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ʢʨʝʧʣʝʥʥʦʛʦ ʫʨʦʚʥʷ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʥʘ ʜʦʨʦʛʘʭ ʈʦʩ-
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ʧʨʠʤʝʥʝʥʠʠ ʩʘʤʦʮʝʥʪʨʠʨʫʶʱʠʭʩʷ ʩʠʩʪʝʤ ____________________________________________  36 

ɻʦʣʫʙʝʚʘ ɽ.ʇ. ʇʨʦʙʣʝʤʘʪʠʢʘ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʪʨʘʚʤʘʪʠʟʤʘ ʨʘ-
ʙʦʪʥʠʢʦʚ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʩʝʢʪʦʨʘ ___________________________________________________  43 

ɻʨʦʤʦʚ ʅ.ɼ., ʇʣʘʪʦʰʠʥ ɸ.ʀ. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʨʝʜʩʪʚ ʠ ʧʣʘʪʬʦʨʤ ʜʣʷ ʘʚ-
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ɿʘʙʘʡʢʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

(ʈʦʩʩʠʷ, ʛ. ʏʠʪʘ) 

 

DOI:10.24412/2500-1000-2023-11-4-7-13 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ʪʝʤʘ ˉ 123102000012-2 ʂʦʤʧʣʝʢʩʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʣʘʟʤʝʥʥʳʭ ʩʠʩʪʝʤ ʪʝʨʤʦʭʠʤʠʯʝ-

ʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʪʦʧʣʠʚʘ, ʩʦʛʣʘʰʝʥʠʝ ˉ 075-03-2023-028/1 ʦʪ 05.10.2023 ʛ.). 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʠʚʦʜʠʪʩʷ ʦʧʠʩʘʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʷ ʧʨʦʬʠʣʷ 

ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ ʚ ʪʨʫʙʝ ʤʘʣʦʛʦ ʜʠʘʤʝʪʨʘ ʧʨʠ ʧʦʤʦʱʠ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʦʚ, ʘ 

ʠʤʝʥʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠ ʧʦʤʦʱʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʇʆ, ʠʟʤʝʨʝ-

ʥʠʝʤ ʧʦʨʪʘʪʠʚʥʳʤ ʘʥʝʤʦʤʝʪʨʦʤ, ʘ ʪʘʢʞʝ ʧʨʠ ʧʦʤʦʱʠ ʜʠʬʤʘʥʦʤʝʪʨʘ ʩ ʪʨʫʙʢʦʡ ʇʠ-

ʪʦ-ʇʨʘʥʜʪʣʷ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʪʦʙʨʘʞʝʥʳ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʚʠ-

ʜʝ ʠ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʧʨʠʛʦʜʥʦʩʪʠ ʩʧʦʩʦʙʦʚ ʠ ʠʭ ʩʦʧʦʩʪʘʚʠʤʦʩʪʠ ʚ ʠʥʞʝʥʝʨ-

ʥʳʭ ʨʘʩʯʝʪʘʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʬʠʣʴ ʩʢʦʨʦʩʪʠ, ʪʨʫʙʢʘ ʇʠʪʦ-ʇʨʘʥʜʪʣʷ, ʠʟʤʝʨʝʥʠʝ ʩʢʦʨʦʩʪʠ, 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʘʥʝʤʦʤʝʪʨ. 

 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʨʘʟʣʠʯʥʳʭ ʧʦʪʦʢʦʚ ʠ ʜʚʠʞʫʱʠʭʩʷ 

ʪʝʣ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʘʚʠʣʴʥʦ 

ʦʮʝʥʠʚʘʪʴ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʦʪʦʢʦʚ [1, 

2]. ʆʩʦʙʝʥʥʦ ʵʪʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʢʘʥʘʣʦʚ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝ ʙʦʣʴʰʦʛʦ ʩʝʯʝʥʠʷ, ʚ ʚʠʜʫ 

ʪʦʛʦ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʦ ʩʝʯʝ-

ʥʠʶ ʜʦʩʪʘʪʦʯʥʦ ʥʝʨʘʚʥʦʤʝʨʥʦ. ʅʝʨʘʚʥʦ-

ʤʝʨʥʦʩʪʴ ʚʳʟʚʘʥʘ ʥʘʣʠʯʠʝʤ ʪʨʝʥʠʷ ʦ ʩʪʝʥ-

ʢʠ ʢʘʥʘʣʘ, ʟʘ ʩʯʝʪ ʯʝʛʦ ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʤʝʜ-

ʣʝʥʠʷ ʧʨʠʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʜʦ ʧʦʣʥʦʛʦ 

ʪʦʨʤʦʞʝʥʠʷ ʠ ʫʩʢʦʨʝʥʠʝ ʮʝʥʪʨʘ ʧʦʪʦ-

ʢʘ [3]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʟʥʠʢʘʝʪ ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʝ ʚʝʣʠʯʠʥʳ ʩʢʦʨʦʩʪʠ ʧʦ ʩʝʯʝʥʠʶ, 

ʢʦʪʦʨʦʝ ʥʝʚʦʟʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʨʘʟʦʚʳʤ 

ʦʜʥʦʪʦʯʝʯʥʳʤ ʟʘʤʝʨʦʤ. ʇʦʵʪʦʤʫ ʩʫʱʝ-

ʩʪʚʫʝʪ ʨʠʩʢ ʥʝʚʝʨʥʦʡ ʦʮʝʥʢʠ ʩʨʝʜʥʝʡ ʩʢʦ-

ʨʦʩʪʠ ʧʦʪʦʢʘ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʨʘʩʯʝʪʝ ʦʙʲ-

ʝʤʥʦʛʦ ʨʘʩʭʦʜʘ ʯʝʨʝʟ ʟʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʠ 

ʧʦʪʦʢʘ. 

ɼʘʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʦ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʬʠʣʷ 

ʩʢʦʨʦʩʪʠ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʥʘ ʨʘʟʣʠʯʥʦʤ ʫʜʘʣʝʥʠʠ 

ʦʪ ʩʪʝʥʢʠ ʪʨʫʙʳ. ʊʦ ʝʩʪʴ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʪʘʢʦʛʦ ʧʨʦʬʠʣʷ ʥʝʦʙʭʦʜʠʤʦ ʫʟʥʘʪʴ ʩʢʦʨʦ-

ʩʪʠ ʚ ʢʦʥʢʨʝʪʥʳʭ ʪʦʯʢʘʭ ʧʦʪʦʢʘ. ɺ ʨʘʤʢʘʭ 

ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʵʪʦ ʧʨʦʠʟʚʦʜʠʪʩʷ ʜʚʫʤʷ 

ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ: ʵʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʳʤ ʠ ʩʧʦʩʦʙʦʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠ-

ʨʦʚʘʥʠʷ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʩʧʦʩʦʙ ʟʘ-

ʢʣʶʯʘʝʪʩʷ ʚ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘ 

ʩʦʙʨʘʥʥʦʤ ʩʪʝʥʜʝ, ʚʢʣʶʯʘʶʱʝʤ ʚ ʩʝʙʷ 

ʥʘʧʦʨʥʳʡ ʚʝʥʪʠʣʷʪʦʨ ʠ ʧʨʷʤʦʡ ʫʯʘʩʪʦʢ 

ʧʣʘʩʪʠʢʦʚʦʡ ʪʨʫʙʳ ʚʥʫʪʨʝʥʥʠʤ ʜʠʘʤʝʪʨʦʤ 

50 ʤʤ. ɼʣʠʥʘ ʪʨʫʙʳ ʜʦ ʪʦʯʢʠ ʟʘʤʝʨʘ ʩʦ-

ʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 10 ʜʠʘʤʝʪʨʦʚ ʪʨʫʙʳ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʪʘʙʠʣʠʟʘʮʠʶ ʧʦʪʦʢʘ ʦʪ ʠʩ-

ʪʦʯʥʠʢʘ ʜʦ ʤʝʩʪʘ ʟʘʤʝʨʘ. ʉʭʝʤʘʪʠʯʥʦ 

ʩʪʝʥʜ ʠʟʦʙʨʘʞʝʥ ʥʘ ʨʠʩʫʥʢʝ 1. 
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ʈʠʩ. 1. ʉʭʝʤʘ ʩʪʝʥʜʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ 

 

ɼʣʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʨʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ, ʘʥʘʣʦʛʠʯʥʘʷ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʦʤʫ ʩʪʝʥʜʫ ʧʦ ʚʥʝʰʥʠʤ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʘʤ, ʪʘʢʠʤ ʢʘʢ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟ-

ʤʝʨʳ ʠ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʝʡ. ɺ 

ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʩʦʧʦʩʪʘʚʠʤʦʩʪʠ ʤʦʜʝ-

ʣʝʡ ʙʳʣʠ ʚʳʙʨʘʥʳ ʣʠʥʝʡʥʳʝ ʧʦʪʝʨʠ ʜʘʚ-

ʣʝʥʠʷ, ʪʘʢ ʢʘʢ ʦʥʠ ʟʘʚʠʩʷʪ ʚ ʙʦʣʴʰʦʡ ʩʪʝ-

ʧʝʥʠ ʦʪ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ, ʢʦʪʦʨʘʷ ʠ ʷʚʣʷ-

ʝʪʩʷ ʦʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʊʦ ʝʩʪʴ ʧʦʜ-

ʪʚʝʨʞʜʝʥʠʝʤ ʩʦʧʦʩʪʘʚʠʤʦʩʪʠ ʨʝʞʠʤʦʚ ʠʩ-

ʪʝʯʝʥʠʷ ʚʝʱʝʩʪʚʘ ʙʫʜʝʪ ʩʦʚʧʘʜʝʥʠʝ ʣʠ-

ʥʝʡʥʳʭ ʧʦʪʝʨʴ ʜʘʚʣʝʥʠʷ, ʦʧʨʝʜʝʣʷʝʤʳʭ ʥʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʩʪʝʥʜʝ ʧʨʠ ʧʦʤʦʱʠ 

ʜʠʬʤʘʥʦʤʝʪʨʘ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʘʤʝʨʳ ʦʩʫʱʝʩʪʚ-

ʣʷʶʪʩʷ ʧʨʠ ʧʦʤʦʱʠ 2 ʧʨʠʙʦʨʦʚ, ʘ ʠʤʝʥʥʦ 

ʧʦʨʪʘʪʠʚʥʦʛʦ ʘʥʝʤʦʤʝʪʨʘ ɸʄ-70 ʠ ʪʨʫʙʢʠ 

ʇʠʪʦ-ʇʨʘʥʜʪʣʷ [4] ʩ ʧʦʜʢʣʶʯʝʥʥʳʤ ʜʠʬ-

ʤʘʥʦʤʝʪʨʦʤ. ʊʨʫʙʢʘ ʇʠʪʦ-ʇʨʘʥʜʪʣʷ ʙʳʣʘ 

ʠʟʛʦʪʦʚʣʝʥʘ ʤʝʪʦʜʦʤ ʧʦʣʠʤʝʨʥʦʡ 3D ʧʝ-

ʯʘʪʠ ʠ ʩʦʚʤʝʱʘʝʪ ʚ ʦʜʥʦʤ ʢʦʨʧʫʩʝ ʢʘʥʘʣʳ 

ʧʦʣʥʦʛʦ ʠ ʩʪʘʪʠʯʝʩʢʦʛʦ ʥʘʧʦʨʘ. ɼʠʘʤʝʪʨ 

ʧʦʛʨʫʞʘʝʤʦʡ ʪʨʫʙʢʠ ʩʦʩʪʘʚʣʷʝʪ 4,98 ʤʤ, 

ʜʠʘʤʝʪʨ ʦʪʚʝʨʩʪʠʡ ʜʣʷ ʟʘʤʝʨʦʚ ʥʘʧʦʨʘ 

1,8 ʤʤ (ʨʠʩ. 2). ɼʣʷ ʢʦʥʪʨʦʣʷ ʛʣʫʙʠʥʳ ʧʦ-

ʛʨʫʞʝʥʠʷ ʥʘ ʪʨʫʙʢʠ ʥʘʥʝʩʝʥʘ ʨʘʟʤʝʪʦʯʥʘʷ 

ʣʠʥʠʷ ʧʦ ʚʳʩʦʪʝ ʪʨʫʙʢʠ ʩ ʦʪʩʝʯʢʘʤʠ ʧʦ 

1 ʤʤ. 

 

 
ʈʠʩ. 2. ʊʨʫʙʢʘ ʇʠʪʦ-ʇʨʘʥʜʪʣʷ, ʨʘʟʨʝʟ 
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ɼʣʷ ʟʘʤʝʨʘ ʠ ʧʦʩʪʨʦʝʥʠʷ ʣʠʥʠʠ ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʥʘʧʦʨʘ ʪʨʫʙʢʠ ʇʠ-

ʪʦ-ʇʨʘʥʜʪʣʷ ʠ ʚʧʦʩʣʝʜʩʪʚʠʠ ʩʢʦʨʦʩʪʠ, ʙʳ-

ʣʠ ʚʳʙʨʘʥʳ ʩʣʝʜʫʶʱʠʝ ʪʦʯʢʠ ʟʘʤʝʨʘ: 

0) ɻʨʘʥʠʮʘ ʩʪʝʥʢʠ, ʟʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʠ 

ʧʝʨʝʧʘʜʦʚ ʜʘʚʣʝʥʠʷ ʚ ʵʪʦʡ ʪʦʯʢʝ ʠʤʝʶʪ 

ʟʥʘʯʝʥʠʝ 0; 

1) 1 ʤʤ ʦʪ ʩʪʝʥʢʠ ʪʨʫʙʳ, ʪʦ ʝʩʪʴ ʧʝʨʚʘʷ 

ʚʦʟʤʦʞʥʘʷ ʪʦʯʢʘ ʟʘʤʝʨʘ, ʩ ʫʯʝʪʦʤ ʜʠʘʤʝʪ-

ʨʘ ʦʪʚʝʨʩʪʠʷ ʟʘʤʝʨʘ ʥʘʧʦʨʘ, ʧʦʩʣʝ ʧʦʛʨʫ-

ʞʝʥʠʷ; 

2) 5 ʤʤ ʦʪ ʩʪʝʥʢʠ ʪʨʫʙʳ, ʧʦʩʣʝ ʧʦʛʨʫ-

ʞʝʥʠʷ; 

3) 10 ʤʤ ʦʪ ʩʪʝʥʢʠ ʪʨʫʙʳ, ʧʦʩʣʝ ʧʦʛʨʫ-

ʞʝʥʠʷ; 

4) 15 ʤʤ ʦʪ ʩʪʝʥʢʠ ʪʨʫʙʳ, ʧʦʩʣʝ ʧʦʛʨʫ-

ʞʝʥʠʷ; 

5) 20 ʤʤ ʦʪ ʩʪʝʥʢʠ ʪʨʫʙʳ, ʧʦʩʣʝ ʧʦʛʨʫ-

ʞʝʥʠʷ; 

6) 25 ʤʤ ʦʪ ʩʪʝʥʢʠ ʪʨʫʙʳ, ʧʦʩʣʝ ʧʦʛʨʫ-

ʞʝʥʠʷ, ʪʦ ʝʩʪʴ ʮʝʥʪʨ ʧʦʪʦʢʘ. 

ʋʢʘʟʘʥʥʳʝ ʪʦʯʢʠ ʟʘʤʝʨʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʨʘʩʧʦʣʦʞʝʥʠʶ ʮʝʥʪʨʘ ʦʪʚʝʨʩʪʠʷ ʟʘʤʝʨʘ 

ʧʦʣʥʦʛʦ ʥʘʧʦʨʘ. ʀʟʤʝʨʝʥʠʷ ʨʘʟʥʦʩʪʠ ʜʘʚ-

ʣʝʥʠʡ ʚ ʧʦʣʥʦʤ ʠ ʩʪʘʪʠʯʝʩʢʦʤ ʥʘʧʦʨʘʭ 

ʚʳʧʦʣʥʷʣʦʩʴ ʧʨʠ ʧʦʤʦʱʠ ʮʠʬʨʦʚʦʛʦ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʤʘʥʦʤʝʪʨʘ Testo. ɺ 

ʪʝʭ ʞʝ ʪʦʯʢʘʭ ʪʘʢ ʞʝ ʧʨʦʚʦʜʠʣʩʷ ʟʘʤʝʨ 

ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʧʨʠ ʧʦʤʦʱʠ ʘʥʝʤʦʤʝʪʨʘ 

ɸʄ-70. ʊʘʢ ʢʘʢ ʪʨʫʙʢʘ ʇʠʪʦ-ʇʨʘʥʜʪʣʷ 

ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʩʢʦʨʦʩʪʠ 

ʧʦʪʦʢʘ, ʪʦ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʷ ʜʠʥʘʤʠʯʝʩʢʠʡ 

ʥʘʧʦʨ ʧʨʦʠʟʚʝʩʪʠ ʨʘʩʯʝʪ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ 

ʙʝʟ ʧʦʧʨʘʚʦʯʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦ ʬʦʨ-

ʤʫʣʝ:  

 

Ὗ
ᶻ̅̉̎

, 

 

ʛʜʝ Ὗ ï ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ, ʤ/ʩ; 

ὴ̅ ̉ ̎ï ʜʠʥʘʤʠʯʝʩʢʠʡ ʥʘʧʦʨ, ʇʘ; 

” ï ʧʣʦʪʥʦʩʪʴ, ʢʛ/ʤ3, ʧʨʠʥʠʤʘʝʤ ʜʣʷ 

ʚʦʟʜʫʭʘ ʧʨʠ +20̄ ʉ, ʨʘʚʥʦʡ 1,2. 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʞʝ 

ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʥʘ ʩʦʟʜʘʥʥʦʡ ʤʦʜʝʣʠ, 

ʠʤʝʶʱʝʡ ʩʝʪʢʫ ʵʣʝʤʝʥʪʦʚ, ʧʨʝʜʩʪʘʚʣʝʥ-

ʥʫʶ ʥʘ ʨʠʩʫʥʢʝ 3. 

 

 
ɸ) 

 
ɹ) 

 

ʈʠʩ. 3. ɺʠʜ ʥʘ ʷʯʝʡʢʠ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʚ ʦʙʣʘʩʪʠ ʟʘʤʝʨʘ, ɸ ï ʧʨʦʬʠʣʴʥʳʡ ʚʠʜ, 

ɹ ï ʧʨʦʜʦʣʴʥʳʡ ʚʠʜ 
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ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʟʤʝ-

ʨʝʥʠʷ ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʷ ʠ ʩʢʦʨʦʩʪʠ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. ɻʨʘʬʠʯʝʩʢʦʝ ʩʦʧʦ-

ʩʪʘʚʣʝʥʠʝ ʚʩʝʭ ʤʝʪʦʜʦʚ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦ-

ʬʠʣʷ ʩʢʦʨʦʩʪʠ ʙʫʜʝʪ ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 

ʚ ʢʦʥʮʝ ʩʪʘʪʴʠ. 

 

ʊʘʙʣʠʮʘ 1. ʈʝʟʫʣʴʪʘʪʳ ʟʘʤʝʨʦʚ ʩʢʦʨʦʩʪʠ ʧʦ ʩʝʯʝʥʠʶ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʩʪʝʥʜʝ 

ʊʦʯʢʘ ʟʘʤʝʨʘ 
ʇʝʨʝʧʘʜ ʜʘʚʣʝʥʠʷ ʥʘ ʊʨʫʙʢʝ 

ʇʠʪʦ-ʇʨʘʥʜʪʣʷ, ʇʘ 

ʉʢʦʨʦʩʪʴ ʧʦ ʜʘʥʥʳʤ ʧʝʨʝ-

ʧʘʜʘ ʜʘʚʣʝʥʠʷ, ʤ/ʩ 

ʉʢʦʨʦʩʪʴ ʧʦ ʧʦʢʘʟʘʥʠʷʤ 

ʧʨʠʙʦʨʘ ɸʄ-70, ʤ/ʩ 

0 0 0 0 

1 50 9,41 5,6 

2 68 10,97 6,1 

3 80 11,91 7,2 

4 89 12,56 7,5 

5 95 12,97 7,8 

6 102 13,44 8 

 

ʈʘʩʭʦʞʜʝʥʠʝ ʟʥʘʯʝʥʠʡ ʩʢʦʨʦʩʪʠ ʠʟʤʝ-

ʨʝʥʥʳʭ ʧʨʠ ʧʦʤʦʱʠ ʘʥʝʤʦʤʝʪʨʘ ʠ ʠʟʤʝʨʠ-

ʪʝʣʴʥʦʡ ʪʨʫʙʢʠ ʇʠʪʦ-ʇʨʘʥʜʪʣʷ ʤʦʛʫʪ 

ʙʳʪʴ ʦʙʲʷʩʥʝʥʳ ʦʪʩʫʪʩʪʚʠʝʤ ʪʘʨʠʨʦʚʘʥʠʷ 

ʧʦʩʣʝʜʥʝʡ. ʇʦʧʨʘʚʢʘ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ 

ʜʣʷ ʜʘʥʥʦʡ ʪʨʫʙʢʠ ʚ ʜʘʥʥʦʤ ʢʘʥʘʣʝ ʙʫʜʝʪ 

ʩʦʩʪʘʚʣʷʪʴ ʧʦʨʷʜʢʘ 0,6, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦ-

ʧʦʩʪʘʚʣʷʪʴ ʩʢʦʨʦʩʪʠ ʥʘ ʪʨʫʙʢʝ ʩ ʙʦʣʝʝ ʵʪʘ-

ʣʦʥʥʳʤ ʠʟʤʝʨʠʪʝʣʴʥʳʤ ʧʨʠʙʦʨʦʤ, ʪʦ ʝʩʪʴ 

ʘʥʝʤʦʤʝʪʨʦʤ ɸʄ-70. 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʛʨʘʬʠʯʝ-

ʩʢʦʤ ʚʠʜʝ ʥʘ ʨʠʩʫʥʢʝ 4. ʈʘʩʧʨʝʜʝʣʝʥʠʝ 

ʩʢʦʨʦʩʪʝʡ ʧʦ ʜʣʠʥʝ ʢʘʥʘʣʘ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʪʩʪʫʧʘ ʨʘʩʩʪʦʷʥʠʷ ʦʪ 

ʙʣʠʞʘʡʰʝʛʦ ʤʝʩʪʥʦʛʦ ʚʦʟʤʫʱʝʥʠʷ ʧʦʪʦʢʘ 

ʜʣʷ ʝʛʦ ʩʪʘʙʠʣʠʟʘʮʠʠ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥ-

ʥʳʭ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʘʢ ʞʝ ʧʦʩʪʨʦʝʥ ʧʨʦ-

ʬʠʣʴ ʩʢʦʨʦʩʪʠ ʚ ʚʠʜʝ ʛʨʘʬʠʢʘ ʥʘ ʨʠʩʫʥ-

ʢʝ 5. 

 

 
ɸ) 

 
ɹ) 

ʈʠʩ. 4. ɻʨʘʬʠʯʝʩʢʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʨʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ 
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ʈʠʩ. 5. ʇʦʣʥʳʡ ʧʨʦʬʠʣʴ ʩʢʦʨʦʩʪʠ, ʧʦ ʜʘʥʥʳʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

ʉʚʦʜʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. ɻʨʘʬʠʯʝʩʢʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʧʨʦ-

ʬʠʣʝʡ ʩʢʦʨʦʩʪʝʡ ʦʪʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 6 

 

ʊʘʙʣʠʮʘ 2. ʈʝʟʫʣʴʪʘʪ ʨʘʩʯʝʪʘ ʩʢʦʨʦʩʪʝʡ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ 

ʊʦʯ-

ʢʘ ʟʘʤʝ-

ʨʘ 

ʉʢʦʨʦʩʪʴ ʤ/ʩ 

ɸʄ-70 ʇʠʪʦ-ʇʨʘʥʜʪʣʴ 
ʇʠʪʦ-ʇʨʘʥʜʪʣʴ ʩ 

ʧʦʧʨʘʚʢʦʡ 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ 

ʤʦʜʝʣʴ 

0 0 0 0 0 

1 5,6 9,41 5,65 4,09 

2 6,1 10,97 6,59 6,52 

3 7,2 11,91 7,14 7,49 

4 7,5 12,56 7,53 7,73 

5 7,8 12,97 7,78 7,71 

6 8 13,44 8,07 7,71 
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ʈʠʩ. 6. ɻʨʘʬʠʯʝʩʢʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʧʨʦʬʠʣʝʡ ʩʢʦʨʦʩʪʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʘʭ ʧʦʩʪʨʦʝʥʠʷ 

 

ʉʨʘʚʥʠʚʘʷ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʠ ʛʨʘʬʠʯʝ-

ʩʢʠʝ ʜʘʥʥʳʝ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, 

ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʟʤʝʨʝʥʠʷ ʩʦʚ-

ʧʘʜʘʶʪ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʠʥʞʝʥʝʨʥʦʡ ʪʦʯʥʦ-

ʩʪʴʶ ʩ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ ʥʘ ʫʜʘʣʝ-

ʥʠʠ ʦʪ ʩʪʝʥʢʠ. ɺʙʣʠʟʠ ʞʝ ʩʪʝʥʢʠ ʧʨʠʙʦʨʳ 

ʜʘʶʪ ʙʦʣʴʰʫʶ ʧʦʛʨʝʰʥʦʩʪʴ, ʯʪʦ ʚʦʟʤʦʞ-

ʥʦ ʦʙʲʷʩʥʠʪʴ ʤʝʩʪʥʳʤʠ ʚʦʟʤʫʱʝʥʠʷʤʠ 

ʧʦʪʦʢʘ ʦʪ ʩʘʤʠʭ ʧʨʠʙʦʨʦʚ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʦʛʦ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ ʦ ʜʦʩʪʘʪʦʯʥʦʡ ʩʦʧʦʩʪʘʚʠʤʦʩʪʠ ʤʝ-

ʪʦʜʦʚ ʠʟʤʝʨʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʨʠ ʧʦʤʦʱʠ 

ʘʥʝʤʦʤʝʪʨʦʚ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝ-

ʩʢʠʭ ʤʦʜʝʣʝʡ. ɹʦʣʝʝ ʪʦʛʦ, ʜʘʥʥʳʝ ʤʝʪʦʜʳ 

ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʜʣʷ ʢʘʣʠʙʨʦʚʢʠ ʠ ʪʘʨʠ-

ʨʦʚʘʥʠʷ ʙʦʣʝʝ ʧʨʦʩʪʳʭ ʫʩʪʨʦʡʩʪʚ, ʪʘʢʠʭ 
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Abstract. This research paper describes the results of measuring the air velocity profile in a 

small-diameter pipe using different methods, namely mathematical modeling with the help of 

specialized software, measurement by a portable anemometer, as well as using a diffmanometer 

with a Pitot-Prandtl tube. The obtained results are shown in graphical and analytical form and 

allow to draw a conclusion about the suitability of the methods and their comparability in engi-

neering calculations. 

Keywords: velocity profile, Pitot-Prandtl tube, velocity measurement, mathematical modeling, 

anemometer. 

 

  



14 

- ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ - 

 

International Journal of Humanities and Natural Sciences, vol. 11-4 (86), 2023 

ʀʉʉʃɽɼʆɺɸʅʀɽ ɸɼɻɽɿʀʀ ʂʈʀʉʊɸʃʃʆɺ ʂ ɺʈɽʄɽʅʅʆʄʋ ʅʆʉʀʊɽʃʖ ʇʈʀ 
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ʪʝʭʥʠʢʠè 

(ʈʦʩʩʠʷ, ʛ. ɿʝʣʝʥʦʛʨʘʜ) 

 

DOI:10.24412/2500-1000-2023-11-4-14-20 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ 

(ʧʨʦʝʢʪ ˉ23-29-00964). 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʪʝʭʥʦʣʦʛʠʷʭ ʢʦʨʧʫʩʠʨʦʚʘʥʠʷ ʥʘ ʫʨʦʚʥʝ ʧʣʘʩʪʠʥʳ ʧʦʣʠʠʤʠʜ ʤʦʞʝʪ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʢʘʯʝʩʪʚʝ ʜʠʵʣʝʢʪʨʠʢʘ, ʥʦ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʛʨʘʪʴ ʨʦʣʴ ʘʜʛʝʟʠʚʘ 

ʜʣʷ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʢʨʠʩʪʘʣʣʳ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʘ ʞʠʜʢʠʡ 

ʣʘʢ, ʢʦʪʦʨʳʡ ʜʘʣʝʝ ʧʨʦʭʦʜʠʪ ʠʤʠʜʠʟʘʮʠʶ. ɺ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʘʜʛʝʟʠʷ ʢʨʠʩʪʘʣʣʦʚ ʢ 

ʧʦʣʠʠʤʠʜʫ ʧʨʠ ʵʪʦʤ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʜʦ 695,3 ʛ/ʤʤ2 ʠ ʟʘʚʠʩʠʪ ʢʘʢ ʪʠʧʘ ʧʦʣʠʠʤʠʜʘ, 

ʪʘʢ ʠ ʦʪ ʚʨʝʤʝʥʠ ʚʳʜʝʨʞʢʠ ʣʘʢʘ ʧʦʩʣʝ ʥʘʥʝʩʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʨʧʫʩʠʨʦʚʘʥʠʝ ʥʘ ʫʨʦʚʥʝ ʧʣʘʩʪʠʥʳ, ʘʜʛʝʟʠʷ, ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʤʧʝ-

ʨʘʪʫʨʥʦʛʦ ʣʠʥʝʡʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ, ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʚʨʝʤʝʥʥʳʡ ʥʦʩʠʪʝʣʴ. 

 

ʆʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʵʪʘʧʦʚ ʢʦʨʧʫʩʠʨʦʚʘ-

ʥʠʷ ʥʘ ʫʨʦʚʥʝ ʧʣʘʩʪʠʥʳ (WLP ï Wafer 

Level Packaging) ʠʣʠ ʧʘʥʝʣʠ (PLP ï Panel 

Level Packaging) ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ ʧʦʚʪʦʨ-

ʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ ʯʠʧʦʚ ʥʘ ʚʨʝʤʝʥʥʦʤ ʥʦ-

ʩʠʪʝʣʝ. ʉʨʝʜʠ ʦʩʥʦʚʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʜʘʥ-

ʥʦʤʫ ʧʨʦʮʝʩʩʫ ï ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʧʦʟʠ-

ʮʠʦʥʠʨʦʚʘʥʠʷ ʯʠʧʦʚ, ʤʠʥʠʤʠʟʘʮʠʷ ʪʝʤʧʝ-

ʨʘʪʫʨʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʥʦʩʠʪʝʣʷ ʩ ʯʠʧʘʤʠ, 

ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʝʥʠʝ ʘʜʛʝʟʠʠ ʯʠʧʦʚ ʢ ʥʦʩʠ-

ʪʝʣʶ, ʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʢʨʠ-

ʩʪʘʣʣʳ ʥʝ ʩʤʝʩʪʠʣʠʩʴ ʧʨʠ ʦʧʨʝʩʩʦʚʢʝ 

ʢʦʤʧʘʫʥʜʦʤ.  

ɿʘʜʘʯʘ ʪʦʯʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ ʨʝʰʘʝʪʩʷ ʚ 

ʪʝʭʥʦʣʦʛʠʷʭ WLP ʠ PLP ʧʨʠʤʝʥʝʥʠʝʤ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʩʭʦʜ-

ʥʦʛʦ ʧʦ ʬʫʥʢʮʠʦʥʘʣʫ ʩ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʜʣʷ 

flip-chip ʤʦʥʪʘʞʘ. ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ flip-chip, 

ʦʩʥʦʚʥʘʷ ʮʝʣʴ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʨʘʟʤʝʱʝ-

ʥʠʷ ï ʧʨʝʮʠʟʠʦʥʥʘʷ ʫʩʪʘʥʦʚʢʘ ʯʠʧʦʚ ʥʘ 

ʧʦʜʣʦʞʢʝ ʧʦ ʟʘʜʘʥʥʳʤ ʢʦʦʨʜʠʥʘʪʘʤ ʩ 

ʪʦʯʥʦʩʪʴʶ ʚ ʥʝʩʢʦʣʴʢʦ ʤʠʢʨʦʥ. ʇʨʠ ʵʪʦʤ 

ʪʦʯʥʦʩʪʴ ʤʦʞʝʪ ʢʘʢ ʦʙʝʩʧʝʯʠʚʘʪʴʩʷ ʠʩ-

ʢʣʶʯʠʪʝʣʴʥʦ ʧʘʨʘʤʝʪʨʘʤʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʪʘʢ ʠ ʧʦʜʜʝʨʞʠʚʘʪʴʩʷ ʩʦʚʤʝʱʝʥʠʝʤ ʯʠʧʦʚ 

ʩ ʟʘʨʘʥʝʝ ʩʬʦʨʤʠʨʦʚʘʥʥʳʤʠ ʥʘ ʥʦʩʠʪʝʣʝ 

ʨʝʧʝʨʥʳʤʠ ʟʥʘʢʘʤʠ. 

ɿʘʜʘʯʘ ʤʠʥʠʤʠʟʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʜʝʬʦʨʤʘʮʠʠ ʥʦʩʠʪʝʣʷ ʨʝʰʘʝʪʩʷ ʚʳʙʦʨʦʤ 

ʧʦʜʭʦʜʷʱʝʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʤʘʣʳʤ ʢʦʵʬʬʠ-

ʮʠʝʥʪʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʣʠʥʝʡʥʦʛʦ ʨʘʩ-

ʰʠʨʝʥʠʷ (ʊʂʃʈ). ʇʦʵʪʦʤʫ ʚ ʢʘʯʝʩʪʚʝ ʤʘ-

ʪʝʨʠʘʣʦʚ ʥʦʩʠʪʝʣʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʪʝʢʣʦ, 

ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʢʨʝʤʥʠʡ, ʘ ʪʘʢʞʝ 

ʩʧʣʘʚʳ ʤʝʪʘʣʣʦʚ ï ʠʥʚʘʨ ʠʣʠ ʢʦʚʘʨ. ɺʩʝ 

ʫʢʘʟʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʦʙʣʘʜʘʶʪ ʤʘʣʳʤ, 

ʧʨʝʜʩʢʘʟʫʝʤʳʤ ʠ ʩʪʘʙʠʣʴʥʳʤ ʊʂʃʈ, ʙʣʠʟ-

ʢʠʤ ʢ ʊʂʃʈ ʢʨʝʤʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘ-

ʪʫʨ ʛʝʨʤʝʪʠʟʘʮʠʠ. ʇʨʠ ʵʪʦʤ ʠ ʢʨʝʤʥʠʝʚʳʝ 

ʧʣʘʩʪʠʥʳ, ʠ ʩʪʝʢʣʷʥʥʳʝ ʧʦʜʣʦʞʢʠ, ʠ ʟʘʛʦ-

ʪʦʚʢʠ ʤʝʪʘʣʣʦʚ ʤʦʞʥʦ ʦʙʨʘʙʦʪʘʪʴ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʠʭ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʣʘʜʘʣʘ 

ʚʳʩʦʢʦʡ ʧʣʘʥʘʨʥʦʩʪʴʶ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝ-

ʨʝʜʴ, ʛʘʨʘʥʪʠʨʫʝʪ ʦʜʥʦʨʦʜʥʦʩʪʴ ʧʦʣʫʯʘʝ-

ʤʦʡ ʧʦʩʣʝ ʦʪʜʝʣʝʥʠʷ ʥʦʩʠʪʝʣʷ ʧʣʘʩʪʠʥʳ, 

ʩʦʩʪʦʷʱʝʡ ʠʟ ʢʦʤʧʘʫʥʜʘ ʠ ʟʘʬʠʢʩʠʨʦʚʘʥ-

ʥʳʭ ʚ ʵʪʦʤ ʢʦʤʧʘʫʥʜʝ ʢʨʠʩʪʘʣʣʦʚ (ʚ ʠʥʦ-

ʩʪʨʘʥʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʪʘʢʘʷ ʧʣʘʩʪʠʥʘ ʠʤʝ-

ʥʫʝʪʩʷ reconstituted wafer ï ʚʦʩʩʪʘʥʦʚʣʝʥ-

ʥʘʷ ʧʣʘʩʪʠʥʘ).  

ʅʘʠʙʦʣʴʰʠʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʦʪʣʠʯʘʶʪ-

ʩʷ ʨʝʰʝʥʠʷ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʘʜʛʝʟʠʠ ʤʝʞ-

ʜʫ ʯʠʧʘʤʠ ʠ ʚʨʝʤʝʥʥʳʤ ʥʦʩʠʪʝʣʝʤ. ʆʙʲ-

ʷʩʥʷʝʪʩʷ ʵʪʦ ʪʝʤ, ʯʪʦ ʥʦʩʠʪʝʣʴ ʥʝ ʪʦʣʴʢʦ 
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ʜʦʣʞʝʥ ʢʨʝʧʢʦ ʫʜʝʨʞʠʚʘʪʴ ʥʘ ʩʝʙʝ ʯʠʧʳ, 

ʦʥ ʜʦʣʞʝʥ ʝʱʸ ʠ ʣʝʛʢʦ ʦʪʜʝʣʷʪʴʩʷ ʦʪ ʧʦ-

ʣʫʯʘʝʤʦʡ ʧʦʩʣʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʛʝʨʤʝʪʠʟʘʮʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ 

ʧʣʘʩʪʠʥʳ. ʈʝʰʠʪʴ ʟʘʜʘʯʫ ʤʦʞʥʦ ʜʚʫʤʷ 

ʩʧʦʩʦʙʘʤʠ. 

ʇʝʨʚʳʡ ʩʧʦʩʦʙ ï ʵʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʨʦʮʝʩʩʦʚ ʙʦʥʜʠʥʛʘ/ʜʝʙʦʥʜʠʥʛʘ ʧʣʘʩʪʠʥ, 

ʢʦʪʦʨʳʝ ʧʦʤʠʤʦ ʪʝʭʥʦʣʦʛʠʡ WLP ʠ PLP 

ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʄʕʄʉ, ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʯʠʧʦʚ ʩʦ ʩʢʚʦʟʥʳʤʠ ʤʝʪʘʣ-

ʣʠʟʠʨʦʚʘʥʥʳʤʠ ʦʪʚʝʨʩʪʠʷʤʠ ʚ ʢʨʝʤʥʠʠ 

(TSV), ʚ ʪʝʭʥʦʣʦʛʠʷʭ ʧʝʨʝʥʦʩʘ ʤʘʪʝʨʠʘʣʦʚ 

ʩ ʥʦʩʠʪʝʣʷ ʥʘ ʧʦʩʪʦʷʥʥʫʶ ʧʦʜʣʦʞʢʫ ʠ ʧʨʠ 

ʧʨʷʤʦʤ ʩʦʝʜʠʥʝʥʠʠ ʧʣʘʩʪʠʥ [1]. 

ʉʫʪʴ ʧʨʦʮʝʩʩʦʚ ʙʦʥʜʠʥʛʘ/ʜʝʙʦʥʜʠʥʛʘ 

ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʥʘʥʝʩʝʥʠʠ ʥʘ ʥʦʩʠʪʝʣʴ (ʘ 

ʠʥʦʛʜʘ ʠ ʩʦʝʜʠʥʷʝʤʫʶ ʩ ʥʠʤ ʧʣʘʩʪʠʥʫ) 

ʫʜʘʣʷʝʤʦʛʦ ʚʧʦʩʣʝʜʩʪʚʠʠ ʢʣʝʷʱʝʛʦ ʤʘʪʝ-

ʨʠʘʣʘ. ɺ ʩʣʫʯʘʝ WLP ʠ PLP ʪʝʭʥʦʣʦʛʠʡ ʥʘ 

ʵʪʦʤ ʤʘʪʝʨʠʘʣʝ, ʥʘʟʳʚʘʝʤʦʤ ʘʜʛʝʟʠʚʦʤ, 

ʩʥʘʯʘʣʘ ʟʘʢʨʝʧʣʷʶʪʩʷ ʯʠʧʳ, ʘ ʧʦʩʣʝ ʛʝʨ-

ʤʝʪʠʟʘʮʠʠ ʘʜʛʝʟʠʚ ʚʤʝʩʪʝ ʩ ʥʦʩʠʪʝʣʝʤ 

ʫʜʘʣʷʝʪʩʷ.  

ʋʜʘʣʝʥʠʝ ʥʦʩʠʪʝʣʷ ʤʦʞʝʪ ʧʨʦʠʟʚʦʜʠʪʴ-

ʩʷ ʧʨʠ ʧʦʤʦʱʠ ʣʘʟʝʨʘ (ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʥʘʛʨʝʚʘ ʠʣʠ ʬʦʪʦʜʝʩʪʨʫʢʮʠʠ ʩʦʝʜʠʥʠʪʝʣʴ-

ʥʦʛʦ ʩʣʦʷ), ʧʫʪʸʤ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝ-

ʥʠʷ ʢʣʝʷʱʝʛʦ ʤʘʪʝʨʠʘʣʘ, ʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʦʪʩʣʘʠʚʘʥʠʷ ʥʦʩʠʪʝʣʷ, ʘ ʪʘʢʞʝ ʧʫʪʸʤ ʭʠ-

ʤʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʘʜʛʝʟʠʚʘ. ʉʘʤ ʘʜ-

ʛʝʟʠʚ ʧʨʠ ʵʪʦʤ ʦʙʳʯʥʦ ʧʨʝʜʩʪʘʚʣʝʥ ʧʦʣʠ-

ʤʝʨʥʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʪʘʢʠʤ ʢʘʢ ʧʦʣʠʠʤʠʜ, 

ʧʦʣʠʵʬʠʨʵʬʠʨʢʝʪʦʥ (PEEK), ʧʦʣʠʧʨʦʧʠ-

ʣʝʥʢʘʨʙʦʥʘʪ (PPC), ʧʦʣʠʛʣʠʮʠʜʠʣʤʝʪʘʢ-

ʨʠʣʘʪ (PGMA), ʧʦʣʠʠʟʦʙʫʪʝʥ (PIB) [1-2]. 

ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʛʦ ʪʝʭʥʦʣʦʛʠʡ ʙʦʥʜʠʥ-

ʛʘ/ʜʝʙʦʥʜʠʥʛʘ. ʊʘʢ, ʢʦʤʧʘʥʠʷ 3ʄ ʧʨʠʤʝ-

ʥʷʝʪ ʚ ʩʚʦʝʡ ʪʝʭʥʦʣʦʛʠʠ ʩʠʩʪʝʤʫ ʠʟ ʜʚʫʭ 

ʤʘʪʝʨʠʘʣʦʚ (ʨʠʩʫʥʦʢ 1) [3]. ʇʝʨʚʳʡ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʪʚʝʨʞʜʘʝʤʳʡ ʫʣʴʪʨʘʬʠʦ-

ʣʝʪʦʤ ʘʜʛʝʟʠʚ, ʘ ʚʪʦʨʦʡ ï ʧʨʝʦʙʨʘʟʫʶʱʠʡ 

ʩʚʝʪ ʚ ʪʝʧʣʦ ʤʘʪʝʨʠʘʣ (LTHC ï light-to-

heat-conversion). LTHC ʩʣʫʞʠʪ ʜʣʷ ʦʪʜʝʣʝ-

ʥʠʷ ʥʦʩʠʪʝʣʷ ʧʦʩʣʝ ʛʝʨʤʝʪʠʟʘʮʠʠ ï ʣʘʟʝʨ-

ʥʦʝ ʠʟʣʫʯʝʥʠʝ ʥʘʧʨʘʚʣʷʝʪʩʷ ʥʘ ʜʘʥʥʳʡ ʤʘ-

ʪʝʨʠʘʣ, ʦʥ ʥʘʛʨʝʚʘʝʪʩʷ ʠ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟ-

ʨʫʰʝʥʠʶ ʚʳʰʝʣʝʞʘʱʝʛʦ ʘʜʛʝʟʠʚʘ. ɼʘʣʝʝ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʘʜʛʝ-

ʟʠʚʘ ʚʨʝʤʝʥʥʳʡ ʥʦʩʠʪʝʣʴ ʦʪʜʝʣʷʝʪʩʷ [3-4].  

 

 
ʈʠʩ. 1. ʀʟʦʙʨʘʞʝʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʧʝʨʘʮʠʡ ʪʝʭʥʦʣʦʛʠʠ ʙʦʥʜʠʥʛʘ/ʜʝʙʦʥʜʠʥʛʘ ʦʪ 

3M (3M WSS) (ʥʘ ʧʨʠʤʝʨʝ ʩʦʝʜʠʥʝʥʠʷ ʜʚʫʭ ʧʣʘʩʪʠʥ ï ʨʘʙʦʯʝʡ ʠ ʥʦʩʠʪʝʣʷ) [3] 

 

ʂʦʤʧʘʥʠʷ Brewerôs Science ʠʩʧʦʣʴʟʫʝʪ 

ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ʯʠʧʦʚ ʩ ʧʣʘʩʪʠʥʦʡ ʘʜʛʝʟʠ-

ʚʳ ʥʘ ʦʩʥʦʚʝ ʪʝʨʤʦʧʣʘʩʪʦʚ (ʥʘʧʨʠʤʝʨ, 

ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʭ ʧʦʣʠʠʤʠʜʦʚ) ï ʨʠʩʫ-

ʥʦʢ 2 [3]. ɺʥʘʯʘʣʝ ʨʘʩʪʚʦʨʸʥʥʳʡ ʘʜʛʝʟʠʚ 

ʥʘʥʦʩʠʪʩʷ ʥʘ ʧʣʘʩʪʠʥʫ ʧʦʜʦʙʥʦ ʬʦʪʦʨʝʟʠ-

ʩʪʫ. ɼʘʣʝʝ ʧʨʦʠʩʭʦʜʠʪ ʩʫʰʢʘ ʘʜʛʝʟʠʚʘ (ʠʩ-

ʧʘʨʝʥʠʝ ʨʘʩʪʚʦʨʠʪʝʣʷ). ɹʦʥʜʠʥʛ ʧʨʦʠʟʚʦ-

ʜʠʪʩʷ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʜʘʚ-

ʣʝʥʠʠ (200Áʉ, ʫʩʠʣʠʝ ʤʝʥʝʝ 8 ʂʅ) ʚ ʚʘʢʫ-

ʫʤʝ. 
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ʈʠʩ. 2. ʀʟʦʙʨʘʞʝʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʧʝʨʘʮʠʡ ʪʝʭʥʦʣʦʛʠʠ ʙʦʥʜʠʥʛʘ/ʜʝʙʦʥʜʠʥʛʘ ʦʪ 

Brewerôs Science (ʥʘ ʧʨʠʤʝʨʝ ʩʦʝʜʠʥʝʥʠʷ ʜʚʫʭ ʧʣʘʩʪʠʥ ï ʨʘʙʦʯʝʡ ʠ ʥʦʩʠʪʝʣʷ) [3] 

 

ɼʝʙʦʥʜʠʥʛ ʚʳʧʦʣʥʷʝʪʩʷ ʤʝʪʦʜʦʤ ʪʝʨ-

ʤʠʯʝʩʢʦʛʦ ʩʜʚʠʛʘ (thermal-slide). ʄʝʪʦʜ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʢ ʨʘʙʦʯʝʡ ʧʣʘʩʪʠʥʝ 

ʧʨʠʩʦʝʜʠʥʷʶʪʩʷ ʧʨʦʯʥʦ ʫʜʝʨʞʠʚʘʶʱʠʡ ʝʸ 

ʟʘʭʚʘʪ. ɼʘʣʝʝ ʩʠʩʪʝʤʘ ʥʘʛʨʝʚʘʝʪʩʷ, ʠ ʟʘ-

ʭʚʘʪ ʩʤʝʱʘʝʪ ʧʣʘʩʪʠʥʫ ʚʙʦʢ ʧʦ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʨʘʟʤʷʛʯʸʥʥʦʛʦ ʘʜʛʝʟʠʚʘ. ʇʦʩʣʝ ʩʥʷʪʠʷ 

ʨʘʙʦʯʝʡ ʧʣʘʩʪʠʥʳ ʩ ʥʦʩʠʪʝʣʷ ʬʠʥʘʣʴʥʦʡ 

ʦʧʝʨʘʮʠʝʡ ʩʣʫʞʠʪ ʫʜʘʣʝʥʠʝ ʩ ʨʘʙʦʯʝʡ 

ʧʣʘʩʪʠʥʳ ʦʩʪʘʪʢʦʚ ʘʜʛʝʟʠʚʘ ʩ ʧʦʤʦʱʴʶ 

ʨʘʩʪʚʦʨʠʪʝʣʷ.  

ʉʭʦʞʠʝ ʩ Brewerôs Science ʤʝʪʦʜʳ ʧʨʠ-

ʤʝʥʷʶʪʩʷ ʚ ʧʦʜʭʦʜʘʭ ʦʪ Nissan Chemical ʠ 

Dupont. ʄʝʪʦʜ Nissan Chemical ʧʨʝʜʧʦʣʘ-

ʛʘʝʪ ʥʘʥʝʩʝʥʠʝ ʥʘ ʥʦʩʠʪʝʣʴ ʪʝʨʤʦʩʪʦʡʢʦʛʦ 

ʘʜʛʝʟʠʚʘ, ʢ ʢʦʪʦʨʦʤʫ ʠ ʧʨʠʢʨʝʧʣʷʝʪʩʷ ʨʘ-

ʙʦʯʘʷ ʧʣʘʩʪʠʥʘ ʠʣʠ ʢʨʠʩʪʘʣʣʳ. ʆʪʜʝʣʝʥʠʝ 

ʥʦʩʠʪʝʣʷ ʧʨʦʠʩʭʦʜʠʪ ʤʝʭʘʥʠʯʝʩʢʠ ʧʦ ʧʦʜ-

ʛʦʪʦʚʣʝʥʥʦʤʫ ʩ ʧʦʤʦʱʴʶ ʧʣʘʟʤʝʥʥʦʡ ʦʙ-

ʨʘʙʦʪʢʠ ʩʣʦʶ ʧʨʝʢʫʨʩʦʨʘ.  

DuPont ʚ ʢʘʯʝʩʪʚʝ ʘʜʛʝʟʠʚʘ ʠʩʧʦʣʴʟʫʝʪ 

ʧʦʣʠʠʤʠʜ, ʢʦʪʦʨʳʡ ʥʘʥʦʩʠʪʩʷ ʥʘ ʧʣʘʩʪʠʥʫ 

ʚ ʞʠʜʢʦʤ ʚʠʜʝ (ʚ ʚʠʜʝ ʥʝʦʪʚʝʨʞʜʸʥʥʦʛʦ 

ʣʘʢʘ). ɼʘʣʝʝ ʥʘ ʧʦʣʫʯʝʥʥʳʡ ʩʣʦʡ ʘʜʛʝʟʠʚʘ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʢʨʠʩʪʘʣʣʳ. ɿʘʪʝʤ ʧʦʣʠʠ-

ʤʠʜ ʦʪʚʝʨʞʜʘʝʪʩʷ. ʆʪʜʝʣʝʥʠʝ ʚʨʝʤʝʥʥʦʛʦ 

ʥʦʩʠʪʝʣʷ ʧʦʩʣʝ ʛʝʨʤʝʪʠʟʘʮʠʠ ʧʣʘʩʪʠʥʳ ʚ 

ʜʘʥʥʦʤ ʚʘʨʠʘʥʪʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʫʪʸʤ ʣʘ-

ʟʝʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠʣʠ ʭʠʤʠʯʝʩʢʦʛʦ ʨʘʩ-

ʪʚʦʨʝʥʠʷ ʧʦʣʠʠʤʠʜʘ. 

ʇʨʦʙʣʝʤʘ ʧʦʜʭʦʜʘ DuPont ʩ ʭʠʤʠʯʝ-

ʩʢʠʤ ʨʘʩʪʚʦʨʝʥʠʝʤ ʘʜʛʝʟʠʚʘ ʩʦʩʪʦʠʪ ʚ ʪʦ, 

ʯʪʦ ʨʘʩʪʚʦʨʠʪʝʣʴ ʥʝʦʙʭʦʜʠʤʦ ʜʦʩʪʘʚʠʪʴ ʢʦ 

ʚʩʝʤ ʪʦʯʢʘʤʠ ʚʥʫʪʨʠ ʟʘʛʦʪʦʚʢʠ ʧʦ ʫʟʢʦʤʫ 

ʧʨʦʤʝʞʫʪʢʫ ʤʝʞʜʫ ʥʦʩʠʪʝʣʝʤ ʠ ʚʦʩʩʪʘ-

ʥʦʚʣʝʥʥʦʡ ʧʣʘʩʪʠʥʦʡ. ʊʘʢ ʞʝ ʠʟ ʫʟʢʦʛʦ 

ʟʘʟʦʨʘ ʥʫʞʥʦ ʚʳʚʝʩʪʠ ʧʨʦʜʫʢʪʳ ʨʘʩʪʚʦʨʝ-

ʥʠʷ ʘʜʛʝʟʠʚʘ. ɼʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʚ 

ʧʨʠʚʝʜʸʥʥʦʤ ʚʘʨʠʘʥʪʝ ʠʩʧʦʣʴʟʫʶʪ ʩʧʝʮʠ-

ʘʣʴʥʳʝ ʥʦʩʠʪʝʣʠ ʩ ʤʥʦʞʝʩʪʚʦʤ ʤʘʣʝʥʴʢʠʭ 

ʦʪʚʝʨʩʪʠʡ, ʯʝʨʝʟ ʢʦʪʦʨʳʝ ʢ ʘʜʛʝʟʠʚʫ ʠ ʧʦ-

ʩʪʫʧʘʝʪ ʨʘʩʪʚʦʨʠʪʝʣʴ. 

ʅʝʢʦʪʦʨʳʝ ʧʦʜʭʦʜʳ ʚʦʚʩʝ ʥʝ ʧʨʝʜʫ-

ʩʤʘʪʨʠʚʘʶʪ ʧʨʠʤʝʥʝʥʠʷ ʘʜʛʝʟʠʚʘ ʜʣʷ ʟʘ-

ʢʨʝʧʣʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʥʘ ʥʦʩʠʪʝʣʝ. ɺ ʵʪʠʭ 

ʦʨʠʛʠʥʘʣʴʥʳʭ ʧʦʜʭʦʜʘʭ ʜʣʷ ʬʠʢʩʘʮʠʠ ʯʠ-

ʧʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʘʢʫʫʤ (ʧʦʜʭʦʜ ʢʦʤʧʘ-

ʥʠʠ AML) ʠʣʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ ʩʠʣʳ 

(ʧʦʜʭʦʜ ʢʦʤʧʘʥʠʠ Protect) [4]. ʆʜʥʘʢʦ ʵʪʠ 

ʧʦʜʭʦʜʳ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʦʩʪʘʶʪʩʷ ʵʢʩ-

ʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ. 

ɺʪʦʨʳʤ ʩʧʦʩʦʙʦʤ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʦ 

ʬʠʢʩʘʮʠʠ ʯʠʧʦʚ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʥʝʫʜʘʣʷʝʤʳʭ ʘʜʛʝʟʠʚʦʚ. ʕʪʦʪ ʩʧʦʩʦʙ ʚ ʦʩ-

ʥʦʚʥʦʤ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʪʝʭʥʦʣʦʛʠʡ ʢʦʨ-

ʧʫʩʠʨʦʚʘʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʢʨʠʩʪʘʣʣʳ ʫʩʪʘ-

ʥʘʚʣʠʚʘʶʪʩʷ ʥʘ ʥʦʩʠʪʝʣʴ ʩ ʫʞʝ ʩʬʦʨʤʠʨʦ-

ʚʘʥʥʳʤʠ ʩʣʦʷʤʠ ʢʦʤʤʫʪʘʮʠʠ (ʩʣʦʷʤʠ ʧʝ-

ʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ). ʇʨʠ ʵʪʦʤ ʯʠʧʳ ʚ ʜʘʥ-

ʥʦʤ ʩʣʫʯʘʝ ʧʦʣʥʦʮʝʥʥʦ ʤʦʥʪʠʨʫʶʪʩʷ ʥʘ 

ʧʣʦʱʘʜʢʠ ʩʣʦʸʚ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩ ʧʦ-
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ʤʦʱʴʶ ʤʠʢʨʦʙʘʤʧʦʚ ʧʦ ʤʝʪʦʜʫ flip-chip, ʘ 

ʥʝ ʢʨʝʧʷʪʩʷ ʤʝʭʘʥʠʯʝʩʢʠ ʥʘ ʢʣʝʷʱʠʡ ʤʘ-

ʪʝʨʠʘʣ. ʊʘʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʥʘʟʳʚʘʶʪ chip-

last (ʯʠʧ ʚ ʢʦʥʮʝ) [5-6]. ʀʭ ʦʩʥʦʚʥʳʤ ʜʦ-

ʩʪʦʠʥʩʪʚʦʤ ʩʣʫʞʠʪ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʨʨʝʢ-

ʪʠʨʦʚʢʠ ʧʦʣʦʞʝʥʠʷ ʯʠʧʘ ʧʦ ʛʦʪʦʚʦʡ ʢʦʤ-

ʤʫʪʘʮʠʠ. ʉʨʝʜʠ ʥʝʜʦʩʪʘʪʢʦʚ ʪʘʢʠʭ ʧʦʜʭʦ-

ʜʦʚ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʩʣʦʞʥʦʩʪʴ ʧʨʦʮʝʩʩʘ 

(ʥʝʦʙʭʦʜʠʤʦ ʙʦʣʝʝ ʪʦʯʥʦʝ ʧʦʟʠʮʠʦʥʠʨʦ-

ʚʘʥʠʝ ʠ ʙʦʣʝʝ ʛʠʙʢʘʷ ʧʨʦʛʨʘʤʤʘ ʨʘʟʤʝʱʝ-

ʥʠʷ), ʘ ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʠʝ ʙʝʩʧʘʝʯʥʦʛʦ ʠ 

ʙʝʩʩʚʘʨʦʯʥʦʛʦ ʤʦʥʪʘʞʘ (ʯʠʧʳ ʤʦʥʪʠʨʫʶʪ-

ʩʷ ʥʘ ʧʨʠʧʦʡ). 

ʇʨʠʚʝʜʸʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʘʜʛʝʟʠʚʳ ʚ ʧʨʦʮʝʩʩʘʭ ʩʙʦʨʢʠ ʢʨʠʩʪʘʣʣʦʚ 

ʥʘ ʚʨʝʤʝʥʥʳʡ ʥʦʩʠʪʝʣʴ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʘʙʩʦʣʶʪʥʦ ʨʘʟʥʳʤʠ ʩ ʭʠʤʠʯʝ-

ʩʢʦʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʘ-

ʪʝʨʠʘʣʘʤʠ. ʆʜʥʘʢʦ ʜʘʞʝ ʩʨʝʜʠ ʪʘʢʦʛʦ ʨʘʟ-

ʥʦʦʙʨʘʟʠʷ ʝʩʪʴ ʣʠʜʝʨʳ ʚ ʧʣʘʥʝ ʧʦʧʫʣʷʨʥʦ-

ʩʪʠ ï ʵʪʦ ʧʦʣʠʠʤʠʜʳ. ʇʨʠʯʠʥʘ ʵʪʦʛʦ ʚ 

ʪʝʨʤʠʯʝʩʢʦʡ ʠ ʭʠʤʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʠ, ʘ 

ʪʘʢʞʝ ʚ ʰʠʨʦʢʦʤ ʨʘʟʥʦʦʙʨʘʟʠʠ ʧʨʝʜʩʪʘʚʠ-

ʪʝʣʝʡ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʩʦʝʜʠʥʝʥʠʡ ï ʠʤʝ-

ʶʪʩʷ ʢʘʢ ʪʝʨʤʦʧʣʘʩʪʳ, ʪʘʢ ʠ ʨʝʘʢʪʦʧʣʘ-

ʩʪʳ, ʩʫʱʝʩʪʚʫʶʪ ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʝ 

ʨʘʟʥʦʚʠʜʥʦʩʪʠ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʠʩʪʝʤʳ ʥʘ 

ʦʩʥʦʚʝ ʨʘʟʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʩ ʨʘʟʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʠ ʚʨʝʤʝʥʝʤ ʦʪʚʝʨʞʜʝʥʠʷ ʠ 

ʨʘʟʥʳʤ ʫʨʦʚʥʝʤ ʭʠʤʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʠ. 

ʇʨʠ ʵʪʦʤ ʧʦʣʠʠʤʠʜʳ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʚ ʢʘʯʝʩʪʚʝ ʜʠʵʣʝʢʪʨʠʢʘ ʩʣʦʸʚ ʧʝʨʝʨʘʩʧʨʝ-

ʜʝʣʝʥʠʷ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʩʬʦʨʤʠʨʦʚʘʥʥʳʡ 

ʩʣʦʡ ʘʜʛʝʟʠʚʘ ʧʦʩʣʝ ʦʪʜʝʣʝʥʠʷ ʥʦʩʠʪʝʣʷ 

ʤʦʞʝʪ ʩʪʘʪʴ ʧʝʨʚʳʤ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤ ʩʣʦ-

ʝʤ ʢʦʤʤʫʪʘʮʠʠ. 

ʆʜʥʘʢʦ ʧʨʘʢʪʠʢʘ ʨʘʙʦʪʳ ʩ ʧʦʣʠʠʤʠʜʘ-

ʤʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʘʣʝʢʦ ʥʝ ʚʩʝ ʤʘʪʝʨʠʘ-

ʣʳ ʜʘʥʥʦʡ ʛʨʫʧʧʳ ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʘʜʛʝ-

ʟʠʶ ʢ ʥʝʦʙʨʘʙʦʪʘʥʥʦʤʫ ʢʨʝʤʥʠʶ. ʇʦʣʠʠ-

ʤʠʜʳ ʤʦʛʫʪ ʦʪʩʣʘʠʚʘʪʴʩʷ ʦʪ ʢʨʝʤʥʠʷ ʚ 

ʧʨʦʮʝʩʩʝ ʥʘʛʨʝʚʘ ʠ ʦʭʣʘʞʜʝʥʠʷ ʧʣʘʩʪʠʥʳ 

ʧʦʩʣʝ ʦʪʚʝʨʞʜʝʥʠʷ ʠʟ-ʟʘ ʨʘʟʥʠʮʳ ʢʦʵʬʬʠ-

ʮʠʝʥʪʦʚ ʣʠʥʝʡʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ. ʄʦʛʫʪ 

ʧʨʦʠʩʭʦʜʠʪʴ ʦʪʩʣʦʝʥʠʷ ʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ ï ʧʦʣʠʠʤʠʜʳ ʥʝ-

ʫʩʪʦʡʯʠʚʳ ʢ ʱʝʣʦʯʘʤ, ʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʨʘʟʦʛʨʝʪʳʭ ʢʠʩʣʦʪʥʳʭ ʨʘʩʪʚʦʨʦʚ ʤʦʛʫʪ 

ʥʘʙʫʭʘʪʴ, ʯʪʦ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʦʪʩʣʦʝʥʠ-

ʷʤ ʦʪ ʧʦʜʣʦʞʢʠ.  

ʊʘʢʞʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʣʠʠʤʠʜ-

ʥʳʭ ʘʜʛʝʟʠʚʦʚ ʩʣʝʜʫʝʪ ʧʦʤʥʠʪʴ ʦ ʪʦʤ, ʯʪʦ 

ʧʦʣʠʠʤʠʜʥʳʝ ʣʘʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʩʤʝʩʴ ʧʦʣʠʠʤʠʜʦʢʠʩʣʦʪʳ ʠ ʣʝʪʫʯʝʛʦ ʨʘʩ-

ʪʚʦʨʠʪʝʣʷ. ʇʦʵʪʦʤʫ ʧʦ ʤʝʨʝ ʠʩʧʘʨʝʥʠʷ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʤʥʦʛʠʝ ʞʠʜʢʠʝ ʧʦʣʠʠʤʠʜ-

ʥʳʝ ʣʘʢʠ ʙʳʩʪʨʦ ʟʘʛʫʱʘʶʪʩʷ, ʯʪʦ ʤʦʞʝʪ 

ʚʣʠʷʪʴ ʥʘ ʘʜʛʝʟʠʶ ʯʠʧʦʚ. ɺʣʠʷʪʴ ʥʘ ʘʜʛʝ-

ʟʠʶ ʤʦʞʝʪ ʠ ʠʩʭʦʜʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘ-

ʩʪʠʥʳ-ʥʦʩʠʪʝʣʷ. 

ʀʟʫʯʠʪʴ ʚʦʟʜʝʡʩʪʚʠʝ ʫʢʘʟʘʥʥʳʭ ʬʘʢʪʦ-

ʨʦʚ (ʪʠʧʘ ʧʦʣʠʠʤʠʜʘ, ʪʝʤʧʝʨʘʪʫʨʳ ʥʦʩʠ-

ʪʝʣʷ, ʘ ʪʘʢʞʝ ʚʨʝʤʝʥʠ ʧʦʩʣʝ ʥʘʥʝʩʝʥʠʷ ʣʘ-

ʢʘ) ʥʘ ʘʜʛʝʟʠʶ ʤʝʞʜʫ ʢʨʝʤʥʠʝʤ ʠ ʧʦʣʠʠ-

ʤʠʜʦʤ ʢʘʢ ʨʘʟ ʠ ʧʣʘʥʠʨʫʝʪʩʷ ʚ ʜʘʥʥʦʡ ʨʘ-

ʙʦʪʝ. 

ʆʧʠʩʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʜʛʝʟʠʠ ʧʦʣʠʠ-

ʤʠʜʥʳʝ ʣʘʢʠ ʨʘʟʣʠʯʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦ-

ʩʪʘʚʘ ʥʘʥʦʩʠʣʠʩʴ ʥʘ ʚʨʝʤʝʥʥʳʡ ʥʦʩʠʪʝʣʴ, 

ʨʦʣʴ ʢʦʪʦʨʦʛʦ ʚʳʧʦʣʥʷʣʘ ʢʨʝʤʥʠʝʚʘʷ ʧʣʘ-

ʩʪʠʥʘ.  

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ ʣʘʢʠ 

ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ï ɸɼ-9103 

ʀʉ, ʠ ʜʚʝ ʚʝʨʩʠʠ ʣʘʢʘ ʇʀ-ʃʂ. ʃʘʢʠ ʩʘʤʠ 

ʧʦ ʩʝʙʝ ʦʪʣʠʯʘʣʠʩʴ ʩʦʩʪʘʚʦʤ ʤʦʥʦʤʝʨʦʚ, ʘ 

ʪʘʢʞʝ ʙʳʣʠ ʦʩʥʦʚʘʥʳ ʥʘ ʨʘʟʥʳʭ ʨʘʩʪʚʦʨʠ-

ʪʝʣʷʭ ï ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʝ ʚ ɸɼ-9103 ʀʉ, 

ʜʠʤʝʪʠʣʘʮʝʪʘʤʠʜʝ ʠ ʜʠʤʝʪʠʣʧʠʨʨʦʣʠʜʦʥʝ 

ʚ ʜʚʫʭ ʚʝʨʩʠʷʭ ʣʘʢʘ ʇʀ-ʃʂ (ʇʀ-ʃʂ ˉ1 ʠ 

ʇʀ-ʃʂ ˉ2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʇʘʨʘʤʝʪʨʳ 

ʣʘʢʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1. ʇʘʨʘʤʝʪʨʳ ʠʩʧʦʣʴʟʫʝʤʳʭ ʣʘʢʦʚ 
ʅʘʠʤʝʥʦʚʘʥʠʝ ʣʘʢʦʚ ɸɼ-9103 ʀʉ ʇʀ-ʃʂ ˉ1 ʇʀ-ʃʂ ˉ2 

ʄʦʥʦʤʝʨʳ 

ʇʠʨʦʤʝʣʣʠʪʦʚʳʡ ʜʠʘʥ-

ʛʠʜʨʠʜ (ʇʄɼɸ) ʠ 4,4ô-

ʦʢʩʠʜʠʘʥʠʣʠʥ (ʆɼɸ) 

ʇʄɼɸ ʠ ʜʠʘʤʠʥʦ-

ʜʠʬʝʥʠʣʦʚʳʡ ʵʬʠʨ ʙʠʩʬʝ-

ʥʦʣʘ ɸ 

(ʜʠʘʤʠʥ ɸ) 

ɼʠʘʥʛʠʜʨʠʜ 3,3ô,4,4ô ï 

ʜʠʬʝʥʠʣʦʢʩʠʜ-ʪʝʪʨʘ-

ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ 

(ɼɸɼʌʆ) + ʜʠʘʤʠʥ ɸ 

ʈʘʩʪʚʦʨʠʪʝʣʴ 
N,N-ɼʠʤʝʪʠʣ-ʬʦʨʤʘʤʠʜ 

(ɼʄʌ) 

N,N-ɼʠʤʝʪʠʣ-ʘʮʝʪʘʤʠʜ 

(ɼʄɸɸ) 

N-ʤʝʪʠʣ-2-ʧʠʨʨʦʣʠʜʦʥ 

(NMP) 

ʊʝʤʧʝʨʘʪʫʨʘ ʢʠʧʝʥʠʷ ʨʘʩʪʚʦʨʠ-

ʪʝʣʷ, Áʉ 
153 165 203 

ʊʝʤʧʝʨʘʪʫʨʘ ʦʪʚʝʨʞʜʝʥʠʷ, Áʉ 300 250 ï 270 250 ï 270 
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ʇʦʩʣʝ ʥʘʥʝʩʝʥʠʷ ʞʠʜʢʠʝ ʣʘʢʠ ʩʣʫʞʠʣʠ 

ʘʜʛʝʟʠʚʦʤ ï ʥʘ ʥʠʭ ʫʩʪʘʥʘʚʣʠʚʘʣʠʩʴ ʢʨʝʤ-

ʥʠʝʚʳʝ ʢʨʠʩʪʘʣʣʳ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ 

ʦʪʨʳʚ ʵʪʦ ʙʳʣʠ ʯʠʧʳ ʩ ʛʘʙʘʨʠʪʘʤʠ 2ʤʤ ʥʘ 

3ʤʤ. ʇʨʠ ʵʪʦʤ ʥʘ ʢʘʞʜʫʶ ʧʣʘʩʪʠʥʫ ʨʘʟ-

ʤʝʱʘʣʦʩʴ ʥʝʩʢʦʣʴʢʦ ʢʨʠʩʪʘʣʣʦʚ.  

ʈʘʟʤʝʱʝʥʠʝ ʯʠʧʦʚ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ 

ʦʪʨʳʚ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʯʝʨʝʟ ʦʧʨʝʜʝʣʸʥʥʳʝ 

ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ ʧʦʩʣʝ ʥʘʥʝʩʝʥʠʷ ʣʘʢʘ 

ï ʯʝʨʝʟ 10, 15, 20, 30 ʠ 40 ʤʠʥʫʪ.  

ʉʘʤʦ ʥʘʥʝʩʝʥʠʝ ʣʘʢʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ 

ʦʜʠʥʘʢʦʚʦʤ ʚʨʝʤʝʥʠ (30 ʩ) ʠ ʨʘʚʥʦʡ ʩʢʦ-

ʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʮʝʥʪʨʠʬʫʛʠ (5000 ʦʙʦʨʦ-

ʪʦʚ ʚ ʤʠʥʫʪʫ) ʜʣʷ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ. ʅʦʩʠ-

ʪʝʣʴ ʧʝʨʝʜ ʥʘʥʝʩʝʥʠʝʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʧʦʜʦʛʨʝʚʘʣʩʷ ʜʦ 120 Áʉ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʘʜʛʝʟʠʠ ʢ ʥʝʤʫ ʣʘʢʘ (ʯʪʦʙʳ 

ʧʨʠ ʦʪʨʳʚʝ ʠʣʠ ʩʜʚʠʛʝ ʧʨʝʞʜʝ ʚʩʝʛʦ ʣʘʢ 

ʦʪʜʝʣʷʣʩʷ ʦʪ ʢʨʠʩʪʘʣʣʦʚ, ʘ ʥʝ ʦʪ ʥʦʩʠʪʝ-

ʣʷ).  

ʇʦʩʣʝ ʫʩʪʘʥʦʚʢʠ ʚʩʝʭ ʢʨʠʩʪʘʣʣʦʚ ʧʦʣʠ-

ʠʤʠʜʥʳʡ ʣʘʢ ʠʤʠʜʠʟʠʨʦʚʘʣʩʷ ʚ ʧʝʯʠ ʩ ʚʳ-

ʭʦʜʦʤ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ, ʫʢʘʟʘʥʥʫʶ ʚ ʪʘʙʣʠ-

ʮʝ 1. 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʦʠʟʚʦʜʠ-

ʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʘʜʛʝʟʠʠ ʥʘ ʦʪʨʳʚ ʩ ʧʦ-

ʤʦʱʴʶ ʜʠʥʘʤʦʤʝʪʨʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʙʨʘʟʮʦʚ ʥʘ ʩʜʚʠʛ ʧʨʦʚʦ-

ʜʠʣʦʩʴ ʜʣʷ ʯʠʧʦʚ3ʭ3ʤʤ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ 

ʥʦʩʠʪʝʣʴ ʩ ʥʘʥʝʩʸʥʥʳʤ ʚ ʦʧʪʠʤʘʣʴʥʦʤ 

ʨʝʞʠʤʝ (ʧʦʢʘʟʘʚʰʝʤ ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʥʘ ʦʪʨʳʚ ʤʘʢʩʠʤʘʣʴʥʫʶ ʘʜʛʝʟʠʶ) ʧʦʣʠʠ-

ʤʠʜʥʳʤ ʣʘʢʦʤ ï ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʚʩʝ ʪʨʠ 

ʧʨʠʚʝʜʸʥʥʳʭ ʚʳʰʝ ʣʘʢʘ. ʀʟʤʝʨʝʥʠʝ ʫʩʠ-

ʣʠʷ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴ-

ʥʦʡ ʫʩʪʘʥʦʚʢʠ Nordson. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʧʳʪʘʥʠʷ ʯʠʧʦʚ ʥʘ ʦʪʨʳʚ 

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʘʷ ʘʜʛʝʟʠʷ ʯʠ-

ʧʦʚ ʢ ʥʦʩʠʪʝʣʶ ʠʤʝʣʘ ʤʝʩʪʦ ʜʣʷ ʣʘʢʘ ʇʀ-

ʃʂ ˉ2 ʩ ʨʘʩʪʚʦʨʠʪʝʣʝʤ N-ʤʝʪʠʣ-2-

ʧʠʨʨʦʣʠʜʦʥʦʤ. ʇʨʠ ʵʪʦʤ ʥʘʠʙʦʣʴʰʝʡ ʘʜ-

ʛʝʟʠʝʡ ʚ 5215 ʛ (695,3 ʛ/ʤʤ2) ʦʙʣʘʜʘʣ ʢʨʠ-

ʩʪʘʣʣ, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʥʘ ʥʦʩʠʪʝʣʴ ʧʦʩʣʝ 

40 ʤʠʥʫʪ ʩ ʤʦʤʝʥʪʘ ʥʘʥʝʩʝʥʠʷ ʣʘʢʘ.  

ʂʨʠʩʪʘʣʣ, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʩʧʫʩʪʷ 35 ʤʠ-

ʥʫʪ, ʧʦʢʘʟʘʣ ʯʫʪʴ ʙʦʣʝʝ ʥʠʟʢʫʶ ʘʜʛʝʟʠʶ ʚ 

4401 ʛ (586,8 ʛ/ʤʤ2). ʋʩʪʘʥʦʚʣʝʥʥʳʡ ʩʧʫ-

ʩʪʷ 30 ʤʠʥʫʪ ʯʠʧ ʦʪʩʦʝʜʠʥʠʣʩʷ ʧʨʠ ʫʩʠʣʠʠ 

ʚ 1775 ʛ (236,7 ʛ/ʤʤ2). ʇʦʩʣʝ 15 ʤʠʥʫʪ ʚʳ-

ʜʝʨʞʢʠ ʫʩʠʣʠʝ ʦʪʨʳʚʘ ʯʠʧʘ ʩʦʩʪʘʚʠʣʦ ʚʩʝ-

ʛʦ 925 ʛ (123,3 ʛ/ʤʤ2). ʆʜʥʘʢʦ ʧʦʩʣʝ 10 

ʤʠʥʫʪ ʥʘ ʪʦʤ ʞʝ ʣʘʢʝ ɸɼ-9103 ʀʉ ʫʩʠʣʠʝ 

ʦʪʨʳʚʘ ʩʦʩʪʘʚʠʣʦ ʫʞʝ 2421 ʛ (322,8 ʛ/ʤʤ2).  

ʀʟʦʙʨʘʞʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʧʦʩʣʝ ʦʪʨʳʚʘ 

ʦʪ ʧʣʘʩʪʠʥʳ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 3.  

ɼʣʷ ʣʘʢʘ ɸɼ-9103 ʀʉ ʤʠʥʠʤʘʣʴʥʦʝ 

ʫʩʠʣʠʝ ʦʪʨʳʚʘ ʢʨʠʩʪʘʣʣʦʚ ʪʝʭ ʞʝ ʛʘʙʘʨʠ-

ʪʦʚ ʩʦʩʪʘʚʠʣʦ 321 ʛ, ʪʦʛʜʘ ʢʘʢ ʤʘʢʩʠʤʘʣʴ-

ʥʦʝ ʨʘʚʥʷʣʦʩʴ 3700 ʛ. ʇʨʠ ʵʪʦʤ ʄʘʢʩʠ-

ʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʘʜʛʝʟʠʠ ʥʘʙʣʶʜʘʣʦʩʴ 

ʧʨʠ ʚʨʝʤʝʥʠ ʚʳʜʝʨʞʢʠ ʧʦʣʠʠʤʠʜʘ ʦʪ 30 

ʜʦ 35 ʤʠʥʫʪ. 

ʃʘʢ ʇʀ-ʃʂ ˉ1 ʧʦʢʘʟʘʣ ʟʥʘʯʝʥʠʷ ʘʜʛʝ-

ʟʠʠ ʙʣʠʟʢʠʝ ʢ ʇʀ-ʃʂ ˉ2 ï ʤʠʥʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʘʜʛʝʟʠʠ ʪʘʢʞʝ ʩʦʩʪʘʚʠʣʦ ʦʢʦʣʦ 

1000 ʛ, ʪʦʛʜʘ ʢʘʢ ʤʘʢʩʠʤʘʣʴʥʦʝ ʨʘʚʥʷʣʦʩʴ 

4562 ʛ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʘʜʛʝʟʠʠ 

ʥʘʙʣʶʜʘʣʦʩʴ ʧʨʠ ʚʨʝʤʝʥʠ ʚʳʜʝʨʞʢʠ ʧʦ-

ʨʷʜʢʘ 35 ʤʠʥʫʪ. 
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(ʘ)                                            (ʙ) 

 
(ʚ) 

ʈʠʩ. 3. ʀʟʦʙʨʘʞʝʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʧʦʩʣʝ ʦʪʨʳʚʘ ʦʪ ʚʨʝʤʝʥʥʦʛʦ ʥʦʩʠʪʝʣʷ, ʧʦʢʨʳʪʦʛʦ ʧʦʣʠʠ-

ʤʠʜʦʤ ʇʀ-ʃʂ ˉ2 (ʢʨʠʩʪʘʣʣʳ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʚ ʨʘʟʥʦʝ ʚʨʝʤʷ ï ʯʝʨʝʟ 10 ʤʠʥʫʪ ʩ ʤʦ-

ʤʝʥʪʘ ʥʘʥʝʩʝʥʠʷ ʣʘʢʘ (ʘ), ʯʝʨʝʟ 15 ʤʠʥʫʪ (ʙ) ʠ ʯʝʨʝʟ 30 ʤʠʥʫʪ (ʚ) 

 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʯʠʧʦʚ ʥʘ ʩʜʚʠʛ ʦʙ-

ʨʘʟʮʳ ʧʦʢʘʟʘʣʠ ʟʥʘʯʝʥʠʷ ʫʩʠʣʠʷ ʩʜʚʠʛʘ ʦʪ 

3317 ʛ (ʜʣʷ ʣʘʢʘ ɸɼ 9103 ʀʉ) ʜʦ 4581 ʛ 

(ʜʣʷ ʣʘʢʘ ʇʀ-ʃʂ ˉ1) ʠ 5025 ʛ (ʜʣʷ ʣʘʢʘ 

ʇʀ-ʃʂ ˉ2). ʀʟʦʙʨʘʞʝʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʧʦ-

ʩʣʝ ʠʩʧʳʪʘʥʠʷ ʥʘ ʩʜʚʠʛ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠ-

ʩʫʥʢʝ 4. 

 

 
ʈʠʩ. 4. ʀʟʦʙʨʘʞʝʥʠʝ ʢʨʠʩʪʘʣʣʘ, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʥʘ ʣʘʢ ʇʀ-ʃʂ ˉ2 ʧʦʩʣʝ ʠʟʤʝʨʝʥʠʷ ʫʩʠ-

ʣʠʷ ʥʘ ʩʜʚʠʛ 

 

ɿʘʢʣʶʯʝʥʠʝ. 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʥʘʠʣʫʯʰʠʤ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ 

ʘʜʛʝʟʠʚʘ ʤʘʪʝʨʠʘʣʦʤ ʧʦʣʠʠʤʠʜʥʦʛʦ ʣʘʢʘ 

ʠʟ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ʤʘʪʝʨʠʘʣ, ʦʩ-

ʥʦʚʘʥʥʳʡ ʥʘ ʨʘʩʪʚʦʨʠʪʝʣʝ ʩ ʥʘʠʚʳʩʰʝʡ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʢʠʧʝʥʠʷ ï N-ʤʝʪʠʣ-2-

ʧʠʨʨʦʣʠʜʦʥʝ. ʕʪʦ ʣʘʢ ʇʀ-ʃʂ ˉ2. 

ɼʘʥʥʳʡ ʣʘʢ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʠʚʳʩʰʫʶ 

ʘʜʛʝʟʠʶ ʢ ʥʝʤʫ ʯʠʧʦʚ ʜʘʞʝ ʧʨʠ ʜʣʠʪʝʣʴ-

ʥʦʡ ʚʳʜʝʨʞʢʝ ʥʦʩʠʪʝʣʷ ʩ ʤʦʤʝʥʪʘ ʥʘʥʝʩʝ-

ʥʠʷ ʣʘʢʘ, (ʙʦʣʝʝ 40 ʤʠʥʫʪ) ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʫʚʝʣʠʯʠʪʴ ʚʨʝʤʷ ʨʘʟʤʝʱʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ. 

ʊʘʢʞʝ ʜʘʥʥʳʡ ʣʘʢ ʚ ʮʝʣʦʤ ʧʦʢʘʟʘʣ ʙʦʣʝʝ 

ʚʳʩʦʢʫʶ ʘʜʛʝʟʠʶ ʢ ʥʝʤʫ ʯʠʧʦʚ ʢʘʢ ʚ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷʭ ʥʘ ʦʪʨʳʚ, ʪʘʢ ʠ ʚ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷʭ ʥʘ ʩʜʚʠʛ. 
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ʂʨʦʤʝ ʪʦʛʦ, ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ ʩʣʝʜʫʝʪ, ʯʪʦ ʚʨʝʤʷ ʚʳʜʝʨʞʢʠ ʣʘʢʘ ʧʦ-

ʩʣʝ ʥʘʥʝʩʝʥʠʷ ʥʘ ʥʦʩʠʪʝʣʴ ʜʝʡʩʪʚʠʪʝʣʴʥʦ 

ʚʣʠʷʝʪ ʥʘ ʘʜʛʝʟʠʶ ʯʠʧʦʚ. ʇʨʠ ʵʪʦʤ ʩ ʫʚʝ-

ʣʠʯʝʥʠʝʤ ʚʳʜʝʨʞʢʠ ʘʜʛʝʟʠʷ ʜʦ ʦʧʨʝʜʝ-

ʣʸʥʥʦʛʦ ʵʪʘʧʘ ʨʘʩʪʸʪ. 
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Abstract. In wafer-level packaging technologies, polyimide can be used not only as a dielec-

tric, but also at the same time play the role of an adhesive for attaching crystals. In this case, the 

crystals are mounted on liquid varnish, which then undergoes imidization. The work shows that 

the adhesion of crystals to polyimide can be up to 695.3 g/mm2 and depends both on the type of 

polyimide and on the exposure time of the varnish after application. 

Keywords: wafer-level packaging, adhesion, coefficient of linear thermal expansion, thermo-

mechanical stress, temporary carrier. 
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ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʉʀʉʊɽʄ ʆʊʆʇʃɽʅʀʗ ɼʃʗ ʇʆɺʓʐɽʅʀʗ  

ʕʅɽʈɻʆʕʌʌɽʂʊʀɺʅʆʉʊʀ ʆɹʑɽʉʊɺɽʅʅʓʍ ɿɼɸʅʀʁ 

 

ɺ.ɼ. ɹʦʡʢʦ, ʤʘʛʠʩʪʨʘʥʪ 

ʀ.ɸ. ʉʫʩʣʦʚ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʃʠʧʝʮʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

(ʈʦʩʩʠʷ, ʛ. ʃʠʧʝʮʢ) 

 

DOI:10.24412/2500-1000-2023-11-4-21-24 

 

ɸʥʥʦʪʘʮʠʷ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʦʩʪʨʦ ʩʪʦʠʪ ʚʦʧʨʦʩ ʵʢʦʥʦʤʠʯʥʦʛʦ ʠ ʨʘʮʠʦʥʘʣʴʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ, ʦʪ ʢʦʪʦʨʦʛʦ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʟʜʘʥʠʷ ʚ ʮʝʣʦʤ. ʀʩʭʦʜʷ ʠʟ ʦʧʳʪʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦʙʣʝʤ ʚ ʦʪʨʘʩʣʠ, ʧʦ-

ʷʚʣʷʶʱʠʭʩʷ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʬʝʜʝʨʘʣʴʥʳʭ ʧʨʦʛʨʘʤʤ, ʥʝʦʙʭʦʜʠʤʦ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ 

ʩʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ ʠ ʚʝʥʪʠʣʷʮʠʠ ʚ ʞʠʣʠʱʥʦʤ ʠ ʦʙʱʝʩʪʚʝʥʥʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. ɺ ʜʘʥ-

ʥʦʡ ʩʪʘʪʴʝ ʦʧʠʩʘʥʳ ʚʦʟʤʦʞʥʳʝ ʚʘʨʠʘʥʪʳ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʜʣʷ ʧʦʚʳ-

ʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ ʠ ʚʝʥʪʠʣʷʮʠʠ. ʂʨʠʪʠʯʝʩʢʠ ʦʮʝʥʝʥ ʧʦ-

ʪʝʥʮʠʘʣ ʦʢʫʧʘʝʤʦʩʪʠ ʠ ʚʥʝʜʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʦʙʱʝʩʪʚʝʥʥʦʤʫ ʟʜʘʥʠʶ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʨʝʢʫʧʝʨʘʪʦʨ, ʦʪʦʧʣʝʥʠʝ, ʚʝʥʪʠʣʷʮʠʷ. 

 

ɺ ʩʚʷʟʠ ʩ ʠʟʤʝʥʝʥʠʝʤ ʪʨʝʙʦʚʘʥʠʡ ʢ ʠʥ-

ʞʝʥʝʨʥʳʤ ʩʠʩʪʝʤʘʤ ʧʦʷʚʠʣʘʩʴ ʥʝʦʙʭʦʜʠ-

ʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝ-

ʰʝʥʠʡ, ʘ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʦʙʦʝ ʚʥʠʤʘ-

ʥʠʝ ʫʜʝʣʷʝʪʩʷ ʢʨʠʪʝʨʠʶ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚ-

ʥʦʩʪʠ. ɼʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʚʥʝʜ-

ʨʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʙʳʣʠ ʚʳʧʫʱʝʥʳ ʩʣʝʜʫ-

ʶʱʠʝ ʦʩʥʦʚʥʳʝ ʜʦʢʫʤʝʥʪʳ: çʕʥʝʨʛʝʪʠʯʝ-

ʩʢʘʷ ʩʪʨʘʪʝʛʠʷ ʈʦʩʩʠʠ ʥʘ ʧʝʨʠʦʜ ʜʦ 2030 

ʛʦʜʘè, ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ ˉ261-ʌɿ çʆʙ 

ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʠ ʠ ʦ ʧʦʚʳʰʝʥʠʠ ʵʥʝʨʛʝ-

ʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠè, çʇʨʦʛʥʦʟ ʥʘʫʯ-

ʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʈʌ ʥʘ ʧʝ-

ʨʠʦʜ ʜʦ 2030è [1, ʩ. 159]. ʈʘʩʩʤʦʪʨʠʤ ʦʩ-

ʥʦʚʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, ʚʣʠʷʶʱʠʝ 

ʥʘ ɻʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤ ʦʪʦʧʣʝʥʠʷ 

ʠ ʚʝʥʪʠʣʷʮʠʠ. 

ʇʨʠʩʦʝʜʠʥʝʥʠʝ ʩʠʩʪʝʤ ʦʪʦʧʣʝʥʠʷ, ʪʝʧ-

ʣʦʩʥʘʙʞʝʥʠʷ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʝʡ ʠ ʛʦ-

ʨʷʯʝʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʢ ʮʝʥʪʨʘʣʴʥʦʡ ʩʠ-

ʩʪʝʤʝ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ 

ʮʝʥʪʨʘʣʴʥʳʭ ʠʣʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʪʝʧʣʦ-

ʚʳʭ ʧʫʥʢʪʘʭ (ʎʊʇ ʠʣʠ ʀʊʇ), ʢʦʪʦʨʳʝ 

ʨʘʟʤʝʱʘʶʪʩʷ ʚ ʦʙʩʣʫʞʠʚʘʝʤʦʤ ʟʜʘʥʠʠ 

(ʀʊʇ), ʣʠʙʦ ʚ ʦʪʜʝʣʴʥʦ ʩʪʦʷʱʠʭ ʩʦʦʨʫʞʝ-

ʥʠʷʭ (ʎʊʇ) [2, ʩ. 33]. 

ʊʝʧʣʦʩʥʘʙʞʝʥʠʝ ʟʜʘʥʠʡ ʚ ʩʠʩʪʝʤʝ ʮʝʥ-

ʪʨʘʣʴʥʦʛʦ ʦʪʦʧʣʝʥʠʷ ʜʦʣʞʥʦ ʫʜʦʚʣʝʪʚʦ-

ʨʷʪʴ ʩʣʝʜʫʶʱʠʤ ʪʨʝʙʦʚʘʥʠʷʤ: 

1) ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ (Tr) ʚ ʧʦʤʝʱʝ-

ʥʠʷʭ ʜʦʣʞʥʘ ʙʳʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʙʣʠʟʢʦʡ 

ʢʦʤʬʦʨʪʥʦʤʫ ʜʣʷ ʯʝʣʦʚʝʢʘ ʟʥʘʯʝʥʠʶ 

Topt=const; 

2) ʦʙʱʠʝ ʟʘʪʨʘʪʳ (ʥʘʧʨʠʤʝʨ, ʥʘ ʨʘʙʦʪʫ 

ʥʘʩʦʩʦʚ ʜʣʷ ʧʨʦʢʘʯʢʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷ) ʠ 

ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʥʘ ʫʯʘʩʪʢʝ ʪʨʫʙʦʧʨʦʚʦʜʦʚ 

(Ep, ɼʞ/ʩ) ʤʝʞʜʫ ʧʦʩʪʘʚʱʠʢʦʤ ʠ ʧʦʪʨʝʙʠ-

ʪʝʣʝʤ ʪʝʧʣʦʪʳ ʠ ʚ ʩʘʤʦʤ ʟʜʘʥʠʠ (Eb, ɼʞ/ʩ) 

ʜʦʣʞʥʳ ʙʳʪʴ ʤʠʥʠʤʘʣʴʥʳʤʠ [3, ʩ. 54]. 

ɼʣʷ ʚʥʝʩʝʥʠʷ ʢʦʥʢʨʝʪʠʢʠ ʜʘʣʝʝ ʙʫʜʫʪ 

ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʤʦʜʝʨʥʠʟʘʮʠʠ 

ʟʜʘʥʠʷ, ʧʦʜʢʣʶʯʝʥʥʦʛʦ ʢ ʮʝʥʪʨʘʣʴʥʦʡ ʩʠ-

ʩʪʝʤʝ ʯʝʨʝʟ ʀʊʇ. ʕʪʦ ʨʝʰʝʥʠʝ ʚ ʥʘʩʪʦʷ-

ʱʠʡ ʤʦʤʝʥʪ ʧʦʣʫʯʠʣʦ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʠʝ ʢʘʢ ʥʘʠʙʦʣʝʝ ʧʨʠʤʝʥʠʤʦʝ ʜʣʷ 

ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʟʜʘʥʠʷ.  

ɸʚʪʦʤʘʪʠʢʘ ʪʝʧʣʦʚʳʭ ʧʫʥʢʪʦʚ ʩʦʩʪʦʠʪ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʠʟ ʨʝʛʫʣʠʨʫʶʱʝʛʦ ʢʣʘʧʘʥʘ, 

ʨʝʛʫʣʷʪʦʨʘ ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʷ, ʨʝʛʫʣʷʪʦʨʘ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʜʘʪʯʠʢʦʚ ʪʝʤʧʝʨʘʪʫʨʳ, ʮʠʨ-

ʢʫʣʷʮʠʦʥʥʦʛʦ ʥʘʩʦʩʘ, ʧʦʛʦʜʥʦʛʦ ʨʝʛʫʣʷʪʦ-

ʨʘ ʠ ʪʝʧʣʦʩʯʝʪʯʠʢʘ [4, ʩ. 321]. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʠ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝ-

ʥʠʡ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʤʝʨʦ-

ʧʨʠʷʪʠʷ: 

- ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟ-

ʜʫʭʘ ʚ ʧʦʤʝʱʝʥʠʷʭ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʟʜʘ-

ʥʠʷ, ʥʘ ʧʦʜʚʦʜʢʘʭ ʢ ʦʪʦʧʠʪʝʣʴʥʳʤ ʧʨʠʙʦ-

ʨʘʤ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʫʩʪʨʦʡʩʪʚʦ ʪʝʨʤʦʩʪʘ-

ʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʩ ʞʠʜʢʦʩʪʥʳʤ ʚʩʪʨʦ-

ʝʥʥʳʤ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʜʘʪʯʠʢʦʤ ʠ ʟʘʱʠ-

ʪʦʡ ʩʠʩʪʝʤʳ ʦʪ ʟʘʤʝʨʟʘʥʠʷ; 
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- ʜʣʷ ʯʘʩʪʠ ʧʨʠʙʦʨʦʚ ʧʨʝʜʫʩʤʦʪʨʝʥʘ 

ʪʝʨʤʦʩʪʘʪʠʯʝʩʢʘʷ ʛʦʣʦʚʢʘ ʩ ʟʘʱʠʪʦʡ ʦʪ 

ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ; 

- ʜʣʷ ʧʦʤʝʱʝʥʠʷ ʵʣʝʢʪʨʦʱʠʪʦʚʦʡ 

ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʪʝʨʤʦʩʪʘʪʠʯʝʩʢʘʷ ʛʦʣʦʚʢʘ ʩ 

ʚʳʥʦʩʥʳʤ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʜʘʪʯʠʢʦʤ; 

- ʜʣʷ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʫʚʷʟʢʠ ʩʠʩʪʝʤʳ 

ʦʪʦʧʣʝʥʠʷ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʫʩʪʘʥʦʚʢʘ 

ʙʘʣʘʥʩʠʨʦʚʦʯʥʳʭ ʢʣʘʧʘʥʦʚ; 

- ʧʨʠʤʝʥʝʥʠʝ ʵʣʝʢʪʨʦʢʦʥʚʝʢʪʦʨʘ ʩ ʘʚ-

ʪʦʤʘʪʠʯʝʩʢʠʤ ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʪʝʧʣʦʚʦʡ 

ʤʦʱʥʦʩʪʠ ʥʘʛʨʝʚʘʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʚ ʧʦ-

ʤʝʱʝʥʠʠ. 

- ʚʳʧʦʣʥʝʥʠʝ ʪʝʧʣʦʚʦʡ ʠʟʦʣʷʮʠʠ ʪʨʫ-

ʙʦʧʨʦʚʦʜʦʚ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʅʝʦʪʲʝʤʣʝʤʦ ʦʪ ʦʪʦʧʣʝʥʠʷ ʨʘʟʨʘʙʘʪʳ-

ʚʘʝʪʩʷ ʠ ʩʠʩʪʝʤʘ ʚʝʥʪʠʣʷʮʠʠ. ʉ ʮʝʣʴʶ 

ʵʢʦʥʦʤʠʠ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʠ ʦʙʝʩʧʝʯʝʥʠʷ 

ʪʨʝʙʦʚʘʥʠʡ ʌʝʜʝʨʘʣʴʥʦʛʦ ʟʘʢʦʥʘ ʈʌ ʦʪ 23 

ʥʦʷʙʨʷ 2009 ʛʦʜʘ ˉ261-ʌɿ çʆʙ ʵʥʝʨʛʦ-

ʩʙʝʨʝʞʝʥʠʠ ʠ ʦ ʧʦʚʳʰʝʥʠʠ ʵʥʝʨʛʝʪʠʯʝ-

ʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʠ ʦ ʚʥʝʩʝʥʠʠ ʠʟʤʝʥʝ-

ʥʠʡ ʚ ʦʪʜʝʣʴʥʳʝ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʝ ʘʢʪʳ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠè ʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʥʞʝʥʝʨ-

ʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʧʨʝʜʫʩʤʘʪʨʠʚʘ-

ʶʪʩʷ ʧʨʠʪʦʯʥʦ-ʚʳʪʷʞʥʳʝ ʩʠʩʪʝʤʳ ʚʝʥʪʠ-

ʣʷʮʠʠ ʩ ʫʪʠʣʠʟʘʮʠʝʡ ʪʝʧʣʘ ʨʝʢʫʧʝʨʘʪʦʨʘ-

ʤʠ. ɺ ʪʘʢʠʭ ʫʩʪʘʥʦʚʢʘʭ ʥʘʛʨʝʚ ʧʨʠʪʦʢʘ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʝʤ ʪʝʧʣʦʤ, ʢʦʪʦʨʦʝ ʦʪ-

ʥʠʤʘʝʪʩʷ ʠʟ ʚʳʪʷʞʥʦʛʦ ʧʦʪʦʢʘ, ʨʘʥʝʝ ʧʦ-

ʜʘʥʥʦʛʦ ʚ ʧʦʤʝʱʝʥʠʝ ʵʪʦʡ ʞʝ ʧʨʠʪʦʯʥʦʡ 

ʫʩʪʘʥʦʚʢʦʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʜʥʘ ʠ ʪʘ ʞʝ 

ʧʦʨʮʠʷ ʪʝʧʣʘ ʥʝ ʧʦʢʠʜʘʝʪ ʫʩʪʘʥʦʚʢʫ, ʧʦ-

ʩʪʦʷʥʥʦ ʧʝʨʝʪʝʢʘʷ ʠʟ ʚʳʪʷʞʢʠ ʚ ʧʨʠʪʦʢ 

ʯʝʨʝʟ ʩʪʝʥʢʠ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ ʠʣʠ ʯʝʨʝʟ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚʨʘʱʘʶʱʝʛʦʩʷ ʨʝʢʫʧʝʨʘʪʦ-

ʨʘ [5, ʩ. 104]. 

ʏʪʦʙʳ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʨʘʮʠʦʥʘʣʴʥʦʩʪʠ, 

ʘ ʪʘʢʞʝ ʦʙ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦ-

ʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʩʠ-

ʩʪʝʤ ʦʪʦʧʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʥʝ-

ʙʦʣʴʰʦʡ ʘʥʘʣʠʟ ʥʘ ʧʨʠʤʝʨʝ, ʧʨʠʙʣʠʞʝʥ-

ʥʦʤ ʢ ʨʝʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ. 

ʇʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʥʘ ʠʥʞʝʥʝʨʥʳʝ ʩʠ-

ʩʪʝʤʳ ʧʨʠʭʦʜʠʪʩʷ ʦʢʦʣʦ 20-25% ʦʪ ʦʙʱʝʡ 

ʩʪʦʠʤʦʩʪʠ ʚʦʟʚʝʜʝʥʠʷ ʟʜʘʥʠʷ. ʅʘ ʜʠʘ-

ʛʨʘʤʤʝ (ʩʤ. ʨʠʩ. 1) ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʟʘʪʨʘʪʳ 

ʥʘ ʠʥʞʝʥʝʨʥʳʝ ʩʠʩʪʝʤʳ ʟʜʘʥʠʷ ʚ ʧʨʦʮʝʥʪ-

ʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ (ʩʫʤʤʘʨʥʦ ʚ ʧʨʦʮʝʩʩʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ). 

 

 
ʈʠʩ. 1. ʉʪʦʠʤʦʩʪʴ ʠʥʞʝʥʝʨʥʳʭ ʩʠʩʪʝʤ 

 

ʇʨʠʚʝʜʝʤ ʫʩʨʝʜʥʝʥʥʳʡ ʨʘʩʯʝʪ ʪʝʧʣʦ-

ʚʳʭ ʥʘʛʨʫʟʦʢ ʜʣʷ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʟʜʘʥʠʷ 

ʵʧʠʟʦʜʠʯʝʩʢʦʛʦ ʧʨʝʙʳʚʘʥʠʷ ʣʶʜʝʡ. ʇʨʠ 

140 ʢɺʪ ʟʘʪʨʘʪ ʵʥʝʨʛʠʠ ʚ ʯʘʩ ʧʦʣʫʯʠʤ 

310 ɻʢʘʣ/ʛʦʜ ʧʨʠ 215 ʩʫʪʢʘʭ ʦʪʦʧʠʪʝʣʴʥʦ-

ʛʦ ʧʝʨʠʦʜʘ ʠ 12 ʯʘʩʘʭ ʨʘʙʦʪʳ ʚ ʩʫʪʢʠ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʣʘʩʩʫ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦ-

ʩʪʠ D (ʫʨʦʚʝʥʴ 2017 ʛʦʜʘ). ʀʩʭʦʜʷ ʠʟ 

ʪʘʨʠʬʘ ʥʘ ʦʪʦʧʣʝʥʠʝ ʚ ʛ. ʃʠʧʝʮʢ 2 430,48 

ʨʫʙ ʟʘ ʛʠʛʘʢʘʣʦʨʠʶ, ʧʦʣʫʯʘʝʤ 753 449 

ʨʫʙʣʷ ʚ ʛʦʜ.  

ɼʘʣʝʝ, ʩʦʛʣʘʩʥʦ ʇʨʠʢʘʟʫ ʄʠʥʠʩʪʝʨʩʪʚʘ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʞʠʣʠʱʥʦ-ʢʦʤʤʫʥʘʣʴʥʦʛʦ 

ʭʦʟʷʡʩʪʚʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʪ 

17.11.2017 ˉ 1550/ʧʨ çʆʙ ʫʪʚʝʨʞʜʝʥʠʠ 

ʊʨʝʙʦʚʘʥʠʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʟʜʘʥʠʡ, ʩʪʨʦʝʥʠʡ, 

ʩʦʦʨʫʞʝʥʠʡè, ʧʦʪʨʝʙʣʝʥʠʝ ʜʦʣʞʥʦ 



23 

- ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ - 

 

International Journal of Humanities and Natural Sciences, vol. 11-4 (86), 2023 

ʩʦʢʨʘʪʠʪʩʷ ʥʘ 40% ʢ 2023 ʛʦʜʫ ï ʢʣʘʩʩ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ B (ʢ 2028 ʛʦʜʫ ï ʥʘ 

50% ï ʢʣʘʩʩ ɸ). ʊʦ ʝʩʪʴ ʨʘʩʭʦʜ ʵʥʝʨʛʠʠ 

75 ʢɺʪ ʚ ʯʘʩ (0,0644 ɻʢʘʣ/ʯʘʩ) ʠ 

243 ɻʢʘʣ/ʛʦʜ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ 

ʢʣʘʩʩʘ ɺ, ʧʨʝʜʲʷʚʣʷʤʳʤ ʢ ʟʜʘʥʠʷʤ. 

ʇʦʣʫʯʘʝʤ 590 607 ʨʫʙʣʷ ʚ ʛʦʜ.  

ʎʝʥʳ ʥʘ ʟʘʢʫʧʢʫ ʠ ʤʦʥʪʘʞ ʦʙʳʯʥʳʭ 

ʚʘʨʠʘʥʪʦʚ ʩʠʩʪʝʤ ʦʪʦʧʣʝʥʠʷ ʩʦʩʪʘʚʣʷʶʪ 

ʜʦ 1,5 ʤʣʥ ʨʫʙʣʝʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʟʜʘʥʠʷ, ʥʘ ʩʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ ʩ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʤʠ ʨʝʰʝʥʠʷʤʠ, ʠʩʭʦʜʷ 

ʠʟ ʮʝʥ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʝ, ï ʦʢʦʣʦ 3 ʤʣʥ 

ʨʫʙʣʝʡ. 

ʆʪʦʙʨʘʟʠʤ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʥʘ 

ʛʨʘʬʠʢʝ (ʩʤ. ʨʠʩ. 2), ʠʣʣʶʩʪʨʠʨʫʶʱʝʤ 

ʦʢʫʧʘʝʤʦʩʪʴ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʡ 

ʦʪʦʧʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ. 

 

 
ʈʠʩ. 2. ɻʨʘʬʠʢ ʦʢʫʧʘʝʤʦʩʪʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ 

 

ʀʪʘʢ, ʥʘ ʛʨʘʬʠʢʝ ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʜʦʩʪʘ-

ʪʦʯʥʦ ʜʦʨʦʛʦʡ ʩʪʦʠʤʦʩʪʠ ʫʩʪʘʥʦʚʢʠ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʦʙʳʯʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʦʪʦʧʣʝ-

ʥʠʷ, ʦʢʫʧʘʝʤʦʩʪʴ ʩʠʩʪʝʤʳ ʩʦʩʪʘʚʠʪ 8,5 

ʣʝʪ. ɼʣʷ ʟʜʘʥʠʡ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝ-

ʥʠʷ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʢʫʣʴʪʫʨʥʳʭ ʠ ʜʝʪʩʢʠʭ 

ʪʚʦʨʯʝʩʢʠʭ ʮʝʥʪʨʘʭ, ʠʤʝʶʱʠʭ ʚʥʫʰʠ-

ʪʝʣʴʥʳʝ ʧʣʦʱʘʜʠ ʦʪʦʧʣʝʥʠʷ, ʵʪʦ ʜʦʚʦʣʴʥʦ 

ʭʦʨʦʰʠʡ ʨʝʟʫʣʴʪʘʪ. ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʪʘʢʠʝ ʟʜʘʥʠʷ ʧʨʠʥʦʩʷʪ 

ʤʝʥʴʰʝ ʢʦʤʤʝʨʯʝʩʢʦʡ ʧʨʠʙʳʣʠ, ʯʝʤ ʪʦʨ-

ʛʦʚʳʝ ʮʝʥʪʨʳ, ʠ ʩʫʱʝʩʪʚʫʶʪ, ʩʢʦʨʝʝ, ʢʘʢ 

ʩʦʮʠʘʣʴʥʳʝ ʧʨʦʝʢʪʳ. ʉʥʠʞʝʥʠʝ ʦʜʥʦʛʦ ʠʟ 

ʜʦʩʪʘʪʦʯʥʦ ʦʙʰʠʨʥʳʭ ʧʫʥʢʪʦʚ ʟʘʪʨʘʪ ʤʦ-

ʞʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʧʦʜʩʧʦʨʴʝʤ ʜʣʷ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʧʦʜʦʙʥʦʛʦ ʮʝʥʪʨʘ. 
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EFFICIENCY OF PUBLIC BUILDINGS  
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Abstract. At the moment, the issue of economical and rational use of thermal energy is acute, 

on which the energy efficiency of the building as a whole directly depends. Based on the design 

experience, existing problems in the industry, emerging new technologies and federal programs, 

it is necessary to improve the heating and ventilation systems in housing and public construction. 

This article describes possible options for engineering and technical solutions to improve the 

energy efficiency of heating and ventilation systems. The potential of payback and technology 

implementation in relation to a public building is critically evaluated. 

Keywords: energy efficiency, heat exchanger, heating, ventilation. 
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ʂ ɺʓɹʆʈʋ ʉʇʆʉʆɹʆɺ ʈɽɻʋʃʀʈʆɺɸʅʀʗ ɺʃɸɾʅʆʉʊʀ ɺʆɿɼʋʍɸ  

ɺ ʇʆʄɽʑɽʅʀʗʍ ɼʃʗ ʍʈɸʅɽʅʀʗ ʇʈʆɼʋʂʊʆɺ 

 

ɸ.ɸ. ɹʦʣʪʝʥʢʦʚ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʄ.ɺ. ʉʝʣʠʚʝʨʩʪʦʚ, ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ɸʣʪʘʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

(ʈʦʩʩʠʷ, ʛ. ɹʘʨʥʘʫʣ) 

 

DOI:10.24412/2500-1000-2023-11-4-25-28 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʘʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʦʙʝʩʧʝʯʝʥʠʷ ʦʧʪʠ-

ʤʘʣʴʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʚʣʘʞʥʦʩʪʥʦʛʦ ʨʝʞʠʤʘ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥ-

ʥʦʩʪʠ. ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʩʥʠʞʝʥʠʶ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ ʜʦ ʟʥʘʯʝʥʠʡ, ʫʩʪʘ-

ʥʦʚʣʝʥʥʳʭ ʩʪʘʥʜʘʨʪʘʤʠ, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʡ ʭʦʣʦʜʠʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʭʨʘʥʝ-

ʥʠʷ ʧʨʦʜʫʢʪʦʚ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʦʩʫʰʝʥʠʷ ʚʦʟʜʫʭʘ ʠ ʧʨʦʚʝʜʝʥʘ ʠʭ ʦʮʝʥʢʘ 

ʧʨʠʤʝʥʠʤʦ ʢ ʨʘʟʣʠʯʥʳʤ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʨʝʞʠʤʘʤ ï ʢʘʢ ʦʪʨʠʮʘʪʝʣʴʥʳʤ, ʪʘʢ ʠ ʧʦʣʦ-

ʞʠʪʝʣʴʥʳʤ. ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʩʨʘʚʥʝʥʠʷ ʤʝʪʦʜʦʚ ʜʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʠʭ ʚʳʙʦ-

ʨʫ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ, ʨʝʛʫʣʠʨʦʚʘʥʠʝ, ʩʧʦʩʦʙʳ, ʦʭʣʘʞʜʝʥʠʝ, ʭʨʘʥʝʥʠʝ, 

ʨʝʢʦʤʝʥʜʘʮʠʠ. 

 

ʇʨʠ ʭʨʘʥʝʥʠʠ ʠ ʦʙʨʘʙʦʪʢʝ ʧʠʱʝʚʳʭ 

ʧʨʦʜʫʢʪʦʚ ʚʘʞʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʚʣʘʞ-

ʥʦʩʪʴ ʚʦʟʜʫʭʘ. ʆʜʥʘʢʦ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʭʦ-

ʣʦʜʠʣʴʥʳʭ ʩʢʣʘʜʘʭ ʠ ʥʘ ʤʘʣʳʭ ʧʝʨʝʨʘʙʘ-

ʪʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠ 

ʦʩʫʰʝʥʠʷ ʚʦʟʜʫʭʘ ʤʦʞʝʪ ʙʳʪʴ ʵʢʦʥʦʤʠʯʝ-

ʩʢʠ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ. ʇʨʠ ʵʪʦʤ ʧʦʜʜʝʨʞʘ-

ʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ ʚ 

ʭʦʣʦʜʠʣʴʥʳʭ ʢʘʤʝʨʘʭ ʪʨʝʙʫʝʪ ʩʪʨʦʛʦʛʦ 

ʢʦʥʪʨʦʣʷ, ʪʘʢ ʢʘʢ ʥʝʩʦʙʣʶʜʝʥʠʝ ʵʪʠʭ ʪʨʝ-

ʙʦʚʘʥʠʡ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʚʣʘʞʥʦʩʪʠ, ʩʚʷʟʘʥʥʦʤʫ ʩ ʚʥʫʪʨʝʥʥʠʤʠ 

ʧʨʦʮʝʩʩʘʤʠ ʚ ʧʨʦʜʫʢʪʘʭ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝ-

ʨʝʜʴ, ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʫʩʠʣʝʥʠʶ ʢʦʨʨʦ-

ʟʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʢʘʤʝʨʳ, ʢʦʤʢʦʚʘʥʠʶ 

ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʙʨʘʟʦʚʘ-

ʥʠʶ ʧʣʝʩʝʥʠ ʢʘʢ ʥʘ ʧʨʦʜʫʢʪʘʭ ʠʣʠ ʠʭ ʫʧʘ-

ʢʦʚʢʝ, ʪʘʢ ʠ ʥʘ ʩʪʝʥʘʭ ʧʦʤʝʱʝʥʠʷ. ʕʪʦ 

ʣʠʰʴ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʝʛʘʪʠʚʥʳʭ ʧʦʩʣʝʜ-

ʩʪʚʠʡ ʠʟʙʳʪʦʯʥʦʡ ʚʣʘʞʥʦʩʪʠ ʚ ʩʢʣʘʜʩʢʠʭ 

ʧʦʤʝʱʝʥʠʷʭ. ʇʦʵʪʦʤʫ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥ-

ʥʳʭ ʩʢʣʘʜʩʢʠʭ ʠ ʭʦʣʦʜʠʣʴʥʳʭ ʧʦʤʝʱʝʥʠ-

ʷʭ ʪʨʝʙʫʝʪʩʷ ʧʦʩʪʦʷʥʥʦʝ ʦʩʫʰʝʥʠʝ ʚʦʟʜʫʭʘ 

ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʦʨʤʘʪʠʚʥʦʡ ʚʣʘʞʥʦʩʪʠ.  

ɼʘʥʥʘʷ ʟʘʜʘʯʘ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ ʩ ʧʦ-

ʤʦʱʴʶ ʜʚʫʭ ʛʨʫʧʧ ʤʝʪʦʜʦʚ. ʇʝʨʚʘʷ ʛʨʫʧʧʘ 

ʚʢʣʶʯʘʝʪ ʧʦʣʥʫʶ ʟʘʤʝʥʫ ʚʦʟʜʫʭʘ ʚ ʧʦʤʝ-

ʱʝʥʠʠ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʥʝʧʨʘʢʪʠʯʥʳʤ ʠ 

ʥʝʥʘʜʝʞʥʳʤ ʠʟ-ʟʘ ʚʣʠʷʥʠʷ ʩʝʟʦʥʥʦʩʪʠ ʥʘ 

ʪʝʤʧʝʨʘʪʫʨʫ ʠ ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ, ʧʦʜʘʚʘ-

ʝʤʦʛʦ ʚ ʧʦʤʝʱʝʥʠʝ. ɺʪʦʨʘʷ ʛʨʫʧʧʘ ʤʝʪʦ-

ʜʦʚ ʦʩʥʦʚʘʥʘ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʠʩʪʝʤ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠ 

ʚʝʥʪʠʣʷʮʠʠ, ʩʠʩʪʝʤʘʭ ʥʘʛʨʝʚʘ ʠ ʦʭʣʘʞʜʝ-

ʥʠʷ ʧʨʠʪʦʯʥʦʛʦ ʚʦʟʜʫʭʘ, ʘ ʪʘʢʞʝ ʘʜʩʦʨʙ-

ʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʦʩʫʰʝʥʠʷ ʚʦʟʜʫʭʘ. 

ɼʣʷ ʘʥʘʣʠʟʘ ʙʳʣʠ ʚʳʙʨʘʥʳ ʤʝʪʦʜʳ 

ʙʦʨʴʙʳ ʩ ʠʟʙʳʪʦʯʥʦʡ ʚʣʘʞʥʦʩʪʴʶ ʚ ʩʢʣʘʜ-

ʩʢʠʭ ʠ ʭʦʣʦʜʠʣʴʥʳʭ ʧʦʤʝʱʝʥʠʷʭ, ʦʪʥʦʩʷ-

ʱʠʝʩʷ ʢʦ ʚʪʦʨʦʡ ʛʨʫʧʧʝ ʤʝʪʦʜʦʚ, ʢʦʪʦʨʳʝ 

ʚʢʣʶʯʘʶʪ [2]: 

- ɸʩʩʠʤʠʣʷʮʠʷ; 

- ɸʜʩʦʨʙʮʠʦʥʥʳʡ ʤʝʪʦʜ; 

- ʂʦʥʜʝʥʩʘʮʠʦʥʥʳʡ ʤʝʪʦʜ. 

ʄʝʪʦʜ ʘʩʩʠʤʠʣʷʮʠʠ ʠʩʧʦʣʴʟʫʝʪ ʬʠʟʠ-

ʯʝʩʢʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʪʝʧʣʦʛʦ ʚʦʟʜʫʭʘ 

ʫʜʝʨʞʠʚʘʪʴ ʙʦʣʴʰʝ ʚʦʜʷʥʳʭ ʧʘʨʦʚ, ʯʝʤ 

ʭʦʣʦʜʥʳʡ. ʕʪʦʪ ʤʝʪʦʜ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʚʝʥʪʠʣʷʮʠʠ ʠ ʧʦʜʦʛʨʝʚʘ ʚʦʟʜʫʭʘ 

(ʨʠʩ. 1). 
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ʈʠʩ. 1. ʉʫʰʢʘ ʚʦʟʜʫʭʘ ʤʝʪʦʜʦʤ ʘʩʩʠʤʠʣʷʮʠʠ 

 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʤʝʪʦʜ ʧʨʦʩʪ ʚ ʨʝʘʣʠ-

ʟʘʮʠʠ, ʥʦ ʠʤʝʝʪ ʨʷʜ ʩʫʱʝʩʪʚʝʥʥʳʭ ʥʝʜʦ-

ʩʪʘʪʢʦʚ. ʆʥ ʦʛʨʘʥʠʯʝʥ ʠ ʥʝʧʦʩʪʦʷʥʝʥ ʚ 

ʩʧʦʩʦʙʥʦʩʪʠ ʧʦʛʣʦʱʘʪʴ ʚʦʜʷʥʳʝ ʧʘʨʳ, ʟʘ-

ʚʠʩʠʪ ʦʪ ʚʨʝʤʝʥʠ ʛʦʜʘ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʘʙ-

ʩʦʣʶʪʥʦʡ ʚʣʘʞʥʦʩʪʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫ-

ʭʘ. ʊʘʢʞʝ ʦʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʠʤ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝʤ ʠʟ-ʟʘ ʙʝʟʚʦʟʚʨʘʪʥʳʭ 

ʧʦʪʝʨʴ ʪʝʧʣʘ ʥʘ ʧʦʜʦʛʨʝʚ ʧʨʠʪʦʯʥʦʛʦ ʚʦʟ-

ʜʫʭʘ ʠ ʪʝʧʣʘ, ʩʦʜʝʨʞʘʱʝʛʦʩʷ ʚ ʚʦʜʷʥʳʭ 

ʧʘʨʘʭ, ʫʜʘʣʷʝʤʳʭ ʠʟ ʚʦʟʜʫʭʘ. ʕʪʠ ʧʦʪʝʨʠ 

ʩʦʩʪʘʚʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʦʙʱʠʭ ʧʦ-

ʪʝʨʴ. ʕʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʘ ʘʩʩʠʤʠʣʷʮʠʠ ʜʣʷ 

ʦʩʫʰʝʥʠʷ ʚʦʟʜʫʭʘ ʚ ʩʢʣʘʜʩʢʠʭ ʠ ʭʦʣʦ-

ʜʠʣʴʥʳʭ ʢʘʤʝʨʘʭ [3]. 

ɸʜʩʦʨʙʮʠʦʥʥʳʡ ʤʝʪʦʜ ʦʩʫʰʝʥʠʷ ʚʦʟ-

ʜʫʭʘ ʠʩʧʦʣʴʟʫʝʪ ʚʣʘʛʦʧʦʛʣʦʱʘʶʱʠʝ ʩʚʦʡ-

ʩʪʚʘ ʩʦʨʙʝʥʪʦʚ ʠʟ-ʟʘ ʠʭ ʧʦʨʠʩʪʦʡ ʢʘʧʠʣ-

ʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʧʨʦʥʠʢ-

ʥʦʚʝʥʠʷ. ʉʦʨʙʝʥʪʳ ʫʜʘʣʷʶʪ ʚʦʜʷʥʦʡ ʧʘʨ 

ʠʟ ʚʦʟʜʫʭʘ, ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ ʥʠʭ. ʇʦ ʤʝ-

ʨʝ ʥʘʩʳʱʝʥʠʷ ʩʦʨʙʝʥʪʘ ʚʣʘʛʦʡ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʦʩʫʰʝʥʠʷ ʚʦʟʜʫʭʘ ʫʤʝʥʴ-

ʰʘʝʪʩʷ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʠʦʜʠʯʝ-

ʩʢʠ ʧʨʦʩʫʰʠʚʘʪʴ ʩʦʨʙʠʨʫʶʱʠʝ ʚʝʱʝʩʪʚʘ, 

ʧʨʦʧʫʩʢʘʷ ʯʝʨʝʟ ʥʠʭ ʧʦʪʦʢ ʛʦʨʷʯʝʛʦ ʚʦʟ-

ʜʫʭʘ (ʨʠʩ. 2) [2; 4]. 

 

 
ʈʠʩ. 2. ɸʜʩʦʨʙʮʠʦʥʥʳʡ ʤʝʪʦʜ ʩʫʰʢʠ ʚʦʟʜʫʭʘ 

 

ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩʫʰʢʠ ʚʦʟʜʫʭʘ ʤʝʪʦʜʦʤ 

ʘʩʩʠʤʠʣʷʮʠʠ, ʥʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ ʚʳʩʦ-

ʢʦʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʠʟ-ʟʘ ʟʥʘʯʠʪʝʣʴʥʦ-

ʛʦ ʢʦʣʠʯʝʩʪʚʘ ʙʝʟʚʦʟʚʨʘʪʥʳʭ ʧʦʪʝʨʴ ʷʚʥʦ-

ʛʦ ʠ ʩʢʨʳʪʦʛʦ ʪʝʧʣʘ. ʍʦʪʷ ʚ ʵʪʦʤ ʤʝʪʦʜʝ 

ʥʘʛʨʝʚʘʝʪʩʷ ʪʦʣʴʢʦ 23-30% ʚʦʟʜʫʭʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʳʜʫʱʠʤ ʤʝʪʦʜʦʤ, ʥʘʛʨʝʚ 

ʠʜʝʪ ʜʦ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʦʢʦʣʦ 

150ÁC [2]. ʆʩʥʦʚʥʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʧʨʦ-

ʮʝʩʩʘʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʟʘʪʨʘʪʘʤʠ ʵʥʝʨʛʠʠ 

ʧʨʠ ʘʜʩʦʨʙʮʠʦʥʥʦʤ ʤʝʪʦʜʝ ʦʩʫʰʝʥʠʷ ʚʦʟ-

ʜʫʭʘ, ʷʚʣʷʶʪʩʷ ʜʝʩʦʨʙʮʠʷ ʚʦʜʷʥʳʭ ʧʘʨʦʚ 

ʠʟ ʘʜʩʦʨʙʝʥʪʦʚ, ʦʩʫʱʝʩʪʚʣʷʝʤʘʷ ʧʫʪʝʤ 

ʥʘʛʨʝʚʘʥʠʷ ʠʣʠ ʧʨʦʢʘʣʢʠ ʧʦʩʣʝʜʥʠʭ. ɽʱʝ 

ʦʜʥʠʤ ʥʝʜʦʩʪʘʪʢʦʤ ʵʪʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ 

ʦʛʨʘʥʠʯʝʥʥʳʡ ʩʨʦʢ ʩʣʫʞʙʳ ʘʜʩʦʨʙʝʥ-

ʪʦʚ [4]. 
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ʈʠʩ. 3. ʂʦʥʜʝʥʩʘʮʠʦʥʥʳʡ ʤʝʪʦʜ ʩʫʰʢʠ ʚʦʟʜʫʭʘ 

 

ʂʦʥʜʝʥʩʘʮʠʦʥʥʳʡ ʤʝʪʦʜ ʩʫʰʢʠ ʚʦʟʜʫʭʘ 

ʦʩʥʦʚʘʥ ʥʘ ʧʨʠʥʮʠʧʝ ʪʝʧʣʦʚʦʛʦ ʫʜʘʨʘ, ʩʦ-

ʟʜʘʚʘʝʤʦʛʦ ʭʦʣʦʜʠʣʴʥʳʤ ʢʦʥʪʫʨʦʤ ʩ ʠʩ-

ʧʘʨʠʪʝʣʝʤ ʠ ʢʦʥʜʝʥʩʘʪʦʨʦʤ, ʨʘʩʧʦʣʦʞʝʥ-

ʥʳʤʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʜʨʫʛ ʟʘ ʜʨʫʛʦʤ. 

ʆʩʫʰʠʪʝʣʴ ʢʦʥʜʝʥʩʘʮʠʦʥʥʦʛʦ ʪʠʧʘ ʩʦʩʪʦ-

ʠʪ ʠʟ ʭʦʣʦʜʠʣʴʥʦʡ ʢʦʤʧʨʝʩʩʦʨʥʦʡ ʫʩʪʘ-

ʥʦʚʢʠ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʦʭʣʘ-

ʞʜʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʠ ʚʝʥʪʠʣʷʪʦʨʘ, ʧʦ-

ʜʘʶʱʝʛʦ ʚʦʟʜʫʭ ʥʘ ʵʪʫ ʧʦʚʝʨʭʥʦʩʪʴ. ʇʨʦ-

ʭʦʜʷ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʦʩʫʰʝʥʠʷ, ʚʦʟʜʫʭ ʪʝʨʷ-

ʝʪ ʯʘʩʪʴ ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ ʥʝʤ ʚʣʘʛʠ ʠ ʟʘʪʝʤ 

ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʦʭʣʘʞʜʘʝʤʦʝ ʧʦʤʝʱʝʥʠʝ, 

ʛʜʝ ʩʤʝʰʠʚʘʝʪʩʷ ʩ ʫʞʝ ʥʘʭʦʜʷʱʠʤʩʷ ʪʘʤ 

ʚʦʟʜʫʭʦʤ, ʯʪʦ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʧʦʩʪʝʧʝʥʥʦʝ 

ʩʥʠʞʝʥʠʝ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ ʚ ʧʦʤʝʱʝ-

ʥʠʠ [3]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʥʦʚʥʳʝ ʬʠʟʠʯʝʩʢʠʝ 

ʧʨʦʮʝʩʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʟʘʪʨʘʪʘʤʠ ʵʥʝʨʛʠʠ 

ʧʨʠ ʢʦʥʜʝʥʩʘʮʠʦʥʥʦʤ ʤʝʪʦʜʝ ʦʩʫʰʝʥʠʷ 

ʚʦʟʜʫʭʘ, ʚʢʣʶʯʘʶʪ ʦʭʣʘʞʜʝʥʠʝ ʚʦʟʜʫʭʘ ʩ 

ʢʦʥʜʝʥʩʘʮʠʝʡ ʚʦʜʷʥʳʭ ʧʘʨʦʚ ʠ ʧʨʦʮʝʩʩʳ 

ʟʘʤʝʨʟʘʥʠʷ ʠ ʦʪʪʘʠʚʘʥʠʷ ʦʙʤʝʨʟʰʠʭ ʧʦ-

ʚʝʨʭʥʦʩʪʝʡ ʚʦʟʜʫʭʦʦʭʣʘʜʠʪʝʣʝʡ, ʢʦʛʜʘ 

ʥʝʦʙʭʦʜʠʤʦ ʦʩʫʰʠʪʴ ʚʦʟʜʫʭ ʜʦ ʦʪʨʠʮʘ-

ʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʪʦʯʢʠ ʨʦʩʳ [3, 5]. 

ʇʨʠ ʭʨʘʥʝʥʠʠ ʠ ʦʭʣʘʞʜʝʥʠʠ ʧʠʱʝʚʳʭ 

ʧʨʦʜʫʢʪʦʚ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ 

ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʠʩ-

ʧʦʣʴʟʫʶʪʩʷ ʘʜʩʦʨʙʮʠʦʥʥʳʝ ʠ ʢʦʥʜʝʥʩʘʮʠ-

ʦʥʥʳʝ ʦʩʫʰʠʪʝʣʠ ʚʦʟʜʫʭʘ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʘʧʨʠʦʨʥʦʡ ʠʥ-

ʬʦʨʤʘʮʠʠ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʢʦʥ-

ʜʝʥʩʘʮʠʦʥʥʳʡ ʤʝʪʦʜ ʪʨʝʙʫʝʪ ʤʝʥʴʰʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʘʪʨʘʪ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʙʝʟʦʧʘʩʥʳʭ ʤʠʢʨʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, 

ʦʜʥʘʢʦ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʩʫʰʝʥʠʷ ʚʦʟ-

ʜʫʭʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ 50ʉ ʘʜʩʦʨʙ-

ʮʠʦʥʥʳʝ ʫʩʪʘʥʦʚʢʠ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʵʥʝʨ-

ʛʦʵʬʬʝʢʪʠʚʥʳʤʠ [3; 6]. 

ɺʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʭʨʘʥʝʥʠʝ ʠ ʦʭʣʘʞʜʝʥʠʝ 

ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʥʠʟ-

ʢʠʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤ-

ʧʝʨʘʪʫʨʘʭ, ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʥʝ 

ʪʦʣʴʢʦ ʚ ʩʥʠʞʝʥʠʠ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ ʜʦ 

ʫʨʦʚʥʷ, ʧʨʝʜʫʩʤʦʪʨʝʥʥʦʛʦ ʩʪʘʥʜʘʨʪʘʤʠ ʥʘ 

ʭʨʘʥʝʥʠʝ, ʥʦ ʠ ʚ ʝʛʦ ʦʭʣʘʞʜʝʥʠʠ ʜʦ ʥʠʟʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘʠʙʦʣʝʝ ʵʬ-

ʬʝʢʪʠʚʥʳʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʥʝʨʛʦʟʘʪʨʘʪ 

ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʥʜʝʥʩʘʮʠʦʥʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʥʝʦʙ-

ʭʦʜʠʤʦʛʦ ʚʣʘʞʥʦʩʪʥʦʛʦ ʨʝʞʠʤʘ ʧʨʠ ʭʨʘ-

ʥʝʥʠʠ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʧʠʱʝʚʳʭ ʧʨʦ-

ʜʫʢʪʦʚ ʥʘ ʤʘʣʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʨʝʢʦʤʝʥ-

ʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʥʜʝʥʩʘʮʠʦʥʥʳʝ 

ʦʩʫʰʠʪʝʣʴʥʳʝ ʫʩʪʘʥʦʚʢʠ. 
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Abstract. The article discusses current problems of ensuring optimal temperature and humidi-

ty conditions at food industry enterprises. The main focus is on reducing air humidity to the val-

ues established by standards to ensure high-quality refrigeration processing and storage of 

products. Various methods of air drying are presented and their assessment is carried out as ap-

plicable to various temperature conditions ï both negative and positive. Based on the compari-

son of methods, recommendations are given for their selection for various conditions. 
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ʉʅʀɾɽʅʀɽ ʅʆʈʄɸʊʀɺʅʆ ɿɸʂʈɽʇʃɽʅʅʆɻʆ ʋʈʆɺʅʗ ʉʂʆʈʆʉʊʀ  

ɼɺʀɾɽʅʀʗ ɸɺʊʆʊʈɸʅʉʇʆʈʊʅʓʍ ʉʈɽɼʉʊɺ ʅɸ ɼʆʈʆɻɸʍ ʈʆʉʉʀʁʉʂʆʁ 

ʌɽɼɽʈɸʎʀʀ ʂɸʂ ʅɽʆɹʍʆɼʀʄʆɽ ɼʆʇʆʃʅɽʅʀɽ ʅɸʎʀʆʅɸʃʔʅʆɻʆ  

ʇʈʆɽʂʊɸ çɹɽɿʆʇɸʉʅʓɽ ʂɸʏɽʉʊɺɽʅʅʓɽ ɼʆʈʆɻʀè 
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ʋʨʘʣʴʩʢʠʡ ʬʠʣʠʘʣ ʌʠʥʘʥʩʦʚʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʥʘʫʯʥʦʡ ʩʪʘʪʴʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʜʦʨʦʞʥʦ-ʪʨʘʥʩʧʦʨʪʥʘʷ ʦʙʩʪʘʥʦʚʢʘ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʩ ʧʨʠʚʝʜʝʥʠʝʤ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ʈʘʩʩʤʦʪʨʝʥ ʦʧʳʪ ʟʘʨʫ-

ʙʝʞʥʳʭ ʩʪʨʘʥ ʚ ʯʘʩʪʠ ʩʢʦʨʦʩʪʥʦʛʦ ʨʝʞʠʤʘ ʠ ʚʥʝʜʨʝʥʠʷ ʧʦʧʨʘʚʦʢ ʚ ʥʦʨʤʘʪʠʚʥʦ-

ʧʨʘʚʦʚʫʶ ʙʘʟʫ ʩʪʨʘʥ. ʆʧʨʝʜʝʣʝʥʳ ʬʘʢʪʦʨʳ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʣʠʷʶʱʠʝ ʥʘ ʯʠʩʣʦ ʘʚʘʨʠʡ, 

ʢʘʢ ʚ ʛʦʨʦʜʩʢʦʡ ʟʦʥʝ, ʪʘʢ ʠ ʥʘ ʘʚʪʦʤʘʛʠʩʪʨʘʣʷʭ. ɺʳʷʚʣʝʥʳ ʢʣʶʯʝʚʳʝ ʧʨʦʙʣʝʤʳ ʚ ʥʦʨʤʘʭ 

ʩʢʦʨʦʩʪʥʦʛʦ ʨʝʞʠʤʘ, ʫʪʚʝʨʞʜʝʥʥʳʭ, ʢʘʢ ʦʧʪʠʤʘʣʴʥʳʝ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʥʘ ʜʦʨʦʛʘʭ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ʇʨʝʜʣʦʞʝʥ ʧʫʪʴ ʨʝʰʝʥʠʷ ï ʧʦʩʪʝʧʝʥʥʦʝ ʩʥʠʞʝʥʠʝ 

ʩʢʦʨʦʩʪʥʦʛʦ ʨʝʞʠʤʘ ʜʣʷ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʨʝʘʣʠʟʫʶʱʠʭ ʜʚʠʞʝʥʠʝ ʧʦ ʜʦʨʦ-

ʛʘʤ ʩʪʨʘʥʳ, ʢʘʢ ʢʣʶʯʝʚʘʷ ʟʘʜʘʯʘ ʚ ʅʘʮʠʦʥʘʣʴʥʳʡ ʧʨʦʝʢʪ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ çɹʝʟ-

ʦʧʘʩʥʳʝ ʢʘʯʝʩʪʚʝʥʥʳʝ ʜʦʨʦʛʠè. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ; ʩʢʦʨʦʩʪʥʦʡ ʨʝʞʠʤ; ʥʘʮʠʦʥʘʣʴ-

ʥʳʡ ʧʨʦʝʢʪ çɹʝʟʦʧʘʩʥʳʝ ʢʘʯʝʩʪʚʝʥʥʳʝ ʜʦʨʦʛʠè. 

 

ʏʝʣʦʚʝʯʝʩʪʚʦ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ 

ʨʘʟʚʠʪʠʷ ʩʤʦʛʣʦ ʨʝʰʠʪʴ ʨʷʜ ʚʘʞʥʝʡʰʠʭ 

ʧʨʦʙʣʝʤ, ʥʘʯʠʥʘʷ ʩ ʚʳʷʚʣʝʥʠʷ ʠ ʣʝʯʝʥʠʷ 

ʙʦʣʝʟʥʝʡ ʠ ʟʘʢʘʥʯʠʚʘʷ ʦʩʚʦʝʥʠʝʤ ʢʦʩʤʠ-

ʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʆʜʥʘʢʦ ʧʨʦʙʣʝʤʘ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʜʦʨʦʛʘʭ ʦʩʪʘʝʪʩʷ ʦʜʥʦʡ ʠʟ 

ʩʘʤʳʭ ʘʢʪʫʘʣʴʥʳʭ: ʚ ʜʦʨʦʞʥʦ-

ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʦʠʩʰʝʩʪʚʠʷʭ (ʜʘʣʝʝ ï 

ɼʊʇ) ʛʠʙʥʫʪ ʠ ʧʦʣʫʯʘʶʪ ʫʚʝʯʴʷ, ʩʝʨʴʝʟʥʦ 

ʚʣʠʷʶʱʠʝ ʥʘ ʪʨʫʜʦʚʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʩʦʪ-

ʥʠ ʪʳʩʷʯ ʣʶʜʝʡ, ʫʥʠʯʪʦʞʘʶʪʩʷ ʟʥʘʯʠ-

ʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʴʥʳʝ ʮʝʥʥʦʩʪʠ, ʥʘʥʦʩʠʪ-

ʩʷ ʩʝʨʴʝʟʥʳʡ ʫʱʝʨʙ ʵʢʦʣʦʛʠʠ. 

ʅʝ ʦʜʥʦ ʜʝʩʷʪʠʣʝʪʠʝ ʜʘʥʥʘʷ ʧʨʦʙʣʝʤʘ 

ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʜʣʷ ʈʦʩʩʠʠ. ʇʦʵʪʦʤʫ 

ʤʥʦʛʠʝ ʛʨʘʞʜʘʥʝ ʈʌ ʩ ʠʥʪʝʨʝʩʦʤ ʚʩʪʨʝʪʠ-

ʣʠ ʧʦʷʚʣʝʥʠʝ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʧʨʦʝʢʪʘ 

çɹʝʟʦʧʘʩʥʳʝ ʢʘʯʝʩʪʚʝʥʥʳʝ ʜʦʨʦʛʠè. 

ɺ ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ ʥʘʮʠʦʥʘʣʴʥʦʛʦ 

ʧʨʦʝʢʪʘ çɹʝʟʦʧʘʩʥʳʝ ʠ ʢʘʯʝʩʪʚʝʥʥʳʝ ʜʦ-

ʨʦʛʠè ʚ 2021 ʛʦʜʫ ʧʦʜʨʷʜʥʳʤʠ ʦʨʛʘʥʠʟʘ-

ʮʠʷʤʠ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʨʘʙʦʪʳ ʧʦ ʫʩʪʘ-

ʥʦʚʢʝ ʙʦʣʝʝ 282 ʪʳʩʷʯ ʤʝʪʨʦʚ ʧʝʰʝʭʦʜʥʦ-

ʛʦ ʦʛʨʘʞʜʝʥʠʷ, ʩʚʳʰʝ 516 ʪʳʩʷʯ ʤʝʪʨʦʚ 

ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʠ 2 ʪʳʩʷʯ ʩʚʝ-

ʪʦʬʦʨʦʚ. ʈʘʙʦʪʘ ʟʘʪʨʦʥʫʣʘ ʠ ʪʨʦʪʫʘʨʳ, 

ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʢʦʪʦʨʳʭ ʢ ʢʦʥʮʫ ʛʦʜʘ ʫʚʝ-

ʣʠʯʠʣʘʩʴ ʥʘ 1,4 ʤʣʥ ʤʝʪʨʦʚ. ʊʘʢʞʝ 27,8 

ʤʣʥ ʧʦʛʦʥʥʳʭ ʤʝʪʨʦʚ ʨʘʟʤʝʪʢʠ ʧʦʷʚʠʣʦʩʴ 

ʥʘ ʜʦʨʦʛʘʭ 84 ʨʦʩʩʠʡʩʢʠʭ ʨʝʛʠʦʥʦʚ ʠ 105 

ʢʨʫʧʥʳʭ ʛʦʨʦʜʩʢʠʭ ʘʛʣʦʤʝʨʘʮʠʡ ʚ ʮʝʣʷʭ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʘ ʪʨʘʥʩ-

ʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ [9]. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʘʚʪʦʤʦʙʠʣʠʟʘʮʠʷ 

ʥʘʩʝʣʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʣʦʞʥʠʣʘ ʟʘʜʘʯʫ 

ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʦʨʦʞʥʦʛʦ 

ʜʚʠʞʝʥʠʷ. ɽʩʣʠ ʚ 2002 ʛʦʜʫ ʚ ʈʦʩʩʠʠ ʩʦ-

ʛʣʘʩʥʦ ʜʘʥʥʳʤ ʈʦʩʩʪʘʪʘ ʢʦʣʠʯʝʩʪʚʦ ʩʦʙ-

ʩʪʚʝʥʥʳʭ ʣʝʛʢʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʥʘ 1000 

ʯʝʣʦʚʝʢ ʥʘʩʝʣʝʥʠʷ ʩʦʩʪʘʚʣʷʣʦ 162,7 ʰʪ., ʪʦ 

ʫʞʝ ʚ 2012 ʛʦʜʫ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʨʘʚʥʷʣʦʩʴ 

279,2 ʰʪ., ʘ ʚ 2022 ʛʦʜʫ 319 ʰʪ. ɺʩʝʛʦ ʟʘ 

20 ʣʝʪ ʢʦʣʠʯʝʩʪʚʦ ʣʠʯʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʚ 

ʩʪʨʘʥʝ ʫʜʚʦʠʣʦʩʴ. 

ʉʦʛʣʘʩʥʦ ʚʝʜʦʤʩʪʚʝʥʥʦʡ ʦʪʯʝʪʥʦʩʪʠ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʠʥʩʧʝʢʮʠʠ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ (ʜʘʣʝʝ ï ɻʀɹɼɼ) 

ʚʩʝʛʦ ʟʘ 2022 ʛʦʜ ʙʳʣʦ ʚʳʧʠʩʘʥʦ 201 ʤʣʥ. 

ʰʪʨʘʬʦʚ, ʯʪʦ ʥʘ 12% ʙʦʣʴʰʝ ʯʝʤ ʚ 2021 

ʛʦʜʦʤ. ʇʨʠ ʵʪʦʤ 92% ʦʪ ʚʩʝʭ ʚʳʧʠʩʘʥʥʳʭ 

ʰʪʨʘʬʦʚ ʧʨʠʭʦʜʠʣʦʩʴ ʥʘ ʧʨʝʚʳʰʝʥʠʝ ʩʢʦ-

ʨʦʩʪʥʦʛʦ ʨʝʞʠʤʘ [12]. ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝ-
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ʪʠʪʴ, ʯʪʦ ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʫʭʫʜʰʘʝʪ ʧʦ-

ʩʣʝʜʩʪʚʠʷ ɼʊʇ, ʧʨʦʠʟʦʰʝʜʰʠʭ ʧʦ ʜʨʫʛʠʤ 

ʧʨʠʯʠʥʘʤ. ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʥʦʡ 

ʨʝʞʠʤ ʧʨʠʥʠʤʘʝʪ ʚ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʘʭ, 

ʛʜʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʥʝʩʢʦʣʴʢʦ ʛʨʫʧʧ 

ʫʯʘʩʪʥʠʢʦʚ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ: ʘʚʪʦʤʦ-

ʙʠʣʠʩʪʳ, ʚʝʣʦʩʠʧʝʜʠʩʪʳ/ʩʘʤʦʢʘʪʯʠʢʠ, 

ʧʝʰʝʭʦʜʳ. ʀ ʭʦʪʷ ʚ ʈʦʩʩʠʠ ʩʤʝʨʪʥʦʩʪʴ ʠ 

ʪʨʘʚʤʘʪʠʟʤ ʧʨʠ ʘʚʘʨʠʷʭ ʝʞʝʛʦʜʥʦ ʩʥʠʞʘ-

ʶʪʩʷ, ʜʦʣʷ ʧʦʩʪʨʘʜʘʚʰʠʭ ʧʨʠ ɼʊʇ ʚʳʩʦʢʘ 

(ʪʘʙʣ. 1) [10]. 

 

ʊʘʙʣʠʮʘ 1. ʂʦʣʠʯʝʩʪʚʦ ɼʊʇ ʚ ʈʌ ʧʦ ʛʦʜʘʤ 
ɻʦʜ ʂʦʣ-ʚʦ ɼʊʇ ʇʦʛʠʙʣʦ ʈʘʥʝʥʦ 

2012 203 597 27 991 258 617 

2013 204 068 27 025 258 437 

2014 199 720 26 963 251 785 

2015 184 000 23 114 231 197 

2016 173 700 20 308 221 140 

2017 169 432 19 088 215 374 

2018 168 099 18 214 214 853 

2019 164 358 16 981 210 877 

2020 145 073 16 152 183 040 

2021 133 331 14 874 167 856 

2022 126 705 14 172 159 635 

 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, 

ʪʨʝʙʫʝʪʩʷ ʧʝʨʝʦʮʝʥʢʘ ʠ ʢʦʨʨʝʢʪʠʨʦʚʢʘ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʥʦʨʤʘʪʠʚʦʚ. ʂ ʯʠʩʣʫ ʬʘʢ-

ʪʦʨʦʚ ʪʨʝʙʫʶʱʠʭ ʠʟʤʝʥʝʥʠʷ ʩʪʘʥʜʘʨʪʦʚ 

ʦʪʥʦʩʠʪʩʷ ʩʢʦʨʦʩʪʥʦʡ ʨʝʞʠʤ ʜʚʠʞʝʥʠʷ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ. ʄʦʞʥʦ ʚʳʜʝ-

ʣʠʪʴ ʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ ʚʣʠʷ-

ʥʠʷ ʩʢʦʨʦʩʪʠ ʥʘ ɼʊʇ: 

ɸ) ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ 

ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʦ-

ʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʷʚʣʷʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʧʦʣʷ ʟʨʝʥʠʷ ʯʝʣʦʚʝʢʘ ʦʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝ-

ʥʠʷ [8]. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ 

ʩʪʦʷʱʝʤ ʥʘ ʤʝʩʪʝ ʘʚʪʦʤʦʙʠʣʝ ʙʠʥʦʢʫʣʷʨ-

ʥʦʝ ʟʨʝʥʠʝ (ʜʚʫʤʷ ʛʣʘʟʘʤʠ) ʧʨʠ ʥʝʧʦʜʚʠʞ-

ʥʳʭ ʛʣʘʟʘʭ ʩʦʩʪʘʚʣʷʝʪ 120ʆ. ʇʨʠ ʩʢʦʨʦʩʪʠ 

ʜʚʠʞʝʥʠʷ 20 ʢʤ/ʯ ʧʦʣʝ ʟʨʝʥʠʷ ʩʫʞʘʝʪʩʷ ʜʦ 

80ʆ, ʧʨʠ 40 ʢʤ/ʯ ï ʜʦ 45ʆ, ʧʨʠ 80 ʢʤ/ʯ ï ʜʦ 

30ʆ, ʧʨʠ 100 ʢʤ/ʯ ï ʜʦ 22ʆ, ʘ ʧʨʠ 160 ʢʤ/ʯ 

ï ʜʦ 5ʆ (ʨʠʩ. 1). 

 

 
ʈʠʩ. 1. ʀʟʤʝʥʝʥʠʝ ʧʦʣʷ ʟʨʝʥʠʷ ʚʦʜʠʪʝʣʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʘʚʪʦʤʦʙʠʣʷ 

 

ɺʩʝ ʦʙʲʝʢʪʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʟʘ ʧʨʝʜʝʣʘʤʠ 

ʩʝʢʪʦʨʦʚ, ʫʢʘʟʘʥʥʳʭ ʥʘ ʢʘʨʪʠʥʢʝ, ʧʦʧʘʜʘ-

ʶʪ ʚ ʩʣʝʧʫʶ ʟʦʥʫ ʚʦʜʠʪʝʣʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʚʦʟʨʘʩʪʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʜʦʨʦʞʥʦ-

ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʦʠʩʰʝʩʪʚʠʡ ʩ ʦʙʲʝʢʪʘʤʠ, 

ʧʝʨʝʤʝʱʘʶʱʠʤʠʩʷ ʦʪ ʦʙʦʯʠʥʳ ʢ ʮʝʥʪʨʫ 

ʜʦʨʦʛʠ. 

ʆʪʩʶʜʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʜʚʠ-

ʞʝʥʠʝ ʚ ʛʦʨʦʜʝ ʥʘ ʩʢʦʨʦʩʪʠ ʙʦʣʝʝ 40 ʢʤ/ʯ 

ʠ ʥʘ ʟʘʛʦʨʦʜʥʳʭ ʪʨʘʩʩʘʭ ʥʘ ʩʢʦʨʦʩʪʠ ʙʦʣʝʝ 

80 ʢʤ/ʯ ʷʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʘʪʠʯʥʳʤ ʠ ʜʘʞʝ 

ʦʧʘʩʥʳʤ ʚ ʩʚʷʟʠ ʩ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʢʦʥ-

ʪʨʦʣʷ ʜʦʨʦʞʥʦʡ ʦʙʩʪʘʥʦʚʢʠ ʚʦʜʠʪʝʣʝʤ. 

ɹ) ɽʱʸ ʦʜʥʠʤ ʚʘʞʥʳʤ ʬʠʟʠʦʣʦʛʠʯʝ-

ʩʢʠʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʚʨʝʤʷ ʨʝʘʢʮʠʠ 

ʚʦʜʠʪʝʣʷ. ʇʨʠʥʷʪʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʩʨʝʜʥʝʝ 

ʚʨʝʤʷ ʨʝʘʢʮʠʠ ʘʚʪʦʤʦʙʠʣʠʩʪʘ ʩʦʩʪʘʚʣʷʝʪ 

ʦʢʦʣʦ 1 ʩʝʢʫʥʜʳ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʝ 

ʪʦʣʴʢʦ ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʚʣʠʷʝʪ ʥʘ ʚʨʝʤʷ 

ʨʝʘʢʮʠʠ ʚʦʜʠʪʝʣʷ, ʥʦ ʠ ʫʪʦʤʣʷʝʤʦʩʪʴ, 

ʜʣʠʪʝʣʴʥʦʝ ʥʝʧʨʝʨʳʚʥʦʝ ʜʚʠʞʝʥʠʝ ʚ ʤʦ-

ʥʦʪʦʥʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʣʘʛʦʧʨʠʷʪʥʦʡ 

ʜʦʨʦʞʥʦʡ ʩʨʝʜʝ. ʇʦʪʝʨʷ ʙʜʠʪʝʣʴʥʦʩʪʠ 
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ʥʝʠʟʙʝʞʥʦ ʧʨʠʚʝʜʝʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʨʝʤʝ-

ʥʠ ʨʝʘʢʮʠʠ ʚʦʜʠʪʝʣʷ ʚ ʩʚʷʟʠ ʩ ʯʝʤ, ʟʥʘʯʠ-

ʪʝʣʴʥʦ ʚʦʟʨʘʩʪʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝ-

ʥʠʷ ʘʚʘʨʠʡʥʦ-ʦʧʘʩʥʦʡ ʩʠʪʫʘʮʠʠ. ʊʘʢ ʯʝʨʝʟ 

6-8 ʯʘʩʦʚ ʫʧʨʘʚʣʝʥʠʷ ʘʚʪʦʤʦʙʠʣʝʤ ʚʨʝʤʷ 

ʨʝʘʢʮʠʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 0,1-0,2 ʩ, ʘ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʩ 50 ʜʦ 

70 ʢʤ/ʯʘʩ ʚʨʝʤʷ ʨʝʘʢʮʠʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ 

1,1 ʜʦ 1,7 ʩ. (ʪʘʙʣ. 2). 

 

ʊʘʙʣʠʮʘ 2. ɺʨʝʤʷ ʨʝʘʢʮʠʠ ʚʦʜʠʪʝʣʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ 
ɺʨʝʤʷ ʨʝʘʢʮʠʠ, ʩ ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʦʜʠʪʝʣʷ 

0,6 ï 0,8 ɺʦʜʠʪʝʣʴ ʯʝʪʢʦ ʦʮʝʥʠʚʘʝʪ ʦʙʩʪʘʥʦʚʢʫ ʥʘ ʜʦʨʦʛʝ ʠ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʦʧʘʩʥʦ-

ʩʪʠ ʛʦʪʦʚ ʟʘʪʦʨʤʦʟʠʪʴ 

0,7 ï 0,9 ɺʦʜʠʪʝʣʴ ʦʮʝʥʠʚʘʝʪ ʩʠʪʫʘʮʠʶ ʥʘ ʜʦʨʦʛʝ, ʥʦ ʥʝ ʛʦʪʦʚ ʧʨʠʙʝʛʥʫʪʴ ʢ ʨʝʟʢʦʤʫ 

ʪʦʨʤʦʞʝʥʠʶ 

1,0 ï 1,1 ɺʦʜʠʪʝʣʴ ʢʦʥʪʨʦʣʠʨʫʝʪ ʜʦʨʦʛʫ ʠ ʚʩʪʨʝʯʥʳʝ ʘʚʪʦʤʦʙʠʣʠ  

1,4 ï 1,9 ɺʦʜʠʪʝʣʴ ʨʘʩʩʝʷʥ ʠ ʥʝ ʛʦʪʦʚ ʢ ʧʨʠʥʷʪʠʶ ʥʝʦʙʭʦʜʠʤʦʛʦ ʨʝʰʝʥʠʷ ʚ ʵʢʩʪʨʝʥʥʦʡ 

ʩʠʪʫʘʮʠʠ 

 

ʇʨʝʜʫʧʨʝʞʜʝʥʠʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʜʦʙ-

ʥʳʭ ʩʠʪʫʘʮʠʡ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʪʨʦʛʠʤ ʩʦ-

ʙʣʶʜʝʥʠʝʤ ʨʝʞʠʤʦʚ ʪʨʫʜʘ ʠ ʦʪʜʳʭʘ ʚʦʜʠ-

ʪʝʣʷ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʝʛʦ ʦʙʷʟʘʪʝʣʴʥʳʡ 

ʧʝʨʝʨʳʚ ʚ ʜʚʠʞʝʥʠʠ ʥʝ ʙʦʣʝʝ ʯʝʤ ʯʝʨʝʟ 4 

ʯʘʩʘ, ʟʘʧʨʝʪʦʤ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʙʠʣʴ-

ʥʳʭ ʪʝʣʝʬʦʥʦʚ ʠʣʠ ʠʥʳʭ ʦʪʚʣʝʢʘʶʱʠʭ 

ʚʝʱʝʡ ʟʘ ʨʫʣʝʤ, ʩʥʠʞʝʥʠʝʤ ʩʢʦʨʦʩʪʠ. 

ɺ) ʉʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʘʚʪʦʤʦʙʠʣʷ ʧʨʠ 

ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʷʭ (ɼʊʇ, ʫʭʦʜ ʦʪ 

ʩʪʦʣʢʥʦʚʝʥʠʷ ʩ ʠʥʳʤ ʘʚʪʦʤʦʙʠʣʝʤ, 

ʥʝʧʨʝʜʚʠʜʝʥʥʘʷ ʩʠʪʫʘʮʠʷ ʥʘ ʜʦʨʦʛʝ) ʪʘʢʞʝ 

ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ ʩʪʝʧʝʥʴ ʜʘʣʴʥʝʡʰʝʡ 

ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʠ ʧʦʥʝʩʝʥʥʦʛʦ ʫʱʝʨʙʘ. 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʠʤʝʥʥʦ ʩʢʦʨʦʩʪʴ ʷʚʣʷʝʪ-

ʩʷ ʦʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ ʜʦʨʦʞʥʦ-

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʪʨʘʚʤʘʪʠʟʤʘ. ɺʝʨʦʷʪʥʦʩʪʴ 

ɼʊʇ, ʚʝʜʫʱʝʛʦ ʢ ʧʦʚʨʝʞʜʝʥʠʷʤ, ʧʨʦʧʦʨ-

ʮʠʦʥʘʣʴʥʘ ʢʚʘʜʨʘʪʫ ʩʢʦʨʦʩʪʠ. ɺ ʩʚʦʶ ʦʯʝ-

ʨʝʜʴ, ʚʝʨʦʷʪʥʦʩʪʴ ʘʚʘʨʠʠ ʩʦ ʩʤʝʨʪʝʣʴʥʳʤ 

ʠʩʭʦʜʦʤ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʩʢʦʨʦʩʪʠ ʚ ʯʝʪ-

ʚʸʨʪʦʡ ʩʪʝʧʝʥʠ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ 

ʥʘ 1 ʢʤ/ʯ ʚʝʨʦʷʪʥʦʩʪʴ ʘʚʪʦʢʘʪʘʩʪʨʦʬʳ ʩ 

ʣʝʪʘʣʴʥʳʤ ʠʩʭʦʜʦʤ ʚʦʟʨʘʩʪʘʝʪ ʥʘ 4-5%. 

ʇʨʠ ʵʪʦʤ ʥʘ ʩʢʦʨʦʩʪʠ 30 ʢʤ/ʯ ʧʦʛʠʙʘʶʪ 

5% ʧʝʰʝʭʦʜʦʚ, ʙʦʣʴʰʠʥʩʪʚʦ ʧʦʣʫʯʘʶʪ 

ʣʝʛʢʠʝ ʪʨʘʚʤʳ, ʘ 30% ʚʦʦʙʱʝ ʥʝ ʧʦʣʫʯʘʶʪ 

ʪʨʘʚʤ, ʥʘ ʩʢʦʨʦʩʪʠ 40 ʢʤ/ʯ ʧʦʛʠʙʘʝʪ ʜʦ 

40% ʧʝʰʝʭʦʜʦʚ, ʘ ʥʘ ʩʢʦʨʦʩʪʠ 60 ʢʤ/ʯ ʧʦ-

ʛʠʙʘʝʪ ʙʦʣʝʝ 80% (ʨʠʩ. 2). 

 

 
ʈʠʩ. 2. ɺʝʨʦʷʪʥʦʩʪʴ ʩʤʝʨʪʠ ʧʝʰʝʭʦʜʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʘʚʪʦʤʦʙʠʣʷ 

 

ʆʜʥʘʢʦ ʥʝ ʪʦʣʴʢʦ ʩʢʦʨʦʩʪʴ ʚ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʚʣʠʷʝʪ ʥʘ ʚʝʣʠʯʠʥʫ ʩʤʝʨʪʝʣʴʥʳʭ 

ʠʩʭʦʜʦʚ ʧʨʠ ɼʊʇ, ʥʦ ʠ ʚʠʜ ʩʪʦʣʢʥʦʚʝ-

ʥʠʷ [5]. ɺ ʩʣʫʯʘʝ ʬʨʦʥʪʘʣʴʥʦʛʦ ʥʘʝʟʜʘ ʘʚ-

ʪʦʤʦʙʠʣʷ ʥʘ ʧʝʰʝʭʦʜʘ ʨʠʩʢ ʩʤʝʨʪʝʣʴʥʦʛʦ 

ʠʩʭʦʜʘ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʩ 50 ʢʤ/ʯ 

ʜʦ 65 ʢʤ/ʯ ʚʦʟʨʘʩʪʘʝʪ ʚ 4,5 ʨʘʟʘ. ʇʨʠ ʙʦʢʦ-

ʚʦʤ ʩʪʦʣʢʥʦʚʝʥʠʠ ʥʘ ʩʢʦʨʦʩʪʠ 65 ʢʤ/ʯ ʚʝ-

ʨʦʷʪʥʦʩʪʴ ʩʤʝʨʪʝʣʴʥʦʛʦ ʠʩʭʦʜʘ ʜʣʷ ʧʘʩʩʘ-

ˤ͔ͪͦΎͭͤͦͫͭΈ ͔͙ͫͣͪͭ ͔ͨ΄͔ͻͦ͒͊Σ ҈ 
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ʞʠʨʦʚ ʠ ʚʦʜʠʪʝʣʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ 

ʩʦʩʪʘʚʣʷʝʪ 85%. 

ɽʩʣʠ ʞʝ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʨʘʟʨʝʰʝʥʥʫʶ 

ʩʢʦʨʦʩʪʴ ʥʘ ʟʘʛʦʨʦʜʥʳʭ ʪʨʘʩʩʘʭ 90 ʢʤ/ʯ, ʪʦ 

ʜʘʞʝ ʙʝʟ ʫʯʝʪʘ ʥʝ ʰʪʨʘʬʫʝʤʦʛʦ ʧʦʨʦʛʘ ʚ 

20 ʢʤ/ʯ, ʰʘʥʩʦʚ ʚʳʞʠʪʴ ʫ ʫʯʘʩʪʥʠʢʦʚ ɼʊʇ 

ʧʨʠ ʩʪʦʣʢʥʦʚʝʥʠʠ ʙʝʟ ʪʦʨʤʦʞʝʥʠʷ ʧʨʘʢʪʠ-

ʯʝʩʢʠ ʥʝʪ. 

ɻ) ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʜʘʞʝ ʝʩʣʠ ʚʦʜʠʪʝʣʴ 

ʟʘʤʝʪʠʣ ʦʧʘʩʥʦʩʪʴ ʟʘʙʣʘʛʦʚʨʝʤʝʥʥʦ ʠ ʧʨʠ-

ʩʪʫʧʠʣ ʢ ʪʦʨʤʦʞʝʥʠʶ, ʝʩʪʴ ʚʝʨʦʷʪʥʦʩʪʴ, 

ʯʪʦ ʯʘʩʪʴ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʦʩʪʘʥʝʪʩʷ 

ʥʝ ʧʦʛʘʰʝʥʥʦʡ. ʈʘʩʩʪʦʷʥʠʝ, ʢʦʪʦʨʦʝ ʧʨʦ-

ʭʦʜʠʪ ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦ ʩ ʤʦʤʝʥʪʘ 

ʩʨʘʙʘʪʳʚʘʥʠʷ ʪʦʨʤʦʟʥʦʡ ʩʠʩʪʝʤʳ ʜʦ ʧʦʣ-

ʥʦʡ ʦʩʪʘʥʦʚʢʠ ʥʘʟʳʚʘʝʪʩʷ ï ʪʦʨʤʦʟʥʦʡ 

ʧʫʪʴ. ʇʨʦʪʷʞʸʥʥʦʩʪʴ ʪʦʨʤʦʟʥʦʛʦ ʧʫʪʠ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ 

ʦʪ ʝʛʦ ʩʢʦʨʦʩʪʠ, ʘ ʪʘʢʞʝ ʦʪ ʩʦʩʪʦʷʥʠʷ ʧʨʦ-

ʝʟʞʝʡ ʯʘʩʪʠ, ʰʠʥ, ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ ʠ ʪ.ʜ. 

 

 
ʈʠʩ. 3. ʊʦʨʤʦʟʥʦʡ ʧʫʪʴ ʧʨʠ ʵʢʩʪʨʝʥʥʦʤ ʪʦʨʤʦʞʝʥʠʠ ʧʨʠ ʩʫʭʦʤ ʘʩʬʘʣʴʪʝ 

 

ʇʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʜʘʞʝ ʧʨʠ ʤʦʣʥʠʝʥʦʩ-

ʥʦʡ ʨʝʘʢʮʠʠ ʚʦʜʠʪʝʣʷ ʜʚʠʞʫʱʝʛʦʩʷ ʩʦ 

ʩʢʦʨʦʩʪʴʶ 90 ʢʤ/ʯ ʪʦʨʤʦʟʥʦʡ ʧʫʪʴ ʩʦʩʪʘ-

ʚʠʪ ʧʦʯʪʠ 80 ʤʝʪʨʦʚ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ, ʧʨʦʘʥʘ-

ʣʠʟʠʨʫʝʤ ʩʢʦʨʦʩʪʥʦʡ ʨʝʞʠʤ, ʟʘʢʨʝʧʣʝʥ-

ʥʳʡ ʚ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʳʭ ʘʢʪʘʭ ʈʦʩʩʠʡ-

ʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʢʘʢ ʙʝʟʦʧʘʩʥʳʡ ʠ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʡ ʪʨʝʙʦʚʘʥʠʷʤ ʧʝʨʝʜʚʠʞʝʥʠʷ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʢʘʢ ʚ ʞʠʣʳʭ ʟʦʥʘʭ, 

ʪʘʢ ʠ ʥʘ ʘʚʪʦʤʘʛʠʩʪʨʘʣʷʭ. 

ʉʦʛʣʘʩʥʦ ʧ. 10 ʇʦʩʪʘʥʦʚʣʝʥʠʷ ʇʨʘʚʠ-

ʪʝʣʴʩʪʚʘ ʈʌ ʦʪ 23.10.1993 ˉ 1090 çʆ ʇʨʘ-

ʚʠʣʘʭ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷè (ʜʘʣʝʝ ï 

ʇɼɼ) ʨʘʟʨʝʰʝʥʥʘʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʚ 

ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʘʭ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝʝ 

60 ʢʤ/ʯ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʥʘ ʜʚʦʨʦʚʳʭ ʪʝʨ-

ʨʠʪʦʨʠʷʭ, ʚ ʞʠʣʳʭ ʠ ʚʝʣʦʩʠʧʝʜʥʳʭ ʟʦʥʘʭ 

ʥʝ ʙʦʣʝʝ 20 ʢʤ/ʯ. ɺʥʝ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ 

ʥʘ ʘʚʪʦʤʘʛʠʩʪʨʘʣʷʭ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ 

ʣʝʛʢʦʚʳʭ ʠ ʛʨʫʟʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʤʘʩʩʘ 

ʢʦʪʦʨʳʭ ʥʝ ʧʨʝʚʳʰʘʝʪ 3,5 ʪ, ʘ ʪʘʢʞʝ ʤʦʪʦ-

ʮʠʢʣʦʚ ʨʘʟʨʝʰʘʝʪʩʷ ʥʝ ʙʦʣʝʝ 110 ʢʤ/ʯ, ʥʘ 

ʦʩʪʘʣʴʥʳʭ ʜʦʨʦʛʘʭ ʥʝ ʙʦʣʝʝ 90 ʢʤ/ʯ [3]. 

ʊʘʢʞʝ ʥʝ ʩʪʦʠʪ ʟʘʙʳʚʘʪʴ, ʯʪʦ ʚ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩʦ ʩʪ. 12.9 ʂʦɸʇ ʈʌ ʥʝ ʰʪʨʘʬʫʝʤʳʡ 

ʧʦʨʦʛ ʧʨʝʚʳʰʝʥʠʷ ʩʢʦʨʦʩʪʥʦʛʦ ʨʝʞʠʤʘ, ʟʘ 

ʢʦʪʦʨʦʝ ʚʦʜʠʪʝʣʶ ʚ ʈʦʩʩʠʠ ʥʝ ʛʨʦʟʠʪ 

ʰʪʨʘʬ, ʩʦʩʪʘʚʣʷʝʪ 20 ʢʤ/ʯ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʨʠ ʜʚʠʞʝʥʠʠ ʩʦ ʩʢʦʨʦʩʪʴʶ 80 ʢʤ/ʯ ʚ ʛʦ-

ʨʦʜʝ, 130 ʢʤ/ʯ ʥʘ ʘʚʪʦʤʘʛʠʩʪʨʘʣʷʭ, 

110 ʢʤ/ʯ ʥʘ ʠʥʳʭ ʜʦʨʦʛʘʭ, ʚʦʜʠʪʝʣʴ ʥʝ ʧʦ-

ʥʝʩʝʪ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʝ ʥʘʢʘʟʘʥʠʝ [1]. 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʧʨʦʘʥʘʣʠʟʠʨʫʝʤ ʦʧʳʪ 

ʥʝʩʢʦʣʴʢʠʭ ʟʘʨʫʙʝʞʥʳʭ ʩʪʨʘʥ [4]. ʊʘʢ, ʚ 

ɼʘʥʠʠ ʧʝʨʝʜʚʠʛʘʷʩʴ ʥʘ ʪʨʘʥʩʧʦʨʪʥʦʤ 

ʩʨʝʜʩʪʚʝ ʚ ʥʘʩʝʣʝʥʥʦʤ ʧʫʥʢʪʝ ʥʝʦʙʭʦʜʠʤʦ 

ʩʦʙʣʶʜʘʪʴ ʩʢʦʨʦʩʪʥʦʡ ʨʝʞʠʤ ʚ 50 ʢʤ/ʯ, ʘ ʚ 

ʥʝʢʦʪʦʨʳʭ ʞʠʣʳʭ ʨʘʡʦʥʘʭ 30 ʢʤ/ʯ, ʥʘ ʨʝ-

ʛʠʦʥʘʣʴʥʳʭ ʜʦʨʦʛʘʭ ʤʦʞʥʦ ʨʘʟʦʛʥʘʪʴʩʷ ʜʦ 

80 ʢʤ/ʯ, ʘ ʥʘ ʘʚʪʦʤʘʛʠʩʪʨʘʣʷʭ ʜʦ 110-

130 ʢʤ/ʯ. ʇʨʠ ʵʪʦʤ ʥʝ ʰʪʨʘʬʫʝʤʳʡ ʧʦʨʦʛ 

ʩʦʩʪʘʚʣʷʝʪ 3 ʢʤ/ʯ ʚ ʟʦʥʘʭ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʨʘʟʨʝʰʸʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʜʦ 100 ʢʤ/ʯ, 3% ʦʪ 

ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʩʢʦʨʦʩʪʠ ï ʚ ʟʦʥʘʭ ʩ ʦʛʨʘ-

ʥʠʯʝʥʠʝʤ ʙʦʣʝʝ 100 ʢʤ/ʯ. 
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ɺ ʂʘʥʘʜʝ ʜʚʠʞʝʥʠʝ ʧʦ ʛʦʨʦʜʫ ʜʦʣʞʥʦ 

ʩʦʩʪʘʚʣʷʪʴ 40-50 ʢʤ/ʯ, ʧʨʠ ʵʪʦʤ ʚ ʨʘʡʦʥʝ 

ʰʢʦʣ ʥʝʦʙʭʦʜʠʤʦ ʩʙʘʚʠʪʴ ʩʢʦʨʦʩʪʴ ʜʦ 

30 ʢʤ/ʯ, ʥʘ ʨʝʛʠʦʥʘʣʴʥʳʭ ʜʦʨʦʛʘʭ ʤʦʞʥʦ 

ʧʝʨʝʜʚʠʛʘʪʴʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ 60-80 ʢʤ/ʯ, ʘ 

ʥʘ ʘʚʪʦʤʘʛʠʩʪʨʘʣʷʭ 100-120 ʢʤ/ʯ. ʅʝ 

ʰʪʨʘʬʫʝʤʳʡ ʧʦʨʦʛ ʩʦʩʪʘʚʣʷʝʪ 10 ʢʤ/ʯ. 

ɺ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʘʭ ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ 

ʨʘʟʨʝʰʝʥʥʘʷ ʩʢʦʨʦʩʪʴ 48 ʢʤ/ʯ, ʚ ʥʝʢʦʪʦ-

ʨʳʭ ʨʘʡʦʥʘʭ 32 ʢʤ/ʯ, ʥʘ ʨʝʛʠʦʥʘʣʴʥʳʭ ʜʦ-

ʨʦʛʘʭ 96 ʢʤ/ʯ, ʘ ʥʘ ʘʚʪʦʤʘʛʠʩʪʨʘʣʷʭ 

112 ʢʤ/ʯ. ʅʝ ʰʪʨʘʬʫʝʤʳʡ ʧʦʨʦʛ ʩʦʩʪʘʚʣʷ-

ʝʪ 10% ʦʪ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʩʢʦʨʦʩʪʠ + 

3,2 ʢʤ/ʯ (ʯʪʦʙʳ ʫʯʝʩʪʴ ʧʦʛʨʝʰʥʦʩʪʴ ʩʧʠ-

ʜʦʤʝʪʨʘ). 

ʆʩʦʙʦ ʭʦʪʝʣʦʩʴ ʙʳ ʚʳʜʝʣʠʪʴ ʥʝʪʨʠʚʠ-

ʘʣʴʥʳʡ ʦʧʳʪ ʦʜʥʦʡ ʠʟ ʩʢʘʥʜʠʥʘʚʩʢʠʭ 

ʩʪʨʘʥ. ɺ ʐʚʝʮʠʠ ʚ ʙʦʨʴʙʝ ʩ ʧʨʝʚʳʰʝʥʠʝʤ 

ʩʢʦʨʦʩʪʠ ʨʝʰʠʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʛʝʡʤʠʬʠ-

ʢʘʮʠʶ, ʪʦ ʝʩʪʴ ʧʨʠʚʥʝʩʝʥʠʝ ʚ ʫʩʪʦʷʚʰʫʶ-

ʩʷ ʦʙʱʝʧʨʠʥʷʪʫʶ ʧʨʘʢʪʠʢʫ ʵʣʝʤʝʥʪʦʚ ʠʛ-

ʨʳ ʠ ʧʨʠʷʪʥʦʡ ʥʝʦʞʠʜʘʥʥʦʩʪʠ. ʀʜʝʷ ʙʳʣʘ 

ʜʝʪʠʱʝʤ ʂʝʚʠʥʘ ʈʠʯʘʨʜʩʦʥʘ, ʢʦʪʦʨʳʡ ʚʳ-

ʠʛʨʘʣ ʢʦʥʢʫʨʩ çʊʝʦʨʠʷ ʫʜʦʚʦʣʴʩʪʚʠʷè, ʦʨ-

ʛʘʥʠʟʦʚʘʥʥʳʡ Volkswagen ʝʱʝ ʚ 2010 ʛʦ-

ʜʫ. ʉʫʪʴ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʪʦʤ, ʯʪʦʙʳ ʠʟʦʙʨʝ-

ʩʪʠ ʠʥʪʝʨʝʩʥʳʡ ʩʧʦʩʦʙ ʧʦʦʱʨʠʪʴ ʣʶʜʝʡ 

ʧʦʜʯʠʥʷʪʴʩʷ ʦʛʨʘʥʠʯʝʥʠʷʤ ʩʢʦʨʦʩʪʠ. ʊʘʢ, 

ʢʘʤʝʨʳ ʜʦʨʦʞʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʦʜʥʦʛʦ ʠʟ 

ʧʝʨʝʢʨʝʩʪʢʦʚ, ʣʠʜʠʨʫʶʱʠʭ ʧʦ ʢʦʣʠʯʝʩʪʚʫ 

ʜʦʨʦʞʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʦʠʩʰʝʩʪʚʠʡ, 

ʬʠʢʩʠʨʦʚʘʣʠ ʥʝ ʪʦʣʴʢʦ ʥʘʨʫʰʠʪʝʣʝʡ, ʥʦ ʠ 

ʪʝʭ, ʢʪʦ ʩʥʠʟʠʣ ʩʢʦʨʦʩʪʴ ʧʨʠ ʝʛʦ ʧʝʨʝʩʝʯʝ-

ʥʠʠ. ʇʝʨʚʳʤ ʧʨʠʭʦʜʠʪ ʢʚʠʪʘʥʮʠʷ ʩ ʩʫʤ-

ʤʦʡ ʰʪʨʘʬʘ, ʚʪʦʨʳʝ ʧʦʣʫʯʘʶʪ ʫʚʝʜʦʤʣʝ-

ʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʩʪʘʥʦʚʷʪʩʷ ʫʯʘʩʪʥʠʢʘʤʠ ʣʦ-

ʪʝʨʝʠ. ʌʠʥʘʥʩʠʨʦʚʘʥʠʝ ʜʘʥʥʦʡ ʠʜʝʠ ʧʨʦ-

ʠʟʚʦʜʠʪʩʷ ʟʘ ʩʯʝʪ ʩʨʝʜʩʪʚ, ʚʟʳʤʘʝʤʳʭ ʩ 

ʥʘʨʫʰʠʪʝʣʝʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʜʦʙʨʦʧʦʨʷ-

ʜʦʯʥʳʝ ʘʚʪʦʤʦʙʠʣʠʩʪʳ ʧʦʣʫʯʘʶʪ ʚʦʟʥʘ-

ʛʨʘʞʜʝʥʠʝ, ʘ ʥʘʨʫʰʠʪʝʣʠ ʫʙʳʪʢʠ. ʀʜʝʷ 

ʧʦʣʫʯʠʣʘ ʦʛʣʘʩʢʫ ʠ ʐʚʝʜʩʢʠʤ ʥʘʮʠʦʥʘʣʴ-

ʥʳʤ ʦʙʱʝʩʪʚʦʤ ʧʦ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʦʨʦʞʥʦ-

ʛʦ ʜʚʠʞʝʥʠʷ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʧʝʨʝ-

ʦʙʦʨʫʜʦʚʘʪʴ ʢʘʤʝʨʳ ʢʦʥʪʨʦʣʷ ʠ ʚʥʝʜʨʠʪʴ 

ʜʘʥʥʫʶ ʧʨʘʢʪʠʢʫ ʧʦ ʚʩʝʡ ʩʪʨʘʥʝ. ʈʝʟʫʣʴ-

ʪʘʪ ʥʝ ʟʘʩʪʘʚʠʣ ʩʝʙʷ ʞʜʘʪʴ, ʩʨʝʜʥʷʷ ʩʢʦ-

ʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʩʥʠʟʠʣʘʩʴ ʩ 32 ʢʤ/ʯ ʜʦ 

25 ʢʤ/ʯ, ʘ ʦʧʘʩʥʳʝ ʧʝʨʝʢʨʝʩʪʢʠ ʩʪʘʣʠ ʚ ʨʘ-

ʟʳ ʙʝʟʦʧʘʩʥʝʝ [7]. 

ʈʝʘʣʠʟʘʮʠʷ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʢʦʨʨʝʢʪʠ-

ʨʦʚʢʠ ʩʢʦʨʦʩʪʥʳʭ ʨʝʞʠʤʦʚ ʜʦʣʞʥʘ ʩʦʧʨʦ-

ʚʦʞʜʘʪʴʩʷ ʫʞʝʩʪʦʯʝʥʠʝʤ ʢʦʥʪʨʦʣʷ ʥʘʜ ʩʦ-

ʙʣʶʜʝʥʠʝʤ ʘʢʪʫʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʘʚʠʣ ʜʦ-

ʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ ʩ ʯʸʪʢʦ ʦʧʨʝʜʝʣʝʥʥʳʤʠ 

ʠ ʨʝʘʣʠʟʫʝʤʳʤʠ ʩʘʥʢʮʠʦʥʥʳʤʠ ʜʝʡʩʪʚʠʷ-

ʤʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʘʨʫʰʠʪʝʣʷʤ. ɺʘʞʥʫʶ 

ʨʦʣʴ ʚ ʵʪʦʤ ʠʛʨʘʝʪ ʨʘʟʤʝʨ ʰʪʨʘʬʘ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʈʦʩʩʠʠ ʧʨʠ ʧʨʝʚʳʰʝ-

ʥʠʠ ʩʢʦʨʦʩʪʥʦʛʦ ʨʝʞʠʤʘ ʙʦʣʝʝ ʯʝʤ ʥʘ 20-

40 ʢʤ/ʯ ʧʨʠʜʝʪʩʷ ʟʘʧʣʘʪʠʪʴ ʰʪʨʘʬ ʚ ʨʘʟ-

ʤʝʨʝ 500 ʨʫʙʣʝʡ, ʝʩʣʠ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ 

ʧʨʝʚʳʰʝʥʘ ʥʘ 40-60 ʢʤ/ʯ ʰʪʨʘʬ ʩʦʩʪʘʚʠʪ 

2000-2500 ʨʫʙʣʝʡ, ʣʠʙʦ ʣʠʰʝʥʠʝ ʚʦʜʠ-

ʪʝʣʴʩʢʦʛʦ ʫʜʦʩʪʦʚʝʨʝʥʠʷ ʥʘ ʩʨʦʢ ʦʪ 4 ʜʦ 6 

ʤʝʩʷʮʝʚ, ʧʨʝʚʳʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʙʦʣʝʝ ʯʝʤ 

ʥʘ 80 ʢʤ/ʯ ʙʫʜʝʪ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʰʪʨʘʬʦʤ 

ʚ 5000 ʨʫʙʣʝʡ, ʣʠʙʦ ʣʠʰʝʥʠʝ ʧʨʘʚʘ ʫʧʨʘʚ-

ʣʷʪʴ ʪʨʘʥʩʧʦʨʪʥʳʤ ʩʨʝʜʩʪʚʦʤ ʥʘ ʩʨʦʢ 6 

ʤʝʩʷʮʝʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ 

ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ʩʠʩʪʝʤʘ ʥʘʢʘʟʘʥʠʷ ʥʝʜʦʙʨʦʩʦʚʝʩʪʥʳʭ ʚʦ-

ʜʠʪʝʣʝʡ ʧʦʟʚʦʣʷʝʪ ʜʚʠʛʘʪʴʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ 

79 ʢʤ/ʯ ʘʙʩʦʣʶʪʥʦ ʙʝʟʥʘʢʘʟʘʥʥʦ. ɺ ʩʚʦʶ 

ʦʯʝʨʝʜʴ ʨʝʘʣʠʟʫʝʤʘʷ ʩʠʩʪʝʤʘ ʩʢʠʜʦʢ ʚ 

50% ʧʨʠ ʦʧʣʘʪʝ ʰʪʨʘʬʘ ʦʥʣʘʡʥ ʚ ʪʝʯʝʥʠʠ 

20 ʜʥʝʡ ʩ ʤʦʤʝʥʪʘ ʧʦʣʫʯʝʥʠʷ ʫʚʝʜʦʤʣʝʥʠʷ 

ʦ ʥʘʨʫʰʝʥʠʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ 

ʩʣʫʯʘʝʚ ʥʘʨʫʰʝʥʠʷ ʩʢʦʨʦʩʪʥʦʛʦ ʨʝʞʠʤʘ 

(ʯ. 1.3 ʩʪ. 32.2 ʂʦɸʇ) [1]. 

 

ʊʘʙʣʠʮʘ 3. ʉʢʦʨʦʩʪʥʦʡ ʨʝʞʠʤ ʚ ʩʪʦʣʠʮʘʭ ʤʠʨʘ ʠ ʤʠʥʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʰʪʨʘʬʘ 

ɻʦʨʦʜ 
ʉʢʦʨʦʩʪʥʦʡ ʨʝʞʠʤ, 

ʢʤ/ʯ 
ʅʝʥʘʢʘʟʫʝʤʳʡ ʧʦʨʦʛ, ʢʤ/ʯ ʄʠʥʠʤʘʣʴʥʳʡ ʰʪʨʘʬ, ʨʫʙ. 

ʆʩʣʦ 50 3 7 182 

ʉʪʦʢʛʦʣʴʤ 50 3 17 350 

ʃʦʥʜʦʥ 48 8 9 580 

ʊʦʢʠʦ 50 10 5 490 

ʂʦʧʝʥʛʘʛʝʥ 50 3 10 895 

ɸʤʩʪʝʨʜʘʤ 50 3 4 520 

ʉʠʥʛʘʧʫʨ 50 1 10 425 

ʊʦʨʦʥʪʦ 40 10 2 780 

ʄʦʩʢʚʘ 60 20 250 
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ʇʨʦʙʣʝʤʘ ʩʤʝʨʪʥʦʩʪʠ ʥʘ ʜʦʨʦʛʘʭ ʥʘʰʝʡ 

ʩʪʨʘʥʳ ʩʪʦʣʴ ʟʥʘʯʠʪʝʣʴʥʘ, ʯʪʦ ʇʨʝʟʠʜʝʥ-

ʪʦʤ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʙʳʣ ʠʟʜʘʥ ʫʢʘʟ 

ʦʪ 7 ʤʘʷ 2018 ʛ. N 204 çʆ ʥʘʮʠʦʥʘʣʴʥʳʭ 

ʮʝʣʷʭ ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʟʘʜʘʯʘʭ ʨʘʟʚʠʪʠʷ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʥʘ ʧʝʨʠʦʜ ʜʦ 2024 

ʛʦʜʘè ʚ ʢʦʪʦʨʦʤ ʛʦʚʦʨʠʪʩʷ: çʇʨʘʚʠʪʝʣʴ-

ʩʪʚʫ ʈʌ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʘʮʠʦʥʘʣʴʥʦʛʦ 

ʧʨʦʝʢʪʘ ʧʦ ʩʦʟʜʘʥʠʶ ʙʝʟʦʧʘʩʥʳʭ ʠ ʢʘʯʝ-

ʩʪʚʝʥʥʳʭ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ ʠʩʭʦʜʠʪʴ 

ʠʟ ʪʦʛʦ, ʯʪʦ ʚ 2024 ʛʦʜʫ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩ-

ʧʝʯʠʪʴ ʜʦʩʪʠʞʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʮʝʣʝʡ ʠ 

ʮʝʣʝʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡé ʉʥʠʞʝʥʠʝ ʩʤʝʨʪ-

ʥʦʩʪʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʦʨʦʞʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʧʨʦʠʩʰʝʩʪʚʠʡ ʚ 3,5 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

2017 ʛʦʜʦʤ ï ʜʦ ʫʨʦʚʥʷ, ʥʝ ʧʨʝʚʳʰʘʶʱʝʛʦ 

ʯʝʪʳʨʸʭ ʯʝʣʦʚʝʢ ʥʘ 100 ʪʳʩʷʯ ʥʘʩʝʣʝʥʠʷ (ʢ 

2030 ʛʦʜʫ ï ʩʪʨʝʤʣʝʥʠʝ ʢ ʥʫʣʝʚʦʤʫ ʫʨʦʚ-

ʥʶ ʩʤʝʨʪʥʦʩʪʠ)è [2]. 

ɽʩʣʠ ʞʝ ʦʙʨʘʪʠʪʴʩʷ ʢ ʪʝʢʩʪʫ ʥʘʮʠʦ-

ʥʘʣʴʥʦʛʦ ʧʨʦʝʢʪʘ çɹʝʟʦʧʘʩʥʳʝ ʢʘʯʝʩʪʚʝʥ-

ʥʳʝ ʜʦʨʦʛʠè, ʪʦ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚ ʥʝʤ 

ʥʝʪ ʥʠ ʩʣʦʚʘ ʦ ʩʥʠʞʝʥʠʠ ʩʢʦʨʦʩʪʥʦʛʦ ʨʝ-

ʞʠʤʘ ʥʘ ʜʦʨʦʛʘʭ [9]. ɺʠʜʠʤʦ, ʵʪʦ ʦʙʲʷʩʥʷ-

ʝʪʩʷ ʢʨʘʡʥʝʡ ʥʝʧʦʧʫʣʷʨʥʦʩʪʴʶ ʜʘʥʥʦʡ ʤʝ-

ʨʳ ʩʨʝʜʠ ʘʚʪʦʤʦʙʠʣʠʩʪʦʚ. ʆʜʥʘʢʦ ʧʦʧʫʣʷ-

ʨʠʟʘʮʠʷ ʜʘʥʥʳʭ ʦ ʪʦʤ, ʯʪʦ ʩʥʠʞʝʥʠʝ ʩʢʦ-

ʨʦʩʪʥʦʛʦ ʨʝʞʠʤʘ ʚʩʝʛʦ ʥʘ 10 ʢʤ/ʯ, ʤʦʛʣʦ 

ʙʳ ʩʥʠʟʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʘʚʪʦʢʘʪʘʩʪʨʦʬ ʩ 

ʣʝʪʘʣʴʥʳʤ ʠʩʭʦʜʦʤ ʥʘ 30-40%, ʢʘʢ ʤʳ 

ʩʯʠʪʘʝʤ, ʩʳʛʨʘʣʘ ʙʳ ʩʚʦʶ ʧʦʣʦʞʠʪʝʣʴʥʫʶ 

ʨʦʣʴ. 

ɺʥʝʜʨʝʥʠʝ ʤʝʨ ʧʦ ʩʥʠʞʝʥʠʶ ʥʝ ʰʪʨʘ-

ʬʫʝʤʦʛʦ ʧʦʨʦʛʘ ʩ 20 ʢʤ/ʯ ʜʦ 10 ʢʤ/ʯ, ʫʚʝ-

ʣʠʯʝʥʠʶ ʨʘʟʤʝʨʘ ʰʪʨʘʬʦʚ ʠ ʫʤʝʥʴʰʝʥʠʶ 

ʤʘʢʩʠʤʘʣʴʥʦ ʨʘʟʨʝʰʝʥʥʦʡ ʩʢʦʨʦʩʪʠ ʚ 

ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʘʭ ʩ 60 ʢʤ/ʯ ʜʦ 40-

50 ʢʤ/ʯ, ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʨʝʰʝʥʠʝʤ 

ʧʨʦʙʣʝʤʳ ʩʤʝʨʪʥʦʩʪʠ ʥʘ ʜʦʨʦʛʘʭ. 

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʚʳʰʝ 

ʧʨʝʜʣʦʞʝʥʠʷ ʥʝ ʪʨʝʙʫʶʪ ʩʝʨʴʝʟʥʳʭ ʬʠ-

ʥʘʥʩʦʚʳʭ ʚʣʦʞʝʥʠʡ, ʘ ʠʭ ʚʥʝʜʨʝʥʠʝ ʧʨʠ-

ʚʝʜʝʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʩʥʠʞʝʥʠʶ ʪʨʘʚʤʘ-

ʪʠʟʤʘ ʥʘ ʜʦʨʦʛʘʭ, ʩʯʠʪʘʝʤ, ʯʪʦ ʩʪʦʠʪ ʚʥʝ-

ʩʪʠ ʠʭ ʢʘʢ ʦʜʥʦ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʬʝʜʝʨʘʣʴ-

ʥʦʛʦ ʧʨʦʝʢʪʘ çɹʝʟʦʧʘʩʥʦʩʪʴ ʜʦʨʦʞʥʦʛʦ 

ʜʚʠʞʝʥʠʷè ʚʭʦʜʷʱʝʛʦ ʚ ʩʪʨʫʢʪʫʨʫ ʥʘʮʠʦ-

ʥʘʣʴʥʦʛʦ ʧʨʦʝʢʪʘ çɹʝʟʦʧʘʩʥʳʝ ʢʘʯʝʩʪʚʝʥ-

ʥʳʝ ʜʦʨʦʛʠè. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, 

ʯʪʦ ʯʨʝʟʤʝʨʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʜʚʠ-

ʞʝʥʠʷ ʥʘ ʜʦʨʦʛʘʭ ʥʝ ʪʦʣʴʢʦ ʩʥʠʞʘʝʪ ʠʭ 

ʙʝʟʦʧʘʩʥʦʩʪʴ, ʥʦ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ 

ʰʘʥʩ ʧʦʣʫʯʝʥʠʷ ʪʷʞʝʣʳʭ ʪʨʘʚʤ ʠʣʠ ʣʝ-

ʪʘʣʴʥʳʭ ʠʩʭʦʜʦʚ. ʇʨʠ ʵʪʦʤ ʦʪʝʯʝʩʪʚʝʥʥʳʡ 

ʦʧʳʪ ʦʨʛʘʥʠʟʘʮʠʠ ʩʢʦʨʦʩʪʥʦʛʦ ʨʝʞʠʤʘ ʚ 

ʮʝʣʦʤ ʧʦʭʦʞ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʫʩʣʦʚʠʷ 

ʜʚʠʞʝʥʠʷ ʧʦ ʜʦʨʦʛʘʤ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʟʥʘ-

ʯʝʥʠʷ ʠ ʘʚʪʦʤʘʛʠʩʪʨʘʣʷʤ. ʆʜʥʘʢʦ ʟʥʘʯʠ-

ʪʝʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʧʦ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʚ 

ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʘʭ. ʅʝʥʘʢʘʟʫʝʤʳʡ ʧʦʨʦʛ 

ʚ 20 ʢʤ/ʯ ʟʘʤʝʪʥʦ ʚʳʜʝʣʷʝʪʩʷ ʚ ʩʨʘʚʥʝʥʠʠ 

ʩ ʦʧʳʪʦʤ ʟʘʨʫʙʝʞʥʳʭ ʩʪʨʘʥ. ʇʦʤʠʤʦ ʵʪʦ-

ʛʦ, ʙʦʣʝʝ ʤʷʛʢʘʷ ʩʠʩʪʝʤʘ ʥʘʢʘʟʘʥʠʡ ʟʘ ʧʨʝ-

ʚʳʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚ ʈʦʩʩʠʠ ʥʝ ʩʧʦʩʦʙ-

ʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ɼʊʇ. ɺ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʙʝʟ ʵʪʠʭ ʞʝʩʪʢʠʭ, ʭʦʪʴ ʠ ʥʝʧʦʧʫ-

ʣʷʨʥʳʭ ʤʝʨ ʥʝ ʧʦʣʫʯʠʪʩʷ ʜʦʩʪʠʯʴ ʩʫʱʝ-

ʩʪʚʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʜʦ-

ʨʦʛʘʭ. 
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Abstract. The scientific article analyzes the traffic situation in the Russian Federation with 
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ʕʅɽʈɻɽʊʀʏɽʉʂɸʗ ʊɽʆʈʀʗ ʇʈʆɽʂʊʀʈʆɺɸʅʀʗ: ʂ ɺʆʇʈʆʉʋ ʆ  

ʇʈʀʄɽʅɽʅʀʀ ʉɸʄʆʎɽʅʊʈʀʈʋʖʑʀʍʉʗ ʉʀʉʊɽʄ 

 

ɻʦʜʦʬʨʝʜʦ ɻʝʚʘʨʘ ɸʣʘʥʴʷ, ʤʘʛʠʩʪʨʘʥʪ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʩʪʨʦʠʪʝʣʴʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪ 

(ʈʦʩʩʠʷ, ʛ. ʄʦʩʢʚʘ) 

 

DOI:10.24412/2500-1000-2023-11-4-36-42 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʦʧʠʩʳʚʘʶʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʧʨʠʥʮʠʧʳ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʤʝʪʦʜʘ ʠ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʘʤʦʮʝʥʪʨʠʨʫʶʱʝʡʩʷ ʩʠʩʪʝʤʝ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʯʘʩʪʴʶ 

ʟʜʘʥʠʡ. ʕʪʦʪ ʤʝʪʦʜ ʩʦʩʪʦʠʪ ʠʟ ʩʝʨʠʠ ʪʝʦʨʝʤ ʠ ʧʨʦʮʝʜʫʨ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʚ XIX ʚʝʢʝ, 

ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʢʦʥʮʝʧʮʠʠ ʵʥʝʨʛʠʠ ʫʧʨʫʛʦʡ ʜʝʬʦʨʤʘʮʠʠ ʠ ʥʘ ʧʨʠʥʮʠʧʝ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ. 

ʇʨʠʤʝʥʝʥʠʝ ʵʪʦʡ ʤʝʪʦʜʦʣʦʛʠʠ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʫʱʝʨʙ ʟʜʘʥʠʡ ʦʪ ʩʝʡʩʤʠʯʝʩʢʠʭ 

ʥʘʛʨʫʟʦʢ. 

ʉʘʤʦʮʝʥʪʨʠʨʫʶʱʠʝʩʷ ʩʠʩʪʝʤʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʨʝʚʦʩʭʦʜʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠ 

ʟʝʤʣʝʪʨʷʩʝʥʠʷʭ ʩ ʤʝʥʴʰʠʤʠ ʧʦʚʨʝʞʜʝʥʠʷʤʠ ʠ ʦʩʪʘʪʦʯʥʳʤʠ ʜʝʬʦʨʤʘʮʠʷʤʠ. ʍʦʪʷ 

ʧʨʦʮʝʜʫʨʘ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʩʪʘʪʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ ʥʘ ʧʨʦʯʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʦʙʱʝʧʨʠʥʷʪʦʡ 

ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʩʠʩʪʝʤ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʩʝʡʩʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, 

ʢʫʤʫʣʷʪʠʚʥʳʝ ʧʦʚʨʝʞʜʝʥʠʷ ʠ ʵʬʬʝʢʪʠʚʥʘʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʥʝ 

ʤʦʛʫʪ ʙʳʪʴ ʫʯʪʝʥʳ ʚ ʷʚʥʦʤ ʚʠʜʝ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʧʦʚʝʜʝʥʠʝ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʘʤʦʮʝʥʪʨʠʨʫʶʱʠʭʩʷ ʩʠʩʪʝʤ ʧʦʩʣʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ. ɺ ʧʦʩʣʝʜʥʠʝ 

ʜʝʩʷʪʠʣʝʪʠʷ ʚʦ ʚʩʝʤ ʤʠʨʝ ʚʩʝ ʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʪʝʦʨʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʘ 

ʦʩʥʦʚʝ ʵʥʝʨʛʠʠ (ʊʇʆʕ), ʚ ʢʦʪʦʨʦʡ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʵʥʝʨʛʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ 

ʢʨʠʪʠʯʝʩʢʠʡ ʧʘʨʘʤʝʪʨ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʚʷʟʠ ʩ ʧʦʚʨʝʞʜʝʥʠʷʤʠ ʢʦʥʩʪʨʫʢʮʠʡ.  

ʊʇʆʕ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʚʩʝʩʪʦʨʦʥʥʠʡ ʫʯʝʪ ʨʝʘʢʮʠʡ ʠ ʧʦʚʨʝʞʜʝʥʠʡ ʢʦʥʩʪʨʫʢʮʠʠ ʚ 

ʧʨʦʮʝʜʫʨʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʩʘʤʦʮʝʥʪʨʠʨʫʶʱʠʭʩʷ ʩʠʩʪʝʤ. ʆʜʥʘʢʦ ʣʠʰʴ 

ʥʝʤʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʝʘʣʴʥʳʝ ʧʨʦʝʢʪʳ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʦʩʚʷʱʝʥʳ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʊʇʆʕ ʜʣʷ ʩʘʤʦʮʝʥʪʨʠʨʫʶʱʠʭʩʷ ʩʠʩʪʝʤ.  

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʧʨʝʜʩʪʘʚʠʪʴ ʪʱʘʪʝʣʴʥʳʡ ʦʙʟʦʨ ʥʝʩʢʦʣʴʢʠʭ 

ʚʘʞʥʝʡʰʠʭ ʚʦʧʨʦʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʊʇʆʕ. ʄʝʞʜʫ ʪʝʤ, ʚ ʩʪʘʪʴʝ ʚʳʷʚʣʝʥʳ ʠ ʦʙʩʫʞʜʝʥʳ 

ʦʩʥʦʚʥʳʝ ʧʨʦʙʝʣʳ, ʢʦʪʦʨʳʝ ʥʫʞʜʘʶʪʩʷ ʚ ʜʘʣʴʥʝʡʰʝʤ ʠʟʫʯʝʥʠʠ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʊʇʆʕ ʢ 

ʩʘʤʦʮʝʥʪʨʠʨʫʶʱʠʤʩʷ ʩʠʩʪʝʤʘʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʘʤʦʮʝʥʪʨʠʨʫʶʱʠʝʩʷ ʩʠʩʪʝʤʳ, ʟʝʤʣʝʪʨʷʩʝʥʠʝ, ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ 

ʪʝʦʨʠʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʧʨʠʥʮʠʧʳ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ. 

 

ʍʦʪʷ ʪʨʘʜʠʮʠʦʥʥʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ 

ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʙʳʪʴ ʩʧʨʦʝʢʪʠʨʦʚʘʥʳ ʩ 

ʥʠʟʢʠʤ ʨʠʩʢʦʤ ʦʙʨʫʰʝʥʠʷ ʧʨʠ ʩʠʣʴʥʳʭ 

ʟʝʤʣʝʪʨʷʩʝʥʠʷʭ, ʥʝʫʩʪʨʘʥʠʤʳʝ ʥʝʫʧʨʫʛʠʝ 

ʜʝʬʦʨʤʘʮʠʠ ʠ ʧʦʚʨʝʞʜʝʥʠʷ ʧʨʠʚʝʣʠ ʙ  rʢ 

ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʧʨʦʩʪʦʶ, ʟʘʪʨʘʪʘʤ ʥʘ 

ʨʝʤʦʥʪ, ʛʠʙʝʣʠ ʣʶʜʝʡ ʠ ʜʘʞʝ ʜʝʤʦʥʪʘʞʫ 

ʧʦʩʣʝ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ɺ ʧʦʩʣʝʜʥʠʝ 

ʜʝʩʷʪʠʣʝʪʠʷ ʩʦʚʨʝʤʝʥʥʦʝ ʦʙʱʝʩʪʚʦ 

ʧʨʝʜʲʷʚʠʣʦ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ - ʦʪ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʦʙʨʫʰʝʥʠʡ ʜʦ 

ʫʩʪʦʡʯʠʚʦʩʪʠ, ʚ ʢʦʪʦʨʳʭ ʙʦʣʴʰʝ ʚʥʠʤʘʥʠʷ 

ʫʜʝʣʷʝʪʩʷ ʨʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʠ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ ʧʦʩʣʝ 

ʩʠʣʴʥʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ. ʂʦʥʮʝʧʮʠʷ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʚ ʢʘʯʝʩʪʚʝ 

ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚ 

ʩʝʡʩʤʦʪʝʭʥʠʢʝ ʥʘ ʩʦʚʤʝʩʪʥʦʡ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ NEES/E-

Defense [1]. ɼʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ 

ʧʦʚʳʰʝʥʥʳʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʠ 

ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʥʠʤ 

ʚʥʝʜʨʷʶʪʩʷ ʩʘʤʦʮʝʥʪʨʠʨʫʶʱʠʝʩʷ ʩʠʩʪʝ-

ʤ .r ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ 

ʩʠʩʪʝʤʘʤʠ ʩʘʤʦʮʝʥʪʨʠʨʫʶʱʠʝʩʷ 

ʢʦʥʩʪʨʫʢʮʠʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʣʫʯʰʫʶ 

ʫʧʨʘʚʣʷʝʤʦʩʪʴ ʧʦʚʨʝʞʜʝʥʠʷʤʠ ʠ 

ʩʝʡʩʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.  ɼʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ 
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ʩʘʤʦʮʝʥʪʨʠʨʦʚʘʥʠʷ ʚʚʝʜʝʥ ʤʝʭʘʥʠʟʤ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʢʦʪʦʨʳʡ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʠʣ ʙ  r ʦʩʪʘʪʦʯʥʳʝ 

ʜʝʬʦʨʤʘʮʠʠ ʧʦʩʣʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ. ʂʨʦʤʝ 

ʪʦʛʦ, ʨʝʞʠʤʳ ʦʪʢʨʳʚʘʥʠʷ-ʟʘʢʨʳʚʘʥʠʷ, 

ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʩʠʩʪʝʤʘʭ, ʤʦʛʫʪ ʟʘʱʠʪʠʪʴ 

ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʪʘʢʠʝ ʢʘʢ 

ʙʘʣʢʠ, ʢʦʣʦʥʥʳ ʠ ʩʪʝʥʦʚʳʝ ʧʘʥʝʣʠ, ʦʪ 

ʩʝʨʴʝʟʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ, ʢʦʛʜʘ ʚ ʟʦʥʘʭ 

ʩʦʝʜʠʥʝʥʠʷ ʙʫʜʝʪ ʦʛʨʘʥʠʯʝʥʘ ʪʦʣʴʢʦ 

ʥʝʫʧʨʫʛʘʷ ʜʝʬʦʨʤʘʮʠʷ.  ɹʳʣʠ ʧʨʝʜʣʦʞʝʥʳ 

ʨʘʟʣʠʯʥʳʝ ʩʘʤʦʮʝʥʪʨʠʨʫʶʱʠʝʩʷ ʩʠʩʪʝʤʳ 

ʥʘʨʷʜʫ ʩ ʧʨʦʮʝʜʫʨʘʤʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʚ 

ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʫʞʝ ʙʳʣʠ 

ʧʨʠʤʝʥʝʥʳ ʚ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʦʝʢʪʘʭ. 

ʄʝʪʦʜ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ 

ʧʨʷʤʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ (ʇʆʇʇ) ʦʙʳʯʥʦ 

ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʩʘʤʦʮʝʥʪʨʠʨʫʶʱʠʭʩʷ 

ʩʠʩʪʝʤ [4]. ʆʥ ʠʩʧʦʣʴʟʫʝʪ ʤʘʢʩʠʤʘʣʴʥʫʶ 

ʜʝʬʦʨʤʘʮʠʶ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ 

ʨʘʩʯʝʪʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ, ʛʘʨʘʥʪʠʨʫʶʱʝʛʦ 

ʧʨʦʯʥʦʩʪʴ ʠ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʜʝʬʦʨʤʘʮʠʠ 

ʧʨʠ ʟʘʜʘʥʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ. ʍʦʪʷ ʇʆʇʇ 

ʤʦʞʝʪ ʜʘʪʴ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ, ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʦʪʤʝʯʘʝʪʩʷ, 

ʯʪʦ ʢʫʤʫʣʷʪʠʚʥʳʝ ʠ ʚʳʩʦʢʦʤʦʤʝʥʪʥʳʝ 

ʵʬʬʝʢʪʳ, ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʶʪ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʝʡʩʤʠʯʝʩʢʦʝ 

ʧʦʚʝʜʝʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʧʦʚʨʝʞʜʝʥʠʡ ʚ 

ʩʘʤʦʮʝʥʪʨʠʨʫʶʱʠʭʩʷ ʩʠʩʪʝʤʘʭ, ʥʝ ʤʦʛʫʪ 

ʙʳʪʴ ʫʯʪʝʥʳ ʚ ʇʆʇʇ [4]. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʨʘʟʫʤʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʜʨʫʛʠʝ ʪʝʦʨʠʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʩʘʤʦʮʝʥʪʨʠʨʫʶʱʠʭʩʷ ʩʠʩʪʝʤ, ʯʪʦʙʳ ʝʱʝ 

ʙʦʣʴʰʝ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʠʭ ʦʩʥʦʚʳ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʧʨʦʜʚʠʛʘʪʴ ʧʨʠʣʦʞʝʥʠʷ. 

ʊʝʦʨʠʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ 

ʵʥʝʨʛʠʠ (ʊʇʆʕ), ʢʦʪʦʨʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʢʦʥʮʝʧʮʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʩʦʯʝʪʘʝʪ ʤʝʪʦʜʳ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʩʠʣʝ ʠ 

ʧʝʨʝʤʝʱʝʥʠʠ, ʩ ʫʯʝʪʦʤ ʵʥʝʨʛʠʠ 

ʟʝʤʣʝʪʨʷʩʝʥʠʷ.  ʆʥ ʚʚʦʜʠʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ 

ʵʥʝʨʛʠʠ ʚ ʢʘʯʝʩʪʚʝ ʢʨʠʪʠʯʝʩʢʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʚʟʘʠʤʦʩʚʷʟʠ 

ʩʦ ʩʪʨʫʢʪʫʨʥʳʤʠ ʧʦʚʨʝʞʜʝʥʠʷʤʠ, 

ʢʦʪʦʨʳʡ ʧʨʠʚʣʝʢ ʚʥʠʤʘʥʠʝ ʚʩʝʛʦ ʤʠʨʘ ʩ 

ʪʝʭ ʧʦʨ, ʢʘʢ ʙʳʣ ʧʨʝʜʣʦʞʝʥ. 

ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʢʦʥʮʝʧʮʠʷ ʤʦʞʝʪ 

ʦʙʝʩʧʝʯʠʪʴ ʚʩʝʩʪʦʨʦʥʥʝʝ ʨʘʩʩʤʦʪʨʝʥʠʝ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʘʢʮʠʡ ʠ ʧʦʚʨʝʞʜʝʥʠʡ 

ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ, ʦʩʦʙʝʥʥʦ ʜʣʷ 

ʩʘʤʦʮʝʥʪʨʠʨʫʶʱʠʭʩʷ ʩʠʩʪʝʤ. 

ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʤʥʦʞʝʩʪʚʦ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʚʦʧʨʦʩʘʤ, 

ʩʚʷʟʘʥʥʳʤ ʩ ʵʥʝʨʛʝʪʠʢʦʡ, ʚʢʣʶʯʘʷ 

ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʵʥʝʨʛʠʠ ʠ ʝʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʚ ʢʦʥʩʪʨʫʢʮʠʷʭ. ɼʣʷ ʪʨʘʜʠʮʠʦʥʥʳʭ ʩʠʩʪʝʤ 

ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʧʨʘʢʪʠʯʝʩʢʠʝ 

ʧʨʦʮʝʜʫʨʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʦʮʝʥʢʠ, 

ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʢʦʥʮʝʧʮʠʠ, 

ʭʦʪʷ ʠ ʦʛʨʘʥʠʯʝʥʥʳʝ. ʆʜʥʘʢʦ ʜʣʷ 

ʰʠʨʦʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʊʇʆʕ ʧʦ-ʧʨʝʞʥʝʤʫ 

ʪʨʝʙʫʶʪʩʷ ʠʥʪʝʥʩʠʚʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʦʩʦʙʝʥʥʦ ʚ ʩʘʤʦʮʝʥʪʨʠʨʫʶʱʠʭʩʷ ʩʠʩʪʝ-

ʤʘʭ.  ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ 

ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʳʡ ʦʙʟʦʨ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ 

ʥʝʩʢʦʣʴʢʠʤ ʢʨʠʪʠʯʝʩʢʠʤ ʚʦʧʨʦʩʘʤ, 

ʩʚʷʟʘʥʥʳʤ ʩ ʊʇʆʕ. ʄʝʞʜʫ ʪʝʤ, 

ʦʙʩʫʞʜʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʧʨʦʙʝʣʳ, ʢʦʪʦʨʳʝ 

ʥʝʦʙʭʦʜʠʤʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʠʟʫʯʠʪʴ ʜʣʷ 

ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʩʘʤʦʮʝʥʪʨʠʨʫʶʱʠʭʩʷ 

ʩʠʩʪʝʤʘʭ, ʯʪʦʙʳ ʜʘʪʴ ʧʝʨʩʧʝʢʪʠʚʥʳʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ. 

ʆʩʥʦʚʦʧʦʣʘʛʘʶʱʠʡ ʧʨʠʥʮʠʧ ʊʇʆʕ 

ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʢʦʥʮʝʧʮʠʷ ʙʳʣʘ 

ʚʧʝʨʚʳʝ ʦʙʩʫʞʜʝʥʘ ʍʘʜʩʦʥʦʤ [5], ʘ ʟʘʪʝʤ 

ʧʨʠʤʝʥʝʥʘ ʍʘʫʩʥʝʨʦʤ [6, 7] ʚ ʩʪʨʫʢʪʫʨʥʳʭ 

ʩʝʡʩʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʘʭ ʠ ʦʮʝʥʢʘʭ. ʆʥ 

ʫʢʘʟʘʣ, ʯʪʦ ʩʪʨʫʢʪʫʨʥʳʝ ʨʝʘʢʮʠʠ ʩʚʷʟʘʥʳ ʩ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʠ ʨʘʩʩʝʠʚʘʥʠʝʤ ʵʥʝʨʛʠʠ 

ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʯʪʦ ʙʫʜʝʪ ʦʪʨʘʞʘʪʴʩʷ ʚ 

ʩʪʨʫʢʪʫʨʥʳʭ ʧʦʚʨʝʞʜʝʥʠʷʭ ʠ 

ʜʝʬʦʨʤʘʮʠʷʭ. ʉʠʩʪʝʤʘ ʤʦʞʝʪ ʙʳʪʴ 

ʟʘʱʠʱʝʥʘ ʦʪ ʩʝʨʴʝʟʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ʠ 

ʦʙʣʘʜʘʪʴ ʜʦʩʪʘʪʦʯʥʦʡ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʴʶ, 

ʝʩʣʠ ʚʭʦʜʥʘʷ ʵʥʝʨʛʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 

ʤʝʥʴʰʝ, ʯʝʤ ʩʧʦʩʦʙʥʦʩʪʴ ʩʦʦʨʫʞʝʥʠʡ 

ʨʘʩʩʝʠʚʘʪʴ ʵʥʝʨʛʠʶ. ʂʦʥʮʝʧʮʠʷ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ ʤʦʞʝʪ 

ʦʙʝʩʧʝʯʠʪʴ ʚʩʝʩʪʦʨʦʥʥʝʝ ʧʦʥʠʤʘʥʠʝ 

ʧʦʚʝʜʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ, ʦʪʚʝʪʥʳʭ ʨʝʘʢʮʠʡ 

ʠ ʨʘʟʚʠʪʠʷ ʧʦʚʨʝʞʜʝʥʠʡ ʧʨʠ ʩʝʡʩʤʠʯʝʩʢʠʭ 

ʚʦʟʜʝʡʩʪʚʠʷʭ. 

ʂʦʥʮʝʧʮʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ 

ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʨʘʙʦʪʘʥʘ ʥʘ ʦʩʥʦʚʝ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʩʠʩʪʝʤ ʩ ʦʜʥʦʡ 

ʩʪʝʧʝʥʴʶ ʩʚʦʙʦʜʳ (ʆʉʉ), ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ 

ʫʨʘʚʥʝʥʠʠ (1a,b). 
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ʛʜʝ m ï ʤʘʩʩʘ ʩʠʩʪʝʤʳ; c ï ʠʥʜʝʢʩ 

ʚʷʟʢʦʛʦ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ; f(u) ï 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʘʷ ʩʠʣʘ; u, ½ ï ʠ ¿ ï 

ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ, ʩʢʦʨʦʩʪʴ ʠ 

ʫʩʢʦʨʝʥʠʝ ʩʠʩʪʝʤʳ; ¿g - ʫʩʢʦʨʝʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ. ʇʫʪʝʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ 

ʫʨʘʚʥʝʥʠʷ (1a,b) ʩ du ʦʪ t = 0 ʜʦ t = td, ʛʜʝ 

td ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʫʨʘʚʥʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʙʘʣʘʥʩʘ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʦ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ:  

 

 
 

ʛʜʝ EK ʧʨʝʜʩʪʘʚʣʷʝʪ ʢʠʥʝʪʠʯʝʩʢʫʶ 

ʵʥʝʨʛʠʶ; ED ʧʨʝʜʩʪʘʚʣʷʝʪ ʵʥʝʨʛʠʶ 

ʜʝʤʧʬʠʨʦʚʘʥʠʷ; Ef ʧʨʝʜʩʪʘʚʣʷʝʪ ʵʥʝʨʛʠʶ 

ʜʝʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 

ʵʥʝʨʛʠʶ ʫʧʨʫʛʦʡ ʜʝʬʦʨʤʘʮʠʠ EE ʠ 

ʛʠʩʪʝʨʝʟʠʩʥʫʶ ʵʥʝʨʛʠʶ EH; EI 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʩʭʦʜʥʦʝ ʩʝʡʩʤʠʯʝʩʢʦʝ 

ʚʦʟʜʝʡʩʪʚʠʷ ʵʥʝʨʛʠʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ EK ʠ EE ï ʵʪʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʤʘʷ 

ʵʥʝʨʛʠʷ, ʢʦʪʦʨʘʷ ʫʤʝʥʴʰʠʣʘʩʴ ʙʳ ʧʦʩʣʝ 

ʧʨʝʢʨʘʱʝʥʠʷ ʚʠʙʨʘʮʠʠ ʩʠʩʪʝʤ. ED ʠ EH ï 

ʢʨʠʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʥʘ ʢʦʪʦʨʳʭ 

ʊʇʆʕ ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʨʝʜʦʪʦʯʠʣʩʷ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʊʇʆʕ ʥʘʧʨʘʚʣʝʥʘ ʥʘ 

ʦʙʝʩʧʝʯʝʥʠʝ ʜʦʩʪʘʪʦʯʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʨʘʩʩʝʠʚʘʥʠʷ ʵʥʝʨʛʠʠ ʜʣʷ ʢʦʥʩʪʨʫʢʮʠʡ ʠ 

ʢʦʤʧʦʥʝʥʪʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʩʝʡʩʤʠʯʝʩʢʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ (ʚʭʦʜʥʘʷ 

ʵʥʝʨʛʠʷ) ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʩʝʨʴʝʟʥʳʭ 

ʧʦʚʨʝʞʜʝʥʠʡ ʠ ʦʙʨʫʰʝʥʠʷ ʩʠʩʪʝʤ. ʈʠʩʫʥ-

ʨʦʢ 1 ʠʣʣʶʩʪʨʠʨʫʝʪ ʦʩʥʦʚʥʫʶ ʢʦʥʮʝʧʮʠʶ 

ʊʇʆʕ ʜʣʷ ʫʧʨʫʛʠʭ ʠ ʥʝʫʧʨʫʛʠʭ ʩʠʩʪʝʤ. 

ɼʣʷ ʫʧʨʫʛʠʭ ʩʠʩʪʝʤ, ʧʦʩʢʦʣʴʢʫ EH = 0, 

ʚʭʦʜʥʘʷ ʵʥʝʨʛʠʷ EI ʤʦʞʝʪ ʨʘʩʩʝʠʚʘʪʴʩʷ 

ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ ʩʦʙʩʪʚʝʥʥʦʛʦ 

ʜʝʤʧʬʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʦʝ ʨʘʚʥʦ ED. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʫʨʘʚʥʝʥʠʝ (3) ʜʦʣʞʥʦ 

ʚʳʧʦʣʥʷʪʴʩʷ, ʯʪʦʙʳ ʛʘʨʘʥʪʠʨʦʚʘʪʴ 

ʩʝʡʩʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤʳ. 

 

 
 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʥʝʫʧʨʫʛʠʭ ʩʠʩʪʝʤ, EH ʠ 

ED ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʧʦʜʭʦʜʘʤʠ ʢ 

ʨʘʩʩʝʠʚʘʥʠʶ ʵʥʝʨʛʠʠ ʧʨʠ ʩʝʡʩʤʠʯʝʩʢʠʭ 

ʚʦʟʜʝʡʩʪʚʠʷʭ. ʄʦʱʥʦʩʪʴ ʨʘʩʩʝʠʚʘʥʠʷ 

ʵʥʝʨʛʠʠ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ ʠʣʠ ʨʘʚʥʷʪʴʩʷ 

ʪʨʝʙʫʝʤʦʡ ʚʭʦʜʥʦʡ ʵʥʝʨʛʠʠ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʡ 

ʩʝʡʩʤʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ 

ʫʨʘʚʥʝʥʠʠ (4). 
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ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʫʨʘʚʥʝʥʠʠ 

(2a,b,c) ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʫʨʘʚʥʝʥʠʷ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ du, ʚ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʘʙʩʦʣʶʪʥʘʷ ʬʦʨʤʘ ʫʨʘʚʥʝʥʠʷ ʤʦʞʝʪ 

ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʧʫʪʝʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ 

ʫʨʘʚʥʝʥʠʷ (2a) ʩ ʘʙʩʦʣʶʪʥʳʤ 

ʧʝʨʝʤʝʱʝʥʠʝʤ ʩʠʩʪʝʤʳ Ua, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ 

ʫʨʘʚʥʝʥʠʠ (5a, b). 

 

  

 

 
 

ʊʘʙʣʠʮʘ 1. 

Input Energy ɺʭʦʜʥʘʷ ʵʥʝʨʛʠʷ 

Recoverable energies ʀʟʚʣʝʢʘʝʤʘʷ ʵʥʝʨʛʠʷ 

Elastic Strain Energy ʕʥʝʨʛʠʷ ʫʧʨʫʛʦʡ ʜʝʬʦʨʤʘʮʠʠ 

Kinetic Energy ʂʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ 

Involved in Energy Recovery ʋʯʘʩʪʠʝ ʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʵʥʝʨʛʠʠ 

Elastic System ʋʧʨʫʛʘʷ ʩʠʩʪʝʤʘ 

Dissipated Energies ʈʘʩʩʝʷʥʥʘʷ ʵʥʝʨʛʠʷ 

Hysteretic Energy ɻʠʩʪʝʨʝʟʠʩʥʘʷ ʵʥʝʨʛʠʷ 

Damping Energy ʕʥʝʨʛʠʷ ʜʝʤʧʬʠʨʦʚʘʥʠʷ 

Involved in Energy Dissipation ʋʯʘʩʪʠʝ ʚ ʨʘʩʩʝʠʚʘʥʠʠ ʵʥʝʨʛʠʠ 

Plastic System ʇʣʘʩʪʠʢʦʚʘʷ ʩʠʩʪʝʤʘ 

Fig.1. Basic principle of EBDT ʈʠʩ.1. ʆʩʥʦʚʥʦʡ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʊʇʆʕ 

 

ʛʜʝ EaK ʠ EaI ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʘʙʩʦʣʶʪʥʫʶ ʚʭʦʜʥʫʶ ʵʥʝʨʛʠʶ ʠ 

ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʀʟ 

ʫʨʘʚʥʝʥʠʡ (5a, b) ʠ (2a, b, c) ʚʠʜʥʦ, ʯʪʦ ED, 

EE ʠ EH ʦʜʠʥʘʢʦʚʳ ʚ ʜʚʫʭ ʫʨʘʚʥʝʥʠʷʭ, 

ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʭ ʧʦ ʵʥʝʨʛʠʠ.  

ʄʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ 

ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʥʘ ʠʟʫʯʝʥʠʠ ʨʘʟʣʠʯʠʡ ʚ EaI 

ʠ EI, ʘ ʪʘʢʞʝ ʧʨʠʤʝʥʠʤʦʩʪʠ ʊʇʆʕ. 

ɹʝʨʪʝʨʦ ʠ ʋʘʥʛ [8, 9] ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ 

ʨʘʟʥʠʮʘ ʤʝʞʜʫ EaI ʠ EI ʤʦʞʝʪ ʙʳʪʴ 

ʦʯʝʚʠʜʥʘ ʜʣʷ ʩʠʩʪʝʤ ʩ ʦʯʝʥʴ ʢʦʨʦʪʢʠʤʠ ʠ 

ʜʣʠʪʝʣʴʥʳʤʠ ʧʝʨʠʦʜʘʤʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 
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ʘʙʩʦʣʶʪʥʦʝ ʚʳʨʘʞʝʥʠʝ ʫʨʘʚʥʝʥʠʷ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ ʙʳʣʦ ʙ  r ʙʦʣʝʝ 

ʧʦʜʭʦʜʷʱʠʤ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ 

ʧʦʪʨʝʙʥʦʩʪʝʡ ʚ ʵʥʝʨʛʠʠ. ʕʪʦ ʙʳʣʦ 

ʦʜʦʙʨʝʥʦ ʜʨʫʛʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʠ 

ʧʨʠʥʷʪʦ ʚ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠ-

ʷʭ [10-15]. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʏʦʧʨʘ [16] ʠ 

ɹʨʫʥʦ [17] ʩʯʠʪʘʶʪ, ʯʪʦ ʦʪʥʦʩʠʪʝʣʴʥʳʡ 

ʧʦʜʭʦʜ, ʧʦʣʫʯʝʥʥʳʡ ʠʟ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʜʝʬʦʨʤʘʮʠʠ, ʙʦʣʝʝ ʟʥʘʯʠʤ ʚ ʧʨʘʢʪʠʯʝʩʢʦʤ 

ʧʨʠʤʝʥʝʥʠʠ, ʧʦʩʢʦʣʴʢʫ ʩʪʨʫʢʪʫʨʥʳʝ 

ʨʝʘʢʮʠʠ ʠ ʧʦʚʨʝʞʜʝʥʠʷ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʳ 

ʩ ʥʝʣʠʥʝʡʥʳʤʠ ʦʪʥʦʩʠʪʝʣʴʥʳʤʠ 

ʜʝʬʦʨʤʘʮʠʷʤʠ. ʏʦʡ ʠ ʜʨ. [18] ʧʨʠʰʣʠ ʢ 

ʚʳʚʦʜʫ, ʯʪʦ, ʧʦʩʢʦʣʴʢʫ ʛʠʩʪʝʨʝʟʠʩʥʘʷ 

ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʵʥʝʨʛʠʠ ʧʨʠʥʷʪʘ ʚ ʢʘʯʝʩʪʚʝ 

ʢʨʠʪʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʚ 

ʊʇʆʕ ʠ ʚʳʚʦʜʠʪʩʷ ʠʟ ʦʪʥʦʩʠʪʝʣʴʥʳʭ 

ʜʝʬʦʨʤʘʮʠʡ, ʫʨʘʚʥʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ ʜʦʣʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʦʮʝʥʢʘʭ 

ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦ 

ʤʥʦʛʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʦʮʝʥʢʝ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ 

ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʚʳʨʘʞʝʥʠʝ 

ʫʨʘʚʥʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ 

(ʫʨʘʚʥʝʥʠʷ 2a, b,c).  

ʅʝʩʤʦʪʨʷ ʥʘ ʨʘʟʣʠʯʥʳʝ ʚʳʨʘʞʝʥʠʷ 

ʢʦʥʮʝʧʮʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ, Eh 

ʚʚʦʜʠʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʢʨʠʪʠʯʝʩʢʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʚʟʘʠʤʦʩʚʷʟʠ ʩ 

ʧʦʚʨʝʞʜʝʥʠʷʤʠ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʧʦʣʫʯʝʥʠʷ 

ʞʝʣʘʝʤʦʡ ʧʨʦʝʢʪʥʦʡ ʧʨʦʯʥʦʩʪʠ 

ʢʦʥʩʪʨʫʢʮʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʊʇʆʕ 

ʜʦʣʞʥʘ ʙʳʪʴ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʥʘ 

ʦʧʨʝʜʝʣʝʥʠʠ ʧʦʪʨʝʙʥʦʩʪʝʡ ʚ ʵʥʝʨʛʠʠ ʠ 

ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʨʘʩʩʝʠʚʘʥʠʶ ʵʥʝʨʛʠʠ 

ʩʪʨʫʢʪʫʨʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʠ ʩʠʩʪʝʤʘʤʠ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʎʝʣʴ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ï ʧʨʦʜʚʠʥʫʪʴ 

ʧʨʠʤʝʥʝʥʠʝ ʊʇʆʕ ʢ 

ʩʘʤʦʮʝʥʪʨʠʨʫʶʱʠʤʩʷ ʩʠʩʪʝʤʘʤ, 

ʧʨʝʜʦʩʪʘʚʠʚ ʪʱʘʪʝʣʴʥʳʡ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʦʙʟʦʨ ʩʚʷʟʘʥʥʳʭ ʩ 

ʊʇʆʕ ʢʣʶʯʝʚʳʭ ʚʦʧʨʦʩʦʚ. ʆʙʩʫʞʜʘʶʪʩʷ 

ʦʩʥʦʚʥʳʝ ʧʨʦʙʝʣʳ, ʢʦʪʦʨʳʝ ʥʫʞʜʘʶʪʩʷ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʠʟʫʯʝʥʠʠ, ʯʪʦʙʳ 

ʧʨʝʜʦʩʪʘʚʠʪʴ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤ 

ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʚʟʛʣʷʜʳ.  

ʍʦʪʷ ʧʦʜʭʦʜʳ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ, 

ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʩʠʣʝ ʠ ʧʝʨʝʤʝʱʝʥʠʠ, ʤʦʛʫʪ 

ʦʙʝʩʧʝʯʠʪʴ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʪʨʘʜʠʮʠʦʥʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ, ʚʩʝ ʝʱʝ ʩʫʱʝʩʪʚʫʶʪ 

ʦʛʨʘʥʠʯʝʥʠʷ ʚ ʠʭ ʧʨʠʤʝʥʝʥʠʠ ʢ 

ʩʘʤʦʮʝʥʪʨʠʨʫʶʱʠʤʩʷ ʩʠʩʪʝʤʘʤ. ɹʳʣʦ 

ʦʪʤʝʯʝʥʦ, ʯʪʦ ʩʝʡʩʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ 

(ʯʘʩʪʦʪʥʳʡ ʩʦʩʪʘʚ, ɻ ʬʬʝʢʪʳ ʜʣʠʪʝʣʴʥʦʩʪʠ) 

ʠ ʩʪʨʫʢʪʫʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚʢʣʶʯʘʷ 

ʛʠʩʪʝʨʝʟʠʩʥʦʝ ʧʦʚʝʜʝʥʠʝ, ʦʢʘʟʳʚʘʶʪ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ 

ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʥʝ ʪʦʣʴʢʦ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʥʦ ʠ 

ʩʘʤʦʮʝʥʪʨʠʨʫʶʱʠʭʩʷ ʩʠʩʪʝʤ. 

ʕʪʠ ʵʬʬʝʢʪʳ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ 

ʤʝʪʦʜʘʭ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

ʇʦʩʢʦʣʴʢʫ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʢʦʥʮʝʧʮʠʷ 

ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʚʩʝʩʪʦʨʦʥʥʝʝ ʦʧʠʩʘʥʠʝ 

ʩʪʨʫʢʪʫʨʥʳʭ ʨʝʘʢʮʠʡ, ʨʘʩʩʤʘʪʨʠʚʘʷ ʚʝʩʴ 

ʩʝʡʩʤʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʦʥʘ ʜʦʣʞʥʘ 

ʩʦʭʨʘʥʠʪʴ ʢʣʶʯʝʚʫʶ ʠʥʬʦʨʤʘʮʠʶ ʠʣʠ 

ʩʝʡʩʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʩʦʜʝʨʞʘʥʠʝ 

ʯʘʩʪʦʪʳ, ʵʬʬʝʢʪʳ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ) ʠ 

ʨʘʩʩʤʦʪʨʝʪʴ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʧʦʚʝʜʝʥʠʝ 

ʢʦʥʩʪʨʫʢʮʠʡ. 

ʕʪʦ ʧʨʠʚʝʣʦ ʙ  r ʢ ʙʦʣʝʝ ʨʘʟʫʤʥʳʤ ʠ 

ʪʦʯʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʚʳʰʝʥʥʳʤʠ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ 

ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʠ. 

ʉ ʵʪʦʡ ʮʝʣʴʶ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʦʙʰʠʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʩʚʷʱʝʥʥʳʝ 

ʊʇʆʕ ʠ ʩʚʷʟʘʥʥʳʤ ʩ ʥʠʤ ʢʣʶʯʝʚʳʤ 

ʚʦʧʨʦʩʘʤ, ʚʢʣʶʯʘʷ ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ 

ʦʮʝʥʢʫ ʧʦʪʨʝʙʥʦʩʪʝʡ ʚ ʵʥʝʨʛʠʠ, 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ EH ʠ ʨʘʩʯʝʪ ʤʦʱʥʦʩʪʠ 

ʨʘʩʩʝʠʚʘʥʠʷ ʵʥʝʨʛʠʠ ʜʣʷ ʩʠʩʪʝʤ ʠ 

ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

ʇʨʘʢʪʠʯʝʩʢʠʝ ʧʨʦʮʝʜʫʨʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʠ ʦʮʝʥʢʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʢʦʥʮʝʧʮʠʠ, ʭʦʪʷ ʠ ʦʛʨʘʥʠʯʝʥʥʳʝ, ʙʳʣʠ 

ʧʨʝʜʣʦʞʝʥʳ ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʩʠʩʪʝʤ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʊʇʆʕ ʧʦʟʚʦʣʷʝʪ ʧʦʜ ʜʨʫʛʠʤ ʫʛʣʦʤ 

ʚʟʛʣʷʥʫʪʴ ʥʘ ʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʘ ʪʘʢʞʝ ʜʦʧʦʣʥʠʪʴ 

ʦʩʥʦʚʳ ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 
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Abstract. This article describes the theoretical principles of the energy method and its 

application in a self-centering system that are part of buildings. This method consists of a series 

of theorems and procedures developed in the 19th century, based on the concept of elastic 

deformation energy and on the principle of conservation of energy. The application of this 

methodology makes it possible to reduce the damage to buildings from seismic loads. 

Self-centering systems demonstrate excellent earthquake performance with less damage and 

residual deformations. Although the procedure of equivalent static strength calculation is 

generally accepted for most structural systems used in seismic conditions, cumulative damage 

and the effective duration of earthquakes cannot be explicitly taken into account, which 

significantly affects the behavior and characteristics of self-centering systems after an 

earthquake. In recent decades, more and more attention has been paid worldwide to the theory 

of energy-based design (TPE), in which energy demand is considered as a critical parameter for 

establishing a connection with structural damage. 

TPE can provide comprehensive consideration of reactions and structural damage in design 

procedures, especially for self-centering systems. However, only a few studies and real-world 

energy design projects are devoted to the use of TPE for self-centering systems. 

This article is intended to provide a thorough overview of several important issues related to 

TPE. Meanwhile, the article identifies and discusses the main gaps that need further study for 

the application of TPE to self-centering systems. 

Keywords: self-centering systems, earthquake, energy design theory, theoretical principles of 

the energy method. 
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ʇʈʆɹʃɽʄɸʊʀʂɸ ʇʈɽɼʆʊɺʈɸʑɽʅʀʗ ʇʈʆʀɿɺʆɼʉʊɺɽʅʅʆɻʆ  

ʊʈɸɺʄɸʊʀɿʄɸ ʈɸɹʆʊʅʀʂʆɺ ʇʈʆʄʓʐʃɽʅʅʆɻʆ ʉɽʂʊʆʈɸ 

 

ɽ.ʇ. ɻʦʣʫʙʝʚʘ, ʥʘʯʘʣʴʥʠʢ ʦʪʜʝʣʘ ʆʊ, ʇɹ ʠ ʆʆʉ 

ʆʆʆ çʈʄʅʊʂ çʅʝʬʪʝʦʪʜʘʯʘè 

(ʈʦʩʩʠʷ, ʛ. ʄʦʩʢʚʘ) 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʢʨʳʚʘʶʪʩʷ ʘʢʪʫʘʣʴʥʳʝ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʝʜʦʪʚʨʘʱʝ-

ʥʠʝʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʪʨʘʚʤʘʪʠʟʤʘ ʨʘʙʦʪʥʠʢʦʚ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʩʝʢʪʦʨʘ. ɺ ʧʨʦʮʝʩʩʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʦʨʤʘʣʠʟʦʚʘʥʳ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʤʝʨʳ ʧʨʦʬʠʣʘʢʪʠʢʠ ʧʨʝʜʫ-

ʧʨʝʞʜʝʥʠʷ ʪʨʘʚʤ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ, ʪʘʢʠʝ ʢʘʢ ʨʝʛʫʣʷʨʥʳʝ ʧʨʦʚʝʨʢʠ, 

ʦʙʫʯʝʥʠʝ, ʨʘʩʩʤʦʪʨʝʥʳ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʨʘʚʤʘ, ʧʨʦʬʠʣʘʢʪʠʢʘ, ʢʦʥʪʨʦʣʴ, ʦʮʝʥʢʘ, ʦʙʫʯʝʥʠʝ. 

 

ɺ ʍʍI ʚʝʢʝ ʧʨʦʠʟʦʰʣʦ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʩʦʢʨʘʱʝʥʠʝ ʯʠʩʣʘ ʠ ʫʨʦʚʥʷ ʩʤʝʨʪʝʣʴʥʳʭ 

ʩʣʫʯʘʝʚ ʠ ʪʨʘʚʤ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ. ʆʜʥʘʢʦ 

ʤʥʦʛʠʝ ʘʚʘʨʠʠ ʠ ʧʦʚʨʝʞʜʝʥʠʷ ʚʩʝ ʝʱʝ 

ʤʦʞʥʦ ʧʨʝʜʦʪʚʨʘʪʠʪʴ. ʇʦ ʜʘʥʥʳʤ ʄʝʞʜʫ-

ʥʘʨʦʜʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʪʨʫʜʘ ʝʞʝʛʦʜʥʦ 

ʦʢʦʣʦ 2,78 ʤʠʣʣʠʦʥʘ ʨʘʙʦʪʥʠʢʦʚ ʫʤʠʨʘʶʪ 

ʦʪ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʘ ʝʱʝ 374 

ʤʠʣʣʠʦʥʘ ʩʦʪʨʫʜʥʠʢʦʚ ʩʪʨʘʜʘʶʪ ʦʪ ʥʝ-

ʩʤʝʨʪʝʣʴʥʳʭ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʥʘ ʨʘʙʦ-

ʯʝʤ ʤʝʩʪʝ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʢʘʞʜʳʡ ʜʝʥʴ 

7500 ʯʝʣʦʚʝʢ ʫʤʠʨʘʶʪ ʦʪ ʥʝʙʝʟʦʧʘʩʥʳʭ ʠ 

ʚʨʝʜʥʳʭ ʜʣʷ ʟʜʦʨʦʚʴʷ ʫʩʣʦʚʠʡ ʪʨʫʜʘ. 

ʉʤʝʨʪʥʦʩʪʴ ʥʘ ʨʘʙʦʯʝʤ ʤʝʩʪʝ ʧʨʝʚʳʰʘʝʪ 

ʩʨʝʜʥʝʛʦʜʦʚʫʶ ʩʤʝʨʪʥʦʩʪʴ ʦʪ ʜʦʨʦʞʥʦ-

ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʦʠʩʰʝʩʪʚʠʡ (999 000 

ʯʝʣ.), ʚʦʡʥ (502 000 ʯʝʣ.), ʥʘʩʠʣʠʷ (563 000 

ʯʝʣ.) ʠ ɺʀʏ/ʉʇʀɼʘ (312 000 ʯʝʣ.) [1]. 

ʕʪʘ ʩʪʘʪʠʩʪʠʢʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʩʦ-

ʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʟʘʜʘʯ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟ-

ʦʧʘʩʥʦʡ ʩʨʝʜʳ ʜʣʷ ʨʘʙʦʪʥʠʢʦʚ ʧʨʦʤʳʰ-

ʣʝʥʥʦʛʦ ʩʝʢʪʦʨʘ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ 

ʚʘʞʥʝʡʰʠʭ ʦʙʷʟʘʥʥʦʩʪʝʡ ʫʧʨʘʚʣʝʥʯʝʩʢʦʡ 

ʢʦʤʘʥʜʳ. ɺ ʦʪʨʘʩʣʷʭ ʩ ʧʨʠʩʫʱʠʤʠ ʚʳʩʦ-

ʢʠʤʠ ʨʠʩʢʘʤʠ, ʪʘʢʠʭ ʢʘʢ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠ 

ʛʦʨʥʦʜʦʙʳʚʘʶʱʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʤʝ-

ʪʘʣʣʫʨʛʠʷ, ʤʘʰʠʥʦʩʪʨʦʝʥʠʝ ʢʨʘʡʥʝ ʚʘʞʥʦ, 

ʯʪʦʙʳ ʧʝʨʩʦʥʘʣ ʧʦʥʠʤʘʣ ʠ ʩʦʙʣʶʜʘʣ 

ʥʘʜʣʝʞʘʱʠʝ ʧʨʦʪʦʢʦʣʳ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʄʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʠʩ-

ʩʣʝʜʦʚʘʪʝʣʝʡ ʚ ʦʙʣʘʩʪʠ ʧʨʦʬʠʣʘʢʪʠʢʠ 

ʪʨʘʚʤʘʪʠʟʤʘ ʚ ʧʨʦʤʳʰʣʝʥʥʦʤ ʩʝʢʪʦʨʝ, ʘ 

ʪʘʢʞʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠ ʢʦʦʧʝʨʘʮʠʷ ʤʝʞ-

ʜʫ ʨʘʟʣʠʯʥʳʤʠ ʥʘʫʯʥʳʤʠ ʩʬʝʨʘʤʠ ʧʦ 

ʵʪʠʤ ʚʦʧʨʦʩʘʤ ʧʦʚʳʩʠʣʠ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠ 

ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʨʘʟʨʘʙʦʪʦʢ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʠ ʧʨʝʜʦʪ-

ʚʨʘʱʝʥʠʷ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʦʟʥʘʯʝʥʥʳʝ ʦʙʩʪʦʷ-

ʪʝʣʴʩʪʚʘ ʧʨʝʜʦʧʨʝʜʝʣʠʣʠ ʚʳʙʦʨ ʪʝʤʳ ʜʘʥ-

ʥʦʡ ʩʪʘʪʴʠ. 

ʅʘʜ ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ ʚʨʝʜʥʳʭ ʧʨʦʠʟ-

ʚʦʜʩʪʚʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʠ ʩʣʫʯʘʝʚ ʧʨʦʠʟ-

ʚʦʜʩʪʚʝʥʥʦʛʦ ʪʨʘʚʤʘʪʠʟʤʘ ʪʨʫʜʷʪʩʷ ʪʘʢʠʝ 

ʘʚʪʦʨʳ ʢʘʢ ɸʛʦʰʢʦʚ ɸ.ʀ., ʃʝʩʦʚʩʢʠʡ ɹ.ʌ., 

ʉʪʨʠʞʝʫʩʦʚ ʉ.ʅ., ʂʫʨʦʯʢʠʥ ʇ.ɸ., ɹʦʥʜʘ-

ʨʝʥʢʦ ʖ.ɼ., ʂʦʞʝʚʥʠʢʦʚʘ ʅ.ʖ. 

ʆʙʦʩʥʦʚʘʥʠʶ ʤʝʪʦʜʠʢʠ ʦʩʫʱʝʩʪʚʣʝʥʠʷ 

ʢʦʥʪʨʦʣʷ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʧʨʦʬʝʩʩʠʦʥʘʣʴ-

ʥʳʤʠ ʨʠʩʢʘʤʠ ʚ ʫʩʣʦʚʠʷʭ ʥʝʯʝʪʢʠʭ ʜʘʥ-

ʥʳʭ ʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʧʘʩʥʦʩʪʷʭ ʥʘ 

ʨʘʙʦʯʠʭ ʤʝʩʪʘʭ ʧʦʩʚʷʪʠʣʠ ʩʚʦʠ ʪʨʫʜʳ ɹʦ-

ʯʘʨʦʚ ɼ.ɸ., ʊʘʨʘʨʳʯʢʠʥ ʀ.ɸ., ɸʥʠʩʠ-

ʤʦʚ ɺ.ʅ., ɸʚʜʝʝʚʘ ʀ.ɺ., ʏʝʨʥʳʰʦʚʘ ɸ.ɻ., 

ʅʘʩʠʙʫʣʠʥʘ ɹ.ʄ. 

ɺ ʪʦʞʝ ʚʨʝʤʷ, ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʨʘʟʨʘʙʦʪʢʦʡ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʧʨʦʛʨʘʤʤ, 

ʩʪʨʘʪʝʛʠʡ, ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʨʦʜʫʢʪʦʚ, ʢʦʪʦ-

ʨʳʝ ʙʳ ʫʯʠʪʳʚʘʣʠ ʧʦʩʣʝʜʥʠʝ ʜʦʩʪʠʞʝʥʠʷ 

ʚ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʠ, ʩʦʮʠʦʣʦʛʠʠ, ʧʦʚʝʜʝʥ-

ʯʝʩʢʠʭ ʥʘʫʢʘʭ ʦʩʪʘʶʪʩʷ ʦʪʢʨʳʪʳʤʠ. 

ʉ ʫʯʝʪʦʤ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ, ʮʝʣʴ ʩʪʘ-

ʪʴʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʟʫʯʝʥʠʠ ʧʨʦʙʣʝʤʘʪʠʢʠ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʪʨʘʚ-

ʤʘʪʠʟʤʘ ʨʘʙʦʪʥʠʢʦʚ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʩʝʢ-

ʪʦʨʘ. 

ʇʨʝʜʫʧʨʝʞʜʝʥʠʝ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʦʣʠʪʠʢʫ ʠ 

ʧʨʦʮʝʜʫʨʳ, ʧʨʠʥʷʪʳʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʦʪʨʫʜʥʠʢʦʚ ʥʘ ʨʘʙʦʯʝʤ ʤʝ-

ʩʪʝ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʫʯʝʥʳʝ ʠ ʵʢʩ-
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ʧʝʨʪʳ ʫʚʝʨʝʥʳ ʚ ʪʦʤ, ʯʪʦ ʙʦʣʴʰʘʷ ʯʘʩʪʴ 

ʧʨʦʛʨʝʩʩʘ ʚ ʩʥʠʞʝʥʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ 

ʪʨʘʚʤʘʪʠʟʤʘ ʠ ʩʤʝʨʪʥʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ 

ʩʚʷʟʘʥʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥ-

ʥʳʭ ʧʦʜʭʦʜʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦʜʭʦʜʦʚ ʚ ʦʙ-

ʣʘʩʪʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʟʜʨʘ-

ʚʦʦʭʨʘʥʝʥʠʷ, ʘ ʪʘʢʞʝ c ʨʘʩʰʠʨʝʥʠʝʤ ʩʦ-

ʪʨʫʜʥʠʯʝʩʪʚʘ ʤʝʞʜʫ ʜʠʩʮʠʧʣʠʥʘʤʠ ʠ ʩʝʢ-

ʪʦʨʘʤʠ [2]. 

ʅʘ ʦʩʥʦʚʝ ʠʟʫʯʝʥʠʷ ʩʪʘʪʠʩʪʠʢʠ ʠ ʩʠʪʫ-

ʘʮʠʠ ʩ ʧʨʝʜʫʧʨʝʞʜʝʥʠʝʤ ʪʨʘʚʤʘʪʠʟʤʘ ʥʘ 

ʧʨʝʜʧʨʠʷʪʠʷʭ ʨʘʟʣʠʯʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʩʝʢʪʦʨʦʚ, ʘʚʪʦʨʦʤ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ 12 

ʚʘʞʥʳʭ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʤʝʨ (ʩʤ. 

ʨʠʩ. 1). 

 

 
ʈʠʩ. 1. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʤʝʨʳ ʧʨʦʬʠʣʘʢʪʠʢʠ ʪʨʘʚʤʘʪʠʟʤʘ ʥʘ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʷʭ 

 

ʈʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʠʟ ʤʝʨ, ʧʨʝʜ-

ʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 1, ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ. 

ʊʘʢ, ʥʝʩʦʤʥʝʥʥʦ, ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʪʨʘʚʤʠʨʦʚʘʥʠʷ ʥʘ ʨʘʙʦ-

ʯʝʤ ʤʝʩʪʝ ʠʤʝʝʪ ʚʦʚʣʝʯʝʥʠʝ ʠ ʦʮʝʥʢʘ ʧʦʜ-

ʛʦʪʦʚʢʠ ʩʦʪʨʫʜʥʠʢʦʚ. ʇʨʠʯʝʤ ʧʦʜʛʦʪʦʚʢʘ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʢʘʢ ʢʦʥʪʨʦʣʴ ʟʥʘʥʠʡ ʧʦ 

ʪʝʭʥʠʢʝ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʪʘʢ ʠ ʤʝʜʠʮʠʥʩʢʠʡ 

ʦʩʤʦʪʨ. ʇʣʦʭʦ ʦʙʫʯʝʥʥʳʡ ʩʦʪʨʫʜʥʠʢ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʧʘʩʥʦʩʪʴ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʩʝ-

ʙʷ, ʥʦ ʪʘʢʞʝ ʜʣʷ ʢʦʣʣʝʛ ʠ ʜʨʫʛʠʭ ʪʨʝʪʴʠʭ 

ʣʠʮ. ɹʝʟ ʥʘʜʣʝʞʘʱʝʛʦ ʦʙʫʯʝʥʠʷ ʪʘʢʦʡ ʨʘ-

ʙʦʪʥʠʢ ʤʦʞʝʪ ʥʝʦʩʦʟʥʘʥʥʦ ʧʦʜʚʝʨʛʥʫʪʴ 

ʦʧʘʩʥʦʩʪʠ ʩʝʙʷ ʠ ʩʚʦʠʭ ʢʦʣʣʝʛ [3]. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʪʱʘʪʝʣʴʥʘʷ ʧʨʦʛʨʘʤʤʘ ʦʙʫʯʝʥʠʷ 

ʜʦʣʞʥʘ ʙʳʪʴ ʧʨʦʚʝʜʝʥʘ ʩ ʢʘʞʜʳʤ ʥʦʚʳʤ 

ʩʦʪʨʫʜʥʠʢʦʤ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʝʛʦ ʦʧʳʪʘ. ɺ 

ʪʦʞʝ ʚʨʝʤʷ, ʤʝʜʠʮʠʥʩʢʠʡ ʦʩʤʦʪʨ ʤʦʞʝʪ 

ʛʘʨʘʥʪʠʨʦʚʘʪʴ, ʯʪʦ ʩʦʪʨʫʜʥʠʢʠ ʬʠʟʠʯʝʩʢʠ 

ʠ ʫʤʩʪʚʝʥʥʦ ʩʧʦʩʦʙʥʳ ʚʳʧʦʣʥʷʪʴ ʦʙʷʟʘʥ-

ʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʪʨʝʙʫʝʪ ʢʘʞʜʘʷ ʜʦʣʞʥʦʩʪʴ. 

ʄʝʜʦʩʤʦʪʨ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʩʣʝʜʫ-
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ʶʱʠʝ ʵʣʝʤʝʥʪʳ: ʬʠʟʠʯʝʩʢʠʡ ʦʩʤʦʪʨ, ʦʙ-

ʟʦʨ ʠʩʪʦʨʠʠ ʙʦʣʝʟʥʠ, ʧʨʦʚʝʨʢʘ ʟʨʝʥʠʷ ʠ 

ʩʣʫʭʘ, ʪʝʩʪ ʝʤʢʦʩʪʠ ʣʝʛʢʠʭ, ʩʝʨʜʝʯʥʳʡ 

ʩʪʨʝʩʩ-ʪʝʩʪ, ʧʨʦʚʝʨʢʘ ʥʘ ʥʘʨʢʦʪʠʢʠ ʠ ʘʣʢʦ-

ʛʦʣʴ ʠ ʪ.ʜ. 

ʈʝʛʫʣʷʨʥʳʝ ʧʨʦʚʝʨʢʠ ʩʦʩʪʦʷʥʠʷ ʨʘʙʦ-

ʯʠʭ ʤʝʩʪ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʘʰʠʥ ʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʥʝʦʪʲʝʤʣʝʤʳʤʠ 

ʵʣʝʤʝʥʪʘʤʠ ʧʨʦʬʠʣʘʢʪʠʢʠ ʪʨʘʚʤʘʪʠʟʤʘ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʤ ʩʝʢʪʦʨʝ. ʆʪ ʤʦʣʦʪʢʘ ʢʘʞ-

ʜʦʛʦ ʨʘʙʦʯʝʛʦ ʜʦ ʙʦʣʴʰʠʭ ʤʘʰʠʥ ʦʙʱʝʛʦ 

ʧʦʣʴʟʦʚʘʥʠʷ ï ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʠʥʩʪʨʫ-

ʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʩʦʪʨʫʜʥʠʢʠ ʠʩʧʦʣʴʟʫʶʪ ʚ 

ʩʚʦʝʡ ʨʘʙʦʪʝ, ʙʳʣʠ ʙʝʟʦʧʘʩʥʳʤʠ ʠ ʨʘʙʦʪʘ-

ʣʠ ʧʨʘʚʠʣʴʥʦ. ɽʩʣʠ ʯʪʦ-ʪʦ ʩʣʦʤʘʣʦʩʴ, ʵʪʦ 

ʧʦʜʣʝʞʠʪ ʥʝʤʝʜʣʝʥʥʦʤʫ ʨʝʤʦʥʪʫ ʠʣʠ ʟʘ-

ʤʝʥʝ. 

ʂʦʤʧʣʝʢʩʥʳʡ ʧʣʘʥ ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ 

ʯʨʝʟʚʳʯʘʡʥʳʝ ʩʠʪʫʘʮʠʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʢʣʶʯʝʚʳʭ ʰʘʛʦʚ ʚ ʧʨʝʜʦʪʚʨʘʱʝʥʠʠ 

ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʥʘ ʨʘʙʦʪʝ. ɺ ʵʪʦʤ ʜʦ-

ʢʫʤʝʥʪʝ ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʟʲʷʩʥʝʥʳ ʚʩʝ ʧʦ-

ʣʠʪʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʧʨʦʮʝʜʫʨʳ ʜʣʷ: ʦʧʦʚʝʱʝʥʠʷ ʨʫʢʦʚʦʜʩʪʚʘ ʦ 

ʩʣʫʯʠʚʰʝʡʩʷ ʩʠʪʫʘʮʠʠ ʠ ʚʦʟʤʦʞʥʳʭ ʨʠʩ-

ʢʘʭ, ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʠʷ ʣʶʙʳʭ ʠʥʮʠʜʝʥ-

ʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʙʝʟʦʧʘʩʥʦʩʪʴʶ, ʜʝʡʩʪʚʠʡ 

ʚ ʩʣʫʯʘʝ ʪʨʘʚʤʠʨʦʚʘʥʠʷ ʧʝʨʩʦʥʘʣʘ. 

ʀʪʘʢ, ʨʘʟʨʘʙʦʪʢʘ ʤʥʦʛʦʛʨʘʥʥʳʭ, ʧʨʘʛ-

ʤʘʪʠʯʥʳʭ ʠ ʧʝʨʝʜʦʚʳʭ ʤʝʨ ʧʨʦʬʠʣʘʢʪʠʢʠ 

ʪʨʘʚʤʘʪʠʟʤʘ ʠʤʝʝʪ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ 

ʜʣʷ ʩʦʙʣʶʜʝʥʠʷ ʪʝʭʥʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ 

ʦʭʨʘʥʳ ʪʨʫʜʘ ʥʘ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠ-

ʷʪʠʷʭ. 
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Abstract. The article reveals topical issues related to the prevention of occupational injuries 

of workers in the industrial sector. In the process of research the most common measures of inju-

ry prevention at enterprises are formalized. Some of them, such as regular inspections, training 

are considered in more detail. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ ʦʙʲʝʤʦʚ ʜʘʥʥʳʭ, 

ʯʪʦ ʚʳʟʳʚʘʝʪ ʧʨʦʙʣʝʤʳ ʩ ʠʭ ʵʬʬʝʢʪʠʚʥʳʤ ʩʙʦʨʦʤ, ʦʙʨʘʙʦʪʢʦʡ ʠ ʘʥʘʣʠʟʦʤ. ʆʨʛʘʥʠʟʘ-

ʮʠʠ ʩʪʨʝʤʷʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʳʝ ʢʘʢ ʢʦʥʢʫʨʝʥʪʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ, ʧʦʵʪʦʤʫ ʵʬʬʝʢ-

ʪʠʚʥʳʝ ETL-ʧʨʦʮʝʩʩʳ ʧʦʤʦʛʘʶʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʦʰʠʙʢʠ ʜʘʥʥʳʭ ʠ ʧʦʚʳʰʘʪʴ ʪʦʯʥʦʩʪʴ 

ʘʥʘʣʠʟʘ. ɺ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʧʷʪʴ ʧʦʧʫʣʷʨʥʳʭ ʠʥʩʪʨʫʤʝʥ-

ʪʦʚ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ETL-ʧʨʦʮʝʩʩʦʚ, ʚʢʣʶʯʘʷ Apache Airflow, Pentaho Data Integration 

ʠ Oracle Data Integrator, ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥ ʠʭ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦ ʨʘʟʥʳʤ ʢʨʠʪʝʨʠ-

ʷʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ, ETL-ʧʨʦʮʝʩʩʳ, ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ. 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʩʦʩʪʦʠʪ ʚ 

ʪʦʤ, ʯʪʦ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʥʘʙʣʶʜʘʝʪʩʷ 

ʢʦʣʦʩʩʘʣʴʥʳʡ ʨʦʩʪ ʦʙʲʝʤʦʚ ʜʘʥʥʳʭ, ʯʪʦ 

ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʧʨʦʙʣʝʤʳ ʩ ʵʬʬʝʢʪʠʚʥʦ-

ʩʪʴʶ ʩʙʦʨʘ, ʦʙʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟʘ ʵʪʠʭ ʜʘʥ-

ʥʳʭ ʚ ʦʨʛʘʥʠʟʘʮʠʷʭ. ʊʘʢʞʝ ʵʪʦ ʦʙʫʩʣʦʚʣʝ-

ʥʦ ʞʝʣʘʥʠʝʤ ʢʦʤʧʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦ-

ʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ, ʢʘʢ ʢʦʥʢʫʨʝʥʪʥʦʝ ʧʨʝ-

ʠʤʫʱʝʩʪʚʦ ʠ ʠʤʝʥʥʦ ʪʦʯʥʦʩʪʴ, ʩʢʦʨʦʩʪʴ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʨʘʙʦʪʝ ʩ ʥʠʤʠ, ʧʦʤʦʛʫʪ 

ʫʣʫʯʰʠʪʴ ʦʧʝʨʘʪʠʚʥʦʝ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ. 

ʕʬʬʝʢʪʠʚʥʳʝ ETL-ʧʨʦʮʝʩʩʳ ʧʦʤʦʛʫʪ ʤʠ-

ʥʠʤʠʟʠʨʦʚʘʪʴ ʦʰʠʙʢʠ ʜʘʥʥʳʭ ʠ ʪʝʤ ʩʘ-

ʤʳʤ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʘʥʘʣʠʟʘ ʠ ʧʨʝʜʦ-

ʩʪʘʚʣʝʥʠʷ ʜʦʚʝʨʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʀʤʝʥ-

ʥʦ ʧʦʵʪʦʤʫ ʘʥʘʣʠʟ ʠ ʚʳʙʦʨ ʩʨʝʜʩʪʚ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ETL-ʧʨʦʮʝʩʩʦʚ ʷʚʣʷʝʪʩʷ 

ʚʘʞʥʳʤ ʰʘʛʦʤ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ.  

ɺ ʭʦʜʝ ʘʥʘʣʠʟʘ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʧʷʪʴ 

ʧʦʧʫʣʷʨʥʳʭ ETL ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʩ ʮʝʣʴʶ 

ʧʦʣʥʦʛʦ ʧʦʥʠʤʘʥʠʷ ʦ ʪʦʤ, ʯʪʦ ʦʥʠ ʠʟ ʩʝʙʷ 

ʧʨʝʜʩʪʘʚʣʷʶʪ, ʨʘʩʩʤʦʪʨʠʤ ʠʭ ʧʦʜʨʦʙʥʝʝ. 

Apache Airflow ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʪ-

ʢʨʳʪʫʶ ʧʣʘʪʬʦʨʤʫ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʠ ʧʣʘ-

ʥʠʨʦʚʘʥʠʷ ʨʘʙʦʯʠʭ ʧʨʦʮʝʩʩʦʚ (workflow), 

ʢʦʪʦʨʘʷ ʘʚʪʦʤʘʪʠʟʠʨʫʝʪ ʩʣʦʞʥʳʝ ʟʘʜʘʯʠ 

ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ETL (Extract, 

Transform, Load) ʧʨʦʮʝʩʩʳ, ʧʣʘʥʠʨʦʚʘʥʠʝ 

ʟʘʜʘʯ ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ. ɻʣʘʚʥʦʝ ʦʩʦʙʝʥʥʦ-

ʩʪʴʶ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʠʩʘʪʴ 

ʥʘʧʨʘʚʣʝʥʥʳʝ ʘʮʠʢʣʠʯʝʩʢʠʝ ʛʨʘʬʳ (DAG) 

ʥʘ ʷʟʳʢʝ Python, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘ-

ʝʪ ʛʠʙʢʦʩʪʴ. 

Pentaho Data Integration (PDI), ʪʘʢʞʝ ʠʟ-

ʚʝʩʪʥʳʡ ʢʘʢ Kettle, ʵʪʦ ʤʦʱʥʳʡ ʠʥʩʪʨʫ-

ʤʝʥʪ ʜʣʷ ʠʥʪʝʛʨʘʮʠʠ ʜʘʥʥʳʭ ʠ ETL 

(Extract, Transform, Load), ʨʘʟʨʘʙʦʪʘʥʥʳʡ 

ʢʦʤʧʘʥʠʝʡ Pentaho, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʯʘ-

ʩʪʴʶ ʢʦʨʧʦʨʘʮʠʠ Hitachi Vantara. PDI 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʩʨʝʜʩʪʚʘ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ 

ʜʘʥʥʳʭ ʠʟ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʠʭ ʧʨʝ-

ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʟʘʛʨʫʟʢʠ ʚ ʨʘʟʥʦʦʙʨʘʟʥʳʝ 

ʮʝʣʝʚʳʝ ʭʨʘʥʠʣʠʱʘ ʜʘʥʥʳʭ. 

Oracle Data Integrator ï ʵʪʦ ʧʨʦʛʨʘʤʤʥʦʝ 

ʨʝʰʝʥʠʝ, ʨʘʟʨʘʙʦʪʘʥʥʦʝ ʠ ʨʘʩʧʨʦʩʪʨʘʥʷʝ-

ʤʦʝ ʢʦʤʧʘʥʠʝʡ Oracle. ODI ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʩʨʝʜʩʪʚʘ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʜʘʥʥʳʭ ʠʟ ʨʘʟ-

ʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ 

ʟʘʛʨʫʟʢʠ ʚ ʮʝʣʝʚʳʝ ʭʨʘʥʠʣʠʱʘ ʜʘʥʥʳʭ. 

ʆʥʦ ʪʘʢʞʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʠʥ-

ʭʨʦʥʠʟʘʮʠʠ ʜʘʥʥʳʭ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ 

ʩʠʩʪʝʤʘʤʠ ʠ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʠ ʘʚʪʦʤʘʪʠʟʘ-

ʮʠʠ ʧʨʦʮʝʩʩʦʚ ETL (Extract, Transform, 

Load). ʆʪʣʠʯʥʦ ʨʘʙʦʪʘʝʪ ʩ ʧʨʦʛʨʘʤʤʥʳʤʠ 

ʧʨʦʜʫʢʪʘʤʠ ʢʦʤʧʘʥʠʠ Oracle, ʥʦ ʤʦʞʝʪ 

ʧʦʣʥʦʮʝʥʥʦ ʨʘʙʦʪʘʪʴ ʠ ʩ ʧʨʦʯʠʤʠ ʨʝʰʝʥʠ-

ʷʤʠ. 

Apache NiFi ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʥ-

ʩʪʨʫʤʝʥʪ, ʩ ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ, 

ʫʧʨʘʚʣʝʥʠʷ ʧʦʪʦʢʘʤʠ ʜʘʥʥʳʭ ʠʟ ʨʘʟʥʦʦʙ-

ʨʘʟʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ 
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ʚʨʝʤʝʥʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʨʘʬʠʯʝʩʢʦʛʦ 

ʠʥʪʝʨʬʝʡʩʘ. ʉʦʚʤʝʩʪʠʤ ʩ ʧʨʦʛʨʘʤʤʥʳʤʠ 

ʧʨʦʜʫʢʪʘʤʠ ʵʢʦʩʠʩʪʝʤʳ Hadoop. 

IBM InfoSphere DataStage ï ʵʪʦ ʠʥʩʪʨʫ-

ʤʝʥʪ ʠ ʧʣʘʪʬʦʨʤʘ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʠ ʠʥʪʝ-

ʛʨʘʮʠʠ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʡ ʨʘʟʨʘʙʦʪʘʥ IBM. 

ʆʥ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʩʨʝʜʩʪʚʘ ʜʣʷ ʩʙʦʨʘ, 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠʟ ʨʘʟ-

ʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʩʠ-

ʩʪʝʤʳ ʠ ʭʨʘʥʠʣʠʱʘ ʜʘʥʥʳʭ. IBM 

InfoSphere DataStage ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʨʘʬʠ-

ʯʝʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠ ʥʘʩʪʨʦʡ-

ʢʠ ʧʨʦʮʝʩʩʦʚ ETL, ʯʪʦ ʜʝʣʘʝʪ ʧʨʦʮʝʩʩ ʠʥ-

ʪʝʛʨʘʮʠʠ ʜʘʥʥʳʭ ʙʦʣʝʝ ʜʦʩʪʫʧʥʳʤ ʠ ʵʬ-

ʬʝʢʪʠʚʥʳʤ ʜʣʷ ʨʘʟʨʘʙʦʪʯʠʢʦʚ. ʕʪʦʪ ʠʥ-

ʩʪʨʫʤʝʥʪ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʨʛʘʥʠʟʘ-

ʮʠʷʤʠ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʠ ʦʙʝʩʧʝʯʝ-

ʥʠʷ ʠʭ ʢʘʯʝʩʪʚʘ ʠ ʜʦʩʪʫʧʥʦʩʪʠ. 

ʇʝʨʝʡʜʝʤ ʢ ʧʦʜʨʦʙʥʦʤʫ ʩʨʘʚʥʠʪʝʣʴʥʦ-

ʤʫ ʘʥʘʣʠʟʫ ʧʷʪʠ ʚʝʜʫʱʠʭ ETL ʠʥʩʪʨʫʤʝʥ-

ʪʦʚ: Apache Airflow, Pentaho Data 

Integration (PDI), Oracle Data Integrator 

(ODI), Apache NiFi ʠ IBM InfoSphere 

DataStage. ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ 

ʢʣʶʯʝʚʳʤ ʚʦʟʤʦʞʥʦʩʪʷʤ, ʪʘʢʠʤ ʢʘʢ ʛʨʘ-

ʬʠʯʝʩʢʠʡ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ 

(GUI), ʨʘʩʰʠʨʷʝʤʦʩʪʴ, ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʠʟ-

ʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʠ ʧʦʜʜʝʨʞʢʘ ʠʩʪʦʯʥʠʢʦʚ 

ʜʘʥʥʳʭ. 

 

ʊʘʙʣʠʮʘ 1. ʉʨʘʚʥʝʥʠʝ ETL ʠʥʩʪʨʫʤʝʥʪʦʚ 

ʂʨʠʪʝʨʠʠ 
Apache 

Airflow  

Pentaho Data 

Integration 
Oracle Data Integrator Apache NiFi 

IBM InfoSphere 

DataStage 

ɻʨʘʬʠʯʝʩʢʠʡ ʠʥ-

ʪʝʨʬʝʡʩ 

ɺʝʙ-

ʠʥʪʝʨʬʝʡʩ ʜʣʷ 

ʤʦʥʠʪʦʨʠʥʛʘ 

ʇʦʣʥʦʮʝʥʥʳʡ 

GUI ʜʣʷ ʜʠ-

ʟʘʡʥʘ ETL 

GUI ʠ ʚʠʟʫʘʣʴʥʦʝ ʤʦ-

ʜʝʣʠʨʦʚʘʥʠʝ 

ʋʜʦʙʥʳʡ ʚʝʙ-

ʠʥʪʝʨʬʝʡʩ ʜʣʷ 

ʜʠʟʘʡʥʘ 

ʄʦʱʥʳʡ GUI ʜʣʷ 

ʨʘʙʦʪʳ ʩ ʜʘʥʥʳʤʠ 

ʈʘʩʰʠʨʷʝʤʦʩʪʴ 
ʇʦʜʜʝʨʞʢʘ 

ʧʣʘʛʠʥʦʚ 

ʇʣʘʛʠʥʳ ʠ 

ʠʥʪʝʛʨʘʮʠʷ ʩ 

Kettle 

ʈʘʩʰʠʨʷʝʤʦʩʪʴ ʯʝʨʝʟ 

SDK 

ʀʥʪʝʛʨʘʮʠʷ 

ʧʨʦʮʝʩʩʦʨʦʚ 

ʐʠʨʦʢʠʡ ʩʧʝʢʪʨ 

ʨʘʩʰʠʨʝʥʠʡ 

ʋʧʨʘʚʣʝʥʠʝ ʚʝʨ-

ʩʠʷʤʠ 

ɺʩʪʨʦʝʥʥʦʝ 

ʯʝʨʝʟ Git 

ʏʘʩʪʠʯʥʘʷ 

ʧʦʜʜʝʨʞʢʘ 

ʯʝʨʝʟ ʨʝʧʦʟʠ-

ʪʦʨʠʡ 

ʇʦʜʜʝʨʞʢʘ ʯʝʨʝʟ ODI 

ʨʝʧʦʟʠʪʦʨʠʡ 

ʅʝʷʚʥʘʷ, ʯʝʨʝʟ 

ʚʥʝʰʥʠʝ ʩʠ-

ʩʪʝʤʳ 

ɺʩʪʨʦʝʥʥʦʝ ʫʧʨʘʚ-

ʣʝʥʠʝ ʚʝʨʩʠʷʤʠ 

ʇʨʦʠʟʚʦʜʠʪʝʣʴ-

ʥʦʩʪʴ 

ɿʘʚʠʩʠʪ ʦʪ 

ʠʩʧʦʣʥʠʪʝʣʷ 

ɺʳʩʦʢʘʷ ʩ 

ʢʵʰʠʨʦʚʘʥʠ-

ʝʤ ʠ ʦʧʪʠʤʠ-

ʟʘʮʠʝʡ 

ɺʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴ-

ʥʦʝ ʠʩʧʦʣʥʝʥʠʝ ʩ E-LT 

ʈʘʟʨʘʙʦʪʘʥ ʜʣʷ 

ʚʳʩʦʢʦʡ ʧʨʦ-

ʧʫʩʢʥʦʡ ʩʧʦ-

ʩʦʙʥʦʩʪʠ 

ʆʧʪʠʤʠʟʠʨʦʚʘʥ 

ʜʣʷ ʙʦʣʴʰʠʭ ʦʙʲ-

ʝʤʦʚ 

ʇʦʜʜʝʨʞʢʘ ʠʩʪʦʯ-

ʥʠʢʦʚ ʜʘʥʥʳʭ 

ʐʠʨʦʢʠʡ 

ʜʠʘʧʘʟʦʥ ʯʝ-

ʨʝʟ ʠʥʪʝʨʬʝʡ-

ʩ r

ʐʠʨʦʢʠʡ 

ʜʠʘʧʘʟʦʥ ʠʩ-

ʪʦʯʥʠʢʦʚ 

ʉʠʣʴʥʘʷ ʠʥʪʝʛʨʘʮʠʷ ʩ 

Oracle ʠ ʜʨʫʛʠʤʠ 

ʄʥʦʛʦʯʠʩʣʝʥ-

ʥʳʝ ʠʩʪʦʯʥʠʢʠ 

ʜʘʥʥʳʭ 

ʐʠʨʦʢʘʷ ʧʦʜ-

ʜʝʨʞʢʘ ʨʘʟʣʠʯʥʳʭ 

ʩʠʩʪʝʤ 

ʄʘʩʰʪʘʙʠʨʫʝ-

ʤʦʩʪʴ 

ɻʦʨʠʟʦʥʪʘʣʴ-

ʥʘʷ ʯʝʨʝʟ 

Celery ʠ ʜʨʫ-

ʛʠʝ 

ɺʝʨʪʠʢʘʣʴʥʘʷ 

ʠ ʛʦʨʠʟʦʥ-

ʪʘʣʴʥʘʷ 

ʆʪʣʠʯʥʘʷ, ʩ ʧʦʜʜʝʨʞ-

ʢʦʡ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ 

ʦʙʨʘʙʦʪʢʠ 

ʈʘʟʨʘʙʦʪʘʥ ʜʣʷ 

ʨʘʩʧʨʝʜʝʣʝʥ-

ʥʳʭ ʩʠʩʪʝʤ 

ɺʝʨʪʠʢʘʣʴʥʘʷ ʠ 

ʯʘʩʪʠʯʥʦ ʛʦʨʠʟʦʥ-

ʪʘʣʴʥʘʷ 

ʉʣʦʞʥʦʩʪʴ 

ʥʘʩʪʨʦʡʢʠ 

ʉʨʝʜʥʷʷ, ʪʨʝ-

ʙʫʝʪ ʟʥʘʥʠʷ 

Python 

ʅʠʟʢʘʷ ʩ ʠʥ-

ʪʫʠʪʠʚʥʳʤ 

ʠʥʪʝʨʬʝʡʩʦʤ 

ɺʳʩʦʢʘʷ, ʩʣʦʞʥʘʷ 

ʥʘʩʪʨʦʡʢʘ 

ʉʨʝʜʥʷʷ, ʫʜʦʙ-

ʥʘʷ ʜʣʷ ʥʝ-

ʨʘʟʨʘʙʦʪʯʠʢʦʚ 

ʉʨʝʜʥʷʷ, ʪʨʝʙʫʝʪ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥ-

ʥʳʭ ʟʥʘʥʠʡ 

ʉʪʦʠʤʦʩʪʴ ɹʝʩʧʣʘʪʥʳʡ 

ɹʝʩʧʣʘʪʥʘʷ ʠ 

ʧʣʘʪʥʘʷ ʚʝʨ-

ʩʠʠ 

ɺʳʩʦʢʘʷ, ʦʩʦʙʝʥʥʦ ʜʣʷ 

Oracle DB ʧʦʣʴʟʦʚʘʪʝ-

ʣʝʡ 

ɹʝʩʧʣʘʪʥʳʡ 
ɺʳʩʦʢʘʷ, ʣʠʮʝʥʟʠ-

ʦʥʥʘʷ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫ-

ʶʱʠʝ ʚʳʚʦʜʳ: 

- Apache Airflow ï ʠʜʝʘʣʴʥʦ ʧʦʜʭʦʜʠʪ 

ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʘʙʦʯʠʭ 

ʧʨʦʮʝʩʩʦʚ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʤʦʜʫʣʴʥʦʩʪʠ ʠ 

ʛʠʙʢʦʩʪʠ. ʕʪʦ ʦʪʢʨʳʪʦʝ ʨʝʰʝʥʠʝ, ʧʦʜʭʦ-

ʜʷʱʝʝ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʨʝʜ ʠ ʚʘʨʠʘʥʪʦʚ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ, ʦʩʦʙʝʥʥʦ ʢʦʛʜʘ ʜʝʣʦ ʢʘʩʘʝʪʩʷ 

ʠʥʪʝʛʨʘʮʠʠ ʩ ʦʙʣʘʯʥʳʤʠ ʩʝʨʚʠʩʘʤʠ. ʆʜ-

ʥʘʢʦ ʩ ʫʯʝʪʦʤ ʩʘʥʢʮʠʦʥʥʦʡ ʧʦʣʠʪʠʢʠ, 

ʥʘʣʠʯʠʝ ʥʝʢʦʪʦʨʳʭ ʠʥʪʝʛʨʘʮʠʡ ʤʦʞʝʪ 

ʙʳʪʴ ʦʛʨʘʥʠʯʝʥʦ ʥʘ ʨʦʩʩʠʡʩʢʦʤ ʨʳʥʢʝ. 

- Pentaho Data Integration (PDI) ï ʙʣʘʛʦ-

ʜʘʨʷ ʩʚʦʝʤʫ ʛʨʘʬʠʯʝʩʢʦʤʫ ʠʥʪʝʨʬʝʡʩʫ ʠ 

ʤʦʱʥʳʤ ʬʫʥʢʮʠʷʤ, PDI ʷʚʣʷʝʪʩʷ ʭʦʨʦ-

ʰʠʤ ʚʳʙʦʨʦʤ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʡ, ʢʦʪʦʨʳʝ 
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ʧʨʝʜʧʦʯʠʪʘʶʪ ʚʠʟʫʘʣʴʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ 

ETL-ʧʨʦʮʝʩʩʦʚ. ʉʫʱʝʩʪʚʫʝʪ ʢʘʢ ʢʦʤʤʝʨ-

ʯʝʩʢʘʷ, ʪʘʢ ʠ ʦʪʢʨʳʪʘʷ ʚʝʨʩʠʷ PDI, ʦʜʥʘʢʦ 

ʜʦʩʪʫʧ ʢ ʢʦʤʤʝʨʯʝʩʢʦʡ ʧʦʜʜʝʨʞʢʝ ʠ ʦʙ-

ʥʦʚʣʝʥʠʷʤ ʤʦʞʝʪ ʙʳʪʴ ʦʛʨʘʥʠʯʝʥ ʚ ʈʦʩ-

ʩʠʠ. 

- Oracle Data Integrator (ODI) ï ʵʪʦʪ ʠʥ-

ʩʪʨʫʤʝʥʪ ʚʳʜʝʣʷʝʪʩʷ ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠ-

ʪʝʣʴʥʦʩʪʴʶ ʠ ʪʝʩʥʦʡ ʠʥʪʝʛʨʘʮʠʝʡ ʩ ʜʨʫʛʠ-

ʤʠ ʧʨʦʜʫʢʪʘʤʠ Oracle. ʆʜʥʘʢʦ ʝʛʦ ʩʪʦʠ-

ʤʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʧʷʪʩʪʚʠʝʤ ʜʣʷ ʤʥʦ-

ʛʠʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʘ ʪʝʢʫʱʠʝ ʧʦʣʠʪʠʯʝʩʢʠʝ 

ʫʩʣʦʚʠʷ ʤʦʛʫʪ ʦʛʨʘʥʠʯʠʪʴ ʠʣʠ ʧʦʣʥʦʩʪʴʶ 

ʙʣʦʢʠʨʦʚʘʪʴ ʜʦʩʪʫʧ ʢ ʵʪʦʤʫ ʠʥʩʪʨʫʤʝʥʪʫ 

ʥʘ ʨʦʩʩʠʡʩʢʦʤ ʨʳʥʢʝ. 

- Apache NiFi ï ʍʦʨʦʰʦ ʧʦʜʭʦʜʠʪ ʜʣʷ 

ʩʮʝʥʘʨʠʝʚ, ʪʨʝʙʫʶʱʠʭ ʚʳʩʦʢʦʡ ʧʨʦʧʫʩʢ-

ʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʛʠʙʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʦ-

ʪʦʢʘʤʠ ʜʘʥʥʳʭ. ʂʘʢ ʧʨʦʝʢʪ Apache, ʦʥ 

ʙʝʩʧʣʘʪʝʥ ʠ ʦʪʢʨʳʪ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, 

ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʜʦʩʪʫʧʥʳʤ ʜʣʷ ʨʦʩʩʠʡʩʢʠʭ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʥʝʩʤʦʪʨʷ ʥʘ ʚʥʝʰʥʠʝ ʦʛʨʘ-

ʥʠʯʝʥʠʷ. 

- IBM InfoSphere DataStage ï ʕʪʦʪ ʠʥ-

ʩʪʨʫʤʝʥʪ ʧʨʝʜʣʘʛʘʝʪ ʤʦʱʥʳʝ ʚʦʟʤʦʞʥʦ-

ʩʪʠ ʜʣʷ ʨʘʙʦʪʳ ʩ ʙʦʣʴʰʠʤʠ ʦʙʲʝʤʘʤʠ 

ʜʘʥʥʳʭ ʠ ʠʤʝʝʪ ʰʠʨʦʢʫʶ ʧʦʜʜʝʨʞʢʫ ʨʘʟ-

ʣʠʯʥʳʭ ʩʠʩʪʝʤ. ʆʜʥʘʢʦ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ 

ODI, ʜʦʩʪʫʧʥʦʩʪʴ DataStage ʥʘ ʨʦʩʩʠʡʩʢʦʤ 

ʨʳʥʢʝ ʤʦʞʝʪ ʙʳʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʦʛʨʘʥʠʯʝ-

ʥʘ ʠʟ-ʟʘ ʩʘʥʢʮʠʡ ʠ ʧʦʣʠʪʠʢʠ IBM ʚ ʦʪʥʦ-

ʰʝʥʠʠ ʨʦʩʩʠʡʩʢʦʛʦ ʨʝʛʠʦʥʘ. ʊʘʢʞʝ ʚʥʝʜ-

ʨʝʥʠʝ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʵʬʬʝʢʪʠʚʥʦ ʩʢʘ-

ʞʝʪʩʷ ʥʘ ʧʨʦʮʝʩʩʘʭ ʧʦʠʩʢʘ ʜʨʫʛʠʭ ʧʦ-

ʩʪʘʚʱʠʢʦʚ ʟʘ ʩʯʝʪ ʩʚʦʝʛʦ ʫʥʠʚʝʨʩʘʣʠʟʤʘ ʠ 

ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʚʳʧʦʣʥʷʝʤʳʭ ʟʘʜʘʯ. 
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Abstract. In the modern world, there is a significant increase in data volumes, which causes 
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ɼɽʂʆʄʇʆɿʀʎʀʗ ʅɸʏɸʃʔʅʆɻʆ ɿɸɿʆʈɸ ʇʈʀ ʄʆɼɽʃʀʈʆɺɸʅʀʀ ʉɹʆʈʂʀ 

ɻʀɹʂʀʍ ʂʆʅʉʊʈʋʂʎʀʁ 

 

ʅ.ʀ. ɿʘʡʮʝʚʘ, ʜʦʮʝʥʪ 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʇʝʪʨʘ ɺʝʣʠʢʦʛʦ 

(ʈʦʩʩʠʷ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ) 

 

DOI:10.24412/2500-1000-2023-11-4-49-54 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʧʨʦʝʢʪ ˉ22-

19-00062, https://rscf.ru/en/project/22-19-00062/). 

 

ɸʥʥʦʪʘʮʠʷ. ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʤʝʪʦʜʫ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘʯʘʣʴʥʦʛʦ ʟʘʟʦʨʘ ʥʘ 

ʦʩʥʦʚʝ ʜʝʢʦʤʧʦʟʠʮʠʠ ʧʦ ʙʘʟʠʩʫ ʠʟ ʦʨʪʦʥʦʨʤʠʨʦʚʘʥʥʳʭ ʬʫʥʢʮʠʡ, ʟʘʜʘʥʥʳʭ ʜʣʷ ʟʦʥʳ ʩʪʳ-

ʢʘ ʤʝʞʜʫ ʜʝʪʘʣʷʤʠ. ʇʦʩʪʨʦʝʥʠʝ ʙʘʟʠʩʘ ʦʩʥʦʚʘʥʦ ʥʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʩʦʙʩʪʚʝʥʥʳʭ ʬʦʨʤ 

ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʦʙʠʨʘʝʤʳʭ ʜʝʪʘʣʝʡ. ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʤʝʪʦʜ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʥʘʯʘʣʴʥʦʛʦ ʟʘʟʦʨʘ ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ ʜʨʫʛʠʤ ʤʝʪʦʜʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʥʘʯʘʣʴʥʦʛʦ ʟʘʟʦʨʘ ʥʘ 

ʦʩʥʦʚʝ ɻʘʫʩʩʦʚʩʢʦʛʦ ʩʣʫʯʘʡʥʦʛʦ ʧʦʣʷ. ʀʩʩʣʝʜʫʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʠʭ 

ʤʝʪʦʜʦʚ ʜʣʷ ʩʣʫʯʘʷ ʤʘʣʦʡ ʚʳʙʦʨʢʠ, ʪʦ ʝʩʪʴ ʦʨʛʘʥʠʯʥʦʛʦ ʥʘʙʦʨʘ ʜʦʩʪʫʧʥʳʭ ʠʟʤʝʨʝʥʠʡ 

ʥʘʯʘʣʴʥʦʛʦ ʟʘʟʦʨʘ. ʉʨʘʚʥʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʪʦʜʦʚ ʧʨʦʚʦʜʠʪʴʩʷ ʥʘ ʧʨʘʢʪʠʯʝʩʢʦʤ 

ʧʨʠʤʝʨʝ ʘʥʘʣʠʟʘ ʢʘʯʝʩʪʚʘ ʧʨʦʮʝʩʩʘ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢʨʳʣʘ ʢ ʬʶʟʝʣʷʞʫ ʩʘʤʦʣʝʪʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʮʝʩʩ ʩʙʦʨʢʠ, ʥʘʯʘʣʴʥʳʡ ʟʘʟʦʨ, ʜʝʬʦʨʤʠʨʫʝʤʳʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʪʝʦ-

ʨʠʷ ʥʘʜʝʞʥʦʩʪʠ. 

 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦ-

ʮʝʩʩʘ ʩʙʦʨʢʠ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ 

ʠʥʞʝʥʝʨʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʠ ʧʨʦʠʟʚʦʜ-

ʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʧʦʩʢʦʣʴʢʫ ʧʦʟʚʦ-

ʣʷʝʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʮʝʩʩʘ 

ʩʙʦʨʢʠ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʝʛʦ ʧʘʨʘʤʝʪʨʳ. 

ʉ ʧʦʤʦʱʴʶ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘ-

ʥʠʷ ʤʦʞʥʦ ʫʯʝʩʪʴ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʬʘʢʪʦ-

ʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʧʨʦʮʝʩʩ ʩʙʦʨʢʠ. ʅʘʧʨʠ-

ʤʝʨ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʙʦʨʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʚ ʘʚʠʘʩʪʨʦʝʥʠʠ ʤʦʞʝʪ ʫʯʠʪʳʚʘʪʴ ʦʩʦʙʝʥ-

ʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ ʠʟʜʝʣʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʝ 

ʪʝʭʥʦʣʦʛʠʠ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʦʚ, 

ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ ʥʘ ʩʙʦʨ-

ʢʫ ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ [1]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ 

ʥʝʟʘʤʝʥʠʤʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʚ ʩʦʚʨʝʤʝʥ-

ʥʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʘʚʠʘ-

ʮʠʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʩʧʦʩʦʙʩʪʚʫʷ ʧʦʚʳ-

ʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʠ ʩʥʠʞʝʥʠʶ ʟʘʪʨʘʪ ʧʨʦ-

ʮʝʩʩʘ ʩʙʦʨʢʠ. 

ʅʘ ʪʦʯʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʩʙʦʨʢʠ ʘʚʠʘʮʠ-

ʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʚʣʠʷʶʪ ʤʥʦʛʦ ʬʘʢʪʦ-

ʨʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʙʦʣʴʰʘʷ ʛʠʙʢʦʩʪʴ ʠʩʧʦʣʴ-

ʟʫʝʤʳʭ ʜʝʪʘʣʝʡ ʠ ʩʣʫʯʘʡʥʘʷ ʚʘʨʠʘʪʠʚ-

ʥʦʩʪʴ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʠ ʩʦʝʜʠʥʝʥʠʠ ʜʝ-

ʪʘʣʝʡ [2]. ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʥʳʝ ʧʦʜʭʦʜʳ, 

ʫʯʠʪʳʚʘʶʱʠʝ ʵʪʠ ʬʘʢʪʦʨʳ ʧʨʠ ʘʥʘʣʠʟʝ 

ʢʘʯʝʩʪʚʘ ʩʦʝʜʠʥʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʠ ʩʝ-

ʨʠʡʥʦʡ ʩʙʦʨʢʝ. ʇʝʨʚʳʡ ʧʦʜʭʦʜ ï ʵʪʦ ʘʥʘ-

ʣʠʟ ʜʦʧʫʩʢʦʚ ʠ ʧʦʩʘʜʦʢ, ʫʯʠʪʳʚʘʶʱʠʡ 

ʧʨʦʝʢʪʥʳʝ ʦʪʢʣʦʥʝʥʠʷ [3]. ʇʨʠʤʝʥʠʤʦʩʪʴ 

ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʦʛʨʘʥʠʯʝʥʘ ʪʝʤ, ʯʪʦ ʚ ʪʘ-

ʢʦʤ ʧʦʜʭʦʜʝ ʩʣʦʞʥʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʫʶ ʩʙʦʨʢʫ ʩ ʫʯʝʪʦʤ 

ʤʥʦʞʝʩʪʚʘ ʠʩʪʦʯʥʠʢʦʚ ʦʪʢʣʦʥʝʥʠʡ. ɺʪʦ-

ʨʦʡ ʧʦʜʭʦʜ ï ʵʪʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʘ ʦʩʥʦʚʝ 

ʉɸʇʈ [4]: ʚ ʵʪʦʤ ʤʝʪʦʜʝ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝ-

ʯʝʥʠʝ ʜʣʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠ-

ʨʦʚʘʥʠʷ (ʉɸʇʈ) ʜʣʷ ʩʦʟʜʘʥʠʷ ʮʠʬʨʦʚʦʡ 

ʤʦʜʝʣʠ ʩʙʦʨʢʠ. ʇʨʠʤʝʥʠʤʦʩʪʴ ʜʘʥʥʦʛʦ 

ʤʝʪʦʜʘ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʉɸʇʈ ʥʝ 

ʧʦʟʚʦʣʷʶʪ ʫʯʠʪʳʚʘʪʴ ʜʝʬʦʨʤʘʮʠʠ ʜʝʪʘʣʝʡ 

ʚ ʧʨʦʮʝʩʩʝ ʩʙʦʨʢʠ.  ʊʨʝʪʠʡ ʧʦʜʭʦʜ ï ʵʪʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʥʘʣʠʟʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥ-

ʪʦʚ (FEA) [5], ʧʦʟʚʦʣʷʶʱʝʛʦ ʧʨʦʚʦʜʠʪʴ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʩʙʦʨʢʠ ʩ ʚʳʩʦʢʦʡ 

ʪʦʯʥʦʩʪʴʶ. ʆʜʥʘʢʦ, ʜʣʷ ʨʝʘʣʴʥʳʭ ʤʦʜʝʣʝʡ 

ʧʨʦʚʝʜʝʥʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩ ʧʦ-

ʤʦʱʴʶ FEA ʟʘʥʠʤʘʝʪ ʙʦʣʴʰʦʝ ʚʨʝʤʷ ʠʟ-ʟʘ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʝʰʝʥʠʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠ-

ʯʝʩʪʚʘ ʧʦʣʥʦʨʘʟʤʝʨʥʳʭ ʢʦʥʝʯʥʦ-

ʵʣʝʤʝʥʪʥʳʭ ʟʘʜʘʯ. 

ʉʫʱʝʩʪʚʫʝʪ ʜʨʫʛʦʡ ʧʦʜʭʦʜ, ʙʦʣʝʝ ʧʦʜ-

ʭʦʜʷʱʠʡ ʠʤʝʥʥʦ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʙʦ-
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ʨʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʘʚʠʘʩʪʨʦʝʥʠʠ ï ʵʪʦ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʨʝʜʫʮʠʨʦʚʘʥʥʦʡ ʢʦʥʪʘʢʪʥʦʡ 

ʟʘʜʘʯʠ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʙʦʨʦʯʥʦʛʦ 

ʧʨʦʮʝʩʩʘ [6], ʢʦʛʜʘ ʠʟ ʧʦʣʥʦʨʘʟʤʝʨʥʦʡ ʢʦ-

ʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʡ ʟʘʜʘʯʠ ʚʳʜʝʣʷʝʪʩʷ ʧʦʜ-

ʟʘʜʘʯʘ ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ ʟʦʥʳ ʩʪʳʢʘ ʤʝʞʜʫ 

ʜʝʪʘʣʷʤʠ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʟʘʜʘʯʫ ʤʦʜʝʣʠ-

ʨʦʚʘʥʠʷ ʢʦʥʪʘʢʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʝ-

ʬʦʨʤʠʨʫʝʤʳʭ ʜʝʪʘʣʝʡ ʤʦʞʥʦ ʩʚʝʩʪʠ ʢ ʟʘ-

ʜʘʯʝ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʨʘʩʯʝʪʘ 

ʦʜʥʦʡ ʢʦʥʪʘʢʪʥʦʡ ʟʘʜʘʯʠ [7, 8]. 

ɺ ʪʘʢʦʤ ʧʦʜʭʦʜʝ ʩʙʦʨʦʯʥʳʝ ʦʪʢʣʦʥʝʥʠʷ 

ʤʦʞʥʦ ʟʘʜʘʚʘʪʴ ʯʝʨʝʟ ʥʘʯʘʣʴʥʳʡ ʟʘʟʦʨ 

ʤʝʞʜʫ ʜʝʪʘʣʷʤʠ ï ʵʪʦ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʩʦʝʜʠʥʷʝʤʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʚ ʫʩʣʦʚʠʷʭ 

ʚʦʟʤʦʞʥʦʛʦ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʜʝʪʘʣʝʡ ʜʨʫʛ ʚ 

ʜʨʫʛʘ (ʪʦ ʝʩʪʴ ʙʝʟ ʫʯʝʪʘ ʠʭ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʷ). ʌʠʥʘʣʴʥʳʡ ʟʘʟʦʨ ï ʵʪʦ ʟʘʟʦʨ ʫʞʝ 

ʧʦʩʣʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʝʪʘʣʝʡ ʚ ʧʨʦʮʝʩʩʝ 

ʩʙʦʨʢʠ (ʩʤ. ʨʠʩ. 1). ʊʦʛʜʘ ʧʨʦʮʝʜʫʨʘ ʩʪʘ-

ʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩʙʦʨʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʧʨʦʚʦʜʠʪʩʷ ʢʘʢ ʩʝʨʠʷ ʨʘʩʯʸʪʦʚ ʢʦʥʪʘʢʪʥʳʭ 

ʟʘʜʘʯ ʩ ʨʘʟʥʳʤʠ ʥʘʯʘʣʴʥʳʤʠ ʟʘʟʦʨʘʤʠ [9] 

(ʩʤ. ʨʠʩ. 2). ʇʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʦʙʨʘʙʦʪʢʝ 

ʧʦʣʫʯʝʥʥʳʭ ʬʠʥʘʣʴʥʳʭ ʟʘʟʦʨʦʚ ʤʦʞʥʦ 

ʦʮʝʥʠʪʴ ʪʦʯʥʦʩʪʴ ʩʙʦʨʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʪʦ 

ʝʩʪʴ ʥʘʩʢʦʣʴʢʦ ʘʥʘʣʠʟʠʨʫʝʤʳʡ ʩʙʦʨʦʯʥʳʡ 

ʧʨʦʮʝʩʩ ʵʬʬʝʢʪʠʚʥʦ ʩʦʝʜʠʥʷʝʪ ʜʝʪʘʣʠ. 

 

 
ʈʠʩ. 1. ʅʘʯʘʣʴʥʳʡ ʠ ʬʠʥʘʣʴʥʳʡ ʟʘʟʦʨʳ 

 
ʈʠʩ. 2. ʉʭʝʤʘ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

 

ɼʣʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʝ-

ʜʝʥʠʷ ʪʘʢʦʛʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʪʨʝ-

ʙʫʝʪʩʷ ʠʤʝʪʴ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʫʶ ʚʳʙʦʨ-

ʢʫ ʥʘʯʘʣʴʥʳʭ ʟʘʟʦʨʦʚ ʤʝʞʜʫ ʜʝʪʘʣʷʤʠ. 

ʇʦʣʫʯʠʪʴ ʪʘʢʫʶ ʚʳʙʦʨʢʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʥʝʚʦʟʤʦʞʥʦ, 

ʧʦʵʪʦʤʫ ʪʨʝʙʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʝʥʝʨʘ-

ʪʠʚʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʥʘʯʘʣʴʥʦ-

ʛʦ ʟʘʟʦʨʘ. ʅʘ ʧʨʘʢʪʠʢʝ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫ-

ʯʘʝʚ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʠʤʝʝʪʩʷ ʪʦʣʴ-

ʢʦ ʤʘʣʳʡ ʥʘʙʦʨ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʟʤʝ-

ʨʝʥʠʡ ʥʘʯʘʣʴʥʦʛʦ ʟʘʟʦʨʘ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ 
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ʜʘʥʥʘʷ ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʦʧʠʩʘʥʠʶ ʚʦʟ-

ʤʦʞʥʳʭ ʤʦʜʝʣʝʡ ʥʘʯʘʣʴʥʦʛʦ ʟʘʟʦʨʘ ʠ 

ʩʨʘʚʥʝʥʠʶ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠ ʥʘʣʠʯʠʠ 

ʤʘʣʦʛʦ ʥʘʙʦʨʘ ʠʟʤʝʨʝʥʠʡ. 

ʄʝʪʦʜʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘʯʘʣʴʥʦʛʦ 

ʟʘʟʦʨʘ 

ʇʦʩʢʦʣʴʢʫ ʥʘʯʘʣʴʥʳʡ ʟʘʟʦʨ, ʚ ʦʩʥʦʚ-

ʥʦʤ, ʚʦʟʥʠʢʘʝʪ ʠʟ-ʟʘ ʩʣʫʯʘʡʥʦʡ ʚʘʨʠʘʪʠʚ-

ʥʦʩʪʠ ʚ ʬʦʨʤʝ ʜʝʪʘʣʝʡ, ʦʥ ʠʤʝʝʪ ʩʪʦʭʘʩʪʠ-

ʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ. ɼʣʷ ʝʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʦʜʝʣʴ ʩʣʫʯʘʡ-

ʥʦʛʦ ʧʦʣʷ, ʢʦʪʦʨʘʷ ʚ ʦʙʱʝʤ ʚʠʜʝ ʧʨʝʜʩʪʘʚ-

ʣʷʝʪʩʷ ʢʘʢ Ὃὼȟώᶰᴙȟὼȟώᶰɱ ʛʜʝ ὼȟώ 

ï ʵʪʦ ʢʦʦʨʜʠʥʘʪʳ ʚ ʦʙʣʘʩʪʠ ʚʦʟʤʦʞʥʦʛʦ 

ʢʦʥʪʘʢʪʘ ʤʝʞʜʫ ʜʝʪʘʣʷʤʠ ɱ. ɼʣʷ ʧʦʣʫʯʝ-
ʥʠʷ ʛʝʥʝʨʘʪʠʚʥʦʡ ʤʦʜʝʣʠ ʥʫʞʥʦ ʦʧʨʝʜʝ-

ʣʠʪʴ ʢʦʥʢʨʝʪʥʳʝ ʩʚʦʡʩʪʚʘ ʵʪʦʛʦ ʩʣʫʯʘʡʥʦ-

ʛʦ ʧʦʣʷ.  

ʇʝʨʚʳʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʤʝʪʦʜ ʦʧʠʨʘ-

ʝʪʩʷ ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʥʘʯʘʣʴʥʦʛʦ ʟʘʟʦʨʘ 

ʢʘʢ ʨʘʟʣʦʞʝʥʠʝ ʧʦ ʙʘʟʠʩʫ 

Ὡ ὼȟώȟὩ ὼȟώȟȣ ȟὼȟώᶰɱ ʚ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝ ʠʥʪʝʛʨʠʨʫʝʤʳʭ ʬʫʥʢʮʠʡ ʜʣʷ ʟʦ-

ʥʳ ʩʪʳʢʘ ὒ ɱ   ʩʦ ʩʣʫʯʘʡʥʳʤʠ ʢʦʵʬʬʠ-

ʮʠʝʥʪʘʤʠ ‗ ɴᴙȟὯ ρȟȣ: 

 

Ὃ ὼȟώ ‗Ὡ ὼȟώȟ ρ 

 

ʇʦʩʢʦʣʴʢʫ ʤʳ ʩʪʨʦʠʤ ʤʦʜʝʣʴ ʜʣʷ ʘʥʘ-

ʣʠʟʘ ʧʨʦʮʝʩʩʘ ʩʙʦʨʢʠ ʘʚʠʘʮʠʦʥʥʳʭ ʢʦʥ-

ʩʪʨʫʢʮʠʡ, ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʙʘʟʠʩʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʦʜʘʣʴ-

ʥʳʡ ʘʥʘʣʠʟ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʯʘʩʪʝʡ ʩ 

ʟʘʜʘʥʥʳʤʠ ʟʘʢʨʝʧʣʝʥʠʷʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʠʪʴ ʥʘʙʦʨ ʬʦʨʤ ʪʨʝʭʤʝʨʥʳʭ ʧʝʨʝ-

ʤʝʱʝʥʠʡ ʜʝʪʘʣʝʡ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʠʭ ʭʘ-

ʨʘʢʪʝʨʥʳʝ ʢʦʣʝʙʘʥʠʷ. ʀʟʚʣʝʢʘʷ ʠʟ ʧʦʣʫ-

ʯʝʥʥʳʭ ʪʨʝʭʤʝʨʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʟʥʘʯʝ-

ʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʝʨʝʤʝʱʝʥʠʷʤ ʧʦ 

ʥʦʨʤʘʣʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʝʡ, ʤʳ ʧʦʣʫ-

ʯʘʝʤ ʥʘʙʦʨ ʬʫʥʢʮʠʡ 

ό ὼȟώȟό ὼȟώȟȣȟό ὼȟώ ȟὼȟώᶰɱ. 

ʂʦʥʝʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ὓ ʪʘʢʠʭ ʬʫʥʢʮʠʡ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʛʨʘʥʠʯʝʥʥʳʤ ʨʘʟʤʝʨʦʤ ʢʦ-

ʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʡ ʩʝʪʢʠ ʜʝʪʘʣʝʡ, ʧʦʟʚʦ-

ʣʷʶʱʝʡ ʙʝʟ ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ 

ʯʠʩʣʝʥʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʦʙʩʪʚʝʥʥʳʝ ʬʦʨʤʳ 

ʪʦʣʴʢʦ ʜʦ ʢʘʢʦʛʦ-ʪʦ ʧʨʝʜʝʣʘ. ɼʣʷ ʧʦʩʪʨʦʝ-

ʥʠʷ ʙʘʟʠʩʘ ʚ ὒ ɱ  ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʨʦʮʝʜʫʨʫ ʦʨʪʦʛʦʥʘʣʠʟʘʮʠʠ ɻʨʘʤʤʘ-

ʐʤʠʜʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʢʘʣʷʨʥʦʛʦ ʧʨʦʠʟ-

ʚʝʜʝʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ὒ ɱ : όȟό

 ᷿ ό ὼȟώό ὼȟώὨὼὨώ. ɺʤʝʩʪʝ ʩ ʦʨʪʦʛʦ-

ʥʘʣʠʟʘʮʠʝʡ ɻʨʘʤʘ-ʐʤʠʜʪʘ ʥʝʦʙʭʦʜʠʤʦ 

ʬʠʣʴʪʨʦʚʘʪʴ ʣʠʥʝʡʥʦ ʟʘʚʠʩʠʤʳʝ ʬʫʥʢʮʠʠ, 

ʠʥʘʯʝ ʦʥʠ ʧʨʠʚʦʜʷʪ ʢ ʙʳʩʪʨʦʤʫ ʨʦʩʪʫ ʯʠʩ-

ʣʝʥʥʦʡ ʦʰʠʙʢʠ ʧʨʦʮʝʜʫʨʳ ʦʨʪʦʛʦʥʘʣʠʟʘ-

ʮʠʠ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʣʝʜʫ-

ʶʱʘʷ ʧʨʦʮʝʜʫʨʘ ʦʙʨʘʙʦʪʢʠ ʩʦʙʩʪʚʝʥʥʳʭ 

ʬʦʨʤ: 

ɼʦʧʫʩʪʠʤ, ʫ ʥʘʩ ʫʞʝ ʧʦʩʪʨʦʝʥ ʥʘʙʦʨ 

ʦʨʪʦʥʦʨʤʠʨʦʚʘʥʥʳʭ ʬʫʥʢʮʠʡ 

ὩӶὼȟώȟȣȟὩӶ ὼȟώ . ɼʣʷ ʢʘʞʜʦʡ ʬʫʥʢ-
ʮʠʠ ό ὼȟώ ʧʨʦʚʦʜʠʪʩʷ ʩʣʝʜʫʶʱʠʝ ʰʘʛʠ: 

1. ʂʘʞʜʘʷ ʬʫʥʢʮʠʷ ʥʦʨʤʠʨʫʝʪʩʷ: ό

ȟ
Ȣ 

2. ʆʮʝʥʠʚʘʝʪʩʷ ʚʢʣʘʜ ʧʨʦʝʢʮʠʠ ʵʪʦʡ 

ʬʫʥʢʮʠʠ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʦ ʫʞʝ ʧʦʩʪʨʦ-

ʝʥʥʳʤ ʙʘʟʠʩʥʳʤ ʬʫʥʢʮʠʷʤ 

ὩӶὼȟώȟȣȟὩӶ ὼȟώ : 

 

Ὀ  όȟό  όȟὩӶ  ρ όȟὩӶ ȟς 

 

ʇʦʣʫʯʘʝʪʩʷ, ʯʪʦ Ὀ  ï ʦʩʪʘʚʰʠʡʩʷ ʚʢʣʘʜ 

ʣʠʥʝʡʥʦ ʥʝʟʘʚʠʩʠʤʦʡ ʯʘʩʪʠ ʦʪ ʨʘʩʩʤʘʪʨʠ-

ʚʘʝʤʦʡ ʬʫʥʢʮʠʠ. ɺʩʝ ʬʫʥʢʮʠʠ, ʜʣʷ ʢʦʪʦ-

ʨʳʭ ʵʪʦʪ ʚʢʣʘʜ Ὀ  ʤʝʥʴʰʝ ʟʘʜʘʥʥʦʛʦ ʧʨʝ-

ʜʝʣʘ ‐, ʦʪʬʠʣʴʪʨʦʚʳʚʘʶʪʩʷ. ɽʩʣʠ ʦʩʪʘʚʠʪʴ 
ʣʠʥʝʡʥʦ-ʟʘʚʠʩʠʤʳʝ ʬʫʥʢʮʠʠ, ʪʦ ʦʨʪʦʛʦʥʘ-

ʣʠʟʘʮʠʷ ʪʘʢʦʡ ʬʫʥʢʮʠʠ ʧʨʠʚʝʜʝʪ ʢ ʙʦʣʴ-

ʰʠʤ ʯʠʩʣʝʥʥʳʤ ʧʦʛʨʝʰʥʦʩʪʷʤ. ʉʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ, ʧʨʝʜʝʣ ‐ ʚʳʙʠʨʘʝʪʩʷ ʥʘ ʧʨʘʢʪʠʢʝ 
ʪʘʢ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʙʦʣʴʰʠʭ ʯʠʩʣʝʥʥʳʭ 

ʦʰʠʙʦʢ.  

3. ɽʩʣʠ Ὀ  ‐, ʪʦ ʬʫʥʢʮʠʶ ʦʨʪʦʛʦʥʘ-
ʣʠʟʠʨʫʶʪ ʧʦ ʧʨʦʮʝʜʫʨʝ ɻʨʘʤʘ-ʐʤʠʜʪʘ ʠ 

ʜʦʙʘʚʣʷʶʪ ʢ ʤʥʦʞʝʩʪʚʫ ʦʨʪʦʥʦʨʤʠʨʦʚʘʥ-

ʥʳʭ ʬʫʥʢʮʠʡ: 

 

Ὡ  ό  όȟὩӶὩӶȟ   ὩӶ  
Ὡ

ὩȟὩ
Ȣ σ 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ ʚʩʝʭ ʩʦʙʩʪʚʝʥ-

ʥʳʭ ʬʦʨʤ ʤʳ ʧʦʣʫʯʘʝʤ ʙʘʟʠʩʥʳʡ ʥʘʙʦʨ 

ʬʫʥʢʮʠʡ ὩӶὼȟώȟȣȟὩӶὼȟώ .  ʇʨʠʤʝʨ 
ʠʩʭʦʜʥʳʭ ʠ ʧʦʣʫʯʝʥʥʳʭ ʪʘʢʠʤ ʦʙʨʘʟʦʤ 

ʙʘʟʠʩʥʳʭ ʬʫʥʢʮʠʡ ʜʣʷ ʩʣʫʯʘʷ ʧʨʦʮʝʩʩʘ 

ʩʙʦʨʢʠ ʢʨʳʣʘ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 3. 
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ʈʠʩ. 3. ʇʨʠʤʝʨ ʠʩʭʦʜʥʳʭ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʭ ʙʘʟʠʩʥʳʭ ʬʫʥʢʮʠʡ 

 

ɼʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʜʝʣʠ (1) ʢʘʢ ʛʝʥʝ-

ʨʘʪʠʚʥʦʡ ʤʦʜʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʝʱʝ ʦʧʨʝʜʝ-

ʣʠʪʴ ʩʚʦʡʩʪʚʘ ʩʣʫʯʘʡʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. 

ʇʨʠ ʥʘʣʠʯʠʠ ʢʦʥʢʨʝʪʥʳʭ ʠʟʤʝʨʝʥʠʡ 

ʥʘʯʘʣʴʥʦʛʦ ʟʘʟʦʨʘ, ʩʚʦʡʩʪʚʘ ʢʦʵʬʬʠʮʠʝʥ-

ʪʦʚ ʤʦʞʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʤʝʪʦʜʦʤ ʨʘʟʣʦʞʝ-

ʥʠʷ ʠʟʤʝʨʝʥʥʳʭ ʟʘʟʦʨʦʚ ʚ ʨʷʜ (1). ʇʦ ʧʦ-

ʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʩʨʝʜʥʝʝ 

‘ ʠ ʜʠʩʧʝʨʩʠʶ „ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠ ʤʦʜʝʣʠʨʦʚʘʪʴ ʠʭ ʢʘʢ 

ʥʦʨʤʘʣʴʥʳʝ ʩʣʫʯʘʡʥʳʝ ʚʝʣʠʯʠʥʳ: 

‗ ͯὔ‘ȟ„ Ȣ  
ɺʦ ʚʪʦʨʦʤ ʤʝʪʦʜʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʥʘʯʘʣʴʥʳʡ ʟʘʟʦʨ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʢʘʢ ʘʥʠ-

ʟʦʪʨʦʧʥʦʝ ɻʘʫʩʩʦʚʦ ʩʣʫʯʘʡʥʦʝ ʧʦʣʝ 

‚ὼȟώᶰᴙ ʩ ʟʘʜʘʥʥʳʤ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ 

ʠ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʝʡ:  

 
Ὃ ὼȟώ  ‚ὼȟώȟ     τ 

 

ɼʣʷ ʵʪʦʛʦ ʤʝʪʦʜʘ ʩʨʝʜʥʝʝ ʠ ʢʦʨʨʝʣʷʮʠ-

ʦʥʥʘʷ ʬʫʥʢʮʠʷ ʩʣʫʯʘʡʥʦʛʦ ʧʦʣʷ ʤʦʛʫʪ 

ʙʳʪʴ ʦʮʝʥʝʥʳ ʩ ʧʦʤʦʱʴʶ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʦʮʝʥʦʢ ʧʦ ʜʦʩʪʫʧʥʳʤ ʠʟʤʝʨʝʥʠʷʤ [10]. 

ʉʨʘʚʥʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʪʦʜʦʚ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʪʦʜʦʚ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘʯʘʣʴʥʦʛʦ ʟʘʟʦʨʘ ʨʘʩ-

ʩʤʘʪʨʠʚʘʣʘʩʴ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʠʤʝʨʘ: 

ʧʨʦʮʝʩʩʘ ʩʙʦʨʢʠ ʢʨʳʣʘ ʠ ʬʶʟʝʣʷʞʘ [11]. 

ɼʣʷ ʵʪʦʛʦ ʩʣʫʯʘʷ ʩʫʱʝʩʪʚʫʝʪ ʜʦʩʪʘʪʦʯʥʦ 

ʙʦʣʴʰʦʡ ʥʘʙʦʨ ʠʟʤʝʨʝʥʠʡ ʥʘʯʘʣʴʥʦʛʦ ʟʘ-

ʟʦʨʘ. ʕʪʦʪ ʥʘʙʦʨ ʙʳʣ ʧʦʜʝʣʝʥ ʧʦʧʦʣʘʤ ʥʘ 
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ʢʦʥʪʨʦʣʴʥʳʡ ʥʘʙʦʨ ʠ ʪʝʩʪʦʚʳʡ ʥʘʙʦʨ. ʀʟ 

ʪʝʩʪʦʚʦʛʦ ʥʘʙʦʨʘ ʚʳʜʝʣʷʣʠʩʴ ʤʝʥʴʰʠʝ ʚʳ-

ʙʦʨʢʠ ʟʘʜʘʥʥʦʛʦ ʨʘʟʤʝʨʘ ὔ, ʧʦ ʢʦʪʦʨʳʤ 
ʧʨʦʠʩʭʦʜʠʣʘ ʦʮʝʥʢʘ ʧʘʨʘʤʝʪʨʦʚ ʩʨʘʚʥʠʚʘ-

ʝʤʳʭ ʤʦʜʝʣʝʡ (1) ʠ (4) ʥʘʯʘʣʴʥʦʛʦ ʟʘʟʦʨʘ. 

ʇʦ ʢʘʞʜʦʡ ʤʦʜʝʣʠ ʛʝʥʝʨʠʨʦʚʘʣʩʷ ʥʘʙʦʨ 

ʨʝʘʣʠʟʘʮʠʡ ʥʘʯʘʣʴʥʦʛʦ ʟʘʟʦʨʘ, ʢʦʪʦʨʳʡ 

ʫʞʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʩʪʘʪʠʩʪʠ-

ʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʩʙʦʨʢʠ.  

ɺ ʢʘʯʝʩʪʚʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘʯʘʣʴʥʦʛʦ ʟʘʟʦʨʘ 

ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʣʠʯʠʥʳ 

ʬʠʥʘʣʴʥʦʛʦ ʟʘʟʦʨʘ, ʧʦʣʫʯʘʝʤʦʝ ʚ ʨʝʟʫʣʴ-

ʪʘʪʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩʙʦʨʦʯʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʩ ʟʘʜʘʥʥʳʤʠ ʥʘʯʘʣʴʥʳʤʠ ʟʘʟʦ-

ʨʘʤʠ. ʅʘ ʨʠʩʫʥʢʝ 4 ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ 

ʧʦʣʫʯʝʥʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ: ʜʣʷ ʢʦʥʪʨʦʣʴ-

ʥʦʛʦ ʥʘʙʦʨʘ ʠʟʤʝʨʝʥʠʡ çControl setè, ʜʣʷ 

ʟʘʟʦʨʦʚ ʠʟ ʤʦʜʝʣʠ ʥʘ ʦʩʥʦʚʝ ʜʝʢʦʤʧʦʟʠʮʠʠ 

ʧʦ ʥʘʙʦʨʫ ʙʘʟʠʩʥʳʭ ʬʫʥʢʮʠʡ çMD setè ʠ 

ʜʣʷ ʟʘʟʦʨʦʚ ʠʟ ʤʦʜʝʣʠ ɻʘʫʩʩʦʚʘ ʩʣʫʯʘʡʥʦ-

ʛʦ ʧʦʣʷ çRF setè. ʋʢʘʟʘʥʥʦʝ ὔ ï ʵʪʦ ʨʘʟ-

ʤʝʨ ʚʳʙʦʨʢʠ, ʧʦ ʢʦʪʦʨʦʡ ʦʮʝʥʠʚʘʣʠʩʴ ʧʘ-

ʨʘʤʝʪʨʳ ʤʦʜʝʣʝʡ (1) ʠ (4). ʇʨʦʚʝʜʝʥʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʨʘʟʥʳʭ ʨʘʟʤʝʨʦʚ ʚʳʙʦ-

ʨʦʢ ʠ ʨʘʟʥʳʭ ʩʪʘʜʠʡ ʩʙʦʨʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʷ ʤʘʣʦʛʦ ʯʠʩʣʘ ʠʟʤʝʨʝʥʠʡ 

ʧʝʨʚʳʡ ʤʝʪʦʜ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ 

ʜʝʢʦʤʧʦʟʠʮʠʠ ʜʘʝʪ ʙʦʣʴʰʫʶ ʪʦʯʥʦʩʪʴ 

ʘʥʘʣʠʟʘ, ʯʝʤ ʚʪʦʨʦʡ ʤʝʪʦʜ ʥʘ ʦʩʥʦʚʝ ɻʘʫʩ-

ʩʦʚʘ ʩʣʫʯʘʡʥʦʛʦ ʧʦʣʷ. 

 

 
ʈʠʩ. 4. ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʬʠʥʘʣʴʥʦʛʦ ʟʘʟʦʨʘ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘ-

ʣʠʟʘ 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʚ ʜʘʥʥʦʡ 

ʩʪʘʪʴʝ, ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʪʦʯʥʦʝ ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʝ ʥʘʯʘʣʴʥʦʛʦ ʟʘʟʦʨʘ ʠʛʨʘʝʪ ʩʫʱʝ-

ʩʪʚʝʥʥʫʶ ʨʦʣʴ ʚ ʜʦʩʪʠʞʝʥʠʠ ʨʝʟʫʣʴʪʘʪʘ 

ʘʥʘʣʠʟʘ ʩʙʦʨʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʇʨʠʤʝʥʝʥʠʝ 

ʜʝʢʦʤʧʦʟʠʮʠʠ ʧʦ ʥʘʙʦʨʫ ʙʘʟʠʩʥʳʭ ʬʫʥʢ-

ʮʠʡ ʢʘʢ ʤʝʪʦʜ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘʯʘʣʴʥʦʛʦ 

ʟʘʟʦʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ 

ʧʦʜʭʦʜʦʤ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʥʘʯʘʣʴʥʦʛʦ 

ʟʘʟʦʨʘ, ʯʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ɻʘʫʩʩʦʚʩʢʦʛʦ 

ʩʣʫʯʘʡʥʦʛʦ ʧʦʣʷ. ʇʝʨʚʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ 

ʫʯʝʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʙʠʨʘʝʤʳʭ ʜʝʪʘ-

ʣʝʡ ʠ, ʪʝʤ ʩʘʤʳʤ, ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʤʦ-

ʜʝʣʠʨʦʚʘʥʠʷ ʜʘʞʝ ʚ ʩʣʫʯʘʝ ʦʛʨʘʥʠʯʝʥʥʦʛʦ 

ʥʘʙʦʨʘ ʠʟʤʝʨʝʥʠʡ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʙʦʣʝʝ ʪʦʯʥʦʡ ʤʦʜʝʣʠ ʧʦʟʚʦ-

ʣʠʪ ʧʨʦʚʦʜʠʪʴ ʦʧʪʠʤʠʟʘʮʠʶ ʢʘʯʝʩʪʚʘ ʠ 

ʥʘʜʝʞʥʦʩʪʠ ʩʙʦʨʢʠ ʜʘʞʝ ʚ ʫʩʣʦʚʠʷʭ ʩʠʣʴ-

ʥʦʡ ʦʨʛʘʥʠʯʥʦʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʘʥʘʣʠʟʘ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʩʙʦʨʦʯ-

ʥʦʛʦ ʧʨʦʮʝʩʩʘ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʠʟʜʝʨʞʝʢ, 

ʫʣʫʯʰʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʧʦʚʳ-

ʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʢʦʥʝʯʥʳʭ ʠʟʜʝʣʠʡ. 
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DECOMPOSITION OF THE INITIAL GAP FOR THE ASSEMBLY ANALYSIS OF 

FLEXIBLE STRUCTURES  

 

N.I. Zaitseva, Associate Professor 

Peter the Great St. Petersburg Polytechnic University 

(Russia, St. Petersburg) 

 

Abstract. This article is devoted to a method for modeling the initial gap based on decomposi-

tion with the set of orthonormal functions specified for the joint area between parts. The con-

structing of the basis function set in based on a set of mode shapes of assembled parts. The con-

sidered method for modeling the initial gap is compared with another method for modeling the 

initial gap based on a Gaussian random field. The effectiveness of using these methods is studied 

for the case of a small sample, that is, a limited set of available measurements of the initial gap. 

The effectiveness of the methods is compared using a practical example of analyzing the quality 

of the assembly process for the wing to fuselage junction. 

Keywords: assembly process, initial gap, compliant parts, reliability theory. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʤʦʱʥʳʡ ʧʝʨʝʢʣʶʯʘʪʝʣʴ ʧʨʠʝʤʘ ʠ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘ-

ʣʘ, ʚʳʧʦʣʥʝʥʥʳʡ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʂʄʆʇ (ʢʦʤʧʣʝʤʝʥʪʘʨʥʳʡ ʤʝʪʘʣʣ-ʦʢʩʠʜ-ʧʦʣʫʧʨʦʚʦʜʥʠʢ) 

ʩ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʥʦʨʤʦʡ 0,18 ʤʢʤ ʠ ʯʘʩʪʦʪʦʡ ʨʘʙʦʪʳ ʜʦ 2 ɻɻʮ. ɸʢʪʫʘʣʴʥʦʡ ʠ ʪʨʫʜʦ-

ʝʤʢʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʧʝʨʝʢʣʶʯʘʪʝʣʷ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ 

ʧʦʪʝʨʷʤʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʠʟʦʣʷʮʠʝʡ. ɼʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʉɸʇʈ Cadence, ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʝʜʣʘʛʘʝʤʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʤʦʩʪʦʚʦʛʦ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʧʝʨʝʢʣʶʯʘʪʝʣʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʣʠʥʝʡʥʦʩʪʴ ʩʠʛʥʘʣʘ ʜʦ 18 ʜɹʤ ʚ ʜʠʘʧʘ-

ʟʦʥ ʯʘʩʪʦʪ 100 ʄɻʮ ï 2 ɻɻʮ ʩ ʧʦʪʝʨʷʤʠ ʥʝ ʙʦʣʝʝ 2 ʜɹ ʠ ʤʘʢʩʠʤʘʣʴʥʳʡ ʠʟʦʣʷʮʠʝʡ ʥʝ ʤʝ-

ʥʝʝ 32ʜɹ. ʇʨʠʤʝʥʝʥʠʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʤʦʩʪʦʚʦʡ ʩʭʝʤʳ ʧʦʟʚʦʣʷʝʪ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ 

ʧʘʨʘʟʠʪʥʳʡ ʩʠʛʥʘʣ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʝʨʝʢʣʶʯʘʪʝʣʴ, ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʩʠʛʥʘʣ, ʂʄʆʇ. 

 

ʂʦʤʧʣʝʤʝʥʪʘʨʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʤʝʪʘʣʣ-

ʦʢʩʠʜ-ʧʦʣʫʧʨʦʚʦʜʥʠʢ (ʂʄʆʇ) ʥʘʭʦʜʠʪʩʷ 

ʚ ʮʝʥʪʨʝ ʚʥʠʤʘʥʠʷ ʢʘʢ ʚʦʟʤʦʞʥʦʝ ʨʝʰʝʥʠʝ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʦʣʥʦʩʪʴʶ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ 

ʨʘʜʠʦʯʘʩʪʦʪʥʦʛʦ ʧʨʠʝʤʦʧʝʨʝʜʘʪʯʠʢʘ ʠʟ-ʟʘ 

ʝʝ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʠ ʠ ʚʳʩʦʢʦʡ ʚʦʟʤʦʞʥʦ-

ʩʪʠ ʠʥʪʝʛʨʘʮʠʠ [2, ʩ. 485]. ʆʜʥʘʢʦ ʨʝʘʣʠ-

ʟʦʚʘʪʴ ʢʦʤʧʦʥʝʥʪʳ, ʨʘʙʦʪʘʶʱʠʝ ʩ ʚʳʩʦ-

ʢʦʡ ʤʦʱʥʦʩʪʴʶ, ʪʘʢʠʝ ʢʘʢ ʫʩʠʣʠʪʝʣʠ 

ʤʦʱʥʦʩʪʠ ʠ ʧʝʨʝʢʣʶʯʘʪʝʣʠ ʧʝʨʝʜʘ-

ʯʠ/ʧʨʠʝʤʘ (T/R), ʢʨʘʡʥʝ ʩʣʦʞʥʦ ʠʟ-ʟʘ ʥʠʟ-

ʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʙʦʷ ʠ ʧʘʨʘʟʠʪʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʧʦʜʣʦʞʢʠ ʘʢʪʠʚʥʳʭ ʂʄʆʇ-

ʫʩʪʨʦʡʩʪʚ. ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʧʝʨʝʢʣʶ-

ʯʘʪʝʣʝʡ T/R ʦʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ, ʦʧʨʝʜʝ-

ʣʷʶʱʠʤ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʫʧʨʘʚʣʷʪʴ ʧʠʪʘ-

ʥʠʝʤ, ʷʚʣʷʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʡ ʧʝʨʝʧʘʜ 

ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʳʢʣʶʯʝʥʥʳʭ ʧʝʨʝʢʣʶʯʘ-

ʶʱʠʭ ʫʩʪʨʦʡʩʪʚʘʭ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʢʘ-

ʥʘʣʳ ʠ ʩʦʝʜʠʥʠʪʝʣʴʥʳʝ ʜʠʦʜʳ ʧʝʨʝʢʣʶ-

ʯʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʚ ʚʳʢʣʶʯʝʥʥʦʤ ʩʦʩʪʦ-

ʷʥʠʠ ʤʦʛʫʪ ʙʳʪʴ ʩʬʦʨʤʠʨʦʚʘʥʳ ʠ ʩʤʝʱʝ-

ʥʳ ʚʧʝʨʝʜ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠ ʙʦʣʴʰʦʤ 

ʢʦʣʝʙʘʥʠʠ ʥʘʧʨʷʞʝʥʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʥʝʞʝʣʘʪʝʣʴʥʳʤ ʧʦʪʝʨʷʤ ʤʦʱʥʦʩʪʠ [1, 

ʩ. 40]. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʣʠʥʝʡ-

ʥʦʡ ʠ ʥʘʜʝʞʥʦʡ ʨʘʙʦʪʳ ʧʝʨʝʢʣʶʯʘʪʝʣʝʡ 

T/R ʢʦʣʝʙʘʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʳʢʣʶʯʝʥ-

ʥʳʭ ʧʝʨʝʢʣʶʯʘʪʝʣʷʭ ʜʦʣʞʥʳ ʙʳʪʴ ʩʚʝʜʝ-

ʥʳ ʢ ʤʠʥʠʤʫʤʫ. ɺ ʢʘʯʝʩʪʚʝ ʧʦʜʭʦʜʘ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʙʦʣʴʰʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠʩ-

ʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʤʧʝ-

ʜʘʥʩʘ [1]. 

ʈʘʙʦʯʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ (RSW) ʧʝʨʝ-

ʢʣʶʯʘʪʝʣʷ ʩʥʠʞʝʥʦ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʩʧʦ-

ʩʦʙʥʦʩʪʠ ʫʧʨʘʚʣʷʪʴ ʧʠʪʘʥʠʝʤ, ʘ ʠʤʧʝʜʘʥ-

ʩʳ ʠʩʪʦʯʥʠʢʘ ʠ ʥʘʛʨʫʟʢʠ ʢʦʤʤʫʪʘʪʦʨʘ ʩʦ-

ʛʣʘʩʦʚʘʥʳ ʜʦ 50 ʩ ʧʦʤʦʱʴʶ ʜʚʫʭ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʳʭ ʩʦʛʣʘʩʫʶʱʠʭ ʙʘʣʫʥʦʚ. ʆʜʥʘʢʦ 

ʧʦʪʝʨʠ ʦʪ ʵʪʠʭ ʜʚʫʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʦ-

ʛʣʘʩʫʶʱʠʭ ʮʝʧʝʡ ʩʥʠʞʘʶʪ ʦʙʱʫʶ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʴ ʧʝʨʝʜʘʪʯʠʢʘ ʠ ʫʨʦʚʝʥʴ ʰʫʤʘ 

ʧʨʠʝʤʥʠʢʘ. ʏʪʦʙʳ ʠʟʙʝʞʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴ-

ʥʳʭ ʩʦʛʣʘʩʫʶʱʠʭ ʮʝʧʝʡ, ʚʳʭʦʜʥʦʝ ʩʦʛʣʘ-

ʩʦʚʘʥʠʝ ʫʩʠʣʠʪʝʣʷ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦ-

ʚʘʥʦ ʚ ʢʘʯʝʩʪʚʝ ʩʦʛʣʘʩʫʶʱʠʭ ʮʝʧʝʡ ʜʣʷ 

ʧʨʠʤʝʥʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʤʦʩʪʦʚʦ-

ʛʦ ʧʝʨʝʢʣʶʯʘʪʝʣʷ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʠ ʫʩʠʣʠʪʝʣʷ ʪʨʝʙʫʝʪʩʷ ʤʥʦʛʦʩʝʢ-

ʮʠʦʥʥʦʝ ʩʦʛʣʘʩʦʚʘʥʠʝ ʚʳʭʦʜʥʦʛʦ ʠʤʧʝ-

ʜʘʥʩʘ [4, ʩ. 320], ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʤʝʪʦʜ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʤʧʝʜʘʥʩʘ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʠʤʝʥʝʥ ʧʫʪʝʤ ʨʘʟʤʝʱʝʥʠʷ ʧʝʨʝʢʣʶʯʘ-

ʪʝʣʷ T/R ʤʝʞʜʫ ʩʝʢʮʠʷʤʠ ʚʳʭʦʜʥʦʡ ʮʝʧʠ 

ʫʩʠʣʠʪʝʣʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʪʝʨʠ ʧʝʨʝ-

ʢʣʶʯʘʪʝʣʷ T/R ʠ ʩʦʛʣʘʩʫʶʱʠʭ ʮʝʧʝʡ ʧʦʣ-

ʥʦʩʪʴʶ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ 

ʉɸʇʈ Cadence. ʀʩʭʦʜʷ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ 
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ʘʥʘʣʠʟʘ, ʧʨʝʜʩʪʘʚʣʝʥ ʤʝʪʦʜ ʧʨʦʝʢʪʠʨʦʚʘ-

ʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʧʝʨʝʢʣʶʯʘʪʝʣʝʡ 

T/R, ʠʩʧʦʣʴʟʫʶʱʠʡ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠʤʧʝ-

ʜʘʥʩʘ, ʪʝʤ ʩʘʤʳʤ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʘʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʧʠʪʘʥʠʝʤ 

ʙʝʟ ʫʱʝʨʙʘ ʜʣʷ ʚʥʦʩʠʤʳʭ ʧʦʪʝʨʴ ʥʘ ʩʪʦ-

ʨʦʥʝ ʧʨʠʝʤʥʠʢʘ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʩʪʦʨʦʥʝ 

ʧʨʠʝʤʥʠʢʘ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ 

ʫʩʪʨʦʡʩʪʚ ʥʘ ʢʦʤʤʫʪʘʪʦʨʝ ʧʦʟʚʦʣʷʝʪ ʩʥʠ-

ʟʠʪʴ ʚʥʦʩʠʤʳʝ ʧʦʪʝʨʠ ʠʟ-ʟʘ ʥʠʟʢʦʛʦ RSW 

(ʤʝʥʝʝ 50 ʆʤ) ʤʦʞʝʪ ʙʳʪʴ ʢʦʤʧʝʥʩʠʨʦʚʘ-

ʥʦ ʠʣʠ ʜʘʞʝ ʫʣʫʯʰʝʥʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ 

ʩʣʫʯʘʝʤ, ʢʦʛʜʘ RSW ʨʘʚʝʥ 50 [5, ʩ. 865]. 

ʆʙʦʩʥʦʚʘʥʥʦʩʪʴ ʤʝʪʦʜʦʣʦʛʠʠ ʧʨʦʝʢʪʠʨʦ-

ʚʘʥʠʷ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʚ 

ʉɸʇʈ Cadence ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʨʝʤʥʠʝʚʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʂʄʆʇ 180ʥʤ 

ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʦʜʥʦʧʦʣʶʩʥʦ-

ʜʚʫʭʧʦʟʠʮʠʦʥʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ 

ʧʝʨʝʢʣʶʯʘʪʝʣʷ T/R (SPDT) ʧʦʢʘʟʘʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 1. ʏʪʦʙʳ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʠʟʦʣʷʮʠʶ 

ʧʦʨʪʦʚ, ʚʳʙʨʘʥʘ ʩʪʨʫʢʪʫʨʘ ʤʦʩʪʘ ʩ ʢʦʤ-

ʧʝʥʩʘʮʠʝʡ ʧʘʨʘʟʠʪʥʦʛʦ ʩʠʛʥʘʣʘ. 

 

 
ʈʠʩ. 1. ʉʭʝʤʘ SPDT ʧʝʨʝʢʣʶʯʘʪʝʣʷ 

 

ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʩʠʛʥʘʣʦʤ ʩʪʨʫʢʪʫʨʘ ʟʘʤʝʥʝʥʘ ʥʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴ-

ʥʫʶ ʩ ʢʦʤʧʝʥʩʘʮʠʝʡ ʧʘʨʘʟʠʪʥʦʛʦ ʩʠʛʥʘʣ ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʥʘ ʨʠʩʫʥʢʝ 2. 

 
ʈʠʩ. 2. ʉʭʝʤʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʧʝʨʝʢʣʶʯʘʪʝʣʷ 

 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʫʧʨʘʚʣʝ-

ʥʠʷ ʧʠʪʘʥʠʝʤ ʧʝʨʝʢʣʶʯʘʪʝʣʝʡ T/R, ʜʠʬ-

ʬʝʨʝʥʮʠʘʣʴʥʳʡ ʧʝʨʝʢʣʶʯʘʪʝʣʴ ʠʤʝʝʪ ʦʯʝ-

ʚʠʜʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʚ ʩʥʠʞʝʥʠʠ ʙʦʣʴ-

ʰʠʭ ʢʦʣʝʙʘʥʠʡ ʥʘʧʨʷʞʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʧʝʨʝʢʣʶʯʘʪʝʣʷʤʠ ʦʜʥʦʧʦʣʷʨʥʳʤʠ [3, 

ʩ. 150]. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʬʬʝ-

ʨʝʥʮʠʘʣʴʥʦʛʦ ʢʣʶʯʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠ-

ʩʫʥʢʝ 3. 
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ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʝʨʝʜʘʯʠ ʦʪ ʯʘʩʪʦʪʳ 

 

ʌʫʥʢʮʠʦʥʘʣʴʥʳʡ ʙʣʦʢ, ʢʦʪʦʨʳʡ ʨʘʩʧʦ-

ʣʦʞʝʥ ʤʝʞʜʫ ʘʥʪʝʥʥʦʡ ʠ ʧʝʨʝʢʣʶʯʘʪʝʣʝʤ 

T/R, ʚʳʟʳʚʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʦʪʝʨʠ. 

ʇʦʩʢʦʣʴʢʫ ʚʳʩʦʢʠʝ ʚʥʦʩʠʤʳʝ ʧʦʪʝʨʠ Rx 

ʧʨʠʚʦʜʷʪ ʢ ʫʭʫʜʰʝʥʠʶ ʫʨʦʚʥʷ ʰʫʤʘ ʚ ʮʝ-

ʧʠ ʧʨʠʝʤʥʠʢʘ, ʫʤʝʥʴʰʝʥʥʳʝ ʧʦʪʝʨʠ 

ʜʦʣʞʥʳ ʙʳʪʴ ʢʦʤʧʝʥʩʠʨʦʚʘʥʳ. ʕʪʦ ʤʦʞʝʪ 

ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʢʦ-

ʣʠʯʝʩʪʚʘ ʫʩʪʨʦʡʩʪʚ ʚʮʝʧʠ Rx, ʠ, ʢʘʢ ʩʣʝʜ-

ʩʪʚʠʝ, ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʠ ʚʥʦʩʠʤʳʭ ʧʦ-

ʪʝʨʴ ʧʝʨʝʢʣʶʯʘʪʝʣʷ T/R.  

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʦʚʘʷ ʤʝʪʦʜʠʢʘ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʧʨʦʙʣʝʤʳ ʨʝʘʣʠʟʘʮʠʠ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʂʄʆʇ-ʧʝʨʝʢʣʶʯʘʪʝʣʷ 

T/R ʩ ʚʳʩʦʢʦʡ ʤʦʱʥʦʩʪʴʶ, ʚʢʣʶʯʘʷ ʘʥʘ-

ʣʠʟ ʧʦʪʝʨʴ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʩʝʨʚʠʩʘ MPW, ʨʝʘʣʠʟʫ-

ʝʤʦʛʦ ʅʀʋ ʄʀʕʊ ʚ ʨʘʤʢʘʭ ʧʨʠʢʣʘʜʥʦʡ 

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ çʈʘʟʨʘ-

ʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʷ ʵʣʝʢ-

ʪʨʦʥʥʦʡ ʢʦʤʧʦʥʝʥʪʦʡ ʙʘʟʳ ʥʘ ʦʪʝʯʝʩʪʚʝʥ-

ʥʳʭ ʤʠʢʨʦʵʣʝʢʪʨʦʥʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʘʭ ʥʘ 

ʦʩʥʦʚʝ ʩʝʨʚʠʩʘ MPW (FSMR-2023-0008)è ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʝʜʝʨʘʣʴʥʳʤ ʧʨʦʝʢʪʦʤ 

çʇʦʜʛʦʪʦʚʢʘ ʢʘʜʨʦʚ ʠ ʥʘʫʯʥʦʛʦ ʬʫʥʜʘʤʝʥ-

ʪʘ ʜʣʷ ʵʣʝʢʪʨʦʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠè. 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. Huang F.-J., O K.K. Single-pole double-throw CMOS switches for 900-MHz and 2.4-GHz 

applications on p-silicon substrates // IEEE J. Solid-State Circuits, Vol. 39, ˉ 1, pp. 35-41, Jan. 

2004. 

2. Kim H.-W., Ahn M., Lee O., Lee C.-H., Laskar J. A high power CMOS differential T/R 

switch using multi-section impedance transformation technique // IEEE Radio Freq. Integr. Cir-

cuits (RFIC) Symp. Dig., May 2010, pp. 483-486. 

3. Losev V.V., Mukhin I.I., Chaplygin Y.A., Kalyonov A.D. Analysis of Methods for Reduc-

ing Losses and Increasing Isolation of Differential Microwave Attenuators. In 2022 IEEE Con-

ference of Russian Young Researchers in Electrical and Electronic Engineering (EIConRus) 

(pp. 149-152). IEEE. 

4. Aoki S.D., Kee D.B. Rutledge, Hajimiri A. Distributed active transformer ï A new power-

combining and impedance-transformation technique // IEEE Trans. Microw. Theory Techn., vol. 

50, no. 1, pp. 316ï331, Jan. 2002. 

5.  Wang X.S., Yue C.P. A dual-band SP6T T/R switch in SOI CMOS with 37-dBm P-0.1 dB 

for GSM/W-CDMA handsets // IEEE Trans. Microw. Theory Techn., Vol. 62, ˉ 4. ï Pp. 861-

870, Apr. 2014. 

  



58 

- ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ - 

 

International Journal of Humanities and Natural Sciences, vol. 11-4 (86), 2023 

DEVELOPMENT OF A DIFFERENTIAL SIGNAL TRANSCEIVER ACCORDING TO 

THE LVDS STANDARD BASED ON CMOS 180NM TECHNOLOGY  

 

A.D. Kalyonov, Assistant 

National Research University "Moscow Institute of Electronic Technology" 

(Russia, Zelenograd) 

 

Abstract. The paper presents a powerful signal reception and transmission switch made using 

CMOS technology (complementary metal-oxide-semiconductor) with a technological norm of 

0.18 microns and a frequency of up to 2 GHz. An urgent and time-consuming task is to develop a 

differential switch with minimal losses at the same time with maximum isolation. The data ob-

tained as a result of Cadence CAD modeling show that the proposed design of the bridge differ-

ential switch provides a linearity of up to 18 dBm in the frequency range 100 MHz ï 2 GHz with 

losses of no more than 2 dB and maximum isolation of at least 32 dB. The use of a differential 

bridge circuit makes it possible to compensate for a parasitic signal. 

Keywords: switch, differential signal, CMOS. 
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ɸʥʥʦʪʘʮʠʷ. ʉ ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʭʝʤ ʠ ʧʦʚʳʰʝʥʠʝʤ ʧʨʦʠʟʚʦʜʠ-

ʪʝʣʴʥʦʩʪʠ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ, ʩʝʪʝʚʳʭ ʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʠʩʪʝʤ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʙʦʣʝʝ 

ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠ ʧʝʨʝʜʘʯʝ ʥʘ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ ʧʦ ʢʘʙʝʣʶ ʩʪʘʥʦ-

ʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʦʡ. ʇʝʨʝʜʘʪʯʠʢ LVDS-TX ʩʦʚʤʝʩʪʥʦ ʧʨʠʝʤʥʠʢʦʤ LVDS-RX ʨʝʘ-

ʣʠʟʫʶʪ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʠʥʪʝʨʬʝʡʩ ʚ ʩʪʘʥʜʘʨʪʘʭ ANSI/TIA/EIA-

644A ʠ IEEE 1596.3 ʠ ʨʘʟʨʘʙʦʪʘʥ ʜʣʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʂʄʆʇ 180ʥʤ. ʇʨʝʜʥʘ-

ʟʥʘʯʝʥ ʜʣʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʧʨʠʤʝʥʝʥʠʡ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʧʝʨʝʜʘʯʝʡ ʜʘʥʥʳʭ ʚ ʩʦʝʜʠʥʝ-

ʥʠʷʭ ʪʠʧʘ çʪʦʯʢʘ-ʪʦʯʢʘè ʧʦ ʨʘʟʣʠʯʥʳʤ ʪʠʧʘʤ ʣʠʥʠʡ ʩ ʚʦʣʥʦʚʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʦʢʦʣʦ 

100 ʆʤ, ʚʢʣʶʯʘʷ ʪʨʘʩʩʳ ʥʘ ʧʝʯʘʪʥʦʡ ʧʣʘʪʝ ʠ ʚʠʪʳʝ ʧʘʨʳ ʩʦ ʩʢʦʨʦʩʪʴʶ 500 ʄʙʠʪ/ʩ ʠ 

ʪʦʢʦʤ ʧʦʪʨʝʙʣʝʥʠʷ ʥʝ ʙʦʣʝʝ 3,5 ʤɸ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: LVDS, ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʩʠʛʥʘʣ, ʠʥʪʝʛʨʘʣʴʥʘʷ ʩʭʝʤʘ. 

 

ɼʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʨʘʩʩʝʠʚʘʝʤʦʡ ʤʦʱ-

ʥʦʩʪʠ LVDS ʠʤʝʝʪ ʨʝʞʠʤ ʧʦʥʠʞʝʥʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʧʝʨʝʜʘʯʠ (250 ʤɺ ï 400 ʤɺʪ). 

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʨʝʞʠʤ ʧʝʨʝʜʘʯʠ ʥʝ-

ʦʙʭʦʜʠʤ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ 

ʩʢʘʯʢʘʤ ʩʠʥʬʘʟʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ ʧʝʨʝ-

ʢʨʝʩʪʥʳʤ ʧʦʤʝʭʘʤ, ʘ ʪʘʢʞʝ ʜʣʷ ʩʥʠʞʝʥʠʷ 

ʫʨʦʚʥʷ ʰʫʤʘ ʧʨʠ ʧʝʨʝʜʘʯʝ ʠʥʬʦʨʤʘʮʠʠ [3, 

ʩ. 704]. ʆʜʥʘʢʦ, ʧʦʩʢʦʣʴʢʫ ʩʢʦʨʦʩʪʴ ʧʝʨʝ-

ʜʘʯʠ ʜʘʥʥʳʭ ʙʳʩʪʨʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʜʨʝʡʬ 

ʜʘʥʥʳʭ ʠ çʜʨʦʞʘʥʠʝè ʜʘʥʥʳʭ ʠʟ-ʟʘ ʧʨʦʠʟ-

ʚʦʜʩʪʚʝʥʥʳʭ ʜʝʬʝʢʪʦʚ, ʰʫʤʘ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ, ʧʝʨʝʢʨʝʩʪʥʳʭ ʧʦʤʝʭ ʠ ʪ.ʜ. ʟʘʪʨʫʜ-

ʥʷʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʝʨʝʜʘʥʥʳʭ ʜʘʥʥʳʭ 

ʧʨʠʝʤʥʠʢʦʤ LVDS [2, ʩ. 70]. ɼʣʷ ʦʙʥʘʨʫ-

ʞʝʥʠʷ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʘʥʥʳʭ, ʪʘʢʪʦʚʦʡ 

ʦʰʠʙʢʠ ʧʦʪʨʝʙʫʝʪʩʷ ʨʝʟʝʨʚʥʘʷ ʩʭʝʤʘ ʠ 

ʙʦʣʴʰʘʷ ʧʣʦʱʘʜʴ. ʅʦ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʳʝ 

ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʩʭʝʤʳ ʩ ʪʘʢʪʦʚʦʡ ʯʘʩʪʦʪʦʡ 

ʠ ʜʘʥʥʳʤʠ ʧʦ-ʧʨʝʞʥʝʤʫ ʷʚʣʷʶʪʩʷ ʚʘʞʥʦʡ 

ʤʝʪʦʜʦʣʦʛʠʝʡ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ ʧʨʠ ʧʨʦ-

ʝʢʪʠʨʦʚʘʥʠʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠʥʪʝʛʨʘʣʴʥʳʭ 

ʩʭʝʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʢʘ ʚʳʩʦʢʦʧʨʦ-

ʠʟʚʦʜʠʪʝʣʴʥʦʛʦ ʩ ʥʠʟʢʠʤ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝ-

ʥʠʝʤ ʧʨʠʝʤʦʧʝʨʝʜʘʪʯʠʢʘ LVDS ʦʯʝʥʴ 

ʚʘʞʥʘ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʠ ʩʪʦʠ-

ʤʦʩʪʠ ʩʠʩʪʝʤʳ [1, ʩ. 263]. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ 

ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʥʝʜʘʚʥʠʡ ʩʧʨʦʩ ʥʘ ʰʠʨʦ-

ʢʫʶ ʧʦʣʦʩʫ ʧʨʦʧʫʩʢʘʥʠʷ, ʨʘʟʨʘʙʦʪʘʥ ʧʨʠ-

ʝʤʦʧʝʨʝʜʘʪʯʠʢ LVDS ʩ ʧʨʠʝʤʥʠʢʦʤ 

500 ʄʙʠʪ/ʩ ʠ ʧʝʨʝʜʘʪʯʠʢʦʤ 500 ʄʙʠʪ/ʩ. 

ʉʭʝʤʘ ʧʨʠʝʤʥʠʢʘ LVDS (RX) ʩʦʩʪʦʠʪ 

ʠʟ ʪʨʝʭ ʢʘʩʢʘʜʦʚ: ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ 

ʫʩʠʣʠʪʝʣʷ, ʛʠʩʪʝʨʝʟʠʩʥʦʛʦ ʢʦʤʧʘʨʘʪʦʨʘ ʠ 

ʙʫʬʝʨʘ ʜʨʘʡʚʝʨʘ. ʉʪʨʫʢʪʫʨʘ ʧʨʠʝʤʥʠʢʘ 

LVDS ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʧʨʠʝʤʥʠʢʘ LVDS 
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ɸʤʧʣʠʪʫʜʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʩʠʛʥʘ-

ʣʦʚ ʥʠʟʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ ʩʠʥʬʘʟʥʦʛʦ ʚʳ-

ʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʙʫʜʝʪ ʫʤʝʥʴʰʘʪʴʩʷ 

ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʙʦʣʴʰʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʧʦ 

ʢʘʙʝʣʶ, ʠ ʪʦʛʜʘ ʧʨʠʝʤʥʠʢ ʜʦʣʞʝʥ ʩʥʘʯʘʣʘ 

ʫʩʠʣʠʪʴ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʩʠʛʥʘʣ ʥʠʟʢʦ-

ʛʦ ʥʘʧʨʷʞʝʥʠʷ. ʉʭʝʤʘ ʧʨʝʜʫʩʠʣʠʪʝʣʷ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʘʩʢʘʜʥʳʡ ʫʩʠʣʠʪʝʣʴ 

ʩʦ ʚʭʦʜʦʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʧʘʨʳ NMOS 

ʠ PMOS ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʠʥʬʘʟʥʦʛʦ ʚʭʦʜ-

ʥʦʛʦ ʜʠʘʧʘʟʦʥʘ rail-to-rail (ʚʳʭʦʜʥʦʡ ʩʠʛ-

ʥʘʣ ʩ ʨʘʟʤʘʭʦʤ, ʨʘʚʥʳʤ ʥʘʧʨʷʞʝʥʠʶ ʧʠ-

ʪʘʥʠʷ) [4, ʩ. 100]. 

ʂʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʧʨʝʜʫʩʠʣʠʪʝʣʷ 

ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 10 ʜɹ, ʘ ʧʦʣʦʩʘ ʧʨʦʧʫʩ-

ʢʘʥʠʷ -3 ʜɹ ʩʦʩʪʘʚʣʷʝʪ 1 ɻɻʮ. ɻʠʩʪʝʨʝʟʠʩ-

ʥʳʡ ʢʦʤʧʘʨʘʪʦʨ ʧʨʝʦʙʨʘʟʫʝʪ ʫʩʠʣʝʥʥʳʝ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʩʠʛʥʘʣʳ ʥʠʟʢʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʚ ʮʠʬʨʦʚʦʡ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ. 

ʌʫʥʢʮʠʷ ʛʠʩʪʝʨʝʟʠʩʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʫʩʪʨʘʥʝʥʠʷ ʵʬʬʝʢʪʘ ʢʦʣʝʙʘʥʠʡ ʚʳʭʦʜʥʦʛʦ 

ʩʠʛʥʘʣʘ, ʢʦʪʦʨʳʡ ʚʦʟʥʠʢʘʝʪ ʠʟ-ʟʘ ʥʝʩʪʘ-

ʙʠʣʴʥʦʩʪʠ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ. ɺ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩ ʢʨʠʪʝʨʠʝʤ LVDS ʥʘʧʨʷʞʝʥʠʝ ʛʠ-

ʩʪʝʨʝʟʠʩʘ ʫʩʪʘʥʦʚʣʝʥʦ ʨʘʚʥʳʤ 25 ʤɺ, ʠ 

ʩʧʨʦʝʢʪʠʨʦʚʘʥʦ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʥʘ ʥʝ-

ʛʦ ʥʝ ʚʣʠʷʝʪ ʧʨʦʮʝʩʩ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʪʝʤʧʝ-

ʨʘʪʫʨʘ ʠ ʩʠʥʬʘʟʥʦʝ ʥʘʧʨʷʞʝʥʠʝ. ʊʦʢʠ 

ʩʤʝʱʝʥʠʷ ʠ, ʩʢʦʨʦʩʪʴ ʦʪʢʣʠʢʘ, ʥʘʧʨʷʞʝ-

ʥʠʝ ʩʤʝʱʝʥʠʷ ʠ ʩʢʦʨʦʩʪʴ ʥʘʨʘʩʪʘʥʠʷ ï ʵʪʦ 

ʥʝ ʤʝʥʝʝ ʚʘʞʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʠʟʚʦʜʠ-

ʪʝʣʴʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʩʣʝʜʫʝʪ ʪʱʘʪʝʣʴʥʦ 

ʫʯʠʪʳʚʘʪʴ [5, ʩ. 1320]. 

ʉʭʝʤʘ ʧʝʨʝʜʘʪʯʠʢʘ LVDS (TX) ʩʦʩʪʦʠʪ 

ʠʟ ʜʚʫʭ ʢʘʩʢʘʜʦʚ: ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʙʫʬʝ-

ʨʘ ʠ ʩʭʝʤʳ ʜʨʘʡʚʝʨʘ, ʢʦʪʦʨʘʷ ʧʦʢʘʟʘʥʘ ʨʠ-

ʩʫʥʢʝ 2. ʉʭʝʤʘ ʩʦʟʜʘʥʠʷ ʦʧʦʨʥʦʛʦ ʥʘʧʨʷ-

ʞʝʥʠʷ ʪʨʝʙʫʝʪʩʷ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʦʩʪʦʷʥ-

ʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʢʦʪʦʨʦʝ ʥʝ ʟʘʚʠʩʠʪ ʦʪ 

ʧʨʦʮʝʩʩʘ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʠʟʤʝʥʝʥʠʷ 

ʥʘʧʨʷʞʝʥʠʷ ʧʠʪʘʥʠʷ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʡ 

ʙʫʬʝʨ ʫʚʝʣʠʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʬʦʨʤʠ-

ʨʦʚʘʪʝʣʷ ʮʠʬʨʦʚʦʛʦ ʩʠʛʥʘʣʘ ʜʣʷ ʫʧʨʘʚʣʝ-

ʥʠʷ ʩʭʝʤʦʡ ʬʦʨʤʠʨʦʚʘʪʝʣʷ LVDS ʩʠʛʥʘ-

ʣʦʚ. ʉʠʛʥʘʣʳ LVDS ʛʝʥʝʨʠʨʫʶʪʩʷ ʩʭʝʤʦʡ 

ʬʦʨʤʠʨʦʚʘʪʝʣʷ. ʉʭʝʤʘ ʜʨʘʡʚʝʨʘ LVDS ʷʚ-

ʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʚʘʞʥʦʡ ʠʟ ʩʭʝʤʳ ʧʝʨʝʜʘʪ-

ʯʠʢʘ. ʆʥ ʨʘʙʦʪʘʝʪ ʢʘʢ ʠʩʪʦʯʥʠʢ ʪʦʢʘ ʩ ʧʝ-

ʨʝʢʣʶʯʘʝʤʦʡ ʧʦʣʷʨʥʦʩʪʴʶ. ʉʭʝʤʘ ʜʨʘʡʚʝ-

ʨʘ ʨʘʙʦʪʘʝʪ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʦ ʚ ʨʝʞʠʤʝ 

ʜʚʦʡʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʪʦʢʘ. ʉʠʥʬʘʟʥʦʝ ʚʳ-

ʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʙʫʜʝʪ ʩʤʝʱʘʪʴʩʷ ʠʟ-ʟʘ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʜʝʘʣʴʥʳʭ ʣʠʥʠʡ ʧʝʨʝʜʘʯʠ 

ʠ ʧʘʨʘʟʠʪʥʦʛʦ ʵʬʬʝʢʪʘ ʩʚʷʟʘʥʥʳʭ ʩ ʢʦʥ-

ʪʘʢʪʥʳʤʠ ʧʣʦʱʘʜʢʘʤʠ, ʧʦʵʪʦʤʫ ʜʦʙʘʚʣʝʥʘ 

ʩʠʥʬʘʟʥʘʷ ʩʭʝʤʘ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ, ʯʪʦʙʳ 

ʩʪʘʙʠʣʴʥʦ ʧʦʚʳʰʘʪʴ ʦʙʱʝʝ ʚʳʭʦʜʥʦʝ 

ʥʘʧʨʷʞʝʥʠʝ ʜʦ 1,2 ɺ. 

 

 
ʈʠʩ. 2. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʧʨʠʝʤʥʠʢʘ LVDS 

 

ʊʦʢ ʯʝʨʝʟ ʜʨʘʡʚʝʨ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʨʘʚ-

ʥʳʤ 3,5 ʤɸ ʩ ʧʦʤʦʱʴʶ ʚʥʫʪʨʝʥʥʝʡ ʪʦʢʦ-

ʚʦʡ ʟʝʨʢʘʣʴʥʦʡ ʩʭʝʤʳ. ʈʘʟʥʦʩʪʴ ʥʘʧʨʷʞʝ-

ʥʠʡ ʤʝʞʜʫ ʩʠʛʥʘʣʘʤʠ OUT_plus ʠ 

OUT_minus ʩʦʩʪʘʚʣʷʝʪ +350 ʤɺ ʠʣʠ ʤʠʥʫʩ 

350 ʤɺ. ʋʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴ-

ʥʦʝ ʢʦʣʝʙʘʥʠʝ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. 

ʇʨʠʝʤʦʧʝʨʝʜʘʪʯʠʢ LVDS ʩʦʩʪʦʠʪ ʠʟ 

ʩʭʝʤʳ ʧʨʠʸʤʥʠʢʘ RX ʠ ʩʭʝʤʳ ʧʝʨʝʜʘʪʯʠʢʘ 

TX. ʅʘ ʨʠʩʫʥʢʝ 3 ʧʦʢʘʟʘʥʘ ʩʪʘʥʜʘʨʪʥʘʷ 

ʘʨʭʠʪʝʢʪʫʨʘ ʧʨʠʝʤʦʧʝʨʝʜʘʪʯʠʢʘ LVDS ʩ 

ʧʝʨʝʜʘʯʝʡ ʜʘʥʥʳʭ "ʪʦʯʢʘ-ʪʦʯʢʘ". ʉʭʝʤʘ 

ʧʝʨʝʜʘʪʯʠʢʘ ʧʨʝʦʙʨʘʟʫʝʪ ʮʠʬʨʦʚʦʡ ʩʠʛʥʘʣ 

ʚ ʥʠʟʢʦʚʦʣʴʪʥʳʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʚʳ-

ʭʦʜʥʳʝ ʩʠʛʥʘʣʳ. ʈʘʟʥʠʮʘ ʤʝʞʜʫ ʚʳʭʦʜ-

ʥʳʤ ʩʠʛʥʘʣʦʤ VOUT+ ʠ VOUT- ʩʦʩʪʘʚʣʷ-

ʝʪ ʧʨʠʤʝʨʥʦ 250~400 ʤɺ, ʘ ʩʠʥʬʘʟʥʦʝ ʚʳ-

ʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 

1,125~1,275 ɺ. ʅʘ ʨʠʩʫʥʢʝ 4 ʧʦʢʘʟʘʥʳ 

ʩʪʘʥʜʘʨʪʥʳʝ ʬʦʨʤʳ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ 

ʩʭʝʤʳ TX. 
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ʈʠʩ. 3. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʧʨʠʝʤʦʧʝʨʝʜʘʪʯʠʢʘ LVDS 

 
ʈʠʩ. 4. ɺʳʭʦʜʥʳʝ ʩʠʛʥʘʣʳ (Vout+ ʠ Vout-) ʧʨʠʸʤʦʧʝʨʝʜʘʪʯʠʢʘ LVDS 

 

ʉʭʝʤʘ ʧʨʠʝʤʦʧʝʨʝʜʘʪʯʠʢʘ LVDS ʨʘʟʨʘ-

ʙʦʪʘʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʂʄʆʇ-

ʪʝʭʥʦʣʦʛʠʠ 0,18 ʤʢʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʰʝʩʪʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʣʦʸʚ. ʅʘ ʨʠʩʫʥʢʝ 5 

ʧʦʢʘʟʘʥʘ ʪʦʧʦʣʦʛʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

ʩʭʝʤʳ ʧʝʨʝʜʘʪʯʠʢʘ ʠ ʧʨʠʝʤʥʠʢʘ LVDS. 

ʏʪʦʙʳ ʦʮʝʥʠʪʴ ʪʦʯʥʫʶ ʨʘʙʦʪʫ ʩʭʝʤʳ ʧʨʠ-

ʝʤʦʧʝʨʝʜʘʪʯʠʢʘ LVDS, ʩʭʝʤʘ ʤʦʜʝʣʠʨʫʝʪ-

ʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

Cadence Spectre. ʅʘ ʨʠʩʫʥʢʝ 6 ʧʦʢʘʟʘʥʳ 

ʩʠʛʥʘʣʳ LVDS ʧʦʜʢʣʶʯʝʥʥʳʭ ʮʝʧʝʡ TX ʠ 

RX ʩʦ ʩʢʦʨʦʩʪʴʶ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

500 ʄʙʠʪ/ʩ. ɺʨʝʤʷ ʟʘʜʝʨʞʢʠ ʚʳʭʦʜʥʳʭ 

ʩʠʛʥʘʣʦʚ LVDS ʚ ʮʝʧʠ TX ʩʦʩʪʘʚʣʷʝʪ 

ʧʨʠʤʝʨʥʦ 0,75 ʥʩ. ɺʨʝʤʷ ʟʘʜʝʨʞʢʠ ʚ ʮʝʧʠ 

RX ʩʦʩʪʘʚʣʷʝʪ 1,75 ʥʩ. ʆʙʱʝʝ ʵʥʝʨʛʦʧʦ-

ʪʨʝʙʣʝʥʠʝ ʮʝʧʝʡ TX ʠ RX ʩʦʩʪʘʚʣʷʝʪ 

26 ʤɺʪ ʠ 12 ʤɺʪ ʧʨʠ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ 500 ʄʙʠʪ/ʩ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

 
ʘ) 

 
ʙ) 

ʈʠʩ. 5. ʊʦʧʦʣʦʛʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʨʠʝʤʦʧʝʨʝʜʘʪʯʠʢʘ LVDS 

(ʘ ï ʧʨʠʝʤʥʠʢ, ʙ ï ʧʝʨʝʜʘʪʯʠʢ) 
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ʈʝʟʫʣʴʪʘʪ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ ʧʨʠʝʤʥʠʢʘ ʠ ʧʝʨʝʜʘʪʯʠʢʘ LVDS-

ʩʠʛʥʘʣʦʚ, ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʦʛʦ ʥʘ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʂʄʆʇ HCMOS8D 180ʥʤ ʧʦ-

ʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 6. 

 

 
ʈʠʩ. 6. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠʝʤʦʧʝʨʝʜʘʪʯʠʢʘ LVDS 

 

ʇʨʠʤʝʥʝʥʠʝ LVDS ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦ-

ʣʷʝʪ ʜʦʩʪʠʯʴ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ ʥʘ ʜʘʣʴʥʠʝ ʨʘʩʩʪʦʷʥʠʷ, ʩʦʚʤʝʩʪʥʦ 

ʩ ʤʘʣʳʤʠ ʟʘʪʨʘʪʘʤʠ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʥʘ 

ʪʝʭʥʦʣʦʛʠʠ 180 ʥʤ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʩʝʨʚʠʩʘ MPW, ʨʝʘʣʠʟʫ-

ʝʤʦʛʦ ʅʀʋ ʄʀʕʊ ʚ ʨʘʤʢʘʭ ʧʨʠʢʣʘʜʥʦʡ 

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ çʈʘʟʨʘ-

ʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʷ ʵʣʝʢ-

ʪʨʦʥʥʦʡ ʢʦʤʧʦʥʝʥʪʦʡ ʙʘʟʳ ʥʘ ʦʪʝʯʝʩʪʚʝʥ-

ʥʳʭ ʤʠʢʨʦʵʣʝʢʪʨʦʥʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʘʭ ʥʘ 

ʦʩʥʦʚʝ ʩʝʨʚʠʩʘ MPW (FSMR-2023-0008)è ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʝʜʝʨʘʣʴʥʳʤ ʧʨʦʝʢʪʦʤ 

çʇʦʜʛʦʪʦʚʢʘ ʢʘʜʨʦʚ ʠ ʥʘʫʯʥʦʛʦ ʬʫʥʜʘʤʝʥ-

ʪʘ ʜʣʷ ʵʣʝʢʪʨʦʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠè. 
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THE LVDS STANDARD BASED ON CMOS 180NM TECHNOLOGY  
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(Russia, Zelenograd) 

 

Abstract. With the development of integrated circuit technology and the increased perfor-

mance of communication, network and computer systems, the need for higher data transfer rates 

and long-distance transmission over cable is becoming more urgent. The LVDS-TX transmitter 

together with the LVDS-RX receiver implement a high-speed serial interface in the AN-

SI/TIA/EIA-644A and IEEE 1596.3 standards and is designed for the CMOS 180nm process. It is 

designed for a wide range of applications with serial data transmission in point-to-point connec-

tions over various types of lines with a wave resistance of about 100 ohms, including circuits on 

a printed circuit board and twisted pairs with a speed of 500 Mbit/s and a consumption current 

of no more than 3.5 mA. 

Keywords: LVDS, differential signal, integrated circuit. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʠʘʧʘʟʦʥ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʟʘ-

ʢʦʥʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʣʫʯʘʡʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʥʘʜʸʞʥʦʩʪʠ ʪʝʭʥʠʢʠ ʷʚʣʷ-

ʝʪʩʷ ʦʩʥʦʚʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʝʸ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʉʣʫʯʘʡʥʦʝ ʧʨʦʷʚʣʝʥʠʝ ʥʝʠʩ-

ʧʨʘʚʥʦʩʪʝʡ ʦʧʨʝʜʝʣʷʝʪ ʚʝʨʦʷʪʥʦʩʪʥʳʡ ʭʘʨʘʢʪʝʨ ʦʮʝʥʢʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʵʪʠʭ ʩʦʙʳʪʠʷ. 

ɼʣʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠʤʝʥʷʶʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʟʘʢʦʥʳ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʆʩʦʙʦ ʚʳʜʝʣʝʥʘ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠ-ʥʦʨʤʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ. ɼʣʷ ʘʥʘʣʠʟʘ 

ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʙʳʣʠ ʚʟʷʪʳ ʚʳʙʦʨʢʠ ʦʪʢʘʟʦʚ ʟʝʨʥʦʫʙʦʨʦʯʥʳʭ ʢʦʤʙʘʡʥʦʚ. 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʚʝʨʦʷʪʥʦʩʪʥʳʝ ʬʫʥʢʮʠʠ ʨʘʩʩʝʠʚʘʥʠʷ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ. ʇʦʢʘʟʘʥʦ ʚʣʠʷ-

ʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʘʨʠʘʮʠʠ ʥʘ ʪʦʯʥʦʩʪʴ ʩʦʚʧʘʜʝʥʠʷ ʵʤʧʠʨʠʯʝʩʢʠʭ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʝ-

ʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʅʘ ʦʩʥʦʚʝ ʦʮʝʥʢʠ ʧʦʛʨʝʰʥʦʩʪʠ ʨʘʩʯʸʪʘ ʦʙʦʩʥʦʚʘʥʳ ʧʨʝʜʝʣʳ 

ʧʨʠʤʝʥʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʫʩʪʨʦʡʩʪʚʘ, ʥʘʜʸʞʥʦʩʪʴ, ʟʘʢʦʥʳ ʨʘʩʧʨʝʜʝʣʝ-

ʥʠʷ, ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ, ʪʦʯʥʦʩʪʴ ʨʘʩʯʸʪʘ. 

 

ʀʟʫʯʝʥʠʝ ʥʘʜʸʞʥʦʩʪʠ ʪʝʭʥʠʢʠ ʚ ʨʝʘʣʴ-

ʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʘʸʪ ʦʩʥʦʚʫ 

ʜʣʷ ʦʙʲʝʢʪʠʚʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜ-

ʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʦʙʦʩʥʦʚʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʩʙʦʨʘ ʠ ʦʙʨʘʙʦʪʢʠ 

ʠʥʬʦʨʤʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʜʦʩʪʦʚʝʨ-

ʥʳʝ ʚʳʚʦʜʳ ʦʙ ʠʟʫʯʘʝʤʦʤ ʧʨʦʮʝʩʩʝ. ʉʫ-

ʱʝʩʪʚʫʶʱʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʧʨʘʢʪʠʯʝ-

ʩʢʠʝ ʤʝʪʦʜʠʢʠ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝ-

ʣʠʪʴ ʫʩʪʦʡʯʠʚʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʟʘʢʦʥʦ-

ʤʝʨʥʦʩʪʠ ʧʨʦʷʚʣʝʥʠʷ ʦʪʢʘʟʦʚ ʤʘʰʠʥ. 

ʉʣʫʯʘʡʥʦʩʪʴ ʠ ʟʘʯʘʩʪʫʶ ʚʥʝʟʘʧʥʦʩʪʴ ʚʦʟ-

ʥʠʢʥʦʚʝʥʠʷ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʪʝʭʥʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʪʘʢʞʝ ʚʝʨʦʷʪʥʦʩʪ-

ʥʫʶ ʦʮʝʥʢʫ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʵʪʠʭ ʩʦʙʳʪʠʡ. 

ʅʘ ʦʩʥʦʚʝ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ ʫʩʪʘʥʘʚʣʠ-

ʚʘʶʪ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʧʨʦʷʚʣʝʥʠʷ ʦʪʢʘʟʦʚ ʤʘʰʠʥ, ʢʦʪʦʨʳʝ  ʘʧ-

ʧʨʦʢʩʠʤʠʨʫʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ 

ʬʫʥʢʮʠʷʤʠ. ɼʣʷ ʵʪʦʛʦ ʧʨʠʤʝʥʷʶʪʩʷ ʟʘʢʦ-

ʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ, 

ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʩʚʦʶ ʦʙʣʘʩʪʴ 

ʫʧʦʪʨʝʙʣʝʥʠʷ, ʥʦ ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʘʙʩʦ-

ʣʶʪʥʦʝ ʩʦʚʧʘʜʝʥʠʝ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ 

ʜʘʥʥʳʤʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝʪ [1]. ʇʨʠ 

ʘʥʘʣʠʟʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʤʘʰʠʥ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʦʨʤʘʣʴʥʳʡ (ɿʅʈ), 

ɺʝʡʙʫʣʣʘ (ɿʈɺ), ʈʝʣʝʷ (ɿʈʈ) ʠ ʵʢʩʧʦʥʝʥ-

ʮʠʘʣʴʥʳʡ (ɿʈʕ) ʟʘʢʦʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, 

ʜʠʘʧʘʟʦʥ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ 

ʠʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʢʦʵʬʬʠʮʠʝʥʪʫ ʚʘʨʠ-

ʘʮʠʠ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ. ɺʦʟʤʦʞʥʦʩʪʠ 

ʣʦʛʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (ʃʅʈ) ʚ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʘʜʸʞʥʦʩʪʠ ʫʩʪʘʥʦʚʣʝʥʳ ʥʝ 

ʧʦʣʥʦ, ʠʟʚʝʩʪʥʦ ʣʠʰʴ ʦʧʠʩʘʥʠʝ ʚʨʝʤʝʥʠ 

ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʥʝʢʦʪʦʨʳʭ ʦʙʲʝʢʪʦʚ. 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʝʩʣʠ 

ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ ʨʘʩʧʨʝʜʝʣʝʥʘ ʧʦ ʃʅʈ 

ʟʘʢʦʥʫ, ʪʦ ʣʦʛʘʨʠʬʤ ʝʸ ʧʦ ʣʶʙʦʤʫ ʦʩʥʦʚʘ-

ʥʠʶ ʙʫʜʝʪ ʨʘʩʧʨʝʜʝʣʸʥ ʧʦ ʥʦʨʤʘʣʴʥʦʤʫ 

ʟʘʢʦʥʫ. ʕʪʘ ʬʫʥʢʮʠʷ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ 

ʦʧʠʩʘʥʠʷ ʩʦʚʦʢʫʧʥʦʛʦ ʜʝʡʩʪʚʠʷ ʤʥʦʛʠʭ 

ʨʘʚʥʦʟʥʘʯʥʳʭ ʬʘʢʪʦʨʦʚ, ʢʦʛʜʘ ʧʝʨʝʤʝʥʳ 

ʚʳʭʦʜʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʧʨʠʤʝʨʥʦ ʧʨʦʧʦʨ-

ʮʠʦʥʘʣʴʥʳ ʠʟʤʝʥʝʥʠʶ ʩʘʤʠʭ ʬʘʢʪʦʨʦʚ. 

ʂʨʠʚʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʤʝʶʪ ʘʩʠʤʤʝʪʨʠʶ 

ʠ ʵʢʩʮʝʩʩ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ, ʤʦʜʘ 

ʠ ʤʝʜʠʘʥʘ ʥʝ ʩʦʚʧʘʜʘʶʪ. 

ɼʣʷ ʘʥʘʣʠʟʘ ʚʟʷʪʳ ʚʳʙʦʨʢʠ ʠʥʬʦʨʤʘ-

ʮʠʠ ʧʦ ʦʪʢʘʟʘʤ ʩʠʩʪʝʤ ʠ ʤʝʭʘʥʠʟʤʦʚ ʟʝʨ-

ʥʦʫʙʦʨʦʯʥʳʭ ʢʦʤʙʘʡʥʦʚ ʩ ʨʘʟʣʠʯʥʦʡ ʩʪʝ-

ʧʝʥʴʶ ʠʭ ʨʘʩʩʝʠʚʘʥʠʷ [2]. ɼʘʣʝʝ ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ, ʧʦʧʘʨʥʦʝ 

ʩʨʘʚʥʝʥʠʝ ʟʘʢʦʥʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ɺʳʷʚ-

ʣʝʥʦ, ʯʪʦ ʧʨʠ ʢʦʵʬʬʠʮʠʝʥʪʝ ʚʘʨʠʘʮʠʠ V = 

0,25 ʦʪʢʣʦʥʝʥʠʝ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠ-

ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʪ ʦʧʳʪʥʳʭ 

ʪʦʯʝʢ ʙʦʣʴʰʝ, ʯʝʤ ʥʦʨʤʘʣʴʥʦʛʦ (ʨʠʩ. 1). 
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ʈʠʩ. 1. ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʬʫʥʢʮʠʠ ɿʅʈ ʠ ʃʅʈ 

 

ʇʨʠ ʵʪʦʤ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʦʰʠʙʢʘ ʦʧʨʝ-

ʜʝʣʝʥʠʷ ʩʨʝʜʥʝʛʦ ʧʦʢʘʟʘʪʝʣʷ ʜʣʷ ɿʅʈ ï 

2,6%, ʃʅʈ ï 7,2%. ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʩ ʟʘʢʦ-

ʥʦʤ ɺʝʡʙʫʣʣʘ (V = 0,5) ʦʰʠʙʢʠ ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ ʨʘʚʥʳ 3,7% ʠ 6,1% (ʨʠʩ. 2). 

 

 

 
ʈʠʩ. 2. ɺʝʨʦʷʪʥʦʩʪʴ ʧʣʦʪʥʦʩʪʠ ʦʪʢʘʟʦʚ ʧʨʠ ɿʈɺ ʠ ʃʅʈ 

 

ʇʝʨʝʭʦʜ ʚ ʟʦʥʫ ʜʝʡʩʪʚʠʷ ʟʘʢʦʥʘ ʈʝʣʝʷ 

(V = 0,75) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʘʧʧʨʦʢʩʠʤʘʮʠʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʃʅʈ ʪʘʢʞʝ ʤʝʥʝʝ ʪʦʯʥʘ, 

ʧʦʛʨʝʰʥʦʩʪʠ ʩʦʩʪʘʚʣʷʶʪ 3,9% ʠ 6,8% 

(ʨʠʩ. 3). 

 

 
ʈʠʩ. 3. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʪʢʘʟʦʚ ʧʨʠ ɿʈʈ ʠ ʃʅʈ 

 



66 

- ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ - 

 

International Journal of Humanities and Natural Sciences, vol. 11-4 (86), 2023 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 5 ʧʨʠ ʵʢʩʧʦʥʝʥ-

ʮʠʘʣʴʥʦʤ ʭʘʨʘʢʪʝʨʝ ʦʪʢʘʟʦʚ (V = 0,75) ʣʦ-

ʛʥʦʨʤʘʣʴʥʘʷ ʬʫʥʢʮʠʷ ʥʝ ʧʨʠʝʤʣʝʤʘ, 

ʦʰʠʙʢʠ ʨʘʩʯʸʪʘ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 2,2% ʠ 

9.7%. 

 

 
ʈʠʩ. 4. ʌʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʪʢʘʟʦʚ ʧʨʠ ɿʈʕ ʠ ʃʅʈ 

 

ʅʘ ʦʩʥʦʚʝ ʢʨʠʪʝʨʠʷ ʇʠʨʩʦʥʘ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʦʮʝʥʢʘ ʚʝʨʦʷʪʥʦʩʪʠ ʩʦʚʧʘʜʝʥʠʷ ʦʧʳʪʥʳʭ 

ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ (ʨʠʩ. 5). 

 

 
ʈʠʩ. 5. ʊʦʯʥʦʩʪʴ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʵʤʧʠʨʠʯʝʩʢʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ 

 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʚʳʩʰʘʷ ʪʦʯʥʦʩʪʴ 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʠ-ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝ-

ʥʠʷ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʢʦʵʬʬʠʮʠʝʥʪʝ ʚʘʨʠʘ-

ʮʠʠ 0,5é0,7. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʥʘʟʥʘʯʝ-

ʥʠʠ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ ʦʧʠʩʘʥʠʷ ʙʝʟʦʪʢʘʟ-

ʥʦʩʪʠ ʦʙʲʝʢʪʦʚ ʚ ʵʪʦʤ ʜʠʘʧʘʟʦʥʝ ʮʝʣʝʩʦ-

ʦʙʨʘʟʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʦ ʢʨʠʪʝʨʠʷʤ ʩʦ-

ʛʣʘʩʠʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʪʨʠ ʟʘʢʦʥʘ: ɺʝʡʙʫʣ-

ʣʘ, ʈʝʣʝʷ ʠ ʣʦʛʥʦʨʤʘʣʴʥʦʛʦ. 
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Abstract. The article examines the diapason of use of theoretical laws of random characteris-

tic distribution. The study of the reliability of technology is the basis for organizing its effective 

use. Random manifestation of faults determines the probabilistic nature of the reliability assess-

ment of these events. Theoretical distribution laws are applied to approximate experimental in-

formation. Logarithmic-normal dependence is especially highlighted. To analyze the possibility 

of their application, special samples of refusals of combine harvesters were taken. Probability 

functions of random variable scattering are presented. Probability functions of random variable 

scattering are presented. The influence of the coefficient of variation on the accuracy of coinci-

dence of empirical and theoretical results of the study is shown. Based on the estimation of the 

calculation error, the borders of application of the considered patterns are justified. 

Keywords: complex technical devices, reliability, distribution laws, coefficient of variation, 

calculation accuracy. 
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ʇʈʀʄɽʅɽʅʀɽ ʄʆɹʀʃʔʅʓʍ ʈɽʄʆʅʊʅʓʍ ʂʆʄʇʃɽʂʉʆɺ ʅɸ ɹɸɿɽ  

ɸɺʊʆʄʆɹʀʃʗ ʂɸʄɸɿ ʅɸ ʇʈʀʄɽʈɽ ʇʈɽɼʇʈʀʗʊʀʗ  

ɸʆ çʋʉʊʔ-ʉʈɽɼʅɽʂɸʅɻʕʉʉʊʈʆʁè 

 

ʉ.ʅ. ʂʨʠʢʫʥ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ɺ.ɸ. ɾʫʢʦʚʩʢʠʡ, ʤʘʛʠʩʪʨʘʥʪ 

ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʳʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

(ʈʦʩʩʠʷ, ʛ. ʄʘʛʘʜʘʥ) 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʧʦʜʥʠʤʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ 

ʩʨʝʜʩʪʚ, ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʥʘ ʫʯʘʩʪʢʘʭ, ʫʜʘʣʝʥʥʳʭ ʦʪ ʨʝʤʦʥʪʥʦʡ ʙʘʟʳ ʧʨʝʜʧʨʠʷʪʠʷ; 

ʨʘʩʩʤʦʪʨʝʥʦ ʧʨʠʤʝʥʝʥʠʝ ʧʝʨʝʜʚʠʞʥʳʭ ʨʝʤʦʥʪʥʳʭ ʤʘʩʪʝʨʩʢʠʭ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʪʝʭʥʠʯʝ-

ʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ, ʧʨʠʚʝʜʝʥ 

ʧʨʠʤʝʨ ʧʨʦʝʢʪʘ ʨʝʤʦʥʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ ʙʘʟʝ ʛʨʫʟʦʚʦʛʦ ʘʚʪʦʤʦʙʠʣʷ ʂʘʤɸɿ, ʧʨʝʜʩʪʘʚ-

ʣʝʥ ʚʘʨʠʘʥʪ ʧʦ ʪʝʭʥʠʯʝʩʢʦʤʫ ʦʙʝʩʧʝʯʝʥʠʶ ʨʝʤʦʥʪʥʦʛʦ ʤʦʜʫʣʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʣʝʚʳʝ ʫʩʣʦʚʠʷ; ʦʨʛʘʥʠʟʘʮʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ; ʤʦʙʠʣʴ-

ʥʳʝ ʨʝʤʦʥʪʥʳʝ ʢʦʤʧʣʝʢʩʳ; ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. 

 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʄʘʛʘʜʘʥʩʢʦʡ ʦʙʣʘʩʪʠ 

ʵʢʩʧʣʫʘʪʠʨʫʝʪʩʷ ʙʦʣʴʰʦʡ ʧʘʨʢ ʩʪʨʦʠʪʝʣʴ-

ʥʦ-ʜʦʨʦʞʥʦʡ ʪʝʭʥʠʢʠ, ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠ-

ʯʝʩʪʚʦ ʢʦʪʦʨʦʡ ʫʜʘʣʝʥʦ ʦʪ ʩʪʘʮʠʦʥʘʨʥʳʭ 

ʙʘʟ. ʉ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʠʭ ʤʘʰʠʥ ʥʝʦʙʭʦʜʠʤʦ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʤʝʭʘʥʠ-

ʟʘʮʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʡ, ʵʢʩʧʣʫʘʪʘʮʠʦʥ-

ʥʦʡ ʠ ʨʝʤʦʥʪʥʦʡ ʙʘʟ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ ʠ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʦʨʛʘʥʠʟʘʮʠʡ. 

ʕʬʬʝʢʪʠʚʥʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʚʩʝʡ ʜʦ-

ʨʦʞʥʦ-ʩʪʨʦʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʜʘʥʥʳʭ ʦʨ-

ʛʘʥʠʟʘʮʠʡ ʚʦʟʤʦʞʥʘ ʪʦʣʴʢʦ ʧʨʠ ʥʘʣʠʯʠʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-

ʪʝʭʥʠʯʝʩʢʦʡ ʙʘʟʳ (ʜʘʣʝʝ ï ʇʊɹ) ʩ ʨʘʟʚʠ-

ʪʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ ʚʩʝʭ ʝʸ ʧʦʜʨʘʟʜʝʣʝ-

ʥʠʡ ʠ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʮʝʥʪʨʘʣʴʥʦʡ ʨʝ-

ʤʦʥʪʥʦʡ ʤʘʩʪʝʨʩʢʦʡ (ʜʘʣʝʝ ï ʎʈʄ). ʎʈʄ 

ʜʦʣʞʥʳ ʤʘʢʩʠʤʘʣʴʥʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʩʦ-

ʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʦʩʥʦʚʥʳʭ ʥʦʨʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʦʙʲʸʤʦʚ 

ʨʘʙʦʪ, ʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʘʩʳʱʝʥʥʦʩʪʠ ʩʦ-

ʚʨʝʤʝʥʥʳʤ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤ, ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʠʤ ʠ ʥʝ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʤ ʦʙʦʨʫ-

ʜʦʚʘʥʠʝʤ ʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ, ʧʦʟʚʦʣʷʶʱʠ-

ʤʠ ʤʘʢʩʠʤʘʣʴʥʦ ʤʝʭʘʥʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ 

ʧʨʦʚʦʜʠʤʳʭ ʊʆ ʠ ʊʈ ʤʘʰʠʥ. 

ʇʨʝʜʧʨʠʷʪʠʝ ɸʆ çʋʩʪʴ-

ʉʨʝʜʥʝʢʘʥɻʕʉʩʪʨʦʡè ï ʵʪʦ ʩʪʨʦʠʪʝʣʴʥʘʷ 

ʢʦʤʧʘʥʠʷ, ʚ ʩʦʩʪʘʚʝ ʧʘʨʢʘ ʧʦʜʚʠʞʥʦʛʦ ʩʦ-

ʩʪʘʚʘ ʢʦʪʦʨʦʛʦ ʙʦʣʴʰʫʶ ʜʦʣʶ ʩʦʩʪʘʚʣʷʶʪ 

ʜʦʨʦʞʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʝ ʤʘʰʠʥʳ (ʵʢʩʢʘʚʘ-

ʪʦʨʳ, ʙʫʣʴʜʦʟʝʨʳ, ʢʘʪʢʠ, ʢʨʘʥʳ ʠ ʪ.ʜ.). 

ʆʩʥʦʚʥʳʝ ʦʪʢʘʟʳ ʜʦʨʦʞʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʤʘʰʠʥ ʩʚʷʟʘʥʳ ʩ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʠʩʪʝ-

ʤʦʡ, ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ ʥʘʚʝʩʥʳʤ ʦʙʦʨʫʜʦ-

ʚʘʥʠʝʤ, ʪʘʢʞʝ ʪʨʝʙʫʝʪʩʷ, ʜʦʣʠʚ ʤʘʩʝʣ ʚ 

ʨʘʟʣʠʯʥʳʝ ʩʠʩʪʝʤʳ. ʇʨʦʙʣʝʤʘ ʚ ʪʦʤ, ʯʪʦ 

ʵʪʦ ʤʘʰʠʥʳ ʩ ʦʛʨʘʥʠʯʝʥʥʦʡ ʤʦʙʠʣʴʥʦ-

ʩʪʴʶ, ʜʦʩʪʘʚʢʘ ʢʦʪʦʨʳʭ ʢ ʤʝʩʪʫ ʨʝʤʦʥʪʘ 

ʩʦʧʨʷʞʝʥʘ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʪʨʫʜʥʦʩʪʷ-

ʤʠ. 

ʇʨʝʜʧʨʠʷʪʠʝ ʠʤʝʝʪ ʥʘ ʙʘʣʘʥʩʝ ʙʦʣʴʰʦʡ 

ʧʘʨʢ ʪʝʭʥʠʢʠ, ʪʨʝʙʫʶʱʠʡ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʩʨʝʜʠ ʢʦʪʦ-

ʨʳʭ ʘʚʪʦʤʦʙʠʣʠ ʠ ʩʧʝʮʪʝʭʥʠʢʘ ʩʣʝʜʫʶ-

ʱʠʭ ʤʘʨʦʢ ʠ ʤʦʜʝʣʝʡ:  

1) ɻʨʫʟʦʚʳʝ ʘʚʪʦʤʦʙʠʣʠ: ʂʘʤɸɿ ï ʤʦ-

ʜʝʣʠ 43114, 5320, 53212 (ɸɺ-20), 55111, 

65115; ɿʀʃ-131 ɸʎ 40, ʋʨɸʃ-43202, MAN 

ï ʤʦʜʝʣʠ TGA 40.390, TGA 40.480); ʂʨʘʟ-

250, Hyunday HD-170, Daewoo Ultra Novus. 

2) ɸʚʪʦʙʫʩʳ: ʅɽʌɸɿ 4208, ʅɽʌɸɿ 

42111, ʃɸɿ-695 ʅ, ʇɸɿ-3206. 

3) ʉʧʝʮʠʘʣʴʥʘʷ ʪʝʭʥʠʢʘ: Hely CPCD-30 

(ʘʚʪʦʧʦʛʨʫʟʯʠʢ), ɸɹʅ 581-549, ɸɹʅ 581-

508 (ʘʚʪʦʙʝʪʦʥʘʥʘʩʦʩ); ʙʫʣʴʜʦʟʝʨʳ: CAT D 

10N, CAT D 9R, CAT D 8R, ShantuiSD-16, 

Beezoned SD-16, ʘʚʪʦʛʨʝʡʜʝʨʳ CAT 140 

M, ɼɿ-98, ʢʘʪʢʠ CAT CS 533 E, Shantui SR-

18, Shantui SR-20, Bomag BW 202, ʬʨʦʥ-

ʪʘʣʴʥʳʝ ʧʦʛʨʫʟʯʠʢʠ CAT 980 H, XCMG 

LW 500F, CAT 337 TH, JGM 756K, ʵʢʩʢʘ-

ʚʘʪʦʨʳ ʛʫʩʝʥʠʯʥʳʝ: EK ï 270, Komatsu PC 
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350 Lʉ, Komatsu WB 146.5 ʠ WB 156.5, 

ʢʦʣʝʩʥʳʡ ʵʢʩʢʘʚʘʪʦʨ ɽK 14-20, ʵʣʝʢʪʨʠʯʝ-

ʩʢʠʡ ï ʕʂɻ4.6ɹ. 

ɺʩʝʛʦ ʚ ʧʘʨʢʝ ʧʨʝʜʧʨʠʷʪʠʷ ʥʘʩʯʠʪʳʚʘ-

ʝʪʩʷ 87 ʝʜʠʥʠʮ ʪʨʘʥʩʧʦʨʪʘ ʛʨʫʟʦʚʦʛʦ ʠ ʘʚ-

ʪʦʙʫʩʥʦʛʦ ʪʠʧʘ. ʆʜʥʠʤ ʠʟ ʥʝʛʘʪʠʚʥʳʭ 

ʬʘʢʪʦʨʦʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʤʝʶʱʝʛʦʩʷ ʧʘʨʢʘ 

ʪʝʭʥʠʢʠ ʷʚʣʷʝʪʩʷ ʨʘʟʥʦʤʘʨʦʯʥʦʩʪʴ ʠ ʩʫ-

ʱʝʩʪʚʝʥʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʜʘʞʝ ʤʝʞʜʫ ʤʦ-

ʜʝʣʷʤʠ ʦʜʥʦʡ ʤʘʨʢʠ (ʥʘ ʧʨʠʤʝʨʝ ʂʘʤɸɿ, 

Caterpillar ʠ ʜʨ.). 

ʈʘʥʝʝ ʘʚʪʦʨʘʤʠ ʚ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩ ʧʨʦ-

ʠʟʚʦʜʩʪʚʝʥʥʠʢʘʤʠ ʠ ʦʙʫʯʘʶʱʠʤʠʩʷ ʢʘ-

ʬʝʜʨʳ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ 

ʌɻɹʆʋ ɺʆ çʉɺɻʋè ʫʞʝ ʧʦʜʥʠʤʘʣʠʩʴ ʚʦ-

ʧʨʦʩʳ ʜʦʩʪʘʚʢʠ ʠ ʤʦʥʪʘʞʘ ʩʧʝʮʠʘʣʴʥʦʡ 

ʪʝʭʥʠʢʠ ʥʘ ʫʯʘʩʪʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ ï ʙʫʣʴ-

ʜʦʟʝʨʦʚ Komatsu PC2000 ʠ ʢʘʨʴʝʨʥʳʭ ʩʘ-

ʤʦʩʚʘʣʦʚ Caterpillar 789D [4, 5]. ʅʝʩʤʦʪʨʷ 

ʥʘ ʪʦ, ʯʪʦ ʦʙʝ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʤʦʜʝʣʠ 

ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʝ ʠ ʪʷʞʝʣʳʝ, ʙʦʣʝʝ ʣʝʛ-

ʢʘʷ ʩʧʝʮʠʘʣʴʥʘʷ ʪʝʭʥʠʢʘ ʪʘʢʞʝ ʯʘʩʪʦ ʵʢʩ-

ʧʣʫʘʪʠʨʫʝʪʩʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʤ ʫʜʘʣʝʥʠʠ 

ʦʪ ʇʊɹ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʟʥʠʢʘʶʪ ʚʦʧʨʦʩʳ 

ʝʝ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥ-

ʪʘ. 

ɺʦʧʨʦʩʘʤʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʨʦ-

ʛʨʘʤʤʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝ-

ʤʦʥʪʘ (ʜʘʣʝʝ ï ʊʆ ʠ ʊʈ) ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝ-

ʤʷ ʟʘʥʠʤʘʶʪʩʷ ʢʘʢ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʠʢʠ, 

ʪʘʢ ʠ ʫʯʝʥʳʝ, ʚ ʨʘʙʦʪʘʭ ʢʦʪʦʨʳʭ ʧʨʝʜʣʘ-

ʛʘʶʪʩʷ ʪʝ ʠʣʠ ʠʥʳʝ ʨʝʰʝʥʠʷ. ʅʘʧʨʠʤʝʨ, 

ʚʦʧʨʦʩʳ ʦʨʛʘʥʠʟʘʮʠʠ ʤʦʙʠʣʴʥʳʭ ʢʦʤ-

ʧʣʝʢʩʦʚ ʧʦʜʥʠʤʘʣʠʩʴ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ɻʦʨʝ-

ʪʦʛʦ ɸ.ɺ. (ʚ ʦʙʣʘʩʪʠ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ) [2]. ʀʥʳʝ ʧʦʜʭʦʜʳ ʜʣʷ ʩʦ-

ʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʩʝʨʚʠʩʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʧʨʝʜʣʦʞʝʥʳ ʚ ʨʘʙʦʪʝ ʄʝʜʝʥʢʦ ɸ.ɸ., ʢʦʪʦ-

ʨʳʝ ʩʦʩʪʦʷʪ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʨʘʮʠʦʥʘʣʴʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʧʫʥʢʪʦʚ ʩʝʨʚʠʩʘ ʥʘ ʫʯʘʩʪʢʘʭ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʩʝʣʴʟʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ [3]. ʈʝʰʝ-

ʥʠʝ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʜʠʘʛʥʦʩʪʠʢʦ-

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʩʝʨʚʠʩʘ ʠʟʣʦʞʝʥʳ ʚ ʨʘʙʦʪʝ ɹʝʨʜʥʠʢʦ-

ʚʘ ʀ.ɽ. [1]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʙʣʝʤʘ 

ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘ-

ʥʠʷ ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʭʥʠʢʠ ʚ ʮʝʣʦʤ ʭʦʨʦʰʦ 

ʠʟʫʯʝʥʘ ʠ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʪʝʦʨʝʪʠ-

ʯʝʩʢʠʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʜʣʷ ʧʦ-

ʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʧʘʨʢʘ ʪʝʭʥʠʢʠ ʜʘʞʝ 

ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʤ ʫʜʘʣʝʥʠʠ ʦʪ ʨʝʤʦʥʪʥʳʭ 

ʙʘʟ. 

ʆʜʥʘʢʦ, ʚ ʨʘʤʢʘʭ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ ʋʩʪʴʉʨʥʝʜʥʝʢʘʥɻʕʉʩʪʨʦʡ ʧʨʠʤʝ-

ʥʝʥʠʝ ʨʝʰʝʥʠʡ, ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʩʧʝʮʠʬʠ-

ʢʝ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠʣʠ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʝʨʚʠʩʘ ʩ ʧʨʠʚʷʟʢʦʡ ʢ ʇʊɹ 

ʥʝ ʦʧʪʠʤʘʣʴʥʦ. ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ ʨʘʥʝʝ, 

ʨʘʟʥʦʤʘʨʦʯʥʦʩʪʴ, ʩʣʦʞʥʳʝ ʜʦʨʦʞʥʳʝ 

ʫʩʣʦʚʠʷ, ʥʠʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʝʜʧʦʣʘʛʘ-

ʶʪ ʦʩʦʙʳʝ ʧʦʜʭʦʜʳ ʢ ʚʳʙʦʨʫ ʧʦʜʚʠʞʥʦʛʦ 

ʩʦʩʪʘʚʘ ʠ ʫʨʦʚʥʷ ʘʚʪʦʥʦʤʥʦʩʪʠ ʤʦʙʠʣʴʥʦʡ 

ʙʨʠʛʘʜʳ. ɺʦʧʨʦʩ ʥʝ ʪʦʣʴʢʦ ʚ ʜʦʩʪʘʚʢʝ 

ɻʉʄ ʠ ʟʘʧʘʩʥʳʭ ʯʘʩʪʝʡ, ʥʦ ʠ ʚ ʩʦʭʨʘʥʝʥʠʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʜʦʩʪʘʚʣʷʝʤʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʢʘʯʝʩʪʚʝʥʥʦʛʦ 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ ʪʝʭʥʠʢʠ ʚ 

ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. 

ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʫʛʣʫʙ-

ʣʝʥʥʘʷ ʜʠʘʛʥʦʩʪʠʢʘ ʠ ʨʝʤʦʥʪ ʦʩʫʱʝʩʪʚʣʷ-

ʝʪʩʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ ʢʦʨʧʫʩʝ ʫʯʘʩʪʢʘ 

ʤʝʭʘʥʠʟʘʮʠʠ ʠ ʩʚʷʟʘʥʳ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤʠ 

ʣʦʛʠʩʪʠʯʝʩʢʠʤʠ ʩʣʦʞʥʦʩʪʷʤʠ ʠ ʟʘʪʨʘʪʘʤʠ 

ʥʘ ʧʝʨʝʚʦʟʢʫ ʥʝʠʩʧʨʘʚʥʳʭ ʤʘʰʠʥ. ɼʦʨʦʞ-

ʥʦ-ʩʪʨʦʠʪʝʣʴʥʘʷ ʪʝʭʥʠʢʘ ʦʪʥʦʩʠʪʩʷ ʢ ʢʘʪʝ-

ʛʦʨʠʠ ʤʘʰʠʥ ʩ ʦʛʨʘʥʠʯʝʥʥʦʡ ʤʦʙʠʣʴʥʦ-

ʩʪʴʶ ʠ ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ ʘʚʪʦʧʦʝʟʜʦʚ ʩ 

ʪʨʘʣʘʤʠ ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʷ ʢ ʇʊɹ.  

ʈʝʟʫʣʴʪʘʪʳ. 

ɺ ʨʘʙʦʪʝ ʚʳʧʦʣʥʝʥ ʨʘʩʯʝʪ ʧʨʦʠʟʚʦʜ-

ʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʧʨʝʜʧʨʠʷʪʠʷ, ʢʦʪʦ-

ʨʳʡ ʧʦʟʚʦʣʠʣ ʦʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʦʝ ʢʦ-

ʣʠʯʝʩʪʚʦ ʧʝʨʝʜʚʠʞʥʳʭ ʨʝʤʦʥʪʥʳʭ ʤʘʩʪʝʨ-

ʩʢʠʭ (ʜʘʣʝʝ ï ʇʈʄ) ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ çʋʩʪʴ-

ʉʨʝʜʥʝʢʘʥɻʕʉʩʪʨʦʡè: 

 

ˢ̃ ˙
˜˟ ˝
˜˙

ˡ̃ ˙ϽάϽὑ̃ ˙
 

 

ʛʜʝ  ˜˟ ˝
˜˙

 ï ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʧʨʦʛʨʘʤ-

ʤʘ, ʯʝʣ.-ʯ; 

ˡ̃  ̇ï ʛʦʜʦʚʦʡ ʬʦʥʜ ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠ 

ʧʝʨʝʜʚʠʞʥʦʡ ʤʘʩʪʝʨʩʢʦʡ, ʯ; 

m ï ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʯʠʭ ʇʄ, ʜʣʷ ʜʠʘ-

ʛʥʦʩʪʠʨʦʚʘʥʠʷ m=2 ʯʝʣ.; 

ὑ̃  ̇ ï ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʇʄ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʠʪ ʦʪ ʫʜʘ-

ʣʸʥʥʦʩʪʠ ʦʙʲʝʢʪʦʚ, ʜʦʨʦʞʥʳʭ ʫʩʣʦʚʠʡ ʠ 

ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ ὑ̃ ˙ πȟφυπȟχυ 
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ˢ̃ ˙
ψυψσ

ρχχφϽτϽπȟχυ
ρȟφρ 

 

ʇʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʚʝ ʙʨʠʛʘʜʳ, 

ʛʜʝ ʦʜʥʘ ï ʦʩʥʦʚʥʘʷ, ʘ ʚʪʦʨʘʷ ï ʨʝʟʝʨʚʥʘʷ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʫʢʦʚʦʜʩʪʚʦ 

ʧʨʝʜʧʨʠʷʪʠʷ ʠʩʧʦʣʴʟʫʝʪ ʥʘʨʘʙʦʪʘʥʥʳʡ 

ʦʧʳʪ ʵʬʬʝʢʪʠʚʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʛʨʘʤ-

ʤʳ ʊʆ ʠ ʊʈ, ʠ ʚ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʤ ʧʘʨʢʝ 

ʫʞʝ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʣʝʛʢʦʚʘʷ ʝʜʠʥʠʮʘ ʧʦ 

ʪʠʧʫ ʤʦʙʠʣʴʥʦʡ ʙʨʠʛʘʜʳ. ʈʝʰʝʥʠʝ ʙʳʣʦ 

ʨʝʘʣʠʟʦʚʘʥʦ ʥʘ ʙʘʟʝ ʘʚʪʦʤʦʙʠʣʷ ʋɸɿ-

39094. 

 

 
ʈʠʩ. 1. ʇʝʨʝʜʚʠʞʥʘʷ ʤʘʩʣʦʟʘʧʨʘʚʦʯʥʘʷ ʩʪʘʥʮʠʷ ʥʘ ʙʘʟʝ ʋɸɿ-39094 

 

ɹʣʘʛʦʜʘʨʷ ʦʨʛʘʥʠʟʦʚʘʥʥʦʡ ʇʈʄ ʦʩʫ-

ʱʝʩʪʚʣʷʣʦʩʴ ʚʳʝʟʜʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙ-

ʩʣʫʞʠʚʘʥʠʝ ʜʦʨʦʞʥʦ-ʩʪʨʦʠʪʝʣʴʥʦʡ ʪʝʭʥʠ-

ʢʠ, ʢʦʪʦʨʦʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʟʘʤʝʥʝ ʠ ʜʦʣʠʚ-

ʢʝ ʤʘʩʝʣ ʚ ʜʚʠʛʘʪʝʣʴ, ʪʨʘʥʩʤʠʩʩʠʶ ʠ ʚ 

ʛʠʜʨʘʚʣʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ, ʘ ʪʘʢʞʝ ʟʘʤʝʥʝ 

ʨʫʢʘʚʦʚ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ (ʈɺɼ). ʌʘʢʪʠ-

ʯʝʩʢʠ ʥʘ ʙʘʟʝ ʧʨʝʜʧʨʠʷʪʠʷ ʦʨʛʘʥʠʟʦʚʘʣʠ 

ʧʝʨʝʜʚʠʞʥʫʶ ʤʘʩʣʦʟʘʧʨʘʚʦʯʥʫʶ ʩʪʘʥʮʠʶ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʬʠʢʩʠʨʦʚʘʣʠʩʴ ʬʘʢʪʳ ʚʥʝ-

ʟʘʧʥʳʭ ʦʪʢʘʟʦʚ ʪʝʭʥʠʢʠ ʠʣʠ ʧʝʨʝʭʦʜʘ ʠʭ 

ʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʩʠʩʪʝʤ ʚ 

ʙʝʟʦʧʘʩʥʳʡ (ʦʛʨʘʥʠʯʝʥʥʳʡ) ʨʝʞʠʤ ʨʘʙʦ-

ʪʳ. ʊʘʢʠʝ ʩʣʫʯʘʠ ʚʦʟʥʠʢʘʣʠ ʢʘʢ ʩʦ ʩʣʦʞ-

ʥʦʡ ʚ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʠ ʪʝʭʥʠʢʦʡ 

Komatsu, Caterpillar, ʪʘʢ ʠ ʩ ʪʝʭʥʠʯʝʩʢʠ 

ʤʝʥʝʝ ʩʣʦʞʥʳʤʠ ʤʘʰʠʥʘʤʠ. ʇʨʠ ʚʦʟʥʠʢ-

ʥʦʚʝʥʠʠ ʧʦʜʦʙʥʳʭ ʦʪʢʘʟʦʚ ʠʤʝʶʱʝʛʦʩʷ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʨʝʤʦʥʪʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʥʘ ʙʘʟʝ ʘʚʪʦʤʦʙʠʣʷ ʋɸɿ ʙʳʣʦ 

ʥʝʜʦʩʪʘʪʦʯʥʦ. 

ʀʟ ʥʝʜʦʩʪʘʪʢʦʚ, ʚʳʷʚʣʝʥʥʳʭ ʧʨʠ ʧʨʠ-

ʤʝʥʝʥʠʠ ʇʈʄ ʥʘ ʙʘʟʝ ʋɸɿ:  

- ʧʝʨʝʜʚʠʞʥʘʷ ʤʘʩʣʦʟʘʧʨʘʚʦʯʥʘʷ ʩʪʘʥ-

ʮʠʷ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʪʦʣʴʢʦ ʥʝʢʦʪʦ-

ʨʳʝ ʦʧʝʨʘʮʠʠ ʧʦ ʊʆ: ʟʘʤʝʥʫ ʠ ʜʦʣʠʚ ʤʘʩʝʣ 

ʚ ʨʘʟʣʠʯʥʳʝ ʩʠʩʪʝʤʳ ʪʝʭʥʠʢʠ; 

- ʘʚʪʦʤʦʙʠʣʴ ʟʘʜʝʡʩʪʚʦʚʘʥ ʠ ʚ ʜʨʫʛʠʭ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʧʝʨʘʮʠʷʭ, ʥʘʧʨʠʤʝʨ, 

ʜʣʷ ʧʝʨʝʚʦʟʢʠ ʟʘʧʘʩʥʳʭ ʯʘʩʪʝʡ ʠ ɻʉʄ ʜʣʷ 

ʥʫʞʜ ʧʨʝʜʧʨʠʷʪʠʷ, ʯʪʦ ʥʝ ʚʩʝʛʜʘ ʧʦʟʚʦʣʷ-

ʝʪ ʩʚʦʝʚʨʝʤʝʥʥʦ ʥʘʧʨʘʚʠʪʴ ʝʝ ʥʘ ʢʦʥʢʨʝʪ-

ʥʳʡ ʫʯʘʩʪʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʝʭʥʠʢʠ; 

- ʤʘʣʘʷ ʚʤʝʩʪʠʤʦʩʪʴ ʢʫʟʦʚʘ ʋɸɿ-39094 

ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʚʦʟʠʪʴ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʟʘʧʘʩʥʳʝ ʯʘʩʪʠ ʜʣʷ ʩʧʝʮʠ-

ʘʣʴʥʦʡ ʪʝʭʥʠʢʠ ʠ ʙʦʣʴʰʝʛʨʫʟʥʳʭ ʘʚʪʦʤʦ-

ʙʠʣʝʡ; 

- ʚ ʫʩʣʦʚʠʷʭ ʨʘʩʧʫʪʠʮʳ ʠ ʩʥʝʞʥʳʭ ʟʘ-

ʥʦʩʦʚ ʧʨʦʭʦʜʠʤʦʩʪʴ ʘʚʪʦʤʦʙʠʣʷ ʦʢʘʟʘʣʦʩʴ 

ʥʝʜʦʩʪʘʪʦʯʥʦʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝ ʩʤʦʪʨʷ ʥʘ ʚʝʨʥʦʝ ʚ 

ʮʝʣʦʤ ʨʝʰʝʥʠʝ ʧʦ ʩʦʟʜʘʥʠʶ ʇʈʄ ʥʘ ʙʘʟʝ 

ʘʚʪʦʤʦʙʠʣʷ, ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʩʫʱʝʩʪʚʝʥ-

ʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʚ ʬʫʥʢʮʠʦʥʘʣʝ ʚʳʙʨʘʥ-

ʥʦʡ ʤʦʙʠʣʴʥʦʡ ʤʘʩʪʝʨʩʢʦʡ. ʏʪʦʙʳ ʨʘʩʰʠ-

ʨʠʪʴ ʬʫʥʢʮʠʦʥʘʣ ʇʈʄ ʠ ʥʠʚʝʣʠʨʦʚʘʪʴ ʥʝ-

ʜʦʩʪʘʪʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʣʝʛʢʦ-

ʚʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʘʚʪʦʨʘʤʠ ʙʳʣʦ ʧʨʝʜʣʦ-

ʞʝʥʦ ʦʨʛʘʥʠʟʦʚʘʪʴ ʇʈʄ ʥʘ ʙʘʟʝ ʧʦʣʥʦ-

ʧʨʠʚʦʜʥʦʛʦ ʘʚʪʦʤʦʙʠʣʷ ʂʘʤɸɿ. 

ʈʫʢʦʚʦʜʩʪʚʦ ʧʨʝʜʧʨʠʷʪʠʷ ʚʳʜʝʣʠʣʦ ʘʚ-

ʪʦʤʦʙʠʣʴ ʂʘʤɸɿ-63501, ʢʦʪʦʨʳʡ ʨʘʥʝʝ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʢʘʢ ʤʦʙʠʣʴʥʘʷ ʣʘʙʦʨʘʪʦʨʠʷ 

ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʙʝʪʦʥʘ ʠ ʛʨʫʥʪʦʚ. ʄʘʰʠʥʘ 

ʧʨʦʩʪʘʠʚʘʣʘ ʙʦʣʴʰʝ ʜʚʫʭ ʣʝʪ ʠʟ-ʟʘ ʥʝʧʦ-

ʣʘʜʦʢ ʜʚʠʛʘʪʝʣʷ. ɹʳʣ ʧʨʦʠʟʚʝʜʝʥ ʝʛʦ ʢʘ-

ʧʠʪʘʣʴʥʳʡ ʨʝʤʦʥʪ. ʇʝʨʝʦʙʦʨʫʜʦʚʘʥʠʝ 

ʜʘʥʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʙʳʣʦ ʨʝʰʝʥʦ ʧʨʦʠʟ-

ʚʝʩʪʠ ʩʚʦʠʤʠ ʩʠʣʘʤʠ. ɺʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʩʧʠ-
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ʩʦʯʥʳʡ ʩʦʩʪʘʚ ʧʘʨʢʘ ʤʘʰʠʥ ʧʨʝʜʧʨʠʷʪʠʷ 

ʨʘʟʥʦʦʙʨʘʟʝʥ, ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʇʈʄ ʥʫʞʥʦ ʩ 

ʫʯʝʪʦʤ ʝʛʦ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚ ʜʨʫʛʠʝ ʪʠʧʳ 

ʧʝʨʝʜʚʠʞʥʳʭ ʨʝʤʦʥʪʥʳʭ ʤʘʩʪʝʨʩʢʠʭ ʠ, 

ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʧʦʜ ʜʨʫʛʠʝ ʟʘʜʘʯʠ. 

ʂʫʟʦʚ-ʬʫʨʛʦʥ ʇʈʄ ʠʤʝʝʪ ʚʳʩʦʢʦʧʨʦʯ-

ʥʫʶ ʢʘʨʢʘʩʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ, ʦʙʰʠʪʫʶ 

ʩʥʘʨʫʞʠ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʣʠʩʪʘʤʠ, ʚʥʫʪʨʠ 

ï ʧʣʘʩʪʠʢ, ʥʠʞʥʷʷ ʯʘʩʪʴ ʩʪʝʥ ʜʣʷ ʟʘʱʠʪʳ 

ʦʪ ʧʦʚʨʝʞʜʝʥʠʡ ʦʙʰʠʪʘ ʦʮʠʥʢʦʚʘʥʥʳʤ 

ʩʪʘʣʴʥʳʤ ʣʠʩʪʦʤ. 

ʕʣʝʢʪʨʦʧʠʪʘʥʠʝ ʇʈʄ ʨʝʘʣʠʟʦʚʘʥʦ ʩ 

ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ ʤʦʱʥʦʩʪʴʶ 

2-8ʢɺʪ, ʧʨʠʚʦʜʠʤʦʛʦ ʚ ʜʝʡʩʪʚʠʝ ʪʨʘʥʩʤʠʩ-

ʩʠʝʡ ʘʚʪʦʤʦʙʠʣʷ ʠʣʠ ʦʪ ʚʥʝʰʥʝʛʦ ʠʩʪʦʯ-

ʥʠʢʘ ʥʘʧʨʷʞʝʥʠʝʤ 380 ɺ. ʕʣʝʢʪʨʦʧʨʦʚʦʜ-

ʢʘ ʚʳʧʦʣʥʝʥʘ ʚ ʇɺʍ-ʢʘʙʝʣʴʥʳʭ ʢʘʥʘʣʘʭ ʠ 

ʣʝʛʢʦʜʦʩʪʫʧʥʘ ʩ ʚʥʫʪʨʝʥʥʝʡ ʩʪʦʨʦʥʳ ʬʫʨ-

ʛʦʥʘ. ʑʠʪ ʫʧʨʘʚʣʝʥʠʷ ʠ ʨʘʟʲʝʤ ʚʥʝʰʥʝʛʦ 

ʧʠʪʘʥʠʷ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚʙʣʠʟʠ ʟʘʜʥʝʡ ʜʚʝ-

ʨʠ ʬʫʨʛʦʥʘ.  

ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ 

ʟʘ ʩʯʝʪ ʩʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ ʠ ʚʝʥʪʠʣʷʮʠʠ 

ʢʘʙʠʥʳ. ʂ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤʫ ʦʙʦʨʫʜʦʚʘ-

ʥʠʶ, ʚʳʙʨʘʥʥʦʤʫ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʊʆ ʠ 

ʨʝʤʦʥʪʘ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ ʦʪʥʦʩʷʪʩʷ 

ʩʪʘʮʠʦʥʘʨʥʳʝ, ʧʝʨʝʜʚʠʞʥʳʝ ʠ ʧʝʨʝʥʦʩʥʳʝ 

ʩʪʘʥʢʠ, ʩʪʝʥʜʳ, ʧʨʠʙʦʨʳ, ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ 

ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʠʥʚʝʥʪʘʨʴ (ʚʝʨʩʪʘʢʠ, 

ʩʪʝʣʣʘʞʠ, ʩʪʦʣʳ, ʰʢʘʬʳ), ʥʝʦʙʭʦʜʠʤʳʝ 

ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦ-

ʮʝʩʩʘ ʨʝʤʦʥʪʥʦʡ ʤʘʩʪʝʨʩʢʦʡ. 

 

 
1 ï ʝʤʢʦʩʪʴ ʧʦʜ ʤʦʪʦʨʥʦʝ ʤʘʩʣʦ; 2 ï ʝʤʢʦʩʪʴ ʧʦʜ ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʤʘʩʣʦ; 3 ï ʝʤʢʦʩʪʴ ʧʦʜ 

ʪʨʘʥʩʤʠʩʩʠʦʥʥʦʝ ʤʘʩʣʦ; 4 ï ʝʤʢʦʩʪʴ ʧʦʜ ʦʭʣʘʞʜʘʶʱʫʶ ʞʠʜʢʦʩʪʴ; 5 - ʤʦʝʯʥʘʷ ʫʩʪʘʥʦʚʢʘ; 

6 ï ʝʤʢʦʩʪʴ ʜʣʷ ʚʦʜʳ; 7 ï ʢʦʤʧʨʝʩʩʦʨ; 8 ï ʙʝʥʟʠʥʦʚʳʡ ʛʝʥʝʨʘʪʦʨ; 9 ï ʰʢʘʬ ʜʣʷ ʭʨʘʥʝʥʠʷ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

10 ï ʪʦʯʠʣʦ; 11 ï ʚʝʨʩʪʘʢ 

ʈʠʩ. 2. ʆʙʱʠʡ ʚʠʜ ʘʚʪʦʤʦʙʠʣʷ ʂʘʤɸɿ ʠ ʧʣʘʥ ʤʦʜʫʣʷ. ʇʨʠʤʝʨʥʘʷ ʩʭʝʤʘ ʧʣʘʥʠʨʦʚʢʠ ʧʝ-

ʨʝʜʚʠʞʥʦʡ ʨʝʤʦʥʪʥʦʛʦ ʤʦʜʫʣʷ 

 

ɼʣʷ ʤʘʩʪʝʨʩʢʦʡ ʘʚʪʦʨʘʤʠ ʙʳʣʦ ʧʦʜʦ-

ʙʨʘʥʦ ʩʣʝʜʫʶʱʝʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʝ ʦʙʦʨʫ-

ʜʦʚʘʥʠʝ ʠ ʦʨʛʦʩʥʘʩʪʢʘ:  

- ʧʦʨʰʥʝʚʦʡ ʢʦʤʧʨʝʩʩʦʨ ʜʣʷ ʧʦʜʢʘʯʢʠ 

ʰʠʥ, ʧʨʦʜʫʚʢʠ ʨʘʜʠʘʪʦʨʦʚ, ʚʦʟʜʫʰʥʳʭ 

ʬʠʣʴʪʨʦʚ ʠ ʪ.ʜ.; 

- ʙʝʥʟʠʥʦʚʳʡ ʛʝʥʝʨʘʪʦʨ WERT G 

8000ED, ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʩʚʘʨʦʯʥʦʛʦ ʠʥ-

ʚʝʨʪʦʨʘ, ʦʩʚʝʱʝʥʠʷ ʚ ʪʝʤʥʦʝ ʚʨʝʤʷ ʩʫʪʦʢ, 

ʨʘʟʣʠʯʥʦʛʦ ʚʠʜʘ ʨʫʯʥʦʛʦ ʵʣʝʢʪʨʦʠʥʩʪʨʫ-

ʤʝʥʪʘ; 

- ʚʝʨʩʪʘʢ ʩ ʷʱʠʢʘʤʠ ʧʦʜ ʠʥʩʪʨʫʤʝʥʪ, 

ʪʠʩʢʠ, ʪʦʯʠʣʦ ʜʣʷ ʩʣʝʩʘʨʥʳʭ ʨʘʙʦʪ;  

- ʤʠʥʠʤʦʡʢʘ KARCHER K 3 ʜʣʷ ʧʨʦ-

ʤʳʚʢʠ ʨʘʜʠʘʪʦʨʘ, ʜʚʠʛʘʪʝʣʷ ʠ ʪ.ʜ.; 

- 5 ʝʤʢʦʩʪʝʡ ʥʘ 500 ʣʠʪʨʦʚ ʜʣʷ ʨʘʟʣʠʯ-

ʥʳʭ ʚʠʜʦʚ ʤʘʩʝʣ (ʤʦʪʦʨʥʦʝ, ʪʨʘʥʩʤʠʩʩʠ-

ʦʥʥʦʝ, ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ, ʪʦʩʦʣ, ʚʦʜʘ), ʢʦʪʦ-

ʨʦʝ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʟʘʤʝʥʳ ʠ ʜʦʣʠʚʢʠ ʚ 

ʨʘʟʣʠʯʥʳʝ ʩʠʩʪʝʤʳ ʪʝʭʥʠʢʠ; 

- ʧʠʩʪʦʣʝʪ ʩʦ ʩʯʝʪʯʠʢʦʤ PIUSI K 400 

F00984010;  

- ʙʦʯʢʦʚʦʡ ʧʥʝʚʤʘʪʠʯʝʩʢʠʡ ʥʘʩʦʩ ʩ 

ʜʣʠʥʥʦʡ ʪʨʫʙʢʦʡ PIUSI P3.5 940 

F0021402A; 

- ʠʟʤʝʨʠʪʝʣʴʥʦʝ ʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʧʨʦʚʝʨʢʠ ʪʦʧʣʠʚʥʳʭ 

ʤʘʛʠʩʪʨʘʣʝʡ, ʧʥʝʚʤʘʪʠʯʝʩʢʠʭ ʢʦʥʪʫʨʦʚ 

ʪʦʨʤʦʟʥʦʡ ʩʠʩʪʝʤʳ ʠ ʪ.ʜ. 

ɼʠʩʢʫʩʩʠʷ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʩʪʨʦʠʪʝʣʴ-

ʥʦ-ʜʦʨʦʞʥʳʭ ʨʘʙʦʪ ʤʘʰʠʥʘʤʠ ʥʘ ʫʜʘʣʝʥ-

ʥʳʭ ʦʙʲʝʢʪʘʭ ʦʪ ʤʝʩʪ ʙʘʟʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ 

ʤʘʰʠʥ ʩ ʦʛʨʘʥʠʯʝʥʥʦʡ ʤʦʙʠʣʴʥʦʩʪʴʶ, 

ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʪʝʭ-

ʥʠʯʝʩʢʠʭ ʦʙʩʣʫʞʠʚʘʥʠʡ ʠ ʨʝʤʦʥʪʦʚ ʚ ʧʦ-

ʣʝʚʳʭ ʫʩʣʦʚʠʷʭ. ʕʪʦ ʘʨʛʫʤʝʥʪʠʨʦʚʘʥʦ ʟʘ-

ʪʨʘʪʘʤʠ ʚʨʝʤʝʥʠ ʠ ʤʘʪʝʨʠʘʣʴʥʳʭ ʨʝʩʫʨ-
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ʩʦʚ, ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʩʚʦʜʠʪʩʷ ʢ ʵʢʦ-

ʥʦʤʠʯʝʩʢʦʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ. ɼʣʷ ʤʝʭʘ-

ʥʠʟʘʮʠʠ ʦʧʝʨʘʮʠʡ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠ-

ʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ ʪʝʭʥʠʢʠ, ʘ ʪʘʢʞʝ ʩʦʢʨʘ-

ʱʝʥʠʷ ʚʨʝʤʝʥʠ ʥʘ ʵʪʠ ʦʧʝʨʘʮʠʠ ʠʩʧʦʣʴ-

ʟʫʶʪ ʧʝʨʝʜʚʠʞʥʳʝ ʩʨʝʜʩʪʚʘ. ʆʩʥʦʚʥʦʝ 

ʥʘʟʥʘʯʝʥʠʝ ʧʝʨʝʜʚʠʞʥʳʭ ʩʨʝʜʩʪʚ ï ʤʝʭʘ-

ʥʠʟʘʮʠʷ ʜʝʤʦʥʪʘʞʥʦ-ʤʦʥʪʘʞʥʳʭ, ʨʘʟʙʦ-

ʨʦʯʥʦ-ʩʙʦʨʦʯʥʳʭ ʠ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ, ʜʦ-

ʩʪʘʚʢʘ ʙʨʠʛʘʜ ʠ ʢʦʤʧʣʝʢʪʦʚ ʜʝʪʘʣʝʡ ʢ ʤʝ-

ʩʪʘʤ ʨʝʤʦʥʪʘ. ɺʳʧʫʩʢʘʝʤʳʝ ʥʘʰʝʡ ʧʨʦ-

ʤʳʰʣʝʥʥʦʩʪʴʶ ʧʝʨʝʜʚʠʞʥʳʝ ʤʘʩʪʝʨʩʢʠʝ 

ʧʦʟʚʦʣʷʶʪ ʚʳʧʦʣʥʷʪʴ ʪʝʢʫʱʠʝ ʨʝʤʦʥʪʳ 

ʤʘʰʠʥ, ʘ ʪʘʢʞʝ ʩʦʧʫʪʩʪʚʫʶʱʠʝ ʨʝʤʦʥʪʫ 

ʨʘʙʦʪʳ ʧʦ ʪʝʭʥʠʯʝʩʢʦʤʫ ʦʙʩʣʫʞʠʚʘʥʠʶ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ 

ʚʳʧʫʩʢʘʶʪʩʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʝʨʝ-

ʜʚʠʞʥʳʝ ʩʨʝʜʩʪʚʘ: ʩʪʘʥʮʠʠ ʜʠʘʛʥʦʩʪʠʢʠ, 

ʘʚʪʦʮʠʩʪʝʨʥʳ, ʪʦʧʣʠʚʦ- ʠ ʤʘʩʣʦʟʘʧʨʘʚʱʠ-

ʢʠ, ʰʠʥʦʨʝʤʦʥʪʥʳʝ ʤʘʩʪʝʨʩʢʠʝ, ʤʘʩʪʝʨ-

ʩʢʠʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫ-

ʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ ʪʝʭʥʠʢʠ. ʆʜʥʘʢʦ, ʩʪʦ-

ʠʤʦʩʪʴ ʜʘʥʥʳʭ ʩʨʝʜʩʪʚ ʚʝʩʴʤʘ ʚʳʩʦʢʘ. ʇʦ 

ʵʪʦʡ ʧʨʠʯʠʥʝ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʥʝ ʨʘʩʩʤʘʪ-

ʨʠʚʘʣʩʷ ʚʘʨʠʘʥʪ ʧʨʠʦʙʨʝʪʝʥʠʷ ʛʦʪʦʚʦʡ 

ʇʈʄ.  

ɸʛʨʝʛʘʪʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ 

ʨʝʤʦʥʪʘ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʰʠʥ ʨʘʟʤʝʱʘʶʪ 

ʥʘ ʰʘʩʩʠ ʘʚʪʦʤʦʙʠʣʷ, ʩʘʤʦʭʦʜʥʦʤ ʪʨʘʢ-

ʪʦʨʥʦʤ ʰʘʩʩʠ ʠ ʧʨʠʮʝʧʘʭ. ʉʧʝʮʠʘʣʠʟʠʨʦ-

ʚʘʥʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʤʦʞʥʦ ʚʳʧʦʣʥʷʪʴ 

ʥʝʢʦʪʦʨʳʝ ʛʨʫʟʦʧʦʜʲʝʤʥʳʝ ʦʧʝʨʘʮʠʠ ʙʝʟ 

ʧʨʠʚʣʝʯʝʥʠʷ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʢʨʘʥʦʚ. ʕʪʦ 

ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʘʚʪʦʤʦʙʠʣʴʥʳʝ ʢʨʘʥʳ 

ʧʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʝ ʧʦʣʥʦʩʪʴʶ, ʪʘʢ 

ʢʘʢ ʪʨʫʜʦʝʤʢʦʩʪʴ ʧʦʜʲʝʤʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʨʘʙʦʪ ʦʙʳʯʥʦ ʥʝ ʧʨʝʚʳʰʘʝʪ 6-8% ʪʨʫʜʦ-

ʝʤʢʦʩʪʠ ʜʝʤʦʥʪʘʞʥʦ-ʤʦʥʪʘʞʥʳʭ ʨʘʙʦʪ. 

ɿʘʢʣʶʯʝʥʠʝ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʦ ʨʘʟ-

ʨʘʙʦʪʘʪʴ ʧʝʨʝʜʚʠʞʥʫʶ ʤʘʩʣʦʟʘʧʨʘʚʦʯʥʫʶ 

ʩʪʘʥʮʠʶ ʜʣʷ ʟʘʧʨʘʚʢʠ ʩʠʩʪʝʤ, ʫʟʣʦʚ, ʤʝ-

ʭʘʥʠʟʤʦʚ ʜʦʨʦʞʥʦ-ʩʪʨʦʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ 

ʞʠʜʢʠʤʠ ʠ ʛʫʩʪʳʤʠ ʩʤʘʟʢʘʤʠ, ʘ ʪʘʢʞʝ ʜʣʷ 

ʤʝʣʢʦʛʦ ʨʝʤʦʥʪʘ ʠ ʨʝʛʫʣʠʨʦʚʢʠ ʤʘʩʣʦʩʠ-

ʩʪʝʤ ʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ ʜʠʘʛʥʦ-

ʩʪʠʢʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺ ʤʘ-

ʩʪʝʨʩʢʦʡ ʦʜʥʦʚʨʝʤʝʥʥʦ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʥʝ 

ʙʦʣʝʝ ʜʚʫʭ ʘʚʪʦʩʣʝʩʘʨʝʡ. 

ʇʨʠʤʝʥʝʥʠʝ ʤʦʙʠʣʴʥʦʡ ʤʘʩʪʝʨʩʢʦʡ 

ʧʦʟʚʦʣʠʪ: ʧʦʚʳʩʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʪʨʫʜʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʝʨʚʠʩʘ ʧʨʝʜʧʨʠʷʪʠʷ, 

ʧʦʚʳʩʠʪʴ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʫʶ ʥʘʜʝʞʥʦʩʪʴ 

ʜʦʨʦʞʥʦ-ʩʪʨʦʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ, ʩʚʦʝʚʨʝ-

ʤʝʥʥʦ ʦʮʝʥʠʚʘʪʴ ʦʩʪʘʪʦʯʥʳʡ ʨʝʩʫʨʩ ʘʛʨʝ-

ʛʘʪʦʚ ʤʘʰʠʥʳ ʠ ʦʙʦʩʥʦʚʘʥʥʦ ʫʩʪʘʥʘʚʣʠ-

ʚʘʪʴ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʪʝʭʥʠʯʝʩʢʦʤ ʦʙʩʣʫʞʠ-

ʚʘʥʠʠ ʠ ʨʝʤʦʥʪʝ ʤʘʰʠʥ, ʩʥʠʟʠʪʴ ʧʨʦʩʪʦʡ 

ʤʘʰʠʥ ʚ ʧʦʣʝʚʳʭ (ʜʦʨʦʞʥʳʭ) ʫʩʣʦʚʠʷʭ ʧʦ 

ʪʝʭʥʠʯʝʩʢʠʤ ʥʝʠʩʧʨʘʚʥʦʩʪʷʤ. 
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ʕʃɽʂʊʈʆʅʅʓʁ ʇʆʈʊʌɽʃʔ ʇʀʃʆʊɸ (EFB) ɺ ʈʆʉʉʀʀ: ʉʆɺʈɽʄɽʅʅʓɽ  

ʊɽʍʅʆʃʆɻʀʀ ɼʃʗ ʇʆɺʓʐɽʅʀʗ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʀ ɹɽɿʆʇɸʉʅʆʉʊʀ ɺ 

ʈʆʉʉʀʁʉʂʆʁ ɸɺʀɸʎʀʀ 

 

ɸ.ʀ. ʂʨʫʞʘʣʦʚ, ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ 

(ʈʦʩʩʠʷ, ʛ. ʄʦʩʢʚʘ) 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʘʚʠʘʮʠʦʥʥʦʡ ʦʪʨʘʩʣʠ ʈʦʩʩʠʠ, ʢʘʢ ʠ ʚʦ ʚʩʝʤ ʤʠʨʝ, ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʠ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʛʨʘʶʪ ʨʝʰʘʶʱʫʶ ʨʦʣʴ. ʇʦʵʪʦʤʫ ʚʥʝʜʨʝʥʠʝ ʩʦ-

ʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʪʘʥʦʚʠʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. ɺ ʜʘʥʥʦʡ 

ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʧʨʦʩ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʦʨʪʬʝʣʷ ʧʠʣʦʪʘ. ɺ ʈʦʩ-

ʩʠʠ ʪʘʢʞʝ, ʢʘʢ ʠ ʚ ʜʨʫʛʠʭ ʩʪʨʘʥʘʭ, ʵʣʝʢʪʨʦʥʥʳʝ ʧʦʨʪʬʝʣʠ ʧʠʣʦʪʦʚ (EFB) ʧʨʠʦʙʨʝʣʠ 

ʢʣʶʯʝʚʦʝ ʟʥʘʯʝʥʠʝ ʚ ʘʚʠʘʮʠʦʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ, ʫʣʫʯʰʘʷ ʪʝʤ ʩʘʤʳʤ ʫʧʨʘʚʣʝʥʠʝ ʜʘʥ-

ʥʳʤʠ ʠ ʦʙʝʩʧʝʯʠʚʘʷ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʝʪʦʚ. ɸʚʪʦʨ ʟʘʪʨʘʛʠʚʘʝʪ ʪʘʢʠʝ 

ʚʦʧʨʦʩʳ, ʢʘʢ ʧʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʡ EFB ʚ ʈʦʩʩʠʠ, ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʩʥʠ-

ʞʝʥʠʝ ʚʝʩʘ ʠ ʦʙʲʝʤʘ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʫʣʫʯʰʝʥʥʘʷ ʜʦʩʪʫʧʥʦʩʪʴ ʜʘʥʥʳʭ, ʵʢʦʥʦʤʠʷ ʚʨʝʤʝʥʠ ʠ 

ʨʝʩʫʨʩʦʚ ʘʚʠʘʢʦʤʧʘʥʠʠ, ʚʳʟʦʚʳ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʚʥʝʜʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʡ EFB. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʣʝʢʪʨʦʥʥʳʡ ʧʦʨʪʬʝʣʴ ʧʠʣʦʪʘ, ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʘʚʠʘʮʠʠ, 

ʵʢʦʥʦʤʠʢʘ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʦʣʝʪʦʚ, ʵʢʦʣʦʛʠʷ. 

 

ɺ ʤʠʨʝ ʘʚʠʘʮʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʙʝʟ-

ʦʧʘʩʥʦʩʪʴ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ, ʠ ʚʥʝʜ-

ʨʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʪʘʥʦʚʠʪʩʷ 

ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ. ɺ 

ʈʦʩʩʠʠ, ʢʘʢ ʠ ʚʦ ʚʩʝʤ ʤʠʨʝ, ʵʣʝʢʪʨʦʥʥʳʝ 

ʧʦʨʪʬʝʣʠ ʧʠʣʦʪʦʚ (EFB) ʩʪʘʣʠ ʚʘʞʥʳʤ 

ʵʣʝʤʝʥʪʦʤ ʘʚʠʘʮʠʦʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, 

ʧʨʠʥʦʩʷ ʫʣʫʯʰʝʥʠʷ ʚ ʫʧʨʘʚʣʝʥʠʠ ʜʘʥʥʳ-

ʤʠ ʠ ʦʙʝʩʧʝʯʠʚʘʷ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ 

ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ɺ ʫʩʣʦʚʠʷʭ ʩʪʨʝʤʠʪʝʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ 

ʘʚʠʘʮʠʦʥʥʦʡ ʠʥʜʫʩʪʨʠʠ ʧʦ ʚʩʝʤʫ ʤʠʨʫ, 

ʚʘʞʥʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʩʪʘʥʦʚʠʪʩʷ ʥʝʩʦʤʥʝʥʥʦʡ ʧʨʠʦʨʠʪʝʪʥʦʡ 

ʟʘʜʘʯʝʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʧʨʠʤʝʥʝʥʠʝ ʧʝʨʝ-

ʜʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʪʘʥʦʚʠʪʩʷ ʢʣʶʯʝʚʳʤ 

ʵʣʝʤʝʥʪʦʤ ʵʪʘʧʘ ʤʦʜʝʨʥʠʟʘʮʠʠ ʚ ʈʦʩʩʠʠ, 

ʢʘʢ ʠ ʚ ʦʩʪʘʣʴʥʳʭ ʩʪʨʘʥʘʭ. ʕʣʝʢʪʨʦʥʥʳʝ 

ʧʦʨʪʬʝʣʠ [4] ʧʠʣʦʪʦʚ (EFB) ʧʨʠʥʠʤʘʶʪ ʥʘ 

ʩʝʙʷ ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʚ ʫʩʠʣʝʥʠʠ ʠʥʪʝ-

ʛʨʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ, ʚʥʝʜʨʝʥʠʠ ʥʦʚʳʭ 

ʩʪʘʥʜʘʨʪʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʫʧʨʘʚʣʝʥʠʠ 

ʜʘʥʥʳʤʠ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʦʜʝʡʩʪʚʫʝʪ 

ʙʦʣʝʝ ʚʳʩʦʢʦʤʫ ʫʨʦʚʥʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦ-

ʣʝʪʦʚ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʝ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʘʚʠʘʮʠʦʥʥʦʡ ʦʪʨʘʩʣʠ. 

ʇʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʡ EFB ʚ ʈʦʩ-

ʩʠʠ. 

ʉ ʧʦʩʪʦʷʥʥʳʤ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ 

ʪʝʭʥʦʣʦʛʠʡ, ʵʣʝʢʪʨʦʥʥʳʝ ʧʦʨʪʬʝʣʠ ʧʠʣʦ-

ʪʦʚ ʩʪʘʣʠ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʩʦʚʨʝʤʝʥ-

ʥʦʡ ʘʚʠʘʮʠʦʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʚ ʈʦʩ-

ʩʠʠ. ʆʥʠ ʠʥʪʝʛʨʠʨʫʶʪ ʚ ʩʝʙʷ ʨʘʟʥʦʦʙʨʘʟ-

ʥʳʝ ʬʫʥʢʮʠʠ, ʥʘʯʠʥʘʷ ʦʪ ʘʚʪʦʤʘʪʠʟʠʨʦ-

ʚʘʥʥʳʭ ʩʠʩʪʝʤ ʥʘʚʠʛʘʮʠʠ [3] ʠ ʟʘʢʘʥʯʠʚʘʷ 

ʵʣʝʢʪʨʦʥʥʳʤʠ ʯʝʢ-ʣʠʩʪʘʤʠ. ʕʪʦ ʩʦʢʨʘʱʘ-

ʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʨʘʜʠʮʠ-

ʦʥʥʳʭ ʙʫʤʘʞʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʯʪʦ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʩʦʜʝʡʩʪʚʫʝʪ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʠ. 

ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. 

ɺʥʝʜʨʝʥʠʝ EFB ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥ-

ʥʦʤʫ ʩʥʠʞʝʥʠʶ ʧʦʪʨʝʙʣʝʥʠʷ ʙʫʤʘʛʠ, ʘ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢ ʩʦʢʨʘʱʝʥʠʶ ʚʳʨʫʙʢʠ ʣʝ-

ʩʦʚ ʠ ʟʘʪʨʘʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʙʫʤʘʞʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. ʕʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʦʚʨʝʤʝʥ-

ʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʧʦ ʵʢʦʣʦʛʠʠ ʠ ʫʩʪʦʡʯʠ-

ʚʦʤʫ ʨʘʟʚʠʪʠʶ. ʋʤʝʥʴʰʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʷ ʙʫʤʘʛʠ ʪʘʢʞʝ ʩʦʜʝʡʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ 

ʚʝʩʘ ʙʦʨʪʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʯʪʦ ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ ʚʣʠʷʝʪ ʥʘ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ, ʯʪʦ ʷʚ-

ʣʷʝʪʩʷ ʢʨʘʡʥʝ ʘʢʪʫʘʣʴʥʳʤ ʘʩʧʝʢʪʦʤ, ʫʯʠ-

ʪʳʚʘʷ ʩʦʚʨʝʤʝʥʥʳʝ ʚʳʟʦʚʳ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʘʚʠʘʮʠʠ. 

ʉʥʠʞʝʥʠʝ ʚʝʩʘ ʠ ʦʙʲʝʤʘ ʦʙʦʨʫʜʦʚʘ-

ʥʠʷ. 
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ʕʣʝʢʪʨʦʥʥʳʝ ʧʦʨʪʬʝʣʠ ʧʠʣʦʪʦʚ ʥʝ 

ʪʦʣʴʢʦ ʩʦʢʨʘʱʘʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʫʤʘʛʠ, 

ʥʦ ʠ ʩʥʠʞʘʶʪ ʚʝʩ ʙʦʨʪʦʚʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ [2]. ʕʪʦ ʠʤʝʝʪ ʧʨʷʤʦʝ ʚʣʠʷ-

ʥʠʝ ʥʘ ʦʙʱʠʡ ʚʝʩ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ, ʯʪʦ, ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʣʠʷʝʪ ʥʘ ʝʛʦ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʴ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʦʧʣʠʚʘ. ʋʤʝʥʴʰʝ-

ʥʠʝ ʤʘʩʩʳ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ 

ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ ʠ ʜʘʣʴʥʦʩʪʠ ʧʦʣʝʪʘ. 

ʋʣʫʯʰʝʥʥʘʷ ʜʦʩʪʫʧʥʦʩʪʴ ʜʘʥʥʳʭ. 

ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʧʨʝʠʤʫʱʝʩʪʚ EFB 

ʷʚʣʷʝʪʩʷ ʤʛʥʦʚʝʥʥʳʡ ʜʦʩʪʫʧ ʢ ʦʙʥʦʚʣʝʥ-

ʥʳʤ ʜʘʥʥʳʤ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

ʇʠʣʦʪʳ ʤʦʛʫʪ ʧʦʣʫʯʘʪʴ ʘʢʪʫʘʣʴʥʫʶ ʠʥ-

ʬʦʨʤʘʮʠʶ ʦ ʧʦʛʦʜʝ, ʠʟʤʝʥʝʥʠʷʭ ʥʘ ʤʘʨʰ-

ʨʫʪʘʭ, ʦʧʝʨʘʮʠʦʥʥʳʭ ʨʝʢʦʤʝʥʜʘʮʠʷʭ ʠ 

ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʘʭ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦ-

ʚʳʰʘʝʪ ʦʧʝʨʘʪʠʚʥʦʩʪʴ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ 

ʚʦ ʚʨʝʤʷ ʧʦʣʝʪʘ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʢʨʠʪʠʯʥʦ ʚ 

ʫʩʣʦʚʠʷʭ ʧʝʨʝʤʝʥʥʦʡ ʘʪʤʦʩʬʝʨʳ ʠ ʥʝʦʞʠ-

ʜʘʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʧʦʣʝʪʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʕʢʦʥʦʤʠʷ ʚʨʝʤʝʥʠ ʠ ʨʝʩʫʨʩʦʚ. 

ɺʥʝʜʨʝʥʠʝ ʵʣʝʢʪʨʦʥʥʳʭ ʧʦʨʪʬʝʣʝʡ 

ʪʘʢʞʝ ʚʥʦʩʠʪ ʩʚʦʡ ʚʢʣʘʜ ʚ ʵʢʦʥʦʤʠʶ ʚʨʝ-

ʤʝʥʠ ʠ ʨʝʩʫʨʩʦʚ. ʇʠʣʦʪʘʤ ʙʦʣʴʰʝ ʥʝ ʥʫʞ-

ʥʦ ʪʨʘʪʠʪʴ ʮʝʥʥʦʝ ʚʨʝʤʷ ʥʘ ʧʦʠʩʢ ʥʝʦʙʭʦ-

ʜʠʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʨʘʟʣʠʯʥʳʭ ʙʫʤʘʞ-

ʥʳʭ ʜʦʢʫʤʝʥʪʘʭ. EFB ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʙʳʩʪ-

ʨʳʡ ʠ ʫʜʦʙʥʳʡ ʜʦʩʪʫʧ ʢʦ ʚʩʝʡ ʥʝʦʙʭʦʜʠ-

ʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʦʜʥʦʤ ʫʩʪʨʦʡʩʪʚʝ, ʯʪʦ 

ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʵʢʠʧʘʞʘ. 

ɺʳʟʦʚʳ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʚʥʝʜʨʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʡ EFB. 

ʂʘʢ ʠ ʣʶʙʳʝ ʠʥʥʦʚʘʮʠʠ, ʚʥʝʜʨʝʥʠʝ 

ʪʝʭʥʦʣʦʛʠʡ EFB ʚ ʘʚʠʘʮʠʶ ʈʦʩʩʠʠ ʥʝ ʧʨʦ-

ʭʦʜʠʪ ʙʝʟ ʚʳʟʦʚʦʚ. ʆʜʥʘʢʦ, ʩ ʨʘʟʚʠʪʠʝʤ 

ʩʝʪʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʠʥʥʦ-

ʚʘʮʠʡ EFB ʚ ʈʦʩʩʠʠ ʦʞʠʜʘʝʪʩʷ ʧʦʣʫʯʠʪʴ 

ʙʦʣʝʝ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ. ʇʝʨʩʧʝʢ-

ʪʠʚʳ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ, ʫʣʫʯʰʝʥʠʝ 

ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʩ ʜʨʫʛʠʤʠ ʩʠʩʪʝʤʘʤʠ ʘʚʠʘ-

ʮʠʦʥʥʦʡ ʵʣʝʢʪʨʦʥʠʢʠ, ʯʪʦ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ 

ʚ ʩʝʙʷ ʥʦʚʳʝ ʧʨʠʣʦʞʝʥʠʷ, ʠʥʩʪʨʫʤʝʥʪʳ ʠ 

ʩʝʨʚʠʩʳ ʜʣʷ ʦʙʣʝʛʯʝʥʠʷ ʨʘʙʦʪʳ ʵʢʠʧʘʞʝʡ. 

ʏʪʦ ʪʘʢʦʝ EFB? 

EFB ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʣʝʢʪʨʦʥʥʦʝ 

ʫʩʪʨʦʡʩʪʚʦ (ʧʣʘʥʰʝʪ), ʟʘʤʝʥʷʶʱʝʝ ʪʨʘʜʠ-

ʮʠʦʥʥʳʝ ʙʫʤʘʞʥʳʝ ʢʘʨʪʳ, ʨʫʢʦʚʦʜʩʪʚʘ ʠ 

ʜʨʫʛʠʝ ʜʦʢʫʤʝʥʪʳ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʧʦʣʝ-

ʪʦʚ. ʆʥ ʠʥʪʝʛʨʠʨʫʝʪ ʚ ʩʝʙʷ ʨʘʟʥʦʦʙʨʘʟʥʳʝ 

ʬʫʥʢʮʠʠ, ʪʘʢʠʝ ʢʘʢ ʢʘʨʪʦʛʨʘʬʠʷ, ʨʘʩʯʝʪʳ 

ʪʦʧʣʠʚʘ, ʵʣʝʢʪʨʦʥʥʳʝ ʯʝʢ-ʣʠʩʪʳ ʠ ʜʨʫʛʠʝ 

ʧʦʣʝʟʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ. 

ʕʣʝʢʪʨʦʥʥʳʡ ʧʦʨʪʬʝʣʴ [1] ʧʠʣʦʪʘ ï ʵʪʦ 

ʥʝ ʧʨʦʩʪʦ ʧʣʘʥʰʝʪ, ʘ ʵʣʝʢʪʨʦʥʥʦʝ ʫʩʪʨʦʡ-

ʩʪʚʦ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ ʟʘʤʝʥʳ ʪʨʘʜʠ-

ʮʠʦʥʥʳʭ ʙʫʤʘʞʥʳʭ ʢʘʨʪ, ʣʝʪʥʳʭ, ʪʝʭʥʠ-

ʯʝʩʢʠʭ ʠ ʜʨʫʛʠʭ ʜʦʢʫʤʝʥʪʦʚ ʚ ʘʚʠʘʮʠʠ. 

ʕʪʦʪ ʠʥʥʦʚʘʮʠʦʥʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʧʨʝʦʙʨʘ-

ʟʫʝʪ ʠ ʦʙʦʛʘʱʘʝʪ ʚʦʟʜʫʰʥʳʝ ʦʧʝʨʘʮʠʠ, 

ʦʙʲʝʜʠʥʷʷ ʚ ʩʝʙʝ ʤʥʦʞʝʩʪʚʦ ʬʫʥʢʮʠʡ. 

- ɿʘʤʝʥʷʝʪ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ 

(EFB ʧʦʣʥʦʩʪʴʶ ʟʘʤʝʥʷʝʪ ʙʫʤʘʞʥʳʝ ʢʘʨ-

ʪʳ, ʨʫʢʦʚʦʜʩʪʚʘ ʠ ʧʨʦʯʠʝ ʥʝʦʙʭʦʜʠʤʳʝ 

ʜʦʢʫʤʝʥʪʳ ʜʣʷ ʧʦʣʝʪʦʚ). ʕʪʦ ʩʦʢʨʘʱʘʝʪ 

ʦʙʲʝʤ ʙʫʤʘʞʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʠ ʫʧʨʦʱʘ-

ʝʪ ʜʦʩʪʫʧ ʢ ʚʘʞʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

- ʇʨʝʜʦʩʪʘʚʣʷʝʪ ʙʦʣʴʰʦʡ ʩʧʝʢʪʨ ʠʥʪʝ-

ʛʨʠʨʦʚʘʥʥʳʭ ʬʫʥʢʮʠʠ. ʆʜʥʠʤ ʠʟ ʢʣʶʯʝ-

ʚʳʭ ʧʨʝʠʤʫʱʝʩʪʚ EFB ʷʚʣʷʝʪʩʷ ʠʥʪʝʛʨʘ-

ʮʠʷ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʬʫʥʢʮʠʡ ʚ ʦʜʥʦʤ 

ʫʩʪʨʦʡʩʪʚʝ. ɺʥʫʪʨʠ ʧʣʘʥʰʝʪʘ ʩʦʚʤʝʱʘʶʪ-

ʩʷ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʝ ʠʥʩʪʨʫʤʝʥʪʳ, ʨʘʩʯʝ-

ʪʳ ʪʦʧʣʠʚʘ, ʵʣʝʢʪʨʦʥʥʳʝ ʯʝʢ-ʣʠʩʪʳ ʠ ʤʥʦ-

ʛʠʝ ʜʨʫʛʠʝ ʧʦʣʝʟʥʳʝ ʬʫʥʢʮʠʠ. 

- ʂʘʨʪʦʛʨʘʬʠʷ. EFB ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʩʦ-

ʚʨʝʤʝʥʥʳʝ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʝ ʠʥʩʪʨʫʤʝʥ-

ʪʳ, ʦʙʝʩʧʝʯʠʚʘʷ ʵʢʠʧʘʞʫ ʘʢʪʫʘʣʴʥʳʝ ʠ ʜʝ-

ʪʘʣʠʟʠʨʦʚʘʥʥʳʝ ʢʘʨʪʳ ʜʣʷ ʥʘʚʠʛʘʮʠʠ ʚ 

ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. 

ʈʘʩʯʝʪʳ ʪʦʧʣʠʚʘ ʠ ʟʘʧʨʘʚʢʘ ɺʉ ʥʝ ʧʦ-

ʢʠʜʘʷ ʢʘʙʠʥʳ ʩʘʤʦʛʦ ɺʉ. ʉ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʨʘʩʯʝʪʦʚ ʪʦʧʣʠʚʘ 

EFB ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʧʪʠʤʠʟʘʮʠʠ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʷ ʨʝʩʫʨʩʦʚ, ʵʢʦʥʦʤʠʷ ʚʨʝʤʝʥʠ, ʧʦʚʳ-

ʰʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʦʣʝ-

ʪʦʚ.  

- ʕʣʝʢʪʨʦʥʥʳʝ ʯʝʢ-ʣʠʩʪʳ. ʀʥʪʝʛʨʠʨʦ-

ʚʘʥʥʳʝ ʵʣʝʢʪʨʦʥʥʳʝ ʯʝʢ-ʣʠʩʪʳ ʫʧʨʦʱʘʶʪ 

ʧʨʦʮʝʩʩʳ ʧʨʝʜʧʦʣʝʪʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʠ ʧʦ-

ʚʳʰʘʶʪ ʪʦʯʥʦʩʪʴ ʠ ʙʝʟʦʰʠʙʦʯʥʦʩʪʴ ʚʳ-

ʧʦʣʥʝʥʠʷ ʧʨʦʮʝʜʫʨ ʵʢʠʧʘʞʝʤ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʵʣʝʢʪʨʦʥʥʳʡ 

ʧʦʨʪʬʝʣʴ ʧʠʣʦʪʘ EFB ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʥʝ ʪʦʣʴʢʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʨʳʚ, ʥʦ ʠ 

ʧʨʘʢʪʠʯʝʩʢʫʶ ʚʳʛʦʜʫ, ʫʤʝʥʴʰʘʷ ʙʶʨʦʢʨʘ-

ʪʠʶ, ʧʦʚʳʰʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʴ ʧʦʣʝʪʦʚ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʷ ʙʦʣʝʝ 

ʫʜʦʙʥʦʝ ʨʘʙʦʯʝʝ ʦʢʨʫʞʝʥʠʝ ʜʣʷ ʘʚʠʘʮʠʦʥ-

ʥʦʛʦ ʧʝʨʩʦʥʘʣʘ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ EFB ʚ ʨʦʩʩʠʡʩʢʦʡ 

ʘʚʠʘʮʠʠ 

1. ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ: 
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ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ 

ʩʥʠʞʘʝʪ ʧʦʪʨʝʙʣʝʥʠʝ ʙʫʤʘʛʠ ʠ ʫʤʝʥʴʰʘʝʪ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʯʪʦ 

ʚʘʞʥʦ ʩ ʫʯʝʪʦʤ ʩʦʚʨʝʤʝʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʵʢʦʩʠʩʪʝʤʳ. 

2. ʉʥʠʞʝʥʠʝ ʚʝʩʘ ʠ ʦʙʲʝʤʘ: 

ɿʘʤʝʥʘ ʙʫʤʘʞʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʵʣʝʢ-

ʪʨʦʥʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʩʥʠʞʘʝʪ ʚʝʩ ʙʦʨ-

ʪʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʚʣʠʷʝʪ ʥʘ ʧʦʪʨʝʙʣʝʥʠʝ ʪʦʧʣʠʚʘ ʠ ʫʣʫʯʰʘʝʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʣʝʪʦʚ ʠ ʦʙʱʫʶ ʵʢʦʥʦʤʠ-

ʢʫ. 

3. ʋʣʫʯʰʝʥʥʘʷ ʜʦʩʪʫʧʥʦʩʪʴ ʜʘʥʥʳʭ: 

ʇʠʣʦʪʳ ʧʨʠ ʥʘʣʠʯʠʠ ʩʝʪʠ ʠʥʪʝʨʥʝʪʘ ʥʘ 

ʙʦʨʪʫ ɺʉ ʤʦʛʫʪ ʤʛʥʦʚʝʥʥʦ ʧʦʣʫʯʘʪʴ ʦʙ-

ʥʦʚʣʝʥʠʷ ʜʘʥʥʳʭ, ʚʢʣʶʯʘʷ ʧʦʛʦʜʫ, ʥʘʚʠ-

ʛʘʮʠʦʥʥʳʝ ʢʘʨʪʳ ʠ ʦʧʝʨʘʮʠʦʥʥʳʝ ʨʝʢʦ-

ʤʝʥʜʘʮʠʠ ʣʶʙʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʪʝʭʥʠʯʝʩʢʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʧʦ ʘʵʨʦʜʨʦʤʘʤ ʠ ʚʦʟʜʫʰʥʳʤ 

ʪʨʘʩʩʘʤ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʙʳʩʪʨʦ, ʘ 

ʛʣʘʚʥʦʝ ʧʨʘʚʠʣʴʥʦ, ʧʨʠʥʷʪʴ ʨʝʰʝʥʠʝ, ʯʪʦ 

ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ 

ʵʢʠʧʘʞʘ. 

4. ʕʢʦʥʦʤʠʷ ʚʨʝʤʝʥʠ ʠ ʨʝʩʫʨʩʦʚ: 

ʉʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ, ʟʘʪʨʘʯʠʚʘʝʤʦʛʦ 

ʥʘ ʧʦʠʩʢ ʥʫʞʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʠ ʫʧʨʦʱʝ-

ʥʠʝ ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʧʦʟʚʦ-

ʣʷʶʪ ʧʠʣʦʪʘʤ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴ-

ʟʦʚʘʪʴ ʩʚʦʝ ʚʨʝʤʷ. 

ɹʝʟʦʧʘʩʥʦʩʪʴ ʠ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦ 

ʉʠʩʪʝʤʳ EFB ʚ ʈʦʩʩʠʠ ʜʦʣʞʥʳ ʩʦʦʪ-

ʚʝʪʩʪʚʦʚʘʪʴ ʩʪʨʦʛʠʤ ʩʪʘʥʜʘʨʪʘʤ ʙʝʟʦʧʘʩ-

ʥʦʩʪʠ ʠ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ.  

ɼʘʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʝ-

ʩʢʦʣʴʢʦ ʚʘʞʥʳʭ ʘʩʧʝʢʪʦʚ: 

ʉʪʨʦʛʠʝ ʩʪʘʥʜʘʨʪʳ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʉʠ-

ʩʪʝʤʳ EFB ʜʦʣʞʥʳ ʩʪʨʦʛʦ ʩʦʦʪʚʝʪʩʪʚʦ-

ʚʘʪʴ ʥʦʨʤʘʤ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʤ 

ʚ ʘʚʠʘʮʠʦʥʥʦʡ ʦʪʨʘʩʣʠ. ʕʪʦ ʚʢʣʶʯʘʝʪ ʚ 

ʩʝʙʷ ʥʝ ʪʦʣʴʢʦ ʪʝʭʥʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ, ʥʦ ʠ 

ʧʨʦʟʨʘʯʥʳʝ ʧʨʦʮʝʩʩʳ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟ-

ʦʧʘʩʥʦʩʪʠ ʜʘʥʥʳʭ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ 

ʫʩʪʨʦʡʩʪʚʘ. 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʫ. EFB 

ʦʙʷʟʘʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʟʘʢʦʥʘʤ ʠ ʥʦʨʤʘ-

ʪʠʚʘʤ, ʨʝʛʫʣʠʨʫʶʱʠʤ ʘʚʠʘʮʠʦʥʥʫʶ ʜʝʷ-

ʪʝʣʴʥʦʩʪʴ ʚ ʈʦʩʩʠʠ. ʕʪʦ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʚ 

ʩʝʙʷ ʪʨʝʙʦʚʘʥʠʷ ʢ ʭʨʘʥʝʥʠʶ ʜʘʥʥʳʭ, ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʶ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʜʧʠʩʠ ʠ ʜʨʫ-

ʛʠʝ ʘʩʧʝʢʪʳ, ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʝ ʟʘʢʦʥʦʜʘ-

ʪʝʣʴʩʪʚʦʤ. 

ʈʝʛʫʣʷʨʥʳʝ ʦʙʥʦʚʣʝʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ. ʆʙʥʦʚʣʝʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʷʚʣʷʶʪʩʷ ʢʨʠʪʠʯʝʩʢʠʤ ʘʩʧʝʢ-

ʪʦʤ ʧʦʜʜʝʨʞʘʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʠʩʪʝʤʳ 

EFB. ʈʝʛʫʣʷʨʥʳʝ ʦʙʥʦʚʣʝʥʠʷ ʜʦʣʞʥʳ 

ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʠʩʧʨʘʚʣʝʥʠʷ ʫʷʟʚʠʤʦʩʪʝʡ, 

ʦʙʥʦʚʣʝʥʠʝ ʩʪʘʥʜʘʨʪʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʜʦ-

ʙʘʚʣʝʥʠʝ ʥʦʚʳʭ ʬʫʥʢʮʠʡ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʠʷ 

ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ. 

ɿʘʱʠʪʘ ʦʪ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦ-

ʩʪʫʧʘ. ɿʘʱʠʪʘ ʦʪ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ 

ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʥʘ EFB 

ʷʚʣʷʝʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʦʙʝʩʧʝʯʝ-

ʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʕʪʦ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʚ 

ʩʝʙʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʣʴʥʳʭ ʤʝʪʦʜʦʚ 

ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ, ʰʠʬʨʦʚʘʥʠʷ ʜʘʥʥʳʭ ʠ 

ʜʨʫʛʠʭ ʤʝʨ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʥʝʩʘʥʢʮʠ-

ʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ. 

ʆʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʩʦʙʣʶʜʝ-

ʥʠʝ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʚ ʦʙʣʘʩʪʠ EFB ʚ 

ʈʦʩʩʠʠ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝ-

ʥʠʠ ʜʦʚʝʨʠʷ ʢ ʵʪʠʤ ʪʝʭʥʦʣʦʛʠʷʤ, ʧʦʚʳʰʝ-

ʥʠʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʝʪʦʚ ʠ ʩʦʙʣʶʜʝʥʠʠ 

ʥʦʨʤʘʪʠʚʦʚ ʘʚʠʘʮʠʦʥʥʦʡ ʦʪʨʘʩʣʠ. 

ɺʳʟʦʚʳ ʠ ʧʝʨʩʧʝʢʪʠʚʳ. 

ɺʥʝʜʨʝʥʠʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚʩʝʛʜʘ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʳʟʦʚʘʤʠ. ʆʜʥʘʢʦ, ʩ ʨʘʟ-

ʚʠʪʠʝʤ ʚ ʈʦʩʩʠʠ ʩʝʪʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ 

ʪʝʭʥʠʯʝʩʢʠʭ ʠʥʥʦʚʘʮʠʡ ʪʘʢʠʭ ʢʘʢ EFB 

ʦʞʠʜʘʝʪʩʷ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʰʠʨʦʢʦʝ ʨʘʩ-

ʧʨʦʩʪʨʘʥʝʥʠʝ, ʦʙʝʩʧʝʯʠʚʘʷ ʥʦʚʳʡ ʫʨʦʚʝʥʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʣʷ ʘʚʠʘ-

ʮʠʠ ʥʘʰʝʡ ʩʪʨʘʥʳ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ, ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʵʣʝʢʪʨʦʥʥʳʝ ʧʦʨʪʬʝʣʠ ʧʠʣʦʪʦʚ, ʚʥʝʜʨʝʥ-

ʥʳʝ ʚ ʘʚʠʘʮʠʦʥʥʫʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʈʦʩ-

ʩʠʠ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʝʦʪʲʝʤʣʝʤʳʡ 

ʵʣʝʤʝʥʪ ʵʪʦʡ ʦʪʨʘʩʣʠ. ʀʭ ʫʩʧʝʰʥʦʝ ʚʥʝʜ-

ʨʝʥʠʝ ʦʢʘʟʳʚʘʝʪ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʦʟʜʝʡ-

ʩʪʚʠʝ ʥʘ ʨʘʟʣʠʯʥʳʝ ʘʩʧʝʢʪʳ ʘʚʠʘʮʠʦʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʵʣʝʢʪʨʦʥʥʳʝ 

ʧʦʨʪʬʝʣʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʦʚʳʰʝʥʠʶ ʧʨʦ-

ʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʠʣʦʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʷ ʠʤ 

ʵʬʬʝʢʪʠʚʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʫʧʨʘʚʣʝ-

ʥʠʷ ʜʘʥʥʳʤʠ, ʨʘʩʧʠʩʘʥʠʷʤʠ ʠ ʜʨʫʛʦʡ ʥʝ-

ʦʙʭʦʜʠʤʦʡ ʠʥʬʦʨʤʘʮʠʝʡ. 

ɺʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʩʥʠ-

ʞʝʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

ʕʣʝʢʪʨʦʥʥʳʝ ʧʦʨʪʬʝʣʠ ʧʦʟʚʦʣʷʶʪ ʩʦʢʨʘ-

ʪʠʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʫʤʘʞʥʳʭ ʜʦʢʫʤʝʥʪʦʚ 

ʠ ʣʠʰʥʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 
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ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʦʡ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚʥʝʜʨʝʥʠʝ ʵʣʝʢʪʨʦʥʥʳʭ 

ʧʦʨʪʬʝʣʝʡ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʫʣʫʯ-

ʰʝʥʠʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʝʪʦʚ. ʇʠʣʦʪʳ ʤʦ-

ʛʫʪ ʦʧʝʨʘʪʠʚʥʦ ʧʦʣʫʯʘʪʴ ʠ ʦʙʤʝʥʠʚʘʪʴʩʷ 

ʚʘʞʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʙʦʣʝʝ ʪʦʯʥʦʤʫ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦʤʫ ʧʨʠʥʷ-

ʪʠʶ ʨʝʰʝʥʠʡ ʚ ʚʦʟʜʫʰʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ɺʩʝ ʵʪʠ ʬʘʢʪʦʨʳ ʜʝʣʘʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʵʣʝʢʪʨʦʥʥʳʭ ʧʦʨʪʬʝʣʝʡ ʚ ʘʚʠʘʮʠʠ ʚʘʞʥʳʤ 

ʰʘʛʦʤ ʚ ʨʘʟʚʠʪʠʠ ʦʪʨʘʩʣʠ, ʧʨʠʥʦʩʷ ʧʦʣʴʟʫ 

ʢʘʢ ʧʨʦʬʝʩʩʠʦʥʘʣʘʤ ʚ ʩʬʝʨʝ ʘʚʠʘʮʠʠ, ʪʘʢ 

ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. 
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Abstract. In the Russian aviation industry, as throughout the world, improving efficiency and 

ensuring safety play a decisive role. Therefore, the introduction of modern technologies becomes 

an integral part of this process. This article discusses the issue of using a pilot's electronic port-

folio. In Russia, as well as in other countries, electronic pilot portfolios (EFB) have become of 

key importance in the aviation infrastructure, thereby improving data management and ensuring 

increased levels of flight safety. The author touches on such issues as the use of EFB technolo-

gies in Russia, environmental efficiency, reduction in weight and volume of equipment, improved 

data availability, saving airline time and resources, challenges and prospects for the implemen-
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Abstract. The paper considers the concept of "intelligent immune algorithms" in the context of 

rail transport data processing. The article examines the data flow involved in the processing of 

transit railcars with processing at the marshalling yard. Typical business processes are de-

scribed. Errors encountered when interpreting the data by typical business processes are classi-

fied. The principles of immune intelligent systems functioning are described. The possibility of 

using such systems for data flow scanning in the ES of JSC "Russian Railways" was considered. 

When writing the work, such methods as collection and analysis of information, data processing 

were used. The main conclusion of the work is that the intelligent immune systems are a good 

way for the development of the infrastructure of the railway transport in the future. The results of 

scientific research presumably can be used in JSC "Russian Railways" for the design of new in-

formation systems. 

Keywords: immune algorithms, immune intelligent systems, data protection, information se-

curity, intrusion detection. 

 

Immune intelligent systems were first 

mentioned in the mid-1980s. They were de-

scribed in the article by Jay Doyne Farmer 

(American scientist in the field of complex 

systems, a professor of mathematics at Ox-

ford University), Norman Harry Packard 

(physicist of chaos theory, is a graduate of 

Reed College and the University of Califor-

nia, Santa Cruz) [1]. However, it was not until 

the mid-1990s that IIS became an independ-

ent industry. Forrest (negative selection) and 

Kephart published the first paper on immune 

systems in 1994, and after that Dasgupta D. 

did considerable research on negative selec-

tion algorithms. In 1999, the first book on ar-

tificial immune systems was published under 

Dasgupta. In 2008, Dasgupta and Nino pub-

lished a textbook that presents a collection of 

recent work related to immune-based meth-

ods [2]. 

The purpose of this study is to evaluate the 

capabilities of IIS when dealing with data in 

Russian Railways. 

The objectives of the research are to: 

- To present an overview of immunity-

based algorithms; 

- Identify problems that could be solved by 

researching intrusion detection and providing 

information for identifiers; 

- To investigate information on current so-

lutions for immune intelligent systems; 

- Investigate the feasibility of applying 

these systems to railways. 

The relevance of the research is that im-

mune systems are currently being successful-

ly applied to data optimization and classifica-

tion problems, information compression, clus-

tering, anomaly search, machine learning, un-

structured data processing and information 

extraction, computer security and adaptive 

control. Such a concept can be developed and 

successfully used in improving the activities 

of Russian railways. 

 

Results and Discussion 

Intelligent immune systems are actively 

developing in different directions of artificial 

intelligence use. When implementing them, 

problems arise that hinder rapid development. 

It is difficult to achieve one hundred percent 

correct pattern recognition, to create effective 

and simple training techniques for intelligent 

systems, to learn how to process large 
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amounts of data. It is necessary that the sys-

tem extracts informative signs from a variety 

of factors, learns and evaluates the progress 

of learning [3]. 

The immune system is a system of biologi-

cal processes and structures in the body that 

protects it from infections, viruses, toxins, 

and malignant cells. For the immune system 

to work properly, it needs to be able to recog-

nize a wide range of pathogens and distin-

guish them from the body's own healthy tis-

sues. Many living species have two subsys-

tems: innate and acquired (adaptive) immune 

systems. One of the main tools of the adaptive 

immune system is immunological memory, 

which is why the body is able to develop a 

stronger immune response to a pathogen 

when encountered again. Immunological 

memory is the basis of vaccination [4]. 

The principle of the body's defense system 

should be considered; it consists of several 

points:  

1) When foreign particles (antigens) enter 

the body, B-lymphocytes begin to secrete 

special antibodies, which are specific proteins 

capable of blocking the antigen.  

2) Next, T-lymphocytes are activated and 

start secreting cells that can destroy the 

blocked antigen.  

3) The antigen is then memorized, the an-

tibodies produced by the white blood cells 

remain in the body. This helps prevent a simi-

lar infection [5]. 

Now let us consider the types of cells in 

the immune system:  

T-lymphocytes. There are several types: T-

killers kill microorganisms, T-helpers help 

recognize and kill germs.  

B-lymphocytes. Their main purpose is to 

produce antibodies. Antibodies are the sub-

stances that bind to the proteins of microor-

ganisms, inactivate them, and are removed 

from the human body, thereby killing the in-

fection inside the body. 

Neutrophils. They destroy the foreign cell, 

while also destroying themselves. This is fol-

lowed by a purulent discharge. A clear exam-

ple of neutrophils at work is an inflamed skin 

wound with purulent discharge. 

Macrophages. They also destroy germs, 

but do not destroy and destroy them in them-

selves or pass them on to T-helpers for recog-

nition. 

Eosinophils. Cells that produce substances 

to destroy parasites in the body. [6] 

Let us consider as an organism one of the 

information systems of JSC Russian Railways 

ASU ST, and as an incoming stream - the da-

ta that enters it. 

The ASU ST is a very large, multi-user 

system that includes a huge amount of data. 

The data (cells) must be fed to certain work-

places (bodies) and comply with the norm 

(normalization). At the same time when enter-

ing the data into the system a person can mis-

print or miss something or enter it incorrectly. 

This in turn could lead to incorrect calculation 

of indicators and, as a consequence, losses of 

the company (the organization as a whole). 

Therefore, we believe that the introduction of 

IIS in the IS of JSC Russian Railways is rele-

vant.  

The system should have the ability to 

check the entered data for correctness, not to 

introduce contradictory data or to change 

them unreasonably. All this is very similar to 

the human immune system. 

An immune intelligent system is an adap-

tive computing system, uses the models, prin-

ciples, mechanisms and functions from theo-

retical immunology, applied to solve the ap-

plied problems. An artificial immune system 

uses affinity measures as a description of the 

interaction of system components (antibodies) 

and immune algorithms as adaptation mecha-

nisms [7]. 

 The immune system is of great interest to 

experts in programming and computer sci-

ence; it is essentially an example of decentral-

ized information processing, performing a 

large volume of complex "calculations" in 

parallel [2]. 

There are three algorithms for intelligent 

immune systems, but we will consider two of 

them. They rely on the theories concerning 

natural immune systems. These theories de-

scribe the interaction of elements in the sys-

tem and its very functioning: 

1) The clonal selection algorithm is a class 

of algorithms based on the theory of clonal 

selection [8]. 
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2) Negative selection algorithm ï refers to 

finding and removing negatively reacting 

cells [2]. 

An examination of the data associated with 

trains arriving for processing at the marshal-

ling yard revealed the following anomalies in 

the data:  

1) The appearance of a train without an ar-

rival marker (carriage action starts immedi-

ately). 

2) Arrival time recorded, but no departure 

mark. 

3) Errors in entering the train geolocation 

(park number, track number). 

4) Repetition of the same operations. 

5) Finding two objects on the same track at 

the same time. 

6) Changing data on the cargo, wagon, etc.  

Analysis of the data showed that there are 

errors in the data entry, leading to an incorrect 

interpretation of the data and the reproduction 

of processes using neural networks. These 

errors can be handled by a negative selection 

algorithm and train the EIS with a clonal al-

gorithm. 

The immune intelligent system that is be-

ing created should track errors in the existing 

data and match it to its database. Already ex-

isting abnormal data, the system can either 

delete or suggest options for the user to deal 

with this data. 

To implement the IIS, the decision was 

made to use multi-agent systems. 

A multi-agent system is a system that is 

formed by several interacting intelligent 

agents [9]. Usually, these systems are used to 

solve the problems that are difficult or impos-

sible to solve with a single agent or monolith-

ic system [10]. 

Agents in a multi-agent system have the 

characteristics of: 

- autonomy (agents are always, at least 

partially, independent); 

- limited representation (no agent has rep-

resentation of the entire system as a whole); 

- decentralization (there are no agents that 

control the whole system) [11]. 

As already mentioned, there are several 

main types of cells in the human immune sys-

tem: T-lymphocytes, B-lymphocytes, neutro-

phils, macrophages, eosinophils. And they all 

perform certain functions of the immune in-

telligent system. In the creation it is proposed 

to consider each individual cell type as one 

agent in a multi-agent system.  

Let us consider the main ability of the in-

tellectual system - the ability to recognize 

correctly (our own) or incorrectly (alien) en-

tered data (antigens) with their subsequent 

classification and triggering of appropriate 

defense mechanisms. Also based on the re-

sults of recognition, the system will learn and 

form a memory for the antigen. The 

knowledge of the antigens will be used when 

new similar threats arise. The system will 

create and improve the knowledge base as it 

works.  

Let us find the similarities between the 

functions of the natural immune system and 

the main functions our data recognition sys-

tem should perform: 

- detection and logging of events that have 

the characteristics of an incident; 

- incident identification based on a rapid 

analysis of the situation and decision making 

under the conditions of incomplete certainty 

of the available information; 

- handling and correcting the consequences 

of the error by warning the person and remov-

ing (replacing) the incorrect data [12]. 

This system will be designed using im-

mune-multi-agent technology.  

Detector agents correspond to macrophag-

es and other antigen-presenting cells that ex-

pose antigen particles on their surface, attract-

ing the attention of B-lymphocytes for recog-

nition. Identifying agents correspond to B-

lymphocytes that recognize the antigen and 

have been "negatively selected" in advance in 

the thymus. Coordinator agents correspond to 

lymphokines secreted by T-lymphocytes to 

activate B-lymphocytes. Reactor agents cor-

respond to phagocytes that have antibodies to 

destroy the antigen.  

Let us distinguish the following steps of 

incident management with an immune intelli-

gent system:  

1) Identification by the detection agents of 

any abnormal input; 

2) Recognition of abnormal input as a cer-

tain type of incident by the identifying agents, 

provided the appropriate signature is found in 

the knowledge base, or identification of the 
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abnormality with respect to the behavioral 

reference;  

3) The response subsystem receives a sig-

nal from the IDS about an identified known 

or unknown incident;  

4) Identification of the attacker's incident 

threat set, provided there is a correlation in 

the knowledge base between the characteris-

tics of the received incident signal and the 

records of the incorrect data sets;  

5) Decision-making regarding the selection 

of an incident-oriented set of protection 

mechanisms;  

6) Issuance of a control signal by the pro-

cessing subsystem to respondent agents re-

garding incident handling with an incident-

oriented set of protection mechanisms;  

For the system to work as a single organ-

ism, the agents must provide homeostatic 

regulation of the system as a whole. 

Conclusions 

The implementation of IS algorithms is 

possible using the agent-based technologies, 

it is the agents that detect errors, each agent 

performs a different function.  

Implementation of this system is planned 

in the Python programming language. 
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ʉʀʉʊɽʄ ɼʃʗ ʀʅʌʆʈʄɸʎʀʆʅʅʆʁ ʉʀʉʊɽʄʓ ʅɸ ɾɽʃɽɿʅʆʁ ɼʆʈʆɻɽ 

 

ʄ.ʇ. ʃʳʢʦʚʘ, ʤʘʛʠʩʪʨʘʥʪ 

ʅʘʫʯʥʳʝ ʨʫʢʦʚʦʜʠʪʝʣʠ: ɸ.ɸ. ʋʣʘʥʦʚ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʀ.ʉ. ɺʦʣʝʛʞʘʥʠʥʘ, ʜ-ʨ ʧʝʜ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʉʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʫʪʝʡ ʩʦʦʙʱʝʥʠʷ 

(ʈʦʩʩʠʷ, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ) 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʦʥʮʝʧʮʠʷ çʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʠʤʤʫʥʥʳʭ ʘʣ-

ʛʦʨʠʪʤʦʚè ʚ ʢʦʥʪʝʢʩʪʝ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʥʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʤ ʪʨʘʥʩʧʦʨʪʝ. ɺ ʩʪʘʪʴʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʦʪʦʢ ʜʘʥʥʳʭ, ʩʚʷʟʘʥʥʳʡ ʩ ʦʙʨʘʙʦʪʢʦʡ ʪʨʘʥʟʠʪʥʳʭ ʞʝʣʝʟʥʦʜʦʨʦʞ-

ʥʳʭ ʚʘʛʦʥʦʚ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʥʘ ʩʦʨʪʠʨʦʚʦʯʥʦʡ ʩʪʘʥʮʠʠ. ʆʧʠʩʘʥʳ ʪʠʧʠʯʥʳʝ ʙʠʟʥʝʩ-

ʧʨʦʮʝʩʩʳ. ʆʰʠʙʢʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʪʠʧʠʯʥʳʭ ʙʠʟ-

ʥʝʩ-ʧʨʦʮʝʩʩʦʚ, ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ. ʆʧʠʩʘʥʳ ʧʨʠʥʮʠʧʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠʤʤʫʥʥʳʭ ʠʥ-

ʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ. ɹʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʘʢʠʭ ʩʠʩʪʝʤ 

ʜʣʷ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʦʪʦʢʦʚ ʜʘʥʥʳʭ ʚ ʀʉ ʆɸʆ çʈɾɼè. ʇʨʠ ʥʘʧʠʩʘʥʠʠ ʨʘʙʦʪʳ ʠʩʧʦʣʴʟʦʚʘ-

ʣʠʩʴ ʪʘʢʠʝ ʤʝʪʦʜʳ, ʢʘʢ ʩʙʦʨ ʠ ʘʥʘʣʠʟ ʠʥʬʦʨʤʘʮʠʠ, ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ. ʆʩʥʦʚʥʦʡ ʚʳʚʦʜ 

ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʠʤʤʫʥʥʳʝ ʩʠʩʪʝʤʳ ʷʚʣʷʶʪʩʷ ʭʦʨʦ-

ʰʠʤ ʩʧʦʩʦʙʦʤ ʨʘʟʚʠʪʠʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʚ ʙʫʜʫʱʝʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ 

ʆɸʆ çʈɾɼè ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʦʚʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʤʤʫʥʥʳʝ ʘʣʛʦʨʠʪʤʳ, ʠʤʤʫʥʥʳʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ, ʟʘ-

ʱʠʪʘ ʜʘʥʥʳʭ, ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʦʙʥʘʨʫʞʝʥʠʝ ʚʪʦʨʞʝʥʠʡ. 
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ɸʥʥʦʪʘʮʠʷ. ʅʝʬʪʝʛʘʟʦʚʘʷ ʦʪʨʘʩʣʴ ʷʚʣʷʝʪʩʷ ʞʠʟʥʝʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʧʨʘʢʪʠʯʝʩʢʠ ʜʣʷ 

ʚʩʝʭ ʦʪʨʘʩʣʝʡ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʩʦʩʪʘʚʣʷʝʪ ʦʩʥʦʚʫ ʵʢʦʥʦʤʠʢʠ ʩʪʨʘʥʳ, ʬʦʨʤʠ-

ʨʫʷ ʧʨʠ ʵʪʦʤ ʦʙʲʝʤʳ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʜʦʙʳʚʘ-

ʝʤʳʭ ʠ ʧʦʪʨʝʙʣʷʝʤʳʭ ʦʙʲʝʤʦʚ ʥʝʬʪʠ ʠ ʛʘʟʘ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʦʨʛʘʥʠʟʘ-

ʮʠʦʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʝʬʪʝʛʘʟʦʚʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʚʠʜʘ. ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʳʭ ʤʝʩʪʦ-

ʨʦʞʜʝʥʠʡ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʳʤ ʠ ʤʥʦʛʦʛʨʘʥʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʪʨʝʙʫʶʱʠʤ ʥʝ ʪʦʣʴʢʦ ʪʝʭʥʠ-

ʯʝʩʢʦʡ ʢʦʤʧʝʪʝʥʮʠʠ, ʥʦ ʠ ʫʯʝʪʘ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ. ʆʙʫʩʪʨʦʡʩʪʚʦ ʤʝʩʪʦ-

ʨʦʞʜʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʩʪʨʦʠʪʝʣʴʥʦ-ʤʦʥʪʘʞʥʳʭ ʨʘʙʦʪ, ʦʨʛʘʥʠ-

ʟʘʮʠʦʥʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʨʘʟʨʘʙʦʪʦʢ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʫʶ ʠ ʢʘ-

ʯʝʩʪʚʝʥʥʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʀʥʬʨʘʩʪʨʫʢʪʫʨʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʳʭ 

ʯʘʩʪʝʡ ʦʙʫʩʪʨʦʡʩʪʚʘ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʊʘʢʞʝ ʚ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʠ ʧʨʝʜ-

ʣʦʞʝʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ 

ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʅʝʬʪʝʛʘʟʦʚʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʠʛʨʘʝʪ ʙʦʣʴʰʫʶ 

ʨʦʣʴ ʚ ʥʘʰʝ ʚʨʝʤʷ, ʧʦʵʪʦʤʫ ʫʚʝʣʠʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʝʝ ʨʘʙʦʪʳ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʨʘʟ-

ʚʠʪʠʝ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʟʘʜʘʯ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʩʪʦʨʦʞʜʝʥʠʝ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʧʣʘʥʠʨʦʚʘʥʠʝ, 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʦʨʛʘʥʠʟʘʮʠʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʳʝ, ʩʪʨʦʠʪʝʣʴʥʦ-

ʤʦʥʪʘʞʥʳʝ. 

 

ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʳʭ ʤʝ-

ʩʪʦʨʦʞʜʝʥʠʡ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʳʤ ʠ ʤʥʦʛʦ-

ʛʨʘʥʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʪʨʝʙʫʶʱʠʤ ʥʝ ʪʦʣʴʢʦ 

ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʤʧʝʪʝʥʮʠʠ, ʥʦ ʠ ʫʯʝʪʘ ʦʨ-

ʛʘʥʠʟʘʮʠʦʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ. ʂʘʞʜʳʡ 

ʵʪʘʧ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ï ʦʪ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦ-

ʝʢʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʜʦ ʚʚʦʜʘ ʦʙʲʝʢʪʘ ʚ 

ʵʢʩʧʣʫʘʪʘʮʠʶ ï ʪʨʝʙʫʝʪ ʛʨʘʤʦʪʥʦʛʦ ʧʣʘ-

ʥʠʨʦʚʘʥʠʷ ʠ ʢʦʦʨʜʠʥʘʮʠʠ ʜʝʡʩʪʚʠʡ ʨʘʟ-

ʣʠʯʥʳʭ ʩʪʨʫʢʪʫʨ.  

ʆʨʛʘʥʠʟʘʮʠʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʛʘʟʦʢʦʥʜʝʥ-

ʩʘʪʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦ-

ʙʦʡ ʩʣʦʞʥʫʶ ʩʠʩʪʝʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʨʘʟʣʠʯʥʳʭ ʫʯʘʩʪʥʠʢʦʚ ʧʨʦʮʝʩʩʘ: ʟʘʢʘʟʯʠ-

ʢʘ, ʧʦʜʨʷʜʯʠʢʦʚ, ʧʦʩʪʘʚʱʠʢʦʚ ʦʙʦʨʫʜʦʚʘ-

ʥʠʷ ʠ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʦʨʛʘ-

ʥʦʚ ʠ ʜʨʫʛʠʭ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʩʪʨʫʢʪʫʨ. 

ʆʜʠʥ ʠʟ ʢʣʶʯʝʚʳʭ ʘʩʧʝʢʪʦʚ ʫʩʧʝʰʥʦʡ ʨʝ-

ʘʣʠʟʘʮʠʠ ʪʘʢʠʭ ʧʨʦʝʢʪʦʚ ï ʵʪʦ ʵʬʬʝʢʪʠʚ-

ʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʠ ʢʦʦʨʜʠʥʘʮʠʷ ʜʝʡʩʪʚʠʡ 

ʤʝʞʜʫ ʚʩʝʤʠ ʫʯʘʩʪʥʠʢʘʤʠ ʧʨʦʮʝʩʩʘ. ɺ 

ʩʪʘʪʴʝ ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʳʭ ʤʝʩʪʦ-

ʨʦʞʜʝʥʠʡ ʠ ʚʳʷʚʠʤ ʬʘʢʪʦʨʳ, ʢʦʪʦʨʳʝ 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʦʧʪʠ-

ʤʘʣʴʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ. 

ɺʚʝʜʝʥʠʝ ʚ ʘʥʘʣʠʟ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʛʘʟʦʢʦʥʜʝʥ-

ʩʘʪʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʆʙʫʩʪʨʦʡʩʪʚʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʩʪʨʦʠʪʝʣʴʥʦ-

ʤʦʥʪʘʞʥʳʭ ʨʘʙʦʪ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-

ʪʝʭʥʠʯʝʩʢʠʭ ʨʘʟʨʘʙʦʪʦʢ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝ-

ʯʠʚʘʶʪ ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʫʶ ʠ ʢʘʯʝ-

ʩʪʚʝʥʥʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ ʤʝʩʪʦʨʦʞʜʝ-

ʥʠʷ [1]. 

ʆʜʥʦʡ ʠʟ ʚʘʞʥʳʭ ʯʘʩʪʝʡ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʠʥʬʨʘʩʪʨʫʢʪʫ-

ʨʘ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝ-

ʙʷ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʜʦʨʦʛ ʠ ʨʘʟʣʠʯʥʳʭ ʢʦʤ-

ʤʫʥʠʢʘʮʠʡ, ʧʨʦʤʳʰʣʝʥʥʳʝ ʟʜʘʥʠʷ ʠ ʩʦ-

ʦʨʫʞʝʥʠʷ. ʊʘʢʞʝ ʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʚʭʦʜʠʪ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʚʘʭʪʦʚʳʭ ʞʠʣʳʭ, ʘʜʤʠʥʠ-
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ʩʪʨʘʪʠʚʥʦ-ʙʳʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʧʦʞʘʨʥʳʭ 

ʜʝʧʦ [1]. 

ɸʥʘʣʠʟ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʝʬʪʝʛʘʟʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝ-

ʥʠʡ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʵʪʘʧʦʤ ʚ ʨʘʟʨʘʙʦʪʢʝ 

ʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʦʚ ʧʦ ʜʦʙʳʯʝ ʧʨʠʨʦʜ-

ʥʦʛʦ ʛʘʟʘ. ɺʚʝʜʝʥʠʝ ʚ ʘʥʘʣʠʟ ʦʨʛʘʥʠʟʘʮʠ-

ʦʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʛʘʟʦ-

ʢʦʥʜʝʥʩʘʪʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʟʚʦʣʷʝʪ 

ʦʧʨʝʜʝʣʠʪʴ ʢʣʶʯʝʚʳʝ ʬʘʢʪʦʨʳ, ʢʦʪʦʨʳʝ 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ 

ʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʙʦʪ. 

ʇʝʨʚʳʤ ʰʘʛʦʤ ʚ ʘʥʘʣʠʟʝ ʷʚʣʷʝʪʩʷ ʠʟʫ-

ʯʝʥʠʝ ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʕʪʦ ʚʢʣʶʯʘʝʪ 

ʦʮʝʥʢʫ ʟʘʧʘʩʦʚ ʛʘʟʘ ʠ ʢʦʥʜʝʥʩʘʪʘ, ʩʪʝʧʝʥʴ 

ʢʦʤʧʣʝʢʩʥʦʩʪʠ ʜʦʙʳʯʠ, ʥʘʣʠʯʠʝ ʩʧʝʮʠʬʠ-

ʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʊʘʢʞʝ 

ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʬʘʢʪʦʨʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ ï ʜʦʩʪʫʧʥʦʩʪʴ ʪʨʘʥʩ-

ʧʦʨʪʥʦʡ ʩʝʪʠ, ʥʘʣʠʯʠʝ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʠ 

ʧʨʦʯʠʭ ʢʦʤʤʫʥʠʢʘʮʠʡ. 

ɼʨʫʛʠʤ ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʷʚʣʷʝʪʩʷ ʚʳ-

ʙʦʨ ʧʦʜʭʦʜʷʱʝʡ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʚʝʜʝ-

ʥʠʝ ʨʘʙʦʪ ʩʠʣʘʤʠ ʩʘʤʦʡ ʢʦʤʧʘʥʠʠ ʠʣʠ 

ʧʨʠʚʣʝʯʝʥʠʝ ʧʦʜʨʷʜʯʠʢʦʚ. ʇʨʠ ʵʪʦʤ ʥʝʦʙ-

ʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʦʨʜʠʥʘ-

ʮʠʠ ʨʘʙʦʪ, ʦʙʝʩʧʝʯʝʥʠʝ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ 

ʠ ʩʦʙʣʶʜʝʥʠʷ ʩʨʦʢʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʘʥʘʣʠʟʝ ʛʣʘʚʥʳʤ 

ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʨʠʩʢʦʚ. ʕʪʦ ʛʝʦʣʦ-

ʛʠʯʝʩʢʠʡ ʨʠʩʢ ï ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʚ ʟʘʧʘ-

ʩʘʭ ʠʣʠ ʩʣʦʞʥʦʩʪʠ ʚ ʙʫʨʝʥʠʠ ʩʢʚʘʞʠʥ, 

ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʨʠʩʢʠ ï ʠʟʤʝʥʝʥʠʝ ʮʝʥ ʥʘ 

ʵʥʝʨʛʦʥʦʩʠʪʝʣʠ ʠʣʠ ʠʥʬʣʷʮʠʶ 

ʆʧʨʝʜʝʣʝʥʠʝ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʦʨʛʘ-

ʥʠʟʘʮʠʦʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚ ʩʪʨʦʠʪʝʣʴ-

ʩʪʚʝ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʆʧʨʝʜʝʣʝʥʠʝ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʦʨʛʘʥʠ-

ʟʘʮʠʦʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ 

ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠʛʨʘʶʪ 

ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʵʬʬʝʢʪʠʚʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ 

ʧʨʦʮʝʩʩʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʆʨʛʘʥʠʟʘʮʠʦʥʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢ ʥʘʙʦʨ 

ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ ʭʦʜ ʠ ʨʝ-

ʟʫʣʴʪʘʪʳ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʦʝʢʪʘ. 

ʇʨʠ ʘʥʘʣʠʟʝ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʦʩʦʙʝʥ-

ʥʦʩʪʝʡ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʪʘʢʠʝ ʬʘʢʪʦʨʳ, 

ʢʘʢ ʨʘʟʤʝʨ ʠ ʩʣʦʞʥʦʩʪʴ ʧʨʦʝʢʪʘ, ʜʦʩʪʫʧ-

ʥʦʩʪʴ ʤʝʩʪʦʨʘʩʧʦʣʦʞʝʥʠʷ, ʥʘʣʠʯʠʝ ʪʝʭʥʠ-

ʯʝʩʢʠʭ ʠ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʧʨʝʧʷʪʩʪʚʠʡ, 

ʪʨʝʙʦʚʘʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ 

ʜʨʫʛʠʝ. ʂʨʦʤʝ ʪʦʛʦ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳ-

ʚʘʪʴ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʪʨʦʠ-

ʪʝʣʴʩʪʚʫ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʳʭ ʤʝʩʪʦʨʦʞʜʝ-

ʥʠʡ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠ-

ʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʪʝʭʥʦʣʦʛʠʡ. 

ʆʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʤʦʛʫʪ 

ʙʳʪʴ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʳ ʧʦ ʨʘʟʣʠʯʥʳʤ 

ʢʨʠʪʝʨʠʷʤ. ʅʘʧʨʠʤʝʨ, ʧʦ ʩʪʝʧʝʥʠ ʩʣʦʞʥʦ-

ʩʪʠ ʧʨʦʝʢʪʘ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ 

ʢʘʪʝʛʦʨʠʠ: ʧʨʦʩʪʳʝ (ʥʝʙʦʣʴʰʠʝ ʦʙʲʝʢʪʳ ʩ 

ʤʠʥʠʤʘʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʠʥʞʝʥʝʨʥʳʭ 

ʩʠʩʪʝʤ), ʩʨʝʜʥʠʝ (ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ ʦʙʲʝʢ-

ʪʳ ʩ ʫʤʝʨʝʥʥʦʡ ʩʣʦʞʥʦʩʪʴʶ) ʠ ʩʣʦʞʥʳʝ 

(ʢʨʫʧʥʳʝ ʦʙʲʝʢʪʳ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ 

ʪʝʭʥʠʯʝʩʢʦʡ ʩʣʦʞʥʦʩʪʠ) [4]. 

ʆʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʤʦʛʫʪ 

ʙʳʪʴ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʳ ʧʦ ʪʠʧʫ ʩʪʨʦʠ-

ʪʝʣʴʩʪʚʘ. ʅʘʧʨʠʤʝʨ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʥʘ ʟʝ-

ʣʝʥʳʭ ʧʦʣʷʭ (ʙʝʟ ʥʘʣʠʯʠʷ ʩʫʱʝʩʪʚʫʶʱʝʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ), ʨʝʢʦʥʩʪʨʫʢʮʠʷ (ʤʦʜʝʨ-

ʥʠʟʘʮʠʷ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʦʙʲʝʢʪʦʚ) ʠ 

ʨʘʩʰʠʨʝʥʠʝ (ʫʚʝʣʠʯʝʥʠʝ ʤʦʱʥʦʩʪʝʡ ʫʞʝ 

ʜʝʡʩʪʚʫʶʱʠʭ ʦʙʲʝʢʪʦʚ). 

ɸʥʘʣʠʟ ʨʦʣʠ ʠ ʚʣʠʷʥʠʷ ʦʨʛʘʥʠʟʘʮʠ-

ʦʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʳʭ ʤʝʩʪʦ-

ʨʦʞʜʝʥʠʡ 

ɸʥʘʣʠʟ ʨʦʣʠ ʠ ʚʣʠʷʥʠʷ ʦʨʛʘʥʠʟʘʮʠʦʥ-

ʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʪʨʦ-

ʠʪʝʣʴʩʪʚʘ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʳʭ ʤʝʩʪʦʨʦʞʜʝ-

ʥʠʡ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʜʣʷ ʫʩʧʝʰ-

ʥʦʛʦ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʨʦʝʢʪʦʚ ʜʘʥʥʦʛʦ ʪʠ-

ʧʘ. ʆʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʪʘʢʠʝ 

ʢʘʢ ʩʪʨʫʢʪʫʨʘ ʠ ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʝʢʪʦʤ, ʢʚʘ-

ʣʠʬʠʢʘʮʠʷ ʧʝʨʩʦʥʘʣʘ, ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʩ 

ʧʦʜʨʷʜʯʠʢʘʤʠ ʠ ʢʦʤʘʥʜʥʘʷ ʨʘʙʦʪʘ, ʠʤʝʶʪ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʢʦʨʦʩʪʴ ʠ ʢʘʯʝ-

ʩʪʚʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ [2]. 

ʇʝʨʚʳʤ ʘʩʧʝʢʪʦʤ, ʢʦʪʦʨʳʡ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ, ʷʚʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ʠ 

ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʝʢʪʦʤ. ɺʘʞʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʯʝʪʢʫʶ ʦʨʛʘʥʠʟʘʮʠʦʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʩ ʯʝʪ-

ʢʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ 

ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʫʨʦʚʥʷʤʠ ʫʧʨʘʚʣʝʥʠʷ. 

ʂʨʦʤʝ ʪʦʛʦ, ʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʠ ʪʝʭʥʦʣʦʛʠʡ 

ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʩʚʦʝʚʨʝʤʝʥʥʳʡ ʦʙ-

ʤʝʥ ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʦʪʜʝʣʘʤʠ 

ʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ 

ʦʧʝʨʘʪʠʚʥʦʤʫ ʧʨʠʥʷʪʠʶ ʨʝʰʝʥʠʡ. 
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ɺʪʦʨʳʤ ʘʩʧʝʢʪʦʤ ʷʚʣʷʝʪʩʷ ʢʚʘʣʠʬʠʢʘ-

ʮʠʷ ʧʝʨʩʦʥʘʣʘ. ʅʘʣʠʯʠʝ ʜʦʩʪʘʪʦʯʥʦʛʦ ʯʠʩ-

ʣʘ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʠ-

ʩʪʦʚ ʚ ʦʙʣʘʩʪʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʧʨʦʝʢʪʠʨʦ-

ʚʘʥʠʷ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ 

ʫʩʧʝʰʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ. ʂʨʦʤʝ ʪʦʛʦ, 

ʧʦʩʪʦʷʥʥʦʝ ʦʙʫʯʝʥʠʝ ʠ ʧʦʚʳʰʝʥʠʝ ʢʚʘʣʠ-

ʬʠʢʘʮʠʠ ʧʝʨʩʦʥʘʣʘ ʧʦʟʚʦʣʷʶʪ ʦʧʝʨʘʪʠʚʥʦ 

ʦʩʚʘʠʚʘʪʴ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʤʝʪʦʜʳ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 

ʊʨʝʪʠʡ ʘʩʧʝʢʪ ï ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʩ ʧʦʜ-

ʨʷʜʯʠʢʘʤʠ. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʦʨʛʘʥʠʟʘʮʠ-

ʦʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʛʘ-

ʟʦʢʦʥʜʝʥʩʘʪʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ ʨʘʟ-

ʣʠʯʥʳʭ ʨʝʛʠʦʥʘʭ 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʦʨʛʘʥʠʟʘʮʠʦʥ-

ʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʛʘʟʦʢʦ-

ʥʜʝʥʩʘʪʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ 

ʨʝʛʠʦʥʘʭ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ʜʘʥʥʦʡ ʪʝʤʳ. ɺ ʢʘʞʜʦʤ ʨʝʛʠ-

ʦʥʝ ʩʫʱʝʩʪʚʫʶʪ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ, ʢʦʪʦ-

ʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʧʣʘʥʠʨʦ-

ʚʘʥʠʠ ʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʦʚ [2]. 

ʆʜʠʥ ʠʟ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʦʪ-

ʣʠʯʘʪʴʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʘʭ, ï ʵʪʦ ʜʦ-

ʩʪʫʧʥʦʩʪʴ ʪʝʭʥʠʯʝʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. 

ʅʝʢʦʪʦʨʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʘʭʦʜʷʪʩʷ ʚ 

ʫʜʘʣʝʥʥʳʭ ʠ ʥʝʜʦʩʪʫʧʥʳʭ ʨʘʡʦʥʘʭ, ʯʪʦ 

ʩʦʟʜʘʝʪ ʩʣʦʞʥʦʩʪʠ ʩ ʧʦʩʪʘʚʢʦʡ ʦʙʦʨʫʜʦʚʘ-

ʥʠʷ ʠ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʜʨʫʛʠʭ ʩʣʫʯʘʷʭ, 

ʥʘʦʙʦʨʦʪ, ʙʣʠʟʦʩʪʴ ʢ ʛʦʨʦʜʩʢʦʡ ʠʥʬʨʘ-

ʩʪʨʫʢʪʫʨʝ ʦʙʣʝʛʯʘʝʪ ʜʦʩʪʘʚʢʫ ʠ ʦʙʝʩʧʝʯʠ-

ʚʘʝʪ ʣʫʯʰʠʝ ʫʩʣʦʚʠʷ ʜʣʷ ʨʘʙʦʪʳ. 

ʊʘʢʞʝ ʩʪʦʠʪ ʫʯʠʪʳʚʘʪʴ ʢʣʠʤʘʪʠʯʝʩʢʠʝ 

ʫʩʣʦʚʠʷ ʢʘʞʜʦʛʦ ʨʝʛʠʦʥʘ [6]. ʅʘʧʨʠʤʝʨ, 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ ʟʘʩʥʝʞʝʥ-

ʥʦʡ ʠʣʠ ʦʯʝʥʴ ʞʘʨʢʦʡ ʤʝʩʪʥʦʩʪʠ ʪʨʝʙʫʝʪ 

ʧʨʠʤʝʥʝʥʠʷ ʩʧʝʮʠʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 

ʪʝʭʥʦʣʦʛʠʡ. 

ɺʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʧʨʘ-

ʚʦʚʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʛʘʟʦ-

ʢʦʥʜʝʥʩʘʪʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ɺ ʨʘʟʥʳʭ 

ʨʝʛʠʦʥʘʭ ʤʦʛʫʪ ʜʝʡʩʪʚʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ 

ʥʦʨʤʳ ʠ ʧʨʘʚʠʣʘ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʚʣʠʷʪʴ 

ʥʘ ʦʨʛʘʥʠʟʘʮʠʶ ʨʘʙʦʪ. 

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʢʫʣʴʪʫʨʥʳʝ ʠ ʩʦʮʠʘʣʴ-

ʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʢʘʞʜʦʛʦ 

ʨʝʛʠʦʥʘ ʪʘʢʞʝ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ. 

ʈʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ ʦʨʛʘ-

ʥʠʟʘʮʠʦʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚ ʩʪʨʦʠʪʝʣʴ-

ʩʪʚʝ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʆʧʪʠʤʠʟʘʮʠʷ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʦʩʦʙʝʥ-

ʥʦʩʪʝʡ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʬʘʢ-

ʪʦʨʦʤ ʫʩʧʝʰʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ. ɼʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ 

ʨʷʜ ʨʝʢʦʤʝʥʜʘʮʠʡ [7]. 

ɺʦ-ʧʝʨʚʳʭ, ʩʣʝʜʫʝʪ ʧʨʦʚʝʩʪʠ ʪʱʘʪʝʣʴ-

ʥʳʡ ʘʥʘʣʠʟ ʧʦʪʨʝʙʥʦʩʪʝʡ ʠ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʢʦʤʧʘʥʠʠ, ʟʘʜʘʯ ʠ ʮʝʣʝʡ ʧʨʦʝʢʪʘ. ʕʪʦ ʧʦ-

ʤʦʞʝʪ ʦʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ 

ʦʨʛʘʥʠʟʘʮʠʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʨʦʣʝʡ ʠ ʬʫʥʢʮʠʡ ʤʝʞʜʫ ʫʯʘʩʪʥʠʢʘʤʠ ʢʦ-

ʤʘʥʜʳ [5]. 

ɺʦ-ʚʪʦʨʳʭ, ʵʬʬʝʢʪʠʚʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ 

ʠ ʢʦʦʨʜʠʥʘʮʠʷ ʨʘʙʦʪ ʷʚʣʷʶʪʩʷ ʥʝʦʪʲʝʤʣʝ-

ʤʦʡ ʯʘʩʪʴʶ ʦʧʪʠʤʠʟʘʮʠʠ ʦʨʛʘʥʠʟʘʮʠʦʥ-

ʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ. ʉʣʝʜʫʝʪ ʨʘʟʨʘʙʦʪʘʪʴ 

ʜʝʪʘʣʴʥʳʡ ʛʨʘʬʠʢ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʩ 

ʫʯʝʪʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʧʝʨʘʮʠʡ, 

ʚʨʝʤʝʥʠ ʚʳʧʦʣʥʝʥʠʷ ʢʘʞʜʦʛʦ ʵʪʘʧʘ ʠ ʥʝ-

ʦʙʭʦʜʠʤʳʭ ʨʝʩʫʨʩʦʚ. 

ʊʘʢʞʝ ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʷʚʣʷʝʪʩʷ ʧʨʘ-

ʚʠʣʴʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʣʠʮ ʥʘ 

ʢʘʞʜʳʡ ʵʪʘʧ ʧʨʦʝʢʪʘ. ʂʘʞʜʳʡ ʯʣʝʥ ʢʦ-

ʤʘʥʜʳ ʜʦʣʞʝʥ ʠʤʝʪʴ ʯʝʪʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

ʦ ʩʚʦʠʭ ʦʙʷʟʘʥʥʦʩʪʷʭ ʠ ʧʦʣʥʦʤʦʯʠʷʭ, ʯʪʦ-

ʙʳ ʦʙʝʩʧʝʯʠʪʴ ʙʝʩʧʝʨʝʙʦʡʥʦʝ ʚʳʧʦʣʥʝʥʠʝ 

ʨʘʙʦʪ. 

ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʢʦʦʨʜʠʥʘʮʠʠ ʠ ʢʦʤʤʫ-

ʥʠʢʘʮʠʠ ʤʝʞʜʫ ʫʯʘʩʪʥʠʢʘʤʠ ʧʨʦʝʢʪʘ ʨʝ-

ʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʚʨʝʤʝʥʥʳʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʪʘʢʠʝ ʢʘʢ 

ʦʙʣʘʯʥʳʝ ʭʨʘʥʠʣʠʱʘ ʜʘʥʥʳʭ ʠ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ [2]. 

ʅʘʢʦʥʝʮ, ʚʘʞʥʦ ʫʜʝʣʠʪʴ ʜʦʣʞʥʦʝ ʚʥʠ-

ʤʘʥʠʝ ʦʙʫʯʝʥʠʶ ʧʝʨʩʦʥʘʣʘ. ɿʥʘʥʠʷ ʠ 

ʥʘʚʳʢʠ ʢʘʞʜʦʛʦ ʯʣʝʥʘ ʢʦʤʘʥʜʳ ʜʦʣʞʥʳ 

ʙʳʪʴ ʥʘ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ, ʯʪʦʙʳ ʵʬʬʝʢʪʠʚ-

ʥʦ ʚʳʧʦʣʥʷʪʴ ʩʚʦʠ ʟʘʜʘʯʠ ʠ ʧʨʠʥʠʤʘʪʴ 

ʨʝʰʝʥʠʷ ʚ ʩʣʦʞʥʳʭ ʩʠʪʫʘʮʠʷʭ. 
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Abstract. The oil and gas industry is life-supporting for almost all sectors of the national 

economy and forms the basis of the country's economy, while forming the volume of construction 

production depending on the amount of oil and gas produced and consumed. The article consid-

ers the issues of organizational features of the construction of gas condensate fields in the oil 

and gas industry, depending on their type. The construction of gas condensate fields is a complex 

and multifaceted process that requires not only technical competence, but also consideration of 

organizational features. The development of the field is a set of construction and installation 

works, organizational and technical developments that ensure the most rational and high-quality 

operation of the field. Infrastructure is one of the important parts of field development. The arti-

cle also discusses issues and offers recommendations on optimizing organizational features in 

the construction of gas condensate fields. The oil and gas industry plays an important role in our 

time, therefore, increasing the efficiency of its work and economic development is one of the 

main tasks. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ, 

ʧʨʠʤʝʥʷʝʤʳʭ ʧʨʠ ʧʨʠʛʦʪʦʚʣʝʥʠʠ ʢʫʣʠʥʘʨʥʦʡ ʧʨʦʜʫʢʮʠʠ ʠ ʧʦʜʘʯʝ ʙʣʶʜ, ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ 

ʨʝʩʪʦʨʘʥʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʛ. ʉʝʚʘʩʪʦʧʦʣʷ. ɼʘʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʘʞʜʦʡ ʪʝʭʥʦʣʦʛʠʠ. ʅʘ 

ʧʨʝʜʧʨʠʷʪʠʷʭ ʨʝʩʪʦʨʘʥʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ: ɸʨʪ-

ʚʠʟʘʞ, ʌʴʶʞʥ ʢʫʣʠʥʘʨʠʷ, ʂʦʥʬʠ, ʢʫʣʠʥʘʨʥʘʷ ʪʝʭʥʠʢʘ ʉʫ-ʚʠʜ, ʜʝʛʠʜʨʘʪʘʮʠʷ, ʚʘʢʫʫʤʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ, ʧʨʠʛʦʪʦʚʣʝʥʠʝ ʥʘ ʢʘʤʥʝ, ʟʘʤʦʨʘʞʠʚʘʥʠʝ, ʵʤʫʣʴʩʠʬʠʢʘʮʠʷ, ʞʝʣʘʪʠʥʠʟʘʮʠʷ, 

ʩʬʝʨʠʟʘʮʠʷ, ʦʢʫʨʠʚʘʥʠʝ. ʀʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʨʠʚʣʝʯʝʥʠʶ ʛʦʩʪʝʡ, 

ʦʨʠʛʠʥʘʣʴʥʦʡ ʧʦʜʘʯʝ ʙʣʶʜ, ʩʦʢʨʘʱʝʥʠʶ ʚʨʝʤʝʥʠ ʥʘ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʢʫʣʠʥʘʨʥʦʡ ʧʨʦʜʫʢʮʠʠ, 

ʩʦʭʨʘʥʝʥʠʶ ʧʠʱʝʚʦʡ ʮʝʥʥʦʩʪʠ ʧʨʦʜʫʢʮʠʠ, ʧʦʚʳʰʝʥʠʶ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʝʜʧʨʠ-

ʷʪʠʡ ʨʝʩʪʦʨʘʥʥʦʛʦ ʭʦʟʷʡʩʪʚʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʨʝʩʪʦʨʘʥʥʦʝ ʭʦʟʷʡʩʪʚʦ, ɸʨʪ-ʚʠʟʘʞ, 

ʪʝʭʥʦʣʦʛʠʷ ʂʦʥʬʠ, ʌʴʶʞʥ ʢʫʣʠʥʘʨʠʷ, ʙʣʶʜʘ, ʧʦʜʘʯʘ, ʉʫ-ʚʠʜ, ʚʘʢʫʫʤʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʧʝ-

ʢʘʨʩʢʠʡ ʢʘʤʝʥʴ, ʜʝʛʠʜʨʘʪʘʮʠʷ, ʤʦʣʝʢʫʣʷʨʥʘʷ ʢʫʭʥʷ, ʟʘʤʦʨʘʞʠʚʘʥʠʝ, ʵʤʫʣʴʩʠʬʠʢʘʮʠʷ, 

ʞʝʣʘʪʠʥʠʟʘʮʠʷ, ʩʬʝʨʠʟʘʮʠʷ, ʦʢʫʨʠʚʘʥʠʝ, ʞʠʜʢʠʡ ʘʟʦʪ. 

 

ʈʝʩʪʦʨʘʥʥʦʝ ʭʦʟʷʡʩʪʚʦ ʛʦʨʦʜʘ ʉʝʚʘ-

ʩʪʦʧʦʣʷ ʨʘʟʚʠʚʘʝʪʩʷ. ʉʪʘʥʦʚʠʪʩʷ ʚʩʝ 

ʩʣʦʞʥʝʝ ʢʦʥʢʫʨʠʨʦʚʘʪʴ. ʄʥʦʛʠʝ ʧʨʝʜ-

ʧʨʠʷʪʠʷ ʨʝʩʪʦʨʘʥʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʥʘʯʠʥʘ-

ʶʪ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʥʥʦʚʘʮʠʦʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʚʦʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩ ʮʝʣʴʶ 

ʩʦʢʨʘʱʝʥʠʷ ʚʨʝʤʝʥʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʫʣʠ-

ʥʘʨʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʠ ʧʨʠʚʣʝʯʝʥʠʷ ʥʦʚʦʛʦ 

ʧʦʩʝʪʠʪʝʣʷ.  

ʉʦʛʣʘʩʥʦ ʌʝʜʝʨʘʣʴʥʦʤʫ ʟʘʢʦʥʫ çʆ ʚʥʝ-

ʩʝʥʠʠ ʠʟʤʝʥʝʥʠʡ ʚ ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ çʆ 

ʥʘʫʢʝ ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʦʡ ʧʦʣʠʪʠʢʝè ʦʪ 21.07.2011 

N 254, ʠʥʥʦʚʘʮʠʠ ï ʵʪʦ ʚʚʝʜʝʥʥʳʡ ʚ ʫʧʦ-

ʪʨʝʙʣʝʥʠʝ ʥʦʚʳʡ ʠʣʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯ-

ʰʝʥʥʳʡ ʧʨʦʜʫʢʪ (ʪʦʚʘʨ, ʫʩʣʫʛʘ) ʠʣʠ ʧʨʦ-

ʮʝʩʩ, ʥʦʚʳʡ ʤʝʪʦʜ ʧʨʦʜʘʞ ʠʣʠ ʥʦʚʳʡ ʦʨ-

ʛʘʥʠʟʘʮʠʦʥʥʳʡ ʤʝʪʦʜ ʚ ʜʝʣʦʚʦʡ ʧʨʘʢʪʠʢʝ, 

ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʯʠʭ ʤʝʩʪ ʠʣʠ ʚʦ ʚʥʝʰʥʠʭ 

ʩʚʷʟʷʭ [1]. 

ʈʘʩʩʤʦʪʨʠʤ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦ-

ʛʠʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʠ ʧʦ-

ʜʘʯʝ ʧʨʦʜʫʢʮʠʠ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʧʠʪʘʥʠʷ, 

ʚʩʪʨʝʯʘʝʤʳʝ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʨʝʩʪʦʨʘʥʥʦ-

ʛʦ ʭʦʟʷʡʩʪʚʘ ʛ. ʉʝʚʘʩʪʦʧʦʣʷ. 

ʏʘʱʝ ʚʩʝʛʦ ʵʪʦ ʢʘʩʘʝʪʩʷ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʥʦʚʳʭ ʩʧʦʩʦʙʦʚ ʦʙ-

ʨʘʙʦʪʢʠ. ʇʨʠ ʚʳʙʦʨʝ ʢʘʢʦʡ-ʣʠʙʦ ʠʥʥʦʚʘ-

ʮʠʠ ʧʨʝʜʧʨʠʷʪʠʷ ʨʫʢʦʚʦʜʩʪʚʫʶʪʩʷ ʨʷʜʦʤ 

ʬʘʢʪʦʨʦʚ: ʧʨʝʜʣʘʛʘʝʤʘʷ ʢʫʭʥʷ, ʦʙʲʝʤ ʛʦ-

ʪʦʚʦʡ ʢʫʣʠʥʘʨʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʢʦʥʪʠʥʛʝʥʪ, 

ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʦʩʥʘʱʝʥʥʦʩʪʴ. 

ɺʝʩʴʤʘ ʧʦʧʫʣʷʨʥʘ, ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʨʝ-

ʩʪʦʨʘʥʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʛ. ʉʝʚʘʩʪʦʧʦʣʷ ʪʘʢʘʷ 

ʪʝʭʥʦʣʦʛʠʷ, ʢʘʢ ɸʨʪ-ʚʠʟʘʞ. ʕʪʦ ʪʝʭʥʦʣʦ-

ʛʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʶ ʠʩʢʫʩʩʪʚʦ ʧʨʦʬʝʩ-

ʩʠʦʥʘʣʴʥʦ ʫʢʨʘʰʘʪʴ ʙʣʶʜʦ. ɹʣʘʛʦʜʘʨʷ 

ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ ʙʣʶʜʦ ʚʳʛʣʷʜʠʪ ʵʩʪʝʪʠʯ-

ʥʦ, ʘʧʧʝʪʠʪʥʦ ʠ ʦʨʠʛʠʥʘʣʴʥʦ. ʅʝʦʙʭʦʜʠʤʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʝʤʘʣʦʚʘʞʥʫʶ ʨʦʣʴ ʧʨʠ 

ʵʪʦʤ ʠʛʨʘʝʪ ʩʦʯʝʪʘʥʠʝ ʮʚʝʪʦʚ ʧʨʦʜʫʢʪʦʚ ʠ 

ʠʥʛʨʝʜʠʝʥʪʦʚ ʙʣʶʜʘ. ɻʦʩʪʷʤ ʥʨʘʚʠʪʩʷ ʪʘ-

ʢʦʡ ʧʦʜʭʦʜ ʢ ʦʬʦʨʤʣʝʥʠʶ ʙʣʶʜ. 

ʇʨʘʢʪʠʯʝʩʢʠ 70% ʧʨʝʜʧʨʠʷʪʠʡ 

ʛ. ʉʝʚʘʩʪʦʧʦʣʷ ʠʩʧʦʣʴʟʫʶʪ ʌʴʶʞʥ ʢʫʣʠ-

ʥʘʨʠʶ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚ ʦʜ-

ʥʦʤ ʙʣʶʜʝ ʩʦʯʝʪʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʠʥʛʨʝʜʠ-

ʝʥʪʦʚ ʠ ʪʝʭʥʠʢ ʧʨʠʛʦʪʦʚʣʝʥʠʷ, ʧʨʠʩʫʱʠʝ 

ʨʘʟʥʳʤ ʢʫʭʥʷʤ ʤʠʨʘ. ɿʜʝʩʴ ʚ ʧʨʠʛʦʪʦʚʣʝ-

ʥʠʠ ʙʣʶʜ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʦʜʫʢʪʳ, ʢʦʪʦ-

ʨʳʝ ʢʘʞʫʪʩʷ ʥʝ ʩʦʯʝʪʘʝʤʳʤʠ. ʅʦ ʧʨʠ ʵʪʦʤ 

ʦʙʨʘʱʘʶʪ ʚʥʠʤʘʥʠʝ ʥʘ ʛʘʨʤʦʥʠʯʥʦʩʪʴ ʩʦ-

ʯʝʪʘʥʠʷ ʠʥʛʨʝʜʠʝʥʪʦʚ, ʩʧʝʮʠʠ ʠ ʧʨʷʥʦ-

ʩʪʝʡ. ʊʘʢ ʩʦʟʜʘʶʪʩʷ ʫʥʠʢʘʣʴʥʳʝ ʬʠʨʤʝʥ-
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ʥʳʝ ʙʣʶʜʘ ʩ ʠʥʪʝʨʝʩʥʳʤ ʚʢʫʩʦʤ ʠ ʘʨʦʤʘ-

ʪʦʤ, ʯʪʦ ʧʨʠʚʣʝʢʘʝʪ ʧʦʩʝʪʠʪʝʣʝʡ. 

ʅʝʢʦʪʦʨʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʨʝʩʪʦʨʘʥʥʦʛʦ 

ʭʦʟʷʡʩʪʚʘ ʩ ʝʚʨʦʧʝʡʩʢʦʡ ʢʫʭʥʝʡ ʠʩʧʦʣʴ-

ʟʫʶʪ ʪʝʭʥʦʣʦʛʠʶ ʂʦʥʬʠ, ʜʣʷ ʧʨʠʛʦʪʦʚʣʝ-

ʥʠʷ ʠʟʳʩʢʘʥʥʳʭ ʙʣʶʜ. ʇʨʠ ʪʘʢʦʡ ʪʝʭʥʦʣʦ-

ʛʠʠ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʧʨʦʜʫʢʪ ʤʘʨʠʥʫʶʪ, ʘ 

ʟʘʪʝʤ ʧʦʣʥʦʩʪʴʶ ʧʦʛʨʫʞʘʶʪ ʚ ʞʠʨ ʠ ʤʝʜ-

ʣʝʥʥʦ ʪʦʤʷʪ ʧʨʠ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (ʥʠ-

ʞʝ 1000ʉ). ʊʘʢʫʶ ʪʝʭʥʦʣʦʛʠʶ ʠʩʧʦʣʴʟʫʶʪ 

ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʤʷʩʘ, ʧʨʠ ʵʪʦʤ ʙʣʶʜʦ 

ʙʫʜʝʪ ʦʪʣʠʯʘʪʴʩʷ ʘʨʦʤʘʪʦʤ ʠ ʩʦʯʥʦʩʪʴʶ. 

ɺʩʝ ʯʘʱʝ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʦʙʱʝʩʪʚʝʥ-

ʥʦʛʦ ʧʠʪʘʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʫʣʠʥʘʨʥʘʷ 

ʪʝʭʥʠʢʘ ʉʫ-ʚʠʜ. ʊʘʢʦʡ ʤʝʪʦʜ ʧʨʠʛʦʪʦʚʣʝ-

ʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʦʜʫʢʪ ʚʘʢʫ-

ʫʤʠʨʫʶʪ ʠ ʤʝʜʣʝʥʥʦ ʛʦʪʦʚʷʪ ʥʘ ʚʦʜʷʥʦʡ 

ʙʘʥʝ, ʠʩʧʦʣʴʟʫʷ ʪʦʯʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ. ʕʪʦʪ 

ʤʝʪʦʜ ʠʤʝʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ: ʧʨʦʜʫʢʪ 

ʨʘʚʥʦʤʝʨʥʦ ʧʨʦʛʨʝʚʘʝʪʩʷ, ʩʦʭʨʘʥʷʝʪ ʙʠʦ-

ʣʦʛʠʯʝʩʢʫʶ ʮʝʥʥʦʩʪʴ, ʩʦʯʥʦʩʪʴ, ʝʩʪʝ-

ʩʪʚʝʥʥʳʡ ʚʢʫʩ ʠ ʮʚʝʪ, ʚʥʝʰʥʠʡ ʚʠʜ, 

ʫʧʨʦʱʘʝʪ ʧʨʠʛʦʪʦʚʣʝʥʠʝ ʥʝʢʦʪʦʨʳʭ ʙʣʶʜ. 

ʂʫʣʠʥʘʨʥʳʝ ʠʟʜʝʣʠʷ, ʧʨʠʛʦʪʦʚʣʝʥʥʳʝ ʪʘ-

ʢʠʤ ʤʝʪʦʜʦʤ, ʧʨʠʚʣʝʢʘʶʪ ʢʣʠʝʥʪʦʚ, ʢʦʪʦ-

ʨʳʝ ʦʙʨʘʱʘʶʪ ʚʥʠʤʘʥʠʝ ʥʘ ʧʦʣʝʟʥʦʩʪʴ 

ʙʣʶʜʘ. 

ɺʝʩʴʤʘ ʧʦʧʫʣʷʨʥʦʡ ʩʪʘʥʦʚʠʪʩʷ ʜʝʛʠʜ-

ʨʘʪʘʮʠʷ ʧʣʦʜʦʚ ʠ ʦʚʦʱʝʡ, ʪʦ ʝʩʪʴ ʠʭ ʦʙʝʟ-

ʚʦʞʠʚʘʥʠʝ ʚ ʜʝʛʠʜʨʘʪʦʨʘʭ. ʇʨʠ ʪʘʢʦʤ ʩʧʦ-

ʩʦʙʝ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʠʜʝʪ ʫʜʘʣʝʥʠʝ ʚʦʜʳ ʚ 

ʧʨʦʜʫʢʪʝ ʜʦ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʫʨʦʚʥʷ, ʯʪʦʙʳ 

ʙʳʣʘ ʤʠʥʠʤʘʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʤʠʢʨʦʦʨʛʘ-

ʥʠʟʤʦʚ. ʊʘʢʦʡ ʧʨʦʜʫʢʪ ʜʣʠʪʝʣʴʥʦ ʭʨʘʥʠʪ-

ʩʷ ʠ ʩʧʦʩʦʙʝʥ ʢ ʜʘʣʴʥʝʡʰʝʤʫ ʚʦʩʩʪʘʥʦʚ-

ʣʝʥʠʶ. ʏʘʩʪʦ ʚʳʩʫʰʝʥʥʳʝ ʪʘʢʠʤ ʩʧʦʩʦ-

ʙʦʤ ʩʣʘʡʩʳ ʬʨʫʢʪʦʚ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʜʝʢʦ-

ʨʠʨʦʚʘʥʠʷ ʙʣʶʜ ʠ ʥʘʧʠʪʢʦʚ. 

ʈʷʜ ʢʨʫʧʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʨʝʩʪʦʨʘʥʥʦʛʦ 

ʭʦʟʷʡʩʪʚʘ ʛ. ʉʝʚʘʩʪʦʧʦʣʷ ʠʩʧʦʣʴʟʫʶʪ ʚʘ-

ʢʫʫʤʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. ʆʥʠ ʚʘʢʫʫʤʠʨʫʶʪ 

ʟʘʛʦʪʦʚʢʠ ʠ ʛʦʪʦʚʫʶ ʧʨʦʜʫʢ-

ʮʠʶ. ʉʫʱʝʩʪʚʫʝʪ ʪʨʠ ʚʘʨʠʘʥʪʘ ʪʝʭʥʦʣʦ-

ʛʠʠ. ʅʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʠʩʧʦʣʴʟʫʶʪ ʚ ʦʩ-

ʥʦʚʥʦʤ ʜʚʘ ʩʧʦʩʦʙʘ: ʧʨʦʜʫʢʪ ʫʧʘʢʦʚʳʚʘʶʪ 

ʚ ʩʧʝʮʠʘʣʴʥʳʡ ʧʘʢʝʪ, ʠ ʘʧʧʘʨʘʪ ʦʪʢʘʯʠʚʘʝʪ 

ʚʦʟʜʫʭ ʠʟ ʧʘʢʝʪʘ, ʠʣʠ  ʧʨʦʜʫʢʪ ʫʧʘʢʦʚʳ-

ʚʘʶʪ ʚ ʧʘʢʝʪ ʠ ʧʦʤʝʱʘʶʪ ʚ ʩʧʝʮʠʘʣʴʥʫʶ 

ʢʘʤʝʨʫ, ʦʪʢʫʜʘ ʦʪʢʘʯʠʚʘʶʪ ʚʦʟʜʫʭ ʧʨʠ ʧʦ-

ʤʦʱʠ ʥʘʩʦʩʘ.  ʇʨʦʜʫʢʮʠʷ ʚ ʚʘʢʫʫʤʥʦʡ 

ʫʧʘʢʦʚʢʝ ʩʦʭʨʘʥʷʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʩʚʦʠ 

ʚʢʫʩʦʚʳʝ ʩʚʦʡʩʪʚʘ ʠ ʫ ʥʝʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʩʨʦʢ ʭʨʘʥʝʥʠʷ. 

ʅʝʢʦʪʦʨʳʝ ʧʠʮʮʝʨʠʡ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʧʠʮʮʳ ʠ ʣʘʚʘʰʝʡ ʠʩʧʦʣʴʟʫʶʪ ʪʝʭʥʦʣʦʛʠʶ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʥʘ ʧʝʢʘʨʩʢʦʤ ʢʘʤʥʝ. 

ʊʘʢʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ 

ʵʬʬʝʢʪʘ ʨʫʩʩʢʦʡ ʧʝʯʠ. ʉʦʢʨʘʱʘʝʪʩʷ ʚʨʝʤʷ 

ʥʘ ʧʨʠʛʦʪʦʚʣʝʥʠʝ ʢʫʣʠʥʘʨʥʦʡ ʧʨʦʜʫʢʮʠʠ. 

ʄʘʪʝʨʠʘʣʳ, ʠʟ ʢʦʪʦʨʳʭ ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʧʝ-

ʢʘʨʩʢʠʝ ʢʘʤʥʠ, ʦʪʣʠʯʘʶʪʩʷ ʥʠʟʢʦʡ ʪʝʧʣʦ-

ʧʨʦʚʦʜʥʦʩʪʴʶ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʦʙʱʘʷ ʪʝʤ-

ʧʝʨʘʪʫʨʘ ʚʥʫʪʨʠ ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ ʞʘʨʦʯʥʦ-

ʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠʣʠ ʛʘʟʦʚʦʛʦ ʰʢʘʬʘ ʚʳ-

ʨʘʚʥʠʚʘʝʪʩʷ ʥʘ ʚʩʝʭ ʫʨʦʚʥʷʭ ʠ ʦʩʪʘʝʪʩʷ 

ʥʝʠʟʤʝʥʥʦʡ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʧʨʦʮʝʩʩʘ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ [2]. ʀʟʜʝʣʠʷ ʨʘʚʥʦʤʝʨʥʦ 

ʧʨʦʧʝʢʘʶʪʩʷ ʠ ʥʝ ʨʘʩʪʨʝʩʢʠʚʘʶʪʩʷ, ʯʪʦ 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʩʧʨʦʩ. 

ɺ ʥʝʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʤʦʣʝʢʫʣʷʨʥʘʷ ʢʫʭʥʷ ʚ ʧʨʝʜʧʨʠʷʪʠʷʭ ʨʝ-

ʩʪʦʨʘʥʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʛ. ʉʝʚʘʩʪʦʧʦʣʷ. 

ɿʜʝʩʴ ʠʩʧʦʣʴʟʫʶʪ ʚ ʦʩʥʦʚʥʦʤ ʪʘʢʠʝ ʪʝʭʥʦ-

ʣʦʛʠʠ, ʢʘʢ ʟʘʤʦʨʘʞʠʚʘʥʠʝ, ʵʤʫʣʴʩʠʬʠʢʘ-

ʮʠʷ, ʞʝʣʘʪʠʥʠʟʘʮʠʷ, ʩʬʝʨʠʟʘʮʠʷ, ʦʢʫʨʠʚʘ-

ʥʠʝ. ɿʘʤʦʨʘʞʠʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʧʦ-

ʤʦʱʠ ʞʠʜʢʦʛʦ ʘʟʦʪʘ. ɹʣʶʜʦ ʙʳʩʪʨʦ ʟʘʤʦ-

ʨʘʞʠʚʘʝʪʩʷ, ʘ ʘʟʦʪ ʠʩʧʘʨʷʝʪʩʷ, ʧʨʠ ʵʪʦʤ 

ʩʦʭʨʘʥʷʶʪʩʷ ʮʚʝʪ, ʥʘʪʫʨʘʣʴʥʳʡ ʚʢʫʩ ʠ ʧʦ-

ʣʝʟʥʳʝ ʩʚʦʡʩʪʚʘ. ʕʤʫʣʴʩʠʬʠʢʘʮʠʷ ʟʘʢʣʶ-

ʯʘʝʪʩʷ ʚ ʧʨʝʚʨʘʱʝʥʠʠ ʧʨʦʜʫʢʪʦʚ ʚ ʞʠʜ-

ʢʫʶ ʵʤʫʣʴʩʠʶ. ɾʝʣʘʪʠʥʠʟʘʮʠʷ ʧʨʝʜʧʦʣʘ-

ʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʘʛʫʩʪʠʪʝʣʝʡ ʘʛʘʨ-ʘʛʘʨ 

ʠ ʢʘʨʨʘʛʠʥʘʥ. ʉʬʝʨʠʟʘʮʠʷ ʠʩʧʦʣʴʟʫʝʪ ʘʣʴ-

ʛʠʥʘʪ ʥʘʪʨʠʷ, ʢʦʪʦʨʳʡ ʨʘʟʚʦʜʷʪ ʚ ʞʠʜʢʦ-

ʩʪʠ, ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʣʘʢʪʘʪʦʤ ʢʘʣʴ-

ʮʠʷ ʧʦʣʫʯʘʝʪʩʷ ʞʝʣʠʨʫʶʱʝʝ ʚʝʱʝʩʪʚʦ. 

ʆʢʫʨʠʚʘʥʠʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʢʦʧʪʠʣʴʥʦʛʦ ʧʠʩʪʦʣʝʪʘ. ɹʣʶʜʦ ʧʨʠʦʙʨʝʪʘ-

ʝʪ ʚʢʫʩ ʠ ʟʘʧʘʭ ʜʳʤʢʘ. 

ʍʦʯʝʪʩʷ ʦʪʤʝʪʠʪʴ ʚ ʨʷʜʝ ʢʘʬʝ ʠ ʨʝʩʪʦ-

ʨʘʥʦʚ ʥʝʩʪʘʥʜʘʨʪʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʜʘʯʠ 

ʙʣʶʜ, ʢʘʩʘʝʤʳʭ ʧʦʩʫʜʳ. ɿʜʝʩʴ ʠʩʧʦʣʴʟʫʶʪ 

ʘʚʪʦʨʩʢʫʶ ʧʦʩʫʜʫ, ʨʘʟʜʝʣʦʯʥʳʝ ʜʦʩʢʠ, ʧʦ-

ʩʫʜʫ ï ʩʨʝʟ ʜʝʨʝʚʘ, ʧʦʩʫʜʫ ʧʦʜ ʢʦʥʢʨʝʪʥʦʝ 

ʙʣʶʜʦ, ʩʪʘʢʘʥʳ ʠ ʙʦʢʘʣʳ ʜʣʷ ʩʘʣʘʪʦʚ, ʤʝ-

ʪʘʣʣʠʯʝʩʢʠʝ ʚʝʜʝʨʢʠ ʠ ʛʘʟʝʪʫ ʜʣʷ ʨʳʙʳ, 

ʜʦʩʢʠ ʠʟ ʜʫʙʘ ʜʣʷ ʧʦʜʘʯʠ ʩʦʫʩʦʚ ʠ ʟʘʢʫʩʦʢ, 

ʧʦʜʥʦʩ ʤʝʥʘʞʥʠʮʫ ʥʘ ʥʦʞʢʘʭ, ʩʲʝʜʦʙʥʫʶ 

ʧʦʩʫʜʫ. ʇʦʩʫʜʘ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʬʘʢʪʦ-

ʨʦʤ ʬʦʨʤʠʨʫʶʱʠʤ ʠʤʠʜʞ ʨʝʩʪʦʨʘʥʘ. 

ʆʨʠʛʠʥʘʣʴʥʘʷ ʧʦʜʘʯʘ ʙʣʶʜʘ ʚʩʝʛʜʘ ʧʦʣʦ-

ʞʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʦʪʟʳʚʳ ʢʣʠʝʥʪʦʚ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦ-

ʣʦʛʠʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʠ 

ʧʦʜʘʯʝ ʙʣʶʜ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʨʝʩʪʦʨʘʥʥʦ-

ʛʦ ʭʦʟʷʡʩʪʚʘ ʛ. ʉʝʚʘʩʪʦʧʦʣʷ, ʷʚʣʷʶʪʩʷ 

ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʳʤʠ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ. 

ʇʨʠʤʝʥʝʥʠʝ ʵʪʠʭ ʪʝʭʥʦʣʦʛʠʠ ʥʝ ʪʦʣʴʢʦ 

ʧʨʠʚʣʝʢʘʝʪ ʤʝʩʪʥʳʭ ʞʠʪʝʣʝʡ ʠ ʛʦʩʪʝʡ ʛʦ-

ʨʦʜʘ ʉʝʚʘʩʪʦʧʦʣʷ, ʥʦ ʠ ʜʝʣʘʝʪ ʧʨʝʜʧʨʠʷ-

ʪʠʷ ʙʦʣʝʝ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʤʠ. 
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Abstract. The article presents information about innovative technologies used in the prepara-

tion of culinary products and serving dishes at the enterprises of the restaurant industry of Se-
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technique, dehydration, vacuum technologies, cooking on stone, freezing, emulsification, gelati-
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ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʜʟʝʤʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʠʭ 

ʥʦʤʝʥʢʣʘʪʫʨʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʘʟʥʘʯʝʥʠʝʤ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝʤ. ʆʩʥʦʚʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ʘʥʘʣʠʟ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʘʛʨʝʩʩʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʦʜʟʝʤʥʳʝ 

ʩʦʦʨʫʞʝʥʠʷ ʠ ʧʫʪʠ ʠʭ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ. ɸʚʪʦʨʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʙʱʘʷ ʮʝʣʦʩʪʥʘʷ ʢʘʨ-

ʪʠʥʘ ʨʘʟʨʫʰʝʥʠʷ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʧʦʜʟʝʤʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʦʪ ʦʩʥʦʚʥʳʭ ʘʛʨʝʩʩʠʚʥʳʭ 

ʬʘʢʪʦʨʦʚ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʩʦʩʪʦʷʥʠʷ ʢʘʥʘʣʠʟʘʮʠʦʥʥʳʭ ʩʦʦʨʫʞʝʥʠʡ 

ʛ. ʄʦʩʢʚʳ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ ʠ ʦʙʦʙʱʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʦʧʳʪʘ ʧʦʢʘʟʘʥʘ ʩʢʦʨʦʩʪʴ 

ʢʦʨʨʦʟʠʠ ʙʝʪʦʥʘ ʦʙʜʝʣʢʠ ʢʘʥʘʣʠʟʘʮʠʦʥʥʳʭ ʪʦʥʥʝʣʝʡ, ʦʪʤʝʯʝʥʦ, ʯʪʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʬʠʟʠʯʝʩʢʠʤ ʠʟʥʦʩʦʤ ʠ  ʥʫʞʜʘʝʪ-

ʩʷ ʚ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʥʦʚʳʭ ʙʣʦʢʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʜʟʝʤʥʳʝ ʩʦʦʨʫʞʝʥʠʷ, ʥʘʜʝʞʥʦʩʪʴ, ʜʦʣʛʦʚʝʯʥʦʩʪʴ, ʢʘʥʘʣʠʟʘʮʠʷ, 

ʢʦʣʣʝʢʪʦʨ, ʞʝʣʝʟʦʙʝʪʦʥ, ʘʛʨʝʩʩʠʚʥʘʷ ʩʨʝʜʘ, ʢʦʨʨʦʟʠʷ, ʩʨʦʢ ʩʣʫʞʙʳ. 

 

ʉʦʚʨʝʤʝʥʥʘʷ ʩʨʝʜʘ ʦʙʠʪʘʥʠʷ ʯʝʣʦʚʝʢʘ, 

ʝʝ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʢʦʤʬʦʨʪ ʩʦʟʜʘʝʪʩʷ ʨʘʟ-

ʣʠʯʥʳʤʠ ʩʦʦʨʫʞʝʥʠʷʤʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠ-

ʤʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʦʩʥʦʚʥʳʭ ʦʙʱʝ-

ʩʪʚʝʥʥʳʭ ʠʣʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟʤʦʚ, 

ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʢʦʪʦʨʳʭ ʥʘʭʦʜʠʪʩʷ ʧʦʜ 

ʟʝʤʣʝʡ. 

ʇʦʜʟʝʤʥʳʝ ʩʦʦʨʫʞʝʥʠʷ ʧʦʜʨʘʟʜʝʣʷʶʪ 

ʧʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʤʫ ʥʘʟʥʘʯʝʥʠʶ, ʤʘʪʝʨʠ-

ʘʣʘʤ ʢʦʥʩʪʨʫʢʮʠʡ, ʛʣʫʙʠʥʝ ʨʘʩʧʦʣʦʞʝʥʠʷ, 

ʪʝʭʥʦʣʦʛʠʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʚʦʟʤʦʞʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʧʨʠʤʝʥʝʥʠʷ. ʆʩʦʙʝʥʥʦʩʪʴ 

ʢʘʞʜʦʛʦ ʠʟ ʵʪʠʭ ʧʨʠʟʥʘʢʦʚ ʦʢʘʟʳʚʘʝʪ ʥʘ 

ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʩʚʦʡʩʪʚʘ ʟʥʘʯʠʪʝʣʴ-

ʥʦʝ ʚʣʠʷʥʠʝ. ʂ ʧʦʜʟʝʤʥʳʤ ʩʦʦʨʫʞʝʥʠʷʤ 

ʦʪʥʦʩʷʪʩʷ: ʬʫʥʜʘʤʝʥʪʳ ʥʠʞʝ ʧʣʘʥʠʨʦʚʦʯ-

ʥʦʡ ʦʪʤʝʪʢʠ ʟʝʤʣʠ, ʧʦʜʚʘʣʳ ʠ ʮʦʢʦʣʴʥʳʝ 

ʵʪʘʞʠ ʞʠʣʳʭ ʜʦʤʦʚ ʠ ʦʙʱʝʩʪʚʝʥʥʳʭ ʟʜʘ-

ʥʠʡ, ʧʦʜʟʝʤʥʳʝ ʧʘʨʢʦʚʢʠ ʠ ʛʘʨʘʞʠ, ʪʨʘʥʩ-

ʧʦʨʪʥʳʝ ʩʦʦʨʫʞʝʥʠʷ ʛʦʨʦʜʩʢʦʡ ʠʥʬʨʘ-

ʩʪʨʫʢʪʫʨʳ, ʘ ʠʤʝʥʥʦ, ʧʦʜʟʝʤʥʳʝ ʧʝʰʝʭʦʜ-

ʥʳʝ ʧʝʨʝʭʦʜʳ, ʪʦʥʥʝʣʠ ʠ ʪ.ʜ. ʉʶʜʘ ʞʝ 

ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʧʦʜʟʝʤʥʳʝ ʠʥʞʝʥʝʨʥʳʝ 

ʢʦʤʤʫʥʠʢʘʮʠʠ: ʚʦʜʦʩʪʦʯʥʳʝ, ʚʦʜʦʧʨʦʚʦʜ-

ʥʳʝ, ʢʘʥʘʣʠʟʘʮʠʦʥʥʳʝ ʢʦʣʣʝʢʪʦʨʳ ʠ ʪʦʥ-

ʥʝʣʠ, ʩʠʣʦʚʳʝ ʢʘʙʝʣʠ, ʪʝʧʣʦʧʨʦʚʦʜʳ, ʚʦ-

ʜʦʧʨʦʚʦʜʳ ʠ ʜʨʫʛʠʝ ʢʦʤʤʫʥʠʢʘʮʠʠ. ʂʨʠ-

ʪʠʯʝʩʢʠ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʚʳʰʝʥʘʟʚʘʥʥʳʭ 

ʩʦʦʨʫʞʝʥʠʡ ʜʣʷ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ ʛʦʨʦ-

ʜʦʚ ʠ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ʠ ʦʙʫʩʣʦʚʠʣʦ 

ʘʢʪʫʘʣʴʥʦʩʪʴ ʚʳʙʨʘʥʥʦʡ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʪʝʤʳ. 

ʆʜʥʠʤ ʠʟ ʢʨʠʪʝʨʠʝʚ ʥʘʜʝʞʥʦʩʪʠ ʟʜʘʥʠʡ 

ʠ ʩʦʦʨʫʞʝʥʠʡ ʷʚʣʷʝʪʩʷ ʜʦʣʛʦʚʝʯʥʦʩʪʴ, ʭʘ-

ʨʘʢʪʝʨʠʟʫʶʱʘʷʩʷ ʩʦʭʨʘʥʝʥʠʝʤ ʠʭ ʨʘʙʦʪʦ-

ʩʧʦʩʦʙʥʦʩʪʠ ʜʦ ʥʘʩʪʫʧʣʝʥʠʷ ʧʨʝʜʝʣʴʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʠ ʦʮʝʥʠʚʘʝʤʘʷ ʩʨʦʢʦʤ ʩʣʫʞ-

ʙ  rʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʆʢʦʥʯʘʥʠʝ ʩʨʦʢʘ 

ʩʣʫʞʙʳ ʩʯʠʪʘʝʪʩʷ ʚ ʪʦʪ ʤʦʤʝʥʪ, ʢʦʛʜʘ 

ʜʘʣʴʥʝʡʰʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʦʙʲʝʢʪʘ ʩʪʘʥʦ-

ʚʠʪʩʷ ʥʝʜʦʧʫʩʪʠʤʦʡ ʠʣʠ ʥʝʚʦʟʤʦʞʥʦʡ. 

ʊʨʝʙʦʚʘʥʠʷ ʢ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʧʦʜʟʝʤʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʠʟʣʦʞʝʥʳ ʚ [1]. 

ʅʦʤʝʥʢʣʘʪʫʨʘ ʧʦʜʟʝʤʥʳʭ ʦʙʲʝʢʪʦʚ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʭ ʥʘʟʥʘʯʝʥʠʝʤ ʧʨʠʚʝʜʝʥʘ 

ʥʘ ʨʠʩʫʥʢʝ 1. 
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ʈʠʩ. 1. ʅʦʤʝʥʢʣʘʪʫʨʘ ʧʦʜʟʝʤʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʭ ʥʘʟʥʘʯʝʥʠʝʤ 

 

ʇʦʜʟʝʤʥʳʤ ʩʦʦʨʫʞʝʥʠʷʤ ʩ ʫʯʝʪʦʤ ʠʭ 

ʥʘʟʥʘʯʝʥʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʠʩʚʘʠʚʘʝʪʩʷ 

ʢʣʘʩʩ ʂʉ-2, ʪʘʢ ʢʘʢ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ 

ʵʪʦ ʦʙʲʝʢʪʳ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ ʛʦʨʦʜʦʚ ʠ 

ʜʨʫʛʠʭ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ. ʇʨʠ ʧʨʦʝʢʪʠ-

ʨʦʚʘʥʠʠ ʩʦʦʨʫʞʝʥʠʡ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʢʘʪʝ-

ʛʦʨʠʠ ʫʥʠʢʘʣʴʥʳʭ, ʦʩʦʙʦ ʦʧʘʩʥʳʭ ʠ ʪʝʭ-

ʥʠʯʝʩʢʠ ʩʣʦʞʥʳʭ ʦʙʲʝʢʪʦʚ, ʫʩʪʘʥʘʚʣʠʚʘ-

ʝʪʩʷ ʢʣʘʩʩ ʂʉ-3, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʦʪʜʝʣʴ-

ʥʳʭ ʪʠʧʦʚ ʩʦʦʨʫʞʝʥʠʡ, ʜʣʷ ʢʦʪʦʨʳʭ ʜʦ-

ʧʫʩʢʘʶʪʩʷ ʠʥʳʝ ʢʣʘʩʩʳ ʩʦʦʨʫʞʝʥʠʡ. 

ʋʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʜʟʝʤʥʳʭ ʢʦʥ-

ʩʪʨʫʢʮʠʡ ʚ ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʷʪ ʦʪ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʦʤʧʦʥʦʚʢʠ. ɺ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʦʪ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʧʦʜʟʝʤʥʳʝ ʩʦʦʨʫʞʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʣʠʥʝʡ-

ʥʳʤʠ ʠʣʠ ʢʦʤʧʘʢʪʥʳʤʠ (ʨʠʩ. 2) [1]. 

 

 
ʈʠʩ. 2. ʈʘʩʧʦʣʦʞʝʥʠʝ ʧʦʜʟʝʤʥʳʭ ʩʦʦʨʫʞʝʥʠʡ 

 

ʅʦʨʤʘʪʠʚʥʳʡ ʩʨʦʢ ʩʣʫʞʙʳ ʧʦʜʟʝʤʥʳʭ 

ʩʦʦʨʫʞʝʥʠʡ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʤʝʥʝʝ 50 ʣʝʪ. 

ʅʦ ʥʘ ʨʝʘʣʴʥʳʡ ʩʨʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʜ-

ʟʝʤʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʚʣʠʷʶʪ ʨʘʟʣʠʯʥʳʝ 

ʫʩʣʦʚʠʷ, ʠ ʧʨʝʞʜʝ ʚʩʝʛʦ ï ʚʦʟʜʝʡʩʪʚʠʷ 

ʘʛʨʝʩʩʠʚʥʳʭ ʬʘʢʪʦʨʦʚ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. 

ʇʨʠʟʥʘʢʠ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ ʦʙ ʦʧʘʩʥʦ-

ʩʪʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʘʛʨʝʩʩʠʚʥʦʛʦ ʚʦʟʜʝʡ-

ʩʪʚʠʷ ʥʘ ʧʦʜʟʝʤʥʳʝ ʩʦʦʨʫʞʝʥʠʷ, ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʜʘʣʝʝ ʥʘ ʨʠʩʫʥʢʝ 3. 
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ʈʠʩ. 3. ɺʠʜʳ ʘʛʨʝʩʩʠʠ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʚ ʦʪʥʦʰʝʥʠʠ ʧʦʜʟʝʤʥʳʭ ʩʦʦʨʫʞʝʥʠʡ [2] 

 

ʇʦʨʪʣʘʥʜʮʝʤʝʥʪ, ʢʘʢ ʩʦʩʪʘʚʣʷʶʱʘʷ 

ʯʘʩʪʴ ʪʷʞʝʣʳʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʙʝʪʦʥʘ, 

ʧʦʜʚʝʨʛʘʝʪʩʷ ʨʘʟʨʫʰʠʪʝʣʴʥʦʤʫ ʭʠʤʠʯʝ-

ʩʢʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʨʘʩʪʚʦʨʝʥʥʳʭ ʩʦʣʝʡ. 

ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʫʯʠʪʳʚʘʝʪʩʷ ʧʨʠ ʧʨʦ-

ʝʢʪʠʨʦʚʘʥʠʠ ʬʫʥʜʘʤʝʥʪʦʚ ʠ ʜʨʫʛʠʭ ʧʦʜ-

ʟʝʤʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʚʚʝʜʝʥʠʝʤ ʢʦʵʬʬʠʮʠ-

ʝʥʪʘ ʬʠʣʴʪʨʘʮʠʠ ʧʦʨʦʜ. ʂʦʨʨʦʟʠʷ ʙʝʪʦʥʘ, 

ʩʦʛʣʘʩʥʦ ʦʙʱʝʧʨʠʥʷʪʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, 

ʜʝʣʷʪʩʷ ʥʘ ʪʨʠ ʦʩʥʦʚʥʳʭ ʚʠʜʘ:  

- ʢʦʨʨʦʟʠʷ ʚʳʱʝʣʘʯʠʚʘʥʠʷ; 

- ʢʦʨʨʦʟʠʷ ʨʝʘʢʮʠʠ ʩ ʢʠʩʣʦʪʘʤʠ; 

- ʢʦʨʨʦʟʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʨʠʩʪʘʣʣʠʯʝ-

ʩʢʦʡ ʬʘʟʳ ʚ ʧʦʨʘʭ ʙʝʪʦʥʘ. 

ʂʦʨʨʦʟʠʷ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʧʨʦʠʩʭʦʜʠʪ 

ʚʩʣʝʜʩʪʚʠʝ ʨʘʩʪʚʦʨʝʥʠʷ ʠ ʚʳʤʳʚʘʥʠʷ ʮʝ-

ʤʝʥʪʥʦʛʦ ʢʘʤʥʷ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʚʳʟʚʘʥ ʤʝ-

ʭʘʥʠʟʤʦʤ ʬʠʣʴʪʨʘʮʠʠ ʧʨʝʩʥʦʡ ʚʦʜʳ ʯʝʨʝʟ 

ʧʦʜʟʝʤʥʳʝ ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʆʥ ʚʩʝʛʜʘ ʧʨʦʷʚʣʷʝʪʩʷ ʥʘʨʫʰʝʥʠʝʤ ʭʠʤʠ-

ʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʤʝʞʜʫ ʩʪʨʫʢʪʫʨʥʳʤʠ 

ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʙʝʪʦʥʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʩʥʠʞʝʥʠʶ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ. ɹʝ-

ʣʳʡ ʥʘʣʝʪ, ʢʦʪʦʨʳʡ ʚʦʟʥʠʢʘʝʪ ʥʘ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʡ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʥʘʣʠʯʠʠ ʪʘʢʦʛʦ ʚʠʜʘ ʢʦʨʨʦʟʠʠ. 

ʂʠʩʣʦʪʥʘʷ ʢʦʨʨʦʟʠʷ ʧʨʦʠʩʭʦʜʠʪ ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʢʠʩʣʦʪ, ʩʦʣʝʡ ʠ ʱʝʣʦʯʝʡ ʦʨ-

ʛʘʥʠʯʝʩʢʦʛʦ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚ ʙʝʪʦʥʝ ʦʙʨʘʟʫʶʪʩʷ ʣʝʛʢʦ-

ʨʘʩʪʚʦʨʠʤʳʝ ʩʦʣʠ, ʢʦʪʦʨʳʝ ʚʳʤʳʚʘʶʪʩʷ 

ʠʟ ʙʝʪʦʥʘ.  ʉʥʠʞʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʙʝʪʦʥʘ 

ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʦʙʨʘʟʦʚʘʥʠʷ ʨʳʭʣʳʭ ʥʝ-

ʩʚʷʟʘʥʥʳʭ ʦʩʪʘʪʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʚʩʣʝʜ-

ʩʪʚʠʝ ʯʝʛʦ, ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ, ʮʝʤʝʥʪʥʳʡ 

ʢʘʤʝʥʴ ʤʦʞʝʪ ʧʦʣʥʦʩʪʴʶ ʨʘʟʨʫʰʠʪʴʩʷ. 

ʂʦʨʨʦʟʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʨʠʩʪʘʣʣʠʯʝ-

ʩʢʦʡ ʬʘʟʳ ʚ ʧʦʨʘʭ ʙʝʪʦʥʘ ʠʣʠ ʩʦʣʝʚʘʷ 

ʢʦʨʨʦʟʠʷ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʤʝʭʘʥʠʟʤ ʨʘʟʨʫ-

ʰʝʥʠʷ ʙʝʪʦʥʘ (ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʚʥʫʪʨʝʥʥʠʭ 

ʥʘʧʨʷʞʝʥʠʡ ʠ ʪʨʝʱʠʥ) ʠʟ-ʟʘ ʢʨʠʩʪʘʣʣʠʟʘ-

ʮʠʠ ʩʦʣʝʡ ʠ ʠʩʧʘʨʝʥʠʷ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʦʡ 

ʚʦʜʳ ʚ ʧʦʨʘʭ ʠ ʢʘʧʠʣʣʷʨʘʭ ʙʝʪʦʥʘ. ʆʪʤʝ-

ʯʘʝʪʩʷ ʪʘʢʞʝ ʩʧʝʮʠʬʠʢʘ ʚʦʟʜʝʡʩʪʚʠʷ ʦʧʨʝ-

ʜʝʣʝʥʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʛʨʫʧʧ: ʩʫʣʴʬʘʪʥʘʷ ʠ 

ʤʘʛʥʝʟʠʘʣʴʥʘʷ. ɺʦʟʜʝʡʩʪʚʠʝ ʩʫʣʴʬʘʪʥʦʡ 

ʛʨʫʧʧʳ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʨʫʰʝʥʠʶ ʙʝʪʦʥʘ 

ʚʩʣʝʜʩʪʚʠʝ ʝʛʦ ʫʩʘʜʢʠ ʠ ʨʘʩʰʠʨʝʥʠʷ ʠʣʠ 

ʥʘʙʫʭʘʥʠʠ ʘʣʶʤʠʥʘʪʦʚ. 

ʇʨʠ ʜʝʡʩʪʚʠʠ ʤʘʛʥʝʟʠʘʣʴʥʦʡ ʛʨʫʧʧʳ ï 

ʨʘʟʨʫʰʝʥʠʝ ʙʝʪʦʥʘ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʦʙʨʘ-

ʟʦʚʘʥʠʷ ʠ ʧʦʷʚʣʝʥʠʷ ʨʳʭʣʦʩʪʠ ʠ ʧʦʪʝʨʠ ʚ 

ʮʝʤʝʥʪʥʦʤ ʢʘʤʥʝ ʩʚʷʟʫʶʱʠʭ ʩʚʦʡʩʪʚ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʧʦʜʟʝʤʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ 

ʠʩʧʳʪʳʚʘʶʪ ʥʘ ʩʝʙʝ ʚʩʝ ʪʨʠ ʚʠʜʘ ʢʦʨʨʦʟʠ-

ʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ɺʳʟʳʚʘʶʪ ʠʭ ʧʨʠ-

ʨʦʜʥʳʝ ʛʨʫʥʪʦʚʳʝ, ʙʳʪʦʚʳʝ ʩʪʦʯʥʳʝ ʠ 

ʧʨʦʤʳʰʣʝʥʥʳʝ ʩʪʦʯʥʳʝ ʚʦʜʳ. 

ɸʛʨʝʩʩʠʚʥʳʝ ʫʩʣʦʚʠʷ ʚʝʜʫʪ ʢ ʩʦʢʨʘʱʝ-

ʥʠʶ ʩʨʦʢʘ ʩʣʫʞʙʳ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʢʦʥ-

ʩʪʨʫʢʮʠʡ ʥʝ ʪʦʣʴʢʦ ʠʟ-ʟʘ ʢʦʨʨʦʟʠʠ ʙʝʪʦʥʘ, 

ʥʦ ʠ ʚ ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʠ ʚʩʣʝʜʩʪʚʠʝ ʢʦʨʨʦ-

ʟʠʠ ʘʨʤʘʪʫʨʳ. ʀʥʪʝʥʩʠʚʥʘʷ ʢʦʨʨʦʟʠʦʥʥʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʩʚʷʟʘʥʘ ʩ ʨʘʩ-

ʪʚʦʨʝʥʥʳʤʠ ʚ ʥʠʭ ʩʦʣʷʤʠ ʠ ʛʘʟʘʤʠ, ʘ ʪʘʢ-

ʞʝ ʩ ʥʘʣʠʯʠʝʤ ʘʛʨʝʩʩʠʚʥʦʡ ʫʛʣʝʢʠʩʣʦʪʳ, 

ʤʠʥʝʨʘʣʴʥʳʭ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ, ʩʦ-

ʣʝʡ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ, ʩʝʨʦʚʦʜʦʨʦʜʘ, ʭʣʦ-

ʨʠʩʪʳʭ ʠ ʜʨʫʛʠʭ ʩʦʣʝʡ.  ʅʘʠʙʦʣʴʰʝʝ ʨʘʟʲ-

ʝʜʘʥʠʝ ʤʝʪʘʣʣʦʚ ʩʚʷʟʘʥʦ ʩ ʚʣʠʷʥʠʝʤ ʩʠʣʴ-

ʥʦʢʠʩʣʳʭ ʠ ʩʠʣʴʥʦʱʝʣʦʯʥʳʭ ʚʦʜ. ʂ ʬʘʢ-

ʪʦʨʘʤ, ʫʩʢʦʨʷʶʱʠʤ ʢʦʨʨʦʟʠʶ ʘʨʤʘʪʫʨʳ ʠ 

ʜʨʫʛʠʭ ʤʝʪʘʣʣʦʚ, ʤʦʞʥʦ ʪʘʢʞʝ ʦʪʥʝʩʪʠ 
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ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ, ʫʚʝʣʠʯʝʥʠʝ 

ʩʢʦʨʦʩʪʠ ʝʝ ʜʚʠʞʝʥʠʷ, ʨʘʟʚʠʪʠʝ ʵʣʝʢʪʨʦ-

ʭʠʤʠʯʝʩʢʦʡ ʢʦʨʨʦʟʠʠ, ʚʝʜʫʱʝʝ ʢ ʧʦʷʚʣʝ-

ʥʠʶ ʙʣʫʞʜʘʶʱʠʭ ʪʦʢʦʚ ʚ ʛʨʫʥʪʦʚʳʭ ʪʦʣ-

ʱʘʭ. ʆʜʥʘʢʦ, ʝʩʣʠ ʙʝʪʦʥ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʠ-

ʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʨʦʯʥʦʩʪʠ, ʦʥ ʤʦʞʝʪ ʩʦ-

ʭʨʘʥʷʪʴ ʩʧʦʩʦʙʥʦʩʪʴ ʟʘʱʠʪʳ ʞʝʣʝʟʥʦʡ ʘʨ-

ʤʘʪʫʨʳ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

ɽʩʣʠ ʥʘ ʘʨʤʘʪʫʨʝ ʧʦʷʚʣʷʶʪʩʷ ʧʨʠʟʥʘʢʠ 

ʢʦʨʨʦʟʠʠ, ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʙʝʪʦʥ ʧʦʜ ʚʦʟ-

ʜʝʡʩʪʚʠʝʤ ʘʛʨʝʩʩʠʚʥʦʡ ʩʨʝʜʳ ʫʪʨʘʯʠʚʘʝʪ 

ʩʚʦʶ ʟʘʱʠʪʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ. ʆʩʥʦʚʥʳʝ 

ʚʠʜʳ ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʦʜ-

ʟʝʤʥʳʝ ʩʦʦʨʫʞʝʥʠʷ ï ʵʪʦ ʬʠʟʠʯʝʩʢʦʝ, ʭʠ-

ʤʠʯʝʩʢʦʝ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʝ ʚʦʟʜʝʡ-

ʩʪʚʠʝ (ʨʠʩ. 4). 

 
 

ʈʠʩ. 4. ɺʠʜʳ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʧʦʜʟʝʤʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ 

 

ʊʘʢʦʚʘ ʦʙʱʘʷ ʮʝʣʦʩʪʥʘʷ ʢʘʨʪʠʥʘ ʨʘʟ-

ʨʫʰʝʥʠʷ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʧʦʜʟʝʤʥʳʭ ʢʦʥ-

ʩʪʨʫʢʮʠʡ ʦʪ ʦʩʥʦʚʥʳʭ ʘʛʨʝʩʩʠʚʥʳʭ ʬʘʢʪʦ-

ʨʦʚ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. ʆʩʦʙʝʥʥʦ ʵʪʦ ʢʘʩʘʝʪʩʷ 

ʢʘʥʘʣʠʟʘʮʠʦʥʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʧʦʩʢʦʣʴʢʫ 

ʯʝʨʝʟ ʢʦʣʣʝʢʪʦʨʳ ʧʨʦʠʩʭʦʜʠʪ ʩʣʠʚ ʞʠʜʢʠʭ 

ʦʪʭʦʜʦʚ ʨʘʟʣʠʯʥʦʛʦ ʚʠʜʘ, ʦʙʣʘʜʘʶʱʠʭ 

ʘʛʨʝʩʩʠʚʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ.  

ʅʝʩʫʱʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʢʘʥʘʣʠʟʘʮʠʦʥ-

ʥʳʭ ʢʦʣʣʝʢʪʦʨʦʚ ʚʦʩʧʨʠʥʠʤʘʶʪ ʚʩʝ ʜʝʡ-

ʩʪʚʫʶʱʠʝ ʥʘʛʨʫʟʢʠ, ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʜʟʝʤ-

ʥʳʭ ʚʦʜ ʠ ʚʦʟʜʝʡʩʪʚʠʷ ʩʦ ʩʪʦʨʦʥʳ ʙʳʪʦ-

ʚʳʭ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ. ʇʦ-

ʵʪʦʤʫ ʛʣʘʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʦʚ 

ʜʣʷ ʚʦʟʚʝʜʝʥʠʷ ʢʘʥʘʣʠʟʘʮʠʦʥʥʳʭ ʢʦʣʣʝʢ-

ʪʦʨʦʚ ï ʵʪʦ ʧʦʚʳʰʝʥʥʘʷ ʧʨʦʯʥʦʩʪʴ, ʚʦʜʦ-

ʥʝʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʤʦʨʦʟʦʩʪʦʡʢʦʩʪʴ, 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʭʠʤʠʯʝʩʢʦʡ ʠ ʵʣʝʢʪʨʦʭʠ-

ʤʠʯʝʩʢʦʡ ʘʛʨʝʩʩʠʠ.  

ɹʳʪʦʚʳʝ ʩʪʦʯʥʳʝ ʚʦʜʳ ï ʵʪʦ ʚʦʜʳ ʦʪ 

ʩʘʥʠʪʘʨʥʳʭ ʫʟʣʦʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʠ ʥʝ-

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʢʦʨʧʫʩʦʚ ʠ ʟʜʘʥʠʡ, ʜʫ-

ʰʝʚʳʭ ʫʩʪʘʥʦʚʦʢ ʠ ʪ.ʧ. 

ʂ ʢʘʪʝʛʦʨʠʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʪʦʯʥʳʭ 

ʚʦʜ ʦʪʥʦʩʷʪʩʷ ʚʦʜʳ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ. ɿʘʛʨʷʟʥʝʥʥʳʝ 

ʩʪʦʯʥʳʝ ʚʦʜʳ ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ ʩʣʝʜʫʶʱʠʝ 

ʧʨʠʤʝʩʠ: ʤʠʥʝʨʘʣʴʥʳʝ, ʦʨʛʘʥʠʯʝʩʢʠʝ, ʙʘʢ-

ʪʝʨʠʘʣʴʥʳʝ, ʙʠʦʣʦʛʠʯʝʩʢʠʝ. ʄʠʥʝʨʘʣʴʥʳʝ 

ʧʨʠʤʝʩʠ ʦʙʨʘʟʫʶʪʩʷ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʩʦ-

ʜʦʚʦʡ, ʢʘʣʠʡʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʧʦ 

ʧʨʦʠʟʚʦʜʩʪʚʫ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ, 

ʢʠʩʣʦʪ ʠ ʜʨʫʛʠʭ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚ. 

ʂ ʦʨʛʘʥʠʯʝʩʢʠʤ ʟʘʛʨʷʟʥʷʶʱʠʤ ʚʝʱʝʩʪʚʘʤ 

ʦʪʥʦʩʷʪʩʷ ʥʝʬʪʴ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʳ, ʧʝʩʪʠ-

ʮʠʜʳ, ʧʨʦʜʫʢʪʳ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʜʧʨʠʷ-

ʪʠʡ ʘʥʠʣʠʥʦʢʨʘʩʦʯʥʦʡ ʠ ʬʘʨʤʘʮʝʚʪʠʯʝ-

ʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʩ-

ʢʫʩʩʪʚʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɹʘʢʪʝʨʠʘʣʴʥʳʝ ʠ 

ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʟʘʛʨʷʟʥʝʥʠʷ ʩʚʦʡʩʪʚʝʥʥʳ ʚ 

ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʙʳʪʦʚʳʤ ʩʪʦʯʥʳʤ ʚʦʜʘʤ 

ʠ ʥʝʢʦʪʦʨʳʤ ʚʠʜʘʤ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʪʦʯ-

ʥʳʭ ʚʦʜ, ʪʘʢʠʤ ʢʘʢ ʫ ʧʨʝʜʧʨʠʷʪʠʡ ʧʠʱʝ-

ʚʦʡ, ʪʝʢʩʪʠʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʢʦʞʝ-

ʚʝʥʥʳʭ ʟʘʚʦʜʦʚ, ʙʠʦʬʘʙʨʠʢ ʠ ʜʨ. ʆʥʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʨʘʟʣʠʯʥʳʝ ʤʠʢʨʦʦʨ-

ʛʘʥʠʟʤʳ: ʛʨʠʙʢʠ, ʚʦʜʦʨʦʩʣʠ ʠ ʙʘʢʪʝʨʠʠ. 

ʇʦ ʩʚʦʝʤʫ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʦʥʠ ʚʳ-

ʜʝʣʷʶʪʩʷ ʚ ʦʪʜʝʣʴʥʫʶ ʛʨʫʧʧʫ ʥʝʩʤʦʪʨʷ ʥʘ 

ʪʦ, ʯʪʦ, ʧʦ ʩʫʪʠ, ʦʪʥʦʩʷʪʩʷ ʢ ʦʨʛʘʥʠʯʝʩʢʠʤ 

ʟʘʛʨʷʟʥʝʥʠʷʤ.  ʕʪʦ ʚʳʟʚʘʥʦ ʦʩʦʙʳʤ ʭʘʨʘʢ-
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ʪʝʨʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʟʘʛʨʷʟʥʝʥʠʷʤʠ 

ʜʨʫʛʠʭ ʚʠʜʦʚ. 

ʇʨʦʤʳʰʣʝʥʥʳʝ ʩʪʦʯʥʳʝ ʚʦʜʳ ʢʣʘʩʩʠ-

ʬʠʮʠʨʫʶʪʩʷ ʧʦ ʩʪʝʧʝʥʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʘ-

ʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʥʘ ʯʝʪʳʨʝ ʛʨʫʧʧʳ, ʘ 

ʧʦ ʩʪʝʧʝʥʠ ʘʛʨʝʩʩʠʚʥʦʩʪʠ ï ʥʘ ʪʨʠ ʛʨʫʧʧʳ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʷ pH. ʉʭʝʤʘ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩʪʦʯʥʳʭ ʚʦʜ ʧʨʠʚʝʜʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 5. 

 

 
ʈʠʩ. 5. ʉʭʝʤʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩʪʦʯʥʳʭ ʚʦʜ 

 

ʈʝʢʦʥʩʪʨʫʢʮʠʷ ʢʘʥʘʣʠʟʘʮʠʦʥʥʳʭ ʢʦʣ-

ʣʝʢʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ, 

ʧʦʵʪʦʤʫ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʩʪʨʦʠʪʝʣʴ-

ʩʪʚʝ ʪʘʢʠʭ ʦʙʲʝʢʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝ ʩʘʤʳʭ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ 

ʥʘʠʙʦʣʝʝ ʜʦʣʛʦʚʝʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɺ ʫʩʣʦʚʠʷʭ ʩʧʝʮʠʬʠʢʠ ʢʣʠʤʘʪʘ ʈʌ 

ʩʪʦʯʥʘʷ ʚʦʜʘ ʦʙʳʯʥʦ ʙʳʚʘʝʪ ʪʝʧʣʝʝ ʚʦʟʜʫ-

ʭʘ ʠ ʪʝʧʣʝʝ ʙʝʪʦʥʥʦʡ ʦʙʜʝʣʢʠ ʢʘʥʘʣʠʟʘʮʠ-

ʦʥʥʳʭ ʢʦʣʣʝʢʪʦʨʥʳʭ ʪʦʥʥʝʣʝʡ. ʆʩʥʦʚʥʦʡ 

ʚʦʟʜʫʰʥʳʡ ʧʦʪʦʢ ʚ ʢʦʣʣʝʢʪʦʨʝ ʠʜʝʪ ʧʦ 

ʭʦʜʫ ʪʝʯʝʥʠʷ ʩʪʦʢʦʚ. ʆʜʥʘʢʦ, ʚ ʩʚʷʟʠ ʩ 

ʨʘʟʥʠʮʝʡ ʪʝʤʧʝʨʘʪʫʨ ʧʨʦʠʩʭʦʜʠʪ ʛʝʥʝʨʘ-

ʮʠʷ ʚʦʩʭʦʜʷʱʠʭ ʧʦʪʦʢʦʚ ʧʦ ʦʩʠ ʪʦʥʥʝʣʷ, 

ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʫʩʢʦʨʝʥʠʶ ʛʘʟʦʚʦʡ ʢʦʨ-

ʨʦʟʠʠ. 

ʋʨʦʚʝʥʴ ʢʦʨʨʦʟʠʠ ʙʝʪʦʥʘ ʦʙʜʝʣʢʠ ʨʘʟ-

ʣʠʯʘʝʪʩʷ ʧʦ ʚʩʝʡ ʜʣʠʥʝ ʪʦʥʥʝʣʷ. ʉʘʤʳʝ 

ʦʧʘʩʥʳʝ ʫʯʘʩʪʢʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʘʟʚʠʪʠʷ 

ʢʦʨʨʦʟʠʠ ï ʵʪʦ ʣʦʢʘʮʠʠ, ʚ ʢʦʪʦʨʳʭ ʢ ʪʦʥ-

ʥʝʣʶ ʧʨʠʩʦʝʜʠʥʝʥʳ ʜʣʠʥʥʳʝ ʥʘʧʦʨʥʳʝ 

ʪʨʫʙʦʧʨʦʚʦʜʳ, ʘ ʪʘʢʞʝ ʧʝʨʝʧʘʜʥʳʝ ʢʘʤʝ-

ʨʳ.  

ʉʢʦʨʦʩʪʴ ʨʘʟʨʫʰʝʥʠʷ ʙʝʪʦʥʥʦʡ ʦʙʜʝʣʢʠ 

ʢʘʥʘʣʠʟʘʮʠʦʥʥʦʛʦ ʢʦʣʣʝʢʪʦʨʘ ʟʘʚʠʩʠʪ ʦʪ 

ʤʥʦʞʝʩʪʚʘ ʬʘʢʪʦʨʦʚ. ʅʠʞʝ, ʥʘ ʨʠʩ.6 ʧʨʝʜ-

ʩʪʘʚʣʝʥʘ ʩʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ ʙʝʪʦʥʘ ʚ ʧʦʜ-

ʟʝʤʥʳʭ ʢʦʣʣʝʢʪʦʨʥʳʭ ʩʦʦʨʫʞʝʥʠʷʭ ʥʝʢʦ-

ʪʦʨʳʭ ʛʦʨʦʜʦʚ ʈʦʩʩʠʠ (ʨʠʩ. 6). 

 

 
ʈʠʩ. 6. ʉʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ ʙʝʪʦʥʘ ʦʙʜʝʣʢʠ, ʤʤ/ʛʦʜ [3] 
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ʉʠʩʪʝʤʘ ʚʦʜʦʦʪʚʝʜʝʥʠʷ ʛ.ʛ. ʄʦʩʢʚʳ ʠ 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʰʠ-

ʨʦʢʦ ʨʘʟʚʝʪʚʣʝʥʥʫʶ ʩʠʩʪʝʤʫ ʪʨʫʙ ʨʘʟʥʦʛʦ 

ʜʠʘʤʝʪʨʘ, ʢʦʣʣʝʢʪʦʨʦʚ, ʢʘʥʘʣʦʚ, ʂʅʉ (ʢʘ-

ʥʘʣʠʟʘʮʠʦʥʥʳʭ ʥʘʩʦʩʥʳʭ ʩʪʘʥʮʠʡ) ʠ 

ʥʘʧʦʨʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ. ɹʣʘʛʦʜʘʨʷ ʝʡ ʥʘ 

ʢʘʥʘʣʠʟʘʮʠʦʥʥʳʝ ʦʯʠʩʪʥʳʝ ʩʦʦʨʫʞʝʥʠʷ 

(ʂʆʉ) ʜʦʩʪʘʚʣʷʶʪʩʷ ʟʘʛʨʷʟʥʝʥʥʳʝ ʚʦʜʳ, 

ʢʦʪʦʨʳʝ ʧʨʦʭʦʜʷʪ ʦʯʠʩʪʢʫ ʩʙʨʘʩʳʚʘʶʪʩʷ ʚ 

ʚʦʜʦʝʤʳ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʛ. ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛʝ ʚ ʌʠʥʩʢʠʡ ʟʘʣʠʚ, ʘ ʚ ʛ. ʄʦʩʢʚʘ 

ï ʚ ʨʝʢʫ ʄʦʩʢʚʘ ʠ ʝʝ ʧʨʠʪʦʢʠ. 

ɼʠʘʤʝʪʨʳ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʚʦʜʦʦʪʚʦʜʷ-

ʱʝʡ ʩʝʪʠ ï ʦʪ 50 ʤʤ (ʜʚʦʨʦʚʳʝ ʩʝʪʠ) ʜʦ 

4,9 ʤ (ʪʦʥʥʝʣʴʥʳʝ ʢʦʣʣʝʢʪʦʨʳ). ɺʥʫʪʨʝʥ-

ʥʠʡ ʜʠʘʤʝʪʨ ʪʦʥʥʝʣʴʥʳʭ ʢʦʣʣʝʢʪʦʨʦʚ ʢʦ-

ʣʝʙʣʝʪʩʷ ʦʪ 1 ʜʦ 4,9 ʤ, ʘ ʛʣʫʙʠʥʘ ʟʘʣʦʞʝ-

ʥʠʷ ï ʦʪ 9 ʜʦ 90 ʤ. 

ʇʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 01.01.2023 ʚʦʜʦʦʪʚʝ-

ʜʝʥʠʝ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ ʚʢʣʶʯʘʝʪ: ʢʘʥʘ-

ʣʠʟʘʮʠʦʥʥʘʷ ʩʝʪʴ ï 9582,7 ʢʤ, ʪʦʥʥʝʣʴʥʳʝ 

ʢʦʣʣʝʢʪʦʨʳ ï 286,9 ʢʤ, ʢʘʥʘʣʠʟʘʮʠʦʥʥʳʝ 

ʥʘʩʦʩʥʳʝ ʩʪʘʥʮʠʠ (ʂʅʉ) ï 252, ʦʯʠʩʪʥʳʝ 

ʩʦʦʨʫʞʝʥʠʷ ʨʘʟʣʠʯʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦ-

ʩʪʠ ï 21 ʠ ʜʨ. ʦʙʲʝʢʪʳ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 6, ʚ ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛʝ ʙʝʪʦʥ ʦʙʜʝʣʢʠ ʢʘʥʘʣʠʟʘʮʠʦʥ-

ʥʳʭ ʢʦʣʣʝʢʪʦʨʦʚ ʧʦʜʚʝʨʛʘʝʪʩʷ ʢʦʨʨʦʟʠʠ ʩʦ 

ʩʢʦʨʦʩʪʴʶ 1,5 ʤʤ ʚ ʛʦʜ. ɻʣʘʚʥʳʡ ʚʠʜ ʧʦ-

ʚʨʝʞʜʝʥʠʷ ï ʢʦʨʨʦʟʠʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ, 

ʧʨʦʠʩʭʦʜʷʱʠʝ ʠʟ-ʟʘ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʙʝʪʦʥʘ 

ʢʠʩʣʳʤʠ ʛʘʟʘʤʠ. ɻʘʟʦʚʘʷ ʢʦʨʨʦʟʠʷ ʚʦʟʜʝʡ-

ʩʪʚʫʝʪ ʠ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʠʝ, ʠ ʥʘ ʞʝʣʝʟʦʙʝ-

ʪʦʥʥʳʝ ʵʣʝʤʝʥʪʳ, ʠ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ 

ʘʚʘʨʠʡʥʳʭ ʦʙʨʫʰʝʥʠʡ ʚ ʧʝʪʝʨʙʫʨʛʩʢʠʭ 

ʢʦʣʣʝʢʪʦʨʘʭ. ʆʙʩʣʝʜʦʚʘʥʠʝ ɺʦʩʪʦʯʥʦʛʦ 

ʢʘʥʘʣʠʟʘʮʠʦʥʥʦʛʦ ʢʦʣʣʝʢʪʦʨʘ, ʢʦʪʦʨʳʡ 

ʙʳʣ ʩʦʦʨʫʞʝʥ ʚ 1972 ʛ. ʥʘ ʫʯʘʩʪʢʝ ʜʣʠʥʦʡ 

2,3 ʢʤ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ ʥʠʞʥʝʡ ʧʦʣʦʚʠʥʝ 

ʦʙʜʝʣʢʠ, ʥʘ ʫʨʦʚʥʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʥʠʞʝ 

ʜʠʘʤʝʪʨʘ, ʣʦʪʦʢ ʚ ʥʝʢʦʪʦʨʳʭ ʤʝʩʪʘʭ ʩʪʝʨʪ, 

ʘ ʛʣʫʙʠʥʘ ʩʪʠʨʘʥʠʷ ʜʦʩʪʠʛʘʝʪ 5 ʩʤ. ʅʘ ʦʪ-

ʜʝʣʴʥʦʤ ʫʯʘʩʪʢʝ ʪʦʥʥʝʣʷ ʜʣʠʥʦʡ ʙʦʣʝʝ 

500 ʤ ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʟʨʫʰʝʥʠʝ ʩʣʦʷ ʙʝʪʦ-

ʥʘ ʦʪ 7 ʜʦ 10 ʩʤ ʚʩʣʝʜʩʪʚʠʝ ʛʘʟʦʚʦʡ ʢʦʨʨʦ-

ʟʠʠ. ɺʳʷʚʣʝʥʥʘʷ ʚ ʭʦʜʝ ʦʙʩʣʝʜʦʚʘʥʠʷ ʩʢʦ-

ʨʦʩʪʴ ʨʘʟʨʫʰʝʥʠʷ ʙʝʪʦʥʘ ʩʦʩʪʘʚʠʣʘ ʧʨʠ-

ʤʝʨʥʦ 3 ʤʤ ʚ ʛʦʜ [3]. 

ʇʨʠʤʝʥʝʥʠʝ ʰʠʨʦʢʦ ʨʘʟʚʝʪʚʣʝʥʥʦʡ ʩʠ-

ʩʪʝʤʳ ʢʦʣʣʝʢʪʦʨʦʚ, ʢʘʥʘʣʦʚ, ʂʅʉ ʠ 

ʥʘʧʦʨʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʧʦʟʚʦʣʠʣʦ ʮʝʥ-

ʪʨʘʣʠʟʦʚʘʪʴ ʩʠʩʪʝʤʫ ʄʦʩʢʦʚʩʢʦʡ ʢʘʥʘʣʠ-

ʟʘʮʠʠ, ʦʨʛʘʥʠʟʦʚʘʚ ʦʯʠʩʪʢʫ ʩʪʦʢʦʚ ʥʘ ʜʚʫʭ 

ʢʨʫʧʥʝʡʰʠʭ ʚ ɽʚʨʦʧʝ ʢʦʤʧʣʝʢʩʘʭ ʦʯʠʩʪ-

ʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ï ʂʫʨʴʷʥʦʚʩʢʠʭ ʠ ʃʶʙʝ-

ʨʝʮʢʠʭ.  

 ɺ 1970-ʭ ʛʦʜʘʭ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʛʦʨʦʜ-

ʩʢʦʡ ʢʘʥʘʣʠʟʘʮʠʦʥʥʦʡ ʩʝʪʠ ʄʦʩʢʚʳ ʩʦ-

ʩʪʘʚʣʷʣʘ 5 ʪʳʩ. ʢʤ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʦʙʱʘʷ ʧʨʦʪʷʞʸʥʥʦʩʪʴ ʢʘʥʘʣʠʟʘʮʠʦʥʥʦʡ 

ʩʝʪʠ ʄʦʩʢʚʳ ʩʦʩʪʘʚʣʷʝʪ 8354 ʢʤ. ʆʥʠ 

ʠʤʝʶʪ ʛʣʫʙʠʥʫ ʟʘʣʦʞʝʥʠʷ ʜʦ 50 ʤ ʠ ʩʦʩʪʦ-

ʷʪ ʠʟ ʩʘʤʦʪʝʯʥʳʭ ʩʝʪʝʡ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 

å6,93 ʪʳʩ. ʢʤ, ʠʟ ʥʠʭ: ʜʚʦʨʦʚʳʭ (å4,03 

ʪʳʩ. ʢʤ) ʠ ʛʦʨʦʜʩʢʠʭ ʫʣʠʯʥʳʭ (å1,67 ʪʳʩ. 

ʢʤ) ʩʝʪʝʡ ʜʠʘʤʝʪʨʦʤ ʦʪ 125 ʤʤ ʜʦ 600 ʤʤ, 

ʢʘʥʘʣʦʚ ʠ ʢʦʣʣʝʢʪʦʨʦʚ ʜʠʘʤʝʪʨʦʤ ʦʪ 

600 ʤʤ ʜʦ 4500 ʤʤ (å1,13 ʪʳʩ. ʢʤ); ʘ ʪʘʢʞʝ 

ʥʘʧʦʨʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʜʠʘʤʝʪʨʦʤ ʦʪ 

100 ʤʤ ʜʦ 3000 ʤʤ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 0,65 

ʪʳʩ. ʢʤ. 

ʂʘʥʘʣʠʟʘʮʠʦʥʥʳʝ ʪʦʥʥʝʣʠ ʄʦʩʢʚʳ 

ʚʝʩʴʤʘ ʧʨʦʪʷʞʝʥʳ: ʜʣʠʥʘ ɺʦʩʪʦʯʥʦʛʦ ʢʘ-

ʥʘʣʘ ʩʦʩʪʘʚʣʷʝʪ 13,1 ʢʤ, ʏʝʨʢʠʟʦʚʩʢʦʛʦ ï 

11,6 ʢʤ, ʖʛʦ-ɿʘʧʘʜʥʦʛʦ ï 9,1 ʢʤ, ʜʣʠʥʘ 

ʫʩʠʣʝʥʠʷ ʖʛʦ-ɿʘʧʘʜʥʦʛʦ ʢʘʥʘʣʘ ï 18,4 ʢʤ, 

ʜʣʠʥʘ ʌʠʣʝʚʩʢʦʛʦ ʢʘʥʘʣʘ ï 8,4 ʢʤ, ʜʣʠʥʘ 

ʦʪʚʦʜʷʱʝʛʦ ʢʘʥʘʣʘ ʦʪ ʌʠʣʝʚʩʢʦʡ ʂʅʉ ï 

9,1 ʢʤ ʠ ʪ.ʜ. ɺʩʝ ʵʪʠ ʩʦʦʨʫʞʝʥʠʷ ʦʙʦʨʫʜʦ-

ʚʘʥʳ ʤʦʥʦʣʠʪʥʳʤʠ ʞʝʣʝʟʦʙʝʪʦʥʥʳʤʠ ʦʙ-

ʜʝʣʢʘʤʠ. ʉʧʫʩʪʷ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʧʦʩʣʝ ʟʘ-

ʧʫʩʢʘ ʩʦʦʨʫʞʝʥʠʡ ʙʝʪʦʥ ʫʞʝ ʠʤʝʣ ʧʨʠʟʥʘ-

ʢʠ ʢʦʨʨʦʟʠʦʥʥʳʭ ʠʟʤʝʥʝʥʠʡ. ʉʘʤʳʝ 

ʙʦʣʴʰʠʝ ʨʘʟʨʫʰʝʥʠʷ ʠʤʝʣʠ ʤʝʩʪʦ ʥʘ ʌʠ-

ʣʝʚʩʢʦʤ ʠ ɺʦʩʪʦʯʥʦʤ ʢʘʥʘʣʘʭ. ɺ ʌʠʣʝʚ-

ʩʢʦʤ ʢʘʥʘʣʝ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʧʦʚʳʰʝʥʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʩʫʣʴʬʘʪʦʚ ʠ ʭʣʦʨʠʜʦʚ, ʘ ʪʘʢʞʝ 

ʤʝʪʘʣʣʦʚ, ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʠ ʞʠʨʦʚ, ʯʝʤ ʚ 

ɺʦʩʪʦʯʥʦʤ. ʆʜʥʘʢʦ ʢʦʨʨʦʟʠʷ ʙʝʪʦʥʘ ʚ 

ʦʙʦʠʭ ʪʦʥʥʝʣʷʭ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʦʜʠʥʘʢʦ-

ʚʘ. ʉʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ ʙʝʪʦʥʘ ʚʦʟʨʘʩʪʘʝʪ 

ʠʟ-ʟʘ ʧʦʜʩʦʝʜʠʥʝʥʠʷ ʢ ʙʝʟʥʘʧʦʨʥʳʤ ʢʦʣ-

ʣʝʢʪʦʨʘʤ ʜʣʠʥʥʳʭ ʥʘʧʦʨʥʳʭ ʢʦʣʣʝʢʪʦʨʦʚ, 

ʘ ʪʘʢʞʝ ʚ ʥʘʣʠʯʠʝ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʩʫʣʴʬʘʪʦʚ ʠ ʭʣʦʨʠʜʦʚ [3]. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦ-

ʣʠʯʝʩʪʚʦ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʦʩʦʙʝʥʥʦ 

ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʊʠʅɸʆ (12 ʝʜ.), ʧʦʩʪʨʦʝʥʳ 

ʚ 1960-1980-ʝ ʛʦʜʳ ʠ ʥʘʭʦʜʷʪʩʷ ʚ ʘʚʘʨʠʡ-

ʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʉʦʦʨʫʞʝʥʠʷ, ʧʦʩʪʨʦʝʥʥʳʝ 

ʚ ʙʦʣʝʝ ʧʦʟʜʥʠʡ ʧʝʨʠʦʜ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʬʠʟʠʯʝʩʢʠʤ ʠʟʥʦʩʦʤ. 

ɹʦʣʴʰʦʝ ʯʠʩʣʦ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ 

ʥʫʞʜʘʝʪʩʷ ʚ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠ ʩʪʨʦʠʪʝʣʴ-
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ʩʪʚʝ ʥʦʚʳʭ ʙʣʦʢʦʚ ʥʘ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʧʨʦʤʧʣʦʱʘʜʢʘʭ ʩʦ ʩʥʦʩʦʤ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʩʦʦʨʫʞʝʥʠʡ. ɺ ʄʦʩʢʚʝ ʝʞʝʛʦʜʥʦ ʨʝʤʦʥʪʠ-

ʨʫʝʪʩʷ 1% ʢʘʥʘʣʠʟʘʮʠʦʥʥʳʭ ʢʦʣʣʝʢʪʦʨʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʜʟʝʤʥʳʝ ʩʦʦʨʫʞʝʥʠʷ, 

ʢʘʢ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʘʷ ʯʘʩʪʴ ʠʥʬʨʘʩʪʨʫʢ-

ʪʫʨʳ, ʪʨʝʙʫʶʪ ʦʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ ʢ ʠʭ ʪʝʭ-

ʥʠʯʝʩʢʦʤʫ ʩʦʩʪʦʷʥʠʶ. ʆʩʦʙʝʥʥʦ ʵʪʦ ʢʘʩʘ-

ʝʪʩʷ ʧʦʜʟʝʤʥʳʭ ʢʘʥʘʣʠʟʘʮʠʦʥʥʳʭ ʢʦʣʣʝʢ-

ʪʦʨʦʚ, ʥʘ ʥʝʩʫʱʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʜʨʫʛʠʝ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ ʢʦʪʦʨʳʭ ʩʫʱʝ-

ʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʚʣʠʷʝʪ ʚʥʫʪʨʝʥʥʷʷ ʵʢʩ-

ʧʣʫʘʪʘʮʠʦʥʥʘʷ ʩʨʝʜʘ. ɺʦʟʜʝʡʩʪʚʠʝ ʘʛʨʝʩ-

ʩʠʚʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʧʦʜʟʝʤʥʳʝ ʢʘʥʘʣʠʟʘ-

ʮʠʦʥʥʳʝ ʢʦʤʤʫʥʠʢʘʮʠʠ ʚʝʜʝʪ ʢ ʩʦʢʨʘʱʝ-

ʥʠʶ ʩʨʦʢʘ ʩʣʫʞʙʳ ʜʘʥʥʳʭ ʩʦʦʨʫʞʝʥʠʡ. 

ɸʛʨʝʩʩʠʚʥʦʩʪʴ ʩʨʝʜʳ ʤʦʞʥʦ ʩʥʠʟʠʪʴ ʩʧʝ-

ʮʠʘʣʴʥʳʤʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʨʝʰʝʥʠʷʤʠ. 

ʉ ʧʦʤʦʱʴʶ ʪʘʢʠʭ ʨʝʰʝʥʠʡ ʧʨʠ ʧʨʦʝʢʪʠ-

ʨʦʚʘʥʠʠ ʤʦʞʥʦ ʩʥʠʟʠʪʴ ʛʘʟʦʦʙʨʘʟʦʚʘʥʠʝ ʠ 

ʦʙʝʩʧʝʯʠʪʴ ʠʭ ʙʝʟʘʚʘʨʠʡʥʫʶ ʨʘʙʦʪʫ ʥʘ 

ʥʦʨʤʘʪʠʚʥʳʡ ʩʨʦʢ. 
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Abstract. This article discusses the features of underground structures, their nomenclature in 

accordance with the purpose and location. The main content of the study is the analysis of vari-

ous types of aggressive effects on underground structures and ways to prevent them. The authors 

present a general holistic picture of the destruction of reinforced concrete underground struc-

tures from the main aggressive environmental factors. As a result of the analysis of the condition 

of sewage facilities in Moscow, St. Petersburg and generalization of practical experience, the 

corrosion rate of concrete lining of sewer tunnels is shown, it is noted that a large number of 

sewage treatment plants are characterized by significant physical wear and needs reconstruction 

and construction of new blocks. 
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ɸʥʥʦʪʘʮʠʷ. ʕʬʬʝʢʪ ʚʟʘʠʤʥʦʛʦ ʚʣʠʷʥʠʷ ʘʥʪʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʧʦʩʦʙʝʥ ʦʢʘʟʳʚʘʪʴ ʩʫ-

ʱʝʩʪʚʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʣʦʞʥʳʭ, ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ. ɼʘʥʥʳʡ 

ʵʬʬʝʢʪ ʠʟʤʝʥʷʝʪ ʬʦʨʤʫ ʜʠʘʛʨʘʤʤ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ (ɼʅ) ʘʥʪʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʤʝʥʷʝʪ 

ʠʭ ʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʯʪʦ ʫʩʣʦʞʥʷʝʪ ʩʦʛʣʘʩʦʚʘʥʠʝ ʠʤʧʝʜʘʥʩʦʚ ʘʥʪʝʥʥʳʭ ʨʝʰʝʪʦʢ 

(ɸʈ). ɺ ʦʙʣʘʩʪʷʭ ʩʦ ʩʪʨʦʛʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʚʟʘʠʤʥʦʝ ʚʣʠʷʥʠʝ ʤʦʞʝʪ ʦʢʘʟʘʪʴ ʦʯʝʥʴ ʩʫ-

ʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ. ɺ ʯʘʩʪʥʦʩʪʠ, ʦʥʠ ʩʧʦʩʦʙʥʳ ʚʣʠ-

ʷʪʴ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʮʠʬʨʦʚʳʭ ʘʣʛʦʨʠʪʤʦʚ ʦʮʝʥʢʠ ʫʛʣʦʚʳʭ ʢʦʦʨʜʠʥʘʪ ʠʩʪʦʯʥʠʢʦʚ 

ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ ʩʦ ʩʚʝʨʭʨʘʟʨʝʰʝʥʠʝʤ. ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʟʘʠʤʥʦʛʦ ʚʣʠʷʥʠʷ ʤʠʢʨʦ-

ʧʦʣʦʩʢʦʚʳʭ ʘʥʪʝʥʥʳ ʜʠʘʧʘʟʦʥʘ ʋʂɺ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʟʘʠʤʥʦʝ ʚʣʠʷʥʠʝ, ʘʥʪʝʥʥʳʝ ʨʝʰʸʪʢʠ, ʮʠʬʨʦʚʳʝ ʘʥʪʝʥʥʳʝ ʨʝʰʸʪʢʠ, 

ʤʠʢʦʧʦʣʦʩʢʦʚʳʝ ʘʥʪʝʥʥʳ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʜʠʘʛʨʘʤʤʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ. 

 

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʨʘʙʦʪ ʚ ʦʙʣʘʩʪʠ ʠʟʫʯʝ-

ʥʠʷ ʮʠʬʨʦʚʳʭ ʘʥʪʝʥʥʳʭ ʨʝʰʸʪʦʢ ʚʳʧʦʣ-

ʥʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʦ-

ʨʠʠ. ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʜʣʷ ʵʪʦʛʦ ʧʦʜʭʦʜʘ 

ʷʚʣʷʝʪʩʷ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʚʟʘʠʤʥʦʝ 

ʚʣʠʷʥʠʝ (ɺɺ) ʤʝʞʜʫ ʘʥʪʝʥʥʳʤʠ ʵʣʝʤʝʥʪʘ-

ʤʠ (ɸʕ) ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʦ. ɺʦ ʤʥʦʛʠʭ 

ʩʣʫʯʘʷʭ ʵʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦʧʨʘʚʜʘʥʦ. ʉ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚ ʦʙʣʘʩʪʷʭ ʩʦ ʩʪʨʦʛʠʤʠ 

ʪʨʝʙʦʚʘʥʠʷʤʠ, ɺɺ ʜʦʣʞʥʦ ʫʯʠʪʳʚʘʪʴʩʷ 

ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ. ʆʙʣʘʩʪʠ, ʧʨʝʜʩʪʘʚ-

ʣʷʶʱʠʝ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ, ʚʢʣʶʯʘʶʪ ʚʳʩʦ-

ʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʘʥʪʝʥʥʳ ʜʣʷ ʤʝʜʠʮʠʥ-

ʩʢʦʡ ʪʝʭʥʠʢʠ, ʩʧʫʪʥʠʢʦʚʦʡ ʩʚʷʟʠ, ʜʠʩʪʘʥ-

ʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʠ ʨʘʜʠʦʘʩʪʨʦʥʦ-

ʤʠʠ [1]. 

ʂʣʶʯʝʚʳʤʠ ʧʨʠʯʠʥʘʤʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʚʟʘʠʤʥʦʛʦ ʚʣʠʷʥʠʷ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʩʣʝʜʫ-

ʶʱʠʝ: ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʠʟʦʣʷʮʠʷ; ʩʥʠʞʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʥʪʝʥʥʳ; ʫʤʝʥʴʰʝʥʠʝ ʢʦ-

ʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ ʘʥʪʝʥʥʳ; ʚʳʩʦʢʘʷ 

ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʠʟʣʫʯʘʪʝʣʷʤʠ [2]. 

ʈʘʩʩʤʦʪʨʠʤ ʚʦʟʜʝʡʩʪʚʠʝ ʚʟʘʠʤʥʦʛʦ 

ʚʣʠʷʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʠʬʨʦʚʳʭ ʘʥʪʝʥʥʳʭ 

ʨʝʰʸʪʦʢ [3]. ʈʝʰʘʝʤʳʝ ʟʘʜʘʯʠ, ʥʘʧʨʘʚʣʝʥ-

ʥʳʝ ʥʘ ʜʦʩʪʠʞʝʥʠʝ ʮʝʣʠ: ʧʨʦʚʝʩʪʠ ʤʦʜʝ-

ʣʠʨʦʚʘʥʠʝ ʘʥʪʝʥʥʳʭ ʨʝʰʸʪʦʢ ʩ ʨʘʟʥʳʤʠ 

ʚʠʜʘʤʠ ʘʥʪʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʇʨʦʚʝʩʪʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʘʥʪʝʥʥʳʭ 

ʨʝʰʸʪʦʢ ʩ ʨʘʟʥʳʤʠ ʚʠʜʘʤʠ ʘʥʪʝʥʥʳʭ ʵʣʝ-

ʤʝʥʪʦʚ: ʜʠʧʦʣʷʤʠ ʠ ʧʘʪʯ-ʘʥʪʝʥʥʘʤʠ. ʇʨʦ-

ʚʝʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʩ ʫʯʸʪʦʤ 

ʪʘʢʠʭ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ S-ʧʘʨʘʤʝʪʨʳ 

ʨʝʰʸʪʢʠ ʠ ʠʩʢʘʞʸʥʥʳʝ ʜʠʘʛʨʘʤʤʳ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ. 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʮʠʬʨʦʚʳʭ ʘʥʪʝʥ-

ʥʳʭ ʨʝʰʸʪʦʢ 

ʉʫʱʝʩʪʚʫʝʪ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠ-

ʯʝʩʪʚʦ ʘʣʛʦʨʠʪʤʦʚ ʦʮʝʥʢʠ ʫʛʣʦʚʳʭ ʢʦʦʨ-

ʜʠʥʘʪ ʨʘʜʠʦʩʠʛʥʘʣʦʚ ʜʣʷ ʮʠʬʨʦʚʳʭ ʘʥ-

ʪʝʥʥʳʭ ʨʝʰʸʪʦʢ. ʀʭ ʮʝʣʴʶ ʷʚʣʷʝʪʩʷ ʦʧʨʝ-

ʜʝʣʝʥʠʝ ʤʦʱʥʦʩʪʠ ʩʠʛʥʘʣʘ ʥʘ ʚʳʭʦʜʝ ɸʈ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʘ ʧʨʠʭʦʜʘ ʩʠʛʥʘʣʘ. ʇʦ 

ʤʘʢʩʠʤʫʤʘʤ ʵʪʦʡ ʬʫʥʢʮʠʠ, ʥʘʟʳʚʘʝʤʦʡ 

ʧʩʝʚʜʦʩʧʝʢʪʨʦʤ, ʤʦʞʥʦ ʦʮʝʥʠʪʴ, ʩ ʢʘʢʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʩʪʫʧʘʝʪ ʨʘʜʠʦʩʠʛʥʘʣ. ɼʦ-

ʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʳ ʘʣʛʦʨʠʪʤʳ 

ɹʘʨʣʝʪʪʘ, ʂʝʡʧʦʥʘ, MUSIC ʠ ʪ.ʜ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʙʦʙʱʸʥʥʘʷ 

ʩʭʝʤʘ ʧʨʦʮʝʩʩʘ ʨʘʜʠʦʧʝʣʝʥʛʘʮʠʠ ʮʠʬʨʦ-

ʚʦʡ ʘʥʪʝʥʥʦʡ ʨʝʰʸʪʢʠ. ɽʸ ʤʦʞʥʦ ʨʘʟʜʝ-

ʣʠʪʴ ʥʘ ʜʚʝ ʯʘʩʪʠ: ʘʥʘʣʦʛʦʚʫʶ ʠ ʮʠʬʨʦ-
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ʚʫʶ. ɺ ʘʥʘʣʦʛʦʚʦʡ ʯʘʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ-

ʸʤ ʩʠʛʥʘʣʦʚ ʘʥʪʝʥʥʦʡ ʨʝʰʸʪʢʦʡ. ɺ ʮʠʬʨʦ-

ʚʦʡ ʯʘʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʯʸʪ ʩʥʘʯʘʣʘ ʢʦʨ-

ʨʝʣʷʮʠʦʥʥʦʡ ʤʘʪʨʠʮʳ, ʘ ʟʘʪʝʤ ʠ ʧʩʝʚʜʦ-

ʩʧʝʢʪʨʘ. 

 

 
ʈʠʩ. 1. ʆʙʱʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʮʠʬʨʦʚʦʡ ʧʝʣʝʥʛʘʮʠʠ 

 

ɼʘʣʝʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʦʜʝʣʴ ʨʘʙʦʪʳ 

ʘʣʛʦʨʠʪʤʦʚ ʧʝʣʝʥʛʘʮʠʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʜʘʥʥʦʡ ʩʭʝʤʦʡ ʥʘ ʨʠʩʫʥʢʝ 1. ʇʫʩʪʴ ʠʤʝʝʪ-

ʩʷ ʣʠʥʝʡʥʘʷ ʘʥʪʝʥʥʘʷ ʨʝʰʸʪʢʘ, ʩʦʩʪʦʷʱʘʷ 

ʠʟ M ʘʥʪʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʆʥʘ ʧʨʠʥʠʤʘʝʪ 

D ʥʝʟʘʚʠʩʠʤʳʭ ʩʠʛʥʘʣʦʚ ʠʟ D ʨʘʟʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʩ ʫʛʣʘʤʠ ɗD, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩʫʥʢʝ 1. ɿʜʝʩʴ SD(k) ï ʧʘʜʘʶʱʠʡ ʩʠʛʥʘʣ, 

xM(k) ï ʧʨʠʥʷʪʳʡ ʩʠʛʥʘʣ ʩ M-ʛʦ ʘʥʪʝʥʥʦʛʦ 

ʵʣʝʤʝʥʪʘ, y(k) ï ʠʪʦʛʦʚʳʡ ʚʳʭʦʜʥʦʡ ʩʠʛ-

ʥʘʣ. ɺ ʠʪʦʛʝ ʬʦʨʤʫʣʘ ʜʣʷ ʤʘʪʨʠʮʳ ʚʳʭʦʜ-

ʥʦʛʦ ʩʠʛʥʘʣʘ ʨʝʰʸʪʢʠ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ 

ʚʠʜ: 

 

 x A s n= Ö + (1) 

ʛʜʝ n  ï ʤʘʪʨʠʮʘ ʰʫʤʘ; A  ï ʤʘʪʨʠʮʘ ʩʢʘʥʠʨʫʶʱʠʭ ʚʝʢʪʦʨʦʚ, ʨʘʩʩʯʠʪʳʚʘʝʤʘʷ ʧʦ ʩʣʝ-

ʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 

  

() ( ) ( )1 2            DA q q qq q q=è øê ú (2) 

 

ʛʜʝ ( )Dq q  ï ʵʪʦ ʩʢʘʥʠʨʫʶʱʠʡ ʚʝʢʪʦʨ ʠʟ M ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʥʘʧʨʘʚʣʝʥʠʷ ɗ: 

 

 () sin ( 1) sin  1          j j Mq e ep q p qq -è ø=ê ú (3) 

 

ɿʜʝʩʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʬʦʨʤʫʣʘ ʜʣʷ ʣʠʥʝʡʥʦʡ ʨʝʰʸʪʢʠ. ʋʯʠʪʳʚʘʝʪʩʷ ʩʜʚʠʛ ʬʘʟ ʚ ʘʥʪʝʥʥʳʭ 

ʵʣʝʤʝʥʪʘʭ, ʚʳʟʚʘʥʥʳʡ ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʝʤ (ʩ ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʚ 0,5ɚ). 

ʂʦʨʨʝʣʷʮʠʦʥʥʫʶ ʤʘʪʨʠʮʫ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 

 

 

 

* *

1 1 1

1 1

* *

1

1 1

1 1
( ) ( ) ( ) ( )

1 1
( ) ( ) ( ) ( )

N N

M

k k

xx

N N

M M M

k k

x k x k x k x k
N N

R

x k x k x k x k
N N

= =

= =

è ø
Ö Öé ù

é ù
=é ù
é ù
é ùÖ Ö
é ùê ú

ä ä

ä ä

 (4) 

 

ʛʜʝ ὔ ï ʯʠʩʣʦ ʦʪʩʯʸʪʦʚ ʮʠʬʨʦʚʦʛʦ ʩʠʛʥʘʣʘ, *( )Mx k  ï ʵʨʤʠʪʦʚʦ-ʩʦʧʨʷʞʸʥʥʘʷ ʤʘʪʨʠʮʘ. 

ɼʘʣʝʝ ʥʘ ʦʩʥʦʚʝ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʤʘʪʨʠʮʳ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʩʝʚʜʦʩʧʝʢʪʨ. ʅʠʞʝ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʬʦʨʤʫʣʘ ʜʣʷ ʤʝʪʦʜʦʚ ɹʘʨʣʝʪʪʘ [6], ʂʝʡʧʦʥʘ [7, 8] ʠ MUSIC [9] ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: 
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 () () ()
H

B xxP a R aq q q=  (5) 

 ()
() ()1

1
C H

xx

P
a R a

q
q q-

=  (6) 

 ()
() ()

1
MU H H

N N

P
a E E a

q
q q

=  (7) 

 

ʛʜʝ ()a q  ï ʤʘʪʨʠʮʘ ʩʢʘʥʠʨʫʶʱʠʭ ʚʝʢ-

ʪʦʨʦʚ ʜʣʷ ʚʩʝʛʦ ʜʠʘʧʘʟʦʥʘ ʧʝʣʝʥʛʘʮʠʠ, NE  

ïʩʦʙʩʪʚʝʥʥʳʡ ʚʝʢʪʦʨ ʰʫʤʦʚ. ɺʳʨʘʞʝʥʠʝ 

(5) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʝʪʦʜʫ ɹʘʨʣʝʪʪʘ, ʬʦʨʤʫ-

ʣʘ (6) ï ʤʝʪʦʜʫ ʂʝʡʧʦʥʘ. ʄʝʪʦʜ MUSIC (7) 

ʥʝʩʢʦʣʴʢʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ 

ʚʳʨʘʞʝʥʠʡ. ɺ ʝʛʦ ʬʦʨʤʫʣʝ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʥʝ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʤʘʪʨʠʮʘ (4), ʘ ʚʳʯʠʩ-

ʣʷʝʤʳʡ ʥʘ ʝʸ ʦʩʥʦʚʝ ʩʦʙʩʪʚʝʥʥʳʡ ʚʝʢʪʦʨ 

ʰʫʤʦʚ NE . ʇʦʜʨʦʙʥʝʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʨʘʩʩʤʦʪʨʝʥʳ ʚ [1, 2]. 

 

ɺʟʘʠʤʥʦʝ ʚʣʠʷʥʠʝ ʠ ʤʝʪʦʜ ʚʩʪʨʦʝʥ-

ʥʳʭ ʵʣʝʤʝʥʪʦʚ (embedded elements) 

ʆʜʥʠʤ ʠʟ ʫʩʣʦʚʠʡ ʚ ʢʣʘʩʩʠʯʝʩʢʦʤ ʘʥʘ-

ʣʠʟʝ ʘʥʪʝʥʥʳʭ ʨʝʰʸʪʦʢ ʷʚʣʷʝʪʩʷ ʠʩʢʣʶʯʝ-

ʥʠʝ ʚʟʘʠʤʥʦʡ ʩʚʷʟʠ ï ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ 

ɼʅ ʚʩʝʭ ʘʥʪʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʜʝʥʪʠʯʥʳ. 

ʆʙʳʯʥʦ ʚ ʨʘʩʯʸʪʘʭ ʧʨʠʥʠʤʘʝʪʩʷ ɼʅ ʠʟʦ-

ʣʠʨʦʚʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ. ʅʘ ʨʠʩʫʥʢʝ 2ʘ 

ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʠʤʝʨ ʧʦʜʦʙʥʦʡ ɼʅ. ʊʘʢʦʛʦ 

ʨʦʜʘ ʧʨʠʙʣʠʞʝʥʠʝ ʩʧʨʘʚʝʜʣʠʚʦ ʜʣʷ ʘʥʪʝʥ-

ʥʳʭ ʨʝʰʸʪʦʢ ʩ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʵʣʝʤʝʥ-

ʪʦʚ. ʆʜʥʘʢʦ ʜʣʷ ʨʝʰʸʪʢʠ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʵʣʝʤʝʥʪʦʚ ʚʟʘʠʤ-

ʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʙʦʣʝʝ ʩʠʣʴʥʦʝ ʚʣʠ-

ʷʥʠʝ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ɺɺ ʩʫʱʝʩʪʚʝʥʥʦ ʠʩ-

ʢʘʞʘʝʪ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʦʪ-

ʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʨʠʩ. 2ʙ). ʉʣʝʜʦʚʘ-

ʪʝʣʴʥʦ, ʦʙʱʘʷ ɼʅ ʨʝʰʸʪʢʠ ʙʦʣʴʰʝ ʥʝ ʷʚ-

ʣʷʝʪʩʷ ʧʨʦʩʪʦ ʧʨʦʠʟʚʝʜʝʥʠʝʤ ʢʦʵʬʬʠʮʠ-

ʝʥʪʘ ʨʝʰʸʪʢʠ ʠ ɼʅ ʠʟʦʣʠʨʦʚʘʥʥʦʛʦ ʵʣʝ-

ʤʝʥʪʘ. 

 

  

ʘ) ʙ) 

ʈʠʩ. 2. ɼʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʧʘʪʯ-ʘʥʪʝʥʥʳ 

ʘ) ʠʟʦʣʠʨʦʚʘʥʥʦʛʦ ʘʥʪʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʙ) ʩ ʫʯʸʪʦʤ ʚʟʘʠʤʥʦʛʦ ʚʣʠʷʥʠʷ 

 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʙʦʣʝʝ ʧʨʠʙʣʠʞʸʥʥʳʭ ʢ 

ʨʝʘʣʴʥʦʩʪʠ ʨʘʩʯʸʪʦʚ ʪʨʝʙʫʝʪʩʷ ʚʳʯʠʩʣʝʥʠʝ 

ʜʠʘʛʨʘʤʤ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʜʣʷ ʢʘʞʜʦʛʦ ʦʪ-

ʜʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʘʥʪʝʥʥʦʡ ʨʝʰʸʪʢʠ. 

ɼʠʘʛʨʘʤʤʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʦʪʜʝʣʴʥʦʛʦ 

ʵʣʝʤʝʥʪʘ ʩ ʫʯʸʪʦʤ ʚʟʘʠʤʥʦʛʦ ʚʣʠʷʥʠʷ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ɼʅ ʘʥʪʝʥʥʦʡ ʨʝʰʸʪʢʠ, 

ʚ ʢʦʪʦʨʦʡ ʠʩʩʣʝʜʫʝʤʳʡ ʵʣʝʤʝʥʪ ʩʯʠʪʘʝʪʩʷ 

ʘʢʪʠʚʥʳʤ, ʘ ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʷʚ-

ʣʷʶʪʩʷ ʧʘʩʩʠʚʥʳʤʠ ʩ ʦʪʢʣʶʯʸʥʥʳʤʠ ʚʳ-

ʭʦʜʘʤʠ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ 

ʚʳʯʠʩʣʝʥʠʝ ʧʦ ʤʝʪʦʜʫ ʚʩʪʨʦʝʥʥʦʛʦ ʵʣʝ-

ʤʝʥʪʘ (embedded element). ʂʣʶʯʝʚʳʤ ʤʦ-

ʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚʳʯʠʩʣʝʥʥʘʷ ʪʘ-

ʢʠʤ ʦʙʨʘʟʦʤ ɼʅ ʦʪʜʝʣʴʥʦ ɸʕ ï ʵʪʦ ʜʠʘ-

ʛʨʘʤʤʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ, ʫʯʠʪʳʚʘʶʱʘʷ 

ʚʩʶ ʘʥʪʝʥʥʫʶ ʨʝʰʸʪʢʫ, ʚʢʣʶʯʘʷ ʨʘʩʩʝʷʥʠʝ 

ʚʙʣʠʟʠ ʘʢʪʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ. 

 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʘʥʪʝʥʥʳʭ ʨʝʰʸʪʦʢ 

ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʘʥʪʝʥ-

ʥʳʭ ʨʝʰʸʪʦʢ ʩʦʛʣʘʩʥʦ ʤʝʪʦʜʫ ʤʦʤʝʥʪʦʚ ʧʦ 

ʤʝʪʦʜʫ ʚʩʪʨʦʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ (ʨʠʩ. 2ʙ). 

ʇʦʩʣʝ ʨʘʩʯʸʪʘ ʢʘʞʜʦʛʦ ʪʠʧʘ ʘʥʪʝʥʥʳ ʚʳ-
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ʧʦʣʥʷʣʘʩʴ ʦʧʪʠʤʠʟʘʮʠʷ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʤʘʢʩʠʤʠʟʠʨʦʚʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ 

(ʂʋ) ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨ S11 ʧʨʠ 

ʠʤʧʝʜʘʥʩʝ, ʨʘʚʥʦʤ 50 ʆʤ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ 

ʧʨʦʚʦʜʠʣʦʩʴ ʩʦʛʣʘʩʥʦ ʩʣʝʜʫʶʱʠʤ ʧʘʨʘ-

ʤʝʪʨʘʤ: 

- ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ ʨʝʰʸʪʢʠ M = 6; 

- ʯʘʩʪʦʪʘ ʧʨʠʥʠʤʘʝʤʦʛʦ ʩʠʛʥʘʣʘ ï 

5 ɻɻʮ. 

ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʣʫʯʝʥʥʳʝ ʤʦʜʝʣʠ 

ʠ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

 

ʊʘʙʣʠʮʘ 1. ʇʘʨʘʤʝʪʨʳ ʤʦʜʝʣʝʡ ʘʥʪʝʥʥʳʭ ʨʝʰʸʪʦʢ 
ʅʦʤʝʨ 

ʤʦʜʝʣʠ 
ɺʥʝʰʥʠʡ ʚʠʜ ʆʧʠʩʘʥʠʝ 

ʄʘʪʝʨʠʘʣ 

ʘʥʪʝʥʥ 

ʄʘʪʝʨʠʘʣ ʜʠ-

ʵʣʝʢʪʨʠʢʘ 

1 

 

ʃɸʈ, ʵʣʝʤʝʥʪʳ ï ʧʨʷʤʦ-

ʫʛʦʣʴʥʳʝ ʧʘʪʯ-ʘʥʪʝʥʥʳ, 

ʵʣʝʤʝʥʪʳ ʦʧʪʠʤʠʟʠʨʦʚʘ-

ʥʳ, ʂʋ = 10 ʜɹ, S11 = -21 

ʜɹ ʥʘ f = 5 ɻɻʮ 

ʠʜʝʘʣʴʥʳʡ 

ʧʨʦʚʦʜʥʠʢ 
ʚʦʟʜʫʭ 

2 

 

ʃɸʈ, ʵʣʝʤʝʥʪʳ ï ʧʨʷʤʦ-

ʫʛʦʣʴʥʳʝ ʧʘʪʯ-ʘʥʪʝʥʥʳ, 

ʵʣʝʤʝʥʪʳ ʦʧʪʠʤʠʟʠʨʦʚʘ-

ʥʳ, ʂʋ= 1,8 ʜɹ, S11 = -11 

ʜɹ ʥʘ f = 5 ɻɻʮ 

ʤʝʜʴ FR4 

3 

 

ʃɸʈ, ʵʣʝʤʝʥʪʳ ï ʧʨʷʤʦ-

ʫʛʦʣʴʥʳʝ ʧʘʪʯ-ʘʥʪʝʥʥʳ, 

ʵʣʝʤʝʥʪʳ ʦʧʪʠʤʠʟʠʨʦʚʘ-

ʥʳ, ʂʋ= 4,8 ʜɹ, S11 = -17 

ʜɹ ʥʘ f = 5 ɻɻʮ 

ʤʝʜʴ RO4730JXR 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʸʥʥʳʭ ʵʢʩʧʝʨʠ-

ʤʝʥʪʦʚ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʥʝ-

ʩʢʦʣʴʢʠʭ ʘʥʪʝʥʥʳʭ ʨʝʰʸʪʦʢ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʚʠʜʘʤʠ ʘʥʪʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʅʘʠʣʫʯʰʠʝ 

ʨʝʟʫʣʴʪʘʪʳ ʚ ʟʥʘʯʝʥʠʷʭ ʦʪʢʣʦʥʝʥʠʡ ʠ ʤʠ-

ʥʠʤʘʣʴʥʦ ʨʘʟʣʠʯʠʤʳʭ ʫʛʣʘʭ ʧʦʢʘʟʘʣʠ ʣʠ-

ʥʝʡʥʳʝ ʘʥʪʝʥʥʳʝ ʨʝʰʸʪʢʠ ʩ ʵʣʝʤʝʥʪʘʤʠ ï 

ʧʦʣʦʩʢʦʚʳʤʠ ʘʥʪʝʥʥʘʤʠ ʩ ʚʦʟʜʫʰʥʳʤ ʜʠ-

ʵʣʝʢʪʨʠʢʦʤ (ˉ1, ʊʘʙʣʠʮʘ 1). ɿʥʘʯʝʥʠʷ ʧʘ-

ʨʘʤʝʪʨʦʚ ʩʦʩʪʘʚʠʣʠ 4 ʜɹ ʠ 10-14Á ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ. ɼʘʥʥʳʡ ʚʠʜ ɸʕ ʦʙʣʘʜʘʝʪ ʩʘʤʳʤʠ 

ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠ-

ʣʝʥʠʷ (ʨʠʩ. 3). 

 

   

ʘ) 16,23 ʜɹ ʙ) 11,74 ʜɹ ʚ) 9,18 ʜɹ 

ʈʠʩ. 3. ʉʨʘʚʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ ʛʣʘʚʥʦʛʦ ʣʝʧʝʩʪʢʘ ɼʅ ʜʣʷ ɸʈ ʩ ʨʘʟʥʳʤʠ ʚʠʜʘ-

ʤʠ ʜʠʵʣʝʢʪʨʠʢʘ ʘ) ʚʦʟʜʫʭ, ʙ) FR4, ʚ) RO4730JXR 

 

ɹʦʣʝʝ ʥʠʟʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ ʵʣʝ-

ʤʝʥʪʳ ʩ ʜʠʵʣʝʢʪʨʠʢʦʤ ʤʘʨʢʠ RO4730JXR 

(ʤʦʱʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʦʪʢʣʦʥʝʥʠʡ 10 ʜɹ, 

ʤʠʥʠʤʘʣʴʥʦ ʨʘʟʣʠʯʠʤʳʝ ʫʛʣʳ 20Á). ɽʱʸ 

ʙʦʣʝʝ ʥʠʟʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʘ ɸʈ ʩ 

ʜʠʵʣʝʢʪʨʠʢʦʤ FR4 (20 ʜɹ ʠ 38Á). 
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ʈʘʟʥʠʮʘ ʚ ʨʝʟʫʣʴʪʘʪʘʭ ʤʝʞʜʫ ʘʥʪʝʥʥʳ-

ʤʠ ʨʝʰʸʪʢʘʤʠ ʚʳʟʚʘʥʘ ʨʘʟʣʠʯʠʷʤʠ ʚ ʧʘ-

ʨʘʤʝʪʨʘʭ ʤʘʪʝʨʠʘʣʦʚ ʜʠʵʣʝʢʪʨʠʢʦʚ. ʇʨʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶ-

ʱʠʝ ʤʘʪʝʨʠʘʣʳ ʧʦʜʣʦʞʝʢ: 

- ɺʦʟʜʫʭ 

- FR4 (ʧʨʦʩʪʦʡ ʩʪʝʢʣʦʪʝʢʩʪʦʣʠʪ) 

- RO4730JXR (ʣʘʤʠʥʘʪ ʘʥʪʝʥʥʦʛʦ ʢʣʘʩ-

ʩʘ) 

ʆʩʥʦʚʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʤʘʪʝʨʠʘ-

ʣʘ ʧʦʜʣʦʞʢʠ ʷʚʣʷʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʜʠ-

ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ Ůr ʠ ʪʘʥʛʝʥʩ 

ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ tgŭ [3]. ɿʥʘ-

ʯʝʥʠʷ ʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʠʩʧʦʣʴʟʦʚʘʚ-

ʰʠʝʩʷ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 4. 

 

ʊʘʙʣʠʮʘ 4. ʇʘʨʘʤʝʪʨʳ ʤʘʪʝʨʠʘʣʦʚ ʜʠʵʣʝʢʪʨʠʢʦʚ ɸʕ  

ʅʘʟʚʘʥʠʝ 
ɼʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠ-

ʮʘʝʤʦʩʪʴ, Ůr 
ʊʘʥʛʝʥʩ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ, tgŭ 

ɺʦʟʜʫʭ 1 0 

FR4 4.8 0.026 

RO4730JXR 3 0.0023 

 

ʉʦʛʣʘʩʥʦ [2], ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ 

ʘʥʪʝʥʥʳ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʘʥ-

ʛʝʥʩʘ ʫʛʣʘ ʧʦʪʝʨʴ ʜʣʷ ʚʩʝʭ ʯʘʩʪʦʪ. ʇʦʪʝʨʠ 

ʤʦʱʥʦʩʪʠ ʚ ʜʠʵʣʝʢʪʨʠʢʝ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʩ 

ʨʦʩʪʦʤ ʯʘʩʪʦʪʳ, ʘ ʪʘʢʞʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʠ ʤʘʪʝʨʠʘʣʦʚ ʩ ʚʳʩʦʢʠʤʠ tgŭ ʠ Ůr (ʧʦ-

ʜʨʦʙʥʦ ʜʘʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʨʘʩʩʤʦʪʨʝʥʘ ʚ 

[4]). ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʚ 

ʪʘʙʣʠʮʝ 4, ʟʥʘʯʝʥʠʷ tgŭ ʠ Ůr ʫ FR4 ʚʳʰʝ, 

ʯʝʤ ʫ RO4730JXR ʠ ʚʦʟʜʫʭʘ, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʧʨʠʯʠʥʦʡ ʙʦʣʝʝ ʥʠʟʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʘʥ-

ʪʝʥʥʳʭ ʨʝʰʸʪʦʢ ʩ ʜʘʥʥʳʤ ʪʠʧʦʤ ʜʠʵʣʝʢ-

ʪʨʠʢʘ.  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʤʘʪʝʨʠʘʣʳ, ʧʨʠʤʝʥʠʤʳʝ 

ʚ ɺʏ-ʋɺʏ ʜʠʘʧʘʟʦʥʘʭ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʚ ʋʂɺ ʜʠʘʧʘʟʦʥʝ ʧʦʢʘʟʳʚʘʶʪ ʟʘʤʝʪʥʦ 

ʤʝʥʴʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʜʝ-

ʘʣʴʥʳʤ ʩʣʫʯʘʝʤ (ʚʦʟʜʫʭ) ʠ ʩʧʝʮʠʘʣʠʟʠʨʦ-

ʚʘʥʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ (RO4730JXR). ʉʦ-

ʛʣʘʩʥʦ [5], ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤʠ ʜʣʷ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʚ ʉɺʏ ʪʝʭʥʠʢʝ ʷʚʣʷʶʪʩʷ ʤʘ-

ʪʝʨʠʘʣʳ ʩ Ůr=2-10 ʠ tgŭ=10-3-10-4. 

 

 

 
ʈʠʩ. 4. ʇʨʠʤʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʪʦʢʘ ʚ ɸʈ 

 

ʈʘʩʩʤʦʪʨʠʤ, ʢʘʢ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʪʦʢ ʚ 

ʤʠʢʨʦʧʦʣʦʩʢʦʚʦʤ ʘʥʪʝʥʥʦʤ ʵʣʝʤʝʥʪʝ. 

ʅʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʪʦʯʢʝ 

ʢʨʝʧʣʝʥʠʷ ʣʠʥʠʠ ʧʠʪʘʥʠʷ (ʪʦʯʢʘ ʊ1 ʥʘ 

ʨʠʩ. 4). ɺʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʪʦʢʘ ʨʘʩʧʦʣʘʛʘ-

ʶʪʩʷ ʤʝʞʜʫ ʧʨʘʚʦʡ ʠ ʣʝʚʦʡ ʛʨʘʥʷʤʠ ʠʟʣʫ-

ʯʘʪʝʣʷ (ʛʨʘʥʠ, ʧʘʨʘʣʣʝʣʴʥʳʝ ʦʩʠ Y ʥʘ 

ʨʠʩ. 4), ʜʦʩʪʠʛʘʷ ʤʘʢʩʠʤʫʤʘ ʥʘ ʩʘʤʠʭ ʛʨʘ-

ʥʷʭ (ʪʦʯʢʠ ʊ2 ʠ ʊ3). ʄʝʥʴʰʠʝ ʟʥʘʯʝʥʠʷ 

ʪʦʢʘ ʥʘʙʣʶʜʘʶʪʩʷ ʥʘ ʛʨʘʥʷʭ, ʧʘʨʘʣʣʝʣʴ-

ʥʳʭ ʦʩʠ X (ʪʦʯʢʠ ʊ4 ʠ ʊ5). 

ʈʘʩʩʤʦʪʨʠʤ, ʢʘʢ ʵʬʬʝʢʪ ʚʟʘʠʤʥʦʛʦ ʚʣʠ-

ʷʥʠʷ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʧʦʚʝʨʭ-

ʥʦʩʪʥʳʭ ʪʦʢʦʚ ʚ ʘʥʪʝʥʥʳʭ ʨʝʰʸʪʢʘʭ. ʅʘ 

ʨʠʩʫʥʢʝ 5 ʠʟʦʙʨʘʞʝʥʘ ʘʥʪʝʥʥʘʷ ʨʝʰʸʪʢʘ 

ˉ3 ʠʟ ʪʘʙʣʠʮʳ 1 ʠ ʛʨʘʬʠʢ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʪʦʢʘ. 
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ʘ) ɿʥʘʯʝʥʠʷ ʪʦʢʘ ʚ ʨʘʟʥʳʭ ʪʦʯʢʘʭ ɸʈ 

 
ʙ) ʈʘʩʧʦʣʦʞʝʥʠʝ ʪʦʯʝʢ ʥʘ ɸʈ 

ʈʠʩ. 5. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʦʢʦʚ ʚ ʘʥʪʝʥʥʦʡ ʨʝʰʸʪʢʝ 

 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ. ɿʥʘ-

ʯʝʥʠʷ ʪʦʢʘ ʚ ʪʦʯʢʘʭ ɸ1, ɸ2 ʠ ɸ3 (ʤʝʩʪʘ 

ʢʨʝʧʣʝʥʠʷ ʣʠʥʠʠ ʧʠʪʘʥʠʷ) ʫ 1, 2 ʠ 3 ʵʣʝ-

ʤʝʥʪʘ ʨʘʟʣʠʯʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ. ʊʘʢʞʝ 

ʦʪʣʠʯʘʶʪʩʷ ʪʦʢʠ ʚ ʪʦʯʢʘʭ ɺ1 ʠ ɺ2 (ʧʨʘʚʳʡ 

ʢʨʘʡ ʠʟʣʫʯʘʪʝʣʷ) ʫ 1 ʠ 3 ʵʣʝʤʝʥʪʦʚ. ɺ ʮʝ-

ʣʦʤ ʚʠʜʥʦ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʦʢʘ ʚ ʢʘʞ-

ʜʦʤ ʘʥʪʝʥʥʦʤ ʵʣʝʤʝʥʪʝ ʦʪʣʠʯʘʝʪʩʷ. ɺʘʞʥʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʘʨʪʠʥʘ ʠʟʤʝʥʝʥʠʡ ʚ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʠ ʪʦʢʦʚ ʩʠʤʤʝʪʨʠʯʥʘ ʤʝʞʜʫ 1-3 

ʠ 4-6 ʘʥʪʝʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ. ʕʪʦ ʷʚʣʷʝʪʩʷ 

ʧʨʦʷʚʣʝʥʠʝʤ ʚʦʟʜʝʡʩʪʚʠʷ ʵʬʬʝʢʪʘ ʚʟʘʠʤ-

ʥʦʛʦ ʚʣʠʷʥʠʷ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʘʥʪʝʥʥʦʡ 

ʨʝʰʸʪʢʠ. 

ʉʘʤʳʡ ʥʠʟʢʠʡ ʨʝʟʫʣʴʪʘʪ ʧʨʦʜʝʤʦʥ-

ʩʪʨʠʨʦʚʘʣʠ ʨʝʰʸʪʢʠ 2 ʠ 3 ʠʟ ʪʘʙʣʠʮʳ 1, 

ʛʜʝ ɸʕ ʨʘʩʧʦʣʦʞʝʥʳ ʧʣʦʪʥʦ ʜʨʫʛ ʢ ʜʨʫʛʫ 

ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʤʝʶʪ ʥʘʠʙʦʣʴʰʝʝ ʚʟʘ-

ʠʤʥʦʝ ʚʣʠʷʥʠʝ. ʆʥʠ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʫʶ 

ʬʦʨʤʫ ʘʥʪʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʦʪʣʠʯʘʶʪʩʷ 

ʪʦʣʴʢʦ ʤʘʪʝʨʠʘʣʦʤ ʠʟʛʦʪʦʚʣʝʥʠʷ. 
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Abstract. The effect of mutual influence of antenna elements can have a significant impact on 

the characteristics of complex, sensitive systems. This effect changes the shape of the radiation 

patterns (DP) of the antenna elements, changes their active resistance, which complicates the 

matching of the impedances of the antenna arrays (AR). In areas with stringent requirements, 

mutual influence can have a very significant impact on system performance. In particular, they 

are capable of influencing the results of digital algorithms for estimating the angular coordi-

nates of radio sources with super-resolution. A study of the mutual influence of microstrip an-

tennas in the VHF range was carried out. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʦʤʧʘʨʘʪʠʚʥʳʡ ʘʥʘʣʠʟ ʜʚʫʭ ʜʦʤʠʥʠʨʫʶ-

ʱʠʭ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚ ʩʬʝʨʝ ʤʦʙʠʣʴʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ï Java ʠ Kotlin. ʀʩ-

ʩʣʝʜʦʚʘʥʠʝ ʘʢʮʝʥʪʠʨʫʝʪ ʚʥʠʤʘʥʠʝ ʥʘ ʟʥʘʯʠʤʦʩʪʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʳʙʦʨʘ ʷʟʳʢʘ ʜʣʷ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʫʯʠʪʳʚʘʷ ʩʪʨʝʤʠʪʝʣʴʥʦʝ ʥʘʨʘʩʪʘʥʠʝ ʨʦʣʠ ʤʦʙʠʣʴʥʳʭ ʪʝʭʥʦʣʦ-

ʛʠʡ ʚ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘʭ ʠ ʦʙʱʝʩʪʚʝ. ɺ ʟʘʢʣʶʯʝʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʚʪʦʨʩʢʠʝ ʨʝʢʦʤʝʥ-

ʜʘʮʠʠ ʧʦ ʚʳʙʦʨʫ ʷʟʳʢʘ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ, ʠʩʭʦʜʷ ʠʟ ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʨʳʥʢʘ ʠ ʧʨʦ-

ʛʥʦʟʠʨʫʝʤʳʭ ʪʝʥʜʝʥʮʠʡ ʚ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʧʣʘʪʬʦʨʤʝ 

Android. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: Java, Kotlin, Android, ʢʦʤʧʘʨʘʪʠʚʥʳʡ ʘʥʘʣʠʟ. 

 

ɺ ʵʧʦʭʫ ʮʠʬʨʦʚʠʟʘʮʠʠ ʤʦʙʠʣʴʥʳʝ ʧʨʠ-

ʣʦʞʝʥʠʷ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʧʦʚʩʝ-

ʜʥʝʚʥʦʡ ʞʠʟʥʠ ʣʶʜʝʡ, ʯʪʦ ʩʪʘʚʠʪ ʧʝʨʝʜ 

ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ ʟʘʜʘʯʫ ʚʳʙʦʨʘ ʥʘʠʙʦʣʝʝ 

ʧʦʜʭʦʜʷʱʝʛʦ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

ʉʨʝʜʠ ʤʥʦʞʝʩʪʚʘ ʷʟʳʢʦʚ, Java ʠ Kotlin ʚʳ-

ʜʝʣʷʶʪʩʷ ʢʘʢ ʜʚʘ ʦʩʥʦʚʥʳʭ ʧʨʝʪʝʥʜʝʥʪʘ 

ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʘ ʧʣʘʪʬʦʨʤʝ Android, 

ʢʘʞʜʳʡ ʩʦ ʩʚʦʠʤʠ ʫʥʠʢʘʣʴʥʳʤʠ ʦʩʦʙʝʥ-

ʥʦʩʪʷʤʠ ʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ. 

Java, ʩʦ ʩʚʦʝʡ ʟʘʨʝʢʦʤʝʥʜʦʚʘʚʰʝʡ ʩʝʙʷ 

ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʠ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴʶ, 

ʜʦʣʛʦʝ ʚʨʝʤʷ ʜʦʤʠʥʠʨʦʚʘʣʘ ʚ ʵʪʦʤ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝ. 

ʆʜʥʘʢʦ Kotlin, ʙʦʣʝʝ ʤʦʣʦʜʦʡ ʠ ʜʠʥʘ-

ʤʠʯʥʳʡ ʢʦʥʢʫʨʝʥʪ, ʩʪʨʝʤʠʪʝʣʴʥʦ ʥʘʙʠʨʘ-

ʝʪ ʧʦʧʫʣʷʨʥʦʩʪʴ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʤʫ ʩʦʚʨʝ-

ʤʝʥʥʦʤʫ ʩʠʥʪʘʢʩʠʩʫ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ, 

ʢʦʪʦʨʳʝ ʦʙʝʱʘʶʪ ʫʧʨʦʩʪʠʪʴ ʠ ʫʩʢʦʨʠʪʴ 

ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ. 

ɺ ʢʦʥʪʝʢʩʪʝ ʥʝʧʨʝʨʳʚʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ 

ʩʬʝʨʳ ʤʦʙʠʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʘʢʪʫʘʣʠʟʠ-

ʨʫʝʪʩʷ ʚʦʧʨʦʩ ʚʳʙʦʨʘ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦ-

ʚʘʥʠʷ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʦʙʠʣʴʥʳʭ ʧʨʠʣʦ-

ʞʝʥʠʡ, ʢʦʪʦʨʳʡ ʩʪʘʥʦʚʠʪʩʷ ʜʝʪʝʨʤʠʥʠʨʫ-

ʶʱʠʤ ʬʘʢʪʦʨʦʤ ʚ ʧʨʦʮʝʩʩʝ ʩʦʟʜʘʥʠʷ ʵʬ-

ʬʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. 

ʋʯʠʪʳʚʘʷ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ ʨʦʩʪ ʢʦʣʠʯʝ-

ʩʪʚʘ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʠʭ ʟʥʘʯʠʤʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʨʘʟʣʠʯʥʳʝ ʘʩʧʝʢʪʳ ʧʦʚʩʝʜʥʝʚ-

ʥʦʡ ʞʠʟʥʠ, ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʤʦʙʠʣʴʥʳʭ 

ʧʨʠʣʦʞʝʥʠʡ ʚʳʩʪʫʧʘʝʪ ʢʘʢ ʥʝʦʪʲʝʤʣʝʤʘʷ 

ʯʘʩʪʴ ʩʦʚʨʝʤʝʥʥʦʡ ʙʠʟʥʝʩ-ʵʢʦʩʠʩʪʝʤʳ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴ-

ʥʦʩʪʠ.  

ɺʳʙʦʨ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʦʧʪʠ-

ʤʘʣʴʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʬʫʥʢʮʠʦʥʘʣʴ-

ʥʳʤ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʧʨʦ-

ʝʢʪʘ, ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʢʘʢ ʠʥʜʠʚʠʜʫʘʣʴʥʫʶ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʵʣʝ-

ʤʝʥʪʦʚ ʧʨʠʣʦʞʝʥʠʷ, ʪʘʢ ʠ ʝʛʦ ʦʙʱʫʶ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʴ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʧʝʮʠʘʣʠʩʪʳ ʚ ʦʙʣʘ-

ʩʪʠ ʩʦʟʜʘʥʠʷ ʤʦʙʠʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʜʣʷ 

Android ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʚʳʙʦʨʦʤ ʤʝʞʜʫ 

ʜʚʫʤʷ ʚʝʜʫʱʠʤʠ ʷʟʳʢʘʤʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘ-

ʥʠʷ: Java ʠ Kotlin. ʈʝʰʝʥʠʝ ʟʘʯʘʩʪʫʶ ʟʘʚʠ-

ʩʠʪ ʦʪ ʪʦʛʦ, ʯʪʦ Java ʦʙʣʘʜʘʝʪ ʦʙʰʠʨʥʳʤ 

ʯʠʩʣʦʤ ʧʨʦʝʢʪʦʚ, ʜʝʪʘʣʴʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠ-

ʝʡ ʠ ʢʨʫʧʥʳʤ ʩʦʦʙʱʝʩʪʚʦʤ ʨʘʟʨʘʙʦʪʯʠʢʦʚ, 

ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ Kotlin ʚʳʜʝʣʷʝʪʩʷ ʣʝʛʢʦ-

ʩʪʴʶ ʠʟʫʯʝʥʠʷ, ʥʘʣʠʯʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ 

ʬʫʥʢʮʠʡ, ʙʠʙʣʠʦʪʝʢ ʠ ʬʨʝʡʤʚʦʨʢʦʚ. ʈʘʩ-

ʩʤʦʪʨʠʤ ʜʝʪʘʣʴʥʝʝ ʢʣʶʯʝʚʳʝ ʘʩʧʝʢʪʳ 

ʢʘʞʜʦʛʦ ʠʟ ʵʪʠʭ ʷʟʳʢʦʚ. 

Java, ʩʦʟʜʘʥʥʘʷ Sun Microsystems (ʚ ʧʦ-

ʩʣʝʜʩʪʚʠʠ ʧʨʠʦʙʨʝʪʝʥʥʘʷ Oracle), ʥʘ ʧʨʦ-

ʪʷʞʝʥʠʠ ʤʥʦʛʠʭ ʣʝʪ ʙʳʣʘ ʜʦʤʠʥʠʨʫʶʱʠʤ 

ʷʟʳʢʦʤ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʣʦʞʝʥʠʡ ʥʘ 

Android. ʕʪʦʪ ʷʟʳʢ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣ ʩʝʙʷ 

ʢʘʢ ʥʘʜʝʞʥʳʡ ʠʥʩʪʨʫʤʝʥʪ, ʩʦʚʤʝʩʪʠʤʳʡ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʧʣʘʪʬʦʨʤʘʤʠ ʠ ʠʤʝʶʱʠʡ 
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ʜʣʠʪʝʣʴʥʫʶ ʠʩʪʦʨʠʶ ʧʨʠʤʝʥʝʥʠʷ ʚ ʩʬʝʨʝ 

ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʧʨʠʣʦʞʝʥʠʡ. Java ʦʩʥʦʚʳ-

ʚʘʝʪʩʷ ʥʘ ʧʨʠʥʮʠʧʘʭ ʦʙʲʝʢʪʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

(ʆʆʇ) ʠ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʙʦʣʴʰʠʤ ʩʦʦʙ-

ʱʝʩʪʚʦʤ ʨʘʟʨʘʙʦʪʯʠʢʦʚ, ʘ ʪʘʢʞʝ ʦʙʣʘʜʘʝʪ 

ʨʘʟʚʠʪʦʡ ʵʢʦʩʠʩʪʝʤʦʡ ʙʠʙʣʠʦʪʝʢ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, Kotlin ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʦʚʳʡ ʷʟʳʢ ʧʨʦʛʨʘʤ-

ʤʠʨʦʚʘʥʠʷ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ Java Virtual 

Machine, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʢʦʤʧʘʥʠʝʡ 

JetBrains. ʕʪʦʪ ʷʟʳʢ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʢʘʢ 

ʨʝʰʝʥʠʝ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʥʝʜʦʩʪʘʪʢʦʚ Java, 

ʠ ʚʧʦʩʣʝʜʩʪʚʠʠ ʦʥ ʙʳʣ ʧʨʠʟʥʘʥ ʦʬʠʮʠʘʣʴ-

ʥʳʤ ʷʟʳʢʦʤ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʣʦʞʝʥʠʡ 

ʥʘ Android. Kotlin ʦʪʣʠʯʘʝʪʩʷ ʦʙʥʦʚʣʝʥ-

ʥʳʤ ʩʠʥʪʘʢʩʠʩʦʤ, ʝʛʦ ʚʳʨʘʟʠʪʝʣʴʥʦʩʪʴʶ ʠ 

ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʪʠʧʦʚ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʦʙ-

ʣʝʛʯʘʝʪ ʥʘʧʠʩʘʥʠʝ ʯʠʩʪʦʛʦ ʠ ʧʦʥʷʪʥʦʛʦ 

ʢʦʜʘ. ʇʦʤʠʤʦ ʵʪʦʛʦ, Kotlin ʧʦʜʜʝʨʞʠʚʘʝʪ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʠ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʵʬʬʝʢʪʠʚʥʳʝ ʩʨʝʜʩʪʚʘ ʜʣʷ 

ʘʩʠʥʭʨʦʥʥʦʡ ʨʘʟʨʘʙʦʪʢʠ. 

ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʢʨʠʪʝʨʠʠ 

ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʷʟʳʢʦʚ: 

1. ʉʠʥʪʘʢʩʠʩ: 

Kotlin ʠʤʝʝʪ ʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʡ ʠ ʩʞʘ-

ʪʳʡ ʩʠʥʪʘʢʩʠʩ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ Java, ʯʪʦ 

ʜʝʣʘʝʪ ʢʦʜ ʙʦʣʝʝ ʯʠʪʘʝʤʳʤ ʠ ʣʘʢʦʥʠʯʥʳʤ. 

ɺ Kotlin ʤʝʥʴʰʝ ʰʘʙʣʦʥʥʦʛʦ ʢʦʜʘ, ʥʘʧʨʠ-

ʤʝʨ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʣʘʩʩʦʚ ʜʘʥʥʳʭ ʜʦ-

ʩʪʘʪʦʯʥʦ ʦʜʥʦʡ ʩʪʨʦʢʠ ʢʦʜʘ. 

Java ʠʩʧʦʣʴʟʫʝʪ ʙʦʣʝʝ ʪʨʘʜʠʮʠʦʥʥʳʡ 

ʧʦʜʭʦʜ, ʪʨʝʙʫʝʪ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦʛʦ ʢʦʜʘ 

ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʪʝʭ ʞʝ ʟʘʜʘʯ, ʥʘʧʨʠʤʝʨ, 

ʥʫʞʥʦ ʧʠʩʘʪʴ ʤʥʦʛʦ ʰʘʙʣʦʥʥʦʛʦ ʢʦʜʘ ʜʣʷ 

ʢʣʘʩʩʦʚ ʜʘʥʥʳʭ. 

ʅʘ ʨʠʩʫʥʢʘʭ 1-2 ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʢʘʢ 

ʦʪʣʠʯʘʝʪʩʷ ʢʦʜ ʜʣʷ ʢʣʘʩʩʘ ʜʘʥʥʳʭ ʚ Kotlin 

ʠ Java. 

 

 
ʈʠʩ. 1. ʂʣʘʩʩ ʜʘʥʥʳʭ ʚ Kotlin 

 

 
ʈʠʩ. 2. ʂʣʘʩʩ ʜʘʥʥʳʭ ʚ Java 
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2. ʈʘʩʰʠʨʝʥʥʳʝ ʬʫʥʢʮʠʠ: 

Kotlin ʧʦʜʜʝʨʞʠʚʘʝʪ ʨʘʩʰʠʨʝʥʥʳʝ 

ʬʫʥʢʮʠʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʜʦʙʘʚʣʷʪʴ 

ʥʦʚʫʶ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʢ ʩʫʱʝʩʪʚʫʶ-

ʱʠʤ ʢʣʘʩʩʘʤ ʙʝʟ ʠʭ ʤʦʜʠʬʠʢʘʮʠʠ. 

Java ʥʝ ʧʦʜʜʝʨʞʠʚʘʝʪ ʨʘʩʰʠʨʝʥʥʳʝ 

ʬʫʥʢʮʠʠ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ 

ʜʦʙʘʚʣʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʙʝʟ ʥʘʩʣʝ-

ʜʦʚʘʥʠʷ ʠʣʠ ʜʝʢʦʨʠʨʦʚʘʥʠʷ. 

ʇʨʠʤʝʨ ʨʘʩʰʠʨʝʥʠʷ ʩʠʩʪʝʤʥʦʛʦ ʢʣʘʩʩʘ 

String, ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 3. 

 

 
ʈʠʩ. 3. ʈʘʩʰʠʨʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʢʣʘʩʩʘ String 

 

3. ʂʦʤʧʠʣʷʮʠʷ: 

Kotlin ʠʩʧʦʣʴʟʫʝʪ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʫʶ 

ʢʦʤʧʠʣʷʮʠʶ ʚ ʨʝʞʠʤʝ ʠʥʢʨʝʤʝʥʪʥʦʛʦ ʠ 

ʢʵʰʠʨʦʚʘʥʠʷ, ʯʪʦ ʤʦʞʝʪ ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩ 

ʨʘʟʨʘʙʦʪʢʠ. 

ɺ Java ʪʨʘʜʠʮʠʦʥʥʘʷ ʢʦʤʧʠʣʷʮʠʷ ʤʦʞʝʪ 

ʙʳʪʴ ʤʝʜʣʝʥʥʝʝ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʙʦʣʴʰʠʭ 

ʧʨʦʝʢʪʦʚ. 

4. ʀʥʪʝʨʦʧʝʨʘʙʝʣʴʥʦʩʪʴ: 

Kotlin ʧʦʣʥʦʩʪʴʶ ʩʦʚʤʝʩʪʠʤ ʩ Java, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ ʠʩʧʦʣʴʟʦʚʘʪʴ Java-

ʙʠʙʣʠʦʪʝʢʠ ʠ ʬʨʝʡʤʚʦʨʢʠ, ʘ ʪʘʢʞʝ ʧʦʩʪʝ-

ʧʝʥʥʦ ʧʝʨʝʥʦʩʠʪʴ ʩʫʱʝʩʪʚʫʶʱʠʡ Java-ʢʦʜ 

ʥʘ Kotlin. 

Java ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩ Kotlin, ʥʦ 

ʧʝʨʝʭʦʜ ʥʘ Kotlin ʤʦʞʝʪ ʧʨʝʜʣʦʞʠʪʴ ʙʦʣʝʝ 

ʧʨʦʩʪʳʝ ʠ ʤʦʱʥʳʝ ʨʝʰʝʥʠʷ ʜʣʷ ʨʘʟʨʘʙʦʪ-

ʢʠ. 

ʆʩʥʦʚʥʳʝ ʜʦʩʪʦʠʥʩʪʚʘ Java ʚ ʩʬʝʨʝ 

ʨʘʟʨʘʙʦʪʢʠ ʤʦʙʠʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʚʢʣʶ-

ʯʘʶʪ ʚ ʩʝʙʷ: 

1. ʆʙʰʠʨʥʳʡ ʦʧʳʪ ʠ ʨʘʟʚʠʪʘʷ ʵʢʦʩʠ-

ʩʪʝʤʘ: Java ʦʪʥʦʩʠʪʩʷ ʢ ʯʠʩʣʫ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʠ ʧʨʦʚʝʨʝʥʥʳʭ ʚʨʝʤʝ-

ʥʝʤ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

2. ɾʝʩʪʢʘʷ ʩʪʘʪʠʯʝʩʢʘʷ ʪʠʧʠʟʘʮʠʷ: Java 

ʧʨʠʤʝʥʷʝʪ ʩʪʨʦʛʫʶ ʩʠʩʪʝʤʫ ʩʪʘʪʠʯʝʩʢʦʡ 

ʪʠʧʠʟʘʮʠʠ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʤʠʥʠʤʠʟʘʮʠʠ 

ʦʰʠʙʦʢ, ʩʚʷʟʘʥʥʳʭ ʩ ʪʠʧʘʤʠ ʜʘʥʥʳʭ ʚʦ 

ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʛʨʘʤʤʳ. ʕʪʦ ʦʩʦ-

ʙʝʥʥʦ ʮʝʥʥʦ ʜʣʷ ʢʨʫʧʥʳʭ ʠ ʢʦʤʧʣʝʢʩʥʳʭ 

ʧʨʦʝʢʪʦʚ. 

3. ʅʘʜʝʞʥʦʩʪʴ: Java ʩʣʘʚʠʪʩʷ ʩʚʦʠʤ ʚʳ-

ʩʦʢʠʤ ʫʨʦʚʥʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʤʦ-

ʙʠʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ, ʦʩʦʙʝʥʥʦ ʚ ʦʙʣʘ-

ʩʪʷʭ, ʛʜʝ ʵʪʦ ʠʤʝʝʪ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ, 

ʥʘʧʨʠʤʝʨ, ʚ ʬʠʥʘʥʩʦʚʦʡ ʠ ʢʦʨʧʦʨʘʪʠʚʥʦʡ 

ʩʬʝʨʘʭ. 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ Kotlin ʦʙʣʘʜʘʝʪ ʩʣʝʜʫ-

ʶʱʠʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ: 

1. ʉʞʘʪʦʩʪʴ ʠ ʚʳʨʘʟʠʪʝʣʴʥʦʩʪʴ ʩʠʥʪʘʢ-

ʩʠʩʘ: Kotlin ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʝʝ ʥʦʚʘ-

ʪʦʨʩʢʠʤ ʠ ʣʝʛʢʦ ʚʦʩʧʨʠʥʠʤʘʝʤʳʤ ʩʠʥʪʘʢ-

ʩʠʩʦʤ ʚ ʩʨʘʚʥʝʥʠʠ ʩ Java, ʦʙʝʩʧʝʯʠʚʘʷ ʙʦ-

ʣʝʝ ʵʬʬʝʢʪʠʚʥʫʶ ʨʘʟʨʘʙʦʪʢʫ ʧʨʦʛʨʘʤʤʥʦ-

ʛʦ ʢʦʜʘ. 

2. ʀʥʪʝʨʦʧʝʨʘʙʝʣʴʥʦʩʪʴ ʩ Java: Kotlin 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʦʣʥʫʶ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʩ 

Java, ʧʦʟʚʦʣʷʷ ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʠʥʪʝʛʨʠʨʦ-

ʚʘʪʴ ʩʫʱʝʩʪʚʫʶʱʠʡ Java-ʢʦʜ ʚ ʧʨʦʝʢʪʳ ʥʘ 

Kotlin ʙʝʟ ʟʥʘʯʠʪʝʣʴʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ. 

3. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʨʫʪʠʥ ʜʣʷ ʘʩʠʥ-

ʭʨʦʥʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ: Kotlin ʚʥʝʜ-

ʨʷʝʪ ʢʦʥʮʝʧʮʠʶ ʢʦʨʫʪʠʥ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʧʨʦʱʘʝʪ ʘʩʠʥʭʨʦʥʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ 

ʠ ʫʧʨʘʚʣʝʥʠʝ ʧʦʪʦʢʘʤʠ ʩʦʙʳʪʠʡ. ʕʪʦ ʩʧʦ-

ʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʯʠʪʘʝʤʦʩʪʠ ʠ 

ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʢʦʜʘ, ʘ ʪʘʢʞʝ ʦʧʪʠʤʠʟʘʮʠʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦ-

ʜʫʢʪʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, Java, ʢʘʢ ʢʣʘʩʩʠʯʝʩʢʠʡ 

ʠ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʷʟʳʢ, ʠʤʝʝʪ 

ʩʚʦʠ ʩʠʣʴʥʳʝ ʩʪʦʨʦʥʳ. ɹʦʣʴʰʦʡ ʦʧʳʪ ʠ 

ʦʙʰʠʨʥʘʷ ʵʢʦʩʠʩʪʝʤʘ, ʘ ʪʘʢʞʝ ʩʪʨʦʛʘʷ ʩʪʘ-

ʪʠʯʝʩʢʘʷ ʪʠʧʠʟʘʮʠʷ, ʜʝʣʘʶʪ ʝʛʦ ʦʪʣʠʯʥʳʤ 

ʚʳʙʦʨʦʤ ʜʣʷ ʙʦʣʴʰʠʭ ʠ ʩʣʦʞʥʳʭ ʧʨʦʝʢ-

ʪʦʚ. ʆʜʥʘʢʦ, ʝʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ Kotlin, ʪʦ 

ʵʪʦʪ ʷʟʳʢ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʩʦʚʨʝʤʝʥʥʳʝ ʠ 

ʚʘʞʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʠ ʬʨʝʡʤʚʦʨʢʠ ʜʣʷ 

ʤʦʙʠʣʴʥʦʡ ʨʘʟʨʘʙʦʪʢʠ, ʜʦʩʪʫʧʥʳʝ ʪʦʣʴʢʦ 

ʜʣʷ ʵʪʦʛʦ ʷʟʳʢʘ. ʉʨʝʜʠ ʥʠʭ ʤʦʞʥʦ ʚʳʜʝ-

ʣʠʪʴ: Jetpack Compose, Koin, RxKotlin, 

Coroutines ʠ ʜʨʫʛʠʝ. 
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ʀʪʘʢ, ʧʨʠ ʚʳʙʦʨʝ ʤʝʞʜʫ Java ʠ Kotlin 

ʜʣʷ ʤʦʙʠʣʴʥʦʡ ʨʘʟʨʘʙʦʪʢʠ, Kotlin ʧʨʝʜ-

ʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʡ ʠ 

ʩʦʚʨʝʤʝʥʥʳʡ ʚʳʙʦʨ. ɽʛʦ ʢʨʘʪʢʠʡ ʩʠʥʪʘʢ-

ʩʠʩ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʪʠʧʦʚ ʠ ʤʦʱʥʳʝ ʠʥ-

ʩʪʨʫʤʝʥʪʳ ʜʝʣʘʶʪ ʝʛʦ ʠʜʝʘʣʴʥʳʤ ʜʣʷ ʩʦ-

ʟʜʘʥʠʷ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʠ ʯʠʪʘʝʤʳʭ 

ʧʨʠʣʦʞʝʥʠʡ ʥʘ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ, 

ʦʩʦʙʝʥʥʦ ʥʘ ʧʣʘʪʬʦʨʤʝ Android. ʇʦʵʪʦʤʫ, 

ʧʨʠ ʚʦʟʤʦʞʥʦʩʪʠ, ʚʳʙʦʨ Kotlin ʚ ʤʦʙʠʣʴ-

ʥʦʡ ʨʘʟʨʘʙʦʪʢʝ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠ-

ʪʝʣʴʥʳʤ. 
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Abstract. The article provides a comparative analysis of two dominant programming 

languages in the field of mobile development ð Java and Kotlin. The study focuses on the 

importance of the optimal choice of programming language, given the rapid growth of the 

role of mobile technologies in business processes and society. In conclusion, the author's 

recommendations on the choice of language for development are presented, based on the 

current state of the market and projected trends in the field of information technology on 

the Android platform. 

Keywords: Java, Kotlin, Android, comparative analysis. 
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ʉɹɽʈɽɾɽʅʀʗ ʇʈʀʈʆɼʅʆɻʆ ɻɸɿɸ ʇʈʀ ʈɽʄʆʅʊɽ ʄɸɻʀʉʊʈɸʃʔʅʆɻʆ  

ɻɸɿʆʇʈʆɺʆɼɸ 

 

ɸ.ʈ. ʉʘʣʠʤʦʚ, ʩʪʫʜʝʥʪ 

ʉ.ɺ. ʂʠʪʘʝʚ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʋʬʠʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʝʬʪʷʥʦʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

(ʈʦʩʩʠʷ, ʛ. ʋʬʘ) 
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ɸʥʥʦʪʘʮʠʷ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʡ ʪʝʤʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ ʥʘʡʪʠ ʧʫʪʠ ʨʝ-

ʰʝʥʠʷ ʠ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤ ʧʦ ʩʦʢʨʘʱʝʥʠʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʚʳʙʨʦʩʦʚ ʚ ʘʪʤʦʩʬʝʨʫ, ʟʘʦʜ-

ʥʦ ʩʚʝʩʪʠ ʢ ʤʠʥʠʤʫʤʫ ʧʦʪʝʨʠ ʛʘʟʘ ʧʨʠ ʝʛʦ ʜʦʙʳʯʝ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ. ɺ ʩʪʘʪʴʝ ʨʘʩ-

ʩʤʦʪʨʝʥʳ ʤʝʪʦʜʳ ʧʦ ʩʙʝʨʝʞʝʥʠʶ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʠ ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʧʫʪʝʤ 

ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʝʤʦʥʪʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʨʘʙʦʪ ʥʘ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʛʘʟʦʧʨʦʚʦʜʘʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʘʟ, ʢʦʥʜʝʥʩʘʪ, ʢʦʤʧʨʝʩʩʦʨʥʘʷ ʩʪʘʥʮʠʷ, ʨʝʤʦʥʪʠʨʫʝʤʳʡ ʫʯʘʩʪʦʢ, 

ʤʘʛʠʩʪʨʘʣʴʥʳʡ ʛʘʟʦʧʨʦʚʦʜ, ʜʘʚʣʝʥʠʝ. 

 

ʅʝ ʦʧʠʨʘʷʩʴ ʥʘ ʤʝʪʦʜ ʧʨʦʚʝʜʝʥʠʷ ʨʝ-

ʤʦʥʪʥʳʭ ʨʘʙʦʪ ʥʘ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʛʘʟʦʧʨʦ-

ʚʦʜʘʭ, ʥʝʦʙʭʦʜʠʤʦ ʦʪʢʣʶʯʝʥʠʝ ʵʪʦʛʦ 

ʫʯʘʩʪʢʘ, ʢʦʪʦʨʳʡ ʧʦʜʚʝʨʞʝʥ ʨʝʤʦʥʪʫ, ʯʪʦ 

ʚʝʜʝʪ ʟʘ ʩʦʙʦʡ ʢ ʦʩʚʦʙʦʞʜʝʥʠʶ ʝʛʦ ʦʪ ʛʘʟʘ 

ʠ ʢʦʥʜʝʥʩʘʪʘ ʜʦ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ. 

ʇʨʠ ʵʪʦʤ ʜʦʣʞʥʳʤ ʦʙʨʘʟʦʤ ʥʫʞʥʦ ʦʙʝʩ-

ʧʝʯʠʪʴ ʦʭʨʘʥʫ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ʇʫʪʠ ʨʝʰʝʥʠʷ ʠ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤ ʧʦ 

ʩʦʢʨʘʱʝʥʠʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʚʳʙʨʦʩʦʚ ʚ 

ʘʪʤʦʩʬʝʨʫ ʧʦʤʦʞʝʪ ʚʥʝʜʨʝʥʠʝ ʤʦʙʠʣʴʥʳʭ 

ʢʦʤʧʨʝʩʩʦʨʥʳʭ ʫʩʪʘʥʦʚʦʢ, ʢʦʪʦʨʳʝ ʜʘʜʫʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʭʨʘʥʷʪʴ ʛʘʟ ʚ ʦʪʢʣʶʯʝʥʥʳʭ 

ʫʯʘʩʪʢʘʭ ʧʨʠ ʨʝʤʦʥʪʝ ʛʘʟʦʧʨʦʚʦʜʘ, ʚʤʝʩʪʦ 

ʪʦʛʦ, ʯʪʦʙʳ ʩʪʨʘʚʣʠʚʘʪʴ ʛʘʟ ʚ ʚʦʟʜʫʭ. 

1. ʄʝʪʦʜʳ ʩʙʝʨʝʞʝʥʠʷ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʝʤʦʥʪʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʨʘʙʦʪ ʥʘ ʫʯʘʩʪʢʘʭ ʩʠ-

ʩʪʝʤ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʛʘʟʦʧʨʦʚʦʜʦʚ, ʚ ʦʩ-

ʥʦʚʥʦʤ ʩʚʷʟʘʥʦ ʩ ʦʪʢʣʶʯʝʥʠʝʤ ʜʘʥʥʳʭ 

ʫʯʘʩʪʢʦʚ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʩʚʦʙʦʞʜʝʥʠ-

ʝʤ ʛʘʟʘ ʚ ʘʪʤʦʩʬʝʨʫ, ʯʝʨʝʟ ʧʨʦʜʫʚʦʯʥʳʝ 

ʩʚʝʯʠ, ʯʪʦ ʥʝ ʪʦʣʴʢʦ ʚʨʝʜʠʪ ʘʪʤʦʩʬʝʨʝ, ʘ 

ʠʤʝʥʥʦ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʦʟʦʥʦ-

ʚʳʭ ʜʳʨ ʚ ʨʘʡʦʥʝ ʩʙʨʦʩʘ ʛʘʟʘ, ʥʦ ʠ ʜʘʥʥʳʡ 

ʤʝʪʦʜ ʥʝʵʢʦʥʦʤʠʯʝʥ. ʂ ʨʝʰʝʥʠʶ ʜʘʥʥʦʛʦ 

ʚʦʧʨʦʩʘ ʥʫʞʥʦ ʧʦʜʭʦʜʠʪʴ ʩ ʦʪʚʝʪʩʪʚʝʥʥʦ-

ʩʪʴʶ, ʪʘʢ ʢʘʢ ʩʪʦʠʤʦʩʪʴ ʦʙʲʝʤʘ ʧʨʠʨʦʜʥʦ-

ʛʦ ʛʘʟʘ, ʢʦʪʦʨʳʡ ʜʦ ʩʠʭ ʧʦʨ ʚʳʙʨʘʩʳʚʘʣʩʷ 

ʚ ʘʪʤʦʩʬʝʨʫ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʤʘʛʠʩʪʨʘʣʴ-

ʥʳʭ ʛʘʟʦʧʨʦʚʦʜʦʚ ʢ ʨʝʤʦʥʪʫ, ʩʦʩʪʘʚʣʷʝʪ 

ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʤʠʣʣʠʦʥʦʚ ʝʚʨʦ. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʫʱʝʩʪʚʫʶʪ ʪʘʢʠʝ 

ʤʝʪʦʜʳ ʧʦ ʩʙʝʨʝʞʝʥʠʶ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ: 

1) ʙʝʟʦʛʥʝʚʘʷ ʚʨʝʟʢʘ ʛʘʟʦʧʨʦʚʦʜʦʚ, ʧʫ-

ʪʝʤ ʙʘʥʜʘʞʠʨʦʚʘʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʥʝ 

ʫʜʘʣʷʪʴ ʛʘʟ ʠʟ ʛʘʟʦʧʨʦʚʦʜʘ; 

2) ʧʨʠʤʝʥʝʥʠʝ ʤʦʙʠʣʴʥʳʭ ʢʦʤʧʨʝʩʩʦʨ-

ʥʳʭ ʫʩʪʘʥʦʚʦʢ, ʥʦ ʜʘʥʥʳʡ ʤʝʪʦʜ ʥʝ ʦʙʝʩ-

ʧʝʯʠʚʘʝʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʚ ʨʘʙʦʪʝ, ʠʟ-ʟʘ ʧʦ-

ʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ; 

3) ʧʨʠʤʝʥʝʥʠʝ ʧʦʨʰʥʝʚʳʭ ʢʦʤʧʨʝʩʩʦʨ-

ʥʳʭ ʫʩʪʘʥʦʚʦʢ, ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ, 

ʥʦ ʥʝ ʜʦʚʝʜʝʥʦ ʜʦ ʥʦʨʤʘʪʠʚʥʦʛʦ; 

4) ʧʨʠʤʝʥʝʥʠʝ ʢʦʤʧʨʝʩʩʦʨʘ ʩ ʧʝʨʝʧʫʩ-

ʢʦʤ ʛʘʟʘ ʯʝʨʝʟ ʢʘʥʘʣʳ, ʛʜʝ ʧʨʠ ʩʥʠʞʝʥʠʠ 

ʜʘʚʣʝʥʠʷ, ʫʤʝʥʴʰʠʪʩʷ ʧʨʦʮʝʩʩ ʦʙʨʘʪʥʦʛʦ 

ʨʘʩʰʠʨʝʥʠʷ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʙʠʣʴʥʦʡ ʢʦʤʧʨʝʩʩʦʨ-

ʥʦʡ ʩʪʘʥʮʠʠ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ, ʷʚʣʷʝʪʩʷ 

ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʤ, ʜʘʥʥʦʝ ʟʘʢʣʶʯʝʥʠʝ 

ʦʩʥʦʚʘʥʦ ʥʘ ʠʟʫʯʝʥʠʠ ʨʝʛʣʘʤʝʥʪʦʚ, ʪʘʢʠʭ 

ʢʘʢ ʉʊʆ ɻʘʟʧʨʦʤ 2-2.3-231-2008 çʇʨʘʚʠʣʘ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʙʦʪ ʧʨʠ ʢʘʧʠʪʘʣʴʥʦʤ ʨʝ-

ʤʦʥʪʝ ʣʠʥʝʡʥʦʡ ʯʘʩʪʠ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʛʘ-

ʟʦʧʨʦʚʦʜʦʚ ʆɸʆ çɻʘʟʧʨʦʤè; ɺʉʅ 39-1.10-

006-2000 çʇʨʘʚʠʣʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʙʦʪ ʧʦ 

ʚʳʙʦʨʦʯʥʦʤʫ ʢʘʧʠʪʘʣʴʥʦʤʫ ʨʝʤʦʥʪʫ ʤʘ-

ʛʠʩʪʨʘʣʴʥʳʭ ʛʘʟʦʧʨʦʚʦʜʦʚ ʚ ʨʘʟʣʠʯʥʳʭ 

ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭè; ʉʊʆ 

ɻʘʟʧʨʦʤ 2-2.3-335-2009 çʀʥʩʪʨʫʢʮʠʷ ʧʦ 

ʨʝʤʦʥʪʫ ʜʝʬʝʢʪʥʳʭ ʫʯʘʩʪʢʦʚ ʪʨʫʙʦʧʨʦʚʦ-

ʜʦʚ ʩʪʝʢʣʦʧʣʘʩʪʠʢʦʚʳʤʠ ʤʫʬʪʘʤʠ ʩ ʨʝʟʴ-

ʙʦʚʦʡ ʟʘʪʷʞʢʦʡè; ɺʉʅ 39-1.10-001-99 

çʀʥʩʪʨʫʢʮʠʷ ʧʦ ʨʝʤʦʥʪʫ ʜʝʬʝʢʪʥʳʭ ʪʨʫʙ 



109 

- ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ - 

 

International Journal of Humanities and Natural Sciences, vol. 11-4 (86), 2023 

ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʛʘʟʦʧʨʦʚʦʜʦʚ ʧʦʣʠʤʝʨʥʳ-

ʤʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠè, ʜʘʥ-

ʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʚʳ-

ʙʨʦʩ ʛʘʟʘ ʚ ʘʪʤʦʩʬʝʨʫ.  

ʂʣʶʯʝʚʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦ ʩʙʝʨʝʞʝʥʠʶ 

ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʫʤʝʥʴʰʘʶʪʩʷ, ʥʘ ʦʩʥʦʚʘ-

ʥʠʠ ʦʪʯʝʪʘ ʛʨʫʧʧʳ ɻʘʟʧʨʦʤ, ʧʦ ʩʦʩʪʦʷʥʠʶ 

ʥʘ 2022 ʛʦʜ. 

 

 
ʈʠʩ. 1. ʉʙʝʨʝʞʝʥʠʝ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʠ ʝʛʦ ʨʝʘʣʠʟʘʮʠʷ, ʤʣʥ ʪ 

 

ʇʨʠʤʝʥʝʥʠʝ ʄʂʉ ʩ ʤʦʥʠʬʦʣʴʜʦʤ ï ʵʪʦ 

ʙʣʦʢ ʪʨʫʙʦʧʨʦʚʦʜʘ ʠ ʚʝʥʪʠʣʝʡ, ʧʨʝʜʥʘʟʥʘ-

ʯʝʥʥʳʭ ʜʣʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʪʦʢʘ ʛʘʟʘ. 

ʇʨʠ ʢʦʪʦʨʦʤ ʪʝʭʥʦʣʦʛʠʷ ʧʨʦʚʦʜʠʤʳʭ ʨʝ-

ʤʦʥʪʥʳʭ ʨʘʙʦʪ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: 

- ʢ ʢʨʘʥʦʚʦʤʫ ʫʟʣʫ ʧʦʜʢʣʶʯʘʝʪʩʷ ʚʥʝʰ-

ʥʠʡ ʰʣʝʡʬ, ʩ ʧʦʤʦʱʴʶ ʙʳʩʪʨʦʨʘʟʲʸʤʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ; 

- ʧʦʜʢʣʶʯʘʶʪ ʜʚʝ ʤʦʙʠʣʴʥʳʝ ʫʩʪʘʥʦʚʢʠ 

ʠ ʤʦʥʠʬʦʣʴʜ. ʋ ʤʦʥʠʬʦʣʴʜʘ ʝʩʪʴ ʚʭʦʜʥʦʡ 

ʠ ʚʳʭʦʜʥʦʡ ʰʣʝʡʬ, ʛʜʝ ʦʥ ʨʘʩʭʦʜʠʪʩʷ ʚ 

ʨʘʟʥʳʝ ʩʪʦʨʦʥʳ; 

- ʤʦʥʪʘʞ ʠ ʧʦʜʢʣʶʯʝʥʠʝ ʟʘʥʠʤʘʝʪ ʜʦ 14 

ʯʘʩʦʚ; 

- ʧʨʦʠʟʚʦʜʷʪ ʟʘʤʝʨʳ ʩ ʧʦʤʦʱʴʶ ʛʘʟʦ-

ʘʥʘʣʠʟʘʪʦʨʘ. ʂ ʟʘʧʫʩʢʫ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʛʦ-

ʪʦʚʷʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʦʜʥʦʡ ʪʦʯʢʝ, ʥʦ ʠ ʥʘ 

ʨʘʟʥʳʭ ʨʘʩʩʪʦʷʥʠʷʭ ʧʦ ʜʣʠʥʝ ʛʘʟʦʧʨʦʚʦʜʘ; 

- ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʳ ʠ ʦʙʭʦʜʝ ʩʠ-

ʩʪʝʤʳ, ʫʯʠʪʳʚʘʶʪʩʷ ʜʘʥʥʳʝ ʦ ʪʦʤ, ʩʢʦʣʴ-

ʢʦ ʛʘʟʘ ʫʜʘʣʦʩʴ ʩʧʘʩʪʠ; 

  

 
ʈʠʩ. 2. ʄʦʙʠʣʴʥʘʷ ʢʦʤʧʨʝʩʩʦʨʥʘʷ ʩʪʘʥʮʠʷ 
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ʉʦʭʨʘʥʝʥʠʝ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʩ ʚʥʝʜʨʝ-

ʥʠʝʤ ʄʂʉ ï ʵʪʦ ʦʛʨʦʤʥʘʷ ʧʨʦʛʨʘʤʤʘ ʧʦ 

ʩʥʠʞʝʥʠʶ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʨʠʩʢʦʚ. ɺʧʝʨʚʳʝ 

ʜʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʥʘʰʣʘ ʩʚʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʥʘ ʦʙʲʝʢʪʘʭ ʆʆʆ çɻʘʟʧʨʦʤ ʪʨʘʥʩʛʘʟ 

ʖʛʦʨʩʢè. 

ɿʘʢʣʶʯʝʥʠʝ 

ʅʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʠʝ ʚʦʟʤʦʞʥʦʩʪʠ, ʢʦ-

ʪʦʨʳʤʠ ʨʘʩʧʦʣʘʛʘʝʪ ʥʘʰʘ ʠʥʜʫʩʪʨʠʷ 

ʥʝʬʪʠ ʠ ʛʘʟʘ, ʥʝ ʩʪʦʠʪ ʟʘʙʳʚʘʪʴ ʦ ʩʦʭʨʘʥʝ-

ʥʠʠ ʧʨʠʨʦʜʳ. ɻʘʟ ʤʦʞʝʪ ʣʝʞʘʪʴ ʧʦʜ ʜʘʚ-

ʣʝʥʠʝʤ ʚ 630 ʘʪʤʦʩʬʝʨ, ʪʘʢ ʯʪʦ ʧʦʜ ʥʘʤʠ 

ʛʠʛʘʥʪʩʢʘʷ ʩʠʣʘ, ʟʘ ʢʦʪʦʨʦʡ ʥʫʞʥʦ ʩʣʝ-

ʜʠʪʴ, ʯʪʦʙʳ ʦʥʘ ʥʝ ʪʦʣʴʢʦ ʩʘʤʦʚʦʣʴʥʦ ʥʝ 

ʚʳʨʚʘʣʘʩʴ ʥʘʨʫʞʫ, ʥʦ ʠ ʧʨʠ ʨʝʤʦʥʪʥʦ-

ʚʦʩʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʨʘʙʦʪʘʭ ʩʪʘʨʘʪʴʩʷ 

ʩʙʝʨʝʯʴ ʧʨʠʨʦʜʥʳʡ ʛʘʟ. 

ʅʘʜʸʞʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʪʨʘʥʩʧʦʨ-

ʪʠʨʦʚʢʠ ʛʘʟʘ- ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ. 

ɼʣʷ ʝʝ ʨʝʰʝʥʠʷ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʠ 

ʨʝʘʣʠʟʫʶʪʩʷ ʢʦʤʧʣʝʢʩʥʳʝ ʧʨʦʛʨʘʤʤʳ, 

ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʪʝʭʥʠʯʝʩʢʦʝ ʧʝʨʝʚʦʦʨʫ-

ʞʝʥʠʝ ʠ ʢʘʧʠʪʘʣʴʥʳʡ ʨʝʤʦʥʪ ʤʘʛʠʩʪʨʘʣʴ-

ʥʳʭ ʛʘʟʦʧʨʦʚʦʜʦʚ.  

ʋʩʧʝʰʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʙʦʣʴʰʦʛʦ ʦʙʲʝ-

ʤʘ ʨʘʙʦʪ ʧʦ ʢʘʧʠʪʘʣʴʥʦʤʫ ʨʝʤʦʥʪʫ ʤʘʛʠ-

ʩʪʨʘʣʴʥʳʭ ʛʘʟʦʧʨʦʚʦʜʦʚ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ 

ʚʥʝʜʨʝʥʠʷ ʥʘʠʙʦʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦʡ ʪʝʭ-

ʥʦʣʦʛʠʠ ʠ ʩʦʚʝʨʰʝʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘ-

ʙʦʪ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʠʭ ʚʳʩʦʢʠʝ ʪʝʤʧʳ. 

ʆʯʝʥʴ ʚʘʞʝʥ ʚʳʙʦʨ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʝ-

ʤʦʥʪʥʳʭ ʨʘʙʦʪ ʩ ʫʯʝʪʦʤ ʧʦʥʠʤʘʥʠʷ ʨʠʩ-

ʢʦʚ ʠ ʚʳʛʦʜ ʢʘʞʜʦʡ ʪʝʭʥʦʣʦʛʠʠ. 
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ʈʆʃʔ ʅɸʄʓɺʅʓʍ ʊɽʈʈʀʊʆʈʀʁ ɺ ʈɸɿɺʀʊʀʀ ʉɸʅʂʊ-ʇɽʊɽʈɹʋʈɻɸ 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʦʡ ʧʨʘʢʪʠʢʝ ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠ-

ʦʙʨʝʪʘʝʪ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʥʘʤʳʚʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʚ ʛʦʨʦʜʘʭ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʚ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʢ ʢʨʫʧʥʳʤ ʚʦʜʥʳʤ ʦʙʲʝʢʪʘʤ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʦʣʴ 

ʥʘʤʳʚʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʣʠʢʘ ʛʦʨʦʜʘ ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʟʫʯʝ-

ʥʠʷ ʘʨʭʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʨʘʩʩʤʦʪʨʝʥʠʷ ʵʚʦʣʶʮʠʠ 

ʧʨʠʦʨʠʪʝʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʦʩʚʦʝʥʠʷ ʚʥʫʪʨʝʥʥʝʡ ʘʢʚʘʪʦʨʠʠ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ. ɺ ʢʘʯʝʩʪʚʝ 

ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʩʤʦʪʨʝʥʳ ʥʘʤʳʪʳʝ ʟʝʤʣʠ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ-ʇʝʪʨʦʛʨʘʜʘ-

ʃʝʥʠʥʛʨʘʜʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʨʙʘʥʠʟʘʮʠʷ, ʦʩʚʦʝʥʠʝ ʘʢʚʘʪʦʨʠʡ, ʥʘʤʳʚʥʳʝ ʪʝʨʨʠʪʦʨʠʠ, ʛʨʘʜʦ-

ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʟʝʤʝʣʴʥʳʝ ʫʯʘʩʪʢʠ. 

 

ʈʘʩʰʠʨʝʥʠʝ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʭ ʛʨʘʥʠʮ 

ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ, ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʚ 

ʫʩʣʦʚʠʷʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʘʢ-

ʚʘʪʦʨʠʡ ʢʨʫʧʥʳʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ, ʥʝʨʝʜ-

ʢʦ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʩ-

ʢʫʩʩʪʚʝʥʥʳʭ ʟʝʤʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʧʫʪʝʤ 

ʥʘʤʳʚʘ ʪʝʨʨʠʪʦʨʠʡ. ʇʦʩʪʝʧʝʥʥʦ ʦʩʫ-

ʱʝʩʪʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʢ ʠʥʥʦʚʘʮʠʦʥʥʳʤ, ʢʦʪʦʨʳʝ 

ʤʠʥʠʤʠʟʠʨʫʶʪ ʟʘʪʨʘʪʳ ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʣʫʯʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦ 

ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʜʦʣʛʦʚʝʯʥʳʭ ʠʩʢʫʩʩʪʚʝʥ-

ʥʳʭ ʦʙʲʝʢʪʦʚ [1]. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʝʩʤʦʪʨʷ 

ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ ʦʪʨʘʩʣʠ, ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʛʨʘʥʠʮʘʭ ʤʥʦʛʠʭ 

ʩʫʙʲʝʢʪʦʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʜʝʬʠʮʠʪ 

ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʥʝ ʥʘʙʣʶʜʘʝʪ-

ʩʷ. ɺ ʩʚʷʟʠ ʩ ʯʝʤ, ʦʙʦʩʥʦʚʘʥʠʝ ʚʦʟʚʝʜʝʥʠʷ 

ʥʘʤʳʚʘ ʠ ʝʛʦ ʨʦʣʴ ʚ ʦʙʱʝʛʦʨʦʜʩʢʦʤ ʤʘʩ-

ʰʪʘʙʝ ʷʚʣʷʶʪʩʷ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʳʤʠ 

ʚʦʧʨʦʩʘʤʠ. 

ɺ ʠʩʪʦʨʠʠ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʩʪʚʘ ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛʘ ʥʘʤʳʚ ʟʝʤʝʣʴ ʚʳʩʪʫʧʘʝʪ ʚ ʢʘ-

ʯʝʩʪʚʝ ʘʧʨʦʙʠʨʦʚʘʥʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʨʘʟ-

ʚʠʪʠʷ. ɿʘʙʦʣʦʯʝʥʥʳʝ ʪʝʨʨʠʪʦʨʠʠ ʥʘ ʧʨʦ-

ʪʷʞʝʥʠʠ ʚʝʢʦʚʦʛʦ ʧʝʨʠʦʜʘ ʫʢʨʝʧʣʷʣʠʩʴ ʠ 

ʧʦʜʥʠʤʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʧʝʨʝʤʝʱʝʥʠʷ 

ʛʨʫʥʪʘ ʠ ʥʘʩʳʧʝʡ, ʯʪʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʷʚʣʷʣʦʩʴ ʧʨʝʚʝʥʪʠʚʥʦʡ ʤʝʨʦʡ ʧʦ ʙʦʨʴʙʝ ʩ 

ʥʘʚʦʜʥʝʥʠʷʤʠ. ʇʘʨʘʣʣʝʣʴʥʦ ʠʥʞʝʥʝʨʥʳʤ 

ʤʝʨʦʧʨʠʷʪʠʷʤ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʧʦʩʪʝʧʝʥ-

ʥʘʷ ʠʥʪʝʛʨʘʮʠʷ ʧʣʘʥʠʨʦʚʦʯʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʇʝʪʝʨʙʫʨʛʘ ʚ ʚʦʜʥʳʡ 

ʢʘʨʢʘʩ ʅʝʚʩʢʦʡ ɻʫʙʳ.  

ɼʦʨʝʚʦʣʶʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ ʫʨʙʘʥʠʟʘ-

ʮʠʠ ʫʩʣʦʚʥʦ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʘ ʧʝ-

ʨʠʦʜʘ. ʉ ʤʦʤʝʥʪʘ ʦʩʥʦʚʘʥʠʷ ʛʦʨʦʜʘ ʜʦ ʩʝ-

ʨʝʜʠʥʳ XIX ʚʝʢʘ ʬʦʨʤʠʨʫʶʪʩʷ ʦʩʥʦʚʥʳʝ 

ʘʥʩʘʤʙʣʝʚʳʝ ʢʦʤʧʦʟʠʮʠʠ: ʩʢʣʘʜʳʚʘʝʪʩʷ 

ʦʙʱʠʡ ʘʨʭʠʪʝʢʪʫʨʥʳʡ ʪʦʥ ʠ ʤʘʩʰʪʘʙ ʟʘ-

ʩʪʨʦʡʢʠ. ɿʘ ʩʯʝʪ ʛʘʨʤʦʥʠʯʥʦʛʦ ʩʦʯʝʪʘʥʠʷ 

ʧʨʠʨʦʜʥʦʡ ʩʪʠʭʠʠ ʠ ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʦʡ 

ʩʨʝʜʳ ï ʚʦʜʳ, ʦʙʨʘʤʣʝʥʥʦʡ ʛʨʘʥʠʪʥʳʤʠ 

ʥʘʙʝʨʝʞʥʳʤʠ, ʬʦʨʤʠʨʫʝʪʩʷ ʭʘʨʘʢʪʝʨʥʳʡ 

ʦʙʣʠʢ ʇʝʪʨʦʛʨʘʜʘ. ɻʣʘʚʥʘʷ ʛʦʨʦʜʩʢʘʷ ʘʨ-

ʪʝʨʠʷ, ʅʝʚʘ, ï ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʩʥʦʚʥʘʷ ʦʩʴ 

ʘʥʩʘʤʙʣʝʚʦʡ ʢʦʤʧʦʟʠʮʠʠ ʮʝʥʪʨʘʣʴʥʦʛʦ 

ʧʣʘʥʠʨʦʚʦʯʥʦʛʦ ʷʜʨʘ ʠ ʩʝʚʝʨʥʘʷ ʛʨʘʥʠʮʘ 

ʦʩʚʦʝʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʛʦʨʦʜʘ. 

ɺ ʧʝʨʠʦʜ ʩʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʳ XIX  ʜʦ 

ʧʝʨʚʦʡ ʯʝʪʚʝʨʪʠ XX ʚʝʢʘ ʥʘʤʳʪʳʝ ʟʝʤʣʠ 

ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ ʠʥʩʪʨʫʤʝʥʪ ʨʘʩʰʠʨʝ-

ʥʠʷ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʭ ʛʨʘʥʠʮ ʚ ʩʪʦʨʦʥʫ 

ʚʥʫʪʨʝʥʥʝʛʦ ʤʦʨʷ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ 

ʨʘʟʚʠʪʠʶ ʚʥʝʰʥʝʡ ʵʢʦʥʦʤʠʢʠ ʩʪʨʘʥʳ ʚ 

ʮʝʣʦʤ. ʆʜʥʘʢʦ, ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʨʦʠʟ-

ʚʦʜʩʪʚʝʥʥʳʝ ʦʙʲʝʢʪʳ, ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʝ 

ʧʫʪʠ, ʩʢʣʘʜʳ, ʪʦʚʘʨʥʳʝ ʜʚʦʨʳ ʠ ʨʘʟʨʦʩʰʠ-

ʝʩʷ ʨʘʙʦʯʠʝ ʦʢʨʘʠʥʳ ʠʩʢʣʶʯʘʣʠ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʛʘʨʤʦʥʠʯʥʦʛʦ ʨʦʩʪʘ ʩʣʦʞʠʚʰʝʡʩʷ 

ʛʦʨʦʜʩʢʦʡ ʪʢʘʥʠ ʟʘ ʧʨʝʜʝʣʳ ʩʚʦʝʡ ʢʦʣʴʮʝ-

ʚʦʡ ʩʪʨʫʢʪʫʨʳ.  

ɻʦʨʦʜ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʫ ʤʦʨʷ, ʦʢʘʟʘʣʩʷ 

ʦʪ ʤʦʨʷ ʦʪʨʝʟʘʥ. ɺ ʩʚʷʟʠ ʩ ʯʝʤ, 26 ʘʚʛʫʩʪʘ 



112 

- ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ - 

 

International Journal of Humanities and Natural Sciences, vol. 11-4 (86), 2023 

1935 ʦʙʲʝʜʠʥʝʥʥʳʤ ʧʣʝʥʫʤʦʤ ɻʦʨʦʜʩʢʦʛʦ 

ʢʦʤʠʪʝʪʘ ɺʂʇ(ʙ) ʠ ʃʝʥʠʥʛʨʘʜʩʢʦʛʦ ʩʦʚʝʪʘ 

ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ, ʜʘʶʱʝʝ ʦʪʧʨʘʚʥʳʝ 

ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʣʘʥʘ ʨʘʟʚʠʪʠʷ 

ʃʝʥʠʥʛʨʘʜʘ. ʇʦʤʠʤʦ ʨʘʟʨʘʩʪʘʥʠʷ ʛʦʨʦʜ-

ʩʢʦʡ ʪʢʘʥʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʶʞʥʦʡ, ʶʛʦ-

ʟʘʧʘʜʥʦʡ ʠ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʧʝʨʠʬʝʨʠʡ, ʚ 

ɻʝʥʝʨʘʣʴʥʦʤ ʧʣʘʥʝ 1939 ʛʦʜʘ ʦʩʦʙʦʝ ʟʥʘ-

ʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʝʪ ʘʨʭʠʪʝʢʪʫʨʥʦ-

ʧʣʘʥʠʨʦʚʦʯʥʦʝ ʨʘʟʚʠʪʠʝ ʩʚʷʟʠ ʛʦʨʦʜʘ ʩ 

ʚʦʜʥʳʤʠ ʧʨʦʩʪʨʘʥʩʪʚʘʤʠ, ʚ ʧʝʨʚʫʶ ʦʯʝ-

ʨʝʜʴ ʩ ʌʠʥʩʢʠʤ ʟʘʣʠʚʦʤ [2]. ʇʨʦʠʩʭʦʜʠʪ 

ʨʘʩʰʠʨʝʥʠʝ ʩʝʣʠʪʝʙʥʦʡ ʟʦʥʳ ɺʘʩʠʣʴʝʚ-

ʩʢʦʛʦ ʦʩʪʨʦʚʘ ʚ ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, 

ʨʘʟʚʠʪʠʝ ʨʝʢʨʝʘʮʠʦʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ ʫ 

ʚʦʜʳ.  

ʋʞʝ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʝʨʠʦʜ ʙʳʣʘ 

ʟʘʣʦʞʝʥʘ ʠʜʝʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ñʄʦʨʩʢʦʛʦ 

ʬʘʩʘʜʘ ʃʝʥʠʥʛʨʘʜʘò: ʩ ʶʛʦ-ʟʘʧʘʜʘ, ʦʪ 

ʉʪʨʝʣʴʥʳ, ʚ ʩʪʦʨʦʥʫ ʩʝʚʝʨʥʦʡ ʧʝʨʠʬʝʨʠʠ. 

ʊʘʢʞʝ ʟʘ ʩʯʝʪ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʥʘʤʳʚʫ ʠ 

ʙʝʨʝʛʦʫʢʨʝʧʣʝʥʠʶ ʧʨʦʝʢʪʦʤ ɻʝʥʝʨʘʣʴʥʦʛʦ 

ʧʣʘʥʘ ʧʨʝʜʫʩʤʘʪʨʠʚʘʣʦʩʴ ʫʩʠʣʝʥʠʝ ʩʣʦ-

ʞʠʚʰʠʭʩʷ ʠ ʨʘʟʚʠʪʠʝ ʥʦʚʳʭ ʚʦʜʥʦ-

ʟʝʣʝʥʳʭ ʩʚʷʟʝʡ. ɺʜʦʣʴ ʶʞʥʦʛʦ ʧʦʙʝʨʝʞʴʷ 

ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ ʩʦʟʜʘʥʠʝ 

ʝʜʠʥʦʛʦ ʣʘʥʜʰʘʬʪʥʦ-ʨʝʢʨʝʘʮʠʦʥʥʦʛʦ ʢʘʨ-

ʢʘʩʘ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 17 ʢʤ. ʆʩʥʦʚʥʦʡ ʮʝ-

ʣʴʶ ʪʘʢʦʛʦ ʧʨʦʝʢʪʥʦʛʦ ʨʝʰʝʥʠʷ ʩʪʘʣʦ ʧʦ-

ʚʳʰʝʥʠʝ ʩʚʷʟʘʥʥʦʩʪʠ ʜʚʦʨʮʦʚʦ-ʧʘʨʢʦʚʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʇʝʪʝʨʛʦʬʩʢʦʡ ʜʦʨʦʛʠ ʩ ʥʦʚʳ-

ʤʠ ʞʠʣʳʤʠ ʨʘʡʦʥʘʤʠ ʶʞʥʦʡ ʦʢʨʘʠʥʳ, ʩ 

ʩʦʭʨʘʥʝʥʠʝʤ ʠʩʪʦʨʠʯʝʩʢʠ ʩʣʦʞʠʚʰʠʭʩʷ 

ʧʨʠʥʮʠʧʦʚ ʘʥʩʘʤʙʣʝʚʦʡ ʢʦʤʧʦʟʠʮʠʠ ʧʣʘ-

ʥʠʨʦʚʦʯʥʦʡ ʩʪʨʫʢʪʫʨʳ. 

ʀʜʝʝ ʩʦʟʜʘʥʠʷ ʶʞʥʦʛʦ ʣʠʥʝʡʥʦʛʦ ʨʝ-

ʢʨʝʘʮʠʦʥʥʦʛʦ ʧʦʣʦʪʥʘ ʪʘʢʞʝ ʫʜʝʣʷʝʪʩʷ 

ʚʥʠʤʘʥʠʝ ʚ ɻʝʥʝʨʘʣʴʥʦʤ ʧʣʘʥʝ 1948 ʛʦʜʘ. 

ɼʦʢʫʤʝʥʪʦʤ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ ʦʩʫʰʝʥʠʝ ʠ 

ʥʘʤʳʚ ʚʥʫʰʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʠ ʟʝʤʝʣʴ 

ʶʞʥʝʝ ʧʨʠʙʨʝʞʥʦʛʦ ʧʦʨʪʦʚʦ-

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʷʜʨʘ ʪʝʨʨʠʪʦʨʠʠ. ɺʜʦʣʴ 

ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ʜʦʣʞʥʳ ʙʳʣʠ ʨʘʩʧʦʣʘ-

ʛʘʪʴʩʷ ʘʥʩʘʤʙʣʝʚʳʝ ʢʦʤʧʦʟʠʮʠʠ, ʢʘʢ ʟʘ-

ʚʝʨʰʝʥʠʝ ʣʫʯʝʚʦʡ ʩʠʩʪʝʤʳ ʛʦʨʦʜʩʢʠʭ ʩʚʷ-

ʟʝʡ. ʆʩʦʙʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʯʝʪʢʠʭ ʦʯʝʨʪʘʥʠʡ ʦʩʪʨʦʚʥʦʡ ʯʘʩʪʠ ʃʝʥʠʥ-

ʛʨʘʜʘ ʩ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʜʦʤʠʥʘʥʪ, ʩʣʫʞʘ-

ʱʠʭ ʚʠʟʫʘʣʴʥʳʤʠ ʦʨʠʝʥʪʠʨʘʤʠ ʠ ʬʦʨʤʠ-

ʨʫʶʱʠʭ ʦʙʣʠʢ ʛʦʨʦʜʘ, ʧʨʠ ʚʦʩʧʨʠʷʪʠʠ ʝʛʦ 

ʩ ʙʦʣʴʰʦʡ ʚʦʜʳ. ʉ ʜʦʢʫʤʝʥʪʘ 1948 ʛ. 

ʥʘʯʠʥʘʝʪ ʧʨʦʩʣʝʞʠʚʘʪʴʩʷ ʪʷʛʦʪʝʥʠʝ ʛʦʨʦ-

ʜʘ ʢ ʨʘʩʰʠʨʝʥʠʶ ʚ ʩʪʦʨʦʥʫ ʘʢʚʘʪʦʨʠʠ ï 

ʧʨʦʝʢʪʠʨʦʚʱʠʢʘʤʠ ʧʣʘʥʠʨʦʚʘʣʩʷ ʥʘʤʳʚ 

ʯʘʩʪʠ ʂʘʥʦʥʝʨʩʢʦʛʦ ʦʩʪʨʦʚʘ ʧʦʜ ʨʝʢʨʝʘ-

ʮʠʦʥʥʫʶ ʬʫʥʢʮʠʶ. 

ʉ ʥʘʯʘʣʦʤ ʵʧʦʭʠ ʩʦʚʝʪʩʢʦʛʦ ʤʘʩʩʦʚʦʛʦ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʝʧʝʥʥʘʷ 

ʧʝʨʝʦʮʝʥʢʘ ʮʝʥʥʦʩʪʠ ʩʚʦʙʦʜʥʳʭ ʪʝʨʨʠʪʦ-

ʨʠʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ. ʊʘʢ ʢʘʢ, ʦʩʥʦʚʥʦʡ 

ʢʫʨʩ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʦʡ ʧʦʣʠʪʠʢʠ ʙʳʣ ʧʝ-

ʨʝʥʘʧʨʘʚʣʝʥ ʥʘ ʨʘʟʨʝʰʝʥʠʷ ʚʦʧʨʦʩʘ ʨʘʩʩʝ-

ʣʝʥʠʷ ï ʥʘ ʤʝʩʪʝ ʨʘʥʝʝ ʧʣʘʥʠʨʫʝʤʳʭ ʨʝ-

ʢʨʝʘʮʠʡ ɻʝʥʝʨʘʣʴʥʳʤ ʧʣʘʥʦʤ 1966 ʛ. 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʣʦʩʴ ʩʦʟʜʘʥʠʝ ʙʦʣʴʰʦʛʦ 

ʦʙʲʝʤʘ ʞʠʣʠʱʥʦʛʦ ʠ ʜʨʫʛʠʭ ʚʠʜʦʚ ʩʪʨʦʠ-

ʪʝʣʴʩʪʚʘ ʥʘ ʥʘʤʳʪʳʭ ʧʦʙʝʨʝʞʴʷʭ. ʉ 70-ʭ 

ʛʦʜʦʚ ʍʍ ʚʝʢʘ ʚ ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ ʢʦʥ-

ʮʝʧʮʠʠ çʄʦʨʩʢʦʛʦ ʬʘʩʘʜʘ ʃʝʥʠʥʛʨʘʜʘè 

ʥʘʯʠʥʘʝʪʩʷ ʟʘʩʪʨʦʡʢʘ ʨʝʢʠ ʉʤʦʣʝʥʢʠ, ʢʘʢ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʤʝʩʪʘ ʚ ʩʠʩʪʝʤʝ ʤʦʨʩʢʠʭ ʚʦ-

ʨʦʪ ʛʦʨʦʜʘ. 

ʇʦʟʜʥʝʝ ʫʧʦʤʷʥʫʪʫʶ ʢʦʤʧʦʟʠʮʠʶ ʜʦʣ-

ʞʝʥ ʙʳʣ ʧʦʜʜʝʨʞʘʪʴ ʚʳʩʦʪʥʳʡ ʞʠʣʦʡ 

ʤʘʩʩʠʚ ʥʘʤʳʚʘ ʂʘʥʦʥʝʨʩʢʦʛʦ ʦʩʪʨʦʚʘ, 

ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʡ ʜʦʢʫʤʝʥʪʘʤʠ ʪʝʨʨʠʪʦ-

ʨʠʘʣʴʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ 1987 ʛʦʜʘ. ʅʦʚʳʤ 

ʧʣʘʥʦʤ ʨʘʟʚʠʪʠʷ ʧʨʝʜʧʦʣʘʛʘʣʘʩʴ ʛʣʦʙʘʣʴ-

ʥʘʷ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ɹʦʣʴʰʦʛʦ ʤʦʨʩʢʦʛʦ 

ʧʦʨʪʘ ʧʦʩʨʝʜʩʪʚʦʤ ʫʛʣʫʙʣʝʥʠʷ ʜʥʘ ʠ ʙʝʨʝ-

ʛʦʫʢʨʝʧʣʝʥʠʷ ʄʦʨʩʢʦʛʦ ʢʘʥʘʣʘ ʩ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʳʤ ʥʘʤʳʚʦʤ ʪʝʨʨʠʪʦʨʠʠ ʧʦʜ ʧʘʩʩʘ-

ʞʠʨʩʢʠʡ ʪʝʨʤʠʥʘʣ (ʨʠʩ. 1). 
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1987 ʛʦʜʘ 

 

ʆʜʥʘʢʦ, ʚ ʩʚʷʟʠ ʩ ʨʘʩʧʘʜʦʤ ʉʉʉʈ ʠ ʧʦ-

ʩʣʝʜʫʶʱʠʤ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʢʨʠʟʠʩʦʤ, 

ʙʦʣʴʰʠʥʩʪʚʦ ʘʤʙʠʮʠʦʟʥʳʭ ʠʜʝʡ ʧʦ ʦʩʚʦʝ-

ʥʠʶ ʘʢʚʘʪʦʨʠʠ, ʟʘʣʦʞʝʥʥʳʭ ɻʝʥʝʨʘʣʴʥʳʤ 

ʧʣʘʥʦʤ 1987 ʛʦʜʘ ʪʘʢ ʠ ʥʝ ʙʳʣʠ ʚʦʧʣʦʱʝ-

ʥʳ. ʂ ʯʘʩʪʠʯʥʦ ʨʝʘʣʠʟʦʚʘʥʥʳʤ ʧʨʦʝʢʪʘʤ 

ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʩʦʚʨʝʤʝʥʥʫʶ ʟʘʩʪʨʦʡʢʫ 

ʥʘʤʳʚʦʚ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʧʝʨʠʬʝʨʠʠ ï ʞʠʣʦ-

ʛʦ ʨʘʡʦʥʘ çɹʘʣʪʠʡʩʢʘʷ ʞʝʤʯʫʞʠʥʘè, ʘ 

ʪʘʢʞʝ ʩʝʚʝʨʥʦʡ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʳ ʙʣʠʟ 

ʇʘʨʢʘ 300-ʣʝʪʠʷ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʪʦʯʥʫʶ ʧʣʦʱʘʜʴ 

ʚʩʝʭ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʟʝʤʝʣʴ ʛʦʨʦʜʘ ʥʝʚʦʟ-

ʤʦʞʥʦ ʧʦʜʩʯʠʪʘʪʴ, ʦʜʥʘ ʪʦʣʴʢʦ ʪʝʨʨʠʪʦ-

ʨʠʷ ʥʘʤʳʚʘ çʄʦʨʩʢʦʡ ʬʘʩʘʜè ʟʘʥʠʤʘʝʪ 

477 ʛʘ ʛʦʨʦʜʩʢʦʡ ʪʢʘʥʠ [3]. ʇʝʨʚʦʥʘʯʘʣʴʥʦ 

ʨʘʩʰʠʨʝʥʠʝ ʟʘʧʘʜʥʦʡ ʛʨʘʥʠʮʳ ɺʘʩʠʣʴʝʚ-

ʩʢʦʛʦ ʦʩʪʨʦʚʘ ʥʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʣʦʩʴ ɻʝʥʝ-

ʨʘʣʴʥʳʤ ʧʣʘʥʦʤ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ. ʇʨʦ-

ʝʢʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʦʚʦʛʦ çʄʦʨʩʢʦʛʦ ʬʘ-

ʩʘʜʘè ʧʦʷʚʠʣʩʷ, ʢʘʢ ʜʦʧʦʣʥʝʥʠʝ ʢ ʧʣʘʥʫ 

ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤʳ ʚʥʝʰʥʝʛʦ ʪʨʘʥʩʧʦʨ-

ʪʘ [4]. ʇʦ ʢʘʯʝʩʪʚʫ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʨʝʰʝ-

ʥʠʡ ʥʦʚʳʡ ʧʨʠʤʦʨʩʢʠʡ ʤʠʢʨʦʨʘʡʦʥ ʥʝ ʦʪ-

ʣʠʯʘʝʪʩʷ ʦʪ ʛʦʨʦʜʩʢʦʡ ʨʷʜʦʚʦʡ ʧʝʨʠʬʝʨʠʠ: 

ʚ ʧʨʦʝʢʪʥʦʤ ʧʨʝʜʣʦʞʝʥʠʠ ʥʝ ʟʘʣʦʞʝʥʦ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʟʥʘʢʦʚʳʭ ʧʦʩʪʨʦʝʢ-

ʩʠʤʚʦʣʦʚ. ʆʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʳʪʝʩʥʝʥʠʝ 

ʦʙʱʝʩʪʚʝʥʥʦ-ʜʝʣʦʚʦʡ ʬʫʥʢʮʠʠ ʚ ʩʪʦʨʦʥʫ 

ʞʠʣʠʱʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʧʦʪʝʨʷʥʘ ʩʚʷʟʴ 

ʧʝʨʠʤʝʪʨʘʣʴʥʦʡ ʟʘʩʪʨʦʡʢʠ ʩ ʚʦʜʦʡ. ʉ ʨʠʩ-

ʢʘʤʠ ʧʦ ʟʘʪʦʧʣʝʥʠʶ, ʚʦʟʥʠʢʰʠʤʠ ʚ ʩʚʷʟʠ 

ʩ ʚʚʦʜʦʤ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʟʘʱʠʪʥʦʡ ʜʘʤʳ, 

ʩʦʚʨʝʤʝʥʥʳʝ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʳʝ ʧʨʦʝʢʪʳ 

ʧʦ ʦʩʚʦʝʥʠʶ ʘʢʚʘʪʦʨʠʠ ʩʪʘʣʠ ʤʝʥʝʝ ʘʤʙʠ-

ʮʠʦʟʥʳʤʠ. ʅʦʚʳʝ ʨʘʡʦʥʳ, ʷʚʣʷʷʩʴ ʦʩʦʙʦ 

ʮʝʥʥʳʤʠ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʤʠ ʨʝʟʝʨʚʘʤʠ, ʥʝ 

ʦʪʨʘʞʘʶʪ ʦʙʨʘʟ ʩʦʚʨʝʤʝʥʥʦʡ çʉʝʚʝʨʥʦʡ 

ʩʪʦʣʠʮʳè. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʝʛʦʜʥʷ ʚ ʛʨʘʥʠʮʘʭ 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʨʠ 

ʦʩʥʦʚʥʳʝ ʪʝʥʜʝʥʮʠʠ ʥʘʤʳʚʘ ʟʝʤʝʣʴ: ʦʙʝʩ-

ʧʝʯʝʥʠʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜ-

ʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʦʙʲʝʢʪʦʚ ʚʦʜʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʥʠʝ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʳʭ ʟʦʥ ʩʝʣʠʪʴʙʳ. ʅʘ ʧʨʦʪʷʞʝʥʠʠ 

ʚʩʝʡ ʠʩʪʦʨʠʠ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʩʪʚʘ ʜʦʢʫ-

ʤʝʥʪʘʤʠ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʥʘ ʨʘʟʥʳʭ ʫʨʦʚʥʷʭ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ ʠʥʪʝ-

ʛʨʘʮʠʷ ʛʦʨʦʜʩʢʦʡ ʪʢʘʥʠ ʚʛʣʫʙʴ ʚʥʫʪʨʝʥʥʝʡ 

ʘʢʚʘʪʦʨʠʠ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ, ʭʦʪʷ ʛʣʦʙʘʣʴ-

ʥʦ ʛʦʨʦʜ ʚʳʰʝʣ ʢ ʤʦʨʶ ʪʦʣʴʢʦ ʚ ʥʘʯʘʣʝ 

20-ʛʦ ʪʳʩʷʯʝʣʝʪʠʷ [5]. ɺ ʍʍI ʚʝʢʝ ʥʘʙʣʶ-

ʜʘʝʪʩʷ ʧʦʵʪʘʧʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʨʦʣʠ ʘʢʚʘ-

ʪʦʨʠʠ ʚ ʧʨʦʝʢʪʘʭ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʬʦʨʤʠ-

ʨʦʚʘʥʠʷ ʟʝʤʝʣʴ.  

ʇʨʝʪʝʨʧʝʚ ʝʩʪʝʩʪʚʝʥʥʫʶ ʵʚʦʣʶʮʠʦʥ-

ʥʫʶ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʥʘʤʳʚʘ: ʦʪ ʧʝʨʚʦʦʯʝ-

ʨʝʜʥʳʭ ʤʝʨ ʧʦ ʙʦʨʴʙʝ ʩ ʚʦʜʥʦʡ ʩʪʠʭʠʝʡ ʜʦ 

ʨʦʩʪʘ ʥʦʚʳʭ ʞʠʣʳʭ ʝʜʠʥʠʮ ʚʜʦʣʴ ʙʝʨʝʛʦ-

ʚʦʡ ʣʠʥʠʠ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ ʧʝʨʝʩʪʘʣ ʨʘʟ-

ʚʠʚʘʪʴʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ɹʘʣʪʠʡʩʢʦʛʦ ʙʘʩ-

ʩʝʡʥʘ. ɿʘ ʙʦʣʝʝ ʯʝʤ 70 ʣʝʪ ʧʣʘʥʠʨʦʚʱʠʢʘ-

ʤʠ ʙʳʣʘ ʟʘʙʳʪʘ ʠʜʝʷ ʚʳʭʦʜʘ ʛʦʨʦʜʘ ʢ ʤʦ-

ʨʶ ʟʝʣʝʥʳʤʠ ʟʦʥʘʤʠ. ʄʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ ʧʦʩʪʝʧʝʥʥʦ ʫʪʨʘʪʠʣ 

ʩʚʦʶ ʠʜʝʥʪʠʯʥʦʩʪʴ, ʢʘʢ ʛʦʨʦʜʘ, ʧʦʩʪʨʦʝʥ-

ʥʦʛʦ ʥʘ ʚʦʜʝ ʠ ʥʘʧʨʷʤʫʶ ʩ ʥʝʡ ʩʚʷʟʘʥʥʦʛʦ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʘʞʥʦʩʪʴ ʨʘʟʚʠʪʠʷ ʜʠʩʧʝʪʯʝʨʠʟʘʮʠʠ ʚʝʪʨʦ-

ʚʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦ-

ʩʪʠ ʚ ʵʥʝʨʛʦʩʠʩʪʝʤʘʭ. ʆʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ 

ʚʝʪʨʦʚʳʭ ʫʩʣʦʚʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʝʨʝʜʦʚʳʭ ʤʝʪʦʜʦʚ, ʪʘʢʠʭ ʢʘʢ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣ-

ʣʝʢʪ ʠ ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ. ʀʥʪʝʛʨʘʮʠʷ ʩ ʭʨʘʥʠʣʠʱʘʤʠ ʵʥʝʨʛʠʠ, ʫʧʨʘʚʣʝʥʠʝ ʥʘʛʨʫʟʢʦʡ ʠ 

ʨʘʟʚʠʪʠʝ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʩʛʣʘʞʠʚʘʥʠʠ ʢʦʣʝʙʘʥʠʡ ʚ ʧʨʦʠʟʚʦʜ-

ʩʪʚʝ ʚʝʪʨʦʵʥʝʨʛʠʠ. ʋʣʫʯʰʝʥʠʝ ʩʝʪʝʚʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʩʪʘʥʜʘʨʪʳ ʠ ʥʦʨʤʘʪʠʚʳ, ʘ 

ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʦʜʝʡʩʪʚʫʶʪ ʩʦʟʜʘʥʠʶ ʵʥʝʨʛʦʩʠʩʪʝʤ, ʫʩʪʦʡʯʠ-

ʚʳʭ ʢ ʦʪʢʘʟʘʤ. ʂʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ, ʚʢʣʶʯʘʶʱʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʠ 

ʨʝʛʫʣʷʪʦʨʥʳʝ ʤʝʨʳ, ʧʦʤʦʛʘʝʪ ʧʨʦʢʣʘʜʳʚʘʪʴ ʧʫʪʴ ʢ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʧʦ-

ʚʳʰʘʝʪ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʠʩʧʝʪʯʝʨʠʟʘʮʠʷ ʚʝʪʨʦʚʦʡ ʵʥʝʨʛʠʠ, ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ, 

ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ ʵʥʝʨʛʦʩʠʩʪʝʤ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʚʝʪʨʦʚʳʭ ʫʩʣʦʚʠʡ, ʠʥʪʝʛʨʘʮʠʷ ʩ 

ʭʨʘʥʠʣʠʱʘʤʠ ʵʥʝʨʛʠʠ. 

 

ʆʩʥʦʚʥʦʡ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʚʝʪʨʦʵʥʝʨʛʝ-

ʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ - ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʢʠʥʝʪʠ-

ʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʜʚʠʞʫʱʝʛʦʩʷ ʚʦʟʜʫʭʘ ʚ 

ʤʝʭʘʥʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʚʨʘʱʘʶʱʝʛʦʩʷ 

ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ. ɺʝʪʨʦʛʝʥʝʨʘʪʦʨ ʩʦʩʪʦʠʪ 

ʠʟ ʪʨʝʭ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʃʦʧʘʩʪʠ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʘ ʚʳʩʦʢʦʡ ʤʘʯʪʝ ʠ 

ʥʘʚʦʜʷʪʩʷ ʥʘ ʚʝʪʝʨ. ʂʦʛʜʘ ʚʝʪʝʨ ʜʫʝʪ, ʦʥ 

ʧʨʠʥʦʩʠʪ ʵʥʝʨʛʠʶ ʚʨʘʱʝʥʠʶ ʣʦʧʘʩʪʝʡ. 

ɺʨʘʱʝʥʠʝ ʣʦʧʘʩʪʝʡ ʧʨʠʚʦʜʠʪ ʚ ʜʚʠʞʝʥʠʝ 

ʛʝʥʝʨʘʪʦʨ, ʢʦʪʦʨʳʡ ʧʨʝʦʙʨʘʟʫʝʪ ʤʝʭʘʥʠʯʝ-

ʩʢʫʶ ʵʥʝʨʛʠʶ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ. ʕʣʝʢʪʨʦ-

ʵʥʝʨʛʠʷ, ʧʨʦʠʟʚʦʜʠʤʘʷ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʦʤ, 

ʧʝʨʝʜʘʝʪʩʷ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʠ 

ʩʦʝʜʠʥʷʝʪʩʷ ʩ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʴʶ.[1] 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠ-

ʩʪʝʤ:  

1. ɺʝʪʝʨ ʙʝʩʢʦʥʝʯʝʥ ʠ ʜʦʩʪʫʧʝʥ ʚ ʙʦʣʴ-

ʰʠʥʩʪʚʝ ʨʝʛʠʦʥʦʚ ʤʠʨʘ, ʯʪʦ ʜʝʣʘʝʪ ʚʝʪʨʦ-

ʵʥʝʨʛʠʶ ʥʘʜʝʞʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʚʦʟʦʙʥʦʚ-

ʣʷʝʤʦʡ ʵʥʝʨʛʠʠ. 

2. ɺʝʪʨʦʵʥʝʨʛʠʷ ʥʝ ʧʨʦʠʟʚʦʜʠʪ ʚʳʙʨʦ-

ʩʦʚ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʙʦʨʴʙʝ ʩ ʠʟʤʝʥʝʥʠʝʤ ʢʣʠʤʘʪʘ. 

3. ɺʝʪʨʦʵʥʝʨʛʠʷ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʡ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ, 

ʠ ʩʪʦʠʤʦʩʪʴ ʝʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʥʠʞʘʝʪʩʷ. 

4. ʀʥʜʫʩʪʨʠʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʟʜʘʥʠʶ 

ʨʘʙʦʯʠʭ ʤʝʩʪ, ʚʢʣʶʯʘʷ ʪʝʭʥʠʯʝʩʢʠʝ ʠ ʠʥ-

ʞʝʥʝʨʥʳʝ ʩʧʝʮʠʘʣʴʥʦʩʪʠ. 

5. ɺʝʪʨʦʵʥʝʨʛʠʷ ʧʦʤʦʛʘʝʪ ʫʤʝʥʴʰʠʪʴ 

ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʵʥʝʨʛʠʠ, ʪʘʢʠʭ ʢʘʢ ʫʛʦʣʴ ʠ ʥʝʬʪʴ [2]. 

ɺʝʪʨʦʵʥʝʨʛʝʪʠʢʘ ʧʝʨʝʞʠʚʘʝʪ ʚʧʝʯʘʪʣʷ-

ʶʱʠʡ ʨʦʩʪ. ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟ-

ʚʦʣʷʶʪ ʩʪʨʦʠʪʴ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʚʝʪʨʦ-

ʛʝʥʝʨʘʪʦʨʳ, ʩʧʦʩʦʙʥʳʝ ʨʘʙʦʪʘʪʴ ʧʨʠ ʥʠʟ-

ʢʠʭ ʩʢʦʨʦʩʪʷʭ ʚʝʪʨʘ, ʘ ʪʘʢʞʝ ʚ ʙʦʣʝʝ ʵʢʩ-

ʪʨʝʤʘʣʴʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. ɺʩʝ 

ʙʦʣʴʰʝ ʩʪʨʘʥ ʚʢʣʘʜʳʚʘʶʪ ʩʨʝʜʩʪʚʘ ʚ ʨʘʟ-

ʚʠʪʠʝ ʚʝʪʨʦʵʥʝʨʛʝʪʠʢʠ ʠ ʫʚʝʣʠʯʠʚʘʶʪ ʜʦ-

ʣʶ ʚʝʪʨʦʵʥʝʨʛʠʠ ʚ ʩʚʦʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʤʠʢʩʘʭ. ʉʦʟʜʘʥʠʝ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʩʠ-

ʩʪʝʤ ʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʠ ʫʣʫʯʰʝʥʠʝ ʠʥ-

ʬʨʘʩʪʨʫʢʪʫʨʳ ʜʣʷ ʧʝʨʝʜʘʯʠ ʚʝʪʨʦʵʥʝʨʛʠʠ 

ʪʘʢʞʝ ʩʪʠʤʫʣʠʨʫʶʪ ʨʦʩʪ ʵʪʦʡ ʦʪʨʘʩʣʠ. ʀʩ-

ʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʚʝʪʨʦʵʥʝʨʛʠʠ ʪʘʢʞʝ 

ʘʢʪʠʚʥʦ ʚʝʜʫʪʩʷ ʩ ʮʝʣʴʶ ʫʣʫʯʰʝʥʠʷ ʧʨʦ-

ʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ [3]. 
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ʈʠʩ. 1. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʚʝʪʨʷʥʦʛʦ ʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ 

 

ɺʝʪʨʷʥʘʷ ʫʩʪʘʥʦʚʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʙʘʰʥʶ ʩ ʥʘʚʝʩʦʤ (ʥʘʢʦʤʧʣʝʢʪʦʚʘʥʥʫʶ 

ʘʥʝʤʦʤʝʪʨʘʤʠ, ʚʝʪʨʦʜʘʪʯʠʢʘʤʠ ʠ ʘʚʠʘʮʠ-

ʦʥʥʳʤʠ ʦʛʦʥʴʢʘʤʠ), ʘ ʪʘʢʞʝ ʨʦʪʦʨ ʩ ʣʦʧʘ-

ʩʪʷʤʠ ʠ ʩʪʫʧʠʮʝʡ. ɹʦʣʴʰʠʥʩʪʚʦ ʩʦʚʨʝʤʝʥ-

ʥʳʭ ʚʝʪʨʷʥʳʭ ʫʩʪʘʥʦʚʦʢ ʠʤʝʶʪ ʪʨʠ ʣʦʧʘ-

ʩʪʠ ʠ ʨʘʟʤʝʱʘʶʪʩʷ ʧʝʨʝʜ ʙʘʰʥʝʡ ʠ ʥʘʚʝ-

ʩʦʤ. ʅʘʚʝʩ ʩʦʜʝʨʞʠʪ ʢʣʶʯʝʚʳʝ ʢʦʤʧʦʥʝʥ-

ʪʳ ʚʝʪʨʷʥʦʡ ʫʩʪʘʥʦʚʢʠ, ʚʢʣʶʯʘʷ ʢʦʨʦʙʢʫ 

ʧʝʨʝʜʘʯ, ʤʝʭʘʥʠʯʝʩʢʠʝ ʪʦʨʤʦʟʘ, ʵʣʝʢʪʨʦ-

ʛʝʥʝʨʘʪʦʨ, ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʠ ʜʨʫʛʠʝ. 

ɺʝʪʨʷʥʳʝ ʫʩʪʘʥʦʚʢʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʝ 

ʪʦʣʴʢʦ ʥʘ ʩʫʰʝ ʚ ʨʘʟʙʨʦʩ, ʥʦ ʪʘʢʞʝ ʦʙʲ-

ʝʜʠʥʷʶʪʩʷ ʚ ʬʝʨʤʳ ʤʦʱʥʦʩʪʴʶ ʚ ʩʦʪʥʠ 

ʤʝʛʘʚʘʪʪ, ʯʪʦ ʩʨʘʚʥʠʤʦ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ 

ʛʝʥʝʨʘʪʦʨʘʤʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ [4]. ʉʫʱʝ-

ʩʪʚʫʶʪ ʪʨʠ ʪʠʧʘ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʥʳʭ ʩʠ-

ʩʪʝʤ: ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʠ ʩ ʠʥʜʫʢʮʠʦʥ-

ʥʳʤ ʛʝʥʝʨʘʪʦʨʦʤ, ʧʝʨʝʤʝʥʥʦʡ ʩʢʦʨʦʩʪʠ ʩ 

ʜʚʦʡʥʦ-ʧʦʜʧʠʪʳʚʘʝʤʳʤ ʠʥʜʫʢʮʠʦʥʥʳʤ 

ʛʝʥʝʨʘʪʦʨʦʤ ʠ ʧʝʨʝʤʝʥʥʦʡ ʩʢʦʨʦʩʪʠ ʩ 

ʩʠʥʭʨʦʥʥʳʤ ʛʝʥʝʨʘʪʦʨʦʤ ʠʣʠ ʠʥʜʫʢʮʠʦʥ-

ʥʳʤ ʛʝʥʝʨʘʪʦʨʦʤ. ʊʨʘʥʩʬʦʨʤʘʪʦʨʳ ʠʩ-

ʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʦʜʥʷʪʠʷ ʥʘʧʨʷʞʝʥʠʷ, ʘ 

ʜʘʣʴʥʝʡʰʘʷ ʧʝʨʝʜʘʯʘ ʵʥʝʨʛʠʠ ʤʦʞʝʪ ʦʩʫ-

ʱʝʩʪʚʣʷʪʴʩʷ ʢʘʢ ʥʘ ʥʘʟʝʤʥʳʭ, ʪʘʢ ʠ ʧʦʜ-

ʚʦʜʥʳʭ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʣʠʥʠʷʭ. 

ʈʘʟʨʘʙʦʪʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, 

ʫʯʠʪʳʚʘʶʱʠʭ ʠʟʤʝʥʯʠʚʦʩʪʴ ʠ ʥʝʧʨʝʜʩʢʘ-

ʟʫʝʤʦʩʪʴ ʚʝʪʨʦʚʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʧʨʦʛʥʦʟʠ-

ʨʦʚʘʥʠʷ ʛʝʥʝʨʘʮʠʠ ʚʝʪʨʦʵʥʝʨʛʠʠ ʷʚʣʷʝʪʩʷ 

ʢʣʶʯʝʚʦʡ ʟʘʜʘʯʝʡ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʵʥʝʨʛʝ-

ʪʠʢʝ. ɺʝʪʨʦʵʥʝʨʛʠʷ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 

ʤʠʨʦʚʦʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʙʘʣʘʥʩʝ, ʠ ʧʦʥʠ-

ʤʘʥʠʝ ʠ ʫʯʝʪ ʝʝ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʷʚʣʷʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʚʝʪʨʦʚʳʤʠ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʤʠ.  ʏʠʩʣʝʥʥʳʝ ʤʦʜʝʣʠ ʠʩ-

ʧʦʣʴʟʫʶʪ ʬʠʟʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʘʪʤʦʩʬʝ-

ʨʳ ʠ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʜʣʷ ʩʠʤʫʣʷʮʠʠ ʚʝʪ-

ʨʦʚʳʭ ʫʩʣʦʚʠʡ, ʦʥʠ ʤʦʛʫʪ ʫʯʠʪʳʚʘʪʴ 

ʩʣʦʞʥʳʝ ʬʘʢʪʦʨʳ, ʪʘʢʠʝ ʢʘʢ ʨʝʣʴʝʬ ʤʝʩʪ-

ʥʦʩʪʠ ʠ ʤʝʩʪʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʥʦ ʦʥʠ ʪʨʝ-

ʙʫʶʪ ʙʦʣʴʰʠʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʠ 

ʜʝʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. ʄʦʜʝʣʠ, ʦʩʥʦʚʘʥʥʳʝ 

ʥʘ ʤʘʰʠʥʥʦʤ ʦʙʫʯʝʥʠʠ, ʤʦʛʫʪ ʘʥʘʣʠʟʠʨʦ-

ʚʘʪʴ ʙʦʣʴʰʠʝ ʦʙʲʝʤʳ ʜʘʥʥʳʭ ʠ ʚʳʷʚʣʷʪʴ 

ʥʝʷʚʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚ ʠʟʤʝʥʯʠʚʦʩʪʠ 

ʚʝʪʨʘ, ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʦʙʫʯʝʥʳ ʥʘ ʨʝʘʣʴ-

ʥʳʭ ʜʘʥʥʳʭ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʢʦʨʨʝʢ-

ʮʠʠ ʧʨʦʛʥʦʟʦʚ. ʉʙʦʨ ʠ ʠʥʪʝʛʨʘʮʠʷ ʜʘʥʥʳʭ 

ʩ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ, ʨʘʜʘʨʦʚ ʠ 

ʩʧʫʪʥʠʢʦʚ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʪʴ ʙʦʣʝʝ ʪʦʯ-

ʥʳʝ ʤʦʜʝʣʠ, ʢʦʪʦʨʳʝ ʫʯʠʪʳʚʘʶʪ ʪʝʢʫʱʠʝ 

ʫʩʣʦʚʠʷ ʠ ʠʟʤʝʥʝʥʠʷ ʚ ʘʪʤʦʩʬʝʨʝ. 
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ʈʠʩ. 2. ʆʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʪʫʨʙʠʥʳ 

 

ʀʪʘʢ ʠʩʩʣʝʜʫʷ ʨʦʩʩʠʡʩʢʠʝ ʠ ʟʘʨʫʙʝʞ-

ʥʳʝ ʠʩʪʦʯʥʠʢʠ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʨʷʜ ʧʨʦ-

ʙʣʝʤ ʩʫʱʝʩʪʚʫʶʱʠʭ ʚ ʦʙʣʘʩʪʠ ʜʠʩʧʝʪʯʝ-

ʨʠʟʘʮʠʠ ʠ ʚʦʦʙʱʝ ʚʳʨʘʙʦʪʢʠ ʚʝʪʨʦʵʣʝʢ-

ʪʨʦʵʥʝʨʛʠʠ, ʷ ʭʦʯʫ ʠʭ ʧʨʠʚʝʩʪʠ, ʯʪʦʙʳ 

ʧʦʟʞʝ ʚ ʨʘʟʨʝʟʝ ʵʪʠʭ ʧʨʦʙʣʝʤ ʦʩʚʝʱʘʪʴ 

ʚʦʟʤʦʞʥʳʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʦʧʪʠ-

ʤʠʟʘʮʠʠ, ʢʘʢ ʩʦʢʨʘʱʘʶʱʠʝ ʥʝʛʘʪʠʚʥʳʝ 

ʩʪʦʨʦʥʳ ʚ ʦʙʱʝʡ ʩʫʤʤʝ ʪʘʢ ʠ ʚ ʯʘʩʪʥʦʩʪʠ, 

ʚʦʪ ʵʪʠ ʧʨʦʙʣʝʤʳ [5]: ʚʝʪʨʦʵʥʝʨʛʝʪʠʢʘ ʟʘ-

ʚʠʩʠʪ ʦʪ ʩʠʣʳ ʚʝʪʨʘ, ʯʪʦ ʜʝʣʘʝʪ ʝʝ ʧʨʦʠʟ-

ʚʦʜʩʪʚʦ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʝʧʦʩʪʦʷʥʥʳʤ ʠ 

ʥʝʨʘʚʥʦʤʝʨʥʳʤ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʙʣʝ-

ʤʘʤ ʚ ʫʧʨʘʚʣʝʥʠʠ ʵʥʝʨʛʦʩʠʩʪʝʤʦʡ. ʕʣʝʢ-

ʪʨʦʵʥʝʨʛʠʷ, ʧʨʦʠʟʚʦʜʠʤʘʷ ʚʝʪʨʦʛʝʥʝʨʘʪʦ-

ʨʘʤʠ, ʠʤʝʝʪ ʙʦʣʴʰʠʝ ʢʦʣʝʙʘʥʠʷ ʢʘʢ ʚ ʩʫ-

ʪʦʯʥʦʤ, ʪʘʢ ʠ ʚ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʳʭ ʧʝʨʠʦ-

ʜʘʭ ʚʨʝʤʝʥʠ, ʯʪʦ ʫʩʣʦʞʥʷʝʪ ʠʥʪʝʛʨʘʮʠʶ 

ɺʚʝʜʝʥʠʝ ʚʝʪʨʦʵʥʝʨʛʠʠ ʚ ʵʥʝʨʛʦʩʝʪʴ ʪʨʝ-

ʙʫʝʪ ʥʘʣʠʯʠʷ ʨʝʟʝʨʚʘ ʤʦʱʥʦʩʪʠ, ʯʪʦʙʳ 

ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʠʟʤʝʥʯʠʚʦʩʪʴ ʚʝʪʨʘ ʠ 

ʧʦʜʜʝʨʞʠʚʘʪʴ ʩʪʘʙʠʣʴʥʦʩʪʴ ʩʠʩʪʝʤʳ. ɼʣʷ 

ʩʛʣʘʞʠʚʘʥʠʷ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʚ ʧʨʦʠʟ-

ʚʦʜʩʪʚʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʝʦʙʭʦʜʠʤʳ ʤʝ-

ʭʘʥʠʟʤʳ, ʪʘʢʠʝ ʢʘʢ ʛʠʜʨʦʘʢʢʫʤʫʣʠʨʫʶʱʠʝ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ, ʯʪʦʙʳ ʘʢʢʫʤʫʣʠʨʦʚʘʪʴ 

ʠʟʣʠʰʢʠ ʵʥʝʨʛʠʠ. ʄʘʣʳʝ ʚʝʪʨʦʫʩʪʘʥʦʚʢʠ 

ʤʦʛʫʪ ʩʪʦʣʢʥʫʪʴʩʷ ʩ ʧʨʦʙʣʝʤʘʤʠ ʚ ʩʝʪʝʚʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʠ ʨʘʩʭʦʜʘʤʠ ʥʘ ʧʦʜʢʣʶ-

ʯʝʥʠʝ. ɺ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʣʦʧʘʩʪʠ ʚʝʪʨʦʛʝ-

ʥʝʨʘʪʦʨʦʚ ʤʦʛʫʪ ʦʙʣʝʜʝʥʝʚʘʪʴ, ʯʪʦ ʪʨʝʙʫʝʪ 

ʧʨʝʜʫʧʨʝʞʜʘʶʱʠʭ ʤʝʨ ʠ ʤʦʞʝʪ ʚʳʟʚʘʪʴ 

ʨʘʜʠʦʧʦʤʝʭʠ. ʈʝʤʦʥʪ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ 

ʜʝʪʘʣʝʡ ʚʝʪʨʦʫʩʪʘʥʦʚʦʢ ʥʘ ʙʦʣʴʰʠʭ ʚʳʩʦ-

ʪʘʭ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʳʤ ʠ ʜʦʨʦʛʦʩʪʦʷʱʠʤ 

ʧʨʦʮʝʩʩʦʤ. ʄʝʪʘʣʣʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʚʝʪ-

ʨʦʫʩʪʘʥʦʚʦʢ ʤʦʛʫʪ ʩʦʟʜʘʚʘʪʴ ʨʘʜʠʦʧʦʤʝʭʠ, 

ʢʦʪʦʨʳʝ ʪʨʝʙʫʶʪ ʫʩʪʘʥʦʚʢʠ ʜʦʧʦʣʥʠʪʝʣʴ-

ʥʳʭ ʨʝʪʨʘʥʩʣʷʪʦʨʦʚ, ʫʚʝʣʠʯʠʚʘʷ ʟʘʪʨʘʪʳ. 

ʆʧʪʠʤʠʟʘʮʠʷ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚʝʪʨʷʥʳʭ 

ʪʫʨʙʠʥ ï ʵʪʦ ʩʣʦʞʥʘʷ ʠ ʤʥʦʛʦʛʨʘʥʥʘʷ ʧʨʦ-

ʙʣʝʤʘ, ʢʦʪʦʨʘʷ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʚʘʞ-

ʥʦʡ ʚ ʢʦʥʪʝʢʩʪʝ ʨʘʟʚʠʪʠʷ ʚʝʪʨʷʥʦʡ ʵʥʝʨʛʝ-

ʪʠʢʠ ʢʘʢ ʦʜʥʦʛʦ ʠʟ ʦʩʥʦʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʠʠ. ʕʬʬʝʢʪʠʚʥʦʝ 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʚʝʪʨʷʥʳʭ ʪʫʨʙʠʥ ʚʣʠʷʝʪ ʥʘ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚʝʪʨʷʥʦʡ ʬʝʨʤʳ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘ ʝʝ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʴ. ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʤʝʪʦ-

ʜʦʚ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚʝʪʨʷ-

ʥʳʭ ʪʫʨʙʠʥ, ʚʢʣʶʯʘʷ ʛʝʥʝʪʠʯʝʩʢʠʝ ʘʣʛʦ-

ʨʠʪʤʳ, ʵʚʦʣʶʮʠʦʥʥʳʝ ʘʣʛʦʨʠʪʤʳ, ʘʣʛʦ-

ʨʠʪʤʳ ʨʦʷ ʯʘʩʪʠʮ, ʤʝʪʦʜʳ ʠʤʠʪʘʮʠʠ ʦʪ-

ʞʠʛʘ ʠ ʜʨʫʛʠʝ. 

ʆʜʥʘʢʦ ʙʦʣʴʰʠʥʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ 

ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚʝʪʨʷʥʳʭ 

ʬʝʨʤ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʪʫʨʙʠʥʳ ʨʘʙʦʪʘ-

ʶʪ ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʠ ʥʝ ʫʯʠʪʳ-

ʚʘʶʪ ʢʦʦʧʝʨʘʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʯʪʦ ʥʝ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʘʣʴʥʦʩʪʠ ʨʘʙʦʪʳ ʚʝʪʨʷ-

ʥʳʭ ʬʝʨʤ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʪʘʢʞʝ ʯʘʩʪʦ ʨʘʟʜʝʣʷʶʪ ʦʧʪʠʤʠʟʘʮʠʶ ʨʘʩ-

ʧʦʣʦʞʝʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ, ʯʪʦ ʠʩʢʣʶʯʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʚʤʝʩʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʠʭ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ. ʅʝ ʪʘʢ 

ʜʘʚʥʦ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʜʚʫʭʵʪʘʧʥʘʷ ʤʦ-

ʜʝʣʴ ʦʧʪʠʤʠʟʘʮʠʠ, ʢʦʪʦʨʘʷ ʫʯʠʪʳʚʘʝʪ 

ʫʧʨʘʚʣʝʥʠʝ ʚʝʪʨʷʥʦʡ ʬʝʨʤʦʡ ʜʣʷ ʨʘʟʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʚʝʪʨʘ ʥʘ ʚʝʩʴ ʩʧʝʢʪʨ ʫʩʣʦʚʠʡ 

ʚʝʪʨʘ, ʥʦ ʜʘʥʥʘʷ ʤʦʜʝʣʴ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ 

ʧʨʦʙʣʝʤʦʡ ʚʳʩʦʢʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 

ʩʣʦʞʥʦʩʪʠ ʠʟ-ʟʘ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʧʝʨʝʤʝʥ-

ʥʳʭ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʙʳʣ 

ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʨʘʟʣʦʞʝʥʠʷ ʥʘ ʧʦʜʟʘʜʘ-

ʯʠ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʠʪʴ ʚʳʯʠʩʣʠ-

ʪʝʣʴʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʧʪʠʤʠʟʘʮʠʠ [6]. 

ʉʫʱʝʩʪʚʫʝʪ ʝʱʝ ʪʘʢʦʡ ʦʧʪʠʤʘʣʴʥʳʡ 

ʤʝʪʦʜ, ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʛʝʥʝʨʘʮʠʠ ʵʣʝʢʪʨʦ-

ʵʥʝʨʛʠʠ (Distributed Generation, DG), ʧʨʝʜ-
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ʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʩʪʘʥʦʚʢʫ ʥʝʙʦʣʴʰʠʭ 

ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨ-

ʛʠʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʫ ʧʦʪʨʝʙʠʪʝʣʝʡ ʚ 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʩʝʪʠ. DG ʤʦʞʝʪ ʙʳʪʴ 

ʨʘʟʜʝʣʝʥʘ ʥʘ ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠ ʥʝʚʦʟʦʙ-

ʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ. ɺʦʟʦʙʥʦʚʣʷʝʤʳʝ 

DG ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʩʦʣʥʝʯʥʳʝ, ʚʝʪʨʦʚʳʝ, 

ʛʝʦʪʝʨʤʘʣʴʥʳʝ ʠ ʦʢʝʘʥʠʯʝʩʢʠʝ ʠʩʪʦʯʥʠʢʠ 

ʵʥʝʨʛʠʠ, ʦʥʠ ʩʯʠʪʘʶʪʩʷ ʙʦʣʝʝ ʵʢʦʣʦʛʠʯ-

ʥʳʤʠ, ʪʘʢ ʢʘʢ ʦʙʳʯʥʦ ʠʤʝʶʪ ʤʠʥʠʤʘʣʴ-

ʥʳʡ ʚʳʙʨʦʩ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʠ ʜʨʫʛʠʭ ʟʘ-

ʛʨʷʟʥʠʪʝʣʝʡ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠ-

ʦʥʥʦʡ ʮʝʥʪʨʘʣʴʥʦʡ ʪʝʧʣʦʚʦʡ ʛʝʥʝʨʘʮʠʝʡ, 

ʠʩʧʦʣʴʟʫʶʱʝʡ ʠʩʢʦʧʘʝʤʦʝ ʪʦʧʣʠʚʦ. 

ʀʥʝʨʪʥʦʩʪʴ ʩʠʩʪʝʤʳ ʫʤʝʥʴʰʘʝʪʩʷ ʧʦʩʣʝ 

ʧʦʜʢʣʶʯʝʥʠʷ DG, ʯʪʦ ʚʳʟʳʚʘʝʪ ʧʨʦʙʣʝʤʳ 

ʩ ʥʘʧʨʷʞʝʥʠʝʤ ʠ ʯʘʩʪʦʪʦʡ. ɺʦʟʦʙʥʦʚʣʷʝ-

ʤʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ ʥʝʫʧʨʘʚʣʷʝʤʳ ʠ 

ʤʦʛʫʪ ʚʳʟʳʚʘʪʴ ʧʨʦʙʣʝʤʳ ʩ ʢʘʯʝʩʪʚʦʤ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠʟ-ʟʘ ʠʥʪʝʨʤʠʪʪʝʥʪʥʦʩʪʠ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʠʭ ʧʨʦʙʣʝʤ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤ ʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ 

(Energy Storage Systems, ESS), ʢʦʪʦʨʳʝ ʤʦ-

ʛʫʪ ʥʘʢʘʧʣʠʚʘʪʴ ʠʟʙʳʪʦʯʥʫʶ ʵʥʝʨʛʠʶ ʠ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʥʘʧʨʷʞʝʥʠʝ ʠ ʯʘʩʪʦʪʫ ʚ 

ʩʝʪʠ [7]. 

ʆʙʝʩʧʝʯʝʥʠʝ ʩʪʘʙʠʣʴʥʦʡ, ʥʘʜʝʞʥʦʡ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʩʠʩʪʝ-

ʤʳ ʚ ʫʩʣʦʚʠʷʭ ʤʘʩʩʦʚʦʡ ʠʥʪʝʛʨʘʮʠʠ ʚʝʪ-

ʨʷʥʦʡ ʵʥʝʨʛʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʦʣʴ-

ʰʦʡ ʚʳʟʦʚ ʜʣʷ ʦʧʝʨʘʪʦʨʦʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝ-

ʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ɼʣʷ ʵʪʦʛʦ ʙʳʣʠ ʨʘʟʨʘʙʦ-

ʪʘʥʳ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʧʨʘ-

ʚʠʣʘ ʧʦʜʢʣʶʯʝʥʠʷ ʚʝʪʨʷʥʳʭ ʫʩʪʘʥʦʚʦʢ ʢ 

ʩʝʪʠ (ʢʘʢ ʢ ʙʦʣʴʰʠʤ ʤʦʨʩʢʠʤ ʚʝʪʨʦʚʳʤ 

ʬʝʨʤʘʤ, ʪʘʢ ʠ ʢ ʩʝʪʷʤ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝ-

ʥʠʷ, ʘ ʪʘʢʞʝ ʢ ʤʝʩʪʥʳʤ ʚʝʪʨʦʫʩʪʘʥʦʚʢʘʤ, 

ʧʦʜʢʣʶʯʘʝʤʳʤ ʢ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʤ ʩʝ-

ʪʷʤ) [8]. 

ʇʨʠʤʝʨʳ ʪʘʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʚʢʣʶʯʘʶʪ ʚ 

ʩʝʙʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʢʣʘʜʘ ʚ ʨʝʛʫʣʠʨʦʚʘʥʠʝ 

ʯʘʩʪʦʪʳ ʠ ʥʘʧʨʷʞʝʥʠʷ, ʢʦʥʪʨʦʣʠʨʫʷ ʘʢ-

ʪʠʚʥʫʶ ʠ ʨʝʘʢʪʠʚʥʫʶ ʤʦʱʥʦʩʪʴ, ʧʦʩʪʘʚ-

ʣʷʝʤʫʶ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ, 

ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʨʘʙʦʪʝ ʧʨʠ ʥʠʟʢʦʤ 

ʥʘʧʨʷʞʝʥʠʠ (Low Voltage Ride-Through 

Capability). ʊʨʝʙʦʚʘʥʠʷ ʢ ʘʢʪʠʚʥʦʡ ʤʦʱ-

ʥʦʩʪʠ ʠ ʫʧʨʘʚʣʝʥʠʶ ʯʘʩʪʦʪʦʡ ʚʢʣʶʯʘʶʪ ʚ 

ʩʝʙʷ ʣʠʥʝʡʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʘʢʪʠʚʥʦʡ 

ʤʦʱʥʦʩʪʠ ʚ ʧʨʝʜʝʣʘʭ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʜʠʘ-

ʧʘʟʦʥʘ ʯʘʩʪʦʪ (47-52 ɻʮ) ʩ ʫʩʪʘʥʦʚʣʝʥʥʦʡ 

ʟʦʥʦʡ ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ (49.85-50.15 ɻʮ) 

ʠ ʨʝʛʫʣʠʨʫʶʱʝʡ ʩʢʦʨʦʩʪʴʶ 10% ʦʪ ʥʦʤʠ-

ʥʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʚ ʩʝʢʫʥʜʫ. ʊʨʝʙʫʝʪʩʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʫʤʝʥʴʰʠʪʴ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚʝʪ-

ʨʷʥʦʡ ʫʩʪʘʥʦʚʢʠ ʩ ʧʦʣʥʦʡ ʥʘʛʨʫʟʢʠ ʜʦ 

ʫʨʦʚʥʷ ʦʪ 0% ʜʦ 20% ʟʘ ʥʝʩʢʦʣʴʢʦ ʩʝʢʫʥʜ. 

ʊʘʢʞʝ ʦʙʩʫʞʜʘʶʪʩʷ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʙʘʣʘʥʩʦʤ ʤʦʱʥʦʩʪʠ, ʬʣʫʢʪʫʘʮʠʷʤʠ 

ʥʘʧʨʷʞʝʥʠʷ ʠ ʢʘʯʝʩʪʚʦʤ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʠʥʪʝʛʨʘʮʠʠ ʚʝʪʨʷʥʦʡ ʵʥʝʨ-

ʛʠʠ ʚ ʩʠʩʪʝʤʫ ʪʨʝʙʦʚʘʥʠʷ ʢ ʨʝʛʫʣʠʨʦʚʘ-

ʥʠʶ ʠ ʢʦʥʪʨʦʣʶ ʩʪʘʥʦʚʷʪʩʷ ʙʦʣʝʝ ʚʘʞʥʳ-

ʤʠ. ɹʦʣʴʰʠʝ ʤʦʨʩʢʠʝ ʚʝʪʨʦʚʳʝ ʬʝʨʤʳ ʤʦ-

ʛʫʪ ʚʥʝʩʪʠ ʟʥʘʯʠʪʝʣʴʥʳʝ ʬʣʫʢʪʫʘʮʠʠ 

ʤʦʱʥʦʩʪʠ ʚ ʩʠʩʪʝʤʫ, ʯʪʦ ʤʦʞʝʪ ʧʦʚʣʠʷʪʴ 

ʥʘ ʩʦʩʝʜʥʠʝ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʠʩʪʝ-

ʤʳ, ʝʩʣʠ ʥʝ ʙʫʜʝʪ ʧʨʠʤʝʥʝʥ ʘʜʝʢʚʘʪʥʳʡ 

ʢʦʥʪʨʦʣʴ. ʊʘʢʠʝ ʬʝʨʤʳ ʤʦʛʫʪ ʧʨʦʠʟʚʦʜʠʪʴ 

ʠʥʪʝʥʩʠʚʥʳʝ ʬʣʫʢʪʫʘʮʠʠ ʘʢʪʠʚʥʦʡ ʤʦʱ-

ʥʦʩʪʠ, ʯʪʦ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʚʳ-

ʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ ʬʝʨʤʳ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 

ʥʫʣʷ ʜʦ ʥʦʤʠʥʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʚ ʪʝʯʝʥʠʝ 

10-15 ʤʠʥʫʪ. ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʘʢʪʠʚʥʦʡ ʠ 

ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ 

ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤʳ 

ʢʦʥʪʨʦʣʷ ʥʘ ʫʨʦʚʥʝ ʦʙʣʘʩʪʠ (Area Grid 

Controller) ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʚʪʦʨʠʯʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ ʮʝʥʪʨʘʣʴʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥ-

ʮʠʡ ʠ ʩʚʷʟʠ ʩ ʩʦʩʝʜʥʠʤʠ ʵʥʝʨʛʦʩʠʩʪʝʤʘʤʠ, 

ʚʢʣʶʯʘʷ ʩʠʩʪʝʤʳ ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ ʧʦʩʪʦ-

ʷʥʥʦʛʦ ʪʦʢʘ (HVDC), ʤʦʛʫʪ ʙʳʪʴ ʵʬʬʝʢ-

ʪʠʚʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʬʣʫʢʪʫʘ-

ʮʠʷʤʠ ʚʝʪʨʷʥʦʡ ʵʥʝʨʛʠʠ ʠ ʧʦʜʜʝʨʞʘʥʠʷ 

ʩʪʘʙʠʣʴʥʦʡ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ. ʉ ʫʚʝʣʠʯʝʥʠ-

ʝʤ ʠʥʪʝʛʨʘʮʠʠ ʚʝʪʨʷʥʦʡ ʵʥʝʨʛʠʠ ʧʦʪʨʝʙʫ-

ʝʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʨʝʛʫʣʠʨʦ-

ʚʘʥʠʷ ʩʠʩʪʝʤʳ [9]. 

ʉʠʩʪʝʤʘ ʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʥʘ ʙʘʪʘʨʝʷʭ 

(BESS) ʧʨʠʟʥʘʝʪʩʷ ʦʜʥʠʤ ʠʟ ʣʫʯʰʠʭ ʨʝ-

ʰʝʥʠʡ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʢʦʣʝʙʘʥʠʡ ʚʝʪʨʦ-

ʚʦʡ ʤʦʱʥʦʩʪʠ ʠ ʦʰʠʙʦʢ ʚ ʧʨʦʛʥʦʟʝ ʚʝʪʨʦ-

ʚʦʡ ʤʦʱʥʦʩʪʠ. ʄʥʦʞʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʚ ʦʙʣʘʩʪʠ ʛʠʙʨʠʜʥʳʭ ʩʠ-

ʩʪʝʤ ʚʝʪʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʠ-ʙʘʪʘʨʝʠ.  

ʉʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʣʘʛʘʶʪ 

ʩʪʨʘʪʝʛʠʶ, ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

BESS ʠ ʚʝʪʨʷʥʳʭ ʩʠʩʪʝʤ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ 

ʤʦʱʥʦʩʪʠ ʠ ʝʤʢʦʩʪʠ ʙʘʪʘʨʝʡ ʠ ʫʚʝʣʠʯʝʥʠʷ 

ʠʭ ʩʨʦʢʘ ʩʣʫʞʙʳ. ɺ ʧʨʝʜʣʦʞʝʥʥʦʡ ʩʪʨʘʪʝ-

ʛʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʚʝʪʨʦ-

ʚʦʡ ʤʦʱʥʦʩʪʠ ʢʘʢ ʧʝʨʝʜʘʚʘʝʤʘʷ ʤʦʱ-

ʥʦʩʪʴ, ʯʪʦʙʳ ʫʤʝʥʴʰʠʪʴ ʤʦʱʥʦʩʪʴ ʙʘʪʘ-
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ʨʝʡ, ʠ ʜʚʘ ʥʘʙʦʨʘ ʙʘʪʘʨʝʡ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʤʝʣʢʠʭ ʮʠʢʣʦʚ ʟʘʨʷʜ-

ʢʠ ʠ ʨʘʟʨʷʜʢʠ ʜʣʷ ʧʨʦʜʣʝʥʠʷ ʩʨʦʢʘ ʩʣʫʞ-

ʙʳ ʙʘʪʘʨʝʡ. ʊʘʢʞʝ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʢʨʘʪʢʦ-

ʩʨʦʯʥʘʷ ʨʘʙʦʪʘ ʩ ʫʯʝʪʦʤ ʚʣʠʷʥʠʷ ʦʰʠʙʦʢ 

ʧʨʦʛʥʦʟʘ ʥʘ ʪʨʝʙʫʝʤʫʶ ʤʦʱʥʦʩʪʴ ʙʘʪʘ-

ʨʝʠ [10]. 

ɺʝʪʨʦʚʘʷ ʵʥʝʨʛʠʷ ʠʤʝʝʪ ʢʦʣʝʙʘʥʠʷ ʚ 

ʧʨʝʜʝʣʘʭ ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʝʥʠ ʤʝʥʝʝ 1 ʯʘʩʘ, 

ʜʘʞʝ ʚ ʧʨʝʜʝʣʘʭ ʤʠʥʫʪ, ʠ ʧʦʵʪʦʤʫ ʦʥʘ ʥʝ 

ʧʦʩʪʦʷʥʥʘ ʜʣʷ ʟʘʜʘʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ, ʪʘʢʞʝ 

ʥʘʜʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʰʠʙʢʘ ʚ ʧʨʦʛʥʦʟʝ 

ʧʨʠʚʦʜʠʪ ʢ ʦʪʢʣʦʥʝʥʠʶ ʜʠʩʧʝʪʯʠʨʫʝʤʦʡ 

ʤʦʱʥʦʩʪʠ ʦʪ ʨʝʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ, ʧʦʵʪʦʤʫ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʪʨʘʪʝʛʠʷ ʛʠʙʨʠʜʥʦʡ ʩʠʩʪʝ-

ʤʳ ʚʝʪʨʦ-ʘʢʢʫʤʫʣʷʪʦʨʘ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ 

ʢʦʣʝʙʘʥʠʡ ʤʦʱʥʦʩʪʠ ʠ ʦʰʠʙʦʢ ʚ ʧʨʦʛʥʦʟʝ. 

ʉʭʝʤʘ ʛʠʙʨʠʜʥʦʡ ʩʠʩʪʝʤʳ ʚʝʪʨʦ-

ʘʢʢʫʤʫʣʷʪʦʨʘ ʩ ʦʜʥʠʤ ʘʢʢʫʤʫʣʷʪʦʨʦʤ ʧʦ-

ʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

 
ʈʠʩ. 3. ʉʭʝʤʘ ʛʠʙʨʠʜʥʦʡ ʚʝʪʨʦʚʦʡ ʩʠʩʪʝʤʳ ʩ ʦʜʥʦʡ ʙʘʪʘʨʝʝʡ 

 

ʇʝʨʝʜʘʚʘʝʤʘʷ ʤʦʱʥʦʩʪʴ ï ʵʪʦ ʦʙʲʝʤ 

ʤʦʱʥʦʩʪʠ, ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ ʙʳʪʴ ʧʨʝʜ-

ʩʪʘʚʣʝʥ ʥʘ ʨʳʥʢʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʟʘ ʥʝ-

ʩʢʦʣʴʢʦ ʯʘʩʦʚ ʜʦ ʝʝ ʧʝʨʝʜʘʯʠ. ʆʙʳʯʥʦ ʵʪʦ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʟʘʧʣʘʥʠʨʦʚʘʥʥʘʷ ʤʦʱ-

ʥʦʩʪʴ ʥʘ ʩʣʝʜʫʶʱʠʡ ʠʥʪʝʨʚʘʣ ʧʝʨʝʜʘʯʠ. 

ʉʫʱʝʩʪʚʫʶʪ ʜʚʘ ʦʙʱʠʭ ʧʦʜʭʦʜʘ ʢ ʦʧʨʝʜʝ-

ʣʝʥʠʶ ʧʝʨʝʜʘʚʘʝʤʦʡ ʤʦʱʥʦʩʪʠ ʩ ʫʯʝʪʦʤ 

ʚʝʪʨʦʚʦʡ ʵʥʝʨʛʠʠ. 

ʇʝʨʚʳʡ ʧʦʜʭʦʜ ʦʩʥʦʚʘʥ ʥʘ ʩʨʝʜʥʝʤ 

ʟʥʘʯʝʥʠʠ ʦʮʝʥʝʥʥʦʡ ʚʝʪʨʦʚʦʡ ʵʥʝʨʛʠʠ, ʢʦ-

ʪʦʨʦʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʧʝʨʝʜʘʚʘʝʤʘʷ 

ʤʦʱʥʦʩʪʴ ʜʣʷ ʢʘʞʜʦʛʦ ʠʥʪʝʨʚʘʣʘ ʧʝʨʝʜʘ-

ʯʠ, ʜʘʥʥʳʡ ʤʝʪʦʜ ʧʨʠʚʦʜʠʪ ʢ ʙʳʩʪʨʦʡ 

ʩʤʝʥʝ ʨʝʞʠʤʘ ʘʢʢʫʤʫʣʷʪʦʨʘ (ʟʘʨʷʜʢʘ ʠʣʠ 

ʨʘʟʨʷʜʢʘ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʢʘ ʤʦʱʥʦ-

ʩʪʠ ʘʢʢʫʤʫʣʷʪʦʨʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʤʥʦʞʝ-

ʩʪʚʫ ʥʝʛʣʫʙʦʢʠʭ ʮʠʢʣʦʚ ʟʘʨʷʜʢʠ ʠ ʨʘʟʨʷʜ-

ʢʠ ʘʢʢʫʤʫʣʷʪʦʨʘ. 

ɺʪʦʨʦʡ ʧʦʜʭʦʜ ʦʩʥʦʚʘʥ ʥʘ ʤʠʥʠʤʘʣʴ-

ʥʦʤ ʠ ʤʘʢʩʠʤʘʣʴʥʦʤ ʟʥʘʯʝʥʠʠ ʚʝʪʨʦʚʦʡ 

ʵʥʝʨʛʠʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʞʠʤʘ ʘʢʢʫʤʫ-

ʣʷʪʦʨʘ (ʟʘʨʷʜʢʘ ʠʣʠ ʨʘʟʨʷʜʢʘ), ʜʘʥʥʳʡ ʤʝ-

ʪʦʜ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʥʳʤ ʮʠʢʣʘʤ ʟʘʨʷʜʢʠ ʠ 

ʨʘʟʨʷʜʢʠ ʘʢʢʫʤʫʣʷʪʦʨʘ, ʯʪʦ ʫʣʫʯʰʘʝʪ ʩʨʦʢ 

ʩʣʫʞʙʳ ʘʢʢʫʤʫʣʷʪʦʨʘ, ʥʦ ʪʨʝʙʫʝʪ ʙʦʣʝʝ 

ʢʨʫʧʥʦʡ ʝʤʢʦʩʪʠ ʘʢʢʫʤʫʣʷʪʦʨʘ ʠ, ʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦ, ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʟʘʪʨʘʪ. 

 

 
ʈʠʩ. 4. ʎʠʢʣʳ ʟʘʨʷʜʢʠ ʠ ʨʘʟʨʷʜʢʠ ʙʘʪʘʨʝʠ (ʥʝʛʣʫʙʦʢʠʝ) 
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ʆʙʘ ʤʝʪʦʜʘ ʠʤʝʶʪ ʩʚʦʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ 

ʥʝʜʦʩʪʘʪʢʠ, ʠ ʚʳʙʦʨ ʤʝʞʜʫ ʥʠʤʠ ʟʘʚʠʩʠʪ 

ʦʪ ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʡ ʠ ʪʨʝʙʦʚʘʥʠʡ. 

ʇʝʨʚʳʡ ʤʝʪʦʜ ʪʨʝʙʫʝʪ ʘʢʢʫʤʫʣʷʪʦʨ ʩ 

ʤʝʥʴʰʝʡ ʝʤʢʦʩʪʴʶ, ʥʦ ʧʨʠʚʦʜʠʪ ʢ ʤʥʦʞʝ-

ʩʪʚʫ ʥʝʛʣʫʙʦʢʠʭ ʮʠʢʣʦʚ. ɺʪʦʨʦʡ ʤʝʪʦʜ 

ʫʣʫʯʰʘʝʪ ʩʨʦʢ ʩʣʫʞʙʳ ʘʢʢʫʤʫʣʷʪʦʨʘ, ʥʦ 

ʪʨʝʙʫʝʪ ʙʦʣʝʝ ʢʨʫʧʥʦʡ ʝʤʢʦʩʪʠ ʠ ʤʦʞʝʪ 

ʙʳʪʴ ʙʦʣʝʝ ʜʦʨʦʛʠʤ, ʥʦ ʧʝʨʚʳʡ ʤʝʪʦʜ ʙʦ-

ʣʝʝ ʨʝʘʣʠʩʪʠʯʝʥ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʦʛʥʦʟʠ-

ʨʦʚʘʥʠʷ ʤʦʱʥʦʩʪʠ ʚʝʪʨʘ, ʪʘʢ ʢʘʢ ʪʨʝʙʫʝʪ 

ʣʠʰʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ 

ʚʝʪʨʦʚʦʡ ʵʥʝʨʛʠʠ [11]. 

ʉʨʘʚʥʠʚʘʷ ʧʨʝʜʣʦʞʝʥʥʫʶ ʩʪʨʘʪʝʛʠʶ ʩ 

ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ, ʥʫʞʥʦ ʩʢʘʟʘʪʴ ʯʪʦ ʪʨʝ-

ʙʫʝʪʩʷ ʦʜʠʥʘʢʦʚʘʷ ʤʦʱʥʦʩʪʴ ʜʣʷ ʜʠʩʧʝʪ-

ʯʝʨʠʟʘʮʠʠ ʵʥʝʨʛʠʠ ʚʦ ʚʩʝʭ ʤʝʪʦʜʘʭ, ʥʦ 

ʪʨʝʙʫʝʤʘʷ ʤʦʱʥʦʩʪʴ ʙʘʪʘʨʝʠ ʚ ʧʨʝʜʣʦ-

ʞʝʥʥʦʤ ʤʝʪʦʜʝ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʤʝʪʦʜʝ min-

max, ʢʦʪʦʨʳʡ ʪʨʝʙʫʝʪ ʤʘʢʩʠʤʘʣʴʥʦʡ ʨʘʟ-

ʥʠʮʳ ʤʝʞʜʫ ʤʠʥʠʤʘʣʴʥʳʤʠ ʠ ʤʘʢʩʠʤʘʣʴ-

ʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʚʝʪʨʦʚʦʡ ʤʦʱʥʦʩʪʠ, 

ʪʘʢʞʝ ʥʘʜʦ ʦʪʤʝʪʠʪʴ ʯʪʦ ʜʣʷ ʵʥʝʨʛʝʪʠʯʝ-

ʩʢʦʡ ʝʤʢʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ ʫʯʠ-

ʪʳʚʘʝʪʩʷ ʧʦʣʥʳʡ ʮʠʢʣ, ʯʪʦ ʪʘʢʞʝ ʧʦʟʚʦʣʷ-

ʝʪ ʫʤʝʥʴʰʠʪʴ ʝʤʢʦʩʪʴ ʙʘʪʘʨʝʠ ʧʦ ʩʨʘʚʥʝ-

ʥʠʶ ʩ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ, ʪʘʢ ʢʘʢ ʧʝʨʚʳʡ 

ʤʝʪʦʜ ʪʨʝʙʫʝʪ ʤʝʥʴʰʝʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʝʤʢʦʩʪʠ ʠʟ-ʟʘ ʙʦʣʝʝ ʢʦʨʦʪʢʠʭ ʮʠʢʣʦʚ ʟʘʨʷ-

ʜʘ-ʨʘʟʨʷʜʘ [12]. 

 

 
ʈʠʩ. 5. ʉʦʚʨʝʤʝʥʥʘʷ ʧʨʝʜʣʘʛʘʝʤʘʷ ʩʠʩʪʝʤʘ ʩ ʜʚʫʤʷ ʘʢʢʫʤʫʣʷʪʦʨʘʤʠ 

 

ɽʱʝ ʩʫʱʝʩʪʚʫʝʪ ʤʦʜʝʣʴ ʞʝʩʪʢʦʡ ʦʧʪʠ-

ʤʠʟʘʮʠʠ. ʄʦʜʝʣʴ ʞʝʩʪʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ 

(RO) ʜʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʜʠʩʧʝʪʯʝʨʠʟʘ-

ʮʠʠ ʚʝʪʨʦʚʦʡ ʵʥʝʨʛʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʤʦʱʥʳʡ ʠʥʩʪʨʫʤʝʥʪ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʜʣʷ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʛʝʥʝʨʘʮʠʝʡ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠʟ ʚʝʪʨʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ, 

ʪʘʢʘʷ ʤʦʜʝʣʴ ʧʨʠʟʚʘʥʘ ʫʯʠʪʳʚʘʪʴ ʥʝʦʧʨʝ-

ʜʝʣʝʥʥʦʩʪʠ ʠ ʧʝʨʝʤʝʥʥʦʩʪʴ ʚʝʪʨʦʚʳʭ 

ʫʩʣʦʚʠʡ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ 

ʚʳʟʦʚʦʚ ʚ ʠʥʪʝʛʨʘʮʠʠ ʚʝʪʨʦʚʦʡ ʵʥʝʨʛʠʠ ʚ 

ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ. ʈʘʩʩʤʦʪʨʠʤ ʦʩ-

ʥʦʚʥʳʝ ʘʩʧʝʢʪʳ ʤʦʜʝʣʠ ʞʝʩʪʢʦʡ ʦʧʪʠʤʠ-

ʟʘʮʠʠ ʜʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʜʠʩʧʝʪʯʝʨʠʟʘ-

ʮʠʠ ʚʝʪʨʦʚʦʡ ʵʥʝʨʛʠʠ ʠ ʝʸ ʨʦʣʴ ʚ ʨʘʟʚʠʪʠʠ 

ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʠ. ɺʝʪʨʦʚʘʷ 

ʵʥʝʨʛʠʷ ʷʚʣʷʝʪʩʷ ʧʝʨʝʤʝʥʥʦʡ ʠ ʥʝʦʧʨʝʜʝ-

ʣʝʥʥʦʡ ʬʦʨʤʦʡ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʠʠ. 

ʉʢʦʨʦʩʪʴ ʚʝʪʨʘ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʤʦʛʫʪ ʠʟʤʝ-

ʥʷʪʴʩʷ ʚ ʪʝʯʝʥʠʝ ʢʦʨʦʪʢʦʛʦ ʚʨʝʤʝʥʠ, ʯʪʦ 

ʟʘʪʨʫʜʥʷʝʪ ʪʦʯʥʦʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʧʨʦ-

ʠʟʚʦʜʩʪʚʘ ʚʝʪʨʦʚʦʡ ʵʥʝʨʛʠʠ. RO-ʤʦʜʝʣʴ 

ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʩ ʫʯʝʪʦʤ ʵʪʦʡ ʥʝʦʧʨʝʜʝ-

ʣʝʥʥʦʩʪʠ, ʧʦʟʚʦʣʷʷ ʵʬʬʝʢʪʠʚʥʦ ʫʧʨʘʚʣʷʪʴ 

ʛʝʥʝʨʘʮʠʝʡ ʚʝʪʨʦʚʦʡ ʵʥʝʨʛʠʠ, ʫʤʝʥʴʰʘʷ 

ʨʠʩʢʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʟʘʪʨʘʪʳ. ʆʩ-

ʥʦʚʥʘʷ ʮʝʣʴ RO-ʤʦʜʝʣʠ ʜʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴ-

ʥʦʡ ʜʠʩʧʝʪʯʝʨʠʟʘʮʠʠ ʚʝʪʨʦʚʦʡ ʵʥʝʨʛʠʠ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʪʠʤʠʟʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʚʝʪʨʦʚʳʭ ʨʝʩʫʨʩʦʚ. ʄʦʜʝʣʴ ʫʯʠʪʳʚʘʝʪ ʥʝ 

ʪʦʣʴʢʦ ʪʝʢʫʱʠʝ ʚʝʪʨʦʚʳʝ ʫʩʣʦʚʠʷ, ʥʦ ʠ 

ʧʨʦʛʥʦʟʠʨʫʝʪ ʙʫʜʫʱʠʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʵʬ-

ʬʝʢʪʠʚʥʦ ʨʘʩʧʨʝʜʝʣʷʪʴ ʨʝʩʫʨʩʳ ʜʣʷ ʤʘʢ-

ʩʠʤʠʟʘʮʠʠ ʚʳʨʘʙʦʪʢʠ ʚʝʪʨʦʚʦʡ ʵʥʝʨʛʠʠ. 

ʉʪʨʝʤʠʪʝʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʚʦʟʦʙʥʦʚʣʷʝ-

ʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʚʢʣʶʯʘʷ ʚʝʪʨʷ-

ʥʫʶ ʵʥʝʨʛʠʶ, ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠ-

ʤʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ ʠʥʪʝ-

ʛʨʘʮʠʠ ʪʘʢʠʭ ʠʩʪʦʯʥʠʢʦʚ ʚ ʩʦʚʨʝʤʝʥʥʳʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ. 
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ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʩʪʘ-

ʪʴʝ ʜʘʥʥʳʭ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ 

ʚʳʚʦʜʳ: 

ɺʦʧʨʦʩ ʜʠʩʧʝʪʯʝʨʠʟʘʮʠʠ ʚʝʪʨʦʚʦʡ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʪʨʝʙʫʝʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠ 

ʛʠʙʢʦʛʦ ʧʦʜʭʦʜʘ, ʫʯʠʪʳʚʘʶʱʝʛʦ ʨʘʟʥʦʦʙ-

ʨʘʟʠʝ ʚʝʪʨʦʚʳʭ ʫʩʣʦʚʠʡ ʠ ʠʟʤʝʥʯʠʚʦʩʪʴ 

ʚʝʪʨʘ. 

ɼʚʘ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʝ-

ʨʝʜʘʚʘʝʤʦʡ ʤʦʱʥʦʩʪʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʩʨʝʜʥʝʤ ʠ ʤʠʥʠʤʘʣʴʥʦʤ/ʤʘʢʩʠʤʘʣʴʥʦʤ 

ʟʥʘʯʝʥʠʠ ʚʝʪʨʦʚʦʡ ʵʥʝʨʛʠʠ, ʧʨʝʜʦʩʪʘʚʣʷ-

ʶʪ ʨʘʟʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. 

ɺʳʙʦʨ ʤʝʞʜʫ ʥʠʤʠ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʢʨʝʪʥʳʭ 

ʫʩʣʦʚʠʡ ʠ ʪʨʝʙʦʚʘʥʠʡ. 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʩʪʨʘʪʝʛʠʷ, ʠʩʧʦʣʴʟʫʶ-

ʱʘʷ ʢʦʤʙʠʥʘʮʠʶ ʦʙʦʠʭ ʤʝʪʦʜʦʚ ʩ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝʤ ʜʚʫʭ ʥʘʙʦʨʦʚ ʙʘʪʘʨʝʡ, ʧʨʝʜʦ-

ʩʪʘʚʣʷʝʪ ʦʧʪʠʤʘʣʴʥʳʡ ʙʘʣʘʥʩ ʤʝʞʜʫ ʤʦʱ-

ʥʦʩʪʴʶ ʠ ʩʨʦʢʦʤ ʩʣʫʞʙʳ ʙʘʪʘʨʝʠ, ʯʪʦ ʤʦ-

ʞʝʪ ʙʳʪʴ ʢʣʶʯʝʚʳʤ ʨʝʰʝʥʠʝʤ ʜʣʷ ʫʚʝʣʠ-

ʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤʳ. 

ʄʦʜʝʣʴ ʞʝʩʪʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ (RO) 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʦʱʥʳʡ ʠʥʩʪʨʫʤʝʥʪ 

ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʚʝʪʨʦʚʦʡ ʵʥʝʨʛʠʝʡ, ʫʯʠʪʳ-

ʚʘʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʚʝʪʨʦʚʳʭ ʫʩʣʦʚʠʡ, ʠ 

ʤʦʞʝʪ ʩʥʠʟʠʪʴ ʨʠʩʢʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ 

ʟʘʪʨʘʪʳ. 

ʉʪʘʪʴʷ ʧʦʜʯʝʨʢʠʚʘʝʪ ʚʘʞʥʦʩʪʴ ʨʘʟʨʘ-

ʙʦʪʢʠ ʠ ʚʥʝʜʨʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʩʪʨʘʪʝʛʠʡ 

ʠ ʤʦʜʝʣʝʡ ʜʣʷ ʜʠʩʧʝʪʯʝʨʠʟʘʮʠʠ ʚʝʪʨʦʚʦʡ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʕʬʬʝʢʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ 

ʚʝʪʨʦʚʦʡ ʵʥʝʨʛʠʝʡ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ 

ʬʘʢʪʦʨʦʤ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʦʚʨʝʤʝʥʥʳʭ ʵʥʝʨʛʝʪʠʯʝ-

ʩʢʠʭ ʩʠʩʪʝʤ, ʘ ʪʘʢʞʝ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʜʦʣʠ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʚ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʤʠʢʩʝ. ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ ʠ ʠʥʥʦʚʘʮʠʠ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʠʛʨʘ-

ʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʵʥʝʨʛʝʪʠ-

ʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʫʤʝʥʴʰʝʥʠʠ ʥʝʛʘ-

ʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝ-

ʜʫ. 
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Abstract. The article discusses the importance of developing wind power dispatch to ensure 

energy sustainability and fault tolerance in power systems. Key development areas include fore-

casting wind conditions using advanced techniques such as artificial intelligence and machine 

learning. Integration with energy storage, load management and the development of control sys-

tems play a key role in smoothing fluctuations in wind energy production. Improved grid infra-

structure, standards and regulations, and research into new technologies are helping to create 

fault-tolerant power systems. An integrated approach, including technological, organizational 

and regulatory measures, helps pave the way to energy sustainability and improve the resiliency 

of wind energy systems. 

Keywords: wind energy dispatch, energy resilience, power system resiliency, wind condition 

forecasting, energy storage integration. 
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ɸʥʥʦʪʘʮʠʷ. ʉʦʚʨʝʤʝʥʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʥʝ ʦʙʭʦʜʠʪʩʷ ʙʝʟ ʢʦʤʧʣʝʢʩʥʳʭ, ʩʦʩʪʘʚʥʳʭ 

ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʢʦʪʦʨʳʝ ʩʦʩʪʦʷʪ ʠʟ ʨʘʟʣʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʤʘʪʝʨʠʘʣʦʚ. 

ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʝʧʣʦ-ʧʘʨʦʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʉʐɸ ʠ 

ʂʘʟʘʭʩʪʘʥʝ, ʨʘʩʩʤʦʪʨʝʥʳ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʪʘʢʠʝ ʢʘʢ ʤʠʥʝʨʘʣʴʥʘʷ ʚʘʪʘ, ʧʝʥʦ-

ʧʦʣʠʩʪʠʨʦʣ ʠ ʜʨ., ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʣʴʪʝʨʥʘʪʠʚ-

ʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʂʘʟʘʭʩʪʘʥʝ. ʈʘʩʩʤʦʪʨʝʥʳ ʩʚʦʡ-

ʩʪʚʘ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʘʨʦ-ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʪʘʥʜʘʨʪʳ 

ʉʐɸ ʠ ʂʘʟʘʭʩʪʘʥʘ, ʨʝʛʫʣʠʨʫʶʱʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʧʘʨʦ-ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝ-

ʨʠʘʣʦʚ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʚ ʂʘʟʘʭʩʪʘʥʝ, ʥʘ ʧʨʠʤʝʨʝ ʛʦʨʦʜʘ ɸʣʤʘʪʳ, ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘ-

ʣʠʟ ʩʚʦʡʩʪʚ ʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʮʝʣʴʶ ʚʳʙʦʨʘ, ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʭ ʜʣʷ ʢʣʠʤʘʪʘ 

ʜʘʥʥʦʛʦ ʨʝʛʠʦʥʘ. 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʳʙʨʘʥʥʳʭ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʧʘʨʦ-

ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʫʯʝʪʦʤ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʘʩʧʝʢʪʦʚ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʢʦ-

ʪʦʨʳʝ ʤʦʛʫʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʟʜʘʥʠʡ ʠ ʩʦʢʨʘʪʠʪʴ ʟʘʪʨʘ-

ʪʳ ʥʘ ʦʪʦʧʣʝʥʠʝ ʠ ʦʭʣʘʞʜʝʥʠʝ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʧʘʨʦ-ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʵʬ-

ʬʝʢʪʠʚʥʳʤ ʠ ʙʦʣʝʝ ʵʢʦʣʦʛʠʯʥʳʤ ʚʘʨʠʘʥʪʦʤ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʟʜʘ-

ʥʠʡ ʚ ʂʘʟʘʭʩʪʘʥʝ. ʕʪʠ ʜʘʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʥʪʝʨʝʩʥʳ ʜʣʷ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʚ 

ʦʙʣʘʩʪʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʟʜʘʥʠʡ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʘ ʪʘʢʞʝ ʜʣʷ ʟʘʚʦʜʦʚ-

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, ʢʦʪʦʨʳʝ ʟʘʥʠʤʘʶʪʩʷ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʠ ʧʨʦʜʘʞʝʡ ʧʘʨʦ-

ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʧʣʦʠʟʦʣʷʮʠʷ, ʩʪʘʥʜʘʨʪʳ, ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʪʝʧʣʦʠʟʦʣʷʮʠ-

ʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ. 

 

ɺ ʩʚʷʟʠ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʥʦʚʳʭ ʪʝʧʣʦʠʟʦ-

ʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʟʤʝʥʠʣʠʩʴ ʪʝʭʥʦ-

ʣʦʛʠʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʢʘʯʝʩʪʚʦ ʞʠʟʥʠ ʚ 

ʥʦʚʳʭ ʟʜʘʥʠʷʭ. ʀʟʦʣʷʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ʠʤʝʶʪ ʧʦʚʳʰʝʥʥʳʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ 

ʩʚʦʡʩʪʚʘ, ʠʭ ʨʘʟʨʘʙʦʪʯʠʢʠ ʚʦʧʣʦʱʘʶʪ ʦʩ-

ʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ - 

ʵʢʦʣʦʛʠʯʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ. ʂʦʥʢʨʝʪ-

ʥʳʝ ʟʘʜʘʯʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʨʝʰʘʶʪ ʟʘ ʩʯʝʪ 

ʙʦʣʴʰʦʛʦ ʘʩʩʦʨʪʠʤʝʥʪʘ ʧʨʦʜʫʢʮʠʠ ʠ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʠʟʦʣʷʮʠʠ ʜʦʤʦʚ, ʩʦ-

ʦʨʫʞʝʥʠʡ ʠ ʪʦʤʫ ʧʦʜʦʙʥʦʝ. ʆʩʥʦʚʥʦʡ ʬʠ-

ʟʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʵʪʦʛʦ ʢʣʘʩʩʘ 

ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, 

ʢʦʪʦʨʘʷ ʟʘʚʠʩʠʪ ʦʪ ʝʛʦ ʧʨʠʨʦʜʳ, ʧʣʦʪʥʦ-

ʩʪʠ, ʨʘʟʤʝʨʘ ʠ ʛʝʦʤʝʪʨʠʠ ʧʦʨ. ʂʨʦʤʝ ʪʦʛʦ, 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʝʪ-

ʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞ-

ʥʦʩʪʠ.  

ʆʜʥʘ ʠʟ ʛʣʘʚʥʳʭ ʟʘʜʘʯ, ʢʦʪʦʨʫʶ ʥʘʜʦ 

ʨʝʰʠʪʴ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠʣʠ ʨʝʢʦʥ-

ʩʪʨʫʢʮʠʠ ʞʠʣʳʭ ʟʜʘʥʠʡ ï ʤʠʥʠʤʠʟʘʮʠʷ 

ʪʝʧʣʦʧʦʪʝʨʴ. ʆʜʥʠʤ ʠʟ ʚʘʨʠʘʥʪʦʚ, ʢʦʪʦ-

ʨʦʤʫ ʫʜʝʣʷʝʪʩʷ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʩʦ ʩʪʦ-

ʨʦʥʳ ʠʥʞʝʥʝʨʦʚ ʠ ʩʪʨʦʠʪʝʣʝʡ, ʷʚʣʷʝʪʩʷ 

ʨʘʟʚʠʪʠʝ ʨʳʥʢʘ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝ-

ʨʠʘʣʦʚ (ʫʪʝʧʣʠʪʝʣʝʡ). ɼʦʩʪʠʛʘʝʪʩʷ ʵʪʦ ʧʫ-

ʪʝʤ ʫʣʫʯʰʝʥʠʷ ʪʝʧʣʦʠʟʦʣʠʨʫʶʱʠʭ ʢʘ-

ʯʝʩʪʚ ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʯʪʦ 
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ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝ ʪʦʣʴʢʦ ʵʢʦʥʦʤʠʶ ʩʨʝʜʩʪʚ 

ʥʘ ʦʪʦʧʣʝʥʠʝ ʠ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʝ, ʥʦ ʠ 

ʧʦʚʳʰʝʥʠʝ ʢʦʤʬʦʨʪʥʳʭ ʫʩʣʦʚʠʡ ʧʨʦʞʠ-

ʚʘʥʠʷ ʚ ʞʠʣʳʭ ʜʦʤʘʭ ʠ ʧʨʝʙʳʚʘʥʠʷ ʚ ʦʙ-

ʱʝʩʪʚʝʥʥʳʭ. ʉ ʮʝʣʴʶ ʫʤʝʥʴʰʝʥʠʷ ʨʘʩʭʦʜʘ 

ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʩʦʚʨʝ-

ʤʝʥʥʳʤʠ ʥʦʨʤʘʤʠ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʝʥʳ 

ʥʦʨʤʘʪʠʚʥʳʝ ʟʥʘʯʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʪʝʧʣʦʧʝʨʝʜʘʯʝ ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ 

ʞʠʣʳʭ ʠ ʛʨʘʞʜʘʥʩʢʠʭ ʜʦʤʦʚ, ʚ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩ ʢʦʪʦʨʳʤʠ ʥʦʚʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ, 

ʤʦʜʝʨʥʠʟʘʮʠʷ ʠ ʢʘʧʠʪʘʣʴʥʳʡ ʨʝʤʦʥʪ ʟʜʘ-

ʥʠʡ ʥʝ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʳʭ ʪʝʧʣʦʠʟʦʣʠʨʫʶʱʠʭ ʤʘʪʝʨʠ-

ʘʣʦʚ (ʫʪʝʧʣʠʪʝʣʝʡ) [5]. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʧʨʠʤʝʥʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʦ-

ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʧʦ-

ʚʳʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʟʜʘʥʠʡ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʠʢʘ. 

ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣ ʧʨʦʚʝʜʝʥ 

ʘʥʘʣʠʟ ʨʘʟʣʠʯʥʳʭ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘ-

ʪʝʨʠʘʣʦʚ: ʤʠʥʝʨʘʣʴʥʘʷ ʚʘʪʘ, ʘʵʨʦʛʝʣʴ, 

ʮʝʣʣʶʣʦʟʥʘʷ ʠ ʦʪʨʘʞʘʶʱʘʷ ʠʟʦʣʷʮʠʷ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʠʩʴ ʧʦʢʘ-

ʟʘʪʝʣʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʝʧʣʦʠʟʦʣʷ-

ʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʘʥʘʣʠʪʠʯʝʩʢʠʡ, ʤʝ-

ʪʦʜ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʩʨʘʚʥʝʥʠʷ ʠ ʘʙʩʪʨʘʛʠ-

ʨʦʚʘʥʠʷ. ʄʝʪʦʜʳ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘ-

ʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʚʢʣʶʯʘʣʠ ʦʙʟʦʨ ʣʠʪʝʨʘ-

ʪʫʨʥʳʭ ʜʘʥʥʳʭ ʠ ʥʦʨʤʘʪʠʚʦʚ, ʠʟʤʝʨʝʥʠʝ ʠ 

ʨʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʨʦʚʦʜʠʤʦʩʪʠ 

ʩ ʮʝʣʴʶ ʧʨʦʚʝʜʝʥʠʷ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘ-

ʣʠʟʘ ʪʨʝʙʦʚʘʥʠʡ ʢ ʧʦʢʘʟʘʪʝʣʷʤ ʵʥʝʨʛʦʵʬ-

ʬʝʢʪʠʚʥʦʩʪʠ ʠ ʩʚʦʡʩʪʚʘʤ ʠʟʦʣʷʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʚ ʪʘʢʠʭ ʩʪʨʘʥ, 

ʢʘʢ ʉʐɸ ʠ ʂʘʟʘʭʩʪʘʥʘ. 

ʕʢʩʧʝʨʠʤʝʥʪ ʧʦ ʩʨʘʚʥʝʥʠʶ ʢʦʵʬʬʠʮʠ-

ʝʥʪʦʚ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝ-

ʨʠʘʣʦʚ ʙʳʣ ʧʨʦʚʝʜʝʥ ʩ ʮʝʣʴʶ ʦʮʝʥʢʠ ʪʝʧ-

ʣʦʠʟʦʣʷʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʧʝʨʝʜʘʯʝ 

ʠʣʠ ʫʜʝʨʞʘʥʠʠ ʪʝʧʣʘ. ɺ ʢʘʯʝʩʪʚʝ ʩʪʝʥʳ 

ʙʳʣ ʚʳʙʨʘʥ ʩʠʣʠʢʘʪʥʳʡ ʢʠʨʧʠʯ ʪʦʣʱʠʥʘ ï 

250 ʤʤ, ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ï 

0,81. ɺ ʢʘʯʝʩʪʚʝ ʚʣʘʛʦ-ʚʝʪʨʦʟʘʱʠʪʳ ʠʩ-

ʧʦʣʴʟʫʝʤ ʣʠʩʪ ʬʘʥʝʨʳ ʪʦʣʱʠʥʦʡ 8 ʤʤ. 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʩ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʠʟʦʣʷ-

ʮʠʝʡ ʙʳʣʘ ʧʨʠʥʷʪʘ ʤʠʥʝʨʘʣʴʥʘʷ ʚʘʪʘ. 

ʊʝʧʣʦʚʦʡ ʧʦʪʦʢ q = 21,68 ʧʨʠ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʠ ʤʠʥʚʘʪʳ ʪʦʣʱʠʥʦʡ 50 ʤʤ; 

q=10,37 ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʵʨʦʛʝʣʷ 

ʪʦʣʱʠʥʦʡ 50 ʤʤ; 

q=21,68 ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʮʝʣʣʶʣʦʟ-

ʥʦʡ ʠʟʦʣʷʮʠʠ ʪʦʣʱʠʥʦʡ 50 ʤʤ; 

q= 18,22 ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʪʨʘʞʘʶ-

ʱʝʡ ʠʟʦʣʷʮʠʠ ʪʦʣʱʠʥʦʡ 50 ʤʤ; 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ [8] ʧʨʦʚʦʜʠʣʩʷ ʚʣʘʞ-

ʥʦʩʪʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʢʦʥʩʪʨʫʢʮʠʠ ʩʪʝʥʳ ʩ 

ʜʚʦʡʥʳʤ ʨʘʟʥʝʩʝʥʥʳʤ ʜʝʨʝʚʷʥʥʳʤ ʢʘʨʢʘ-

ʩʦʤ ʚ ʥʦʚʦʤ ʢʦʪʪʝʜʞʝ ʚ ʢʣʠʤʘʪʠʯʝʩʢʦʡ 

ʟʦʥʝ ʉʐɸ 5ɸ. ɼʘʥʥʘʷ ʢʣʠʤʘʪʠʯʝʩʢʘʷ ʟʦʥʘ 

ʦʯʝʥʴ ʩʭʦʞʘ ʩ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʟʦʥʦʡ ʥʝʢʦ-

ʪʦʨʳʭ ʨʝʛʠʦʥʦʚ ʂʘʟʘʭʩʪʘʥʘ, ʘ ʠʤʝʥʥʦ ʩʝ-

ʚʝʨʥʦʡ, ʚʦʩʪʦʯʥʦʡ ʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʯʘ-

ʩʪʠ ʂʘʟʘʭʩʪʘʥʘ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʜʣʷ ʫʪʝʧ-

ʣʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʎʀ (ʮʝʣʣʶʣʦʟʥʘʷ 

ʠʟʦʣʷʮʠʷ) ʠ ʥʘʧʳʣʷʝʤʳʡ ʧʝʥʦʧʦʣʠʫʨʝʪʘʥ 

ʩ ʦʪʢʨʳʪʳʤʠ ʷʯʝʡʢʘʤʠ. ɺʥʫʪʨʝʥʥʷʷ ʧʘʨʦ-

ʟʘʱʠʪʘ ʚʩʝʭ ʩʪʝʥ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʛʠʧʩʦʢʘʨʪʦʥʥʳʭ ʣʠʩʪʦʚ, ʘ 

ʥʘʨʫʞʥʘʷ ʦʙʰʠʚʢʘ ʩʦʩʪʦʷʣʘ ʠʟ ʆʉʇ (ʦʨʠ-

ʝʥʪʠʨʦʚʘʥʥʦ-ʩʪʨʫʞʝʯʥʦʡ ʧʣʠʪʳ). ʇʘʨʦ-

ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʎʀ ʪʦʣʱʠʥʦʡ 305 ʤʤ ʩʦ-

ʩʪʘʚʣʷʣʘ 7...10 perms, ʠʣʠ 

0,44...0,63 ʤʛ/(ʤĿʯĿʇʘ), ʘ ʥʘʧʳʣʷʝʤʦʛʦ 

ʇʇʋ ʩ ʦʪʢʨʳʪʳʤʠ ʷʯʝʡʢʘʤʠ ï 7,3 perms, 

ʠʣʠ 0,46 ʤʛ/(ʤĿʯĿʇʘ). ʆʙʘ ʫʪʝʧʣʠʪʝʣʷ ʚ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʪʥʦʩʷʪʩʷ ʢ 3 ʢʣʘʩʩʫ ʧʘʨʦ-

ʟʘʱʠʪʳ, ʪʦ ʝʩʪʴ ʦʥʠ ʷʚʣʷʶʪʩʷ ʧʦʣʫʧʘʨʦ-

ʧʨʦʥʠʮʘʝʤʳʤʠ. 

1. ʄʠʥʝʨʘʣʴʥʘʷ ʚʘʪʘ 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ 

ʩʦʟʜʘʚʘʪʴ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ʚʳʩʦʢʦʡ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʚʢʣʶʯʘʷ 

ʤʠʥʝʨʘʣʴʥʫʶ ʚʘʪʫ [1]. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ [11] ʨʘʩʩʤʦʪʨʝʣʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʤʠʥʝʨʘʣʴʥʦʡ ʚʘʪʳ ʚ ʢʘʯʝʩʪʚʝ 

ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʦʮʝʥʠʣʠ 

ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʟʜʘʥʠʷʭ. ɺ ʵʪʦʤ ʠʩ-

ʩʣʝʜʦʚʘʥʠʠ ʘʚʪʦʨʳ ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʤʠʥʝʨʘʣʴʥʦʡ ʚʘʪʳ ʤʦʞʝʪ 

ʩʥʠʟʠʪʴ ʦʙʲʝʤ ʧʨʦʭʣʘʜʥʦʛʦ ʚʦʟʜʫʭʘ, ʧʨʦ-

ʭʦʜʷʱʝʛʦ ʯʝʨʝʟ ʩʪʝʥʳ ʠ ʢʨʳʰʠ ʟʜʘʥʠʷ, ʘ 

ʪʘʢʞʝ ʧʦʤʦʯʴ ʩʙʝʨʝʯʴ ʜʦ 30 ʧʨʦʮʝʥʪʦʚ 

ʵʥʝʨʛʠʠ ʥʘ ʦʪʦʧʣʝʥʠʝ. 

ʊʨʝʙʦʚʘʥʠʷ ʢ ʤʠʥʝʨʘʣʴʥʦʡ ʚʘʪʝ ʚ ʉʐɸ 

ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʤʠʥʠʤʘʣʴʥʫʶ ʪʝʧʣʦʠʟʦ-

ʣʷʮʠʶ, ʪʨʝʙʦʚʘʥʠʷ ʢ ʤʘʨʢʠʨʦʚʢʝ, ʫʧʘʢʦʚʢʝ 

ʠ ʤʝʪʦʜʘʤ ʫʩʪʘʥʦʚʢʠ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʉʐɸ 

ʩʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʩʪʘʥʜʘʨʪʳ ʚ ʟʘʚʠ-
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ʩʠʤʦʩʪʠ ʦʪ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʟʜʘʥʠʷ ʠ ʢʣʠ-

ʤʘʪʠʯʝʩʢʦʡ ʟʦʥʳ, ʚ ʢʦʪʦʨʦʡ ʦʥʦ ʨʘʩʧʦʣʦ-

ʞʝʥʦ. 

ʊʘʙʣʠʮʘ 1. ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʪʘʙʣʠʮʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʠʥʝʨʘʣʴʥʦʡ ʚʘʪʳ ʩʪʘʥʜʘʨʪʦʚ ʉʐɸ 

ʠ ʂʘʟʘʭʩʪʘʥʘ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 
ʉʪʘʥʜʘʨʪ ʉʐɸ 

(ASTM C665) 

ʉʪʘʥʜʘʨʪ ʂʘʟʘʭʩʪʘʥʘ 

(ɻʆʉʊ 9573) 

ʇʣʦʪʥʦʩʪʴ, ʢʛ/ʤį 10-240 10-240 

ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, ɺʪ/(ʤĿʂ) 0,032-0,044 0,032-0,044 

ʋʩʪʦʡʯʠʚʦʩʪʴ ʢ ʚʣʘʛʝ ʋʤʝʨʝʥʥʘʷ ʋʤʝʨʝʥʥʘʷ 

ʆʛʥʝʩʪʦʡʢʦʩʪʴ ʂʣʘʩʩ A (ʥʝʛʦʨʶʯʠʡ) ʂʣʘʩʩ ɸ (ʥʝʛʦʨʶʯʠʡ) 

ɿʚʫʢʦʠʟʦʣʷʮʠʷ, ʜɹ 30-50 30-50 

ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʜʠʘʧʘʟʦʥ, ÁC -40 ʜʦ +230 -40 ʜʦ +230 

ʉʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, % ʅʝ ʙʦʣʝʝ 1 ʅʝ ʙʦʣʝʝ 1 

ʉʦʜʝʨʞʘʥʠʝ ʭʣʦʨʠʜʘ, % ʅʝ ʙʦʣʝʝ 0,001 ʅʝ ʙʦʣʝʝ 0,001 

ʉʦʜʝʨʞʘʥʠʝ ʩʝʨʳ, % ʅʝ ʙʦʣʝʝ 0,003 ʅʝ ʙʦʣʝʝ 0,003 

 

ʉʦʦʪʥʦʰʝʥʠʝ ʥʦʨʤʘʪʠʚʥʳʭ ʠ ʩʚʝʨʭ-

ʥʦʨʤʘʪʠʚʥʳʭ ʟʘʪʨʘʪ ʪʝʧʣʘ ʥʘ 1 ʢʚ. ʤ ʧʘ-

ʥʝʣʴʥʦʛʦ ʬʘʩʘʜʘ, ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠ-

ʜʝ ʛʨʘʬʠʢʘ. ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʠʩʫʥʢʦʤ 1. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʪʦʞʝ ʜʣʷ 

ʢʠʨʧʠʯʥʦʛʦ ʬʘʩʘʜʘ [6]. 

 

 
ʈʠʩ. 1. ɻʦʜʦʚʳʝ ʟʘʪʨʘʪʳ ʪʝʧʣʘ ʥʘ 1 ʢʚ. ʤ 

ʧʘʥʝʣʴʥʦʛʦ ʬʘʩʘʜʘ 
ʈʠʩ. 2. ɻʦʜʦʚʳʝ ʟʘʪʨʘʪʳ ʪʝʧʣʘ ʥʘ 1 ʢʚ. ʤ 

ʢʠʨʧʠʯʥʦʛʦ ʬʘʩʘʜʘ 

 

ʇʨʠ ʚʳʙʦʨʝ ʪʦʣʱʠʥʳ ʫʪʝʧʣʠʪʝʣʷ ʥʝʦʙ-

ʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʢʣʠʤʘʪʠʯʝ-

ʩʢʠʝ ʫʩʣʦʚʠʷ, ʥʦ ʠ ʜʨʫʛʠʝ ʬʘʢʪʦʨʳ, ʪʘʢʠʝ 

ʢʘʢ ʪʦʣʱʠʥʘ ʩʪʝʥ, ʥʘʣʠʯʠʝ ʪʝʧʣʦʚʳʭ ʤʦ-

ʩʪʦʚ ʠ ʪ.ʜ. 

2. ʇʝʥʦʧʦʣʠʩʪʠʨʦʣ 

ʇʝʥʦʧʦʣʠʩʪʠʨʦʣ ï ʵʪʦ ʪʝʨʤʦʧʣʘʩʪʠʯ-

ʥʳʡ ʧʦʣʠʤʝʨ, ʢʦʪʦʨʳʡ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫ-

ʝʪʩʷ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʜʣʷ ʪʝʧʣʦʠʟʦʣʷʮʠʠ ʠ 

ʫʧʘʢʦʚʢʠ [9]. ʉʪʘʥʜʘʨʪʳ ʥʘ ʧʝʥʦʧʦʣʠʩʪʠ-

ʨʦʣ ʚ ʉʐɸ ʠ ʂʘʟʘʭʩʪʘʥʝ ʠʤʝʶʪ ʥʝʢʦʪʦʨʳʝ 

ʩʭʦʜʩʪʚʘ ʠ ʨʘʟʣʠʯʠʷ. ʉʪʘʥʜʘʨʪʳ ʉʐɸ 

ʪʨʝʙʫʶʪ, ʯʪʦʙʳ ʧʝʥʦʧʦʣʠʩʪʠʨʦʣ ʙʳʣ ʢʣʘʩ-

ʩʠʬʠʮʠʨʦʚʘʥ ʢʘʢ çʥʝʛʦʨʶʯʠʡè ʚ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩ ASTM E84, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʪʘʥ-

ʜʘʨʪʳ ʂʘʟʘʭʩʪʘʥʘ ʪʨʝʙʫʶʪ, ʯʪʦʙʳ ʧʝʥʦʧʦ-

ʣʠʩʪʠʨʦʣ ʙʳʣ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥ ʢʘʢ çʛʦ-

ʨʶʯʠʡè ʠʣʠ çʥʝʛʦʨʶʯʠʡè ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ɻʆʉʊ 30244. 

ʇʦ ʦʙʱʠʤ ʨʝʢʦʤʝʥʜʘʮʠʷʤ ʧʦ ʪʦʣʱʠʥʝ 

ʜʣʷ ʨʘʟʥʳʭ ʪʠʧʦʚ ʟʜʘʥʠʡ, ʜʣʷ ʞʠʣʳʭ, 

ʥʘʧʨʠʤʝʨ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʝ-

ʥʦʧʦʣʠʩʪʠʨʦʣ ʪʦʣʱʠʥʦʡ ʦʪ 50 ʜʦ 100 ʤʤ, ʘ 

ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʟʜʘʥʠʡ, ʩʢʣʘʜʦʚ ʠ ʪ.ʜ. 

ï ʦʪ 100 ʜʦ 200 ʤʤ. ʊʘʢʞʝ ʧʨʠ ʫʪʝʧʣʝʥʠʠ 

ʢʨʳʰʠ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʦʣʱʠʥʫ 

ʥʝ ʤʝʥʝʝ 150 ʤʤ [5]. 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʣʠʰʢʦʤ ʪʦʥʢʠʡ 

ʩʣʦʡ ʧʝʥʦʧʣʘʩʪʘ ʥʝ ʩʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʜʦ-

ʩʪʘʪʦʯʥʫʶ ʪʝʧʣʦʠʟʦʣʷʮʠʶ, ʘ ʩʣʠʰʢʦʤ 

ʪʦʣʩʪʳʡ ʩʣʦʡ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʠʟʣʠʰʥʠʤ 

ʟʘʪʨʘʪʘʤ ʥʘ ʤʘʪʝʨʠʘʣʳ ʠ ʫʚʝʣʠʯʝʥʠʶ ʪʦʣ-

ʱʠʥʳ ʩʪʝʥ. 
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ʈʠʩ. 3. ɻʦʜʦʚʳʝ ʟʘʪʨʘʪʳ ʪʝʧʣʘ ʥʘ 1 ʢʚ. ʤ 

ʢʠʨʧʠʯʥʦʛʦ ʬʘʩʘʜʘ 

 
ʈʠʩ. 4.ɻʦʜʦʚʳʝ ʟʘʪʨʘʪʳ ʪʝʧʣʘ ʥʘ 1 ʢʚ. ʤ  

ʧʘʥʝʣʴʥʦʛʦ ʬʘʩʘʜʘ 

 

ʊʘʙʣʠʮʘ 2. ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʪʘʙʣʠʮʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʝʥʦʧʦʣʠʩʪʠʨʦʣʘ ʩʪʘʥʜʘʨʪʦʚ ʉʐɸ ʠ 

ʂʘʟʘʭʩʪʘʥʘ 
ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʉʪʘʥʜʘʨʪ ʉʐɸ (ASTM C578) ʉʪʘʥʜʘʨʪ ʂʘʟʘʭʩʪʘʥʘ (ɻʆʉʊ 15588-86) 

ʇʣʦʪʥʦʩʪʴ, ʢʛ/ʤį 10-40 10-35 

ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, ɺʪ/(ʤĿʂ) 0,036 ʤʘʢʩ. 0,038 ʤʘʢʩ. 

ʋʩʪʦʡʯʠʚʦʩʪʴ ʢ ʚʣʘʛʝ 
ʅʝ ʤʝʥʝʝ 90% ʧʦʩʣʝ 28 ʜʥʝʡ ʧʨʠ 23ÁC 

ʠ 50% ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ 

ʅʝ ʤʝʥʝʝ 90% ʧʦʩʣʝ 24 ʯʘʩʦʚ ʧʨʠ 20ÁC 

ʠ 95% ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ 

ʆʛʥʝʩʪʦʡʢʦʩʪʴ 
ʂʣʘʩʩ A (ʥʝʛʦʨʶʯʠʡ) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ASTM E84 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ "ʛʦʨʶʯʠʡ" ʠʣʠ "ʥʝʛʦ-

ʨʶʯʠʡ" ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ 30244 

ʉʦʜʝʨʞʘʥʠʝ ʭʣʦʨʠʜʘ, % ʅʝ ʙʦʣʝʝ 0,1 ʅʝ ʙʦʣʝʝ 0,005 

ʉʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ, % 
ʅʝ ʙʦʣʝʝ 1 ʅʝ ʙʦʣʝʝ 0,1 

 

3. ʇʦʣʠʠʟʦʮʠʘʥʫʨʘʪ 

ʇʦʣʠʠʟʦʮʠʘʥʫʨʘʪ (PIR) ï ʵʪʦ ʪʝʧʣʦʠʟʦ-

ʣʷʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ, ʢʦʪʦʨʳʡ ʦʙʣʘʜʘʝʪ 

ʚʳʩʦʢʠʤʠ ʪʝʨʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ 

ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, 

ʚʢʣʶʯʘʷ ʩʪʝʥʳ, ʢʨʳʰʠ, ʧʦʪʦʣʢʠ, ʧʦʣʳ ʠ 

ʜʨʫʛʠʝ ʢʦʥʩʪʨʫʢʮʠʠ. ʕʪʦʪ ʤʘʪʝʨʠʘʣ ʷʚʣʷ-

ʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʤʘʪʝ-

ʨʠʘʣʦʚ ʜʣʷ ʪʝʧʣʦʠʟʦʣʷʮʠʠ, ʯʪʦ ʦʙʲʷʩʥʷʝʪ 

ʝʛʦ ʧʦʧʫʣʷʨʥʦʩʪʴ [2]. 

 

ʊʘʙʣʠʮʘ 3. ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʪʘʙʣʠʮʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʠʠʟʦʮʠʘʥʫʨʘʪ ʩʪʘʥʜʘʨʪʦʚ ʉʐɸ ʠ 

ʂʘʟʘʭʩʪʘʥʘ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʉʪʘʥʜʘʨʪʳ ʚ ʉʐɸ (PIMA) 
ʉʪʘʥʜʘʨʪʳ ʚ ʂʘʟʘʭʩʪʘʥʝ (ʂʘʟʘʭʩʪʘʥ-

ʩʢʠʡ ɻʆʉʊ) 

ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʅʝ ʙʦʣʝʝ 0,023 ɺʪ/(ʤĿʂ) ʅʝ ʙʦʣʝʝ 0,027 ɺʪ/(ʤĿʂ) 

ʋʩʪʦʡʯʠʚʦʩʪʴ ʢ ʦʛʥʶ ɼʘ ɼʘ 

ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩ-

ʥʦʩʪʴ 

ʅʝ ʩʦʜʝʨʞʠʪ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ, ʪʘʢʠʭ 

ʢʘʢ ʭʣʦʨʬʪʦʨʫʛʣʝʨʦʜʳ 
ʅʝ ʩʦʜʝʨʞʠʪ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ 

ʂʘʯʝʩʪʚʦ ɹʦʣʝʝ ʞʝʩʪʢʠʝ ʩʪʘʥʜʘʨʪʳ ʄʝʥʝʝ ʞʝʩʪʢʠʝ ʩʪʘʥʜʘʨʪʳ 

 

ʉʨʘʚʥʠʚʘʷ ʩʪʘʥʜʘʨʪʳ ʥʘ PIR ʚ ʉʐɸ ʠ 

ʂʘʟʘʭʩʪʘʥʝ, ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʦʥʠ 

ʦʯʝʥʴ ʧʦʭʦʞʠ. ʆʙʘ ʩʪʘʥʜʘʨʪʘ ʫʩʪʘʥʘʚʣʠ-

ʚʘʶʪ ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʦʛʥʶ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟ-

ʦʧʘʩʥʦʩʪʠ. 

 

ʊʘʙʣʠʮʘ 4. ʉʨʘʚʥʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ PUR ʠ PIR ʩ ʜʨʫʛʠʤʠ ʪʝʧʣʦ-

ʠʟʦʣʷʮʠʦʥʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ 
ʄʘʪʝʨʠʘʣ ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 

ʇʝʥʦʧʦʣʠʫʨʝʪʘʥ (PUR) 

ʇʝʥʦʧʦʣʠʠʟʦʮʠʘʥʫʨʘʪ (PIR) 

0,022 ɺʪ/(ʤĿK) 

0,022 ɺʪ/(ʤĿK) 

ʕʢʩʪʨʫʟʠʦʥʥʳʡ ʧʝʥʦʧʦʣʠʩʪʠʨʦʣ (XPS) 0,028 ɺʪ/(ʤĿK) 

ʇʝʥʦʧʦʣʠʩʪʠʨʦʣ 0,038 ɺʪ/(ʤĿK) 

ʄʠʥʝʨʘʣʴʥʘʷ ʚʘʪʘ  0,038 ɺʪ/(ʤĿK) 

ʇʝʥʦʙʝʪʦʥ 0,16 ɺʪ/(ʤĿK) 
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ɿʥʘʯʠʪʝʣʴʥʳʡ ʚʳʙʦʨ ʤʝʪʦʜʦʚ ʠ ʪʝʭʥʦ-

ʣʦʛʠʡ ʧʦ ʠʟʛʦʪʦʚʣʝʥʠʶ PIR ʚ ʩʦʯʝʪʘʥʠʠ ʩ 

ʝʛʦ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʜʝ-

ʣʘʝʪ ʵʪʦʪ ʤʘʪʝʨʠʘʣ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʵʬʬʝʢ-

ʪʠʚʥʳʭ ʜʣʷ ʪʝʧʣʦʠʟʦʣʷʮʠʠ ʚ ʟʜʘʥʠʷʭ. ʊʘ-

ʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ PIR ʚ ʢʘʯʝ-

ʩʪʚʝ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʥʠʞʝ-

ʥʠʶ ʪʝʧʣʦʧʦʪʝʨʴ ʠ ʵʢʦʥʦʤʠʠ ʵʥʝʨʛʠʠ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʦʜʝʨʥʠʟʘʮʠʠ ʟʜʘʥʠʡ ʥʘ ʩʝ-

ʛʦʜʥʷʰʥʠʡ ʜʝʥʴ. 

4. ʇʘʨʦʠʟʦʣʷʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ʇʘʨʦʠʟʦʣʷʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʷʚʣʷʶʪ-

ʩʷ ʤʘʪʝʨʠʘʣʘʤʠ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʩʧʦ-

ʩʦʙʥʦʩʪʴʶ ʩʥʠʞʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʥʜʠ-

ʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ ʚ ʟʜʘʥʠʷʭ ʧʫʪʝʤ 

ʫʤʝʥʴʰʝʥʠʷ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚʣʘʛʠ ʠ ʪʝʧʣʘ 

ʯʝʨʝʟ ʦʛʨʘʞʜʘʶʱʠʝ ʢʦʥʩʪʨʫʢʮʠʠ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʘʨʦʠʟʦʣʷʮʠʦʥ-

ʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʤʦʞʝʪ ʫʣʫʯʰʠʪʴ ʢʦʤ-

ʬʦʨʪʥʦʩʪʴ ʞʠʟʥʠ ʣʶʜʝʡ, ʩʥʠʟʠʪʴ ʨʘʩʭʦʜʳ 

ʥʘ ʦʪʦʧʣʝʥʠʝ ʠ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʝ ʚʦʟʜʫ-

ʭʘ [4]. 

ʉʪʘʥʜʘʨʪʳ ʥʘ ʧʘʨʦʠʟʦʣʷʮʠʦʥʥʳʝ ʤʘʪʝ-

ʨʠʘʣʳ, ʪʘʢʠʝ ʢʘʢ ʧʣʝʥʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ, 

ʇʇʋ ʠ ʤʠʥʝʨʘʣʴʥʘʷ ʚʘʪʘ, ʦʙʳʯʥʦ ʨʝʛʫʣʠ-

ʨʫʶʪʩʷ ʥʘʮʠʦʥʘʣʴʥʳʤʠ ʦʨʛʘʥʘʤʠ ʩʪʘʥʜʘʨ-

ʪʠʟʘʮʠʠ ʚ ʢʘʞʜʦʡ ʩʪʨʘʥʝ. ʅʘʧʨʠʤʝʨ, ʚ 

ʉʐɸ ʵʪʠ ʩʪʘʥʜʘʨʪʳ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ 

ɸʤʝʨʠʢʘʥʩʢʠʤ ʠʥʩʪʠʪʫʪʦʤ ʩʪʘʥʜʘʨʪʦʚ 

(ANSI) ʠ ʅʘʮʠʦʥʘʣʴʥʳʤ ʠʥʩʪʠʪʫʪʦʤ ʩʪʘʥ-

ʜʘʨʪʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ (NIST). ɺ ʂʘʟʘʭʩʪʘʥʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʪʘʥʜʘʨʪʳ ʦʧʨʝʜʝʣʝʥʳ ʚ 

ɻʆʉʊʝ 30732-2006 çʄʘʪʝʨʠʘʣʳ ʪʝʧʣʦʠʟʦ-

ʣʷʮʠʦʥʥʳʝ ʠ ʧʘʨʦʠʟʦʣʷʮʠʦʥʥʳʝ. ʆʙʱʠʝ 

ʪʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷè. 

ʊʘʢʞʝ ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʜʨʫʛʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʬʦʣʴʛʘ, ʭʠ-

ʤʠʯʝʩʢʠʝ ʜʦʙʘʚʢʠ ʢ ʙʝʪʦʥʫ ʠ ʪ.ʜ., ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʘ-

ʨʘʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

5. ɸʣʴʪʝʨʥʘʪʠʚʥʳʝ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥ-

ʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ɺ ʂʘʟʘʭʩʪʘʥʝ ʠ ʉʐɸ ʦʯʝʥʴ ʤʥʦʛʦ ʩʭʦ-

ʞʠʭ ʪʝʧʣʦ-ʧʘʨʦʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʦʜʥʘʢʦ ʚ ʉʐɸ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʘʪʝʨʠʘʣʳ, 

ʢʦʪʦʨʳʝ ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʂʘʟʘʭʩʪʘʥʝ. 

ʅʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ: 

ʎʝʣʣʶʣʦʟʥʘʷ ʠʟʦʣʷʮʠʷ ï ʵʪʦ ʤʘʪʝʨʠʘʣ, 

ʢʦʪʦʨʳʡ ʩʦʟʜʘʝʪʩʷ ʠʟ ʧʝʨʝʨʘʙʦʪʘʥʥʳʭ ʛʘ-

ʟʝʪ ʠ ʢʘʨʪʦʥʘ. ʆʥ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʪʝʧʣʦ-

ʠʟʦʣʷʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʠ ʤʦʞʝʪ ʩʫ-

ʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʦʪʦʧʣʝʥʠʝ ʠ 

ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʝ ʚʦʟʜʫʭʘ. ʂʨʦʤʝ ʪʦʛʦ, 

ʮʝʣʣʶʣʦʟʥʘʷ ʠʟʦʣʷʮʠʷ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʦʪ-

ʣʠʯʥʳʤ ʧʘʨʦʠʟʦʣʷʮʠʦʥʥʳʤ ʤʘʪʝʨʠʘ-

ʣʦʤ [10, 12]. 

ɸʵʨʦʛʝʣʴ ï ʵʪʦ ʤʘʪʝʨʠʘʣ, ʢʦʪʦʨʳʡ ʩʦ-

ʟʜʘʝʪʩʷ ʧʫʪʝʤ ʫʜʘʣʝʥʠʷ ʞʠʜʢʦʩʪʠ ʠʟ ʛʝʣʷ. 

ʆʥ ʦʙʣʘʜʘʝʪ ʦʯʝʥʴ ʥʠʟʢʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦ-

ʩʪʴʶ ʠ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʠʪʴ ʪʝʧ-

ʣʦʠʟʦʣʷʮʠʶ ʟʜʘʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʘʵʨʦʛʝʣʴ 

ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʦʪʣʠʯʥʳʤ ʧʘʨʦʠʟʦʣʷʮʠʦʥ-

ʥʳʤ ʤʘʪʝʨʠʘʣʦʤ [15]. 

 

ʊʘʙʣʠʮʘ 5. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʝʣʣʶʣʦʟʥʦʡ ʠʟʦʣʷʮʠʠ 
ʉʚʦʡʩʪʚʦ ɿʥʘʯʝʥʠʝ 

ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ 0,038 ɺʪ/(ʤĿʂ) 

ʂʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʝʧʣʦʧʝʨʝʜʘʯʝ 3,7 ʤĮĿʂ/ɺʪ 

ʋʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ 2100 ɼʞ/(ʢʛĿʂ) 

ʇʣʦʪʥʦʩʪʴ 30-50 ʢʛ/ʤį 

ʕʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ɺʳʩʦʢʘʷ 

 

ɸʵʨʦʛʝʣʴ (Aerogel Insulation) ï ʵʪʦ ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʠ ʵʬʬʝʢʪʠʚʥʳʭ 

ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʛʦʨʦʜʝ ɸʣʤʘʪʳ. 

 

ʊʘʙʣʠʮʘ 6. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʘʵʨʦʛʝʣʷ 
ʉʚʦʡʩʪʚʦ ɿʥʘʯʝʥʠʝ 

ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ 0,013-0,018 ɺʪ/(ʤĿʂ) 

ʂʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʝʧʣʦʧʝʨʝʜʘʯʝ 5,5-7,7 ʤĮĿʂ/ɺʪ 

ʋʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ 1000-1200 ɼʞ/(ʢʛĿʂ) 

ʇʣʦʪʥʦʩʪʴ 100-200 ʢʛ/ʤį 

ʕʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʆʯʝʥʴ ʚʳʩʦʢʘʷ 
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Aerogel Insulation (ɸʵʨʦʛʝʣʴ) ʠʤʝʝʪ 

ʦʯʝʥʴ ʥʠʟʢʫʶ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, ʯʪʦ ʜʝʣʘ-

ʝʪ ʝʛʦ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʤʘʪʝ-

ʨʠʘʣʦʚ ʜʣʷ ʪʝʧʣʦʠʟʦʣʷʮʠʠ. ʂʦʵʬʬʠʮʠʝʥʪ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʝʧʣʦʧʝʨʝʜʘʯʝ ʪʘʢʞʝ ʦʯʝʥʴ 

ʚʳʩʦʢ, ʯʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʦʥ ʤʦʞʝʪ ʫʜʝʨ-

ʞʠʚʘʪʴ ʪʝʧʣʦ ʚ ʟʜʘʥʠʠ. ʋʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤ-

ʢʦʩʪʴ ʥʠʞʝ, ʯʝʤ ʫ ʮʝʣʣʶʣʦʟʥʦʡ ʠʟʦʣʷʮʠʠ, 

ʥʦ ʚʩʝ ʝʱʝ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʘ ʜʣʷ ʭʨʘʥʝ-

ʥʠʷ ʪʝʧʣʘ. ʕʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʘʵʨʦʛʝʣʷ 

ʦʯʝʥʴ ʚʳʩʦʢʘ, ʯʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʦʥ ʤʦʞʝʪ 

ʧʦʤʦʯʴ ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʦʪʦʧʣʝʥʠʝ ʠ 

ʦʭʣʘʞʜʝʥʠʝ ʟʜʘʥʠʷ ʝʱʝ ʙʦʣʴʰʝ, ʯʝʤ ʮʝʣ-

ʣʶʣʦʟʥʘʷ ʠʟʦʣʷʮʠʷ [13]. 

ɸʵʨʦʛʝʣʴ ʠʤʝʝʪ ʦʯʝʥʴ ʚʳʩʦʢʫʶ ʪʝʧʣʦ-

ʠʟʦʣʷʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʦʙʣʘʜʘʝʪ 

ʥʠʟʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʝʧʣʦʧʨʦʚʦʜʥʦ-

ʩʪʠ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʵʬʬʝʢ-

ʪʠʚʥʳʭ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ 

ʨʳʥʢʝ [13]. 

ʆʪʨʘʞʘʶʱʘʷ ʠʟʦʣʷʮʠʷ (Reflective 

Insulation) ï ʵʪʦ ʤʘʪʝʨʠʘʣ, ʢʦʪʦʨʳʡ ʠʩ-

ʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʪʝʧʣʦʧʦʪʝʨʴ 

ʯʝʨʝʟ ʩʪʝʥʳ, ʢʨʳʰʠ ʠ ʜʨʫʛʠʝ ʧʦʚʝʨʭʥʦʩʪʠ 

ʟʜʘʥʠʷ. ɺ ʛʦʨʦʜʝ ɸʣʤʘʪʳ, ʛʜʝ ʢʣʠʤʘʪ ʭʦ-

ʣʦʜʥʳʡ ʠ ʩʫʭʦʡ ʟʠʤʦʡ, ʘ ʣʝʪʦʤ ʜʦʩʪʘʪʦʯʥʦ 

ʞʘʨʢʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʪʨʘʞʘʶʱʝʡ ʠʟʦʣʷ-

ʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ 

ʫʤʝʥʴʰʝʥʠʷ ʟʘʪʨʘʪ ʥʘ ʦʪʦʧʣʝʥʠʝ ʟʠʤʦʡ ʠ 

ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʝ ʚʦʟʜʫʭʘ ʣʝʪʦʤ [8]. 

 

ʊʘʙʣʠʮʘ 7. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʪʨʘʞʘʶʱʝʡ ʠʟʦʣʷʮʠʠ 
ʉʚʦʡʩʪʚʦ ɿʥʘʯʝʥʠʝ 

ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ 0,03-0,05 ɺʪ/(ʤĿʂ) 

ʂʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʝʧʣʦʧʝʨʝʜʘʯʝ 1,5-2,5 ʤĮĿʂ/ɺʪ 

ʋʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ 840 ɼʞ/(ʢʛĿʂ) 

ʇʣʦʪʥʦʩʪʴ 60-80 ʢʛ/ʤį 

ʕʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʉʨʝʜʥʷʷ 

 

ʕʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʪʨʘʞʘʶʱʝʡ 

ʠʟʦʣʷʮʠʠ ʩʨʝʜʥʷʷ, ʯʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʦʥʘ 

ʤʦʞʝʪ ʧʦʤʦʯʴ ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʦʪʦʧʣʝ-

ʥʠʝ ʠ ʦʭʣʘʞʜʝʥʠʝ ʟʜʘʥʠʷ, ʥʦ ʥʝ ʪʘʢ ʩʠʣʴ-

ʥʦ, ʢʘʢ ʮʝʣʣʶʣʦʟʥʘʷ ʠʟʦʣʷʮʠʷ ʠʣʠ ʘʵʨʦ-

ʛʝʣʴ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʪʨʘʞʘʶʱʝʡ ʠʟʦʣʷʮʠʠ ʚ 

ʛʦʨʦʜʝ ɸʣʤʘʪʳ ʤʦʞʝʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʳʤ 

ʩʧʦʩʦʙʦʤ ʫʤʝʥʴʰʝʥʠʷ ʟʘʪʨʘʪ ʥʘ ʦʪʦʧʣʝʥʠʝ 

ʟʠʤʦʡ ʠ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʝ ʚʦʟʜʫʭʘ ʣʝ-

ʪʦʤ.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʦʙʩʫʞʜʝ-

ʥʠʝ 

ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʘʨʦʠʟʦʣʷʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ (ʘʵʨʦʛʝʣʷ ʠ ʤʠʥʚʘʪʳ) ʜʝʤʦʥ-

ʩʪʨʠʨʫʶʪ, ʯʪʦ ʘʵʨʦʛʝʣʴ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚ-

ʥʳʡ. 

ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʚʣʘʛʠ, ʠʟʤʝʨʝʥʥʦʝ 

ʚʦ ʚʩʝʭ ʘʢʫʩʪʠʯʝʩʢʠʭ ʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝ-

ʨʠʘʣʘʭ (ɸʀʄ) ʚ ʩʪʝʥʘʭ, ʩʦʩʪʘʚʣʷʣʦ 13,3%, 

ʘ ʚ ʤʠʥʝʨʘʣʴʥʦʡ ʚʘʪʝ ï 13,6%. ʕʪʦ ʩʚʠʜʝ-

ʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʥʝʪ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʨʘʟʥʠʮʳ ʚ ʥʘʢʦʧʣʝʥʠʠ ʚʣʘʛʠ ʤʝʞʜʫ ʨʘʟ-

ʣʠʯʥʳʤʠ ʠʟʦʣʷʮʠʦʥʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ 

ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ɺ ʩʪʝʥʘʭ ʩ ʧʘʨʦʟʘʱʠʪʦʡ ʚʳʙʦʨ ʠʟʦʣʷ-

ʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʤʠʥʝʨʘʣʴʥʘʷ ʚʘʪʘ 

ʠʣʠ ʮʝʣʣʶʣʦʟʥʘʷ ʠʟʦʣʷʮʠʷ) ʥʝ ʦʢʘʟʳʚʘʝʪ 

ʢʨʠʪʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʚʣʘ-

ʛʠ, ʪʘʢ ʢʘʢ ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚʣʘ-

ʛʠ ʩʦʩʪʘʚʣʷʣʦ 18% ʜʣʷ ʦʙʦʠʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɼʣʷ ʩʪʝʥʳ ʩ ʮʝʣʣʶʣʦʟʥʦʡ ʠʟʦʣʷʮʠʝʡ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʚʣʘʛʠ ʩʦʩʪʘʚʣʷ-

ʣʦ 18% (ʚʣʘʞʥʦʩʪʴ ʜʨʝʚʝʩʠʥʳ ʢʘʨʢʘʩʘ), 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʥʘʣʠʯʠʷ ʠʣʠ ʦʪʩʫʪʩʪʚʠʷ ʧʘ-

ʨʦʟʘʱʠʪʳ. 

ɼʣʷ ʩʪʝʥʳ ʩ ʤʠʥʝʨʘʣʴʥʦʡ ʚʘʪʦʡ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝ ʧʘʨʦʟʘʱʠʪʳ ʠʤʝʝʪ ʨʝʰʘʶʱʝʝ ʟʥʘ-

ʯʝʥʠʝ ʜʣʷ ʩʦʜʝʨʞʘʥʠʷ ʚʣʘʛʠ ʚʦ ʚʥʝʰʥʠʭ 

ʯʘʩʪʷʭ ʩʪʝʥʳ, ʪʘʢ ʢʘʢ ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʦ-

ʜʝʨʞʘʥʠʝ ʚʣʘʛʠ, ʦʙʥʘʨʫʞʝʥʥʦʝ ʚ ʩʪʝʥʝ ʙʝʟ 

ʧʘʨʦʟʘʱʠʪʳ, ʩʦʩʪʘʚʣʷʣʦ 30% (ʚʣʘʞʥʦʩʪʴ 

ʜʨʝʚʝʩʠʥʳ ʢʘʨʢʘʩʘ). 

ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʘʵʨʦʛʝʣʝʡ ʥʠʟʢʘʷ 

ʙʣʘʛʦʜʘʨʷ ʵʬʬʝʢʪʫ ʂʥʫʜʩʝʥʘ: ʦʥʠ ʩʦʩʪʦʷʪ 

ʥʘ 98-99% ʠʟ ʚʦʟʜʫʭʘ, ʧʨʠ ʵʪʦʤ 75% ʚʦʟ-

ʜʫʭʘ ʥʘʭʦʜʠʪʩʷ ʚ ʩʪʘʪʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ, 

ʪʘʢ ʢʘʢ ʨʘʟʤʝʨ ʧʦʨ ʤʝʥʴʰʝ ʜʣʠʥʳ ʩʚʦʙʦʜ-

ʥʦʛʦ ʧʨʦʙʝʛʘ ʤʦʣʝʢʫʣ ʛʘʟʘ ʚʦʟʜʫʭʘ, ʯʪʦ ʥʝ 

ʧʦʟʚʦʣʷʝʪ ʠʤ ʧʝʨʝʥʦʩʠʪʴ ʵʥʝʨʛʠʶ. ʇʦ ʢʦ-

ʵʬʬʠʮʠʝʥʪʫ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʘʵʨʦʛʝʣʴ 

ʟʘʥʠʤʘʝʪ ʚʪʦʨʦʝ ʤʝʩʪʦ (0,016 ɺʪ/ʤ.K ʧʨʠ 
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10ÁC), ʫʩʪʫʧʘʷ ʪʦʣʴʢʦ ʚʘʢʫʫʤʥʦʡ ʠʟʦʣʷ-

ʮʠʠ, ʢʦʪʦʨʘʷ ʩʯʠʪʘʝʪʩʷ ʣʫʯʰʝʡ ʚ ʤʠʨʝ, ʠ 

ʧʨʝʚʦʩʭʦʜʠʪ ʤʘʪʝʨʠʘʣʳ, ʪʘʢʠʝ ʢʘʢ ʧʝʥʦʧʦ-

ʣʠʫʨʝʪʘʥ ʠ ʤʠʥʝʨʘʣʴʥʘʷ ʚʘʪʘ. 

ɸʵʨʦʛʝʣʠ ʦʙʣʘʜʘʶʪ ʛʠʜʨʦʬʦʙʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ, ʙʣʘʛʦʜʘʨʷ ʧʨʠʤʝʥʝʥʠʶ ʪʝʭ-

ʥʦʣʦʛʠʠ ʦʪʢʨʳʪʳʭ ʷʯʝʝʢ ʧʨʠ ʠʭ ʧʨʦʠʟʚʦʜ-

ʩʪʚʝ. ɸʵʨʦʛʝʣʠ ʦʙʣʘʜʘʶʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 

ʧʘʨʦʧʨʦʥʠʮʘʥʠʶ, ʢʦʪʦʨʦʝ ʧʨʝʚʳʰʘʝʪ ʤʠ-

ʥʝʨʘʣʴʥʳʝ ʚʘʪʳ ʧʨʠʤʝʨʥʦ ʚ 10-15 ʨʘʟ. ʆʥʠ 

ʪʘʢʞʝ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʴʶ, ʩʧʦ-

ʩʦʙʥʦʡ ʚʳʜʝʨʞʠʚʘʪʴ ʥʘʛʨʫʟʢʫ ʚ 2000 ʨʘʟ 

ʙʦʣʴʰʫʶ, ʯʝʤ ʠʭ ʩʦʙʩʪʚʝʥʥʳʡ ʚʝʩ. ʍʦʪʷ 

ʘʵʨʦʛʝʣʠ ʠʟʥʘʯʘʣʴʥʦ ʙʳʣʠ ʭʨʫʧʢʠʤʠ ʤʘʪʝ-

ʨʠʘʣʘʤʠ, ʧʦʷʚʣʝʥʠʝ ʘʵʨʦʛʨʘʬʝʥʘ, ʩʦʩʪʦʷ-

ʱʝʛʦ ʠʟ ʛʨʘʬʝʥʘ ʠ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ, 

ʧʦʟʚʦʣʠʣʦ ʧʨʝʦʜʦʣʝʪʴ ʵʪʦʪ ʥʝʜʦʩʪʘʪʦʢ. 

ɸʵʨʦʛʝʣʠ ʪʘʢʞʝ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʦʪʨʘ-

ʞʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ. 

ʂʦʤʙʠʥʘʮʠʷ ʥʠʟʢʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 

ʠ ʤʘʣʦʡ ʪʦʣʱʠʥʳ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ 

ʤʘʪʝʨʠʘʣ ʪʘʤ, ʛʜʝ ʩʦʯʝʪʘʶʪʩʷ ʚʳʩʦʢʠʝ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʝʧʣʦʠʟʦʣʷʮʠʠ ʠ ʦʛʨʘʥʠʯʝ-

ʥʠʷ ʧʦ ʚʝʣʠʯʠʥʝ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʦʛʦ ʩʣʦʷ. 

ʇʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝ-

ʥʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʩʪʝʥʦʚʳʝ 

ʢʦʥʩʪʨʫʢʮʠʠ, ʚʢʣʶʯʘʶʱʠʝ ʚ ʩʝʙʷ ʚʥʫʪ-

ʨʝʥʥʠʡ (ʦʩʥʦʚʥʦʡ), ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʡ ʠ 

ʦʙʣʠʮʦʚʦʯʥʳʡ ʩʣʦʠ. ʋʯʝʥʳʝ ʠʟ ʰʚʝʡʮʘʨ-

ʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ Empa ʨʝʰʠʣʠ ʠʥʪʝʛʨʠʨʦ-

ʚʘʪʴ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʡ ʩʣʦʡ ʚ ʦʩʥʦʚʥʦʡ, 

ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʩʦʟʜʘʥʠʶ ʘʵʨʦʢʠʨʧʠʯʘ ʩ ʟʘ-

ʧʦʣʥʝʥʥʳʤʠ ʘʵʨʦʛʝʣʝʤ ʧʫʩʪʦʪʘʤʠ.  

ʅʘ ʦʩʥʦʚʝ ʘʵʨʦʛʝʣʷ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ 

ʫʥʠʢʘʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʪʘʢʠʝ ʢʘʢ ʧʠʨʦ-

ʛʝʣʴ ʠ ʢʨʠʦʛʝʣʴ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʨʘʙʦ-

ʪʘʪʴ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ (ʦʪ -

260Áʉ ʜʦ +650Áʉ). ɸʵʨʦʛʝʣʴ ʪʘʢʞʝ ʠʩʧʦʣʴ-

ʟʫʝʪʩʷ ʜʣʷ ʟʘʧʦʣʥʝʥʠʷ ʩʪʝʢʣʦʧʘʢʝʪʦʚ ʚʤʝ-

ʩʪʦ ʦʙʳʯʥʦʛʦ ʩʪʝʢʣʘ. ʉʦʟʜʘʝʪʩʷ ʥʦʚʘʷ 

ʩʪʨʦʠʪʝʣʴʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ï ʘʵʨʦʢʠʨʧʠʯ. 

ʇʝʥʦʧʦʣʠʫʨʝʪʘʥ ʦʙʣʘʜʘʝʪ ʥʠʟʢʠʤ ʚʦʜʦ-

ʧʦʛʣʦʱʝʥʠʝʤ ï ʜʦ 2% ʦʪ ʦʙʱʝʡ ʤʘʩʩʳ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʣʠʪʳ ʠʣʠ ʧʘʥʝʣʠ 

ʚ ʧʦʤʝʱʝʥʠʷʭ ʩ ʧʦʚʳʰʝʥʥʦʡ ʚʣʘʞʥʦʩʪʴʶ. 

ʂʨʦʤʝ ʪʦʛʦ, ʇʇʋ ʭʠʤʠʯʝʩʢʠ ʥʝʡʪʨʘʣʝʥ ʢ 

ʢʠʩʣʦʪʥʳʤ ʠ ʱʝʣʦʯʥʳʤ ʩʨʝʜʘʤ ʠ ʦʪʣʠʯʘ-

ʝʪʩʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ. 

ɺʩʣʝʜʩʪʚʠʝ ʪʦʛʦ, ʯʪʦ ʦʥ ʥʝ ʚʧʠʪʳʚʘʝʪ ʚʣʘ-

ʛʫ, ʥʝ ʨʘʟʚʠʚʘʝʪʩʷ ʧʣʝʩʝʥʴ. ʇʨʘʚʜʘ ʧʝʥʦ-

ʧʦʣʠʫʨʝʪʘʥʦʚʳʡ ʫʪʝʧʣʠʪʝʣʴ ʠʤʝʝʪ ʜʦʩʪʘ-

ʪʦʯʥʦ ʥʠʟʢʫʶ ʧʘʨʦʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʯʪʦ 

ʤʦʞʝʪ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʘʪʴʩʷ ʥʘ ʤʠʢʨʦʢʣʠ-

ʤʘʪʝ ʚ ʧʦʤʝʱʝʥʠʠ, ʩʦʟʜʘʝʪʩʷ ʵʬʬʝʢʪ ʧʘʨ-

ʥʠʢʘ. 

ʄʠʥʝʨʘʣʦʚʘʪʥʳʡ ʫʪʝʧʣʠʪʝʣʴ ʧʨʠ 

ʫʚʣʘʞʥʝʥʠʠ ʩʫʱʝʩʪʚʝʥʥʦ ʪʝʨʷʝʪ ʪʝʧʣʦʪʝʭ-

ʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʄʠʥʚʘʪʘ ʤʦʞʝʪ ʥʘʙʠ-

ʨʘʪʴ ʚʦʜʫ, ʢʦʪʦʨʘʷ ʥʘʤʥʦʛʦ ʣʫʯʰʝ ʧʝʨʝʜʘ-

ʝʪ ʪʝʧʣʦ ʠʣʠ ʭʦʣʦʜ ʠ, ʙʦʣʝʝ ʪʦʛʦ, ʧʨʠ ʟʘ-

ʤʝʨʟʘʥʠʠ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʣʝʜ ʠ ʤʦʞʝʪ 

ʥʘʨʫʰʠʪʴ ʮʝʣʦʩʪʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ. ʇʨʠ 

ʛʣʫʙʦʢʦʤ ʧʨʦʥʠʢʥʦʚʝʥʠʠ ʚʣʘʛʠ ʤʠʥʚʘʪʘ 

ʩʣʠʧʘʝʪʩʷ, ʚʦʣʦʢʥʘ ʩʢʣʝʠʚʘʶʪʩʷ, ʘ ʤʘʪʝʨʠ-

ʘʣ ʪʝʨʷʝʪ ʧʨʦʯʥʦʩʪʴ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʵʨʦʛʝʣʴ ʠʟʚʝʩʪʝʥ 

ʢʘʢ ʩʘʤʳʡ ʣʝʛʢʠʡ ʪʚʝʨʜʳʡ ʤʘʪʝʨʠʘʣ ʚ ʤʠ-

ʨʝ. ʆʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʠʟʢʦʡ ʧʣʦʪʥʦ-

ʩʪʴʶ, ʥʠʟʢʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝ-

ʤʦʩʪʴʶ (1,1 ~ 2,5), ʥʠʟʢʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦ-

ʩʪʴʶ (0,013 ~ 0,025 ɺʪ / (ʤʂ)), ʚʳʩʦʢʦʡ ʧʦ-

ʨʠʩʪʦʩʪʴʶ (80 ~ 99,8%), ʚʳʩʦʢʦʡ ʫʜʝʣʴʥʦʡ 

ʧʣʦʱʘʜʴʶ ʧʦʚʝʨʭʥʦʩʪʠ (200 ~ 1000 ʤ2/ʛ) ʠ 

ʪ.ʜ., ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʜʘʥʥʦʤʫ ʤʘʪʝʨʠʘʣʫ 

ʧʨʦʷʚʣʷʪʴ ʦʩʦʙʳʝ ʩʚʦʡʩʪʚʘ ʚ ʤʝʭʘʥʠʢʝ, 

ʘʢʫʩʪʠʢʝ, ʪʝʧʣʦʠʟʦʣʷʮʠʠ, ʦʧʪʠʢʝ, ʘ ʪʘʢʞʝ 

ʠʤʝʪʴ ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʙʫʜʫʱʝʝ ʚ ʘʵʨʦʢʦʩ-

ʤʠʯʝʩʢʦʡ, ʚʦʝʥʥʦʡ, ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥ-

ʥʦʡ, ʤʝʜʠʮʠʥʩʢʦʡ, ʩʪʨʦʠʪʝʣʴʥʦʡ, ʵʣʝʢʪʨʦ-

ʪʝʭʥʠʯʝʩʢʦʡ ʠ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʦʪʨʘʩʣʷʭ, 

ʧʦʵʪʦʤʫ ʝʛʦ ʥʘʟʳʚʘʶʪ çʥʝʚʝʨʦʷʪʥʳʤ ʤʘ-

ʪʝʨʠʘʣʦʤ, ʢʦʪʦʨʳʡ ʠʟʤʝʥʠʪ ʤʠʨè. 

ʊʝʧʣʦʠʟʦʣʷʮʠʷ ʥʘ ʦʩʥʦʚʝ ʘʵʨʦʛʝʣʷ ʜʣʷ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʥʫʞʜ ʚʳʧʫʩʢʘʝʪʩʷ ʚ ʨʫʣʦʥ-

ʥʦʤ ʠʩʧʦʣʥʝʥʠʠ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʪʝʢʣʦʚʦʣʦʢʥʠʩʪʫʶ ʦʩʥʦʚʫ ʙʫʢʚʘʣʴʥʦ 

ʥʘʙʠʪʫʶ ʘʵʨʦʛʝʣʝʚʳʤ ʧʦʨʦʰʢʦʤ. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʧʨʦʙʣʝʤʘ ʩ ʘʢʪʠʚ-

ʥʳʤ ʚʥʝʜʨʝʥʠʝʤ ʘʵʨʦʛʝʣʷ ʦʜʥʘ ï ʜʦʨʦʛʦ-

ʚʠʟʥʘ ʪʘʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠʟʦʣʷʮʠʠ. ɸʵʨʦ-

ʛʝʣʴ ʩʪʦʠʪ ʟʥʘʯʠʪʝʣʴʥʦ ʜʦʨʦʞʝ ʦʙʳʯʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʚʧʨʦʯʝʤ, ʧʦʤʦʛʘʷ ʵʬʬʝʢʪʠʚ-

ʥʝʝ ʵʢʦʥʦʤʠʪʴ ʵʥʝʨʛʠʶ ʥʘ ʙʦʣʝʝ ʜʣʠʪʝʣʴ-

ʥʦʤ ʧʨʦʤʝʞʫʪʢʝ ʚʨʝʤʝʥʠ. ʋʩʪʨʦʡʩʪʚʦ 

ʠʟʦʣʷʮʠʠ ʘʵʨʦʛʝʣʝʤ ʥʘʠʙʦʣʝʝ ʫʜʘʯʥʦ ʚʦ 

ʚʥʦʚʴ ʧʦʩʪʨʦʝʥʥʳʭ ʜʦʤʘʭ, ʚ ʢʦʪʦʨʳʭ ʠʟ-

ʥʘʯʘʣʴʥʦ ʩʦʟʜʘʥʳ ʫʩʣʦʚʠʷ ʜʣʷ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʷ ʘʵʨʦʛʝʣʷ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʮʝʣʣʶʣʦʟʥʘʷ ʠʟʦʣʷʮʠʷ, 

ʘʵʨʦʛʝʣʴ ʠ ʦʪʨʘʞʘʶʱʘʷ ʠʟʦʣʷʮʠʷ ʧʨʦʷʚʠ-

ʣʠʩʴ ʢʘʢ ʤʥʦʛʦʦʙʝʱʘʶʱʠʝ ʘʣʴʪʝʨʥʘʪʠʚʳ 

ʤʠʥʝʨʘʣʴʥʦʡ ʚʘʪʝ, ʦʙʣʘʜʘʷ ʚʳʩʦʢʦʡ ʪʝʧ-

ʣʦʠʟʦʣʷʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʠ, ʚ ʥʝ-
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ʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ, ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠ-

ʚʦʩʪʴʶ. 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠ-

ʨʦʚʘʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʘʨʦ- ʠ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ 

ʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʤʘʪʝ-

ʨʠʘʣʦʚ ʵʪʦʛʦ ʨʦʜʘ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʢʘʟʘʥʥʳʭ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʚʝʩʴʤʘ ʵʬ-

ʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨ-

ʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʟʜʘʥʠʡ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝ-

ʨʝʜʴ ʧʦʟʚʦʣʠʪ ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʦʪʦʧʣʝ-

ʥʠʝ ʠ ʦʭʣʘʞʜʝʥʠʝ ʧʦʤʝʱʝʥʠʡ. 

ʉ ʫʯʝʪʦʤ ʚʳʰʝʫʧʦʤʷʥʫʪʳʭ ʬʘʢʪʦʨʦʚ 

ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʧʘʨʦ- ʠ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥ-

ʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʬ-

ʬʝʢʪʠʚʥʦʝ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʦʝ ʨʝ-

ʰʝʥʠʝ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦ-

ʩʪʠ ʟʜʘʥʠʡ ʚ ʂʘʟʘʭʩʪʘʥʝ. ʈʝʟʫʣʴʪʘʪʳ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʧʦʣʝʟʥʳʤʠ 

ʜʣʷ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʦʙʣʘʩʪʠ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʘ 

ʪʘʢʞʝ ʜʣʷ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʧʘʨʦ- ʠ ʪʝʧʣʦ-

ʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʕʪʠ ʤʘʪʝʨʠʘʣʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʟʜʘʥʠʡ, ʯʪʦ ʢʨʠʪʠ-

ʯʝʩʢʠ ʚʘʞʥʦ ʚ ʫʩʣʦʚʠʷʭ ʩʦʚʨʝʤʝʥʥʳʭ ʪʨʝ-

ʙʦʚʘʥʠʡ ʢ ʫʩʪʦʡʯʠʚʦʤʫ ʩʪʨʦʠʪʝʣʴʩʪʚʫ. 

ɺ ʮʝʣʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʣʴʪʝʨʥʘʪʠʚ-

ʥʳʭ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʥʘʧʨʘʚʣʝ-

ʥʠʝ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠ ʩʥʠʞʝʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ ʩʪʨʦʝʥʠʡ ʥʘ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʚ ʂʘʟʘʭʩʪʘʥʝ. ɽʛʦ 

ʫʩʧʝʰʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʪʨʝʙʫʝʪ ʩʦʛʣʘʩʦʚʘʥ-

ʥʳʭ ʫʩʠʣʠʡ ʨʘʟʣʠʯʥʳʭ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ 

ʩʪʦʨʦʥ. 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. Aspen Aerogels: Copyright 2001-2018 Aspen Aerogels, Inc. ï [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï 

ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://www.aerogel.com/Enabling-the-Future-of-Energy/. 

2. Illera D., Mesa J., Gomez H., Maury H. Cellulose Aerogels for Thermal Insulation in 

Buildings: Trends and Challenges. Coatings. ï 2018. ï  ̄8. ï ʉ. 345. ï [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. 

ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://doi.org/10.3390/coatings8100345 

3. Kojiro Uetani, Kimihito Hatori. Thermal conductivity analysis and applications of nanocel-

lulose materials, Science and Technology of Advanced Materials. ï 2017. ï  ̄18:1. ï P. 877-

892. DOI: 10.1080/14686996.2017.1390692. 

4. Rasmussen, T.V. Assessment of the performance of organic and mineral-based insulation 

products used in exterior walls and attics in dwellings / T.V. Rasmussen, A. Nicolajsen // Build. 

Environ. ï 2007. ï Vol. 42, ˉ 2. ï P. 829-839. 

5. Ueno, K. BA-1501: Monitoring of Double-Stud Wall Moisture Conditions in the Northeast 

About. 2015. ï 72 p. 

6. Vatin N.I., Pestryakov I.I., Sultanov Sh.T., Ogidan T., Yarunicheva Y.A., Kiryushina A.P. 

Water vapour by diffusion and mineral wool thermal insulation materials // Magazine of Civil 

Engineering. ï 2018. ï ˉ5 (81). 

7. Vinha, J. Drying rate of timber-framed external wall assemblies in Nordic climate / 

J. Vinha, P. Kªkelª // Performance of Exterior Envelopes of Buildings IX. ï Florida, 2004. ï 

P. 11. 

8. ɹʘʙʘʰʦʚ ɺ.ɻ., ɺʘʨʨʠʢ ʅ.ʄ., ʂʘʨʘʩʝʚʘ ʊ.ɸ. ʇʨʠʤʝʥʝʥʠʝ ʘʵʨʦʛʝʣʝʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʝʧ-

ʣʦʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʦʙʟʦʨ) // ʊʨʫʜʳ ɺʀɸʄ. ï 2019. ï ˉ6 (78). 

9. ɹʘʪʘʣʠʥ ɹ.ʉ., ʂʨʘʩʥʦʚʩʢʠʭ ʄ.ʇ. ɼʦʣʛʦʚʝʯʥʦʩʪʴ ʠ ʪʝʨʤʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʝʥʦʧʦ-

ʣʠʩʪʠʨʦʣʘ // Construction materials. ï 2014. ï ˉ8. 

10. ɺʘʩʠʣʴʝʚʘ ʀ.ʃ., ʅʝʤʦʚʘ ɼ.ɺ. ʇʝʨʩʧʝʢʪʠʚʳ ʧʨʠʤʝʥʝʥʠʷ ʘʵʨʦʛʝʣʝʡ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ // 

Alfabuild. ï 2018. ï  ̄4. ï ʉ. 135-145. ï [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://alfabuild.spbstu.ru/userfiles/files/AlfaBuild/AlfaBuild_2018_6/12_6.pdf. 

11. ʂʦʣʦʩʦʚ ɽ.ɺ. ʋʪʝʧʣʝʥʠʝ ʠ ʛʠʜʨʦʠʟʦʣʷʮʠʷ ʜʦʤʘ ʠ ʢʚʘʨʪʠʨʳ. ï ʈʠʧʦʣ ʂʣʘʩʩʠʢ, 2013. 

ï 256 ʩ. ï [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://biblio.rii .kz/wp-

content/uploads/Books/RUS/PSM/12/ʋʪʝʧʣʝʥʠʝ%20ʠ%20ʛʠʜʨʦʠʟʦʣʷʮʠʷ%20ʜʦʤʘ%20ʠ%20

ʢʚʘʨʪʠʨʳ.pdf. 

https://doi.org/10.3390/coatings8100345
https://alfabuild.spbstu.ru/userfiles/files/AlfaBuild/AlfaBuild_2018_6/12_6.pdf


131 

- ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ - 

 

International Journal of Humanities and Natural Sciences, vol. 11-4 (86), 2023 

12. ʂʦʧʳʣʦʚ ʀ.ɸ. PUR ʠ PIR-ʥʦʚʳʝ ʜʣʷ ʈʦʩʩʠʠ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ // ʂʨʦ-

ʚʝʣʴʥʳʝ ʠ ʠʟʦʣʷʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ. ï 2016. ï  ̄4. ï ʉ. 14-17. ï [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï 

ʈʝʞʠʤ ʜʦʩʪʫʧʘ: http://www.krovizomat.ru/pdf/2016-04/14-17.pdf. 

13. ʉʠʤʘʰʝʚ ʌ. ʇʨʝʠʤʫʱʝʩʪʚʘ ʚʦʟʚʝʜʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʟʜʘʥʠʡ ʠʟ PIR ʠ PUR 

ʩʵʥʜʚʠʯ-ʧʘʥʝʣʝʡ // ʉʪʨʦʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʦʙʦʨʫʜʦʚʘʥʠʝ, ʪʝʭʥʦʣʦʛʠʠ XXI ʚʝʢʘ. ï 2017. 

ï  ̄1-2. ï ʉ. 25-28. 

14. ʉʦʚʨʝʤʝʥʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ: ʘʵʨʦʛʝʣʴ ʜʣʷ ʠʟʦʣʷʮʠʠ ʠ ʩʧʨʝʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʦʣʥʝʯ-

ʥʦʡ ʵʥʝʨʛʠʠ: 2018 ʆʣʠʤʧʩʪʨʦʡ ï ʠʥʥʦʚʘʮʠʠ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. ï [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï 

ʈʝʞʠʤ ʜʦʩʪʫʧʘ: http://scos.ru/materials/13-sovremennoe-stroitelstvo-aerogel-dlya-izolyacii-i-

sprey-dlya-polucheniya-solnechnoyenergii.html. 

15. ʏʠʣʠʢʠʥʘ ʂ.ɺ., ʍʘʣʠʫʣʣʠʥʘ ʃ.ʌ. ɸʵʨʦʛʝʣʝʚʘʷ ʠʟʦʣʷʮʠʷ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ // ʉʙʦʨʥʠʢ 

ʪʨʫʜʦʚ ʢʦʥʬʝʨʝʥʮʠʠ çʅʦʚʦʝ ʩʣʦʚʦ ʚ ʥʘʫʢʝ: ʩʪʨʘʪʝʛʠʠ ʨʘʟʚʠʪʠʷè. ï ʏʝʙʦʢʩʘʨʳ: ʀʟʜ-ʚʦ 

ʆʆʆ çʎʝʥʪʨ ʥʘʫʯʥʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ çʀʥʪʝʨʘʢʪʠʚʧʣʶʩè. 2018. ï ʉ. 198-200. 

 

 

APPLICATION OF OPTIMAL VAPOR -THERMAL INSULATION MATERIALS TO 

INCREASE THE ENERGY EFFICIENCY OF BUILDINGS  

 

M.A.  Tislova, Graduate Student 

A.S. Begimbetova, PhD doctor, Professor 

Satbayev University 

(Kazakhstan, Almaty) 

 

Abstract. Modern construction is not complete without complex, composite enclosing struc-

tures that consist of various elements and materials. The analysis of the energy efficiency of heat 

and vapor barrier materials in the USA and Kazakhstan is carried out, traditional materials 

such as mineral wool, expanded polystyrene, etc. are considered. The analysis of the possibility 

of using alternative materials to improve energy efficiency in Kazakhstan was also carried out. 

The properties and characteristics of steam-insulating materials are considered, the standards of 

the USA and Kazakhstan regulating the use of such materials in construction are presented. 

Considering several options of alternative steam-insulating materials for construction in Ka-

zakhstan on the example of the city of Almaty, an analysis of its climate was carried out and 

based on the results obtained, the most suitable insulation materials for this region were deter-

mined. 

As the results, the advantages of using the selected materials were considered, and data on 

the characteristics of alternative steam-insulating materials were presented, where it can be not-

ed that these materials can significantly increase the energy efficiency of buildings and reduce 

heating and cooling costs. Environmental aspects of the use of these materials were also consid-

ered. 

The use of alternative steam-insulating materials is an effective and more environmentally 

friendly option for improving the energy efficiency of buildings in Kazakhstan. These data may 

be of interest to specialists working in the field of energy efficiency of buildings and construc-

tion, as well as for manufacturing plants that are engaged in the production and sale of steam-

insulating materials. 

Keywords: thermal insulation, standards, energy efficiency of thermal insulation materials. 
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ɸʥʥʦʪʘʮʠʷ. ʇʝʨʝʚʦʟʢʘ ʦʧʘʩʥʳʭ ʚʝʱʝʩʪʚ ʠ ʛʨʫʟʦʚ ï ʥʘʠʙʦʣʝʝ ʩʪʨʦʛʦ ʨʝʛʣʘʤʝʥʪʠʨʦ-

ʚʘʥʥʳʡ ʚʠʜ ʘʚʪʦʧʝʨʝʚʦʟʦʢ. ʂʘʢ ʧʨʘʚʠʣʦ ʦʨʛʘʥʠʟʘʮʠʷ ʪʘʢʠʭ ʧʝʨʝʚʦʟʦʢ ʛʦʪʦʚʠʪʩʷ ʧʦ ʦʧʨʝ-

ʜʝʣʝʥʥʳʤ ʧʨʘʚʠʣʘʤ ʠ ʩʪʘʥʜʘʨʪʘʤ, ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʩʧʝʮʠʘ-

ʣʠʩʪʘʤʠ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʧʦʜʛʦʪʦʚʢʠ ʠ ʦʩʫʱʝʩʪʚʣʝʥʠʷ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʣʶʙʦʝ ʘʚʪʦ-

ʪʨʘʥʩʧʦʨʪʥʦʝ ʧʨʦʠʩʰʝʩʪʚʠʝ ʩ ʆɻ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʥʝ ʪʦʣʴʢʦ ʫʛʨʦʟʫ ʞʠʟʥʠ ʚʦʜʠʪʝʣʷ, 

ʧʦʞʘʨ ʥʘ ʜʦʨʦʛʝ, ʤʘʪʝʨʠʘʣʴʥʳʡ ʫʱʝʨʙ, ʥʦ ʠ ʩʝʨʴʝʟʥʳʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ. ʆʪʤʝ-

ʪʠʤ, ʯʪʦ ʙʦʣʝʝ ʜʚʫʭ ʪʨʝʪʝʡ ʪʘʢʦʛʦ ʨʦʜʘ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʩʚʷʟʘʥʳ ʩ ʘʚʪʦʤʦʙʠʣʴ-

ʥʦʡ ʧʝʨʝʚʦʟʢʦʡ ʦʧʘʩʥʳʭ ʚʝʱʝʩʪʚ. ɺ ʩʪʘʪʴʝ ʨʘʩʢʨʳʚʘʝʪʩʷ ʪʝʤʘ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʢ 

ʦʨʛʘʥʠʟʘʮʠʠ ʤʝʨʦʧʨʠʷʪʠʡ ʠ ʧʨʠʥʷʪʠʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʚ ʚʦʧʨʦʩʘʭ ʧʝʨʝʚʦʟʦʢ 

ʦʧʘʩʥʳʭ ʛʨʫʟʦʚ, ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʘʩʧʝʢʪʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦ-ʧʨʘʚʦʚʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʜʘʥʥʦʡ ʩʬʝʨʳ ʜʝʷʪʝʣʴʥʦʩʪʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʦʨʤʘʪʠʚʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ, ʢʣʘʩʩʳ ʦʧʘʩʥʦʩʪʠ, ʨʝʛʣʘʤʝʥʪ ʧʝʨʝʚʦ-

ʟʦʢ, ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʝ ʧʨʦʠʩʰʝʩʪʚʠʝ. 

 

ʆʪʭʦʜʳ I, II  ʢʣʘʩʩʦʚ ʦʧʘʩʥʦʩʪʠ ʷʚʣʷʶʪ-

ʩʷ ʦʧʘʩʥʳʤʠ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (ʆʉ) 

ʠ ʧʦʜʣʝʞʘʪ ʦʩʦʙʦʤʫ ʢʦʥʪʨʦʣʶ ʧʝʨʝʚʦʟʢʠ.  

ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ 89-ʌɿ ʦʧʨʝʜʝʣʠʣ 

ʦʙʱʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʪʭʦʜʘʤ ʠ ʠʭ ʨʘʟʜʝʣʝ-

ʥʠʝ ʥʘ 5 ʢʣʘʩʩʦʚ. ʇʷʪʳʡ ʢʣʘʩʩ ð ʵʪʦ, ʧʦ 

ʩʫʪʠ, ʪʚʝʨʜʳʝ ʢʦʤʤʫʥʘʣʴʥʳʝ ʦʪʭʦʜʳ ʠ ʠʭ 

ʧʝʨʝʚʦʟʢʘ ʨʝʛʣʘʤʝʥʪʠʨʫʝʪʩʷ ʇʦʩʪʘʥʦʚʣʝ-

ʥʠʝʤ ʇʨʘʚʠʪʝʣʴʩʪʚʘ 1156. ɼʝʷʪʝʣʴʥʦʩʪʴ ʧʦ 

ʧʝʨʝʚʦʟʢʝ ʦʪʭʦʜʦʚ 1-4 ʢʣʘʩʩʦʚ ʣʠʮʝʥʟʠʨʫ-

ʝʪʩʷ ʠ ʦʙʷʟʘʪʝʣʴʥʳʤ ʣʠʮʝʥʟʠʦʥʥʳʤ ʫʩʣʦ-

ʚʠʝʤ ʷʚʣʷʝʪʩʷ ʤʘʨʢʠʨʦʚʢʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʩʨʝʜʩʪʚʘ (ʊʉ), ʢʦʪʦʨʫʶ ʫʩʪʘʥʦʚʠʣ ʧʨʠʢʘʟ 

ʄʠʥʪʨʘʥʩʘ 399 ʠ ʦʙʫʯʝʥʠʝ ʩʧʝʮʠʘʣʠʩʪʦʚ, 

ʥʦ ʧʨʠ ʧʝʨʝʚʦʟʢʝ ʜʦʢʫʤʝʥʪ ʦ ʢʚʘʣʠʬʠʢʘ-

ʮʠʠ ʥʝ ʪʨʝʙʫʝʪʩʷ. ʉʦʛʣʘʩʥʦ ʩʪ. 16 89-ʌɿ 

ʧʨʠ ʧʝʨʝʚʦʟʢʝ ʦʪʭʦʜʘ ʜʦʣʞʝʥ ʙʳʪʴ ʧʘʩ-

ʧʦʨʪ ʦʪʭʦʜʘ. ʀ ʧʨʠʢʘʟʦʤ ʄʠʥʧʨʠʨʦʜʳ 

1026 ʫʪʚʝʨʞʜʝʥʳ ʪʠʧʦʚʳʝ ʬʦʨʤʳ ʧʘʩʧʦʨ-

ʪʦʚ ʦʪʭʦʜʦʚ. 

ʉ 1 ʤʘʨʪʘ 2022 ʛʦʜʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʌʝʜʝʨʘʣʴʥʳʤ ʟʘʢʦʥʦʤ 89-ʌɿ ʠʥʜʠʚʠʜʫ-

ʘʣʴʥʳʝ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʠ ʠ ʶʨʠʜʠʯʝʩʢʠʝ 

ʣʠʮʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʠ (ʠʣʠ) 

ʠʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʦʪʦʨʳʭ ʦʙʨʘʟʫʶʪʩʷ 

ʦʪʭʦʜʳ I ʠ II ʢʣʘʩʩʦʚ ʦʧʘʩʥʦʩʪʠ, ʦʙʷʟʘʥʳ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʚʦʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʚ ʩʦʦʪ-

ʚʝʪʩʪʚʠʠ ʩ ʬʝʜʝʨʘʣʴʥʦʡ ʩʭʝʤʦʡ ʦʙʨʘʱʝʥʠʷ 

ʩ ʦʪʭʦʜʘʤʠ I ʠ II ʢʣʘʩʩʦʚ ʦʧʘʩʥʦʩʪʠ. 

ʕʪʠʤ ʞʝ ʟʘʢʦʥʦʤ ʥʘʟʥʘʯʝʥ ʬʝʜʝʨʘʣʴ-

ʥʳʡ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʦʧʝʨʘʪʦʨ ʌɻʋʇ 

çʌʕʆè ʜʣʷ ʜʘʥʥʳʭ ʦʪʭʦʜʦʚ (ʬʫʥʢʮʠʠ 

ʦʧʝʨʘʪʦʨʘ: ʩʙʦʨ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ, ʧʝʨʝʨʘ-

ʙʦʪʢʘ, ʦʙʝʟʚʨʝʞʠʚʘʥʠʝ, ʨʘʟʤʝʱʝʥʠʝ ʠʣʠ 

ʫʪʠʣʠʟʘʮʠʷ).  

ʊʘʢʞʝ ʌʕʆ ʫʪʚʝʨʜʠʣ ʩʚʦʠ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʤʘʨʢʠʨʦʚʢʝ ʫʧʘʢʦʚʢʠ, ʢʦʪʦʨʳʝ ʦʪʭʦʜʦʦʙ-

ʨʘʟʦʚʘʪʝʣʠ ʜʦʣʞʥʳ ʚʳʧʦʣʥʷʪʴ. ʕʪʦ 

ʥʘʠʤʝʥʦʚʘʥʠʝ ʛʨʫʟʦʦʪʧʨʘʚʠʪʝʣʷ ʠ ʛʨʫʟʦ-

ʧʦʣʫʯʘʪʝʣʷ, ʘʜʨʝʩʘ ʧʫʥʢʪʦʚ ʧʦʛʨʫʟʢʠ ʚʳ-

ʛʨʫʟʢʠ, ʤʘʩʩʫ, ʨʘʟʤʝʨʳ, QR-ʢʦʜ. 

ɺʪʦʨʫʶ ʛʨʫʧʧʫ, ʵʪʦ ʦʪʭʦʜʳ 3 ʠ 4 ʢʣʘʩʩʘ 

ʫʤʝʨʝʥʥʦ ʦʧʘʩʥʳʝ ʠ ʤʘʣʦʦʧʘʩʥʳʝ ʤʦʞʝʪ 

ʧʝʨʝʚʦʟʠʪʴ ʣʶʙʦʡ ʧʝʨʝʚʦʟʯʠʢ, ʠʤʝʶʱʠʡ 

ʣʠʮʝʥʟʠʶ ʥʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʝ ʦʪʭʦʜʦʚ. 

ʇʘʩʧʦʨʪ ʦʪʭʦʜʘ ʜʦʣʞʝʥ ʙʳʪʴ ʧʨʠ ʧʝʨʝʚʦʟ-

ʢʝ ʚ ʦʙʷʟʘʪʝʣʴʥʦʤ ʧʦʨʷʜʢʝ, ʢʨʦʤʝ ʢʣʘʩʩʘ 5 

ï ʪʚʝʨʜʳʭ ʢʦʤʤʫʥʘʣʴʥʳʭ ʦʪʭʦʜʦʚ. ɼʝʷ-

ʪʝʣʴʥʦʩʪʴ ʧʦ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ 5 ʢʣʘʩʩʘ ʥʝ 

ʣʠʮʝʥʟʠʨʫʝʪʩʷ. ɿʘʪʦ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜ-

ʩʪʚʘ, ʧʝʨʝʚʦʟʷʱʠʝ ʪʚʝʨʜʳʝ ʢʦʤʤʫʥʘʣʴʥʳʝ 
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ʦʪʭʦʜʳ ʜʦʣʞʥʳ ʦʩʥʘʱʘʪʴʩʷ ʘʧʧʘʨʘʪʫʨʦʡ 

ɻʃʆʅɸʉʉ. 

ʄʘʨʢʠʨʦʚʢʘ ʊʉ ʧʨʠ ʧʝʨʝʚʦʟʢʝ ʚʩʝʭ ʚʠ-

ʜʦʚ ʦʪʭʦʜʦʚ ʦʙʷʟʘʪʝʣʴʥʘ. ʀʟ ʜʘʥʥʦʡ ʩʠ-

ʩʪʝʤʳ ʚʳʙʠʚʘʶʪʩʷ ʤʝʜʠʮʠʥʩʢʠʝ ʦʪʭʦʜʳ. 

ʕʪʠ ʦʪʭʦʜʳ ʩʦʛʣʘʩʥʦ 323-ʌɿ ʠʤʝʶʪ ʩʚʦʶ 

ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʠ ʩʚʦʶ ʩʠʩʪʝʤʫ ʫʪʠʣʠʟʘ-

ʮʠʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʚʠʜʠʤ, ʯʪʦ ʚʥʫʪʨʝʥʥʠʝ 

ʥʦʨʤʘʪʠʚʥʳʝ ʜʦʢʫʤʝʥʪʳ ʚ ʦʙʣʘʩʪʠ ʧʝʨʝ-

ʚʦʟʦʢ ʦʧʘʩʥʳʭ ʛʨʫʟʦʚ ʠ ʦʪʭʦʜʦʚ ʧʨʘʢʪʠʯʝ-

ʩʢʠ ʥʝ ʧʝʨʝʩʝʢʘʶʪʩʷ, ʘ ʟʥʘʯʠʪ ʥʝ ʤʦʛʫʪ 

ʚʩʪʫʧʘʪʴ ʚ ʧʨʦʪʠʚʦʨʝʯʠʷ. ɽʩʣʠ ʛʨʫʟ ʷʚʣʷ-

ʝʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʧʘʩʥʳʤ ʛʨʫʟʦʤ ʠ ʦʪ-

ʭʦʜʦʤ, ʧʨʠ ʧʝʨʝʚʦʟʢʝ ʥʝʦʙʭʦʜʠʤʦ ʩʦʙʣʶ-

ʜʘʪʴ ʚʩʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʝʨʝʚʦʟʢʝ ʢʘʢ ʦʪʭʦ-

ʜʦʚ, ʪʘʢ ʠ ʦʧʘʩʥʳʭ ʛʨʫʟʦʚ. 

ʇʨʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʧʘʩʥʳʭ ʜʣʷ ʆʉ ʦʪ-

ʭʦʜʦʚ ʧʦ ʪʠʧʘʤ ʠ ʢʣʘʩʩʘʤ. ʇʨʠʥʮʠʧʳ ʪʠ-

ʧʦʣʦʛʠʟʘʮʠʠ ʦʪʭʦʜʦʚ ʥʝʩʢʦʣʴʢʦ ʠʥʳʝ. ʆʥʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʝʨʝʩʝʢʘʶʪʩʷ ʩ ʤʝʞʜʫʥʘ-

ʨʦʜʥʳʤ ʧʨʘʚʦʤ. ʕʪʦ ʪʦʣʴʢʦ ʨʦʩʩʠʡʩʢʠʡ 

ʧʦʜʭʦʜ. ɺ ʦʩʥʦʚʫ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʟʘʣʦʞʝʥʘ 

ʧʨʘʢʪʠʢʘ ʟʘʭʦʨʦʥʝʥʠʡ ʥʘ ʧʦʣʠʛʦʥʘʭ. ɺ ʈʌ 

ʧʝʨʝʨʘʙʘʪʳʚʘʝʪʩʷ ʦʢʦʣʦ 10% ʦʪʭʦʜʦʚ. 

ʆʩʪʘʣʴʥʦʝ ʟʘʭʦʨʘʥʠʚʘʝʪʩʷ ʥʘ ʦʪʢʨʳʪʳʭ 

ʧʦʣʠʛʦʥʘʭ. ʇʨʠʢʘʟ ʄʠʥʧʨʠʨʦʜʳ 536 ʚʳ-

ʚʝʣ ʢʨʠʪʝʨʠʠ ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʥʘ ʦʩʥʦʚʝ ʩʨʦʢʦʚ ʚʦʩ-

ʩʪʘʥʦʚʣʝʥʠʷ ʧʨʠʨʦʜʳ ʧʦʩʣʝ ʟʘʨʘʞʝʥʠʷ.  

ʅʝʢʦʪʦʨʳʝ ʦʪʭʦʜʳ ʤʦʛʫʪ ʦʪʥʦʩʠʪʴʩʷ ʢ 

ʨʘʟʣʠʯʥʳʤ ʥʦʤʝʨʘʤ ʆʆʅ ʠʣʠ ʜʘʞʝ ʢʣʘʩ-

ʩʘʤ. ʅʘʧʨʠʤʝʨ, ʨʘʩʪʚʦʨʳ ʪʨʘʚʣʝʥʠʷ ʤʝʜʠ 

ʥʘ ʦʩʥʦʚʝ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʦʪʨʘʙʦʪʘʥʥʳʝ. 

ɽʩʣʠ ʨʘʩʪʚʦʨ ʩʦʩʪʦʠʪ ʚ ʦʩʥʦʚʥʦʤ ʠʟ ʤʝʜ-

ʥʦʛʦ ʢʫʧʦʨʦʩʘ, ʪʦ ʵʪʦ ʢʣʘʩʩ 9 - ʚʝʱʝʩʪʚʘ 

ʦʧʘʩʥʳʝ ʜʣʷ ʆʉ, ʘ ʝʩʣʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʝʨ-

ʥʦʡ ʢʠʩʣʦʪʳ ʟʥʘʯʠʪʝʣʴʥʘ, ʪʦ ʫʞʝ ʢʣʘʩʩ 8 

ʢʦʨʨʦʟʠʦʥʥʳʝ ʚʝʱʝʩʪʚʘ. ʀ ʦʪ ʵʪʦʛʦ ʟʘʚʠ-

ʩʷʪ ʫʩʣʦʚʠʷ ʧʝʨʝʚʦʟʢʠ ʠ ʚʦʟʤʦʞʥʘʷ ʘʜʤʠ-

ʥʠʩʪʨʘʪʠʚʥʘʷ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ.  

ʅʝʢʦʪʦʨʳʝ ʦʪʭʦʜʳ ʷʚʣʷʶʪʩʷ ʦʧʘʩʥʳʤʠ 

ʛʨʫʟʘʤʠ, ʥʦ ʧʨʠ ʩʦʙʣʶʜʝʥʠʠ ʦʧʨʝʜʝʣʝʥ-

ʥʳʭ ʫʩʣʦʚʠʡ, ʠʭ ʤʦʞʥʦ ʧʝʨʝʚʦʟʠʪʴ ʙʝʟ ʩʦ-

ʙʣʶʜʝʥʠʷ ʚʩʝʭ ʠʣʠ ʥʝʢʦʪʦʨʳʭ ʪʨʝʙʦʚʘʥʠʡ 

ʜʦʨʦʞʥʦʡ ʧʝʨʝʚʦʟʢʝ ʦʧʘʩʥʳʭ ʛʨʫʟʦʚ.  

ɺʪʦʨʳʤ ʢʨʠʪʝʨʠʝʤ ʷʚʣʷʝʪʩʷ ʦʙʲʝʤ ʧʝ-

ʨʝʚʦʟʢʠ ʛʨʫʟʦʚ. ɽʩʣʠ ʧʝʨʝʚʦʟʢʘ ʚ ʫʧʘʢʦʚ-

ʢʘʭ, ʪʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʤʦʞʥʦ 

ʥʝ ʩʦʙʣʶʜʘʪʴ ʯʘʩʪʴ ʪʨʝʙʦʚʘʥʠʡ ɼʆʇʆɻ.  

ʂʨʦʤʝ ʪʦʛʦ, ʥʝʢʦʪʦʨʳʝ ʛʨʫʟʳ ʤʦʛʫʪ ʚʦ-

ʦʙʱʝ ʧʝʨʝʚʦʟʠʪʴʩʷ ʢʘʢ ʥʝʦʧʘʩʥʳʝ. ʅʘʧʨʠ-

ʤʝʨ, ʘʢʢʫʤʫʣʷʪʦʨʳ ʢʠʩʣʦʪʥʳʝ ʠʣʠ ʱʝʣʦʯ-

ʥʳʝ ʥʝʧʦʚʨʝʞʜʝʥʥʳʝ. ʅʘʧʨʦʪʠʚ, ʠʭ ʠʤʝʝʪ-

ʩʷ ʩʧʝʮʠʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ (ʉʇ) 598. ɸ ʚʦʪ 

ʩ ʣʠʪʠʝʚʳʤʠ ʵʪʦ ʥʝ ʧʨʦʭʦʜʠʪ. ʉʦʛʣʘʩʥʦ 

ʉʇ 598 ʦʪʨʘʙʦʪʘʥʥʳʝ ʙʘʪʘʨʝʠ ʥʝ ʧʦʧʘʜʘʶʪ 

ʧʦʜ ʪʨʝʙʦʚʘʥʠʝ ɼʆʇʆɻ ʝʩʣʠ ʢʦʨʧʫʩ ʥʝ 

ʧʦʚʨʝʞʜʝʥ, ʥʘʜʝʞʥʦ ʟʘʢʨʝʧʣʝʥʳ, ʥʘ 

ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝʪ ʩʣʝʜʦʚ ʵʣʝʢ-

ʪʨʦʣʠʪʘ, ʟʘʱʠʱʝʥʳ ʦʪ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʚʘ-

ʥʠʷ. ʅʦ ʝʩʣʠ ʘʢʢʫʤʫʣʷʪʦʨ ʧʦʚʨʝʞʜʝʥ, 

ʠʤʝʝʪ ʧʨʦʣʠʚʳ, ʥʝ ʠʤʝʝʪ ʟʘʱʠʪʥʦʡ ʢʨʳʰ-

ʢʠ, ʪʦ ʪʦʣʴʢʦ ʩ ʩʦʙʣʶʜʝʥʠʝʤ ʪʨʝʙʦʚʘʥʠʡ 

ɼʆʇʆɻ.  

ʇʨʠ ʵʪʦʤ, ʝʩʣʠ ʛʨʫʟ ʧʝʨʝʚʦʟʠʪʩʷ ʢʘʢ 

ʦʧʘʩʥʳʡ ʠ ʷʚʣʷʝʪʩʷ ʦʪʭʦʜʦʤ ɼʆʇʆɻ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʚʥʝʩʝʥʠʝ ʦʙʷʟʘʪʝʣʴʥʦʡ 

ʟʘʧʠʩʠ ʚ ʪʨʘʥʩʧʦʨʪʥʦʶ ʥʘʢʣʘʜʥʫʶ. ʀ ʧʦ-

ʨʷʜʦʢ ʩʣʝʜʦʚʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʟʘʧʠʩʠ ʩʪʨʦʛʦ 

ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥ. ɽʛʦ ʥʘʨʫʰʝʥʠʝ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʡ ʦʪʚʝʪʩʪʚʝʥ-

ʥʦʩʪʠ. 

ʅʦ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʦʪʭʦʜʦʚ ʦʙʨʘʟʫʝʪʩʷ ʚ 

ʧʨʦʮʝʩʩʝ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ 

ʫʪʠʣʠʟʠʨʦʚʘʪʴʩʷ ʦʥʠ ʪʦʞʝ ʜʦʣʞʥʳ ʚ ʧʨʦ-

ʤʳʰʣʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ. ʊʦ ʝʩʪʴ ʥʝ ʚ ʫʧʘ-

ʢʦʚʢʘʭ, ʘ ʥʘʚʘʣʦʤ/ʥʘʩʳʧʴʶ ʠʣʠ ʚ ʮʠʩʪʝʨ-

ʥʘʭ.  

ʅʦ ʧʨʠ ʧʝʨʝʚʦʟʢʝ ʚ ʮʠʩʪʝʨʥʘʭ ʣʝʛʢʦ-

ʚʦʩʧʣʘʤʝʥʷʶʱʠʭʩʷ ʛʨʫʟʦʚ 2 ʛʨʫʧʧʳ ʫʧʘ-

ʢʦʚʢʠ ʧʨʠ ʥʝʢʦʪʦʨʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʥʝʦʙʭʦ-

ʜʠʤʦ ʧʦʣʫʯʘʪʴ ʩʧʝʮʠʘʣʴʥʦʝ ʨʘʟʨʝʰʝʥʠʝ.  

ɺʦʧʨʦʩʳ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʡ ʦʪʚʝʪ-

ʩʪʚʝʥʥʦʩʪʠ. ʅʘʨʫʰʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʜʦ-

ʢʫʤʝʥʪʘʮʠʝʡ. ʅʘ ʜʦʨʦʛʝ ʚʦʜʠʪʝʣʷ ʤʦʛʫ 

ʚʩʪʨʝʪʠʪʴ ʉʦʪʨʫʜʥʠʢ ɻʀɹɼɼ ʠʣʠ ʈʦ-

ʩʪʨʘʥʩʥʘʜʟʦʨʘ. ʆʥʠ ʦʙʘ ʠʤʝʶʪ ʧʨʘʚʦ ʧʦ-

ʪʨʝʙʦʚʘʪʴ ʜʦʢʫʤʝʥʪʳ ʥʘ ʧʝʨʝʚʦʟʠʤʳʡ 

ʛʨʫʟ. ʅʦ ʥʝ ʤʦʛʫʪ ʧʦʪʨʝʙʦʚʘʪʴ ʧʘʩʧʦʨʪ ʦʪ-

ʭʦʜʘ. ʆʜʥʘʢʦ, ʦʙʷʟʘʪʝʣʴʥʳʤ ʜʦʢʫʤʝʥʪʦʤ 

ʷʚʣʷʝʪʩʷ ʪʨʘʥʩʧʦʨʪʥʘʷ ʥʘʢʣʘʜʥʘʷ. ʇʫʥʢʪ 

106 ʇʨʘʚʠʣ ʧʝʨʝʚʦʟʦʢ ʛʨʫʟʦʚ ʪʨʝʙʫʝʪ, ʯʪʦ-

ʙʳ ʚ ʨʘʟʜʝʣ 4 ʥʘʢʣʘʜʥʦʡ ʚʥʦʩʠʣʠʩʴ ʥʘʠʤʝ-

ʥʦʚʘʥʠʷ ʠ ʨʝʢʚʠʟʠʪʳ ʫʢʘʟʘʥʥʳʭ ʚ ʨʘʟʜʝʣʝ 

ʜʦʢʫʤʝʥʪʦʚ. 

ɸ ʚ ʧʦʜʩʪʨʦʯʥʠʢʝ ʥʘʢʣʘʜʥʦʡ ʫʢʘʟʘʥʦ, 

ʯʪʦ ʜʦʣʞʝʥ ʙʳʪʴ ʫʢʘʟʘʥ ʧʝʨʝʯʝʥʴ ʧʨʠʣʘʛʘ-

ʝʤʳʭ ʜʦʢʫʤʝʥʪʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦ-

ʜʘʪʝʣʴʩʪʚʦʤ ʈʌ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʪʩʫʪ-

ʩʪʚʠʝ ʫʢʘʟʘʥʠʷ ʚ ʥʘʢʣʘʜʥʳʝ ʧʘʩʧʦʨʪʘ ʦʪ-

ʭʦʜʘ ʷʚʣʷʝʪʩʷ ʥʘʨʫʰʝʥʠʝʤ, ʟʘ ʢʦʪʦʨʦʝ 

ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʘʷ ʦʪʚʝʪ-

ʩʪʚʝʥʥʦʩʪʴ ʧʦ ʩʪ. 12.21. ʰʪʨʘʬ ʚ ʨʘʟʤʝʨʝ 
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500 ʨʫʙʣʝʡ. ɸ ʝʩʣʠ ʧʘʩʧʦʨʪ ʚʧʠʩʘʥ ʚ 

ʥʘʢʣʘʜʥʫʶ, ʪʦ ʦʥ ʩʪʘʥʦʚʠʪʩʷ ʧʝʨʝʚʦʟʦʯ-

ʥʳʤ ʜʦʢʫʤʝʥʪʦʤ ʠ ʪʦʞʝ ʧʦʜʣʝʞʠʪ ʧʨʦʚʝʨ-

ʢʝ. 

ʄʘʨʢʠʨʦʚʢʘ ʜʦʣʞʥʘ ʥʘʥʦʩʠʪʴʩʷ ʩʧʝʨʝ-

ʜʠ ʠ ʩʟʘʜʠ ʊʉ. ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ ʫʢʘʟʳʚʘʝʪ-

ʩʷ ʥʦʤʝʨ ʦʪʭʦʜʘ. ɽʩʣʠ ʦʪʭʦʜʳ ʦʪʥʦʩʷʪʩʷ ʢ 

ʨʘʟʣʠʯʥʳʤ ʢʣʘʩʩʘʤ, ʪʦ ʫʢʘʟʳʚʘʝʪʩʷ ʥʘʠʙʦ-

ʣʝʝ ʦʧʘʩʥʳʡ. ʊʝʤ ʩʘʤʳʤ ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʥʥʦ ʵʢʦ-

ʣʦʛʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚ ʢʦʥʪʨʦʣʝ ʟʘ 

ʧʝʨʝʚʦʟʢʦʡ ʦʧʘʩʥʳʭ ʚʝʱʝʩʪʚ.  

ʆʜʥʠʤ ʠʟ ʪʝʭʥʠʯʝʩʢʠ ʜʦʩʪʫʧʥʳʭ ʥʘ 

ʩʝʛʦʜʥʷ ʧʦʜʭʦʜʦʚ ʚ ʨʝʰʝʥʠʠ ʧʨʦʙʣʝʤʳ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʝʨʝʚʦʟʦʢ 

ʚʝʱʝʩʪʚ, ʦʧʘʩʥʳʭ ʜʣʷ ʆʉ ʷʚʣʷʝʪʩʷ 

ʟʘʧʘʪʝʥʪʦʚʘʥʥʘʷ ʨʘʟʨʘʙʦʪʢʘ 

ʩʘʤʦʫʩʪʘʥʘʚʣʠʚʘʶʱʝʛʦʩʷ ʛʠʙʢʦʛʦ 

ʚʢʣʘʜʳʰʘ ʚ ʮʠʩʪʝʨʥʫ, ʢʦʪʦʨʳʡ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʥʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʤ 

ʪʨʘʥʩʧʦʨʪʝ, ʪʘʢ ʠ ʜʣʷ ʘʚʪʦʮʠʩʪʝʨʥ. 

ɺʢʣʘʜʳʰ ʧʨʠʤʝʥʠʤ ʜʣʷ ʥʘʣʠʚʥʳʭ ʛʨʫ-

ʟʦʚ, ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʝʨʤʝ-

ʪʠʯʥʦʩʪʴ ʮʠʩʪʝʨʥʳ, ʦʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠ-

ʤʦʩʪʠ ʝʝ ʧʨʦʤʳʚʢʠ ʠ ʧʨʦʧʘʨʢʠ, ʦʪʩʫʪʩʪʚʠʝ 

ʢʦʥʪʘʢʪʘ ʛʨʫʟʘ ʩ ʜʨʫʛʠʤʠ ʚʝʱʝʩʪʚʘʤʠ, ʢʦ-

ʪʦʨʳʝ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʝʞʝ-

ʣʘʪʝʣʴʥʦʡ ʨʝʘʢʮʠʠ.  

ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʩʪʠʤʫʣʦʤ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʷ ʪʘʢʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ 

ʷʚʣʷʝʪʩʷ ʠ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʚʢʣʘ-

ʜʳʰʝʡ ʩʥʠʞʘʝʪ ʚʨʝʜʥʦʝ ʚʣʠʷʥʠʝ ʘʛʨʝʩ-

ʩʠʚʥʳʭ ʞʠʜʢʦʩʪʝʡ ʥʘ ʆʉ. ʂʨʦʤʝ ʪʦʛʦ, 

ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʮʠ-

ʩʪʝʨʥ ʩ ʧʨʦʜʣʝʥʥʳʤ ʩʨʦʢʦʤ ʩʣʫʞʙʳ (ʙʝʟ 

ʩʥʠʞʝʥʠʷ ʠʭ ʫʨʦʚʥʷ ʙʝʟʦʧʘʩʥʦʩʪʠ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʝʚʦʟʢʠ ʦʧʘʩʥʳʭ ʚʝ-

ʱʝʩʪʚ ʠ ʛʨʫʟʦʚ ð ʥʘʠʙʦʣʝʝ ʩʪʨʦʛʦ ʨʝʛʣʘ-

ʤʝʥʪʠʨʦʚʘʥʥʳʡ ʚʠʜ ʘʚʪʦʧʝʨʝʚʦʟʦʢ. ʂʘʢ 

ʧʨʘʚʠʣʦ, ʦʨʛʘʥʠʟʘʮʠʷ ʪʘʢʠʭ ʧʝʨʝʚʦʟʦʢ ʛʦ-

ʪʦʚʠʪʩʷ ʧʦ ʦʧʨʝʜʝʣʝʥʥʳʤ ʧʨʘʚʠʣʘʤ ʠ 

ʩʪʘʥʜʘʨʪʘʤ, ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʳʩʦʢʦʢʚʘ-

ʣʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʥʘ ʚʩʝʭ 

ʵʪʘʧʘʭ ʧʦʜʛʦʪʦʚʢʠ ʠ ʦʩʫʱʝʩʪʚʣʝʥʠʷ. ʅʝ-

ʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʣʶʙʦʝ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʝ 

ʧʨʦʠʩʰʝʩʪʚʠʝ ʩ ʦʧʘʩʥʳʤʠ ʛʨʫʟʘʤʠ ʚʣʝʯʝʪ 

ʟʘ ʩʦʙʦʡ ʥʝ ʪʦʣʴʢʦ ʫʛʨʦʟʫ ʞʠʟʥʠ ʚʦʜʠʪʝʣʷ, 

ʧʦʞʘʨ ʥʘ ʜʦʨʦʛʝ, ʤʘʪʝʨʠʘʣʴʥʳʡ ʫʱʝʨʙ, ʥʦ 

ʠ ʩʝʨʴʝʟʥʳʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ. ʆʪ-

ʤʝʪʠʤ, ʯʪʦ ʙʦʣʝʝ ʜʚʫʭ ʪʨʝʪʝʡ ʪʘʢʦʛʦ ʨʦʜʘ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʩʚʷʟʘʥʳ ʩ ʘʚʪʦʤʦ-

ʙʠʣʴʥʦʡ ʧʝʨʝʚʦʟʢʦʡ ʦʧʘʩʥʳʭ ʚʝʱʝʩʪʚ. ʇʦ-

ʵʪʦʤʫ ʜʘʣʴʥʝʡʰʝʝ ʠʟʫʯʝʥʠʝ ʜʘʥʥʦʡ ʪʝʤʳ 

ʥʝʦʙʭʦʜʠʤʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. 
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Abstract. Transportation of hazardous substances and cargo is the most strictly regulated 

type of road transportation. As a rule, the organization of such transportation is prepared ac-

cording to certain rules and standards, accompanied by highly qualified specialists at all stages 

of preparation and implementation. Despite this, any motor vehicle accident involving exhaust 

gas entails not only a threat to the life of the driver, a fire on the road, material damage, but also 

serious environmental problems. Let us note that more than two-thirds of these types of environ-

mental problems are related to the road transport of hazardous substances. The article reveals 

the topic of environmental approaches to organizing events and making technological decisions 

in matters of transportation of dangerous goods, and examines aspects of state legal regulation 

of this field of activity. 

Keywords: regulatory regulation, hazard classes, transportation regulations, environmental 

safety, vehicle accidents. 
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ɺ.ɺ. ʉʫʭʦʚʝʨʭʦʚ, ʤʘʛʠʩʪʨʘʥʪ 

ʀʨʢʫʪʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 
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ɸʥʥʦʪʘʮʠʷ. ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʨʝʘʣʴʥʦʩʪʴ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ, ʘ ʠʤʝʥʥʦ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʤʝʝʪ ʙʦʣʴʰʦʡ ʧʦʪʝʥʮʠʘʣ ʠ ʧʝʨʩʧʝʢ-

ʪʠʚʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʦʙʲʝʢʪ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʪʝʤ ʩʘʤʳʤ ʚʥʝʩʪʠ ʥʘʛʣʷʜ-

ʥʦʩʪʴ ʚ ʧʨʦʮʝʩʩ ʚʦʟʚʝʜʝʥʠʷ ʦʙʲʝʢʪʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʚʳʷʚ-

ʣʝʥʳ ʧʨʦʙʣʝʤʳ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʜʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʠʟʣʦʞʝʥʳ ʩʧʦʩʦʙʳ ʠʭ ʨʝʘʣʠʟʘʮʠʠ ʚ 

ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ. ʈʘʩʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʥʠʞʝʥʠʷ ʚʨʝʤʝʥʥʦʛʦ ʮʠʢʣʘ ʦʪʝʣʴ-

ʥʳʭ ʵʪʘʧʦʚ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʩ ʫʯʝʪʦʤ ʚʥʝʜʨʝʥʠʷ ʚʠʨʪʫʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʧʨʠʚʝʜʝʥʳ 

ʧʨʠʤʝʨʳ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʤʧʘʥʠʡ, ʧʨʠʤʝʥʷʶʱʠʭ ʜʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʤʘʨʢʝʪʠʥʛʦʚʳʭ 

ʮʝʣʷʭ, ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʚʥʝʜʨʝʥʠʷ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʚ ʩʪʨʦʠʪʝʣʴ-

ʥʫʶ ʦʪʨʘʩʣʴ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʭʥʦʣʦʛʠʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʚʠʨʪʫʘʣʴʥʘʷ ʨʝʘʣʴʥʦʩʪʴ, ʤʘʨʢʝʪʠʥʛ, 

BIM-ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ. 

 

ʊʝʭʥʦʣʦʛʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ 

(AR- Augmented Reality) ʜʦʚʦʣʴʥʦ ʥʝʜʘʚʥʦ 

ʧʦʷʚʠʣʘʩʴ ʥʘ ʨʳʥʢʝ, ʢʘʢ ʧʨʦʜʫʢʪ ʤʦʜʝʣʠ-

ʨʦʚʘʥʠʷ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʧʝʨʚʳʝ ʧʦ-

ʧʳʪʢʠ ʨʘʟʨʘʙʦʪʢʠ ʫʩʪʨʦʡʩʪʚ, ʧʦʟʚʦʣʷʶ-

ʱʠʭ ʠʤʠʪʠʨʦʚʘʪʴ ʤʦʜʝʣʴ ʨʝʘʣʴʥʦʛʦ ʤʠʨʘ, 

ʣʠʙʦ ʞʝ ʜʦʧʦʣʥʷʪʴ ʝʸ ʚʠʨʪʫʘʣʴʥʳʤʠ ʦʙʲ-

ʝʢʪʘʤʠ (ʚ ʬʦʨʤʝ ʥʘʢʣʘʜʦʢ ʥʘ ʩʫʱʝʩʪʚʫʶ-

ʱʫʶ ʢʘʨʪʠʥʢʫ ʤʠʨʘ), ʧʦʷʚʠʣʠʩʴ ʝʱʸ ʚ 

ʥʘʯʘʣʝ ʍʍ ʚʝʢʘ. ʉ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ, ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʫʶ ʨʝʘʣʴʥʦʩʪʴ ʩʪʘʣʠ ʧʨʠʤʝ-

ʥʷʪʴ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʩʬʝʨʳ ʨʘʟʚʣʝʯʝʥʠʷ, ʥʦ 

ʠ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. ʉ ʧʦʤʦʱʴʶ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʦʡ ʚʠʨʪʫʘʣʴʥʦ ʨʝʘʣʴʥʦʩʪʠ, ʫʞʝ ʨʘʟ-

ʨʘʙʘʪʳʚʘʶʪʩʷ ʧʨʦʝʢʪʳ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʦʙʲʝʢʪʦʚ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, 

ʘʢʪʫʘʣʠʟʠʨʦʚʘʣʩʷ ʚʦʧʨʦʩ ʦ ʚʦʟʤʦʞʥʦʩʪʠ 

ʚʥʝʜʨʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʚ 

ʧʨʦʮʝʩʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, 

ʘ ʪʘʢʞʝ ʚʦʟʥʠʢʘʶʱʠʝ ʪʨʫʜʥʦʩʪʠ ʧʨʠʤʝʥʝ-

ʥʠʷ ʜʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ [1]. 

ɻʣʘʚʥʘʷ ʮʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʧʨʦʘʥʘʣʠ-

ʟʠʨʦʚʘʪʴ ʧʨʦʙʣʝʤʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ 

ʚʥʝʜʨʝʥʠʠ ʧʨʦʜʫʢʪʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʨʝ-

ʘʣʴʥʦʩʪʠ ʚ ʩʪʨʦʠʪʝʣʴʥʫʶ ʦʪʨʘʩʣʴ, ʘ ʪʘʢʞʝ 

ʨʘʟʦʙʨʘʪʴ ʧʝʨʩʧʝʢʪʠʚʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʜʘʥʥʦʛʦ ʧʨʦʜʫʢʪʘ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ʚʳʩʪʫʧʘʝʪ ʧʨʦʜʫʢʪ çɺʠʨʪʫʘʣʴ-

ʥʘʷ ʨʝʘʣʴʥʦʩʪʴè.  

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʧʦ-

ʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʈʘʩʩʤʦʪʨʝʥʠʝ ʦʩʥʦʚʥʳʭ ʧʦʥʷʪʠʡ ʚʠʨ-

ʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ. 

2. ʇʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʧʨʦʙʣʝʤ, ʚʦʟʥʠʢʘ-

ʶʱʠʭ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝ-

ʘʣʴʥʦʩʪʠ ʚ ʧʨʦʮʝʩʩʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ [2]. 

3. ʀʟʫʯʠʪʴ ʧʝʨʩʧʝʢʪʠʚʳ ʥʘʧʨʘʚʣʝʥʥʦ-

ʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʜʦʧʦʣʥʠʪʝʣʴ-

ʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ.  

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʨʘʙʦʪʘʥʳ ʨʘʟ-

ʣʠʯʥʳʝ ʠʩʪʦʯʥʠʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʧʨʦʘʥʘʣʠ-

ʟʠʨʦʚʘʥʳ ʧʦʣʫʯʝʥʥʳʝ ʩʚʝʜʝʥʠʷ, ʧʨʦʚʝʜʝ-

ʥʳ ʥʘʙʣʶʜʝʥʠʷ. 

ɺʠʨʪʫʘʣʴʥʘʷ ʨʝʘʣʴʥʦʩʪʴ (virtual reality, 

VR) ï ʨʝʘʣʴʥʦʩʪʴ, ʠʩʢʫʩʩʪʚʝʥʥʦ ʚʦʩʩʦ-

ʟʜʘʥʥʘʷ ʩ ʧʦʤʦʱʴʶ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, 

ʚʦʟʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʦʨʛʘʥʳ ʯʫʚʩʪʚ ʯʝʣʦʚʝ-

ʢʘ (ʟʨʝʥʠʝ, ʩʣʫʭ, ʦʙʦʥʷʥʠʝ, ʦʩʷʟʘʥʠʝ ʠ 

ʜʨ.) [3]. ʆʙʲʝʢʪʳ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ 

ʦʙʳʯʥʦ ʚʝʜʫʪ ʩʝʙʷ ʙʣʠʟʢʦ ʢ ʧʦʚʝʜʝʥʠʶ 

ʘʥʘʣʦʛʠʯʥʳʭ ʦʙʲʝʢʪʦʚ ʤʘʪʝʨʠʘʣʴʥʦʡ ʨʝ-

ʘʣʴʥʦʩʪʠ. ɼʣʷ ʚʠʟʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʩʫʱʝ-

ʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʧʨʦʙʣʝʤʳ, ʩ ʢʦʪʦʨʳʤʠ 

ʤʦʞʥʦ ʩʪʦʣʢʥʫʪʴʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 
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ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʚ ʧʨʦʮʝʩʩʝ ʩʪʨʦʠ-

ʪʝʣʴʩʪʚʘ. 

ʆʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴ-

ʥʦʩʪʠ ï ʨʘʩʧʦʟʥʘʥʠʝ ʦʙʨʘʟʘ ʥʘ ʨʝʘʣʴʥʦʡ 

ʢʘʨʪʠʥʢʝ. ɼʘʥʥʳʡ ʢʦʤʧʦʥʝʥʪ ʥʝʦʙʭʦʜʠʤ 

ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, 

ʠʩʭʦʜʷ ʠʟ ʢʦʪʦʨʦʡ, ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʝʪ 

ʧʦʩʪʨʦʝʥʘ ʠ ʥʘʣʦʞʝʥʘ ʚʠʨʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʩʠʩʪʝʤ, 

ʩʧʦʩʦʙʥʳʭ ʨʘʩʧʦʟʥʘʪʴ ʘʙʩʦʣʶʪʥʦ ʣʶʙʦʡ 

ʦʙʲʝʢʪ. ʂʘʞʜʘʷ ʢʦʥʢʨʝʪʥʘʷ ʩʠʩʪʝʤʘ, ʤʦʞʝʪ 

ʨʘʩʧʦʟʥʘʪʴ ʪʦʣʴʢʦ ʦʧʨʝʜʝʣʝʥʥʳʝ ʦʙʲʝʢʪʳ, 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ. ɼʣʷ ʙʦʣʝʝ ʥʘʛʣʷʜʥʦʛʦ ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʷ, ʩʣʝʜʫʝʪ ʧʨʦʚʝʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪ ʩ 

ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʴʶ. ʕʢʩʧʝʨʠʤʝʥʪ 

ʩʣʝʜʫʝʪ ʨʘʟʜʝʣʠʪʴ ʥʘ ʵʪʘʧʳ: 

- ɼʣʷ ʥʘʯʘʣʘ ʩʣʝʜʫʝʪ ʧʨʦʩʢʘʥʠʨʦʚʘʪʴ 

ʤʝʩʪʥʦʩʪʴ, ʪ.ʝ. ʧʨʦʚʝʩʪʠ ʪʫ ʩʘʤʫʶ ʠʜʝʥʪʠ-

ʬʠʢʘʮʠʶ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʜʣʷ ʧʦʣʫʯʝ-

ʥʠʷ çʦʙʣʘʢʘ ʪʦʯʝʢè, ʯʪʦʙʳ ʚ ʧʦʩʣʝʜʫʶʱʝʤ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʦʜʝʣʴ ʚ ʪʨʝʭʤʝʨʥʦʤ ʧʨʦʝʢ-

ʪʠʨʦʚʘʥʠʠ. 

- ɼʘʣʝʝ ʩʣʝʜʫʝʪ ʩʦʟʜʘʪʴ ʪʨʝʭʤʝʨʥʫʶ 

ʤʦʜʝʣʴ. ʉʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʨʦʛʨʘʤʤʳ 

ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʪʴ ʪʨʝʭʤʝʨʥʫʶ ʤʦʜʝʣʴ ʠ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʪʘʤ ʞʝ ʠ ʧʨʦʝʢʪʠʨʦʚʘʪʴ [4]. 

- ʇʦʩʣʝ ʫʩʧʝʰʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʧʨʝʜʳ-

ʜʫʱʝʛʦ ʵʪʘʧʘ, ʩʣʝʜʫʝʪ ʢʦʥʚʝʨʪʠʨʦʚʘʪʴ 

ʧʨʦʝʢʪ ʤʦʜʝʣʠ ʚ ʦʯʢʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʨʝ-

ʘʣʴʥʦʩʪʠ. 

- ʇʦʩʣʝ ʢʦʥʚʝʨʪʠʨʦʚʘʥʠʷ ʤʦʜʝʣʠ ʚ ʦʯ-

ʢʠ, ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʤʦʜʝʣʴ ʥʘ ʨʝʘʣʴʥʦʡ ʢʘʨʪʠʥʢʝ, ʠʩʧʦʣʴʟʫʷ 

ʦʯʢʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ, ʠʩʧʦʣʴʟʫʷ ʦʯʢʠ, ʤʦʞʥʦ 

ʚʠʜʝʪʴ ʨʝʘʣʴʥʦ ʩʪʨʦʷʱʠʡʩʷ ʦʙʲʝʢʪ ʠ ʪʨʝʭ-

ʤʝʨʥʫʶ ʢʘʨʪʠʥʢʫ ʵʪʦʛʦ ʦʙʲʝʢʪʘ. ɺ ʭʦʜʝ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʤʦʞʥʦ ʙʦʣʝʝ ʥʘʛʣʷʜʥʦ 

ʦʧʨʝʜʝʣʷʪʴ ʦʪʢʣʦʥʝʥʠʷ ʨʝʘʣʴʥʦʡ ʢʘʨʪʠʥʳ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʦʪ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ. 

ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʙʳʣʠ ʚʳʷʚʣʝʥʳ 

ʷʚʥʳʝ ʧʨʦʙʣʝʤʳ. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘ: 

- ʆʯʢʠ ʦʪʦʙʨʘʞʘʣʠ ʚʠʨʪʫʘʣʴʥʫʶ ʤʦʜʝʣʴ 

ʙʝʟ ʧʨʠʚʷʟʢʠ ʢ ʧʨʦʩʪʨʘʥʩʪʚʫ ʝʩʣʠ ʧʣʦʱʘʜʴ 

ʧʝʨʝʜʚʠʞʝʥʠʷ ʩʦʩʪʘʚʣʷʣʘ ʙʦʣʝʝ 30 ʤ2. 

- ʅʝʢʦʪʦʨʳʝ ʩʝʤʝʡʩʪʚʘ, ʩʦʟʜʘʥʥʳʝ ʥʘ 

ʚʪʦʨʦʤ ʵʪʘʧʝ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʚ ʭʦʜʝ ʤʦʜʝ-

ʣʠʨʦʚʘʥʠʷ ʪʨʝʭʤʝʨʥʦʛʦ ʦʙʲʝʢʪʘ, ʥʝʢʦʨ-

ʨʝʢʪʥʦ ʦʪʦʙʨʘʞʘʣʠʩʴ ʚ ʦʯʢʘʭ ʚʠʨʪʫʘʣʴʥʦʡ 

ʨʝʘʣʴʥʦʩʪʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʩʢʘʞʝʥʠʶ 

ʨʝʘʣʴʥʦʩʪʠ [5]. 

- ʇʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʟʘ ʧʨʝʜʝʣʘʤʠ 30 ʤ2, 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʤʦʜʝʣʠ ʥʘʯʠʥʘʝʪ ʢʦʣʝ-

ʙʘʪʴʩʷ ʠ ʤʦʜʝʣʴ ʥʘʯʠʥʘʝʪ ʧʝʨʝʤʝʱʘʪʴʩʷ ʧʦ 

ʧʨʦʩʪʨʘʥʩʪʚʫ. 

ʀʩʭʦʜʷ ʠʟ ʚʳʷʚʣʝʥʥʳʭ ʧʨʦʙʣʝʤ, ʤʦʞʥʦ 

ʦʪʤʝʪʠʪʴ ʩʣʝʜʫʶʱʝʝ: 

ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʨʘʙʦʪʳ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝ-

ʘʣʴʥʦʩʪʠ, ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʫʶ ʧʨʠʚʷʟʢʫ ʦʙʲʝʢʪʘ ʢ ʨʝʘʣʴʥʦʡ 

ʤʝʩʪʥʦʩʪʠ, ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʝʛʦ ʢʦʣʝʙʘʥʠʡ 

ʠ ʧʝʨʝʤʝʱʝʥʠʡ ʥʘ ʧʣʦʩʢʦʩʪʠ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʤʝʪʦʜʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʨʝʘʣʴʥʦʩʪʴʶ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʩʧʨʦ-

ʝʢʪʠʨʦʚʘʥʥʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʚʠʟʫʘʣʠ-

ʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʚʦʟʚʝʜʝʥʠʷ ʦʙʲʝʢʪʘ ʠ 

ʫʚʠʜʝʪʴ ʩʪʨʦʷʱʠʡʩʷ ʦʙʲʝʢʪ ʩ ʧʦʤʦʱʴʶ 

ʚʩʝʛʦ ʦʯʢʦʚ ʥʘ ʣʠʮʝ. 

ʀʟ ʧʣʶʩʦʚ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ: 

1. ʆʧʝʨʘʪʠʚʥʳʡ ʢʦʥʪʨʦʣʴ ʦʪʢʣʦʥʝʥʠʡ 

ʭʦʜʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʦʪ ʧʨʦʝʢʪʥʦʛʦ ʨʝʰʝ-

ʥʠʷ. 

2. ɺʠʟʫʘʣʴʥʳʡ ʢʦʥʪʨʦʣʴ ʢʦʥʩʪʨʫʢʪʠʚ-

ʥʳʭ ʨʝʰʝʥʠʡ. 

3. ʉʦʢʨʘʱʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʠʟʤʝʥʝʥʠʡ 

ʥʘ ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʢʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʥʘʙʣʶʜʝʥʠʷ ʠ ʥʝʜʦʧʫʱʝʥʠʷ ʦʪʢʣʦʥʝʥʠʡ ʚ 

ʭʦʜʝ ʚʦʟʚʝʜʝʥʠʷ ʦʙʲʝʢʪʘ. 

4. ʇʦʚʳʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫ-

ʜʘ ʨʘʙʦʯʠʭ ʠ ʧʨʦʝʢʪʥʳʭ ʠʥʩʪʠʪʫʪʦʚ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʝʨʝʯʝʥʴ ʦʩʥʦʚ-

ʥʳʭ ʧʨʝʧʷʪʩʪʚʠʡ ʚʥʝʜʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ 

ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫ-

ʶʱʠʤ ʦʙʨʘʟʦʤ (ʚ ʧʦʨʷʜʢʝ ʩʥʠʞʝʥʠʷ ʢʨʠ-

ʪʠʯʥʦʩʪʠ ʬʘʢʪʦʨʘ): 

- ɼʝʬʠʮʠʪ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʘ-

ʣʠʩʪʦʚ;  

- ʊʝʭʥʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʦʙʦʨʫʜʦʚʘ-

ʥʠʷ ʠ ʇʆ. ɺ ʭʦʜʝ ʧʨʦʝʢʪʦʚ ʟʘʢʘʟʯʠʢʠ ʥʝ-

ʨʝʜʢʦ ʦʙʥʘʨʫʞʠʚʘʶʪ, ʯʪʦ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ 

ʇʆ VR/AR-ʨʝʰʝʥʠʡ ʥʝ ʚʩʝʛʜʘ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʪ ʪʨʝʙʦʚʘʥʠʷʤ, ʧʨʝʜʲʷʚʣʷʝʤʳʤ 

ʫʩʣʦʚʠʷʤʠ ʨʝʘʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ; 

- ʉʪʦʠʤʦʩʪʴ ʚʥʝʜʨʝʥʠʷ. ʄʦʞʥʦ ʦʜʥʦ-

ʟʥʘʯʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ 

ʠʟ ʢʦʤʧʘʥʠʡ ʩʪʦʠʤʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʷʚʣʷʝʪ-

ʩʷ ʩʜʝʨʞʠʚʘʶʱʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʧʨʠʥʷʪʠʷ 

ʨʝʰʝʥʠʷ ʦ ʧʨʠʦʙʨʝʪʝʥʠʠ ʧʨʦʜʫʢʮʠʠ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʪʝʥʜʝʥʮʠʶ ʧʝʨʩʧʝʢ-

ʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʝʧʦ-
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- ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ - 
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ʩʨʝʜʩʪʚʝʥʥʦ ʪʝʭʥʦʣʦʛʠʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʨʝʘʣʴʥʦʩʪʠ ʚ ʩʪʨʦʠʪʝʣʴʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ. 

- ʆʙʫʯʝʥʠʝ ʩʧʝʮʠʘʣʠʩʪʦʚ ʩʪʨʦʠʪʝʣʴʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʩ ʩʦʢʨʘʱʝʥʠʝʤ ʚʨʝʤʝʥʠ ʦʙʫʯʝ-

ʥʠʷ ʠ ʠʥʩʪʨʫʢʪʘʞʘ. 

- ʊʝʩʪʠʨʦʚʘʥʠʝ ʨʘʙʦʪʳ ʢʦʥʩʪʨʫʢʮʠʠ ʚ 

ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ. 

- ʋʩʢʦʨʝʥʠʝ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ 

- ɺʳʷʚʣʝʥʠʝ ʧʨʦʙʣʝʤ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ. 

ɼʣʷ ʚʥʝʜʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʧʦʪʨʝʙʫʝʪʩʷ 

ʥʝʤʘʣʦ ʬʠʥʘʥʩʦʚʳʭ ʩʨʝʜʩʪʚ, ʘ ʪʘʢʞʝ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʦʙʫʯʘʪʴ ʧʝʨʩʦʥʘʣ, ʢʦʪʦʨʳʡ 

ʩʤʦʞʝʪ ʧʨʦʨʘʙʘʪʳʚʘʪʴ ʚʦʧʨʦʩʳ ʚʠʟʫʘʣʠ-

ʟʘʮʠʠ ʦʙʲʝʢʪʦʚ ʚ ʩʧʝʮʠʘʣʴʥʳʭ ʧʨʦʛʨʘʤ-

ʤʘʭ. 

ɺ ʪʝʢʫʱʠʭ ʨʝʘʣʠʷ, ʜʝʚʝʣʦʧʝʨʩʢʠʝ ʢʦʤ-

ʧʘʥʠʠ ʘʢʪʠʚʥʦ ʧʨʦʨʘʙʘʪʳʚʘʶʪ ʚʦʧʨʦʩ 

ʚʥʝʜʨʝʥʠʷ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚ ʧʨʦʠʟʚʦʜ-

ʩʪʚʦ. ɼʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʫʞʝ ʘʢʪʠʚʥʦ ʠʩ-

ʧʦʣʴʟʫʶʪʩʷ ʟʘ ʛʨʘʥʠʮʝʡ, ʪʘʢ, ʬʨʘʥʮʫʟʩʢʘʷ 

ʢʦʤʧʘʥʠʷ GA Smart Duildings, ʧʨʠʤʝʥʷʣʘ 

çTrimble connectè ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ 

ʦʬʠʩʥʦʛʦ ʟʜʘʥʠʷ ʚ ʊʫʣʫʟʝ. ʂʦʤʧʘʥʠʷ 

çɸʰʘʥè ʩʪʘʣʘ ʦʜʥʦʡ ʠʟ ʧʝʨʚʳʭ ʚʥʝʜʨʠʚ-

ʰʘʷ ʪʝʭʥʦʣʦʛʠʶ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ 

ʥʘ ʈʦʩʩʠʡʩʢʦʤ ʨʳʥʢʝ. ɿʜʘʥʠʝ ʛʠʧʝʨʤʘʨʢʝ-

ʪʘ ʚ ʄʦʩʢʚʝ ʙʳʣʦ ʩʧʨʦʝʢʪʠʨʦʚʘʥʦ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʫʩʪʨʦʡʩʪʚʘ çMicrosoft Ho-

loLensè ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ, ʟʜʘʥʠʝ ʛʠ-

ʧʝʨʤʘʨʢʝʪʘ ʙʳʣʦ ʚʠʟʫʘʣʠʟʠʨʦʚʘʥʦ ʚ ʪʨʝʭ-

ʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʪʝʤ ʩʘʤʳʤ ʙʳʣʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʠʪʴ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʪʦʨʛʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚʠʨʪʫʘʣʴʥʘʷ ʨʝʘʣʴ-

ʥʦʩʪʴ ʧʦʢʘ ʝʱʸ ʥʝ ʩʪʘʣʘ ʤʘʩʩʦʚʳʤ ʧʨʦʜʫʢ-

ʪʦʤ, ʩʦʚʨʝʤʝʥʥʳʝ ʢʦʤʧʘʥʠʠ ʨʚʫʪʩʷ ʧʨʠʦʙ-

ʨʝʩʪʠ ʜʘʥʥʫʶ ʪʝʭʥʦʣʦʛʠʶ ʜʣʷ ʙʦʣʝʝ ʚʠʟʫ-

ʘʣʴʥʦ-ʪʦʯʥʦʛʦ ʧʦʜʭʦʜʘ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ.  

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, 

ʯʪʦ ʚ ʨʘʟʚʠʪʠʠ ʪʝʭʥʦʣʦʛʠʡ ʚʠʨʪʫʘʣʴʥʦʡ ʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʴʶ ʩʫʱʝʩʪʚʫʶʪ, 

ʢʘʢ ʧʣʶʩʳ, ʪʘʢ ʠ ʤʠʥʫʩʳ. 

ɺʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʪʝʭʥʦʣʦ-

ʛʠʠ, ʟʘʪʨʫʜʥʝʥʠʝ ʚ ʧʦʥʠʤʘʥʠʠ ʚʦʟʤʦʞʥʦ-

ʩʪʝʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʇʆ, ʥʝʩʦʚʝʨʰʝʥʩʪʚʦ ʠ 

ʥʝʫʜʦʙʩʪʚʦ ʫʩʪʨʦʡʩʪʚ ʚʠʟʫʘʣʠʟʘʮʠʠ, ʥʦ ʠ 

ʛʣʘʚʥʳʡ ʙʘʨʴʝʨ ʚʥʝʜʨʝʥʠʷ ʚʠʨʪʫʘʣʴʥʦʡ 

ʨʝʘʣʴʥʦʩʪʠ ï ʩʣʦʞʥʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʪʝʭʥʦ-

ʣʦʛʠʠ ʚ ʩʪʨʦʠʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ. ʅʝʩʤʦʪʨʷ 

ʥʘ ʤʠʥʫʩʳ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʜʘʥʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʠ ʫʩʪʨʦʡʩʪʚ ʚʠʟʫʘʣʠʟʘʮʠʠ, ʦʜ-

ʥʦʟʥʘʯʥʦ ʟʘ ʚʠʟʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʴʶ ʙʫ-

ʜʫʱʝʝ. ʇʨʦʮʝʩʩ ʨʘʟʚʠʪʠʷ ʦʙʱʝʩʪʚʘ ʥʝʚʦʟ-

ʤʦʞʝʥ ʙʝʟ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʪʝʭ-

ʥʦʣʦʛʠʡ. ʄʝʪʦʜ ʧʨʠʤʝʥʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴ-

ʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʧʦʟʚʦʣʠʪ ʚʳʡʪʠ ʥʘ ʥʦʚʳʡ 

ʫʨʦʚʝʥʴ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 
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ɸʥʥʦʪʘʮʠʷ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʘʥʘʣʠʟʫ ʧʨʦʙʣʝʤ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʬʠʟʠʢʠ ʠ ʬʠʣʦʩʦ-

ʬʠʠ. ɸʢʮʝʥʪʠʨʫʝʪʩʷ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʜʦ ʢʦʥʮʘ 19-ʛʦ ʚʝʢʘ ʥʠ ʦʜʥʘ ʬʠʟʠʯʝʩʢʘʷ ʪʝʦʨʠʷ ʜʘʞʝ 

ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʚ ʢʘʯʝʩʪʚʝ ʢʘʥʜʠʜʘʪʘ ʥʘ ʧʦʣʥʦʝ ʦʧʠʩʘʥʠʝ ʧʦʚʝʜʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʩʠ-

ʩʪʝʤ; ʢʘʞʜʘʷ ʠʟ ʥʠʭ ʦʩʪʘʚʣʷʣʘ ʙʝʟ ʚʥʠʤʘʥʠʷ ʦʙʰʠʨʥʳʝ ʦʙʣʘʩʪʠ ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ. ʆʜ-

ʥʘʢʦ, ʧʝʨʚʘʷ ʧʦʣʦʚʠʥʘ 20-ʛʦ ʚʝʢʘ ʦʟʥʘʤʝʥʦʚʘʣʘʩʴ ʥʝ ʪʦʣʴʢʦ ʧʝʨʝʚʦʨʦʪʘʤʠ ʚ ʬʠʟʠʢʝ, ʚʳ-

ʟʚʘʥʥʳʤʠ ʪʝʦʨʠʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʠ ʢʚʘʥʪʦʚʦʡ ʪʝʦʨʠʝʡ. ʕʪʦ ʙʳʣʦ ʪʘʢʞʝ ʚʨʝʤʷ, ʢʦ-

ʛʜʘ ʬʠʟʠʢʠ ʩʪʘʥʦʚʠʣʠʩʴ ʬʠʣʦʩʦʬʘʤʠ ï ʠ ʵʪʦ ʙʳʣʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʠ ʠʤʝʣʦ ʩʚʦʠ ʧʦʩʣʝʜ-

ʩʪʚʠʷ. 

ɺ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʥʦʛʠʝ ʠʟ ʛʣʫʙʦʯʘʡʰʠʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ ʟʘʧʘʜʥʦʡ 

ʢʫʣʴʪʫʨʳ ï ʦʪʥʦʩʠʪʝʣʴʥʦ ʭʘʨʘʢʪʝʨʘ ʤʘʪʝʨʠʠ, ʧʨʠʨʦʜʳ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʚʨʝʤʝʥʠ, ʚʦʧʨʦ-

ʩʘ ʦ ʜʝʪʝʨʤʠʥʠʟʤʝ, ʟʥʘʯʝʥʠʠ ʚʝʨʦʷʪʥʦʩʪʠ ʠ ʩʣʫʯʘʡʥʦʩʪʠ, ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʟʥʘʥʠʷ ʠ ʤʥʦ-

ʛʦʛʦ ʜʨʫʛʦʛʦ ï ʧʦʜʚʝʨʛʘʣʠʩʴ ʩʝʨʴʝʟʥʦʤʫ ʩʦʤʥʝʥʠʶ ʩ ʤʦʤʝʥʪʘ ʟʘʨʦʞʜʝʥʠʷ ʩʦʚʨʝʤʝʥʥʦʡ 

ʥʘʫʢʠ, ʥʘʯʠʥʘʷ ʩ ʨʘʙʦʪ ɻʘʣʠʣʝʷ. ʂʦ ʚʨʝʤʝʥʠ ʪʚʦʨʯʝʩʪʚʘ ʫʯʝʥʦʛʦ ʀʩʘʘʢʘ ʅʴʶʪʦʥʘ ʦʞʠʚ-

ʣʝʥʥʳʡ ʜʠʘʣʦʛ ʤʝʞʜʫ ʬʠʟʠʢʦʡ ʠ ʩʦʚʨʝʤʝʥʥʦʡ ʟʘʧʘʜʥʦʡ ʬʠʣʦʩʦʬʩʢʦʡ ʪʨʘʜʠʮʠʝʡ ʰʝʣ ʧʦʣ-

ʥʳʤ ʭʦʜʦʤ, ʠ ʵʪʦʪ ʦʙʤʝʥ ʤʥʝʥʠʷʤʠ ʧʨʦʮʚʝʪʘʝʪ ʧʦ ʩʝʡ ʜʝʥʴ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʠʟʠʢʘ, ʬʠʣʦʩʦʬʩʢʠʡ ʘʥʘʣʠʟ, ʪʝʦʨʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ, ʜʝʪʝʨʤʠ-

ʥʠʟʤ, ʢʚʘʥʪʦʚʘʷ ʤʝʭʘʥʠʢʘ. 

 

ʇʦ ʜʚʫʤ ʧʨʠʯʠʥʘʤ ʬʠʟʠʢʘ ʟʘʥʠʤʘʝʪ 

ʚʳʜʘʶʱʝʝʩʷ ʧʦʣʦʞʝʥʠʝ ʩʨʝʜʠ ʥʘʫʢ. ʉ ʦʜ-

ʥʦʡ ʩʪʦʨʦʥʳ, ʠʟ-ʟʘ ʝʝ ʧʨʠʟʥʘʥʥʦʛʦ ʧʦʣʦ-

ʞʝʥʠʷ ʢʘʢ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʥʘʫʢʠ, ʘ ʩ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʠʟ-ʟʘ ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʥʝʝ 

ʦʯʝʚʠʜʥʦʡ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʟʥʘʥʠʡ. ʇʦ ʦʙʝ-

ʠʤ ʧʨʠʯʠʥʘʤ ʦʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʧʘ-

ʨʘʜʠʛʤʘ ʥʘʫʯʥʦʩʪʠ ʧʦ ʧʨʝʠʤʫʱʝʩʪʚʫ. 

ʅʝ ʩʝʢʨʝʪ, ʯʪʦ ʤʥʦʛʠʝ ʬʠʟʠʢʠ ʥʝʚʳʩʦ-

ʢʦʛʦ ʤʥʝʥʠʷ ʦ ʨʘʙʦʪʝ ʬʠʣʦʩʦʬʦʚ ʠʣʠ ʦ 

ʪʦʤ, ʢʘʢʦʡ ʚʢʣʘʜ ʬʠʣʦʩʦʬʠʷ ʤʦʞʝʪ ʚʥʝʩʪʠ 

ʚ ʧʨʦʷʩʥʝʥʠʝ ʦʩʥʦʚ ʬʠʟʠʯʝʩʢʠʭ ʪʝʦʨʠʡ. 

ʊʘʢʦʝ ʦʪʥʦʰʝʥʠʝ, ʚʝʨʦʷʪʥʦ, ʷʚʣʷʝʪʩʷ ʨʝ-

ʟʫʣʴʪʘʪʦʤ ʥʝʢʦʪʦʨʳʭ ʚʦʣʴʥʳʭ ʧʦʜʭʦʜʦʚ ʢ 

ʬʠʣʦʩʦʬʠʠ, ʥʘʯʠʥʘʷ ʩ 19-ʛʦ ʚʝʢʘ. ʕʪʦ ʦʪ-

ʥʦʰʝʥʠʝ ʢ ʥʝʢʦʪʦʨʳʤ ʬʠʣʦʩʦʬʩʢʠʤ ʩʧʝ-

ʢʫʣʷʮʠʷʤ ʨʘʟʜʝʣʷʣʠ ʜʘʞʝ ʩʘʤʠ ʬʠʣʦʩʦʬʳ, 

ʚʦʟʴʤʝʤ, ʢ ʧʨʠʤʝʨʫ, ʦʪʟʳʚʳ ʐʦʧʝʥʛʘʫʵʨʘ 

ʦ ɻʝʛʝʣʝ [1, ʩ. 108]. 

ɽʩʣʠ ʩʘʤʠ ʬʠʣʦʩʦʬʳ ʪʘʢ ʜʫʤʘʶʪ ʜʨʫʛ ʦ 

ʜʨʫʛʝ, ʧʦʯʝʤʫ ʬʠʟʠʢʠ ʜʦʣʞʥʳ ʦʙʨʘʱʘʪʴ 

ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʦʥʠ ʛʦʚʦʨʷʪ ʦ ʬʠʟʠʢʝ? 

ʅʘ ʩʘʤʦʤ ʜʝʣʝ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʬʠʟʠʢʦʡ ʠ 

ʬʠʣʦʩʦʬʠʝʡ ʧʦʷʚʠʣʦʩʴ ʜʦʚʦʣʴʥʦ ʥʝʜʘʚʥʦ. 

ɼʦ 19 ʚʝʢʘ ʥʘʪʫʨʬʠʣʦʩʦʬʠʷ ʙʳʣʘ ʦʙʳʯ-

ʥʳʤ ʪʝʨʤʠʥʦʤ ʜʣʷ ʦʧʠʩʘʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʨʠʨʦʜʳ. ʅʘʫʢʘ ʙʳʣʘ ʦʩʥʦʚʘʥʘ ʚ ɼʨʝʚʥʝʡ 

ɻʨʝʮʠʠ ʪʘʢʠʤʠ ʬʠʣʦʩʦʬʘʤʠ, ʢʘʢ ʌʘʣʝʩ, 

ɸʥʘʢʩʠʤʘʥʜʨ ʠ ʜʨʫʛʠʝ ʜʦʩʦʢʨʘʪʠʯʝʩʢʠʝ 

ʤʳʩʣʠʪʝʣʠ, ʢʦʪʦʨʳʝ ʨʘʟʤʳʰʣʷʣʠ ʦ ʧʨʠʨʦ-

ʜʝ ʦ ʬʠʟʠʯʝʩʢʦʤ ʤʠʨʝ ʠ ʙʳʣʠ ʛʦʪʦʚʳ ʢʨʠ-

ʪʠʢʦʚʘʪʴ ʠ ʨʘʮʠʦʥʘʣʴʥʦ ʘʨʛʫʤʝʥʪʠʨʦʚʘʪʴ 

ʩʚʦʠ ʜʦʤʳʩʣʳ. 

ʆʩʥʦʚʘʪʝʣʠ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʠ, ʪʘʢʠʝ 

ʢʘʢ ʅʠʢʦʣʘʩ ʆʨʝʩʤʝ, ɻʘʣʠʣʝʦ ɻʘʣʠʣʝʡ ʠ 

ʀʩʘʘʢ ʅʴʶʪʦʥ ʙʳʣʠ ʩʢʣʦʥʝʥʳ ʢ ʬʠʣʦʩʦʬ-

ʩʢʠʤ ʠ ʪʝʦʣʦʛʠʯʝʩʢʠʤ ʠʟʳʩʢʘʥʠʷʤ. ʆʥʠ 

ʪʘʢʞʝ ʙʳʣʠ ʦʙʝʩʧʦʢʦʝʥʳ ʩʘʤʠʤʠ ʦʩʥʦʚʘ-

ʤʠ ʧʨʝʜʣʘʛʘʝʤʳʭ ʠʤʠ ʪʝʦʨʠʡ ʠ ʠʭ ʠʥʪʝʨ-

ʧʨʝʪʘʮʠʷʤʠ. ʄʥʦʛʠʭ ʤʳʩʣʠʪʝʣʝʡ XVII  ʚʝ-

ʢʘ, ʚʢʣʶʯʘʷ ɼʝʢʘʨʪʘ, ʇʘʩʢʘʣʷ, ɻʶʡʛʝʥʩʘ ʠ 

ʃʝʡʙʥʠʮʘ, ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʣʠʙʦ ʢʘʢ 

ʫʯʝʥʳʭ, ʣʠʙʦ ʢʘʢ ʬʠʣʦʩʦʬʦʚ, ʟʘʥʠʤʘʶ-

ʱʠʭʩʷ ʨʘʟʣʠʯʥʳʤʠ ʘʩʧʝʢʪʘʤʠ ʩʚʦʝʡ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ. ʨʘʩʩʣʝʜʦʚʘʥʠʷ ʠ ʦʟʘʙʦʯʝʥʥʦ-

ʩʪʠ.  ɼʘʞʝ ʚ 18 ʚʝʢʝ ʂʘʥʪ, ʢʦʪʦʨʳʡ ʙʳʣ, 

ʚʝʨʦʷʪʥʦ, ʩʘʤʳʤ ʚʣʠʷʪʝʣʴʥʳʤ ʬʠʣʦʩʦʬʦʤ 

ʩʚʦʝʛʦ ʚʨʝʤʝʥʠ, ʙʳʣ ʭʦʨʦʰʦ ʩʚʝʜʫʱ ʚ ʬʠ-
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ʟʠʯʝʩʢʠʭ ʥʘʫʢʘʭ ʠ ʚʥʝʩ ʚ ʥʠʭ ʦʧʨʝʜʝʣʝʥ-

ʥʳʡ ʚʢʣʘʜ [2, ʩ. 155]. ʊʦʣʴʢʦ ʩ ʧʦʷʚʣʝʥʠʝʤ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʬʠʣʦʩʦʬʠʠ, ʚ ʥʘʯʘʣʝ 19 

ʚʝʢʘ, ʥʘʯʘʣʦʩʴ ʨʘʩʭʦʞʜʝʥʠʝ ʚʦ ʚʟʛʣʷʜʘʭ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʣʦʛʠʯʝʩʢʠʝ ʠ ʩʝʤʘʥ-

ʪʠʯʝʩʢʠʝ ʠʥʩʪʨʫʤʝʥʪʳ, ʠʤʝʶʱʠʝʩʷ ʚ ʨʘʩ-

ʧʦʨʷʞʝʥʠʠ ʬʠʣʦʩʦʬʦʚ-ʘʥʘʣʠʪʠʢʦʚ, ʢʘʞʫʪ-

ʩ ̫ ʥʝʟʘʤʝʥʠʤʳʤʠ ʧʨʠ ʨʝʰʝʥʠʠ ʧʨʦʙʣʝʤ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʥʝʩʢʦʣʴʢʠʭ ʪʝʦʨʠʡ ʩʦʚʨʝ-

ʤʝʥʥʦʡ ʬʠʟʠʢʠ. ʅʝʢʦʪʦʨʳʝ ʫʯʝʥʳʝ ʚʩʢʦʨʝ 

ʚʟʷʣʠʩʴ ʟʘ ʵʪʦ, ʠ ʤʥʦʛʠʝ ʠʟ ʚʝʣʠʯʘʡʰʠʭ 

ʬʠʟʠʢʦʚ 20-ʛʦ ʚʝʢʘ ʧʨʦʚʝʣʠ ʘʢʪʠʚʥʳʝ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ʧʦ ʬʠʣʦʩʦʬʩʢʠʤ ʪʝʤʘʤ ʠ ʠʥ-

ʪʝʨʧʨʝʪʘʮʠʠ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʠ ʠ ʦʙʱʝʡ 

ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ. ʉʨʝʜʠ ʥʠʭ ʤ  r

ʤʦʞʝʤ ʚʳʜʝʣʠʪʴ ʕʡʥʰʪʝʡʥʘ, ɹʦʨʘ, ɻʝʡ-

ʟʝʥʙʝʨʛʘ, ʐʨʝʜʠʥʛʝʨʘ, ʍʦʡʣʘ ʠ ʇʝʥʨʦʫʟʘ; 

ʚʩʝ ʦʥʠ ʤʥʦʛʦ ʧʠʩʘʣʠ ʧʦ ʨʘʟʣʠʯʥʳʤ ʬʠʣʦ-

ʩʦʬʩʢʠʤ ʧʨʦʙʣʝʤʘʤ [3, ʩ. 81]. 

ɺʩʝ ʬʠʟʠʯʝʩʢʠʝ ʪʝʦʨʠʠ ʧʨʝʜʧʦʣʘʛʘʶʪ 

ʥʝʢʦʪʦʨʫʶ ʦʥʪʦʣʦʛʠʶ (ʪ.ʝ. ʥʝʢʦʪʦʨʳʝ 

ʩʫʱʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʩʯʠʪʘʶʪʩʷ ʩʫʱʝʩʪʚʫ-

ʶʱʠʤʠ ʚ ʨʝʘʣʴʥʦʤ ʤʠʨʝ) ʠ ʥʝʢʦʪʦʨʫʶ 

ʬʦʨʤʘʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʪʨʝʙʫʶʱʫʶ 

ʥʘʜʣʝʞʘʱʝʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ. ʀʪʘʢ, ʩʦʟʥʘ-

ʪʝʣʴʥʦ ʠʣʠ ʥʝʪ, ʚʩʝ ʬʠʟʠʢʠ ʙʝʨʫʪ ʥʘ ʩʝʙʷ 

ʬʠʣʦʩʦʬʩʢʠʝ ʦʙʷʟʘʪʝʣʴʩʪʚʘ ʧʨʠ ʧʨʦʚʝʜʝ-

ʥʠʠ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʃʫʯʰʝ, ʝʩʣʠ 

ʵʪʠ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʙʫʜʫʪ ʯʝʪʢʠʤʠ ʠ ʥʝ-

ʧʨʦʪʠʚʦʨʝʯʠʚʳʤʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʣʫʯʰʝ 

ʧʦʥʷʪʴ ʚʥʫʪʨʝʥʥʶʶ ʩʪʨʫʢʪʫʨʫ ʥʘʫʯʥʳʭ 

ʪʝʦʨʠʡ ʠ ʦʙʣʝʛʯʘʝʪ ʠʭ ʩʪʦʣʢʥʦʚʝʥʠʝ ʩ ʬʘʢ-

ʪʘʤʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʯʝʪʢʦʝ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ 

ʪʦʣʢʦʚʘʥʠʝ ʠʤʝʝʪ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʝʝ ʟʥʘ-

ʯʝʥʠʝ ʜʣʷ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʥʦʚʳʭ ʨʘʟʨʘʙʦ-

ʪʦʢ. ʅʘʧʨʦʪʠʚ, ʥʝʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʠʣʠ 

ʩʧʝʮʠʘʣʴʥʳʝ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʤʦʛʫʪ ʧʨʝ-

ʧʷʪʩʪʚʦʚʘʪʴ ʧʨʦʛʨʝʩʩʫ ʥʘʫʢʠ [7, ʩ. 42-60]. 

ɺʦʟʤʦʞʥʦ, ʚ ʬʠʟʠʢʝ ʥʝʪ ʙʦʣʝʝ ʬʫʥʜʘʤʝʥ-

ʪʘʣʴʥʳʭ ʧʦʥʷʪʠʡ, ʯʝʤ ʧʦʥʷʪʠʷ ʧʨʦʩʪʨʘʥ-

ʩʪʚʘ ʠ ʚʨʝʤʝʥʠ. ɺʩʝ ʬʠʟʠʯʝʩʢʠʝ ʪʝʦʨʠʠ 

ʧʨʝʜʧʦʣʘʛʘʶʪ ʠʭ, ʜʘʞʝ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ 

ʪʝʦʨʠʠ çʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠè, ʪʘʢʠʝ ʢʘʢ 

ʆʙʱʘʷ ʪʝʦʨʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ. ʊʝʦʨʠʠ 

ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ ʠʤʝʶʪ ʜʝʣʦ ʩʦ 

ʩʪʨʫʢʪʫʨʦʡ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʧʨʦʩʪʨʘʥ-

ʩʪʚʦ ʠ ʚʨʝʤʷ, ʥʦ ʥʠʯʝʛʦ ʥʝ ʛʦʚʦʨʷʪ ʦʙ ʠʭ 

ʧʨʠʨʦʜʝ.  

ɽʩʣʠ ʫ ʬʠʣʦʩʦʬʠʠ ʬʠʟʠʢʠ ʠ ʝʩʪʴ ʮʝʥ-

ʪʨʘʣʴʥʘʷ ʧʨʦʙʣʝʤʘ, ʪʦ ʵʪʦ ʧʨʦʙʣʝʤʘ ʢʚʘʥ-

ʪʦʚʳʭ ʠʟʤʝʨʝʥʠʡ: ʧʨʦʙʣʝʤʘ ʪʦʛʦ, ʢʘʢ ʠʥ-

ʪʝʨʧʨʝʪʠʨʦʚʘʪʴ, ʧʨʠʜʘʪʴ ʩʤʳʩʣ, ʚʦʟʤʦʞʥʦ, 

ʜʘʞʝ ʢʘʢ ʵʪʦ ʠʩʧʨʘʚʠʪʴ, ʢʚʘʥʪʦʚʘʷ ʤʝʭʘ-

ʥʠʢʘ. ɼʨʫʛʠʝ ʪʝʦʨʠʠ ʚ ʬʠʟʠʢʝ ʙʨʦʩʘʶʪ ʚʳ-

ʟʦʚ ʥʘʰʝʡ ʠʥʪʫʠʮʠʠ ʠ ʥʘʰʠʤ ʧʦʚʩʝʜʥʝʚ-

ʥʳʤ ʧʨʝʜʧʦʣʦʞʝʥʠʷʤ, ʥʦ ʪʦʣʴʢʦ ʢʚʘʥʪʦ-

ʚʘʷ ʪʝʦʨʠʷ ʟʘʩʪʘʚʣʷʝʪ ʥʘʩ ʩʝʨʴʝʟʥʦ ʦʪʥʝ-

ʩʪʠʩʴ ʢ ʠʜʝʝ ʦ ʪʦʤ, ʯʪʦ ʟʘ ʧʨʝʜʝʣʘʤʠ 

ʥʘʰʠʭ ʥʘʙʣʶʜʝʥʠʡ ʚʦʦʙʱʝ ʥʝʪ ʦʙʲʝʢʪʠʚ-

ʥʦʛʦ ʤʠʨʘ ï ʠʣʠ, ʚʦʟʤʦʞʥʦ, ʯʪʦ ʵʪʠʭ ʤʠ-

ʨʦʚ ʤʥʦʛʦ [4, ʩ. 54-67]. 

ɼʨʫʛʠʝ ʪʝʦʨʠʠ ʚ ʬʠʟʠʢʝ ʦʩʪʘʚʣʷʶʪ ʥʘʩ 

ʦʟʘʜʘʯʝʥʥʳʤʠ ʘʩʧʝʢʪʘʤʠ ʪʦʛʦ, ʢʘʢ ʠʭ ʩʣʝ-

ʜʫʝʪ ʧʦʥʠʤʘʪʴ, ʥʦ ʪʦʣʴʢʦ ʢʚʘʥʪʦʚʘʷ ʪʝʦʨʠʷ 

ʧʦʨʦʞʜʘʝʪ ʧʘʨʘʜʦʢʩʳ ʥʘʩʪʦʣʴʢʦ ʩʝʨʴʝʟ-

ʥʳʝ, ʯʪʦ ʚʝʜʫʱʠʝ ʬʠʟʠʢʠ ʠ ʚʝʜʫʱʠʝ ʬʠʣʦ-

ʩʦʬʳ ʬʠʟʠʢʠ ʚʩʝʨʴʝʟ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʝʝ ʨʘʟʨʫʰʝʥʠʷ ʠ ʧʝʨʝʩʪʨʦʡʢʠ 

ʟʘʥʦʚʦ. ʂʚʘʥʪʦʚʘʷ ʪʝʦʨʠʷ ï ʵʪʦ ʢʘʢ ʢʦʥ-

ʮʝʧʪʫʘʣʴʥʦʝ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʷʜʨʦ ʬʠʟʠ-

ʢʠ 21-ʛʦ ʚʝʢʘ, ʪʘʢ ʠ ʟʠʷʶʱʘʷ ʧʫʩʪʦʪʘ ʚ 

ʥʘʰʠʭ ʧʦʧʳʪʢʘʭ ʧʦʥʷʪʴ ʤʠʨʦʚʦʟʟʨʝʥʠʝ, 

ʢʦʪʦʨʦʝ ʜʘʝʪ ʥʘʤ ʬʠʟʠʢʘ 21-ʛʦ ʚʝʢʘ. ʅʝ-

ʫʜʠʚʠʪʝʣʴʥʦ, ʯʪʦ ʚ ʬʠʣʦʩʦʬʠʠ ʢʚʘʥʪʦʚʦʡ 

ʤʝʭʘʥʠʢʠ ʜʦʤʠʥʠʨʫʝʪ ʧʨʦʙʣʝʤʘ ʢʚʘʥʪʦʚʦ-

ʛʦ ʠʟʤʝʨʝʥʠʷ ʠ, ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ, ʩʚʷ-

ʟʘʥʥʘʷ ʩ ʥʝʡ ʧʨʦʙʣʝʤʘ ʢʚʘʥʪʦʚʦʡ ʥʝʣʦ-

ʢʘʣʴʥʦʩʪʠ. 

ʌʠʣʦʩʦʬʠʷ ʬʠʟʠʢʠ ï ʵʪʦ ʥʝ ʩʪʦʣʴʢʦ 

ʘʢʘʜʝʤʠʯʝʩʢʘʷ ʜʠʩʮʠʧʣʠʥʘ, ʭʦʪʷ ʦʥʘ ʪʘʢʦ-

ʚʦʡ ʠ ʷʚʣʷʝʪʩʷ, ʩʢʦʣʴʢʦ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ 

ʛʨʘʥʠʮʘ, ʯʝʨʝʟ ʢʦʪʦʨʫʶ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʬʠ-

ʟʠʢʘ ʠ ʩʦʚʨʝʤʝʥʥʘʷ ʟʘʧʘʜʥʘʷ ʬʠʣʦʩʦʬʠʷ 

ʠʥʬʦʨʤʠʨʫʶʪ ʠ ʪʨʝʚʦʞʘʪ ʜʨʫʛ ʜʨʫʛʘ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʙʦʣʝʝ 400 ʣʝʪ. ʌʠʣʦʩʦʬʠʶ 

ʬʠʟʠʢʠ ʤʦʞʥʦ ʧʦʥʠʤʘʪʴ, ʢʘʢ ʧʦʜʧʦʣʝ 

ʥʘʫʯʥʦʡ ʪʝʦʨʠʠ ʠʣʠ ʬʠʣʦʩʦʬʠʠ ʧʨʠʨʦʜʳ 

ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʥʪʦʣʦʛʠʠ, ʠ ʦʥʘ ʟʘʥʠ-

ʤʘʝʪʩʷ ʬʠʣʦʩʦʬʩʢʠʤʠ ʧʨʦʙʣʝʤʘʤʠ, ʢʦʪʦ-

ʨʳʝ ʧʦʜʥʠʤʘʶʪ ʪʝʦʨʠʠ ʩʦʚʨʝʤʝʥʥʦʡ ʬʠ-

ʟʠʢʠ, ʘ ʪʘʢʞʝ ʢʦʥʮʝʧʪʫʘʣʴʥʳʤʠ ʦʩʥʦʚʘʤʠ 

ʵʪʠʭ ʪʝʦʨʠʡ. 

ʇʨʝʜʤʝʪ ʬʠʣʦʩʦʬʠʠ ʬʠʟʠʢʠ ʚʢʣʶʯʘʝʪ 

ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʬʠʟʠʯʝʩʢʠʭ ʪʝʦʨʠʡ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʠʭ ʦʥʪʦʣʦʛʠʯʝʩʢʠʭ ʧʨʝʜʧʦʩʳʣʦʢ 

ʠʣʠ ʧʦʩʣʝʜʩʪʚʠʡ: ʝʩʣʠ ʦʧʨʝʜʝʣʝʥʥʘʷ ʬʠ-

ʟʠʯʝʩʢʘʷ ʪʝʦʨʠʷ ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʝʪ ʥʘʰ 

ʤʠʨ, ʠʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, 

ʜʣʷ ʪʝʦʨʝʪʠʢʦ-ʥʘʫʯʥʳʭ ʨʝʘʣʠʩʪʦʚ, ʯʪʦ ʵʪʠ 

ʪʝʦʨʠʠ ʧʨʦʣʠʚʘʶʪ ʩʚʝʪ ʥʘ ʩʪʨʫʢʪʫʨʫ ʨʝ-

ʘʣʴʥʦʩʪʠ. ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʠ ʨʘʮʠʦʥʘʣʴʥʘʷ 

ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʢʣʘʩʩʠʯʝʩʢʦʡ (ʥʴʶʪʦʥʦʚ-

ʩʢʦʡ) ʤʝʭʘʥʠʢʠ ʯʘʩʪʠʮ ʫʞʝ ʩʦʟʜʘʶʪ ʟʜʝʩʴ 
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ʧʨʦʙʣʝʤʳ. ɽʱʝ ʙʦʣʝʝ ʩʣʦʞʥʳʤʠ ʷʚʣʷʶʪʩʷ 

ʧʨʦʙʣʝʤʳ ʚ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʩʪʘʪʠʩʪʠʯʝ-

ʩʢʦʡ ʬʠʟʠʢʠ, ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʠ ʠ ʪʝʦ-

ʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ [7, ʩ. 42-60]. 

ʅʘʧʨʠʤʝʨ, ʥʝʦʜʥʦʢʨʘʪʥʦ ʧʨʝʜʧʨʠʥʠʤʘ-

ʣʠʩʴ ʧʦʧʳʪʢʠ ʦʙʲʷʩʥʠʪʴ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ 

ʚʨʝʤʝʥʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴʶ ʬʠʟʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ. ʅʝ ʚʩʝ ʬʠʟʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ ʠʥ-

ʚʘʨʠʘʥʪʥʳ ʢ ʦʙʨʘʱʝʥʠʶ ʚʨʝʤʝʥʠ (ʪ.ʝ. 

ʫʧʨʘʚʣʷʶʱʠʝ ʠʤʠ ʫʨʘʚʥʝʥʠʷ ʜʦʧʫʩʢʘʶʪ 

ʦʙʨʘʪʥʳʡ ʧʨʦʮʝʩʩ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʩʤʦʜʝ-

ʣʠʨʦʚʘʪʴ, ʧʨʦʩʪʦ ʠʟʤʝʥʠʚ ʟʥʘʢʠ ʚʨʝʤʝʥʥʦ-

ʛʦ ʧʘʨʘʤʝʪʨʘ) [6, ʩ. 77-99]. 

ɼʣʷ ʬʠʣʦʩʦʬʠʠ ʪʦʛʦ ʚʨʝʤʝʥʠ ʩʧʝʮʠʘʣʴ-

ʥʘʷ ʪʝʦʨʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʪʘʢʞʝ ʩʦʟʜʘʝʪ 

ʧʨʦʙʣʝʤʳ. ʇʦʩʢʦʣʴʢʫ ʪʨʝʙʫʝʤʘʷ ʝ  ʁʦʪʥʦ-

ʩʠʪʝʣʴʥʦʩʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦʩʪʠ ʧʨʦʪʠʚʦʨʝ-

ʯʠʪ ʥʝʢʦʪʦʨʳʤ ʤʝʪʘʬʠʟʠʯʝʩʢʠʤ ʪʝʦʨʠʷʤ ʦ 

ʧʨʠʨʦʜʝ ʧʨʠʯʠʥʥʦʩʪʠ ʠ ʤʦʜʘʣʴʥʦʩʪʠ [3, 

ʩ. 178]. ʀʤʝʝʪ ʣʠ ʪʝʦʨʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ 

ʢʘʢʦʝ-ʣʠʙʦ ʬʠʣʦʩʦʬʩʢʦʝ ʟʥʘʯʝʥʠʝ? ʌʠʣʦ-

ʩʦʬʩʢʦʝ ʟʥʘʯʝʥʠʝ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ 

ʷʚʣʷʝʪʩʷ ʩʧʦʨʥʳʤ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʥʝʢʦ-

ʪʦʨʳʝ ʘʚʪʦʨʳ ʥʝ ʪʦʣʴʢʦ ʧʦʜʯʝʨʢʠʚʘʶʪ ʠʭ 

ʬʠʣʦʩʦʬʩʢʦʝ ʩʦʜʝʨʞʘʥʠʝ, ʥʦ ʠ ʧʳʪʘʶʪʩʷ 

ʦʧʨʝʜʝʣʝʥʥʳʤ ʦʙʨʘʟʦʤ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ 

ʠʭ ʢʘʢ ʬʠʣʦʩʦʬʩʢʫʶ ʩʠʩʪʝʤʫ. ʉ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ, ʜʨʫʛʠʝ ʫʯʝʥʳʝ ʚʦʦʙʱʝ ʦʪʨʠʮʘʶʪ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʬʠʣʦʩʦʬʩʢʦʡ ʧʨʦʙʣʝʤʘʪʠ-

ʢʠ [1, ʩ. 256]. 

ʅʦ ʪʝʧʝʨʴ ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʬʠʣʦʩʦʬʠʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʥʝ-

ʧʨʘʚʠʣʴʥʦʛʦ ʧʦʥʠʤʘʥʠʷ ʪʝʦʨʠʠ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦʩʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʰʠʙʦʯʥʦ ʧʦ-

ʣʘʛʘʪʴ, ʯʪʦ ʪʝʦʨʠʷ ʕʡʥʰʪʝʡʥʘ ʧʦʜʨʘʟʫʤʝ-

ʚʘʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʴ ʚʩʝʛʦ. ʆʩʦʙʝʥʥʦ, ʝʩ-

ʣʠ, ʢʨʦʤʝ ʪʦʛʦ, ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʚ ʦʙ-

ʣʘʩʪʴ ʵʪʠʢʠ, ʧʨʝʜʧʦʣʘʛʘʶʱʠʡ ʨʝʣʷʪʠʚʠʟʤ 

ʯʝʣʦʚʝʯʝʩʢʠʭ ʧʨʘʚ ʠ ʦʙʷʟʘʥʥʦʩʪʝʡ. ʆʪʥʦ-

ʩʠʪʝʣʴʥʦʩʪʴ ʧʨʠʤʝʥʠʤʘ ʪʦʣʴʢʦ ʚ ʦʙʣʘʩʪʠ 

ʧʦʟʥʘʥʠʷ. 

ʄʦʨʘʣʴʥʳʝ ʧʦʥʷʪʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʩʦʮʠ-

ʘʣʴʥʳʤʠ ʢʣʘʩʩʘʤʠ ʠ ʩʪʨʫʢʪʫʨʦʡ ʮʠʚʠʣʠ-

ʟʘʮʠʠ, ʧʦʜʚʝʨʞʝʥʳ ʠʟʤʝʥʝʥʠʷʤ. ʆʰʠʙʦʯ-

ʥʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʵʪʦ ʤʦʞʥʦ ʚʳʚʝʩʪʠ ʠʟ 

ʪʝʦʨʠʠ ʕʡʥʰʪʝʡʥʘ, ʧʦʩʢʦʣʴʢʫ ʧʘʨʘʣʣʝ-

ʣʠʟʤ ʤʝʞʜʫ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʴʶ ʵʪʠʢʠ ʠ ʦʪ-

ʥʦʩʠʪʝʣʴʥʦʩʪʴʶ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʚʨʝʤʝʥʠ 

ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʪʦʣʴʢʦ ʢʘʢ ʚʥʝʰʥʠʝ 

ʘʥʘʣʦʛʠʠ, ʩʢʨʳʚʘʶʱʠʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ 

ʣʦʛʠʯʝʩʢʠʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʦʙʣʘʩʪʴʶ ʚʦ-

ʣʝʚʦʡ ʞʠʟʥʠ ʠ ʦʙʣʘʩʪʴʶ ʧʦʟʥʘʥʠʷ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʵʪʫ ʪʝʦʨʠʶ ʤʦʞʥʦ ʨʘʩ-

ʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʬʠʣʦʩʦʬʩʢʫʶ, ʧʦʩʢʦʣʴʢʫ 

ʦʥʘ ʠʤʝʝʪ ʨʘʜʠʢʘʣʴʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʜʣʷ 

ʵʧʠʩʪʝʤʦʣʦʛʠʠ. ɺʦ-ʧʝʨʚʳʭ, ʥʝʦʙʭʦʜʠʤʦ 

ʧʝʨʝʩʤʦʪʨʝʪʴ ʥʝʢʦʪʦʨʳʝ ʪʨʘʜʠʮʠʦʥʥʳʝ 

ʪʝʨʤʠʥʳ, ʢʦʪʦʨʳʝ ʧʨʠʦʙʨʝʣʠ ʙʦʣʴʰʦʝ 

ʟʥʘʯʝʥʠʝ ʚ ʠʩʪʦʨʠʠ ʬʠʣʦʩʦʬʠʠ ʥʘ ʩʝʛʦ-

ʜʥʷʰʥʠʡ ʜʝʥʴ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʦʥʘ 

ʧʨʝʜʣʘʛʘʝʪ ʨʝʰʝʥʠʷ ʚʦʧʨʦʩʦʚ, ʢʦʪʦʨʳʝ 

ʩʫʱʝʩʪʚʦʚʘʣʠ ʩ ʩʘʤʦʛʦ ʥʘʯʘʣʘ ʠʩʪʦʨʠʠ 

ʬʠʣʦʩʦʬʠʠ ʠ ʜʦ ʩʠʭ ʧʦʨ ʦʩʪʘʚʘʣʠʩʴ ʙʝʟ 

ʦʪʚʝʪʘ [5, ʩ. 61]. 

ʄʠʨ ʠʜʝʡ ʇʣʘʪʦʥʘ ʠ ʯʠʩʪʳʡ ʨʘʟʫʤ ʂʘʥ-

ʪʘ ʙʳʣʠ ʨʘʥʥʠʤʠ ʦʪʚʝʪʘʤʠ ʥʘ ʚʦʧʨʦʩ ʦ 

ʪʦʤ, ʢʘʢ ʨʘʩʢʨʳʚʘʶʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠ 

ʚʨʝʤʷ. ʆʪʚʝʪ ʕʡʥʰʪʝʡʥʘ ʜʝʣʘʝʪ ʠʭ ʩʠʩʪʝ-

ʤ  r ʥʝʩʦʩʪʦʷʪʝʣʴʥʳʤʠ, ʧʦʩʢʦʣʴʢʫ ʦʥ ʟʘ-

ʪʨʘʛʠʚʘʝʪ ʠʭ ʦʩʥʦʚʳ. ʀ ʧʦʩʢʦʣʴʢʫ ʘʥʘʣʠʟ 

ʧʦʟʥʘʥʠʷ ʚʩʝʛʜʘ ʙʳʣ ʦʪʧʨʘʚʥʦʡ ʪʦʯʢʦʡ 

ʬʠʣʦʩʦʬʠʠ, ʧʦʩʣʝʜʩʪʚʠʷ ʢʨʠʪʠʢʠ, ʧʦʪʨʷ-

ʩʘʶʱʝʡ ʪʘʢʫʶ ʬʫʥʜʘʤʝʥʪʘʣʴʥʫʶ ʦʙʣʘʩʪʴ, 

ʢʘʢ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠ ʚʨʝʤʷ, ʙʫʜʫʪ ʨʘʩʧʨʦ-

ʩʪʨʘʥʷʪʴʩʷ ʥʘ ʚʩʶ ʬʠʣʦʩʦʬʠʶ [6, ʩ. 77-99]. 

ɸʣʴʙʝʨʪ ʕʡʥʰʪʝʡʥ ʭʦʪʷ ʠ ʥʝ ʙʳʣ ʬʠʣʦ-

ʩʦʬʦʤ, ʥʦ ʦʥ ʪʦʞʝ ʧʦʥʠʤʘʣ, ʯʪʦ ʪʦʣʴʢʦ 

ʧʦʩʣʝ ʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʦʩʥʦʚ ʧʨʦ-

ʩʪʨʘʥʩʪʚʘ ʠ ʚʨʝʤʝʥʠ ʤʦʞʥʦ ʨʝʰʠʪʴ ʦʧʨʝ-

ʜʝʣʝʥʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ. ʀ ʯʪʦ, 

ʥʘʦʙʦʨʦʪ, ʪʘʢʦʡ ʘʥʘʣʠʟ ʪʨʝʙʫʝʪ ʢʦʨʨʝʢʪʠ-

ʨʦʚʢʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʦʥʷʪʠʡ ʧʦʟʥʘʥʠʷ. ʋ 

ʥʝʛʦ ʙʳʣʘ ʩʚʦʝʛʦ ʨʦʜʘ ʬʠʣʦʩʦʬʩʢʘʷ ʫʩʪʘ-

ʥʦʚʢʘ, ʘ ʥʝ ʬʠʣʦʩʦʬʩʢʘʷ ʩʠʩʪʝʤʘ, ʪʘʢ ʯʪʦ 

ʟʘʜʘʯʘ ʜʨʫʛʠʭ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʪʦʤ, ʯʪʦʙʳ 

ʜʝʣʘʪʴ ʚʳʚʦʜʳ. ʇʨʝʠʤʫʱʝʩʪʚʦ ʵʪʦʛʦ ʟʘ-

ʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʝʛʦ ʬʠʟʠʢʘ ʢʘʞʝʪʩʷ 

ʪʘʢʦʡ ʫʙʝʜʠʪʝʣʴʥʦʡ, ʥʦ ʥʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷ-

ʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʘ ʧʨʠʚʦʜʠʪ ʢ ʦʛʨʦʤʥʦʤʫ 

ʤʥʦʞʝʩʪʚʫ ʥʝʧʨʘʚʠʣʴʥʳʭ ʠʥʪʝʨʧʨʝʪʘ-

ʮʠʡ [3, ʩ. 91]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʛʨʘʥʠʯʝʥʥʳʝ ʯʝʣʦʚʝ-

ʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʝʣʘʶʪ ʥʝʦʙʭʦʜʠʤʳʤ 

ʨʘʟʜʝʣʝʥʠʝ ʪʨʫʜʘ ʤʝʞʜʫ ʬʠʟʠʢʘʤʠ ʠ ʬʠʣʦ-

ʩʦʬʘʤʠ. ʌʠʟʠʢ, ʩʪʨʝʤʷʱʠʡʩʷ ʢ ʦʪʢʨʳʪʠʶ 

ʦʙʱʠʭ ʩʦʦʪʥʦʰʝʥʠʡ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ 

ʙʳʪʴ ʧʨʦʚʝʨʝʥʳ ʵʤʧʠʨʠʯʝʩʢʠ, ʥʝ ʜʦʣʞʝʥ, 

ʥʘʧʨʠʤʝʨ, ʙʳʪʴ ʩʣʠʰʢʦʤ ʢʨʠʪʠʯʥʳʤ. ɺ 

ʥʘʯʘʣʝ ʩʚʦʝʡ ʨʘʙʦʪʳ ʦʥ ʧʦʣʘʛʘʝʪʩʷ ʥʘ ʩʦʙ-

ʩʪʚʝʥʥʳʝ ʜʦʛʘʜʢʠ, ʨʫʢʦʚʦʜʩʪʚʫʷʩʴ ʚ ʪʦʤ 

ʠʣʠ ʠʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩʚʦʝʡ ʚʝʨʦʡ, ʢʘʢʦʡ 

ʙ  rʦʥʘ ʥʠ ʙʳʣʘ.  

ʅʘʧʨʠʤʝʨ, ʕʡʥʰʪʝʡʥ ʫʪʚʝʨʞʜʘʣ, ʯʪʦ ʩ 

ʩʘʤʦʛʦ ʥʘʯʘʣʘ ʙʳʣ ʫʙʝʞʜʝʥ ʚ ʛʘʨʤʦʥʠʠ 
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ɺʩʝʣʝʥʥʦʡ. ʅʦ ʪʘʢʘʷ ʚʝʨʘ ʥʝ ʷʚʣʷʝʪʩʷ ʬʠ-

ʣʦʩʦʬʠʝʡ. ʄʝʪʦʜʳ ʬʠʣʦʩʦʬʘ ï ʵʪʦ ʘʥʘʣʠʟ 

ʠ ʢʨʠʪʠʢʘ. ʌʘʢʪʠʯʝʩʢʠ, ʚ ʥʘʪʫʨʬʠʣʦʩʦʬʠʠ 

ʤʳʩʣʝʥʥʳʝ ʰʘʛʠ, ʚʝʜʫʱʠʝ ʢ ʦʪʢʨʳʪʠʶ, ʥʝ 

ʠʤʝʶʪ ʟʥʘʯʝʥʠʷ. ʉʢʦʨʝʝ, ʛʦʪʦʚʘʷ ʪʝʦʨʠʷ ʠ 

ʝʝ ʚʟʘʠʤʦʩʚʷʟʠ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʥʘ ʧʨʝʜʤʝʪ 

ʝʝ ʦʙʦʩʥʦʚʘʥʥʦʩʪʠ. ʄʦʞʥʦ ʩʢʘʟʘʪʴ, ʠʥʪʝ-

ʨʝʩ ʥʘʧʨʘʚʣʝʥ ʥʝ ʩʪʦʣʴʢʦ ʥʘ ʢʦʥʪʝʢʩʪ ʦʪ-

ʢʨʳʪʠʷ, ʩʢʦʣʴʢʦ ʥʘ ʝʛʦ ʦʙʦʩʥʦʚʘʥʠʝ [1, 

ʩ. 330]. 

ʌʠʣʦʩʦʬʠʷ ʬʠʟʠʢʠ ï ʵʪʦ ʨʝʟʫʣʴʪʘʪ ʥʝ 

ʚʝʨʦʫʯʝʥʠʷ, ʘ ʘʥʘʣʠʟʘ. ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ 

ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʫʜʝʣʷʝʪʩʷ ʣʦʛʠʯʝʩʢʠʤ 

ʩʚʷʟʷʤ. ʉʫʞʜʝʥʠʷ ʚʳʥʦʩʷʪʩʷ ʥʝʟʘʚʠʩʠʤʦ 

ʦʪ ʩʦʟʜʘʪʝʣʝʡ ʪʝʦʨʠʠ. ʕʪʦ ʥʦʚʦʝ ʩʦʦʪʥʦ-

ʰʝʥʠʝ ʬʠʟʠʢʠ ʠ ʬʠʣʦʩʦʬʠʠ ʠ ʩʚʷʟʘʥʥʳʡ ʩ 

ʥʠʤ ʪʠʧ ʬʠʣʦʩʦʬʩʪʚʫʶʱʝʛʦ ʬʠʟʠʢʘ, ʢʦʪʦ-

ʨʳʡ ʠ ʧʦ ʩʝʡ ʜʝʥʴ ʧʨʦʜʦʣʞʘʝʪ ʬʦʨʤʠʨʦ-

ʚʘʪʴ ʬʠʟʠʢʫ. 
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Abstract. The article is devoted to the analysis of the problems of the relationship between 

physics and philosophy. It is emphasized that until the end of the 19th century, not a single phys-

ical theory was even considered as a candidate for a complete description of the behavior of 

physical systems; each of them ignored vast areas of physical phenomena. However, the first 

half of the 20th century was marked not only by revolutions in physics caused by the theory of 

relativity and quantum theory. It was also the time when physicists became philosophers ï and 

this was a necessity and had its consequences. 

The work shows that many of the deepest intellectual assumptions of Western culture ï re-

garding the nature of matter, the nature of space and time, the question of determinism, the 

meaning of probability and chance, the possibility of knowledge and much more ï have been se-

riously questioned since the birth of modern science, starting with the work of Galileo. By the 

time of the scientist Isaac Newton, a lively dialogue between physics and the modern Western 

philosophical tradition was in full swing, and this exchange of views flourishes to this day. 

Keywords: physics, philosophical analysis, theory of relativity, determinism, quantum me-

chanics. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʟʘʪʨʘʛʠʚʘʝʪʩʷ ʠʩʪʦʨʠʷ ʧʦʷʚʣʝʥʠʷ ʠʥʦʷʟʳʯʥʳʭ ʟʘʠʤ-

ʩʪʚʦʚʘʥʠʡ ʚ ʨʫʩʩʢʦʤ ʷʟʳʢʝ. ʆʧʠʩʳʚʘʶʪʩʷ ʵʪʘʧʳ ʠʭ ʨʘʟʚʠʪʠʷ. ʆʙʩʫʞʜʘʶʪʩʷ ʧʦʣʦʞʠ-

ʪʝʣʴʥʳʝ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʩʪʦʨʦʥʳ ʜʘʥʥʦʛʦ ʷʚʣʝʥʠʷ. ɺʳʷʚʣʷʶʪʩʷ ʩʪʦʨʦʥʳ ʠʥʦʷʟʳʯʥʳʭ 

ʟʘʠʤʩʪʚʦʚʘʥʠʡ ʚ ʨʫʩʩʢʦʤ ʷʟʳʢʝ ʟʘ ʩʯʝʪ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʦʣʦʞʝʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʦʷʟʳʯʥʳʝ ʩʣʦʚʘ, ʠʥʦʷʟʳʯʥʘʷ ʣʝʢʩʠʢʘ, ʘʥʛʣʠʮʠʟʤʳ, ʠʩʪʦʨʠʷ ʨʘʟʚʠ-

ʪʠʷ ʟʘʠʤʩʪʚʦʚʘʥʠʡ, ʵʪʘʧʳ ʨʘʟʚʠʪʠʷ ʘʥʛʣʠʮʠʟʤʦʚ, ʨʦʣʴ ʠʥʦʷʟʳʯʥʳʭ ʟʘʠʤʩʪʚʦʚʘʥʠʡ ʚ ʨʫʩ-

ʩʢʦʤ ʷʟʳʢʝ. 

 

ɺʦʟʜʝʡʩʪʚʠʝ ʘʥʛʣʠʡʩʢʦʛʦ ʷʟʳʢʘ ʦʪʦʙ-

ʨʘʞʘʝʪʩʷ ʥʘ ʠʟʤʝʥʝʥʠʷʭ ʚ ʨʫʩʩʢʦʤ ʷʟʳʢʝ 

ʛʣʦʙʘʣʴʥʦ. ɻʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʵʪʦ ʧʨʦʠʩʭʦ-

ʜʠʪ ʚʩʣʝʜʩʪʚʠʝ ʘʢʪʠʚʥʦʛʦ ʫʯʘʩʪʠʷ ʈʦʩʩʠʠ 

ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʫʨʦʚʥʝ, ʛʜʝ ʧʨʝʜʧʦʯʠ-

ʪʘʝʤʳʤ ʩʨʝʜʩʪʚʦʤ ʦʙʱʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ-

ʩʷ ʘʥʛʣʠʡʩʢʠʡ ʷʟʳʢ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʰʠ-

ʨʦʢʦʤ ʠʟʫʯʝʥʠʠ ʠʥʦʩʪʨʘʥʥʳʭ ʷʟʳʢʦʚ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʘʥʛʣʠʡʩʢʦʛʦ ʷʟʳʢʘ, ʟʘʢʣʶʯʘʝʪ-

ʩʷ ʚʦ ʚʚʝʜʝʥʠʠ ʠʥʪʝʨʥʘʮʠʦʥʘʣʴʥʳʭ ʦʪʥʦ-

ʰʝʥʠʡ, ʧʨʘʢʪʠʯʝʩʢʠ, ʚ ʢʘʞʜʫʶ ʦʙʣʘʩʪʴ 

ʥʘʰʝʡ ʞʠʟʥʠ. ɸʥʛʣʠʡʩʢʠʡ ʷʟʳʢ ʚ ʙʦʣʴʰʝʡ 

ʩʪʝʧʝʥʠ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʪʝ ʩʬʝʨʳ 

ʥʘʰʝʡ ʞʠʟʥʠ, ʛʜʝ ʢʦʤʤʫʥʠʢʘʪʠʚʥʳʡ ʢʦʥ-

ʪʘʢʪ ʧʨʦʠʩʭʦʜʠʪ ʛʣʦʙʘʣʴʥʦ ʠ ʩ ʦʩʦʙʦʡ ʯʘ-

ʩʪʦʪʦʡ. 

ʀʪʘʢ, ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʠʥʦʷʟʳʯʥʳʭ ʟʘʠʤ-

ʩʪʚʦʚʘʥʠʡ ʦʪʦʙʨʘʞʘʝʪʩʷ, ʚ ʦʩʥʦʚʥʦʤ, ʥʘ 

ʪʝʭ ʩʬʝʨʘʭ ʞʠʟʥʠ, ʛʜʝ ʧʦʢʘ ʯʪʦ ʥʝ ʧʦʷʚʠ-

ʣʘʩʴ ʩʦʙʩʪʚʝʥʥʘʷ ʣʝʢʩʠʢʘ. ʂ ʧʨʠʤʝʨʫ, ʰʠ-

ʨʦʢʦʝ ʦʙʠʣʠʝ ʢʦʩʤʝʪʠʯʝʩʢʠʭ ʧʨʦʮʝʜʫʨ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʘʥʛʣʠʡʩʢʠʤʠ 

ʧʦʥʷʪʠʷʤʠ ï ʧʠʣʣʠʥʛ ï (pealing-cream), 

ʤʝʡʢʘʧ (make up), ʢʦʥʩʠʣʝʨ ï (conʩealer), 

ʧʦʧʫʣʷʨʠʟʘʮʠʷ ʘʤʝʨʠʢʘʥʩʢʠʭ ʢʘʨʪʠʥ ï 

ʪʨʠʣʣʝʨ, ʙʣʦʢʙʘʩʪʝʨ, ʪʨʠʣʣʝʨ, ʦʙʨʘʟʦʚʘʥʠʝ 

ʥʦʚʝʡʰʠʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ï 

termopot (ʪʝʨʤʦʧʦʪ), immobilizer (ʠʤʦʙʠ-

ʣʘʡʟʝʨ), ʘ ʪʘʢʞʝ ʪʘʢʠʝ ʪʝʨʤʠʥʳ ʠʟ ʵʣʝʢ-

ʪʨʦʥʥʦʡ ʦʙʣʘʩʪʠ, ʢʘʢ ʧʨʠʥʪʝʨ, e-mail, 

ʢʘʨʪʨʠʜʞ, ʩʘʡʪ, ʬʘʡʣ, ʧʨʦʚʘʡʜʝʨ, ʤʦʜʝʤ, 

ʩʝʨʚʝʨ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʷʟʳʢʘ ʘʢʪʫʘʣʴʥʦʡ ʣʠʪʝʨʘ-

ʪʫʨʳ ʠ ʉʄʀ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʚʠʜʝʪʴ ʚʩʝ 

ʩʪʦʨʦʥʳ ʠʥʦʷʟʳʯʥʳʭ ʟʘʠʤʩʪʚʦʚʘʥʠʡ ʚ 

ʨʦʜʥʦʤ ʷʟʳʢʝ ʟʘ ʩʯʝʪ ʩʣʝʜʫʶʱʠʭ ʧʦʣʦʞʝ-

ʥʠʡ: 

- ʘʥʛʣʠʡʩʢʠʡ ʷʟʳʢ ʦʢʘʟʳʚʘʝʪʩʷ ʛʣʘʚʥʳʤ 

ʷʟʳʢʦʤ-ʜʦʥʦʨʦʤ; 

- ʫʩʠʣʠʚʘʝʪʩʷ ʫʧʦʪʨʝʙʣʝʥʠʝ ʠʥʦʷʟʳʯ-

ʥʳʭ ʟʘʠʤʩʪʚʦʚʘʥʠʡ, ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʘʥʝʝ; 

- ʥʘʯʠʥʘʝʪʩʷ ʩʣʠʷʥʠʝ ʵʢʟʦʪʠʟʤʦʚ; 

- ʟʘʠʤʩʪʚʦʚʘʥʠʷ ʦʧʨʝʜʝʣʝʥʠʡ, ʠʤʝʶʱʠʭ 

ʦʜʥʦ ʠ ʪʦ ʞʝ ʟʥʘʯʝʥʠʝ, ʧʝʨʝʥʘʮʝʣʠʚʘʶʪʩʷ 

ʚ ʧʦʣʠʩʝʤʘʥʪʠʯʝʩʢʠʝ ʩʣʦʚʘ ʦʙʳʯʥʦʛʦ ʷʟʳ-

ʢʘ; 

- ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʘʩ-

ʧʝʢʪʦʚ ʧʝʨʝʭʦʜʥʦʛʦ ʵʪʘʧʘ ʚ ʧʨʦʮʝʩʩʝ ʟʘ-

ʠʤʩʪʚʦʚʘʥʠʷ [1]. 

ʆʪʥʦʰʝʥʠʷ ʈʦʩʩʠʠ ʩ ɸʥʛʣʠʝʡ ʠʤʝʣʠ 

ʦʛʨʦʤʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʨʘʟʚʠʪʠʠ ʙʣʠʟʢʠʭ ʦʪ-

ʥʦʰʝʥʠʡ ʨʫʩʩʢʦʛʦ ʷʟʳʢʘ ʩ ʷʟʳʢʘʤʠ ʠʥʳʭ 

ʝʚʨʦʧʝʡʩʢʠʭ ʩʪʨʘʥ. ʊʝʩʥʘʷ ʩʚʷʟʴ ʈʦʩʩʠʠ ʩ 

ɸʥʛʣʠʝʡ ʥʘʯʘʣʘʩʴ ʚ XVI ʚ. [2]. ʉʪʘʜʠʠ 

ʚʚʝʜʝʥʠʷ ʠʥʦʷʟʳʯʥʳʭ ʟʘʠʤʩʪʚʦʚʘʥʠʡ ʚ 

ʨʫʩʩʢʠʡ ʷʟʳʢ ʩʣʝʜʫʶʱʠʝ: 

1. ʇʝʨʚʳʡ ʵʪʘʧ ʦʪʢʨʳʚʘʶʪ ʨʫʩʩʢʠʝ 

ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʚʣʘʩʪʠ, ʤʥʦʛʠʝ ʚʨʘʯʠ, ʚʦ-

ʝʥʥʳʝ, ʘ ʪʘʢʞʝ ʠʥʞʝʥʝʨʳ, ʢʦʪʦʨʳʝ ʥʘʯʘʣʠ 

ʫʧʦʪʨʝʙʣʷʪʴ ʚ ʩʚʦʠʭ ʨʝʯʘʭ ʘʥʛʣʠʡʩʢʫʶ 

ʣʝʢʩʠʢʫ, ʠʟ-ʟʘ ʯʝʛʦ ʚ ʨʫʩʩʢʠʡ ʷʟʳʢ ʩʪʘʣʠ 

ʧʦʩʪʫʧʘʪʴ ʩʘʤʳʝ ʧʝʨʚʳʝ ʘʥʛʣʠʡʩʢʠʝ ʩʣʦʚʘ. 

ʀʥʦʷʟʳʯʥʳʝ ʟʘʠʤʩʪʚʦʚʘʥʠʷ ʚ ʪʦʤ ʯʠʩʣʝ 

ʧʨʠʤʝʥʷʣʠʩʴ ʜʣʷ ʩʦʩʪʘʚʣʝʥʠʷ çʩʪʘʪʝʡʥʳʭ 

ʩʧʠʩʢʦʚè, ʯʪʦʙʳ ʩʦʦʙʱʠʪʴ ʩʪʦʣʠʯʥʦʤʫ 

ʫʧʨʘʚʣʝʥʠʶ. ɿʜʝʩʴ ʞʝ ʫʩʠʣʝʥʥʦ ʩʪʘʣʠ ʫʧʦ-

ʪʨʝʙʣʷʪʴʩʷ ʥʘʠʤʝʥʦʚʘʥʠʷ ʘʥʛʣʠʡʩʢʠʭ ʛʦʩ-

ʫʜʘʨʩʪʚʝʥʥʳʭ ʜʦʣʞʥʦʩʪʝʡ ʠ ʩʣʦʚʘ ʠʟ ʩʦ-

ʮʠʘʣʴʥʦ-ʧʦʣʠʪʠʯʝʩʢʦʡ, ʘ ʪʘʢʞʝ ʢʦʤʤʝʨʯʝ-

ʩʢʦʡ ʣʝʢʩʠʢʠ. ʂ ʧʨʠʤʝʨʫ, ʯuʬʜʞʝʩʪʝʩ ï 
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Chief Justice, ʣʦʨʜ ʪʨʝʟʝʨ ï Lord Treasurer, 

ʣʠʙʦ ʘʣʜʨʘʤʘʥ ï aldennan ʠ ʜʨʫʛʠʝ [3]. 

2. ɺʪʦʨʦʡ ʵʪʘʧ ʚʥʝʜʨʝʥʠʷ ʠʥʦʷʟʳʯʥʦʡ 

ʣʝʢʩʠʢʠ ʚ ʨʫʩʩʢʠʡ ʷʟʳʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʝ-

ʨʠʦʜ ʚʣʘʩʪʠ ʇʝʪʨʘ I (1682-1725). ɼʘʥʥʳʡ 

ʧʝʨʠʦʜ ʠʟʚʝʩʪʝʥ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʨʝʬʦʨʤ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ 

ʚʩʝʭ ʦʙʣʘʩʪʷʭ ʩʫʱʝʩʪʚʦʚʘʥʠʷ. ʕʪʦ ʧʨʠʚʝʣʦ 

ʢ ʚʘʞʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʚ ʨʦʜʥʦʤ ʷʟʳʢʝ. ʇʦ 

ʤʥʝʥʠʶ ɺ.ɺ. ɺʠʥʦʛʨʘʜʦʚ ʩʯʠʪʘʝʪ, ʯʪʦ ʢʘʢ 

ʨʘʟ ʚ ʵʧʦʭʫ ʛʦʩʧʦʜʩʪʚʘ ʇʝʪʨʘ I ʙʳʣʘ ʦʩʥʦ-

ʚʘʥʘ ʤʦʜʘ ʥʘ ʠʥʦʩʪʨʘʥʥʳʝ ʷʟʳʢʠ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʠ ʘʥʛʣʠʡʩʢʠʡ ʷʟʳʢ, ʚʢʣʶʯʘʷ ʧʦʩʣʝ-

ʜʫʶʱʠʤ ʧʦʧʦʣʥʝʥʠʝʤ ʨʫʩʩʢʦʛʦ ʩʣʦʚʘʨʷ 

ʙʣʘʛʦʜʘʨʷ ʠʥʦʷʟʳʯʥʳʤ ʟʘʠʤʩʪʚʦʚʘʥʠʷʤ ʠʟ 

ʨʘʟʥʳʭ ʩʬʝʨ ʞʠʟʥʠ ï ʥʘʫʢʠ, ʪʦʨʛʦʚʣʠ ʠ 

ʜʨʫʛʠʭ [4]. 

3. ʉʣʝʜʫʶʱʠʡ ʧʝʨʠʦʜ ʚʥʝʜʨʝʥʠʷ ʘʥʛʣʦ-

ʷʟʳʯʥʳʭ ʟʘʠʤʩʪʚʦʚʘʥʠʡ ʚ ʨʫʩʩʢʠʡ ʷʟʳʢ 

ʧʦʷʚʠʣʩʷ ʚ 20-ʭ ʛʦʜʘʭ 19 ʚʝʢʘ. ɿʜʝʩʴ 

ʦʛʨʦʤʥʫʶ ʟʥʘʯʝʥʠʝ ʩʳʛʨʘʣʘ ɽʢʘʪʝʨʠʥʘ 

ɺʪʦʨʘʷ, ʥʘ ʪʦ ʚʨʝʤʷ ʧʨʦʚʦʜʠʚʰʘʷ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʚ çʢʫʣʴʪʫʨ-

ʥʳʭè ʦʙʣʘʩʪʷʭ. ɽʢʘʪʝʨʠʥʘ ɺʪʦʨʘʷ ʩʦʟʜʘʣʘ 

ʧʝʨʝʚʦʜʯʝʩʢʦʝ ʘʛʝʥʪʩʪʚʦ (1768-1783 ʛʛ.), 

ʧʨʦʜʚʠʥʫʣʘ ʨʘʟʚʠʪʠʝ ʕʜʠʥʙʫʨʛʩʢʦʛʦ ʩʘʣʦ-

ʥʘ ɽ. ɼʘʰʢʦʚʦʡ (1776-1779 ʛʛ.), ʘ ʪʘʢʞʝ 

ʩʬʦʨʤʠʨʦʚʘʣʘ ʥʘʫʯʥʳʡ ʩʦʩʪʘʚ ʨʦʩʩʠʡʩʢʠʭ 

ʧʝʨʝʚʦʜʯʠʢʦʚ ʠ ʣʝʢʩʠʢʦʛʨʘʬʦʚ, ʥʘʧʨʘʚ-

ʣʝʥʥʳʝ ʥʘ ʦʙʫʯʝʥʠʝ ʚ ʘʥʛʣʠʡʩʢʠʝ ʫʯʝʙʥʳʝ 

ʟʘʚʝʜʝʥʠʷ. 

4. ɼʨʫʛʦʡ ʵʪʘʧ ʚʥʝʜʨʝʥʠʷ ʠʥʦʷʟʳʯʥʳʭ 

ʟʘʠʤʩʪʚʦʚʘʥʠʡ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʢʦʥʝʮ 19 ʚ. 

ï ʥʘʯʘʣʦ 20 ʚ. ʕʪʦ ʛʦʜʳ ʘʢʪʠʚʥʦʛʦ ʧʨʝʜʨʝ-

ʚʦʣʶʮʠʦʥʥʦʛʦ ʚʨʝʤʝʥʠ, ʢʦʛʜʘ ʚ ʨʫʩʩʢʦʤ 

ʷʟʳʢʝ ʚʦʟʥʠʢʣʦ ʦʛʨʦʤʥʦʝ ʤʥʦʞʝʩʪʚʦ ʠʥʦ-

ʷʟʳʯʥʳʭ ʟʘʠʤʩʪʚʦʚʘʥʠʡ. ɻʣʘʚʥʳʤʠ ʧʦ-

ʩʨʝʜʥʠʢʘʤʠ ʘʥʛʣʦʷʟʳʯʥʦʡ ʣʝʢʩʠʢʠ ʷʚʣʷ-

ʣʠʩʴ ʠʤʝʥʥʦ ʨʝʚʦʣʶʮʠʦʥʝʨʳ, ʢʦʪʦʨʳʝ ʠʟ-

ʚʣʝʢʘʣʠ ʨʘʟʥʳʝ ʤʳʩʣʠ ʠ ʚʟʛʣʷʜʳ ʠʟ ʨʘʙʦʪ 

ʘʥʛʣʠʡʩʢʠʭ, ʥʝʤʝʮʢʠʭ ʠ ʬʨʘʥʮʫʟʩʢʠʭ ʧʠ-

ʩʘʪʝʣʝʡ. ɼʦ ʢʦʥʮʘ 20-ʭ ʛʛ. ʠʤʝʥʥʦ ʬʨʘʥ-

ʮʫʟʩʢʠʡ ʠ ʥʝʤʝʮʢʠʡ ʩʪʘʣʠ ʦʩʥʦʚʥʳʤʠ 

ʷʟʳʢʘʤʠ-ʜʦʥʦʨʘʤʠ. ɸʥʛʣʠʡʩʢʠʡ ʷʟʳʢʘ ʜʦ 

ʢʦʥʮʘ 20-ʭ ʛʦʜʦʚ ʚ ʈʦʩʩʠʠ ʥʝ ʙʳʣ ʘʢʪʠʚ-

ʥʳʤ, ʭʦʪʷ ʪʘʢʠʝ ʩʣʦʚʘ, ʢʘʢ ʬʠʣʴʤ, ʙʦʡʢʦʪ, 

ʙʫʤ, ʣʘʫʥ-ʪʝʥʥʠʩ, ʫʞʝ ʩʫʱʝʩʪʚʦʚʘʣʠ ʚ 

ʨʫʩʩʢʦʤ ʩʣʦʚʘʨʝ ʥʘ ʪʦ ʚʨʝʤʷ. ɺ ʜʘʥʥʦʝ 

ʚʨʝʤʷ ʦʩʥʦʚʥʳʤʠ ʷʟʳʢʘʤʠ ʷʚʣʷʣʠʩʴ ʬʨʘʥ-

ʮʫʟʩʢʠʡ ʠ ʥʝʤʝʮʢʠʡ. 

5. ʅʘʢʦʥʝʮ, ʧʝʨʠʦʜ 20-ʭ ʛʦʜʦʚ, ʢʦʛʜʘ 

ʯʠʩʣʦ ʘʥʛʣʦʷʟʳʯʥʳʭ ʟʘʠʤʩʪʚʦʚʘʥʠʡ ʚ ʨʫʩ-

ʩʢʦʤ ʷʟʳʢʝ ʩʠʣʴʥʦ ʚʦʟʨʦʩʣʦ, ʠ ʘʥʛʣʠʡʩʢʠʡ 

ʷʟʳʢ ʫʞʝ ʩʪʘʥʦʚʠʪʩʷ ʧʝʨʚʳʤ ʚʝʜʫʱʠʤ 

ʠʥʦʩʪʨʘʥʥʳʤ ʷʟʳʢʦʤ ʚ ʈʦʩʩʠʠ. ɺ ʜʘʥʥʳʡ 

ʧʝʨʠʦʜ ʚ ʨʫʩʩʢʦʤ ʩʣʦʚʘʨʝ ʧʦʷʚʠʣʠʩʴ ʪʘʢʠʝ 

ʩʣʦʚʘ, ʢʘʢ tanker ï ʪʘʥʢʝʨ, trowler ï ʪʨʘʫ-

ʣʝʨ, trolley-bus ï ʪʨʦʣʣʝʡʙʫʩ combine ï 

ʢʦʤʙʘʡʥ, container ï ʢʦʥʪʝʡʥʝʨ ʠ ʜʨʫ-

ʛʠʝ [5]. 

ʉ ʩʝʨʝʜʠʥʳ 30-ʭ ʛʛ. ʠ ʜʦ ʢʦʥʮʘ 40-ʭ ʛʛ. 

ʚʦʟʥʠʢʣʘ ʚʝʨʦʷʪʥʦʩʪʴ, ʟʘʤʝʜʣʷʶʱʘʷ ʧʨʦ-

ʮʝʩʩ ʟʘʠʤʩʪʚʦʚʘʥʠʡ ʠʥʦʷʟʳʯʥʦʡ ʣʝʢʩʠʢʠ. 

ʅʘʯʠʥʘʝʪʩʷ ʧʨʦʮʝʩʩ ʠʥʪʝʥʩʠʚʥʦʡ ʧʦʜʤʝʥʳ 

ʘʥʛʣʠʮʠʟʤʦʚ ʥʘ ʨʫʩʩʢʠʝ ʩʣʦʚʘ. ʅʘʧʨʠʤʝʨ, 

ʧʦʥʷʪʠʷ, ʠʤʝʶʱʠʝ ʦʪʥʦʰʝʥʠʷ ʩʦ ʩʧʦʨʪʦʤ: 

ʦʬʩʘʡʜ ï ʥʘ ʚʥʝ ʠʛʨʳ ʛʦʣʢʠʧʝʨ ï ʥʘ ʚʨʘʪʘ-

ʨʷ, ʢʦʨʥʝʨ ï ʥʘ ʫʛʣʦʚʦʡ ʫʜʘʨ ʭʘʚʙʝʢ ï ʥʘ 

ʧʦʣʫʟʘʱʠʪʥʠʢʘ, ʧʝʥʘʣʴʪʠ ï ʥʘ 11-

ʤʝʪʨʦʚʳʡ ʫʜʘʨ [6]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ 1930-1950-ʝ ʛʦʜʘ 

ʠʤʝʣʠ ʥʝʙʣʘʛʦʧʦʣʫʯʥʫʶ ʩʨʝʜʫ ʜʣʷ ʣʠʥʛ-

ʚʠʩʪʠʢʠ, ʚʩʝ ʞʝ ʨʫʩʩʢʠʡ ʷʟʳʢ ʚ ʩʚʦʡ ʩʣʦ-

ʚʘʨʥʳʡ ʩʦʩʪʘʚ ʜʦʙʘʚʠʣ ʜʦʚʦʣʴʥʦ ʤʥʦʛʦ 

ʘʥʛʣʦʷʟʳʯʥʳʭ ʟʘʠʤʩʪʚʦʚʘʥʠʡ, ʢ ʧʨʠʤʝʨʫ, 

ʦʬʠʩ, ʛʨʝʡʧʬʨʫʪ, ʘʣʣʝʨʛʠʷ, ʙʦʡʣʝʨ, ʛʘʥʜ-

ʙʦʣ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ. ʅʘʯʠʥʘʷ ʩ ʩʝʨʝʜʠʥʳ 

50-ʭ ʛʛ. ʠ ʜʦ ʢʦʥʮʘ 60-ʭ ʛʦʜʦʚ ʨʫʩʩʢʠʡ 

ʷʟʳʢ ʧʦʧʦʣʥʠʣʩʷ ʵʢʟʦʪʠʟʤʘʤʠ, ʦʙʦʟʥʘʯʘ-

ʶʱʠʝ ʨʝʘʣʠʠ çʯʫʞʦʡè ʢʫʣʴʪʫʨʳ. ʕʪʦ ʪʘ-

ʢʠʝ ʩʣʦʚʘ, ʢʘʢ ʨʝʡʥʜʞʝʨ, ʢʦʨʨʠʜʘ, ʙʫʥʛʘʣʦ, 

ʜʝʨʚʠʰ, ʢʦʤʤʘʥʜʦʩ, ʧʘʙ, ʧʨʘʡʚʝʩʠ, ʬʘʡʬ-

ʦ-ʢʣʦʢ ʠ ʜʨʫʛʠʝ [7]. 

ʂ 1960-ʤ ʛ. ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʚʳʰʝʥʥʳʡ 

ʠʥʪʝʨʝʩ ʢ ʘʥʛʣʦʷʟʳʯʥʦʡ ʣʝʢʩʠʢʝ; ʚʟʛʣʷʜʳ 

ʥʘ ʠʥʦʷʟʳʯʥʳʝ ʟʘʠʤʩʪʚʦʚʘʥʠʷ, ʚ ʦʩʦʙʝʥ-

ʥʦʩʪʠ ʥʘ ʘʥʛʣʠʮʠʟʤʳ, ʟʘʤʝʪʥʦ ʤʝʥʷʶʪʩʷ. 

ʈʫʩʩʢʠʡ ʩʣʦʚʘʨʴ ʥʘʯʠʥʘʝʪ ʧʦʧʦʣʥʷʪʩʷ ʘʥ-

ʛʣʠʮʠʟʤʘʤʠ ʙʳʩʪʨʳʤʠ ʪʝʤʧʘʤʠ. 

ʉ 1970 ʧʦ 1980-e ʛʦʜʳ ʨʫʩʩʢʠʡ ʷʟʳʢ ʟʘ-

ʥʦʚʦ ʧʨʠʟʥʘʝʪ ʘʥʛʣʠʮʠʟʤʳ ʚ ʩʚʦʡ ʩʣʦʚʘʨʴ. 

ʇʦʷʚʣʷʶʪʩʷ ʥʦʚʳʝ ʩʣʦʚʘ, ʢʦʪʦʨʳʭ ʩ ʢʘʞ-

ʜʳʤ ʧʝʨʠʦʜʦʤ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʴʰʝ ï ʧʨʘʡ-

ʤʝʨʠʟ, ʠʤʧʠʯʤʝʥʪ, ʚʘʫʯʝʨ, ʠʩʪʵʙʣʠʰʤʝʥʪ, 

ʢʦʥʩʝʥʩʫʩ, ʤʝʥʝʜʞʤʝʥʪ, ʧʘʥʢ ʠ ʜʨʫʛʠʝ. 

ʀʪʘʢ, ʟʘʠʤʩʪʚʦʚʘʥʠʝ ʠʥʦʩʪʨʘʥʥʳʭ ʩʣʦʚ 

ʠʟ ʜʨʫʛʠʭ ʷʟʳʢʦʚ ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩʦʤ ʥʝ 

ʪʦʣʴʢʦ ʝʩʪʝʩʪʚʝʥʥʳʤ, ʥʦ ʠ ʥʝʦʙʭʦʜʠʤʳʤ. 

ʆʥʦ ʩʚʷʟʘʥʦ ʩ ʨʘʟʚʠʪʠʝʤ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʠ ʪʦʨʛʦʚʳʭ ʦʪʥʦʰʝʥʠʡ [8], ʠʩʪʦʨʠʯʝʩʢʠʭ 

ʩʚʷʟʝʡ, ʦʙʤʝʥʘ ʥʘʫʯʥʦʡ ʠ ʢʫʣʴʪʫʨʥʦʡ ʠʥ-

ʬʦʨʤʘʮʠʝʡ, ʷʟʳʢʦʚʳʭ ʢʦʥʪʘʢʪʦʚ. ʅʝʦʙʭʦ-

ʜʠʤʦ ʟʥʘʪʴ, ʯʪʦ ʠʥʦʷʟʳʯʥʳʝ ʟʘʠʤʩʪʚʦʚʘ-

ʥʠʷ ʚʘʞʥʦ ʫʧʦʪʨʝʙʣʷʪʴ ʧʨʘʚʠʣʴʥʦ, ʧʦ-
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ʩʢʦʣʴʢʫ ʥʝʪʦʯʥʦʝ ʠʭ ʫʧʦʪʨʝʙʣʝʥʠʝ, ʥʘʨʫ-

ʰʝʥʠʝ ʨʘʟʛʦʚʦʨʥʳʭ ʩʪʠʣʝʡ ʠ ʞʘʥʨʦʚ ʚʳ-

ʟʳʚʘʝʪ ʩʦʤʥʝʥʠʝ ʦ ʜʦʧʫʩʪʠʤʦʩʪʠ ʠʭ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ [9]. 

ɺʦʧʨʦʩ ʦ ʪʦʤ, ʢʘʢʦʚʘ ʨʦʣʴ ʠʥʦʷʟʳʯʥʳʭ 

ʟʘʠʤʩʪʚʦʚʘʥʠʡ ʚ ʨʫʩʩʢʦʤ ʷʟʳʢʝ ʚʩʝʛʜʘ 

ʦʩʪʘʝʪʩʷ ʦʪʢʨʳʪʳʤ, ʧʦʩʢʦʣʴʢʫ ʣʠʥʛʚʠʩʪʳ 

ʠʩʩʣʝʜʫʶʪ ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ ʦʙʰʠʨʥʦ, ʨʘʟ-

ʨʘʙʘʪʳʚʘʷ ʨʘʟʥʳʝ ʧʨʠʝʤʳ ʠ ʤʝʪʦʜʳ ʠʭ 

ʠʟʫʯʝʥʠʷ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʙʣʝʤʘ ʟʘʠʤʩʪʚʦʚʘ-

ʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʢʘʢ ʥʝʣʝʛʢʘʷ ʣʠʥʛʚʠ-

ʩʪʠʯʝʩʢʘʷ ʟʘʜʘʯʘ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʠ ʦʙʦʶʜ-

ʥʦʡ ʧʦʜʜʝʨʞʢʠ ʨʘʟʥʳʭ ʛʨʫʧʧ ʚ ʦʜʥʦʤ ʷʟʳ-

ʢʦʚʦʤ ʦʙʱʝʩʪʚʝ. ɿʘʠʤʩʪʚʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ 

ʨʝʟʫʣʴʪʘʪʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʷʟʳʢʦʚʳʭ 

ʩʚʷʟʝʡ ʠ ʦʙʤʝʥʦʤ ʥʦʚʳʤʠ ʠʜʝʷʤʠ ʦ ʤʠʨʝ. 
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ɸʥʥʦʪʘʮʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʘʩʧʝʢʪʦʚ ʵʤʦʮʠʦʥʘʣʴʥʦʡ ʷʟʳʢʦʚʦʡ ʢʘʨʪʠʥʳ 

ʤʠʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ, ʧʦʩʢʦʣʴʢʫ ʧʦʤʦʛʘʝʪ ʧʦʥʷʪʴ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʠ 

ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʷʟʳʢʘ. ɺʝʨʙʘʣʠʟʘʮʠʷ ʢʦʥʮʝʧʪʘ ʛʥʝʚ ʦʪʨʘʞʘʝʪ ʮʝʣʳʡ ʢʦʤʧʣʝʢʩ 

ʢʦʛʥʠʪʠʚʥʳʭ ʠ ʧʦʚʝʜʝʥʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʧʦʩʪʦʷʥʥʦ ʤʝʥʷʶʱʠʭʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʫʩʣʦʚʠʷʤʠ ʠ ʦʪʚʝʯʘʶʱʠʭ ʚʥʫʪʨʝʥʥʠʤ ʠ ʚʥʝʰʥʠʤ ʪʨʝʙʦʚʘʥʠʷʤ. ɺ ʩʪʘʪʴʝ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʵʪʠʤʦʣʦʛʠʷ, ʩʠʥʦʥʠʤʳ ʠ ʣʝʢʩʠʢʦ- ʩʝʤʘʥʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʜʘʥʥʦʛʦ 

ʢʦʥʮʝʧʪʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʥʮʝʧʪ, ʢʘʨʪʠʥʘ ʤʠʨʘ, ʵʤʦʮʠʠ, ʛʥʝʚ, ʙʘʟʦʚʳʡ ʢʦʥʮʝʧʪ, ʣʝʢʩʝʤʳ, 

ʩʝʤʘʥʪʠʢʘ. 

 

ʗʟʳʢ ʷʚʣʷʝʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʜʫʢʪʦʤ 

ʠ ʚʘʞʥʦʡ ʯʘʩʪʴʶ ʢʫʣʴʪʫʨʳ. ʎʝʣʦʩʪʥʦʝ ʠʩ-

ʩʣʝʜʦʚʘʥʠʝ ʷʟʳʢʘ ʧʦʟʚʦʣʷʝʪ ʧʦʥʷʪʴ ʫʥʠ-

ʚʝʨʩʘʣʴʥʫʶ ʧʨʠʨʦʜʫ ʯʝʣʦʚʝʢʘ, ʘ ʠʜʠʦʩʠʥ-

ʢʨʘʟʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʷʟʳʢʘ ʧʦʟʚʦʣʷʝʪ ʛʣʫ-

ʙʦʢʦ ʧʦʥʷʪʴ ʩʧʝʮʠʬʠʢʫ ʢʫʣʴʪʫʨʳ. ʗʟʳʢʠ 

(ʚ ʢʫʣʴʪʫʨʥʦʤ ʧʣʘʥʝ) ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʘʭ ʢʦʥʮʝʧʪʫʘʣʠʟʘʮʠʠ ʠ 

ʢʘʪʝʛʦʨʠʟʘʮʠʠ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʦʧʳʪʘ. ʏʪʦ-

ʙʳ ʧʦʥʷʪʴ ʢʦʥʮʝʧʪʳ, ʤʳ ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ 

ʦʧʨʝʜʝʣʝʥʥʳʤ ʦʧʳʪ. ʕʤʦʮʠʷ ʚʢʣʶʯʘʝʪ ʚ 

ʩʝʙʷ ʢʘʢ ʦʙʨʘʱʝʥʠʝ ʢ ʯʫʚʩʪʚʘʤ, ʪʘʢ ʠ ʦʙ-

ʨʘʱʝʥʠʝ ʢ ʤʳʩʣʷʤ (ʘ ʪʘʢʞʝ ʦʙʨʘʱʝʥʠʝ ʢ 

ʪʝʣʫ), ʠ ʢʫʣʴʪʫʨʘ ʯʘʩʪʦ ʬʦʨʤʠʨʫʝʪ ʢʘʢ 

ʩʧʦʩʦʙʳ ʤʳʰʣʝʥʠʷ, ʪʘʢ ʠ ʩʧʦʩʦʙʳ ʯʫʚ-

ʩʪʚʦʚʘʥʠʷ. ʆʜʥʘʢʦ ʜʣʷ ʠʟʫʯʝʥʠʷ ʚʩʝʛʦ ʵʪʦ-

ʛʦ ʥʝʦʙʭʦʜʠʤʘ ʯʝʪʢʘʷ ʠ ʥʘʜʝʞʥʘʷ ʢʦʥʮʝʧ-

ʪʫʘʣʴʥʘʷ ʩʭʝʤʘ.  

ʂʦʥʮʝʧʪʳ ʵʤʦʮʠʡ, ʜʦʣʛʦʝ ʚʨʝʤʷ ʠʩʢʣʶ-

ʯʘʚʰʠʝʩʷ ʠʟ ʣʠʥʛʚʠʩʪʠʢʠ ʚ ʫʟʢʦʤ ʩʤʳʩʣʝ, 

ʚ ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʩʪʘʣʠ ʧʨʝʜʤʝ-

ʪʦʤ ʧʦʚʳʰʝʥʥʦʛʦ ʠʥʪʝʨʝʩʘ. ɸʥʥʘ ɺʝʨʞ-

ʙʠʮʢʘʷ ʧʝʨʚʦʡ ʟʘʛʦʚʦʨʠʣʘ ʦ ʢʦʥʮʝʧʪʘʭ, 

ʚʦʟʨʦʞʜʘʷ ʠʜʝʠ ɻʫʤʙʦʣʴʜʪʘ ʠ ʉʘʧʠʨʘ-

ɺʦʨʬʘ. ʂʦʥʮʝʧʪ ï ʵʪʦ ʝʜʠʥʠʮʘ ʤʳʰʣʝʥʠʷ, 

ʚʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʯʝʤ-ʣʠʙʦ, ʩʫʱʝʩʪʚʫʶ-

ʱʘʷ ʚ ʩʦʟʥʘʥʠʠ ʣʶʜʝʡ, ʛʦʚʦʨʷʱʠʭ ʥʘ 

ʦʧʨʝʜʝʣʝʥʥʦʤ ʷʟʳʢʝ. ɺʦʩʧʨʠʷʪʠʝ ʢʦʥʮʝʧ-

ʪʦʚ ʵʤʦʮʠʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʢʦʥʮʝʧ-

ʪʫʘʣʴʥʳʝ ʤʝʪʘʬʦʨʳ [1]. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʫ 

ʣʠʥʛʚʠʩʪʦʚ-ʢʦʛʥʠʪʦʣʦʛʦʚ ʚʳʟʳʚʘʶʪ 

ʢʦʥʮʝʧʪ ʢʘʢ "ʩʯʘʩʪʴʝ", "ʧʨʘʚʜʘ", "ʜʨʫʞʙʘ", 

"ʯʝʩʪʴ", "ʩʫʜʴʙʘ", "ʣʠʯʥʦʩʪʴ", "ʯʝʣʦʚʝʢ", 

"ʛʥʝʚ", "ʨʘʜʦʩʪʴ".  

ʀʥʪʝʨʝʩ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʛʥʠʪʦʣʦʛʦʚ ʢ 

ʵʪʠʯʝʩʢʠʤ ʢʦʥʮʝʧʪʘʤ (ʙʳʪʠʡʥʳʤ, ʩʦʮʠ-

ʘʣʴʥʳʤ, ʢʫʣʴʪʫʨʥʳʤ) ʦʙʲʷʩʥʷʝʪʩʷ ʵʪʥʦ-

ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ ʧʨʠʨʦʜʦʡ ʧʦʩʣʝʜʥʠʭ; ʠʭ 

ʩʦʜʝʨʞʘʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʦʨʤʘʤʠ ʩʦʮʠ-

ʘʣʴʥʦʡ ʞʠʟʥʠ, ʠ ʦʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʟʥʘʥʠʷ ʦ ʚʥʫʪʨʝʥʥʝʤ ʤʠʨʝ ʩʘʤʦʛʦ ʯʝʣʦʚʝ-

ʢʘ. 

ʂʦʥʮʝʧʪʫʘʣʴʥʘʷ ʧʨʠʨʦʜʘ ʢʦʥʮʝʧʪʘ 

"ʛʥʝʚ" ʨʘʩʢʨʳʚʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʪʦʣʢʦʚʳʤʠ 

ʩʣʦʚʘʨʷʤʠ, ʥʦ ʠ ʢʦʥʪʝʢʩʪʫʘʣʴʥʳʤ ʘʥʘʣʠ-

ʟʦʤ. ɿʥʘʥʠʡ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʩʣʦʚʘʨʷʤʠ, 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʚʩʝʛʦ ʢʦʛʥʠ-

ʪʠʚʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʢʦʥʮʝʧʪʘ "ʛʥʝʚ". ʂʦʥ-

ʪʝʢʩʪ ʫʪʦʯʥʷʝʪ ʟʥʘʯʝʥʠʝ, ʨʘʩʢʨʳʚʘʷ ʥʶʘʥ-

ʩʳ ʝʛʦ ʩʝʤʘʥʪʠʢʠ. ʀʜʝʶ "ʦʙʨʘʟʘ" ʥʝ ʩʣʝ-

ʜʫʝʪ ʧʦʥʠʤʘʪʴ ʥʘʪʫʨʘʣʠʩʪʠʯʝʩʢʠ, ʢʘʢ ʙʫʜ-

ʪʦ ʛʜʝ-ʪʦ ʚ ʛʦʣʦʚʝ ʫ ʯʝʣʦʚʝʢʘ ʝʩʪʴ ʥʝʢʘʷ 

ʠʣʣʶʩʪʨʘʮʠʷ, ʯʠʪʘʝʤʘʷ ʚʥʫʪʨʝʥʥʠʤ ʚʟʦ-

ʨʦʤ. ʊʝʤ ʥʝ ʤʝʥʝʝ "ʦʙʨʘʟ" ʩʫʱʝʩʪʚʫʝʪ. ʆʥ 

"ʟʘʧʝʯʘʪʣʝʚʘʝʪʩʷ" ʚ ʢʦʣʣʝʢʪʠʚʥʦʤ ʩʦʟʥʘ-

ʥʠʠ ʥʦʩʠʪʝʣʝʡ ʷʟʳʢʘ ʠʟ ʧʨʠʩʫʱʠʭ ʧʨʝʜʤʝ-

ʪʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʅʘʯʥʝʤ ʥʘʰ ʘʥʘʣʠʟ ʩ 

ʦʙʨʘʟʮʘ "ʤʝʥʪʘʣʴʥʳʭ ʦʙʨʘʟʦʚ", ʧʨʝʜʩʪʘʚ-

ʣʝʥʥʳʭ ʢʦʥʮʝʧʪʦʤ "ʛʥʝʚ". ʀʟʚʝʩʪʥʦ, ʯʪʦ 
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ʛʥʝʚ ʭʨʘʥʠʪʩʷ ʚ ʥʘʰʝʡ ʧʘʤʷʪʠ ʢʘʢ ʩʠʣʴʥʦʝ 

ʯʫʚʩʪʚʦ ʥʝʛʦʜʦʚʘʥʠʷ, ʩʪʨʘʩʪʥʦʛʦ ʨʘʟʜʨʘ-

ʞʝʥʠʷ, ʙʫʨʥʦʛʦ ʧʦʨʳʚʘ, ʚʩʧʳʰʢʠ, ʛʦʨʝʯʠ. 

ʅʘʯʥʝʤ ʥʘʰ ʘʥʘʣʠʟ ʩ ʦʙʨʘʟʮʘ "ʤʳʩʣʝʦʙʨʘ-

ʟʘ", ʨʝʧʨʝʟʝʥʪʠʨʫʝʤʦʛʦ ʢʦʥʮʝʧʪʦʤ "ʛʥʝʚ". 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʢʘʪʝʛʦʨʠʟʘʮʠʠ ʵʤʦʮʠʡ ʚ 

ʷʟʳʢʘʭ ʥʝʦʙʭʦʜʠʤʳ ʭʦʪʷ ʙʳ ʤʠʥʠʤʘʣʴʥʳʝ 

ʟʥʘʥʠʷ ʧʦ ʧʩʠʭʦʣʦʛʠʠ. ɺ ʤʠʨʝ ʩʦʟʜʘʥʦ 

ʤʥʦʞʝʩʪʚʦ ʪʝʦʨʠʡ ʵʤʦʮʠʡ. ɺʩʝ ʧʩʠʭʦʣʦʛʠ 

ʩʭʦʜʷʪʩʷ ʚʦ ʤʥʝʥʠʠ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʙʘʟʦ-

ʚʳʭ ʵʤʦʮʠʡ. ʆʥʠ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ 

ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʵʤʦʮʠʡ, ʥʘʧʨʠʤʝʨ 

ʥʝʥʘʚʠʩʪʴ ʪʨʫʜʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʝʙʝ ʙʝʟ 

ʛʥʝʚʘ ʠ ʷʨʦʩʪʠ. ʉʧʠʩʦʢ ʙʘʟʦʚʳʭ ʵʤʦʮʠʡ 

ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʠʥʪʝʨʝʩ, 

ʨʘʜʦʩʪʴ, ʫʜʠʚʣʝʥʠʝ, ʧʝʯʘʣʴ, ʛʥʝʚ, ʩʪʨʘʭ, 

ʦʪʚʨʘʱʝʥʠʝ, ʧʨʝʟʨʝʥʠʝ [2]. 

ɻʥʝʚ - ʵʪʦ ʩʠʣʴʥʦʝ ʯʫʚʩʪʚʦ ʞʝʣʘʥʠʷ 

ʧʨʠʯʠʥʠʪʴ ʚʨʝʜ, ʙʦʣʴ ʠʣʠ ʢʨʠʪʠʢʦʚʘʪʴ 

ʢʦʛʦ-ʪʦ, ʧʦʪʦʤʫ ʯʪʦ ʦʥ ʩʜʝʣʘʣ ʯʪʦ-ʪʦ 

ʥʝʩʧʨʘʚʝʜʣʠʚʦʝ, ʞʝʩʪʦʢʦʝ, ʦʩʢʦʨʙʠʪʝʣʴʥʦʝ 

ʠ ʪ.ʜ. ʆʜʥʠ ʘʚʪʦʨʳ ʧʠʰʫʪ ʦ 

"ʟʘʙʣʦʢʠʨʦʚʘʥʥʳʭ ʮʝʣʷʭ", ʜʨʫʛʠʝ 

ʩʚʷʟʳʚʘʶʪ ʛʥʝʚ ʩ "ʫʥʠʟʠʪʝʣʴʥʦʡ ʦʙʠʜʦʡ 

ʧʨʦʪʠʚ ʤʝʥʷ ʠ ʤʦʝʛʦ" ʠʣʠ ʩ 

"ʦʩʢʦʨʙʣʝʥʠʝʤ", ʪʨʝʪʴʠ ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ 

"ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʦʡ ʚʠʜ ʧʦʪʝʨʠ ʠʣʠ 

ʘʚʝʨʩʠʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʛʥʝʚ 

ʧʨʠ ʥʘʣʠʯʠʠ ʫʙʝʞʜʝʥʠʷ ʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ 

ʮʝʣʠ". 

ʉʚʷʟʴ ʤʝʞʜʫ ʵʤʦʮʠʷʤʠ ʠ ʷʟʳʢʦʤ ï 

ʦʩʦʙʘʷ. ʗʟʳʢ ʦʧʨʝʜʝʣʷʝʪ ʠʭ ʩʫʱʥʦʩʪʴ, 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʠʭ ʩʭʦʜʩʪʚʦ ʠ ʨʘʟʣʠʯʠʝ, 

ʢʘʪʝʛʦʨʠʟʠʨʫʝʪ ʚʥʫʪʨʝʥʥʠʡ ʤʠʨ. ʉʬʝʨʘ 

ʯʫʚʩʪʚ ï ʵʪʦ ʥʝ ʪʦʣʴʢʦ ʘʙʩʪʨʘʢʮʠʷ, ʥʦ ʠ 

ʬʨʘʛʤʝʥʪ ʨʝʘʣʴʥʦʩʪʠ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʦʧʳʪʘ 

ʢʘʞʜʦʛʦ ʠʥʜʠʚʠʜʘ. ʗʟʳʢ ʦʙʦʙʱʘʝʪ ʵʪʦʪ 

ʦʧʳʪ ʠ ʥʘʟʳʚʘʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʩʦʩʪʦʷʥʠʷ. 

ɻʥʝʚ ʦʪʥʦʩʠʪʩʷ ʢ ʩʬʝʨʝ ʘʙʩʪʨʘʢʪʥʳʭ 

ʩʫʱʝʩʪʚʠʪʝʣʴʥʳʭ. ʉʪʨʫʢʪʫʨʘ ʢʦʥʮʝʧʪʦʚ 

ʵʤʦʮʠʡ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦ ʤʥʦʛʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʢʘʢ ʩʮʝʥʘʨʠʡ ʠʣʠ ʤʦʜʝʣʴ. 

ʈʘʟʜʝʣʷʶʪ ʩʣʝʜʫʶʱʠʝ ʩʪʘʜʠʠ ʧʨʦʷʚʣʝʥʠʷ 

ʛʥʝʚʘ: 

1. ʧʨʠʯʠʥʘ ʛʥʝʚʘ; 

2. ʧʨʦʷʚʣʝʥʠʝ ʛʥʝʚʘ; 

3. ʧʦʧʳʪʢʘ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʛʥʝʚ; 

4. ʧʦʪʝʨʷ ʢʦʥʪʨʦʣʷ ʥʘʜ ʛʥʝʚʦʤ; 

5. ʚʦʟʤʝʟʜʠʝ [3]. 

ʇʨʠ ʦʧʠʩʘʥʠʠ ʵʤʦʮʠʦʥʘʣʴʥʳʭ 

ʩʦʩʪʦʷʥʠʡ ʛʥʝʚʘ ʚʘʞʥʳ ʩʣʝʜʫʶʱʠʝ 

ʬʘʢʪʦʨʳ: 

- ʧʨʠʯʠʥʘ ʵʤʦʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ; 

- ʤʝʩʪʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʵʤʦʮʠʦʥʘʣʴʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ; 

- ʩʫʙʲʝʢʪ ʵʤʦʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ; 

- ʩʘʤʦ ɻʤʦʮʠʦʥʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ 

(ʢʦʥʮʝʧʪʫʘʣʴʥʳʝ ʤʝʪʘʬʦʨʳ, 

ʦʧʨʝʜʝʣʷʶʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʵʤʦʮʠʦʥʘʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ); 

- ʚʳʨʘʞʝʥʠʝ ʵʤʦʮʠʦʥʘʣʴʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ; 

- ʨʝʟʫʣʴʪʘʪʳ ʵʤʦʮʠʦʥʘʣʴʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ. 

ʀʩʪʦʨʠʢʦ-ʵʪʠʤʦʣʦʛʠʯʝʩʢʠʡ ʩʣʦʚʘʨʴ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʨʫʩʩʢʦʛʦ ʷʟʳʢʘ ʜʘʝʪ 

ʩʣʝʜʫʶʱʠʝ ʩʚʝʜʝʥʠʷ ʦʙ ʵʪʦʡ ʣʝʢʩʝʤʝ: 

"ɻʥʝʚ ï ʷʨʦʩʪʴ, ʯʫʚʩʪʚʦ ʩʠʣʴʥʦʛʦ 

ʥʝʛʦʜʦʚʘʥʠʷ, ʚʦʟʤʫʱʝʥʠʷ" [4]. ʇʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʶ ʵʪʦ ʧʨʘʩʣʘʚʷʥʩʢʦʝ ʩʣʦʚʦ 

ʩʚʷʟʳʚʘʶʪ ʩʦ ʩʣʦʚʘʤʠ ʛʥʠʣʴ, ʛʥʦʡ: 

ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʦʥʠ ʚʦʩʭʦʜʷʪ ʢ ʦʜʥʦʤʫ 

ʠ ʪʦʤʫ ʞʝ ʠʥʜʦʝʚʨʦʧʝʡʩʢʦʤʫ ʢʦʨʥʶ *ghen 

ï ʪʝʨʝʪʴ, ʛʨʳʟʪʴ. 

ʀʟ ʟʥʘʯʝʥʠʷ ʪʝʨʝʪʴ ʨʘʟʚʠʣʦʩʴ ʩʣʦʚʦ 

ʛʨʳʟʪʴ ï ʠʟʤʝʣʴʯʘʪʴ, ʘ ʠʟ ʥʝʛʦ - 

ʨʘʩʧʘʜʘʪʴʩʷ ʥʘ ʤʝʣʴʯʘʡʰʠʝ ʯʘʩʪʠʮʳ > 

ʨʘʟʣʘʛʘʪʴʩʷ > ʛʥʠʪʴ. ʉʦʚʨʝʤʝʥʥʦʝ 

ʟʥʘʯʝʥʠʝ ʩʣʦʚʘ ʛʥʝʚ, ʢʘʢ ʦʪʤʝʯʘʶʪ 

ʠʩʩʣʝʜʦʚʘʪʝʣʠ, ʤʦʛʣʦ ʨʘʟʚʠʪʴʩʷ ʠʟ 

ʟʥʘʯʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʙʦʣʴʥʦʛʦ, ʧʦʢʨʳʪʦʛʦ 

ʩʪʨʫʧʴʷʤʠ, ʛʥʦʷʱʠʤʠʩʷ ʨʘʥʘʤʠ. 

ɺʦʟʤʦʞʥʦ, ʠʤʝʥʥʦ ʩʚʷʟʴ ʩʣʦʚ ʛʥʝʚ ʠ 

ʛʥʠʣʴ, ʛʥʦʡ ʩʧʦʩʦʙʩʪʚʦʚʘʣʘ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʚ ʥʘʰʝʡ ʢʫʣʴʪʫʨʝ 

ʚʦʩʧʨʠʷʪʠʷ ʛʥʝʚʘ ʢʘʢ "ʥʝʛʘʪʠʚʥʦʡ" 

ʵʤʦʮʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʚʦʥʘʯʘʣʴʥʦʝ, 

ʜʨʝʚʥʝʝ ʟʥʘʯʝʥʠʝ ʩʣʦʚʘ ʛʥʝʚ ʤʦʞʥʦ 

ʪʨʘʢʪʦʚʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʵʪʦ 

ʯʫʚʩʪʚʦ, ʧʨʠ ʢʦʪʦʨʦʤ ʭʦʯʝʪʩʷ ʩʪʝʨʝʪʴ 

ʢʦʛʦ-ʪʦ ʠʣʠ ʯʪʦ-ʪʦ ʚ ʧʦʨʦʰʦʢ, ʨʘʟʛʨʳʟʪʴ, 

ʫʢʫʩʠʪʴ. 

ʅʘʤʠ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʩʠʥʦʥʠʤʳ ʣʝʢʩʝʤʳ "ʛʥʝʚ": ʜʦʩʘʜʘ, 

ʠʩʩʪʫʧʣʝʥʠʝ, ʟʘʧʘʣʴʯʠʚʦʩʪʴ, ʟʣʦʙʘ, 

ʟʣʦʩʪʴ, ʥʝʛʦʜʦʚʘʥʠʝ, ʥʝʜʦʚʦʣʴʩʪʚʦ, 

ʥʝʤʠʣʦʩʪʴ, ʥʝʫʜʦʚʦʣʴʩʪʚʠʝ, 

ʥʝʨʘʩʧʦʣʦʞʝʥʠʝ, ʥʝʩʦʯʫʚʩʪʚʠʝ, 

ʦʟʣʦʙʣʝʥʠʝ, ʦʧʘʣʘ, ʦʩʪʝʨʚʝʥʝʥʠʝ. ʉʨʝʜʠ 

ʥʠʭ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ 
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ʷʚʣʷʶʪʩʷ : ʙʝʰʝʥʩʪʚʦ, ʚʦʟʤʫʱʝʥʠʝ, 

ʥʝʛʦʜʦʚʘʥʠʝ, ʨʘʟʜʨʘʞʝʥʠʝ, ʷʨʦʩʪʴ. ɺʩʝ 

ʦʥʠ ʠʤʝʶʪ ʩʚʦʶ ʩʝʤʘʥʪʠʯʝʩʢʫʶ ʠ 

ʩʪʠʣʠʩʪʠʯʝʩʢʫʶ "ʩʧʝʮʠʘʣʠʟʘʮʠʶ" ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʢʦʥʮʝʧʪʫ ʛʥʝʚ. ʅʘʧʨʠʤʝʨ, 

ʩʦʛʣʘʩʥʦ ʪʦʣʢʦʚʳʤ ʩʣʦʚʘʨʷʤ, ʚʦʟʤʫʱʝʥʠʝ 

ʧʦʥʠʤʘʝʪʩʷ ʢʘʢ ʢʠʧʷʱʠʡ ʛʥʝʚ ʠʣʠ ʛʥʝʚ, 

ʚʳʟʚʘʥʥʳʡ ʢʘʢʦʡ-ʪʦ ʥʝʩʧʨʘʚʝʜʣʠʚʦʩʪʴʶ 

ʠʣʠ ʯʝʤ-ʪʦ ʥʝʜʦʩʪʦʡʥʳʤ; ʷʨʦʩʪʴ ʵʪʦ 

ʞʛʫʯʠʡ ʛʥʝʚ ʩ ʞʝʣʘʥʠʝʤ ʦʪʦʤʩʪʠʪʴ, 

ʥʘʢʘʟʘʪʴ; ʥʝʛʦʜʦʚʘʥʠʝ ʵʪʦ ʚʦʟʤʫʱʝʥʠʝ, 

ʢʨʘʡʥʝʝ ʥʝʜʦʚʦʣʴʩʪʚʦ; ʟʣʦʙʘ ï ʯʫʚʩʪʚʦ 

ʥʝʜʦʙʨʦʞʝʣʘʪʝʣʴʥʦʩʪʠ, ʨʘʟʜʨʘʞʝʥʠʷ, 

ʜʦʩʘʜʳ; ʷʨʦʩʪʴ; ʨʘʟʜʨʘʞʝʥʠʝ ï ʵʪʦ 

ʩʦʩʪʦʷʥʠʝ ʜʦʩʘʜʳ ʠʣʠ ʥʝʜʦʚʦʣʴʩʪʚʘ, 

ʚʳʟʚʘʥʥʦʝ ʯʝʤ-ʣʠʙʦ [5]. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʦʡ ʠʣʠ ʠʥʦʡ ʣʝʢʩʝʤʳ 

ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʢʨʝʪʥʦʡ ʨʝʯʝʚʦʡ ʩʠʪʫʘʮʠʠ, 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʪʠʣʠʩʪʠʯʝʩʢʦʡ 

ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ. 

ɺʘʞʥʦ ʪʘʢʞʝ ʫʯʠʪʳʚʘʪʴ ʩʦʯʝʪʘʝʤʦʩʪʴ 

ʩʣʦʚ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʣʝʢʩʠʢʦ-

ʩʝʤʘʥʪʠʯʝʩʢʦʝ ʧʦʣʝ ʢʦʥʮʝʧʪʘ "ʛʥʝʚ" ʚ 

ʨʫʩʩʢʦʤ ʷʟʳʢʝ. ʉʣʦʚʦ ʛʥʝʚ ʩʦʯʝʪʘʝʪʩʷ ʩ 

ʛʣʘʛʦʣʘʤʠ ʦʩʪʳʪʴ, ʦʪʩʪʫʧʠʪʴ, ʚʳʟʚʘʪʴ, 

ʙʦʨʦʪʴʩʷ, ʙʳʚʘʪʴ ʩʤʝʥʠʪʴ, ʙʦʷʪʴʩʷ, 

ʩʜʝʨʞʘʪʴ, ʥʘʚʣʝʯʴ, ʯʫʚʩʪʚʦʚʘʪʴ; 

ʚʩʧʳʭʥʫʪʴ, ʚʟʚʳʪʴ, ʫʪʠʭʥʫʪʴ (ʢʘʢ ʙʫʨʷ 

ʠʣʠ ʥʝʧʦʛʦʜʘ),ʠ ʟʣʠʪʴʩʷ(ʧʦʜʦʙʥʦ ʚʦʜʝ), 

ʜʨʦʞʘʪʴ, ʧʦʢʨʘʩʥʝʪʴ, ʧʦʪʝʤʥʝʪʴ, 

ʠʩʢʘʟʠʪʴʩʷ, ʢʠʧʝʪʴ, ʧʦʜʘʚʠʪʴ , ʧʳʣʘʪʴ, 

ʨʘʩʪʘʷʪʴ. 

ʀʟʫʯʝʥʠʝ ʩʦʯʝʪʘʝʤʦʩʪʠ ʣʝʢʩʝʤʳ "ʛʥʝʚ" 

ʩ ʜʨʫʛʠʤʠ ʩʫʱʝʩʪʚʠʪʝʣʴʥʳʤʠ ʧʦʟʚʦʣʷʝʪ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦʪʥʳʤʠ 

ʟʜʝʩʴ ʷʚʣʷʶʪʩʷ: ɹʦʛ, ʨʦʜʠʪʝʣʠ ʥʘʨʦʜ , 

ʯʝʣʦʚʝʢ, ʭʦʟʷʠʥ, ʤʘʪʴ, ʦʪʝʮ, ʛʦʩʧʦʜ, ɸʣʣʘʭ, 

ʠ ʤʝʥʝʝ ʯʘʩʪʦ: ʙʫʨʷ, ʤʦʤʝʥʪ, ʧʦʨʳʚ, ʧʳʣʴ, 

ʩʦʩʪʦʷʥʠʝ, ʩʠʣʘ, ʚʳʨʘʞʝʥʠʝ. 

ɻʥʝʚ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʙʝʟʨʘʩʩʫʜʥʳʡ, 

ʙʝʟʫʜʝʨʞʥʳʡ, ʙʝʟʫʤʥʳʡ, ʙʝʩʧʨʠʯʠʥʥʳʡ , 

ʙʝʩʩʠʣʴʥʳʡ, ʙʝʰʝʥʳʡ, ʙʣʘʛʦʨʦʜʥʳʡ, 

ʙʦʞʝʩʪʚʝʥʥʳʡ, ʙʦʞʠʡ , ʙʦʣʴʰʦʡ, 

ʙʫʰʫʶʱʠʡ , ʚʝʣʠʢʠʡ [6]. 

ɸʥʘʣʠʟ ʩʣʦʚʘ ʚ ʢʦʥʪʝʢʩʪʝ ʚʘʞʝʥ, ʪʘʢ ʢʘʢ 

ʩʪʫʜʝʥʪʳ ʠʤʝʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʚʠʜʝʪʴ 

ʦʪʪʝʥʢʠ ʟʥʘʯʝʥʠʡ ʣʝʢʩʝʤʳ, ʚʢʣʶʯʝʥʥʳʭ ʚ 

ʨʘʟʣʠʯʥʳʝ ʢʫʣʴʪʫʨʥʳʝ ʢʦʥʪʝʢʩʪʳ. ʅʘʤʠ 

ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʬʨʘʟʝʦʣʦʛʠʯʝʩʢʠʝ 

ʝʜʠʥʠʮʳ, ʧʦʩʣʦʚʠʮʳ ʠ ʧʦʛʦʚʦʨʢʠ, ʩʦʜʝʨ-

ʞʘʱʠʝ ʣʝʢʩʝʤʫ "ʛʥʝʚ". 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʬʨʘʟʝʦʣʦʛʠʯʝʩʢʠʭ 

ʩʣʦʚʘʨʝʡ ʨʫʩʩʢʦʛʦ ʷʟʳʢʘ ʙʳʣʠ ʚʳʷʚʣʝʥʳ 

ʬʨʘʟʝʦʣʦʛʠʯʝʩʢʠʝ ʝʜʠʥʠʮʳ, ʥʘʟʳʚʘʶʱʠʝ 

ʯʫʚʩʪʚʘ:ʤʝʪʘʪʴ ʛʨʦʤ ʠ ʤʦʣʥʠʠ; ʚʳʭʦʜʠʪʴ 

ʠʟ ʩʝʙʷ; ʜʘʚʘʪʴ ʚ ʟʫʙʳ; ʜʦʚʦʜʠʪʴ ʜʦ ʙʝʣʦʛʦ 

ʢʘʣʝʥʠʷ; ʪʨʦʛʘʪʴ ʩʣʘʙʫʶ ʩʪʨʫʥʫ, ʠʤʝʪʴ 

ʟʫʙ; ʨʚʘʪʴ ʩʝʨʜʮʝ, ʩʜʠʨʘʪʴ ʢʦʞʫ; ʚ ʧʦʨʳ-

ʚʝ ʛʥʝʚʘ; ʜʦʚʦʜʠʪʴ/ʜʦʚʝʩʪʠ ʜʦ ʙʝʣʦʛʦ ʢʘ-

ʣʝʥʠʷ; ʜʦʚʦʜʠʪʴ/ʜʦʚʝʩʪʠ ʜʦ ʷʨʦʩʪʠ; ʣʦʧ-

ʥʫʪʴ ʪʝʨʧʝʥʠʝ). 

ɺ ʨʷʜʝ ʠʜʠʦʤ, ʚʳʨʘʞʘʶʱʠʭ ʛʥʝʚ, ʤʦʞ-

ʥʦ ʚʳʜʝʣʠʪʴ ʩʦʤʘʪʠʯʝʩʢʠʡ ʢʦʤʧʦʥʝʥʪ: ʚ 

ʩʝʨʜʮʘʭ; ʧʦʣʫʯʘʪʴ ʧʦ ʰʝʝ/ʧʦʣʫʯʠʪʴ ʧʦ 

ʰʝʝ; ʛʣʘʟʘ ʥʘʣʠʣʠʩʴ ʢʨʦʚʴʶ; ʧʦʧʝʨʝʢ ʛʦʨ-

ʣʘ; ʩʢʚʦʟʴ ʟʫʙʳ; ʪʦʯʠʪʴ ʟʫʙʳ. ɻʥʝʚ ʦʪʦʞ-

ʜʝʩʪʚʣʷʝʪʩʷ ʩ ʦʛʥʝʤ, ʧʣʘʤʝʥʝʤ: ʤʝʪʘʪʴ 

ʛʨʦʤʳ ʠ ʤʦʣʥʠʠ; ʧʦʜʣʠʚʘʪʴ/ʧʦʜʣʠʪʴ ʤʘʩ-

ʣʘ ʚ ʦʛʦʥʴ. 

ʆʩʥʦʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʚʦ ʬʨʘʟʝʦʣʦʛʠ-

ʯʝʩʢʠʭ ʝʜʠʥʠʮʘʭ, ʨʝʧʨʝʟʝʥʪʠʨʫʶʱʠʭ ʢʦʥ-

ʮʝʧʪ "ʛʥʝʚ" ʷʚʣʷʶʪʩʷ: 1) ʙʝʟʫʤʠʝ, 

2) ʟʨʠʪʝʣʴʥʦʝ ʚʦʩʧʨʠʷʪʠʝ, 3) ʩʦʤʘʪʠʯʝʩʢʠʡ 

ʧʨʠʟʥʘʢ, 4) ʦʪʦʞʜʝʩʪʚʣʝʥʠʝ ʩ ʦʛʥʝʤ [7]. 

ʅʝ ʤʝʥʝʝ ʚʘʞʥʳʤ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʵʪʥʦ-

ʢʫʣʴʪʫʨʥʦʡ ʩʧʝʮʠʬʠʢʠ ʢʦʥʮʝʧʪʘ, ʥʘ ʥʘʰ 

ʚʟʛʣʷʜ, ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʨʫʩʩʢʠʭ ʧʦʩʣʦʚʠʮ 

ʠ ʧʦʛʦʚʦʨʦʢ. ʉʦʛʣʘʩʥʦ ʨʫʩʩʢʠʤ ʩʣʦʚʘʨʷʤ, 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʛʥʝʚ ï ʵʪʦ ʦʯʝʥʴ 

ʩʠʣʴʥʦʝ ʯʫʚʩʪʚʦ, ʦʙʣʘʜʘʶʱʝʝ ʙʦʣʴʰʦʡ 

ʨʘʟʨʫʰʠʪʝʣʴʥʦʡ ʩʠʣʦʡ, ʛʥʝʚ ʟʘʩʪʘʚʣʷʝʪ 

ʪʝʨʷʪʴ ʛʦʣʦʚʫ, ʩʦʚʝʨʰʘʪʴ ʥʝʦʙʜʫʤʘʥʥʳʝ 

ʧʦʩʪʫʧʢʠ. ɻʥʝʚ ʯʝʣʦʚʝʢʫ ʩʫʰʠʪ ʢʦʩʪʠ, 

ʢʨʫʰʠʪ ʩʝʨʜʮʝ (ɻʥʝʚ ʩʫʰʠʪ ʢʦʩʪʠ ʯʝʣʦʚʝ-

ʢʘ, ʩʦʢʨʫʰʘʝʪ ʝʛʦ ʩʝʨʜʮʝ); ʅʘʯʘʣʦ ʛʥʝʚʘ-

ʙʝʟʫʤʩʪʚʦ, ʘ ʢʦʥʝʮ ʝʛʦ ï ʨʘʩʢʘʷʥʠʝ; ʛʥʝʚ 

ʧʨʦʪʠʚʦʧʦʣʦʞʝʥ ʣʶʙʚʠ: ʆʪ ʛʥʝʚʘ ʩʪʘʨʝ-

ʝʰʴ, ʦʪ ʣʶʙʚʠ ʤʦʣʦʜʝʝʰʴ. ʆʯʝʥʴ ʯʘʩʪʦ 

ʧʨʦʪʠʚʦʧʦʩʪʘʚʣʷʶʪʩʷ ʛʥʝʚ ʠ ʤʫʜʨʦʩʪʴ: 

ɻʥʝʚ ʰʘʛʘʝʪ ʚʧʝʨʝʜʠ, ʫʤ ï ʩʟʘʜʠ. ʂʦʥʮʝʧʪ 

"ʛʥʝʚ" ʯʘʩʪʦ ʘʢʪʫʘʣʠʟʠʨʫʝʪʩʷ ʩ ʧʦʥʷʪʠʝʤ 

"ɹʦʛ": ɹʦʛʘ ʥʝ ʧʨʦʛʥʝʚʠʰʴ- ʠ ʩʤʝʨʪʠ ʥʝ 

ʜʘʩʪ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʢʦʥʮʝʧʪʦʚ ʢʘʢ 

ʦʩʥʦʚʥʦʡ ʝʜʠʥʠʮʳ ʤʝʥʪʘʣʠʪʝʪʘ ʧʦʟʚʦʣʷʝʪ 

ʙʦʣʝʝ "ʦʩʷʟʘʝʤʦ" ʧʨʝʜʩʪʘʚʠʪʴ ʷʟʳʢʦʚʫʶ 

ʢʘʨʪʠʥʫ ʤʠʨʘ, ʝʝ ʵʤʦʮʠʦʥʘʣʴʥʫʶ ʩʦʩʪʘʚ-

ʣʷʶʱʫʶ, ʘ ʪʘʢʞʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʨʝʧʨʝ-

ʟʝʥʪʘʥʪʳ ʙʘʟʦʚʳʭ ʢʦʥʮʝʧʪʦʚ ʥʘ ʷʟʳʢʦʚʦʤ 

ʫʨʦʚʥʝ. ʄʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʠ ʜʨʫ-

ʛʠʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʢʦʥʮʝʧʪʦʚ ʚ ʠʥʦʩʪʨʘʥ-

ʥʦʡ ʘʫʜʠʪʦʨʠʠ, ʥʦ, ʩ ʥʘʰʝʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʧʦʜʭʦʜ ʢ ʧʨʝʟʝʥʪʘʮʠʠ 
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ʢʦʥʮʝʧʪʦʚ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚ-

ʥʳʤ, ʪʘʢ ʢʘʢ ʦʥ ʦʩʥʦʚʘʥ ʥʘ ʷʟʳʢʦʚʦʤ ʤʘ-

ʪʝʨʠʘʣʝ ʠ ʧʦʟʚʦʣʷʝʪ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʦʪ-

ʜʝʣʴʥʳʝ ʬʨʘʛʤʝʥʪʳ ʥʘʠʚʥʦʡ ʢʘʨʪʠʥʳ ʤʠ-

ʨʘ. 
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Abstract. The article deals with the features of the concept "Joy". The concept is understood 

as a multidimensional linguomental formation, realized in a sign form with high semiotic densi-

ty, possessing structural and semantic multilayer and ethno-cultural specificity. The semantic 

field of concepts represents many different meanings, the process of formation of lexical and se-

mantic content of the linguocultural concept "Joy" is conditioned not only by general cultural 

values, but also by the national and cultural specificity of the language. 

Keywords: concept, joy, mentality, ethnocultural specificity, axiological cultural markers, 

semantic field. 

 

The notion of "concept" in modern linguis-

tics has no unified interpretation, it is a cer-

tain linguosocial construct, the issues of ar-

chitectonics, classification, typology, verbali-

zation and methods of studying which are 

discussed by many researchers. 

P. Abelard considers the concept as a logi-

cal-linguistic category that creates a bridge 

connecting the world of concrete concepts 

and abstract categories and emphasizes that it 

is an entity of extremely subjective nature, 

oriented to the addressee. 

In the works of E. Sepir we speak about a 

concept as a certain "capsule of thought", 

which contains (and, possibly, generates) in 

condensed form all possible experiences and 

experiences of a person. 

In modern linguistics there are three main 

approaches to understanding the term "con-

cept", they are based on the position that the 

concept nominates the content of the con-

cept [1]. 

First, it is the cognitive-semiological ap-

proach of Y.S. Stepanov, according to which 

"not heterogeneous linguistic means realizing 

one and the same concept, but exactly sepa-

rate concepts" are studied. In this approach, 

language is considered as an auxiliary means, 

the role of which is secondary, as it is "a form 

of linguisticization of the existing lump of 

culture, concept" [2]. 

Secondly, it is the cognitive-semantic ap-

proach, which is adhered to by 

N.D. Arutyunova [3]. The concept, thus, is a 

unit of semantics, combining memory and 

imagination and, ultimately, possessing eth-

noculturally conditioned semantic content, 

which is based on a certain concept. 

According to the third approach, a concept 

is "a term that serves to explain the units of 

mental or psychic resources of our conscious-

ness and the information structure that re-

flects human knowledge and experience". 

The architectonics of a concept as a struc-

tural and semantic formation is of particular 

interest to us, since the knowledge of the 

structural components of a concept contrib-

utes to the identification of its essence. 

Linguocultural concept will differ from the 

term "concept" used in cognitive linguistics. 

Thus, a cognitive concept, as a rule, corre-

sponds to one language unit, while a lin-

guocultural concept has such a property as 

unflappability, as it is represented by a num-

ber of language and speech units. 

The sphere of emotional is a part of the 

value picture of the mental world of any na-

tion, which explains the diversity of linguistic 
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expression of emotional-evaluative meanings 

in the process of communication. In the Rus-

sian and English languages consciousness 

emotions reflect the centuries-old experience 

of the people through universal and culturally 

specific ideas about emotional experiences. 

Concepts of emotions joy, suffering, fear, 

as it seems, occupy a special place in the 

composition of initial emotion-evaluative 

meanings, forming the basis of the psychical 

structure of the personality. 

The concept "Joy" is usually referred to 

emotive, representing emotions and feelings, 

which has led to a special approach to it, 

which implies an integrative study of this 

problem from the point of view of both cogni-

tive linguistics and linguocultural studies. The 

emotional meaning of the concept "Joy" is 

universal, but in linguocultural representation 

it differs in lexical representation, degree of 

depth and concretization, variability at differ-

ent stages of functioning. Thus, we should 

talk about the emotional meaning of the con-

cept "Joy" as a representative of the mental 

identification of the text. 

Joy is a universal feeling that can be expe-

rienced by any person regardless of his/her 

nationality and culture. According to 

Y.S. Stepanov [2], despite such a wide inter-

pretation of the meaning, joy is described in 

the language insufficiently, extremely little. 

Perhaps, this is due to its elusiveness, com-

plexity of description. Some studies on this 

concept were conducted by 

A.B. Penkovsky [4], but he studied the con-

cept "Joy" in opposition to the concept 

"Pleasure", while we often notice their simi-

larity and interdependence in prose texts. Y.S. 

Stepanov explicates the two most common 

features of joy: 

1. "It is an inner feeling opposed to the ex-

ternal, physical sensation of pleasure". For 

example: But with what joy they jumped up 

when they heard the squeak of a passing cart! 

A fellow countryman! They surrounded him, 

smiled and shook his hand, as if they had not 

seen him for many, many years. Awakened 

by the talk, others rose from the ground and, 

shyly hiding their joy, also crowded around 

the cart of the traveler, lit their pipes and were 

ready to talk even until the light of day.... 

(I.A. Bunin "To the End of the World"). The 

cognitive representation of the feeling of joy 

occurs when a fellow countryman is met, 

however, this feeling is internal, they try not 

to show it outwardly, it is a quiet, shy joy, 

expressing the inner feeling; 

2. "The name of joy, that is, the word joy 

itself". For example: Glafira! ï Gordanov 

called out to her. There was no answer. ï 

Glafira! My joy! My happiness, come for-

ward! Let me hear your word! ï Your joy is 

not Glafira. ï No? What did you say? Aren't 

you my joy? In this context, the phrase "my 

joy" is Gordanov's affectionate address to 

Glafira and reflects his kind attitude towards 

her. 

Paying attention to the duality of the con-

cept of joy, Y. Stepanov notes that the very 

phenomenon of joy is as if distributed be-

tween a material object, the environment, and 

the internal state of a person, with the envi-

ronment being the cause and the internal state 

being the consequence. It is impossible not to 

see the same dual character of representations 

of suffering, where the surrounding world be-

comes the cause of the subject's negative 

state, and the inner state itself turns into a 

consequence. 

The lexeme joy is polysemic, but the last 

two meanings have nothing to do with the ex-

pression of emotions, but rather with the rea-

sons that cause them. 

Having intimated that joy is a concept that 

is relatively independent of happiness, letôs 

unpack that distinction a bit more. If joy is 

merely a synonym for happiness, efforts to 

kindle a science of joy are redundant with the 

science of happiness. In order to pursue a sys-

tematic investigation of joy, we must have a 

clear understanding of exactly what it is. 

As Vaillant [5] noted, "There is no simple 

definition of joy", and this may be one reason 

for the lack of systematic research on joy. 

Some definitions of joy are too vague and do 

not distinguish it from other positive emo-

tions. Recent scholarship in the theology of 

joy has led to advances in conceptualizing 

this emotion, how it may differ from happi-

ness, and its place in the good life. Almost all 

descriptions of joy in this literature state that 

joy is a response to a "good" object-usually a 

positive event or circumstance. Unlike mood 

states, joy as an emotional state is always 
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about something, and usually it is news of 

something good in one's life. Joy is a response 

to a good object. This does not mean, howev-

er, that joy is completely beyond one's con-

trol. Although the emotion of joy is a re-

sponse to a good event, one can prepare for 

joy. Thus, in response to a positive event, 

some individuals may experience joy and 

some may not. This detailed conceptual anal-

ysis of joy is necessary because, as we try to 

ignite a science of joy, we must, following 

Roberts, "have a pretty clear idea of what 

(joy) is, and be careful not to confuse it with 

other things that may be a little like it. Joy is 

scientifically interesting not only because it is 

a positive emotion, but because of the very 

distinctive character it has as a positive emo-

tion. One of the most important questions we 

all want to ask about joy is how it relates to 

human well-being, and this question needs to 

be asked with a clear idea of joy's distinctive 

structure. 

The conceptual features of the concept of 

joy, as the dictionary definitions show, are the 

following: 

- Cheerful 

- Great 

- Internal 

- Feeling, sensation 

- Mental 

- Pleasure  

- Satisfaction.  

Joy is qualified, therefore, as a positive 

emotion internally experienced by a person. It 

is characterized by the intensity of experi-

ence. 

Interpretative analysis of numerous uses of 

the nominants joy and joy allows us to distin-

guish the following semantic groups in the 

cognitive field of this concept: 

1) being in a state of positive feelings 

with/without indicating their causation (to 

experience, to bring joy; children are her joy); 

2) manifestation of an emotion in human 

actions (out of joy; Another person in my 

place would scream with joy; 

3) active human-like action of joy; 

4) contrasting joy with negative experienc-

es (joys and sorrows of life); 

5) positive signification of emotions; 

6) gradation of emotions of joy; 

7) somatic expression of emotions; 

8) temporality of the experience of joy [6]. 

Joy is most often associated in modern so-

ciety with success and reception of guests. Its 

experience is associated with a range of posi-

tive emotions (pleasure, delight, delight, ad-

miration) and sometimes with some negative 

emotions (anger, despair). Some respondents 

noted the association of joy with the somatic 

explication of the opposite emotion ï the 

word tears. Unlike, for example, the emotion 

of fear, joy corresponds with color (light joy), 

which emphasizes its previously noted posi-

tivity. 

In conclusion, let us point out that we con-

sider culturally relevant the speech use in the 

same contexts of the nominants of joy with 

nationally specific for the society concepts ï 

"heart" and "soul" (the heart has experienced 

a lot of joy, quiet joy in the soul, joy of the 

soul, etc.), which is not typical, for example, 

for the other society. 
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ʃɽʂʉʀʂʆ-ʉɽʄɸʅʊʀʏɽʉʂʀʁ ɸʅɸʃʀɿ ʂʆʅʎɽʇʊɸ ʈɸɼʆʉʊʔ 

 

ɸ.ʄ. ɸʙʳʣʢʘʩʳʤʦʚʘ1, ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ʊ.ɸ. ʉʫʣʝʡʤʘʥʦʚʘ2, ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ɻ.ɼ. ʕʨʢʝʙʘʝʚʘ3, ʧʨʝʧʦʜʘʚʘʪʝʣʴ 
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2ɼʞʘʣʘʣ-ɸʙʘʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɹ. ʆʩʤʦʥʦʚʘ 
3ʆʰʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 
1,3(ʂʳʨʛʳʟʩʪʘʥ, ʛ. ʆʰ) 
2(ʂʳʨʛʳʟʩʪʘʥ, ʛ. ɼʞʘʣʘʣ-ɸʙʘʜ) 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʢʦʥʮʝʧʪʘ çʈʘʜʦʩʪʴè. ʂʦʥʮʝʧʪ 

ʧʦʥʠʤʘʝʪʩʷ ʢʘʢ ʤʥʦʛʦʤʝʨʥʦʝ ʣʠʥʛʚʦʤʝʥʪʘʣʴʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ, ʨʝʘʣʠʟʦʚʘʥʥʦʝ ʚ ʟʥʘʢʦʚʦʡ 

ʬʦʨʤʝ ʩ ʚʳʩʦʢʦʡ ʩʝʤʠʦʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʴʶ, ʦʙʣʘʜʘʶʱʝʝ ʩʪʨʫʢʪʫʨʥʦ-ʩʝʤʘʥʪʠʯʝʩʢʦʡ 

ʤʥʦʛʦʩʣʦʡʥʦʩʪʴʶ ʠ ʵʪʥʦʢʫʣʴʪʫʨʥʦʡ ʩʧʝʮʠʬʠʢʦʡ. ʉʝʤʘʥʪʠʯʝʩʢʦʝ ʧʦʣʝ ʢʦʥʮʝʧʪʦʚ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ, ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʝʢʩʠʢʦ-

ʩʝʤʘʥʪʠʯʝʩʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʣʠʥʛʚʦʢʫʣʴʪʫʨʥʦʛʦ ʢʦʥʮʝʧʪʘ çʈʘʜʦʩʪʴè ʦʙʫʩʣʦʚʣʝʥ ʥʝ 

ʪʦʣʴʢʦ ʦʙʱʝʢʫʣʴʪʫʨʥʳʤʠ ʮʝʥʥʦʩʪʷʤʠ, ʥʦ ʠ ʥʘʮʠʦʥʘʣʴʥʦ-ʢʫʣʴʪʫʨʥʦʡ ʩʧʝʮʠʬʠʢʦʡ ʷʟʳʢʘ. 
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ʣʦʛʠʯʝʩʢʠʝ ʢʫʣʴʪʫʨʥʳʝ ʤʘʨʢʝʨʳ, ʩʝʤʘʥʪʠʯʝʩʢʦʝ ʧʦʣʝ. 

  



155 

- ʌʠʣʦʣʦʛʠʯʝʩʢʠʝ ʥʘʫʢʠ - 

 

International Journal of Humanities and Natural Sciences, vol. 11-4 (86), 2023 

REASONS FOR BORROWING ANGLICISMS IN MODERN KYRGYZ LANGUAGE  

 

G.J. Atchabarova1, Lecturer 

G.S. Nazarova1, Lecturer 

N.A. Aiylchieva2, Lecturer 

J.N. Tashieva1, Graduate Student 
1Osh State University 
2Jalal-Abad State University named after B. Osmonov 
1(Kyrgyzstan, Osh) 
2(Kyrgyzstan, Jalal-Abad) 

 

DOI:10.24412/2500-1000-2023-11-4-155-158 

 

Abstract. The article analyzes the functioning of English borrowings in the modern Kyrgyz 

language. One of the main reasons for borrowing as a phenomenon was the process of globali-

zation, which caused an unprecedented convergence of countries and peoples at the turn of the 

century. The reasons for borrowing words from English into Kyrgyz are considered. One of the 

reasons for the borrowing and use of English words is the development of American culture in 

the country. The use of anglicisms is due to idealization of American life. 

Keywords: vocabulary; foreign words, borrowing, transcription, transliteration, tracing, vo-

cabulary, etymology, international words. 

 

The Kyrgyz language is always open to 

borrowings. A lot of words have been bor-

rowed from Russian and Arabic. Recently, 

new words have penetrated into the Kyrgyz 

language from English. language with its de-

velopment due to its large-scale use in the 

world. New terms and concepts have ap-

peared in the sphere of economy, media, med-

icine, pedagogy and technology. For example: 

businessman, businesswoman, manager, 

globalization, office. 

In the process of historical development, 

human languages constantly come into con-

tact with each other. At the beginning of the 

XXI century, Kyrgyz-English language con-

tact is characterized by the greatest dynamics 

and mobility. Today, anglicisms penetrate 

into the Kyrgyz language rapidly and in large 

quantities. And this is not accidental. Nowa-

days, the spheres of international contacts are 

constantly expanding, where English becomes 

the language of international communication. 

The important political and economic role 

of English-speaking countries in the world 

and their superiority in some spheres of activ-

ity significantly intensify the appearance and 

use of anglicisms in the Kyrgyz language. 

What are the reasons for this huge flow of 

anglicisms in Kyrgyz speech? We will high-

light the most important reasons in our opin-

ion [1]: 

1. The collapse of the Soviet Union and, as 

a consequence, the intensification of business, 

scientific, trade, cultural relations of Kyrgyz-

stan with Russia, also with other countries, 

the flourishing of foreign tourism, participa-

tion of Kyrgyz in Olympiads, international 

festivals, fashion shows, etc. The penetration 

of more and more English-language words 

into the Kyrgyz language through the Russian 

language has been noticeably intensified in 

recent decades, especially after 1990. 

2. The development of the world market, 

economy, information technology has led to 

the emergence of new terminology (computer 

language, economics, finance, Internet). We 

have a lot of new subjects that require a 

name: e-mail, Internet, laptop, disk, byte, 

website. And it is easier for us to use existing 

words of another language than to invent new 

ones. 

3. Fashion: these days, knowing English is 

considered to be highly prestigious. Modern 

Kyrgyz, using anglicisms, want to look fash-

ionable, prestigious, to gain the respect of the 

interlocutor. fashionable, prestigious, to gain 

the respect of the interlocutor. They are sure 

that the word "market" sounds more attractive 

than the expression "bazaar, (market)", and 
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they also like to use in their words: presenta-

tion, rating, briefing, shop-tour, talk show, 

showman, brain-ring, etc. 

4. Expressiveness of novelty: many firms 

and companies use anglicisms as their name 

to attract attention with novelty of sound 

Chickenshouse, Beeline, Beautiful, Oshoil, 

NewStyle, Aligarh, HighTime, IdeaShop, 

Pathword, Skyline, Wear black. 

5. The most compelling reason is the un-

disputed world leadership of the United States 

in many spheres of modern life. 

6. Lacking a more precise name, and there-

fore today 15% of the newest Anglicisms 

have made their way into the business per-

son's vocabulary. 

7. The need to express with the help of an-

glicism polysemous descriptive turns (awning 

ï a canopy made of strong, waterproof fabric 

for protection from the sun), pilling cream 

that removes the top layer of skin, case - a 

small flat suitcase, diplomat. 

The sources of appearance of anglicisms in 

the Kyrgyz language are no less important. 

These include: 

MEDIA. Recently, the main source of lin-

guistic material has become modern mass 

media. The intensive use of anglicisms gener-

ates a qualitatively new linguistic situation in 

which the use of one English term replaces an 

entire syntactic construction. In the language 

of print media, primarily in advertising and 

news texts, the concision and increased in-

formativeness of the text is of great im-

portance, so anglicisms have taken a firm 

place in modern media. Advertising is one of 

the main sources of anglicisms in the Kyrgyz 

language. Domestic advertisers often have no 

experience in creating advertisements and 

therefore copying English-language advertis-

ing, filling Kyrgyz-language advertising texts 

with Anglicisms: stimer, toaster, trimmer, 

pager, immobilizer [2]. 

- Internet. The increasing number of Inter-

net users has led to a proliferation of comput-

er vocabulary: homepage, e-mail, CDROM, 

chat-chat, bit, byte, disk, cursor, flash drive. 

- Cinematography. The popularity of Hol-

lywood movies has led to new words in our 

vocabulary: horror, blockbuster, western, 

prime time, cyborg, terminator, Batman... 

- music. The perception of the US as a cen-

ter of musical fashion has led to the emer-

gence of words such as: hit, single, remake, 

track, soundtrack, poster, clip maker ... 

- sports vocabulary: bowling, diving, 

skateboarding, snowboarding, biker, shaping, 

fitness ... 

- cosmetic terms: lifting, scrubbing, peel-

ing é 

Thus, we conclude that the number of an-

glicisms in the Kyrgyz language is large. 

Among them we can distinguish 2 main types 

of borrowings [3]: 

1) Words that came into the language to 

name new subjects or terms that have an in-

ternational character. Their use in speech in 

most cases is justified. 

2) Words of foreign origin that have syno-

nyms in the Kyrgyz language. Their penetra-

tion into the language creates lexical redun-

dancy and can interfere with the understand-

ing of meaning. But in many cases this can be 

avoided by using Kyrgyz synonymous words 

and expressions. H: ambition, verdict, con-

centration. 

Many linguists studied the reasons for bor-

rowing foreign-language words back in the 

early 20th century. However, the identifica-

tion of the reasons for borrowing was carried 

out without a sufficiently clear differentiation 

of linguistic and external, non-linguistic, rea-

sons. 

In the work of L.P. Krysin it is pointed out 

that E. Richter considers the need to name 

things and concepts as the main reason for 

borrowing words [4]. Other reasons are also 

listed, different in their nature ï linguistic, 

social, mental, aesthetic, etc., the need for 

new linguistic forms, the need to dissect con-

cepts, the need for a variety of means and 

their completeness, brevity and clarity, con-

venience, etc. 

The main reasons for borrowing words are 

the need to name things and concepts, the 

need to distinguish concepts that are close in 

content but still different, the replacement of 

descriptive turns, in a word, social and psy-

chological reasons and factors of borrowing: 

the perception of the whole collective or its 

part ï a foreign word as a more prestigious 

"scholarly", "beautiful sounding". 
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The range of new concepts and phenomena 

of Kyrgyz origin is limited. Therefore, bor-

rowing an already existing concept or subject 

name is considered more effective. 

For example, the great variety of cosmet-

ics, unknown to man before, was the reason 

for borrowing from the English language 

words like: make-up, concealer (pencil cor-

rector), peeling (pealing-cream), lifting-

cream, vanish-cream. capillary networks). 

With the proliferation of American movies 

came borrowings such as blockbuster, thriller, 

cyborg. 

Linguists point to the prestige of the Eng-

lish word in certain situations ï English 

loanwords have the advantage of characteriz-

ing the speaker socially in certain spheres 

more highly, emphasizing the level of aware-

ness and claiming superiority of a certain 

group of young people using this vocabulary. 

M.A. Breiter and identifies the following 

reasons for borrowing [5]: 

1. Absence of the corresponding concept in 

the cognitive base of the receptor language. 

Such Anglicisms as badge, classifier, note-

book and its new varieties: notebook, organ-

izer, pager, timer, scanner, tuner, printer and 

others have firmly entered the businessman's 

vocabulary of the 90s. 

2. The absence of a corresponding (let us 

add - more accurate) name (or its "loss" in 

competition with the borrowing) in the Rus-

sian language - about 15% of the newest An-

glicisms - top-model, virtual, investor, spon-

sor, spray. 

3. Among Kyrgyz speakers, there is a 

widespread perception that foreign technolo-

gies are more progressive than other ones, 

foreign banks are more reliable, and foreign 

goods are of higher quality. This attitude, in 

the author's opinion, is widely used in adver-

tising. 

Also, one of the reasons for borrowing and 

using English words is the development of 

American culture in the country. The use of 

anglicisms is due to the idealization of Amer-

ican life.  A society that wants to get closer to 

the fashionable stereotype, style and culture 

of life. The young generation that often uses 

anglicisms in their speech "clogs" the Kyrgyz 

language. For example: follower, user, hack-

er, sticker. The introduction of loanwords 

causes great damage to the artistic and collo-

quial speech of the Kyrgyz language. 

On the other hand, borrowings expand the 

vocabulary. Today, linguists should not abuse 

borrowings, it is necessary to eradicate, 

finding equivalents, synonyms in the Kyrgyz 

language to preserve the identity, color and 

beauty of the Kyrgyz language. 
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ʇʈʀʏʀʅʓ ɿɸʀʄʉʊɺʆɺɸʅʀʗ ɸʅɻʃʀʎʀɿʄʆɺ ɺ ʉʆɺʈɽʄɽʅʅʆʄ  

ʂʓʈɻʓɿʉʂʆʄ ʗɿʓʂɽ 

 

ɻ.ɾ. ɸʪʯʘʙʘʨʦʚʘ1, ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ɻ.ʉ. ʅʘʟʘʨʦʚʘ1, ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ʅ.ɸ. ɸʡʳʣʯʠʝʚʘ2, ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ɾ.ʅ. ʊʘʰʠʝʚʘ1, ʤʘʛʠʩʪʨʘʥʪ 
1ʆʰʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 
2ɼʞʘʣʘʣ-ɸʙʘʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɹ. ʆʩʤʦʥʦʚʘ 
1(ʂʳʨʛʳʟʩʪʘʥ, ʛ. ʆʰ) 
2(ʂʳʨʛʳʟʩʪʘʥ, ʛ. ɼʞʘʣʘʣ-ɸʙʘʜ) 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʘʥʛʣʠʡʩʢʠʭ ʟʘʠʤʩʪʚʦʚʘʥʠʡ ʚ 

ʩʦʚʨʝʤʝʥʥʦʤ ʢʳʨʛʳʟʩʢʦʤ ʷʟʳʢʝ. ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ ʧʦʷʚʣʝʥʠʷ ʟʘʠʤʩʪʚʦʚʘʥʠʡ ʢʘʢ 

ʷʚʣʝʥʠʷ ʩʪʘʣ ʧʨʦʮʝʩʩ ʛʣʦʙʘʣʠʟʘʮʠʠ, ʚʳʟʚʘʚʰʠʡ ʥʘ ʨʫʙʝʞʝ ʚʝʢʦʚ ʙʝʩʧʨʝʮʝʜʝʥʪʥʦʝ ʩʙʣʠ-

ʞʝʥʠʝ ʩʪʨʘʥ ʠ ʥʘʨʦʜʦʚ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʠʯʠʥʳ ʟʘʠʤʩʪʚʦʚʘʥʠʷ ʩʣʦʚ ʠʟ ʘʥʛʣʠʡʩʢʦʛʦ 

ʷʟʳʢʘ ʚ ʢʳʨʛʳʟʩʢʠʡ. ʆʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʟʘʠʤʩʪʚʦʚʘʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʥʛʣʠʡʩʢʠʭ ʩʣʦʚ ʷʚ-

ʣʷʝʪʩʷ ʨʘʟʚʠʪʠʝ ʘʤʝʨʠʢʘʥʩʢʦʡ ʢʫʣʴʪʫʨʳ ʚ ʩʪʨʘʥʝ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʥʛʣʠʮʠʟʤʦʚ ʩʚʷʟʘʥʦ ʩ 

ʠʜʝʘʣʠʟʘʮʠʝʡ ʘʤʝʨʠʢʘʥʩʢʦʡ ʞʠʟʥʠ. 
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ʣʠʪʝʨʘʮʠʷ, ʢʘʣʴʢʘ, ʩʣʦʚʘʨʥʳʡ ʟʘʧʘʩ, ʵʪʠʤʦʣʦʛʠʷ, ʠʥʪʝʨʥʘʮʠʦʥʘʣʴʥʳʝ ʩʣʦʚʘ. 
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ʌɸʅʌʀʂ ʂɸʂ ʃʀʊɽʈɸʊʋʈʅʆɽ ʇʈʆʀɿɺɽɼɽʅʀɽ 

 

ɸ.ʅ. ɹʘʣʫʝʚʘ, ʩʪʫʜʝʥʪ 

ʏʝʨʝʧʦʚʝʮʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

(ʈʦʩʩʠʷ, ʛ. ʏʝʨʝʧʦʚʝʮ) 

 

DOI:10.24412/2500-1000-2023-11-4-159-161 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʩʝ ʧʦʧʫʣʷʨʥʝʝ ʩʪʘʥʦʚʠʪʩʷ ʪʘʢʦʡ ʞʘʥʨ ʣʠʪʝʨʘʪʫʨʳ 

ʢʘʢ ʬʘʥʬʠʢ. ʕʪʦ ʥʝ ʧʨʦʩʪʦ ʧʨʦʠʟʚʝʜʝʥʠʝ, ʵʪʦ ʥʘʜʝʞʜʘ ʥʘ ʩʘʤʳʝ ʩʫʤʘʩʰʝʜʰʠʝ ʨʘʟʚʠʪʠʷ 

ʩʦʙʳʪʠʡ. ɸʚʪʦʨʳ ʬʘʥʬʠʢʦʚ ʤʦʛʫʪ ʥʘʧʠʩʘʪʴ ʣʶʙʦʚʥʫʶ ʠʩʪʦʨʠʶ ʜʚʫʭ ʛʝʨʦʝʚ ʦʜʥʦʛʦ ʧʨʦ-

ʠʟʚʝʜʝʥʠʷ, ʦʜʥʦʡ ʚʩʝʣʝʥʥʦʡ, ʘ ʤʦʛʫʪ ʧʦʩʪʨʦʠʪʴ ʨʦʤʘʥʪʠʯʝʩʢʫʶ ʠʩʪʦʨʠʶ ʤʝʞʜʫ ʠʟʚʝʩʪ-

ʥʳʤʠ ʘʚʪʦʨʘʤʠ ʨʫʩʩʢʦʡ ʠ ʟʘʨʫʙʝʞʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠ ʤʫʟʳʢʠ. ʌʘʥʬʠʢʠ ʧʦʤʦʛʘʶʪ ʯʠʪʘ-

ʪʝʣʷʤ ʥʝ ʪʦʣʴʢʦ ʧʨʦʜʣʠʪʴ ʩʚʦʝ ʧʨʝʙʳʚʘʥʠʝ ʚ ʭʫʜʦʞʝʩʪʚʝʥʥʦʤ ʤʠʨʝ, ʥʦ ʠ ʨʘʩʢʨʳʪʴ ʩʦʙ-

ʩʪʚʝʥʥʳʡ ʪʚʦʨʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʘʥʬʠʢ, ʬʠʢʨʘʡʪʝʨ, ʢʘʥʦʥ, ʢʨʦʩʩʦʚʝʨ. 

 

ɺʳ ʪʦʞʝ ʤʝʯʪʘʣʠ ʦ ʪʦʤ, ʯʪʦʙʳ ɻʘʨʨʠ 

ʇʦʪʪʝʨ ʞʝʥʠʣʩʷ ʥʘ ɻʝʨʤʠʦʥʝ, ʠʣʠ ʞʝ ʚʘʤ 

ʵʪʘ ʠʜʝʷ ʥʝ ʥʨʘʚʠʪʩʷ? ɺʩʝ ʵʪʦ ʛʨʸʟʳ ʬʘʥʘ-

ʪʦʚ, ʢʦʪʦʨʳʝ ʨʘʩʭʦʜʷʪʩʷ ʩ ʢʘʥʦʥʦʤ, ʩʦ-

ʟʜʘʥʥʳʤ ɼʞʦʘʥ ʈʦʫʣʠʥʛ. ʋ ʪʝʭ, ʢʪʦ ʥʝ ʩʦ-

ʛʣʘʩʝʥ ʩ ʧʠʩʘʪʝʣʷʤʠ, ʚʩʝʛʜʘ ʝʩʪʴ ʬʘʥʬʠʢʠ, 

ʚ ʢʦʪʦʨʳʭ ʦʥʠ ʚʦʣʴʥʳ ʜʝʣʘʪʴ ʩʦ ʩʚʦʠʤʠ 

ʣʶʙʠʤʳʤʠ ʧʝʨʩʦʥʘʞʘʤʠ ʚʩʝ, ʯʪʦ ʠʤ ʪʦʣʴ-

ʢʦ ʚʟʜʫʤʘʝʪʩʷ. 

ʅʦ ʢʘʢ ʯʠʪʘʪʝʣʠ ʧʨʠʰʣʠ ʢ ʵʪʦʤʫ? ʇʦ-

ʯʝʤʫ ʤʥʦʛʠʝ ʥʝ ʚʦʩʧʨʠʥʠʤʘʶʪ ʵʪʠ ʧʨʦʠʟ-

ʚʝʜʝʥʠʷ ʚʩʝʨʴʝʟ, ʭʦʪʷ ʦʥʠ ʧʦʧʫʣʷʨʥʳ ʢʘʢ ʚ 

ʨʫʩʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ, ʪʘʢ ʠ ʟʘʨʫʙʝʞʥʦʡ? 

ʌʘʥʬʠʢ ï ʩʣʦʚʦ, ʢʦʪʦʨʦʝ ʦʙʦʟʥʘʯʘʝʪ 

ʣʶʙʠʪʝʣʴʩʢʦʝ ʩʦʯʠʥʝʥʠʝ ʧʦ ʤʦʪʠʚʘʤ ʧʦ-

ʧʫʣʷʨʥʳʭ ʦʨʠʛʠʥʘʣʴʥʳʭ ʣʠʪʝʨʘʪʫʨʥʳʭ 

ʧʨʦʠʟʚʝʜʝʥʠʡ, ʧʨʦʠʟʚʝʜʝʥʠʡ ʢʠʥʦʠʩʢʫʩ-

ʩʪʚʘ, ʢʦʤʠʢʩʦʚ (ʚ ʪʦʤ ʯʠʩʣʝ ï ʤʘʥʛʠ), ʘ 

ʪʘʢʞʝ ʢʦʤʧʴʶʪʝʨʥʳʭ ʠʛʨ ʠ ʪ.ʜ. ʊʝʨʤʠʥ 

çfan fictionè ʪʘʢ ʠ ʧʝʨʝʚʦʜʠʪʩʷ çʬʘʥʘʪʩʢʠʡ 

ʚʳʤʳʩʝʣè. ɸʚʪʦʨʳ ï ʬʠʢʨʘʡʪʝʨʳ ï ʪʘʢʠʭ 

ʪʝʢʩʪʦʚ ʤʝʥʷʶʪ ʣʠʰʴ ʥʝʢʦʪʦʨʳʝ ʫʩʣʦʚʠʷ, 

ʯʘʱʝ ʚʩʝʛʦ ʛʝʨʦʠ ʦʩʪʘʶʪʩʷ ʪʘʢʠʤʠ ʞʝ. 

ʌʠʢʨʘʡʪʝʨʘʤʠ ʧʦʜʦʙʥʳʭ ʩʦʯʠʥʝʥʠʡ ʩʪʘ-

ʥʦʚʷʪʩʷ ʧʦʢʣʦʥʥʠʢʠ ʦʨʠʛʠʥʘʣʴʥʳʭ ʧʨʦʠʟ-

ʚʝʜʝʥʠʡ. 

ʇʝʨʚʳʤ ʬʘʥʬʠʢʦʤ ʩʯʠʪʘʝʪʩʷ ʧʨʦʠʟʚʝ-

ʜʝʥʠʝ ʈʦʙʝʨʪʘ ɻʝʥʨʠʩʦʥʘ çɿʘʚʝʱʘʥʠʝ 

ʂʨʝʩʩʠʜʳè. ɺ ʝʛʦ ʦʩʥʦʚʝ ʣʝʞʘʣʘ ʧʦʵʤʘ 

ɼʞʝʬʬʨʠ ʏʦʩʝʨʘ çʊʨʦʠʣ ʠ ʂʨʝʩʩʠʜʘè. ʎʝ-

ʣʴʶ ɻʝʥʨʠʩʦʥʘ ʙʳʣʦ ʟʘʧʦʣʥʝʥʠʝ ʩʶʞʝʪ-

ʥʳʭ ʧʨʦʧʘʩʪʝʡ ʚ ʦʨʠʛʠʥʘʣʴʥʦʤ ʧʨʦʠʟʚʝʜʝ-

ʥʠʠ ï ʧʦʜʦʙʥʳʝ ʤʦʪʠʚʳ ʙʳʚʘʶʪ ʫ ʤʥʦʛʠʭ 

ʘʚʪʦʨʦʚ ʬʘʥʬʠʢʰʝʥʘ. ʕʪʦ ʧʨʦʠʟʚʝʜʝʥʠʝ 

ʥʘʧʠʩʘʥʦ ʜʦ 1492 ʛʦʜʘ, ʦʥʦ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʰʝʩʪʫʶ ʢʥʠʛʫ, ʧʨʦʜʦʣʞʝʥʠʝ ʧʷʪʠ 

ʢʥʠʛ çʊʨʦʠʣʘ ʠ ʂʨʝʩʩʠʜʳè, ʠ ʩʦʜʝʨʞʠʪ 

ʩʦʙʩʪʚʝʥʥʫʶ ʚʝʨʩʠʶ ʠʩʪʦʨʠʠ ʪʨʦʷʥʩʢʠʭ 

ʣʶʙʦʚʥʠʢʦʚ. ʀʟʦʙʨʘʞʘʷ ʧʦʩʣʝʜʫʶʱʫʶ 

ʪʨʘʛʠʯʝʩʢʫʶ ʩʫʜʴʙʫ ʥʝʚʝʨʥʦʡ ʚʦʟʣʶʙʣʝʥ-

ʥʦʡ ʊʨʦʠʣʘ, ɻʝʥʨʠʩʦʥ ʧʦʢʘʟʘʣ ʨʘʟʚʠʪʠʝ ʝʸ 

ʭʘʨʘʢʪʝʨʘ ʩ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝ-

ʥʠʷ. ʋʩʣʦʚʥʦ ʠʤʝʥʥʦ ʵʪʦ ʧʨʦʠʟʚʝʜʝʥʠʝ 

ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʨʦʜʦʥʘʯʘʣʴʥʠʢʦʤ ʬʘʥʬʠ-

ʢʦʚ, ʧʦʩʢʦʣʴʢʫ ʘʚʪʦʨ ʨʝʰʠʣ ʜʦʧʠʩʘʪʴ ʠʩ-

ʪʦʨʠʶ ʛʝʨʦʝʚ, ʪʝʤ ʩʘʤʳʤ ʜʘʣ ʩʪʘʨʪ ʣʶʙʠ-

ʪʝʣʷʤ ʧʦʤʝʯʪʘʪʴ ʜʣʷ ʩʦʟʜʘʥʠʷ ʮʝʣʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ ʚʳʜʫʤʘʥʥʳʭ ʠʩʪʦʨʠʡ ʥʘ ʦʩ-

ʥʦʚʝ ʧʨʦʠʟʚʝʜʝʥʠʡ ʤʠʨʦʚʦʡ ʣʠʪʝʨʘʪʫʨʳ. 

ɸʚʪʦʨʳ ʬʘʥʬʠʢʦʚ ʧʦʣʴʟʫʶʪʩʷ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʤʠ ʢʘʥʦʥʘʤʠ. ʂʘʥʦʥ ï ʵʪʦ ʦʨʠ-

ʛʠʥʘʣʴʥʳʡ ʪʝʢʩʪ, ʢʦʪʦʨʳʡ ʙʝʨʝʪʩʷ ʟʘ ʦʩʥʦ-

ʚʫ ʬʘʥʬʠʢʦʚ. ʅʘʧʨʠʤʝʨ, ʩʫʱʝʩʪʚʫʶʪ ʨʘʟ-

ʣʠʯʥʳʝ ʩʘʡʪʳ, ʢʦʪʦʨʳʝ ʚʳʢʣʘʜʳʚʘʶʪ ʨʝʡ-

ʪʠʥʛ ʬʘʥʬʠʢʦʚ. ʅʘ ʩʘʡʪʝ FANFICS.ME 

ʧʝʨʚʦʝ ʤʝʩʪʦ ʧʦ ʧʦʧʫʣʷʨʥʦʩʪʠ ʟʘʥʠʤʘʝʪ 

ʧʨʦʠʟʚʝʜʝʥʠʝ ʧʦʜ ʥʘʟʚʘʥʠʝʤ çɻʘʨʨʠ ʇʦʪ-

ʪʝʨ ʠ ʄʝʪʦʜʳ ʈʘʮʠʦʥʘʣʴʥʦʛʦ ʄʳʰʣʝʥʠʷè. 

ʕʪʦ ʥʝʩʣʫʯʘʡʥʦ, ʧʦʩʢʦʣʴʢʫ ʬʘʥʬʠʢʠ ʧʠ-

ʰʫʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʧʦʢʣʦʥʥʠʢʘʤʠ ʪʦʡ ʠʣʠ 

ʠʥʦʡ ɺʩʝʣʝʥʥʦʡ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʦ çɻʘʨ-

ʨʠ ʇʦʪʪʝʨʫè. ʄʥʦʛʠʭ ʠʥʪʝʨʝʩʫʝʪ, ʢʘʢ ʩʣʦ-

ʞʠʣʘʩʴ ʙʳ ʞʠʟʥʴ ɹʝʣʣʳ ʠʟ çʉʫʤʝʨʝʢè, ʝʩ-

ʣʠ ʙʳ ʦʥʘ ʦʩʪʘʣʘʩʴ ʯʝʣʦʚʝʢʦʤ? ʂʘʢʦʚʘ ʙʳ-

ʣʘ ʙʳ ʠʩʪʦʨʠʷ ʠʭ ʣʶʙʚʠ ʩ ʕʜʚʘʨʜʦʤ, ʝʩʣʠ 

ʙʳ ʦʥ ʩʪʘʣ ʩʤʝʨʪʥʳʤ? ʅʘ ʚʩʝ ʵʪʠ ʚʦʧʨʦʩʳ 

ʤʦʞʥʦ ʥʘʡʪʠ ʦʪʚʝʪʳ ʚ ʬʘʥʬʠʢʘʭ. ɽʩʣʠ ʞʝ 

ʪʘʢʦʛʦ ʝʱʝ ʥʝ ʩʫʱʝʩʪʚʫʝʪ, ʪʦ ʥʘ ʩʘʡʪʝ 

çʂʥʠʛʘ ʌʘʥʬʠʢʦʚè ʤʦʞʥʦ ʚʳʢʣʘʜʳʚʘʪʴ 

ʩʚʦʠ ʪʚʦʨʯʝʩʢʠʝ ʨʘʙʦʪʳ ʚ ʦʙʣʘʩʪʠ ʣʠʪʝʨʘ-
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ʪʫʨʳ, ʧʦʣʫʯʠʪʴ ʦʙʨʘʪʥʫʶ ʩʚʷʟʴ ʚ ʚʠʜʝ 

çʣʘʡʢʦʚè ʠ ʜʘʪʴ ʥʦʚʫʶ ʞʠʟʥʴ ʣʶʙʠʤʳʤ 

ʛʝʨʦʷʤ. 

ʀʥʦʛʜʘ ʥʘʤ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʥʝ ʭʚʘʪʘʝʪ 

ʧʨʦʜʦʣʞʝʥʠʷ ʢʘʢʦʡ-ʣʠʙʦ ʠʩʪʦʨʠʠ. ʄʳ 

ʣʶʙʠʤ ʫʭʦʜʠʪʴ ʦʪ ʨʝʘʣʴʥʦʩʪʠ, ʤʝʯʪʘʪʴ, 

ʯʪʦ-ʪʦ ʤʝʥʷʪʴ. ɹʳʚʘʝʪ, ʯʪʦ ʧʦʩʣʝ ʧʨʦʯʪʝ-

ʥʠʷ ʢʥʠʛʠ ʦʩʪʘʶʪʩʷ ʥʝʦʜʥʦʟʥʘʯʥʳʝ ʤʳʩ-

ʣʠ: ʨʘʟʦʯʘʨʦʚʘʥʠʝ ʠʣʠ ʩʯʘʩʪʴʝ? ʂʥʠʛʘ ʟʘ-

ʢʦʥʯʠʣʘʩʴ, ʥʦ ʭʦʯʝʰʴ ʣʠ ʪʳ ʧʨʦʜʦʣʞʝʥʠʷ? 

ʆʪʢʨʳʪʳʡ ʬʠʥʘʣ ʠ ʚʦʚʩʝ ʥʝ ʜʘʝʪ ʧʦʢʦʷ 

ʷʨʳʤ ʧʦʢʣʦʥʥʠʢʘʤ ʢʥʠʛ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ 

ʣʶʙʦʡ ʠʟ ʥʘʩ ʤʦʞʝʪ ʧʦʧʨʦʙʦʚʘʪʴ ʩʝʙʷ ʚ 

ʨʦʣʠ ʧʠʩʘʪʝʣʷ-ʣʶʙʠʪʝʣʷ, ʠʩʧʳʪʘʪʴ ʩʚʦʠ 

ʩʠʣʳ.  

ɻʝʨʦʷʤ ʧʦʧʫʣʷʨʥʳʭ ʧʨʦʠʟʚʝʜʝʥʠʡ ʯʘ-

ʩʪʦ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʝʩʪʠ ʝʱʝ ʦʜʥʫ 

ʞʠʟʥʴ, ʩ ʵʪʠʤ ʩʪʦʣʢʥʫʣʩʷ ʠ ɸʨʪʫʨ ʂʦʥʘʥ 

ɼʦʡʣ. ʇʨʘʚʜʘ, ʜʣʷ ʥʝʛʦ ʵʪʦ ʥʝ ʩʪʘʣʦ ʪʨʘʛʝ-

ʜʠʝʡ, ʦʥ ʥʝ ʙʳʣ ʪʘʢ ʩʠʣʴʥʦ ʧʨʠʚʷʟʘʥ ʢ 

ʐʝʨʣʦʢʫ ʍʦʣʤʩʫ. ɺʩʶ ʞʠʟʥʴ ʂʦʥʘʥ ɼʦʡʣ 

ʭʦʪʝʣ ʟʘʥʠʤʘʪʴʩʷ ʩʝʨʴʝʟʥʦʡ ʣʠʪʝʨʘʪʫʨʦʡ, 

ʧʠʩʘʪʴ ʠʩʪʦʨʠʯʝʩʢʠʝ ʨʦʤʘʥʳ, ʘ ʥʝ ʚʦʪ ʵʪʠ 

ʜʝʪʝʢʪʠʚʳ. ʅʦ çʇʨʠʢʣʶʯʝʥʠʷ ʐʝʨʣʦʢʘ 

ʍʦʣʤʩʘè ʩʪʘʣʠ ʙʝʟʫʤʥʦ ʧʦʧʫʣʷʨʥʳ, ʠ ʂʦ-

ʥʘʥ ɼʦʡʣ ʦʢʘʟʘʣʩʷ ʟʘʣʦʞʥʠʢʦʤ ʩʚʦʝʛʦ ʛʝ-

ʨʦʷ. ɺ ʦʜʠʥ ʤʦʤʝʥʪ ʧʠʩʘʪʝʣʴ ʥʘʩʪʦʣʴʢʦ 

ʥʝʚʟʣʶʙʠʣ ʐʝʨʣʦʢʘ, ʯʪʦ ʨʝʰʠʣ ʠʟʙʘʚʠʪʴ-

ʩʷ ʦʪ ʥʝʛʦ, ʩʙʨʦʩʠʚ ʚ ʈʝʡʭʝʥʙʘʭʩʢʠʡ ʚʦʜʦ-

ʧʘʜ. ʌʘʥʘʪʳ ʥʝʛʦʜʦʚʘʣʠ, ʥʦ ʩʤʦʛʣʠ ʥʘʡʪʠ 

ʚʳʭʦʜ, ʦʥʠ ʚʦʩʢʨʝʩʠʣʠ ʣʶʙʠʤʦʛʦ ʛʝʨʦʷ ʥʘ 

ʩʪʨʘʥʠʮʘʭ ʩʦʙʩʪʚʝʥʥʳʭ ʨʘʩʩʢʘʟʦʚ. ʇʨʘʚʜʘ, 

ʬʘʥʬʠʢʠ ʥʝ ʚʩʝʛʜʘ ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʚʳʤʳʰ-

ʣʝʥʥʳʭ ɺʩʝʣʝʥʥʳʭ. ʇʦʤʠʤʦ ʬʘʥʬʠʢʦʚ, 

ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʣʠʪʝʨʘʪʫʨʥʳʭ ʧʝʨʩʦʥʘʞʘʭ, 

ʤʳ ʤʦʞʝʤ ʚʩʪʨʝʪʠʪʴ ʧʨʦʠʟʚʝʜʝʥʠʷ ʪʘʢʦʛʦ 

ʪʠʧʘ ʩ ʛʝʨʦʷʤʠ ʤʫʟʳʢʘʣʴʥʳʭ ʛʨʫʧʧ: ʦʪ 

çʂʦʨʦʣʷ ʠ ʐʫʪʘè ʜʦ çBTSè. ɻʝʨʦʷʤʠ 

ʬʘʥʬʠʢʦʚ ʯʘʩʪʦ ʩʪʘʥʦʚʷʪʩʷ ʠʩʪʦʨʠʯʝʩʢʠʝ 

ʣʠʯʥʦʩʪʠ, ʥʘʧʨʠʤʝʨ, ʀʚʘʥ ɻʨʦʟʥʳʡ ʠʣʠ 

ʄʵʨʠʣʠʥ ʄʦʥʨʦ. ʆʩʥʦʚʦʡ ʜʣʷ ʬʘʥʬʠʢʦʚ 

ʩʪʘʥʦʚʷʪʩʷ ʠ ʧʨʦʠʟʚʝʜʝʥʠʷ ʨʫʩʩʢʦʡ ʣʠʪʝ-

ʨʘʪʫʨʳ, ʥʘʧʨʠʤʝʨ, ʧʦ çʇʨʝʩʪʫʧʣʝʥʠʶ ʠ 

ʥʘʢʘʟʘʥʠʶè ʌʸʜʦʨʘ ʄʠʭʘʡʣʦʚʠʯʘ ɼʦʩʪʦ-

ʝʚʩʢʦʛʦ ʥʘ ʨʫʩʩʢʦʤ ʷʟʳʢʝ ʥʘʧʠʩʘʥʦ ʦʢʦʣʦ 

500 ʨʘʙʦʪ, ʚ ʥʝʢʦʪʦʨʳʭ ʠʟ ʥʠʭ ʯʠʪʘʪʝʣʠ 

ʨʘʟʚʠʚʘʶʪ ʣʶʙʦʚʥʫʶ ʣʠʥʠʶ ʈʘʩʢʦʣʴʥʠʢʦ-

ʚʘ ʠ ʉʦʥʝʯʢʠ ʄʘʨʤʝʣʘʜʦʚʦʡ ʠʣʠ ʛʦʚʦʨʷʪ ʦ 

ʞʠʟʥʠ ʛʣʘʚʥʦʛʦ ʛʝʨʦʷ ʧʦʩʣʝ ʢʘʪʦʨʛʠ.  

ʌʠʢʨʘʡʪʝʨʳ ʯʘʩʪʦ ʧʨʠʙʝʛʘʶʪ ʢ ʞʘʥʨʫ 

ʢʨʦʩʩʦʚʝʨʘ, ʪʦ ʝʩʪʴ ʩʪʘʣʢʠʚʘʶʪ ʧʝʨʩʦʥʘ-

ʞʝʡ ʠʟ ʨʘʟʥʳʭ ɺʩʝʣʝʥʥʳʭ. ɸʥʜʨʝʡ ɹʦʣ-

ʢʦʥʩʢʠʡ ʚ ʦʜʥʦʤ ʠʟ ʬʘʥʬʠʢʦʚ ʧʫʪʝʰʝʩʪʚʫ-

ʝʪ ʠʟ ʦʜʥʦʛʦ ʭʫʜʦʞʝʩʪʚʝʥʥʦʛʦ ʤʠʨʘ ʚ ʜʨʫ-

ʛʦʡ ï ʦʪ çɽʚʛʝʥʠʷ ʆʥʝʛʠʥʘè ʠ çʄʸʨʪʚʳʭ 

ʜʫʰè ʢ çɻʝʨʦʶ ʥʘʰʝʛʦ ʚʨʝʤʝʥʠè. ʆʜʥʘʢʦ 

ʙʦʣʴʰʝ ʚʩʝʛʦ ɹʦʣʢʦʥʩʢʦʤʫ ʜʦʩʪʘʣʦʩʴ ʚ 

ʜʨʫʛʠʭ ʬʘʥʬʠʢʘʭ, ʧʦʩʚʷʱʝʥʥʳʭ ʝʛʦ ʟʘʛʘ-

ʜʦʯʥʳʤ ʦʪʥʦʰʝʥʠʷʤ ʩ ʜʫʙʦʤ. ʉʦʛʣʘʩʠ-

ʪʝʩʴ, ʪʘʢʠʝ ʪʝʢʩʪʳ ʨʘʥʦ ʠʣʠ ʧʦʟʜʥʦ ʜʦʣʞ-

ʥʳ ʙʳʣʠ ʧʦʷʚʠʪʴʩʷ. ʏʘʩʪʦ ʩʪʘʥʦʚʷʪʩʷ ʩʘʤʠ 

ʧʠʩʘʪʝʣʠ ʛʝʨʦʷʤʠ ʬʘʥʬʠʢʦʚ. ʅʘʧʨʠʤʝʨ, 

ʤʦʞʥʦ ʥʘʡʪʠ ʨʘʩʩʢʘʟʳ, ʨʘʩʢʨʳʚʘʶʱʠʝ ʪʝ-

ʤʫ ʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ɹʦʨʠʩʦʤ ʇʘʩʪʝʨʥʘ-

ʢʦʤ ʠ ʄʘʨʠʥʦʡ ʎʚʝʪʘʝʚʦʡ. ɸ ʥʝʢʦʪʦʨʳʝ 

ʬʘʥʬʠʢʠ ʥʘʧʠʩʘʥʳ ʚ ʩʪʠʭʘʭ, ʥʘʧʨʠʤʝʨ, 

ʧʨʦʜʦʣʞʝʥʠʝ ʨʦʤʘʥʘ ʇʫʰʢʠʥʘ çɽʚʛʝʥʠʡ 

ʆʥʝʛʠʥè.  ʄʥʦʛʠʝ ʬʠʢʨʘʡʪʝʨʳ ʩʪʘʨʘʶʪʩʷ 

ʩʦʭʨʘʥʠʪʴ ʩʪʠʣʴ ʢʘʥʦʥʘ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʩ 

ʨʫʩʩʢʠʤʠ ʢʣʘʩʩʠʢʘʤʠ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ 

ʩʣʦʞʥʦʝ ʫʧʨʘʞʥʝʥʠʝ ʧʦ ʧʠʩʘʪʝʣʴʩʢʦʤʫ 

ʤʘʩʪʝʨʩʪʚʫ. ʅʦ ʠʤʝʥʥʦ ʵʪʠʤ ʠ ʦʙʲʷʩʥʷʝʪʩʷ 

ʪʦ, ʯʪʦ ʠʟ ʤʥʦʛʠʭ ʬʠʢʨʘʡʪʝʨʦʚ ʚʳʨʘʩʪʘʶʪ 

ʟʥʘʤʝʥʠʪʳʝ ʘʚʪʦʨʳ, ʧʨʘʚʜʘ, ʥʝ ʚʩʝʛʜʘ 

ʫʩʧʝʰʥʦʩʪʴ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ 

ʛʦʚʦʨʠʪ ʦ ʝʛʦ ʚʳʩʦʢʠʭ ʭʫʜʦʞʝʩʪʚʝʥʥʳʭ 

ʢʘʯʝʩʪʚʘʭ. 

ʂʪʦ ʞʝ ʩʪʘʣ ʩʘʤʳʤ ʫʩʧʝʰʥʳʤ ʬʠʢʨʘʡ-

ʪʝʨʦʤ ʚ ʠʩʪʦʨʠʠ? ʕ.ʃ. ɼʞʝʡʤʩ ʧʨʝʚʨʘʪʠʣʘ 

ʩʚʦʡ ʬʘʥʬʠʢ ʧʦ çʉʫʤʝʨʢʘʤè ʚ ʵʨʦʪʠʯʝ-

ʩʢʠʡ ʨʦʤʘʥ ç50 ʦʪʪʝʥʢʦʚ ʩʝʨʦʛʦè. ʇʝʨʚʦ-

ʥʘʯʘʣʴʥʳʡ ʬʘʥʬʠʢ ʙʳʣ ʧʦʩʚʷʱʝʥ ʦʪʥʦʰʝ-

ʥʠʷʤ ɹʝʣʣʳ ʩ ʕʜʚʘʨʜʦʤ ʂʘʣʣʝʥʦʤ, ʘ ʥʘʟʳ-

ʚʘʣʩʷ ʦʥ çʇʦʚʝʣʠʪʝʣʴ ɺʩʝʣʝʥʥʦʡè, ʝʛʦ ʜʘ-

ʞʝ ʫʜʘʣʷʣʠ ʩ ʬʠʢʨʘʪʝʨʩʢʦʛʦ ʩʘʡʪʘ ʠʟ-ʟʘ 

ʦʪʢʨʦʚʝʥʥʦ ʧʠʢʘʥʪʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ. ʉʝʡ-

ʯʘʩ ʞʝ ʨʦʤʘʥʳ ɼʞʝʡʤʩ ʩʪʘʣʠ ʦʜʥʠʤʠ ʠʟ 

ʛʣʘʚʥʳʭ ʙʝʩʪʩʝʣʣʝʨʦʚ ʚ ʤʠʨʦʚʦʡ ʣʠʪʝʨʘ-

ʪʫʨʝ, ʧʨʠ ʵʪʦʤ ʥʘ ʨʘʟʣʠʯʥʳʭ ʯʠʪʘʪʝʣʴʩʢʠʭ 

ʩʝʨʚʠʩʘʭ ʦʥʠ ʧʦʣʫʯʘʶʪ ʦʯʝʥʴ ʥʠʟʢʠʝ 

ʦʮʝʥʢʠ, ʜʘʞʝ ʥʠʞʝ, ʯʝʤ ʜʝʪʝʢʪʠʚʳ ɼʘʨʴʠ 

ɼʦʥʮʦʚʦʡ, ʠ, ʢʘʞʝʪʩʷ, ʫ ʯʠʪʘʪʝʣʝʡ ʩʢʣʘʜʳ-

ʚʘʝʪʩʷ ʩʪʝʨʝʦʪʠʧ, ʯʪʦ ʬʠʢʨʘʡʪʝʨʳ ï ʵʪʦ 

ʥʝʥʘʩʪʦʷʱʠʝ ʧʠʩʘʪʝʣʠ. ɼʘ ʠ ʚʦʦʙʱʝ ʚ 

ʧʨʠʣʠʯʥʦʤ ʦʙʱʝʩʪʚʝ ʣʫʯʰʝ ʣʠʰʥʠʡ ʨʘʟ ʥʝ 

ʛʦʚʦʨʠʪʴ, ʯʪʦ ʪʳ ʩʦʯʠʥʷʝʰʴ ʬʘʥʬʠʢʠ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʥʝʢʦʪʦʨʳʝ ʬʠʢʨʘʡʪʝʨʳ ʥʝ 

ʟʘʜʫʤʳʚʘʶʪʩʷ ʥʘʜ ʛʣʫʙʦʢʦʡ ʧʨʦʨʘʙʦʪʢʦʡ 

ʩʶʞʝʪʘ ʠ ʧʝʨʩʦʥʘʞʝʡ. ɺ ʩʦʦʙʱʝʩʪʚʝ ʘʚʪʦ-

ʨʦʚ ʬʘʥʬʠʢʦʚ ʜʘʞʝ ʚʳʜʝʣʷʶʪ ʦʪʜʝʣʴʥʳʡ 

ʘʨʭʝʪʠʧ ʛʝʨʦʝʚ ʄʵʨʠ ʉʴʶ. ʂʘʢ ʧʨʘʚʠʣʦ, 

ʪʘʢ ʥʘʟʳʚʘʶʪ ʧʝʨʩʦʥʘʞʝʡ ʩ ʙʝʟʫʧʨʝʯʥʳʤ 

ʭʘʨʘʢʪʝʨʦʤ, ʩʫʧʝʨʩʧʦʩʦʙʥʦʩʪʷʤʠ, ʚʝʟʝʥʠ-

ʝʤ ʠ ʠʜʝʘʣʴʥʦʡ ʚʥʝʰʥʦʩʪʴʶ, ʜʨʫʛʠʤʠ ʩʣʦ-
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ʚʘʤʠ ï ʜʦʯʴ ʤʘʤʠʥʦʡ ʧʦʜʨʫʛʠ. ʊʝʨʤʠʥ 

çʄʵʨʠ ʉʴʶè ʧʨʦʠʩʭʦʜʠʪ ʦʪ ʠʤʝʥʠ ʛʣʘʚʥʦʡ 

ʛʝʨʦʠʥʠ ʨʘʩʩʢʘʟʘ ʉʤʠʪ ʇ. çʈʘʩʩʢʘʟ ʊʨʝʢ-

ʢʝʨʘ (ʄʵʨʠ ʉʴʶ)è, ʚ ʢʦʪʦʨʦʤ ʚʳʩʤʝʠʚʘʝʪ-

ʩʷ ʥʝʧʨʘʚʜʦʧʦʜʦʙʥʦʩʪʴ ʧʝʨʩʦʥʘʞʝʡ ʠʟ 

ʬʘʥʬʠʢʦʚ. ʅʦ ʩʨʝʜʠ ʬʠʢʨʘʪʝʨʦʚ ʝʩʪʴ ʠ 

ʚʳʜʘʶʱʠʝʩʷ ʧʠʩʘʪʝʣʠ. ʅʠʣ ɻʝʡʤʘʥ ʪʦʞʝ 

ʥʘʧʠʩʘʣ ʥʝʩʢʦʣʴʢʦ ʬʘʥʬʠʢʦʚ, ʥʘʧʨʠʤʝʨ, 

ʢʨʦʩʩʦʚʝʨ çʕʪʶʜ ʚ ʠʟʫʤʨʫʜʥʳʭ ʪʦʥʘʭè, ʚ 

ʢʦʪʦʨʦʤ ʦʥ ʩʪʦʣʢʥʫʣ ɺʩʝʣʝʥʥʫʶ ʐʝʨʣʦʢʘ 

ʍʦʣʤʩʘ ʩ ʤʠʨʦʤ ʫʞʘʩʦʚ ɻʦʚʘʨʜʘ ʃʘʚʢʨʘʬ-

ʪʘ. ʕʪʦʪ ʨʘʩʩʢʘʟ ʧʦʩʣʝ ʧʫʙʣʠʢʘʮʠʠ ʩʜʝʣʘʣ 

ʅʠʣʘ ɻʝʡʤʘʥʘ ʠʟʚʝʩʪʥʳʤ ʘʚʪʦʨʦʤ. 

ʊʘʢ ʯʪʦ, ʝʩʣʠ ʚʳ ʧʠʰʝʪʝ ʬʘʥʬʠʢʠ, ʥʦ 

ʝʱʝ ʥʝ ʩʪʘʣʠ ʅʠʣʦʤ ɻʝʡʤʘʥʦʤ ï ʚʩʸ ʚ ʚʘ-

ʰʠʭ ʨʫʢʘʭ. ʉʯʠʪʘʡʪʝ, ʯʪʦ ʵʪʦ ʟʥʘʢ ï ʧʦʨʘ 

ʩʝʨʴʝʟʥʦ ʦʪʥʝʩʪʠʩʴ ʢ ʩʚʦʠʤ ʫʚʣʝʯʝʥʠʷʤ, 

ʧʨʦʢʘʯʘʪʴ ʩʦʙʩʪʚʝʥʥʳʡ ʩʪʠʣʴ. ɺʦʧʣʦʪʠʪʝ 

ʤʝʯʪʫ ʚ ʞʠʟʥʴ. ʏʪʦʙʳ ʨʝʰʠʪʴʩʷ ʙʳʣʦ 

ʧʨʦʱʝ, ʤʦʞʥʦ ʧʨʦʡʪʠ ʙʝʩʧʣʘʪʥʦʝ ʦʙʫʯʝ-

ʥʠʝ ʚ ʠʥʪʝʨʥʝʪʝ, ʧʦʯʠʪʘʪʴ ʩʪʘʪʴʠ, ʠʟʫʯʠʪʴ 

ʵʪʦʪ ʤʠʨ ʠʟʥʫʪʨʠ.  

ʃʠʪʝʨʘʪʫʨʥʳʡ ʢʨʠʪʠʢ ʉʪʝʬʘʥʠ ɹʸʨʜʪ 

ʩʯʠʪʘʣʘ, ʯʪʦ ʬʘʥʬʠʢʠ ï ʵʪʦ ʧʨʝʢʨʘʩʥʘʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʥʘʯʠʥʘʶʱʠʭ ʧʠʩʘʪʝʣʝʡ 

ʩʦʟʜʘʚʘʪʴ ʩʚʦʠ ʧʨʦʠʟʚʝʜʝʥʠʷ ʚ ʨʘʚʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʯʪʦʙʳ ʜʦʙʠʪʴʩʷ ʫʩʧʝʭʘ ʚ ʢʘʯʝ-

ʩʪʚʝ ʬʠʢʨʘʡʪʝʨʘ. ʅʝ ʥʫʞʥʳ ʥʠ ʠʟʜʘʪʝʣʠ, 

ʥʠ ʣʠʪʝʨʘʪʫʨʥʳʝ ʘʛʝʥʪʳ, ʜʦʩʪʘʪʦʯʥʦ ʧʨʦ-

ʩʪʦ ʚʳʣʦʞʠʪʴ ʩʚʦʡ ʪʝʢʩʪ ʥʘ ʣʶʙʫʶ ʧʣʘʪ-

ʬʦʨʤʫ ʬʘʥʬʠʢʦʚ. ʂʦʥʝʯʥʦ, ʬʠʢʨʘʡʪʝʨʳ ʥʝ 

ʤʦʛʫʪ ʨʘʩʩʯʠʪʳʚʘʪʴ ʥʠ ʥʘ ʢʘʢʫʶ ʧʨʠʙʳʣʴ 

ʦʪ ʩʚʦʠʭ ʧʨʦʠʟʚʝʜʝʥʠʡ, ʚʝʜʴ ʚʩʝ ʛʝʨʦʠ ʟʘ-

ʱʠʱʝʥʳ ʘʚʪʦʨʩʢʠʤ ʧʨʘʚʦʤ. ʀʩʢʣʶʯʝʥʠʝ 

ʟʜʝʩʴ ʙʳʣʦ ʩʜʝʣʘʥʦ ʪʦʣʴʢʦ ʜʣʷ ʅʠʣʘ ɻʝʡ-

ʤʘʥʘ, ʧʨʠ ʵʪʦʤ ʬʠʢʨʘʡʪʝʨʳ ʤʦʛʫʪ ʦʙʨʝʩʪʠ 

ʘʫʜʠʪʦʨʠʶ ʯʠʪʘʪʝʣʝʡ, ʘ ʵʪʦ ʜʣʷ ʧʠʩʘʪʝʣʷ 

ʩʘʤʦʝ ʪʨʫʜʥʦʝ. ʊʝʤ ʙʦʣʝʝ ʘʚʪʦʨʳ ʤʥʦʛʠʭ 

ʢʘʥʦʥʦʚ ʧʦʦʱʨʷʶʪ ʪʘʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʩʨʝ-

ʜʠ ʯʠʪʘʪʝʣʝʡ. ʅʘʧʨʠʤʝʨ, ɼʞʦʘʥ ʈʦʫʣʠʥʛ 

ʙʫʢʚʘʣʴʥʦ ʙʣʘʛʦʩʣʦʚʠʣʘ ʬʘʥʘʪʦʚ ɻʘʨʨʠ 

ʇʦʪʪʝʨʘ ʥʘ ʥʘʧʠʩʘʥʠʝ ʬʘʥʬʠʢʦʚ ʧʦ ʝʝ 

ɺʩʝʣʝʥʥʦʡ. 

ɿʘʢʣʶʯʝʥʠʝ. 

ʌʘʥʬʠʢ ï ʥʘʩʪʦʷʱʘʷ ʥʘʭʦʜʢʘ ʜʣʷ ʥʘʯʠ-

ʥʘʶʱʠʭ ʧʠʩʘʪʝʣʝʡ. ʉʪʦʠʪ ʪʦʣʴʢʦ ʧʨʠʣʦ-

ʞʠʪʴ ʥʝʤʥʦʛʦ ʫʩʠʣʠʡ ʜʣʷ ʦʬʦʨʤʣʝʥʠʷ 

ʩʚʦʠʭ ʬʘʥʪʘʟʠʡ ʚ ʧʠʩʴʤʝʥʥʦʤ ʚʠʜʝ, ʠ ʪʳ 

ʩʤʦʞʝʰʴ ʟʘʚʦʝʚʘʪʴ ʩʝʨʜʮʘ ʯʠʪʘʪʝʣʝʡ. ɺʦ-

ʧʨʦʩ ʦ ʢʘʯʝʩʪʚʝ ʜʘʥʥʳʭ ʧʨʦʠʟʚʝʜʝʥʠʡ 

ʚʝʩʴʤʘ ʩʧʦʨʥʳʡ, ʧʦʩʢʦʣʴʢʫ ʧʠʰʫʪ ʠʭ 

ʥʝʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʜʝʷʪʝʣʠ ʣʠʪʝʨʘʪʫʨʳ. 

ʇʦʵʪʦʤʫ ʬʘʥʬʠʢ ʙʫʜʝʪ ʧʦʜʚʝʨʞʝʥ ʢʨʠʪʠʢʝ 

ʚʩʝʛʜʘ, ʭʦʪʴ ʦʥ ʠ ʧʦʣʶʙʠʣʩʷ ʯʠʪʘʪʝʣʷʤ. ʅʝ 

ʩʪʦʠʪ ʟʘʙʳʚʘʪʴ ʦ ʪʦʤ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʠʟ-

ʚʝʩʪʥʳʝ ʘʚʪʦʨʳ ʥʘʯʠʥʘʣʠ ʠʤʝʥʥʦ ʩ ʵʪʦʛʦ 

ʤʘʣʦʛʦ ʞʘʥʨʘ.  
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Abstract. Currently, such a genre of the literature as fan fiction is becoming more and more 

popular. This is not just a work, it is a hope for the craziest developments. The authors of fan 

fiction can write a love story of two heroes of one work, one universe, or they can build a roman-

tic story between famous authors of Russian and foreign literature and music. Fan fiction helps 

readers not only to prolong their stay in the art world, but also to unleash their own creative po-

tential. 
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ɸʥʥʦʪʘʮʠʷ. ʅʘʩʪʦʷʱʘʷ ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʦʧʠʩʘʥʠʶ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʠ ʣʠʥʛʚʦʤʝʪʦ-

ʜʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʵʧʠʪʝʪʘ ʢʘʢ ʩʨʝʜʩʪʚʘ ʦʙʨʘʟʥʦʡ ʚʳʨʘʟʠʪʝʣʴʥʦʩʪʠ ʚ ʧʨʦʟʝ 

ʂ.ɻ. ʇʘʫʩʪʦʚʩʢʦʛʦ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʣʝʢʩʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʠ ʧʨʦʷʚʣʷʶʱʠʭʩʷ ʚ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʠ ʵʧʠʪʝʪʘ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʠʟʦʙʨʘʟʠʪʝʣʴʥʦ-ʚʳʨʘʟʠʪʝʣʴʥʦʛʦ ʩʨʝʜʩʪʚʘ ʭʫʜʦʞʝ-

ʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʨʝʜʩʪʚʘ ʦʙʨʘʟʥʦʡ ʚʳʨʘʟʠʪʝʣʴʥʦʩʪʠ, ʂ. ʇʘʫʩʪʦʚʩʢʠʡ, ʵʧʠʪʝʪ, ʧʨʦ-

ʟʘ. 

 

ɺʟʛʣʷʜ ʯʝʣʦʚʝʢʘ ʩʦ ʚʨʝʤʝʥʝʤ ʥʘ ʤʠʨ 

ʤʝʥʷʣʩʷ, ʠ ʠʟʤʝʥʝʥʠʝ ʵʪʦ ʠʟʤʝʥʠʣʦ ʩʠʩʪʝ-

ʤʫ ʵʧʠʪʝʪʦʚ: ʦʪ ʦʙʱʠʭ, ʧʦʩʪʦʷʥʥʳʭ ʵʧʠʪʝ-

ʪʦʚ ʧʝʨʝʰʣʘ ʣʠʪʝʨʘʪʫʨʘ ʢ ʧʝʨʝʜʘʯʝ ʣʠʯ-

ʥʦʡ, ʩʫʙʲʝʢʪʠʚʥʦʡ ʠʟʦʙʨʘʞʘʝʤʦʡ ʦʮʝʥʢʠ 

ʨʝʘʣʴʥʦʩʪʠ ʠ ʦʪʨʘʞʝʥʠʶ ʦʧʨʝʜʝʣʝʥʠʷ 

ʚʟʛʣʷʜʘ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʥʘ ʤʠʨ. 

ʕʧʠʪʝʪ ʢʘʢ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʪʨʦʧʘ ʠʟʫʯʘ-

ʣʠ ʤʥʦʛʠʝ ʚʳʜʘʶʱʠʝʩʷ ʬʠʣʦʣʦʛʠ: 

ʌ.ʀ. ɹʫʩʣʘʝʚ, ɸ.ʅ. ɺʝʩʝʣʦʚʩʢʠʡ, 

ɸ.ɸ. ʇʦʪʝʙʥʷ, ɺ.ʄ. ɾʠʨʤʫʥʩʢʠʡ, 

ɹ.ɺ. ʊʦʤʘʰʝʚʩʢʠʡ ʠ ʜʨ. [2]. ʆʜʥʘʢʦ, ʫ 

ʥʘʫʢʠ ʥʝʪ ʜʦ ʩʠʭ ʧʦʨ ʧʨʦʨʘʙʦʪʘʥʥʦʡ ʠʜʝ-

ʘʣʴʥʦʡ ʪʝʦʨʠʠ ʵʧʠʪʝʪʦʚ, ʠ ʥʝʪ ʪʝʨʤʠʥʦʣʦ-

ʛʠʯʝʩʢʦʡ ʝʜʠʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʵʧʠʪʝʪʦʚ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ. ɺʦʪ ʧʦ-

ʯʝʤʫ ʠʥʦʛʜʘ ʥʝʦʧʨʘʚʜʘʥʥʦ ʧʦʥʷʪʠʝ çʵʧʠ-

ʪʝʪè ʨʘʩʰʠʨʷʝʪʩʷ, ʧʦʪʦʤʫ ʯʪʦ ʦʪʥʦʩʷʪ ʢ 

ʥʝʤʫ ʣʶʙʦʝ ʧʨʠʣʘʛʘʪʝʣʴʥʦʝ, ʠʤʝʶʱʝʝ 

ʦʧʨʝʜʝʣʠʪʝʣʴʥʳʝ ʬʫʥʢʮʠʠ. ʅʦ, ʥʝʩʤʦʪʨʷ 

ʥʘ ʵʪʦ, ʧʨʠʣʘʛʘʪʝʣʴʥʳʝ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚ-

ʣʷʶʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʪʣʠʯʠʪʝʣʴʥʳʝ ʦʙʲ-

ʝʢʪʘ ʠ ʥʝ ʜʘʶʪ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʨʘʟ-

ʥʳʭ, ʥʝ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʵʧʠ-

ʪʝʪ [1]. 

ʇʦʵʪʦʤʫ ʵʧʠʪʝʪ ʷʚʣʷʝʪʩʷ ʧʦʢʘʟʘʪʝʣʝʤ 

ʥʝ ʪʦʣʴʢʦ ʩʪʠʣʷ ʠ ʥʘʧʨʘʚʣʝʥʠʷ, ʥʦ ʠ ʧʦʢʘ-

ʟʘʪʝʣʝʤ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʳʨʘʞʝʥʠʷ ʩʨʝʜ-

ʩʪʚʘ ʦʙʨʘʟʥʦʩʪʠ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʧʨʝʜʝ-

ʣʠʪʴ ʬʫʥʢʮʠʶ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʠʥʛʚʠ-

ʩʪʠʯʝʩʢʠʝ ʵʧʠʪʝʪʦʚ ʢʘʢ ʩʨʝʜʩʪʚʘ ʚʳʨʘʞʝ-

ʥʠʷ ʦʙʨʘʟʥʦʩʪʠ, ʤʦʞʥʦ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ 

ʨʘʩʩʤʦʪʨʝʪʴ ʧʨʦʟʫ ʂ.ɻ. ʇʘʫʩʪʦʚʩʢʦʛʦ. 

ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʵʧʠʪʝʪʳ, 

ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʚ ʧʨʦʠʟʚʝʜʝʥʠʷʭ 

ʂ.ɻ. ʇʘʫʩʪʦʚʩʢʦʛʦ, ʤʦʛʫʪ ʢʣʘʩʩʠʬʠʮʠʨʦ-

ʚʘʪʴʩʷ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʠ 

ʛʨʘʤʤʘʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʚʳʨʘʞʘ-

ʶʪʩʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʧʠʩʘʥʠʝʤ ʩʣʦʚʝʩ-

ʥʳʤ ʙʝʟ ʟʘʚʠʩʠʤʳʭ ʩʣʦʚ: ʪʦʩʢʣʠʚʳʡ ʜʝʥʴ 

ʨʦʞʜʝʥʠʷ, ʚʦʩʭʠʱʝʥʥʳʝ ʢʫʨʩʘʥʪʳ, ʪʠʭʠʡ 

ʨʘʩʩʚʝʪ, ʟʦʣʦʪʦʡ ʩʚʝʪ, ʞʘʣʦʩʪʣʠʚʳʝ ʩʪʘʨʫ-

ʭʠ, ʞʛʫʯʘʷ ʚʦʜʘ, ʩʢʨʠʧʫʯʘʷ ʢʘʣʠʪʢʘ, ʛʣʫ-

ʭʦʡ ʚʝʯʝʨ, ʧʫʩʪʳʥʥʳʡ ʛʦʨʦʜʦʢ ʠ ʜʨ. [5]. 

ʕʧʠʪʳ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʩʣʦʞʥʫʶ ʩʪʨʫʢ-

ʪʫʨʫ, ʪ.ʝ. ʚ ʧʨʦʠʟʚʝʜʝʥʠʷʭ 

ʂ.ɻ. ʇʘʫʩʪʦʚʩʢʦʛʦ ʧʨʠʣʘʛʘʪʝʣʴʥʳʝ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʵʧʠʪʝʪʘʤʠ, ʥʘʭʦʜʷʱʠʤʠʩʷ ʚ ʩʦ-

ʦʪʥʦʰʝʥʠʠ ʤʝʞʜʫ ʠʭ ʢʦʤʧʦʥʝʥʪʘʤʠ ʚ ʩʦ-

ʯʠʥʠʪʝʣʴʥʳʭ ʚʠʜʘʭ ʩʚʷʟʠ, ʧʨʠ ʵʪʦʤ ʯʘʩʪʠ 

ʵʧʠʪʝʪʦʚ ʨʘʚʥʦʧʨʘʚʥʳʤʠ ʩʯʠʪʘʶʪʩʷ, 

ʥʘʧʨʠʤʝʨ: ʦʙʘʷʪʝʣʴʥʦ-ʜʦʙʨʳʡ, ʩʪʘʥʜʘʨʪ-

ʥʦ-ʧʨʠʤʠʪʠʚʥʳʡ ʠ ʜʨ.; ʠʣʠ ʧʨʦʪʠʚʦʧʦ-

ʩʪʘʚʣʝʥʥʳʭ, ʥʘʧʨʠʤʝʨ: ʛʨʫʩʪʥʦ-ʚʝʩʝʣʳʡ, 

ʯʝʨʥʦ-ʙʝʣʳʡ, ʩʣʘʜʢʦʚʘʪʦ-ʛʦʨʴʢʠʡ, ʧʫʛʣʠ-

ʚʦ-ʣʶʙʦʧʳʪʥʳʡ, ʙʦʜʨʘʟʘʫʥʳʚʥʳʡ ʠ ʜʨ.; 

ʠʣʠ ʩʦʩʪʘʚʣʷʶʱʠʝ ʦʜʥʦʛʦ ʩʣʦʞʥʦʛʦ ʢʘʯʝ-

ʩʪʚʘ, ʠʣʠ ʧʦʜʯʠʥʝʥʠʷ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʝʨ-

ʚʳʡ ʢʦʤʧʦʥʝʥʪ ʩʪʨʫʢʪʫʨʳ ʦʪʨʘʞʘʝʪ ʫʪʦʯ-

ʥʝʥʠʝ ʩʝʤʘʥʪʠʯʝʩʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʠ ʢʦʥ-

ʢʨʝʪʠʟʠʨʫʝʪ ʩʤʳʩʣ ʦʩʥʦʚʥʦʡ ʨʝʘʣʠʟʘʮʠʠ 

ʦʧʦʨʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ: ʢʘʥʘʨʝʝʯʥʦ-ʞʝʣʪʳʡ 

ʠ ʜʨ. [8]. 

ɺ ʧʨʦʠʟʚʝʜʝʥʠʷʭ ʂ.ɻ. ʇʘʫʩʪʦʚʩʢʦʛʦ 

ʚʩʪʨʝʯʘʶʪʩʷ ʪʘʢʞʝ ʧʦʣʠʢʦʨʥʝʚʳʝ ʩʦʩʪʘʚ-

ʥʳʝ ʤʥʦʞʝʩʪʚʝʥʥʳʝ ʵʧʠʪʝʪʳ, ʩʦʩʪʦʷʱʠʝ 

ʠʟ ʪʨʝʭ ʠ ʙʦʣʝʝ ʢʦʤʧʦʥʝʥʪʦʚ: çʏʘʯʠʢʦʚ 

ʧʨʝʜʧʦʯʠʪʘʣ ʦʙʲʷʩʥʷʪʴʩʷ ʩ ʥʠʤʠ ʥʘ ʩʤʝ-

ʰʘʥʥʦʤ ʨʫʩʩʢʦ-ʛʨʝʯʝʩʢʦ-ʬʨʘʥʮʫʟʩʢʦ-

ʛʨʫʟʠʥʩʢʦʤ ʜʠʘʣʝʢʪʝéè. ʂʘʢ ʚʠʜʥʦ, ʷʨʢʦ 
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ʚ ʵʧʠʪʝʪʥʳʭ ʦʙʨʘʟʦʚʘʥʠʷʭ ʧʨʦʷʚʣʷʝʪʩʷ ʦʙ-

ʨʘʟʥʘʷ ʚʳʨʘʟʠʪʝʣʴʥʦʩʪʴ. 

ʊʘʢʞʝ ʤʦʜʝʣʴʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʷʚ-

ʣʷʝʪʩʷ ʪʘ, ʵʧʠʪʝʪ ʚ ʢʦʪʦʨʦʡ ʚʳʨʘʞʘʝʪʩʷ ʚ 

ʦʩʦʙʦʡ ʬʦʨʤʝ ʛʣʘʛʦʣʘ ï ʧʨʠʯʘʩʪʠʠ, ʠʤʝʶ-

ʱʝʤ ʟʘʚʠʩʠʤʳʝ ʩʣʦʚʘ, ʠʣʠ ʙʝʟ ʥʠʭ, ʢʦʪʦ-

ʨʦʝ ʫʢʘʟʳʚʘʝʪ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʥʘ ʩʦʩʪʦ-

ʷʥʠʝ ʩʫʙʲʝʢʪʘ, ʝʛʦ ʜʠʥʘʤʠʢʫ ʠʣʠ ʧʩʠʭʦʣʦ-

ʛʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ ʜʣʷ ʢʘʯʝʩʪʚʝʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ: ʫʜʨʫʯʝʥʥʳʡ ʥʝʩʯʘʩʪʴʝʤ, 

ʩʪʘʨʠʢ ʧʦʩʣʘʣ ʅʘʩʪʶ ʫʭʘʞʠʚʘʪʴ ʟʘ ʨʘʥʝ-

ʥʳʤ (ʂʨʫʞʝʚʥʠʮʘ ʅʘʩʪʷ); ʦʢʨʫʞʝʥʥʳʡ 

ʣʶʙʦʧʳʪʩʪʚʫʶʱʠʤʠ ʢʫʨʩʘʥʪʘʤʠ, ʦʥ ʜʦʣʛʦ 

ʨʘʟʚʦʨʘʯʠʚʘʣ ʯʪʦ-ʪʦ ʪʚʝʨʜʦʝ (ʇʨʠʢʘʟ ʧʦ 

ʚʦʝʥʥʦʡ ʰʢʦʣʝ); ʧʦʩʤʦʪʨʝʣʘ ʥʘ ʚʩʪʨʝʚʦ-

ʞʝʥʥʦʝ ʣʠʮʦ ʇʝʪʨʦʚʘ (ɹʝʣʘʷ ʨʘʜʫʛʘ); ʭʦ-

ʣʦʜ ʚʟʜʨʦʛʥʫʚʰʠʭ ʤʠʣʳʭ ʛʫʙ (ɹʝʣʘʷ ʨʘʜʫ-

ʛʘ); ʂʘʪʝʨʠʥʘ ʇʝʪʨʦʚʥʘ ʩʠʜʝʣʘ, ʨʘʩʪʝʨʷʥ-

ʥʘʷ, ʩ ʜʝʥʴʛʘʤʠ ʚ ʨʫʢʘʭ (ʊʝʣʝʛʨʘʤʤʘ); 

ʦʩʪʘʥʘʚʣʠʚʘʶʱʠʝ ʛʣʘʟʘ (ɸʩʪʘʧʦʚʩʢʠʝ ʧʨʫ-

ʜʳ), ʨʘʩʪʨʝʧʘʥʥʳʡ ʤʦʪʦʨʠʩʪ ʩ ʥʝʠʟʤʝʥ-

ʥʳʤ ʧʫʯʢʦʤ ʧʘʢʣʠ ʚ ʨʫʢʝ (ʋʩʥʫʚʰʠʡ 

ʤʘʣʴʯʠʢ). ʇʨʠʯʘʩʪʥʳʝ ʵʧʠʪʝʪʳ ʤʦʛʫʪ ʧʝ-

ʨʝʜʘʚʘʪʴ ʚʧʝʯʘʪʣʝʥʠʝ ʦʪ ʦʙʲʝʢʪʦʚ ʚʥʝʰʥʝ-

ʛʦ ʤʠʨʘ, ʫʚʠʜʝʥʥʳʭ ʧʝʨʩʦʥʘʞʝʤ ʧʨʦʠʟʚʝ-

ʜʝʥʠʷ, ʘ ʪʘʢʞʝ ʝʩʪʝʩʪʚʝʥʥʳʝ ʵʤʦʮʠʠ, ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʝ ʜʫʰʝʚʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ʛʝʨʦʷ: 

ʟʘʛʣʦʭʰʝʝ ʨʫʩʣʦ ʆʢʠ (ɺʦʠʪʝʣʴ), ʟʘʩʪʦʷʚ-

ʰʠʡʩʷ ʚʦʟʜʫʭ (ʊʝʣʝʛʨʘʤʤʘ), ʨʘʩʪʨʝʧʘʥʥʳʝ 

ʧʣʘʪʘʥʳ ʚ ʩʘʜʫ; ʨʘʟʲʷʨʝʥʥʘʷ ʘʢʫʣʘ (ʊʦʣʷ-

ʢʘʧʠʪʘʥ); ʤʝʨʮʘʶʱʠʡ ʦʛʦʥʴ (ʂʦʨʜʦʥ 

ç273è), ʦʧʫʩʪʦʰʝʥʥʳʝ ʦʩʝʥʴʶ ʦʛʦʨʦʜʳ 

(ʃʝʜʦʩʪʘʚ), ʟʦʣʦʪʝʶʱʠʡ ʢʨʘʡ ʥʝʙʘ (ʐʠ-

ʧʦʚʥʠʢ), ʧʦʟʚʘʥʠʚʘʶʱʘʷ ʧʦʜʦ ʣʴʜʦʤ ʨʝ-

ʯʫʰʢʘ, ʜʨʝʤʣʶʱʠʡ ʟʠʤʥʠʡ ʜʝʥʴ (ʉʝʢʚʦʡʷ) 

ʠ ʜʨ. [7]. 

ɼʦʚʦʣʴʥʦ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤʠ ʷʚʣʷʶʪʩʷ 

ʵʧʠʪʝʪʳ-ʥʘʨʝʯʠʷ, ʢʦʪʦʨʳʝ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʚʳʧʦʣʥʷʶʪ ʬʫʥʢʮʠʶ ʤʦʪʠʚʘʮʠʦʥʥʳʭ ʢʘ-

ʯʝʩʪʚʝʥʥʳʭ ʧʨʠʣʘʛʘʪʝʣʴʥʳʭ ʠ ʧʨʠʜʘʶʪ 

ʨʘʟʣʠʯʥʳʡ ʩʧʝʢʪʨ ʭʫʜʦʞʝʩʪʚʝʥʥʦʡ ʨʝʯʠ 

ʵʢʩʧʨʝʩʩʠʚʥʳʭ ʦʪʪʝʥʢʦʚ ʜʝʡʩʪʚʠʷ: ʢʨʠʯʘʣ 

ʧʨʦʥʟʠʪʝʣʴʥʦ (ɸʥʛʣʠʡʩʢʘʷ ʙʨʠʪʚʘ), ʜʳʰʘʣ 

ʭʨʠʧʣʦ (ɹʝʣʳʝ ʢʨʦʣʠʢʠ), ʭʫʜʦʞʥʠʢʠ-

ʘʥʠʤʘʣʠʩʪʳ, ʙʝʩʧʦʜʦʙʥʦ ʨʠʩʫʶʱʠʝ ʟʚʝʨʝʡ 

(ʈʦʙʢʦʝ ʩʝʨʜʮʝ), ʚʦʜʘ ʚ ʦʟʝʨʝ ʪʫʩʢʣʦ ʦʪ-

ʩʚʝʯʠʚʘʣʘ (ʅʦʯʴ ʚ ʦʢʪʷʙʨʝ), ʩ ʜʝʨʝʚʘ ʙʝʟ-

ʟʚʫʯʥʦ ʩʦʨʚʘʣʘʩʴ ʧʪʠʮʘ, ʩʥʝʛʘ ʪʫʩʢʣʦ ʩʚʝ-

ʪʠʣʠ ʚ ʦʢʥʘ; ʦʥ ʚʦʰʝʣ ʚ ʜʦʤ, ʯʪʦ-ʪʦ ʩʤʫ-

ʱʝʥʥʦ ʙʦʨʤʦʯʘ (ʉʥʝʛ), ʩʤʫʱʝʥʥʦ ʩʤʦʪʨʝʣ 

ʥʘ ʙʦʡʮʘ (ɹʘʙʫʰʢʠʥ ʩʘʜ). 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʚ ʭʫʜʦʞʝʩʪʚʝʥʥʦʤ ʪʝʢ-

ʩʪʝ ʩʦʝʜʠʥʠʪʴ ʘʥʪʦʥʠʤʠʯʥʳʝ ʵʧʠʪʝʪʳ, ʠʩ-

ʧʦʣʴʟʫʶʪʩʷ ʧʨʦʪʠʚʠʪʝʣʴʥʳʝ ʩʦʶʟʳ çʘè, 

çʥʦè ʠ ʪ.ʜ., ʥʘʧʨʠʤʝʨ: ʫʤʥʘʷ, ʥʦ ʩʫʭʘʷ 

ʞʠʟʥʴ (ɸʢʚʘʨʝʣʴʥʳʝ ʢʨʘʩʢʠ), ʠʟʷʱʥʳʝ, ʥʦ 

ʩʪʘʨʦʤʦʜʥʳʝ ʧʣʘʪʴʷ (ʄʦʣʠʪʚʘ ʤʘʜʘʤ ɹʦ-

ʚʵ); ʩʦʚʩʝʤ ʥʝ ʩʪʘʨʠʥʥʘʷ, ʘ ʦʯʝʥʴ ʩʦʚʨʝ-

ʤʝʥʥʘʷ ʰʣʷʧʘ (ɹʘʢʝʥʱʠʢ). ɺ ʥʝʢʦʪʦʨʳʭ 

ʩʣʫʯʘʷʭ ʘʥʪʦʥʠʤʠʯʝʩʢʘʷ ʩʚʷʟʴ ʤʦʞʝʪ ʙʳʪʴ 

ʜʦʩʪʠʛʥʫʪʘ ʟʘ ʩʯʝʪ ʦʙʲʝʜʠʥʝʥʠʷ ʵʧʠʪʝʪʦʚ 

ʩʦʶʟʦʤ çʠè: ʣʝʩʘ, ʫʤʠʨʘʶʱʠʝ ʚʝʣʠʯʘʚʦ ʠ 

ʧʨʦʩʪʦ ʠ ʜʨ. ʆʜʥʦʨʦʜʥʳʝ ʵʧʠʪʝʪʳ ʭʫʜʦʞʝ-

ʩʪʚʝʥʥʦ ʩʠʥʪʝʟʠʨʫʶʪ ʟʥʘʯʝʥʠʝ ʠʤʝʥ ʧʨʠ-

ʣʘʛʘʪʝʣʴʥʳʭ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ ʚʩʝ-

ʩʪʦʨʦʥʥʝʤʫ ʚʦʦʙʨʘʞʝʥʠʶ ʠ ʚʦʩʧʨʠʷʪʠʶ 

ʠʥʬʦʨʤʘʮʠʠ [6]. 

ʕʧʠʪʝʪʳ ʤʦʛʫʪ ʧʦʚʪʦʨʷʪʴʩʷ ʚ ʪʝʢʩʪʘʭ 

ʂ.ɻ. ʇʘʫʩʪʦʚʩʢʦʛʦ, ʪʘʢ: çʅʘʩʪʝ ʙʳʣʦ 

ʩʪʨʘʰʥʦ ʛʦʚʦʨʠʪʴ ʩ ʞʝʥʦʡ ɹʘʣʘʰʦʚʘ. ɽʡ 

ʙʳʣʦ ʩʪʨʘʰʥʦ ʚ ʛʦʨʦʜʩʢʦʡ ʢʚʘʨʪʠʨʝ, ʩʨʝʜʠ 

ʰʝʣʢʦʚʳʭ ʧʳʣʴʥʳʭ ʜʠʚʘʥʦʚ, ʨʘʩʩʳʧʘʥʥʦʡ 

ʧʫʜʨʳ, ʥʘʩʪʦʡʯʠʚʳʭ ʪʝʣʝʬʦʥʥʳʭ ʟʚʦʥʢʦʚè 

(ʂʨʫʞʝʚʥʠʮʘ ʅʘʩʪʷ), ʘ ʪʝʧʝʨʴ ʩʨʘʚʥʠʤ: 

çʅʘʤ ʛʨʫʩʪʥʦ, ʯʪʦ ʤʳ ʥʝ ʚ ʩʠʣʘʭ ʧʨʝʚʨʘ-

ʪʠʪʴ ʵʪʦ ʤʠʤʦʣʝʪʥʦʝ ʦʩʝʥʥʝʝ ʫʪʨʦ ʚ ʙʝʩ-

ʢʦʥʝʯʥʳʡ ʰʝʣʝʩʪ ʩʫʭʦʛʦ ʟʦʣʦʪʦʛʦ ʣʠʩʪʘ, ʚ 

ʙʝʩʢʦʥʝʯʥʳʡ ʙʣʝʩʢ ʧʨʦʭʣʘʜʥʳʭ ʦʟʝʨ, ʚ 

ʙʝʩʢʦʥʝʯʥʳʡ ʭʦʨʦʚʦʜ ʣʝʛʢʠʭ, ʢʘʢ ʜʳʤ, ʦʙ-

ʣʘʢʦʚè (ʂʦʨʜʦʥ ç273è). ʇʠʩʘʪʝʣʝʤ ʠʩʧʦʣʴ-

ʟʫʝʪʩʷ ʧʦʚʪʦʨʷʶʱʠʡʩʷ ʵʧʠʪʝʪ çʙʝʩʢʦʥʝʯ-

ʥʳʡè ʚ ʟʥʘʯʝʥʠʠ çʥʝ ʠʤʝʶʱʠʡ ʢʦʥʮʘ, 

ʧʨʝʜʝʣʦʚè [4], ʯʪʦʙʳ ʦʙʲʝʜʠʥʠʪʴ ʩʝʤʘʥʪʠ-

ʯʝʩʢʠ ʨʘʟʣʠʯʥʳʝ ʧʦʥʷʪʠʷ, ʫʩʠʣʠʚʘʷ ʪʝʤ 

ʩʘʤʳʤ ʯʫʚʩʪʚʦ ʧʝʯʘʣʠ, ʚʳʟʚʘʥʥʦʝ ʥʝʩʧʦ-

ʩʦʙʥʦʩʪʴʶ ʟʘʤʝʜʣʠʪʴ ʭʦʜ ʚʨʝʤʝʥʠ. 

 ʂʨʦʤʝ ʪʦʛʦ, ʧʠʩʘʪʝʣʴ ʠʩʧʦʣʴʟʫʝʪ ʯʘʩʪʦ 

ʚ ʧʨʦʠʟʚʝʜʝʥʠʷʭ ʩʚʦʠʭ ʧʦʚʪʦʨʳ ʵʧʠʪʝʪʦʚ, 

ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʷʟʳʢʦʚʳʭ ʥʘʨʦʜʥʳʭ ʪʨʘ-

ʜʠʮʠʡ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʩʠʣʝʥʠʶ ʵʤʦʮʠ-

ʦʥʘʣʴʥʦʡ ʚʳʨʘʟʠʪʝʣʴʥʦʩʪʠ ʠ ʦʙʨʘʟʥʳʤ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʘʤ ʠʟʦʙʨʘʞʘʝʤʳʭ ʷʚʣʝʥʠʡ ʚ 

ʦʢʨʫʞʘʶʱʝʡ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʘ ʪʘʢʞʝ 

ʫʩʠʣʝʥʠʶ ʚʳʨʘʟʠʪʝʣʴʥʦʩʪʠ ʭʫʜʦʞʝʩʪʚʝʥ-

ʥʦʛʦ ʧʦʚʝʩʪʚʦʚʘʥʠʷ ʚ ʮʝʣʦʤ: çʂʦʛʜʘ ʧʨʠ-

ʜʫʪ ʵʪʠ ʚʨʝʤʝʥʘ ʜʣʷ ʝʝ ʜʘʣʝʢʦʡ-ʜʘʣʝʢʦʡ, 

ʧʦʯʪʠ ʟʘʙʳʪʦʡ ʩʪʨʘʥʳ!è (ʄʦʣʠʪʚʘ ʤʘʜʘʤ 

ɹʦʚʵ) [10; 3]; çʋ ʥʘʩ ʩʝʣʦ ʰʠʨʦʢʦʝ-

ʰʠʨʦʢʦʝ, ʥʘʜ ʙʘʣʢʦʡè (ʈʦʟʘ ʚʝʪʨʦʚ); çéʠʭ 

ʢʨʘʡ ʙʳʣ ʟʥʘʤʝʥʠʪ ʩ ʜʘʚʥʠʭ-ʧʨʝʜʘʚʥʠʭ 

ʚʨʝʤʝʥ ʩʚʦʠʤʠ ʞʠʚʦʧʠʩʮʘʤʠè (ɸʢʚʘʨʝʣʴ-

ʥʳʝ ʢʨʘʩʢʠ) [9]. 
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ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʭʘʨʘʢʪʝʨʠʟʫʷ ʵʧʠʪʝʪ, 

ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʝʛʦ ʩʫʱʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʠ: ʵʪʦ ʦʙʨʘʟʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ 

ʧʨʝʜʤʝʪʘ. ʕʧʠʪʝʪ ʚʩʝʛʜʘ ʩʫʙʲʝʢʪʠʚʝʥ, ʪʘʢ 

ʢʘʢ ʚ ʥʝʤ ʚʦʧʣʦʱʘʝʪʩʷ ʫʥʠʢʘʣʴʥʦʩʪʴ ʤʠ-

ʨʦʦʱʫʱʝʥʠʷ, ʧʨʠʩʫʱʘʷ ʣʠʯʥʦʩʪʠ. ɺ ʧʨʦʟʝ 

ʂ.ɻ. ʇʘʫʩʪʦʚʩʢʦʛʦ ʥʘʙʣʶʜʘʝʪʩʷ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝ ʥʝʩʢʦʣʴʢʠʭ (ʜʚʫʭ, ʪʨʝʭ ʠ ʙʦʣʝʝ) ʵʧʠ-

ʪʝʪʦʚ ʢʘʢ ʯʘʩʪʴ ʝʜʠʥʩʪʚʘ ʵʧʠʪʝʪʦʚ, ʢʦʪʦ-

ʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʦʙʲʝʢʪ ʵʧʠʪʝʪʘʮʠʠ 

ʚʝʩʴʤʘ ʤʥʦʛʦʧʣʘʥʦʚʦ ʠ ʨʘʟʥʦʩʪʦʨʦʥʥʝ. 
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ɸʥʥʦʪʘʮʠʷ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʧʝʨʝʚʦʜʫ ʪʝʢʩʪʘ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ. ɺ ʨʘʙʦʪʝ ʦʧʨʝʜʝ-

ʣʝʥʳ ʘʢʪʫʘʣʴʥʳʝ ʣʝʢʩʠʢʦ-ʛʨʘʤʤʘʪʠʯʝʩʢʠʝ ʠ ʧʨʘʛʤʘʪʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʪʝʢʩʪʘ ʧʦ ʩʧʝʮʠ-

ʘʣʴʥʦʩʪʠ. ɺʳʜʝʣʝʥʳ ʪʨʫʜʥʦʩʪʠ ʠ ʩʧʦʩʦʙʳ ʠʭ ʨʝʰʝʥʠʷ. ʅʘ ʣʝʢʩʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʤʦʞʥʦ 

ʚʩʪʨʝʪʠʪʴ ʦʙʠʣʠʝ ʪʝʨʤʠʥʦʚ, ʩʧʝʮʠʘʣʴʥʳʭ ʘʙʙʨʝʚʠʘʪʫʨ, ʪʦʛʜʘ ʢʘʢ ʥʘ ʛʨʘʤʤʘʪʠʯʝʩʢʦʤ 

ʫʨʦʚʥʝ ʯʘʩʪʥʳʤ ʷʚʣʝʥʠʝʤ ʦʩʪʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʣʦʞʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʩʣʦʞʥʳʭ 

ʧʨʝʜʣʦʞʝʥʠʷʭ. ʇʨʘʛʤʘʪʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʠʟʦʙʠʣʫʝʪ ʥʝʪʠʧʠʯʥʳʤ ʦʬʦʨʤʣʝʥʠʝʤ ʛʨʘʬʠʢʦʚ ʠ 

ʩʭʝʤ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʝʨʝʚʦʜ, ʣʝʢʩʠʢʦ-ʛʨʘʤʤʘʪʠʯʝʩʢʠʝ ʪʨʫʜʥʦʩʪʠ, ʧʨʘʛʤʘʪʠʯʝʩʢʠʝ 

ʪʨʫʜʥʦʩʪʠ, ʪʝʨʤʠʥʳ, ʘʙʙʨʝʚʠʘʪʫʨʳ, ʛʨʘʬʠʢʠ, ʩʭʝʤʳ. 

 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʧʦʩʪʦʷʥʥʦ ʨʘʩʪʝʪ 

ʩʧʨʦʩ ʥʘ ʫʩʪʥʳʭ ʠ ʧʠʩʴʤʝʥʥʳʭ ʧʝʨʝʚʦʜʯʠ-

ʢʦʚ. ɺ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʤ ʦʙʱʝʥʠʠ ʧʨʝʜ-

ʩʪʘʚʠʪʝʣʠ ʧʨʦʬʝʩʩʠʠ ʠʩʧʦʣʴʟʫʶʪ ʩʨʝʜʩʪʚʘ 

ʩʧʝʮʠʘʣʴʥʦʛʦ ʷʟʳʢʘ, ʢʦʪʦʨʳʡ ʥʝ ʚʩʝʛʜʘ 

ʧʦʥʷʪʝʥ ʧʨʦʩʪʦʤʫ ʦʙʳʚʘʪʝʣʶ, ʪʘʢ ʢʘʢ ʷʚ-

ʣʝʥʠʷ ʠ ʧʨʝʜʤʝʪʳ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ ʚʳʨʘʞʘʶʪʩʷ ʚ ʥʝʤ ʧʨʠ ʧʦʤʦʱʠ 

ʪʝʨʤʠʥʦʚ, ʦʙʨʘʟʫʶʱʠʭ ʪʝʨʤʠʥʦʣʦʛʠʶ ʪʦ-

ʛʦ ʠʣʠ ʠʥʦʛʦ ʩʧʝʮʠʘʣʴʥʦʛʦ ʷʟʳʢʘ. ʇʝʨʝ-

ʚʦʜʯʠʢʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥ-

ʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʦʙʣʘʩʪʝʡ ʩʪʘʥʦʚʷʪʩʷ 

ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʣʶʙʦʡ ʢʦʤʧʘʥʠʠ ʠ 

ʩʧʨʦʩ ʥʘ ʥʠʭ ʧʦʩʪʦʷʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ [3, 

5].  

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʘʩ-

ʧʝʢʪʦʚ ʧʝʨʝʚʦʜʘ ʪʝʢʩʪʘ ñFundamentals of 

building construction materials and methodsò 

ï çʆʩʥʦʚʳ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʤʝ-

ʪʦʜʦʚ ʩʪʨʦʠʪʝʣʴʩʪʚʘè, ʘʚʪʦʨʘʤʠ ʢʦʪʦʨʦʡ 

ʷʚʣʷʶʪʩʷ ʙʨʠʪʘʥʮʳ ʕʜʚʘʨʜ ɸʣʣʝʥ ʠ ɼʞʦ-

ʟʝʬ ʀʘʥʦ, ʠʟʜʘʪʝʣʴʩʪʚʦ Wiley. ɺ ʢʥʠʛʝ ʩʦ-

ʜʝʨʞʠʪʩʷ 929 ʩʪʨʘʥʠʮ, 24 ʛʣʘʚʳ. Allen, 

Edward Fundamentals of Building Construc-

tion: Materials and Methods / Iano, Joseph ï 

Hoboken, New Jersey: Wiley, [2019]. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʦʙʫʩʣʦʚʣʝʥʘ ʦʪ-

ʩʫʪʩʪʚʠʝʤ ʧʦʣʥʦʮʝʥʥʦʛʦ ʧʝʨʝʚʦʜʘ ʧʨʝʜ-

ʩʪʘʚʣʝʥʥʦʛʦ ʠʟʜʘʥʠʷ, ʘ ʪʘʢʞʝ ʟʘʢʣʶʯʘʝʪʩʷ 

ʚ ʠʟʫʯʝʥʠʠ ʣʝʢʩʠʯʝʩʢʦ-ʛʨʘʤʤʘʪʠʯʝʩʢʠʭ ʠ 

ʧʨʘʛʤʘʪʠʯʝʩʢʠʭ ʧʨʠʝʤʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ 

ʩʦʭʨʘʥʷʪʴ ʩʚʷʟʥʦʩʪʴ ʪʝʢʩʪʘ ʧʨʠ ʧʝʨʝʚʦʜʝ 

ʩʧʝʮʠʘʣʴʥʦʛʦ ʪʝʢʩʪʘ. 

ʇʨʠ ʧʝʨʝʚʦʜʝ ʪʝʢʩʪʘ ʣʶʙʦʛʦ ʞʘʥʨʘ ʧʝ-

ʨʝʚʦʜʯʠʢ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʨʷʜʦʤ ʪʨʫʜʥʦʩʪʝʡ 

ʨʘʟʣʠʯʥʦʛʦ ʭʘʨʘʢʪʝʨʘ: ʣʝʢʩʠʯʝʩʢʠʤʠ, 

ʛʨʘʤʤʘʪʠʯʝʩʢʠʤʠ ʠ ʧʨʘʛʤʘʪʠʯʝʩʢʠʤʠ.  

ʈʘʩʩʤʦʪʨʠʤ ʧʦʜʨʦʙʥʝʝ ʚʦʟʥʠʢʰʠʝ 

ʪʨʫʜʥʦʩʪʠ ʥʘ ʨʝʘʣʴʥʳʭ ʧʨʠʤʝʨʘʭ ʠʟ ʪʝʢ-

ʩʪʘ. 

1. ʃʝʢʩʠʯʝʩʢʠʝ ʪʨʫʜʥʦʩʪʠ 

1.  ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʠʭ ʪʝʢʩʪʦʚ ʷʚʣʷʝʪʩʷ ʦʙʠʣʠʝ ʪʝʨ-

ʤʠʥʦʚ. ʊʝʨʤʠʥʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʫʟ-

ʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʫʶ ʣʝʢʩʠʢʫ, ʢʦʪʦʨʘʷ 

ʦʙʦʟʥʘʯʘʝʪ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ ʠ ʧʦ-

ʥʷʪʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʵʢʩʧʝʨʪʘʤʠ ʚ ʨʘʟʣʠʯ-

ʥʳʭ ʦʙʣʘʩʪʷʭ. ʊʨʫʜʥʦʩʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʪʦʤ, ʯʪʦ ʜʣʷ ʧʝʨʝʚʦʜʘ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴ-

ʟʦʚʘʪʴ ʩʧʝʮʠʘʣʴʥʳʝ ʩʣʦʚʘʨʠ ʧʨʦʬʝʩʩʠʦʥʘ-

ʣʠʟʤʦʚ, ʘ ʪʘʢʞʝ ʩʧʨʘʚʦʯʥʫʶ ʣʠʪʝʨʘʪʫʨʫ ʧʦ 

ʜʘʥʥʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ. ɺ ʢʘʯʝʩʪʚʝ 

ʧʨʠʤʝʨʘ ʤʦʞʝʤ ʨʘʩʩʤʦʪʨʝʪʴ ʪʝʨʤʠʥ Air-

entraining cements. ʉʦʛʣʘʩʥʦ ʧʨʷʤʦʤʫ ʧʝ-

ʨʝʚʦʜʫ ð ʵʪʦ ʚʦʟʜʫʭʦʚʦʚʣʝʢʘʶʱʠʡ ʮʝ-

ʤʝʥʪ. ɺ ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʨʘʢʪʠʢʝ ʜʘʥʥʳʡ 

ʪʝʨʤʠʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʝʜʢʦ ʠ ʙʳʣ ʥʘʤ 

ʥʝʟʥʘʢʦʤ. ʇʦʵʪʦʤʫ, ʤʳ ʦʙʨʘʪʠʣʠʩʴ ʢ ʜʨʫ-

ʛʦʤʫ ʠʥʩʪʨʫʤʝʥʪʫ ʧʝʨʝʚʦʜʘ -  ʩʣʦʚʘʨʶ 

Multitran. ʉʦʛʣʘʩʥʦ ʧʨʝʜʣʦʞʝʥʥʦʤʫ ʩʣʦʚʘ-

ʨʝʤ ʧʝʨʝʚʦʜʫ ʤʳ ʧʦʣʫʯʠʣʠ çʮʝʤʝʥʪ ʩ ʚʦʟ-

ʜʫʭʦʚʦʚʣʝʢʘʶʱʝʡ ʜʦʙʘʚʢʦʡè. ʀʟʫʯʠʚ 

ɻʆʉʊ 10181-2014 [7] ï ʤʝʪʦʜʳ ʠ ʠʩʧʦʣʴ-

ʟʫʝʤʳʝ ʧʨʠʙʦʨʳ, ʤʳ ʚʳʷʩʥʠʣʠ, ʯʪʦ ʧʦʣʫ-

ʯʝʥʥʳʡ ʧʝʨʝʚʦʜ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʨʤʠʥʫ 

ʩʦʚʨʝʤʝʥʥʦʡ ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʨʘʢʪʠʢʠ ʠ 
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ʧʨʠʤʝʥʠʣʠ ʝʛʦ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʧʝʨʝʚʦʜʝ 

ʪʝʢʩʪʘ. 

2. ʅʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʪʝʢʩʪʳ ʦʯʝʥʴ ʯʘ-

ʩʪʦ ʩʦʜʝʨʞʘʪ ʩʧʝʮʠʘʣʴʥʳʝ ʘʙʙʨʝʚʠʘʪʫʨʳ 

ʙʝʟ ʢʘʢʦʡ-ʣʠʙʦ ʨʘʩʰʠʬʨʦʚʢʠ. ʇʦʥʷʪʴ ʧʝ-

ʨʝʚʦʜ ʘʙʙʨʝʚʠʘʪʫʨʳ ʧʦ ʢʦʥʪʝʢʩʪʫ ʧʦʨʦʡ 

ʙʳʚʘʝʪ ʥʝʚʦʟʤʦʞʥʦ. ʄʳ ʩʪʦʣʢʥʫʣʠʩʴ ʩ ʥʝ-

ʩʢʦʣʴʢʠʤʠ ʪʘʢʠʤʠ ʘʙʙʨʝʚʠʘʪʫʨʘʤʠ, 

ʥʘʧʨʠʤʝʨ, ASTM (The quality of portland 

cement is established by ASTM C150, which 

identifies eight types). ɼʣʷ ʨʘʩʰʠʬʨʦʚʢʠ 

ʟʥʘʯʝʥʠʷ ʧʨʠʰʣʦʩʴ ʧʨʠʙʝʛʥʫʪʴ ʢ ʨʘʟʣʠʯ-

ʥʳʤ ʩʧʦʩʦʙʘʤ. ɺʦ-ʧʝʨʚʳʭ, ʤʳ ʩʦʧʦʩʪʘʚʠ-

ʣʠ ʟʥʘʯʝʥʠʝ ʚʩʝʛʦ ʧʨʝʜʣʦʞʝʥʠʷ ʩ ʨʫʩʩʢʠʤ 

ʵʢʚʠʚʘʣʝʥʪʦʤ ʠ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʜʘʥʥʘʷ 

ʘʙʙʨʝʚʠʘʪʫʨʘ ʤʦʞʝʪ ʟʥʘʯʠʪʴ ʩʪʘʥʜʘʨʪ ʠʣʠ 

ʥʦʨʤʘʪʠʚʥʳʡ ʜʦʢʫʤʝʥʪ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʮʝʤʝʥʪʘ ʧʦ ʪʠʧʘʤ. ɺʦ-

ʚʪʦʨʳʭ, ʤʳ ʧʦʧʨʦʙʦʚʘʣʠ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʩʣʦʚʘʨʷʤʠ Reverso Context ʠ The Oxford 

English Dictionary by Murray,james 

A.h.ed. [4], ʥʦ ʥʝ ʥʘʰʣʠ ʚ ʥʠʭ ʨʘʩʰʠʬʨʦʚ-

ʢʠ ʘʙʙʨʝʚʠʘʪʫʨʳ. ɺ-ʪʨʝʪʴʠʭ, ʤʳ ʦʙʨʘʪʠ-

ʣʠʩʴ ʢ ʩʝʪʠ ʀʥʪʝʨʥʝʪ ʠ ʚʦʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʧʦʠʩʢʦʤ ʠʥʬʦʨʤʘʮʠʠ, ʟʜʝʩʴ ʥʘʤ ʫʜʘʣʦʩʴ 

ʚʳʷʩʥʠʪʴ, ʯʪʦ ʜʘʥʥʘʷ ʘʙʙʨʝʚʠʘʪʫʨʘ ʜʝʡ-

ʩʪʚʠʪʝʣʴʥʦ ʦʟʥʘʯʘʝʪ ʩʪʘʥʜʘʨʪ, ʠ ʨʘʩʰʠʬ-

ʨʦʚʳʚʘʝʪʩʷ ʢʘʢ American Society for 

Testing and Materials. ʇʦʵʪʦʤʫ, ʤʳ ʨʝʰʠʣʠ 

ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʣʦʚʘʨʝʤ Multitran [2], ʚ 

ʢʦʪʦʨʦʤ ʥʘʰʣʠ ʧʦʣʥʳʡ ʧʝʨʝʚʦʜ ʜʘʥʥʦʡ 

ʘʙʙʨʝʚʠʘʪʫʨʳ: ɸʤʝʨʠʢʘʥʩʢʦʝ ʦʙʱʝʩʪʚʦ 

ʠʩʧʳʪʘʥʠʡ ʠ ʤʘʪʝʨʠʘʣʦʚ. 

2. ɻʨʘʤʤʘʪʠʯʝʩʢʠʝ ʪʨʫʜʥʦʩʪʠ 

1. ɼʣʷ ʘʥʛʣʠʡʩʢʦʛʦ ʷʟʳʢʘ ʭʘʨʘʢʪʝʨʥʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʘʩʩʠʚʥʦʛʦ ʟʘʣʦʛʘ. ʀʥʦʛʜʘ, 

ʧʨʠ ʧʝʨʝʚʦʜʝ ʪʝʢʩʪʦʚ ʥʘ ʨʫʩʩʢʠʡ ʷʟʳʢ, 

ʥʝʦʙʭʦʜʠʤʦ ʟʘʤʝʥʠʪʴ ʢʦʥʩʪʨʫʢʮʠʶ ʧʘʩ-

ʩʠʚʥʦʛʦ ʟʘʣʦʛʘ ʥʘ ʧʨʠʯʘʩʪʥʳʡ ʦʙʦʨʦʪ ʜʣʷ 

ʙʦʣʝʝ ʧʨʠʚʳʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʝʜʣʦʞʝʥʠʷ 

ʚ ʷʟʳʢʝ ʧʝʨʝʚʦʜʘ, ʢʘʢ ʵʪʦ ʧʨʦʠʟʦʰʣʦ ʚ 

ʥʘʰʝʤ ʩʣʫʯʘʝ: 

Knowledge of concrete construction was 

lost with the fall of the Roman Empire, not to 

be regained until the latter part of the 18th 

century, when a number of English inventors 

began experimenting with both natural and 

artificially produced cements. 

ʇʝʨʝʚʦʜ: ɿʥʘʥʠʷ ʦʙ ʵʪʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, 

ʫʪʨʘʯʝʥʥʳʝ ʧʦʩʣʝ ʧʘʜʝʥʠʷ ʈʠʤʩʢʦʡ ʠʤʧʝ-

ʨʠʠ, ʙʳʣʠ ʚʦʩʩʪʘʥʦʚʣʝʥʳ ʪʦʣʴʢʦ ʚ ʢʦʥʮʝ 

18 ʚʝʢʘ, ʢʦʛʜʘ ʮʝʣʳʡ ʨʷʜ ʘʥʛʣʠʡʩʢʠʭ ʠʩ-

ʩʣʝʜʦʚʘʪʝʣʝʡ ʥʘʯʘʣ ʵʢʩʧʝʨʠʤʝʥʪʳ ʥʘʜ 

ʥʘʪʫʨʘʣʴʥʳʤʠ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦ ʩʦʟʜʘʥʥʳʤʠ 

ʮʝʤʝʥʪʘʤʠ. 

2. ɼʣʷ ʜʘʥʥʦʛʦ ʪʝʢʩʪʘ ʭʘʨʘʢʪʝʨʥʦ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʜʣʠʥʥʳʭ ʠ ʩʣʦʞʥʳʭ ʢʦʥ-

ʩʪʨʫʢʮʠʡ. ɼʣʷ ʧʦʥʠʤʘʥʠʷ ʩʤʳʩʣʘ ʧʨʝʜʣʦ-

ʞʝʥʠʷ, ʥʘʤ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʙʠʪʴ ʝʛʦ ʥʘ ʥʝ-

ʩʢʦʣʴʢʦ ʦʩʥʦʚ. ʇʨʠʤʝʨ: U.S. EPA Energy 

Star programs, implemented in cooperation 

with cement and concrete manufacturers, are 

working to continue to improve energy effi-

ciency in these industries. ʇʝʨʝʚʦʜ: ɹʨʠʪʘʥ-

ʩʢʦʝ ʘʛʝʥʪʩʪʚʦ ʧʦ ʦʭʨʘʥʝ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ ʨʝʘʣʠʟʫʝʪ ʧʨʦʛʨʘʤʤʫ çʕʥʝʨʜʞʠ 

ʉʪʘʨè ʩʦʚʤʝʩʪʥʦ ʩ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʮʝ-

ʤʝʥʪʘ ʠ ʙʝʪʦʥʘ. ʆʥʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʜʘʣʴ-

ʥʝʡʰʝʝ ʫʣʫʯʰʝʥʠʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ 

ʜʘʥʥʦʡ ʠʥʜʫʩʪʨʠʠ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʤʳ 

ʟʘʤʝʥʠʣʠ ʧʘʩʩʠʚʥʳʡ ʟʘʣʦʛ ʥʘ ʩʢʘʟʫʝʤʦʝ ʠ 

ʩʜʝʣʘʣʠ 2 ʧʨʝʜʣʦʞʝʥʠʷ ʩ ʨʘʟʥʳʤʠ ʦʩʥʦʚʘ-

ʤʠ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʧʝʨʝʜʘʪʴ ʩʤʳʩʣ ʦʨʠʛʠ-

ʥʘʣʘ ʧʦʥʷʪʥʳʤ ʜʣʷ ʨʫʩʩʢʦʛʦʚʦʨʷʱʝʛʦ ʨʝ-

ʮʠʧʠʝʥʪʘ. 

3. ʇʨʘʛʤʘʪʠʯʝʩʢʠʝ ʪʨʫʜʥʦʩʪʠ 

1. ʇʨʠ ʧʝʨʝʚʦʜʝ ʥʘ ʨʫʩʩʢʠʡ ʷʟʳʢ ʥʝʦʙ-

ʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʦʣʝʝ ʨʘʟʚʝʨʥʫʪʳʝ 

ʧʨʝʜʣʦʞʝʥʠʷ, ʯʝʤ ʚ ʦʨʠʛʠʥʘʣʴʥʦʤ ʪʝʢʩʪʝ. 

ʅʘʧʨʠʤʝʨ, Concrete does not rot or burn ï 

ɹʝʪʦʥ ʥʝ ʧʦʜʚʝʨʞʝʥ ʛʥʠʝʥʠʶ ʠ ʚʦʟʛʦʨʘ-

ʥʠʶ. 

ɺ ʪʝʢʩʪʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʝʪʠʧʠʯʥʦʝ 

ʦʬʦʨʤʣʝʥʠʝ ʛʨʘʬʠʢʘ ʜʣʷ ʨʫʩʩʢʠʭ ʫʯʝʙʥʠ-

ʢʦʚ ʠʣʠ ʧʦʩʦʙʠʡ (ʨʠʩ. 1 ʠ 2). 
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ʈʠʩ. 1. ʀʣʣʶʩʪʨʘʮʠʷ ʚʦʟʥʠʢʰʝʡ ʪʨʫʜʥʦʩʪʠ 

 
ʈʠʩ. 2. ʇʝʨʝʚʦʜ ʠʣʣʶʩʪʨʘʮʠʠ 

 

The effect of the water-cement ratio on the 

strength of concrete. ñA-E concreteò refers to 

air-entrained concrete. (Reprinted with per-

mission of the Portland Cement Association 

from Design and Control of Concrete Mix-

tures, 12th ed.; graph from Portland Cement 

Association, Skokie, IL.) ï ɺʣʠʷʥʠʝ ʚʦʜʦʮʝ-

ʤʝʥʪʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʥʘ ʧʨʦʯʥʦʩʪʴ ʙʝʪʦ-

ʥʘ. ʃʠʥʠʷ çɸ-ɽ ʙʝʪʦʥè ʧʦʢʘʟʳʚʘʝʪ ʟʘʚʠ-

ʩʠʤʦʩʪʴ ʜʣʷ ʙʝʪʦʥʘ ʩ ʚʦʟʜʫʭʦʚʦʚʣʝʢʘʶʱʝʡ 

ʜʦʙʘʚʢʦʡ. (ʇʝʨʝʧʝʯʘʪʘʥʦ ʩ ʨʘʟʨʝʰʝʥʠʷ 

ɸʩʩʦʮʠʘʮʠʠ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘ, "ʇʨʦʝʢʪʠ-

ʨʦʚʘʥʠʝ ʠ ʢʦʥʪʨʦʣʴ ʙʝʪʦʥʥʳʭ ʩʤʝʩʝʡ", 12-

ʝ ʠʟʜ.; ʬʦʪʦ ʦʪ ɸʩʩʦʮʠʘʮʠʠ ʧʦʨʪʣʘʥʜʮʝ-

ʤʝʥʪʘ, ʉʢʦʢʠ, ʀʣʣʠʥʦʡʩ). 

ɻʨʘʬʠʢ ʥʝʪʠʧʠʯʝʥ ʪʝʤ, ʯʪʦ ʚ ʨʫʩʩʢʦʡ 

ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ ʥʘ ʛʨʘʬʠʢʘʭ ʥʝ 

ʦʪʦʙʨʘʞʘʶʪʩʷ ʜʚʝ ʦʩʠ ʦʨʜʠʥʘʪ ʩ ʣʝʚʦʡ ʠ 

ʧʨʘʚʦʡ ʩʪʦʨʦʥʳ ʩ ʨʘʟʥʳʤʠ ʝʜʠʥʠʮʘʤʠ ʠʟ-

ʤʝʨʝʥʠʷ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʚ ʨʦʩʩʠʡʩʢʠʭ 

ʩʧʨʘʚʦʯʥʠʢʘʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʣʠʙʦ ʦʜʥʘ ʦʩʴ 

ʦʨʜʠʥʘʪ, ʣʠʙʦ ʜʚʝ ʩ ʣʝʚʦʡ ʩʪʦʨʦʥʳ.  

2. ʇʨʠ ʧʝʨʝʚʦʜʝ ʟʘʛʦʣʦʚʢʦʚ ʚʦʟʥʠʢʘʝʪ 

ʩʣʝʜʫʶʱʘʷ ʪʨʫʜʥʦʩʪʴ: ʚ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣ-

ʥʝʥʠʷ ʢʘʢʦʡ-ʣʠʙʦ ʟʘʜʘʯʠ ʥʘʰ ʤʦʟʛ ʧʨʠʚʳʢ 

ʜʝʣʘʪʴ ʚʩʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ. ɺ ʩʣʫʯʘʝ ʧʝ-

ʨʝʚʦʜʘ ʪʝʢʩʪʘ ʥʝʦʙʭʦʜʠʤʦ ʥʘʨʫʰʘʪʴ çʧʨʦ-

ʛʨʘʤʤʫè ʤʦʟʛʘ: ʥʝ ʩʪʦʠʪ ʧʝʨʝʚʦʜʠʪʴ ʩʥʘ-

ʯʘʣʘ ʟʘʛʦʣʦʚʦʢ ʠ ʪʦʣʴʢʦ ʧʦʪʦʤ ʦʩʥʦʚʥʦʡ 

ʪʝʢʩʪ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʚʝ-

ʩʪʠ ʪʝʢʩʪ ʠ ʪʦʣʴʢʦ ʧʦʪʦʤ ʝʛʦ ʟʘʛʦʣʦʚʦʢ. 

ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʙʳ ʤʳ ʰʣʠ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦ ʠ ʧʝʨʝʚʝʣʠ ʩʥʘʯʘʣʘ ʟʘʛʦʣʦʚʦʢ, ʦʥ 

ʙʳ ʟʚʫʯʘʣ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʇʨʦʧʦʨ-

ʮʠʠ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ. ʆʜʥʘʢʦ ʧʨʠ ʧʝʨʝʚʦ-

ʜʝ ʪʝʢʩʪʘ ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʪʘʢʦʝ ʥʘʟʚʘʥʠʝ 

ʥʝ ʧʦʜʭʦʜʠʪ ʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʦʙʨʘʟʦʚʘʪʴ 

ʝʛʦ ʪʘʢ: ɺʣʠʷʥʠʝ ʧʨʦʮʝʥʪʥʦʛʦ ʩʦʦʪʥʦ-

ʰʝʥʠʷ ʯʘʩʪʝʡ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ ʥʘ ʝʝ ʢʘ-

ʯʝʩʪʚʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʭʦʜʝ ʨʘʙʦʪʳ ʦʧʠʩʘʥʳ 

ʪʨʫʜʥʦʩʪʠ ʥʘ ʨʘʟʥʳʭ ʫʨʦʚʥʷʭ, ʩ ʢʦʪʦʨʳʤʠ 

ʤʳ ʩʪʦʣʢʥʫʣʠʩʴ ʧʨʠ ʧʝʨʝʚʦʜʝ. ʊʘʢ, ʥʘ ʣʝʢ-

ʩʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʤʦʞʥʦ ʚʩʪʨʝʪʠʪʴ ʦʙʠʣʠʝ 

ʪʝʨʤʠʥʦʚ, ʩʧʝʮʠʘʣʴʥʳʭ ʘʙʙʨʝʚʠʘʪʫʨ, ʪʦʛʜʘ 

ʢʘʢ ʥʘ ʛʨʘʤʤʘʪʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʯʘʩʪʥʳʤ 

ʷʚʣʝʥʠʝʤ ʦʩʪʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʣʦʞʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʩʣʦʞʥʳʭ ʧʨʝʜʣʦʞʝʥʠʷʭ. 

ʇʨʘʛʤʘʪʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʠʟʦʙʠʣʫʝʪ ʥʝʪʠ-

ʧʠʯʥʳʤ ʦʬʦʨʤʣʝʥʠʝʤ ʛʨʘʬʠʢʦʚ ʠ ʩʭʝʤ. 
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Abstract. The article is devoted to the translation of the text on specialty. The paper defines 

actual lexico-grammatical and pragmatic aspects of the text on specialty. Difficulties and ways 

of their solution are highlighted. On the lexical level one can find an abundance of terms, special 

abbreviations, while on the grammatical level the use of complex constructions in complex sen-

tences remains a private phenomenon. The pragmatic level abounds with atypical design of 

graphs and diagrams.  
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ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʦʧʠʩʘʥʳ ʵʪʘʧʳ ʧʝʨʝʚʦʜʘ ʥʘʫʯʥʦʡ ʩʪʘʪʴʠ. ʇʝʨʝʚʦʜʠʤʘʷ ʩʪʘʪʴʷ 
ʨʘʩʩʯʠʪʘʥʘ ʥʘ ʫʟʢʠʡ ʢʨʫʛ ʯʠʪʘʪʝʣʝʡ, ʢʦʪʦʨʳʝ ʟʘʠʥʪʝʨʝʩʦʚʘʥʳ ʚ ʚʦʧʨʦʩʘʭ ʪʨʘʥʩʧʦʨʪʥʦ-
ʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʃʦʥʜʦʥʘ ʠ ʧʦʣʠʪʠʢʝ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʨʘʥʩʧʦʨʪʘ ʚ ʥʦʯʥʦʝ ʚʨʝʤʷ. ʇʨʦʚʝ-
ʜʝʥ ʧʨʝʜʧʝʨʝʚʦʜʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩʪʘʪʴʠ, ʦʧʠʩʘʥ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʧʝʨʝʚʦʜʘ, ʦʧʨʝʜʝʣʝʥ 
ʩʪʠʣʴ ʠ ʞʘʥʨ ʜʘʥʥʦʛʦ ʪʝʢʩʪʘ. ʊʘʢʞʝ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʪʨʫʜʥʦʩʪʠ, ʚʩʪʨʝʪʠʚʰʠʝʩʷ ʚ 
ʧʨʦʮʝʩʩʝ ʧʝʨʝʚʦʜʘ. ʇʨʠʚʝʜʝʥʳ ʨʝʰʝʥʠʷ ʪʨʫʜʥʦʩʪʝʡ ʥʘ ʨʘʟʥʳʭ ʫʨʦʚʥʷʭ ʷʟʳʢʘ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʪʘʧʳ ʧʝʨʝʚʦʜʘ, ʧʨʝʜʧʝʨʝʚʦʜʯʝʩʢʠʡ ʘʥʘʣʠʟ ʪʝʢʩʪʘ, ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ 

ʧʝʨʝʚʦʜʘ, ʥʘʫʯʥʘʷ ʩʪʘʪʴʷ, ʪʨʫʜʥʦʩʪʠ ʧʝʨʝʚʦʜʘ.  
 
ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʘ 

ʵʪʘʧʳ ʧʝʨʝʚʦʜʘ, ʦʜʥʘʢʦ ʤʥʦʛʠʝ ʫʯʝʥʳʝ-
ʣʠʥʛʚʠʩʪʳ, ʥʘʧʨʠʤʝʨ, ɼ. ʉʝʣʝʩʢʦʚʠʯ ʠ 
ʄ. ʃʝʜʝʨʝʨ, ʉ. ɹʘʩʩʥʝʪʪ-ʄʘʢʛʘʡʨ ʠ 
X. ʂʨʠʥʛʩ, ʧʨʠʜʝʨʞʠʚʘʶʪʩʷ ʦʜʥʦʛʦ ʤʥʝ-
ʥʠʷ, ʯʪʦ ʧʝʨʝʚʦʜ ʦʙʷʟʘʪʝʣʴʥʦ ʩʦʩʪʦʠʪ ʠʟ 
ʪʨʝʭ ʵʪʘʧʦʚ: ʚʦʩʧʨʠʷʪʠʝ, ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʝ 
ʠ ʢʦʥʪʨʦʣʴ ʛʦʪʦʚʦʛʦ ʪʝʢʩʪʘ. ʅʘ ʵʪʦʡ ʦʩʥʦ-
ʚʝ ʀ.ʉ. ɸʣʝʢʩʝʝʚʘ ʛʦʚʦʨʠʪ ʦ ʪʨʝʭ ʵʪʘʧʘʭ 
ʧʠʩʴʤʝʥʥʦʛʦ ʧʝʨʝʚʦʜʘ: ʧʨʝʜʧʝʨʝʚʦʜʯʝʩʢʠʡ 
ʘʥʘʣʠʟ ʪʝʢʩʪʘ, ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʚʘʨʠʘʪʠʚʥʳʡ 
ʧʦʠʩʢ, ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʧʝʨʝʚʦʜʘ [1]. 
ʕʪʘʧ çʚʦʩʧʨʠʷʪʠʷè ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

çʩʣʦʞʥʳʡ ʩʝʥʩʦʨʥʦ-ʤʳʩʣʠʪʝʣʴʥʳʡ ʧʨʦ-
ʮʝʩʩ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʚʠʜʘʭ 
ʠ ʬʦʨʤʘʭ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʠ ʩʠʥʪʝʟʠʨʫʶʱʝʡ 
ʨʘʙʦʪʳ ʦʨʛʘʥʦʚ ʯʫʚʩʪʚ ʠ ʤʦʟʛʘè [2]. ʇʨʦ-
ʠʩʭʦʜʠʪ ʧʨʦʮʝʩʩ ʧʝʨʚʠʯʥʦʛʦ ʟʥʘʢʦʤʩʪʚʘ ʩ 
ʪʝʢʩʪʦʤ, ʚʳʷʩʥʷʶʪʩʷ ʘʩʧʝʢʪʳ, ʥʝʦʙʭʦʜʠ-
ʤʳʝ ʜʣʷ ʘʜʝʢʚʘʪʥʦʛʦ ʠ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʧʝ-
ʨʝʚʦʜʘ, ʪʘʢʠʝ ʢʘʢ ʦʧʨʝʜʝʣʝʥʠʝ ʨʝʮʠʧʠʝʥʪʘ 
ʠ ʠʩʪʦʯʥʠʢʘ, ʢʦʤʤʫʥʠʢʘʪʠʚʥʦʛʦ ʟʘʜʘʥʠʷ ʠ 
ʩʪʠʣʷ.  
ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʤʳ ʦʧʨʝʜʝʣʠʣʠ, ʯʪʦ 

ʚʳʙʨʘʥʥʳʡ ʜʣʷ ʧʝʨʝʚʦʜʘ ʪʝʢʩʪ ʦʪʥʦʩʠʪʩʷ ʢ 
ʥʘʫʯʥʦʤʫ ʩʪʠʣʶ, ʞʘʥʨʘ ʩʪʘʪʴʠ. ʆʨʠʛʠ-
ʥʘʣʴʥʳʡ ʪʝʢʩʪ ʙʳʣ ʥʘʧʠʩʘʥ ʢʦʣʣʝʢʪʠʚʥʳʤ 
ʘʚʪʦʨʦʤ ʚ 2019 ʛʦʜʫ, ʪʦ ʝʩʪʴ ʚ ʥʝʤ ʙʳʣ ʠʩ-
ʧʦʣʴʟʦʚʘʥ ʩʦʚʨʝʤʝʥʥʳʡ ʘʥʛʣʠʡʩʢʠʡ ʷʟʳʢ. 
ʉʪʘʪʴʷ ʦʧʫʙʣʠʢʦʚʘʥʘ ʚ ʞʫʨʥʘʣʝ Transpor-
tation Research Part A, ʢʦʪʦʨʳʡ ʘʜʨʝʩʦʚʘʥ 
ʩʧʝʮʠʘʣʠʩʪʘʤ ʚ ʦʙʣʘʩʪʠ ʪʨʘʥʩʧʦʨʪʘ. 
ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ çʚʦʩʩʦʟʜʘʥʠʷè ʧʨʦʠʩ-

ʭʦʜʠʪ ʚʳʙʦʨ ʷʟʳʢʦʚʳʭ ʩʨʝʜʩʪʚ ʠ ʧʨʠʝʤʦʚ 
ʧʝʨʝʚʦʜʘ ʜʣʷ ʚʳʨʘʞʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʚ 

ʠʥʦʡ ʷʟʳʢʦʚʦʡ ʬʦʨʤʝ. ɺ ʧʨʦʮʝʩʩʝ ʜʘʥʥʦʛʦ 
ʵʪʘʧʘ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʧʦ ʪʨʫ-
ʜʦʝʤʢʦʩʪʠ ʠ ʥʘʠʙʦʣʴʰʠʤ ʧʦ ʧʨʦʜʦʣʞʠ-
ʪʝʣʴʥʦʩʪʠ, ʧʦʷʚʣʷʝʪʩʷ ʩʘʤ ʪʝʢʩʪ ʧʝʨʝʚʦʜʘ.  
ʅʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ, ʪʨʝʪʴʝʤ, ʵʪʘʧʝ 

ʧʨʦʠʩʭʦʜʠʪ ʢʦʥʪʨʦʣʴ ʛʦʪʦʚʦʛʦ ʪʝʢʩʪʘ. 
ʇʨʦʚʝʨʷʝʪʩʷ ʧʨʘʚʠʣʴʥʦʩʪʴ ʠ ʦʜʥʦʟʥʘʯ-
ʥʦʩʪʴ ʚʩʝʭ ʧʝʨʝʚʝʜʝʥʥʳʭ ʪʝʨʤʠʥʦʚ, ʣʦʛʠ-
ʯʝʩʢʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʯʘʩʪʷʤʠ ʪʝʢʩʪʘ, ʝʜʠʥ-
ʩʪʚʦ ʩʪʠʣʷ ʠ ʩʦʭʨʘʥʝʥʠʝ ʦʩʥʦʚʥʦʡ ʪʝʤʳ 
ʠʩʭʦʜʥʦʛʦ ʪʝʢʩʪʘ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ 
ʪʝʢʩʪʘ ʧʝʨʝʚʦʜʘ.  
ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʤʳ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ 

ʧʦʣʫʯʝʥʥʳʡ ʧʝʨʝʚʦʜ ʩʪʘʪʴʠ, ʧʨʦʚʝʨʠʣʠ 
ʝʜʠʥʩʪʚʦ ʥʘʫʯʥʦʛʦ ʩʪʠʣʷ ʥʘ ʚʩʝʤ ʦʙʲʝʤʝ 
ʪʝʢʩʪʘ, ʦʪʨʝʜʘʢʪʠʨʦʚʘʣʠ ʥʝʦʙʭʦʜʠʤʳʝ 
ʩʚʷʟʢʠ ʤʝʞʜʫ ʯʘʩʪʷʤʠ ʪʝʢʩʪʘ ʜʣʷ ʩʦʭʨʘʥʝ-
ʥʠʷ ʝʛʦ ʮʝʣʦʩʪʥʦʩʪʠ ʠ ʦʨʛʘʥʠʯʥʦʩʪʠ. 
ɼʣʷ ʧʝʨʝʚʦʜʘ ʙʳʣ ʧʨʠʥʷʪ ʬʨʘʛʤʝʥʪ 

ʥʘʫʯʥʦʡ ʩʪʘʪʴʠ çSocio-spatial and temporal 
dimensions of transport equity for Londonôs 
night time economyè / çʉʦʮʠʘʣʴʥʦ-
ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʠ ʚʨʝʤʝʥʥʳʝ ʘʩʧʝʢʪʳ 
ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʜʣʷ ʥʦʯʥʦʡ 
ʵʢʦʥʦʤʠʢʠ ʃʦʥʜʦʥʘè, ʦʧʫʙʣʠʢʦʚʘʥʥʦʡ ʚ 
ʞʫʨʥʘʣʝ çTransportation Research Part Aè / 
çʊʨʘʥʩʧʦʨʪʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʏʘʩʪʴ ɸè. 
ɸʚʪʦʨʘʤʠ ʩʪʘʪʴʠ ʷʚʣʷʶʪʩʷ ɼʞʝʥʥʠ ʄʘ-

ʢʘʨʪʫʨ, ʕʥʦʨʘ ʈʦʙʠʥ, ʕʤʠʣʠʷ ʉʤʝʜʩ. 
ʀʤʝʶʱʠʝ ʩʪʝʧʝʥʠ ʧʨʦʬʝʩʩʦʨʦʚ ʠʥʞʝʥʝʨ-
ʥʳʭ ʥʘʫʢ, ʘ ʪʘʢʞʝ ʦʧʳʪ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ 
ʪʨʘʥʩʧʦʨʪʘ ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ ʠ ʜʨʫʛʠʭ 
ʩʪʨʘʥ.  
ɺʳʙʨʘʥʥʳʡ ʪʝʢʩʪ ʦʪʥʦʩʠʪʩʷ ʢ ʥʘʫʯʥʦʤʫ 

ʩʪʠʣʶ. ʅʘ ʵʪʦ ʫʢʘʟʳʚʘʝʪ ʦʙʠʣʴʥʘʷ ʪʝʨʤʠ-
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ʥʦʣʦʛʠʷ ʠ ʘʙʙʨʝʚʠʘʪʫʨʳ, ʩʪʨʦʛʦʩʪʴ ʠʟʣʦ-
ʞʝʥʠʷ ʤʘʪʝʨʠʘʣʘ, ʘ ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʠʝ ʚ 
ʪʝʢʩʪʝ ʢʘʨʪ ʠ ʜʠʘʛʨʘʤʤ. 
ɺ ʭʦʜʝ ʧʨʝʜʧʝʨʝʚʦʜʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʙʳ-

ʣʦ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʞʘʥʨʦʤ, ʚ ʢʦʪʦʨʦʤ 
ʥʘʧʠʩʘʥ ʧʝʨʝʚʦʜʠʤʳʡ ʪʝʢʩʪ, ʷʚʣʷʝʪʩʷ ʩʪʘ-
ʪʴʷ, ʧʦʩʢʦʣʴʢʫ ʦʥ ʥʦʩʠʪ ʘʥʘʣʠʪʠʯʝʩʢʠʡ 
ʭʘʨʘʢʪʝʨ, ʩʦʜʝʨʞʠʪ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʨʘʥʩ-
ʧʦʨʪʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʚʳʷʚʣʷʝʪ ʧʨʦʙʣʝʤʳ 
ʠ ʦʧʨʝʜʝʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʧʝʨʩʧʝʢʪʠʚʳ 
ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʟʫʯʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦ-
ʛʦ ʚʦʧʨʦʩʘ ʠ ʝʛʦ ʤʦʜʝʨʥʠʟʘʮʠʠ. 
ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚʠʜʦʚ 

ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʀ.ʉ. ɸʣʝʢʩʝʝʚʦʡ [1], ʤʦ-
ʞʝʤ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʪʝʢʩʪ ʩʦʜʝʨʞʠʪ 
ʢʦʛʥʠʪʠʚʥʫʶ ʠ ʦʧʝʨʘʪʠʚʥʫʶ ʠʥʬʦʨʤʘʮʠʶ. 
ʇʨʝʦʙʣʘʜʘʶʱʠʤ ʚʠʜʦʤ ʷʚʣʷʝʪʩʷ ʢʦʛʥʠ-
ʪʠʚʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 
ʦʙʲʝʢʪʠʚʥʳʝ ʩʚʝʜʝʥʠʷ ʦ ʚʥʝʰʥʝʤ ʤʠʨʝ, 
ʢʦʪʦʨʳʝ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ 
ʪʨʘʥʩʧʦʨʪʘ ʠ ʨʝʟʫʣʴʪʘʪʘʭ, ʦʧʠʩʘʥʥʦʡ 
ʪʨʘʥʩʧʦʨʪʥʦʡ ʧʦʣʠʪʠʢʠ, ʘ ʪʘʢʞʝ ʵʢʩʧʝʨʪ-
ʥʳʝ ʦʮʝʥʢʠ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ 
ʠʩʩʣʝʜʦʚʘʥʠʡ. ʆʧʝʨʘʪʠʚʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʚ 
ʪʝʢʩʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʮʠʪʠʨʦʚʘʥʠʷ 
ʚʳʩʢʘʟʳʚʘʥʠʡ ʤʵʨʘ ʃʦʥʜʦʥʘ ʦʙ ʦʞʠʜʘʝ-
ʤʳʭ ʨʝʟʫʣʴʪʘʪʘʭ ʠ ʧʣʘʥʠʨʫʝʤʳʭ ʜʝʡʩʪʚʠʷʭ 
ʚ ʩʬʝʨʝ ʪʨʘʥʩʧʦʨʪʘ.  
ʇʝʨʝʚʦʜʠʤʘʷ ʩʪʘʪʴʷ ʨʘʩʩʯʠʪʘʥʘ ʥʘ ʫʟ-

ʢʠʡ ʢʨʫʛ ʯʠʪʘʪʝʣʝʡ, ʢʦʪʦʨʳʝ ʟʘʠʥʪʝʨʝʩʦ-
ʚʘʥʳ ʚ ʚʦʧʨʦʩʘʭ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙʝʩʧʝʯʝ-
ʥʠʷ ʃʦʥʜʦʥʘ ʠ ʧʦʣʠʪʠʢʝ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʠ 
ʪʨʘʥʩʧʦʨʪʘ ʚ ʥʦʯʥʦʝ ʚʨʝʤʷ. ʎʝʣʝʚʦʡ ʘʫʜʠ-
ʪʦʨʠʝʡ ʩʪʘʪʴʠ ʤʦʛʫʪ ʙʳʪʴ ʵʢʩʧʝʨʪʳ ʚ ʦʙ-
ʣʘʩʪʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʟʥʳʭ 
ʩʪʨʘʥ, ʫʯʝʥʳʝ, ʘʥʘʣʠʪʠʢʠ, ʧʨʝʧʦʜʘʚʘʪʝʣʠ 
ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ, ʘ ʪʘʢʞʝ ʩʪʫ-
ʜʝʥʪʳ, ʟʘʥʠʤʘʶʱʠʝʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʚ 
ʩʬʝʨʝ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ.  
ʉʪʘʪʴʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 5 ʛʣʘʚ ʠ ʚ ʢʘʯʝ-

ʩʪʚʝ ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ ʠʩʧʦʣʴʟʦʚʘʥʳ: 
1. ʊʝʭʥʠʯʝʩʢʠʝ ʩʣʦʚʘʨʠ: 
- ɸʥʛʣʦ-ʨʫʩʩʢʠʡ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ 

ʩʣʦʚʘʨʴ, ʏʝʨʥʫʭʠʥ ʃ.ɽ., ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ 
ʪʨʘʥʩʧʦʨʪʥʦʝ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʝ ʠʟʜʘʪʝʣʴ-
ʩʪʚʦ. ʄʦʩʢʚʘ, 1958. ï 666 ʩ. 

2. ʀʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʳ: 
- ʉʣʦʚʘʨʴ Multitran: 

https://www.multitran.com/. 
- ʇʦʠʩʢʦʚʘʷ ʩʠʩʪʝʤʘ ʜʣʷ ʧʝʨʝʚʦʜʦʚ ʚ 

ʢʦʥʪʝʢʩʪʝ: https://context.reverso.net/ 

3. ʇʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ ʪʝʭʥʠʯʝʩʢʘʷ ʣʠʪʝ-
ʨʘʪʫʨʘ: 

- çʊʨʘʥʩʧʦʨʪʥʘʷ ʩʪʨʘʪʝʛʠʷ ʈʦʩʩʠʡʩʢʦʡ 
ʌʝʜʝʨʘʮʠʠ ʜʦ 2030 ʛʦʜʘ ʩ ʧʨʦʛʥʦʟʦʤ ʥʘ 
ʧʝʨʠʦʜ ʜʦ 2035 ʛʦʜʘè. ʄʦʩʢʚʘ, 2021. 

- ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʪʨʘʥʩʧʦʨʪʥʘʷ ʧʦʣʠ-
ʪʠʢʘ: ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ / ɹʦʨʦʚʩʢʘʷ ʖ.ʉ., 
ʉɻʋɺʊ, ʅʦʚʦʩʠʙʠʨʩʢ, 2020. ï 146 ʩ. 
ʇʨʠ ʧʝʨʝʚʦʜʝ ʪʝʢʩʪʘ ʣʶʙʦʛʦ ʞʘʥʨʘ ʧʝ-

ʨʝʚʦʜʯʠʢ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʨʷʜʦʤ ʪʨʫʜʥʦʩʪʝʡ 
ʨʘʟʣʠʯʥʦʛʦ ʭʘʨʘʢʪʝʨʘ: ʣʝʢʩʠʯʝʩʢʠʤʠ, 
ʛʨʘʤʤʘʪʠʯʝʩʢʠʤʠ, ʩʪʠʣʠʩʪʠʯʝʩʢʠʤʠ ʠ 
ʧʨʘʛʤʘʪʠʯʝʩʢʠʤʠ. ɼʘʣʝʝ ʨʘʩʩʤʦʪʨʠʤ ʧʨʠ-
ʤʝʨʳ ʪʨʫʜʥʦʩʪʝʡ, ʚʦʟʥʠʢʰʠʭ ʧʨʠ ʧʝʨʝʚʦʜʝ 
ʚʳʙʨʘʥʥʦʡ ʜʣʷ ʨʘʙʦʪʳ ʥʘʫʯʥʦʡ ʩʪʘʪʴʠ [3, 
4]. 
ʃʝʢʩʠʯʝʩʢʠʝ ʪʨʫʜʥʦʩʪʠ. 
1) ʊʝʨʤʠʥʳ 
ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʠʭ ʪʝʢʩʪʦʚ ʷʚʣʷʝʪʩʷ ʦʙʠʣʠʝ ʪʝʨ-
ʤʠʥʦʚ. ʊʝʨʤʠʥʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʫʟ-
ʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʫʶ ʣʝʢʩʠʢʫ, ʢʦʪʦʨʘʷ 
ʦʙʦʟʥʘʯʘʝʪ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ ʠ ʧʦ-
ʥʷʪʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʵʢʩʧʝʨʪʘʤʠ ʚ ʦʙʣʘ-
ʩʪʠ ʥʘʫʢʠ ʠʣʠ ʪʝʭʥʠʢʠ. ʊʨʫʜʥʦʩʪʴ ʟʘʢʣʶ-
ʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʜʣʷ ʧʝʨʝʚʦʜʘ ʥʝʦʙʭʦʜʠʤʦ 
ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʧʝʮʠʘʣʴʥʳʝ ʩʣʦʚʘʨʠ ʧʨʦ-
ʬʝʩʩʠʦʥʘʣʠʟʤʦʚ, ʘ ʪʘʢʞʝ ʩʧʨʘʚʦʯʥʫʶ ʣʠ-
ʪʝʨʘʪʫʨʫ ʧʦ ʜʘʥʥʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ. 
ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʤʦʞʝʤ ʨʘʩʩʤʦʪʨʝʪʴ 
ʪʝʨʤʠʥ çdecarbonizationè.  
ʉʦʛʣʘʩʥʦ ʧʨʷʤʦʤʫ ʧʝʨʝʚʦʜʫ ʪʝʨʤʠʥʘ 

ʵʪʦ ʦʟʥʘʯʘʝʪ ʜʝʢʘʨʙʦʥʠʟʘʮʠʶ. ʅʦ ʜʘʥʥʳʡ 
ʪʝʨʤʠʥ ʤʦʞʝʪ ʦʩʪʘʪʴʩʷ ʥʝʧʦʥʷʪʥʳʤ ʜʣʷ 
ʯʠʪʘʪʝʣʝʡ, ʦʪʥʦʩʷʱʠʭʩʷ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝ-
ʥʠ ʢ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʬʝʨʝ, ʯʝʤ ʥʘʫʯʥʦʡ, 
ʧʦʵʪʦʤʫ ʤʳ ʦʙʨʘʱʘʝʤʩʷ ʢ ʩʧʨʘʚʦʯʥʦʡ ʣʠ-
ʪʝʨʘʪʫʨʝ. ɸʥʘʣʠʟʠʨʫʷ ʥʝʩʢʦʣʴʢʦ ʠʩʪʦʯʥʠ-
ʢʦʚ ʧʨʠʭʦʜʠʤ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʧʦʥʷʪʠʝ ʜʝ-
ʢʘʨʙʦʥʠʟʘʮʠʠ ʤʦʞʥʦ ʨʘʩʢʨʳʪʴ. ʂʘʢ ʩʥʠ-
ʞʝʥʠʝ ʚʳʙʨʦʩʦʚ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ. ɼʘʥʥʘʷ 
ʠʥʪʝʨʧʨʠʪʘʮʠʷ ʜʘʩʪ ʯʠʪʘʪʝʣʶ ʙʦʣʴʰʝ 
ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʧʨʦʮʝʩʩʝ. 

2) ʇʦʣʠʩʝʤʠʷ 
ʇʨʠʤʝʨʦʤ ʜʘʥʥʦʛʦ ʚʠʜʘ ʪʨʫʜʥʦʩʪʠ ʷʚ-

ʣʷʝʪʩʷ ʩʣʦʚʦʩʦʯʝʪʘʥʠʝ çmodel of transport 
investmentè, ʚ ʢʦʪʦʨʦʤ ʩʣʦʚʦ çmodelè ʧʝ-
ʨʝʚʦʜʠʪʩʷ ʢʘʢ ʤʦʜʝʣʴ, ʢʦʪʦʨʦʝ ʚ ʨʫʩʩʢʦʤ 
ʷʟʳʢʝ ʥʝʩʫʪ ʨʘʟʥʳʝ ʩʤʳʩʣʦʚʳʝ ʦʪʪʝʥʢʠ. 
ɼʣʷ ʧʨʘʚʠʣʴʥʦʛʦ ʧʝʨʝʚʦʜʘ ʜʘʥʥʦʛʦ ʩʣʦʚʘ 
ʤʳ ʦʙʨʘʪʠʣʠʩʴ ʢ ʨʘʟʣʠʯʥʳʤ ʩʣʦʚʘʨʷʤ ʨʫʩ-
ʩʢʦʛʦ ʷʟʳʢʘ.  
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ʊʘʙʣʠʮʘ 1. ɸʥʘʣʠʟ ʦʧʨʝʜʝʣʝʥʠʡ ʩʣʦʚʘ çʤʦʜʝʣʴè 
ɸʥʘʣʦʛ ʋʤʝʥʴʰʝʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʏʝʣʦʚʝʢ ʊʠʧ 

ʃʶʙʦʡ ʦʙʨʘʟ, ʘʥʘʣʦʛ (ʤʳʩʣʝʥʥʳʡ ʠʣʠ 
ʫʩʣʦʚʥʳʡ: ʠʟʦʙʨʘʞʝʥʠʝ, ʦʧʠʩʘʥʠʝ, ʩʭʝ-
ʤʘ, ʯʝʨʪʝʞ, ʛʨʘʬʠʢ, ʧʣʘʥ, ʢʘʨʪʘ ʠ ʪ. ʧ.) 
ʢʘʢʦʛʦ-ʣʠʙʦ ʦʙʲʝʢʪʘ, ʧʨʦʮʝʩʩʘ ʠʣʠ ʷʚʣʝ-
ʥʠʷ (çʦʨʠʛʠʥʘʣʘè ʜʘʥʥʦʡ ʤʦʜʝʣʠ), ʠʩ-
ʧʦʣʴʟʫʝʤʳʡ ʚ ʢʘʯʝʩʪʚʝ ʝʛʦ çʟʘʤʝʩʪʠʪʝ-
ʣʷè, çʧʨʝʜʩʪʘʚʠʪʝʣʷè 

ɺʦʩʧʨʦʠʟʚʝʜʝʥʥʳʡ, ʦʙʳʯʥʦ ʚ 
ʫʤʝʥʴʰʝʥʥʦʤ ʚʠʜʝ, ʦʙʨʘʟʝʮ 
ʢʘʢʦʛʦ-ʥʠʙʫʜʴ ʩʦʦʨʫʞʝʥʠʷ 
(ʪʝʭ.).  
ʅʘʧʨʠʤʝʨ: ʄʦʜʝʣʴ ʤʘʰʠʥʳ, 
ʤʦʜʝʣʴ ʢʦʨʘʙʣʷ. (ʉʣʦʚʘʨʴ 
ʋʰʘʢʦʚʘ) 

ʄʘʥʝʢʝʥʱʠʢ ʠʣʠ 
ʤʘʥʝʢʝʥʱʠʮʘ, ʘ 
ʪʘʢʞʝ (ʫʩʪʘʨ.) 
ʥʘʪʫʨʱʠʢ ʠʣʠ 
ʥʘʪʫʨʱʠʮʘ. 
(ʉʣʦʚʘʨʴ ʆʞʝʛʦʚʘ) 

ʊʠʧ, ʤʘʨʢʘ, ʦʙʨʘ-
ʟʝʮ ʢʦʥʩʪʨʫʢʮʠʠ.  
ʅʘʧʨʠʤʝʨ: 
ɸʚʪʦʤʦʙʠʣʴ ʥʦ-
ʚʦʡ ʤʦʜʝʣʠ 
(ʉʣʦʚʘʨʴ ʋʰʘʢʦ-
ʚʘ) 

 
ʆʧʠʨʘʷʩʴ ʥʘ ʜʘʥʥʳʝ ʦʧʨʝʜʝʣʝʥʠʷ ʠ 

ʪʝʢʩʪ ʦʨʠʛʠʥʘʣʘ, ʤʳ ʧʨʠʰʣʠ ʢ ʚʳʚʦʜʫ, ʯʪʦ 
ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʩʣʦʚʦ çʤʦʜʝʣʴè ʙʫʜʝʪ 
ʠʤʝʪʴ ʟʥʘʯʝʥʠʝ ʩʠʩʪʝʤʳ, ʚʦʩʧʨʠʥʠʤʘʝʤʦʡ 
ʟʘ çʦʨʠʛʠʥʘʣè ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʨʦʮʝʩʩʘ 
ʚ ʢʦʥʪʝʢʩʪʝ ʧʝʨʝʚʦʜʘ ï ʦʙʨʘʟʝʮ ʜʣʷ ʧʨʠʥʷ-
ʪʠʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʨʝʰʝʥʠʡ. 

3) ʇʝʨʝʚʦʜ ʘʙʙʨʝʚʠʘʪʫʨ 
ʇʨʠ ʧʝʨʝʚʦʜʝ ʪʝʢʩʪʘ ʪʘʢʞʝ ʚʩʪʨʝʪʠʣʘʩʴ 

ʪʨʫʜʥʦʩʪʴ ʧʝʨʝʚʦʜʘ ʘʙʙʨʝʚʠʘʪʫʨ, ʢʦʪʦʨʳʝ 
ʥʝ ʠʤʝʶʪ ʵʢʚʠʚʘʣʝʥʪʘ ʚ ʨʫʩʩʢʦʤ ʷʟʳʢʝ. 
ɼʣʷ ʧʨʘʚʠʣʴʥʦʩʪʠ ʧʝʨʝʚʦʜʘ ʤʳ ʨʘʩʢʨʳʣʠ 
ʘʙʙʨʝʚʠʘʪʫʨʳ ʠ ʚʳʧʦʣʥʠʚ ʧʝʨʝʚʦʜ ʦʪʜʝʣʴ-
ʥʳʭ ʩʣʦʚ. 

 
ʊʘʙʣʠʮʘ 2. ʇʝʨʝʚʦʜ ʘʙʙʨʝʚʠʘʪʫʨ 

ʀʩʭʦʜʥʳʡ ʪʝʢʩʪ ʇʝʨʝʚʦʜ ʇʨʠʝʤ ʧʝʨʝʚʦʜʘ 

TfL ï Transportation for London ʊʜʃ ï ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʜʣʷ ʃʦʥʜʦ-
ʥʘ 

ʠʩʭʦʜʷ ʠʟ ʢʦʥʪʝʢʩʪʘ, ʧʦʩʣʦʚʥʳʡ 
ʧʝʨʝʚʦʜ 

NTE ï the Night Time Economy ʕʅɺ ï ʵʢʦʥʦʤʠʢʘ ʥʦʯʥʦʛʦ ʚʨʝʤʝʥʠ ʠʩʭʦʜʷ ʠʟ ʢʦʥʪʝʢʩʪʘ, ʧʦʩʣʦʚʥʳʡ 
ʧʝʨʝʚʦʜ 

 
ɻʨʘʤʤʘʪʠʯʝʩʢʠʝ ʪʨʫʜʥʦʩʪʠ 
1) ɺʚʦʜ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʣʦʚ 
ɿʘʯʘʩʪʫʶ ʧʨʠ ʧʝʨʝʚʦʜʝ ʚʦʟʥʠʢʘʶʪ ʩʠʪʫ-

ʘʮʠʠ, ʢʦʛʜʘ ʥʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʧʝʨʝʚʝʩʪʠ 
ʦʜʥʦ ʩʣʦʚʦ ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ ʝʱʝ ʦʜʥʦʛʦ ʠʣʠ 
ʩʚʷʟʫʶʱʠʭ ʯʘʩʪʠʮ.  
ʅʘʧʨʠʤʝʨ, ʚ ʪʝʢʩʪʝ ʚʩʪʨʝʯʘʝʪʩʷ ʧʦʥʷʪʠʝ 

çthe establishmentè, ʢʦʪʦʨʦʝ ʧʝʨʝʚʦʜʠʪʩʷ 
çʫʯʨʝʞʜʝʥʠʝ, ʚʥʝʜʨʝʥʠʝ, ʩʪʘʥʦʚʣʝʥʠʝ, ʩʦ-
ʟʜʘʥʠʝè, ʥʦ, ʩʦʛʣʘʩʥʦ ʢʦʥʪʝʢʩʪʫ, ʤʳ ʧʝʨʝ-
ʚʝʜʝʤ, ʢʘʢ çʤʦʤʝʥʪ ʩʦʟʜʘʥʠʷè.  

2) ʉʠʥʪʘʢʩʠʯʝʩʢʠʝ ʪʨʫʜʥʦʩʪʠ 
ɼʣʷ ʘʥʛʣʠʡʩʢʦʛʦ ʷʟʳʢʘ ʭʘʨʘʢʪʝʨʥʦ ʦʙʲ-

ʝʜʠʥʝʥʠʝ ʚ ʦʜʥʦʤ ʧʨʝʜʣʦʞʝʥʠʠ ʥʝʩʢʦʣʴ-
ʢʠʭ ʥʝʟʘʚʠʩʠʤʳʭ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʤʳʩʣʝʡ, 
ʢʦʪʦʨʳʝ ʚʳʨʘʞʘʶʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʠʩʧʦʣʴ-
ʟʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʠʥʪʘʢʩʠʯʝʩʢʠʭ ʢʦʥ-
ʩʪʨʫʢʮʠʡ. ɼʣʷ ʨʫʩʩʢʦʛʦ ʷʟʳʢʘ, ʥʘʦʙʦʨʦʪ, 
ʭʘʨʘʢʪʝʨʥʦ ʦʬʦʨʤʣʝʥʠʝ ʢʘʞʜʦʡ ʟʘʢʦʥʯʝʥ-
ʥʦʡ ʤʳʩʣʠ ʚ ʦʪʜʝʣʴʥʦʝ ʧʨʝʜʣʦʞʝʥʠʝ. ʇʨʠ 
ʧʝʨʝʚʦʜʝ ʧʦʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʳ-
ʧʦʣʥʠʪʴ ʯʣʝʥʝʥʠʝ ï ʠʟ ʦʜʥʦʛʦ ʩʣʦʞʥʦʛʦ 
ʧʨʝʜʣʦʞʝʥʠʷ ʩʜʝʣʘʪʴ ʥʝʩʢʦʣʴʢʦ ʧʨʦʩʪʳʭ. 
ʇʨʠʤʝʨ: 
çClimate change mitigation and environ-

mental sustainability are of paramount im-

portance with respect to society at large, and 
sustainable transport strategies have an im-
portant, if not fundamental, roleè. 
ʇʨʝʜʣʦʞʝʥʠʝ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʳʤ ʩ ʜʚʫ-

ʤʷ ʛʨʘʤʤʘʪʠʯʝʩʢʠʤʠ ʦʩʥʦʚʘʤʠ. ʇʝʨʚʘʷ ï 
Climate change mitigation and environmental 
sustainability are of paramount importance, 
ʚʪʦʨʘʷ ï transport strategies have an im-
portantérole.  
ɺ ʧʨʦʮʝʩʩʝ ʧʝʨʝʚʦʜʘ ʤʳ ʜʘʥʥʦʝ ʩʣʦʞ-

ʥʦʩʦʯʠʥʝʥʥʦʝ ʧʨʝʜʣʦʞʝʥʠʝ ʧʨʝʦʙʨʘʟʦʚʘʣʠ 
ʚ ʜʚʘ ʧʨʦʩʪʳʭ.  
çʉʤʷʛʯʝʥʠʝ ʧʦʩʣʝʜʩʪʚʠʡ ʠʟʤʝʥʝʥʠʷ 

ʢʣʠʤʘʪʘ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 
ʫʩʪʦʡʯʠʚʦʩʪʠ ʠʤʝʶʪ ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ 
ʟʥʘʯʝʥʠʝ ʜʣʷ ʦʙʱʝʩʪʚʘ. ʉʪʨʘʪʝʛʠʠ 
ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʠʛʨʘʶʪ ʚʘʞʥʫʶ, ʘ 
ʥʝʨʝʜʢʦ ʠ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʫʶ, ʨʦʣʴ ʚ ʨʘʟ-
ʚʠʪʠʠ ʪʨʘʥʩʧʦʨʪʘ.è 
ʀʪʘʢ, ʚ ʨʘʙʦʪʝ ʙʳʣʠ ʦʧʠʩʘʥʳ ʵʪʘʧʳ ʧʝ-

ʨʝʚʦʜʘ, ʧʨʦʚʝʜʝʥ ʧʨʝʜʧʝʨʝʚʦʜʯʝʩʢʠʡ ʘʥʘ-
ʣʠʟ ʪʝʢʩʪʘ, ʦʧʠʩʘʥ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʧʝʨʝ-
ʚʦʜʘ, ʦʧʨʝʜʝʣʝʥ ʩʪʠʣʴ ʠ ʞʘʥʨ ʜʘʥʥʦʛʦ ʪʝʢ-
ʩʪʘ. ʊʘʢʞʝ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʪʨʫʜʥʦʩʪʠ, 
ʚʩʪʨʝʪʠʚʰʠʝʩʷ ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʚʦʜʘ ʥʘʫʯ-
ʥʦʡ ʩʪʘʪʴʠ. 
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Abstract. The paper describes the stages of translating a scientific article. The translated ar-

ticle is intended for a narrow circle of readers who are interested in the issues of London's 

transport provision and the policy on night-time transport operation. The pre-translation analy-

sis of the article has been carried out, the translation tools have been described, the style and 

genre of this text have been determined. The difficulties encountered in the translation process 

have also been discussed. Solutions to the difficulties at different levels of language are given. 
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tific article, translation difficulties. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʬʨʘʟʝʦʣʦʛʠʯʝʩʢʠʭ ʝʜʠʥʠʮ ʩ 

ʢʦʤʧʦʥʝʥʪʦʤ-ʩʫʱʝʩʪʚʠʪʝʣʴʥʳʤ, ʦʙʦʟʥʘʯʘʶʱʠʤ ʧʨʝʜʤʝʪʳ ʙʳʪʘ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʯʝʣʦ-

ʚʝʢʘ ʩ ʥʠʤʠ. ʕʪʠ ʝʜʠʥʠʮʳ ʦʭʚʘʪʳʚʘʶʪ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʘʩʧʝʢʪʳ ʯʝʣʦʚʝʯʝʩʢʦʡ ʞʠʟʥʠ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʠʭ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʧʝʮʠʬʠʢʠ ʥʘʮʠʦʥʘʣʴʥʦʡ ʢʘʨʪʠʥʳ ʤʠʨʘ. ʈʘʙʦ-

ʪʘ ʤʦʞʝʪ ʚʥʝʩʪʠ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ ʥʘʫʢʠ, ʧʦʟʚʦʣʷʷ ʙʦʣʝʝ ʛʣʫʙʦʢʦ ʧʦ-

ʥʷʪʴ ʧʨʦʮʝʩʩʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʨʘʟʝʦʣʦʛʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʨʘʟʝʦʣʦʛʠʟʤ, ʥʘʮʠʦʥʘʣʴʥʦʩʪʴ, ʧʨʝʜʤʝʪ, ʦʩʦʙʝʥʥʦʩʪʴ, ʟʥʘʯʝʥʠʝ, 

ʙʳʪ, ʩʚʦʝʦʙʨʘʟʠʝ, ʠʟʫʯʝʥʠʝ. 

 

ʌʨʘʟʝʦʣʦʛʠʟʤʳ ï ʵʪʦ ʥʘʩʪʦʷʱʘʷ ʥʘʨʦʜ-

ʥʘʷ ʤʫʜʨʦʩʪʴ, ʥʘʢʦʧʣʝʥʥʘʷ ʩʪʦʣʝʪʠʷʤʠ. 

ʄʝʪʢʠʝ ʚʳʨʘʞʝʥʠʷ ʥʝʩʫʪ ʚ ʩʝʙʝ ʦʩʦʙʳʡ 

ʦʙʨʘʟʥʳʡ ʩʤʳʩʣ. ʆʥʠ ʷʚʣʷʶʪʩʷ ʥʝʦʪʲʝʤ-

ʣʝʤʦʡ ʯʘʩʪʴʶ ʨʫʩʩʢʦʛʦ ʷʟʳʢʘ ʠ ʠʛʨʘʶʪ 

ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʝ ʢʦʤʤʫʥʠʢʘʮʠʠ 

ʣʶʜʝʡ. ʌʨʘʟʝʦʣʦʛʠʟʤʳ ʥʘʩʪʦʣʴʢʦ ʪʝʩʥʦ 

ʧʝʨʝʧʣʝʪʝʥʳ ʩ ʥʘʰʝʡ ʧʦʚʩʝʜʥʝʚʥʦʩʪʴʶ, 

ʯʪʦ ʧʦʨʦʡ ʯʝʣʦʚʝʢ ʥʝ ʟʘʤʝʯʘʝʪ ʨʝʛʫʣʷʨʥʦʛʦ 

ʫʧʦʪʨʝʙʣʝʥʠʷ ʠʭ ʩʚʦʝʡ ʨʝʯʠ. 

ʌʨʘʟʝʦʣʦʛʠʟʤ, ʙʝʟ ʩʦʤʥʝʥʠʷ, ʤʦʞʥʦ 

ʥʘʟʚʘʪʴ ʜʨʘʛʦʮʝʥʥʦʩʪʴʶ ʨʫʩʩʢʦʛʦ ʷʟʳʢʘ. ʀ 

ʠʟʫʯʝʥʠʝʤ ʵʪʦʡ ʜʨʘʛʦʮʝʥʥʦʩʪʠ ʟʘʥʠʤʘʝʪʩʷ 

ʬʨʘʟʝʦʣʦʛʠʷ ï ʦʩʦʙʳʡ ʨʘʟʜʝʣ ʥʘʫʢʠ ʦ ʷʟʳ-

ʢʝ, ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʠʥʪʝʨʝʩʥʳʭ. ɼʘʥʥʳʡ 

ʨʘʟʜʝʣ ʷʟʳʢʦʟʥʘʥʠʷ ʠʩʩʣʝʜʫʝʪ ʫʩʪʦʡʯʠʚʳʝ 

ʠ ʥʝʜʝʣʠʤʳʝ ʩʦʯʝʪʘʥʠʷ ʩʣʦʚ, ʫʧʦʪʨʝʙʣʷʝ-

ʤʳʝ ʚ ʧʝʨʝʥʦʩʥʦʤ ʟʥʘʯʝʥʠʠ. ʌʨʘʟʝʦʣʦʛʠʷ 

ʠʟʫʯʘʝʪ ʩʪʨʫʢʪʫʨʫ ʬʨʘʟʝʦʣʦʛʠʯʝʩʢʠʭ ʝʜʠ-

ʥʠʮ, ʩʦʩʪʘʚ, ʩʝʤʘʥʪʠʢʫ, ʧʨʠʯʠʥʳ ʠʭ ʚʦʟ-

ʥʠʢʥʦʚʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʷʟʳʢʘ ʠ ʦʩʦʙʝʥʥʦʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʝʯʠ.  

ʃʠʥʛʚʠʩʪʦʚ ʚʩʝʛʜʘ ʠʥʪʝʨʝʩʦʚʘʣʦ ʪʦʯʥʦʝ 

ʚʨʝʤʷ ʧʦʷʚʣʝʥʠʷ ʬʨʘʟʝʦʣʦʛʠʟʤʦʚ ʚ ʥʘʰʝʤ 

ʷʟʳʢʝ. ʆʜʥʦʟʥʘʯʥʦʛʦ ʦʪʚʝʪʘ ʥʘ ʵʪʦʪ ʚʦʧʨʦʩ 

ʥʝʪ. ɺʝʜʴ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʪʘʢʠʭ ʚʳʨʘʞʝʥʠʡ 

ʩʯʠʪʘʝʪʩʷ ʝʩʪʝʩʪʚʝʥʥʳʤ ʷʟʳʢʦʚʳʤ ʧʨʦ-

ʮʝʩʩʦʤ. ʇʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʬʨʘʟʝʦ-

ʣʦʛʠʟʤʦʚ ʥʝ ʦʙʫʩʣʦʚʣʝʥʦ ʢʦʥʢʨʝʪʥʦʡ ʩʠʪʫ-

ʘʮʠʝʡ. 

ʉʫʱʝʩʪʚʫʶʪ ʠʩʢʦʥʥʦ ʨʫʩʩʢʠʝ ʬʨʘʟʝʦʣʦ-

ʛʠʯʝʩʢʠʝ ʝʜʠʥʠʮʳ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʣʠ ʝʱʸ 

ʚ ʥʘʯʘʣʝ XV ʚʝʢʘ. ʉ ʪʦʛʦ ʚʨʝʤʝʥʠ ʢʦʣʠʯʝ-

ʩʪʚʦ ʬʨʘʟʝʦʣʦʛʠʟʤʦʚ ʤʥʦʛʦʢʨʘʪʥʦ ʫʚʝʣʠ-

ʯʠʣʦʩʴ ʠ ʧʨʦʜʦʣʞʘʝʪ ʨʘʩʪʠ ʧʦ ʩʝʡ ʜʝʥʴ. 

ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʥʘ ʩʤʝʥʫ ʦʜʥʦʡ ʠʩ-

ʪʦʨʠʯʝʩʢʦʡ ʵʧʦʭʝ ʧʨʠʭʦʜʠʪ ʜʨʫʛʘʷ, ʦʪʣʠ-

ʯʘʶʱʘʷʩʷ ʦʪ ʧʨʝʜʳʜʫʱʝʡ ʩʚʦʠʤʠ ʢʫʣʴʪʫʨ-

ʥʳʤʠ, ʩʦʮʠʘʣʴʥʳʤʠ, ʮʝʥʥʦʩʪʥʳʤʠ ʦʩʦ-

ʙʝʥʥʦʩʪʷʤʠ. ʂʘʞʜʦʝ ʥʦʚʦʝ ʧʦʢʦʣʝʥʠʝ ʚʥʦ-

ʩʠʪ ʚ ʷʟʳʢ ʯʪʦ-ʪʦ ʥʦʚʦʝ. ʌʨʘʟʝʦʣʦʛʠʟʤʳ 

ʚʳʩʪʫʧʘʶʪ ʟʜʝʩʴ ʚ ʨʦʣʠ ʟʝʨʢʘʣʘ, ʦʪʨʘʞʘ-

ʶʱʝʛʦ ʥʘʮʠʦʥʘʣʴʥʦʝ ʩʚʦʝʦʙʨʘʟʠʝ ʥʘʨʦʜʘ, 

ʝʛʦ ʢʘʨʪʠʥʫ ʤʠʨʘ, ʘ ʪʘʢʞʝ ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʥʘʚʳʢʦʚ ʠ ʜʫʭʦʚʥʳʭ 

ʫʩʪʘʥʦʚʦʢ. 

ʎʝʣʦʩʪʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʨʫʩʩʢʦʤ 

ʥʘʨʦʜʝ, ʦ ʝʛʦ ʙʳʪʝ ʧʦʤʦʛʘʶʪ ʩʬʦʨʤʠʨʦʚʘʪʴ 

ʬʨʘʟʝʦʣʦʛʠʟʤʳ, ʩʦʜʝʨʞʘʱʠʝ ʚ ʩʚʦʝʡ 

ʩʪʨʫʢʪʫʨʝ ʢʦʤʧʦʥʝʥʪ-ʩʫʱʝʩʪʚʠʪʝʣʴʥʦʝ, 

ʦʙʦʟʥʘʯʘʶʱʠʡ ʧʨʝʜʤʝʪʳ ʧʦʚʩʝʜʥʝʚʥʦʛʦ 

ʫʢʣʘʜʘ ʞʠʟʥʠ. ɹʳʪ ï ʝʞʝʜʥʝʚʥʦʝ ʩʫʱʝ-

ʩʪʚʦʚʘʥʠʝ ʯʝʣʦʚʝʢʘ ʠ ʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʧʨʝʜʤʝʪʘʤʠ, ʚʝʱʘʤʠ: ʧʨʦʜʫʢ-

ʪʘʤʠ ʧʠʪʘʥʠʷ, ʦʜʝʞʜʦʡ, ʧʨʝʜʤʝʪʘʤʠ ʜʦ-

ʤʘʰʥʝʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʜʨʫʛʠʤʠ ʘʪʨʠʙʫʪʘʤʠ. 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʨʫʩʩʢʦʤ ʷʟʳʢʝ ʩʫʱʝʩʪʚʫʝʪ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʡ ʠ ʨʘʟʥʦʦʙʨʘʟʥʳʡ ʢʣʘʩʩ 

ʬʨʘʟʝʦʣʦʛʠʯʝʩʢʠʭ ʝʜʠʥʠʮ, ʚʢʣʶʯʘʶʱʠʭ ʚ 

ʩʝʙʷ ʢʦʤʧʦʥʝʥʪʳ-ʩʫʱʝʩʪʚʠʪʝʣʴʥʳʝ, ʢʦʪʦ-

ʨʳʝ ʦʪʥʦʩʷʪʩʷ ʢ ʧʨʝʜʤʝʪʘʤ ʙʳʪʘ. ʂ ʵʪʦʡ 
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ʙʦʣʴʰʦʡ ʛʨʫʧʧʝ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʥʝ ʧʨʦʩʪʦ 

ʦʙʱʠʝ ʬʨʘʟʝʦʣʦʛʠʟʤʳ ʩ ʢʦʤʧʦʥʝʥʪʘʤʠ, 

ʦʙʦʟʥʘʯʘʶʱʠʤʠ ʧʨʝʜʤʝʪʳ, ʘ ʬʨʘʟʝʦʣʦʛʠʟ-

ʤʳ, ʠʤʝʶʱʠʝ ʚ ʩʚʦʸʤ ʩʦʩʪʘʚʝ ʩʪʘʨʠʥʥʳʝ 

ʥʘʠʤʝʥʦʚʘʥʠʷ, ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʚʳʰʝʜʰʠʝ ʠʟ 

ʘʢʪʠʚʥʦʛʦ ʩʣʦʚʘʨʥʦʛʦ ʟʘʧʘʩʘ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʯʝʣʦʚʝʢʘ. ʀʟʫʯʝʥʠʝ ʬʨʘʟʝʦʣʦʛʠʟʤʦʚ ʩ ʢʦʤ-

ʧʦʥʝʥʪʘʤʠ, ʦʙʦʟʥʘʯʘʶʱʠʤʠ ʧʨʝʜʤʝʪʳ ʙʳ-

ʪʘ, ʠʤʝʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʦʥʠʤʘʥʠʷ 

ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʢʫʣʴʪʫʨʥʦʡ ʩʫʱʥʦʩʪʠ ʠ 

ʥʘʮʠʦʥʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ. 

ɸʥʘʣʠʟ ʬʨʘʟʝʦʣʦʛʠʟʤʦʚ, ʚ ʩʦʩʪʘʚʝ ʢʦʪʦ-

ʨʳʭ ʝʩʪʴ ʘʨʭʘʠʯʝʩʢʠʡ ʧʨʝʜʤʝʪ ʙʳʪʘ, ʧʨʦ-

ʚʝʜʸʥʥʳʡ ʧʦ ʜʘʥʥʳʤ ʩʣʦʚʘʨʷ 

ɸ.ʀ. ʌʸʜʦʨʦʚʘ, ʧʦʟʚʦʣʠʣ ʚʳʜʝʣʠʪʴ ʥʝ-

ʩʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ ʛʨʫʧʧ:  

1) ʬʨʘʟʝʦʣʦʛʠʟʤʳ ʩ ʢʦʤʧʦʥʝʥʪʦʤ, ʦʙʦ-

ʟʥʘʯʘʶʱʠʤ ʜʦʤʘʰʥʶʶ ʫʪʚʘʨʴ ʠ ʠʥʚʝʥʪʘʨʴ 

(ʚʝʰʘʪʴ ʭʦʤʫʪ ʩʝʙʝ ʥʘ ʰʝʶ, ʢʘʢ ʠʟ ʚʝʜʨʘ, 

ʪʦʣʦʯʴ ʚʦʜʫ ʚ ʩʪʫʧʝ, ʜʳʤ ʢʦʨʦʤʳʩʣʦʤ, 

ʥʘʢʨʳʪʴʩʷ ʤʝʜʥʳʤ ʪʘʟʦʤ, ʚ ʨʝʰʝʪʝ ʚʦʜʫ 

ʪʘʩʢʘʪʴ, ʦʪ ʛʦʨʰʢʘ ʜʚʘ ʚʝʨʰʢʘ ʠ ʜʨ.)  

2) ʬʨʘʟʝʦʣʦʛʠʟʤʳ ʩ ʢʦʤʧʦʥʝʥʪʦʤ, ʥʘʟʳ-

ʚʘʶʱʠʤ ʧʦʩʫʜʫ ʠ ʝʜʫ (ʙʫʨʷ ʚ ʩʪʘʢʘʥʝ ʚʦ-

ʜʳ, ʥʘ ʙʣʶʜʝʯʢʝ ʩ ʛʦʣʫʙʦʡ ʢʘʸʤʦʯʢʦʡ, ʜʘ-

ʨʦʤ ʭʣʝʙ ʝʩʪʴ, ʧʫʜ ʩʦʣʠ ʩʲʝʩʪʴ, ʤʘʢʦʚʦʡ 

ʨʦʩʠʥʢʠ ʚʦ ʨʪʫ ʥʝ ʙʳʣʦ, ʯʝʧʫʭʘ ʥʘ ʧʦʩʪ-

ʥʦʤ ʤʘʩʣʝ, ʪʸʨʪʳʡ ʢʘʣʘʯ, ʟʘʚʘʨʠʪʴ ʢʘʰʫ 

ʠ ʪ.ʜ.)  

3) ʬʨʘʟʝʦʣʦʛʠʟʤʳ ʩ ʢʦʤʧʦʥʝʥʪʦʤ, ʥʘʟʳ-

ʚʘʶʱʠʤ ʨʝʤʝʩʣʘ ʠ ʠʥʩʪʨʫʤʝʥʪʳ (ʟʘʢʫʩʠʪʴ 

ʫʜʠʣʘ, ʧʦʧʘʩʪʴ ʚʧʨʦʩʘʢ, ʙʠʪʴ ʙʘʢʣʫʰʠ, 

ʘʨʰʠʥ ʧʨʦʛʣʦʪʠʪʴ, ʪʦʯʠʪʴ ʣʷʩʳ, ʣʝʟʪʴ 

ʥʘ ʨʦʞʦʥ ʠ ʜʨ.) 

ɼʦʧʫʩʢʘʝʪʩʷ ʚʳʜʝʣʝʥʠʝ ʯʝʪʚʸʨʪʦʡ 

ʛʨʫʧʧʳ, ʚʢʣʶʯʘʶʱʝʡ ʬʨʘʟʝʦʣʦʛʠʟʤʳ ʩ 

ʢʦʤʧʦʥʝʥʪʦʤ, ʥʘʟʳʚʘʶʱʠʤ ʦʜʝʞʜʫ ʠ 

ʦʙʫʚʴ. ʅʦ ʵʪʦʪ ʢʣʘʩʩ ʦʯʝʥʴ ʦʙʰʠʨʥʳʡ, ʝʛʦ 

ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʦʪʜʝʣʴʥʦ. ɺ ʩʣʦʚʘʨʝ 

ʌʸʜʦʨʦʚʘ ʬʨʘʟʝʦʣʦʛʠʯʝʩʢʠʝ ʝʜʠʥʠʮʳ ʜʘʥ-

ʥʳʭ ʛʨʫʧʧ ʠʤʝʶʪ ʦʩʦʙʝ ʪʦʣʢʦʚʘʥʠʝ. ɸʚʪʦʨ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʦʟʤʦʞʥʳʡ ʚʘʨʠʘʥʪ ʚʦʟʥʠʢ-

ʥʦʚʝʥʠʷ ʚʳʨʘʞʝʥʠʷ. ʅʝʦʙʭʦʜʠʤʦ ʙʦʣʝʝ 

ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʥʝʢʦʪʦʨʳʝ ʬʨʘʟʝʦ-

ʣʦʛʠʟʤʳ ʢʘʞʜʦʡ ʠʟ ʛʨʫʧʧ.  

ʅʘʧʨʠʤʝʨ, ʬʨʘʟʝʦʣʦʛʠʟʤ ʜʳʤ ʢʦʨʦʤʳʩ-

ʣʦʤ ʦʙʦʟʥʘʯʘʝʪ çʰʫʤ, ʛʘʤ, ʩʫʤʘʪʦʭʘ ʠ ʙʝʩ-

ʧʦʨʷʜʦʢè [3]: çʜʘ ʪʘʢ ʚʩʶ ʷʨʤʘʨʢʫ ʠ ʧʨʦ-

ʛʫʣʷʶʪ. ʂʘʞʜʳʡ ʙʦʞʠʡ ʜʝʥʴ ʥʘʨʦʜʫ ʚʠ-

ʜʠʤʦ-ʥʝʚʠʜʠʤʦ, ʠ ʚʩʝ ʧʴʷʥʦ. ʂʨʠʢ, ʛʘʤ, 

ʧʝʩʥʠ, ʜʨʘʢʘ ï ʜʳʤ ʢʦʨʦʤʳʩʣʦʤè [1]. ɺ 

ɼʨʝʚʥʝʡ ʈʫʩʠ ʵʪʦ ʚʳʨʘʞʝʥʠʝ ʠʤʝʣʦ ʧʨʷ-

ʤʦʝ ʟʥʘʯʝʥʠʝ, ʪʘʢ ʢʘʢ ʠʟʙʳ ʪʦʧʠʣʠ çʧʦ-

ʯʸʨʥʦʤʫè: ʜʳʤ ʚʳʭʦʜʠʣ ʥʝ ʠʟ ʧʝʯʥʦʡ ʪʨʫ-

ʙʳ, ʘ ʯʝʨʝʟ çʚʦʣʦʢʦʚʦʝè ʦʢʥʦ, ʦʪʢʨʳʪʫʶ 

ʜʚʝʨʴ ʠ ʦʙʨʘʟʦʚʘʣ ʜʫʛʫ-ʢʦʨʦʤʳʩʣʦ. ʉ ʪʝ-

ʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʵʪʦʪ ʬʨʘʟʝʦʣʦʛʠʟʤ ʧʨʠʦʙ-

ʨʸʣ ʠʥʦʝ ʟʥʘʯʝʥʠʝ, ʚ ʢʦʪʦʨʦʤ ʤʳ ʧʨʠʚʳʢʣʠ 

ʝʛʦ ʫʧʦʪʨʝʙʣʷʪʴ. 

ʉʣʝʜʫʶʱʠʡ ʬʨʘʟʝʦʣʦʛʠʟʤ ʪʦʣʦʯʴ ʚʦʜʫ 

ʚ ʩʪʫʧʝ ʪʨʘʢʪʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ʟʘʥʠʤʘʪʴʩʷ ʙʝʩʧʦʣʝʟʥʦʡ ʨʘʙʦʪʦʡ, ʪʨʘʪʠʪʴ 

ʩʠʣʳ ʚʧʫʩʪʫʶ. ʅʦ ʚ ʜʘʣʸʢʦʤ ʧʨʦʰʣʦʤ ʜʝʡ-

ʩʪʚʠʪʝʣʴʥʦ ʙʳʣʦ ʧʨʠʥʷʪʦ ʪʦʣʦʯʴ ʚʦʜʫ. 

ɺʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ ï ʟʘʯʝʤ? ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ 

ʚʦʜʘ, ʧʨʦʠʩʪʝʢʘʣʘ ʠʟ ʛʦʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, 

ʨʦʜʥʠʢʦʚ, ʥʦ ʟʘ ʚʝʩʴ ʧʫʪʴ ʥʘʢʘʧʣʠʚʘʣʘ ʚ 

ʩʝʙʝ ʤʥʦʞʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ. ɹʳʣ ʥʘʡʜʝʥ 

ʩʧʦʩʦʙ ʝʸ ʦʯʠʱʝʥʠʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ. ɺʧʦ-

ʩʣʝʜʩʪʚʠʠ ʬʨʘʟʝʦʣʦʛʠʟʤ ʫʪʨʘʪʠʣ ʧʨʷʤʦʝ 

ʟʥʘʯʝʥʠʝ. 

ʌʨʘʟʝʦʣʦʛʠʟʤ ʪʸʨʪʳʡ ʢʘʣʘʯ, ʧʨʠʥʘʜ-

ʣʝʞʘʱʠʡ ʢʦ ʚʪʦʨʦʡ ʛʨʫʧʧʝ, ʥʘʟʳʚʘʝʪ 

ʦʧʳʪʥʦʛʦ ʯʝʣʦʚʝʢʘ, ʢʦʪʦʨʦʛʦ ʪʨʫʜʥʦ ʦʙʤʘ-

ʥʫʪʴ. ʈʘʥʴʰʝ ʙʳʣ ʪʘʢʦʡ ʩʦʨʪ ʙʝʣʦʛʦ ʭʣʝʙʘ, 

ʪʝʩʪʦ ʜʣʷ ʢʦʪʦʨʦʛʦ ʦʯʝʥʴ ʜʦʣʛʦ ʤʷʣʠ, ʤʝ-

ʩʠʣʠ, çʪʸʨʣʠè, ʦʪʯʝʛʦ ʢʘʣʘʯ ʧʦʣʫʯʘʣʩʷ ʥʝ-

ʦʙʳʢʥʦʚʝʥʥʦ ʧʳʰʥʳʤ. ʅʝʢʦʪʦʨʳʤʠ ʣʠʥʛ-

ʚʠʩʪʘʤʠ ʫʪʚʝʨʞʜʘʝʪʩʷ, ʯʪʦ ʬʨʘʟʝʦʣʦʛʠʟʤ 

ʷʚʣʷʝʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʧʦʩʣʦʚʠʮʳ: çʥʝ 

ʪʸʨʪ, ʥʝ ʤʷʪ, ʥʝ ʙʫʜʝʪ ʢʘʣʘʯè, ʦʟʥʘʯʘʶʱʝʡ, 

ʯʪʦ ʯʝʣʦʚʝʢ ʧʨʠʦʙʨʝʪʘʝʪ ʦʧʳʪ ʠ ʟʘʢʘʣʷʝʪʩʷ 

ʠʩʧʳʪʘʥʠʷʤʠ. 

ʂ ʪʨʝʪʴʝʡ ʛʨʫʧʧʝ ʦʪʥʦʩʠʪʩʷ ʬʨʘʟʝʦʣʦ-

ʛʠʟʤ ʪʦʯʠʪʴ ʣʷʩʳ. ɺ ʩʣʦʚʘʨʝ ʫʢʘʟʳʚʘʝʪʩʷ 

ʝʛʦ ʟʥʘʯʝʥʠʝ: çʧʫʩʪʦʩʣʦʚʠʪʴ, ʟʘʥʠʤʘʪʴʩʷ 

ʧʫʩʪʦʡ ʙʦʣʪʦʚʥʸʡè [3]: ï ʇʝʨʚʦʥʘʯʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ: ʚʳʨʝʟʘʪʴ ʫʟʦʨʥʳʝ ʬʠʛʫʨʥʳʝ 

ʩʪʦʣʙʠʢʠ ʧʝʨʠʣ. ʕʪʦ ʨʝʤʝʩʣʦ ʩʯʠʪʘʣʦʩʴ 

ʚʝʩʸʣʳʤ ʠ ʣʸʛʢʠʤ, ʠ ʤʘʩʪʝʨ ʤʦʛ ʚʦ ʚʨʝʤʷ 

ʨʘʙʦʪʳ ʙʦʣʪʘʪʴ ʩ ʦʢʨʫʞʘʶʱʠʤʠ. ɺ ʩʢʦʨʦʤ 

ʚʨʝʤʝʥʠ ʵʪʦ ʟʘʥʷʪʠʝ ʧʝʨʝʩʪʘʣʦ ʙʳʪʴ ʚʦʩ-

ʪʨʝʙʦʚʘʥʥʳʤ, ʘ ʚʳʨʘʞʝʥʠʝ ʦʩʪʘʣʦʩʴ. 

ɹʠʪʴ ʙʘʢʣʫʰʠ ï çʧʨʘʟʜʥʦ ʧʨʦʚʦʜʠʪʴ 

ʚʨʝʤʷ; ʙʝʟʜʝʣʴʥʠʯʘʪʴè [3]: çʇʦʟʜʦʨʦʚʘʚ-

ʰʠʩʴ, ʧʘʧʘ ʩʢʘʟʘʣ, ʯʪʦ ʙʫʜʝʪ ʥʘʤ ʚ ʜʝʨʝʚ-

ʥʠ ʙʘʢʣʫʰʠ ʙʠʪʴ, ʯʪʦ ʤʳ ʧʝʨʝʩʪʘʣʠ ʙʳʪʴ 

ʤʘʣʝʥʴʢʠʤʠ ʠ ʯʪʦ ʧʦʨʘ ʥʘʤ ʩʝʨʴʸʟʥʦ 

ʫʯʠʪʴʩʷè [2]. ʇʝʨʚʦʥʘʯʘʣʴʥʦ: ʨʘʩʢʘʣʳʚʘʪʴ, 

ʨʘʟʙʠʚʘʪʴ ʦʩʠʥʦʚʳʡ ʯʫʨʙʘʥ ʥʘ ʙʘʢʣʫʰʠ 

(ʯʫʨʢʠ) ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʟ ʥʠʭ ʤʝʣʢʠʭ 

ʱʝʧʥʳʭ ʠʟʜʝʣʠʡ (ʣʦʞʝʢ, ʧʦʚʘʨʸʰʝʢ ʠ ʪ.ʧ.), 

ʪ.ʝ. ʜʝʣʘʪʴ ʦʯʝʥʴ ʥʝʩʣʦʞʥʦʝ ʜʝʣʦ.  
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ʕʪʠ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʬʨʘʟʝʦʣʦʛʠʯʝʩʢʠʝ 

ʝʜʠʥʠʮʳ ʩ ʢʦʤʧʦʥʝʥʪʦʤ-

ʩʫʱʝʩʪʚʠʪʝʣʴʥʳʤ, ʦʙʦʟʥʘʯʘʶʱʠʤ ʧʨʝʜʤʝ-

ʪʳ ʙʳʪʘ, ʚʦʟʥʠʢʣʠ ʥʘ ʨʫʩʩʢʦʡ ʧʦʯʚʝ ʧʦʜ 

ʚʣʠʷʥʠʝʤ ʨʝʤʸʩʝʣ, ʪʨʘʜʠʮʠʡ, ʥʘʙʣʶʜʝʥʠʡ 

ʟʘ ʩʦʮʠʘʣʴʥʳʤʠ ʠ ʢʫʣʴʪʫʨʥʳʤʠ ʧʝʨʝʤʝʥʘ-

ʤʠ ʚ ʞʠʟʥʠ ʦʙʱʝʩʪʚʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʨʘʟʝʦʣʦʛʠʟʤʳ ʩ ʢʦʤ-

ʧʦʥʝʥʪʘʤʠ, ʥʘʟʳʚʘʶʱʠʤʠ ʧʨʝʜʤʝʪʳ ʨʫʩ-

ʩʢʦʛʦ ʙʳʪʘ, ï ʠʩʪʦʯʥʠʢ ʦʙʱʝʩʪʚʝʥʥʦ ʟʥʘ-

ʯʠʤʳʭ ʩʚʝʜʝʥʠʡ ʦ ʨʫʩʩʢʦʤ ʥʘʨʦʜʝ. ʀʟʫʯʝ-

ʥʠʝ ʵʪʠʭ ʛʨʫʧʧ ʬʨʘʟʝʦʣʦʛʠʟʤʦʚ ʧʦʟʚʦʣʷʝʪ 

ʨʘʩʢʨʳʪʴ ʠʭ ʟʥʘʯʠʤʦʩʪʴ, ʦʩʦʙʝʥʥʦʩʪʠ, ʘ 

ʪʘʢʞʝ ʧʨʦʩʣʝʜʠʪʴ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʬʦʨʤʠʨʦ-

ʚʘʥʠʝ ʥʘʮʠʦʥʘʣʴʥʦʡ ʠʜʝʥʪʠʯʥʦʩʪʠ ʠ ʤʠ-

ʨʦʚʦʟʟʨʝʥʠʷ. ʌʨʘʟʝʦʣʦʛʠʯʝʩʢʠʝ ʝʜʠʥʠʮʳ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ 

ʨʝʯʝʚʦʛʦ ʬʦʥʜʘ ʠ ʦʪʨʘʞʘʶʪ ʦʩʦʙʝʥʥʦʩʪʠ 

ʤʝʥʪʘʣʠʪʝʪʘ ʠ ʢʫʣʴʪʫʨʳ ʥʘʨʦʜʘ. 
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ɺɸʈʀɸʅʊʓ ɻʃɸɻʆʃʔʅʓʍ ʌʈɸɿɽʆʃʆɻʀʏɽʉʂʀʍ ɽɼʀʅʀʎ ɺ  

ʃɽʂʉʀʂʆɻʈɸʌʀʏɽʉʂʆʄ ʆʊʈɸɾɽʅʀʀ 
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ɸʥʥʦʪʘʮʠʷ. ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʦʛʦ ʠʟʣʘʛʘʶʪʩʷ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ, 

ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʠʝ ʥʘʠʙʦʣʝʝ ʫʧʦʪʨʝʙʠʪʝʣʴʥʳʭ ʚʘʨʠʘʥʪʦʚ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʛʣʘʛʦʣʴʥʳʭ ʌɽ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʣʝʢʩʠʢʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩ-

ʪʦʯʥʠʢʠ ʧʨʝʜʣʘʛʘʶʪ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʌɽ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʫʩʪʘʨʝʚʰʠʤʠ ʠ ʢʨʘʡʥʝ 

ʨʝʜʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʬʨʘʥʮʫʟʩʢʦʤ ʷʟʳʢʝ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ 

ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʠʭ ʠʟʫʯʘʶʱʠʤ ʬʨʘʥʮʫʟʩʢʠʡ ʷʟʳʢ ʜʣʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʫʧʦʪʨʝʙʣʝʥʠʷ ʚ 

ʨʝʯʝʚʦʡ ʧʨʘʢʪʠʢʝ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʨʘʟʝʦʣʦʛʠʯʝʩʢʘʷ ʝʜʠʥʠʮʘ, ʬʨʘʟʝʦʣʦʛʠʯʝʩʢʠʝ ʚʘʨʠʘʥʪʳ, ʩʝʤʘʥʪʠʢʘ, 

ʦʙʨʘʟʥʦʩʪʴ, ʦʢʢʘʟʠʦʥʘʣʴʥʳʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ, ʩʪʝʧʝʥʴ ʫʧʦʪʨʝʙʠʪʝʣʴʥʦʩʪʠ. 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʚʘʨʠʘʥʪʦʚ ʥʝʢʦ-

ʪʦʨʳʭ ʠʟʚʝʩʪʥʳʭ ʛʣʘʛʦʣʴʥʳʭ ʌɽ, ʟʘʬʠʢ-

ʩʠʨʦʚʘʥʥʳʭ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʘʚʪʦʨʠ-

ʪʝʪʥʳʭ ʩʣʦʚʘʨʷʭ ʬʨʘʥʮʫʟʩʢʦʛʦ ʷʟʳʢʘ ʨʘʟ-

ʥʦʛʦ ʪʠʧʘ, ʘ ʪʘʢʞʝ ʧʨʠʚʣʝʯʝʥʠʷ ʧʨʠʤʝʨʦʚ 

ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʣʠʪʝʨʘʪʫʨʥʦ-

ʭʫʜʦʞʝʩʪʚʝʥʥʳʭ ʪʝʢʩʪʘʭ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ, 

ʯʪʦ ʵʪʠ ʌɽ ʦʪʣʠʯʘʶʪʩʷ ʰʠʨʦʢʦʡ ʚʘʨʠʘ-

ʪʠʚʥʦʩʪʴʶ, ʢʦʪʦʨʘʷ ʧʦ-ʨʘʟʥʦʤʫ ʦʪʨʘʞʝʥʘ ʚ 

ʣʝʢʩʠʢʦʛʨʘʬʠʯʝʩʢʠʭ ʪʨʫʜʘʭ. ʇʨʝʜʩʪʘʚʣʷ-

ʝʪʩʷ, ʯʪʦ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʵʪʦ ʦʙʲ-

ʷʩʥʷʪʩʷ ʩʫʙʲʝʢʪʠʚʥʳʤʠ ʧʨʝʜʧʦʯʪʝʥʠʷʤʠ 

ʣʝʢʩʠʢʦʛʨʘʬʦʚ, ʠ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠʣʠ ʫʩʪʘ-

ʨʝʣʦʩʪʴ ʌɽ, ʘ ʪʘʢʞʝ ʠʭ ʚʘʨʠʘʥʪʦʚ ʤʦʞʝʪ 

ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʘ ʪʦʣʴʢʦ ʥʘ ʙʘʟʝ ʢʦʤ-

ʧʣʝʢʩʥʦʛʦ ʘʥʘʣʠʟʘ, ʧʨʝʜʧʨʠʥʷʪʦʛʦ ʚ 

ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ.  

ʉʧʦʩʦʙʥʦʩʪʴ ʬʨʘʟʝʦʣʦʛʠʯʝʩʢʠʭ ʝʜʠʥʠʮ 

ʬʨʘʥʮʫʟʩʢʦʛʦ ʷʟʳʢʘ ʘʢʪʫʘʣʠʟʠʨʦʚʘʪʴʩʷ ʚ 

ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʘʭ ï ʷʚʣʝʥʠʝ ʦʯʝʚʠʜʥʦʝ. 

ɼʣʷ ʥʦʩʠʪʝʣʝʡ ʷʟʳʢʘ ʚʳʙʦʨ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ 

ʚʘʨʠʘʥʪʘ ʟʘʚʠʩʠʪ ʯʘʱʝ ʚʩʝʛʦ ʦʪ ʩʪʝʧʝʥʠ 

ʝʛʦ ʫʧʦʪʨʝʙʠʪʝʣʴʥʦʩʪʠ, ʠ ʦʥʠ ʫʩʚʘʠʚʘʶʪ 

ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʝ ʚ ʢʦʤʤʫʥʠʢʘʪʠʚʥʦʤ 

ʦʪʥʦʰʝʥʠʠ ʝʜʠʥʠʮʳ ʚ ʧʨʦʮʝʩʩʝ ʢʘʞʜʦ-

ʜʥʝʚʥʦʛʦ ʨʝʯʝʚʦʛʦ ʦʙʱʝʥʠʷ. ʀʥʦʩʪʨʘʥʮʳ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʦʙʨʘʱʘʶʪʩʷ ʢ ʣʝʢʩʠʢʦʛʨʘʬʠ-

ʯʝʩʢʠʤ ʠʩʪʦʯʥʠʢʘʤ, ʥʦ ʜʘʞʝ ʩʘʤʳʝ ʘʚʪʦ-

ʨʠʪʝʪʥʳʝ ʩʣʦʚʘʨʠ ʬʨʘʥʮʫʟʩʢʦʛʦ ʷʟʳʢʘ 

ʢʨʘʡʥʝ ʨʝʜʢʦ ʜʘʶʪ ʥʝʦʙʭʦʜʠʤʫʶ ʠʥʬʦʨ-

ʤʘʮʠʶ ʧʦ ʧʦʚʦʜʫ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʫʧʦʪʨʝ-

ʙʠʪʝʣʴʥʦʩʪʠ ʚʘʨʠʘʥʪʦʚ ʌɽ ʠ ʥʝʨʝʜʢʦ ʬʠʢ-

ʩʠʨʫʶʪ ʦʙʦʨʦʪʳ, ʘʢʪʫʘʣʴʥʦʩʪʴ ʢʦʪʦʨʳʭ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʦʤʥʠʪʝʣʴʥʦʡ.  

ɺʳʛʦʜʥʦ ʦʪ ʦʩʪʘʣʴʥʳʭ ʩʣʦʚʘʨʝʡ ʚ ʵʪʦʤ 

ʦʪʥʦʰʝʥʠʠ ʦʪʣʠʯʘʝʪʩʷ ʌʨʘʥʮʫʟʩʢʦ-

ʨʫʩʩʢʠʡ ʬʨʘʟʝʦʣʦʛʠʯʝʩʢʠʡ ʩʣʦʚʘʨʴ 

(ʌʈʌʉ) ʧʦʜ ʨʝʜʘʢʮʠʝʡ ʗ.ʀ. ʈʝʮʢʝʨʘ [1]. 

ɸʚʪʦʨʳ ʵʪʦʛʦ ʩʣʦʚʘʨʷ ʧʨʝʜʣʦʞʠʣʠ ʨʷʜ ʟʘ-

ʩʣʫʞʠʚʘʶʱʠʭ ʚʥʠʤʘʥʠʷ ʧʨʠʸʤʦʚ, ʭʘʨʘʢ-

ʪʝʨʠʟʠʨʫʶʱʠʭ ʩʪʝʧʝʥʴ ʫʧʦʪʨʝʙʠʪʝʣʴʥʦʩʪʠ 

ʚʘʨʠʘʥʪʦʚ ʌɽ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʧʦʤʝʪʘ çʨʝ-

ʞʝè ʠ ʧʝʨʝʚʦʜ ʬʨʘʟʝʦʣʦʛʠʟʤʘ ʚ ʛʥʝʟʜʝ ʝʛʦ 

ʙʦʣʝʝ ʫʧʦʪʨʝʙʠʪʝʣʴʥʦʛʦ ʚʘʨʠʘʥʪʘ [1, 15]. 

ʅʘʰʠ ʥʘʙʣʶʜʝʥʠʷ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ 

ʧʦʜʪʚʝʨʞʜʘʶʪ ʜʘʥʥʳʝ ʌʈʌʉ. ʅʦ ʚʤʝʩʪʝ ʩ 

ʪʝʤ, ʤʳ ʦʙʨʘʪʠʣʠ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʪʝ 

ʚʘʨʠʘʥʪʳ ʬʨʘʟʝʦʣʦʛʠʯʝʩʢʠʭ ʝʜʠʥʠʮ, ʢʦʪʦ-

ʨʳʝ ʚʩʪʨʝʯʘʶʪʩʷ ʪʦʣʴʢʦ ʚ ʌʈʌʉ ʠ ʥʝ ʬʠʢ-

ʩʠʨʫʶʪʩʷ ʜʨʫʛʠʤʠ ʧʨʠʚʣʝʯʸʥʥʳʤʠ ʢ ʠʩ-

ʩʣʝʜʦʚʘʥʠʶ ʩʣʦʚʘʨʷʤʠ, ʦʩʪʘʶʪʩʷ ʙʝʟ ʫʢʘ-

ʟʘʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʭ ʙʦʣʴʰʝʡ ʠʣʠ 

ʤʝʥʴʰʝʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʨʝʯʠ.  

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʬʨʘʟʝʦʣʦʛʠʟʤ discuter 

(ʠʣʠ disputer) sur la pointe dôune aiguille 

çʩʧʦʨʠʪʴ, ʩʩʦʨʠʪʴʩʷ ʠʟ-ʟʘ ʧʫʩʪʷʢʦʚè ʧʨʠ-

ʚʦʜʠʪʩʷ ʚ ʌʈʌʉ ʩ ʤʥʦʞʝʩʪʚʦʤ ʚʘʨʠʘʥʪʦʚ: 

disputer (ʠʣʠ discourir, raisonner) sur des 

pointes dôaiguille(s) (ʠʣʠ sur la pointe dôune 

aiguille), sur une pointe dôaiguille, sur la 

pointe dôune ®pingle.  

ʅʝʢʦʪʦʨʳʝ ʠʟ ʵʪʠʭ ʚʘʨʠʘʥʪʦʚ ʜʘʥʳ ʠ ʚ 

ɹ. ʈʦʙʝʨʝ [2] ï disputer sur la pointe dôune 

aiguille, sur des pointes dôaiguille, dô®pingle. 

ʉʣʦʚʘʨʴ ʄ.ʈʘ [3] ʨʝʛʠʩʪʨʠʨʫʝʪ ʚʘʨʠʘʥʪ 
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disputer sur la pointe dôune aiguille; ʚ 

ʄ. ʈʦʙʝʨʝ [4] ï discuter sur la pointe dôune 

aiguille, çvx.è sur des pointes dôaiguille, ʪ.ʝ. 

ʚʪʦʨʘʷ ʬʦʨʤʘ ʢʚʘʣʠʬʠʮʠʨʫʝʪʩʷ ʢʘʢ ʫʩʪʘ-

ʨʝʚʰʘʷ. ʆʯʝʚʠʜʥʦ, ʵʪʦ ʫʩʪʘʨʝʚʰʠʡ ʠʣʠ 

ʚʝʩʴʤʘ ʤʘʣʦ ʠʟʚʝʩʪʥʳʡ ʦʙʦʨʦʪ. ʂ ʵʪʦʡ 

ʤʳʩʣʠ ʧʨʠʚʦʜʠʪ ʥʘʩ ʪʘʢʞʝ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʚ 

GLLF [5] ʦʙʦʨʦʪ sur la pointe dôaiguille 

ʧʨʠʚʦʜʠʪʩʷ ʩ ʧʦʤʝʪʦʡ çclass.è, ʘ Lexis [6] ʠ 

DFV [7] ʥʝ ʬʠʢʩʠʨʫʶʪ ʚʦʦʙʱʝ ʥʠ ʦʜʥʦʛʦ 

ʠʟ ʚʘʨʠʘʥʪʦʚ ʜʘʥʥʦʛʦ ʬʨʘʟʝʦʣʦʛʠʟʤʘ. 

ʌʨʘʟʝʦʣʦʛʠʟʤ devoir une (belle, fi r̄e, 

fameuse) chandelle ¨ qn. çʙʳʪʴ ʧʨʠʟʥʘʪʝʣʴ-

ʥʳʤ, ʙʳʪʴ ʢʨʘʡʥʝ ʦʙʷʟʘʥʥʳʤ ʢʦʤʫ-ʣʠʙʦè ï 

ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦʪʥʳʭ ʚ ʩʦʚʨʝʤʝʥ-

ʥʦʡ ʭʫʜʦʞʝʩʪʚʝʥʥʦʡ ʧʨʦʟʝ. ʇʨʠʚʝʜʝʥʥʳʝ ʚ 

ʩʢʦʙʢʘʭ ʧʨʠʣʘʛʘʪʝʣʴʥʳʝ, ʩʦʛʣʘʩʥʦ ʌʈʌʉ, 

ʷʚʣʷʶʪʩʷ ʬʘʢʫʣʴʪʘʪʠʚʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʵʪʦʛʦ ʬʨʘʟʝʦʣʦʛʠʟʤʘ. ʅʘʰʠ ʥʘʙʣʶʜʝʥʠʷ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʫʧʦʪʨʝʙʠʪʝʣʴʥʳʤ 

ʚʘʨʠʘʥʪʦʤ ʵʪʦʛʦ ʦʙʦʨʦʪʘ ʷʚʣʷʝʪʩʷ devoir 

une fi¯re chandelle ¨ qn, ʢʦʪʦʨʳʡ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʨʘʥʮʫʟʩʢʠʤʠ ʘʚʪʦʨʘʤʠ, 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʧʨʷʤʦʡ ʨʝʯʠ ʧʝʨʩʦʥʘ-

ʞʝʡ. ʅʘʧʨʠʤʝʨ:  

1. Côest un homme comme lui quôil 

faudrait ¨ la t°te du gouvernement! é Le 

bougre! Il savait ce quôil voulait, tôen fais pas. 

Et les anciens combattants, on lui doit une 

fi¯re chandelle (Gibeau, Allons Zôenfants, 

p. 210) [8]. 

2. Je lui devais une fi¯re chandelle 

(Cendrars, Bourlinguer, p. 46) [9]. 

3.é on sait quôon vous doit une fi¯re 

chandelle é, vous venez nous prot®ger, pas 

vrai? (Stil, Le Premier choc, p. 298) [10]. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʤʝʥʥʦ ʚ ʵʪʦʡ 

ʬʦʨʤʝ ʜʘʥʥʳʡ ʬʨʘʟʝʦʣʦʛʠʟʤ ʬʠʢʩʠʨʫʝʪʩʷ 

ʚ GLLF ʠ DFV. 

ʌʨʘʟʝʦʣʦʛʠʟʤ °tre (se mettre, se trouver) 

dans de beaux (jolis, mauvais, vilains) draps 

(blancs) çʦʢʘʟʘʪʴʩʷ ʚ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦʤ ʧʦ-

ʣʦʞʝʥʠʠè ʦʪʣʠʯʘʝʪʩʷ ʚʝʩʴʤʘ ʰʠʨʦʢʦʡ ʚʘ-

ʨʠʘʪʠʚʥʦʩʪʴʶ. ʄʳ ʟʘʬʠʢʩʠʨʦʚʘʣʠ ʚʩʝ ʝʛʦ 

ʚʘʨʠʘʥʪʳ, ʧʨʠʚʦʜʠʤʳʝ ʚ ʧʨʠʚʣʝʯʸʥʥʳʭ ʢ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʣʦʚʘʨʷʭ. ɺ ʪʝʢʩʪʘʭ ʭʫʜʦ-

ʞʝʩʪʚʝʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʵʪʦʪ ʦʙʦʨʦʪ ʦʢʘ-

ʟʘʣʩʷ ʪʘʢʞʝ ʦʯʝʥʴ ʘʢʪʠʚʥʳʤ, ʧʨʠʯʸʤ ʘʚʪʦ-

ʨʳ ʥʝʨʝʜʢʦ ʦʢʢʘʟʠʦʥʘʣʴʥʦ ʟʘʤʝʥʷʶʪ ʥʝ 

ʪʦʣʴʢʦ ʧʨʠʣʘʛʘʪʝʣʴʥʳʝ, ʥʦ ʠ ʛʣʘʛʦʣʳ. ʂʘʢ 

ʧʨʘʚʠʣʦ, ʵʪʦʪ ʬʨʘʟʝʦʣʦʛʠʟʤ ʫʧʦʪʨʝʙʣʷʝʪʩʷ 

ʚ ʨʘʟʛʦʚʦʨʝ ʜʝʡʩʪʚʫʶʱʠʭ ʣʠʮ, ʜʣʷ ʘʚʪʦʨ-

ʩʢʦʛʦ ʧʦʚʝʩʪʚʦʚʘʥʠʷ ʦʥ ʥʝ ʭʘʨʘʢʪʝʨʝʥ. 

ʈʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʧʨʠʤʝʨʳ ʝʛʦ ʪʠ-

ʧʠʯʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ: 

1. Sacrebleu sô®cria-t-il, vous vous °tes 

mis dans de jolis draps, monsieur Bonnard! 

(France, Le crime de S. Bonnard, p. 66) [11]. 

2. Danielle- Ah, ah! é Ma pauvre petite, 

te voil¨ dans de jolis draps et toute seule (Ba-

rillet et Gr®dy. Une rose au petit d®jeuner, 

p. 35) [12]. 

3. Le g®n®ral - é Nous voil¨ dans de jolis 

draps. Dieu sait ce quôelles vont raconter. 

(Anouilh, La valse des tor®adors, p. 14) [13]. 

4. M. Papillon: Nous sommes dans de 

beaux draps, sans escalier. (Ionesco, Rhi-

noc®ros, p. 58) [14]. 

5. é nous serions dans de beaux draps si 

jôavais suivi Fran­ois! (Druon, Les Grandes 

familles, p. 87) [15]. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʟ ʯʝʪʳʨʝʭ ʧʨʠ-

ʣʘʛʘʪʝʣʴʥʳʭ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ 

ʚ ʜʘʥʥʦʤ ʦʙʦʨʦʪʝ, ʙʦʣʝʝ ʫʧʦʪʨʝʙʠʪʝʣʴʥʳ 

beau ʠ joli, ʢʘʞʜʳʡ ʠʟ ʥʠʭ ʥʘʤʠ ʦʪʤʝʯʝʥ ʚ 

ʧʷʪʠ ʢʦʥʪʝʢʩʪʘʭ. ɹʦʣʴʰʘʷ ʫʧʦʪʨʝʙʠʪʝʣʴ-

ʥʦʩʪʴ ʵʪʠʭ ʧʨʠʣʘʛʘʪʝʣʴʥʳʭ ʦʙʫʩʣʦʚʣʝʥʘ, 

ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʪʝʤ, ʯʪʦ ʦʥʠ ʧʨʠʜʘʶʪ ʚʳ-

ʨʘʞʝʥʠʶ ʠʨʦʥʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ (ʟʜʝʩʴ 

ʥʘʣʠʮʦ ʘʥʪʠʬʨʘʟʘ), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʠʣʘ-

ʛʘʪʝʣʴʥʦʝ mauvais, ʥʘʧʨʠʤʝʨ, ʣʠʰʘʝʪ ʝʛʦ ʚ 

ʢʘʢʦʡ-ʪʦ ʩʪʝʧʝʥʠ ʵʤʦʮʠʦʥʘʣʴʥʦʩʪʠ. ʅʘʰʠ 

ʥʘʙʣʶʜʝʥʠʷ ʧʦʢʘʟʘʣʠ ʪʘʢʞʝ, ʯʪʦ ʚ ʜʘʥʥʦʤ 

ʬʨʘʟʝʦʣʦʛʠʟʤʝ ʤʦʛʫʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʠ ʛʣʘ-

ʛʦʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ. ʂʨʦʤʝ ʫʢʘʟʘʥʥʳʭ ʚ 

ʩʣʦʚʘʨʷʭ °tre, se mettre, se trouver, ʚʩʪʨʝ-

ʯʘʶʪʩʷ ʠ ʜʨʫʛʠʝ ʛʣʘʛʦʣʳ (ʥʘʧʨʠʤʝʨ, voir, 

tirer): 

Mais tout cela nô®tait gu¯re probant et pour 

dire la stricte v®rit®, je ne me voyais pas dans 

de beaux draps (Montand, Du soleil plein la 

t°te, p. 115) [16]. 

Parbleu, pour me frotter, me flatter, me 

circonvenir, cupide, ent°t®e, coquette, et cela 

pas m°me pour elle, pour Pierre, tout pour 

son Pierre, que je tirais du m°me coup de ses 

mauvais draps. Avait-elle un instant cherch® ¨ 

me conna´tre (Clavel, Le Tiers des ®toiles, 

p. 74) [17]. 

ɺ ʵʪʠʭ ʜʚʫʭ ʢʦʥʪʝʢʩʪʘʭ ʬʨʘʟʝʦʣʦʛʠʟʤ 

°tre (se mettre) dans de beaux (jolis, mauvais) 

draps ʤʦʞʥʦ ʙʳʣʦ ʙ  r ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʦʢʢʘʟʠʦʥʘʣʴʥʦ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʳʡ, ʥʦ 

ʜʘʥʥʳʝ DFV ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ 
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ʚʳʨʘʞʝʥʠʝ dans de beaux draps ʩʪʘʣʦ ʩʘʤʦ-

ʩʪʦʷʪʝʣʴʥʳʤ ʘʜʚʝʨʙʠʘʣʴʥʳʤ ʬʨʘʟʝʦʣʦ-

ʛʠʟʤʦʤ, ʚʳʩʪʫʧʘʶʱʠʤ ʚ ʟʥʘʯʝʥʠʠ çdans 

une situation facheuse, embarassanteè. ʉʣʝ-

ʜʦʚʘʪʝʣʴʥʦ, ʚ ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʰʝ ʧʨʠʤʝ-

ʨʘʭ ʥʝʪ ʥʝʦʙʳʯʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʙʦʨʦ-

ʪʘ. ɽʩʪʴ ʜʝʨʠʚʘʪ ʠʟʚʝʩʪʥʦʛʦ ʬʨʘʟʝʦʣʦʛʠʟ-

ʤʘ, ʩʦʯʝʪʘʝʤʦʩʪʴ ʢʦʪʦʨʦʛʦ ʩ ʨʘʟʥʳʤʠ ʛʣʘ-

ʛʦʣʘʤʠ ʚʦʟʨʦʩʣʘ. 

ʌɽ entendre (ʠʣʠ voir) venir qn avec ses 

gros sabots çʜʦʛʘʜʳʚʘʪʴʩʷ ʦ ʯʴʠʭ-ʣʠʙʦ 

ʥʘʤʝʨʝʥʠʷʭè ʚ ʩʠʣʫ ʩʚʦʝʡ ʵʢʩʧʨʝʩʩʠʚʥʦ-

ʩʪʠ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʝʛʦ ʥʘʛʣʷʜʥʦʡ ʦʙʨʘʟ-

ʥʦʩʪʴʶ, ʧʨʠʚʣʝʢʘʝʪ ʧʠʩʘʪʝʣʝʡ ʠ ʞʫʨʥʘʣʠ-

ʩʪʦʚ.  

ɾʘʥ ɸʥʫʡ ʠʩʧʦʣʴʟʫʝʪ ʝʛʦ ʚ ʨʘʟʛʦʚʦʨʝ 

ʜʝʡʩʪʚʫʶʱʠʭ ʣʠʮ: 

Le g®n®ral (au secretaire) ï Taisez-vous! 

Vous parlerez quand vous aurez la parole. 

Je vous vois venir avec vos gros sabots 

(Anouilh, La valse des tor®adors, p. 16) [13]. 

ʌʨʘʥʩʫʘ ʄʦʨʠʘʢ ʧʨʠʙʝʛʘʝʪ ʢ ʥʝʤʫ ʚ ʘʚ-

ʪʦʨʩʢʦʤ ʠʟʣʦʞʝʥʠʠ: 

Des lors, Mathilde avait ®t® en alerte: 

F®licit® nôavait jamais su cacher son jeu, et sa 

belle-fille se flattait de çlôentendre toujours 

venir de loin avec ses gros sabotsè (Mauriac, 

Genitrix, p.8) [18]. 

ɺ ʩʪʘʨʦʤ ʥʦʤʝʨʝ ʬʨʘʥʮʫʟʩʢʦʡ ʛʘʟʝʪʳ ʦʥ 

ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʨʝʮʝʥʟʠʠ ʥʘ ʬʠʣʴʤ: 

Le film tient un discours et sôil ne 

çsôavance pas avec ses gros sabotsè, il 

v®hicule une id®ologie (LôHumanit®-

Dimanche, 12 mars 1978, p. 6) [19]. 

ɸʚʪʦʨ ʩʪʘʪʴʠ, ʦʢʢʘʟʠʦʥʘʣʴʥʦ ʪʨʘʥʩʬʦʨ-

ʤʠʨʫʷ ʠ ʧʦʤʝʱʘʷ ʦʙʦʨʦʪ ʚ ʥʝʦʞʠʜʘʥʥʫʶ 

ʩʠʪʫʘʮʠʶ, ʜʦʙʠʚʘʝʪʩʷ ʙʦʣʝʝ ʵʢʩʧʨʝʩʩʠʚ-

ʥʦʡ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ. 

ʅʘʙʣʶʜʝʥʠʷ ʥʘʜ ʨʝʯʝʚʦʡ ʠ ʣʝʢʩʠʢʦʛʨʘ-

ʬʠʯʝʩʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʝʡ ʚʘʨʠʘʥʪʦʚ ʛʣʘ-

ʛʦʣʴʥʳʭ ʌɽ ʬʨʘʥʮʫʟʩʢʦʛʦ ʷʟʳʢʘ ʧʦʢʘʟʳ-

ʚʘʶʪ, ʯʪʦ ʧʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʩʣʦʚʘʨʝʡ ʠʭ ʘʚ-

ʪʦʨʳ ʥʝ ʚʩʝʛʜʘ ʫʯʠʪʳʚʘʶʪ ʥʘʙʣʶʜʝʥʠʷ 

ʩʚʦʠʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʠ ʨʝʛʠʩʪʨʠʨʫʶʪ ʚ 

ʢʘʯʝʩʪʚʝ ʫʧʦʪʨʝʙʠʪʝʣʴʥʳʭ ʬʨʘʟʝʦʣʦʛʠʟʤʳ, 

ʦʪʤʝʯʝʥʥʳʝ ʚ ʙʦʣʝʝ ʨʘʥʥʠʭ ʣʝʢʩʠʢʦʛʨʘʬʠ-

ʯʝʩʢʠʭ ʨʘʙʦʪʘʭ ʢʘʢ ʫʩʪʘʨʝʚʰʠʝ. ʕʪʦ ʚʝʜʝʪ 

ʢ ʥʘʢʦʧʣʝʥʠʶ ʚ ʩʣʦʚʘʨʷʭ ʬʨʘʟʝʦʣʦʛʠʯʝ-

ʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʦʪʦʰʝʜʰʝʛʦ ʚ ʧʘʩʩʠʚʥʳʡ 

ʟʘʧʘʩ, ʯʪʦ ʧʨʝʧʷʪʩʪʚʫʝʪ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʤʝʨʝ ʬʠʢʩʘʮʠʠ ʬʨʘʟʝʦʣʦʛʠʯʝʩʢʠʭ ʥʦʚʦʦʙ-

ʨʘʟʦʚʘʥʠʡ; 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʜʘʥʥʳʭ ʨʷʜʘ ʩʣʦʚʘʨʝʡ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʠʟʘ ʣʠʪʝʨʘʪʫʨʥʳʭ ʪʝʢ-

ʩʪʦʚ ʧʦʟʚʦʣʷʝʪ ʧʨʦʩʣʝʜʠʪʴ ʠʟʤʝʥʝʥʠʷ ʚ 

ʩʝʤʘʥʪʠʢʝ ʥʝʢʦʪʦʨʳʭ ʬʨʘʟʝʦʣʦʛʠʟʤʦʚ, ʟʘ-

ʬʠʢʩʠʨʦʚʘʪʴ ʧʦʷʚʣʝʥʠʝ ʠʭ ʥʦʚʳʭ ʚʘʨʠʘʥ-

ʪʦʚ, ʥʘʙʣʶʜʘʪʴ ʠʟʤʝʥʝʥʠʷ ʠʭ ʬʫʥʢʮʠʦ-

ʥʘʣʴʥʦ-ʩʪʠʣʠʩʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ ʠ ʪ.ʜ. ï 

ʚʩʝ ʵʪʦ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠ ʚ ʨʘʤʢʘʭ ʩʠʥ-

ʭʨʦʥʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʬʨʘ-

ʟʝʦʣʦʛʠʠ ʤʦʞʥʦ ʥʘʛʣʷʜʥʦ ʥʘʙʣʶʜʘʪʴ ʤʦ-

ʤʝʥʪʳ ʷʟʳʢʦʚʦʛʦ ʜʚʠʞʝʥʠʷ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʦʙʰʠʨʥʦʡ ʠʩʪʦʨʠʠ ʧʦʵʟʠʠ ʃʠ ʎʠʥʯʞʘʦ ʠ ɸʥʥʘ ɸʭʤʘʪʦʚʘ ʚʳʜʝʣʷʶʪʩʷ 

ʢʘʢ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʪʘʣʘʥʪʣʠʚʳʝ ʠ ʟʘʤʝʯʘʪʝʣʴʥʳʝ ʧʦʵʪʝʩʩʳ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʦʥʠ 

ʞʠʣʠ ʚ ʨʘʟʥʳʝ ʵʧʦʭʠ ʠ ʩʪʨʘʥʳ, ʠʭ ʙʠʦʛʨʘʬʠʠ ʠ ʧʦʵʪʠʯʝʩʢʠʝ ʜʦʩʪʠʞʝʥʠʷ ʩʠʣʴʥʦ ʩʭʦʞʠ. ɺ 

ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʦʚʦʜʠʪʩʷ ʢʨʘʪʢʠʡ ʘʥʘʣʠʟ ʠʭ ʙʠʦʛʨʘʬʠʡ ʠ ʠʟʫʯʘʶʪʩʷ ʠʭ ʢʣʘʩʩʠʯʝʩʢʠʝ 

ʧʨʦʠʟʚʝʜʝʥʠʷ ʩ ʮʝʣʴʶ ʙʦʣʝʝ ʛʣʫʙʦʢʦʛʦ ʧʦʥʠʤʘʥʠʷ ʃʠ ʎʠʥʯʞʘʦ, ʯʘʩʪʦ ʥʘʟʳʚʘʝʤʦʡ çʧʝʨʚʦʡ 

ʪʘʣʘʥʪʣʠʚʦʡ ʞʝʥʱʠʥʦʡ ʚʝʢʦʚè, ʠ ɸʥʥʳ ɸʭʤʘʪʦʚʦʡ, ʠʟʚʝʩʪʥʦʡ ʢʘʢ çʣʫʥʘ ʨʫʩʩʢʦʡ ʧʦʵʟʠʠè. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʞʝʥʱʠʥʳ-ʧʦʵʪʳ; ʃʠ ʎʠʥʯʞʘʦ; ɸʥʥʘ ɸʭʤʘʪʦʚʘ; ʩʨʘʚʥʠʪʝʣʴʥʦʝ ʠʩ-

ʩʣʝʜʦʚʘʥʠʝ. 

 

1. ɹʠʦʛʨʘʬʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

(1) ʉʭʦʜʩʪʚʘ 

ʆʙʱʠʡ ʬʦʥ: ʀ ʃʠ ʏʠʥʯʞʘʦ, ʠ ɸʥʥʘ 

ɸʭʤʘʪʦʚʘ ʨʦʜʠʣʠʩʴ ʚ ʙʣʘʛʦʧʦʣʫʯʥʳʭ ʩʝʤʴ-

ʷʭ ʠ ʧʨʦʷʚʠʣʠ ʩʚʦʡ ʪʘʣʘʥʪ ʝʱʝ ʚ ʜʝʪʩʪʚʝ. 

ʃʠ ʏʠʥʯʞʘʦ ʨʦʜʠʣʘʩʴ ʚ ʩʝʤʴʝ ʟʥʘʪʦʢʦʚ ʣʠ-

ʪʝʨʘʪʫʨʳ ʠ ʠʩʢʫʩʩʪʚʘ. ɽʝ ʦʪʝʮ ʙʳʣ ʠʟʚʝʩʪ-

ʥʳʤ ʫʯʝʥʳʤ, ʦʙʫʯʘʚʰʠʤʩʷ ʫ ʉʫ ɼʫʥʧʦ ʠ 

ʨʘʙʦʪʘʚʰʠʤ ʚ ʧʨʘʚʠʪʝʣʴʩʪʚʝ. ʆʥ ʙʳʣ ʯʝ-

ʣʦʚʝʢʦʤ ʯʝʩʪʥʳʤ, ʥʝ ʧʨʝʩʣʝʜʦʚʘʚʰʠʤ 

ʤʥʠʤʦʡ ʩʣʘʚʳ. ɽʝ ʤʘʪʴ ʙʳʣʘ ʚʥʫʯʢʦʡ ʣʘʫ-

ʨʝʘʪʘ ʦʣʠʤʧʠʘʜʳ ʠ ʪʘʢʞʝ ʦʙʣʘʜʘʣʘ ʣʠʪʝʨʘ-

ʪʫʨʥʳʤʠ ʩʧʦʩʦʙʥʦʩʪʷʤʠ. ʃʠ ʏʠʥʯʞʘʦ ʩ 

ʩʘʤʦʛʦ ʜʝʪʩʪʚʘ ʞʠʣʘ ʚ ʩʝʤʴʝ, ʥʘʩʳʱʝʥʥʦʡ 

ʘʪʤʦʩʬʝʨʦʡ ʣʠʪʝʨʘʪʫʨʳ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʦ-

ʚʘʣʦ ʨʘʟʚʠʪʠʶ ʝʝ ʩʧʦʩʦʙʥʦʩʪʝʡ. ɽʝ ʫʤ ʠ 

ʪʘʣʘʥʪ ʙʳʣʠ ʥʘʩʪʦʣʴʢʦ ʚʝʣʠʢʠ, ʯʪʦ ʝʝ ʩʪʠ-

ʭʠ ʙʳʣʠ ʠʟʚʝʩʪʥʳ ʩ ʜʝʪʩʪʚʘ, ʠ ʝʝ ʪʚʦʨʯʝ-

ʩʪʚʦ ʩʨʘʚʥʠʚʘʣʠ ʩ ʨʘʙʦʪʘʤʠ ʩʪʘʨʰʠʭ ʢʦʣ-

ʣʝʛ (ɺʘʥ ʏʞʫʦ ʚ çɿʘʧʠʩʢʘʭ ʦ ʣʝʪʫʯʝʡ ʧʪʠ-

ʮʝè). 

ɸʥʥʘ ɸʭʤʘʪʦʚʘ ʨʦʜʠʣʘʩʴ ʚ ʆʜʝʩʩʝ, 

ʥʘʭʦʜʠʚʰʝʡʩʷ ʧʦʜ ʚʣʘʩʪʴʶ ʈʦʩʩʠʡʩʢʦʡ 

ʠʤʧʝʨʠʠ. ɽʝ ʦʪʝʮ, ɸʥʜʨʝʡ, ʙʳʣ ʠʥʞʝʥʝʨʦʤ 

ʚʦʝʥʥʦ-ʤʦʨʩʢʦʛʦ ʬʣʦʪʘ ʈʦʩʩʠʠ, ʘ ʤʘʪʴ, 

ʀʥʥʘ ʉʪʦʛʦʚʘ, ʙʳʣʘ ʯʣʝʥʦʤ ʨʝʚʦʣʶʮʠʦʥ-

ʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ çʅʘʨʦʜʥʘʷ ʚʦʣʷè ʠ ʠʤʝʣʘ 

ʘʨʠʩʪʦʢʨʘʪʠʯʝʩʢʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ. ʇʦʩʣʝ 

ʨʘʟʚʦʜʘ ʨʦʜʠʪʝʣʝʡ ʦʥʘ ʦʩʪʘʣʘʩʴ ʞʠʪʴ ʩ ʤʘ-

ʪʝʨʴʶ ʠ ʧʨʦʜʦʣʞʠʣʘ ʩʚʦʝ ʦʙʨʘʟʦʚʘʥʠʝ. 

ʇʦʟʜʥʝʝ ʦʥʘ ʧʦʩʪʫʧʠʣʘ ʥʘ ʶʨʠʜʠʯʝʩʢʠʡ 

ʬʘʢʫʣʴʪʝʪ ʇʝʪʝʨʙʫʨʛʩʢʦʛʦ ʞʝʥʩʢʦʛʦ ʫʯʝʙ-

ʥʦʛʦ ʟʘʚʝʜʝʥʠʷ. ɺ ʜʚʘʜʮʘʪʴ ʣʝʪ ɸʥʥʘ ɸʭ-

ʤʘʪʦʚʘ ʦʧʫʙʣʠʢʦʚʘʣʘ ʩʚʦʶ ʧʝʨʚʫʶ ʧʦʵʪʠ-

ʯʝʩʢʫʶ ʢʥʠʛʫ çɺʝʯʝʨè, ʢʦʪʦʨʘʷ ʧʦʣʫʯʠʣʘ 

ʰʠʨʦʢʦʝ ʧʨʠʟʥʘʥʠʝ. 

ʉʣʦʞʥʘʷ ʩʫʜʴʙʘ: ʀ ʃʠ ʏʠʥʯʞʘʦ, ʠ ɸʥʥʘ 

ɸʭʤʘʪʦʚʘ ʧʝʨʝʞʠʣʠ ʧʝʨʠʧʝʪʠʠ ʚ ʩʚʦʝʡ 

ʞʠʟʥʠ ʠ ʙʳʣʠ ʩʠʣʴʥʦ ʟʘʪʨʦʥʫʪʳ ʚʦʡʥʘʤʠ. 

ɺ ʤʦʣʦʜʦʩʪʠ ʃʠ ʏʠʥʯʞʘʦ ʞʠʣʘ ʩ ʦʪʮʦʤ ʚ 

ʂʘʡʬʝʥʝ, ʛʜʝ ʝʝ ʦʢʨʫʞʘʣʠ ʫʶʪ ʠ ʵʣʝʛʘʥʪ-

ʥʦʩʪʴ. ʇʦʩʣʝ ʟʘʤʫʞʝʩʪʚʘ ʟʘ ʏʞʘʦ ʄʠʥ-

ʯʞʝʥʦʤ, ʭʦʪʷ ʦʥʘ ʠ ʧʦʧʘʣʘ ʚ ʩʝʤʴʶ ʩ ʥʝ-

ʚʳʩʦʢʠʤ ʜʦʩʪʘʪʢʦʤ, ʠʭ ʩʝʤʝʡʥʘʷ ʞʠʟʥʴ 

ʙʳʣʘ ʪʠʭʦʡ, ʩʧʦʢʦʡʥʦʡ ʠ ʛʘʨʤʦʥʠʯʥʦʡ. 

ʆʥʘ ʙʳʣʘ ʠʟʳʩʢʘʥʥʦʡ ʠ ʫʤʥʦʡ ʞʝʥʱʠʥʦʡ, 

ʧʦʣʥʦʡ ʨʘʜʦʩʪʠ ʠ ʩʯʘʩʪʴʷ. ʅʦ ʵʪʦ ʩʯʘʩʪʴʝ 

ʙʳʣʦ ʥʝʜʦʣʛʠʤ. ʇʦʩʣʝ ʚʦʩʩʪʘʥʠʷ ʚ ʧʝʨʠʦʜ 

ʎʠʥʴ ʎʟʷʥ ʃʠ ʏʠʥʯʞʘʦ ʦʢʘʟʘʣʘʩʴ ʚ ʪʷʞʝ-

ʣʦʡ ʩʠʪʫʘʮʠʠ: ʩʪʨʘʥʘ ʦʢʘʟʘʣʘʩʴ ʨʘʟʨʫʰʝʥ-

ʥʦʡ, ʦʥʘ ʧʦʪʝʨʷʣʘ ʜʦʤ ʠ ʩʝʤʴʶ, ʝʝ ʤʫʞ 

ʫʤʝʨ, ʘ ʠʤʫʱʝʩʪʚʦ ʙʳʣʦ ʫʪʨʘʯʝʥʦ. ɺʧʦ-

ʩʣʝʜʩʪʚʠʠ ʝʡ ʧʨʠʰʣʦʩʴ ʚʳʡʪʠ ʟʘʤʫʞ ʚʦ 

ʚʪʦʨʦʡ ʨʘʟ, ʥʦ ʵʪʦʪ ʙʨʘʢ ʦʢʘʟʘʣʩʷ ʥʝʫʜʘʯ-

ʥʳʤ. ʆʥʘ ʪʘʢʞʝ ʧʝʨʝʞʠʣʘ ʪʶʨʝʤʥʦʝ ʟʘ-

ʢʣʶʯʝʥʠʝ ʠ ʦʩʪʘʣʘʩʴ ʙʝʟʜʝʪʥʦʡ. ɸʥʥʘ ɸʭ-

ʤʘʪʦʚʘ ʞʠʣʘ ʚ ʜʦʩʪʘʪʢʝ ʚ ʶʥʦʩʪʠ ʠ, ʙʫʜʫʯʠ 

ʚ ʙʨʘʢʝ ʩ ʠʟʚʝʩʪʥʳʤ ʧʦʵʪʦʤ ɻʫʤʠʣʝʚʳʤ, 

ʙʳʣʘ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʘʪʝʣʝʡ ʣʠʪʝʨʘʪʫʨʥʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ çɸʢʤʝʠʟʤè. ʇʦʟʞʝ ʦʥʘ ʨʘʟʚʝ-

ʣʘʩʴ ʩ ʤʫʞʝʤ, ʠ ʚʦ ʚʨʝʤʝʥʘ ʆʢʪʷʙʨʴʩʢʦʡ 

ʨʝʚʦʣʶʮʠʠ ʝʝ ʧʨʦʠʟʚʝʜʝʥʠʷ ʙʳʣʠ ʟʘʧʨʝ-

ʱʝʥʳ. ɽʝ ʞʠʟʥʴ ʩʪʘʣʘ ʥʠʱʝʪʦʡ, ʘ ʝʝ ʩʳʥ 

ʃʝʚ ʜʚʘʞʜʳ ʧʦʧʘʜʘʣ ʚ ʪʶʨʴʤʫ ʠʟ-ʟʘ ʫʯʘ-

ʩʪʠʷ ʚ ʧʦʣʠʪʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʷʭ. ɸʥʥʘ 

ɸʭʤʘʪʦʚʘ ʙʝʩʧʦʢʦʠʣʘʩʴ ʦ ʩʫʜʴʙʝ ʩʚʦʝʛʦ 

ʩʳʥʘ ʜʝʥʴ ʠ ʥʦʯʴ. 

(2) ʈʘʟʣʠʯʠʷ 
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ʈʘʟʣʠʯʠʷ ʚ ʣʠʯʥʳʭ ʦʪʥʦʰʝʥʠʷʭ: ʃʠ 

ʏʠʥʯʞʘʦ ʚʳʰʣʘ ʟʘʤʫʞ ʚʩʝʛʦ ʜʚʘʞʜʳ ʠ ʥʝ 

ʚʩʪʫʧʘʣʘ ʚ ʨʦʤʘʥʪʠʯʝʩʢʠʝ ʦʪʥʦʰʝʥʠʷ ʩ 

ʜʨʫʛʠʤʠ ʤʫʞʯʠʥʘʤʠ. ɽʝ ʣʠʯʥʘʷ ʞʠʟʥʴ ʙʳ-

ʣʘ ʩʠʣʴʥʦ ʦʛʨʘʥʠʯʝʥʘ ʢʠʪʘʡʩʢʦʡ ʬʝʦʜʘʣʴ-

ʥʦʡ ʩʠʩʪʝʤʦʡ, ʠ ʜʘʞʝ ʜʚʘ ʙʨʘʢʘ ʪʨʝʙʦʚʘʣʠ 

ʙʦʣʴʰʦʡ ʩʤʝʣʦʩʪʠ ʚ ʪʦ ʚʨʝʤʷ. ɸʥʥʘ ɸʭʤʘ-

ʪʦʚʘ, ʥʘʧʨʦʪʠʚ, ʠʤʝʣʘ ʙʦʣʝʝ ʩʚʦʙʦʜʥʳʝ ʦʪ-

ʥʦʰʝʥʠʷ. ʆʥʘ ʚʳʰʣʘ ʟʘʤʫʞ ʪʨʠʞʜʳ ʠ 

ʠʤʝʣʘ ʜʨʫʛʠʝ ʨʦʤʘʥʳ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ 

ʧʦʚʣʠʷʣʦ ʥʘ ʝʝ ʪʚʦʨʯʝʩʪʚʦ. 

2. ɸʥʘʣʠʟ ʢʣʘʩʩʠʯʝʩʢʠʭ ʩʪʠʭʦʪʚʦʨʝ-

ʥʠʡ 

ʀ ʃʠ ʏʠʥʯʞʘʦ, ʠ ɸʥʥʘ ɸʭʤʘʪʦʚʘ ʧʨʦʷʚ-

ʣʷʶʪ ʟʘʤʝʪʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʩʚʦʝʤ ʧʦʵʪʠʯʝ-

ʩʢʦʤ ʪʚʦʨʯʝʩʪʚʝ ʚ ʥʘʯʘʣʴʥʦʤ ʠ ʧʦʩʣʝʜʫʶ-

ʱʝʤ ʧʝʨʠʦʜʘʭ. ɺ ʠʭ ʨʘʥʥʠʭ ʧʨʦʠʟʚʝʜʝʥʠʷʭ 

ʧʨʝʦʙʣʘʜʘʶʪ ʩʪʨʘʩʪʥʳʝ ʵʤʦʮʠʠ ʠ ʚʳʨʘʞʝ-

ʥʠʝ ʚʥʫʪʨʝʥʥʝʛʦ ʤʠʨʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ 

ʧʦʟʜʥʠʭ ʨʘʙʦʪʘʭ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʙʦʣʝʝ 

ʛʣʫʙʦʢʘʷ ʠ ʪʷʞʝʣʘʷ ʣʠʨʠʢʘ, ʩʦʧʨʦʚʦʞʜʘʝ-

ʤʘʷ ʧʘʪʨʠʦʪʠʯʝʩʢʠʤʠ ʤʦʪʠʚʘʤʠ. ʇʦʜ ʚʣʠ-

ʷʥʠʝʤ ʢʠʪʘʡʩʢʦʡ ʠ ʨʦʩʩʠʡʩʢʦʡ ʢʫʣʴʪʫʨ ʦʥʠ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʘʟʥʳʝ ʬʦʨʤʳ ʠ ʩʪʨʫʢʪʫʨʳ 

ʩʪʠʭʦʚ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʪʚʦʨʯʝʩʪʚʦ ʫʥʠʢʘʣʴ-

ʥʳʤ. ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʘʥʘʣʠʟʳ ʦʪʜʝʣʴʥʳʭ 

ʬʨʘʛʤʝʥʪʦʚ ʠʟ ʠʭ ʨʘʥʥʠʭ ʠ ʧʦʟʜʥʠʭ ʧʨʦʠʟ-

ʚʝʜʝʥʠʡ. 

 

ʊʘʙʣʠʮʘ 1. ʇʝʨʚʳʡ ʵʪʘʧ 
ʇʦʵʪʳ ʃʠ ʏʠʥʯʞʘʦ ɸʥʥʘ ɸʭʤʘʪʦʚʘ 

 

ʇʦʵʤʳ 

"ʆʜʠʥ ʮʚʝʪʦʢ ʩʠʨʝʥʠ"  

ʃʠ ʏʠʥʯʞʘʦ 

 

ʂʦʛʜʘ ʘʨʦʤʘʪ ʢʨʘʩʥʦʛʦ ʣʦʪʦʩʘ ʫʚʷʜʘʝ, 

ʗ ʣʝʛʢʦ ʩʥʠʤʘʶ ʰʝʣʢʦʚʦʝ ʧʣʘʪʴʝ ʠ ʦʜʥʘ 

ʧʦʜʥʠʤʘʶʩʴ ʚ ʩʠʨʝʥʝʚʦʡ ʣʦʜʢʝ. 

ʂʪʦ ʧʦʩʣʘʣ ʢʦ ʤʥʝ ʧʠʩʴʤʦ ʩ ʚʳʰʠʪʳʤ ʰʝʣ-

ʢʦʤ? 

ʂʦʛʜʘ ʛʫʩʴ ʚʝʨʥʝʪʩʷ, ʣʫʥʘ ʙʫʜʝʪ ʥʘʜ ʟʘʧʘʜ-

ʥʦʡ ʙʘʰʥʝʡ. 

ʎʚʝʪʳ ʫʚʷʜʘʶʪ, ʚʦʜʘ ʪʝʯʝʪ, 

ʆʜʥʘ ʜʫʤʘ ʙʝʩʧʦʢʦʡʥʘ, ʜʚʘ ʩʝʨʜʮʘ ʪʦʩʢʫʶʪ. 

ʕʪʦʪ ʩʪʨʘʩʪʥʳʡ ʛʦʨʷʯʠʡ ʘʨʦʤʘʪ ʥʝʚʦʟʤʦʞ-

ʥʦ ʫʥʝʩʪʠ, 

ʆʥ ʪʦʣʴʢʦ ʯʪʦ ʫʰʝʣ ʩ ʤʦʝʛʦ ʣʙʘ, ʥʦ ʫʞʝ ʥʘ 

ʩʝʨʜʮʝ. 

"ʇʦʩʣʝʜʥʷʷ ʧʝʩʥʷ ʧʝʨʝʜ ʧʨʦʱʘʥʠʝʤ" 

ɸʥʥʘ ɸʭʤʘʪʦʚʘ, ʧʝʨʝʚʦʜ ʃʶʜʤʠʣʘ ɻʘʣʢʠʥʘ 

 

ʄʥʝ ʩʪʨʘʰʥʦ, ʤʥʝ ʭʦʣʦʜʥʦ ʚʥʫʪʨʠ, 

ʅʦ ʤʦʠ ʰʘʛʠ ʚʩʝ ʝʱʝ ʣʝʛʢʠ. 

ʗ ʥʘʜʝʚʘʶ ʥʘ ʣʝʚʫʶ ʨʫʢʫ 

ʇʝʨʯʘʪʢʫ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʥʘ ʧʨʘʚʦʡ. 

ʃʝʩʪʥʠʮʘ ʢʘʞʝʪʩʷ ʙʝʩʢʦʥʝʯʥʦʡ, 

ʅʦ ʷ ʟʥʘʶ, ʯʪʦ ʚʩʝʛʦ ʪʨʠ ʩʪʫʧʝʥʴʢʠ! 

ʆʩʝʥʥʠʡ ʚʝʪʝʨ ʰʝʧʯʝʪ ʤʝʞʜʫ ʢʣʝʥʘʤʠ: 

"ʇʦʞʘʣʫʡʩʪʘ, ʜʘʚʘʡ ʫʤʨʝʤ ʚʤʝʩʪʝ!" 

... 

ʕʪʦ ʧʦʩʣʝʜʥʷʷ ʧʝʩʥʷ ʧʝʨʝʜ ʧʨʦʱʘʥʠʝʤ. 

ʗ ʦʩʤʘʪʨʠʚʘʶ ʢʦʤʥʘʪʫ ʚ ʪʝʤʥʦʪʝ. 

ʊʦʣʴʢʦ ʥʝʩʢʦʣʴʢʦ ʨʘʚʥʦʜʫʰʥʳʭ ʩʚʝʯʝʡ 

ɼʨʦʞʘʪ ʚ ʩʧʘʣʴʥʝ ʩ ʤʫʪʥʳʤʠ ʧʣʘʤʝʥʝʤ. 

ʉʭʦʜʩʪʚʘ ʠ 

ʨʘʟʣʠʯʠʷ 

ɺ ʦʙʝʠʭ ʩʪʠʭʦʪʚʦʨʝʥʠʷʭ ʯʫʚʩʪʚʫʝʪʩʷ ʥʝʞʥʘʷ ʠ ʪʦʥʢʘʷ ʵʤʦʮʠʦʥʘʣʴʥʦʩʪʴ ʧʦʵʪʦʚ, ʢʦʪʦʨʳʝ 

ʫʣʘʚʣʠʚʘʶʪ ʤʠʤʦʣʝʪʥʳʝ ʦʱʫʱʝʥʠʷ ʩ ʞʝʥʩʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ. ʆʥʠ ʚʳʨʘʞʘʶʪ ʘʙ-

ʩʪʨʘʢʪʥʳʝ ʵʤʦʮʠʠ ʧʨʦʩʪʳʤ ʠ ʠʩʢʨʝʥʥʠʤ ʷʟʳʢʦʤ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʧʨʦʠʟʚʝʜʝʥʠʷ ʛʣʫʙʦʢʦ 

ʚʜʫʤʯʠʚʳʤʠ ʠ ʤʥʦʛʦʟʥʘʯʠʪʝʣʴʥʳʤʠ. ʆʙʘ ʩʪʠʭʦʪʚʦʨʝʥʠʷ ʧʝʨʝʜʘʶʪ ʣʝʛʢʫʶ ʧʝʯʘʣʴ, ʠ ʚ ʥʠʭ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʜʝʪʘʣʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʦʧʠʩʘʪʴ ʛʨʫʩʪʴ, ʢʦʪʦʨʘʷ ʦʢʫʪʳʚʘʝʪ ʩʝʨʜʮʝ ʧʦ-

ʵʪʦʚ. 

 

ʆʙʝ ʧʦʵʤʳ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʶʪ ʜʝʪʘʣʴʥʳʝ ʦʧʠʩʘʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʜʣʷ ʚʳʨʘʞʝʥʠʷ 

ʵʤʦʮʠʡ. ɺ "ʆʜʠʥ ʮʚʝʪʦʢ ʩʠʨʝʥʠ" ʫʧʦʤʠʥʘʶʪʩʷ ʫʚʷʜʰʠʝ ʮʚʝʪʳ, ʤʥʠʤʘʷ ʦʜʠʥʦʯʝʩʪʚʘ ʠ 

ʦʞʠʜʘʥʠʝ ʧʠʩʴʤʘ, ʯʪʦ ʩʦʟʜʘʝʪ ʘʪʤʦʩʬʝʨʫ ʦʩʝʥʥʝʡ ʫʥʳʣʦʩʪʠ. ɺ "ʇʦʩʣʝʜʥʝʡ ʧʝʩʥʝ ʧʝʨʝʜ 

ʧʨʦʱʘʥʠʝʤ" ʦʧʠʩʳʚʘʝʪʩʷ ʤʨʘʯʥʘʷ ʢʦʤʥʘʪʘ ʩ ʛʨʫʩʪʥʳʤʠ ʩʚʝʯʘʤʠ, ʯʪʦ ʧʨʠʜʘʝʪ ʘʪʤʦʩʬʝʨʫ 

ʫʛʨʶʤʦʩʪʠ. 

ʈʘʟʣʠʯʠʷ: 

ɺ "ʆʜʠʥ ʮʚʝʪʦʢ ʩʠʨʝʥʠ" ʃʠ ʏʠʥʯʞʘʦ ʠʩʧʦʣʴʟʫʝʪ ʦʧʠʩʘʥʠʝ ʧʨʠʨʦʜʳ ʠ ʘʨʦʤʘʪʦʚ ʜʣʷ ʚʳʨʘ-

ʞʝʥʠʷ ʩʚʦʠʭ ʵʤʦʮʠʡ. ʆʥʘ ʘʩʩʦʮʠʠʨʫʝʪ ʩʝʙʷ ʩ ʫʚʷʜʰʠʤʠ ʮʚʝʪʘʤʠ ʠ ʦʞʠʜʘʥʠʝʤ ʚʦʟʚʨʘʱʝ-

ʥʠʷ ʚʦʟʣʶʙʣʝʥʥʦʛʦ. ɺ ʩʪʠʭʦʪʚʦʨʝʥʠʠ ʃʠ ʏʠʥʯʞʘʦ ʙʦʣʝʝ ʘʢʮʝʥʪʠʨʦʚʘʥʳ ʥʘ ʜʝʪʘʣʷʭ, ʘ ʚ 

"ʇʦʩʣʝʜʥʝʡ ʧʝʩʥʝ ʧʝʨʝʜ ʧʨʦʱʘʥʠʝʤ" ɸʥʥʘ ɸʭʤʘʪʦʚʘ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʘ ʥʘ ʦʧʠʩʘʥʠʠ ʚʥʫʪ-

ʨʝʥʥʝʛʦ ʤʠʨʘ ʛʝʨʦʠʥʠ ʠ ʝʝ ʵʤʦʮʠʦʥʘʣʴʥʳʭ ʧʝʨʝʞʠʚʘʥʠʷʭ. ɸʥʥʘ ɸʭʤʘʪʦʚʘ ʠʩʧʦʣʴʟʫʝʪ ʜʝ-

ʪʘʣʠ ʠ ʩʠʤʚʦʣʠʟʤ, ʯʪʦʙʳ ʧʝʨʝʜʘʪʴ ʩʦʩʪʦʷʥʠʝ ʜʫʰʠ ʛʝʨʦʠʥʠ. 
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ʊʘʙʣʠʮʘ 2. ɺʪʦʨʦʡ ʵʪʘʧ 
ʇʦʵʪʳ ʃʠ ʏʠʥʯʞʘʦ  ɸʥʥʘ ɸʭʤʘʪʦʚʘ 

ʇʦʵʤʳ 

"ʃʝʪʥʠʡ ʜʝʥʴ. ʂʚʘʪʨʝʡʥ" 

ʃʠ ʏʠʥʯʞʘʦ 

 

ʈʦʞʜʝʥʥʳʡ ʙʳʪʴ ʚʝʣʠʢʠʤ, ʫʤʨʝʪ ʢʘʢ ʛʝʨʦʡ, 

ʇʦʤʥʶ ʍʠ ʗʥ, ʦʩʪʘʝʪʩʷ ʥʘ ʪʦʡ ʩʪʦʨʦʥʝ 

ʨʝʢʠ. 

ɽʱʝ ʥʝ ʧʨʝʦʜʦʣʝʣʘ ʤʳʩʣʴ ʦ ʉʷʥ ʖ, 

ʅʝ ʚʝʜʝʪ ʤʝʥʷ ʥʘ ʟʘʧʘʜ ʇʪʠʮʘ ɻʘʥʴ. 

 

"ʄʝʜʣʝʥʥʦ ʟʚʫʯʠʪ" 

ʃʠ ʏʠʥʯʞʘʦ 

 

ʇʦʠʩʢ ʠʱʝʪ, ʙʝʩʢʦʥʝʯʥʦ ʠʱʝʪ, 

ʄʝʜʣʝʥʥʦ, ʭʦʣʦʜʥʦ, ʯʠʩʪʦ ʠ ʧʫʩʪʦ, 

ʇʝʨʝʤʝʥʳ ʦʪ ʪʝʧʣʘ ʢ ʭʦʣʦʜʫ, 

ʉʣʦʞʥʦ ʧʝʨʝʞʠʪʴ ʵʪʦ ʜʳʭʘʥʠʝ. 

 

ʊʨʠ ʢʫʙʢʘ, ʜʚʘ ʙʦʢʘʣʘ ʣʝʛʢʦʛʦ ʚʠʥʘ, 

ʂʘʢ ʩʧʨʘʚʠʪʴʩʷ ʩ ʪʦʙʦʡ, ʙʫʨʷ, ʢʦʪʦʨʘʷ ʧʦʜ-

ʭʦʜʠʪ ʧʦʟʜʥʦ? 

ʇʝʨʝʣʝʪ ʛʫʩʝʡ, ʠ ʵʪʦ ʙʦʣʝʟʥʝʥʥʦ, 

ʅʦ ʵʪʦ ʩʥʦʚʘ ʚʩʪʨʝʯʘ ʩ ʧʨʦʰʣʳʤ. 

"ʉʤʝʣʦʩʪʴ" 

ɸʥʥʘ ɸʭʤʘʪʦʚʘ 

 

ʃʝʞʘʪʴ ʧʦʜ ʧʫʣʷʤʠ ʩʤʝʨʪʠ ʥʝ ʩʪʨʘʰʥʦ, 

ɹʳʪʴ ʙʝʟʜʦʤʥʳʤ ʥʝ ʙʦʣʴʥʦ, 

ʄʳ ʟʘʱʠʱʘʝʤ ʪʝʙʷ, ʨʫʩʩʢʠʡ ʷʟʳʢ, 

ɺʝʣʠʢʠʝ ʨʫʩʩʢʠʝ ʩʣʦʚʘ. 

 

"ʈʝʢʚʠʝʤ" 

ɸʥʥʘ ɸʭʤʘʪʦʚʘ, ʧʝʨʝʚʦʜ ʅʠʥʘ ɼʝʤʫʨʦʚʘ 

 

ʗ ʟʥʘʶ, ʢʘʢʦʡ ʫ ʤʝʥʷ ʦʙʚʝʪʨʝʥʥʳʡ ʚʠʜ, 

ʀ ʧʦʜ ʛʣʘʟʘʤʠ ʛʨʫʩʪʥʳʝ ʤʦʨʱʠʥʳ. 

ʂʘʢ ʙʦʣʴ ʚ ʤʦʝʡ ʜʫʰʝ 

ʆʧʠʩʳʚʘʝʪʩʷ ʛʨʫʙʳʤʠ, ʞʝʩʪʢʠʤʠ ʯʝʨʪʘʤʠ. 

 

ɺʦʣʦʩʳ, ʨʘʥʝʝ ʩʚʝʪʣʦ-ʩʝʨʳʝ ʠ ʛʫʩʪʳʝ, 

ʉʪʘʣʠ ʩʦʚʩʝʤ ʩʝʜʳʤʠ. 

ʋʣʳʙʢʘ ʥʘ ʤʷʛʢʠʭ ʛʫʙʘʭ ʫʚʷʜʘʶʱʘʷ, 

ʀ ʚ ʫʩʤʝʰʢʝ - ʪʨʝʧʝʪ ʩʪʨʘʭʘ. 

 

ʗ ʥʝ ʤʦʣʶʩʴ ʪʦʣʴʢʦ ʟʘ ʩʝʙʷ, 

ʅʦ ʟʘ ʚʩʝʭ ʪʝʭ, 

ʂʪʦ ʩʪʦʠʪ ʩʦ ʤʥʦʡ ʧʦʜ ʷʨʢʦʡ ʢʨʘʩʥʦʡ ʩʪʝʥʦʡ, 

ɺ ʭʦʣʦʜʝ ʟʠʤʳ 

ʀ ʞʘʨʢʠʤ ʣʝʪʦʤ. 

ʉʭʦʜʩʪʚʘ ʠ 

ʨʘʟʣʠʯʠʷ 

ɺ ʦʙʝʠʭ ʩʪʠʭʦʪʚʦʨʝʥʠʷʭ ʚʠʜʥʦ ʛʣʫʙʦʢʫʶ ʟʘʙʦʪʫ ʠ ʦʞʠʜʘʥʠʝ ʧʦʵʪʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʚʦʝʡ ʩʪʨʘ-

ʥʳ ʠ ʥʘʨʦʜʘ. ʆʥʠ ʩʚʷʟʳʚʘʶʪ ʩʚʦʶ ʩʫʜʴʙʫ ʩ ʩʫʜʴʙʦʡ ʩʚʦʝʡ ʨʦʜʠʥʳ ʠ ʥʘʨʦʜʘ, ʚʳʨʘʞʘʷ ʚʳʩʦʢʠʡ 

ʧʘʪʨʠʦʪʠʟʤ. ʂʨʦʤʝ ʪʦʛʦ, ʦʙʘ ʩʪʠʭʦʪʚʦʨʝʥʠʷ ʦʪʨʘʞʘʶʪ ʚʝʣʠʢʦʣʝʧʠʝ ʜʫʰʠ ʧʦʵʪʦʚ, ʥʝ ʦʛʨʘʥʠʯʠ-

ʚʘʷʩʴ ʪʦʣʴʢʦ ʣʠʯʥʳʤʠ ʵʤʦʮʠʷʤʠ, ʥʦ ʦʙʨʘʱʘʷ ʚʥʠʤʘʥʠʝ ʥʘ ʙʫʜʫʱʝʝ ʩʪʨʘʥʳ ʠ ʝʝ ʥʘʨʦʜʘ. ʆʙʘ 

ʧʦʵʪʘ ʠʩʧʦʣʴʟʫʶʪ ʩʚʦʠ ʩʣʘʙʳʝ ʨʫʢʠ, ʯʪʦʙʳ ʥʘʧʠʩʘʪʴ ʩʠʣʴʥʳʝ ʩʪʠʭʠ, ʠʭ ʥʝʙʦʣʴʰʠʝ ʬʠʟʠʯʝ-

ʩʢʠʝ ʨʘʤʢʠ ʥʝ ʤʝʰʘʶʪ ʠʤ ʧʨʦʠʟʥʦʩʠʪʴ ʤʦʱʥʳʝ ʩʣʦʚʘ. 

 

ʀ "ʃʝʪʥʠʡ ʜʝʥʴ. ʂʚʘʪʨʝʡʥ", ʠ "ʉʤʝʣʦʩʪʴ" ʚʳʨʘʞʘʶʪ ʥʘʜʝʞʜʫ ʥʘ ʛʝʨʦʠʯʝʩʢʠʡ ʧʦʩʪʫʧʦʢ ʠ ʧʨʝ-

ʜʘʥʥʦʩʪʴ ʩʚʦʝʡ ʩʪʨʘʥʝ. ɺ ʦʙʦʠʭ ʩʪʠʭʦʪʚʦʨʝʥʠʷʭ ʦʱʫʱʘʝʪʩʷ ʛʦʨʷʯʝʝ ʯʫʚʩʪʚʦ ʧʘʪʨʠʦʪʠʟʤʘ ʠ 

ʛʦʪʦʚʥʦʩʪʴ ʙʦʨʦʪʴʩʷ ʟʘ ʩʚʦʶ ʨʦʜʠʥʫ. 

 

"ʄʝʜʣʝʥʥʦ ʟʚʫʯʠʪ" ʠ "ʈʝʢʚʠʝʤ" ʚʳʨʘʞʘʶʪ ʛʣʫʙʦʢʫʶ ʧʝʯʘʣʴ ʠ ʦʪʯʘʷʥʠʝ. ʆʙʝ ʧʦʵʤʳ ʚʳʟʳʚʘʶʪ 

ʯʫʚʩʪʚʦ ʪʷʞʝʣʦʡ ʫʪʨʘʪʳ ʠ ʙʦʣʠ. ʆʜʥʘʢʦ, ʚ "ʄʝʜʣʝʥʥʦ ʟʚʫʯʠʪ" ʃʠ ʏʠʥʯʞʘʦ ʦʧʠʩʳʚʘʝʪ ʠʟʤʝʥʝ-

ʥʠʷ ʚ ʞʠʟʥʠ ʠ ʧʝʨʝʞʠʚʘʥʠʷʭ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ "ʈʝʢʚʠʝʤ" ɸʥʥʳ ɸʭʤʘʪʦʚʦʡ ʬʦʢʫʩʠʨʫʝʪʩʷ ʥʘ ʙʦ-

ʣʠ ʠ ʩʪʨʘʭʝ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʪʝʨʝʡ. 

ʈʘʟʣʠʯʠʷ: 

"ʃʝʪʥʠʡ ʜʝʥʴ. ʂʚʘʪʨʝʡʥ" ʃʠ ʏʠʥʯʞʘʦ ʧʨʠʟʳʚʘʝʪ ʢ ʛʝʨʦʠʯʝʩʢʦʤʫ ʞʝʨʪʚʝʥʥʦʤʫ ʜʝʡʩʪʚʠʶ ʚʦ 

ʠʤʷ ʩʪʨʘʥʳ, ʧʦʜʥʠʤʘʷ ʪʝʤʫ ʧʘʪʨʠʦʪʠʟʤʘ ʠ ʛʦʪʦʚʥʦʩʪʠ ʫʤʝʨʝʪʴ ʨʘʜʠ ʈʦʜʠʥʳ. ɺ "ʉʤʝʣʦʩʪʠ" 

ɸʥʥʘ ɸʭʤʘʪʦʚʘ ʪʘʢʞʝ ʧʨʠʟʳʚʘʝʪ ʟʘʱʠʱʘʪʴ ʩʪʨʘʥʫ, ʥʦ ʦʥʘ ʜʝʣʘʝʪ ʘʢʮʝʥʪ ʥʘ ʚʝʣʠʯʠʠ ʨʫʩʩʢʦʛʦ 

ʷʟʳʢʘ ʠ ʥʘʮʠʦʥʘʣʴʥʦʡ ʠʜʝʥʪʠʯʥʦʩʪʠ. 

 

"ʄʝʜʣʝʥʥʦ ʟʚʫʯʠʪ" ʃʠ ʏʠʥʯʞʘʦ ʦʧʠʩʳʚʘʝʪ ʠʟʤʝʥʝʥʠʷ ʚ ʞʠʟʥʠ ʠ ʧʝʨʝʞʠʚʘʥʠʷʭ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʥʠʤʠ. ʕʪʘ ʧʦʵʤʘ ʧʝʨʝʜʘʝʪ ʥʝʞʝʣʘʥʠʝ ʧʨʠʥʠʤʘʪʴ ʠʟʤʝʥʝʥʠʷ ʠ ʩʣʦʞʥʦʩʪʴ ʘʜʘʧʪʘʮʠʠ. ɺ "ʈʝʢʚʠ-

ʝʤ" ɸʥʥʘ ɸʭʤʘʪʦʚʘ ʦʧʠʩʳʚʘʝʪ ʩʪʘʨʝʥʠʝ ʠ ʫʪʨʘʪʫ, ʚʳʨʘʟʠʚ ʙʦʣʝʝ ʣʠʯʥʫʶ ʠ ʠʥʪʠʤʥʫʶ ʙʦʣʴ. 

 

ɿʘʢʣʶʯʝʥʠʝ. ʅʝʩʤʦʪʨʷ ʥʘ ʚʦʩʝʤʴʩʦʪ-

ʣʝʪʥʠʡ ʨʘʟʨʳʚ ʚ ʠʩʪʦʨʠʯʝʩʢʦʡ ʧʝʨʩʧʝʢʪʠʚʝ 

ʤʝʞʜʫ ʣʠʮʘʤʠ ʃʠ ʏʠʥʯʞʘʦ ʠ ɸʥʥʦʡ ɸʭ-

ʤʘʪʦʚʦʡ, ʦʙʝ ʦʥʠ ʧʝʨʝʞʠʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʩʧʦʢʦʡʥʳʝ ʠ ʩʯʘʩʪʣʠʚʳʝ ʜʥʠ ʩʚʦʝʡ ʶʥʦ-

ʩʪʠ, ʘ ʪʘʢʞʝ ʩʪʦʣʢʥʫʣʠʩʴ ʩ ʤʥʦʞʝʩʪʚʦʤ 

ʙʝʜʩʪʚʠʡ, ʧʨʠʥʝʩʝʥʥʳʭ ʦʙʱʝʩʪʚʝʥʥʳʤʠ 

ʧʦʪʨʷʩʝʥʠʷʤʠ ʩʚʦʠʤ ʩʪʨʘʥʘʤ ʠ ʥʘʨʦʜʘʤ. 

ʇʦʵʪʳ ʩʪʘʣʠ ʚʩʝ ʙʦʣʝʝ ʢʨʝʧʢʠʤʠ ʚ ʭʦʜʝ 

ʠʩʧʳʪʘʥʠʡ, ʠ ʠʭ ʩʪʠʭʠ ʧʝʨʝʰʣʠ ʦʪ ʠʟʷʱ-

ʥʦʡ ʠ ʥʝʞʥʦʡ ʤʘʥʝʨʳ ʤʦʣʦʜʦʩʪʠ ʢ ʙʦʣʝʝ 

ʰʠʨʦʢʠʤ ʠ ʩʚʷʟʘʥʥʳʤ ʩ ʩʫʜʴʙʦʡ ʩʚʦʠʭ 

ʩʪʨʘʥ ʠ ʥʘʨʦʜʦʚ ʧʨʦʩʪʦʨʘʤ. ʆʙʝ ʦʥʠ ʠʩ-

ʧʦʣʴʟʦʚʘʣʠ ʪʦʥʢʫʶ ʞʝʥʩʢʫʶ ʜʫʰʫ ʜʣʷ 

ʦʧʠʩʘʥʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʤʠʨʘ ʠ ʚʳʨʘʞʝʥʠʷ 

ʣʶʙʚʠ ʢ ʩʚʦʝʡ ʨʦʜʠʥʝ. ʍʦʪʷ ʫ ʥʠʭ ʙʳʣʦ 
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ʤʥʦʛʦ ʦʙʱʝʛʦ, ʢʘʞʜʘʷ ʠʟ ʵʪʠʭ ʧʦʵʪʝʩʩ 

ʠʤʝʝʪ ʩʚʦʠ ʫʥʠʢʘʣʴʥʳʝ ʯʝʨʪʳ. ʆʙʝ ʧʦʵʪʝʩ-

ʩʳ, ʦʜʥʘʢʦ, ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʝʨʝʜ ʤʠʨʦʤ 

ʞʝʥʩʢʦʝ ʚʝʣʠʢʦʜʫʰʠʝ ʠ ʩʤʝʣʦʩʪʴ, 

ʥʝʞʥʦʩʪʴ ʠ ʚʝʣʠʯʠʝ, ʦʩʪʘʚʠʚ ʥʘ ʩʪʨʘʥʠʮʘʭ 

ʠʩʪʦʨʠʠ ʷʨʢʠʝ ʛʣʘʚʳ. 
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Abstract. In the extensive history of poetry, Li Qingzhao and Anna Akhmatova stand out as 

exceptionally talented and remarkable poets. Despite living in different eras and countries, their 

biographies and poetic achievements bear striking similarities. This article provides a brief 

analysis of their biographies and explores their classic works to gain a deeper understanding of 

Li Qingzhao, often referred to as the "first talented woman of the ages", and Anna Akhmatova, 

known as the "moon of Russian poetry". 

Keywords: women poets; Li Qingzhao; Anna Akhmatova; comparative study. 

  



184 

- ʌʠʣʦʣʦʛʠʯʝʩʢʠʝ ʥʘʫʢʠ - 

 

International Journal of Humanities and Natural Sciences, vol. 11-4 (86), 2023 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʄɽʊɸʌʆʈ ɺ ʈɽʏʀ ɺʃɸɼʀʄʀʈɸ ɺʃɸɼʀʄʀʈʆɺʀʏɸ  

ʇʋʊʀʅɸ 

 

ʄʘ ʎʟʶʥʴ, ʤʘʛʠʩʪʨ 

ɺʘʥ ɼʦ, ʘʩʧʠʨʘʥʪ 

ɼʘʣʷʥʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʦʩʪʨʘʥʥʳʭ ʷʟʳʢʦʚ 

(ʂʠʪʘʡ, ʛ. ɼʘʣʷʥʴ) 

 

DOI:10.24412/2500-1000-2023-11-4-184-190 

 

ɸʥʥʦʪʘʮʠʷ. ʄʝʪʘʬʦʨʳ ʥʝ ʧʨʦʩʪʦ ʷʚʣʝʥʠʝ ʚ ʷʟʳʢʝ, ʦʥʠ ʦʪʨʘʞʘʶʪ ʥʘʰʠ ʩʧʦʩʦʙʳ 

ʤʳʰʣʝʥʠʷ. ʅʘʰʘ ʩʠʩʪʝʤʘ ʢʦʥʮʝʧʮʠʡ, ʥʘ ʢʦʪʦʨʦʡ ʙʘʟʠʨʫʶʪʩʷ ʥʘʰʠ ʤʳʩʣʠ ʠ ʜʝʡʩʪʚʠʷ, 

ʩʫʱʥʦʩʪʴʶ ʩʚʦʝʡ ʷʚʣʷʝʪʩʷ ʤʝʪʘʬʦʨʠʯʥʦʡ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʘʥʘʣʠʟ ʤʝʪʘʬʦʨ ʚ ʨʝʯʠ ʤʦ-

ʞʝʪ ʧʦʤʦʯʴ ʙʦʣʝʝ ʛʣʫʙʦʢʦ ʨʘʩʢʨʳʚʘʪʴ ʦʩʥʦʚʥʳʝ ʩʠʩʪʝʤʳ ʤʳʰʣʝʥʠʷ ʨʦʩʩʠʷʥ ʠ ʙʦʣʝʝ 

ʧʦʣʥʦ ʧʦʥʠʤʘʪʴ ʨʝʘʣʴʥʳʝ ʚʥʝʰʥʠʝ ʢʨʠʟʠʩʳ, ʩ ʢʦʪʦʨʳʤʠ ʩʪʘʣʢʠʚʘʝʪʩʷ ʈʦʩʩʠʷ. ʀʩʩʣʝʜʦ-

ʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʵʪʠʭ ʪʝʣʝʚʠʟʠʦʥʥʳʭ ʚʳʩʪʫʧʣʝʥʠʷʭ ʇʫʪʠʥ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʦʚʘʣ ʤʝ-

ʪʘʬʦʨʳ ʚʦʡʥʳ, ʤʝʪʘʬʦʨʳ ʧʫʪʝʰʝʩʪʚʠʷ, ʤʝʪʘʬʦʨʳ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʤʝʪʘʬʦʨʳ ʪʝʣʘ. 

ʉʦʛʣʘʩʥʦ ʪʝʦʨʠʠ ʧʦʩʪʤʦʜʝʨʥʠʟʤʘ, ʷʟʳʢ ʠʤʝʝʪ ʢʦʥʩʪʨʫʢʪʠʚʥʦʝ ʟʥʘʯʝʥʠʝ. ʀʟ ʘʥʘʣʠʟʘ 

ʤʝʪʘʬʦʨ ʚ ʵʪʠʭ ʪʝʣʝʚʠʟʠʦʥʥʳʭ ʚʳʩʪʫʧʣʝʥʠʷʭ ʩʣʝʜʫʝʪ, ʯʪʦ ʤʝʪʘʬʦʨʳ ʚʳʧʦʣʥʷʶʪ ʨʦʣʴ 

ʥʘʧʨʘʚʣʷʶʱʝʛʦ ʠ ʚʦʦʜʫʰʝʚʣʷʶʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, ʧʨʦʙʫʞʜʘʷ ʛʣʫʙʦʢʠʡ ʧʘʪʨʠʦʪʠʟʤ ʠ ʜʫʭ 

ʩʦʛʣʘʩʠʷ ʚ ʩʝʨʜʮʘʭ ʛʨʘʞʜʘʥ ʈʦʩʩʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʝʟʠʜʝʥʪʩʢʦʝ ʦʙʨʘʱʝʥʠʝ; ʧʦʣʠʪʠʯʝʩʢʠʝ ʚʳʩʪʫʧʣʝʥʠʷ; ʢʦʥʮʝʧʪʫ-

ʘʣʴʥʘʷ ʤʝʪʘʬʦʨʘ; ʢʨʠʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʤʝʪʘʬʦʨʳ; ʧʘʪʨʠʦʪʠʟʤ. 

 

ʄʝʪʘʬʦʨʘ ʤʦʞʝʪ ʦʪʨʘʞʘʪʴ ʛʣʫʙʠʥʥʳʝ 

ʩʦʦʪʚʝʪʩʪʚʠʷ ʚ ʩʧʦʩʦʙʝ ʦʨʛʘʥʠʟʘʮʠʠ ʯʝʣʦ-

ʚʝʯʝʩʢʠʭ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ. ʂʦʥʮʝʧ-

ʪʫʘʣʴʥʘʷ ʤʝʪʘʬʦʨʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞ-

ʥʳʭ ʩʧʦʩʦʙʦʚ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʯʝʣʦ-

ʚʝʢ ʧʦʣʫʯʘʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ ʦʧʳʪ ʤʠ-

ʨʘ [3, c. 4]. ʇʦʣʫʯʝʥʠʝ ʥʝʢʦʪʦʨʦʛʦ ʦʧʳʪʘ 

ʯʝʣʦʚʝʢʦʤ ʟʘʯʘʩʪʫʶ ʥʝ ʪʨʝʙʫʝʪ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʘ ʩʢʦ-

ʨʝʝ ʧʨʦʠʩʭʦʜʠʪ ʙʣʘʛʦʜʘʨʷ ʤʝʪʘʬʦʨʘʤ. 

ʇʨʠʩʫʪʩʪʚʠʝ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʤʝʪʘʬʦʨ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʯʝʣʦʚʝʢʦʤ, ʠ ʥʝʢʦ-

ʪʦʨʳʝ ʠʟ ʥʠʭ ʪʘʢ ʛʣʫʙʦʢʦ ʚʨʝʟʘʶʪʩʷ ʚ ʩʦ-

ʟʥʘʥʠʝ, ʯʪʦ ʤʳ ʜʘʞʝ ʥʝ ʦʩʦʟʥʘʝʤ ʠʭ ʥʘʣʠ-

ʯʠʝ [4, c. 44]. ʇʦʣʠʪʠʢʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴ ʬʫʥʢʮʠʶ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʤʝʪʘʬʦʨ, 

ʯʪʦʙʳ ʩʚʷʟʘʪʴ ʜʚʘ ʧʦʥʷʪʠʷ ʤʝʪʘʬʦʨʠʯʝ-

ʩʢʠʤ ʦʙʨʘʟʦʤ ʠ ʙʦʣʝʝ ʫʩʧʝʰʥʦ ʤʦʪʠʚʠʨʦ-

ʚʘʪʴ ʥʘʨʦʜ ʠ ʜʦʩʪʠʯʴ ʩʚʦʠʭ ʧʦʣʠʪʠʯʝʩʢʠʭ 

ʮʝʣʝʡ [6, c. 40]. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠ ʥʦʚʠʟʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʩʪʫʧʘʝʪ ʨʝʯʴ ʇʫʪʠʥʘ, 

ʧʨʦʠʟʥʝʩʝʥʥʘʷ ʧʦʩʣʝ ʥʘʯʘʣʘ ʨʦʩʩʠʡʩʢʦ-

ʫʢʨʘʠʥʩʢʦʛʦ ʢʦʥʬʣʠʢʪʘ, ʪʝʦʨʠʷ ʢʨʠʪʠʯʝ-

ʩʢʦʡ ʤʝʪʘʬʦʨʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʘʥʘʣʠʟʘ 

ʤʝʪʘʬʦʨ ʚ ʧʦʣʠʪʠʯʝʩʢʦʤ ʜʠʩʢʫʨʩʝ ʠ ʚʳʷʚ-

ʣʝʥʠʷ ʠʩʪʠʥʥʦʛʦ ʩʤʳʩʣʘ, ʩʪʦʷʱʝʛʦ ʟʘ ʵʪʠʤ 

ʜʠʩʢʫʨʩʦʤ, ʘ ʪʘʢʞʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ 

ʬʫʥʢʮʠʠ ʤʝʪʘʬʦʨʳ. 

ʎʝʣʠ ʠ ʟʘʜʘʯʠ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʚ 

ʵʪʦʡ ʩʪʘʪʴʝ ʚ ʢʘʯʝʩʪʚʝ ʩʦʚʦʢʫʧʥʦʩʪʠ ʚʟʷʪʳ 

ʧʷʪʴ ʧʫʙʣʠʯʥʳʭ ʚʳʩʪʫʧʣʝʥʠʡ ʇʫʪʠʥʘ, 

ʧʨʦʠʟʥʝʩʝʥʥʳʭ ʧʦʩʣʝ ʥʘʯʘʣʘ ʨʦʩʩʠʡʩʢʦ-

ʫʢʨʘʠʥʩʢʦʛʦ ʢʦʥʬʣʠʢʪʘ, ʧʨʦʚʝʜʝʥ ʠʭ ʢʦʥ-

ʮʝʧʪʫʘʣʴʥʳʡ ʠ ʤʝʪʘʬʦʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʘ 

ʪʘʢʞʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ, ʢʘʢ ʧʨʝʟʠʜʝʥʪ 

ʇʫʪʠʥ ʠʩʧʦʣʴʟʫʝʪ ʤʝʪʘʬʦʨʳ ʜʣʷ ʜʦʩʪʠʞʝ-

ʥʠʷ ʮʝʣʠ ʩʦʙʨʘʪʴ ʩʝʨʜʮʘ ʣʶʜʝʡ ʠ ʟʘʩʪʘ-

ʚʠʪʴ ʈʦʩʩʠʶ ʜʚʠʛʘʪʴʩʷ ʚʧʝʨʝʜ ʚ ʝʜʠʥʩʪʚʝ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʪʦʤ, ʯʪʦ ʤʝʪʘʬʦʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʣʠʪʠ-

ʯʝʩʢʠʭ ʨʝʯʝʡ ʇʫʪʠʥʘ, ʢʦʪʦʨʳʡ ʙʳʣ ʥʘʟʚʘʥ 

ʦʜʥʠʤ ʠʟ ʜʝʩʷʪʠ ʩʘʤʳʭ ʚʣʠʷʪʝʣʴʥʳʭ ʣʶ-

ʜʝʡ ʚ ʤʠʨʝ, ʧʦʟʚʦʣʷʝʪ ʣʫʯʰʝ ʧʦʥʷʪʴ 

ʩʤʳʩʣ, ʩʪʦʷʱʠʡ ʟʘ ʝʛʦ ʩʣʦʚʘʤʠ, ʯʪʦʙʳ 

ʦʙʝʩʧʝʯʠʪʴ ʩʧʨʘʚʦʯʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʤʠ-

ʨʦʚʳʭ ʣʠʜʝʨʦʚ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʩ 

ʤʝʪʘʬʠʟʠʢʦʡ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦ-

ʚʘʥʳ ʠʥʜʫʢʮʠʦʥʥʳʡ ʤʝʪʦʜ, ʤʝʪʦʜ ʨʘʩʧʦ-

ʟʥʘʚʘʥʠʷ ʤʝʪʘʬʦʨ, ʤʝʪʦʜ ʩʝʤʘʥʪʠʯʝʩʢʦʡ 

ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠ ʪ.ʜ. 

ʊʝʦʨʠʷ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʤʝʪʘʬʦʨ 
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ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʘʬʦʨʳ ʫʭʦʜʷʪ ʢʦʨʥʷ-

ʤʠ ʜʦ ʚʨʝʤʝʥ ɸʨʠʩʪʦʪʝʣʷ, ʢʦʛʜʘ ʫʯʝʥʳʝ 

ʩʯʠʪʘʣʠ ʤʝʪʘʬʦʨʫ ʚʩʝʛʦ ʣʠʰʴ ʩʪʠʣʠʩʪʠʯʝ-

ʩʢʠʤ ʧʨʠʝʤʦʤ, ʩʣʫʞʘʱʠʤ ʜʣʷ ʫʣʫʯʰʝʥʠʷ 

ʩʪʠʣʷ ʧʠʩʴʤʘ [9].ʆʜʥʘʢʦ ʩ ʧʦʷʚʣʝʥʠʝʤ ʢʦ-

ʛʥʠʪʠʚʥʦʡ ʣʠʥʛʚʠʩʪʠʢʠ ʫʯʝʥʳʝ, ʪʘʢʠʝ ʢʘʢ 

ʃʘʢʦʬʬ ʠ ɼʞʦʥʩʦʥ, ʧʨʝʜʩʪʘʚʠʣʠ ʜʨʫʛʫʶ 

ʪʦʯʢʫ ʟʨʝʥʠʷ. ʆʥʠ ʧʨʝʜʣʦʞʠʣʠ ʪʝʦʨʠʶ 

ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʤʝʪʘʬʦʨ ʠ ʩʯʠʪʘʶʪ, ʯʪʦ 

ʤʝʪʘʬʦʨʳ ʥʝ ʪʦʣʴʢʦ ʩʣʫʞʘʪ ʩʪʠʣʠʩʪʠʯʝ-

ʩʢʠʤ ʩʨʝʜʩʪʚʦʤ, ʥʦ ʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝ-

ʧʝʥʠ ʦʧʨʝʜʝʣʷʶʪ ʯʝʣʦʚʝʯʝʩʢʦʝ ʤʳʰʣʝʥʠʝ. 

ʉʫʪʴ ʤʝʪʘʬʦʨʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ 

ʧʦʥʠʤʘʪʴ ʠ ʧʝʨʝʞʠʚʘʪʴ ʦʜʥʫ ʚʝʱʴ ʯʝʨʝʟ 

ʜʨʫʛʫʶ. ʄʝʪʘʬʦʨʘ ʦʙʳʯʥʦ ʩʦʩʪʦʠʪ ʠʟ ʢʦʥ-

ʮʝʧʪʘ-ʠʩʪʦʯʥʠʢʘ (source domain) ʠ ʢʦʥʮʝʧ-

ʪʘ-ʤʠʰʝʥʠ (target domain)[5.c.20].ʂʦʥʮʝʧʪ-

ʠʩʪʦʯʥʠʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʥʘʢʦʤʫʶ, 

ʣʝʛʢʦ ʧʦʥʠʤʘʝʤʫʶ ʠ ʠʥʪʫʠʪʠʚʥʫʶ ʢʘʪʝʛʦ-

ʨʠʶ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʢʦʥʮʝʧʪ-ʤʠʰʝʥʴ ï ʵʪʦ 

ʙʦʣʝʝ ʘʙʩʪʨʘʢʪʥʘʷ, ʤʝʥʝʝ ʠʟʚʝʩʪʥʘʷ ʠʣʠ 

ʩʣʦʞʥʦ ʧʦʥʠʤʘʝʤʘʷ ʢʘʪʝʛʦʨʠʷ. ɽʩʣʠ ʤʳ 

ʧʨʝʜʩʪʘʚʠʤ ʤʝʪʘʬʦʨʫ ʢʘʢ "ɸ ʵʪʦ ɹ", ʪʦ "ɸ" 

ʷʚʣʷʝʪʩʷ ʢʦʥʮʝʧʪʦʤ-ʤʠʰʝʥʴʶ (target do-

main), ʘ "ɹ" ï ʢʦʥʮʝʧʪʦʤ-ʠʩʪʦʯʥʠʢʦʤ 

(source domain), ʠ "ɹ" ʚʩʝʛʜʘ ʙʦʣʝʝ ʢʦʥʢʨʝ-

ʪʝʥ, ʯʝʤ "ɸ", ʠ ʯʝʨʝʟ ʧʦʥʠʤʘʥʠʝ "ɹ" ʜʦʩʪʠ-

ʛʘʝʪʩʷ ʧʦʥʠʤʘʥʠʝ "ɸ" [7, c. 25]. 

ɺ 2004 ʛʦʜʫ ɹʣʵʢ ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ "ʄʝʪʦ-

ʜʳ ʢʨʠʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʤʝʪʘʬʦʨ ʚ ʢʦʨ-

ʧʫʩʘʭ ʪʝʢʩʪʦʚ" ʚʧʝʨʚʳʝ ʧʨʝʜʩʪʘʚʠʣ ʪʝʦ-

ʨʠʶ ʢʨʠʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʤʝʪʘʬʦʨ. ʆʥ 

ʫʢʘʟʘʣ ʥʘ ʦʜʠʥ ʠʟ ʥʝʜʦʩʪʘʪʢʦʚ ʪʝʦʨʠʠ ʢʦʥ-

ʮʝʧʪʫʘʣʴʥʳʭ ʤʝʪʘʬʦʨ, ʘ ʠʤʝʥʥʦ ʪʦ, ʯʪʦ 

ʦʥʘ ʦʩʥʦʚʘʥʘ ʪʦʣʴʢʦ ʥʘ ʧʦʪʝʥʮʠʘʣʴʥʦʤ 

ʦʧʳʪʝ ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ ʤʦʪʠʚʘʮʠʠ ʤʝʪʘʬʦ-

ʨʳ, ʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʘ-

ʬʦʨʳ ʢʘʢ ʧʦʣʥʦʩʪʴʶ ʙʝʩʩʦʟʥʘʪʝʣʴʥʦʝ ʦʪ-

ʨʘʞʝʥʠʝ. ʆʥ ʫʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʥʘ ʩʘʤʦʤ ʜʝ-

ʣʝ ʛʦʚʦʨʷʱʠʡ ʦʩʦʟʥʘʥʥʦ ʚʳʙʠʨʘʝʪ ʤʝʪʘ-

ʬʦʨʳ, ʯʪʦʙʳ ʜʦʩʪʠʯʴ ʩʚʦʝʡ ʮʝʣʠ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʦʥ ʧʨʝʜʩʪʘʚʠʣ ʪʝʦʨʠʶ ʢʨʠʪʠʯʝ-

ʩʢʦʛʦ ʘʥʘʣʠʟʘ ʤʝʪʘʬʦʨ, ʦʙʲʝʜʠʥʷʶʱʫʶ 

ʪʝʦʨʠʶ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʤʝʪʘʬʦʨ ʠʟ ʢʦ-

ʛʥʠʪʠʚʥʦʡ ʣʠʥʛʚʠʩʪʠʢʠ ʠ ʪʝʦʨʠʶ ʢʨʠʪʠʯʝ-

ʩʢʦʛʦ ʜʠʩʢʫʨʩʘ. ʎʝʣʴʶ ʢʨʠʪʠʯʝʩʢʦʛʦ ʘʥʘ-

ʣʠʟʘ ʤʝʪʘʬʦʨ ʷʚʣʷʝʪʩʷ ʨʘʩʢʨʳʪʠʝ ʧʦʪʝʥ-

ʮʠʘʣʴʥʳʭ (ʚʦʟʤʦʞʥʦ, ʙʝʩʩʦʟʥʘʪʝʣʴʥʳʭ) 

ʥʘʤʝʨʝʥʠʡ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʷʟʳʢʘ. 

ʊʝʦʨʠʷ ʢʨʠʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʤʝʪʘʬʦʨ, 

ʧʨʝʜʣʦʞʝʥʥʘʷ ɹʣʵʢʦʤ, ʚʢʣʶʯʘʝʪ ʪʨʠ ʵʪʘ-

ʧʘ: ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʤʝʪʘʬʦʨʳ, ʨʘʟʲʷʩʥʝʥʠʝ 

ʤʝʪʘʬʦʨʳ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʤʝʪʘʬʦʨʳ. 

ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʤʝʪʘʬʦʨʳ ʚʢʣʶʯʘʝʪ ʜʚʘ 

ʵʪʘʧʘ: ʧʝʨʚʳʡ ʵʪʘʧ - ʚʥʠʤʘʪʝʣʴʥʦʝ ʧʨʦ-

ʯʪʝʥʠʝ ʪʝʢʩʪʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʘʥʜʠʜʘʪʦʚ 

ʚ ʤʝʪʘʬʦʨʫ; ʚʪʦʨʦʡ ʵʪʘʧ - ʙʦʣʝʝ ʢʘʯʝ-

ʩʪʚʝʥʥʳʡ ʵʪʘʧ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʷ-

ʝʪʩʷ, ʷʚʣʷʝʪʩʷ ʣʠ ʢʘʞʜʦʝ ʢʣʶʯʝʚʦʝ ʩʣʦʚʦ 

ʤʝʪʘʬʦʨʦʡ ʠʣʠ ʠʤʝʝʪ ʙʫʢʚʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʥʘ ʦʩʥʦʚʝ ʢʦʥʪʝʢʩʪʘ ʚ ʢʦʨʧʫʩʝ. ʈʘʟʲʷʩʥʝ-

ʥʠʝ ʤʝʪʘʬʦʨʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ 

ʩʚʷʟʠ ʤʝʞʜʫ ʤʝʪʘʬʦʨʦʡ ʠ ʝʝ ʦʧʨʝʜʝʣʷʶ-

ʱʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʚʢʣʶʯʘʷ ʠʜʝʥʪʠʬʠʢʘ-

ʮʠʶ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʤʝʪʘʬʦʨ ʠ ʢʣʶʯʝʚʳʭ 

ʩʣʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʢʦʥʮʝʧʪʫʘʣʴʥʦʡ ʤʝʪʘ-

ʬʦʨʦʡ. ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʤʝʪʘʬʦʨʳ ʚʢʣʶʯʘʝʪ 

ʚ ʩʝʙʷ ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʮʠʘʣʴʥʳʭ ʬʘʢʪʦʨʦʚ, 

ʢʦʪʦʨʳʝ ʧʦʨʦʞʜʘʶʪ ʤʝʪʘʬʦʨʫ, ʠ ʝʝ ʩʦʮʠ-

ʘʣʴʥʳʭ ʬʫʥʢʮʠʡ ʚ ʢʦʥʪʝʢʩʪʝ ʚʦʟʜʝʡʩʪʚʠʷ. 

ʊʝʦʨʠʷ ʢʨʠʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʤʝʪʘʬʦʨ, 

ʢʘʢ ʥʦʚʘʷ ʪʝʦʨʠʷ ʘʥʘʣʠʟʘ ʜʠʩʢʫʨʩʘ, ʠʥʪʝ-

ʛʨʠʨʫʝʪ ʢʦʨʧʫʩʥʦʝ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʝ ʠʩ-

ʩʣʝʜʦʚʘʥʠʝ, ʧʨʘʛʤʘʪʠʢʫ ʠ ʢʨʠʪʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ ʜʠʩʢʫʨʩʘ, ʯʪʦ ʜʝʣʘʝʪ ʝʝ ʢʨʘʡʥʝ 

ʚʘʞʥʦʡ ʜʣʷ ʘʥʘʣʠʟʘ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʤʝ-

ʪʘʬʦʨ ʚ ʜʠʩʢʫʨʩʝ ʦ ʧʦʣʠʪʠʢʝ, ʵʢʦʥʦʤʠʢʝ, 

ʥʦʚʦʩʪʷʭ ʠ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ, ʠʤʝʶʱʠʭ 

ʙʦʣʴʰʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ. 

ɸʥʘʣʠʟ ʪʝʢʩʪʘ 

1. ʄʝʪʘʬʦʨʘ ʚʦʡʥʳ 

ɺʦʡʥʘ ʚʩʝʛʜʘ ʙʳʣʘ ʯʘʩʪʴʶ ʠʩʪʦʨʠʠ ʯʝ-

ʣʦʚʝʯʝʩʪʚʘ, ʠ ʜʦ ʩʠʭ ʧʦʨ ʜʳʤ ʩʨʘʞʝʥʠʡ 

ʚʨʝʤʷ ʦʪ ʚʨʝʤʝʥʠ ʦʢʫʪʳʚʘʝʪ ʤʠʨ. ʉ ʤʦ-

ʤʝʥʪʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʘʮʠʦʥʘʣʴʥʳʭ ʛʦʩʫ-

ʜʘʨʩʪʚ ʚʦʡʥʳ ʥʠʢʦʛʜʘ ʥʝ ʧʨʝʢʨʘʱʘʣʠʩʴ ʚ 

ʠʩʪʦʨʠʠ ʯʝʣʦʚʝʯʝʩʪʚʘ, ʠ ʚ ʩʦʚʨʝʤʝʥʥʦʤ 

ʤʠʨʝ ʚʦʡʥʳ ʥʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ 

ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʩ ʧʦʣʠʪʠʢʦʡ. "ɺʦʡʥʘ ï ʵʪʦ 

ʩʨʝʜʩʪʚʦ ʜʦʩʪʠʞʝʥʠʷ ʧʦʣʠʪʠʯʝʩʢʠʭ ʮʝ-

ʣʝʡ", ʠ ʦʥʘ ʩʣʫʞʠʪ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʜʦ-

ʩʪʠʞʝʥʠʷ ʧʦʣʠʪʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ. ʀʩ-

ʪʦʨʠʷ ʈʦʩʩʠʠ ʪʝʩʥʦ ʩʚʷʟʘʥʘ ʩ ʚʦʡʥʘʤʠ, ʠ 

ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʫ ʨʦʩʩʠʡʩʢʦʛʦ 

ʥʘʨʦʜʘ ʝʩʪʴ ʙʦʛʘʪʦʝ ʧʦʥʠʤʘʥʠʝ ʚʦʡʥʳ. 

ɼʘʞʝ ʚ ʵʧʦʭʫ ʤʠʨʘ ʨʦʩʩʠʡʩʢʠʡ ʥʘʨʦʜ ʧʦ-

ʧʨʝʞʥʝʤʫ ʦʪʤʝʯʘʝʪ ʧʨʘʟʜʥʠʢʠ, ʧʦʩʚʷʱʝʥ-

ʥʳʝ ʚʦʡʥʝ, ʪʘʢʠʝ ʢʘʢ "ɼʝʥʴ ʇʦʙʝʜʳ", ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʧʦʥʷʪʠʝ ʚʦʡʥʳ ʛʣʫʙʦʢʦ 

ʫʢʦʨʝʥʠʣʦʩʴ ʚ ʩʦʟʥʘʥʠʠ ʨʦʩʩʠʡʩʢʦʛʦ 

ʥʘʨʦʜʘ. 

"ʂʦʛʜʘ ʧʦʣʠʪʠʢʘ ʪʨʝʙʫʝʪ ʚʳʜʝʣʝʥʠʷ 

ʙʝʩʧʦʱʘʜʥʳʭ ʠʣʠ ʦʧʘʩʥʳʭ ʯʝʨʪ, ʛʦʚʦʨʷ-

ʱʠʝ ʦʙʳʯʥʦ ʧʨʠʙʝʛʘʶʪ ʢ ʤʝʪʘʬʦʨʘʤ ʚʦʡ-



186 

- ʌʠʣʦʣʦʛʠʯʝʩʢʠʝ ʥʘʫʢʠ - 

 

International Journal of Humanities and Natural Sciences, vol. 11-4 (86), 2023 

ʥʳ". ʅʘʧʨʠʤʝʨ, ʢʦʛʜʘ ʈʦʩʩʠʷ ʩʪʦʣʢʥʫʣʘʩʴ 

ʩ ʢʨʠʟʠʩʦʤ ʧʦʩʣʝ ʨʘʩʰʠʨʝʥʠʷ ʅɸʊʆ ʥʘ 

ʚʦʩʪʦʢ, ʚ ʧʫʙʣʠʯʥʳʭ ʚʳʩʪʫʧʣʝʥʠʷʭ ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʝʪʘʬʦʨʳ, ʪʘʢʠʝ ʢʘʢ "ʂʠ-

ʝʚʩʢʠʡ ʨʝʞʠʤ ï ʵʪʦ ʥʘʮʠʩʪʳ, ʈʦʩʩʠʷ ï ʛʝ-

ʨʦʠ" ʠ ʜʨʫʛʠʝ ʤʝʪʘʬʦʨʳ, ʯʪʦʙʳ ʚʣʠʷʪʴ ʥʘ 

ʦʙʱʝʩʪʚʝʥʥʦʝ ʤʥʝʥʠʝ, ʦʙʲʷʚʠʚ ʚʦʡʥʫ 

ʥʘʮʠʩʪʘʤ ʠ ʧʦʣʫʯʠʚ ʧʦʜʜʝʨʞʢʫ ʜʣʷ ʦʩʫ-

ʱʝʩʪʚʣʝʥʠʷ ʩʧʝʮʠʘʣʴʥʦʡ ʚʦʝʥʥʦʡ ʦʧʝʨʘ-

ʮʠʠ ʚ ʋʢʨʘʠʥʝ. 

ɺ ʧʦʣʠʪʠʯʝʩʢʠʭ ʚʳʩʪʫʧʣʝʥʠʷʭ ʇʨʝʟʠ-

ʜʝʥʪʘ ʈʦʩʩʠʠ ɺʣʘʜʠʤʠʨʘ ʇʫʪʠʥʘ, ʧʨʦʚʝ-

ʜʝʥʥʳʭ ʧʦʩʣʝ ʢʦʥʬʣʠʢʪʘ ʚ ʋʢʨʘʠʥʝ, ʙʳʣʘ 

ʯʘʩʪʦ ʠʩʧʦʣʴʟʦʚʘʥʘ ʤʝʪʘʬʦʨʘ ʚʦʡʥʳ. ɺ 

ʵʪʦʡ ʤʝʪʘʬʦʨʝ ʛʦʩʫʜʘʨʩʪʚʦ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʢʘʢ ʜʦʣʛʠʡ ʠ ʪʷʞʝʣʳʡ ʢʦʥʬʣʠʢʪ ʩ ʤʥʦʞʝ-

ʩʪʚʦʤ ʧʨʦʪʠʚʥʠʢʦʚ. ʉ ʧʦʤʦʱʴʶ ʪʘʢʠʭ ʤʝ-

ʪʘʬʦʨ, ʢʘʢ "ʚʨʘʛʠ", "ʫʛʨʦʟʘ", "ʢʦʥʬʣʠʢʪ", 

ʦʧʠʩʳʚʘʶʪʩʷ ʧʨʝʛʨʘʜʳ ʥʘ ʧʫʪʠ ʨʘʟʚʠʪʠʷ 

ʛʦʩʫʜʘʨʩʪʚʘ. ʇʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʘ-

ʬʦʨ ʚʦʡʥʳ ʪʘʢʞʝ ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ ʥʝʦʙʭʦ-

ʜʠʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʩʠʣʦʚʳʭ ʩʨʝʜʩʪʚ, ʪʘ-

ʢʠʭ ʢʘʢ "ʘʪʘʢʘ" ʠ "ʫʜʘʨ", ʜʣʷ ʨʝʰʝʥʠʷ 

ʥʘʮʠʦʥʘʣʴʥʳʭ ʧʨʦʙʣʝʤ. ɺ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ 

ʤʝʪʘʬʦʨʘ ʚʦʡʥʳ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʦʙʭʦʜʠ-

ʤʦʩʪʴ "ʧʦʙʝʜʳ" ʢʘʢ ʩʧʦʩʦʙʘ ʨʝʰʝʥʠʷ ʧʨʦ-

ʙʣʝʤ. 

ʇʨʦʮʝʩʩ ʤʝʪʘʬʦʨʠʯʝʩʢʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ 

ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ 

(ʪʘʙʣ. 1). 

 

ʊʘʙʣʠʮʘ 1 
ʀʩʭʦʜʥʳʝ ʦʙʣʘʩʪʠ ʎʝʣʝʚʳʝ ʦʙʣʘʩʪʠ 

ʧʦʛʨʦʤ, ʥʘʩʠʣʠʝ, ʫʙʠʡʩʪʚʦ ʇʨʝʧʷʪʩʪʚʦʚʘʪʴ ʨʘʟʚʠʪʠʶ ʩʪʨʘʥʳ 

ʚʦʡʥʘ ʈʘʟʚʠʪʠʝ ʛʦʩʫʜʘʨʩʪʚʘ 

ʙʦʨʦʪʴʩʷ ʄʝʪʦʜʳ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ 

ʧʦʙʝʜʠʪʴ ʈʝʰʠʪʴ ʧʨʦʙʣʝʤʘ 

 

ɺ ʧʦʣʠʪʠʯʝʩʢʠʭ ʦʪʢʨʳʪʳʭ ʚʳʩʪʫʧʣʝʥʠ-

ʷʭ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʠ ɺʣʘʜʠʤʠʨʘ ʇʫʪʠʥʘ, 

ʧʨʦʚʝʜʝʥʥʳʭ ʧʦʩʣʝ ʢʦʥʬʣʠʢʪʘ ʚ ʋʢʨʘʠʥʝ, 

ʤʝʪʘʬʦʨʘ ʚʦʡʥʳ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʥʘʠʙʦʣʝʝ 

ʯʘʩʪʦ. ʉ ʝʸ ʧʦʤʦʱʴʶ ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʢʦʥ-

ʮʝʧʮʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʬʘʢʪʦʨʘʤ, ʧʨʝʧʷʪ-

ʩʪʚʫʶʱʠʤ ʨʘʟʚʠʪʠʶ ʛʦʩʫʜʘʨʩʪʚʘ. ʀʩʧʦʣʴ-

ʟʫʷ ʤʝʪʘʬʦʨʫ ʚʦʡʥʳ, ʧʝʨʝʥʦʩʠʣʩʷ ʘʢʮʝʥʪ ʩ 

ʚʦʡʥʳ ʥʘ ʧʦʥʠʤʘʥʠʝ ʥʘʮʠʦʥʘʣʴʥʦʡ ʙʝʟ-

ʦʧʘʩʥʦʩʪʠ, ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʩʢʘʟʳʚʘ-

ʣʘʩʴ ʠʩʪʦʨʠʷ ʫʛʨʦʟʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʈʦʩʩʠʠ 

ʧʦʩʣʝ ʨʘʩʰʠʨʝʥʠʷ ʅɸʊʆ ʥʘ ʚʦʩʪʦʢ ʠ 

ʦʧʨʘʚʜʳʚʘʣʘʩʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʩʦʙʦʡ ʚʦ-

ʝʥʥʦʡ ʦʧʝʨʘʮʠʠ ʈʦʩʩʠʠ. 

ʅʘʧʨʠʤʝʨ: 

1. ʋʢʨʘʠʥʩʢʠʝ ʛʦʨʦʜʘ ʟʘʭʣʝʩʪʥʫʣʘ ʚʦʣʥʘ 

ʧʦʛʨʦʤʦʚ ʠ ʥʘʩʠʣʠʷ, ʩʝʨʠʷ ʛʨʦʤʢʠʭ ʠ 

ʙʝʟʥʘʢʘʟʘʥʥʳʭ ʫʙʠʡʩʪʚ. 

2. ʀ ʙʦʨʶʪʩʷ ʟʘ ʩʚʦʠ ʵʣʝʤʝʥʪʘʨʥʳʝ 

ʧʨʘʚʘ ï ʞʠʪʴ ʥʘ ʩʚʦʝʡ ʟʝʤʣʝ, ʛʦʚʦʨʠʪʴ ʥʘ 

ʩʚʦʸʤ ʷʟʳʢʝ, ʟʘ ʩʦʭʨʘʥʝʥʠʝ ʩʚʦʝʡ ʢʫʣʴʪʫ-

ʨʳ ʠ ʪʨʘʜʠʮʠʡ.  

3. ʆʜʥʘʢʦ ʦʩʦʙʦʝ ʤʝʩʪʦ ʚ ʵʪʦʤ ʨʷʜʫ ʟʘ-

ʥʠʤʘʝʪ, ʢʦʥʝʯʥʦ ʞʝ, ʚʪʦʨʞʝʥʠʝ ʚ ʀʨʘʢ, 

ʪʦʞʝ ʙʝʟ ʚʩʷʢʠʭ ʧʨʘʚʦʚʳʭ ʦʩʥʦʚʘʥʠʡ. 

ɺ ʩʚʦʝʤ ʪʝʣʝʚʠʟʠʦʥʥʦʤ ʚʳʩʪʫʧʣʝʥʠʠ 21 

ʬʝʚʨʘʣʷ, ʇʨʝʟʠʜʝʥʪ ʇʫʪʠʥ ʤʥʦʛʦ ʨʘʩʩʢʘ-

ʟʳʚʘʣ ʦ ʠʩʪʦʨʠʠ ʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʈʦʩʩʠ-

ʝʡ ʠ ʋʢʨʘʠʥʦʡ ʚ ʩʦʚʝʪʩʢʠʡ ʧʝʨʠʦʜ. ɽʛʦ 

ʮʝʣʴʶ ʙʳʣʦ ʧʨʠʟʚʘʪʴ ʫʢʨʘʠʥʩʢʠʡ ʥʘʨʦʜ ʥʝ 

ʚʨʘʞʜʝʙʥʦ ʦʪʥʦʩʠʪʴʩʷ ʢ ʈʦʩʩʠʠ ʠ ʥʘʜʝʷʪʴ-

ʩʷ ʥʘ ʧʦʜʜʝʨʞʢʫ ʨʦʩʩʠʡʩʢʦʛʦ ʥʘʨʦʜʘ ʚ ʩʚʷ-

ʟʠ ʩ ʦʩʦʙʳʤʠ ʚʦʝʥʥʳʤʠ ʜʝʡʩʪʚʠʷʤʠ. ɺ ʧʦ-

ʩʣʝʜʫʶʱʠʭ ʪʝʣʝʚʠʟʠʦʥʥʳʭ ʚʳʩʪʫʧʣʝʥʠʷʭ 

ʦʥ ʝʱʝ ʯʘʱʝ ʠʩʧʦʣʴʟʦʚʘʣ ʤʝʪʘʬʦʨʫ ʚʦʡʥʳ, 

ʯʪʦʙʳ ʚʳʜʝʣʠʪʴ ʥʳʥʝʰʥʝʝ ʧʦʣʦʞʝʥʠʝ 

ʋʢʨʘʠʥʳ ʠ ʈʦʩʩʠʠ. ɻʦʚʦʨʷ ʦʙ ʋʢʨʘʠʥʝ, ʢʘʢ 

ʚ (1) ʠ (2), ʦʥ ʯʘʩʪʦ ʠʩʧʦʣʴʟʦʚʘʣ ʧʘʩʩʠʚʥʳʝ 

ʢʦʥʩʪʨʫʢʮʠʠ, ʪʘʢʠʝ ʢʘʢ "ʙʳʣʠ ʫʙʠʪʳ" ʠ 

"ʧʦʜʚʝʨʛʣʠʩʴ ʥʘʩʠʣʠʶ", ʯʪʦʙʳ ʧʦʜʯʝʨʢ-

ʥʫʪʴ ʙʝʜʩʪʚʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʫʢʨʘʠʥʩʢʦʛʦ 

ʥʘʨʦʜʘ ʠ ʥʝʩʧʨʘʚʝʜʣʠʚʦʝ ʥʘʰʝʩʪʚʠʝ. ɻʦ-

ʚʦʨʷ ʦ ʉʦʝʜʠʥʝʥʥʳʭ ʐʪʘʪʘʭ ʠ ʟʘʧʘʜʥʳʭ 

ʩʪʨʘʥʘʭ, ʦʥ ʠʩʧʦʣʴʟʦʚʘʣ ʤʝʪʘʬʦʨʳ ʚʦʡʥʳ, 

ʪʘʢʠʝ ʢʘʢ "ʚʪʦʨʞʝʥʠʝ", "ʨʘʟʜʝʣʝʥʠʝ" ʠ 

"ʫʥʠʯʪʦʞʝʥʠʝ", ʢʘʢ ʚ (3), ʦʧʠʩʳʚʘʷ ʘʛʨʝʩ-

ʩʠʚʥʦʝ ʚʪʦʨʞʝʥʠʝ ʉʦʝʜʠʥʝʥʥʳʭ ʐʪʘʪʦʚ ʚ 

ʀʨʘʢ ʠ ʢʦʩʚʝʥʥʦ ʫʢʘʟʳʚʘʷ ʥʘ ʙʝʩʩʤʳʩʣʝʥ-

ʥʳʝ ʩʘʥʢʮʠʠ ʉʐɸ ʧʨʦʪʠʚ ʈʦʩʩʠʠ.  

ʀʩʧʦʣʴʟʫʷ ʤʝʪʘʬʦʨʳ "ʨʘʟʜʝʣʝʥʠʝ" ʠ 

"ʫʥʠʯʪʦʞʝʥʠʝ", ʦʥ ʧʦʜʯʝʨʢʠʚʘʝʪ, ʯʪʦ ʪʝ-

ʢʫʱʘʷ ʧʦʣʠʪʠʢʘ ʟʘʧʘʜʥʳʭ ʩʪʨʘʥ ʥʘʧʨʘʚʣʝ-

ʥʘ ʥʘ ʨʘʟʜʝʣʝʥʠʝ ʠ ʨʘʟʨʫʰʝʥʠʝ ʈʦʩʩʠʠ. 

ʇʨʝʟʠʜʝʥʪ ʇʫʪʠʥ ʤʘʩʪʝʨʩʢʠ ʠʩʧʦʣʴʟʫʝʪ 

ʵʪʠ ʤʝʪʘʬʦʨʳ ʚʦʡʥʳ, ʯʪʦʙʳ ʧʦʤʦʯʴ ʥʘʨʦ-

ʜʫ ʙʦʣʝʝ ʷʩʥʦ ʧʦʥʷʪʴ ʮʝʣʠ ʘʤʝʨʠʢʘʥʩʢʠʭ ʠ 

ʟʘʧʘʜʥʳʭ ʩʪʨʘʥ, ʪʷʞʝʣʦʝ ʧʦʣʦʞʝʥʠʝ ʫʢʨʘ-
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ʠʥʩʢʦʛʦ ʥʘʨʦʜʘ ʠ ʫʢʨʝʧʠʪʴ ʝʜʠʥʩʪʚʦ ʥʘʨʦ-

ʜʘ. 

2. ʄʝʪʘʬʦʨʘ ʧʫʪʝʰʝʩʪʚʠʷ 

ʄʝʪʘʬʦʨʘ ʧʫʪʝʰʝʩʪʚʠʷ ʘʩʩʦʮʠʠʨʫʝʪ 

ʧʦʥʷʪʠʝ ʧʝʨʝʤʝʱʝʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩ 

ʚʳʨʘʞʝʥʠʝʤ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ, ʠʩ-

ʧʦʣʴʟʫʷ ʜʚʠʞʝʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ ʤʝʩʪʘʤʠ 

ʜʣʷ ʦʧʠʩʘʥʠʷ ʠʟʤʝʥʝʥʠʷ ʤʝʞʜʫ ʜʚʫʤʷ ʩʦ-

ʩʪʦʷʥʠʷʤʠ ʠ ʠʩʧʦʣʴʟʫʷ ʧʫʪʝʰʝʩʪʚʠʝ ʢ ʮʝ-

ʣʠ ʜʣʷ ʚʳʨʘʞʝʥʠʷ ʧʨʦʮʝʩʩʘ ʨʘʟʚʠʪʠʷ ʩʦ-

ʮʠʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʇʦʩʢʦʣʴʢʫ ʧʫʪʝʰʝ-

ʩʪʚʠʝ ʪʝʩʥʦ ʩʚʷʟʘʥʦ ʩ ʢʘʞʜʳʤ ʯʝʣʦʚʝʢʦʤ ʚ 

ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ, ʙʦʛʘʪʳʡ ʩʦʮʠʘʣʴʥʳʡ 

ʦʧʳʪ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʛʥʠʪʠʚʥʫʶ ʦʩʥʦʚʫ 

ʜʣʷ ʤʝʪʘʬʦʨʠʯʝʩʢʦʛʦ ʦʪʨʘʞʝʥʠʷ, ʯʪʦ ʧʦʟ-

ʚʦʣʷʝʪ ʣʶʜʷʤ ʣʝʛʢʦ ʧʦʥʠʤʘʪʴ ʠ ʚʳʨʘʞʘʪʴ 

ʩʦʮʠʘʣʴʥʳʝ ʷʚʣʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʦʧʳʪʘ ʧʫʪʝʰʝʩʪʚʠʷ.  

ɺ ʩʚʦʠʭ 5 ʧʫʙʣʠʯʥʳʭ ʚʳʩʪʫʧʣʝʥʠʷʭ ʧʦ-

ʩʣʝ ʥʘʯʘʣʘ ʢʦʥʬʣʠʢʪʘ ʤʝʞʜʫ ʈʦʩʩʠʝʡ ʠ 

ʋʢʨʘʠʥʦʡ, ʧʨʝʟʠʜʝʥʪ ʇʫʪʠʥ ʤʝʪʘʬʦʨʠʯʝ-

ʩʢʠ ʦʧʠʩʳʚʘʝʪ ʨʘʟʚʠʪʠʝ ʩʪʨʘʥʳ ʢʘʢ ʧʫʪʝ-

ʰʝʩʪʚʠʝ, ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʠʩʧʦʣʴʟʫʷ ʢʣʶ-

ʯʝʚʳʝ ʩʣʦʚʘ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʫʪʝʰʝʩʪʚʠʝʤ, 

ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦʙ ʦʙ-

ʱʝʩʪʚʝʥʥʦʤ ʨʘʟʚʠʪʠʠ. ʂʦʥʮʝʧʪʫʘʣʴʥʘʷ 

ʦʙʣʘʩʪʴ "ʧʫʪʝʰʝʩʪʚʠʝ" ʥʘʭʦʜʠʪ ʦʪʨʘʞʝʥʠʝ 

ʚ ʢʦʥʮʝʧʪʫʘʣʴʥʦʡ ʦʙʣʘʩʪʠ "ʨʘʟʚʠʪʠʝ ʩʪʨʘ-

ʥʳ" ʯʝʨʝʟ ʤʝʪʘʬʦʨʠʯʝʩʢʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ.  

ʅʘʧʨʠʤʝʨ, ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ, ʦʧʠ-

ʩʘʥʠʝ ʤʘʨʰʨʫʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʣʠʪʠʢʝ ʠ 

ʥʘʧʨʘʚʣʝʥʠʷʤ ʨʘʟʚʠʪʠʷ, ʧʨʦʡʜʝʥʥʦʝ ʨʘʩ-

ʩʪʦʷʥʠʝ ʤʝʪʘʬʦʨʠʯʝʩʢʠ ʚʳʨʘʞʘʝʪ ʜʦʩʪʠ-

ʞʝʥʠʷ ʚ ʨʘʟʚʠʪʠʠ, ʘ ʧʨʝʧʷʪʩʪʚʠʷ ʥʘ ʧʫʪʠ 

ʚʳʨʘʞʘʶʪ ʩʦʮʠʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ. ʄʝʪʘ-

ʬʦʨʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʤʝʪʘʬʦʨʳ ʧʫʪʝʰʝ-

ʩʪʚʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 2. 

 

ʊʘʙʣʠʮʘ 2 
ʀʩʭʦʜʥʳʝ ʦʙʣʘʩʪʠ ʎʝʣʝʚʳʝ ʦʙʣʘʩʪʠ 

ʧʫʪʴ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʨʘʟʚʠʪʠʝ. 

ʧʫʪʴ ʧʫʪʝʰʝʩʪʚʠʷ ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʤʦʜʝʣʴ ʨʘʟʚʠʪʠʷ. 

ʨʘʩʩʪʦʷʥʠʝ ʧʫʪʝʰʝʩʪʚʠʷ ɼʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʨʘʟʚʠ-

ʪʠʷ. 

ʧʨʝʧʷʪʩʪʚʠʝ ʇʨʦʙʣʝʤʘ ʚ ʦʙʱʝʩʪʚʝ. 

 

ʇʦʩʣʝ ʢʦʥʬʣʠʢʪʘ ʤʝʞʜʫ ʈʦʩʩʠʝʡ ʠ 

ʋʢʨʘʠʥʦʡ, ʇʨʝʟʠʜʝʥʪ ʇʫʪʠʥ ʘʢʪʠʚʥʦ ʠʩ-

ʧʦʣʴʟʦʚʘʣ ʤʝʪʘʬʦʨʫ ʧʫʪʝʰʝʩʪʚʠʷ ʜʣʷ ʦʙʦ-

ʟʥʘʯʝʥʠʷ ʩʣʦʞʥʦʩʪʝʡ, ʩ ʢʦʪʦʨʳʤʠ ʩʪʘʣʢʠ-

ʚʘʝʪʩʷ ʧʨʦʮʝʩʩ ʨʘʟʚʠʪʠʷ ʩʪʨʘʥʳ. ʆʥ ʪʘʢʞʝ 

ʧʨʠʙʝʛʘʣ ʢ ʵʪʦʡ ʤʝʪʘʬʦʨʝ, ʦʧʠʩʳʚʘʷ ʠʩʪʦ-

ʨʠʶ ʉʦʚʝʪʩʢʦʛʦ ʉʦʶʟʘ, ʯʪʦʙʳ ʧʦʷʩʥʠʪʴ 

ʧʨʦʮʝʩʩ ʧʦʩʪʝʧʝʥʥʦʛʦ ʨʘʩʧʘʜʘ ʉʉʉʈ. 

1. ʀ ʩʝʛʦʜʥʷ ʦʙʨʘʱʘʶʩʴ ʢ ʚʘʤ ʥʘʧʨʷ-

ʤʫʶ, ʯʪʦʙʳ ʥʝ ʪʦʣʴʢʦ ʜʘʪʴ ʦʮʝʥʢʫ ʧʨʦʠʩ-

ʭʦʜʷʱʝʤʫ, ʥʦ ʠ ʧʨʦʠʥʬʦʨʤʠʨʦʚʘʪʴ ʚʘʩ ʦ 

ʧʨʠʥʠʤʘʝʤʳʭ ʨʝʰʝʥʠʷʭ, ʦ ʚʦʟʤʦʞʥʳʭ 

ʜʘʣʴʥʝʡʰʠʭ ʰʘʛʘʭ ʥʘ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 

2. ʀ ʥʘʯʠʥʘʷ ʩ 1991 ʛʦʜʘ ʧʦʰʣʘ ʧʦ ʧʫʪʠ 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʢʦʧʠʨʦʚʘʥʠʷ ʯʫʞʠʭ ʤʦʜʝ-

ʣʝʡ, ʦʪʦʨʚʘʥʥʳʭ ʢʘʢ ʦʪ ʠʩʪʦʨʠʠ, ʪʘʢ ʠ ʦʪ 

ʫʢʨʘʠʥʩʢʠʭ ʨʝʘʣʠʡ. 

3. ʈʝʯʴ ʦ ʪʦʤ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʫ ʥʘʩ ʦʩʦ-

ʙʫʶ ʦʟʘʙʦʯʝʥʥʦʩʪʴ ʠ ʪʨʝʚʦʛʫ, ʦ ʪʝʭ ʬʫʥ-

ʜʘʤʝʥʪʘʣʴʥʳʭ ʫʛʨʦʟʘʭ, ʢʦʪʦʨʳʝ ʠʟ ʛʦʜʘ ʚ 

ʛʦʜ ʰʘʛ ʟʘ ʰʘʛʦʤ ʛʨʫʙʦ ʠ ʙʝʩʮʝʨʝʤʦʥʥʦ 

ʩʦʟʜʘʶʪʩʷ ʙʝʟʦʪʚʝʪʩʪʚʝʥʥʳʤʠ ʧʦʣʠʪʠʢʘʤʠ 

ʥʘ ɿʘʧʘʜʝ ʚ ʦʪʥʦʰʝʥʠʠ ʥʘʰʝʡ ʩʪʨʘʥʳ. 

ɺ ʨʘʩʩʢʘʟʝ ʦ ʩʦʙʳʪʠʷʭ ʚ ʋʢʨʘʠʥʝ ʇʨʝ-

ʟʠʜʝʥʪ ʇʫʪʠʥ ʠʩʧʦʣʴʟʫʝʪ ʤʝʪʘʬʦʨʫ ʧʫʪʝ-

ʰʝʩʪʚʠʷ, ʯʪʦʙʳ ʜʦʥʝʩʪʠ ʠʜʝʶ ʦ ʧʦʩʪʝʧʝʥ-

ʥʦʤ ʫʭʫʜʰʝʥʠʠ ʩʠʪʫʘʮʠʠ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʚ 

(1) ʠ (2). ʇʨʠ ʫʧʦʤʠʥʘʥʠʠ ʩʪʨʘʥ ɿʘʧʘʜʘ, 

ʪʘʢʠʭ ʢʘʢ ɽʚʨʦʧʘ ʠ ʉʐɸ, ʦʥ ʪʘʢʞʝ ʠʩ-

ʧʦʣʴʟʫʝʪ ʤʝʪʘʬʦʨʫ ʧʫʪʝʰʝʩʪʚʠʷ, ʯʪʦʙʳ 

ʦʙʨʘʟʥʦ ʧʦʢʘʟʘʪʴ ʠʭ ʧʨʠʙʣʠʞʝʥʠʝ ʢ ʈʦʩ-

ʩʠʠ, ʢʘʢ ʚ (3), ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʫʛʨʦʟʳ ʜʣʷ 

ʈʦʩʩʠʠ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʤʝʪʘʬʦʨʦʡ ʚʦʡʥʳ. 

ʏʝʨʝʟ ʵʪʠ ʤʝʪʘʬʦʨʳ ʧʫʪʝʰʝʩʪʚʠʷ ʇʨʝ-

ʟʠʜʝʥʪ ʇʫʪʠʥ ʚʳʨʘʞʘʝʪ ʦʧʘʩʥʦʝ ʧʦʣʦʞʝ-

ʥʠʝ ʈʦʩʩʠʠ ʠ ʩʪʝʧʝʥʴ ʫʛʨʦʟʳ, ʠʩʭʦʜʷʱʝʡ 

ʦʪ ʥʝʢʦʪʦʨʳʭ ʟʘʧʘʜʥʳʭ ʩʪʨʘʥ. ʕʪʦ ʪʘʢʞʝ 

ʜʦʧʦʣʥʷʝʪ ʮʝʣʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʘʬʦʨʳ: 

ʦʙʲʝʜʠʥʝʥʠʝ ʥʘʨʦʜʘ, ʩʙʣʠʞʝʥʠʝ ʩʝʨʜʝʮ, ʘ 

ʪʘʢʞʝ ʚʳʨʘʞʝʥʠʝ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʈʦʩʩʠʠ. 

3. ʄʝʪʘʬʦʨʘ ʟʜʘʥʠʷ 

ɺ ʭʦʜʝ ʠʩʪʦʨʠʠ ʨʘʟʚʠʪʠʷ ʯʝʣʦʚʝʯʝʩʢʦʡ 

ʮʠʚʠʣʠʟʘʮʠʠ ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʢʘʢ ʬʠʟʠʯʝ-

ʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʢʫʣʴʪʫʨʳ ʠ ʩʦʮʠʘʣʴʥʳʭ 

ʬʦʨʤ, ʦʢʘʟʘʣʦʩʴ ʟʥʘʯʠʤʳʤ. ɺ ʫʟʢʦʤ ʩʤʳʩ-

ʣʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʚ-

ʤʝʱʝʥʠʝ ʜʠʟʘʡʥʘ ʠ ʪʝʭʥʦʣʦʛʠʠ. ʇʦʩʢʦʣʴʢʫ 
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ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʪʝʩʥʦ ʩʚʷʟʘʥʦ ʩ ʧʦʚʩʝʜʥʝʚ-

ʥʦʡ ʞʠʟʥʴʶ ʯʝʣʦʚʝʢʘ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦ-

ʙʦʡ ʣʝʛʢʦ ʚʦʩʧʨʠʥʠʤʘʝʤʳʡ ʦʙʲʝʢʪ, ʝʛʦ 

ʩʤʳʩʣ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʙʦʛʘʪʳʤ. 

ʃʘʢʦʬʬ ʜʘʣʝʝ ʫʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʚ ʧʦʚʩʝ-

ʜʥʝʚʥʦʡ ʨʝʯʠ ʣʶʜʠ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʢʦʥ-

ʮʝʧʮʠʠ ʟʜʘʥʠʷ, ʯʪʦʙʳ ʚʳʨʘʟʠʪʴ ʜʨʫʛʠʝ 

ʚʝʱʠ. ɹʣʵʢ, ʘʥʘʣʠʟʠʨʫʷ ʧʦʣʠʪʠʯʝʩʢʠʡ ʜʠʩ-

ʢʫʨʩ, ʦʙʥʘʨʫʞʠʣ, ʯʪʦ ʧʦʣʠʪʠʢʠ ʯʘʩʪʦ ʠʩ-

ʧʦʣʴʟʫʶʪ ʤʝʪʘʬʦʨʳ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʯʪʦʙʳ 

ʦʧʠʩʘʪʴ ʨʘʟʚʠʪʠʝ ʛʦʩʫʜʘʨʩʪʚʘ. ʉʫʱʝʩʪʚʫʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʭʦʜʩʪʚʦ ʤʝʞʜʫ ʩʪʨʦʠʪʝʣʴ-

ʩʪʚʦʤ ʛʦʩʫʜʘʨʩʪʚʘ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʦʤ ʬʠʟʠ-

ʯʝʩʢʠʭ ʟʜʘʥʠʡ. ʅʘʧʨʠʤʝʨ, ʧʣʘʥʠʨʦʚʘʥʠʝ 

ʩʪʨʘʪʝʛʠʠ ʛʦʩʫʜʘʨʩʪʚʘ ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʦʝʢʪʦʚ 

ʠʤʝʶʪ ʩʭʦʞʠʝ ʯʝʨʪʳ, ʪʘʢʞʝ ʢʘʢ ʠ ʨʝʘʣʠʟʘ-

ʮʠʷ ʧʦʣʠʪʠʢʠ ʠ ʚʳʧʦʣʥʝʥʠʝ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʧʨʦʝʢʪʦʚ. ʇʦʵʪʦʤʫ ʤʝʪʘʬʦʨʘ "ʛʦʩʫʜʘʨʩʪʚʦ 

ï ʵʪʦ ʟʜʘʥʠʝ" ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʟ-ʟʘ 

ʵʪʠʭ ʩʭʦʜʩʪʚ. 

ɺ ʤʝʪʘʬʦʨʘʭ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʘʙʩʪʨʘʢʪ-

ʥʳʝ ʢʦʥʮʝʧʮʠʠ, ʪʘʢʠʝ ʢʘʢ ʪʝʦʨʠʷ, ʦʙʱʝ-

ʩʪʚʦ ʠ ʧʨʝʜʧʨʠʷʪʠʷ, ʦʧʠʩʳʚʘʶʪʩʷ ʢʘʢ ʤʘ-

ʪʝʨʠʘʣʴʥʳʝ ʩʪʨʫʢʪʫʨʳ. ɺ "ʇʦʩʣʘʥʠʠ ʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʞʠʟʥʠ" ʇʫʪʠʥʘ ʧʦʥʷʪʠʝ 

"ʛʦʩʫʜʘʨʩʪʚʘ" ʢʦʥʮʝʧʪʫʘʣʠʟʠʨʫʝʪʩʷ ʢʘʢ 

"ʟʜʘʥʠʝ", ʯʪʦ ʬʦʨʤʠʨʫʝʪ ʤʝʪʘʬʦʨʫ "ʛʦʩʫ-

ʜʘʨʩʪʚʦ ï ʵʪʦ ʟʜʘʥʠʝ". ʇʨʦʮʝʩʩ ʤʝʪʘʬʦʨʳ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ (ʪʘʙʣ. 3). 

 

ʊʘʙʣʠʮʘ 3 
ʀʩʭʦʜʥʳʝ ʦʙʣʘʩʪʠ ʎʝʣʝʚʳʝ ʦʙʣʘʩʪʠ 

ʦʩʥʦʚʘ ʆʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ ʩʦʩʪʘʚʘ ʩʪʨʘʥʳ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ ɻʦʩʫʜʘʨʩʪʚʦ 

ʩʦʟʜʘʪʴ, ʟʘʢʣʘʜʳʚʘʪʴ ʇʫʪʴ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ 

 

ʇʦʩʣʝ ʥʘʯʘʣʘ ʢʦʥʬʣʠʢʪʘ ʤʝʞʜʫ ʈʦʩʩʠʝʡ 

ʠ ʋʢʨʘʠʥʦʡ, ʧʨʝʟʠʜʝʥʪ ʇʫʪʠʥ ʚ ʩʚʦʠʭ 

ʧʫʙʣʠʯʥʳʭ ʧʦʣʠʪʠʯʝʩʢʠʭ ʚʳʩʪʫʧʣʝʥʠʷʭ 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪ ʤʝʪʘʬʦʨʫ ʘʨʭʠʪʝʢʪʫ-

ʨʳ, ʯʪʦʙʳ ʦʙʨʘʟʥʦ ʦʧʠʩʘʪʴ ʨʘʟʚʠʪʠʝ ʩʪʨʘ-

ʥʳ ʠ ʧʨʦʙʣʝʤʳ, ʩ ʢʦʪʦʨʳʤʠ ʦʥʘ ʩʪʘʣʢʠʚʘ-

ʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʚʠʪʠʷ. ʂʦʛʜʘ ʦʥ ʛʦʚʦ-

ʨʠʪ ʦ ʋʢʨʘʠʥʝ, ʦʥ ʠʩʧʦʣʴʟʫʝʪ ʩʣʦʚʘ-

ʤʝʪʘʬʦʨʳ, ʪʘʢʠʝ ʢʘʢ "ʨʘʟʨʫʰʝʥʠʝ" ʠ 

"ʩʥʦʩ", ʯʪʦʙʳ ʦʩʫʜʠʪʴ ʟʘʙʚʝʥʠʝ ʠʩʪʦʨʠʠ ʠ 

ʛʝʨʦʝʚ ʫʢʨʘʠʥʩʢʠʤ ʧʨʘʚʠʪʝʣʴʩʪʚʦʤ, ʠ ʚʳ-

ʨʘʞʘʝʪ ʢʨʠʪʠʢʫ. ʂʦʛʜʘ ʨʝʯʴ ʠʜʝʪ ʦ ʥʝʢʦʪʦ-

ʨʳʭ ʟʘʧʘʜʥʳʭ ʩʪʨʘʥʘʭ, ʪʘʢʠʭ ʢʘʢ ʉʐɸ ʠ 

ɿʘʧʘʜʥʘʷ ɽʚʨʦʧʘ, ʦʥ ʠʩʧʦʣʴʟʫʝʪ ʩʣʦʚʘ-

ʤʝʪʘʬʦʨʳ, ʪʘʢʠʝ ʢʘʢ "ʩʪʨʦʠʪʝʣʴʩʪʚʦ" ʠ 

"ʩʦʟʜʘʥʠʝ", ʯʪʦʙʳ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʫʛʨʦʟʘ ʩʦ 

ʩʪʦʨʦʥʳ ʵʪʠʭ ʩʪʨʘʥ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʈʦʩ-

ʩʠʠ ʧʦʩʪʝʧʝʥʥʦ ʥʘʨʘʩʪʘʝʪ, ʯʪʦ ʧʦʜʯʝʨʢʠ-

ʚʘʝʪ ʩʣʦʞʥʦʩʪʴ ʩʠʪʫʘʮʠʠ, ʩ ʢʦʪʦʨʦʡ ʩʪʘʣ-

ʢʠʚʘʝʪʩʷ ʈʦʩʩʠʷ. 

ʂʦʛʜʘ ʦʥ ʛʦʚʦʨʠʪ ʦ ʈʦʩʩʠʠ, ʦʥ ʠʩʧʦʣʴ-

ʟʫʝʪ ʩʣʦʚʘ-ʤʝʪʘʬʦʨʳ, ʪʘʢʠʝ ʢʘʢ "ʟʘʣʦʞʝ-

ʥʠʝ ʬʫʥʜʘʤʝʥʪʘ", ʯʪʦʙʳ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʈʦʩ-

ʩʠʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʣʘʛʘʝʪ ʫʩʠʣʠʷ 

ʜʣʷ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʵʪʦʡ ʫʛʨʦʟʝ, ʯʪʦ ʧʦʟ-

ʚʦʣʷʝʪ ʣʫʯʰʝ ʜʦʩʪʠʯʴ ʮʝʣʠ ʝʛʦ ʚʳʩʪʫʧʣʝ-

ʥʠʡ. 

1. ʅʘʧʦʤʥʶ, ʯʪʦ ʧʦʩʣʝ ʆʢʪʷʙʨʴʩʢʦʛʦ 

ʧʝʨʝʚʦʨʦʪʘ 1917 ʛʦʜʘ ʠ ʧʦʩʣʝʜʦʚʘʚʰʝʡ ʟʘ-

ʪʝʤ ɻʨʘʞʜʘʥʩʢʦʡ ʚʦʡʥʳ ʙʦʣʴʰʝʚʠʢʠ ʧʨʠ-

ʩʪʫʧʠʣʠ ʢ ʩʪʨʦʠʪʝʣʴʩʪʚʫ ʥʦʚʦʡ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʦʩʪʠ, ʠ ʤʝʞʜʫ ʥʠʤʠ ʚʦʟʥʠʢʣʠ ʜʦ-

ʚʦʣʴʥʦ ʦʩʪʨʳʝ ʨʘʟʥʦʛʣʘʩʠʷ. 

2. ɿʜʝʩʴ ʟʘ ʚʦʩʝʤʴ ʣʝʪ ʢʠʝʚʩʢʠʡ ʦʢʢʫʧʘ-

ʮʠʦʥʥʳʡ ʨʝʞʠʤ ʩʦʟʜʘʣ ʛʣʫʙʦʢʦ ʵʰʝʣʦʥʠ-

ʨʦʚʘʥʥʫʶ ʣʠʥʠʶ ʜʦʣʛʦʚʨʝʤʝʥʥʳʭ ʫʢʨʝʧ-

ʣʝʥʠʡ. 

3. ʆʥʠ ʩʪʘʣʠ ʪʝʤ ʨʫʙʝʞʦʤ, ʢʦʪʦʨʳʡ ʟʘ-

ʢʣʘʜʳʚʘʝʪ ʦʩʥʦʚʫ ʥʘʰʝʛʦ ʦʙʱʝʛʦ ʙʫʜʫ-

ʱʝʛʦ, ʥʘʰʝʡ ʠʩʪʠʥʥʦʡ ʥʝʟʘʚʠʩʠʤʦʩʪʠ. 

ʇʫʪʠʥ ʚ ʩʚʦʠʭ ʚʳʩʪʫʧʣʝʥʠʷʭ, ʢʘʩʘʶ-

ʱʠʭʩʷ ʋʢʨʘʠʥʳ ʠ ʥʝʢʦʪʦʨʳʭ ʟʘʧʘʜʥʳʭ 

ʩʪʨʘʥ, ʢʘʢ ʚ ʧʫʥʢʪʘʭ (2), ʠʩʧʦʣʴʟʫʝʪ ʘʨʭʠ-

ʪʝʢʪʫʨʥʳʝ ʪʝʨʤʠʥʳ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʫʛʨʦ-

ʟʳ, ʢʦʪʦʨʫʶ ʵʪʠ ʩʪʨʘʥʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʜʣʷ 

ʈʦʩʩʠʠ, ʧʳʪʘʷʩʴ ʜʦʥʝʩʪʠ ʜʦ ʛʨʘʞʜʘʥ ʈʦʩ-

ʩʠʠ ʥʘʩʪʦʷʱʫʶ ʦʧʘʩʥʦʩʪʴ, ʧʝʨʝʜ ʢʦʪʦʨʦʡ 

ʦʥʘ ʩʪʦʠʪ. ʂʦʛʜʘ ʨʝʯʴ ʠʜʝʪ ʦ ʈʦʩʩʠʠ, ʢʘʢ ʚ 

ʧʫʥʢʪʘʭ (1) ʠ (3), ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʨʭʠʪʝʢ-

ʪʫʨʥʳʝ ʪʝʨʤʠʥʳ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʨʘʟʚʠʪʠʷ 

ʩʪʨʘʥʳ ʠ ʤʝʨ, ʢʦʪʦʨʳʝ ʧʨʝʜʧʨʠʥʠʤʘʶʪʩʷ ʚ 

ʦʪʚʝʪ ʥʘ ʫʛʨʦʟʫ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʦʙ-

ʨʘʟ ʈʦʩʩʠʠ, ʙʦʨʶʱʝʡʩʷ ʟʘ ʩʚʦʶ ʥʘʮʠʦ-

ʥʘʣʴʥʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ. 

4. ʄʝʪʘʬʦʨʘ ʪʝʣʘ 

ʄʝʪʘʬʦʨʘ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʦʧʳʪʝ ʯʝʣʦ-

ʚʝʯʝʩʪʚʘ, ʠ ʧʨʦʮʝʩʩ ʧʦʥʠʤʘʥʠʷ ʯʝʣʦʚʝʢʘ 

ʯʘʩʪʦ ʠʜʝʪ ʦʪ ʜʘʣʴʥʝʛʦ ʢ ʙʣʠʞʥʝʤʫ, ʦʪ 
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ʧʨʦʩʪʦʛʦ ʢ ʩʣʦʞʥʦʤʫ, ʠ ʩʘʤʦʝ ʙʣʠʟʢʦʝ ʢ 

ʯʝʣʦʚʝʢʫ ï ʵʪʦ ʩʘʤ ʯʝʣʦʚʝʢ. ɺ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩ ʘʥʪʨʦʧʦʮʝʥʪʨʠʯʝʩʢʦʡ ʪʦʯʢʦʡ ʟʨʝ-

ʥʠʷ "ʚʩʝ ʠʩʭʦʜʠʪ ʠʟ ʩʘʤʦʛʦ ʯʝʣʦʚʝʢʘ, ʟʘʪʝʤ 

ʨʘʩʰʠʨʷʝʪʩʷ ʥʘ ʚʥʝʰʥʠʡ ʤʠʨ, ʥʘ ʧʨʦ-

ʩʪʨʘʥʩʪʚʦ, ʚʨʝʤʷ, ʧʨʠʨʦʜʫ ʠ ʪʘʢ ʜʘʣʝʝ". 

ʃʶʜʠ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʩʝʙʷ ʢʘʢ ʵʪʘʣʦʥ 

ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʜʨʫʛʠʭ ʚʝʱʝʡ ʚ ʞʠʟʥʠ. ʃʘ-

ʢʦʬʬ ʠ ɼʞʦʥʩʦʥ ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ "ʦʧʳʪ 

ʯʝʣʦʚʝʢʘ ʩ ʩʘʤʠʤ ʩʦʙʦʡ ʠʛʨʘʝʪ ʟʥʘʯʠʪʝʣʴ-

ʥʫʶ ʨʦʣʴ ʚ ʩʦʟʜʘʥʠʠ ʤʝʪʘʬʦʨ". ʕʪʘ ʤʝʪʘ-

ʬʦʨʘ ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʴʶ ʤʳʩʣʠʪʝʣʴʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʚ ʢʫʣʴʪʫʨʝ ʯʝʣʦʚʝʯʝʩʪʚʘ. 

ɺ ʧʫʙʣʠʯʥʳʭ ʪʝʣʝʚʠʟʠʦʥʥʳʭ ʚʳʩʪʫʧʣʝ-

ʥʠʷʭ ʧʨʝʟʠʜʝʥʪʘ ʇʫʪʠʥʘ ʧʦʩʣʝ ʢʦʥʬʣʠʢʪʘ 

ʤʝʞʜʫ ʈʦʩʩʠʝʡ ʠ ʋʢʨʘʠʥʦʡ ʚ ʦʩʥʦʚʥʦʤ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʝʪʘʬʦʨʘ ʪʝʣʘ, ʚ ʢʦʪʦʨʦʡ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʘʥʪʨʦʧʦʤʦʨʬʥʳʝ ʩʣʦʚʘ, 

ʯʪʦʙʳ ʦʙʨʘʟʥʦ ʚʳʨʘʟʠʪʴ ʫʛʨʦʟʫ ʩʦ ʩʪʦʨʦʥʳ 

ɿʘʧʘʜʥʳʭ ʩʪʨʘʥ ʠ ʪʨʫʜʥʦʩʪʠ, ʩ ʢʦʪʦʨʳʤʠ 

ʩʪʦʣʢʥʫʣʘʩʴ ʈʦʩʩʠʷ. 

1. ʉʐɸ ʠ ʅɸʊʆ ʧʨʠʩʪʫʧʠʣʠ ʢ ʙʝʟʟʘ-

ʩʪʝʥʯʠʚʦʤʫ ʦʩʚʦʝʥʠʶ ʪʝʨʨʠʪʦʨʠʠ ʋʢʨʘ-

ʠʥʳ ʢʘʢ ʪʝʘʪʨʘ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʚʦʝʥʥʳʭ 

ʜʝʡʩʪʚʠʡ. 

2. ʕʪʦ ʥʘʟʳʚʘʝʪʩʷ, ʧʨʷʤʦ çʥʦʞ ʢ ʛʦʨ-

ʣʫè. 

3. ɺ ʢʦʥʝʯʥʦʤ ʩʯʸʪʝ, ʢʘʢ ʵʪʦ ʚʩʝʛʜʘ ʠ 

ʙʳʣʦ ʚ ʠʩʪʦʨʠʠ, ʩʫʜʴʙʘ ʈʦʩʩʠʠ ï ʚ ʥʘʜʸʞ-

ʥʳʭ ʨʫʢʘʭ ʥʘʰʝʛʦ ʤʥʦʛʦʥʘʮʠʦʥʘʣʴʥʦʛʦ 

ʥʘʨʦʜʘ. 

ʇʨʝʟʠʜʝʥʪ ʇʫʪʠʥ ʠʩʧʦʣʴʟʫʝʪ ʤʝʪʘʬʦʨʫ 

ʪʝʣʘ, ʯʪʦʙʳ ʩʜʝʣʘʪʴ ʨʝʯʴ ʙʦʣʝʝ ʧʦʥʷʪʥʦʡ ʠ 

ʜʦʩʪʫʧʥʦʡ. ʅʘʧʨʠʤʝʨ, ʚ ʧʫʥʢʪʝ (1) ʦʥ ʠʩ-

ʧʦʣʴʟʫʝʪ ʬʨʘʟʫ "ʙʝʩʩʪʳʞʝʝ ʚʪʦʨʞʝʥʠʝ" 

ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʣʫʯʰʝ ʦʙʲʷʩʥʠʪʴ ʫʛʨʦʟʫ 

ʩʦ ʩʪʦʨʦʥʳ ʉʦʝʜʠʥʝʥʥʳʭ ʐʪʘʪʦʚ ʠ ʅɸʊʆ 

ʧʝʨʝʜ ʨʦʩʩʠʡʩʢʠʤ ʥʘʨʦʜʦʤ. ɺ (2) ʦʥ ʦʧʠ-

ʩʳʚʘʝʪ ʧʦʣʦʞʝʥʠʝ ʈʦʩʩʠʠ ʢʘʢ "ʥʦʞ ʧʨʠ-

ʣʦʞʝʥʥʳʡ ʢ ʛʦʨʣʫ", ʯʪʦ ʥʘʛʣʷʜʥʦ ʚʳʨʘʞʘ-

ʝʪ ʪʨʫʜʥʦʩʪʠ, ʩ ʢʦʪʦʨʳʤʠ ʩʪʦʣʢʥʫʣʘʩʴ 

ʈʦʩʩʠʷ. ɺ (3) ʦʥ ʩʨʘʚʥʠʚʘʝʪ ʩʪʨʘʥʫ ʩ ʯʝʣʦ-

ʚʝʢʦʤ, ʯʪʦ ʙʦʣʝʝ ʪʦʯʥʦ ʧʝʨʝʜʘʝʪ ʠʜʝʶ ʦ 

ʪʦʤ, ʯʪʦ ʩʫʜʴʙʘ ʈʦʩʩʠʠ ʚ ʨʫʢʘʭ ʥʘʨʦʜʘ, ʠ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʪʘʬʦʨʘ ʪʝʣʘ ʵʬʬʝʢʪʠʚʥʦ 

ʩʣʫʞʠʪ ʮʝʣʠ ʦʙʲʝʜʠʥʝʥʠʷ ʣʶʜʝʡ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʄʝʪʘʬʦʨʳ ï ʵʪʦ ʤʦʱʥʦʝ ʩʨʝʜʩʪʚʦ ʜʣʷ 

ʧʝʨʝʜʘʯʠ ʠʜʝʡ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʤʳʩʣʘ. ʀʟ 

ʘʥʘʣʠʟʘ ʚʳʰʝ ʚʠʜʥʦ, ʯʪʦ ʧʨʝʟʠʜʝʥʪ ʇʫʪʠʥ 

ʚ ʩʚʦʠʭ ʦʪʢʨʳʪʳʭ ʧʦʣʠʪʠʯʝʩʢʠʭ ʚʳʩʪʫʧ-

ʣʝʥʠʷʭ ʠʩʧʦʣʴʟʦʚʘʣ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʤʝ-

ʪʘʬʦʨ, ʠ ʵʪʠ ʤʝʪʘʬʦʨʳ ʠʛʨʘʶʪ ʧʦʣʦʞʠ-

ʪʝʣʴʥʫʶ ʨʦʣʴ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʥʠʤʘʥʠʷ 

ʥʘʮʠʦʥʘʣʴʥʦʡ ʘʫʜʠʪʦʨʠʠ ʦʙ ʘʤʝʨʠʢʘʥʩʢʦʡ 

ʠ ʅɸʊʆ. ʦʮʝʥʢʘʭ, ʚʜʦʭʥʦʚʝʥʠʠ ʥʘʮʠʶ ʟʘ-

ʱʠʱʘʪʴ ʩʚʦʶ ʩʪʨʘʥʫ ʠ ʧʨʠʟʳʚʝ ʥʘʮʠʦ-

ʥʘʣʴʥʦʤʫ ʝʜʠʥʩʪʚʫ. 

1. ʈʫʢʦʚʦʜʷʱʘʷ ʬʫʥʢʮʠʷ 

ʐʫ ɼʠʥʬʘʥ ʚ ʩʚʦʝʡ ʢʥʠʛʝ "ʀʩʩʣʝʜʦʚʘ-

ʥʠʝ ʤʝʪʘʬʦʨ" ʫʢʘʟʳʚʘʝʪ, ʯʪʦ ʤʝʪʘʬʦʨʘ ï 

ʵʪʦ ʧʨʦʮʝʩʩ ʢʦʛʥʠʪʠʚʥʦʛʦ ʧʦʥʠʤʘʥʠʷ, ʢʦ-

ʪʦʨʳʡ ʧʨʦʠʩʭʦʜʠʪ, ʢʦʛʜʘ ʦʧʳʪ ʚ ʦʜʥʦʡ ʦʙ-

ʣʘʩʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʦʧʳʪʘ ʚ 

ʜʨʫʛʦʡ ʦʙʣʘʩʪʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʝʪʘʬʦʨʳ 

ʠʤʝʶʪ ʬʫʥʢʮʠʶ ʥʘʧʨʘʚʣʷʪʴ ʧʦʥʠʤʘʥʠʝ 

ʣʶʜʝʡ ʚ ʦʙʣʘʩʪʠ, ʩ ʢʦʪʦʨʦʡ ʦʥʠ ʤʦʛʫʪ 

ʙʳʪʴ ʤʘʣʦ ʟʥʘʢʦʤʳ. ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʢʦʥ-

ʬʣʠʢʪʘ ʤʝʞʜʫ ʈʦʩʩʠʝʡ ʠ ʋʢʨʘʠʥʦʡ ʨʦʩ-

ʩʠʡʩʢʘʷ ʘʫʜʠʪʦʨʠʷ ʟʥʘʣʘ ʤʘʣʦ ʦ ʉʦʝʜʠ-

ʥʝʥʥʳʭ ʐʪʘʪʘʭ ʠ ʅɸʊʆ, ʠ ʙʳʣʦ ʩʣʦʞʥʦ 

ʧʦʥʷʪʴ ʫʨʦʚʝʥʴ ʫʛʨʦʟʳ, ʢʦʪʦʨʫʶ ʦʥʠ ʧʨʝʜ-

ʩʪʘʚʣʷʣʠ ʜʣʷ ʈʦʩʩʠʠ. ʇʨʝʟʠʜʝʥʪ ʇʫʪʠʥ ʠʩ-

ʧʦʣʴʟʦʚʘʣ ʤʝʪʘʬʦʨʳ, ʪʘʢʠʝ ʢʘʢ ʚʦʝʥʥʘʷ 

ʤʝʪʘʬʦʨʘ, ʤʝʪʘʬʦʨʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʤʝ-

ʪʘʬʦʨʘ ʧʫʪʝʰʝʩʪʚʠʷ, ʯʪʦʙʳ ʩʜʝʣʘʪʴ ʩʚʦʶ 

ʨʝʯʴ ʙʦʣʝʝ ʜʦʩʪʫʧʥʦʡ ʠ ʧʦʥʷʪʥʦʡ, ʧʦʤʦʛʘʷ 

ʨʦʩʩʠʡʩʢʦʡ ʘʫʜʠʪʦʨʠʠ ʣʫʯʰʝ ʧʦʥʷʪʴ ʵʪʫ 

ʫʛʨʦʟʫ. ʅʘʧʨʠʤʝʨ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʣʦʚ ʠ 

ʬʨʘʟ, ʪʘʢʠʭ ʢʘʢ "ʫʥʠʯʪʦʞʝʥʠʝ" ʠ "ʨʘʟʨʫ-

ʰʝʥʠʝ", ʯʪʦʙʳ ʦʧʠʩʘʪʴ ʜʝʡʩʪʚʠʷ ʫʢʨʘʠʥ-

ʩʢʦʛʦ ʧʨʘʚʠʪʝʣʴʩʪʚʘ, ʧʦʤʦʛʣʦ ʘʫʜʠʪʦʨʠʠ 

ʣʫʯʰʝ ʧʦʥʷʪʴ ʥʝʢʦʪʦʨʳʝ ʥʝʜʦʙʨʦʩʦʚʝʩʪ-

ʥʳʝ ʜʝʡʩʪʚʠʷ ʫʢʨʘʠʥʩʢʠʭ ʚʣʘʩʪʝʡ ʠ ʦʙʲ-

ʝʜʠʥʠʪʴ ʥʘʮʠʶ. 

2. ʕʤʦʮʠʦʥʘʣʴʥʘʷ ʬʫʥʢʮʠʷ 

ʃʠ ʖʧʠʥ ʫʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʦʜʥʦʡ ʠʟ 

ʚʘʞʥʳʭ ʬʫʥʢʮʠʡ ʤʝʪʘʬʦʨʳ ʷʚʣʷʝʪʩʷ ʚʳ-

ʨʘʞʝʥʠʝ ʵʤʦʮʠʡ. ʇʨʝʟʠʜʝʥʪ ʇʫʪʠʥ ʠʩ-

ʧʦʣʴʟʦʚʘʣ ʤʝʪʘʬʦʨʳ, ʯʪʦʙʳ ʣʫʯʰʝ ʚʳʨʘ-

ʟʠʪʴ ʩʚʦʠ ʵʤʦʮʠʠ. ʅʘʧʨʠʤʝʨ, ʬʨʘʟʳ, ʪʘʢʠʝ 

ʢʘʢ "ʮʝʣʴ ʵʪʠʭ ʟʘʧʘʜʥʳʭ ʩʪʨʘʥ - ʦʩʣʘʙʠʪʴ, 

ʨʘʟʜʝʣʠʪʴ ʠ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʫʥʠʯʪʦʞʠʪʴ 

ʥʘʰʫ ʩʪʨʘʥʫ", "ʉʦʝʜʠʥʝʥʥʳʝ ʐʪʘʪʳ ʠ 

ʅɸʊʆ ʙʝʩʩʦʚʝʩʪʥʦ ʧʨʝʚʨʘʪʠʣʠ ʫʢʨʘʠʥ-

ʩʢʫʶ ʪʝʨʨʠʪʦʨʠʶ ʚ ʧʦʪʝʥʮʠʘʣʴʥʦʝ ʧʦʣʝ 

ʙʦʝʚʳʭ ʜʝʡʩʪʚʠʡ" ʠ ʜʨ., ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʚʳʟʦʚʘ ʩʠʣʴʥʦʛʦ ʵʤʦʮʠʦʥʘʣʴʥʦʛʦ ʦʪʢʣʠʢʘ 

ʠ ʣʫʯʰʝʛʦ ʚʳʨʘʞʝʥʠʷ ʩʣʦʞʥʦʩʪʠ ʩʠʪʫʘ-

ʮʠʠ, ʩ ʢʦʪʦʨʦʡ ʩʪʦʣʢʥʫʣʘʩʴ ʈʦʩʩʠʷ. 

ʂʨʦʤʝ ʪʦʛʦ, ʤʝʪʘʬʦʨʳ ʪʘʢʞʝ ʚʳʧʦʣʥʷ-

ʶʪ ʬʫʥʢʮʠʶ ʤʦʙʠʣʠʟʘʮʠʠ ʠ ʫʢʨʝʧʣʝʥʠʷ 

ʥʘʮʠʦʥʘʣʴʥʳʭ ʩʧʦʩʦʙʥʦʩʪʝʡ, ʢʦʪʦʨʳʝ ʭʦ-

ʨʦʰʦ ʚʠʜʥʳ ʚ ʚʳʩʢʘʟʳʚʘʥʠʷʭ ʧʨʝʟʠʜʝʥʪʘ, 
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ʪʘʢʠʭ ʢʘʢ: "ʉʫʜʴʙʘ ʈʦʩʩʠʠ ʚʩʝʛʜʘ ʥʘʭʦʜʠʪ-

ʩʷ ʚ ʨʫʢʘʭ ʥʘʜʝʞʥʳʭ ʨʦʩʩʠʡʩʢʠʭ ʛʨʘʞʜʘʥ", 

ʠʩʧʦʣʴʟʫʷ ʘʥʪʨʦʧʦʤʦʨʬʥʳʝ ʩʣʦʚʘ, ʯʪʦʙʳ 

ʤʦʙʠʣʠʟʦʚʘʪʴ ʨʦʩʩʠʡʩʢʫʶ ʘʫʜʠʪʦʨʠʶ ʚ 

ʟʘʱʠʪʝ ʥʘʮʠʦʥʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʜʦ-

ʩʪʦʠʥʩʪʚʘ ʥʘʮʠʠ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ, ʤʝʪʘʬʦʨʳ ʠʛʨʘʶʪ ʚʘʞ-

ʥʫʶ ʨʦʣʴ ʚ ʷʟʳʢʦʚʦʡ ʧʨʘʢʪʠʢʝ ʇʫʪʠʥʘ ʠ 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʦʥʠʤʘʥʠʶ ʝʛʦ ʧʦʣʠʪʠʯʝ-

ʩʢʠʭ ʚʳʩʢʘʟʳʚʘʥʠʡ ʠ ʢʦʥʮʝʧʮʠʡ. ʀʩʧʦʣʴ-

ʟʦʚʘʥʠʝ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʤʝʪʘʬʦʨ ʚ ʝʛʦ 

ʨʝʯʠ ʧʦʤʦʛʘʝʪ ʧʝʨʝʬʦʨʤʫʣʠʨʦʚʘʪʴ ʨʝʘʣʴ-

ʥʦʝ ʧʦʣʦʞʝʥʠʝ ʜʝʣ, ʥʘʧʨʘʚʣʷʪʴ ʤʳʩʣʠ-

ʪʝʣʴʥʳʝ ʧʫʪʠ ʠ ʚʳʟʳʚʘʪʴ ʵʤʦʮʠʦʥʘʣʴʥʳʡ 

ʦʪʢʣʠʢ. ʂʘʢ ʦʜʠʥ ʠʟ ʜʝʩʷʪʠ ʩʘʤʳʭ ʚʣʠʷ-

ʪʝʣʴʥʳʭ ʣʠʜʝʨʦʚ ʤʠʨʘ, ʨʦʩʩʠʡʩʢʠʡ ʣʠʜʝʨ 

ʇʫʪʠʥ ʠʩʢʫʩʥʦ ʠʩʧʦʣʴʟʫʝʪ ʨʘʟʥʦʦʙʨʘʟʥʳʝ 

ʤʝʪʘʬʦʨʳ, ʠ ʠʭ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʠʥʪʝʨʝʩ ʜʣʷ ʘʥʘʣʠʟʘ ʝʛʦ ʷʟʳʢʦʚʦʡ ʩʪʨʘʪʝ-

ʛʠʠ ʠ ʧʦʣʠʪʠʯʝʩʢʦʡ ʨʠʪʦʨʠʢʠ. 
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Abstract. Metaphors are not just a phenomenon in language, they reflect our ways of think-

ing. Our system of concepts, on which our thoughts and actions are based, is essentially meta-

phorical. Consequently, the analysis of metaphors in speech can help to more deeply reveal the 

basic systems of thinking of Russians and more fully understand the real external crises that 

Russia faces. Studies have shown that in these televised speeches, Putin made extensive use of 

metaphors for war, metaphors for travel, metaphors for construction, and metaphors for the 

body. According to the theory of postmodernism, language has a constructive meaning. From the 
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and inspiring tool, awakening deep patriotism and a spirit of harmony in the hearts of Russian 

citizens. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʠʩʩʣʝʜʫʶʪʩʷ ʠ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʥʘʟʚʘʥʠʷ ʧʦʛʦʜʥʳʭ ʷʚʣʝ-

ʥʠʡ ʚ ʨʫʩʩʢʠʭ ʠ ʠʩʧʘʥʩʢʠʭ ʠʜʠʦʤʘʭ, ʢʦʪʦʨʳʝ ʦʪʨʘʞʘʶʪ ʥʘʮʠʦʥʘʣʴʥʫʶ ʠ ʦʙʱʝʯʝʣʦʚʝʯʝ-

ʩʢʫʶ ʩʫʱʥʦʩʪʴ ʢʘʞʜʦʡ ʢʫʣʴʪʫʨʳ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʬʨʘʟʝʦʣʦʛʠʷ ʚ ʰʠʨʦʢʦʤ 

ʩʤʳʩʣʝ, ʠ  ʢ ʝʸ ʬʨʘʟʝʦʣʦʛʠʯʝʩʢʦʤʫ ʬʦʥʜʫ ʦʪʥʦʩʷʪʩʷ ʠʜʠʦʤʳ, ʬʨʘʟʝʦʣʦʛʠʯʝʩʢʠʝ ʩʦʯʝʪʘ-

ʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʣʠʰʴ ʦʜʠʥ ʠʟ ʢʦʤʧʦʥʝʥʪʦʚ ʦʙʣʘʜʘʝʪ ʬʨʘʟʝʦʣʦʛʠʯʝʩʢʠ ʩʚʷʟʘʥʥʳʤ ʟʥʘʯʝʥʠ-

ʝʤ, ʢʨʳʣʘʪʳʝ ʚʳʨʘʞʝʥʠʷ, ʨʝʯʝʚʳʝ ʰʪʘʤʧʳ, ʘ ʪʘʢʞʝ ʩʣʦʚʘ ʩʦ ʩʚʷʟʘʥʥʳʤ ʟʥʘʯʝʥʠʝʤ. ʅʘ 

ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʧʨʠʤʝʥʝʥʠʷ ʚ ʬʨʘʟʝʦʣʦʛʠʯʝʩʢʠʭ ʝʜʠʥʠʮʘʭ ʧʦʛʦʜʥʳʭ ʷʚʣʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʠʭ ʩʦʧʦʩʪʘʚʣʝʥʠʝ, ʦʙʦʙʱʘʶʱʝʝ ʪʠʧʦʚʳʝ ʩʚʦʡʩʪʚʘ ʵʤʦʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʯʝʣʦʚʝʢʘ ʠ 

ʯʝʨʪʳ, ʧʨʠʩʫʱʠʝ ʨʫʩʩʢʦʡ ʠ ʠʩʧʘʥʩʢʦʡ ʥʘʮʠʷʤ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʨʘʟʝʦʣʦʛʠʷ, ʣʠʥʛʚʦʢʫʣʴʪʫʨʦʣʦʛʠʷ, ʣʠʥʛʚʦʩʪʨʘʥʦʚʝʜʝʥʠʝ, ʠʜʠʦʤʳ, 

ʧʦʛʦʜʘ, ʧʦʛʦʜʥʳʝ ʷʚʣʝʥʠʷ, ʨʫʩʩʢʠʡ, ʠʩʧʘʥʩʢʠʡ. 

 

ʆʙʱʝʠʟʚʝʩʪʥʦ, ʯʪʦ ʤʫʜʨʦʩʪʴ ʠ ʜʫʭ 

ʥʘʨʦʜʘ, ʚʳʨʘʞʝʥʥʳʝ ʯʝʨʝʟ ʨʝʯʴ, ʪʦʯʥʝʝ 

ʚʩʝʛʦ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʝʛʦ ʬʨʘʟʝʦʣʦʛʠʟʤʘʭ. 

ʀʟʫʯʝʥʠʝ ʠʜʠʦʤ, ʤʝʪʘʬʦʨ, ʫʩʪʦʡʯʠʚʳʭ 

ʚʳʨʘʞʝʥʠʡ ʩʚʦʝʛʦ ʠ ʜʨʫʛʠʭ ʥʘʨʦʜʦʚ ʩʧʦ-

ʩʦʙʩʪʚʫʝʪ ʥʝ ʪʦʣʴʢʦ ʣʫʯʰʝʤʫ ʧʦʥʠʤʘʥʠʶ 

ʷʟʳʢʘ, ʥʦ ʠ ʣʫʯʰʝʤʫ ʧʦʥʠʤʘʥʠʶ ʦʙʨʘʟʘ 

ʤʳʰʣʝʥʠʷ ʠ ʭʘʨʘʢʪʝʨʘ ʥʘʨʦʜʘ, ʢʦʪʦʨʳʝ 

ʛʦʚʦʨʷʪ ʥʘ ʵʪʦʤ ʷʟʳʢʝ. ʂʘʢ ʛʦʚʦʨʠʣ ɺʠʢ-

ʪʦʨ ɺʣʘʜʠʤʠʨʦʚʠʯ ɺʠʥʦʛʨʘʜʦʚ: çʌʨʘʟʝʦ-

ʣʦʛʠʟʤʳ ï ʵʪʦ ʞʝʤʯʫʞʠʥʳ ʥʘʨʦʜʥʦʡ ʤʫʜ-

ʨʦʩʪʠè [1]. 

ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʨʘʟʝʦ-

ʣʦʛʠʟʤʦʚ ï ʜʘʪʴ ʦʮʝʥʢʫ ʦʙʲʝʢʪʠʚʥʦʡ ʨʝ-

ʘʣʴʥʦʩʪʠ ʷʚʣʝʥʠʡ ʢʘʢ ʚʳʨʘʞʝʥʠʷ ʤʠʨʘ [2, 

3]. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʭʦʪʝʣʦʩʴ ʙʳ ʧʦʜʯʝʨʢ-

ʥʫʪʴ ʦʩʦʙʝʥʥʦʩʪʴ ʦʪʨʘʞʝʥʠʷ ʦʧʨʝʜʝʣʝʥ-

ʥʳʭ ʧʦʛʦʜʥʳʭ ʷʚʣʝʥʠʡ ʠ ʭʘʨʘʢʪʝʨʥʳʝ 

ʩʚʦʡʩʪʚʘ, ʧʨʠʩʚʘʠʚʘʝʤʳʝ ʠʤ ʯʝʨʝʟ ʬʨʘʟʝʦ-

ʣʦʛʠʟʤʳ, ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʨʫʩʩʢʠʭ ʠ ʠʩʧʘʥ-

ʩʢʠʭ ʵʢʚʠʚʘʣʝʥʪʦʚ. ɼʣʷ ʵʪʦʛʦ ʙʳʣ ʟʘʜʝʡ-

ʩʪʚʦʚʘʥ ʤʘʪʝʨʠʘʣ ʠʟ ʩʙʦʨʥʠʢʦʚ ʨʫʩʩʢʠʭ ʠ 

ʠʩʧʘʥʩʢʠʭ ʬʨʘʟʝʦʣʦʛʠʟʤʦʚ [4; 5; 6]. 

ʇʦ ʦʧʨʝʜʝʣʝʥʠʶ ɺ.ʅ. ʊʝʣʠʠ, çʬʨʘʟʝʦ-

ʣʦʛʠʷ ʩʦʩʪʘʚʣʷʝʪ ʥʘʠʙʦʣʝʝ ʞʠʚʫʶ, ʷʨʢʫʶ 

ʠ ʩʚʦʝʦʙʨʘʟʥʫʶ ʯʘʩʪʴ ʩʣʦʚʘʨʥʦʛʦ ʩʦʩʪʘʚʘ 

ʣʶʙʦʛʦ ʷʟʳʢʘ. ʇʦʜʘʚʣʷʶʱʘʷ ʯʘʩʪʴ ʬʨʘ-

ʟʝʦʣʦʛʠʠ ʧʨʠʥʘʜʣʝʞʠʪ ʢ ʨʘʟʣʠʯʥʳʤ ʬʫʥʢ-

ʮʠʦʥʘʣʴʥʳʤ ʩʪʠʣʷʤ ʠ ʦʙʣʘʜʘʝʪ ʵʢʩʧʨʝʩ-

ʩʠʚʥʦʡ ʦʢʨʘʩʢʦʡ. ɺʩʝ ʬʨʘʟʝʦʣʦʛʠʟʤʳ ʦʪ-

ʣʠʯʘʶʪʩʷ ʥʘʮʠʦʥʘʣʴʥʳʤ ʩʚʦʝʦʙʨʘʟʠʝʤ ʠ 

ʤʦʛʫʪ ʧʨʠʦʙʨʝʪʘʪʴ ʵʢʩʧʨʝʩʩʠʚʥʦʝ ʟʥʘʯʝ-

ʥʠʝ ʚ ʢʦʥʪʝʢʩʪʝè [7]. 

ʌʨʘʟʝʦʣʦʛʠʷ ʦʙʨʘʟʫʝʪ ʦʩʦʙʫʶ ʧʦʜʩʠ-

ʩʪʝʤʫ ʚ ʩʠʩʪʝʤʝ ʣʝʢʩʠʢʠ, ʝʜʠʥʠʮʳ ʢʦʪʦʨʦʡ 

ʨʘʟʥʳʝ ʣʠʥʛʚʠʩʪʳ ʥʘʟʳʚʘʶʪ ʧʦ-ʨʘʟʥʦʤʫ. 

ʇʨʠʤʝʥʷʶʪʩʷ ʪʝʨʤʠʥʳ çʬʨʘʟʝʦʣʦʛʠʯʝʩʢʠʝ 

ʝʜʠʥʠʮʳè, çʬʨʘʟʝʦʣʦʛʠʟʤʳè, çʫʩʪʦʡʯʠʚʳʝ 

ʚʳʨʘʞʝʥʠʷè, çʠʜʠʦʤʳè. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʵʪʠ ʪʝʨʤʠʥʳ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚʟʘʠ-

ʤʦʟʘʤʝʥʷʝʤʦ. 

ɺ.ɺ. ɺʠʥʦʛʨʘʜʦʚ ʧʝʨʚʳʤ ʧʦʩʪʘʚʠʣ ʚʦ-

ʧʨʦʩʳ ʦʙʱʝʛʦ ʭʘʨʘʢʪʝʨʘ ʧʦ ʵʪʦʡ ʥʘʫʢʝ, ʘ 

ʪʘʢʞʝ ʩʦʟʜʘʣ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʬʨʘʟʝʦʣʦʛʠ-

ʯʝʩʢʠʭ ʦʙʦʨʦʪʦʚ ʨʫʩʩʢʦʛʦ ʷʟʳʢʘ. ʆʥ ʚʚʝʣ 

ʪʘʢʦʡ ʪʝʨʤʠʥ, ʢʘʢ çʬʨʘʟʝʦʣʦʛʠʯʝʩʢʘʷ ʝʜʠ-

ʥʠʮʘè. 

ʈʦʩʩʠʡʩʢʠʡ ʘʢʘʜʝʤʠʢ ɺ.ɺ. ɺʠʥʦʛʨʘʜʦʚ 

ʨʘʟʨʘʙʦʪʘʣ ʦʨʠʛʠʥʘʣʴʥʫʶ ʢʣʘʩʩʠʬʠʢʘʮʠʶ 

ʚ ʦʙʣʘʩʪʠ ʨʫʩʩʢʦʡ ʬʨʘʟʝʦʣʦʛʠʠ. ʂʣʘʩʩʠ-

ʬʠʢʘʮʠʷ ʦʩʥʦʚʘʥʘ ʥʘ ʤʦʪʠʚʘʮʠʠ ʝʜʠʥʠʮʳ, 

ʪʦ ʝʩʪʴ ʥʘ ʚʟʘʠʤʦʩʚʷʟʠ, ʩʫʱʝʩʪʚʫʶʱʝʡ 

ʤʝʞʜʫ ʟʥʘʯʝʥʠʝʤ ʮʝʣʦʛʦ ʠ ʟʥʘʯʝʥʠʝʤ ʝʛʦ 

ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ. ʌʨʘʟʝʦʣʦʛʠʯʝʩʢʠʝ ʝʜʠ-

ʥʠʮʳ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʦʩʥʦʚʥʳʝ 

ʛʨʫʧʧʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʤʦʪʠʚʘ-

ʮʠʠ: ʠ ʬʨʘʟʝʦʣʦʛʠʯʝʩʢʠʝ ʩʨʘʱʝʥʠʷ, ʬʨʘ-

ʟʝʦʣʦʛʠʯʝʩʢʠʝ ʝʜʠʥʩʪʚʘ, ʬʨʘʟʝʦʣʦʛʠʯʝʩʢʠʝ 

ʩʦʯʝʪʘʥʠʷ [1]. 
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ʌʨʘʟʝʦʣʦʛʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʫʟʢʦʤ ʠ 

ʰʠʨʦʢʦʤ ʩʤʳʩʣʝ. ʆʪʣʠʯʠʪʝʣʴʥʳʤ ʫʩʣʦʚʠ-

ʝʤ ʬʨʘʟʝʦʣʦʛʠʠ ʚ ʰʠʨʦʢʦʤ ʩʤʳʩʣʝ ʦʪ ʬʨʘ-

ʟʝʦʣʦʛʠʠ ʚ ʫʟʢʦʤ ʩʤʳʩʣʝ ʷʚʣʷʝʪʩʷ ʵʢʚʠʚʘ-

ʣʝʥʪʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʠʷ ï ʢʦʥʮʝʧʮʠʷ, ʩ ʢʦ-

ʪʦʨʦʡ ʩʝʛʦʜʥʷ ʩʦʛʣʘʩʥʳ ʙʦʣʴʰʠʥʩʪʚʦ ʠʩ-

ʩʣʝʜʦʚʘʪʝʣʝʡ ʬʨʘʟʝʦʣʦʛʠʠ. ɺ ʜʘʥʥʦʡ ʩʪʘ-

ʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʬʨʘʟʝʦʣʦʛʠʷ ʚ ʰʠʨʦ-

ʢʦʤ ʩʤʳʩʣʝ, ʛʜʝ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʬʨʘʟʝʦ-

ʣʦʛʠʷ, ʢʦʪʦʨʘʷ ʠʟʫʯʘʝʪ ʬʨʘʟʝʤʳ ʚʧʣʦʪʴ ʜʦ 

ʫʨʦʚʥʷ ʧʨʝʜʣʦʞʝʥʠʷ. 

ʄʳ ʯʘʩʪʦ ʧʨʠʩʚʘʠʚʘʝʤ ʪʦʤʫ ʠʣʠ ʠʥʦʤʫ 

ʧʦʛʦʜʥʦʤʫ ʷʚʣʝʥʠʶ ʦʧʨʝʜʝʣʝʥʥʦʝ ʧʩʠʭʦ-

ʣʦʛʠʯʝʩʢʦʝ ʥʘʩʪʨʦʝʥʠʝ: ʥʘʧʨʠʤʝʨ, ʛʨʦʤ ʠ 

ʛʨʦʟʘ ʯʘʱʝ ʚʩʝʛʦ ʘʩʩʦʮʠʠʨʫʶʪʩʷ ʩ ʥʝʛʘ-

ʪʠʚʥʳʤ ʜʫʰʝʚʥʳʤ ʩʦʩʪʦʷʥʠʝʤ, ʪʫʤʘʥ ʠ 

ʜʦʞʜʴ ï ʩ ʤʝʣʘʥʭʦʣʠʯʥʳʤ, ʘ ʩʦʣʥʮʝ ʠ ʷʩ-

ʥʦʝ ʥʝʙʦ ï ʩ ʧʦʟʠʪʠʚʥʳʤ ʠ ʦʧʪʠʤʠʩʪʠʯ-

ʥʳʤ [8]. ʆʪʤʝʪʠʤ ʪʘʢʞʝ, ʯʪʦ ʩʦʛʣʘʩʥʦ ʦʙ-

ʱʠʤ ʩʪʝʨʝʦʪʠʧʘʤ, ʈʦʩʩʠʷ ï ʭʦʣʦʜʥʘʷ, 

çʤʨʘʯʥʘʷè ʩʪʨʘʥʘ, ʘ ʀʩʧʘʥʠʷ ï ʞʘʨʢʘʷ ʠ 

ʩʦʣʥʝʯʥʘʷ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʤʦʞʝʪ ʩʣʦ-

ʞʠʪʴʩʷ ʚʧʝʯʘʪʣʝʥʠʝ, ʯʪʦ ʚ ʨʫʩʩʢʦʤ ʷʟʳʢʝ 

ʝʩʪʴ ʬʨʘʟʝʦʣʦʛʠʟʤʳ, ʩʚʷʟʘʥʥʳʝ ʪʦʣʴʢʦ ʩ 

ʥʝʛʘʪʠʚʥʳʤʠ ʷʚʣʝʥʠʷʤʠ, ʘ ʚ ʠʩʧʘʥʩʢʦʤ ï 

ʪʦʣʴʢʦ ʩ ʧʦʟʠʪʠʚʥʳʤʠ, ʥʦ ʪʘʢ ʣʠ ʵʪʦ? 

ʈʦʩʩʠʷ ʦʯʝʥʴ ʙʦʛʘʪʘ ʨʘʟʥʦʦʙʨʘʟʥʳʤ 

ʢʣʠʤʘʪʦʤ, ʠ, ʝʩʣʠ, ʜʝʡʩʪʚʠʪʝʣʴʥʦ, ʚ ʩʝʚʝʨ-

ʥʳʭ ʰʠʨʦʪʘʭ ʧʦʛʦʜʘ ʭʦʣʦʜʥʘʷ ʠ ʩʫʨʦʚʘʷ, 

ʪʦ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʈʦʩʩʠʠ ʠ ʇʦʚʦʣʞʴʝ 

ʦʯʝʥʴ ʪʝʧʣʳʝ ʟʠʤʳ, ʘ ʥʘ ʶʛʝ ʧʦʛʦʜʘ ʠ ʚʦ-

ʚʩʝ ʚʳʰʝ ʥʫʣʷ ʜʘʞʝ ʟʠʤʦʡ. ʀʩʧʘʥʠʷ ʠʟ-

ʚʝʩʪʥʘ ʚʦ ʚʩʝʤ ʤʠʨʝ ʩʚʦʠʤ ʭʦʨʦʰʠʤ ʢʣʠ-

ʤʘʪʦʤ. ɹʣʘʛʦʜʘʨʷ ʩʚʦʝʤʫ ʛʝʦʛʨʘʬʠʯʝʩʢʦʤʫ 

ʧʦʣʦʞʝʥʠʶ, ʥʘ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʇʠʨʝʥʝʡ-

ʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ ʧʦʯʪʠ ʢʨʫʛʣʳʡ ʛʦʜ ʩʪʦ-

ʠʪ ʧʨʝʢʨʘʩʥʘʷ ʧʦʛʦʜʘ. ʉʦʣʥʮʝ, ʪʝʧʣʘʷ ʠ 

ʧʨʠʷʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʜʝʣʘʝʪ ʞʠʟʥʴ ʚ ʀʩ-

ʧʘʥʠʠ ʥʘʩʪʦʷʱʠʤ ʥʘʩʣʘʞʜʝʥʠʝʤ. ʆʜʥʘʢʦ 

ʩʝʚʝʨ ʀʩʧʘʥʠʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʝʩʴʤʘ ʭʦ-

ʣʦʜʥʳʤ ʠ ʜʦʞʜʣʠʚʳʤ ʢʣʠʤʘʪʦʤ. ʀʤʝʥʥʦ 

ʧʦʵʪʦʤʫ ʚ ʈʦʩʩʠʠ ʠ ʀʩʧʘʥʠʠ ʚʩʪʨʝʯʘʶʪʩʷ 

ʨʘʟʥʳʝ ʬʨʘʟʝʦʣʦʛʠʟʤʳ, ʢʦʪʦʨʳʝ ʥʝ ʚʩʝʛʜʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʪʝʨʝʦʪʠʧʘʤ. 

ʅʘʧʨʠʤʝʨ, ʨʘʩʩʤʦʪʨʠʤ ʪʘʢʦʝ ʧʦʛʦʜʥʦʝ 

ʷʚʣʝʥʠʝ ʢʘʢ ʜʦʞʜʴ. ʈʫʩʩʢʠʡ ʬʨʘʟʝʦʣʦʛʠʟʤ 

ʇʦʩʣʝ ʜʦʞʜʠʯʢʘ ʚ ʯʝʪʚʝʨʛ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʠʩʧʘʥʩʢʦʡ ʬʨʘʟʝ La semana que no tiene 

viernes, ʘ ʝʩʣʠ ʜʦʩʣʦʚʥʦ óʅʝʜʝʣʷ, ʚ ʢʦʪʦ-

ʨʦʡ ʥʝʪ ʯʝʪʚʝʨʛʦʚô. ʕʪʦʪ ʬʨʘʟʝʦʣʦʛʠʟʤ ʦ 

ʥʝʜʦʚʝʨʠʠ, ʢʦʛʜʘ ʤʳ ʧʦʯʪʠ ʫʚʝʨʝʥʳ, ʯʪʦ 

ʞʝʣʘʝʤʦʝ ʩʦʙʳʪʠʝ ʥʝ ʧʨʦʠʟʦʡʜʝʪ. ɽʩʪʴ ʠ 

ʜʨʫʛʦʡ ʬʨʘʟʝʦʣʦʛʠʟʤ ʩ ʥʝʛʘʪʠʚʥʦʡ ʢʦʥʥʦ-

ʪʘʮʠʝʡ ʜʦʞʜʷ: ʠʩʧʘʥʩʢʠʡ ʬʨʘʟʝʦʣʦʛʠʟʤ 

Nunca llueve a gustos de todos ï ʜʦʩʣʦʚʥʦ 

óɼʦʞʜʴ ʥʠʢʦʛʜʘ ʥʝ ʠʜʝʪ ʧʦ ʚʢʫʩʫ ʚʩʝʤô 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʪʦ, ʯʪʦ ʦʯʝʥʴ ʧʨʠʷʪʥʦ ʜʣʷ 

ʦʜʥʠʭ ʣʶʜʝʡ, ʥʝ ʪʘʢ ʫʞ ʧʨʠʷʪʥʦ ʜʣʷ ʜʨʫ-

ʛʠʭ, ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʫʩʩʢʦʡ ʬʨʘʟʝ ɺʩʝʤ 

ʥʝ ʫʛʦʜʠʰʴ.  

ɽʱʝ ʦʜʠʥ ʬʨʘʟʝʦʣʦʛʠʟʤ ʩʦ ʩʣʦʚʦʤ 

ʜʦʞʜʴ ʦʧʠʩʳʚʘʝʪ ʨʘʚʥʦʜʫʰʠʝ ʠ ʙʝʟʫʯʘ-

ʩʪʠʝ, ʧʨʝʥʝʙʨʝʞʝʥʠʝ ʩʣʦʚʘʤʠ ʩʦʙʝʩʝʜʥʠʢʘ, 

ʥʦʣʴ ʚʥʠʤʘʥʠʷ ï ʉomo quien oye llover, ʪʦ 

ʝʩʪʴ ʢʘʢ ʢʪʦ-ʪʦ ʩʣʫʰʘʝʪ ʜʦʞʜʴ (ʨʫʩʩʢʠʡ 

ʵʢʚʠʚʘʣʝʥʪ ï ʨʘʟʚʝʩʠʪʴ ʫʰʠ). ʀʩʪʦʨʠʷ 

ʵʪʦʛʦ ʬʨʘʟʝʦʣʦʛʠʟʤʘ ʚʝʩʴʤʘ ʠʥʪʝʨʝʩʥʘ. ɺ 

1519 ʛʦʜʫ ʚʩʪʨʝʪʠʣʠʩʴ ʠʩʧʘʥʩʢʠʡ ʢʦʥʢʠ-

ʩʪʘʜʦʨ ʕʨʥʘʥ ʂʦʨʪʝʩ ʠ ʠʤʧʝʨʘʪʦʨ ʘʮʪʝʢʦʚ 

ʄʦʥʪʝʩʫʤʘ ʜʣʷ ʨʝʰʝʥʠʷ ʩʫʜʴʙʳ ʘʮʪʝʢʩʢʦʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʩʪʠ. ɺ ʩʦʩʪʘʚʝ ʩʚʠʪʳ ʄʦʥ-

ʪʝʩʫʤʳ ʧʨʠʩʫʪʩʪʚʦʚʘʣ ʯʝʣʦʚʝʢ, ʢʦʪʦʨʳʡ 

ʟʘʥʠʤʘʣ ʥʝʦʙʳʯʥʫʶ ʜʣʷ ʥʘʩ ʜʦʣʞʥʦʩʪʴ ï 

ʞʨʝʮ, ʦʪʚʝʯʘʚʰʠʡ ʟʘ ʢʦʤʤʫʥʠʢʘʮʠʶ ʩ ʙʦ-

ʛʦʤ ʜʦʞʜʷ, ʛʨʦʤʘ ʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ. 

ʆʥ ʚʥʠʤʘʪʝʣʴʥʦ ʩʣʫʰʘʣ ʟʚʫʢʠ ʘʪʤʦʩʬʝʨ-

ʥʳʭ ʦʩʘʜʢʦʚ ʠ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʣ ʠʭ. ʀʤʝʥ-

ʥʦ ʚ ʪʦ ʚʨʝʤʷ, ʢʦʛʜʘ ʨʝʰʘʣʘʩʴ ʩʫʜʴʙʘ ʝʛʦ 

ʛʦʩʫʜʘʨʩʪʚʘ, ʦʥ ʦʪʨʝʰʝʥʥʦ ʚʩʣʫʰʠʚʘʣʩʷ ʚ 

ʟʚʫʢʠ ʜʦʞʜʷ. ʇʦʵʪʦʤʫ ʬʨʘʟʝʦʣʦʛʠʟʤ ʟʘ-

ʢʨʝʧʠʣʩʷ ʚ ʨʝʯʠ ʢʘʢ ʦʙʦʟʥʘʯʝʥʠʝ ʯʝʣʦʚʝʢʘ, 

ʥʝ ʧʨʦʷʚʣʷʶʱʝʛʦ ʥʠʢʘʢʦʡ ʠʥʪʝʨʝʩ ʠʣʠ 

ʚʥʠʤʘʥʠʝ ʢ ʪʦʤʫ, ʦ ʯʝʤ ʝʤʫ ʛʦʚʦʨʷʪ [9]. 

ʇʨʦʜʦʣʞʘʷ ʨʘʟʛʦʚʦʨ ʦ çʜʦʞʜʝè, ʤʳ ʤʦ-

ʞʝʤ ʫʚʠʜʝʪʴ, ʯʪʦ ʚ ʠʩʧʘʥʩʢʦʤ ʷʟʳʢʝ ʵʪʦ 

ʷʚʣʝʥʠʝ ʚʩʪʨʝʯʘʝʪʩʷ ʢʫʜʘ ʯʘʱʝ, ʯʝʤ ʚ ʨʫʩ-

ʩʢʦʤ, ʧʨʠʪʦʤ ʪʘʢʞʝ ʠ ʚ ʧʦʟʠʪʠʚʥʦʡ ʢʦʥʥʦ-

ʪʘʮʠʠ. ʅʘʧʨʠʤʝʨ, ʬʨʘʟʝʦʣʦʛʠʟʤ Lluvia de 

ideas ï óʜʦʞʜʴ ʠʜʝʡô (ʨʫʩʩʢʠʡ ʵʢʚʠʚʘʣʝʥʪ 

ʤʦʟʛʦʚʦʡ ʰʪʫʨʤ) ï ʦʟʥʘʯʘʝʪ ʩʠʪʫʘʮʠʶ, 

ʢʦʛʜʘ ʥʝʢʘʷ ʛʨʫʧʧʘ ʣʶʜʝʡ ʩʦʙʠʨʘʝʪʩʷ ʜʣʷ 

ʦʙʤʝʥʘ ʠʜʝʷʤʠ. Como llovido del cielo ï 

óʢʘʢ ʜʦʞʜʴ ʩ ʥʝʙʘô ï ʦʟʥʘʯʘʝʪ ʧʦʣʫʯʝʥʠʝ 

ʥʝʦʞʠʜʘʥʥʦʛʦ ʧʦʜʘʨʢʘ, ʜʝʥʝʛ, ʝʜʳ ʠ ʪ.ʜ., 

ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʦʞʠʜʘʥʠʡ, ʦʜʥʘʢʦ ʵʪʘ 

ʥʝʦʞʠʜʘʥʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʧʦʣʝʟʥʦʡ ʠ 

ʧʨʠʷʪʥʦʡ ʜʣʷ ʧʦʣʫʯʘʪʝʣʷ. ʈʫʩʩʢʠʡ ʬʨʘʟʝʦ-

ʣʦʛʠʟʤ ʂʘʢ ʩʥʝʛ ʥʘ ʛʦʣʦʚʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʠʩʧʘʥʩʢʦʤʫ ʣʠʰʴ ʦʪʯʘʩʪʠ, ʧʦʪʦʤʫ ʯʪʦ ʚ 

ʨʫʩʩʢʦʡ ʢʫʣʴʪʫʨʝ ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʥʝ ʧʦ-

ʣʝʟʥʳʡ ʠ ʧʨʠʷʪʥʳʡ ʩʶʨʧʨʠʟ, ʘ, ʩʢʦʨʝʝ, 

ʥʘʦʙʦʨʦʪ, ʥʝʞʝʣʘʥʥʳʡ ʠ ʥʝʥʫʞʥʳʡ ʧʦʜʘ-

ʨʦʢ. ʇʨʦʰʣʦʛʦʜʥʠʡ ʩʥʝʛ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ 

ʬʨʘʟʝʦʣʦʛʠʟʤʦʤ ʩ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʢʦʥʥʦ-



193 

- ʌʠʣʦʣʦʛʠʯʝʩʢʠʝ ʥʘʫʢʠ - 

 

International Journal of Humanities and Natural Sciences, vol. 11-4 (86), 2023 

ʪʘʮʠʝʡ, ʦʧʠʩʳʚʘʶʱʝʡ ʯʪʦ-ʪʦ ʚʦʚʩʝ ʥʝ-

ʥʫʞʥʦʝ, ʠʟʣʠʰʥʝʝ. ɽʱʝ ʦʜʥʦ ʚʳʨʘʞʝʥʠʝ 

ɿʠʤʦʡ ʩʥʝʛʘ ʥʝ ʚʳʧʨʦʩʠʰʴ ʛʦʚʦʨʠʪ ʥʘʤ ʦ 

ʞʘʜʥʦʤ, ʩʢʫʧʦʤ ʯʝʣʦʚʝʢʝ. ɸ ʚʳʨʘʞʝʥʠʝ 

ʀʩʢʘʪʴ ʧʨʦʰʣʦʛʦʜʥʠʡ ʩʥʝʛ ʠʤʝʝʪ ʠʨʦʥʠ-

ʯʝʩʢʫʶ ʦʢʨʘʩʢʫ ʠ ʦʟʥʘʯʘʝʪ ʥʘʜʝʷʪʴʩʷ ʚʝʨ-

ʥʫʪʴ ʪʦ, ʯʝʛʦ ʫʞʝ ʥʝʪ ʠ ʥʠʢʦʛʜʘ ʥʝ ʙʫʜʝʪ. 

ɺ ʠʩʧʘʥʩʢʦʡ ʢʫʣʴʪʫʨʝ ʬʨʘʟʝʦʣʦʛʠʟʤʦʚ 

ʩʦ ʩʣʦʚʦʤ ʩʥʝʛ ʥʝʪ, ʨʘʟʚʝ ʯʪʦ ʬʨʘʟʘ Bola de 

nieve ï óʩʥʝʞʥʳʡ ʢʦʤô ï ʪʦ ʝʩʪʴ ʩʣʦʞʥʘʷ ʠ 

ʟʘʧʫʪʘʥʥʘʷ ʩʠʪʫʘʮʠʷ ʩ ʪʝʥʜʝʥʮʠʝʡ ʢ ʨʘʟ-

ʨʘʩʪʘʥʠʶ. ʂʩʪʘʪʠ, ʵʪʦ ʧʦʣʥʦʩʪʴʶ ʩʦʚʧʘʜʘ-

ʝʪ ʩ ʝʛʦ ʘʥʘʣʦʛʦʤ ʚ ʨʫʩʩʢʦʤ ʷʟʳʢʝ. ɸ ʩʪʦʣʴ 

ʤʘʣʦʝ ʢʦʣʠʯʝʩʪʚʦ ʫʩʪʦʡʯʠʚʳʭ ʚʳʨʘʞʝʥʠʡ 

ʩʦ ʩʣʦʚʦʤ çʩʥʝʛè ʫ ʠʩʧʘʥʮʝʚ ʣʝʛʢʦ ʦʙʲʷʩ-

ʥʷʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʳʤ ʦʪʩʫʪʩʪʚʠʝʤ 

ʩʥʝʛʘ ʢʘʢ ʪʘʢʦʚʦʛʦ ʚ ʵʪʦʤ ʩʪʨʘʥʝ.   

ɽʜʠʥʦʛʣʘʩʥʦ ʩʘʤʳʤʠ ʩʫʨʦʚʳʤʠ ʠ ʛʨʦʟ-

ʥʳʤʠ ʷʚʣʝʥʠʷʤʠ ʩʪʘʣʠ ʛʨʦʟʳ ʠ ʙʫʨʠ. ʇʦ-

ʯʪʠ ʢʘʞʜʳʡ ʬʨʘʟʝʦʣʦʛʠʟʤ, ʯʪʦ ʚ ʠʩʧʘʥ-

ʩʢʦʤ, ʯʪʦ ʚ ʨʫʩʩʢʦʤ ʷʟʳʢʘʭ ʟʥʘʯʘʪ ʯʪʦ-ʪʦ 

ʥʝʛʘʪʠʚʥʦʝ, ʛʥʝʚʥʦʝ, ʟʣʦʝ. ʅʘʧʨʠʤʝʨ, ʢʘʢ 

ɻʨʦʤ ʩʨʝʜʠ ʷʩʥʦʛʦ ʥʝʙʘ ï ʦʯʝʥʴ ʥʝʦʞʠʜʘʥ-

ʥʦ; ɹʫʨʷ ʚ ʩʪʘʢʘʥʝ ʚʦʜʳ (ʠʩʧʘʥʩʢʠʡ ʵʢʚʠ-

ʚʘʣʝʥʪ Una tormenta en un vaso de agua) ï 

ʨʘʟʜʫʪʘʷ ʤʝʣʢʘʷ ʧʨʦʙʣʝʤʘ; ʂʘʢ ʛʨʦʤʦʤ ʧʦ-

ʨʘʞʝʥʥʳʡ (ʠʩʧʘʥʩʢʠʡ ʵʢʚʠʚʘʣʝʥʪ 

Quedarse fulminado) ï ʰʦʢʠʨʦʚʘʥʥʳʡ; ʄʝ-

ʪʘʪʴ ʛʨʦʤ ʠ ʤʦʣʥʠʠ (ʠʩʧʘʥʩʢʠʡ ʵʢʚʠʚʘ-

ʣʝʥʪ Echar rayos) ï ʟʣʠʪʴʩʷ ʠ ʨʫʛʘʪʴʩʷ; 

Oler a rayos (ʜʦʩʣʦʚʥʦ óʧʘʭʥʫʪʴ ʤʦʣʥʠʝʡô) 

ï ʧʣʦʭʦ ʧʘʭʥʫʪʴ; Escaper del trueno y dar 

en el relampago (ʜʦʩʣʦʚʥʦ óʩʧʘʩʘʡʩʷ ʦʪ 

ʛʨʦʤʘ ʠ ʚʩʪʫʧʘʡ ʚ ʙʦʡ ʩ ʤʦʣʥʠʝʡô) ï ʠʟ ʦʛ-

ʥʷ ʜʘ ʚ ʧʦʣʳʤʷ [10]. 

ʀʩʢʣʶʯʝʥʠʝʤ ʠʟ ʵʪʦʛʦ ʧʨʘʚʠʣʘ ʷʚʣʷʝʪʩʷ 

ʬʨʘʟʘ Despu®s de la tormenta llega la calma 

(ʜʦʩʣʦʚʥʦ óʧʦʩʣʝ ʙʫʨʠ ʥʘʩʪʫʧʘʝʪ ʩʧʦʢʦʡ-

ʩʪʚʠʝô). ʇʦʩʣʝ ʩʣʦʞʥʦʡ ʩʠʪʫʘʮʠʠ, ʥʝʣʦʚ-

ʢʦʛʦ ʤʦʤʝʥʪʘ ʠʣʠ ʩʠʣʴʥʦʛʦ ʩʧʦʨʘ ʩ ʢʝʤ-ʪʦ 

ʚʩʝ ʚʦʟʚʨʘʱʘʝʪʩʷ ʥʘ ʢʨʫʛʠ ʩʚʦʷ [Rus-

panglish]. ʕʪʫ ʬʨʘʟʫ ʠʩʧʦʣʴʟʫʶʪ, ʯʪʦʙʳ 

ʩʢʘʟʘʪʴ, ʯʪʦ ʪʨʫʜʥʳʡ ʤʦʤʝʥʪ ʫʞʝ ʧʨʦʰʝʣ 

ʠ ʚʩʝ ʩʥʦʚʘ ʢʘʢ ʧʨʝʞʜʝ. ɸ ʨʫʩʩʢʠʡ ʚʘʨʠʘʥʪ 

ʵʪʦʛʦ ʬʨʘʟʝʦʣʦʛʠʟʤʘ ɿʘʪʠʰʴʝ ʧʝʨʝʜ ʙʫʨʝʡ 

ʦʟʥʘʯʘʝʪ ʥʝʩʢʦʣʴʢʦ ʜʨʫʛʦʝ, ʘ ʠʤʝʥʥʦ ʩʧʦ-

ʢʦʡʥʦʝ ʚʨʝʤʷ ʧʝʨʝʜ ʢʘʢʠʤ-ʪʦ ʷʨʢʠʤ ʩʦʙʳ-

ʪʠʝʤ, ʧʨʝʜʯʫʚʩʪʚʠʝ ʯʝʛʦ-ʪʦ ʟʥʘʯʠʪʝʣʴʥʦʛʦ, 

ʧʨʠʯʝʤ ʦʙʳʯʥʦ ʚ ʥʝʛʘʪʠʚʥʦʤ ʟʥʘʯʝʥʠʠ. 

ʇʦʛʦʜʥʦʝ ʷʚʣʝʥʠʝ ʚʝʪʝʨ ʚ ʨʫʩʩʢʠʭ ʬʨʘ-

ʟʝʦʣʦʛʠʟʤʘʭ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʦ ʟʥʘʯʝ-

ʥʠʝʤ ʯʝʛʦ-ʪʦ ʙʳʩʪʨʦʛʦ, ʤʠʤʦʣʝʪʥʦʛʦ, ʫʭʦ-

ʜʷʱʝʛʦ. ʅʘʧʨʠʤʝʨ, ɹʳʩʪʨʝʝ ʚʝʪʨʘ ï ʦʯʝʥʴ 

ʙʳʩʪʨʦ; ʂʘʢ ʚʝʪʨʦʤ ʩʜʫʣʦ ï ʙʝʩʩʣʝʜʥʦ ʠʩ-

ʯʝʟʣʦ; ɺʝʪʝʨ ʚ ʛʦʣʦʚʝ ï ʣʝʛʢʦʤʳʩʣʝʥʥʳʡ 

ʯʝʣʦʚʝʢ; ɹʨʦʩʘʪʴ ʩʣʦʚʘ ʥʘ ʚʝʪʝʨ ï ʥʝ ʚʳ-

ʧʦʣʥʷʪʴ ʦʙʝʱʘʥʠʷ; ɼʝʨʞʘʪʴ ʥʦʩ ʧʦ ʚʝʪʨʫ 

ï ʫʤʝʪʴ ʨʝʰʘʪʴ ʙʳʩʪʨʦ ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʦ-

ʙʣʝʤʳ. 

ɺ ʠʩʧʘʥʩʢʦʡ ʢʫʣʴʪʫʨʝ ʞʝ ʚʝʪʝʨ ʘʩʩʦʮʠ-

ʠʨʫʝʪʩʷ ʙʦʣʴʰʝ ʩ ʥʝʢʠʤ ʧʨʝʧʷʪʩʪʚʠʝʤ, ʢʦ-

ʪʦʨʦʝ ʥʫʞʥʦ ʧʨʝʦʜʦʣʝʪʴ. ʅʘʧʨʠʤʝʨ, ʉon-

tra viento y marea (ʜʦʩʣʦʚʥʦ óʧʨʦʪʠʚ ʚʝʪʨʘ 

ʠ ʤʦʨʷô) ï ʥʘʧʝʨʝʢʦʨ ʩʪʠʭʠʷʤ, ʥʝʩʤʦʪʨʷ ʥʠ 

ʥʘ ʯʪʦ. Un cambio de aires (ʜʦʩʣʦʚʥʦ óʩʤʝ-

ʥʘ ʚʝʪʨʘô) ʦʟʥʘʯʘʝʪ ʩʤʝʥʫ ʦʙʩʪʘʥʦʚʢʠ. Be-

ber los vientos por algo o por alguien (ʜʦ-

ʩʣʦʚʥʦ óʧʠʪʴ ʚʝʪʨʘ ʜʣʷ ʢʦʛʦ-ʪʦ ʠʣʠ ʜʣʷ ʯʝ-

ʛʦ-ʪʦô) ʟʥʘʯʠʪ ʩʪʨʘʩʪʥʦ ʞʝʣʘʪʴ ʠʣʠ ʧʨʝ-

ʩʣʝʜʦʚʘʪʴ ʯʪʦ-ʪʦ. ʊʘʢʞʝ ʫ ʬʨʘʟʝʦʣʦʛʠʟʤʘ 

ʠʤʝʝʪʩʷ ʠ ʚʪʦʨʦʝ ʟʥʘʯʝʥʠʝ ï ʙʳʪʴ ʚʣʶʙ-

ʣʝʥʥʳʤ ʚ ʢʦʛʦ-ʪʦ. ʌʨʘʟʘ Corren malos vet-

ros (ʜʦʩʣʦʚʥʦ óʙʝʛʫʪ ʧʣʦʭʠʝ ʚʝʪʨʘô) ʦʟʥʘ-

ʯʘʝʪ ʩʠʪʫʘʮʠʶ, ʢʦʛʜʘ ʩʢʣʘʜʳʚʘʶʪʩʷ ʥʝʙʣʘ-

ʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ 

ʟʘʜʫʤʘʥʥʦʛʦ. 

ʀʩʪʦʨʠʯʝʩʢʠ ʩʣʦʞʠʣʦʩʴ, ʯʪʦ ʠ ʦʙʣʘʢʘ, ʠ 

ʪʫʯʠ ʚ ʠʩʧʘʥʩʢʦʤ ʷʟʳʢʝ ʥʘʟʳʚʘʶʪʩʷ ʦʜʥʠʤ 

ʩʣʦʚʦʤ çnubesè. ɹʦʣʴʰʠʥʩʪʚʦ ʬʨʘʟʝʦʣʦ-

ʛʠʟʤʦʚ ʚ ʨʫʩʩʢʦʤ ʠ ʠʩʧʘʥʩʢʦʤ ʷʟʳʢʘʭ, ʘʩ-

ʩʦʮʠʠʨʫʶʱʠʝʩʷ ʩ ʦʪʦʨʚʘʥʥʦʩʪʴʶ ʦʪ ʟʝʤʣʠ 

ʠ ʨʝʘʣʴʥʦʩʪʠ, ʧʝʨʝʩʝʢʘʶʪʩʷ, ʥʘʧʨʠʤʝʨ, 

Poner las nubes ï ʧʨʝʚʦʟʥʦʩʠʪʴ ʜʦ ʥʝʙʝʩ, 

Estar por las nubes ï ʟʘʦʙʣʘʯʥʳʝ ʮʝʥʳ, Es-

tar en las nubes ï ʚʠʪʘʪʴ ʚ ʦʙʣʘʢʘʭ.  

ɺ ʨʫʩʩʢʦʤ ʷʟʳʢʝ ʯʝʪʢʦ ʦʱʫʱʘʝʪʩʷ ʨʘʟ-

ʥʠʮʘ ʤʝʞʜʫ ʦʙʣʘʢʘʤʠ ʠ ʪʫʯʘʤʠ: ʧʝʨʚʳʝ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʣʝʛʢʠʝ ʠ ʚʦʟʜʫʰʥʳʝ, ʚʪʦʨʳʝ 

ʪʷʞʝʣʳʝ ʠ ʪʝʤʥʳʝ. ʊʘʢ, ʨʫʩʩʢʠʝ ʬʨʘʟʳ ʩʦ 

ʩʣʦʚʦʤ ʪʫʯʠ ʦʧʠʩʳʚʘʶʪ ʛʨʫʩʪʴ ʠ ʧʦʜʘʚ-

ʣʝʥʥʦʩʪʴ ʚ ʩʚʷʟʠ ʩ ʢʘʢʠʤʠ-ʪʦ ʧʨʦʙʣʝʤʘʤʠ. 

ʅʘʧʨʠʤʝʨ, ɹʳʪʴ ʯʝʨʥʝʝ ʪʫʯʠ ï ʙʳʪʴ 

ʤʨʘʯʥʳʤ, ʧʦʜʘʚʣʝʥʥʳʤ, ʠʣʠ ʊʫʯʠ ʩʛʫʩʪʠ-

ʣʠʩʴ ʥʘʜ ʛʦʣʦʚʦʡ ï ʠʤʝʪʴ ʧʨʦʙʣʝʤʳ. ɸ ʚʦʪ 

ʚ ʠʩʧʘʥʩʢʦʤ ʷʟʳʢʝ ʵʪʦ ʩʣʦʚʦ ʩʢʦʨʝʝ ʦʟʥʘ-

ʯʘʝʪ ʦʧʘʩʥʦʩʪʴ ʠʣʠ ʫʛʨʦʟʫ. ʅʘʧʨʠʤʝʨ, 

Aguantar el nublado ï ʧʝʨʝʞʜʘʪʴ ʛʥʝʚ ʚʳ-

ʰʝʩʪʦʷʱʝʛʦ ʣʠʮʘ, Temer a alguien como a 

un nublado ï ʙʦʷʪʴʩʷ ʢʦʛʦ-ʣʠʙʦ ʢʘʢ ʦʛʥʷ. 

ɽʩʣʠ ʪʫʯʠ ʨʘʟʦʰʣʠʩʴ, ʪʦ ʥʘʜ ʛʦʣʦʚʦʡ 

ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʯʠʩʪʦʝ ʙʝʟʦʙʣʘʯʥʦʝ ʥʝʙʦ, 

ʪʦ ʝʩʪʴ Ver el cielo abierto ï ʥʝʙʣʘʛʦʧʨʠʷʪ-

ʥʳʡ ʧʝʨʠʦʜ ʤʠʥʦʚʘʣ ʠ ʤʦʞʥʦ ʚʟʜʦʭʥʫʪʴ ʩ 

ʦʙʣʝʛʯʝʥʠʝʤ. ɸ ʚ ʨʫʩʩʢʦʤ ʷʟʳʢʝ ʙʳʚʘʶʪ 
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ʅʘ ʩʝʜʴʤʦʤ ʥʝʙʝ, ʢʦʛʜʘ ʭʦʪʷʪ ʩʢʘʟʘʪʴ, ʯʪʦ 

ʢʪʦ-ʪʦ ʦʯʝʥʴ ʩʯʘʩʪʣʠʚ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʠʤʝʶʱʠʝʩʷ ʩʪʝʨʝʦʪʠʧʳ, 

ʢʘʩʘʶʱʠʝʩʷ ʧʦʛʦʜʳ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 

ʣʠʥʛʚʦʢʫʣʴʪʫʨʘʭ, ʫʩʪʦʡʯʠʚʳʝ ʚʳʨʘʞʝʥʠʷ ʚ 

ʨʫʩʩʢʦʤ ʠ ʠʩʧʘʥʩʢʦʤ ʷʟʳʢʘʭ ʠʥʦʛʜʘ ʩʦ-

ʩʪʘʚʣʝʥʳ ʚʦʧʨʝʢʠ ʦʙʱʝʧʨʠʥʷʪʳʤ ʩʪʝʨʝʦ-

ʪʠʧʘʤ. ʉʫʱʝʩʪʚʫʶʪ ʢʘʢ ʧʦʭʦʞʠʝ ʢʦʥʥʦʪʘ-

ʮʠʠ ʦʪʜʝʣʴʥʳʭ ʧʦʛʦʜʥʳʭ ʷʚʣʝʥʠʡ ʚ ʦʙʦʠʭ 

ʷʟʳʢʘʭ (ʥʘʧʨʠʤʝʨ, ʬʨʘʟʝʦʣʦʛʠʟʤʳ ʧʨʦ 

ʛʨʦʤ), ʪʘʢ ʠ ʧʨʷʤʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ, ʦʙʫ-

ʩʣʦʚʣʝʥʥʳʝ ʨʘʟʣʠʯʥʳʤʠ ʬʘʢʪʦʨʘʤʠ: ʨʘʟ-

ʥʳʤ ʦʪʥʦʰʝʥʠʝʤ ʢ ʪʦʤʫ ʠʣʠ ʠʥʦʤʫ ʷʚʣʝ-

ʥʠʶ ʚ ʜʘʥʥʦʡ ʤʝʩʪʥʦʩʪʠ (ʥʘʧʨʠʤʝʨ, ʚʝ-

ʪʝʨ), ʦʜʠʥʘʢʦʚʳʤ ʥʘʟʚʘʥʠʝʤ ʨʘʟʥʳʭ ʧʦ-

ʛʦʜʥʳʭ ʷʚʣʝʥʠʡ (ʥʘʧʨʠʤʝʨ, ʦʙʣʘʢʘ/ʪʫʯʠ), 

ʠʣʠ ʧʨʦʩʪʦ ʢʫʣʴʪʫʨʥʳʤʠ ʪʨʘʜʠʮʠʷʤʠ.  

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʥʘʩʪʨʦʝ-

ʥʠʝʤ, ʚʳʨʘʞʝʥʥʳʤ ʚ ʨʫʩʩʢʠʭ ʬʨʘʟʝʦʣʦ-

ʛʠʟʤʘʭ ʯʝʨʝʟ ʧʦʛʦʜʥʳʝ ʷʚʣʝʥʠʷ, ʷʚʣʷʶʪʩʷ 

ʛʥʝʚ, ʟʣʦʩʪʴ, ʥʝʧʨʠʷʪʥʘʷ ʥʝʦʞʠʜʘʥʥʦʩʪʴ. ɺ 

ʠʩʧʘʥʩʢʠʭ ʢʨʳʣʘʪʳʭ ʚʳʨʘʞʝʥʠʷʭ ʥʘʠʙʦ-

ʣʝʝ ʧʦʧʫʣʷʨʥʳʤʠ ʵʤʦʮʠʷʤʠ, ʚʳʨʘʞʘʝʤʳ-

ʤʠ ʯʝʨʝʟ ʧʦʛʦʜʥʳʝ ʷʚʣʝʥʠʷ, ʩʪʘʣʠ ʚʦʩʪʦʨʛ, 

ʛʨʫʩʪʴ, ʩʧʦʢʦʡʩʪʚʠʝ. ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ ʚ 

ʦʙʦʠʭ ʷʟʳʢʘʭ ʙʦʛʘʪʩʪʚʦ ʠ ʦʙʰʠʨʥʳʡ ʩʣʦ-

ʚʘʨʴ ʬʨʘʟʝʦʣʦʛʠʟʤʦʚ, ʢʘʩʘʶʱʠʭʩʷ ʧʦʛʦʜ-

ʥʳʭ ʷʚʣʝʥʠʡ. 
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Abstract. This article examines and analyzes the names of weather phenomena in Russian and 

Spanish idioms that reflect the national and universal essence of each culture. The article exam-

ines phraseology in a broad sense, and its phraseological fund includes idioms, phraseological 

combinations in which only one of the components has a phraseologically related meaning, 

winged expressions, speech stamps, as well as words with a related meaning. Based on the anal-
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ʄ.ʊ. ʅʫʨʤʘʤʘʪʦʚʘ, ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ʆʰʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 
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ɸʥʥʦʪʘʮʠʷ. ʈʦʣʴ ʨʦʜʥʦʛʦ ʷʟʳʢʘ ʚ ʣʠʪʝʨʘʪʫʨʥʦʤ ʪʚʦʨʯʝʩʪʚʝ ʢʘʞʜʦʛʦ ʥʘʨʦʜʘ ʟʘʥʠʤʘ-

ʝʪ ʦʩʦʙʦʝ ʤʝʩʪʦ ʚ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʠ ʩʪʘʥʦʚʣʝʥʠʠ ʨʫʢʦʧʠʩʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʪʶʨʢʩʢʠʭ ʥʘʨʦ-

ʜʦʚ. ʅʘʨʦʜʥʦ-ʣʠʪʝʨʘʪʫʨʥʳʝ ʠ ʷʟʳʢʦʚʳʝ ʪʨʘʜʠʮʠʠ, ʦʜʠʥʘʢʦʚʦ ʨʘʩʧʨʦʩʪʨʘʥʠʚʰʠʝʩʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ ʚʩʝ ʨʦʜʩʪʚʝʥʥʳʝ ʪʶʨʢʩʢʠʝ ʥʘʨʦʜʳ ʠ ʬʦʨʤʠʨʦʚʘʚʰʠʝʩʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 

ʚʝʢʦʚ, ʥʝ ʤʦʛʫʪ ʩʯʠʪʘʪʴʩʷ ʧʨʠʥʘʜʣʝʞʘʱʠʤʠ ʪʦʣʴʢʦ ʦʜʥʦʤʫ ʠʟ ʥʠʭ. 

ʅʘ ʦʩʦʙʦʤ ʫʨʦʚʥʝ ʥʘʭʦʜʷʪʩʷ ʨʦʣʴ ʠ ʤʝʩʪʦ ʧʨʦʮʝʩʩʘ ʧʝʨʝʭʦʜʘ ʦʪ ʥʘʨʦʜʥʦʛʦ ʪʚʦʨʯʝ-

ʩʪʚʘ ʢ ʨʫʢʦʧʠʩʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʚ ʫʢʨʝʧʣʝʥʠʠ ʧʦʟʠʮʠʡ ʨʦʜʥʦʛʦ ʷʟʳʢʘ ʚ ʥʘʮʠʦʥʘʣʴʥʦʡ ʣʠʪʝ-

ʨʘʪʫʨʝ. 

ʅʘʨʷʜʫ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʨʫʢʦʧʠʩʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʪʶʨʢʩʢʠʭ ʥʘʨʦʜʦʚ ʥʝ ʧʨʝʢʨʘʱʘʣʩʷ 

ʧʨʦʮʝʩʩ ʨʘʟʚʠʪʠʷ ʤʥʦʛʦʚʝʢʦʚʦʛʦ ʫʩʪʥʦʛʦ ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʷʟʳʢʘ ʵʪʠʭ ʥʘʨʦʜʦʚ, ʥʘʦʙʦʨʦʪ, 

ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʦʥ ʨʘʟʚʠʚʘʣʩʷ ʧʘʨʘʣʣʝʣʴʥʦ, ʦʙʦʛʘʱʘʷ ʜʨʫʛ ʜʨʫʛʘ. ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʶʨʢʩʢʦʡ ʨʫʢʦʧʠʩʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʚ ʩʨʝʜʥʠʝ ʚʝʢʘ ʙʳʣʦ ʚʳʟʚʘʥʦ ʨʘʟ-

ʚʠʪʠʝʤ ʩʦʮʠʘʣʴʥʦʡ ʠ ʜʫʭʦʚʥʦʡ ʢʫʣʴʪʫʨʳ ʥʘʨʦʜʦʚ, ʧʨʦʞʠʚʘʚʰʠʭ ʥʘ ʦʙʰʠʨʥʦʡ ʪʝʨʨʠʪʦ-

ʨʠʠ ʦʪ ʚʦʩʪʦʢʘ ʜʦ ʟʘʧʘʜʘ ɽʚʨʘʟʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʦʜʥʦʡ ʷʟʳʢ, ʨʫʥʠʢʘ, ʨʫʢʦʧʠʩʥʳʡ ʷʟʳʢ, ʣʠʪʝʨʘʪʫʨʥʳʝ ʪʨʘʜʠʮʠʠ, ʤʘ-

ʥʫʩʢʨʠʧʪʠʢʘ, ʧʠʩʤʝʥʥʦʩʪʴ. 

 

ʈʦʣʴ ʨʦʜʥʦʛʦ ʷʟʳʢʘ ʚ ʣʠʪʝʨʘʪʫʨʥʦʤ 

ʪʚʦʨʯʝʩʪʚʝ ʢʘʞʜʦʛʦ ʥʘʨʦʜʘ ʟʘʥʠʤʘʝʪ ʦʩʦ-

ʙʦʝ ʤʝʩʪʦ ʚ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʠ ʩʪʘʥʦʚʣʝʥʠʠ 

ʨʫʢʦʧʠʩʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʪʶʨʢʩʢʠʭ ʥʘʨʦ-

ʜʦʚ. ʅʘʨʦʜʥʦ-ʣʠʪʝʨʘʪʫʨʥʳʝ ʠ ʷʟʳʢʦʚʳʝ 

ʪʨʘʜʠʮʠʠ, ʦʜʠʥʘʢʦʚʦ ʨʘʩʧʨʦʩʪʨʘʥʠʚʰʠʝʩʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ ʚʩʝ ʨʦʜʩʪʚʝʥʥʳʝ ʪʶʨʢʩʢʠʝ 

ʥʘʨʦʜʳ ʠ ʬʦʨʤʠʨʦʚʘʚʰʠʝʩʷ ʥʘ ʧʨʦʪʷʞʝ-

ʥʠʠ ʚʝʢʦʚ, ʥʝ ʤʦʛʫʪ ʩʯʠʪʘʪʴʩʷ ʧʨʠʥʘʜʣʝ-

ʞʘʱʠʤʠ ʪʦʣʴʢʦ ʦʜʥʦʤʫ ʠʟ ʥʠʭ. ɺʝʜʴ ʩ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʨʫʢʦʧʠʩʥʦʛʦ ʪʚʦʨʯʝʩʪʚʘ, 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʨʝʛʠʦʥʘ ʧʨʦʞʠʚʘʥʠʷ ʨʦʜ-

ʩʪʚʝʥʥʳʭ ʥʘʨʦʜʦʚ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʠʭ ʠʩ-

ʢʦʥʥʳʝ ʷʟʳʢʦʚʳʝ ʠ ʬʦʣʴʢʣʦʨʥʳʝ ʪʚʦʨʯʝ-

ʩʢʠʝ ʪʨʘʜʠʮʠʠ, ʩʦʭʨʘʥʠʚʰʠʝʩʷ ʩʦ ʚʨʝʤʝʥ 

ʧʨʝʜʢʦʚ, ʥʘʯʠʥʘʶʪ ʨʘʟʚʠʚʘʪʴʩʷ ʩʘʤʦʩʪʦʷ-

ʪʝʣʴʥʦ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ 

ʧʨʦʮʝʩʩ ʧʝʨʝʭʦʜʘ ʥʘʮʠʦʥʘʣʴʥʳʭ ʣʠʪʝʨʘʪʫʨ 

ʦʪ ʷʟʳʢʦʚʦʡ ʠ ʪʚʦʨʯʝʩʢʦʡ ʦʙʱʥʦʩʪʠ ʢ ʩʘ-

ʤʦʩʪʦʷʪʝʣʴʥʦʩʪʠ ʥʘʯʠʥʘʝʪʩʷ ʩ ʪʦʛʦ ʤʦʤʝʥ-

ʪʘ, ʢʦʛʜʘ ʪʨʘʜʠʮʠʠ ʚ ʥʘʨʦʜʥʦʡ ʫʩʪʥʦʡ ʣʠ-

ʪʝʨʘʪʫʨʳ ʥʘʯʠʥʘʶʪ ʧʝʨʝʭʦʜʠʪʴ ʚ ʨʫʢʦʧʠʩ-

ʥʫʶ ʣʠʪʝʨʘʪʫʨʫ. 

çʇʠʩʤʝʥʥʦʩʪʴ ʥʝ ʚʝʯʥʘ. ʄʥʦʛʠʝ ʝʝ ʧʦ-

ʪʝʨʷʣʠ. ʅʦ ʫʩʪʥʳʡ ʷʟʳʢ ï ʚʦʪ ʪʦʪ ʙʝʩ-

ʩʤʝʨʪʥʳʡ ʠʩʪʦʯʥʠʢ ʠʩʪʦʨʠʯʝʩʢʠʭ ʟʥʘʥʠʡ, 

ʢʦʪʦʨʳʡ ʤʳ ʦʪʢʨʳʣʠ ʩ ʧʦʩʣʝʜʥʝʡ ʩʪʨʘʥʠ-

ʮʳ...ɿʘ ʜʚʘ ʩʪʦʣʝʪʠʷ ʨʫʥʦʣʦʛʠʠ ʥʠ ʦʜʠʥ 

ʧʘʤʷʪʥʠʢ ʥʝ ʧʨʦʯʪʝʥ. ɸ ʪʝʢʩʪ ʪʶʨʢʩʢʠʭ 

ʵʧʠʪʘʬʠʯʝʩʢʠʭ ʵʧʦʩʦʚ ʪʦʛʦ ʞʝ ʧʝʨʠʦʜʘ 

ʟʚʫʯʠʪ ʢʘʢ ʩʝʛʦʜʥʷʱʥʷʷ ʞʠʚʘʷ ʨʝʯʴè [1, 

ʩ. 528] ï ʢʘʢ ʧʠʩʘʣ ʆ. ʉʫʣʝʡʤʝʥʦʚ, ʫʩʪʥʘʷ 

ʨʝʯʴ ʚʩʝʛʜʘ ʦʩʪʘʥʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ ʞʠʚʳʤ 

ʚʳʨʘʞʝʥʠʝʤ ʣʠʪʝʨʘʪʫʨʥʦ-ʷʟʳʢʦʚʦʡ ʧʘʤʷ-

ʪʠ. ʆʜʥʘʢʦ ʨʫʢʦʧʠʩʥʘʷ ʣʠʪʝʨʘʪʫʨʘ ʪʶʨʢ-

ʩʢʠʭ ʥʘʨʦʜʦʚ, ʩʫʤʝʚʰʠʭ ʩʦʟʜʘʪʴ ʩʚʦʠ ʚʝ-

ʣʠʢʠʝ ʬʦʣʴʢʣʦʨʥʳʝ ʪʨʘʜʠʮʠʠ, ʦʩʪʘʚʘʣʘʩʴ 

ʚ ʦʩʥʦʚʝ ʥʘʨʦʜʥʦʡ ʫʩʪʥʦʡ ʣʠʪʝʨʘʪʫʨʳ, ʘ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʨʫʢʦʧʠʩʥʦʡ ʣʠʪʝʨʘʪʫʨʳ 

ʙʳʣʦ ʦʛʨʘʥʠʯʝʥʦ, ʦʩʦʙʝʥʥʦ ʫ ʥʘʨʦʜʦʚ, 

ʩʬʦʨʤʠʨʦʚʘʚʰʠʭ ʢʦʯʝʚʦʡ ʦʙʨʘʟ ʞʠʟʥʠ, 

ʧʨʠʚʦʜʠʪ ʢ ʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʥʘ ʫʟʢʫʶ 

ʪʝʨʨʠʪʦʨʠʶ.  

ʄʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʚʣʠʷʥʠʝ ʨʫʥʠʯʝ-

ʩʢʦʡ ʧʠʩʴʤʝʥʥʦʩʪʠ, ʨʘʩʧʨʦʩʪʨʘʥʠʚʰʝʡʩʷ 

ʧʦ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ʪʶʨʢʩʢʠʭ ʥʘʨʦʜʦʚ ʚ 

ʩʝʨʝʜʠʥʝ V-XII ʚʚ., ʧʨʠʚʝʣʦ ʢ ʬʦʨʤʠʨʦʚʘ-

ʥʠʶ ʨʫʢʦʧʠʩʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʪʶʨʢʩʢʠʭ 

ʥʘʨʦʜʦʚ. ʂʦʥʝʯʥʦ, ʧʦʵʤʘ ɾ. ɹʘʣʘʩʘʛʳʥʘ 

çɹʣʘʛʦʜʘʪʥʦʝ ʟʥʘʥʠʝè ʥʘʭʦʜʠʣʩʷ ʧʦʜ ʚʣʠ-

ʷʥʠʝʤ ʩʨʝʜʥʝʚʝʢʦʚʦʡ ʤʫʩʫʣʴʤʘʥʩʢʦʡ ʨʝ-

ʣʠʛʠʠ ʠ ʧʦʵʟʠʠ ʚʦʩʪʦʯʥʳʭ ʥʘʨʦʜʦʚ. ʆʜʥʘ-
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ʢʦ ʥʝ ʙʫʜʝʪ ʦʰʠʙʢʦʡ ʩʢʘʟʘʪʴ, ʯʪʦ ʣʶʙʳʝ 

ʨʝʣʠʛʠʦʟʥʦ-ʢʫʣʴʪʫʨʥʳʝ, ʣʠʪʝʨʘʪʫʨʥʳʝ ʠ 

ʜʨʫʛʠʝ ʚʥʝʰʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʩʚʷʟʘʥʳ ʩ ʩʠ-

ʣʦʡ ʚʦʩʧʨʠʷʪʠʷ ʤʝʩʪʥʦʛʦ ʥʘʩʝʣʝʥʠʷ.  

çɸʨʘʙʩʢʠʡ ʧʫʪʝʰʝʩʪʚʝʥʥʠʢ ɸʙʫ ɼʫʣʘʬ 

ʚ ʩʚʦʝʤ ʧʨʦʠʟʚʝʜʝʥʠʠ çʇʝʨʚʦʝ ʩʦʦʙʱʝ-

ʥʠʝè (çʈʠʩʘʘʣʘʪʫ ʣ-ʘʚʚʘʣʴè), ʥʘʧʠʩʘʥʥʦʤ ʚ 

X ʚʝʢʝ, ʫʧʦʤʠʥʘʣ, ʯʪʦ ʚʦ ʚʨʝʤʷ ʩʚʦʠʭ ʧʫ-

ʪʝʰʝʩʪʚʠʡ ʦʥ ʚʩʪʨʝʯʘʣ ʢʳʨʛʳʟʦʚ. 

ʋ ʥʠʭ ʝʩʪʴ ʭʨʘʤ ʠ ʧʠʰʫʱʘʷ ʨʫʯʢʘ. ɸ ʩ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʷʟʳʢ ʣʴʝʪʩʷ, ʢʘʢ ʧʝʩʥʷ, ʠ 

ʦʥʠ ʧʦʣʴʟʫʶʪʩʷ ʠʤʠ ʚʦ ʚʨʝʤʷ ʙʦʛʦʩʣʫʞʝ-

ʥʠʷ...è [2, ʩ. 289] ï ʧʠʰʝʪ ʊ. ʏʦʨʦʪʝʛʠʥ. 

ɾ. ɹʘʣʘʩʘʛʳʥʘ, ʚʳʭʦʜʮʘ ʠʟ ʂʳʨʛʳʟʩʢʦʛʦ 

ʨʝʛʠʦʥʘ, ʦʜʥʦʡ ʠʟ ʧʨʦʛʨʝʩʩʠʚʥʳʭ ʧʦʧʫʣʷ-

ʮʠʡ ʪʶʨʢʩʢʠʭ ʥʘʨʦʜʦʚ ʚ ʩʨʝʜʥʠʝ ʚʝʢʘ, ʠ 

ʥʘʧʠʩʘʥʠʝ ʩʣʦʚʘʨʷ ʄ. ʂʘʰʢʘʨʠ ʤʦʞʥʦ 

ʥʘʟʚʘʪʴ ʠʩʪʦʨʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʬʦʨʤʠ-

ʨʦʚʘʥʠʷ ʠʭ ʨʫʢʦʧʠʩʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠ 

ʧʠʩʴʤʝʥʥʦʛʦ ʥʘʫʯʥʦʛʦ ʷʟʳʢʘ. 

ɾ. ɹʘʣʘʩʘʛʳʥ ʠ ʄ. ʂʘʰʢʘʨʠ, ʠʤʝʚʰʠʝ 

ʦʩʦʙʦʝ ʤʝʩʪʦ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʨʫʢʦʧʠʩʥʦʡ 

ʣʠʪʝʨʘʪʫʨʳ ʠ ʷʟʳʢʘ ʪʶʨʢʩʢʠʭ ʥʘʨʦʜʦʚ ʚ 

ʩʨʝʜʥʠʝ ʚʝʢʘ, ʦʪʤʝʯʘʣʠ, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ ʣʠ-

ʪʝʨʘʪʫʨʥʦ-ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʛʦ ʠʩʪʦʯʥʠʢʘ 

ʦʥʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʥʘʨʦʜʥʦ-ʜʠʜʘʢʪʠʯʝʩʢʠʝ 

ʤʘʪʝʨʠʘʣʳ, ʘ ʪʘʢʞʝ ʬʦʣʴʢʣʦʨʥʳʝ ʧʨʦʠʟʚʝ-

ʜʝʥʠʷ, ʪʘʢʠʭ ʥʘʨʦʜʦʚ, ʢʘʢ ʯʠʛʠʣʴ, ʷʛʤʘ, 

ʩʦʛʜʫ, ʘʨʛʫ, ʪʫʭʩʠ, ʢʳʧʯʘʢʠ ʠ ʢʳʨʛʳʟʳ. 

ʅʝʜʘʨʦʤ ʜʠʜʘʢʪʠʯʝʩʢʘʷ ʧʦʵʤʘ 

ɾ. ɹʘʣʘʩʘʛʳʥʘ çɹʣʘʛʦʜʘʪʥʦʝ ʟʥʘʥʠʝè ʠ 

çʉʙʦʨʥʠʢ ʪʶʨʢʩʢʠʭ ʩʣʦʚè ʄ. ʂʘʰʢʘʨʠ 

ʙʳʣʠ ʩʦʙʨʘʥʳ ʫ ʥʘʨʦʜʦʚ, ʚʝʢʘʤʠ ʨʘʟʜʝ-

ʣʷʚʰʠʭ ʠ ʨʘʟʚʠʚʘʚʰʠʭ ʩʚʦʝ ʥʘʨʦʜʥʦʝ ʠʩ-

ʢʫʩʩʪʚʦ. ɸʢʘʜʝʤʠʢ ɸ.ʅ. ʂʦʥʦʥʦʚ ʦʙʨʘ-

ʱʘʣʩʷ ʢ ʵʪʦʤʫ ʚʦʧʨʦʩʫ: ç...ʩʦʜʝʨʞʠʪ 7500 

ʩʣʦʚ, ʦʪʨʘʞʘʶʱʠʭ ʣʝʢʩʠʢʫ ʪʶʨʢʩʢʠʭ ʢʘ-

ʨʘʭʘʥʩʢʠʭ, ʭʘʢʘʥʩʢʠʭ, ʪʫʨʢʤʝʥʩʢʠʭ, ʦʛʫ-

ʟʦʚʩʢʠʭ, ʯʠʛʠʣʴʩʢʠʭ, ʷʛʤʠʥʩʢʠʭ ʠ ʢʳʨʛʳʟ-

ʩʢʠʭ ʷʟʳʢʦʚè [3, ʩ. 12] ï ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʫ 

ʨʦʜʩʪʚʝʥʥʳʭ ʥʘʨʦʜʦʚ ʩʦʙʠʨʘʣʠʩʴ ʣʠʥʛʚʠ-

ʩʪʠʯʝʩʢʠʝ, ʬʦʣʴʢʣʦʨʥʳʝ ʠ ʜʨʫʛʠʝ ʤʘʪʝʨʠ-

ʘʣʳ. ʅʘʰ ʧʨʝʜʦʢ ʖʩʫʬ: ç...ʩʢʦʣʴʢʦ ʨʘʟ-

ʥʳʭ ʩʣʦʚ ʚ ʷʟʳʢʝ, ʢʦʪʦʨʳʡ ʟʘʩʪʘʚʣʷʝʪ ʜʫ-

ʤʘʪʴ, ʤʳ ʝʛʦ ʧʨʠʥʝʩʣʠ, ʧʦʩʤʦʪʨʠʪʝ ʚʩʝ 

ʣʶʜʠè [4, ʩ. 24] ʠʣʠ çʉʢʦʣʴʢʦ ʜʦʙʨʘ (ʩʦ-

ʙʨʘʥʥʳʭ) ʚ ʤʠʨʝ ʢʦʥʯʠʪʩʷ, ʠʩʯʝʟʥʫʪ, ʝʩʣʠ 

ʩʣʦʚʘ ʙʫʜʫʪ ʥʘʧʠʩʘʥʳ, ʪʦ ʦʥʠ ʜʦʩʪʠʛʥʫʪ 

ʙʫʜʫʰʝʝè [4, ʩ. 70] ï ʠ ʦʪʤʝʯʘʝʪ, ʯʪʦ ʜʫ-

ʭʦʚʥʦʝ ʙʦʛʘʪʩʪʚʦ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʮʝʥʥʳʤ. 

ɺʦʟʚʨʘʱʘʷʩʴ ʢ ʪʘʢʠʤ ʚʦʧʨʦʩʘʤ, ʧʨʦʠʩʭʦ-

ʜʠʪ ʧʨʦʮʝʩʩ ʩʪʘʥʦʚʣʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʨʦʜ-

ʥʦʛʦ ʷʟʳʢʘ ʚ ʣʠʪʝʨʘʪʫʨʥʦʤ ʪʚʦʨʯʝʩʪʚʝ, 

ʧʨʝʞʜʝ ʚʩʝʛʦ ʚ ʬʦʣʴʢʣʦʨʝ, ʘ ʟʘʪʝʤ ʯʝʨʝʟ 

ʨʫʢʦʧʠʩʥʫʶ ʣʠʪʝʨʘʪʫʨʫ. ʄʦʞʥʦ ʩʢʘʟʘʪʴ, 

ʯʪʦ ʷʟʳʢ ʢʘʞʜʦʡ ʥʘʮʠʠ ʬʦʨʤʠʨʫʝʪʩʷ ʧʘ-

ʨʘʣʣʝʣʴʥʦ ʚ ʝʝ ʫʩʪʥʦʡ ʠ ʨʫʢʦʧʠʩʥʦʡ ʣʠʪʝ-

ʨʘʪʫʨʝ, ʘ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʦʟʜʘʶʪʩʷ ʫʩʣʦ-

ʚʠʷ ʜʣʷ ʨʘʟʚʠʪʠʷ ʨʦʜʥʦʛʦ ʷʟʳʢʘ ʥʫʞʥʦʡ 

ʧʦʧʫʣʷʮʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, 

ʯʪʦ ʭʫʜʦʞʝʩʪʚʝʥʥʦʝ ʨʘʟʚʠʪʠʝ ʨʦʜʥʦʛʦ 

ʷʟʳʢʘ ʢʘʞʜʦʛʦ ʥʘʨʦʜʘ ʚ ʣʠʪʝʨʘʪʫʨʝ ʤʥʦʛʦ-

ʛʨʘʥʥʦ ʠ ʨʘʟʥʦʩʪʦʨʦʥʥʝ. ʅʘ ʦʩʦʙʦʤ ʫʨʦʚʥʝ 

ʥʘʭʦʜʷʪʩʷ ʨʦʣʴ ʠ ʤʝʩʪʦ ʧʨʦʮʝʩʩʘ ʧʝʨʝʭʦʜʘ 

ʦʪ ʥʘʨʦʜʥʦʛʦ ʪʚʦʨʯʝʩʪʚʘ ʢ ʨʫʢʦʧʠʩʥʦʡ ʣʠ-

ʪʝʨʘʪʫʨʝ ʚ ʫʢʨʝʧʣʝʥʠʠ ʧʦʟʠʮʠʡ ʨʦʜʥʦʛʦ 

ʷʟʳʢʘ ʚ ʥʘʮʠʦʥʘʣʴʥʦʡ ʣʠʪʝʨʘʪʫʨʝ. ʅʝʜʘ-

ʨʦʤ ʥʘʨʦʜʥʘʷ ʣʠʪʝʨʘʪʫʨʘ ʨʦʜʩʪʚʝʥʥʳʭ 

ʥʘʨʦʜʦʚ, ʦʪ ʥʝʙʦʣʴʰʠʭ ʪʨʘʜʠʮʠʦʥʥʳʭ ʠ 

ʪʨʫʜʦʚʳʭ ʧʝʩʝʥ ʜʦ ʧʦʩʣʦʚʠʮ, ʧʦʛʦʚʦʨʦʢ, 

ʦʨʘʪʦʨʩʢʦʛʦ ʠʩʢʫʩʩʪʚʘ ʠ ʵʧʠʯʝʩʢʦʡ ʧʦʵ-

ʟʠʠ, ʠʤʝʝʪ ʩʚʦʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ, 

ʧʨʝʞʜʝ ʚʩʝʛʦ ʦʥ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʨʫʢʦʧʠʩʥʦʡ 

ʣʠʪʝʨʘʪʫʨʝ.  

ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʫʧʦʤʷʥʫʪʳʝ ʚʳʰʝ 

ʬʦʣʴʢʣʦʨʥʳʝ ʠ ʜʨʫʛʠʝ ʧʨʦʠʟʚʝʜʝʥʠʷ, 

ʩʪʘʚʰʠʝ ʧʦ-ʥʘʩʪʦʷʱʝʤʫ ʧʦʧʫʣʷʨʥʳʤʠ, 

ʧʨʠʚʦʜʷʪ ʢ ʟʘʙʚʝʥʠʶ ʥʝ ʪʦʣʴʢʦ ʦʪʜʝʣʴʥʦʛʦ 

ʘʚʪʦʨʘ, ʥʦ ʠ ʟʘʪʝʤʥʝʥʠʶ ʘʚʪʦʨʩʪʚʘ ʥʘʨʦʜʘ, 

ʠʭ ʩʦʟʜʘʚʰʠʭ. ɸ ʧʦ ʨʫʢʦʧʠʩʥʦʡ ʣʠʪʝʨʘʪʫ-

ʨʝ, ʢʦʪʦʨʘʷ ʥʘʯʘʣʘ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʚ ʉʨʝʜ-

ʥʠʝ ʚʝʢʘ ʫ ʪʶʨʢʩʢʦʛʦ ʥʘʨʦʜʘ, ʚʠʜʥʦ, ʯʪʦ 

ʢʘʞʜʳʡ ʥʘʨʦʜ ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʪʚʦʨʯʝ-

ʩʢʠʤ ʣʶʜʷʤ ʩʪʘʣ ʠʤʝʪʴ ʩʚʦʶ ʥʘʮʠʦʥʘʣʴ-

ʥʫʶ ʧʠʩʴʤʝʥʥʦʩʪʴ ʠ ʣʠʪʝʨʘʪʫʨʫ. ʌʦʣʴʢ-

ʣʦʨʥʦ-ʣʠʪʝʨʘʪʫʨʥʦʝ ʪʚʦʨʯʝʩʪʚʦ ʦʪ ʦʙʱʝʛʦ 

ʢ ʠʥʜʠʚʠʜʫʘʣʴʥʦʩʪʠ, ʪʦʯʥʝʝ, ʢ ʥʘʨʦʜʫ ʠʣʠ 

ʢ ʘʚʪʦʨʫ ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʝʞʜʝ ʚʩʝʛʦ ʙʣʘʛʦ-

ʜʘʨʷ ʨʫʢʦʧʠʩʥʦʡ ʣʠʪʝʨʘʪʫʨʝ.  

çʇʦ ʢʦʥʪʝʢʩʪʫ ʧʨʦʠʟʚʝʜʝʥʠʷ ʩʣʦʚʘʨʴ 

ʩʦʜʝʨʞʠʪ 291 ʧʦʩʣʦʚʠʮʫ, 300 ʦʪʨʳʚʢʦʚ ʠ 

ʯʝʪʳʨʝʭ ʩʪʨʦʯʥʳʭ ʩʪʠʭʦʪʚʦʨʝʥʠʡ ʨʘʟʣʠʯ-

ʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ. ɺʦʟʤʦʞʥʦ, ʧʨʦʠʩʭʦʞʜʝ-

ʥʠʝ ʪʝʢʩʪʦʚ ʥʝʢʦʪʦʨʳʭ ʧʝʩʝʥ ʚʦʩʭʦʜʠʪ ʥʝ 

ʢ ʬʦʣʴʢʣʦʨʫ, ʘ ʢ ʧʠʩʴʤʝʥʥʳʤ ʠʩʪʦʯʥʠ-

ʢʘʤè [5, ʩ. 74] ï ʢʘʢ ʦʪʤʝʯʘʝʪ ʘʢʘʜʝʤʠʢ 

ɸ. ʕʨʢʝʙʘʝʚ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦ 

ɾ. ɹʘʣʘʩʘʛʳʥʝ ʠ ʄ. ʂʘʰʢʘʨʠ ʥʝʣʴʟʷ ʩ ʫʚʝ-

ʨʝʥʥʦʩʪʴʶ ʩʢʘʟʘʪʴ, ʯʪʦ ʦʥʠ ʥʘʧʠʩʘʣʠ ʩʚʦʠ 

ʧʨʦʠʟʚʝʜʝʥʠʷ ʪʦʣʴʢʦ ʥʘ ʦʩʥʦʚʝ ʫʩʪʥʳʭ ʤʘ-

ʪʝʨʠʘʣʦʚ. ɺʝʜʴ ʥʝʣʴʟʷ ʦʪʨʠʮʘʪʴ, ʯʪʦ 

ɾ. ɹʘʣʘʩʘʛʳʥ ʠ ʄ. ʂʘʰʢʘʨʠ ʥʝ ʙʳʣʠ ʙʣʠʟ-

ʢʦ ʟʥʘʢʦʤʳ ʩ ʨʫʥʠʯʝʩʢʠʤʠ ʪʝʢʩʪʘʤʠ ʥʘ 

ʧʘʤʷʪʥʠʢʘʭ ʪʶʨʢʩʢʠʭ ʥʘʨʦʜʦʚ ʊʘʣʘʩʘ, 
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ʂʦʯʢʦʨʘ, ɽʥʝʩʘʷ, ʆʨʭʦʥʘ. ɻʦʚʦʨʷ ʧʨʦʩʪʳ-

ʤʠ ʩʣʦʚʘʤʠ, ʢʘʢ ʧʨʦʛʨʝʩʩʠʚʥʳʝ ʣʶʜʠ ʪʦʛʦ 

ʚʨʝʤʝʥʠ, ʦʥʠ ʜʦʣʞʥʳ ʙʳʣʠ ʟʥʘʢʦʤʳʤʠ ʩ 

ʨʫʥʠʯʝʩʢʦʡ ʧʠʩʴʤʝʥʥʦʩʪʴʶ ʩʚʦʝʛʦ ʥʘʨʦʜʘ, 

ʠ ʠʭ ʨʦʣʴ ʚ ʧʝʨʝʭʦʜʝ ʦʪ çʵʧʠʪʘʬʠʯʝʩʢʦʡ 

ʣʠʪʝʨʘʪʫʨʳè ʢ çʨʫʢʦʧʠʩʥʦʡ ʣʠʪʝʨʘʪʫʨʝè ʠ 

çʫʩʪʥʦʛʦ ʷʟʳʢʘè ʢ çʧʠʩʴʤʝʥʥʦʤʫè ʥʝ ʤʦ-

ʞʝʤ ʦʪʨʠʮʘʪʴ. ʊʦʪ ʬʘʢʪ, ʯʪʦ ʩʘʤ ɹʘʣʘʩʘ-

ʛʳʥ ʦʪʤʝʯʘʝʪ, ʯʪʦ çʵʪʦ ʦʜʥʦ ʠʟ ʧʝʨʚʳʭ 

ʧʨʦʠʟʚʝʜʝʥʠʡ, ʥʘʧʠʩʘʥʥʳʭ ʥʘ ʪʶʨʢʩʢʦʤ 

ʷʟʳʢʝè, ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʯʘʣʦ ʬʦʨʤʠʨʦʚʘ-

ʥʠʷ ʨʫʢʦʧʠʩʥʦʡ (ʤʘʥʫʩʢʨʠʧʪʠʯʝʩʢʦʡ) ʣʠ-

ʪʝʨʘʪʫʨʳ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʝ ʪʚʦʨʯʝʩʪʚʦ ʪʶʨʢʩʢʠʭ 

ʥʘʨʦʜʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʢʳʨʛʳʟʦʚ, ʬʦʨʤʠʨʦ-

ʚʘʣʦʩʴ ʠ ʨʘʟʚʠʚʘʣʦʩʴ ʚ ʠʭ ʨʫʥʠʯʝʩʢʦʡ 

ʧʠʩʴʤʝʥʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʨʫ-

ʢʦʧʠʩʥʘʷ ʣʠʪʝʨʘʪʫʨʘ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ 

ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʢʘʢ ʛʦʨʦʜʩʢʦʝ ʣʠʪʝʨʘʪʫʨ-

ʥʦʝ ʪʚʦʨʯʝʩʪʚʦ. 

ʆʩʦʙʦʝ ʤʝʩʪʦ ɾ. ɹʘʣʘʩʘʛʳʥʘ ʚ ʩʪʘʥʦʚ-

ʣʝʥʠʠ ʩʨʝʜʥʝʚʝʢʦʚʦʡ ʨʫʢʦʧʠʩʥʦʡ ʣʠʪʝʨʘ-

ʪʫʨʳ ʠ ʧʠʩʴʤʝʥʥʦʩʪʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʝʩʣʠ 

ʥʘʨʦʜʥʦʝ ʬʦʣʴʢʣʦʨʥʦʝ ʪʚʦʨʯʝʩʪʚʦ ʩʪʘʣʦ 

ʥʦʚʳʤ ʵʪʘʧʦʤ ʪʨʘʜʠʮʠʡ ʨʫʥʠʯʝʩʢʦʛʦ 

ʧʠʩʴʤʝʥʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ ʩ ʭʫʜʦʞʝ-

ʩʪʚʝʥʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʝʡ ʚ ʨʫʢʦʧʠʩʥʦʡ 

ʣʠʪʝʨʘʪʫʨʝ, ʠ çʉʙʦʨʥʠʢ ʪʶʨʢʩʢʠʭ ʷʟʳʢʦʚè 

ʄ. ʂʘʰʢʘʨʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʨʦʜʥʦʡ ʧʠʩʴ-

ʤʝʥʥʳʡ ʷʟʳʢ ʚʩʪʫʧʠʣ ʚ ʥʦʚʳʡ ʵʪʘʧ. 

ɾ. ɹʘʣʘʩʘʛʳʥ ʩʦʟʜʘʣ ʩʚʦʶ ʧʦʵʤʫ çɹʣʘ-

ʛʦʜʘʪʥʦʝ ʟʥʘʥʠʝè ʚ ʪʚʦʨʯʝʩʢʦʤ ʩʠʥʪʝʟʝ 

ʨʫʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʳ ʪʶʨʢʩʢʠʭ ʥʘʨʦʜʦʚ 

ʠ ʨʫʢʦʧʠʩʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʚʦʩʪʦʯʥʳʭ 

ʥʘʨʦʜʦʚ, ʥʘʭʦʜʠʚʰʝʡʩʷ ʚ ʩʪʘʜʠʠ ʩʚʦʝʛʦ 

ʨʘʟʚʠʪʠʷ ʚ X ʚʝʢʘʭ ʉʨʝʜʥʝʚʝʢʦʚʴʷ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ ʵʪʦ ʢʣʘʩʩʠʯʝʩʢʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ 

ʉʨʝʜʥʝʚʝʢʦʚʴʷ ʥʘʧʠʩʘʥʦ ʦʙʱʝʧʨʠʥʷʪʦʡ 

ʜʣʷ ʪʶʨʢʩʢʠʭ ʥʘʨʦʜʦʚ ʧʠʩʴʤʝʥʥʦʩʪʴʶ, ʘ ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʥʦ ʙʳʣʦ ʥʘʧʠʩʘʥʦ ʣʠʪʝʨʘ-

ʪʫʨʥʳʤ ʷʟʳʢʦʤ, ʥʘ ʢʦʪʦʨʦʤ ʫʤʝʶʪ ʯʠʪʘʪʴ 

ʠ ʧʠʩʘʪʴ ʚʩʝ ʥʘʨʦʜʳ, ʩʚʦʙʦʜʥʦ ʚʣʘʜʝʶʱʠʝ 

ʪʶʨʢʩʢʠʤ ʷʟʳʢʦʤ. ɿʜʝʩʴ ʤʳ ʚʠʜʠʤ, ʯʪʦ 

ʫʩʪʥʘʷ ʣʠʪʝʨʘʪʫʨʘ ʢʳʨʛʳʟʦʚ ʙʳʣʘ ʚʟʷʪʘ ʚ 

ʧʨʝʜʤʝʪ ʠʭ ʨʫʢʦʧʠʩʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʫ 

ʪʶʨʢʩʢʠʭ ʥʘʨʦʜʦʚ ʚ ʮʝʣʦʤ ʯʝʨʝʟ çɹʣʘʛʦ-

ʜʘʪʥʦʝ ʟʥʘʥʠʝè ɾ. ɹʘʣʘʩʘʛʳʥʘ ʠ çʉʙʦʨʥʠʢ 

ʪʶʨʢʩʢʠʭ ʩʣʦʚè ʄ. ʂʘʰʢʘʨʠ. ʈʘʟʫʤʝʝʪʩʷ, 

ʜʠʜʘʢʪʠʯʝʩʢʠʝ (ʧʦʩʣʦʚʠʮʳ, ʧʦʛʦʚʦʨʢʠ, 

ʧʨʝʜʘʥʠʷ ʠ ʪ.ʧ.) ʞʘʥʨʳ ʢʳʨʛʳʟʦʚ ʚ ʬʦʣʴʢ-

ʣʦʨʥʦʤ ʤʘʪʝʨʠʘʣʝ ʪʶʨʢʩʢʠʭ ʥʘʨʦʜʦʚ ʜʦ-

ʧʦʣʥʷʶʪ ʦʩʥʦʚʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʜʘʥʥʦʡ ʨʘ-

ʙʦʪʳ. ɺʠʜʥʦ, ʯʪʦ ʣʠʪʝʨʘʪʫʨʥʦ-

ʜʠʜʘʢʪʠʯʝʩʢʠʝ ʠ ʣʠʥʛʚʦʭʫʜʦʞʝʩʪʚʝʥʥʳʝ 

ʤʘʪʝʨʠʘʣʳ ʪʶʨʢʩʢʠʭ ʥʘʨʦʜʦʚ, ʚ ʩʚʦʶ ʦʯʝ-

ʨʝʜʴ, ʩʦʩʪʘʚʣʷʶʪ ʷʜʨʦ ʥʘʧʠʩʘʥʠʷ ʵʪʠʭ 

ʧʨʦʠʟʚʝʜʝʥʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʥ ʩʯʠʪʘʝʪ-

ʩʷ ʥʘʫʯʥʦ-ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʦʙʲʝʢʪʦʤ ʠʟʫʯʝ-

ʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʦʧʨʦʩʦʚ ʨʦʜʥʦʛʦ ʷʟʳʢʘ ʚ 

ʧʝʨʚʦʡ ʨʫʢʦʧʠʩʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʢʘʞʜʦʛʦ ʠʟ 

ʪʶʨʢʩʢʠʭ ʥʘʨʦʜʦʚ. ʊʦʯʥʝʝ, ʷʜʨʦ ʥʘʨʦʜʥʳʭ 

ʧʨʦʠʟʚʝʜʝʥʠʡ ʚ çɹʣʘʛʦʜʘʪʥʦʤ ʟʥʘʥʠʠè ɾ. 

ɹʘʣʘʩʘʛʳʥʘ ʠ ʩʣʦʚʘʨʝ ʄ. ʂʘʰʢʘʨʠ ʤʦʞʥʦ 

ʫʚʠʜʝʪʴ ʠ ʚ ʪʝʢʩʪʘʭ, ʩʦʭʨʘʥʠʚʰʠʭʩʷ ʚ ʦʨ-

ʭʦʥʦ-ʝʥʠʩʝʡʩʢʠʭ ʥʘʜʧʠʩʷʭ V-IX ʚʚ. 

ç...ʦʪʤʝʯʘʷ, ʯʪʦ ʧʦʵʪʠʯʝʩʢʠʝ ʪʝʢʩʪʳ, 

ʧʨʦʩʣʘʚʣʷʶʱʠʝ ʛʝʨʦʠʟʤ ʚ çʉʣʦʚʘʨʝè, ʘ 

ʪʘʢʞʝ ɹʦʣʴʰʦʡ ʠ ʄʘʣʳʡ ʧʘʤʷʪʥʠʢʠ ʚ 

ʯʝʩʪʴ ʂʫʣʴʪʝʛʠʥʘ ʠ ʊʦʥʫʢʫʢʘ ʚ ʦʨʭʦʥʦ-

ʝʥʠʩʝʡʩʢʠʭ ʥʘʜʧʠʩʷʭ ʠʤʝʶʪ ʦʙʱʠʝ ʯʝʨʪʳ 

ʣʠʙʦ ʚ ʧʣʘʥʝ ʦʙʱʝʡ ʢʦʤʧʦʟʠʮʠʠ, ʣʠʙʦ ʚ 

ʧʣʘʥʝ ʦʧʠʩʘʥʠʷ ʩʦʙʳʪʠʡ...è. ɸʢʘʜʝʤʠʢ 

ɸ. ɸʢʤʘʪʘʣʠʝʚ ʧʠʰʝʪ, ʯʪʦ çɼʠ-

ʚʘʥʝè...ʩʙʦʨʥʠʢ ʩʦʯʠʥʝʥʠʡ ʠʤʝʝʪ ʦʙʱʠʝ 

ʯʝʨʪʳ ʩ ʧʦʵʤʦʡ çɹʣʘʛʦʜʘʪʥʦʝ ʟʥʘʥʠʝè, 

ʦʩʦʙʝʥʥʦ ʩ ʧʝʩʥʷʤʠ-ʧʦʫʯʝʥʠʷʤʠ ç...è [6, 

ʩ. 64]. ʄʦʞʥʦ ʩ ʫʚʝʨʝʥʥʦʩʪʴʶ ʩʢʘʟʘʪʴ, ʯʪʦ 

ɾ. ɹʘʣʘʩʘʛʳʥ ʠ ʄ. ʂʘʰʢʘʨʠ ʧʨʠ ʥʘʧʠʩʘ-

ʥʠʠ ʩʚʦʝʛʦ ʪʨʫʜʘ ʠ ʩʣʦʚʘʨʷ ʦʧʠʨʘʣʠʩʴ 

ʧʨʝʞʜʝ ʚʩʝʛʦ ʥʘ ʙʦʣʴʰʦʡ ʪʚʦʨʯʝʩʢʠʡ ʦʧʳʪ 

ʩʚʦʝʛʦ ʥʘʨʦʜʘ. ʅʝ ʙʫʜʝʪ ʦʰʠʙʢʦʡ ʩʢʘʟʘʪʴ, 

ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʩʦʩʨʝʜʦʪʦʯʠʪʴ ʚʥʠʤʘʥʠʝ 

ʝʱʝ ʥʘ ʦʜʥʦʤ ʚʘʞʥʦʤ ʤʦʤʝʥʪʝ. ʅʘʨʷʜʫ ʩ 

ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʨʫʢʦʧʠʩʥʦʡ ʣʠʪʝʨʘʪʫʨʳ 

ʪʶʨʢʩʢʠʭ ʥʘʨʦʜʦʚ ʥʝ ʧʨʝʢʨʘʱʘʣʩʷ ʧʨʦʮʝʩʩ 

ʨʘʟʚʠʪʠʷ ʤʥʦʛʦʚʝʢʦʚʦʛʦ ʫʩʪʥʦʛʦ ʣʠʪʝʨʘ-

ʪʫʨʥʦʛʦ ʷʟʳʢʘ ʵʪʠʭ ʥʘʨʦʜʦʚ, ʥʘʦʙʦʨʦʪ, 

ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʦʥ ʨʘʟʚʠʚʘʣʩʷ ʧʘʨʘʣ-

ʣʝʣʴʥʦ, ʦʙʦʛʘʱʘʷ ʜʨʫʛ ʜʨʫʛʘ. 

ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʪʶʨʢʩʢʦʡ ʨʫʢʦʧʠʩʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʚ ʩʨʝʜ-

ʥʠʝ ʚʝʢʘ ʙʳʣʦ ʚʳʟʚʘʥʦ ʨʘʟʚʠʪʠʝʤ ʩʦʮʠ-

ʘʣʴʥʦʡ ʠ ʜʫʭʦʚʥʦʡ ʢʫʣʴʪʫʨʳ ʥʘʨʦʜʦʚ, 

ʧʨʦʞʠʚʘʚʰʠʭ ʥʘ ʦʙʰʠʨʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʦʪ 

ʚʦʩʪʦʢʘ ʜʦ ʟʘʧʘʜʘ ɽʚʨʘʟʠʠ. 

ʀʟʫʯʘʚʰʠʡ ʵʪʦʪ ʚʦʧʨʦʩ ʚ ʠʩʪʦʨʠʢʦ-

ʵʪʥʦʛʨʘʬʠʯʝʩʢʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ɺ. 

ɼ. ɻʦʨʷʯʝʚʘ: çɺ ʉʝʤʠʨʝʯʴʝ ʠ ʄʘʚʝʨʘʥ-

ʥʘʭʨʝ ʰʝʣ ʧʘʨʘʣʣʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʩʪʘʥʦʚ-

ʣʝʥʠʷ ʪʶʨʢʩʢʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠ ʨʘʟʚʠʪʠʷ 

ʣʠʪʝʨʘʪʫʨʳ ʥʘ ʜʘʨʠ (ʬʘʨʩʠ), ʤʝʞʜʫ ʢʦʪʦ-

ʨʳʤʠ ʩʫʱʝʩʪʚʦʚʘʣʘ ʪʝʩʥʘʷ ʩʚʷʟʴ. ʉ ʢʦʥʮʘ 

X-XI  ʚʚ. ʚʦʩʪʦʯʥʳʤ ʬʦʨʧʦʩʪʦʤ ʤʫʩʫʣʴ-

ʤʘʥʩʢʦʡ ʫʯʝʥʦʩʪʠ ʩʪʘʥʦʚʷʪʩʷ ʛʦʨʦʜʘ ɹʘʣʘ-
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ʩʘʛʫʥ ʠ ʂʘʰʛʘʨé ɸʚʪʦʨ çʂʫʪʘʜʛʫ ʙʠʣʠʛè 

ʠʩʧʳʪʘʣ ʚʣʠʷʥʠʝ ʣʠʪʝʨʘʪʫʨʥʦʡ ʰʢʦʣʳ, 

ʩʣʦʞʠʚʰʝʡʩʷ ʚ IX-X ʚʚ. ʚ ɹʫʭʘʨʝé ɺ ʥʝʡ 

ʚʩʪʨʝʯʘʶʪʩʷ ʥʘʠʤʝʥʦʚʘʥʠʷ ʧʣʝʤʝʥ, ʦʙʠ-

ʪʘʚʰʠʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʂʳʨʛʳʟʩʪʘʥʘ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʠ ʚ ʛʦʨʦʜʘʭ. ɸʚʪʦʨ ʰʠʨʦʢʦ ʠʩʧʦʣʴ-

ʟʫʝʪ ʥʘʨʦʜʥʫʶ ʤʫʜʨʦʩʪʴ, ʪʶʨʢʩʢʠʡ ʬʦʣʴʢ-

ʣʦʨ, ʧʦʩʣʦʚʠʮʳ, ʧʦʛʦʚʦʨʢʠ, ʢʨʳʣʘʪʳʝ ʩʣʦ-

ʚʘ, ʩʠʤʚʦʣʠʢʠ ʩʚʦʝʡ ʵʧʦʭʠè [7, ʩ. 233-236]. 

ɺ ʛʦʨʦʜʘʭ ɹʘʣʘʩʘʛʳʥ, ɹʘʨʩʢʦʥ, ʋʟʛʝʥ ʠ 

ʜʨʫʛʠʭ ʧʨʦʞʠʚʘʶʪ ʥʝ ʪʦʣʴʢʦ ʪʶʨʢʠ, ʚ 

ʨʘʡʦʥʝ ʊʝʥʠʨ-ʊʦʦ ʞʠʚʫʪ ʭʦʨʦʰʦ ʦʙʨʘʟʦ-

ʚʘʥʥʳʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ 

ɾ. ɹʘʣʘʩʘʛʳʥ ʠ ʄ. ʂʘʰʢʘʨʠ ʢʘʢ ʧʨʦʛʨʝʩ-

ʩʠʚʥʳʝ ʧʨʦʩʚʝʪʠʪʝʣʠ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʝ 

ʧʠʩʤʝʥʥʦʩʪʴ, ʦʙʦʛʘʪʠʣʠ ʠ ʨʘʟʚʠʣʠ ʪʶʨʢ-

ʩʢʠʡ ʣʠʪʝʨʘʪʫʨʥʳʡ ʷʟʳʢ ʪʨʘʜʠʮʠʷʤʠ ʣʠ-

ʪʝʨʘʪʫʨʥʦʛʦ ʷʟʳʢʘ ʚʦʩʪʦʯʥʳʭ ʥʘʨʦʜʦʚ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʩʘʤ ɾ. ɹʘʣʘʩʘʛʳʥ 

ʚʦʩʧʠʪʳʚʘʣʩʷ ʚ ʛʦʨʦʜʩʢʦʡ ʢʫʣʴʪʫʨʝ, ʯʝʨʝʟ 

ʣʠʪʝʨʘʪʫʨʥʦ-ʜʠʜʘʢʪʠʯʝʩʢʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ 

çɹʣʘʛʦʜʘʪʥʦʝ ʟʥʘʥʠʝè ʝʤʫ ʫʜʘʣʦʩʴ ʩʦʟʜʘʪʴ 

ʚ ʩʠʥʪʝʟʝ ʨʫʢʦʧʠʩʥʦʛʦ ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʷʟʳ-

ʢʘ ʠ ʫʩʪʥʦʛʦ ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʷʟʳʢʘ ʪʶʨʢ-

ʩʢʠʭ ʥʘʨʦʜʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʢʳʨʛʳʟʩʢʦʛʦ 

ʥʘʨʦʜʘ, ʥʘ ʦʩʥʦʚʝ ʬʦʣʴʢʣʦʨʥʦ-

ʧʦʵʪʠʯʝʩʢʦʛʦ ʦʧʳʪʘ ʤʝʩʪʥʳʭ ʪʶʨʢʩʢʠʭ 

ʥʘʨʦʜʦʚ. ʕʪʦ ʩʦʟʜʘʣʦ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦ-

ʚʠʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʨʦʜ-

ʥʦʛʦ ʷʟʳʢʘ ʠ ʥʘʫʢʠ ʪʶʨʢʦʚ, ʧʨʦʞʠʚʘʚʰʠʭ 

ʧʨʝʞʜʝ ʚʩʝʛʦ ʚ ʊʝʥʠʨ-ʊʦʦ, ʧʨʠʩʫʪʩʪʚʠʝ 

ʤʥʦʛʠʭ ʫʯʝʥʳʭ ʠ ʪʚʦʨʯʝʩʢʠʭ ʣʶʜʝʡ ʜʨʫ-

ʛʠʭ ʥʘʮʠʦʥʘʣʴʥʦʩʪʝʡ ʚʤʝʩʪʝ ʩ ʪʶʨʢʩʢʠʤ 

ʥʘʩʝʣʝʥʠʝʤ ʚ ʛʦʨʦʜʝ ɹʘʣʘʩʘʛʳʥ ʧʦʢʘʟʳʚʘ-

ʝʪ, ʯʪʦ ʥʘʫʢʘ ʚ ʛʦʨʦʜʘʭ ʨʝʛʠʦʥʘ ʊʝʥʠʨ-ʊʦʦ 

ʤʥʦʛʦʛʨʘʥʥʘ, ʚʢʣʶʯʘʷ ʣʠʪʝʨʘʪʫʨʦʚʝʜʝʥʠʝ 

ʠ ʣʠʥʛʚʠʩʪʠʢʫ. 

ʇʦ ʪʦʤʫ, ʯʪʦ ʧʠʩʘʣ ʧʦ ʵʪʦʤʫ ʧʦʚʦʜʫ 

ʊ. ʏʦʨʦʪʝʛʠʥ: çɹʘʣʘʩʘʛʫʥʠ - ʙʦʣʴʰʦʡ ʛʦ-

ʨʦʜ... ʀʟ ʥʝʛʦ ʚʳʰʣʦ ʤʥʦʛʦ ʫʯʸʥʳʭ, ʩʨʝʜʠ 

ʥʠʭ ï ɸʙʫ ɸʙʜʫʣʣʘʭ ʄʫʭʘʤʤʝʜ ʠʙʥ ʄʫʩʘ 

ʘʣʴ-ɹʘʣʘʩʘʛʫʥʠè [2, ʩ.292]. ʉʪʠʣʴ ʧʠʩʴʤʘ 

ʵʧʦʩʘ ɾ. ɹʘʣʘʩʘʛʳʥʘ ʧʦʢʘʟʳʚʘʝʪ ʪʝʩʥʫʶ 

ʩʚʷʟʴ ʛʦʨʦʜʩʢʦʛʦ ʠ ʜʝʨʝʚʝʥʩʢʦʛʦ ʣʠʪʝʨʘ-

ʪʫʨʥʦʛʦ ʷʟʳʢʘ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʷ ʦ ʛʘʨʤʦʥʠʠ 

ʢʳʨʛʳʟʩʢʦʡ ʧʦʵʟʠʠ. ʅʘʧʨʠʤʝʨ, ʚ ʩʣʦʚʘʨʝ 

ʄ. ʂʘʰʢʘʨʠ ʤʳ ʥʘʭʦʜʠʤ ʩʚʝʜʝʥʠʷ ʦ ʩʫʱʝ-

ʩʪʚʦʚʘʥʠʠ ʥʘʨʦʜʥʳʭ ʥʦʩʠʪʝʣʝʡ ʵʧʠʯʝʩʢʠʭ 

ʪʨʘʜʠʮʠʡ ʠ ʧʝʚʮʦʚ ʚ ʩʨʝʜʥʠʝ ʚʝʢʘ.  ʕʪʦ 

ʚʘʞʥʳʡ ʵʪʘʧ ʧʨʝʚʨʘʱʝʥʠʷ ʠʩʢʫʩʩʪʚʘ ʩʣʦʚʘ 

ʠ ʧʝʥʠʷ ʚ ʧʠʩʴʤʝʥʥʫʶ ʨʝʯʴ. ʕʪʦ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʩʨʝʜʥʠʝ ʚʝʢʘ 

ʛʦʨʦʜʩʢʘʷ ʠ ʜʝʨʝʚʝʥʩʢʘʷ ʢʫʣʴʪʫʨʘ ʪʶʨʢ-

ʩʢʠʭ ʥʘʨʦʜʦʚ ʩʦʩʫʱʝʩʪʚʦʚʘʣʠ, ʘ ʛʦʨʦʜʩʢʘʷ 

ʢʫʣʴʪʫʨʘ ʪʶʨʢʦʚ ʚ ʥʝʢʦʪʦʨʦʡ ʩʪʝʧʝʥʠ ʩʦ-

ʭʨʘʥʷʣʘ ʪʚʦʨʯʝʩʢʠʝ ʪʨʘʜʠʮʠʠ ʢʦʯʝʚʦʛʦ 

ʥʘʨʦʜʘ. 

çʀʩʩʣʝʜʦʚʘʪʝʣʠ ʝʜʠʥʦʛʣʘʩʥʦ ʦʪʤʝʯʘʶʪ, 

ʯʪʦ ʵʪʘ ʧʨʦʠʟʚʝʜʝʥʠʝ ʥʘʧʠʩʘʥʘ ʧʨʝʠʤʫʱʝ-

ʩʪʚʝʥʥʦ ʚ ʞʘʥʨʝ ʜʠʜʘʢʪʠʯʝʩʢʦʡ ʧʦʵʤʳ. 

ʇʦʵʪʦʤʫ ʙʳʣʦ ʙʳ ʨʘʟʫʤʥʦ ʚʩʝʛʜʘ ʧʦʤʥʠʪʴ, 

ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʜʠʜʘʢʪʠʯʝ-

ʩʢʦʡ ʧʦʵʤʝ ʫʥʠʢʘʣʴʥʦ ʧʦ ʩʚʦʝʡ ʞʘʥʨʦʚʦʡ 

ʧʨʠʨʦʜʝè [8, ʩ. 19] ï ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʞʘʥ-

ʨʦʚʘʷ ʢʦʤʧʦʟʠʮʠʷ ʧʦʵʤʳ çɹʣʘʛʦʜʘʪʥʦʝ 

ɿʥʘʥʠʝè ʣʝʞʠʪ ʚ ʦʩʥʦʚʝ ʥʘʨʦʜʥʦ-

ʜʠʜʘʢʪʠʯʝʩʢʠʭ ʧʨʦʠʟʚʝʜʝʥʠʡ. 

ʀ çʉʙʦʨʥʠʢ ʪʶʨʢʩʢʠʭ ʩʣʦʚè 

ʄ. ʂʘʰʢʘʨʠ: çɺ çʉʣʦʚʘʨʝè ʄʘʭʤʫʜʘ ʂʘʰ-

ʛʘʨʩʢʦʛʦ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʦʪʨʘʞʝʥ ʷʟʳʢ 

ʪʶʨʢʩʢʠʭ ʧʣʝʤʝʥ, ʚʭʦʜʠʚʰʠʭ ʚ ʩʦʩʪʘʚ 

ʛʦʩʫʜʘʨʩʪʚʘ ʂʘʨʘʭʘʥʠʜʦʚ; ʙʦʣʴʰʘʷ ʯʘʩʪʴ 

ʦʙʨʘʟʮʦʚ ʬʦʣʴʢʣʦʨʘ (ʥʘʨʦʜʥʦʡ ʧʦʵʟʠʠ, ʧʦ-

ʩʣʦʚʠʮ, ʧʦʛʦʚʦʨʦʢ ʠ ʪ.ʧ.) ʧʨʠʥʘʜʣʝʞʠʪ 

ʵʪʠʤ ʧʣʝʤʝʥʘʤ. 

ɼʦʚʦʣʴʥʦ ʧʦʵʪʠʯʥʦ ʦʥ ʧʦʢʘʟʳʚʘʝʪ 

ʥʘʨʦʜʥʳʭ ʩʢʘʟʠʪʝʣʝʡ ʠ ʧʝʚʮʦʚ ï ʦʟʘʥʦʚ, 

ʢʦʪʦʨʳʝ ʧʦʜ ʟʚʫʢʠ ʢʦʙʫʟʘ ʨʘʩʩʢʘʟʳʚʘʣʠ 

ʙʳʣʠʥʳ ʦ ʧʦʜʚʠʛʘʭ ʛʝʨʦʝʚ-ʙʦʛʘʪʳʨʝʡ ʠ 

ʜʨʫʛʠʭ ʵʧʠʯʝʩʢʠʭ ʧʝʨʩʦʥʘʞʝʡè [7, 237-ʙ.] 

ï ʠ ʦʪʤʝʯʘʝʪ, ʯʪʦ ʦʩʥʦʚʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʪʶʨʢʩʢʠʭ ʩʣʦʚ ʩʦʩʪʘʚʣʝʥʦ ʠʟ ʙʦʛʘʪʳʭ ʦʙ-

ʨʘʟʮʦʚ ʥʘʨʦʜʥʦʡ ʧʦʵʟʠʠ ʠ ʯʪʦ ʥʘ ʧʦʵʪʠʯʝ-

ʩʢʦʤ ʫʨʦʚʥʝ ʧʦʢʘʟʘʥʳ ʥʘʨʦʜʥʳʝ ʧʝʚʮʳ ʠ 

ʤʫʟʳʢʘʥʪʳ. ʂʘʢ ʚʩʝ ʵʪʦ ʧʦʢʘʟʳʚʘʝʪ, ʜʘʥ-

ʥʘʷ ʧʦʵʤʘ ʠ ʩʣʦʚʘʨʴ, ʥʘʧʠʩʘʥʥʳʡ ʧʫʪʝʤ 

ʧʫʪʝʰʝʩʪʚʠʷ ʧʦ ʥʘʨʦʜʘʤ, ʧʨʦʞʠʚʘʶʱʠʤ 

ʥʘ ʦʙʰʠʨʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʦʪ ɺʦʩʪʦʢʘ ʜʦ 

ɿʘʧʘʜʘ, ʩ ʰʠʨʦʢʠʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʦʣʴʢ-

ʣʦʨʥʦ-ʜʠʜʘʢʪʠʯʝʩʢʠʭ, ʣʠʪʝʨʘʪʫʨʥʦ-

ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʪʶʨʢʩʢʠʭ 

ʥʘʨʦʜʦʚ, ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʪʦʣʴʢʦ ʜʦʩʪʦʷʥʠ-

ʝʤ ʦʜʥʦʛʦ ʥʘʨʦʜʘ. ʇʦʪʦʤʫ ʯʪʦ ʦʜʥʦ ʠʟ 

ʛʣʘʚʥʳʭ ʙʣʘʛʠʭ ʧʦʞʝʣʘʥʠʡ ʜʚʫʭ ʘʚʪʦʨʦʚ 

ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʠʭ ʷʟʳʢ ʦʙʲʝʜʠʥʷʣ 

ʥʘʨʦʜ ʚ ʝʜʠʥʦʝ ʮʝʣʦʝ, ʘ ʦʥʠ, ʚ ʩʚʦʶ ʦʯʝ-

ʨʝʜʴ, ʩʪʨʝʤʠʣʠʩʴ ʩʦʟʜʘʪʴ ʨʫʢʦʧʠʩʥʳʡ ʣʠ-

ʪʝʨʘʪʫʨʥʳʡ ʷʟʳʢ ʪʶʨʢʩʢʦʛʦ ʥʘʨʦʜʘ ʚ ʮʝ-

ʣʦʤ. 

ʗʟʳʢ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʤʦʩʪʦʤ ʢ ʥʘʫʢʝ 

ʠ ʟʥʘʥʠʷʤ, 

ɿʥʘʡ, ʯʪʦ ʯʝʣʦʚʝʢ ʚʳʩʦʢ, ʢʦʛʜʘ ʝʩʪʴ ʝʛʦ 

ʨʦʜʥʦʡ ʷʟʳʢ [4, ʩ. 17] ï ʧʦʜʯʝʨʢʠʚʘʝʪ 
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ɾ. ɹʘʣʘʩʘʛʳʥ ʚ ʩʚʦʝʡ ʧʦʵʤʝ. ʉʘʤʠ ʣʠʪʝʨʘ-

ʪʫʨʥʳʝ ʠ ʥʘʫʯʥʳʝ ʢʦʥʪʘʢʪʳ, ʚ ʩʚʦʶ ʦʯʝ-

ʨʝʜʴ, ʦʙʦʛʘʱʘʶʪ ʥʘʨʦʜʥʳʡ ʷʟʳʢ ʠ ʣʠʪʝʨʘ-

ʪʫʨʥʦʝ ʪʚʦʨʯʝʩʪʚʦ, ʘ ʧʨʝʜʝʣʳ ʚʟʘʠʤʦʦʪ-

ʥʦʰʝʥʠʡ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚʳʭʦʜʷʪ ʟʘ 

ʛʨʘʥʠʮʳ ʨʦʜʩʪʚʝʥʥʳʭ ʥʘʨʦʜʦʚ, ʠ ʚ ʩʦʦʪ-

ʚʝʪʩʪʚʠʠ ʩ ʢʫʣʴʪʫʨʥʦ-ʣʠʪʝʨʘʪʫʨʥʳʤ ʭʘ-

ʨʘʢʪʝʨʦʤ ʧʝʨʠʦʜʘ ʩʦʟʜʘʶʪʩʷ ʣʫʯʰʠʝ ʧʨʦ-

ʠʟʚʝʜʝʥʠʷ, ʧʝʨʝʚʦʜʷʪʩʷ ʥʘ ʜʨʫʛʠʝ ʷʟʳʢʠ. 

ɾ. ɹʘʣʘʩʘʛʳʥʫ ʫʜʘʣʦʩʴ ʧʨʘʚʠʣʴʥʦ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʚ ʩʚʦʝʤ ʪʚʦʨʯʝʩʪʚʝ ʬʦʣʴʢʣʦʨ-

ʥʳʝ ʞʘʥʨʳ: çɹʣʘʛʦʜʘʪʥʦʝ ʟʥʘʥʠʝè ï ʧʨʝ-

ʢʨʘʩʥʳʡ ʦʙʨʘʟʝʮ ʧʠʩʴʤʝʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ. 

ɽʛʦ ʧʦʵʪʠʯʝʩʢʘʷ ʧʨʠʨʦʜʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʩʘʤʳʝ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʪʝʤʳ, ʚʝʪʚʠ ʠ ʦʙʨʘʟ-

ʮʳ ʬʦʣʴʢʣʦʨʥʳʭ ʞʘʥʨʦʚ, ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ 

ʷʜʨʦ ʩʶʞʝʪʘ ʜʠʥʘʤʠʯʥʦ ʨʘʟʚʠʚʘʣʦʩʴ ʠ 

ʧʨʝʚʨʘʪʠʣʦʩʴ ʚ ʚʳʩʦʢʦʧʦʵʪʠʯʝʩʢʦʝ ʭʫʜʦ-

ʞʝʩʪʚʝʥʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ. 

ɺ ʫʩʪʥʦʤ ʪʚʦʨʯʝʩʪʚʝ ʢʳʨʛʳʟʦʚ ʩʦʭʨʘ-

ʥʠʣʠʩʴ ʟʘʚʝʱʘʥʠʷ ʠʟʚʝʩʪʥʳʭ ʧʝʚʮʦʚ, ʢʨʠ-

ʪʠʢʦʚ, ʦʨʘʪʦʨʦʚ, ʠʩʪʦʨʠʯʝʩʢʠʭ ʜʝʷʪʝʣʝʡ... 

ɺ ʵʧʠʯʝʩʢʦʤ ʞʘʥʨʝ ʟʘʚʝʱʘʥʠʝ ʚʳʧʦʣʥʷʝʪ 

ʦʪʜʝʣʴʥʫʶ ʭʫʜʦʞʝʩʪʚʝʥʥʫʶ ʬʫʥʢʮʠʶ ʠ 

ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʨʘʟʚʠʪʠʠ ʩʶʞʝʪʥʦ-

ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʧʦʩʪʨʦʝʥʠʝ ʧʨʦʠʟʚʝʜʝ-

ʥʠʷè [9, ʩ. 268-269], ʦʪʤʝʯʘʝʪ ʣʠʪʝʨʘʪʫʨʦ-

ʚʝʜ ɻ. ʆʨʦʟʦʚʘ. 

çɹʣʘʛʦʜʘʪʥʦʝ ʟʥʘʥʠʝè ɾ. ɹʘʣʘʩʘʛʳʥʘ, 

çʉʙʦʨʥʠʢ ʪʶʨʢʩʢʠʭ ʩʣʦʚè ʄ. ʂʘʰʢʘʨʠ 

ɹʘʨʩʢʘʥʠ, ʩʯʠʪʘʶʱʠʝʩʷ ʦʙʱʠʤ ʜʦʩʪʦʷʥʠ-

ʝʤ ʪʶʨʢʩʢʠʭ ʥʘʨʦʜʦʚ, ʧʨʠʰʣʠ ʧʨʝʞʜʝ ʚʩʝ-

ʛʦ ʯʝʨʝʟ ʧʦʩʣʦʚʠʮʳ ʪʶʨʢʩʢʦʛʦ ʥʘʨʦʜʘ, ʥʝ-

ʫʢʨʦʪʠʤʳʝ ʤʫʜʨʳʝ ʤʳʩʣʠ, ʢʨʘʩʥʦʨʝʯʠʝ ʠ 

ʨʷʜ ʜʨʫʛʠʭ ʜʠʜʘʢʪʠʯʝʩʢʠʭ ʨʘʙʦʪ, ʮʝʥʝʥ 

ʪʝʤ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʣʫʯʰʠʤ ʧʨʠʤʝʨʦʤ. ʕʪʠ 

ʭʫʜʦʞʝʩʪʚʝʥʥʳʝ ʧʘʤʷʪʥʠʢʠ ʩʯʠʪʘʶʪʩʷ 

ʧʝʨʚʳʤʠ ʨʫʢʦʧʠʩʥʳʤʠ ʧʨʦʠʟʚʝʜʝʥʠʷʤʠ, 

ʜʦʢʘʟʳʚʘʶʱʠʤʠ ʙʦʛʘʪʩʪʚʦ ʩʨʝʜʥʝʚʝʢʦʚʦʛʦ 

ʬʦʣʴʢʣʦʨʥʦʛʦ ʥʘʩʣʝʜʠʷ ʪʶʨʢʩʢʦʛʦ ʥʘʨʦʜʘ, 

ʚ ʪʦʤ ʯʠʩʣʝ ʢʳʨʛʳʟʩʢʦʛʦ ʥʘʨʦʜʘ, ʠ ʦʙʲ-

ʝʜʠʥʷʶʱʠʤʠ ʙʣʘʛʦʨʦʜʥʳʝ ʤʳʩʣʠ ʪʶʨʢ-

ʩʢʦʛʦ ʥʘʨʦʜʘ ʚ ʦʜʥʦ ʮʝʣʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ. 
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Abstract. The role of the native language in the literary creativity of each population occupies 

a special place in the emergence and development of handwritten literature of the Turkic peo-

ples. Folk literary and linguistic traditions, which equally spread to almost all related Turkic 

peoples and were formed over the centuries, cannot be considered to belong to only one of them. 

At a special level are the role and place of the process of transition from folk art to handwrit-

ten literature in strengthening the position of the native language in national literature. 

Along with the formation of handwritten literature of the Turkic peoples, the process of devel-

opment of the centuries-old oral literary language of these peoples did not stop; on the contrary, 

we can say that it developed in parallel, enriching each other. It can be noted that the formation 

of Turkic manuscript literature in the Middle Ages was caused by the development of the social 

and spiritual culture of the peoples living on a vast territory from the east to the west of Eurasia. 

Keywords: native language, runic, handwritten language, literary traditions, manuscripts, 

writing. 
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ɸʥʥʦʪʘʮʠʷ. ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʛʨʘʤʤʘʪʠʯʝʩʢʠʭ ʪʨʘʥʩʬʦʨʤʘ-

ʮʠʡ ʚ ʘʫʜʠʦʚʠʟʫʘʣʴʥʦʤ ʧʝʨʝʚʦʜʝ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʦʥʷʪʠʝ ʧʝʨʝʚʦʜʯʝʩʢʠʭ ʪʨʘʥʩʬʦʨʤʘ-
ʮʠʡ, ʧʦʥʷʪʠʝ ʛʨʘʤʤʘʪʠʯʝʩʢʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʡ, ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʚʠʜʳ ʪʨʘʥʩʬʦʨʤʘʮʠʡ. 
ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʦʨʠʛʠʥʘʣʴʥʦʡ (ʥʝʤʝʮʢʦʷʟʳʯʥʦʡ) ʠ ʧʝʨʝʚʦʜʥʦʡ (ʨʫʩʩʢʦʷʟʳʯʥʦʡ) ʚʝʨʩʠʡ 
ʜʦʢʫʤʝʥʪʘʣʴʥʦʛʦ ʬʠʣʴʤʘ çRussland von obenè \ çʇʦʣʝʪ ʥʘʜ ʈʦʩʩʠʝʡè ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ 
ʧʨʠʯʠʥʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʨʘʤʤʘʪʠʯʝʩʢʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʡ ʧʝʨʝʚʦʜʯʠʢʦʤ ʠ ʦʩʥʦʚʥʳʝ ʚʠʜʳ 
ʪʨʘʥʩʬʦʨʤʘʮʠʡ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʘʫʜʠʦʚʠʟʫʘʣʴʥʦʤ ʧʝʨʝʚʦʜʝ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʫʜʠʦʚʠʟʫʘʣʴʥʳʡ ʧʝʨʝʚʦʜ, ʧʝʨʝʚʦʜʯʝʩʢʠʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ, ʛʨʘʤʤʘʪʠ-

ʯʝʩʢʠʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ, ʧʝʨʝʚʦʜ, ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʝʨʝʚʦʜʯʝʩʢʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʡ. 
 
ʇʝʨʝʚʦʜʯʝʩʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʨʝʜʩʪʘʚ-

ʣʷʝʪ ʩʦʙʦʡ ʤʥʦʛʦʘʩʧʝʢʪʥʳʡ ʠ ʩʣʦʞʥʳʡ 
ʧʨʦʮʝʩʩ. ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʧʨʠ ʧʝʨʝʚʦʜʝ 
ʪʝʢʩʪʘ ʷʚʣʷʝʪʩʷ ʘʜʝʢʚʘʪʥʘʷ ʧʝʨʝʜʘʯʘ ʪʝʢʩʪʘ 
ʀʗ ʥʘ ʇʗ, ʧʨʠ ʵʪʦʤ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʡ 
ʧʝʨʝʚʦʜʯʠʢ ʜʦʣʞʝʥ ʫʯʠʪʳʚʘʪʴ ʷʟʳʢʦʚʳʝ 
ʥʦʨʤʳ ʷʟʳʢʘ, ʥʘ ʢʦʪʦʨʳʡ ʧʝʨʝʚʦʜʠʪʩʷ 
ʪʝʢʩʪ, ʠ ʢʘʢ ʤʦʞʥʦ ʪʦʯʥʝʝ ʚʦʩʧʨʦʠʟʚʝʩʪʠ 
ʩʤʳʩʣ ʦʨʠʛʠʥʘʣʘ.  
ɺʘʞʥʫʶ ʨʦʣʴ ʧʨʠ ʧʝʨʝʚʦʜʝ ʠʛʨʘʶʪ ʷʟʳ-

ʢʦʚʳʝ ʨʘʟʣʠʯʠʷ, ʢʦʪʦʨʳʝ ʧʦʜʨʘʟʫʤʝʚʘʶʪ 
ʧʦʜ ʩʦʙʦʡ, ʯʪʦ ʢʘʞʜʳʡ ʷʟʳʢ ʠʤʝʝʪ ʩʚʦʶ 
ʩʦʙʩʪʚʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʩʣʦʚʘʨʥʳʡ ʟʘʧʘʩ ʠ 
ʛʨʘʤʤʘʪʠʢʫ. ʇʦʥʠʤʘʥʠʝ ʠ ʧʝʨʝʜʘʯʘ ʩʤʳʩʣʘ 
ʩ ʦʜʥʦʛʦ ʷʟʳʢʘ ʥʘ ʜʨʫʛʦʡ ʪʨʝʙʫʝʪ ʛʣʫʙʦʢʦ-
ʛʦ ʟʥʘʥʠʷ ʦʙʦʠʭ ʷʟʳʢʦʚ ʠ ʩʧʦʩʦʙʥʦʩʪʠ 
ʫʣʦʚʠʪʴ ʪʦʥʢʠʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʥʠʤʠ. ʇʝ-
ʨʝʚʦʜ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʝ ʪʦʣʴʢʦ ʧʝʨʝʚʦʜ 
ʩʣʦʚ, ʥʦ ʠ ʧʝʨʝʜʘʯʫ ʢʫʣʴʪʫʨʥʳʭ ʠ ʩʦʮʠʘʣʴ-
ʥʳʭ ʢʦʥʥʦʪʘʮʠʡ. ʇʨʠ ʧʝʨʝʚʦʜʝ ʥʝʦʙʭʦʜʠ-
ʤʦ ʘʜʘʧʪʠʨʦʚʘʪʴ ʩʪʠʣʴ ʠ ʪʦʥ ʠʩʭʦʜʥʦʛʦ 
ʪʝʢʩʪʘ ʢ ʮʝʣʝʚʦʡ ʢʫʣʴʪʫʨʝ ʠ ʘʫʜʠʪʦʨʠʠ. ʕʪʦ 
ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʠʟʤʝʥʝʥʠʷ ʚ ʚʳʙʦʨʝ ʩʣʦʚ, 
ʩʪʨʫʢʪʫʨʝ ʧʨʝʜʣʦʞʝʥʠʷ ʠ ʜʘʞʝ ʧʫʥʢʪʫʘ-
ʮʠʠ. ʅʝʢʦʪʦʨʳʝ ʪʝʢʩʪʳ ʤʦʛʫʪ ʙʳʪʴ ʩʣʦʞ-
ʥʳʤʠ ʠ ʪʝʤʘʪʠʯʝʩʢʠ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ, 
ʢʦʪʦʨʳʝ ʪʨʝʙʫʶʪ ʛʣʫʙʦʢʠʭ ʟʥʘʥʠʡ ʚ ʦʧʨʝ-
ʜʝʣʝʥʥʦʡ ʦʙʣʘʩʪʠ ʠʣʠ ʩʧʝʮʠʘʣʴʥʦʤ ʪʝʨʤʠ-
ʥʦʣʦʛʠʠ. 
ʇʨʠ ʧʝʨʝʚʦʜʝ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʪʝʢʩʪʘ 

ʧʝʨʝʚʦʜʯʠʢ ʧʨʠʙʝʛʘʝʪ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 
ʧʝʨʝʚʦʜʯʝʩʢʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʡ. ʉʦʛʣʘʩʥʦ 
ɺ.ʅ. ʂʦʤʠʩʘʨʦʚʫ ʧʝʨʝʚʦʜʯʝʩʢʠʝ ʪʨʘʥʩ-
ʬʦʨʤʘʮʠʠ ï ʵʪʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʩ ʧʦʤʦ-
ʱʴʶ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʧʝʨʝʭʦʜ 

ʦʪ ʝʜʠʥʠʮ ʦʨʠʛʠʥʘʣʘ ʢ ʝʜʠʥʠʮʘʤ ʧʝʨʝʚʦʜʘ 
ʚ ʫʢʘʟʘʥʥʦʤ ʩʤʳʩʣʝ [1]. 
ɻʨʘʤʤʘʪʠʯʝʩʢʠʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ï ʵʪʦ 

ʠʟʤʝʥʝʥʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʧʨʝʜʣʦʞʝʥʠʷ ʧʨʠ 
ʧʝʨʝʚʦʜʝ ʩ ʦʜʥʦʛʦ ʷʟʳʢʘ ʥʘ ʜʨʫʛʦʡ, ʯʪʦʙʳ 
ʩʜʝʣʘʪʴ ʧʨʝʜʣʦʞʝʥʠʝ ʙʦʣʝʝ ʧʦʥʷʪʥʳʤ ʠ 
ʝʩʪʝʩʪʚʝʥʥʳʤ ʜʣʷ ʥʦʩʠʪʝʣʝʡ ʜʨʫʛʦʛʦ ʷʟʳ-
ʢʘ. ʂ ʛʨʘʤʤʘʪʠʯʝʩʢʠʤ ʪʨʘʥʩʬʦʨʤʘʮʠʷʤ 
ʦʪʥʦʩʠʪʩʷ ʟʘʤʝʥʘ ʯʘʩʪʝʡ ʨʝʯʠ, ʠʟʤʝʥʝʥʠʝ 
ʧʦʨʷʜʢʘ ʩʣʦʚ ʚ ʧʨʝʜʣʦʞʝʥʠʠ, ʜʦʙʘʚʣʝʥʠʝ 
ʠʣʠ ʦʧʫʱʝʥʠʝ ʩʣʦʚ ʠ ʠʟʤʝʥʝʥʠʝ ʛʨʘʤʤʘʪʠ-
ʯʝʩʢʠʭ ʬʦʨʤ ʩʣʦʚ. ɻʨʘʤʤʘʪʠʯʝʩʢʠʝ ʪʨʘʥʩ-
ʬʦʨʤʘʮʠʠ ʧʦʤʦʛʘʶʪ ʩʦʭʨʘʥʠʪʴ ʩʤʳʩʣ ʠʩ-
ʭʦʜʥʦʛʦ ʧʨʝʜʣʦʞʝʥʠʷ ʠ ʩʜʝʣʘʪʴ ʧʝʨʝʚʦʜ 
ʙʦʣʝʝ ʝʩʪʝʩʪʚʝʥʥʳʤ ʜʣʷ ʥʦʩʠʪʝʣʝʡ ʇʗ. 
ʄʥʦʛʠʝ ʫʯʝʥʳʝ ʚʳʜʝʣʷʶʪ ʥʝʩʢʦʣʴʢʦ ʢʣʘʩ-
ʩʠʬʠʢʘʮʠʡ ʧʝʨʝʚʦʜʯʝʩʢʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʡ. 

 ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ɺ.ʅ. ʂʦʤʠʩʩʘʨʦʚ ʧʨʝʜ-
ʣʘʛʘʝʪ ʩʣʝʜʫʶʱʫʶ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʧʝʨʝ-
ʚʦʜʯʝʩʢʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʡ: ʣʝʢʩʠʯʝʩʢʠʝ, 
ʛʨʘʤʤʘʪʠʯʝʩʢʠʝ ʠ ʢʦʤʧʣʝʢʩʥʳʝ ʪʨʘʥʩʬʦʨ-
ʤʘʮʠʠ. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʨʝʜʠ ʛʨʘʤʤʘʪʠ-
ʯʝʩʢʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʡ ʚʳʜʝʣʷʶʪʩʷ ʧʝʨʝ-
ʩʪʘʥʦʚʢʠ, ʟʘʤʝʥʳ, ʜʦʙʘʚʣʝʥʠʷ, ʩʠʥʪʘʢʩʠ-
ʯʝʩʢʦʝ ʫʧʦʜʦʙʣʝʥʠʝ, ʯʣʝʥʝʥʠʝ ʧʨʝʜʣʦʞʝ-
ʥʠʷ, ʛʨʘʤʤʘʪʠʯʝʩʢʘʷ ʟʘʤʝʥʘ ʠ ʜʦʩʣʦʚʥʳʡ 
ʧʝʨʝʚʦʜ [2]. 
ʗ.ʀ. ʈʝʮʢʝʨ ʚʳʜʝʣʷʝʪ ʜʚʘ ʪʠʧʘ ʧʝʨʝʚʦʜ-

ʯʝʩʢʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʡ: ʛʨʘʤʤʘʪʠʯʝʩʢʠʝ 
ʪʨʘʥʩʬʦʨʤʘʮʠʠ (ʟʘʤʝʥʳ ʯʘʩʪʝʡ ʨʝʯʠ ʠʣʠ 
ʯʣʝʥʦʚ ʧʨʝʜʣʦʞʝʥʠʷ) ʠ ʣʝʢʩʠʯʝʩʢʠʝ 
ʪʨʘʥʩʬʦʨʤʘʮʠʠ (ʢʦʥʢʨʝʪʠʟʘʮʠʷ, ʛʝʥʝʨʘʣʠ-
ʟʘʮʠʷ, ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʟʥʘʯʝʥʠʡ, ʘʥʪʦʥʠ-
ʤʠʯʝʩʢʠʡ ʧʝʨʝʚʦʜ ʠ ʜʨ.).  
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ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʝʨʝʚʦʜʯʝʩʢʠʭ ʪʨʘʥʩ-
ʬʦʨʤʘʮʠʡ, ʧʨʝʜʣʦʞʝʥʥʘʷ 
ʃ.ʉ. ɹʘʨʭʫʜʘʨʦʚʳʤ, ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ 
ʚʠʜʳ ʪʨʘʥʩʬʦʨʤʘʮʠʡ: ʟʘʤʝʥʘ, ʧʝʨʝʩʪʘʥʦʚ-
ʢʠ, ʜʦʙʘʚʣʝʥʠʝ, ʦʧʫʱʝʥʠʝ. ʇʦ ʤʥʝʥʠʶ 
ɹʘʨʭʫʜʘʨʦʚʘ, ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʚʦʜʘ ʪʨʘʥʩ-
ʬʦʨʤʘʮʠʠ ʤʦʛʫʪ ʙʳʪʴ ʣʝʢʩʠʯʝʩʢʠʤʠ, 
ʛʨʘʤʤʘʪʠʯʝʩʢʠʤʠ ʠʣʠ ʣʝʢʩʠʢʦ-
ʛʨʘʤʤʘʪʠʯʝʩʢʠʤʠ, ʚʳʙʦʨ ʪʠʧʘ ʪʨʘʥʩʬʦʨ-
ʤʘʮʠʠ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʢʨʝʪʥʦʡ ʝʜʠʥʠʮʳ 
ʷʟʳʢʘ, ʢʦʪʦʨʫʶ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʚʝʩʪʠ. 
ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʛʨʘʤʤʘʪʠʯʝʩʢʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʡ ʥʘ ʦʩʥʦʚʝ 
ʘʥʘʣʠʟʘ ʦʨʠʛʠʥʘʣʴʥʦʡ (ʥʝʤʝʮʢʦʷʟʳʯʥʦʡ) ʠ 
ʧʝʨʝʚʦʜʥʦʡ (ʨʫʩʩʢʦʷʟʳʯʥʦʡ) ʚʝʨʩʠʡ ʜʦʢʫ-
ʤʝʥʪʘʣʴʥʦʛʦ ʬʠʣʴʤʘ çRussland von obenè \ 
çʇʦʣʝʪ ʥʘʜ ʈʦʩʩʠʝʡè [3]. 
çDer Jaroslawl Bahnhof in Moskau be-

ginnt die wohl ber¿hmteste Bahnstrecke der 
Weltè \ çʉʘʤʘʷ ʠʟʚʝʩʪʥʘʷ ʞʝʣʝʟʥʘʷ ʜʦʨʦʛʘ 
ʚ ʤʠʨʝ ʥʘʯʠʥʘʝʪʩʷ ʥʘ ʗʨʦʩʣʘʚʩʢʦʤ ʚʦʢʟʘ-
ʣʝè. 
ɺ ʜʘʥʥʦʤ ʬʨʘʛʤʝʥʪʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʝʨʝ-

ʚʦʜʯʝʩʢʠʡ ʧʨʠʝʤ ʧʝʨʝʩʪʘʥʦʚʢʘ, ʢʦʪʦʨʘʷ 
ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤʘ-ʨʝʤʘʪʠʯʝʩʢʠʤ ʯʣʝʥʝʥʠ-
ʝʤ. ʗʨʦʩʣʘʚʩʢʠʡ ʚʦʢʟʘʣ ʧʝʨʝʥʦʩʠʪʩʷ ʚ ʢʦ-
ʥʝʮ ʧʨʝʜʣʦʞʝʥʠʷ, ʪʘʢ ʢʘʢ ʷʚʣʷʝʪʩʷ ʨʝʤʦʡ, 
ʢʣʶʯʝʚʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʚ ʧʨʝʜʣʦʞʝʥʠʠ. 
çUnd in dem es von Russlands Hauptstadt 

Moskau mit der Eisenbahn eine ganze Woche 
dauert bis nach Wladiwostok am Pazifikè \ 
çɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʨʦʝʭʘʪʴ ʥʘ ʧʦʝʟʜʝ ʦʪ 
ʝʝ ʩʪʦʣʠʮʳ ʄʦʩʢʚʳ ʜʦ ɺʣʘʜʠʚʦʩʪʦʢʘ ʥʘ 
ʧʦʙʝʨʝʞʴʝ ʊʠʭʦʛʦ ʦʢʝʘʥʘ, ʚʘʤ ʧʦʪʨʝʙʫ-
ʶʪʩʷ ʥʝʜʝʣʠè. 
ɺ ʜʘʥʥʦʤ ʧʨʠʤʝʨʝ ʧʨʦʠʩʭʦʜʠʪ ʟʘʤʝʥʘ 

ʬʦʨʤʳ ʩʣʦʚʘ ï ʧʨʠ ʧʝʨʝʚʦʜʝ ʩʫʱʝʩʪʚʠ-
ʪʝʣʴʥʦʝ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʯʠʩʣʘ eine ganze 
Woche ʨʝʰʘʝʪʩʷ ʟʘʤʝʥʠʪʴ ʥʘ ʩʫʱʝʩʪʚʠ-
ʪʝʣʴʥʦʝ ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʯʠʩʣʘ ʥʝʜʝʣʠ ʩ 
ʮʝʣʴʶ ʫʩʠʣʝʥʠʷ ʩʪʠʣʠʩʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ. 
ʇʦʤʠʤʦ ʵʪʦʛʦ, ʧʨʦʠʩʭʦʜʠʪ ʩʠʥʪʘʢʩʠʯʝʩʢʘʷ 
ʧʝʨʝʩʪʨʦʡʢʘ, ʘ ʠʤʝʥʥʦ ʟʘʤʝʥʘ ʢʦʥʩʪʨʫʢʮʠʠ 
ʧʨʦʩʪʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʛʦ ʧʨʝʜʣʦʞʝʥʠʷ 
ʩʣʦʞʥʦʧʦʜʯʠʥʝʥʥʳʤ. 
ç Nicht ganz ungefªhrlich Risse im Eis 

kºnnen bis zu zwei Meter breit sein. Heutzu-
tage helfen Satellitenbilder sie vorab zu er-
kennenè \ çɼʚʫʭʤʝʪʨʦʚʳʝ ʪʨʝʱʠʥʳ ʚʦ ʣʴʜʫ 
ʤʦʛʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʦʧʘʩʥʦʩʪʴ, ʦʜʥʘʢʦ 
ʩʧʫʪʥʠʢʠ ʧʦʤʦʛʘʶʪ ʦʙʥʘʨʫʞʠʪʴ ʠʭ ʟʘʨʘ-
ʥʝʝè. 

ɺ ʜʘʥʥʦʤ ʬʨʘʛʤʝʥʪʝ ʧʨʦʠʩʭʦʜʠʪ ʩʠʥ-
ʪʘʢʩʠʯʝʩʢʘʷ ʧʝʨʝʩʪʨʦʡʢʘ, ʜʚʘ ʧʨʦʩʪʳʭ 
ʧʨʝʜʣʦʞʝʥʠʷ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʦʜʥʦ ʩʣʦʞ-
ʥʦʧʦʜʯʠʥʝʥʥʦʝ. ɿʜʝʩʴ ʛʨʘʤʤʘʪʠʯʝʩʢʘʷ 
ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʯʠʩʪʦ ʵʩʪʝʪʠ-
ʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤ. 
çF¿r Gªnse ist die Insel in der russischen 

Barentssee einer der beliebtesten Brutplªtzeè 
\ çɼʣʷ ʛʫʩʝʡ ʵʪʦʪ ʦʩʪʨʦʚ ʚ ɹʘʨʝʥʮʝʚʦʤ 
ʤʦʨʝ ʷʚʣʷʝʪʩʷ ʠʟʣʶʙʣʝʥʥʳʤ ʤʝʩʪʦʤ ʛʥʝʟ-
ʜʦʚʘʥʠʷè. 
ɺ ʜʘʥʥʦʤ ʧʨʠʤʝʨʝ ʥʘʙʣʶʜʘʝʪʩʷ ʦʧʫʱʝ-

ʥʠʝ ʩʝʤʘʥʪʠʯʝʩʢʠ ʠʟʙʳʪʦʯʥʦʛʦ ʜʣʷ ʨʫʩ-
ʩʢʦʷʟʳʯʥʦʛʦ ʧʦʣʫʯʘʪʝʣʷ ʫʪʦʯʥʝʥʠʷ. ʉʣʝʜʫ-
ʝʪ ʧʦʤʥʠʪʴ, ʯʪʦ ʠʟʥʘʯʘʣʴʥʦ ʜʦʢʫʤʝʥʪʘʣʴ-
ʥʳʡ ʬʠʣʴʤ ʦ ʈʦʩʩʠʠ ʥʘʧʨʘʚʣʝʥ ʥʘ ʥʝʤʝʮ-
ʢʦʛʦʚʦʨʷʱʝʛʦ ʨʝʮʠʧʠʝʥʪʘ, ʠ ʤʥʦʛʠʝ ʫʪʦʯ-
ʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʫʤʝʩʪʥʳ ʚ ʦʨʠʛʠʥʘʣʝ, ʥʝ 
ʚʩʝʛʜʘ ʙʫʜʫʪ ʪʘʢ ʞʝ ʚʘʞʥʳ ʚ ʧʝʨʝʚʦʜʝ ʜʣʷ 
ʨʫʩʩʢʦʛʦʚʦʨʷʱʝʛʦ ʟʨʠʪʝʣʷ. 
çZu verlockend ist der Fischreichtum das 

Delta um sie stºren zu lassenè \ çʈʘʟʚʝ ʤʦ-
ʞʝʪ ʯʪʦ-ʪʦ ʤʝʰʘʪʴ ʧʨʠ ʪʘʢʦʤ ʦʙʠʣʠʠ 
ʨʳʙʳ?è. 
ɺ ʜʘʥʥʦʤ ʧʨʠʤʝʨʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦʣʥʘʷ 

ʩʠʥʪʘʢʩʠʯʝʩʢʘʷ ʧʝʨʝʩʪʨʦʡʢʘ, ʧʝʨʝʚʦʜʯʠ-
ʢʦʤ ʧʨʠʥʠʤʘʝʪʩʷ ʨʝʰʝʥʠʝ ʧʦʚʝʩʪʚʦʚʘʪʝʣʴ-
ʥʦʝ ʧʨʝʜʣʦʞʝʥʠʝ ʧʝʨʝʜʝʣʘʪʴ ʚ ʨʠʪʦʨʠʯʝ-
ʩʢʠʡ ʚʦʧʨʦʩ, ʯʪʦʙʳ ʩʪʠʣʠʩʪʠʯʝʩʢʠ ʝʛʦ 
ʦʢʨʘʩʠʪʴ. 
çGeladene Teilchen aus der Sonne werden 

vom Magnetfeld der Erde in Richtung Nord-
pol umgelegtè \ çʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ɿʝʤʣʠ 
ʦʪʢʣʦʥʷʝʪ ʟʘʨʷʞʝʥʥʳʝ ʩʦʣʥʝʯʥʳʝ ʯʘʩʪʠ-
ʮʳ ʢ ʧʦʣʶʩʫè. 
ɺ ʜʘʥʥʦʤ ʧʨʠʤʝʨʝ ʚ ʀʊ ʧʨʦʠʩʭʦʜʠʪ 

ʩʠʥʪʘʢʩʠʯʝʩʢʘʷ ʧʝʨʝʩʪʨʦʡʢʘ ʧʨʝʜʣʦʞʝʥʠʷ 
ʠʟ ʧʘʩʩʠʚʥʦʛʦ ʟʘʣʦʛʘ ʚ ʘʢʪʠʚʥʳʡ. 
ɸʥʘʣʠʟ ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦʟʚʦ-

ʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʧʨʠʯʠʥʘʤʠ ʠʩʧʦʣʴʟʦ-
ʚʘʥʠʷ ʛʨʘʤʤʘʪʠʯʝʩʢʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʡ ʚ 
ʧʝʨʝʚʦʜʝ ʚʝʨʙʘʣʴʥʦʛʦ ʢʦʥʪʝʥʪʘ ʷʚʣʷʶʪʩʷ 
ʨʘʟʣʠʯʠʷ ʚ ʥʦʨʤʘʭ ʠ ʩʪʨʫʢʪʫʨʘʭ ʀʗ ʠ ʇʗ, 
ʨʘʟʣʠʯʠʷ ʚ ʩʧʦʩʦʙʘʭ ʦʧʠʩʘʥʠʷ ʧʨʝʜʤʝʪʥʦʡ 
ʩʠʪʫʘʮʠʠ, ʩʪʠʣʠʩʪʠʯʝʩʢʠʝ, ʵʩʪʝʪʠʯʝʩʢʠʝ ʠ 
ʧʨʦʯʠʝ ʚʥʝʷʟʳʢʦʚʳʝ ʬʘʢʪʦʨʳ. ɺ ɸɺʇ 
ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʚʠʜʦʤ ʛʨʘʤ-
ʤʘʪʠʯʝʩʢʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʡ ʷʚʣʷʶʪʩʷ ʟʘ-
ʤʝʥʳ. ɻʨʘʤʤʘʪʠʯʝʩʢʠʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 
ʧʨʝʞʜʝ ʚʩʝʛʦ ʦʙʫʩʣʦʚʣʝʥʳ ʛʨʘʤʤʘʪʠʯʝ-
ʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ ʪʘʢʠʤʠ, ʢʘʢ ʨʘʟʣʠʯʠʷ ʚ 
ʀʗ ʠ ʇʗ. 
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Abstract. This article is devoted to the study of grammatical transformations in audiovisual 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʧʨʠʤʝʥʝʥʠʝ ʙʝʩʧʠʣʦʪʥʠʢʦʚ ʚ 

ʥʘʰʝ ʚʨʝʤʷ. ɸʥʘʣʠʟʠʨʫʶʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʘʣʛʦʨʠʪʤʘ ʫʢʣʦʥʝʥʠʷ ʦʪ ʧʨʝʧʷʪ-

ʩʪʚʠʡ ʚ ʘʚʪʦʥʦʤʥʦʤ ʨʝʞʠʤʝ ʩ ʧʦʩʪʨʦʝʥʠʝʤ ʛʠʩʪʦʛʨʘʤʤʳ ʚʝʢʪʦʨʥʦʛʦ ʧʦʣʷ ʠ ʩʧʦʩʦʙʳ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʘʚʪʦʥʦʤʥʦʛʦ ʧʦʣʝʪʘ ʥʘ ʦʩʥʦʚʝ ʘʚʪʦʨʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ ʎʶʨʠʭʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ. ʇʨʠʚʦʜʠʪʩʷ ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʣʛʦʨʠʪʤʦʚ ʠ ʩʧʦʩʦʙʳ ʠʭ ʤʦʜʝʨʥʠʟʘ-

ʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʚʘʜʨʦʢʦʧʪʝʨʳ, ʘʚʪʦʥʦʤʥʳʡ ʧʦʣʝʪ, ʜʨʦʥʳ, ʘʣʛʦʨʠʪʤ, ʛʠʩʪʦʛʨʘʤʤʘ, 

VFH, 3DVFH. 

 

ɹʝʩʧʠʣʦʪʥʳʝ ʣʝʪʘʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ ʠʩ-

ʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʨʝʰʝʥʠʷ ʩʘʤʳʭ ʨʘʟʥʳʭ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ. ʅʘʧʨʠʤʝʨ, ʦʥʠ ʤʦʛʫʪ 

ʩʣʝʜʠʪʴ ʟʘ ʩʦʩʪʦʷʥʠʝʤ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥ-

ʥʳʭ ʧʦʣʝʡ, ʦʩʫʱʝʩʪʚʣʷʷ ʨʝʛʫʣʷʨʥʫʶ ʘʵʨʦ-

ʬʦʪʦʩʲʝʤʢʫ ʠʣʠ ʨʘʩʧʳʣʷʷ ʫʜʦʙʨʝʥʠʷ ʥʘ 

ʟʘʜʘʥʥʳʭ ʫʯʘʩʪʢʘʭ ʤʝʩʪʥʦʩʪʠ.  

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʜʣʷ ʘʚʪʦʥʦʤʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʜʨʦʥʫ ʥʝʦʙʭʦʜʠʤʦ ʢʘʢ ʤʠʥʠ-

ʤʫʤ ʟʥʘʪʴ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʩʚʦʠ ʢʦ-

ʦʨʜʠʥʘʪʳ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʅʘ ʦʪʢʨʳʪʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ GPS ï 

ʪʦʯʥʦʩʪʴ ʜʦʩʪʠʛʘʝʪʩʷ ʚ ʥʝʩʢʦʣʴʢʦ ʤʝʪʨʦʚ. 

ʆʙʳʯʥʦʛʦ GPS ʭʚʘʪʘʝʪ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʤʘʨʰʨʫʪʘ ʧʦʣʝʪʘ ʥʘ ʦʪʢʨʳʪʦʡ ʤʝʩʪʥʦʩʪʠ. 

ʅʦ ʜʣʷ ʜʝʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʠ-

ʤʝʨ ʩʪʨʦʷʱʠʭʩʷ ʦʙʲʝʢʪʦʚ ʠʣʠ ʧʦʣʝʪʦʚ ʚ 

ʜʠʢʦʡ ʧʨʠʨʦʜʝ, ʧʨʠʤʝʥʷʶʪʩʷ ʫʟʢʦʩʧʝʮʠʘ-

ʣʠʟʠʨʦʚʘʥʥʳʝ ʘʣʛʦʨʠʪʤʳ. 

ʇʝʨʚʦʥʘʯʘʣʴʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ VFH 

ʈʘʩʩʤʦʪʨʠʤ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʙʘʟʦʚʫʶ 

ʤʦʜʠʬʠʢʘʮʠʶ ʛʠʩʪʦʛʨʘʤʤʳ ʚʝʢʪʦʨʥʦʛʦ 

ʧʦʣʷ [1], ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʩʪʨʦʷʪʩʷ ʚʩʝ 

ʜʘʣʴʥʝʡʰʠʝ ʫʣʫʯʰʝʥʠʷ. ɺ ʤʝʪʦʜʝ VFH, 

ʩʫʱʝʩʪʚʫʝʪ ʪʨʠ ʫʨʦʚʥʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʜʘʥʥʳʭ: 

1. ʉʘʤʳʡ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʩʦʜʝʨʞʠʪ 

ʧʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʦʢʨʫʞʝʥʠʷ ʨʦʙʦʪʘ. ʅʘ 

ʵʪʦʤ ʫʨʦʚʥʝ ʜʚʫʤʝʨʥʘʷ ʜʝʢʘʨʪʦʚʘ ʩʝʪʢʘ 

ʛʠʩʪʦʛʨʘʤʤʳ ʧʦʩʪʦʷʥʥʦ ʦʙʥʦʚʣʷʝʪʩʷ ʚ ʨʝ-

ʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʧʦʣʫʯʘʷ ʜʘʥʥʳʝ 

ʦʪ ʚʩʪʨʦʝʥʥʳʭ ʜʘʪʯʠʢʦʚ ʜʘʣʴʥʦʩʪʠ ʦ ʨʘʩ-

ʩʪʦʷʥʠʠ ʜʦ ʧʨʝʧʷʪʩʪʚʠʷ.  

2. ʅʘ ʧʨʦʤʝʞʫʪʦʯʥʦʤ ʫʨʦʚʥʝ ʚʦʢʨʫʛ ʪʝ-

ʢʫʱʝʛʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʨʦʙʦʪʘ ʩʪʨʦʠʪʩʷ 

ʦʜʥʦʤʝʨʥʘʷ ʧʦʣʷʨʥʘʷ ʛʠʩʪʦʛʨʘʤʤʘ. ʆʥʘ 

ʩʦʩʪʦʠʪ ʠʟ n ʫʛʣʦʚʳʭ ʩʝʢʪʦʨʦʚ ʰʠʨʠʥʦʡ a. 

3. ʅʠʞʥʠʡ ʫʨʦʚʝʥʴ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥ-

ʥʳʭ ï ʵʪʦ ʚʳʭʦʜʥʳʝ ʜʘʥʥʳʝ ʘʣʛʦʨʠʪʤʘ 

VFH: ʵʪʘʣʦʥʥʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʢʦʥʪʨʦʣʣʝ-

ʨʦʚ ʧʨʠʚʦʜʘ ʠ ʨʫʣʝʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʥʩ-

ʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʘʢ-

ʪʠʚʥʘʷ ʦʙʣʘʩʪʴ ʩʝʪʢʠ ʛʠʩʪʦʛʨʘʤʤʳ ʦʪʦʙ-

ʨʘʞʘʝʪʩʷ ʥʘ ʧʦʣʷʨʥʦʡ ʛʠʩʪʦʛʨʘʤʤʝ ʢʘʢ 

ʠʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 1. ʉʦʜʝʨʞʠʤʦʝ 

ʢʘʞʜʦʡ ʘʢʪʠʚʥʦʡ ʷʯʝʡʢʠ ʚ ʩʝʪʢʝ ʛʠʩʪʦ-

ʛʨʘʤʤʳ ʪʝʧʝʨʴ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʚʝʢʪʦʨ 

ʧʨʝʧʷʪʩʪʚʠʷ, ʥʘʧʨʘʚʣʝʥʠʝ ʢʦʪʦʨʦʛʦ ʦʧʨʝ-

ʜʝʣʷʝʪʩʷ ʥʘʧʨʘʚʣʝʥʠʝʤ ‍ ʦʪ ʷʯʝʡʢʠ ʢ ʮʝʥ-

ʪʨʘʣʴʥʦʡ ʪʦʯʢʝ ʤʦʙʠʣʴʥʦʛʦ ʨʦʙʦʪʘ. 
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ʈʠʩ. 1. ɻʠʩʪʦʛʨʘʤʤʘ ʚʝʢʪʦʨʥʦʛʦ ʧʦʣʷ (VFH) 

 

ʅʘʧʨʘʚʣʝʥʠʝ ʚʝʢʪʦʨʘ ‍ ʠ ʚʝʣʠʯʠʥʘ ʚʝʢʪʦʨʘ ʧʨʝʧʷʪʩʪʚʠʷ ʚ ʷʯʝʡʢʝ άȟ ʚʳʯʠʩʣʷʶʪʩʷ ʧʦ 

ʬʦʨʤʫʣʘʤ: 

 

‍ȟ  ÔÁÎ
 

 
;    (1) 

 

άȟ  ὧȟ ὥ ὦὨȟ ,   (2) 

 

ʛʜʝ a, b ï ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʢʦʥʩʪʘʥʪʳ; 

ὧȟ ï ʟʥʘʯʝʥʠʝ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʘʢʪʠʚʥʦʡ 

ʷʯʝʡʢʠ (i, j); Ὠȟ ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʘʢ-

ʪʠʚʥʦʡ ʷʯʝʡʢʦʡ (i, j) ʠ ʮʝʥʪʨʘʣʴʥʦʡ ʪʦʯʢʦʡ 

ʤʦʙʠʣʴʥʦʛʦ ʨʦʙʦʪʘ; άȟ ï ʚʝʣʠʯʠʥʘ ʚʝʢʪʦ-

ʨʘ ʧʨʝʧʷʪʩʪʚʠʷ ʚ ʷʯʝʡʢʝ (i, j); ὼȟώ ï ʪʝ-

ʢʫʱʠʝ ʢʦʦʨʜʠʥʘʪʳ ʤʦʙʠʣʴʥʦʛʦ ʨʦʙʦʪʘ; 

ὼȟώ ï ʢʦʦʨʜʠʥʘʪʳ ʘʢʪʠʚʥʦʡ ʷʯʝʡʢʠ (i, j); 

‍ȟ ï ʥʘʧʨʘʚʣʝʥʠʝ ʦʪ ʘʢʪʠʚʥʦʡ ʷʯʝʡʢʠ (i, j) 

ʢ ʪʦʯʢʝ ʤʦʙʠʣʴʥʦʛʦ ʨʦʙʦʪʘ. 

ʋʣʫʯʰʝʥʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ 3DVFH 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʜʨʦʙʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ 

ʤʦʜʝʣʴ ʘʣʛʦʨʠʪʤʘ ʪʨʝʭʤʝʨʥʦʡ ʛʠʩʪʦʛʨʘʤ-

ʤʳ ʚʝʢʪʦʨʥʦʛʦ ʧʦʣʷ 3DVFH, ʩʦʟʜʘʥʥʦʛʦ ʥʘ 

ʦʩʥʦʚʝ ʝʛʦ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʚʝʨʩʠʠ VFH 

(Vector Field Histogram).  

ɼʦ ʩʠʭ ʧʦʨ ʚʩʝ ʘʣʛʦʨʠʪʤʳ VFH ʠʩʧʦʣʴ-

ʟʦʚʘʣʠʩʴ ʚ 2D-ʩʨʝʜʝ ʜʣʷ ʥʘʟʝʤʥʳʭ ʨʦʙʦ-

ʪʦʚ, ʦʜʥʘʢʦ, ɺʘʥʥʝʩʪ ʠ ʜʨ. [10] ʨʘʟʨʘʙʦʪʘ-

ʣʠ ʘʣʛʦʨʠʪʤ 3DVFH ʧʦʟʚʦʣʷʶʱʠʡ ʨʘʩʰʠ-

ʨʠʪʴ ʦʙʣʘʩʪʴ ʟʨʝʥʠʷ ʜʦ ʪʨʝʭʤʝʨʥʦʡ ʩʨʝʜʳ 

ʠ ʧʨʠʤʝʥʷʪʴ ʘʣʛʦʨʠʪʤ ʥʘ ʣʝʪʘʶʱʠʭ ʨʦʙʦ-

ʪʘʭ. ʕʪʦʪ ʘʣʛʦʨʠʪʤ ʥʝʣʴʟʷ ʩʯʠʪʘʪʴ ʧʦʣʥʦ-

ʩʪʴʶ ʣʦʢʘʣʴʥʳʤ, ʧʦʩʢʦʣʴʢʫ ʦʥ ʩʪʨʦʠʪ ʢʘʨ-

ʪʫ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚ ʚʠʜʝ Octomap 

(ʵʬʬʝʢʪʠʚʥʳʡ ʚʝʨʦʷʪʥʦʩʪʥʳʡ ʢʘʨʢʘʩ 

ʪʨʝʭʤʝʨʥʦʛʦ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ 

ʦʢʪʦʜʝʨʝʚʴʝʚ) [11]. 

ʅʘ ʦʩʥʦʚʝ Octomap ʩʦʟʜʘʝʪʩʷ ʪʨʝʭʤʝʨ-

ʥʘʷ ʢʘʨʪʘ ʟʘʥʷʪʦʩʪʠ ʩ ʫʯʝʪʦʤ ʪʦʣʴʢʦ ʚʦʢ-

ʩʝʣʝʡ ʚ ʦʛʨʘʥʠʯʠʚʘʶʱʝʡ ʨʘʤʢʝ ʚʦʢʨʫʛ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ. ʉʪʨʫʢʪʫʨʘ ʦʢʪʦ-

ʜʝʨʝʚʘ ʦʪʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2: ʙʝʣʳʝ 

ʣʠʩʪʦʚʳʝ ʫʟʣʳ ʠʤʝʶʪ ʩʪʘʪʫʩ ʩʚʦʙʦʜʥʳʭ, 

ʩʝʨʳʝ ʣʠʩʪʦʚʳʝ ʫʟʣʳ ʠʤʝʶʪ ʩʪʘʪʫʩ ʟʘʥʷ-

ʪʳʭ. 
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ʈʠʩ. 2. ʇʨʠʥʮʠʧ ʧʦʩʪʨʦʝʥʠʷ ʦʢʪʦʜʝʨʝʚʴʝʚ 

 

ʅʘ ʦʩʥʦʚʝ ʪʨʝʭʤʝʨʥʦʡ ʢʘʨʪʳ ʟʘʥʷʪʦʩʪʠ 

ʩʪʨʦʠʪʩʷ ʜʚʫʭʤʝʨʥʘʷ ʧʦʣʷʨʥʘʷ ʛʠʩʪʦʛʨʘʤ-

ʤʘ, ʚ ʢʦʪʦʨʦʡ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʠ ʦʮʝʥʠʚʘ-

ʶʪʩʷ ʧʨʦʙʝʣʳ, ʯʪʦʙʳ ʥʘʡʪʠ ʥʘʠʣʫʯʰʝʝ 

ʥʘʧʨʘʚʣʝʥʠʝ ʜʣʷ ʜʚʠʞʝʥʠʷ ʚ ʪʨʝʭʤʝʨʥʦʡ 

ʩʨʝʜʝ. ɿʘʪʝʤ, ʠʩʭʦʜʷ ʠʟ ʵʪʠʭ ʚʳʯʠʩʣʝʥʠʡ 

ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʝ 

ʫʯʘʩʪʢʠ ʥʘ ʤʘʨʰʨʫʪʝ. ʇʦʣʥʳʡ ʧʨʦʡʜʝʥ-

ʥʳʡ ʧʫʪʴ ʠʟ ʪʦʯʢʠ ɸ ʚ ʉ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥ-

ʢʝ 3. 

 

 
ʈʠʩ. 3. ʈʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ 3DVFH 

 

ɺ ʩʚʦʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʊʘʥʜʞʘ ɹʘʫʤʘʥ ʠ 

ʜʨ. [19] ʫʣʫʯʰʠʣʠ ʘʣʛʦʨʠʪʤ 3DVFH ʜʦʙʘ-

ʚʠʚ ʚ ʥʝʛʦ ʧʦʜʭʦʜ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʘʤʷʪʠ 

ʜʨʦʥʘ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʠʩʧʦʣʴʟʫʝʪ ʜʘʥʥʳʝ 

ʠʟ ʧʦʩʣʝʜʥʝʛʦ ʚʨʝʤʝʥʥʦʛʦ ʰʘʛʘ ʜʣʷ ʫʣʫʯ-

ʰʝʥʠʷ ʛʠʩʪʦʛʨʘʤʤʳ, ʧʦʩʪʨʦʝʥʥʦʡ ʥʘ ʪʝ-

ʢʫʱʝʤ ʚʨʝʤʝʥʥʦʤ ʰʘʛʝ. ʆʜʥʘʢʦ ʩʦʭʨʘʥʝʥ-

ʥʳʝ ʩʪʘʨʳʝ ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ 

ʛʠʩʪʦʛʨʘʤʤʳ. ʉʪʘʨʘʷ ʛʠʩʪʦʛʨʘʤʤʘ ʷʚʣʷʝʪ 

ʩʦʙʦʡ ʧʦʣʷʨʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʨʝʧʷʪ-

ʩʪʚʠʡ, ʟʘʤʝʯʝʥʥʳʭ ʥʘ ʧʨʝʜʳʜʫʱʝʤ ʚʨʝ-

ʤʝʥʥʦʤ ʰʘʛʝ. ʇʦʩʢʦʣʴʢʫ ʫʛʣʦʚʦʝ ʥʘʧʨʘʚ-

ʣʝʥʠʝ ʧʨʝʧʷʪʩʪʚʠʷ ʟʘʚʠʩʠʪ ʦʪ ʤʝʩʪʦʧʦʣʦ-

ʞʝʥʠʷ ʜʨʦʥʘ, ʩʪʘʨʘʷ ʛʠʩʪʦʛʨʘʤʤʘ ʧʨʠʚʷʟʘ-

ʥʘ ʢ ʩʪʘʨʦʤʫ ʤʝʩʪʦʧʦʣʦʞʝʥʠʶ, ʚ ʢʦʪʦʨʦʤ 

ʦʥʘ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ. ʏʪʦʙʳ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʜʘʥʥʳʝ ʩʪʘʨʦʡ ʛʠʩʪʦʛʨʘʤʤʳ ʜʣʷ ʚʳʯʠʩʣʝ-

ʥʠʡ ʥʘ ʪʝʢʫʱʝʤ ʚʨʝʤʝʥʥʦʤ ʰʘʛʝ, ʝʝ ʥʝʦʙ-

ʭʦʜʠʤʦ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʚ ʛʠʩʪʦʛʨʘʤʤʫ ʚ ʪʝ-

ʢʫʱʝʤ ʤʝʩʪʦʧʦʣʦʞʝʥʠʠ ʜʨʦʥʘ. 

ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʧʫʪʝʤ ʧʦ-

ʚʪʦʨʥʦʛʦ ʧʨʦʝʮʠʨʦʚʘʥʠʷ ʟʘʥʷʪʳʭ ʷʯʝʝʢ 

ʩʪʘʨʦʡ ʛʠʩʪʦʛʨʘʤʤʳ ʚ ʪʨʝʭʤʝʨʥʳʝ ʪʦʯʢʠ ʠ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʦʩʪʨʦʝʥʠʷ ʛʠʩʪʦʛʨʘʤʤʳ 

ʧʘʤʷʪʠ ʠʟ ʵʪʠʭ ʪʨʝʭʤʝʨʥʳʭ ʪʦʯʝʢ. ʏʪʦʙʳ 

ʧʦʣʫʯʠʪʴ ʧʦʚʪʦʨʥʦ ʩʧʨʦʝʮʠʨʦʚʘʥʥʳʝ ʪʦʯ-

ʢʠ, ʩʪʘʨʘʷ ʛʠʩʪʦʛʨʘʤʤʘ ʩʢʘʥʠʨʫʝʪʩʷ ʥʘ 

ʧʨʝʜʤʝʪ ʟʘʥʷʪʳʭ ʷʯʝʝʢ. ʂʘʞʜʘʷ ʠʟ ʵʪʠʭ 

ʟʘʥʷʪʳʭ ʷʯʝʝʢ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ‐ ʫʛʣʦʤ 
ʚʦʟʚʳʰʝʥʠʷ ʠ ʫʛʣʦʤ ʘʟʠʤʫʪʘ ‒. ɺ ʜʦʧʦʣ-
ʥʝʥʠʝ ʢ ʵʪʠʤ ʫʛʣʘʤ ʨʘʩʩʪʦʷʥʠʝ ʩʦʭʨʘʥʷʝʪ-

ʩʷ ʚ ʩʣʦʝ ʨʘʩʩʪʦʷʥʠʡ ʩʪʘʨʦʡ ʛʠʩʪʦʛʨʘʤʤʳ, 

ʘ ʚʦʟʨʘʩʪ ï ʚ ʩʣʦʝ ʚʦʟʨʘʩʪʘ. ɽʩʣʠ ʚʦʟʨʘʩʪ 

ʟʘʥʷʪʦʡ ʷʯʝʡʢʠ ʥʝ ʧʨʝʚʳʰʘʝʪ ʦʧʨʝʜʝʣʝʥ-

ʥʳʡ ʧʨʝʜʝʣ, ʷʯʝʡʢʘ ʧʦʚʪʦʨʥʦ ʧʨʦʝʮʠʨʫʝʪ-

ʩʷ ʥʘ ʯʝʪʳʨʝ ʪʨʝʭʤʝʨʥʳʝ ʪʦʯʢʠ, ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʝ ʫʛʣʘʤ ʷʯʝʝʢ. ʋʛʣʳ ʚʦʟʚʳʰʝʥʠʷ 

ʠ ʘʟʠʤʫʪʘ ʯʝʪʳʨʝʭ ʫʛʣʦʚʳʭ ʪʦʯʝʢ ʤʦʛʫʪ 

ʙʳʪʴ ʚʳʯʠʩʣʝʥʳ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ / ʚʳʯʠ-

ʪʘʥʠʷ ʧʦʣʦʚʠʥʳ ʫʛʣʦʚʦʛʦ ʨʘʟʨʝʰʝʥʠʷ Ŭ 

ʛʠʩʪʦʛʨʘʤʤʳ ʠʟ ʫʛʣʦʚ ʚʦʟʚʳʰʝʥʠʷ ʠ ʘʟʠ-

ʤʫʪʘ ʟʘʥʷʪʦʡ ʷʯʝʡʢʠ: 



208 

- ʌʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʥʘʫʢʠ - 

 

International Journal of Humanities and Natural Sciences, vol. 11-4 (86), 2023 

‐ ‐ ȟ ‒ ‒ ȟὭ ρȟτ;     (3)  

 

ʛʜʝ ‐ ï ʫʛʦʣ ʚʦʟʚʳʰʝʥʠʷ ʟʘʥʷʪʦʡ ʷʯʝʡʢʠ; ‒ ï ʫʛʦʣ ʘʟʠʤʫʪʘ ʟʘʥʷʪʦʡ ʷʯʝʡʢʠ. 

ɿʘʪʝʤ ʵʪʠ ʯʝʪʳʨʝ ʪʦʯʢʠ ʤʦʞʥʦ ʧʦʚʪʦʨʥʦ ʩʧʨʦʝʮʠʨʦʚʘʪʴ ʚ ʪʨʝʭʤʝʨʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ: 

 

ὴ ὴέί Ὠὧέί‐ ίὭὲ‒ ; 

ὴ ὴέί Ὠὧέί‐ ὧέί‒ ;   (4) 

ὴ ὴέί ὨίὭὲ‐ , 

 

ʛʜʝ ‐ ï ʫʛʦʣ ʚʦʟʚʳʰʝʥʠʷ ʟʘʥʷʪʦʡ ʷʯʝʡ-

ʢʠ; ‒ ï ʫʛʦʣ ʘʟʠʤʫʪʘ ʟʘʥʷʪʦʡ ʷʯʝʡʢʠ; ὴ  ï 

ʚʳʯʠʩʣʝʥʠʝ ʪʨʝʭʤʝʨʥʦʡ ʪʦʯʢʠ; pos ï ʧʦ-

ʣʦʞʝʥʠʝ ʜʨʦʥʘ. 

ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ ʛʠʩʪʦʛʨʘʤʤʫ ʦʢʨʫʞʘ-

ʶʱʝʡ ʩʨʝʜʳ, ʩʥʘʯʘʣʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʦʙ-

ʨʘʟʦʚʘʪʴ ʪʨʝʭʤʝʨʥʳʝ ʪʦʯʢʠ ʚ ʜʚʫʭʤʝʨʥʫʶ 

ʧʝʨʚʠʯʥʫʶ ʧʦʣʷʨʥʫʶ ʛʠʩʪʦʛʨʘʤʤʫ, ʛʜʝ 

ʢʘʞʜʘʷ ʷʯʝʡʢʘ ʩʦʜʝʨʞʠʪ ʢʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ, 

ʣʝʞʘʱʠʭ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʩʝʢʪʦʨʝ. ɼʣʷ 

ʢʘʞʜʦʡ ʪʨʝʭʤʝʨʥʦʡ ʪʦʯʢʠ ὴ, ʚʳʯʠʩʣʷʶʪʩʷ 
ʫʛʦʣ ʚʦʟʚʳʰʝʥʠʷ ‐ ʠ ʘʟʠʤʫʪʘʣʴʥʳʡ ʫʛʦʣ ‒, 
ʚʠʜʠʤʳʡ ʠʟ ʪʝʢʫʱʝʛʦ ʧʦʣʦʞʝʥʠʷ pos ʜʨʦ-

ʥʘ: 

 

‒ ὥὸὥὲςὴ ςὴέίȟςὴ  ςὴέί;   (5) 

‐ ὥὸὥὲ .      (6) 

 

ʇʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ ʫʛʣʦʚ ʪʨʝʭʤʝʨʥʦʡ 

ʪʦʯʢʠ ʠʭ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʚ ʠʥ-

ʜʝʢʩʳ ʛʠʩʪʦʛʨʘʤʤʳ. ʈʘʩʯʝʪʥʳʝ ʫʛʣʳ ʥʘʭʦ-

ʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ‒  ɴ[ī180, 180] ʠ [ī90, 

90]. ʉʥʘʯʘʣʘ ʵʪʠ ʫʛʣʳ ʥʫʞʥʦ ʧʨʝʦʙʨʘʟʦ-

ʚʘʪʴ ʚ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʜʠʘʧʘʟʦʥʳ ‒  ɴ [0, 

360] ʠ [0, 180]. ʇʦ ʵʪʠʤ ʧʦʣʦʞʠʪʝʣʴʥʳʤ 

ʫʛʣʘʤ ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʳ ʠʥʜʝʢʩʳ ʛʠ-

ʩʪʦʛʨʘʤʤʳ: 

 

‍  ‍ ‌ άέὨ‍Ƞ‌ ;     (7) 

‍  ρ,    (8) 

 

ʛʜʝ ɓ ï ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʫʛʦʣ (ʠʣʠ ‒), ʢʦ-
ʪʦʨʳʡ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʦʙʨʘʟʦʚʘʪʴ; ‐ ï 

ʫʛʦʣ ʚʦʟʚʳʰʝʥʠʷ ʟʘʥʷʪʦʡ ʷʯʝʡʢʠ; Ŭ ï ʨʘʟ-

ʨʝʰʝʥʠʝ ʛʠʩʪʦʛʨʘʤʤʳ; ὴ  ï ʪʨʝʭʤʝʨʥʘʷ 

ʪʦʯʢʘ, άέὨ‍Ƞ‌ ï ʦʩʪʘʪʦʢ ʦʪ ʜʝʣʝʥʠʷ 

‍ ̎  ́‌ 

ʕʪʘ ʧʨʦʮʝʜʫʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʚʘʞʜʳ ʚ 

ʧʨʦʮʝʩʩʝ ʧʦʣʫʯʝʥʠʷ ʦʙʲʝʜʠʥʝʥʥʦʡ ʛʠʩʪʦ-

ʛʨʘʤʤʳ ʜʣʷ ʥʘʚʠʛʘʮʠʠ: ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʛʠ-

ʩʪʦʛʨʘʤʤʳ ʧʘʤʷʪʠ ʠʟ ʧʦʚʪʦʨʥʦ ʩʧʨʦʝʮʠ-

ʨʦʚʘʥʥʳʭ ʪʦʯʝʢ ʠ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʥʦʚʦʡ 

ʛʠʩʪʦʛʨʘʤʤʳ ʠʟ ʦʙʣʘʢʘ ʪʦʯʝʢ, ʧʨʝʜʦʩʪʘʚ-

ʣʝʥʥʦʛʦ ʩʪʝʨʝʦʢʘʤʝʨʦʡ. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ 

ʧʝʨʚʠʯʥʘʷ ʧʦʣʷʨʥʘʷ ʛʠʩʪʦʛʨʘʤʤʘ ʨʘʩʩʯʠ-

ʪʳʚʘʝʪʩʷ ʦʜʠʥʘʢʦʚʦ. ʆʜʥʘʢʦ ʧʦʨʦʛʦʚʳʝ 

ʟʥʘʯʝʥʠʷ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʜʚʦʠʯʥʫʶ 

ʛʠʩʪʦʛʨʘʤʤʫ ʨʘʟʣʠʯʘʶʪʩʷ, ʪʘʢ ʢʘʢ ʦʙʱʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ 3D ʩʠʣʴʥʦ ʨʘʟʣʠʯʘʝʪʩʷ. 

ʊʘʢʞʝ ʨʘʟʤʝʨ ʷʯʝʡʢʠ ʛʠʩʪʦʛʨʘʤʤʳ ʧʘʤʷʪʠ 

ʙʦʣʴʰʝ, ʧʦʩʢʦʣʴʢʫ ʦʥʘ ʧʦʩʪʨʦʝʥʘ ʩ ʧʦʣʦ-

ʚʠʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ. ɼʣʷ ʥʦʚʦʡ ʛʠʩʪʦ-

ʛʨʘʤʤʳ ʷʯʝʡʢʘ ʚ ʜʚʦʠʯʥʦʤ ʩʣʦʝ ʫʩʪʘʥʘʚ-

ʣʠʚʘʝʪʩʷ ʢʘʢ ʟʘʥʷʪʘʷ, ʝʩʣʠ ʚ ʥʝʝ ʧʦʧʘʜʘʝʪ 

ʭʦʪʷ ʙʳ ʦʜʥʘ ʪʨʝʭʤʝʨʥʘʷ ʪʦʯʢʘ. 

ɸʣʛʦʨʠʪʤ 3DVFH ʥʘʯʠʥʘʝʪ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴ ʥʦʚʦʝ ʧʦʣʥʦʝ ʦʙʣʘʢʦ ʪʦʯʝʢ ʩ ʢʘʤʝʨʳ. 

ɿʘʪʝʤ ʦʥ ʦʙʥʦʚʣʷʝʪ ʧʘʨʘʤʝʪʨʳ ʬʫʥʢʮʠʠ 

ʩʪʦʠʤʦʩʪʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʦʩʪʠʛʥʫʪʳʤ 

ʧʨʦʛʨʝʩʩʦʤ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʜʨʦʥʫ ʧʦʜʥʷʪʴ-

ʩʷ, ʝʩʣʠ ʥʝʚʦʟʤʦʞʥʦ ʥʘʡʪʠ ʜʦʨʦʛʫ ʜʣʷ ʦʙ-

ʭʦʜʘ ʧʨʝʧʷʪʩʪʚʠʷ. ɸʣʛʦʨʠʪʤ 3DVFH ʩʪʨʦ-

ʠʪ ʜʝʨʝʚʦ ʧʦʠʩʢʘ, ʯʪʦʙʳ ʧʨʝʜʣʦʞʠʪʴ ʨʘʟ-

ʣʠʯʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ. ʕʪʦ 

ʜʝʨʝʚʦ ʠʤʝʝʪ ʢʦʨʝʥʴ ʚ ʪʝʢʫʱʝʡ ʧʦʟʠʮʠʠ 
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ʙʝʩʧʠʣʦʪʥʦʛʦ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ. ʕʪʘ 

ʧʦʟʠʮʠʷ ʚʚʦʜʠʪʩʷ ʚ ʜʝʨʝʚʦ ʢʘʢ ʧʝʨʚʘʷ ʪʦʯ-

ʢʘ ʦʪʩʯʝʪʘ ʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʬʫʥʢʮʠʷ 

ʩʪʦʠʤʦʩʪʠ ʜʝʨʝʚʘ, ʘ ʪʘʢʞʝ ʵʚʨʠʩʪʠʢʘ ʜʣʷ 

ʧʝʨʚʦʛʦ ʫʟʣʘ. ʆʪʪʫʜʘ ʥʦʚʳʝ ʫʟʣʳ ʚʚʦʜʷʪʩʷ 

ʚ ʜʨʝʚʦʚʠʜʥʫʶ ʩʪʨʫʢʪʫʨʫ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ 

ʟʘʜʘʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʫʟʣʦʚ N ʥʝ ʙʫʜʝʪ 

ʨʘʩʰʠʨʝʥʦ (ʨʠʩ. 4). 

 

 
ʈʠʩ. 4. ɸʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʷ ʛʠʩʪʦʛʨʘʤʤʳ 3DVFH 

 

ʇʦʩʪʨʦʝʥʠʝ ʜʝʨʝʚʘ ʧʦʠʩʢʘ ʜʦʩʪʠʛʘʝʪʩʷ 

ʧʫʪʝʤ ʧʦʚʪʦʨʝʥʠʷ ʧʦʜʭʦʜʘ ʛʠʩʪʦʛʨʘʤʤʳ 

ʜʣʷ ʢʘʞʜʦʡ ʧʨʝʜʧʦʣʘʛʘʝʤʦʡ ʙʫʜʫʱʝʡ ʧʦ-

ʟʠʮʠʠ ʜʨʦʥʘ. ʏʪʦʙʳ ʨʘʟʚʝʨʥʫʪʴ ʫʟʝʣ, ʩʥʘ-

ʯʘʣʘ ʦʙʨʝʟʘʝʪʩʷ ʚʩʝ ʦʙʣʘʢʦ ʪʦʯʝʢ ʚʦʢʨʫʛ 

ʝʛʦ ʪʝʢʫʱʝʛʦ ʧʦʣʦʞʝʥʠʷ. ʊʦʯʢʠ ʦʙʨʝʟʘʥ-

ʥʦʛʦ ʦʙʣʘʢʘ ʪʦʯʝʢ ʙʫʜʫʪ ʧʨʦʚʝʨʷʪʴʩʷ ʥʘ 

ʧʨʝʜʤʝʪ ʠʭ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʜʨʦʥʘ. ʇʦʩʢʦʣʴ-

ʢʫ ʪʝʢʫʱʠʡ ʫʟʝʣ ï ʵʪʦ ʚʩʝʛʦ ʣʠʰʴ ʧʨʝʜʧʦ-

ʣʦʞʝʥʠʝ ʦ ʚʦʟʤʦʞʥʦʤ ʜʚʠʞʝʥʠʠ, ʦʥ ʥʝ 

ʪʨʝʙʫʝʪ ʨʝʘʢʮʠʠ, ʝʩʣʠ ʦʥ ʥʘʭʦʜʠʪʩʷ ʩʣʠʰ-

ʢʦʤ ʙʣʠʟʢʦ ʢ ʧʨʝʧʷʪʩʪʚʠʶ. ʅʦ ʝʩʣʠ ʫʟʝʣ 

ʥʘʭʦʜʠʪʩʷ ʩʣʠʰʢʦʤ ʙʣʠʟʢʦ ʢ ʧʨʝʧʷʪʩʪʚʠʶ, 

ʝʛʦ ʩʪʦʠʤʦʩʪʴ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʙʝʩʢʦ-

ʥʝʯʥʦʩʪʴ. ɺʤʝʩʪʦ ʪʦʛʦ, ʯʪʦʙʳ ʨʘʩʰʠʨʷʪʴ 

ʝʛʦ, ʜʝʨʝʚʦ ʙʫʜʝʪ ʠʩʢʘʪʴ ʩʣʝʜʫʶʱʠʡ ʣʫʯ-

ʰʠʡ ʫʟʝʣ. 

ʏʪʦʙʳ ʨʘʩʰʠʨʠʪʴ ʫʟʝʣ, ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ 

FOV (ʧʦʣʝ ʟʨʝʥʠʷ) ʚ ʝʛʦ ʧʦʣʦʞʝʥʠʠ. ɻʠ-

ʩʪʦʛʨʘʤʤʘ ʩʪʨʦʠʪʩʷ ʢʘʢ ʢʦʤʙʠʥʘʮʠʷ ʛʠʩʪʦ-

ʛʨʘʤʤʳ ʦʙʨʝʟʘʥʥʦʛʦ ʦʙʣʘʢʘ ʪʦʯʝʢ ʠ ʛʠʩʪʦ-

ʛʨʘʤʤʳ ʧʦʚʪʦʨʥʦ ʩʧʨʦʝʮʠʨʦʚʘʥʥʳʭ ʪʦʯʝʢ. 

ʏʪʦʙʳ ʦʙʲʝʜʠʥʠʪʴ ʵʪʠ ʜʚʝ ʛʠʩʪʦʛʨʘʤʤʳ, 

ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʝ ʦʙʟʦʨʘ ʜʨʦʥʘ ʚ ʧʦʟʠʮʠʠ 

ʫʟʣʘ. ɻʠʩʪʦʛʨʘʤʤʘ ʠʤʝʝʪ ʧʦʥʠʞʝʥʥʫʶ 

ʜʠʩʢʨʝʪʠʟʘʮʠʶ ʜʦ ʧʦʣʦʚʠʥʳ ʨʘʟʨʝʰʝʥʠʷ, 

ʯʪʦʙʳ ʫʤʝʥʴʰʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʚʦʟʤʦʞʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʠ ʩʜʝʣʘʪʴ ʠʭ ʙʦʣʝʝ ʯʝʪʢʠʤʠ. 

ʅʘʧʨʘʚʣʝʥʠʷ-ʚʘʨʠʘʥʪʳ ʠʟʚʣʝʢʘʶʪʩʷ ʠ 

ʦʮʝʥʠʚʘʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʦʡ ʞʝ 

ʬʫʥʢʮʠʝʡ ʩʪʦʠʤʦʩʪʠ, ʯʪʦ ʠ ʜʣʷ ʘʣʛʦʨʠʪʤʘ 

3DVFH. ʏʪʦʙʳ ʫʤʝʥʴʰʠʪʴ ʬʘʢʪʦʨ ʚʝʪʚʣʝ-

ʥʠʷ ʜʝʨʝʚʘ ʧʦʠʩʢʘ, ʥʝ ʚʩʝ ʚʘʨʠʘʥʪʳ ʜʦʙʘʚ-

ʣʷʶʪʩʷ ʢʘʢ ʫʟʣʳ. 

ɸʨʭʠʪʝʢʪʫʨʘ ʚʩʝʛʦ ʘʣʛʦʨʠʪʤʘ ʠʟʙʝʛʘʥʠʷ 

ʧʨʝʧʷʪʩʪʚʠʡ ʩʦ ʚʩʝʤʠ ʬʫʥʢʮʠʷʤʠ ʧʦʢʘʟʘʥʘ 

ʥʘ ʨʠʩʫʥʢʝ 5. 
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ʈʠʩ. 5. ʆʙʱʘʷ ʩʪʨʫʢʪʫʨʘ ʘʣʛʦʨʠʪʤʘ ʚʳʙʦʨʘ ʧʫʪʠ 

 

ʇʦʪʝʥʮʠʘʣ ʚʦʟʤʦʞʥʦʛʦ ʫʣʫʯʰʝʥʠʷ 

ʘʣʛʦʨʠʪʤʘ 3DVFH  

ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʘʣʛʦʨʠʪʤʝ ʫʢʣʦʥʝ-

ʥʠʷ ʦʪ ʧʨʝʧʷʪʩʪʚʠʡ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʚʝʜʝʥ-

ʥʘʷ ʩʪʨʘʪʝʛʠʷ ʧʘʤʷʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ, ʢʘʢ 

ʜʣʷ ʧʦʣʝʪʦʚ ʥʘ ʦʪʢʨʳʪʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, 

ʪʘʢ ʠ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʩʣʦʞʥʳʭ ʩʮʝʥʘʨʠʝʚ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʘʣʛʦʨʠʪʤʘ 

ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʛʣʦʙʘʣʴʥʦʡ ʢʘʨʪʳ ʩʨʝʜʳ, ʯʪʦ 

ʩʥʠʞʘʝʪ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʘʣʛʦ-

ʨʠʪʤʘ.  

ɸʣʛʦʨʠʪʤ ʛʠʩʪʦʛʨʘʤʤʳ ʚʝʢʪʦʨʥʦʛʦ ʧʦ-

ʣʷ (VFH) ʙʳʣ ʨʘʩʰʠʨʝʥ ʜʦ ʪʨʝʭʤʝʨʥʦʡ 

ʩʨʝʜʳ, ʘ ʧʨʝʠʤʫʱʝʩʪʚʘ ʬʫʥʢʮʠʠ ʧʘʤʷʪʠ 

ʙʳʣʠ ʚʦʩʧʨʦʠʟʚʝʜʝʥʳ ʚ ʘʣʛʦʨʠʪʤʝ 3DVFH. 

ɹʣʘʛʦʜʘʨʷ ʵʪʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʫʧʨʝʞʜʝʥʠʷ 

ʘʣʛʦʨʠʪʤ ʭʦʨʦʰʦ ʩʧʨʘʚʣʷʝʪʩʷ ʚ ʙʦʣʝʝ 

ʩʣʦʞʥʳʭ ʩʮʝʥʘʨʠʷʭ. ʈʝʘʣʠʟʦʚʘʥ ʧʨʦʩʪʦʡ ʚ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʤ ʦʪʥʦʰʝʥʠʠ ʤʝʪʦʜ ʦʙʥʘ-

ʨʫʞʝʥʠʷ ʟʝʤʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʦʣʴʢʦ 

ʜʘʥʥʳʭ ʩ ʧʝʨʝʜʥʝʡ ʢʘʤʝʨʳ. ɹʳʣʦ ʧʦʢʘʟʘ-

ʥʦ, ʯʪʦ ʤʝʪʦʜ ʥʘʟʝʤʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʤʦ-

ʞʝʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ʤʠʥʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷ-

ʥʠʝ ʜʦ ʟʝʤʣʠ. ʈʝʘʣʠʟʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ 

ʬʫʥʢʮʠʠ, ʯʪʦʙʳ ʧʦʚʳʩʠʪʴ ʥʘʜʝʞʥʦʩʪʴ 

ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʧʦʜʭʦʜʘ ʠ ʩʜʝʣʘʪʴ ʚʦʟʤʦʞ-

ʥʳʤ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʥʘ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘ-

ʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʘʭ.  

ʆʜʥʘʢʦ ʘʣʛʦʨʠʪʤ ʦʙʣʘʜʘʝʪ ʥʝʜʦʩʪʘʪʢʘ-

ʤʠ. ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʘʣʛʦʨʠʪʤʘ ʩʠʣʴʥʦ 

ʦʛʨʘʥʠʯʝʥʘ ʜʦʩʪʫʧʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʦ 

ʜʘʪʯʠʢʝ. ɺʝʨʦʷʪʥʦʩʪʴ ʩʪʦʣʢʥʦʚʝʥʠʷ ʤʦʞʝʪ 

ʙʳʪʴ ʫʤʝʥʴʰʝʥʘ, ʘ ʩʢʦʨʦʩʪʴ ʧʦʣʝʪʘ ʤʦʛʫʪ 

ʙʳʪʴ ʫʚʝʣʠʯʝʥʳ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʳʭ ʜʘʪʯʠʢʦʚ ʫʚʝʣʠʯʝʥʠʷ ʧʦʣʷ 

ʟʨʝʥʠʷ. ʍʦʪʴ ʘʣʛʦʨʠʪʤ ʠ ʦʧʨʝʜʝʣʷʝʪ ʦʢʨʫ-

ʞʝʥʠʝ ʧʦʯʪʠ ʥʘ 360 ʛʨʘʜʫʩʦʚ, ʜʣʷ ʘʥʘʣʠʟʘ 

ʪʘʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʝʤʫ ʥʝʦʙʭʦʜʠʤʦ ʚʨʘ-

ʱʘʪʴʩʷ ʚʦʢʨʫʛ ʩʚʦʝʡ ʦʩʠ ʧʦʩʪʦʷʥʥʦ ʦʩʤʘʪ-

ʨʠʚʘʷʩʴ, ʥʘ ʯʪʦ ʫʭʦʜʠʪ ʣʠʰʥʝʝ ʚʨʝʤʷ. 

ɼʨʦʥ ʥʝ ʤʦʞʝʪ ʤʦʤʝʥʪʘʣʴʥʦ ʨʘʩʩʯʠʪʘʪʴ 

ʚʦʟʥʠʢʰʝʝ ʧʨʝʧʷʪʩʪʚʠʝ, ʥʘʧʨʠʤʝʨ ʚʩʪʨʝʯ-

ʥʦ ʜʚʠʞʫʱʝʛʦʩʷ ʦʙʲʝʢʪʘ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ 

ʩʪʦʣʢʥʦʚʝʥʠʶ ʠ ʧʦʪʝʨʝ ɹʇʃɸ. ʊʘʢ ʞʝ ʘʣ-

ʛʦʨʠʪʤ ʪʨʘʪʠʪ ʤʥʦʛʦ ʚʨʝʤʝʥʠ ʥʘ ʚʳʯʠʩʣʝ-

ʥʠʝ ʣʫʯʰʝʡ ʪʨʘʝʢʪʦʨʠʠ ʠʟ ʚʦʟʤʦʞʥʳʭ. 

ʀʟ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ, 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʘʣʛʦʨʠʪʤ ʥʫʞ-

ʜʘʝʪʩʷ ʚ ʤʦʜʠʬʠʢʘʮʠʠ. ʇʦʵʪʦʤʫ ʩʫʱʝʩʪʚʫ-

ʝʪ ʨʷʜ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʘʚ-
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ʪʦʨʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʘʣʛʦʨʠʪʤʘ. ɸʣʛʦ-

ʨʠʪʤ ʚʦʟʤʦʞʥʦ ʫʣʫʯʰʠʪʴ ʧʫʪʝʤ ʜʦʙʘʚʣʝ-

ʥʠʷ ʥʦʚʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʢ ʬʫʥʢʮʠʠ ʩʪʦʠ-

ʤʦʩʪʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʧʦʩʪʨʦʝʥʠʷ ʜʝʨʝ-

ʚʘ ʧʫʪʠ, ʨʘʩʰʠʨʠʚ ʝʛʦ, ʯʪʦʙʳ ʚʢʣʶʯʠʪʴ ʥʝ 

ʪʦʣʴʢʦ ʧʦʣʦʞʝʥʠʷ, ʥʦ ʠ ʩʢʦʨʦʩʪʠ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʥʘʠʣʫʯʰʝʡ ʪʨʘʝʢʪʦʨʠʝʡ ʙʫʜʝʪ ʢʦʤ-

ʧʨʦʤʠʩʩ ʤʝʞʜʫ ʜʣʠʥʦʡ ʧʫʪʠ ʠ ʩʢʦʨʦʩʪʴʶ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ ʩʪʦʣʢʥʦ-

ʚʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʦ ʨʘʟʥʳʤʠ 

ʩʧʦʩʦʙʘʤʠ, ʠ ʚ ʨʝʘʣʴʥʦʡ ʞʠʟʥʠ ʩʫʱʝʩʪʚʫ-

ʶʪ ʩʮʝʥʘʨʠʠ ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʩʣʫʯʘʝʚ, ʢʦ-

ʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ. ʅʘʧʨʠʤʝʨ, 

ʜʨʦʥ ʩ ʦʜʥʦʡ ʬʨʦʥʪʘʣʴʥʦʡ ʢʘʤʝʨʦʡ ʤʦʞʝʪ 

ʩʯʝʩʪʴ ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʙʦʣʝʝ 

ʙʝʟʦʧʘʩʥʳʤ, ʯʝʤ ʚʝʨʪʠʢʘʣʴʥʦʝ. ɸʧʨʠʦʨʥʘʷ 

ʚʳʩʦʪʘ ʜʘʝʪ ʭʦʨʦʰʠʡ ʩʧʦʩʦʙ ʦʮʝʥʠʪʴ ʧʨʝ-

ʠʤʫʱʝʩʪʚʘ ʥʘʙʦʨʘ ʚʳʩʦʪʳ, ʥʦ ʵʪʦ ʟʥʘʯʝ-

ʥʠʝ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʟʘʨʘʥʝʝ. ɸʜʘʧʪʠʚʥʘʷ 

ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ ʦʮʝʥʠʚʘʝʪ, ʥʘʩʢʦʣʴʢʦ 

ʩʣʦʞʥʦ ʥʘʡʪʠ ʧʫʪʠ ʚ ʪʝʢʫʱʝʡ ʩʨʝʜʝ, ʤʦ-

ʞʝʪ ʙʳʪʴ ʠʥʪʝʨʝʩʥʳʤ ʨʘʩʰʠʨʝʥʠʝʤ. 

ʊʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʝʥ ʜʠʥʘʤʠʯʝ-

ʩʢʠʡ ʧʦʠʩʢ, ʚ ʢʦʪʦʨʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʥ-

ʬʦʨʤʘʮʠʷ ʠʟ ʧʨʝʜʳʜʫʱʝʛʦ ʧʦʠʩʢʘ ʠ ʪʦʛʜʘ 

ʩʦʢʨʘʪʠʪʩʷ ʚʨʝʤʷ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ. ɿʘ ʩʯʝʪ 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʝʨʞʢʘ ʤʝʞ-

ʜʫ ʟʘʧʨʦʩʦʤ ʥʦʚʦʛʦ ʧʫʪʠ ʠ ʥʦʚʳʤ ʨʝʰʝʥʠ-

ʝʤ ʤʦʞʝʪ ʙʳʪʴ ʫʤʝʥʴʰʝʥʘ, ʯʪʦ ʧʦʟʚʦʣʠʪ 

ʘʣʛʦʨʠʪʤʫ ʥʘʭʦʜʠʪʴ ʣʫʯʰʠʝ ʧʫʪʠ ʝʱʝ 

ʙʳʩʪʨʝʝ. 

ɼʠʥʘʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪ-

ʤʘ, ʧʦʤʦʞʝʪ ʫʣʫʯʰʠʪʴ ʩʢʦʨʦʩʪʴ ʦʙʨʘʙʦʪʢʠ 

ʠʥʬʦʨʤʘʮʠʠ, ʧʦʣʫʯʘʝʤʦʡ ʩ ʜʘʪʯʠʢʦʚ. 

ʄʥʦʛʠʝ ʟʘʜʘʯʠ, ʨʝʰʘʝʤʳʝ ʜʠʥʘʤʠʯʝʩʢʠʤ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝʤ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʢʘʢ ʧʦʠʩʢ ʚ ʟʘʜʘʥʥʦʤ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʤ 

ʘʮʠʢʣʠʯʝʩʢʦʤ ʛʨʘʬʝ ʢʨʘʪʯʘʡʰʝʛʦ ʧʫʪʠ ʦʪ 

ʦʜʥʦʡ ʚʝʨʰʠʥʳ ʢ ʜʨʫʛʦʡ. ʉʦʛʣʘʩʥʦ ʜʦʧʫ-

ʱʝʥʠʷʤ ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʫʛʣʦʚʳʝ 

ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʧʨʦʧʝʣʣʝʨʦʚ ʤʦʞʥʦ 

ʠʟʤʝʥʷʪʴ ʤʦʤʝʥʪʘʣʴʥʦ. 

ʈʘʩʰʠʨʝʥʠʝ ʦʙʣʘʩʪʠ ʚʠʜʠʤʦʩʪʠ ʩ ʧʦ-

ʤʦʱʴʶ ʨʘʩʰʠʨʝʥʠʷ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʜʘʥ-

ʥʳʭ ʠʣʠ ʩ ʧʦʤʦʱʴʶ ʜʦʙʘʚʣʝʥʠʷ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʤʘʰʠʥʥʦʛʦ ʟʨʝʥʠʷ ʜʦʣʞ-

ʥʦ ʫʚʝʣʠʯʠʪʴ ʧʦʨʦʛ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʝʪʘ 

ʜʨʦʥʘ ʠ ʨʘʜʠʫʩ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʝʧʷʪʩʪʚʠʡ 

ʥʘ ʧʫʪʠ. 

ɿʘʢʣʶʯʝʥʠʝ 

ɸʥʘʣʠʟ ʧʫʙʣʠʢʘʮʠʡ ʚ ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʤʝʪʦ-

ʜʳ ʨʝʰʝʥʠʷ ʫʢʣʦʥʝʥʠʷ ʦʪ ʧʨʝʧʷʪʩʪʚʠʡ ʥʘ 

ʘʚʪʦʥʦʤʥʦʤ ʢʚʘʜʨʦʢʦʧʪʝʨʝ, ʦʙʣʘʜʘʶʪ ʧʦ-

ʪʝʥʮʠʘʣʦʤ ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ, ʵʬʬʝʢʪʠʚʥʦ-

ʩʪʠ ʠ ʪʦʯʥʦʩʪʠ ʨʘʩʯʝʪʦʚ ʘʣʛʦʨʠʪʤʘ. ʋʯʠ-

ʪʳʚʘʷ ʚʳʰʝʠʟʣʦʞʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʨʘʟʨʘʙʦʪʘʪʴ 

ʫʣʫʯʰʝʥʥʳʡ ʘʥʘʣʦʛ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʘʣ-

ʛʦʨʠʪʤʘ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʩʧʦʩʦʙʝʥ ʙʦʣʝʝ 

ʢʘʯʝʩʪʚʝʥʥʦ ʠ ʩ ʤʝʥʴʰʝʡ ʟʘʜʝʨʞʢʦʡ ʚʳ-

ʧʦʣʥʷʪʴ ʩʚʦʠ ʟʘʜʘʯʠ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʦʧʠʩʘʥ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʬʝʨʤʝʥʪʠʨʦʚʘʥʥʳʭ ʣʠʩʪʴ-

ʝʚ ʚʠʰʥʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʟʘʤʝʥʠʪʝʣʴ ʯʘʷ. ʀʟʫʯʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦ-

ʣʫʯʝʥʥʦʛʦ ʬʝʨʤʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʨʦʜʫʢʪʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʜʘʥʥʦʤ ʩʧʦʩʦʙʝ ʬʝʨʤʝʥʪʠ-

ʨʦʚʘʥʠʷ ʧʨʦʠʩʭʦʜʷʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʣʠʩʪʴʷʭ ʚʠʰʥʠ, ʯʪʦ ʚʳʨʘʞʘʝʪʩʷ ʚ ʠʟʤʝ-

ʥʝʥʠʠ ʠʭ ʚʥʝʰʥʝʛʦ ʚʠʜʘ ʠ ʧʦʷʚʣʝʥʠʠ ʧʨʠʷʪʥʦʛʦ ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʟʘʧʘʭʘ. ʆʧʨʝʜʝʣʝʥʦ ʢʦʣʠ-

ʯʝʩʪʚʦ ʵʢʩʪʨʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʚ ʚʦʜʥʳʭ ʠ ʵʪʘʥʦʣʴʥʳʭ ʵʢʩʪʨʘʢʪʘʭ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʨʘʟ-

ʣʠʯʥʳʭ ʩʧʦʩʦʙʘʭ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʳ ʢʘʯʝʩʪʚʝʥʥʳʝ ʨʝʘʢʮʠʠ ʥʘ ʩʦʜʝʨ-

ʞʘʥʠʝ ʚ ʵʢʩʪʨʘʢʪʘʭ ʬʣʘʚʦʥʦʠʜʦʚ. ʇʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʵʢʩʪʨʘʢ-

ʪʠʚʥʳʭ ʚʝʱʝʩʪʚ, ʤʦʜʝʣʠʨʫʶʱʠʡ ʟʘʚʘʨʠʚʘʥʠʝ ʯʘʷ ʚ ʙʳʪʦʚʳʭ ʫʩʣʦʚʠʷʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʦʜʥʳʡ ʵʢʩʪʨʘʢʪ, ʩʧʠʨʪʦʚʳʡ ʵʢʩʪʨʘʢʪ, ʣʠʩʪʴʷ ʚʠʰʥʠ, ʚʠʰʥʷ, ʬʣʘ-

ʚʦʥʦʠʜʳ, ʯʘʡ, ʟʘʤʝʥʠʪʝʣʴ ʯʘʷ, ʩʫʨʨʦʛʘʪʳ ʯʘʷ. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʦ ʤʥʦʛʠʭ ʧʨʦʜʫʢ-

ʪʘʭ ʧʠʪʘʥʠʷ ʤʦʞʥʦ ʦʙʥʘʨʫʞʠʪʴ ʙʦʣʴʰʦʝ 

ʯʠʩʣʦ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, 

ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʧʘʛʫʙʥʦ ʚʣʠʷʪʴ ʥʘ ʦʨ-

ʛʘʥʠʟʤ. ʕʪʠ ʚʝʱʝʩʪʚʘ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʠʩ-

ʧʦʣʴʟʫʶʪ ʜʣʷ ʧʨʠʜʘʥʠʷ ʧʨʦʜʫʢʪʘʤ ʦʧʨʝ-

ʜʝʣʝʥʥʳʭ ʢʘʯʝʩʪʚ. ʕʪʦ ʤʦʛʫʪ ʙʳʪʴ ʢʨʘʩʠ-

ʪʝʣʠ, ʫʩʠʣʠʪʝʣʠ ʚʢʫʩʘ ʠ ʟʘʧʘʭʘ, ʘʥʪʠʦʢʠʩ-

ʣʠʪʝʣʠ ʠ ʢʦʥʩʝʨʚʘʥʪʳ ʠ ʪ.ʜ. 

ʅʝ ʷʚʣʷʝʪʩʷ ʠʩʢʣʶʯʝʥʠʝʤ ʪʘʢʦʡ ʧʨʦ-

ʜʫʢʪ ʢʘʢ ʯʘʡ. ɺ ʪʦʨʛʦʚʳʭ ʩʝʪʷʭ ʤʦʞʥʦ 

ʚʩʪʨʝʪʠʪʴ ʯʘʠ ʩ ʥʘʪʫʨʘʣʴʥʳʤʠ ʜʦʙʘʚʢʘʤʠ, 

ʘ ʪʘʢʞʝ ʩ ʩʠʥʪʝʪʠʯʝʩʢʠʤʠ. 

ʆʜʥʘʢʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʶʪ 

ʪʝʥʜʝʥʮʠʠ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ ʢʘʯʝʩʪʚʝ 

ʥʘʧʠʪʢʘ ʥʝ ʪʦʣʴʢʦ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʯʘʷ, ʧʦ-

ʣʫʯʘʝʤʦʛʦ ʟʘʚʘʨʠʚʘʥʠʝʤ ʯʘʡʥʦʛʦ ʣʠʩʪʘ. 

ʅʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʤ ʨʘʩʪʝʥʠʝʤ, ʠʩʧʦʣʴʟʫ-

ʝʤʳʤ ʚ ʢʘʯʝʩʪʚʝ ʟʘʤʝʥʠʪʝʣʷ ʯʘʷ, ʷʚʣʷʝʪʩʷ 

ʢʠʧʨʝʡ ʫʟʢʦʣʠʩʪʥʳʡ. ʅʘ ʤʘʨʢʝʪʧʣʝʡʩʘʭ 

ʤʦʞʥʦ ʧʨʠʦʙʨʝʩʪʠ ʪʘʢʠʝ ʟʘʤʝʥʠʪʝʣʠ ʯʘʷ, 

ʢʘʢ ʬʝʨʤʝʥʪʠʨʦʚʘʥʥʳʝ ʠ ʥʝʬʝʨʤʝʥʪʠʨʦ-

ʚʘʥʥʳʝ ʣʠʩʪʴʷ ʤʘʣʠʥʳ, ʚʠʰʥʠ, ʷʙʣʦʥʠ, 

ʙʨʫʩʥʠʢʠ, ʩʤʦʨʦʜʠʥʳ ʠ ʪ.ʜ. ɺ ʢʘʯʝʩʪʚʝ ʜʦ-

ʙʘʚʦʢ ʚ ʪʘʢʠʭ ʟʘʤʝʥʠʪʝʣʷʭ ʯʘʷ ʠʩʧʦʣʴʟʫʶʪ 

ʷʛʦʜʳ ʰʠʧʦʚʥʠʢʘ, ʦʙʣʝʧʠʭʠ, ʤʘʣʠʥʳ, ʟʝʤ-

ʣʷʥʠʢʠ, ʘ ʪʘʢʞʝ ʣʠʩʪʴʷ ʯʘʙʨʝʮʘ, ʤʝʣʠʩʩʳ, 

ʤʷʪʳ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʤʥʦʛʠʭ ʪʘʢʠʭ 

ʨʘʩʪʝʥʠʡ, ʥʝ ʧʦʜʚʝʨʛʥʫʪʳʭ ʬʝʨʤʝʥʪʘʮʠʠ, 

ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʠʟʫʯʝʥ. ʆʜʥʘʢʦ ʙʦʣʴ-

ʰʦʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʬʝʨʤʝʥʪʠʨʦ-

ʚʘʥʥʳʝ ʧʨʦʜʫʢʪʳ. ʀʭ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠ 

ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʝ ʢʘʯʝʩʪʚʘ ʪʨʝʙʫʝʪ ʜʝʪʘʣʴ-

ʥʦʛʦ ʠʟʫʯʝʥʠʷ. 

ɺ ʧʨʦʮʝʩʩʝ ʚʳʙʦʨʘ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ ʙʳʣʠ ʩʦʙʨʘʥʳ ʠ ʧʦʜʚʝʨʛʥʫʪʳ ʬʝʨʤʝʥ-

ʪʘʮʠʠ ʣʠʩʪʴʷ ʤʘʣʠʥʳ, ʩʤʦʨʦʜʠʥʳ, ʚʠʥʦ-

ʛʨʘʜʘ, ʢʦʪʦʚʥʠʢʘ ʢʦʰʘʯʴʝʛʦ, ʟʝʤʣʷʥʠʢʠ ʠ 

ʚʠʰʥʠ. ʆʜʥʘʢʦ ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜ-

ʩʪʘʚʠʣʠ ʩʦʙʦʡ ʬʝʨʤʝʥʪʠʨʦʚʘʥʥʳʝ ʣʠʩʪʴʷ 

ʚʠʰʥʠ. ʋʞʝ ʧʨʠ ʩʙʦʨʝ ʣʠʩʪʴʝʚ ʙʳʣʦ ʦʪʤʝ-

ʯʝʥʦ, ʯʪʦ ʧʨʠ ʧʦʚʨʝʞʜʝʥʠʠ ʩʦʩʫʜʦʚ ʣʠʩʪʘ 

ʥʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʷʚʣʷʶʪʩʷ ʪʦʯʢʠ 

ʢʨʘʩʥʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ. ʌʝʨʤʝʥʪʠʨʦʚʘ-

ʥʠʝ ʣʠʩʪʴʝʚ ʚʠʰʥʠ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ 

ʫ ʥʠʭ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ, ʦʧʠʩʘʥ-

ʥʳʭ ʚ ʥʘʩʪʦʷʱʝʡ ʧʫʙʣʠʢʘʮʠʠ, ʠ ʦʪʩʫʪ-

ʩʪʚʫʶʱʠʭ ʫ ʜʨʫʛʠʭ ʬʝʨʤʝʥʪʠʨʦʚʘʥʥʳʭ 

ʨʘʩʪʝʥʠʡ. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩ-

ʩʣʝʜʦʚʘʥʠʝ ʬʝʨʤʝʥʪʠʨʦʚʘʥʥʳʭ ʠ ʥʝʬʝʨ-

ʤʝʥʪʠʨʦʚʘʥʥʳʭ ʣʠʩʪʴʝʚ ʚʠʰʥʠ, ʠʩʧʦʣʴʟʫ-

ʝʤʳʭ ʚ ʢʘʯʝʩʪʚʝ ʟʘʤʝʥʠʪʝʣʷ ʯʘʷ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

ʃʠʩʪʴʷ ʚʠʰʥʠ ʟʘʛʦʪʘʚʣʠʚʘʣʠʩʴ ʚ ʪʨʝʪʴ-

ʝʡ ʜʝʢʘʜʝ ʠʶʣʷ 2023 ʛʦʜʘ ʚ ʂʘʣʫʞʩʢʦʡ ʦʙ-

ʣʘʩʪʠ. ʉʦʙʨʘʥʥʫʶ ʤʘʩʩʫ ʣʠʩʪʴʝʚ ʧʝʨʝʤʝ-
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ʰʘʣʠ, ʧʨʦʤʳʣʠ ʧʨʦʪʦʯʥʦʡ ʚʦʜʦʡ ʠ ʨʘʟʜʝ-

ʣʠʣʠ ʥʘ ʜʚʝ ʨʘʚʥʳʝ ʯʘʩʪʠ.  

ʉ ʧʝʨʚʦʡ ʯʘʩʪʠ ʣʠʩʪʴʝʚ ʚʦʜʫ ʧʦʩʣʝ 

ʧʨʦʤʳʚʢʠ ʫʜʘʣʠʣʠ ʙʫʤʘʞʥʳʤ ʧʦʣʦʪʝʥʮʝʤ, 

ʠ ʜʘʣʝʝ ʚʳʩʫʰʠʚʘʣʠ ʠʭ ʥʘ ʧʦʣʠʤʝʨʥʦʡ 

ʧʣʝʥʢʝ, ʚ ʪʝʥʠ, ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ.  

ɼʣʷ ʬʝʨʤʝʥʪʘʮʠʠ ʚʪʦʨʫʶ ʯʘʩʪʴ ʣʠʩʪʴʝʚ 

ʧʦʩʣʝ ʧʨʦʤʳʚʢʠ, ʙʝʟ ʫʜʘʣʝʥʠʷ ʩ ʥʠʭ ʚʦʜʳ, 

ʧʦʤʝʱʘʣʠ ʚ ʧʦʣʠʤʝʨʥʳʡ ʧʘʢʝʪ ʠ ʟʘʤʦʨʘ-

ʞʠʚʘʣʠ ʚ ʙʳʪʦʚʦʡ ʤʦʨʦʟʠʣʴʥʦʡ ʢʘʤʝʨʝ ʚ 

ʪʝʯʝʥʠʝ ʜʚʫʭ ʩʫʪʦʢ ʧʨʠ t = -16 Áʉ. ɿʘʪʝʤ, 

ʧʦʩʣʝ ʨʘʟʤʦʨʘʞʠʚʘʥʠʷ, ʣʠʩʪʴʷ ʪʱʘʪʝʣʴʥʦ 

ʨʘʟʤʠʥʘʣʠ ʠ ʧʣʦʪʥʦ ʫʢʣʘʜʳʚʘʣʠ ʚ ʩʪʝʢ-

ʣʷʥʥʳʡ ʩʦʩʫʜ, ʛʦʨʣʦʚʠʥʘ ʢʦʪʦʨʦʛʦ ʟʘʢʨʳ-

ʚʘʣʘʩʴ ʤʘʨʣʝʡ. ʌʝʨʤʝʥʪʘʮʠʷ ʧʨʦʚʦʜʠʣʘʩʴ 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 

ʜʚʫʭ ʩʫʪʦʢ. ʅʘ ʚʪʦʨʳʝ ʩʫʪʢʠ ʧʨʦʮʝʩʩʘ ʧʦ-

ʷʚʠʣʩʷ ʩʠʣʴʥʳʡ ʩʧʝʮʠʬʠʯʝʩʢʠʡ ʬʨʫʢʪʦ-

ʚʳʡ ʟʘʧʘʭ, ʘ ʣʠʩʪʴʷ ʧʦʢʨʳʣʠʩʴ ʨʘʩʪʚʦʨʠ-

ʤʦʡ ʚ ʚʦʜʝ ʩʣʠʟʴʶ ʢʨʘʩʥʦ-ʢʦʨʠʯʥʝʚʦʛʦ 

ʮʚʝʪʘ. ɼʘʣʝʝ ʬʝʨʤʝʥʪʠʨʦʚʘʥʥʳʝ ʣʠʩʪʴʷ 

ʨʘʩʢʣʘʜʳʚʘʣʠ ʥʘ ʧʦʣʠʤʝʨʥʦʡ ʧʣʝʥʢʝ ʠ ʚʳ-

ʩʫʰʠʚʘʣʠ ʚ ʪʝʥʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘ-

ʪʫʨʝ. ʇʦʩʣʝ ʚʳʩʫʰʠʚʘʥʠʷ ʩʠʣʴʥʳʡ ʩʧʝʮʠ-

ʬʠʯʝʩʢʠʡ ʬʨʫʢʪʦʚʳʡ ʟʘʧʘʭ ʩʦʭʨʘʥʷʝʪʩʷ. 

ɺʥʝʰʥʠʡ ʚʠʜ ʣʠʩʪʴʝʚ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠ-

ʩʫʥʢʝ. 

 

 
ʈʠʩ. ʌʝʨʤʝʥʪʠʨʦʚʘʥʥʳʝ (1) ʠ ʥʝʬʝʨʤʝʥʪʠʨʦʚʘʥʥʳʝ (2) ʣʠʩʪʴʷ ʚʠʰʥʠ 

 

ʃʠʩʪʴʷ ʚʠʰʥʠ ʩʦʜʝʨʞʘʪ ʜʫʙʠʣʴʥʳʝ ʚʝ-

ʱʝʩʪʚʘ, ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʠʩʣʦʪʳ, ʬʝʥʦʣʴʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ, ʚʠʪʘʤʠʥʳ, ʩʘʭʘʨʘ ʠ ʪ.ʜ. [1, 2]. 

ʆʜʥʘʢʦ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʬʝʨʤʝʥ-

ʪʘʮʠʠ ʧʨʦʠʩʭʦʜʷʪ ʧʨʦʮʝʩʩʳ, ʧʨʠʚʦʜʷʱʠʝ ʢ 

ʠʟʤʝʥʝʥʠʶ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠ ʢʦʣʠʯʝʩʪʚʝʥ-

ʥʦʛʦ ʩʦʩʪʘʚʘ ʜʘʥʥʦʛʦ ʩʳʨʴʷ.  

ʆʜʥʠʤʠ ʠʟ ʦʩʥʦʚʥʳʭ ʚʝʱʝʩʪʚ ʚ ʨʘʩʪʝ-

ʥʠʷʭ, ʦʙʣʘʜʘʶʱʠʭ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢ-

ʪʠʚʥʦʩʪʴʶ, ʷʚʣʷʶʪʩʷ ʬʣʘʚʦʥʦʠʜʳ. ɼʣʷ 

ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʥʘʣʠʯʠʷ ʬʣʘʚʦʥʦʠʜʦʚ ʚ 

ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʲʝʢʪʘʭ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʢʘʯʝʩʪʚʝʥʥʳʝ ʨʝʘʢʮʠʠ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʨʘ-

ʙʦʪʘʭ [3-5].  

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʧʨʠʛʦʪʦʚʣʝʥʳ 

ʚʦʜʥʳʝ ʠ ʵʪʘʥʦʣʴʥʳʝ ʵʢʩʪʨʘʢʪʳ. ɼʣʷ ʵʪʦʛʦ 

ʬʝʨʤʝʥʪʠʨʦʚʘʥʥʳʝ ʠ ʥʝʬʝʨʤʝʥʪʠʨʦʚʘʥ-

ʥʳʝ ʣʠʩʪʴʷ ʚʠʰʥʠ ʠʟʤʝʣʴʯʘʣʠ ʜʦ ʨʘʟʤʝʨʘ 

ʯʘʩʪʠʮ, ʧʨʦʭʦʜʷʱʠʭ ʯʝʨʝʟ ʩʠʪʦ ʩ ʜʠʘʤʝʪ-

ʨʦʤ ʷʯʝʝʢ 1 ʤʤ.  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʚʦʜʥʳʭ ʵʢʩʪʨʘʢʪʦʚ 

ʥʘʚʝʩʢʠ ʬʝʨʤʝʥʪʠʨʦʚʘʥʥʳʭ ʠ ʥʝʬʝʨʤʝʥ-

ʪʠʨʦʚʘʥʥʳʭ ʣʠʩʪʴʝʚ ʤʘʩʩʦʡ ʧʦ 0,5 ʛ (ʪʦʯ-

ʥʘʷ ʥʘʚʝʩʢʘ), ʧʦʤʝʱʘʣʠ ʚ ʧʣʦʩʢʦʜʦʥʥʳʝ 

ʢʦʣʙʳ ʥʘ 100 ʤʣ. ʅʘʛʨʝʪʫʶ ʜʦ ʢʠʧʝʥʠʷ ʜʠ-

ʩʪʠʣʣʠʨʦʚʘʥʥʫʶ ʚʦʜʫ ʧʨʠʣʠʚʘʣʠ ʧʦ 40 ʤʣ 

ʚ ʢʘʞʜʫʶ ʢʦʣʙʫ, ʟʘʢʨʳʚʘʣʠ ʢʦʣʙʳ ʧʨʦʙ-

ʢʘʤʠ ʩ ʦʙʨʘʪʥʳʤ ʭʦʣʦʜʠʣʴʥʠʢʦʤ ʠ ʩʪʘʚʠ-

ʣʠ ʥʘ ʚʦʜʷʥʫʶ ʙʘʥʶ ʧʨʠ 99 Áʉ ʥʘ 15 ʤʠ-

ʥʫʪ. ɼʘʣʝʝ ʢʦʣʙʳ ʚʳʥʠʤʘʣʠ ʠʟ ʚʦʜʷʥʦʡ 

ʙʘʥʠ ʠ ʧʨʦʚʦʜʠʣʠ ʥʘʩʪʘʠʚʘʥʠʝ ʩʦʜʝʨʞʠ-

ʤʦʛʦ ʚ ʪʝʯʝʥʠʝ 45 ʤʠʥʫʪ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʩʧʠʨʪʦʚʳʭ ʵʢʩʪʨʘʢʪʦʚ 

ʦʪʙʠʨʘʣʠ ʥʘʚʝʩʢʠ ʧʦ 0,5 ʛ (ʪʦʯʥʘʷ ʥʘʚʝʩ-

ʢʘ), ʧʦʤʝʱʘʣʠ ʠʭ ʚ ʧʣʦʩʢʦʜʦʥʥʳʝ ʢʦʣʙʳ 

ʥʘ 100 ʤʣ ʠ ʜʦʙʘʚʣʷʣʠ ʧʦ 40 ʤʣ ʵʪʠʣʦʚʦʛʦ 

ʩʧʠʨʪʘ (70%), ʟʘʢʨʳʚʘʣʠ ʧʨʦʙʢʘʤʠ ʩ ʦʙ-

ʨʘʪʥʳʤ ʭʦʣʦʜʠʣʴʥʠʢʦʤ ʠ ʩʪʘʚʠʣʠ ʥʘ ʚʦʜʷ-

ʥʫʶ ʙʘʥʶ. ʇʦʩʣʝ ʟʘʢʠʧʘʥʠʷ ʩʧʠʨʪʘ ʢʦʣʙʳ 

ʚʳʥʠʤʘʣʠ ʠ ʥʘʩʪʘʠʚʘʣʠ ʩʦʜʝʨʞʠʤʦʝ ʚ ʪʝ-

ʯʝʥʠʝ 45 ʤʠʥʫʪ.  

ɼʘʣʝʝ ʧʦʣʫʯʝʥʥʳʝ ʚʦʜʥʳʝ ʠ ʩʧʠʨʪʦʚʳʝ 

ʵʢʩʪʨʘʢʪʳ ʬʠʣʴʪʨʦʚʘʣʠ (ʬʠʣʴʪʨ çʩʠʥʷʷ 

ʣʝʥʪʘè). 

ʅʝʧʦʣʷʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ (ʭʣʦʨʦʬʠʣʣ, 

ʩʤʦʣʳ ʠ ʪ.ʜ.) ʤʝʪʦʜʘʤʠ, ʦʧʠʩʘʥʥʳʤʠ ʚ [3], 

ʥʝ ʦʪʜʝʣʷʣʠʩʴ, ʨʝʘʢʮʠʠ ʧʨʦʚʦʜʠʣʠʩʴ ʥʝʧʦ-

ʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʪʨʘʢʪʘʭ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʳʭ 

ʨʝʘʢʮʠʡ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 
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ʊʘʙʣʠʮʘ 1. ʂʘʯʝʩʪʚʝʥʥʳʝ ʨʝʘʢʮʠʠ, ʧʨʦʚʝʜʝʥʥʳʝ ʚ ʚʦʜʥʳʭ ʠ ʵʪʘʥʦʣʴʥʳʭ ʵʢʩʪʨʘʢʪʘʭ ʠʟ 

ʬʝʨʤʝʥʪʠʨʦʚʘʥʥʳʭ ʠ ʥʝʬʝʨʤʝʥʪʠʨʦʚʘʥʥʳʭ ʣʠʩʪʴʝʚ ʚʠʰʥʠ 

ʈʝʘʛʝʥʪ 
ʆʞʠʜʘʝʤʘʷ 

ʦʢʨʘʩʢʘ 

ʅʝʬʝʨʤʝʥʪʠʨʦʚʘʥʥʳʝ ʣʠ-

ʩʪʴʷ ʚʠʰʥʠ 

ʌʝʨʤʝʥʪʠʨʦʚʘʥʥʳʝ ʣʠ-

ʩʪʴʷ ʚʠʰʥʠ 

ʚʦʜʥʳʝ ʵʢʩʪʨʘʢʪʳ (ʚ.ʵ.)/ 

ʵʪʘʥʦʣʴʥʳʝ ʵʢʩʪʨʘʢʪʳ (ʵ.ʵ.) 

Mg/HCl ʢʦʥʮ. 

(ʮʠʘʥʠʜʠʥʦʚʘʷ ʧʨʦʙʘ) 
ʢʨʘʩʥʳʡ, ʦʨʘʥʞʝʚʳʡ 

ʨʦʟʦʚʦ-ʢʨʘʩʥʳʡ (ʚ.ʵ.)/ 

ʨʦʟʦʚʦ-ʢʨʘʩʥʳʡ (ʵ.ʵ.) 

ʨʦʟʦʚʦ-ʢʨʘʩʥʳʡ (ʚ.ʵ.)/ 

ʦʢʨʘʩʢʘ ʦʪʩʫʪʩʪʚʫʝʪ (ʵ.ʵ.) 

1% ʨʘʩʪʚʦʨ AlCl3 ʚ ʩʧʠʨʪʝ 
ʦʪ ʙʣʝʜʥʦ-ʞʝʣʪʦʡ ʜʦ 

ʞʝʣʪʦʡ 

ʞʸʣʪʳʡ (ʚ.ʵ.)/ 

ʞʝʣʪʦ-ʢʦʨʠʯʥʝʚʳʡ (ʵ.ʵ.) 

ʞʸʣʪʦ-ʟʝʣʸʥʳʡ (ʚ.ʵ.)/ 

ʞʝʣʪʦ-ʟʝʣʝʥʳʡ (ʵ.ʵ.) 

1% ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʞʝʣʝ-

ʟʦʘʤʤʦʥʠʝʚʳʭ ʢʚʘʩʮʦʚ 

ʟʝʣʸʥʳʡ, 

ʪʸʤʥʳʝ ʦʪʪʝʥʢʠ ʜʦ 

ʯʸʨʥʦʛʦ, 

ʩʝʨʳʝ ʦʪʪʝʥʢʠ ʜʦ ʩʝ-

ʨʦ-ʬʠʦʣʝʪʦʚʦʛʦ 

ʟʝʣʸʥʳʡ, ʚʟʚʝʩʴ (ʚ.ʵ.)/ 

ʟʝʣʝʥʦ-ʢʦʨʠʯʥʝʚʳʡ (ʵ.ʵ.) 

ʟʝʣʸʥʦ-ʢʦʨʠʯ. (ʚ.ʵ.)/ 

ʪʝʤʥʦ-ʟʝʣʝʥʳʡ (ʵ.ʵ.) 

1% ʩʧʠʨʪʦʚʦʡ ʨʘʩʪʚʦʨ 

Pb(CH3COO)2 

ʢʨʘʩʥʳʡ, 

ʞʝʣʪʳʡ 

ʞʸʣʪʳʡ, ʚʟʚʝʩʴ (ʚ.ʵ.)/ 

ʦʢʨʘʩʢʘ ʦʪʩʫʪʩʪʚʫʝʪ (ʵ.ʵ.) 

ʞʸʣʪʳʡ, ʚʟʚʝʩʴ (ʚ.ʵ.)/ 

ʦʢʨʘʩʢʘ ʦʪʩʫʪʩʪʚʫʝʪ (ʵ.ʵ.) 

FeCl3 

(1% ʩʧʠʨʪʦʚʦʡ ʨʘʩʪʚʦʨ) 

ʩʠʥʠʡ, ʩʠʥʝ-

ʬʠʦʣʝʪʦʚʳʡ, 

ʟʝʣʝʥʳʡ, 

ʢʦʨʠʯʥʝʚʳʡ 

ʟʝʣʸʥʳʡ (ʚ.ʵ.)/ 

ʪʝʤʥʦ-ʟʝʣʝʥʳʡ (ʵ.ʵ.) 

ʟʝʣʸʥʳʡ ʩ ʢʦʨʠʯʥʝʚʳʤ ʦʪ-

ʪʝʥʢʦʤ (ʚ.ʵ.)/ 

ʞʸʣʪʦ-ʟʝʣʝʥʳʡ (ʵ.ʵ.) 

1% ʨʘʩʪʚʦʨ ʚʘʥʠʣʠʥʘ ʚ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʦʣʷ-

ʥʦʡ ʢʠʩʣʦʪʝ 

ʢʨʘʩʥʦ-ʬʠʦʣʝʪʦʚʳʡ, 

ʷʨʢʦ-ʢʨʘʩʥʳʡ, 

ʷʨʢʦ-ʞʸʣʪʳʡ, 

ʤʘʣʠʥʦʚʳʡ, ʨʦʟʦʚʳʡ 

ʢʨʘʩʥʳʡ (ʚ.ʵ.)/ 

ʤʘʣʠʥʦʚʳʡ (ʵ.ʵ.) 

ʢʨʘʩʥʳʡ (ʚ.ʵ.)/ 

ʬʠʦʣʝʪʦʚʳʡ (ʵ.ʵ.) 

NH3 (ʨ-ʨ) 

ʞʸʣʪʳʡ, 

ʦʨʘʥʞʝʚʳʡ, 

ʢʨʘʩʥʳʡ, 

ʩʠʥʠʡ, 

ʬʠʦʣʝʪʦʚʳʡ 

ʞʸʣʪʳʡ (ʚ.ʵ.)/ 

ʦʢʨʘʩʢʘ ʦʪʩʫʪʩʪʚʫʝʪ (ʵ.ʵ.) 

ʞʸʣʪʳʡ (ʚ.ʵ.)/ 

ʞʝʣʪʳʡ (ʵ.ʵ.) 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʩʳʨʴʸ ʠ ʵʢʩ-

ʪʨʘʢʪʳ ʠʟ ʥʝʛʦ ʩʦʜʝʨʞʘʪ ʬʣʘʚʦʥʦʠʜʳ. ʇʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʙʦʣʴʰʠʥʩʪʚʘ ʨʝʘʢʮʠʡ ʥʘ ʬʣʘ-

ʚʦʥʦʠʜʳ, ʩʦʧʫʪʩʪʚʫʶʱʠʝ ʩʦʝʜʠʥʝʥʠʷ, 

ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʚ ʵʢʩʪʨʘʢʪʘʭ, ʥʝ ʦʢʘʟʘʣʠ 

ʚʣʠʷʥʠʷ ʥʘ ʧʦʷʚʣʝʥʠʝ ʭʘʨʘʢʪʝʨʥʦʛʦ ʦʢʨʘ-

ʰʠʚʘʥʠʷ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʤʘʩʩʳ ʵʢʩʪʨʘʢʪʠʚʥʳʭ ʚʝ-

ʱʝʩʪʚ ʚ ʬʝʨʤʝʥʪʠʨʦʚʘʥʥʳʭ ʠ ʥʝʬʝʨʤʝʥ-

ʪʠʨʦʚʘʥʥʳʭ ʵʢʩʪʨʘʢʪʘʭ ʧʨʦʚʦʜʠʣʦʩʴ ʧʦ 

ʜʚʫʤ ʤʝʪʦʜʠʢʘʤ. 

ʇʦ ʧʝʨʚʦʡ ʤʝʪʦʜʠʢʝ ʵʢʩʪʨʘʢʪʳ ʛʦʪʦʚʠ-

ʣʠʩʴ ʩʧʦʩʦʙʦʤ, ʦʧʠʩʘʥʥʳʤ ʚʳʰʝ. ʇʦ 

10 ʤʣ ʵʢʩʪʨʘʢʪʦʚ ʧʦʤʝʱʘʣʠ ʚ ʧʨʝʜʚʘʨʠ-

ʪʝʣʴʥʦ ʧʦʜʛʦʪʦʚʣʝʥʥʳʝ ʬʘʨʬʦʨʦʚʳʝ ʯʘʰ-

ʢʠ. ɺʳʩʫʰʠʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ 105 Áʉ 

ʜʦ ʧʦʩʪʦʷʥʥʦʡ ʤʘʩʩʳ. ʇʦ ʧʦʣʫʯʝʥʥʳʤ 

ʜʘʥʥʳʤ ʨʘʩʩʯʠʪʳʚʘʣʠ ʤʘʩʩʦʚʫʶ ʜʦʣʶ ʵʢʩ-

ʪʨʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

 

ʊʘʙʣʠʮʘ 2. ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʵʢʩʪʨʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʚ ʚʦʜʥʳʭ ʠ ʵʪʘʥʦʣʴʥʳʭ ʵʢʩʪʨʘʢʪʘʭ 

ʬʝʨʤʝʥʪʠʨʦʚʘʥʥʳʭ ʠ ʥʝʬʝʨʤʝʥʪʠʨʦʚʘʥʥʳʭ ʣʠʩʪʴʝʚ ʚʠʰʥʠ. 
ɺʦʜʥʳʝ ʵʢʩʪʨʘʢʪʳ ʕʪʘʥʦʣʴʥʳʝ ʵʢʩʪʨʘʢʪʳ 

ʅʝʬʝʨʤʝʥʪʠʨʦʚʘʥʥʳʝ 

ʣʠʩʪʴʷ 

ʚʠʰʥʠ 

ʌʝʨʤʝʥʪʠʨʦʚʘʥʥʳʝ ʣʠ-

ʩʪʴʷ 

ʚʠʰʥʠ 

ʅʝʬʝʨʤʝʥʪʠʨʦʚʘʥʥʳʝ 

ʣʠʩʪʴʷ 

ʚʠʰʥʠ 

ʌʝʨʤʝʥʪʠʨʦʚʘʥʥʳʝ ʣʠ-

ʩʪʴʷ 

ʚʠʰʥʠ 

4,18 Ñ 0,01 % 4,22 Ñ 0,02 % 4,31 Ñ 0,02 % 4,51 Ñ 0,01 % 

 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴ-

ʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʵʪʘʥʦʣ ʠʟʚʣʝʢʘʝʪ ʥʝ-

ʩʢʦʣʴʢʦ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʚʝʱʝʩʪʚ. 

ʇʦʩʢʦʣʴʢʫ ʣʠʩʪʴʷ ʚʠʰʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʢʘʢ ʟʘʤʝʥʠʪʝʣʴ ʯʘʷ, ʪʦ ʥʘʤʠ ʙʳʣʘ ʧʨʝʜʣʦ-

ʞʝʥʘ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ 

ʵʢʩʪʨʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ 

ʫʩʣʦʚʠʷʭ, ʤʦʜʝʣʠʨʫʶʱʠʭ ʟʘʚʘʨʠʚʘʥʠʝ ʯʘʷ 

ʚ ʧʘʢʝʪʠʢʘʭ ʚ ʙʳʪʦʚʳʭ ʫʩʣʦʚʠʷʭ. ɼʣʷ ʵʪʦ-

ʛʦ ʥʘʚʝʩʢʠ ʬʝʨʤʝʥʪʠʨʦʚʘʥʥʳʭ ʠ ʥʝʬʝʨ-

ʤʝʥʪʠʨʦʚʘʥʥʳʭ ʣʠʩʪʴʝʚ ʚʠʰʥʠ ʤʘʩʩʦʡ ʧʦ 

2,0 ʛ (ʪʦʯʥʘʷ ʥʘʚʝʩʢʘ) ʧʦʤʝʱʘʣʠ ʚ ʩʪʘʢʘʥʳ 
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ʠ ʧʨʠʣʠʚʘʣʠ ʧʦ 200 ʤʣ ʢʠʧʷʱʝʡ ʜʠʩʪʠʣʣʠ-

ʨʦʚʘʥʥʦʡ ʚʦʜʳ. ɼʘʣʝʝ ʩʪʘʢʘʥʳ ʧʦʤʝʱʘʣʠ ʚ 

ʪʝʨʤʦʩʪʘʪʠʨʫʝʤʳʡ ʰʢʘʬ (25 Áʉ). ʇʦʩʣʝ 

ʦʩʪʳʚʘʥʠʷ ʜʦ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʵʢʩʪʨʘʢʪʳ ʬʠʣʴʪʨʦʚʘʣʠ. ʇʦ 10 ʤʣ ʵʢʩʪʨʘʢ-

ʪʦʚ ʚʳʩʫʰʠʚʘʣʠ ʧʨʠ 105 Áʉ ʚ ʧʨʝʜʚʘʨʠ-

ʪʝʣʴʥʦ ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʬʘʨʬʦʨʦʚʳʭ ʯʘʰ-

ʢʘʭ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 3. 

 

ʊʘʙʣʠʮʘ 3. ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʵʢʩʪʨʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʚ ʚʦʜʥʳʭ ʵʢʩʪʨʘʢʪʘʭ, ʬʝʨʤʝʥʪʠʨʦ-

ʚʘʥʥʳʭ ʠ ʥʝʬʝʨʤʝʥʪʠʨʦʚʘʥʥʳʭ ʣʠʩʪʴʝʚ ʚʠʰʥʠ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʫʩʣʦʚʠʷʭ, ʤʦʜʝʣʠʨʫʶʱʠʭ 

ʟʘʚʘʨʠʚʘʥʠʝ ʯʘʷ 
ɺʦʜʥʳʝ ʵʢʩʪʨʘʢʪʳ 

ʅʝʬʝʨʤʝʥʪʠʨʦʚʘʥʥʳʝ ʣʠʩʪʴʷ ʚʠʰʥʠ ʌʝʨʤʝʥʪʠʨʦʚʘʥʥʳʝ ʣʠʩʪʴʷ ʚʠʰʥʠ 

0,68 Ñ 0,02 % 0,74 Ñ 0,02 % 

 

ʀʟ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ 

ʦʧʨʝʜʝʣʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʵʢʩʪʨʘʢʪʠʚʥʳʭ 

ʚʝʱʝʩʪʚ ʩʣʝʜʫʝʪ, ʯʪʦ ʠʟ ʬʝʨʤʝʥʪʠʨʦʚʘʥ-

ʥʳʭ ʣʠʩʪʴʝʚ ʚʠʰʥʠ ʠʟʚʣʝʢʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ 

ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʵʢʩʪʨʘʢʪʠʚʥʳʭ ʚʝ-

ʱʝʩʪʚ, ʯʝʤ ʠʟ ʥʝʬʝʨʤʝʥʪʠʨʦʚʘʥʥʳʭ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʠ ʬʝʨʤʝʥʪʠʨʦʚʘʥʠʠ ʣʠʩʪʴʝʚ ʚʠʰʥʠ 

ʧʦ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʝ ʧʨʦʠʩʭʦʜʷʪ 

ʠʟʤʝʥʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʠʩʩʣʝʜʫ-

ʝʤʦʛʦ ʦʙʲʝʢʪʘ, ʯʪʦ ʚʳʨʘʞʘʝʪʩʷ ʚ ʠʟʤʝʥʝ-

ʥʠʠ ʮʚʝʪʘ ʣʠʩʪʴʝʚ, ʧʦʢʨʳʪʠʠ ʠʭ ʚʦʜʦʨʘʩ-

ʪʚʦʨʠʤʦʡ ʩʣʠʟʴʶ ʢʨʘʩʥʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝ-

ʪʘ. 

ʂʘʢ ʬʝʨʤʝʥʪʠʨʦʚʘʥʥʳʝ, ʪʘʢ ʠ ʥʝʬʝʨ-

ʤʝʥʪʠʨʦʚʘʥʥʳʝ ʣʠʩʪʴʷ ʚʠʰʥʠ ʩʦʜʝʨʞʘʪ 

ʬʣʘʚʦʥʦʠʜʳ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʨʦʚʝ-

ʜʝʥʥʳʤʠ ʢʘʯʝʩʪʚʝʥʥʳʤʠ ʨʝʘʢʮʠʷʤʠ. 

ʀʟ ʬʝʨʤʝʥʪʠʨʦʚʘʥʥʳʭ ʣʠʩʪʴʝʚ ʚʠʰʥʠ 

ʠʟʚʣʝʢʘʝʪʩʷ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʵʢʩʪʨʘʢ-

ʪʠʚʥʳʭ ʚʝʱʝʩʪʚ, ʯʝʤ ʠʟ ʥʝʬʝʨʤʝʥʪʠʨʦʚʘʥ-

ʥʳʭ. 
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Abstract. This paper describes a method for producing fermented cherry leaves that can be 

used as a tea substitute. The features of the obtained fermented product have been studied. It is 

shown that with this method of fermentation, significant changes occur in cherry leaves, which is 

expressed in a change in their appearance and the emergence of a peculiar flavor. The amount 

of extractive substances in aqueous and ethanol extracts obtained by various extraction methods 

was determined, as well as qualitative reactions to the content of flavonoids in the extracts were 

carried out. A method for determining the amount of extractive substances, simulating tea brew-

ing in domestic conditions, is proposed. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ, ʯʪʦ ʦʪʩʫʪʩʪʚʠʝ ʜʦʢʫʤʝʥʪʦʚ, ʧʦʜ-

ʪʚʝʨʞʜʘʶʱʠʭ ʫʪʚʝʨʞʜʝʥʠʝ ʠ ʫʩʪʘʥʦʚʣʝʥʠʝ ʛʨʘʥʠʮ ʤʝʞʜʫ ʈʉʌʉʈ ʠ ʋʟʙʝʢʩʢʦʡ ʉʉʈ, ʘ ʚ 

ʧʦʩʣʝʜʩʪʚʠʠ ʤʝʞʜʫ ʂʠʨʛʠʟʩʢʦʡ ʠ ʊʘʜʞʠʢʩʢʦʡ ʉʉʈ ʧʨʠʚʝʣʦ ʪʦʤʫ, ʯʪʦ ʤʝʞʨʝʩʧʫʙʣʠʢʘʥ-

ʩʢʘʷ ʛʨʘʥʠʮʘ ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʠʩʭʦʜʷ ʦʩʚʦʝʥʠʷ ʟʝʤʝʣʴ ʠ ʠʩʪʦʯʥʠʢʦʚ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʦʨʛʘ-

ʥʠʟʦʚʳʚʘʶʱʠʤʠʩʷ B ʪʦʪ ʧʝʨʠʦʜ ʩʝʣʴʭʦʟʧʨʝʜʧʨʠʷʪʠʷʤʠ, ʧʫʪʝʤ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʦʪʜʝʣʴ-

ʥʳʭ ʧʦʩʝʣʝʥʠʡ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦ-ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʭ ʝʜʠʥʠʮ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʦʩʫʜʘʨʩʪʚʦ, ʛʨʘʥʠʮʘ, ʶʨʠʜʠʯʝʩʢʠʡ ʘʢʪ, ʜʝʣʠʤʠʪʘʮʠʷ, ʜʝʤʘʨʢʘʮʠʷ. 

 

ɺ ʢʦʥʮʝ 2022 ʛʦʜʘ ʠ ʚ ʥʘʯʘʣʝ 2023 ʛʦʜʘ 

ʦʪʜʝʣʴʥʳʝ ʦʬʠʮʠʘʣʴʥʳʝ ʣʠʮʘ, ʘ ʪʘʢʞʝ ʥʝ-

ʢʦʪʦʨʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣ ʙʨʘʪʩʢʦʡ ʥʘʤ ʈʝʩ-

ʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ ʩʪʘʣʠ ʚʳʜʚʠʛʘʪʴ ʩʝ-

ʨʴʝʟʥʳʝ ʧʨʝʪʝʥʟʠʠ ʠ ʦʙʚʠʥʝʥʠʷ ʚ ʘʜʨʝʩ 

ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ.  

ɺ ʯʘʩʪʥʦʩʪʠ, ʄʠʥʠʩʪʨ ʠʥʦʩʪʨʘʥʥʳʭ ʜʝʣ 

ʊʘʜʞʠʢʠʩʪʘʥʘ 23.09.2022 ʛʦʜʘ ʚʳʩʪʫʧʘʷ ʥʘ 

ʦʯʝʨʝʜʥʦʡ ʩʝʩʩʠʠ ɻʝʥʝʨʘʣʴʥʦʡ ɸʩʩʘʤʙʣʝʡ 

ʆʆʅ ʦʙʚʠʥʠʣ ʂʳʨʛʳʟʩʢʫʶ ʈʝʩʧʫʙʣʠʢʫ ʚ 

ʥʝʟʘʢʦʥʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʨʨʠʪʦʨʠʠ 

ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ ʧʣʦʱʘʜʴʶ 200 

ʪʳʩʷʯ ʛʝʢʪʘʨʦʚ [1]. 

ɺ ʷʥʚʘʨʝ 2023 ʛʦʜʘ ʦʙʚʠʥʠʪʝʣʴʥʫʶ ʨʠ-

ʪʦʨʠʢʫ ʚ ʘʜʨʝʩ ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ 

ʦʟʚʫʯʠʣ ʪʘʜʞʠʢʩʢʠʡ ʧʦʣʠʪʦʣʦʛ ɸʙʜʫʣʣʘ 

ʈʘʭʥʘʤʦ ʦ ʩʦʩʪʦʷʥʠʷ ʦʪʥʦʰʝʥʠʡ ʊʘʜʞʠʢʠ-

ʩʪʘʥʘ ʠ ʂʳʨʛʳʟʩʪʘʥʘ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʩʚʦʝ 

ʥʘʯʘʣʦ ʩ 20-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ.  

ʆʥ ʧʦʚʪʦʨʠʣ ʟʘʷʚʣʝʥʠʝ ʤʠʥʠʩʪʨʘ ʠʥʦ-

ʩʪʨʘʥʥʳʭ ʜʝʣ ʊʘʜʞʠʢʠʩʪʘʥʘ ʥʘ ɻʝʥʘʩʩʘʤ-

ʙʣʝʠ ʆʆʅ ʦʩʝʥʴʶ 2022 ʛʦʜʘ ʦ ʚʣʘʜʝʥʠʠ ʠ 

ʧʦʣʴʟʦʚʘʥʠʠ ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʦʡ 200 

ʪʳʩʷʯ ʛʝʢʪʘʨʦʚ ʟʝʤʝʣʴ ʶʨʠʜʠʯʝʩʢʦʡ ʪʝʨ-

ʨʠʪʦʨʠʠ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ ʠ ʚʳ-

ʩʢʘʟʘʣ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʦʟʚʨʘʱʝʥʠʷ ʜʘʥ-

ʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʊʘʜʞʠʢʠʩʪʘʥʫ.  

ʊʘʢʞʝ ʪʘʜʞʠʢʩʢʠʡ ʫʯʝʥʳʡ ʙʝʟʦʩʥʦʚʘ-

ʪʝʣʴʥʦ ʦʙʚʠʥʠʣ ʇʨʘʚʠʪʝʣʴʩʪʚʦ ʂʈ, ʚ ʦʪʢʘ-

ʟʝ ʧʦʜʧʠʩʘʪʴ ʉʦʛʣʘʰʝʥʠʷ ʧʦ ʚʟʘʠʤʥʦ-

ʩʦʛʣʘʩʦʚʘʥʥʳʤ ʫʯʘʩʪʢʘʤ ʣʠʥʠʠ ʧʨʦʭʦʞʜʝ-

ʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʛʨʘʥʠʮʳ, ʧʨʦʪʷʞʝʥ-

ʥʦʩʪʴ ʢʦʪʦʨʦʡ ʩʦʩʪʘʚʣʷʝʪ 602 ʢʠʣʦʤʝʪʨʘ 

ʦʪ ʦʙʱʝʡ ʜʣʠʥʳ ʚ 990 ʢʠʣʦʤʝʪʨʦʚ.  

ɺʳʩʢʘʟʘʥʥʳʝ ʫʯʝʥʳʤ ʦʙʚʠʥʝʥʠʷ ʦ ʪʦʤ, 

ʯʪʦ ʂʳʨʛʳʟʩʢʘʷ ʈʝʩʧʫʙʣʠʢʘ ʧʨʠʥʷʚ ɿʘʢʦʥ 

ʂʈ çʆ ʩʪʘʪʫʩʝ ɹʘʪʢʝʥʩʢʦʡ ʦʙʣʘʩʪʠè [2] 

ʧʨʝʚʨʘʪʠʣ ʪʝʨʨʠʪʦʨʠʶ ʦʙʣʘʩʪʠ ʚ ʦʩʦʙʫʶ 

ʚʦʝʥʥʦ-ʦʙʦʨʦʥʠʪʝʣʴʥʫʶ ʟʦʥʫ, ʘ ʪʘʢʞʝ ʚ 

ʦʢʪʷʙʨʝ 2022 ʛʦʜʘ ʚ ʂʳʨʛʳʟʩʪʘʥʝ ʧʨʠʥʷʪ 

ʜʨʫʛʦʡ ɿʘʢʦʥ, ʢʦʪʦʨʳʤ ʧʨʝʜʧʠʩʳʚʘʝʪʩʷ 

ʚʦʦʨʫʞʠʪʴ ʩʪʨʝʣʢʦʚʳʤ ʦʨʫʞʠʝʤ ʥʘʩʝʣʝ-

ʥʠʝ ɹʘʪʢʝʥʩʢʦʡ ʦʙʣʘʩʪʠ, ʯʪʦ ʧʦʩʣʫʞʠʪ ʜʝ-

ʪʦʥʘʪʦʨʦʤ ʧʝʨʝʨʘʩʪʘʥʠʷ ʙʳʪʦʚʳʭ ʢʦʥ-

ʬʣʠʢʪʦʚ ʥʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʛʨʘʥʠʮʝ ʚ 

ʤʝʞʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʚʦʦʨʫʞʝʥʥʳʡ ʢʦʥ-

ʬʣʠʢʪ.  

ɸ. ʈʘʭʥʘʤʦ ʫʢʘʟʳʚʘʝʪ, ʯʪʦ ʪʦʣʴʢʦ ʜʦʢʫ-

ʤʝʥʪʳ ʦ ʥʘʮʠʦʥʘʣʴʥʦ- ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʤ 

ʨʘʟʤʝʞʝʚʘʥʠʠ 1924-1927 ʛʛ. ʠ 1932 ʛʦʜʘ 

ʧʨʦʰʣʠ ʚʩʝ ʧʨʦʮʝʜʫʨʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʂʦʥʩʪʠʪʫʮʠʝʡ ʉʉʉʈ 1924 ʛʦʜʘ, ʠ ʪʦʣʴʢʦ 

ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʥʷʪʴ ʟʘ ʶʨʠʜʠʯʝʩʢʫʶ 

ʦʩʥʦʚʫ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʣʠʥʠʠ ʧʨʦʭʦʞʜʝ-

ʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʛʨʘʥʠʮʳ ʤʝʞʜʫ ʂʳʨ-

ʛʳʟʩʪʘʥʦʤ ʀ ʊʘʜʞʠʢʠʩʪʘʥʦʤ. ʋʢʘʟʘʥʥʳʝ 

ʜʦʢʫʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʈʝʩʧʫʙʣʠʢʘ ʊʘʜʞʠʢʠ-

ʩʪʘʥ ʩʯʠʪʘʝʪ ʠʤʝʶʱʠʤʠ ʶʨʠʜʠʯʝʩʢʫʶ ʩʠ-

ʣʫ ʧʨʠ ʦʙʩʫʞʜʝʥʠʠ ʚʦʧʨʦʩʦʚ ʜʝʣʠʤʠʪʘʮʠʠ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʛʨʘʥʠʮʳ, ʙʳʣʠ ʧʨʠʥʷʪʳ ʠ 

ʫʪʚʝʨʞʜʝʥʳ ɺʩʝʩʦʶʟʥʳʤ ʎʝʥʪʨʘʣʴʥʳʤ 

ʠʩʧʦʣʥʠʪʝʣʴʥʳʤ ʢʂʦʤʠʪʝʪʦʤ ʠ ʎʝʥʪʨʘʣʴ-

ʥʳʤ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤ ʂʦʤʠʪʝʪʦʤ ʊʘʜʞʠ-

ʢʠʩʪʘʥʘ. ɸ. ʈʘʭʥʘʤʦ ʦʪʤʝʯʘʝʪ, ʯʪʦ ʧʝʨʝʜʘ-

ʯʘ ʠʟ ʩʦʩʪʘʚʘ ʂʘʨʘʢʠʨʛʠʟʩʢʦʡ ʘʚʪʦʥʦʤʥʦʡ 

ʦʙʣʘʩʪʠ ʄʫʨʛʘʙʩʢʦʛʦ ʠ ɼʞʝʨʛʝʪʝʣʴʩʢʦʛʦ 

ʨʘʡʦʥʦʚ ʚ ʩʦʩʪʘʚ ɻʦʨʥʦʛʦ ɹʘʜʘʭʰʘʥʘ ʊʘ-

ʜʞʠʢʠʩʪʘʥʘ 2 ʷʥʚʘʨʷ 1925 ʛʦʜʘ ʚ ʥʘʩʪʦʷ-




