨʫʢʪʫ-

ʨʫ, ʠ ʦʧʪʠʯʝʩʢʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʥʝ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʠʪʴ ʠʭ ʠʟʦʙʨʘ-

ʞʝʥʠʝ ʩ ʙʦʣʴʰʦʡ ʛʣʫʙʠʥʦʡ ʨʝʟʢʦʩʪʠ. ʕʪʠʭ ʥʝʜʦʩʪʘʪʢʦʚ ʣʠʰʝʥʘ ʵʣʝʢʪʨʦʥ-

ʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ [1,7], ʧʦʟʚʦʣʷʶʱʘʷ ʧʦʣʫʯʘʪʴ ʠʟʦʙʨʘʞʝʥʠʷ ʦʙʲʝʤʥʳʭ 

ʦʙʲʝʢʪʦʚ, ʚ ʢʦʪʦʨʳʭ ʨʘʟʤʝʨ ʦʙʨʘʟʮʘ, ʧʦʧʘʜʘʶʱʝʛʦ ʚ ʬʦʢʫʩ, ʩʦʩʪʘʚʣʷʝʪ ʥʝ-

ʩʢʦʣʴʢʦ ʤʠʣʣʠʤʝʪʨʦʚ. 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʧʨʦʚʦʜʠʤʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢ-

ʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʦʙʨʘʟʮʳ ʙʫʤʘʛʠ, ʦʪʦʙʨʘʥʥʳʝ ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʪʘʜʠʷʭ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʙʫʤʘʛʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʫʰʘʪ ʜʦ ʚʦʟʜʫʰʥʦ ʩʫʭʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

ʆʢʦʥʯʘʪʝʣʴʥʦʝ ʫʜʘʣʝʥʠʝ ʚʣʘʛʠ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʘʙʦʯʝʡ ʢʘʤʝʨʝ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʤʠʢʨʦʩʢʦʧʘ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʛʣʫʙʦʢʦʛʦ ʚʘʢʫʫʤʘ (10
ï6

 ʤɹʘʨ). ʇʨʠ ʵʪʦʤ ʚ 

ʧʨʦʮʝʩʩʝ ʚʳʩʫʰʠʚʘʥʠʷ ʚʦʣʦʢʦʥ ʚ ʥʠʭ ʧʨʦʠʩʭʦʜʷʪ ʥʝʦʙʨʘʪʠʤʳʝ ʠʟʤʝʥʝʥʠʷ 

ʩʪʨʫʢʪʫʨʳ, ʠ ʩʦʩʪʦʷʥʠʝ ʦʙʨʘʟʮʦʚ, ʠʩʩʣʝʜʫʝʤʳʭ ʚ ʤʠʢʨʦʩʢʦʧʝ, ʦʪʣʠʯʘʝʪʩʷ 

ʦʪ ʠʩʭʦʜʥʦʛʦ. ɸʣʴʪʝʨʥʘʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʧʦʜʛʦʪʦʚʢʠ ʧʨʝʧʘʨʘʪʦʚ ʷʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʨʠʦʬʠʢʩʘʮʠʠ ʠ ʣʠʦʬʠʣʴʥʦʡ ʩʫʰʢʠ [1,7].  

ʄʝʪʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʣʴʪʨʘ-ʙʳʩʪʨʦʤ ʦʭʣʘʞʜʝʥʠʠ ʥʝʙʦʣʴʰʠʭ ʦʙʨʘʟ-

ʮʦʚ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʞʠʜʢʦʛʦ ʘʟʦʪʘ (ï196 Áʉ). ʇʨʠ ʵʪʦʤ ʩʦʭʨʘʥʷʝʪʩʷ ʠʭ 

ʚʥʫʪʨʝʥʥʷʷ ʩʪʨʫʢʪʫʨʘ, ʢʨʠʩʪʘʣʣʳ ʣʴʜʘ ʥʝ ʫʩʧʝʚʘʶʪ ʩʬʦʨʤʠʨʦʚʳʚʘʪʴʩʷ, 

ʠʣʠ ʥʝ ʠʤʝʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʟʨʘʩʪʠʩʴ ʜʦ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʭ ʨʘʟʤʝʨʦʚ, 

ʯʪʦʙʳ ʚʳʟʚʘʪʴ ʧʦʚʨʝʞʜʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʮʘ. 

ʇʨʠ ʣʠʦʬʠʣʠʟʘʮʠʠ ʚ ʚʘʢʫʫʤʝ ʧʨʦʠʩʭʦʜʠʪ ʚʦʟʛʦʥʢʘ ʚʦʜʳ, ʤʠʥʫʷ 

ʞʠʜʢʫʶ ʬʘʟʫ, ʯʪʦ ʠʩʢʣʶʯʘʝʪ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʢʘʧʠʣʣʷʨʥʳʭ ʩʠʣ, ʩʙʣʠʞʝʥʠʝ  

ʚʦʣʦʢʦʥ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʤʝʞʚʦʣʦʢʦʥʥʳʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ. ʇʨʠ ʵʪʦʤ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʚʦʣʦʢʦʥ ʠ ʤʠʢʨʦʬʠʙʨʠʣʣ ʠʜʝʥʪʠʯʥʦ ʠʭ ʩʦʩʪʦʷ-

ʥʠʶ ʚ ʤʦʢʨʦʤ ʧʦʣʦʪʥʝ ʙʫʤʘʛʠ.  

ʅʘʤʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʯʥʦʩʪʥʳʭ 

ʩʚʦʡʩʪʚ ʘʥʠʟʦʪʨʦʧʥʳʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʦʪʣʠʚʦʢ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʥʘ ʜʠʥʘʤʠʯʝ-



 

I I  ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

çʇʈʆɹʃɽʄʓ ʄɽʍɸʅʀʂʀ ʎɽʃʃʖʃʆɿʅʆ-ɹʋʄɸɾʅʓʍ ʄɸʊɽʈʀɸʃʆɺè 

ʛ. ɸʨʭʘʥʛʝʣʴʩʢ, 10-12 ʩʝʥʪʷʙʨʷ 2013 ʛ.  
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ʩʢʦʤ ʣʠʩʪʦʦʪʣʠʚʥʦʤ ʘʧʧʘʨʘʪʝ TechPap
1
 [3] ʧʨʠ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʬʦʨʤʫ-

ʶʱʝʡ ʩʝʪʢʠ ʦʪ 1000 ʤ/ʤʠʥ. ʀʟ ʨʘʟʤʦʣʦʪʦʡ ʥʘ ʤʝʣʴʥʠʮʝ ʁʦʢʨʦ ʩʫʣʴʬʘʪʥʦʡ 

ʙʝʣʝʥʦʡ ʭʚʦʡʥʦʡ (38ʐ̄ʈ) ʠ ʣʠʩʪʚʝʥʥʦʡ ʮʝʣʣʶʣʦʟʳ (30ʐ̄ʈ) ʙʳʣʠ ʠʟʛʦʪʦʚ-

ʣʝʥʳ ʦʪʣʠʚʢʠ 245Ĭ900 ʤʤ ʩ ʮʝʣʝʚʦʡ ʤʘʩʩʦʡ 1 ʤ
2
 60 ʛ. ɸʥʠʟʦʪʨʦʧʠʷ ʦʙʨʘʟ-

ʮʦʚ ʧʦ ʠʥʜʝʢʩʫ ʞʝʩʪʢʦʩʪʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ TSIMD/CD, ʠʟʤʝʨʝʥʥʦʤʫ ʥʘ L&W 

TSO Tester, ʩʦʩʪʘʚʣʷʣʘ 2,9. ʇʨʦʙʳ ʜʣʷ ʘʥʘʣʠʟʘ ʨʘʟʤʝʨʘʤʠ 100Ĭ245 ʤʤ ʦʪʨʝ-

ʟʘʣʠ ʦʪ ʚʣʘʞʥʦʡ ʦʪʣʠʚʢʠ, ʩ ʜʚʫʭ ʩʪʦʨʦʥ ʧʦʢʨʳʪʦʡ ʬʠʣʴʪʨʦʚʘʣʴʥʳʤ ʢʘʨʪʦ-

ʥʦʤ, ʧʦʩʣʝ ʦʪʣʠʚʘ ʥʘ ʬʦʨʤʝʨʝ (ʦʙʨʘʟʝʮ 1), ʧʦʩʣʝ ʧʨʝʩʩʦʚʘʥʠʷ ʥʘ ʧʥʝʚʤʘʪʠ-

ʯʝʩʢʦʤ ʚʘʣʴʮʦʚʦʤ ʧʨʝʩʩʝ (ʦʙʨʘʟʝʮ 2), ʠ ʯʝʨʝʟ ʢʘʞʜʳʝ 2 ʤʠʥʫʪʳ ʧʨʠ ʢʦʥ-

ʪʘʢʪʥʦʡ ʩʫʰʢʝ ʥʘ ʩʫʰʠʣʢʝ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 115ʉ̄ (ʦʙʨʘʟʮʳ 

3,4,5). ʇʨʦʙʳ ʩʨʘʟʫ ʧʦʤʝʱʘʣʠ ʚ ʪʝʨʤʦʩ ʩ ʞʠʜʢʠʤ ʘʟʦʪʦʤ, ʠ ʚʳʩʫʰʠʚʘʣʠ ʤʝ-

ʪʦʜʦʤ ʣʠʦʬʠʣʴʥʦʡ ʩʫʰʢʠ ʥʘ ʫʩʪʘʥʦʚʢʝ Labconco (FreeZone 2,5 L).  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʧʨʦʙ ʧʨʦʚʦʜʠʣʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʢʘ-

ʥʠʨʫʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ZEISS çSIGMA VPè
2
 (ʜʝʪʝʢʪʦʨ SE2, 

ʫʩʢʦʨʷʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ 20 ʢɺ). ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʩʥʠʤʢʦʚ ʦʙʨʘʟʮʳ 

ʧʦʢʨʳʚʘʣʠ ʟʦʣʦʪʦʧʘʣʣʘʜʠʝʚʳʤ ʩʣʦʝʤ ʪʦʣʱʠʥʦʡ ʜʦ 5 ʥʤ ʩ ʧʦʤʦʱʴʶ ʥʘʧʳ-

ʣʠʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ Q150T ES (Quorum)
2
. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʦʙʨʘʟʮʦʚ, ʚʳʩʫʰʝʥʥʳʭ ʥʘ ʚʦʟʜʫʭʝ, ʧʨʠ ʣʠʦʬʠʣʴʥʦʤ 

ʚʳʩʫʰʠʚʘʥʠʠ ʚʦʣʦʢʥʘ ʩʦʭʨʘʥʷʶʪ ʦʙʲʝʤʥʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʚ 

ʩʦʩʪʦʷʥʠʠ, ʭʘʨʘʢʪʝʨʥʦʤ ʜʣʷ ʵʪʘʧʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʙʫʤʘʛʠ.  

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʠʤʝʨʳ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʡ ʣʠʦʬʠʣʴʥʦ ʚʳ-

ʩʫʰʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʣʠʩʪʚʝʥʥʦʡ ʠ ʭʚʦʡʥʦʡ ʩʫʣʴʬʘʪʥʦʡ ʙʝʣʝʥʦʡ ʮʝʣʣʶʣʦ-

ʟ,r ʦʪʦʙʨʘʥʥʳʭ ʧʦʩʣʝ ʬʦʨʤʦʚʘʥʠʷ ʦʪʣʠʚʢʠ ʠ ʧʦʩʣʝ 4 ʤʠʥ ʩʫʰʢʠ ʥʘ ʢʦʥ-

ʪʘʢʪʥʦʡ ʩʫʰʠʣʢʝ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʢʨʦʤʢʠ ʣʠʩʪʘ, ʧʦʣʫʯʝʥʥʳʝ çʨʘʟʜʠʨʘʥʠʝʤè 

ʦʙʨʘʟʮʘ ʚ ʤʘʰʠʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 

ʅʘ ʬʦʪʦʛʨʘʬʠʷʭ ʯʝʪʢʦ ʚʠʜʥʳ ʭʘʨʘʢʪʝʨʥʳʝ ʦʪʣʠʯʠʷ: 

- ʦʙʨʘʟʮʳ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʚ ʤʦʢʨʦʡ ʯʘʩʪʠ (ʨʠʩ.1, ʘ ʠ ʙ) ʠʤʝʶʪ ʙʦ-

ʣʝʝ ʨʳʭʣʫʶ ʩʪʨʫʢʪʫʨʫ, ʥʘ ʚʦʣʦʢʥʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʤʠʢʨʦʬʠʙʨʠʣʣ, ʥʝʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ ʚ ʤʝʞʚʦʣʦʢʦʥʥʳʭ ʩʚʷʟʷʭ, ʨʠʩ.2; 

- ʦʙʨʘʟʮʳ, ʧʨʦʰʝʜʰʠʝ ʧʦʣʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʮʠʢʣ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʙʫʤʘʛʠ (ʨʠʩ.1, ʚ ʠ ʛ), ʠʤʝʶʪ ʧʣʦʪʥʫʶ ʫʧʘʢʦʚʢʫ ʩʪʨʫʢʪʫʨʳ, ʚʦʣʦʢʥʘ ʩʧʣʶ-

ʱʝʥʳ ʠ ʢʦʣʠʯʝʩʪʚʦ ʩʚʦʙʦʜʥʳʭ ʤʠʢʨʦʬʠʙʨʠʣʣ ʤʠʥʠʤʘʣʴʥʦ. 

- ʠʟʦʙʨʘʞʝʥʠʷ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʚ ʤʦʢʨʦʡ ʯʘʩʪʠ  ʠ ʣʠʦʬʠʣʠʟʠʨʦʚʘʥ-

ʥʳʝ ʦʙʨʘʟʮʦʚ ʦʙʣʘʜʘʶʪ ʨʘʟʚʠʪʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʨʝʟʢʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ SEM-

ʠʟʦʙʨʘʞʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʜʣʷ ʦʙʨʘʟʮʦʚ, ʚʳʩʫʰʝʥʥʳʭ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦ-

ʚʠʷʭ, ʜʣʷ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʥʦ ʥʘʣʠʯʠʝ ʛʣʘʜʢʦʡ, çʟʘʤʘʟʘʥʥʦʡè ʧʣʝʥʢʦʡ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʚʦʣʦʢʦʥ.   
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ʈʠʩ. 1. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʣʠʦʬʠʣʴʥʦ ʚʳʩʫʰʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʩʫʣʴʬʘʪʥʦʡ ʙʝʣʝ-

ʥʦʡ ʮʝʣʣʶʣʦʟʳ (ʧʦʣʫʯʝʥʳ ʥʘ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ Zeiss SIGMA VP
2
):  

ʘ ï ʣʠʩʪʚʝʥʥʘʷ, ʜʦ ʧʨʝʩʩʦʚʘʥʠʷ; ʙ ï ʭʚʦʡʥʘʷ, ʜʦ ʧʨʝʩʩʦʚʘʥʠʷ; ʚ ï ʣʠʩʪʚʝʥʥʘʷ, ʧʦ-

ʩʣʝ 4 ʤʠʥ ʩʫʰʢʠ; ʛ ï ʭʚʦʡʥʘʷ, ʧʦʩʣʝ 4 ʤʠʥ ʩʫʰʢʠ  

ʉʣʝʜʩʪʚʠʝʤ ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʭ ʦʪʣʠʯʠʡ ʚ ʩʪʨʫʢʪʫʨʝ ʦʙʨʘʟʮʦʚ ʷʚʣʷʝʪ-

ʩʷ ʨʘʟʥʠʮʘ ʬʠʟʠʯʝʩʢʠʭ ʠ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʙʫʤʘʛʠ.  

ʇʨʠ ʦʮʝʥʢʝ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ, ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ
2
:  

- ʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ï ʤʘʩʩʘ 1 ʤ
2
, ʪʦʣʱʠʥʘ d, ʤʢʤ ʥʘ ʧʨʠʙʦ-

ʨʝ L&W Micrometer, ʧʣʦʪʥʦʩʪʴ r, ʛ/ʩʤ
3
;  

- ʥʝʨʘʟʨʫʰʘʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʨʫʢʪʫʨʳ ʥʘ ʧʨʠʙʦʨʝ PTA-Line 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʠ ʧʦʨʠʩʪʦʩʪʠ ʧʦ ɹʝʥʜʪʩʝʥʫ;  
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ʈʠʩ. 2. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ
1
 ʤʠʢʨʦʬʠʙʨʠʣʣ ʣʠʦʬʠʣʴʥʦ ʚʳʩʫʰʝʥʥʳʭ ʦʙʨʘʟʮʦʚ 

ʩʫʣʴʬʘʪʥʦʡ ʙʝʣʝʥʦʡ ʮʝʣʣʶʣʦʟʳ: ʘ ï ʫʚʝʣʠʯʝʥʠʝ 1000
³
; ʙ ï ʫʚʝʣʠʯʝʥʠʝ 10000

³
 

- ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʝʬʦʨʤʘʪʠʚʥʦʩʪʠ ʠ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ, ʥʘ 

ʧʨʠʙʦʨʝ ʀʊʉ-101 (ʀʚʘʥʦʚʦ). 

ɼʣʷ ʦʙʨʘʟʮʦʚ ʨʘʟʤʝʨʘʤʠ 50Ĭ15 ʤʤ (ʚʳʨʝʟʘʥʥʳʭ ʚ CD-ʥʘʧʨʘʚʣʝʥʠʠ), 

ʫ ʢʦʪʦʨʳʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʙʳʣʘ ʠʟʤʝʨʝʥʘ ʪʦʣʱʠʥʘ, ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʠʩ-

ʧʳʪʘʥʠʷ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ 10 ʤʤ/ʤʠʥ ʩ ʧʦʣʫʯʝʥʠʝʤ ʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ ʢʨʠʚʳʭ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʛʨʫʟʢʘ-ʫʜʣʠʥʝʥʠʝ 

çF, ʅ ï æl, ʤʤè ʠ çʥʘʧʨʷʞʝʥʠʝ-ʜʝʬʦʨʤʘʮʠʷè çů, ʄʇʘ ï Ů, %è [2]. ɺ ʨʝʟʫʣʴ-

ʪʘʪʝ ʧʦʣʫʯʝʥ ʩʧʝʢʪʨ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʦʮʝʥʠʚʘʶʱʠʭ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ ʚ 

ʫʧʨʫʛʦʡ ʟʦʥʝ, ʟʦʥʝ ʟʘʤʝʜʣʝʥʥʦʡ ʫʧʨʫʛʦʩʪʠ ʠ ʟʦʥʝ ʧʨʝʜʨʘʟʨʫʰʝʥʠʷ. ʈʝʟʫʣʴ-

ʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʇʨʠ ʧʨʘʢʪʠʯʝʩʢʠ ʣʠʥʝʡʥʦʤ ʩʥʠʞʝʥʠʠ ʪʦʣʱʠʥʳ ʦʙʨʘʟʮʦʚ ʠ, ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ, ʧʦʚʳʰʝʥʠʠ ʧʣʦʪʥʦʩʪʠ, ʠʟʤʝʥʝʥʠʝ ʧʨʦʯʥʦʩʪʥʳʭ ʠ ʜʝʬʦʨʤʘʮʠʦʥ-

ʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʠʘʣʘ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʤʫ ʟʘʢʦʥʫ, 

ʧʦ ʤʝʨʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʝʞʚʦʣʦʢʦʥʥʳʭ ʩʠʣ ʩʚʷʟʠ, ʨʘʟʚʠʚʘʶʱʠʭ ʜʦʩʪʘʪʦʯ-

ʥʫʶ ʧʨʦʯʥʦʩʪʴ ʧʦʩʣʝ ʩʫʭʦʩʪʠ 80 %.  

ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʨʠʚʳʝ ʥʘʛʨʫʟʢʘ-ʫʜʣʠʥʝʥʠʝ ʦʙʨʘʟʮʦʚ, ʦʪʦ-

ʙʨʘʥʥʳʝ ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʪʘʜʠʷʭ ʠʟʛʦʪʦʚʣʝʥʠʷ ʙʫʤʘʛʠ. ʆʙʨʘʟʮʳ (1-3) ʚ ʩʫ-

ʭʦʤ ʩʦʩʪʦʷʥʠʠ, ʫ ʢʦʪʦʨʳʭ ʟʘ ʩʯʝʪ ʢʨʠʦʬʠʢʩʘʮʠʠ ʠ ʣʠʦʬʠʣʴʥʦʡ ʩʫʰʢʠ, ʠʩ-

ʢʣʶʯʝʥ ʧʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ, ʠʤʝʶʪ ʥʠʟʢʫʶ ʧʣʦʪ-

ʥʦʩʪʴ, ʚʳʩʦʢʫʶ ʧʦʨʠʩʪʦʩʪʴ, ʠ ʥʠʟʢʫʶ ʧʨʦʯʥʦʩʪʴ ʠ ʞʝʩʪʢʦʩʪʴ, ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʦʙʨʘʟʮʦʚ 4 ʠ 5, ʫ ʢʦʪʦʨʳʭ ʢʨʠʦʬʠʢʩʘʮʠʷ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ 

ʩʫʰʢʠ ʥʘ ʢʦʥʪʘʢʪʥʦʡ ʩʫʰʠʣʢʝ.  

ʇʨʦʯʥʦʩʪʴ ʠ ʞʝʩʪʢʦʩʪʴ ʦʙʨʘʟʮʦʚ 4 ʠ 5 ʤʘʣʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʚʦʡʩʪʚ 

ʦʙʨʘʟʮʦʚ, ʥʝ ʧʦʜʚʝʨʛʥʫʪʳʭ ʢʨʠʦʬʠʢʩʘʮʠʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʭʘʨʘʢʪʝʨ 

ʠʟʤʝʥʝʥʠʷ ʢʨʠʚʳʭ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʛʨʫʟʢʘ-ʫʜʣʠʥʝʥʠʝ ʠ ʚʝʣʠʯʠʥʳ ʬʠʟʠʢʦ-
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ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʘʥʥʳʤ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʠʩ-

ʧʳʪʘʥʠʷʭ ʚʣʘʞʥʳʭ ʦʙʨʘʟʮʦʚ, ʦʪʦʙʨʘʥʥʳʭ ʚ ʧʨʦʮʝʩʩʝ ʩʫʰʢʠ [5]. 

ʊʘʙʣʠʮʘ 1. ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʠʦʬʠʣʴʥʦ ʚʳʩʫʰʝʥʥʳʭ ʦʙ-

ʨʘʟʮʦʚ ʙʝʣʝʥʦʡ ʩʫʣʴʬʘʪʥʦʡ ʮʝʣʣʶʣʦʟʳ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʆʙʨʘʟʝʮ 

 1 2 3 4 5 

ʃʠʩʪʚʝʥʥʘʷ ʮʝʣʣʶʣʦʟʘ 

ʂʦʵʬʬʠʮʠʝʥʪ ʩʫʭʦʩʪʠ, ʂʩʫʭ 0,32 0,39 0,44 0,86 0,99 

ʊʦʣʱʠʥʘ, d, ʤʢʤ 210,5 204,0 127,5 95,5 87,0 

ʇʣʦʪʥʦʩʪʴ, r, ʛ/ʩʤ
3
 0,340 0,373 0,561 0,791 0,845 

ʈʘʟʨʳʚʥʘʷ ʜʣʠʥʘ, L, ʤ 215 215 435 2935 3060 

ʊɽɸ, ɼʞ/ʤ
2
 3,9 3,2 7,0 74,5 69,0 

ɾʝʩʪʢʦʩʪʴ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ, St, ʅ/ʤ 11,0 15,0 21,3 160,6 167,1 

ʇʨʝʜʣʝ ʫʧʨʫʛʦʩʪʠ, s1, ʄʇʘ 0,11 0,12 0,28 3,49 4,39 

ʇʨʝʜʝʣ ʫʧʨʫʛʦʡ ʜʝʬʦʨʤʘʮʠʠ, e1, % 0,21 0,16 0,17 0,21 0,23 

ʅʘʯʘʣʴʥʳʡ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ, ɽ1, ʄʇʘ 52 74 167 1682 1921 

ʈʘʟʨʫʰʘʶʱʘʷ ʥʘʛʨʫʟʢʘ, Fʨ, H 3,1 3,3 6,2 44,3 45,0 

ʈʘʟʨʫʰʘʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ, sʨ, ʄʇʘ 0,73 0,81 2,45 23,21 25,85 

ʋʜʣʠʥʝʥʠʝ ʜʦ ʨʘʟʨʳʚʘ, Dlʨ, ʤʤ 1,922 1,438 1,739 2,333 2,153 

ʄʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʚ ʦʙʣʘʩʪʠ 

ʧʨʝʜʨʘʟʨʫʰʝʥʠʷ, ɽ2, ʄʇʘ 
5 7 22 130 195 

ʇʦʨʠʩʪʦʩʪʴ, ʤʣ/ʤʠʥ >5000 >5000 2600 770 550 

ɺʦʟʜʫʭʦʧʨʦʥʠʮʘʝʤʦʩʪʴ (ɻʝʨʣʝʡ), ʩʝʢ  0 1 5 15 25 

ʍʚʦʡʥʘʷ ʮʝʣʣʶʣʦʟʘ 

ʂʦʵʬʬʠʮʠʝʥʪ ʩʫʭʦʩʪʠ, ʂʩʫʭ 0,30 0,38 0,56 0,95 0,98 

ʊʦʣʱʠʥʘ, d, ʤʢʤ 237,5 143,0 137,5 93,0 87,5 

ʇʣʦʪʥʦʩʪʴ, r, ʛ/ʩʤ
3
 0,343 0,552 0,582 0,823 0,857 

ʈʘʟʨʳʚʥʘʷ ʜʣʠʥʘ, L, ʤ 445 790 1100 3500 3660 

ʊɽɸ, ɼʞ/ʤ
2
 9,1 18,6 35,9 86,3 86,1 

ɾʝʩʪʢʦʩʪʴ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ, St, ʅ/ʤ 27,2 30,6 38,2 198,4 203,2 

ʇʨʝʜʣʝ ʫʧʨʫʛʦʩʪʠ, s1, ʄʇʘ 0,27 0,56 0,83 4,87 6,89 

ʇʨʝʜʝʣ ʫʧʨʫʛʦʡ ʜʝʬʦʨʤʘʮʠʠ, e1, % 0,24 0,26 0,30 0,23 0,30 

ʅʘʯʘʣʴʥʳʡ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ, ɽ1, ʄʇʘ 114 214 278 2133 2323 

ʈʘʟʨʫʰʘʶʱʘʷ ʥʘʛʨʫʟʢʘ, Fʨ, H 7,23 12,52 17,61 53,51 54,99 

ʈʘʟʨʫʰʘʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ, sʨ, ʄʇʘ 1,52 4,38 6,40 28,77 31,42 

ʋʜʣʠʥʝʥʠʝ ʜʦ ʨʘʟʨʳʚʘ, Dlʨ, ʤʤ 1,87 2,37 3,19 2,24 2,17 

ʄʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʚ ʦʙʣʘʩʪʠ 

ʧʨʝʜʨʘʟʨʫʰʝʥʠʷ, ɽ2, ʄʇʘ 
8 30 44 159 174 

ʇʦʨʠʩʪʦʩʪʴ, ʤʣ/ʤʠʥ 4100 610 210 65 65 

ɺʦʟʜʫʭʦʧʨʦʥʠʮʘʝʤʦʩʪʴ (ɻʝʨʣʝʡ), ʩʝʢ 3 20 60 170 190 
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ʘ ʙ 

ʈʠʩ. 3. ʂʨʠʚʳʝ ʥʘʛʨʫʟʢʘ-ʫʜʣʠʥʝʥʠʝ ʜʣʷ ʣʠʦʬʠʣʴʥʦ ʚʳʩʫʰʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʙʝʣʝ-

ʥʦʡ ʩʫʣʴʬʘʪʥʦʡ ʮʝʣʣʶʣʦʟʳ, ʦʪʦʙʨʘʥʥʳʭ ʥʘ ʨʘʟʣʠʯʥʳʭ ʵʪʘʧʘʭ ʠʟʛʦʪʦʚʣʝʥʠʷ:  

ʘ ï ʣʠʩʪʚʝʥʥʦʡ; ʙ ï ʭʚʦʡʥʦʡ; ʦʙʦʟʥʘʯʝʥʠʷ ʚ ʪʘʙʣ.1. 

ɺʳʚʦʜʳ. 

ʄʝʪʦʜ ʢʨʠʦʬʠʢʩʘʮʠʠ ʠ ʣʠʦʬʠʣʴʥʦʛʦ ʚʳʩʫʰʠʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫ-

ʯʠʪʴ ʨʝʘʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʦʩʪʦʷʥʠʠ ʚʦʣʦʢʦʥ ʚ ʩʪʨʫʢʪʫʨʝ ʤʘʪʝʨʠʘʣʘ ʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʠʟʫʯʝʥʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʩʪʨʫʢʪʫʨʳ ʮʝʣʣʶʣʦʟʥʦʛʦ ʚʦʣʦʢʥʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʧʨʦʮʝʩʩʝ ʩʫʰʢʠ; 

ʄʝʭʘʥʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʣʠʦʬʠʣʴʥʦ ʚʳʩʫʰʝʥʥʳʭ ʦʙʨʘʟʮʦʚ, ʦʪʦ-

ʙʨʘʥʥʳʭ ʥʘ ʨʘʟʣʠʯʥʳʭ ʵʪʘʧʘʭ ʠʟʛʦʪʦʚʣʝʥʠʷ ʙʫʤʘʛʠ, ʫ ʢʦʪʦʨʳʭ ʠʩʢʣʶʯʝʥ 

ʧʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ ʚʦʜʦʨʦʜʥʳʭ ʤʝʞʚʦʣʦʢʦʥʥʳʭ ʩʚʷʟʝʡ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʧʦʚʝʜʝʥʠʶ ʚʣʘʞʥʳʭ ʦʙʨʘʟʮʦʚ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʙʘʟʦʚʫʶ ʨʦʣʴ ʤʝʞʚʦʣʦ-

ʢʦʥʥʳʭ ʩʚʷʟʝʡ ʜʣʷ ʧʨʦʯʥʦʩʪʠ ʙʫʤʘʞʥʦʛʦ ʣʠʩʪʘ. 

ʄʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʠʩʢʣʶʯʠʪʴ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʯʥʦʩʪʴ ʙʫʤʘʛʠ ʤʝʞʚʦʣʦ-

ʢʦʥʥʳʭ ʩʠʣ ʩʚʷʟʠ ʠ ʠʟʤʝʨʠʪʴ ʩʦʩʪʘʚʣʷʶʱʫʶ ʩʠʣ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʪʨʝʥʠʷ. 

 
1
ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ ʀʊʎ çʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ ʙʠʦ-

ʨʝʩʫʨʩʦʚ ʉʝʚʝʨʘè (ʉʝʚʝʨʥʳʡ (ɸʨʢʪʠʯʝʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ. ʃʦ-

ʤʦʥʦʩʦʚʘ) ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ 
2
ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ ʎʂʇ ʅʆ çɸʨʢʪʠʢʘè (ʉʝʚʝʨʥʳʡ (ɸʨʢʪʠʯʝʩʢʠʡ) 

ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ) ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʦ-

ʙʨʥʘʫʢʠ ʈʦʩʩʠʠ 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. Isabelle Duchesne and Geoffrey Daniel. The ultrastructure of wood fibre sur-

faces as shown by a variety of microscopical methods ï a review / Nordic Pulp and 

Paper Research Journal Vol. 14 no. 2/1999. P.129-139. 
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2. ʂʘʟʘʢʦʚ ʗ.ɺ., ʂʦʤʘʨʦʚ ɺ.ʀ. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʢʨʠʚʳʭ ʟʘʚʠʩʠ-

ʤʦʩʪʠ "ʥʘʧʨʷʞʝʥʠʝ-ʜʝʬʦʨʤʘʮʠʷ", ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʮʝʣʣʶʣʦʟʥʦ-

ʙʫʤʘʞʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʨʘʩʪʷʞʝʥʠʝ / ʀʟʚ. ʚʳʩʰ. ʫʯʝʙ. ʟʘʚʝʜʝʥʠʡ. ʃʝʩʥʦʡ 

ʞʫʨʥ., 1995. ˉ1. ʉ.109-114. 

3. ʂʘʟʘʢʦʚ ʗ.ɺ., ʂʦʥʮʝʚʘʷ ɺ.ʀ. ɺʣʠʷʥʠʝ ʫʩʣʦʚʠʡ ʬʦʨʤʦʚʘʥʠʷ ʥʘ ʩʪʨʫʢʪʫʨʫ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʘʥʠʟʦʪʨʦʧʥʳʭ ʦʙʨʘʟʮʦʚ ʮʝʣʣʶʣʦʟʥʦ-ʙʫʤʘʞʥʳʭ ʤʘʪʝʨʠʘʣʦʚ / ɺ ʩʙ. 

çʄʘʢʫʣʘʪʫʨʘ ʢʘʢ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʝʝ ʩʳʨʴʝ ʚ ʨʘʟʚʠʪʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʫʤʘʞʥʦ-

ʢʘʨʪʦʥʥʦʡ, ʛʦʬʨʦʢʘʨʪʦʥʥʦʡ ʧʨʦʜʫʢʮʠʠ. ʅʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʦʙʦʨʫʜʦʚʘʥʠʝ, ʵʢʦ-

ʣʦʛʠʷ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʘʭ ʎɹʇè: ʄʘʪʝʨʠʘʣʳ ʠ ʜʦʢʣʘʜʳ 14-ʡ ʄʝʞʜʫʥ. ʥʘʫʯ-ʪʝʭʥ. 

ʢʦʥʬʝʨ. 23-24 ʤʘʷ 2013 ʛ. ʂʘʨʘʚʘʝʚʦ. ʄ.: ʌɻɹʆʋ ɺʇʆ ʄɻʋʃ, 2013. ʩ.144-149. 

4. ʂʣʘʨʢ, ɼʞ. ʊʝʭʥʦʣʦʛʠʷ ʮʝʣʣʶʣʦʟʳ (ʅʘʫʢʘ ʦ ʮʝʣʣʶʣʦʟʥʦʡ ʤʘʩʩʝ ʠ ʙʫʤʘ-

ʛʝ, ʧʦʜʛʦʪʦʚʢʘ ʤʘʩʩʳ, ʧʝʨʝʨʘʙʦʪʢʘ ʝʸ ʚ ʙʫʤʘʛʫ, ʤʝʪʦʜʳ ʠʩʧʳʪʘʥʠʡ). / ʇʝʨ. ʩ ʘʥʛʣ. 

ɸ.ɺ. ʆʙʦʣʝʥʩʢʦʡ, ɻ.ɸ. ʇʘʟʫʭʠʥʦʡ. ʄ.: ʃʝʩʥ. ʧʨʦʤ-ʩʪʴ, 1983. 456 ʩ. 

5. ʈʳʢʦʚ ɼ.ɼ., ʂʘʟʘʢʦʚ ʗ.ɺ., ʍʨʦʤʮʦʚʘ ʈ.ɻ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʚʷʟʢʦʫʧʨʫʛʦʩʪʠ 

ʮʝʣʣʶʣʦʟʥʦ-ʙʫʤʘʞʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʧʨʦʮʝʩʩʝ ʩʫʰʢʠ / ʉʝʚʝʨʥʳʝ ʪʝʨʨʠʪʦʨʠʠ 

ʈʦʩʩʠʠ: ʧʨʦʙʣʝʤʳ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ. ʄʘʪʝʨʠʘʣʳ ʚʩʝʨʦʩ. ʢʦʥʬ. ʩ ʤʝʞʜʫʥ. 

ʫʯʘʩʪʠʝʤ. 23-26 ʠʶʥʷ 2008. ɸʨʭʘʥʛʝʣʴʩʢ: ʀʕʇʉ ʋʨʆ ʈɸʅ. ʉ.1159-1162. 

6. ʌʣʷʪʝ ɼ.ʄ. ʊʝʭʥʦʣʦʛʠʷ ʙʫʤʘʛʠ. ʋʯʝʙʥʠʢ ʜʣʷ ʚʫʟʦʚ. ʄ.: ʃʝʩʥ. ʧʨʦʤ-cʪʴ, 

1988. 440 ʩ. 

7. ʏʫʭʯʠʥ ɼ.ɻ., ɺʘʨʘʢʠʥ ɽ.ɸ., ʅʦʚʦʞʠʣʦʚ ɽ.ɺ., ʊʝʨʝʥʪʴʝʚ ʂ.ʖ., ʉʤʠʨʥʦʚ 

ɽ.ɺ., ɹʝʣʳʭ ɽ.ɸ.. ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʫʩʧʝʥʟʠʡ ʮʝʣʣʶʣʦʟʥʳʭ ʚʦʣʦʢʦʥ ʤʝʪʦʜʦʤ ʵʣʝʢ-

ʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ / ɺ ʩʙ. çʌʠʟʠʢʦʭʠʤʠʷ ʨʘʩʪʠʪʝʣʴʥʳʭ ʧʦʣʠʤʝʨʦʚè ʄʘʪʝʨʠ-

ʘʣʳ V ʤʝʞʜʫʥ. ʢʦʥʬʝʨ.8-11 ʠʶʣʷ 2013 ʛ. ɸʨʭʘʥʛʝʣʴʩʢ, ʀʥ-ʪ ʵʢʦʣ. ʇʨʦʙʣʝʤ ʉʝ-

ʚʝʨʘ ʋʨʆ ʈɸʅ, 2013. ʩ.46-50. 
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ʂʆʄʇʃɽʂʉʅɸʗ ʆʎɽʅʂɸ ʇʈʆʏʅʆʉʊʀ ʀ ʂʆɻɽɿʀʆʅʅʆʁ 

ʉʇʆʉʆɹʅʆʉʊʀ ɺʆʃʆʂʆʅ ʂɸʂ ʕʃɽʄɽʅʊʆɺ ʉʊʈʋʂʊʋʈʓ 

ʎɽʃʃʖʃʆɿʅʓʍ ʄɸʊɽʈʀɸʃʆɺ 

 

ɸ.ʀ. ɼʝʨʥʦʚ, ɽ.ɺ. ɼʴʷʢʦʚʘ, ɸ.ɺ. ɻʫʨʴʝʚ, ʅ.ɺ. ʂʨʘʩʠʢʦʚʘ  

ʉʝʚʝʨʥʳʡ (ɸʨʢʪʠʯʝʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɸʨʭʘʥʛʝʣʴʩʢ, ʈʦʩʩʠʷ 

 

ʉ ʧʦʤʦʱʴʶ ʧʨʠʙʦʨʘ Pulmac Zero-Span 1000 ʦʧʨʝʜʝʣʝʥʳ ʙʘʟʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠ-

ʢʠ ʮʝʣʣʶʣʦʟʥʳʭ ʚʦʣʦʢʦʥ, ʪʘʢʠʝ ʢʘʢ ʠʭ ʧʨʦʯʥʦʩʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʩʪʨʫʢʪʫʨʝ ʤʘʪʝ-

ʨʠʘʣʘ, ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʨʘʟʤʝʨ ʠ ʩʪʝʧʝʥʴ ʤʝʞʚʦʣʦʢʦʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ɺʳʧʦʣʥʝʥʦ 

ʢʦʤʧʣʝʢʩʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩ ʮʝʣʴʶ ʫʩʪʘʥʦʚʣʝʥʠʷ ʚʟʘʠʤʦʩʚʷʟʝʡ ʜʘʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩ 

ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʧʦʣʫʬʘʙʨʠʢʘʪʘ ʠ ʝʛʦ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʚ ʨʝ-

ʘʣʴʥʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ ʧʦʣʫʯʝʥʠʷ ʣʠʩʪʚʝʥʥʦʡ ʙʝʣʝʥʦʡ ʮʝʣʣʶʣʦʟʳ. ʉʣʝʜʦʚʘ-

ʪʝʣʴʥʦ, ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʨʝʰʝʥʘ ʟʘʜʘʯʘ ʢʦʥʪʨʦʣʷ ʠʟʤʝʥʝʥʠʷ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʩʚʦʡʩʪʚ ʧʦʣʫʬʘʙʨʠʢʘʪʘ ʧʨʠ ʝʛʦ ʧʨʦʭʦʞʜʝʥʠʠ ʧʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʮʝʧʦʯʢʝ. 

 

COMPREHENSIVE EVALUA TION OF FIBER STRENG TH AND 

COHESIVENESS AS AN ELEMENT STRUCTURE OF CELLULOSE 

MATERIALS  

 

A.I . Dernov, E.V. Dyakova, A.V. Guriev, N.V. Krasikova 

Northern (Arctic) Federal University named after M.V. Lomonosov, Arkhangelsk, Russia 

 
Basic characteristics of cellulose fibers such as the strength of the material directly in-

to the structure, the size and geometry interfiber interactions were defined by Pulmac Zero-

Span 1000. This comprehensive study was performed to determine the correlation of these 

characteristics with the chemical composition of the semi-finished product and its physical 

and mechanical properties in a real technological process of bleached hardwood pulp. There-

fore, in first approximation, the problem of changes control and properties formation of semi-

finished products going through technology process was solved. 

 

ʇʦʣʥʳʡ ʪʝʢʩʪ ʨʘʙʦʪʳ ʙʫʜʝʪ ʦʧʫʙʣʠʢʦʚʘʥ ʚ ʀɺʋɿ. ʃʝʩʥʦʡ ʞʫʨʥʘʣ, 

2013, ˉ 6 
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ɺʃʀʗʅʀɽ ɸɼʉʆʈɹʀʈʆɺɸʅʅʓʍ ɻɽʄʀʎɽʃʃʖʃʆɿ ʅɸ 
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Hemicelluloses adsorption on pulp fibers provides a yield gain and enhancement of 

papermaking properties of both kraft and sulphite pulp. The presence of hemicelluloses ac-

celerates pulp refining process. Location of adsorbed hemicelluloses on the pulp fiber surface 

leads to improvement of inter-fiber bonding within the paper sheet and corresponding in-

crease of pulp mechanical properties. 

 

ʗʚʣʝʥʠʝ ʘʜʩʦʨʙʮʠʠ ʛʝʤʠʮʝʣʣʶʣʦʟ (ɻʎ) ʥʘ ʮʝʣʣʶʣʦʟʥʳʝ ʚʦʣʦʢʥʘ ʠʟ-

ʚʝʩʪʥʦ ʜʘʚʥʦ, ʧʝʨʚʳʝ ʫʧʦʤʠʥʘʥʠʷ ʦ ʥʝʤ ʦʪʥʦʩʷʪʩʷ ʢ 30-ʳʤ ʛʦʜʘʤ ʍʍ ʚʝʢʘ, 

ʢʦʛʜʘ ʧʨʠ ʨʘʟʤʦʣʝ ʮʝʣʣʶʣʦʟʳ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʩʠʣʘʥʘ ʥʘʙʣʶʜʘʣʦʩʴ ʫʚʝʣʠ-

ʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʝʛʦ ʚ ʙʫʤʘʛʝ ʥʘ 2ï3% [1]. ɸʜʩʦʨʙʮʠʷ ɻʎ ʥʘ ʮʝʣʣʶʣʦʟʫ 

ʚ ʧʨʦʮʝʩʩʝ ʩʫʣʴʬʘʪʥʦʡ ʚʘʨʢʠ ʚʧʝʨʚʳʝ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʰʚʝʜʩʢʠʤʠ ʫʯʝ-

ʥʳʤʠ ʀʣʴʥʝʨʦʤ ʠ ʕʥʩʪʨʝʤʦʤ ʚ 1956 ʛʦʜʫ [2]. ʉʦʨʙʮʠʷ ʢʩʠʣʘʥʘ ʧʨʦʠʩʭʦʜʠʪ 

ʠ ʧʨʠ ʜʨʫʛʠʭ ʱʝʣʦʯʥʳʭ ʩʧʦʩʦʙʘʭ ʚʘʨʢʠ [3-5]. ʎʝʣʣʶʣʦʟʘ ʩʧʦʩʦʙʥʘ ʩʦʨʙʠ-

ʨʦʚʘʪʴ ʛʝʤʠʮʝʣʣʶʣʦʟʳ ʚ ʧʨʦʮʝʩʩʝ ʦʪʙʝʣʢʠ [6], ʧʨʠ ʭʦʣʦʜʥʦʤ ʦʙʣʘʛʦʨʘʞʠ-

ʚʘʥʠʠ [7]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʢʦʥʪʘʢʪʝ ʮʝʣʣʶʣʦʟʳ ʩ ʨʘʩʪʚʦʨʘʤʠ ɻʎ ʧʨʘʢ-

ʪʠʯʝʩʢʠ ʚʩʝʛʜʘ ʧʨʦʠʩʭʦʜʠʪ ʠʭ ʩʦʨʙʮʠʷ ʥʘ ʮʝʣʣʶʣʦʟʥʳʭ ʚʦʣʦʢʥʘʭ. ʂ ʩʦʨ-

ʙʠʨʦʚʘʥʥʳʤ ʦʪʥʦʩʷʪ ʪʝ ɻʎ, ʢʦʪʦʨʳʝ ʩʦʭʨʘʥʠʣʠʩʴ ʥʘ ʚʦʣʦʢʥʘʭ ʧʦʩʣʝ ʧʨʦ-

ʤʳʚʢʠ ʛʦʨʷʯʝʡ ʚʦʜʦʡ.  

ʅʝʦʜʥʦʢʨʘʪʥʦ ʧʨʝʜʧʨʠʥʠʤʘʣʠʩʴ ʧʦʧʳʪʢʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʜʩʦʨʙʮʠʶ 

ɻʎ ʮʝʣʣʶʣʦʟʦʡ ʚ ʧʨʘʢʪʠʯʝʩʢʠʭ ʮʝʣʷʭ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʝʝ ʚʳʭʦʜʘ [4,6,8,9]. 

ʇʨʝʜʣʦʞʝʥ ʨʷʜ ʩʧʦʩʦʙʦʚ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʥʝʩʢʦʣʴʢʦ ʛʨʫʧʧ: 



 

I I  ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

çʇʈʆɹʃɽʄʓ ʄɽʍɸʅʀʂʀ ʎɽʃʃʖʃʆɿʅʆ-ɹʋʄɸɾʅʓʍ ʄɸʊɽʈʀɸʃʆɺè 

ʛ. ɸʨʭʘʥʛʝʣʴʩʢ, 10-12 ʩʝʥʪʷʙʨʷ 2013 ʛ.  
 

 

66 

 - ʩʧʦʩʦʙʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʘʜʩʦʨʙʮʠʠ ɻʎ ʥʘ ʮʝʣʣʶʣʦʟʫ ʚ ʧʨʦʮʝʩʩʝ 

ʚʘʨʢʠ ʠ ʚ ʢʦʥʮʝ ʝʝ; 

- ʩʧʦʩʦʙʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʘʜʩʦʨʙʮʠʠ ɻʎ ʥʘ ʚʦʣʦʢʥʘ ʧʦʩʣʝ ʚʘʨʢʠ; 

- ʩʧʦʩʦʙʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʘʜʩʦʨʙʮʠʠ ɻʎ ʧʨʠ ʨʘʟʤʦʣʝ ʮʝʣʣʶʣʦʟʳ; 

- ʩʧʦʩʦʙʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʘʜʩʦʨʙʮʠʠ ɻʎ  ʥʘ ʨʘʟʤʦʣʦʪʫʶ ʮʝʣʣʶʣʦʟʫ. 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʚʳʭʦʜʘ ʚ ʣʫʯʰʠʭ ʠʟ ʧʨʝʜʣʦʞʝʥʥʳʭ ʩʧʦ-

ʩʦʙʦʚ  ʩʦʩʪʘʚʠʣʦ 3ï4 % ʦʪ ʮʝʣʣʶʣʦʟʳ. ʉʥʠʞʘʝʪ ʚʳʭʦʜ ʜʝʩʦʨʙʮʠʷ ɻʎ ʧʨʠ 

ʨʘʟʤʦʣʝ ʮʝʣʣʶʣʦʟʳ. 

ɸʜʩʦʨʙʮʠʷ ʢʩʠʣʘʥʘ ʥʘ ʮʝʣʣʶʣʦʟʫ ʚ ʧʨʦʮʝʩʩʝ ʩʫʣʴʬʘʪʥʦʡ ʚʘʨʢʠ ʭʦ-

ʨʦʰʦ ʠʟʫʯʝʥʘ. ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʦʚʝʜʝʥʠʷ ʫʛʣʝʚʦʜʦʚ ʜʨʝʚʝʩʠʥʳ ʚ ʫʩʣʦʚʠʷʭ 

ʱʝʣʦʯʥʦʡ ʚʘʨʢʠ ʧʨʠʚʦʜʷʪ ʢ ʪʦʤʫ, ʯʪʦ ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ ʦʩʥʦʚʥʦʡ ʯʘʩʪʠ 

ʥʝʮʝʣʣʶʣʦʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʮʝʣʣʶʣʦʟʥʳʭ ʚʦʣʦʢʦʥ ʠ ʚ 

ʩʫʙʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʢʘʧʠʣʣʷʨʘʭ ʠʭ ʢʣʝʪʦʯʥʳʭ ʩʪʝʥʦʢ ʧʨʦʠʩʭʦʜʠʪ ʘʜ-

ʩʦʨʙʮʠʷ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʩʠʣʘʥʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʫʣʴʬʘʪʥʘʷ ʮʝʣʣʶʣʦʟʘ 

ʠʟʥʘʯʘʣʴʥʦ ʩʦʜʝʨʞʠʪ ʩʦʨʙʠʨʦʚʘʥʥʳʡ ʢʩʠʣʘʥ, ʥʘʣʠʯʠʝ ʢʦʪʦʨʦʛʦ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʚʳʰʝʥʠʶ ʝʝ ʚʳʭʦʜʘ ʠ ʫʣʫʯʰʝʥʠʶ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʯʥʦʩʪʠ. ʇʦʧʳʪʢʠ 

ʫʩʠʣʠʪʴ ʧʝʨʝʦʩʘʞʜʝʥʠʝ ʢʩʠʣʘʥʘ ʧʦʜʢʠʩʣʝʥʠʝʤ ʱʝʣʦʢʘ ʚ ʢʦʥʮʝ ʚʘʨʢʠ ʦʩʦ-

ʙʦʛʦ ʵʬʬʝʢʪʘ ʥʝ ʜʘʣʠ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʪʨʝʭ ʜʨʫʛʠʭ ʚʘʨʠʘʥʪʦʚ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ɻʎ 

ʧʨʝʜʣʘʛʘʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʧʨʝʧʘʨʘʪʳ ʢʩʠʣʘʥʦʚ ʠ ʤʘʥʥʘʥʦʚ, ʚʳʜʝʣʝʥʥʳʝ ʠʟ 

ʜʨʝʚʝʩʠʥʳ ʠ ʩʦʣʦʤʳ ʦʜʥʦʣʝʪʥʠʭ ʨʘʩʪʝʥʠʡ, ʚʦʣʦʢʥʠʩʪʳʭ ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ, 

ʦʪʭʦʜʦʚ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʧʨʦʮʝʩʩʥʳʭ ʚʦʜ ʠ ʦʪʨʘʙʦʪʘʥʥʳʭ ʱʝʣʦʢʦʚ 

[10], ʘ ʪʘʢʞʝ ʘʨʘʙʠʥʦʛʘʣʘʢʪʘʥ ʜʨʝʚʝʩʠʥʳ ʣʠʩʪʚʝʥʥʠʮʳ. ɹʦʣʴʰʠʥʩʪʚʦ ʵʪʠʭ 

ɻʎ ʧʨʝʪʝʨʧʝʣʠ ʪʝ ʠʣʠ ʠʥʳʝ ʠʟʤʝʥʝʥʠ ̫ʚ ʭʦʜʝ ʚʘʨʢʠ, ʦʪʙʝʣʢʠ ʠ ʧʨʠ ʚʳʜʝ-

ʣʝʥʠʠ, ʥʘʧʨʠʤʝʨ, ʤʦʛʣʠ ʙʳʪʴ ʯʘʩʪʠʯʥʦ ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʫʜʘʣʝʥʳ ʘʮʝʪʠʣʴ-

ʥʳʝ ʛʨʫʧʧʳ, ʙʦʢʦʚʳʝ ʟʘʤʝʩʪʠʪʝʣʠ, ʩʪʘʣʘ ʥʠʞʝ ʩʪʝʧʝʥʴ ʧʦʣʠʤʝʨʠʟʘʮʠʠ 

(ʉʇ). ʇʦʣʫʯʝʥʳ ʭʠʤʠʯʝʩʢʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ɻʎ, ʚ ʯʘʩʪʥʦʩʪʠ ʧʨʝʧʘʨʘʪʳ 

ʢʘʪʠʦʥʥʳʭ ɻʎ ʠ ʢʘʨʙʦʢʩʠʤʝʪʠʣʛʝʤʠʮʝʣʣʶʣʦʟ ʩ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʴʶ ʟʘ-

ʤʝʱʝʥʠʷ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʣʠ ʚʳʩʦʢʦʡ ʩʦʨʙʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ [11].  

ʉʧʦʩʦʙʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʘʜʩʦʨʙʮʠʠ ɻʎ ʥʘ ʚʦʣʦʢʥʘ ʧʦʩʣʝ ʚʘʨʢʠ, ʪʘʢ-

ʞʝ ʠʟʫʯʘʣʠʩʴ ʦʯʝʥʴ ʰʠʨʦʢʦ. ɺ ʢʘʯʝʩʪʚʝ ʩʦʨʙʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʘʟʣʠʯ-

ʥʳʝ ʚʠʜʳ ʮʝʣʣʶʣʦʟʳ, ʥʦ ʥʘʠʙʦʣʴʰʠʡ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʜʨʝʚʝʩʥʳʝ ʩʫʣʴʬʘʪʥʘ ̫ʠ ʩʫʣʴʬʠʪʥʘ ̫ʮʝʣʣʶʣʦʟʳ. ʃʫʯʰʝ ʩʦʨʙʠʨʫʶʪ ɻʎ 

ʚʣʘʞʥʳʝ ʥʝ ʧʦʜʚʝʨʛʘʚʰʠʝʩʷ ʩʫ ʢhʝ ʚʦʣʦʢʥʘ, ʠʤʝʶʱʠʝ ʘʢʪʠʚʥʫʶ ʧʦʚʝʨʭ-

ʥʦʩʪʴ ʠ ʨʘʟʚʠʪʫʶ ʢʘʧʠʣʣʷʨʥʫʶ ʩʪʨʫʢʪʫʨʫ. ʋʩʪʘʥʦʚʣʝʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʚʦʜʦ-

ʨʦʜʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʧʦʣʷʨʥʳʤʠ ʛʨʫʧʧʘʤʠ ɻʎ ʠ ʮʝʣʣʶʣʦʟʳ, ʦʙʥʘʨʫʞʝʥʦ 

ʷʚʣʝʥʠʝ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ (ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ) ʢʩʠʣʘʥʘ ʚ ʧʨʦʮʝʩʩʝ ʩʦʨʙʮʠʠ. 
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ʄʝʪʦʜʦʤ ʭʠʤʠʯʝʩʢʦʛʦ ʦʪʩʣʘʠʚʘʥʠʷ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʯʘʩʪʴ ʩʦʨʙʠʨʦʚʘʥʥʳʭ ɻʎ 

ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʣʦʢʦʥ, ʘ ʯʘʩʪʴ ʧʨʦʥʠʢʘʝʪ ʚ ʪʦʣ-

ʱʫ ʢʣʝʪʦʯʥʦʡ ʩʪʝʥʢʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʵʪʠʭ 

ɻʎ ʢ ʜʝʩʦʨʙʮʠʠ ʧʨʠ ʭʠʤʠʯʝʩʢʦʤ ʠ ʤʝʭʘʥʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ.  

ɸʜʩʦʨʙʮʠ̫ ɻʎ ʧʨʠ ʨʘʟʤʦʣʝ ʮʝʣʣʶʣʦʟʳ ʠʤʝʝʪ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ. 

ʈʘʟʤʦʣ ʮʝʣʣʶʣʦʟʳ, ʧʨʠʚʦʜʷʱʠʡ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʢʨʫʧʥʳʭ ʩʫʙ-

ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʢʘʧʠʣʣʷʨʦʚ ʚ ʢʣʝʪʦʯʥʳʭ ʩʪʝʥʢʘʭ ʚʦʣʦʢʦʥ, ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʩʦʨʙʮʠʠ ɻʎ. ʆʜʥʘʢʦ ʠʭ ʘʜʩʦʨʙʮʠʷ ʧʨʦʭʦʜʠʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʧʨʦʮʝʩʩʦʤ 

ʩʠʣʴʥʦʛʦ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʚʳʟʳʚʘʶʱʝʛʦ ʦʪʩʣʦʝʥʠʝ ʧʦʚʝʨʭ-

ʥʦʩʪʥʳʭ ʩʣʦʝʚ ʚʦʣʦʢʦʥ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʥʘ ʚʦʣʦʢʥʘʭ ʦʩʪʘʶʪʩʷ 

ʪʦʣʴʢʦ ʧʨʦʯʥʦ ʩʚʷʟʘʥʥʳʝ ɻʎ. ʀʭ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, ʯʝʤ ʧʨʠ ʩʦʨʙʮʠʠ ʚ 

ʩʪʘʮʠʦʥʘʨʥʳʭ ʫʩʣʦʚʠʷʭ, ʥʦ ʜʘʞʝ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʘʢʠʭ ɻʎ ʜʦʩʪʘ-

ʪʦʯʥʦ, ʯʪʦʙʳ ʫʩʢʦʨʠʪʴ ʨʘʟʤʦʣ ʠ ʫʚʝʣʠʯʠʪʴ ʧʦʢʘʟʘʪʝʣʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯ-

ʥʦʩʪʠ ʮʝʣʣʶʣʦʟʳ. ʉʣʝʜʫʝʪ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʯʘʩʪʴ ʨʘʩʪʚʦʨʝʥʥʳʭ ɻʎ ʤʦ-

ʞʝʪ ʙʳʪʴ ʫʜʝʨʞʘʥʘ ʨʘʟʤʦʣʦʪʳʤʠ ʚʦʣʦʢʥʘʤʠ ʧʨʠ ʦʪʣʠʚʝ ʣʠʩʪʘ ʙʫʤʘʛʠ. 

ʉʧʦʩʦʙʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʩʦʨʙʮʠʠ ɻʎ ʥʘ ʨʘʟʤʦʣʦʪʫʶ ʮʝʣʣʶʣʦʟʫ, 

ʧʨʝʜʧʦʣʘʛʘʶʪ ʜʦʙʘʚʣʝʥʠʝ ʠʭ ʚ ʢʦʤʧʦʟʠʮʠʶ ʙʫʤʘʞʥʦʡ ʤʘʩʩʳ ʠ ʦʩʘʞʜʝʥʠʝ 

ʥʘ ʚʦʣʦʢʥʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʭʠʤʠʢʘʪʦʚ. ɺ  ʵʪʦʤ ʚʘʨʠʘʥʪʝ ʫʜʝʨʞʘʥʠʝ ɻʎ ʠ 

ʧʦʚʳʰʝʥʠʝ ʚʳʭʦʜʘ ʙʦʣʴʰʝ, ʘ ʫʣʫʯʰʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʙʫʤʘʛʠ ʥʠʞʝ, ʯʝʤ ʧʨʠ 

ʚʚʝʜʝʥʠʠ ɻʎ ʧʝʨʝʜ ʨʘʟʤʦʣʦʤ ʮʝʣʣʶʣʦʟʳ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ ʙʫʤʘʞʥʦʛʦ 

ʣʠʩʪʘ ʥʝʦʙʭʦʜʠʤʳ ɻʎ ʩ ʚʳʩʦʢʦʡ ʉʇ. ʕʪʦʤʫ ʪʨʝʙʦʚʘʥʠʶ ʦʪʚʝʯʘʝʪ ʢʩʠʣʘʥ, 

ʩʦʜʝʨʞʘʱʠʡʩʷ ʚ ʱʝʣʦʢʝ ʧʦʩʣʝ ʭʦʣʦʜʥʦʛʦ ʦʙʣʘʛʦʨʘʞʠʚʘʥʠʷ ʠ ʦʪʞʠʤʥʦʤ 

ʱʝʣʦʢʝ ʚʠʩʢʦʟʥʳʭ ʬʘʙʨʠʢ [10]. ɻʎ, ʚʳʜʝʣʝʥʥʳʝ ʠʟ ʪʝʭʥʠʯʝʩʢʦʡ ʮʝʣʣʶʣʦ-

ʟʳ ʠ ʦʪʭʦʜʦʚ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʪʘʢʞʝ ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʉʇ [9,10].  

ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ɻʎ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʪʨʘʙʦʪʘʥʥʳʡ 

ʥʝʡʪʨʘʣʴʥʦ-ʩʫʣʴʬʠʪʥʳʡ ʱʝʣʦʢ (ʅʉʑ) ʧʦʩʣʝ ʚʘʨʢʠ ʧʦʣʫʮʝʣʣʶʣʦʟʳ [6]. 

ɻʝʤʠʮʝʣʣʶʣʦʟʳ ʅʉʑ ʠʤʝʶʪ ʉʇ ʦʢʦʣʦ 100, ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʦʜʛʦ-

ʪʦʚʢʠ ʭʦʨʦʰʦ ʩʦʨʙʠʨʫʶʪʩʷ ʮʝʣʣʶʣʦʟʥʳʤʠ ʚʦʣʦʢʥʘʤʠ. ʅʝʙʝʣʝʥʘʷ ʩʫʣʴ-

ʬʘʪʥʘʷ ʭʚʦʡʥʘʷ ʮʝʣʣʶʣʦʟʘ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʨʦʯʥʦʩʪʠ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʟʘ ʩʯʝʪ ʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʧʨʠ ʚʘʨʢʝ ʢʩʠʣʘʥʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʦʩʣʝ 

ʩʦʨʙʮʠʠ ɻʎ ʠʟ ʅʉʑ ʠ ʨʘʟʤʦʣʘ ʜʦ 60 ʐ̄ʈ ʝʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʠʩʭʦʜʥʦʡ ʮʝʣʣʶʣʦʟʦʡ ʩʪʘʣʠ ʚʳʰʝ: ʨʘʟʨʳʚʥʘʷ ʜʣʠʥʘ ï ʥʘ 11 %, ʩʦʧʨʦʪʠʚ-

ʣʝʥʠʝ ʧʨʦʜʘʚʣʠʚʘʥʠʶ ï ʥʘ 4,5 % (ʪʘʙʣ. 1) [12].  
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ʊʘʙʣʠʮʘ 1. ɺʣʠʷʥʠʝ ʦʙʨʘʙʦʪʢʠ ʅʉʑ ʥʘ ʚʳʭʦʜ ʠ ʧʦʢʘʟʘʪʝʣʠ ʥʝʙʝʣʝʥʦʡ ʩʫʣʴʬʘʪ-

ʥʦʡ ʭʚʦʡʥʦʡ ʮʝʣʣʶʣʦʟʳ   

ʆʙʨʘʟʝʮ 

ʮʝʣʣʶʣʦʟʳ 

ɺʳʭʦʜ,  

% 

ʄʘʩʩʦʚʘʷ 

ʜʦʣʷ 

ʧʝʥʪʦʟʘʥʦʚ,  

% 

ʏʠʩʣʦ  

ʂʘʧʧʘ 

ʈʘʟʨʳʚʥʘʷ 

ʜʣʠʥʘ, 

ʤ 

 

ʀʥʜʝʢʩ 

ʧʨʦʜʘʚʣʠʚʘʥʠʷ,  

ʢʇʘÖʤ
2
/ʛ  

ʂʦʥʪʨʦʣʴ (ʙʝʟ 

ʦʙʨʘʙʦʪʢʠ) 
100,0 8,6 27,0 10000 6,25 

ʆʙʨʘʟʝʮ ʧʦʩʣʝ 

ʦʙʨʘʙʦʪʢʠ 

ʅʉʑ 

104,2 11,9 29,4 11000 6,53 

 

ɺr ʩʦʢʠʡ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʧʨʠʨʦʩʪ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʙʣʶʜʘʝʪʩʷ ʫ ʩʫʣʴ-

ʬʠʪʥʦʡ ʮʝʣʣʶʣʦʟʳ, ʦʪʯʘʩʪʠ ʠʟ-ʟʘ ʙʦʣʝʝ ʥʠʟʢʦʡ ʠʩʭʦʜʥʦʡ ʧʨʦʯʥʦʩʪʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʩʫʣʴʬʘʪʥʦʡ ʮʝʣʣʶʣʦʟʦʡ, ʦʪʯʘʩʪʠ ʠʟ-ʟʘ ʣʫʯʰʝʡ ʩʦʨʙʮʠʠ ɻʎ. 

ʇʨʠ ʩʪʝʧʝʥʠ ʧʦʤʦʣʘ 25ï30 ̄ ʐʈ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ ʥʝʙʝʣʝʥʘʷ ʩʫʣʴʬʠʪʥʘʷ 

ʮʝʣʣʶʣʦʟʘ ʤʦʞʝʪ ʠʤʝʪʴ ʧʦʢʘʟʘʪʝʣʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ ʚʳʰʝ, ʯʝʤ 

ʠʩʭʦʜʥʘʷ ʩʫʣʴʬʠʪʥʘʷ ʮʝʣʣʶʣʦʟʘ ʧʨʠ ʩʪʝʧʝʥʠ ʧʦʤʦʣʘ 60 ʐ̄ʈ. ʅʝʙʝʣʝʥʘʷ 

ʩʫʣʴʬʠʪʥʘʷ ʮʝʣʣʶʣʦʟʘ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʢʩʠʣʘʥʘ 

ʨʝʢʦʤʝʥʜʦʚʘʥʘ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʦʜʧʝʨʛʘʤʝʥʪʘ [13].  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʩʦʨʙʠʨʦʚʘʥʥʳʭ ɻʎ ʫʩʪʦʡʯʠʚʘ ʧʨʠ 

ʦʪʙʝʣʢʝ ʠ ʨʘʟʤʦʣʝ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʣʫʯʰʝʥʠʝ ʙʫʤʘʛʦʦʙʨʘʟʫ-

ʶʱʠʭ ʩʚʦʡʩʪʚ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʩʫʣʴʬʠʪʥʦʡ ʮʝʣʣʶʣʦʟʳ (ʪʘʙʣ. 2). ɼʝ-

ʩʦʨʙʮʠʷ ʢʩʠʣʘʥʘ ʧʨʠ ʨʘʟʤʦʣʝ ʩʦʩʪʘʚʣʷʣʘ 13 % ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʦʨ-

ʙʠʨʦʚʘʥʥʳʭ ɻʎ [6]. 

ʊʘʙʣʠʮʘ 2. ʇʦʢʘʟʘʪʝʣʠ ʭʚʦʡʥʦʡ ʙʝʣʝʥʦʡ ʩʫʣʴʬʠʪʥʦʡ ʮʝʣʣʶʣʦʟʳ  

ɺʠʜ 

ʮʝʣʣʶʣʦʟʳ 

ɹʝʣʠʟʥʘ, 

% 

ɺʳʭʦʜ, 

% 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ 

ʧʝʥʪʦʟʘʥʦʚ, % 

ʈʘʟʤʦʣ 

ʜʦ 

30̄ ʐʈ, 

ʤʠʥ  

ʈʘʟʨʳʚ-

ʥʘʷ 

ʜʣʠʥʘ,  

ʤ 

ʀʟʣʦʤ, 

ʯ.ʜ.ʧ. 

ʚ ʮʝʣʣʶ-

ʣʦʟʝ 

ʚ ʦʪ-

ʣʠʚʢʝ 

ʆʙʳʯʥʘʷ 87,2 87,2 3,7 3,7 16 5520 1205 

ʄʦʜʠʬʠʮʠ-

ʨʦʚʘʥʥʘʷ 
87,0 87,0 6,0 5,7 13 6260 1654 

 

ʇʝʨʩʧʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʨʙʮʠʠ ɻʎ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʚʳʭʦʜʘ ʠ 

ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʥʝʙʝʣʝʥʦʡ ʩʫʣʴʬʘʪʥʦʡ ʣʠʩʪʚʝʥʥʠʯʥʦʡ ʮʝʣʣʶʣʦʟʳ 

[14], ʚʦʣʦʢʥʘ ʢʦʪʦʨʦʡ ʘʢʪʠʚʥʦ ʩʦʨʙʠʨʫʶʪ ɻʎ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʦʩʪʘʪʦʯʥʦʛʦ 

ʣʠʛʥʠʥʘ 3ï17 %. ʆʙʳʯʥʘʷ ʩʫʣʴʬʘʪʥʘʷ ʣʠʩʪʚʝʥʥʠʯʥʘʷ ʮʝʣʣʶʣʦʟʘ ʩ ʩʦʜʝʨ-
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ʞʘʥʠʝʤ ʣʠʛʥʠʥʘ 7 % ʠʤʝʣʘ ʚʳʭʦʜ 45,0 % ʦʪ ʜʨʝʚʝʩʠʥʳ, ʨʘʟʨʳʚʥʫʶ ʜʣʠʥʫ 

7600 ʤ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʦʜʘʚʣʠʚʘʥʠʶ 470 ʢʇʘ. ɺʳʭʦʜ ʤʦʜʠʬʠʮʠʨʦʚʘʥ-

ʥʦʡ ʮʝʣʣʶʣʦʟʳ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʣʠʛʥʠʥʘ 13,7 % ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʅʉʑ ʙʳʣ 

ʨʘʚʝʥ 52,8 %, ʘ ʨʘʟʨʳʚʥʘʷ ʜʣʠʥʘ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʦʜʘʚʣʠʚʘʥʠʶ ʩʦʩʪʘʚ-

ʣʷʣʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 8500 ʤ ʠ 490 ʢʇʘ.  

ɺ ʮʝʣʦʤ ʚʣʠʷʥʠʝ ʩʦʨʙʠʨʦʚʘʥʥʳʭ ɻʎ ʧʨʦʷʚʣʷʝʪʩʷ ʦʜʠʥʘʢʦʚʦ: ʩʦʢʨʘ-

ʱʘʝʪʩʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʨʘʟʤʦʣʘ ʮʝʣʣʶʣʦʟʳ, ʚʦʟʨʘʩʪʘʶʪ ʪʘʢʠʝ ʧʦʢʘʟʘ-

ʪʝʣʠ ʢʘʢ ʨʘʟʨʳʚʥʘʷ ʜʣʠʥʘ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʦʜʘʚʣʠʚʘʥʠʶ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʠʟʣʦʤʫ, ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʩʥʠʞʘʝʪʩʷ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʘʟʜʠʨʘʥʠʶ. ʇʦʣʫʯʝʥʠʝ 

ʙʦʣʝʝ ʧʣʦʪʥʦʛʦ ʙʫʤʘʞʥʦʛʦ ʣʠʩʪʘ ʠ ʩʥʠʞʝʥʠʝ ʚʦʟʜʫʭʦʧʨʦʥʠʮʘʝʤʦʩʪʠ ʦʙʲ-

ʷʩʥʷʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʤʝʞʚʦʣʦʢʦʥʥʳʭ ʩʠʣ 

ʩʚʷʟʠ ʟʘ ʩʯʝʪ ʩʦʨʙʠʨʦʚʘʥʥʳʭ ɻʎ. ʇʨʠ ʠʭ ʥʘʣʠʯʠʠ ʫʣʫʯʰʘʶʪʩʷ ʪʘʢʠʝ ʙʫʤʘ-

ʛʦʦʙʨʘʟʫʶʱʠʝ ʩʚʦʡʩʪʚʘ ʚʦʣʦʢʦʥ ʢʘʢ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʧʨʦʢʣʝʡʢʝ ʠ ʩʧʦʩʦʙ-

ʥʦʩʪʴ ʢ ʫʜʝʨʞʘʥʠ ʁʥʘʧʦʣʥʠʪʝʣʝʡ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʣʶʣʦʟʥʳʝ ʚʦʣʦʢʥʘ, ʩʦʜʝʨʞʘʱʠʝ ʩʦʨʙʠʨʦʚʘʥʥʳʝ 

ɻʎ, ʦʙʣʘʜʘʶʪ ʫʣʫʯʰʝʥʥʳʤʠ ʙʫʤʘʛʦʦʙʨʘʟʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʤʦʛʫʪ ʵʬ-

ʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʙʫʤʘʛʠ ʠ ʢʘʨ-

ʪʦʥʘ.  
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2
ʉʝʚʝʨʥʳʡ (ɸʨʢʪʠʯʝʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɸʨʭʘʥʛʝʣʴʩʢ, ʈʦʩʩʠʷ 

 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʫ-

ʤʘʞʥʦʛʦ ʧʦʣʦʪʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʘʚʪʦʨʘʤʠ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʚʠʟʫʘʣʴ-

ʥʦʛʦ ʦʙʲʝʤʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʦʧʪʠʯʝʩʢʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʨʦ-

ʤʳʰʣʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʙʫʤʘʛʠ ʨʘʟʥʳʭ ʈʦʩʩʠʡʩʢʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. 
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Results of researches of paper web formation uniformity with use of the program de-

veloped by authors for the visual surround analysis of the data obtained by optical scanning 

of industrial paper samples of different Russian producers are presented. 

 

ʈʘʟʚʠʪʠʝ ʧʨʠʙʦʨʥʦʛʦ ʠ ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ 

ʦʩʥʦʚʝ ʩʦʚʨʝʤʝʥʥʳʭ, ʚ ʪʦʤ ʯʠʩʣʝ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʧʦʟʚʦʣʷʝʪ 

ʨʝʘʣʠʟʦʚʘʪʴ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʘʥʘʣʠʟʫ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʤʘʢʨʦʩʪʨʫʢʪʫʨʳ ʮʝʣʣʶʣʦʟʥʦ-ʙʫʤʘʞʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʇʨʠ ʵʪʦʤ ʤʝʪʦʜʠʢʘ 

ʢʘʯʝʩʪʚʝʥʥʦʡ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʤʘʢʨʦʩʪʨʫʢʪʫʨʳ 

ʩʚʦʜʠʪʩʷ ʢ ʜʚʫʤ ʦʩʥʦʚʥʳʤ ʩʦʩʪʘʚʣʷʶʱʠʤ.  

ʇʝʨʚʘʷ ʠʟ ʥʠʭ ï ʧʦʣʫʯʝʥʠʝ ʜʦʩʪʦʚʝʨʥʦʡ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʵʣʝʤʝʥʪʦʚ ʩʪʨʫʢʪʫʨʳ ʮʝʣʣʶʣʦʟʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʧʣʦʩʢʦ-

ʩʪʠ (ʨʝʞʝ ï ʚ ʦʙʲʝʤʝ) ʣʠʩʪʘ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʥʦʦʙʨʘʟʥʳʝ 

ʬʠʟʠʯʝʩʢʠʝ ʧʨʠʥʮʠʧʳ ʠ ʩʧʦʩʦʙʳ ʠʟʤʝʨʝʥʠʡ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʙʘʟʠʨʫʶ-

ʱʠʝʩʷ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʟʣʫʯʝʥʠʷ ʚ ʰʠʨʦʢʠʭ ʚʦʣʥʦ-

ʚʳʭ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʜʠʘʧʘʟʦʥʘʭ: ʨʝʥʪʛʝʥʦʛʨʘʬʠʷ, ʵʣʝʢʪʨʦʥʦʛʨʘʬʠʷ, ʀʂ-

ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʵʣʝʢʪʨʦʥʥʘʷ ʠ ʦʧʪʠʯʝʩʢʘʷ ʤʠʢʨʦʩʢʦʧʠʷ, ʗʄʈ-

ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʜʚʦʡʥʦʝ ʣʫʯʝʧʨʝʣʦʤʣʝʥʠʝ, ʘʢʫʩʪʠʯʝʩʢʠʝ ʠ ʜʠʵʣʝʢʪʨʠʯʝ-

ʩʢʠʝ ʠʟʤʝʨʝʥʠʷ, ʛʨʘʚʠʤʝʪʨʠʷ ʠ ʜʨ.  

ʆʪʜʝʣʴʥʳʤ ʠ ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʧʦʩʦʙʦʤ 

ʧʦʣʫʯʝʥʠʷ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 
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ʧʘʨʘʤʝʪʨʦʚ ʩʪʨʫʢʪʫʨʳ ʷʚʣʷʝʪʩʷ ʦʧʪʠʯʝʩʢʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ ʙʫʤʘʛʠ ʠ ʢʘʨʪʦ-

ʥʘ ʚ ʧʨʦʭʦʜʷʱʝʤ ʩʚʝʪʝ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʠʟʣʫʯʝʥʠʷ, ʩʫʱʥʦʩʪʴ ʢʦʪʦʨʦʛʦ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʬʠʢʩʠʨʦʚʘʥʠʠ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʩʚʝʪʦʧʨʦʥʠʮʘʝ-

ʤʦʩʪʠ ʤʘʪʝʨʠʘʣʘ. ɼʘʥʥʳʡ ʩʧʦʩʦʙ ʥʝ ʪʨʝʙʫʝʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ 

ʦʙʨʘʟʮʦʚ, ʦʪʣʠʯʘʝʪʩʷ ʧʨʦʩʪʦʪʦʡ ʧʨʠʙʦʨʥʦʛʦ ʦʬʦʨʤʣʝʥʠʷ ʠ ʤʠʥʠʤʘʣʴʥʳʤʠ 

ʟʘʪʨʘʪʘʤʠ, ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ, ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʭ ʧʨʝ-

ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʛʨʘʬʠʯʝʩʢʠʝ ʬʦʨʤʘʪʳ.  

ɺʪʦʨʘʷ ʥʝʦʙʭʦʜʠʤʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ï ʚʠʟʫʘʣʠʟʘʮʠʷ ʠʟʤʝʨʠʪʝʣʴʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ, ʝʝ ʢʦʤʧʴʶʪʝʨʥʘʷ ʦʙʨʘʙʦʪʢʘ, ʨʘʩʯʝʪ ʧʘʨʘʤʝʪʨʦʚ ʨʘʩʧʨʝʜʝʣʝ-

ʥʠʷ ʵʣʝʤʝʥʪʦʚ ʤʘʢʨʦʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʘ, ʘ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴ-

ʪʘʪʦʚ ʘʥʘʣʠʟʘ ʚ ʫʜʦʙʥʦʡ ʠ ʥʘʛʣʷʜʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʬʦʨʤʝ. ʇʨʠ ʵʪʦʤ ʦʜʥʦ-

ʚʨʝʤʝʥʥʦ ʥʠʚʝʣʠʨʫʝʪʩʷ ʦʩʥʦʚʥʦʡ ʤʝʪʦʜʠʯʝʩʢʠʡ ʥʝʜʦʩʪʘʪʦʢ ʦʧʪʠʯʝʩʢʦʛʦ 

ʩʢʘʥʠʨʦʚʘʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʪʝʤ, ʯʪʦ ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʣʝʙʘʥʠʡ 

ʩʚʝʪʦʧʨʦʥʠʮʘʝʤʦʩʪʠ ʟʘʚʠʩʷʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʘʩʩʳ ʵʣʝʤʝʥʪʦʚ 

ʚ ʩʪʨʫʢʪʫʨʝ ʤʘʪʝʨʠʘʣʘ, ʥʦ ʠ ʦʪ ʥʘʣʠʯʠʷ ʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʢʨʘʩʷʱʠʭ ʢʦʤʧʦ-

ʥʝʥʪʦʚ. ɺʣʠʷʥʠʝ ʧʦʩʣʝʜʥʠʭ ʤʦʞʥʦ ʫʯʝʩʪʴ ʧʨʠ ʢʦʤʧʴʶʪʝʨʥʦʡ ʦʙʨʘʙʦʪʢʝ. 

ʈʝʘʣʠʟʘʮʠʷ ʫʢʘʟʘʥʥʳʭ ʟʘʜʘʯ ʚʦʟʤʦʞʥʘ ʪʦʣʴʢʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʦ-

ʚʨʝʤʝʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʠ ʘʣʛʦʨʠʪʤʦʚ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʫʯʝʪʦʤ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʘʩʧʝʢʪʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʙʫʤʘʛʠ ʠ ʢʘʨʪʦʥʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʢ-

ʨʦʩʪʨʫʢʪʫʨʳ ʮʝʣʣʶʣʦʟʥʦ-ʙʫʤʘʞʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚʦʟʤʦʞʥʦ ʥʘ ʦʩʥʦʚʝ ʤʝʞ-

ʜʠʩʮʠʧʣʠʥʘʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦ-

ʜʫʢʮʠʠ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. ʇʦʣʫʯʝ-

ʥʠʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʩʚʷʟʳʚʘʶʱʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʨʫʢʪʫ-

ʨʳ ʙʫʤʘʛʠ ʩ ʝʸ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʠ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ 

ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ, ʚʦʩʪʨʝʙʦʚʘʥʥʦʡ ʢʘʢ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ, ʪʘʢ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʠʢʘʤʠ. 

ʈʘʥʝʝ [1] ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥ rʠ ʘʧʨʦʙʠʨʦʚʘʥ rʤʝʪʦʜʠʢʘ ʦʮʝʥʢʠ ʨʘʚ-

ʥʦʤʝʨʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʢʨʦʩʪʨʫʢʪʫʨʳ ʮʝʣʣʶʣʦʟʥʦ-ʙʫʤʘʞʥʳʭ ʤʘʪʝ-

ʨʠʘʣʦʚ ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, 

ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʩ ʧʦʤʦʱʴʶ ʦʧʪʠʯʝʩʢʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʚ ʧʨʦʭʦʜʷʱʝʤ ʩʚʝ-

ʪʝ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʩʧʦʩʦʙ ʧʦʟʚʦʣʠʣ ʧʨʦʚʦʜʠʪʴ ʢʘʯʝʩʪʚʝʥʥʦʝ ʠ ʢʦʣʠʯʝ-

ʩʪʚʝʥʥʦʝ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʤʘʢʨʦʩʪʨʫʢʪʫʨʳ ʙʫʤʘʛʠ ʠ ʢʘʨʪʦʥʘ, 

ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʠʩʩʣʝʜʦʚʘʪʴ ʥʝʦʜʥʦ-

ʨʦʜʥʦʩʪʴ ʧʨʦʩʚʝʪʘ ʧʦ ʣʶʙʦʡ ʟʘʜʘʥʥʦʡ ʣʠʥʠʠ ʩʢʘʥʠʨʦʚʘʥʠʷ ʚ ʜʚʫʭʤʝʨʥʦʡ 

ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʦʮʝʥʠʚʘʪʴ ʩʪʨʫʢʪʫʨʥʦ-ʨʘʟʤʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
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ʬʣʦʢʢʫʣ ʠ ʠʭ ʘʥʠʟʦʪʨʦʧʠʶ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

ʟʘʱʠʱʝʥʦ ʉʚʠʜʝʪʝʣʴʩʪʚʦʤ, ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ.   

ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʩʪʘʣʘ ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʳ PaperForming ʜʣʷ 

3-D ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʘʝʤʳʭ ʤʝ-

ʪʦʜʦʤ ʦʧʪʠʯʝʩʢʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ. ɺʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʧʨʦʛʨʘʤʤʳ ʚ̫-

ʣʷʶʪʩʷ ʵʣʝʢʪʨʦʥʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʙʫʤʘʛʠ ʠʣʠ ʢʘʨ-

ʪʦʥʘ, ʘ ʪʘʢʞʝ ʠʭ ʯʠʩʣʦʚʳʝ ʠ ʪʝʢʩʪʦʚʳʝ ʧʘʨʘʤʝʪʨʳ. ʆʩʥʦʚʥʦʡ ʢʦʤʧʦʥʝʥʪ 

ʚʳʚʦʜʠʤʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ï ʪʨʝʭʤʝʨʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ, ʧʦʢʘʟʳʚʘʶʱʘʷ ʷʨ-

ʢʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʝʡ ʦʙʨʘʟʮʘ. ʇʨʠ ʦʪʦʙʨʘʞʝʥʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦʩʪʫʧ-

ʥʳ ʥʝʩʢʦʣʴʢʦ ʮʚʝʪʦʚʳʭ ʩʭʝʤ. ʆʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʷʜ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʦ-

ʩʪʨʦʝʥʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʚʠʟʫʘʣʴʥʦ ʦʮʝʥʠʪʴ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʷʨʢʦʩʪʠ, ʚʳ-

ʙʨʦʩʳ ʷʨʢʦʩʪʠ, ʘ ʪʘʢʞʝ ʩʦʧʦʩʪʘʚʠʪʴ ʷʨʢʦʩʪʴ ʠ ʪʦʣʱʠʥʫ ʦʙʨʘʟʮʘ. ʀʤʝʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʭʨʘʥʝʥʠʷ ʧʦʣʫʯʝʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʬʘʡʣ. ʂʨʦʤʝ ʪʦʛʦ, 

ʧʨʦʛʨʘʤʤʘ ʧʦʟʚʦʣʷʝʪ ʩʚʷʟʳʚʘʪʴ ʯʠʩʣʦʚʳʝ ʠ ʪʝʢʩʪʦʚʳʝ ʧʘʨʘʤʝʪʨʳ ʩ ʬʦʪʦ-

ʛʨʘʬʠʷʤʠ ʦʙʨʘʟʮʦʚ ʧʫʪʝʤ ʚʝʜʝʥʠʷ ʣʦʢʘʣʴʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ. ʇʨʦʛʨʘʤʤʘ 

ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʚʠʟʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʎɹʇ, ʘ 

ʪʘʢʞʝ ʚ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʮʝʣʷʭ. 

ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥ ʛʨʘʬʠʯʝʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʤʳ PaperForming. 

ʆʩʥʦʚʥʫʶ ʯʘʩʪʴ ʦʢʥʘ ʟʘʥʠʤʘʝʪ ʦʙʣʘʩʪʴ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ, ʚ ʢʦʪʦʨʦʡ 

ʚʳʚʦʜʷʪʩʷ ʪʨʝʭʤʝʨʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ. ɺʝʨʭʥʷʷ ʧʘʥʝʣʴ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ 

ʦʪʢʨʳʪʠʷ ʠ ʩʦʭʨʘʥʝʥʠʷ ʬʘʡʣʦʚ, ʘ ʪʘʢʞʝ ʜʣʷ ʟʘʜʘʥʠʷ ʥʘʩʪʨʦʝʢ ʚʳʚʦʜʠʤʳʭ 

ʠʟʦʙʨʘʞʝʥʠʡ. ɺ ʧʨʘʚʦʡ ʯʘʩʪʠ ʦʢʥʘ ʨʘʩʧʦʣʦʞʝʥʘ ʦʙʣʘʩʪʴ, ʩʣʫʞʘʱʘʷ ʜʣʷ 

ʦʪʦʙʨʘʞʝʥʠʷ ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʢʘʯʝʩʪʚʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʢʨʦ-

ʩʪʨʫʢʪʫʨʳ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʆʩʥʦʚʥʦʡ ʬʫʥʢʮʠʝʡ ʧʨʦʛʨʘʤʤʳ ʷʚʣʷʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʪʨʝʭʤʝʨʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ, ʧʦʢʘʟʳʚʘʶʱʠʭ ʷʨʢʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʝʡ ʠʩʩʣʝʜʫʝʤʳʭ 

ʦʙʨʘʟʦʚ ʙʫʤʘʛʠ. ʌʦʪʦʛʨʘʬʠʠ ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʦʧʪʠʯʝʩʢʦʛʦ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʥʘ ʬʦʪʦʩʢʘʥʝʨʝ (ʚ ʜʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ï HP Scanjet 

G2710), ʧʦʜʘʶʪʩʷ ʥʘ ʚʭʦʜ ʧʨʦʛʨʘʤʤ.r ʇʨʠ ʵʪʦʤ ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ ʨʘʟʣʠʯ-

ʥʳʝ ʨʘʩʪʨʦʚʳʝ ʬʦʨʤʘʪʳ, ʚʢʣʶʯʘʷ PNG ʠ JPEG. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʣɹ-

ʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪ ɹʨʷʜ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʦʩʪʨʦʝʥʠʡ, ʧʦʟʚʦʣʷ-

ʶʱʠʭ ʚʠʟʫʘʣʴʥʦ ʦʮʝʥʠʪʴ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʷʨʢʦʩʪʠ, ʚʳʙʨʦʩʳ ʷʨʢʦʩʪʠ, 

ʘ ʪʘʢʞʝ ʩʦʧʦʩʪʘʚʠʪʴ ʷʨʢʦʩʪʴ ʠ ʪʦʣʱʠʥʫ ʦʙʨʘʟʮʘ. ʇʨʠ ʦʪʦʙʨʘʞʝʥʠʠ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʜʦʩʪʫʧʥʳ ʥʝʩʢʦʣʴʢʦ ʮʚʝʪʦʚʳʭ ʩʭʝʤ: çʮʚʝʪʥʘʷè (ʚ ʢʦʪʦʨʦʡ ʮʚʝʪ 

ʟʘʚʠʩʠʪ ʦʪ ʫʨʦʚʥʷ ʷʨʢʦʩʪʠ, ʥʘʠʙʦʣʝʝ ʥʘʛʣʷʜʥʘʷ ʧʨʠ ʦʪʦʙʨʘʞʝʥʠʠ ʥʘ ʵʢʨʘʥʝ 

ʢʦʤʧʴʶʪʝʨʘ), çʠʩʭʦʜʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝè (ʜʣʷ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʬʦʪʦʛʨʘʬʠʠ ʩ 

ʧʦʚʝʨʭʥʦʩʪʴʶ) ʠ çʯʝʨʥʦ-ʙʝʣʘʷè (ʧʦʣʝʟʥʘ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʠʟʦʙʨʘʞʝʥʠʡ ʢ 
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ʧʫʙʣʠʢʘʮʠʠ ʚ ʧʝʯʘʪʥʳʭ ʠʟʜʘʥʠʷʭ). ʇʨʠ ʧʦʤʦʱʠ ʤʳʰʠ ʧʦʚʝʨʭʥʦʩʪʴ ʤʦʞʥʦ 

ʦʪʜʘʣʷʪʴ, ʧʨʠʙʣʠʞʘʪʴ ʠ ʚʨʘʱʘʪʴ. ʊʘʢʞʝ ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʦʜʠʥ ʠʟ ʚʠʜʦʚ ï 

ʩʙʦʢʫ, ʩʚʝʨʭʫ ʠ ʩʥʠʟʫ (ʢʥʦʧʢʠ ç1è, ç2è, ç3è). 

 

 
ʈʠʩ.1. ɻʨʘʬʠʯʝʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʤʳ PaperForming 

ɼʨʫʛʘʷ ʬʫʥʢʮʠʷ ʧʨʦʛʨʘʤʤʳ ï ʩʚʷʟʳʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʢʘʯʝʩʪʚʘ ʩ ʬʦ-

ʪʦʛʨʘʬʠʷʤʠ ʦʙʨʘʟʮʦʚ ʧʫʪʝʤ ʚʝʜʝʥʠʷ ʣʦʢʘʣʴʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ. ʇʦʜʜʝʨʞʠ-

ʚʘʶʪʩʷ ʯʠʩʣʦʚʳʝ (ʠʥʜʝʢʩ ʬʦʨʤʦʚʘʥʠʷ, ʤʘʩʩʘ ʠ ʜʨ.) ʠ ʩʪʨʦʢʦʚʳʝ (ʧʨʦʠʟʚʦ-

ʜʠʪʝʣʴ, ʤʦʜʝʣʴ ʠ ʜʨ.) ʪʠʧʳ ʧʘʨʘʤʝʪʨʦʚ. ʀʤʝʝʪʩʷ ʪʘʢʞʝ ʪʝʢʩʪʦʚʦʝ ʧʦʣʝ çʟʘ-

ʤʝʪʢʘè ʜʣʷ ʚʚʦʜʘ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ. ɺʤʝʩʪʝ ʩ ʠʟʦʙʨʘʞʝʥʠʷʤʠ 

ʥʘ ʚʭʦʜ ʧʨʦʛʨʘʤʤʝ ʤʦʛʫʪ ʧʦʜʘʚʘʪʴʩʷ ʪʝʢʩʪʦʚʳʝ ʬʘʡʣʳ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʧʘ-

ʨʘʤʝʪʨʦʚ. ʊʘʢ ʨʝʘʣʠʟʦʚʘʥʘ ʠʥʪʝʛʨʘʮʠʷ ʧʨʦʛʨʘʤʤʳ ʩ ʜʘʥʥʳʤʠ ʘʥʘʣʠʟʘʪʦʨʘ 

ʬʦʨʤʦʚʘʥʠʷ PTI. ʃʦʛʠʢʘ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ ʧʨʠ ʵʪʦʤ ʩʣʝʜʫʶʱʘʷ. ʇʦʣʴʟʦ-

ʚʘʪʝʣʴ ʦʪʢʨʳʚʘʝʪ ʬʘʡʣ, ʠ ʝʩʣʠ ʚ ʦʜʥʦʡ ʩ ʬʘʡʣʦʤ ʧʘʧʢʝ ʩʦʜʝʨʞʠʪʩʷ ʪʝʢʩʪʦ-

ʚʳʡ ʬʘʡʣ ʩ ʪʘʢʠʤ ʞʝ ʠʤʝʥʝʤ, ʢʘʢ ʫ ʛʨʘʬʠʯʝʩʢʦʛʦ, ʪʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ-

ʧʳʪʢʘ ʯʪʝʥʠʷ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ. ɺ ʩʣʫʯʘʝ ʫʩʧʝʭʘ ʠ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ 

ʩ ʜʘʥʥʳʤ ʠʟʦʙʨʘʞʝʥʠʝʤ ʝʱʝ ʥʝ ʩʚʷʟʘʥʘ ʥʠ ʦʜʥʘ ʟʘʧʠʩʴ ʚ ʙʘʟʝ ʜʘʥʥʳʭ, ʟʥʘ-

ʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʦʧʘʜʘʶʪ ʚ ʙʘʟʫ. ʇʨʠ ʵʪʦʤ ʩʘʤʠ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʙʘʟʝ 

ʜʘʥʥʳʭ ʥʝ ʭʨʘʥʷʪʩʷ. ɺʤʝʩʪʦ ʵʪʦʛʦ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʡ ʠʩ-

ʧʦʣʴʟʫʶʪʩʷ ʠʭ ʢʦʥʪʨʦʣʴʥʳʝ ʩʫʤʤʳ.  
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ʅʘ ʨʠʩ. 2 ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʳ ʧʨʠʤʝʨʳ ʘʥʘʣʠʟʘ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʤʘʢ-

ʨʦʩʪʨʫʢʪʫʨʳ ʙʫʤʘʛʠ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʧʪʠʯʝʩʢʦʛʦ ʩʢʘʥʠʨʦ-

ʚʘʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʠ ʚ PaperForming. 

 

   

 
  

ʘ ʙ ʚ 

ʈʠʩ. 2. ʀʟʦʙʨʘʞʝʥʠʷ ʦʙʨʘʟʮʦʚ ʙʫʤʘʛʠ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʬʦʪʦʩʢʘʥʝʨʝ (ʚ ʚʝʨʭʥʝʡ 

ʯʘʩʪʠ ʨʠʩʫʥʢʘ) ʠ ʦʙʨʘʙʦʪʘʥʥʳʝ ʚ PaperForming (ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ): ʘ ï ʤʘʩʩʘ 

90 ʛ/ʤ
2
, ʩʪʝʧʝʥʴ ʧʦʤʦʣʘ 14 ʐ̄ʈ; ʙ ï ʤʘʩʩʘ 60 ʛ/ʤ

2
,
 
ʩʪʝʧʝʥʴ ʧʦʤʦʣʘ 22 ʐ̄ʈ;  

ʚ ï ʤʘʩʩʘ 90 ʛ/ʤ
2
, ʩʪʝʧʝʥʴ ʧʦʤʦʣʘ 22 ʐ̄ʈ, ʜʦʙʘʚʢʘ ʬʣʦʢʫʣʷʥʪʘ 2 ʢʛ/ʪ 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʛʨʘʤʤʳ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʦʚʨʝʤʝʥʥʳʝ ʠʥ-

ʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʩʨʝʜʩʪʚʘ. ʊʘʢ, ʜʣʷ ʥʘʧʠʩʘʥʠʷ ʢʦʜʘ ʠʩʧʦʣʴʟʦʚʘʥ ʷʟʳʢ ʧʨʦ-

ʛʨʘʤʤʠʨʦʚʘʥʠʷ C++, ʛʨʘʬʠʯʝʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʧʦʣʴʟʦʚʘʪʝʣʷ ʨʘʟʨʘʙʦʪʘʥ ʥʘ 

ʦʩʥʦʚʝ ʢʣʘʩʩʦʚ ʙʠʙʣʠʦʪʝʢʠ Qt [2], ʘ ʧʦʩʪʨʦʝʥʠʝ ʪʨʝʭʤʝʨʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ, 

ʧʦʜʛʦʪʦʚʢʘ ʜʘʥʥʳʭ (ʥʘʧʨʠʤʝʨ, ʩʛʣʘʞʠʚʘʶʱʘʷ ʬʠʣʴʪʨʘʮʠʷ) ʚʳʧʦʣʥʷʝʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʙʠʙʣʠʦʪʝʢʠ VTK [3]. ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ, ʢʘʢ ʠ ʩʘʤʦ 

ʧʨʠʣʦʞʝʥʠʝ, ʷʚʣʷʶʪʩʷ ʩʚʦʙʦʜʥʳʤʠ ʠ ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʳʤʠ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ɸʙʨʘʤʦʚʘ ɺ.ɺ., ɻʫʨʴʝʚ ɸ.ɺ., ʂʘʟʘʢʦʚ ʗ.ɺ. ʆʮʝʥʢʘ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʬʦʨ-

ʤʠʨʦʚʘʥʠʷ ʜʠʩʧʝʨʩʥʦ-ʠʟʦʪʨʦʧʥʦʡ ʤʘʢʨʦʩʪʨʫʢʪʫʨʳ ʙʫʤʘʞʥʦʛʦ ʣʠʩʪʘ ʚ ʜʚʫʭʤʝʨ-

ʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. / ʎʝʣʣʶʣʦʟʘ. ɹʫʤʘʛʘ. ʂʘʨʪʦʥ.  2011. ˉ5. ʩ.50-53. 

2. Qt Project URL: http://qt-project.org/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 22.06.2012). 

3. VTK ï The Visualization Toolkit URL: http://www.vtk.org/ (ʜʘʪʘ ʦʙʨʘʱʝ-

ʥʠʷ: 22.06.2012). 
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ʆʎɽʅʂɸ ɺʇʀʊʓɺɸʖʑʀʍ ʉɺʆʁʉʊɺ ɹʋʄɸɻʀ ʇʆ EMTEC HVL C 02  

 

ɻ.ɽ. ʀʚʘʥʦʚ, ɽ.ɺ. ʂʫʨʢʦʚʘ, ʂ.ʉ. ɸʨʭʠʧʦʚ  

ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ï ʬʠʣʠʘʣ ʌʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠ-

ʪʘʨʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ çɻʦʟʥʘʢè, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ   

 

ʆʧʠʩʘʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʙʦʨʘ Emtec HVL C 02 ʜʣʷ ʦʮʝʥʢʠ ʚʧʠʪʳʚʘʶʱʠʭ 

ʩʚʦʡʩʪʚ ʙʫʤʘʛʠ. ʀʟʫʯʝʥ ʤʝʭʘʥʠʟʤ ʚʧʠʪʳʚʘʥʠʷ ʤʘʩʣʘ ʚ ʙʫʤʘʛʫ, ʢʠʥʝʪʠʯʝʩʢʠʝ ʢʨʠʚʳʝ 

ʚʧʠʪʳʚʘʥʠʷ, ʚʳʧʦʣʥʝʥ ʠʭ ʘʥʘʣʠʟ. ɼʘʥʘ ʦʮʝʥʢʘ ʞʠʨʦʩʪʦʡʢʦʩʪʠ ʙʫʤʘʞʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʇʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʙʦʨʘ Emtec HVL C 02 ʜʣʷ ʦʮʝʥʢʠ ʙʘʨʴʝʨʥʳʭ 

ʩʚʦʡʩʪʚ ʠ ʨʝʰʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ.  

 

ASSESSMENT ABSORBING PROPERTIES OF PAPER  

ON EMTEC HVL C 02  

 

G.E. Ivanov, E.V. Kurkova, K.S. Arkhipov  

Research Institute ï Branch Office of the Federal State Unitary Enterprise ñGoznakò,  

Moscow, Russia 

 
Emtec HVL C 02 device use for test of paper absorbtivity is described. The mechanism 

of absorption of oil in paper, kinetic curves of absorption, and their analysis was studied. Test 

of paper material for resistance to fat is given. Examples of use of the Emtec HVL C 02 device 

for tests of barrier properties and solutions of technological problems are given. 

 

ʀʩʧʳʪʘʥʠʝ ʙʫʤʘʛʠ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ (ɻʆʉʊ, ISO, DIN) ʥʝ 

ʛʘʨʘʥʪʠʨʫʝʪ ʝʸ ʫʩʧʝʰʥʦʝ ʧʦʚʝʜʝʥʠʝ ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ. ɺʩʝ ʧʨʦʠʩʭʦʜʠʪ ʦʪ 

ʪʦʛʦ, ʯʪʦ ʚʨʝʤʷ ʢʦʥʪʘʢʪʘ ʠʩʧʳʪʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ʩ ʧʨʦʮʝʩʩʥʳʤʠ ʩʨʝʜʘʤʠ 

ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, ʯʝʤ ʧʨʠ ʩʪʘʥʜʘʨʪʥʳʭ ʠʩʧʳʪʘʥʠʷʭ, ʧʨʠʥʠʤʘʶʱʠʭ ʟʘ 

ʨʝʟʫʣʴʪʘʪ ʠʥʪʝʛʨʘʣʴʥʫʶ ʚʝʣʠʯʠʥʫ ʧʦʢʘʟʘʪʝʣʷ.  

ʉʠʩʪʝʤʘ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʫ-

ʤʘʛʠ ʩ ʚʷʟʢʠʤʠ ʞʠʜʢʦʩʪʷʤʠ çEmtec PDA.C 02 (ʤʦʜʫʣʴ HVL)è ï ʜʘʣʝʝ 

çEmtecè ï ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʙʫʤʘʛʠ ʠ 

ʤʘʩʣʘ ʚ ʜʠʥʘʤʠʯʝʩʢʦʤ ʨʝʞʠʤʝ. 

ʉʫʱʥʦʩʪʴ ʨʘʙʦʪʳ Emtec ʦʩʥʦʚʘʥʘ ʥʘ ʠʟʤʝʨʝʥʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʫʣʴ-

ʪʨʘʟʚʫʢʦʚʦʛʦ ʩʠʛʥʘʣʘ, ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ ʙʫʤʘʛʫ, ʢʦʥʪʘʢʪʠʨʫʶʱʫʶ ʩ ʚʳ-

ʩʦʢʦʚʷʟʢʦʡ ʞʠʜʢʦʩʪʴʶ (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ï ʩ ʢʘʩʪʦʨʦʚʳʤ ʤʘʩʣʦʤ, ʘʥʘʣʦʛʦʤ 

ʩʚʷʟʫʶʱʝʛʦ ʧʝʯʘʪʥʦʡ ʢʨʘʩʢʠ). 

ɽʩʣʠ ʙʫʤʘʛʘ ʭʦʨʦʰʦ ʚʧʠʪʳʚʘʝʪ ʤʘʩʣʦ, ʪʦ ʧʦʛʣʦʱʝʥʠʝ ʫʣʴʪʨʘʟʚʫʢʦ-

ʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʨʘʩʪʝʪ, ʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʠʛʥʘʣʘ ʩʥʠʞʘʝʪʩʷ. ɼʣʷ ʠʣʣʶʩʪʨʘ-

ʮʠʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʨʠʙʦʨʘ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʧʘʨʘʣʣʝʣʴʥʳʝ ʠʩʧʳʪʘʥʠʷ ʙʫ-

ʤʘʛʠ ʦʬʩʝʪʥʦʡ (ʭʦʨʦʰʠʝ ʚʧʠʪʳʚʘʶʱʠʝ ʩʚʦʡʩʪʚʘ) ʠ ʙʫʤʘʛʠ ʩʠʣʠʢʦʥʠʟʠʨʦ-
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ʚʘʥʥʦʡ (ʦʪʩʫʪʩʪʚʠʝ ʚʧʠʪʳʚʘʥʠʷ). ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩ. 1 ʠ 2. 

 
ʈʠʩ.1. ɺʧʠʪʳʚʘʥʠʝ ʤʘʩʣʘ ʧʦ EMTEC ʜʣʷ ʙʫʤʘʛʠ ʦʬʩʝʪʥʦʡ 

ʇʦʣʫʯʝʥʥʫʶ ʢʨʠʚʫʶ (ʨʠʩ. 1) ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʫʯʘʩʪ-

ʢʘ. ʇʝʨʚʳʡ ʫʯʘʩʪʦʢ ï ʩʤʘʯʠʚʘʥʠʝ ʙʫʤʘʛʠ; ʜʣʷ ʥʝʛʦ ʩʚʦʡʩʪʚʝʥʥʦ ʙʳʩʪʨʳʡ 

ʧʦʜʲʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʩʠʛʥʘʣʘ (ʦʪ 0 ʜʦ Ó10) ʥʘ ʢʦʨʦʪʢʦʤ 

ʚʨʝʤʝʥʥʦʤ ʧʨʦʤʝʞʫʪʢʝ ï ʥʝ ʙʦʣʝʝ 1 ʩʝʢʫʥʜʳ. ɺʪʦʨʦʡ ʫʯʘʩʪʦʢ ï ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦ ʚʧʠʪʳʚʘʥʠʝ ï ʦʪʨʘʞʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʘʩʣʘ ʩ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫ-

ʨʦʡ ʙʫʤʘʞʥʦʛʦ ʧʦʣʦʪʥʘ. ɼʣʷ ʦʬʩʝʪʥʦʡ ʙʫʤʘʛʠ ʦʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʣʘʚ-

ʥʳʤ ʥʘʙʦʨʦʤ ʚʳʩʦʪʳ ʢʨʠʚʦʡ ʜʦ ʤʘʢʩʠʤʫʤʘ. ʊʦʯʢʘ ʧʝʨʝʛʠʙʘ ï ʥʘʩʳʱʝʥʠʝ 

ʢʘʧʠʣʣʷʨʥʦ-ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʙʫʤʘʛʠ ʤʘʩʣʦʤ. ɺʳʩʦʪʫ ʧʠʢʘ ʤʦʞʥʦ ʩʯʠ-

ʪʘʪʴ ʢʦʩʚʝʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʧʦʨʠʩʪʦʩʪʠ ʙʫʤʘʞʥʦʛʦ ʧʦʣʦʪʥʘ, ʘ ʪʘʥʛʝʥʩ 

ʫʛʣʘ ʥʘʢʣʦʥʘ ʢʨʠʚʦʡ ï ʩʢʦʨʦʩʪʠ ʚʧʠʪʳʚʘʥʠʷ. ɺʨʝʤʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʪʦʯ-

ʢʝ ʧʝʨʝʛʠʙʘ ʢʠʥʝʪʠʯʝʩʢʦʡ ʢʨʠʚʦʡ, ʧʨʷʤʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʞʠʨʦʩʪʦʡʢʦʩʪʴ 

ʜʘʥʥʦʛʦ ʦʙʨʘʟʮʘ ʙʫʤʘʛʠ. 

ɼʣʷ ʦʙʨʘʟʮʘ ʩʠʣʠʢʦʥʠʟʠʨʦʚʘʥʥʦʡ ʙʫʤʘʛʠ ʭʘʨʘʢʪʝʨʥʦ ʦʪʩʫʪʩʪʚʠʝ 

ʩʤʘʯʠʚʘʥʠʷ ʠ ʚʧʠʪʳʚʘʥʠʷ ʙʫʤʘʛʠ ʤʘʩʣʦʤ (ʩʣʠʷʥʠʝ 1 ʠ 2 ʫʯʘʩʪʢʦʚ ʥʘ ʢʨʠ-

ʚʦʡ), ʘ ʪʘʢʞʝ ʥʠʟʢʘʷ ʩʢʦʨʦʩʪʴ ʚʧʠʪʳʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʚʳ-

ʩʦʢʦʝ ʟʥʘʯʝʥʠʝ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʩʠʛʥʘʣʘ ʠ ʦʪʩʫʪʩʪʚʠʝ ʪʦʯʢʠ ʧʝʨʝʛʠʙʘ ʥʘ 

ʢʨʠʚʦʡ. ʊʘʢ ʢʘʢ ʥʘʩʳʱʝʥʠʷ ʙʫʤʘʛʠ ʤʘʩʣʦʤ ʥʝ ʧʨʦʠʩʭʦʜʠʪ, ʢʨʠʚʘʷ ʚʧʠʪʳ-

ʚʘʥʠʷ ʜʣʷ ʙʫʤʘʛʠ ʩʠʣʠʢʦʥʠʟʠʨʦʚʘʥʥʦʡ ʩʪʨʝʤʠʪʩʷ ʢ ʙʝʩʢʦʥʝʯʥʦʩʪʠ (ʨʠʩ. 2).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʮʝʥʠʚʘʷ ʜʠʥʘʤʠʢʫ ʚʧʠʪʳʚʘʶʱʠʭ ʩʚʦʡʩʪʚ ʙʫʤʘʛʠ ʧʦ 

Emtec, ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʝʸ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʝʯʘʪʥʳʭ ʩʚʦʡʩʪʚʘʭ ʠ, 

ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʩʢʦʨʦʩʪʠ ʚʧʠʪʳʚʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʧʝʯʘʪʥʦʡ ʢʨʘʩʢʠ. 

ʍʦʨʦʰʝʝ ʩʤʘʯʠʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʙʫʤʘʛʠ ʠ ʙʳʩʪʨʦʝ ʚʧʠʪʳʚʘʥʠʝ ʤʘʩʣʘ ʢʘ-
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ʧʠʣʣʷʨʥʦ-ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ ʙʫʤʘʞʥʦʛʦ ʣʠʩʪʘ ʧʨʠʚʦʜʠʪ ʢ ʦʧʪʠʤʘʣʴʥʦ-

ʤʫ ʟʘʢʨʝʧʣʝʥʠʶ ʧʝʯʘʪʥʦʡ ʢʨʘʩʢʠ. 

 
ʈʠʩ.2. ɺʧʠʪʳʚʘʥʠʝ ʤʘʩʣʘ ʧʦ EMTEC ʜʣʷ ʙʫʤʘʛʠ ʩʠʣʠʢʦʥʠʟʠʨʦʚʘʥʥʦʡ 

ʉʤʝʥʘ ʬʠʨʤʝʥʥʦʛʦ ʩʪʠʣʷ ʠ ʜʠʟʘʡʥʘ ʚʦʜʷʥʦʛʦ ʟʥʘʢʘ ʥʘ ʠʟʜʝʣʠʷʭ 

ʉʙʝʨʙʘʥʢʘ ʧʨʠʚʝʣʦ ʢ ʧʨʦʙʣʝʤʘʤ ʦʪʤʘʨʳʚʘʥʠʷ ʧʝʯʘʪʥʦʡ ʢʨʘʩʢʠ ʚ ʩʪʦʧʝ. 

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʧʨʠʯʠʥ ʵʪʦʛʦ ʙʳʣʠ ʩʥʷʪʳ ʢʠʥʝʪʠʯʝʩʢʠʝ ʢʨʠʚʳʝ ʧʦ Emtec 

ʜʣʷ ʙʫʤʘʛʠ ʩʦ ʩʪʘʨʳʤ ʠ ʥʦʚʳʤ ʜʠʟʘʡʥʦʤ ʚʦʜʷʥʦʛʦ ʟʥʘʢʘ (ʨʠʩ. 3). ʂʘʢ ʦʢʘ-

ʟʘʣʦʩʴ, ʤʦʜʠʬʠʢʘʮʠʷ ʚʦʜʷʥʦʛʦ ʟʥʘʢʘ ʧʨʠʚʝʣʘ ʢ ʦʙʱʝʤʫ ʫʚʝʣʠʯʝʥʠʶ ʧʣʦʪ-

ʥʦʩʪʠ ʙʫʤʘʞʥʦʛʦ ʧʦʣʦʪʥʘ, ʠ, ʦʩʦʙʝʥʥʦ, ʫʯʘʩʪʢʦʚ ʩ ʪʝʤʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ 

ʚʦʜʷʥʦʛʦ ʟʥʘʢʘ. ɺʧʠʪʳʚʘʥʠʝ ʢʨʘʩʢʠ ʥʘ ʥʠʭ ʙʳʣʦ ʟʘʪʨʫʜʥʝʥʦ. 

 
ʈʠʩ. 3. ɺʧʠʪʳʚʘʥʠʝ ʤʘʩʣʘ ʧʦ Emtec ʙʫʤʘʛʦʡ ʜʣʷ ʠʟʜʝʣʠʡ ʉʙʝʨʙʘʥʢʘ 
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ʂʦʤʧʣʝʢʩ ʤʝʨ, ʧʨʠʥʷʪʳʡ ʚʧʦʩʣʝʜʩʪʚʠʠ ʪʝʭʥʦʣʦʛʘʤʠ ʧʦ ʫʩʪʨʘʥʝʥʠʶ 

ʨʘʟʣʠʯʠʡ ʚ ʧʣʦʪʥʦʩʪʠ ʤʝʞʜʫ ʦʩʥʦʚʥʳʤ ʧʦʣʝʤ ʙʫʤʘʞʥʦʛʦ ʧʦʣʦʪʥʘ ʠ ʫʯʘʩʪ-

ʢʘʤʠ ʪʝʤʥʦʛʦ ʚʦʜʷʥʦʛʦ ʟʥʘʢʘ, ʧʨʠʚʝʣ ʢ ʥʦʨʤʘʣʠʟʘʮʠʠ ʧʝʯʘʪʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʠ ʩʦʭʨʘʥʝʥʠʶ ʩʪʘʥʜʘʨʪʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʮʠʢʣʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʚʝʢʩʝ-

ʣʝʡ ʉʙʝʨʙʘʥʢʘ.  

ʇʦʣʫʯʝʥʠʝ ʙʫʤʘʛʠ ʜʣʷ ʜʦʢʫʤʝʥʪʦʚ ʩ ʫʩʠʣʝʥʥʳʤʠ ʙʘʨʴʝʨʥʳʤʠ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʘʤʠ ï ʚʝʷʥʠʝ ʚʨʝʤʝʥʠ. ʀʩʧʳʪʘʥʠʷ ʧʦ Emtec ʧʦʟʚʦʣʠʣʠ ʦʮʝʥʠʪʴ 

ʚʨʝʤʷ ʚʧʠʪʳʚʘʥʠʷ ʤʘʩʣʘ ʜʣʷ ʪʘʢʦʡ ʙʫʤʘʛʠ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʪʠʨʘʞʥʦʡ 

(ʨʠʩ. 4). ʇʦʩʣʝʜʥʝʝ ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʧʦʩʯʠʪʘʪʴ ʩʚʦʝʦʙʨʘʟʥʳʤ ʪʝʩʪʦʤ ʥʘ 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʦʙʨʘʱʝʥʠʷ ʙʘʥʢʥʦʪ, ʥʘʧʝʯʘʪʘʥʥʳʭ ʥʘ ʙʫʤʘʛʝ ʩ ʙʘʨʴʝʨʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. ʇʝʨʝʜ ʠʩʧʳʪʘʥʠʷʤʠ ʦʙʨʘʟʮʳ ʙʳʣʠ ʧʦʜʚʝʨʛʥʫʪʳ ʤʦʜʝʣʴʥʦʤʫ 

ʠʟʥʦʩʫ. ʇʦʣʫʯʝʥʥʳʝ ʥʘ ʨʠʩ. 4 ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʫ-

ʤʘʛʠ ʩ ʙʘʨʴʝʨʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪʴ ʩʨʦʢ 

ʩʣʫʞʙʳ ʙʘʥʢʥʦʪ. 

  
ʘ ʙ 

ʈʠʩ. 4. ʂʠʥʝʪʠʯʝʩʢʠʝ ʢʨʠʚʳʝ ʚʧʠʪʳʚʘʥʠʷ ʧʦ Emtec ʙʫʤʘʛʠ-ʦʩʥʦʚʳ ʜʣʷ ʙʘʥʢʥʦʪ 

(ʧʦʩʣʝ ʤʦʜʝʣʴʥʦʛʦ ʠʟʥʦʩʘ) 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚʝʨʭʥʷʷ ʠ ʩʝʪʦʯʥʘʷ ʩʪʦʨʦʥʳ ʙʫʤʘʞʥʦʛʦ ʧʦʣʦʪʥʘ ʨʘʟ-

ʣʠʯʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʥʝ ʪʦʣʴʢʦ ʧʦ ʚʥʝʰʥʠʤ ʧʨʠʟʥʘʢʘʤ, ʥʦ ʠ ʧʦ ʚʧʠʪʳ-

ʚʘʶʱʠʤ ʩʚʦʡʩʪʚʘʤ. ʅʘ ʨʠʩ. 5 ʠ 6 ʧʨʝʜʩʪʘʚʣʝʥʳ ʬʦʪʦʛʨʘʬʠʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʚʝʨʭʥʝʡ ʠ ʩʝʪʦʯʥʦʡ ʩʪʦʨʦʥ ʙʫʤʘʞʥʦʛʦ ʧʦʣʦʪʥʘ ʙʫʤʘʛʠ ʨʘʟʥʳʭ ʧʘʨʪʠʡ. ʌʦ-

ʪʦʛʨʘʬʠʠ ʧʦʣʫʯʝʥʳ ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʩʢʘʥʠʨʫʶʱʝʤ ʤʠʢʨʦʩʢʦʧʝ, ʦʩʥʘ-

ʱʝʥʥʦʤ ʵʣʝʢʪʨʦʥʥʦʡ ʧʫʰʢʦʡ ʩ ʚʦʣʴʬʨʘʤʦʚʳʤ ʪʝʨʤʦʵʤʠʩʩʠʦʥʥʳʤ ʢʘʪʦ-

ʜʦʤ ï çTESCAN Vega 3semè. ʆʧʮʠʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʧʦʟʚʦʣʷʶʪ 

çʧʨʝʜʩʪʘʚʠʪʴè ʧʦʚʝʨʭʥʦʩʪʴ ʙʫʤʘʛʠ ʚ ʨʝʞʠʤʝ çʨʘʟʥʠʮʘ ʧʣʦʪʥʦʩʪʝʡè ʠ ʫʚʠ-

ʜʝʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʠʥʝʨʘʣʴʥʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ (ʟʜʝʩʴ ï ʜʚʫʦʢʠʩʠ ʪʠʪʘʥʘ) ʚ 

ʚʝʨʭʥʝʤ ʩʣʦʝ ʙʫʤʘʞʥʦʛʦ ʧʦʣʦʪʥʘ. 

ʅʘ ʨʠʩ. 5 ʧʦʢʘʟʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʦʣʥʠʪʝʣʷ ʧʦ ʚʝʨʭʥʝʡ ʠ ʩʝʪʦʯ-

ʥʦʡ ʩʪʦʨʦʥʘʤ ʙʫʤʘʛʠ ʨʘʟʥʳʭ ʧʘʨʪʠʡ ʩ ʨʘʟʣʠʯʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʤʠʥʝʨʘʣʴ-
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ʥʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ (ʧʨʠʤʝʨ ʨʘʟʥʦʩʪʦʨʦʥʥʦʩʪʠ). ʅʘ ʨʠʩ.5, ʘ, ʨʘʟʥʠʮʘ ʚ ʢʦʣʠ-

ʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʷ ʝʩʪʴ; ʥʘ ʨʠʩ. 5, ʙ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʠʥʝʨʘʣʴʥʦʛʦ ʥʘʧʦʣ-

ʥʠʪʝʣʷ ʧʦ ʩʪʦʨʦʥʘʤ ʙʫʤʘʛʠ ʧʦʯʪʠ ʨʘʚʥʦʤʝʨʥʦʝ. 

ʆʙʨʘʟʮʳ ʙʫʤʘʛʠ ʵʪʠʭ ʞʝ ʧʘʨʪʠʡ ʙʳʣʠ ʠʩʧʳʪʘʥʳ ʩ ʧʦʤʦʱʴʶ ʧʨʠʙʦʨʘ 

Emtek (ʨʠʩ.6).  

  
ʘ ʙ 

ʈʠʩ. 5. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʤʠʥʝʨʘʣʴʥʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ ʧʦ ʚʝʨʭʥʝʡ ʠ ʩʝʪʦʯʥʦʡ ʩʪʦʨʦ-

ʥʘʤ (ʩʝʪʦʯʥʘʷ ʦʪʤʝʯʝʥʘ ʩʪʨʝʣʢʦʡ) ʙʫʤʘʛʠ ʨʘʟʥʳʭ ʧʘʨʪʠʡ (çʘè ʠ çʙè) 

 
ʈʠʩ. 6. ɺʧʠʪʳʚʘʥʠʝ ʤʘʩʣʘ ʧʦ ʩʪʦʨʦʥʘʤ ʙʫʤʘʞʥʦʛʦ ʣʠʩʪʘ ʫ ʦʙʨʘʟʮʦʚ 

ʛʨʷʟʝʩʪʦʡʢʦʡ ʙʫʤʘʛʠ ʨʘʟʥʳʭ ʧʘʨʪʠʡ ʧʦ ʩʪʦʨʦʥʘʤ (ʚʝʨʭʥʷʷ/ʩʝʪʦʯʥʘʷ) 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʨʠʚʳʭ ʚʧʠʪʳʚʘ-

ʥʠʷ ʤʘʩʣʘ ʭʦʨʦʰʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʧʦʢʘʟʘʥʥʳʤʠ ʥʘ ʨʠʩ. 5 ʨʝʟʫʣʴʪʘʪʘʤʠ ʩʢʘ-

ʥʠʨʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʙʫʤʘʛʠ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʦʙʨʘʟʮʘ ʩ ʤʠʥʠʤʘʣʴ-

ʥʦʡ ʨʘʟʥʠʮʝʡ ʚ ʢʦʣʠʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʷ ʧʦ ʣʠʮʝʚʦʡ ʠ ʩʝʪʦʯʥʦʡ ʩʪʦʨʦʥʘʤ 

(ʨʠʩ. 5, ʙ) ʠʩʧʳʪʘʥʠʝ ʥʘ ʚʧʠʪʳʚʘʝʤʦʩʪʴ ʤʘʩʣʘ ʧʦ EMTEK (ʨʠʩ. 6, ʩʠʥʠʝ 

ʢʨʠʚʳʝ) ʜʘʝʪ ʟʥʘʯʠʤʫʶ ʢʦʨʨʝʣʷʮʠʶ, ʬʘʢʪʠʯʝʩʢʠ ʧʦʚʪʦʨʷʷ ʨʝʟʫʣʴʪʘʪ ʩʢʘ-

ʥʠʨʦʚʘʥʠʷ ʥʘ çTESCAN Vegaè.  




