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ʥʘʪʷʞʝʥʠʷ ʙʳʣʘ ʚ ʜʚʘ ʨʘʟʘ ʚʳʰʝ ʯʘʩʪʦʪʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʦʣʝʙʘʥʠʡ. 

ʇʦʟʞʝ ʣʦʨʜ ʈʝʡʣʝʡ ʚ 1883 ʛʦʜʫ ʧʨʝʜʧʦʣʦʞʠʣ, ʯʪʦ ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʠʟʤʝʥʝʥʠʝ 

ʩʘʤʦʠʥʜʫʢʮʠʠ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʢʦʥʪʫʨʘ ʩ ʯʘʩʪʦʪʦʡ, ʨʘʚʥʦʡ ʧʦʣʦʚʠʥʝ ʩʦʙʩʪʚʝʥʥʦʡ 

ʯʘʩʪʦʪʳ ʢʦʥʪʫʨʘ, ʧʦʚʣʝʯʝʪ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʢʦʣʝʙʘʥʠʡ. ʅʦ, ʥʘʩʢʦʣʴʢʦ ʤʥʝ ʠʟʚʝʩʪʥʦ, 

ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʚʨʝʤʷ  ʥʠʢʪʦ ʥʝ ʤʦʛ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʛʝʥʝʨʘʪʦʨ, 

ʨʘʙʦʪʘʶʱʠʡ ʥʘ ʵʪʦʤ ʧʨʠʥʮʠʧʝ. ʋʜʘʣʦʩʴ ʵʪʦ ʚ ʥʘʯʘʣʝ XX ʚʝʢʘ ʛʨʫʧʧʝ ʩʦʚʝʪʩʢʠʭ 

ʫʯʝʥʳʭ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʃ.ʀ. ʄʘʥʜʝʣʴʰʪʘʤʘ ʠ ʅ.ɼ. ʇʘʧʘʣʝʢʩʠ. ʇʨʠʯʝʤ ʚʥʘʯʘʣʝ 
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ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʚʦʟʙʫʞʜʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ (ʅʠʢʦʣʘʝʤ 

ʇʘʧʘʣʝʢʩʠ ʚ 1928 ʛʦʜʫ), ʘ ʟʘʪʝʤ ʠ ʤʝʭʘʥʠʯʝʩʢʠʤ (ʚ ʃʕʌʀ ʚ ʥʘʯʘʣʝ 1931 ʛʦʜʘ) [1]. 

ɺ 1938 ʛʦʜʫ ʅ.ɼ. ʇʘʧʘʣʝʢʩʠ ʦʧʫʙʣʠʢʦʚʘʣ ʩʪʘʪʴʶ: çʇʘʨʘʤʝʪʨʠʯʝʩʢʦʝ 

ʛʝʥʝʨʠʨʦʚʘʥʠʝ ʧʝʨʝʤʝʥʥʳʭ ʪʦʢʦʚè [2], ʛʜʝ ʜʦʩʪʘʪʦʯʥʦ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʣ 

ʥʝʢʦʪʦʨʳʝ ʚʘʨʠʘʥʪʳ ʛʝʪʝʨʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʛʝʥʝʨʘʪʦʨʦʚ. ʕʪʦ ʙʳʣʠ ʠʩʢʣʶʯʠʪʝʣʴʥʦ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʤʘʰʠʥʳ, ʚʦʟʙʫʞʜʘʝʤʳʝ ʤʝʭʘʥʠʯʝʩʢʠʤ ʧʫʪʝʤ, ʪ.ʢ. ʩʫʱʝʩʪʚʦʚʘʚʰʠʝ ʢ 

ʪʦʤʫ ʚʨʝʤʝʥʠ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʛʝʥʝʨʘʪʦʨʳ ʦʙʣʘʜʘʣʠ ʥʝʚʳʩʦʢʠʤ ʂʇɼ 

ʠ ʥʠʟʢʦʡ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴʶ, ʠ ʥʝ ʤʦʛʣʠ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʛʝʥʝʨʘʪʦʨʦʚ ʪʦʢʦʚ. ʄʝʭʘʥʠʟʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ 

ʢʦʣʝʙʘʥʠʡ ʣʝʛ ʚ ʦʩʥʦʚʫ ʧʦʩʪʨʦʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤ ð ʧʘʨʘʤʝʪʨʦʥʦʚ ʠ ʚ 

ʨʘʟʨʘʙʦʪʢʫ ʩʧʝʮʠʘʣʴʥʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ð ʧʘʨʘʪʨʘʥʩʦʚ. ɺ ʣʠʪʝʨʘʪʫʨʝ [3] ʙʳʣʠ 

ʨʘʩʩʤʦʪʨʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʧʨʠʥʮʠʧʳ ʧʦʩʪʨʦʝʥʠʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʥʘ ʧʷʪʴ ʪʠʧʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʦʩʪʨʦʝʥʠʷ: ʙʘʣʘʥʩʥʳʡ, ʤʦʩʪʦʚʦʡ, ʙʘʣʘʥʩʥʳʡ ʨʘʟʜʝʣʴʥʳʡ, ʦʨʪʦʛʦʥʘʣʴʥʦð

ʦʙʤʦʪʦʯʥʳʡ, ʠ ʦʨʪʦʛʦʥʘʣʴʥʦðʧʦʪʦʢʦʚʳʡ. ʉʫʱʝʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ 

ʧʨʝʜʣʦʞʝʥʥʳʭ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʙʳʣʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʭʦʜʥʦʡ ʠ 

ʚʳʭʦʜʥʦʡ ʦʙʤʦʪʦʢ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʠʭ ʚʟʘʠʤʦʠʥʜʫʢʮʠʷ. ɺ ʩʚʦʝʡ ʩʪʘʪʴʝ ʷ ʭʦʯʫ 

ʧʨʝʜʣʦʞʠʪʴ ʥʦʚʳʡ, ʰʝʩʪʦʡ ʪʠʧ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ: ʦʨʪʦʛʦʥʘʣʴʥʦð

ʧʦʪʦʢʦʚʦðʦʙʤʦʪʦʯʥʳʡ. 

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʦʜʥʦʛʦ ʠʭ ʚʘʨʠʘʥʪʦʚ  ʫʧʨʘʚʣʷʝʤʦʛʦ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʩ ʦʨʪʦʛʦʥʘʣʴʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʦʙʤʦʪʦʢ ʠ ʠʭ ʤʘʛʥʠʪʥʳʭ ʧʦʪʦʢʦʚ. 

ʊʨʘʥʩʬʦʨʤʘʪʦʨ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʦʨʪʦʛʦʥʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʤʘʛʥʠʪʦʧʨʦʚʦʜʦʚ:  

ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ (1) ʚʭʦʜʥʦʡ ʢʘʪʫʰʢʠ Lu  ʠ ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ (2) ʚʳʭʦʜʥʦʡ ʢʘʪʫʰʢʠ 

Lg. ʇʨʠʯʝʤ, ʵʪʠ ʤʘʛʥʠʪʦʧʨʦʚʦʜʳ ʧʝʨʝʩʝʢʘʶʪʩʷ ʥʘ ʫʯʘʩʪʢʝ (3) ʧʦʜ ʫʛʣʦʤ  90Á. 

ʄʘʛʥʠʪʥʳʡ ʧʦʪʦʢ, ʩʦʟʜʘʥʥʳʡ ʢʘʪʫʰʢʦʡ Lu, ʧʨʦʭʦʜʷ ʧʦ ʤʘʛʥʠʪʦʧʨʦʚʦʜʫ (1), 

ʥʘʩʳʱʘʝʪ ʫʯʘʩʪʦʢ (3) ʠ ʥʝ ʨʝʘʛʠʨʫʝʪ ʥʘ ʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢ ʢʘʪʫʰʢʠ Lg. ʀ ʥʘʦʙʦʨʦʪ, 

ʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢ, ʩʦʟʜʘʥʥʳʡ ʢʘʪʫʰʢʦʡ Lg, ʧʨʦʭʦʜʠʪ ʧʦ ʤʘʛʥʠʪʦʧʨʦʚʦʜʫ (2) ʠ 

ʨʝʘʛʠʨʫʝʪ ʩ ʤʘʛʥʠʪʦʧʨʦʚʦʜʦʤ (1) ʪʦʣʴʢʦ ʥʘ ʫʯʘʩʪʢʝ ʥʘʩʳʱʝʥʠʷ (3). ʇʨʠʯʝʤ, 

ʤʘʛʥʠʪʥʳʝ ʧʦʪʦʢʠ ʦʪ ʢʘʪʫʰʝʢ, ʙʣʘʛʦʜʘʨʷ ʠʭ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʧʨʦʪʝʢʘʥʠʶ, ʥʝ 

ʚʠʜʷʪ ʜʨʫʛ ʜʨʫʛʘ, ʘ ʩʧʝʮʠʘʣʴʥʦ ʧʦʜʦʙʨʘʥʥʘʷ ʛʝʦʤʝʪʨʠʷ ʠ ʧʨʦʥʠʮʘʝʤʦʩʪʴ 

ʤʘʛʥʠʪʦʧʨʦʚʦʜʦʚ ʧʦʟʚʦʣʷʝʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʨʘʩʭʦʜ ʵʥʝʨʛʠʠ ʥʘ ʠʟʤʝʥʝʥʠʝ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʫʯʘʩʪʢʘ ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ ʢʘʪʫʰʢʦʡ Lu  ʠ ʧʦʟʚʦʣʷʝʪ ʤʘʢʩʠʤʘʣʴʥʦ 

ʫʚʝʣʠʯʠʪʴ ʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢ ʚ ʤʘʛʥʠʪʦʧʨʦʚʦʜʝ (2) ʢʘʪʫʰʢʠ Lg.  
 

 
 

ʈʠʩ. 1. ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʩʭʝʤʘ ʦʨʪʦʛʦʥʘʣʴʥʦ-ʧʦʪʦʢʦʚʦ-ʦʙʤʦʪʦʯʥʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 
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ʇʨʦʩʪʦʡ ʘʥʘʣʠʟ ʟʘʧʘʩʝʥʥʦʡ ʵʥʝʨʛʠʠ ʚ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʭʦʨʦʰʦ ʧʦʢʘʟʳʚʘʝʪ, ʢʘʢʠʝ 

ʧʘʨʘʤʝʪʨʳ ʚʣʠʷʶʪ ʥʘ ʫʨʦʚʝʥʴ ʵʪʠʭ ʵʥʝʨʛʦʟʘʪʨʘʪ: 
 

mmo

SIBLI
W

22

22

==           (1) 

 

ʋʤʝʥʴʰʝʥʠʝ ʧʣʦʱʘʜʠ ʩʝʯʝʥʠʷ ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ, ʝʛʦ ʜʣʠʥʳ ʠ ʫʚʝʣʠʯʝʥʠʝ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʦʟʚʦʣʷʶʪ ʫʤʝʥʴʰʠʪʴ ʚʣʦʞʝʥʠʝ ʵʥʝʨʛʠʠ ʥʘ ʚʭʦʜʥʦʡ ʢʘʪʫʰʢʝ ʧʨʠ 

ʥʝʠʟʤʝʥʥʦʡ ʚʝʣʠʯʠʥʝ ʚʝʢʪʦʨʘ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʥʘʩʳʱʝʥʠʷ 

ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ, ʠ ʥʘʧʨʦʪʠʚ, ʫʚʝʣʠʯʝʥʠʝ ʧʣʦʱʘʜʠ ʩʝʯʝʥʠʷ ʠ ʜʣʠʥʳ 

ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ, ʘ ʪʘʢʞʝ ʫʤʝʥʴʰʝʥʠʝ ʝʛʦ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʚ ʚʳʭʦʜʥʦʡ 

ʢʘʪʫʰʢʝ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʢʫʨʩʠʨʦʚʘʪʴ ʙʦʣʴʰʝʤʫ ʧʦʪʦʢʫ ʵʥʝʨʛʠʠ ʠ ʥʝ ʚʳʟʳʚʘʪʴ 

ʧʝʨʝʥʘʩʳʰʝʥʠʝ ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ. ʕʪʦʪ ʧʨʠʥʮʠʧ ʠ ʟʘʣʦʞʝʥ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ, 

ʥʘʧʨʠʤʝʨ, ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʦʨʪʦʛʦʥʘʣʴʥʦ-ʧʦʪʦʢʦʚʦ-ʦʙʤʦʪʦʯʥʦʛʦ 

ʪʨʘʥʩʛʝʥʝʨʘʪʦʨʘ. ʇʦʩʢʦʣʴʢʫ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʠʟ ʧʝʨʚʠʯʥʦʡ ʦʙʤʦʪʢʠ Lu  ʥʝ 

ʧʦʩʪʫʧʘʝʪ ʚ ʧʨʠʚʳʯʥʦʤ ʜʣʷ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʩʤʳʩʣʝ, ʘ 

ʛʝʥʝʨʠʨʫʝʪʩʷ ʥʘ ʚʪʦʨʠʯʥʦʡ ʦʙʤʦʪʢʝ Lg  ʟʘ ʩʯʝʪ ʵʥʝʨʛʠʠ, ʟʘʪʨʘʯʠʚʘʝʤʦʡ ʚ ʮʝʧʠ Lu  

ʥʘ ʠʟʤʝʥʝʥʠʷ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʫʯʘʩʪʢʘ ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ, ʪʦ ʪʘʢʦʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ 

ʚʧʦʣʥʝ ʢʦʨʨʝʢʪʥʦ ʥʘʟʳʚʘʪʴ ʪʨʘʥʩʛʝʥʝʨʘʪʦʨʦʤ. 

ʈʘʩʩʤʦʪʨʠʤ ʨʘʙʦʪʫ ʪʘʢʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. ɿʘʧʘʩʝʥʥʘʷ ʵʥʝʨʛʠʷ ʚ ʠʥʜʫʢʪʠʚʥʦʩʪʠ 

Lg , ʚʭʦʜʷʱʝʡ ʚ ʩʦʩʪʘʚ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʢʦʥʪʫʨʘ, ʨʠʩ.2, ʧʦʢʘ ʯʝʨʝʟ ʢʘʪʫʰʢʫ Lu  ʥʝ 

ʧʨʦʪʝʢʘʝʪ ʪʦʢ, ʨʘʚʥʘ: 

gL

ʌ
W

2

2

1 = .          (2) 

ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʯʝʨʝʟ ʢʘʪʫʰʢʫ Lu  ʧʦʪʝʯʝʪ ʪʦʢ, ʜʦʩʪʘʪʦʯʥʳʡ ʜʣʷ ʥʘʩʳʱʝʥʠʷ 

ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ, ʠ ʚʩʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʧʝʨʝʡʜʝʪ  ʚ ʤʘʛʥʠʪʥʫʶ, ʚʝʣʠʯʠʥʘ 

ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʢʘʪʫʰʢʠ Lg ʫʤʝʥʴʰʠʪʩʷ ʥʘ ȹL  ʠ ʩʪʘʥʝʪ ʨʘʚʥʘ:  
 

( )gg LL

ʌ
W

D-³
=

2

2

2 .          (3) 

 

ɺʝʣʠʯʠʥʘ ʚʣʦʞʝʥʠʷ ʵʥʝʨʛʠʠ: 
 

gg

gg

gg

g

g

L
LL

LIL

LL

L

L

ʌ
WWW

D

D

D

D

D
-

³=
-

³=-=
22

22

12           (4) 

ʝʩʣʠ ȹL << L , ʪʦ  ggL LIL
I

W DDD ³=³= 2
2

2

1

2
.          (5) 

 

ʆʩʦʙʝʥʥʦʩʪʴ ʚʩʝʭ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʯʘʩʪʦʪʘ 

ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʨʘʚʥʘ ʯʘʩʪʦʪʝ ʠʩʪʦʯʥʠʢʘ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ. ɸ 

ʟʥʘʯʠʪ, ʟʘ ʦʜʠʥ ʧʝʨʠʦʜ ʵʥʝʨʛʠʷ ʙʫʜʝʪ ʚʢʣʘʜʳʚʘʪʴʩʷ ʜʚʘ ʨʘʟʘ: 
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ʈʠʩ. 2. ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʪʨʘʥʩʛʝʥʝʨʘʪʦʨʘ 
 

gLT LIWW DDD == 22 .          (6) 

 

ʇʘʨʘʤʝʪʨʠʯʝʩʢʠʡ ʨʝʟʦʥʘʥʩ ʙʫʜʝʪ ʚʦʟʤʦʞʝʥ, ʝʩʣʠ ʧʦʣʫʯʘʝʤʘʷ ʵʥʝʨʛʠʷ ʙʫʜʝʪ 

ʧʨʝʚʳʰʘʪʴ ʵʥʝʨʛʠʶ, ʟʘʪʨʘʯʠʚʘʝʤʫʶ ʥʘ ʧʦʪʝʨʠ ʚ ʢʦʥʪʫʨʝ. ʈʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʵʪʦ ʚʦʟʤʦʞʥʦ, ʢʦʛʜʘ 
 

g

g

g
C

L
RL ³>D p            (7) 

 

ʅʘ ʨʘʙʦʪʫ ʧʦ ʩʦʟʜʘʥʠʶ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʥʝʣʠʥʝʡʥʦʩʪʠ (ʥʘʩʳʱʝʥʠʝ ʫʯʘʩʪʢʘ 

ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ) ʤʳ ʙʫʜʝʤ ʟʘʪʨʘʯʠʚʘʪʴ ʵʥʝʨʛʠʶ, ʠʩʭʦʜʷ ʠʟ ʧʦʜʦʙʨʘʥʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʢʘʪʫʰʢʠ Lg. ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ 

ʦʜʠʥʘʢʦʚʳʭ ʦʙʲʝʤʘʭ ʤʘʛʥʠʪʦʧʨʦʚʦʜʦʚ, ʨʘʚʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ 

ʛʣʫʙʠʥʳ ʤʦʜʫʣʷʮʠʠ ʦʨʪʦʛʦʥʘʣʴʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʪʨʝʙʫʝʪ ʦʪ ʠʩʪʦʯʥʠʢʘ ʫʧʨʘʚʣʝʥʠʷ ʚ 

4 ʨʘʟʘ ʙʦʣʴʰʝ ʤʦʱʥʦʩʪʠ, ʯʝʤ ʢʣʘʩʩʠʯʝʩʢʦʝ ʧʘʨʘʣʣʝʣʴʥʦʝ. ʆʜʥʘʢʦ, ʘʢʪʠʚʥʳʝ 

ʧʦʪʝʨʠ ʧʨʠ ʧʘʨʘʣʣʝʣʴʥʦʤ ʫʧʨʘʚʣʝʥʠʠ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝ, ʯʝʤ ʧʨʠ ʦʨʪʦʛʦʥʘʣʴʥʦʤ, ʚ 

ʩʨʝʜʥʝʤ ʚ 5...10 ʨʘʟ. ɺʩʝ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʟʦʪʨʦʧʥʳʭ 

ʤʘʛʥʠʪʦʧʨʦʚʦʜʦʚ. ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʪʘʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʜʦʩʪʘʪʦʯʥʦ 

ʭʦʨʦʰʦ ʠʟʣʦʞʝʥʦ ʚ [3], ʘ ʚ [4] ʚʳ ʥʘʡʜʝʪʝ ʧʨʘʢʪʠʯʝʩʢʫʶ ʨʝʘʣʠʟʘʮʠʶ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʪʠʧʘ çɹʠʪʦʨè. 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʥʘʢʘʧʣʠʚʘʝʤʘʷ ʤʦʱʥʦʩʪʴ ʚ ʢʦʥʪʫʨʝ Lg-Cg ʦʛʨʘʥʠʯʝʥʘ ʚʝʣʠʯʠʥʦʡ 

ʚʝʢʪʦʨʘ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʥʘʩʳʱʝʥʠʝ ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ. 

ʆʪ ʥʝʝ ʟʘʚʠʩʠʪ ʤʘʢʩʠʤʘʣʴʥʳʡ ʪʦʢ ʚ ʢʦʥʪʫʨʝ: 
 

n

Bl
I

o Ö
=
mm

max ,          (8) 

 

ʛʜʝ n ï ʢʦʣʠʯʝʩʪʚʦ ʚʠʪʢʦʚ ʢʘʪʫʰʢʠ Lg. ʀʟ ʬʦʨʤʫʣʳ ʚʠʜʥʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʳʡ ʪʦʢ 

ʟʘʚʠʩʠʪ ʪʘʢʞʝ ʦʪ ʜʣʠʥʳ ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ ʠ ʢʦʣʠʯʝʩʪʚʘ ʚʠʪʢʦʚ ʚ ʢʘʪʫʰʢʝ. ʅʦ 

ʠʟʤʝʥʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʚʠʪʢʦʚ ʚʝʜʝʪ ʢ ʠʟʤʝʥʝʥʠʶ ʫʨʦʚʥʷ ʵ.ʜ.ʩ., ʘ ʚʦʪ ʜʣʠʥʘ 

ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ ʚʣʠʷʝʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʘ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʪʨʘʥʩʛʝʥʝʨʘʪʦʨʘ. 

ɸʚʪʦʨʦʤ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʜʚʝ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ ʧʦʜʦʙʥʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ, ʦʜʥʘ 

ʦʩʥʦʚʘʥʘ ʥʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʘʭ, ʧʨʝʜʣʦʞʝʥʥʳʭ ʅ.ɼ. ʇʘʧʘʣʝʢʩʠ [2], ʜʨʫʛʘʷ ð ʥʘ 
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ʨʘʩʩʯʝʪʝ ʟʘʤʢʥʫʪʳʭ ʤʘʛʥʠʪʥʳʭ ʮʝʧʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʦʨʤʫʣʳ ɻʦʧʢʠʥʩʦʥʘ. 

ɺʘʞʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʚʝʣʠʯʠʥʘ ʤʦʜʫʣʷʮʠʠ ʧʘʨʘʤʝʪʨʘ:   

o

g

gg

gg

L

L

LL

LL
m

D
=

+

-
=

minmax

minmax
          (9) 

ʠ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʡ ʜʝʢʨʝʤʝʥʪ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʢʦʥʪʫʨʘ Lg-Cg: 

öö
÷

õ
ææ
ç

å
--=

Q

p
e

2
1ln           (10), 

ʛʜʝ Q ï ʜʦʙʨʦʪʥʦʩʪʴ ʢʦʥʪʫʨʘ ʥʘ ʯʘʩʪʦʪʝ ʨʝʟʦʥʘʥʩʘ. ɿʥʘʷ ʵʪʠ ʧʘʨʘʤʝʪʨʳ, ʣʝʛʢʦ 

ʦʧʨʝʜʝʣʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʨʝʟʦʥʘʥʩʘ 

 e
p
³>

2
m           (11) 

ɽʩʣʠ ʵʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʚʳʧʦʣʥʷʝʪʩʷ, ʪʦ ʨʝʟʦʥʘʥʩ ʚʦʟʤʦʞʝʥ, ʘ ʤʦʱʥʦʩʪʴ, 

ʧʦʣʫʯʝʥʥʘʷ ʪʘʢʠʤ ʛʝʥʝʨʘʪʦʨʦʤ ʩʦʩʪʘʚʠʪ: 

( )( )2
maxminmax LʌRbbP ³-=           (12), 

ʛʜʝ bmax ʠ bmin ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʠ ʤʠʥʠʤʘʣʴʥʘʷ ʤʘʛʥʠʪʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ 

ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ ʢʘʪʫʰʢʠ Lg , Rmax ï ʤʘʢʩʠʤʘʣʴʥʦʝ ʤʘʛʥʠʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ ʢʘʪʫʰʢʠ Lg , ʌ ð ʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢ ʚ ʤʘʛʥʠʪʦʧʨʦʚʦʜʝ ʠ ɤ ï 

ʯʘʩʪʦʪʘ ʨʝʟʦʥʘʥʩʘ.  

ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʤʦʱʥʦʩʪʴ ʤʦʞʥʦ ʨʘʩcʯʠʪʘʪʴ ʧʦ ʬʦʨʤʫʣʝ: 

( ) 2

effoILmP ³-³= ew .          (13) 

ʇʨʠ ʤʘʣʳʭ ʟʥʘʯʝʥʠʷʭ ʤʦʜʫʣʷʮʠʠ: 

()
p

e
wº=Q RCcos           (14) 

ʠ ʤʘʢʩʠʤʘʣʴʥʦ ʩʪʨʝʤʠʪʩʷ ʢ 

()
2

cos
m
ºQ           (15) 

 

ʀʟ ʯʝʛʦ ʩʣʝʜʫʝʪ ʚʳʚʦʜ, ʯʪʦ ʩʠʩʪʝʤʘ ʜʘʝʪ ʭʦʨʦʰʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ 

ʪʦʣʴʢʦ ʧʨʠ ʙʦʣʴʰʦʤ ʫʨʦʚʥʝ ʤʦʜʫʣʷʮʠʠ, ʯʪʦ ʚʧʦʣʥʝ ʜʦʩʪʠʞʠʤʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʩʦʚʨʝʤʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺʝʣʠʯʠʥʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ ʚ ʤʘʛʥʠʪʦʧʨʦʚʦʜʝ, ʢʘʢ ʫʞʝ 

ʙʳʣʦ ʩʢʘʟʘʥʦ ʚʳʰʝ, ʟʘʚʠʩʠʪ ʦʪ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ ʚʝʣʠʯʠʥʳ ʚʝʢʪʦʨʘ ʤʘʛʥʠʪʥʦʡ 

ʠʥʜʫʢʮʠʠ, ʧʨʠ ʢʦʪʦʨʦʤ ʩʝʨʜʝʯʥʠʢ ʥʝ ʧʝʨʝʭʦʜʠʪ ʚ ʩʦʩʪʦʷʥʠʝ ʥʘʩʳʱʝʥʠʷ. ʇʦʵʪʦʤʫ 

ʝʜʠʥʩʪʚʝʥʥʳʤ ʚʘʨʠʘʥʪʦʤ ʫʚʝʣʠʯʠʪʴ ʌ ð ʧʨʠʤʝʥʠʪʴ ʤʘʛʥʠʪʦʧʨʦʚʦʜ ʩ ʤʘʢʩʠʤʘʣʴʥʦ 

ʚʦʟʤʦʞʥʦʡ ʧʣʦʱʘʜʴʶ ʩʝʯʝʥʠʷ.  

ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʧʨʠ ʠʟʚʝʩʪʥʦʤ ʵʬʬʝʢʪʠʚʥʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ 

ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ Ro ʠ ʘʢʪʠʚʥʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ ʥʘʛʨʫʟʢʠ R ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ 

ʧʦ ʬʦʨʤʫʣʝ: 
 

oRR

R

+
=h , ʛʜʝ oo L

m
RR w

r
³=+

2
          (16) 

 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ  ʦʨʪʦʛʦʥʘʣʴʥʦðʧʦʪʦʢʦʚʦð

ʦʙʤʦʪʦʯʥʦʛʦ ʪʨʘʥʩʛʝʥʝʨʘʪʦʨʘ, ʪʦ ʝʛʦ ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʧʦ ʬʦʨʤʫʣʝ: 
 

u

g

P

P
=j .        (17) 
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ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʥʘʜʦ ʫʜʝʣʷʪʴ ʧʦʩʪʨʦʝʥʠʶ ʫʧʨʘʚʣʷʶʱʝʡ ʢʘʪʫʰʢʠ Lu  ʠ ʝʝ 

ʤʘʛʥʠʪʦʧʨʦʚʦʜʫ. ʃʫʯʰʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦʣʫʯʘʶʪʩʷ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ, ʥʘʩʳʱʝʥʠʝ ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʙʦʣʴʰʝʡ 

ʚʝʣʠʯʠʥʝ ʚʝʢʪʦʨʘ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ, ʥʝʞʝʣʠ ʫ ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ ʢʘʪʫʰʢʠ Lg. ʂ 

ʪʦʤʫ ʞʝ ʚ ʜʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʮʝʣʝʩʦʦʙʨʘʟʥʝʝ ʜʣʷ ʢʘʪʫʰʢʠ Lg  ʧʨʠʤʝʥʷʪʴ ʮʝʣʳʡ 

ʤʘʛʥʠʪʦʧʨʦʚʦʜ ʩ ʦʜʥʦʨʦʜʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ, ʘ ʤʘʛʥʠʪʦʧʨʦʚʦʜ ʢʘʪʫʰʢʠ Lu  

ʜʝʣʘʪʴ ʩʦʩʪʘʚʥʳʤ ð ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʫʨʦʚʝʥʴ ʤʦʜʫʣʷʮʠʠ ʧʘʨʘʤʝʪʨʘ ʚ 

ʚʳʭʦʜʥʦʤ ʢʦʥʪʫʨʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. 
 

 
 

ʈʠʩ. 2. ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʥʘʧʨʷʞʝʥʠʷ 
 

ʇʦʜʙʠʨʘʷ ʧʘʨʘʤʝʪʨʳ ʢʘʪʫʰʝʢ, ʤʦʞʥʦ ʜʦʙʠʚʘʪʴʩʷ ʨʘʟʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ, ʪ.ʝ. ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʢʘʢ ʧʦʚʳʰʘʶʱʠʝ, ʪʘʢ ʠ ʧʦʥʠʞʘʶʱʠʝ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ. ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ 

ʷʚʣʷʝʪʩʷ ʧʦʣʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ. ʇʨʠ ʟʘʤʳʢʘʥʠʠ 

ʚʳʭʦʜʥʦʡ ʦʙʤʦʪʢʠ ʠʣʠ ʧʨʝʚʳʰʝʥʠʠ ʝʝ ʥʘʛʨʫʟʦʯʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʛʝʥʝʨʘʮʠʷ 

ʧʨʝʨʳʚʘʝʪʩʷ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ ʥʘ ʫʧʨʘʚʣʷʶʱʝʡ ʦʙʤʦʪʢʝ, ʘ ʟʥʘʯʠʪ, 

ʦʪʩʫʪʩʪʚʫʝʪ ʦʧʘʩʥʳʡ ʥʘʛʨʝʚ ʠ ʧʝʨʝʛʨʫʟʢʘ ʚʭʦʜʥʦʡ ʮʝʧʠ. 

ʕʪʦ ʥʝ ʝʜʠʥʩʪʚʝʥʥʳʡ ʚʘʨʠʘʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʨʪʦʛʦʥʘʣʴʥʦðʧʦʪʦʢʦʚʦð

ʦʙʤʦʪʦʯʥʦʛʦ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. ɽʛʦ, ʥʘʧʨʠʤʝʨ, ʤʦʞʥʦ ʩ ʫʩʧʝʭʦʤ 

ʧʨʠʤʝʥʷʪʴ ʚ ʩʭʝʤʘʭ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʥʘʧʨʷʞʝʥʠʷ, ʨʠʩ. 3 ʠ ʚ ʜʨʫʛʠʭ 

ʢʦʥʩʪʨʫʢʮʠʷʭ, ʛʜʝ ʚʘʞʥʦ ʧʦʣʥʦʩʪʴʶ ʠʟʦʣʠʨʦʚʘʪʴʩʷ ʦʪ ʚʭʦʜʷʱʝʛʦ ʧʦʪʦʢʘ ʠʣʠ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʨʝʟʦʥʘʥʩʘ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ / References  

 

1. ʄʘʥʜʝʣʴʰʪʘʤ ʃ.ʀ., ʇʘʧʘʣʝʢʩʠ ʅ.ɼ. ʆ ʚʦʟʙʫʞʜʝʥʠʠ ʢʦʣʝʙʘʥʠʡ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʝ ʧʨʠ ʧʦʤʦʱʠ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʝʤʢʦʩʪʠ. ɾʫʨʥ. 

ʪʝʭʥ. ʬʠʟʠʢʠ. 3. ʉ. 1141-1144, 1933. 

2. ʇʘʧʘʣʝʢʩʠ ʅ.ɼ. ʇʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʛʝʥʝʨʠʨʦʚʘʥʠʝ ʧʝʨʝʤʝʥʥʳʭ ʪʦʢʦʚ // ɾʫʨʥʘʣ 

çʕʣʝʢʪʨʠʯʝʩʪʚʦè. ˉ 11, 1938. 

3. ɿʘʜʝʨʝʡ ɻ.ʇ., ɿʘʠʢʘ ʇ.ʈ. ʄʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ ʚ ʩʨʝʜʩʪʚʘʭ 

ʚʪʦʨʠʯʥʦʛʦ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ. ʄ.: çʈʘʜʠʦ ʠ ʩʚʷʟʴè, 1989. 

4. Kusko ɸ., Cain F. Ionized Magnetic Workshop // IEEE Trans on Magnetic. 

Vol. MAG-12. ˉ 4. July, 1976. 

5. ʇʘʨʘʤʦʥʦʚ ʄ.ʀ. ʆ ʧʨʦʮʝʩʩʘʭ ʚ ʥʝʣʠʥʝʡʥʳʭ ʨʝʘʢʪʠʚʥʦʩʪʷʭ, ʧʨʦʚʦʮʠʨʫʶʱʠʭ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʠ ʥʘʢʦʧʣʝʥʠʝ ʵʥʝʨʛʠʠ ʧʨʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʤ ʨʝʟʦʥʘʥʩʝ // European 

Science. ˉ 1, 2014. ISSN2410-2865. 

6. ʄʘʥʜʝʣʴʰʪʘʤ ʃ.ʀ., ʇʘʧʘʣʝʢʩʠ ʅ.ɼ. ʆ ʷʚʣʝʥʠʷʭ ʨʝʟʦʥʘʥʩʘ n-ʛʦ ʨʦʜʘ. ɾʫʨʥ. ʪʝʭʥ. 

ʬʠʟʠʢʠ. 2. ʉ. 775-811, 1932. 

7. ʄʘʥʜʝʣʴʰʪʘʤ ʃ.ʀ., ʇʘʧʘʣʝʢʩʠ ʅ.ɼ. ʆ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʤ ʚʦʟʙʫʞʜʝʥʠʠ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ. ɾʫʨʥ. ʪʝʭʥ. ʬʠʟʠʢʠ. 3. ʉ. 5-29, 1934. 

 

  



11 

 

ɹʀʆʃʆɻʀʏɽʉʂʀɽ ʅɸʋʂʀ 

ʉʊʈʋʂʊʋʈʅʆ-ʌʋʅʂʎʀʆʅɸʃʔʅʓɽ ʆʉʆɹɽʅʅʆʉʊʀ 

ʃʀʉʊʔɽɺ ɻɸʃʆʌʀʊʆɺ ɹɽʃʆɻʆ ʄʆʈʗ ɺ ʋʉʃʆɺʀʗʍ 

ʊɽʍʅʆɻɽʅʅʆʁ ʅɸɻʈʋɿʂʀ* 

ɻʫʣʷʝʚʘ ɽ.ʅ.
 
Email: Gulyaeva17115@scientifictext.ru  

ɻʫʣʷʝʚʘ ɽ.ʅ. ʉʊʈʋʂʊʋʈʅʆ-ʌʋʅʂʎʀʆʅɸʃʔʅʓɽ ʆʉʆɹɽʅʅʆʉʊʀ ʃʀʉʊʔɽɺ ɻɸʃʆʌʀʊʆɺ ɹɽʃʆɻʆ ʄʆʈʗ ɺ ʋʉʃʆɺʀʗʍ ʊɽʍʅʆɻɽʅʅʆʁ ʅɸɻʈʋɿʂʀ / Gulyaeva E.N. STRUCTURAL AND FUNCTIONAL FEATURES OF THE LEAVES OF HALOPHYTES OF THE WHITE SEA 

UNDER CONDITIONS OF TECHNOGENIC POLLUTION 

ɻʫʣʷʝʚʘ ɽʣʝʥʘ ʅʠʢʦʣʘʝʚʥʘ ï ʘʩʧʠʨʘʥʪ, 

ʢʘʬʝʜʨʘ ʙʦʪʘʥʠʢʠ ʠ ʬʠʟʠʦʣʦʛʠʠ ʨʘʩʪʝʥʠʡ, 

ʇʝʪʨʦʟʘʚʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʇʝʪʨʦʟʘʚʦʜʩʢ 

 

ɸʥʥʦʪʘʮʠʷ: ʚ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʨʘʤʢʘʭ ʩʪʨʘʪʝʛʠʠ ʨʘʟʚʠʪʠʷ ɸʨʢʪʠʯʝʩʢʦʡ ʟʦʥʳ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ʥʘ ʧʝʨʠʦʜ ʜʦ 2020 ʛʦʜʘ ʠʜʝʪ ʤʘʩʰʪʘʙʥʦʝ ʦʩʚʦʝʥʠʝ ɸʨʢʪʠʢʠ, ʨʘʟʨʘʙʦʪʢʘ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʪʨʘʥʩʧʦʨʪʥʘʷ, ʧʨʦʤʳʩʣʦʚʘʷ, ʨʝʢʨʝʘʮʠʦʥʥʘʷ ʠ 

ʧʨʦʯʠʝ ʦʪʨʘʩʣʠ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʘʥʪʨʦʧʦʛʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ɸʨʢʪʠʢʫ ʨʝʟʢʦ ʚʦʟʨʦʩʣʦ. 

ʇʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʪʝʭʥʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʚʝʩʴʤʘ 

ʭʨʫʧʢʫʶ ʚ ʵʢʦʣʦʛʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʧʨʠʙʨʝʞʥʫʶ ʵʢʦʩʠʩʪʝʤʫ. ʆʩʦʙʦʝ ʤʝʩʪʦ ʩʨʝʜʠ 

ʤʥʦʞʝʩʪʚʘ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʟʘʥʠʤʘʶʪ ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʠʤʝʥʥʦ 

ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʪʦʢʩʠʯʥʳʤʠ ʜʣʷ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʠ ʜʣʷ ʨʘʩʪʝʥʠʡ [8]. ɺʘʞʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʨʘʩʪʝʥʠʡ ʢ ʠʟʤʝʥʷʶʱʠʤʩʷ 

ʫʩʣʦʚʠʷʤ ʩʨʝʜʳ ʷʚʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʘʜʘʧʪʘʮʠʷ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʛʦ 
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ʘʧʧʘʨʘʪʘ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴ ʨʘʩʪʝʥʠʡ ʚ ʨʘʟʥʦʦʙʨʘʟʥʳʭ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʠʤʠ ʘʜʘʧʪʘʮʠʦʥʥʳʤʠ 

ʚʦʟʤʦʞʥʦʩʪʷʤʠ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʘʥʘʪʦʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʣʠʩʪʘ ʠ 

ʩʦʜʝʨʞʘʥʠʷ ʦʩʥʦʚʥʳʭ ʧʠʛʤʝʥʪʦʚ ʬʦʪʦʩʠʥʪʝʟʘ [2], [3].  

ʈʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʠʟʫʯʝʥʠʶ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʚʠʜʦʚ ʛʘʣʦʬʠʪʦʚ ʥʘ ʧʦʙʝʨʝʞʴʝ ɻʦʣʘʨʢʪʠʯʝʩʢʠʭ ʤʦʨʝʡ, 

ʦʩʦʙʝʥʥʦ ʚ ʥʘʨʫʰʝʥʥʳʭ ʤʝʩʪʦʦʙʠʪʘʥʠʷʭ, ʢʨʘʡʥʝ ʤʘʣʦ [7]. ʄʝʞʜʫ ʪʝʤ ʩʪʨʫʢʪʫʨʥʦ-

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʧʫʪʝʡ 

ʧʦʚʳʰʝʥʠʷ ʥʝʩʧʝʮʠʬʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʩʪʝʥʠʡ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʴ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʠʟʫʯʝʥʠʝ ʩʪʨʫʢʪʫʨʥʦ-

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʫ ʥʝʢʦʪʦʨʳʭ ʚʠʜʦʚ 

ʛʘʣʦʬʠʪʦʚ ʥʘ ʧʦʙʝʨʝʞʴʝ ɹʝʣʦʛʦ ʤʦʨʷ ʚ ʫʩʣʦʚʠʷʭ ʨʘʟʣʠʯʥʦʡ ʪʝʭʥʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ. 

ʄɸʊɽʈʀɸʃ ʀ ʄɽʊʆɼʓ 

ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʨʘʩʪʝʥʠʡ: ʪʨʠʦʩʪʨʝʥʥʠʢ 

ʤʦʨʩʢʦʡ (Triglochin maritimum L.), ʘʩʪʨʘ ʩʦʣʦʥʯʘʢʦʚʘʷ (Tripolium vulgare Ness), ʟʦʩʪʝʨʘ 

ʤʦʨʩʢʘʷ (Zostera marina L.). ɺʳʙʦʨ ʚʠʜʦʚ ʦʧʨʝʜʝʣʷʣʩʷ ʚʳʩʦʢʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʧʣʘʩʪʠʯʥʦʩʪʴʶ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪ ʠʭ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʨʘʟʥʳʭ ʪʠʧʘʭ 

ʩʦʦʙʱʝʩʪʚ ʥʘ ʧʨʠʣʠʚʥʦ-ʦʪʣʠʚʥʦʡ ʟʦʥʝ, ʢʘʢ ʚ ʢʘʯʝʩʪʚʝ ʜʦʤʠʥʘʥʪʦʚ, ʪʘʢ ʠ ʚʪʦʨʦʩʪʝʧʝʥʥʳʭ 

ʚʠʜʦʚ, ʘ ʩʧʦʩʦʙʥʦʩʪʴ ʵʪʠʭ ʨʘʩʪʝʥʠʡ ʢ ʘʜʘʧʪʘʮʠʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʭ ʰʠʨʦʢʦʤʫ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʚ ʬʠʪʦʮʝʥʦʟʘʭ ʩ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʴʶ ʥʘʨʫʰʝʥʥʦʩʪʠ. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʚʳʧʦʣʥʷʣʠʩʴ ʚ ʪʝʯʝʥʠʝ ʣʝʪʥʠʭ ʧʦʣʝʚʳʭ ʩʝʟʦʥʦʚ 2016-2017 ʛʛ. ʥʘ ʇʦʤʦʨʩʢʦʤ ʙʝʨʝʛʫ 

ɹʝʣʦʛʦ ʤʦʨʷ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʛ. ɹʝʣʦʤʦʨʩʢʘ, ʛʜʝ ʙʳʣʠ ʟʘʣʦʞʝʥʳ 3 ʤʦʜʝʣʴʥʳʝ ʪʨʘʥʩʝʢʪʳ, 

ʧʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ ʢʦʪʦʨʳʭ ʟʘʛʨʷʟʥʝʥ ʪʷʞʝʣʳʤʠ ʤʝʪʘʣʣʘʤʠ. ʋʨʦʚʝʥʴ ʦʙʱʝʡ ʪʦʢʩʠʯʝʩʢʦʡ 

ʥʘʛʨʫʟʢʠ ʚʘʨʴʠʨʦʚʘʣ ʦʪ 1,0 ʜʦ 11,3 ʦʪʥ. ʝʜ. [1]. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʨʦʚʥʝʤ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚ 

ʪʷʞʝʣʳʤʠ ʤʝʪʘʣʣʘʤʠ ʫʯʘʩʪʢʠ ʨʘʥʞʠʨʦʚʘʥʳ ʥʘ ʟʦʥʳ: ʬʦʥʦʚʘʷ (Si = 1,0 ʦʪʥ. ʝʜ.), ʙʫʬʝʨʥʘʷ 

(Si = 5, 8 ʦʪʥ. ʝʜ.), ʠʤʧʘʢʪʥʘʷ (Si = 11,3 ʦʪʥ. ʝʜ.).  

ʆʧʨʝʜʝʣʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʤʝʟʦʩʪʨʫʢʪʫʨʳ ʣʠʩʪʴʝʚ ʨʘʩʪʝʥʠʡ ʧʨʦʚʦʜʠʣʠ ʥʘ 

ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʚ 70% ʵʪʘʥʦʣʝ ʦʙʨʘʟʮʘʭ ʩʦʛʣʘʩʥʦ ʤʝʪʦʜʠʢʝ ʄʦʢʨʦʥʦʩʦʚʘ, 

ɹʦʨʟʝʥʢʦʚʦʡ [5]. ʉʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʦʚ ʠ ʢʘʨʦʪʠʥʦʠʜʦʚ ʦʧʨʝʜʝʣʷʣʠ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ (ʉʌ-26, ʈʦʩʩʠʷ) ʚ ʩʧʠʨʪʦʚʦʡ ʚʳʪʷʞʢʝ ʧʦ 

ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʚ ʤʘʢʩʠʤʫʤʘʭ ʧʦʛʣʦʱʝʥʠʷ ʭʣʦʨʦʬʠʣʣʦʚ ʘ, ʚ ʠ ʢʘʨʦʪʠʥʦʠʜʦʚ 

[6], [4]. ʇʘʨʘʤʝʪʨʳ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʭʣʦʨʦʬʠʣʣʘ a (ʀʌʍ) ʠʟʤʝʨʷʣʠ ʥʘ 

ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʣʠʩʪʦʚʦʡ ʧʣʘʩʪʠʥʢʠ ʩ ʧʦʤʦʱʴʶ ʬʣʫʦʨʠʤʝʪʨʘ JUNIOR-PAM (Heinz, 

Walz, ɻʝʨʤʘʥʠʷ) ʧʦʩʣʝ 30-ʤʠʥʫʪʥʦʡ ʪʝʤʥʦʚʦʡ ʘʜʘʧʪʘʮʠʠ. ʇʦʩʣʝ ʪʝʤʥʦʚʦʡ ʘʜʘʧʪʘʮʠʠ 

ʦʧʨʝʜʝʣʷʣʠ ʥʘʯʘʣʴʥʫʶ (Fo), ʤʘʢʩʠʤʘʣʴʥʫʶ (Fm), ʨʘʩʩʯʠʪʳʚʘʣʠ ʤʘʢʩʠʤʘʣʴʥʳʡ 

ʬʦʪʦʭʠʤʠʯʝʩʢʠʡ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʌʉ II (Fv/Fm).  

ɼʣʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʘʥʘʣʠʟʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʘʢʝʪʳ ʧʨʦʛʨʘʤʤ 

çMicrosoft Excel 7è ʠ çStatistica for Windowsè. ʈʘʟʣʠʯʠʷ ʤʝʞʜʫ ʚʠʜʘʤʠ ʧʦ ʦʪʜʝʣʴʥʳʤ 

ʧʨʠʟʥʘʢʘʤ ʦʮʝʥʠʚʘʣʠ ʦʜʥʦ- ʠ ʜʚʫʭʬʘʢʪʦʨʥʳʤ ʜʠʩʧʝʨʩʠʦʥʥʳʤ ʘʥʘʣʠʟʦʤ. ɺ ʪʘʙʣʠʮʘʭ 

ʧʨʠʚʝʜʝʥʳ ʩʨʝʜʥʠʝ ʚʝʣʠʯʠʥʳ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤʠ ʦʰʠʙʢʘʤʠ. 

ʈɽɿʋʃʔʊɸʊʓ ʀ ʀʍ ʆɹʉʋɾɼɽʅʀɽ 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʟʫʯʝʥʥʳʝ ʨʘʩʪʝʥʠʷ ʧʦ ʧʣʦʱʘʜʠ ʣʠʩʪʘ 

ʜʦʩʪʦʚʝʨʥʳʭ ʨʘʟʣʠʯʠʡ ʥʝ ʠʤʝʣʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫ ʨʘʩʪʝʥʠʡ T. vulgare ʠ Z.marina ʧʦ 

ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʪʝʭʥʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʢ ʧʦʩʪʝʧʝʥʥʦʤʫ 

ʫʚʝʣʠʯʝʥʠʶ ʪʦʣʱʠʥʳ ʣʠʩʪʘ. ʋ T. vulgare ʵʪʦʪ ʧʘʨʘʤʝʪʨ ʦʪ ʬʦʥʦʚʦʛʦ ʢ ʠʤʧʘʢʪʥʦʤʫ 

ʫʯʘʩʪʢʫ ʚʦʟʨʘʩʪʘʣ ʥʘ 24%, ʫ Z.marina ï ʥʘ 29%. ɸʥʘʣʦʛʠʯʥʘʷ ʩʠʪʫʘʮʠʷ 

ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʫ ʜʘʥʥʳʭ ʚʠʜʦʚ ʠ ʩ ʪʦʣʱʠʥʦʡ ʤʝʟʦʬʠʣʣʘ. ʊʦʣʱʠʥʘ ʚʝʨʭʥʝʛʦ ʠ 

ʥʠʞʥʝʛʦ ʵʧʠʜʝʨʤʠʩʘ ʫ T. vulgare ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʦʡ, ʘ ʫ Z. marina ʧʨʠ ʚʦʟʨʘʩʪʘʥʠʠ 

ʟʘʛʨʷʟʥʝʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 18% (ʪʘʙʣ. 1). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, 

ʯʪʦ ʩ ʚʦʟʨʘʩʪʘʥʠʝʤ ʪʦʢʩʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʣʠʩʪʦʚʘʷ ʧʣʘʩʪʠʥʢʘ ʫʪʦʣʱʘʝʪʩʷ ʟʘ ʩʯʝʪ 

ʫʚʝʣʠʯʝʥʠʷ ʪʦʣʱʠʥʳ ʤʝʟʦʬʠʣʣʘ ʫ ʘʩʪʨʳ ʩʦʣʦʥʯʘʢʦʚʦʡ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʫ ʟʦʩʪʝʨʳ 

ʫʪʦʣʱʝʥʠʝ ʣʠʩʪʘ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʢʘʢ ʤʝʟʦʬʠʣʣʘ, ʪʘʢ ʠ ʵʧʠʜʝʨʤʳ, ʵʪʦ, ʩʢʦʨʝʝ 

ʚʩʝʛʦ, ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʫ ʟʦʩʪʝʨʳ ʵʧʠʜʝʨʤʘ ʷʚʣʷʝʪʩʷ ʥʘʨʷʜʫ ʩ ʤʝʟʦʬʠʣʣʦʤ 
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ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʡ ʪʢʘʥʴʶ. ʋ T. maritima ʜʦʩʪʦʚʝʨʥʳʭ ʦʪʣʠʯʠʡ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ 

ʪʦʣʱʠʥʳ ʣʠʩʪʘ, ʪʦʣʱʠʥʳ ʤʝʟʦʬʠʣʣʘ ʠ ʪʦʣʱʠʥʳ ʵʧʠʜʝʨʤʠʩʘ ʥʝ ʚʳʷʚʣʝʥʦ.  
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ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʟʦʩʪʨʫʢʪʫʨʳ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʚʠʜʦʚ 

ʛʘʣʦʬʠʪʦʚ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʧʦʢʘʟʘʪʝʣʠ: ʦʙʲʝʤ ʢʣʝʪʦʢ ʤʝʟʦʬʠʣʣʘ ʠ 

ʭʣʦʨʦʧʣʘʩʪʦʚ, ʢʦʣʠʯʝʩʪʚʦ ʭʣʦʨʦʧʣʘʩʪʦʚ ʚ ʢʣʝʪʢʘʭ ʤʝʟʦʬʠʣʣʘ. ʋ Z. marina 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʦʙʲʝʤ ʭʣʦʨʦʧʣʘʩʪʦʚ ʠ ʢʦʣʠʯʝʩʪʚʦ ʭʣʦʨʦʧʣʘʩʪʦʚ ʚ 

ʢʣʝʪʢʘʭ ʵʧʠʜʝʨʤʳ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʙʲʝʤ ʢʣʝʪʦʢ ʤʝʟʦʬʠʣʣʘ ʫ Z.marina ʠ T. vulgare 

ʜʦʩʪʦʚʝʨʥʦ ʫʚʝʣʠʯʠʚʘʣʩʷ ʧʨʠ ʚʦʟʨʘʩʪʘʥʠʠ ʪʦʢʩʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ (ʪʘʙʣ. 2). ʕʪʦ ʤʦʞʝʪ 

ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʙʦʣʴʰʠʤ ʥʘʢʦʧʣʝʥʠʝʤ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʠ ʜʨʫʛʠʭ ʚʝʱʝʩʪʚ ʚ ʚʘʢʫʦʣʷʭ 

ʢʣʝʪʦʢ ʣʠʩʪʴʝʚ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʠʦʥʳ ʤʝʪʘʣʣʦʚ ʧʦʩʣʝ ʩʚʷʟʳʚʘʥʠʷ ʠʭ ʩ 

ʬʠʪʦʭʝʣʘʪʠʥʘʤʠ ʚ ʮʠʪʦʧʣʘʟʤʝ ʪʨʘʥʩʧʦʨʪʠʨʫʶʪʩʷ ʚ ʚʘʢʫʦʣʴ [9]. ʂʨʦʤʝ ʪʦʛʦ, ʠʟ 

ʮʠʪʦʧʣʘʟʤʳ ʚ ʚʘʢʫʦʣʴ ʧʦʩʪʫʧʘʶʪ ʩʚʦʙʦʜʥʳʝ ʠʦʥʳ ʤʝʪʘʣʣʦʚ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʘ ʚʘʢʫʦʣʝʡ ʟʘ ʩʯʝʪ ʧʦʩʪʫʧʣʝʥʠʷ ʚʦʜʳ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ 

ʚʦʜʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʢʣʝʪʦʢ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʝʭʥʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ, ʯʪʦ ʙʳʣʦ 

ʧʦʣʫʯʝʥʦ ʠ ʫ ʨʷʜʘ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ [9]. ʋ T. vulgare ʵʪʦʪ ʧʘʨʘʤʝʪʨ ʦʪ ʬʦʥʦʚʦʛʦ ʢ 

ʠʤʧʘʢʪʥʦʤʫ ʫʯʘʩʪʢʫ ʚʦʟʨʘʩʪʘʣ ʥʘ 26%, ʫ Z.marina ï ʥʘ 42%. ʋ T. maritima ʦʙʲʝʤ 

ʢʣʝʪʦʢ ʤʝʟʦʬʠʣʣʘ ʜʦʩʪʦʚʝʨʥʦ ʥʝ ʦʪʣʠʯʘʣʩʷ ʩ ʚʦʟʨʘʩʪʘʥʠʝʤ ʪʦʢʩʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ. 

ɸʥʘʣʠʟ ʢʦʣʠʯʝʩʪʚʘ ʠ ʨʘʟʤʝʨʦʚ ʭʣʦʨʦʧʣʘʩʪʦʚ ʚ ʢʣʝʪʢʘʭ ʤʝʟʦʬʠʣʣʘ ʚʳʷʚʠʣ, ʯʪʦ ʩ 

ʧʦʚʳʰʝʥʠʝʤ ʪʦʢʩʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʫ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʚʠʜʦʚ ʢʦʣʠʯʝʩʪʚʦ ʭʣʦʨʦʧʣʘʩʪʦʚ 

ʚ ʢʣʝʪʢʘʭ ʤʝʟʦʬʠʣʣʘ ʫʚʝʣʠʯʠʚʘʣʦʩʴ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʙʲʝʤ ʭʣʦʨʦʧʣʘʩʪʘ ʫʤʝʥʴʰʘʣʩʷ. 

ɸʥʘʣʦʛʠʯʥʘʷ ʜʠʥʘʤʠʢʘ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʠ ʜʣʷ ʧʦʢʘʟʘʪʝʣʝʡ ʢʣʝʪʦʢ ʵʧʠʜʝʨʤʳ ʫ ʟʦʩʪʝʨʳ 

ʤʦʨʩʢʦʡ. ʋʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʭʣʦʨʦʧʣʘʩʪʦʚ ʚ ʢʣʝʪʢʝ ʷʚʣʷʝʪʩʷ ʘʜʘʧʪʠʚʥʳʤ 

ʧʨʠʟʥʘʢʦʤ ʚ ʫʩʣʦʚʠʷʭ ʟʘʛʨʷʟʥʝʥʠʷ, ʪʘʢ ʢʘʢ ʙʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʚʥʫʪʨʝʥʥʷʷ ʘʩʩʠʤʠʣʷʮʠʦʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʣʠʩʪʘ. 
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ɸʥʘʣʠʟ ʧʠʛʤʝʥʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʦʚ ʫ ʚʩʝʭ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʚʠʜʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 1.5-2 ʨʘʟʘ ʥʘ ʠʤʧʘʢʪʥʦʡ ʪʝʨʨʠʪʦʨʠʠ (ʪʘʙʣ. 3). 

ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʪʝʤ ʯʪʦ ʨʘʩʪʝʥʠʶ ʥʘ ʟʘʛʨʷʟʥʝʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʥʫʞʥʦ 

ʙʦʣʴʰʝ ʨʘʩʪʚʦʨʠʤʳʭ ʫʛʣʝʚʦʜʦʚ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʦʩʤʦʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚ 

ʢʣʝʪʢʘʭ [11], ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ ʫʩʠʣʠʚʘʝʪʩʷ ʨʘʙʦʪʘ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ. 

ʉʦʜʝʨʞʘʥʠʝ ʢʘʨʦʪʠʥʦʠʜʦʚ, ʥʘʦʙʦʨʦʪ, ʙʳʣʦ ʥʘʠʤʝʥʴʰʠʤ ʧʨʠ ʥʘʠʙʦʣʴʰʝʤ 

ʟʘʛʨʷʟʥʝʥʠʠ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʮʚʝʣʠʬʠʥʠʠ ʜʦʣʠ ʢʘʨʦʪʠʥʦʠʜʦʚ, ʥʝʩʫʱʠʭ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʫʶ ʬʫʥʢʮʠʶ. 
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ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʬʣʫʦʨʠʩʮʝʥʮʠʠ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʩ ʚʦʟʨʘʩʪʘʥʠʝʤ 

ʟʘʛʨʷʟʥʝʥʠʷ ʩʥʠʞʘʶʪʩʷ ʟʥʘʯʝʥʠʷ Fv/Fm, ʯʪʦ ʩʚʷʟʘʥʦ ʚ ʦʩʥʦʚʥʦʤ ʩ ʫʤʝʥʴʰʝʥʠʝʤ 

ʚʝʣʠʯʠʥʳ Fm, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʧʨʦʮʝʩʩʘ ʬʦʪʦʠʥʛʠʙʠʨʦʚʘʥʠʷ ʌʉ II ʫ ʚʩʝʭ ʪʨʝʭ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʚʠʜʦʚ. ɿʥʘʯʝʥʠʷ Fo ʜʦʩʪʦʚʝʨʥʦ ʥʝ ʦʪʣʠʯʘʣʠʩʴ (ʪʘʙʣ. 4). 

ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʧʘʨʘʤʝʪʨ Fv/Fm, ʢʦʪʦʨʳʡ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʪʥʦʰʝʥʠʝ (FmïFo)/ Fm, ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ 

ʥʘʜʝʞʥʦʛʦ ʠʥʜʠʢʘʪʦʨʘ ʬʦʪʦʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ.  
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ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʨʘʩʪʝʥʠʡ ʧʨʠ ʧʦʣʥʦʤ ʨʘʟʚʠʪʠʠ ʚ ʥʝʩʪʨʝʩʩʦʚʳʭ ʫʩʣʦʚʠʷʭ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ ʨʘʚʥʦ 0.83 [10]. ɽʛʦ ʧʦʥʠʞʝʥʠʝ ʦʟʥʘʯʘʝʪ, ʯʪʦ 

ʧʝʨʝʜ ʠʟʤʝʨʝʥʠʝʤ ʨʘʩʪʝʥʠʝ ʙʳʣʦ ʧʦʜʚʝʨʞʝʥʦ ʚʣʠʷʥʠʶ ʩʪʨʝʩʩʘ, ʢʦʪʦʨʳʡ ʧʦʚʨʝʜʠʣ ʌʉ 

ʬʫʥʢʮʠʠ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʩʥʠʞʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʝʨʝʥʦʩʘ ʵʣʝʢʪʨʦʥʦʚ. ʕʪʦ ʯʘʩʪʦ 

ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʨʘʩʪʝʥʠʷʭ, ʢʦʪʦʨʳʝ ʧʦʜʚʝʨʛʘʶʪʩʷ ʚʦʟʜʝʡʩʪʚʠʶ ʨʘʟʣʠʯʥʳʭ ʩʪʨʝʩʩʦʚʳʭ 

ʬʘʢʪʦʨʦʚ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ï ʚʦʟʜʝʡʩʪʚʠʶ ʟʘʛʨʷʟʥʝʥʠʷ ʪʷʞʝʣʳʤʠ ʤʝʪʘʣʣʘʤʠ. 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʨʘʩʪʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʟʘʛʨʷʟʥʝʥʠʷ ʪʷʞʝʣʳʤʠ ʤʝʪʘʣʣʘʤʠ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʚʠʜʳ ʛʘʣʦʬʠʪʳ ʠʤʝʶʪ ʨʷʜ ʘʜʘʧʪʘʮʠʡ ʢ ʠʟʙʳʪʢʫ 

ʧʦʣʣʶʪʘʥʪʦʚ ʚ ʩʨʝʜʝ, ʧʨʦʷʚʣʷʶʱʠʝʩʷ ʚ ʠʟʤʝʥʝʥʠʠ ʧʦʢʘʟʘʪʝʣʝʡ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʛʦ 

ʘʧʧʘʨʘʪʘ. ʆʙʥʘʨʫʞʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʤʝʟʦʩʪʨʫʢʪʫʨʳ ʚ ʫʩʣʦʚʠʷʭ 

ʪʝʭʥʦʛʝʥʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʟʘʱʠʪʥʦ-ʧʨʠʩʧʦʩʦʙʠʪʝʣʴʥʫʶ 

ʨʝʘʢʮʠʶ, ʢʦʪʦʨʘʷ ʦʪʣʠʯʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʤʝʜʣʝʥʥʳʤʠ ʪʝʤʧʘʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʜʨʫʛʠʤʠ ʘʜʘʧʪʘʮʠʷʤʠ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʧʦʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ ʜʣʷ 

ʬʠʪʦʤʦʥʠʪʦʨʠʥʛʘ ʧʨʠʣʠʚʥʦ-ʦʪʣʠʚʥʳʭ ʪʝʨʨʠʪʦʨʠʡ. 

 
*ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʌʦʥʜʘ ʩʦʜʝʡʩʪʚʠʷ ʨʘʟʚʠʪʠʶ ʤʘʣʳʭ 

ʬʦʨʤ ʧʨʝʜʧʨʠʷʪʠʡ ʚ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʩʬʝʨʝ (ʧʨʦʛʨʘʤʤʘ ʋ.ʄ.ʅ.ʀ.ʂ) ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ˉ 
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ɸʥʥʦʪʘʮʠʷ: ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʦʚ 

ʘʥʘʣʠʟʘ ʮʠʬʨʦʚʳʭ ʩʭʝʤ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʣʦʞʥʳʭ ʣʦʛʠʯʝʩʢʠʭ 
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ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ ʚʨʝʤʝʥʥʳʭ ʚʝʨʠʬʠʢʘʮʠʡ ʚ ʮʠʬʨʦʚʳʭ 

ʉɹʀʉ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʘʣʛʦʨʠʪʤ ʚʨʝʤʝʥʥʦʛʦ ʘʥʘʣʠʟʘ, ʢʦʪʦʨʳʡ ʟʥʘʯʠʪʝʣʴʥʦ ʪʦʯʥʝʝ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʠʟʚʝʩʪʥʳʤʠ. 
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ʦʩʥʦʚʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʳʯʠʩʣʝʥʥʳʭ ʣʦʛʠʯʝʩʢʠʭ ʢʦʨʨʝʣʷʮʠʡ ʤʝʞʜʫ ʩʠʛʥʘʣʘʤʠ ʚ 

ʮʠʬʨʦʚʦʡ ʩʭʝʤʝ. 
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Abstract: in this paper, we propose a new approach to the development of methods for 

analyzing digital circuits, based on the use of complex logical correlations. The article 

considers static timing analysis (STA), which at the moment is the main method of 

temporary verification in digital VLSI. An algorithm for time analysis is proposed, which is 

much more accurate than the known ones. 

This refinement, taking into account the false propagation paths of the signal, based on the 

previously calculated logical correlations between the signals in the digital circuit.  
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ʇʦʜʭʦʜ, ʧʨʝʜʣʘʛʘʝʤʳʡ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʦʪʥʦʩʠʪʩʷ ʢ ʫʣʫʯʰʝʥʠʶ ʠ ʨʘʟʨʘʙʦʪʢʝ 

ʘʣʛʦʨʠʪʤʦʚ ʘʥʘʣʠʟʘ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʮʠʬʨʦʚʳʭ ʉɹʀʉ, ʠ ʩʚʷʟʘʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʦʩʪʳʭ ʠ ʩʣʦʞʥʳʭ ʢʦʨʨʝʣʷʮʠʡ ʤʝʞʜʫ ʩʠʛʥʘʣʘʤʠ ʚ ʮʠʬʨʦʚʦʡ ʩʭʝʤʝ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʦʩʪʦʡ ʢʦʨʨʝʣʷʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʇʃʀ, ʇʨʦʩʪʳʝ ʃʦʛʠʯʝʩʢʠʝ 

ʀʤʧʣʠʢʘʮʠʠ (SLI = Simple Logic Implication). ʕʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʩʣʝʜʦʚʘʥʠʷ ʚʠʜʘ a=Va 

-> b=Vb, ʛʜʝ a,b ï ʩʠʛʥʘʣʳ (ʫʟʣʳ) ʚ ʩʭʝʤʝ, Va,Vb - ʠʭ ʣʦʛʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ (ʣʠʙʦ 

ʣʦʛʠʯʝʩʢʠʡ 0, ʣʠʙʦ ʣʦʛʠʯʝʩʢʘʷ 1). 

ɺ ʢʘʯʝʩʪʚʝ ʩʣʦʞʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 3-ʃʀ, ʊʨʦʡʥʳʝ ʃʦʛʠʯʝʩʢʠʝ 

ʀʤʧʣʠʢʘʮʠʠ (3-LI). ʕʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʩʣʝʜʦʚʘʥʠʷ ʚʠʜʘ a=Va, b=Vb, -> c=Vc ʛʜʝ a, 

b, c ï ʩʠʛʥʘʣʳ (ʫʟʣʳ) ʚ ʩʭʝʤʝ, Va,Vb,Vc - ʠʭ ʣʦʛʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ (ʣʠʙʦ ʣʦʛʠʯʝʩʢʠʡ 

0, ʣʠʙʦ ʣʦʛʠʯʝʩʢʘʷ 1). 

ʅʘʤʠ ʨʘʟʨʘʙʦʪʘʥʳ ʘʣʛʦʨʠʪʤʳ ʙʳʩʪʨʦʛʦ ʚʳʯʠʩʣʝʥʠʷ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʇʃʀ ʠ 3-ʃʀ, 

ʩ ʮʝʣʴʶ ʠʭ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ʅʠʞʝ ʧʨʠʚʝʜʝʥ ʩʧʠʩʦʢ ʟʘʜʘʯ ʠʟ ʦʙʣʘʩʪʠ ʉɸʇʈ ʉɹʀʉ, ʜʣʷ ʢʦʪʦʨʳʭ ʫʯʝʪ ʧʨʦʩʪʳʭ 

ʢʦʨʨʝʣʷʮʠʡ (ʇʃʀ) ʧʨʠʚʝʣ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʣʫʯʰʝʥʠʶ (ʫʪʦʯʥʝʥʠʶ ʨʝʟʫʣʴʪʘʪʦʚ). 

ʉʦʜʝʨʞʘʥʠʝʤ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʧʨʠʤʝʥʝʥʠʷ ʩʣʦʞʥʳʭ 

ʢʦʨʨʝʣʷʮʠʡ (3-ʃʀ). 

1. ɺʨʝʤʝʥʥʦʡ ʘʥʘʣʠʟ (TA = Timing Analysis). ʇʦʜ ʚʨʝʤʝʥʥʳʤ ʘʥʘʣʠʟʦʤ ʧʦʥʠʤʘʝʪʩʷ 

ʣʠʙʦ ʦʙʳʯʥʳʡ ʩʪʘʪʠʯʝʩʢʠʡ ʚʨʝʤʝʥʥʦʡ ʘʥʘʣʠʟ, ʣʠʙʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʚʨʝʤʝʥʥʦʡ 

ʘʥʘʣʠʟ. ɸʣʛʦʨʠʪʤ ʦʩʥʦʚʘʥ ʥʘ ʧʝʨʝʙʦʨʝ ʩʘʤʳʭ ʜʣʠʥʥʳʭ ʧʫʪʝʡ ʚ ʩʭʝʤʝ ʠ ʦʪʙʨʘʩʳʚʘʥʠʶ 

ʣʦʞʥʳʭ ʧʫʪʝʡ ʥʘ ʦʩʥʦʚʝ ʫʯʝʪʘ ʢʦʨʨʝʣʷʮʠʡ. 

2. ɸʥʘʣʠʟ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ ʮʠʬʨʦʚʳʭ ʩʭʝʤ (DiNo = Digital Noise). ʀʤʝʶʪʩʷ ʚ 

ʚʠʜʫ ʧʦʤʝʭʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʝʤʢʦʩʪʥʳʤʠ ʩʚʷʟʷʤʠ ʤʝʞʜʫ ʫʟʣʘʤʠ ʩʭʝʤʳ. 

3. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴʶ, ʧʦʣʫʯʝʥʠʝ ʠʥʪʝʨʚʘʣʴʥʳʭ ʦʮʝʥʦʢ 

ʧʦʪʨʝʙʣʷʝʤʦʡ ʤʦʱʥʦʩʪʠ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʜʠʘʛʨʘʤʤ ʪʨʦʠʯʥʳʭ 

ʨʝʰʝʥʠʡ (TDD = Ternary Decision Diagram). 

4. ʆʮʝʥʢʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʦʢʘ, ʧʦʪʨʝʙʣʷʝʤʦʛʦ ʩʭʝʤʦʡ (MEC = Maximum 

Envelope Current). 

5. ʆʙʬʫʩʢʘʮʠʷ ʮʠʬʨʦʚʳʭ ʩʭʝʤ (Obfuscation). ʀʤʝʝʪʩʷ ʚ ʚʠʜʫ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 

ʩʭʝʤʳ, ʟʘʪʨʫʜʥʷʶʱʝʝ ʧʦʥʠʤʘʥʠʝ ʝʸ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʝ. 

6. ɼʝʛʨʘʜʘʮʠʷ ʧʦʨʦʛʦʚʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʨ-ʢʘʥʘʣʴʥʳʭ ʄʆʇ-ʪʨʘʥʟʠʩʪʦʨʦʚ (NBTI = 

Negative Bias Temperature Instability). ʋʢʘʟʘʥʥʳʡ ʵʬʬʝʢʪ ʧʨʠʚʦʜʠʪ ʢ ʜʝʛʨʘʜʘʮʠʠ 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʩʭʝʤʳ. 

ɺ ʦʩʪʘʚʰʝʡʩʷ ʯʘʩʪʠ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʟʘʜʘʯʘ ʚʨʝʤʝʥʥʦʛʦ ʘʥʘʣʠʟʘ (TA) ʨʘʩʩʤʦʪʨʝʥʘ 

ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ. 

ɼʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʧʨʦʙʣʝʤʫ ʫʯʝʪʘ ʣʦʞʥʳʭ ʧʫʪʝʡ ʧʨʠ ʨʘʩʯʝʪʝ ʟʘʜʝʨʞʝʢ 

ʥʝʣʴʟʷ ʩʯʠʪʘʪʴ ʨʝʰʝʥʥʦʡ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʝʝ ʨʝʰʝʥʠʶ, 

ʩʚʷʟʘʥʥʳʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʦʛʠʯʝʩʢʠʭ ʢʦʨʨʝʣʷʮʠʡ ʤʝʞʜʫ ʩʠʛʥʘʣʘʤʠ ʩʭʝʤʳ. 

ʇʨʦʩʪʝʡʰʠʤ ʚʠʜʦʤ ʢʦʨʨʝʣʷʮʠʡ ʪʘʢʦʛʦ ʚʠʜʘ ʷʚʣʷʶʪʩʷ ʧʨʦʩʪʳʝ ʣʦʛʠʯʝʩʢʠʝ 

ʠʤʧʣʠʢʘʮʠʠ (ʇʃʀ). 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚʩʝ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʤʠ ʷʚʣʷʶʪʩʷ ʟʘʜʘʯʠ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʘʣʛʦʨʠʪʤʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʉɹʀʉ. ʈʝʰʝʥʠʝ ʵʪʠʭ 

ʟʘʜʘʯ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʉɹʀʉ ʙʝʟ ʨʝʘʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʠʭ 

ʪʝʭʥʦʣʦʛʠʠ. ɺʩʝ ʵʪʦ ʧʦʣʥʦʩʪʴʶ ʦʪʥʦʩʠʪʩʷ ʢ ʘʣʛʦʨʠʪʤʘʤ ʚʨʝʤʝʥʥʳʭ ʚʝʨʠʬʠʢʘʮʠʡ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʨʘʟʚʠʪʠʝ ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʭʝʤ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʫʣʫʯʰʝʥʠʷ 

ʩʣʝʜʫʶʱʠʭ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ï ʫʤʝʥʴʰʝʥʠʶ ʧʣʦʱʘʜʠ ʢʨʠʩʪʘʣʣʘ, ʨʘʩʭʦʜʦʚ 

ʧʦʪʨʝʙʣʷʶʱʝʡ ʤʦʱʥʦʩʪʠ, ʥʘʧʨʷʞʝʥʠʷʤ ʧʠʪʘʥʠʷ, ʧʦʨʦʛʦʚʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʨʘʟʤʝʨʦʚ 

ʦʪʜʝʣʴʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ [1]. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʦʮʝʩʩ 

ʨʘʟʨʘʙʦʪʢʠ ʥʘʧʨʘʚʣʝʥ ʥʘ ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʩʨʝʜʩʪʚ ʠ ʤʝʪʦʜʦʚ, ʢʦʪʦʨʳʝ ʫʩʪʨʘʥʠʣʠ ʙʳ 

ʥʝʞʝʣʘʪʝʣʴʥʳʝ ʷʚʣʝʥʠʷ ʚ ʀʉ. 

ɺʨʝʤʝʥʥʦʡ ʘʥʘʣʠʟ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʵʪʘʧʦʤ ʚ ʧʨʦʮʝʩʩʝ ʚʨʝʤʝʥʥʦʡ ʚʝʨʠʬʠʢʘʮʠʠ 

ʉɹʀʉ. ɽʛʦ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʚʳʷʚʣʝʥʠʝ ʢʨʠʪʠʯʝʩʢʠʭ ʧʨʦʚʦʜʷʱʠʭ ʧʫʪʝʡ ʠ 

ʦʧʨʝʜʝʣʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʦʧʫʩʪʠʤʦʡ ʪʘʢʪʦʚʦʡ ʯʘʩʪʦʪʳ ʜʣʷ ʟʘʜʘʥʥʦʡ ʩʭʝʤʳ [2]. 



19 

 

ʉʪʘʪʠʯʝʩʢʠʡ ʚʨʝʤʝʥʥʦʡ ʘʥʘʣʠʟ (ʉɺɸ) ʩʪʘʣ ʧʝʨʚʠʯʥʳʤ ʤʝʪʦʜʦʤ ʚʨʝʤʝʥʥʳʭ 

ʧʨʦʚʝʨʦʢ ʧʦ ʜʚʫʤ ʦʩʥʦʚʥʳʤ ʧʨʠʯʠʥʘʤ. ʇʝʨʚʘʷ ʧʨʠʯʠʥʘ ʚ ʪʦʤ, ʯʪʦ ʚʨʝʤʷ, 

ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʧʨʦʚʝʨʢʠ, ʨʘʩʪʝʪ ʣʠʥʝʡʥʦ ʠ ʩʧʦʩʦʙʝʥ ʟʘ ʨʘʟʫʤʥʦʝ ʚʨʝʤʷ 

ʧʦʣʫʯʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʚʨʝʤʝʥʥʳʭ ʧʨʦʚʝʨʦʢ [3], ʘ ʚʪʦʨʘʷ - ʯʪʦ ʉɺɸ ʧʦ ʩʚʦʝʡ ʩʫʪʠ -  

ʢʦʥʩʝʨʚʘʪʠʚʥʳʡ ʤʝʪʦʜ ʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʝʢʦʪʦʨʳʭ ʤʝʪʦʜʦʚ ʛʘʨʘʥʪʠʨʫʝʪ 

ʨʝʟʫʣʴʪʘʪʳ, ʢʦʪʦʨʳʝ ʙʝʟʦʧʘʩʥʳ ʠ ʜʘʶʪ ʙʦʣʴʰʠʝ ʛʘʨʘʥʪʠʠ ʚʨʝʤʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʜʣʷ ʫʞʝ ʛʦʪʦʚʳʭ ʩʭʝʤ [4]. 

ɺʦ ʚʨʝʤʷ ʉɺɸ, ʮʠʬʨʦʚʳʝ ʩʭʝʤʳ ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚʦ ʚʨʝʤʝʥʥʳʝ ʛʨʘʬʳ [5], ʧʦʩʣʝ 

ʯʝʛʦ ʦʧʨʝʜʝʣʷʶʪʩʷ ʟʘʜʝʨʞʢʠ ʚ ʧʫʪʷʭ ʚʥʫʪʨʠ ʩʭʝʤʳ ʠ ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ ʟʘʜʘʥʥʳʤʠ 

ʚʨʝʤʝʥʥʳʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ. ʎʠʬʨʦʚʘʷ ʩʭʝʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ Ὃ ὠȟὉ  

ʘʮʠʢʣʠʯʥʦʛʦ ʛʨʘʬʘ, ʛʜʝ ὠ - ʢʦʣʣʝʢʮʠʷ ʚʝʨʰʠʥ ʛʨʘʬʘ, ʘ - Ὁ ʢʦʣʣʝʢʮʠʷ ʨʝʙʝʨ. ɻʨʘʬ 

ʘʮʠʢʣʠʯʥʳʡ, ʧʦʪʦʤʫ ʯʪʦ ʮʠʢʣʠʯʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʧʫʪʠ ʚʥʫʪʨʠ ʵʣʝʤʝʥʪʦʚ ʧʘʤʷʪʠ 

ʨʘʟʜʝʣʝʥʳ ʥʘ ʵʣʝʤʝʥʪʳ ʢʦʤʙʠʥʘʮʠʦʥʥʳʭ ʩʝʛʤʝʥʪʦʚ ʠ ʚʩʝ ʩʝʛʤʝʥʪʳ ʧʨʦʚʝʨʷʶʪʩʷ ʧʨʠ 

ʦʜʥʦʤ ʮʠʢʣʝ ʪʘʢʪʦʚʦʛʦ ʩʠʛʥʘʣʘ. ʂʘʞʜʦʝ όȟὺ ʨʝʙʨʦ - ʥʘʧʨʘʚʣʝʥʥʘʷ ʣʠʥʠʷ ʩ ό 

ʚʝʨʰʠʥʳ ʜʦ ὺ ʚʝʨʰʠʥʳ. ɺʭʦʜʥʘʷ ʩʪʝʧʝʥʴ ὺ ʚʝʨʰʠʥʳ Ὠ ὺ - ʵʪʦ ʢʦʣʠʯʝʩʪʚʦ ʨʝʙʝʨ, 

ʚʭʦʜʷʱʠʭ ʚ ὺ ʚʝʨʰʠʥʫ, ʘ ʚʳʭʦʜʥʘʷ ʩʪʝʧʝʥʴ Ὠ ὺ - ʢʦʣʠʯʝʩʪʚʦ ʨʝʙʝʨ, ʥʘʯʠʥʘʶʱʠʭʩʷ 

ʠʟ ʚʝʨʰʠʥʳ ὺ. ʇʝʨʚʠʯʥʘʷ ʚʭʦʜʥʘʷ ʢʦʣʣʝʢʮʠʷ ὄ ὺȿὺᶰὠȟ Ὠ ὺ π - ʵʪʦ 

ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʚʠʯʥʳʭ ʚʭʦʜʥʳʭ ʚʝʨʰʠʥ. ʇʝʨʚʠʯʥʘʷ ʚʳʭʦʜʥʘʷ ʢʦʣʣʝʢʮʠʷ Ὀ
ὺȿὺᶰὠȟ Ὠ ὺ π - ʵʪʦ ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʚʠʯʥʳʭ ʚʳʭʦʜʥʳʭ ʚʝʨʰʠʥ ʛʨʘʬʘ. 

ʇʝʨʚʠʯʥʳʝ ʚʭʦʜʥʳʝ ʚʝʨʰʠʥʳ Ὃ ʛʨʘʬʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʝʨʚʠʯʥʳʤ ʚʭʦʜʘʤ ʩʭʝʤʳ ʠ 

ʚʳʭʦʜʘʤ ʵʣʝʤʝʥʪʦʚ ʧʘʤʷʪʠ, ʘ ʧʝʨʚʠʯʥʳʝ ʚʳʭʦʜʥʳʝ ʚʝʨʰʠʥʳ ï ʧʝʨʚʠʯʥʳʤ ʚʳʭʦʜʘʤ 

ʩʭʝʤʳ ʠ ʚʭʦʜʘʤ ʵʣʝʤʝʥʪʦʚ ʧʘʤʷʪʝʡ. ʆʩʪʘʣʴʥʳʝ ʚʩʝ ʚʝʨʰʠʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʚʭʦʜʘʤ ʠ 

ʚʳʭʦʜʘʤ ʵʣʝʤʝʥʪʦʚ ʚ ʩʭʝʤʝ. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʧʨʦʛʨʘʤʤʥʳʝ ʨʝʘʣʠʟʘʮʠʠ ʉɺɸ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʣʦʛʠʯʝʩʢʫʶ 

ʩʪʨʫʢʪʫʨʫ ʩʭʝʤʳ. ʇʦʵʪʦʤʫ ʩʨʝʜʠ ʢʨʠʪʠʯʝʩʢʠʭ ʧʫʪʝʡ ʚ ʜʘʥʥʦʡ ʩʭʝʤʝ ʤʦʛʫʪ ʙʳʪʴ ʠ 

ʣʦʞʥʳʝ ʧʨʦʚʦʜʷʱʠʝ ʧʫʪʠ, ʪʦ ʝʩʪʴ ʧʫʪʠ, ʢʦʪʦʨʳʝ ʥʠ ʧʨʠ ʢʘʢʠʭ ʟʥʘʯʝʥʠʷʭ ʚʭʦʜʥʳʭ 

ʩʠʛʥʘʣʦʚ ʥʝ ʨʝʘʣʠʟʫʶʪʩʷ ʚʦ ʚʨʝʤʷ ʧʨʘʚʠʣʴʥʦʡ ʨʘʙʦʪʳ ʩʭʝʤʳ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ, ʜʣʷ 

ʦʙʥʘʨʫʞʝʥʠʷ  ʣʦʞʥʳʭ ʧʫʪʝʡ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʣʦʛʠʯʝʩʢʠʝ ʠʤʧʣʠʢʘʮʠʠ [6, 

7], ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʦʜʤʥʦʞʝʩʪʚʦ ʣʦʛʠʯʝʩʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ ʚ ʩʭʝʤʝ. ʇʨʠ 

ʵʪʦʤ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʨʘʙʦʪʳ [8], ʤʳ ʠʩʧʦʣʴʟʫʝʤ ʥʝ ʪʦʣʴʢʦ ʇʃʀ, ʥʦ ʪʘʢʞʝ ʠ ʙʦʣʝʝ 

ʩʣʦʞʥʳʝ ʠʤʧʣʠʢʘʮʠʠ (ʪʨʦʡʥʳʝ, ʠʣʠ 3-ʃʀ), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʪʴ 

ʪʦʯʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠ ʨʘʙʦʪʝ ʧʨʦʛʨʘʤʤʳ ʩʪʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. 

ʆʧʨʝʜʝʣʝʥʠʝ 1. ʇʫʩʪʴ M ï ʫʟʝʣ ʚʨʝʤʝʥʥʦʛʦ ʛʨʘʬʘ. Conj(M) ï ʫʟʝʣ ʚʨʝʤʝʥʥʦʛʦ 

ʛʨʘʬʘ (ʫʟʝʣ ʩʦʧʨʷʞʝʥʥʳʡ (conjugated) ʩ M), ʢʦʪʦʨʳʡ ʧʦʣʫʯʘʝʪʩʷ ʠʟ ʪʦʛʦ ʞʝ ʫʟʣʘ 

ʩʭʝʤʳ N ʠ ʩʦʩʪʘʚʣʷʝʪ ʩ M ʧʘʨʫ (N_rise, N_fall). 

ʆʧʨʝʜʝʣʝʥʠʝ 2. ʇʫʩʪʴ M1 ʠ M2 ï ʫʟʣʳ ʚʨʝʤʝʥʥʦʛʦ ʛʨʘʬʘ. ʄʳ ʛʦʚʦʨʠʤ, ʯʪʦ 

ʩʫʱʝʩʪʚʫʝʪ ʧʦʟʜʥʷʷ ʇʃʀ (ʧʇʃʀ) M1 -> M2, ʝʩʣʠ ʩʫʱʝʩʪʚʫʝʪ ʣʦʛʠʯʝʩʢʦʝ ʦʛʨʘʥʠʯʝʥʠʝ 

ʤʝʞʜʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʫʟʣʘʤʠ ʩʭʝʤʳ N1 ʠ N2 ʪʘʢʦʝ, ʯʪʦ, ʝʩʣʠ N1 = v1ʧ, ʪʦ N2 = 

v2ʧ, ʛʜʝ v1ʧ ʠ v2ʧ - ʣʦʛʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʫʟʣʦʚ M1 ʠ M2 ʧʦʩʣʝ ʧʝʨʝʢʣʶʯʝʥʠʷ.  

ʇʫʩʪʴ L1,é, Ln ï ʫʟʣʳ, ʣʝʞʘʱʠʝ ʥʘ ʥʝʢʦʪʦʨʦʤ ʧʦʣʥʦʤ ʧʫʪʠ  P ʚʦ ʚʨʝʤʝʥʥʦʤ ʛʨʘʬʝ 

ʜʣʷ ʥʝʢʦʪʦʨʦʡ ʩʭʝʤʳ. ɼʦʧʫʩʪʠʤ ʯʪʦ M ʠ N - ʥʝʢʦʪʦʨʳʝ ʜʚʘ ʫʟʣʘ ʥʘ ʵʪʦʤ ʧʫʪʠ. 

ʀʟʣʦʞʠʤ ʫʩʣʦʚʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʧʫʪʴ ʷʚʣʷʝʪʩʷ ʣʦʞʥʳʤ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʇʃʀ ʤʝʞʜʫ N, 

M ʠ ʥʝʢʦʪʦʨʳʤ ʜʨʫʛʠʤ ʫʟʣʦʤ S (ʨʠʩ. 1).  
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ʈʠʩ. 1. ʂʨʠʪʝʨʠʡ ʦʙʥʘʨʫʞʝʥʠʷ ʣʦʞʥʳʭ ʧʫʪʝʡ ʧʨʠ ʧʦʤʦʱʠ ʇʃʀ 
 

ʇʨʦʚʦʜʷʱʠʡ ʧʫʪʴ P ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʧʦʜʧʫʪʝʡ: Ppin,n, Pn,m, Pm,pout. Len(P) = 

Len(Ppin,n) + Len(Pn,m) + Len(Pm,pout), ʛʜʝ Len(P) ï ʜʣʠʥʘ ʧʫʪʠ P. 

ʇʫʩʪʴ ʚʳʧʦʣʥʷʝʪʩʷ ʩʣʝʜʫʶʱʠʡ ʥʘʙʦʨ ʫʩʣʦʚʠʡ: 

ʘ) ʩʫʱʝʩʪʚʫʝʪ ʨʝʙʨʦ (S, M), ʥʝ ʣʝʞʘʱʝʝ ʥʘ ʧʫʪʠ P, ʪ.ʝ. S ï ʵʪʦ ʚʭʦʜ ʩʙʦʢʫ ʥʘ ʧʫʪʴ P;  

ʙ) ʩʫʱʝʩʪʚʫʶʪ ʧʇʃʀ S -> M ʠ N -> S; 

Len(Ppin,M) > LAT(S) + Ds,m,          (1) 

ʛʜʝ Ds,m ï ʵʪʦ ʟʘʜʝʨʞʢʘ ʨʝʙʨʘ ʚʨʝʤʝʥʥʦʛʦ ʛʨʘʬʘ (S, M).  

ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʩʠʛʥʘʣ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʡʩʷ ʧʦ ʧʫʪʠ P, ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʥʘ ʫʟʣʝ M 

ʧʦʟʞʝ, ʯʝʤ t = LAT(S) + Ds,m. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚʨʝʤʷ ʧʨʠʙʳʪʠʷ ʩʠʛʥʘʣʘ ʢ ʫʟʣʫ M, 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʤʫʩʷ ʧʦ ʧʫʪʠ P, ʪʦʯʥʦ ʨʘʚʥʦ Len(Ppin,m). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʫʪʴ P 

ʷʚʣʷʝʪʩʷ ʣʦʞʥʳʤ, ʪʦ ʝʩʪʴ ʩʠʛʥʘʣ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʡʩʷ ʧʦ ʵʪʦʤʫ ʧʫʪʠ, ʥʠʢʦʛʜʘ ʥʝ 

ʜʦʡʜʝʪ ʜʦ POUT.  

ʊʝʧʝʨʴ ʨʘʩʩʤʦʪʨʠʤ ʜʨʫʛʦʡ ʥʘʙʦʨ ʫʩʣʦʚʠʡ (ʨʠʩ. 2): 

1) ʩʫʱʝʩʪʚʫʝʪ ʨʝʙʨʦ ʚʦ ʚʨʝʤʝʥʥʦʤ ʛʨʘʬʝ (T, Conj(M)); 

2) ʩʫʱʝʩʪʚʫʶʪ ʧʇʃʀ(T, Conj(M)) ʠ ʧʇʃʀ(N, T); 

Len(Ppi, M) > LAT(T) + Dt,Conj(m),          (2) 

ʛʜʝ Dt,Conj(m) ïʟʘʜʝʨʞʢʘ ʨʝʙʨʘ ʚʨʝʤʝʥʥʦʛʦ ʛʨʘʬʘ (T, Conj(M)).  

ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʩʠʛʥʘʣ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʡʩʷ ʧʦ ʧʫʪʠ P, ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʥʘ ʫʟʣʝ M 

ʧʦʟʞʝ, ʯʝʤ t = LAT(T) + Dt,Conj(m). ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚʨʝʤʷ ʧʨʠʙʳʪʠʷ ʩʠʛʥʘʣʘ ʢ 

ʫʟʣʫ M, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʤʫʩʷ ʧʦ ʧʫʪʠ P, ʪʦʯʥʦ ʨʘʚʥʦ Len(Ppin,m). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʧʫʪʴ P ̫ ʚʣʷʝʪʩʷ ʣʦʞʥʳʤ. 

ʀʤʝʝʪʩʷ ʪʘʢʞʝ ʨʷʜ ʜʨʫʛʠʭ ʢʨʠʪʝʨʠʝʚ ʣʦʞʥʦʩʪʠ ʧʫʪʠ, ʧʦʜʦʙʥʳʭ ʢʨʠʪʝʨʠʷʤ (1), (2). 

ɺ ʪʨʝʪʴʝʤ ʩʪʦʣʙʮʝ ʪʘʙʣʠʮʳ 1 ʧʦʢʘʟʘʥʦ, ʥʘʩʢʦʣʴʢʦ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʤʦʞʝʪ ʠʤʝʪʴ 

ʇʃʀ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʨʝʤʝʥʥʦʛʦ ʘʥʘʣʠʟʘ. 

ʆʧʠʩʘʥʥʳʝ ʚʳʰʝ ʘʣʛʦʨʠʪʤʳ ʠ ʤʝʪʦʜʳ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʨʘʙʦʪʘʭ [8, 9]. 

ʈʘʩʩʤʦʪʨʠʤ ʪʝʧʝʨʴ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʣʘʛʘʝʤʳʡ ʤʝʪʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ 3-ʃʀ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʇʃʀ, ʭʨʘʥʠʪʴ ʚ ʧʘʤʷʪʠ ʚʩʝ 3-ʃʀ ʠʟ-ʟʘ ʠʭ 

ʦʛʨʦʤʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ. ɽʩʣʠ ʚʩʶ ʨʘʩʩʤʘʪʨʠʚʘʝʤʫʶ ʩʭʝʤʫ ʨʘʟʙʠʪʴ ʥʘ 

ʜʚʫʭʚʭʦʜʦʚʳʝ ʚʝʥʪʠʣʠ çʀè ʠ çʀʃʀè ʩ ʚʦʟʤʦʞʥʦʡ ʠʥʚʝʨʩʠʝʡ ʩʠʛʥʘʣʘ ʥʘ ʦʜʥʦʤ ʠʣʠ 

ʦʙʦʠʭ ʚʭʦʜʘʭ, ʪʦ ʢʘʞʜʳʡ ʪʘʢʦʡ ʚʝʥʪʠʣʴ ʠʤʝʝʪ ʤʝʞʜʫ ʩʚʦʠʤʠ ʚʳʚʦʜʘʤʠ ʜʚʝ ʇʃʀ ʠ 

ʦʜʥʫ 3-ʃʀ, ʥʘʟʦʚʝʤ ʢʦʪʦʨʦʝ ʧʝʨʚʠʯʥʦʡ 3-ʃʀ. 
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ʊʘʙʣʠʮʘ 1. ɺʣʠʷʥʠʝ ʇʃʀ 
 

ʅʘʟʚʘʥʠʝ 

ʩʭʝʤʘ 

ʄʘʢʩ. 

ʟʘʜʝʨʞʢʘ 

ɹʝʟ ʇʃʀ 

(ʥʩ) 

ʄʘʢʩ. 

ʟʘʜʝʨʞʢ

ʘ 

ʩ ʇʃʀ 

(ʥʩ) 

ʄʘʢʩ. 

ʟʘʜʝʨʞʢʘ 

ʩ ʇʃʀ ʠ 3-

ʃʀ 

(ʥʩ) 

ʋʤʝʥʴʰʝʥʠ

ʝ ʟʘʜʝʨʞʢʠ 

% 

ʂʦʣʠʯʝʩʪʚʦ 

ʣʦʞʥʳʭ ʧʫʪʝʡ 

c17 0.172 0.172 0.172 0 0 

c432 2.05 1.14 0.89 56.7 >1000 

c499 1.04 0.98 0.95 8.8 >1000 

c1355 1.76 1.75 1.75 0.55 >1000 

c1908 1.91 1.91 1.91 0 0 

c2670 1.85 1.52 1.40 24.5 >1000 

c3540 2.36 2.32 2.32 1.6 ~500 

c5315 2.49 2.48 2.47 0.88 ~55 

cnt_ones 1.32 1.31 1.31 0.65 1 

 

ʅʘʧʨʠʤʝʨ, ʚʝʥʪʠʣʴ AND2 ʩ ʚʭʦʜʘʤʠ in1, in2 ʠ ʚʳʭʦʜʦʤ out ʧʦʨʦʞʜʘʝʪ ʧʝʨʚʠʯʥʫʶ 

3-ʃʀ: in1, in2-> out. ʀʩʭʦʜʷ ʠʟ ʵʪʦʡ ʧʝʨʚʠʯʥʦʡ 3-ʃʀ ʠ ʩʧʠʩʢʦʚ ʇʃʀ ʚ ʫʟʣʘʭ in1, in2, 

out, ʤʦʞʥʦ ʧʦʨʦʜʠʪʴ ʤʥʦʞʝʩʪʚʦ 3-ʃʀ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʫʟʣʘʤʠ ʩʭʝʤʳ. 

ʇʫʩʪʴ L1,é, Ln ï ʫʟʣʳ, ʣʝʞʘʱʠʝ ʥʘ ʥʝʢʦʪʦʨʦʤ ʧʦʣʥʦʤ ʧʫʪʠ  P ʚʦ ʚʨʝʤʝʥʥʦʤ ʛʨʘʬʝ 

ʜʣʷ ʥʝʢʦʪʦʨʦʡ ʩʭʝʤʳ. ʇʫʩʪʴ M, N1, N2 - ʥʝʢʦʪʦʨʳʝ ʪʨʠ ʫʟʣʘ ʥʘ ʵʪʦʤ ʧʫʪʠ. 

ʉʬʦʨʤʫʣʠʨʫʝʤ ʫʩʣʦʚʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʧʫʪʴ ʷʚʣʷʝʪʩʷ ʣʦʞʥʳʤ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ 3-ʃʀ 

ʤʝʞʜʫ N1, N2 ʠ ʥʝʢʦʪʦʨʳʤ ʜʨʫʛʠʤ ʫʟʣʦʤ S, ʘ ʪʘʢʞʝ ʇʃʀ ʤʝʞʜʫ S ʠ M (ʨʠʩ. 2).  
 

 
 

ʈʠʩ. 2. ʂʨʠʪʝʨʠʡ ʦʙʥʘʨʫʞʝʥʠʷ ʣʦʞʥʳʭ ʧʫʪʝʡ ʧʨʠ ʧʦʤʦʱʠ 3-ʃʀ 

 

ʇʨʦʚʦʜʷʱʠʡ ʧʫʪʴ P ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʝʭ ʧʦʜʧʫʪʝʡ: Ppin,n1, Pn1,n2, Pn2,m, 

Pm,pout. Len(P) = Len(Ppin,n1) + Len(Pn1,n2) + Len(Pn2,m) + Len(Pm,pout), ʛʜʝ 

Len(P) ï ʜʣʠʥʘ ʧʫʪʠ P. 

ʇʫʩʪʴ ʚʳʧʦʣʥʷʝʪʩʷ ʩʣʝʜʫʶʱʠʡ ʥʘʙʦʨ ʫʩʣʦʚʠʡ: 

1) ʩʫʱʝʩʪʚʫʝʪ ʨʝʙʨʦ (S, M), ʥʝ ʣʝʞʘʱʝʝ ʥʘ ʧʫʪʠ P, ʪ.ʝ. S ï ʵʪʦ ʚʭʦʜ ʩʙʦʢʫ ʥʘ ʧʫʪʴ P;  

2) ʩʫʱʝʩʪʚʫʶʪ ʧʇʃʀ S->M ʠ ʧ3-ʃʀ N1, N2->S; 

Len(Ppin,M) > LAT(S) + Ds,m,          (3) 

ʛʜʝ Ds,m ï ʵʪʦ ʟʘʜʝʨʞʢʘ ʨʝʙʨʘ ʚʨʝʤʝʥʥʦʛʦ ʛʨʘʬʘ (S, M).  

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʠʛʥʘʣ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʡʩʷ ʧʦ ʧʫʪʠ P, ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʥʘ ʫʟʣʝ 

M ʧʦʟʞʝ, ʯʝʤ t = LAT(S) + Ds,m. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚʨʝʤʷ ʧʨʠʙʳʪʠʷ ʩʠʛʥʘʣʘ ʢ 

ʫʟʣʫ M, ʢʦʪʦʨʳʡ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʦ ʧʫʪʠ P, ʪʦʯʥʦ ʨʘʚʥʦ Len(Ppin,m). ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, P ʷʚʣʷʝʪʩʷ ʣʦʞʥʳʤ ʧʫʪʝʤ, ʪʘʢ ʢʘʢ ʩʠʛʥʘʣ, ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʦ ʵʪʦʤʫ 

ʧʫʪʠ, ʥʠʢʦʛʜʘ ʥʝ ʜʦʡʜʝʪ ʜʦ POUT.  
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ʊʝʧʝʨʴ ʨʘʩʩʤʦʪʨʠʤ ʜʨʫʛʦʡ ʥʘʙʦʨ ʫʩʣʦʚʠʡ (ʨʠʩ. 2): 

1) ʩʫʱʝʩʪʚʫʝʪ ʨʝʙʨʦ ʚʦ ʚʨʝʤʝʥʥʦʤ ʛʨʘʬʝ (T, Conj(M)); 

2) ʩʫʱʝʩʪʚʫʶʪ ʧʇʃʀ T-> Conj(M) ʠ ʧ3-ʃʀ 

N1,N2-> T); 

Len(Ppi, M) > LAT(T) + Dt,Conj(m),          (4) 

ʛʜʝ Dt,Conj(m) ïʟʘʜʝʨʞʢʘ ʨʝʙʨʘ ʚʨʝʤʝʥʥʦʛʦ ʛʨʘʬʘ (T, Conj(M)).  

ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʩʠʛʥʘʣ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʡʩʷ ʧʦ ʧʫʪʠ P, ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʥʘ ʫʟʣʝ M 

ʧʦʟʞʝ, ʯʝʤ t = LAT(T) + Dt,Conj(m). ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚʨʝʤʷ ʧʨʠʙʳʪʠʷ ʩʠʛʥʘʣʘ ʢ 

ʫʟʣʫ M, ʢʦʪʦʨʳʡ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʦ ʧʫʪʠ P, ʪʦʯʥʦ ʨʘʚʥʦ Len(Ppin,m). ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʫʪʴ P ʷʚʣʷʝʪʩʷ ʣʦʞʥʳʤ. 

ʇʦʩʤʦʪʨʝʚ ʥʘ ʧʦʩʣʝʜʥʠʡ ʩʪʦʣʙʝʮ ʊʘʙʣʠʮʳ 1, ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ ʥʘʩʢʦʣʴʢʦ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʚ ʥʝʢʦʪʦʨʳʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʭʝʤʘʭ ʤʦʞʝʪ ʙʳʪʴ ʫʪʦʯʥʝʥʠʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʚʨʝʤʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʠ ʫʯʝʪʝ ʢʘʢ ʇʃʀ ʪʘʢ ʠ 3-ʃʀ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʚʘʨʠʘʥʪʦʤ ʫʯʝʪʘ ʪʦʣʴʢʦ ʇʃʀ. 

ɺʳʚʦʜʳ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʘʣʛʦʨʠʪʤ ʫʯʝʪʘ ʚʨʝʤʝʥʥʳʭ ʢʦʨʨʝʣʷʮʠʡ ʚ ʮʠʬʨʦʚʳʭ 

ʉɹʀʉ, ʚʢʣʶʯʘʶʱʠʡ ʟʥʘʯʠʪʝʣʴʥʳʝ ʫʪʦʯʥʝʥʠʷ, ʚʥʦʩʠʤʳʝ ʘʣʛʦʨʠʪʤʦʤ ʦʙʥʘʨʫʞʝʥʠʷ 

ʣʦʞʥʳʭ ʧʫʪʝʡ (ʩʨʝʜʠ ʩʘʤʳʭ ʜʣʠʥʥʳʭ ʧʫʪʝʡ ʚ ʩʭʝʤʝ). ʇʫʪʴ ʩʯʠʪʘʝʪʩʷ ʣʦʞʥʳʤ ʧʦ 

ʢʨʠʪʝʨʠʷʤ ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʇʃʀ ʠ 3-ʃʀ, ʪʦ ʝʩʪʴ ʩʣʦʞʥʳʭ ʢʦʨʨʝʣʷʮʠʡ 

ʤʝʞʜʫ ʩʠʛʥʘʣʘʤʠ ʚ ʩʭʝʤʝ.  

ʀʤʧʣʠʢʘʮʠʡ, ʙʦʣʝʝ ʩʣʦʞʥʳʭ, ʯʝʤ ʪʨʦʡʥʳʝ ʥʝ ʠʤʝʝʪ ʩʤʳʩʣʘ, ʧʦʩʢʦʣʴʢʫ ʵʪʠ 

ʠʤʧʣʠʢʘʮʠʠ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʧʨʠ ʧʦʤʦʱʠ ʨʘʟʣʠʯʥʳʭ ʧʨʦʩʪʳʭ ʠ ʪʨʦʡʥʳʭ 

ʣʦʛʠʯʝʩʢʠʭ ʠʤʧʣʠʢʘʮʠʡ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʥʘʙʦʨ ʫʩʣʦʚʠʡ ʣʦʞʥʦʩʪʠ ʧʫʪʠ, ʦʧʠʩʘʥʥʳʭ ʚ 

ʜʘʥʥʦʡ ʩʪʘʪʴʝ, ʧʦʣʥʳʤ ʥʝ ʷʚʣʷʝʪʩʷ ʠ ʤʦʞʝʪ ʙʳʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʫʪʦʯʥʝʥ [9]. 
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ɸʃʂʀʃʀʈʆɺɸʅʀɽ ʆ-ʂʉʀʃʆʃɸ ɻɽʂʉɽʅʆʄ-1  

ɺ ʇʈʀʉʋʊʉʊɺʀʀ ɺʓʉʆʂʆʂʈɽʄʅɽɿɽʄʅʆɻʆ  

ʎɽʆʃʀʊɸ ʊʀʇɸ ZSM-5 
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ʀʩʤʘʡʣʦʚʘ ʉ.ʉ., Aʙʜʫʣʣʘʝʚʘ ʄ.ʗ., ɸʤʠʨʦʚ ʉ.ɻ. ɸʃʂʀʃʀʈʆɺɸʅʀɽ ʆ-ʂʉʀʃʆʃɸ ɻɽʂʉɽʅʆʄ-1 ɺ ʇʈʀʉʋʊʉʊɺʀʀ ɺʓʉʆʂʆʂʈɽʄʅɽɿɽʄʅʆɻʆ ʎɽʆʃʀʊɸ ʊʀʇɸ ZSM-5 / Ismayilova S.S., Abdullayeva ʄ.Yʘ., Amirov S.G. ALKYLATING OF ʆ-XYLOL BY HEXENE- 1 IN THE 

PRESENCE OF HIGH-SILICA ZEOLITE OF ZSMï5 TYPE 

1ʀʩʤʘʡʣʦʚʘ ʉʘʙʠʨʘ ʉʘʙʠʨ ï ʢʘʥʜʠʜʘʪ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʘʩʩʠʩʪʝʥʪ, 

ʢʘʬʝʜʨʘ ʭʠʤʠʠ ʠ ʪʝʭʥʦʣʦʛʠʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ; 
2Aʙʜʫʣʣʘʝʚʘ ʄʘʡʷ ʗʜʠʛʘʨ ï ʢʘʥʜʠʜʘʪ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, 

ʢʘʬʝʜʨʘ ʥʝʬʪʝʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠ ʧʨʦʤʳʰʣʝʥʥʦʡ ʵʢʦʣʦʛʠʠ; 
3ɸʤʠʨʦʚ ʉʘʙʠʨ ɻʘʨʘʰ - ʢʘʥʜʠʜʘʪ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, 

ʢʘʬʝʜʨʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʠ ʪʝʭʥʦʣʦʛʠʠ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ,  

ɸʟʝʨʙʘʡʜʞʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʥʝʬʪʠ ʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, 

ʛ. ɹʘʢʫ, ɸʟʝʨʙʘʡʜʞʘʥʩʢʘʷ ʈʝʩʧʫʙʣʠʢʘ 

 

ɸʥʥʦʪʘʮʠʷ: ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʦ-ʢʩʠʣʦʣʘ ʛʝʢʩʝʥʦʤ-1 ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʮʝʦʣʠʪʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʪʠʧʘ ZSM-5. ɹʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ 

ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ (ʪʝʤʧʝʨʘʪʫʨʳ, ʚʨʝʤʝʥʠ ʨʝʘʢʮʠʠ, ʢʦʣʠʯʝʩʪʚʘ ʢʘʪʘʣʠʟʘʪʦʨʘ) 

ʥʘ ʚʳʭʦʜ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ, ʧʨʠʚʝʜʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ 

ʨʝʘʢʮʠʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʳʭʦʜ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʧʨʠ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 

ʩʦʩʪʘʚʠʣ 98,2%. ʇʨʝʜʣʦʞʝʥʥʳʡ ʩʧʦʩʦʙ ʧʦʟʚʦʣʠʪ ʟʘʤʝʥʠʪʴ ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʥʝʙʝʟʦʧʘʩʥʳʡ ʩʧʦʩʦʙ ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʦ-ʢʩʠʣʦʣʘ ʛʝʢʩʝʥʦʤ-1 ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʭʣʦʨʠʩʪʦʛʦ 

ʘʣʶʤʠʥʠʷ ʧʨʠ ʪʨʝʭʩʪʘʜʠʡʥʦʤ ʩʧʦʩʦʙʝ ʩʠʥʪʝʟʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʠ 

ʘʮʝʪʦʢʩʠʤʝʪʠʣ-ʚʪ.ʛʝʢʩʠʣ-ʦ-ʢʩʠʣʦʣʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʣʢʠʣʠʨʦʚʘʥʠʝ, ʦ-ʢʩʠʣʦʣ, ʛʝʢʩʝʥ-1, ʚʪ.ʛʝʢʩʠʣ-ʦ-ʢʩʠʣʦʣ, ʮʝʦʣʠʪ ZSM-5.  
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Abstract: the results of alkylation of o-xylene with hexene-1 in the presence of a ZSM-5 zeolite 

catalyst have been given. The effect of various parameters (temperature, reaction time, amount 

of catalyst) on the yield and selectivity of the target products was studied, optimal reaction 

conditions were given. It was found that the yield of the target products under optimal 

conditions was 98.2%. The proposed method will replace un ecologically unsafe method of 
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alkylation of o-xylene with hexene-1 in the presence of aluminum chloride in a three-step 

process of the synthesis of the dielectric liquid of acetoxymethyl-hexyl-o-xylol. 

Keywords: ʘlkylation, o-xylol, hexene-1, hexyl o-xylol, zeolite ZSM-5. 
 

ʋɼʂ. 547.27.537.26 
 

ɺ ʩʚʷʟʠ ʩ ʧʦʚʩʝʤʝʩʪʥʳʤ ʦʪʢʘʟʦʤ ʚ ʵʣʝʢʪʨʦʪʝʭʥʠʢʝ ʦʪ ʧʦʣʠʭʣʦʨʠʨʦʚʘʥʥʳʭ 

ʙʠʬʝʥʠʣʦʚ, ʷʚʣʷʶʱʠʭʩʷ ʵʢʦʣʦʛʠʯʝʩʢʠ ʦʧʘʩʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ, ʚ ʧʦʣʴʟʫ 

ʢʘʩʪʦʨʦʚʦʛʦ ʤʘʩʣʘ, ʦʩʫʱʝʩʪʚʣʝʥ ʪʨʝʭʩʪʘʜʠʡʥʳʡ ʩʠʥʪʝʟ ʘʮʝʪʦʦʢʩʠʤʝʪʠʣ-

ʚʪʦʨ.ʛʝʢʩʠʜ-ʦ-ʢʩʠʣʦʣʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʠʥʪʝʨʝʩ ʚ ʢʘʯʝʩʪʚʝ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ 

ʟʘʤʝʥʠʪʝʣʷ ʢʘʩʪʦʨʦʚʦʛʦ ʤʘʩʣʘ [1, ʩ. 51].  

ɸʮʝʪʦʢʩʠʤʝʪʠʣ-ʚʪʦʨʛʝʢʩʠʣ-ʦ-ʢʩʠʣʦʣ ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʥʘ ʙʘʟʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ 

ʨʝʘʢʮʠʡ ʘʣʢʠʣʠʨʦʚʘʥʠʷ, ʭʣʦʨʤʝʪʠʣʠʨʦʚʘʥʠʷ ʘʣʢʠʣ-ʟʘʤʝʱʝʥʥʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʧʦʚʳʰʝʥʥʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ, ʩʠʥʪʝʟʘ ʩʣʦʞʥʳʭ ʵʬʠʨʦʚ ʨʝʘʢʮʠʝʡ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʝʥʟʠʣʭʣʦʨʠʜʦʚ ʩ ʢʘʨʙʦʢʩʠʣʘʪʘʤʠ ʥʘʪʨʠʷ. 

ʆʜʥʘʢʦ, ʥʘ ʩʪʘʜʠʠ ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʦ-ʢʩʠʣʦʣʘ ʛʝʢʩʝʥʦʤ-1 ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʪʨʘʜʠʮʠʦʥʥʳʝ ʞʠʜʢʠʝ ʢʘʪʘʣʠʟʘʪʦʨʳ, ʢʘʢ ʩʝʨʥʘʷ ʢʠʩʣʦʪʘ ʠ ʢʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ 

ʭʣʦʨʠʩʪʦʛʦ ʘʣʶʤʠʥʠʷ. ɼʘʥʥʳʝ ʩʧʦʩʦʙʳ ʦʪʣʠʯʘʶʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚ 

ʭʠʤʠʯʝʩʢʠ ʟʘʛʨʷʟʥʝʥʥʳʭ ʩʪʦʢʦʚ, ʢʦʪʦʨʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʶʪʩʷ, ʤʷʛʢʦ ʛʦʚʦʨʷ, 

ʦʯʝʥʴ ʥʝʞʝʣʘʪʝʣʴʥʳʤʠ. 

ɺ ʩʚʷʟʠ ʩ ʯʝʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʚʝʨʜʳʭ ʢʠʩʣʦʪʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʧʨʦʮʝʩʩʝ 

ʘʣʢʠʣʠʨʦʚʘʥʠ ̫ʦ-ʢʩʠʣʦʣʘ ʛʝʢʩʝʥʦʤ-1 ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ. 

ʇʨʦʮʝʩʩʳ ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʦʣʝʬʠʥʘʤʠ ʠʩʩʣʝʜʦʚʘʣʠʩʴ 

ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʪʚʝʨʜʳʭ ʢʠʩʣʦʪʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʮʝʦʣʠʪʳ, 

ʘʣʶʤʦʩʠʣʠʢʘʪʳ, ʠʦʥʦʦʙʤʝʥʥʳʝ ʩʤʦʣʳ, ʪʚʝʨʜʳʝ ʢʠʩʣʦʪʳ ʠ ʪ.ʜ. [2, ʩ. 18]. ɺ ʥʘʩʪʦʷʱʝʡ 

ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʦ-ʢʩʠʣʦʣʘ ʛʝʧʪʝʥʦʤ-1 ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʮʝʦʣʠʪʘ ZSM-5 c ʩʠʣʠʢʘʪʥʳʤ ʤʦʜʫʣʝʤ, ʨʘʚʥʳʤ 90. ɺʦʜʦʨʦʜʥʫʶ ʬʦʨʤʫ 

ʮʝʦʣʠʪʘ ʛʦʪʦʚʠʣʠ ʧʦ ʤʝʪʦʜʠʢʝ, ʧʨʠʚʝʜʝʥʥʳʡ ʚ ʨʘʙʦʪʝ [3, ʩ. 24]. 

ɾʠʜʢʦʬʘʟʥʦʝ ʘʣʢʠʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʚ ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʥʥʦʤ 

ʘʚʪʦʢʣʘʚʝ ʩ ʧʝʨʝʤʝʰʠʚʘʶʱʝʤ ʫʩʪʨʦʡʩʪʚʦʤ [4 ,ʩ. 24]. ɺ ʨʝʘʢʪʦʨ ʟʘʛʨʫʞʘʣʠ 

ʥʝʦʙʭʦʜʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʩʠʣʦʣʘ ʠ ʛʝʢʩʝʥ-1, ʘ ʪʘʢʞʝ ʨʘʩʩʯʠʪʘʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʪʚʝʨʜʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʇʝʨʝʤʝʰʠʚʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ ʚʢʣʶʯʘʣʘʩʴ ʧʦ ʜʦʩʪʠʞʝʥʠʠ 

ʥʝʦʙʭʦʜʠʤʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. ʇʦʩʣʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʨʝʤʝʥʠ 

ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʧʝʨʝʤʝʰʠʚʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ ʦʪʢʣʶʯʘʣʦʩʴ ʠ ʘʚʪʦʢʣʘʚ 

ʧʦʜʚʝʨʛʘʣʩʷ ʦʭʣʘʞʜʝʥʠʶ. ʂʘʪʘʣʠʟʘʪʦʨ ʩ ʮʝʣʴʶ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʪʜʝʣʷʣʠ 

ʦʪ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʬʠʣʴʪʨʦʚʘʥʠʝʤ. ʉʦʩʪʘʚ ʨʝʘʢʮʠʦʥʥʳʡ ʩʤʝʩʠ ʦʧʨʝʜʝʣʷʣʠ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝʤ ʠ ʤʝʪʦʜʦʤ ʛʘʟʦ-ʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ.  

ɻʘʟʦ-ʞʠʜʢʦʩʪʥʡr ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ ʠ ʧʨʦʜʫʢʪʦʚ 

ʨʝʘʢʮʠʠ ʧʨʦʚʦʜʠʣʠ ʥʘ ʭʨʦʤʘʪʦʛʨʘʬʝ ʍʨʦʤ-5 ʩ ʜʝʪʝʢʪʦʨʦʤ ʧʦ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʩ 

ʧʦʨʦʛʦʤ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʥʝ ʥʠʞʝ 3Ὴ10
-3
% (ʦʙʲʝʤ).  

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʮʝʩʩʘ ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʦ-ʢʩʠʣʦʣʘ ʛʝʢʩʝʥʦʤ-1 ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1. 

ʇʨʠ ʵʪʦʤ ʤʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʦʣʝʬʠʥ : ʦ-ʢʩʠʣʦʣ=1 : 8, ʢʦʣʠʯʝʩʪʚʦ ʢʘʪʘʣʠʟʘʪʦʨʘ 

15,0 ʤʘʩʩ.%. ʇʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ ʨʝʘʢʮʠʠ ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʧʦʜʚʝʨʛʘʣʩʷ ʧʨʦʢʘʣʠʚʘʥʠʶ ʧʨʠ 600ÁC ʚ ʪʦʢʝ ʩʫʭʦʛʦ ʚʦʟʜʫʭʘ ʚ ʪʝʯʝʥʠʝ 2 ʯ, ʧʦʩʣʝ ʯʝʛʦ 

ʦʭʣʘʞʜʘʣʩ ̫ʚ ʩʫʭʦʡ ʘʪʤʦʩʬʝʨʝ. 
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ʊʘʙʣʠʮʘ 1. ɿʘʚʠʩʠʤʦʩʪʴ ʚʳʭʦʜʘ ʚʪʦʨʛʝʢʩʠʣ-ʦ-ʢʩʠʣʦʣʘ ʦʪ ʚʨʝʤʝʥʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʦ-ʢʩʠʣʦʣʘ ʛʝʢʩʝʥʦʤ-1 ʥʘ ʮʝʦʣʠʪʝ 0,9HZSM-5 
 

ɺʨʝʤʷ ʨʝʘʢʮʠʠ, 

ʯ 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʨʝʘʢʮʠʠ, ÁC 

ʂʦʥʚʝʨʩʠʷ 

ʛʝʢʩʝʥʘ-1, % 

ɺʳʭʦʜ ʤʦʥʦʘʣʢʠ-

ʣʠʨʦʚʘʥʥʦʛʦ 

ʦ-ʢʩʠʣʦʣʘ, % 

1 160 92,0 85,1 

2  95,2 92,3 

3  100 96,7 

1 180 98,2 91,7 

2  100 98,2 

3  100 98,1 

1 200 100 96,1 

2  100 98,0 

3  100 96,5 

 

ʀʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ ʚʠʜʥʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʳʡ ʚʳʭʦʜ ʧʨʦʜʫʢʪʦʚ ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʦ-

ʢʩʠʣʦʣʘ ʛʝʢʩʝʥʦʤ-1 ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ 180
0
ʉ, ʚʨʝʤʝʥʠ ʨʝʘʢʮʠʠ ʜʚʘ ʯʘʩʘ ʠ ʤʦʣʴʥʦʤ 

ʩʦʦʪʥʦʰʝʥʠʠ ʨʝʘʢʪʘʥʪʦʚ: ʦ-ʢʩʠʣʦʣʘ: Ŭ-ʦʣʝʬʠʥʘʤʠ 8:1.  

ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʚʪ.ʛʝʢʩʠʣ-ʦ-ʢʩʠʣʦʣ ʠʤʝʣ ʩʣʝʜʫʶʱʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ: ʊ.ʢʠʧ. 104-106
0
ʉ/4 ʤʤ ʨʪ.ʩʪ.; 887,020-yd , 4945,120-

D
n . ʕʣʝʤʝʥʪʥʳʡ 

ʩʦʩʪʘʚ C 88,21%, H 11,32%. (ʚʳʯʠʩʣʝʥʥʳʡ ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ C-88,43%; H-11,58%). 

ʅʘʡʜʝʥʦ: ʄʢʨʠʦʩʢ.-188; ʄRʥʘʡʜ.-61,9; ʄRʧʦʜʩʯ. -61,8.  

ɹʳʣʦ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʩʪʝʧʝʥʠ ʦʙʤʝʥʘ ʠʦʥʦʚ ʥʘʪʨʠʷ ʚ ʮʝʦʣʠʪʝ ʥʘ ʠʦʥʳ 

ʚʦʜʦʨʦʜʘ ʥʘ ʝʛʦ ʘʣʢʠʣʠʨʫʶʱʠʝ ʩʚʦʡʩʪʚʘ. ɺ ʪʘʙʣ. 2 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʦ-ʢʩʠʣʦʣʘ ʛʝʢʩʝʥʦʤ-1 ʥʘ ʮʝʦʣʠʪʘʭ ZSM-5 ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʪʝʧʝʥʷʤʠ 

ʜʝʢʘʪʠʦʥʠʨʦʚʘʥʠʷ.  
 

ʊʘʙʣʠʮʘ 2. ɸʣʢʠʣʠʨʦʚʘʥʠʝ ʦ-ʢʩʠʣʦʣʘ ʛʝʢʩʝʥʦʤ-1 ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʮʝʦʣʠʪʘ ZSM-5 ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʩʪʝʧʝʥʷʤʠ ʜʝʢʘʪʠʦʥʠʨʦʚʘʥʠʷ 
 

ʂʘʪʘʣʠʟʘʪʦʨʳ ʂʦʥʚʝʨʩʠʷ ʛʝʢʩʝʥʘ-1, % 

ɺʳʭʦʜ 

ʤʦʥʦʘʣʢʠʣʠʨʦʚʘʥʥʦʛʦ 

ʦ-ʢʩʠʣʦʣʘ, % 

ZSM-5 15,7 2,7 

0,5H ZSM-5 78,2 72.3 

0,7H ZSM-5 100 84,7 

0,9H ZSM-5 100 98,2 
 

ʇʨʠʤʝʯʘʥʠʝ: ɺʨʝʤʷ ʨʝʘʢʮʠʠ - 2 ʯ, ʪʝʤʧʝʨʘʪʫʨʘ - 180ÁC, ʤʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʦ-

ʢʩʠʣʦʣ:ʛʝʢʩʝʥ-1=8:1, ʢʦʣʠʯʝʩʪʚʦ ʢʘʪʘʣʠʟʘʪʦʨʘ - 15 ʤʘʩʩ.%.  

 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʪʘʙʣʠʮʳ, ʫʚʝʣʠʯʝʥʠʝ ʩʪʝʧʝʥʠ ʜʝʢʘʪʠʦʥʠʨʦʚʘʥʠʷ ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʚʣʠʷʝʪ ʢʘʢ ʥʘ ʩʪʝʧʝʥʴ ʧʨʝʚʨʘʱʝʥʠʷ ʛʝʢʩʝʥ-1, ʪʘʢ ʠ ʥʘ ʚʳʭʦʜ ʤʦʥʦʘʣʢʠʣʠʨʦʚʘʥʥʦʛʦ ʦ-

ʢʩʠʣʦʣʘ. ʆʧʪʠʤʘʣʴʥʦʡ ʩʪʝʧʝʥʴʶ ʜʝʢʘʪʠʦʥʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 90%. 

ɺ ʪʘʙʣ. 3 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʚʣʠʷʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʢʘʪʘʣʠʟʘʪʦʨʘ 0,9HZSM-5 ʠ 

ʤʦʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʦ-ʢʩʠʣʦʣʘ ʛʝʢʩʝʥʘ-1 ʥʘ ʚʳʭʦʜ ʚʪʦʨʛʝʢʩʠʣ-ʦ-ʢʩʠʣʦʣʘ. 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʪʘʙʣʠʮʳ, ʠʟʤʝʥʝʥʠʝ ʢʦʣʠʯʝʩʪʚʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʦʪ 5 ʜʦ 20 ʤʘʩʩ.% ʠ 

ʤʦʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʦ-ʢʩʠʣʦʣʘ ʢ ʛʝʢʩʝʥʫ-1 ʦʪ 6:1 ʜʦ 10:1 ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ 

ʚʳʭʦʜ ʚʪʦʨʛʝʢʩʠʣ-ʦ-ʢʩʠʣʦʣʘ. ʆʧʪʠʤʘʣʴʥʳʤʠ ʷʚʣʷʶʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ 15 

ʤʘʩʩ.% ʠ ʤʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʦ-ʢʩʠʣʦʣʘ ʢ ʛʝʢʩʝʥʫ-1= 8:1. 
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ʏʪʦ ʞʝ ʢʘʩʘʝʪʩʷ ʚʨʝʤʝʥʠ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ, ʪʦ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʮʝʩʩʘ ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʝʛʦ ʥʠʞʝ ʜʚʫʭ ʯʘʩʦʚ ʭʫʞʝ, ʧʨʠ ʙʦʣʝʝ ʜʚʫʭʯʘʩʦʚʦʛʦ ʧʨʦʚʝʜʝʥʠʷ ʧʦʢʘʟʘʪʝʣʠ 

ʧʨʦʮʝʩʩʘ ʧʨʘʢʪʠʯʝʩʢʠ ʩʪʘʙʠʣʴʥʳ.  
 

ʊʘʙʣʠʮʘ 3. ɿʘʚʠʩʠʤʦʩʪʴ ʚʳʭʦʜʘ ʚʪʦʨʛʝʢʩʠʣ-ʦ-ʢʩʠʣʦʣʘ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʢʘʪʘʣʠʟʘʪʦʨʘ 0,9HZSM-5 

ʠ ʤʦʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʦ-ʢʩʠʣʦʣʘ ʛʝʢʩʝʥʫ-1 
 

ʂʦʣʠʯʝʩʪʚʦ 

ʢʘʪʘʣʠʟʘʪʦʨʘ, ʤʘʩʩ. % 

ʄʦʣʴʥʦʝ ʩʦʪʥʦʰʝʥʠʝ 

ʦ-ʢʩʠʣʦʣ:ʛʝʢʩʝʥ-1 

ʂʦʥʚʝʨʩʠʷ 

ʛʝʢʩʝʥʘ-1, 

% 

ɺʳʭʦʜ 

ʤʦʥʦʘʣʢʠʣʠʨʦ-

ʚʘʥʥʦʛʦ  

ʦ-ʢʩʠʣʦʣʘ, % 

5 6:1 76,4 67,7 

10 6:1 95,7 77,2 

15 6:1 100 82.3 

20 6:1 100 83,1 

5 8:1 81,1 70,3 

10 8:1 98,1 93,2 

15 8:1 100 98,2 

20 8:1 100 96,1 

5 10:1 80,1 99,2 

10 10:1 98,7 94,1 

15 10:1 100 97,4 

20 10:1 100 95,9 
 

ʇʨʠʤʝʯʘʥʠʝ: ɺʨʝʤʷ ʨʝʘʢʮʠʠ - 2 ʯ., ʪʝʤʧʝʨʘʪʫʨʘ - 180ÁC. 
 

ɺ ʪʘʙʣ. 4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʘʪʝʨʠʘʣʴʥʳʝ ʙʘʣʘʥʩʳ ʧʨʦʮʝʩʩʦʚ ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʦ-

ʢʩʠʣʦʣʘ ʛʝʢʩʝʥʦʤ-1 ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʟʣʠʯʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʅʘʠʙʦʣʴʰʘʷ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʮʝʣʝʚʦʤʫ ʧʨʦʜʫʢʪʫ, ʥʘʙʣʶʜʘʝʪʩʷ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ 

HZSM-5. ʇʨʠ ʵʪʦʤ ʢʦʥʚʝʨʩʠʷ ʦʣʝʬʠʥʘ ʩʦʩʪʘʚʣʷʝʪ 100%. 
 

ʊʘʙʣʠʮʘ 4. ʄʘʪʝʨʠʘʣʴʥʳʡ ʙʘʣʘʥʩ ʧʨʦʮʝʩʩʘ ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʦ-ʢʩʠʣʦʣʘ ʛʝʢʩʝʥʦʤ-1 ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʨʘʟʣʠʯʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 
 

ˉ 
ʉʳʨʴʝ, ʧʨʦʜʫʢʪʳ, 

ʧʦʢʘʟʘʪʝʣʠ 

ʂʘʪʘʣʠʟʘʪʦʨ 

AlCl 3 AlCl 3ȚCH3NO2 AlCl 3ȚHCl 
HZSM-

5 

ɺʟʷʪʦ 

1 ʊʝʤʧʝʨʘʪʫʨʘ, 0ʉ 25 50 50 180 

2 
ʦ-ʂʩʠʣʦʣ:ʛʝʢʩʝʥ-1, 

ʤʦʣʴ/ʤʦʣʴ 
6 6 6 8 

3 
ʂʘʪʘʣʠʟʘʪʦʨ:ʛʝʢʩʝʥ-1, 

ʤʦʣʴ 
0,15 0,15 0,15  

4 ɺʨʝʤʷ ʨʝʘʢʮʠʠ, ʯʘʩ 4,0 3,0 2,0 2,0 

5 
ʂʦʥʚʝʨʩʠʷ ʦʣʝʬʠʥʘ, % 

ʤʘʩʩ. 
100 100 100 100 

6 ʉʝʣʝʢʪʠʚʥʦʩʪʴ, % ʤʘʩʩ. 56,8 86,2 75 98,2 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʮʝʦʣʠʪʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʨʠ ʘʣʢʠʣʠʨʦʚʘʥʠʠ ʦ-ʢʩʠʣʦʣʘ ʛʝʢʩʝʥʦʤ-1.  

ʇʨʠ ʵʪʦʤ ʟʘʤʝʥʦʡ ʢʘʪʘʣʠʟʘʪʦʨ-ʭʣʦʨʠʩʪʳʡ ʘʣʶʤʠʥʠʡ ʥʘ ʩʪʘʜʠʠ ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʦ-

ʢʩʠʣʦʣʘ ʛʝʢʩʝʥʦʤ-1 ʥʘ ʮʝʦʣʠʪʥʳʡ ʨʝʰʘʝʪʩʷ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʧʨʦʙʣʝʤʘ ʠ ʧʦʣʫʯʘʝʪʩʷ 

ʘʮʝʪʦʢʩʠʤʝʪʠʣ-ʚʪ.ʛʝʢʩʠʣ-ʦ-ʢʩʠʣʦʣ, ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʦʛʦ ʧʦʟʚʦʣʷʶʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʝʛʦ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʟʘʤʝʥʠʪʝʣʴ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʠ-

ʥʘʪʫʨʘʣʴʥʦʛʦ ʢʘʩʪʦʨʦʚʦʛʦ ʤʘʩʣʘ.  
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ʢʘʬʝʜʨʘ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, 

ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʕ. ɹʘʫʤʘʥʘ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʄʳʪʠʱʠʥʩʢʠʡ ʬʠʣʠʘʣ, 

ʛ. ʄʳʪʠʱʠ 

 

ɸʥʥʦʪʘʮʠʷ: ʦʙʦʩʥʦʚʘʥʠʝ ʤʝʪʦʜʘ ʨʝʰʝʥʠʷ ʩʤʝʰʘʥʥʦʡ ʟʘʜʘʯʠ ʜʣʷ ʩʠʩʪʝʤʳ 

ʪʝʣʝʛʨʘʬʥʳʭ ʫʨʘʚʥʝʥʠʡ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʟ ʦʙʱʠʭ ʪʝʦʨʝʤ ʨʘʙʦʪʳ [3]. ɺ ʥʘʩʪʦʷʱʝʡ 

ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʚʝʜʝʥʠʝ ʧʦʩʪʘʚʣʝʥʥʦʡ ʩʤʝʰʘʥʥʦʡ ʟʘʜʘʯʠ ʢ ʩʤʝʰʘʥʥʦʡ 

ʟʘʜʘʯʝ ʧʨʠ ʧʨʦʩʪʝʡʰʠʭ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʥʦʚʳʭ ʬʫʥʢʮʠʡ ʠ ʨʝʰʝʥʠʝ 

ʧʦʩʣʝʜʥʝʡ ʦʙʳʯʥʳʤ ʠ ʚʠʜʦʠʟʤʝʥʝʥʥʳʤ ʤʝʪʦʜʘʤʠ ʨʘʟʜʝʣʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ. ʇʦʢʘʟʘʥʘ 

ʪʦʞʜʝʩʪʚʝʥʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠ ʨʝʰʝʥʠʠ ʢʘʢ ʦʜʥʠʤ, ʪʘʢ ʠ ʜʨʫʛʠʤ 

ʤʝʪʦʜʦʤ. ɼʦʢʘʟʘʥʘ ʪʝʦʨʝʤʘ, ʧʦʜʪʚʝʨʞʜʘʶʱʘʷ ʧʨʘʚʦʤʝʨʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʚʠʜʦʠʟʤʝʥʝʥʥʦʛʦ ʤʝʪʦʜʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʨʘʚʥʝʥʠʷ, ʪʝʣʝʛʨʘʬʥʳʝ, ʤʝʪʦʜ. 
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Abstract: justification of a method of the solution of the mixed task for the system of the 

telegraph equations it is possible to obtain from the general theorems in article [3]. In the 

present article convergence of the set mixed task to the mixed task in case of the elementary 

boundary conditions by introduction of new functions is considered and the decision of the 

mixed task by usual method of division of variable and modified one. The identity of the 

received results in case of the decision is shown, by both one, and other method. The 

theorem confirming legitimacy of use of a modified method is proved.  

Keywords: equations, method, telegraph. 
 

ʋɼʂ 681.51 
 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʩʣʝʜʫʶʱʘʷ: 

ʈʘʩʩʤʦʪʨʠʤ ʩʠʩʪʝʤʫ ʪʝʣʝʛʨʘʬʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚ ʚʝʢʪʦʨʥʦ-ʤʘʪʨʠʯʥʦʡ ʬʦʨʤʝ: 
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ʠ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ( [0, ])t TÍ   

0

( )
,

t

x

b=
=-

F
i  [0, ]x lÍ           (3) 

ɿʜʝʩʴ ʢʦʵʬʬʠʮʠʝʥʪʳ , , ,L R C G - ʧʦʩʪʦʷʥʥʳʝ ʢʚʘʜʨʘʪʥʳʝ ʤʘʪʨʠʮʳ ʨʘʟʤʝʨʥʦʩʪʠ 

1,m²  ʧʨʠʯʝʤ ʤʘʪʨʠʮʳ ,L C  ʩʠʤʤʝʪʨʠʯʥʳ ʠ ʧʦʣʦʞʠʪʝʣʴʥʦ ʦʧʨʝʜʝʣʝʥʳ. ɺʝʢʪʦʨʳ 

( , )x ti  ʠ ( , )x tu ʨʘʟʤʝʨʥʦʩʪʠ m. ɼʣʷ ʙʦʣʝʝ ʥʘʛʣʷʜʥʦʛʦ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʣʦʞʝʥʠʷ 

ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʢʘʣʷʨʥʳʝ ʠʩʢʦʤʳʝ ʬʫʥʢʮʠʠ ( , )i x t  ʠ ( , )u x t ʥʝʟʘʚʠʩʠʤʳʭ 

ʧʝʨʝʤʝʥʥʳʭ x  ʠ ,t   ʷʚʣʷʶʱʠʝʩʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʠʣʦʡ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʝʤ; l  - 

ʜʣʠʥʘ ʧʨʦʚʦʜʘ. , , ,L R C G - ʙʫʜʝʤ ʩʯʠʪʘʪʴ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʧʦʩʪʦʷʥʥʳʝ 

ʚʝʱʝʩʪʚʝʥʥʳʝ ʯʠʩʣʘ, ʚʳʨʘʞʘʶʱʠʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʩʘʤʦʠʥʜʫʢʮʠʶ, 

ʫʪʝʯʢʫ ʠ ʝʤʢʦʩʪʴ (ʚ ʨʘʩʯʝʪʝ ʥʘ ʝʜʠʥʠʮʫ ʜʣʠʥʳ ʧʨʦʚʦʜʘ). 

ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ (2) ʦʟʥʘʯʘʶʪ, ʯʪʦ ʣʝʚʳʡ ʢʦʥʝʮ ( 0)x=  ʧʨʦʚʦʜʘ ʦʪʢʨʳʪ, ʘ ʥʘ 

ʧʨʘʚʦʤ ʢʦʥʮʝ ( )x l= ʚʢʣʶʯʝʥʦ ʦʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ .a  ʇʨʠ ʵʪʦʤ ʙʫʜʝʤ 

ʩʯʠʪʘʪʴ ( , )a bÍ ¤, ʛʜʝ ,
L

C
b=   ( )F x  ʠ ( )xq  - ʠʟʚʝʩʪʥʳʝ ʥʝʧʨʝʨʳʚʥʦ 

ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʳʝ ʥʘ ʦʪʨʝʟʢʝ [0, ]x lÍ  ʬʫʥʢʮʠʠ, ʠʤʝʶʱʠʝ ʥʘ ʥʝʤ ʢʫʩʦʯʥʦ-

ʥʝʧʨʝʨʳʚʥʳʝ ʚʪʦʨʳʝ ʧʨʦʠʟʚʦʜʥʳʝ, ʧʨʠʯʝʤ 

(0) ( ) ( ) 0F F l lq= = =, 
' ' '(0) (0) ( ) 0F lq q= = =. 

ʄʳ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʚʳʧʦʣʥʝʥʦ ʫʩʣʦʚʠʝ 

R G

L C
m= = .          (4) 
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ʈʘʩʩʤʦʪʨʠʤ ʧʦʩʪʨʦʝʥʠʝ ʨʝʰʝʥʠʷ ʦʙʳʯʥʳʤ ʤʝʪʦʜʦʤ ʨʘʟʜʝʣʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ. 

ʇʦʣʦʞʠʤ 

( , ) , ( , )t ti x t Ie u x t Uem m- -= = ,          (5) 

ʛʜʝ ( , ), ( , )I I x t U U x t= =  - ʥʦʚʳʝ ʠʩʢʦʤʳʝ ʬʫʥʢʮʠʠ. ʊʦʛʜʘ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ 

(1), ʛʨʘʥʠʯʥʳʝ (2) ʠ ʥʘʯʘʣʴʥʳʝ (3) ʫʩʣʦʚʠʷ ʧʨʠʤʫʪ ʚʠʜ: 

 
U I

L
x t

µ µ
- =
µ µ

,          (6) 

     
I U

C
x t

µ µ
- =
µ µ

  

0
0,

x
I
=
=     x lx l

U Ia ==
=           (7) 

0

( )
,

t

F x
I

b=
=-     

0
( )

t
U xq

=
=           (8) 

ɼʘʣʝʝ ʧʦʣʦʞʠʤ 

( )
e

I zsh x rch x
nt

s s
b

-

=- - ,          (9) 

( )U e zch x rch xnt s s-= - , 

ʛʜʝ   

1

LC
a=  , 

1
ln

2l

a b
s

a b

-
=

+
 , r as=            (10) 

( , )z z x t=  ʠ ( , )r r x t=  - ʥʦʚʳʝ ʠʩʢʦʤʳʝ ʬʫʥʢʮʠʠ. 

ʊʝʧʝʨʴ ʧʦʜʩʪʘʚʠʤ ʟʥʘʯʝʥʠʷ I  ʠ U  ʠʟ (9) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ (6), (7) ʠ (8). ʇʦʩʣʝ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (6) ʧʨʠʤʝʪ ʚʠʜ: 

( ) ( ) 0
z r r z

ch x sh x
x t x t

a s a s
µ µ µ µ
+ - + =

µ µ µ µ
 , 

( ) ( ) 0
r z z r

ch x sh x
x t x t

a s a s
µ µ µ µ
+ - + =

µ µ µ µ
  

ʀʣʠ 

1z r

x ta

µ µ
- =
µ µ

,           (11) 

1r z

x ta

µ µ
- =
µ µ

. 

ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ (7) ʧʝʨʝʡʜʫʪ ʚ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ: 

 
0

0,[( ) ] | [( ) ] |x l x lx
r ch x sh x z ch x sh x rb s a s b s a s= ==
= + = +   

ʠʣʠ, ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʚ ʩʠʣʫ (10) 

0,ch l sh lb s a s+ =   0sh l ch lb s a s+ ,̧          (12) 

0
0,

x x l
r r
= =
= =  

ʅʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ (8) ʧʝʨʝʡʜʫʪ ʚ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ: 

 0 0( ) | |t tF x z sh x r ch xs s= == - , 

0 0( ) | |t tx z ch x r sh xq s s= == -  

ʦʪʢʫʜʘ ʧʦʣʫʯʠʤ: 
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0| ( )tz f x== ,          (13) 

0| ( )tr xj==  , 

ɻʜʝ ( )f x  ʠ ( )xj  ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ: 

( ) ( ) ( )f x ch x x sh xF xs q s= - ,          (14) 

( ) ( ) ( )x sh x x ch xF xj s q s= -  . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʜʘʯʘ ʩʚʝʜʝʥʘ ʢ ʥʘʭʦʞʜʝʥʠʶ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (11), 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʛʦ ʛʨʘʥʠʯʥʳʤ (12) ʠ ʥʘʯʘʣʴʥʳʤ (13) ʫʩʣʦʚʠʷʤ. ʕʪʘ ʟʘʜʘʯʘ ʣʝʛʢʦ 

ʨʝʰʘʝʪʩʷ ʦʙʳʯʥʳʤ ʤʝʪʦʜʦʤ ʨʘʟʜʝʣʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ (12) ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (11) 

ʙʫʜʝʤ ʠʩʢʘʪʴ ʚ ʚʠʜʝ: 

0

1

( )
( , ) ( )cos

2
k

k

T t k
z x t T t x

l

p¤

=

= +ä , 

1

( , ) ( )sink

k

k
r x t S t x

l

p¤

=

=ä ,          (15) 

ɻʜʝ ( )kT t  ʠ ( )kS t  ʬʫʥʢʮʠʠ ʪʦʣʴʢʦ ʘʨʛʫʤʝʥʪʘ t . 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (11) ʧʦʣʫʯʠʤ: 

' 0k k

k
T S

l

a p
+ = , ( 0,1,2,...)k=           (16) 

' 0k k

k
S T

l

a p
- = 

ʦʪʢʫʜʘ ʥʘʡʜʝʤ: 

( ) cos sink k k

k k
T t a t b t

l l

a p a p
= - ,          (17) 

( ) sin cosk k k

k k
S t a t b t

l l

a p a p
= +  

ɻʜʝ ka  ʠ kb  ( 1,2,...)k=  - ʧʨʦʠʟʚʦʣʴʥʳʝ ʧʦʩʪʦʷʥʥʳʝ. 

ʂʨʦʤʝ ʪʦʛʦ, ʠʟ (11) ʩʣʝʜʫʝʪ, ʯʪʦ 

0 0( )T t a¹ ,          (18) 

ʛʜʝ 0a  - ʧʨʦʠʟʚʦʣʴʥʘʷ ʧʦʩʪʦʷʥʥʘʷ. 

ʈʝʰʝʥʠʝ, ʦʧʨʝʜʝʣʷʝʤʦʝ ʧʦ ʬʦʨʤʫʣʘʤ (15), (17) ʠ (18), ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʩʠʩʪʝʤʝ 

ʫʨʘʚʥʝʥʠʡ (11) ʠ ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʷʤ (12). ʊʝʧʝʨʴ ʥʝʦʙʭʦʜʠʤʦ ʫʜʦʚʣʝʪʚʦʨʠʪʴ 

ʥʘʯʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ. ʇʨʠ 0t=  ʚ ʩʠʣʫ (3), (15), (17), (18) ʙʫʜʝʤ ʠʤʝʪʴ: 

0

1

( ) cos
2

k

k

a k
f x a x

l

p¤

=

= +ä  , 0

1

( ) sin
2

k

k

a k
x b x

l

p
j

¤

=

= +ä ,          (19) 

ʦʪʢʫʜʘ ʧʦʣʫʯʠʤ: 

0

2
( )cos

l

k

k
a f x xdx

l l

p
= ñ  , 

0

2
( )cos

l

k

k
b x xdx

l l

p
j= ñ ,          (20) 

ɻʜʝ ( )f x  ʠ ( )xj  ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ (14). 

ʈʝʰʝʥʠʝ, ʦʧʨʝʜʝʣʷʝʤʦʝ ʬʦʨʤʫʣʘʤʠ (15), (17), (18), (20), (14), ʫʜʦʚʣʝʪʚʦʨʷʝʪ 

ʩʠʩʪʝʤʝ ʫʨʘʚʥʝʥʠʡ (11), ʛʨʘʥʠʯʥʳʤ (12) ʠ ʥʘʯʘʣʴʥʳʤ (13) ʫʩʣʦʚʠʷʤ. ʋʯʠʪʳʚʘʷ (9), 

(5), ʧʦʣʫʯʠʤ ʨʝʰʝʥʠʝ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ: 
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0

1

( , ) { [( cos sin ) cos
2

t

k k

k

ae k k k
i x t sh x a t b t sh x x

l l l

l a p a p p
s s

b

- ¤

=

=- + - -ä  

( cos sin ) cos ]}k k

k k k
b t a t ch x x

l l l

a p a p p
s- + ,          (21) 

0

1

( , ) [ [( cos sin ) cos
2

t

k k

k

a k k k
u x t e ch x a t b t ch x x

l l l

l a p a p p
s s

¤
-

=

= + - -ä  

( sin cos ) sin ],k k

k k k
a t b t sh x x

l l l

a p a p p
s- +  

ɻʜʝ l m n= +. 

ʊʝʧʝʨʴ ʨʝʰʠʤ ʧʦʩʪʘʚʣʝʥʥʫʶ ʟʘʜʘʯʫ, ʧʦʣʴʟʫʷʩʴ ʚʠʜʦʠʟʤʝʥʝʥʥʳʤ ʤʝʪʦʜʦʤ 

ʨʘʟʜʝʣʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ. ʈʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (6) ʤʳ ʙʫʜʝʤ ʩʪʨʦʠʪʴ ʚ ʚʠʜʝ: 

1
( , )

2
kp t

k k

k

I x t A e shp x
a

b

¤

=-¤

=- ä ,          (22) 

1
( , )

2
kp t

k k

k

U x t A e chp x
a

¤

=-¤

= ä  

ɻʜʝ 
1

, 1k kp
LC

a s t= = + - ( , ks t - ʚʝʱʝʩʪʚʝʥʥʳʝ ʯʠʩʣʘ) ï ʢʦʨʥʠ 

ʪʨʘʥʩʮʝʥʜʝʥʪʥʦʛʦ ʫʨʘʚʥʝʥʠʷ 

0chpl shplb a+ =;          (23) 

1k k kA a b= + - ( ka  ʠ kb  - ʚʝʱʝʩʪʚʝʥʥʳʝ ʯʠʩʣʘ) ï ʧʨʦʠʟʚʦʣʴʥʳʝ ʢʦʤʧʣʝʢʩʥʳʝ 

ʯʠʩʣʘ, ʧʨʠʯʝʤ ( 1)kk k k kA A A a b- - - -= = - -. 

ʂʦʨʥʠ ʫʨʘʚʥʝʥʠʷ (23) ʣʝʛʢʦ ʥʘʭʦʜʷʪʩʷ. ʀʟ (23) ʠʤʝʝʤ: 

( ) ( ) 0pl ple ea b b a-+ + - =,  

ʆʪʢʫʜʘ 

2ple
a b

a b

-
=
+

,  

ʠʣʠ, ʦʪʜʝʣʷʷ ʚʝʱʝʩʪʚʝʥʥʳʝ ʠ ʤʥʠʤʳʝ ʯʘʩʪʠ, 

2 cos2le ls a b
t
a b

-
=
+

 ,sin2 0lt= . 

ʇʦʵʪʦʤʫ ʢʦʨʥʷʤʠ ʫʨʘʚʥʝʥʠʡ (23) ʙʫʜʫʪ 

1
1 ln 1

2
k k

k
p

l l

a b p
s t

a b

-
= + - = + -

+
.          (24) 

ɿʘʤʝʪʠʤ, ʯʪʦ ʠʟ (24) ʩʣʝʜʫʝʪ ( 1)k kk kp p p s t-- -= = - -. 

ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʧʦʜʩʪʘʥʦʚʢʦʡ ʫʙʝʞʜʘʝʤʩʷ ʚ ʪʦʤ, ʯʪʦ ʨʝʰʝʥʠʝ, ʦʧʨʝʜʝʣʷʝʤʦʝ ʧʦ 

ʬʦʨʤʫʣʘʤ (22), (24), ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʩʠʩʪʝʤʝ ʫʨʘʚʥʝʥʠʡ (6)  ʠ ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʷʤ (7). 

ʅʘʡʜʝʤ ʪʝʧʝʨʴ ʢʦʵʬʬʠʮʠʝʥʪʳ kA  ʩ ʪʝʤ, ʯʪʦʙʳ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʥʘʯʘʣʴʥʳʤ  ʫʩʣʦʚʠʷʤ 

(8). ʀʟ (8) ʠ (22) ʧʨʠ 0t=  ʙʫʜʝʤ ʠʤʝʪʴ: 

2 ( ) k k

k

F x A shp x
¤

=-¤

=ä , 
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2 ( ) k k

k

x A chp xq
¤

=-¤

=ä  

ʠʣʠ 

0

1

2 ( ) ( )kk k k

k

F x a sh x A shp x A sh p xs
¤

=

= + +ä , 

0

1

2 ( ) ( )kk k k

k

x a ch x A chp x A ch p xq s
¤

=

= + +ä , 

ʦʪʢʫʜʘ, ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ 

2( cos sin )kk k k k k kkA shp x A shp x a sh x x b ch x xs t s t+ = -  , 

2( cos sin )kk k k k k kkA chp x A chp x a ch x x b sh x xs t s t+ = - , 

ʧʦʣʫʯʠʤ: 

( ) ( ) ( ),F x sh xf x ch x xs s j= -           (25) 

( ) ( ) ( ),x ch xf x sh x xq s s j= -  

ʛʜʝ ( )f x  ʠ ( )xj  ʦʟʥʘʯʘʶʪ ʪʦ ʞʝ ʩʘʤʦʝ, ʯʪʦ ʠ ʚ (19). ʀʟ (25) ʤʳ ʥʘʡʜʝʤ, ʯʪʦ 

( )f x  ʠ ( )xj ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ (14). 

ʊʝʧʝʨʴ ʷʩʥʦ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪʳ 1k k kA a b= + -ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ  

(20), ʠʤʝʷ ʚ ʚʠʜʫ, ʯʪʦ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ kA  ʚ (22) ʜʦʩʪʘʪʦʯʥʦ ʟʥʘʪʴkA

ʧʨʠ 0,1,...k=   

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʰʣʠ ʢʦʵʬʬʠʮʠʝʥʪʳ kA ʪʘʢʠʤʠ, ʯʪʦ ʫʜʦʚʣʝʪʚʦʨʠʣʠʩʴ ʥʘʯʘʣʴʥʳʝ 

ʫʩʣʦʚʠʷ (8) ʠ ʪʝʤ ʩʘʤʳʤ ʧʦʩʪʨʦʠʣʠ ʚʠʜʦʠʟʤʝʥʝʥʥʳʤ ʤʝʪʦʜʦʤ ʨʘʟʜʝʣʝʥʠʷ 

ʧʝʨʝʤʝʥʥʳʭ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (6), ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʝ ʛʨʘʥʠʯʥʳʤ (7) ʠ 

ʥʘʯʘʣʴʥʳʤ (8) ʫʩʣʦʚʠʷʤ. 

ʋʯʠʪʳʚʘʷ (5), ʤʳ ʧʦʣʫʯʠʤ ʨʝʰʝʥʠʝ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʚ ʦʢʦʥʯʘʪʝʣʴʥʦʤ ʚʠʜʝ: 

( , )
2

k

t
p t

k k
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i x t A e shp x
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=- ä ,          (26) 
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= ä . 

ʈʝʰʝʥʠʝ (26) ʩʦʚʧʘʜʘʝʪ ʩ ʨʝʰʝʥʠʝʤ (21), ʧʦʣʫʯʝʥʥʳʤ ʦʙʳʯʥʳʤ ʤʝʪʦʜʦʤ 

ʨʘʟʜʝʣʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ. ʆʪʤʝʪʠʤ, ʯʪʦ ʘʥʘʣʦʛʠʯʥʦ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʨʝʰʝʥʠʝ ʠ ʚ 

ʩʣʫʯʘʝ, ʢʦʛʜʘ [0, )a bÍ . 

ʊʝʧʝʨʴ ʜʦʢʘʞʝʤ ʟʘʢʦʥʥʦʩʪʴ ʧʨʦʠʟʚʝʜʝʥʥʳʭ ʚʳʢʣʘʜʦʢ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʦʙʦʩʥʦʚʘʥʠʝ ʨʝʰʝʥʠʷ ʦʙʳʯʥʳʤ ʨʘʟʜʝʣʝʥʠʝʤ ʧʝʨʝʤʝʥʥʳʭ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʟ 

ʦʙʱʠʭ ʪʝʦʨʝʤ ʨʘʙʦʪʳ [3]. ʆʜʥʘʢʦ, ʜʣʷ ʚʠʜʦʠʟʤʝʥʝʥʥʦʛʦ ʤʝʪʦʜʘ ʨʘʟʜʝʣʝʥʠʷ 

ʧʝʨʝʤʝʥʥʳʭ  ʤʦʞʥʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʜʦʢʘʟʘʪʴ ʪʝʦʨʝʤʫ, ʫʪʚʝʨʞʜʘʶʱʫʶ 

ʟʘʢʦʥʥʦʩʪʴ ʧʨʦʠʟʚʝʜʝʥʥʳʭ ʨʘʩʩʫʞʜʝʥʠʡ. 

ʊʝʦʨʝʤʘ 

ʇʫʩʪʴ ʥʘʯʘʣʴʥʳʝ ʬʫʥʢʮʠʠ ( )F x  ʠ ( )xq  ʥʝʧʨʝʨʳʚʥʦ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʳ ʥʘ 

ʦʪʨʝʟʢʝ [0, ]x lÍ  ʠ ʠʤʝʶʪ ʥʘ ʥʝʤ ʢʫʩʦʯʥʦ-ʥʝʧʨʝʨʳʚʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʚʪʦʨʦʛʦ 

ʧʦʨʷʜʢʘ, ʧʨʠʯʝʤ 

(0) ( ) ( ) 0F F l lq= = =, 
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' ' '(0) (0) ( ) 0F lq q= = =. 

ʊʦʛʜʘ ʬʫʥʢʮʠʠ ,i ,u ʦʧʨʝʜʝʣʷʝʤʳʝ ʧʦ ʬʦʨʤʫʣʘʤ (21), (26), ʥʝʧʨʝʨʳʚʥʦ 

ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʳ ʠ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʚ ʦʙʣʘʩʪʠ [0, ]x lÍ , [0, ]t TÍ  ʩʠʩʪʝʤʝ 

ʫʨʘʚʥʝʥʠʡ (1), ʛʨʘʥʠʯʥʳʤ (2) ʠ ʥʘʯʘʣʴʥʳʤ (3) ʫʩʣʦʚʠʷʤ. 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ 

ʉ ʧʦʤʦʱʴʶ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʦʚʝʜʝʥʥʳʭ ʦʮʝʥʦʢ ʫʙʝʞʜʘʝʤʩʷ ʚ ʪʦʤ, ʯʪʦ ʨʷʜʳ 

0
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k

M a b
¤

=

+ä  ʠ  
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[ ( )]k k k k

k

N a b k a b
¤

=

+ + +ä ,          (27) 

ɻʜʝ M  ʠ N  - ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʧʦʩʪʦʷʥʥʳʝ, ʥʝʟʘʚʠʩʷʱʠʝ ʦʪ 

,k ʷʚʣʷʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʤʘʞʦʨʘʥʪʥʳʤʠ ʜʣʷ ʨʷʜʦʚ (21) ʠ ʜʣʷ ʨʷʜʦʚ, ʧʦʣʫʯʝʥʥʳʭ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʝʤ ʨʷʜʦʚ (21) ʧʦ x  ʠ .t  

ɼʘʣʝʝ, ʧʨʦʜʦʣʞʠʤ ʬʫʥʢʮʠʶ ( )f x  ʚʥʝ ʦʪʨʝʟʢʘ [0, ]x lÍ ʯʝʪʥʳʤ ʦʙʨʘʟʦʤ, ʘ 

ʬʫʥʢʮʠʶ ( )xj  - ʥʝʯʝʪʥʳʤ. ʊʦʛʜʘ, ʚ ʩʠʣʫ (14) ʠ ʫʩʣʦʚʠʡ ʪʝʦʨʝʤʳ ʪʘʢʠʤ ʦʙʨʘʟʦʤ 

ʧʨʦʜʦʣʞʝʥʥʳʝ ʬʫʥʢʮʠʠ ( )f x ʠ ( )xj ʙʫʜʫʪ ʧʝʨʠʦʜʠʯʝʩʢʠʤʠ ʩ ʧʝʨʠʦʜʦʤ 2l  

ʥʝʧʨʝʨʳʚʥʦ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʳʤʠ ʬʫʥʢʮʠʷʤʠ, ʠʤʝʶʱʠʤʠ ʢʫʩʦʯʥʦ-ʥʝʧʨʝʨʳʚʥʳʝ 

ʚʪʦʨʳʝ ʧʨʦʠʟʚʦʜʥʳʝ. 

ɺ ʩʠʣʫ ʠʟʚʝʩʪʥʦʛʦ ʩʚʦʡʩʪʚʘ ʨʷʜʦʚ ʌʫʨʴʝ (ʥʘʧʨʠʤʝʨ [1]), ʯʠʩʣʦʚʳʝ ʨʷʜʳ (27) ʙʫʜʫʪ 

ʩʭʦʜʷʱʠʤʠʩʷ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʷʜʳ (21) ʠ ʨʷʜʳ, ʧʦʣʫʯʝʥʥʳʝ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʝʤ 

ʠʭ ʧʦ x  ʠ t, ʙʫʜʫʪ ʨʘʚʥʦʤʝʨʥʦ ʩʭʦʜʷʱʠʤʠʩʷ ʚ ʦʙʣʘʩʪʠ [0, ]x lÍ , [0, ]t TÍ . 

ʀʟ ʨʘʚʥʦʤʝʨʥʦʡ ʩʭʦʜʠʤʦʩʪʠ ʨʷʜʦʚ (21) ʙʫʜʝʪ ʩʣʝʜʦʚʘʪʴ, ʯʪʦ ,i uʥʝʧʨʝʨʳʚʥʦ 

ʧʨʠʤʳʢʘʶʪ ʢ ʩʚʦʠʤ ʛʨʘʥʠʯʥʳʤ (2) ʠ ʥʘʯʘʣʴʥʳʤ (3) ʫʩʣʦʚʠʷʤ, ʘ ʠʟ ʨʘʚʥʦʤʝʨʥʦʡ 

ʩʭʦʜʠʤʦʩʪʠ ʨʷʜʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʝʤ ʨʷʜʦʚ (21) ʧʦ x  ʠ t, ʙʫʜʝʪ 
ʩʣʝʜʦʚʘʪʴ, ʯʪʦ ʬʫʥʢʮʠʠ ,i uʫʜʦʚʣʝʪʚʦʨʷʶʪ ʩʠʩʪʝʤʝ ʫʨʘʚʥʝʥʠʡ (1) (ʪʘʢ ʢʘʢ ʙʫʜʝʪ 

ʚʦʟʤʦʞʥʦ ʧʦʯʣʝʥʥʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʪʴ ʧʦ x  ʠ t  ʨʷʜʳ (21). ʊʝʦʨʝʤʘ ʜʦʢʘʟʘʥʘ. 
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V.V. OPTIMIZATION OF THE RESIDENTIAL HOUSE FOR THE RECEIVED HECTAR IN THE DISTRICT OF THE FAR EAST 

1ʅʝʩʚʠʪ ɺʠʪʘʣʠʡ ɼʤʠʪʨʠʝʚʠʯ - ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ; 
2ɹʦʥʜʘʨʝʮ ʆʣʝʛ ɸʥʘʪʦʣʴʝʚʠʯ - ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ; 

3ʉʢʦʪʘʨʝʥʢʦ ɺʠʢʪʦʨ ɺʘʩʠʣʴʝʚʠʯ - ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʝʢʘʥ, 

ʩʪʨʦʠʪʝʣʴʥʳʡ ʬʘʢʫʣʴʪʝʪ, 

ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ, 
4ɹʫʨʮʝʚ ɻʝʥʥʘʜʠʡ ɻʝʦʨʛʠʝʚʠʯ - ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, 

ʢʘʬʝʜʨʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ, ʠʥʞʝʥʝʨʥʦʡ ʠ ʢʦʤʧʴʶʪʝʨʥʦʡ ʛʨʘʬʠʢʠ; 
5ɹʨʶʭʦʚʝʮʢʠʡ ɸʥʜʨʝʡ ʅʠʢʦʣʘʝʚʠʯ - ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ, 

ʢʘʬʝʜʨʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ  

ʠ ʤʝʭʘʥʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ; 
6ʈʠʙʣʦʚ ɺʠʢʪʦʨ ɺʘʩʠʣʴʝʚʠʯ - ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ, 

ʢʘʬʝʜʨʘ ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ  

ʃʫʛʘʥʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʛ. ʃʫʛʘʥʩʢ, ʋʢʨʘʠʥʘ 

 

ɸʥʥʦʪʘʮʠʷ: ʧʦʣʫʯʠʚʰʠʝ ʛʝʢʪʘʨʳ ʟʝʤʣʠ ʚ ʨʘʡʦʥʝ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ ʥʝ ʚʩʝʛʜʘ ʤʦʛʫʪ 

ʦʙʦʩʥʦʚʘʪʴʩʷ ʥʘ ʤʝʩʪʝ ʠʟ-ʟʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʞʠʣʴʷ. ɼʣʷ ʵʪʦʛʦ 

ʘʚʪʦʨʘʤʠ ʨʘʟʨʘʙʦʪʘʥʳ ʚʘʨʠʘʥʪʳ ʙʳʩʪʨʦʩʙʦʨʥʳʭ ʜʦʤʦʚ ʠʟ ʩʧʝʮʠʘʣʴʥʦʛʦ ʧʨʦʟʨʘʯʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʤʘʣʳʝ ʟʘʪʨʘʪʳ ʥʘ ʦʩʚʝʱʝʥʠʝ (ʠʟ-ʟʘ ʩʧʝʮʠʘʣʴʥʳʭ 

ʫʩʪʨʦʡʩʪʚ). ʉʙʦʨʢʘ ʜʦʤʘ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ ʩʚʝʪʦʚʦʛʦ ʜʥʷ (ʚ ʧʝʨʠʦʜ ʦʪ ʚʝʩʥʳ ʜʦ 

ʥʘʯʘʣʘ ʟʠʤʳ). ʊʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʡ ʧʨʦʟʨʘʯʥʳʡ ʤʘʪʝʨʠʘʣ, ʢʨʦʤʝ ʦʙʝʩʧʝʯʝʥʠʷ 

ʪʝʧʣʦʩʙʝʨʝʞʝʥʠʷ, ʠʤʝʝʪ ʵʩʪʝʪʠʯʥʳʡ ʚʠʜ, ʯʪʦ ʚʘʞʥʦ, ʦʩʦʙʝʥʥʦ ʚ ʦʩʝʥʥʝ-ʟʠʤʥʠʡ 

ʧʝʨʠʦʜ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʝʜʣʘʛʘʶʪʩʷ ʚʘʨʠʘʥʪʳ ʜʦʤʘ-ʢʫʧʦʣʘ, ʚ ʨʘʡʦʥʘʭ ʩ ʧʦʚʳʰʝʥʥʦʡ 

ʚʝʪʨʦʚʦʡ ʥʘʛʨʫʟʢʦʡ. ɼʣʷ ʪʝʧʣʦʠʟʦʣʷʮʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʧʝʮʠʘʣʴʥʘʷ ʧʣʝʥʢʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʳʩʪʨʦʩʙʦʨʥʳʡ ʜʦʤ, ʦʧʪʠʤʘʣʴʥʳʡ ʠʥʪʝʨʴʝʨ, ʪʝʧʣʦʚʦʡ ʥʘʩʦʩ, 

ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ, ʘʚʪʦʥʦʤʥʦʝ ʩʘʤʦʦʙʩʣʫʞʠʚʘʥʠʝ. 
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Abstract: those who received hectares of land in the far east cannot always settle on the 

spot because of the prolonged construction of housing. For this purpose, the authors 

developed variants of quick-assembled houses, made of special transparent material, which 

ensure low costs for lighting (due to special devices). The building of the house must not 

exceed the light day (in the period from spring to the beginning of winter). Heat-insulating 

transparent material, in addition to providing heat savings, has an aesthetic appearance, 

which is important, especially in the autumn-winter period. In addition, options are offered 

for the house-domes, in areas with increased wind load. 

Keywords: quickly prefabricated house, optimal interior, heat pump, energy saving, self-

contained self-service. 
 

ʋɼʂ 69.001.5 
 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʳ: ʇʨʠ ʧʦʣʫʯʝʥʠʠ ʥʘʜʝʣʘ ʟʝʤʣʠ, ʧʝʨʝʜ ʩʦʙʩʪʚʝʥʥʠʢʦʤ 

ʚʦʟʥʠʢʘʝʪ (ʠʣʠ ʠʤ ʧʨʦʜʫʤʳʚʘʣʘʩʴ ʨʘʥʴʰʝ) ʧʨʦʙʣʝʤʘ ʙʳʩʪʨʦʛʦ ʩʦʟʜʘʥʠʷ ʞʠʣʦʛʦ 

ʢʦʤʧʣʝʢʩʘ, ʦʩʦʙʝʥʥʦ ʵʪʦ ʚʘʞʥʦ ʝʩʣʠ ʠʥʜʠʚʠʜ ʧʦʣʫʯʘʝʪ ʥʘʜʝʣ, ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʩʨʘʟʫ 

ʧʨʠʩʪʫʧʠʪʴ ʢ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʢʘʢ ʩʫʙʩʪʘʥʮʠʠ ʩ ʢʦʪʦʨʦʡ ʦʥ ʙʫʜʝʪ ʧʦʣʫʯʘʪʴ ʩʨʝʜʩʪʚʘ 

ʩʚʦʝʤʫ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʶ. 

ʇʦʩʪʨʦʡʢʘ ʚʨʝʤʝʥʥʦʛʦ ʞʠʣʴʷ [5] ʫʜʦʨʦʞʘʝʪ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʧʦʩʪʦʷʥʥʦʛʦ, ʘ ʢʨʦʤʝ 

ʪʦʛʦ ʦʢʘʟʳʚʘʝʪ ʥʝʛʘʪʠʚʥʦʝ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʝ ʚʣʠʷʥʠʝ ʥʘ ʜʘʣʴʥʝʡʰʫʶ ʨʘʙʦʪʫ 

ʚʣʘʜʝʣʴʮʘ ʫʯʘʩʪʢʘ ʧʦ ʘʢʪʠʚʠʟʘʮʠʠ ʚʳʧʦʣʥʝʥʠʷ ʥʘʤʝʯʝʥʥʦʛʦ ʧʣʘʥʘ ʨʘʙʦʪ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ ʚʨʝʤʝʥʥʦʝ ʞʠʣʴʝ ʥʝʦʙʭʦʜʠʤʦ ʦʩʥʘʩʪʠʪʴ ʚʩʝʤ ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ. ʆʜʥʘʢʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʥʜʠʚʠʜ ʧʦʥʠʤʘʝʪ, ʯʪʦ ʵʪʦʪ ʦʙʲʝʢʪ 

ʧʨʠʜʝʪʩʷ ʩʥʦʩʠʪʴ ʠ ʧʨʠ ʵʪʦʤ ʩʪʘʨʘʝʪʩʷ ʧʨʠʦʙʨʝʩʪʠ ʥʝʜʦʨʦʛʦʝ ʠʤʫʱʝʩʪʚʦ, ʥʝ ʚʥʠʢʘʷ ʚ 

ʪʦ, ʯʪʦ ʥʝʪ ʥʠʯʝʛʦ ʜʦʣʛʦʚʝʯʥʝʝ ʚʨʝʤʝʥʥʳʭ ʩʦʦʨʫʞʝʥʠʡ [2], ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʘʤʳʤ 

ʦʧʪʠʤʘʣʴʥʳʤ, ʧʦ ʙʦʣʴʰʠʥʩʪʚʫ ʠʩʪʦʯʥʠʢʦʚ, ʢʘʢ ʦʪʝʯʝʩʪʚʝʥʥʳʭ, ʪʘʢ ʠ ʟʘʨʫʙʝʞʥʳʭ [2], 

ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʙʳʩʪʨʦʤʦʥʪʠʨʫʝʤʳʭ ʢʦʥʜʦʤʠʥʠʫʤʦʚ ʩ ʧʦʣʥʳʤ ʘʚʪʦʥʦʤʥʳʤ 

ʦʙʝʩʧʝʯʝʥʠʝʤ ʚʩʝʭ ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʫʞʜ. 

ʂʨʦʤʝ ʪʦʛʦ, ʩʫʙʲʝʢʪ, ʢʦʪʦʨʳʡ ʧʝʨʝʩʝʣʷʝʪʩʷ ʠʟ ʟʦʥʳ, ʛʜʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʩʚʝʪʦʚʦʛʦ ʜʥʷ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʛʦʜʘ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ ʧʦʣʦʚʠʥʳ ʩʫʪʦʢ, ʜʦʣʛʦ 

ʘʜʘʧʪʠʨʫʝʪʩʷ ʢ ʠʟʤʝʥʝʥʠʶ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ. ʇʦʵʪʦʤʫ ʩʦʟʜʘʚʘʝʤʳʡ ʥʘ ʥʦʚʦʤ ʤʝʩʪʝ 

ʞʠʣʦʡ ʢʦʤʧʣʝʢʩ ʜʦʣʞʝʥ ʦʙʷʟʘʪʝʣʴʥʦ ʩʦʟʜʘʚʘʪʴ ʫ ʥʦʚʦʩʝʣʘ ʧʦʣʦʞʠʪʝʣʴʥʦʝ 

ʥʘʩʪʨʦʝʥʠʝ, ʪ.ʝ. ʜʦʣʞʝʥ ʙʳʪʴ çʞʠʟʥʝʫʪʚʝʨʞʜʘʶʱʠʤè. ʅʘ ʥʘʰ ʚʟʛʣʷʜ ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ 

ʜʦʤ, ʩʦʙʨʘʥʥʳʡ ʠʟ ʩʧʝʮʠʘʣʴʥʳʭ ʧʣʘʩʪʠʢʦʚʳʭ ʧʘʥʝʣʝʡ. ʕʪʦʪ ʜʦʤ ʤʦʞʝʪ ʩʦʟʜʘʚʘʪʴʩʷ ʠʟ 

ʙʣʦʢʦʚ-ʢʦʤʥʘʪ. ʅʠʞʝ ʧʨʠʚʦʜʠʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʦʜʥʦʛʦ ʠʟ ʪʘʢʠʭ ʜʦʤʦʚ. 

ʂʦʛʜʘ ʘʚʪʦʨʳ ʩʦʩʪʘʚʣʷʣʠ ʊɿ (ʪʝʭʥʠʯʝʩʢʦʝ ʟʘʜʘʥʠʷ) ʥʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʪʘʢʦʛʦ 

ʜʦʤʘ, ʪʦ ʧʦʩʪʘʨʘʣʠʩʴ ʫʯʝʩʪʴ ʦʩʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʪʨʝʙʦʚʘʥʠʷ ʦʙʲʝʢʪʠʚʥʦʡ 

ʨʝʘʣʴʥʦʩʪʠ ʢ ʪʘʢʦʤʫ ʜʦʤʫ [4]. ʏʘʩʪʠʯʥʦ ʵʪʦ ʩʣʝʜʫʶʱʠʝ: 

1) ʇʦʩʢʦʣʴʢʫ ʚʳʜʝʣʝʥʥʳʡ ʛʝʢʪʘʨ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʘʭʦʜʠʪʩʷ ʚʜʘʣʠ ʦʪ ʚʩʝʭ 

ʢʦʤʤʫʥʠʢʘʮʠʡ ʪʦ: 

ʘ) ʦʥ ʜʦʣʞʝʥ ʙʳʪʴ ʵʥʝʨʛʦʘʚʪʦʥʦʤʥʳʤ; 

ʙ) ʩʠʩʪʝʤʘ ʫʪʠʣʠʟʘʮʠʠ ʙʳʪʦʚʳʭ ʦʪʭʦʜʦʚ ʜʦʣʞʥʘ ʨʝʰʘʪʴʩʷ ʚ ʢʦʤʧʣʝʢʩʝ ʩʦ ʚʩʝʤ 

ʢʦʥʜʦʤʠʥʠʫʤʦʤ ʵʪʦʛʦ ʨʝʛʠʦʥʘ; 

ʚ) ʜʦʤ ʜʦʣʞʝʥ ʙʳʪʴ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʧʨʠ ʨʘʩʰʠʨʝʥʠʠ 

ʫʯʘʩʪʢʘ (ʝʩʣʠ ʜʦʙʘʚʷʪʩʷ ʛʝʢʪʘʨʳ ʟʝʤʣʠ ʧʨʠ ʫʩʧʝʰʥʦʡ ʨʘʙʦʪʝ) ʝʛʦ ʤʦʞʥʦ ʧʝʨʝʥʝʩʪʠ ʥʘ 

ʨʝʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ; 

2) ʇʦʩʢʦʣʴʢʫ ʧʦʣʫʯʘʪʝʣʴ ʵʪʠʭ ʛʝʢʪʘʨʦʚ ʤʝʥʷʝʪ ʨʝʛʠʦʥ ʦʙʠʪʘʥʠʷ, ʜʦʤ ʜʦʣʞʝʥ 

ʠʤʝʪʴ ʵʩʪʝʪʠʯʝʩʢʠʡ ʚʠʜ ʠ ʞʠʟʥʝʫʪʚʝʨʞʜʘʶʱʠʡ ʜʠʟʘʡʥ ʜʣʷ ʩʢʦʨʝʡʰʝʡ ʘʜʘʧʪʘʮʠʠ 

ʠʥʜʠʚʠʜʘ ʢ ʪʝʤ ʥʦʚʳʤ ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ, ʢ ʢʦʪʦʨʳʤ ʝʤʫ ʧʨʠʜʝʪʩʷ ʧʨʠʚʳʢʘʪʴ. 

ʇʦʵʪʦʤʫ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʦʝʢʪ ʜʦʤʘ ʠʟ ʥʦʚʳʭ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [3]. ʕʪʠ 

ʤʘʪʝʨʠʘʣʳ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʦʧʪʠʤʘʣʴʥʳʭ ʩʚʦʡʩʪʚ: 

ʘ) ʧʨʦʯʥʦʩʪʴ; 

ʙ) ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʦʩʪʴ; 

ʚ) ʠʟʙʠʨʘʪʝʣʴʥʳʡ ʧʨʦʧʫʩʢ ʫʣʴʪʨʘʬʠʦʣʝʪʘ; 
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ʛ) ʰʠʨʦʢʘʷ ʥʦʤʝʥʢʣʘʪʫʨʘ ʤʘʪʝʨʠʘʣʦʚ; 

ʜ) ʩʪʦʡʢʦʩʪʴ ʢ ʣʶʙʳʤ ʦʩʘʜʢʘʤ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʢ ʚʳʟʳʚʘʶʱʠʤ ʢʦʨʨʦʟʠʶ ʠ ʪ.ʜ.). 

ʊʘʢ ʦʜʠʥ ʠʟ ʤʘʪʝʨʠʘʣʦʚ ʧʦʣʠʧʨʦʣʠʩʪʠʨʦʣ ʚʳʧʫʩʢʘʝʪʩʷ ʣʠʩʪʘʤʠ ʪʦʣʱʠʥʦʡ ʦʪ 5 ʜʦ 

300 ʤʤ. ʇʦ ʧʨʦʯʥʦʩʪʠ ʪʘʢʦʡ ʤʘʪʝʨʠʘʣ ʥʝ ʫʩʪʫʧʘʝʪ ʜʝʨʝʚʫ ʪʦʣʱʠʥʦʡ 2 L ʪ.ʝ. ʝʩʣʠ 

ʜʦʩʢʘ ʪʦʣʱʠʥʦʡ 40 ʤʤ, ʪʦ ʇʇʇ, ʠʤʝʷ ʪʦʣʱʠʥʫ 20 ʤʤ, ʚʳʜʝʨʞʠʚʘʝʪ ʪʘʢʫʶ ʞʝ 

ʥʘʛʨʫʟʢʫ (ʧʨʠʚʝʜʝʥʥʫʶ). 

ʇʦʠʩʢʠ ʢʦʥʩʪʨʫʢʮʠʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʜʦʤʘ ʥʘ ʩʝʚʝʨʝ ʚʝʜʫʪʩʷ ʚʝʢʘʤʠ, ʠ ʪʘʢʦʝ ʞʝ 

ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʤʝʥʠ ʦʥʠ ʥʘʭʦʜʷʪ ʪʘʢʠʝ ʦʧʪʠʤʘʣʴʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʜʨʫʛʠʝ ʠʭ 

ʥʠʟʚʝʨʛʘʶʪ, ʜʦʢʘʟʳʚʘʷ, ʯʪʦ ʠʭ ʧʨʦʝʢʪ ï ʣʫʯʰʠʡ. çʃʫʯʰʝʝ ï ʚʨʘʛ ʭʦʨʦʰʝʛʦè, ʥʦ 

ʩʦʚʨʝʤʝʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʜʦʤʦʚ, ʚʥʝʜʨʠʚʰʠʭ ʚ ʩʝʙʷ ʚʝʢʦʚʳʝ ʥʘʨʘʙʦʪʢʠ 

ʧʨʦʝʢʪʠʨʦʚʱʠʢʦʚ. ʀʟ ʚʩʝʛʦ ʤʥʦʞʝʩʪʚʘ ʧʨʝʜʣʦʞʝʥʠʡ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ ʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʧʪʠʤʘʣʴʥʦʛʦ ʜʦʤʘ ʜʣʷ ʩʝʚʝʨʘ. ʆʥʠ ʦʙʱʝʠʟʚʝʩʪʥʳ, ʥʦ 

ʦʩʪʘʥʦʚʠʤʩʷ ʥʘ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ: 

1. ɼʦʤ ʜʦʣʞʝʥ ʙʳʪʴ ʩʘʤʦʦʙʝʩʧʝʯʠʚʘʶʱʠʤʩʷ: ʪ.ʝ. ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ, ʚʦʜʘ, 

ʧʝʨʝʨʘʙʦʪʢʘ ʦʪʭʦʜʦʚ ʚ ʢʦʤʧʦʩʪ ʠ ʪ.ʜ. ɼʣʷ ʵʪʦʛʦ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ: 

ʘ) ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʳ ʧʦʩʣʝʜʥʠʭ ʨʘʟʨʘʙʦʪʦʢ, ʥʘʧʨʠʤʝʨ, ʬʠʨʤ çʃʘʩʢʦʚʳʡ ʙʝʨʝʛè, 

ʢʦʪʦʨʳʝ ʧʨʠ ʩʢʨʦʤʥʳʭ ʛʘʙʘʨʠʪʘʭ ʚ 1,5 ʤʝʪʨʘ ʠ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʚ 2,5 ʤ/ʩʝʢ. ʚʳʙʠʨʘʶʪ 

ʥʦʤʠʥʘʣʴʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʂʦʤʧʣʝʢʪ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ (1,8 ʂɺʪ) 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ. ɼʣʷ ʜʫʙʣʠʨʦʚʘʥʠʷ ʚʳʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʠʷ 

ʚʝʪʨʘ, ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʦʙʷʟʘʪʝʣʴʥʦ ʩʦʣʥʝʯʥʳʝ ʙʘʪʘʨʝʠ (ʨʝʟʝʨʚʠʨʦʚʘʥʠʝ ʦʙʷʟʘʪʝʣʴʥʦ 

çʭʦʣʦʜʥʦʝè ʠʣʠ çʛʦʨʷʯʝʝè, ʪ.ʢ. ʢʣʠʤʘʪ ʤʦʞʝʪ ʩʳʛʨʘʪʴ ʰʫʪʢʫ ʩ ʚʣʘʜʝʣʴʮʝʤ ʜʦʤʘ). 

ʙ) ʪʝʧʣʦʚʦʡ ʥʘʩʦʩ ʜʣʷ ʵʢʦʥʦʤʠʠ ʵʣ. ʵʥʝʨʛʠʠ. 

ʚ) ʢʦʥʜʝʥʩʘʪʦʨ ʚʣʘʛʠ: ʩʦʚʨʝʤʝʥʥʳʡ ʥʘ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʷʭ ʤʦʞʝʪ ʜʘʪʴ ʜʦ 10 ʣ/ʯʘʩ. 

ʕʪʠ ʪʠʧʦʚʳʝ ʪʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʜʦʤʘʤ ʜʣʷ ʧʝʨʝʩʝʣʝʥʮʝʚ ʜʦʣʞʥʳ ʙʳʪʴ 

ʦʬʦʨʤʣʝʥʳ ʚ ʚʠʜʝ ʩʪʘʥʜʘʨʪʦʚ, ʜʣʷ ʠʟʙʝʛʘʥʠʷ ʭʘʦʪʠʯʥʦʡ ʟʘʩʪʨʦʡʢʠ ʠ ʙʝʟʜʘʨʥʦ 

ʨʘʩʪʨʘʯʠʚʘʝʤʳʤ ʩʨʝʜʩʪʚʘʤ ʚʳʜʝʣʷʝʤʳʤ ʧʝʨʝʩʝʣʝʥʮʘʤ ʜʣʷ ʦʙʫʩʪʨʦʡʩʪʚʘ ʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʘ ʦʩʚʦʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ. 

ɺʳʜʝʣʷʝʤʳʝ ʈʌ ʩʨʝʜʩʪʚʘ ʥʝ ʜʦʣʞʥʳ ʙʳʪʴ ʧʦʪʨʘʯʝʥʳ ʚʧʫʩʪʫʶ. ʀʩʪʦʨʠʷ 

(ʩʦʚʨʝʤʝʥʥʝʡʰʘʷ) ʟʥʘʝʪ ʤʥʦʛʦ ʧʨʠʤʝʨʦʚ, ʢʦʛʜʘ ʚʳʜʝʣʝʥʥʳʝ ʮʝʣʝʚʳʝ ʜʝʥʴʛʠ ʫʭʦʜʠʣʠ 

ʚ ʥʠʢʫʜʘ ʠ ʚʝʨʥʫʪʴ ʠʭ ʙʳʣʦ ʥʝʚʦʟʤʦʞʥʦ. ʅʘ ʚʟʛʣʷʜ ʘʚʪʦʨʦʚ ʩʪʘʪʴʠ, ʥʘʠʙʦʣʝʝ 

ʦʧʪʠʤʘʣʴʥʳʤ ʙʳʣʦ ʙʳ ʩʣʝʜʫʶʱʝʝ: 

ʘ) ʚʳʨʘʙʦʪʘʪʴ ʦʙʱʫʶ ʢʦʥʮʝʧʮʠʶ ʪʨʝʙʦʚʘʥʠʡ ʢ ʪʘʢʦʤʫ ʪʠʧʫ, ʜʦʤʦʚ. 

ʙ) ʥʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ ʨʘʟʨʘʙʦʪʘʪʴ ʢʦʥʩʪʨʫʢʮʠʶ ʜʦʤʘ ʜʣʷ ʨʘʟʥʦʛʦ ʪʠʧʘ 

ʩʝʤʝʡ ʠ ʥʘ ʠʥʪʝʨʥʝʪ ʫʨʦʚʥʝ ʦʙʩʫʜʠʪʴ ʢʦʥʮʝʧʮʠʶ ʠ ʧʨʠʥʷʪʴ ʚ ʚʠʜʝ ʩʪʘʥʜʘʨʪʘ.  

ʀʟʚʝʩʪʥʦ, ʯʪʦ 90% ʠʥʜʠʚʠʜʦʚ ʛʦʪʦʚʳ ʠʤʝʪʴ ʩʪʘʥʜʘʨʪʥʦʝ ʞʠʣʴʝ, ʘ ʦʩʪʘʣʴʥʳʝ 10% 

ʤʦʛʫʪ ʩʪʨʦʠʪʴ ʩʚʦʠ ʢʦʥʜʦʤʠʥʠʫʤʳ (ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʪʝ, ʢʪʦ ʚʳʜʝʣʷʝʪ ʢʨʝʜʠʪʳ, 

ʫʚʝʨʝʥʳ ʚ ʪʦʤ, ʯʪʦ ʠʭ ʚʝʨʥʫʪ). 

ʆʪʥʦʩʠʪʝʣʴʥʦ ʪʦʛʦ, ʯʪʦ ʤʘʣʦ ʙʫʜʝʪ ʢʦʥʩʪʨʫʢʮʠʡ ʜʦʤʦʚ ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ 

ʢʦʥʪʨʘʨʛʫʤʝʥʪ; ʩʝʡʯʘʩ ʚ ɽʚʨʦʩʦʶʟʝ ʦʙʩʫʞʜʘʝʪʩʷ ʚʦʧʨʦʩ ʦ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʢʫʟʦʚʦʚ 

ʘʚʪʦʤʦʙʠʣʝʡ; ʧʨʝʜʣʘʛʘʶʪ ʚʩʝʛʦ ʯʝʪʳʨʝ ʪʠʧʘ ʢʫʟʦʚʦʚ, ʨʘʟʥʦʦʙʨʘʟʠʝ ʟʘ ʩʯʝʪ ʥʘʚʝʩʦʢ. 

ʕʪʠʤ ʜʦʩʪʠʛʘʝʪʩʷ ʠ ʫʥʠʬʠʢʘʮʠʷ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʩʙʦʨʦʢ, ʘ ʨʘʟʥʦʦʙʨʘʟʠʝ ʠ ʪʠʧʘʞʠ 

ʤʦʛʫʪ ʩʦʟʜʘʚʘʪʴʩʷ ʪʳʩʷʯʘʤʠ ʟʘ ʩʯʝʪ ʜʚʝʨʝʡ ʢʨʳʣʴʝʚ ʦʙʚʝʩʦʚ ʠ ʪ.ʜ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʘʷ ʚ ʢʘʯʝʩʪʚʝ ʢʨʝʜʠʪʘ ʜʦʤ, ʧʝʨʝʩʝʣʝʥʝʮ ʥʝ ʤʦʞʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʚ ʜʨʫʛʠʭ ʠʧʦʩʪʘʩʷʭ, ʢʘʢ ʝʩʣʠ ʙʳ ʦʥ ʧʦʣʫʯʠʣ ʩʩʫʜʫ ʠ ʥʝʨʘʮʠʦʥʘʣʴʥʦ 

ʝʶ ʨʘʩʧʦʨʷʜʠʣʩʷ. ʅʘ ʥʘʰ ʚʟʛʣʷʜ, ʤʦʞʥʦ ʧʨʦʜʦʣʞʠʪʴ ʜʚʘ ʪʠʧʘ ʜʦʤʦʚ, ʨʘʟʥʳʭ ʧʦ 

ʧʣʦʱʘʜʠ ʠ ʧʦ ʦʙʦʨʫʜʦʚʘʥʠʶ (ʠʩʢʣʶʯʘʷ ʜʦʤʘ, ʚʳʧʦʣʥʝʥʥʳʝ ʥʘ 3D ʧʨʠʥʪʝʨʝ). 

ɼʣʷ ʠʩʢʣʶʯʝʥʠʷ ʧʨʦʙʣʝʤ ʩ ʦʩʚʝʱʝʥʠʝʤ ʪʘʢʠʭ ʞʠʣʳʭ ʜʦʤʦʚ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʷʜ ʧʝʨʝʜʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʉʦʚʨʝʤʝʥʥʘʷ ʩʠʩʪʝʤʘ ʦʩʚʝʱʝʥʠʷ 

ʥʝʢʦʪʦʨʳʭ ʜʦʤʦʚ (ʢʘʢ ʚ ʈʌ, ʪʘʢ ʠ ʚ ʜʘʣʴʥʝʤ ʟʘʨʫʙʝʞʴʝ) ʠʩʧʦʣʴʟʫʶʪ ʣʘʤʧʳ, 

ʢʦʪʦʨʳʝ ʥʝ ʪʨʝʙʫʶʪ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʵʣʝʢʪʨʦʩʝʪʠ. 

ʊʘʢʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʣʘʤʧ ʠʩʧʦʣʴʟʫʝʪ ʜʥʝʚʥʦʝ ʦʩʚʝʱʝʥʠʝ ʜʣʷ ʟʘʨʷʜʢʠ ʘʢʢʫʤʫʣʷʪʦʨʘ 

ʣʘʤʧʳ, ʩʘʤ ʩʚʝʪʠʣʴʥʠʢ, ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ ʠʟ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʩʚʝʪʦʜʠʦʜʦʚ, ʜʥʝʚʥʦʝ 

ʦʩʚʝʱʝʥʠʝ ʦʜʥʘ ʠʟ ʧʦʩʣʝʜʥʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʪʘʢʠʭ ʣʘʤʧ ʧʦʟʚʦʣʷʝʪ ʥʘʢʦʧʠʪʴ 
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ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʜʣʷ ʙʝʩʧʝʨʝʙʦʡʥʦʛʦ ʥʦʯʥʦʛʦ ʦʩʚʝʱʝʥʠʷ (ʧʨʠ 

10-ʯʘʩʦʚʦʤ ʩʚʝʪʦʚʦʤ ʜʥʝ 10 ʯʘʩʦʚ ʥʦʯʥʦʛʦ ʦʩʚʝʱʝʥʠʷ). 

ʇʦʩʢʦʣʴʢʫ ʜʦʤ ʧʝʨʝʩʝʣʝʥʮʘ ʨʘʩʧʦʣʘʛʘʝʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʦʪʜʘʣʝʥʠʠ ʦʪ ʣʠʥʠʡ 

ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ, ʦʥ ʜʦʣʞʝʥ ʠʤʝʪʴ ʘʚʪʦʥʦʤʥʦʝ ʵʥʝʨʛʦʦʙʝʩʧʝʯʝʥʠʝ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ 

ʥʝʩʢʦʣʴʢʠʤʠ ʧʫʪʷʤʠ: 

ʘ) ʚʝʪʨʦʵʥʝʨʛʦʩʪʘʥʮʠʷ; 

ʙ) ʩʦʣʥʝʯʥʳʝ ʙʘʪʘʨʝʠ; 

ʚ) ʛʝʥʝʨʘʪʦʨʳ (ʪʦʧʣʠʚʦ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʣʠʯʥʳʤ); 

ʛ) ʝʩʣʠ ʚʳʜʝʣʝʥʥʳʝ ʛʝʢʪʘʨʳ ʥʘʭʦʜʷʪʩʷ ʚʙʣʠʟʠ ʨʝʢ, ʪʦ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʠ. 

ʇʦ ʪʦʡ ʞʝ ʧʨʠʯʠʥʝ, ʚ ʜʦʤʝ ʜʦʣʞʥʦ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʦ ʨʝʟʝʨʚʠʨʦʚʘʥʠʝ ʠʩʪʦʯʥʠʢʦʚ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ. ʂʘʢ ʧʨʘʚʠʣʦ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʠʣʠ çʛʦʨʷʯʝʝè ʠʣʠ çʭʦʣʦʜʥʦʝè 

ʨʝʟʝʨʚʠʨʦʚʘʥʠʝ. ʄʳ ʧʨʝʜʣʘʛʘʝʤ, ʢʘʢ ʚʘʨʠʘʥʪ, ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʩʦʣʥʝʯʥʳʝ ʙʘʪʘʨʝʠ 

(ʧʘʥʝʣʠ), ʢʦʪʦʨʳʝ ʨʘʟʚʝʨʥʫʪʳ ʧʦ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʳʰʠ ʜʦʤʘ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ 

ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʥʫʶ ʫʩʪʘʥʦʚʢʫ. ʅʘ ʥʘʰ ʚʟʛʣʷʜ ʥʘʠʙʦʣʝʝ 

ʦʧʪʠʤʘʣʴʥʳʡ ʚʘʨʠʘʥʪ ï ʚʝʪʨʦʛʝʥʝʨʘʪʦʨ ʥʘ 1,5 ʢɺʪ çʇʦʧʫʪʥʳʡ ʚʝʪʝʨè, ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʢʦʤʧʘʥʠʠ çʃʶʙʠʤʳʡ ʙʝʨʝʛè [2]. ʕʪʘ ʫʩʪʘʥʦʚʢʘ ʘʜʘʧʪʠʨʦʚʘʥʘ ʢ ʫʩʣʦʚʠʷʤ ʈʌ ʠ 

ʛʣʘʚʥʦʝ, ʩʪʦʠʤʦʩʪʴ ʝʝ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʘ ʚ ʩʚʷʟʢʝ ï çʢʘʯʝʩʪʚʦ-ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ-

ʩʪʦʠʤʦʩʪʴè. ʊ.ʦ. ʜʦʤ ʙʫʜʝʪ ʠʤʝʪʴ ʚʳʩʦʢʦʥʘʜʝʞʥʦʝ ʵʣʝʢʪʨʦʦʙʝʩʧʝʯʝʥʠʝ, ʯʪʦ ʦʩʦʙʝʥʥʦ 

ʚʘʞʥʦ ʚ ʜʥʠ, ʢʦʛʜʘ ʜʥʝʚʥʦʛʦ ʩʚʝʪʘ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠ ʦʩʦʙʝʥʥʦ ʚ ʥʝʧʦʛʦʜʫ ʪ.ʢ. ʚ ʵʪʦ 

ʚʨʝʤʷ ʥʘʠʙʦʣʴʰʫʶ ʵʥʝʨʛʦʦʪʜʘʯʫ ʜʘʝʪ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨ. ʊʘʢʦʡ ʪʘʥʜʝʤ ʉɹ ʠ ɺɻ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʩʤʦʛʫʪ ʩʝʙʷ ʦʢʫʧʠʪʴ, ʦʪʜʘʚʘʷ ʠʟʣʠʰʝʢ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʛʣʦʙʘʣʴʥʫʶ 

ʵʥʝʨʛʦʩʠʩʪʝʤʫ ʨʝʛʠʦʥʘ ʟʘʩʝʣʝʥʠʷ ʚ ʩʣʫʯʘʝ ʝʝ ʩʦʟʜʘʥʠʷ, ʯʪʦ ʝʩʪʝʩʪʚʝʥʥʦ ʨʘʥʦ ʠʣʠ 

ʧʦʟʜʥʦ ʧʨʦʠʟʦʡʜʝʪ. 

ʊʨʝʙʦʚʘʥʠʷ ʢ ʧʨʦʝʢʪʫ ʜʦʤʘ ʩ ʘʚʪʦʥʦʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ. 

1. ɺʝʪʨʦʛʝʥʝʨʘʪʦʨ 3,5 ʢɺʪ ʩʦ ʚʩʝʤʠ ʢʦʤʧʣʝʢʪʫʶʱʠʤʠ; 

2. ʉʦʣʥʝʯʥʘʷ ʙʘʪʘʨʝʷ ʩʦ ʚʩʝʤʠ ʢʦʤʧʣʝʢʪʫʶʱʠʤʠ; 

3. ʊʝʧʣʦʚʦʡ ʥʘʩʦʩ; 

4. ʋʪʠʣʠʟʘʪʦʨ (ʢʦʤʧʦʩʪʥʠʢ) ʩ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʝʤ ʙʘʢʪʝʨʠʡ; 

5. ʂʦʥʜʝʥʩʘʪʦʨ ʚʦʜʳ: ʧʦʩʣʝʜʥʝʛʦ ʧʦʢʦʣʝʥʠʷ (ʜʦ 3 ʣʠʪʨʦʚ ʚ ʯʘʩ) ʧʠʪʘʥʠʝ ʦʪ 
ʩʦʣʥʝʯʥʦʡ ʙʘʪʘʨʝʠ; 

6. ʇʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʤʝʩʪʠʪʴ ʜʦʤ ʚ ʭʦʣʤ; 

7. ɼʦʤ ʧʦʜ ʢʫʧʦʣʦʤ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʙʣʶʜʘʝʪʩʷ ʙʫʨʥʳʡ ʨʦʩʪ ʥʦʤʝʥʢʣʘʪʫʨʳ ʤʘʪʝʨʠʘʣʦʚ ʚʳʩʦʢʦʛʦ 

ʢʘʯʝʩʪʚʘ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʇʨʠʯʝʤ ʚʩʝ ʚʨʝʤʷ, ʙʣʘʛʦʜʘʨʷ ʢʦʥʢʫʨʝʥʮʠʠ, ʠʜʝʪ 

ʫʣʫʯʰʝʥʠʝ ʠʭ ʩʚʦʡʩʪʚ. ʆʜʥʠʤ ʠʟ ʚʠʜʦʚ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʩʪʝʢʣʦ 

ʧʦʚʳʰʝʥʥʦʡ ʧʨʦʯʥʦʩʪʠ. ʅʘ ʨʠʩ. 1 ʚʠʜʥʦ, ʯʪʦ ʯʝʣʦʚʝʢ ʪʦʧʦʨʦʤ ʥʝ ʤʦʞʝʪ ʧʨʦʙʠʪʴ 

ʢʦʥʩʪʨʫʢʮʠʶ, ʚ ʢʦʪʦʨʦʡ ʦʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ. 
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ʈʠʩ. 1. ʀʣʣʶʩʪʨʘʮʠʷ ʧʨʦʯʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʳʭ ʚʠʜʦʚ ʩʪʝʢʣʘ 
 

ʅʦ ʝʩʪʴ ʝʱʝ ʤʥʦʛʦ ʚʠʜʦʚ ʧʣʝʥʦʢ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʶʱʠʭ ʧʨʦʯʥʦʩʪʴ ʩʪʝʢʦʣ ʠ 

ʫʚʝʣʠʯʠʚʘʶʱʠʭ ʠʭ ʪʝʧʣʦʦʪʨʘʞʘʶʱʠʝ ʩʚʦʡʩʪʚʘ. ʇʦʵʪʦʤʫ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʤ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʢʦʥʩʪʨʫʢʮʠʷ ʜʦʤʘ, ʚʳʧʦʣʥʝʥʥʦʛʦ ʠʟ ʩʪʝʢʣʘ ʠʣʠ ʧʝʥʦʩʪʝʢʣʘ, ʟʘʢʨʳʪ 

ʢʫʧʦʣʦʤ ʠʟ ʧʨʦʯʥʦʛʦ ʩʪʝʢʣʘ. 

ʊʘʢʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʮʝʥʘ-

ʢʘʯʝʩʪʚʦ.  
 

 
 

ʈʠʩ. 2. ʇʨʠʤʝʨ ʩʦʯʝʪʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ  

ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʜʦʤʦʚ 
 

ʇʨʠʯʝʤ, ʧʝʥʦʩʪʝʢʣʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʚʘʨʠʘʥʪ ʥʘʨʘʚʥʝ ʩ ʤʘʪʝʨʠʘʣʘʤʠ ʪʠʧʘ 

ʩʘʤʘʥʘ, ʢʘʤʳʰʠʪʘ, ʩʦʣʦʤʠʪʘ, ʩʠʥ-ʧʘʥʝʣʝʡ ʠ ʪ.ʜ. ʇʨʠʯʝʤ ʧʦʩʣʝʜʥʠʝ ʤʘʪʝʨʠʘʣʳ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ. ʇʦʩʢʦʣʴʢʫ ʠʭ ʩʪʦʠʤʦʩʪʴ ʧʝʥʦʩʪʝʢʣʘ, ʘ ʦʙʣʠʮʦʚʢʠ ʪʘʢʦʡ ʜʦʤ ʥʝ 

ʪʨʝʙʫʝʪ, ʪ.ʢ. ʟʘʱʠʱʝʥ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʨʘʟʨʫʰʘʶʱʠʭ ʩʚʦʡʩʪʚ ʘʪʤʦʩʬʝʨʳ 

ʩʪʝʢʣʷʥʥʳʤ ʢʫʧʦʣʦʤ. ɿʘʢʨʳʪʠʝ ʜʦʤʘ ʢʫʧʦʣʦʤ ʙʣʘʛʦʧʨʠʷʪʥʦ ʚʣʠʷʝʪ ʥʘ ʨʘʙʦʪʫ 

ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ. ʂʨʦʤʝ ʪʦʛʦ, ʠʤʝʥʥʦ ʬʦʨʤʘ ʢʫʧʦʣʘ ʧʦʟʚʦʣʷʝʪ ʥʘʠʙʦʣʝʝ 

ʨʘʮʠʦʥʘʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʣʥʝʯʥʳʝ ʙʘʪʘʨʝʠ, ʠʟʙʝʞʘʪʴ ʦʯʠʩʪʢʠ ʦʪ ʢʨʠʪʠʯʝʩʢʦʡ 

ʤʘʩʩʳ ʩʥʝʛʘ, ʠ ʪ.ʜ. ʎʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ, ʠʤʝʥʥʦ, ʜʦʤʘ ʠʟ ʜʝʰʝʚʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʣʦʞʝʥʠʝʤ ʢʘʯʝʩʪʚʦ - ʫʜʝʣʴʥʘʷ ʩʪʦʠʤʦʩʪʴ. ɺʦ-ʧʝʨʚʳʭ (ʠ ʚʦ-
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ʚʪʦʨʳʭ, ʠ ʚ-ʪʨʝʪʴʠʭ, ʠ ʪ.ʜ.) ʛʣʠʥʘ ʩʘʤʳʡ çʜʦʙʨʳʡè ʢ ʣʶʜʷʤ ʤʘʪʝʨʠʘʣ. ʇʣʘʩʪʠʥʘ 

ʧʦʯʪʠ ʠʟ ʚʩʝʭ ʩʦʨʪʦʚ ʛʣʠʥʳ ʠʤʝʝʪ ʩʦʙʩʪʚʝʥʥʫʶ ʯʘʩʪʦʪʫ 7 ʛʝʨʮ (ʠʣʠ ʦʯʝʥʴ ʙʣʠʟʢʘ ʚ 

+ ʠʣʠ -) ʠ ʧʦʵʪʦʤʫ ʦʢʘʟʳʚʘʝʪ ʙʣʘʛʦʧʨʠʷʪʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʯʝʣʦʚʝʢʘ. ʊ.ʦ. ʢʨʦʤʝ ʚʩʝʭ 

ʧʨʦʯʠʭ ʧʨʝʠʤʫʱʝʩʪʚ ʜʦʤʘ ʠʟ ʤʘʪʝʨʠʘʣʦʚ, ʠʤʝʶʱʠʭ ʚ ʦʩʥʦʚʝ ʛʣʠʥʫ, ʜʦʤ ʠʤʝʝʪ 

ʣʝʯʝʙʥʳʝ ʩʚʦʡʩʪʚʘ. ɺ ʮʝʣʦʤ ʩʪʦʠʤʦʩʪʴ ʢʫʧʦʣʘ ʠ ʩʪʦʠʤʦʩʪʴ ʜʦʤʘ ʧʨʘʢʪʠʯʝʩʢʠ 

(ʢʦʥʛʨʫʵʥʪʥʘ) ʩʪʦʠʤʦʩʪʠ ʜʦʤʘ ʠʟ ʢʠʨʧʠʯʘ (ɽʩʣʠ ʫʯʝʩʪʴ, ʯʪʦ ʛʣʠʥʘ ʢʘʢ ʤʘʪʝʨʠʘʣ 

ʥʘʭʦʜʠʪʩʷ ʧʨʷʤʦ ʚʦʟʣʝ ʜʦʤʘ (ʪ.ʢ. ʣʦʛʠʩʪʠʢʘ ʦʪʩʫʪʩʪʚʫʝʪ), ʘ ʢʠʨʧʠʯ ʤʦʞʥʦ ʚʦʦʙʱʝ 

ʥʝ ʜʦʚʝʟʪʠ ʜʦ ʩʪʨʦʡʢʠ ʠʟ-ʟʘ ʨʘʩʧʫʪʠʮʳ). 

ʀʥʪʝʨʝʩʥʦʡ ʷʚʣʷʝʪʩʷ ʢʦʥʩʪʨʫʢʮʠʷ ʢʫʧʦʣʘ (ʢʦʪʦʨʘʷ ʥʝ ʥʝʩʝʪ ʥʘ ʩʝʙʝ ʩʦʣʥʝʯʥʳʭ 

ʙʘʪʘʨʝʡ), ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʨʝʛʫʣʠʨʦʚʘʪʴ ʩʪʝʧʝʥʴ ʥʘʛʨʝʚʘ ʦʙʲʝʤʘ ʚʦʟʜʫʭʘ ʚʥʫʪʨʠ 

ʢʫʧʦʣʘ [1]. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʢʫʧʦʣ ʩʦʙʠʨʘʝʪʩʷ ʠʟ ʩʧʝʮʠʘʣʴʥʳʭ ʩʝʢʪʦʨʥʳʭ 

ʙʣʦʢʦʚ, ʢʦʪʦʨʳʝ ʧʨʦʠʟʚʦʜʷʪʩʷ ʧʦ ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʠ: ʠʤʝʶʪ ʞʝʩʪʢʠʡ ʢʦʨʩʝʪʥʳʡ 

ʢʦʨʧʫʩ ʠ ʤʝʥʷʶʱʠʝʩʷ ʚʳʧʫʢʣʦ-ʚʦʛʥʫʪʫʶ ʚʥʫʪʨʝʥʥʶʶ ʦʙʦʣʦʯʢʫ. ɺ ʩʝʢʪʦʨ ʤʦʞʝʪ 

ʟʘʢʘʯʠʚʘʪʴʩʷ ʣʶʙʘʷ ʛʘʟʦʦʙʨʘʟʥʘʷ ʩʫʙʩʪʘʥʮʠʷ: ʚʦʟʜʫʭ, ʘʟʦʪ, ʥʝʦʥ ʠ ʪ.ʜ. ʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠʟ ʩʝʢʪʦʨʘ ʤʦʞʝʪ ʦʪʢʘʯʠʚʘʪʴʩʷ ʪʘ ʞʝ ʩʫʙʩʪʘʥʮʠʷ, ʩʦʟʜʘʚʘʷ ʠʣʠ 

ʚʳʧʫʢʣʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʜʣʷ ʩʙʦʨʘ ʩʦʣʥʝʯʥʳʭ ʣʫʯʝʡ, ʠʣʠ ʚʦʛʥʫʪʫʶ ʜʣʷ ʠʭ 

ʨʘʩʩʝʠʚʘʥʠʷ. ɺʠʜ ʪʘʢʦʛʦ ʢʫʧʦʣʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 3. 
 

 
 

ʈʠʩ. 3. ʕʢʦ-ʢʫʧʦʣʘ ʧʨʦʝʢʪʘ çʕʜʝʤè ʚ ʛʨʘʬʩʪʚʝ ʂʦʨʥʫʦʣʣ, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ 
 

ʀʟ ʠʟʣʦʞʝʥʥʦʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʚʳʚʦʜʳ: 

ɺʳʚʦʜʳ: 

1. ʆʧʪʠʤʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ, ʩʦʟʜʘʥʠʝ ʚ ʨʘʡʦʥʘʭ ʧʝʨʝʩʝʣʝʥʠʷ ʩʙʦʨʥʳʭ ʜʦʤʦʚ, ʩ 
ʮʠʢʣʦʤ ʩʙʦʨʢʠ ʚ 1-2 ʜʥʷ. 

2. ɺ ʵʪʠʭ ʞʝ ʨʘʡʦʥʘʭ (ʚ ʫʩʣʦʚʠʷʭ ʦʪʩʫʪʩʪʚʠʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ) ʜʦʤ ʜʦʣʞʝʥ ʙʳʪʴ 
ʵʥʝʨʛʦʥʝʟʘʚʠʩʠʤʳʤ. 

3. ʅʘ ʧʝʨʚʦʝ ʚʨʝʤʷ ʚ ʜʦʤʝ ʜʦʣʞʥʦ ʙʳʪʴ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʘʚʪʦʥʦʤʥʦʝ 

ʚʦʜʦʩʥʘʙʞʝʥʠʝ. ɼʣʷ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʩʪʘʥʦʚʢʫ ʧʦ ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʶ 

ʚʦʜʳ ʠʟ ʚʦʟʜʫʭʘ, ʨʘʙʦʪʘʶʱʫʶ ʥʘ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʷʭ. 
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ɸʥʥʦʪʘʮʠʷ: ʚ ʩʪʘʪʴʝ ʧʨʠʚʦʜʷʪʩʷ ʜʘʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʛʠʧʩʦʚʦʛʦ ʚʷʞʫʱʝʛʦ ʩ 

ʥʘʧʦʣʥʠʪʝʣʷʤʠ ʠʟ ʪʝʭʥʦʛʝʥʥʳʭ ʦʪʭʦʜʦʚ, ʜʦʙʘʚʣʝʥʥʳʭ ʩ ʮʝʣʴʶ ʫʣʫʯʰʝʥʠʷ ʬʠʟʠʢʦ-
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ʢʘʯʝʩʪʚʝ ʤʝʞʢʦʤʥʘʪʥʳʭ ʧʝʨʝʛʦʨʦʜʦʢ, ʧʦʜʚʝʩʥʳʭ ʧʦʪʦʣʢʦʚ ʠ ʦʙʣʠʮʦʚʦʯʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ. ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʟʫʯʘʣʠʩʴ ʩʚʦʡʩʪʚʘ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʠʭ ʤʘʪʝʨʠʘʣʦʚ 
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Abstract: in the article the data of experiment of a gypsum binder with fillers from 

technogenic wastes, added with the purpose of improvement of physico-mechanical and 
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ɺʩʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʯʝʣʦʚʝʯʝʩʪʚʘ ʩʚʷʟʘʥʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʪʭʦʜʦʚ. ɽʩʣʠ 

ʛʘʟʦʦʙʨʘʟʥʳʝ ʠ ʞʠʜʢʠʝ ʦʪʭʦʜʳ ʙʳʩʪʨʦ ʧʦʛʣʦʱʘʶʪʩʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ, ʪʦ 

ʘʩʩʠʤʠʣʷʮʠʷ ʪʚʝʨʜʳʭ ʦʪʭʦʜʦʚ ʜʣʠʪʩʷ ʜʝʩʷʪʢʠ, ʘ ʪʦ ʠ ʩʦʪʥʠ ʣʝʪ. ɽʞʝʜʥʝʚʥʦ ʥʘ ʧʣʘʥʝʪʝ 

ʦʙʨʘʟʫʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʤʠʣʣʠʦʥʦʚ ʢʫʙʠʯʝʩʢʠʭ ʤʝʪʨʦʚ ʪʚʝʨʜʳʭ ʦʪʭʦʜʦʚ. ʄʝʩʪʘ 

ʩʢʣʘʜʠʨʦʚʘʥʠʷ ʦʪʭʦʜʦʚ ʟʘʥʠʤʘʶʪ ʛʨʦʤʘʜʥʳʝ ʪʝʨʨʠʪʦʨʠʠ.  

ɺ ʋʟʙʝʢʠʩʪʘʥʝ ʚ ʩʨʝʜʥʝʤ ʩʢʣʘʜʠʨʫʝʪʩʷ ʜʦ 30 ʤʣʥ. ʤ
3
/ʛʦʜ ʪʚʝʨʜʳʭ ʦʪʭʦʜʦʚ. ɺʩʝʛʦ ʚ 

ʩʪʨʘʥʝ ʠʭ ʩʢʦʧʠʣʦʩʴ ʜʦ 11 ʤʣʨʜ ʪʦʥ. ʉʚʘʣʢʠ ʦʪʭʦʜʦʚ ʟʘʥʠʤʘʶʪ ʙʦʣʝʝ 50 ʪʳʩ. 

ʛʝʢʪʘʨʦʚ. ɺ ʩʚʷʟʠ ʩ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʦʙʲʝʤ ʦʙʨʘʟʦʚʘʥʠʷ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʪʭʦʜʦʚ ʚ ʋʟʙʝʢʠʩʪʘʥʝ ʚ 5 ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʚ ʉʐɸ, ʠ ʚ 3 ʨʘʟʘ ʚʳʰʝ, 

ʯʝʤ ʚ ʩʪʨʘʥʘʭ ɽʚʨʦʧʳ [1]. 

ʋʯʠʪʳʚʘʷ ʨʝʟʢʦ ʫʚʝʣʠʯʠʚʘʶʱʠʝʩʷ ʧʣʦʱʘʜʠ ʧʦʣʠʛʦʥʦʚ ʜʣʷ ʭʨʘʥʝʥʠʷ ʪʚʝʨʜʳʭ 

ʙʳʪʦʚʳʭ ʦʪʭʦʜʦʚ, ʘ ʪʘʢʞʝ ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴ ʨʳʥʢʘ ʚ ʥʦʚʳʭ 

ʤʫʣʴʪʠʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʘʭ, ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 
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ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʬʬʝʢʪʠʚʥʳʭ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʤʳʰʣʝʥʥʳʭ ʠ ʙʳʪʦʚʳʭ ʦʪʭʦʜʦʚ.  

ʃʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ ʥʝ ʚʳʜʘʩʪ ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʠʣʠ ʙʳ ʧʨʦʚʝʩʪʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ 

ʚʥʝʜʨʝʥʠʝ ʜʦʙʘʚʦʢ ʥʘ ʦʩʥʦʚʝ ʪʝʭʥʦʛʝʥʥʳʭ ʦʪʭʦʜʦʚ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʠʟʦʣʠʨʫʶʱʠʭ ʢʦʤʧʦʟʠʮʠʡ. ʅʝʜʦʩʪʘʪʦʯʥʳ ʪʘʢʞʝ ʜʘʥʥʳʝ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʚʣʠʷʥʠʷ 

ʭʠʤʠʯʝʩʢʠʭ ʜʦʙʘʚʦʢ ʠʟ ʦʪʭʦʜʦʚ ʥʘ ʩʚʦʡʩʪʚʘ ʛʠʧʩʦʚʳʭ ʚʷʞʫʱʠʭ.  

ɼʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʚʳʰʝʩʢʘʟʘʥʥʳʭ ʜʘʥʥʳʭ, ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʥʝʦʙʭʦʜʠʤʦ ʠʟʫʯʠʪʴ 

ʩʚʦʡʩʪʚʘ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʜʦʙʘʚʦʢ ʠʟ ʪʝʭʥʦʛʝʥʥʳʭ ʦʪʭʦʜʦʚ. 

ʆʪʭʦʜʳ ð ʦʩʪʘʪʢʠ ʩʳʨʴʷ, ʤʘʪʝʨʠʘʣʦʚ, ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ, ʠʥʳʭ ʠʟʜʝʣʠʡ ʠʣʠ 

ʧʨʦʜʫʢʪʦʚ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʦʚʘʣʠʩʴ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʣʠ ʧʦʪʨʝʙʣʝʥʠʷ, ʘ ʪʘʢʞʝ 

ʪʦʚʘʨʳ (ʧʨʦʜʫʢʮʠʷ), ʫʪʨʘʪʠʚʰʠʝ ʩʚʦʠ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʝ ʩʚʦʡʩʪʚʘ. ɺ ʦʩʥʦʚʥʦʤ ʪʚʝʨʜʳʝ 

ʙʳʪʦʚʳʝ ʦʪʭʦʜʳ ʩʦʩʪʦʷʪ ʠʟ ʤʘʢʫʣʘʪʫʨʳ, ʧʣʘʩʪʠʢʦʚʳʭ ʠ ʩʪʝʢʣʷʥʥʳʭ ʪʘʨ, ʥʝʧʨʠʛʦʜʥʳʭ 

ʜʣ̫ ʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʠʟʜʝʣʠʡ, ʨʘʟʥʦʛʦ ʨʦʜʘ ʪʝʢʩʪʠʣʷ, 

ʨʝʟʠʥʳ ʠ ʜʨʝʚʝʩʠʥʳ [1].  

ʄʘʢʫʣʘʪʫʨʦʡ ʥʘʟʳʚʘʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʦʪʭʦʜʳ ʧʦʪʨʝʙʣʝʥʠʷ ʚʩʝʭ ʚʠʜʦʚ ʙʫʤʘʛʠ ʠ 

ʢʘʨʪʦʥʘ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʚʦʣʦʢʥʠʩʪʦʛʦ ʩʳʨʴʷ.  

ʇʦʣʠʵʪʠʣʝʥʪʝʨʝʬʪʘʣʘʪ ð ʪʚʸʨʜʦʝ, ʙʝʩʮʚʝʪʥʦʝ, ʧʨʦʟʨʘʯʥʦʝ ʚʝʱʝʩʪʚʦ. ʇʨʦʯʝʥ ʠ 

ʠʟʥʦʩʦʩʪʦʝʢ. 

ʉʪʝʢʣʦ ð ʤʘʪʝʨʠʘʣ, ʩʘʤʳʡ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʡ ʠ ʜʨʝʚʥʠʡ. ʀʟ ʦʙʳʯʥʦʛʦ ʩʪʝʢʣʘ 

ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʪʦʥʢʠʝ ʚʝʩʴʤʘ ʛʠʙʢʠʝ ʥʠʪʠ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʢʘʥʠ.  

ʇʦʩʣʝ ʠʟʫʯʝʥʠʝ ʩʚʦʡʩʪʚ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʝʨʝʜ ʧʨʠʤʝʥʝʥʠʝʤ ʠʭ ʚ ʨʦʣʠ ʥʘʧʦʣʥʠʪʝʣʷ, 

ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʧʨʠʨʦʜʫ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʚʷʞʫʱʠʤʠ ʚʝʱʝʩʪʚʘʤʠ.  

ɺ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ 

ʚʦʣʦʢʥʘ ʚ ʢʘʯʝʩʪʚʝ ʘʨʤʠʨʫʶʱʠʭ ʜʦʙʘʚʦʢ. ɺʩʝ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʦʪʭʦʜʳ ʧʨʠʛʦʜʥʳ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʠʟ ʥʠʭ ʚʦʣʦʢʦʥ. ʊʘʢʞʝ ʟʘʨʫʙʝʞʥʳʡ ʦʧʳʪ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʚʦʣʦʢʦʥ 

ʚ ʢʘʯʝʩʪʚʝ ʘʨʤʘʪʫʨʳ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʨʘʟʤʝʨʳ ʩʪʨʦʠʪʝʣʴʥʳʭ ʠʟʜʝʣʠʡ, ʩʥʠʟʠʪʴ ʠʭ 

ʤʘʩʩʫ, ʧʦʚʳʩʠʪʴ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘʧʦʣʥʠʪʝʣʝʡ ʠʟ ʪʝʭʥʦʛʝʥʥʳʭ ʦʪʭʦʜʦʚ ʥʘ ʛʠʧʩʦʚʳʝ 

ʚʷʞʫʱʠʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʨʷʜ ʠʩʧʳʪʘʥʠʡ. ɺ ʭʦʜʝ ʠʩʧʳʪʘʥʠʡ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ 

ʚʷʞʫʱʝʛʦ ʚʝʱʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʩʪʨʦʠʪʝʣʴʥʳʡ ʛʠʧʩ ʤʘʨʢʠ ɻ-4, ʥʘʧʦʣʥʠʪʝʣʷʤʠ 

ʩʣʫʞʠʣʠ ʚʳʰʝʦʧʠʩʘʥʥʳʝ ʚʦʣʦʢʥʘ. ʅʘʧʦʣʥʠʪʝʣʠ ʚ ʤʘʪʝʨʠʘʣʝ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʭʘʦʪʠʯʥʦ. 

ɺʦ ʚʨʝʤʷ ʠʩʧʳʪʘʥʠʡ ʠʩʧʦʣʥʠʪʝʣʷʤʠ ʧʨʦʝʢʪʘ ʫʯʠʪʳʚʘʣʠʩʴ ʪʘʢʠʝ ʤʦʤʝʥʪʳ ʢʘʢ ï 

ʢʘʯʝʩʪʚʘ ʧʨʦʧʠʪʢʠ ʥʘʧʦʣʥʷʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʛʠʧʩʦʚʳʤ ʨʘʩʪʚʦʨʦʤ, ʘʜʛʝʟʠʷ ʚʦʣʦʢʦʥ, 

ʦʨʠʝʥʪʘʮʠʷ ʚʦʣʦʢʦʥ ʚ ʛʠʧʩʦʚʦʤ ʢʘʤʥʝ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʠʝʤʳ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʪʘʢ ʢʘʢ 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʷʪ ʦʪ ʵʪʠʭ ʫʩʣʦʚʠʡ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ï ʯʘʰʢʫ ʠʟ ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, 

ʨʫʯʥʫʶ ʤʝʰʘʣʢʫ, ʤʝʨʥʳʡ ʮʠʣʠʥʜʨ ʚʤʝʩʪʠʤʦʩʪʴʶ 1 ʣ, ʚʝʩʳ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ʚʟʚʝʰʠʚʘʥʠʷ 

ʥʝ ʙʦʣʝʝ 1 ʛ, ʬʦʨʤʳ ʠʟ ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʙʨʘʟʮʦʚ [2]. 

ɹʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʛʠʧʩʦʚʳʝ ʦʙʨʘʟʮʳ,
 
ʥʘʧʦʣʥʝʥʥʳʝ ʚʦʣʦʢʥʘʤʠ, ʚ ʦʩʥʦʚʥʦʤ 9 ʚʠʜʦʚ. 

 

ʊʘʙʣʠʮʘ 1. ʇʨʦʮʝʥʪʥʳʡ ʩʦʩʪʘʚ ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʙʘʣʦʢ 
 

ʂʦʤʧʦʥʝʥʪ ˉ 1 ˉ 2 ˉ 3 ˉ 4 ˉ 5 ˉ 6 ˉ 7 ˉ 8 ˉ 9 

ɻʠʧʩ 96,15 95,84 96,58 95,35 94,22 93,09 95,51 86,01 94,56 

ɺʦʜʘ 3,85 3,85 2,91 3,85 4,76 3,85 3,85 7,41 3,85 

ʈʘʩʧʫʱʝʥʥʘʷ 

ʤʘʢʫʣʘʪʫʨʘ 
0 0,31 0 0 0,73 2,13 0,39 5,47 1,10 

ʉʪʝʢʣʦʚʦʣʦʢʥʦ 0 0 0,51 0 0,29 0 0,26 0,56 0,25 

ʇʦʣʠʵʬʠʨʥʦʝ 

ʚʦʣʦʢʥʦ 
0 0 0 0,80 0 0,93 0 0,56 0,25 

ɺʩʝʛʦ 100 100 100 100 100 100 100 100 100 
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ɼʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʙʨʘʟʮʦʚ ʚʟʷʣʠ ʧʨʦʙʫ ʛʠʧʩʦʚʦʛʦ ʚʷʞʫʱʝʛʦ ʤʘʩʩʦʡ ʦʪ 1,0 ʜʦ 

1,5 ʢʛ. ɺ ʥʝʛʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʜʦʙʘʚʠʣʠ ʚʦʣʦʢʥʘ. ɻʠʧʩʦʚʦʝ ʚʷʞʫʱʝʝ ʚ ʪʝʯʝʥʠʝ 5-20 

ʩʝʢʫʥʜ ʟʘʩʳʧʘʣʠ ʚ ʯʘʰʢʫ ʩ ʚʦʜʦʡ, ʚʟʷʪʦʡ ʚ ʢʦʣʠʯʝʩʪʚʝ, ʥʝʦʙʭʦʜʠʤʦʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʪʝʩʪʘ ʩʪʘʥʜʘʨʪʥʦʡ ʢʦʥʩʠʩʪʝʥʮʠʠ. ʇʦʩʣʝ ʟʘʩʳʧʘʥʠʷ ʚʷʞʫʱʝʛʦ ʩʤʝʩʴ ʠʥʪʝʥʩʠʚʥʦ 

ʧʝʨʝʤʝʰʠʚʘʣʠ ʨʫʯʥʦʡ ʤʝʰʘʣʢʦʡ ʚ ʪʝʯʝʥʠʝ 2 ʤʠʥʫʪ ʜʦ ʧʦʣʫʯʝʥʠʷ ʦʜʥʦʨʦʜʥʦʛʦ ʪʝʩʪʘ, 

ʢʦʪʦʨʳʤ ʟʘʣʠʚʘʣʠ ʬʦʨʤʫ. ʏʝʨʝʟ 15 ʤʠʥ ʧʦʩʣʝ ʢʦʥʮʘ ʩʭʚʘʪʳʚʘʥʠʷ ʦʙʨʘʟʮʳ ʠʟʚʣʝʢʘʣʠ 

ʠʟ ʬʦʨʤ, ʤʘʨʢʠʨʦʚʘʣʠ ʩʪʨʦʠʪʝʣʴʥʳʤ ʢʘʨʘʥʜʘʰʦʤ. 

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʦʙʨʘʟʮʦʚ-ʙʘʣʦʯʝʢ ʧʨʠ ʠʟʛʠʙʝ ʦʧʨʝʜʝʣʷʣʠ ʥʘ ʤʘʰʠʥʝ ʄʀʀ-100. 

ʆʙʨʘʟʮʳ ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʥʘ ʦʧʦʨʥʳʝ ʵʣʝʤʝʥʪʳ ʧʨʠʙʦʨʘ ʪʘʢ, ʯʪʦʙʳ ʠʭ ʧʣʦʩʢʦʩʪʠ, 

ʙʳʚʰʠʝ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤʠ, ʥʘʭʦʜʠʣʠʩʴ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ. 

ɿʘʪʝʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʥʩʪʨʫʢʮʠʝʡ, ʧʨʠʣʘʛʘʝʤʦʡ ʢ ʧʨʠʙʦʨʫ, ʧʨʦʠʟʚʦʜʠʣʠ ʠʩʧʳʪʘʥʠʝ 

ʦʙʨʘʟʮʦʚ. ɿʘ ʨʝʟʫʣʴʪʘʪ ʠʩʧʳʪʘʥʠʡ ʧʨʠʥʠʤʘʣʠ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʜʚʫʭ 

ʥʘʠʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʡ ʧʨʦʯʥʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʭ ʜʣʷ ʪʨʸʭ ʦʙʨʘʟʮʦʚ [2]. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʞʘʪʠʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʝʩʩ ʩ ʧʨʝʜʝʣʴʥʦʡ ʥʘʛʨʫʟʢʦʡ 

ʜʦ 10-20 ʪ/ʩ. 

ʆʙʨʘʟʮʳ ʧʦʤʝʩʪʠʣʠ ʤʝʞʜʫ ʜʚʫʤʷ ʧʣʘʩʪʠʥʘʤʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʙʦʢʦʚʳʝ 

ʛʨʘʥʠ, ʢʦʪʦʨʳʝ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʧʨʠʣʝʛʘʣʠ ʢ ʧʨʦʜʦʣʴʥʳʤ ʩʪʝʥʢʘʤ ʬʦʨʤ, ʥʘʭʦʜʠʣʠʩʴ 

ʥʘ ʧʣʦʩʢʦʩʪʷʭ ʧʣʘʩʪʠʥ, ʘ ʫʧʦʨʳ ʧʣʘʩʪʠʥ ʧʣʦʪʥʦ ʧʨʠʣʝʛʘʣʠ ʢ ʪʦʨʮʝʚʦʡ ʛʣʘʜʢʦʡ ʩʪʝʥʢʝ 

ʦʙʨʘʟʮʘ. ʆʙʨʘʟʝʮ ʚʤʝʩʪʝ ʩ ʧʣʘʩʪʠʥʘʤʠ ʧʦʜʚʝʨʛʣʠ ʩʞʘʪʠʶ ʥʘ ʧʨʝʩʩʝ. ɺʨʝʤʷ ʦʪ ʥʘʯʘʣʘ 

ʨʘʚʥʦʤʝʨʥʦʛʦ ʥʘʛʨʫʞʝʥʠʷ ʦʙʨʘʟʮʘ ʜʦ ʝʛʦ ʨʘʟʨʫʰʝʥʠʷ ʩʦʩʪʘʚʣʷʣʦ ʦʪ 5 ʜʦ 30 ʩ., 

ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʥʘʨʘʩʪʘʥʠʷ ʥʘʛʨʫʟʢʠ ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʙʳʣʘ 10 ʢʛʩ/ʩʤ
2
 ʚ ʩʝʢʫʥʜʫ. 

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʞʘʪʠʝ ʦʜʥʦʛʦ ʦʙʨʘʟʮʘ ʦʧʨʝʜʝʣʷʣʠ ʢʘʢ ʯʘʩʪʥʦʝ ʦʪ ʜʝʣʝʥʠʷ 

ʚʝʣʠʯʠʥʳ ʨʘʟʨʫʰʘʶʱʝʡ ʥʘʛʨʫʟʢʠ ʥʘ ʨʘʙʦʯʫʶ ʧʣʦʱʘʜʴ ʦʙʨʘʟʮʘ, ʨʘʚʥʫʶ 25 ʩʤ
2
 [3]. 

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʞʘʪʠʝ ʚʳʯʠʩʣʷʣʠ ʢʘʢ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʰʝʩʪʠ ʠʩʧʳʪʘʥʠʡ ʙʝʟ ʥʘʠʙʦʣʴʰʝʛʦ ʠ ʥʘʠʤʝʥʴʰʝʛʦ ʨʝʟʫʣʴʪʘʪʦʚ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʚʦʩʧʦʣʴʟʦʚʘʣʠʩʴ ʬʦʨʤʫʣʘʤʠ 

ɹ.ʅ. ʂʘʫʬʤʘʥʘ ʠ ɺ.ʇ. ʅʝʢʨʘʩʦʚʘ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʥʫ ʠʟ ʩʘʤʳʭ ʚʘʞʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʆʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʪʝʣʘ 

ʧʨʦʚʦʜʠʪʴ ʪʝʧʣʦ, ʠʣʠ, ʙʦʣʝʝ ʪʦʯʥʦ, ʝʛʦ ʟʥʘʯʝʥʠʝ ʧʦʢʘʟʳʚʘʝʪ, ʢʘʢʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʪʝʧʣʦʪʳ ʧʨʦʡʜʝʪ ʯʝʨʝʟ ʦʙʨʘʟʝʮ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʪʦʣʱʠʥʦʡ 1 ʤ, ʧʣʦʱʘʜʴʶ 1 ʤ
2
 ʟʘ 

ʦʜʥʫ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ ʧʨʠ ʫʩʣʦʚʠʠ ʨʘʟʥʠʮʳ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ 

ʛʨʘʥʠʮʘʭ ʚ ʦʜʠʥ ʛʨʘʜʫʩ. ʇʦ ʩʫʪʠ, ʦʥ ʧʦʢʘʟʳʚʘʝʪ, ʢʘʢ ʙʳʩʪʨʦ ʦʩʪʳʥʝʪ ʧʦʤʝʱʝʥʠʝ, 

ʢʦʪʦʨʦʝ ʚʳ ʜʦʣʛʦ ʥʘʛʨʝʚʘʣʠ [4]. 

ɼʣʷ ʨʘʩʯʝʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʵʤʧʠʨʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʢʦʪʦʨʳʝ, ʦʜʥʘʢʦ, ʩʧʨʘʚʝʜʣʠʚʳ ʜʣʷ ʫʟʢʦʛʦ ʜʠʘʧʘʟʦʥʘ 

ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜʳ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ 

ʦʧʨʝʜʝʣʠʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʧʘʨʘʤʝʪʨʳ ʥʘʧʦʣʥʝʥʥʳʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʚʷʞʫʱʠʭ 

ʚʝʱʝʩʪʚ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʜʣʷ ʙʳʩʪʨʦʡ ʦʮʝʥʢʠ, ʠʥʦʛʜʘ ʫʜʦʙʥʝʝ ʧʦʣʴʟʦʚʘʪʴʩʷ ʬʦʨʤʫʣʘʤʠ 

ɹ.ʅ. ʂʘʫʬʤʘʥʘ ʠʣʠ ɺ.ʇ. ʅʝʢʨʘʩʦʚʘ:  

ɚ = 0,0935Ŀ(m)
0,5
Ŀ2,28

m
 + 0,025, 

ɚ = (0,196 + 0,22 m
2
)
0,5

 ï 0,14, 

ʛʜʝ m ï ʦʙʲʝʤʥʘʷ ʤʘʩʩʘ ʩʫʭʦʛʦ ʠ ʚʣʘʞʥʦʛʦ (3%) ʤʘʪʝʨʠʘʣʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʪ/ʤ
3
, 

ʘ ɚ ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ +25
ʦ
ʉ, ʢʢʘʣ/ʤĿʯĿ

ʦ
ʉ. 

ʊʘʢ ʢʘʢ ʦʙʨʘʟʮʳ ʙʳʣʠ ʚʣʘʞʥʳʤʠ, ʚʦʩʧʦʣʴʟʦʚʘʣʠʩʴ ʬʦʨʤʫʣʦʡ ʂʘʫʬʤʘʥʘ: 

ɚ1 = 0,0935Ŀ(1,254)
0,5
Ŀ2,28

1,254
 + 0,025 = 0,319 ʢʢʘʣ/ʤĿʯĿ

ʦ
ʉ 

ɚ2 = 0,0935Ŀ(1,259)
0,5
Ŀ2,28

1,259
 + 0,025 =0,321 ʢʢʘʣ/ʤĿʯĿ

ʦ
ʉ 

ɚ3= 0,0935Ŀ(1,321)
0,5
Ŀ2,28

1,321
 + 0,025 =0,344 ʢʢʘʣ/ʤĿʯĿ

ʦ
ʉ 

ɚ4= 0,0935Ŀ(1,266)
0,5
Ŀ2,28

1,266
 + 0,025 =0,324 ʢʢʘʣ/ʤĿʯĿ

ʦ
ʉ 

ɚ5= 0,0935Ŀ(1,320)
0,5
Ŀ2,28

1,320
 + 0,025 =0,344 ʢʢʘʣ/ʤĿʯĿ

ʦ
ʉ 

ɚ6= 0,0935Ŀ(1,343)
0,5
Ŀ2,28

1,343
 + 0,025 =0,353 ʢʢʘʣ/ʤĿʯĿ

ʦ
ʉ 

ɚ7= 0,0935Ŀ(1,292)
0,5
Ŀ2,28

1,292
 + 0,025 =0,333 ʢʢʘʣ/ʤĿʯĿ

ʦ
ʉ 
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ɚ8= 0,0935Ŀ(1,412)
0,5
Ŀ2,28

1,412
 + 0,025 =0,381 ʢʢʘʣ/ʤĿʯĿ

ʦ
ʉ 

ɚ9= 0,0935Ŀ(1,367)
0,5
Ŀ2,28

1,367
 + 0,025 =0,362 ʢʢʘʣ/ʤĿʯĿ

ʦ
ʉ 

ʇʦʣʫʯʝʥʥʳʝ ʚ ʠʪʦʛʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʜʘʥʥʳʝ ʚʥʝʩʣʠ ʚ ʪʘʙʣʠʮʫ 2. 
 

ʊʘʙʣʠʮʘ 2. ɼʘʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʛʠʧʩʦʚʳʭ ʙʘʣʦʢ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ 
 

 

ʇʨʦʯʥʦʩʪʴ 

ʧʨʠ ʠʟʛʠʙʝ, 

ʄʇʘ 

ʇʨʦʯʥʦʩʪʴ 

ʥʘ ʩʞʘʪʠʝ, 

ʄʇʘ 

ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, 

ʢʢʘʣ/ʤĿʯĿʦʉ 

ʇʣʦʪʥʦʩʪʴ, 

ʢʛ/ʤ3 

ʆʙʨʘʟʝʮ 1 4,1 8,1 0,319 1207,6 

ʆʙʨʘʟʝʮ 2 4,2 8 0,321 1212,9 

ʆʙʨʘʟʝʮ 3 4,5 10,5 0,344 1284,2 

ʆʙʨʘʟʝʮ 4 4,2 8,1 0,324 1220 

ʆʙʨʘʟʝʮ 5 3,4 10,1 0,344 1260,9 

ʆʙʨʘʟʝʮ 6 3,4 11,9 0,353 1294 

ʆʙʨʘʟʝʮ 7 3,6 14,7 0,333 1244,2 

ʆʙʨʘʟʝʮ 8 4,8 18,5 0,381 1315, 5 

ʆʙʨʘʟʝʮ 9 4,6 21 0,362 1316,9 

 

ʇʨʦʚʝʜʝʥʥʳʝ ʨʘʙʦʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʦʙʨʘʟʮʦʚ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ 

ʩʧʝʮʠʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʫʧʣʦʪʥʝʥʠʷ, ʧʨʝʩʩʦʚʘʥʠʷ ʠ ʚʠʙʨʠʨʦʚʘʥʠʷ, ʢʦʣʠʯʝʩʪʚʦ ʚʦʣʦʢʦʥ 

ʧʦ ʦʙʲʝʤʫ, ʦʛʨʘʥʠʯʝʥʦ ʠ ʥʝ ʧʨʝʚʦʩʭʦʜʠʪ 8-10%.  

ʂʘʢ ʧʦʢʘʟʘʣʠ ʠʩʧʳʪʘʥʠʷ, ʧʨʦʯʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʩʞʘʪʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ 

ʦʩʥʦʚʥʦʤ ʧʨʦʯʥʦʩʪʴʶ ʛʠʧʩʦʚʦʛʦ ʢʘʤʥʷ, ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ð ʩʧʦʩʦʙʦʤ ʥʘʧʦʣʥʝʥʠʷ, 

ʚʠʜʦʤ ʠ ʢʦʣʠʯʝʩʪʚʦʤ ʚʦʣʦʢʦʥ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʧʨʦʮʝʥʪʘ ʥʘʧʦʣʥʝʥʠʷ ʧʨʦʯʥʦʩʪʴ ʧʨʠ 

ʨʘʩʪʷʞʝʥʠʠ ʣʠʥʝʡʥʦ ʚʦʟʨʘʩʪʘʝʪ. 
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Abstract: in the article charateristic parental forms of sunflower hybrids breeding 

Kazakhstan Kazakhstan Kazakhstan 1 and 341. We studied the duration of the vegetation 
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ʆʩʥʦʚʥʦʡ ʤʘʩʣʠʯʥʦʡ ʢʫʣʴʪʫʨʦʡ ʚ ʂʘʟʘʭʩʪʘʥʝ ʷʚʣʷʝʪʩʷ ʧʦʜʩʦʣʥʝʯʥʠʢ, ʟʘʥʠʤʘʶʱʠʡ 

ʦʢʦʣʦ ʧʦʣʦʚʠʥʳ ʧʦʩʝʚʥʦʡ ʧʣʦʱʘʜʠ ʤʘʩʣʠʯʥʳʭ (846,1 ʪʳʩ. ʛʘ ʚ 2014 ʛ.). ʅʝʩʤʦʪʨʷ ʥʘ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʨʘʩʰʠʨʝʥʠʝ ʧʦʩʝʚʥʦʡ ʧʣʦʱʘʜʠ ʧʦʜ ʵʪʦʡ ʢʫʣʴʪʫʨʦʡ ʠ ʨʦʩʪ ʩʙʦʨʘ 
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ʤʘʩʣʦʩʝʤʷʥ ʟʘ 2010ï2015 ʛʦʜʳ ʚ ʂʘʟʘʭʩʪʘʥʝ ʩ 328,9 ʪʳʩ. ʪʦʥʥ ʜʦ 534 ʪʳʩ. ʪʦʥʥ, 

ʨʝʩʧʫʙʣʠʢʘ ʠʩʧʳʪʳʚʘʝʪ ʥʝʜʦʩʪʘʪʦʢ ʩʳʨʴʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʩʝʣ. 

ʅʝʜʦʩʪʘʪʦʯʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʤʘʩʣʦʩʝʤʷʥ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʦʙʫʩʣʦʚʣʝʥʦ ʥʠʟʢʦʡ ʝʛʦ 

ʫʨʦʞʘʡʥʦʩʪʴʶ. ʇʨʠʯʠʥʦʡ ʥʠʟʢʦʡ ʫʨʦʞʘʡʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʪʝʭʥʦʣʦʛʠʠ 

ʚʦʟʜʝʣʳʚʘʥʠʷ. ʉʝʤʝʥʘ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʡ ʵʣʝʤʝʥʪ ʚ ʘʛʨʦʪʝʭʥʠʢʝ ʣʶʙʦʡ ʢʫʣʴʪʫʨʳ. ɺ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʘʩʣʦʩʝʤʷʥ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ ʩʦʨʪʘ, ʪʘʢ ʠ ʛʠʙʨʠʜʳ. ʋʞʝ 

ʙʦʣʝʝ 30 ʣʝʪ ʚʩʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʨʘʟʚʠʪʳʝ ʩʪʨʘʥʳ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʚʦʟʜʝʣʳʚʘʥʠʷ 

ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʪʦʣʴʢʦ ʛʠʙʨʠʜʳ. ɺ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʠʜʝʪ ʨʘʩʰʠʨʝʥʠʝ ʧʣʦʱʘʜʝʡ 

ʚʦʟʜʝʣʳʚʘʥʠʷ ʛʠʙʨʠʜʦʚ, ʚ ʂʨʘʩʥʦʜʘʨʩʢʦʤ ʢʨʘʝ ʩ 35,5% ʚ 2000 ʛ. ʜʦ 79,5% ʚ 2006 ʛ., ʚ 

ʮʝʣʦʤ ʞʝ ʧʦ ʈʌ ʚ 2006 ʛ. ʛʠʙʨʠʜʳ ʟʘʥʠʤʘʣʠ 30ï35% ʧʦʩʝʚʥʳʭ ʧʣʦʱʘʜʝʡ [1]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʂʘʟʘʭʩʪʘʥʝ ʚʥʝʩʝʥʳ ʚ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʨʝʝʩʪʨ ʩʝʣʝʢʮʠʦʥʥʳʭ 

ʜʦʩʪʠʞʝʥʠʡ, ʜʦʧʫʱʝʥʥʳʭ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ ʈʝʩʧʫʙʣʠʢʝ ʂʘʟʘʭʩʪʘʥ, 29 ʩʦʨʪʦʚ ʠ 

ʛʠʙʨʠʜʦʚ ʧʦʜʩʦʣʥʝʯʥʠʢʘ. ʉʨʝʜʠ ʥʠʭ ʠʤʝʶʪʩʷ ʛʠʙʨʠʜʳ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʩʝʣʝʢʮʠʠ 

ʂʘʟʘʭʩʪʘʥʩʢʠʡ 1, ʂʘʟʘʭʩʪʘʥʩʢʠʡ 341, ʉʫʥʢʘʨ, ʂʘʟʘʭʩʪʘʥʩʢʠʡ 465 ʠ ʜʨʫʛʠʝ. 

ʆʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʛʠʙʨʠʜʥʦʛʦ ʩʝʤʝʥʦʚʦʜʩʪʚʘ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ 

ʩʝʤʷʥ ʩ ʚʳʩʦʢʦʡ ʛʝʥʝʪʠʯʝʩʢʦʡ ʯʠʩʪʦʪʦʡ ʠ ʧʦʩʝʚʥʳʤʠ ʢʘʯʝʩʪʚʘʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ 

ʪʨʝʙʦʚʘʥʠʷʤ ɻʆʉʊʘ. ʇʦ ʦʮʝʥʢʝ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʨʠ ʩʝʚʝ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʤʠ ʩʝʤʝʥʘʤʠ 

ʛʠʙʨʠʜʳ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʧʦ ʫʨʦʞʘʡʥʦʩʪʠ ʥʘ 20ï30%, ʘ ʧʦ ʤʘʩʣʦʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ï ʥʘ 

15ï20% ʧʨʝʚʦʩʭʦʜʷʪ ʣʫʯʰʠʝ ʨʘʡʦʥʠʨʦʚʘʥʥʳʝ ʩʦʨʪʘ [2]. 

ʉ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʧʨʠʝʤʦʚ ʨʘʙʦʪʳ ʥʘ ʩʝʤʝʥʦʚʦʜʯʝʩʢʠʭ 

ʫʯʘʩʪʢʘʭ ʛʠʙʨʠʜʦʚ ʂʘʟʘʭʩʪʘʥʩʢʠʡ 1 ʠ ʂʘʟʘʭʩʪʘʥʩʢʠʡ 341 ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʟʫʯʝʥʠʝ 

ʨʦʜʠʪʝʣʴʩʢʠʭ ʣʠʥʠʡ ʜʘʥʥʳʭ ʛʠʙʨʠʜʦʚ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ 

ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʝʜʫʱʠʭ ʧʨʠʟʥʘʢʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʨʘʱʠʚʘʥʠʷ 

ʢʫʣʴʪʫʨʳ ʚ ʪʝʭ ʠʣʠ ʠʥʳʭ ʨʘʡʦʥʘʭ ʩʪʨʘʥʳ. ʉ ʜʣʠʥʦʡ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ 

ʩʦʧʨʷʞʝʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʨʘʩʪʝʥʠʡ. ɺ ʫʩʣʦʚʠʷʭ ʇʘʚʣʦʜʘʨʩʢʦʡ ʦʙʣʘʩʪʠ ʥʘʠʙʦʣʝʝ 

ʚʳʩʦʢʠʝ ʫʨʦʞʘʠ ʜʘʶʪ ʩʦʨʪʘ ʠ ʛʠʙʨʠʜʳ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʩ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ 

ʚʝʛʝʪʘʮʠʠ 95ï100 ʜʥʝʡ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʠʟʤʝʨʷʝʪʩʷ 

ʯʠʩʣʦʤ ʜʥʝʡ ʦʪ ʧʦʷʚʣʝʥʠʷ ʧʦʣʥʳʭ ʚʩʭʦʜʦʚ ʜʦ ʥʘʩʪʫʧʣʝʥʠʷ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ 

ʩʧʝʣʦʩʪʠ, ʢʦʛʜʘ ʧʨʝʢʨʘʱʘʝʪʩʷ ʧʦʩʪʫʧʣʝʥʠʝ ʚ ʩʝʤʝʥʘ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ. 

ʄʦʨʬʦʣʦʛʠʯʝʩʢʠ ʥʘʩʪʫʧʣʝʥʠʝ ʩʧʝʣʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʧʦʞʝʣʪʝʥʠʶ ʪʳʣʴʥʦʡ 

ʩʪʦʨʦʥʳ ʢʦʨʟʠʥʢʠ ʠ ʧʦʜʩʳʭʘʥʠʶ ʢʦʥʯʠʢʦʚ ʦʙʝʨʪʦʯʥʳʭ ʣʠʩʪʦʯʢʦʚ. ʇʨʠ ʠʟʫʯʝʥʠʠ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʚ ʩʝʣʝʢʮʠʦʥʥʦʡ ʧʨʘʢʪʠʢʝ ʯʘʩʪʦ 

ʧʦʣʴʟʫʶʪʩʷ ʧʦʢʘʟʘʪʝʣʝʤ çʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʝʨʠʦʜʘ ʚʩʭʦʜʳ-ʮʚʝʪʝʥʠʝè, ʪʘʢ ʢʘʢ ʦʥ 

ʪʝʩʥʦ ʩʚʷʟʘʥ ʩ ʜʣʠʥʦʡ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ. 

ɼʣʷ ʫʯʘʩʪʢʦʚ ʛʠʙʨʠʜʠʟʘʮʠʠ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʦʯʝʥʴ ʚʘʞʥʦ, ʯʪʦʙʳ ʮʚʝʪʝʥʠʝ 

ʤʘʪʝʨʠʥʩʢʦʡ ʠ ʦʪʮʦʚʩʢʦʡ ʬʦʨʤ ʩʦʚʧʘʜʘʣʦ ʚʦ ʚʨʝʤʝʥʠ. ʃʫʯʰʝ, ʝʩʣʠ ʦʪʮʦʚʩʢʠʝ ʬʦʨʤʳ 

ʟʘʮʚʝʪʘʶʪ ʥʝʩʢʦʣʴʢʦ ʨʘʥʴʰʝ, ʘ ʟʘʢʘʥʯʠʚʘʶʪ ʮʚʝʪʝʥʠʝ ʥʝʩʢʦʣʴʢʦ ʧʦʟʞʝ ʤʘʪʝʨʠʥʩʢʠʭ, 

ʪʝʤ ʩʘʤʳʤ ʦʙʝʩʧʝʯʠʚʘʷ ʥʘʣʠʯʠʝ ʥʝʦʙʭʦʜʠʤʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʳʣʴʮʳ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 

ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʮʚʝʪʝʥʠʷ ʤʘʪʝʨʠʥʩʢʠʭ ʣʠʥʠʡ. 

ʋʯʠʪʳʚʘʷ ʚʩʝ ʚʳʰʝʠʟʣʦʞʝʥʥʦʝ, ʤʳ ʠʩʩʣʝʜʦʚʘʣʠ ʜʠʥʘʤʠʢʫ ʮʚʝʪʝʥʠʷ ʨʦʜʠʪʝʣʴʩʢʠʭ 

ʬʦʨʤ ʛʠʙʨʠʜʦʚ ʂʘʟʘʭʩʪʘʥʩʢʠʡ 1 ʠ ʂʘʟʘʭʩʪʘʥʩʢʠʡ 341. ʂʘʟʘʭʩʪʘʥʩʢʠʡ 1 ʷʚʣʷʝʪʩʷ 

ʧʨʦʩʪʳʤ ʤʝʞʣʠʥʝʡʥʳʤ ʛʠʙʨʠʜʦʤ, ʝʛʦ ʤʘʪʝʨʠʥʩʢʘʷ ʣʠʥʠʷ ï ɺʂʋ-102, ʦʪʮʦʚʩʢʘʷ 

ʣʠʥʠʷ ɺʂʋ-41ʚ, ʛʠʙʨʠʜ ʂʘʟʘʭʩʪʘʥʩʢʠʡ 341 ʷʚʣʷʝʪʩʷ ʪʨʦʡʥʳʤ ʤʝʞʣʠʥʝʡʥʳʤ 

ʛʠʙʨʠʜʦʤ, ʤʘʪʝʨʠʥʩʢʘʷ ʬʦʨʤʘ ʫ ʥʝʛʦ ʧʨʦʩʪʦʡ ʥʝʚʦʩʩʪʘʥʦʚʣʝʥʥʳʡ ʛʠʙʨʠʜ ɺʂʋ-181ɸ 

ʍ ɺʂʋ-183 ɹ, ʦʪʮʦʚʩʢʘʷ ʣʠʥʠʷ ɺʂʋ-41ʚ. ɼʘʥʥʳʝ ʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʦʩʥʦʚʥʳʭ 

ʤʝʞʬʘʟʥʳʭ ʧʝʨʠʦʜʦʚ ʵʪʠʭ ʨʦʜʠʪʝʣʴʩʢʠʭ ʬʦʨʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʈʦʜʠʪʝʣʴʩʢʠʝ ʬʦʨʤʳ ʢʘʞʜʦʛʦ ʠʟ ʛʠʙʨʠʜʦʚ ʙʳʣʠ ʧʦʩʝʷʥʳ ʚ ʦʜʠʥ ʜʝʥʴ, ʧʦʵʪʦʤʫ ʠʭ 

ʚʩʭʦʜʳ ʧʦʷʚʠʣʠʩʴ ʦʜʥʦʚʨʝʤʝʥʥʦ. ʆʜʥʘʢʦ ʦʪʮʦʚʩʢʘʷ ʣʠʥʠʷ ʛʠʙʨʠʜʘ ʂʘʟʘʭʩʪʘʥʩʢʠʡ 

341 ʥʘʯʘʣʘ ʮʚʝʪʝʥʠʝ ʨʘʥʴʰʝ ʝʛʦ ʤʘʪʝʨʠʥʩʢʦʡ ʬʦʨʤʳ, ʘ ʛʠʙʨʠʜʘ ʂʘʟʘʭʩʪʘʥʩʢʠʡ 1 

ʥʘʦʙʦʨʦʪ, ʥʘ ʦʜʠʥ ʜʝʥʴ ʧʦʟʞʝ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʝʨʠʦʜʘ ʚʩʭʦʜʳ-ʧʦʣʥʦʝ ʮʚʝʪʝʥʠʝ 

ʠ ʢʦʥʝʮ ʮʚʝʪʝʥʠʷ ʙʳʣʠ ʨʘʟʣʠʯʥʳʤʠ ʢʘʢ ʫ ʤʘʪʝʨʠʥʩʢʠʭ, ʪʘʢ ʠ ʦʪʮʦʚʩʢʠʭ ʬʦʨʤ 

ʛʠʙʨʠʜʦʚ. ʊʘʢ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʝʨʠʦʜʘ ʚʩʭʦʜʳ-ʧʦʣʥʦʝ ʮʚʝʪʝʥʠʝ ʫ ʤʘʪʝʨʠʥʩʢʦʡ 

ʣʠʥʠʠ ʛʠʙʨʠʜʘ ʂʘʟʘʭʩʪʘʥʩʢʠʡ 341 ʩʦʩʪʘʚʠʣʘ 64 ʜʥʷ, ʘ ʫ ʛʠʙʨʠʜʘ ʂʘʟʘʭʩʪʘʥʩʢʠʡ 1ï 60 
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ʜʥʝʡ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʵʪʦʛʦ ʤʝʞʬʘʟʥʦʛʦ ʧʝʨʠʦʜʘ ʫ ʦʪʮʦʚʩʢʦʡ ʣʠʥʠʠ ʙʳʣʘ 

ʜʣʠʥʥʝʝ ʠ ʩʦʩʪʘʚʠʣʘ 65 ʜʥʝʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʤʝʞʬʘʟʥʦʛʦ 

ʧʝʨʠʦʜʘ ʚʩʭʦʜʳ - ʢʦʥʝʮ ʮʚʝʪʝʥʠʷ ʙʳʣʘ ʪʘʢʞʝ ʙʦʣʴʰʝ ʫ ʦʪʮʦʚʩʢʠʭ ʬʦʨʤ, ʪʘʢ ʢʘʢ 

ʤʘʪʝʨʠʥʩʢʠʝ ʬʦʨʤʳ ʟʘʢʘʥʯʠʚʘʣʠ ʮʚʝʪʝʥʠʝ ʨʘʥʴʰʝ ʦʪʮʦʚʩʢʠʭ. 
 

ʊʘʙʣʠʮʘ 1. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʩʥʦʚʥʳʭ ʤʝʞʬʘʟʥʳʭ ʧʝʨʠʦʜʦʚ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ 

ʨʦʜʠʪʝʣʴʩʢʠʭ ʬʦʨʤ ʥʘ ʫʯʘʩʪʢʘʭ ʛʠʙʨʠʜʠʟʘʮʠʠ ʛʠʙʨʠʜʦʚ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʚ ʂʘʯʠʨʩʢʦʤ ʨʘʡʦʥʝ 

ʇʘʚʣʦʜʘʨʩʢʦʡ ʦʙʣʘʩʪʠ, ʜʥʝʡ (1998 - 1999 ʛʛ.) 
 

ʄʝʞʬʘʟʥʳʡ ʧʝʨʠʦʜ 

ʂʘʟʘʭʩʪʘʥʩʢʠʡ 1 ʂʘʟʘʭʩʪʘʥʩʢʠʡ 341 

ʤʘʪʝʨʠʥʩʢʘ

 ̫

ʣʠʥʠʷ 

ɺʂʋ-102 

ʦʪʮʦʚʩʢʘʷ 

ʣʠʥʠʷ ɺʂʋ-

41ʚ 

ʄʘʪ. ʬʦʨʤʘ 

ɺʂʋ-181ɸ ʍ 

ɺʂʋ-183ɹ 

ʦʪʮʦʚʩʢʘʷ 

ʣʠʥʠʷ 

ɺʂʋ-41ʚ 

ʇʦʩʝʚ - ʚʩʭʦʜʳ 10 10 9 10 

ɺʩʭʦʜʳ - ʙʫʪʦʥʠʟʘʮʠʷ 32 34 36 34 

ɺʩʭʦʜʳ - ʥʘʯʘʣʦ ʮʚʝʪʝʥʠʷ 

(10%) 
56 58 60 58 

ɺʩʭʦʜʳ - ʧʦʣʥʦʝ ʮʚʝʪʝʥʠʝ 

(75%) 
62 64 66 64 

ɺʩʭʦʜʳ - ʢʦʥʝʮ ʮʚʝʪʝʥʠʷ 6 72 64 70 

ʇʨʦʜʦʣʞʠʪʝʣʴʥ. ʮʚʝʪʝʥʠʷ 0 15 8 12 

ɺʩʭʦʜʳ - ʥʘʯʘʣʦ ʩʦʟʨʝʚʘʥʠʷ 85  79  

ɺʩʭʦʜʳ - ʬʠʟʠʦʣʦʛʠʯʝʩʢʘʷ 

ʩʧʝʣʦʩʪʴ 
98  102  

 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʩʝʤʷʥ ʤʝʞʣʠʥʝʡʥʳʭ ʛʠʙʨʠʜʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʠ ʪʘʢʦʡ 

ʧʨʠʟʥʘʢ, ʢʘʢ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʮʚʝʪʝʥʠʷ, ʪʘʢ ʢʘʢ ʦʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʝʛʦ ʜʨʫʞʥʦʩʪʴ. 

ʇʦ ʵʪʦʤʫ ʧʨʠʟʥʘʢʫ ʤʝʞʜʫ ʤʘʪʝʨʠʥʩʢʠʤʠ ʬʦʨʤʘʤʠ ʛʠʙʨʠʜʦʚ ʨʘʟʥʠʮʘ ʩʦʩʪʘʚʠʣʘ ʚʩʝʛʦ 

ʦʜʠʥ ʜʝʥʴ (8 ʠ 9 ʜʥʝʡ), ʘ ʤʝʞʜʫ ʦʪʮʦʚʩʢʦʡ ʠ ʤʘʪʝʨʠʥʩʢʠʤʠ ï ʩʝʤʴ ʠ ʰʝʩʪʴ ʜʥʝʡ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (15 ʜʥʝʡ). ɹʦʣʝʝ ʨʘʩʪʷʥʫʪʦʝ ʮʚʝʪʝʥʠʝ ʥʘʙʣʶʜʘʣʦʩʴ ʫ ʦʪʮʦʚʩʢʦʡ ʣʠʥʠʠ 

ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʤʘʪʝʨʠʥʩʢʠʤʠ ʬʦʨʤʘʤʠ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʤʘʪʝʨʠʥʩʢʠʝ 

ʬʦʨʤʳ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʠʭ ʮʚʝʪʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ ʞʠʟʥʝʩʧʦʩʦʙʥʦʡ 

ʧʳʣʴʮʦʡ. ʌʠʟʠʦʣʦʛʠʯʝʩʢʘʷ ʩʧʝʣʦʩʪʴ ʨʘʥʴʰʝ ʥʘʩʪʫʧʠʣʘ ʫ ʤʘʪʝʨʠʥʩʢʦʡ ʬʦʨʤʳ ʛʠʙʨʠʜʘ 

ʂʘʟʘʭʩʪʘʥʩʢʠʡ 1 (ʯʝʨʝʟ 95 ʜʥʝʡ ʧʦʩʣʝ ʚʩʭʦʜʦʚ), ʘ ʧʦʟʞʝ ï ʫ ʤʘʪʝʨʠʥʩʢʦʡ ʣʠʥʠʠ 

ʛʠʙʨʠʜʘ ʂʘʟʘʭʩʪʘʥʩʢʠʡ 341 (ʯʝʨʝʟ 98 ʜʥʝʡ ʧʦʩʣʝ ʚʩʭʦʜʦʚ). 

ʇʦʜʩʦʣʥʝʯʥʠʢ ï ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʨʦʩʣʦʝ ʨʘʩʪʝʥʠʝ. ʆʜʥʘʢʦ, ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʚʝʛʝʪʘʪʠʚʥʦʡ ʤʘʩʩʳ ʟʘʪʨʫʜʥʷʝʪ ʨʘʙʦʪʫ ʢʦʤʙʘʡʥʘ ʧʨʠ ʫʙʦʨʢʝ, ʫʚʝʣʠʯʠʚʘʝʪ ʟʘʪʨʘʪʳ ʥʘ 

ʦʯʠʩʪʢʫ ʧʦʣʝʡ ʦʪ ʧʦʞʥʠʚʥʳʭ ʦʩʪʘʪʢʦʚ. ʇʦʵʪʦʤʫ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʜʥʠʤ ʠʟ 

ʥʘʧʨʘʚʣʝʥʠʡ ʩʝʣʝʢʮʠʠ ʛʠʙʨʠʜʥʦʛʦ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʷʚʣʷʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʥʘʜʟʝʤʥʦʡ 

ʚʝʛʝʪʘʪʠʚʥʦʡ ʤʘʩʩʳ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʚʳʩʦʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʫʨʦʞʘʡʥʦʩʪʠ. ʅʘʤ 

ʧʨʝʜʩʪʘʚʣʷʣʦʩʴ ʠʥʪʝʨʝʩʥʳʤ ʠʟʫʯʠʪʴ ʚʝʣʠʯʠʥʫ ʠ ʚʘʨʴʠʨʦʚʘʥʠʝ ʚʳʩʦʪʳ ʨʘʩʪʝʥʠʡ 

ʨʦʜʠʪʝʣʴʩʢʠʭ ʬʦʨʤ ʠʟʫʯʘʝʤʳʭ ʛʠʙʨʠʜʦʚ. ʀʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ 2 ʩʣʝʜʫʝʪ, ʯʪʦ ʥʘʠʙʦʣʝʝ 

ʚʳʩʦʢʦʨʦʩʣʦʡ ʙʳʣʘ ʤʘʪʝʨʠʥʩʢʘʷ ʬʦʨʤʘ ʛʠʙʨʠʜʘ ʂʘʟʘʭʩʪʘʥʩʢʠʡ 341, ʯʪʦ ʚʧʦʣʥʝ 

ʟʘʢʦʥʦʤʝʨʥʦ, ʪʘʢ ʢʘʢ ʵʪʘ ʬʦʨʤʘ ʷʚʣʷʝʪʩʷ ʤʝʞʣʠʥʝʡʥʳʤ ʥʝʚʦʩʩʪʘʥʦʚʣʝʥʥʳʤ 

ʛʠʙʨʠʜʦʤ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʘʤʦʦʧʳʣʝʥʥʳʭ ʣʠʥʠʡ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʠʥʙʨʝʜʥʦʡ ʜʝʧʨʝʩʩʠʠ. 

ʆʜʥʘʢʦ, ʩʣʝʜʫʝʪ ʪʘʢʞʝ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚʩʝ ʪʨʠ ʬʦʨʤʳ ʙʳʣʠ ʚʳʨʦʚʥʝʥʳ, ʯʪʦ ʛʦʚʦʨʠʪ ʦʙ 

ʠʭ ʚʳʩʦʢʦʡ ʛʦʤʦʟʠʛʦʪʥʦʩʪʠ. 
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ʊʘʙʣʠʮʘ 2. ɺʳʩʦʪʘ ʨʘʩʪʝʥʠʡ ʨʦʜʠʪʝʣʴʩʢʠʭ ʬʦʨʤ ʛʠʙʨʠʜʦʚ ʧʦʜʩʦʣʥʝʯʥʠʢʘ 
 

ɻʠʙʨʠʜ ʈʦʜʠʪʝʣʴʩʢʘʷ ʬʦʨʤʘ ɺʳʩʦʪʘ, ʩʤ 

ʂʘʟʘʭʩʪʘʥʩʢʠʡ 1 
ʄʘʪʝʨʠʥʩʢʘʷ ɺʂʋ-102 96 

ʆʪʮʦʚʩʢʘʷ ɺʂʋ-41ʚ 88 

ʂʘʟʘʭʩʪʘʥʩʢʠʡ 341 
ʄʘʪʝʨʠʥʩʢʘʷ ɺʂʋ 181ɸ ʍ ɺʂʋ 183ɹ 145 

ʆʪʮʦʚʩʢʘʷ ɺʂʋ-41ʚ 88 
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ɸʥʥʦʪʘʮʠʷ: ʚ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʘ ʩʦʮʠʘʣʴʥʘʷ ʞʠʟʥʴ ʫʥʠʚʝʨʩʠʪʝʪʘ ʢʘʢ 

ʠʥʩʪʨʫʤʝʥʪ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʚʫʟʘ ʥʘ ʧʨʠʤʝʨʝ ʂʘʟʘʥʩʢʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ. ɺ ʨʘʙʦʪʝ ʚʳʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ 

ʨʘʟʚʠʪʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʨʘʟʚʠʪʠʷ 

ʷʚʣʷʝʪʩʷ ʩʦʮʠʘʣʴʥʘʷ ʞʠʟʥʴ ʫʥʠʚʝʨʩʠʪʝʪʘ. ʇʨʠʚʝʜʝʥʦ ʦʧʠʩʘʥʠʝ ʦʩʥʦʚʥʳʭ 

ʤʝʨʦʧʨʠʷʪʠʡ, ʢʦʪʦʨʳʝ ʥʘʧʨʘʚʣʝʥ rʥʘ ʨʘʟʚʠʪʠʝ ʩʦʮʠʘʣʴʥʦʡ ʩʨʝʜʳ ʚ ʚʫʟʝ, ʢʦʪʦʨʘʷ, ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʤʦʛʘʝʪ ʨʘʩʧʦʣʦʞʠʪʴ ʩʪʫʜʝʥʪʦʚ ʢ ʣʦʷʣʴʥʦʤʫ ʦʪʥʦʰʝʥʠʶ ʢ 

ʫʥʠʚʝʨʩʠʪʝʪʫ ʠ ʧʨʠʚʣʝʯʴ ʙʦʣʝʝ ʤʦʣʦʜʦʝ ʧʦʢʦʣʝʥʠʝ ʢ ʧʦʩʪʫʧʣʝʥʠʶ. 
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ʧʘʪʨʠʦʪʠʯʝʩʢʦʝ ʚʦʩʧʠʪʘʥʠʝ ʩʪʫʜʝʥʪʦʚ, ʤʦʨʘʣʴʥʦ-ʥʨʘʚʩʪʚʝʥʥʦʝ ʚʦʩʧʠʪʘʥʠʝ 

ʩʪʫʜʝʥʪʦʚ. 
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ʇʦʜ ʩʪʨʘʪʝʛʠʯʝʩʢʠʤ ʨʘʟʚʠʪʠʝʤ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʠʟʙʨʘʥʥʘʷ ʤʦʜʝʣʴ ʜʦʣʛʦʩʨʦʯʥʳʭ 

ʜʝʡʩʪʚʠʡ ʚʫʟʘ, ʢʦʪʦʨʫʶ ʥʝʦʙʭʦʜʠʤʦ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ 

ʧʝʨʝʜ ʥʠʤ ʮʝʣʝʡ.  

ʀʥʩʪʨʫʤʝʥʪʳ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ (ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ 

ʤʝʥʝʜʞʤʝʥʪʘ) ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʩʪʘʥʦʚʢʫ ʠ ʜʦʩʪʠʞʝʥʠʝ ʮʝʣʝʡ.  
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ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʨʠ ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ ʠʥʩʪʨʫʤʝʥʪʦʚ:  

- ʀʥʩʪʨʫʤʝʥʪʳ ʧʦʩʪʘʥʦʚʢʠ ʠ ʜʝʢʦʤʧʦʟʠʮʠʠ ʮʝʣʝʡ (ʮʝʣʝʧʦʣʘʛʘʥʠʷ), ʠʥʩʪʨʫʤʝʥʪʳ 
ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʨʘʪʝʛʠʠ ʧʨʝʜʧʨʠʷʪʠʷ (ʨʘʟʨʘʙʦʪʢʠ ʩʪʨʘʪʝʛʠʠ ʜʦʩʪʠʞʝʥʠʷ 

ʧʦʩʪʘʚʣʝʥʥʳʭ ʮʝʣʝʡ); 

- ʀʥʩʪʨʫʤʝʥʪʳ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʨʘʟʚʠʪʠʝʤ (ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʥʝʥʠʡ); 

- ʀʥʩʪʨʫʤʝʥʪʳ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ; 

- ʀʥʩʪʨʫʤʝʥʪʳ ʨʝʘʣʠʟʘʮʠʠ ʩʪʨʘʪʝʛʠʠ. 

ʀʥʩʪʨʫʤʝʥʪʳ ʮʝʣʝʧʦʣʘʛʘʥʠʷ ʧʦʩʪʘʚʣʝʥʳ ʥʘ ʧʝʨʚʦʝ ʤʝʩʪʦ ʧʦʪʦʤʫ, ʯʪʦ ʙʝʟ 

ʧʦʩʪʘʥʦʚʢʠ ʮʝʣʠ ʥʝʚʦʟʤʦʞʥʦ ʠ ʛʦʚʦʨʠʪʴ ʦ ʩʪʨʘʪʝʛʠʯʝʩʢʦʤ ʫʧʨʘʚʣʝʥʠʠ. 

ʆʜʥʠʤ ʠʟ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʧʦ ʤʦʝʤʫ ʤʥʝʥʠʶ, ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʩʦʮʠʘʣʴʥʫʶ ʞʠʟʥʴ.  

ʉʦʮʠʘʣʴʥʘʷ ʞʠʟʥʴ ʚʘʞʥʘ ʜʣʷ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʪʘʢ ʢʘʢ ʟʘ ʩʯʝʪ ʩʦʮʠʘʣʴʥʦʡ ʞʠʟʥʠ 

ʩʪʫʜʝʥʪʳ ʙʦʣʝʝ ʣʦʷʣʴʥʦ ʦʪʥʦʩʷʪʩʷ ʢ ʩʚʦʝʤʫ ʚʫʟʫ [1]. ʊʦ ʝʩʪʴ, ʯʝʤ ʙʦʣʴʰʝ 

ʤʝʨʦʧʨʠʷʪʠʡ ʧʨʦʚʦʜʠʪ ʚʫʟ, ʪʝʤ ʙʦʣʴʰʝ ʚ ʵʪʠʭ ʤʝʨʦʧʨʠʷʪʠʷʭ ʧʨʦʧʘʛʘʥʜʠʨʫʝʪʩʷ 

ʣʶʙʦʚʴ ʢ ʚʫʟʫ: 

ʀʥʩʪʨʫʤʝʥʪʳ ʧʨʦʧʘʛʘʥʜʳ ʣʶʙʚʠ ʢ ʚʫʟʫ: 

1) ʃʦʟʫʥʛʠ;  

2) POS-ʤʘʪʝʨʠʘʣʳ;  

3) ɻʠʤʥ ʫʥʠʚʝʨʩʠʪʝʪʘ; 

4) ʇʝʩʥʠ ʧʨʦ ʫʥʠʚʝʨʩʠʪʝʪ; 

5) ʂʘʯʝʩʪʚʦ ʤʝʨʦʧʨʠʷʪʠʡ ʠ ʪ.ʜ. 

ʉʦʮʠʘʣʴʥʘʷ ʞʠʟʥʴ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʤʥʦʞʝʩʪʚʦ ʤʝʨʦʧʨʠʷʪʠʡ: 

1) ʉʧʦʨʪʠʚʥʳʝ 

2) ʅʘʫʯʥʳʝ 

3) ʂʫʣʴʪʫʨʥʳʝ. 

ʂ ʩʧʦʨʪʠʚʥʳʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ: 

1) ʏʝʤʧʠʦʥʘʪʳ 

2) ʊʫʨʥʠʨʳ 

3) ʉʧʘʨʪʘʢʠʘʜʳ.  

ʂ ʥʘʫʯʥʳʤ:  

1) ʂʦʥʬʝʨʝʥʮʠʠ  

2) ʆʣʠʤʧʠʘʜʳ  

3) ʉʝʤʠʥʘʨʳ ʩ ʧʨʠʛʣʘʰʝʥʥʳʤʠ ʛʦʩʪʷʤʠ.  

ʂ ʢʫʣʴʪʫʨʥʳʤ:  

1) ɼʝʥʴ ʧʝʨʚʦʢʫʨʩʥʠʢʘ  

2) ʉʪʫʜʝʥʪʳ ʚʝʩʥʳ  

3) ʄʝʨʦʧʨʠʷʪʠʷ, ʧʦʩʚʷʱʝʥʥʳʝ ʧʨʘʟʜʥʠʢʘʤ.  

ʊʘʢʞʝ ʤʦʞʥʦ ʧʦʜʦʙʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʨʘʟʜʝʣʠʪʴ ʥʘ ʣʦʢʘʣʴʥʳʝ, ʚʩʝʨʦʩʩʠʡʩʢʠʝ ʠ 

ʤʝʞʜʫʥʘʨʦʜʥʳʝ. ʂ ʣʦʢʘʣʴʥʳʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʤʝʨʦʧʨʠʷʪʠʷ, ʢʦʪʦʨʳʝ ʧʨʦʭʦʜʷʪ ʚʥʫʪʨʠ 

ʫʥʠʚʝʨʩʠʪʝʪʘ, ʘ ʪʘʢʞʝ ʤʝʞʛʦʨʦʜʩʢʠʝ ʤʝʨʦʧʨʠʷʪʠʷ. ʋ ʚʩʝʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʤʝʨʦʧʨʠʷʪʠʡ ʥʘʟʚʘʥʠʷ ʛʦʚʦʨʷʪ ʩʘʤʠ ʟʘ ʩʝʙʷ, ʪʦ ʝʩʪʴ ʫʨʦʚʝʥʴ ʤʝʨʦʧʨʠʷʪʠʡ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʥʘʣʠʯʠʝ ʫʥʠʚʝʨʩʠʪʝʪʦʚ ʠʟ ʜʨʫʛʠʭ ʛʦʨʦʜʦʚ ʩʪʨʘʥʳ ʠʣʠ ʤʠʨʘ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʫ ʧʦʜʦʙʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʩʦʨʝʚʥʦʚʘʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ, ʟʘ ʩʯʝʪ ʯʝʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʳ ʪʘʢʞʝ ʧʨʦʧʘʛʘʥʜʠʨʫʶʪ ʣʶʙʦʚʴ ʢ ʚʫʟʫ, ʢʦʪʦʨʦʤʫ ʧʨʠʥʘʜʣʝʞʠʪ ʩʪʫʜʝʥʪ. 

ʄʝʨʦʧʨʠʷʪʠʷ ʚ ʂʘʟʘʥʩʢʦʤ ʬʝʜʝʨʘʣʴʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ [3]:  

ʉʧʦʨʪʠʚʥʳʝ. 

ɺ ʂʌʋ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʥʘʧʨʘʚʣʝʥʠʡ ʬʠʟʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ:  

1) ɹʘʩʢʝʪʙʦʣ.  

2) ɺʦʣʝʡʙʦʣ.  

3) ʊʷʞʝʣʘʷ ʘʪʣʝʪʠʢʘ.  

4) ʆʌʇ. 
5) ʃʝʛʢʘʷ ʘʪʣʝʪʠʢʘ.  

6) ʌʫʪʙʦʣ. 
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ʇʦ ʜʘʥʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʧʨʦʚʦʜʷʪʩʷ ʩʦʨʝʚʥʦʚʘʥʠʷ, ʯʝʤʧʠʦʥʘʪʳ, ʪʫʨʥʠʨʳ ʢʘʢ 

ʚʥʫʪʨʠʫʥʠʚʝʨʩʠʪʝʪʩʢʠʝ, ʪʘʢ ʛʦʨʦʜʩʢʠʝ. ɸ ʪʘʢʞʝ ʢʘʞʜʳʡ ʛʦʜ ʧʨʦʭʦʜʠʪ ʚʩʝʨʦʩʩʠʡʩʢʘʷ 

ʩʪʫʜʝʥʯʝʩʢʘʷ ʩʧʘʨʪʘʢʠʘʜʘ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʶʪ ʩʘʤʳʡ ʩʧʦʨʪʠʚʥʳʡ ʚʫʟ 

ʩʪʨʘʥʳ. ʇʦʜʦʙʥʘʷ ʩʧʘʨʪʘʢʠʘʜʘ ʪʘʢʞʝ ʧʨʦʚʦʜʠʪʩʷ ʩʨʝʜʠ ʬʝʜʝʨʘʣʴʥʳʭ ʚʫʟʦʚ, ʠ ʂʌʋ 

ʫʞʝ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʩʪʦʠʪ ʥʘ ʧʝʨʚʦʤ ʤʝʩʪʝ ʚ ʜʘʥʥʦʤ ʤʝʨʦʧʨʠʷʪʠʠ. 

ʋ ʩʧʦʨʪʠʚʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʚ ʂʌʋ ʦʩʦʙʝʥʥʦ ʚʳʩʦʢʘʷ ʚʦʚʣʝʯʝʥʥʦʩʪʴ, ʪʘʢ ʢʘʢ ʚ ʢʘʞʜʦʤ 

ʠʥʩʪʠʪʫʪʝ ʠ ʬʘʢʫʣʴʪʝʪʝ (25 ʠʥʩʪʠʪʫʪʦʚ ʠ ʬʘʢʫʣʴʪʝʪʦʚ) ʚʫʟʘ ʝʩʪʴ ʩʚʦʠ ʢʦʤʘʥʜʳ, ʢʦʪʦʨʳʝ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʬʠʟʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ. 

ʉʪʫʜʝʥʪʳ ʢʘʟʘʥʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʧʦʩʪʦʷʥʥʦ ʧʦʩʝʱʘʶʪ ʩʧʦʨʪʠʚʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ, 

ʢʘʢ ʠʥʩʪʠʪʫʪʩʢʠʝ, ʪʘʢ ʠ ʛʦʨʦʜʩʢʠʝ. 

ʅʘʫʯʥʳʝ. 

ʊʘʢʞʝ ʚ ʂʌʋ ʧʦʩʪʦʷʥʥʦ ʧʨʦʚʦʜʷʪʩʷ ʥʘʫʯʥʳʝ ʢʦʥʬʝʨʝʥʮʠʠ ʠ ʩʝʤʠʥʘʨʳ, ʢʘʢ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʷʤ ʧʦʜʛʦʪʦʚʢʠ ʩʪʫʜʝʥʪʦʚ ʪʘʢ ʠ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ. ʅʘʧʨʘʚʣʝʥʠʷ 

ʧʨʦʚʝʜʝʥʠʷ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʡ ʠ ʩʝʤʠʥʘʨʦʚ: 

1) ʕʢʦʣʦʛʠʷ. 

2) ʇʨʠʨʦʜʦʚʝʜʝʥʠʝ.  

3) ɻʝʦʣʦʛʠʷ.  

4) ʅʝʬʪʝʛʘʟʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ.  

5) ʄʘʪʝʤʘʪʠʢʘ.  

6) ʄʝʭʘʥʠʢʘ  

7) ʌʠʟʠʢʘ.  

8) ʍʠʤʠʷ.  

9) ʖʨʠʩʧʨʫʜʝʥʮʠʷ.  

10) ʀʥʬʦʨʤʘʪʠʢʘ.  

11) ʌʠʣʦʣʦʛʠʷ.  

12) ʄʝʞʜʫʥʘʨʦʜʥʳʝ ʦʪʥʦʰʝʥʠʷ. 

13) ʃʠʥʛʚʠʩʪʠʢʘ.  

14) ʄʝʜʠʮʠʥʘ.  

15) ɹʠʦʣʦʛʠʷ.  

16) ʀʥʞʝʥʝʨʠʷ.  

17) ʀʩʪʦʨʠʷ.  

18) ʌʠʣʦʩʦʬʠʷ.  

19) ʄʘʩʩʦʚʳʝ ʢʦʤʤʫʥʠʢʘʮʠʠ.  

20) ʕʢʦʥʦʤʠʢʘ.  

21) ʇʝʜʘʛʦʛʠʢʘ.  

22) ʇʩʠʭʦʣʦʛʠʷ ʠ ʪ.ʜ. 

ʉʪʫʜʝʥʪʳ ʂʌʋ ʧʦʩʪʦʷʥʥʦ ʚ ʯʠʩʣʝ ʧʝʨʚʳʭ ʚʦ ʚʩʝʨʦʩʩʠʡʩʢʠʭ ʦʣʠʤʧʠʘʜʘʭ. 

ʂʫʣʴʪʫʨʥʳʝ. 

ʂ ʩʘʤʳʤ ʢʨʫʧʥʳʤ ʢʫʣʴʪʫʨʥʳʤ ʤʝʨʦʧʨʠʷʪʠʷʤ ʂʌʋ ʤʦʞʥʦ ʦʪʥʝʩʪʠ: 

1) ɼʝʥʴ ʧʝʨʚʦʢʫʨʩʥʠʢʘ. 

2) ʉʪʫʜʝʥʯʝʩʢʘʷ ʚʝʩʥʘ.  

3) ɼʝʥʴ ʨʦʞʜʝʥʠʷ ʫʥʠʚʝʨʩʠʪʝʪʘ.  

4) ɼʝʥʴ ʦʪʢʨʳʪʳʭ ʜʚʝʨʝʡ.  

5) ʊʘʪʴʷʥʠʥ ʜʝʥʴ.  

6) 9 ʤʘʷ.  

ɺ ʢʫʣʴʪʫʨʥʦʡ ʞʠʟʥʠ ʫʥʠʚʝʨʩʠʪʝʪʘ ʟʘʜʝʡʩʪʚʦʚʘʥʦ ʩʘʤʦʝ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʩʪʫʜʝʥʪʦʚ, ʪʘʢ ʢʘʢ ʦʯʝʥʴ ʤʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʢʫʣʴʪʫʨʥʦʡ ʞʠʟʥʠ ʫʥʠʚʝʨʩʠʪʝʪʘ: 

1) ʍʦʨʝʦʛʨʘʬʠʷ.  

2) ɺʦʢʘʣ. 

3) ʉʊʕʄ. 

4) ɸʢʪʝʨʩʢʘʷ ʠʛʨʘ.  

5) ʖʤʦʨ.  

6) ʂʦʥʬʝʨʘʥʩ. 
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7) ʍʫʜʦʞʝʩʪʚʝʥʥʘʷ ʨʝʯʴ ʠ ʪ.ʜ. 

ʂʫʣʴʪʫʨʥʦʡ ʞʠʟʥʠ ʫʥʠʚʝʨʩʠʪʝʪʘ ʫʜʝʣʷʝʪʩʷ ʤʥʦʛʦ ʚʥʠʤʘʥʠʷ, ʪʘʢ ʢʘʢ ʵʪʦ 

ʥʘʧʨʘʚʣʝʥʠʝ ʙʦʣʴʰʝ ʚʩʝʛʦ ʧʦʤʦʛʘʝʪ ʫʥʠʚʝʨʩʠʪʝʪʫ ʧʨʦʧʘʛʘʥʜʠʨʦʚʘʪʴ ʣʶʙʦʚʴ ʢ ʚʫʟʫ. ʋ 

ʂʘʟʘʥʩʢʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʙʦʣʴʰʦʡ ʢʦʥʮʝʨʪʥʳʡ ʟʘʣ ʚʤʝʱʘʝʪ 1024 ʤʝʩʪʘ 

ʠ ʚʦ ʚʨʝʤʷ ʤʝʨʦʧʨʠʷʪʠʡ ʚʝʩʴ ʟʘʣ ʧʦʩʪʦʷʥʥʦ ʧʦʣʦʥ. 

ʇʦʤʠʤʦ ʩʪʫʜʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʠʛʨʘʶʪ ʥʘ ʩʮʝʥʝ, ʤʥʦʞʝʩʪʚʦ ʣʶʜʝʡ ʨʘʙʦʪʘʶʪ ʟʘ 

ʩʮʝʥʦʡ: 

1) ɸʜʤʠʥʠʩʪʨʘʪʦʨʳ.  

2) ʈʝʢʚʠʟʠʪʦʨʳ.  

3) ʉʪʘʪʠʩʪʳ.  

4) ɿʚʫʢʦʨʝʞʠʩʩʝʨʳ.  

5) ʉʚʝʪʦʨʝʞʠʩʩʝʨʳ.  

6) ʉʮʝʥʘʨʠʩʪʳ ʠ ʪ.ʜ. 

ʊʘʢ ʢʘʢ ʚ ʢʫʣʴʪʫʨʥʦʡ ʞʠʟʥʠ ʫʥʠʚʝʨʩʠʪʝʪʘ ʟʘʜʝʡʩʪʚʦʚʘʥʦ ʦʯʝʥʴ ʤʥʦʛʦ ʯʝʣʦʚʝʢ, 

ʩʘʨʘʬʘʥʥʦʝ ʨʘʜʠʦ ʧʦʟʚʦʣʷʝʪ ʨʘʟʥʝʩʪʠ ʠʥʬʦʨʤʘʮʠʶ ʦ ʤʝʨʦʧʨʠʷʪʠʷʭ ʂʌʋ.  

ʊʘʢʞʝ ʩʪʨʘʪʝʛʠʯʝʩʢʠ ʧʨʘʚʠʣʴʥʦʝ ʤʝʨʦʧʨʠʷʪʠʝ - ʵʪʦ ʜʝʥʴ ʧʝʨʚʦʢʫʨʩʥʠʢʘ, ʩ ʩʘʤʳʭ 

ʧʝʨʚʳʭ ʜʥʝʡ ʚ ʫʥʠʚʝʨʩʠʪʝʪʝ ʩʪʫʜʝʥʪʦʚ ʨʘʩʧʦʣʘʛʘʶʪ ʢ ʘʢʪʠʚʥʦʡ ʢʫʣʴʪʫʨʥʦʡ ʞʠʟʥʠ, ʘ 

ʪʘʢʞʝ ʧʨʦʧʘʛʘʥʜʠʨʫʶʪ ʣʶʙʦʚʴ ʢ ʠʥʩʪʠʪʫʪʫ. 

ʋ ʪʘʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʢʘʢ ʜʝʥʴ ʧʝʨʚʦʢʫʨʩʥʠʢʘ ʠ ʩʪʫʜʝʥʯʝʩʢʘʷ ʚʝʩʥʘ, ʝʩʪʴ ʛʘʣʘ-

ʢʦʥʮʝʨʪʳ, ʥʘ ʢʦʪʦʨʳʭ ʩʦʙʠʨʘʶʪʩʷ ʣʫʯʰʠʝ ʥʦʤʝʨʘ ʩʦ ʚʩʝʭ ʠʥʩʪʠʪʫʪʦʚ. ʀʤʝʥʥʦ ʚ ʛʘʣʘ-

ʢʦʥʮʝʨʪʘʭ ʧʨʦʧʘʛʘʥʜʠʨʫʝʪʩʷ ʣʶʙʦʚʴ ʢ ʚʫʟʫ.  

ʂʘʢ ʥʘʧʠʩʘʥʦ ʚʳʰʝ, ʩʦʮʠʘʣʴʥʘʷ ʞʠʟʥʴ ʚ ʂʌʋ ʧʦʤʦʛʘʝʪ ʨʘʩʧʦʣʦʞʠʪʴ ʩʪʫʜʝʥʪʦʚ ʢ 

ʣʦʷʣʴʥʦʤʫ ʦʪʥʦʰʝʥʠʶ ʢ ʚʫʟʫ. ʅʘ ʤʝʨʦʧʨʠʷʪʠʷʭ ʧʨʦʚʦʜʠʪʩʷ ʘʢʪʠʚʥʘʷ ʧʨʦʧʘʛʘʥʜʘ 

ʣʶʙʚʠ ʢ ʚʫʟʫ, ʯʪʦ ʧʦʤʦʛʘʝʪ ʧʨʠʚʣʝʯʴ ʥʦʚʳʭ ʩʪʫʜʝʥʪʦʚ ʚ ʚʫʟ.  

ɽʩʣʠ ʩʪʫʜʝʥʪ ʣʦʷʣʴʥʦ ʦʪʥʦʩʠʪʩʷ ʢ ʚʫʟʫ, ʪʦ ʦʥ ʩʦʚʝʪʫʝʪ ʜʘʥʥʳʡ ʚʫʟ ʙʦʣʝʝ ʤʦʣʦʜʦʤʫ 

ʧʦʢʦʣʝʥʠʶ. ʊʘʢʞʝ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʤʝʨʦʧʨʠʷʪʠʡ ʜʣʷ ʰʢʦʣʴʥʠʢʦʚ, ʢʦʪʦʨʳʝ 

ʪʘʢʞʝ ʧʦʙʫʞʜʘʶʪ ʰʢʦʣʴʥʠʢʦʚ ʜʣʷ ʧʦʩʪʫʧʣʝʥʠʷ ʚ ʂʌʋ.  

ʇʦʜʚʦʜʷ ʠʪʦʛ ʩʢʘʟʘʥʥʦʤʫ, ʩʦʮʠʘʣʴʥʘʷ ʞʠʟʥʴ ʫʥʠʚʝʨʩʠʪʝʪʘ ʧʦʤʦʛʘʝʪ ʧʦʚʳʩʠʪʴ 

ʣʦʷʣʴʥʦʩʪʴ ʩʪʫʜʝʥʪʦʚ ʢ ʚʫʟʫ ʠ ʧʨʠʚʣʝʯʴ ʙʦʣʝʝ ʤʦʣʦʜʦʝ ʧʦʢʦʣʝʥʠʝ ʢ ʧʦʩʪʫʧʣʝʥʠʶ. 
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ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ  
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ɸʥʥʦʪʘʮʠʷ: ʢʘʪʝʛʦʨʠʷ ʚʨʝʤʝʥʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʤʥʦʛʠʭ ʚʝʢʦʚ ʥʝ ʜʘʚʘʣʘ ʧʦʢʦʷ 

ʚʝʣʠʢʠʤ ʫʤʘʤ ʥʘʰʝʡ ʧʣʘʥʝʪʳ. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʣʦ ʚʨʝʤʷ ʥʝ ʨʝʘʣʴʥʦʝ, ʘ 

ʭʫʜʦʞʝʩʪʚʝʥʥʦʝ, ʢʦʪʦʨʦʝ ʠʤʝʝʪ ʤʝʩʪʦ ʙʳʪʴ ʚ ʨʘʟʣʠʯʥʳʭ ʭʫʜʦʞʝʩʪʚʝʥʥʳʭ, 

ʣʠʪʝʨʘʪʫʨʥʳʭ ʧʨʦʠʟʚʝʜʝʥʠʷʭ. ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʚʳʜʝʣʝʥʠʝ ʦʩʥʦʚʥʳʭ 

ʚʨʝʤʝʥʥʳʭ ʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʬʦʨʤ ʚʳʨʘʞʝʥʠʷ ʨʝʪʨʦʩʧʝʢʮʠʠ. ʄʝʪʦʜʘʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʶʪʩʷ: ʣʝʢʩʠʢʦ-ʩʝʤʘʥʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, 

ʢʦʤʧʦʥʝʥʪʥʳʡ ʘʥʘʣʠʟ, ʘʥʘʣʠʟ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ, ʣʦʛʠʢʦ-

ʩʠʥʪʘʢʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʩʠʥʪʘʛʤʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʢʘʪʝʛʦʨʠʷ ʚʨʝʤʝʥʠ ʥʝ ʧʦʪʝʨʷʣʘ ʮʝʥʥʦʩʪʠ ʚ ʩʦʚʨʝʤʝʥʥʦʤ 

ʦʙʱʝʩʪʚʝ, ʠ ʜʘʞʝ ʥʘʦʙʦʨʦʪ, ʫʩʠʣʠʣʘ ʩʚʦʠ ʧʦʟʠʮʠʠ ʙʣʘʛʦʜʘʨʷ ʜʠʥʘʤʠʯʝʩʢʦʤʫ 

ʨʘʟʚʠʪʠʶ ʠ ʩʪʨʝʤʠʪʝʣʴʥʦʡ ʵʚʦʣʶʮʠʠ ʩʦʮʠʫʤʘ. ʏʘʩʪʳʤ ʩʪʘʣʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝ 

ʧʨʦʰʣʦʝ ï ʙʫʜʫʱʝʝ, ʚʝʜʴ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʩʦʟʥʘʪʴ ʥʘʩʪʦʷʱʝʝ ʠ ʧʨʝʜʩʢʘʟʘʪʴ 

ʙʫʜʫʱʝʝ, ʥʫʞʥʦ ʜʝʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʦʙʳʪʠʡ ʧʨʦʰʣʦʛʦ, ʢʘʢ ʚ ʩʦʙʳʪʠʷʭ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʪʘʢ ʠ ʚ ʣʠʪʝʨʘʪʫʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. 
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Abstract: the category of time for many centuries did not give rest to the great minds of our 

planet. Of particular interest was the time not real, but artistic, which takes place in various 

artistic, literary works. The purpose of this work is to identify the main temporary and 

compositional forms of expressing retrospection. Methods of research of this work are: 

lexico-semantic analysis, component analysis, analysis of direct components, logical-

syntactic analysis, syntagmatic analysis. The urgency of the work lies in the fact that the 

category of time has not lost its value in modern society, and even on the contrary, it 

strengthens its positions due to the dynamic development and rapid evolution of the society. 

The comparison of the past and the future has become frequent, because in order to realize 
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the present and to predict the future, a detailed study of past events is necessary, both in 

events and in literary space. 

Keywords: retrospection; continuum; category of time; artistic time; markers; means of 

linguistic expressiveness; stylistics of the language. 
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ʌʠʣʦʩʦʬʩʢʦʝ ʚʠʜʝʥʠʝ ʚʨʝʤʝʥʠ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʚʨʝʤʷ ʢʘʢ ʬʦʨʤʫ ʦʪʨʘʞʝʥʠʷ 

ʙʳʪʘ, ʠ ʬʦʨʤʫ ʦʪʨʘʞʝʥʠʷ ʚʨʝʤʝʥʠ ʚ ʢʫʣʴʪʫʨʝ. ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʜʘʥʥʘʷ ʢʘʪʝʛʦʨʠʷ 

ʚʳʩʪʫʧʘʝʪ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʘʷ ʝʜʠʥʠʮʘ ʜʫʭʦʚʥʦʡ ʞʠʟʥʠ ʦʙʱʝʩʪʚʘ, ʠ ʫʯʘʩʪʚʫʝʪ ʚ 

ʧʨʦʮʝʩʩʝ ʯʫʚʩʪʚʝʥʥʦʛʦ ʚʦʩʧʨʠʷʪʠʷ ʤʠʨʘ, ʥʦ, ʧʨʠ ʵʪʦʤ, ʠʤʝʝʪ ʩʫʙʲʝʢʪʠʚʥʳʡ 

ʭʘʨʘʢʪʝʨ, ʠ ʧʨʝʞʜʝ ʚʩʝʛʦ ʚ çʯʫʚʩʪʚʝ ʚʨʝʤʝʥʠè, ʥʘʰʝʛʦ ʥʘʩʪʦʷʱʝʛʦ, ʙʫʜʫʱʝʛʦ ʠ 

ʧʨʦʰʝʜʰʝʛʦ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʤʳʩʣʷʭ, ʵʤʦʮʠʷʭ, ʪʦ ʝʩʪʴ ʥʘ ʩʫʙʲʝʢʪʠʚʥʦʤ, 

ʧʝʨʮʝʧʪʠʚʥʦʤ ʚʦʩʧʨʠʷʪʠʠ ʤʠʨʘ ʯʝʣʦʚʝʢʦʤ. 

ʇʨʠʯʝʤ ʚʨʝʤʷ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʦ ʥʝ ʧʨʦʩʪʦ ʩ ʙʳʪʠʝʤ, ʘ ʠʤʝʥʥʦ ʩ ʯʝʣʦʚʝʯʝʩʢʠʤ 

ʙʳʪʠʝʤ. ʉʫʱʥʦʩʪʴ ʚʨʝʤʝʥʠ ʤʦʞʥʦ ʨʘʩʢʨʳʪʴ ʣʠʰʴ ʚ ʝʛʦ ʦʪʥʦʰʝʥʠʠ ʢ ʯʝʣʦʚʝʢʫ [6]. 

ʇʦʜ ʷʟʳʢʦʚʳʤ ʘʩʧʝʢʪʦʤ ʢʘʪʝʛʦʨʠʠ ʚʨʝʤʝʥʠ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʚʳʨʘʞʝʥʠʝ ʚ 

ʷʟʳʢʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʚʨʝʤʝʥʠ ʧʫʪʸʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʥʦʦʙʨʘʟʥʳʭ 

ʷʟʳʢʦʚʳʭ ʩʨʝʜʩʪʚ. ʆʩʥʦʚʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʦʧʨʝʜʝʣʝʥʠʷ ʢʘʪʝʛʦʨʠʠ ʚʨʝʤʝʥʠ ʚ 

ʣʠʥʛʚʠʩʪʠʢʝ ʷʚʣʷʶʪʩʷ ʛʣʘʛʦʣʴʥʳʝ ʬʦʨʤʳ. ʕʪʘ ʢʘʪʝʛʦʨʠʷ ʦʪʨʘʞʘʝʪ ʚʨʝʤʝʥʥʳʝ 

ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʧʨʦʠʩʭʦʜʷʱʠʤ. 

ɺ ʭʫʜʦʞʝʩʪʚʝʥʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʪʨʠ ʩʫʙʲʝʢʪʘ ï ʘʚʪʦʨ, ʛʝʨʦʡ, 

ʯʠʪʘʪʝʣʴ. ʆʙʱʘʷ ʢʘʨʪʠʥʘ ʤʠʨʘ, ʩʦʟʜʘʥʥʦʛʦ ʧʠʩʘʪʝʣʝʤ, ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ 

çʚʨʝʤʝʥè (ʤʦʤʝʥʪʳ ʠʟ ʞʠʟʥʠ ʛʣʘʚʥʦʛʦ ʛʝʨʦʷ, ʦʙʱʠʡ ʬʦʥ, ʞʠʟʥʠ ʜʨʫʛʠʭ ʛʝʨʦʝʚ), 

ʢʦʪʦʨʳʝ ʚ ʦʙʱʥʦʩʪʠ ʜʝʣʘʶʪ ʦʙʨʘʟ ʟʘʢʦʥʯʝʥʥʳʤ. ɺʨʝʤʷ ʯʘʩʪʦ ʚʳʨʘʞʘʝʪʩʷ ʯʝʨʝʟ 

ʜʘʪʠʨʦʚʘʥʠʝ, ʩʦʟʜʘʥʠʝ ʦʱʫʱʝʥʠʷ ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʦ ʢʦʩʚʝʥʥʳʤ ʧʨʠʟʥʘʢʘʤ. ɸʚʪʦʨ 

ʤʦʞʝʪ ʠʟʤʝʥʷʪʴ ʚʨʝʤʷ ʚ ʨʘʩʩʢʘʟʝ (ʟʘʤʝʜʣʷʪʴ, ʫʩʢʦʨʷʪʴ), ʯʪʦ ʧʨʠʜʘʝʪ ʪʝʢʩʪʫ ʚ ʮʝʣʦʤ, ʠ 

ʧʨʦʠʩʭʦʜʷʱʠʤ ʩʦʙʳʪʠʷʤ ʦʧʨʝʜʝʣʝʥʥʫʶ ʢʦʥʥʦʪʘʮʠʶ. 

çʍʫʜʦʞʝʩʪʚʝʥʥʦʝ ʚʨʝʤʷ ï ʚʘʞʥʝʡʰʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʭʫʜʦʞʝʩʪʚʝʥʥʦʛʦ ʦʙʨʘʟʘ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʮʝʣʦʩʪʥʦʝ ʚʦʩʧʨʠʷʪʠʝ ʩʦʟʜʘʥʥʦʡ ʘʚʪʦʨʦʤ ʚ ʧʨʦʠʟʚʝʜʝʥʠʠ 

ʧʦʵʪʠʯʝʩʢʦʡ ʨʝʘʣʴʥʦʩʪʠè [1, 26]. 

ʈʝʪʨʦʩʧʝʢʮʠʷ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʥʘ ʫʨʦʚʥʝ ʢʦʤʧʦʟʠʮʠʠ, ʧʦʟʠʮʠʠ ʘʚʪʦʨʘ, 

ʦʧʠʩʘʥʠʷ ʚʥʝʰʥʦʩʪʠ ʛʝʨʦʷ ʠ ʝʛʦ ʭʘʨʘʢʪʝʨʘ, ʠ ʜʨʫʛʠʭ ʩʨʝʜʩʪʚ ʠʟʦʙʨʘʟʠʪʝʣʴʥʦʩʪʠ. 

ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʨʝʪʨʦʩʧʝʢʮʠʶ ʥʘ ʫʨʦʚʥʝ ʢʦʤʧʦʟʠʮʠʠ, ʝʝ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 

ʜʚʘ ʚʠʜʘ: ʢʦʛʜʘ ʠʟʦʙʨʘʞʘʝʪʩʷ ʧʨʝʜʤʝʪ ʚʦ ʚʨʝʤʝʥʠ ʠ ʢʦʛʜʘ ʦʧʠʩʳʚʘʶʪʩʷ ʩʦʙʳʪʠʷ 

ʧʨʦʰʣʦʛʦ, ʠʤʝʶʱʠʝ ʦʧʨʝʜʝʣʝʥʥʳʝ ʚʨʝʤʝʥʥʳʝ ʨʘʤʢʠ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʥʘʩʪʦʷʱʝʤʫ. 

ʅʘʧʨʠʤʝʨ, çMy bow is a rarity, crafted by my father along with a few othersè [3, 6]. ɺ 

ʜʘʥʥʦʤ ʧʨʠʤʝʨʝ ʣʫʢ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʢʘʢ ʨʘʨʠʪʝʪ ʚ ʥʘʩʪʦʷʱʝʤ ʠ ʫʢʘʟʳʚʘʝʪʩʷ ʥʘ ʝʛʦ 

ʧʨʦʰʣʦʝ, ʪʦ ʝʩʪʴ ʥʘ ʧʝʨʠʦʜ ʝʛʦ ʩʦʟʜʘʥʠʷ. ʇʨʝʜʤʝʪ, ʠʟʦʙʨʘʞʸʥʥʳʡ ʚʦ ʚʨʝʤʝʥʥʳʭ ʨʘʤʢʘʭ 

çʧʨʦʰʣʦʝ ï ʥʘʩʪʦʷʱʝʝè ʷʚʣʷʝʪʩʷ ʩʨʝʜʩʪʚʦʤ ʚʳʨʘʟʠʪʝʣʴʥʦʩʪʠ, ʧʦʤʦʛʘʶʱʠʤ ʧʝʨʝʜʘʪʴ 

ʮʝʥʥʦʩʪʴ ʵʪʦʛʦ ʧʨʝʜʤʝʪʘ ʜʣʷ ʛʝʨʦʷ, ʨʘʩʢʨʳʪʴ ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʦʪʮʦʤ ʠ ʝʛʦ ʜʦʯʝʨʴʶ.  

ʇʨʦʠʟʦʰʝʜʰʠʝ ʩʦʙʳʪʠʷ, ʦʧʠʩʘʥʥʳʝ ʚ ʥʘʩʪʦʷʱʝʤ, ʪʘʢ ʞʝ ʷʚʣʷʶʪʩʷ ʩʨʝʜʩʪʚʦʤ 

ʚʳʨʘʟʠʪʝʣʴʥʦʩʪʠ, ʧʦʨʦʞʜʘʶʱʠʤ ʧʝʨʮʝʧʪʠʚʥʦʝ ʚʦʩʧʨʠʷʪʠʝ ʢʘʨʪʠʥʳ ʧʨʦʠʩʭʦʜʷʱʠʭ 

ʩʦʙʳʪʠʡ. ʅʘʧʨʠʤʝʨ, ʦʧʠʩʘʥʠʝ ʩʦʙʳʪʠʡ, ʩʣʫʯʠʚʰʠʭʩʷ ʩ 13 ʜʠʩʪʨʠʢʪʦʤ, ʜʘʝʪ ʯʠʪʘʪʝʣʶ 

ʧʦʥʷʪʴ ʧʨʠʯʠʥʳ ʩʦʙʳʪʠʡ, ʢʦʪʦʨʳʝ ʧʨʦʠʩʭʦʜʷʪ ʚ ʥʘʩʪʦʷʱʝʤ (ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʢʘʧʠʪʦʣʷ, 

ʜʝʥʴ ʞʘʪʚʳ, ʞʝʩʪ ʥʝʧʦʢʦʨʥʦʩʪʠ ʠ ʜʨʫʛʠʝ)  

ʊʘʢʞʝ ʨʝʪʨʦʩʧʝʢʮʠʷ ʚ ʣʠʪʝʨʘʪʫʨʝ ʤʦʞʝʪ ʚʳʨʘʞʘʪʴʩʷ ʩʣʝʜʫʶʱʠʤʠ 

ʠʟʦʙʨʘʟʠʪʝʣʴʥʦ-ʚʳʨʘʟʠʪʝʣʴʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ: ʧʨʦʩʪʳʤʠ ʧʨʦʪʠʚʦʧʦʩʪʘʚʣʝʥʠʷʤʠ 

(ʩʝʡʯʘʩ-ʪʦʛʜʘ, ʧʨʘʚʜʘ-ʣʦʞʴ); ʧʨʦʪʠʚʦʧʦʩʪʘʚʣʝʥʠʷʤʠ ʥʘ ʛʨʘʤʤʘʪʠʯʝʩʢʦʤ ʫʨʦʚʥʝ 

(Present simple - past simple/past perfect), ʘ ʪʘʢʞʝ ʦʨʛʘʥʠʟʘʮʠʝʡ ʩʘʤʦʡ ʨʝʯʠ (ʧʦʚʪʦʨ, 

ʩʪʨʦʡ, ʷʟʳʢ), ʥʘʧʨʠʤʝʨ: çShe must have really loved him to leave her homeè [3, 9] ʠʣʠ 

çAnd even if  we didé even if  we didéè [3, 11]. ʈʝʪʨʦʩʧʝʢʮʠʷ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ 

ʩʚʦʝʦʙʨʘʟʥʳʤ ʧʦʚʪʦʨʦʤ, ʢʦʪʦʨʳʡ ʤʝʥʷʝʪ ʚʨʝʤʷ ʧʦʚʝʩʪʚʦʚʘʥʠʷ: ʟʘʤʝʜʣʷʝʪ, ʫʩʢʦʨʷʝʪ, 

ʦʩʪʘʥʘʚʣʠʚʘʝʪ; ʜʨʫʛʠʤʠ ʩʣʦʚʘʤʠ ï ʧʨʝʨʳʚʘʝʪ ʢʦʥʪʠʥʫʫʤ, ʩ ʮʝʣʴʶ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ 
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ʥʘ ʚʘʞʥʳʝ ʤʦʤʝʥʪʳ, ʜʝʪʘʣʠ. ʕʪʠʤ ʠ ʩʦʟʜʘʝʪʩʷ ʮʝʣʦʩʪʥʦʩʪʴ ʚʩʝʛʦ ʩʦʜʝʨʞʘʥʠʷ 

ʧʦʚʝʩʪʚʦʚʘʥʠʷ ʠ ʚʟʘʠʤʦʩʚʷʟʴ ʢʦʥʢʨʝʪʥʳʭ ʝʝ ʯʘʩʪʝʡ. 

ʊʝʢʩʪ ʦʨʛʘʥʠʟʦʚʘʥ ʣʠʥʝʡʥʦ, ʥʦ ʧʨʠ ʵʪʦʤ, ʙʣʘʛʦʜʘʨʷ ʨʝʪʨʦʩʧʝʢʮʠʠ, ʚ ʧʨʦʮʝʩʩʝ 

ʯʪʝʥʠʷ ʥʝ ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʣʠʥʝʡʥʦ. ʉʫʱʝʩʪʚʫʶʪ ʜʚʘ ʚʠʜʘ ʢʦʤʧʦʟʠʮʠʠ ʪʝʢʩʪʘ, 

ʧʦʩʪʨʦʝʥʥʦʛʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʪʨʦʩʧʝʢʮʠʠ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʚ 

ʢʥʠʛʝ ʏʘʢʘ ʇʘʣʘʥʠʢʘ çʋʮʝʣʝʚʰʠʡè (1999), ʧʦʚʝʩʪʚʦʚʘʥʠʝ ʥʘʯʠʥʘʝʪʩʷ ʩ ʢʦʥʮʘ ʩʶʞʝʪʘ, 

ʜʣʷ ʫʩʠʣʝʥʠʷ ʵʪʦʛʦ ʵʬʬʝʢʪʘ ʘʚʪʦʨ ʜʘʞʝ ʥʫʤʝʨʫʝʪ ʛʣʘʚʳ ʩ ʢʦʥʮʘ (47, 46, 45é). ʉ 

ʩʘʤʦʛʦ ʥʘʯʘʣʘ ʯʠʪʘʪʝʣʴ ʚʠʜʠʪ ʨʝʟʫʣʴʪʘʪ ï ʛʝʨʦʡ ʩʠʜʠʪ ʚ ʩʘʤʦʣʝʪʝ ʦʜʠʥ ʠ ʟʘʧʠʩʳʚʘʝʪ 

ʩʚʦʶ ʨʝʯʴ ʥʘ ʙʦʨʪʦʚʦʡ ʩʘʤʦʧʠʩʝʮ; ʠ ʧʦʪʦʤ, ʧʦ ʤʝʨʝ ʨʘʟʚʠʪʠʷ ʩʶʞʝʪʘ, ʫʞʝ ʫʟʥʘʝʪ, ʯʪʦ 

ʧʨʦʠʟʦʰʣʦ ʩ ʛʣʘʚʥʳʤ ʛʝʨʦʝʤ, ʢʘʢʠʝ ʩʦʙʳʪʠʷ ʧʨʝʜʰʝʩʪʚʦʚʘʣʠ ʵʪʦʤʫ ʨʝʟʫʣʴʪʘʪʫ. ɺ 

ʢʥʠʛʝ ʉʴʶʟʘʥ ʂʦʣʣʠʥʩ çHunger gamesè ʤʳ ʥʘʙʣʶʜʘʝʤ ʦʙʨʘʪʥʫʶ ʩʠʪʫʘʮʠʶ. ʉʦʙʳʪʠʷ 

ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʳ ʚ ʧʨʘʚʠʣʴʥʦʤ ʧʦʨʷʜʢʝ, ʥʦ ʧʨʠ ʵʪʦʤ ʩʫʱʝʩʪʚʫʶʪ ʚʩʪʘʚʢʠ, ʦʪʥʦʩʷʱʠʝ 

ʯʠʪʘʪʝʣʷ ʚ ʧʨʦʰʣʦʝ ʛʝʨʦʝʚ ʠʣʠ ʢʘʢʦʚʦ-ʪʦ ʤʝʩʪʘ. ʇʨʠ ʵʪʦʤ ʩʦʙʳʪʠʷ ʧʨʦʰʣʦʛʦ, ʩʘʤʠ ʧʦ 

ʩʝʙʝ, ʥʝ ʩʦʩʪʘʚʣʷʶʪ ʩʶʞʝʪ, ʘ ʣʠʰʴ ʜʦʧʦʣʥʷʶʪ ʦʩʥʦʚʥʫʶ ʠʥʬʦʨʤʘʮʠʶ 

ʚʦʩʧʦʤʠʥʘʥʠʷʤʠ, ʤʳʩʣʷʤʠ, ʤʝʯʪʘʤʠ, ʢʦʪʦʨʳʝ ʤʝʞʜʫ ʩʦʙʦʡ ʥʝ ʩʚʷʟʘʥʥʳ, ʢʘʢ, 

ʥʘʧʨʠʤʝʨ, ʚ ʢʥʠʛʝ ɼʞʦʥʘ ʃʝ ʂʘʨʨʝ çʅʦʯʥʦʡ ʘʜʤʠʥʠʩʪʨʘʪʦʨè (1994), ʚ ʢʦʪʦʨʦʡ 

ʩʦʙʳʪʠʷ ʧʨʦʰʣʦʛʦ ʠ ʥʘʩʪʦʷʱʝʛʦ ʠʜʫʪ ʧʘʨʘʣʣʝʣʴʥʦ ʠ ʧʦʨʦʡ ʩʣʦʞʥʦ ʧʦʥʷʪʴ, ʚ ʢʘʢʦʤ 

ʠʤʝʥʥʦ ʚʨʝʤʝʥʠ ʩʝʡʯʘʩ ʥʘʭʦʜʠʰʴʩʷ. 

ʇʝʨʝʜʘʯʘ ʚ ʪʝʢʩʪʝ ʨʝʪʨʦʩʧʝʢʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʩ ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ ʥʘʧʨʘʚʣʷʶʱʠʭ, 

ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʤʘʨʢʝʨʘʤʠ. ɹʣʘʛʦʜʘʨʷ ʠʤ, ʪʦ, ʯʪʦ ʩʥʘʯʘʣʘ ʦʪʭʦʜʠʣʦ ʥʘ ʚʪʦʨʦʡ 

ʧʣʘʥ, ʧʝʨʝʦʩʤʳʩʣʷʝʪʩʷ ʠ ʧʨʠʥʠʤʘʝʪ ʦʩʦʙʝʥʥʳʡ ʩʪʘʪʫʩ ʚʘʞʥʦʩʪʠ ʜʣʷ ʯʠʪʘʪʝʣʷ. 

ʈʝʪʨʦʩʧʝʢʮʠʷ ʚ ʪʝʢʩʪʝ ʚʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʳʭ ʤʘʨʢʝʨʦʚ, ʢʦʪʦʨʳʝ 

ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʛʨʫʧʧʳ: ʧʨʷʤʳʝ ʠ ʢʦʩʚʝʥʥʳʝ. ɺ ʘʥʛʣʦʷʟʳʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʚ 

ʢʘʯʝʩʪʚʝ ʤʘʨʢʝʨʦʚ ʧʝʨʚʦʡ ʛʨʫʧʧʳ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʣʝʜʫʶʱʠʝ: 

1) ɻʨʘʤʤʘʪʠʯʝʩʢʠʝ ʤʘʨʢʝʨʳ ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ Past simple: 

çSomething happened when I was holding Rueôs hand, watching the life drain out of 

herè [3, 283]; 

2) ʉʣʦʚʘ, ʩʣʦʚʦʩʦʯʝʪʘʥʠʷ, ʫʢʘʟʳʚʘʶʱʠʝ ʥʘ ʚʨʝʤʷ, ʪʘʢʠʝ, ʥʘʧʨʠʤʝʨ, ʢʘʢ yesterday, 

last night, last day ʠ ʜʨʫʛʠʝ ʠʣʠ since, when, how long ʚ ʩʦʯʝʪʘʥʠʠ ʩ Past perfect: çHow 

long has she been here? The whole time probablyè [3, 215]; 

3) ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʣʦʚʘ past ʢʘʢ ʧʨʝʜʣʦʛʘ, ʧʨʠʣʘʛʘʪʝʣʴʥʦʛʦ, ʩʫʱʝʩʪʚʠʪʝʣʴʥʦʛʦ ʚ 

ʩʦʯʝʪʘʥʠʠ ʩ ʜʨʫʛʠʤʠ ʝʜʠʥʠʮʘʤʠ, ʦʙʦʟʥʘʯʘʶʱʠʤʠ ʚʨʝʤʷ: çbut a group of Peacekeepers 

marches us through the front door of the Justice Building. Maybe tributes have tried to 

escape in the pastè [3, 39]. 

ʂ ʢʦʩʚʝʥʥʳʤ ʤʘʨʢʝʨʘʤ ʦʪʥʦʩʷʪʩʷ ʪʘʢʠʝ, ʢʦʪʦʨʳʝ ʪʦʣʴʢʦ ʥʘʤʝʢʘʶʪ ʥʘ ʪʦ, ʯʪʦ 

ʩʦʙʳʪʠʷ ʧʨʦʠʟʦʰʣʠ ʚ ʧʨʦʰʣʦʤ. ʕʪʦ, ʥʘʧʨʠʤʝʨ, ʪʘʢʠʝ ʩʣʦʚʘ ʠ ʬʨʘʟʳ ʢʘʢ memory, 

dream, thoughts, keep in my mind, ʛʣʘʛʦʣʳ ʤʳʩʣʠʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʥʘʧʨʠʤʝʨ: 

remember ʠʣʠ realize. ʅʦ ʦʥʠ ʦʪʥʦʩʷʪʩʷ ʢ ʨʝʪʨʦʩʧʝʢʮʠʠ ʣʠʰʴ ʢʦʩʚʝʥʥʦ, ʯʠʪʘʪʝʣʶ 

ʚʠʜʥʦ ʣʠʰʴ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʤʦʤʝʥʪ ʥʘʩʪʦʷʱʝʛʦ. ʊʘʢʦʝ, ʢʘʢ ʩʤʝʥʘ ʥʘʩʪʨʦʝʥʠʷ ʫ ʛʝʨʦʷ, 

ʧʦʪʝʨʷ ʚʥʫʪʨʝʥʥʝʛʦ ʨʘʚʥʦʚʝʩʠʷ, ʠ ʜʨʫʛʦʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʪʠʭ ʤʳʩʣʝʡ, ʚʦʩʧʦʤʠʥʘʥʠʡ 

ʠ ʪ.ʜ.  ʅʘʧʨʠʤʝʨ: çShe must have had bad dreams and climbed in with our mother. Of 

course, she did. This is the day of the reapingè [3, 3].  

ʊʘʢ ʞʝ ʢ ʢʦʩʚʝʥʥʳʤ ʤʘʨʢʝʨʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʪʘʢʦʝ ʩʣʦʚʦ, ʢʘʢ çbackè. ʅʘʧʨʠʤʝʨ: 

çThis worked very well for a girl, Johanna Mason, from District 7 a few years backè [3, 47]. 

ʌʨʘʟʫ ça few years backè ʤʦʞʥʦ ʟʘʤʝʥʠʪʴ ʬʨʘʟʦʡ ça few years agoè, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

çbackè ʦʪʥʦʩʠʪ ʥʘʩ ʚ ʧʨʦʰʣʦʝ ʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʦʩʚʝʥʥʳʭ ʤʘʨʢʝʨʦʚ ʨʝʪʨʦʩʧʝʢʮʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʪʨʦʩʧʝʢʮʠʷ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʧʘʫʟʘ, ʧʨʝʨʳʚʘʥʠʝ 

ʢʦʥʪʠʥʫʫʤʘ ʩʶʞʝʪʘ ʧʨʦʠʟʚʝʜʝʥʠʷ ʜʣʷ ʘʢʪʫʘʣʠʟʘʮʠʠ ʨʘʥʝʝ ʠʟʣʦʞʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ 

ʧʨʠʜʘʥʠʷ ʬʘʢʪʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʢʦʥʮʝʧʪʫʘʣʴʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ. 

ɺʳʚʦʜʳ: ʈʝʪʨʦʩʧʝʢʮʠʷ ʜʝʣʠʪʩʷ ʥʘ ʜʚʘ ʚʠʜʘ: ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʝʜʤʝʪʘ ʚʦ ʚʨʝʤʝʥʠ, 

ʦʧʠʩʘʥʠʝ ʩʦʙʳʪʠʡ ʧʨʦʰʣʦʛʦ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʚʨʝʤʝʥʥʳʝ ʨʘʤʢʠ, 

ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʥʘʩʪʦʷʱʝʤʫ. ʌʫʥʢʮʠʠ ʨʝʪʨʦʩʧʝʢʮʠʠ: ʧʦʷʩʥʝʥʠʝ, ʘʢʮʝʥʪʠʨʦʚʘʥʠʝ 



55 

 

ʚʥʠʤʘʥʠʷ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʦʙʳʪʠʷʭ, ʧʝʨʝʦʩʤʳʩʣʝʥʠʝ ʧʨʦʠʟʦʰʝʜʰʠʭ ʩʦʙʳʪʠʡ. 

ʈʝʪʨʦʩʧʝʢʮʠʷ ʧʨʝʨʳʚʘʝʪ ʢʦʥʪʠʥʫʫʤ, ʩ ʮʝʣʴʶ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʚʘʞʥʳʝ ʜʝʪʘʣʠ. 

ʈʝʪʨʦʩʧʝʢʮʠʷ ʚʚʦʜʠʪʩʷ ʚ ʪʝʢʩʪ ʩ ʧʦʤʦʱʴʶ ʧʨʷʤʳʭ ʤʘʨʢʝʨʦʚ: ʛʨʘʤʤʘʪʠʯʝʩʢʠʭ, 

ʩʣʦʚ-ʫʢʘʟʘʪʝʣʝʡ, ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʣʦʚʘ past ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʜʨʫʛʠʤʠ ʝʜʠʥʠʮʘʤʠ, 

ʦʙʦʟʥʘʯʘʶʱʠʤʠ ʚʨʝʤʷ. ɸ ʪʘʢ ʞʝ ʩ ʧʦʤʦʱʴʶ ʢʦʩʚʝʥʥʳʭ ʤʘʨʢʝʨʦʚ: ʩʣʦʚʘ ʠ ʬʨʘʟʳ, 
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ʄʠʝʣʦʜʠʩʧʣʘʩʪʠʯʝʩʢʠʡ ʩʠʥʜʨʦʤ (ʄɼʉ), ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ ʜʠʩʧʣʘʩʪʠʯʝʩʢʠʤʠ 

ʧʨʦʮʝʩʩʘʤʠ ʚ ʢʣʝʪʢʘʭ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ, ʥʝʵʬʬʝʢʪʠʚʥʳʤ ʛʝʤʦʧʦʵʟʦʤ ʠ ʨʠʩʢʦʤ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚ ʦʩʪʨʳʡ ʤʠʝʣʦʠʜʥʳʡ ʣʝʡʢʦʟ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ 
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ʤʠʝʣʦʜʠʩʧʣʘʩʪʠʯʝʩʢʠʡ ʩʠʥʜʨʦʤ ʜʝʙʶʪʠʨʫʝʪ ʘʥʝʤʠʯʝʩʢʠʤ ʩʠʥʜʨʦʤʦʤ, ʨʝʞʝ - 

ʩʦʯʝʪʘʥʠʝʤ ʘʥʝʤʠʯʝʩʢʦʛʦ ʠ ʛʝʤʦʨʨʘʛʠʯʝʩʢʦʛʦ ʩʠʥʜʨʦʤʦʚ. ɸʥʝʤʠʷ, ʚʳʷʚʣʝʥʥʘʷ ʥʘ 

ʧʝʨʚʳʭ ʵʪʘʧʘʭ ʦʙʩʣʝʜʦʚʘʥʠʷ, ʯʘʱʝ ʥʦʩʠʪ ʛʠʧʦʭʨʦʤʥʳʡ ʠ ʤʠʢʨʦʮʠʪʘʨʥʳʡ ʭʘʨʘʢʪʝʨ, 

ʯʪʦ ʯʘʩʪʦ ʨʘʩʮʝʥʠʚʘʝʪʩʷ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʦʙʱʝʢʣʠʥʠʯʝʩʢʠʭ ʧʨʘʢʪʠʢ, ʢʘʢ ʥʝʜʦʩʪʘʪʦʢ 

ʞʝʣʝʟʘ ʚ ʦʨʛʘʥʠʟʤʝ. ɺʨʘʯʝʙʥʘʷ ʪʘʢʪʠʢʘ ʥʝ ʨʝʜʢʦ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʥʘʟʥʘʯʝʥʠʠ 

ʧʨʝʧʘʨʘʪʦʚ ʞʝʣʝʟʘ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʬʝʨʨʦʢʠʥʝʪʠʢʠ, ʘ 

ʠʤʝʥʥʦ ʦʧʨʝʜʝʣʝʥʠʝ ʫʨʦʚʥʷ ʩʳʚʦʨʦʪʦʯʥʦʛʦ ʬʝʨʨʠʪʠʥʘ, ʯʪʦ ʝʱʝ ʙʦʣʝʝ ʫʩʫʛʫʙʣʷʝʪ 

ʧʝʨʝʛʨʫʟʢʫ ʦʨʛʘʥʠʟʤʘ ʞʝʣʝʟʦʤ ʚʚʠʜʫ ʥʝʵʬʬʝʢʪʠʚʥʦʛʦ ʵʨʠʪʨʦʧʦʵʟʘ. ɺ ʦʩʥʦʚʝ ʄɼʉ 

ʣʝʞʘʪ ʜʠʩʧʣʘʩʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʨʦʩʪʢʦʚ ʢʨʦʚʝʪʚʦʨʝʥʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʭ 

ʫʩʠʣʝʥʥʦʡ ʛʠʙʝʣʠ ʝʱʝ ʜʦ ʚʳʭʦʜʘ ʚ ʧʝʨʠʬʝʨʠʯʝʩʢʫʶ ʢʨʦʚʴ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ 

ʚʦʟʥʠʢʘʝʪ ʦʜʥʦ-, ʜʚʫʭ- ʠʣʠ ʪʨʝʭʨʦʩʪʢʦʚʘʷ ʮʠʪʦʧʝʥʠʷ, ʦʪʨʘʞʘʶʱʘʷ ʥʝʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʛʝʤʦʧʦʵʟʘ ʥʘ ʬʦʥʝ ʥʦʨʤʘʣʴʥʦ ʠʣʠ ʛʠʧʝʨʢʣʝʪʦʯʥʦʛʦ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ [1]. ʆʙʨʘʱʝʥʠʝ ʟʘ 

ʧʦʤʦʱʴʶ ʯʘʱʝ ʚʩʝʛʦ ʩʚʷʟʘʥʦ ʫʞʝ ʩ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʚʳʨʘʞʝʥʥʦʛʦ ʘʥʝʤʠʯʝʩʢʦʛʦ, ʨʝʞʝ 

ʩʦʯʝʪʘʥʠʝʤ ʘʥʝʤʠʯʝʩʢʦʛʦ ʠ ʛʝʤʦʨʨʘʛʠʯʝʩʢʦʛʦ ʩʠʥʜʨʦʤʦʚ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʜʝʢʦʤʧʝʥʩʠʨʦʚʘʥʥʦʤ ʧʨʦʛʨʝʩʩʠʚʥʦʤ ʪʝʯʝʥʠʠ ʄɼʉ. ɺʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʷʚʣʷʝʪʩʷ ʠ ʪʦ, 

ʯʪʦ ʥʘ ʤʦʤʝʥʪ ʦʙʨʘʱʝʥʠʷ ʫ ʚʩʝʭ ʧʘʮʠʝʥʪʦʚ ʫʞʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʧʝʨʝʛʨʫʟʢʘ ʦʨʛʘʥʠʟʤʘ 

ʞʝʣʝʟʦʤ ʚʩʣʝʜʩʪʚʠʝ ʥʝʵʬʬʝʢʪʠʚʥʦʛʦ ʵʨʠʪʨʦʧʦʵʟʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʪʝʧʝʥʴ ʠʟʙʳʪʢʘ 

ʞʝʣʝʟʘ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʫʭʫʜʰʝʥʠʝʤ ʚʳʞʠʚʘʝʤʦʩʪʠ ʙʦʣʴʥʳʭ ʄɼʉ ʠ ʧʦʚʳʰʝʥʠʝʤ ʨʠʩʢʘ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚ ʦʩʪʨʳʡ ʤʠʝʣʦʙʣʘʩʪʥʳʡ ʣʝʡʢʦʟ [2, 3]. ʀʟʙʳʪʦʯʥʳʡ ʟʘʧʘʩ ʞʝʣʝʟʘ ʚ 

ʦʨʛʘʥʠʟʤʝ ʥʘʯʠʥʘʝʪ ʧʨʦʛʨʝʩʩʠʚʥʦ ʧʦʚʳʰʘʪʴʩʷ ʩ ʤʦʤʝʥʪʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʷ, 

ʢʘʢ ʢʦʤʧʝʥʩʘʪʦʨʥʘʷ ʨʝʘʢʮʠʷ ʥʘ ʥʝʵʬʬʝʢʪʠʚʥʳʡ ʵʨʠʪʨʦʧʦʵʟ. ʕʪʦ ʷʚʣʝʥʠʝ ʜʠʢʪʫʝʪʩʷ 

ʥʘʨʘʩʪʘʶʱʝʡ ʛʠʧʝʨʧʣʘʟʠʝʡ ʵʨʠʪʨʦʠʜʥʦʛʦ ʨʦʩʪʢʘ ʚʩʣʝʜʩʪʚʠʝ ʠʟʙʳʪʦʯʥʦʡ ʧʨʦʜʫʢʮʠʠ 

ʜʠʬʬʝʨʝʥʮʠʨʫʶʱʝʛʦ ʬʘʢʪʦʨʘ ʨʦʩʪʘ GDF15 ʠ ʩʥʠʞʝʥʠʷ ʩʠʥʪʝʟʘ ʦʩʪʨʦʬʘʟʦʚʦʛʦ ʙʝʣʢʘ-

ʨʝʛʫʣʷʪʦʨʘ ʬʝʨʨʦʢʠʥʝʪʠʢʠ ʛʝʧʩʠʜʠʥʘ [4]. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʘʠʙʦʣʝʝ 

ʜʦʩʪʦʚʝʨʥʳʤ ʠ ʜʦʩʪʫʧʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʧʝʨʝʛʨʫʟʢʠ ʦʨʛʘʥʠʟʤʘ ʞʝʣʝʟʦʤ ʷʚʣʷʝʪʩʷ 

ʩʳʚʦʨʦʪʦʯʥʳʡ ʬʝʨʨʠʪʠʥ [5, 6]. ʆʧʨʝʜʝʣʝʥʠʝ ʝʛʦ ʫʨʦʚʥʷ ʧʦʟʚʦʣʷʝʪ ʨʘʟʛʨʘʥʠʯʠʪʴ 

ʠʩʪʠʥʥʳʡ ʜʝʬʠʮʠʪ ʞʝʣʝʟʘ ʦʪ ʝʛʦ ʥʘʨʫʰʝʥʥʦʡ ʤʦʙʠʣʠʟʘʮʠʠ, ʯʪʦ ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʧʨʠʚʦʜʠʪ ʢ ʨʘʜʠʢʘʣʴʥʦ ʠʥʦʡ ʪʘʢʪʠʢʝ ʣʝʯʝʥʠʷ, ʧʦʟʚʦʣʷʷ ʠʟʙʝʞʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʧʝʨʝʛʨʫʟʢʠ ʞʝʣʝʟʦʤ. ɹʝʨʷ ʚʦ ʚʥʠʤʘʥʠʝ ʪʦ, ʯʪʦ ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʧʘʮʠʝʥʪʦʚ ʩ ʄɼʉ ï 

ʵʪʦ ʣʠʮʘ ʧʦʞʠʣʦʛʦ ʚʦʟʨʘʩʪʘ ʩ ʥʘʣʠʯʠʝʤ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʭʨʦʥʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ, 

ʥʘʠʙʦʣʝʝ ʯʘʩʪʳʤ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʭʨʦʥʠʯʝʩʢʘʷ ʩʝʨʜʝʯʥʘʷ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴ, 

ʥʝʧʨʘʚʠʣʴʥʳʡ ʧʦʜʭʦʜ ʢ ʜʠʘʛʥʦʩʪʠʢʝ ʄɼʉ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʟʥʘʯʠʪʝʣʴʥʦ ʫʭʫʜʰʘʝʪ 

ʠʭ ʩʦʤʘʪʠʯʝʩʢʠʡ ʩʪʘʪʫʩ ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʧʨʠʚʦʜʠʪ ʢ ʫʢʦʨʦʯʝʥʠʶ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʞʠʟʥʠ [7].  

ɺʩʝʛʜʘ ʥʝʦʙʭʦʜʠʤʦ ʧʦʤʥʠʪʴ, ʯʪʦ ʧʦʞʠʣʦʡ ʚʦʟʨʘʩʪ ʧʘʮʠʝʥʪʘ ʠ ʝʛʦ ʢʦʤʦʨʙʠʜʥʳʡ 

ʬʦʥ ʥʝ ʷʚʣʷʶʪʩʷ ʦʜʥʦʟʥʘʯʥʦʡ ʧʨʠʯʠʥʦʡ ʞʝʣʝʟʦʜʝʬʠʮʠʪʘ. ʄɼʉ ʠʤʝʝʪ ʜʦʚʦʣʴʥʦ 

ʚʳʩʦʢʫʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʠ ʝʛʦ ʨʘʥʥʷʷ ʜʠʘʛʥʦʩʪʠʢʘ ʥʝ ʠʤʝʝʪ ʥʠʢʘʢʠʭ ʪʨʫʜʥʦʩʪʝʡ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʫʨʦʚʥʷ ʩʳʚʦʨʦʪʦʯʥʦʛʦ ʬʝʨʨʠʪʠʥʘ ʧʦʟʚʦʣʷʝʪ ʨʘʟʛʨʘʥʠʯʠʪʴ ʵʪʠ ʜʚʘ 

ʩʦʩʪʦʷʥʠʷ, ʠʟʙʝʞʘʪʴ ʧʨʦʙʥʦʡ ʨʝʬʨʘʢʪʝʨʥʦʡ ʪʝʨʘʧʠʠ, ʘ ʚʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ 

ʥʝʟʘʤʝʜʣʠʪʝʣʴʥʦ ʥʘʯʘʪʴ ʧʨʘʚʠʣʴʥʫʶ ʚʨʘʯʝʙʥʫʶ ʪʘʢʪʠʢʫ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʝ ʙʳʣʠ ʚʢʣʶʯʝʥʳ 44 ʙʦʣʴʥʳʭ ʄɼʉ, ʧʦʩʪʫʧʠʚʰʠʭ ʥʘ ʩʪʘʮʠʦʥʘʨʥʦʝ 

ʣʝʯʝʥʠʝ ʚ ʂʂɹ ˉ 2 ʛʦʨʦʜʘ ɺʣʘʜʠʚʦʩʪʦʢʘ ʚ ʧʝʨʠʦʜ ʩ 01.01.2014 ʧʦ 01.01.2017. ɺ 

ʦʙʩʣʝʜʫʝʤʦʡ ʢʦʛʦʨʪʝ ʦʪʥʦʰʝʥʠʝ ʤʫʞʯʠʥʳ : ʞʝʥʱʠʥʳ ʩʦʩʪʘʚʠʣʦ 1:1. ʂʨʠʪʝʨʠʠ 

ʚʢʣʶʯʝʥʠʷ ʙʦʣʴʥʳʭ ʙʳʣʠ ʩʣʝʜʫʶʱʠʝ: ʚʦʟʨʘʩʪ 50 ʣʝʪ ʠ ʩʪʘʨʰʝ, ʘʥʝʤʠʡ ʣʶʙʦʡ 

ʵʪʠʦʣʦʛʠʠ ʥʘ ʤʦʤʝʥʪ ʚʢʣʶʯʝʥʠʷ ʚ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʦʪʩʫʪʩʪʚʠʝ ʪʷʞʝʣʳʭ ʩʦʧʫʪʩʪʚʫʶʱʠʭ 

ʟʘʙʦʣʝʚʘʥʠʡ, ʪʘʢʠʭ ʢʘʢ ʦʥʢʦʣʦʛʠʯʝʩʢʠʝ, ʪʫʙʝʨʢʫʣʝʟ, ʭʨʦʥʠʯʝʩʢʦʝ ʥʝʩʧʝʮʠʬʠʯʝʩʢʦʝ 

ʟʘʙʦʣʝʚʘʥʠʝ ʣʝʛʢʠʭ, ɼɺʉ-ʩʠʥʜʨʦʤ. ɹʦʣʴʥʳʝ ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʥʘ ʜʚʝ ʛʨʫʧʧʳ. ʇʝʨʚʘʷ 

ʛʨʫʧʧʘ (ʦʩʥʦʚʥʘʷ) ʚʢʣʶʯʘʣʘ ʚ ʩʝʙʷ ʧʘʮʠʝʥʪʦʚ (26 ʯʝʣʦʚʝʢ), ʫ ʢʦʪʦʨʳʭ ʧʨʠ 

ʧʝʨʚʠʯʥʦʤ ʦʙʨʘʱʝʥʠʠ ʟʘ ʤʝʜʠʮʠʥʩʢʦʡ ʧʦʤʦʱʴʶ ʙʳʣ ʟʘʧʦʜʦʟʨʝʥ ʠ 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʥ ʄɼʉ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʪʝʨʘʧʠʠ ʧʨʝʧʘʨʘʪʘʤʠ ʞʝʣʝʟʘ. ɺʪʦʨʘʷ 

ʛʨʫʧʧʘ ʩʦʩʪʦʷʣʘ ʠʟ ʧʘʮʠʝʥʪʦʚ (18 ʯʝʣʦʚʝʢ), ʫ ʢʦʪʦʨʳʭ ʄɼʉ ʙʳʣ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥ 

ʧʦʩʣʝ ʚʳʷʚʣʝʥʠʷ ʨʝʬʨʘʢʪʝʨʥʦʩʪʠ ʢ ʞʝʣʝʟʦʪʝʨʘʧʠʠ. ʄʝʜʠʘʥʘ ʚʦʟʨʘʩʪʘ ʜʣʷ ʧʝʨʚʦʡ 
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ʛʨʫʧʧʳ ʩʦʩʪʘʚʠʣʘ -68 ʣʝʪ, ʜʣʷ ʚʪʦʨʦʡ ï 69 ʣʝʪ. ʈʘʟʙʨʦʩ, ʩʦʛʣʘʩʥʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

FAB ʩʦʩʪʦʷʣ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʄɼʉ: ʈʝʬʨʘʢʪʝʨʥʘʷ ʘʥʝʤʠʷ ʩ ʪʨʝʭʣʠʥʝʡʥʦʡ 

ʜʠʩʧʣʘʟʠʝʡ - 14 ʜʣʷ ʧʝʨʚʦʡ ʠ 12 ʜʣʷ ʚʪʦʨʦʡ ʛʨʫʧʧ, ʄʠʝʣʦʤʦʥʦʮʠʪʘʨʥʳʡ ʣʝʡʢʦʟ ï 

2 ʜʣʷ ʧʝʨʚʦʡ ʠ 2 ʜʣʷ ʚʪʦʨʦʡ ʛʨʫʧʧ, ʄɼʉ: ʈʝʬʨʘʪʢʝʨʥʘʷ ʘʥʝʤʠʷ ʩ ʜʚʫʭʣʠʥʝʡʥʦʡ 

ʜʠʩʧʣʘʟʠʝʡ ï 4 ʜʣʷ ʧʝʨʚʦʡ ʠ 2 ʜʣʷ ʚʪʦʨʦʡ ʛʨʫʧʧ, ʈʝʬʨʘʪʢʝʨʥʘʷ ʘʥʝʤʠʷ ʩ 

ʦʜʥʦʣʠʥʝʡʥʦʡ ʜʠʩʧʣʘʟʠʝʡ ï 2 ʠ 2, ʠ ʄɼʉ: ʈʝʬʨʘʢʪʝʨʥʘʷ ʘʥʝʤʠʷ ʩ ʠʟʙʳʪʢʦʤ 

ʙʣʘʩʪʦʚ, ʪʠʧ 1 ï 3 ʠ 1 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʋ ʚʩʝʭ ʙʦʣʴʥʳʭ, ʚʢʣʶʯʝʥʥʳʭ ʚ ʘʥʘʣʠʟ, 

ʧʨʦʚʦʜʠʣʦʩʴ ʠʟʫʯʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʢʣʠʥʠʢʦ-ʣʘʙʦʨʘʪʦʨʥʳʭ ʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ: ʢʦʣʠʯʝʩʪʚʘ ʵʨʠʪʨʦʮʠʪʦʚ, ʪʨʦʤʙʦʮʠʪʦʚ, ʫʨʦʚʥʷ ʛʝʤʦʛʣʦʙʠʥʘ, 

ʩʦʜʝʨʞʘʥʠʷ ʬʝʨʨʠʪʠʥʘ ʩʳʚʦʨʦʪʢʠ, ʨʘʟʤʝʨʳ ʧʝʯʝʥʠ ʧʦ ʂʫʨʣʦʚʫ, ʨʘʟʤʝʨʳ, 

ʩʪʨʫʢʪʫʨʘ ʧʝʯʝʥʠ ʠ ʩʝʣʝʟʝʥʢʠ ʧʦ ʜʘʥʥʳʤ ʋɿʀ, ʜʘʥʥʳʝ ʕʂɻ. 

ʈʝʟʫʣʴʪʘʪʳ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʙʳʣʦ ʧʦʣʫʯʝʥʦ, ʯʪʦ ʄɼʉ ʙʳʣ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥ ʫ 30 

ʧʘʮʠʝʥʪʦʚ ʠʟ 44 (68%) ʧʨʠ ʧʝʨʚʠʯʥʦʤ ʦʙʨʘʱʝʥʠʠ ʠ ʫ 18 ʧʘʮʠʝʥʪʦʚ (32%) ʧʦʩʣʝ 

ʨʝʬʨʘʢʪʝʨʥʦʡ ʪʝʨʘʧʠʠ ʞʝʣʝʟʦʤ ʚʥʝ ʛʝʤʘʪʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʘʮʠʦʥʘʨʘ, ʧʨʠʯʝʤ ʫ ʜʘʥʥʳʭ 

ʧʘʮʠʝʥʪʦʚ ʥʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʦʙʲʝʢʪʠʚʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʦʙʤʝʥʘ ʞʝʣʝʟʘ. 

ʆʩʥʦʚʥʘʷ ʛʨʫʧʧʘ ʠʤʝʣʘ ʚ ʘʥʘʤʥʝʟʝ ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʠ ʟʘʙʦʣʝʚʘʥʠʷ 

ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ ʫ 30% ʦʙʩʣʝʜʫʝʤʳʭ, ʧʦʜʞʝʣʫʜʦʯʥʦʡ ʞʝʣʝʟʳ ʫ 8%, 

ʧʝʯʝʥʠ ʫ 30%. ɺʪʦʨʘʷ ʛʨʫʧʧʘ ʙʦʣʴʥʳʭ ʩʦʩʪʘʚʠʣʘ 38%, 10% ʠ 38% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ)ʯʪʦ 

ʚʝʨʦʷʪʥʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʥʝʛʘʪʠʚʥʳʤ ʵʬʬʝʢʪʦʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʝʨʝʛʨʫʟʢʠ 

ʞʝʣʝʟʦʤ). ɹʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʚ ʛʨʫʧʧʝ ʧʘʮʠʝʥʪʦʚ, ʫ ʢʦʪʦʨʳʭ ʄɼʉ ʙʳʣ ʟʘʧʦʜʦʟʨʝʥ ʠ 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʥ ʧʨʠ ʧʝʨʚʠʯʥʦʤ ʦʙʨʘʱʝʥʠʠ, ʫ 12 ʠʟ 30 ʧʘʮʠʝʥʪʦʚ (40%) ʥʘʨʷʜʫ ʩ 

ʧʨʦʷʚʣʝʥʠʷʤʠ ʘʥʝʤʠʯʝʩʢʦʛʦ ʩʠʥʜʨʦʤʘ, ʦʪʤʝʯʘʣʠʩʴ ʧʨʦʷʚʣʝʥʠʷ ʛʝʤʦʨʨʘʛʠʯʝʩʢʦʛʦ 

ʩʠʥʜʨʦʤʘ, ʘ ʪʨʝʭʣʠʥʝʡʥʘʷ ʜʠʩʧʣʘʟʠʷ ʚ ʚʠʜʝ ʧʘʥʮʠʪʦʧʝʥʠʠ ʥʘʙʣʶʜʘʣʘʩʴ ʙʦʣʝʝ ʯʝʤ, ʫ 

ʧʦʣʦʚʠʥʳ ʧʘʮʠʝʥʪʦʚ, ʯʪʦ ʠ ʧʦʩʣʫʞʠʣʦ ʧʦʚʦʜʦʤ ʛʦʩʧʠʪʘʣʠʟʘʮʠʠ ʚ ʛʝʤʘʪʦʣʦʛʠʯʝʩʢʠʡ 

ʩʪʘʮʠʦʥʘʨ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ. ʅʘʧʨʦʪʠʚ, ʚ ʛʨʫʧʧʝ ʧʘʮʠʝʥʪʦʚ, ʛʜʝ ʄɼʉ ʥʝ 

ʙʳʣ ʟʘʧʦʜʦʟʨʝʥ ʧʨʠ ʧʝʨʚʠʯʥʦʤ ʦʙʨʘʱʝʥʠʠ, ʚʳʨʘʞʝʥʥʳʝ ʛʝʤʦʨʨʘʛʠʯʝʩʢʠʝ ʧʨʦʷʚʣʝʥʠʷ 

ʚʩʪʨʝʯʘʣʠʩʴ ʣʠʰʴ ʫ 4 ʠʟ 18 ʧʘʮʠʝʥʪʦʚ (22%), ʭʦʪʷ ʜʠʩʧʣʘʟʠʷ ʪʨʝʭ ʨʦʩʪʢʦʚ ʠʤʝʣʘ 

ʤʝʩʪʦ ʫ 55% ʦʙʩʣʝʜʫʝʤʳʭ. ʇʦʢʘʟʘʪʝʣʠ ʩʳʚʦʨʦʪʦʯʥʦʛʦ ʬʝʨʨʠʪʠʥʘ ʥʘʭʦʜʠʣʠʩʴ 

ʧʨʠʤʝʨʥʦ ʚ ʨʘʚʥʳʭ ʟʥʘʯʝʥʠʷʭ ï 868,62  236,53 (ʤʢʛ/ʣ) ʜʣʷ ʛʨʫʧʧʳ, ʧʦʣʫʯʘʚʰʝʡ 

ʪʝʨʘʧʠʶ ʞʝʣʝʟʘ ʠ 965,9Ñ132,9 (ʤʢʛ/ʣ) ʜʣʷ ʛʨʫʧʧʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʝʝ ʥʝ ʧʦʣʫʯʘʚʰʝʡ 

(ʵʪʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʥʝʵʬʬʝʢʪʠʚʥʳʝ ʵʨʠʪʨʦʧʦʵʟ, ʢʦʪʦʨʳʝ ʨʘʟʚʠʣʩʷ ʩ ʥʘʯʘʣʦʤ 

ʟʘʙʦʣʝʚʘʥʠʷ ʠ ʧʝʨʝʛʨʫʟʢʘ ʞʝʣʝʟʦʤ ʚʳʷʚʣʷʝʪʩʷ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʧʨʦʙʥʦʡ ʨʝʬʨʘʢʪʝʨʥʦʡ 

ʪʝʨʘʧʠʠ). ʀʟ ʚʪʦʨʦʡ ʛʨʫʧʧʳ ʧʘʮʠʝʥʪʦʚ 36% ʠʟ ʥʠʭ ʧʦʣʫʯʘʣʠ ʧʨʦʙʥʫʶ ʪʝʨʘʧʠʶ 

ʧʨʝʧʘʨʘʪʘʤʠ ʞʝʣʝʟʘ, 10% ʧʨʦʙʥʫʶ ʪʝʨʘʧʠʶ ʧʨʝʧʘʨʘʪʘʤʠ ʚʠʪʘʤʠʥʘ ɺ-12 ʠ, ʠ 54% 

ʙʦʣʴʥʳʭ ʧʦʣʫʯʘʣʠ ʪʝʨʘʧʠʶ ʧʨʝʧʘʨʘʪʘʤʠ ʞʝʣʝʟʘ, ʘ ʧʦʟʞʝ ʧʦʩʣʝ ʚʳʷʚʣʝʥʥʦʡ 

ʥʝʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʠʪʘʤʠʥʦʤ ɺ-12. ʅʦ ʚʩʝ ʞʝ, ʚ 9 ʠʟ 10 ʩʣʫʯʘʝʚ ʧʨʠ ʦʙʥʘʨʫʞʝʥʠʠ 

ʘʥʝʤʠʠ ʚ ʢʣʠʥʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʢʨʦʚʠ ʧʘʮʠʝʥʪʘʤ ʙʳʣʠ ʥʝʦʙʦʩʥʦʚʘʥʥʦ ʥʘʟʥʘʯʝʥʳ 

ʧʨʝʧʘʨʘʪʳ ʞʝʣʝʟʳ, ʜʘʞʝ ʚʦʧʨʝʢʠ ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʞʝʣʝʟʦʜʝʬʠʮʠʪʥʦʡ ʘʥʝʤʠʠ 

ʠʟʤʝʥʝʥʠʷʤ ʚ ʛʝʤʦʛʨʘʤʤʝ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ, ʦʪʨʘʞʘʶʱʠʝ ʜʠʩʪʨʦʬʠʯʝʩʢʠʝ 

ʧʨʦʮʝʩʩʳ ʚ ʦʨʛʘʥʘʭ ʤʠʰʝʥʷʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʛʨʫʟʢʠ ʞʝʣʝʟʦʤ, ʥʝ ʠʤʝʶʪ 

ʩʫʱʝʩʪʚʝʥʥʳʭ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʜʚʫʤʷ ʛʨʫʧʧʘʤʠ. 

ɺʳʚʦʜʳ:  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʙʳʣʦ ʧʦʣʫʯʝʥʦ, ʯʪʦ ʥʘ 2 ʩʣʫʯʘʷ ʧʝʨʚʠʯʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʄɼʉ 

ʧʨʠʭʦʜʠʪʩʷ 1 ʩʣʫʯʘʡ ʧʝʨʚʠʯʥʦ-ʥʝʢʦʨʨʝʢʪʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ. ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ 

ʧʦʢʘʟʘʪʝʣʝʡ ʬʝʨʨʦʢʠʥʝʪʠʢʠ, ʫʢʘʟʳʚʘʶʱʠʭ ʥʘ ʜʝʬʠʮʠʪ ʞʝʣʝʟʘ ʚ ʦʨʛʘʥʠʟʤʝ ʠ ʦʩʦʙʝʥʥʦ 

ʧʦʢʘʟʘʪʝʣʝʡ ʥʝʜʦʩʪʘʪʢʘ ʢʦʬʘʢʪʦʨʦʚ ʛʝʤʦʧʦʵʟʘ, ʥʘʟʥʘʯʝʥʠʝ ʟʘʤʝʩʪʠʪʝʣʴʥʦʡ ʪʝʨʘʧʠʠ 

ʜʘʥʥʳʤʠ ʧʨʝʧʘʨʘʪʘʤʠ ʷʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʥ ʥʝʦʙʦʩʥʦʚʘʥʥʳʤ, ʥʦ ʠ ʢʘʪʝʛʦʨʠʯʝʩʢʠ 

ʦʧʘʩʥʳʤ, ʪʘʢ ʢʘʢ ʦʥʦ ʧʨʦʜʣʝʚʘʝʪ ʩʨʦʢʠ ʜʠʘʛʥʦʩʪʠʢʠ ʠʩʪʠʥʥʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ ʠ 

ʫʭʫʜʰʘʝʪ ʦʙʱʝʝ ʩʦʩʪʦʷʥʠʝ ʦʨʛʘʥʠʟʤʘ, ʚ ʯʘʩʪʥʦʩʪʠ ʟʘ ʩʯʸʪ ʝʛʦ ʧʝʨʝʛʨʫʟʢʠ ʞʝʣʝʟʦʤ. 

ɹʦʣʴʰʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʜʠʘʛʥʦʩʪʠʢʠ ʄɼʉ ʧʨʠ ʧʝʨʚʠʯʥʦʤ ʦʙʨʘʱʝʥʠʠ ʩʚʷʟʘʥʘ ʩ 

ʚʳʨʘʞʝʥʥʳʤʠ ʧʨʦʷʚʣʝʥʠʷʤʠ ʛʝʤʦʨʨʘʛʠʯʝʩʢʦʛʦ ʩʠʥʜʨʦʤʘ ʥʘ ʬʦʥʝ ʪʨʦʤʙʦʮʠʪʦʧʝʥʠʠ ʚ 

ʢʣʠʥʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʢʨʦʚʠ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʙʦʣʴʰʫʶ ʥʘʩʪʦʨʦʞʸʥʥʦʩʪʴ ʧʨʠ 
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ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʘʮʠʝʥʪʦʚ. ʋʨʦʚʝʥʴ ʬʝʨʨʠʪʠʥʘ ʩʳʚʦʨʦʪʢʠ ʠʤʝʝʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 

ʦʜʠʥʘʢʦʚʦʝ ʟʥʘʯʝʥʠʝ ʫ ʦʙʝʠʭ ʛʨʫʧʧ ʧʘʮʠʝʥʪʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩ ʦʜʠʥʘʢʦʚʦʡ 

ʚʝʨʦʷʪʥʦʩʪʴʶ ʚʳʷʚʣʷʪʴ ʫ ʥʠʭ ʧʝʨʝʠʟʙʳʪʦʢ ʞʝʣʝʟʘ ʚ ʦʨʛʘʥʠʟʤʝ ʠ ʥʘʨʫʰʝʥʠʝ ʝʛʦ 

ʤʦʙʠʣʠʟʘʮʠʠ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʦ ʩʦʜʝʨʞʘʥʠʠ ʪʨʘʥʩʬʝʨʨʠʥʘ ʩʳʚʦʨʦʪʢʠ ʤʦʞʥʦ 

ʪʘʢ ʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʙʩʦʣʶʪʥʦ ʫ ʚʩʝʭ ʧʘʮʠʝʥʪʦʚ ʥʘʯʠʥʘʶʪ ʧʨʦʛʨʝʩʩʠʨʦʚʘʪʴ 

ʧʝʨʝʛʨʫʟʢʘ ʦʨʛʘʥʠʟʤʘ ʞʝʣʝʟʦʤ ʠ ʜʠʟʵʨʠʪʨʦʧʦʵʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʥʝʨʘʮʠʦʥʘʣʴʥʦʝ ʠ ʥʝʦʙʦʩʥʦʚʘʥʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ʞʝʣʝʟʦʪʝʨʘʧʠʠ ʪʦʣʴʢʦ ʫʩʫʛʫʙʣʷʝʪ 

ʩʠʪʫʘʮʠʶ, ʫʭʫʜʰʘʷ ʦʙʱʝʩʦʤʘʪʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʧʘʮʠʝʥʪʦʚ ʜʘʥʥʦʡ ʛʨʫʧʧʳ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʜʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʢʘʟʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʥʥʝʡ ʜʠʘʛʥʦʩʪʠʢʠ ʄɼʉ ʟʘ ʩʯʝʪ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʨʦʚʥʷ ʩʳʚʦʨʦʪʦʯʥʦʛʦ ʬʝʨʨʠʪʠʥʘ. ɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʤʝʝʪ 

ʧʝʨʚʦʩʪʝʧʝʥʥʫʶ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʣʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʜʘʥʥʦʛʦ 

ʟʘʙʦʣʝʚʘʥʠʷ ʩ ʞʝʣʝʟʦʜʝʬʠʮʠʪʥʦʡ ʠ, ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ, ʩ ʘʥʝʤʠʝʡ ʜʨʫʛʦʡ 

ʵʪʠʦʣʦʛʠʠ, ʷʚʣʷʶʱʝʡʩʷ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ ʘʥʝʤʠʯʝʩʢʦʛʦ ʩʠʥʜʨʦʤʘ ʫ 

ʩʪʘʨʰʠʭ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ. 
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1ʊʦʣʩʪʘʷ ʉʚʝʪʣʘʥʘ ɺʠʢʪʦʨʦʚʥʘ - ʜʦʢʪʦʨ ʧʩʠʭʦʣʦʛʠʠ, ʜʦʮʝʥʪ, 

ʢʘʬʝʜʨʘ ʧʩʠʭʦʣʦʛʠʠ, ʬʘʢʫʣʴʪʝʪ ʧʩʠʭʦʣʦʛʠʠ ʠ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ; 
2ɹʦʥʜʘʨʝʥʢʦ ʆʣʴʛʘ ɺʣʘʜʠʤʠʨʦʚʥʘ - ʩʪʫʜʝʥʪ-ʜʦʢʪʦʨʘʥʪ, 

ʜʦʢʪʦʨʘʣʴʥʘʷ ʰʢʦʣʘ ʧʩʠʭʦʣʦʛʠʠ ʠ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʄʦʣʜʘʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʛ. ʂʠʰʠʥʝʚ, ʈʝʩʧʫʙʣʠʢʘ ʄʦʣʜʦʚʘ 

 

ɸʥʥʦʪʘʮʠʷ: ʚ ʩʪʘʪʴʝ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʧʦʥʷʪʠʝ ʨʝʬʣʝʢʩʠʷ, ʝʝ ʬʫʥʢʮʠʠ ʠ ʤʝʩʪʦ ʚ 

ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʡ ʥʘʫʢʝ. ʈʘʩʩʤʦʪʨʝʥʘ ʠ ʦʙʦʙʱʝʥʘ ʨʦʣʴ ʨʝʬʣʝʢʩʠʠ ʚ ʩʦʮʠʘʣʴʥʦ-

ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʤ ʢʦʥʪʝʢʩʪʝ, ʩʘʤʦʨʝʛʫʣʷʮʠʠ ʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ, ʘ ʪʘʢʞʝ 

ʫʯʘʩʪʠʝ ʚ ʣʠʯʥʦʩʪʥʦʤ ʢʦʤʧʦʥʝʥʪʝ ʤʳʰʣʝʥʠʷ. ɺ ʨʘʙʦʪʝ ʩʪʘʚʠʪʩʷ ʘʢʮʝʥʪ ʥʘ 

ʘʤʙʠʚʘʣʝʥʪʥʦʩʪʠ ʨʝʬʣʝʢʩʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʤʦʜʝʣʠ 

ʨʝʬʣʝʢʩʠʚʥʦʩʪʠ. ʇʦʣʥʦʤʫ ʦʪʩʫʪʩʪʚʠʶ ʩʘʤʦʢʦʥʪʨʦʣʷ ʧʨʦʪʠʚʦʧʦʩʪʘʚʣʷʶʪʩʷ ʪʨʠ 

ʢʘʯʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʥʳʭ ʨʝʬʣʝʢʩʠʚʥʳʭ ʧʨʦʮʝʩʩʘ, ʦʧʠʩʘʥʥʳʭ ʚ ʩʪʘʪʴʝ. ɼʘʥʥʘʷ ʤʦʜʝʣʴ 

ʧʦʟʚʦʣʷʝʪ ʦʙʲʷʩʥʠʪʴ ʘʤʙʠʚʘʣʝʥʪʥʫʶ ʧʨʠʨʦʜʫ ʨʝʬʣʝʢʩʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʘ ʪʘʢʞʝ 

ʦʧʨʝʜʝʣʠʪʴ ʨʝʬʣʝʢʩʠʶ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʢʘʢ ʣʠʯʥʦʩʪʥʳʡ ʨʝʩʫʨʩ, ʩ ʜʨʫʛʦʡ, - ʦʮʝʥʠʪʴ 

ʝʝ ʥʝʛʘʪʠʚʥʳʝ ʧʨʦʷʚʣʝʥʠʷ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʝʬʣʝʢʩʠʷ, ʩʘʤʦʩʦʟʥʘʥʠʝ, ʩʘʤʦʨʝʛʫʣʷʮʠʷ, ʘʤʙʠʚʘʣʝʥʪʥʦʩʪʴ, 

ʩʠʩʪʝʤʥʘʷ ʨʝʬʣʝʢʩʠʷ, ʩʘʤʦʜʠʩʪʘʥʮʠʨʦʚʘʥʠʝ.  
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Abstract: the article analyzes the concept of the reflection, its functions and the role in 

psychological science. There is considered and generalized the role of the reflection in the 

socio-psychological context, self-regulation and human activity. Also, there is described the 

influence in the personal component of intellection. The emphasis is placed on the 

ambivalence of reflexive processes and the differential model of reflexivity. There are 

contrasted full lack of self-control and three qualitatively different reflexive processes, 

which are described in the article. The given model allows not only to explain the 

ambivalent nature of reflexive processes, and to define reflection as a personal resource, but 

also to evaluate negative manifestations of the reflection.  
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ʋɼʂ 159.9 
 

ɺʥʠʤʘʥʠʝ ʢ ʧʦʥʷʪʠʶ ʨʝʬʣʝʢʩʠʠ ʧʨʦʜʠʢʪʦʚʘʥʦ ʨʠʪʤʦʤ ʩʦʚʨʝʤʝʥʥʦʡ ʞʠʟʥʠ, 

ʧʨʝʜʧʦʣʘʛʘʶʱʠʤ ʨʘʩʪʫʱʫʶ ʘʚʪʦʥʦʤʠʶ ʣʠʯʥʦʩʪʠ ʠ ʵʤʘʥʩʠʧʘʮʠʶ ʩʦʚʨʝʤʝʥʥʦʛʦ 
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ʯʝʣʦʚʝʢʘ, ʘ ʪʘʢʞʝ ʝʛʦ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʧʦʥʠʤʘʥʠʠ ʩʚʦʝʡ ʣʠʯʥʦʩʪʠ ʠ ʥʘ ʦʩʥʦʚʝ ʵʪʦʛʦ 

ʚʳʩʪʨʘʠʚʘʥʠʝ ʩʚʦʠʭ ʦʪʥʦʰʝʥʠʡ ʩ ʦʢʨʫʞʘʶʱʠʤ ʤʠʨʦʤ.  

ʄʳ ʨʘʟʜʝʣʷʝʤ ʤʥʝʥʠʝ ɸʥʠʩʠʤʦʚʘ ʆ.ʉ. ʦ ʪʦʤ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʘʷ ʨʦʣʴ ʚ 

ʧʨʦʠʩʭʦʞʜʝʥʠʠ ʥʝʛʘʪʠʚʥʳʭ ʷʚʣʝʥʠʡ ʚ ʦʙʱʝʩʪʚʝ ʠ ʚ ʢʦʦʨʜʠʥʘʮʠʠ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ 

ʜʘʥʥʳʭ ʷʚʣʝʥʠʡ  ʧʨʠʥʘʜʣʝʞʠʪ ʦʪʩʫʪʩʪʚʠʶ ʮʝʥʥʦʩʪʠ ʨʝʬʣʝʢʩʠʚʥʦʛʦ 

ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʧʨʘʢʪʠʢʠ. ʊʘʢ, ʝʩʣʠ ʨʘʥʝʝ ʨʝʬʣʝʢʩʠʷ ʧʦʟʠʮʠʦʥʠʨʦʚʘʣʘʩʴ ʢʘʢ 

ʧʨʠʥʮʠʧ, ʦʙʲʷʩʥʷʶʱʠʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʚʥʫʪʨʝʥʥʠʭ ʧʩʠʭʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, 

ʠʣʠ ʢʘʢ ʩʨʝʜʩʪʚʦ ʦʙʦʩʥʦʚʘʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʢʦʥʮʝʧʮʠʡ ʧʩʠʭʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ, 

ʪʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʥʘ ʚʳʩʪʫʧʘʝʪ ʦʪʜʝʣʴʥʳʤ ʧʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ [15]. 

ʉʚʦʝʦʙʨʘʟʠʝ ʧʨʦʙʣʝʤʳ ʨʝʬʣʝʢʩʠʠ ʦʙʫʩʣʦʚʣʝʥʦ ʫʥʠʢʘʣʴʥʦʩʪʴʶ ʯʝʣʦʚʝʯʝʩʢʦʛʦ 

ʧʦʥʠʤʘʥʠʷ ʦ ʩʚʦʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʦʩʦʟʥʘʚʘʪʴ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʙʣʘʛʦʜʘʨʷ ʵʪʦʤʫ 

ʧʦʷʚʣʷʝʪʩʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʧʩʠʭʠʯʝʩʢʦʛʦ ʥʘ çʧʦʟʥʘʶʱʝʝè ʠ çʧʦʟʥʘʚʘʝʤʦʝè, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ ʝʛʦ (ʧʩʠʭʠʯʝʩʢʦʝ ʠ ʧʩʠʭʦʣʦʛʠʶ) ʢʘʢ ʧʨʝʜʤʝʪ ʧʦʟʥʘʥʠʷ [5].    

ʊʝʨʤʠʥ çʨʝʬʣʝʢʩʠʷè ʧʨʦʠʩʭʦʜʠʪ ʦʪ ʣʘʪʠʥʩʢʦʛʦ çreflexioè ʠ ʪʨʘʢʪʫʝʪʩʷ ʢʘʢ 

çʦʙʨʘʱʝʥʠʝ ʥʘʟʘʜè. ʄʦʞʥʦ ʧʦʥʠʤʘʪʴ ʝʛʦ ʢʘʢ ʦʪʨʘʞʝʥʠʝ, ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʧʦʟʥʘʚʘʪʝʣʴʥʦʛʦ ʘʢʪʘ. ɸʥʘʣʠʟ ʠʟʫʯʝʥʠʷ ʧʨʦʙʣʝʤʳ ʨʝʬʣʝʢʩʠʠ ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ 

ʥʝʢʦʪʦʨʳʝ ʘʩʧʝʢʪʳ ʝʝ ʨʘʩʩʤʦʪʨʝʥʠʷ (ɿʘʢ ɸ.ɿ., ɽʤʝʣʴʷʥʦʚ ɽ.ʅ., ʉʣʦʙʦʜʯʠʢʦʚ ɺ.ʀ., 

ʐʘʨʦʚ ɸ.ʉ., ʉʪʝʧʘʥʦʚ ʉ.ʖ.) [3]: 

1. ʀʩʩʣʝʜʦʚʘʥʠʷ ʪʚʦʨʯʝʩʢʦʛʦ ʠ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ ʩʚʷʟʘʥʳ ʩ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʥʝʤʝʮʢʦʡ ʬʠʣʦʩʦʬʠʝʡ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʨʝʬʣʝʢʩʠʶ ʢʘʢ ʣʠʯʥʦʩʪʥʳʡ 

ʢʦʤʧʦʥʝʥʪ ʤʳʰʣʝʥʠʷ. ʉ ʧʦʤʦʱʴʶ ʜʘʥʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʩʫʙʲʝʢʪ ʩʧʦʩʦʙʝʥ 

ʧʨʦʩʣʝʜʠʪʴ ʜʚʠʞʝʥʠʝ ʩʦʙʩʪʚʝʥʥʳʭ ʤʳʩʣʝʡ ʚ ʧʨʦʮʝʩʩʝ ʧʦʠʩʢʘ ʨʝʰʝʥʠʷ,  ʘ ʪʘʢʞʝ 

ʩʦʩʪʘʚʠʪʴ ʝʛʦ ʚ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʣʘʥ. ʈʝʬʣʝʢʩʠʷ ʥʦʩʠʪ ʟʜʝʩʴ ʢʦʥʩʪʨʫʢʪʠʚʥʫʶ 

ʬʫʥʢʮʠʶ, ʧʦʩʢʦʣʴʢʫ ʯʝʨʝʟ ʤʝʭʘʥʠʟʤ ʨʝʬʣʝʢʩʠʠ ʧʨʦʠʩʭʦʜʠʪ ʦʩʤʳʩʣʝʥʠʝ ʩʚʦʝʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ, ʥʘ ʦʩʥʦʚʝ ʯʝʛʦ ʜʝʣʘʶʪʩʷ ʚʳʚʦʜʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʝʝ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ, 

ʨʘʩʰʠʨʷʶʪʩʷ ʩʨʝʜʩʪʚʘ ʜʦʩʪʠʞʝʥʠʷ, ʧʨʦʠʩʭʦʜʠʪ ʦʧʪʠʤʠʟʘʮʠʷ ʜʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, 

ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʦʩʦʟʥʘʚʘʷ 

ʩʚʦʠ ʜʝʡʩʪʚʠʷ, ʠʥʜʠʚʠʜ ʩʧʦʩʦʙʝʥ ʠʭ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ, ʠʟʤʝʥʷʪʴ, ʨʝʛʫʣʠʨʦʚʘʪʴ. ɺ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʨʝʬʣʝʢʩʠʷ ʚʳʩʪʫʧʘʝʪ ʙʘʟʦʚʳʤ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʤ ʤʝʭʘʥʠʟʤʦʤ, 

ʧʦʟʚʦʣʷʶʱʠʤ ʨʝʘʣʠʟʦʚʘʪʴ ʤʳʩʣʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ [6, 7, 16]. 

2. ʀʥʜʠʚʠʜʫʘʣʴʥʘʷ ʨʝʬʣʝʢʩʠʷ ʚ ʩʦʮʠʘʣʴʥʦ-ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʤ ʢʦʥʪʝʢʩʪʝ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʚʦʠʤ ʦʙʲʝʢʪʦʤ ʩʦʟʥʘʥʠʝ ʦʢʨʫʞʘʶʱʠʭ ʠʥʜʠʚʠʜʘ ʣʶʜʝʡ. ʈʝʬʣʝʢʩʠʷ 

çʚʢʣʶʯʘʝʪʩʷè ʚ ʦʪʚʝʪ ʥʘ ʤʝʞʣʠʯʥʦʩʪʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʠʛʨʘʝʪ ʨʦʣʴ ʚ ʨʘʟʚʠʪʠʠ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʨʝʬʣʝʢʩʠʨʫʶʱʝʛʦ. ʇʦ ʩʫʪʠ ʵʪʦ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʩʪʘʚʠʪʴ ʩʝʙʷ ʥʘ ʤʝʩʪʦ 

ʜʨʫʛʦʛʦ ʠ ʫʩʚʦʠʪʴ ʦʪʥʦʰʝʥʠʝ ʦʢʨʫʞʘʶʱʠʭ ʢ ʩʝʙʝ, ʘ ʪʘʢʞʝ ʥʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʛʦ 

ʨʘʟʚʠʚʘʪʴ ʩʚʦʠ ʜʝʡʩʪʚʠʷ. ʊʘʢʦʝ ʧʝʨʝʦʩʤʳʩʣʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʢʦʥʩʪʨʫʠʨʦʚʘʪʴ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʥʦʚʳʝ ʦʙʨʘʟʳ ʩʝʙʷ ʯʝʨʝʟ ʩʘʤʦʨʝʛʫʣʠʨʦʚʘʥʠʝ ʩʚʦʠʭ ʜʝʡʩʪʚʠʡ. 

ʊʘʢʞʝ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʠʦʙʨʝʩʪʠ ʚʥʫʪʨʝʥʥʠʡ ʦʧʳʪ ʠ ʦʙʨʘʱʝʥʥʦʩʪʴ ʥʘ ʩʝʙʷ, 

ʩʣʫʞʠʪ ʜʣʷ ʘʜʘʧʪʘʮʠʠ ʢ ʚʥʝʰʥʝʤʫ ʤʠʨʫ [5, 14, 19]. 

3. ʀʟʫʯʝʥʠʝ ʨʝʬʣʝʢʩʠʠ ʚ ʢʦʥʪʝʢʩʪʝ ʩʘʤʦʨʝʛʫʣʷʮʠʠ ʩʘʤʦʩʦʟʥʘʥʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ 
ʨʘʩʩʤʦʪʨʝʥʠʝ ʝʝ ʢʘʢ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʛʦ ʤʝʭʘʥʠʟʤʘ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʦʤʫ ʠʟʤʝʥʷʝʪʩʷ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʝ ʩʦʟʥʘʥʠʝ. ɺʦʟʜʝʡʩʪʚʫʷ ʥʘ ʩʘʤʦʛʦ ʩʝʙʷ ʧʦʩʨʝʜʩʪʚʦʤ ʨʝʬʣʝʢʩʠʠ, 

ʯʝʣʦʚʝʢ ʩʪʘʥʦʚʠʪʩʷ ʩʧʦʩʦʙʝʥ ʢ ʚʥʫʪʨʝʥʥʠʤ ʠʟʤʝʥʝʥʠʷʤ ʢʦʦʨʜʠʥʘʮʠʠ ʩʚʦʝʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ, ʢʦʥʪʨʦʣʶ ʵʤʦʮʠʡ ʠ ʤʳʩʣʝʡ, ʘ ʪʘʢʞʝ ʫʯʠʪʳʚʘʝʪ ʚ ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ ʠ 

ʜʨʫʛʠʭ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʩ ʥʠʤ. ɺʳʩʪʫʧʘʷ ʚ ʧʦʜʜʝʨʞʢʫ ʘʚʪʦʨʘʤ, ʤʦʞʥʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʳ ʨʘʟʜʝʣʷʝʤ ʤʥʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʨʝʬʣʝʢʩʠʷ ʚʳʩʪʫʧʘʝʪ ʩʤʳʩʣʦʚʳʤ 

ʮʝʥʪʨʦʤ ʯʝʣʦʚʝʯʝʩʢʦʡ ʨʝʘʣʴʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ. ɺ ʜʘʥʥʦʤ 

ʢʦʥʪʝʢʩʪʝ, ʙʣʘʛʦʜʘʨʷ ʨʝʬʣʝʢʩʠʠ, ʧʩʠʭʠʢʘ ʯʝʣʦʚʝʢʘ ʦʙʣʘʜʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴʶ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʦ ʧʨʦʩʪʨʘʠʚʘʪʴʩʷ, ʩʬʦʨʤʠʨʦʚʘʥʘ ʠ ʟʘʚʝʨʰʝʥʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʦʬʦʨʤʣʷʷ ʚʥʫʪʨʝʥʥʠʡ ʤʠʨ ʯʝʣʦʚʝʢʘ, ʦʥʘ ʩʦʟʜʘʝʪ ʙʘʟʫ ʜʣʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʩ ʚʥʝʰʥʠʤ ʤʠʨʦʤ, ʯʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʝʨʝʭʦʜ ʥʘ ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʳʡ, 

ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʨʘʟʚʠʪʠʷ [1, 2, 11, 17, 18].   



62 

 

ɸʥʘʣʠʟʠʨʫʷ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʦʨʠʝʥʪʘʮʠʠ, ʥʘʤ ʩʣʦʞʥʦ ʩʦʛʣʘʩʠʪʴʩʷ ʩ 

ʟʘʚʝʨʰʝʥʥʦʩʪʴʶ ʚʠʜʝʥʠʷ ʧʦʥʷʪʠʷ ʨʝʬʣʝʢʩʠʠ ʚ ʢʘʞʜʦʡ ʠʟ ʥʠʭ. ʉʢʦʨʝʝ, ʦʥʠ 

ʦʪʨʘʞʘʶʪ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʝ ʤʝʞʜʫ ʩʦʙʦʡ, ʥʦ ʥʝ ʪʦʞʜʝʩʪʚʝʥʥʳʝ ʩʪʦʨʦʥʳ 

ʨʝʬʣʝʢʩʠʠ, ʢʦʥʮʝʥʪʨʠʨʫʷ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʥʘ ʢʘʢʦʡ-ʪʦ ʦʜʥʦʡ ʠʟ 

ʥʠʭ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʨʝʯʴ ʠʜʝʪ ʧʦ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʦ ʢʦʛʥʠʪʠʚʥʦʡ ʬʫʥʢʮʠʠ; ʚʦ 

ʚʪʦʨʦʤ ʘʢʮʝʥʪ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʥʘ ʦʙʦʙʱʝʥʥʦʤ ʘʥʘʣʠʟʝ, ʩʚʷʟʘʥʥʦʤ ʩ 

ʠʥʪʝʣʣʝʢʪʫʘʣʠʩʪʠʯʝʩʢʠʤ ʨʘʩʩʤʦʪʨʝʥʠʝʤ ʨʝʬʣʝʢʩʠʠ (ʚʳʯʣʝʥʝʥʠʝ ʢʘʪʝʛʦʨʠʡ, 

ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʧʨʦʮʝʩʩʘ ʨʝʬʣʝʢʩʠʠ, ʢʨʠʪʝʨʠʠ ʠ ʵʪʘʣʦʥʳ ʦʮʝʥʢʠ, ʥʦʨʤʘʪʠʚʳ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʪ.ʜ.); ʪʨʝʪʠʡ ʬʠʢʩʠʨʫʝʪ ʚʥʠʤʘʥʠʝ ʥʘ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ 

ʩʦʙʩʪʚʝʥʥʦʡ ʠʥʜʠʚʠʜʫʘʣʴʥʦʩʪʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ  ʢ ʠʟʫʯʝʥʠʶ 

ʧʨʦʙʣʝʤʳ ʨʝʬʣʝʢʩʠʠ, ʥʦ ʠ ʚʳʜʝʣʷʶʪʩʷ ʦʩʥʦʚʘʥʠʷ ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʡ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʧʦʜʭʦʜʦʚ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʤʥʦʛʦʘʩʧʝʢʪʥʦʩʪʠ ʠ ʩʣʦʞʥʦʩʪʠ 

ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ. ɺ ʨʘʤʢʘʭ ʢʘʞʜʦʛʦ ʧʦʜʭʦʜʘ ʨʝʬʣʝʢʩʠʷ ʦʙʦʟʥʘʯʘʝʪʩʷ ʠ ʢʘʢ 

ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʠ ʢʘʢ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʡ ʤʝʭʘʥʠʟʤ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʝʝ 

ʛʣʦʙʘʣʴʥʦʩʪʴ, ʙʘʟʦʚʦʩʪʴ, ʦʥʪʦʣʦʛʠʯʥʦʩʪʴ.  

ʅʘʠʙʦʣʝʝ ʧʨʦʜʫʢʪʠʚʥʦ ʥʘ ʥʘʰ ʚʟʛʣʷʜ ʠʟʫʯʝʥʠʝ ʨʝʬʣʝʢʩʠʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʘʩʧʝʢʪʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʥʝʝ ʠʩʩʣʝʜʦʚʘʪʴ ʚʘʞʥʫʶ ʨʦʣʴ ʨʝʬʣʝʢʩʠʠ 

ʚ ʨʝʛʫʣʷʮʠʠ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʠʪʴ ʝʝ ʢʘʢ ʚʝʜʫʱʫʶ ʚ 

ʦʬʦʨʤʣʝʥʠʠ ʩʦʟʥʘʥʠʷ ʯʝʣʦʚʝʢʘ, ʠ ʚʣʠʷʶʱʫʶ ʥʘ ʮʝʥʥʦʩʪʥʦ-ʩʤʳʩʣʦʚʫʶ ʩʬʝʨʫ.   

ʄʳ ʤʦʞʝʤ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʧʨʦʙʣʝʤʫ ʨʝʬʣʝʢʩʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ, 

ʨʘʩʢʨʳʚʘʶʱʠʭ ʩʦʜʝʨʞʘʪʝʣʴʥʫʶ ʩʪʦʨʦʥʫ ʨʝʬʣʝʢʩʠʠ ʚ ʦʬʦʨʤʣʝʥʠʠ ʚʥʫʪʨʝʥʥʝʛʦ ʤʠʨʘ 

ʯʝʣʦʚʝʢʘ, ʧʨʦʮʝʩʩʘ ʨʝʛʫʣʷʮʠʠ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʝʣʦʚʝʢʘ ʩ ʤʠʨʦʤ.  

ʈʘʩʩʤʘʪʨʠʚʘʷ ʨʝʬʣʝʢʩʠʶ ʢʘʢ ʩʚʦʡʩʪʚʦ ʠʣʠ ʢʘʯʝʩʪʚʦ, ʤʦʞʥʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʪʴ ʝʝ 

ʢʘʢ ʦʜʥʫ ʠʟ ʧʦʜʩʠʩʪʝʤ ʨʝʛʫʣʷʮʠʠ, ʙʘʟʦʚʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʧʩʠʭʠʢʠ ʯʝʣʦʚʝʢʘ. ʉʘʤʘ 

ʦʥʘ ʠʤʝʝʪ ʩʣʦʞʥʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ. 

ʈʘʟʣʠʯʘʷ ʚʥʫʪʨʝʥʥʠʡ ʤʠʨ ʯʝʣʦʚʝʢʘ ʚ ʧʨʝʜʝʣʘʭ ʮʝʣʦʛʦ, ʨʝʬʣʝʢʩʠʷ ʨʘʟʜʚʘʠʚʘʝʪ 

ʛʨʘʥʠʮʳ, ʩʦʟʜʘʚʘʷ ʪʝʤ ʩʘʤʳʤ ʠʭ ʥʘʧʨʷʞʝʥʥʦʩʪʴ, ʠʟʤʝʥʷʷ ʩʤʳʩʣʳ ʠ ʮʝʥʥʦʩʪʠ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʦʩʪʘʚʠʪʴ ʚʦʧʨʦʩ ʦ ʪʦʤ ʚʩʝʛʜʘ ʣʠ ʨʝʬʣʝʢʩʠʨʫʶʱʠʡ ʯʝʣʦʚʝʢ ʩʧʦʩʦʙʝʥ ʣʝʛʢʦ 

ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ, ʟʘʩʪʘʚʣʷʝʪ ʟʘʜʫʤʘʪʴʩʷ ʦ ʪʦʤ ʥʘʩʢʦʣʴʢʦ ʫʜʘʝʪʩʷ ʝʤʫ ʞʠʪʴ ʚ ʩʦʛʣʘʩʠʠ 

ʩʦ ʩʚʦʠʤ ʚʥʫʪʨʝʥʥʠʤ ʤʠʨʦʤ. ʆʙʨʘʪʥʘʷ ʩʪʦʨʦʥʘ ʨʝʬʣʝʢʩʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ ʤʦʞʝʪ 

ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʥʝʢʠʡ ʚʘʨʠʘʥʪ ʩʘʤʦʢʦʧʘʥʠʷ, ʚ ʢʦʪʦʨʦʤ ʧʦʩʪʦʷʥʥʳʡ ʘʥʘʣʠʟ ʠ 

ʧʝʨʝʞʠʚʘʥʠʷ ʟʘʤʢʥʫʪʩʷ ʚ ʢʨʫʛ çʤʳʩʣʠʪʝʣʴʥʦʡ ʞʚʘʯʢʦʡè. 

ʊʘʢ, ʂʘʨʧʦʚʳʤ ɸ.ɺ. ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʨʘʟʚʠʪʠʝ ʨʝʬʣʝʢʩʠʠ, ʢʘʢ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ 

ʢʘʯʝʩʪʚʘ ʧʩʠʭʠʢʠ, ʥʘ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ, ʨʘʚʥʦ ʢʘʢ ʠ ʥʘ ʥʠʟʢʦʤ, ʪʦʨʤʦʟʠʪ 

ʜʝʷʪʝʣʴʥʦʩʪʴ ʯʝʣʦʚʝʢʘ ʠ ʩʥʠʞʘʝʪ ʝʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ɺʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʨʝʬʣʝʢʩʠʠ 

ʘʚʪʦʨ ʩʚʷʟʳʚʘʝʪ ʩ ʥʝʡʨʦʪʠʟʤʦʤ, ʪʨʝʚʦʞʥʦʩʪʴʶ ʠ ʪ.ʧ. [5]. 

ɸʤʙʠʚʘʣʝʥʪʥʦʩʪʴ ʨʝʬʣʝʢʩʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʨʝʬʣʝʢʩʠʷ ʥʝ ʚʩʝʛʜʘ 

ʦʮʝʥʠʚʘʝʪʩʷ ʢʘʢ ʧʦʟʠʪʠʚʥʘʷ. ʕʤʧʠʨʠʯʝʩʢʠʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, 

ʯʪʦ ʩʣʠʰʢʦʤ ʙʦʣʴʰʘʷ ʩʪʝʧʝʥʴ ʦʩʦʟʥʘʥʠʷ ʠʣʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʨʘʙʦʪʳ ʤʦʞʝʪ 

ʧʨʠʚʦʜʠʪʴ ʢ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ [12].      

ʂʘʢ ʦʪʤʝʯʘʝʪʩʷ ʚ ʨʘʙʦʪʘʭ ʅʦʣʝʥ-ʍʝʢʩʤʘ ʩ ʩʦʘʚʪʦʨʘʤʠ, ʨʝʬʣʝʢʩʠʚʥʳʝ 

ʨʘʟʤʳʰʣʝʥʠʷ ï ʵʪʦ ʩʧʦʩʦʙ ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ ʜʠʩʪʨʝʩʩ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ 

ʧʦʚʪʦʨʷʶʱʝʤʩʷ ʧʘʩʩʠʚʥʦʤ ʩʦʩʨʝʜʦʪʦʯʝʥʠʠ ʥʘ ʩʠʤʧʪʦʤʘʭ ʜʠʩʪʨʝʩʩʘ, ʚʦʟʤʦʞʥʳʭ 

ʧʨʠʯʠʥʘʭ ʠ ʧʦʩʣʝʜʩʪʚʠʷʭ ʵʪʠʭ ʩʠʤʧʪʦʤʦʚ. ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʧʨʠʚʦʜʷʪ ʵʤʧʠʨʠʯʝʩʢʠʝ 

ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʩʚʷʟʠ ʥʘʟʦʡʣʠʚʦʡ ʨʝʬʣʝʢʩʠʠ ʩ ʜʝʧʨʝʩʩʠʝʡ, ʜʝʟʘʜʘʧʪʠʚʥʳʤʠ 

ʩʪʠʣʷʤʠ ʩʦʚʣʘʜʘʥʠʷ, ʧʝʩʩʠʤʠʟʤʦʤ, ʠ ʦʪʩʫʪʩʪʚʠʝʤ ʩʦʮʠʘʣʴʥʦʡ ʧʦʜʜʝʨʞʢʠ [23]. 

ʇʳʱʠʥʩʢʠ ʊ. ʠ ɻʨʠʥʙʝʨʛ ɼʞ. ʚʚʦʜʷʪ ʧʦʥʷʪʠʝ çʩʬʦʢʫʩʠʨʦʚʘʥʥʦʛʦ ʥʘ ʗ ʚʥʠʤʘʥʠʷè, 

ʚʳʩʪʫʧʘʶʱʝʛʦ ʬʘʢʪʦʨʦʤ ʨʘʟʚʠʪʠʷ, ʧʦʜʜʝʨʞʘʥʠʷ ʠ ʫʩʠʣʝʥʠʷ ʜʝʧʨʝʩʩʠʠ [24]. 

ʅʘʨʷʜʫ ʩ ʵʪʠʤ, ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʜʘʥʥʳʭ ʂʫʣʷ ʖ., ʢʦʪʦʨʳʡ 

ʨʘʟʣʠʯʘʝʪ ʦʨʠʝʥʪʘʮʠʶ ʥʘ ʜʝʡʩʪʚʠʝ (ʧʨʦʙʣʝʤʫ) ʠ ʥʘ ʩʦʩʪʦʷʥʠʝ (ʥʘ ʩʘʤʦʛʦ ʩʝʙʷ) ʢʘʢ 

ʜʚʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʬʦʨʤʳ ʩʘʤʦʨʝʛʫʣʷʮʠʠ ʚ ʧʨʦʙʣʝʤʥʳʭ ʩʠʪʫʘʮʠʷʭ. ʉʦʛʣʘʩʥʦ 

ʵʤʧʠʨʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʠʤ ʤʝʪʦʜʠʢʠ ʜʠʘʛʥʦʩʪʠʢʠ 
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ʜʚʫʭ ʪʠʧʦʚ ʵʪʠʭ ʦʨʠʝʥʪʘʮʠʡ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘ ʜʝʡʩʪʚʠʝ ʠʥʜʠʚʠʜʳ ʨʝʘʣʠʟʫʶʪ 

ʛʦʨʘʟʜʦ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʩʚʦʠʭ ʥʘʤʝʨʝʥʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ ʥʘ 

ʩʚʦʝ ʩʦʩʪʦʷʥʠʝ ʚ ʧʨʦʙʣʝʤʝ. ʊʘʢʞʝ, ʦʥʠ ʤʝʥʝʝ ʧʦʜʚʝʨʞʝʥʳ ʥʝʛʘʪʠʚʥʦʤʫ ʚʣʠʷʥʠʶ 

ʩʠʪʫʘʮʠʡ, ʧʨʦʚʦʮʠʨʫʶʱʠʭ ʙʝʩʧʦʤʦʱʥʦʩʪʴ, ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʫʩʧʝʰʥʦ ʤʦʪʠʚʠʨʦʚʘʪʴʩʷ ʟʥʘʯʠʤʦʡ ʜʣʷ ʥʠʭ ʘʣʴʪʝʨʥʘʪʠʚʦʡ, ʯʪʦ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʣʝʛʯʝʥʠʶ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ. ʊʘʢʠʝ ʣʶʜʠ ʙʦʣʝʝ ʦʧʪʠʤʠʩʪʠʯʥʳ, 

ʩʠʣʴʥʝʝ ʚʦʚʣʝʯʝʥʳ ʚ ʜʝʷʪʝʣʴʥʦʩʪʴ ʠ ʣʫʯʰʝ ʩʧʨʘʚʣʷʶʪʩʷ ʩʦ ʩʚʦʠʤʠ ʟʘʜʘʯʘʤʠ [22]. 

ʀʥʪʝʨʝʩʥʳʤ ʥʘ ʥʘʰ ʚʟʛʣʷʜ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʧʦʟʠʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʨʝʬʣʝʢʩʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ 

ʩʘʤʦʨʝʛʫʣʷʮʠʶ, ʚʳʩʪʫʧʘʶʪ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʢʦʥʩʪʨʫʢʪʦʤ 

çmindfulnessè, ʠʣʠ ʦʩʦʟʥʘʥʥʦʝ ʧʨʠʩʫʪʩʪʚʠʝ. ʅʝʩʦʤʥʝʥʥʦ, ʢʦʨʥʠ ʝʛʦ ʤʦʞʥʦ 

ʦʙʥʘʨʫʞʠʪʴ ʚ ʙʫʜʜʠʟʤʝ, ʢʦʪʦʨʳʡ ʧʨʘʢʪʠʢʫʝʪ ʷʩʥʦʝ ʩʦʟʥʘʥʠʝ, ʥʦ ʥʘʠʙʦʣʝʝ 

ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʷʟʘʥʳ ʩ ʪʝʦʨʠʝʡ ʩʘʤʦʜʝʪʝʨʤʠʥʘʮʠʠ, ʚ ʢʣʶʯʝ 

ʢʦʪʦʨʦʡ ʵʪʦ ʧʦʥʷʪʠʝ ʠ ʧʦʣʫʯʠʣʦ ʥʦʚʫʶ ʪʨʘʢʪʦʚʢʫ. ʂʘʢ ʢʦʥʩʪʘʪʠʨʫʶʪ ɹʨʘʫʥ ʂ. ʠ 

ʈʘʡʘʥ ʈ., ʩʠʣʘ ʦʩʦʟʥʘʥʠʷ ʠ ʚʥʠʤʘʥʠʷ ʚ ʪʦʤ, ʯʪʦ ʦʥʠ ʧʦʩʪʘʚʣʷʶʪ ʩʦʟʥʘʥʠʶ 

ʠʥʬʦʨʤʘʮʠʶ ʠ ʦʱʫʱʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʟʜʦʨʦʚʦʡ ʩʘʤʦʨʝʛʫʣʷʮʠʠ. ʆʥʘ ʙʫʜʝʪ 

ʪʝʤ ʫʩʧʝʰʥʝʡ, ʯʝʤ ʣʫʯʰʝ ʠʥʜʠʚʠʜ ʚʣʘʜʝʝʪ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʧʨʦʠʩʭʦʜʷʱʝʤ ʚʦʢʨʫʛ 

ʠ ʚʥʫʪʨʠ ʥʝʛʦ. ɺ ʨʫʩʣʝ ʪʝʦʨʠʠ ʩʘʤʦʜʝʪʝʨʤʠʥʘʮʠʠ ʦʩʦʟʥʘʥʥʦʝ ʧʨʠʩʫʪʩʪʚʠʝ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʦʪʢʨʳʪʦʝ ʠʣʠ ʚʦʩʧʨʠʠʤʯʠʚʦʝ ʦʩʦʟʥʘʥʠʝ ʠ ʚʥʠʤʘʥʠʝ ʢ ʪʦʤʫ, ʯʪʦ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ [20]. 

ʆʩʦʟʥʘʥʥʦʝ ʧʨʠʩʫʪʩʪʚʠʝ ʧʦʣʦʞʠʪʝʣʴʥʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʪʘʢʠʤʠ ʯʝʨʪʘʤʠ ʣʠʯʥʦʩʪʠ, ʢʘʢ 

ʩʘʤʦʫʚʘʞʝʥʠʝ ʠ ʦʧʪʠʤʠʟʤ; ʩ ʵʤʦʮʠʦʥʘʣʴʥʳʤ ʩʫʙʲʝʢʪʠʚʥʳʤ ʙʣʘʛʦʧʦʣʫʯʠʝʤ: 

ʫʜʦʚʦʣʴʩʪʚʠʝʤ, ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʴʶ ʞʠʟʥʴʶ, ʚʠʪʘʣʴʥʦʩʪʴʶ, ʩʘʤʦʘʢʪʫʘʣʠʟʘʮʠʝʡ, 

ʘʚʪʦʥʦʤʥʦʩʪʴʶ, ʢʦʤʧʝʪʝʥʪʥʦʩʪʴʶ, ʩʚʷʟʘʥʥʦʩʪʴʶ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʟʥʘʪʝʣʴʥʘʷ 

ʨʝʬʣʝʢʩʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʤ ʘʚʪʦʥʦʤʥʦʩʪʠ ʚ 

ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ, ʛʜʝ ʧʨʠʭʦʜʠʪʩʷ ʫʯʠʪʳʚʘʪʴ ʤʥʦʞʝʩʪʚʦ ʚʥʫʪʨʝʥʥʠʭ ʠ ʚʥʝʰʥʠʭ ʩʠʣ, 

ʩʢʣʦʥʷʶʱʠʭ ʣʠʯʥʦʩʪʴ ʚ ʦʜʥʦ ʠʣʠ ʜʨʫʛʦʝ ʥʘʧʨʘʚʣʝʥʠʝ [21]. 

ʈʘʟʜʝʣʷʷ ʤʥʝʥʠʝ ʃʝʦʥʪʴʝʚʘ ɼ.ɸ., ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʟʥʦʛʣʘʩʠʷ ʚ 

ʧʦʥʠʤʘʥʠʠ ʨʝʬʣʝʢʩʠʠ ʚʦ ʤʥʦʛʦʤ ʦʙʫʩʣʦʚʣʝʥʳ ʪʝʤ, ʯʪʦ ʦʜʥʠʤ ʩʣʦʚʦʤ ʥʘʟʳʚʘʶʪ 

ʨʘʟʥʳʝ ʬʦʨʤʳ ʨʝʬʣʝʢʩʠʠ. ʇʦʣʥʦʤʫ ʦʪʩʫʪʩʪʚʠʶ ʩʘʤʦʢʦʥʪʨʦʣʷ, ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʩʪʠ 

ʣʠʰʴ ʥʘ ʚʥʝʰʥʝʤ ʠʥʪʝʥʮʠʦʥʘʣʴʥʦʤ ʦʙʲʝʢʪʝ ʜʝʷʪʝʣʴʥʦʩʪʠ (ʯʪʦ ʤʦʞʥʦ ʦʙʦʟʥʘʯʠʪʴ 

ʪʝʨʤʠʥʦʤ çʘʨʝʬʣʝʢʩʠʷè) ʤʦʛʫʪ ʙʳʪʴ ʧʨʦʪʠʚʦʧʦʩʪʘʚʣʝʥʳ ʧʦ ʤʝʥʴʰʝʡ ʤʝʨʝ ʪʨʠ 

ʢʘʯʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʥʳʭ ʧʨʦʮʝʩʩʘ: ʠʥʪʨʦʩʧʝʢʮʠʷ, ʧʨʠ ʢʦʪʦʨʦʡ ʬʦʢʫʩʦʤ ʚʥʠʤʘʥʠʷ 

ʩʪʘʥʦʚʠʪʩʷ ʩʦʙʩʪʚʝʥʥʦʝ ʚʥʫʪʨʝʥʥʝʝ ʧʝʨʝʞʠʚʘʥʠʝ, ʩʦʩʪʦʷʥʠʝ, ʩʠʩʪʝʤʥʘʷ 

ʨʝʬʣʝʢʩʠ,̫ ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʩʘʤʦʜʠʩʪʘʥʮʠʨʦʚʘʥʠʠ ʠ ʚʟʛʣʷʜʝ ʥʘ ʩʝʙʷ ʩʦ ʩʪʦʨʦʥʳ ʠ 

ʧʦʟʚʦʣʷʶʱʘʷ ʚʠʜʝʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦʣʶʩ ʩʫʙʲʝʢʪʘ ʠ ʧʦʣʶʩ ʦʙʲʝʢʪʘ, ʘ ʪʘʢʞʝ 

ʢʚʘʟʠʨʝʬʣʝʢʩʠʷ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʘ ʠʥʦʡ ʦʙʲʝʢʪ, ʫʭʦʜ ʚ ʧʦʩʪʦʨʦʥʥʠʝ ʨʘʟʤʳʰʣʝʥʠʷ 

ï ʦ ʧʨʦʰʣʦʤ, ʙʫʜʫʱʝʤ, ʦ ʪʦʤ, ʯʪʦ ʙʳʣʦ ʙʳ, ʝʩʣʠ ʙʳ [8, 9, 13]. 

ʇʩʠʭʦʣʦʛʠʯʝʩʢʠʡ ʤʝʭʘʥʠʟʤ ʨʝʬʣʝʢʩʠʠ, ʝʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʝʝ ʢʘʢ ʩʧʦʩʦʙʥʦʩʪʴ 

ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʦʙʨʘʱʝʥʠʷ ʯʝʣʦʚʝʢʦʤ ʩʦʟʥʘʥʠʷ ʥʘ ʩʘʤʦʛʦ ʩʝʙʷ, ʦʪʤʝʯʝʥ ʜʚʫʤʷ 

ʚʘʞʥʳʤʠ ʧʨʠʥʮʠʧʠʘʣʴʥʳʤʠ ʘʩʧʝʢʪʘʤʠ: 

- ʧʨʦʠʟʚʦʣʴʥʘʷ ʤʘʥʠʧʫʣʷʮʠʷ ʥʝʢʠʤʠ ʠʜʝʘʣʴʥʳʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʚ ʫʤʩʪʚʝʥʥʦʤ 

ʧʣʘʥʝ, ʢʦʪʦʨʦʝ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʧʝʨʝʞʠʚʘʥʠʠ ʜʠʩʪʘʥʮʠʠ ʤʝʞʜʫ ʩʚʦʠʤ ʩʦʟʥʘʥʠʝʤ ʠ 

ʝʛʦ ʠʥʪʝʥʮʠʦʥʘʣʴʥʳʤ ʦʙʲʝʢʪʦʤ; 

- ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʥʘ ʩʘʤʦʛʦ ʩʝʙʷ ʢʘʢ ʥʘ ʦʙʲʝʢʪ ʨʝʬʣʝʢʩʠʠ. 

ɽʜʠʥʩʪʚʦ ʵʪʠʭ ʜʚʫʭ ʘʩʧʝʢʪʦʚ ʨʝʘʣʠʟʫʝʪ ʧʦʣʥʦʮʝʥʥʦʝ ʨʝʬʣʝʢʩʠʚʥʦʝ ʦʪʥʦʰʝʥʠʝ, 

ʩ ʢʦʪʦʨʳʤ ʩʚʷʟʘʥ ʧʨʦʮʝʩʩ ʩʘʤʦʨʝʛʫʣʷʮʠʠ [11]. ɺ ʜʘʥʥʦʤ ʢʦʥʪʝʢʩʪʝ ʨʝʬʣʝʢʩʠʷ 

ʠʛʨʘʝʪ ʟʥʘʯʠʤʫʶ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʚʠʪʠʷ ʣʠʯʥʦʩʪʠ - ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʤʦʪʨʝʪʴ ʥʘ 

ʩʝʙʷ ʩʦ ʩʪʦʨʦʥʳ, ʩʨʘʚʥʠʪʴ ʩʝʙʷ çʚʯʝʨʘʰʥʝʛʦè ʠ çʩʝʛʦʜʥʷʰʥʝʛʦè, ʘ ʪʘʢʞʝ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʩʪʠʞʝʥʠʷ ʥʝʢʦʝʛʦ çʗ ʠʜʝʘʣʴʥʦʛʦè, ʦʙʨʘʟ 

ʢʦʪʦʨʦʛʦ ʬʦʨʤʠʨʫʝʪʩʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʞʠʟʥʠ. 

ʅʘʠʙʦʣʝʝ ʦʙʲʝʤʥʦʡ ʠ ʤʥʦʛʦʛʨʘʥʥʦʡ ʦʢʘʟʳʚʘʝʪʩʷ ʩʠʩʪʝʤʥʘʷ ʨʝʬʣʝʢʩʠʷ, ʧʦʩʢʦʣʴʢʫ 

ʠʤʝʥʘ ʦʥʘ ʧʦʟʚʦʣʷʝʪ ʚʠʜʝʪʴ ʠ ʩʠʪʫʘʮʠʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦ ʚʩʝʭ ʝʝ ʘʩʧʝʢʪʘʭ, ʠ 
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ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʙʥʘʨʫʞʠʪʴ ʥʦʚʦʝ ʢʘʯʝʩʪʚʦ ʩʝʙʷ, 

ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʩʘʤʦʧʦʟʥʘʥʠʷ ʠ ʨʘʙʦʪʳ ʩ ʚʥʫʪʨʝʥʥʠʤ ʤʠʨʦʤ.  

ɺ ʦʩʥʦʚʝ ʩʠʩʪʝʤʥʦʡ ʨʝʬʣʝʢʩʠʠ ʣʝʞʠʪ ʫʥʠʢʘʣʴʥʘʷ ʯʝʣʦʚʝʯʝʩʢʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʩʤʦʪʨʝʪʴ ʥʘ ʩʝʙʷ ʩʦ ʩʪʦʨʦʥʳ. ɼʞʝʡʤʩ ʋ. ʨʘʩʩʤʘʪʨʠʚʘʣ çʚʝʨʪʠʢʘʣʴʥʦʝè ʨʘʩʱʝʧʣʝʥʠʝ 

ʗ ʥʘ ʩʦʜʝʨʞʘʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʨʘʟʘ ʗ ʠʣʠ ʗ-ʢʦʥʮʝʧʮʠʶ, ʠ ʚʥʫʪʨʝʥʥʠʡ 

ʮʝʥʪʨ, ʥʝ ʦʙʣʘʜʘʶʱʠʡ ʪʘʢʦʚʳʤʠ, ʥʦ ʚʘʞʥʳʡ ʩʚʦʝʡ ʩʫʙʲʝʢʪʥʦʩʪʴʶ, ʘʢʪʠʚʥʦʩʪʴʶ 

ʠʥʠʮʠʠʨʫʝʤʦʡ ʩʫʙʲʝʢʪʦʤ - ʵʢʟʠʩʪʝʥʮʠʘʣʴʥʦʝ ʗ. ɼʘʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʫ ʨʘʟʥʳʭ ʘʚʪʦʨʦʚ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʘʞʥʫʶ ʨʦʣʴ ʚ  ʦʩʦʟʥʘʥʠʠ 

ʩʚʦʝʡ ʫʥʠʢʘʣʴʥʦʩʪʠ ʠ ʧʨʠʥʷʪʠʠ ʩʘʤʦʛʦ ʩʝʙʷ ʪʘʢʠʤ, ʢʘʢʦʡ ʝʩʪʴ [4, 5, 10]. 

ɹʣʘʛʦʜʘʨʷ ʪʘʢʦʤʫ ʨʘʩʱʝʧʣʝʥʠʶ ʗ ʥʘ ʦʙʨʘʟ ʗ ʠ ʚʥʫʪʨʝʥʥʠʡ ʮʝʥʪʨ, ʢʘʢ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʘʤʦʜʠʩʪʘʥʮʠʠʨʦʚʘʥʠʷ, ʩʫʙʲʝʢʪ ʦʢʘʟʳʚʘʝʪʩʷ ʚ 

ʩʦʩʪʦʷʥʠʠ ʟʘʥʷʪʴ ʧʦʟʠʮʠʶ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʘʤʦʤʫ ʩʝʙʝ ʠ ʠʟ ʥʝʝ ʦʩʫʱʝʩʪʚʠʪʴ 

ʜʝʡʩʪʚʠʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʘʤʦʤʫ ʩʝʙʝ. ɼʘʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʟʚʦʣʷʝʪ 

ʠʟʙʠʨʘʪʝʣʴʥʦ ʦʪʥʦʩʠʪʴʩʷ ʢ ʩʘʤʦʤʫ ʩʝʙʝ, ʟʘʙʦʪʠʪʴʩʷ ʦ ʩʝʙʝ ʠ ʨʘʙʦʪʘʪʴ ʥʘʜ ʩʦʙʦʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʤʦʜʝʣʴ ʨʝʬʣʝʢʩʠʠ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʣʦʞʠʪʴ 

ʦʙʲʷʩʥʝʥʠʝ ʦʧʠʩʘʥʥʦʡ ʚʳʰʝ ʘʤʙʠʚʘʣʝʥʪʥʦʩʪʠ ʨʝʛʫʣʷʪʦʨʥʳʭ ʵʬʬʝʢʪʦʚ 

ʨʝʬʣʝʢʩʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʉ ʥʝʛʘʪʠʚʥʳʤʠ ʵʬʬʝʢʪʘʤʠ, ʦʧʠʩʳʚʘʝʤʳʤʠ ʪʘʢʠʤʠ 

ʢʦʥʩʪʨʫʢʪʘʤʠ, ʢʘʢ ʥʘʚʷʟʯʠʚʳʝ ʨʘʟʤʳʰʣʝʥʠʷ ʠ ʦʨʠʝʥʪʘʮʠʷ ʥʘ ʩʦʩʪʦʷʥʠʝ, 

ʘʩʩʦʮʠʠʨʫʶʪʩʷ ʪʘʢʠʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʨʝʬʣʝʢʩʠʚʥʦʛʦ ʦʪʥʦʰʝʥʠʷ, ʢʘʢ ʠʥʪʨʦʩʧʝʢʮʠʷ 

ʠ ʬʘʥʪʘʟʠʨʦʚʘʥʠʝ; ʥʘʧʨʦʪʠʚ, ʩʠʩʪʝʤʥʘʷ ʨʝʬʣʝʢʩʠʷ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʩ 

ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʵʬʬʝʢʪʘʤʠ ʩʘʤʦʨʝʛʫʣʷʮʠʠ.  

ʆʯʝʚʠʜʥʳʤ ʩʪʘʥʦʚʠʪʩʷ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʥʝ ʣʶʙʘʷ ʨʝʬʣʝʢʩʠʷ ʧʦʣʝʟʥʘ, ʥʦ ʥʝ 

ʚʩʷʢʘʷ ʠ ʚʨʝʜʥʘ; ʠ ʧʨʝʜʣʦʞʝʥʥʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʦʪʜʝʣʠʪʴ ʚ ʥʝʡ ʪʦ, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʮʝʥʥʳʤ ʨʝʩʫʨʩʦʤ ʣʠʯʥʦʩʪʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʦʪ çʤʝʥʪʘʣʴʥʦʛʦ ʤʫʩʦʨʘè, 

ʚʳʩʪʫʧʘʶʱʝʛʦ ʥʝʥʫʞʥʳʤ ʙʘʣʣʘʩʪʦʤ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʩʦʟʥʘʥʠʷ ʠ ʩʘʤʦʨʝʛʫʣʷʮʠʠ. 
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ʉʦʚʨʝʤʝʥʥʘʷ ʙʠʦʩʬʝʨʘ ʦʪʥʦʩʠʪʩʷ ʢ çʭʦʣʦʜʥʦʡè, ʧʨʦʮʝʩʩ ʫʚʝʣʠʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ 

ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʚ ʘʪʤʦʩʬʝʨʝ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʫʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʝʝ ʧʝʨʝʭʦʜʝ ʚ ʩʦʩʪʦʷʥʠʝ çʪʝʧʣʦʡè, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʩʦʩʪʦʷʥʠʝ ʩ ʙʦʣʝʝ ʘʢʪʠʚʥʦʡ 

ʙʠʦʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ ʠ ʵʥʝʨʛʦʝʤʢʦʩʪʴʶ [4]. 

ɹʠʦʩʬʝʨʘ ʥʘʭʦʜʠʪʩʷ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʚʟʘʠʤʦʩʚʷʟʠ ʩ ʘʪʤʦʩʬʝʨʦʡ, ʚʩʝ ʛʘʟʳ 

ʩʦʚʨʝʤʝʥʥʦʡ ʘʪʤʦʩʬʝʨʳ ʧʦ ʩʚʦʝʤʫ ʧʨʦʠʩʭʦʞʜʝʥʠʶ ʩʚʷʟʘʥʳ ʩ ʞʠʚʳʤ ʚʝʱʝʩʪʚʦʤ.  

ʉʘʤʳʡ ʷʨʢʠʡ ʧʨʠʤʝʨ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʣʠʤʘʪʘ ʠ ʧʨʠʨʦʜʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ 

ʠʟʙʳʪʢʝ ʚ ʘʪʤʦʩʬʝʨʥʦʤ ʚʦʟʜʫʭʝ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʫʩʠʣʠʚʘʝʪʩʷ ʦʨʛʘʥʠʯʝʩʢʠʡ ʩʠʥʪʝʟ, ʠ 

ʤʘʣʦʘʢʪʠʚʥʳʝ ʬʦʨʤʳ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ çʢʦʥʩʝʨʚʠʨʫʶʪʩʷè ʚ ʧʦʯʚʝʥʥʦʤ ʛʫʤʫʩʝ. 

ʅʝʜʦʩʪʘʪʦʢ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʚʦʩʧʦʣʥʷʝʪʩʷ ʟʘ ʩʯʸʪ ʨʘʟʣʦʞʝʥʠʷ ʨʘʥʝʝ ʩʦʟʜʘʥʥʳʭ ʟʘʧʘʩʦʚ 

ʦʨʛʘʥʠʢʠ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʫʤʝʥʴʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʚ ʘʪʤʦʩʬʝʨʝ ʚʩʝʛʜʘ 

ʧʨʠʚʦʜʠʪ ʢ ʧʘʜʝʥʠʶ ʙʠʦʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ ʢ ʩʥʠʞʝʥʠʶ ʦʙʱʝʡ ʙʠʦʤʘʩʩʳ. 
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ɺʩʝ ʞʠʚʦʝ ʥʘ ʧʣʘʥʝʪʝ ʠ ʢʣʠʤʘʪ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʮʝʥʠʚʘʪʴ ʢʘʢ ʝʜʠʥʳʡ 

ʩʘʤʦʨʝʛʫʣʠʨʫʶʱʠʡʩʷ ʧʨʦʮʝʩʩ. ʆʜʥʘ ʠʟ ʚʝʜʫʱʠʭ ʨʦʣʝʡ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ ʦʪʚʦʜʠʪʩʷ 

ʠʟʤʝʥʝʥʠʷʤ ʚ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʦʪʦʩʠʥʪʝʟʠʨʫʶʱʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʨʘʩʪʝʥʠʡ. ʇʨʷʤʳʝ ʠ 

ʦʙʨʘʪʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ ʠ ʢʣʠʤʘʪʦʤ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʧʫʪʝʤ 

ʩʘʤʦʨʝʛʫʣʷʮʠʠ ʠ ʫʩʢʦʨʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʵʚʦʣʶʮʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʮʝʩʩʳ ʚ ʧʨʠʨʦʜʝ ʚʣʠʷʶʪ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʶ ʫʛʣʝʚʦʜʦʨʦʜʘ ʚ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ [1]. 

ʇʨʦʠʩʭʦʜʷʱʝʝ ʩʝʡʯʘʩ ʫʚʝʣʠʯʝʥʠʝ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʚ ʘʪʤʦʩʬʝʨʝ ʥʝʦʙʭʦʜʠʤʦ 

ʦʮʝʥʠʚʘʪʴ ʢʘʢ ʦʤʦʣʦʞʝʥʠʝ ʧʨʠʨʦʜʳ, ʢʘʢ ʝʝ ʚʦʟʚʨʘʪ ʢ ʪʝʤ ʧʝʨʠʦʜʘʤ ʚ ʠʩʪʦʨʠʠ, ʢʦʛʜʘ ʝʝ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʙʳʣʘ ʤʥʦʛʦ ʚʳʰʝ. ʆʜʥʘʢʦ ʧʨʦʮʝʩʩ ʧʝʨʝʩʪʨʦʡʢʠ - ʵʪʦ ʯʝʨʝʜʘ ʢʨʠʟʠʩʦʚ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ ʩʣʝʜʫʝʪ ʚʦʟʤʦʞʥʦʝ ʠʩʯʝʨʧʘʥʠʝ ʨʝʩʫʨʩʦʚ ʥʝʢʦʪʦʨʳʭ ʵʢʦʩʠʩʪʝʤ, 

ʜʝʛʨʘʜʘʮʠʷ ʦʜʥʠʭ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʦʚʳʭ, ʚʩʧʣʝʩʢ ʤʠʛʨʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʫʤʝʥʴʰʝʥʠʝ 

ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʠ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ - ɻ ʚʦʣʶʮʠʦʥʥʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ. 

ɺ ʧʨʠʨʦʜʝ ʧʦʩʪʦʷʥʥʦ ʥʘʭʦʜʠʪʩʷ ʛʨʦʤʘʜʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʛʝʥʝʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ʆʧʝʨʘʪʠʚʥʘʷ ʧʝʨʝʜʘʯʘ ʠʥʬʦʨʤʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʦʨʛʘʥʠʟʤʘʤ, ʧʨʠ ʨʝʬʦʨʤʠʨʦʚʘʥʠʠ 

ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ, ʦʙʨʝʩʪʠ ʥʦʚʳʝ ʧʨʠʟʥʘʢʠ, ʩʦʟʜʘʚ ʠʥʦʡ ʮʠʢʣ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, 

ʦʙʝʩʧʝʯʠʚ ʥʝ ʪʦʣʴʢʦ ʩʧʦʩʦʙ ʚʳʞʠʚʘʥʠʷ ʚ ʠʟʤʝʥʠʚʰʠʭʩʷ ʫʩʣʦʚʠʷʭ, ʥʦ ʠ ʦʙʨʘʪʥʫʶ 

ʩʚʷʟʴ, ʩʧʦʩʦʙʥʫʶ ʚʣʠʷʪʴ ʥʘ ʩʨʝʜʫ. 

ʅʝʪ ʦʙʱʝʛʦ ʤʥʝʥʠʷ ʦ ʧʝʨʚʦʧʨʠʯʠʥʘʭ - ʤʠʢʨʦʵʚʦʣʶʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʣʠʙʦ ʧʦʜ 

ʫʧʨʘʚʣʝʥʠʝʤ ʛʣʦʙʘʣʴʥʦʡ ʙʠʦʩʬʝʨʳ, ʥʦ, ʪʘʢ ʠʣʠ ʠʥʘʯʝ, ʟʘʧʫʩʢʘʶʪʩʷ ʢʦʤʧʝʥʩʘʪʦʨʥʳʝ 

ʤʝʭʘʥʠʟʤʳ, ʢʦʪʦʨʳʝ ʚʳʨʘʚʥʠʚʘʶʪ ʜʠʩʙʘʣʘʥʩ. ʈʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʯʘʩʪʦʪʳ ʤʫʪʘʮʠʠ, 

ʭʨʦʤʦʩʦʤʥʳʝ ʧʝʨʝʩʪʨʦʡʢʠ, ʤʦʣʝʢʫʣʷʨʥʳʭ ʠ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ ʚʘʨʠʘʮʠʠ 

ʦʨʛʘʥʠʟʤʦʚ, ʫʩʣʦʞʥʝʥʠʝ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʙʠʦʪʳ, ʪ.ʝ. ʧʨʦʷʚʣʷʝʪʩʷ ʨʝʘʢʮʠʷ, 

ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʚ ʩʠʩʪʝʤʘʭ ʩ ʮʝʣʴʶ ʧʦʜʘʚʣʝʥʠʷ 

ʘʛʨʝʩʩʠʚʥʳʭ ʬʘʢʪʦʨʦʚ ʩʨʝʜʳ [2]. 

ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʵʚʦʣʶʮʠʦʥʥʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʧʨʠʨʦʜʳ ʥʘʧʨʘʚʣʝʥʘ ʥʘ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʞʠʟʥʝʥʥʳʭ ʬʦʨʤ, ʧʨʠʩʧʦʩʦʙʣʝʥʥʳʭ ʢ ʥʦʚʳʤ ʘʙʠʦʪʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ. 

ʀʤʝʥʥʦ ʚ ʪʝʭ ʵʢʦʩʠʩʪʝʤʘʭ, ʢʦʪʦʨʳʝ ʠʩʧʳʪʳʚʘʶʪ ʥʘʠʙʦʣʝʝ ʥʝʛʘʪʠʚʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ 

ʛʣʦʙʘʣʴʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ ʢʣʠʤʘʪʘ, ʵʚʦʣʶʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ ʙʫʜʝʪ ʤʘʢʩʠʤʘʣʝʥ. ɺʦʟʤʦʞʥʦ 

ʚʠʜʦʚʦʝ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʝ ʥʘ ʙʘʟʝ ʠʩʯʝʟʘʶʱʠʭ ʩʦʦʙʱʝʩʪʚ, ʦʙʦʩʪʨʝʥʠʝ ʚʠʜʦʚʦʡ ʙʦʨʴʙʳ, 

ʧʦʷʚʣʝʥʠʝ ʩʧʝʮʠʘʣʠʟʘʮʠʠ, ʨʦʞʜʝʥʠʝ ʥʦʚʝʡʰʠʭ ʦʨʛʘʥʠʟʤʦʚ ʩ ʦʙʥʦʚʣʝʥʥʳʤʠ ʬʫʥʢʮʠʷʤʠ. 

ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ, ʟʘʪʨʘʛʠʚʘʷ ʧʨʦʩʪʝʡʰʠʝ ʦʨʛʘʥʠʟʤʳ, ʧʦʩʪʝʧʝʥʥʦ ʟʘʪʨʘʛʠʚʘʝʪ ʚʩʝ ʙʦʣʝʝ 

ʩʣʦʞʥʳʝ ʦʨʛʘʥʠʟʤʳ ʚʧʣʦʪʴ ʜʦ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʙʠʦʩʬʝʨʳ ʚ ʮʝʣʦʤ. 

ʀʟʤʝʥʸʥʥʘʷ ʙʠʦʩʬʝʨʘ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʬʦʨʤʠʨʦʚʘʥʥʘʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʘʙʠʦʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʠʤʝʷ ʤʥʦʞʝʩʪʚʝʥʥʳʝ ʦʙʨʘʪʥʳʝ ʩʚʷʟʠ ʩ ʢʣʠʤʘʪʦʤ ʚʳʩʪʨʘʠʚʘʝʪ 

ʥʦʚʝʡʰʠʝ ʢʦʤʬʦʨʪʥʳʝ ʫʩʣʦʚʠʷ ʦʙʥʦʚʣʝʥʥʳʤ ʬʦʨʤʘʤ. 

ʉʦʚʨʝʤʝʥʥʘʷ ʜʠʥʘʤʠʢʘ ʨʝʦʨʛʘʥʠʟʘʮʠʠ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʦʛʨʦʤʥʘ, ʘ ʵʚʦʣʶʮʠʦʥʥʳʤ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤ ʥʝʦʙʭʦʜʠʤʦ ʚʨʝʤʷ. ʍʘʨʘʢʪʝʨʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʵʚʦʣʶʮʠʠ - ʵʪʦ 

çʩʪʘʙʠʣʴʥʦʩʪʴè, ʪʦ ʝʩʪʴ ʧʘʨʘʤʝʪʨʳ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʢʦʪʦʨʳʝ ʥʝ ʧʦʜʣʝʞʘʪ 

ʧʝʨʝʩʪʨʦʝʥʠʶ. ʂʦʣʠʯʝʩʪʚʦ ʥʝʠʟʤʝʥʥʳʭ ʬʫʥʢʮʠʡ, ʦʩʦʙʝʥʥʦʩʪʝʡ, ʚʦʟʨʘʩʪʘʝʪ ʩʦ 

ʩʣʦʞʥʦʩʪʴʶ ʦʨʛʘʥʠʟʤʘ, ʪʦ ʝʩʪʴ ʩʢʦʨʦʩʪʴ ʵʚʦʣʶʮʠʦʥʠʨʦʚʘʥʠʷ ʩʥʠʞʘʝʪʩʷ. ʅʘ ʜʘʥʥʳʡ 

ʤʦʤʝʥʪ ʠʥʪʝʥʩʠʚʥʦ ʬʦʨʤʠʨʫʶʪʩʷ ʥʦʚʳʝ ʬʦʨʤʳ ʨʘʩʪʝʥʠʡ, ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ, 

ʚʦʟʙʫʜʠʪʝʣʠ ʨʘʟʣʠʯʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. ʀʜʝʪ ʠʥʪʝʥʩʠʚʥʳʡ ʧʨʦʮʝʩʩ ʧʦ ʚʳʨʘʙʦʪʢʝ 

ʩʚʦʡʩʪʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʚʳʞʠʪʴ ʠ ʦʩʪʘʚʠʪʴ ʧʦʪʦʤʩʪʚʦ ʚ ʥʦʚʦʡ ʩʨʝʜʝ. ʄʥʦʛʦ ʧʨʠʤʝʨʦʚ 

ʪʦʛʦ, ʢʘʢ ʦʨʛʘʥʠʯʝʩʢʠʡ ʤʠʨ ʨʝʘʛʠʨʫʝʪ ʥʘ ʘʥʪʨʦʧʦʛʝʥʥʳʝ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ 

ʘʢʪʠʚʥʳʤʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤʠ. ʇʨʠʤʝʨʘʤʠ ʷʚʣʷʝʪʩʷ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʤʝʣʘʥʠʟʤ, 

ʚʳʨʘʙʦʪʢʘ ʷʜʦʫʩʪʦʡʯʠʚʳʭ ʨʘʩ ʥʘʩʝʢʦʤʳʭ, ʧʨʠʦʙʨʝʪʝʥʠʝ ʙʘʢʪʝʨʠʷʤʠ ʠ ʚʠʨʫʩʘʤʠ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʣʝʢʘʨʩʪʚʝʥʥʳʤ ʧʨʝʧʘʨʘʪʘʤ ʠ ʪ.ʜ. [3]. 

ɻʠʧʦʪʝʪʠʯʝʩʢʠ ʛʣʦʙʘʣʴʥʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʢʣʠʤʘʪʘ, ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʦʪʚʝʪʦʤ 

ʙʠʦʩʬʝʨʳ, ʥʘ ʝʝ ʤʘʩʰʪʘʙʥʦʝ ʧʝʨʝʩʪʨʦʝʥʠʝ ʯʝʣʦʚʝʢʦʤ. 

ʇʝʨʝʞʠʚʘʝʤʳʡ ʩʝʡʯʘʩ ʙʠʦʩʬʝʨʦʡ ʧʝʨʠʦʜ ð ʵʪʦ ʥʝ ʧʝʨʠʦʜ ʝʝ ʢʨʠʟʠʩʘ, ʘ ʧʝʨʠʦʜ ʝʝ 

ʢʦʨʝʥʥʦʡ ʧʝʨʝʩʪʨʦʡʢʠ, ʚ ʢʦʪʦʨʦʤ ʟʘʜʝʡʩʪʚʦʚʘʥʳ ʢʣʠʤʘʪʦ-ʦʙʨʘʟʫʶʱʠʝ ʬʘʢʪʦʨʳ. 

ʅʝʛʘʪʠʚʥʳʝ ʷʚʣʝʥʠʷ ʚ ʧʨʠʨʦʜʝ ʩʢʦʨʝʝ ʷʚʣʷʶʪʩʷ ʢʨʠʟʠʩʦʤ ʙʠʦʩʬʝʨʳ, ʢ ʢʦʪʦʨʦʡ 
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ʧʨʠʩʧʦʩʦʙʣʝʥ ʯʝʣʦʚʝʢ. ɺ ʠʩʪʦʨʠʠ ʥʝ ʨʘʟ ʙʳʣʠ ʧʝʨʠʦʜʳ, ʢʦʛʜʘ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʤʦʱʥʳʭ 

ʘʙʠʦʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʣʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʪʙʦʨʘ ʠ 

ʫʩʢʦʨʷʣʠʩʴ ʧʨʦʮʝʩʩʳ ʚʠʜʦʦʙʨʘʟʦʚʘʥʠʷ. ʅʦʚʳʝ ʬʦʨʤ ʚʣʝʢʣʠ ʟʘ ʩʦʙʦʡ ʪʘʢʦʝ 

ʤʦʜʫʣʠʨʦʚʘʥʠʝ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ, ʢʦʪʦʨʦʝ ʦʢʘʟʳʚʘʣʦ ʛʫʙʠʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 

ʨʘʥʝʝ ʩʫʱʝʩʪʚʦʚʘʚʰʠʝ ʚʠʜʳ. ɼʠʥʘʤʠʢʘ ʠ ʤʘʩʰʪʘʙʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ, ʪʘʢ ʠʣʠ 

ʠʥʘʯʝ, ʧʨʦʚʦʮʠʨʫʶʪ ʵʚʦʣʶʮʠʦʥʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʦʜʥʘʢʦ ʚʚʠʜʫ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ 

ʚʥʝʥhʝʡ ʩʨʝʜʳ ʦʥʠ ʢʦʩʥʫʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʥʠʟʰʠʭ ʬʦʨʤ ʞʠʟʥʠ. ɸ ʚʦʪ ʦʨʛʘʥʠʟʤʘʤ ʩ 

ʚʳʩʰʝʡ ʬʦʨʤʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʥʝʦʙʭʦʜʠʤ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʳʡ ʵʪʘʧ ʵʚʦʣʶʮʠʦʥʥʳʭ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʠ ʭʚʘʪʠʪ ʣʠ ʨʘʥʝʝ ʧʨʠʦʙʨʝʪʝʥʥʳʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʜʣʷ 

ʧʨʝʦʜʦʣʝʥʠʷ ʢʨʠʟʠʩʥʳʭ ʷʚʣʝʥʠʡ, ʥʝʠʟʚʝʩʪʥʦ. 

ʏʝʣʦʚʝʢ ʢʘʢ ʥʝʦʪʲʝʤʣʝʤʘʷ ʯʘʩʪʴ ʚʩʝʛʦ ʞʠʚʦʛʦ ʦʙʷʟʘʥ ʛʘʨʤʦʥʠʯʥʦ ʚʩʪʨʦʠʪʴʩʷ ʚ 

ʙʠʦʩʬʝʨʫ ʙʫʜʫʱʝʛʦ, ʠʣʠ ʞʝ ʩʚʦʝʡ ʥʝʨʘʟʫʤʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʧʦʩʪʘʚʠʪʴ ʧʦʜ ʫʛʨʦʟʫ 

ʩʦʙʩʪʚʝʥʥʦʝ ʩʫʱʝʩʪʚʦʚʘʥʠʝ. 
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