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ʈɸɿʈɸɹʆʊʂɸ ʄʆɼʋʃʗ ʇʆɼɻʆʊʆɺʂʀ ʅʆʈʄɸʊʀɺʅʓʍ ɼʆʂʋʄɽʅʊʆɺ ɺ  

ʆɹʃɸʉʊʀ ʀʅʌʆʈʄɸʎʀʆʅʅʆʁ ɹɽɿʆʇɸʉʅʆʉʊʀ ʉʀʉʊɽʄʓ  

ʕʃɽʂʊʈʆʅʅʆɻʆ ɼʆʂʋʄɽʅʊʆʆɹʆʈʆʊɸ 

 

ɺ.ɺ. ɼʝʥʠʩʝʥʢʦ, ʜʦʮʝʥʪ 

ʖ.ɼ. ɾʠʭʘʨʝʚʘ, ʩʪʫʜʝʥʪ 

ɹ.ʄ. ʉʪʨʝʣʢʦʚ, ʩʪʫʜʝʥʪ 

ɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʞʝʥʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

(ʈʦʩʩʠʷ, ʛ. ɺʦʨʦʥʝʞ) 

 

DOI:10.24412/2500-1000-2024-5-4-7-10 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʘ ʨʘʟʨʘʙʦʪʢʘ ʤʦʜʫʣʷ ʧʦʜʛʦʪʦʚʢʠ ʥʦʨʤʘ-

ʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʚ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ ʧʨʝʜʧʨʠʷʪʠʷ. ʆʧʠʩʘʥʳ ʢʣʶʯʝʚʳʝ ʘʩʧʝʢʪʳ ʨʘʟʨʘʙʦʪʢʠ, ʚʢʣʶʯʘʷ ʚʳ-

ʙʦʨ ʘʨʭʠʪʝʢʪʫʨʳ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʳ ʦʙʝʩʧʝʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʠʷ ʦʪʨʘʩʣʝʚʳʤ ʩʪʘʥʜʘʨ-

ʪʘʤ ʠ ʪʨʝʙʦʚʘʥʠʷʤ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʚʳʚʦʜʳ ʦ ʟʥʘʯʠʤʦʩʪʠ ʤʦʜʫʣʷ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʫʣʫʯʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʥ-

ʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ, ʘ ʪʘʢʞʝ ʝʛʦ ʚʣʠʷʥʠʝ ʥʘ ʧʦʚʳʰʝʥʠʝ ʦʙʱʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ 

ʟʘʱʠʪʳ ʜʘʥʥʳʭ ʚ ʦʨʛʘʥʠʟʘʮʠʷʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʵʣʝʢʪʨʦʥʥʳʡ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪ, 

ʥʦʨʤʘʪʠʚʥʳʝ ʜʦʢʫʤʝʥʪʳ, ʧʦʣʠʪʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ ʜʘʥʥʳʭ, ʮʝʣʦʩʪ-

ʥʦʩʪʴ ʜʘʥʥʳʭ, ʟʘʱʠʪʘ ʠʥʬʦʨʤʘʮʠʠ, ʢʠʙʝʨʫʛʨʦʟʳ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ, ʩʦʦʪʚʝʪ-

ʩʪʚʠʝ ʥʦʨʤʘʤ ʠ ʩʪʘʥʜʘʨʪʘʤ. 

 

ɺ ʩʦʚʨʝʤʝʥʥʳʡ ʮʠʬʨʦʚʦʡ ʚʝʢ ʚʘʞʥʦʩʪʴ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʩʠʩʪʝʤʘʭ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ ʥʝʚʦʟ-

ʤʦʞʥʦ ʧʝʨʝʦʮʝʥʠʪʴ. ʇʦʩʢʦʣʴʢʫ ʦʨʛʘʥʠʟʘ-

ʮʠʠ ʚʩʝ ʙʦʣʴʰʝ ʧʦʣʘʛʘʶʪʩʷ ʥʘ ʵʣʝʢʪʨʦʥ-

ʥʳʝ ʩʨʝʜʩʪʚʘ ʭʨʘʥʝʥʠʷ ʠ ʦʙʤʝʥʘ ʢʦʥʬʠ-

ʜʝʥʮʠʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ, ʦʙʝʩʧʝʯʝʥʠʝ 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ, ʮʝʣʦʩʪʥʦʩʪʠ ʠ ʜʦ-

ʩʪʫʧʥʦʩʪʠ ʜʘʥʥʳʭ ʩʪʘʣʦ ʛʣʘʚʥʳʤ ʧʨʠʦʨʠ-

ʪʝʪʦʤ. ʈʘʟʨʘʙʦʪʢʘ ʤʦʜʫʣʷ ʧʦʜʛʦʪʦʚʢʠ 

ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʚ ʦʙʣʘʩʪʠ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʤʝʝʪ ʨʝʰʘ-

ʶʱʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʪʘʥʜʘʨ-

ʪʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʮʝʜʫʨ ʠ ʨʫʢʦʚʦʜʩʪʚ, ʨʝ-

ʛʫʣʠʨʫʶʱʠʭ ʦʙʨʘʱʝʥʠʝ ʦʨʛʘʥʠʟʘʮʠʡ ʩ 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ [1, 2]. 

ʕʪʦʪ ʤʦʜʫʣʴ ʥʝ ʪʦʣʴʢʦ ʧʦʤʦʞʝʪ ʫʧʨʦ-

ʩʪʠʪʴ ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʠ ʚʥʝʜʨʝʥʠʷ ʧʦʣʠ-

ʪʠʢ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʥʦ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʪ ʩʦ-

ʦʪʚʝʪʩʪʚʠʝ ʦʪʨʘʩʣʝʚʳʤ ʥʦʨʤʘʤ ʠ ʧʝʨʝʜʦ-

ʚʳʤ ʧʨʘʢʪʠʢʘʤ. ʈʘʩʩʤʦʪʨʠʤ ʟʥʘʯʝʥʠʝ ʪʘ-

ʢʦʛʦ ʤʦʜʫʣʷ ʜʣʷ ʟʘʱʠʪʳ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʥ-

ʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ ʦʪ ʧʦʪʝʥʮʠʘʣʴʥʳʭ 

ʫʛʨʦʟ ʠ ʫʷʟʚʠʤʦʩʪʝʡ. 

ʆʙʝʩʧʝʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩ-

ʥʦʩʪʠ ʚ ʩʠʩʪʝʤʘʭ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥ-

ʪʦʦʙʦʨʦʪʘ ʠʤʝʝʪ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʟʘʱʠʪʳ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʳʭ ʜʘʥʥʳʭ ʦʪ ʥʝ-

ʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ, ʠʟʤʝʥʝʥʠʷ 

ʠʣʠ ʢʨʘʞʠ. ʈʘʟʨʘʙʦʪʢʘ ʤʦʜʫʣʷ ʧʦʜʛʦʪʦʚʢʠ 

ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʚ ʦʙʣʘʩʪʠ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʨʘʤʢʘʭ ʩʠ-

ʩʪʝʤʳ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ 

ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʢʦʥʬʠ-

ʜʝʥʮʠʘʣʴʥʦʩʪʠ ʠ ʮʝʣʦʩʪʥʦʩʪʠ ʮʠʬʨʦʚʳʭ 

ʘʢʪʠʚʦʚ [3]. ɺʥʝʜʨʷʷ ʩʪʨʦʛʠʝ ʧʨʦʪʦʢʦʣʳ ʠ 

ʤʝʪʦʜʳ ʰʠʬʨʦʚʘʥʠʷ, ʦʨʛʘʥʠʟʘʮʠʠ ʤʦʛʫʪ 

ʟʘʱʠʪʠʪʴ ʩʚʦʶ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʫʶ ʠʥ-

ʬʦʨʤʘʮʠʶ ʠ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʧʦʪʝʥʮʠʘʣʴ-

ʥʳʝ ʢʠʙʝʨʫʛʨʦʟʳ. 

ʕʪʦʪ ʤʦʜʫʣʴ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʩʪʘʥ-

ʜʘʨʪʠʟʠʨʦʚʘʥʥʳʝ ʧʨʦʮʝʜʫʨʳ ʠ ʠʥʩʪʨʫʢ-

ʮʠʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʪʨʘʩʣʝʚʳʤ ʥʦʨ-

ʤʘʤ, ʛʘʨʘʥʪʠʨʫʷ ʙʝʟʦʧʘʩʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʠ 

ʭʨʘʥʝʥʠʝ ʚʩʝʭ ʜʦʢʫʤʝʥʪʦʚ. ɺ ʢʦʥʝʯʥʦʤ 

ʩʯʝʪʝ, ʧʨʠʜʘʥʠʝ ʧʨʠʦʨʠʪʝʪʘ ʠʥʬʦʨʤʘʮʠ-

ʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʩʠʩʪʝʤʘʭ ʵʣʝʢʪʨʦʥ-

ʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ ʠʤʝʝʪ ʚʘʞʥʦʝ ʟʥʘ-

ʯʝʥʠʝ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʜʦʚʝʨʠʷ ʩʦ ʩʪʦʨʦʥʳ 

ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʩʪʦʨʦʥ ʠ ʧʦʜʜʝʨʞʘʥʠʷ 

ʭʦʨʦʰʝʡ ʨʝʧʫʪʘʮʠʠ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʮʠʬʨʦ-

ʚʦʤ ʤʠʨʝ. 

ɺ ʩʬʝʨʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦ-

ʪʘ ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʮʝʣʦʩʪʥʦ-
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ʩʪʠ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠʤʝʝʪ 

ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ. ʈʘʟʨʘʙʦʪʢʘ ʤʦ-

ʜʫʣʝʡ ʧʦʜʛʦʪʦʚʢʠ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥ-

ʪʦʚ ʚ ʩʬʝʨʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦ-

ʩʪʠ ʠʤʝʝʪ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʦʙʝʩʧʝ-

ʯʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ [4]. 

ʕʪʠ ʤʦʜʫʣʠ ʩʣʫʞʘʪ ʦʩʥʦʚʦʡ ʜʣʷ ʨʘʟʨʘʙʦʪ-

ʢʠ ʨʫʢʦʚʦʜʷʱʠʭ ʧʨʠʥʮʠʧʦʚ, ʧʦʣʠʪʠʢ ʠ 

ʧʨʦʮʝʜʫʨ, ʨʝʛʫʣʠʨʫʶʱʠʭ ʟʘʱʠʪʫ ʜʘʥʥʳʭ ʚ 

ʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʦʨʛʘʥʠʟʘʮʠʠ. 

ɺʥʝʜʨʷʷ ʪʘʢʠʝ ʤʦʜʫʣʠ, ʧʨʝʜʧʨʠʷʪʠʷ ʤʦ-

ʛʫʪ ʵʬʬʝʢʪʠʚʥʦ ʩʥʠʟʠʪʴ ʨʠʩʢʠ, ʩʚʷʟʘʥʥʳʝ 

ʩ ʢʠʙʝʨʫʛʨʦʟʘʤʠ ʠ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʤ 

ʜʦʩʪʫʧʦʤ ʢ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʡ ʠʥʬʦʨʤʘ-

ʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʵʪʠ ʥʦʨʤʘʪʠʚʥʳʝ ʜʦʢʫ-

ʤʝʥʪʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʦʩʥʦʚʫ ʜʣʷ ʩʦʙʣʶʜʝ-

ʥʠʷ ʦʪʨʘʩʣʝʚʳʭ ʩʪʘʥʜʘʨʪʦʚ ʠ ʪʨʝʙʦʚʘʥʠʡ 

ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ, ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʦʙʱʝʡ ʫʩʪʦʡʯʠ-

ʚʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ. 

ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ, ʚʦʟʥʠʢʘʶʱʠʭ 

ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʦʜʫʣʷ ʧʦʜʛʦʪʦʚʢʠ ʥʦʨʤʘ-

ʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʚ ʩʠʩʪʝʤʘʭ ʵʣʝʢʪʨʦʥ-

ʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ, ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝ-

ʯʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʠʷ ʧʦʩʪʦʷʥʥʦ ʤʝʥʷʶʱʠʤ-

ʩʷ ʥʦʨʤʘʤ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʉʪʘʥʜʘʨʪʳ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʩʪʦʷʥʥʦ 

ʦʙʥʦʚʣʷʶʪʩʷ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʥʦʚʳʭ ʫʛʨʦʟ 

ʠ ʫʷʟʚʠʤʦʩʪʝʡ, ʧʦʵʪʦʤʫ ʢʨʘʡʥʝ ʚʘʞʥʦ, 

ʯʪʦʙʳ ʤʦʜʫʣʴ ʙʳʣ ʘʜʘʧʪʠʨʫʝʤʳʤ ʠ ʛʠʙ-

ʢʠʤ. ʂʨʦʤʝ ʪʦʛʦ, ʙʝʩʧʨʝʧʷʪʩʪʚʝʥʥʘʷ ʠʥʪʝ-

ʛʨʘʮʠʷ ʤʦʜʫʣʷ ʚ ʩʫʱʝʩʪʚʫʶʱʠʝ ʩʠʩʪʝʤʳ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ ʙʝʟ ʚʦʟ-

ʥʠʢʥʦʚʝʥʠʷ ʩʙʦʝʚ ʠ ʢʦʥʬʣʠʢʪʦʚ ʤʦʞʝʪ 

ʦʢʘʟʘʪʴʩʷ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ. 

ɽʱʝ ʦʜʥʘ ʟʘʜʘʯʘ ï ʦʙʝʩʧʝʯʠʪʴ, ʯʪʦʙʳ 

ʤʦʜʫʣʴ ʙʳʣ ʫʜʦʙʥʳʤ ʠ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪ-

ʥʳʤ ʜʣʷ ʩʦʪʨʫʜʥʠʢʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʥʝ 

ʦʙʣʘʜʘʪʴ ʦʙʰʠʨʥʳʤʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʟʥʘ-

ʥʠʷʤʠ [5]. ɺ ʮʝʣʦʤ, ʧʨʝʦʜʦʣʝʥʠʝ ʵʪʠʭ ʧʨʦ-

ʙʣʝʤ ʪʨʝʙʫʝʪ ʪʱʘʪʝʣʴʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ, 

ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʤʝʞʜʫ ʀʊ-ʩʧʝʮʠʘʣʠʩʪʘʤʠ 

ʠ ʵʢʩʧʝʨʪʘʤʠ ʧʦ ʥʦʨʤʘʪʠʚʥʳʤ ʪʨʝʙʦʚʘʥʠ-

ʷʤ, ʘ ʪʘʢʞʝ ʧʦʩʪʦʷʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʨʘʟ-

ʚʠʪʠʷ ʦʪʨʘʩʣʠ. 

ʂʣʶʯʝʚʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʤʦʜʫʣʷ ʧʦʜʛʦ-

ʪʦʚʢʠ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʚ ʦʙʣʘʩʪʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʷʚʣʷʝʪʩʷ 

ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʴ ʫʧʦʨʷʜʦʯʠʪʴ ʠ ʘʚʪʦʤʘʪʠ-

ʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ, ʨʘʩʩʤʦʪʨʝʥʠʷ 

ʠ ʫʪʚʝʨʞʜʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʦʣʠʪʠʢ, ʧʨʦʮʝ-

ʜʫʨ ʠ ʨʫʢʦʚʦʜʩʪʚ. ʕʪʦʪ ʤʦʜʫʣʴ ʪʘʢʞʝ ʜʦʣ-

ʞʝʥ ʩʦʜʝʨʞʘʪʴ ʰʘʙʣʦʥʳ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ 

ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʠʷ ʚʩʝʭ ʥʦʨʤʘ-

ʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʦʪʨʘʩʣʝʚʳʤ ʩʪʘʥʜʘʨ-

ʪʘʤ ʠ ʪʨʝʙʦʚʘʥʠʷʤ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ. ʂʨʦ-

ʤʝ ʪʦʛʦ, ʤʦʜʫʣʴ ʜʦʣʞʝʥ ʠʤʝʪʴ ʪʘʢʠʝ ʬʫʥʢ-

ʮʠʠ, ʢʘʢ ʢʦʥʪʨʦʣʴ ʚʝʨʩʠʡ, ʢʦʥʪʨʦʣʴʥʳʝ 

ʞʫʨʥʘʣʳ ʠ ʢʦʥʪʨʦʣʴ ʜʦʩʪʫʧʘ ʜʣʷ ʦʪʩʣʝʞʠ-

ʚʘʥʠʷ ʠʟʤʝʥʝʥʠʡ, ʚʥʝʩʝʥʥʳʭ ʚ ʜʦʢʫʤʝʥʪʳ, 

ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʠʭ ʮʝʣʦʩʪʥʦʩʪʠ. 

ʀʥʪʝʛʨʘʮʠʷ ʩ ʜʨʫʛʠʤʠ ʩʠʩʪʝʤʘʤʠ ʚ ʩʠ-

ʩʪʝʤʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ 

ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʙʝʩʧʝʨʝʙʦʡʥʦʛʦ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʷ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʩʪʦʨʦʥ, ʫʯʘʩʪ-

ʚʫʶʱʠʭ ʚ ʧʨʦʮʝʩʩʝ ʧʦʜʛʦʪʦʚʢʠ ʜʦʢʫʤʝʥ-

ʪʦʚ. 

ʇʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʤʦʜʫʣʷ ʧʦʜʛʦʪʦʚʢʠ 

ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʚ ʦʙʣʘʩʪʠ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʣʷ ʩʠʩʪʝʤʳ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ ʚʢʣʶʯʘʝʪ 

ʚ ʩʝʙʷ ʥʝʩʢʦʣʴʢʦ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʵʪʘʧʦʚ. 

ɺʦ-ʧʝʨʚʳʭ, ʧʨʦʚʦʜʠʪʩʷ ʪʱʘʪʝʣʴʥʦʝ ʠʩʩʣʝ-

ʜʦʚʘʥʠʝ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʢʦʥʢʨʝʪʥʳʭ ʥʦʨ-

ʤʘʪʠʚʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʠ ʩʪʘʥʜʘʨʪʦʚ, ʢʦʪʦ-

ʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ. ɼʘʣʝʝ ʧʨʦʚʦ-

ʜʠʪʩʷ ʧʦʜʨʦʙʥʳʡ ʘʥʘʣʠʟ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ ʚʦʟʤʦʞ-

ʥʦʩʪʝʡ, ʢʦʪʦʨʳʝ ʜʦʣʞʝʥ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ 

ʤʦʜʫʣʴ. 

ʇʦʩʣʝ ʵʪʦʛʦ ʩʣʝʜʫʝʪ ʵʪʘʧ ʧʨʦʝʢʪʠʨʦʚʘ-

ʥʠʷ, ʥʘ ʢʦʪʦʨʦʤ ʧʣʘʥʠʨʫʶʪʩʷ ʘʨʭʠʪʝʢʪʫʨʘ 

ʠ ʩʪʨʫʢʪʫʨʘ ʤʦʜʫʣʷ. ɺʧʦʩʣʝʜʩʪʚʠʠ ʨʘʟʨʘ-

ʙʦʪʢʘ ʥʘʯʠʥʘʝʪʩʷ ʩ ʢʦʜʠʨʦʚʘʥʠʷ ʠ ʨʝʘʣʠ-

ʟʘʮʠʠ ʤʦʜʫʣʷ ʥʘ ʦʩʥʦʚʝ ʧʨʦʝʢʪʥʳʭ ʩʧʝʮʠ-

ʬʠʢʘʮʠʡ. ʅʘʢʦʥʝʮ, ʧʝʨʝʜ ʝʛʦ ʚʥʝʜʨʝʥʠʝʤ ʚ 

ʩʠʩʪʝʤʫ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ 

ʧʨʦʚʦʜʷʪʩʷ ʩʪʨʦʛʠʝ ʧʨʦʮʝʜʫʨʳ ʪʝʩʪʠʨʦʚʘ-

ʥʠʷ ʠ ʧʨʦʚʝʨʢʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʠ ʠ ʩʦʦʪʚʝʪʩʪʚʠʷ ʤʦʜʫʣʷ ʥʦʨʤʘ-

ʪʠʚʥʳʤ ʥʦʨʤʘʤ. 

ɺʥʝʜʨʝʥʠʝ ʤʦʜʫʣʷ ʧʦʜʛʦʪʦʚʢʠ ʥʦʨʤʘ-

ʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʚ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʥʥʦ-

ʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ ʜʘʝʪ ʤʥʦʞʝʩʪʚʦ ʧʨʝ-

ʠʤʫʱʝʩʪʚ. ɺʦ-ʧʝʨʚʳʭ, ʦʥ ʫʧʨʦʱʘʝʪ ʧʨʦ-

ʮʝʩʩ ʩʦʟʜʘʥʠʷ ʠ ʦʙʥʦʚʣʝʥʠʷ ʜʦʢʫʤʝʥʪʦʚ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦ-

ʩʪʴʶ, ʦʙʝʩʧʝʯʠʚʘʷ ʩʦʦʪʚʝʪʩʪʚʠʝ ʦʪʨʘʩʣʝ-

ʚʳʤ ʩʪʘʥʜʘʨʪʘʤ ʠ ʥʦʨʤʘʤ. ʕʪʦ ʧʦʤʦʛʘʝʪ 

ʦʨʛʘʥʠʟʘʮʠʷʤ ʧʦʜʜʝʨʞʠʚʘʪʴ ʚʳʩʦʢʠʡ ʫʨʦ-

ʚʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥ-

ʪʦʦʙʦʨʦʪʘ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘʣʠʯʠʝ ʩʧʝʮʠʘʣʴ-

ʥʦʛʦ ʤʦʜʫʣʷ ʜʣʷ ʵʪʦʡ ʮʝʣʠ ʧʦʚʳʰʘʝʪ ʵʬ-
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ʬʝʢʪʠʚʥʦʩʪʴ ʟʘ ʩʯʝʪ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʰʘʙ-

ʣʦʥʦʚ, ʨʫʢʦʚʦʜʩʪʚ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ 

ʨʘʙʦʯʠʭ ʧʨʦʮʝʩʩʦʚ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʜʦʢʫ-

ʤʝʥʪʦʚ. 

ʕʪʦ ʥʝ ʪʦʣʴʢʦ ʵʢʦʥʦʤʠʪ ʚʨʝʤʷ, ʥʦ ʠ 

ʩʥʠʞʘʝʪ ʨʠʩʢ ʦʰʠʙʦʢ ʚ ʧʨʦʮʝʩʩʝ ʜʦʢʫʤʝʥ-

ʪʠʨʦʚʘʥʠʷ. ɺ ʮʝʣʦʤ, ʠʥʪʝʛʨʘʮʠʷ ʪʘʢʦʛʦ 

ʤʦʜʫʣʷ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ ʦʙ-

ʱʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦ-

ʪʳ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦ-

ʨʦʪʘ ʦʨʛʘʥʠʟʘʮʠʠ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʦʪʤʝʪʠʤ, ʯʪʦ ʨʘʟʨʘʙʦʪʢʘ 

ʤʦʜʫʣʷ ʧʦʜʛʦʪʦʚʢʠ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥ-

ʪʦʚ ʚ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦ-

ʩʪʠ ʜʣʷ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʦ-

ʦʙʦʨʦʪʘ ʠʤʝʝʪ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʱʠʪʳ ʠ ʮʝʣʦʩʪʥʦʩʪʠ ʢʦʥ-

ʬʠʜʝʥʮʠʘʣʴʥʳʭ ʜʘʥʥʳʭ. ʀʤʝʷ ʩʧʝʮʠʘʣʴ-

ʥʳʡ ʤʦʜʫʣʴ, ʦʨʛʘʥʠʟʘʮʠʠ ʤʦʛʫʪ ʫʧʨʦʩʪʠʪʴ 

ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʠ ʚʥʝʜʨʝʥʠʷ ʧʦʣʠʪʠʢ 

ʙʝʟʦʧʘʩʥʦʩʪʠ, ʛʘʨʘʥʪʠʨʫʷ ʩʦʦʪʚʝʪʩʪʚʠʝ 

ʥʦʨʤʘʤ ʠ ʩʪʘʥʜʘʨʪʘʤ. ʕʪʦ ʥʝ ʪʦʣʴʢʦ ʧʦʤʦ-

ʛʘʝʪ ʟʘʱʠʪʠʪʴʩʷ ʦʪ ʢʠʙʝʨʫʛʨʦʟ, ʥʦ ʠ ʧʦ-

ʚʳʰʘʝʪ ʦʙʱʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʧʨʦʠʟʚʦ-

ʜʠʪʝʣʴʥʦʩʪʴ ʚʥʫʪʨʠ ʦʨʛʘʥʠʟʘʮʠʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʡ ʧʦʜ-

ʭʦʜ ʢ ʧʦʜʛʦʪʦʚʢʝ ʜʦʢʫʤʝʥʪʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠ ʷʩʥʦʩʪʴ ʦʙʱʝʥʠʷ, 

ʩʧʦʩʦʙʩʪʚʫʷ ʣʫʯʰʝʤʫ ʧʦʥʠʤʘʥʠʶ ʠ ʩʦ-

ʙʣʶʜʝʥʠʶ ʧʨʦʪʦʢʦʣʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ. ɺ 

ʮʝʣʦʤ, ʠʥʚʝʩʪʠʮʠʠ ʚ ʪʘʢʦʡ ʤʦʜʫʣʴ ʥʝʦʙ-

ʭʦʜʠʤʳ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʙʝʟʦʧʘʩʥʦʡ ʠ 

ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʡ ʩʠʩʪʝʤʳ ʠʥʬʦʨʤʘʮʠʦʥ-

ʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 
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- ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ - 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʠʟʫʯʝʥ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʮʝʭʫ ʧʠʨʦʪʝʭ-

ʥʠʯʝʩʢʦʡ ʩʤʝʩʠ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʚʣʠʷʥʠʝ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʤʝʱʝ-

ʥʠʷʭ ʠ ʨʘʩʩʤʦʪʨʝʥʘ ʯʘʩʪʦʪʘ ʠʟʤʝʨʝʥʠʡ ʤʦʥʠʪʦʨʠʥʛʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ  ʧʨʠ ʧʨʦʠʟʚʦʜ-

ʩʪʚʝ. ʆʧʨʝʜʝʣʝʥʦ ʫʧʨʘʚʣʝʥʠʝ ʤʠʢʨʦʢʣʠʤʘʪʦʤ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʤʝʱʝʥʠʷʭ. ʇʨʠʚʦ-

ʜʷʪʩʷ ʤʝʪʦʜʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʤʦʥʠʪʦʨʠʥʛʘ, ʚʢʣʶʯʘʷ ʠʟʤʝʨʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʚʣʘʞʥʦʩʪʠ, 

ʢʘʯʝʩʪʚʘ ʚʦʟʜʫʭʘ, ʰʫʤʘ ʠ ʚʠʙʨʘʮʠʡ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʟʥʘʯʝʥʠʶ ʤʦʥʠʪʦʨʠʥʛʘ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʨʘʙʦʪʥʠʢʦʚ, ʩʦʙʣʶʜʝʥʠʷ ʵʢʦʣʦʛʠʯʝ-

ʩʢʠʭ ʥʦʨʤ ʠ ʩʪʘʥʜʘʨʪʦʚ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦ-

ʮʝʩʩʘ ʚ ʮʝʣʦʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʥʠʪʦʨʠʥʛ, ʧʠʨʦʪʝʭʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ, ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ. 

 

ɺʥʠʤʘʥʠʝ ʢ ʩʦʩʪʦʷʥʠʶ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʮʝʭʘʭ, ʦʩʦʙʝʥ-

ʥʦ ʚ ʦʪʨʘʩʣʷʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʭʠʤʠʯʝʩʢʠʤʠ ʠ 

ʧʠʨʦʪʝʭʥʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʷʚʣʷʝʪʩʷ 

ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠ-

ʪʠʷ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʢʘʢ ʜʣʷ 

ʨʘʙʦʪʥʠʢʦʚ, ʪʘʢ ʠ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ɺ ʢʦʥʪʝʢʩʪʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʠʨʦʪʝʭʥʠʯʝ-

ʩʢʦʡ ʩʤʝʩʠ, ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʩʣʝʜʫʝʪ ʫʜʝ-

ʣʷʪʴ ʢʦʥʪʨʦʣʶ ʟʘ ʚʳʙʨʦʩʘʤʠ ʚʨʝʜʥʳʭ ʚʝ-

ʱʝʩʪʚ, ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝ-

ʩʫʨʩʦʚ, ʘ ʪʘʢʞʝ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʧʦʪʝʥʮʠ-

ʘʣʴʥʳʭ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ, ʢʦʪʦʨʳʝ ʤʦ-

ʛʫʪ ʥʝʛʘʪʠʚʥʦ ʦʪʨʘʟʠʪʴʩʷ ʥʘ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʝ ʠ ʟʜʦʨʦʚʴʝ ʩʦʪʨʫʜʥʠʢʦʚ [1]. 

ɺʚʝʜʝʥʠʝ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʦʢʨʫ-

ʞʘʶʱʝʡ ʩʨʝʜʳ ʚ ʮʝʭʫ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ 

ʧʠʨʦʪʝʭʥʠʯʝʩʢʦʡ ʩʤʝʩʠ ʥʝ ʪʦʣʴʢʦ ʧʦʟʚʦ-

ʣʠʪ ʵʬʬʝʢʪʠʚʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʥʦ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʙʣʶʜʝ-

ʥʠʶ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʥʦʨʤ ʠ ʩʪʘʥʜʘʨʪʦʚ, ʧʦ-

ʚʳʰʘʷ ʫʨʦʚʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʫʤʝʥʴʰʘʷ 

ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ 

ʩʨʝʜʫ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʤʦʥʠʪʦʨʠʥʛʘ ʦʢʨʫʞʘʶ-

ʱʝʡ ʩʨʝʜʳ ʚ ʮʝʭʫ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʧʠʨʦ-

ʪʝʭʥʠʯʝʩʢʦʡ ʩʤʝʩʠ ʥʝʦʩʧʦʨʠʤʘ ʚ ʩʦʚʨʝ-

ʤʝʥʥʦʤ ʢʦʥʪʝʢʩʪʝ ʩʪʨʝʤʣʝʥʠʷ ʢ ʫʩʪʦʡʯʠ-

ʚʦʤʫ ʨʘʟʚʠʪʠʶ ʠ ʩʦʙʣʶʜʝʥʠʶ ʵʢʦʣʦʛʠʯʝ-

ʩʢʠʭ ʩʪʘʥʜʘʨʪʦʚ. 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʧʠʨʦʪʝʭʥʠʯʝʩʢʦʡ ʩʤʝʩʠ, 

ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʦʣʫʯʝʥʠʠ ʩʦʩʪʘʚʦʚ 

ʜʣʷ ʚʦʝʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʥʦ ʦʜʥʦ-

ʚʨʝʤʝʥʥʦ ʤʦʞʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʝʨʴʝʟʥʳʝ 

ʫʛʨʦʟʳ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʟʜʦʨʦʚʴʷ 

ʣʶʜʝʡ ʠʟ-ʟʘ ʚʳʙʨʦʩʦʚ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʧʘʩʥʳʭ ʨʝʘʢʪʠʚʦʚ ʠ ʨʝ-

ʩʫʨʩʦʚ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚʦʟʥʠʢʥʦʚʝ-

ʥʠʷ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ. ɺ ʩʚʝʪʝ ʫʩʠʣʠ-

ʚʘʶʱʝʡʩʷ ʛʣʦʙʘʣʴʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦ-

ʙʣʝʤʘʪʠʢʠ ʠ ʧʦʚʳʰʝʥʥʦʛʦ ʦʙʱʝʩʪʚʝʥʥʦʛʦ 

ʚʥʠʤʘʥʠʷ ʢ ʚʦʧʨʦʩʘʤ ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʪʨʦʛʦʛʦ ʤʦʥʠʪʦ-

ʨʠʥʛʘ ʠ ʢʦʥʪʨʦʣʷ ʟʘ ʧʨʦʮʝʩʩʘʤʠ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ ʧʠʨʦʪʝʭʥʠʢʠ ʩʪʘʥʦʚʠʪʩʷ ʦʩʦʙʝʥʥʦ 

ʚʘʞʥʦʡ. ʊʘʢʦʡ ʤʦʥʠʪʦʨʠʥʛ ʧʦʟʚʦʣʠʪ ʥʝ 

ʪʦʣʴʢʦ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟ-

ʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʥʦ ʠ ʧʦ-

ʚʳʩʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʫʣʫʯ-

ʰʠʪʴ ʦʙʱʝʩʪʚʝʥʥʦʝ ʚʦʩʧʨʠʷʪʠʝ ʧʨʝʜʧʨʠʷ-

ʪʠʷ ʠ ʩʜʝʣʘʪʴ ʝʛʦ ʜʝʷʪʝʣʴʥʦʩʪʴ ʙʦʣʝʝ 

ʫʩʪʦʡʯʠʚʦʡ ʩ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝ-

ʥʠʷ [2]. 

ʎʝʣʴʶ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʤʦʥʠ-

ʪʦʨʠʥʛʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚ ʮʝʭʫ ʧʦ 

ʧʨʦʠʟʚʦʜʩʪʚʫ ʧʠʨʦʪʝʭʥʠʯʝʩʢʦʡ ʩʤʝʩʠ, 

ʦʙʝʩʧʝʯʝʥʠʝ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʙʝʟʦʧʘʩʥʦ-

ʩʪʠ ʜʣʷ ʨʘʙʦʪʥʠʢʦʚ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

ʧʫʪʝʤ ʥʝʧʨʝʨʳʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʟʘ ʚʳʙʨʦʩʘ-

ʤʠ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ, ʵʬʬʝʢʪʠʚʥʳʤ ʠʩ-
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ʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʩʫʨʩʦʚ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠ-

ʝʤ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʘʚʘʨʠʡ. 

ɿʘʜʘʯʠ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʜʦʩʪʠʞʝʥʠʝ 

ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ: 

- ʠʟʫʯʠʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʮʝʭʫ ʧʠʨʦʪʝʭʥʠʯʝʩʢʦʡ 

ʩʤʝʩʠ; 

- ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚʣʠʷʥʠʝ ʤʠʢʨʦʢʣʠ-

ʤʘʪʘ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ   ʧʦʤʝʱʝʥʠʷʭ; 

- ʦʧʨʝʜʝʣʠʪʴ ʫʧʨʘʚʣʝʥʠʝ ʤʠʢʨʦʢʣʠʤʘ-

ʪʦʤ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʤʝʱʝʥʠʷʭ; 

- ʨʘʩʩʤʦʪʨʝʪʴ ʯʘʩʪʦʪʫ ʠʟʤʝʨʝʥʠʡ ʤʦʥʠ-

ʪʦʨʠʥʛʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ  ʧʨʠ ʧʨʦʠʟ-

ʚʦʜʩʪʚʝ; 

- ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ ʫʣʫʯʰʝ-

ʥʠʶ ʢʘʯʝʩʪʚʘ ʫʩʣʦʚʠʡ ʪʨʫʜʘ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ ʚ ʮʝʭʫ ʧʠʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʤʝʩʝʡ 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʧʠʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʤʝʩʝʡ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ [3]: 

1. ʇʦʜʛʦʪʦʚʢʘ ʩʳʨʴʷ ʠ ʢʦʤʧʦʥʝʥʪʦʚ: 

ʧʦʣʫʯʝʥʠʝ ʠ ʧʦʜʛʦʪʦʚʢʘ ʚʩʝʭ ʥʝʦʙʭʦʜʠʤʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʩʳʨʴʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʧʠʨʦʪʝʭʥʠʯʝʩʢʦʡ ʩʤʝʩʠ. ʕʪʦ ʤʦʞʝʪ ʚʢʣʶ-

ʯʘʪʴ ʚ ʩʝʙʷ ʠʟʤʝʣʴʯʝʥʠʝ, ʩʫʰʢʫ, ʩʤʝʰʠʚʘ-

ʥʠʝ ʠ ʧʨʦʩʝʠʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʧʦʨʦʰʢʦʚ ʠ 

ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

2. ʉʤʝʰʠʚʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ: ʩʤʝʰʠʚʘ-

ʥʠʝ ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩ ʦʧʨʝ-

ʜʝʣʝʥʥʳʤʠ ʧʨʦʧʦʨʮʠʷʤʠ ʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʪʝʭʥʠʯʝʩʢʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʜʣʷ ʧʦʣʫʯʝ-

ʥʠʷ ʞʝʣʘʝʤʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʠʨʦʪʝʭʥʠ-

ʯʝʩʢʦʡ ʩʤʝʩʠ. 

3. ɻʨʘʥʫʣʠʨʦʚʘʥʠʝ ʠʣʠ ʬʦʨʤʦʚʘʥʠʝ: ʚ 

ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʧʦʣʫʯʝʥʥʘʷ ʩʤʝʩʴ 

ʤʦʞʝʪ ʙʳʪʴ ʧʦʜʚʝʨʛʥʫʪʘ ʧʨʦʮʝʩʩʫ ʛʨʘʥʫ-

ʣʠʨʦʚʘʥʠʷ ʠʣʠ ʬʦʨʤʦʚʘʥʠʷ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʬʦʨʤ ʠ ʨʘʟʤʝʨʦʚ, ʥʘʧʨʠʤʝʨ, 

ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʬʝʡʝʨʚʝʨʢʦʚ ʠʣʠ ʧʠʨʦ-

ʪʝʭʥʠʯʝʩʢʠʭ ʟʘʨʷʜʦʚ. 

4. ʉʫʰʢʘ ʠ ʦʪʚʝʨʞʜʝʥʠʝ: ʧʦʩʣʝ ʬʦʨʤʦ-

ʚʘʥʠʷ ʠʣʠ ʛʨʘʥʫʣʠʨʦʚʘʥʠʷ ʩʤʝʩʴ ʤʦʞʝʪ 

ʙʳʪʴ ʧʦʜʚʝʨʛʥʫʪʘ ʧʨʦʮʝʩʩʫ ʩʫʰʢʠ ʠ ʦʪ-

ʚʝʨʞʜʝʥʠʷ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʥʝʦʙʭʦʜʠ-

ʤʫʶ ʧʨʦʯʥʦʩʪʴ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ. 

5. ʆʙʨʘʙʦʪʢʘ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʦʙʨʘ-

ʙʦʪʢʘ: ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ, ʧʦʩʣʝ ʦʩʥʦʚ-

ʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʧʠʨʦʪʝʭʥʠʯʝ-

ʩʢʠʝ ʠʟʜʝʣʠʷ ʤʦʛʫʪ ʧʦʜʚʝʨʛʘʪʴʩʷ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʝ, ʪʘʢʦʡ ʢʘʢ ʧʦʢʨʳʪʠʝ 

ʟʘʱʠʪʥʳʤʠ ʩʣʦʷʤʠ ʠʣʠ ʜʦʙʘʚʣʝʥʠʝ ʵʣʝ-

ʤʝʥʪʦʚ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʵʬ-

ʬʝʢʪʦʚ. 

6. ʂʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʠ ʠʩʧʳʪʘʥʠʷ: ʧʦ-

ʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦ-

ʮʝʩʩʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʛʦ-

ʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ, ʚʢʣʶʯʘʷ ʧʨʦʚʝʨʢʫ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢ, ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʩʦʦʪʚʝʪʩʪʚʠʷ 

ʩʪʘʥʜʘʨʪʘʤ. ʊʘʢʞʝ ʤʦʞʝʪ ʧʨʦʚʦʜʠʪʴʩʷ ʠʩ-

ʧʳʪʘʥʠʝ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʠʨʦʪʝʭʥʠʯʝʩʢʠʭ ʠʟʜʝʣʠʡ. 

7. ʋʧʘʢʦʚʢʘ ʠ ʤʘʨʢʠʨʦʚʢʘ: ʛʦʪʦʚʘʷ ʧʨʦ-

ʜʫʢʮʠʷ ʫʧʘʢʦʚʳʚʘʝʪʩʷ ʠ ʤʘʨʢʠʨʫʝʪʩʷ ʚ ʩʦ-

ʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ 

ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ, ʘ ʪʘʢʞʝ ʩ ʫʢʘʟʘʥʠʝʤ ʥʝ-

ʦʙʭʦʜʠʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʨʦʜʫʢʪʝ ʜʣʷ 

ʧʦʪʨʝʙʠʪʝʣʝʡ ʠ ʦʧʝʨʘʪʦʨʦʚ. 

ɺʣʠʷʥʠʝ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ ʧʨʦʠʟʚʦʜ-

ʩʪʚʝʥʥʳʭ ʧʦʤʝʱʝʥʠʷʭ. 

ʄʠʢʨʦʢʣʠʤʘʪ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦ-

ʤʝʱʝʥʠʷʭ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷ-

ʥʠʝ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ, ʦʩʦʙʝʥʥʦ ʚ ʦʪʨʘʩʣʷʭ, ʛʜʝ ʪʨʝʙʫʝʪ-

ʩʷ ʪʦʯʥʦʝ ʩʦʙʣʶʜʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʦʢʨʫ-

ʞʘʶʱʝʡ ʩʨʝʜʳ. ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʧʦʥʷʪʴ, ʢʘʢ 

ʤʠʢʨʦʢʣʠʤʘʪ ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʠʡ ʧʨʦʮʝʩʩ: 

1. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʫʩʣʦʚʠʷ ʚ ʧʦʤʝʱʝʥʠʠ 

ʤʦʛʫʪ ʚʣʠʷʪʴ ʥʘ ʩʢʦʨʦʩʪʴ ʭʠʤʠʯʝʩʢʠʭ ʨʝ-

ʘʢʮʠʡ, ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʳʨʴʷ ʠ ʢʦ-

ʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ. ʅʘʧʨʠʤʝʨ, ʩʣʠʰʢʦʤ 

ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʫʩʢʦʨʝʥʥʦʡ ʩʫʰʢʝ ʠʣʠ ʦʪʚʝʨʞʜʝʥʠʶ ʩʤʝ-

ʩʝʡ, ʘ ʥʠʟʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʤʦʞʝʪ ʟʘʤʝʜ-

ʣʠʪʴ ʧʨʦʮʝʩʩʳ ʨʝʘʢʮʠʠ. 

2. ɺʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ 

ʧʨʦʮʝʩʩʳ ʩʫʰʢʠ, ʦʙʨʘʟʦʚʘʥʠʝ ʧʳʣʠ ʠ ʘʛ-

ʣʦʤʝʨʘʮʠʠ ʧʦʨʦʰʢʦʚ. ʆʥʘ ʪʘʢʞʝ ʤʦʞʝʪ 

ʧʦʚʣʠʷʪʴ ʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʠʨʦʪʝʭʥʠʯʝ-

ʩʢʠʭ ʩʤʝʩʝʡ, ʪʨʝʙʫʶʱʠʭ ʦʧʨʝʜʝʣʝʥʥʦʛʦ 

ʫʨʦʚʥʷ ʚʣʘʞʥʦʩʪʠ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʩʚʦʠʭ 

ʩʚʦʡʩʪʚ. 

3. ʕʬʬʝʢʪʠʚʥʘʷ ʚʝʥʪʠʣʷʮʠʷ ʧʦʤʝʱʝʥʠʷ 

ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʫʜʘʣʝʥʠʷ ʦʪʭʦʜʦʚ ʠ ʠʩʧʘ-

ʨʝʥʠʡ, ʘ ʪʘʢʞʝ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʦʧʪʠ-

ʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʨʘʙʦʪʥʠʢʦʚ. ʅʝʜʦ-

ʩʪʘʪʦʯʥʘʷ ʚʝʥʪʠʣʷʮʠʷ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʥʘʢʦʧʣʝʥʠʶ ʚʨʝʜʥʳʭ ʧʘʨʦʚ ʠ ʧʳʣʠ, ʯʪʦ 

ʤʦʞʝʪ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʘʪʴʩʷ ʥʘ ʟʜʦʨʦʚʴʝ ʠ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʨʘʙʦʪʥʠʢʦʚ. 

4. ʂʘʯʝʩʪʚʦ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʩʚʝʱʝʥʠʷ 

ʪʘʢʞʝ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʨʦʠʟʚʦʜ-
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ʩʪʚʝʥʥʦʤ ʧʨʦʮʝʩʩʝ. ʆʩʚʝʱʝʥʠʝ ʜʦʣʞʥʦ 

ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʳʤ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʠ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ 

ʧʨʦʜʫʢʮʠʠ [4]. 

5. ʕʢʩʧʣʫʘʪʘʮʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʤʘʰʠʥ 

ʤʦʞʝʪ ʩʦʟʜʘʚʘʪʴ ʰʫʤ ʠ ʚʠʙʨʘʮʠʠ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʥʘ ʨʘʙʦʪʥʠʢʦʚ ʠ 

ʥʘ ʧʨʦʮʝʩʩʳ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʕʪʦ ʤʦʞʝʪ ʟʘ-

ʪʨʫʜʥʷʪʴ ʚʳʧʦʣʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʦʧʝʨʘʮʠʡ ʠ ʪʨʝʙʦʚʘʪʴ ʧʨʠʥʷʪʠʷ ʤʝʨ ʧʦ 

ʩʥʠʞʝʥʠʶ ʰʫʤʘ ʠ ʚʠʙʨʘʮʠʡ. 

ʋʧʨʘʚʣʝʥʠʝ ʤʠʢʨʦʢʣʠʤʘʪʦʤ ʚ ʧʨʦ-

ʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʤʝʱʝʥʠʷʭ 

ʋʧʨʘʚʣʝʥʠʝ ʤʠʢʨʦʢʣʠʤʘʪʦʤ ʚ ʧʨʦʠʟ-

ʚʦʜʩʪʚʝʥʥʳʭ ʧʦʤʝʱʝʥʠʷʭ ʷʚʣʷʝʪʩʷ ʚʘʞ-

ʥʳʤ ʘʩʧʝʢʪʦʤ ʦʙʝʩʧʝʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʙʝʟʦʧʘʩʥʦ-

ʩʪʠ ʨʘʙʦʪʥʠʢʦʚ. 

ʇʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʚ ʮʝʭʫ ʧʠʨʦʪʝʭʥʠʯʝ-

ʩʢʦʡ ʩʤʝʩʠ ʤʦʥʠʪʦʨʠʥʛ ʤʠʢʨʦʢʣʠʤʘʪʘ ʠʛ-

ʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟ-

ʦʧʘʩʥʦʩʪʠ ʨʘʙʦʪʥʠʢʦʚ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. ɺʦʪ ʥʝʢʦʪʦ-

ʨʳʝ ʤʝʪʦʜʳ ʤʦʥʠʪʦʨʠʥʛʘ ʤʠʢʨʦʢʣʠʤʘʪʘ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʪʘʢʠʭ ʫʩʣʦ-

ʚʠʷʭ: 

ʀʟʤʝʨʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ: 

ʫʩʪʘʥʦʚʢʘ ʜʘʪʯʠʢʦʚ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞ-

ʥʦʩʪʠ ʚ ʨʘʟʣʠʯʥʳʭ ʟʦʥʘʭ ʮʝʭʘ ʧʦʟʚʦʣʷʝʪ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʡ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʕʪʦ ʧʦʟʚʦʣʷ-

ʝʪ ʦʧʝʨʘʪʠʚʥʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʚʦʟʤʦʞʥʳʝ 

ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʦʧʪʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ [5]. 

ʄʦʥʠʪʦʨʠʥʛ ʢʘʯʝʩʪʚʘ ʚʦʟʜʫʭʘ: ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝ ʜʘʪʯʠʢʦʚ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʢʦʥʮʝʥ-

ʪʨʘʮʠʠ ʚʨʝʜʥʳʭ ʛʘʟʦʚ, ʧʘʨʦʚ ʠ ʘʵʨʦʟʦʣʝʡ ʚ 

ʚʦʟʜʫʭʝ ʧʦʤʝʱʝʥʠʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʢʦʥ-

ʪʨʦʣʠʨʦʚʘʪʴ ʫʨʦʚʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʟʜʫʭʘ 

ʠ ʧʨʠʥʠʤʘʪʴ ʤʝʨʳ ʧʦ ʝʛʦ ʦʯʠʩʪʢʝ ʧʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ. 

ʀʟʤʝʨʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦ-

ʢʘ: ʤʦʥʠʪʦʨʠʥʛ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʚʦʟ-

ʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʚ ʧʦʤʝʱʝʥʠʠ ʧʦʤʦʛʘʝʪ 

ʦʙʝʩʧʝʯʠʪʴ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʪʝʧʣʘ ʠ ʚʣʘʛʠ, ʘ ʪʘʢʞʝ ʵʬʬʝʢʪʠʚʥʫʶ ʮʠʨ-

ʢʫʣʷʮʠʶ ʚʦʟʜʫʭʘ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ ʧʦʜʜʝʨ-

ʞʘʥʠʷ ʢʦʤʬʦʨʪʥʳʭ ʫʩʣʦʚʠʡ ʪʨʫʜʘ ʠ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʟʦʥ ʩ ʧʦʚʳ-

ʰʝʥʥʦʡ ʠʣʠ ʧʦʥʠʞʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ. 

ʂʦʥʪʨʦʣʴ ʦʩʚʝʱʝʥʥʦʩʪʠ: ʠʟʤʝʨʝʥʠʝ 

ʫʨʦʚʥʷ ʦʩʚʝʱʝʥʥʦʩʪʠ ʚ ʨʘʟʣʠʯʥʳʭ ʟʦʥʘʭ 

ʮʝʭʘ ʧʦʤʦʛʘʝʪ ʦʙʝʩʧʝʯʠʪʴ ʜʦʩʪʘʪʦʯʥʦʝ 

ʦʩʚʝʱʝʥʠʝ ʨʘʙʦʯʠʭ ʤʝʩʪ ʠ ʧʨʝʜʦʪʚʨʘʪʠʪʴ 

ʚʦʟʤʦʞʥʳʝ ʧʨʦʙʣʝʤʳ ʩ ʟʨʝʥʠʝʤ ʫ ʨʘʙʦʪ-

ʥʠʢʦʚ. 

ʄʦʥʠʪʦʨʠʥʛ ʰʫʤʘ ʠ ʚʠʙʨʘʮʠʡ: ʫʩʪʘ-

ʥʦʚʢʘ ʜʘʪʯʠʢʦʚ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʫʨʦʚʥʷ ʰʫ-

ʤʘ ʠ ʚʠʙʨʘʮʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʚ 

ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʤʘʰʠʥ. 

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʫʨʦʚʝʥʴ 

ʰʫʤʘ ʠ ʚʠʙʨʘʮʠʡ ʚ ʧʦʤʝʱʝʥʠʠ ʠ ʧʨʠʥʠ-

ʤʘʪʴ ʤʝʨʳ ʧʦ ʠʭ ʩʥʠʞʝʥʠʶ ʜʣʷ ʦʙʝʩʧʝʯʝ-

ʥʠʷ ʢʦʤʬʦʨʪʥʳʭ ʫʩʣʦʚʠʡ ʪʨʫʜʘ. 

ʕʬʬʝʢʪʠʚʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʤʠʢʨʦʢʣʠ-

ʤʘʪʘ ʚ ʮʝʭʫ ʧʠʨʦʪʝʭʥʠʯʝʩʢʦʡ ʩʤʝʩʠ ʧʦʤʦ-

ʛʘʝʪ ʥʝ ʪʦʣʴʢʦ ʦʙʝʩʧʝʯʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʨʘʙʦʪʥʠʢʦʚ, ʥʦ ʠ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʢʘʯʝʩʪʚʦ 

ʧʨʦʠʟʚʦʜʠʤʦʡ ʧʨʦʜʫʢʮʠʠ. 

ʏʘʩʪʦʪʘ ʠʟʤʝʨʝʥʠʡ ʤʦʥʠʪʦʨʠʥʛʘ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚ ʮʝʭʫ ʧʨʠ ʧʨʦʠʟ-

ʚʦʜʩʪʚʝ ʧʠʨʦʪʝʭʥʠʯʝʩʢʦʡ ʩʤʝʩʠ 

ʏʘʩʪʦʪʘ ʠʟʤʝʨʝʥʠʡ ʤʦʥʠʪʦʨʠʥʛʘ ʦʢʨʫ-

ʞʘʶʱʝʡ ʩʨʝʜʳ ʚ ʮʝʭʫ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʧʠʨʦʪʝʭʥʠʯʝʩʢʦʡ ʩʤʝʩʠ ʟʘʚʠʩʠʪ ʦʪ ʥʝ-

ʩʢʦʣʴʢʠʭ ʬʘʢʪʦʨʦʚ, ʚʢʣʶʯʘʷ ʪʠʧ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ, ʨʘʟʤʝʨʳ ʧʨʝʜʧʨʠʷʪʠʷ, ʫʩʣʦʚʠʷ 

ʨʘʙʦʪʳ, ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʠ 

ʩʧʝʮʠʬʠʢʫ ʧʨʦʮʝʩʩʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʆʜʥʘ-

ʢʦ, ʚ ʮʝʣʦʤ, ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʩʣʝʜʫʶʱʝʝ: 

- ʠʟʤʝʨʝʥʠʷ ʤʦʥʠʪʦʨʠʥʛʘ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ ʜʦʣʞʥʳ ʧʨʦʚʦʜʠʪʴʩʷ ʨʝʛʫʣʷʨʥʦ ʚ 

ʪʝʯʝʥʠʝ ʨʘʙʦʯʝʛʦ ʜʥʷ, ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʧʨʦ-

ʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʧʦʜʨʘʟʫʤʝʚʘʶʪ 

ʚʳʩʦʢʠʝ ʫʨʦʚʥʠ ʟʘʛʨʷʟʥʝʥʠʷ ʠʣʠ ʨʠʩʢʦʚ 

ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʟʜʦʨʦʚʴʷ ʨʘʙʦʪ-

ʥʠʢʦʚ; 

- ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʨʘʙʦʪʳ ʠ ʚ ʧʨʦʮʝʩʩʝ 

ʧʦʜʛʦʪʦʚʢʠ ʢ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ ʦʧʝʨʘʮʠ-

ʷʤ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʦʚʦʜʠʪʴ ʢʦʥʪʨʦʣʴʥʳʝ 

ʠʟʤʝʨʝʥʠʷ ʜʣʷ ʫʙʝʜʠʪʝʣʴʥʦʩʪʠ ʚ ʪʦʤ, ʯʪʦ 

ʫʩʣʦʚʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʩʦʦʪʚʝʪʩʪʚʫ-

ʶʪ ʥʦʨʤʘʤ ʠ ʪʨʝʙʦʚʘʥʠʷʤ ʙʝʟʦʧʘʩʥʦʩʪʠ; 

- ʚʦ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʦʩʦʙʳʭ ʦʧʝʨʘ-

ʮʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʣʠʷʪʴ 

ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ (ʥʘʧʨʠʤʝʨ, ʩʤʝʰʠ-

ʚʘʥʠʝ ʠʣʠ ʦʙʨʘʙʦʪʢʘ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ), 

ʠʟʤʝʨʝʥʠʷ ʩʣʝʜʫʝʪ ʧʨʦʚʦʜʠʪʴ ʯʘʱʝ, ʯʪʦʙʳ 

ʦʧʝʨʘʪʠʚʥʦ ʚʳʷʚʣʷʪʴ ʣʶʙʳʝ ʠʟʤʝʥʝʥʠʷ ʠ 

ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʥʠʭ; 

- ʧʦʤʠʤʦ ʨʝʛʫʣʷʨʥʳʭ ʠʟʤʝʨʝʥʠʡ ʚ ʪʝʯʝ-

ʥʠʝ ʨʘʙʦʯʝʛʦ ʜʥʷ, ʪʘʢʞʝ ʚʘʞʥʦ ʧʨʦʚʦʜʠʪʴ 

ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʧʣʘʥʦʚʳʝ ʧʨʦʚʝʨʢʠ ʠ ʦʙ-

ʩʣʝʜʦʚʘʥʠʷ, ʯʪʦʙʳ ʫʙʝʜʠʪʴʩʷ ʚ ʩʪʘʙʠʣʴʥʦ-
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- ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ - 
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ʩʪʠ ʫʩʣʦʚʠʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʥʘ ʧʨʝʜ-

ʧʨʠʷʪʠʠ ʚ ʮʝʣʦʤ ʠ ʚ ʚʳʷʚʣʝʥʠʠ ʧʦʪʝʥʮʠ-

ʘʣʴʥʳʭ ʧʨʦʙʣʝʤʥʳʭ ʦʙʣʘʩʪʝʡ; 

- ʯʘʩʪʦʪʘ ʠ ʦʙʲʝʤ ʠʟʤʝʨʝʥʠʡ ʪʘʢʞʝ ʤʦ-

ʛʫʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʪʨʝʙʦʚʘʥʠʷʤʠ ʟʘʢʦ-

ʥʦʜʘʪʝʣʴʩʪʚʘ ʠ ʥʦʨʤʘʪʠʚʥʳʤʠ ʜʦʢʫʤʝʥʪʘ-

ʤʠ, ʢʦʪʦʨʳʝ ʨʝʛʫʣʠʨʫʶʪ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʠ-

ʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʤʝʩʝʡ ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʙʝʟʦʧʘʩʥʳʝ ʫʩʣʦʚʠʷ ʪʨʫʜʘ ʠ ʦʭʨʘʥʫ ʦʢʨʫ-

ʞʘʶʱʝʡ ʩʨʝʜʳ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʦʧʪʠʤʘʣʴʥʘʷ ʯʘʩʪʦʪʘ ʠʟ-

ʤʝʨʝʥʠʡ ʤʦʥʠʪʦʨʠʥʛʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʜʣʷ ʢʘʞʜʦʛʦ 

ʧʨʝʜʧʨʠʷʪʠʷ ʩ ʫʯʝʪʦʤ ʝʛʦ ʩʧʝʮʠʬʠʢʠ ʠ ʧʦ-

ʪʨʝʙʥʦʩʪʝʡ, ʦʜʥʘʢʦ ʚʘʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʨʝ-

ʛʫʣʷʨʥʦʩʪʴ ʠ ʩʠʩʪʝʤʘʪʠʯʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ 

ʵʪʠʭ ʤʝʨʦʧʨʠʷʪʠʡ [6]. 

ʇʨʝʜʣʦʞʝʥʠʷ ʧʦ ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ 

ʫʩʣʦʚʠʡ ʪʨʫʜʘ: 

- ʫʩʪʘʥʦʚʢʘ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤ ʚʝʥʪʠ-

ʣʷʮʠʠ ʩ ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʚʦʟʜʫʰʥʦʛʦ ʦʙ-

ʤʝʥʘ ʠ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʜʣʷ ʧʦʜʜʝʨʞʘ-

ʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʚʣʘʞʥʦʩʪʠ. 

- ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʩʦʪʨʫʜʥʠʢʘʤ ʩʨʝʜʩʪʚ 

ʟʘʱʠʪʳ ʦʪ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʠ ʠʟʣʫʯʝʥʠʡ. 

- ʧʨʦʚʝʜʝʥʠʝ ʦʙʫʯʘʶʱʠʭ ʧʨʦʛʨʘʤʤ ʧʦ 

ʙʝʟʦʧʘʩʥʦʡ ʨʘʙʦʪʝ ʩ ʫʯʝʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʤʠʢʨʦʢʣʠʤʘʪʘ ʠ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʦʧʘʩʥʦ-

ʩʪʝʡ. 

- ʫʩʪʘʥʦʚʣʝʥʠʝ ʩʪʘʥʜʘʨʪʦʚ ʧʦ ʤʠʢʨʦ-

ʢʣʠʤʘʪʫ ʚ ʮʝʭʝ ʠ ʨʝʛʫʣʷʨʥʦʝ ʠʭ ʢʦʥʪʨʦʣʠ-

ʨʦʚʘʥʠʝ. 

- ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ ʪʝʤʧʝ-

ʨʘʪʫʨʳ, ʚʣʘʞʥʦʩʪʠ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʨʝʜ-

ʥʳʭ ʚʝʱʝʩʪʚ ʩ ʮʝʣʴʶ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʚʳ-

ʷʚʣʝʥʠʷ ʠ ʫʩʪʨʘʥʝʥʠʷ ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʥʦʨ-

ʤʳ. 

- ʚʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʤʠʢʨʦʢʣʠʤʘʪʦʤ: ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝ-

ʥʠʷ, ʩʧʦʩʦʙʥʳʭ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʠʟʤʝʥʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʤʠʢʨʦʢʣʠʤʘʪʘ ʠ ʧʦʜʜʝʨʞʠʚʘʪʴ 

ʠʭ ʥʘ ʦʧʪʠʤʘʣʴʥʦʤ ʫʨʦʚʥʝ. 

- ʧʨʦʚʝʨʢʘ ʩʦʙʣʶʜʝʥʠʷ ʧʨʘʚʠʣ ʧʦ 

ʦʭʨʘʥʝ ʪʨʫʜʘ ʠ ʦʙʝʩʧʝʯʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

- ʨʘʟʨʘʙʦʪʢʘ ʧʣʘʥʦʚ ʵʚʘʢʫʘʮʠʠ ʠ ʤʝʨ ʧʦ 

ʣʠʢʚʠʜʘʮʠʠ ʚʦʟʤʦʞʥʳʭ ʘʚʘʨʠʡ: ʨʘʟʨʘʙʦʪ-

ʢʘ ʩʭʝʤ ʵʚʘʢʫʘʮʠʠ ʠ ʦʙʫʯʝʥʠʝ ʧʝʨʩʦʥʘʣʘ 

ʜʝʡʩʪʚʠʷʤ ʚ ʩʣʫʯʘʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʯʨʝʟ-

ʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ. 

ɺʳʚʦʜ 

ɺ ʨʘʙʦʪʝ ʙʳʣ ʠʟʫʯʝʥ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʧʨʦʮʝʩʩ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʮʝʭʫ ʧʠʨʦʪʝʭʥʠʯʝ-

ʩʢʦʡ ʩʤʝʩʠ, ʦʧʠʩʘʥʳ ʚʣʠʷʥʠʝ ʠ ʫʧʨʘʚʣʝ-

ʥʠʝ ʤʠʢʨʦʢʣʠʤʘʪʦʤ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ 

ʧʦʤʝʱʝʥʠʠ, ʨʘʩʩʤʦʪʨʝʥʘ ʯʘʩʪʦʪʘ ʠʟʤʝʨʝ-

ʥʠʡ ʤʦʥʠʪʦʨʠʥʛʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʧʨʝʜʣʦʞʝʥʠʷ 

ʧʦ ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʫʩʣʦʚʠʡ ʪʨʫʜʘ. 
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- ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ - 
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ENVIRONMENTAL MONITORING IN THE PYROTECHNIC COMPOSITION  

PRODUCTION SHOP 

 

D.A. Denisov, Student 

Murom Institute (branch) Vladimir State University named after A.  G. and N. G. Stoletov 

(Russia, Murom) 

 

Abstract. The article examines the technological process of production in the pyrotechnic 

mixture workshop. The influence of the microclimate in industrial premises is analyzed and the 

frequency of measurements of environmental monitoring during production is considered. Mi-

croclimate management in industrial premises has been determined. Monitoring methods and 

technologies are provided, including measurement of temperature, humidity, air quality, noise 

and vibrations. Special attention is paid to the importance of environmental monitoring to en-

sure the safety of workers, compliance with environmental norms and standards, as well as im-

proving the efficiency of the production process as a whole. 

Keywords: monitoring, pyrotechnic substances, the environment. 
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- ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ - 
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʇʈʆʎɽʉʉɸ ʈɸɹʆʊʓ ʉʇɽʎʀɸʃʔʅʆɻʆ ʉɹʆʈʅʆɻʆ  

ʀʅʉʊʈʋʄɽʅʊɸ ɼʃʗ ʅɸʈɽɿɸʅʀʗ ʂɸʅɸɺʆʂ ɺ ɻʃʋɹʆʂʀʍ ʆʊɺɽʈʉʊʀʗʍ  

ɼɽʊɸʃɽʁ ʄɸʐʀʅʆʉʊʈʆɽʅʀʗ 
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ɸ.ɸ. ʂʘʧʠʪʦʥʦʚʘ, ʘʩʧʠʨʘʥʪ 

ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çʉʊɸʅʂʀʅè 

(ʈʦʩʩʠʷ, ʛ. ʄʦʩʢʚʘ) 

 

DOI:10.24412/2500-1000-2024-5-4-16-21 

 

ɸʥʥʦʪʘʮʠʷ. ʉʪʘʪʴʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʚʘʞʥʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʨʘʙʦʪʳ ʨʝ-

ʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʠ ʝʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ. ʇʨʝʜʩʪʘʚʣʝʥ ʤʝʪʦʜ ʚʠʟʫʘʣʠʟʘʮʠʠ ʨʘʙʦʪʳ 

ʠʥʩʪʨʫʤʝʥʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʥʠʤʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʚ ʩʨʝʜʝ T-Flex CAD ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ 

çʉʮʝʥʘʨʠʷ ʘʥʠʤʘʮʠʠè. ɸʚʪʦʨʳ ʧʦʜʨʦʙʥʦ ʦʧʠʩʳʚʘʶʪ ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʘʥʠʤʘʮʠʠ ʥʘ ʦʩʥʦ-

ʚʝ ʛʦʪʦʚʦʡ 3D ʩʙʦʨʢʠ ʠʥʩʪʨʫʤʝʥʪʘ, ʟʘʜʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʘʥʠʤʘʮʠʠ ʠ ʛʨʘʬʠʢʦʚ ʜʚʠʞʝʥʠʷ. 

ʇʦʢʘʟʘʥʦ, ʢʘʢ ʜʘʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʥʝʪʦʯʥʦ-

ʩʪʴʶ ʨʘʩʯʝʪʦʚ ʠ ʦʙʝʩʧʝʯʠʪʴ ʙʝʩʧʝʨʝʙʦʡʥʫʶ ʨʘʙʦʪʫ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʄʦʜʝʣʠʨʦʚʘʥʠʝ, ʨʝʞʫʱʠʡ ʠʥʩʪʨʫʤʝʥʪ, ʚʠʟʫʘʣʠʟʘʮʠʷ, ʘʥʠʤʘʮʠʦʥʥʘʷ 

ʤʦʜʝʣʴ, T-Flex CAD, ʩʮʝʥʘʨʠʡ ʘʥʠʤʘʮʠʠ, ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʙʝʩʧʝʨʝʙʦʡʥʘʷ ʨʘ-

ʙʦʪʘ. 

 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʨʘʙʦʪʳ ʠʥ-

ʩʪʨʫʤʝʥʪʘ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʝʡ ʟʘʜʘʯʝʡ 

ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʥʦʚʦʛʦ ʨʝʞʫʱʝʛʦ ʠʥ-

ʩʪʨʫʤʝʥʪʘ. ɺʠʟʫʘʣʠʟʠʨʦʚʘʥʠʝ ʪʦʛʦ, ʢʘʢ ʠʥ-

ʩʪʨʫʤʝʥʪ ʧʦʚʝʜʝʪ ʩʝʙʷ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ, 

ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʨʷʜʘ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥ-

ʥʳʭ ʩ ʥʝʪʦʯʥʦʩʪʴʶ ʨʘʩʯʝʪʘ ʪʨʘʝʢʪʦʨʠʠ 

ʜʚʠʞʝʥʠʷ, ʧʦʚʝʜʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʩʪʝʩ-

ʥʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʨʝʟʘʥʠʷ, ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚʦʟʤʦʞʥʦ ʩʚʦʝ-

ʚʨʝʤʝʥʥʦ ʧʨʦʠʟʚʝʩʪʠ ʢʦʨʨʝʢʪʠʨʦʚʢʫ ʢʦʥ-

ʩʪʨʫʢʮʠʠ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʘʥʠʤʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʘʥʠʤʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ 

ʨʘʙʦʪʳ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʢʘʥʘ-

ʚʦʢ ʚ ʛʣʫʙʦʢʠʭ ʦʪʚʝʨʩʪʠʷʭ ʧʨʦʠʟʚʦʜʠʣʦʩʴ 

ʚ ʩʨʝʜʝ T-Flex CAD, ʩʨʝʜʩʪʚʘʤʠ çʉʮʝʥʘʨʠʷ 

ʘʥʠʤʘʮʠʠè. ɼʘʥʥʘʷ ʩʨʝʜʘ ʚʳʙʨʘʥʘ ʠʟ-ʟʘ 

ʩʚʦʝʛʦ ʫʜʦʙʩʪʚʘ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʙʦʪʘʪʴ ʩ 

ʘʥʠʤʘʮʠʝʡ ʧʫʪʝʤ ʟʘʜʘʥʠʷ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʧʝʨʝʤʝʥʥʳʭ ʦʪ ʚʨʝʤʝʥʠ. çʉʮʝʥʘʨʠʡ ʘʥʠ-

ʤʘʮʠʠè ʧʦʟʚʦʣʷʝʪ ʨʘʙʦʪʘʪʴ ʩ ʜʚʠʞʝʥʠʷʤʠ 

ʧʫʪʝʤ ʩʦʟʜʘʥʠʷ ʛʨʘʬʠʢʦʚ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʳ-

ʚʘʶʪ ʬʫʥʢʮʠʶ ʠʟʤʝʥʝʥʠʷ ʧʝʨʝʤʝʥʥʦʡ. 
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ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʘʥʠʤʘʮʠʠ: 

1. l ï ʧʝʨʝʤʝʱʝʥʠʝ ʠʥʩʪʨʫʤʝʥʪʘ ʚʜʦʣʴ 

ʦʩʠ; 
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2. a ï ʚʨʘʱʝʥʠʝ ʠʥʩʪʨʫʤʝʥʪʘ ʚʦʢʨʫʛ 

ʩʚʦʝʡ ʦʩʠ; 

3. s ï ʚʨʘʱʝʥʠʝ ʢʘʩʩʝʪʳ ʚʦʢʨʫʛ ʦʩʠ ʚʠʥ-

ʪʘ; 

4. t ï ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ; 

5. y ï ʧʝʨʝʤʝʱʝʥʠʝ ʦʪʚʝʨʩʪʠʷ ʢʘʩʩʝʪʳ 

ʚʜʦʣʴ ʦʩʠ ʚʠʥʪʘ ʧʦ ʢʦʦʨʜʠʥʘʪʝ y; 

6. z ï ʧʝʨʝʤʝʱʝʥʠʝ ʦʪʚʝʨʩʪʠʷ ʢʘʩʩʝʪʳ 

ʚʜʦʣʴ ʦʩʠ ʚʠʥʪʘ ʧʦ ʢʦʦʨʜʠʥʘʪʝ z. 

 

 
ʈʠʩ. 2. ʆʢʥʦ ʧʝʨʝʤʝʥʥʳʭ 

 

 
ʈʠʩ. 3. 3D ʩʙʦʨʢʘ ʢʦʥʩʪʨʫʢʮʠʠ 

 

ʀʥʩʪʨʫʤʝʥʪʳ çʩʮʝʥʘʨʠʷ ʘʥʠʤʘʮʠʠè 

ʧʦʟʚʦʣʷʶʪ ʨʘʙʦʪʘʪʴ ʩ ʧʝʨʝʤʝʥʥʳʤʠ, ʚʳ-

ʩʪʨʘʠʚʘʷ ʠʭ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʧʝʨʝʤʝʥʥʦʡ 

ʚʨʝʤʝʥʠ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʥʝʦʙʭʦʜʠʤʳʭ 

ʜʚʠʞʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʥʘʟʥʘʯʠʪʴ ʣʦʢʘʣʴ-

ʥʳʝ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ, ʜʘʙʳ ʚʩʝ ʵʣʝʤʝʥ-

ʪʳ ʩʙʦʨʢʠ ʙʳʣʠ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʠ 

ʠʤʝʣʠ ʦʙʱʫʶ ʣʦʢʘʣʴʥʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠ-

ʥʘʪ (ʨʠʩ. 4). 
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ʈʠʩ. 4. ʃʦʢʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʩʙʦʨʢʠ 

ɼʘʣʝʝ ʚ ʧʘʨʘʤʝʪʨʘʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʪʴ ʪʨʝʙʫʝʤʳʝ ʢʠʥʝʤʘʪʠʯʝ-

ʩʢʠʝ ʜʚʠʞʝʥʠʷ. ɼʣʷ ʢʦʨʧʫʩʘ ʟʘʜʘʝʪʩʷ ʧʝ-

ʨʝʤʝʱʝʥʠʝ l ʠ ʚʨʘʱʝʥʠʝ a. ʇʨʝʦʙʨʘʟʦʚʘ-

ʥʠʷ ʜʣʷ ʨʝʞʫʱʝʛʦ ʵʣʝʤʝʥʪʘ: ʚʨʘʱʝʥʠʝ s ʠ 

ʧʝʨʝʤʝʱʝʥʠʷ y ʠ z. 

 

 
ʈʠʩ. 5. ʇʨʝʦʙʨʘʟʦʚʘʥʠʷ ʃʉʂ ʢʦʨʧʫʩʘ ʠ ʨʝʞʫʱʝʡ ʢʘʩʩʝʪʳ 

 

ɼʘʣʝʝ ʚ ʦʢʥʝ ʨʘʙʦʪʳ ʩ ʘʥʠʤʘʮʠʝʡ ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʪʴ ʧʘʨʘʤʝʪʨʳ ʘʥʠʤʘʮʠʠ. ɺʨʝʤʷ ʊ ʩʦ-

ʩʪʘʚʠʪ ʦʪ 0 ʜʦ 60, ʰʘʛ ʘʥʠʤʘʮʠʠ 0,1 ʜʣʷ ʧʣʘʚʥʦʛʦ ʜʚʠʞʝʥʠʷ. 

 

 
ʈʠʩ. 6. ʇʘʨʘʤʝʪʨʳ ʘʥʠʤʘʮʠʠ 

 

ɼʣʷ ʢʘʞʜʦʡ ʧʝʨʝʤʝʥʥʦʡ ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʪʴ ʛʨʘʬʠʢʠ ʜʚʠʞʝʥʠʷ: 
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ʈʠʩ. 7. ɻʨʘʬʠʢ ʜʚʠʞʝʥʠʷ ʜʣʷ ʧʝʨʝʤʝʥʥʦʡ l 

 

 
ʈʠʩ. 8. ɻʨʘʬʠʢ ʜʚʠʞʝʥʠʷ ʜʣʷ ʧʝʨʝʤʝʥʥʦʡ a 

 

 
ʈʠʩ. 9. ɻʨʘʬʠʢ ʜʚʠʞʝʥʠʷ ʜʣʷ ʧʝʨʝʤʝʥʥʦʡ s 

 

 
ʈʠʩ. 10. ɻʨʘʬʠʢ ʜʚʠʞʝʥʠʷ ʜʣʷ ʧʝʨʝʤʝʥʥʦʡ y 
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ʈʠʩ. 11. ɻʨʘʬʠʢ ʜʚʠʞʝʥʠʷ ʜʣʷ ʧʝʨʝʤʝʥʥʦʡ z 

 

ɻʨʘʬʠʢʠ ʜʚʠʞʝʥʠʡ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʫʪʝʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʨʝʤʝʥʥʦʡ ʢʘʨʪʠʥʳ ʜʚʠʞʝʥʠʷ 

ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. 

 

 

 
ʈʠʩ. 12. ʈʘʩʢʨʳʪʠʝ ʨʝʞʫʱʝʛʦ ʵʣʝʤʝʥʪʘ. ʄʦʤʝʥʪ ʚʨʝʤʥʠ ʫʢʘʟʘʥ ʥʘ ʛʨʘʬʠʢʝ ʨʠʩ. 9. 

(ʚʦʟʨʘʩʪʘʶʱʘʷ ʧʨʷʤʘʷ) 

 

 
ʈʠʩ. 13. ʇʝʨʝʤʝʱʝʥʠʝ ʨʝʞʫʱʝʛʦ ʵʣʝʤʝʥʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʚʠʥʪʘ. ʄʦʤʝʥʪ ʚʨʝʤʥʠ 

ʫʢʘʟʘʥ ʥʘ ʛʨʘʬʠʢʝ ʨʠʩ. 10 ʠ ʨʠʩ. 11 

 

ɤ 

 

ɤ 
ɣ 
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ʈʠʩ. 14. ɿʘʢʨʳʪʠʝ ʨʝʞʫʱʝʛʦ ʵʣʝʤʝʥʪʘ. ʄʦʤʝʥʪ ʚʨʝʤʥʠ ʫʢʘʟʘʥ ʥʘ ʛʨʘʬʠʢʝ ʨʠʩ. 9 

(ʫʙʳʚʘʶʱʘʷ ʧʨʷʤʘʷ) 

 

ɿʘʢʣʶʯʝʥʠʝ. ɼʘʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʨʘʙʦʪʳ ʠʥʩʪʨʫʤʝʥʪʘ ʧʦʟʚʦʣʷʝʪ 

ʩʠʤʠʪʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʦʙʨʘʙʦʪʢʠ, 

ʧʦʜʦʙʨʘʪʴ ʨʘʮʠʦʥʘʣʴʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, ʘ ʪʘʢʞʝ 

ʧʘʨʘʤʝʪʨʳ ʨʘʩʢʨʳʪʠʷ ʨʝʞʫʱʝʛʦ ʵʣʝʤʝʥʪʘ 

ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʙʝʩʧʝʨʝʙʦʡʥʦʡ ʨʘʙʦʪʳ 

ʠʥʩʪʨʫʤʝʥʪʘ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʘʥʠʤʘʮʠʦʥʥʘʷ 

ʤʦʜʝʣʴ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦ-

ʚʠʷʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʥʩʪʨʫʤʝʥʪ ʦʙʝʩʧʝʯʠʪ 

ʙʝʩʧʝʨʝʙʦʡʥʫʶ ʦʙʨʘʙʦʪʢʫ ʢʘʥʘʚʦʢ ʚ ʛʣʫ-

ʙʦʢʠʭ ʦʪʚʝʨʩʪʠʷʭ. 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ʉʝʤʝʥʯʝʥʢʦ ʀ.ʀ., ʄʘʪʶʰʠʥ ɺ.ʄ., ʉʘʭʘʨʦʚ ɻ.ʅ. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʤʝʪʘʣʣʦʨʝʞʫʱʠʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ. ï ʄ.: ʄɸʐɻʀɿ, 1963. 

2. ʉʧʨʘʚʦʯʥʠʢ ʪʝʭʥʦʣʦʛʘ-ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʷ. ɺ 2-ʭ ʪ. ʊ. 2 / ʇʦʜ. ʈʝʜ. ɸ.ɻ. ʂʦʩʠʣʦʚʦʡ ʠ 

ʈ.ʂ. ʄʝʱʝʨʷʢʦʚʘ. ï 4-ʝ ʠʟʜ., ʧʝʨʝʨʘʙ. ʠ ʜʦʧ. ï ʄ.: ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 1985. ï 496 ʩ. 

 

 

MODELING OF THE OPERATION PROCESS OF A SPECIAL PREFABRICATED 

TOOL FOR GROOVING IN DEEP HOLES OF MECHANICAL ENGINEERING PARTS  

 

P.V. Domnin, Doctor of Technical Sciences, Professor 

A.A. Kapitonova, Postgraduate Student 

Moscow State Technological University çSTANKINè 

(Russia, Moscow) 

 

Abstract. The article deals with the importance of modeling the process of cutting tool opera-

tion during its design. A method of visualizing tool operation using an animation model in the T-

Flex CAD environment and "Animation Script" tools is presented. The authors describe in detail 

the process of animation creation on the basis of ready 3D tool assembly, setting of animation 

parameters and motion graphs. It is shown how this modeling allows to avoid problems related 

to inaccuracy of calculations and to ensure smooth operation of the tool in real production con-

ditions. 

Keywords: modeling, cutting tool, visualization, animation model, T-Flex CAD, animation 

script, geometric parameters, smooth operation. 
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ʉɸʄʆʆɹʋʏɽʅʀɽ ʀʉʂʋʉʉʊɺɽʅʅʆɻʆ ʀʅʊɽʃʃɽʂʊɸ: ʅʆɺʓɽ  

ɺʆɿʄʆɾʅʆʉʊʀ ʀ ʈʀʉʂʀ 

 

ɽ.ʖ. ʂʦʩʝʥʢʦʚʘ, ʩʪʫʜʝʥʪ 

ʃ.ɺ. ɻʘʝʚ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ., ʜʦʮʝʥʪ 

ʃʠʧʝʮʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

(ʈʦʩʩʠʷ, ʛ. ʃʠʧʝʮʢ) 

 

DOI:10.24412/2500-1000-2024-5-4-22-24 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ, ʧʨʦʙʣʝʤʳ ʠ ʨʠʩʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʀʀ ʠ ʩʘʤʦʦʙʫʯʝʥʠʝʤ, ʦʪʤʝʯʝʥʦ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʀʀ ʥʘ ʩʘʤʦʦʙʫʯʝʥʠʝ. ʊʘʢʞʝ 

ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʨʘʟʣʠʯʥʳʭ ʫʩʧʝʰʥʳʭ ʧʨʠʤʝʨʦʚ ʧʨʠʤʝʥʝʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣ-

ʣʝʢʪʘ ʠ ʩʘʤʦʦʙʫʯʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʠ ʩʬʝʨʘʭ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʂʨʦʤʝ ʪʦʛʦ, ʚʳʜʝ-

ʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʠ ʚʥʝʜʨʝʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ ʘʣʛʦʨʠʪʤʦʚ 

ʩʘʤʦʦʙʫʯʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ. 

 

ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ (ʀʀ) ï ʩʪʨʝ-

ʤʠʪʝʣʴʥʦ ʨʘʟʚʠʚʘʶʱʘʷʩʷ ʩʬʝʨʘ, ʢʦʪʦʨʘʷ 

ʠʤʝʝʪ ʧʦʪʝʥʮʠʘʣ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ 

ʦʪʨʘʩʣʠ, ʘʚʪʦʤʘʪʠʟʠʨʫʷ ʩʣʦʞʥʳʝ ʟʘʜʘʯʠ ʠ 

ʧʦʚʳʰʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʀʥʪʝʛʨʘʮʠʷ ʘʣ-

ʛʦʨʠʪʤʦʚ ʩʘʤʦʦʙʫʯʝʥʠʷ ʩ ʀʀ ʝʱʝ ʙʦʣʴʰʝ 

ʨʘʩʰʠʨʠʣʘ ʚʦʟʤʦʞʥʦʩʪʠ ʀʀ-ʩʠʩʪʝʤ, ʧʦʟ-

ʚʦʣʠʚ ʠʤ ʫʯʠʪʴʩʷ ʥʘ ʜʘʥʥʳʭ ʠ ʩʦʚʝʨʰʝʥ-

ʩʪʚʦʚʘʪʴʩʷ ʩʦ ʚʨʝʤʝʥʝʤ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʟ 

ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʯʝʣʦʚʝʢʘ. 

ɺʦʟʤʦʞʥʦʩʪʠ 

ʇʨʦʛʨʝʩʩ ʚ ʠʩʢʫʩʩʪʚʝʥʥʦʤ ʠʥʪʝʣʣʝʢʪʝ ʠ 

ʩʘʤʦʦʙʫʯʝʥʠʠ ʨʘʟʙʣʦʢʠʨʫʝʪ ʤʦʱʥʳʝ ʚʦʟ-

ʤʦʞʥʦʩʪʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʠʥʥʦʚʘʮʠʡ. ɹʣʘʛʦʜʘʨʷ 

ʘʥʘʣʠʟʫ ʦʙʰʠʨʥʳʭ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ, ʩʘʤʦ-

ʦʙʫʯʘʶʱʠʝʩʷ ʘʣʛʦʨʠʪʤʳ ʚʳʷʚʣʷʶʪ ʰʘʙ-

ʣʦʥʳ ʠ ʪʝʥʜʝʥʮʠʠ, ʧʦʤʦʛʘʷ ʧʨʝʜʧʨʠʷʪʠʷʤ 

ʧʨʠʥʠʤʘʪʴ ʦʙʦʩʥʦʚʘʥʥʳʝ ʨʝʰʝʥʠʷ ʠ ʩʦ-

ʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʩʚʦʠ ʧʨʦʜʫʢʪʳ ʠ ʫʩʣʫʛʠ. 

ʅʘʧʨʠʤʝʨ, ʯʘʪ-ʙʦʪʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʩ-

ʢʫʩʩʪʚʝʥʥʦʤ ʠʥʪʝʣʣʝʢʪʝ, ʤʦʛʫʪ ʧʨʝʜʦʩʪʘʚ-

ʣʷʪʴ ʥʝʧʨʝʨʳʚʥʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʢʣʠʝʥʪʦʚ, 

ʫʤʝʥʴʰʘʷ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʣʶʜʷʭ-

ʧʨʝʜʩʪʘʚʠʪʝʣʷʭ. ʉʘʤʦʫʧʨʘʚʣʷʝʤʳʝ ʘʚʪʦ-

ʤʦʙʠʣʠ ʠʣʣʶʩʪʨʠʨʫʶʪ, ʢʘʢ ʠʩʢʫʩʩʪʚʝʥʥʳʡ 

ʠʥʪʝʣʣʝʢʪ ʠ ʩʘʤʦʦʙʫʯʝʥʠʝ ʧʨʝʦʙʨʘʞʘʶʪ 

ʪʨʘʥʩʧʦʨʪ, ʫʣʫʯʰʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ. 

ɺ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʠ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥ-

ʪʝʣʣʝʢʪ ʠ ʩʘʤʦʦʙʫʯʝʥʠʝ ʧʦʚʳʰʘʶʪ ʪʦʯ-

ʥʦʩʪʴ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʣʝʯʝʥʠʷ [1]. ɺ ʬʠʥʘʥ-

ʩʘʭ ʦʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʤʦ-

ʰʝʥʥʠʯʝʩʪʚʘ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʠʥʚʝʩʪʠʮʠʦʥ-

ʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ. 

ʂʨʦʤʝ ʪʦʛʦ, ʩʘʤʦʦʙʫʯʘʶʱʠʝʩʷ ʘʣʛʦ-

ʨʠʪʤʳ ʤʦʛʫʪ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʧʝʨʩʦʥʘʣʠʟʠ-

ʨʦʚʘʥʥʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʢʦʥʪʝʥʪʫ ʥʘ 

ʨʘʟʚʣʝʢʘʪʝʣʴʥʳʭ ʠ ʪʦʨʛʦʚʳʭ ʧʣʘʪʬʦʨʤʘʭ, 

ʧʦʚʳʰʘʷ ʚʦʚʣʝʯʝʥʥʦʩʪʴ ʢʣʠʝʥʪʦʚ ʠ ʩʪʠ-

ʤʫʣʠʨʫʷ ʧʨʦʜʘʞʠ. 

ʇʨʦʙʣʝʤʳ 

ɺʥʝʜʨʝʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ 

ʩʘʤʦʦʙʫʯʝʥʠʷ, ʥʝʩʤʦʪʨʷ ʥʘ ʠʭ ʧʨʝʠʤʫʱʝ-

ʩʪʚʘ, ʪʘʢʞʝ ʩʦʧʨʷʞʝʥʦ ʩ ʚʘʞʥʳʤʠ ʧʨʦʙʣʝ-

ʤʘʤʠ. 

ʂʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʜʘʥʥʳʭ ʷʚʣʷʶʪʩʷ ʧʝʨʚʦʩʪʝʧʝʥʥʦʡ ʧʨʦʙʣʝ-

ʤʦʡ. ʉʘʤʦʦʙʫʯʘʶʱʠʝʩʷ ʘʣʛʦʨʠʪʤʳ ʪʨʝʙʫ-

ʶʪ ʦʛʨʦʤʥʳʭ ʦʙʲʝʤʦʚ ʜʘʥʥʳʭ ʜʣʷ ʦʙʫʯʝ-

ʥʠʷ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʦʧʘʩʝʥʠʷ ʧʦ ʧʦʚʦʜʫ 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʣʠʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʠ ʝʝ ʟʘʱʠʪʳ. 

ʂʨʦʤʝ ʪʦʛʦ, ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʠ 

ʩʘʤʦʦʙʫʯʝʥʠʝ ʧʦʜʥʠʤʘʶʪ ʵʪʠʯʝʩʢʠʝ ʚʦ-

ʧʨʦʩʳ. ʉʫʱʝʩʪʚʫʝʪ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʦʧʘʩ-

ʥʦʩʪʴ ʧʨʝʜʚʟʷʪʦʩʪʠ ʠ ʜʠʩʢʨʠʤʠʥʘʮʠʠ ʚ 

ʧʨʦʮʝʩʩʘʭ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. ʅʘʧʨʠʤʝʨ, 

ʩʘʤʦʦʙʫʯʘʶʱʠʝʩʷ ʘʣʛʦʨʠʪʤʳ, ʠʩʧʦʣʴʟʫʝ-

ʤʳʝ ʚ ʩʠʩʪʝʤʘʭ ʥʘʡʤʘ, ʤʦʛʫʪ ʥʝʧʨʝʜʥʘʤʝ-

ʨʝʥʥʦ ʫʩʠʣʠʚʘʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ 

ʧʨʝʜʫʙʝʞʜʝʥʠʷ ʨʘʙʦʯʝʡ ʩʠʣʳ, ʪʘʢʠʝ ʢʘʢ 

ʛʝʥʜʝʨʥʳʝ ʠʣʠ ʨʘʩʦʚʳʝ [2]. 

ɺ ʩʣʫʯʘʝ ʩ ʘʚʪʦʥʦʤʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʪʘ-

ʢʠʤʠ ʢʘʢ ʩʘʤʦʫʧʨʘʚʣʷʝʤʳʝ ʘʚʪʦʤʦʙʠʣʠ, 

ʧʨʠʤʝʥʝʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ 

ʩʘʤʦʦʙʫʯʝʥʠʷ ʚʳʟʳʚʘʝʪ ʦʙʝʩʧʦʢʦʝʥʥʦʩʪʴ 

ʧʦ ʧʦʚʦʜʫ ʧʦʜʦʪʯʝʪʥʦʩʪʠ ʚ ʩʣʫʯʘʝ ʘʚʘʨʠʡ 

ʠʣʠ ʩʙʦʝʚ. 
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ʅʝʦʙʭʦʜʠʤʦ ʪʱʘʪʝʣʴʥʦ ʨʝʰʘʪʴ ʵʪʠ 

ʧʨʦʙʣʝʤʳ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʦʪʚʝʪʩʪʚʝʥ-

ʥʦʝ ʠ ʵʪʠʯʥʦʝ ʚʥʝʜʨʝʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ ʠ ʩʘʤʦʦʙʫʯʝʥʠʷ. 

ʈʠʩʢʠ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣ-

ʣʝʢʪʘ ʠ ʩʘʤʦʦʙʫʯʝʥʠʷ ʩʦʧʨʷʞʝʥʦ ʥʝ ʪʦʣʴ-

ʢʦ ʩ ʚʦʟʤʦʞʥʦʩʪʷʤʠ, ʥʦ ʠ ʩ ʨʠʩʢʘʤʠ, 

ʚʢʣʶʯʘʷ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʵʢʦʥʦʤʠʯʝʩʢʠʝ 

ʧʦʪʨʷʩʝʥʠʷ ʠ ʧʦʪʝʨʶ ʨʘʙʦʯʠʭ ʤʝʩʪ. 

ʇʦ ʤʝʨʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʠʩʢʫʩ-

ʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ ʩʘʤʦʦʙʫʯʝʥʠʷ ʦʥʠ 

ʤʦʛʫʪ ʧʦʩʪʝʧʝʥʥʦ ʚʳʪʝʩʥʷʪʴ ʣʶʜʝʡ ʠʟ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʨʦʬʝʩʩʠʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʩʦʢʨʘʱʝʥʠʶ ʨʘʙʦʯʠʭ ʤʝʩʪ ʠ ʩʦʮʠʘʣʴʥʦʤʫ 

ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʤʫ ʥʝʨʘʚʝʥʩʪʚʫ. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠʤʝʥʝʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦ-

ʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ ʩʘʤʦʦʙʫʯʝʥʠʷ ʚ ʧʨʦʮʝʩʩʘʭ 

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʠʩ-

ʢʣʶʯʝʥʠʶ ʦʧʨʝʜʝʣʝʥʥʳʭ ʛʨʫʧʧ ʠʣʠ ʧʨʠʦ-

ʨʠʪʝʟʘʮʠʠ ʦʜʥʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʜ ʜʨʫʛʠʤʠ. 

ʅʘʧʨʠʤʝʨ, ʩʘʤʦʦʙʫʯʘʶʱʠʝʩʷ ʘʣʛʦʨʠʪ-

ʤʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʦʮʝʥʢʠ ʢʨʝʜʠʪʦʩʧʦ-

ʩʦʙʥʦʩʪʠ, ʤʦʛʫʪ ʥʝʩʧʨʘʚʝʜʣʠʚʦ ʜʠʩʢʨʠʤʠ-

ʥʠʨʦʚʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʛʨʫʧʧʳ, ʪʘʢʠʝ ʢʘʢ 

ʣʶʜʠ ʩ ʥʠʟʢʠʤ ʜʦʭʦʜʦʤ ʠʣʠ ʧʨʝʜʩʪʘʚʠʪʝ-

ʣʠ ʤʝʥʴʰʠʥʩʪʚ. 

ʕʪʠ ʨʠʩʢʠ ʥʝʦʙʭʦʜʠʤʦ ʪʱʘʪʝʣʴʥʦ ʧʨʦ-

ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠ ʩʤʷʛʯʠʪʴ, ʯʪʦʙʳ ʛʘʨʘʥʪʠ-

ʨʦʚʘʪʴ ʠʥʢʣʶʟʠʚʥʦʝ ʠ ʩʧʨʘʚʝʜʣʠʚʦʝ ʚʥʝʜ-

ʨʝʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ ʩʘʤʦ-

ʦʙʫʯʝʥʠʷ. 

ʋʩʧʝʰʥʘʷ ʠʥʪʝʛʨʘʮʠʷ ʀʀ 

ʇʨʠʤʝʥʝʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ 

ʠ ʩʘʤʦʦʙʫʯʘʶʱʠʭʩʷ ʘʣʛʦʨʠʪʤʦʚ ʧʨʠʚʝʣʦ ʢ 

ʨʝʚʦʣʶʮʠʦʥʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʚ ʨʘʟʣʠʯʥʳʭ 

ʩʝʢʪʦʨʘʭ: 

- ɿʜʨʘʚʦʦʭʨʘʥʝʥʠʝ: ɸʣʛʦʨʠʪʤʳ ʀʀ ʠ 

ʩʘʤʦʦʙʫʯʝʥʠʷ ʧʦʤʦʛʣʠ ʧʦʚʳʩʠʪʴ ʫʩʧʝʰ-

ʥʦʩʪʴ ʣʝʯʝʥʠʷ, ʧʨʝʜʩʢʘʟʳʚʘʷ ʭʦʜ ʟʘʙʦʣʝ-

ʚʘʥʠʡ ʠ ʦʧʨʝʜʝʣʷʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ 

ʚʘʨʠʘʥʪʳ ʪʝʨʘʧʠʠ. 

- ʌʠʥʘʥʩʳ: ʀʀ ʠ ʩʘʤʦʦʙʫʯʝʥʠʝ ʠʩʧʦʣʴ-

ʟʫʶʪʩʷ ʚ ʙʦʨʴʙʝ ʩ ʤʦʰʝʥʥʠʯʝʩʪʚʦʤ ʠ ʚ 

ʚʳʷʚʣʝʥʠʠ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʚʦʟʤʦʞʥʦ-

ʩʪʝʡ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʥʘʜʝʞʥʦʩʪʴ ʬʠʥʘʥʩʦ-

ʚʳʭ ʩʠʩʪʝʤ. 

- ʕʣʝʢʪʨʦʥʥʘʷ ʢʦʤʤʝʨʮʠʷ: ʉʘʤʦʦʙʫʯʘ-

ʶʱʠʝʩʷ ʘʣʛʦʨʠʪʤʳ ʧʝʨʩʦʥʘʣʠʟʠʨʫʶʪ ʨʝ-

ʢʦʤʝʥʜʘʮʠʠ ʧʦ ʪʦʚʘʨʘʤ, ʧʦʚʳʰʘʷ ʚʦʚʣʝ-

ʯʝʥʥʦʩʪʴ ʢʣʠʝʥʪʦʚ ʠ ʫʚʝʣʠʯʠʚʘʷ ʧʨʦʜʘʞʠ. 

- ʀʛʨʦʚʘʷ ʠʥʜʫʩʪʨʠʷ: ʉʘʤʦʦʙʫʯʘʶʱʠʝ-

ʩʷ ʘʣʛʦʨʠʪʤʳ ʩʦʟʜʘʶʪ ʙʦʣʝʝ ʨʝʘʣʠʩʪʠʯʥʳʭ 

ʠ ʠʩʢʫʩʥʳʭ ʧʨʦʪʠʚʥʠʢʦʚ ʚ ʚʠʜʝʦʠʛʨʘʭ, 

ʫʣʫʯʰʘʷ ʠʛʨʦʚʦʡ ʧʨʦʮʝʩʩ. 

ɺʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʠʩʢʫʩ-

ʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʥʘ ʩʘʤʦʦʙʫʯʝʥʠʝ 

ʄʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ ʠ ʩʘʤʦʦʙʫʯʝʥʠʝ: 

ʄʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ ʠʩʧʦʣʴʟʫʝʪ ʦʙʫʯʘʶ-

ʱʠʝ ʘʣʛʦʨʠʪʤʳ ʜʣʷ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʠ ʚʳ-

ʷʚʣʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ. ɺ ʩʘʤʦʦʙʫʯʝʥʠʠ 

ʵʪʠ ʘʣʛʦʨʠʪʤʳ ʫʣʫʯʰʘʶʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴ-

ʥʦʩʪʴ ʩʠʩʪʝʤʳ ʩʦ ʚʨʝʤʝʥʝʤ, ʚʳʷʚʣʷʷ ʟʘʢʦ-

ʥʦʤʝʨʥʦʩʪʠ ʚ ʜʘʥʥʳʭ (ʥʘʧʨʠʤʝʨ, ʘʥʘʣʠʟ 

ʧʦʚʝʜʝʥʠʷ ʧʦʢʫʧʘʪʝʣʝʡ ʜʣʷ ʧʝʨʩʦʥʘʣʠʟʠ-

ʨʦʚʘʥʥʳʭ ʨʝʢʦʤʝʥʜʘʮʠʡ). 

ɻʣʫʙʦʢʦʝ ʦʙʫʯʝʥʠʝ ʠ ʩʘʤʦʦʙʫʯʝʥʠʝ: 

ɻʣʫʙʦʢʦʝ ʦʙʫʯʝʥʠʝ ʠʩʧʦʣʴʟʫʝʪ ʥʝʡʨʦʥʥʳʝ 

ʩʝʪʠ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʩʣʦʞʥʳʭ ʟʘʢʦʥʦ-

ʤʝʨʥʦʩʪʝʡ ʚ ʜʘʥʥʳʭ. ɺ ʩʘʤʦʦʙʫʯʝʥʠʠ ʵʪʦ 

ʧʦʤʦʛʘʝʪ ʩʠʩʪʝʤʝ ʧʦʚʳʰʘʪʴ ʪʦʯʥʦʩʪʴ, ʚʳ-

ʷʚʣʷʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʙʳʪʴ ʥʝʚʠʜʠʤʳ ʜʣʷ ʣʶʜʝʡ (ʥʘʧʨʠʤʝʨ, ʚ 

ʜʠʘʛʥʦʩʪʠʢʝ ʟʘʙʦʣʝʚʘʥʠʡ). 

ʆʙʫʯʝʥʠʝ ʩ ʧʦʜʢʨʝʧʣʝʥʠʝʤ ʠ ʩʘʤʦʦʙʫ-

ʯʝʥʠʝ: ʆʙʫʯʝʥʠʝ ʩ ʧʦʜʢʨʝʧʣʝʥʠʝʤ ʠʩʧʦʣʴ-

ʟʫʝʪ ʦʙʨʘʪʥʫʶ ʩʚʷʟʴ ʜʣʷ ʦʙʫʯʝʥʠʷ ʩʠʩʪʝ-

ʤʳ. ɺ ʩʘʤʦʦʙʫʯʝʥʠʠ ʵʪʦ ʫʣʫʯʰʘʝʪ ʧʨʠʥʷ-

ʪʠʝ ʨʝʰʝʥʠʡ, ʧʦʟʚʦʣʷʷ ʩʠʩʪʝʤʝ ʫʯʠʪʴʩʷ ʥʘ 

ʩʚʦʠʭ ʜʝʡʩʪʚʠʷʭ ʠ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ (ʥʘʧʨʠ-

ʤʝʨ, ʦʙʫʯʝʥʠʝ ʘʚʪʦʥʦʤʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʩʨʝʜʩʪʚ). 

ʆʙʨʘʙʦʪʢʘ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ ʠ ʩʘʤʦ-

ʦʙʫʯʝʥʠʝ: ʆʙʨʘʙʦʪʢʘ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ 

ʧʦʤʦʛʘʝʪ ʘʣʛʦʨʠʪʤʘʤ ʧʦʥʠʤʘʪʴ ʠ ʘʥʘʣʠʟʠ-

ʨʦʚʘʪʴ ʯʝʣʦʚʝʯʝʩʢʠʡ ʷʟʳʢ. ɺ ʩʘʤʦʦʙʫʯʝ-

ʥʠʠ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʩʠʩʪʝʤʝ ʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʦʪʟʳʚʳ ʢʣʠʝʥʪʦʚ ʠ ʚʳʷʚʣʷʪʴ ʷʟʳʢʦʚʳʝ ʟʘ-

ʢʦʥʦʤʝʨʥʦʩʪʠ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠ-

ʪʝʣʴʥʦʩʪʠ (ʥʘʧʨʠʤʝʨ, ʦʧʨʝʜʝʣʝʥʠʝ ʦʙʣʘ-

ʩʪʝʡ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʧʨʦʜʫʢʪʘ). 

ʀʥʪʝʛʨʘʮʠʷ ʘʣʛʦʨʠʪʤʦʚ ʩʘʤʦʦʙʫʯʝʥʠʷ ʩ 

ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʠʥʪʝʣʣʝʢʪʦʤ ʦʙʣʘʜʘʝʪ ʟʥʘ-

ʯʠʪʝʣʴʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʜʣʷ ʨʝʚʦʣʶʮʠʠ ʚ 

ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʟʘ 

ʩʯʝʪ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩʣʦʞʥʳʭ ʟʘʜʘʯ ʠ ʧʦ-

ʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʈʘʟʣʠʯʥʳʝ ʪʠʧʳ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʪʘʢʠʝ ʢʘʢ ʤʘ-

ʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ, ʛʣʫʙʦʢʦʝ ʦʙʫʯʝʥʠʝ, 

ʦʙʫʯʝʥʠʝ ʩ ʧʦʜʢʨʝʧʣʝʥʠʝʤ ʠ ʦʙʨʘʙʦʪʢʘ 

ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ, ʠʤʝʶʪ ʨʘʟʥʳʝ ʩʠʣʴ-

ʥʳʝ ʠ ʩʣʘʙʳʝ ʩʪʦʨʦʥʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦ-

ʚʣʠʷʪʴ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʘʤʦʦʙʫʯʘ-
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ʶʱʠʭʩʷ ʩʠʩʪʝʤ. ʀʩʧʦʣʴʟʫʷ ʩʠʣʴʥʳʝ ʩʪʦ-

ʨʦʥʳ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʀʀ ʠ ʨʝʰʘʷ ʧʨʦ-

ʙʣʝʤʳ ʠ ʨʠʩʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʀʀ ʠ ʩʘʤʦ-

ʦʙʫʯʝʥʠʝʤ, ʤʳ ʤʦʞʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʝʩʴ 

ʧʦʪʝʥʮʠʘʣ ʵʪʠʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʙʣʘʛʦ ʦʙʱʝ-

ʩʪʚʘ ʚ ʮʝʣʦʤ. ʆʜʥʘʢʦ ʚʘʞʥʦ ʦʙʝʩʧʝʯʠʪʴ, 

ʯʪʦʙʳ ʵʪʠ ʪʝʭʥʦʣʦʛʠʠ ʨʘʟʨʘʙʘʪʳʚʘʣʠʩʴ ʠ 

ʚʥʝʜʨʷʣʠʩʴ ʵʪʠʯʥʳʤ ʠ ʦʪʚʝʪʩʪʚʝʥʥʳʤ ʦʙ-

ʨʘʟʦʤ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʥʝʧʨʝʜʥʘʤʝʨʝʥʥʳʭ 

ʧʦʩʣʝʜʩʪʚʠʡ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʦʙʟʦʨʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʧʦʣʥʘʷ ʤʦʱʥʦʩʪʴ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʠ ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʙʘʨʘʙʘʥʘ, ʠ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝ-

ʣʠ ʰʘʨʦʚʳʭ ʤʝʣʴʥʠʮ ʉʘʜʦʥʩʢʦʛʦ ʩʚʠʥʮʦʚʦ-ʮʠʥʢʦʚʦʛʦ ʢʦʤʙʠʥʘʪʘ ʠ ʄʠʟʫʨʩʢʦʡ ʦʙʦʛʘʪʠ-

ʪʝʣʴʥʦʡ ʬʘʙʨʠʢʠ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʰʘʨʦʚʳʭ ʤʝʣʴʥʠʮ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʨʘʙʦʯʝʡ ʟʘʛʨʫʟʢʝ ʩ ʚʘ-

ʨʠʨʦʚʘʥʠʝʤ ʩʢʦʨʦʩʪʝʡ ʚʨʘʱʝʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʠʙʦʣʴʰʝʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʠ 

ʠʟʤʝʣʴʯʝʥʠʠ ʩʚʠʥʮʦʚʦ-ʮʠʥʢʦʚʳʭ ʨʫʜ. ʂʘʢ ʧʦʢʘʟʘʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʧʪʠʤʘʣʴʥʘʷ ʧʨʦʠʟʚʦ-

ʜʠʪʝʣʴʥʦʩʪʴ ʥʘʩʪʫʧʘʣʘ ʧʨʠ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʙʘʨʘʙʘʥʘ, ʨʘʙʦʯʝʡ ʟʦʥʳ ʤʝʣʴʥʠʮ, ʩ ʧʨʝʜ-

ʚʘʨʠʪʝʣʴʥʳʤ ʧʘʜʝʥʠʝʤ ʤʝʣʶʱʠʭ ʪʝʣ ï ʩʪʘʣʴʥʳʭ ʰʘʨʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʤʧʣʝʢʩʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʳʨʴʷ, ʠʟʚʣʝʯʝʥʠʝ ʧʦʣʝʟʥʦʛʦ ʤʠʥʝʨʘʣʘ, 

ʧʦʣʥʘʷ ʤʦʱʥʦʩʪʴ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʢʨʠʪʠʯʝʩʢʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʙʘʨʘʙʘʥʘ. 

 

ɺʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴ ʰʘʨʦʚʳʭ ʤʝʣʴʥʠʮ, ʠʭ 

ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ ʠʟʤʝʣʴʯʝ-

ʥʠʠ ʠ ʢʦʤʧʣʝʢʩʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʳʨʴʷ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝ ʧʦʪʝʨʷʣʠ ʩʚʦʶ ʟʥʘʯʠ-

ʤʦʩʪʴ. ɺʦ ʚʩʝʭ ʛʦʨʥʦ-ʦʙʦʛʘʪʠʪʝʣʴʥʳʭ ʢʦʤ-

ʙʠʥʘʪʘʭ ʰʘʨʦʚʳʝ ʤʝʣʴʥʠʮʳ ʷʚʣʷʶʪʩʷ ʦʩ-

ʥʦʚʥʦʡ ʤʘʰʠʥʦʡ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦ-

ʮʝʩʩʝ ʠʟʚʣʝʯʝʥʠʷ ʧʦʣʝʟʥʦʛʦ ʤʠʥʝʨʘʣʘ, ʥʝ-

ʩʤʦʪʨʷ ʥʘ ʝʛʦ ʤʝʪʘʣʣʦʝʤʢʦʩʪʴ ʢʦʥʩʪʨʫʢ-

ʮʠʠ, ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ 

ʧʨʦʮʝʩʩʝ, ʪʨʫʜʦʝʤʢʠʝ ʧʨʦʮʝʩʩʳ ʧʨʠ ʤʦʥ-

ʪʘʞʝ, ʜʝʤʦʥʪʘʞʝ, ʨʝʤʦʥʪʝ, ʙʦʣʴʰʦʡ ʜʠʘʧʘ-

ʟʦʥ ʰʫʤʘ ʚʦ ʚʨʝʤʷ ʨʘʙʦʪʳ, ʚʠʙʨʘʮʠʠ ʧʨʠ 

ʧʫʩʢʝ ʠ ʦʩʪʘʥʦʚʢʝ, ʨʝʛʫʣʷʨʥʘʷ ʥʝʦʙʭʦʜʠ-

ʤʦʩʪʴ  ʟʘʤʝʥʳ ʠʟʥʦʰʝʥʥʳʭ ʤʝʣʶʱʠʭ ʪʝʣ- 

ʩʪʘʣʴʥʳʭ ʰʘʨʦʚ, ʧʝʨʠʦʜʠʯʝʩʢʘʷ ʟʘʤʝʥʘ 

ʬʫʪʝʨʦʚʢʠ ʨʘʙʦʯʝʡ ʟʦʥʳ ʢʦʨʧʫʩʘ ʤʝʣʴʥʠ-

ʮʳ  ʠ ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʤʠ ʙʦʣʴʰʠʝ ʬʠʥʘʥʩʦ-

ʚʳʝ ʨʘʩʭʦʜʳ . ʀʟʤʝʣʴʯʝʥʠʝ  ʚ ʰʘʨʦʚʳʭ 

ʤʝʣʴʥʠʮʘʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʫʜʘʨʘ, ʠʩʪʠʨʘʥʠʷ 

ʩʚʦʙʦʜʥʦ ʧʘʜʘʶʱʠʤʠ ʤʝʣʶʱʠʤʠ ʪʝʣʘʤʠ ï

ʰʘʨʘʤʠ ʠ ʩʦʫʜʘʨʝʥʠʝʤ ʢʫʩʢʦʚ ʠʟʤʝʣʴʯʘʝ-

ʤʦʡ ʨʫʜʳ. ʐʘʨʦʚʳʝ ʙʘʨʘʙʘʥʥʳʝ ʤʝʣʴʥʠʮʳ 

ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʧʦ ʧʨʠʥʮʠʧʫ ʨʘʙʦʪʳ ï 

ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʠ ʥʝʧʨʝʨʳʚʥʦʛʦ ʜʝʡʩʪʚʠʷ; 

ʧʦ ʩʧʦʩʦʙʫ ʠʟʤʝʣʴʯʝʥʠʷ ï ʩʫʭʦʛʦ ʠ ʤʦʢʨʦ-

ʛʦ ʠʟʤʝʣʴʯʝʥʠʷ; ʧʦ ʭʘʨʘʢʪʝʨʫ ʨʘʙʦʪʳ ï ʨʘ-

ʙʦʪʘʶʱʠʝ ʧʦ ʦʪʢʨʳʪʦʤʫ ʠ ʟʘʢʨʳʪʦʤʫ ʮʠʢ-

ʣʫ; ʧʦ ʩʧʦʩʦʙʫ ʟʘʛʨʫʟʢʠ ʠ ʨʘʟʛʨʫʟʢʠ ʤʘʪʝ-

ʨʠʘʣʘ ï ʩ ʟʘʛʨʫʟʢʦʡ ʠ ʨʘʟʛʨʫʟʢʦʡ ʯʝʨʝʟ ʣʶʢ 

ʠ ʯʝʨʝʟ ʧʫʩʪʦʪʝʣʳʝ ʮʘʧʬʳ; ʧʦ ʚʠʜʫ ʤʝʣʶ-

ʱʠʭ ʪʝʣ ï ʰʘʨʦʚʳʝ ʠ ʩʪʝʨʞʥʝʚʳʝ. 

ʐʘʨʦʚʳʝ ʤʝʣʴʥʠʮʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʚʥʫʪʨʝʥʥʠʤ ʜʠʘʤʝʪʨʦʤ ʙʘʨʘʙʘʥʘ- ʨʘʙʦʯʝʡ 

ʟʦʥʳ ʠʟʤʝʣʴʯʝʥʠʷ ʠ ʝʛʦ ʜʣʠʥʦʡ  (D ʠ L ). 

ɽʩʣʠ  L/D < 3, ʪʦ ʤʝʣʴʥʠʮʳ ʥʘʟʳʚʘʶʪ ʙʘ-

ʨʘʙʘʥʥʳʤʠ, ʝʩʣʠ L/D > 3 ï ʪʨʫʙʥʳʤʠ. 

ʈʘʟʤʝʨʳ ʢʫʩʢʦʚ ʟʘʛʨʫʞʘʝʤʦʛʦ ʤʘʪʝʨʠʘ-

ʣʘ ʩʦʩʪʘʚʣʷʶʪ 10-35 ʤʤ, ʘ ʧʦʣʫʯʘʶʪ 

0,15 ʤʤ ʠ ʤʝʥʴʰʝ. ʀʟʤʝʣʴʯʝʥʠʝ ʤʦʞʝʪ 

ʙʳʪʴ ʩʫʭʠʤ ʠʣʠ ʤʦʢʨʳʤ. ɺ ʧʦʩʣʝʜʥʝʤ 

ʩʣʫʯʘʝ ʦʥ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʚʦ-

ʜʳ, ʢʦʪʦʨʘʷ ʚʚʠʜʫ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ 

çʩʨʦʜʩʪʚʘè ʩ ʤʘʪʝʨʠʘʣʦʤ ʠ ʥʘʣʠʯʠʝ ʚ ʥʝʤ 

ʤʠʢʨʦʪʨʝʱʠʥ ʫʩʢʦʨʷʝʪ ʧʨʦʮʝʩʩ ʨʘʟʤʦʣʘ, 

ʧʦʚʳʰʘʝʪ ʝʛʦ ʪʦʥʢʦʩʪʴ, ʩʥʠʞʘʝʪ ʵʥʝʨʛʦ-

ʝʤʢʦʩʪʴ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʳʩʪʨʫʶ ʨʘʟʛʨʫʟ-

ʢʫ. 

ʅʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʰʘʨʦʚʳʭ 

ʤʝʣʴʥʠʮ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʶʪ 

ʩʚʦʡʩʪʚʘ ʨʘʟʤʘʣʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʨʘʟ-

ʤʝʨʳ ʟʘʛʨʫʞʘʝʤʳʭ ʢʫʩʢʦʚ, ʟʘʜʘʥʥʘʷ ʩʪʝ-

ʧʝʥʴ ʠʟʤʝʣʴʯʝʥʠʷ, ʩʧʦʩʦʙ ʟʘʛʨʫʟʢʠ ʤʝʣʴ-
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ʥʠʮʳ, ʧʣʦʪʥʦʩʪʴ ʠ ʨʘʟʤʝʨ ʰʘʨʦʚ, ʜʠʘʤʝʪʨ 

ʠ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʙʘʨʘʙʘʥʘ. ʇʝʨʚʳʝ ʯʝ-

ʪʳʨʝ ʬʘʢʪʦʨʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʨʦʠʟʚʦʜ-

ʩʪʚʝʥʥʳʤʠ ʫʩʣʦʚʠʷʤʠ, ʘ ʜʠʘʤʝʪʨ ʠ ʫʛʣʦ-

ʚʘʷ ʩʢʦʨʦʩʪʴ ʦʧʨʝʜʝʣʷʶʪʩʷ ʤʥʦʛʦʯʠʩʣʝʥ-

ʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ 

ʘʥʘʣʠʟʦʤ ʨʘʙʦʪʳ ʤʝʣʶʱʠʭ ʪʝʣ ï ʰʘʨʦʚ ʚ 

ʤʝʣʴʥʠʮʝ[4]. 

ʋʜʝʣʴʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʰʘʨʦʚʳʭ 

ʤʝʣʴʥʠʮ ʧʦ ʢʣʘʩʩʫ -0,074 ʤʤ ʠʟʤʝʥʷʝʪʩʷ 

ʥʘ ʬʘʙʨʠʢʘʭ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʚ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʦʪ ʢʨʝʧʦʩʪʠ, ʪʦʥʢʦʩʪʠ ʠʟʤʝʣʴʯʝ-

ʥʠʷ ʠ ʚʷʟʢʦʩʪʠ ʨʫʜ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʟʤʝʣʴʯʠ-

ʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʛʦʨʥʦ-ʨʫʜʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʷʭ ʪʘʢʞʝ ʢʦʣʝʙʣʝʪʩʷ ʚ ʰʠʨʦʢʠʭ 

ʧʨʝʜʝʣʘʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʘʩʰʪʘʙʦʚ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʦʩʥʘʱʝʥʥʦʩʪʠ ʨʝʤʦʥʪʥʳʤʠ 

ʩʨʝʜʩʪʚʘʤʠ ʠ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʡ 

ʨʫʜʦʡ. ʅʘʠʙʦʣʝʝ ʧʦʣʥʦʮʝʥʥʦʝ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝ ʰʘʨʦʚʳʭ ʤʝʣʴʥʠʮ ʜʦʩʪʠʛʘʝʪ ʜʦ 97%. ɺ 

ʩʨʝʜʥʝʤ ʞʝ ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʰʘʨʦʚʳʭ ʤʝʣʴʥʠʮ ʩʦʩʪʘʚʣʷʝʪ 92-93%.  

ʈʘʩʭʦʜ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʛʦʨʥʦ-ʨʫʜʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ, ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʩʨʘʚʥʠ-

ʪʝʣʴʥʦ ʠʟʤʝʣʴʯʘʝʤʳʝ ʨʫʜʳ ʩʦʩʪʘʚʣʷʝʪ 

19,9 ʢɺʪ.Å ʯ/ʪ. ʈʘʩʭʦʜ ʩʪʘʣʴʥʳʭ ʤʝʣʶʱʠʭ 

ʪʝʣ ïh ʘʨʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʢʘʯʝʩʪʚʘ ʠ 

ʨʘʟʤʝʨʦʚ, ʦʪ ʪʚʝʨʜʦʩʪʠ ʠ ʩʪʝʧʝʥʠ ʠʟʤʝʣʴ-

ʯʝʥʠʷ 0,15 ʢʛ/ʪ ʜʦ 2,61 ʢʛ/ʪ. ʈʘʩʭʦʜ ʬʫʪʝ-

ʨʦʚʢʠ ʪʘʢʞʝ ʢʦʣʝʙʣʝʪʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝ-

ʣʘʭ ï 0,05 ʢʛ/ʪ ʜʦ 0,83 ʢʛ/ʪ, ʥʦ ʧʦ ʤʝʨʝ ʧʦ-

ʚʳʰʝʥʠʷ ʝʝ ʢʘʯʝʩʪʚʘ ʵʪʦʪ ʨʘʩʭʦʜ ʚ ʧʦ-

ʩʣʝʜʥʝʝ ʚʨʝʤʷ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʝʥʘ. 

ʆʩʥʦʚʥʳʤʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʘʤʠ ʵʪʠʭ ʪʷʞʝʣʳʭ ʤʘʰʠʥ ʷʚʣʷʶʪʩʷ 

ʤʦʱʥʦʩʪʴ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʧʦʪʦʤʫ 

ʯʪʦ ʦʥʠ ʷʚʣʷʶʪʩʷ ʛʣʘʚʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ 

ʧʨʠ ʪʨʝʭ ʦʩʥʦʚʥʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ: ʧʫʩʢʘ 

ʰʘʨʦʚʦʡ ʤʝʣʴʥʠʮʳ, ʨʝʞʠʤʘ ʠʟʤʝʣʴʯʝʥʠʷ ʠ 

ʨʝʞʠʤʘ ʦʩʪʘʥʦʚʢʠ ï ʪʦʨʤʦʞʝʥʠʷ. ʇʫʩʢ 

ʰʘʨʦʚʦʡ ʤʝʣʴʥʠʮʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʭʦʣʦ-

ʩʪʫʶ , ʩ ʟʘʛʨʫʟʢʦʡ ʤʝʣʶʱʠʭ ʪʝʣ ʠ ʨʫʜʦʡ ʚ 

ʨʘʙʦʯʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝ . ʇʨʠ ʵʪʦʤ ʚʦʟʤʦʞ-

ʥʳ ʜʚʘ ʚʘʨʠʘʥʪʘ : ʧʫʩʢ ʩ ʨʫʜʦʡ ʠ ʤʝʣʶʱʠ-

ʤʠ ʪʝʣʘʤʠ, ʠ ʧʫʩʢ ʩ ʧʨʝʜʰʝʩʪʚʫʶʱʝʡ ʝʤʫ 

ʦʩʪʘʥʦʚʢʦʡ ʰʘʨʦʚʦʡ ʤʝʣʴʥʠʮʳ, ʟʘʛʨʫʞʝʥ-

ʥʦʡ ʠʟʤʝʣʴʯʘʝʤʳʤ ʤʘʪʝʨʠʘʣʦʤ. ʊʘʢʠʝ ʨʝ-

ʞʠʤʳ ʨʘʙʦʪʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʧʫʩʢ 

ʰʘʨʦʚʦʡ ʤʝʣʴʥʠʮʳ ʧʦʜ ʟʘʚʘʣʦʤ. 

ʅʦʨʤʘʣʴʥʳʤ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʨʝʞʠ-

ʤʦʤ ʷʚʣʷʝʪʩʷ ʧʫʩʢ ʰʘʨʦʚʦʡ ʤʝʣʴʥʠʮʳ ʚ 

ʭʦʣʦʩʪʫʶ ʠ ʧʦʩʣʝʜʫʶʱʘʷ ʝʝ ʟʘʛʨʫʟʢʘ ʤʝ-

ʣʶʱʠʤʠ ʪʝʣʘʤʠ ʠ ʠʟʤʝʣʴʯʘʝʤʳʤ ʤʘʪʝʨʠʘ-

ʣʦʤ. ʆʜʥʘʢʦ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʧʦ ʨʘʟʣʠʯ-

ʥʳʤ ʧʨʠʯʠʥʘʤ (ʥʘʧʨʠʤʝʨ, ʩʢʘʯʢʠ ʥʘʧʨʷ-

ʞʝʥʠʷ ʠʣʠ ʦʪʢʣʶʯʝʥʠʝ ʧʠʪʘʥʠʷ ʚ ʩʝʪʠ, 

ʥʘʣʠʧʘʥʠʝ ʩʥʝʛʘ ʥʘ ʧʨʦʚʦʜʘ ʚ ʟʠʤʥʝʝ ʚʨʝ-

ʤʷ ʠ ʦʙʨʳʚ ʧʨʦʚʦʜʦʚ ʥʘʨʫʞʥʦʛʦ ʧʠʪʘʥʠʷ) 

ʚʦʟʤʦʞʥʳ ʩʣʫʯʘʠ ʦʩʪʘʥʦʚʢʠ ʤʝʣʴʥʠʮʳ ʩ 

ʨʫʜʦʡ ʚ ʠʟʤʝʣʴʯʘʝʤʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʯʪʦ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʨʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʤʦʤʝʥʪʘ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʤ ʧʫʩʢʝ. 

ʈʘʟʛʨʫʟʢʘ ʚʨʫʯʥʫʶ ʠʟʤʝʣʴʯʘʝʤʦʝ ʧʨʦ-

ʩʪʨʘʥʩʪʚʦ ʷʚʣʷʝʪʩʷ ʪʨʫʜʦʝʤʢʦʡ ʦʧʝʨʘʮʠʝʡ. 

ɸ ʪʘʢ ʢʘʢ ʰʘʨʦʚʳʝ ʤʝʣʴʥʠʮʳ  ʫʩʪʘʥʘʚʣʠ-

ʚʘʶʪʩʷ ʚ ʥʘʯʘʣʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʣʠʥʠʠ 

ʦʙʦʛʘʪʠʪʝʣʴʥʳʭ ʬʘʙʨʠʢ, ʜʣʠʪʝʣʴʥʳʡ ʧʨʦ-

ʩʪʦʡ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʦʩʪʘʥʦʚʢʝ ʥʝ ʪʦʣʴ-

ʢʦ ʬʘʙʨʠʢʠ, ʥʦ ʠ ʚʩʝʛʦ ʛʦʨʥʦ-

ʦʙʦʛʘʪʠʪʝʣʴʥʦʛʦ ʢʦʤʙʠʥʘʪʘ. ʇʦʵʪʦʤʫ 

ʦʙʝʩʧʝʯʝʥʠʝ ʧʫʩʢʘ ʰʘʨʦʚʦʡ  ʤʝʣʴʥʠʮʳ 

ʧʦʜ ʟʘʚʘʣʦʤ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʷʶʱʠʤ ʪʨʝ-

ʙʦʚʘʥʠʝʤ ʧʨʠ ʚʳʙʦʨʝ ʪʠʧʘ, ʤʦʱʥʦʩʪʠ ʠ 

ʧʫʩʢʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠʚʦʜʥʳʭ ʵʣʝʢ-

ʪʨʦʜʚʠʛʘʪʝʣʝʡ. ɼʨʫʛʠʤ ʩʧʦʩʦʙʦʤ, ʧʦʟʚʦ-

ʣʷʶʱʠʤ ʦʩʫʱʝʩʪʚʣʷʪʴ ʟʘʧʫʩʢ ʤʝʭʘʥʠʟʤʘ ʚ 

ʥʘʠʙʦʣʝʝ ʪʷʞʝʣʳʭ ʩʣʫʯʘʷʭ ʟʘʚʘʣʘ, ʷʚʣʷʝʪ-

ʩʷ ʨʝʚʝʨʩʠʨʦʚʘʥʠʝ ʧʨʠʚʦʜʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʢʦʪʦʨʦʛʦ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʜʠʥʘʤʠʯʝʩʢʠʝ 

ʤʦʤʝʥʪʳ ʚ ʧʨʠʚʦʜʝ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦ-

ʟʜʘʥʠʶ ʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʡ ʝʛʦ 

ʨʘʙʦʪʝ. ʕʣʝʢʪʨʦʧʨʠʚʦʜ ʰʘʨʦʚʦʡ ʤʝʣʴʥʠʮʳ 

ʜʦʣʞʝʥ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʩʣʝʜʫʶʱʠʤ ʪʨʝʙʦ-

ʚʘʥʠʷʤ: 

- ʚʳʩʦʢʘʷ ʧʝʨʝʛʨʫʟʦʯʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʧʨʠʚʦʜʥʳʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʚ ʜʠʘʧʘʟʦʥʝ 

2-2,5; 

- ʤʘʢʩʠʤʘʣʴʥʳʡ ʤʦʤʝʥʪ ʜʚʠʛʘʪʝʣʷ ʥʘ 

ʧʝʨʚʦʡ ʧʫʩʢʦʚʦʡ ʩʪʫʧʝʥʠ; 

- ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʚʝʨʩʠʨʦʚʘʥʠʷ ʧʨʠʚʦʜ-

ʥʳʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ. 

ɺ ʨʝʞʠʤʝ ʠʟʤʝʣʴʯʝʥʠʷ ʥʘʛʨʫʟʢʘ ʧʨʠ-

ʚʦʜʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʠʟʤʝʥʷʝʪʩʷ ʚ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ. ʕʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʝʞʠʤʦʤ ʨʘ-

ʙʦʪʳ ʩʘʤʦʡ ʤʝʣʴʥʠʮʳ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʩʭʝʤʦʡ ʧʨʝʜʧʨʠʷʪʠʷ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʠʟ-

ʤʝʣʴʯʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʜʨʫʛʠʤʠ ʬʘʢʪʦ-

ʨʘʤʠ. ʍʘʨʘʢʪʝʨ ʥʘʛʨʫʟʢʠ ʧʠʢʦʦʙʨʘʟʥʳʡ. 

ɺʝʣʠʯʠʥʘ ʧʠʢʦʚ ʧʨʝʞʜʝ ʚʩʝʛʦ ʟʘʚʠʩʠʪ ʦʪ 

ʢʨʝʧʦʩʪʠ ʠʟʤʝʣʴʯʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʈʘʙʦʪʘ ʤʝʣʴʥʠʮʳ ʨʝʛʫʣʠʨʫʝʪʩʷ ʧʦ ʚʨʝ-

ʤʝʥʠ ʠ ʧʦ ʚʝʩʫ ʨʫʜʥʦʡ ʟʘʛʨʫʟʢʠ, ʪʨʝʙʫʝʤʘʷ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʧʝʨʘʮʠʠ ʫʩʪʘʥʘʚʣʠ-



27 

- ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ - 

 

International Journal of Humanities and Natural Sciences, vol. 5-4 (92), 2024 

ʚʘʝʪʩʷ ʧʦ ʨʝʣʝ ʚʨʝʤʝʥʠ. ʀʟʤʝʣʴʯʝʥʠʝ ʚ ʦʪ-

ʢʨʳʪʦʤ ʮʠʢʣʝ ʨʝʛʫʣʠʨʫʝʪʩʷ ʟʘ ʩʯʝʪ ʧʠʪʘ-

ʥʠʷ ʠ ʟʘʚʠʩʠʪ ʦʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʣʝʥ-

ʪʦʯʥʦʛʦ ʧʠʪʘʪʝʣʷ, ʠʟʤʝʣʴʯʝʥʠʝ ʚ ʟʘʤʢʥʫ-

ʪʦʤ ʮʠʢʣʝ ʨʝʛʫʣʠʨʫʝʪʩʷ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, 

ʧʫʪʝʤ ʢʦʥʪʨʦʣʷ ʧʠʪʘʥʠʷ, ʘ ʩ ʜʨʫʛʦʡ ï ʠʟ-

ʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚʦʩʭʦʜʷʱʝʛʦ ʧʦʪʦʢʘ 

ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ, ʯʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʩ ʧʦʤʦ-

ʱʴʶ ʚʦʜʦʤʝʨʘ, ʧʨʠ ʵʪʦʤ ʧʣʦʪʥʦʩʪʴ ʥʠʞʥʝ-

ʛʦ ʧʨʦʜʫʢʪʘ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ 

ʨʝʣʝ ʚʨʝʤʝʥʠ. 

ʂ ʧʨʦʙʣʝʤʘʤ ʦʪʥʦʩʠʪʩʷ ʪʘʢʞʝ ʠʟʥʦʩ 

ʤʝʣʶʱʠʭ ʪʝʣ ï ʰʘʨʦʚ, ʢʦʪʦʨʳʝ ʠʟʛʦʪʦʚ-

ʣʷʶʪʩʷ ʠʟ ʚʳʩʦʢʦʧʨʦʯʥʦʡ, ʢʘʯʝʩʪʚʝʥʥʦʡ 

ʩʪʘʣʠ. ʀʟʥʦʩ ʩʪʘʣʴʥʳʭ ʰʘʨʦʚ ʧʨʠ ʠʟʤʝʣʴ-

ʯʝʥʠʠ ʩʚʠʥʮʦʚʦ-ʮʠʥʢʦʚʦʡ ʨʫʜʳ ʤʝʩʪʦ-

ʨʦʞʜʝʥʠʡ ʉʘʜʦʥʘ ʠ ʄʠʟʫʨʘ ʧʨʦʧʦʨʮʠʦʥʘ-

ʣʝʥ ʫʜʝʣʴʥʦʤʫ ʨʘʩʭʦʜʫ ʵʥʝʨʛʠʠ ʢʘʢ ʥʘ ʰʘ-

ʨʦʚʦʡ ʤʝʣʴʥʠʮʝ ʉʘʜʦʥʩʢʦʛʦ ʩʚʠʥʮʦʚʦ-

ʮʠʥʢʦʚʦʛʦ ʢʦʤʙʠʥʘʪʘ, ʪʘʢ ʠ ʚ ʰʘʨʦʚʦʡ 

ʤʝʣʴʥʠʮʝ ʄʠʟʫʨʩʢʦʡ ʦʙʦʛʘʪʠʪʝʣʴʥʦʡ ʬʘʙ-

ʨʠʢʠ. ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʧʨʠʙʣʠ-

ʞʝʥʥʳʝ ʚʝʣʠʯʠʥʳ ʤʝʣʶʱʠʭ ʪʝʣ-ʩʪʘʣʴʥʳʭ 

ʰʘʨʦʚ ʥʘ ʝʜʠʥʠʮʫ ʵʥʝʨʛʠʠ (ʢɺʪÅʯ/ʪ). 

 

ʊʘʙʣʠʮʘ 1. ʇʨʠʙʣʠʞʝʥʥʳʝ ʚʝʣʠʯʠʥʳ ʤʝʣʶʱʠʭ ʪʝʣ ï ʩʪʘʣʴʥʳʭ ʥʘʨʦʚ ʥʘ ʝʜʠʥʠʮʫ ʨʘʩ-

ʭʦʜʘ ʵʥʝʨʛʠʠ (ʢɺʪÅʯ/ʪ) 

ʄʝʣʴʥʠʮʳ 
ʉʚʠʥʮʦʚʦ-ʮʠʥʢʦʚʘʷ ʨʫʜʘ ʥʘ ʨʫʜʥʠʢʘʭ 

ʉʘʜʦʥʘ ʄʠʟʫʨʘ 

ʐʘʨʦʚʘʷ ʤʝʣʴʥʠʮʘ ʩʫʭʦʛʦ ʠʟʤʝʣʴʯʝʥʠʷ 30 30 

ʐʘʨʦʚʘʷ ʤʝʣʴʥʠʮʘ ʤʦʢʨʦʛʦ ʠʟʤʝʣʴʯʝʥʠʷ 60 60 

 

ʉʪʝʧʝʥʴ ʠʟʥʦʩʘ ʤʝʣʶʱʠʭ ʪʝʣ ʚ ʰʘʨʦ-

ʚʳʭ ʤʝʣʴʥʠʮʘʭ ʉʘʜʦʥʩʢʦʛʦ ʩʚʠʥʮʦʚʦ-

ʮʠʥʢʦʚʦʛʦ ʢʦʤʙʠʥʘʪʘ ʠ ʄʠʟʫʨʩʢʦʡ ʦʙʦʛʘ-

ʪʠʪʝʣʴʥʦʡ ʬʘʙʨʠʢʠ ʠʟ-ʟʘ ʥʝʙʦʣʴʰʦʡ ʟʘ-

ʛʨʫʟʢʠ ʩʪʘʣʴʥʳʭ ʰʘʨʦʚ ʙʳʣʘ ʟʥʘʯʠʪʝʣʴʥʦ 

ʤʝʥʴʰʝ, ʯʝʤ ʧʨʠ ʧʦʣʥʦʡ ʥʘʛʨʫʟʢʝ, ʧʨʠ 

ʵʪʦʤ ʨʘʟʥʠʮʘ ʙʦʣʝʝ ʟʘʤʝʪʥʘ ʧʨʠ ʠʟʤʝʣʴʯʝ-

ʥʠʠ ʨʳʭʣʦʡ ʨʫʜʳ. ʇʨʠ ʦʜʠʥʘʢʦʚʦʤ ʨʘʩʭʦ-

ʜʝ ʵʥʝʨʛʠʠ ʠʟʥʦʩ ʩʪʘʣʴʥʳʭ ʰʘʨʦʚ ʚ ʰʘʨʦ-

ʚʦʡ ʤʝʣʴʥʠʮʝ ʜʣʷ ʤʦʢʨʦʛʦ ʠʟʤʝʣʴʯʝʥʠʷ ʚ 2 

ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʰʘʨʦʚʦʡ  ʤʝʣʴʥʠʮʝ ʜʣʷ 

ʩʫʭʦʛʦ ʠʟʤʝʣʴʯʝʥʠʷ. ʆʜʥʘʢʦ ʵʪʘ ʨʘʟʥʠʮʘ 

ʫʤʝʥʴʰʘʝʪʩʷ, ʧʦʩʢʦʣʴʢʫ ʚ ʰʘʨʦʚʦʡ ʤʝʣʴ-

ʥʠʮʝ ʥʘ ʠʟʤʝʣʴʯʝʥʠʝ ʨʫʜʳ ʦʜʠʥʘʢʦʚʦʡ 

ʢʨʫʧʥʦʩʪʠ ʧʨʠ ʩʫʭʦʤ ʠʟʤʝʣʴʯʝʥʠʠ ʨʘʩʭʦ-

ʜʫʝʪʩʷ ʵʥʝʨʛʠʠ ʙʦʣʴʰʝ, ʯʝʤ ʧʨʠ ʤʦʢʨʦʤ. 

ʇʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʜʦ ʢʨʫʧʥʦʩʪʠ, ʦʧʪʠ-

ʤʘʣʴʥʦʡ ʜʣʷ ʰʘʨʦʚʳʭ ʤʝʣʴʥʠʮ , ʙʳʣʠ ʧʦ-

ʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʚʝʣʠʯʠʥʳ ʠʟʥʦʩʘ ʤʝ-

ʣʶʱʠʭ ʪʝʣ- ʩʪʘʣʴʥʳʭ ʰʘʨʦʚ (ʪʘʙʣ. 2). 

 

ʊʘʙʣʠʮʘ 2. ʉʨʘʚʥʝʥʠʝ ʚʝʣʠʯʠʥʳ ʠʟʥʦʩʘ ʤʝʣʶʱʠʭ ʪʝʣ ʥʘ ʤʝʣʴʥʠʮʘʭ ʧʨʠ ʩʫʭʦʤ ʠ ʤʦʢ-

ʨʦʤ ʠʟʤʝʣʴʯʝʥʠʠ 

ʄʝʣʴʥʠʮʳ 

ʉʚʠʥʮʦʚʦ-ʮʠʥʢʦʚʘʷ ʨʫʜʘ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʉʘʜʦʥʩʢʦʛʦ ʩʚʠʥʮʦʚʦ-

ʮʠʥʢʦʚʦʛʦ ʢʦʤʙʠʥʘʪʘ 

ʄʠʟʫʨʩʢʦʡ ʦʙʦʛʘʪʠʪʝʣʴʥʦʡ 

ʬʘʙʨʠʢʠ 

ʢ(80)=0,45 ʤʤ ʢ(80)=0,59 ʤʤ 

ʐʘʨʦʚʘʷ ʜʣʷ ʩʫʭʦʛʦ ʠʟʤʝʣʴʯʝʥʠʷ 250 7 4 1 

ʐʘʨʦʚʘʷ ʜʣʷ ʤʦʢʨʦʛʦ ʠʟʤʝʣʴʯʝʥʠʷ 310 9 96 24 

 

ʈʝʞʠʤ ʜʣʠʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʰʘʨʦʚʦʡ 

ʤʝʣʴʥʠʮʳ ʟʘʚʠʩʠʪ ʦʪ ʤʦʱʥʦʩʪʠ ʵʣʝʢʪʨʦ-

ʧʨʠʚʦʜʘ, ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝ-

ʥʠʷ ʨʘʙʦʯʝʡ ʟʦʥʳ ʰʘʨʦʚʦʡ ʤʝʣʴʥʠʮʳ, ʪ.ʢ. 

ʠʟ ʧʷʪʠ ʩʢʦʨʦʩʪʝʡ ʚʨʘʱʝʥʠʷ ʙʘʨʘʙʘʥʘ ï

ʨʘʙʦʯʝʡ ʟʦʥʳ  ʰʘʨʦʚʦʡ ʤʝʣʴʥʠʮʳ ʪʦʣʴʢʦ 

ʦʜʥʘ ʩʢʦʨʦʩʪʴ ʧʦʜʭʦʜʠʪ ʜʣʷ ʥʘʠʙʦʣʝʝ ʦʧ-

ʪʠʤʘʣʴʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ï ʵʪʦ ʩʢʦ-

ʨʦʩʪʴ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʧʘʜʝʥʠʝʤ ʤʝ-

ʣʶʱʠʭ ʪʝʣ. ɺ ʦʩʪʘʣʴʥʳʭ ʩʢʦʨʦʩʪʷʭ ʚʦʟʥʠ-

ʢʘʶʱʘʷ ʮʝʥʪʨʦʙʝʞʥʘʷ ʩʠʣʘ ʚʥʫʪʨʠ ʙʘʨʘ-

ʙʘʥʘ  ʧʨʠʞʠʤʘʝʪ ʢ ʛʨʘʥʠʮʘʤ ʢʦʨʧʫʩʘ ʙʘʨʘ-

ʙʘʥʘ ʤʝʣʶʱʫʶ ʨʫʜʫ ʩ ʤʝʣʶʱʠʤʠ ʪʝʣʘʤʠ 

ʠ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʣʴʯʝʥʠʝ ʧʨʠ ʙʦʣʴ-

ʰʦʤ ʨʘʩʭʦʜʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʅʝʜʦʠʟ-

ʤʝʣʴʯʝʥʥʘʷ ʠ ʧʝʨʝʠʟʤʝʣʴʯʝʥʥʘʷ ʨʫʜʘ ʦʜʠ-

ʥʘʢʦʚʦ ʩʯʠʪʘʝʪʩʷ ʥʝʢʘʯʝʩʪʚʝʥʥʳʤ ʢʦʥʮʝʥ-

ʪʨʘʪʦʤ ʧʨʠ ʧʦʩʪʫʧʣʝʥʠʠ ʚ ʤʝʪʘʣʣʫʨʛʠʯʝ-

ʩʢʠʡ ʧʝʨʝʜʝʣ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʦʢʘʪʘ ʣʶ-

ʙʳʭ ʚʠʜʦʚ  ʤʝʪʘʣʣʘ , ʪ.ʢ. ʧʦʯʪʠ ʚʩʝ ʤʝʪʘʣ-

ʣʳ ʧʨʠ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʠ ʩ ʦʢʨʫʞʘʶʱʝʡ 

ʛʘʟʦʦʙʨʘʟʥʦʡ ʠʣʠ ʞʠʜʢʦʡ ʩʨʝʜʦʡ ʙʦʣʝʝ 

ʠʣʠ ʤʝʥʝʝ ʙʳʩʪʨʦ ʧʦʜʚʝʨʛʘʶʪʩʷ ʧʦʚʝʨʭ-

ʥʦʩʪʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ ʠ ʚʳʟʳʚʘʶʪ ʧʨʦ-
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ʮʝʩʩ ʢʦʨʨʦʟʠʠ ï ʭʠʤʠʯʝʩʢʦʤʫ ʨʘʟʨʫʰʝʥʠʶ 

ʤʝʪʘʣʣʘ. ɹʦʣʴʰʝʤʫ ʨʘʟʨʫʰʝʥʠʶ ʤʝʪʘʣʣʳ 

ʧʦʜʚʝʨʛʘʶʪʩʷ ʧʨʠ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʠ ʩ ʚʦ-

ʜʦʡ ʠ ʨʘʩʪʚʦʨʝʥʥʳʤʠ ʚ ʥʝʡ ʚʝʱʝʩʪʚʘʤʠ. 

ʆʙʨʘʟʫʶʱʠʝʩʷ ʧʨʠ ʵʪʦʤ ʩʦʝʜʠʥʝʥʠʷ ʤʦʛʫʪ 

ʨʘʩʪʚʦʨʷʪʴʩʷ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʢʦʨʨʦʟʠʷ 

ʫʛʣʫʙʣʷʝʪʩʷ ʚʛʣʫʙʴ ʤʝʪʘʣʣʘ. 

ʉʦʛʣʘʩʥʦ ʧʝʨʚʦʥʘʯʘʣʴʥʦʤʫ ʫʨʘʚʥʝʥʠʶ 

ɼʶʧʦʥʘ, ʤʦʱʥʦʩʪʴ, ʧʦʪʨʝʙʣʷʝʤʘʷ ʰʘʨʦ-

ʚʦʡ ʤʝʣʴʥʠʮʝʡ ʥʘ ʝʜʠʥʠʮʫ ʝʝ ʜʣʠʥʳ , ʟʘ-

ʚʠʩʠʪ ʦʪ ʚʝʩʘ ʚʨʘʱʘʶʱʝʡʩʷ ʤʘʩʩʳ , ʦʪ 

ʧʣʝʯʘ ʨʳʯʘʛʘ ʠ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʙʘʨʘ-

ʙʘʥʘ: 

 

ὔ AD2ĿBDĿCĿ
Ѝ
ȟ    ʢʚʪ,  (1) 

ʛʜʝ D ï ʜʠʘʤʝʪʨ ʤʝʣʴʥʠʮʳ,  

ɸ.ɺ.ʉ. ï ʧʦʩʪʦʷʥʥʳʝ, 

ɺD ï ʧʣʝʯʦ ʨʳʯʘʛʘ. 

ʕʪʦ ʦʩʥʦʚʥʦʝ ʫʨʘʚʥʝʥʠʝ ʧʦʢʘʟʳʚʘʝʪ ʩʣʝʜʫʶʱʝʝ: 

1) N ï ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʧʦʣʝʟʥʘʷ ʤʦʱʥʦʩʪʴ ʚ ʢʠʣʦʚʘʪʪʘʭ, ʟʘʪʨʘʯʠʚʘʝʤʘʷ ʧʨʠ ʨʘʙʦʪʝ 

ʤʝʣʴʥʠʮʳ ʩ ʚʥʫʪʨʝʥʥʠʤ ʜʠʘʤʝʪʨʦʤ  ʙʘʨʘʙʘʥʘ Ὀ (ʤ) ʠ ʜʣʠʥʦʡ L (ʤ); 

2) ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʟʘʛʨʫʟʢʠ ʧʦ ʫʨʘʚʥʝʥʠʶ (1) ʫʯʠʪʳʚʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʡ ʫʜʝʣʴʥʳʡ 

ʚʝʩ ʤʝʣʶʱʝʡ ʩʨʝʜʳ ( ʤʝʣʶʱʠʝ ʪʝʣʘ , ʜʠʘʤʝʪʨ ʤʝʣʴʥʠʮʳ ʠ ʝʝ ʜʣʠʥʘ, ʪ.ʝ. ʟʘʛʨʫʟʢʘ ʨʘʚʥʘ: 

 

Q= c1Å(p-p`) ÅD2Å L, 

 

ʛʜʝ p ï ʫʜʝʣʴʥʳʡ ʚʝʩ ʤʝʣʶʱʠʭ ʪʝʣ; 

p` ï ʩʨʝʜʥʷʷ ʧʦʪʝʨʷ ʚʠʜʠʤʦʛʦ ʚʝʩʘ ʤʝʣʶʱʠʭ ʪʝʣ ʧʦʜ  ʚʣʠʷʥʠʝʤ  ʧʫʣʴʧʳ ʠʣʠ ʩʫʭʦʛʦ ʠʟ-

ʤʝʣʴʯʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ; 

3) ʦʧʨʝʜʝʣʝʥʠʝ ʧʣʝʯʘ ʨʳʯʘʛʘ ʦʩʪʘʝʪʩʷ ʧʨʝʞʥʠʤ ï ʩ2D; 

4) ʜʦʢʘʟʘʥʦ, ʯʪʦ ʤʦʱʥʦʩʪʴ, ʧʦʪʨʝʙʣʷʝʤʘʷ ʤʝʣʴʥʠʮʝʡ, ʷʚʣʷʝʪʩʷ ʧʦʢʘʟʘʪʝʣʴʥʦʡ ʬʫʥʢʮʠʝʡ 

ʯʠʩʣʘ ʦʙʦʨʦʪʦʚ , ʚʳʨʘʞʝʥʥʦʛʦ ʚ ʧʨʦʮʝʥʪʘʭ  ʦʪ ʢʨʠʪʠʯʝʩʢʦʛʦ. 

ɽʩʣʠ n ï ʬʘʢʪʠʯʝʩʢʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʙʘʨʘʙʘʥʘ, ʦʙ/ʤʠʥ; 

 

nʩ ï ʢʨʠʪʠʯʝʩʢʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʙʘʨʘʙʘʥʘ, ʦʙ/ʤʠʥ; 

nʨ ï ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʙʘʨʘʙʘʥʘ ʦʪ ʢʨʠʪʠʯʝʩʢʦʡ, %, ʪʦʛʜʘ : 

nʩ = 42,3 /ЍὈ ; 

nʨ  =( n/ nʩ)Å100 % ; 

n = nʨ / nʩ Å100 = nʨ 0,423/ЍὈ ; 

 

ʏʪʦʙʳ ʧʦʢʘʟʘʪʴ ʚʣʠʷʥʠʝ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʙʘʨʘʙʘʥʘ ʥʘ ʧʦʪʨʝʙʣʷʝʤʫʶ ʤʦʱʥʦʩʪʴ , ʟʘ-

ʧʠʰʝʤ : 

n- = c3Åὲ Å
Ѝ

 . 

 

ʆʙʱʝʝ ʫʨʘʚʥʝʥʠʝ ʧʦʣʝʟʥʦʡ ʤʦʱʥʦʩʪʠ , ʨʘʩʭʦʜʫʝʤʦʡ  ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ, ʠʤʝʝʪ ʩʣʝʜʫʶ-

ʱʠʡ ʚʠʜ : 

 

N= c4(p-p`)ὲ Å D2,5 ÅL, ʢʚʪ. 

 

ʇʨʠ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʤʝʣʴʥʠʮʳ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʧʦ-

ʣʝʟʥʦʡ ʤʦʱʥʦʩʪʠ, ʪ.ʝ. ʤʦʱʥʦʩʪʠ, ʪʨʝʙʫʶʱʝʡʩʷ ʥʘ ʧʦʜʲʝʤ ʠ ʧʝʨʝʤʝʱʝʥʠʝ ʤʝʣʶʱʠʭ ʪʝʣ. 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʤʝʣʴʥʠʮʳ ʨʘʚʥʘ: 

 

Q = c5(p-p`)ὲ Å D2,5 ÅL , ʪ. 

 

ʆʙʱʘʷ ʤʦʱʥʦʩʪʴ Nʪ, ʨʘʩʭʦʜʫʝʤʘʷ ʧʨʠ ʣʶʙʦʤ ʧʨʦʮʝʩʩʝ ʠʟʤʝʣʴʯʝʥʠʷ 
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Nʪ = ὔ + Ni , ʢʚʪ, 

 

ʛʜʝ Ni ï ʤʦʱʥʦʩʪʴ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ (ʢʚʪ) ʧʨʠ ʚʨʘʱʝʥʠʠ ʤʝʣʴʥʠʮʳ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦ-

ʩʪʴʶ ʧʨʠ ʥʝʠʟʤʝʥʥʦʡ ʥʘʛʨʫʟʢʝ, ʢʦʛʜʘ ʧʣʝʯʦ ʨʳʯʘʛʘ ʨʘʚʥʦ 0 [3]. 

ʂʨʠʪʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʴʶ ʚʨʘʱʝʥʠʷ ʙʘ-

ʨʘʙʘʥʘ ʤʝʣʴʥʠʮʳ ʧʨʠʥʠʤʘʝʤ 43 ʦʙ/ʤʠʥ. 

ʇʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʤʝ-

ʪʦʜʘ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʨʘʙʦʪʳ ʧʨʦʤʳʰʣʝʥ-

ʥʳʭ ʤʝʣʴʥʠʮ, ʠʟʤʝʣʴʯʘʶʱʠʭ ʨʘʟʣʠʯʥʳʝ 

ʤʘʪʝʨʠʘʣʳ. ʆʜʥʘʢʦ ʝʩʣʠ ʤʦʱʥʦʩʪʴ, ʧʦ-

ʪʨʝʙʣʷʝʤʘʷ ʧʨʦʤʳʰʣʝʥʥʦʡ ʤʝʣʴʥʠʮʝʡ, 

ʧʨʠʚʝʩʪʠ ʢ ʚʝʣʠʯʠʥʝ, ʩʦʧʦʩʪʘʚʠʤʦʡ ʩ 

ʤʦʱʥʦʩʪʴʶ , ʧʦʪʨʝʙʣʷʝʤʘʷ ʩʪʘʥʜʘʨʪʥʦʡ 

ʤʝʣʴʥʠʮʝʡ , ʪʦ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʧʨʠ ʩʨʘʚ-

ʥʝʥʠʠ. ʇʦʣʝʟʥʘʷ ʤʦʱʥʦʩʪʴ, ʧʦʪʨʝʙʣʷʝʤʘʷ 

ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʤʝʣʴʥʠʮʘʤʠ, ʤʦʞʝʪ ʙʳʪʴ 

ʦʧʨʝʜʝʣʝʥʘ ʪʦʣʴʢʦ ʚ ʨʝʜʢʠʭ ʩʣʫʯʘʷʭ. ʇʦ-

ʵʪʦʤʫ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʩʨʘʚʥʝʥʠʝ ʨʘʙʦʪʳ 

ʤʝʣʴʥʠʮ ʉʘʜʦʥʩʢʦʛʦ ʩʚʠʥʮʦʚʦ-ʮʠʥʢʦʚʦʛʦ 

ʢʦʤʙʠʥʘʪʘ ʠ ʄʠʟʫʨʩʢʦʡ ʦʙʦʛʘʪʠʪʝʣʴʥʦʡ 

ʬʘʙʨʠʢʠ ʦʩʥʦʚʘʥʦ ʥʘ ʜʘʥʥʳʭ ʧʦʣʥʦʡ ʧʦ-

ʪʨʝʙʣʷʝʤʦʡ ʤʦʱʥʦʩʪʠ. ɽʩʣʠ Nt  ʷʚʣʷʝʪʩʷ 

ʧʦʣʥʦʡ ʤʦʱʥʦʩʪʴʶ, ʧʦʪʨʝʙʣʷʝʤʦʡ ʤʝʣʴ-

ʥʠʮʝʡ ʜʠʘʤʝʪʨʦʤ D(ʤ) ʠ ʜʣʠʥʦʡ L(ʤ) , ʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ  ʚʝʣʠʯʠʥʘ  Nt ʩʪʘʥʜʘʨʪ-

ʥʦʡ ʤʝʣʴʥʠʮʳ ʙʫʜʝʪ: 

 

Nt= 
̓

Ɇ
,  ʢʚʪ. 

 

ʅʠʞʝ ʚ ʪʘʙʣʠʮʝ 1 ʜʘʥʳ ʟʥʘʯʝʥʠʷ ʧʦʣ-

ʥʦʡ ʤʦʱʥʦʩʪʠ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʣʴʥʠʮʳ ʜʣʷ 

ʤʝʣʴʥʠʮ ʉʘʜʦʥʩʢʦʛʦ ʢʦʤʙʠʥʘʪʘ ʠ ʄʠʟʫʨ-

ʩʢʦʡ ʦʙʦʛʘʪʠʪʝʣʴʥʦʡ ʬʘʙʨʠʢʠ, ʵʪʠ ʟʥʘʯʝ-

ʥʠʷ ʥʝ ʩʯʠʪʘʶʪʩʷ ʘʙʩʦʣʶʪʥʦ ʪʦʯʥʳʤʠ  ʠʟ-

ʟʘ ʚʦʟʤʦʞʥʳʭ ʦʰʠʙʦʢ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʜʠʘ-

ʤʝʪʨʦʚ ʠ ʜʣʠʥ ʤʝʣʴʥʠʮ [1]. 

 

ʊʘʙʣʠʮʘ 3. ʉʨʘʚʥʝʥʠʝ ʤʝʣʴʥʠʮ ʉʘʜʦʥʩʢʦʛʦ ʩʚʠʥʮʦʚʦ-ʮʠʥʢʦʚʦʛʦ ʢʦʤʙʠʥʘʪʘ ʠ ʄʠʟʫʨ-

ʩʢʦʡ ʦʙʦʛʘʪʠʪʝʣʴʥʦʡ ʬʘʙʨʠʢʠ 

ʇʨʝʜʧʨʠʷʪʠʝ ʤʝʣʴʥʠʮʘ 
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ʉʘʜʦʥʩʢʠʡ ʩʚʠʥʮʦ-

ʚʦ-ʮʠʥʢʦʚʳʡ ʢʦʤ-

ʙʠʥʘʪ 

ʰʘʨʦʚʘʷ 1,8 3,65 74,1 167,7 1,7 3,6 167,7 12,4 

ʄʠʟʫʨʩʢʘʷ ʦʙʦʛʘʪʠ-

ʪʝʣʴʥʘʷ ʬʘʙʨʠʢʘ 
ʰʘʨʦʚʘʷ 2,7 3,6 76 320 2,5 3,6 320 9,0 

 

ɼʘʥʥʳʝ ʪʘʙʣʠʮʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ: 

1) ʜʣʷ ʙʘʨʘʙʘʥʦʚ ʦʙʝʠʭ ʰʘʨʦʚʳʭ ʤʝʣʴ-

ʥʠʮ, ʚʨʘʱʘʶʱʠʭʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ ʥʝʩʢʦʣʴ-

ʢʦ ʤʝʥʴʰʝ ʢʨʠʪʠʯʝʩʢʦʡ, ʧʦʪʨʝʙʣʷʝʤʳʝ 

ʤʦʱʥʦʩʪʠ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʦʜʠʥʘʢʦʚʳʝ; 

2) ʧʦʜʩʯʠʪʘʥʥʘʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʦʪʨʝʙ-

ʣʷʝʤʘʷ ʤʦʱʥʦʩʪʴ ʜʣʷ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʣʴ-

ʥʠʮʳ, ʨʘʙʦʪʘʶʱʝʡ ʧʨʠ ʦʙʳʯʥʦʡ ʩʢʦʨʦʩʪʠ, 

ʨʘʚʥʘ ʧʨʠʤʝʨʥʦ 12 ʢɺʪ, ʘ ʧʦʣʝʟʥʘʷ ʧʦ-

ʪʨʝʙʣʷʝʤʘʷ ʤʦʱʥʦʩʪʴ ʥʘ 5-25% ʥʠʞʝ ʧʨʠ-

ʚʝʜʝʥʥʳʭ ʚʝʣʠʯʠʥ; 

3) ʦʙʝ ʤʝʣʴʥʠʮʳ ʨʘʙʦʪʘʶʪ ʩ ʧʨʦʠʟʚʦʜʠ-

ʪʝʣʴʥʦʩʪʴʶ ʥʠʞʝ ʤʘʢʩʠʤʘʣʴʥʦʡ. 

ɽʩʣʠ ʚʳʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦʣʥʦʡ 

ʤʦʱʥʦʩʪʠ Nt ʜʣʷ ʜʘʥʥʳʭ ʤʝʣʴʥʠʮ ʦʢʘʟʳ-

ʚʘʝʪʩʷ ʥʘʤʥʦʛʦ ʤʝʥʴʰʝ ʤʘʢʩʠʤʘʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ, ʪʦ ʤʦʞ-

ʥʦ ʧʦʚʳʩʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩ ʫʚʝʣʠ-

ʯʝʥʠʝʤ ʤʦʱʥʦʩʪʠ. 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʚʦʜʠʪʩʷ ʜʦʧʦʣ-

ʥʠʪʝʣʴʥʘʷ ʧʝʨʝʨʘʙʦʪʢʘ ʦʪʚʘʣʦʚ ʩʚʠʥʮʦʚʦ-

ʮʠʥʢʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʣʷ ʩʥʠʞʝʥʠʷ 

ʩʪʝʧʝʥʠ ʟʘʛʨʷʟʥʝʥʠʷ ʪʷʞʝʣʳʤʠ ʤʝʪʘʣʣʘʤʠ 

ʙʣʠʟʣʝʞʘʱʝʡ ʧʦʯʚʳ ʠ ʘʪʤʦʩʬʝʨʳ, ʢʦʪʦʨʳʝ 

ʧʦʚʪʦʨʥʦ ʠʟʤʝʣʴʯʘʶʪʩʷ. ʉʪʦʯʥʳʝ ʰʘʭʪʥʳʝ 

ʚʦʜʳ ʩʦʜʝʨʞʘʪ ʧʦʚʳʰʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ ʠ ʟʘʛʨʷʟʥʝʥʠʝ ʨʫʜʥʦʡ 

ʤʝʣʦʯʴʶ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʱʝʣʘʯʠʚʘʥʠʷ. 

ʂʨʦʤʝ ʪʦʛʦ, ʩʦʜʝʨʞʘʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʢʦʣʠ-

ʯʝʩʪʚʘ ʤʝʜʠ, ʟʘʢʠʩʥʦʛʦ ʞʝʣʝʟʘ, ʮʠʥʢʘ, 

ʩʚʠʥʮʘ, ʥʠʢʝʣʷ ʠ ʜʨʫʛʠʭ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ 

ʛʨʫʙʦʜʠʩʧʝʨʩʥʳʭ ʧʨʠʤʝʩʝʡ. 

ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʢʦʥʪʨʦʣʷ ʠʩʪʦʯʥʠʢʘ 

ʥʘʠʙʦʣʴʰʝʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʩʪʦʯʥʳʭ ʚʦʜ 

ʧʨʝʜʧʨʠʷʪʠʡ ʧʨʝʜʣʘʛʘʝʤ ʧʦʜʚʝʨʛʘʪʴ ʘʥʘ-

ʣʠʟʫ ʦʪʜʝʣʴʥʳʝ ʩʪʦʢʠ ʮʝʭʦʚ, ʢʦʪʦʨʳʝ ʧʦ-

ʧʘʜʘʶʪ ʚ ʤʝʩʪʥʳʝ ʨʝʢʠ, ʙʨʘʪʴ ʧʨʦʙʳ ʨʝʯ-

ʥʦʡ ʚʦʜʳ ʜʦ ʩʙʨʦʩʘ ʠ ʧʦʩʣʝ ʩʙʨʦʩʘ ʩʪʦʯ-

ʥʳʭ ʚʦʜ. ʊʘʢʦʡ ʢʦʥʪʨʦʣʴ ʙʫʜʝʪ ʫʢʘʟʳʚʘʪʴ 

ʥʘ ʢʘʯʝʩʪʚʦ ʨʘʙʦʪʳ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ. 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʪʯʝʪʳ ʉʘʜʦʥʩʢʦʛʦ ʩʚʠʥʮʦʚʦ-ʮʠʥʢʦʚʦʛʦ ʢʦʤʙʠʥʘʪʘ ʠ ʄʠʟʫʨʩʢʦʡ 

ʦʙʦʛʘʪʠʪʝʣʴʥʦʡ ʬʘʙʨʠʢʠ 1975-1991 ʛʛ. 

2. ʃʝʢʩʠʥ ɺ.ʅ., ʊʦʢʘʨʝʚʘ ɸ.ɻ. ʕʢʦʥʦʤʠʢʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʳʨʴʷ ʚ ʮʚʝʪʥʦʡ 

ʤʝʪʘʣʣʫʨʛʠʠ. ï ʄ.: ʄʝʪʘʣʣʫʨʛʠʷ, 1976. 

3. ʀʟʜʘʥʠʝ ʠʥʩʪʠʪʫʪʘ ʤʝʭʘʥʦʙʨ: ʋ111 ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʢʦʥʛʨʝʩʩ ʧʦ ʦʙʦʛʘʱʝʥʠʶ ʧʦʣʝʟ-

ʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. ï ʃʝʥʠʥʛʨʘʜ, 1969. 

4. ʐʝʚʮʦʚʘ ʊ.ʀ. ʄʝʭʘʥʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʩʪʨʦʠʪʝʣʴʥʦʡ ʠʥʜʫʩʪʨʠʠ: ʄʝʪʦʜʠʯʝʩʢʠʝ 

ʫʢʘʟʘʥʠʷ ʢ ʣʘʙ.ʨʘʙ. ï ʆʨʝʥʙʫʨʛ, 2002. ï 20 ʩ. 

 

 

STUDY OF THE POWER AND PRODUCTIVITY OF BALL MILLS  

OF THE SADONSKY LEAD -ZINC PLANT AND THE MIZURSKY CONCENTRATING 

PLANT  

 

Z.V. Nanieva, Applicant 

M.Zh.  Kritskaya,  Candidate of Technical Sciences, Associate Professor 

S.G. Kibizov,  Candidate of Technical Sciences, Associate Professor 

B.M. Nanieva, Candidate of Technical Sciences, Associate Professor 

North Caucasus Mining and Metallurgical Institute (State Technological University) 

(Russia, Vladikavkaz) 

 

Abstract. The review article examines the total power, productivity and maximum rotation 

speed of the drum and their impact on the technological performance of the ball mills of the 

Sadonsky lead-zinc plant and the Mizursky concentrating plant. Studies of ball mills were car-

ried out at a working load with varying rotation speeds to determine the highest productivity 

when grinding lead-zinc ores. As studies have shown, optimal performance occurred at the rota-

tion speed of the drum, the working area of the mills, with a preliminary drop of the grinding 

media ï steel balls. 
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ʇʆɺʓʐɽʅʀɽ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʀ ʋʇʈɸɺʃɽʅʀʗ ʄɸʃʓʄʀ  
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ɸʥʥʦʪʘʮʠʷ. ʂʦʪʝʣʴʥʳʝ ʠʛʨʘʶʪ ʚʘʞʥʝʡʰʫʶ ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʪʝʧʣʦʤ ʠ ʛʦʨʷʯʝʡ ʚʦ-

ʜʦʡ ʞʠʣʳʭ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʟʜʘʥʠʡ. ʆʜʥʘʢʦ ʵʬʬʝʢʪʠʚʥʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʠ ʫʧʨʘʚʣʝʥʠʝ ʥʝ-

ʙʦʣʴʰʠʤʠ ʢʦʪʝʣʴʥʳʤʠ ʯʘʩʪʦ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʧʨʦʙʣʝʤʘʤʠ ʠʟ-ʟʘ ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʨʝʩʫʨ-

ʩʦʚ ʠ ʫʩʪʘʨʝʚʰʠʭ ʩʠʩʪʝʤ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʤʳ ʧʨʝʜʩʪʘʚʣʷʝʤ ʨʘʟʨʘʙʦʪʢʫ ʩʠʩʪʝʤʳ ʜʠʩ-

ʧʝʪʯʝʨʠʟʘʮʠʠ ʜʣʷ ʤʘʣʳʭ ʢʦʪʝʣʴʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʦʩʩʠʡʩʢʠʭ ʧʨʦʛʨʘʤʤʥʳʭ ʨʝʰʝʥʠʡ. 

ʎʝʣʴʶ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʠʟʘʮʠʷ ʦʧʝʨʘʮʠʡ, ʫʣʫʯʰʝʥʠʝ ʢʦʥʪʨʦʣʷ ʠ ʧʦʚʳʰʝʥʠʝ ʦʙ-

ʱʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʤʘʣʦʡ ʢʦʪʝʣʴʥʦʡ. ɹʣʘʛʦʜʘʨʷ ʩʦʯʝʪʘʥʠʶ ʠʥʪʝʛʨʘʮʠʠ ʘʧ-

ʧʘʨʘʪʥʦʛʦ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʤʦʥʠʪʦʨʠʥʛʘ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʠ ʘʥʘʣʠʟʘ ʜʘʥ-

ʥʳʭ, ʩʠʩʪʝʤʘ ʜʠʩʧʝʪʯʝʨʠʟʘʮʠʠ ʧʨʝʜʣʘʛʘʝʪ ʢʦʤʧʣʝʢʩʥʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦ-

ʮʝʩʩʦʚ ʠ ʤʠʥʠʤʠʟʘʮʠʠ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʦʩʩʠʡʩʢʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝ-

ʯʝʥʠʷ ʧʦʜʯʝʨʢʠʚʘʝʪ ʚʘʞʥʦʩʪʴ ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʨʝʰʝʥʠʡ ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʢʦʥʢʨʝʪʥʳʭ 

ʧʦʪʨʝʙʥʦʩʪʝʡ ʦʪʨʘʩʣʠ, ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʠʥʥʦʚʘʮʠʡ ʠ ʧʨʦʜʚʠʞʝʥʠʷ ʜʦʩʪʠʞʝʥʠʡ ʚ ʫʧʨʘʚ-

ʣʝʥʠʠ ʢʦʪʝʣʴʥʳʤʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʪʝʣʴʥʳʝ, ʜʠʩʧʝʪʯʝʨʩʢʘʷ ʩʠʩʪʝʤʘ, ʨʦʩʩʠʡʩʢʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝ-

ʯʝʥʠʝ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʫʧʨʘʚʣʝʥʠʝ, Simple-Scada. 

 

1. ɺʚʝʜʝʥʠʝ. ʂʦʪʝʣʴʥʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʞʠʟʥʝʥʥʦ ʚʘʞʥʫʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ 

ʜʣʷ ʦʪʦʧʣʝʥʠʷ ʠ ʛʦʨʷʯʝʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ, 

ʦʩʦʙʝʥʥʦ ʚ ʨʝʛʠʦʥʘʭ ʩ ʭʦʣʦʜʥʳʤ ʢʣʠʤʘ-

ʪʦʤ. ʄʘʣʳʝ ʢʦʪʝʣʴʥʳʝ, ʭʦʪʷ ʠ ʥʝʦʙʭʦʜʠʤʳ, 

ʯʘʩʪʦ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʧʨʦʙʣʝʤʘʤʠ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ. 

ʊʨʘʜʠʮʠʦʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʫʧʨʘʚʣʝʥʠʶ 

ʵʪʠʤʠ ʦʙʲʝʢʪʘʤʠ ʤʦʛʫʪ ʙʳʪʴ ʨʫʯʥʳʤʠ, ʥʝ-

ʵʬʬʝʢʪʠʚʥʳʤʠ ʠ ʧʦʜʚʝʨʞʝʥʥʳʤʠ ʦʰʠʙ-

ʢʘʤ. ʆʜʥʘʢʦ ʜʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʪʝʭʥʦ-

ʣʦʛʠʡ, ʦʩʦʙʝʥʥʦ ʚ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʛʨʘʤʤʥʦ-

ʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʦʪʢʨʳʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʠ 

ʜʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʵʪʠʭ ʧʨʦʙʣʝʤ ʠ ʦʧʪʠʤʠ-

ʟʘʮʠʠ ʨʘʙʦʪʳ ʢʦʪʝʣʴʥʳʭ. 

ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʨʝʰʝ-

ʥʠʝʤ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤʳ ʜʠʩʧʝʪ-

ʯʝʨʠʟʘʮʠʠ, ʘʜʘʧʪʠʨʦʚʘʥʥʦʡ ʜʣʷ ʤʘʣʳʭ ʢʦ-

ʪʝʣʴʥʳʭ. ɹʣʘʛʦʜʘʨʷ ʠʥʪʝʛʨʘʮʠʠ ʘʧʧʘʨʘʪ-

ʥʳʭ ʠ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʵʪʘ ʩʠ-

ʩʪʝʤʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʦʥʠʪʦʨʠʥʛ, ʢʦʥʪʨʦʣʴ 

ʠ ʦʧʪʠʤʠʟʘʮʠʶ ʧʨʦʮʝʩʩʦʚ ʢʦʪʝʣʴʥʦʡ ʚ ʨʝ-

ʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʀʩʧʦʣʴʟʫʷ ʦʪʝ-

ʯʝʩʪʚʝʥʥʳʝ ʨʝʰʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʧʨʦʛʨʘʤʤ-

ʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʚ ʵʪʦʡ ʩʪʘʪʴʝ ʦʧʠʩʳʚʘ-

ʶʪʩʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʚʥʝʜʨʝʥʠʝ ʠ ʧʨʝ-

ʠʤʫʱʝʩʪʚʘ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʜʠʩʧʝʪʯʝʨʠʟʘ-

ʮʠʠ, ʧʦʜʯʝʨʢʠʚʘʷ ʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʦʚʳʰʝ-

ʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʤʘʣʳʤʠ 

ʢʦʪʝʣʴʥʳʤʠ. 

2. ʇʨʦʙʣʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʤʘʣʳʤʠ ʢʦ-

ʪʝʣʴʥʳʤʠ: 

ʂʦʪʝʣʴʥʳʝ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʨʷʜʦʤ ʧʨʦ-

ʙʣʝʤ, ʢʦʪʦʨʳʝ ʧʨʝʧʷʪʩʪʚʫʶʪ ʵʬʬʝʢʪʠʚʥʦʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʶ: 

- ʆʛʨʘʥʠʯʝʥʥʳʝ ʨʝʩʫʨʩʳ. ʅʝʙʦʣʴʰʠʝ 

ʧʨʝʜʧʨʠʷʪʠʷ ʯʘʩʪʦ ʠʤʝʶʪ ʦʛʨʘʥʠʯʝʥʥʳʝ 

ʢʘʜʨʦʚʳʝ ʠ ʬʠʥʘʥʩʦʚʳʝ ʨʝʩʫʨʩʳ, ʯʪʦ ʟʘ-

ʪʨʫʜʥʷʝʪ ʚʥʝʜʨʝʥʠʝ ʧʝʨʝʜʦʚʳʭ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ; 

- ʈʫʯʥʳʝ ʧʨʦʮʝʩʩʳ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʧʦʜ-

ʭʦʜʳ ʢ ʫʧʨʘʚʣʝʥʠʶ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝ-

ʥʠ ʧʦʣʘʛʘʶʪʩʷ ʥʘ ʨʫʯʥʦʡ ʤʦʥʠʪʦʨʠʥʛ ʠ 

ʢʦʥʪʨʦʣʴ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʵʬʬʝʢʪʠʚʥʦ-

ʩʪʠ, ʦʰʠʙʢʘʤ ʠ ʟʘʜʝʨʞʢʘʤ; 

- ʇʦʪʝʨʠ ʵʥʝʨʛʠʠ: ʥʝʵʬʬʝʢʪʠʚʥʘʷ ʨʘʙʦ-

ʪʘ ʠ ʦʪʩʫʪʩʪʚʠʝ ʤʦʥʠʪʦʨʠʥʛʘ ʚ ʨʝʞʠʤʝ ʨʝ-

ʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʧʨʠʚʦʜʷʪ ʢ ʧʦʪʝʨʷʤ ʵʥʝʨ-

ʛʠʠ, ʫʚʝʣʠʯʝʥʠʶ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʘʩʭʦ-

ʜʦʚ ʠ ʚʦʟʜʝʡʩʪʚʠʶ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ; 
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- ʇʨʦʙʣʝʤʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘ-

ʥʠʷ. ʉʚʦʝʚʨʝʤʝʥʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠ-

ʚʘʥʠʝ ʠʤʝʝʪ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʦʙʝʩ-

ʧʝʯʝʥʠʷ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʠ ʦʧʪʠʤʘʣʴʥʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʦʜʥʘʢʦ 

ʚ ʥʝʙʦʣʴʰʠʭ ʢʦʪʝʣʴʥʳʭ ʝʛʦ ʤʦʞʥʦ ʥʝ ʟʘ-

ʤʝʪʠʪʴ ʠʣʠ ʦʪʣʦʞʠʪʴ. 

ʈʝʰʝʥʠʝ ʵʪʠʭ ʧʨʦʙʣʝʤ ʪʨʝʙʫʝʪ ʮʝʣʦʩʪ-

ʥʦʛʦ ʧʦʜʭʦʜʘ, ʠʥʪʝʛʨʠʨʫʶʱʝʛʦ ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, ʘʜʘʧʪʠʨʦʚʘʥʥʳʝ ʢ ʢʦʥ-

ʢʨʝʪʥʳʤ ʧʦʪʨʝʙʥʦʩʪʷʤ ʥʝʙʦʣʴʰʠʭ ʢʦʪʝʣʴ-

ʥʳʭ. 

3. ʈʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤʳ ʜʠʩʧʝʪʯʝʨʠʟʘ-

ʮʠʠ: 

ʉʠʩʪʝʤʘ ʜʠʩʧʝʪʯʝʨʠʟʘʮʠʠ ʤʘʣʳʭ ʢʦ-

ʪʝʣʴʥʳʭ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʨʝʰʝʥʠʷ ʚʳ-

ʰʝʫʧʦʤʷʥʫʪʳʭ ʟʘʜʘʯ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʦʧʝ-

ʨʘʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʂʣʶʯʝʚʳʝ ʦʩʦ-

ʙʝʥʥʦʩʪʠ ʩʠʩʪʝʤʳ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ: 

- ʄʦʥʠʪʦʨʠʥʛ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ: ʩ 

ʧʦʤʦʱʴʶ ʜʘʪʯʠʢʦʚ ʠ ʫʩʪʨʦʡʩʪʚ ʩʙʦʨʘ ʜʘʥ-

ʥʳʭ ʜʠʩʧʝʪʯʝʨʩʢʘʷ ʩʠʩʪʝʤʘ ʧʦʩʪʦʷʥʥʦ ʦʪ-

ʩʣʝʞʠʚʘʝʪ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʢʘʢ ʪʝʤʧʝʨʘ-

ʪʫʨʘ, ʜʘʚʣʝʥʠʝ, ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʠ ʚʳʭʦʜʥʘʷ 

ʤʦʱʥʦʩʪʴ. 

- ɼʠʩʪʘʥʮʠʦʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ: ʦʧʝʨʘʪʦ-

ʨʳ ʤʦʛʫʪ ʫʜʘʣʝʥʥʦ ʫʧʨʘʚʣʷʪʴ ʦʙʦʨʫʜʦʚʘ-

ʥʠʝʤ ʠ ʥʘʩʪʨʦʡʢʘʤʠ ʢʦʪʝʣʴʥʦʡ ʯʝʨʝʟ ʫʜʦʙ-

ʥʳʡ ʠʥʪʝʨʬʝʡʩ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʚʥʦ-

ʩʠʪʴ ʠʟʤʝʥʝʥʠʷ ʠ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʧʦ ʤʝʨʝ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ. 

- ɸʚʪʦʤʘʪʠʯʝʩʢʠʝ ʦʧʦʚʝʱʝʥʠʷ: ʩʠʩʪʝʤʘ 

ʛʝʥʝʨʠʨʫʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʦʧʦʚʝʱʝʥʠʷ ʦʙ 

ʘʥʦʤʘʣʠʷʭ ʠʣʠ ʦʪʢʣʦʥʝʥʠʷʭ ʦʪ ʦʧʪʠʤʘʣʴ-

ʥʳʭ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʯʪʦ ʦʙʣʝʛʯʘʝʪ 

ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʫʩʪʨʘ-

ʥʝʥʠʝ ʥʝʧʦʣʘʜʦʢ. 

- ɸʥʘʣʠʟ ʜʘʥʥʳʭ. ʉʦʙʨʘʥʥʳʝ ʜʘʥʥʳʝ 

ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʟʘʢʦʥʦʤʝʨ-

ʥʦʩʪʝʡ, ʪʝʥʜʝʥʮʠʡ ʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʣʷ ʦʧ-

ʪʠʤʠʟʘʮʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʠʥʠʤʘʪʴ ʨʝ-

ʰʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʠ ʧʦʩʪʦʷʥʥʦ ʩʦ-

ʚʝʨʰʝʥʩʪʚʦʚʘʪʴʩʷ. 

- ʀʥʪʝʛʨʘʮʠʷ ʩ ʨʦʩʩʠʡʩʢʠʤ ʧʨʦʛʨʘʤʤ-

ʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ. ʀʩʧʦʣʴʟʫʷ ʦʧʳʪ ʨʘʟʨʘ-

ʙʦʪʢʠ ʨʦʩʩʠʡʩʢʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝ-

ʯʝʥʠʷ, ʩʠʩʪʝʤʘ ʜʠʩʧʝʪʯʝʨʠʟʘʮʠʠ ʧʦʩʪʨʦʝ-

ʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʜʝʞʥʳʭ, ʥʘʜʝʞʥʳʭ 

ʠ ʣʦʢʘʣʴʥʦ ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ ʧʨʦʛʨʘʤʤʥʳʭ 

ʨʝʰʝʥʠʡ. 

4. ʈʝʘʣʠʟʘʮʠʷ ʠ ʫʩʪʘʥʦʚʢʘ: 

ɺʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤʳ ʜʠʩʧʝʪʯʝʨʠʟʘʮʠʠ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ: 

- ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ: ʤʥʦʛʦ-

ʧʨʦʬʠʣʴʥʘʷ ʢʦʤʘʥʜʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʠʥʞʝ-

ʥʝʨʦʚ-ʧʨʦʛʨʘʤʤʠʩʪʦʚ, ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ 

ʫʧʨʘʚʣʝʥʠʶ ʠ ʵʢʩʧʝʨʪʦʚ ʚ ʧʨʝʜʤʝʪʥʦʡ ʦʙ-

ʣʘʩʪʠ, ʩʦʚʤʝʩʪʥʦ ʨʘʟʨʘʙʘʪʳʚʘʝʪ ʘʨʭʠʪʝʢ-

ʪʫʨʫ ʩʠʩʪʝʤʳ, ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨ-

ʬʝʡʩ ʠ ʠʥʪʝʛʨʘʮʠʶ ʩ ʩʫʱʝʩʪʚʫʶʱʝʡ ʠʥ-

ʬʨʘʩʪʨʫʢʪʫʨʦʡ ʢʦʪʝʣʴʥʦʡ.  

- ʋʩʪʘʥʦʚʢʘ ʦʙʦʨʫʜʦʚʘʥʠʷ: ɼʘʪʯʠʢʠ, 

ʠʩʧʦʣʥʠʪʝʣʴʥʳʝ ʤʝʭʘʥʠʟʤʳ ʠ ʫʩʪʨʦʡʩʪʚʘ 

ʩʙʦʨʘ ʜʘʥʥʳʭ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʚ ʢʦʪʝʣʴ-

ʥʦʡ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʙʦʨʘ ʠ ʫʧʨʘʚʣʝʥʠʷ 

ʜʘʥʥʳʤʠ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

ʀʩʧʦʣʴʟʫʝʤʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ: 

- ʈʝʣʝ ï ʆɺɽʅ ʇʈ200; 

- ɹʣʦʢ ʘʥʘʣʦʛʦʚʦʛʦ ʚʚʦʜʘ ï ʆɺɽʅ 

ʄɺɸ8; 

- ɹʣʦʢ ʧʠʪʘʥʠʷ 24ɺ, 5ɸ ï DR-120-24; 

- ʄʦʜʝʤ ï ʆɺɽʅ ʇʄ01; 

- ʂʣʝʤʤʳ ï Conn_01x04; 

- Simple SCADA 2 Standard; 

- OPC Server arOPC.  

- ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝ-

ʥʠʷ: ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ ʧʨʦ-

ʛʨʘʤʤʥʳʝ ʤʦʜʫʣʠ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʩʙʦʨʘ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, 

ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʝʥʠʷ ʫʜʦʙʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ 

ʜʣʷ ʦʧʝʨʘʪʦʨʦʚ. 

ʈʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ ʜʠʩʧʝʪʯʝʨʠʟʘ-

ʮʠʠ ʦʙʲʝʢʪʘ ʤʦʥʠʪʦʨʠʥʛʘ ʩ ʬʠʢʩʘʮʠʝʡ ʦʩ-

ʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ SCADA-ʩʠʩʪʝʤʘ 

Simple-Scada. Simple-Scada ï ʵʪʦ ʧʨʦʩʪʘʷ 

ʨʦʩʩʠʡʩʢʘʷ SCADA-ʩʠʩʪʝʤʘ, ʦʙʝʩʧʝʯʠʚʘ-

ʶʱʘʷ ʩʙʦʨ, ʦʙʨʘʙʦʪʢʫ, ʘʨʭʠʚʠʨʦʚʘʥʠʝ ʠ 

ʚʠʟʫʘʣʠʟʘʮʠʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 

ɻʣʘʚʥʘʷ ʮʝʣʴ ʧʨʦʝʢʪʘ ï ʧʨʦʩʪʦʪʘ ʠ ʫʜʦʙ-

ʩʪʚʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʢʦʥʝʯʥʦʛʦ ʧʦʣʴʟʦ-

ʚʘʪʝʣʷ. ʉʚʷʟʴ ʩ ʦʙʲʝʢʪʘʤʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʪʝʭʥʦʣʦʛʠʠ 

OPC. ʇʦʜʜʝʨʞʠʚʘʶʪʩʷ ʚʝʨʩʠʠ OPC DA ʠ 

OPC UA. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥ ʦʩʥʦʚ-

ʥʦʡ ʵʢʨʘʥ ʧʝʨʚʦʡ ʢʦʪʝʣʴʥʦʡ [4]. 
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ʈʠʩ. 1. ʇʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʜʣʷ ʜʠʩʧʝʪʯʝʨʘ ʩ ʠʟʦʙʨʘʞʝʥʠʝʤ ʢʦʪʝʣʴʥʦʡ ˉ1 ʚ Sim-

ple-Scada 

 

ʆʩʥʦʚʥʘʷ ʨʘʙʦʪʘ ʚ Simple-Scada ʟʘʢʣʶ-

ʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: 

- ʀʟʦʙʨʘʞʝʥʠʝ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ 

ʩʭʝʤ ʩʚʷʟʠ (ʨʠʩ. 1); 

- ʅʘʧʠʩʘʥʠʝ ʥʝʦʙʭʦʜʠʤʳʭ ʩʢʨʠʧʪʦʤ ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʨʘʙʦʪʳ ʠ ʘʚʘ-

ʨʠʡʥʳʭ ʩʠʛʥʘʣʦʚ ʧʨʠ ʨʘʙʦʪʝ ʚ ʨʝʘʣʴʥʦʤ 

ʚʨʝʤʝʥʠ (ʨʠʩ. 2) [3]; 

- ʉʦʝʜʠʥʝʥʠʝ ʩ ʘʧʧʘʨʘʪʥʳʤ ʫʨʦʚʥʝʤ 

(ʨʠʩ. 3); 

 

 
ʈʠʩ. 2. ʉʢʨʠʧʪ ʚ Simple-Scada ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʮʚʝʪʘ ʧʝʨʝʤʝʥʥʦʡ ʠʩʭʦʜʷ ʠʟ ʝʝ ʟʥʘʯʝʥʠʷ 
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ʈʠʩ. 3. ɸʧʧʘʨʘʪʥʳʡ ʫʨʦʚʝʥʴ ʩʠʩʪʝʤʳ ʜʠʩʧʝʪʯʝʨʠʟʘʮʠʠ 

 

ɸʧʧʘʨʘʪʥʳʡ ʫʨʦʚʝʥʴ ʩʦʝʜʠʥʝʥ ʤʝʞʜʫ 

ʩʦʙʦʡ ʯʝʨʝʟ RS-485. ʀʥʪʝʨʬʝʡʩ RS-485 

(ʜʨʫʛʦʝ ʥʘʟʚʘʥʠʝ ï EIA/TIA -485) ï ʦʜʠʥ ʠʟ 

ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʩʪʘʥʜʘʨʪʦʚ 

ʬʠʟʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʩʚʷʟʠ. ʌʠʟʠʯʝʩʢʠʡ 

ʫʨʦʚʝʥʴ ï ʵʪʦ ʢʘʥʘʣ ʩʚʷʟʠ ʠ ʩʧʦʩʦʙ ʧʝʨʝʜʘ-

ʯʠ ʩʠʛʥʘʣʘ (1 ʫʨʦʚʝʥʴ ʤʦʜʝʣʠ ʚʟʘʠʤʦʩʚʷʟʠ 

ʦʪʢʨʳʪʳʭ ʩʠʩʪʝʤ OSI). ʉʝʪʴ, ʧʦʩʪʨʦʝʥʥʘʷ 

ʥʘ ʠʥʪʝʨʬʝʡʩʝ RS-485, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʧʨʠʝʤʦʧʝʨʝʜʘʪʯʠʢʠ, ʩʦʝʜʠʥʝʥʥʳʝ ʧʨʠ ʧʦ-

ʤʦʱʠ ʚʠʪʦʡ ʧʘʨʳ - ʜʚʫʭ ʩʢʨʫʯʝʥʥʳʭ ʧʨʦ-

ʚʦʜʦʚ. ɺ ʦʩʥʦʚʝ ʠʥʪʝʨʬʝʡʩʘ RS-485 ʣʝʞʠʪ 

ʧʨʠʥʮʠʧ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ (ʙʘʣʘʥʩʥʦʡ) 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ʉʫʪʴ ʝʛʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʧʝʨʝʜʘʯʝ ʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʧʦ ʜʚʫʤ ʧʨʦʚʦ-

ʜʘʤ [1]. 

ʉʚʷʟʴ Scada-ʩʠʩʪʝʤʳ ʩ OPC-ʩʝʨʚʝʨʦʤ 

ʥʘʩʪʨʘʠʚʘʝʪʩʷ ʧʦ ʧʨʦʪʦʢʦʣʫ Modbus RTU. 

Modbus ï ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʡ ʧʨʦʪʦʢʦʣ, 

ʦʩʥʦʚʘʥ ʥʘ ʘʨʭʠʪʝʢʪʫʨʝ ʚʝʜʫʱʠʡ-ʚʝʜʦʤʳʡ 

(master-slave). ʀʩʧʦʣʴʟʫʝʪ ʜʣʷ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ ʠʥʪʝʨʬʝʡʩʳ RS-485, RS-422, RS-

232, ʘ ʪʘʢʞʝ Ethernet ʩʝʪʠ TCP/IP (ʧʨʦʪʦ-

ʢʦʣ Modbus TCP) [5]. 

ɼʣʷ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʛʦ ʨʝʣʝ ʩ ʜʠʩʧʣʝʝʤ 

ʇʈ200 ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʜ ʙʳʣ ʥʘʧʠʩʘʥ ʥʘ 

ʷʟʳʢʝ FBD ʚ ʧʨʦʛʨʘʤʤʝ OwenLogic 

(ʨʠʩ. 4) [2]. 
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ʈʠʩ. 4. ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʜ ʜʣʷ ʇʈ200 

 

- ʊʝʩʪʠʨʦʚʘʥʠʝ ʠ ʦʧʪʠʤʠʟʘʮʠʷ. ʉʠ-

ʩʪʝʤʘ ʧʨʦʭʦʜʠʪ ʪʱʘʪʝʣʴʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ 

ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ, ʩʪʘʙʠʣʴʥʦ-

ʩʪʠ ʠ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʠʩʪʝ-

ʤʘʤʠ. 

- ʋʩʪʘʥʦʚʢʘ ʠ ʦʙʫʯʝʥʠʝ. ʇʦʩʣʝ ʪʝʩʪʠ-

ʨʦʚʘʥʠʷ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʩʠʩʪʝʤʘ ʜʠʩʧʝʪʯʝ-

ʨʠʟʘʮʠʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʢʦʪʝʣʴʥʦʡ, ʠ 

ʦʧʝʨʘʪʦʨʳ ʧʨʦʭʦʜʷʪ ʦʙʫʯʝʥʠʝ ʝʝ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʶ, ʦʙʩʣʫʞʠʚʘʥʠʶ ʠ ʫʩʪʨʘʥʝʥʠʶ ʥʝʧʦ-

ʣʘʜʦʢ. 

5. ʇʨʝʠʤʫʱʝʩʪʚʘ ʠ ʨʝʟʫʣʴʪʘʪʳ: 

ʋʩʪʘʥʦʚʢʘ ʩʠʩʪʝʤʳ ʜʠʩʧʝʪʯʝʨʠʟʘʮʠʠ 

ʜʘʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʤʘ-

ʣʳʤʠ ʢʦʪʝʣʴʥʳʤʠ: 

- ʇʦʚʳʰʝʥʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ: ʤʦʥʠʪʦ-

ʨʠʥʛ ʠ ʢʦʥʪʨʦʣʴ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝ-

ʤʝʥʠ ʧʦʟʚʦʣʷʶʪ ʦʧʝʨʘʪʦʨʘʤ ʦʧʪʠʤʠʟʠʨʦ-

ʚʘʪʴ ʨʘʙʦʪʫ ʢʦʪʝʣʴʥʦʡ, ʩʥʠʟʠʪʴ ʧʦʪʨʝʙʣʝ-

ʥʠʝ ʵʥʝʨʛʠʠ ʠ ʩʚʝʩʪʠ ʢ ʤʠʥʠʤʫʤʫ ʧʦʪʝʨʠ. 

- ʈʘʩʰʠʨʝʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ: ʘʚʪʦʤʘʪʠʯʝ-

ʩʢʠʝ ʦʧʦʚʝʱʝʥʠʷ ʠ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʧʦʟʚʦ-

ʣʷʶʪ ʦʧʝʨʘʪʦʨʘʤ ʧʨʠʥʠʤʘʪʴ ʦʙʦʩʥʦʚʘʥʥʳʝ 

ʨʝʰʝʥʠʷ, ʨʘʩʩʪʘʚʣʷʪʴ ʧʨʠʦʨʠʪʝʪʳ ʟʘʜʘʯ ʧʦ 

ʪʝʭʥʠʯʝʩʢʦʤʫ ʦʙʩʣʫʞʠʚʘʥʠʶ ʠ ʧʨʝʜʦʪ-

ʚʨʘʱʘʪʴ ʧʨʦʩʪʦʠ. 

- ʕʢʦʥʦʤʠʷ ʟʘʪʨʘʪ: ʦʧʪʠʤʠʟʠʨʫʷ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝ ʵʥʝʨʛʠʠ ʠ ʩʦʢʨʘʱʘʷ ʟʘʪʨʘʪʳ ʥʘ 

ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ, ʩʠʩʪʝʤʘ ʜʠʩ-

ʧʝʪʯʝʨʠʟʘʮʠʠ ʧʦʤʦʛʘʝʪ ʩʥʠʟʠʪʴ ʵʢʩʧʣʫʘʪʘ-

ʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ ʠ ʫʣʫʯʰʠʪʴ ʦʙʱʠʝ ʬʠ-

ʥʘʥʩʦʚʳʝ ʧʦʢʘʟʘʪʝʣʠ. 

- ɺʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ: 

ʩʥʠʞʝʥʠʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʠ ʧʦʚʳʰʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʩʥʠʞʝʥʠʶ 

ʚʳʙʨʦʩʦʚ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʠ ʧʦʚʳʰʝʥʠʶ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ. 

ʃʦʢʘʣʠʟʦʚʘʥʥʳʝ ʨʝʰʝʥʠʷ. ʀʩʧʦʣʴʟʦʚʘ-

ʥʠʝ ʨʦʩʩʠʡʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʨʘʟ-

ʨʘʙʦʪʢʫ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ, ʦʪʚʝ-

ʯʘʶʱʝʛʦ ʢʦʥʢʨʝʪʥʳʤ ʧʦʪʨʝʙʥʦʩʪʷʤ ʠ 

ʧʨʝʜʧʦʯʪʝʥʠʷʤ ʤʝʩʪʥʳʭ ʦʧʝʨʘʪʦʨʦʚ ʢʦ-

ʪʝʣʴʥʳʭ. 

6. ɿʘʢʣʶʯʝʥʠʝ: 

ʈʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤʳ ʜʠʩ-

ʧʝʪʯʝʨʠʟʘʮʠʠ ʤʘʣʳʭ ʢʦʪʝʣʴʥʳʭ ʥʘ ʙʘʟʝ 

ʨʦʩʩʠʡʩʢʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʥʘʯʠʪʝʣʴʥʳʡ ʰʘʛ 

ʚʧʝʨʝʜ ʚ ʦʙʣʘʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʢʦʪʝʣʴʥʳʤʠ. 

ʀʩʧʦʣʴʟʫʷ ʪʝʭʥʦʣʦʛʠʠ, ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʠ 

ʦʧʳʪ, ʵʪʘ ʩʠʩʪʝʤʘ ʧʨʝʜʣʘʛʘʝʪ ʵʬʬʝʢʪʠʚʥʦʝ, 

ʵʢʦʥʦʤʠʯʥʦʝ ʠ ʫʩʪʦʡʯʠʚʦʝ ʨʝʰʝʥʠʝ ʜʣʷ 

ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʙʦʪʳ ʢʦʪʝʣʴʥʦʡ. ɺ ʜʘʣʴ-

ʥʝʡʰʝʤ ʧʦʩʪʦʷʥʥʳʝ ʠʥʥʦʚʘʮʠʠ ʠ ʩʦʪʨʫʜ-

ʥʠʯʝʩʪʚʦ ʚ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩ-

ʧʝʯʝʥʠʷ ʙʫʜʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʜʘʣʴʥʝʡʰʝ-

ʤʫ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʫʧʨʘʚʣʝ-

ʥʠʷ ʥʝʙʦʣʴʰʠʤʠ ʢʦʪʝʣʴʥʳʤʠ, ʩʧʦʩʦʙʩʪʚʫʷ 

ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʶ, ʟʘʱʠʪʝ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʤʫ ʧʨʦʮʚʝʪʘʥʠʶ. 
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THE DEVELOPMENT OF A DISPATCH SYSTEM UTILIZING RUSSIAN SOFTWARE 
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Abstract. Boiler houses play a pivotal role in providing heat and hot water to residential and 

industrial buildings. However, the efficient operation and management of small-scale boiler 

houses often face challenges due to limited resources and outdated systems. In this paper, we 

present the development of a dispatch system tailored for small boiler houses, leveraging Rus-

sian software solutions. The system aims to optimize operations, enhance control, and improve 

overall efficiency in small boiler house management. Through a combination of hardware and 

software integration, real-time monitoring, and data analysis, the dispatch system offers a com-

prehensive solution to streamline processes and minimize energy wastage. The utilization of Rus-

sian software underscores the importance of localized solutions in addressing specific industry 

needs, fostering innovation, and driving advancements in boiler house management. 

Keywords: boiler houses, dispatch system, Russian software, efficiency, management, Simple-

Scada. 
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ɸʥʥʦʪʘʮʠʷ. ʂʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʠʟʦʙʨʘʞʝʥʠʡ ʚ ʤʘʛʥʠʪʥʦ-ʨʝʟʦʥʘʥʩʥʦʡ ʪʦʤʦʛʨʘʬʠʠ 

ʷʚʣʷʝʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʧʨʦʮʝʜʫʨ ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʚʳʰʝʥʠʝ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʄʈʊ ʘʧʧʘʨʘʪʘ. ʎʝʣʴ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟ-

ʨʘʙʦʪʢʝ ʬʘʥʪʦʤʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʄʈʊ ʩʠʩʪʝʤʳ, ʢʘʢ 

ʠʥʩʪʨʫʤʝʥʪʘ, ʚʭʦʜʷʱʝʛʦ ʚ ʢʦʤʧʣʝʢʩ ʠʩʧʳʪʘʥʠʡ ʧʦ ʢʦʥʪʨʦʣʶ ʢʘʯʝʩʪʚʘ ʠʟʦʙʨʘʞʝʥʠʡ. ɺ 

ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʬʘʥʪʦʤʘ ʚʳʙʨʘʥʘ 3D ʧʝʯʘʪʴ ʥʘ ʬʦʪʦʧʦʣʠʤʝʨʥʦʤ ʧʨʠʥ-

ʪʝʨʝ, ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ɻʆʉʊʘ ˉ 59092-2020. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩ ʧʦʤʦʱʴʶ ʛʦʪʦ-

ʚʦʛʦ ʪʝʩʪ ʦʙʲʝʢʪʘ ʧʦʣʫʯʝʥʳ 5 ʩʝʨʠʡ ʩʥʠʤʢʦʚ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʳʭ, ʨʘʩʩʯʠʪʘʥʦ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʘʧʧʘʨʘʪʘ ʄʈʊ ɸʄʀʂʆ 300. ɸʥʘʣʠʟʠʨʫʷ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴ-

ʪʘʪʳ, ʫʜʘʣʦʩʴ ʚʳʷʚʠʪʴ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʪʝʩʪ-ʦʙʲʝʢʪʘ. ʂ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʜʦʩʪʫʧʥʦʩʪʴ ʠ ʪʦʯʥʦʩʪʴ ʜʘʥʥʦʛʦ 

ʤʝʪʦʜʘ, ʢ ʥʝʜʦʩʪʘʪʢʘʤ- ʦʛʨʘʥʠʯʝʥʠʝ ʧʦ ʫʤʝʥʴʰʝʥʠʶ ʷʯʝʡʢʠ ʪʝʩʪ-ʦʙʲʝʢʪʘ ʜʣʷ ʪʦʛʦ, 

ʯʪʦʙʳ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʠʪʴ ʜʘʥʥʳʡ ʬʘʥʪʦʤ ʜʣʷ ʜʨʫʛʠʭ ʘʧʧʘʨʘʪʦʚ ʄʈʊ. ʇʦʜ-

ʚʦʜʷ ʠʪʦʛ, ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʜʨʫʛʦʡ ʧʦʜʭʦʜ ʢ ʠʟʛʦʪʦʚʣʝʥʠʶ ʪʝʩʪ-ʦʙʲʝʢʪʘ. ɺ ʢʘʯʝʩʪʚʝ ʘʣʴ-

ʪʝʨʥʘʪʠʚʳ ʧʨʝʜʣʘʛʘʣʘʩʴ ʧʝʨʠʦʜʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʧʣʘʩʪʠʥʳ ʠʟ ɸɹʉ-ʧʣʘʩʪʠʢʘ ʩ ʧʫʩʪʳ-

ʤʠ ʷʯʝʡʢʘʤʠ, ʢʦʪʦʨʳʝ ʟʘʧʦʣʥʝʥʳ ʄʈ-ʢʦʥʪʨʘʩʪʥʦʡ ʞʠʜʢʦʩʪʴʶ. ʊʘʢʦʡ ʤʝʪʦʜ ʧʦʪʝʥʮʠ-

ʘʣʴʥʦ ʧʦʟʚʦʣʠʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʠʪʴ ʨʘʟʤʝʨ ʷʯʝʡʢʠ ʙʝʟ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʵʬʬʝʢʪʦʚ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʠʭ ʩʣʠʧʘʥʠʝʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʛʥʠʪʥʦ-ʨʝʟʦʥʘʥʩʥʘʷ ʪʦʤʦʛʨʘʬʠʷ, ʬʘʥʪʦʤ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ 

ʨʘʟʨʝʰʝʥʠʝ, ʘʜʜʠʪʠʚʥʘʷ ʪʝʭʥʦʣʦʛʠʷ, ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ. 

 

ʄʘʛʥʠʪʥʦ-ʨʝʟʦʥʘʥʩʥʘʷ ʪʦʤʦʛʨʘʬʠʷ 

(ʄʈʊ) ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚʝʩʴʤʘ ʘʢʪʫ-

ʘʣʴʥʘʷ ʠ ʚʦʩʪʨʝʙʦʚʘʥʥʘʷ ʪʝʭʥʠʢʘ ʚ ʤʝʜʠ-

ʮʠʥʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʝ. ɹʣʘʛʦʜʘʨʷ ʪʦʤʫ, ʯʪʦ 

ʵʪʦʪ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ ʵʭʦʣʦʢʘʮʠʦʥʥʳʤ ʠ 

ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʦʙʲʝʢʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳ-

ʤʠ ʚʦʣʥʘʤʠ ʚ ʨʘʜʠʦʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘ-

ʟʦʥʝ [3], ʦʥ ʦʩʪʘʝʪʩʷ ʥʘʠʙʦʣʝʝ ʙʝʟʦʧʘʩʥʳʤ 

ʜʣʷ ʧʘʮʠʝʥʪʦʚ ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʦʤʧʴʶʪʝʨʥʦʡ 

ʪʦʤʦʛʨʘʬʠʠ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪ ʨʝʥʪʛʝ-

ʥʦʚʩʢʠʝ ʣʫʯʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʬʠʟʠʯʝʩʢʠʝ ʧʨʠʥʮʠʧʳ, ʣʝ-

ʞʘʱʠʝ ʚ ʦʩʥʦʚʝ ʵʪʠʭ ʤʝʪʦʜʦʚ ʚʠʟʫʘʣʠʟʘ-

ʮʠʠ, ʦʛʨʘʥʠʯʠʚʘʶʪ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ. 

ʊʘʢ, ʘʢʪʫʘʣʴʥʳʤʠ ʩʬʝʨʘʤʠ ʧʨʠʤʝʥʝʥʠʷ 

ʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʷʚʣʷʶʪʩʷ: 

- ʥʝʚʨʦʣʦʛʠʷ; 

- ʦʨʪʦʧʝʜʠʷ; 

- ʜʠʘʛʥʦʩʪʠʢʘ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ; 

- ʢʘʨʜʠʦʣʦʛʠʷ. 

ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪ-

ʩʷ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʤʦʟʛʘ, ʩʝʨʜʮʘ, ʩʫʩʪʘʚʦʚ 

ʠ ʜʨʫʛʠʭ ʦʨʛʘʥʦʚ. ʆʯʝʥʴ ʧʦʣʝʟʥʳʤ ʠʥ-

ʩʪʨʫʤʝʥʪʦʤ ʦʢʘʟʳʚʘʝʪʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ 

ʄʈʊ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʘʢʪʠʚʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʝʡ ʤʦʟʛʘ ʚ 

ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦ-

ʚʘʪʝʣʷʤ ʠ ʚʨʘʯʘʤ ʣʫʯʰʝ ʧʦʥʷʪʴ ʬʫʥʢʮʠʦ-

ʥʘʣʴʥʳʝ ʘʩʧʝʢʪʳ ʤʦʟʛʦʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ 

ʩʚʷʟʘʥʥʳʝ ʩ ʥʝʡ ʧʘʪʦʣʦʛʠʠ. ɺʝʩʴ ʧʦʪʝʥʮʠ-

ʘʣ ʪʝʭʥʦʣʦʛʠʠ ʷʜʝʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦ-

ʥʘʥʩʘ (ʗʄʈ), ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥ 

ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʄʈʊ ʩʠʩʪʝʤʘ 

ʧʨʘʚʠʣʴʥʦ ʦʪʢʘʣʠʙʨʦʚʘʥʘ ʠ ʨʝʛʫʣʷʨʥʦ 

ʧʨʦʭʦʜʠʪ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʝ ʧʨʦʚʝʨʢʠ ʦʩ-

ʥʦʚʥʳʭ ʝʝ ʫʟʣʦʚ: ʛʨʘʜʠʝʥʪʥʳʭ ʠ ʨʘʜʠʦʯʘ-

ʩʪʦʪʥʳʭ ʪʨʘʢʪʦʚ. ʂʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʚ 

ʤʘʛʥʠʪʥʦ-ʨʝʟʦʥʘʥʩʥʦʡ ʪʦʤʦʛʨʘʬʠʠ (ʄʈʊ) 

ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʪʦʯʥʦʩʪʠ ʜʠʘʛʥʦʩʪʠʢʠ ʠ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʘʮʠʝʥʪʦʚ. ʆʥ ʧʦʤʦʛʘʝʪ ʦʙ-

ʥʘʨʫʞʠʚʘʪʴ ʠ ʠʩʧʨʘʚʣʷʪʴ ʘʨʪʝʬʘʢʪʳ, ʦʙʝʩ-
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ʧʝʯʠʚʘʝʪ ʩʦʙʣʶʜʝʥʠʝ ʙʝʟʦʧʘʩʥʳʭ ʧʨʦʪʦ-

ʢʦʣʦʚ ʠ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩʪʘʥʜʘʨʪʘʤ ʢʘʯʝʩʪʚʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʨʝʛʫʣʷʨʥʳʡ ʢʦʥʪʨʦʣʴ ʦʧ-

ʪʠʤʠʟʠʨʫʝʪ ʧʨʦʮʝʩʩʳ ʩʢʘʥʠʨʦʚʘʥʠʷ ʠ ʦʙʫ-

ʯʘʝʪ ʧʝʨʩʦʥʘʣ, ʩʦʟʜʘʚʘʷ ʜʦʚʝʨʠʝ ʢʘʢ ʫ ʧʘ-

ʮʠʝʥʪʦʚ, ʪʘʢ ʠ ʫ ʩʧʝʮʠʘʣʠʩʪʦʚ. 

ʊʨʝʙʦʚʘʥʠʷ ʢ ʦʮʝʥʠʚʘʥʠʶ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʄʈʊ ʘʧʧʘʨʘʪʘ ʩʦ-

ʛʣʘʩʥʦ ɻʆʉʊʫ  ̄59092-2020: 

ʇʨʦʮʝʩʩ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-

ʛʦ ʨʘʟʨʝʰʝʥʠʷ ʚʢʣʶʯʘʝʪ ʥʝʩʢʦʣʴʢʦ ʰʘʛʦʚ. 

ʉʥʘʯʘʣʘ ʧʨʦʚʦʜʷʪ ʠʩʧʳʪʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝʤ ʪʝʩʪ-ʦʙʲʝʢʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʨʘʟ-

ʣʠʯʥʳʝ ʤʠʨʳ ʩ ʦʪʚʝʨʩʪʠʷʤʠ ʨʘʟʥʦʛʦ ʨʘʟ-

ʤʝʨʘ ʠʣʠ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ 

(ʨʠʩ. 1). ɿʘʪʝʤ ʥʘʭʦʜʷʪ ʨʷʜ ʩ ʤʠʥʠʤʘʣʴʥʳʤ 

ʨʘʟʤʝʨʦʤ ʵʣʝʤʝʥʪʘ ʤʠʨʳ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʢʦ-

ʵʬʬʠʮʠʝʥʪ ʧʨʝʚʳʰʘʝʪ 50%. ʕʪʦ ʟʥʘʯʝʥʠʝ 

ʦʧʨʝʜʝʣʷʝʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʨʘʟʨʝʰʘʶ-

ʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ. 

 

 
ʈʠʩ. 1. ʊʨʝʙʦʚʘʥʠʷ ɻʆʉʊʘ ˉ 59092-2020 ʢ ʛʝʦʤʝʪʨʠʠ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 

 

ʇʦʣʫʯʝʥʥʘʷ ʚʝʣʠʯʠʥʘ ʚʳʩʦʢʦʢʦʥʪʨʘʩʪ-

ʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ, ʠʟ-

ʤʝʨʝʥʥʘʷ ʚ ʤʠʣʣʠʤʝʪʨʘʭ, ʥʝ ʜʦʣʞʥʘ ʧʨʝ-

ʚʳʰʘʪʴ ʫʢʘʟʘʥʥʦʝ ʚ ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥ-

ʪʘʮʠʠ ʟʥʘʯʝʥʠʝ [1]. ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ 

ʦʬʦʨʤʣʷʶʪʩʷ ʚ ʧʨʦʪʦʢʦʣʝ, ʚʢʣʶʯʘʶʱʝʤ 

ʧʘʨʘʤʝʪʨʳ, ʫʢʘʟʘʥʥʳʝ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʨʘʟʜʝʣʘʭ ʩʪʘʥʜʘʨʪʘ, ʘ ʪʘʢʞʝ ʪʘʙʣʠʮʫ 

(ʪʘʙʣ. 1) ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʩʧʳʪʘʥʠʷ ʚʳʩʦ-

ʢʦʢʦʥʪʨʘʩʪʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝ-

ʰʝʥʠʷ. 

 

ʊʘʙʣʠʮʘ 1. ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ. 
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ʊʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʝʨʠʦʜʠʯʝ-

ʩʢʠʭ ʩʪʨʫʢʪʫʨ 

ʆʩʥʦʚʥʳʤ ʠ ʩʘʤʳʤ ʚʘʞʥʳʤ ʦʛʨʘʥʠʯʝ-

ʥʠʝʤ ʚ ʚʦʧʨʦʩʝ ʚʳʙʦʨʘ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʙʫ-

ʜʫʱʝʡ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʷʚʣʷʝʪʩʷ 

ʪʨʝʙʦʚʘʥʠʝ ʢ ʝʛʦ ʥʝʤʘʛʥʠʪʥʦʩʪʠ. ʊʘʢʞʝ 

ʩʪʦʠʣʦ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʨʘʟʣʠʯʥʳʭ ʥʝʤʘʛʥʠʪ-

ʥʳʭ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʡ, ʪʘʢ ʢʘʢ ʚ ʥʠʭ 

ʚʩʝ ʨʘʚʥʦ ʥʘʚʦʜʠʣʠʩʴ ʙʳ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ 

ʚʠʭʨʝʚʳʝ ʪʦʢʠ, ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʤʦʛʣʠ ʩʪʘʪʴ ʠʩʪʦʯʥʠʢʦʤ ʘʨʪʝʬʘʢʪʦʚ. ʕʪʦ ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʫʱʝʩʪʚʝʥʥʦ ʩʫʟʠʣʦ ʩʧʝʢʪʨ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʚʦʟʤʦʞʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʬʘʥʪʦʤʘ, ʜʦ ʨʘʟʣʠʯʥʳʭ ʚʠ-

ʜʦʚ ʧʣʘʩʪʠʢʘ ʜʝʨʝʚʘ, ʩʪʝʢʣʦʚʦʣʦʢʥʘ. ɺʪʦ-

ʨʳʤ ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʛʨʘʥʠʯʝʥʠʝʤ ʩʪʘʣ ʤʝ-

ʪʦʜ ʦʙʨʘʙʦʪʢʠ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ. ɼʦʩʪʫʧ-

ʥʳʤʠ ʦʢʘʟʘʣʠʩʴ ʬʨʝʟʝʨʦʚʢʘ, ʵʢʩʪʨʫʟʠʷ, 

ʣʠʪʴʝ, ʠ 3D ʧʝʯʘʪʴ [5]. ɺ ʪʝʭ ʛʝʦʤʝʪʨʠʯʝ-

ʩʢʠʭ ʨʘʟʤʝʨʘʭ, ʢʦʪʦʨʳʝ ʧʦʜʨʘʟʫʤʝʚʘʝʪ 

ɻʆʉʊ ˉ 59092-2020 ʦʢʘʟʘʣʦʩʴ ʦʯʝʥʴ ʪʨʫ-

ʜʦʝʤʢʦʡ ʟʘʜʘʯʝʡ ʦʙʨʘʙʦʪʘʪʴ ʜʦʩʪʫʧʥʳʝ 

ʚʠʜʳ ʧʣʘʩʪʠʢʘ ʤʝʪʦʜʘʤʠ ʬʨʝʟʝʨʦʚʢʠ ʠʟ- ʟʘ 

ʠʭ ʚʷʟʢʦʩʪʠ. ʆʪ ʜʝʨʝʚʘ ʧʨʠʰʣʦʩʴ ʦʪʢʘʟʘʪʴ-

ʩʷ ʠʟ ʩʦʦʙʨʘʞʝʥʠʡ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʬʘʥʪʦ-

ʤʘ, ʚʝʜʴ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʦʥ ʙʫʜʝʪ ʧʦʤʝ-

ʱʝʥ ʚ ʄʈ-ʢʦʥʪʨʘʩʪʥʫʶ ʞʠʜʢʦʩʪʴ, ʘ ʪʘʢʞʝ 

ʠʟ-ʟʘ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʠʷ ʪʘʢʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʤʠʥʠʤʘʣʴʥʦʤʫ ʨʘʟʤʝʨʫ ʷʯʝʡʢʠ. 

ʕʢʩʪʨʫʟʠʷ, ʢʘʢ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʧʝʨʠʦʜʠ-

ʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʧʦʪʝʥʮʠʘʣʴʥʦ ʠʤʝʣʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʙʣʠʟʠʪʩʷ ʢ ʥʝʦʙʭʦʜʠʤʳʤ 

ʨʝʟʫʣʴʪʘʪʘʤ, ʥʦ ʦʥʘ ʪʨʝʙʦʚʘʣʘ ʥʘʣʠʯʠʷ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʪʦʯʥʦʡ ʧʨʝʩʩ-ʬʦʨʤʳ. ʉ 

ʫʯʸʪʦʤ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ ʙʳʣʘ ʚʳʙʨʘʥʘ 

ʪʝʭʥʦʣʦʛʠʷ 3D ʧʝʯʘʪʠ, ʢʘʢ ʩʘʤʘʷ ʵʢʦʥʦʤʠ-

ʯʝʩʢʠ ʠ ʪʨʫʜʦ-ʟʘʪʨʘʪʥʦ ʚʳʛʦʜʥʘʷ. ʊʝʤ ʥʝ 

ʤʝʥʝʝ, ʜʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʠʣʘ ʧʦʣʫ-

ʯʠʪʴ ʤʠʥʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʷʯʝʡʢʠ 2 ʤʤ 

(ʢʦʛʜʘ ʢʘʢ ʚ ɻʆʉʊʝ ʧʨʦʧʠʩʘʥʦ 0,4 ʤʤ). 

ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʪʨʝʙʦʚʘʥʠʡ ɻʆʉʊʘ 

ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʚʳʩʦʪʳ ʷʯʝʝʢ ʪʝʩʪ-ʦʙʲʝʢʪʘ 

ʧʨʝʚʳʰʘʶʱʫʶ ʪʦʣʱʠʥʫ ʩʨʝʟʘ ʥʝ ʤʝʥʝʝ 

ʯʝʤ ʚ ʜʚʘ ʨʘʟʘ, ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʚʣʠʷʥʠʷ 

ʢʨʠʚʠʟʥʳ ʩʨʝʟʘ ʥʘ ʠʟʤʝʨʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘ-

ʟʦʤ ʧʨʠ ʚʳʙʦʨʝ ʚʳʩʦʪʳ ʷʯʝʝʢ ʩ ʟʘʧʘʩʦʤ 

(3 ʩʤ), ʧʨʠ ʦʪʧʝʯʘʪʢʝ ʚʦʟʥʠʢʘʝʪ çʩʣʠʧʘ-

ʥʠʝè ʨʷʜʦʚ ʠ ʠʭ ʜʘʣʴʥʝʡʰʝʝ ʦʪʢʣʦʥʝʥʠʝ ʦʪ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʩʪʠ ʢ ʦʩʥʦʚʘʥʠʶ. ɺ ʧʨʦ-

ʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ SolidWorks ʙʳʣʘ 

ʩʤʦʜʝʣʠʨʦʚʘʥʘ ʙʫʜʫʱʘʷ ʧʝʨʠʦʜʠʯʝʩʢʘʷ 

ʩʪʨʫʢʪʫʨʘ, ʘ ʟʘʪʝʤ ʦʥʘ ʙʳʣʘ ʥʘʧʝʯʘʪʘʥʘ ʥʘ 

3D ʧʨʠʥʪʝʨʝ AnyCubic Mono ʥʘʠʤʝʥʴʰʝʡ 

ʚʦʟʤʦʞʥʦʡ ʪʦʣʱʠʥʦʡ ʩʣʦʷ ʚ 10 ʤʢʤ. ɺ ʧʦ-

ʩʣʝʜʩʪʚʠʠ ʜʘʥʥʳʡ ʪʝʩʪ-ʦʙʲʝʢʪ ʙʳʣ ʧʦʤʝ-

ʱʝʥ ʚ ʧʚʭ ʢʦʥʪʝʡʥʝʨ ʩ ʛʝʨʤʝʪʠʯʥʦʡ ʢʨʳʰ-

ʢʦʡ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʟʘʧʦʣʥʝʥʠʷ ʄʈ-

ʢʦʥʪʨʘʩʪʥʦʡ ʞʠʜʢʦʩʪʴʶ. ʂʦʥʪʝʡʥʝʨ ʙʳʣ 

ʚʳʙʨʘʥ ʠʟ ʩʦʦʙʨʘʞʝʥʠʡ ʩʪʦʠʤʦʩʪʠ ʠ ʫʜʦʙ-

ʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʦʣʫʯʠʚʰʠʡʩʷ ʢʦʥ-

ʩʪʨʫʢʮʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʄʈ-ʢʦʥʪʨʘʩʪʥʦʡ 

ʞʠʜʢʦʩʪʠ ʙʳʣ ʚʳʙʨʘʥ ʬʠʟʨʘʩʪʚʦʨ (NaCl), 

ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʣ ʧʦʣʫʯʘʪʴ ʠʟʦʙʨʘʞʝʥʠʷ 

ʜʦʩʪʘʪʦʯʥʦʛʦ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ ʫʨʦʚʥʷ ʢʦʥʪʨʘʩʪʥʦʩʪʠ. 

 

 
ʈʠʩ. 2. ʄʦʜʝʣʴ ʪʝʩʪ-ʦʙʲʝʢʪʘ (ʩʣʝʚʘ), ʦʪʧʝʯʘʪʘʥʥʳʡ ʪʝʩʪ-ʦʙʲʝʢʪ (ʩʧʨʘʚʘ) 
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ʈʠʩ. 3. ɻʦʪʦʚʳʡ ʬʘʥʪʦʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ 

 

ʈʝʟʫʣʴʪʘʪʳ 

ʈʘʩʯʸʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʝ 

ʠʟʦʙʨʘʞʝʥʠʷ 

ʉʦʛʣʘʩʥʦ ɻʆʉʊʫ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ 5 ʩʝ-

ʨʠʡ ʩʥʠʤʢʦʚ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʬʘʥʪʦʤʘ 

(ʨʠʩ. 4) ʜʣʷ ʥʘʙʦʨʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥ-

ʥʳʭ. ʅʘ ʦʩʥʦʚʝ ʵʪʠʭ ʜʘʥʥʳʭ ʫʜʘʣʦʩʴ 

ʩʬʦʨʤʠʨʦʚʘʪʴ ʪʘʙʣʠʮʫ 2. 

 

ʊʘʙʣʠʮʘ 2. ʈʘʩʯʸʪʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʜʣʷ ʢʘʞ-

ʜʦʛʦ ʠʟ ʨʷʜʦʚ ʪʝʩʪ ʦʙʲʝʢʪʘ ʠʟ ʧʷʪʠ ʩʝʨʠʡ ʠʟʦʙʨʘʞʝʥʠʡ 
ʉʙʦʨ ʜʘʥʥʳʭ 4 ʤʤ 3 ʤʤ 2.5 ʤʤ 2 ʤʤ 

1 72,09392 58,95683 47,58153 45,14073 

2 81,79621 51,99682 52,16096 56,16096 

3 79,34979 73,9552 64,06763 29,59781 

4 59,90721 81,72927 51,98061 49,66191 

5 71,86208 65,91971 60,27898 51,83923 

ʉʨʝʜʥʝʝ 73,00184 66,51157 58,21394 52,68013 

 

ʅʘ ʦʩʥʦʚʝ ʫʩʨʝʜʥʝʥʥʳʭ ʜʘʥʥʳʭ ʙʳʣ ʧʦʩʪʨʦʝʥ ʛʨʘʬʠʢ (ʨʠʩ. 4) ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠ-

ʝʥʪʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʦʪ ʚʝʣʠʯʠʥʳ ʷʯʝʡʢʠ ʪʝʩʪ-ʦʙʲʝʢʪʘ 

 

 
ʈʠʩ. 4. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʦʪ ʚʝʣʠʯʠʥʳ ʷʯʝʡʢʠ 

ʪʝʩʪ ʦʙʲʝʢʪʘ 
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ɸʥʘʣʠʟʠʨʫʷ ʛʨʘʬʠʢ ʩʪʘʥʦʚʠʪʴʩʷ ʦʯʝ-

ʚʠʜʥʦ, ʯʪʦ ʚ ʨʘʤʢʘʭ ʦʛʨʘʥʠʯʝʥʠʡ, ʢʦʪʦʨʳʝ 

ʙʳʣʠ ʧʨʦʜʠʢʪʦʚʘʥʳ ʫʩʣʦʚʠʷʤʠ ʠʟʛʦʪʦʚʣʝ-

ʥʠʷ ʪʝʩʪ-ʦʙʲʝʢʪʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʝ ʫʜʘʣʦʩʴ 

ʜʦʙʠʪʴʩʷ ʩʥʠʞʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʤʝʥʝʝ 50 ʧʨʦ-

ʮʝʥʪʦʚ ʢʘʢ ʪʦʛʦ ʪʨʝʙʫʝʪ ɻʆʉʊ. ʊʝʤ ʥʝ ʤʝ-

ʥʝʝ, ʟʘʚʠʩʠʤʦʩʪʴ, ʧʦʣʫʯʝʥʥʘʷ ʚ ʭʦʜʝ ʧʨʦ-

ʚʝʜʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʘʜʝʢʚʘʪʥʘ, ʠ ʧʨʠ 

ʵʢʩʪʨʘʧʦʣʷʮʠʠ ʵʪʠʭ ʜʘʥʥʳʭ ʦʢʘʟʳʚʘʝʪʩʷ 

ʚʦʟʤʦʞʥʳʤ ʧʦʣʫʯʠʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ 

ʨʘʟʨʝʰʝʥʠʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʟʘʷʚʣʝʥʥʦ-

ʤʫ ʚ ʧʘʩʧʦʨʪʝ ʘʧʧʘʨʘʪʘ ʄʈʊ ɸʤʠʢʦ 300 

ʟʥʘʯʝʥʠʶ (0.156 ʤʤ). 

ɺʳʚʦʜʳ 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʯʠʩʣʝʥʥʦ ʥʝ ʫʜʘ-

ʣʦʩʴ ʧʦʣʫʯʠʪʴ ʥʝʦʙʭʦʜʠʤʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʧʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤʫ ʨʘʟʨʝʰʝʥʠʶ, ʜʘʥʥʘʷ 

ʤʦʜʝʣʴ ʠʤʝʝʪ ʧʦʪʝʥʮʠʘʣ ʩʪʘʪʴ ʠʥʩʪʨʫʤʝʥ-

ʪʦʤ ʜʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʩʥʠʤʢʦʚ ʚ ʢʣʠʥʠ-

ʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʵʪʦʪ ʬʘʥ-

ʪʦʤ ʩʪʘʣ ʠʥʩʪʨʫʤʝʥʪʦʤ ʚʭʦʜʷʱʠʤ ʚ ʧʘʢʝʪ 

ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʥʝʦʙʭʦ-

ʜʠʤʦ ʝʛʦ ʜʦʨʘʙʦʪʢʘ, ʪʦ ʝʩʪʴ ʦʪʨʘʙʦʪʢʘ ʤʝ-

ʪʦʜʘ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʪ ʧʦ-

ʣʫʯʠʪʴ ʤʠʥʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʷʯʝʡʢʠ ʜʦ 

0.4 ʤʤ. ɺ ʩʣʫʯʘʝ ʄʈʊ ʩʢʘʥʝʨʘ ʠʟ ʜʘʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʵʢʩ-

ʪʨʘʧʦʣʷʮʠʠ ʜʦʩʪʘʪʦʯʥʦ ʙʳʣʦ ʙʳ ʫʤʝʥʴʰʝ-

ʥʠʷ ʤʠʥʠʤʘʣʴʥʦʡ ʷʯʝʡʢʠ ʜʦ 1 ʤʤ. ʊʘʢʠʤ 

ʤʝʪʦʜʦʤ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʝʩʪ-ʦʙʲʝʢʪʘ ʥʘ ʦʩ-

ʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʦʛʦ ʦʧʳʪʘ ʤʦʞʝʪ ʩʪʘʪʴ 

ʠʥʚʝʨʪʠʨʦʚʘʥʠʝ ʬʘʥʪʦʤʘ. ʊʦ ʝʩʪʴ ʠʟʛʦʪʦʚ-

ʣʝʥʠʝ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʠʟ ɸɹʉ-

ʧʣʘʩʪʠʢʘ ʩ ʧʫʩʪʳʤʠ ʷʯʝʡʢʘʤʠ, ʢʦʪʦʨʳʝ ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ ʙʫʜʫʪ ʟʘʧʦʣʥʝʥʳ ʄʈ-

ʢʦʥʪʨʘʩʪʥʦʡ ʞʠʜʢʦʩʪʴʶ. 
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DEVELOPMENT OF A PHANTOM FOR DETERMINING SPATIAL RESOLUTION IN 

MAGNETIC RESONANCE IMAGY USING ADDITIVE TECHNOLOGIES  

 

N.Yu. Pereverzev, Graduate Student 

MEPhI Nuclear Research University 

(Russia, Moscow) 

 

Abstract. Image quality control in magnetic resonance imaging is an integral part of preven-

tive procedures aimed at improving the diagnostic capabilities of the MRI machine. The purpose 

of this article is to develop a phantom for determining the spatial resolution of an MRI system, 

as a tool included in the complex of image quality control tests. 3D printing on a photopolymer 

printer with parameters based on GOST ˉ 59092-2020 was chosen as the method of manufac-

turing the phantom. As a result, 5 series of images were obtained using a ready-made test object, 

on the basis of which the spatial resolution of the AMICO 300 MRI machine was calculated. An-

alyzing the results obtained, it was possible to identify the advantages and disadvantages of this 

method of manufacturing a test object. The advantages include the accessibility and accuracy of 

this method, the disadvantages include the restriction on reducing the cell of the test object in 

order to be able to apply this phantom to other MRI devices. To summarize, a different approach 

to the manufacture of the test object was proposed. As an alternative, a periodic structure of an 

abs plastic plate with empty cells filled with an mr-contrast liquid was proposed. This method 

will potentially significantly reduce the cell size without undesirable effects. related to their 

sticking together. 

Keywords: magnetic resonance imaging, phantom, spatial resolution, additive technology, 

quality control. 
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ɸʢʘʜʝʤʠʷ ʤʘʨʢʝʪʠʥʛʘ ʠ ʩʦʮʠʘʣʴʥʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ï ʀʄʉʀʊ 

(ʈʦʩʩʠʷ, ʛ. ʂʨʘʩʥʦʜʘʨ) 
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ɸʥʥʦʪʘʮʠʷ. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʩʦʩʪʘʚʣʝʥʠʷ ʨʘʩʧʠʩʘʥʠʷ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ 

ʫʯʨʝʞʜʝʥʠʷʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʫʶ ʟʘʜʘʯʫ, ʩʧʦʩʦʙʩʪʚʫʶʱʫʶ ʟʥʘʯʠ-

ʪʝʣʴʥʦʤʫ ʫʧʨʦʱʝʥʠʶ ʠ ʫʩʢʦʨʝʥʠʶ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ. ɼʣʷ ʩʠʩʪʝʤʳ ʥʝʦʙʭʦʜʠʤ ʙʦʣʴʰʦʡ ʥʘʙʦʨ ʬʫʥʢʮʠʡ ʪʘʢʠʭ 

ʢʘʢ: ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʥʷʪʠʡ, ʫʧʨʘʚʣʝʥʠʝ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʨʘʩʧʠʩʘʥʠʠ, ʫʯʝʪ 

ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʥʫʞʜ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʠ ʩʪʫʜʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʩʪʨʦʡʢʠ 

ʧʦʜ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʩʦʩʪʘʚʣʝʥʠʷ ʨʘʩʧʠʩʘʥʠʷ, ʞʘʜʥʳʝ ʘʣʛʦʨʠʪʤʳ, ʛʝ-

ʥʝʪʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ, ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ, ʦʧʪʠʤʠʟʘʮʠʷ. 

 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʩʦʩʪʘʚʣʝʥʠʷ 

ʨʘʩʧʠʩʘʥʠʷ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠ-

ʷʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʫʶ 

ʟʘʜʘʯʫ, ʩʧʦʩʦʙʩʪʚʫʶʱʫʶ ʟʥʘʯʠʪʝʣʴʥʦʤʫ 

ʫʧʨʦʱʝʥʠʶ ʠ ʫʩʢʦʨʝʥʠʶ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩ-

ʩʘ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʠ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʧʫ-

ʪʝʤ ʫʯʝʪʘ ʜʦʩʪʫʧʥʦʩʪʠ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ, 

ʘʫʜʠʪʦʨʠʡ, ʛʨʫʧʧ ʩʪʫʜʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʨʘʟ-

ʣʠʯʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʠ ʧʨʝʜʧʦʯʪʝʥʠʡ, ʯʪʦ 

ʚ ʨʫʯʥʦʤ ʨʝʞʠʤʝ ʯʘʩʪʦ ʦʢʘʟʳʚʘʝʪʩʷ ʪʨʫ-

ʜʦʝʤʢʠʤ ʠ ʧʨʠʚʦʜʠʪ ʢ ʢʦʥʬʣʠʢʪʘʤ ʠ ʥʝʩʦ-

ʦʪʚʝʪʩʪʚʠʷʤ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʡ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʧʨʝʠʤʫ-

ʱʝʩʪʚʘʤʠ, ʢʦʪʦʨʳʝ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩ-

ʩʘ ʩʦʩʪʘʚʣʝʥʠʷ ʨʘʩʧʠʩʘʥʠʷ ʧʨʠʥʦʩʠʪ ʦʙʨʘ-

ʟʦʚʘʪʝʣʴʥʳʤ ʫʯʨʝʞʜʝʥʠʷʤ. ʈʘʟʨʘʙʦʪʢʘ 

ʧʦʟʚʦʣʠʪ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʥʘ ʧʣʘʥʠʨʦʚʘ-

ʥʠʝ ʠ ʠʟʤʝʥʝʥʠʝ ʨʘʩʧʠʩʘʥʠʷ ʟʘʥʷʪʠʝ ʚ ʦʙ-

ʨʘʟʦʚʘʪʝʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ [1]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝ ʩʦʟʜʘʥʦ ʫʥʠʚʝʨ-

ʩʘʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʩʦʩʪʘʚʣʝʥʠʷ ʨʘʩʧʠʩʘ-

ʥʠʷ ʟʘʥʷʪʠʡ, ʢʦʪʦʨʳʡ ʙʳ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦ-

ʤʘʪʠʟʠʨʦʚʘʣ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʩ-

ʧʠʩʘʥʠʷ ʧʨʠ ʟʘʜʘʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʷʭ. ʉʦ-

ʟʜʘʥʠʝ ʨʘʩʧʠʩʘʥʠʷ ʩʣʦʞʥʳʡ ʤʥʦʛʦʬʘʢʪʦʨ-

ʥʳʡ ʧʨʦʮʝʩʩ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʦʛʨʘʥʠʯʝʥʠʡ: ʟʘʥʷʪʦʩʪʴ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ, 

ʘʫʜʠʪʦʨʠʡ, ʥʦʨʤʘʪʠʚʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ 

ʧʦʩʪʘʥʦʚʢʝ ʟʘʥʷʪʠʡ ʦʙʫʯʘʶʱʠʭʩʷ ʚ ʪʝʯʝ-

ʥʠʝ ʧʣʘʥʠʨʫʝʤʳʭ ʧʝʨʠʦʜʦʚ. ʕʪʠ ʪʨʝʙʦʚʘ-

ʥʠʷ ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʪʴʩʷ ʚ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʡ ʠ ʧʦ-

ʪʨʝʙʥʦʩʪʝʡ ʢʘʞʜʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ 

ʫʯʨʝʞʜʝʥʠʷ [2]. 

ʅʘ ʧʨʘʢʪʠʢʝ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʤ-

ʙʠʥʘʮʠʷ ʨʘʟʣʠʯʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʠ ʧʦʜʭʦ-

ʜʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ. ɼʣʷ ʨʝʰʝʥʠʷ 

ʥʝʢʦʪʦʨʳʭ ʪʨʫʜʥʦʩʪʝʡ, ʩ ʢʦʪʦʨʳʤʠ ʩʪʘʣ-

ʢʠʚʘʶʪʩʷ ʫʯʝʙʥʳʝ ʟʘʚʝʜʝʥʠʷ, ʩʫʱʝʩʪʚʫʶʪ 

ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʪʘʢʠʝ ʢʘʢ 

çɹʀʊ.ɺʋɿ.ʈʘʩʧʠʩʘʥʠʝè, çɻʘʣʘʢʪʠʢʠ ʈʘʩ-

ʧʠʩʘʥʠʝ ʫʯʝʙʥʳʭ ʟʘʥʷʪʠʡè, ç1ʉ: ɸʚʪʦʤʘ-

ʪʠʟʠʨʦʚʘʥʥʦʝ ʩʦʩʪʘʚʣʝʥʠʝ ʨʘʩʧʠʩʘʥʠʷ ʜʣʷ 

ʫʥʠʚʝʨʩʠʪʝʪʘè, ʠ çɸɺʊʆʈʘʩʧʠʩʘʥʠʷè. 

ʏʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢʘʷ ʠʟ ʩʠʩʪʝʤ 

ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʠʪ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ 

ʠʭ ʩʨʘʚʥʝʥʠʝ ʧʦ ʨʷʜʫ ʢʨʠʪʝʨʠʝʚ. ʉʨʘʚʥʝ-

ʥʠʝ ʙʫʜʝʪ ʧʨʦʚʦʜʠʪʴʩʷ ʧʦ ʩʣʝʜʫʶʱʠʤ 

ʢʨʠʪʝʨʠʷʤ: ʮʝʥʘ, ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ, ʫʜʦʙ-

ʩʪʚʦ ʠ ʧʨʦʩʪʦʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʧʦʜʜʝʨʞʢʘ 

ʠ ʦʙʥʦʚʣʝʥʠʷ. ʉʨʘʚʥʝʥʠʝ ʩʠʩʪʝʤ ʧʨʠʚʝʜʝ-

ʥʦ ʚ ʪʘʙʣʠʮʝ 1. 
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ʊʘʙʣʠʮʘ 1. ʉʨʘʚʥʝʥʠʝ ʩʠʩʪʝʤ 

ʅʘʟʚʘʥʠʝ ʩʠʩʪʝʤʳ 

ʂʨʠʪʝʨʠʠ  
çɹʀʊ.ɺʋɿ.ʈʘʩʧʠʩʘʥʠʝè 

çɻʘʣʘʢʪʠʢʘ 

ʈʘʩʧʠʩʘʥʠʝ 

ʫʯʝʙʥʳʭ 

ʟʘʥʷʪʠʡè 

ç1ʉ: 

ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ 

ʩʦʩʪʘʚʣʝʥʠʝ ʨʘʩʧʠʩʘʥʠʷ 

ʫʥʠʚʝʨʩʠʪʝʪè 

çɸɺʊʆ 

ʈʘʩʧʠʩʘʥʠʝè 

ʎʝʥʘ ʆʯʝʥʴ ʚʳʩʦʢʘʷ ɺʳʩʦʢʘʷ ʆʯʝʥʴ ʚʳʩʦʢʘʷ ʉʨʝʜʥʷʷ 

ʌʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ɺʳʩʦʢʘʷ ɺʳʩʦʢʘʷ ɺʳʩʦʢʘʷ ɺʳʩʦʢʘʷ 

ʋʜʦʙʩʪʚʦ ʠ ʧʨʦʩʪʦʪʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʊʨʝʙʫʝʪ ʩʧʝʮʠʘʣʴʥʳʭ 

ʥʘʚʳʢʦʚ ʠ ʦʧʳʪʘ 
ʉʨʝʜʥʷʷ 

ʊʨʝʙʫʝʪ ʩʧʝʮʠʘʣʴʥʳʭ 

ʥʘʚʳʢʦʚ ʠ ʦʧʳʪʘ 

ɼʦʚʦʣʴʥʦ 

ʧʨʦʩʪʘʷ 

ʀʥʪʝʛʨʘʮʠʷ ʩ ʜʨʫʛʠʤʠ 

ʩʠʩʪʝʤʘʤʠ 

ʉ ʜʨʫʛʠʤʠ ʩʠʩʪʝʤʘʤʠ 

1ʉ 
ʏʘʩʪʠʯʥʦ 

ʉ ʜʨʫʛʠʤʠ ʩʠʩʪʝʤʘʤʠ 

1ʉ 
ʏʘʩʪʠʯʥʦ 

ʇʦʜʜʝʨʞʢʘ ʠ ʦʙʥʦʚʣʝʥʠʷ ɽʩʪʴ ɽʩʪʴ ɽʩʪʴ ɽʩʪʴ 

 

ʀʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʥʠ ʦʜʥʘ ʠʟ ʩʠʩʪʝʤ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʩʧʠʩʘʥʠʷ, 

ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ, ʥʝ ʩʧʦʩʦʙʥʘ 

ʧʦʣʥʦʩʪʴʶ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʚʩʝ ʥʝʦʙʭʦʜʠ-

ʤʳʝ ʢʨʠʪʝʨʠʠ ʧʦ ʧʨʠʯʠʥʝ ʥʘʣʠʯʠʷ ʦʧʨʝʜʝ-

ʣʝʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʠ ʥʝʜʦʩʪʘʪʢʦʚ.  

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʧʦ-

ʪʨʝʙʥʦʩʪʴ ʚ ʩʦʩʪʘʚʣʝʥʠʠ ʝʜʠʥʦʛʦ ʨʘʩʧʠʩʘ-

ʥʠʷ ʜʣʷ ʚʳʩʰʝʛʦ ʠ ʩʨʝʜʥʝʛʦ ʧʨʦʬʝʩʩʠʦ-

ʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʥʝʚʦʟʤʦʞʥʦ. 

ɺʳʙʦʨ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʬʦʨʤʠ-

ʨʦʚʘʥʠʷ ʨʘʩʧʠʩʘʥʠʷ ʜʦʣʞʝʥ ʦʩʥʦʚʳʚʘʪʴʩʷ 

ʥʘ ʧʨʠʦʨʠʪʝʪʘʭ ʠ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʧʦʪʨʝʙ-

ʥʦʩʪʷʭ ʢʘʞʜʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʫʯʨʝ-

ʞʜʝʥʠʷ, ʪʘʢ ʢʘʢ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ, 

ʦʪʚʝʯʘʶʱʝʛʦ ʚʩʝʤ ʢʨʠʪʝʨʠʷʤ, ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʥʝ ʩʫʱʝʩʪʚʫʝʪ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʦʪʨʝʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʩʦʙʩʪʚʝʥʥʦʡ ʩʠʩʪʝ-

ʤʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʫʯʠʪʳ-

ʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʦʨʛʘʥʠ-

ʟʘʮʠʠ. ʉʦʙʩʪʚʝʥʥʘʷ ʩʠʩʪʝʤʘ ʧʦʩʣʫʞʠʪ ʜʣʷ 

ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʚʩʝʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʫʯʝʙ-

ʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ɼʣʷ ʩʠʩʪʝʤʳ ʥʝʦʙʭʦʜʠʤ ʙʦʣʴʰʦʡ ʥʘʙʦʨ 

ʬʫʥʢʮʠʡ ʪʘʢʠʭ ʢʘʢ: ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʝ ʟʘʥʷʪʠʡ, ʫʧʨʘʚʣʝʥʠʝ ʠʟʤʝʥʝ-

ʥʠʷʤʠ ʚ ʨʘʩʧʠʩʘʥʠʠ, ʫʯʝʪ ʩʧʝʮʠʬʠʯʝʩʢʠʭ 

ʥʫʞʜ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʠ ʩʪʫʜʝʥʪʦʚ, ʘ ʪʘʢʞʝ 

ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʩʪʨʦʡʢʠ ʧʦʜ ʠʥʜʠʚʠʜʫʘʣʴ-

ʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʦʨʛʘʥʠ-

ʟʘʮʠʠ. ɺʘʞʥʦʡ ʚʝʭʦʡ ʚ ʨʘʟʨʘʙʦʪʢʝ ʙʫʜʝʪ 

ʩʦʟʜʘʥʠʝ ʧʦʥʷʪʥʦʛʦ ʠ ʫʜʦʙʥʦʛʦ ʠʥʪʝʨʬʝʡ-

ʩʘ ʜʣʷ ʩʦʢʨʘʱʝʥʠʷ ʚʨʝʤʝʥʠ ʥʘ ʦʙʫʯʝʥʠʝ 

ʧʝʨʩʦʥʘʣʘ. ʊʘʢʞʝ ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʙʝʟʙʦ-

ʣʝʟʥʝʥʥʦ ʚʩʪʨʘʠʚʘʪʴʩʷ ʚ ʩʠʩʪʝʤʳ ʚʫʟʘ ʠʣʠ 

ʜʨʫʛʦʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʜʣʷ 

ʧʣʘʚʥʦʡ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʡ ʨʘʙʦʪʳ, ʘ 

ʪʘʢʞʝ ʘʢʪʫʘʣʴʥʦʩʪʠ ʜʘʥʥʳʭ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ 

ʬʦʨʤʠʨʦʚʘʥʠʷ. 

ʈʘʟʨʘʙʦʪʢʘ ʩʦʙʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʳ ʚʩʝʛʜʘ 

ʧʦʟʚʦʣʷʝʪ ʟʘʢʨʳʪʴ ʚʩʝ ʧʦʪʨʝʙʥʦʩʪʠ, ʪʘʢ 

ʢʘʢ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʧʦ-

ʪʨʝʙʥʦʩʪʠ ʟʘʚʝʜʝʥʠʡ. 

ʈʘʩʩʤʦʪʨʠʤ ʢʦʥʮʝʧʮʠʶ ʩʠʩʪʝʤʳ. ʂʦʥ-

ʮʝʧʮʠʷ ʩʠʩʪʝʤʳ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ 

ʙʳʩʪʨʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʨʘʩʧʠʩʘʥʠʝ ʠʩʭʦʜʷ 

ʠʟ ʙʘʟʦʚʳʭ (ʟʘʜʘʥʥʳʭ) ʧʘʨʘʤʝʪʨʦʚ ʠ ʝʩʪʝ-

ʩʪʚʝʥʥʦ ʧʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʙʨʘʪʴ ʚ ʫʯʸʪ ʚʩʝ 

ʦʛʨʘʥʠʯʝʥʠʷ. 

ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʦ-

ʣʫʯʝʥʥʦʝ ʨʘʩʧʠʩʘʥʠʝ, ʧʨʦʚʝʨʠʪʴ ʢʦʥʬʣʠʢ-

ʪʳ, ʚʦʟʤʦʞʥʦʩʪʴ ʘʜʘʧʪʠʨʦʚʘʪʴ ʨʘʩʧʠʩʘʥʠʝ 

ʧʦʜ ʚʥʝʩʸʥʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʘ ʪʘʢʞʝ ʫʩʪʨʘ-

ʥʷʪʴ ʥʝʜʦʩʪʘʪʢʠ.  

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦʧʝʨʘʪʠʚʥʦʛʦ ʩʦ-

ʟʜʘʥʠʷ ʥʘʯʘʣʴʥʦʛʦ ʨʘʩʧʠʩʘʥʠʷ ʮʝʣʝʩʦʦʙ-

ʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ çɾʘʜ-

ʥʳʡ ʘʣʛʦʨʠʪʤè. ʕʪʦʪ ʘʣʛʦʨʠʪʤ ʨʘʙʦʪʘʝʪ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʚʩʝ ʟʘʥʷʪʠʷ ʨʘʥʞʠ-

ʨʫʶʪʩʷ ʧʦ ʧʨʠʦʨʠʪʝʪʫ ʠʣʠ ʜʨʫʛʠʤ ʢʨʠʪʝ-

ʨʠʷʤ, ʥʘʧʨʠʤʝʨ, ʩʣʦʞʥʦʩʪʠ ʠʣʠ ʚʨʝʤʝʥʠ 

ʧʨʦʚʝʜʝʥʠʷ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʘʣʛʦʨʠʪʤ 

ʥʘʟʥʘʯʘʝʪ ʟʘʥʷʪʠʷ ʚ ʜʦʩʪʫʧʥʳʝ ʘʫʜʠʪʦʨʠʠ, 

ʧʨʦʚʝʨʷʷ ʧʨʠ ʵʪʦʤ ʥʘʣʠʯʠʝ ʩʚʦʙʦʜʥʦʛʦ 

ʚʨʝʤʝʥʠ ʫ ʘʫʜʠʪʦʨʠʠ, ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʠ 

ʛʨʫʧʧʳ ʩʪʫʜʝʥʪʦʚ. ʇʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʢʦʥ-

ʬʣʠʢʪʘ, ʘʣʛʦʨʠʪʤ ʧʦʜʙʠʨʘʝʪ ʜʨʫʛʦʝ ʜʦ-

ʩʪʫʧʥʦʝ ʚʨʝʤʷ ʠʣʠ ʘʫʜʠʪʦʨʠʶ ʜʣʷ ʟʘʥʷʪʠʷ. 

ʇʦʩʣʝ ʩʦʟʜʘʥʠʷ ʥʘʯʘʣʴʥʦʛʦ ʨʘʩʧʠʩʘʥʠʷ 

ʪʨʝʙʫʝʪʩʷ ʝʛʦ ʦʧʪʠʤʠʟʘʮʠʷ. ɼʣʷ ʵʪʦʡ ʮʝʣʠ 

ʵʬʬʝʢʪʠʚʝʥ çɻʝʥʝʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤè. ɻʝ-

ʥʝʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ ʦʩʥʦʚʘʥ ʥʘ ʧʨʠʥʮʠ-

ʧʘʭ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʪʙʦʨʘ ʠ ʵʚʦʣʶʮʠʠ. ʆʥ 

ʩʦʟʜʘʝʪ ʤʥʦʞʝʩʪʚʦ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʨʝʰʝ-

ʥʠʡ (ʚʘʨʠʘʥʪʦʚ ʨʘʩʧʠʩʘʥʠʡ), ʢʦʪʦʨʳʝ ʟʘ-

ʪʝʤ ʦʮʝʥʠʚʘʶʪʩʷ ʧʦ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʢʨʠ-

ʪʝʨʠʷʤ ʢʘʯʝʩʪʚʘ. ʅʘʠʙʦʣʝʝ ʫʜʘʯʥʳʝ ʨʝʰʝ-
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ʥʠʷ ʢʦʤʙʠʥʠʨʫʶʪʩʷ ʠ ʚʠʜʦʠʟʤʝʥʷʶʪʩʷ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʨʘʩʧʠʩʘ-

ʥʠʡ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ʕʪʦʪ ʧʨʦʮʝʩʩ ʧʨʦʜʦʣʞʘʝʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, 

ʧʦʢʘ ʥʝ ʙʫʜʝʪ ʜʦʩʪʠʛʥʫʪʘ ʦʧʪʠʤʠʟʘʮʠʷ 

ʨʘʩʧʠʩʘʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʟʘʜʘʥʥʳʤ 

ʪʨʝʙʦʚʘʥʠʷʤ ʠ ʦʛʨʘʥʠʯʝʥʠʷʤ. 

ɺʩʸ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ ʦʛʨʘʥʠʯʝ-

ʥʠʷ ʠ ʧʘʨʘʤʝʪʨʳ ʧʨʠ ʩʦʟʜʘʥʠʠ ʨʘʩʧʠʩʘʥʠʷ, 

ʘ ʟʘʪʝʤ ʛʨʘʤʦʪʥʦ ʝʛʦ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ, ʯʪʦ-

ʙʳ ʧʦʚʳʩʠʪʴ ʝʛʦ ʦʙʱʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. 

ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ, ʚʢʣʶʯʘʶʱʠʡ 

çʞʘʜʥʳʡè ʠ çʛʝʥʝʪʠʯʝʩʢʠʡè ʘʣʛʦʨʠʪʤʳ, ʘ 

ʪʘʢʞʝ ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʤʝʪʦʜʳ. ɹʣʦʢ-ʩʭʝʤʘ 

ʨʘʙʦʪʳ ʵʪʦʛʦ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʘʣʛʦʨʠʪ-

ʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
ʈʠʩ. 1. ɹʣʦʢ ʩʭʝʤʘ ʦʧʠʩʘʥʠʷ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ 
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ɼʣʷ ʘʥʘʣʠʟʘ ʢʦʥʮʝʧʮʠʠ ʙʳʣʠ ʨʘʟʨʘʙʦ-

ʪʘʥʳ UML ʤʦʜʝʣʠ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʳʚʘʶʪ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʠʩʪʝʤʳ ʚ 

ʮʝʣʦʤ [3]. 

ʉʦʟʜʘʥʳ ʜʠʘʛʨʘʤʤʳ ʧʨʝʮʝʜʝʥʪʦʚ, ʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʢʣʘʩ-

ʩʦʚ. ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʠʘʛʨʘʤʤʘ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʜʣʷ ʧʨʝʮʝʜʝʥʪʘ çʬʦʨʤʠʨʦʚʘ-

ʥʠʝ ʨʘʩʧʠʩʘʥʠʷè, ʦʪʨʘʞʘʶʱʘʷ ʟʘʧʨʦʩ ʢ 

ʩʠʩʪʝʤʝ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʘʩʧʠʩʘʥʠʷ. ʅʘ 

ʦʩʥʦʚʝ ʵʪʠʭ UML ʤʦʜʝʣʝʡ ʧʨʦʚʦʜʠʪʩʷ 

ʧʨʦʚʝʨʢʘ ʢʦʥʮʝʧʮʠʠ. 

 

 
ʈʠʩ. 2. ɼʠʘʛʨʘʤʤʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʣʷ ʚʘʨʠʘʥʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ çʬʦʨʤʠʨʦʚʘʥʠʝ ʨʘʩ-

ʧʠʩʘʥʠʷè 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʜʠʘʛʨʘʤ-

ʤʳ ʜʝʷʪʝʣʴʥʦʩʪʠ (ʨʠʩ. 3) ʙʳʣʘ ʩʧʨʦʝʢʪʠ-

ʨʦʚʘʥʘ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩʦʩʪʘʚʣʝ-

ʥʠʷ ʨʘʩʧʠʩʘʥʠʷ. ɺʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʵʪʦʡ 

ʩʠʩʪʝʤʳ ʩʦʩʪʦʷʪ ʠʟ ʢʫʨʩʦʚ, ʢʦʣʠʯʝʩʪʚʘ 

ʩʪʫʜʝʥʪʦʚ, ʜʦʩʪʫʧʥʦʩʪʠ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʠ 

ʘʫʜʠʪʦʨʠʠ.  

ʉʦʩʪʘʚʣʝʥʠʝ ʥʘʯʘʣʴʥʦʛʦ ʨʘʩʧʠʩʘʥʠʷ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʞʘʜʥʦʛʦ ʘʣʛʦ-

ʨʠʪʤʘ. ɼʘʣʝʝ ʧʨʦʚʦʜʠʪʩʷ ʧʨʦʚʝʨʢʘ ʧʦʣʫ-

ʯʝʥʥʦʛʦ ʥʘʯʘʣʴʥʦʛʦ ʨʘʩʧʠʩʘʥʠʷ ʥʘ ʥʘʣʠ-

ʯʠʝ ʢʦʥʬʣʠʢʪʦʚ. ɺ ʩʣʫʯʘʝ ʝʩʣʠ ʢʦʥʬʣʠʢʪʳ 

ʥʘʭʦʜʷʪʩʷ, ʪʦ ʦʥʠ ʫʩʪʨʘʥʷʶʪʩʷ ʜʦ ʧʝʨʝʭʦ-

ʜʘ ʢ ʩʣʝʜʫʶʱʝʤʫ ʵʪʘʧʫ. 

ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʨʘʩʧʠʩʘʥʠʷ ʠ 

ʫʤʝʥʴʰʝʥʠʷ ʯʠʩʣʘ ʢʦʥʬʣʠʢʪʦʚ ʧʨʠʤʝʥʷ-

ʝʪʩʷ ʛʝʥʝʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ. ʇʦʩʣʝ ʦʧʪʠ-

ʤʠʟʘʮʠʠ ʧʨʦʚʦʜʠʪʩʷ ʧʦʚʪʦʨʥʘʷ ʧʨʦʚʝʨʢʘ 

ʥʘ ʥʘʣʠʯʠʝ ʢʦʥʬʣʠʢʪʦʚ, ʢʦʪʦʨʳʝ ʫʩʪʨʘʥʷ-

ʶʪʩʷ ʧʨʠ ʠʭ ʦʙʥʘʨʫʞʝʥʠʠ. ʌʠʥʘʣʴʥʦʝ 

ʨʘʩʧʠʩʘʥʠʝ ʤʦʞʥʦ ʧʨʦʩʤʦʪʨʝʪʴ ʠ ʤʦʜʠʬʠ-

ʮʠʨʦʚʘʪʴ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʯʪʦ ʧʦʟʚʦʣʷ-

ʝʪ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʧʦʜ ʪʨʝʙʦʚʘʥʠʷ ʥʝʦʙʭʦ-

ʜʠʤʳʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤʫ ʫʯʨʝʞʜʝʥʠʶ. 
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ʈʠʩ. 3. ɼʠʘʛʨʘʤʤʘ ʜʝʷʪʝʣʴʥʦʩʪʠ 

 

ɺʝʩʴ ʧʨʦʮʝʩʩ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʛʝʥʝʨʘ-

ʮʠʶ ʥʘʯʘʣʴʥʦʛʦ ʨʘʩʧʠʩʘʥʠʷ, ʧʨʦʚʝʨʢʫ ʵʪʦ-

ʛʦ ʨʘʩʧʠʩʘʥʠʷ, ʦʧʪʠʤʠʟʘʮʠʶ ʠ ʦʢʦʥʯʘ-

ʪʝʣʴʥʫʶ ʢʦʨʨʝʢʪʠʨʦʚʢʫ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʠ ʛʠʙʢʦʩʪʴ 

ʨʘʩʧʠʩʘʥʠʷ. 

ɹʣʘʛʦʜʘʨʷ ʘʥʘʣʠʟʫ ʤʦʜʝʣʠ ʥʘ ʦʩʥʦʚʝ 

ʜʠʘʛʨʘʤʤʳ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚʳʷʚʣʝʥʳ ʢʣʶ-

ʯʝʚʳʝ ʨʝʟʫʣʴʪʘʪʳ. ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ 

ʚʚʦʜʷʪʩʷ ʜʘʥʥʳʝ. ʂʘʯʝʩʪʚʦ ʚʚʝʜʝʥʥʳʭ 

ʜʘʥʥʳʭ ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʬʦʨʤʠʨʦ-

ʚʘʥʠʝ ʨʘʩʧʠʩʘʥʠʷ. ʉʦʟʜʘʥʠʝ ʥʘʯʘʣʴʥʦʛʦ 

ʨʘʩʧʠʩʘʥʠʷ ʧʨʦʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʞʘʜʥʦ-

ʛʦ ʘʣʛʦʨʠʪʤʘ, ʢʦʪʦʨʳʡ ʨʘʩʧʨʝʜʝʣʷʝʪ ʟʘʥʷ-

ʪʠʷ ʧʦ ʜʦʩʪʫʧʥʳʤ ʚʨʝʤʝʥʥʳʤ ʩʣʦʪʘʤ ʠ 

ʘʫʜʠʪʦʨʠʷʤ. 

ʇʦʩʣʝ ʩʦʟʜʘʥʠʷ ʥʘʯʘʣʴʥʦʛʦ ʨʘʩʧʠʩʘʥʠʷ 

ʧʨʦʚʦʜʠʪʩʷ ʧʨʦʚʝʨʢʘ ʥʘ ʥʘʣʠʯʠʝ ʢʦʥʬʣʠʢ-

ʪʦʚ, ʧʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʢʦʪʦʨʳʭ ʧʦʷʚʣʷʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʩʪʨʘʥʠʪʴ ʠʭ ʜʦ ʧʝʨʝʭʦʜʘ ʢ 

ʩʣʝʜʫʶʱʝʤʫ ʵʪʘʧʫ. ɿʘʪʝʤ ʧʨʦʚʦʜʠʪʩʷ ʦʧ-

ʪʠʤʠʟʘʮʠʷ ʨʘʩʧʠʩʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʛʝʥʝʪʠ-

ʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʣʫʯ-

ʰʠʪʴ ʩʪʨʫʢʪʫʨʳ ʨʘʩʧʠʩʘʥʠʷ ʠ ʤʠʥʠʤʠʟʠ-

ʨʦʚʘʪʴ ʢʦʥʬʣʠʢʪʳ. ʇʦʩʣʝ ʦʧʪʠʤʠʟʘʮʠʠ 

ʧʨʦʚʦʜʠʪʩʷ ʧʦʚʪʦʨʥʘʷ ʧʨʦʚʝʨʢʘ ʥʘ ʥʘʣʠ-

ʯʠʝ ʢʦʥʬʣʠʢʪʦʚ. 

ʌʠʥʘʣʴʥʦʝ ʨʘʩʧʠʩʘʥʠʝ ʤʦʞʥʦ ʧʨʦʩʤʦʪ-

ʨʝʪʴ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦ-

ʩʪʠ, ʫʯʠʪʳʚʘʷ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ. ɸʥʘʣʠʟ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʦʚ. ʂʦʤʙʠʥʘʮʠʷ 

ʞʘʜʥʦʛʦ ʠ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʦʚ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʭʦʨʦʰʠʡ ʙʘʣʘʥʩ ʤʝʞʜʫ ʩʢʦ-

ʨʦʩʪʴʶ ʠ ʢʘʯʝʩʪʚʦʤ ʨʘʩʧʠʩʘʥʠʷ. ʇʨʦʚʝʨʢʘ 

ʧʦʩʣʝ ʢʘʞʜʦʛʦ ʵʪʘʧʘ ʥʘ ʥʘʣʠʯʠʝ ʢʦʥʬʣʠʢ-

ʪʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʠʪʦʛʦ-

ʚʦʛʦ ʨʘʩʧʠʩʘʥʠʷ, ʘ ʛʠʙʢʦʩʪʴ ʩʠʩʪʝʤʳ ʘʜʘʧ-

ʪʠʨʦʚʘʪʴ ʝʛʦ ʢ ʠʟʤʝʥʝʥʠʷʤ. 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʚʝʨʢʠ ʜʘʥʥʳʭ ʩʥʠʟʠʪ 

ʚʣʠʷʥʠʝ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ. ʀʥʩʪʨʫ-

ʤʝʥʪʳ ʜʣʷ ʨʫʯʥʦʡ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʫʧʨʦʩʪʷʪ 

ʚʥʝʩʝʥʠʝ ʠʟʤʝʥʝʥʠʡ ʠ ʠʭ ʦʪʩʣʝʞʠʚʘʥʠʝ. 

ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʠʩʪʝʤʘ ʵʬʬʝʢʪʠʚʥʘ ʠ 

ʛʠʙʢʘ, ʧʦʟʚʦʣʷʷ ʤʘʢʩʠʤʘʣʴʥʦ ʘʚʪʦʤʘʪʠʟʠ-

ʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʩʧʠʩʘʥʠʷ 

ʧʨʠ ʜʦʩʪʘʪʦʯʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨ-

ʩʘʭ. 
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Abstract. Automation of the scheduling process in educational institutions is a serious task, 

contributing to a significant simplification and acceleration of this process, as well as improving 

quality and efficiency. The system requires a wide range of functions, such as: large-scale clas-

ses, managing changes in the schedule, taking into account the special needs of teachers and 

students, as well as the ability to customize according to the requirements of the educational in-

stitution. 
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ɸ.ɼ. ʇʨʦʭʦʨʦʚ, ʩʪʫʜʝʥʪ 

ɸ.ɺ. ɸʱʝʫʣʦʚʘ, ʘʩʧʠʨʘʥʪ, ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʜʚʘʞʜʳ ɻʝʨʦʷ ʉʦʚʝʪʩʢʦʛʦ ʉʦʶʟʘ, ʣʝʪʯʠʢʘ-

ʢʦʩʤʦʥʘʚʪʘ ɸ.ɸ. ʃʝʦʥʦʚʘ 

(ʈʦʩʩʠʷ, ʛ. ʂʦʨʦʣʝʚ) 

 

DOI:10.24412/2500-1000-2024-5-4-49-52 

 

ɸʥʥʦʪʘʮʠʷ. ʄʠʨʦʚʦʡ ʨʳʥʦʢ ʧʦʜʚʦʜʥʦʡ ʨʦʙʦʪʦʪʝʭʥʠʢʠ ʚʳʨʘʩʪʝʪ ʜʦ $11,1 ʤʣʨʜ. ʚ 

2032 ʛʦʜʫ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʨʘʩʪʫʱʠʤ ʩʧʨʦʩʦʤ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʦʩʚʦʝʥʠʝ ʚʦʜʥʳʭ ʨʝʩʫʨ-

ʩʦʚ ɿʝʤʣʠ. ɺ ʩʪʘʪʴʝ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʤʘʣʦʛʘʙʘʨʠʪʥʳʝ ʧʦʜʚʦʜʥʳʝ ʨʦʙʦʪʦʚ ʢʣʘʩʩʘ ʊʅʇɸ, 

ʨʘʩʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʥʝʜʦʨʦʛʦ ʤʘʣʦʛʘʙʘʨʠʪʥʦʛʦ ʧʦʜʚʦʜʥʦʛʦ ʨʦʙʦʪʘ. ʈʝ-

ʟʫʣʴʪʘʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ: ʨʘʟʨʘʙʦʪʢʘ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʛʦ ʨʝʰʝʥʠʷ, ʨʘʩʯʸʪ ʝʛʦ 

ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʤʘʣʦʛʘʙʘʨʠʪʥʦʛʦ ʧʦʜʚʦʜʥʦʛʦ ʨʦʙʦʪʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʦʙʦʪʦʪʝʭʥʠʢʘ, ʧʦʜʚʦʜʥʘʷ ʨʦʙʦʪʦʪʝʭʥʠʢʘ, ʵʢʦʣʦʛʠʷ. 

 

ɿʘ ʧʦʩʣʝʜʥʠʝ 10 ʣʝʪ ʠʥʪʝʨʝʩ ʢ ʧʦʜʚʦʜ-

ʥʦʡ ʨʦʙʦʪʦʪʝʭʥʠʢʝ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʟʥʘʯʠ-

ʪʝʣʴʥʦ ʚʳʨʦʩ. ʕʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʙʱʝʤʠ-

ʨʦʚʳʤ ʪʝʥʜʝʥʮʠʷʤ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ. ʀ 

ʦʙʫʩʣʦʚʣʝʥʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʠʥʪʝʨʝʩʦʤ 

ʟʘʢʘʟʯʠʢʘ ʢ ʜʘʥʥʳʤ ʨʝʰʝʥʠʷʤ, ʧʦʩʢʦʣʴʢʫ 

ʦʥʠ ʧʦʟʚʦʣʷʶʪ ʩʦʢʨʘʪʠʪʴ ʠʟʜʝʨʞʢʠ, ʩʚʷ-

ʟʘʥʥʳʝ ʩ ʫʯʘʩʪʠʝʤ ʯʝʣʦʚʝʢʘ ʚ ʩʣʦʞʥʳʭ ʠ 

ʦʧʘʩʥʳʭ ʦʧʝʨʘʮʠʷʭ. ʇʨʠʤʝʥʝʥʠʝ ʤʘʣʦʛʘ-

ʙʘʨʠʪʥʳʭ ʧʦʜʚʦʜʥʳʭ ʨʦʙʦʪʦʚ ʧʦʟʚʦʣʠʪ 

ʵʬʬʝʢʪʠʚʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʠ ʤʦʥʠʪʦʨʠʪʴ 

ʚʦʜʥʳʝ ʨʝʩʫʨʩʳ çʜʣʷ ʧʨʦʚʝʨʢʠ ʚʩʝʭ ʠʩ-

ʪʦʯʥʠʢʦʚ ʟʘʛʨʷʟʥʝʥʠʡ ʚʦʜʥʦʛʦ ʦʙʲʝʢ-

ʪʘè [2]. ʈʘʟʨʘʙʦʪʢʘ ʤʘʣʦʛʘʙʘʨʠʪʥʦʛʦ, ʥʝ-

ʜʦʨʦʛʦʛʦ ʧʦʜʚʦʜʥʦʛʦ ʨʦʙʦʪʘ ʜʣʷ ʠʩʩʣʝʜʦ-

ʚʘʥʠʡ ʧʨʝʩʥʳʭ ʚʦʜ ï ʮʝʣʴ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʦʠʩʢʦʚʳʭ, ʠʥʩʧʝʢ-

ʮʠʦʥʥʳʭ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʨʘʙʦʪ ʚ 

çʩʣʦʞʥʳʝ ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠè [5]. 

ɺʥʝʜʨʝʥʠʝ ʚʘʞʥʦ ʜʣʷ ʨʝʰʝʥʠʷ ʥʘʫʯʥʳʭ ʠ 

ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ, ʪ. ʢ. ʥʝ ʪʨʝʙʫʶʪ çʩʧʝ-

ʮʠʘʣʴʥʳʭ ʨʘʟʨʝʰʝʥʠʡè [1]. ʅʘʤʠ ʚʳʜʝʣʝ-

ʥʳ ʢʣʶʯʝʚʳʝ ʜʦʩʪʦʠʥʩʪʚʘ ʧʦʜʚʦʜʥʳʭ ʤʘ-

ʣʦʛʘʙʘʨʠʪʥʳʭ ʨʦʙʦʪʦʚ (ʨʠʩ. 1). 

 

 
ʈʠʩ. 1. ʂʣʶʯʝʚʳʝ ʜʦʩʪʦʠʥʩʪʚʘ ʧʦʜʚʦʜʥʳʭ ʨʦʙʦʪʦʚ 

 

ʂʣʶʯʝʚʳʝ ʜʦʩʪʦʠʥʩʪʚʘ ʦʧʨʝʜʝʣʠʣʠ 

ʢʣʘʩʩ ʊʅʇɸ ʨʦʙʦʪʦʚ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ï ʘʧʧʘʨʘʪʳ, ʦʩʥʘʱʝʥʥʳʝ ʩʧʝ-

ʮʠʘʣʴʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʧʦʛʨʫʞʘʝʤʳʤ ʚ 

ʚʦʜʫ ʠ ʫʧʨʘʚʣʷʝʤʳʝ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʧʠʣʦ-

ʪʦʤ ʠʣʠ ʛʨʫʧʧʦʡ ʦʧʝʨʘʪʦʨʦʚ. ɺ ʭʦʜʝ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʧʦʜʚʦʜʥʳʝ 

ʨʦʙʦʪʳ ʢʣʘʩʩʘ ʊʅʇɸ, ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝ-

ʥʳ ʚ ʪʘʙʣʠʮʝ1. ʀʟʫʯʠʚ ʦʧʳʪ ʫʯʸʥʳʭ ʠ ʢʦʥ-

ʩʪʨʫʢʪʦʨʦʚ, ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʫʜʝ-

ʣʠʪʴ ʚʥʠʤʘʥʠʝ ʩʥʠʞʝʥʠʶ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʚ 

ʭʦʜʝ ʨʘʟʨʘʙʦʪʢʠ ʤʘʣʦʛʘʙʘʨʠʪʥʦʛʦ ʧʦʜʚʦʜ-

ʥʦʛʦ ʨʦʙʦʪʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʩʥʳʭ 

ʚʦʜ. 
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ʊʘʙʣʠʮʘ 1. ʉʦʚʨʝʤʝʥʥʳʝ ʊʅʇɸ (ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ) [3] 
ʊʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ ʧʨʦʜʫʢʪʘ 
TurtleROV2 ʄʘʨʣʠʥ-350 Seaeye Falcon 

Seabotix 

vLBV300 

ROV-

Builder 600 

ɻʅʆʄ 

 

ʎʝʥʘ, ʤʣʥ. ʨʫʙ. 5,0 7,5 5,8 4,0 2,1 2,5 

ʉʦʙʩʪʚʝʥʥʘʷ ʤʘʩʩʘ, ʢʛ. 35 60 60 18 20 25 

ɻʘʙʘʨʠʪʳ, ʩʤ. 65 ʭ 60 ʭ 35 98 ʭ 59 ʭ 40 100 ʭ 60 ʭ 50 63 ʭ 39 ʭ 39 65 ʭ 35 ʭ 35 52 ʭ 44 ʭ 35 

ɼʣʠʥʘ ʢʘʙʝʣʷ, ʤ. ʜʦ 600 ʜʦ 450 ʜʦ 450 ʜʦ 250 ʜʦ 300 ʜʦ 400 

ʉʢʦʨʦʩʪʴ ʭʦʜʘ, ʫʟʣʦʚ 4, ʣʘʛʦʤ   - 2 2, ʣʘʛʦʤ - 1 3, ʣʘʛʦʤ - 1 3, ʣʘʛʦʤ - 1,5 2 
3, ʣʘʛʦʤ 

-0,5 

ʂʦʣʠʯʝʩʪʚʦ ʚʠʜʝʦʢʘʤʝʨ, 

ʧʝʨʝʜʥʷʷ / ʟʘʜʥʷʷ 
1/1 1/2 1 

1 

 
1/1 1 

ʂʦʣʠʯʝʩʪʚʦ ʜʚʠʞʠʪʝʣʝʡ, 

ʛʦʨʠʟʦʥʪ / ʚʝʨʪʠʢʘʣʴ/ ʙʦʢ 
4 /2 4/2 4/2 4/2 4/2/1 2/2/2 

ɺʩʪʨʦʝʥʥʳʝ ʜʘʪʯʠʢʠ ʠ 

ʥʘʚʠʛʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ 

9 DOF ʀʅʉ 

+ 

ʜʘʪʯʠʢ 

ʛʣʫʙʠʥʳ 

ʢʨʝʥ, 

ʜʠʬʬʝʨʝʥʪ, 

ʢʫʨʩ, ʛʣʫʙʠʥʘ 

ʢʦʤʧʘʩ + 

ʜʘʪʯʠʢ 

ʛʣʫʙʠʥʳ + 

ɼʋʉ 

ʢʨʝʥ, 

ʜʠʬʬʝʨʝʥʪ, 

ʢʫʨʩ, ʛʣʫʙʠʥʘ 

ʜʘʪʯʠʢ 

ʛʣʫʙʠʥʳ 

ʢʦʤʧʘʩ + 

ʜʘʪʯʠʢ ʛʣʫʙʠ 

ʥ  r

 

ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʦʛʦ ʘʥʘʣʠʟʘ ʚʳʜʝʣʝʥʳ ʘʩʧʝʢʪʳ ʜʣʷ ʧʦʩʪʘʥʦʚʢʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʘʜʘʥʠʷ ʥʘ 

ʨʘʟʨʘʙʦʪʢʫ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʨʦʙʦʪʘ ʇʈʀɺ-ʄ (ʪʘʙʣ. 2). 

 

ʊʘʙʣʠʮʘ 2. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʤʘʣʦʛʘʙʘʨʠʪʥʦʛʦ ʧʦʜʚʦʜʥʦʛʦ ʨʦʙʦʪʘ 
ʊʝʭʥʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʇʈʀɺ-ʄ 

ʉʦʙʩʪʚʝʥʥʘʷ ʤʘʩʩʘ, ʢʛ. 16 

ɻʘʙʘʨʠʪʳ, ʩʤ. 50Ĭ36Ĭ27 

ɼʣʠʥʘ ʢʘʙʝʣʷ, ʤ. 250 

ʉʢʦʨʦʩʪʴ ʭʦʜʘ, ʫʟʣʦʚ 2 

ʂʦʣʠʯʝʩʪʚʦ ʚʠʜʝʦʢʘʤʝʨ 

ʇʝʨʝʜʥʷʷ/ʟʘʜʥʷʷ 
1/1 

ʂʦʣʠʯʝʩʪʚʦ ʜʚʠʞʠʪʝʣʝʡ ʛʦʨʠʟʦʥʪ/ʚʝʨʪʠʢʘʣʴ/ʙʦʢ 4/2 

ɺʩʪʨʦʝʥʥʳʝ ʜʘʪʯʠʢʠ ʠ ʥʘʚʠʛʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ 
ɼʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʳ, ʙʘʨʦʤʝʪʨ, ʜʘʪʯʠʢ ʩʦʣʝʥʦʩʪʠ. 

ʂʦʤʧʘʩ, ʩʦʥʘʨ, GPS 

 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʨʦʙʦʪʘ ʜʦʣʞʥʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ 

ʨʝʰʝʥʠʶ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʤʫ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

 
ʈʠʩ. 2. ʉʭʝʤʘ ʨʦʙʦʪʘ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ 

 

ʇʦʣʠʧʨʦʧʠʣʝʥ ï ʤʘʪʝʨʠʘʣ ʜʣʷ ʢʦʨʧʫʩʘ 

ʨʦʙʦʪʘ, ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʴʶ, 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʭʠʤʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠ-

ʷʤ ʠ ʚʳʩʦʢʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤ. ʕʪʦʪ ʤʘʪʝʨʠ-

ʘʣ ʪʘʢʞʝ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʝʥ ʠ ʤʦʞʝʪ 

ʙʳʪʴ ʧʦʜʚʝʨʛʥʫʪ ʧʝʨʝʨʘʙʦʪʢʝ ʜʣʷ ʧʦʚʪʦʨ-
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ʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʈʘʟʣʠʯʥʳʝ ʜʘʪʯʠʢʠ 

ʧʦʟʚʦʣʷʶʪ ʩʦʙʠʨʘʪʴ ʜʘʥʥʳʝ ʦ ʪʝʤʧʝʨʘʪʫʨʝ 

ʚʦʜʳ, ʧʨʠʤʝʩʷʭ, ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ ʠ ʜʨʫ-

ʛʠʭ ʧʘʨʘʤʝʪʨʘʭ [4]. ʕʩʢʠʟ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ 

ʨʦʙʦʪʘ ʧʨʝʜʩʪʘʚʣʝʥ ʨʠʩʫʥʢʝ 3. 

 

 
ʈʠʩ. 3. ʈʠʩʫʥʦʢ ʨʦʙʦʪʘ (ʚʠʜ ʩʧʝʨʝʜʠ) 

 

ʂʦʥʩʪʨʫʢʮʠʷ ʩʧʨʦʝʢʪʠʨʦʚʘʥʘ ʩ ʫʯʸʪʦʤ 

ʮʝʥʪʨʘ ʤʘʩʩ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʨʦʙʦʪʘ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ, ʜʦʙʘʚʣʝʥʳ ʧʦ-

ʧʣʘʚʢʦʚʳʝ ʵʣʝʤʝʥʪʳ, ʜʦʧʦʣʥʝʥ ʥʘʧʦʨʠ-

ʩʪʳʤ ʧʝʥʦʧʣʘʩʪʦʤ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, 

ʜʣʷ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʧʣʘʚʫʯʝʩʪʠ ʨʦʙʦʪʘ 

ʚʦʟʤʦʞʥʦ ʜʦʙʘʚʣʝʥʠʝ ʙʘʣʣʘʩʪʘ. 

ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ï 

ʧʦʜʙʦʨ ʢʦʤʧʦʥʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʩʦʟʜʘʥʠʠ ʨʦʙʦʪʘ, ʩʦʛʣʘʩʥʦ 

ʫʪʚʝʨʞʜʝʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. ʇʝʨʝʯʝʥʴ 

ʢʦʤʧʣʝʢʪʫʶʱʠʭ ʠ ʩʚʝʜʝʥʠʷ ʟʘʪʨʘʪ ʥʘ ʠʟ-

ʛʦʪʦʚʣʝʥʠʝ ʤʘʣʦʛʘʙʘʨʠʪʥʦʛʦ ʨʦʙʦʪʘ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3. 

 

ʊʘʙʣʠʮʘ 3. ʇʝʨʝʯʝʥʴ ʢʦʤʧʣʝʢʪʫʶʱʠʭ ʠ ʩʚʝʜʝʥʠʷ ʦ ʟʘʪʨʘʪʘʭ ʥʘ ʠʟʛʦʪʦʚʣʝʥʠʝ 
ʅʘʠʤʝʥʦʚʘʥʠʝ ʐʪ./ʤ ʈʫʙʣʝʡ 

ʄʦʪʦʨ F2838 350KV 6 15000 

ʈʘʩʧʨʝʜʝʣʠʪʝʣʴ ʚʠʜʝʦʩʠʛʥʘʣʘ SC&T VD102 (VE02) 1 11000 

Raspberry Pi 5 4gb 1 12600 

ɿʘʜʥʷʷ ʚʠʜʝʦʢʘʤʝʨʘ RPi Camera (B) 1 1930 

ʇʝʨʝʜʥʷʷ ʚʠʜʝʦʢʘʤʝʨʘ Raspberry Pi Camera Module 1 3000 

ɸʢʢʫʤʫʣʷʪʦʨʥʘʷ ʙʘʪʘʨʝʷ 18650 1 840 

B30 ʜʘʪʯʠʢ ʛʣʫʙʠʥʳ MS5837 1 4000 

ɺʦʜʦʥʝʧʨʦʥʠʮʘʝʤʳʡ ʜʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʳ DS1820 1 230 

ʉʦʥʘʨ HC-SR04 1 220 

ɻʠʨʦʩʢʦʧ MPU6050 1 240 

ʂʘʙʝʣʴ ʫʧʨʘʚʣʝʥʠʷ, ʤ 250 84117 

ʇʦʣʠʧʨʦʧʠʣʝʥ, ʣʠʩʪ 4 4800 

ʆʮʝʥʦʯʥʘʷ ʩʪʦʠʤʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ  150 000 

ʀʊʆɻʆ  287977 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘ-

ʥʠʡ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʤʘʣʦʛʘʙʘʨʠʪʥʳʡ ʧʦʜ-

ʚʦʜʥʳʡ ʨʦʙʦʪ ʤʘʣʦʡ ʩʝʙʝʩʪʦʠʤʦʩʪʠ. ʇʨʦ-

ʙʣʝʤʘ, ʢʦʪʦʨʫʶ ʨʝʰʘʝʪ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʟʘ-

ʢʣʶʯʘʝʪʩʷ ʚ ʦʪʩʫʪʩʪʚʠʠ ʵʬʬʝʢʪʠʚʥʳʭ 

ʩʨʝʜʩʪʚ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʩʥʳʭ ʚʦʜ, 

ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʧʨʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʵʢʦʣʦʛʦʚ, ʛʝʦʣʦʛʦʚ ʠ ʙʠʦʣʦʛʦʚ. ʈʝʟʫʣʴʪʘʪʳ 

ʨʘʟʨʘʙʦʪʢʠ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʫʯʘʩʪʠʝ ʯʝ-

ʣʦʚʝʢʘ ʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ 

ʤʝʩʪʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦʜ ʚʦʜʦʡ. 
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ʀ.ɺ. ʈʦʜʠʦʥʦʚ, ʤʘʛʠʩʪʨʘʥʪ 

ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

(ʈʦʩʩʠʷ, ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ) 
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ɸʥʥʦʪʘʮʠʷ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʟʨʘʙʦʪʢʠ ʠ ʚʥʝʜʨʝʥʠʷ ʩʠ-

ʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʝʪʠ. ʆʪʜʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʚ ʧʨʦʮʝʩ-

ʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʜʝʣʝʥʦ ʩʣʦʞʥʦʩʪʷʤ ʠ ʩʧʝʮʠʬʠʢʝ ʦʮʝʥʢʠ ʠ ʘʥʘʣʠʟʘ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʢʦʨ-

ʧʦʨʘʪʠʚʥʦʡ ʩʝʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʩʝʪʴʶ. ʊʘʢʞʝ ʨʘʩʩʤʦʪʨʝʥʳ ʥʘʠʙʦ-

ʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʤʝʪʦʜʳ ʠ ʘʣʛʦʨʠʪʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʢʦʨʧʦʨʘʪʠʚ-

ʥʦʡ ʩʝʪʠ. ʆʩʦʙʳʡ ʘʢʮʝʥʪ ʩʜʝʣʘʥ ʥʘ ʘʣʛʦʨʠʪʤʝ ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʦʩ-

ʥʦʚʥʳʭ ʰʘʛʘʭ ʝʝ ʨʘʟʚʝʨʪʳʚʘʥʠʷ. ʉʜʝʣʘʥ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʘʟʚʝʨʪʳ-

ʚʘʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʝʪʠ ʥʝʦʙʭʦ-

ʜʠʤʦ ʩʣʝʜʦʚʘʪʴ ʯʝʪʢʦ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʘʣʛʦʨʠʪʤʫ ʠ ʧʨʠʤʝʥʷʪʴ ʩʦʚʨʝʤʝʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʩʝʪʴ, ʤʦʥʠʪʦʨʠʥʛ, ʘʛʝʥʪ, ʩʚʷʟʠ, ʤʦʜʝʣʴ. 

 

ʉʝʛʦʜʥʷ ʢʦʤʧʘʥʠʠ ʩʪʨʝʤʷʪʩʷ ʢ ʛʠʙʢʦ-

ʩʪʠ. ʄʥʦʛʠʝ ʠʟ ʥʠʭ ʧʝʨʝʭʦʜʷʪ ʥʘ ʫʜʘʣʝʥ-

ʥʳʝ ʦʬʠʩʳ ʠ ʨʘʙʦʪʫ ʠʟ ʜʦʤʘ, ʭʨʘʥʷʪ ʩʚʦʶ 

ʠʥʬʦʨʤʘʮʠʶ ʚ ʦʙʣʘʢʝ, ʦʪʢʘʟʳʚʘʶʪʩʷ ʦʪ 

ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʭ ʠʥʬʨʘʩʪʨʫʢʪʫʨ ʜʘʥʥʳʭ 

ʠ ʠʩʧʦʣʴʟʫʶʪ ʩʝʪʠ ʥʘ ʦʩʥʦʚʝ SaaS ʠ SD-

WAN. ʈʘʩʧʨʝʜʝʣʝʥʥʳʝ ʩʝʪʠ ʦʙʣʘʜʘʶʪ ʨʷ-

ʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ, ʪʘʢʠʭ ʢʘʢ ʧʦʚʳʰʝʥʥʘʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʝʪʠ ʚ ʦʙʣʘʢʝ, ʫʣʫʯ-

ʰʝʥʥʘʷ ʛʠʙʢʦʩʪʴ, ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʠ 

ʫʤʝʥʴʰʝʥʠʝ ʫʟʢʠʭ ʤʝʩʪ [1]. ʆʜʥʘʢʦ ʩʣʦʞ-

ʥʦʩʪʴ ʧʦʪʦʢʦʚ ʜʘʥʥʳʭ ʤʝʞʜʫ ʩʝʪʝʚʳʤʠ 

ʩʪʨʫʢʪʫʨʘʤʠ ʚ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʩʝʪʠ ʩʦʟʜʘ-

ʝʪ ʧʨʦʙʣʝʤʫ ʜʣʷ ʪʨʘʜʠʮʠʦʥʥʳʭ ʠʥʩʪʨʫ-

ʤʝʥʪʦʚ ʤʦʥʠʪʦʨʠʥʛʘ. ʕʪʠ ʠʥʩʪʨʫʤʝʥʪʳ 

ʦʙʳʯʥʦ ʦʩʫʱʝʩʪʚʣʷʶʪ ʥʘʙʣʶʜʝʥʠʝ ʪʦʣʴʢʦ 

ʠʟ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ, ʥʝ 

ʬʠʢʩʠʨʫʷ ʦʙʤʝʥ ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʨʘʟʣʠʯ-

ʥʳʤʠ ʪʦʯʢʘʤʠ, ʬʠʣʠʘʣʘʤʠ ʠʣʠ ʦʙʣʘʢʘʤʠ ʚ 

ʩʝʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʥʠ ʥʝ ʤʦʛʫʪ ʵʬʬʝʢʪʠʚ-

ʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʠ ʦʮʝʥʠʚʘʪʴ ʨʘʩʧʨʝʜʝ-

ʣʝʥʥʳʝ ʩʝʪʠ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʦʢʘʟʘʥʘ ʩʣʦʞ-

ʥʦʩʪʴ ʤʦʥʠʪʦʨʠʥʛʘ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʩʝʪʝʡ. 

 

 
ʈʠʩ. 1. ʉʨʘʚʥʝʥʠʝ ʤʦʥʠʪʦʨʠʥʛʘ ʨʘʟʣʠʯʥʳʭ ʩʝʪʝʡ 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʝ 1, ʧʨʠ ʦʜʠʥʘʢʦ-

ʚʦʤ ʢʦʣʠʯʝʩʪʚʝ ʪʦʯʝʢ ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʩʝ-

ʪʠ ʠʤʝʶʪ ʥʘ 90 ʙʦʣʴʰʝ ʢʦʤʤʫʥʠʢʘʮʠʦʥ-

ʥʳʭ ʧʫʪʝʡ (ʣʠʥʠʡ), ʯʝʤ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʝ, 
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ʠ ʚʩʝ ʦʥʠ ʤʦʛʫʪ ʧʦʩʪʨʘʜʘʪʴ ʦʪ ʥʠʟʢʦʡ ʧʨʦ-

ʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʝʪʠ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʨʝ-

ʰʝʥʠʷ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʥʝ ʩʤʦʛʫʪ ʚʳʷʚʠʪʴ 

ʧʨʦʙʣʝʤʳ ʥʘ ʵʪʠʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʫʪʷʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʩʢʦʣʴʢʫ ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ 

ʘʨʭʠʪʝʢʪʫʨʳ ʩʪʘʥʦʚʷʪʩʷ ʥʦʚʦʡ ʥʦʨʤʦʡ, 

ʩʝʛʦʜʥʷ ʘʢʪʫʘʣʠʟʠʨʫʝʪʩʷ ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪ-

ʢʠ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʜʣʷ ʤʦʥʠʪʦ-

ʨʠʥʛʘ ʪʘʢʠʭ ʩʝʪʝʡ. ɸʥʘʣʠʟ ʠ ʥʘʙʣʶʜʝʥʠʝ 

ʟʘ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʩʝʪʴʶ ʜʝʮʝʥʪʨʘʣʠʟʫʝʪ 

ʢʦʥʪʨʦʣʴ ʥʘʜ ʨʘʟʣʠʯʥʳʤʠ ʙʘʟʦʚʳʤʠ ʪʦʯ-

ʢʘʤʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʦʚʳʰʝʥʥʫʶ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʴ ʠ ʥʘʜʝʞʥʫʶ ʟʘʱʠʪʫ ʦʪ ʩʙʦʝʚ ʚ 

ʨʘʙʦʪʝ ʩʠʩʪʝʤʳ. ʕʪʦʪ ʩʜʚʠʛ ʥʝ ʪʦʣʴʢʦ ʨʝ-

ʰʘʝʪ ʧʨʦʙʣʝʤʫ ʨʘʩʪʫʱʝʡ ʩʣʦʞʥʦʩʪʠ ʩʦ-

ʚʨʝʤʝʥʥʳʭ ʩʝʪʝʡ, ʥʦ ʠ ʧʨʦʢʣʘʜʳʚʘʝʪ ʧʫʪʴ 

ʢ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ.  

ʆ ʢʨʠʪʠʯʝʩʢʦʡ ʚʘʞʥʦʩʪʠ ʜʘʥʥʦʡ ʟʘʜʘʯʠ 

ʪʘʢʞʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʧʦ 

ʦʮʝʥʢʘʤ, ʤʠʨʦʚʦʡ ʨʳʥʦʢ ʩʠʩʪʝʤ ʤʦʥʠʪʦ-

ʨʠʥʛʘ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʩʝʪʝʡ ʚʳʨʘʩʪʝʪ ʩ 

24,5 ʤʣʨʜ ʜʦʣʣʘʨʦʚ ʚ 2023 ʛ. ʜʦ 63,7 ʤʣʨʜ 

ʜʦʣʣʘʨʦʚ ʢ 2028 ʛʦʜʫ, ʧʨʠ ʩʨʝʜʥʝʛʦʜʦʚʦʤ 

ʪʝʤʧʝ ʨʦʩʪʘ 21,1% ʚ ʪʝʯʝʥʠʝ ʧʨʦʛʥʦʟʠʨʫʝ-

ʤʦʛʦ ʧʝʨʠʦʜʘ [2]. 

ʉ ʫʯʝʪʦʤ ʦʪʤʝʯʝʥʥʦʛʦ, ʦʙʦʩʥʦʚʘʥʠʝ ʠ 

ʨʘʟʚʠʪʠʝ ʯʝʪʢʠʭ ʩʪʨʘʪʝʛʠʡ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʢʦʨʧʦʨʘʪʠʚ-

ʥʳʭ ʩʝʪʝʡ, ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦ-

ʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʠʭ ʩ ʧʦʤʦʱʴʶ ʠʥʩʪʨʫ-

ʤʝʥʪʦʚ ʠ ʤʝʪʦʜʦʚ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷ-

ʝʪ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚʘʞʥʫʶ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʫʶ ʟʘʜʘʯʫ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʝ-

ʰʝʥʠʷ ʢʦʪʦʨʦʡ ʠ ʦʙʫʩʣʦʚʠʣʘ ʚʳʙʦʨ ʪʝʤʳ 

ʜʘʥʥʦʡ ʩʪʘʪʴʠ. 

ɸʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʥʝʜ-

ʨʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʠ-

ʩʪʝʤ ʧʨʦʚʦʜʷʪ ʚ ʩʚʦʠʭ ʪʨʫʜʘʭ ɺʝʨʝʚ-

ʢʠʥ ʉ.ɸ., ʖʭʠʤʫʢ ʈ.ɸ., ʂʫʜʨʦ ɼ.ɺ., ʆʚʯʘ-

ʨʦʚ ɺ.ɺ., ʇʨʠʱʝʧʝʥʢʦ ɺ.ʖ., Huimin Zhu, 

Shun Yuan, Chunlai Li. 

ʊʝʦʨʝʪʠʢʦ-ʧʨʘʢʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʩʦʟʜʘ-

ʥʠʷ ʘʨʭʠʪʝʢʪʫʨʳ ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ ʨʘʩ-

ʧʨʝʜʝʣʝʥʥʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʝʪʝʡ ʥʘʰʣʠ 

ʩʚʦʝ ʦʪʨʘʞʝʥʠʝ ʚ ʧʫʙʣʠʢʘʮʠʷʭ ɹʝʣʦ-

ʚʘ ɸ.ʉ., ʏʠʞʠʢʦʚʘ ʕ.ʅ., ɻʦʨʙʫʥʦʚʘ ɸ.ɸ., 

ʊʨʘʭʠʥʠʥʘ ɽ.ʃ., Khelifa Benahmed, Madjid 

Merabti, Di Liu, Chengyu Li, Pengfei Chen, 

Xin Zhao. 

ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʠʤʝʶʱʠʝʩʷ ʪʨʫʜʳ 

ʠ ʥʘʨʘʙʦʪʢʠ, ʨʷʜ ʚʦʧʨʦʩʦʚ ʚ ʜʘʥʥʦʡ ʧʨʝʜ-

ʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʦʩʪʘʝʪʩʷ ʦʪʢʨʳʪʳʤ. ʊʘʢ, 

ʦʪʜʝʣʴʥʦʛʦ ʚʥʠʤʘʥʠʷ ʟʘʩʣʫʞʠʚʘʶʪ ʦʩʦ-

ʙʝʥʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʜʘʣʝʥʥʳʭ ʟʦʥ-

ʜʦʚ ʜʣʷ ʥʝʟʘʚʠʩʠʤʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʥʝ-

ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʘʩʧʨʝʜʝʣʝʥ-

ʥʳʭ ʩʝʪʝʡ, ʥʘʧʨʠʤʝʨ, ʬʠʣʠʘʣʦʚ, ʟʘʨʫʙʝʞ-

ʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʢʦʤʧʘʥʠʠ ʠʣʠ ʩʝʨʚʠ-

ʩʦʚ ʚ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ, ʥʘʭʦʜʷʱʠʭʩʷ ʟʘ 

ʙʨʘʥʜʤʘʫʵʨʦʤ. ʂʨʦʤʝ ʪʦʛʦ, ʥʝʨʝʰʝʥʥʦʡ 

ʦʩʪʘʝʪʩʷ ʟʘʜʘʯʘ ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʚʠʜʠʤʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʩʝʪʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʴ ʩʪʘʪʴʠ ʟʘʢʣʶʯʘʝʪ-

ʩʷ ʚ ʨʘʩʩʤʦʪʨʝʥʠʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʟʨʘʙʦʪ-

ʢʠ ʠ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʨʘʩ-

ʧʨʝʜʝʣʝʥʥʦʡ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʝʪʠ. 

ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʭʦʯʫ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʩʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ ʨʘʩʧʨʝʜʝʣʸʥʥʦʡ 

ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʝʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦʝ ʠ ʢʦʤʧʣʝʢʩʥʦʝ ʨʝʰʝ-

ʥʠʝ, ʢʦʪʦʨʦʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʥʝʩʢʦʣʴʢʠʭ ʪʦʯʝʢ ʥʘʙʣʶʜʝʥʠʷ. ʕʪʠ ʪʦʯʢʠ 

ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʙʠʨʘʪʴ ʠ ʘʥʘʣʠʟʠʨʦ-

ʚʘʪʴ ʜʘʥʥʳʝ ʦ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʧʨʦʠʟʚʦʜʠ-

ʪʝʣʴʥʦʩʪʠ ʠ ʜʦʩʪʫʧʥʦʩʪʠ ʩʝʪʠ [3]. ʅʫʞʥʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʩʥʦʚʫ ʵʪʦʡ ʩʠʩʪʝʤʳ ʩʦʩʪʘʚ-

ʣʷʝʪ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ. 

ɹʣʘʛʦʜʘʨʷ ʝʡ ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʤʦʥʠʪʦ-

ʨʠʥʛ ʩʘʤʳʭ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʩʝʪʝʚʳʭ ʢʦʤ-

ʧʦʥʝʥʪʦʚ, ʥʘʧʨʠʤʝʨ, ʪʘʢʠʭ ʢʘʢ ʢʦʤʤʫʪʘʪʦ-

ʨʳ, ʤʘʨʰʨʫʪʠʟʘʪʦʨʳ, ʩʝʨʚʝʨʳ. ɺʩʸ ʵʪʦ 

ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ ʠʣʠ ʙʣʠʟʢʦʛʦ ʢ ʨʝʘʣʴʥʦʤʫ ʚʨʝʤʝ-

ʥʠ. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʣʶʯʝʚʳʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫ-

ʯʠʪʴ ʭʦʨʦʰʦ ʥʘʩʪʨʦʝʥʥʘʷ ʠ ʨʘʙʦʪʘʶʱʘʷ 

ʙʝʟ ʩʙʦʝʚ ʩʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ ʢʦʨʧʦʨʘ-

ʪʠʚʥʦʡ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʩʝʪʠ. 
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ʈʠʩ. 2. ʆʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʢʦʨʧʦ-

ʨʘʪʠʚʥʦʡ ʩʝʪʠ 

 

ʉʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ ʦʙʳʯʥʦ ʚʢʣʶʯʘʝʪ 

ʚ ʩʝʙʷ ʘʣʛʦʨʠʪʤʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, 

ʧʝʨʝʜʦʚʫʶ ʘʥʘʣʠʪʠʢʫ ʠ ʤʝʪʦʜʳ ʧʨʦʛʥʦʟ-

ʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɺʩʝ ʵʪʠ ʧʨʠʸʤʳ ʠ 

ʪʝʭʥʦʣʦʛʠʠ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʭʦʜʠʪʴ 

ʘʥʦʤʘʣʠʠ, ʦʧʨʝʜʝʣʷʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʝ 

ʫʛʨʦʟʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʷ 

ʦʙ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʝʪʠ. 

ʊʘʢʞʝ ʭʦʯʫ ʘʢʮʝʥʪʠʨʦʚʘʪʴ ʚʥʠʤʘʥʠʝ ʥʘ 

ʪʦʤ, ʯʪʦ ʩʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ ʜʘʝʪ ʦʯʝʥʴ 

ʭʦʨʦʰʫʶ, ʧʨʦʩʪʦ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʫʶ ʚʠ-

ʜʠʤʦʩʪʴ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ ʠ ʧʦʚʝʜʝʥʠʷ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚ ʨʘʟʣʠʯʥʳʭ ʩʠʪʫʘʮʠʷʭ ʠ 

ʨʘʟʣʠʯʥʳʭ ʩʝʛʤʝʥʪʘʭ ʩʝʪʠ. ɹʣʘʛʦʜʘʨʷ ʵʪʦ-

ʤʫ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʟʘʙʣʘʛʦʚʨʝʤʝʥ-

ʥʦ ʥʘʭʦʜʠʪʴ ʧʨʦʙʣʝʤʳ, ʫʩʪʨʘʥʷʪʴ ʠʭ, ʧʦ-

ʚʳʰʘʪʴ ʥʘʜʸʞʥʦʩʪʴ ʩʝʪʠ. 

ʍʦʪʝʣʦʩʴ ʙʳ ʪʘʢʞʝ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ, 

ʯʪʦ ʢʘʢʦʛʦ-ʪʦ ʝʜʠʥʩʪʚʝʥʥʦʛʦ, ʘʙʩʦʣʶʪʥʦ 

ʧʨʘʚʠʣʴʥʦʛʦ ʨʝʰʝʥʠʷ, ʢʦʪʦʨʦʝ ʙʳ ʛʘʨʘʥ-

ʪʠʨʦʚʘʣʦ ʪʦʯʥʳʡ ʠ ʜʝʪʘʣʴʥʳʡ ʤʦʥʠʪʦʨʠʥʛ 

ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʝʪʠ ʩʝʛʦʜʥʷ ʥʝ ʩʫʱʝʩʪʚʫ-

ʝʪ, ʵʢʩʧʝʨʪʳ ʠ ʫʯʸʥʳʝ ʥʝ ʧʨʠʰʣʠ ʢ ʝʜʠʥʦ-

ʤʫ ʤʥʝʥʠʶ ʠ ʥʝ ʧʨʠʰʣʠ ʝʜʠʥʦʤʫ ʩʦʛʣʘ-

ʰʝʥʠʶ. ɺ ʩʚʦʸʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʭʦʪʝʣʦʩʴ 

ʙʳ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʥʝʢʦʪʦʨʳʝ ʥʘʠʙʦʣʝʝ 

ʧʦʧʫʣʷʨʥʳʝ ʠ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʝ ʤʝʪʦʜʳ. 

ʀʪʘʢ, ʠʟ ʯʠʩʣʘ ʧʝʨʚʳʭ ʤʝʪʦʜʦʚ ʥʫʞʥʦ 

ʦʙʦʟʥʘʯʠʪʴ ʤʫʣʴʪʠʘʛʝʥʪʥʳʝ ʩʠʩʪʝʤʳ ʠ 

ʧʨʦʪʦʢʦʣ ʩʝʪʝʚʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ. ʀ ʪʫʪ ʭʦ-

ʨʦʰʠʤ ʧʨʠʤʝʨʦʤ ʷʚʣʷʝʪʩʷ ʬʨʝʡʤʚʦʢ 

PANGEA. ʆʥ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʪʘʢʠʝ ʩʚʦʡ-

ʩʪʚʘ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʝʪʠ ʢʘʢ: ʨʝʦʨʛʘʥʠʟʘ-

ʮʠʷ, ʘʜʘʧʪʠʚʥʦʩʪʴ, ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʦʙʫʯʝ-

ʥʠʶ. ɸʛʝʥʪʳ ʵʪʦʛʦ ʬʨʝʡʤʚʦʢʘ ʦʯʝʥʴ ʭʦ-

ʨʦʰʦ ʧʦʤʦʛʘʶʪ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ 

ʩʦʙʠʨʘʪʴ ʠ ʦʙʨʘʙʘʪʳʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ.  

ɽʱʸ ʦʜʠʥ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʛʨʝʩʩʠʚʥʳʡ 

ʧʦʜʭʦʜ, ʢʦʪʦʨʳʡ ʤʥʦʛʠʝ ʩʝʪʝʚʳʝ ʘʜʤʠʥʠ-

ʩʪʨʘʪʦʨʳ ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʤʦ-

ʥʠʪʦʨʠʥʛʘ ʩʝʪʝʡ, ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʤʝʪʦʜʳ 

ʧʨʦʛʨʘʤʤʥʦ-ʦʧʨʝʜʝʣʷʝʤʳʭ ʩʝʪʝʡ. ʕʪʠ ʤʝ-

ʪʦʜʳ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʩʣʝʞʠʚʘʪʴ ʧʦ-

ʪʦʢʠ ʪʨʘʬʠʢʘ ʥʘ ʨʘʟʣʠʯʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʠ 

ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʝʛʦ [4]. 

ʀʟʫʯʝʥʠʝ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʠ ʟʘʨʫʙʝʞʥʦ-

ʛʦ ʦʧʳʪʘ ʧʦʟʚʦʣʠʣʦ ʚʳʜʝʣʠʪʴ ʪʘʢʠʝ ʦʩʥʦʚ-

ʥʳʝ ʵʪʘʧʳ, ʢʦʪʦʨʳʝ ʥʫʞʥʦ ʧʨʦʡʪʠ ʚ ʧʨʦ-

ʮʝʩʩʝ ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ 

ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʝʪʠ. 

1. ʆʧʨʝʜʝʣʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʢ ʤʦʥʠʪʦ-

ʨʠʥʛʫ.  

2. ʀʟʫʯʝʥʠʝ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ ʠʥ-

ʩʪʨʫʤʝʥʪʘ ʜʣʷ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʤʦʥʠʪʦ-

ʨʠʥʛʘ ʩʝʪʠ. 

3. ɺʳʙʦʨ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʤʝʪʦʜʦʚ, ʪʝʭ-

ʥʠʢ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʦʧʦʚʝʱʝʥʠʷ ʩʠʩʪʝʤʥʦ-

ʛʦ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ. 

4. ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʩʪʘʚʘ ʜʘʥʥʳʭ ʠ ʦʪʯʝ-

ʪʦʚ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʥʠʪʦʨʠʥʛʘ.  

5. ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʠʥʪʝʛʨʘʮʠʠ ʠ ʩʦʚʤʝ-

ʩʪʠʤʦʩʪʠ. 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥ ʘʣʛʦʨʠʪʤ 

ʚʥʝʜʨʝʥʠʷ ʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ 

ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʝʪʠ. 
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ʈʠʩ. 3. ɸʣʛʦʨʠʪʤ ʚʥʝʜʨʝʥʠʷ ʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʨʘʩ-

ʧʨʝʜʝʣʝʥʥʦʡ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʝʪʠ 

 

ʀʪʘʢ, ʩʫʤʤʠʨʫʷ ʚʩʝ ʨʝʟʫʣʴʪʘʪʳ, ʢʦʪʦ-

ʨʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʩʪʘʪʴʝ, ʤʦʛʫ ʩʢʘʟʘʪʴ 

ʩʣʝʜʫʶʱʝʝ.  

ʂʘʢ ʠ ʦʯʝʥʴ ʤʥʦʛʦ ʚʦʧʨʦʩʦʚ ʠ ʧʨʦʙʣʝʤ 

ʚ ʩʝʪʝʚʦʡ ʠʥʞʝʥʝʨʠʠ, ʵʬʬʝʢʪʠʚʥʦʝ ʦʪʩʣʝ-

ʞʠʚʘʥʠʝ ʠ ʤʦʥʠʪʦʨʠʥʛ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʝ-

ʪʠ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ. 

ʀ ʨʝʰʝʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ ʪʨʝʙʫʝʪ, ʯʪʦʙʳ ʫ 

ʩʝʪʝʚʳʭ ʘʜʤʠʥʠʩʪʨʘʪʦʨʦʚ ʙʳʣʠ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʝ ʢʦʤʧʝʪʝʥʮʠʠ, ʥʘʚʳʢʠ ʠ ʟʥʘʥʠʷ. 

ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʯʪʦʙʳ ʦʥʠ ʠʩʧʦʣʴʟʦʚʘ-

ʣʠ ʧʨʘʚʠʣʴʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʠ ʥʘʜʝʞʥʳʝ 

ʤʝʪʦʜʳ. ʆʯʝʥʴ ʚʘʞʥʦ ʜʣʷ ʧʨʝʜʧʨʠʷʪʠʡ 

ʧʨʦʚʦʜʠʪʴ ʤʦʥʠʪʦʨʠʥʛ ʩʚʦʝʡ ʢʦʨʧʦʨʘʪʠʚ-

ʥʦʡ ʩʝʪʠ ʧʦʩʢʦʣʴʢʫ ʙʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʦʥʠ 

ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴ-

ʥʦʩʪʠ, ʩʜʝʣʘʪʴ ʪʘʢ ʯʪʦʙʳ ʠʭ ʩʝʪʠ ʙʳʣʠ 

ʥʘʜʸʞʥʳʝ, ʘ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʠʥʬʨʘʩʪʨʫʢ-

ʪʫʨʘ ʨʘʙʦʪʘʣʘ ʭʦʨʦʰʦ. ʇʝʨʝʜ ʚʳʙʦʨʦʤ 

ʢʦʥʢʨʝʪʥʦʡ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʥʫʞʥʦ 

ʠʟʫʯʠʪʴ ʝʸ ʚʦʟʤʦʞʥʦʩʪʠ, ʥʫʞʥʦ ʧʦʩʤʦʪ-

ʨʝʪʴ ʢʘʢʦʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚ ʵʪʦʡ ʩʬʝʨʝ ʧʨʦ-

ʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʪʘʢʞʝ ʥʘʜʦ ʫʯʠʪʳ-

ʚʘʪʴ ʤʘʩʰʪʘʙ ʧʨʝʜʧʨʠʷʪʠʷ, ʜʝʥʝʞʥʳʝ 

ʩʨʝʜʩʪʚʘ, ʢʦʪʦʨʳʝ ʦʥʦ ʛʦʪʦʚʦ ʧʦʪʨʘʪʠʪʴ ʥʘ 

ʩʠʩʪʝʤʫ ʤʦʥʠʪʦʨʠʥʛʘ, ʥʝʤʘʣʦʚʘʞʥʦ ʦʙʨʘ-

ʱʘʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʢʚʘʣʠʬʠʢʘʮʠʶ ʧʝʨʩʦʥʘ-

ʣʘ. 
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Abstract. The article is devoted to the study of the peculiarities of development and implemen-

tation of a monitoring system for a distributed corporate network. Special attention in the pro-

cess of research is paid to the complexities and specifics of evaluation and analysis of a distrib-

uted corporate network in comparison with a centralized network. The most common methods 

and algorithms for monitoring a distributed corporate network are also considered. Special em-

phasis is made on the algorithm of monitoring system development and the main steps of its de-

ployment. It is concluded that for effective deployment and use of monitoring systems of distrib-

uted corporate network it is necessary to follow a well-defined algorithm and use modern soft-

ware. 

Keywords: distributed network, monitoring, agent, communications, model. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʝʪʦʜ ʢʦʥʪʨʦʣʷ ʚʣʘʞʥʦʩʪʠ ʬʠʣʘʤʝʥʪʘ, 

ʧʨʠʤʝʥʷʝʤʦʛʦ ʚ 3D-ʧʝʯʘʪʠ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʸʤʢʦʩʪʥʦʛʦ ʜʘʪʯʠʢʘ ʩ ʢʚʘʨʮʝ-

ʚʳʤ ʛʝʥʝʨʘʪʦʨʦʤ. ʕʪʦʪ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʥʝ ʨʘʟʨʫʰʘʪʴ ʬʠʣʘʤʝʥʪ ʠ ʧʦʣʫʯʘʪʴ ʪʦʯʥʳʝ ʠ 

ʦʧʝʨʘʪʠʚʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʦʜʝʨʞʘʥʠʝ ʚʣʘʛʠ ʚ ʤʘʪʝʨʠʘʣʝ, ʯʪʦ ʠʤʝʝʪ ʨʝʰʘʶʱʝʝ ʟʥʘ-

ʯʝʥʠʝ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʠ ʥʘʜʝʞʥʦʩʪʠ 3D-ʧʝʯʘʪʠ. ʊʘʢʞʝ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩ-

ʩʤʘʪʨʠʚʘʶʪʩʷ ʥʝʜʦʩʪʘʪʢʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʪʘʥʜʘʨʪʥʳʭ ʚʣʘʛʦʤʝʨʦʚ ʜʣʷ ʵʢʩʧʨʝʩʩ-

ʘʥʘʣʠʟʘ ʚʣʘʞʥʦʩʪʠ ʬʠʣʘʤʝʥʪʘ. ʇʨʝʜʩʪʘʚʣʝʥ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʚʣʘʞ-

ʥʦʩʪʠ ʬʠʣʘʤʝʥʪʘ, ʦʩʚʝʱʝʥʳ ʝʛʦ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ  ʚʦʟʤʦʞʥʳʝ ʚʘʨʠʘʥʪʳ ʨʝʘʣʠʟʘʮʠʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʠʣʘʤʝʥʪ, ʛʠʛʨʦʩʢʦʧʠʯʥʦʩʪʴ, ʚʣʘʞʥʦʩʪʴ, ʜʘʪʯʠʢ, ʛʝʥʝʨʘʪʦʨ ʂʦʣ-

ʧʠʪʮʘ. 

 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʠʟ-

ʜʝʣʠʡ ʚ 3D-ʧʝʯʘʪʠ ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝ-

ʥʠʝ ʠʤʝʝʪ ʢʘʯʝʩʪʚʦ ʬʠʣʘʤʝʥʪʘ. ʆʜʠʥ ʠʟ 

ʢʣʶʯʝʚʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʢʘʯʝ-

ʩʪʚʦ, ï ʵʪʦ ʚʣʘʞʥʦʩʪʴ. ʇʦʧʫʣʷʨʥʳʝ ʤʘʪʝ-

ʨʠʘʣʳ ʜʣʷ ʬʠʣʘʤʝʥʪʘ, ʪʘʢʠʝ ʢʘʢ PLA, 

ABS, PETG ʠ ʥʝʡʣʦʥ [1], ʛʠʛʨʦʩʢʦʧʠʯʥʳ, 

ʪʦ ʝʩʪʴ ʩʧʦʩʦʙʥʳ ʧʦʛʣʦʱʘʪʴ ʚʣʘʛʫ ʠʟ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ [2]. ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ 

ʬʠʣʘʤʝʥʪʦʚ ʨʝʢʦʤʝʥʜʫʝʤʘʷ ʚʣʘʞʥʦʩʪʴ 

ʥʠʞʝ 10%. ɺʣʘʞʥʦʩʪʴ ʚʳʰʝ 15% ʤʦʞʝʪ 

ʧʨʠʚʦʜʠʪʴ ʢ ʨʷʜʫ ʧʨʦʙʣʝʤ [3], ʚʢʣʶʯʘʷ: 

1) ɼʝʬʝʢʪʳ ʧʝʯʘʪʠ: ʧʫʟʳʨʴʢʠ, ʜʝʬʦʨʤʘ-

ʮʠʠ, ʥʠʟʢʘʷ ʧʨʦʯʥʦʩʪʴ, ʨʘʩʩʣʦʝʥʠʝ ʩʣʦʝʚ, 

ʥʝʨʦʚʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʠʟʤʝʥʝʥʠʝ ʜʠʘ-

ʤʝʪʨʘ ʠ ʮʚʝʪʘ ʤʦʜʝʣʠ; 

2) ʇʨʦʙʣʝʤʳ ʩ ʦʙʦʨʫʜʦʚʘʥʠʝʤ: ʟʘʩʦʨʝ-

ʥʠʝ ʩʦʧʣʘ, ʟʘʚʘʨʠʚʘʥʠʝ ʤʘʪʝʨʠʘʣʘ, ʩʢʨʫʯʠ-

ʚʘʥʠʝ ʬʠʣʘʤʝʥʪʘ. 

ʏʪʦʙʳ ʠʟʙʝʞʘʪʴ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʚʣʘʛʦʡ, ʧʝʨʝʜ ʧʝʯʘʪʴʶ ʚʘʞʥʦ ʦʮʝʥʠʪʴ 

ʚʣʘʞʥʦʩʪʴ ʬʠʣʘʤʝʥʪʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʠ-

ʥʷʪʴ ʨʝʰʝʥʠʝ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʫʰʢʠ ʤʘ-

ʪʝʨʠʘʣʘ ʠʣʠ ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ 3D-

ʧʝʯʘʪʠ. ʉʫʰʢʘ ʬʠʣʘʤʝʥʪʘ ʧʝʨʝʜ ʢʘʞʜʦʡ 

ʧʝʯʘʪʴʶ, ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʨʦʚʝʨʢʠ, 

ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʦʧʨʘʚʜʘʥʥʳʤ ʟʘʪʨʘ-

ʪʘʤ ʚʨʝʤʝʥʠ ʠ ʨʝʩʫʨʩʦʚ. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʘʥʘʣʠʟʘʪʦʨʳ ʚʣʘʞʥʦʩʪʠ 

(ʚʣʘʛʦʤʝʨʳ) (ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ A&D, Kett, 

Sartorius) ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʵʢʩʧʨʝʩʩ-

ʘʥʘʣʠʟʘ ʚʣʘʞʥʦʩʪʠ ʧʨʦʜʫʢʮʠʠ, ʢʘʢ ʚ ʣʘʙʦ-

ʨʘʪʦʨʠʷʭ, ʪʘʢ ʠ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʥʦ ʦʥʠ ʥʝ 

ʚʩʝʛʜʘ ʧʦʜʭʦʜʷʪ ʜʣʷ ʬʠʣʘʤʝʥʪʘ ʠʟ-ʟʘ ʝʛʦ 

ʪʝʨʤʠʯʝʩʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʬʠʣʘʤʝʥ-

ʪʳ ʜʣʷ 3D-ʧʝʯʘʪʠ, ʬʠʣʘʤʝʥʪ ʠʤʝʝʪ ʦʪʥʦ-

ʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʨʘʩ-

ʧʣʘʚʣʝʥʠʷ ï ʦʙʳʯʥʦ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 50 ʜʦ 

100 . ɺʣʘʛʦʤʝʨʳ ʨʘʙʦʪʘʶʪ ʧʨʠ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ (ʦʪ 50 ʜʦ 600 ), ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʨʘʩʧʣʘʚʠʪʴ ʠʣʠ ʜʝʬʦʨʤʠʨʦʚʘʪʴ ʬʠ-

ʣʘʤʝʥʪ. ʉʫʰʢʘ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʟʘʥʠʤʘʝʪ ʤʥʦʛʦ ʚʨʝʤʝʥʠ, ʯʪʦ ʜʝʣʘʝʪ ʧʨʦ-

ʮʝʩʩ ʥʝʵʬʬʝʢʪʠʚʥʳʤ, ʪʘʢ ʢʘʢ ʟʘ ʪʦ ʞʝ ʚʨʝ-

ʤʷ ʤʦʞʥʦ ʚʳʩʫʰʠʪʴ ʚʩʶ ʢʘʪʫʰʢʫ ʬʠʣʘ-

ʤʝʥʪʘ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʠʟ-

ʤʝʨʝʥʠʡ ʚʣʘʞʥʦʩʪʠ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʧʨʝʜʣʘʛʘ-

ʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ 

[4] ʚʤʝʩʪʝ ʩ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʭʝʤʦʡ ʥʘ ʦʩ-

ʥʦʚʝ ʢʚʘʨʮʝʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ [5].  

ʇʨʝʠʤʫʱʝʩʪʚʘ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ: 

1) ʅʝʨʘʟʨʫʰʘʶʱʠʡ ʢʦʥʪʨʦʣʴ: ʄʝʪʦʜ ʥʝ 

ʧʦʚʨʝʞʜʘʝʪ ʬʠʣʘʤʝʥʪ ʠ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦ-

ʜʠʪʴ ʠʟʤʝʨʝʥʠʷ ʤʥʦʛʦʢʨʘʪʥʦ; 

2) ʆʧʝʨʘʪʠʚʥʦʩʪʴ: ʀʟʤʝʨʝʥʠʝ ʯʘʩʪʦʪʳ 

ʛʝʥʝʨʘʪʦʨʘ ʷʚʣʷʝʪʩʷ ʙʳʩʪʨʳʤ ʧʨʦʮʝʩʩʦʤ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʥʝʧʨʝʨʳʚʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 

ʚʣʘʞʥʦʩʪʴ ʬʠʣʘʤʝʥʪʘ. 

3) ʅʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ: ɼʘʪʯʠʢ ʠ ʢʦʤʧʦ-

ʥʝʥʪʳ ʩʭʝʤʳ ʜʦʩʪʫʧʥʳ ʠ ʥʝʜʦʨʦʛʠ. 

ɼʘʪʯʠʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʥʜʝʥʩʘʪʦʨ 

ʩ ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʧʣʘʩʪʠʥʘʤʠ [6], ʤʝʞʜʫ 

ʢʦʪʦʨʳʤʠ ʧʨʦʭʦʜʠʪ ʬʠʣʘʤʝʥʪ (ʨʠʩ. 1). 

ʀʟʤʝʥʝʥʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦ-

ʩʪʠ ʤʘʪʝʨʠʘʣʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʣʘʞʥʦʩʪʠ 
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ʚʣʠʷʝʪ ʥʘ ʸʤʢʦʩʪʴ ʜʘʪʯʠʢʘ, ʯʪʦ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʠʟʤʝʥʷʝʪ ʯʘʩʪʦʪʫ ʢʚʘʨʮʝʚʦʛʦ ʛʝ-

ʥʝʨʘʪʦʨʘ. 

 

 
ʈʠʩ. 1. ɼʘʪʯʠʢ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʚʣʘʞʥʦʩʪʠ ʬʠʣʘʤʝʥʪʘ 

 

ɺ ʦʩʥʦʚʝ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʭʝʤʳ ʣʝʞʠʪ 

ʛʝʥʝʨʘʪʦʨ ʂʦʣʧʠʪʮʘ (ʨʠʩ. 2), ʧʦʩʢʦʣʴʢʫ ʦʥ 

ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ ʩʣʝʜʫʶʱʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ: 

ʚʳʩʦʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʯʘʩʪʦʪʳ, ʥʠʟʢʦʝ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ, ʚʦʟʤʦʞʥʦʩʪʴ ʛʝʥʝʨʘ-

ʮʠʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʯʪʦ ʧʦʜ-

ʭʦʜʠʪ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʢʦ-

ʣʝʙʘʥʠʡ. ʂʚʘʨʮʝʚʳʡ ʨʝʟʦʥʘʪʦʨ ʦʙʝʩʧʝʯʠ-

ʚʘʝʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʯʘʩʪʦʪʳ, ʘ LC-ʢʦʥʪʫʨ 

ʧʦʟʚʦʣʷʝʪ ʝʝ ʥʘʩʪʨʦʠʪʴ [7]. ɿʘʤʝʥʘ ʢʦʥʜʝʥ-

ʩʘʪʦʨʘ ʚ LC-ʢʦʥʪʫʨʝ ʥʘ ʜʘʪʯʠʢ ʚʣʘʞʥʦʩʪʠ 

ʬʠʣʘʤʝʥʪʘ ʧʦʟʚʦʣʷʝʪ ʦʪʩʣʝʞʠʚʘʪʴ ʠʟʤʝʥʝ-

ʥʠʷ ʯʘʩʪʦʪʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʣʘʞʥʦʩʪʠ 

ʤʘʪʝʨʠʘʣʘ. 

 

 
ʈʠʩ. 2. ʉʭʝʤʘ ʛʝʥʝʨʘʪʦʨʘ ʂʦʣʧʠʪʮʘ 

 

ɻʝʥʝʨʘʪʦʨ ʂʦʣʧʠʪʮʘ ʛʝʥʝʨʠʨʫʝʪ ʩʠʥʫ-

ʩʦʠʜʘʣʴʥʳʡ ʩʠʛʥʘʣ, ʢʦʪʦʨʳʡ ʥʝʩʝʪ ʠʥʬʦʨ-

ʤʘʮʠʶ ʦ ʚʣʘʞʥʦʩʪʠ ʬʠʣʘʤʝʥʪʘ ʯʝʨʝʟ ʠʟ-

ʤʝʥʝʥʠʝ ʩʚʦʝʡ ʯʘʩʪʦʪʳ. ɼʣʷ ʝʛʦ ʩʯʠʪʳʚʘ-

ʥʠʷ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ 

ʚ ʨʝʞʠʤʝ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘ-

ʥʠʷ (ɸʎʇ) ʠʣʠ ʚ ʨʝʞʠʤʝ ʠʟʤʝʨʝʥʠʷ ʯʘʩʪʦ-

ʪʳ (ʪʘʢʪʠʨʦʚʘʥʠʷ). ʂʘʞʜʳʡ ʠʟ ʵʪʠʭ ʨʝʞʠ-

ʤʦʚ ʠʤʝʝʪ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʧʨʝʠʤʫʱʝ-

ʩʪʚʘ.  

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʚʣʘʞʥʦʩʪʠ ʬʠʣʘʤʝʥʪʘ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ: 

1) ʇʦʣʥʦʝ ʧʨʦʪʷʛʠʚʘʥʠʝ ʬʠʣʘʤʝʥʪʘ ʯʝ-

ʨʝʟ ʜʘʪʯʠʢ: ʕʪʦʪ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʥʘʠʙʦʣʝʝ ʪʦʯʥʫʶ ʦʮʝʥʢʫ ʚʣʘʞʥʦʩʪʠ ʧʦ 

ʚʩʝʡ ʜʣʠʥʝ ʤʘʪʝʨʠʘʣʘ, ʥʦ ʠʟʤʝʨʝʥʠʝ ʚʣʘʞ-

ʥʦʩʪʠ ʤʦʞʝʪ ʟʘʥʠʤʘʪʴ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʣʠʥʥʳ ʬʠʣʘʤʝʥʪʘ. 

2) ʀʟʤʝʨʝʥʠʝ ʚʣʘʞʥʦʩʪʠ ʥʘʯʘʣʴʥʦʛʦ 

ʫʯʘʩʪʢʘ ʬʠʣʘʤʝʥʪʘ: ɼʘʥʥʳʡ ʤʝʪʦʜ, ʥʝ-

ʩʤʦʪʨʷ ʥʘ ʩʚʦʶ ʧʨʘʢʪʠʯʥʦʩʪʴ ʠ ʩʢʦʨʦʩʪʴ 

ʦʮʝʥʢʠ, ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʥʝʜʦʩʪʘʪʦʢ. 

ʅʝʠʟʤʝʨʝʥʥʳʡ ʫʯʘʩʪʦʢ ʬʠʣʘʤʝʥʪʘ ʤʦʞʝʪ 

ʩʦʜʝʨʞʘʪʴ ʫʯʘʩʪʢʠ ʩ ʧʦʚʳʰʝʥʥʦʡ ʚʣʘʞʥʦ-

ʩʪʴʶ, ʩʧʦʩʦʙʥʳʝ ʧʨʠʚʝʩʪʠ ʢ ʜʝʬʝʢʪʘʤ ʧʝ-

ʯʘʪʠ.    

3) ʀʥʪʝʛʨʘʮʠʷ ʜʘʪʯʠʢʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʧʝʨʝʜ ʵʢʩʪʨʫʜʝʨʦʤ: ʕʪʦʪ ʤʝʪʦʜ ʦʙʝʩʧʝʯʠ-
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ʚʘʝʪ ʥʝʧʨʝʨʳʚʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʩʦʩʪʦʷʥʠʷ 

ʬʠʣʘʤʝʥʪʘ, ʧʦʟʚʦʣʷʷ ʤʘʢʩʠʤʘʣʴʥʦ ʪʦʯʥʦ 

ʦʪʩʣʝʞʠʚʘʪʴ ʫʨʦʚʝʥʴ ʝʛʦ ʚʣʘʞʥʦʩʪʠ ʚ ʧʨʦ-

ʮʝʩʩʝ ʧʝʯʘʪʠ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ, ʩʪʘʥʦʚʠʪʩʷ 

ʚʦʟʤʦʞʥʳʤ ʚʳʷʚʣʷʪʴ ʫʯʘʩʪʢʠ ʤʦʜʝʣʠ, ʛʜʝ 

ʚʣʘʞʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʤʦʞʝʪ ʥʝʛʘʪʠʚʥʦ ʧʦ-

ʚʣʠʷʪʴ ʥʘ ʢʘʯʝʩʪʚʦ ʧʝʯʘʪʠ, ʠ ʘʥʘʣʠʟʠʨʦ-

ʚʘʪʴ ʢʨʠʪʠʯʥʦʩʪʴ ʝʸ ʚʣʠʷʥʠʷ ʚ ʢʘʞʜʦʤ 

ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ, ʠʣʠ ʜʠʥʘʤʠʯʝʩʢʠʡ ʠʟ-

ʤʝʥʷʪʴ ʧʘʨʘʤʝʪʨʳ ʧʝʯʘʪʠ ʜʣʷ ʤʠʥʠʤʠʟʘ-

ʮʠʠ ʚʣʠʷʥʠʷ ʚʣʘʞʥʦʩʪʠ ʥʘ ʜʘʥʥʦʤ ʫʯʘʩʪ-

ʢʝ. 

ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʧʦ ʠʟʤʝʨʝʥʠʶ ʚʣʘʞʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʥʝʡʣʦ-

ʥʘ ʩ ʚʣʘʞʥʦʩʪʴʶ 0%, 50% ʠ 100% ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ ʩ 

ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʭʝʤʦʡ ʥʘ ʛʝʥʝʨʘʪʦʨʝ ʂʦʣ-

ʧʠʪʮʘ ʦʙʣʘʜʘʝʪ ʭʦʨʦʰʝʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦ-

ʩʪʴʶ ʢ ʠʟʤʝʥʝʥʠʷʤ ʚʣʘʞʥʦʩʪʠ ʬʠʣʘʤʝʥʪʘ 

ʠ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʭʦʨʦʰʫʶ ʧʦʚʪʦʨʷʝʤʦʩʪʴ 

ʨʝʟʫʣʴʪʘʪʦʚ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʧʦʜʭʦʜʷʱʠʤ 

ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʠʩʪʝʤʘʭ ʢʦʥʪʨʦʣʷ 

ʚʣʘʞʥʦʩʪʠ ʬʠʣʘʤʝʥʪʘ ʜʣʷ 3D-ʧʝʯʘʪʠ. 
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Abstract. In the article, the filament moisture control method used in 3D printing is based on 

the use of a capacitive sensor with a quartz oscillator. This approach allows you to avoid dam-

aging the filament, but to achieve precise and on-the-fly control of the moisture content of the 

material, which is critical to improving the quality and reliability of 3D printing. This article al-

so describes the disadvantages of using standard moisture meters for express analysis of thread 

moisture. The presented alternative method for measuring filament moisture provides its ad-

vantages and possible implementation options. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʧʦʤʝʭʦʟʘʱʠʱʸʥʥʦʩʪʠ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʧʨʠ-

ʸʤʥʠʢʦʚ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜʠʢʘ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʦʮʝʥʢʫ ʧʦʤʝʭʦʟʘʱʠʱʸʥʥʦʩʪʠ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʧʨʠʝʤʥʠʢʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ ʢʘʥʘʣʦʚ ʧʨʠʝʤʘ ʨʘʜʠʦʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʤʝʭʦʟʘʱʠʱʸʥʥʦʩʪʴ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʧʨʠʸʤʥʠʢʦʚ, ʥʘʚʠʛʘʮʠʦʥʥʘʷ ʘʧ-

ʧʘʨʘʪʫʨʘ ʧʦʪʨʝʙʠʪʝʣʷ, ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʝ ʧʦʜʘʚʣʝʥʠʝ, ʨʘʜʠʦʤʦʥʠʪʦʨʠʥʛ. 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʧʦʣʷ 

ʩʧʫʪʥʠʢʦʚʦʡ ʨʘʜʠʦʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʠʩʪʝ-

ʤʳ (ʉʈʅʉ) ɻʃʆʅɸʉʉ ʚ ʩʬʝʨʝ ʩʠʣʦʚʳʭ 

ʩʪʨʫʢʪʫʨ ʧʦʟʚʦʣʠʣʦ ʦʙʝʩʧʝʯʠʪʴ ʛʣʦʙʘʣʴ-

ʥʦʩʪʴ ʠ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʧʦʜʚʠʞʥʳʭ ʦʙʲʝʢʪʦʚ 

(ʇʆ). ɺʤʝʩʪʝ ʩ ʪʝʤ ʩʘʤʠ ʉʈʅʉ ɻʃʆʅɸʉʉ 

ʠ GPS ʠʤʝʶʪ ʠ ʩʝʨʴʝʟʥʳʝ ʥʝʜʦʩʪʘʪʢʠ, ʢʦ-

ʪʦʨʳʝ ʩʢʘʟʳʚʘʶʪʩʷ ʚ ʜʘʥʥʦʡ ʩʬʝʨʝ. ʊʘʢ, 

ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ ʠ ʧʨʦʙʣʝʤ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʤʝʭʦʟʘʱʠʱʸʥ-

ʥʦʩʪʠ (ʇʄɿ) ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʧʨʠʸʤʥʠʢʦʚ, 

ʜʦʩʪʫʧʥʦʩʪʠ ʠ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ 

ʢʦʦʨʜʠʥʘʪ, ʥʝʚʳʩʦʢʘʷ ʞʠʚʫʯʝʩʪʴ ʩʠʩʪʝʤʳ 

ʚ ʮʝʣʦʤ ʠ ʧʦʪʝʨʷ ʩʠʛʥʘʣʦʚ ʥʘʚʠʛʘʮʠʦʥʥʳʭ 

ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ (ʅʂɸ) ʧʨʠ çʟʘ-

ʢʨʳʪʠʠè ʥʝʙʘ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʩʫʭʦ-

ʧʫʪʥʳʭ ʦʙʲʝʢʪʦʚ ʩʠʣʦʚʳʭ ʩʪʨʫʢʪʫʨ. ʕʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʫʩʪʦʡʯʠʚʦʩʪʠ ʬʫʥʢ-

ʮʠʦʥʠʨʦʚʘʥʠʷ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ 

ʧʦʪʨʝʙʠʪʝʣʷ (ʅɸʇ), ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ (ʆʄʇ) ʠ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦ-

ʛʝ, ʢ ʩʥʠʞʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝ-

ʥʠʷ ʉʈʅʉ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʠʢʣʘʜʥʦʡ ʟʘʜʘʯʠ 

ʚ ʩʬʝʨʝ ʜʘʥʥʳʭ ʚʝʜʦʤʩʪʚ. 

ʆʩʦʙʝʥʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʜʠʦʵʣʝʢ-

ʪʨʦʥʥʦʛʦ ʧʦʜʘʚʣʝʥʠʷ (ʈʕʇ) ʉʈʅʉ ʧʦʷʩ-

ʥʷʶʪʩʷ ʥʘ ʨʠʩʫʥʢʝ 1. ʂʦʤʧʣʝʢʩ ʈʕɹ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʦʜʩʠʩʪʝʤʳ 

ʨʘʜʠʦʤʦʥʠʪʦʨʠʥʛʘ, ʚ ʧʨʦʩʪʝʡʰʝʤ ʩʣʫʯʘʝ 

ʧʨʠʝʤʥʠʢʘ (ʇʈʄ) ʠ ʧʝʨʝʜʘʪʯʠʢʘ ʧʦʤʝʭ 

(ʇʇ), ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʣʸʪʥʦ-ʧʦʜʲʸʤʥʦʤ 

ʩʨʝʜʩʪʚʝ (ʃʇʉ). ʈʘʜʠʦʠʟʣʫʯʝʥʠʷ ʇʇ ʦʙʝʩ-

ʧʝʯʠʚʘʶʪ ʈʕʇ ʚʩʝʭ ʢʦʤʧʣʝʢʪʦʚ ʅɸʇ, 

ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʟʦʥʝ ʧʦʜʘʚʣʝʥʠʷ ʢʦʤʧʣʝʢ-

ʩʘ. ʇʦʤʝʭʠ ʬʦʨʤʠʨʫʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʚʥʝʰ-

ʥʠʭ ʮʝʣʝʫʢʘʟʘʥʠʡ ʦʪ ʧʦʜʩʠʩʪʝʤʳ ʨʘʜʠʦ-

ʤʦʥʠʪʦʨʠʥʛʘ. 

ʈʘʩʯʸʪʳ ʧʦʤʝʭʦʟʘʱʠʱʸʥʥʦʩʪʠ ʅɸʇ 

ɻʃʆʅɸʉʉ ʧʨʦʚʦʜʠʣʠʩʴ ʧʦ ʤʝʪʦʜʠʢʝ, ʠʟ-

ʣʦʞʝʥʥʦʡ ʚ [1, 2], ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʠʩʭʦʜ-

ʥʳʭ ʜʘʥʥʳʭ: ʤʦʱʥʦʩʪʴ ʩʠʛʥʘʣʘ ʥʘ ʚʭʦʜʝ 

ʅɸʇ ʈʉ, ʨʘʚʥʘ ʤʠʥʫʩ 161 ʜɹ ɺʪ; ʜʘʣʴʥʦʩʪʴ 

ʜʦ ʧʝʨʝʜʘʪʯʠʢʘ ʧʦʤʝʭ (ʇʇ) Rʇ ʠʟʤʝʥʷʣʘʩʴ 

ʦʪ 50 ʜʦ 800 ʢʤ; ʵʬʬʝʢʪʠʚʥʘʷ ʠʟʦʪʨʦʧʥʦ 

ʠʟʣʫʯʘʝʤʘʷ ʤʦʱʥʦʩʪʴ ʕʀʀʄʧ ï ʦʪ 5 ʜʦ 

35 ʜɹɺʪ; ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʤʝʭʦʟʘʱʠʪʳ 

(ʇʄɿ) ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʧʨʠʝʤʥʠʢʘ ʂʧʟ 28, 

38 ʠ 48 ʜɹ. 
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ʈʠʩ. 1. ʆʩʦʙʝʥʥʦʩʪʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʛʦ ʧʦʜʘʚʣʝʥʠʷ ʅɸʇ 

 

ɺ ʢʘʯʝʩʪʚʝ ʧʘʨʘʤʝʪʨʘ ʧʦʤʝʭʦʟʘʱʠʱʸʥ-

ʥʦʩʪʠ (ʇʄɿ) ʚʳʙʨʘʥʘ ʚʝʨʦʷʪʥʦʩʪʴ ʥʦʨ-

ʤʘʣʴʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʅɸʇ ʚ ʫʩʣʦ-

ʚʠʷʭ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʤʝʭʠ ʨ ʠʣʠ ʥʘʜʸʞ-

ʥʦʩʪʴ ʥʦʨʤʘʣʴʥʦʡ ʨʘʙʦʪʳ ʅɸʇ ʚ ʧʨʦʮʝʥ-

ʪʘʭ H = ʨ100.  

ɺʝʨʦʷʪʥʦʩʪʴ ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮʠʦʥʠ-

ʨʦʚʘʥʠʷ ʦʜʥʦʛʦ ʢʘʥʘʣʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳ-

ʨʘʞʝʥʠʝʤ: 
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ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ; ʈʩ ï ʫʨʦʚʝʥʴ ʩʠʛʥʘʣʘ ʥʘ 

ʚʭʦʜʝ ʢʘʥʘʣʘ ʅɸʇ, ʈʧ ï ʫʨʦʚʝʥʴ ʧʦʤʝʭʠ ʥʘ 

ʚʭʦʜʝ ʢʘʥʘʣʘ ʅɸʇ; Kʧʟ ïʢʦʵʬʬʠʮʠʝʥʪ 

ʇʄɿ; sʧ ï ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝ-

ʥʠʝ ʫʨʦʚʥʷ ʧʦʤʝʭʠ. 

ʕʀʀʄʧ ʧʝʨʝʜʘʪʯʠʢʘ ʧʦʤʝʭ ʩʢʣʘʜʳʚʘʝʪ-

ʩʷ ʠʟ ʤʦʱʥʦʩʪʠ ʧʝʨʝʜʘʪʯʠʢʘ ʈʧʧ ʠ ʢʦʵʬ-

ʬʠʮʠʝʥʪʘ ʧʝʨʝʜʘʶʱʝʡ ʘʥʪʝʥʥʳ Gʧ. ʄʦʱ-

ʥʦʩʪʴ ʧʝʨʝʜʘʪʯʠʢʘ ʨʝʘʣʴʥʦ ʤʦʞʝʪ ʤʝʥʷʪʴ-

ʩʷ ʦʪ 1 ɺʪ ʜʦ 200 ʠ ʙʦʣʝʝ ɺʪ; ʢʦʵʬʬʠʮʠʝʥʪ 

ʫʩʠʣʝʥʠʷ ʘʥʪʝʥʥʳ ï ʦʪ 3 (ʚʩʝʥʘʧʨʘʚʣʝʥʥʘʷ 

ʘʥʪʝʥʥʘ) ʜʦ 15 ʠ ʙʦʣʝʝ ʜɹ.  

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ ʥʘʜʸʞʥʦʩʪʠ ʥʦʨ-

ʤʘʣʴʥʦʡ ʨʘʙʦʪʳ ʅɸʇ (ʨʠʩ. 2) ʧʦʢʘʟʳʚʘʝʪ, 

ʯʪʦ ʪʨʝʙʫʝʤʘʷ ʥʘʜʸʞʥʦʩʪʴ (95%) ʩʫʱʝ-

ʩʪʚʫʶʱʠʭ ʅɸʇ (Kʧʟ =28 ʜɹ) ʥʝ ʦʙʝʩʧʝʯʠ-

ʚʘʝʪʩʷ ʧʨʠ ʨʘʩʩʪʦʷʥʠʷʭ ʜʦ ʧʝʨʝʜʘʪʯʠʢʘ 

ʧʦʤʝʭ 800 ʢʤ ʧʨʠ ʕʀʄʄ 35 ʜɹɺʪ, ʘ ʪʨʝ-

ʙʫʝʤʘʷ ʥʘʜʸʞʥʦʩʪʴ (95%) ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʅɸʇ (Kʧʟ =48 ʜɹ) ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʠ ʨʘʩ-

ʩʪʦʷʥʠʷʭ ʜʦ ʧʝʨʝʜʘʪʯʠʢʘ ʧʦʤʝʭ ʥʘʯʠʥʘʷ ʩ 

275 ʢʤ. 
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ʈʠʩ. 2. ʆʮʝʥʢʘ ʇʄɿ ʢʘʥʘʣʘ ʅɸʇ 

ʈʘʩʯʸʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʥʠʟʢʫʶ ʇʄɿ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʅɸʇ. ʕʪʦ ʟʥʘʯʠʪ, ʚ ʫʩʣʦ-

ʚʠʷʭ ʈʕʇ ʚʦʝʥʥʳʝ ʧʦʪʨʝʙʠʪʝʣʠ ʣʠʰʘʶʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ɻʃʆʅɸʉʉ ʜʣʷ 

ʨʝʰʝʥʠʷ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʟʘʜʘʯ. 

ʀʟʣʦʞʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʩʧʨʘʚʝʜʣʠʚʘ ʜʣʷ 

ʦʮʝʥʢʠ ʇʄɿ ʦʜʥʦʛʦ ʢʘʥʘʣʘ ʥʘʚʠʛʘʮʠʦʥʥʦ-

ʛʦ ʧʨʠʝʤʥʠʢʘ. ʆʜʥʘʢʦ, ʩʦʚʨʝʤʝʥʥʘʷ ʅɸʇ 

ʠʤʝʝʪ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʢʘʥʘʣʦʚ ʧʨʠʝʤʘ. 

ʇʨʠʯʝʤ ʚ ʩʠʩʪʝʤʝ ɻʃʆʅɸʉʉ ʚ ʦʪʣʠʯʠʝ ʦʪ 

NAVSTAR ʠʩʧʦʣʴʟʫʝʪʩʷ ʯʘʩʪʦʪʥʦʝ ʨʘʟʜʝ-

ʣʝʥʠʝ ʢʘʥʘʣʦʚ (ʨʠʩ. 3). ʅʦʨʤʘʣʴʥʦʝ ʬʫʥʢ-

ʮʠʦʥʠʨʦʚʘʥʠʝ ʧʨʠʝʤʥʠʢʘ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʧʨʠʝʤʝ ʩʠʛʥʘʣʦʤ ʤʠ-

ʥʠʤʫʤ ʦʪ ʯʝʪʳʨʝʭ ʅʂɸ ʠʣʠ ʪʨʝʭ ʧʨʠ ʧʣʘ-

ʥʘʨʥʦʤ ʦʧʨʝʜʝʣʝʥʠʠ ʢʦʦʨʜʠʥʘʪ. 
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ʈʠʩ. 3. ʏʘʩʪʦʪʥʳʡ ʧʣʘʥ ʉʈʅʉ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʦʮʝʥʢʠ ʧʦʤʝʭʦʟʘ-

ʱʠʱʝʥʥʦʩʪʠ ʩʠʩʪʝʤʳ ɻʃʆʅɸʉʉ ʥʝʦʙʭʦ-

ʜʠʤʘ ʤʝʪʦʜʠʢʘ ʦʮʝʥʢʠ ʇʄɿ ʥʝ ʦʜʥʦʛʦ ʢʘ-

ʥʘʣʘ, ʘ ʅɸʇ ʚ ʮʝʣʦʤ.  

ʇʦʤʝʭʦʟʘʱʠʱʝʥʥʦʩʪʴ ʅɸʇ ʚ ʮʝʣʦʤ ʟʘ-

ʚʠʩʠʪ ʦʪ ʯʠʩʣʘ ʠʩʧʦʣʴʟʫʝʤʳʭ ʅʂɸ ʠ ʦʪ 

ʇʄɿ ʦʪʜʝʣʴʥʦʛʦ ʢʘʥʘʣʘ. ɺ ʧʨʦʮʝʩʩʝ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʦʮʝʥʢʠ 

ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʦʩʪʠ ʅɸʇ ʚ ʮʝʣʦʤ. ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ ʚʝʨʦʷʪʥʦʩʪʴ ʥʦʨʤʘʣʴʥʦʛʦ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʅɸʇ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳ-

ʨʘʞʝʥʠʝʤ: 
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ʛʜʝ pi ï ʚʝʨʦʷʪʥʦʩʪʴ ʥʦʨʤʘʣʴʥʦʡ ʨʘʙʦʪʳ 

ʦʜʥʦʛʦ ʢʘʥʘʣʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʇʄɿ ʥʘʚʠʛʘʮʠʦʥʥʦ-

ʛʦ ʧʨʠʝʤʥʠʢʘ ʚ ʮʝʣʦʤ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠ-

ʩʫʥʢʝ 4. ʆʩʥʦʚʥʳʤ ʜʦʧʫʱʝʥʠʝʤ ʚ ʵʪʦʡ ʤʝ-

ʪʦʜʠʢʝ ʧʨʠʥʷʪʘ ʨʘʚʥʦʚʝʨʦʷʪʥʦʩʪʴ ʧʦʜʘʚ-

ʣʝʥʠʷ ʢʘʞʜʦʛʦ ʢʘʥʘʣʘ. 

 

0,95

0,8

0,6

0,4

0,2

0

0,5            0,6              0,7             0,8               0,9            1,0

p

pm,n

Nʢ=5

Nʢ=4

Nʢ=6

Nʢ=8

Nʢ=7
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ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʥʦ ʟʘ-

ʢʣʶʯʠʪʴ, ʯʪʦ ʥʘʜʸʞʥʦʩʪʴ ʩʚʷʟʠ ʤʦʥʦʢʘ-

ʥʘʣʴʥʦʛʦ ʧʨʠʝʤʥʠʢʘ ʩ ʯʘʩʪʦʪʥʳʤ ʨʘʟʜʝʣʝ-

ʥʠʝʤ ʢʘʥʘʣʦʚ ʩʠʩʪʝʤʳ ɻʃʆʅɸʉʉ ʟʥʘʯʠ-

ʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʩ ʢʦʜʦʚʳʤ ʨʘʟʜʝʣʝʥʠʝʤ 

ʩʠʩʪʝʤʳ NAVSTAR. 

ɿʘʢʣʶʯʝʥʠʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʘʛʘʝʤʘʷ ʤʝʪʦʜʠʢʘ 

ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʦʮʝʥʢʫ ʇʄɿ 

ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʧʨʠʝʤʥʠʢʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ ʢʘʥʘʣʦʚ 

ʧʨʠʝʤʘ ʨʘʜʠʦʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ. 

ɸʥʘʣʠʟ ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʦʩʪʠ ʧʦʢʘʟʳ-

ʚʘʝʪ, ʯʪʦ ʝʸ ʤʦʞʥʦ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ 

ʧʫʪʝʤ ʫʚʝʣʠʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʤʝʭʦ-

ʟʘʱʠʪʳ ʧʨʠʝʤʥʠʢʘ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʷ ʟʘ-

ʱʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʤʝʩʪʥʦʩʪʠ. ʈʘʩʯʝʪʳ ʧʦ-

ʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʚʦʟʤʦʞʥʦ-

ʩʪʝʡ ʠʩʧʦʣʴʟʦʚʘʪʴ ʟʘʱʠʪʥʳʝ ʩʚʦʡʩʪʚʘ 

ʤʝʩʪʥʦʩʪʠ ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʦʩʪʴ ʅɸʇ ʥʝ 

ʦʙʝʩʧʝʯʠʪʴ ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ ʩʦʪʝʥ ʢʤ. ʊʘʢ, 

ʥʘʧʨʠʤʝʨ, ʧʨʠ ʥʘʣʠʯʠʠ ʟʘʱʠʪʥʳʭ ʩʚʦʡʩʪʚ 

ʤʝʩʪʥʦʩʪʠ ʨʘʚʥʳʭ 28 ʜɹ ʪʨʝʙʫʝʤʘʷ ʥʘʜʝʞ-

ʥʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʠ ʫʜʘʣʝʥʠʠ ʃʇʉ 

ʙʦʣʝʝ 96 ʢʤ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʟʘʱʠʪʥʳʭ 

ʩʚʦʡʩʪʚ ʤʝʩʪʥʦʩʪʠ ʜʦ 48 ʜɹ ʪʨʝʙʫʝʤʘʷ 

ʥʘʜʝʞʥʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʠ ʨʘʩʩʪʦʷ-

ʥʠʷʭ ʜʦ ʃʇʉ ʙʦʣʝʝ 480 ʢʤ. 
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ɸʥʥʦʪʘʮʠʷ. ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʙʟʦʨ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʧʝʨʩʧʝʢ-

ʪʠʚ ʚʥʝʜʨʝʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ (ʀʀ) ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʝ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ 

ʦʩʥʦʚʥʳʝ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʀʀ ʚ ʦʪʨʘʩʣʠ, ʚʢʣʶʯʘʷ ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʧʨʦʮʝʩʩʦʚ ʧʨʦʝʢ-

ʪʠʨʦʚʘʥʠʷ ʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ, ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʠ ʢʦʥʪʨʦʣʴ 

ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ. ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʤʝʨʦʚ ʠʟ ʨʘʟʣʠʯ-

ʥʳʭ ʩʪʨʘʥ, ʚʢʣʶʯʘʷ ʈʦʩʩʠʶ, ʦʙʦʩʥʦʚʘʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʀʀ ʥʘ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʠ ʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʡ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ. ɺʳʷʚʣʝʥʳ ʧʝʨʩʧʝʢ-

ʪʠʚʳ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʩʬʝʨʳ, ʘ ʪʘʢʞʝ ʦʧʠʩʘʥʳ ʚʳʟʦʚʳ, ʩʪʦʷʱʠʝ ʧʝʨʝʜ ʚʥʝʜʨʝʥʠʝʤ 

ʀʀ, ʠ ʧʫʪʠ ʠʭ ʧʨʝʦʜʦʣʝʥʠʷ. ʕʪʘ ʩʪʘʪʴʷ ʩʣʫʞʠʪ ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘ-

ʥʠʡ ʠ ʦʙʩʫʞʜʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, ʤʘʰʠʥʦʩʪʨʦʝʥʠʝ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ, ʧʨʦʠʟ-

ʚʦʜʩʪʚʝʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʦʧʪʠʤʠʟʘʮʠʷ, ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ, ʧʝʨʩʧʝʢʪʠʚʳ, ʚʳʟʦʚʳ, ʩʪʘʥ-

ʜʘʨʪʠʟʘʮʠʷ. 

 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʟʘʜʘʯʘʤ ʚʥʝʜʨʝʥʠʷ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʫʜʝʣʷʝʪʩʷ 

ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ. ɺ ʮʝʣʷʭ ʦʙʝʩʧʝʯʝʥʠʷ 

ʫʩʢʦʨʝʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥ-

ʪʝʣʣʝʢʪʘ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʧʨʦʚʝ-

ʜʝʥʠʷ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʧʦʚʳʰʝʥʠʷ 

ʜʦʩʪʫʧʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ ʠ ʚʳʯʠʩʣʠʪʝʣʴ-

ʥʳʭ ʨʝʩʫʨʩʦʚ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʩʦʚʝʨ-

ʰʝʥʩʪʚʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʧʦʜʛʦʪʦʚʢʠ ʢʘʜʨʦʚ 

ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʚʳʰʝʣ ʋʢʘʟ ʇʨʝʟʠʜʝʥʪʘ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʪ 11 ʦʢʪʷʙʨʷ 2019 

ʛʦʜʘ. ʋʪʚʝʨʞʜʝʥʘ ʅʘʮʠʦʥʘʣʴʥʘʷ ʩʪʨʘʪʝʛʠʷ 

ʨʘʟʚʠʪʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʥʘ 

ʧʝʨʠʦʜ ʜʦ 2030 ʛʦʜʘ. 

ʊʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ ʚʥʝʜʨʝʥʠʷ ʀʀ ʚ 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʝ 

ʇʨʠʤʝʥʝʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ 

ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʫʞʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. ʅʘʧʨʠʤʝʨ, ʚ ʦʙ-

ʣʘʩʪʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʧʨʦʝʢʪʠ-

ʨʦʚʘʥʠʷ ʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ, ʀʀ ʧʦʟʚʦʣʷʝʪ 

ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʧʨʦ-

ʜʫʢʪʦʚ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʠʭ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ. ʀʩʩʣʝʜʦʚʘʥʠʝ, ʧʨʦʚʝʜʝʥʥʦʝ Boston 

Consulting Group, ʧʦʢʘʟʘʣʦ, ʯʪʦ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝ ʀʀ ʚ ʧʨʦʮʝʩʩʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʝ-

ʭʘʥʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʤʦʞʝʪ ʩʦʢʨʘʪʠʪʴ 

ʚʨʝʤʷ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʘ 30% ʠ 

ʫʤʝʥʴʰʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʥʝʦʙʭʦʜʠʤʳʭ ʠʪʝ-

ʨʘʮʠʡ. 

ɼʨʫʛʦʡ ʚʘʞʥʦʡ ʦʙʣʘʩʪʴʶ ʧʨʠʤʝʥʝʥʠʷ 

ʀʀ ʷʚʣʷʝʪʩʷ ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥ-

ʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ. ʊʝʭʥʦʣʦʛʠʠ ʤʘʰʠʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ ʩʠʩʪʝʤʳ 

ʤʦʥʠʪʦʨʠʥʛʘ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʦʧʪʠʤʠ-

ʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʮʝʧʦʯʝʢ. ʉʦʛʣʘʩ-

ʥʦ ʠʩʩʣʝʜʦʚʘʥʠʶ McKinsey, ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ 

ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʤʦʞʝʪ ʩʥʠʟʠʪʴ ʦʧʝʨʘʮʠʦʥʥʳʝ ʠʟʜʝʨʞʢʠ ʥʘ 

20-30% ʠ ʫʚʝʣʠʯʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʪʨʫʜʘ ʥʘ 30-40%. 

ɺ ʦʙʣʘʩʪʠ ʢʘʯʝʩʪʚʘ ʠ ʢʦʥʪʨʦʣʷ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ ʀʀ ʪʘʢʞʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʟʥʘʯʠ-

ʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ. ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ 

ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʜʠʘʛʥʦʩʪʠʢʠ ʥʘ 

ʦʩʥʦʚʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʧʦʟʚʦ-

ʣʷʶʪ ʦʧʝʨʘʪʠʚʥʦ ʚʳʷʚʣʷʪʴ ʜʝʬʝʢʪʳ ʠ 

ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʧʨʦʩʪʦʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ. 

ʇʦ ʜʘʥʥʳʤ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʥʩʪʠʪʫʪʘ 

ʩʪʘʥʜʘʨʪʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʉʐɸ, ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝ ʩʠʩʪʝʤ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʜʠ-

ʘʛʥʦʩʪʠʢʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘ-

ʪʠʪʴ ʚʨʝʤʷ ʥʘ ʦʙʥʘʨʫʞʝʥʠʝ ʥʝʠʩʧʨʘʚʥʦ-
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ʩʪʝʡ ʥʘ 25-45% ʠ ʫʤʝʥʴʰʠʪʴ ʟʘʪʨʘʪʳ ʥʘ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʧʨʦʩʪʦʝʚ ʥʘ 30-50%. 

ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ 

ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʧʨʠʤʝʥʝʥʠʷ ʀʀ 

ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʦʩʪʘʶʪʩʷ ʚʝʩʴʤʘ ʧʝʨ-

ʩʧʝʢʪʠʚʥʳʤʠ. ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʷʚʣʷʝʪʩʷ ʫʣʫʯʰʝʥʠʝ 

ʘʣʛʦʨʠʪʤʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʨʘʟʨʘ-

ʙʦʪʢʘ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ. ʀʩ-

ʩʣʝʜʦʚʘʥʠʝ, ʧʨʦʚʝʜʝʥʥʦʝ ʋʥʠʚʝʨʩʠʪʝʪʦʤ 

ʆʢʩʬʦʨʜ, ʧʨʝʜʚʝʱʘʝʪ, ʯʪʦ ʜʘʣʴʥʝʡʰʝʝ ʩʦ-

ʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʛʣʫʙʦʢʦʛʦ 

ʦʙʫʯʝʥʠʷ ʧʨʠʚʝʜʝʪ ʢ ʙʦʣʝʝ ʪʦʯʥʦʤʫ ʧʨʦ-

ʛʥʦʟʠʨʦʚʘʥʠʶ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜ-

ʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ . 

ɼʨʫʛʠʤ ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʷʚʣʷʝʪʩʷ ʨʘʟ-

ʨʘʙʦʪʢʘ ʩʠʩʪʝʤ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ ʯʝʣʦ-

ʚʝʢʘ ʠ ʨʦʙʦʪʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʣʣʘʙʦʨʘ-

ʪʠʚʥʳʭ ʨʦʙʦʪʦʚ ʩ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʤʘʰʠʥ-

ʥʦʛʦ ʦʙʫʯʝʥʠʷ ʧʦʟʚʦʣʠʪ ʩʦʟʜʘʪʴ ʛʠʙʢʠʝ ʠ 

ʘʜʘʧʪʠʚʥʳʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʣʠʥʠʠ. ʉʦ-

ʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʎʝʥʪʨʘ ʠʩʩʣʝʜʦʚʘ-

ʥʠʡ ʠ ʨʘʟʚʠʪʠʷ ʈʦʙʦʪʦʪʝʭʥʠʯʝʩʢʦʡ ʘʩʩʦ-

ʮʠʘʮʠʠ, ʚʥʝʜʨʝʥʠʝ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠ-

ʩʪʝʤ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʣʠʥʠʠ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦ-

ʩʪʠ ʥʘ 20-30% ʠ ʩʥʠʞʝʥʠʶ ʟʘʪʨʘʪ ʥʘ ʨʘʙʦ-

ʯʫʶ ʩʠʣʫ ʥʘ 15-25%). 

ɺʘʞʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ 

ʨʘʟʨʘʙʦʪʢʘ ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʳ ʠ ʩʪʘʥʜʘʨ-

ʪʦʚ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥ-

ʪʝʣʣʝʢʪʘ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ. ʕʪʦ ʚʢʣʶʯʘʝʪ 

ʚ ʩʝʙʷ ʚʦʧʨʦʩʳ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʥʘʜʝʞʥʦʩʪʠ 

ʠ ʵʪʠʯʝʩʢʠʭ ʘʩʧʝʢʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʀʀ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʘʭ. ʀʩʩʣʝʜʦʚʘ-

ʥʠʝ, ʧʨʦʚʝʜʝʥʥʦʝ ɽʚʨʦʧʝʡʩʢʠʤ ʘʛʝʥʪʩʪʚʦʤ 

ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ, ʧʦʜʯʝʨʢʠʚʘʝʪ ʥʝʦʙʭʦ-

ʜʠʤʦʩʪʴ ʜʘʣʴʥʝʡʰʝʛʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʩʪʘʥʜʘʨʪʦʚ ʚ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʀʀ ʚ 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟ-

ʦʧʘʩʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ. 

ʇʨʠʤʝʨʳ ʧʨʠʤʝʥʝʥʠʷ ʀʀ ʚ ʤʘʰʠʥʦ-

ʩʪʨʦʝʥʠʠ ʚ ʈʦʩʩʠʠ 

ʈʦʩʩʠʡʩʢʠʝ ʢʦʤʧʘʥʠʠ ʪʘʢʞʝ ʘʢʪʠʚʥʦ 

ʚʥʝʜʨʷʶʪ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʚ ʨʘʟ-

ʣʠʯʥʳʝ ʩʬʝʨʳ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʜʝʤʦʥ-

ʩʪʨʠʨʫʷ ʧʦʪʝʥʮʠʘʣ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʦʧʪʠ-

ʤʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ 

ʧʦʚʳʰʝʥʠʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʥʘ 

ʨʳʥʢʝ. ɺʦʪ ʥʝʩʢʦʣʴʢʦ ʧʨʠʤʝʨʦʚ ʫʩʧʝʰʥʦ-

ʛʦ ʧʨʠʤʝʥʝʥʠʷ ʀʀ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʚ 

ʈʦʩʩʠʠ: 

1. ɻʘʟʧʨʦʤ ʥʝʬʪʴ: ʂʦʤʧʘʥʠʷ ʘʢʪʠʚʥʦ 

ʚʥʝʜʨʷʝʪ ʩʠʩʪʝʤʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ 

ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦ-

ʠʟʚʦʜʩʪʚʘ ʥʘ ʩʚʦʠʭ ʥʝʬʪʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝ-

ʥʠʷʭ. ʀʩʧʦʣʴʟʫʷ ʜʘʥʥʳʝ ʩ ʜʘʪʯʠʢʦʚ ʠ ʠʩ-

ʪʦʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʦʧʝʨʘʮʠʷʭ, ʘʣʛʦʨʠʪʤʳ ʀʀ ʧʦʤʦʛʘʶʪ ʦʧ-

ʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʜʦʙʳʯʠ ʠ ʧʦʚʳ-

ʰʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

2. ʈʦʩʪʝʭ: ʂʦʥʮʝʨʥ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪ 

ʥʘʧʨʘʚʣʝʥʠʝ "ʎʠʬʨʦʚʘʷ ʤʘʰʠʥʦʩʪʨʦʠ-

ʪʝʣʴʥʘʷ ʧʣʘʪʬʦʨʤʘ", ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʚ 

ʩʝʙʷ ʧʨʠʤʝʥʝʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣ-

ʣʝʢʪʘ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʠ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʧʨʦ-

ʜʫʢʮʠʠ. ʇʨʠʤʝʨʦʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʠʩʪʝʤʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʘʥʘʣʠʟʘ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʠ ʧʨʦʛʥʦ-

ʟʠʨʦʚʘʥʠʷ ʚʦʟʤʦʞʥʳʭ ʦʪʢʘʟʦʚ. 

3. ʂʘʤʘʟ: ʂʨʫʧʥʝʡʰʠʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴ 

ʛʨʫʟʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʚ ʈʦʩʩʠʠ ʪʘʢʞʝ 

ʚʥʝʜʨʷʝʪ ʪʝʭʥʦʣʦʛʠʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥ-

ʪʝʣʣʝʢʪʘ ʚ ʩʚʦʝʤ ʧʨʦʠʟʚʦʜʩʪʚʝ. ʇʨʠʤʝʨʦʤ 

ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʀʀ ʜʣʷ 

ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʧʝ-

ʨʘʮʠʷʭ, ʯʪʦʙʳ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʝ ʨʘʙʦʯʠʭ ʨʝʩʫʨʩʦʚ ʠ ʩʦʢʨʘʪʠʪʴ ʚʨʝ-

ʤʝʥʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ. 

ʇʨʠʤʝʥʝʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ 

ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʨʦʩʩʠʡʩʢʠʭ ʢʦʤʧʘʥʠʡ 

ʥʝ ʪʦʣʴʢʦ ʫʣʫʯʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ, ʥʦ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʠʥ-

ʥʦʚʘʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʦʪʝʯʝʩʪʚʝʥʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ 

ʵʪʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʟʚʦʣʠʪ ʫʢʨʝʧʠʪʴ ʧʦ-

ʟʠʮʠʠ ʨʦʩʩʠʡʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʥʘ ʤʠʨʦ-

ʚʦʤ ʨʳʥʢʝ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʠʤʝʥʝʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ 

ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ 

ʚ ʧʦʚʳʰʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ, ʫʣʫʯʰʝʥʠʠ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʠ 

ʦʙʝʩʧʝʯʝʥʠʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ 

ʧʨʝʜʧʨʠʷʪʠʡ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʧʨʘʢʪʠʯʝʩʢʠʝ ʧʨʠʤʝʨʳ ʚʥʝʜʨʝʥʠʷ ʀʀ ʧʦʜ-

ʪʚʝʨʞʜʘʶʪ ʝʛʦ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʚ 

ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʦʪʨʘʩʣʠ, ʥʘʯʠʥʘʷ ʦʪ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʜʦ ʢʦʥ-

ʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ. 

ʉʠʩʪʝʤʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʘʣʛʦ-

ʨʠʪʤʳ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ ʩʪʘʥʦʚʷʪʩʷ 

ʥʘʜʝʞʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ 
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ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʫʧʨʘʚʣʝ-

ʥʠʷ ʨʝʩʫʨʩʘʤʠ ʧʨʝʜʧʨʠʷʪʠʡ ʤʘʰʠʥʦʩʪʨʦʝ-

ʥʠʷ. ʇʨʠʤʝʥʝʥʠʝ ʢʦʣʣʘʙʦʨʘʪʠʚʥʳʭ ʨʦʙʦ-

ʪʦʚ ʠ ʨʘʟʚʠʪʠʝ ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʳ ʜʣʷ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʀʀ ʚ ʦʪʨʘʩʣʠ ʦʪʢʨʳʚʘʶʪ ʥʦ-

ʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʛʠʙʢʠʭ ʠ 

ʘʜʘʧʪʠʚʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʩʠʩʪʝʤ. 

ʆʜʥʘʢʦ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʠ ʚʳʟʦ-

ʚʳ, ʩʪʦʷʱʠʝ ʧʝʨʝʜ ʚʥʝʜʨʝʥʠʝʤ ʀʀ, ʪʘʢʠʝ 

ʢʘʢ ʚʦʧʨʦʩʳ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʧʨʠʚʘʪʥʦʩʪʠ 

ʜʘʥʥʳʭ ʠ ʵʪʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ. ɼʘʣʴ-

ʥʝʡʰʝʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ, 

ʩʦʚʤʝʩʪʥʦ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʩʪʘʥʜʘʨʪʦʚ ʠ ʥʦʨʤʘʪʠʚʦʚ, ʧʦʤʦʞʝʪ ʦʙʝʩ-

ʧʝʯʠʪʴ ʫʩʪʦʡʯʠʚʦʝ ʠ ʵʬʬʝʢʪʠʚʥʦʝ ʚʥʝʜʨʝ-

ʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʤʘʰʠʥʦ-

ʩʪʨʦʝʥʠʠ. 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ɻʘʣʫʰʢʠʥ, ɸ.ʀ. ʅʝʡʨʦʥʥʳʝ ʩʝʪʠ: ʦʩʥʦʚʳ ʪʝʦʨʠʠ. ï ʄ.: ʈ ʠ ʉ, 2015. ï 496 c. 

2. ʅʝʡʨʦʥʥʳʝ ʩʝʪʠ ʚ ʩʠʩʪʝʤʘʭ ʘʚʪʦʤʘʪʠʟʘʮʠʠ / ɺ.ʀ. ɸʨʭʘʥʛʝʣʴʩʢʠʡ, ʀ.ʅ. ɹʦʛʘʝʥʢʦ, 

ɻ.ɻ. ɻʨʘʙʦʚʩʢʠʡ, ʅ.ɸ. ʈʶʤʰʠʥ. ï ʂ.: ʊʝʭʥʠʢʘ, 1999. ï 364 ʩ. 

3. ʍʘʡʢʠʥ, ʉ. ʅʝʡʨʦʥʥʳʝ ʩʝʪʠ: ʧʦʣʥʳʡ ʢʫʨʩ. ï ʄ.: ɼʠʘʣʝʢʪʠʢʘ, 2019. ï 1104 c. 

4. ʋʢʘʟ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ˉ 490 ʦʪ 10.10.2019 ʛʦʜʘ. ʆ ʨʘʟʚʠʪʠʠ ʠʩ-

ʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 

5. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://www.mckinsey.com/capabilities/operations/our-insights/adopting-ai-at-speed-and-scale-

the-4ir-push-to-stay-competitive. 

6. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://www.bcg.com/publications/2021/value-

of-ai-in-steel-industry. 

 

 

THE INTRODUCTION OF ARTIFICIAL INTELLIGENCE IN MECHANICAL  

ENGINEERING: CURRENT STATE AND PROSPECTS 

 

R.M. Stikhaenko, Student 

Supervisor: L.V. Gaev, Candidate of Technical Sciences, Associate Professor 

Lipetsk State University of Technical 

(Russia, Lipetsk) 

 

Abstract. This article provides an overview of the current state and prospects of the introduc-

tion of artificial intelligence (AI) in mechanical engineering. The main applications of AI in the 

industry are analyzed, including automation of design and construction processes, production 

process management and product quality control. Based on research data and practical exam-

ples from various countries, including Russia, the significant impact of AI on improving the effi-

ciency and competitiveness of mechanical engineering enterprises is substantiated. The pro-

spects for further development of the sphere are identified, as well as the challenges facing the 

introduction of AI and ways to overcome them are described. This article serves as a basis for 

further research and discussion in the field of artificial intelligence applications in mechanical 

engineering. 

Keywords: artificial intelligence, mechanical engineering, automation, production processes, 

optimization, quality control, prospects, challenges, standardization. 

  



68 

- ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ - 

 

International Journal of Humanities and Natural Sciences, vol. 5-4 (92), 2024 

ʀʉʂʋʉʉʊɺɽʅʅʓʁ ʀʅʊɽʃʃɽʂʊ ɺ ʈʆɹʆʊʆʊɽʍʅʀʂɽ 

 

ʈ.ʄ. ʉʪʠʭʘʝʥʢʦ, ʩʪʫʜʝʥʪ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʃ.ɺ. ɻʘʝʚ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ., ʜʦʮʝʥʪ 

ʃʠʧʝʮʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

(ʈʦʩʩʠʷ, ʛ. ʃʠʧʝʮʢ) 
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ɸʥʥʦʪʘʮʠʷ. ɼʘʥʥʦʝ ʥʘʫʯʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʘʥʘʣʠʟʠʨʫʝʪ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʨʦʙʦʪʦ-

ʪʝʭʥʠʢʦʡ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʠʥʪʝʣʣʝʢʪʦʤ (ʀʀ), ʚʳʜʝʣʷʷ ʠʭ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʧʝʨʩʧʝʢʪʠʚʳ 

ʩʦʚʤʝʩʪʥʦʛʦ ʨʘʟʚʠʪʠʷ. ʈʦʙʦʪʦʪʝʭʥʠʢʘ ʬʦʢʫʩʠʨʫʝʪʩʷ ʥʘ ʨʘʟʨʘʙʦʪʢʝ ʘʚʪʦʥʦʤʥʳʭ ʨʦʙʦ-

ʪʦʚ, ʩʧʦʩʦʙʥʳʭ ʚʳʧʦʣʥʷʪʴ ʟʘʜʘʯʠ ʙʝʟ ʫʯʘʩʪʠʷ ʯʝʣʦʚʝʢʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʀʀ ʦʨʠʝʥʪʠʨʦʚʘʥ 

ʥʘ ʩʦʟʜʘʥʠʝ ʩʠʩʪʝʤ, ʠʤʠʪʠʨʫʶʱʠʭ ʯʝʣʦʚʝʯʝʩʢʠʡ ʨʘʟʫʤ ʜʣʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʠ ʦʙʫʯʝʥʠʷ. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʠʤʝʨʳ ʧʨʠʤʝʥʝʥʠʷ ʀʀ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩ-

ʣʷʭ, ʚʢʣʶʯʘʷ ʤʝʜʠʮʠʥʫ, ʣʦʛʠʩʪʠʢʫ, ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ, ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʚʦʝʥʥʫʶ ʩʬʝʨʫ, ʩ 

ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʪʝʥʜʝʥʮʠʡ ʠ ʧʝʨʩʧʝʢʪʠʚ ʨʘʟʚʠʪʠʷ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʠ ʘʥʘʣʠʟ ʧʦʟʚʦ-

ʣʷʶʪ ʜʝʣʘʪʴ ʚʳʚʦʜʳ ʦ ʚʦʟʤʦʞʥʦʩʪʷʭ ʠʥʪʝʛʨʘʮʠʠ ʀʀ ʚ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʥʘʧʨʘʚʣʝʥʠʷ ʙʫʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʦʙʦʪʦʪʝʭʥʠʢʘ, ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, ʘʚʪʦʥʦʤʥʳʝ ʩʠʩʪʝʤʳ, 

ʨʝʰʝʥʠʝ ʟʘʜʘʯ, ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ, ʧʨʠʤʝʥʝʥʠʝ ʀʀ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠʥʥʦʚʘʮʠʠ, ʩʦʚ-

ʤʝʩʪʥʦʝ ʨʘʟʚʠʪʠʝ, ʧʝʨʩʧʝʢʪʠʚʳ, ʥʘʫʯʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ. 

 

ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ (ʀʀ) ʠ ʨʦʙʦ-

ʪʦʪʝʭʥʠʢʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʦʱʥʦʝ 

ʩʦʯʝʪʘʥʠʝ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʘʟʥʦʦʙʨʘʟ-

ʥʳʭ ʟʘʜʘʯ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʀʀ ʩʪʘʣ ʚʩʝ 

ʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʚ ʨʦʙʦʪʠʟʠʨʦ-

ʚʘʥʥʳʭ ʨʝʰʝʥʠʷʭ, ʦʙʝʩʧʝʯʠʚʘʷ ʛʠʙʢʦʩʪʴ 

ʦʙʫʯʝʥʠʷ ʚ ʧʨʠʣʦʞʝʥʠʷʭ, ʢʦʪʦʨʳʝ ʨʘʥʴʰʝ 

ʚʳʧʦʣʥʷʣʠʩʴ ʧʦ ʯʝʪʢʦ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʘʣ-

ʛʦʨʠʪʤʘʤ. ʍʦʪʷ ʀʀ ʚʩʝ ʝʱʝ ʥʘʭʦʜʠʪʩʷ ʥʘ 

ʨʘʥʥʝʡ ʩʪʘʜʠʠ ʩʚʦʝʛʦ ʨʘʟʚʠʪʠʷ, ʦʥ ʫʞʝ 

ʩʪʘʣ ʨʝʚʦʣʶʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʜʣʷ ʥʝ-

ʢʦʪʦʨʳʭ ʧʨʦʛʨʘʤʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʩʝʢ-

ʪʦʨʘ. 

ʏʪʦʙʳ ʧʦʥʷʪʴ ʬʝʥʦʤʝʥ ʀʀ ʚ ʨʦʙʦʪʦ-

ʪʝʭʥʠʢʝ, ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʦʙʨʘʪʴʩʷ ʩ ʦʩʥʦʚ-

ʥʳʤʠ ʧʦʥʷʪʠʷʤʠ ʵʪʦʡ ʦʙʣʘʩʪʠ. ʀʩʢʫʩ-

ʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ï ʵʪʦ ʩʧʦʩʦʙʥʦʩʪʴ ʩʠ-

ʩʪʝʤʳ ʚʳʧʦʣʥʷʪʴ ʟʘʜʘʯʠ, ʪʨʝʙʫʶʱʠʝ ʯʝ-

ʣʦʚʝʯʝʩʢʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ʊʘʢʠʝ ʘʣʛʦʨʠʪʤʳ 

ʤʦʛʫʪ ʦʙʫʯʘʪʴʩʷ ʠ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʟʘʜʘʥ-

ʥʳʤ ʧʘʨʘʤʝʪʨʘʤ. 

ʈʦʙʦʪʦʪʝʭʥʠʢʘ ï ʵʪʦ ʦʪʨʘʩʣʴ ʪʝʭʥʦʣʦ-

ʛʠʠ, ʟʘʥʠʤʘʶʱʘʷʩʷ ʩʦʟʜʘʥʠʝʤ ʨʦʙʦʪʦʚ. 

ʈʦʙʦʪʳ ï ʵʪʦ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʝ ʤʘʰʠʥʳ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʦʧʨʝʜʝ-

ʣʝʥʥʳʭ ʟʘʜʘʯ. ʉʫʱʝʩʪʚʫʶʪ ʥʝʩʢʦʣʴʢʦ ʬʘʢ-

ʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʠʩʪʝʤʫ ʢʘʢ ʨʦʙʦʪʠ-

ʟʠʨʦʚʘʥʥʫʶ: 

- ʦʩʥʦʚʥʳʤ ʵʣʝʤʝʥʪʦʤ ʨʘʙʦʪʳ ʤʘʰʠʥʳ 

ʷʚʣʷʝʪʩʷ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʪʦ 

ʝʩʪʴ ʨʦʙʦʪʳ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳ; 

- ʨʦʙʦʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʦʢʨʫʞʘʶ-

ʱʝʡ ʩʨʝʜʦʡ ʩ ʧʦʤʦʱʴʶ ʩʝʥʩʦʨʦʚ ʠ ʠʩʧʦʣ-

ʥʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ; 

- ʨʦʙʦʪʳ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʘʚʪʦʥʦʤʥʳʤʠ 

ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʥʦʤʥʳʤʠ. 

ʇʦʣʫʘʚʪʦʥʦʤʥʳʝ ʨʦʙʦʪʳ ʨʘʙʦʪʘʶʪ ʧʦ 

ʟʘʜʘʥʥʦʤʫ ʧʨʦʛʨʘʤʤʠʩʪʦʤ ʘʣʛʦʨʠʪʤʫ ʠ ʥʝ 

ʦʙʣʘʜʘʶʪ ʛʠʙʢʦʩʪʴʶ ʚ ʚʳʧʦʣʥʝʥʠʠ ʟʘʜʘʯ. 

ʊʘʢʠʝ ʤʘʰʠʥʳ ʥʝ ʤʦʛʫʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ 

ʙʝʟ ʫʯʘʩʪʠʷ ʦʧʝʨʘʪʦʨʘ, ʢʦʪʦʨʳʡ ʫʧʨʘʚʣʷʝʪ 

ʩʠʩʪʝʤʦʡ. ɸʚʪʦʥʦʤʥʳʝ ʨʦʙʦʪʳ ʩʧʦʩʦʙʥʳ 

ʚʳʧʦʣʥʷʪʴ ʟʘʜʘʯʠ ʙʝʟ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʯʝ-

ʣʦʚʝʢʘ, ʢʦʨʨʝʢʪʠʨʫʷ ʩʚʦʠ ʜʝʡʩʪʚʠʷ ʧʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ. ʀʤʝʥʥʦ ʜʣʷ ʠʭ ʩʦʟʜʘʥʠʷ 

ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣ-

ʣʝʢʪ. 

ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ (ʀʀ) ʠ ʨʦʙʦ-

ʪʦʪʝʭʥʠʢʘ ʪʝʩʥʦ ʚʟʘʠʤʦʩʚʷʟʘʥʳ, ʥʦ ʥʝ ʥʝ-

ʨʘʟʨʳʚʥʳ. ɹʦʣʴʰʠʥʩʪʚʦ ʀʀ-ʧʨʦʛʨʘʤʤ ʥʝ 

ʟʘʜʝʡʩʪʚʦʚʘʥʳ ʚ ʫʧʨʘʚʣʝʥʠʠ ʨʦʙʦʪʘʤʠ. 

ɼʘʞʝ ʝʩʣʠ ʀʀ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʨʦʙʦʪʦʪʝʭ-

ʥʠʢʝ, ʦʥ ʣʠʰʴ ʯʘʩʪʴ ʦʙʱʝʡ ʩʠʩʪʝʤʳ. ʀʀ 

ʧʦʤʦʛʘʝʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʚʳʧʦʣʥʝʥʠʝ ʨʘʟ-

ʥʦʦʙʨʘʟʥʳʭ ʟʘʜʘʯ, ʜʝʣʘʷ ʤʘʰʠʥʳ ʙʦʣʝʝ 

ʫʤʥʳʤʠ ʠ ʩʧʦʩʦʙʥʳʤʠ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ 

ʨʘʟʣʠʯʥʳʤ ʩʮʝʥʘʨʠʷʤ. ɺ ʨʦʙʦʪʘʭ ʦʙʲʝʜʠ-
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ʥʷʶʪʩʷ ʬʫʥʢʮʠʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ, 

ʟʘʭʚʘʪʘ ʦʙʲʝʢʪʦʚ, ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ ʠ 

ʦʙʫʯʘʶʱʠʭ ʜʘʥʥʳʭ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʬʠʟʠʢʠ 

ʠ ʣʦʛʠʩʪʠʢʠ. ʄʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ, ʦʜʠʥ ʠʟ 

ʘʩʧʝʢʪʦʚ ʀʀ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʙʫʯʝʥʠʷ 

ʤʦʜʝʣʝʡ, ʯʪʦʙʳ ʦʥʠ ʤʦʛʣʠ ʚʳʧʦʣʥʷʪʴ 

ʩʣʦʞʥʳʝ ʟʘʜʘʯʠ ʠ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʥʦʚʳʤ 

ʩʠʪʫʘʮʠʷʤ. 

ʄʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʨʘʩʧʦ-

ʟʥʘʚʘʪʴ ʦʙʲʝʢʪʳ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ ʠ ʨʘʟʤʝ-

ʨʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. ʈʦʙʦʪʳ ʩ ʀʀ 

ʫʞʝ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ. 

ʅʘʧʨʠʤʝʨ, ʚ ʤʝʜʠʮʠʥʝ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʝ 

ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴ ʟʘʜʘʯʠ, ʦʪ ʩʘʥʠ-

ʪʘʨʥʦʡ ʫʙʦʨʢʠ ʠ ʜʝʟʠʥʬʝʢʮʠʠ ʜʦ ʧʨʦʚʝʜʝ-

ʥʠʷ ʫʜʘʣʸʥʥʳʭ ʦʧʝʨʘʮʠʡ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦ-

ʩʪʴʶ. ʊʘʢʠʝ ʨʦʙʦʪʳ, ʢʘʢ Da Vinci, ʠʩʧʦʣʴ-

ʟʫʶʪ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʭʠʨʫʨʛʠʯʝʩʢʠʭ ʦʧʝ-

ʨʘʮʠʡ, ʠʤʠʪʠʨʫʷ ʜʚʠʞʝʥʠʷ ʭʠʨʫʨʛʘ. ɺ 

ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʀʀ-ʨʦʙʦʪʳ ʧʦʤʦʛʘʶʪ 

ʧʦʚʳʩʠʪʴ ʫʨʦʞʘʡʥʦʩʪʴ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴ-

ʥʦʩʪʴ, ʟʘʥʠʤʘʷʩʴ ʧʦʩʘʜʢʦʡ, ʩʙʦʨʦʤ ʫʨʦ-

ʞʘʷ, ʨʘʩʧʳʣʝʥʠʝʤ ʧʝʩʪʠʮʠʜʦʚ ʠ ʤʦʥʠʪʦ-

ʨʠʥʛʦʤ ʩʦʩʪʦʷʥʠʷ ʨʘʩʪʝʥʠʡ. ʇʨʠʤʝʨʦʤ 

ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʨʦʙʦʪʳ ʢʦʤʧʘʥʠʠ Iron Ox, 

ʢʦʪʦʨʳʝ ʦʧʪʠʤʠʟʠʨʫʶʪ ʫʩʣʦʚʠʷ ʜʣʷ ʨʦʩʪʘ 

ʨʘʩʪʝʥʠʡ, ʠ Agrobot E-Series, ʢʦʪʦʨʳʡ ʩʦ-

ʙʠʨʘʝʪ ʢʣʫʙʥʠʢʫ, ʨʘʩʧʦʟʥʘʚʘʷ ʩʧʝʣʳʝ ʷʛʦ-

ʜʳ. 

ɺ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʨʦ-

ʙʦʪʳ ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʦʣʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʠ ʩʥʠʞʝʥʠʶ ʟʘʪʨʘʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʩʦ-

ʟʜʘʚʘʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʙʦʨʦʯʥʳʝ 

ʣʠʥʠʠ. ʅʘʧʨʠʤʝʨ, ʟʘʚʦʜ Knauf Industries ʚʦ 

ɺʨʦʮʣʘʚʝ ʠʩʧʦʣʴʟʫʝʪ ʨʦʙʦʪʦʚ ʜʣʷ ʠʟʛʦʪʦʚ-

ʣʝʥʠʷ ʧʦʣʠʧʨʦʧʠʣʝʥʦʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ɺ 

ʚʦʝʥʥʦʡ ʩʬʝʨʝ ʀʀ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʘʟ-

ʨʘʙʦʪʢʠ ʦʨʫʞʠʷ ʠ ʘʚʪʦʥʦʤʥʳʭ ʜʨʦʥʦʚ, ʢʦ-

ʪʦʨʳʝ ʫʞʝ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʨʝʘʣʴʥʳʭ ʙʦʝ-

ʚʳʭ ʫʩʣʦʚʠʷʭ. ɺ ʩʢʣʘʜʩʢʠʭ ʧʦʤʝʱʝʥʠʷʭ 

ʨʦʙʦʪʳ ʧʦʤʦʛʘʶʪ ʧʝʨʝʤʝʱʘʪʴ ʪʦʚʘʨʳ, ʩʦ-

ʢʨʘʱʘʷ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʯʝʣʦʚʝʯʝʩʢʦʤ ʪʨʫʜʝ. 

ʌʨʘʥʮʫʟʩʢʘʷ ʨʘʟʨʘʙʦʪʢʘ Qopius, ʥʘʧʨʠʤʝʨ, 

ʦʪʩʣʝʞʠʚʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʪʦʚʘʨʦʚ ʥʘ ʧʦʣʢʘʭ 

ʠ ʩʦʙʠʨʘʝʪ ʜʘʥʥʳʝ ʦ ʧʨʦʜʫʢʪʘʭ. 

ʈʦʙʦʪʳ ʚʩʸ ʙʦʣʴʰʝ ʚʥʝʜʨʷʶʪʩʷ ʚ ʧʦʚʩʝ-

ʜʥʝʚʥʫʶ ʞʠʟʥʴ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʪʨʘʥʘʭ ʜʦ-

ʩʪʘʚʢʘ ʪʦʚʘʨʦʚ ʫʞʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦ-

ʤʦʱʴʶ ʀʀ-ʨʦʙʦʪʦʚ. ʂʦʤʧʘʥʠʷ Starship 

Technologies ʠʟ ʕʩʪʦʥʠʠ ʧʨʦʠʟʚʦʜʠʪ ʙʝʩ-

ʧʠʣʦʪʥʳʭ ʨʦʙʦʪʦʚ ʜʣʷ ʜʦʩʪʘʚʢʠ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʠʟʤʝʥʷʪʴ ʤʘʨʰʨʫʪ ʙʣʘʛʦʜʘʨʷ ʢʘʨʪʦ-

ʛʨʘʬʠʯʝʩʢʠʤ ʩʠʩʪʝʤʘʤ. Robby 

Technologies ʠʟ ʉʐɸ ʨʘʟʨʘʙʦʪʘʣʘ Robby 2, 

ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝ-

ʥʠʷ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʣʶʜʴʤʠ. ɺ ʦʙʱʝ-

ʩʪʚʝʥʥʦʤ ʧʠʪʘʥʠʠ ʨʦʙʦʪʳ ʪʘʢʞʝ ʥʘʭʦʜʷʪ 

ʧʨʠʤʝʥʝʥʠʝ: ʢʦʤʧʘʥʠʷ Miso Robotics ʩʦ-

ʟʜʘʣʘ ʨʦʙʦʪʦʚ, ʢʦʪʦʨʳʝ ʘʥʘʣʠʟʠʨʫʶʪ ʧʨʦ-

ʜʫʢʪʳ ʠ ʛʦʪʦʚʷʪ ʙʫʨʛʝʨʳ, ʘ Moley Robotics 

ʚʳʧʫʩʪʠʣʘ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʫʶ ʢʫʭʥʶ, ʩʧʦ-

ʩʦʙʥʫʶ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʢʫʭʦʥʥʳʤ 

ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʩ ʧʦʤʦʱʴʶ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʨʫʢ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʀʀ ʜʣʷ ʠʟʫʯʝʥʠʷ ʢʦʩʤʦ-

ʩʘ ʜʘʚʥʦ ʥʝ ʥʦʚʦ. NASA ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷ-

ʝʪ ʀʀ ʚ ʩʚʦʠʭ ʤʘʨʩʦʭʦʜʘʭ, ʧʦʩʪʦʷʥʥʦ 

ʫʣʫʯʰʘʷ ʝʛʦ. ʂʦʤʧʘʥʠʷ Airbus ʚ 2020 ʛʦʜʫ 

ʧʨʝʜʩʪʘʚʠʣʘ ʨʦʙʦʪʘ-ʧʦʤʦʱʥʠʢʘ CIMON-2 

ʜʣʷ ʢʦʩʤʠʯʝʩʢʠʭ ʤʠʩʩʠʡ, ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʚ 

ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩ ʥʝʤʝʮʢʠʤ ʮʝʥʪʨʦʤ ʘʚʠʘ-

ʮʠʠ ʠ ʢʦʩʤʦʥʘʚʪʠʢʠ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʀʀ ʠ ʨʦʙʦʪʦʪʝʭʥʠʢʠ ʥʝ 

ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʤʝʜʠʮʠʥʦʡ, ʩʝʣʴ-

ʩʢʠʤ ʭʦʟʷʡʩʪʚʦʤ ʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ. 

ʕʪʠ ʪʝʭʥʦʣʦʛʠʠ ʪʘʢʞʝ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʣʦʛʠʩʪʠʢʝ, ʩʪʨʦʠʪʝʣʴʩʪʚʝ, 

ʦʙʩʣʫʞʠʚʘʥʠʠ ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʦʪʨʘʩʣʷʭ. 

ɺ ʣʦʛʠʩʪʠʢʝ ʠ ʩʢʣʘʜʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʀʀ 

ʠ ʨʦʙʦʪʦʪʝʭʥʠʢʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʦʣʝʝ ʵʬ-

ʬʝʢʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʟʘʧʘʩʘʤʠ ʠ ʦʧʪʠʤʠ-

ʟʘʮʠʶ ʧʨʦʮʝʩʩʦʚ. ʈʦʙʦʪʳ-ʢʫʨʴʝʨʳ, ʪʘʢʠʝ 

ʢʘʢ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʢʦʤʧʘʥʠʷʤʠ Starship 

Technologies ʠ Robby Technologies, ʫʞʝ 

ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʜʦʩʪʘʚʢʠ ʪʦʚʘ-

ʨʦʚ ʚ ʛʦʨʦʜʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʨʝʰʘʷ ʧʨʦʙʣʝʤʫ 

çʧʦʩʣʝʜʥʝʡ ʤʠʣʠè. ʕʪʠ ʨʦʙʦʪʳ ʦʩʥʘʱʝʥʳ 

ʩʠʩʪʝʤʘʤʠ ʢʘʨʪʦʛʨʘʬʠʠ ʠ ʥʘʚʠʛʘʮʠʠ, ʢʦ-

ʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʠʤ ʘʚʪʦʥʦʤʥʦ ʧʝʨʝʜʚʠ-

ʛʘʪʴʩʷ ʠ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʠʟʤʝʥʝʥʠʷʤ 

ʤʘʨʰʨʫʪʘ. ɺʥʫʪʨʠ ʩʢʣʘʜʦʚ ʨʦʙʦʪʳ, ʪʘʢʠʝ 

ʢʘʢ Amazon Robotics, ʦʩʫʱʝʩʪʚʣʷʶʪ ʧʝʨʝ-

ʤʝʱʝʥʠʝ ʪʦʚʘʨʦʚ, ʘʚʪʦʤʘʪʠʟʠʨʫʷ ʧʨʦʮʝʩʩʳ 

ʢʦʤʧʣʝʢʪʦʚʘʥʠʷ ʠ ʧʦʛʨʫʟʢʠ. 

ʉʪʨʦʠʪʝʣʴʥʘʷ ʦʪʨʘʩʣʴ ʪʘʢʞʝ ʠʩʧʳʪʳʚʘ-

ʝʪ ʥʘ ʩʝʙʝ ʚʣʠʷʥʠʝ ʀʀ ʠ ʨʦʙʦʪʦʪʝʭʥʠʢʠ. 

ʈʦʙʦʪʳ, ʩʧʦʩʦʙʥʳʝ ʚʳʧʦʣʥʷʪʴ ʩʣʦʞʥʳʝ 

ʩʪʨʦʠʪʝʣʴʥʳʝ ʟʘʜʘʯʠ, ʪʘʢʠʝ ʢʘʢ ʢʠʨʧʠʯʥʘʷ 

ʢʣʘʜʢʘ, ʩʚʘʨʢʘ ʠ ʤʦʥʪʘʞ ʢʦʥʩʪʨʫʢʮʠʡ, 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʶʪ ʩʢʦʨʦʩʪʴ ʠ ʪʦʯ-

ʥʦʩʪʴ ʨʘʙʦʪ. ʇʨʠʤʝʨʦʤ ʷʚʣʷʝʪʩʷ ʨʦʙʦʪ 

SAM100, ʩʦʟʜʘʥʥʳʡ ʢʦʤʧʘʥʠʝʡ 

Construction Robotics, ʢʦʪʦʨʳʡ ʩʧʦʩʦʙʝʥ 

ʢʣʘʩʪʴ ʢʠʨʧʠʯʠ ʩ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʠ 
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ʪʦʯʥʦʩʪʴʶ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʭ ʪʝʭʥʦʣʦ-

ʛʠʡ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʥʦ ʠ ʩʥʠʟʠʪʴ ʪʨʫʜʦʟʘʪʨʘʪʳ 

ʠ ʨʠʩʢ ʜʣʷ ʨʘʙʦʯʠʭ. 

ʈʦʙʦʪʦʪʝʭʥʠʢʘ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣ-

ʣʝʢʪ (ʀʀ) ï ʵʪʦ ʜʚʝ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʝ, ʥʦ 

ʦʪʣʠʯʘʶʱʠʝʩʷ ʦʙʣʘʩʪʠ. ʈʦʙʦʪʦʪʝʭʥʠʢʘ 

ʬʦʢʫʩʠʨʫʝʪʩʷ ʥʘ ʩʦʟʜʘʥʠʠ ʨʦʙʦʪʦʚ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯ ʙʝʟ ʧʦʩʣʝʜʫʶʱʝʛʦ ʚʤʝ-

ʰʘʪʝʣʴʩʪʚʘ, ʪʦʛʜʘ ʢʘʢ ʀʀ ʥʘʧʨʘʚʣʝʥ ʥʘ 

ʠʤʠʪʘʮʠʶ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʨʘʟʫʤʘ ʜʣʷ ʧʨʠ-

ʥʷʪʠʷ ʨʝʰʝʥʠʡ ʠ ʦʙʫʯʝʥʠʷ. ɼʣʷ ʙʦʣʴʰʠʥ-

ʩʪʚʘ ʨʦʙʦʪʦʚ, ʚʳʧʦʣʥʷʶʱʠʭ ʧʨʦʩʪʳʝ ʠ 

ʧʨʝʜʩʢʘʟʫʝʤʳʝ ʟʘʜʘʯʠ, ʧʨʦʜʚʠʥʫʪʳʡ ʠʥ-

ʪʝʣʣʝʢʪ ʥʝ ʪʨʝʙʫʝʪʩʷ, ʪʘʢ ʢʘʢ ʠʭ ʜʝʡʩʪʚʠʷ 

ʟʘʨʘʥʝʝ ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥʳ. ʄʥʦʛʠʝ ʪʘʢʠʝ 

ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʙʳʣʠ ʩʦʟʜʘʥʳ 

ʩ ʫʯʝʪʦʤ ʧʨʝʞʥʠʭ ʦʛʨʘʥʠʯʝʥʠʡ ʀʀ. ʆʜʥʘ-

ʢʦ, ʩ ʙʳʩʪʨʳʤ ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʢʘʞ-

ʜʳʡ ʛʦʜ, ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʨʦʙʦʪʦʪʝʭʥʠʢʠ 

ʤʦʛʫʪ ʙʳʪʴ ʚʩʝ ʙʦʣʝʝ ʫʚʝʨʝʥʳ ʚ ʚʦʟʤʦʞʥʦ-

ʩʪʠ ʨʘʩʰʠʨʝʥʠʷ ʛʨʘʥʠʮ ʪʦʛʦ, ʯʪʦ ʤʦʞʥʦ 

ʜʦʩʪʠʯʴ, ʦʙʲʝʜʠʥʷʷ ʵʪʠ ʜʚʝ ʜʠʩʮʠʧʣʠʥʳ. 

ʇʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʀʀ ʚ ʤʝʜʠ-

ʮʠʥʝ, ʣʦʛʠʩʪʠʢʝ, ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ, ʧʨʦ-

ʠʟʚʦʜʩʪʚʝ ʠ ʚʦʝʥʥʦʡ ʩʬʝʨʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʧʝʨʩʧʝʢʪʠʚʳ ʩʚʝʪʣʦʛʦ ʙʫʜʫʱʝʛʦ ʜʣʷ ʩʦʯʝ-

ʪʘʥʠʷ ʨʦʙʦʪʦʪʝʭʥʠʢʠ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ. ʉʣʝʜʫʶʱʝʝ ʢʨʫʧʥʦʝ ʥʦʚʰʝ-

ʩʪʚʦ, ʢʦʪʦʨʦʝ ʩʝʛʦʜʥʷ ʢʘʞʝʪʩʷ ʥʘʫʯʥʦʡ 

ʬʘʥʪʘʩʪʠʢʦʡ, ʚʧʦʣʥʝ ʤʦʞʝʪ ʩʪʘʪʴ ʨʝʘʣʴʥʦ-

ʩʪʴʶ ʫʞʝ ʟʘʚʪʨʘ. 
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and development prospects. The obtained data and analysis allow us to draw conclusions about 

the possibilities of integrating AI into robotic systems and predict the directions of future re-

search in this area. 

Keywords: robotics, artificial intelligence, autonomous systems, problem solving, machine 

learning, application of AI, technological innovations, joint development, prospects, scientific 

research. 
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ʆɹɿʆʈ ʂʃʖʏɽɺʓʍ ɸʉʇɽʂʊʆɺ ʇʈʆɽʂʊʀʈʆɺɸʅʀʗ ʅɸʄʓɺʅʓʍ  

ʊɽʈʈʀʊʆʈʀʁ 
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ʂ.ɺ. ɺʝʨʝʪʝʥʥʠʢʦʚʘ, ʢʘʥʜ. ʘʨʭʠʪʝʢʪʫʨʳ, ʜʦʮʝʥʪ 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

(ʈʦʩʩʠʷ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ) 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʛʦʨʦʜʘʭ, ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʚ ʫʩʣʦʚʠʷʭ ʚʣʠʷʥʠʷ ʛʨʘʥʠʯʘʱʠʭ ʚʦʜʥʳʭ ʦʙʲʝʢ-

ʪʦʚ, ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʨʘʩʰʠʨʝʥʠʝ ʛʦʨʦʜʩʢʦʡ ʪʢʘʥʠ ʧʦʩʨʝʜʩʪʚʦʤ ʫʚʝ-

ʣʠʯʝʥʠʷ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʭ ʛʨʘʥʠʮ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʢʨʫʞʘʶʱʝʡ ʘʢʚʘʪʦʨʠʠ ï ʟʘ ʩʯʝʪ ʨʘʟ-

ʚʠʪʠʷ ʥʘʤʳʚʥʳʭ ʪʝʨʨʠʪʦʨʠʡ. ʇʨʠ ʵʪʦʤ ʪʝʭʥʦʣʦʛʠʷ ʥʘʤʳʚʘ ʜʦ ʩʠʭ ʧʦʨ ʷʚʣʷʝʪʩʷ ʨʝʩʫʨʩ-

ʥʦ-ʟʘʪʨʘʪʥʦʡ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʥʝʵʬʬʝʢʪʠʚʥʦʡ. ɺ ʩʚʷʟʠ ʩ ʯʝʤ, ʚ ʩʪʘʪʴʝ ʧʦʜʥʠʤʘʶʪʩʷ ʢʣʶ-

ʯʝʚʳʝ ʘʩʧʝʢʪʳ ʫʩʪʦʡʯʠʚʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʩʨʝʜʳ ʥʘ ʚʦʜʥʳʭ ʦʙʲʝʢʪʘʭ ï 

ʪʝʨʨʠʪʦʨʠʡ ʥʘʤʳʚʦʚ, ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʩʦʚʨʝʤʝʥʥʳʭ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʳʭ 

ʪʝʥʜʝʥʮʠʡ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚ ʘʢʚʘʪʦʨʠʘʣʴʥʳʭ ʟʦʥʘʭ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʧʳʪ ʝʚʨʦʧʝʡʩʢʠʭ ʩʪʨʘʥ (ɼʘʥʠʷ, ʅʠʜʝʨʣʘʥʜʳ) ʚ ʩʬʝʨʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʠʩʢʫʩʩʪʚʝʥʥʦ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʚ ʛʨʘʥʠʮʘʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʨʙʘʥʠʟʘʮʠʷ, ʦʩʚʦʝʥʠʝ ʘʢʚʘʪʦʨʠʡ ʠ ʪʝʨʨʠʪʦʨʠʡ, ʥʘʤʳʚ, ʫʩʪʦʡʯʠʚʦʝ 

ʨʘʟʚʠʪʠʝ, ʫʩʪʦʡʯʠʚʳʝ ʥʘʤʳʚʥʳʝ ʪʝʨʨʠʪʦʨʠʠ, ʘʩʧʝʢʪʳ ʫʩʪʦʡʯʠʚʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

 

ʉ ʨʦʩʪʦʤ ʫʨʙʘʥʠʟʘʮʠʠ ʚ ʛʦʨʦʜʘʭ ʚʦʟʥʠ-

ʢʘʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʥʦʚʦʡ 

ʢʘʯʝʩʪʚʝʥʥʦʡ ʩʨʝʜʳ, ʫʚʷʟʘʥʥʦʡ ʩ ʬʘʢʪʠʯʝ-

ʩʢʠʤʠ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʧʣʘʥʠʨʦʚʦʯʥʳʤʠ ʨʝ-

ʰʝʥʠʷʤʠ ʠ ʦʪʚʝʯʘʶʱʝʡ ʘʢʪʫʘʣʴʥʳʤ ʧʦ-

ʪʨʝʙʥʦʩʪʷʤ ʛʦʨʦʜʘ. ʉʦʧʫʪʩʪʚʫʶʱʠʡ ʧʨʦ-

ʮʝʩʩʫ ʫʨʙʘʥʠʟʘʮʠʠ ʤʘʩʩʦʚʳʡ ʧʨʠʨʦʩʪ 

ʥʘʩʝʣʝʥʠʷ ʚ ʪʦʤ ʯʠʩʣʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟ-

ʨʘʩʪʘʥʠʶ ʛʦʨʦʜʩʢʦʡ ʧʝʨʠʬʝʨʠʠ, ʢʘʯʝ-

ʩʪʚʝʥʥʦ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʥʝ ʦʪʚʝʯʘʶʱʝʡ 

ʙʘʟʦʚʳʤ ʢʨʠʪʝʨʠʷʤ ʫʩʪʦʡʯʠʚʦʡ ʩʨʝʜʳ.  

ɺ ʛʦʨʦʜʘʭ, ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʚ ʫʩʣʦʚʠʷʭ 

ʚʣʠʷʥʠʷ ʛʨʘʥʠʯʘʱʠʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ, 

ʨʘʩʰʠʨʝʥʠʝ ʛʦʨʦʜʩʢʦʡ ʪʢʘʥʠ ʚʦʟʤʦʞʥʦ ʧʦ-

ʩʨʝʜʩʪʚʦʤ ʫʚʝʣʠʯʝʥʠʷ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʭ 

ʛʨʘʥʠʮ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʢʨʫʞʘʶʱʝʡ ʘʢʚʘ-

ʪʦʨʠʠ ï ʟʘ ʩʯʝʪ ʨʘʟʚʠʪʠʷ ʥʘʤʳʚʥʳʭ ʪʝʨʨʠ-

ʪʦʨʠʡ. ʉʝʛʦʜʥʷ ʪʝʭʥʦʣʦʛʠʷ ʥʘʤʳʚʘ ʷʚʣʷʝʪ-

ʩʷ ʨʝʩʫʨʩʦ-ʟʘʪʨʘʪʥʦʡ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʥʝ-

ʵʬʬʝʢʪʠʚʥʦʡ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʫʩʪʦʡʯʠʚʦʝ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʚ ʟʦʥʝ ʘʢʚʘʪʦʨʠʡ ʧʨʠʦʙʨʝ-

ʪʘʝʪ ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ.  

ɻʝʦʛʨʘʬʠʯʝʩʢʠ ʦʩʥʦʚʥʦʡ ʘʨʝʘʣ ʠʩʢʫʩ-

ʩʪʚʝʥʥʦ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ, ʚʦʟ-

ʚʝʜʝʥʥʳʭ ʚ ʛʨʘʥʠʮʘʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ, 

ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥ ʚ ʟʦʥʘʭ ʩ ʥʝʩʪʘʙʠʣʴʥʦʡ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʝʡ [1]. ʆʧʳʪ ʝʚ-

ʨʦʧʝʡʩʢʠʭ ʩʪʨʘʥ, ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʘʷ ʧʦʣʠ-

ʪʠʢʘ ʢʦʪʦʨʳʭ ʩʬʦʢʫʩʠʨʦʚʘʥʘ ʥʘ ʢʦʥʮʝʧʮʠʠ 

ʨʦʩʪʘ ʚ ʧʨʠʣʝʛʘʶʱʫʶ ʘʢʚʘʪʦʨʠʶ, ʷʚʣʷʝʪʩʷ 

ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʚ ʦʙʣʘʩʪʠ ʨʘʩʢʨʳʪʠʷ 

ʙʘʟʦʚʳʭ ʘʩʧʝʢʪʦʚ ʫʩʪʦʡʯʠʚʦʛʦ ʧʨʦʝʢʪʠʨʦ-

ʚʘʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʩʨʝʜʳ (ʪʝʨʨʠʪʦʨʠʡ 

ʥʘʤʳʚʦʚ) ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʥʦ-

ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʦʡ ʧʨʘʢʪʠʢʝ.  

ʆʩʥʦʚʘ ʫʩʪʦʡʯʠʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʘʢ-

ʚʘʪʦʨʠʘʣʴʥʳʭ ʟʦʥʘʭ ʤʦʨʩʢʠʭ ʙʘʩʩʝʡʥʦʚ 

ʝʚʨʦʧʝʡʩʢʠʭ ʩʪʨʘʥ, ʚ ʪʦʤ ʯʠʩʣʝ ʨʘʩʩʤʘʪʨʠ-

ʚʘʝʤʳʭ ʨʝʛʠʦʥʦʚ, ʨʝʛʣʘʤʝʥʪʠʨʫʝʪʩʷ ʧʨʠ-

ʥʷʪʦʡ ʚ 2014 ʛʦʜʫ ɼʠʨʝʢʪʠʚʦʡ ɽʉ ʧʦ ʤʦʨ-

ʩʢʦʤʫ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤʫ ʧʣʘʥʠʨʦʚʘʥʠʶ 

(Maritime Spatial Planning ï MSP) 2014/89. 

ʄʦʨʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ 

(ʜʘʣʝʝ ï ʄʇʇ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦ-

ʮʝʩʩ, ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʪʦʨʦʛʦ ʘʥʘʣʠʟʠʨʫʝʪʩʷ 

ʠ ʦʨʛʘʥʠʟʦʚʳʚʘʝʪʩʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʯʝʣʦʚʝʢʘ 

ʚ ʤʦʨʩʢʠʭ ʨʘʡʦʥʘʭ [2]. 

ɺ ʦʩʥʦʚʝ ʘʩʧʝʢʪʦʚ ʫʩʪʦʡʯʠʚʦʛʦ ʧʨʦʝʢ-

ʪʠʨʦʚʘʥʠʷ, ʦʙʦʟʥʘʯʝʥʥʳʭ ʚ ʄʇʇ, ʣʝʞʠʪ 

ʢʣʘʩʩʠʯʝʩʢʘʷ ʪʨʠʘʜʘ ʢʦʥʮʝʧʮʠʠ ʫʩʪʦʡʯʠ-

ʚʦʛʦ ʨʘʟʚʠʪʠʷ ï ʜʦʩʪʠʞʝʥʠʝ ʵʢʦʣʦʛʠʯʝ-

ʩʢʠʭ, ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ ʩʦʮʠʘʣʴʥʳʭ ʮʝʣʝʡ ʚ 

ʛʨʘʥʠʮʘʭ ʚʥʫʪʨʝʥʥʝʡ ʘʢʚʘʪʦʨʠʠ ʨʘʩʩʤʘʪ-

ʨʠʚʘʝʤʦʛʦ ʨʝʛʠʦʥʘ. 

ʉʝʛʦʜʥʷ ʚ ʯʠʩʣʝ ʝʚʨʦʧʝʡʩʢʠʭ ʩʪʨʘʥ, 

ʚʦʩʧʦʣʥʠʚʰʠʭ ʥʝʜʦʩʪʘʶʱʠʝ ʪʝʨʨʠʪʦʨʠ-

ʘʣʴʥʳʝ ʨʝʩʫʨʩʳ ʧʦʩʨʝʜʩʪʚʦʤ ʨʦʩʪʘ ʚ ʧʨʠ-

ʣʝʛʘʶʱʫʶ ʘʢʚʘʪʦʨʠʶ, ʣʠʜʠʨʫʶʱʠʝ ʧʦʟʠ-
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ʮʠʠ ʟʘʥʠʤʘʶʪ ɼʘʥʠʷ ʠ ʅʠʜʝʨʣʘʥʜʳ 

(ʨʠʩ. 1). ʇʫʪʝʤ ʥʘʣʦʞʝʥʠʷ ʢʘʨʪʦʛʨʘʬʠʯʝ-

ʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʧʨʠʚʷʟʢʘʤʠ ʧʦ ʟʘʜʘʥ-

ʥʳʤ ʢʦʦʨʜʠʥʘʪʘʤ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʧʨʠ-

ʨʦʩʪ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʭ ʝʜʠʥʠʮ ʨʘʩʩʤʘʪʨʠ-

ʚʘʝʤʳʭ ʩʪʨʘʥ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 5% ʠ 11% 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

 
ʈʠʩ. 1. ʉʣʝʚʘ ï ʂʘʨʪʳ ɼʘʥʠʠ ʠ ʅʠʜʝʨʣʘʥʜʦʚ ʧʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 1665 ʛ. ʠ 1858 ʛ. ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ; ʩʧʨʘʚʘ ï ʠʭ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʝ ʛʨʘʥʠʮʳ 

 

ʇʦʤʠʤʦ ʫʚʝʣʠʯʝʥʠʷ ʟʦʥ ʩʝʣʠʪʴʙʳ (ʅʠ-

ʜʝʨʣʘʥʜʳ, ɸʤʩʪʝʨʜʘʤ, ʨʘʡʦʥ IJBURG; 

ʅʠʜʝʨʣʘʥʜʳ, ʧʨʦʚʠʥʮʠʷ ʌʣʝʚʦʣʘʥʜ) ʚʝʢʪʦʨ 

ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚʥʫʪʨʠ 

ʘʢʚʘʪʦʨʠʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʨʝʛʠʦʥʦʚ 

ʥʘʧʨʘʚʣʝʥ ʥʘ ʧʦʚʳʰʝʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʠ ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ ʧʨʠʚʣʝʢʘ-

ʪʝʣʴʥʦʩʪʠ ʫʞʝ ʩʣʦʞʠʚʰʝʡʩʷ ʩʨʝʜʳ (ʧʨʝʚʘ-

ʣʠʨʫʶʱʝ ï ʜʝʛʨʘʜʠʨʫʶʱʠʭ ʧʨʦʠʟʚʦʜ-

ʩʪʚʝʥʥʦ-ʧʦʨʪʦʚʳʭ ʟʦʥ, ʫʪʨʘʪʠʚʰʠʭ ʩʚʦʶ 

ʧʝʨʚʦʥʘʯʘʣʴʥʫʶ ʬʫʥʢʮʠʶ) ʧʫʪʝʤ ʝʝ ʢʦʤ-

ʧʣʝʢʩʥʦʡ ʨʝʚʠʪʘʣʠʟʘʮʠʠ (ɼʘʥʠʷ, ʂʦʧʝʥʛʘ-

ʛʝʥ, ʨʘʡʦʥ NORDHAVN; ʅʠʜʝʨʣʘʥʜʳ. 

ʈʦʪʪʝʨʜʘʤ, ʨʘʡʦʥ ʄ4ʅ), ʧʦʚʳʰʝʥʠʶ 

ʵʢʦʧʦʟʠʪʠʚʥʦʛʦ ʩʪʘʪʫʩʘ ʪʝʨʨʠʪʦʨʠʡ ʟʘ ʩʯʝʪ 

ʤʝʨ ʧʦ ʢʦʤʧʝʥʩʘʮʠʦʥʥʦʤʫ ʚʦʩʩʪʘʥʦʚʣʝ-

ʥʠʶ ʥʘʨʫʰʝʥʥʳʭ ʧʨʠʨʦʜʥʳʭ ʩʨʝʜ (ɼʘʥʠʷ. 

ʂʦʧʝʥʛʘʛʝʥ, ʨʘʡʦʥ LYNETTEHOLM; ʅʠ-

ʜʝʨʣʘʥʜʳ, ʧʨʦʚʠʥʮʠʷ ʌʣʝʚʦʣʘʥʜ, ALMERE) 

ʠ ʧʨʝʚʝʥʪʠʚʥʳʤ ʤʝʨʘʤ ʧʦ ʙʦʨʴʙʝ ʩ ʢʣʠʤʘ-

ʪʠʯʝʩʢʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʠ ʠʭ ʧʘʛʫʙʥʳʤ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʧʨʠʙʨʝʞʥʳʡ ʣʘʥʜʰʘʬʪ 

(ɼʘʥʠʷ, ʂʦʧʝʥʛʘʛʝʥ, ʨʘʡʦʥ 

LYNETTEHOLM; ɼʘʥʠʷ, ɺʠʜʦʚʨʝ, 

HOLMENɽ).  

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʥʘʧʨʷʤʫʶ 

ʟʘʪʨʘʛʠʚʘʶʪ ʩʬʝʨʫ ʞʠʟʥʝʩʪʦʡʢʦʩʪʠ ʫʨʙʘ-

ʥʠʟʠʨʦʚʘʥʥʦʡ ʩʨʝʜʳ, ʢʦʪʦʨʘʷ ʚ ʩʦʚʨʝʤʝʥ-

ʥʦʡ ʧʨʘʢʪʠʢʝ ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʦʙʲ-

ʝʜʠʥʷʶʱʝʛʦ ʧʦʥʷʪʠʷ ʫʩʪʦʡʯʠʚʦʡ ʜʝʷʪʝʣʴ-

ʥʦʩʪʠ ʚ ʛʨʘʥʠʮʘʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ (ʨʠʩ. 2). 
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ʈʠʩ. 2. ɻʠʧʦʪʝʟʘ ʢʦʥʮʝʧʮʠʠ ʫʩʪʦʡʯʠʚʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʩʨʝʜʳ ʚ ʛʨʘʥʠʮʘʭ 

ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ 

 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʝ 

ʧʦʥʷʪʠʝ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʟʘʪʨʘʛʠʚʘʝʪ ʵʢʦʣʦ-

ʛʠʯʝʩʢʠʝ, ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʠ ʩʦʮʠʘʣʴʥʳʝ 

ʘʩʧʝʢʪʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʧʦʣʥʳʡ ʧʝʨʝʯʝʥʴ 

ʚʩʝʭ ʘʩʧʝʢʪʦʚ, ʚʢʣʶʯʝʥʥʳʭ ʚ ʧʦʥʷʪʠʝ ʞʠʟ-

ʥʝʩʪʦʡʢʦʩʪʠ, ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʚʳʜʚʠʥʫʪ ʠʟ-ʟʘ 

ʦʙʰʠʨʥʦʩʪʠ ʪʝʨʤʠʥʘ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ 

ʜʝʥʴ ʥʘʠʙʦʣʝʝ ʫʧʦʤʠʥʘʝʤʳʤʠ ʚ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷʭ ʚ ʢʦʥʪʝʢʩʪʝ ʢʘʯʝʩʪʚ ʛʦʨʦʜʩʢʦʡ ʩʨʝ-

ʜʳ ʚʳʩʪʫʧʘʶʪ: ʨʘʟʥʦʦʙʨʘʟʠʝ, ʩʚʷʟʘʥʥʦʩʪʴ, 

ʠʟʙʳʪʦʯʥʦʩʪʴ, ʤʦʜʫʣʴʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʴ [3]. 

ʉ ʫʯʝʪʦʤ ʠʟʫʯʝʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʦʯʥʦʛʦ 

ʙʘʟʠʩʘ ʧʦ ʦʨʛʘʥʠʟʘʮʠʠ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʪʝʨ-

ʨʠʪʦʨʠʡ ʚʥʫʪʨʠ ʟʦʥ ʘʢʚʘʪʦʨʠʡ ʧʦʩʨʝʜ-

ʩʪʚʦʤ ʥʘʤʳʚʘ ʟʝʤʝʣʴ, ʢ ʢʣʶʯʝʚʳʤ ʛʨʘʜʦ-

ʩʪʨʦʠʪʝʣʴʥʳʤ ʪʝʥʜʝʥʮʠʷʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʫʩʪʦʡʯʠʚʦʡ ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʦʡ ʩʨʝʜʳ ʥʘ 

ʚʦʜʥʳʭ ʦʙʲʝʢʪʘʭ, ʦʪʚʝʯʘʶʱʠʤ ʘʩʧʝʢʪʘʤ 

ʞʠʟʥʝʩʪʦʡʢʦʩʪʠ, ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ:  

- ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʦʨʛʘʥʠʟʘʮʠʶ ʪʝʨ-

ʨʠʪʦʨʠʡ ʥʘʤʳʚʦʚ ʚ ʩʪʨʫʢʪʫʨʝ ʘʨʭʠʧʝʣʘʛʘ ï 

ʦʩʪʨʦʚʥʦʝ ʨʘʟʚʠʪʠʝ ʪʝʨʨʠʪʦʨʠʡ;  

- ʧʦʚʳʰʝʥʠʝ ʩʚʷʟʘʥʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʡ 

ʧʦʩʨʝʜʩʪʚʦʤ ʧʘʨʘʣʣʝʣʴʥʦʡ ʨʘʙʦʪʳ ʩ ʨʝʛʝ-

ʥʝʨʠʨʫʝʤʦʡ ʧʨʠʙʨʝʞʥʦʡ ʩʨʝʜʦʡ ʠ ʥʦʚʦʡ ï 

ʬʦʨʤʠʨʫʝʤʦʡ ʥʘ ʚʦʜʥʦʤ ʦʙʲʝʢʪʝ;  

- ʵʪʘʧʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʪʝʨʨʠʪʦʨʠʡ, ʦʪ-

ʚʝʯʘʶʱʫʶ ʬʘʢʪʠʯʝʩʢʠʤ ʧʦʪʨʝʙʥʦʩʪʷʤ ʠ 

ʟʘʧʨʦʩʘʤ ʤʫʥʠʮʠʧʘʣʠʪʝʪʦʚ; 

- ʨʝʩʫʨʩʥʫʶ ʘʚʪʦʥʦʤʥʦʩʪʴ (ʩʘʤʦʦʙʝʩʧʝ-

ʯʝʥʠʝ) ʪʝʨʨʠʪʦʨʠʡ; 

- ʩʦʭʨʘʥʝʥʠʝ/ʧʝʨʝʦʩʤʳʩʣʝʥʠʝ ʠ ʘʧʨʦʙʘ-

ʮʠʷ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʦʡ ʠʜʝʥʪʠʯʥʦʩʪʠ 

ʙʣʠʟʣʝʞʘʱʝʡ ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʦʡ ʩʨʝʜʳ; 

- ʢʦʤʧʝʥʩʘʮʠʶ ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡ-

ʩʪʚʠʷ ʥʘ ʥʘʨʫʰʘʝʤʫʶ ʧʨʠʨʦʜʥʫʶ ʩʨʝʜʫ. 

ʉ ʫʯʝʪʦʤ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʘʩʧʝʢʪʦʚ 

ʫʩʪʦʡʯʠʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ʚʦʜʥʳʭ ʦʙʲ-

ʝʢʪʘʭ, ʘ ʪʘʢʞʝ ʠʟʫʯʝʥʥʦʤʫ ʙʘʟʠʩʫ ʛʨʘʜʦ-

ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʪʝʨʨʠʪʦʨʠʡ 

ʥʘʤʳʚʦʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ, ʯʪʦ 

ʫʩʪʦʡʯʠʚʘʷ ʩʨʝʜʘ ʚ ʨʘʤʢʘʭ ʨʘʩʩʤʘʪʨʠʚʘʝ-

ʤʳʭ ʫʩʣʦʚʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʠʙʢʠʡ 

ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʳʡ ʣʘʥʜʰʘʬʪ ʢʘʯʝʩʪʚʝʥʥʦ 

ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʪʚʝʯʘʶʱʠʡ ʬʘʢʪʠʯʝʩʢʠʤ 

ʧʦʪʨʝʙʥʦʩʪʷʤ ʛʦʨʦʜʘ (ʤʫʥʠʮʠʧʘʣʠʪʝʪʘ) ʠ 

ʧʦʜʩʪʨʘʠʚʘʶʱʠʡʩʷ ʧʦʜ ʧʨʦʛʥʦʟʠʨʫʝʤʳʝ 

ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʥʝ 

ʥʘʨʫʰʘʶʱʠʡ ʪʝʢʫʱʫʶ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʦʙ-

ʩʪʘʥʦʚʢʫ ʠ ʩʧʦʩʦʙʩʪʚʫʶʱʠʡ ʝʝ ʧʦʚʳʰʝ-

ʥʠʶ ʠ ʦʙʦʛʘʱʝʥʠʶ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʥʬʠʛʫʨʘʮʠʷ ʠʩʢʫʩ-

ʩʪʚʝʥʥʦʡ ʩʨʝʜʳ ʥʘ ʚʦʜʥʦʤ ʦʙʲʝʢʪʝ ʚʳʩʪʫ-

ʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʬʘʢʪʦʨʘ ʛʦʨʦʜ-

ʩʢʦʡ ʵʢʦʩʠʩʪʝʤʳ, ʘ ʩʣʦʞʠʚʰʠʡʩʷ ʫʨʙʘʥʠ-

ʟʠʨʦʚʘʥʥʳʡ ʣʘʥʜʰʘʬʪ ʷʚʣʷʝʪʩʷ ʦʙʲʝʢʪʦʤ 

ʧʨʦʝʢʪʠʨʦʚʦʯʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ (ʚʤʝʰʘ-

ʪʝʣʴʩʪʚʘ).  

ʋʯʝʪ ʘʩʧʝʢʪʘ ʞʠʟʥʝʩʪʦʡʢʦʩʪʠ ʤʦʞʝʪ 

ʧʦʤʦʯʴ ʢʘʢ ʧʨʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʠʩʢʫʩ-

ʩʪʚʝʥʥʦ ʩʣʦʞʠʚʰʝʛʦʩʷ ʣʘʥʜʰʘʬʪʘ ʩʫʱʝ-

ʩʪʚʫʶʱʠʭ ʪʝʨʨʠʪʦʨʠʡ, ʪʘʢ 

ʠ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʥʦʚʳʭ ʫʩʪʦʡʯʠʚʳʭ ʟʦʥ 

ʫʨʙʘʥʠʟʘʮʠʠ ï ʪʝʨʨʠʪʦʨʠʡ ʥʘʤʳʚʦʚ, ʚ ʛʨʘ-

ʥʠʮʘʭ ʚʦʜʥʦʡ ʩʨʝʜʳ.  
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Abstract. In cities that develop under the influence of water border objects, the expansion of 

the urban fabric by increasing territorial boundaries in the direction of the ʝexpansion of the ur-

ban fabric by increasing territorial boundaries in the direction of the surrounding water area ï 

through the development of alluvial territories ï is relevant surrounding water area ï through 

the development of alluvial territories ï is relevant. relevant. At the same time, alluvial technolo-

gy remains resource-intensive and environmentally inefficient. In this connection, the article 

raises key aspects of the sustainable design of artificial environment on water bodies - alluvial 

territories, by analyzing the current urban planning trends in design on aquatic territories. The 

experience of European countries (Denmark, the Netherlands) is used as an example. European 

countries (Denmark, the Netherlands) in the field of design are considered as an object of re-

search. 

Keywords: urbanization, development of water areas and territories, alluvium, sustainable 

development, sustainable alluvial territories, aspects of sustainable design. 
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ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʉʊʆʍɸʉʊʀʏɽʉʂʆʁ ʀɻʈʓ ɺ ʌʆʈʄʀʈʆɺɸʅʀʀ  
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ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʥʘʫʯʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʦʭʘʩʪʠʯʝ-

ʩʢʦʡ ʠʛʨʳ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʪʨʘʬʠʢʘ ʚ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʩʚʷʟʠ. ɸ 

ʪʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʦʧʪʠʤʠʟʘʮʠʠ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʦʙ-

ʩʣʫʞʠʚʘʥʠʷ ʠ ʫʤʝʥʴʰʝʥʠʷ ʟʘʜʝʨʞʝʢ ʚ ʧʝʨʝʜʘʯʝ ʜʘʥʥʳʭ, ʧʨʠʤʝʥʷʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʠʩ-

ʩʣʝʜʦʚʘʥʠʝ ʚʩʝʭ ʩʪʨʘʪʝʛʠʡ ʧʝʨʝʜʘʯʠ, ʯʪʦ ʢʘʯʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙ-

ʥʦʩʪʴ ʢʘʥʘʣʘ ʩʚʷʟʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʦʭʘʩʪʠʯʝʩʢʠʝ ʠʛʨʳ, ʧʝʨʝʜʘʯʘ ʪʨʘʬʠʢʘ, ʦʧʪʠʤʠʟʘʮʠʷ ʩʝʪʠ, ʤʘʨʰ-

ʨʫʪʠʟʘʮʠʷ. 

 

ʉʪʦʭʘʩʪʠʯʝʩʢʘʷ ʠʛʨʘ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʧʦʚʝʜʝʥʠʷ ʪʨʘʬʠʢʘ ʚ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ 

ʫʩʪʨʦʡʩʪʚʘʭ ʩʚʷʟʘʥʥʘ ʩ ʨʝʰʝʥʠʝʤ ʧʨʦʙʣʝ-

ʤʳ ʧʝʨʝʩʳʣʢʠ. 

ʋʩʪʨʦʡʩʪʚʘ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ (ʤʘʨʰʨʫ-

ʪʠʟʘʪʦʨʳ) ʥʘ ʨʠʩʫʥʢʝ 1 ʦʙʦʟʥʘʯʝʥʳ ʮʠʬ-

ʨʘʤʠ 1 ʠ 2. ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʠʛʨʳ ʧʨʝʜʧʦ-

ʣʘʛʘʝʪʩʷ, ʯʪʦ ʚ ʪʦʯʢʘʭ 1 ʠ 2 ʥʘʭʦʜʷʪʩʷ ʠʛ-

ʨʦʢʠ 1 ʠ 2. ɺ ʵʪʠʭ ʪʦʯʢʘʭ ʚ ʧʦʷʚʣʷʶʪʩʷ ʧʘ-

ʢʝʪʳ ʜʘʥʥʳʭ ʦʜʥʦʦʙʨʘʟʥʦʡ ʜʣʠʥʳ ʩ ʚʝʨʦ-

ʷʪʥʦʩʪʴʶ: ὥ1 ɴ  (0, 1) ʠ ὥ2  ɴ(0, 1). 

ʎʝʣʴ ʠʛʨʦʢʘ 1 ï ʧʝʨʝʩʣʘʪʴ ʧʘʢʝʪ ʚ ʪʦʯʢʫ 

Ὠ1, ʘ ʮʝʣʴ ʠʛʨʦʢʘ 2, ʧʦ ʘʥʘʣʦʛʠʠ, ï ʧʝʨʝ-

ʩʣʘʪʴ ʧʘʢʝʪ ʚ ʚʝʨʰʠʥʫ Ὠ2. ʇʨʠ ʧʝʨʝʜʘʯʠ ʫ 
ʠʛʨʦʢʦʚ ʧʝʨʝʩʝʢʘʶʪʩʷ ʧʫʪʠ. ʏʪʦʙʳ ʧʝʨʝ-

ʜʘʯʘ ʩʯʠʪʘʣʘʩʴ ʫʩʧʝʰʥʦʡ, ʦʥʘ ʜʦʣʞʥʘ 

ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʛʦ ʠʛʨʦ-

ʢʘ. 

 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

 

ʆʧʠʰʝʤ ʩʠʩʪʝʤʫ ʚʦʟʥʘʛʨʘʞʜʝʥʠʡ ʟʘ ʜʦ-

ʩʪʘʚʢʫ ʧʘʢʝʪʘ ʠ ʩʠʩʪʝʤʫ ʥʘʢʘʟʘʥʠʡ ʟʘ ʟʘ-

ʜʝʨʞʢʫ, ʧʨʠʤʝʥʠʤʫʶ ʢ ʠʛʨʦʢʘʤ: 

- ὧ  ɴ (0, 1) ï ʠʟʜʝʨʞʢʠ ʠʛʨʦʢʘ ʧʨʠ ʜʦ-

ʩʪʘʚʢʝ ʦʜʥʦʛʦ ʧʘʢʝʪʘ ʜʘʥʥʳʭ; 

- ὧ  ɴ 1 ï ʚʦʟʥʘʛʨʘʞʜʝʥʠʝ ʠʛʨʦʢʘʤ ʟʘ 

ʫʩʧʝʰʥʫʶ ʜʦʩʪʘʚʢʫ ʧʘʢʝʪʘ. 

ʇʨʠ ʜʦʩʪʘʚʢʝ çʯʫʞʦʛʦè ʧʘʢʝʪʘ ʠʛʨʦʢ, 

ʥʝʩʝʪ ʠʟʜʝʨʞʢʠ ʚ ʨʘʟʤʝʨʝ ὧ. ʚʦʟʥʘʛʨʘʞʜʝ-
ʥʠʝ ʟʘ ʫʩʧʝʰʥʫʶ ʧʝʨʝʩʳʣʢʫ ʧʘʢʝʪʘ ʚ ʨʘʟ-

ʤʝʨʝ 1 ʧʦʣʫʯʘʝʪ ʠʛʨʦʢ, ʫ ʢʦʪʦʨʦʛʦ ʵʪʦʪ ʧʘ-

ʢʝʪ ʠʟʥʘʯʘʣʴʥʦ ʧʦʷʚʠʣʩʷ. ɺ ʩʣʫʯʘʝ ʦʪʢʘʟʘ 

ʠʛʨʦʢʦʤ ʧʝʨʝʩʣʘʪʴ ʧʘʢʝʪ ʜʨʫʛʦʛʦ ʠʛʨʦʢʘ 

ʵʪʦʪ ʧʘʢʝʪ ʦʩʪʘʝʪʩʷ ʫ ʠʛʨʦʢʘ, ʫ ʢʦʪʦʨʦʛʦ 

ʵʪʦʪ ʧʘʢʝʪ ʠʟʥʘʯʘʣʴʥʦ ʧʦʷʚʠʣʩʷ, ʠ ʥʘ ʩʣʝ-

ʜʫʶʱʝʤ ʰʘʛʝ ʥʦʚʳʡ ʧʘʢʝʪ ʜʘʥʥʳʭ ʫ ʥʝʛʦ 

ʥʝ ʧʦʷʚʣʷʝʪʩʷ. ʉʦʩʪʦʷʥʠʝ ʩʪʦʭʘʩʪʠʯʝʩʢʦʡ 

ʠʛʨʳ ʦʧʨʝʜʝʣʷʝʪ ʥʘʣʠʯʠʝ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ 

ʧʘʢʝʪʘ ʜʘʥʥʳʭ ʫ ʠʛʨʦʢʦʚ 1 ʠ 2. ʄʥʦʞʝʩʪʚʦ 

ʩʦʩʪʦʷʥʠʡ ʠʛʨʳ ʝʩʪʴ {(0, 0),(0, 1),(1, 0),(1, 

1)}, ʛʜʝ ʧʝʨʚʳʡ ʵʣʝʤʝʥʪ ʚʝʢʪʦʨʘ ʦʙʦʟʥʘʯʘ-

ʝʪ ʯʠʩʣʦ ʧʘʢʝʪʦʚ ʫ ʠʛʨʦʢʘ 1, ʘ ʚʪʦʨʦʡ ʵʣʝ-

ʤʝʥʪ ï ʯʠʩʣʦ ʧʘʢʝʪʦʚ ʫ ʠʛʨʦʢʘ 2. 
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ʇʨʠ ʜʦʩʪʘʚʢʝ ʧʘʢʝʪʘ ʜʨʫʛʦʛʦ ʠʛʨʦʢʘ, 

ʠʥʦʡ ʠʛʨʦʢ ʥʝʩʝʪ ʨʘʩʭʦʜʳ ʚ ʨʘʟʤʝʨʝ ὧ. 
ʅʘʛʨʘʜʘ ʟʘ ʫʩʧʝʰʥʫʶ ʧʝʨʝʜʘʯʫ ʧʘʢʝʪʘ ʙʫ-

ʜʝʪ ʚ ʨʘʟʤʝʨʝ 1 ʠ ʚʨʫʯʘʝʪʩʷ ʠʛʨʦʢʫ, ʠʟʥʘ-

ʯʘʣʴʥʦ ʧʦʣʫʯʠʚʰʝʤʫ ʵʪʦʪ ʧʘʢʝʪ. ɽʩʣʠ ʠʛ-

ʨʦʢ ʦʪʢʘʟʳʚʘʝʪʩʷ ʧʝʨʝʩʳʣʘʪʴ ʧʘʢʝʪ ʜʨʫʛʦ-

ʤʫ ʠʛʨʦʢʫ, ʵʪʦʪ ʧʘʢʝʪ ʦʩʪʘʝʪʩʷ ʫ ʠʛʨʦʢʘ, ʫ 

ʢʦʪʦʨʦʛʦ ʵʪʦʪ ʧʘʢʝʪ ʠʟʥʘʯʘʣʴʥʦ ʙʳʣ, ʠ ʥʘ 

ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʥʦʚʳʡ ʧʘʢʝʪ ʜʘʥʥʳʭ ʥʝ 

ʧʦʷʚʣʷʝʪʩʷ. ʉʦʩʪʦʷʥʠʝ ʩʪʦʭʘʩʪʠʯʝʩʢʦʡ ʠʛ-

ʨʳ ʦʧʨʝʜʝʣʷʝʪ ʥʘʣʠʯʠʝ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʧʘ-

ʢʝʪʘ ʜʘʥʥʳʭ ʦʪ ʠʛʨʦʢʦʚ 1 ʠ 2. ʉʫʱʝʩʪʚʫʝʪ 

ʤʥʦʞʝʩʪʚʦ ʩʦʩʪʦʷʥʠʡ ʠʛʨʳ {(0, 0), (0, 1), 

(1, 0), (1, 1) }, ʛʜʝ ʧʝʨʚʳʡ ʵʣʝʤʝʥʪ ʚʝʢʪʦʨʘ 

ʦʙʦʟʥʘʯʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʧʘʢʝʪʦʚ ʫ ʠʛʨʦʢʘ ï 

1, ʘ ʚʪʦʨʦʡ ʵʣʝʤʝʥʪ ï ʢʦʣʠʯʝʩʪʚʦ ʧʘʢʝʪʦʚ ʫ 

ʠʛʨʦʢʘ ï 2. 

- ʇʫʩʪʴ ʩʦʩʪʦʷʥʠʝ (0, 0), ʪʦʛʜʘ ʩʪʨʘʪʝʛʠʷ 

ʠʛʨʦʢʘ 1 ʠ 2 ï ὡ çʦʞʠʜʘʪʴè. ɺʳʠʛʨʳʰ ʠʛ-

ʨʦʢʦʚ ï (0, 0). ɺʝʨʦʷʪʥʦʩʪʴ ʧʝʨʝʭʦʜʘ ʠʟ 

ʩʦʩʪʦʷʥʠʷ (0, 0) ʚ ʩʦʩʪʦʷʥʠʝ (0, 0), (0, 1), 

(1, 0), (1, 1) ʙʫʜʝʤ ʦʙʦʟʥʘʯʘʪʴ ʯʝʨʝʟ ὴ11, 

ὴ12, ὴ13 ʠ ὴ14. ʕʪʠ ʚʝʨʦʷʪʥʦʩʪʠ ʩʦʩʪʘʚʣʷʶʪ 

ʦʙʱʠʡ ʚʝʢʪʦʨ ὴ1 = (ὴ11, ὴ12, ὴ13, ὴ14), ʢʦʪʦ-

ʨʳʡ ʨʘʚʝʥ ((1 ī ὥ1)(1 ī ὥ2), (1 ī ὥ1)ὥ2, ὥ1(1 

ī ὥ2), ὥ1ὥ2).  

- ʇʫʩʪʴ ʩʦʩʪʦʷʥʠʝ (0, 1): ʪʦʛʜʘ ʩʪʨʘʪʝʛʠʷ 

ʠʛʨʦʢʘ 2 ï Ὕ çʦʪʧʨʘʚʣʷʪʴè. ɺ ʩʚʦʶ ʦʯʝ-
ʨʝʜʴ, ʠʛʨʦʢ 1 ʤʦʞʝʪ ʧʦʡʪʠ ʧʦ ʜʚʫʤ ʩʪʨʘʪʝ-

ʛʠʷʤ: Ὂ çʦʪʧʨʘʚʣʷʪʴè ʠ Ὀ çʥʝ ʦʪʧʨʘʚʣʷʪʴè. 

ɺʳʠʛʨʳʰʠ ʠʛʨʦʢʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʤʘʪ-

ʨʠʮʝ: 

 

 ʊ  

(1) F 
( 

-ʩ 1 
) 

D 0 -ʩ 

 

ɺʝʨʦʷʪʥʦʩʪʴ ʧʝʨʝʭʦʜʘ ʠʟ ʩʦʩʪʦʷʥʠʷ (0, 1) ʚ ʩʦʩʪʦʷʥʠʷ (0, 0), (0, 1), (1, 0), (1, 1) ʧʨʠ 

ʫʩʣʦʚʠʠ, ʯʪʦ ʚ ʠʛʨʝ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʠʪʫʘʮʠʷ (Ὂ, Ὕ), ʦʙʦʟʥʘʯʝʥʥʘʷ ʯʝʨʝʟ ὴ2,1(Ὂ, Ὕ), ὴ2,2(Ὂ, 

Ὕ), ὴ2,3(Ὂ, Ὕ) ʠ ὴ2,4(Ὂ, Ὕ). ʕʪʠ ʚʝʨʦʷʪʥʦʩʪʠ ʙʫʜʫʪ ʟʘʜʘʚʘʪʴ ʚʝʢʪʦʨ ʧʝʨʝʭʦʜʥʳʭ ʚʝʨʦʷʪʥʦ-
ʩʪʝʡ ὴ2(Ὂ, Ὕ) = (ὴ21(Ὂ, Ὕ), ὴ22(Ὂ, Ὕ), ὴ23(Ὂ, Ὕ), ὴ24(Ὂ, Ὕ)), ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʨʘʚʝʥ ((1 ī ὥ1)(1 ī 

ὥ2), (1 ī ὥ1)ὥ2, ὥ1(1 ī ὥ2), ὥ1ὥ2).  

ɺʝʨʦʷʪʥʦʩʪʴ ʧʝʨʝʭʦʜʘ ʠʟ ʩʦʩʪʦʷʥʠʷ (0, 1) ʚ ʩʦʩʪʦʷʥʠʷ (0, 0), (0, 1), (1, 0), (1, 1) ʧʨʠ 

ʫʩʣʦʚʠʠ, ʯʪʦ ʚ ʠʛʨʝ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʠʪʫʘʮʠʷ (Ὀ, Ὕ), ʦʙʦʟʥʘʯʝʥʥʘʷ ʯʝʨʝʟ ὴ21(Ὀ, Ὕ), ὴ22(Ὀ, 

Ὕ), ὴ23(Ὀ, Ὕ) ʠ ὴ24(Ὀ, Ὕ). ʕʪʠ ʚʝʨʦʷʪʥʦʩʪʠ ʙʫʜʫʪ ʟʘʜʘʚʘʪʴ ʚʝʢʪʦʨ ʧʝʨʝʭʦʜʥʳʭ ʚʝʨʦʷʪʥʦʩʪʝʡ 
ὴ2(Ὀ, Ὕ) = (ὴ21(Ὀ, Ὕ), ὴ22(Ὀ, Ὕ), ὴ23(Ὀ,Ὕ), ὴ24(Ὀ, Ὕ)), ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʨʘʚʝʥ (0, 1 ī ὥ1, 0, ὥ1). 

- ʇʫʩʪʴ ʩʦʩʪʦʷʥʠʝ (1, 0), ʪʦʛʜʘ ʩʪʨʘʪʝʛʠʷ ʠʛʨʦʢʘ 1 ï Ὕ çʦʪʧʨʘʚʣʷʪʴè. ʀʛʨʦʢ 2 ʙʫʜʝʪ 

ʠʤʝʪʴ ʜʚʝ ʩʪʨʘʪʝʛʠʠ: Ὂ çʦʪʧʨʘʚʣʷʪʴè ʠ Ὀ çʥʝ ʦʪʧʨʘʚʣʷʪʴè. ɺʳʠʛʨʳʰʠ ʠʛʨʦʢʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʤʘʪʨʠʮʝ: 

 

 ʊ  

(2) F 
( 

1 -ʩ 
) 

D -ʩ 0 

 

ɺʝʢʪʦʨ ʚʝʨʦʷʪʥʦʩʪʠ ʧʝʨʝʭʦʜʘ ʠʟ ʩʦʩʪʦ-

ʷʥʠʷ (1, 0) ʚ ʩʦʩʪʦʷʥʠʷ (0, 0), (0, 1), (1, 0), 

(1, 1) ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʚ ʠʛʨʝ ʠʩʧʦʣʴʟʦʚʘ-

ʣʘʩʴ ʩʠʪʫʘʮʠʷ (Ὕ,Ὂ), ʦʙʦʟʥʘʯʠʤ ʯʝʨʝʟ 

ὴ3(Ὕ,Ὂ) = (ὴ31(Ὕ,Ὂ), ὴ32(Ὕ,Ὂ), ὴ33(Ὕ,Ὂ), 

ὴ34(Ὕ,Ὂ)), ʢʦʪʦʨʳʡ ʨʘʚʝʥ ((1 ī ὥ1)(1ī ὥ2), (1 

ī ὥ1)ὥ2, ὥ1(1 ī ὥ2), ὥ1ὥ2). ɺʝʢʪʦʨ ʚʝʨʦʷʪʥʦ-

ʩʪʠ ʧʝʨʝʭʦʜʘ ʠʟ ʩʦʩʪʦʷʥʠʷ (1, 0) ʚ ʩʦʩʪʦʷ-

ʥʠʝ (0, 0), (0, 1), (1, 0), (1, 1) ʧʨʠ ʫʩʣʦʚʠʠ, 

ʯʪʦ ʚ ʠʛʨʝ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʠʪʫʘʮʠʷ (Ὕ,Ὀ), 

ʦʙʦʟʥʘʯʠʤ ʯʝʨʝʟ ὴ3(Ὕ,Ὀ) = (ὴ31(Ὕ,Ὀ), ὴ32(Ὕ, 
Ὀ), ὴ33(Ὕ,Ὀ), ὴ34(Ὕ,Ὀ)), ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʨʘ-
ʚʝʥ (0,0,1 ī ὥ2, ὥ2).  

- ʇʫʩʪʴ ʩʦʩʪʦʷʥʠʝ (1, 1), ʪʦʛʜʘ ʫ ʢʘʞʜʦ-

ʛʦ ʠʛʨʦʢʘ ʚ ʥʘʯʘʣʝ ʧʝʨʠʦʜʘ ʝʩʪʴ ʩʚʦʡ ʧʘʢʝʪ 

ʪʨʘʬʠʢʘ ʜʣʷ ʦʪʧʨʘʚʢʠ. ʉʪʨʘʪʝʛʠʝʡ ʣʶʙʦʛʦ 

ʠʛʨʦʢʘ 1 ʠʣʠ 2 ʙʫʜʝʪ: Ὂ (çʦʪʧʨʘʚʣʷʪʴè) ʠ Ὀ 

(çʥʝ ʦʪʧʨʘʚʣʷʪʴè). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʝʩʣʠ 

ʢʘʞʜʳʡ ʠʛʨʦʢ ʦʪʧʨʘʚʣʷʝʪ ʧʘʢʝʪ ʪʨʘʬʠʢʘ 

ʜʨʫʛʦʛʦ ʠʛʨʦʢʘ, ʪʦ ʧʘʢʝʪʳ ʪʨʘʬʠʢʘ ʙʫʜʫʪ 
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ʩʯʠʪʘʪʴ ʜʦʩʪʘʚʣʝʥʥʳʤʠ, ʠ ʢʘʞʜʳʡ ʠʛʨʦʢ 

ʩʤʦʞʝʪ ʧʦʣʫʯʠʪʴ ʚʳʠʛʨʳʰ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ 

ʨʘʚʝʥ ʝʜʠʥʠʮʝ ʩ ʫʯʝʪʦʤ ʠʟʜʝʨʞʝʢ ʧʦ ʦʪ-

ʧʨʘʚʢʝ ʧʘʢʝʪʘ ʪʨʘʬʠʢʘ ʠʥʦʛʦ ʠʛʨʦʢʘ. ʉʣʝ-

ʜʦʚʘʪʝʣʴʥʦ, ʚʳʠʛʨʳʰʠ ʠʛʨʦʢʦʚ ʙʫʜʫʪ ʪʘ-

ʢʠʤʠ, ʢʘʢ ʚ ʤʘʪʨʠʮʝ: 

 

 ʊ  

(3) F 
( 

(1 ð ʩ, 1 ð ʩ) (ð ʩ, 1) 
) 

D (1, ð ʩ) (0, 0) 

 

ɺ ʵʪʦʤ ʩʦʩʪʦʷʥʠʠ ʩʫʱʝʩʪʚʫʝʪ ʚʩʝʛʦ ʯʝʪʳʨʝ ʚʦʟʤʦʞʥʳʭ ʩʠʪʫʘʮʠʠ ʚ ʯʠʩʪʳʭ ʩʪʨʘʪʝʛʠʷʭ. 

ɺʝʨʦʷʪʥʦʩʪʴ ʧʝʨʝʭʦʜʘ ʠʟ (1, 1) ʚ (0, 0), (0, 1), (1, 0), (1,1) ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1. ɺʝʨʦʷʪʥʦʩʪʠ ʧʝʨʝʭʦʜʘ ʠʟ ʩʦʩʪʦʷʥʠʷ (1, 1). 
ʉʠʪʫʘʮʠʷ ὴ4(Ŀ) = (ὴ41(Ŀ), ὴ42(Ŀ), ὴ43(Ŀ), ὴ44(Ŀ)) 

(F, F) ((1 ī ὥ1)(1 ī ὥ2),(1 ī ὥ1)ὥ2, ὥ1(1 ī ὥ2), ὥ1ὥ2) 

(F, D) (0, 0, 1 ī ὥ2, ὥ2) 

(D, F) (0, 1 ī ὥ1, 0, ὥ1) 

(D, D) (0, 0, 0, 1) 

 

ʀʛʨʦʢʠ ʠʩʧʦʣʴʟʫʶʪ ʩʪʨʘʪʝʛʠʠ, ʢʦʪʦʨʳʝ 

ʠʤʝʶʪ ʟʘʚʠʩʠʤʦʩʪʴ ʪʦʣʴʢʦ ʦʪ ʥʳʥʝʰʥʝʛʦ 

ʩʦʩʪʦʷʥʠʷ ʠ ʥʝ ʠʤʝʝʶʪ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʝ-

ʨʠʦʜʘ ʚʨʝʤʝʥʠ. ʉʣʝʜʫʝʪ ʧʨʠʥʷʪʴ ɖ–Ὥ  ɴὌὭ , 
ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʩʪʨʘʪʝʛʠʝʡ ʠʛʨʦʢʘ çὭ = 

1,2è ʚ ʠʛʨʝ ũ. ʉʪʨʘʪʝʛʠʷ ɖὭ ï ʵʪʦ ʬʫʥʢʮʠʷ 

ʦʪ ʩʦʩʪʦʷʥʠʷ, ʢʦʪʦʨʘʷ ʧʦʢʘʟʳʚʘʝʪ ʝʛʦ ʚ 

ʤʥʦʞʝʩʪʚʝ ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ, 

ʥʘ ʤʥʦʞʝʩʪʚʝ ʯʠʩʪʳʭ ʩʪʨʘʪʝʛʠʡ ʠʛʨʦʢʘ i ʚ 

ʵʪʦʤ ʩʦʩʪʦʷʥʠʠ. ʇʘʨʘ ʩʪʨʘʪʝʛʠʡ (ɖ1,ɖ2) 

ʬʦʨʤʠʨʫʝʪ ʦʜʥʫ ʩʠʪʫʘʮʠʶ ʚ ʠʛʨʝ ũ, ʢʦʪʦ-

ʨʘʷ ʙʫʜʝʪ ʦʙʦʟʥʘʯʝʥʘ ʯʝʨʝʟ ὉὭ. ɺ ʢʘʯʝʩʪʚʝ 
ʚʳʠʛʨʳʰʘ i ʚ ʩʪʦʭʘʩʪʠʯʝʩʢʦʡ ʠʛʨʝ ʩʣʝʜʫʝʪ 

ʨʘʩʩʤʦʪʨʝʪʴ ʜʠʩʢʦʥʪʠʨʦʚʘʚʘʥʥʫʶ ʩʫʤʤʫ 

ʚʳʠʛʨʳʰʝʡ ʠʛʨʦʢʦʚ: 

 

ὉὭ(ɖ) = ˊ0(I - ů ʇ(ɖ))-1Ki (ɖ),                                        (4) 

 

ʛʜʝ 0́ ï ʚʝʢʪʦʨ ʥʘʯʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝ-

ʥʠʷ ʧʦ ʩʦʩʪʦʷʥʠʷʤ; I ï ʝʜʠʥʠʯʥʘʷ ʤʘʪʨʠʮʘ, 

ʨʘʟʤʝʨʥʦʩʪʴ ʢʦʪʦʨʦʡ ʨʘʚʥʘ ʢʦʣʠʯʝʩʪʚʫ ʩʦ-

ʩʪʦʷʥʠʡ ʚ ʠʛʨʝ; ‏ ï ʜʠʩʢʦʥʪʠʨʫʶʱʠʡ ʬʘʢ-
ʪʦʨ; Ʉ(ɖ) ï ʤʘʪʨʠʮʘ ʧʝʨʝʭʦʜʥʳʭ ʚʝʨʦʷʪʥʦ-

ʩʪʝʡ, ʩʪʨʦʢʘʤʠ ʢʦʪʦʨʦʡ ʷʚʣʷʶʪʩʷ ʩʪʨʦʢʠ 

ὴ1, ὴ4, ʦʧʨʝʜʝʣʝʥʥʳʝ ʚʳʰʝ; ὑὭ(ɖ) ï ʚʝʢʪʦʨ 
ʚʳʠʛʨʳʰʝʡ ʚ ʢʘʞʜʦʤ ʩʦʩʪʦʷʥʠʠ ʠʛʨʳ ʧʨʠ 

ʫʩʣʦʚʠʠ, ʯʪʦ ʠʛʨʦʢʠ ʨʝʘʣʠʟʫʶʪ ʩʠʪʫʘʮʠʶ 

ɖ.  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʦʧʠʩʘʥʠʷ ʩʦʩʪʦʷʥʠʡ 

ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʨʝʰʝʥʠʝ ʧʦ ʩʪʦʭʘʩʪʠʯʝ-

ʩʢʦʡ ʠʛʨʝ, ʢʦʪʦʨʘʷ ʦʩʥʦʚʘʥʘ ʥʘ ʚʳʙʦʨʝ ʧʫ-

ʪʝʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʠ ʨʘʟʨʘʙʦʪʘʪʴ ʤʦ-

ʜʝʣʴ ʚʝʨʦʷʪʥʦʩʪʝʡ ʩʦʩʪʦʷʥʠʡ ʩ ʦʧʨʝʜʝʣʝʥ-

ʥʳʤʠ ʫʩʣʦʚʠʷʤʠ. ʕʪʦ ʧʦʤʦʞʝʪ ʚ ʧʨʦʬʝʩ-

ʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚʳʙʠʨʘʪʴ ʥʘʠʙʦ-

ʣʝʝ ʧʦʜʭʦʜʷʱʠʝ ʤʘʨʰʨʫʪʳ ʜʣʷ ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʷ ʪʨʘʬʠʢʘ.  

ʈʝʞʠʤ ʦʙʱʝʡ ʧʝʨʝʩʳʣʢʠ ʧʘʢʝʪʦʚ ʧʨʝʜ-

ʧʦʣʘʛʘʝʪ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ ʚʥʫʪʨʠ ʦʜʥʦʡ 

ʩʝʪʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ. ʅʘ ʨʠʩʫʥʢʝ 2 

ʫʩʪʨʦʡʩʪʚʘ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʦʙʦʟʥʘʯʝʥʳ 

ʢʘʢ ʚʝʨʰʠʥʳ 1 ʠ 2. ɺ ʥʘʯʘʣʝ ʢʘʞʜʦʛʦ ʚʨʝ-

ʤʝʥʥʦʛʦ ʧʝʨʠʦʜʘ ʧʘʢʝʪ ʜʘʥʥʳʭ ʝʜʠʥʠʯʥʦʡ 

ʜʣʠʥʳ ʧʦʷʚʣʷʝʪʩʷ ʚ ʚʝʨʰʠʥʝ ί ʩ ʚʝʨʦʷʪʥʦ-
ʩʪʴʶ ὥ1 (0, 1). ʆʙʱʘʷ ʮʝʣʴ ʦʙʦʠʭ ʠʛʨʦʢʦʚ 
ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʝʨʝʜʘʯʝ ʧʘʢʝʪʘ ʚ ʚʝʨʰʠʥʫ 

Ὠ. ʀʟ ʩʭʝʤʳ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚʠʜʥʦ, ʯʪʦ 
ʧʘʢʝʪ ʜʦʩʪʠʛʥʝʪ ʚʝʨʰʠʥʳ Ὠ ʪʦʣʴʢʦ ʚ ʪʦʤ 
ʩʣʫʯʘʝ, ʝʩʣʠ ʦʙʘ ʠʛʨʦʢʘ ʧʝʨʝʜʘʜʫʪ ʝʛʦ. 

ʈʝʞʠʤ ʦʙʱʝʡ ʧʝʨʝʩʳʣʢʠ ʧʘʢʝʪʦʚ ʧʨʝʜ-

ʧʦʣʘʛʘʝʪ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ ʚʥʫʪʨʠ ʦʜʥʦʡ 

ʩʝʪʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ. ʅʘ ʨʠʩʫʥʢʝ 2 

ʫʩʪʨʦʡʩʪʚʘ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʦʙʦʟʥʘʯʝʥʳ 

ʢʘʢ ʪʦʯʢʠ 1 ʠ 2. ɺ ʥʘʯʘʣʝ ʢʘʞʜʦʛʦ ʚʨʝʤʝʥ-

ʥʦʛʦ ʧʝʨʠʦʜʘ ʧʘʢʝʪ ʜʘʥʥʳʭ ʝʜʠʥʠʯʥʦʡ 

ʜʣʠʥʳ ʧʦʷʚʣʷʝʪʩʷ ʚ ʚʝʨʰʠʥʝ ί ʩ ʚʝʨʦʷʪʥʦ-
ʩʪʴʶ ὥ1 (0, 1). ʆʙʱʘʷ ʮʝʣʴ ʦʙʦʠʭ ʠʛʨʦʢʦʚ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʝʨʝʜʘʯʝ ʧʘʢʝʪʘ ʚ ʚʝʨʰʠʥʫ 

Ὠ. ʀʟ ʩʭʝʤʳ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚʠʜʥʦ, ʯʪʦ 
ʧʘʢʝʪ ʜʦʩʪʠʛʥʝʪ ʚʝʨʰʠʥʳ Ὠ ʪʦʣʴʢʦ ʚ ʪʦʤ 
ʩʣʫʯʘʝ, ʝʩʣʠ ʦʙʘ ʠʛʨʦʢʘ ʧʝʨʝʜʘʜʫʪ ʝʛʦ. 
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ʈʠʩ. 2. ʉʭʝʤʘ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʪʦʭʘʩʪʠʯʝʩʢʦʡ ʠʛʨʳ, 

ʩʦʩʪʦʷʥʠʝ ʚʝʨʰʠʥʳ ʦʧʨʝʜʝʣʷʝʪ ʥʘʣʠʯʠʝ 

ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʧʘʢʝʪʘ ʜʘʥʥʳʭ ʚ ʥʘʯʘʣʝ 

ʢʘʞʜʦʛʦ ʧʝʨʠʦʜʘ. ʉʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦ-

ʣʠʯʝʩʪʚʦ ʩʦʩʪʦʷʥʠʡ ʠʛʨʳ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ 

ʟʥʘʯʝʥʠʝ {0, 1}. ʕʪʦ ʢʦʣʠʯʝʩʪʚʦ ʨʘʚʥʦ ʢʦ-

ʣʠʯʝʩʪʚʫ ʧʘʢʝʪʦʚ ʚ ʚʝʨʰʠʥʝ s.  ʈʘʩʩʤʦʪ-

ʨʠʤ ʢʘʞʜʦʝ ʠʟ ʵʪʠʭ ʩʦʩʪʦʷʥʠʡ ʠʛʨʳ, ʦʧʨʝ-

ʜʝʣʠʤ ʩʪʨʘʪʝʛʠʠ ʠ ʚʳʠʛʨʳʰʠ ʠʛʨʦʢʦʚ ʚ 

ʢʘʞʜʦʤ ʠʟ ʥʠʭ, ʘ ʪʘʢʞʝ ʚʝʨʦʷʪʥʦʩʪʴ ʧʝʨʝ-

ʭʦʜʘ ʢ ʜʨʫʛʠʤ ʠʛʨʦʚʳʤ ʩʠʪʫʘʮʠʷʤ.  

- ʇʫʩʪʴ ʦʩʪʦʷʥʠʝ 0, ʪʦʛʜʘ ʩʪʨʘʪʝʛʠʷ ʠʛ-

ʨʦʢʘ 1 ʠ 2 ï ὡ (çʦʞʠʜʘʪʴè). ɺʳʠʛʨʳʰʠ 

ʠʛʨʦʢʦʚ ʙʫʜʫʪ ʩʦʩʪʘʚʣʷʪʴ ï (0, 0). ɺʝʨʦʷʪ-

ʥʦʩʪʠ ʧʝʨʝʭʦʜʘ ʠʟ ʩʦʩʪʦʷʥʠʷ 0 ʚ ʩʦʩʪʦʷʥʠʷ 

0, 1 ʦʙʦʟʥʘʯʠʤ ʯʝʨʝʟ ὴǋ11 , ὴǋ1,2 ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ. ʕʪʠ ʚʝʨʦʷʪʥʦʩʪʠ ʬʦʨʤʠʨʫʶʪ ʚʝʢ-

ʪʦʨ ὴǋ1 = (ὴǋ 11 , ὴǋ12 ), ʢʦʪʦʨʳʡ ʨʘʚʝʥ (1 ī ὥ1, 

ὥ1).  

- ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ 

ʧʝʨʠʦʜʘ ʧʘʢʝʪ ʜʘʥʥʳʭ ʜʣʷ ʧʝʨʝʜʘʯʠ ʧʦʷʚ-

ʣʷʝʪʩʷ ʚ ʚʝʨʰʠʥʝ ί. ʀʛʨʦʢʠ ʤʦʛʫʪ ʚʳʙʠ-
ʨʘʪʴ ʤʝʞʜʫ ʜʚʫʤʷ ʩʪʨʘʪʝʛʠʷʤʠ: Ὂ (çʦʪ-

ʧʨʘʚʣʷʪʴè) ʠ Ὀ (çʥʝ ʦʪʧʨʘʚʣʷʪʴè). ɽʩʣʠ ʦʙʘ 

ʠʛʨʦʢʘ ʨʝʰʘʪ ʦʪʧʨʘʚʠʪʴ ʧʘʢʝʪ, ʪʦ ʩʯʠʪʘʝʪ-

ʩʷ, ʯʪʦ ʧʝʨʝʜʘʯʘ ʧʨʦʰʣʘ ʫʩʧʝʰʥʦ, ʠ ʢʘʞ-

ʜʳʡ ʠʟ ʠʛʨʦʢʦʚ ʧʦʣʫʯʠʪ ʚʳʠʛʨʳʰ ʚ ʨʘʟʤʝ-

ʨʝ ʝʜʠʥʠʮʳ ʟʘ ʚʳʯʝʪʦʤ ʠʟʜʝʨʞʝʢ ʥʘ ʧʝʨʝ-

ʜʘʯʫ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʠʛʨʳʰʠ ʠʛʨʦʢʦʚ 

ʙʫʜʫʪ ʩʣʝʜʫʶʱʠʤʠ: 

 

 F D  

(7) 
F 

( 
(1 ð ʩ, 1 ð ʩ) (ð ʩ, 0) 

) 
D (0, 0) (0, 0) 

 

ɺ ʜʘʥʥʦʤ ʢʦʥʪʝʢʩʪʝ ʠʤʝʝʪʩʷ ʯʝʪʳʨʝ ʩʠʪʫʘʮʠʠ, ʦʧʠʩʘʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʯʠʩʪʳʭ 

ʩʪʨʘʪʝʛʠʡ. ɺʝʨʦʷʪʥʦʩʪʠ ʧʝʨʝʭʦʜʘ ʠʟ ʩʦʩʪʦʷʥʠʷ 1 ʚ ʩʦʩʪʦʷʥʠʷ 0 ʠ 1 ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

 

ʊʘʙʣʠʮʘ 2. ɺʝʨʦʷʪʥʦʩʪʠ ʧʝʨʝʭʦʜʘ ʠʟ ʩʦʩʪʦʷʥʠʷ 1 
ʉʠʪʫʘʮʠʷ ὴǋ2 (Ŀ) = (ὴǋ21 (Ŀ), ὴǋ22 (Ŀ)) 

(F, F) (1 ī ὥ1, ὥ1)   

(F, D) (0, 1)  

(D, F) (0, 1)  

(D, D) (0, 1)  

 

ʋ ʚʩʝʭ ʠʛʨʦʢʦʚ ʚ ʵʪʦʡ ʩʪʦʭʘʩʪʠʯʝʩʢʦʡ 

ʠʛʨʝ ʝʩʪʴ ʜʚʝ ʩʪʨʘʪʝʛʠʠ. ʇʫʩʪʴ ɖ–ὭὮ ï Ὦ-ʷ 
ʩʪʨʘʪʝʛʠʷ ʠʛʨʦʢʘ Ὥ = 1, 2, ʧʨʠ ʵʪʦʤ Ὦ = 1, 2. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ ʩʪʨʘʪʝʛʠʷ ɖὭj ʙʫʜʝʪ ʪʘʢʦʡ, 

ʧʨʠ ʢʦʪʦʨʦʡ ɖὭ1 (1) = ὡ ʠ ɖὭ1(2) = Ὂ ʜʣʷ 

ʣʶʙʦʡ Ὥ. ʉʪʨʘʪʝʛʠʷ ɖὭ2 ʪʘʢʦʚʘ, ʯʪʦ ɖὭ2(1) = 

ὡ ʠ ɖὭ2(2) = Ὀ ʜʣʷ ʣʶʙʦʡ Ὥ. 
ɺʦʟʴʤʝʤ 0́ = ( 0́1; 1 ī 0́1). ʈʘʩʩʯʠʪʘʝʤ 

ʚʳʠʛʨʳʰʴ ʠʛʨʦʢʦʚ ʠʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʫ (4): 

 

Ὁ1( ɖ11 , ɖ12) = Ὁ2( ɖ12 , ɖ21) = Ὁ3( ɖ12 , ɖ22) = 0, i = 1,2                          (8) 

 

ʀʩʭʦʜʷ ʠʟ ʦʧʠʩʘʥʠʷ ʩʦʩʪʦʷʥʠʡ ʤʦʞʥʦ 

ʧʨʠʡʪʠ ʢ ʨʝʰʝʥʠʶ ʩʪʦʭʘʩʪʠʯʝʩʢʦʡ ʠʛʨʳ, 

ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʥʘʣʠʯʠʠ ʧʘʢʝʪʦʚ ʜʘʥʥʳʭ, ʘ 

ʪʘʢʞʝ ʩʦʩʪʘʚʠʪʴ ʤʦʜʝʣʴ ʚʝʨʦʷʪʥʦʩʪʝʡ ʩʦ-

ʩʪʦʷʥʠʡ ʩ ʟʘʜʘʥʥʳʤʠ ʫʩʣʦʚʠʷʤʠ, ʯʪʦ ʧʦʟ-

ʚʦʣʠʪ ʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥ-

ʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚʳʙʠʨʘʪʴ ʥʘʠʙʦʣʝʝ ʨʝ-

ʣʝʚʘʥʪʥʳʝ ʫʩʣʦʚʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʨʘʬʠ-

ʢʘ. 
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ʉʆɿɼɸʅʀɽ ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʆɻʆ ʉʊɽʅɼɸ ʀ ʄɽʊʆɼʀʂʀ ɼʃʗ  

ɼʀɸɻʅʆʉʊʀʂʀ ʊɽʇʃʆʆɹʄɽʅʅʆɻʆ ʊɽʍʅʆʃʆɻʀʏɽʉʂʆɻʆ  

ʆɹʆʈʋɼʆɺɸʅʀʗ ʄɽʊʆɼʆʄ ɺʀʍʈɽʊʆʂʆɺʆʁ ɼɽʌɽʂʊʆʉʂʆʇʀʀ 

 

ʈ.ʇ. ʉʫʩʣʦʚ, ʤʘʛʠʩʪʨʘʥʪ 
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ɼʟʝʨʞʠʥʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʅʠʞʝʛʦʨʦʜʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦ-

ʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ʈ.ɽ. ɸʣʝʢʩʝʝʚʘ 

(ʈʦʩʩʠʷ, ʛ. ɼʟʝʨʞʠʥʩʢ) 

 

DOI:10.24412/2500-1000-2024-5-4-80-84 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʠ 

ʚʳʙʦʨ ʤʝʪʦʜʠʢ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚʠʭʨʝʪʦʢʦʚʳʤ ʤʝʪʦ-

ʜʦʤ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ. ʆʧʠʩʳʚʘʝʪʩʷ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʚʠʭʨʝʪʦʢʦʚʦʛʦ ʜʝʬʝʢʪʦ-

ʩʢʦʧʘ ʠ ʤʝʪʦʜʳ ʢʦʥʪʨʦʣʷ ʥʘ ʪʝʧʣʦʦʙʤʝʥʥʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ. ʇʦʜʨʦʙʥʦ 

ʦʧʠʩʳʚʘʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ʠ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʩʪʝʥʜʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʠʭʨʝʪʦʢʦʚʘʷ ʜʝʬʝʢʪʦʩʢʦʧʠʷ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʥʝʨʘʟ-

ʨʫʰʘʶʱʠʡ ʢʦʥʪʨʦʣʴ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʩʪʝʥʜ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ. 

 

ʈʦʩʩʠʷ ʦʙʣʘʜʘʝʪ ʤʦʱʥʳʤ ʧʨʦʤʳʰʣʝʥ-

ʥʳʤ ʢʦʤʧʣʝʢʩʦʤ, ʥʦ ʙʦʣʝʝ 75% ʦʙʦʨʫʜʦ-

ʚʘʥʠʷ ʥʘ ʦʧʘʩʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʘʭ ʠʟʥʦʰʝ-

ʥʳ ʠ ʵʪʦ ʧʦʚʳʰʘʝʪ ʨʠʩʢ ʘʚʘʨʠʡ. ɽʜʠʥʦ-

ʚʨʝʤʝʥʥʫʶ ʤʦʜʝʨʥʠʟʘʮʠʶ ʚʩʝʡ ʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʦʡ ʙʘʟʳ ʧʨʦʚʝʩʪʠ ʥʝʚʦʟʤʦʞʥʦ. ʇʨʦ-

ʚʝʜʝʥʠʝ ʢʘʯʝʩʪʚʝʥʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ, ʧʦʟʚʦ-

ʣʷʝʪ ʧʦʚʳʩʠʪʴ ʫʨʦʚʝʥʴ ʧʨʦʤʳʰʣʝʥʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʅʘʠʙʦʣʝʝ ʦʪ-

ʚʝʪʩʪʚʝʥʥʳʤ ʚʠʜʦʤ ʪʘʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ 

ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʷʚʣʷʶʪʩʷ 

ʢʦʞʫʭʦʪʨʫʙʯʘʪʳʝ ʪʝʧʣʦʦʙʤʝʥʥʠʢʠ, ʚ ʢʦ-

ʪʦʨʳʭ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʠʟʥʦʩʫ ʧʦʜʚʝʨʛʘʝʪʩʷ 

ʪʨʫʙʢʠ ʪʨʫʙʥʦʛʦ ʧʫʯʢʘ.  ɼʣʷ ʠʭ ʜʠʘʛʥʦ-

ʩʪʠʢʠ ʵʬʬʝʢʪʠʚʝʥ ʤʝʪʦʜ ʚʠʭʨʝʪʦʢʦʚʦʡ ʜʝ-

ʬʝʢʪʦʩʢʦʧʠʠ (ɺʊɼ), ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ 

ʦʙʥʘʨʫʞʠʪʴ ʜʝʬʝʢʪʳ, ʪʘʢʠʝ ʢʘʢ ʪʨʝʱʠʥʳ ʠ 

ʠʟʥʦʩ.  

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩʢʫʜʥʘʷ ʧʨʠʙʦʨʥʘʷ ʠ 

ʥʦʨʤʘʪʠʚʥʘʷ ʙʘʟʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʉʅɻ ʠ 

ʈʌ, ʧʨʠʚʝʣʘ ʢ ʩʫʙʲʝʢʪʠʚʥʦʩʪʠ ʜʘʥʥʦʛʦ ʤʝ-

ʪʦʜʘ. ɿʘʯʘʩʪʫʶ ʜʘʥʥʳʝ, ʩʦʙʨʘʥʥʳʝ ʨʘʟʥʳ-

ʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʩ ʦʜ-

ʥʦʛʦ ʦʙʲʝʢʪʘ, ʨʘʟʥʷʪʩʷ ʢʦʣʦʩʩʘʣʴʥʦ. 

ʈʝʰʝʥʠʝ ʚʦʧʨʦʩʘ ʜʠʘʛʥʦʩʪʠʢʠ ʪʝʧʣʦ-

ʦʙʤʝʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʚʠʭʨʝʪʦʢʦʚʳʤ ʤʝ-

ʪʦʜʦʤ: 

ɺʥʫʪʨʠʪʨʫʙʥʳʡ ʤʝʪʦʜ ʚʠʭʨʝʪʦʢʦʚʦʡ 

ʜʝʬʝʢʪʦʩʢʦʧʠʠ (ɺʊɼ) ï ʦʜʠʥ ʠʟ ʩʘʤʳʭ 

ʵʬʬʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʦʙʥʘʨʫʞʝʥʠʷ ʨʘʟ-

ʚʠʚʘʶʱʠʭʩʷ ʜʝʬʝʢʪʦʚ ʚ ʪʝʧʣʦʦʙʤʝʥʥʳʭ 

ʪʨʫʙʥʳʭ ʧʫʯʢʘʭ. ʕʪʦʪ ʤʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ 

ʠʟʤʝʨʝʥʠʠ ʠʟʤʝʥʝʥʠʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ 

ʧʦʣʝʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʡ-

ʩʪʚʠʷ ʚʠʭʨʝʚʳʭ ʪʦʢʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙ-

ʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚ-

ʣʷʪʴ ʜʝʬʝʢʪʳ (ʥʝʩʧʣʦʰʥʦʩʪʠ) ʠ ʦʪʢʣʦʥʝ-

ʥʠʷ ʦʪ ʥʦʨʤʳ [2]. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ 

ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ɺʊɼ, ʪʨʝʙʫʝʪʩʷ ʚ ʣʘ-

ʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʩʦʟʜʘʥʠʝ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʳʡ ʩʪʝʥʜ ʪʨʫʙʥʦʛʦ ʧʫʯʢʘ. 

ʆʩʥʦʚʥʦʡ ʮʝʣʠ ʩʦʟʜʘʥʠʷ ʩʪʝʥʜʘ, ʷʚʣʷʝʪ-

ʩʷ ʧʦʜʛʦʪʦʚʢʘ ʩʪʫʜʝʥʪʦʚ ʢ ʧʨʦʙʣʝʤʘʤ, ʩʚʷ-

ʟʘʥʥʳʤ ʩ ʵʢʩʧʣʫʘʪʘʮʠʝʡ ʪʝʧʣʦʦʙʤʝʥʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. ʇʦʤʦʯʴ ʦʩʚʦʠʪʴ ʥʘʚʳʢʠ ʜʠ-

ʘʛʥʦʩʪʠʢʠ ʪʝʧʣʦʦʙʤʝʥʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʚʠʭʨʝʪʦʢʦ-

ʚʦʡ ʜʝʬʝʢʪʦʩʢʦʧʠʠ. ʉʪʝʥʜ ʜʦʣʞʝʥ ʚʳʧʦʣ-

ʥʷʪʴ ʬʫʥʢʮʠʶ ʥʘʩʪʨʦʡʢʠ ʜʝʬʝʢʪʦʩʢʦʧʘ 

ʧʦʜ ʦʙʨʘʟʮʳ (ʢʘʣʠʙʨʳ) ʨʘʟʣʠʯʥʦʛʦ ʜʠʘ-

ʤʝʪʨʘ, ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʩʪʝʧʝʥʠ ʫʪʦ-

ʥʝʥʠʷ ʪʝʧʣʦʦʙʤʝʥʥʳʭ ʪʨʫʙʦʢ ʢʦʞʫʭʦ-

ʪʨʫʙʯʘʪʦʛʦ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ. 

ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʫʜʝʪ 

ʠʟʫʯʝʥʠʝ ʧʨʠʥʮʠʧʦʚ ʨʘʙʦʪʳ ʤʝʪʦʜʘ ɺʊɼ 

ʥʘ ʩʪʝʥʜʝ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʚʝʨʠʬʠʢʘʮʠʝʡ ʥʘ 

ʨʝʘʣʴʥʦʤ ʦʙʲʝʢʪʝ. 

ʋʩʪʘʥʦʚʢʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʛʝʥʝʨʘʪʦʨ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ, ʜʘʪʯʠʢʠ ʜʣʷ ʨʝ-

ʛʠʩʪʨʘʮʠʠ ʚʠʭʨʝʪʦʢʦʚʳʭ ʪʦʢʦʚ, ʩʠʩʪʝʤʫ 

ʦʙʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ï 

ʚʠʭʨʝʪʦʢʦʚʳʡ ʜʝʬʝʢʪʦʩʢʦʧ ɺɼ-70. ʊʘʢʞʝ 

ʜʣʷ ʨʝʣʝʚʘʥʪʥʦʩʪʠ ʚʳʙʨʘʥʥʦʡ ʤʝʪʦʜʠʢʠ 

ʙʳʣ ʟʘʜʝʡʩʪʚʦʚʘʥ ʚʠʭʨʝʪʦʢʦʚʳʡ ʜʝʬʝʢʪʦ-
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ʩʢʦʧ Ectan çEddyfiè ʠ ʧʨʦʛʨʘʤʥʳʡ ʢʦʤ-

ʧʣʝʢʩ Magnfi Ectan ʢʦʤʧʘʥʠʠ Eddyfi 

Technologies. 

ʂʦʥʩʪʨʫʢʮʠʷ ʩʪʝʥʜʘ: 

1. ɺʥʫʪʨʠʪʨʫʙʥʳʡ ʜʘʪʯʠʢ ʩ ʠʥʜʫʢʮʠʦʥ-

ʥʦʡ ʢʘʪʫʰʢʦʡ ï ʵʪʦʪ ʵʣʝʤʝʥʪ ʛʝʥʝʨʠʨʫʝʪ 

ʧʝʨʝʤʝʥʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʠʩʧʦʣʴʟʫʝʤʦʝ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʠʭʨʝʚʳʭ ʪʦʢʦʚ ʚ ʪʝʧʣʦʦʙ-

ʤʝʥʥʠʢʝ, ʠ ʠʟʤʝʨʷʝʪ ʧʘʨʘʤʝʪʨʳ ʚʠʭʨʝʚʳʭ 

ʪʦʢʦʚ, ʧʨʦʭʦʜʷʱʠʭ ʯʝʨʝʟ ʤʘʪʝʨʠʘʣ ʢʦʞʫ-

ʭʦʪʨʫʙʯʘʪʦʛʦ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ. 

2. ɼʝʬʝʢʪʦʩʢʦʧ ɺɼ-70 ï ʵʪʦʪ ʧʨʠʙʦʨ 

ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʩʙʦʨʘ ʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ 

ɺʊɼ. 

3. ʅʘʩʪʨʦʝʯʥʳʝ ʦʙʨʘʟʮʳ ʠʣʠ ʉʆʇ ï ʵʪʦ 

ʦʙʨʘʟʮʳ ʪʝʧʣʦʦʙʤʝʥʥʳʭ ʪʨʫʙ ʩ ʥʘʥʝʩʝʥ-

ʥʳʤʠ ʦʧʨʝʜʝʣʝʥʥʳʤ ʦʙʨʘʟʦʤ ʠʩʢʫʩʩʪʚʝʥ-

ʥʳʤʠ ʜʝʬʝʢʪʘʤʠ (ʥʝʩʧʣʦʰʥʦʩʪʷʤʠ). 

ʉʆʇʳ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʠʟ ʤʘʪʝʨʠʘʣʘ, ʘʥʘ-

ʣʦʛʠʯʥʦʛʦ ʤʘʪʝʨʠʘʣʫ ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ 

(ʆʂ). ʀʤʠʪʘʮʠʝʡ ʝʜʠʥʠʯʥʳʭ ʜʝʬʝʢʪʦʚ ʧʨʠ 

ʢʦʥʪʨʦʣʝ ʪʝʧʣʦʦʙʤʝʥʥʳʭ ʪʨʫʙ ʷʚʣʷʶʪʩʷ 

ʧʣʦʩʢʦʜʦʥʥʳʝ ʬʨʝʟʝʨʦʚʘʥʥʳʝ ʚʳʙʦʨʢʠ ʩ 

ʵʢʚʠʚʘʣʝʥʪʥʳʤ ʦʙʲʸʤʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʝ-

ʯʝʥʠʷ ʩʦʛʣʘʩʥʦ ʩʪʘʥʜʘʨʪʘʤ: ASME ʩʝʢʮʠʷ 

V ʠ ɻʆʉʊ ʈ ʀʉʆ 15549-2009. 

ɸʥʘʣʠʟ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʜʘʥʥʳʭ: 

ɺ ʢʘʯʝʩʪʚʝ ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, 

ʠʩʧʦʣʴʟʫʶʪ ʘʤʧʣʠʪʫʜʫ ʠ ʬʘʟʫ ʩʠʛʥʘʣʘ, 

ʥʘʚʝʜʸʥʥʦʛʦ ʩʦʚʦʢʫʧʥʳʤ ʤʘʛʥʠʪʥʳʤ ʧʦ-

ʣʝʤ. ʉʦʩʪʘʚʣʷʶʱʘʷ ʩʠʛʥʘʣʘ, ʦʙʫʩʣʦʚʣʝʥ-

ʥʘʷ ʚʠʭʨʝʚʳʤʠ ʪʦʢʘʤʠ, ʠʤʝʝʪ ʚʝʣʠʯʠʥʫ ʥʝ 

ʙʦʣʝʝ 10% ʦʪ çʭʦʣʦʩʪʦʛʦè ʩʠʛʥʘʣʘ. ʇʦʵʪʦ-

ʤʫ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʚʠʭʨʝʪʦʢʦʚʳʭ ʧʨʠʙʦʨʦʚ 

ʠʩʧʦʣʴʟʫʶʪ ʧʨʦʮʝʜʫʨʫ çʦʙʥʫʣʝʥʠʷè, ʢʦʪʦ-

ʨʘʷ ʨʝʘʣʠʟʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʚʳʯʠʪʘʥʠʷ ắʥʘʯ 

ʠʟ ʦʙʱʝʛʦ ʩʠʛʥʘʣʘ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʜʝʣʘ-

ʥʦ ʣʠʙʦ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦ ʛʝʥʝʨʠʨʫ-

ʝʤʦʛʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʩʠʛʥʘʣʘ, ʧʨʦʪʠʚʦ-

ʧʦʣʦʞʥʦʛʦ çʭʦʣʦʩʪʦʤʫè, ʣʠʙʦ ʧʨʦʛʨʘʤʤʥʦ 

ʧʨʠ ʥʘʣʠʯʠʠ ʚʪʦʨʠʯʥʦʛʦ ʧʨʠʙʦʨʘ ʩ ʚʳʩʦ-

ʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ [1]. 

ɺʳʙʦʨ ʧʘʨʘʤʝʪʨʘ ʜʣʷ ʦʮʝʥʢʠ ʩʚʦʡʩʪʚ 

ʆʂ ʦʙʫʩʣʦʚʣʝʥ ʝʛʦ ʠʩʩʣʝʜʫʝʤʳʤ ʩʚʦʡ-

ʩʪʚʦʤ. 

ʉʦʚʤʝʱʸʥʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʘʤʧʣʠʪʫʜʳ 

ʠ ʬʘʟʳ ʩʠʛʥʘʣʘ ɺʊʇ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʪʘʢ 

ʥʘʟʳʚʘʝʤʦʡ ʢʦʤʧʣʝʢʩʥʦʡ ʧʣʦʩʢʦʩʪʠ 

(ʨʠʩ. 1ʘ, ʙ) 

 

 
ʈʠʩ. 1. ʂʦʤʧʣʝʢʩʥʘʷ ʧʣʦʩʢʦʩʪʴ: 

ʘ ï ʦʪʦʙʨʘʞʝʥʠʝ ʚ ʢʦʤʧʣʝʢʩʥʦʡ ʧʣʦʩʢʦʩʪʠ; ʙ ï ʚʝʢʪʦʨʘ ʚʥʦʩʠʤʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. 

 

ʀʩʭʦʜʥʳʡ ʚʦʟʙʫʞʜʘʶʱʠʡ ʪʦʢ ʷʚʣʷʝʪʩʷ 

ʦʧʦʨʥʦʡ ʚʝʣʠʯʠʥʦʡ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʪʦʨʦʡ 

ʦʧʨʝʜʝʣʷʶʪ ʠʟʤʝʥʝʥʠʝ ʬʘʟʳ ʦʩʪʘʣʴʥʳʭ 

ʚʝʣʠʯʠʥ. ʇʦʵʪʦʤʫ ʥʘ ʨʠʩ. 1ʘ ʚʝʢʪʦʨ ʩʠʣʳ 

ʪʦʢʘ I ʠ ʥʘʧʨʷʞʸʥʥʦʩʪʠ H ʣʝʞʘʪ ʥʘ ʜʝʡ-

ʩʪʚʠʪʝʣʴʥʦʡ ʦʩʠ Re. ɺʝʢʪʦʨ ʥʘʧʨʷʞʸʥʥʦ-

ʩʪʠ ʚʠʭʨʝʚʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ E, ʚʦʟ-

ʙʫʞʜʘʝʤʦʛʦ ʪʦʢʦʤ I, ʥʘʧʨʘʚʣʝʥ ʚ ʦʪʨʠʮʘ-

ʪʝʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʤʥʠʤʦʡ ʦʩʠ Im. ʕʪʦ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ɺʊʂ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ 

ʚʳʷʚʣʷʪʴ ʚʥʫʪʨʝʥʥʠʝ ʠ ʥʘʨʫʞʥʳʝ ʜʝʬʝʢʪʳ 

ʪʠʧʘ ʪʨʝʱʠʥ, ʷʟʚ, ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʚʨʝ-

ʞʜʝʥʠʡ, ʣʦʢʘʣʴʥʳʭ ʠ ʧʨʦʪʷʞʝʥʥʳʭ ʫʪʦʥʝ-

ʥʠʡ. ʂʦʥʪʨʦʣʶ ʧʦʜʣʝʞʠʪ ʚʩʷ ʜʦʩʪʫʧʥʘʷ 

ʜʣʷ ʧʨʦʭʦʞʜʝʥʠʷ ʜʘʪʯʠʢʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʪʨʫʙ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʩʚʘʨʥʦʛʦ ʰʚʘ, ʟʦʥʳ 

ʚʘʣʴʮʦʚʢʠ ʠ ʧʨʠʚʘʨʢʠ ʪʨʫʙ ʢ ʪʨʫʙʥʦʡ ʜʦʩ-

ʢʝ. ʊʘʢ ʢʘʢ ʟʦʥʳ ʩ ʥʝʩʧʣʦʰʥʦʩʪʷʤʠ ʠ ʥʝ-

ʦʜʥʦʨʦʜʥʦʩʪʷʤʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ 

ʠʤʝʶʪ ʩʭʦʞʫʶ ʧʨʠʨʦʜʫ, ʠʭ ʨʘʟʜʝʣʝʥʠʝ 

ʩʣʦʞʥʦ, ʘ ʠʥʦʛʜʘ ʠ ʥʝʚʦʟʤʦʞʥʦ.  

ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʢʦʥʪʨʦʣʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʦʮʝʥʢʝ ʪʠʧʘ ʠ ʚʝʣʠʯʠʥʳ 

ʜʝʬʝʢʪʦʚ, ʚʳʷʚʣʝʥʥʳʭ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘ-

ʙʦʪʢʠ ʜʘʥʥʳʭ ʚʠʭʨʝʪʦʢʦʚʦʛʦ ʢʦʥʪʨʦʣʷ, ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʟʦʥ ʩ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʤʠ 

ʩʪʨʫʢʪʫʨʳ [2, 3]. 
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ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʢʦʥʪʨʦʣʷ ʦʩʥʦʚʘʥ ʥʘ 

ʘʤʧʣʠʪʫʜʥʦ-ʬʘʟʦʚʦʤ ʤʝʪʦʜʝ ʚʳʜʝʣʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ, ʪ.ʝ. ʚ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʷ ʠʥ-

ʬʦʨʤʘʮʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʤʧʣʠʪʫʜʘ ʠ ʬʘʟʘ 

ʩʠʛʥʘʣʘ. 

 

 
ʈʠʩ. 2. ʉʭʝʤʘ ʧʨʦʩʪʝʡʰʝʛʦ ʚʠʭʨʝʪʦʢʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ (ʟʦʥʜʘ) 

 

ɺʦʟʙʫʞʜʘʶʱʘʷ ʢʘʪʫʰʢʘ ʩʦʟʜʘʝʪ ʚʦʢʨʫʛ 

ʩʝʙʷ ʧʝʨʝʤʝʥʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʢʦʪʦʨʦʝ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʩ ʪʝʧʣʦʦʙʤʝʥʥʦʡ ʪʨʫʙʢʦʡ, 

ʥʘʚʦʜʠʪ ʚ ʥʝʤ ʚʠʭʨʝʚʳʝ ʪʦʢʠ (ʪʦʢʠ ʌʫʢʦ). 

ɺʪʦʨʠʯʥʦʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʚʦʟʜʝʡ-

ʩʪʚʫʝʪ ʩ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʢʘʪʫʰʢʦʡ. ʅʘʧʨʷ-

ʞʝʥʥʦʩʪʴ ʧʦʣʷ ʚʠʭʨʝʚʳʭ ʪʦʢʦʚ ʟʘʚʠʩʠʪ ʦʪ 

ʛʝʦʤʝʪʨʠʠ, ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʤʘʛʥʠʪʥʳʭ 

ʩʚʦʡʩʪʚ ʪʨʫʙʳ. ʇʦʷʚʣʝʥʠʝ ʚ ʟʦʥʝ ʢʦʥʪʨʦʣʷ 

ʜʝʬʝʢʪʘ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʥʘʧʨʷʞʝʥ-

ʥʦʩʪʠ ʧʦʣʷ ʚʠʭʨʝʚʳʭ ʪʦʢʦʚ, ʢʦʪʦʨʦʝ ʠ ʨʝ-

ʛʠʩʪʨʠʨʫʝʪʩʷ ʜʝʬʝʢʪʦʩʢʦʧʦʤ. 

ʇʨʠ ʚʠʭʨʝʪʦʢʦʚʦʤ ʦʙʩʣʝʜʦʚʘʥʠʠ ʪʨʫʙ-

ʥʳʭ ʧʫʯʢʦʚ ʪʝʧʣʦʦʙʤʝʥʥʠʢʦʚ ʚʦʟʥʠʢʘʝʪ 

ʮʝʣʳʡ ʨʷʜ ʧʨʦʙʣʝʤ, ʙʝʟ ʨʝʰʝʥʠʷ ʢʦʪʦʨʳʭ 

ʥʝʣʴʟʷ ʨʘʩʩʯʠʪʳʚʘʪʴ ʥʘ ʧʨʠʝʤʣʝʤʳʝ ʨʝ-

ʟʫʣʴʪʘʪʳ ʢʦʥʪʨʦʣʷ. ʅʝʦʜʥʦʨʦʜʥʦʩʪʴ ʛʝʦ-

ʤʝʪʨʠʯʝʩʢʠʭ, ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪʥʳʭ 

ʩʚʦʡʩʪʚ ʪʨʫʙ, ʥʘʣʠʯʠʝ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʚʠʜʝ ʪʨʫʙʥʳʭ ʜʦʩʦʢ ʠ ʜʠʩʪʘʥ-

ʮʠʦʥʠʨʫʶʱʠʭ ʧʝʨʝʛʦʨʦʜʦʢ, ʥʘʣʠʯʠʝ ʚ 

ʪʨʫʙʘʭ ʨʘʟʚʘʣʴʮʦʚʢʠ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝ-

ʥʠʶ ʩʠʛʥʘʣʦʚ ʦʪ çʤʝʰʘʶʱʠʭ ʬʘʢʪʦʨʦʚè, 

ʢʦʪʦʨʳʝ ʪʨʝʙʫʝʪʩʷ ʣʠʙʦ ʬʠʣʴʪʨʦʚʘʪʴ, ʣʠʙʦ 

ʧʨʘʚʠʣʴʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ [4]. ɼʚʫʭʧʘ-

ʨʘʤʝʪʨʦʚʦʩʪʴ ʚʠʭʨʝʪʦʢʦʚʳʭ ʩʠʛʥʘʣʦʚ 

(ʩʠʛʥʘʣ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʘʤʧʣʠʪʫʜʦʡ ʠ ʬʘ-

ʟʦʡ) ʧʦʟʚʦʣʷʝʪ ʪʦʣʴʢʦ ʯʘʩʪʠʯʥʦ ʨʝʰʠʪʴ ʵʪʫ 

ʟʘʜʘʯʫ. 

ɼʣʷ ɻʬʬʝʢʪʠʚʥʦʡ ʦʪʩʪʨʦʡʢʠ ʦʪ ʤʝʰʘ-

ʶʱʠʭ ʬʘʢʪʦʨʦʚ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʝʥʠʝ 

ʤʥʦʛʦʯʘʩʪʦʪʥʳʭ ʤʥʦʛʦʢʘʥʘʣʴʥʳʭ ʜʝʬʝʢ-

ʪʦʩʢʦʧʦʚ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʟʘ ʩʯʝʪ 

ʤʠʢʰʠʨʦʚʘʥʠʷ ʯʘʩʪʦʪ ʫʤʝʥʴʰʠʪʴ ʚʣʠʷʥʠʝ 

ʵʪʠʭ çʤʝʰʘʶʱʠʭ ʬʘʢʪʦʨʦʚè [5]. ɺ ʨʷʜʝ 

ʩʣʫʯʘʝʚ ʠ ʵʪʦʛʦ ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʠ ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ ʚʠʭʨʝʪʦʢʦʚʳʭ ʧʨʝ-

ʦʙʨʘʟʦʚʘʪʝʣʝʡ ʦʩʦʙʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. ɽʩʪʝ-

ʩʪʚʝʥʥʦ, ʪʘʢʠʝ ʚʠʭʨʝʪʦʢʦʚʳʝ ʜʝʬʝʢʪʦʩʢʦ-

ʧʳ ʠ ʟʦʥʜʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʦʨʦʛʠ ʠ ʜʣʷ 

ʛʨʘʤʦʪʥʦʛʦ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʭ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʷ ʪʨʝʙʫʶʪʩʷ ʩʧʝʮʠʘʣʠʩʪʳ ʚʳʩʦʢʦʡ 

ʢʚʘʣʠʬʠʢʘʮʠʠ, ʠʤʝʶʱʠʝ ʙʦʣʴʰʦʡ ʦʧʳʪ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʘʙʦʪʳ [4, 5]. ʀʤʝʥʥʦ ʧʦ-

ʵʪʦʤʫ ʚ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥʘʭ ʜʝʡʩʪʚʫʶʱʝʝ 

ʪʝʧʣʦʦʙʤʝʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʚ ʘʪʦʤʥʦʡ, 

ʭʠʤʠʯʝʩʢʦʡ, ʥʝʬʪʝʭʠʤʠʯʝʩʢʦʡ ʠ ʥʝʬʪʝʧʝ-

ʨʝʨʘʙʘʪʳʚʘʶʱʝʡ ʦʪʨʘʩʣʷʭ ʦʙʩʣʝʜʫʝʪʩʷ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʬʠʨʤʘʤʠ, ʢʦʪʦʨʳʝ 

ʷʚʣʷʶʪʩʷ ʩʚʦʝʛʦ ʨʦʜʘ ʮʝʥʪʨʘʤʠ ʘʥʘʣʠʟʘ 

ʩʦʙʨʘʥʥʳʭ ʚʠʭʨʝʪʦʢʦʚʳʭ ʜʘʥʥʳʭ. 

ʇʨʠʤʝʥʝʥʠʝ ʞʝ ʩʣʦʞʥʦʛʦ ʚʠʭʨʝʪʦʢʦʚʦ-

ʛʦ ʜʝʬʝʢʪʦʩʢʦʧʘ ʜʣʷ ʮʝʣʝʡ ʜʠʘʛʥʦʩʪʠʨʦʚʘ-

ʥʠʷ ʵʢʩʧʣʫʘʪʠʨʫʝʤʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʜʝʡʩʪʚʫ-

ʶʱʝʛʦ ʟʘʚʦʜʘ ʧʦ ʨʷʜʫ ʧʨʠʯʠʥ ʥʝ ʮʝʣʝʩʦ-

ʦʙʨʘʟʥʦ. 

ʇʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ: 

ʉ ʧʦʤʦʱʴʶ ʚʠʭʨʝʪʦʢʦʚʦʛʦ ʜʝʬʝʢʪʦʩʢʦ-

ʧʘ Ectane ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʦʙʨʘʟʮʦʚ ʩ ʜʝʬʝʢʪʘʤʠ. ʈʝʟʫʣʴ-

ʪʘʪʳ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩʫʥʢʘʭ 3 ʠ 4, ʛʜʝ ʦʩʴ ʘʙʩʮʠʩʩ ʧʨʝʜʩʪʘʚ-

ʣʷʝʪ ʜʝʡʩʪʚʠʪʝʣʴʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʩʠʛ-

ʥʘʣʘ, ʘ ʦʩʴ ʦʨʜʠʥʘʪ - ʤʥʠʤʫʶ ʩʦʩʪʘʚʣʷʶ-

ʱʫʶ. ʊʘʢʠʝ ʛʨʘʬʠʢʠ ʧʦʟʚʦʣʷʶʪ ʘʥʘʣʠʟʠ-

ʨʦʚʘʪʴ ʬʦʨʤʫ ʠ ʧʘʨʘʤʝʪʨʳ ʩʠʛʥʘʣʘ, ʯʪʦ 

ʧʦʤʦʛʘʝʪ ʦʧʨʝʜʝʣʠʪʴ ʪʠʧ ʜʝʬʝʢʪʘ ʠ ʝʛʦ 

ʨʘʟʤʝʨʳ. 
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ɼʣʷ ʦʙʢʘʪʢʠ ʤʝʪʦʜʠʢʠ ʙʳʣʠ ʚʟʷʪʳ ʜʘʥ-

ʥʳʝ ʦʙʩʣʝʜʦʚʘʥʠʷ ʥʘ ʜʝʬʝʢʪʥʳʭ ʫʯʘʩʪʢʘʭ 

ʪʝʧʣʦʦʙʤʝʥʥʳʭ ʪʨʫʙ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ 

1200ʍʅɻ-0,6-ʄ10/25ɻ-4-2-ʋ ʧʦʟ. 268/6, 

ʟʘʚ. ˉ712. 

 

 
ʈʠʩ. 3. ʌʨʘʛʤʝʥʪ ʜʘʥʥʳʭ ʜʝʬʝʢʪʥʦʛʦ ʫʯʘʩʪʢʘ ʪʨʫʙʳ ï ʣʦʢʘʣʴʥʳʡ ʥʘʨʫʞʥʳʡ ʜʝʬʝʢʪ, ʦʮʝ-

ʥʠʚʘʝʤʳʡ ʚ 82% (ʪʨʫʙʘ 3422) 

 

 
ʈʠʩ. 4. ʌʨʘʛʤʝʥʪ ʜʘʥʥʳʭ ʜʝʬʝʢʪʥʦʛʦ ʫʯʘʩʪʢʘ ʪʨʫʙʳ ï ʣʦʢʘʣʴʥʳʡ ʥʘʨʫʞʥʳʡ ʜʝʬʝʢʪ, ʦʮʝ-

ʥʠʚʘʝʤʳʡ ʚ 87% (ʪʨʫʙʘ 3422) 

 

ɿʘʢʣʶʯʝʥʠʝ: 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʜʠʘ-

ʛʥʦʩʪʠʢʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʤʝʪʦʜʦʤ ʚʠʭʨʝʪʦʢʦʚʦʡ ʜʝʬʝʢʪʦʩʢʦʧʠʠ ʧʦ-

ʤʦʞʝʪ ʩʪʫʜʝʥʪʘʤ ʧʨʠʦʙʨʝʩʪʠ ʥʝʦʙʭʦʜʠ-

ʤʳʡ ʦʧʳʪ, ʥʘʚʳʢʠ ʠ ʟʥʘʥʠʷ ʜʣʷ ʫʩʧʝʰʥʦʛʦ 

ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʙʫʜʫʱʝʡ ʢʘʨʴʝʨʳ ʚ 

ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ, ʘ ʪʘʢʞʝ ʧʦʩʣʫʞʠʪ ʦʩʥʦʚʦʡ 

ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʨʠʤʝʥʝ-

ʥʠʷ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʈʝʘʣʴʥʳʝ ʚʥʫʪʨʝʥʥʠʝ ʜʝʬʝʢʪʳ ʩʪʝʥʢʠ 

ʪʨʫʙʳ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʩʠʛʥʘʣʦʚ ʩ 

ʨʘʟʣʠʯʥʳʭ ʢʘʥʘʣʦʚ, ʜʘʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʩʭʦʜʥʳʝ ʧʨʦʮʝʥʪʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦʚʨʝ-

ʞʜʝʥʠʷ ʩʪʝʥʦʢ ʥʘ ʚʩʝʭ ʯʘʩʪʦʪʥʳʭ ʢʘʥʘʣʘʭ. 

ʆʜʥʘʢʦ ʩʠʛʥʘʣʳ ʠʟ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʠʩʪʦʯ-

ʥʠʢʘ, ʥʘʧʨʠʤʝʨ ʚʥʫʪʨʝʥʥʠʭ ʤʘʛʥʠʪʥʳʭ 

ʚʢʣʶʯʝʥʠʡ ʚ ʪʨʫʙʢʘʭ, ʠʩʢʘʞʘʶʪ ʪʦʣʱʠʥʫ 

ʩʪʝʥʢʠ ʥ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʦʪʥʳʭ ʢʘʥʘʣʘʭ. 

ʆʧʝʨʘʪʦʨ ʜʦʣʞʝʥ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʠʛʥʘʣʳ 

ʚʠʭʨʝʪʦʢʦʚʦʛʦ ʧʨʠʙʦʨʘ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʜʦ-

ʩʪʫʧʥʳʭ ʯʘʩʪʦʪʘʭ, ʯʪʦʙʳ ʫʙʝʜʠʪʴʩʷ ʚ ʪʦʤ, 

ʯʪʦ ʩʠʛʥʘʣ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʧʨʦʠʩʭʦʜʠʪ ʦʪ 

ʜʝʬʝʢʪʘ ʚ ʩʪʝʥʢʝ.  
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Abstract. The article discusses the development of an experimental setup and the choice of 

methods for diagnosing technological equipment using the eddy current method of non-

destructive testing. The principle of operation of an eddy current flaw detector and methods of 

monitoring on heat exchange technological equipment are described. The structure and operat-

ing principle of the developed stand is described in detail. 
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ʈɸɿʈɸɹʆʊʂɸ ɺɽɹ-ʉɽʈɺʀʉɸ ɼʃʗ ʆɹʃɽɻʏɽʅʀʗ ɼʆʉʊʋʇɸ ʂ  

ɻɽʅɽʈɸʊʀɺʅʓʄ ʅɽʁʈʆʅʅʓʄ ʉɽʊʗʄ 

 

ɸ.ɺ. ʊʘʨʘʩʦʚ, ʤʘʛʠʩʪʨʘʥʪ 

ɼʦʥʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

(ʈʦʩʩʠʷ, ʛ. ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ) 

 

DOI:10.24412/2500-1000-2024-5-4-85-90 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʢʠ ʚʝʙ-ʩʝʨʚʠʩʘ ʜʣʷ ʦʙʣʝʛʯʝ-

ʥʠʷ ʜʦʩʪʫʧʘ ʢ ʨʘʟʣʠʯʥʳʤ ʛʝʥʝʨʘʪʠʚʥʳʤ ʥʝʡʨʦʥʥʳʤ ʩʝʪʷʤ. ʈʘʩʩʤʦʪʨʝʥʳ ʢʣʶʯʝʚʳʝ ʦʩʦ-

ʙʝʥʥʦʩʪʠ ʢʘʢ ʩʝʨʚʝʨʥʦʡ, ʪʘʢ ʠ ʢʣʠʝʥʪʩʢʦʡ ʯʘʩʪʝʡ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʩʠʩʪʝʤʳ. ʇʨʘʢʪʠʯʝ-

ʩʢʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ web-ʩʝʨʚʠʩ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʦʣʴʟʦʚʘʪʴʩʷ ʪʝʢʩʪʦʚʳʤʠ 

ʛʝʥʝʨʘʪʠʚʥʳʤʠ ʥʝʡʨʦʥʥʳʤʠ ʩʝʪʷʤʠ ʚ ʝʜʠʥʦʤ ʠʥʪʝʨʬʝʡʩʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʝʥʝʨʘʪʠʚʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, Ruby-on-

Rails, API. 

 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦ-

ʣʦʛʠʡ ʚʦʟʤʦʞʥʦʩʪʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʦʧ-

ʪʠʤʠʟʘʮʠʠ ʨʘʙʦʯʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʝʜʩʪʘʚ-

ʣʷʶʪ ʩʦʙʦʡ ʦʜʠʥ ʠʟ ʢʣʶʯʝʚʳʭ ʬʘʢʪʦʨʦʚ 

ʫʩʧʝʰʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʡ. ʆʩʦ-

ʙʝʥʥʦ ʵʪʦ ʢʘʩʘʝʪʩʷ ʦʙʣʘʩʪʠ ʦʙʨʘʙʦʪʢʠ 

ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ (NLP), ʛʜʝ ʛʝʥʝʨʘʪʠʚ-

ʥʳʝ ʥʝʡʨʦʥʥʳʝ ʜʦʢʘʟʘʣʠ ʩʚʦʝ ʧʨʝʚʦʩʭʦʜ-

ʩʪʚʦ ʠ ʥʘʯʘʣʠ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʫʣʫʯʰʝʥʠʷ 

ʢʦʤʤʫʥʠʢʘʮʠʡ, ʘʥʘʣʠʪʠʢʠ ʪʝʢʩʪʦʚʳʭ ʜʘʥ-

ʥʳʭ ʠ ʩʦʟʜʘʥʠʷ ʢʦʥʪʝʥʪʘ [1]. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʨʘʟʨʘʙʦʪʢʘ ʚʝʙ-ʩʝʨʚʠʩʦʚ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʝʜʦʩʪʘʚʠʪʴ ʫʜʦʙʥʳʡ ʠ 

ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳʡ ʠʥʪʝʨʬʝʡʩ ʜʣʷ ʜʦ-

ʩʪʫʧʘ ʢ ʛʝʥʝʨʘʪʠʚʥʳʤ ʥʝʡʨʦʥʥʳʤ ʩʝʪʷʤ, 

ʩʪʘʥʦʚʠʪʩʷ ʚʩʸ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʙʫʜʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ 

ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʚʳʰʝʫʢʘʟʘʥʥʦʛʦ ʚʝʙ-

ʩʝʨʚʠʩʘ ʜʣʷ ʚʥʫʪʨʝʥʥʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʢʦʤʧʘʥʠʠ, ʮʝʣʴʶ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʩʦʪʨʫʜʥʠʢʘʤ ʚʦʟʤʦʞʥʦʩʪʠ 

ʵʬʬʝʢʪʠʚʥʦ ʧʦʣʴʟʦʚʘʪʴʩʷ ʤʦʜʝʣʷʤʠ, ʠ API 

ʢʦʪʦʨʳʭ ʫʞʝ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʳʥʢʝ 

ʨʘʟʣʠʯʥʳʤʠ ʚʝʥʜʦʨʘʤʠ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʦʙʫʩʣʦʚ-

ʣʝʥʘ ʨʘʩʪʫʱʠʤʠ ʧʦʪʨʝʙʥʦʩʪʷʤʠ ʙʠʟʥʝʩʘ ʚ 

ʠʥʩʪʨʫʤʝʥʪʘʭ ʜʣʷ ʨʘʙʦʪʳ ʩ ʪʝʢʩʪʦʚʦʡ ʠʥ-

ʬʦʨʤʘʮʠʝʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʚʝʣʠʯʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʫʜʘ, ʢʘ-

ʯʝʩʪʚʦ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʠ, ʢʘʢ ʨʝʟʫʣʴ-

ʪʘʪ, ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʢʦʤʧʘʥʠʠ ʥʘ 

ʨʳʥʢʝ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʛʝʥʝʨʘʪʠʚʥʳʭ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʚ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʦʚʳʡ ʧʦʜʭʦʜ, ʧʦʟʚʦʣʷʶ-

ʱʠʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʨʫʪʠʥʥʳʝ ʟʘʜʘʯʠ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʪʝʢʩʪʦʚʳʤ ʢʦʥʪʝʥʪʦʤ [1]. 

ɹʠʟʥʝʩ-ʣʦʛʠʢʘ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ 

ʚʠʜʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʤʦʜʝʣʠ ʚ ʥʦʪʘʮʠʠ 

IDEF0. ɽʸ ʢʦʥʪʝʢʩʪʥʘʷ ʜʠʘʛʨʘʤʤʘ ʙʳʣʘ 

ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. ɸ ʥʘ ʨʠʩʫʥʢʝ 2, 

ʠʟʦʙʨʘʞʝʥʘ ʜʠʘʛʨʘʤʤʘ ʜʝʢʦʤʧʦʟʠʮʠʠ ʧʝʨ-

ʚʦʛʦ ʫʨʦʚʥʷ. 

 

 
ʈʠʩ. 1. ʂʦʥʪʝʢʩʪʥʘʷ ʜʠʘʛʨʘʤʤʘ 



86 

- ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ - 

 

International Journal of Humanities and Natural Sciences, vol. 5-4 (92), 2024 

 

 
ʈʠʩ. 2. ɼʠʘʛʨʘʤʤʘ ʜʝʢʦʤʧʦʟʠʮʠʠ ʧʝʨʚʦʛʦ ʫʨʦʚʥʷ 

 

ɼʘʣʝʝ ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʧʝʨʝʯʝʥʴ ʠʥʩʪʨʫ-

ʤʝʥʪʦʚ, ʧʨʠ ʧʦʤʦʱʠ ʢʦʪʦʨʳʭ ʰʣʘ ʨʘʟʨʘ-

ʙʦʪʢʘ ʜʘʥʥʦʛʦ ʚʝʙ-ʩʝʨʚʠʩʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʣʘʪʬʦʨʤʳ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ, 

ʙʳʣ ʚʳʙʨʘʥ ʬʨʝʡʤʚʦʨʢ Ruby-on-Rails 

(RoR) ʥʘʧʠʩʘʥʥʳʡ ʥʘ ʷʟʳʢʝ Ruby. RoR ʷʚ-

ʣʷʷʩʴ ʚʳʩʦʢʦʫʨʦʚʥʝʚʳʤ ʚʝʙ-ʬʨʝʡʤʚʦʨʢʦʤ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʤʦʱʥʳʡ ʠʥ-

ʩʪʨʫʤʝʥʪʘʨʠʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʝʙ-ʩʝʨʚʠʩʦʚ. 

ɽʛʦ ʧʨʠʛʦʜʥʦʩʪʴ ʜʣʷ ʥʘʰʝʡ ʟʘʜʘʯʠ ʦʙʫ-

ʩʣʦʚʣʝʥʘ ʥʝʩʢʦʣʴʢʠʤʠ ʢʣʶʯʝʚʳʤʠ ʘʩʧʝʢ-

ʪʘʤʠ [3]: 

1. ɹʝʟʦʧʘʩʥʦʩʪʴ. ɺ ʥʝʛʦ ʚʢʣʶʯʝʥʦ ʤʥʦ-

ʞʝʩʪʚʦ ʬʫʥʢʮʠʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦ ʫʤʦʣʯʘ-

ʥʠʶ, ʪʘʢʠʭ ʢʘʢ ʟʘʱʠʪʘ ʦʪ XSS (Cross-Site 

Scripting), CSRF (Cross-Site Request 

Forgery) ʠ SQL-ʠʥʲʝʢʮʠʡ. ʕʪʦ ʧʦʤʦʛʘʝʪ 

ʩʦʟʜʘʚʘʪʴ ʙʦʣʝʝ ʙʝʟʦʧʘʩʥʳʝ ʚʝʙ-

ʧʨʠʣʦʞʝʥʠʷ. 

2. ɹʳʩʪʨʘʷ ʨʘʟʨʘʙʦʪʢʘ. ɹʣʘʛʦʜʘʨʷ ʙʦʛʘ-

ʪʦʡ ʵʢʦʩʠʩʪʝʤʝ ʙʠʙʣʠʦʪʝʢ (ʛʝʤʦʚ), ʚʩʪʨʦ-

ʝʥʥʦʡ ʧʦʜʜʝʨʞʢʝ ʤʥʦʞʝʩʪʚʘ ʧʦʧʫʣʷʨʥʳʭ 

ʙʘʟ ʜʘʥʥʳʭ, MVC ʘʨʭʠʪʝʢʪʫʨʝ, ʘ ʪʘʢʞʝ 

ʜʨʫʛʠʤ ʚʩʪʨʦʝʥʥʳʤ ʬʫʥʢʮʠʷʤ, RoR ʧʦʟ-

ʚʦʣʷʝʪ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʚʝʙ-ʩʝʨʚʠʩʳ ʙʳʩʪʨʦ 

ʠ ʵʬʬʝʢʪʠʚʥʦ. ʕʪʦ ʜʝʣʘʝʪ ʝʛʦ ʠʜʝʘʣʴʥʳʤ 

ʚʳʙʦʨʦʤ ʜʣʷ ʩʪʘʨʪʘʧʦʚ ʠ ʧʨʦʝʢʪʦʚ ʩ ʦʛʨʘ-

ʥʠʯʝʥʥʳʤʠ ʩʨʦʢʘʤʠ. 

3. RoR ʧʦʦʱʨʷʝʪ ʠ ʦʙʣʝʛʯʘʝʪ ʪʝʩʪʠʨʦ-

ʚʘʥʠʝ ʧʨʠʣʦʞʝʥʠʡ ʩ ʧʦʤʦʱʴʶ ʚʩʪʨʦʝʥʥʦʡ 

ʧʦʜʜʝʨʞʢʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʪʝʩʪʦʚ (ʤʦ-

ʜʫʣʴʥʳʝ, ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ, ʠʥʪʝʛʨʘʮʠʦʥ-

ʥʳʝ). ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʦʙʝʩ-

ʧʝʯʠʪʴ ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʢʦʜʘ ʠ 

ʫʤʝʥʴʰʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʦʰʠʙʦʢ ʚ ʧʨʠʣʦ-

ʞʝʥʠʠ. 

4. ʉʦʛʣʘʰʝʥʠʝ ʧʨʝʚʳʰʝ ʢʦʥʬʠʛʫʨʘʮʠʠ 

(Convention over Configuration). Ruby-on-

Rails ʦʩʥʦʚʘʥ ʥʘ ʜʘʥʥʦʤ ʧʨʠʥʮʠʧʝ, ʯʪʦ 

ʫʤʝʥʴʰʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʨʝʰʝʥʠʡ, ʢʦʪʦʨʳʝ 

ʜʦʣʞʝʥ ʧʨʠʥʷʪʴ ʨʘʟʨʘʙʦʪʯʠʢ, ʠ ʫʧʨʦʱʘʝʪ 

ʧʨʦʮʝʩʩ ʥʘʧʠʩʘʥʠʷ ʢʦʜʘ. ʕʪʦ ʫʩʢʦʨʷʝʪ ʨʘʟ-

ʨʘʙʦʪʢʫ, ʧʦʩʢʦʣʴʢʫ ʧʨʦʛʨʘʤʤʠʩʪ ʤʦʞʝʪ 

ʩʬʦʢʫʩʠʨʦʚʘʪʴʩʷ ʥʘ ʦʩʦʙʝʥʥʦʩʪʷʭ ʩʚʦʝʛʦ 

ʧʨʠʣʦʞʝʥʠʷ, ʚʤʝʩʪʦ ʪʦʛʦ ʯʪʦʙʳ ʪʨʘʪʠʪʴ 

ʚʨʝʤʷ ʥʘ ʥʘʩʪʨʦʡʢʫ ʠ ʢʦʥʬʠʛʫʨʘʮʠʶ. 

ʅʘ ʩʪʘʨʪʝ ʨʘʟʨʘʙʦʪʢʠ ʚ ʢʘʯʝʩʪʚʝ ʙʘʟʦ-

ʚʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʪʝʭ-

ʥʦʣʦʛʠʷ ʝʜʠʥʦʛʦ ʚʭʦʜʘ (Single sign-on) ʚ 

ʚʠʜʝ ʨʝʰʝʥʠʷ Keycloak ʧʦʵʪʦʤʫ ʙʳʣʦ 

ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʧʨʠʤʝʥʠʪʴ ʛʦʪʦʚʳʡ ʠʥ-

ʩʪʨʫʤʝʥʪ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ï Devise, ʰʠʨʦ-

ʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʚ ʩʦʦʙʱʝʩʪʚʝ 

Ruby [4]. ɼʘʥʥʦʝ ʨʝʰʝʥʠʝ ʧʦ ʫʤʦʣʯʘʥʠʶ 

ʧʦʜʜʝʨʞʠʚʘʝʪ ʩʦʟʜʘʥʠʝ ʩʪʨʘʪʝʛʠʡ 

OmniAuth. 

ʇʦʩʢʦʣʴʢʫ ʦʩʥʦʚʥʦʡ ʠʜʝʝʡ ʚʝʙ-ʩʝʨʚʠʩʘ 

ʷʚʣʷʶʪʩʷ API ʟʘʧʨʦʩʳ ʢ ʨʘʟʣʠʯʥʳʤ ʛʝʥʝ-

ʨʘʪʠʚʥʳʤ ʥʝʡʨʦʥʥʳʤ ʩʝʪʷʤ, ʥʝʦʙʭʦʜʠʤʦ 

ʙʳʣʦ ʧʦʜʦʙʨʘʪʴ ʧʦʜʭʦʜʷʱʠʡ (ʜʣʷ ʯʝʛʦ) 

ʠʥʩʪʨʫʤʝʥʪ. 

ʇʣʘʪʬʦʨʤʘ Ruby-on-Rails ʠʤʝʝʪ ʦʛʨʦʤ-

ʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʙʠʙʣʠʦʪʝʢ ʜʣʷ API ʟʘʧʨʦ-

ʩʦʚ, ʪʘʢʠʭ ʢʘʢ Net/HTTP, HTTParty, Rest-

client. ʅʦ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʠʩʧʦʣʴ-

ʟʦʚʘʪʴ ʙʦʣʝʝ ʛʠʙʢʠʡ ʠ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪ-

ʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʧʦʜ ʥʘʟʚʘʥʠʝʤ Faraday. 

ɼʘʣʝʝ ʨʘʩʩʤʦʪʨʠʤ ʥʝʩʢʦʣʴʢʦ ʢʣʶʯʝʚʳʭ 
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ʘʩʧʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʜʘʥʥʳʡ 

ʚʳʙʦʨ. ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʨʘʚʥʠ-

ʪʝʣʴʥʘʷ ʜʠʘʛʨʘʤʤʘ ʚʦʟʤʦʞʥʦʩʪʝʡ ʙʠʙʣʠʦ-

ʪʝʢ ʧʣʘʪʬʦʨʤʳ RoR ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʟʘʧʨʦ-

ʩʦʚ ʢ ʩʪʦʨʦʥʥʝʤʫ API. 

Faraday ʠʩʧʦʣʴʟʫʝʪ ʢʦʥʮʝʧʮʠʶ 

middleware, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʙʦʣʝʝ ʛʠʙʢʠʤ, 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʢʫʨʝʥʪʦʚ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ 

ʤʳ ʤʦʞʝʤ ʣʝʛʢʦ ʜʦʙʘʚʣʷʪʴ, ʫʜʘʣʷʪʴ ʠʣʠ 

ʥʘʩʪʨʘʠʚʘʪʴ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʇʆ ʚ ʩʦʦʪ-

ʚʝʪʩʪʚʠʠ ʩ ʥʘʰʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʦʙʨʘ-

ʙʦʪʯʠʢʠ ʜʣʷ ʟʘʧʨʦʩʦʚ ʠ ʦʪʚʝʪʦʚ, ʘ ʪʘʢʞʝ 

ʫʧʨʘʚʣʷʪʴ ʠʩʢʣʶʯʝʥʠʷʤʠ, ʣʦʛʠʨʦʚʘʥʠʝʤ ʠ 

ʢʵʰʠʨʦʚʘʥʠʝʤ ʥʘ ʫʨʦʚʥʝ HTTP. 

ʊʘʢʞʝ ʦʥ ʧʦʜʜʝʨʞʠʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʨʘʟʣʠʯʥʳʭ HTTP ʘʜʘʧʪʝʨʦʚ, ʪʘʢʠʭ ʢʘʢ 

Net::HTTP (ʧʦ ʫʤʦʣʯʘʥʠʶ), Typhoeus, 

Patron, ʠ ʜʨʫʛʠʭ. ʕʪʘ ʦʩʦʙʝʥʥʦʩʪʴ ʧʨʝʜʦ-

ʩʪʘʚʣʷʝʪ ʥʘʤ ʩʚʦʙʦʜʫ ʚʳʙʦʨʘ ʚ ʟʘʚʠʩʠʤʦ-

ʩʪʠ ʦʪ ʪʨʝʙʦʚʘʥʠʡ ʢ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʠʣʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʦʪ ʣʠʯʥʳʭ 

ʧʨʝʜʧʦʯʪʝʥʠʡ. ɺʦʟʤʦʞʥʦʩʪʴ ʩʤʝʥʳ ʘʜʘʧ-

ʪʝʨʘ ʙʝʟ ʚʥʝʩʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʚ ʫʞʝ ʥʘʧʠ-

ʩʘʥʥʳʡ ʢʦʜ ʷʚʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʨʝ-

ʠʤʫʱʝʩʪʚʦʤ. 

Faraday ʘʢʪʠʚʥʦ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʨʘʟʨʘ-

ʙʦʪʯʠʢʘʤʠ ʠ ʠʤʝʝʪ ʦʙʰʠʨʥʦʝ ʩʦʦʙʱʝʩʪʚʦ. 

ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʩʪʫʧ ʢ ʙʦʣʴʰʦʤʫ ʢʦ-

ʣʠʯʝʩʪʚʫ ʨʝʩʫʨʩʦʚ, ʪʘʢʠʭ ʢʘʢ ʜʦʢʫʤʝʥʪʘ-

ʮʠʷ, ʨʫʢʦʚʦʜʩʪʚʘ, ʧʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʠ ʨʝʰʝʥʠʷ ʪʠʧʠʯʥʳʭ ʧʨʦʙʣʝʤ. 

ɼʘʣʝʝ ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʨʘʙʦʪʳ ʩ ʨʘʟʣʠʯ-

ʥʳʤʠ ʚʝʥʜʦʨʘʤʠ API, ʙʳʣ ʩʦʟʜʘʥ ʙʘʟʦʚʳʡ 

ʠʥʪʝʨʬʝʡʩ, ʫʧʨʦʱʘʶʱʠʡ ʥʘʧʠʩʘʥʠʝ ʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʢʣʘʩʩʦʚ, 

ʚ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʠʪʩʷ ʦʩʥʦʚʥʘʷ ʣʦʛʠʢʘ ʨʘ-

ʙʦʪʳ ʩ API (ʣʠʩʪʠʥʛ 1). 

 

ʃʠʩʪʠʥʛ 1. 

 
 

ʇʦʩʣʝ ʨʝʘʣʠʟʘʮʠʠ ʢʣʘʩʩʘ, ʠʤʧʣʝʤʝʥʪʠ-

ʨʦʚʘʥʥʦʛʦ ʦʪ ʜʘʥʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ, ʧʨʝʜʦ-

ʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʟʦʚʘ ʝʛʦ ʤʝʪʦ-

ʜʦʚ ʠʟ ʢʦʥʪʨʦʣʣʝʨʘ RoR. ʊʘʢʠʤ ʦʙʨʘʟʦʤ 

ʦʩʥʦʚʥʘʷ ʣʦʛʠʢʘ ʨʘʙʦʪʳ ʩ API ʙʳʣʘ ʠʥʢʘʧ-

ʩʫʣʠʨʦʚʘʥʘ, ʠ ʜʘʣʴʥʝʡʰʝʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʩ ʛʝʥʝʨʘʪʠʚʥʳʤʠ ʥʝʡʨʦʥʥʳʤʠ ʩʝʪʷʤʠ ʩʪʘ-

ʣʦ ʩʠʣʴʥʦ ʫʧʨʦʱʝʥʦ (ʣʠʩʪʠʥʛ 2). 
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ʃʠʩʪʠʥʛ 2. ʇʨʠʤʝʨ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʚʝʥʜʦʨʦʤ API ʠʟ ʢʦʥʪʨʦʣʣʝʨʘ.

 
 

ʂʣʠʝʥʪʩʢʘʷ ʯʘʩʪʴ ʚʝʙ-ʩʝʨʚʠʩʘ ʧʨʝʜʩʪʘʚ-

ʣʷʝʪ ʩʦʙʦʡ SSR (Server Side Rendering) ʠ 

ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʦʪʜʝʣʴʥʳʭ ʦʙʣʘʩʪʝʡ. ʇʝʨ-

ʚʘʷ ʷʚʣʷʝʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʤ ʠʥʪʝʨʬʝʡ-

ʩʦʤ ʜʣʷ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ, ʢʦʪʦʨʫʶ ʧʨʝʜʦ-

ʩʪʘʚʣʷʝʪ Keycloack. ɺʪʦʨʘʷ ï ʠʥʪʝʨʬʝʡʩ 

ʨʘʙʦʯʝʡ ʦʙʣʘʩʪʠ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʩʣʝʜʫʶ-

ʱʠʭ ʨʘʟʜʝʣʦʚ: 

- çʇʨʦʤʧʪ ʨʝʞʠʤè, ʚ ʢʦʪʦʨʦʤ ʨʝʘʣʠʟʦ-

ʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʜʝʣʘʪʴ ʟʘʧʨʦʩʳ ʢ ʛʝʥʝ-

ʨʘʪʠʚʥʳʤ ʥʝʡʨʦʥʥʳʤ ʩʝʪʷʤ, ʙʝʟ ʢʦʥʪʝʢ-

ʩʪʘ; 

- çʆʙʱʠʝ ʧʨʦʤʧʪʳè, ʚ ʥʝʤ ʨʝʘʣʠʟʦʚʘʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʩʤʦʪʨʘ ʟʘʧʨʦʩʦʚ ʠ ʦʪʚʝ-

ʪʦʚ, ʢʦʪʦʨʳʝ ʦʧʫʙʣʠʢʦʚʘʣʠ ʜʨʫʛʠʝ ʧʦʣʴʟʦ-

ʚʘʪʝʣʠ; 

- çʄʦʠ ʧʨʦʤʧʪʳè, ʛʜʝ ʭʨʘʥʠʪʩʷ ʣʠʯʥʘʷ 

ʠʩʪʦʨʠʷ ʧʨʦʤʧʪ ʟʘʧʨʦʩʦʚ; 

- çʄʦʠ ʯʘʪʳè ï ʚ ʥʝʤ ʩʫʱʝʩʪʚʫʝʪ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʯʘʪʘ ʩ ʢʦʥʢʨʝʪʥʦʡ 

ʥʝʡʨʦʥʥʦʡ ʩʝʪʴʶ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʥʝʡ ʚ 

ʯʘʪ-ʨʝʞʠʤʝ, ʧʨʠ ʵʪʦʤ ʥʝʡʨʦʩʝʪʴ ʫʯʠʪʳʚʘʝʪ 

ʢʦʥʪʝʢʩʪ ʙʝʩʝʜʳ. 

ʇʨʠʤʝʨʳ ʠʥʪʝʨʬʝʡʩʦʚ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ 

ʠ ʨʘʙʦʯʝʡ ʦʙʣʘʩʪʠ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 

3 ʠ 4, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

 
ʈʠʩ. 3. ʀʥʪʝʨʬʝʡʩ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ Keycloack 
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ʈʠʩ. 4. ʀʥʪʝʨʬʝʡʩ ʨʘʙʦʯʝʡ ʦʙʣʘʩʪʠ 

 

ɺʝʩʴ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʙʳʣ 

ʨʝʘʣʠʟʦʚʘʥ ʧʨʠ ʧʦʤʦʱʠ ʠʥʩʪʨʫʤʝʥʪʘ 

Hotwire (HTML-over-the-wire). ʕʪʦ ʘʣʴʪʝʨ-

ʥʘʪʠʚʥʳʡ ʩʧʦʩʦʙ ʩʦʟʜʘʥʠʷ ʚʝʙ-

ʧʨʠʣʦʞʝʥʠʡ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ JavaScript, ʟʘ ʩʯʝʪ ʦʪʧʨʘʚʢʠ ʧʦ 

ʩʝʪʠ HTML, ʚʤʝʩʪʦ JSON [5]. 

ɼʘʥʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʩʦʩʪʦʠʪ ʠʟ ʥʝ-

ʩʢʦʣʴʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ï Turbo ʠ Stimulus, 

ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʧʨʦʱʝ-

ʥʠʶ ʨʘʟʨʘʙʦʪʢʠ. Turbo ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣ-

ʥʷʪʴ ʥʘʚʠʛʘʮʠʶ ʠ ʦʙʥʦʚʣʝʥʠʝ ʯʘʩʪʝʡ ʚʝʙ-

ʩʪʨʘʥʠʮ ʙʝʟ ʧʦʣʥʦʡ ʧʝʨʝʟʘʛʨʫʟʢʠ, ʯʪʦ ʟʥʘ-

ʯʠʪʝʣʴʥʦ ʫʩʢʦʨʷʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʣʴ-

ʟʦʚʘʪʝʣʷ ʩ ʧʨʠʣʦʞʝʥʠʝʤ. Stimulus ʠʩʧʦʣʴ-

ʟʫʝʪʩʷ ʜʣʷ ʜʦʙʘʚʣʝʥʠʷ ʤʠʥʠʤʘʣʴʥʦʛʦ 

JavaScript ʢʦʜʘ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʬʫʥʢʮʠʦ-

ʥʘʣʴʥʦʩʪʠ, ʥʝ ʟʘʤʝʥʷʷ ʩʪʘʥʜʘʨʪʥʳʡ ʧʦʜ-

ʭʦʜ. ʕʪʠ ʙʠʙʣʠʦʪʝʢʠ ʫʧʨʦʱʘʶʪ ʧʨʦʮʝʩʩ 

ʨʘʟʨʘʙʦʪʢʠ, ʧʦʟʚʦʣʷʷ ʥʘʤ ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ 

ʥʘ ʣʦʛʠʢʝ ʧʨʠʣʦʞʝʥʠʷ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ Hotwire ʪʘʢʞʝ ʟʥʘʯʠ-

ʪʝʣʴʥʦ ʫʣʫʯʰʘʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚʝʙ-

ʧʨʠʣʦʞʝʥʠʡ. ʇʦʩʢʦʣʴʢʫ Turbo ʤʦʞʝʪ ʦʙ-

ʥʦʚʣʷʪʴ ʪʦʣʴʢʦ ʪʝ ʯʘʩʪʠ ʩʪʨʘʥʠʮʳ, ʢʦʪʦ-

ʨʳʝ ʚ ʵʪʦʤ ʥʫʞʜʘʶʪʩʷ, ʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʧʦʣʥʦʡ ʧʝʨʝʟʘʛʨʫʟʢʠ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʪ-

ʧʘʜʘʝʪ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ ʙʳʩʪʨʦʡ ʦʪ-

ʟʳʚʯʠʚʦʩʪʠ ʠ ʫʣʫʯʰʝʥʥʦʤʫ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʶ ʩ ʧʦʣʴʟʦʚʘʪʝʣʝʤ. ʕʪʦ ʪʘʢʞʝ ʩʥʠʞʘʝʪ 

ʥʘʛʨʫʟʢʫ ʥʘ ʩʝʨʚʝʨ, ʧʦʩʢʦʣʴʢʫ ʦʙʨʘʙʘʪʳ-

ʚʘʝʪʩʷ ʤʝʥʴʰʝ ʜʘʥʥʳʭ ʧʨʠ ʢʘʞʜʦʤ ʟʘʧʨʦ-

ʩʝ. ɹʦʣʝʝ ʪʦʛʦ Hotwire ʫʤʝʥʴʰʘʝʪ ʟʘʚʠʩʠ-

ʤʦʩʪʴ ʦʪ ʩʣʦʞʥʦʛʦ JavaScript, ʯʪʦ ʧʦʣʦʞʠ-

ʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʩʢʦʨʦʩʪʴ ʟʘʛʨʫʟʢʠ ʩʪʨʘ-

ʥʠʮ. 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʟʨʘʙʦʪʢʠ ʚʝʙ-ʩʝʨʚʠʩʘ, 

ʦʧʠʩʘʥʥʦʛʦ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ, ʙʳʣʠ ʫʯʪʝʥʳ 

ʚʩʝ ʩʦʚʨʝʤʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʠʥʪʝʨʬʝʡ-

ʩʘʤ ʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʤʫ ʦʧʳʪʫ, ʢʦʪʦʨʳʝ 

ʧʦʟʚʦʣʷʶʪ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʙʝʟ ʛʣʫʙʦʢʠʭ 

ʟʥʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ 

ʥʝʡʨʦʩʝʪʝʡ, ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʨʦʜʫʢʪ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʚʦʠʭ ʟʘʜʘʯ. ʋʯʠ-

ʪʳʚʘʷ ʧʦʪʨʝʙʥʦʩʪʠ ʚʥʝʜʨʝʥʠʷ ʠʩʢʫʩʩʪʚʝʥ-

ʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʦʤʧʘʥʠʡ, 

ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʨʝʰʝʥʠʝ, ʩʧʦʩʦʙʩʪʚʫʶ-

ʱʝʝ ʫʩʢʦʨʝʥʠʶ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʙʦʪʳ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʦʪʢʨʳʪʴ ʰʠʨʦʢʠʝ ʧʝʨʩʧʝʢʪʠʚʳ 

ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʘʟʨʘʙʦʪʦʢ ʚ ʨʘʟʣʠʯ-

ʥʳʭ ʦʙʣʘʩʪʷʭ. 
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ɸʥʥʦʪʘʮʠʷ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʘʥʘʣʠʟʫ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʷ ʚ ʩʠʩʪʝʤʘʭ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʥʝʩʢʦʣʴʢʠʭ ʢʣʶʯʝʚʳʭ 

ʘʩʧʝʢʪʘʭ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʪʨʘʥʩʧʦʨʪ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʤʥʦʛʠʭ ʩʪʨʘʥ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʝʨʝʚʦʟʢʫ ʛʨʫʟʦʚ ʠ ʧʘʩʩʘʞʠʨʦʚ ʥʘ ʜʣʠʪʝʣʴ-

ʥʳʝ ʨʘʩʩʪʦʷʥʠʷ. ʕʬʬʝʢʪʠʚʥʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʞʝʣʝʟʥʳʭ 

ʜʦʨʦʛ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʨʘʙʦʪʳ ʚʩʝʡ ʞʝ-

ʣʝʟʥʦʜʦʨʦʞʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ʉ ʫʯʝʪʦʤ ʧʦʩʪʦʷʥʥʦʛʦ ʨʦʩʪʘ ʧʘʩʩʘʞʠʨʦʧʦʪʦʢʘ ʠ 

ʦʙʲʝʤʦʚ ʛʨʫʟʦʧʝʨʝʚʦʟʦʢ, ʘ ʪʘʢʞʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ ʚ ʩʬʝʨʝ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦ-

ʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʧʦʩʪʦʷʥʥʦʤ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʩʥʘʙ-

ʞʝʥʠʷ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʦʡ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʥʝ ʪʦʣʴʢʦ ʧʦʪʨʝʙʥʦʩʪʴʶ ʚ 

ʦʙʝʩʧʝʯʝʥʠʠ ʩʪʘʙʠʣʴʥʦʡ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʥʘʛʨʫʟʦʢ, ʥʦ ʠ ʪʨʝʙʦʚʘʥʠʝʤ ʧʦ-

ʚʳʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ ʠ ʨʠʩʢʦʚ ʚʦʟʤʦʞʥʳʭ ʘʚʘʨʠʡ ʠʣʠ ʧʝʨʝ-

ʙʦʝʚ ʚ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʪʦʤʘʪʠʟʘʮʠʷ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ, ʞʝʣʝʟʥʦʜʦʨʦʞ-

ʥʳʡ ʪʨʘʥʩʧʦʨʪ, ʙʝʟʦʧʘʩʥʦʩʪʴ, ʥʘʜʝʞʥʦʩʪʴ, ʧʘʩʩʘʞʠʨʦʧʦʪʦʢ, ʛʨʫʟʦʧʝʨʝʚʦʟʢʠ, ʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʠʡ ʧʨʦʛʨʝʩʩ, ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʟʘʪʨʘʪʳ, ʨʠʩʢʠ, ʘʚʘʨʠʠ, ʧʝʨʝʙʦʠ. 

 

ʆʩʥʦʚʥʳʤʠ ʠʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʜʘʥʥʦʡ ʪʝʤʳ ʷʚʣʷʶʪʩʷ ʜʘʥʥʳʝ 

ʦ ʪʝʢʫʱʝʤ ʩʦʩʪʦʷʥʠʠ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʩʥʘʙ-

ʞʝʥʠʷ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ, ʠʭ ʪʝʭʥʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʘʭ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʥʘʛʨʫʟʦʢ, ʘ 

ʪʘʢʞʝ ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦ-

ʜʘʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʷʭ ʚ ʦʙʣʘʩʪʠ ʘʚ-

ʪʦʤʘʪʠʟʘʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨ-

ʛʠʠ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʜʘʥʥʦʡ ʪʝʤʳ ʠʤʝʝʪ 

ʚʘʞʥʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ, ʧʦʩʢʦʣʴʢʫ 

ʝʛʦ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʨʘʟʨʘʙʦʪ-

ʢʝ ʠ ʚʥʝʜʨʝʥʠʶ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʝʪʦ-

ʜʦʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʦʧ-

ʪʠʤʠʟʘʮʠʠ ʨʘʙʦʪʳ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʩʥʘʙʞʝ-

ʥʠʷ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ, ʯʪʦ ʜʘʩʪ ʧʦʚʳʩʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʢʪʨʦ-

ʵʥʝʨʛʠʠ, ʩʥʠʟʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝ-

ʥʠʷ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ ʠ ʧʝʨʝʙʦʝʚ ʚ 

ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʠ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʪʴ ʙʦ-

ʣʝʝ ʢʦʤʬʦʨʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʧʘʩʩʘʞʠʨʦʚ ʠ 

ʙʦʣʝʝ ʙʝʟʦʧʘʩʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʧʝʨʝʚʦʟʢʠ 

ʛʨʫʟʦʚ. 

ʇʨʦʙʣʝʤʘ, ʢʦʪʦʨʘʷ ʧʦʜʣʝʞʠʪ ʠʩʩʣʝʜʦ-

ʚʘʥʠʶ ʚ ʜʘʥʥʦʤ ʢʦʥʪʝʢʩʪʝ, ʢʘʩʘʝʪʩʷ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘ-

ʷʚʦʢ ʥʘ ʧʦʠʩʢ ʚ ʩʠʩʪʝʤʘʭ ʵʥʝʨʛʦʩʥʘʙʞʝ-

ʥʠʷ.  

ʎʝʣʴ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪ-

ʩʷ ʚ ʫʣʫʯʰʝʥʠʠ ʧʨʦʮʝʩʩʘ ʩʦʩʪʘʚʣʝʥʠʷ ʟʘ-

ʷʚʦʢ ʜʣʷ ʨʘʙʦʪ ʚ ʩʠʩʪʝʤʝ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ 

ʧʫʪʝʤ ʚʳʷʚʣʝʥʠʷ ʠ ʘʥʘʣʠʟʘ ʬʘʢʪʦʨʦʚ, ʚʣʠ-

ʷʶʱʠʭ ʥʘ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʘ ʪʘʢʞʝ 

ʧʨʝʜʣʦʞʝʥʠʷ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʠ ʤʝʪʦʜʠʢ, 

ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʦʧʪʠʤʠʟʘʮʠʠ ʜʘʥʥʦʛʦ 

ʧʨʦʮʝʩʩʘ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ 

ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʩʦ-

ʩʪʘʚʣʝʥʠʷ ʟʘʷʚʦʢ ʜʣʷ ʨʘʙʦʪ ʚ ʩʠʩʪʝʤʝ 

ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ, ʧʦʜʨʘʟʫʤʝʚʘʷ ʠʭ ʜʦʩʪʦ-

ʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. 

2. ɺʳʷʚʣʝʥʠʝ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʩʦʩʪʘʚʣʝʥʠʷ ʟʘ-

ʷʚʦʢ, ʪʘʢʠʭ ʢʘʢ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠ-

ʢʠ ʩʠʩʪʝʤʳ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ, ʠʟʤʝʥʝʥʠʷ ʚ 

ʥʘʛʨʫʟʢʘʭ ʠ ʪ. ʜ. 

3. ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʠ ʤʝʪʦ-

ʜʠʢ ʩʦʩʪʘʚʣʝʥʠʷ ʟʘʷʚʦʢ, ʫʯʠʪʳʚʘʶʱʠʭ ʚʳ-

ʷʚʣʝʥʥʳʝ ʬʘʢʪʦʨʳ ʠ ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦ-

ʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʩʠ-

ʩʪʝʤʳ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ. 
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4. ʇʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʧʨʦ-

ʚʝʨʢʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʦʮʝʥʢʘ ʠʭ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʘ ʧʨʘʢʪʠʢʝ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʜʘʥʥʦʤ ʩʣʫ-

ʯʘʝ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʷ ʚ ʩʠʩʪʝʤʘʭ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ 

ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ, ʜʘʥʥʳʡ ʦʙʲʝʢʪ ʧʨʝʜʩʪʘʚ-

ʣʷʝʪ ʩʦʙʦʡ ʢʦʥʢʨʝʪʥʳʡ ʬʨʘʛʤʝʥʪ ʨʝʘʣʴʥʦ-

ʩʪʠ, ʚ ʢʦʪʦʨʦʤ ʩʫʱʝʩʪʚʫʝʪ ʧʨʦʙʣʝʤʘ, ʪʨʝ-

ʙʫʶʱʘʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʠʟʫʯʝʥʠʷ. ʀʩ-

ʩʣʝʜʦʚʘʥʠʝ ʙʫʜʝʪ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʘʥʘʣʠʟ 

ʧʨʦʮʝʩʩʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʵʥʝʨʛʠʠ ʚ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʩʝʪʠ ʩ ʮʝʣʴʶ 

ʚʳʷʚʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʧʦʜʭʦʜʦʚ ʠ ʤʝʪʦ-

ʜʦʚ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʦʩ-

ʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ 

ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʘʥʘʣʠʟʠʨʫʶʪʩʷ 

ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤʳ, ʘʣ-

ʛʦʨʠʪʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ, ʤʝʪʦʜʳ 

ʫʧʨʘʚʣʝʥʠʷ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʘʩʧʝʢʪʳ, ʚʣʠ-

ʷʶʱʠʝ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ 

ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʞʝʣʝʟ-

ʥʳʭ ʜʦʨʦʛ. 

ɻʠʧʦʪʝʟʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʞʝʪ ʙʳʪʴ 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʢʘʢ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʩʫ-

ʱʝʩʪʚʦʚʘʥʠʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʟʘʢʦʥʦʤʝʨʥʦʡ 

ʩʚʷʟʠ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʠ 

ʬʘʢʪʦʨʘʤʠ, ʚʣʠʷʶʱʠʤʠ ʥʘ ʧʨʦʮʝʩʩ ʘʚʪʦ-

ʤʘʪʠʟʘʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ ʚ ʞʝ-

ʣʝʟʥʦʜʦʨʦʞʥʦʡ ʩʝʪʠ, ʢ ʧʨʠʤʝʨʫ ʛʠʧʦʪʝʟʘ 

ʤʦʞʝʪ ʟʘʢʣʶʯʘʪʴʩʷ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʦ 

ʪʦʤ, ʯʪʦ ʦʧʨʝʜʝʣʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʘʣʛʦ-

ʨʠʪʤʘʭ ʫʧʨʘʚʣʝʥʠʷ ʩʠʩʪʝʤʦʡ ʤʦʛʫʪ ʟʥʘʯʠ-

ʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʝʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ 

ʥʘʜʝʞʥʦʩʪʴ ʧʨʠ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʵʥʝʨʛʠʠ. 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʵʣʝʢʪʨʦʵʥʝʨ-

ʛʝʪʠʢʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʦʪʨʘʩ-

ʣʝʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʩʝʢʪʦʨʦʚ 

ʵʢʦʥʦʤʠʢʠ. ɺ ʢʦʥʪʝʢʩʪʝ ʵʪʦʡ ʦʪʨʘʩʣʠ ʦʩʦ-

ʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʜʠʩʧʝʪʯʝʨʩʢʦʤʫ 

ʫʧʨʘʚʣʝʥʠʶ, ʢʦʪʦʨʦʝ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ 

ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʥʝʧʨʝʨʳʚʥʦʡ ʠ ʵʬʬʝʢʪʠʚ-

ʥʦʡ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

ɺ ʜʘʥʥʦʤ ʦʙʟʦʨʝ ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʩʫʱʝ-

ʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʜʠʩʧʝʪʯʝʨʩʢʦʛʦ ʫʧʨʘʚ-

ʣʝʥʠʷ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʝ, ʦʩʦʙʝʥʥʦʩʪʠ 

ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʠ ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ. 

ɾʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʪʨʘʥʩʧʦʨʪ ʚ ʈʦʩʩʠʡ-

ʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʩʪʘʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚ-

ʥʳʭ ʩʨʝʜʩʪʚ ʧʝʨʝʚʦʟʦʢ ʢʘʢ ʛʨʫʟʦʚ, ʪʘʢ ʠ 

ʧʘʩʩʘʞʠʨʦʚ. ɹʦʣʝʝ 84% ʚʩʝʭ ʧʝʨʝʚʦʟʦʢ 

ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʧʦ ʵʣʝʢʪʨʠʬʠʮʠʨʦʚʘʥʥʳʤ 

ʞʝʣʝʟʥʳʤ ʜʦʨʦʛʘʤ [1]. ʇʦʩʪʦʷʥʥʦʝ ʫʚʝʣʠ-

ʯʝʥʠʝ ʦʙʲʝʤʦʚ ʧʝʨʝʚʦʟʦʢ ʪʨʝʙʫʝʪ ʧʦʩʪʦʷʥ-

ʥʦʛʦ ʦʙʥʦʚʣʝʥʠʷ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ, ʧʦʜʨʘʟʫʤʝʚʘʷ ʩʠʩʪʝʤʫ ʵʣʝʢ-

ʪʨʦʩʥʘʙʞʝʥʠʷ. 

ʉʠʩʪʝʤʘ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʞʝʣʝʟʥʳʭ 

ʜʦʨʦʛ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʘʧʠʪʘʣʦʝʤʢʫʶ 

ʠ ʪʝʭʥʠʯʝʩʢʠ ʩʣʦʞʥʫʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ, 

ʧʦʜʚʝʨʞʝʥʥʫʶ ʠʟʥʦʩʫ ʠ ʩʪʘʨʝʥʠʶ. ɽʞʝ-

ʛʦʜʥʦ ʧʨʦʠʟʚʦʜʠʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝ-

ʩʪʚʦ ʨʘʙʦʪ ʧʦ ʟʘʤʝʥʝ ʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʦʙʦ-

ʨʫʜʦʚʘʥʠʷ, ʢ ʧʨʠʤʝʨʫ ʟʘʤʝʥʷʝʪʩʷ ʜʦ 

650 ʢʤ ʢʦʥʪʘʢʪʥʦʛʦ ʧʨʦʚʦʜʘ, 500 ʢʤ ʜʝ-

ʬʝʢʪʥʦʛʦ ʥʝʩʫʱʝʛʦ ʪʨʦʩʘ, ʘ ʪʘʢʞʝ ʙʦʣʝʝ 

14500 ʦʧʦʨ ʢʦʥʪʘʢʪʥʦʡ ʩʝʪʠ [2]. ʇʦʤʠʤʦ 

ʵʪʦʛʦ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʤʦʜʝʨʥʠʟʘʮʠʷ ʧʦʜ-

ʚʝʩʢʠ ʢʦʥʪʘʢʪʥʦʡ ʩʝʪʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʥʘʜʝʞʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚ-

ʣʝʥʠʷ ʩʠʩʪʝʤʦʡ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʞʝʣʝʟ-

ʥʳʭ ʜʦʨʦʛ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦ-

ʜʳ ʜʠʩʧʝʪʯʝʨʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. ʉʪʨʝʤʣʝ-

ʥʠʝ ʢ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʮʝʥʪʨʘʣʠʟʘʮʠʠ 

ʧʨʦʮʝʩʩʦʚ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠʚʝʣʦ ʢ ʧʦʷʚʣʝ-

ʥʠʶ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʩʠʩʪʝʤ. 

ʉ ʥʘʯʘʣʘ ʵʣʝʢʪʨʠʬʠʢʘʮʠʠ ʞʝʣʝʟʥʳʭ ʜʦ-

ʨʦʛ ʧʨʠʤʝʥʷʣʠʩʴ ʧʨʦʩʪʳʝ ʤʝʪʦʜʳ ʜʠʩʧʝʪ-

ʯʝʨʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʪʝʣʝ-

ʬʦʥʥʦʡ ʩʚʷʟʠ ʠ ʩʝʣʝʢʪʦʨʥʳʭ ʩʠʩʪʝʤʘʭ, ʥʦ 

ʥʝʚʟʠʨʘʷ ʥʘ ʵʪʦ,  ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʘʢʠʭ ʤʝ-

ʪʦʜʦʚ ʙʳʣʘ ʦʛʨʘʥʠʯʝʥʘ [3]. ʉ ʨʘʟʚʠʪʠʝʤ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʘʚʪʦʤʘʪʠ-

ʟʘʮʠʠ ʧʦʷʚʠʣʠʩʴ ʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʝ ʩʠ-

ʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʩʠʩʪʝʤʳ ʪʝ-

ʣʝʤʝʭʘʥʠʢʠ ʠ ʘʚʪʦʤʘʪʠʢʠ. 

ʆʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʜʠʩ-

ʧʝʪʯʝʨʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝ-

ʪʠʢʝ ʷʚʣʷʝʪʩʷ ʩʪʨʦʛʘʷ ʮʝʥʪʨʘʣʠʟʘʮʠʷ ʧʨʦ-

ʮʝʩʩʦʚ ʫʧʨʘʚʣʝʥʠʷ. ɺʩʝ ʨʘʙʦʪʳ ʧʦ ʦʙʥʦʚ-

ʣʝʥʠʶ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʥʘ ʦʩʥʦ-

ʚʝ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʭ ʧʨʠʥʮʠʧʦʚ, ʯʝʨʝʟ 

ʜʠʩʧʝʪʯʝʨʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʨʘʟʣʠʯʥʳʭ 

ʫʨʦʚʥʝʡ [4]. 

ʆʧʝʨʘʪʠʚʥʦʝ ʨʫʢʦʚʦʜʩʪʚʦ ʨʘʙʦʪʘʤʠ ʧʦ 

ʦʙʝʩʧʝʯʝʥʠʶ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʦʩʫ-
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ʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʵʥʝʨʛʦʜʠʩʧʝʪʯʝʨʩʢʠʝ 

ʩʪʨʫʢʪʫʨʳ. ʕʥʝʨʛʦʜʠʩʧʝʪʯʝʨʩʢʘʷ ʩʣʫʞʙʘ 

ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʥʝʧʨʝ-

ʨʳʚʥʦʩʪʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʠ ʢʦʦʨʜʠʥʘ-

ʮʠʠ ʨʘʙʦʪ ʧʦ ʦʙʥʦʚʣʝʥʠʶ ʠ ʤʦʜʝʨʥʠʟʘʮʠʠ 

ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʞʝʣʝʟʥʳʭ ʜʦ-

ʨʦʛ [5]. 

ɸʥʘʣʠʟ ʨʘʙʦʪʳ ʜʠʩʧʝʪʯʝʨʘ ʚ ʵʣʝʢʪʨʦ-

ʵʥʝʨʛʝʪʠʢʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ [6, 7, 8], ʢ ʧʨʠʤʝ-

ʨʫ ɽ.ɽ. ɹʘʢʝʝʚ ʠʩʧʦʣʴʟʦʚʘʣ ʜʣʷ ʘʥʘʣʠʟʘ 

ʤʝʪʦʜʳ ʪʝʦʨʠʠ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʘ 

ʪʘʢʞʝ ʣʦʛʠʯʝʩʢʠʝ ʩʭʝʤʳ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʜʣʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʷ ʨʘʙʦʪʳ ʵʥʝʨʛʦʜʠʩʧʝʪʯʝʨʘ ʜʠʩʪʘʥʮʠʠ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ [5, 8], ʦʧʠʩʘʥʥʳʝ ʤʝʪʦ-

ʜʳ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʚʨʝʤʝʥʥʳʝ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʠ ʧʨʦʮʝʩʩʘ ʠ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʜʝ-

ʷʪʝʣʴʥʦʩʪʠ ʜʠʩʧʝʪʯʝʨʘ ʧʦ ʵʣʝʤʝʥʪʘʨʥʳʤ 

ʦʧʝʨʘʮʠʷʤ. ʊʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʘʚʪʦʤʘ-

ʪʠʢʠ ʠ ʪʝʣʝʤʝʭʘʥʠʢʠ ʷʚʣʷʶʪʩʷ ʥʝʦʪʲʝʤʣʝ-

ʤʦʡ ʯʘʩʪʴʶ ʧʨʦʮʝʩʩʘ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚ-

ʣʝʥʠʷ ʩʠʩʪʝʤʦʡ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʞʝʣʝʟ-

ʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʥʦ ʥʝʚʟʠʨʘʷ ʥʘ 

ʵʪʦ,  ʙʦʣʴʰʠʥʩʪʚʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʝʛʦʜʥʷ 

ʩʠʩʪʝʤ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʨʝʙʫʝʤʦʤʫ 

ʫʨʦʚʥʶ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʠ ʤʦʨʘʣʴʥʦ 

ʫʩʪʘʨʝʣʠ. ʉ ʨʘʟʚʠʪʠʝʤ ʩʨʝʜʩʪʚ ʚʳʯʠʩʣʠ-

ʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʩʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤ ʫʧʨʘʚ-

ʣʝʥʠʷ ʵʥʝʨʛʦʜʠʩʧʝʪʯʝʨʩʢʠʤ ʢʨʫʛʦʤ ʧʦʜ-

ʚʝʨʛʘʝʪʩʷ ʢʦʨʨʝʢʪʠʨʦʚʢʘʤ. ʊʝʧʝʨʴ ʫʧʨʘʚ-

ʣʷʶʱʠʝ ʚʦʟʜʝʡʩʪʚʠʷ (ʢʦʤʘʥʜʳ ʪʝʣʝʫʧʨʘʚ-

ʣʝʥʠʷ ʊʋ) ʤʦʛʫʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʥʝ ʪʦʣʴʢʦ 

ʜʠʩʧʝʪʯʝʨʦʤ, ʥʦ ʠ ʢʦʤʧʴʶʪʝʨʦʤ [9, 10, 11, 

12], ʯʪʦ ʧʦʚʳʰʘʝʪ "ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʩʪʴ" 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʧʫʥʢʪʘ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʜʝʮʝʥʪʨʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʫʧʨʘʚʣʝʥʠʷ, 

ʦʩʦʙʝʥʥʦ ʚ ʙʳʩʪʨʦʧʨʦʪʝʢʘʶʱʠʭ ʧʨʦʮʝʩ-

ʩʘʭ. ɺ 90-ʝ ʛʦʜʳ ʥʘ ʵʣʝʢʪʨʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʞʝʣʝʟʥʳʭ ʜʦʨʦʛʘʭ ʥʘʯʘʣʠ ʰʠʨʦʢʦ ʚʥʝʜ-

ʨʷʪʴʩʷ ʥʦʚʳʝ ʩʠʩʪʝʤʳ ʪʝʣʝʤʝʭʘʥʠʢʠ. ʆʜ-

ʥʦʡ ʠʟ ʪʘʢʠʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʄʉʊ-95, ʢʦ-

ʪʦʨʘʷ ʠʤʝʣʘ ʥʝʩʢʦʣʴʢʦ ʤʦʜʠʬʠʢʘʮʠʡ ʩ ʨʷ-

ʜʦʤ ʥʦʚʳʭ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʨʝʰʝʥʠʡ, ʜʣʷ 

ʧʨʠʤʝʨʘ ʩʢʘʞʝʤ ʚ ʵʪʦʡ ʩʠʩʪʝʤʝ ʠʩʧʦʣʴʟʦ-

ʚʘʣʠʩʴ ʧʨʦʛʨʘʤʤʥʳʝ ʬʠʣʴʪʨʳ ʥʘ ʦʩʥʦʚʝ 

ʩʠʛʥʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʨʦʚ, ʨʘʟʨʘʙʦʪʘʥʳ 

ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʧʝʨʝʜʘʪʯʠʢʠ ʠ ʧʨʠʝʤʥʠʢʠ 

ʢʘʥʘʣʦʚ, ʘ ʪʘʢʞʝ ʙʳʣʦ ʨʝʘʣʠʟʦʚʘʥʦ ʤʥʦ-

ʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʨʘʢʪʘ 

ʊʉ ʜʣʷ ʊʀ, ʥʘʜʦ ʩʢʘʟʘʪʴ, ʢʦʤʧʴʶʪʝʨʥʘʷ 

ʪʝʭʥʦʣʦʛʠʷ ʙʳʣʘ ʚʥʝʜʨʝʥʘ ʚ ʊʄ ʄʉʊ-95, 

ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ 

ʫʧʨʘʚʣʝʥʠʝ ʵʥʝʨʛʦʜʠʩʧʝʪʯʝʨʩʢʠʤ ʢʨʫʛʦʤ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠʥʥʦʚʘʮʠʠ ʚ ʦʙʣʘʩʪʠ 

ʜʠʩʧʝʪʯʝʨʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚ ʵʣʝʢʪʨʦʵʥʝʨ-

ʛʝʪʠʢʝ ʧʨʦʜʦʣʞʘʶʪ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʪʴʩʷ, 

ʩʪʨʝʤʷʩʴ ʢ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ 

ʦʧʝʨʘʪʠʚʥʦʩʪʠ ʢʦʥʪʨʦʣʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʩʠ-

ʩʪʝʤʘʤʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ, ʥʝʟʘʤʝʥʠʤʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʦʚʨʝʤʝʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʷʚ-

ʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦ-

ʜʦʚ ʜʣʷ ʘʥʘʣʠʟʘ ʨʘʙʦʪʳ ʜʠʩʧʝʪʯʝʨʦʚ. ʀʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʪʝʦʨʠʠ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘ-

ʥʠʷ ʠ ʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʚʨʝʤʝʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʮʝʩʩʘ ʠ ʧʨʦʚʝʩʪʠ ʜʝ-

ʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʜʝʷʪʝʣʴʥʦʩʪʠ ʜʠʩʧʝʪʯʝʨʦʚ, 

ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝ-

ʥʠʶ ʦʧʝʨʘʪʠʚʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ. ʉʦʚʨʝ-

ʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʜʠʩʧʝʪʯʝʨʩʢʦʛʦ ʫʧʨʘʚʣʝ-

ʥʠʷ ʩʪʘʥʦʚʷʪʩʷ ʚʩʝ ʙʦʣʝʝ ʘʚʪʦʤʘʪʠʟʠʨʦ-

ʚʘʥʥʳʤʠ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤʠ. ʈʘʟʚʠʪʠʝ 

ʩʨʝʜʩʪʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʧʦʟʚʦʣʷ-

ʝʪ ʚʥʝʩʪʠ ʟʥʘʯʠʪʝʣʴʥʳʝ ʢʦʨʨʝʢʪʠʚʳ ʚ 

ʩʪʨʫʢʪʫʨʫ ʫʧʨʘʚʣʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʧʨʘʚʣʷʶʱʠʭ 

ʚʦʟʜʝʡʩʪʚʠʡ ʥʝ ʪʦʣʴʢʦ ʜʠʩʧʝʪʯʝʨʦʤ, ʥʦ ʠ 

ʢʦʤʧʴʶʪʝʨʦʤ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʧʝʨ-

ʩʧʝʢʪʠʚʳ ʜʣʷ ʜʝʮʝʥʪʨʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ 

ʫʧʨʘʚʣʝʥʠʷ ʠ ʧʦʚʳʰʝʥʠʷ ʦʧʝʨʘʪʠʚʥʦʩʪʠ 

ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ ʠʟʤʝʥʷʶʱʠʝʩʷ ʫʩʣʦʚʠʷ. 

ʉʠʩʪʝʤʳ ʪʝʣʝʤʝʭʘʥʠʢʠ ʪʘʢʞʝ ʧʨʦʜʦʣʞʘʶʪ 

ʨʘʟʚʠʚʘʪʴʩʷ, ʧʨʠʤʝʥʷʷ ʧʝʨʝʜʦʚʳʝ ʪʝʭʥʦʣʦ-

ʛʠʠ ʠ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʨʝʰʝʥʠʷ. ʅʦʚʳʝ ʤʦ-

ʜʠʬʠʢʘʮʠʠ, ʪʘʢʠʝ ʢʘʢ ʄʉʊ-95, ʚʥʝʜʨʷʶʪ 

ʧʨʦʛʨʘʤʤʥʳʝ ʬʠʣʴʪʨʳ, ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʧʝ-

ʨʝʜʘʪʯʠʢʠ ʠ ʧʨʠʝʤʥʠʢʠ ʢʘʥʘʣʦʚ, ʘ ʪʘʢʞʝ 

ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʪʨʘʢʪʘ ʜʣʷ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ. ʀʩʧʦʣʴ-

ʟʦʚʘʥʠʝ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʵʪʠʭ 

ʩʠʩʪʝʤʘʭ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ 

ʧʨʦʮʝʩʩ ʫʧʨʘʚʣʝʥʠʷ, ʧʦʚʳʩʠʪʴ ʝʛʦ ʥʘʜʝʞ-

ʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʜʠʩʧʝʪʯʝʨʩʢʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʝ ʧʨʦʜʦʣ-

ʞʘʶʪ ʨʘʟʚʠʚʘʪʴʩʷ, ʩ ʪʝʤ ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ 

ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʝ ʠ ʥʘʜʝʞʥʦʝ ʫʧʨʘʚʣʝʥʠʝ 

ʵʥʝʨʛʦʩʠʩʪʝʤʘʤʠ, ʧʨʠʥʮʠʧʠʘʣʴʥʳʤ ʵʣʝ-

ʤʝʥʪʦʤ ʵʪʦʛʦ ʨʘʟʚʠʪʠʷ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝ ʧʝʨʝʜʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʝʪʦʜʦʚ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ ʩʠʩʪʝʤʘʭ ʪʝʣʝʤʝʭʘʥʠ-

ʢʠ. ʇʨʠʤʝʥʷʝʤʳʝ ʚ ʄʉʊ-95 ʧʨʦʪʦʢʦʣʳ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʭʦʪʷ ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ 
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ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ ʧʝʨʝʜʘʯʠ ʢʦʤʘʥʜ ʪʝʣʝ-

ʫʧʨʘʚʣʝʥʠʷ ʠ ʪʝʣʝʩʠʛʥʘʣʠʟʘʮʠʠ, ʦʙʣʘʜʘʶʪ 

ʨʷʜʦʤ ʥʝʜʦʩʪʘʪʢʦʚ, ʪʘʢʠʭ ʢʘʢ ʥʠʟʢʘʷ ʩʪʝ-

ʧʝʥʴ ʟʘʱʠʪʳ ʧʝʨʝʜʘʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ 

ʦʛʨʘʥʠʯʝʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʥʘʨʘʱʠʚʘʥʠʷ 

ʩʦʜʝʨʞʘʥʠʷ ʠ ʦʙʲʝʤʘ ʧʝʨʝʜʘʚʘʝʤʦʡ ʠʥ-

ʬʦʨʤʘʮʠʠ [12]. ɼʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʵʪʠʭ ʥʝ-

ʜʦʩʪʘʪʢʦʚ ʥʝʦʙʭʦʜʠʤ ʧʝʨʝʭʦʜ ʥʘ ʩʦʚʨʝ-

ʤʝʥʥʳʝ ʮʠʬʨʦʚʳʝ ʧʨʦʪʦʢʦʣʳ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ, ʥʦ ʥʝʚʟʠʨʘʷ ʥʘ ʵʪʦ, , ʥʠʟʢʘʷ ʩʢʦ-

ʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʢʘʥʘʣʘʭ ʩʚʷʟʠ ʦʛʨʘʥʠʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʝʨʝʜʘʯʠ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʠʥʬʦʨʤʘʮʠʠ. 

ʉ 2004 ʛʦʜʘ ʥʘ ʩʝʪʷʭ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ ʈʦʩ-

ʩʠʠ ʩʪʘʣʘ ʚʥʝʜʨʷʪʴʩʷ ʧʨʦʛʨʘʤʤʥʘʷ ʪʝʣʝʤʝ-

ʭʘʥʠʢʘ ɸʊʉʈ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʄʀʀʊʦʤ, 

ʜʘʥʥʘʷ ʩʠʩʪʝʤʘ ʠʩʧʦʣʴʟʫʝʪ ʧʨʦʛʨʘʤʤʥʳʝ 

ʧʨʦʪʦʢʦʣʳ, ʤʦʜʫʣʠʨʫʝʤʳʝ ʥʘ ʚʳʩʦʢʦʯʘ-

ʩʪʦʪʥʳʝ ʢʘʥʘʣʳ, ʠ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ ʦʩʫ-

ʱʝʩʪʚʣʷʝʪ ʧʦʩʨʝʜʩʪʚʦʤ ʨʘʜʠʦʩʪʘʥʮʠʡ ʥʘ 

ʋʂɺ ʜʠʘʧʘʟʦʥʝ, ʭʦʪʷ  ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʨʘ-

ʜʠʦʩʚʷʟʠ, ʦʩʦʙʝʥʥʦ ʚ ʩʣʦʞʥʳʭ ʤʝʪʝʦʨʦʣʦ-

ʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʜʝʣʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʵʪʦʡ ʩʠʩʪʝʤʳ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʩʠʩʪʝʤʦʡ ʪʷʛʦʚʦʛʦ ʵʣʝʢʪʨʦ-

ʩʥʘʙʞʝʥʠʷ. ɼʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʵʪʠʭ ʧʨʦʙʣʝʤ 

ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʪʝʣʝ-

ʤʝʭʘʥʠʢʠ, ʪʘʢʠʝ ʢʘʢ ɸʉʊʄʋ, ʨʘʟʨʘʙʦʪʘʥ-

ʥʳʝ ʅʀʀʌɸ, ʦʧʠʩʘʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʦʪʣʠ-

ʯʘʶʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʮʠʬʨʦʚʳʭ ʧʨʦʪʦ-

ʢʦʣʦʚ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠ ʤʠʢʨʦʢʦʥʪʨʦʣ-

ʣʝʨʦʚ ʚ ʦʙʦʨʫʜʦʚʘʥʠʠ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ 

ʧʫʥʢʪʦʚ, ʦʥʠ ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʝʡ ʝʤʢʦʩʪʴʶ 

ʧʦ ʧʝʨʝʜʘʯʝ ʢʦʤʘʥʜ ʪʝʣʝʫʧʨʘʚʣʝʥʠʷ ʠ ʪʝ-

ʣʝʩʠʛʥʘʣʠʟʘʮʠʠ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʶʪ ʧʝʨʝ-

ʜʘʚʘʪʴ ʜʠʘʛʥʦʩʪʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʨʘʙʦʪʝ ʩʠʣʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʭʦʪʷ, ʧʨʠ-

ʤʝʥʝʥʠʝ ʵʪʠʭ ʩʠʩʪʝʤ ʩʪʦʣʢʥʫʣʦʩʴ ʩ ʪʨʫʜ-

ʥʦʩʪʷʤʠ ʠʟ-ʟʘ ʦʩʦʙʝʥʥʦʩʪʝʡ ʦʨʛʘʥʠʟʘʮʠʠ 

ʩʠʩʪʝʤʳ ʩʚʷʟʠ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʟʥʘʯʠʪʝʣʴ-

ʥʦʤʫ ʫʭʫʜʰʝʥʠʶ ʚʨʝʤʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʩʠʩʪʝʤʳ ɸʉʊʄʋ. ɺʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʚʳ-

ʙʦʨʘ ʧʨʦʪʦʢʦʣʦʚ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʷʚʣʷʝʪ-

ʩʷ ʠʭ ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʩʪʘʥ-

ʜʘʨʪʘʤ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʨʦʪʦʢʦʣʘ ModBus, ʥʝ ʨʝʢʦʤʝʥʜʦʚʘʥʥʦʛʦ 

ʄʝʞʜʫʥʘʨʦʜʥʳʤ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʤ ʢʦ-

ʤʠʪʝʪʦʤ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ ʩʠʩʪʝʤʘʭ ʪʝ-

ʣʝʤʝʭʘʥʠʢʠ, ʚʳʟʚʘʣʦ ʦʧʨʝʜʝʣʝʥʥʳʝ ʟʘ-

ʪʨʫʜʥʝʥʠʷ [13]. 

ɺʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʩʦʚʨʝʤʝʥʥʦʛʦ ʜʠʩ-

ʧʝʪʯʝʨʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝ-

ʪʠʢʝ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦ-

ʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʢʘʥʘʣʦʚ 

ʩʚʷʟʠ ʠ ʤʝʪʦʜʦʚ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ɺ ʩʦ-

ʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤʘʭ ʜʠʩʧʝʪʯʝʨʩʢʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʯʘʩʪʦ ʚʦʟʥʠʢʘʶʪ ʪʨʫʜʥʦʩʪʠ ʚ 

ʩʚʷʟʠ ʩ ʥʠʟʢʦʩʢʦʨʦʩʪʥʳʤʠ ʢʘʥʘʣʘʤʠ ʧʝʨʝ-

ʜʘʯʠ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʟʘʤʝʜʣʷʪʴ ʧʝ-

ʨʝʜʘʯʫ ʟʥʘʯʠʪʝʣʴʥʳʭ ʦʙʲʝʤʦʚ ʠʥʬʦʨʤʘ-

ʮʠʠ. ɼʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ, ʠʥ-

ʞʝʥʝʨʳ ʠ ʩʧʝʮʠʘʣʠʩʪʳ ʨʘʟʨʘʙʦʪʘʣʠ ʨʷʜ 

ʤʝʪʦʜʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ. ʇʨʠʤʝʨʦʤ ʪʘʢʦʛʦ 

ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘ ʪʝʣʝʤʝʭʘʥʠʢʠ 

ɸʄʊ, ʩʦʟʜʘʥʥʘʷ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʄʕɿ ʆɸʆ 

ʈɾɼ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪ ʚʳʩʦʢʦʩʢʦʨʦʩʪ-

ʥʳʝ ʩʝʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠ ʧʨʦʪʦʢʦʣʳ 

TCP/IP, ʜʘʥʥʘʷ ʩʠʩʪʝʤʘ ʥʘʭʦʜʠʪʩʷ ʚ ʦʧʳʪ-

ʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘ ʕʏ-8 ʄʦʩʢʦʚʩʢʦʡ 

ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ, ʭʦʪʷ  ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘ-

ʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʪʨʫʜʥʦ-

ʩʪʠ ʧʨʠ ʧʦʜʢʣʶʯʝʥʠʠ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ 

ʧʫʥʢʪʦʚ, ʫʜʘʣʝʥʥʳʭ ʦʪ ʪʦʯʝʢ ʧʦʜʢʣʶʯʝʥʠʷ 

ʢ ʩʝʪʠ, ʘ ʪʘʢʞʝ ʪʨʝʙʫʝʪ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢ-

ʪʫʨʳ ʦʙʩʣʫʞʠʚʘʥʠʷ. ʆʩʥʦʚʥʳʤ ʩʜʝʨʞʠʚʘ-

ʶʱʠʤ ʬʘʢʪʦʨʦʤ ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʥʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʷʚʣʷʝʪʩʷ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʩʫʱʝ-

ʩʪʚʫʶʱʠʭ ʦʪʨʘʩʣʝʚʳʭ ʜʦʢʫʤʝʥʪʦʚ, ʢʦʪʦ-

ʨʳʝ ʥʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʧʨʠʤʝʥʝʥʠʝ ʧʨʦ-

ʪʦʢʦʣʦʚ TCP/IP ʜʣʷ ʪʝʣʝʫʧʨʘʚʣʝʥʠʷ. ʇʦ-

ʵʪʦʤʫ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘ-

ʥʠʷ ʥʦʚʳʭ ʩʠʩʪʝʤ ʥʝʦʙʭʦʜʠʤʦ ʚʥʝʩʪʠ ʠʟ-

ʤʝʥʝʥʠʷ ʚ ʩʪʨʫʢʪʫʨʫ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʧʨʠ-

ʥʷʪʴ ʥʦʚʳʝ ʩʪʘʥʜʘʨʪʳ. ʇʨʘʢʪʠʢʘ ʨʘʙʦʪʳ 

ʵʥʝʨʛʦʜʠʩʧʝʪʯʝʨʩʢʠʭ ʮʝʥʪʨʦʚ ʧʦʢʘʟʳʚʘʝʪ, 

ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʦʚʳʰʘʝʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʘ 

ʜʠʩʧʝʪʯʝʨʩʢʠʭ ʢʘʨʪ ʪʠʧʦʚʳʭ ʟʘʷʚʦʢ, ʜʘʥ-

ʥʳʡ ʤʝʪʦʜ, ʧʨʝʜʣʦʞʝʥʥʳʡ ɺ.ɺ.ʀʚʘʥʦʚʳʤ, 

ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʟʘʨʘʥʝʝ ʧʦʜʛʦʪʦʚʣʝʥʥʦʤ 

ʤʘʩʩʠʚʝ ʜʘʥʥʳʭ, ʦʭʚʘʪʳʚʘʶʱʝʤ ʚʩʝ ʚʦʟ-

ʤʦʞʥʳʝ ʟʘʷʚʢʠ ʢʦʥʢʨʝʪʥʦʛʦ ʢʨʫʛʘ ʕʏʎ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʠʧʦʚʳʭ ʟʘʷʚʦʢ ʧʦʟʚʦʣʷʝʪ 

ʩʥʠʟʠʪʴ ʪʨʫʜʦʟʘʪʨʘʪʳ ʵʥʝʨʛʦʜʠʩʧʝʪʯʝʨʘ ʥʘ 

ʚʳʧʦʣʥʝʥʠʝ ʧʝʨʝʢʣʶʯʝʥʠʡ ʠ ʦʬʦʨʤʣʝʥʠʝ 

ʦʧʝʨʘʪʠʚʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʘ ʪʘʢʞʝ 

ʫʤʝʥʴʰʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʦʢ ʧʨʠ ʚʳʙʦ-

ʨʝ ʚʘʨʠʘʥʪʦʚ ʧʝʨʝʢʣʶʯʝʥʠʡ, ʭʦʪʷ  ʜʣʷ 

ʫʩʧʝʰʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʘ ʪʠʧʦʚʳʭ ʟʘ-

ʷʚʦʢ ʥʝʦʙʭʦʜʠʤʘ ʨʘʟʨʘʙʦʪʢʘ ʫʥʠʚʝʨʩʘʣʴ-

ʥʦʡ ʤʝʪʦʜʠʢʠ, ʢʦʪʦʨʘʷ ʫʧʨʦʩʪʠʪ ʧʦʜʛʦʪʦʚ-

ʢʫ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʭ ʟʘʷʚʦʢ, ʯʪʦ ʧʦʟ-

ʚʦʣʠʪ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʫʱʝ-

ʩʪʚʫʶʱʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ 
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ʫʧʨʘʚʣʝʥʠʷ ʠ ʧʦʚʳʩʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴ-

ʥʦʩʪʴ ʪʨʫʜʘ ʵʥʝʨʛʦʜʠʩʧʝʪʯʝʨʦʚ. 

ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ 

ʩʠʩʪʝʤʦʡ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʜ-

ʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʘʩʧʝʢʪʦʚ ʚ ʨʘʟʚʠʪʠʠ 

ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ. ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ʩʦ-

ʟʜʘʥʠʝ ʮʝʥʪʨʘʣʴʥʳʭ ʵʥʝʨʛʦʜʠʩʧʝʪʯʝʨʩʢʠʭ 

ʧʫʥʢʪʦʚ (ʎʕɼʇ) ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ. 

ʈʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʎʕɼʇ ʜʦʨʦʛ ʥʘʯʘʣʠ 

ʧʨʦʚʦʜʠʪʴʩʷ ʝʱʝ ʚ 1980-ʝ ʛʦʜʳ, ʧʦʜ ʨʫʢʦ-

ʚʦʜʩʪʚʦʤ ʩʧʝʮʠʘʣʠʩʪʦʚ ʈʀʀɾʊʘ, ʪʘʢʠʭ 

ʢʘʢ ʖ.ɸ. ɾʘʨʢʦʚ [14], ʦʧʠʩʘʥʥʳʝ ʧʫʥʢʪʳ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʘʞʥʦʝ ʟʚʝʥʦ ʚ ʩʠʩʪʝ-

ʤʝ ʫʧʨʘʚʣʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʝʡ ʵʣʝʢʪʨʦ-

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʞʝʣʝʟʥʳʭ ʜʦ-

ʨʦʛ. 

ɸʩʧʝʢʪʦʤ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʷʚ-

ʣʷʝʪʩʷ ʦʧʝʨʘʪʠʚʥʦʝ ʧʦʣʫʯʝʥʠʝ ʠʥʬʦʨʤʘ-

ʮʠʠ ʦ ʩʦʩʪʦʷʥʠʠ ʫʩʪʨʦʡʩʪʚ ʵʣʝʢʪʨʦʩʥʘʙ-

ʞʝʥʠʷ ʠ ʨʝʘʛʠʨʦʚʘʥʠʝ ʥʘ ʚʦʟʤʦʞʥʳʝ ʧʦ-

ʚʨʝʞʜʝʥʠʷ. ɺ ʧʨʦʰʣʦʤ ʪʝʣʝʩʠʛʥʘʣʠʟʘʮʠʷ 

ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʦʥʘʣʴ-

ʥʳʭ ʢʘʥʘʣʦʚ ʩʚʷʟʠ ʪʝʣʝʤʝʭʘʥʠʢʠ, ʯʪʦ 

ʦʛʨʘʥʠʯʠʚʘʣʦ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʤʝʥʝʥʠʝ ʢʦʨʧʦʨʘ-

ʪʠʚʥʳʭ ʩʝʪʝʡ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʠʥʬʦʨ-

ʤʘʮʠʶ ʦ ʩʦʩʪʦʷʥʠʠ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙ-

ʞʝʥʠʷ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʠ ʧʦʚʳʰʘʪʴ 

ʦʧʝʨʘʪʠʚʥʦʩʪʴ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʚ ʘʚʘ-

ʨʠʡʥʳʭ ʩʠʪʫʘʮʠʷʭ [15]. 

ʎʕɼʇ ʚʳʧʦʣʥʷʶʪ ʨʷʜ ʚʘʞʥʳʭ ʬʫʥʢ-

ʮʠʡ, ʧʦʜʨʘʟʫʤʝʚʘʷ ʢʦʦʨʜʠʥʘʮʠʶ ʦʧʝʨʘ-

ʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʩʠʛʥʘʣʠʟʘʮʠʶ ʦ ʩʦ-

ʩʪʦʷʥʠʠ ʫʩʪʨʦʡʩʪʚ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ, 

ʦʙʦʙʱʝʥʠʝ ʦʧʝʨʘʪʠʚʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ 

ʦʙʨʘʙʦʪʢʫ ʦʧʝʨʘʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʠʥʬʦʨʤʘʮʠʠ, ʦʧʠʩʘʥʥʳʝ ʬʫʥʢʮʠʠ ʪʨʝʙʫʶʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʘʙʦʪʳ ʵʥʝʨʛʦʜʠʩʧʝʪ-

ʯʝʨʦʚ ʜʠʩʪʘʥʮʠʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ. 

ɺ ʧʨʦʰʣʦʤ, ʩ ʥʘʯʘʣʘ 1980-ʭ ʛʦʜʦʚ, ʢʦʤ-

ʧʴʶʪʝʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʥʘʯʘʣʠ ʧʨʠʤʝʥʷʪʴ-

ʩʷ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʦʧʝʨʘʪʠʚʥʦʡ ʨʘʙʦʪʳ. 

ɺ ʧʝʨʚʳʝ ʛʦʜʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʦʤʧʴʶʪʝ-

ʨʳ ʩʝʨʠʠ "ʉʄ", ʥʦ ʠʭ ʦʛʨʘʥʠʯʝʥʥʘʷ ʚʳ-

ʯʠʩʣʠʪʝʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʠ ʥʠʟʢʘʷ ʥʘʜʝʞ-

ʥʦʩʪʴ ʥʝ ʧʦʟʚʦʣʷʣʠ ʨʝʘʣʠʟʦʚʘʪʴ ʩʣʦʞʥʳʝ 

ʟʘʜʘʯʠ, ʥʦ ʩ ʧʦʷʚʣʝʥʠʝʤ ʤʦʱʥʳʭ ʧʝʨʩʦ-

ʥʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ ʚʦʟʤʦʞʥʦʩʪʠ ʘʚʪʦ-

ʤʘʪʠʟʘʮʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʠʣʠʩʴ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʰʠʨʦʢʦ ʚʥʝʜʨʷʶʪʩʷ ʘʚ-

ʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʨʘʙʦʯʠʝ ʤʝʩʪʘ (ɸʈʄ) 

ʜʣʷ ʵʥʝʨʛʦʜʠʩʧʝʪʯʝʨʦʚ ʮʝʥʪʨʦʚ ʫʧʨʘʚʣʝ-

ʥʠʷ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝʤ. 

ʈʘʩʩʤʦʪʨʝʥʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ 

ʜʠʩʧʝʪʯʝʨʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚ ʵʣʝʢʪʨʦʵʥʝʨ-

ʛʝʪʠʢʝ ʧʦʟʚʦʣʷʝʪ ʫʚʠʜʝʪʴ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʨʘʟʥʦʦʙʨʘʟʠʝ ʧʦʜʭʦʜʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ, 

ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ, ʟʥʘʯʠʤʦʡ 

ʯʘʩʪʴʶ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩʠʩʪʝ-

ʤʦʡ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʨʘʙʦʯʠʭ ʤʝʩʪ 

(ɸʈʄ) ʵʥʝʨʛʦʜʠʩʧʝʪʯʝʨʦʚ. ʊʘʢʠʝ ʩʠʩʪʝʤʳ 

ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ 

ʬʫʥʢʮʠʡ, ʧʦʜʨʘʟʫʤʝʚʘʷ ʠʥʜʠʢʘʮʠʶ ʧʦʣʦ-

ʞʝʥʠʷ ʦʙʲʝʢʪʦʚ, ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ ʨʘʙʦʪ, ʢʦʥʪʨʦʣʴ ʫʩʣʦʚʠʡ ʙʝʟʦʧʘʩʥʦ-

ʩʪʠ ʠ ʚʳʜʘʯʫ ʦʧʝʨʘʪʠʚʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ɺ 

ʧʨʦʰʣʦʤ, ʧʝʨʚʳʝ ʧʦʧʳʪʢʠ ʩʦʟʜʘʥʠʷ ʘʜʘʧ-

ʪʝʨʦʚ ʩʚʷʟʠ ʥʘ ʘʧʧʘʨʘʪʥʦʤ ʫʨʦʚʥʝ ʥʝ ʧʨʠ-

ʥʝʩʣʠ ʦʞʠʜʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟ-ʟʘ ʥʠʟ-

ʢʦʡ ʥʘʜʝʞʥʦʩʪʠ ʫʩʪʨʦʡʩʪʚ, ʥʦ ʩ ʨʘʟʚʠʪʠʝʤ 

ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʦʷʚʣʝ-

ʥʠʝʤ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʚ ʩʪʘʣʠ ʚʦʟʤʦʞʥʳ 

ʫʩʧʝʰʥʳʝ ʨʘʟʨʘʙʦʪʢʠ ʙʦʣʝʝ ʥʘʜʝʞʥʳʭ 

ʘʜʘʧʪʝʨʦʚ ʩʚʷʟʠ, ʜʣʷ ʧʨʠʤʝʨʘ ʩʢʘʞʝʤ 

ʘʜʘʧʪʝʨʳ ʩʚʷʟʠ çʊʦʧʘʟ-98è ʠ çʊʦ-

ʧʘʟ 2001è, ʨʘʟʨʘʙʦʪʘʥʥʳʝ 

ʅʇʇ çɸʚʪʦʤʘʪʠʢʘ-ʉʝʨʚʠʩè, ʩʪʘʣʠ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʚ ʩʠʩʪʝʤʘʭ 

ʪʝʣʝʤʝʭʘʥʠʢʠ ʥʘ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛʘʭ. ʉʦ-

ʚʨʝʤʝʥʥʳʝ ʘʜʘʧʪʝʨʳ ʩʚʷʟʠ ʦʩʫʱʝʩʪʚʣʷʶʪ 

ʨʷʜ ʚʘʞʥʳʭ ʬʫʥʢʮʠʡ, ʪʘʢʠʭ ʢʘʢ ʬʠʣʴʪʨʘ-

ʮʠʷ ʠ ʜʝʤʦʜʫʣʷʮʠʷ ʩʠʛʥʘʣʦʚ ʚ ʣʠʥʠʠ ʩʚʷʟʠ 

ʪʝʣʝʩʠʛʥʘʣʠʟʘʮʠʠ, ʜʝʰʠʬʨʘʮʠʷ ʠ ʧʨʦʚʝʨʢʘ 

ʩʦʦʙʱʝʥʠʡ ʥʘ ʜʦʩʪʦʚʝʨʥʦʩʪʴ, ʘʥʘʣʠʟ ʩʦ-

ʩʪʦʷʥʠʷ ʦʙʲʝʢʪʦʚ ʠ ʧʝʨʝʜʘʯʘ ʠʥʬʦʨʤʘʮʠʠ 

ʚ ʢʦʤʧʴʶʪʝʨ, ʤʦʜʫʣʷʮʠʷ ʠ ʬʠʣʴʪʨʘʮʠʷ 

ʩʠʛʥʘʣʦʚ ʚ ʣʠʥʠʠ ʩʚʷʟʠ ʪʝʣʝʫʧʨʘʚʣʝʥʠʷ, ʘ 

ʪʘʢʞʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʤʘʥʜ ʜʣʷ ʚʨʝʤʝʥ-

ʥʦʡ ʠ ʯʘʩʪʦʪʥʦʡ ʧʦʜʩʠʩʪʝʤ, ʥʦ ʛʣʘʚʥʦʡ 

ʪʝʥʜʝʥʮʠʝʡ ʧʨʠ ʩʦʟʜʘʥʠʠ ʥʦʚʳʭ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʨʘʩʰʠ-

ʨʝʥʠʝ ʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʘʢʪʠʚʥʦ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʠ ʚʥʝʜʨʷ-

ʶʪʩʷ ʩʠʩʪʝʤʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʥʝʧʨʝʨʳʚʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʩʦʩʪʦʷʥʠʷ ʩʠ-

ʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ, ʠʥʪʝʛʨʠʨʫʷ ʚ 

ʩʝʙʷ ʧʦʜʩʠʩʪʝʤʳ ʜʠʘʛʥʦʩʪʠʢʠ, ʟʘʱʠʪʳ, 

ʘʚʪʦʤʘʪʠʢʠ ʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦ-

ʨʦʪʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʵʬʬʝʢ-

ʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʨʝʞʠʤʘʤʠ ʨʘʙʦʪʳ ʩʠ-

ʩʪʝʤʳ ʩ ʫʯʝʪʦʤ ʤʘʢʩʠʤʘʣʴʥʦʡ ʥʘʜʝʞʥʦʩʪʠ 

ʠ ʩʥʠʞʝʥʠʷ ʧʦʪʝʨʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 
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ʀʟ ʘʥʘʣʠʟʘ ʚʳʰʝʫʢʘʟʘʥʥʦʛʦ ʢʣʘʩʩʠʬʠ-

ʢʘʪʦʨʘ ʜʝʡʩʪʚʠʡ ʜʠʩʧʝʪʯʝʨʦʚ ʵʥʝʨʛʦʜʠʩ-

ʧʝʪʯʝʨʩʢʦʛʦ ʧʫʥʢʪʘ (ʕʏʎ) ʥʘ ʞʝʣʝʟʥʦʜʦ-

ʨʦʞʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ ʦ ʤʥʦʛʦʦʙʨʘʟʠʠ ʟʘʜʘʯ ʠ ʦʧʝʨʘʪʠʚ-

ʥʳʭ ʜʝʡʩʪʚʠʡ, ʢʦʪʦʨʳʝ ʚʳʧʦʣʥʷʶʪʩʷ ʚ ʪʝ-

ʯʝʥʠʝ ʩʫʪʦʢ. ʆʩʥʦʚʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʕʏʎ, 

ʦʭʚʘʪʳʚʘʶʱʘʷ ʧʦʟʠʮʠʠ 1, 2 ʠ 3, ʧʨʝʜʩʪʘʚ-

ʣʷʝʪ ʩʦʙʦʡ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ 

ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʭ ʨʘʙʦʪ, ʢʦʥʪʨʦʣʴ ʟʘ ʩʠ-

ʩʪʝʤʦʡ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʠ ʚʳʧʦʣʥʝʥʠʝ 

ʦʧʝʨʘʪʠʚʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʵʪʠ ʜʝʡʩʪʚʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʨʝʛʫʣʷʨ-

ʥʳʝ ʠ ʧʦʚʩʝʜʥʝʚʥʳʝ ʟʘʜʘʯʠ, ʧʦʟʠʮʠʷ 4 ʦʪ-

ʨʘʞʘʝʪ ʵʧʠʟʦʜʠʯʝʩʢʠʝ ʩʠʪʫʘʮʠʠ, ʪʨʝʙʫʶ-

ʱʠʝ ʥʝʤʝʜʣʝʥʥʦʛʦ ʨʝʘʛʠʨʦʚʘʥʠʷ ʠ ʚʥʠʤʘ-

ʥʠʷ ʩʦ ʩʪʦʨʦʥʳ ʜʠʩʧʝʪʯʝʨʘ. ʉʣʝʜʫʝʪ ʦʪʤʝ-

ʪʠʪʴ, ʯʪʦ ʭʘʨʘʢʪʝʨ ʨʘʙʦʪʳ ʕʏʎ ʚʝʩʴʤʘ ʥʝ-

ʨʘʚʥʦʤʝʨʝʥ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ. ʅʘʠʙʦʣʴʰʘʷ 

ʟʘʛʨʫʟʢʘ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʜʥʝʚʥʫʶ ʩʤʝʥʫ, 

ʦʩʦʙʝʥʥʦ ʥʘ ʫʪʨʝʥʥʠʝ ʯʘʩʳ, ʢʦʛʜʘ ʥʘʯʠʥʘ-

ʶʪʩʷ ʨʘʙʦʪʳ ʧʦ ʦʙʩʣʫʞʠʚʘʥʠʶ ʠʥʬʨʘ-

ʩʪʨʫʢʪʫʨʳ. ɿʘʜʘʯʘ ʜʠʩʧʝʪʯʝʨʦʚ ʟʘʢʣʶʯʘʝʪ-

ʩʷ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠ ʙʝʟʦʧʘʩ-

ʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦ-

ʩʥʘʙʞʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʦʡ 

ʥʘʛʨʫʟʢʠ, ʥʘʜʦ ʟʘʤʝʪʠʪʴ, ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚ-

ʣʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʝʩʪʠ ʢʦ-

ʣʠʯʝʩʪʚʝʥʥʫʶ ʦʮʝʥʢʫ ʦʧʝʨʘʪʠʚʥʦʡ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ ʕʏʎ. ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʧʦʢʘʟʳʚʘʝʪ ʠʟʤʝʥʯʠʚʦʩʪʴ ʢʦʣʠʯʝʩʪʚʘ ʨʘ-

ʙʦʯʠʭ ʟʘʷʚʦʢ, ʩʦʛʣʘʩʦʚʘʥʠʡ ʠ ʦʨʛʘʥʠʟʘʮʠ-

ʦʥʥʦ-ʦʧʝʨʘʪʠʚʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʚ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʩʫʪʦʢ, ʜʥʷ ʥʝʜʝʣʠ, ʩʝʟʦ-

ʥʘ ʠ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ. ʀʩʧʦʣʴʟʫʷ ʤʝʪʦʜʳ 

ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ, ʤʳ ʤʦʞʝʤ ʦʧʨʝ-

ʜʝʣʠʪʴ ʪʝʥʜʝʥʮʠʠ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚ ʜʠ-

ʥʘʤʠʢʝ ʨʘʙʦʪʳ ʜʠʩʧʝʪʯʝʨʦʚ. ʇʦʩʪʨʦʝʥʠʝ 

ʣʠʥʠʡ ʨʝʛʨʝʩʩʠʠ ʠ ʦʮʝʥʢʘ ʠʭ ʢʦʵʬʬʠʮʠʝʥ-

ʪʦʚ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʠʟʤʝʥʝʥʠʷ ʚ 

ʨʘʙʦʯʝʡ ʥʘʛʨʫʟʢʝ ʕʏʎ ʠ ʘʜʘʧʪʠʨʦʚʘʪʴ ʨʝ-

ʩʫʨʩʳ ʠ ʧʨʦʮʝʩʩʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤʠ 

ʠʟʤʝʥʝʥʠʷʤʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ 

ʥʘ ʧʨʠʤʝʨʝ ʕʏʎ-12 ʆʢʪʷʙʨʴʩʢʦʡ ʞʝʣʝʟʥʦʡ 

ʜʦʨʦʛʠ ʠ ʄʦʩʢʦʚʩʢʦʡ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ, 

ʧʦʟʚʦʣʷʶʪ ʚʳʷʚʠʪʴ ʟʥʘʯʠʤʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʠ ʪʝʥʜʝʥʮʠʠ ʚ ʨʘʙʦʪʝ ʵʥʝʨʛʦʜʠʩʧʝʪʯʝʨʦʚ. 

ɻʠʩʪʦʛʨʘʤʤʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʭ ʦʢʦʥ ʜʣʷ ʨʘʙʦʪ ʥʘ ʢʦʥ-

ʪʘʢʪʥʦʡ ʩʝʪʠ ʟʘ ʩʫʪʢʠ ʣʶʙʦʛʦ ʤʝʩʷʮʘ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʘʞʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʚ ʘʥʘ-

ʣʠʟʝ ʦʧʝʨʘʪʠʚʥʦʡ ʨʘʙʦʪʳ. ʅʘ ʝʝ ʦʩʥʦʚʝ 

ʤʦʞʥʦ ʚʳʷʚʠʪʴ ʧʠʢʦʚʳʝ ʟʥʘʯʝʥʠʷ ʦʧʝʨʘ-

ʪʠʚʥʦʡ ʥʘʛʨʫʟʢʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʠʟʠ-

ʨʦʚʘʪʴ ʧʣʘʥʠʨʦʚʘʥʠʝ ʨʝʩʫʨʩʦʚ ʠ ʧʦʚʳʩʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʵʥʝʨʛʦʜʠʩʧʝʪʯʝʨʦʚ. 

ɺʳʷʚʣʝʥʘ ʩʚʷʟʴ ʤʝʞʜʫ ʦʙʱʠʤ ʢʦʣʠʯʝ-

ʩʪʚʦʤ ʦʙʩʣʫʞʝʥʥʳʭ ʟʘʷʚʦʢ ʟʘ ʤʝʩʷʮ ʠ ʤʘʢ-

ʩʠʤʘʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʭ 

ʦʢʦʥ ʜʣʷ ʨʘʙʦʪ ʥʘ ʢʦʥʪʘʢʪʥʦʡ ʩʝʪʠ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʤʘʢʩʠ-

ʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʙʩʣʫʞʝʥʥʳʭ ʟʘʷʚʦʢ 

ʟʘ ʩʫʪʢʠ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʵʥʝʨʛʦʜʠʩʧʝʪʯʝʨ-

ʩʢʦʛʦ ʧʫʥʢʪʘ. ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʟʚʦ-

ʣʷʝʪ ʪʘʢʞʝ ʚʳʷʚʠʪʴ ʨʘʟʣʠʯʠʷ ʚ ʦʧʝʨʘʪʠʚ-

ʥʦʡ ʨʘʙʦʪʝ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʞʝʣʝʟʥʦʜʦ-

ʨʦʞʥʳʤʠ ʜʦʨʦʛʘʤʠ, ʜʣʷ ʧʨʠʤʝʨʘ ʩʢʘʞʝʤ 

ʩʢʦʨʦʩʪʥʘʷ ʞʝʣʝʟʥʘʷ ʜʦʨʦʛʘ ʆʢʪʷʙʨʴʩʢʘʷ 

ʞʝʣʝʟʥʘʷ ʜʦʨʦʛʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʴʰʠʤ 

ʨʘʟʤʝʨʦʤ ʜʚʠʞʝʥʠʷ, ʯʪʦ ʤʦʞʝʪ ʩʢʘʟʘʪʴʩʷ 

ʥʘ ʦʧʝʨʘʪʠʚʥʦʡ ʥʘʛʨʫʟʢʝ ʜʣʷ ʵʥʝʨʛʦʜʠʩ-

ʧʝʪʯʝʨʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʟ-

ʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʦʙʩʣʫ-

ʞʝʥʥʳʭ ʟʘʷʚʦʢ ʥʘ ʢʦʥʪʘʢʪʥʦʡ ʩʝʪʠ ʟʘ ʛʦʜ 

ʧʦ ʨʘʟʣʠʯʥʳʤ ʜʠʩʪʘʥʮʠʷʤ ʞʝʣʝʟʥʦʡ ʜʦʨʦ-

ʛʠ, ʵʪʦ ʚʘʞʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʜʣʷ ʧʣʘʥʠʨʦ-

ʚʘʥʠʷ ʨʝʩʫʨʩʦʚ ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʪʳ 

ʵʥʝʨʛʦʜʠʩʧʝʪʯʝʨʦʚ. 

ʇʨʠ ʘʥʘʣʠʟʝ ʨʘʙʦʪ ʩ ʩʝʢʮʠʦʥʥʳʤʠ ʠʟʦ-

ʣʷʪʦʨʘʤʠ (ʉʀ) ʚ ʩʠʩʪʝʤʝ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ 

ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʢʦʥʬʠʛʫʨʘ-

ʮʠʠ ʩʪʘʥʮʠʡ, ʥʘ ʢʦʪʦʨʳʭ ʚʳʧʦʣʥʷʶʪʩʷ ʵʪʠ 

ʨʘʙʦʪʳ. ʈʘʟʣʠʯʘʶʪ ʩʪʘʥʮʠʠ ʩ ʤʠʥʠʤʘʣʴ-

ʥʳʤ ʧʫʪʝʚʳʤ ʨʘʟʚʠʪʠʝʤ (ʣʠʥʝʡʥʳʝ), ʩʪʘʥ-

ʮʠʠ ʩʦ ʩʨʝʜʥʠʤ ʧʫʪʝʚʳʤ ʨʘʟʚʠʪʠʝʤ ʠ 

ʩʪʘʥʮʠʠ ʩ ʙʦʣʴʰʠʤ ʧʫʪʝʚʳʤ ʨʘʟʚʠʪʠʝʤ. 

ʅʘ ʣʠʥʝʡʥʳʭ ʩʪʘʥʮʠʷʭ ʢʦʣʠʯʝʩʪʚʦ ʉʀ ʥʝ-

ʚʝʣʠʢʦ, ʠ ʥʘʣʦʞʝʥʠʝ ʥʘ ʥʠʭ ʰʫʥʪʦʚ ʧʨʦ-

ʠʩʭʦʜʠʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʦ. ʉʪʘʥʮʠʠ ʩʦ 

ʩʨʝʜʥʠʤ ʧʫʪʝʚʳʤ ʨʘʟʚʠʪʠʝʤ ʠʤʝʶʪ ʩʫʱʝ-

ʩʪʚʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʝʢʮʠʡ ʂʉ, ʯʪʦ ʧʦʟ-

ʚʦʣʷʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʛʨʫʧʧʳ ʉʀ, ʦʭʚʘʯʝʥ-

ʥʳʝ ʧʨʦʩʪʳʤʠ ʠʣʠ ʩʦʯʣʝʥʝʥʥʳʤʠ ʰʫʥʪʘ-

ʤʠ. ʅʘ ʩʪʘʥʮʠʷʭ ʩ ʙʦʣʴʰʠʤ ʧʫʪʝʚʳʤ ʨʘʟ-

ʚʠʪʠʝʤ ʩʝʢʮʠʠ ʂʉ ʩʛʨʫʧʧʠʨʦʚʘʥʳ ʧʦ ʧʘʨ-

ʢʘʤ, ʠ ʢʦʥʬʠʛʫʨʘʮʠʷ ʩʝʢʮʠʡ ʚʥʫʪʨʠ ʧʘʨʢʘ 

ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʣʠʯʥʦʡ. ɺʘʞʥʦ ʫʯʠʪʳʚʘʪʴ, 

ʯʪʦ ʨʘʙʦʪʳ ʥʘ ʉʀ ʤʦʛʫʪ ʧʦʚʣʠʷʪʴ ʥʘ ʵʣʝʢ-

ʪʨʦʩʥʘʙʞʝʥʠʝ ʩʪʘʥʮʠʡ ʠ ʪʨʝʙʫʶʪ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʜʣʷ ʧʨʠʤʝʨʘ 

ʥʘʣʠʯʠʝ ʦʪʢʨʳʪʳʭ ʠʣʠ ʟʘʢʨʳʪʳʭ ʰʫʥʪʦʚ 

ʤʦʞʝʪ ʠʟʤʝʥʠʪʴ ʫʩʣʦʚʠʷ ʟʘʱʠʪʳ ʚʳʢʣʶ-



97 

- ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ - 

 

International Journal of Humanities and Natural Sciences, vol. 5-4 (92), 2024 

ʯʘʪʝʣʝʡ, ʯʪʦ ʪʨʝʙʫʝʪ ʚʥʠʤʘʪʝʣʴʥʦʛʦ ʘʥʘʣʠ-

ʟʘ ʠ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʪʝʭʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪ-

ʨʦʚ. ʇʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʪʠʧʦʚʳʭ ʟʘʷʚʦʢ 

ʜʣʷ ʨʘʙʦʪ ʥʘ ʉʀ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ 

ʢʦʥʬʠʛʫʨʘʮʠʶ ʧʫʪʝʚʦʛʦ ʨʘʟʚʠʪʠʷ ʠ ʂʉ 

ʢʦʥʢʨʝʪʥʦʡ ʩʪʘʥʮʠʠ. ʅʘ ʣʠʥʝʡʥʳʭ ʩʪʘʥʮʠ-

ʷʭ ʉʀ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʘ ʩʲʝʟʜʘʭ ʤʝʞʜʫ 

ʛʣʘʚʥʳʤʠ ʧʫʪʷʤʠ, ʠ ʚ ʟʘʷʚʢʝ ʫʢʘʟʳʚʘʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʢʣʶʯʝʥʠʷ ʩʝʢʮʠʦʥʥʳʭ 

ʨʘʟʲʝʜʠʥʠʪʝʣʝʡ. ɼʣʷ ʩʪʘʥʮʠʡ ʩʨʝʜʥʝʛʦ ʠ 

ʙʦʣʴʰʦʛʦ ʧʫʪʝʚʦʛʦ ʨʘʟʚʠʪʠʷ ʪʠʧʦʚʘʷ ʟʘʷʚ-

ʢʘ ʬʠʢʩʠʨʫʝʪ ʨʘʙʦʪʳ ʥʘ ʛʨʫʧʧʝ ʉʀ, ʦʙʲ-

ʝʜʠʥʝʥʥʳʭ ʩʦʯʣʝʥʝʥʥʳʤ ʰʫʥʪʦʤ. ɺ ʪʘʢʠʭ 

ʩʣʫʯʘʷʭ ʥʝʦʙʭʦʜʠʤʦ ʚʢʣʶʯʠʪʴ ʠʣʠ ʧʨʦʚʝ-

ʨʠʪʴ ʚʢʣʶʯʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʩʝʢʮʠʦʥʥʳʭ 

ʨʘʟʲʝʜʠʥʠʪʝʣʝʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʠʧʦʤ 

ʰʫʥʪʘ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʪʠʧʦʚʳʭ ʟʘʷʚʦʢ ʜʣʷ ʨʘ-

ʙʦʪ ʥʘ ʢʦʥʪʘʢʪʥʦʡ ʩʝʪʠ (ʂʉ) ʚʘʞʥʦ ʫʯʠʪʳ-

ʚʘʪʴ ʨʘʮʠʦʥʘʣʴʥʳʝ ʢʨʠʪʝʨʠʠ, ʦʧʨʝʜʝʣʷʶ-

ʱʠʝ ʦʧʪʠʤʘʣʴʥʳʝ ʩʧʦʩʦʙʳ ʚʳʧʦʣʥʝʥʠʷ 

ʨʘʙʦʪ ʩ ʫʯʝʪʦʤ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʡ ʠ ʦʛʨʘ-

ʥʠʯʝʥʠʡ, ʧʨʠʥʮʠʧʠʘʣʴʥʳʤ ʤʦʤʝʥʪʦʤ ʷʚ-

ʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʩʝʢʮʠʦʥ-

ʥʳʤʠ ʨʘʟʲʝʜʠʥʠʪʝʣʷʤʠ (ʩ/ʨ), ʯʪʦ ʚʣʠʷʝʪ ʥʘ 

ʚʨʝʤʷ ʧʝʨʝʢʣʶʯʝʥʠʡ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʝʟ-

ʦʧʘʩʥʦʩʪʴ ʧʨʦʚʦʜʠʤʳʭ ʨʘʙʦʪ. ʇʨʝʜʧʦʣʦ-

ʞʠʤ, ʯʪʦ ʪʨʝʙʫʝʪʩʷ ʚʳʧʦʣʥʠʪʴ ʨʘʙʦʪʫ çʨè 

ʥʘ ʩʝʢʮʠʠ I ʂʉ, ʦʛʨʘʥʠʯʝʥʥʦʡ ʠʟʦʣʠʨʫʶ-

ʱʠʤʠ ʩʦʧʨʷʞʝʥʠʷʤʠ 1,2 ʩ ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʠʤʠ ʩ/ʨ 1,2. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦ-

ʩʪʠ ʨʘʙʦʪ ʥʝʦʙʭʦʜʠʤʦ ʦʪʢʣʶʯʠʪʴ ʩʝʢʮʠ-

ʦʥʥʳʝ ʨʘʟʲʝʜʠʥʠʪʝʣʠ ʩ/ʨ 1,2, ʥʦ ʩʧʦʩʦʙʳ 

ʫʧʨʘʚʣʝʥʠʷ ʵʪʠʤʠ ʩʝʢʮʠʦʥʥʳʤʠ ʨʘʟʲʝʜʠ-

ʥʠʪʝʣʷʤʠ ʤʦʛʫʪ ʨʘʟʣʠʯʘʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʠʭ ʨʝʘʣʠʟʘʮʠʠ ʧʦ ʪʝʭʥʠʯʝʩʢʠʤ ʫʩʣʦʚʠ-

ʷʤ (ʊʋ), ʜʦʛʦʚʦʨʥʳʤ ʫʩʣʦʚʠʷʤ (ɼʋ), ʨʝ-

ʛʣʘʤʝʥʪʘʤ ʫʧʨʘʚʣʝʥʠʷ (ʈʋ). ʀʩʭʦʜʷ ʠʟ 

ʵʪʦʛʦ, ʜʣʷ ʤʘʢʩʠʤʠʟʘʮʠʠ "ʯʠʩʪʦʛʦ" ʚʨʝʤʝ-

ʥʠ ʨʘʙʦʪʳ ʥʘ ʂʉ ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʪʘ-

ʢʦʡ ʚʘʨʠʘʥʪ ʫʧʨʘʚʣʝʥʠʷ ʩ/ʨ 1,2, ʧʨʠ ʢʦʪʦ-

ʨʦʤ ʚʨʝʤʷ ʧʝʨʝʢʣʶʯʝʥʠʷ ʙʫʜʝʪ ʤʠʥʠʤʘʣʴ-

ʥʳʤ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʘʮʠʦʥʘʣʴʥʘʷ ʪʠʧʦ-

ʚʘʷ ʟʘʷʚʢʘ ʜʦʣʞʥʘ ʙʳʪʴ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʚʨʝʤʷ ʧʝʨʝʢʣʶʯʝʥʠʷ 

ʩ/ʨ 1,2 ʙʳʣʦ ʤʠʥʠʤʘʣʴʥʳʤ ʩʨʝʜʠ ʚʦʟʤʦʞ-

ʥʳʭ ʚʘʨʠʘʥʪʦʚ ʫʧʨʘʚʣʝʥʠʷ, ʜʣʷ ʧʨʠʤʝʨʘ 

ʝʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʦʥʬʠʛʫʨʘʮʠʷ I ʪʠ-

ʧʦʚʦʡ ʟʘʷʚʢʠ, ʪʦ ʦʧʪʠʤʘʣʴʥʳʤ ʙʫʜʝʪ ʚʳ-

ʙʦʨ ʫʧʨʘʚʣʝʥʠʷ ʩ/ʨ 1,2 ʧʦ ʊʋ. ʇʨʠ ʵʪʦʤ 

ʢʦʣʠʯʝʩʪʚʦ ʚʦʟʤʦʞʥʳʭ ʢʦʤʙʠʥʘʮʠʡ ʧʝʨʝ-

ʢʣʶʯʝʥʠʡ ʩ/ʨ 1,2 ʩʦʩʪʘʚʣʷʝʪ 9. ɸʥʘʣʠʟ ʧʦ-

ʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʘʨʠʘʥʪʳ ʩ ʫʧʨʘʚʣʝʥʠʝʤ 

ʩʝʢʮʠʦʥʥʦʛʦ ʨʘʟʲʝʜʠʥʠʪʝʣʷ ʧʦ ʈʋ ʷʚʣʷʶʪ-

ʩʷ ʤʝʥʝʝ ʨʘʮʠʦʥʘʣʴʥʳʤʠ, ʪʘʢ ʢʘʢ ʚʨʝʤʷ 

ʧʝʨʝʢʣʶʯʝʥʠʷ ʩ ʈʋ ʨʘʚʥʦ ʚʨʝʤʝʥʠ ʧʝʨʝ-

ʢʣʶʯʝʥʠʷ ʩ ʊʋ. 

ʇʨʠ ʘʥʘʣʠʟʝ ʤʝʪʦʜʠʢʠ ʩʦʩʪʘʚʣʝʥʠʷ ʟʘ-

ʷʚʦʢ ʜʣʷ ʨʘʙʦʪ ʚ ʩʠʩʪʝʤʝ ʵʥʝʨʛʦʩʥʘʙʞʝ-

ʥʠʷ, ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʨʘʟʣʠʯʥʳʝ 

ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʚʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦ-

ʛʦ ʚʘʨʠʘʥʪʘ ʪʠʧʦʚʦʡ ʟʘʷʚʢʠ. ʆʜʠʥ ʠʟ ʢʣʶ-

ʯʝʚʳʭ ʘʩʧʝʢʪʦʚ ï ʵʪʦ ʩʪʘʥʮʠʦʥʥʦʝ ʨʘʟʚʠ-

ʪʠʝ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʚʘʨʴʠʨʦ-

ʚʘʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʢʨʝʪʥʦʡ ʩʠʪʫ-

ʘʮʠʠ. 

ʇʨʝʜʩʪʘʚʠʤ ʩʝʙʝ ʩʠʪʫʘʮʠʶ, ʢʦʛʜʘ ʟʘʷʚ-

ʣʝʥʘ ʨʘʙʦʪʘ ʥʘ ʢʦʥʪʘʢʪʥʦʡ ʩʝʪʠ, ʠ ʦʥʘ 

ʦʛʨʘʥʠʯʝʥʘ ʩʝʢʮʠʦʥʥʳʤʠ ʨʘʟʲʝʜʠʥʠʪʝʣʷ-

ʤʠ, ʝʩʣʠ ʫʧʨʘʚʣʝʥʠʝ ʩʝʢʮʠʦʥʥʳʤ ʨʘʟʲʝʜʠ-

ʥʠʪʝʣʝʤ 1 ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʨʘʜʠʦʫʧʨʘʚ-

ʣʝʥʠʶ (ʈʋ), ʪʦ ʢʦʥʬʠʛʫʨʘʮʠʷ I ʥʝ ʷʚʣʷʝʪʩʷ 

ʦʧʪʠʤʘʣʴʥʦʡ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦ 

ʨʘʩʩʤʦʪʨʝʪʴ ʢʦʥʬʠʛʫʨʘʮʠʶ II, ʥʦ, ʝʩʣʠ ʚ 

ʝʝ ʩʦʩʪʘʚʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʩʪʘʥʮʠʷ ʄ ʩ ʩʝʢ-

ʮʠʦʥʥʳʤʠ ʨʘʟʲʝʜʠʥʠʪʝʣʷʤʠ 1 ʠ 3, ʫʧʨʘʚ-

ʣʷʝʤʳʤʠ ʧʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤʫ ʫʧʨʘʚʣʝ-

ʥʠʶ (ʊʋ) ʠʣʠ ʜʠʩʪʘʥʮʠʦʥʥʦʤʫ ʫʧʨʘʚʣʝ-

ʥʠʶ (ɼʋ), ʚʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʡ ʪʠʧʦʚʦʡ 

ʟʘʷʚʢʠ ʩʪʘʥʦʚʠʪʩʷ ʩʣʦʞʥʝʝ. 

ɼʣʷ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʘʨʠʘʥʪʘ 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʬʘʢʪʦ-

ʨʦʚ. ɺʦ-ʧʝʨʚʳʭ, ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʩʝʢʮʠ-

ʦʥʥʳʭ ʨʘʟʲʝʜʠʥʠʪʝʣʝʡ ʙʦʢʦʚʳʭ ʧʫʪʝʡ 

ʜʦʣʞʥʦ ʙʳʪʴ ʤʠʥʠʤʘʣʴʥʳʤ ʜʣʷ ʩʦʢʨʘʱʝ-

ʥʠʷ ʩʫʤʤʘʨʥʦʛʦ ʚʨʝʤʝʥʠ ʥʘ ʧʝʨʝʢʣʶʯʝ-

ʥʠʷ. ɺʦ-ʚʪʦʨʳʭ, ʝʩʣʠ ʩʨʝʜʠ ʵʪʠʭ ʩʝʢʮʠʦʥ-

ʥʳʭ ʨʘʟʲʝʜʠʥʠʪʝʣʝʡ ʝʩʪʴ ʪʝ, ʢʦʪʦʨʳʝ 

ʫʧʨʘʚʣʷʶʪʩʷ ʧʦ ʈʋ, ʠʭ ʩʫʤʤʘʨʥʦʝ ʚʨʝʤʷ 

ʧʝʨʝʢʣʶʯʝʥʠʷ ʜʦʣʞʥʦ ʙʳʪʴ ʤʝʥʴʰʝ ʚʨʝ-

ʤʝʥʠ ʧʝʨʝʢʣʶʯʝʥʠʷ ʠʩʭʦʜʥʦʛʦ ʩʝʢʮʠʦʥʥʦ-

ʛʦ ʨʘʟʲʝʜʠʥʠʪʝʣʷ 1 ʧʦ ʈʋ. 

ʇʨʠ ʩʦʯʝʪʘʥʠʷʭ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʦʚ 

ʫʧʨʘʚʣʝʥʠʷ ʩʝʢʮʠʦʥʥʳʤʠ ʨʘʟʲʝʜʠʥʠʪʝʣʷ-

ʤʠ ʩʪʘʥʮʠʠ ʄ ʚʘʞʥʦ ʚʳʙʠʨʘʪʴ ʦʧʪʠʤʘʣʴ-

ʥʳʡ ʚʘʨʠʘʥʪ, ʫʯʠʪʳʚʘʷ ʚʨʝʤʷ ʧʝʨʝʢʣʶʯʝ-

ʥʠʷ ʧʦ ɼʋ, ʊʋ ʠ ʜʨʫʛʠʤ ʫʩʣʦʚʠʷʤ. ɼʦʧʦʣ-

ʥʠʪʝʣʴʥʦ, ʚʦʟʤʦʞʥʘ ʛʨʫʧʧʠʨʦʚʢʘ ʩʝʢʮʠ-

ʦʥʥʳʭ ʨʘʟʲʝʜʠʥʠʪʝʣʝʡ ʩ ʧʝʨʝʢʣʶʯʝʥʠʝʤ 

ʠʟ ʦʜʥʦʛʦ ʧʫʥʢʪʘ ʫʧʨʘʚʣʝʥʠʷ ʩ ʮʝʣʴʶ ʩʦ-

ʢʨʘʱʝʥʠʷ ʚʨʝʤʝʥʠ ʧʝʨʝʢʣʶʯʝʥʠʷ. 

ʌʠʜʝʨʳ ʧʠʪʘʥʠʷ ʦʙʳʯʥʦ ʧʦʜʢʣʶʯʘʶʪʩʷ 

ʢ ʢʦʥʪʘʢʪʥʦʡ ʩʝʪʠ ʛʣʘʚʥʳʭ ʧʫʪʝʡ ʥʘ ʛʨʘ-

ʥʠʮʘʭ ʩʝʢʮʠʡ, ʵʪʦ ʩʦʟʜʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 
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ʘʜʘʧʪʘʮʠʠ ʪʠʧʦʚʳʭ ʟʘʷʚʦʢ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʝʢʮʠʦʥʥʳʭ ʨʘʟʲʝʜʠʥʠ-

ʪʝʣʝʡ ʠ ʧʦʜʢʣʶʯʝʥʥʳʭ ʬʠʜʝʨʦʚ. ɺ ʩʦʦʪ-

ʚʝʪʩʪʚʠʠ ʩ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʩʭʝʤʦʡ, ʬʠʜʝʨʳ 

ʤʦʛʫʪ ʙʳʪʴ ʧʦʜʢʣʶʯʝʥʳ ʢ ʩʝʢʮʠʦʥʥʳʤ 

ʨʘʟʲʝʜʠʥʠʪʝʣʷʤ ʩ ʨʘʟʣʠʯʥʳʭ ʩʪʦʨʦʥ ʠʣʠ 

ʚʦʚʩʝ ʦʪʩʫʪʩʪʚʦʚʘʪʴ. ɺʘʨʠʘʥʪʳ ʧʦʜʢʣʶʯʝ-

ʥʠʷ ʬʠʜʝʨʦʚ ʢ ʩʝʢʮʠʦʥʥʳʤ ʨʘʟʲʝʜʠʥʠʪʝ-

ʣʷʤ ʠʤʝʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ 

ʚʳʙʦʨʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʧʦʩʦʙʘ ʫʧʨʘʚʣʝʥʠʷ 

ʢʘʢ ʩʘʤʠʤʠ ʬʠʜʝʨʘʤʠ, ʪʘʢ ʠ ʩʝʢʮʠʦʥʥʳʤʠ 

ʨʘʟʲʝʜʠʥʠʪʝʣʷʤʠ. ʀʩʭʦʜʷ ʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʢʦʤʧʣʝʢʪʘʮʠʠ ʩʪʦʝʢ ʪʝʣʝʤʝʭʘʥʠʢʠ ʥʘ ʬʠ-

ʜʝʨʘʭ, ʪʘʢʠʭ ʢʘʢ ʵʣʝʢʪʨʦʱʠʪʦʚʳʝ ʮʝʥʪʨʳ 

(ʕʏʕ) ʠʣʠ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʝ ʰʢʘʬʳ 

(ʇʉ), ʫʧʨʘʚʣʝʥʠʝ ʩʝʢʮʠʦʥʥʳʤʠ ʨʘʟʲʝʜʠ-

ʥʠʪʝʣʷʤʠ ʠ ʬʠʜʝʨʥʳʤʠ ʨʘʟʲʝʜʠʥʠʪʝʣʷʤʠ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤʫ 

ʫʧʨʘʚʣʝʥʠʶ (ʊʋ), ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʢʦ-

ʪʦʨʫʶ ʩʪʝʧʝʥʴ ʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʧʨʠ ʚʳʙʦʨʝ 

ʦʧʪʠʤʘʣʴʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʪʠʧʦʚʦʡ ʟʘʷʚ-

ʢʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ.  

 ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʩʝʢʮʠʦʥʥʳʡ ʨʘʟʲʝʜʠʥʠ-

ʪʝʣʴ 1 ʧʝʨʝʢʣʶʯʘʝʪʩʷ ʧʦ ʈʋ, ʙʦʣʝʝ ʮʝʣʝʩʦ-

ʦʙʨʘʟʥʦ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʢʦʥʬʠʛʫʨʘʮʠʠ I ʠ 

ʨʘʩʩʤʦʪʨʝʪʴ ʢʦʥʬʠʛʫʨʘʮʠʶ II. ɺ ʵʪʦʡ ʢʦʥ-

ʬʠʛʫʨʘʮʠʠ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʚʘʨʠʘʥʪʘ 4, 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʯʝʪʘʥʠʝ 

ʫʧʨʘʚʣʝʥʠʷ ʩʝʢʮʠʦʥʥʳʤʠ ʨʘʟʲʝʜʠʥʠʪʝʣʷ-

ʤʠ ʠ ʬʠʜʝʨʘʤʠ ʧʠʪʘʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʵʬʬʝʢʪʠʚʥʦ ʦʨʛʘʥʠʟʦʚʘʪʴ ʚʳʧʦʣʥʝʥʠʝ ʨʘ-

ʙʦʪ ʚ ʩʠʩʪʝʤʝ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ. 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ 

ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʨʘʙʦʪʘ ʧʦ ʘʥʘʣʠʟʫ ʘʚʪʦʤʘ-

ʪʠʟʘʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʩʠʩʪʝʤʘʭ ʵʣʝʢ-

ʪʨʦʩʥʘʙʞʝʥʠʷ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ ʩ ʮʝʣʴʶ 

ʚʳʷʚʣʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʪʨʝʥʜʦʚ, ʵʬʬʝʢ-

ʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚ-

ʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ. 

ʆʩʥʦʚʥʳʝ ʚʳʚʦʜʳ: 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ, 

ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʩʦʚʝʨ-

ʰʝʥʩʪʚʦʚʘʥʠʠ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ ʥʘ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛʘʭ, 

ʠʟ ʢʣʶʯʝʚʳʭ ʧʨʦʙʣʝʤ ʚʳʜʝʣʷʝʪʩʷ ʫʩʪʘ-

ʨʝʚʰʝʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʤʝʪʦʜʳ ʫʧʨʘʚʣʝ-

ʥʠʷ, ʢʦʪʦʨʳʝ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʦʚʨʝʤʝʥ-

ʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ. 

ɹʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʝ 

ʫʧʨʘʚʣʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʵʥʝʨʛʠʠ ʚ ʩʠ-

ʩʪʝʤʘʭ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʪʨʝ-

ʙʫʝʪ ʚʥʝʜʨʝʥʠʷ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦ-

ʛʠʡ, ʪʘʢʠʭ ʢʘʢ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʥʘ 

ʙʘʟʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʨʘʩʧʨʝ-

ʜʝʣʝʥʥʳʝ ʩʝʪʠ ʠ ʩʤʘʨʪ-ʪʝʭʥʦʣʦʛʠʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʜʠʣʠ 

ʛʠʧʦʪʝʟʫ ʦ ʪʦʤ, ʯʪʦ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʠ 

ʪʝʭʥʦʣʦʛʠʠ ʤʦʛʫʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ ʩʠ-

ʩʪʝʤ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ. 

ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ 

ʙʦʣʝʝ ʛʣʫʙʦʢʠʡ ʘʥʘʣʠʟ ʪʝʭʥʠʯʝʩʢʠʭ ʘʩʧʝʢ-

ʪʦʚ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʘ ʪʘʢʞʝ ʨʘʟʨʘ-

ʙʦʪʢʫ ʠ ʚʥʝʜʨʝʥʠʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʨʝʰʝʥʠʡ ʠ ʤʝʪʦʜʦʚ ʫʧʨʘʚʣʝʥʠʷ. 

ɺʘʞʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʣʷ ʙʫʜʫʱʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʵʢʦʥʦ-

ʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʩʠʩʪʝʤ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ. 

ʊʘʢʞʝ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʙʫʜʝʪ ʠʟʫʯʝʥʠʝ 

ʧʨʦʙʣʝʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʩʪʝʤ ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʥʦ-

ʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. 
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Abstract. The relevance of the research topic on the analysis of distribution automation in 

railway power supply systems is manifested in several key aspects. First of all, railway transport 

is an important element of the infrastructure of many countries, providing transportation of 

goods and passengers over long distances. The efficient operation of the railway power supply 

system is critical to ensuring the safety and reliability of the entire railway infrastructure. Taking 

into account the constant growth of passenger traffic and cargo transportation volumes, as well 

as technological progress in the field of railway transport, the need for continuous improvement 

of power supply systems is becoming increasingly urgent, which is due not only to the need to 

ensure stable operation of the system with increasing loads, but also to the requirement to in-

crease energy efficiency, reduce costs and risks of possible accidents or power outages. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʩʪʨʦʠʪʝʣʴ-

ʩʪʚʘ ʢʦʥʩʪʨʫʢʮʠʡ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ ʚ ʫʩʣʦʚʠʷʭ ʧʝʨʚʦʡ ʜʦʨʦʞʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʟʦʥʳ 

ʩ ʩʫʨʦʚʳʤ ʨʝʟʢʦ-ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʤ ʢʣʠʤʘʪʦʤ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯ-

ʥʦʩʪʠ ʜʦʨʦʞʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʛʨʘʤʦʪʥʳʡ ʚʦʜʦ-

ʦʪʚʦʜ, ʪʘʢ ʢʘʢ ʚʦʜʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ ʨʘʟʨʫʰʝʥʠʷ ʜʦʨʦʞʥʦʛʦ ʧʦʢʨʳ-

ʪʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʜʨʝʥʠʨʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʨʘʟʣʠʯʥʳʝ ʤʘʪʝʨʠʘʣʳ, 

ʥʦ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥ ʚʦʧʨʦʩ ʧʦʚʳʰʝʥʠʷ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʜʦʨʦʞʥʦʡ ʢʦʥ-

ʩʪʨʫʢʮʠʠ ʥʘ ʧʨʠʤʝʨʝ ʦʧʪʠʤʠʟʘʮʠʠ ʝʝ ʜʨʝʥʠʨʫʶʱʝʡ ʬʫʥʢʮʠʠ, ʧʫʪʝʤ ʫʩʪʘʥʦʚʢʠ ʜʨʝʥʠʨʫ-

ʶʱʠʭ ʪʨʫʙ ʠʟ ʇɺʍ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʦʨʦʞʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʘʷ ʟʦʥʘ, ʜʨʝʥʠʨʫʶʱʝʡ, ʜʨʝʥʘʞʥʳʝ ʫʩʪʨʦʡ-

ʩʪʚʘ, ʢʘʧʠʣʣʷʨʦʧʨʝʨʳʚʘʶʱʠʝ, ʜʨʝʥʠʨʫʶʱʠʝ ʪʨʫʙʳ. 

 

ʉʦʛʣʘʩʥʦ ʉʅʠʇ 32-03-96 çɸʵʨʦʜʨʦʤʳè, 

ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʘʵʨʦʜʨʦʤʦʚ ʚ ʜʦʨʦʞ-

ʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʟʦʥʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠ-

ʪʳʚʘʪʴ ʪʘʢʠʝ ʬʘʢʪʦʨʳ, ʢʘʢ ʩʥʝʛʦʚʦʡ ʨʝ-

ʞʠʤ, ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ, ʚʝʪʨʦʚʦʡ ʨʝ-

ʞʠʤ, ʘ ʪʘʢʞʝ ʦʩʦʙʝʥʥʦʩʪʠ ʛʨʫʥʪʦʚ ʠ ʨʘʩ-

ʪʠʪʝʣʴʥʦʩʪʠ. ɺʩʝ ʵʪʠ ʬʘʢʪʦʨʳ ʤʦʛʫʪ ʦʢʘ-

ʟʘʪʴ ʚʣʠʷʥʠʝ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʵʨʦʜʨʦʤʘ. ɼʦʨʦʞʥʦ-

ʢʣʠʤʘʪʠʯʝʩʢʘʷ ʟʦʥʘ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘ-

ʮʠʠ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʨʦʝʢʪʠ-

ʨʦʚʘʥʠʷ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʘʵʨʦʜʨʦʤʦʚ, ʫʯʠ-

ʪʳʚʘʷ ʝʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʠ ʦʩʦʙʝʥʥʦʩʪʠ. 

ʅʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʚʩʝ ʬʘʢʪʦʨʳ ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʝʢʪʦʚ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘ-

ʮʠʠ ʘʵʨʦʜʨʦʤʦʚ ʚ ʵʪʦʡ ʟʦʥʝ. 

ʕʪʘ ʟʦʥʘ ʷʚʣʷʝʪʩʷ ʵʢʩʪʨʝʤʘʣʴʥʦʡ ʜʣʷ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʦʙʲʝʢʪʦʚ ʪʨʘʥʩʧʦʨʪʘ, ʧʦ-

ʵʪʦʤʫ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚʳʙʠʨʘʪʴ ʚʟʘʠʤʦ-

ʩʚʷʟʘʥʥʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ, ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠʝ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʦʙʝʩʧʝʯʘʪ ʥʘʜʝʞʥʦʩʪʴ ʩʦʦʨʫʞʝʥʠʡ. ʏʝʤ 

ʩʣʦʞʥʝʝ ʫʩʣʦʚʠʷ, ʪʝʤ ʚʘʞʥʝʝ ʩʦʪʨʫʜʥʠʯʝ-

ʩʪʚʦ ʫʯʝʥʳʭ, ʧʨʦʝʢʪʠʨʦʚʱʠʢʦʚ, ʩʪʨʦʠʪʝ-

ʣʝʡ ʠ ʥʘʫʯʥʦʝ ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʧʨʦʝʢʪʦʚ ʥʘ 

ʚʩʝʭ ʵʪʘʧʘʭ ʜʦ ʚʚʦʜʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ. 

ʉʫʨʦʚʳʡ ʠ ʨʝʟʢʠʡ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ 

ʢʣʠʤʘʪ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʬʘʢ-

ʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʧʝʮʠʬʠʯʝʩʢʠʝ 

ʫʩʣʦʚʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʜʦʨʦʞʥʳʭ ʧʦ-

ʢʨʳʪʠʡ ʚ ɼʂɿ. ʅʠʟʢʠʝ ʦʪʨʠʮʘʪʝʣʴʥʳʝ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ ʦʪ -

22 ʜʦ -63 ÁC, ʦʢʘʟʳʚʘʶʪ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷ-

ʥʠʝ ʥʘ ʧʦʢʨʳʪʠʝ, ʧʨʠʚʦʜʷ ʢ ʝʛʦ ʨʘʟʨʫʰʝ-

ʥʠʶ ʠ ʧʦʚʨʝʞʜʝʥʠʷʤ. ɾʘʨʢʠʝ ʣʝʪʥʠʝ ʜʥʠ 

ʪʘʢʞʝ ʤʦʛʫʪ ʩʪʘʪʴ ʧʨʠʯʠʥʦʡ ʧʨʦʙʣʝʤ, ʧʦ-

ʩʢʦʣʴʢʫ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʢʨʳʪʠʷ ʤʦʞʝʪ 

ʥʘʛʨʝʚʘʪʴʩʷ ʜʦ ʚʳʩʦʢʠʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ 

ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʫʶ ʩʨʝʜʥʶʶ ʪʝʤʧʝ-

ʨʘʪʫʨʫ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʢʨʳʪʠʷ, ʙʳʣʘ ʨʘʟ-

ʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʗ.ʅ. ʂʦʚʘʣʝʚʘ. ʆʥʘ 

ʫʯʠʪʳʚʘʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʚʦʟʜʫʭʘ, ʨʘʜʠʘʮʠ-

ʦʥʥʳʡ ʠ ʪʝʧʣʦʚʦʡ ʙʘʣʘʥʩ ʘʩʬʘʣʴʪʦʙʝʪʦʥ-

ʥʦʛʦ ʧʦʢʨʳʪʠʷ, ʝʛʦ ʘʣʴʙʝʜʦ (ʢʦʵʬʬʠʮʠʝʥʪ 

ʦʪʨʘʞʝʥʠʷ) ʠ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ. ʈʝʟʫʣʴʪʘʪʳ 

ʨʘʩʯʝʪʦʚ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʨʘʩʩʯʠʪʘʥʥʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʩʜʚʠʛʦʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʢʨʳ-

ʪʠʷ ʢʦʣʝʙʣʝʪʩʷ ʚ ʩʨʝʜʥʝʤ ʦʪ 55 ʜʦ 62 ÁC. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʠʥʪʝʨʚʘʣ, 

ʚ ʢʦʪʦʨʦʤ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʧʦʢʨʳʪʠʝ, ʜʦ-

ʩʪʠʛʘʝʪ 117 ÁC. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ 

ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʜʦʨʦʞʥʦʛʦ ʧʦ-

ʢʨʳʪʠʷ ʚ ʩʫʨʦʚʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠ-

ʷʭ ɼʂɿ. 

ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʜʦʨʦʞʥʳʝ ʧʦʢʨʳʪʠʷ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ 

ʫʩʣʦʚʠʷʭ ʩʫʨʦʚʦʛʦ ʠ ʨʝʟʢʦʛʦ ʢʦʥʪʠʥʝʥ-

ʪʘʣʴʥʦʛʦ ʢʣʠʤʘʪʘ I ɼʂɿ, ʜʦʣʞʥʳ ʙʳʪʴ 
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ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʧʨʦʪʝʩʪʠʨʦʚʘ-

ʥʳ ʥʘ ʚʳʩʦʢʫʶ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʚ ʰʠ-

ʨʦʢʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ. ʊʘʢʠʝ 

ʧʦʢʨʳʪʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʫʩʪʦʡʯʠʚʳ ʢ ʥʠʟ-

ʢʠʤ ʠ ʚʳʩʦʢʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤ, ʯʪʦʙʳ ʦʙʝʩ-

ʧʝʯʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʢʦʤʬʦʨʪ ʥʘ ʜʦʨʦʛʘʭ 

ʚ ʣʶʙʦʝ ʚʨʝʤʷ ʛʦʜʘ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥ ʚʦʧʨʦʩ 

ʧʦʚʳʰʝʥʠʷ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʜʦʨʦʞ-

ʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʧʨʠʤʝʨʝ ʦʧʪʠʤʠʟʘʮʠʠ 

ʜʨʝʥʠʨʫʶʱʝʡ ʬʫʥʢʮʠʠ. ʇʨʠʤʝʥʝʥʠʝ ʜʨʝ-

ʥʠʨʫʶʱʠʭ ʩʣʦʝʚ ʚ ʜʦʨʦʞʥʦʤ ʩʪʨʦʠʪʝʣʴ-

ʩʪʚʝ ʥʘʯʘʣʦʩʴ ʝʱʝ ʚ 19 ʚʝʢʝ. ʕʪʦʪ ʩʣʦʡ ʦʙ-

ʥʘʨʫʞʠʚʘʝʪʩʷ ʧʨʠ ʚʩʢʨʳʪʠʠ ʱʝʙʝʥʦʯʥʳʭ ʠ 

ʜʦʨʦʞʥʳʭ ʧʦʢʨʳʪʠʡ, ʘ ʪʘʢʞʝ ʧʨʠ ʫʢʣʘʜʢʝ 

ʤʦʩʪʦʚʳʭ ʚ ʛʦʨʦʜʘʭ. ʂʦʥʩʪʨʫʢʮʠʠ ʜʨʝʥʠ-

ʨʫʶʱʝʛʦ ʩʣʦʷ ʦʪʣʠʯʘʣʠʩʴ ʦʪ ʩʦʚʨʝʤʝʥʥʦʡ: 

ʥʘ ʦʙʦʯʠʥʘʭ ʜʦʨʦʛ ʩʦʟʜʘʚʘʣʠ ʧʦʧʝʨʝʯʥʳʝ 

ʚʦʨʦʥʢʠ, ʟʘʧʦʣʥʝʥʥʳʝ ʧʝʩʢʦʤ, ʢʦʪʦʨʳʡ 

ʧʦʟʚʦʣʷʣ ʚʳʚʦʜʠʪʴ ʚʦʜʫ. ʆʜʥʘʢʦ ʩ ʨʘʟʚʠ-

ʪʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʠ ʫʣʫʯʰʝʥʠʝʤ ʢʘʯʝʩʪʚʘ 

ʜʦʨʦʞʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʩʪʘʣʦ ʥʝʦʙʭʦʜʠʤʦ 

ʫʣʫʯʰʘʪʴ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʜʨʝʥʠʨʫʶʱʝʛʦ ʩʣʦʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʚʳʷʚʣʝ-

ʥʦ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʦʡ ʬʫʥʢʮʠʝʡ ʜʨʝʥʠʨʫ-

ʶʱʝʛʦ ʩʣʦʷ ʷʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʦʪʚʦʜ ʚʦ-

ʜʳ, ʥʦ ʠ ʧʦʚʳʰʝʥʠʝ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʜʦʨʦʞʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. ɼʣʷ ʵʪʦʛʦ ʙʳʣʠ 

ʨʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʤʘʪʝʨʠʘ-

ʣʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʜʨʝʥʠ-

ʨʫʶʱʫʶ ʬʫʥʢʮʠʶ ʠ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ 

ʜʦʨʦʞʥʳʭ ʧʦʢʨʳʪʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʜʨʝʥʠʨʫʶʱʠʭ ʩʣʦʝʚ ʚ ʜʦʨʦʞ-

ʥʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʩʪʘʣʦ ʥʝ ʪʦʣʴʢʦ ʩʨʝʜ-

ʩʪʚʦʤ ʜʣʷ ʦʪʚʦʜʘ ʚʦʜʳ, ʥʦ ʠ ʚʘʞʥʳʤ ʵʣʝ-

ʤʝʥʪʦʤ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙ-

ʥʦʩʪʠ ʜʦʨʦʞʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. 

ɼʨʝʥʘʞʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟ-

ʣʠʯʥʳʤʠ ʧʦ ʪʠʧʫ ʠ ʥʘʟʥʘʯʝʥʠʶ. ʅʘʠʙʦʣʝʝ 

ʯʘʩʪʦ ʧʨʠʤʝʥʷʶʪʩʷ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʠ ʚʝʨ-

ʪʠʢʘʣʴʥʳʝ ʜʨʝʥʘʞʥʳʝ ʩʠʩʪʝʤʳ. ɻʦʨʠʟʦʥ-

ʪʘʣʴʥʳʝ ʜʨʝʥʘʞʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʚʢʣʶʯʘʶʪ 

ʚ ʩʝʙʷ ʜʨʝʥʘʞʥʳʝ ʢʘʥʘʣʳ, ʨʘʟʤʝʱʝʥʥʳʝ 

ʧʦʜ ʟʝʤʣʝʡ ʠ ʧʨʦʚʦʜʷʱʠʝ ʚʦʜʫ ʢ ʤʝʩʪʫ ʝʝ 

ʩʙʦʨʘ ʠ ʦʪʚʦʜʘ. ɺʝʨʪʠʢʘʣʴʥʳʝ ʜʨʝʥʘʞʥʳʝ 

ʫʩʪʨʦʡʩʪʚʘ, ʥʘʧʨʦʪʠʚ, ʧʨʦʚʦʜʷʪ ʚʦʜʫ ʚʥʠʟ, 

ʚ ʛʣʫʙʠʥʫ ʟʝʤʣʠ, ʛʜʝ ʦʥʘ ʤʦʞʝʪ ʙʳʪʴ ʫʪʠ-

ʣʠʟʠʨʦʚʘʥʘ ʠʣʠ ʧʦʛʣʦʱʝʥʘ ʛʨʫʥʪʦʤ. 

ɼʨʝʥʘʞʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʷʚʣʷʶʪʩʷ ʚʘʞ-

ʥʳʤ ʵʣʝʤʝʥʪʦʤ ʠʥʞʝʥʝʨʥʦʡ ʩʠʩʪʝʤʳ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʥʘʜʝʞʥʫʶ ʟʘʱʠʪʫ ʟʝʤʣʷ-

ʥʦʛʦ ʧʦʣʦʪʥʘ ʠ ʜʦʨʦʞʥʦʡ ʦʜʝʞʜʳ ʦʪ ʚʦʜʳ. 

ɹʝʟ ʥʠʭ, ʟʝʤʣʷʥʦʝ ʧʦʣʦʪʥʦ ʤʦʞʝʪ ʙʳʪʴ ʧʦ-

ʚʨʝʞʜʝʥʦ ʠʣʠ ʜʘʞʝ ʫʥʠʯʪʦʞʝʥʦ, ʯʪʦ ʧʨʠ-

ʚʝʜʝʪ ʢ ʩʝʨʴʝʟʥʳʤ ʧʨʦʙʣʝʤʘʤ ʩ ʜʦʨʦʞʥʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ. ʇʦʵʪʦʤʫ, ʜʨʝʥʘʞʥʳʝ 

ʫʩʪʨʦʡʩʪʚʘ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʩʦʟʜʘ-

ʥʠʠ ʠ ʧʦʜʜʝʨʞʘʥʠʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʫʩʪʦʡ-

ʯʠʚʦʩʪʠ ʜʦʨʦʞʥʦʛʦ ʧʦʢʨʳʪʠʷ. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʜʨʝʥʘʞʥʳʭ 

ʫʩʪʨʦʡʩʪʚ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʧʫʪʝʤ ʢʦʤ-

ʧʣʝʢʩʥʦʡ ʦʮʝʥʢʠ ʛʨʫʥʪʦʚʳʭ, ʛʠʜʨʦʛʝʦʣʦ-

ʛʠʯʝʩʢʠʭ, ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʧʨʦʝʢʪ-

ʥʳʭ ʨʝʰʝʥʠʡ, ʚʣʠʷʶʱʠʭ ʥʘ ʧʨʦʯʥʦʩʪʴ 

ʟʝʤʣʷʥʦʛʦ ʧʦʣʦʪʥʘ ʠ ʜʦʨʦʞʥʦʡ ʦʜʝʞʜʳ. 

ʕʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞ-

ʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʜʦʨʦʞʥʳʭ ʩʦʦʨʫ-

ʞʝʥʠʡ, ʪʘʢ ʢʘʢ ʚʦʜʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʦʩ-

ʥʦʚʥʳʭ ʧʨʠʯʠʥ ʨʘʟʨʫʰʝʥʠʷ ʜʦʨʦʞʥʦʛʦ 

ʧʦʢʨʳʪʠʷ. 

ɺ ʩʦʩʪʘʚ ʜʨʝʥʘʞʥʳʭ ʫʩʪʨʦʡʩʪʚ ʚʭʦʜʷʪ 

ʨʘʟʣʠʯʥʳʝ ʵʣʝʤʝʥʪʳ, ʪʘʢʠʝ ʢʘʢ ʢʘʧʠʣʣʷ-

ʨʦʧʨʝʨʳʚʘʶʱʠʝ ʠ ʠʟʦʣʠʨʫʶʱʠʝ ʧʨʦʩʣʦʠ, 

ʦʪʢʦʩʥʳʡ ʜʨʝʥʘʞ, ʧʦʜʩʪʠʣʘʶʱʠʝ (ʜʨʝʥʠ-

ʨʫʶʱʠʝ) ʩʣʦʠ ʜʦʨʦʞʥʳʭ ʦʜʝʞʜ, ʧʦʥʠʞʘ-

ʶʱʠʡ ʜʨʝʥʘʞ ʠ ʧʝʨʝʭʚʘʪʳʚʘʶʱʠʡ ʜʨʝ-

ʥʘʞ. ʂʘʞʜʳʡ ʠʟ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʚʳʧʦʣʥʷʝʪ 

ʩʚʦʶ ʬʫʥʢʮʠʶ ʠ ʚʤʝʩʪʝ ʦʥʠ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʵʬʬʝʢʪʠʚʥʫʶ ʨʘʙʦʪʫ ʜʨʝʥʘʞʥʦʡ ʩʠʩʪʝʤʳ. 

ɺ ʢʘʯʝʩʪʚʝ ʜʨʝʥʠʨʫʶʱʝʛʦ ʩʣʦʷ ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʝ ʤʘʪʝʨʠʘ-

ʣʳ, ʥʘʧʨʠʤʝʨ, ʛʨʘʚʠʡ, ʱʝʙʝʥʴ ʠʣʠ ʰʣʘʢ. 

ʆʥʠ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʚʦʜʦʧʨʦʥʠʮʘʝʤʦ-

ʩʪʴʶ ʠ ʧʦʟʚʦʣʷʶʪ ʵʬʬʝʢʪʠʚʥʦ ʫʜʘʣʷʪʴ ʚʦ-

ʜʫ ʠʟ ʜʦʨʦʞʥʦʛʦ ʧʦʣʦʪʥʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʨʘʚʠʣʴʥʳʡ ʚʳʙʦʨ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʜʨʝʥʠ-

ʨʫʶʱʝʛʦ ʩʣʦʷ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʰʘʛʦʤ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦ-

ʩʪʠ ʜʦʨʦʞʥʦʛʦ ʧʦʢʨʳʪʠʷ. 

ʇʨʦʝʢʪʥʦʝ ʨʝʰʝʥʠʝ ʚ ʯʘʩʪʠ ʜʨʝʥʠʨʫʶ-

ʱʝʛʦ ʩʣʦʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ 

ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ 

ʧʨʦʝʢʪʘ. ʆʪ ʪʦʛʦ, ʥʘʩʢʦʣʴʢʦ ʪʦʯʥʦ ʠ ʵʬ-

ʬʝʢʪʠʚʥʦ ʙʫʜʝʪ ʚʳʧʦʣʥʝʥʦ ʜʘʥʥʦʝ ʫʩʣʦʚʠʝ 

ʩ ʧʦʜʨʷʜʥʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ ʧʨʠ ʩʪʨʦʠʪʝʣʴ-

ʩʪʚʝ, ʟʘʚʠʩʠʪ ʩʨʦʢ ʩʣʫʞʙʳ ʜʦʨʦʞʥʦʡ ʢʦʥ-

ʩʪʨʫʢʮʠʠ. ʈʘʙʦʪʘ ʜʨʝʥʘʞʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ 

ʠʤʝʝʪ ʥʝʩʢʦʣʴʢʦ ʮʝʣʝʡ, ʚʢʣʶʯʘʷ ʦʩʫʰʝ-

ʥʠʝ, ʟʘʜʝʨʞʢʫ ʚʦʜʳ ʠ ʧʦʛʣʦʱʝʥʠʝ. ʇʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ ʚ 

ʫʩʣʦʚʠʷʭ I ɼʂɿ, ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʥʝʦʙʭʦ-

ʜʠʤʦ ʫʜʝʣʠʪʴ ʜʨʝʥʠʨʫʶʱʝʡ ʬʫʥʢʮʠʠ, ʪʘʢ 

ʢʘʢ ʦʥʘ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 
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ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʪʘʙʠʣʴʥʦʛʦ ʠ ʜʦʣʛʦʚʨʝ-

ʤʝʥʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʨʘʙʦʯʝʛʦ ʩʣʦʷ. 

ɼʣʷ ʧʝʨʝʫʚʣʘʞʥʝʥʥʦʛʦ ʛʨʫʥʪʘ ʭʘʨʘʢʪʝʨʥʦ 

ʦʙʨʘʟʦʚʘʥʠʝ ʣʝʜʦʚʳʭ ʣʠʥʟ ʧʨʠ ʧʨʦʭʦʞʜʝ-

ʥʠʠ ʬʨʦʥʪʘ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨ, 

ʯʪʦ ʚʧʦʩʣʝʜʩʪʚʠʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʦʙʨʘ-

ʟʦʚʘʥʠʶ ʧʫʩʪʦʪʳ ʧʨʠ ʦʪʪʘʠʚʘʥʠʠ ʛʨʫʥʪʘ. 

ʇʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦ-

ʨʦʛ ʦʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ ʦʙʝʩ-

ʧʝʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʚʦʜʦʦʪʚʦ-

ʜʘ. ʕʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʚʦʟʤʦʞʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ʜʦʨʦʞʥʦʛʦ ʧʦ-

ʢʨʳʪʠʷ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠ-

ʞʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ. ɺʘʞʥʫʶ 

ʨʦʣʴ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ ʠʛʨʘʝʪ ʧʨʘʚʠʣʴʥʦʝ 

ʚʳʧʦʣʥʝʥʠʝ ʨʘʙʦʪ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘ-

ʥʠʷ, ʘ ʪʘʢʞʝ ʩʚʦʝʚʨʝʤʝʥʥʦʝ ʦʙʥʘʨʫʞʝʥʠʝ ʠ 

ʫʩʪʨʘʥʝʥʠʝ ʦʪʢʣʦʥʝʥʠʡ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ 

ʧʨʦʮʝʩʩʝ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʚʦʜʦʦʪʚʦʜʥʳʭ 

ʩʦʦʨʫʞʝʥʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʥʝ ʤʝʥʝʝ ʚʘʞʥʳʤ 

ʷʚʣʷʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʠ ʧʦʜʜʝʨʞʘʥʠʝ ʨʘʙʦ-

ʪʦʩʧʦʩʦʙʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʡ ʜʦʨʦʞʥʦʛʦ 

ʚʦʜʦʦʪʚʦʜʘ ʚ ʧʝʨʠʦʜ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʊʦʣʴʢʦ 

ʧʨʠ ʩʦʙʣʶʜʝʥʠʠ ʚʩʝʭ ʵʪʠʭ ʤʝʨ ʤʦʞʥʦ ʛʘ-

ʨʘʥʪʠʨʦʚʘʪʴ ʥʘʜʣʝʞʘʱʠʡ ʫʨʦʚʝʥʴ ʬʫʥʢ-

ʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʚʦʜʦʦʪʚʦʜʘ ʥʘ ʘʚ-

ʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛʘʭ. 

ɺʦʧʨʦʩʘʤʠ ʦʙʝʩʧʝʯʝʥʠʷ ʜʨʝʥʘʞʘ ʠ ʦʙʫ-

ʩʪʨʦʡʩʪʚʘ ʩʠʩʪʝʤ ʚʦʜʦʦʪʚʝʜʝʥʠʷ ʥʘ ʘʚʪʦ-

ʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛʘʭ ʟʘʥʠʤʘʣʠʩʴ ʤʥʦʛʠʝ 

ʫʯʝʥʳʝ ʠ ʩʧʝʮʠʘʣʠʩʪʳ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ 

ɺ.ʉ. ɸʛʝʝʚ, ʏʘʥ ʂʫʦʢ ɼʘʪ, 

ɸ.ɺ. ʇʦʥʦʤʘʨʝʚ, ɺ.ɸ. ʂʦʯʝʪʢʦʚ, 

ɸ.ɸ. ɻʣʘʛʦʣʝʚ, ʊ.ɺ. ʉʝʤʝʥʦʚʘ ʠ ʜʨʫʛʠʝ. ʀʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʧʦʟʚʦʣʷʶʪ 

ʦʙʝʩʧʝʯʠʪʴ ʥʘʜʝʞʥʫʶ ʠ ʵʬʬʝʢʪʠʚʥʫʶ ʩʠ-

ʩʪʝʤʫ ʚʦʜʦʦʪʚʦʜʘ ʥʘ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦ-

ʛʘʭ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ 

ʙʝʟʦʧʘʩʥʦʛʦ ʠ ʢʦʤʬʦʨʪʥʦʛʦ ʜʚʠʞʝʥʠʷ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ. 

ʊʘʢ ɾʘʣʢʦ ʄ.ɽ. ʠ ʉʦʣʦʚʴʝʚ A.ɺ. ʧʨʝʜ-

ʣʘʛʘʶʪ ʨʝʰʠʪʴ ʜʘʥʥʫʶ ʟʘʜʘʯʫ ʧʫʪʝʤ ʫʩʪʘ-

ʥʦʚʢʠ ʜʨʝʥʠʨʫʶʱʠʭ ʪʨʫʙ ʠʟ ʇɺʍ ʜʠʘʤʝʪ-

ʨʦʤ 70-110 ʤʤ. ʊʨʫʙʳ ʟʘʧʦʣʥʷʶʪʩʷ ʱʝʙ-

ʥʝʤ ʬʨʘʢʮʠʠ ʜʦ 70 ʤʤ. ʇʦʣʦʚʠʥʘ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʪʨʫʙʳ, ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʩʚʝʨʭʫ, ʠʤʝʝʪ 

ʧʝʨʬʦʨʘʮʠʶ, ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ ʧʨʦʥʠʢʥʦ-

ʚʝʥʠʝ ʚʦʜʳ ʚ ʪʨʫʙʫ. ɹʣʘʛʦʜʘʨʷ ʮʝʣʦʩʪʥʦ-

ʩʪʠ ʥʠʞʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʳ, ʚʦʜʘ ʥʝ 

ʧʨʦʥʠʢʘʝʪ ʚʛʣʫʙʴ ʛʨʫʥʪʘ, ʘ ʧʦ ʞʝʣʦʙʫ ʦʪ-

ʚʦʜʠʪʩʷ ʟʘ ʧʨʝʜʝʣʳ ʜʦʨʦʞʥʦʛʦ ʧʦʣʦʪʥʘ. 

ɿʘʧʦʣʥʝʥʠʝ ʜʨʝʥʘʞʥʦʡ ʩʠʩʪʝʤʳ ʱʝʙʥʝʤ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʞʝʩʪʢʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʠ 

ʧʦʟʚʦʣʠʪ ʜʦʨʦʞʥʦʡ ʦʜʝʞʜʝ ʚʳʜʝʨʞʠʚʘʪʴ 

ʦʩʝʚʳʝ ʥʘʛʨʫʟʢʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʜʚʠ-

ʞʝʥʠʠ ʪʨʘʥʩʧʦʨʪʘ. 

ɼʨʝʥʘʞʥʳʝ ʪʨʫʙʳ ʷʚʣʷʶʪʩʷ ʚʘʞʥʦʡ ʯʘ-

ʩʪʴʶ ʩʠʩʪʝʤʳ ʚʦʜʦʦʪʚʝʜʝʥʠʷ ʠ ʠʭ ʧʨʘ-

ʚʠʣʴʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ 

ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ. 

ɺ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ, ʰʘʭʤʘʪʥʳʡ ʧʦʨʷʜʦʢ 

ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤ ʨʝʰʝʥʠʝʤ. ʇʨʠ ʪʘ-

ʢʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ, ʢʘʞʜʘʷ ʪʨʫʙʘ ʥʘʭʦʜʠʪ-

ʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 1 ʤʝʪʨʘ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʚ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʠ 0,5 ʤʝʪʨʘ ʚ 

ʚʝʨʪʠʢʘʣʴʥʦʡ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʚʥʦʤʝʨʥʦ 

ʨʘʩʧʨʝʜʝʣʠʪʴ ʥʘʛʨʫʟʢʫ ʠ ʦʙʝʩʧʝʯʠʪʴ 

ʥʘʜʝʞʥʦʝ ʚʦʜʦʦʪʚʝʜʝʥʠʝ ʜʘʞʝ ʚ ʩʣʫʯʘʝ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʨʦʙʣʝʤ ʩ ʦʜʥʦʡ ʠʟ ʪʨʫʙ. 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʥʘʨʫʰʝʥʠʠ 

ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʦʜʥʦʡ ʠʟ ʜʨʝ-

ʥʘʞʥʳʭ ʪʨʫʙ, ʦʩʪʘʣʴʥʳʝ ʪʨʫʙʳ, ʨʘʩʧʦʣʦ-

ʞʝʥʥʳʝ ʥʠʞʝ, ʩʤʦʛʫʪ ʚʟʷʪʴ ʥʘ ʩʝʙʷ ʜʦʧʦʣ-

ʥʠʪʝʣʴʥʫʶ ʥʘʛʨʫʟʢʫ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʠ-

ʩʪʝʤʘ ʙʫʜʝʪ ʧʨʦʜʦʣʞʘʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ 

ʙʝʟ ʩʙʦʝʚ ʠ ʨʠʩʢʘ ʟʘʪʦʧʣʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, 

ʰʘʭʤʘʪʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʪʨʫʙ ʫʧʨʦʱʘʝʪ 

ʧʨʦʮʝʩʩ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ, ʪʘʢ ʢʘʢ 

ʢʘʞʜʘʷ ʪʨʫʙʘ ʠʤʝʝʪ ʩʚʦʡ ʫʥʠʢʘʣʴʥʳʡ ʥʦ-

ʤʝʨ ʠ ʣʝʛʢʦ ʜʦʩʪʫʧʥʘ ʜʣʷ ʧʨʦʚʝʨʢʠ ʠ ʟʘʤʝ-

ʥʳ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ. 

ʆʙʱʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʚ ʧʦʧʝʨʝʯʥʦʤ 

ʩʨʝʟʝ ʜʦʨʦʞʥʦʡ ʦʜʝʞʜʳ ʠʟʦʙʨʘʞʝʥʘ ʚʳʰʝ. 

ʅʘ ʥʝʡ ʚʠʜʥʦ, ʯʪʦ ʧʦʜ ʜʦʨʦʞʥʳʤ ʧʦʣʦʪ-

ʥʦʤ ʨʘʩʧʦʣʦʞʝʥʳ ʜʨʝʥʠʨʫʶʱʠʝ ʪʨʫʙʳ, 

ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʙʳʩʪʨʦ ʦʪʚʦʜʠʪʴ ʞʠʜ-

ʢʦʩʪʴ ʠʟ ʛʨʫʥʪʦʚʦʛʦ ʤʘʩʩʠʚʘ. ʇʦʜ ʥʠʤʠ 

ʥʘʭʦʜʠʪʩʷ ʧʦʜʩʪʠʣʘʶʱʠʡ ʛʨʫʥʪ, ʘ ʥʘ ʛʣʫ-

ʙʠʥʝ ʅ ʥʘʭʦʜʠʪʩʷ ʛʨʘʥʠʮʘ ʧʨʦʤʝʨʟʘʥʠʷ. 

ʊʘʢʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʩʢʦʨʝʥ-

ʥʳʡ ʦʪʚʦʜ ʞʠʜʢʦʩʪʠ ʠʟ ʛʨʫʥʪʦʚʦʛʦ ʤʘʩʩʠ-

ʚʘ ʧʦʜ ʜʦʨʦʞʥʳʤ ʧʦʣʦʪʥʦʤ, ʯʪʦ ʟʥʘʯʠ-

ʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʩʢʦʨʦʩʪʴ ʝʛʦ ʧʨʦʤʝʨʟʘ-

ʥʠʷ ʠ ʩʥʠʞʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʧʫʯʠʥ. 

ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʉʦʣʫʷʥʦʚʘ ʊ.ɺ., ʄʦʣʦ-

ʢʦʚ ɺ.ʉ., ɺʦʣʢʦʚʘ ɽ.ɺ. ʧʨʝʜʣʘʛʘʶʪ ʥʦʚʳʡ 

ʧʦʜʭʦʜ ʢ ʧʦʚʳʰʝʥʠʶ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʜʦ-

ʨʦʞʥʳʭ ʥʘʩʳʧʝʡ, ʢʦʪʦʨʳʝ ʩʪʨʦʷʪʩʷ ʚ 

ʩʣʦʞʥʳʭ ʤʝʨʟʣʦʪʥʳʭ ʫʩʣʦʚʠʷʭ. ʆʥʠ ʧʨʝʜ-

ʣʘʛʘʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʠʩʪʝʤʫ ʚʦʟʜʫʰʥʦ-

ʢʦʥʚʝʨʪʦʨʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʜʣʷ ʦʭʣʘʞʜʝ-

ʥʠʷ ʪʝʣʘ ʥʘʩʳʧʠ. ʕʪʦʪ ʤʝʪʦʜ ʧʦʟʚʦʣʠʪ 

ʩʥʠʟʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘʩʳʧʠ ʠ ʧʨʝʜʦʪʚʨʘ-
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ʪʠʪʴ ʝʝ ʨʘʟʨʫʰʝʥʠʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʪʪʘʠʚʘ-

ʥʠʷ ʤʝʨʟʣʳʭ ʛʨʫʥʪʦʚ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝ-

ʞʠʤ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʣʠʯʠʝʤ ʩʳʨʳʭ 

ʫʯʘʩʪʢʦʚ ʩ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʚʝʯʥʦʡ 

ʤʝʨʟʣʦʪʦʡ ʥʘ ʧʨʦʩʘʜʦʯʥʳʭ ʛʨʫʥʪʘʭ. ɼʣʷ 

ʪʦʛʦ ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʵʬʬʝʢʪʠʚʥʦʝ ʦʭʣʘ-

ʞʜʝʥʠʝ, ʜʦʨʦʞʥʦʝ ʧʦʣʦʪʥʦ ʧʨʦʝʢʪʠʨʫʝʪʩʷ 

ʩ ʨʘʩʯʝʪʥʦʡ ʛʣʫʙʠʥʦʡ ʦʪʪʘʠʚʘʥʠʷ. ʇʨʠ 

ʵʪʦʤ ʛʨʘʥʠʮʘ ʤʝʨʟʣʳʭ ʛʨʫʥʪʦʚ ʜʦʣʞʥʘ 

ʙʳʪʴ ʚʳʧʫʢʣʦʡ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʨʘʚʥʦ-

ʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʩʳ-

ʧʠ. 

ʀʜʝʷ ʦʭʣʘʞʜʝʥʠʷ ʪʝʣʘ ʥʘʩʳʧʠ ʩ ʧʦʤʦ-

ʱʴʶ ʩʠʩʪʝʤʳ ʚʦʟʜʫʰʥʦ-ʢʦʥʚʝʨʪʦʨʥʦʛʦ 

ʦʭʣʘʞʜʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʠ 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʨʠ ʩʪʨʦʠʪʝʣʴ-

ʩʪʚʝ ʜʦʨʦʞʥʳʭ ʥʘʩʳʧʝʡ ʚ ʦʩʦʙʦ ʩʣʦʞʥʳʭ 

ʤʝʨʟʣʦʪʥʳʭ ʫʩʣʦʚʠʷʭ. ʕʪʦʪ ʧʦʜʭʦʜ ʧʦʟʚʦ-

ʣʠʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪʴ ʜʦʣʛʦʚʝʯʥʦʩʪʴ 

ʜʦʨʦʞʥʳʭ ʥʘʩʳʧʝʡ ʠ ʦʙʝʩʧʝʯʠʪʴ ʙʝʟʦʧʘʩ-

ʥʦʩʪʴ ʜʚʠʞʝʥʠʷ ʪʨʘʥʩʧʦʨʪʘ ʥʘ ʥʠʭ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʙʦʣʝʝ ʙʳʩʪ-

ʨʳʡ ʦʪʚʦʜ ʞʠʜʢʦʩʪʠ ʠʟ ʛʨʫʥʪʦʚʦʛʦ ʤʘʩʩʠ-

ʚʘ ʧʦʜ ʜʦʨʦʞʥʳʤ ʧʦʣʦʪʥʦʤ, ʤʳ ʤʦʞʝʤ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʩʢʦʨʦʩʪʴ ʝʛʦ ʧʨʦ-

ʤʝʨʟʘʥʠʷ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʥʠʟʠʪ ʦʙʨʘ-

ʟʦʚʘʥʠʝ ʧʫʯʠʥ. ʉʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ 

ʉ.ɺ. ʂʫʜʨʷʚʮʝʚʘ, ʩʢʦʨʦʩʪʴ ʧʨʦʤʝʨʟʘʥʠʷ 

ʛʨʫʥʪʘ ʠ ʝʛʦ ʧʫʯʠʥʠʩʪʦʩʪʴ ʟʘʚʠʩʷʪ ʦʪ 

ʚʣʘʞʥʦʩʪʠ. ɽʛʦ ʨʘʩʯʝʪʳ ʠ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩ-

ʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʣʥʦʩʪʴʶ ʦʪʨʘ-

ʞʘʶʪ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʵʪʠʤʠ ʷʚʣʝʥʠʷ-

ʤʠ. ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʙʦʪʳ 

ʂʫʜʨʷʚʮʝʚʘ ʧʦʩʚʷʱʝʥʳ ʧʨʦʤʝʨʟʘʥʠʶ 

ʛʨʫʥʪʘ ʚ ʦʙʣʘʩʪʠ ʬʫʥʜʘʤʝʥʪʦʚ ʟʜʘʥʠʡ. 

ɻʨʫʥʪ ʧʦʜ ʜʦʨʦʞʥʳʤ ʧʦʣʦʪʥʦʤ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʠʤʝʝʪ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʥʝʦʙʭʦʜʠʤʦ ʤʦʜʝʨʥʠʟʠʨʦʚʘʪʴ 

ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʦʜʝʣʠ ʧʨʦʤʝʨʟʘʥʠʷ ʛʨʫʥ-

ʪʘ ʩ ʮʝʣʴʶ ʙʦʣʝʝ ʧʦʣʥʦʛʦ ʦʧʠʩʘʥʠʷ ʵʪʦʛʦ 

ʧʨʦʮʝʩʩʘ ʧʦʜ ʜʦʨʦʞʥʳʤ ʧʦʣʦʪʥʦʤ. 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ 

ʩʚʦʡʩʪʚ ʜʠʩʧʝʨʩʥʳʭ ʛʨʫʥʪʦʚ ʷʚʣʷʝʪʩʷ ʠʭ 

ʩʞʠʤʘʝʤʦʩʪʴ ʧʦʜ ʥʘʛʨʫʟʢʦʡ. ɼʘʥʥʦʝ ʷʚʣʝ-

ʥʠʝ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʩʤʝʱʝʥʠʝʤ ʚ ʯʘʩʪʠ-

ʮʘʭ ʛʨʫʥʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ, ʠʭ 

ʜʝʬʦʨʤʘʮʠʝʡ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʫʤʝʥʴʰʘ-

ʝʪʩʷ ʦʙʱʠʡ ʦʙʲʝʤ ʧʦʨ. ʋʧʣʦʪʥʝʥʠʝ ʚʦʜʦ-

ʥʘʩʳʱʝʥʥʦʛʦ ʛʨʫʥʪʘ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ 

ʫʜʘʣʝʥʠʷ ʚʦʜʳ ʠʟ ʧʦʨ, ʧʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦ-

ʜʠʪ ʩʥʠʞʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʚʣʘʞʥʦʩʪʠ ʛʨʫʥ-

ʪʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʯʝʚʠʜʥʘ ʩʚʷʟʴ ʧʣʦʪʥʦ-

ʩʪʠ ʛʨʫʥʪʘ ʩ ʝʛʦ ʚʣʘʞʥʦʩʪʴʶ. ʉʣʝʜʦʚʘ-

ʪʝʣʴʥʦ, ʚʣʠʷʷ ʥʘ ʚʣʘʞʥʦʩʪʴ, ʤʳ ʤʦʞʝʤ 

ʦʢʘʟʘʪʴ ʚʣʠʷʥʠʝ ʥʘ ʝʛʦ ʧʣʦʪʥʦʩʪʴ, ʯʪʦ, ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘʞʝʪʩʷ ʥʘ 

ʩʨʦʢʝ ʩʣʫʞʙʳ ʜʦʨʦʛʠ. ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʦʪ-

ʤʝʪʠʪʴ, ʯʪʦ ʛʨʫʥʪ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ ʥʝ-

ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʚʣʘʞʥʦʩʪʠ, 

ʠʤʝʝʪ ʩʚʦʡʩʪʚʦ ʧʨʦʤʝʨʟʘʪʴ ʙʳʩʪʨʝʝ, ʯʝʤ 

ʧʝʨʝʫʚʣʘʞʥʝʥʥʳʡ, ʯʪʦ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ 

ʥʘ ʩʥʠʞʝʥʠʝ ʧʫʯʠʥʦʦʙʨʘʟʦʚʘʥʠʷ, ʪʝʤ ʩʘ-

ʤʳʤ, ʧʨʠʚʝʜʝʪ ʢ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʦʤʫ ʩʨʦʢʫ 

ʩʣʫʞʙʳ ʜʦʨʦʞʥʦʛʦ ʧʦʢʨʳʪʠʷ. 
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Abstract. The article discusses the features of the design and construction of highway struc-

tures in the conditions of the first road-climatic zone with a harsh, sharply continental climate. 

To ensure the reliability and durability of road structures, it is first necessary to ensure proper 

drainage, since water is one of the main causes of destruction of the road surface. Various mate-

rials can be used as drainage devices, but this article discusses the issue of increasing the load-

bearing capacity of a road structure using the example of optimizing its drainage function by 

installing PVC drainage pipes. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʦʧʠʩʳʚʘʝʪʩʷ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʢʦʥʜʝʥʩʘʪʦʨʥʳʭ ʫʩʪʘʥʦʚʦʢ ʜʣʷ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ. ʈʘʩʩʤʦʪʨʝʥʳ ʜʦʩʪʦʠʥʩʪʚʘ 

ʠ ʥʝʜʦʩʪʘʪʢʠ ʜʘʥʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ, ʘ ʪʘʢʞʝ ʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ. 

ɺʳʷʚʣʝʥ ʛʣʘʚʥʳʡ ʥʝʜʦʩʪʘʪʦʢ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ ʧʦʤʦʱʠ ʢʦʥʜʝʥʩʘʪʦʨʥʳʭ 

ʫʩʪʘʥʦʚʦʢ, ʘ ʠʤʝʥʥʦ ʩʪʫʧʝʥʯʘʪʦʩʪʴ ʨʝʛʫʣʠʨʦʚʘʥʠʷ. ʈʘʩʩʤʦʪʨʝʥʳ ʜʚʘ ʚʟʛʣʷʜʘ ʥʘ ʨʝʰʝʥʠʝ 

ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʘʪʘʨʝʡ ʨʘʚʥʦʡ ʤʦʱʥʦ-

ʩʪʠ ʥʘ ʢʘʞʜʦʡ ʩʪʫʧʝʥʠ ʩʦʚʤʝʩʪʥʦ ʩ ʨʝʘʢʪʦʨʘʤʠ. ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʢʦʥʜʝʥʩʘʪʦʨʥʳʭ ʙʘʪʘʨʝʡ ʨʘʟʥʦʡ ʤʦʱʥʦʩʪʠ, ʪʘʢ, ʯʪʦʙʳ ʝʤʢʦʩʪʴ ʢʘʞʜʦʡ 

ʩʣʝʜʫʶʱʝʡ ʩʪʫʧʝʥʠ ʙʳʣʘ ʚ ʜʚʘ ʨʘʟʘ ʚʳʰʝ ʧʨʝʜʳʜʫʱʝʡ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʜʭʦʜʦʚ, ʙʳʣ ʧʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʜʚʫʭ ʧʦʜʭʦʜʦʚ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ, ʢʦʪʦʨʳʡ 

ʧʦʢʘʟʘʣ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʞʜʦʛʦ ʠʟ ʤʝʪʦʜʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʩʣʫʯʘʷ ʠʭ ʧʨʠʤʝʥʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʙʘʪʘʨʝʷ ʩʪʘʪʠʯʝʩʢʠʭ ʢʦʥʜʝʥʩʘʪʦʨʦʚ, 

ʢʦʤʧʝʥʩʘʮʠʷ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ, ʠʥʜʠʚʠʜʫʘʣʴʥʘʷ ʢʦʤʧʝʥʩʘʮʠʷ, ʛʨʫʧʧʦʚʘʷ ʢʦʤʧʝʥʩʘ-

ʮʠʷ, ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʘʷ ʢʦʤʧʝʥʩʘʮʠʷ. 

 

ʉ ʨʦʩʪʦʤ ʩʦʚʨʝʤʝʥʥʳʭ ʵʥʝʨʛʦʝʤʢʠʭ 

ʧʨʝʜʧʨʠʷʪʠʡ ʦʩʪʨʦ ʚʩʪʘʝʪ ʚʦʧʨʦʩ ʦʙʝʩʧʝ-

ʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʦ-

ʵʥʝʨʛʠʠ ʚʤʝʩʪʝ ʩ ʝʝ ʵʢʦʥʦʤʠʯʥʳʤ ʧʦʪʨʝʙ-

ʣʝʥʠʝʤ. ʅʝʦʙʭʦʜʠʤʦ ʵʪʦ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦʛʦ ʫʨʦʚʥʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ. ʊʘʢ ʢʘʢ ʦʩʥʦʚ-

ʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʧʨʝʜʧʨʠ-

ʷʪʠʠ ʷʚʣʷʝʪʩʷ ʧʦʪʨʝʙʠʪʝʣʷʤʠ ʨʝʘʢʪʠʚʥʦʡ 

ʤʦʱʥʦʩʪʠ, ʪʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʥʷʪʴ ʤʝʨʳ 

ʧʦ ʥʝʜʦʧʫʱʝʥʠʶ ʩʥʠʞʝʥʠʷ ʨʝʘʢʪʠʚʥʦʡ 

ʤʦʱʥʦʩʪʠ, ʘ ʢʘʢ ʩʣʝʜʩʪʚʠʷ ʩʥʠʞʝʥʠʷ ʦʙ-

ʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʵʣʝʢʪʨʦʩʝʪʠ ʚ ʮʝʣʦʤ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʨʝʰʘʝʪʩʷ ʜʘʥʥʘʷ ʟʘʜʘʯʘ 

ʫʩʪʘʥʦʚʢʦʡ ʥʘ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷ-

ʪʠʷʭ ʢʦʤʧʝʥʩʠʨʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ [1]. ɿʘ-

ʯʘʩʪʫʶ ʚ ʢʘʯʝʩʪʚʝ ʪʘʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʚʳ-

ʙʠʨʘʶʪ ʙʘʪʘʨʝʠ ʩʪʘʪʠʯʝʩʢʠʭ ʢʦʤʧʝʥʩʘʪʦ-

ʨʦʚ. ʊʘʢʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʦʙʫʩʣʦʚ-

ʣʝʥʦ ʩʚʦʝʡ ʧʨʦʩʪʦʪʦʡ ʠ ʥʘʜʝʞʥʦʩʪʴʶ. 

ʊʘʢʞʝ ʫʩʪʘʥʦʚʢʠ ʠʤʝʶʪ ʚʝʩʴʤʘ ʚʳʩʦʢʠʡ 

ʂʇɼ, ʪʘʢ ʢʘʢ ʚ ʢʦʥʜʝʥʩʘʪʦʨʘʭ ʧʨʘʢʪʠʯʝʩʢʠ 

ʦʪʩʫʪʩʪʚʫʶʪ ʧʦʪʝʨʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʐʠ-

ʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʢʘʢ ʨʝʛʫ-

ʣʠʨʫʝʤʳʝ ʙʘʪʘʨʝʠ ʩʪʘʪʠʯʝʩʢʠʭ ʢʦʥʜʝʥʩʘ-

ʪʦʨʦʚ, ʪʘʢ ʠ ʥʝʨʝʛʫʣʠʨʫʝʤʳʝ. ʊʘʢ, ʧʦ ʩʨʝʜ-

ʩʪʚʘʤ ʠʟʤʝʥʝʥʠʷ ʧʦʪʦʢʦʚ ʨʝʘʢʪʠʚʥʦʡ 

ʤʦʱʥʦʩʪʠ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜ-

ʜʝʨʞʘʥʠʷ ʟʘʜʘʥʥʦʛʦ ʫʨʦʚʥʷ ʥʘʧʨʷʞʝʥʠʷ ʚ 

ʧʠʪʘʶʱʝʡ ʩʝʪʠ. ɺ ʩʠʣʫ ʧʨʦʩʪʦʪʳ ʢʦʥ-

ʩʪʨʫʢʮʠʠ, ʚ ʩʣʫʯʘʝ ʩ ʙʘʪʘʨʝʷʤʠ, ʦʩʥʘʱʝʥ-

ʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʫʱʝ-

ʩʪʚʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʥʝʜʦʩʪʘʪʦʢ. ʈʝʛʫʣʠ-

ʨʦʚʘʥʠʷ ʤʦʞʝʪ ʧʨʦʠʟʚʦʜʠʪʩʷ ʪʦʣʴʢʦ ʩʪʫ-

ʧʝʥʯʘʪʦ [2]. 

ʂʦʥʩʪʨʫʢʮʠʷ ʢʦʥʜʝʥʩʘʪʦʨʥʳʭ ʫʩʪʘʥʦ-

ʚʦʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʘʪʘʨʝʶ ʩʦʩʪʦʷ-

ʱʫʶ ʦʙʳʯʥʦ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʢʦʥʜʝʥʩʘʪʦ-

ʨʦʚ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ ʙʘʪʘʨʝʶ. ʂʦʣʠʯʝ-

ʩʪʚʦ ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʚ ʙʘʪʘʨʝʝ ʟʘʚʠʩʠʪ ʦʪ 

ʥʝʦʙʭʦʜʠʤʦʡ ʤʦʱʥʦʩʪʠ ɹʉʂ, ʤʦʱʥʦʩʪʠ 

ʦʜʥʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ ʠ ʦʪ ʝʛʦ ʥʦʤʠʥʘʣʴʥʦ-

ʛʦ ʥʘʧʨʷʞʝʥʠʷ. ʉʫʱʝʩʪʚʫʶʪ ʢʦʥʜʝʥʩʘʪʦ-

ʨʳ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʥʘ ʧʦʣʥʦʝ ʥʘʧʨʷʞʝʥʠʝ 

ʩʝʪʠ 6 ʠʣʠ 10 ʢɺ. ʊʘʢʠʝ ʢʦʥʜʝʥʩʘʪʦʨʳ 

ʚʢʣʶʯʘʶʪʩʷ ʦʙʳʯʥʦ ʧʦ ʩʭʝʤʝ ʪʨʝʫʛʦʣʴʥʠ-
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ʢʘ. ɺʥʫʪʨʠ ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʠʤʝʝʪʩʷ ʨʘʟʨʷʜ-

ʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ 

ʨʘʟʨʷʜʘ ʢʦʥʜʝʥʩʘʪʦʨʘ ʧʦʩʣʝ ʩʥʷʪʠʷ ʥʘʧʨʷ-

ʞʝʥʠʷ. ʅʘʙʦʨ ʠʟ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ 

ʰʢʘʬʦʚ ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ ʩʝʢʮʠʠ ʯʝʨʝʟ ʚʳ-

ʢʣʶʯʘʪʝʣʴ [3]. 

ʊʘʢʞʝ ʦʪʤʝʪʠʪʴ ʥʝʩʢʦʣʴʢʦ ʦʩʦʙʝʥʥʦ-

ʩʪʝʡ ʧʨʠ ʨʘʙʦʪʝ ʢʦʥʜʝʥʩʘʪʦʨʥʳʭ ʙʘʪʘʨʝʡ. 

ʈʝʞʠʤʳ ʨʘʙʦʪʳ ʢʦʥʜʝʥʩʘʪʦʨʥʳʭ ʫʩʪʘʥʦ-

ʚʦʢ ʟʘʚʠʩʷʪ ʦʪ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ. ʂʘʢ 

ʧʨʘʚʠʣʦ ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ ʥʘʧʨʷʞʝʥʠʷ ʚ 

ʩʝʪʠ ʥʘ 10% ʦʪ ʥʦʤʠʥʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʫʩʪʘʥʦʚʢʠ ʥʝ 

ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ 12 ʯ. ɽʩʣʠ ʧʨʝʚʳʰʝʥʠʝ 

ʥʦʤʠʥʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʙʦ-

ʣʝʝ ʯʝʤ ʥʘ 10%, ʪʦ ʫʩʪʘʥʦʚʢʘ ʜʦʣʞʥʘ ʙʳʪʴ 

ʚʳʚʝʜʝʥʘ ʠʟ ʨʘʙʦʪʳ. ʥʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʧʨʠ-

ʤʝʥʝʥʠʝ ʙʘʪʘʨʝʠ ʩʪʘʪʠʯʝʩʢʠʭ ʢʦʥʜʝʥʩʘʪʦ-

ʨʦʚ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʥʘʧʨʷʞʝʥʠʝ ʥʘ 

ʰʠʥʘʭ ʧʦʜʩʪʘʥʮʠʡ ʥʘ 3-4%.  

ɽʱʝ ʦʜʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʦʩʦʙʝʥ-

ʥʦʩʪʴʶ ʢʦʥʜʝʥʩʘʪʦʨʥʳʭ ʫʩʪʘʥʦʚʦʢ ʷʚʣʷʝʪ-

ʩʷ ʧʨʘʚʠʣʘ ʝʝ ʚʢʣʶʯʝʥʠʷ ʠ ʦʪʢʣʶʯʝʥʠʷ. 

ʇʨʦʠʟʚʦʜʠʪʴ ʧʝʨʝʢʣʶʯʝʥʠʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ 

ʥʝ ʙʦʣʝʝ ʯʝʤ 2-4 ʨʘʟʘ ʚ ʩʫʪʢʠ. ʉʚʷʟʘʥʦ ʩ 

ʙʨʦʩʢʘʤʠ ʪʦʢʘ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʧʨʠ 

ʚʢʣʶʯʝʥʠʠ ʠ ʧʝʨʝʥʘʧʨʷʞʝʥʠʝʤ ʧʨʠ ʦʪ-

ʢʣʶʯʝʥʠʠ, ʯʪʦ ʦʪʨʠʮʘʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ 

ʥʘ ʩʨʦʢʝ ʩʣʫʞʙʳ ʢʘʢ ʩʘʤʠʭ ʢʦʥʜʝʥʩʘʪʦʨʦʚ, 

ʪʘʢ ʠ ʢʦʤʤʫʪʘʮʠʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ. ʇʦ-

ʵʪʦʤʫ ʩʦʚʨʝʤʝʥʥʳʝ ʢʦʤʧʝʥʩʠʨʫʶʱʠʝ 

ʫʩʪʘʥʦʚʢʠ ʥʘ ʦʩʥʦʚʝ ʙʘʪʘʨʝʡ ʩʪʘʪʠʯʝʩʢʠʭ 

ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʩʥʘʙʞʘʶʪʩʷ ʪʠʨʠʩʪʦʨʥʳʤ 

ʫʧʨʘʚʣʝʥʠʝʤ. ʊʘʢʞʝ ʢʦʥʜʝʥʩʘʪʦʨʥʳʝ 

ʫʩʪʘʥʦʚʢʠ ʟʘʱʠʱʘʶʪʩʷ ʨʝʘʢʪʦʨʘʤʠ, ʢʦʪʦ-

ʨʳʝ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩ 

ʢʦʥʜʝʥʩʘʪʦʨʘʤʠ, ʘ ʪʘʢʞʝ ʩʠʣʦʚʳʝ ʬʠʣʴʪʨʳ 

ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʢ. 

ʇʨʘʢʪʠʢʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘʛʨʫʟʢʘ ʥʘ 

ʧʨʝʜʧʨʠʷʪʠʠ ʤʦʞʝʪ ʠʤʝʪʴ ʨʝʟʢʦ ʧʝʨʝʤʝʥ-

ʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʠʟʤʝʥʷʪʴʩʷ ʚ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʚ ʢʦʨʦʪʢʠʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝ-

ʥʠ. ɸ ʪʘʢ ʢʘʢ ʙʘʪʘʨʝʠ, ʢʘʢ ʧʨʘʚʠʣʦ ʩʦʙʨʘ-

ʥʳ ʠʟ ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʦʜʠʥʘʢʦʚʦʡ ʝʤʢʦʩʪʠ, 

ʪʦ ʜʘʞʝ ʧʨʠ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʩʪʫʧʝʥʝʡ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʠʥʪʝʨʚʘʣʳ 

ʚʨʝʤʝʥʠ, ʢʦʛʜʘ ʥʝ ʫʜʘʩʪʩʷ ʧʦʣʥʦʩʪʴʶ ʢʦʤ-

ʧʝʥʩʠʨʦʚʘʪʴ ʧʦʪʝʨʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ. 

ɼʘʥʥʫʶ ʧʨʦʙʣʝʤʫ ʤʦʞʥʦ ʨʝʰʠʪʴ, ʩʥʘʙʜʠʚ 

ʫʩʪʘʥʦʚʢʫ ʙʘʪʘʨʝʡ ʩʪʘʪʠʯʝʩʢʠʭ ʢʦʤʧʝʥʩʘ-

ʪʦʨʦʚ ʚʦʟʤʦʞʥʦʩʪʴ ʧʣʘʚʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘ-

ʥʠʷ [4]. 

ʈʘʩʩʤʦʪʨʠʤ ʚʘʨʠʘʥʪ, ʢʦʛʜʘ ʢʦʤʧʝʥʩʠ-

ʨʫʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʝʧʦ-

ʩʨʝʜʩʪʚʝʥʥʦʛʦ ʚ ʮʝʭʦʚʳʭ ʩʝʪʷʭ ʥʠʟʢʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ, ʤʘʢʩʠʤʘʣʴʥʦ ʙʣʠʟʢʦ ʢ ʧʦʪʨʝ-

ʙʠʪʝʣʷʤ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ. ʉʫʱʝʩʪʚʫ-

ʝʪ ʩʣʝʜʫʶʱʠʡ ʧʦʜʭʦʜ ʢ ʨʝʰʝʥʠʶ ʧʦʩʪʘʚ-

ʣʝʥʥʦʡ ʟʘʜʘʯʠ. ʂʘʢ ʚ ʩʣʫʯʘʝ ʩ ʢʣʘʩʩʠʯʝ-

ʩʢʦʡ ʢʦʥʩʪʨʫʢʮʠʝʡ ʢʦʤʧʝʥʩʠʨʫʶʱʝʝ 

ʫʩʪʨʦʡʩʪʚʦ ʠʤʝʝʪ ʢʦʥʜʝʥʩʘʪʦʨʥʳʝ ʙʘʪʘʨʝʠ 

ʠʤʝʶʪ ʨʘʚʥʫʶ ʝʤʢʦʩʪʴ, ʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ 

ʨʘʚʥʫʶ ʤʦʱʥʦʩʪʴ. ɼʣʷ ʦʧʠʩʘʥʠʷ ʨʘʙʦʪʳ 

ʫʩʪʘʥʦʚʢʠ ʧʨʠʤʝʤ, ʯʪʦ ʩʭʝʤʘ ʠʤʝʝʪ ʪʨʠ 

ʩʪʫʧʝʥʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʘ ʩʘʤʠ ʢʦʥʜʝʥʩʘ-

ʪʦʨʳ ʩʦʝʜʠʥʝʥʳ ʧʦ ʩʭʝʤʝ ʪʨʝʫʛʦʣʴʥʠʢ. 

ʂʘʞʜʳʡ ʠʟ ʤʦʜʫʣʝʡ ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʧʦʜ-

ʢʣʶʯʝʥ ʢ ʩʝʪʠ ʯʝʨʝʟ ʪʦʢʦʦʛʨʘʥʠʯʠʚʘʶʱʠʝ 

ʨʝʘʢʪʦʨʳ ʠ ʪʠʨʠʩʪʦʨʥʳʝ ʢʣʶʯʠ. ʇʨʠ ʵʪʦʤ, 

ʪʠʨʠʩʪʦʨʥʳʝ ʢʣʶʯʠ ʠʤʝʶʪ ʩʦʝʜʠʥʝʥʠʝ 

ʪʦʣʴʢʦ ʩ ʜʚʫʤʷ ʬʘʟʘʤʠ ʩʝʪʠ. ʇʨʝʜʧʦʣʘʛʘ-

ʝʪʩʷ, ʯʪʦ ʪʘʢʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʧʦʜʢʣʶʯʝʥʠʷ 

ʧʦʟʚʦʣʠʪ ʫʤʝʥʴʰʠʪʴ ʧʦʪʝʨʠ ʤʦʱʥʦʩʪʠ ʧʨʠ 

ʢʦʤʤʫʪʘʮʠʠ. ɽʱʝ ʦʜʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 

ʫʩʪʘʥʦʚʢʠ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʦʪʜʝʣʴʥʦʛʦ 

ʙʣʦʢʘ ʨʝʘʢʪʦʨʦʚ, ʩʦʝʜʠʥʝʥʥʳʭ ʪʘʢʞʝ, ʢʘʢ 

ʠ ʙʣʦʢʠ ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʧʦ ʩʭʝʤʝ ʪʨʝʫʛʦʣʴ-

ʥʠʢ. ʇʨʠ ʵʪʦʤ, ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ ʯʪʦ ʤʦʱ-

ʥʦʩʪʴ ʨʝʘʢʪʦʨʦʚ ʨʘʚʥʘ ʤʦʱʥʦʩʪʠ ʦʜʥʦʡ ʠʟ 

ʩʪʫʧʝʥʝʡ ʢʦʥʜʝʥʩʘʪʦʨʥʦʡ ʙʘʪʘʨʝʠ. 

ʂʦʥʝʯʥʦ, ʜʘʥʥʘʷ ʩʭʝʤʘ ʠʤʝʝʪ ʛʦʨʘʟʜʦ 

ʙʦʣʝʝ ʩʣʦʞʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ, ʘ ʢʘʢ ʩʣʝʜ-

ʩʪʚʠʝ ʠ ʙʦʣʝʝ ʩʣʦʞʥʳʡ ʘʣʛʦʨʠʪʤ ʫʧʨʘʚʣʝ-

ʥʠʷ. ʊʘʢ, ʢʦʛʜʘ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚ-

ʣʷʝʪʩʷ ʪʦʣʴʢʦ ʦʪʜʝʣʴʥʳʤ ʙʣʦʢʦʤ ʨʝʘʢʪʦ-

ʨʦʚ ʚ ʨʘʩʧʦʨʷʞʝʥʠʠ, ʠʤʝʶʪʩʷ ʯʝʪʳʨʝ ʩʪʫ-

ʧʝʥʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʢʦʤʧʝʥʩʠ-

ʨʫʶʪ ʨʝʘʢʪʠʚʥʫʶ ʤʦʱʥʦʩʪʴ ʥʘ 25, 50, 75, 

ʠ 100%, ʘ ʧʨʠ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʝ ʨʝʘʢʪʦ-

ʨʦʚ ʠ ʢʦʤʧʝʥʩʘʪʦʨʦʚ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚ 16 ʩʪʫʧʝʥʝʡ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʪ ʚʳʩʦʢʫʶ ʧʣʘʚʥʦʩʪʴ ʨʝʛʫʣʠʨʦ-

ʚʘʥʠʷ [5]. 

ɸʣʴʪʝʨʥʘʪʠʚʥʳʡ ʚʟʛʣʷʜ ʥʘ ʨʝʰʝʥʠʝ 

ʧʨʦʙʣʝʤʳ ʩʪʫʧʝʥʯʘʪʦʛʦ ʧʝʨʝʢʣʶʯʝʥʠʷ, 

ʧʨʠʤʝʥʝʥʠʝ ʢʦʥʜʝʥʩʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʝʤʢʦʩʪʷʤʠ ʢʦʥʜʝʥʩʘʪʦʨʥʳʭ 

ʙʘʥʦʢ. ɼʣʷ ʫʜʦʙʩʪʚʘ ʩʨʘʚʥʝʥʠʷ ʨʘʩʩʤʦʪ-

ʨʠʤ ʩʠʩʪʝʤʳ ʩʦʩʪʦʷʱʫʶ ʪʘʢʞʝ ʠʟ ʪʨʝʭ 

ʢʦʤʧʣʝʢʪʦʚ ʢʦʥʜʝʥʩʘʪʦʨʦʚ. ɿʘ ʥʝʢʫʶ ʙʘʟʦ-

ʚʫʶ ʪʦʯʢʫ ʚʦʟʴʤʝʤ ʚʪʦʨʫʶ ʙʘʪʘʨʝʶ ʢʦʥ-

ʜʝʥʩʘʪʦʨʦʚ, ʧʫʩʪʴ ʝʝ ʝʤʢʦʩʪʴ ʨʘʚʥʷʝʪʩʷ 

1ʉ, ʪʦʛʜʘ ʝʤʢʦʩʪʴ ʧʝʨʚʦʡ ʙʘʪʘʨʝʠ ʜʦʣʞʥʘ 

ʨʘʚʥʷʪʴʩʷ ʧʦʣʦʚʠʥʝ 0,5ʉ ʦʪ ʝʤʢʦʩʪʠ ʚʪʦ-
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ʨʦʡ ʢʦʥʜʝʥʩʘʪʦʨʥʦʡ ʙʘʪʘʨʝʠ, ʘ ʝʤʢʦʩʪʴ 

ʪʨʝʪʴʝʡ ʙʘʪʘʨʝʠ ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʚʥʘ 2ʉ ʦʪ 

ʝʤʢʦʩʪʠ ʚʪʦʨʦʡ ʙʘʪʘʨʝʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʝʤʢʦʩʪʴ ʢʘʞʜʦʡ ʧʦʩʣʝʜʫ-

ʶʱʝʡ ʙʘʪʘʨʝʠ ʙʫʜʝʪ ʚ ʜʚʘ ʨʘʟʘ ʙʦʣʴʰʝ ʯʝʤ 

ʝʤʢʦʩʪʴ ʧʨʝʜʳʜʫʱʝʡ. ʀʤʝʷ ʪʘʢʠʝ ʧʘʨʘ-

ʤʝʪʨʳ, ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʨʛʘʥʠʟʘ-

ʮʠʠ ʩʝʤʠʩʪʫʧʝʥʯʘʪʦʛʦ ʘʣʛʦʨʠʪʤʘ ʫʧʨʘʚʣʝ-

ʥʠʷ. ʊʘʢʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʦʙʝʩ-

ʧʝʯʠʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʫʶ ʧʣʘʚʥʦʩʪʴ ʧʝʨʝ-

ʢʣʶʯʝʥʠʡ. 

ɸʣʛʦʨʠʪʤ ʚʢʣʶʯʝʥʠʷ ʙʘʪʘʨʝʡ ʩʣʝʜʫʶ-

ʱʠʡ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʚʢʣʶʯʠʪʴ ʚʪʦʨʫʶ 

ʩʪʫʧʝʥʴ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʚʢʣʶ-

ʯʠʪʴ ʚʪʦʨʫʶ ʙʘʪʘʨʝʶ ʢʦʥʜʝʥʩʘʪʦʨʦʚ, ʘ 

ʧʝʨʚʫʶ ʙʘʪʘʨʝʶ ʦʪʢʣʶʯʠʪʴ. ʏʪʦʙʳ ʚʢʣʶ-

ʯʠʪʴ ʪʨʝʪʴʶ ʩʪʫʧʝʥʴ ʥʝʦʙʭʦʜʠʤʦ ʚʢʣʶ-

ʯʠʪʴ ʧʘʨʘʣʣʝʣʴʥʦ ʧʝʨʚʫʶ ʚʪʦʨʫʶ ʙʘʪʘʨʝʶ 

ʢʦʥʜʝʥʩʘʪʦʨʦʚ. ʏʪʦʙʳ ʚʢʣʶʯʠʪʴ ʯʝʪʚʝʨ-

ʪʫʶ ʩʪʫʧʝʥʴ ʥʝʦʙʭʦʜʠʤʦ ʚʢʣʶʯʠʪʴ ʪʨʝʪʴʶ 

ʙʘʪʘʨʝʶ ʢʦʥʜʝʥʩʘʪʦʨʦʚ, ʧʨʠ ʦʪʢʣʶʯʝʥʠʠ 

ʧʝʨʚʳʭ ʜʚʫʭ ʙʘʪʘʨʝʡ. ʇʷʪʘʷ ʩʪʫʧʝʥʴ ʚʚʦ-

ʜʠʪʩʷ ʚ ʨʘʙʦʪʫ ʧʫʪʝʤ ʚʢʣʶʯʝʥʠʷ ʥʘ ʧʘʨʘʣ-

ʣʝʣʴʥʫʶ ʨʘʙʦʪʫ ʧʝʨʚʦʡ ʠ ʪʨʝʪʴʝʡ ʙʘʪʘʨʝʠ. 

ʐʝʩʪʘʷ ʩʪʫʧʝʥʴ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʘʨʘʣ-

ʣʝʣʴʥʳʤ ʚʢʣʶʯʝʥʠʝʤ ʚʪʦʨʦʡ ʠ ʪʨʝʪʴʝʡ ʙʘ-

ʪʘʨʝʡ ʢʦʥʜʝʥʩʘʪʦʨʥʳʭ ʙʘʪʘʨʝʡ. ʀ ʩʝʜʴʤʘʷ 

ʩʪʫʧʝʥʴ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʢʣʶʯʝʥʠʝʤ ʚʩʝʭ 

ʙʘʪʘʨʝʡ ʥʘ ʧʘʨʘʣʣʝʣʴʥʫʶ ʨʘʙʦʪʫ [6]. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʘʣʛʦʨʠʪʤʘ ʧʝʨʝʢʣʶʯʝ-

ʥʠʡ ʪʘʢʦʡ ʘʣʛʦʨʠʪʤ ʚʝʩʴʤʘ ʧʨʦʩʪ. ʀ ʤʦʞʝʪ 

ʙʳʪʴ ʦʙʝʩʧʝʯʝʥ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʦ-

ʩʪʝʡʰʝʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ.  ʏʪʦ 

ʢʘʩʘʝʪʩʷ ʩʠʣʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʪʦ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʥʝʦʙʭʦ-

ʜʠʤʦ ʪʘʢ ʧʦʜʦʙʨʘʪʴ ʢʦʤʤʫʪʘʮʠʦʥʥʳʝ ʘʧ-

ʧʘʨʘʪʳ, ʯʪʦʙʳ ʦʥʠ ʤʦʛʣʠ ʦʙʝʩʧʝʯʠʪʴ ʧʝʨʝ-

ʢʣʶʯʝʥʠʝ ʤʝʞʜʫ ʚʩʝʤʠ ʩʪʫʧʝʥʷʤʠ, ʙʝʟ 

ʧʨʠʤʝʥʝʥʠʷ ʜʫʙʣʠʨʫʶʱʠʭ ʘʧʧʘʨʘʪʦʚ ʩ ʦʪ-

ʣʠʯʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʊʘʢʞʝ ʧʨʝʜ-

ʣʘʛʘʝʪʩʷ ʧʨʠʤʝʥʠʪʴ ʩʧʦʩʦʙ ʤʷʛʢʦʛʦ ʚʢʣʶ-

ʯʝʥʠʷ ʢʦʥʜʝʥʩʘʪʦʨʦʚ, ʢʦʛʜʘ ʩʥʘʯʘʣʘ ʚʢʣʶ-

ʯʘʶʪʩʷ ʩʥʘʯʘʣʘ ʜʚʝ ʬʘʟʳ, ʘ ʧʦʪʦʤ ʪʨʝʪʴʷ. 

ɻʦʚʦʨʷ ʦ ʩʨʘʚʥʝʥʠʠ ʜʚʫʭ ʧʨʝʜʣʦʞʝʥʥʳʭ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʤʝʪʦʜʘʭ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʧʨʠ ʧʦʤʦʱʠ ʢʦʥ-

ʜʝʥʩʘʪʦʨʥʳʭ ʙʘʪʘʨʝʡ ʠ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦ-

ʩʪʠ ʠ ʧʣʘʚʥʦʩʪʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ. ʇʝʨʚʳʡ ʩʧʦ-

ʩʦʙ ʫʧʨʘʚʣʝʥʠʷ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʴʶ 

ʙʝʟʫʩʣʦʚʥʦ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʪʦʯʥʳʤ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩʦ ʚʪʦʨʳʤ, ʪʘʢ ʢʘʢ ʠʤʝʝʪ 

ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʩʪʫʧʝʥʝʡ 16 ʧʨʦʪʠʚ 7 

ʧʨʝʜʣʦʞʝʥʥʳʭ ʚʦ ʚʪʦʨʦʤ ʤʝʪʦʜʝ. ʅʦ ʧʨʠ 

ʵʪʦʤ ʫ ʥʝʛʦ ʩʣʦʞʥʝʝ ʘʣʛʦʨʠʪʤ ʫʧʨʘʚʣʝʥʠʷ 

ʠ ʩʭʝʤʘ ʚʢʣʶʯʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʪʘʢ ʢʘʢ 

ʟʘʜʝʡʩʪʚʦʚʘʥʦ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝ-

ʤʝʥʪʦʚ. ɺʪʦʨʦʡ ʩʧʦʩʦʙ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʥʘʧʨʦʪʠʚ ʠʤʝʝʪ ʙʦʣʝʝ ʧʨʦʩʪʦʡ ʘʣʛʦʨʠʪʤ 

ʫʧʨʘʚʣʝʥʠʷ ʠ ʩʭʝʤʘ ʥʘʠʙʦʣʝʝ ʧʨʠʙʣʠʞʝʥʘ 

ʢ ʢʣʘʩʩʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʝ ʢʦʥʜʝʥʩʘʪʦʨʥʳʭ 

ʙʘʪʘʨʝʡ. ʇʦʵʪʦʤʫ ʧʝʨʚʳʡ ʩʧʦʩʦʙ ʤʦʞʝʪ 

ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ ʨʝʛʫʣʠʨʦʚʘʥʠʠ ʨʝ-

ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ 

ʙʣʠʟʦʩʪʠ ʦʪ ʧʦʪʨʝʙʠʪʝʣʝʡ, ʘ ʚʪʦʨʦʡ ʩʧʦʩʦʙ 

ʧʨʠ ʧʦʜʢʣʶʯʝʥʠʠ ʢ ʦʙʱʠʤ ʰʠʥʘʤ. 
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Abstract. The article describes the operating principle of capacitor units for voltage regula-

tion in industrial enterprises. The advantages and disadvantages of these electrical machines, as 

well as their design features, are considered. The main drawback of voltage regulation using 

capacitor units has been revealed, namely stepwise regulation. Two views on solving this prob-

lem are considered. In the first case, it is assumed that batteries of equal power will be used at 

each stage together with reactors. In the second case, the use of capacitor banks of different 

power is provided, so that the capacity of each next stage is twice as high as the previous one. 

Based on the results of the study of approaches, a comparative analysis of two approaches to 

solving the problem was carried out, which showed the advantages and disadvantages of using 

each method depending on the case of their application. 

Keywords: voltage regulation, static capacitor bank, reactive power compensation, individual 

compensation, group compensation, centralized compensation. 
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ɸʥʥʦʪʘʮʠʷ. ɼʘʥʥʘʷ ʥʘʫʯʥʘʷ ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʘʥʘʣʠʟʫ ʚʣʠʷʥʠʷ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʥʘ ʩʦʚʨʝʤʝʥʥʳʡ ʛʨʘʬʠʯʝʩʢʠʡ ʜʠʟʘʡʥ ʠ ʩʠʥʪʝʟʫ ʪʨʘʜʠʮʠʦʥʥʳʭ ʚʦʩʪʦʯʥʦʘʟʠʘʪʩʢʠʭ ʫʟʦʨʦʚ 

ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʪʩʷ ʩ ʮʝʣʴʶ ʚʳʷʚʠʪʴ ʩʧʦʩʦʙʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʤʝʞʜʫ ʩʦʚʨʝʤʝʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʠ ʢʫʣʴʪʫʨʥʳʤ ʥʘʩʣʝʜʠʝʤ ɺʦʩʪʦʯʥʦʡ ɸʟʠʠ ʚ ʢʦʥʪʝʢ-

ʩʪʝ ʛʨʘʬʠʯʝʩʢʦʛʦ ʜʠʟʘʡʥʘ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʧʨʠʤʝʨʳ ʩʠʥʪʝ-

ʟʘ ʢʫʣʴʪʫʨ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʜʠʟʘʡʥʝ, ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʤʝʪʦʜʳ ʘʜʘʧʪʘʮʠʠ ʪʨʘʜʠʮʠʦʥʥʳʭ 

ʫʟʦʨʦʚ ʠ ʤʦʪʠʚʦʚ ʢ ʩʦʚʨʝʤʝʥʥʳʤ ʚʠʟʫʘʣʴʥʳʤ ʪʝʥʜʝʥʮʠʷʤ ʠ ʚʣʠʷʥʠʝ ʵʪʦʛʦ ʩʠʥʪʝʟʘ ʥʘ ʤʠ-

ʨʦʚʫʶ ʠʥʜʫʩʪʨʠʶ ʜʠʟʘʡʥʘ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳ ʜʣʷ ʩʧʝʮʠʘʣʠ-

ʩʪʦʚ ʚ ʦʙʣʘʩʪʠ ʛʨʘʬʠʯʝʩʢʦʛʦ ʜʠʟʘʡʥʘ, ʢʫʣʴʪʫʨʦʣʦʛʠʠ ʠ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʘ ʪʘʢʞʝ 

ʜʣʷ ʚʩʝʭ, ʠʥʪʝʨʝʩʫʶʱʠʭʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʢʫʣʴʪʫʨ, ʩʦʟʜʘʥʠʝʤ ʥʦʚʳʭ ʵʩʪʝʪʠʯʝʩʢʠʭ 

ʪʝʥʜʝʥʮʠʡ ʚ ʛʣʦʙʘʣʴʥʦʤ ʢʦʥʪʝʢʩʪʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʥʜʝʥʮʠʠ, ʪʨʘʜʠʮʠʠ, ʛʨʘʬʠʯʝʩʢʠʡ ʜʠʟʘʡʥ, ʜʠʟʘʡʥ, ʪʝʭʥʦʣʦʛʠʠ, ʮʠʬ-

ʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʩʠʥʪʝʟ, ʢʫʣʴʪʫʨʘ, ʫʟʦʨʳ, ʦʨʥʘʤʝʥʪ. 

 

ʎʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʦʢʘʟʳʚʘʶʪ ʨʝ-

ʰʘʶʱʝʝ ʚʣʠʷʥʠʝ ʥʘ ʩʦʚʨʝʤʝʥʥʳʡ ʛʨʘʬʠ-

ʯʝʩʢʠʡ ʜʠʟʘʡʥ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʠ ʪʨʘʜʠʮʠʦʥʥʳʭ ʚʦʩʪʦʯʥʦʘʟʠʘʪʩʢʠʭ 

ʫʟʦʨʦʚ ʠ ʦʨʥʘʤʝʥʪʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʠʟʫʯʝʥʠʝ ʧʨʠʥʮʠʧʘ ʦʙʲʝʜʠ-

ʥʝʥʠʷ ʢʫʣʴʪʫʨʥʳʭ ʪʨʘʜʠʮʠʡ ʠ ʧʦʜʭʦʜʦʚ ʚ 

ʜʠʟʘʡʥʝ, ʘ ʪʘʢʞʝ ʦʮʝʥʢʫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʵʪʦʛʦ ʩʠʥʪʝʟʘ ʚ ʥʦʚʳʭ ʵʩʪʝʪʠʯʝʩʢʠʭ ʪʝʥ-

ʜʝʥʮʠʷʭ ʚ ʛʣʦʙʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ. ʀʩʧʦʣʴ-

ʟʦʚʘʥʠʝ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦ ʠʥʪʝʨ-

ʧʨʝʪʘʮʠʠ ʠ ʧʨʠʤʝʥʝʥʠʶ ʪʨʘʜʠʮʠʦʥʥʳʭ 

ʚʦʩʪʦʯʥʦʘʟʠʘʪʩʢʠʭ ʤʦʪʠʚʦʚ ʚ ʛʨʘʬʠʯʝʩʢʦʤ 

ʜʠʟʘʡʥʝ ʧʦʟʚʦʣʠʪ ʥʝ ʪʦʣʴʢʦ ʧʦʥʷʪʴ ʧʨʦ-

ʮʝʩʩʳ ʵʪʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʥʦ ʠ ʦʮʝʥʠʪʴ 

ʝʛʦ ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʘʟʚʠʪʠʷ ʥʦʚʳʭ ʢʫʣʴʪʫʨ-

ʥʳʭ ʢʦʜʦʚ ʠ ʠʜʝʥʪʠʯʥʦʩʪʝʡ. ʕʪʦ ʜʘʝʪ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʚʣʠʷʪʴ ʥʘ ʚʦʩʧʨʠʷʪʠʝ ʠ ʜʠʘʣʦʛ 

ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʢʫʣʴʪʫʨʥʳʤʠ ʩʦʦʙʱʝ-

ʩʪʚʘʤʠ ʚ ʛʣʦʙʘʣʴʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

1. ʆʨʥʘʤʝʥʪʳ ʠ ʫʟʦʨʳ ɺʦʩʪʦʯʥʦʡ 

ɸʟʠʠ 

ʆʨʥʘʤʝʥʪʳ ʠ ʫʟʦʨʳ ʚ ɺʦʩʪʦʯʥʦʡ ɸʟʠʠ, 

ʦʩʦʙʝʥʥʦ ʚ ʂʠʪʘʝ, ʖʞʥʦʡ ʂʦʨʝʝ ʠ ʗʧʦ-

ʥʠʠ, ʠʤʝʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʢʫʣʴʪʫʨʥʫʶ ʠ 

ʩʠʤʚʦʣʠʯʝʩʢʫʶ ʮʝʥʥʦʩʪʴ. ʕʪʠ ʟʘʤʳʩʣʦʚʘ-

ʪʳʝ ʫʟʦʨʳ ʠʤʝʶʪ ʛʣʫʙʦʢʠʝ ʢʦʨʥʠ ʚ ʠʩʪʦ-

ʨʠʠ ʠ ʪʨʘʜʠʮʠʷʭ ʵʪʠʭ ʩʪʨʘʥ, ʦʪʨʘʞʘʷ ʠʭ 

ʚʝʨʦʚʘʥʠʷ, ʵʩʪʝʪʠʢʫ ʠ ʮʝʥʥʦʩʪʠ. 

ʇʨʦʠʩʭʦʞʜʝʥʠʝ ʦʨʥʘʤʝʥʪʦʚ ʠ ʫʟʦʨʦʚ 

ʂʠʪʘʡ 

ʋʞʝ ʚʦ II ʪʳʩʷʯʝʣʝʪʠʠ ʜʦ ʥʘʰʝʡ ʵʨʳ 

ʣʶʜʠ ʥʘʥʦʩʠʣʠ ʩʠʤʚʦʣʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ 

ʥʘ ʙʨʦʥʟʫ, ʢʝʨʘʤʠʢʫ ʠ ʪʢʘʥʴ. ʕʪʠ ʫʟʦʨʳ ʠ 

ʦʨʥʘʤʝʥʪʳ ʠʤʝʣʠ ʚ ʦʩʥʦʚʥʦʤ ʚʦʣʥʠʩʪʫʶ ʠ 

ʪʨʝʫʛʦʣʴʥʫʶ ʬʦʨʤʫ, ʦʪʨʘʞʘʷ ʬʫʥʜʘʤʝʥ-

ʪʘʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

ʥʘ ʣʶʜʝʡ. ʅʝʢʦʪʦʨʳʝ ʩʦʭʨʘʥʠʚʰʠʝʩʷ ʟʥʘ-

ʯʝʥʠʷ ʜʨʝʚʥʠʭ ʩʠʤʚʦʣʦʚ ʚʢʣʶʯʘʶʪ ʛʦʨʳ 

(ʪʨʝʫʛʦʣʴʥʠʢ), ʟʝʤʣʶ (ʢʚʘʜʨʘʪ), ʩʦʣʥʮʝ 

(ʢʨʫʛ), ʚʨʘʱʝʥʠʝ ʉʦʣʥʮʘ (ʩʚʘʩʪʠʢʘ), ʨʘʩ-

ʩʚʝʪ ʠ ʚʦʩʭʦʜʷʱʝʝ ʜʚʠʞʝʥʠʝ (ʩʧʠʨʘʣʴ). 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʪʦʪʝʤʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ, 

ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʞʝ ʚ ʩʦʚʨʝʤʝʥʥʦʤ 

ʂʠʪʘʝ ʢʫʣʴʪʳ ʥʝʢʦʪʦʨʳʭ ʨʘʩʪʝʥʠʡ ʠ ʞʠ-

ʚʦʪʥʳʭ ʦʩʪʘʶʪʩʷ ʟʥʘʯʠʤʳʤʠ [1]/ 

ʗʧʦʥʠʷ 

ʆʨʥʘʤʝʥʪʘʮʠʷ ʚ ʗʧʦʥʠʠ ʬʦʨʤʠʨʦʚʘʣʘʩʴ 

ʧʦʜ ʚʣʠʷʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ. ʇʝʨʠ-

ʦʜ ɸʩʫʢʘ-ʅʘʨʘ (6-8 ʚʝʢʘ) ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʩʚʷʟʘʥ ʩ ʟʘʠʤʩʪʚʦʚʘʥʠʝʤ ʦʨʥʘʤʝʥʪʦʚ ʠ 

ʫʟʦʨʦʚ ʠʟ ʩʦʩʝʜʥʠʭ ʩʪʨʘʥ, ʪʘʢʠʭ ʢʘʢ ʂʠʪʘʡ 

ʠ ʂʦʨʝʷ, ʥʘʭʦʜʠʚʰʠʭʩʷ ʧʦʜ ʚʣʠʷʥʠʝʤ 

ʐʝʣʢʦʚʦʛʦ ʧʫʪʠ ʠʟ ɻʨʝʮʠʠ ʠ ʀʥʜʠʠ. ʀʩ-
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ʩʣʝʜʦʚʘʥʠʷ ʦʨʥʘʤʝʥʪʦʚ ʵʪʦʛʦ ʧʝʨʠʦʜʘ ʚʳ-

ʷʚʣʷʶʪ ʩʭʦʜʩʪʚʘ ʠ ʘʥʘʣʦʛʠʠ ʩ ʦʨʥʘʤʝʥʪʘ-

ʤʠ ʜʨʫʛʠʭ ʜʨʝʚʥʠʭ ʝʚʨʘʟʠʡʩʢʠʭ ʢʫʣʴʪʫʨ. 

ʄʠʬʠʯʝʩʢʠʝ ʞʠʚʦʪʥʳʝ ʠ ʨʘʩʪʝʥʠʷ, ʩʠʤʚʦ-

ʣʳ ʚʣʘʩʪʠ, ʪʘʢʠʝ ʢʘʢ ʬʝʥʠʢʩ ʠ ʜʨʘʢʦʥ, ʘ 

ʪʘʢʞʝ ʬʘʥʪʘʩʪʠʯʝʩʢʠʝ ʧʪʠʮʳ ʠ ʨʳʙʳ, ʙʝʟ 

ʢʦʥʢʨʝʪʥʳʭ ʥʘʟʚʘʥʠʡ, ʠʟʦʙʨʘʞʘʣʠʩʴ ʜʣʷ 

ʦʪʧʫʛʠʚʘʥʠʷ ʟʣʳʭ ʜʫʭʦʚ. ʂʠʪʘʡʩʢʠʡ ʣʝʚ, 

ʮʘʨʴ ʞʠʚʦʪʥʳʭ ʚʦ ʤʥʦʛʠʭ ʢʫʣʴʪʫʨʘʭ, ʠʩ-

ʧʦʣʴʟʦʚʘʣʩʷ ʢʘʢ ʭʨʘʥʠʪʝʣʴ ʪʨʘʜʠʮʠʡ. 

 

 
ʈʠʩ. 1, 2. ʉʪʦ ʧʨʝʢʨʘʩʥʳʭ ʢʘʨʪʠʥ, ʥʘʧʠʩʘʥʥʳʭ ʍʫʘ ʉʘʥʴʯʫʘʥʝʤ, ɺʘ ʌʫʢʫ ʠ ʦʨʥʘʤʝʥʪ [2-3] 

 

ɺ ʧʝʨʠʦʜʳ ʍʵʡʘʥ ʠ ʂʘʤʘʢʫʨʘ (9-14 ʚʚ.) 

ʦʨʥʘʤʝʥʪʳ ʧʨʝʪʝʨʧʝʣʠ ʪʨʘʥʩʬʦʨʤʘʮʠʶ. 

ʇʦʷʚʠʣʠʩʴ ʦʨʥʘʤʝʥʪʳ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʩʠʯʝ-

ʩʢʦʡ ʣʠʪʝʨʘʪʫʨʳ, ʘ ʩ ʨʘʩʮʚʝʪʦʤ ʷʧʦʥʩʢʦʡ 

ʧʦʵʟʠʠ ʠ ʧʨʦʟʳ ʦʥʠ ʦʙʨʘʟʦʚʘʣʠ ʙʦʛʘʪʦʝ 

ʧʦʣʦʪʥʦ ʦʨʥʘʤʝʥʪʘʣʴʥʳʭ ʫʟʦʨʦʚ. ʀʟʦʙʨʝ-

ʪʝʥʠʝ ʘʣʬʘʚʠʪʘ ʢʘʥʘ ʧʨʝʚʨʘʪʠʣʦʩʴ ʚ ʠʟʳʩ-

ʢʘʥʥʳʡ ʢʘʣʣʠʛʨʘʬʠʯʝʩʢʠʡ ʦʨʥʘʤʝʥʪ, ʚ ʢʦ-

ʪʦʨʳʡ ʚʧʣʝʪʝʥʳ ʙʫʢʚʳ, ʠʟ-ʟʘ ʯʝʛʦ ʠʭ ʙʳʣʦ 

ʪʨʫʜʥʦ ʨʘʟʣʠʯʠʪʴ ʚ ʢʦʤʧʦʟʠʮʠʠ. ʊʘʢʦʡ ʭʫ-

ʜʦʞʝʩʪʚʝʥʥʳʡ ʧʨʠʝʤ ʠʤʝʣ ʥʘʟʚʘʥʠʝ 

ñɸʩʠʜʵò ʠ ʙʳʣ ʧʦʧʫʣʷʨʝʥ ʚ ʪʦ ʚʨʝʤʷ [4]. 

 

 
ʈʠʩ. 3, 4. ʂʫʥʠʸʩʠ ʋʪʘʛʘʚʘ (1797ï1861). ʉʘʤʫʨʘʡ ʕʥʜʦ ʄʦʨʠʪʦ ʠ ʢʨʘʩʘʚʠʮʘ ʂʝʩʘ ɻʦʟʝʥ. 

ʊʨʠʧʪʠʭ. 1844. ʀʣʣʶʩʪʨʘʮʠʷ ʢ ʩʶʞʝʪʫ ʠʟ ʚʦʝʥʥʦʛʦ ʵʧʦʩʘ çʇʦʚʝʩʪʴ ʦ ʜʦʤʝ ʊʘʡʨʘè (XIII 

ʚʝʢ). ɹʫʤʘʛʘ, ʢʩʠʣʦʛʨʘʬʠʷ, 36 ʙʝʩʩʤʝʨʪʥʳʭ ʧʦʵʪʦʚ ɺʘʢʘ ʠʟ ʢʦʣʣʝʢʮʠʠ ʤʦʥʘʩʪʳʨʷ ʅʠʩʠ-

ʍʦʥʛʘʥ-ʜʟʠ ʄʦʥʘʩʪʳʨʴ ʅʠʩʠ-ʍʦʥʛʘʥ-ʜʟʠ, ʂʠʦʪʦ [5-6] 

 

ʂʦʨʝʷ 

ʀʩʪʦʨʠʷ ʫʟʦʨʦʚ ʠ ʦʨʥʘʤʝʥʪʦʚ ʚ ʂʦʨʝʝ 

ʛʣʫʙʦʢʦ ʫʢʦʨʝʥʝʥʘ ʚ ʢʫʣʴʪʫʨʥʦʤ ʥʘʩʣʝʜʠʠ 

ʩʪʨʘʥʳ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʨʥʘʤʝʥʪʦʚ ʚʦʩʭʦ-

ʜʠʪ ʢ ʧʝʨʠʦʜʫ ʊʨʦʝʮʘʨʩʪʚʠʷ (57 ʛ. ʜʦ ʥ. ʵ. 

ï 668 ʛ. ʥ. ʵ.), ʢʦʛʜʘ ʦʨʥʘʤʝʥʪʳ ʠʩʧʦʣʴʟʦ-

ʚʘʣʠʩʴ ʚ ʨʘʟʣʠʯʥʳʭ ʚʠʜʘʭ ʠʩʢʫʩʩʪʚʘ, 

ʚʢʣʶʯʘʷ ʢʝʨʘʤʠʢʫ, ʠʟʜʝʣʠʷ ʠʟ ʤʝʪʘʣʣʘ ʠ 

ʶʚʝʣʠʨʥʳʝ ʠʟʜʝʣʠʷ. ɺʦ ʚʨʝʤʝʥʘ ʜʠʥʘʩʪʠʠ 

ʂʦʨʸ (918-1392 ʛʛ.) ʢʦʨʝʡʩʢʠʝ ʨʝʤʝʩʣʝʥ-

ʥʠʢʠ ʨʘʟʨʘʙʦʪʘʣʠ ʫʥʠʢʘʣʴʥʳʡ ʩʪʠʣʴ ʢʝʨʘ-

ʤʠʢʠ ʠʟ ʩʝʣʘʜʦʥʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ ʟʘ-

ʤʳʩʣʦʚʘʪʳʤ ʫʟʦʨʦʤ ʠ ʭʘʨʘʢʪʝʨʥʦʡ ʟʝʣʝ-

ʥʦʡ ʛʣʘʟʫʨʴʶ. ɺʦ ʚʨʝʤʝʥʘ ʜʠʥʘʩʪʠʠ ʏʦʩʦʥ 

(1392-1910 ʛʛ.) ʢʦʨʝʡʩʢʠʝ ʦʨʥʘʤʝʥʪʳ ʩʪʘʣʠ 

ʙʦʣʝʝ ʠʟʳʩʢʘʥʥʳʤʠ ʠ ʩʠʤʚʦʣʠʯʥʳʤʠ, ʯʘ-

ʩʪʦ ʩ ʨʘʩʪʠʪʝʣʴʥʳʤʠ ʠ ʞʠʚʦʪʥʳʤʠ ʤʦʪʠ-

ʚʘʤʠ. ʕʪʠ ʨʠʩʫʥʢʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʨʘʟ-

ʣʠʯʥʳʭ ʚʠʜʘʭ ʠʩʢʫʩʩʪʚʘ, ʚʢʣʶʯʘʷ ʪʝʢ-

ʩʪʠʣʴ, ʢʝʨʘʤʠʢʫ ʠ ʘʨʭʠʪʝʢʪʫʨʫ. ʆʩʦʙʦʛʦ 

ʚʥʠʤʘʥʠʷ ʟʘʩʣʫʞʠʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʨ-

ʥʘʤʝʥʪʦʚ ʚ ʪʨʘʜʠʮʠʦʥʥʦʡ ʢʦʨʝʡʩʢʦʡ 

ʦʜʝʞʜʝ, ʠʟʚʝʩʪʥʦʡ ʢʘʢ ʭʘʥʙʦʢ [7]. 

 

ʂʫʣʴʪʫʨʥʦʝ ʟʥʘʯʝʥʠʝ 

ʆʨʥʘʤʝʥʪʳ ʠ ʫʟʦʨʳ ʚ ʩʪʨʘʥʘʭ ɺʦʩʪʦʯ-

ʥʦʡ ɸʟʠʠ ï ʂʠʪʘʝ, ʂʦʨʝʝ ʠ ʗʧʦʥʠʠ ï ʠʤʝ-

ʶʪ ʦʛʨʦʤʥʦʝ ʢʫʣʴʪʫʨʥʦʝ ʟʥʘʯʝʥʠʝ, ʷʚʣʷʷʩʴ 

ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʭʫʜʦʞʝʩʪʚʝʥʥʦʛʦ ʠ 

ʜʫʭʦʚʥʦʛʦ ʥʘʩʣʝʜʠʷ ʵʪʠʭ ʥʘʨʦʜʦʚ.  

ʂʠʪʘʡ 
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ɺ ʂʠʪʘʝ ʪʨʘʜʠʮʠʦʥʥʳʝ ʫʟʦʨʳ, ʧʝʨʝʜʘ-

ʚʘʝʤʳʝ ʠʟ ʧʦʢʦʣʝʥʠʷ ʚ ʧʦʢʦʣʝʥʠʝ, ʠʩʧʦʣʴ-

ʟʫʶʪʩʷ ʚ ʜʝʢʦʨʘʪʠʚʥʦ-ʧʨʠʢʣʘʜʥʳʭ ʠʩʢʫʩ-

ʩʪʚʘʭ, ʪʘʢʠʭ ʢʘʢ ʞʠʚʦʧʠʩʴ, ʢʘʣʣʠʛʨʘʬʠʷ, 

ʨʝʟʴʙʘ ʧʦ ʜʝʨʝʚʫ ʠ ʣʘʢʫ, ʦʪʨʘʞʘʷ ʢʫʣʴʪʫʨ-

ʥʫʶ ʩʘʤʦʙʳʪʥʦʩʪʴ ʠ ʵʩʪʝʪʠʯʝʩʢʠʝ ʠʜʝʘʣʳ 

ʢʠʪʘʡʩʢʦʛʦ ʥʘʨʦʜʘ. ɺ ʥʘʰʠ ʜʥʠ ʭʫʜʦʞʥʠ-

ʢʠ, ʜʠʟʘʡʥʝʨʳ ʠ ʨʝʤʝʩʣʝʥʥʠʢʠ ʧʨʦʜʦʣʞʘ-

ʶʪ ʯʝʨʧʘʪʴ ʚʜʦʭʥʦʚʝʥʠʝ ʠʟ ʙʦʛʘʪʦʛʦ ʦʨʥʘ-

ʤʝʥʪʘʣʴʥʦʛʦ ʥʘʩʣʝʜʠʷ ʩʚʦʠʭ ʧʨʝʜʢʦʚ. ʊʨʘ-

ʜʠʮʠʦʥʥʳʝ ʫʟʦʨʳ ʦʨʛʘʥʠʯʥʦ ʚʧʣʝʪʘʶʪʩʷ ʚ 

ʩʦʚʨʝʤʝʥʥʳʝ ʧʨʦʠʟʚʝʜʝʥʠʷ ʠʩʢʫʩʩʪʚʘ, ʘʨ-

ʭʠʪʝʢʪʫʨʥʳʝ ʧʨʦʝʢʪʳ, ʤʦʜʥʳʝ ʢʦʣʣʝʢʮʠʠ 

ʠ ʧʨʝʜʤʝʪʳ ʜʝʢʦʨʘʪʠʚʥʦ-ʧʨʠʢʣʘʜʥʦʛʦ ʠʩ-

ʢʫʩʩʪʚʘ. ɿʥʘʤʝʥʠʪʳʝ ʜʨʘʢʦʥʳ, ʣʦʪʦʩʳ, ʘ 

ʪʘʢʞʝ ʠʟʳʩʢʘʥʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʢʦʤʧʦ-

ʟʠʮʠʠ ʚʩʝ ʯʘʱʝ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʫʨʙʘʥʠʩʪʠ-

ʯʝʩʢʠʭ ʧʝʡʟʘʞʘʭ ʤʝʛʘʧʦʣʠʩʦʚ, ʧʦʜʯʝʨʢʠ-

ʚʘʷ ʢʫʣʴʪʫʨʥʫʶ ʠʜʝʥʪʠʯʥʦʩʪʴ ʩʦʚʨʝʤʝʥ-

ʥʦʛʦ ʂʠʪʘʷ [8]. 

 

 
ʈʠʩ. 5. Sunac Grand Theatre. Steven Chilton Architects. ʊʝʘʪʨ. ɻʫʘʥʯʞʦʫ [9] 

 

ʂʦʨʝʷ 

ɺ ʂʦʨʝʝ ʦʨʥʘʤʝʥʪʳ ʠʛʨʘʶʪ ʚʘʞʥʫʶ 

ʨʦʣʴ ʚ ʩʦʭʨʘʥʝʥʠʠ ʥʘʮʠʦʥʘʣʴʥʦʡ ʠʜʝʥʪʠʯ-

ʥʦʩʪʠ, ʧʨʠʩʫʪʩʪʚʫʷ ʚ ʪʨʘʜʠʮʠʦʥʥʦʤ ʢʦ-

ʩʪʶʤʝ, ʘʨʭʠʪʝʢʪʫʨʝ, ʢʝʨʘʤʠʢʝ ʠ ʜʨʫʛʠʭ 

ʚʠʜʘʭ ʩʦʚʨʝʤʝʥʥʦʤ ʜʝʢʦʨʘʪʠʚʥʦ-

ʧʨʠʢʣʘʜʥʦʛʦ ʠʩʢʫʩʩʪʚʘ. 

ʀʩʪʦʨʠʯʝʩʢʠʝ ʤʦʪʠʚʳ ʩ ʣʦʪʦʩʘʤʠ, ʙʘʤ-

ʙʫʢʦʤ, ʧʠʦʥʘʤʠ ʜʦ ʩʠʭ ʧʦʨ ʰʠʨʦʢʦ ʠʩ-

ʧʦʣʴʟʫʶʪʩʷ ʚ ʢʦʨʝʡʩʢʦʡ ʢʫʣʴʪʫʨʝ, ʧʝʨʝʜʘ-

ʚʘʷ ʩʚʷʟʴ ʩ ʙʦʛʘʪʳʤ ʥʘʩʣʝʜʠʝʤ ʩʪʨʘʥʳ.  

ʊʨʘʜʠʮʠʦʥʥʳʝ ʦʨʥʘʤʝʥʪʳ ʩʣʫʞʘʪ ʩʠʤ-

ʚʦʣʘʤʠ ʥʘʮʠʦʥʘʣʴʥʦʡ ʛʦʨʜʦʩʪʠ, ʦʪʨʘʞʘʷ 

ʪʘʢʠʝ ʮʝʥʥʦʩʪʠ, ʢʘʢ ʜʦʣʛʦʣʝʪʠʝ, ʧʣʦʜʦʨʦ-

ʜʠʝ ʠ ʧʨʦʮʚʝʪʘʥʠʝ. ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʂʦʨʝʡ-

ʩʢʦʤ ʜʠʟʘʡʥʝ, ʤʦʜʝ ʠ ʠʩʢʫʩʩʪʚʝ ʠʩʪʦʨʠʯʝ-

ʩʢʠʝ ʦʨʥʘʤʝʥʪʳ ʘʜʘʧʪʠʨʫʶʪʩʷ ʠ ʧʝʨʝ-

ʦʩʤʳʩʣʠʚʘʶʪʩʷ, ʦʙʨʝʪʘʷ ʥʦʚʳʝ ʬʦʨʤʳ ʠ 

ʩʤʳʩʣʳ, ʥʦ ʩʦʭʨʘʥʷʷ ʧʨʠ ʵʪʦʤ ʛʣʫʙʦʢʫʶ 

ʩʚʷʟʴ ʩ ʢʫʣʴʪʫʨʥʳʤʠ ʢʦʨʥʷʤʠ [10]. 

 

 

 
ʈʠʩ. 6. ʋʣʠʯʥʳʡ ʩʪʠʣʴ ʥʝʜʝʣʠ ʤʦʜʳ ʚ ʉʝʫʣʝ ʦʩʝʥʴ-ʟʠʤʘ 2018 [11] 

 

ʆʥʠ ʥʝ ʪʦʣʴʢʦ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ 

ʩʦʭʨʘʥʝʥʠʠ ʢʫʣʴʪʫʨʥʦʡ ʩʘʤʦʙʳʪʥʦʩʪʠ, ʥʦ 

ʠ ʧʨʦʜʦʣʞʘʶʪ ʚʣʠʷʪʴ ʥʘ ʨʘʟʚʠʪʠʝ ʩʦʚʨʝ-

ʤʝʥʥʳʭ ʭʫʜʦʞʝʩʪʚʝʥʥʳʭ ʠ ʜʠʟʘʡʥʝʨʩʢʠʭ 

ʥʘʧʨʘʚʣʝʥʠʡ, ʦʩʪʘʚʘʷʩʴ ʠʩʪʦʯʥʠʢʦʤ ʚʜʦʭ-

ʥʦʚʝʥʠʷ ʠ ʥʘʮʠʦʥʘʣʴʥʦʡ ʛʦʨʜʦʩʪʠ. 

ʗʧʦʥʠʷ 

ɺ ʗʧʦʥʠʠ ʫʟʦʨʳ ʠ ʦʨʥʘʤʝʥʪʳ ʟʘʥʠʤʘʶʪ 

ʮʝʥʪʨʘʣʴʥʦʝ ʤʝʩʪʦ ʚ ʪʨʘʜʠʮʠʦʥʥʦʡ ʵʩʪʝ-

ʪʠʢʝ ʠ ʨʝʤʝʩʣʘʭ. ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʤʥʦʛʠʭ 

ʚʝʢʦʚ ʷʧʦʥʩʢʠʝ ʤʘʩʪʝʨʘ ʜʦʩʪʠʛʘʣʠ ʩʦʚʝʨ-

ʰʝʥʩʪʚʘ ʚ ʠʩʢʫʩʩʪʚʝ ʩʦʟʜʘʥʠʷ ʫʪʦʥʯʝʥʥʳʭ 
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ʦʨʥʘʤʝʥʪʘʣʴʥʳʭ ʢʦʤʧʦʟʠʮʠʡ, ʚʜʦʭʥʦʚ-

ʣʝʥʥʳʝ ʛʘʨʤʦʥʠʝʡ ʧʨʠʨʦʜʳ ʠ ʩʠʥʪʦʠʩʪ-

ʩʢʠʤʠ ʚʝʨʦʚʘʥʠʷʤʠ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʦʪʠ-

ʚʳ ʩʚʷʪʦ ʧʝʨʝʜʘʚʘʣʠʩʴ ʠʟ ʧʦʢʦʣʝʥʠʷ ʚ ʧʦ-

ʢʦʣʝʥʠʝ, ʦʙʨʝʪʘʷ ʦʩʦʙʫʶ ʮʝʥʥʦʩʪʴ ʚ ʛʣʘʟʘʭ 

ʩʦʚʨʝʤʝʥʥʳʭ ʷʧʦʥʮʝʚ. ɺ ʥʘʰʠ ʜʥʠ ʵʪʠ ʚʠ-

ʟʫʘʣʴʥʳʝ ʢʦʜʳ ʚʧʣʝʪʘʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʝ 

ʩʬʝʨʳ ʞʠʟʥʠ, ʥʘʭʦʜʷ ʩʚʦʝ ʦʪʨʘʞʝʥʠʝ ʚ ʩʦ-

ʚʨʝʤʝʥʥʦʤ ʷʧʦʥʩʢʦʤ ʜʠʟʘʡʥʝ ï ʦʪ ʣʘʢʦ-

ʥʠʯʥʦʡ ʨʦʩʢʦʰʠ ʨʝʩʪʦʨʘʥʥʳʭ ʠʥʪʝʨʴʝʨʦʚ 

ʜʦ ʨʫʯʥʦʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʟʳʩʢʘʥʥʳʭ ʪʢʘ-

ʥʝʡ ʜʣʷ ʢʠʤʦʥʦ [12]. 

ʏʝʨʧʘʷ ʚʜʦʭʥʦʚʝʥʠʝ ʚ ʠʩʪʦʨʠʯʝʩʢʠʭ ʦʨ-

ʥʘʤʝʥʪʘʭ, ʩʦʚʨʝʤʝʥʥʳʝ ʜʠʟʘʡʥʝʨʳ ʠ ʭʫ-

ʜʦʞʥʠʢʠ ʠʥʪʝʨʧʨʝʪʠʨʫʶʪ ʠʭ ʚ ʜʫʭʝ ʩʦ-

ʚʨʝʤʝʥʥʦʩʪʠ, ʩʦʟʜʘʚʘʷ ʧʦʠʩʪʠʥʝ ʫʥʠʢʘʣʴ-

ʥʳʝ ʧʨʦʠʟʚʝʜʝʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʙʝʟʫʧʨʝʯ-

ʥʦʩʪʴ ʬʦʨʤʳ ʚʩʪʨʝʯʘʝʪʩʷ ʩ ʛʣʫʙʠʥʦʡ ʩʦ-

ʜʝʨʞʘʥʠʷ.  

2. ɺʣʠʷʥʠʝ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘ 

ʩʦʚʨʝʤʝʥʥʳʡ ʛʨʘʬʠʯʝʩʢʠʡ ʜʠʟʘʡʥ. 

ʎʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʦʢʘʟʘʣʠ ʨʝʚʦʣʶ-

ʮʠʦʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʬʝʨʫ ʛʨʘʬʠʯʝʩʢʦʛʦ 

ʜʠʟʘʡʥʘ, ʢʦʨʝʥʥʳʤ ʦʙʨʘʟʦʤ ʠʟʤʝʥʠʚ ʤʝʪʦ-

ʜʳ ʨʘʙʦʪʳ. ɺʦʪ ʥʝʢʦʪʦʨʳʝ ʢʣʶʯʝʚʳʝ ʘʩ-

ʧʝʢʪʳ ʵʪʦʛʦ ʚʣʠʷʥʠʷ: 

1. ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʜʠʟʘʡ-

ʥʘ 

ʇʦʷʚʣʝʥʠʝ ʪʘʢʠʭ ʧʨʦʛʨʘʤʤ, ʢʘʢ Adobe 

Photoshop, Illustrator, InDesign, Sketch ʠ 

ʤʥʦʛʠʭ ʜʨʫʛʠʭ, ʧʨʝʜʦʩʪʘʚʠʣʦ ʜʠʟʘʡʥʝʨʘʤ 

ʤʦʱʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʩʦʟʜʘʥʠʷ, ʨʝ-

ʜʘʢʪʠʨʦʚʘʥʠʷ ʠ ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʷ ʛʨʘʬʠ-

ʯʝʩʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʚ ʮʠʬʨʦʚʦʡ ʩʨʝʜʝ ʩ 

ʙʝʩʧʨʝʮʝʜʝʥʪʥʦʡ ʪʦʯʥʦʩʪʴʶ ʠ ʛʠʙʢʦʩʪʴʶ. 

2. ʎʠʬʨʦʚʳʝ ʠʥʩʪʨʫʤʝʥʪʳ 

ʎʠʬʨʦʚʳʝ ʛʨʘʬʠʯʝʩʢʠʝ ʧʣʘʥʰʝʪʳ, ʩʪʠ-

ʣʫʩʳ, ʤʦʥʠʪʦʨʳ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʠ 

ʜʨʫʛʠʝ ʫʩʪʨʦʡʩʪʚʘ ʚʚʦʜʘ ʧʦʟʚʦʣʠʣʠ ʜʠʟʘʡ-

ʥʝʨʘʤ ʨʘʙʦʪʘʪʴ ʩ ʮʠʬʨʦʚʳʤʠ ʠʥʩʪʨʫʤʝʥ-

ʪʘʤʠ, ʠʤʠʪʠʨʫʶʱʠʤʠ ʪʨʘʜʠʮʠʦʥʥʳʝ ʩʨʝʜ-

ʩʪʚʘ ʨʠʩʦʚʘʥʠʷ, ʥʦ ʩ ʙʦʣʴʰʝʡ ʪʦʯʥʦʩʪʴʶ ʠ 

ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ. 

3. ʊʠʧʦʛʨʘʬʠʢʘ ʠ ʰʨʠʬʪʦʚʦʡ ʜʠʟʘʡʥ 

ʎʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʨʝʚʦʣʶʮʠʦʥʠʟʠ-

ʨʦʚʘʣʠ ʪʠʧʦʛʨʘʬʠʢʫ, ʧʨʝʜʦʩʪʘʚʠʚ ʜʠʟʘʡ-

ʥʝʨʘʤ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʚʘʪʴ, ʨʝʜʘʢʪʠʨʦ-

ʚʘʪʴ ʠ ʵʢʩʧʝʨʠʤʝʥʪʠʨʦʚʘʪʴ ʩ ʰʨʠʬʪʘʤʠ ʠ 

ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʩ ʚʳʩʦʢʦʡ 

ʩʪʝʧʝʥʴʶ ʢʦʥʪʨʦʣʷ ʠ ʪʦʯʥʦʩʪʠ. 

4. ɺʝʙ-ʜʠʟʘʡʥ ʠ ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʴ 

ʇʦʷʚʣʝʥʠʝ ʀʥʪʝʨʥʝʪʘ ʠ ʮʠʬʨʦʚʳʭ ʪʝʭ-

ʥʦʣʦʛʠʡ ʧʦʨʦʜʠʣʦ ʥʦʚʫʶ ʦʪʨʘʩʣʴ ʚʝʙ-

ʜʠʟʘʡʥʘ, ʛʜʝ ʛʨʘʬʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ, ʪʠʧʦ-

ʛʨʘʬʠʢʘ ʠ ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʴ ʩʦʯʝʪʘʶʪʩʷ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʛʦ ʠ ʬʫʥʢʮʠʦ-

ʥʘʣʴʥʦʛʦ ʦʥʣʘʡʥ-ʧʨʠʩʫʪʩʪʚʠʷ. 

5. ʄʫʣʴʪʠʤʝʜʠʘ ʠ ʘʥʠʤʘʮʠʷ 

ʎʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʠʣʠ ʛʨʘ-

ʬʠʯʝʩʢʠʤ ʜʠʟʘʡʥʝʨʘʤ ʩʦʟʜʘʚʘʪʴ ʘʥʠʤʠʨʦ-

ʚʘʥʥʫʶ ʛʨʘʬʠʢʫ, ʚʠʜʝʦ ʠ ʜʨʫʛʦʡ ʤʫʣʴʪʠ-

ʤʝʜʠʡʥʳʡ ʢʦʥʪʝʥʪ, ʦʙʦʛʘʱʘʷ ʚʠʟʫʘʣʴʥʳʡ 

ʦʧʳʪ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

6. ʉʦʚʤʝʩʪʥʘʷ ʨʘʙʦʪʘ ʠ ʦʙʤʝʥ ʜʘʥʥʳʤʠ 

ɹʣʘʛʦʜʘʨʷ ʮʠʬʨʦʚʳʤ ʪʝʭʥʦʣʦʛʠʷʤ ʜʠ-

ʟʘʡʥʝʨʳ ʤʦʛʫʪ ʣʝʛʢʦ ʦʙʤʝʥʠʚʘʪʴʩʷ ʬʘʡʣʘ-

ʤʠ, ʨʘʙʦʪʘʪʴ ʩʦʚʤʝʩʪʥʦ ʥʘʜ ʧʨʦʝʢʪʘʤʠ ʠ 

ʧʦʣʫʯʘʪʴ ʦʪʟʳʚʳ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝ-

ʤʝʥʠ, ʧʦʚʳʰʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʦʙʣʝʛʯʘʷ 

ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ. 

7. ʕʢʩʧʝʨʠʤʝʥʪʠʨʦʚʘʥʠʝ ʠ ʠʥʥʦʚʘʮʠʠ 

ʎʠʬʨʦʚʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʦʪʢʨʳʣʠ ʥʦʚʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʦʟʚʦʣʷʷ 

ʜʠʟʘʡʥʝʨʘʤ ʠʩʩʣʝʜʦʚʘʪʴ ʥʦʚʳʝ ʪʝʭʥʠʢʠ, 

ʵʬʬʝʢʪʳ ʠ ʩʪʠʣʠ, ʢʦʪʦʨʳʝ ʨʘʥʝʝ ʙʳʣʠ ʥʝ-

ʚʦʟʤʦʞʥʳ ʠʣʠ ʪʨʫʜʥʦ ʦʩʫʱʝʩʪʚʠʤʳ. 

8. ɼʦʩʪʫʧʥʦʩʪʴ ʠ ʜʝʤʦʢʨʘʪʠʟʘʮʠʷ 

ɹʣʘʛʦʜʘʨʷ ʮʠʬʨʦʚʳʤ ʪʝʭʥʦʣʦʛʠʷʤ ʛʨʘ-

ʬʠʯʝʩʢʠʡ ʜʠʟʘʡʥ ʩʪʘʣ ʙʦʣʝʝ ʜʦʩʪʫʧʥʳʤ 

ʜʣʷ ʰʠʨʦʢʦʡ ʘʫʜʠʪʦʨʠʠ, ʩʥʠʟʠʚ ʙʘʨʴʝʨʳ 

ʜʣʷ ʚʭʦʜʘ ʚ ʧʨʦʬʝʩʩʠʶ ʠ ʩʧʦʩʦʙʩʪʚʫʷ ʨʘʩ-

ʧʨʦʩʪʨʘʥʝʥʠʶ ʜʠʟʘʡʥʝʨʩʢʠʭ ʥʘʚʳʢʦʚ. [13] 

ʎʠʬʨʦʚʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʛʨʘʬʠʯʝʩʢʦʛʦ 

ʜʠʟʘʡʥʘ ʧʨʦʜʦʣʞʘʝʪʩʷ, ʦʪʢʨʳʚʘʷ ʥʦʚʳʝ 

ʛʦʨʠʟʦʥʪʳ ʪʚʦʨʯʝʩʪʚʘ, ʚʳʨʘʟʠʪʝʣʴʥʦʩʪʠ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʠʟʫʘʣʴʥʳʭ 

ʦʧʳʪʦʚ, 

3. ʉʠʥʪʝʟ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ɺʦ-

ʩʪʦʯʥʦ-ɸʟʠʘʪʩʢʠʭ ʦʨʥʘʤʝʥʪʦʚ ʠ ʫʟʦʨʦʚ. 

ʇʨʦʚʝʜʷ ʘʥʘʣʠʟ ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʠ ʢʫʣʴ-

ʪʫʨʥʦʛʦ ʟʥʘʯʝʥʠʷ ʦʨʥʘʤʝʥʪʦʚ ʠ ʫʟʦʨʦʚ 

ʩʪʨʘʥ ɺʦʩʪʦʯʥʦʡ ɸʟʠʠ ï ʂʠʪʘʷ, ʂʦʨʝʠ ʠ 

ʗʧʦʥʠʠ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ  ʜʘʥʥʳʡ ʪʠʧ 

ʠʟʦʙʨʘʟʠʪʝʣʴʥʦʛʦ ʠʩʢʫʩʩʪʚʘ ʦʩʪʘʚʠʣ ʛʣʫ-

ʙʦʢʠʡ ʦʪʧʝʯʘʪʦʢ ʥʘ ʢʫʣʴʪʫʨʥʦʡ, ʭʫʜʦʞʝ-

ʩʪʚʝʥʥʦʡ ʠ ʜʫʭʦʚʥʦʡ ʯʘʩʪʠ ʦʙʱʝʩʪʚʘ ʵʪʠʭ 

ʩʪʨʘʥ.  

ʉʦʚʨʝʤʝʥʥʘʷ ʢʫʣʴʪʫʨʘ ʵʪʠʭ ʩʪʨʘʥ ʩʠʥ-

ʪʝʟʠʨʫʝʪ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʢʫʣʴ-

ʪʫʨʥʦʝ ʥʘʩʣʝʜʠʝ ʚ ʝʜʠʥʦʤ ʩʠʤʙʠʦʪʝ, ʢʦʪʦ-

ʨʳʡ ʦʪʣʠʯʘʝʪʩʷ ʩʚʦʠʤ ʫʥʠʢʘʣʴʥʳʤ ʩʪʠʣʝʤ, 

ʜʠʟʘʡʥʦʤ ʠ ʜʫʭʦʚʥʳʤ ʥʘʧʦʣʥʝʥʠʝʤ. 
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ɻʨʘʬʠʯʝʩʢʠʡ ʜʠʟʘʡʥ ï ʵʪʦ ʪʚʦʨʯʝʩʢʘʷ 

ʦʙʣʘʩʪʴ, ʧʦʩʚʷʱʝʥʥʘʷ ʩʦʟʜʘʥʠʶ ʚʠʟʫʘʣʴ-

ʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʜʣʷ ʧʝʨʝʜʘʯʠ ʠʜʝʡ, ʩʦʦʙ-

ʱʝʥʠʡ ʠ ʢʦʥʮʝʧʮʠʡ. 

ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʛʨʘʬʠʯʝʩʢʠʭ ʜʠʟʘʡʥʝ-

ʨʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʚʠʟʫʘʣʴʥʳʭ 

ʨʝʰʝʥʠʡ, ʢʦʪʦʨʳʝ ʵʬʬʝʢʪʠʚʥʦ ʜʦʥʦʩʷʪ 

ʠʥʬʦʨʤʘʮʠʶ ʜʦ ʮʝʣʝʚʦʡ ʘʫʜʠʪʦʨʠʠ [14]. 

ʉʠʥʪʝʟ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʪʨʘʜʠ-

ʮʠʦʥʥʳʭ ʚʦʩʪʦʯʥʦʘʟʠʘʪʩʢʠʭ ʫʟʦʨʦʚ, ʦʨʥʘ-

ʤʝʥʪʦʚ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʛʨʘʬʠʯʝʩʢʦʤ ʜʠ-

ʟʘʡʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʥʠʢʘʣʴʥʦʝ ʩʦ-

ʯʝʪʘʥʠʝ. ʕʪʦʪ ʩʠʥʪʝʟ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ 

ʪʚʦʨʯʝʩʢʠʝ ʛʦʨʠʟʦʥʪʳ ʠ ʦʙʦʛʘʱʘʝʪ ʚʠʟʫ-

ʘʣʴʥʳʡ ʷʟʳʢ ʜʠʟʘʡʥʘ, ʩʦʟʜʘʚʘʷ ʥʝʧʦʚʪʦ-

ʨʠʤʳʡ ʵʩʪʝʪʠʯʝʩʢʠʡ ʦʧʳʪ: 

1. ʎʠʬʨʦʚʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʪʨʘʜʠʮʠʦʥ-

ʥʳʭ ʤʦʪʠʚʦʚ 

ʉ ʧʦʤʦʱʴʶ ʩʦʚʨʝʤʝʥʥʳʭ ʛʨʘʬʠʯʝʩʢʠʭ 

ʧʨʦʛʨʘʤʤ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʠʟʘʡʥʝʨʳ ʤʦ-

ʛʫʪ ʧʝʨʝʦʩʤʳʩʣʠʚʘʪʴ ʪʨʘʜʠʮʠʦʥʥʳʝ ʚʦ-

ʩʪʦʯʥʦʘʟʠʘʪʩʢʠʝ ʫʟʦʨʳ ʠ ʦʨʥʘʤʝʥʪʳ, ʧʨʠ-

ʚʥʦʩʷ ʚ ʥʠʭ ʥʦʚʳʝ ʠʟʤʝʨʝʥʠʷ ʠ ʚʳʨʘʟʠ-

ʪʝʣʴʥʦʩʪʴ. ʕʪʦ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ 

ʮʠʬʨʦʚʳʝ ʤʘʥʠʧʫʣʷʮʠʠ ʩ ʬʦʨʤʘʤʠ, ʮʚʝ-

ʪʘʤʠ, ʪʝʢʩʪʫʨʘʤʠ. 

 

 
ʈʠʩ. 7. ʇʣʘʢʘʪ ʦʬʦʨʤʣʝʥʥʳʡ ʜʠʟʘʡʥʝʨʦʤ ñLiamÉò [15] 

 

2. ʉʦʯʝʪʘʥʠʝ ʢʣʘʩʩʠʯʝʩʢʠʭ ʠ ʩʦʚʨʝʤʝʥ-

ʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ɺ ʦʜʥʦʡ ʜʠʟʘʡʥʝʨʩʢʦʡ ʨʘʙʦʪʝ ʤʦʛʫʪ 

ʛʘʨʤʦʥʠʯʥʦ ʩʦʯʝʪʘʪʴʩʷ ʢʣʘʩʩʠʯʝʩʢʠʝ ʚʦ-

ʩʪʦʯʥʳʝ ʤʦʪʠʚʳ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ʛʨʘʬʠʯʝ-

ʩʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʪʠʧʦʛʨʘʬʠʢʦʡ ʠ ʤʠʥʠ-

ʤʘʣʠʩʪʠʯʥʳʤʠ ʢʦʤʧʦʟʠʮʠʷʤʠ. ʕʪʦʪ ʢʦʥ-

ʪʨʘʩʪ ʩʦʟʜʘʝʪ ʠʥʪʝʨʝʩʥʦʝ ʚʠʟʫʘʣʴʥʦʝ 

ʥʘʧʨʷʞʝʥʠʝ ʠ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʜʠʘʣʦʛ ʤʝʞ-

ʜʫ ʢʫʣʴʪʫʨʘʤʠ ʠ ʵʧʦʭʘʤʠ. 

 

 
ʈʠʩ. 8. ʇʦʩʪʝʨ ʢ ʬʠʣʴʤʫ ñʄʘʜʝʤʫʘʟʝʣʴò (ʉʣʫʞʘʥʢʘ) 2016 [16] 

 

3. ʎʠʬʨʦʚʘʷ ʢʘʣʣʠʛʨʘʬʠʷ ʠ ʪʠʧʦʛʨʘʬʠ-

ʢʘ 

ʎʠʬʨʦʚʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʧʦʟʚʦʣʷʶʪ ʜʠ-

ʟʘʡʥʝʨʘʤ ʵʢʩʧʝʨʠʤʝʥʪʠʨʦʚʘʪʴ ʩ ʚʦʩʪʦʯʥʦʡ 

ʢʘʣʣʠʛʨʘʬʠʝʡ ʠ ʪʠʧʦʛʨʘʬʠʢʦʡ, ʩʦʟʜʘʚʘʷ 

ʥʦʚʳʝ ʬʦʨʤʳ ʠ ʩʪʠʣʠ ʙʫʢʚ, ʚʜʦʭʥʦʚʣʝʥ-

ʥʳʝ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʧʠʩʴʤʝʥʥʦʩʪʷʤʠ. ʕʪʠ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʩʦʟʜʘʥʠʶ 

ʫʥʠʢʘʣʴʥʳʭ ʰʨʠʬʪʦʚ ʠ ʪʠʧʦʛʨʘʬʠʯʝʩʢʠʭ 

ʨʝʰʝʥʠʡ, ʩʦʯʝʪʘʶʱʠʭ ʚ ʩʝʙʝ ʢʫʣʴʪʫʨʥʦʝ 

ʥʘʩʣʝʜʠʝ ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ. 
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ʈʠʩ. 9, 10. ɸʥ ʄʘʥʦ çʈʘʟʨʫʰʝʥʠʝè, ʏʞʝʭʦ ʐʠʥ çʇʣʘʥʝʪʘ ɼʞʫʥʭʠè, ɸʣʴʪʝʨʥʘʪʠʚʥʳʡ ʧʦ-

ʝʟʜ. ʄʠʵʥʦ ʈʶ. 2015 ʛʦʜ [17] 

 

4. ɸʥʠʤʠʨʦʚʘʥʥʳʝ ʫʟʦʨʳ ʠ ʧʘʪʪʝʨʥʳ 

ɹʣʘʛʦʜʘʨʷ ʮʠʬʨʦʚʳʤ ʪʝʭʥʦʣʦʛʠʷʤ ʜʠ-

ʟʘʡʥʝʨʳ ʤʦʛʫʪ ʩʦʟʜʘʚʘʪʴ ʘʥʠʤʠʨʦʚʘʥʥʳʝ 

ʚʝʨʩʠʠ ʪʨʘʜʠʮʠʦʥʥʳʭ ʚʦʩʪʦʯʥʳʭ ʫʟʦʨʦʚ ʠ 

ʧʘʪʪʝʨʥʦʚ, ʧʨʠʚʥʦʩʷ ʚ ʥʠʭ ʜʠʥʘʤʠʢʫ ʠ 

ʜʚʠʞʝʥʠʝ. ʕʪʠ ʘʥʠʤʠʨʦʚʘʥʥʳʝ ʵʣʝʤʝʥʪʳ 

ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʚʝʙ-ʜʠʟʘʡʥʝ, ʤʫʣʴ-

ʪʠʤʝʜʠʡʥʳʭ ʧʨʠʣʦʞʝʥʠʷʭ ʠ ʜʨʫʛʠʭ ʮʠʬ-

ʨʦʚʳʭ ʩʨʝʜʘʭ.  

 

 
ʈʠʩ. 11-12. ɸʥʠʤʠʨʦʚʘʥʥʳʡ ʨʦʣʠʢ ñThe one Academyò [18] 

 

5. ʀʥʪʝʨʘʢʪʠʚʥʦʩʪʴ ʠ ʠʤʤʝʨʩʠʚʥʦʩʪʴ 

ʉʦʚʨʝʤʝʥʥʳʝ ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʦʪ-

ʢʨʳʚʘʶʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʠ ʠʤʤʝʨʩʠʚʥʳʭ ʜʠʟʘʡʥʝʨ-

ʩʢʠʭ ʧʨʦʝʢʪʦʚ, ʦʙʲʝʜʠʥʷʶʱʠʭ ʪʨʘʜʠʮʠʦʥ-

ʥʳʝ ʚʦʩʪʦʯʥʳʝ ʤʦʪʠʚʳ ʩ ʵʣʝʤʝʥʪʘʤʠ ʚʠʨ-

ʪʫʘʣʴʥʦʡ ʠ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʦʛʨʫʟʠʪʴ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚ ʫʥʠ-

ʢʘʣʴʥʳʡ ʚʠʟʫʘʣʴʥʳʡ ʠ ʢʫʣʴʪʫʨʥʳʡ ʦʧʳʪ. 

[19] 

 

 
ʈʠʩ. 13. ɼʠʟʘʡʥʝʨʩʢʠʡ ʧʨʦʝʢʪ ʩ ʘʥʠʤʘʮʠʝʡ ñMeat catò [20] 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʕʪʦʪ ʩʠʥʪʝʟ ʢʫʣʴʪʫʨ ʚ ʩʦʚʨʝʤʝʥʥʦʤ 

ʛʨʘʬʠʯʝʩʢʦʤ ʜʠʟʘʡʥʝ ʥʝ ʪʦʣʴʢʦ ʜʝʤʦʥ-

ʩʪʨʠʨʫʝʪ ʫʚʘʞʝʥʠʝ ʢ ʪʨʘʜʠʮʠʷʤ ʠ ʢʫʣʴ-

ʪʫʨʥʦʤʫ ʥʘʩʣʝʜʠʶ, ʥʦ ʠ ʧʦʜʯʝʨʢʠʚʘʝʪ 

ʩʧʦʩʦʙʥʦʩʪʴ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʘʜʘʧ-

ʪʠʨʦʚʘʪʴ ʠ ʧʝʨʝʦʩʤʳʩʣʠʚʘʪʴ ʢʣʘʩʩʠʯʝʩʢʠʝ 

ʤʦʪʠʚʳ ʜʣʷ ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʠ 

ʘʫʜʠʪʦʨʠʡ. ɼʠʟʘʡʥʝʨʳ, ʨʘʙʦʪʘʶʱʠʝ ʚ 

ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʩʧʦʩʦʙʩʪʚʫʶʪ ʩʦʭʨʘʥʝ-

ʥʠʶ ʠ ʧʦʧʫʣʷʨʠʟʘʮʠʠ ʚʦʩʪʦʯʥʦʘʟʠʘʪʩʢʦʛʦ 

ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦ-

ʜʚʠʛʘʷ ʠʥʥʦʚʘʮʠʠ ʠ ʪʚʦʨʯʝʩʢʠʝ ʵʢʩʧʝʨʠ-

ʤʝʥʪʳ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʜʠʟʘʡʥʝ. 
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DIGITAL TECHNOLOGIES AND TRADITIONAL EAST ASIAN PATTERNS  

AND ORNAMENTS: A SYNTHESIS OF CULTURES IN MODERN GRAPHIC DESIGN  

 

K.A. Grigorieva , Graduate Student 

Russian Technological University (RTU MIREA) 

(Russia, Moscow) 

 

Abstract. This scientific article is devoted to the analysis of the influence of digital technolo-

gies on modern graphic design and the synthesis of traditional East Asian patterns in this area. 

The study is conducted to identify ways in which modern technology and East Asian cultural her-

itage interact in the context of graphic design. The study examines various examples of cultural 

synthesis in contemporary design, analyzing methods for adapting traditional patterns and mo-

tifs to modern visual trends and the impact of this synthesis on the global design industry. The 

results of the study may be useful for specialists in the field of graphic design, cultural studies 

and digital technologies, as well as for anyone interested in the interaction of cultures and the 

creation of new aesthetic trends in a global context. 

Keywords: trends, traditions, graphic design, design, technology, digital technologies, syn-

thesis, culture, patterns, ornament. 
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ɸʥʥʦʪʘʮʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʩʚʷʱʝʥʦ ʵʚʦʣʶʮʠʠ ʛʨʘʬʠʯʝʩʢʦʛʦ ʜʠʟʘʡʥʘ ʚ ʩʪʨʘʥʘʭ ɺʦ-

ʩʪʦʯʥʦʡ ɸʟʠʠ, ʘʢʪʫʘʣʴʥʦʛʦ ʚ ʛʣʦʙʘʣʴʥʦʤ ʢʦʥʪʝʢʩʪʝ ʠʟ-ʟʘ ʨʘʩʪʫʱʝʡ ʨʦʣʠ ʘʟʠʘʪʩʢʦʛʦ ʨʝ-

ʛʠʦʥʘ. ʈʘʟʚʠʪʠʝ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʝʣʘʝʪ ʠʟʫʯʝʥʠʝ ʚʦʩʪʦʯʥʦʘʟʠʘʪʩʢʦʛʦ ʛʨʘʬʠʯʝʩʢʦ-

ʛʦ ʜʠʟʘʡʥʘ ʘʢʪʫʘʣʴʥʳʤ, ʫʯʠʪʳʚʘʷ ʝʛʦ ʚʣʠʷʥʠʝ ʥʘ ʪʚʦʨʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʠ ʧʦʜʛʦʪʦʚʢʫ ʩʧʝ-

ʮʠʘʣʠʩʪʦʚ ʚ ʫʩʣʦʚʠʷʭ ʤʝʞʢʫʣʴʪʫʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʠʩʪʦʨʠʯʝʩʢʠʝ ʢʦʨʥʠ ʚʦʩʪʦʯʥʦʘʟʠʘʪʩʢʦʛʦ ʛʨʘʬʠʯʝʩʢʦʛʦ ʜʠʟʘʡʥʘ, 

ʫʭʦʜʷʱʠʝ ʚ ʢʫʣʴʪʫʨʥʦʝ ʥʘʩʣʝʜʠʝ ʂʠʪʘʷ, ʂʦʨʝʠ ʠ ʗʧʦʥʠʠ, ʬʦʨʤʠʨʦʚʘʚʰʠʝʩʷ ʪʳʩʷʯʝʣʝʪʠ-

ʷʤʠ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʩʪʘʥʦʚʣʝʥʠʶ ʛʨʘʬʠʯʝʩʢʦʛʦ ʜʠʟʘʡʥʘ ʚ ʩʪʨʘʥʘʭ ɺʦʩʪʦʯ-

ʥʦʡ ɸʟʠʠ ʦʪ XIX ʚʝʢʘ ʜʦ ʥʘʰʠʭ ʜʥʝʡ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʣʶʯʝʚʳʝ ʬʘʢʪʦʨʳ ʠ ʩʦʙʳʪʠʷ, 

ʩʧʦʩʦʙʩʪʚʦʚʘʚʰʠʝ ʩʪʘʥʦʚʣʝʥʠʶ ʛʨʘʬʠʯʝʩʢʦʛʦ ʜʠʟʘʡʥʘ ʢʘʢ ʧʨʦʬʝʩʩʠʠ ʚ ʢʘʞʜʦʡ ʠʟ ʵʪʠʭ 

ʩʪʨʘʥ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʘʙʦʪʝ ʢʦʤʧʣʝʢʩʥʦ ʠʩʩʣʝʜʫʝʪʩʷ ʵʚʦʣʶʮʠʷ ʛʨʘʬʠʯʝʩʢʦʛʦ ʜʠʟʘʡʥʘ ʚ 

ɺʦʩʪʦʯʥʦʡ ɸʟʠʠ, ʥʘʯʠʥʘʷ ʦʪ ʠʩʪʦʨʠʯʝʩʢʠʭ ʢʦʨʥʝʡ ʠ ʟʘʢʘʥʯʠʚʘʷ ʩʦʚʨʝʤʝʥʥʦʩʪʴʶ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʛʣʫʙʞʝ ʧʦʥʷʪʴ ʩʧʝʮʠʬʠʢʫ ʜʘʥʥʦʛʦ ʬʝʥʦʤʝʥʘ ʚ ʛʣʦʙʘʣʴʥʦʤ ʢʫʣʴʪʫʨʥʦʤ ʣʘʥʜ-

ʰʘʬʪʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʨʘʬʠʯʝʩʢʠʡ ʜʠʟʘʡʥ, ʠʩʪʦʨʠʷ, ʠʩʢʫʩʩʪʚʦ, ʨʘʟʚʠʪʠʝ ʜʠʟʘʡʥ. 

 

ɺ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʠʭ ʜʝʩʷʪʠʣʝʪʠʡ ʚʦ-

ʩʪʦʯʥʦʘʟʠʘʪʩʢʠʡ ʨʝʛʠʦʥ ʩʪʘʣ ʵʧʠʮʝʥʪʨʦʤ 

ʙʫʨʥʦʛʦ ʨʦʩʪʘ ʠ ʠʥʥʦʚʘʮʠʡ ʚ ʦʙʣʘʩʪʠ ʛʨʘ-

ʬʠʯʝʩʢʦʛʦ ʜʠʟʘʡʥʘ. ʉʪʨʘʥʳ, ʪʘʢʠʝ ʢʘʢ ʂʠ-

ʪʘʡ, ʗʧʦʥʠʷ ʠ ʂʦʨʝʷ ʧʝʨʝʞʠʚʘʶʪ ʧʦʜʣʠʥ-

ʥʳʡ ʨʝʥʝʩʩʘʥʩ ʚʠʟʫʘʣʴʥʦʡ ʢʫʣʴʪʫʨʳ, ʩʦʯʝ-

ʪʘʷ ʙʦʛʘʪʦʝ ʢʫʣʴʪʫʨʥʦʝ ʥʘʩʣʝʜʠʝ ʩ ʪʝʥʜʝʥ-

ʮʠʷʤʠ ʠ ʪʝʭʥʦʣʦʛʠʷʤʠ. ʈʘʟʚʠʪʠʝ ʚʦʩʪʦʯ-

ʥʦʘʟʠʘʪʩʢʦʛʦ ʛʨʘʬʠʯʝʩʢʦʛʦ ʜʠʟʘʡʥʘ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʘʭʚʘʪʳʚʘʶʱʠʡ ʧʨʦʮʝʩʩ, 

ʦʪʨʘʞʘʶʱʠʡ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʠ 

ʢʫʣʴʪʫʨʥʳʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚ ʨʝʛʠʦʥʝ. 

1. ʀʩʪʦʨʠʯʝʩʢʠʝ ʢʦʨʥʠ 

ɺʦʩʪʦʯʥʦʘʟʠʘʪʩʢʠʡ ʛʨʘʬʠʯʝʩʢʠʡ ʜʠʟʘʡʥ 

ʩʚʦʠʤʠ ʢʦʨʥʷʤʠ ʫʭʦʜʠʪ ʚ ʜʨʝʚʥʝʡʰʠʝ 

ʧʣʘʩʪʳ ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ ʂʠʪʘʷ, ʂʦ-

ʨʝʠ ʠ ʗʧʦʥʠʠ, ʬʦʨʤʠʨʦʚʘʚʰʠʝʩʷ ʥʘ ʧʨʦ-

ʪʷʞʝʥʠʠ ʪʳʩʷʯʝʣʝʪʠʡ. ɽʛʦ ʠʩʪʦʢʠ ʩʣʝʜʫʝʪ 

ʠʩʢʘʪʴ ʚ ʵʚʦʣʶʮʠʠ ʧʠʩʴʤʝʥʥʦʩʪʠ, ʢʥʠʛʦ-

ʠʟʜʘʥʠʷ, ʠʟʦʙʨʘʟʠʪʝʣʴʥʳʭ ʠʩʢʫʩʩʪʚ ʠ ʨʝ-

ʤʝʩʝʣ ʵʪʠʭ ʩʪʨʘʥ, ʟʘʣʦʞʠʚʰʠʭ ʦʩʥʦʚʳ ʩʘ-

ʤʦʙʳʪʥʦʡ ʚʠʟʫʘʣʴʥʦʡ ʵʩʪʝʪʠʢʠ ʨʝʛʠʦʥʘ. 

ɺ ʇʦʜʥʝʙʝʩʥʦʡ ʥʘʯʘʣʴʥʦʡ ʪʦʯʢʦʡ ʨʘʟ-

ʚʠʪʠʷ ʷʚʠʣʠʩʴ ʧʝʨʚʳʝ ʧʠʢʪʦʛʨʘʬʠʯʝʩʢʠʝ 

ʧʠʩʴʤʝʥʘ ʥʘ ʛʘʜʘʪʝʣʴʥʳʭ ʢʦʩʪʷʭ ʠ ʙʨʦʥʟʦ-

ʚʳʭ ʨʠʪʫʘʣʴʥʳʭ ʩʦʩʫʜʘʭ ʚ ʵʧʦʭʠ ʐʘʥ-ʀʥʴ 

(XVIII -XI  ʚʚ. ʜʦ ʥ.ʵ.). ʆʥʠ ʜʘʣʠ ʞʠʟʥʴ ʪʨʘ-

ʜʠʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʥʘʢʦʚʳʭ ʩʠʤʚʦʣʦʚ. 

ʀʩʢʫʩʩʪʚʦ ʢʘʣʣʠʛʨʘʬʠʠ, ʟʘʨʦʜʠʣʦʩʴ ʠ 

ʥʘʯʘʣʦ ʨʘʟʚʠʚʘʪʴʩʷ ʝʱʝ ʚ ʵʧʦʭʫ ʐʘʥ-ʀʥʴ 

(XVI -XI  ʚʚ. ʜʦ ʥ.ʵ.) ʠ ʟʘʜʘʣʦ ʵʪʘʣʦʥʳ 

ʰʨʠʬʪʦʚʦʡ ʢʫʣʴʪʫʨʳ [1, ʩ. 143]. ɺ ʪʘʥʩʢʦʝ 

ʚʨʝʤʷ (618-907 ʛʛ.) ʨʘʩʮʚʝʣʠ ʢʥʠʞʥʘʷ ʤʠ-

ʥʠʘʪʶʨʘ ʠ ʢʩʠʣʦʛʨʘʬʠʷ ï ʦʩʥʦʚʘ ʧʝʯʘʪʥʦ-

ʛʦ ʜʝʣʘ [2, ʩ. 36]. ɼʠʥʘʩʪʠʷ ʄʠʥ (1368-

1644 ʛʛ.) ʂʠʪʘʡ ʧʝʨʝʞʠʚʘʣ ʧʝʨʠʦʜ ʵʢʦʥʦ-

ʤʠʯʝʩʢʦʛʦ ʧʨʦʮʚʝʪʘʥʠʷ ʠ ʘʢʪʠʚʠʟʘʮʠʠ 

ʪʦʨʛʦʚʳʭ ʩʚʷʟʝʡ ʢʘʢ ʚʥʫʪʨʠ ʛʦʩʫʜʘʨʩʪʚʘ, 

ʪʘʢ ʠ ʩ ʜʨʫʛʠʤʠ ʩʪʨʘʥʘʤʠ. ɹʣʘʛʦʜʘʨʷ ʠʥ-

ʪʝʥʩʠʚʥʦʤʫ ʪʦʚʘʨʦʦʙʤʝʥʫ ʚʦʟʥʠʢʣʘ ʧʦ-

ʪʨʝʙʥʦʩʪʴ ʚ ʩʦʟʜʘʥʠʠ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʡ ʨʝ-

ʢʣʘʤʥʦʡ ʠ ʫʧʘʢʦʚʦʯʥʦʡ ʛʨʘʬʠʢʠ ʜʣʷ ʧʨʦ-

ʜʚʠʞʝʥʠʷ ʪʦʚʘʨʦʚ [3]. 
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ʈʠʩ. 1, 2. ʎʟʷ-ʛʫ-ʚʵʥʴ, ʠʣʠ ʠʥʴ-ʩʢʠʝ ʛʘ-ʜʘ-ʪʝʣʴ-ʥʳʝ ʥʘʜ-ʧʠ-ʩʠ, ʍʫʘʡ ʉʫ. çɸʚʪʦʙʠʦʛʨʘʬʠʷè. 

ʇʦʯʝʨʢ ʢʫʘʥ-ʮʘʦ. ɹʫʤʘʛʘ, ʪʫʰʴ. ʄʫʟʝʡ ɻʫʛʫʥ (ʊʘʡʙʵʡ) [4-5] 

 

ʅʘ ʂʦʨʝʡʩʢʦʤ ʧʦʣʫʦʩʪʨʦʚʝ ʧʦʚʦʨʦʪʥʳʤ 

ʤʦʤʝʥʪʦʤ ʩʪʘʣʦ ʩʦʟʜʘʥʠʝ ʬʦʥʝʪʠʯʝʩʢʦʛʦ 

ʘʣʬʘʚʠʪʘ ʭʘʥʛʳʣʴ ʚ 1443 ʛ., ʦʧʨʝʜʝʣʠʚʰʝ-

ʛʦ ʢʘʥʦʥʳ ʰʨʠʬʪʦʚʦʛʦ ʜʠʟʘʡʥʘ. ɺ ʧʝʨʠʦ-

ʜʳ ʂʦʨʸ (918-1392 ʛʛ.) ʠ ʏʦʩʦʥ (1392-

1897 ʛʛ.) ʙʳʣ ʜʦʩʪʠʛʥʫʪ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ 

ʢʥʠʞʥʦʡ ʛʨʘʬʠʢʠ, ʠʩʢʫʩʩʪʚʘ ʛʨʘʚʶʨʳ ʥʘ 

ʜʝʨʝʚʝ ʠ ʤʝʪʘʣʣʝ, ʘ ʪʘʢʞʝ ʜʝʢʦʨʘʪʠʚʥʦʡ 

ʨʦʩʧʠʩʠ ʤʠʥʭʚʘ ï ʥʘʨʦʜʥʦʡ ʢʘʨʪʠʥʳ ʩ ʦʨ-

ʥʘʤʝʥʪʘʤʠ ʠ ʞʘʥʨʦʚʳʤʠ ʩʮʝʥʘʤʠ. ʕʪʠ ʚʠ-

ʜʳ ʠʟʦʙʨʘʟʠʪʝʣʴʥʦʛʦ ʠʩʢʫʩʩʪʚʘ ʦʢʘʟʘʣʠ 

ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʦʩʣʝʜʫʶʱʝʝ ʦʬʦʨʤ-

ʣʝʥʠʝ ʧʝʯʘʪʥʳʭ ʠʟʜʘʥʠʡ ʠ ʨʘʟʚʠʪʠʝ ʧʣʘ-

ʢʘʪʥʦʛʦ ʠʩʢʫʩʩʪʚʘ ʚ ʩʪʨʘʥʝ [6]. 

 

 
ʈʠʩ. 3, 4. ʇʨʠʤʝʨ ʍʘʥʛʳʣʴ, ʇʝʩʥʴ ʣʫʥʳ, ʦʪʨʘʞʸʥʥʦʡ ʚ ʪʳʩʷʯʝ ʨʝʢè (çɺʦʨʠʥ ʯʭʦʥʛʘʥʯʠ-

ʛʦʢè). ʊʦʤ 1. ʆʪʧʝʯʘʪʘʥʦ ʧʨʠ ʧʦʤʦʱʠ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʰʨʠʬʪʘ. ʀʟ ʢʦʣʣʝʢʮʠʠ 

ʄʫʟʝʷ ʫʯʝʙʥʠʢʦʚ çʄʠʨʵ-ʕʥè, ʄʠʥʭʚʘ ʧʝʨʠʦʜʘ ʏʦʩʦʥ. ɻʨʘʚʶʨʳ ʩ ʪʠʛʨʦʤ ʠ ʩʦʨʦʢʦʡ [7-8] 

 

ɺ ʗʧʦʥʠʠ ʠʩʪʦʢʠ ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʦʝʢ-

ʪʠʨʦʚʘʥʠʷ ʚʦʩʭʦʜʷʪ ʢ ʙʫʜʜʠʡʩʢʠʤ ʭʨʘʤʦ-

ʚʳʤ ʨʦʩʧʠʩʷʤ ʠ ʤʘʥʫʩʢʨʠʧʪʘʤ ʵʧʦʭʠ ɸʩʫ-

ʢʘ (552-710 ʛʛ.), ʅʘʨʘ (710-794 ʛʛ.) ʠ ʍʵʡʘʥ 

(94-1185 ʛʛ.) ʩʬʦʨʤʠʨʦʚʘʚʰʠʭ ʪʨʘʜʠʮʠʶ 

ʢʘʣʣʠʛʨʘʬʠʠ ʠ ʢʥʠʞʥʦʡ ʤʠʥʠʘʪʶʨʳ. ɿʘ-

ʪʝʤ ʚ ʧʝʨʠʦʜ ʕʜʦ (1603-1868 ʛʛ.) ʥʘʩʪʫʧʠʣ 

ʨʘʩʮʚʝʪ ʛʨʘʚʶʨʳ ʫʢʠʸ-ʵ, ʦʪʦʙʨʘʞʘʶʱʝʡ 

ʩʮʝʥʳ ʧʦʚʩʝʜʥʝʚʥʦʡ ʛʦʨʦʜʩʢʦʡ ʞʠʟʥʠ, ʘ 

ʪʘʢʞʝ ʷʨʤʘʨʦʯʥʳʭ ʧʣʘʢʘʪʦʚ, ʩʪʘʚʰʠʭ 

ʧʨʝʜʪʝʯʘʤʠ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʜʠʟʘʡʥʘ. ɽʚʨʦ-

ʠʥʪʝʛʨʘʮʠʷ ʵʧʦʭʠ ʄʵʡʜʟʠ (1868-1912 ʛʛ.) 

ʠʥʠʮʠʠʨʦʚʘʣʘ ʩʪʘʥʦʚʣʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʷʧʦʥʩʢʦʛʦ ʧʣʘʢʘʪʘ ʠ ʢʥʠʞʥʦ-

ʛʦ ʦʬʦʨʤʣʝʥʠʷ ʚ ʢʦʪʦʨʳʭ ʥʘʮʠʦʥʘʣʴʥʳʝ 

ʪʨʘʜʠʮʠʠ ʦʨʛʘʥʠʯʥʦ ʩʦʯʝʪʘʣʠʩʴ ʩ ʥʦʚʳʤʠ 

ʟʘʧʘʜʥʳʤʠ ʚʣʠʷʥʠʷʤʠ [9]. 

 

 
ʈʠʩ. 5, 6. ʂʘʮʫʩʠʢʘ ʍʦʢʫʩʘʡ çʊʨʠʜʮʘʪʴ ʰʝʩʪʴ ʚʠʜʦʚ ʛʦʨʳ ʌʫʜʟʠ ï ɹʦʣʴʰʘʷ ʚʦʣʥʘ ʚ ʂʘʥʘ-

ʛʘʚʝè (ʀʥʩʪʠʪʫʪ ʛʨʘʚʶʨ ɸʜʘʪʠ), ʂʘʮʫʩʠʢʘ ʍʦʢʫʩʘʡ çʊʨʠʜʮʘʪʴ ʰʝʩʪʴ ʚʠʜʦʚ ʛʦʨʳ ʌʫʜʟʠ ï 

ɹʦʣʴʰʘʷ ʚʦʣʥʘ ʚ ʂʘʥʘʛʘʚʝè (ʀʥʩʪʠʪʫʪ ʛʨʘʚʶʨ ɸʜʘʪʠ), ʉʮʝʥʘ ʠʟ ʧʴʝʩʳ çʂʘʥʘʜʵʭʦʥ ʊʶʩʠʥ-

ʛʫʨʘè [10 -11] 
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ʕʪʠ ʠʩʪʦʨʠʯʝʩʢʠʝ ʧʣʘʩʪʳ ʚʠʟʫʘʣʴʥʦʡ 

ʢʫʣʴʪʫʨʳ ʠ ʣʝʛʣʠ ʚ ʦʩʥʦʚʘʥʠʝ ʩʬʦʨʤʠʨʦ-

ʚʘʚʰʠʭʩʷ ʚʧʦʩʣʝʜʩʪʚʠʠ ʥʘʮʠʦʥʘʣʴʥʳʭ 

ʰʢʦʣ ʚʦʩʪʦʯʥʦʘʟʠʘʪʩʢʦʛʦ ʛʨʘʬʠʯʝʩʢʦʛʦ 

ʜʠʟʘʡʥʘ. ʉʠʥʪʝʟʠʨʫʷ ʤʥʦʛʦʚʝʢʦʚʳʝ ʭʫʜʦ-

ʞʝʩʪʚʝʥʥʳʝ ʪʨʘʜʠʮʠʠ ʩ ʥʦʚʝʡʰʠʤʠ ʢʨʝʘ-

ʪʠʚʥʳʤʠ ʪʝʯʝʥʠʷʤʠ, ʦʥʠ ʦʧʨʝʜʝʣʠʣʠ ʷʨʢʦ 

ʚʳʨʘʞʝʥʥʫʶ ʠʜʝʥʪʠʯʥʦʩʪʴ ʜʘʥʥʦʛʦ ʬʝʥʦ-

ʤʝʥʘ ʚ ʛʣʦʙʘʣʴʥʦʤ ʢʫʣʴʪʫʨʥʦʤ ʣʘʥʜʰʘʬ-

ʪʝ. 

2. ʉʪʘʥʦʚʣʝʥʠʝ ʠ ʛʨʘʬʠʯʝʩʢʦʛʦ ʜʠ-

ʟʘʡʥʘ ʦʪ XIX ʚʝʢʘ ʜʦ ʥʘʰʠʭ ʜʥʝʡ. 

ʉʪʘʥʦʚʣʝʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʛʨʘʬʠʯʝʩʢʦʛʦ 

ʜʠʟʘʡʥʘ ʚ ɺʦʩʪʦʯʥʦʡ ɸʟʠʠ ɻʨʘʬʠʯʝʩʢʠʡ 

ʜʠʟʘʡʥ ʚ ʩʪʨʘʥʘʭ ɺʦʩʪʦʯʥʦʡ ɸʟʠʠ, ʪʘʢʠʭ 

ʢʘʢ ʂʠʪʘʡ, ʗʧʦʥʠʷ ʠ ʂʦʨʝʷ, ʠʤʝʝʪ ʙʦʛʘʪʫʶ 

ʠʩʪʦʨʠʶ, ʫʭʦʜʷʱʫʶ ʢʦʨʥʷʤʠ ʚ ʜʨʝʚʥʠʝ 

ʢʫʣʴʪʫʨʥʳʝ ʪʨʘʜʠʮʠʠ ʨʝʛʠʦʥʘ. ʆʜʥʘʢʦ 

ʠʤʝʥʥʦ ʩ ʢʦʥʮʘ 19 ʚʝʢʘ ʥʘʯʘʣʩʷ ʥʦʚʳʡ 

ʵʪʘʧ ʝʛʦ ʨʘʟʚʠʪʠʷ, ʧʦʣʦʞʠʚʰʠʡ ʥʘʯʘʣʦ ʩʦ-

ʚʨʝʤʝʥʥʦʤʫ ʛʨʘʬʠʯʝʩʢʦʤʫ ʜʠʟʘʡʥʫ ʚ ʵʪʠʭ 

ʩʪʨʘʥʘʭ. 

ɿʘʨʦʞʜʝʥʠʝ ʩʦʚʨʝʤʝʥʥʦʛʦ ʛʨʘʬʠʯʝ-

ʩʢʦʛʦ ʜʠʟʘʡʥʘ. 

ɿʘʨʦʞʜʝʥʠʝ ʛʨʘʬʠʯʝʩʢʦʛʦ ʜʠʟʘʡʥʘ ʚ 

ʩʪʨʘʥʘʭ ɺʦʩʪʦʯʥʦʡ ɸʟʠʠ, ʪʘʢʠʭ ʢʘʢ ʂʠʪʘʡ, 

ʗʧʦʥʠʷ ʠ ʂʦʨʝʷ, ʙʝʨʝʪ ʩʚʦʝ ʥʘʯʘʣʦ ʚ ʢʦʥʮʝ 

19 ʚʝʢʘ. ɺ ʵʪʦʪ ʧʝʨʠʦʜ ʨʝʛʠʦʥʘ ʢʦʩʥʫʣʠʩʴ 

ʧʨʦʮʝʩʩʳ ʤʦʜʝʨʥʠʟʘʮʠʠ ʠ ʦʪʢʨʳʪʠʷ ʜʣʷ 

ʟʘʧʘʜʥʦʛʦ ʚʣʠʷʥʠʷ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ 

ʧʨʦʥʠʢʥʦʚʝʥʠʶ ʥʦʚʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʦʙ-

ʣʘʩʪʠ ʚʠʟʫʘʣʴʥʳʭ ʠʩʢʫʩʩʪʚ. 

ʗʧʦʥʠʷ 

ɻʨʘʬʠʯʝʩʢʠʡ ʜʠʟʘʡʥ ʗʧʦʥʠʠ ʥʘʯʘʣ ʩʚʦʝ 

ʨʘʟʚʠʪʠʝ ʚ ʢʦʥʮʝ 19 ʚʝʢʘ, ʢʦʛʜʘ ʩʪʨʘʥʘ ʧʝ-

ʨʝʞʠʚʘʣʘ ʧʝʨʠʦʜ ʠʥʜʫʩʪʨʠʘʣʠʟʘʮʠʠ ʠ ʵʢʦ-

ʥʦʤʠʯʝʩʢʦʛʦ ʨʦʩʪʘ. ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ 

ʬʘʢʪʦʨʦʚ, ʩʧʦʩʦʙʩʪʚʦʚʘʚʰʠʭ ʩʪʘʥʦʚʣʝʥʠʶ 

ʠʥʜʫʩʪʨʠʠ ʩʪʘʣʦ ʧʨʠʚʣʝʯʝʥʠʝ ʠʥʦʩʪʨʘʥ-

ʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʜʣʷ ʨʘʟʚʠʪʠʷ ʧʨʦʤʳʰ-

ʣʝʥʥʦʩʪʠ ʠ ʜʠʟʘʡʥʘ.  

ɺ 1890-ʭ ʛʦʜʘʭ ʚ ʗʧʦʥʠʠ ʧʨʦʠʟʦʰʣʠ 

ʢʣʶʯʝʚʳʝ ʩʦʙʳʪʠʷ, ʩʧʦʩʦʙʩʪʚʦʚʘʚʰʠʝ 

ʩʪʘʥʦʚʣʝʥʠʶ ʛʨʘʬʠʯʝʩʢʦʛʦ ʜʠʟʘʡʥʘ ʢʘʢ 

ʧʨʦʬʝʩʩʠʠ. ʐʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʣʠ-

ʪʦʛʨʘʬʠʠ ʦʪʢʨʳʣʦ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʠʣʣʶʩʪʨʘʮʠʡ ʠ ʩʣʦʞʥʳʭ ʚʠʟʫ-

ʘʣʴʥʳʭ ʢʦʤʧʦʟʠʮʠʡ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʧʦ-

ʷʚʠʣʠʩʴ ʧʝʨʚʳʝ ʨʝʛʫʣʷʨʥʳʝ ʧʝʯʘʪʥʳʝ 

ʞʫʨʥʘʣʳ, ʪʘʢʠʝ ʢʘʢ "ɹʫʥʛʵʡ ʂʣʫʙ", ʧʦʨʦ-

ʜʠʚʰʠʝ ʩʧʨʦʩ ʥʘ ʜʠʟʘʡʥ ʦʙʣʦʞʝʢ, ʤʘʢʝʪʦʚ 

ʠ ʨʝʢʣʘʤʳ. ʊʠʧʦʛʨʘʬʠʢʘ ʠ ʰʨʠʬʪʳ ʧʨʠʦʙ-

ʨʝʣʠ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʨʠʚʣʝʢʘʪʝʣʴ-

ʥʦʛʦ ʦʬʦʨʤʣʝʥʠʷ ʠʟʜʘʥʠʡ. ʈʘʩʪʫʱʠʝ ʧʦ-

ʪʨʝʙʥʦʩʪʠ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʧʦʷʚʣʝʥʠʶ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʛʨʘʬʠʯʝʩʢʠʭ ʜʠʟʘʡʥʝ-

ʨʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 1890-ʝ ʛʦʜʳ ʩʪʘʣʠ ʧʦ-

ʚʦʨʦʪʥʳʤ ʤʦʤʝʥʪʦʤ, ʧʦʜʛʦʪʦʚʠʚʰʠʤ ʧʦʯ-

ʚʫ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʜʠʟʘʡʥʘ ʚ 

ʗʧʦʥʠʠ ʚ ʍʍ ʚʝʢʝ ʧʦʜ ʚʣʠʷʥʠʝʤ ʥʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʧʝʯʘʪʠ ʠ ʚʠʟʫʘʣʴʥʳʭ ʟʘʧʨʦʩʦʚ. 

ʂʠʪʘʡ 

ɺ ʂʠʪʘʝ ʛʨʘʬʠʯʝʩʢʠʡ ʜʠʟʘʡʥ ʥʘʯʘʣ ʩʚʦʝ 

ʨʘʟʚʠʪʠʝ ʚ 20 ʚʝʢʘ, ʧʦʩʣʝ ʧʘʜʝʥʠʷ ʠʤʧʝʨʠʠ 

ʎʠʥ ʚ 1911 ʛʦʜʫ, ʂʠʪʘʡ ʥʘʯʘʣ ʦʪʢʨʳʚʘʪʴʩʷ 

ʟʘʧʘʜʥʦʤʫ ʚʣʠʷʥʠʶ. ʇʦʷʚʠʣʠʩʴ ʧʝʨʚʳʝ 

ʧʝʯʘʪʥʳʝ ʠʟʜʘʥʠʷ, ʨʝʢʣʘʤʥʳʝ ʧʣʘʢʘʪʳ ʠ 

ʜʠʟʘʡʥ ʫʧʘʢʦʚʢʠ, ʚʜʦʭʥʦʚʣʝʥʥʳʝ ʟʘʧʘʜ-

ʥʳʤʠ ʩʪʠʣʷʤʠ. ʄʥʦʛʠʝ ʢʠʪʘʡʩʢʠʝ ʭʫʜʦʞ-

ʥʠʢʠ ʠ ʜʠʟʘʡʥʝʨʳ ʩʪʘʣʠ ʦʙʫʯʘʪʴʩʷ ʟʘ ʛʨʘ-

ʥʠʮʝʡ, ʦʩʦʙʝʥʥʦ ʚ ʗʧʦʥʠʠ ʠ ɽʚʨʦʧʝ. 

ʂʦʨʝʷ 

ɺ ʂʦʨʝʝ ʧʨʦʮʝʩʩ ʩʪʘʥʦʚʣʝʥʠʷ ʛʨʘʬʠʯʝ-

ʩʢʦʛʦ ʜʠʟʘʡʥʘ ʧʨʦʠʟʦʰʝʣ ʪʘʢʞʝ ʥʝʩʢʦʣʴʢʦ 

ʧʦʟʞʝ, ʯʝʤ ʚ ʗʧʦʥʠʠ ʠ ʙʳʣ ʩʚʷʟʘʥ ʩ ʧʨʦ-

ʥʠʢʥʦʚʝʥʠʝʤ ʟʘʧʘʜʥʦʛʦ ʤʠʨʘ. ʅʘ ʝʛʦ ʨʘʟ-

ʚʠʪʠʝ ʧʦʚʣʠʷʣʠ ʠʩʪʦʨʠʯʝʩʢʠʝ ʠ ʛʝʦʧʦʣʠ-

ʪʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ: ʩʦʟʜʘʥʠʝ ʢʦʨʝʡʩʢʦʡ 

ʧʠʩʴʤʝʥʥʦʩʪʠ ʭʘʥʛʳʣʴ, ʷʧʦʥʩʢʘʷ ʦʢʢʫʧʘ-

ʮʠʷ, ʦʙʨʝʪʝʥʠʝ ʥʝʟʘʚʠʩʠʤʦʩʪʠ, ʚʣʠʷʥʠʝ 

ʉʐɸ ʠ ʂʦʨʝʡʩʢʘʷ ʚʦʡʥʘ. 

ʌʦʨʤʘʣʴʥʦʝ ʜʠʟʘʡʥ-ʦʙʨʘʟʦʚʘʥʠʝ ʥʘʯʘ-

ʣʦʩʴ ʧʦʩʣʝ ʦʙʨʝʪʝʥʠʷ ʥʝʟʘʚʠʩʠʤʦʩʪʠ, ʥʦ 

ʧʝʨʚʳʝ ʜʠʟʘʡʥʝʨʳ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʧʦʜ 

ʷʧʦʥʩʢʠʤ ʚʣʠʷʥʠʝʤ ʠʣʠ ʦʙʫʯʘʣʠʩʴ ʚ ʗʧʦ-

ʥʠʠ. 

ʉ ʢʦʥʮʘ 19 ʚʝʢʘ ʠ ʚ ʧʦʩʣʝʜʫʶʱʠʝ ʜʝʩʷ-

ʪʠʣʝʪʠʷ 20 ʚʝʢʘ ʛʨʘʬʠʯʝʩʢʠʡ ʜʠʟʘʡʥ ʚ 

ʗʧʦʥʠʠ, ʂʠʪʘʝ ʠ ʂʦʨʝʝ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʣ-

ʩʷ, ʩʣʝʜʫʷ ʢʘʢ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʪʝʥʜʝʥʮʠ-

ʷʤ, ʪʘʢ ʠ ʤʝʩʪʥʳʤ ʢʫʣʴʪʫʨʥʳʤ ʦʩʦʙʝʥʥʦ-

ʩʪʷʤ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʝʤʫ ʩʬʦʨʤʠʨʦʚʘʪʴʩʷ ʚ 

ʩʘʤʦʙʳʪʥʦʝ ʠ ʚʣʠʷʪʝʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ, 

ʧʨʠʟʥʘʥʥʦʝ ʚʦ ʚʩʝʤ ʤʠʨʝ. 

ʈʘʟʚʠʪʠʝ ʛʨʘʬʠʯʝʩʢʦʛʦ ʜʠʟʘʡʥʘ ʚ ɺʦ-

ʩʪʦʯʥʦʡ ɸʟʠʠ ʚ 20 ʚʝʢʝ 

ʇʦʩʣʝ ʟʘʨʦʞʜʝʥʠʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʛʨʘʬʠ-

ʯʝʩʢʦʛʦ ʜʠʟʘʡʥʘ ʚ ʩʪʨʘʥʘʭ ɺʦʩʪʦʯʥʦʡ ɸʟʠʠ 

ʚ ʢʦʥʮʝ 19 ʚʝʢʘ, ʚ 20 ʚʝʢʝ ʵʪʦ ʥʘʧʨʘʚʣʝʥʠʝ 

ʧʨʦʜʦʣʞʘʣʦ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʪʴʩʷ, ʦʙʦʛʘ-

ʱʘʷʩʴ ʥʦʚʳʤʠ ʪʝʥʜʝʥʮʠʷʤʠ ʠ ʜʦʩʪʠʞʝʥʠ-

ʷʤʠ. ʗʧʦʥʠʷ, ʂʠʪʘʡ ʠ ʂʦʨʝʷ ʚʥʝʩʣʠ ʟʥʘʯʠ-

ʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʤʠʨʦʚʦʛʦ ʜʠʟʘʡ-

ʥʘ, ʩʦʟʜʘʚʘʷ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʨʘʙʦʪʳ, ʩʦʯʝ-
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ʪʘʶʱʠʝ ʪʨʘʜʠʮʠʦʥʥʳʝ ʵʣʝʤʝʥʪʳ ʩ ʩʦʚʨʝ-

ʤʝʥʥʳʤʠ ʩʪʠʣʷʤʠ. 

ʗʧʦʥʠʷ 

ɺ 20-ʤ ʚʝʢʝ ʛʨʘʬʠʯʝʩʢʠʡ ʜʠʟʘʡʥ ʗʧʦ-

ʥʠʠ ʧʨʝʪʝʨʧʝʣ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ 19-ʤ ʚʝʢʦʤ, ʚʥʝʜʨʠʣʠʩʴ ʥʦ-

ʚʳʝ ʪʝʥʜʝʥʮʠʠ ʠ ʧʦʜʭʦʜʳ, ʢʦʪʦʨʳʝ ʦʢʘʟʘ-

ʣʠ ʚʣʠʷʥʠʝ ʥʘ ʠʥʜʫʩʪʨʠʶ. ɺ 19 ʚʝʢʝ ʷʧʦʥ-

ʩʢʠʡ ʛʨʘʬʠʯʝʩʢʠʡ ʜʠʟʘʡʥ ʙʳʣ ʙʦʣʝʝ ʠʟʦ-

ʣʠʨʦʚʘʥʥʳʤ ʠ ʥʝ ʠʤʝʣ ʧʨʷʤʦʛʦ ʢʦʥʪʘʢʪʘ ʩ 

ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ ʩʪʠʣʷʤʠ ʠ ʪʝʥʜʝʥʮʠʷʤʠ, 

ʦʩʪʘʚʘʷʩʴ ʣʠʰʴ ʚʨʝʤʝʥʥʳʤ ʧʝʨʝʭʦʜʦʤ ʩ 

ʷʧʦʥʩʢʠʤʠ ʠʩʢʫʩʩʪʚʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʢʘʣ-

ʣʠʛʨʘʬʠʷ ʠ ʛʨʘʚʶʨʘ ʥʘ ʜʝʨʝʚʝʥʩʢʦʤ ʷʟʳʢʝ 

(ʫʢʠʸ-ʵ). ɺ ʦʪʣʠʯʠʝ ʦʪ ʵʪʦʛʦ, ʚ 20 ʚʝʢʝ 

ʷʧʦʥʩʢʠʡ ʛʨʘʬʠʯʝʩʢʠʡ ʜʠʟʘʡʥ ʩʪʘʣ ʙʦʣʝʝ 

ʦʪʢʨʳʪʳʤ ʢ ʤʠʨʦʚʳʤ ʩʪʠʣʷʤ ʠ ʪʝʥʜʝʥʮʠ-

ʷʤ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʚʥʝʜʨʝʥʠʶ ʥʦʚʳʭ ʢʦʥ-

ʮʝʧʮʠʡ ʠ ʧʦʜʭʦʜʦʚ. ʆʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʷʧʦʥʩʢʦʛʦ ʛʨʘʬʠʯʝʩʢʦʛʦ ʜʠ-

ʟʘʡʥʘ ʚ 20 ʚʝʢʝ ʩʪʘʣʠ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ 

ʬʦʨʤʦʡ ʠ ʪʠʧʦʛʨʘʬʠʢʦʡ. 

ʇʠʦʥʝʨʦʤ ʷʧʦʥʩʢʦʛʦ ʛʨʘʬʠʯʝʩʢʦʛʦ ʜʠ-

ʟʘʡʥʘ ʩʯʠʪʘʝʪʩʷ ʖʩʘʢʫ ʂʘʤʝʢʫʨʘ, ʦʥ ʩʪʘʣ 

ʚʝʜʫʱʝʡ ʬʠʛʫʨʦʡ ʚ ʷʧʦʥʩʢʦʤ ʛʨʘʬʠʯʝʩʢʦʤ 

ʜʠʟʘʡʥʝ ʧʦʩʣʝ ɺʪʦʨʦʡ ʤʠʨʦʚʦʡ ʚʦʡʥʳ. 

ʂʘʤʝʢʫʨʘ ʩʦʟʜʘʣ ʤʥʦʞʝʩʪʚʦ ʫʥʠʢʘʣʴʥʳʭ 

ʣʦʛʦʪʠʧʦʚ ʜʣʷ ʢʦʤʧʘʥʠʡ, ʚʢʣʶʯʘʷ NTT, 

Nikon, Meiji ʠ TDK. ɺ 1989 ʛʦʜʫ ʂʘʤʝʢʫʨʘ 

ʦʩʥʦʚʘʣ ʞʫʨʥʘʣ ʜʠʟʘʡʥʘ "Creation", ʠʟʚʝ-

ʩʪʝʥ ʪʘʢʞʝ ʩʚʦʝʡ ʨʘʙʦʪʦʡ ʥʘʜ ʣʦʛʦʪʠʧʦʤ ʠ 

ʧʦʩʪʝʨʘʤʠ ʜʣʷ ʃʝʪʥʠʭ ʆʣʠʤʧʠʡʩʢʠʭ ʠʛʨ 

1964 ʛʦʜʘ, ʢʦʪʦʨʳʝ ʩʯʠʪʘʶʪʩʷ ʦʜʥʠʤʠ ʠʟ 

ʝʛʦ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʭ ʨʘʙʦʪ. 

ɼʠʟʘʡʥʝʨʳ, ʪʘʢʠʝ ʢʘʢ ʀʢʢʦ ʊʘʥʘʢʘ ʠ 

ʊʘʜʘʥʦʨʠ ɪʢʦʦ, ʩʪʘʣʠ ʧʨʝʜʣʘʛʘʪʴ ʩʚʦʠ ʠʥ-

ʥʦʚʘʮʠʦʥʥʳʝ ʧʦʣʠʛʨʘʬʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, 

ʢʦʪʦʨʳʝ ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝ-

ʥʠʝ ʠ ʦʢʘʟʘʣʠ ʚʣʠʷʥʠʝ ʥʘ ʨʘʟʚʠʪʠʝ ʤʠʨʦ-

ʚʦʡ ʠʥʜʫʩʪʨʠʠ [12, c. 113-115]. 

 

 
ʈʠʩ. 7, 8, 9.ʖʩʘʢʫ ʂʘʤʝʢʫʨʘ, ʧʣʘʢʘʪ ʜʣʷ ʆʣʠʤʧʠʡʩʢʠʭ ʀʛʨ, ʇʣʘʢʘʪ Nihon Buyo (çʗʧʦʥ-

ʩʢʠʡ ʪʘʥʝʮè). ʀʥʩʪʠʪʫʪ ʩʮʝʥʠʯʝʩʢʦʛʦ ʠʩʢʫʩʩʪʚʘ ʂʘʣʠʬʦʨʥʠʡʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʇʣʘʢʘʪ ʢ 

ʧʝʨʩʦʥʘʣʴʥʦʡ ʚʳʩʪʘʚʢʝ: çʗ ʫʤʝʨ, ʜʦʩʪʠʛʥʫʚ ʚʝʨʰʠʥʳ ʚ 29 ʣʝʪè [13-15] 

 

ɸʥʘʣʠʟ ʠʩʪʦʨʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ, ʚʢʣʶʯʘʷ 

ɺʪʦʨʫʶ ʤʠʨʦʚʫʶ ʚʦʡʥʫ ʠ ʪʨʘʛʝʜʠʠ ʍʠʨʦ-

ʩʠʤʳ ʠ ʅʘʛʘʩʘʢʠ, ʪʘʢʞʝ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ 

ʪʝʤʘʪʠʢʝ ʠ ʵʤʦʮʠʦʥʘʣʴʥʦʤ ʩʦʩʪʘʚʝ ʨʘʙʦʪ 

ʷʧʦʥʩʢʠʭ ʜʠʟʘʡʥʝʨʦʚ 20 ʚʝʢʘ, ʨʘʟʚʠʚʰʠʭʩʷ 

ʚ ʠʭ ʪʚʦʨʯʝʩʪʚʝ. ɺ ʩʪʨʘʥʝ ʮʘʨʠʣʠ ʤʦʨʘʣʴ-

ʥʦʝ ʫʛʥʝʪʝʥʠʝ ʠ ʘʧʘʪʠʷ. ʆʜʥʘʢʦ ʩʪʨʝʤʣʝ-

ʥʠʝ ʧʨʝʦʜʦʣʝʪʴ ʵʪʦ ʪʷʞʝʣʦʝ ʥʘʩʣʝʜʠʝ ʚʦ-

ʝʥʥʳʭ ʣʝʪ ʧʨʠʚʝʣʦ ʢ ʪʦʤʫ, ʯʪʦ ʚ ʷʧʦʥʩʢʦʤ 

ʦʙʱʝʩʪʚʝ ʚʦʟʥʠʢʣʘ ʞʘʞʜʘ ʨʘʜʦʩʪʠ, ʙʝʟʟʘ-

ʙʦʪʥʦʩʪʠ ʠ ʫʚʣʝʢʘʪʝʣʴʥʦʛʦ ʜʦʩʫʛʘ. 

ʕʪʠ ʥʘʩʪʨʦʝʥʠʷ ʥʘʰʣʠ ʩʚʦʝ ʦʪʨʘʞʝʥʠʝ 

ʚ ʷʨʢʠʭ, ʛʠʧʝʨʪʨʦʬʠʨʦʚʘʥʥʳʭ ʠ ʥʘʨʦʯʠʪʦ 

ʥʘʠʚʥʳʭ ʦʙʨʘʟʘʭ, ʢʦʪʦʨʳʝ ʩʪʘʣʠ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴ ʷʧʦʥʩʢʠʝ ʜʠʟʘʡʥʝʨʳ ʚ ʩʚʦʠʭ ʨʘʙʦʪʘʭ. 

ʆʙʠʣʠʝ ʥʘʩʳʱʝʥʥʳʭ ʮʚʝʪʦʚ, ʢʘʚʘʡʥʳʝ 

ʧʝʨʩʦʥʘʞʠ, ʠʟʙʳʪʦʢ ʚʠʟʫʘʣʴʥʦʡ ʠʥʬʦʨʤʘ-

ʮʠʠ ʠ ʵʣʝʤʝʥʪʳ ʢʦʤʠʯʥʦʩʪʠ ʚʦʟʥʠʢʣʠ ʢʘʢ 

ʩʚʦʝʦʙʨʘʟʥʳʡ ʩʧʦʩʦʙ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ 

ʧʨʝʜʳʜʫʱʠʝ ʪʨʘʛʝʜʠʠ ʠ ʫʛʥʝʪʝʥʥʦʝ ʩʦʩʪʦ-

ʷʥʠʝ ʥʘʮʠʠ. 

ʂʠʪʘʡ 

ɺ 20 ʚʝʢʝ ʛʨʘʬʠʯʝʩʢʠʡ ʜʠʟʘʡʥ ʚ ʂʠʪʘʝ 

ʥʘʯʠʥʘʝʪ ʩʚʦʝ ʧʦʣʥʦʮʝʥʥʦʝ ʨʘʟʚʠʪʠʝ ʠ 

ʩʪʘʥʦʚʠʪʩʷ ʚʘʞʥʦʡ ʯʘʩʪʴʶ ʠʥʜʫʩʪʨʠʠ. ɺ 

ʵʪʦʪ ʧʝʨʠʦʜ ʧʦʷʚʠʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʩʪʠʣʠ ʠ 

ʥʘʧʨʘʚʣʝʥʠʷ, ʦʪʨʘʞʘʶʱʠʝ ʥʦʚʳʝ ʪʝʥʜʝʥ-

ʮʠʠ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠʥʥʦʚʘʮʠʠ ʠ ʢʫʣʴ-

ʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʘʥʳ. 

ʇʦʩʣʝ ʦʪʢʨʳʪʠʷ ʂʠʪʘʷ ʤʠʨʫ ʚ ʢʦʥʮʝ 20 

ʚʝʢʘ ʛʨʘʬʠʯʝʩʢʠʡ ʜʠʟʘʡʥ ʚ ʩʪʨʘʥʝ ʧʦʣʫʯʠʣ 

ʤʦʱʥʳʡ ʠʤʧʫʣʴʩ ʜʣʷ ʨʘʟʚʠʪʠʷ. ɼʠʟʘʡʥʝʨʳ 

ʥʘʯʘʣʠ ʘʢʪʠʚʥʦ ʵʢʩʧʝʨʠʤʝʥʪʠʨʦʚʘʪʴ, ʩʦʯʝ-

ʪʘʷ ʪʨʘʜʠʮʠʦʥʥʳʝ ʢʠʪʘʡʩʢʠʝ ʵʣʝʤʝʥʪʳ ʩ 

ʩʦʚʨʝʤʝʥʥʳʤʠ ʩʪʠʣʷʤʠ ʠ ʧʦʜʭʦʜʘʤʠ. 
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ʇʘʥ ʉʶʥʴʮʠʥʴ (1906-1985) ʩʯʠʪʘʝʪʩʷ 

ʦʜʥʠʤ ʠʟ ʧʠʦʥʝʨʦʚ ʠʥʜʫʩʪʨʠʠ. ʆʥ ʙʳʣ ʭʫ-

ʜʦʞʥʠʢʦʤ, ʜʠʟʘʡʥʝʨʦʤ, ʪʝʦʨʝʪʠʢʦʤ ʠ ʧʝ-

ʜʘʛʦʛʦʤ. ɺ ʩʚʦʝʤ ʪʚʦʨʯʝʩʪʚʝ ʇʘʥ ʉʶʥʴ-

ʮʠʥʴ ʩʪʨʝʤʠʣʩʷ ʦʙʲʝʜʠʥʠʪʴ ʧʨʠʝʤʳ ʟʘ-

ʧʘʜʥʦʛʦ ʩʪʠʣʷ ʘʨ-ʜʝʢʦ ʩ ʪʨʘʜʠʮʠʷʤʠ ʢʠ-

ʪʘʡʩʢʦʡ ʞʠʚʦʧʠʩʠ, ʩʦʟʜʘʚʘʷ ʥʦʚʘʪʦʨʩʢʠʡ 

ʩʪʠʣʴ. ɽʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʘʙʦʪʳ ʟʘ-

ʣʦʞʠʣʠ ʦʩʥʦʚʳ ʨʘʟʚʠʪʠʷ ʥʘʮʠʦʥʘʣʴʥʦʡ 

ʰʢʦʣʳ ʛʨʘʬʠʯʝʩʢʦʛʦ ʜʠʟʘʡʥʘ ʂʠʪʘʝ [16]. 

 

 
ʈʠʩ. 10. ʇʘʥ ʉʶʥʴʮʠʥʴ. çʊʘʢʦʡ ʇʘʨʠʞè [17, c. 105] 

 

ɻʝʥʨʠ ʐʪʘʡʥʝʨ ʙʳʣ ʚʣʠʷʪʝʣʴʥʳʤ ʛʦʥ-

ʢʦʥʛʩʢʠʤ ʛʨʘʬʠʯʝʩʢʠʤ ʜʠʟʘʡʥʝʨʦʤ ʠ 

ʙʨʝʥʜʠʥʛʦʚʳʤ ʩʧʝʮʠʘʣʠʩʪʦʤ ʢʦʥʮʘ 20 ʚʝ-

ʢʘ. ʆʥ ʚʥʝʩ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʬʦʨʤʠ-

ʨʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʦʛʦ ʘʟʠʘʪʩʢʦʛʦ ʜʠʟʘʡʥʘ, 

ʠʩʢʫʩʥʦ ʩʦʯʝʪʘʷ ʟʘʧʘʜʥʳʝ ʠ ʚʦʩʪʦʯʥʳʝ 

ʵʣʝʤʝʥʪʳ. ɺ 2019 ʛʦʜʫ ʦʥ ʙʳʣ ʚʢʣʶʯʝʥ ʚ 

ʩʧʠʩʦʢ ʩʪʘ ʯʝʣʦʚʝʢ, ʦʢʘʟʘʚʰʠʭ ʥʘʠʙʦʣʴ-

ʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʟʚʠʪʠʝ ɻʦʥʢʦʥʛʘ ʩ 1842 

ʛʦʜʘ. 

 

 
ʈʠʩ. 11. ɻʝʥʨʠ ʐʪʘʡʥʝʨ ʨʘʟʨʘʙʦʪʘʣ ʬʠʨʤʝʥʥʳʡ ʩʪʠʣʴ ʜʣʷ ʙʘʥʢʘ ʥʘ ʦʩʥʦʚʝ St. ʂʨʝʩʪ ʕʥʜ-

ʨ  ʁ[18] 

 

ɺ ʵʪʦ ʚʨʝʤʷ ʚ ʂʠʪʘʝ ʧʦʷʚʠʣʠʩʴ ʨʘʟʣʠʯ-

ʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʜʠʟʘʡʥʝ ï 

ʰʘʥʭʘʡʩʢʠʡ ʠ ʛʦʥʢʦʥʛʩʢʠʡ, ʦʪʨʘʞʘʚʰʠʝ 

ʨʘʟʥʳʝ ʢʫʣʴʪʫʨʥʳʝ ʚʣʠʷʥʠʷ ʠ ʪʝʥʜʝʥʮʠʠ 

ʨʘʟʚʠʪʠʷ. 

ʐʘʥʭʘʡʩʢʠʡ ʩʪʠʣʴ ʛʨʘʬʠʯʝʩʢʦʛʦ ʜʠ-

ʟʘʡʥʘ ʩʬʦʨʤʠʨʦʚʘʣʩʷ ʚ 1920-1930-ʭ ʛʦʜʘʭ 

ʚ ʵʧʦʭʫ ʙʫʨʥʦʡ ʤʦʜʝʨʥʠʟʘʮʠʠ ʵʪʦʛʦ ʢʨʫʧ-

ʥʝʡʰʝʛʦ ʤʝʛʘʧʦʣʠʩʘ. ʐʘʥʭʘʡʩʢʠʡ ʩʪʠʣʴ 

ʛʘʨʤʦʥʠʯʥʦ ʩʦʯʝʪʘʣ ʟʘʧʘʜʥʳʝ, ʧʨʝʠʤʫʱʝ-

ʩʪʚʝʥʥʦ ʝʚʨʦʧʝʡʩʢʠʝ, ʚʣʠʷʥʠʷ ʘʨ-ʜʝʢʦ ʠ 

ʤʦʜʝʨʥʠʟʤʘ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʢʠʪʘʡʩʢʠʤʠ 

ʵʣʝʤʝʥʪʘʤʠ ʠ ʤʦʪʠʚʘʤʠ. ʄʘʩʪʝʨʘ ʵʪʦʛʦ 

ʩʪʠʣʷ ʵʢʩʧʝʨʠʤʝʥʪʠʨʦʚʘʣʠ ʩ ʥʦʚʘʪʦʨʩʢʠʤʠ 

ʬʦʨʤʘʤʠ, ʪʠʧʦʛʨʘʬʠʢʦʡ ʠ ʢʦʤʧʦʟʠʮʠʷʤʠ, 

ʩʦʟʜʘʚʘʷ ʫʥʠʢʘʣʴʥʫʶ ʚʠʟʫʘʣʴʥʫʶ ʵʩʪʝʪʠ-

ʢʫ. ʐʘʥʭʘʡʩʢʠʡ ʛʨʘʬʠʯʝʩʢʠʡ ʜʠʟʘʡʥ ʟʘ-

ʣʦʞʠʣ ʬʫʥʜʘʤʝʥʪ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠ-

ʪʠʷ ʪʝʥʜʝʥʮʠʡ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʚ ʂʠʪʘʝ. 

ɻʦʥʢʦʥʛʩʢʠʡ ʩʪʠʣʴ ʛʨʘʬʠʯʝʩʢʦʛʦ ʜʠ-

ʟʘʡʥʘ ʥʘʯʘʣ ʩʢʣʘʜʳʚʘʪʴʩʷ ʧʦʟʜʥʝʝ - ʚ 

1950-1960-ʭ ʛʦʜʘʭ ʚ ʢʘʧʠʪʘʣʠʩʪʠʯʝʩʢʦʤ 

ɻʦʥʢʦʥʛʝ. ʆʥ ʨʘʟʚʠʚʘʣʩʷ ʚ ʠʥʳʭ ʵʢʦʥʦʤʠ-

ʯʝʩʢʠʭ ʠ ʢʫʣʴʪʫʨʥʳʭ ʫʩʣʦʚʠʷʭ, ʥʝʞʝʣʠ 
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ʰʘʥʭʘʡʩʢʘʷ ʰʢʦʣʘ, ʠʩʧʳʪʳʚʘʷ ʚʣʠʷʥʠʷ 

ʢʘʢ ɿʘʧʘʜʘ, ʪʘʢ ʠ ʨʝʛʠʦʥʘʣʴʥʳʭ ʘʟʠʘʪʩʢʠʭ 

ʪʨʘʜʠʮʠʡ. ʍʦʪʷ ʛʦʥʢʦʥʛʩʢʠʡ ʩʪʠʣʴ ʦʪʣʠ-

ʯʘʣʩʷ ʩʚʦʝʦʙʨʘʟʠʝʤ, ʧʦ ʤʘʩʰʪʘʙʫ ʠ ʫʨʦʚ-

ʥʶ ʨʘʙʦʪ ʦʥ ʫʩʪʫʧʘʣ ʰʘʥʭʘʡʩʢʦʤʫ ʥʘʧʨʘʚ-

ʣʝʥʠʶ. ʇʨʠ ʵʪʦʤ ʛʦʥʢʦʥʛʩʢʠʝ ʜʠʟʘʡʥʝʨʳ 

ʚʥʝʩʣʠ ʚʘʞʥʳʡ ʚʢʣʘʜ ʚ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʛʨʘʬʠʯʝʩʢʦʡ ʠʜʝʥʪʠʯʥʦʩʪʠ ʠ ʙʨʝʥʜʠʥʛʘ 

ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʘʥʠʡ ʠ ʦʨʛʘʥʠʟʘʮʠʡ [19]. 

ʂʦʨʝʷ 

ɺ 20 ʚʝʢʝ ʛʨʘʬʠʯʝʩʢʠʡ ʜʠʟʘʡʥ ʧʨʝʪʝʨ-

ʧʝʣ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʠ ʨʘʟʚʠʪʠʝ, 

ʦʩʦʙʝʥʥʦ ʚ ʂʦʨʝʝ. ɺ ʧʝʨʠʦʜ ʷʧʦʥʩʢʦʡ ʦʢ-

ʢʫʧʘʮʠʠ ʂʦʨʝʠ (1910-1945 ʛʛ.) ʢʦʨʝʡʮʳ ʥʝ 

ʤʦʛʣʠ ʩʚʦʙʦʜʥʦ ʨʘʟʚʠʚʘʪʴ ʩʚʦʠ ʭʫʜʦʞʝ-

ʩʪʚʝʥʥʳʝ ʪʨʘʜʠʮʠʠ, ʠ ʗʧʦʥʩʢʦʝ ʚʣʠʷʥʠʝ 

ʥʘ ʢʦʨʝʡʩʢʫʶ ʢʫʣʴʪʫʨʫ ʙʳʣʦ ʟʥʘʯʠʪʝʣʴ-

ʥʳʤ. ʇʦʩʣʝ ʚʦʡʥʳ ʠ ʧʦʣʫʯʝʥʠʷ ʥʝʟʘʚʠʩʠ-

ʤʦʩʪʠ ʂʦʨʝʝʡ ʷʧʦʥʩʢʦʝ ʚʣʠʷʥʠʝ ʧʨʦʜʦʣ-

ʞʘʣʦ ʩʦʭʨʘʥʷʪʴʩʷ. ɼʘʥʥʳʡ ʬʘʢʪ ʜʦʚʦʣʴʥʦ 

ʩʠʣʴʥʦ ʧʦʚʣʠʷʣʦ ʥʘ ʛʨʘʬʠʯʝʩʢʠʡ ʜʠʟʘʡʥ 

ʵʪʦʡ ʩʪʨʘʥʳ.  

ʇʨʘʚʠʪʝʣʴʩʪʚʦ ʂʦʨʝʠ ʧʨʝʜʦʩʪʘʚʣʷʣʦ 

ʩʪʠʧʝʥʜʠʠ ʩʪʫʜʝʥʪʘʤ ʜʣʷ ʠʟʫʯʝʥʠʷ ʵʪʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ ʟʘ ʛʨʘʥʠʮʝʡ ʚ ʉʦʝʜʠʥʝʥʥʳʭ 

ʐʪʘʪʘʭ. ɺʝʨʥʫʚʰʠʩʴ, ʦʥʠ ʧʨʝʜʩʪʘʚʠʣʠ 

ʢʦʥʮʝʧʮʠʠ ʠ ʤʝʪʦʜʳ ʠʟ ʉʐɸ, ʟʘʥʦʚʦ 

ʧʨʝʜʩʪʘʚʣʷʷ, ʢʘʢʦʡ ʤʦʞʝʪ ʙʳʪʴ ʫʯʝʙʥʘʷ 

ʧʨʦʛʨʘʤʤʘ ʧʦ ʛʨʘʬʠʯʝʩʢʦʤʫ ʜʠʟʘʡʥʫ ʚ ʂʦ-

ʨʝʝ. 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʦʧʦʣʦʞʥʠʢʦʚ ʠʥʜʫʩʪʨʠʠ 

ʚ ʂʦʨʝʝ ʷʚʣʷʝʪʩʷ ɸʥ ʉʘʥ ʉʫ, ʢʦʪʦʨʦʛʦ ʯʘ-

ʩʪʦ ʧʨʠʟʥʘʶʪ ʦʪʮʦʤ  ʢʦʨʝʡʩʢʦʛʦ ʜʠʟʘʡʥʘ 

ʰʨʠʬʪʦʚ, ʠ ʥʝ ʟʨʷ. ɽʛʦ ʧʝʨʚʳʡ ʰʨʠʬʪ, 

ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʚ 1985 ʛʦʜʫ, ʥʘʨʫʰʠʣ ʪʨʘ-

ʜʠʮʠʦʥʥʳʝ ʨʘʤʢʠ ʭʘʥʛʳʣʷ ʠ ʧʨʦʣʦʞʠʣ 

ʧʫʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʤ ʜʣʷ ʤʦʣʦʜʦʛʦ ʧʠʩʴʤʘ.  

ɸʥ ʉʘʥ ʉʫ ʦʩʥʦʚʘʣ ʀʥʩʪʠʪʫʪ ʪʠʧʦʛʨʘ-

ʬʠʢʠ ʇʘʯʞʫ (PaTI) ʠ ʀʥʩʪʠʪʫʪ ʪʠʧʦʛʨʘʬʠ-

ʢʠ AG, ʦʨʛʘʥʠʟʘʮʠʠ, ʧʦʩʚʷʱʝʥʥʳʝ ʥʝ 

ʪʦʣʴʢʦ ʜʠʟʘʡʥʫ ʥʦʚʳʭ ʰʨʠʬʪʦʚ, ʥʦ ʠ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷʤ, ʧʠʩʴʤʫ, ʚʳʩʪʘʚʢʘʤ ʠ ʜʠʟʘʡ-

ʥʫ ʢʥʠʛ.  

ʈʘʙʦʪʳ ɸʥ ʉʘʥ ʉʫ ʚʜʦʭʥʦʚʠʣʠ ʤʥʦʛʠʭ 

ʢʦʨʝʡʩʢʠʭ ʜʠʟʘʡʥʝʨʦʚ ʰʨʠʬʪʦʚ, ʧʦʤʦʛʘʷ 

ʠʤ ʧʦ-ʥʦʚʦʤʫ ʚʟʛʣʷʥʫʪʴ ʥʘ ʬʦʨʤʳ ʙʫʢʚ ʠ 

ʧʨʠʤʝʥʠʪʴ ʝʛʦ ʬʠʣʦʩʦʬʠʶ ʢ ʩʦʙʩʪʚʝʥʥʦʡ 

ʧʨʘʢʪʠʢʝ.  

ɽʛʦ ʰʨʠʬʪ "Ahnsangsoo", ʩʦʟʜʘʥʥʳʡ ʚ 

1985 ʛʦʜʫ, ʩʯʠʪʘʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʥʦ-

ʚʘʪʦʨʩʢʠʭ, ʧʦʩʢʦʣʴʢʫ ʦʥ ʯʝʪʢʦ ʦʩʥʦʚʘʥ ʥʘ 

ʬʠʣʦʩʦʬʠʠ ʠ ʢʦʥʩʪʨʫʢʮʠʠ ʭʘʥʛʳʣʷ [20, 

c. 86-88, 21]. 

 

 
ʈʠʩ. 12. h ʨʠʬʪ "Ahnsangsoo", 1985-2012 ʛʛ. [22] 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ 20-ʦʤ ʚʝʢʝ ʛʨʘʬʠʯʝ-

ʩʢʠʡ ʜʠʟʘʡʥ ʚ ʂʦʨʝʝ ʧʨʝʪʝʨʧʝʣ ʟʥʘʯʠʪʝʣʴ-

ʥʳʝ ʠʟʤʝʥʝʥʠʷ ʠ ʨʘʟʚʠʪʠʝ. ɼʠʟʘʡʥʝʨʳ 

ʚʥʝʩʣʠ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʠʥʜʫʩʪʨʠʶ, 

ʩʦʯʝʪʘʷ ʪʨʘʜʠʮʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ ʪʝʥ-

ʜʝʥʮʠʷʤʠ. ʂʦʨʝʡʩʢʠʡ ʛʨʘʬʠʯʝʩʢʠʡ ʜʠʟʘʡʥ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʟʘʧʘʜʥʦʛʦ ʩʪʠʣʷ ʪʝʤ, ʯʪʦ ʦʥ 

ʙʦʣʴʰʝ ʚʥʠʤʘʥʠʷ ʫʜʝʣʷʝʪ ʧʦʠʩʢʫ ʠʩʪʦʨʠ-

ʯʝʩʢʠʭ ʩʤʳʩʣʦʚ ʠ ʬʠʣʦʩʦʬʩʢʠʭ ʧʦʩʳʣʦʚ, ʘ 

ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʥʘʮʠʦʥʘʣʴʥʳʭ ʩʠʤ-

ʚʦʣʦʚ ʠ ʪʨʘʜʠʮʠʡ. 

ɻʨʘʬʠʯʝʩʢʠʡ ʜʠʟʘʡʥ ɺʦʩʪʦʯʥʦʡ ɸʟʠʠ 

ʚ ʥʘʰʠ ʜʥʠ 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʧʝʨʠʦʜʝ ʜʠʟʘʡʥ ʚ ɺʦ-

ʩʪʦʯʥʦʡ ɸʟʠʠ ʧʨʦʜʦʣʞʘʝʪ ʵʚʦʣʶʮʠʦʥʠʨʦ-

ʚʘʪʴ, ʩʦʯʝʪʘʷ ʪʨʘʜʠʮʠʦʥʥʳʝ ʵʣʝʤʝʥʪʳ ʩ 

ʥʦʚʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʠ ʩʪʠʣʷʤʠ. ʗʧʦʥʠʷ, 

ʥʘʧʨʠʤʝʨ, ʩʪʘʣʘ ʠʟʚʝʩʪʥʘ ʩʚʦʝʡ ʫʥʠʢʘʣʴ-

ʥʦʡ ʢʦʤʙʠʥʘʮʠʝʡ ʪʨʘʜʠʮʠʦʥʥʳʭ ʠ ʩʦʚʨʝ-

ʤʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʜʠʟʘʡʥʝ, ʚʢʣʶʯʘʷ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ, ʪʘʢʠʭ ʢʘʢ ʢʦʤ-

ʧʴʶʪʝʨʥʘʷ ʛʨʘʬʠʢʘ ʠ 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 

ɺ ʂʠʪʘʝ, ʜʠʟʘʡʥ ʪʘʢʞʝ ʧʨʦʜʦʣʞʘʝʪ ʵʚʦʣʶ-

ʮʠʦʥʠʨʦʚʘʪʴ, ʩ ʚʣʠʷʥʠʝʤ ʛʣʦʙʘʣʠʟʘʮʠʠ ʠ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʪʠʣʝʡ, ʘ ʪʘʢʞʝ ʪʨʘʜʠʮʠ-

ʦʥʥʳʭ ʢʠʪʘʡʩʢʠʭ ʠʩʢʫʩʩʪʚ. 

ʅʦʚʳʝ ʪʝʥʜʝʥʮʠʠ 
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ʅʝʢʦʪʦʨʳʝ ʠʟ ʥʦʚʳʭ ʪʝʥʜʝʥʮʠʡ ʚ  ʛʨʘ-

ʬʠʯʝʩʢʦʤ ʜʠʟʘʡʥʝ ɺʦʩʪʦʯʥʦʡ ɸʟʠʠ ʚʢʣʶ-

ʯʘʶʪ: 

- ʉʦʯʝʪʘʥʠʝ ʪʨʘʜʠʮʠʦʥʥʳʭ ʠ ʩʦʚʨʝʤʝʥ-

ʥʳʭ ʵʣʝʤʝʥʪʦʚ: ʄʥʦʛʠʝ ʜʠʟʘʡʥʝʨʳ ɺʦ-

ʩʪʦʯʥʦʡ ɸʟʠʠ ʩʦʯʝʪʘʶʪ ʪʨʘʜʠʮʠʦʥʥʳʝ 

ʵʣʝʤʝʥʪʳ, ʪʘʢʠʝ ʢʘʢ ʢʠʪʘʡʩʢʘʷ ʢʘʣʣʠʛʨʘ-

ʬʠʷ ʠʣʠ ʷʧʦʥʩʢʘʷ ʩʫʤʠ-ʵ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ 

ʪʝʭʥʦʣʦʛʠʷʤʠ ʠ ʩʪʠʣʷʤʠ, ʯʪʦʙʳ ʩʦʟʜʘʪʴ 

ʫʥʠʢʘʣʴʥʳʝ ʠ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʨʘʙʦʪʳ. 

- ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ: ɺʦʩʪʦʯʥʘʷ 

ɸʟʠʷ ʩʪʘʣʘ ʣʠʜʝʨʦʤ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʭ-

ʥʦʣʦʛʠʡ ʚ ʜʠʟʘʡʥʝ, ʚʢʣʶʯʘʷ ʢʦʤʧʴʶʪʝʨ-

ʥʫʶ ʛʨʘʬʠʢʫ, 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʜʠʟʘʡʥ 

ʠʥʪʝʨʬʝʡʩʘ. 

- ɻʣʦʙʘʣʠʟʘʮʠʷ: ɻʣʦʙʘʣʠʟʘʮʠʷ ʧʨʠʚʝʣʘ 

ʢ ʫʚʝʣʠʯʝʥʠʶ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ 

ʜʠʟʘʡʥ ʚ ɺʦʩʪʦʯʥʦʡ ɸʟʠʠ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ 

ʩʦʟʜʘʥʠʶ ʙʦʣʝʝ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʭ ʠ ʛʣʦ-

ʙʘʣʴʥʳʭ ʩʪʠʣʝʡ. 

- ʈʦʩʪ ʧʦʧʫʣʷʨʥʦʩʪʠ ʘʥʠʤʝ ʠ ʤʘʥʛʠ: 

ɸʥʠʤʝ ʠ ʤʘʥʛʘ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʣʠ ʚ ʗʧʦ-

ʥʠʠ, ʩʪʘʣʠ ʧʦʧʫʣʷʨʥʳʤʠ ʚ ʤʠʨʝ, ʠ ʠʭ ʚʣʠ-

ʷʥʠʝ ʥʘ ʛʨʘʬʠʯʝʩʢʠʡ ʜʠʟʘʡʥ ʩʪʘʣʦ ʙʦʣʝʝ 

ʟʘʤʝʪʥʳʤ. 

- ʋʚʝʣʠʯʝʥʠʝ ʚʥʠʤʘʥʠʷ ʢ ʵʢʦʣʦʛʠʯʝ-

ʩʢʠʤ ʚʦʧʨʦʩʘʤ: ɺʦʩʪʦʯʥʘʷ ɸʟʠʷ ʩʪʘʣʘ ʙʦ-

ʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʢ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʚʦ-

ʧʨʦʩʘʤ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʩʦʟʜʘʥʠʶ ʜʠʟʘʡʥʘ, 

ʢʦʪʦʨʳʡ ʬʦʢʫʩʠʨʫʝʪʩʷ ʥʘ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ [23]. 

ɺ ʮʝʣʦʤ ʛʨʘʬʠʯʝʩʢʠʡ ʜʠʟʘʡʥ ɺʦʩʪʦʯʥʦʡ 

ɸʟʠʠ ʧʨʦʜʦʣʞʘʝʪ ʵʚʦʣʶʮʠʦʥʠʨʦʚʘʪʴ, ʩʦ-

ʯʝʪʘʷ ʪʨʘʜʠʮʠʦʥʥʳʝ ʵʣʝʤʝʥʪʳ ʩ ʪʝʭʥʦʣʦ-

ʛʠʷʤʠ ʠ ʩʪʠʣʷʤʠ, ʠ ʦʪʨʘʞʘʝʪ ʠʟʤʝʥʝʥʠʝ 

ʩʦʮʠʘʣʴʥʳʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʘ 

ʪʘʢʞʝ ʚʣʠʷʥʠʝ 

ɿʘʢʣʶʯʝʥʠʝ 

ʈʘʟʚʠʪʠʝ ʚʦʩʪʦʯʥʦʘʟʠʘʪʩʢʦʛʦ ʛʨʘʬʠʯʝ-

ʩʢʦʛʦ ʜʠʟʘʡʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʚʣʝʢʘ-

ʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ, ʚ ʢʦʪʦʨʦʤ ʧʝʨʝʧʣʝʪʘʶʪ-

ʩʷ ʪʨʘʜʠʮʠʠ ʠ ʠʥʥʦʚʘʮʠʠ, ʥʘʮʠʦʥʘʣʴʥʘʷ 

ʠʜʝʥʪʠʯʥʦʩʪʴ ʠ ʛʣʦʙʘʣʴʥʳʝ ʪʨʝʥʜʳ. ʋʥʠ-

ʢʘʣʴʥʦʝ ʢʫʣʴʪʫʨʥʦʝ ʥʘʩʣʝʜʠʝ ʨʝʛʠʦʥʘ 

ʥʘʭʦʜʠʪ ʥʦʚʳʝ ʬʦʨʤʳ ʚʳʨʘʞʝʥʠʷ ʚ  ʙʨʝʥ-

ʜʠʥʛʝ, ʪʠʧʦʛʨʘʬʠʢʝ, ʮʠʬʨʦʚʳʭ ʤʝʜʠʘ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʧʨʦʝʢʪʘʭ. ɺʦʩʪʦʯʥʦ-

ʘʟʠʘʪʩʢʠʝ ʜʠʟʘʡʥʝʨʳ ʠʛʨʘʶʪ ʚʩʝ ʙʦʣʝʝ 

ʟʥʘʯʠʤʫʶ ʨʦʣʴ ʥʘ ʤʠʨʦʚʦʡ ʘʨʝʥʝ, ʦʙʦʛʘ-

ʱʘʷ ʚʠʟʫʘʣʴʥʫʶ ʢʫʣʴʪʫʨʫ ʩʚʦʠʤ ʩʘʤʦʙʳʪ-

ʥʳʤ ʚʟʛʣʷʜʦʤ ʠ ʦʪʢʨʳʚʘʷ ʥʦʚʳʝ ʛʦʨʠʟʦʥ-

ʪʳ ʢʨʝʘʪʠʚʥʦʩʪʠ. ʅʘʙʣʶʜʘʪʴ ʟʘ ʜʘʣʴʥʝʡ-

ʰʝʡ ʵʚʦʣʶʮʠʝʡ ʵʪʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ï ʠʩ-

ʪʠʥʥʦʝ ʫʜʦʚʦʣʴʩʪʚʠʝ ʜʣʷ ʮʝʥʠʪʝʣʝʡ ʛʨʘ-

ʬʠʯʝʩʢʦʛʦ ʠʩʢʫʩʩʪʚʘ. 
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Abstract. The study focuses on the evolution of graphic design in East Asian countries, rele-

vant in a global context due to the growing role of the Asian region. The development of digital 

technologies makes the study of East Asian graphic design relevant, given its influence on crea-

tive decisions and training of specialists in conditions of intercultural interaction.  

The historical roots of East Asian graphic design, rooted in the cultural heritage of China, 

Korea and Japan, formed over millennia, are examined. Particular attention is paid to the de-

velopment of graphic design in East Asian countries from the 19th century to the present day. 

The key factors and events that contributed to the emergence of graphic design as a profession in 

each of these countries are examined. 

Thus, the work comprehensively examines the evolution of graphic design in East Asia, from 

historical roots to the current state, which allows us to better understand the specifics of this 

phenomenon in the global cultural landscape. 

Keywords: graphic design, history, art, design development. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʢʦʤʧʨʝʩʩʠʦʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʜʠʟʘʡʥʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʦʜʝʞʜʳ ʜʣʷ ʥʠʞʥʝʡ ʯʘʩʪʠ ʪʝʣʘ ʥʘ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ 

ʯʝʣʦʚʝʢʘ, ʪʘʢʠʝ ʢʘʢ ʢʨʦʚʦʦʙʨʘʱʝʥʠʝ ʠ ʧʦʜʜʝʨʞʢʘ ʤʳʰʮ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʥʘʧʨʘʚʣʝʥʦ ʥʘ 

ʦʮʝʥʢʫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʚ ʯʝʪʳʨʝʭ ʧʘʪʝʥʪʦ-

ʚʘʥʥʳʭ ʨʘʟʨʘʙʦʪʢʘʭ ʦʜʝʞʜʳ. ʄʝʪʦʜʦʣʦʛʠʷ ʚʢʣʶʯʘʣʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʩ 

ʫʯʘʩʪʠʝʤ ʛʨʫʧʧʳ ʜʦʙʨʦʚʦʣʴʮʝʚ, ʘ ʪʘʢʞʝ ʘʥʘʣʠʟ ʧʘʪʝʥʪʦʚ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʦʮʝʥʢʫ ʠʟʤʝʥʝʥʠʡ ʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ ʠʩʧʳʪʫʝʤʳʭ. ʈʝʟʫʣʴ-

ʪʘʪʳ ʧʦʜʪʚʝʨʜʠʣʠ, ʯʪʦ ʚʥʝʜʨʝʥʠʝ ʢʦʤʧʨʝʩʩʠʦʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʣʫʯʰʝʥʠʶ 

ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ, ʩʥʠʞʝʥʠʶ ʫʨʦʚʥʷ ʬʠʟʠʯʝʩʢʦʡ ʫʩʪʘʣʦʩʪʠ ʠ ʧʦʚʳʰʝʥʠʶ ʦʙʱʝʛʦ ʫʨʦʚʥʷ 

ʢʦʤʬʦʨʪʘ ʧʨʠ ʥʦʩʢʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʦʪʝʥ-

ʮʠʘʣ ʢʦʤʧʨʝʩʩʠʦʥʥʦʡ ʦʜʝʞʜʳ ʚ ʧʦʚʳʰʝʥʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʧʦʨʪʠʚʥʦʡ 

ʠ ʧʦʚʩʝʜʥʝʚʥʦʡ ʦʜʝʞʜʳ, ʯʪʦ ʤʦʞʝʪ ʦʢʘʟʘʪʴ ʚʣʠʷʥʠʝ ʥʘ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʵʪʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʪʝʢʩʪʠʣʴʥʦʡ ʠʥʜʫʩʪʨʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʤʧʨʝʩʩʠʦʥʥʘʷ ʦʜʝʞʜʘ, ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʪʢʘʥʠ, ʠʥʥʦʚʘʮʠʠ ʚ ʪʝʢ-

ʩʪʠʣʝ, ʢʨʦʚʦʦʙʨʘʱʝʥʠʝ, ʤʳʰʝʯʥʘʷ ʧʦʜʜʝʨʞʢʘ, ʧʘʪʝʥʪʥʳʡ ʘʥʘʣʠʟ, ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʝ ʚʦʟ-

ʜʝʡʩʪʚʠʝ ʦʜʝʞʜʳ. 

 

ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʝ ʠ ʩʦʚʝʨ-

ʰʝʥʩʪʚʦʚʘʥʠʶ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʦʜʝʞʜʳ, 

ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʨʘʩʪʫʱʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ 

ʢ ʢʦʤʬʦʨʪʫ, ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʵʩʪʝʪʠʯʝ-

ʩʢʠʤ ʢʘʯʝʩʪʚʘʤ ʦʜʝʞʜʳ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝ-

ʨʘʭ ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ 

ʦʜʝʞʜʘ ʥʝ ʧʨʦʩʪʦ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʙʘʟʦʚʳʤ 

ʧʦʪʨʝʙʥʦʩʪʷʤ ʟʘʱʠʪʳ ʦʪ ʚʥʝʰʥʠʭ ʫʩʣʦ-

ʚʠʡ, ʥʦ ʠ ʘʢʪʠʚʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʪʝ-

ʣʦʤ, ʧʦʜʜʝʨʞʠʚʘʷ ʠ ʫʣʫʯʰʘʷ ʝʛʦ ʬʫʥʢʮʠʠ, 

ʯʪʦ ʜʝʣʘʝʪ ʝʸ ʥʝʟʘʤʝʥʠʤʳʤ ʘʪʨʠʙʫʪʦʤ ʚ 

ʩʧʦʨʪʝ, ʤʝʜʠʮʠʥʝ ʠ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ. 

ʆʩʦʙʝʥʥʦʝ ʤʝʩʪʦ ʩʨʝʜʠ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʦʡ ʦʜʝʞʜʳ ʟʘʥʠʤʘʝʪ ʢʦʤʧʨʝʩʩʠʦʥʥʘʷ 

ʦʜʝʞʜʘ, ʢʦʪʦʨʘʷ ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʫʥʠʢʘʣʴ-

ʥʳʤ ʩʚʦʡʩʪʚʘʤ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤ ʦʩʦʙʝʥ-

ʥʦʩʪʷʤ ʦʢʘʟʳʚʘʝʪ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʝ ʚʦʟ-

ʜʝʡʩʪʚʠʝ ʥʘ ʦʧʨʝʜʝʣʸʥʥʳʝ ʯʘʩʪʠ ʪʝʣʘ. 

ʂʦʤʧʨʝʩʩʠʦʥʥʘʷ ʦʜʝʞʜʘ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʫʣʫʯʰʝʥʠʶ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ, ʧʦʜʜʝʨʞʢʝ 

ʤʳʰʮ ʧʨʠ ʚʳʩʦʢʠʭ ʥʘʛʨʫʟʢʘʭ, ʫʩʢʦʨʝʥʠʶ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʩʣʝ ʬʠʟʠʯʝʩʢʠʭ ʫʧʨʘʞ-

ʥʝʥʠʡ ʠ ʜʘʞʝ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʪʨʘʚʤ. ʀʩ-

ʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʥʦʰʝʥʠʝ 

ʢʦʤʧʨʝʩʩʠʦʥʥʦʡ ʦʜʝʞʜʳ ʚʦ ʚʨʝʤʷ ʠ ʧʦʩʣʝ 

ʟʘʥʷʪʠʡ ʩʧʦʨʪʦʤ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʳʩʪʨʦʤʫ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʤʳʰʝʯʥʦʡ ʪʢʘʥʠ ʠ 

ʫʤʝʥʴʰʝʥʠʶ ʫʨʦʚʥʷ ʤʦʣʦʯʥʦʡ ʢʠʩʣʦʪʳ ʚ 

ʤʳʰʮʘʭ, ʯʪʦ ʩʥʠʞʘʝʪ ʙʦʣʝʚʳʝ ʦʱʫʱʝʥʠʷ 

ʠ ʫʩʪʘʣʦʩʪʴ [17, ʩ. 35]. 

ʀʥʥʦʚʘʮʠʠ ʚ ʦʙʣʘʩʪʠ ʜʠʟʘʡʥʘ ʪʘʢʦʡ 

ʦʜʝʞʜʳ ʥʝ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʫʣʫʯʰʝʥʠʝʤ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠʣʠ ʪʝʭʥʦʣʦ-

ʛʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʉʦʚʨʝʤʝʥʥʳʝ ʨʘʟʨʘʙʦʪ-

ʢʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʩʦʟʜʘʥʠʝ ʫʤʥʦʡ ʦʜʝʞʜʳ, 

ʩʧʦʩʦʙʥʦʡ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʠʟʤʝʥʝʥʠʷʤ ʚ 

ʬʠʟʠʦʣʦʛʠʠ ʪʝʣʘ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʨʝʘ-

ʛʠʨʦʚʘʪʴ ʥʘ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫ-

ʞʘʶʱʝʡ ʩʨʝʜʳ, ʫʨʦʚʝʥʴ ʬʠʟʠʯʝʩʢʦʡ ʘʢ-

ʪʠʚʥʦʩʪʠ ʠ ʜʘʞʝ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷ-

ʥʠʝ ʯʝʣʦʚʝʢʘ. 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʦʩʦʙʦʝ ʚʥʠʤʘ-

ʥʠʝ ʫʜʝʣʷʝʪʩʷ ʘʥʘʣʠʟʫ ʯʝʪʳʨʸʭ ʧʘʪʝʥʪʦʚ, 

ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʥʦʚʘʪʦʨʩʢʠʝ ʨʝʰʝ-

ʥʠʷ ʚ ʦʙʣʘʩʪʠ ʢʦʤʧʨʝʩʩʠʦʥʥʦʡ ʦʜʝʞʜʳ ʜʣʷ 

ʥʠʞʥʝʡ ʯʘʩʪʠ ʪʝʣʘ. ʕʪʠ ʧʘʪʝʥʪʳ ʚʢʣʶʯʘʶʪ 

ʨʘʟʨʘʙʦʪʢʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʥʝ ʪʦʣʴʢʦ ʫʣʫʯ-

ʰʠʪʴ ʧʦʜʜʝʨʞʢʫ ʤʳʰʮ ʠ ʢʨʦʚʦʦʙʨʘʱʝʥʠʝ, 

ʥʦ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʢʦʤʬʦʨʪ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʦʜʝʞʜʳ. ʆʩʥʦʚʥʦʡ ʮʝ-

ʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʪʦʛʦ, 
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ʢʘʢ ʜʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʨʘʟ-

ʚʠʪʠʶ ʥʦʚʳʭ ʩʪʘʥʜʘʨʪʦʚ ʚ ʜʠʟʘʡʥʝ ʦʜʝʞ-

ʜʳ, ʘ ʪʘʢʞʝ ʠʭ ʧʦʪʝʥʮʠʘʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʟʜʦʨʦʚʴʝ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʦʣʴʟʦʚʘ-

ʪʝʣʝʡ. 

ʉʪʘʪʴʷ ʩʪʨʝʤʠʪʩʷ ʥʝ ʪʦʣʴʢʦ ʢ ʪʝʦʨʝʪʠ-

ʯʝʩʢʦʤʫ ʘʥʘʣʠʟʫ ʧʘʪʝʥʪʦʚ, ʥʦ ʠ ʢ ʜʝʤʦʥ-

ʩʪʨʘʮʠʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʠʩʩʣʝ-

ʜʫʝʤʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʵʢʩ-

ʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʪʝʩʪʠʨʦ-

ʚʘʥʠʡ.  

ʃʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ  

ʀʩʪʦʨʠʷ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʯʥʦʡ 

ʦʜʝʞʜʳ ʥʘʩʯʠʪʳʚʘʝʪ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʠʣʝ-

ʪʠʡ, ʥʘʯʘʚʰʠʩʴ ʩ ʚʥʝʜʨʝʥʠʷ ʵʣʘʩʪʠʯʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʩʧʦʨʪʠʚʥʦʡ ʠ ʤʝʜʠʮʠʥ-

ʩʢʦʡ ʦʜʝʞʜʳ. ɺ ʩʝʨʝʜʠʥʝ 20 ʚʝʢʘ ʧʦʷʚʠ-

ʣʠʩʴ ʧʝʨʚʳʝ ʦʙʨʘʟʮʳ ʢʦʤʧʨʝʩʩʠʦʥʥʦʡ 

ʦʜʝʞʜʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʫʣʫʯʰʝʥʠʷ 

ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ ʠ ʧʦʜʜʝʨʞʢʠ ʤʳʰʮ. ʉʦ 

ʚʨʝʤʝʥʝʤ, ʩ ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʘʪʝ-

ʨʠʘʣʦʚ, ʢʦʤʧʨʝʩʩʠʦʥʥʘʷ ʦʜʝʞʜʘ ʩʪʘʣʘ ʙʦ-

ʣʝʝ ʜʦʩʪʫʧʥʦʡ ʠ ʨʘʟʥʦʦʙʨʘʟʥʦʡ. ʆʪ ʧʨʠʤʠ-

ʪʠʚʥʳʭ ʵʣʘʩʪʠʯʥʳʭ ʪʢʘʥʝʡ ʜʦ ʩʦʚʨʝʤʝʥ-

ʥʳʭ ʫʤʥʳʭ ʪʢʘʥʝʡ ʩ ʚʩʪʨʦʝʥʥʳʤʠ ʩʝʥʩʦ-

ʨʘʤʠ, ʪʝʭʥʦʣʦʛʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʦʜʝʞ-

ʜʳ ʟʥʘʯʠʪʝʣʴʥʦ ʵʚʦʣʶʮʠʦʥʠʨʦʚʘʣʠ, ʩʪʠ-

ʤʫʣʠʨʫʷ ʨʘʟʨʘʙʦʪʢʫ ʦʜʝʞʜʳ. ɺ 21 ʚʝʢʝ ʦʥʘ 

ʟʘʥʷʣʘ ʩʫʱʝʩʪʚʝʥʥʦʝ ʤʝʩʪʦ ʥʝ ʪʦʣʴʢʦ ʚ 

ʩʧʦʨʪʝ, ʥʦ ʠ ʚ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ, ʧʨʝʜ-

ʣʘʛʘʷ ʫʣʫʯʰʝʥʥʫʶ ʧʦʜʜʝʨʞʢʫ ʠ ʢʦʤ-

ʬʦʨʪ [9, ʩ. 11]. 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ 

ʩʦʟʜʘʚʘʪʴ ʪʢʘʥʠ ʩ ʟʘʜʘʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʘʤʠ ʢʦʤʧʨʝʩʩʠʠ ʠ ʵʣʘʩʪʠʯʥʦʩʪʠ, ʪʘʢʠʝ 

ʢʘʢ ʣʘʡʢʨʘ, ʩʧʘʥʜʝʢʩ ʠ ʥʝʦʧʨʝʥ, ʢʦʪʦʨʳʝ 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠʥ-

ʥʦʚʘʮʠʦʥʥʦʡ ʦʜʝʞʜʳ. ʕʪʠ ʤʘʪʝʨʠʘʣʳ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʝ ʪʦʣʴʢʦ ʧʣʦʪʥʦʝ ʦʙʣʝʛʘ-

ʥʠʝ ʠ ʧʦʜʜʝʨʞʢʫ, ʥʦ ʠ ʫʣʫʯʰʝʥʥʦʝ ʚʣʘʛʦ-

ʦʪʚʝʜʝʥʠʝ ʠ ʪʝʨʤʦʨʝʛʫʣʷʮʠʶ, ʯʪʦ ʟʥʘʯʠ-

ʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʢʦʤʬʦʨʪ ʠ ʜʝʡʩʪʚʝʥ-

ʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʘʢʦʡ ʦʜʝʞʜʳ [26, 

ʩ. 7]. 

ʂʦʤʧʨʝʩʩʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʦʜʝʞʜʝ 

ʦʩʦʙʝʥʥʦ ʚʘʞʥʳ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʠ ʦʜʝʞʜʳ ʜʣʷ ʥʠʞʥʝʡ ʯʘʩʪʠ ʪʝʣʘ. 

ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʘʪʝʥʪʳ ʠ ʥʘʫʯʥʳʝ ʨʘʙʦ-

ʪʳ ʧʦʜʯʝʨʢʠʚʘʶʪ ʟʥʘʯʠʤʦʩʪʴ ʵʪʠʭ ʨʘʟʨʘ-

ʙʦʪʦʢ. ʅʘʧʨʠʤʝʨ, ʧʘʪʝʥʪʳ, ʟʘʨʝʛʠʩʪʨʠʨʦ-

ʚʘʥʥʳʝ ʢʦʤʧʘʥʠʷʤʠ ʪʘʢʠʤʠ ʢʘʢ Nike, 

Adidas, ʠ Under Armour, ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ ʢ ʠʥʪʝʛʨʘʮʠʠ ʢʦʤ-

ʧʨʝʩʩʠʦʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʩʧʦʨʪʠʚʥʳʝ 

ʙʨʶʢʠ ʠ ʣʝʛʛʠʥʩʳ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʣʫʯʰʝʥʠʶ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ 

ʠ ʧʦʜʜʝʨʞʢʝ ʤʳʰʮ ʧʨʠ ʬʠʟʠʯʝʩʢʦʡ ʘʢʪʠʚ-

ʥʦʩʪʠ. 

ɸʢʘʜʝʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʘʢʞʝ 

ʧʦʜʪʚʝʨʞʜʘʶʪ ʧʦʣʴʟʫ ʢʦʤʧʨʝʩʩʠʦʥʥʦʡ 

ʦʜʝʞʜʳ. ʋʯʝʥʳʝ, ʪʘʢʠʝ ʢʘʢ Dr. Mark Cote ʠ 

Prof. Laura K. Stewart, ʧʨʦʚʝʣʠ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʚ ʞʫʨʥʘʣʘʭ çJournal 

of Sports Scienceè ʠ çMedicine and Science 

in Sports and Exerciseè, ʢʦʪʦʨʳʝ ʘʥʘʣʠʟʠ-

ʨʫʶʪ, ʢʘʢ ʢʦʤʧʨʝʩʩʠʦʥʥʘʷ ʦʜʝʞʜʘ ʚʣʠʷʝʪ 

ʥʘ ʫʣʫʯʰʝʥʠʝ ʤʳʰʝʯʥʦʡ ʬʫʥʢʮʠʠ ʠ 

ʫʤʝʥʴʰʝʥʠʝ ʫʩʪʘʣʦʩʪʠ ʧʦʩʣʝ ʪʨʝʥʠʨʦ-

ʚʦʢ [24, 25]. 

ʇʨʦʠʟʚʦʜʠʪʝʣʠ, ʪʘʢʠʝ ʢʘʢ Sigvaris ʠ 

2XU, ʠʟʚʝʩʪʥʳ ʩʚʦʠʤʠ ʠʥʥʦʚʘʮʠʦʥʥʳʤʠ 

ʨʘʟʨʘʙʦʪʢʘʤʠ ʚ ʦʙʣʘʩʪʠ ʢʦʤʧʨʝʩʩʠʦʥʥʦʡ 

ʦʜʝʞʜʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʪʨʝʙʠʪʝʣʷʤ ʚʳ-

ʙʠʨʘʪʴ ʠʟ ʰʠʨʦʢʦʛʦ ʘʩʩʦʨʪʠʤʝʥʪʘ ʧʨʦʜʫʢ-

ʮʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 

ʥʫʞʜ ʠ ʩʧʦʨʪʠʚʥʳʭ ʜʠʩʮʠʧʣʠʥ. ʕʪʠ ʢʦʤ-

ʧʘʥʠʠ ʧʦʩʪʦʷʥʥʦ ʩʦʚʝʨʰʝʥʩʪʚʫʶʪ ʤʘʪʝʨʠ-

ʘʣʳ ʠ ʜʠʟʘʡʥʳ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʤʘʢ-

ʩʠʤʘʣʴʥʳʡ ʢʦʤʬʦʨʪ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ [16]. 

 ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʦʩʥʦʚʘ 

ʂʦʤʧʨʝʩʩʠʦʥʥʘʷ ʦʜʝʞʜʘ ʜʣʷ ʥʠʞʥʝʡ 

ʯʘʩʪʠ ʪʝʣʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʦʢʘʟʘʥʠʷ 

ʩʜʘʚʣʠʚʘʶʱʝʛʦ ʜʝʡʩʪʚʠʷ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʦʙʣʘʩʪʠ ʪʝʣʘ, ʯʪʦ ʧʦʤʦʛʘʝʪ ʧʦʜʜʝʨʞʠʚʘʪʴ 

ʤʳʰʮʳ ʠ ʫʣʫʯʰʘʪʴ ʢʨʦʚʦʦʙʨʘʱʝʥʠʝ. ʕʪʘ 

ʦʜʝʞʜʘ ʦʙʳʯʥʦ ʠʟʛʦʪʘʚʣʠʚʘʝʪʩʷ ʠʟ ʵʣʘ-

ʩʪʠʯʥʳʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ, ʪʘʢʠʭ ʢʘʢ 

ʩʧʘʥʜʝʢʩ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʦʙʭʦʜʠ-

ʤʫʶ ʩʪʝʧʝʥʴ ʢʦʤʧʨʝʩʩʠʠ, ʧʨʠ ʵʪʦʤ ʩʧʦ-

ʩʦʙʩʪʚʫʶʪ ʦʛʨʘʥʠʯʝʥʠʶ ʠʟʣʠʰʥʠʭ ʤʳ-

ʰʝʯʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʢʦʪʦʨʳʝ ʧʨʦʠʩʭʦʜʷʪ 

ʚʦ ʚʨʝʤʷ ʬʠʟʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʕʪʦ 

ʩʥʠʞʘʝʪ ʨʠʩʢ ʤʠʢʨʦʪʨʘʚʤ ʠ ʫʤʝʥʴʰʘʝʪ 

ʫʩʪʘʣʦʩʪʴ ʤʳʰʮ, ʯʪʦ ʢʨʘʡʥʝ ʚʘʞʥʦ ʜʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʜʦʣʛʦʩʨʦʯʥʳʭ ʧʦʚʨʝʞʜʝ-

ʥʠʡ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʫʣʫʯʰʝʥʠʝ ʢʨʦʚʦ-

ʦʙʨʘʱʝʥʠʷ ʟʘ ʩʯʝʪ ʩʜʘʚʣʠʚʘʥʠʷ ʤʳʰʝʯʥʦʡ 

ʪʢʘʥʠ ʫʩʢʦʨʷʝʪ ʮʠʨʢʫʣʷʮʠʶ ʢʠʩʣʦʨʦʜʘ ʠ 

ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʢ ʤʳʰʮʘʤ, ʘ ʪʘʢʞʝ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ ʙʳʩʪʨʦʤʫ ʫʜʘʣʝʥʠʶ 

ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʦʪʭʦʜʦʚ, ʪʘʢʠʭ ʢʘʢ ʤʦ-

ʣʦʯʥʘʷ ʢʠʩʣʦʪʘ. ʕʪʠ ʧʨʦʮʝʩʩʳ ʥʝ ʪʦʣʴʢʦ 

ʫʣʫʯʰʘʶʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʥʦ ʠ ʩʦ-
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ʢʨʘʱʘʶʪ ʚʨʝʤʷ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʚʦʩʩʪʘ-

ʥʦʚʣʝʥʠʷ ʧʦʩʣʝ ʥʘʛʨʫʟʦʢ [4, ʩ. 19]. 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʘʥʘʣʠʟʝ ʧʘʪʝʥʪʦʚ, ʪʘʢʠʭ 

ʢʘʢ ʇʄ ˉ211436 ʠ ʇʄ ˉ217417, ʤʦʞʥʦ 

ʚʳʜʝʣʠʪʴ ʢʣʶʯʝʚʳʝ ʧʨʠʥʮʠʧʳ ʜʠʟʘʡʥʘ 

ʢʦʤʧʨʝʩʩʠʦʥʥʦʡ ʦʜʝʞʜʳ. ʇʨʝʞʜʝ ʚʩʝʛʦ, 

ʚʘʞʥʦ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʫʪʷʛʠʚʘʶʱʠʝ ʵʣʝ-

ʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʧʦʣʦʞʝʥʳ 

ʧʦʜ ʷʛʦʜʠʯʥʳʤʠ ʤʳʰʮʘʤʠ ʜʣʷ ʠʭ ʧʦʜ-

ʜʝʨʞʢʠ ʠ ʧʨʠʧʦʜʥʠʤʘʥʠʷ. ʕʪʠ ʵʣʝʤʝʥʪʳ 

ʜʦʣʞʥʳ ʙʳʪʴ ʠʟʛʦʪʦʚʣʝʥʳ ʠʟ ʤʘʪʝʨʠʘʣʦʚ ʩ 

ʤʝʥʴʰʝʡ ʨʘʩʪʷʞʠʤʦʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʦʩʥʦʚʥʦʡ ʪʢʘʥʴʶ ʙʨʶʯʠʥ, ʯʪʦʙʳ ʦʙʝʩʧʝ-

ʯʠʪʴ ʵʬʬʝʢʪʠʚʥʦʝ ʩʜʘʚʣʠʚʘʥʠʝ ʙʝʟ ʫʱʝʨʙʘ 

ʜʣʷ ʢʦʤʬʦʨʪʘ. 

ʂʦʥʩʪʨʫʢʮʠʷ ʪʘʢʞʝ ʜʦʣʞʥʘ ʫʯʠʪʳʚʘʪʴ 

ʬʦʨʤʫ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ ʫʪʷʛʠʚʘʶʱʠʭ ʵʣʝ-

ʤʝʥʪʦʚ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʧʦʜʜʝʨʞʢʠ. 

ʅʘʧʨʠʤʝʨ, ʢʦʢʝʪʢʘ ʤʦʞʝʪ ʙʳʪʴ ʩʧʨʦʝʢʪʠ-

ʨʦʚʘʥʘ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʥʘ ʦʙʝʩʧʝ-

ʯʠʚʘʣʘ ʧʨʠʧʦʜʥʠʤʘʥʠʝ ʷʛʦʜʠʮ, ʫʣʫʯʰʘʷ 

ʚʥʝʰʥʠʡ ʚʠʜ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʦʜʝʞʜʳ. 

ʂʨʦʤʝ ʪʦʛʦ, ʢʦʤʙʠʥʘʮʠʷ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝ-

ʨʠʘʣʦʚ ʩ ʨʘʟʥʳʤʠ ʩʪʝʧʝʥʷʤʠ ʵʣʘʩʪʠʯʥʦʩʪʠ 

ʢʨʠʪʠʯʥʘ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʞʝʣʘʝʤʦʛʦ 

ʫʨʦʚʥʷ ʢʦʤʧʨʝʩʩʠʠ, ʧʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ ʧʦʪʨʝʙʥʦʩʪʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʚ 

ʢʦʤʬʦʨʪʝ ʠ ʤʦʙʠʣʴʥʦʩʪʠ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ  

ɺ ʜʘʥʥʦʡ ʥʘʫʯʥʦʡ ʨʘʙʦʪʝ ʤʳ ʧʦʜʨʦʙʥʦ 

ʨʘʩʩʤʦʪʨʠʤ ʨʷʜ ʧʘʪʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʧʨʝʜ-

ʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʨʘʟʨʘʙʦʪ-

ʢʠ ʚ ʦʙʣʘʩʪʠ ʜʠʟʘʡʥʘ ʪʝʭʥʦʣʦʛʠʯʥʦʡ 

ʦʜʝʞʜʳ ʜʣʷ ʥʠʞʥʝʡ ʯʘʩʪʠ ʪʝʣʘ. ɸʥʘʣʠʟ 

ʧʦʟʚʦʣʠʪ ʥʘʤ ʦʮʝʥʠʪʴ ʥʝ ʪʦʣʴʢʦ ʪʝʭʥʠʯʝ-

ʩʢʠʝ ʘʩʧʝʢʪʳ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʡ, 

ʥʦ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʢʦ-

ʪʦʨʳʝ ʦʥʠ ʧʨʝʜʦʩʪʘʚʣʷʶʪ. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʠʟʫʯʝʥʠʝ ʪʦʛʦ, ʢʘʢ ʵʪʠ ʢʦʥ-

ʩʪʨʫʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ ʚʣʠʷʶʪ ʥʘ ʧʦʜʜʝʨʞ-

ʢʫ ʤʳʰʝʯʥʦʡ ʩʠʩʪʝʤʳ ʠ ʢʨʦʚʦʦʙʨʘʱʝʥʠʝ, 

ʘ ʪʘʢʞʝ ʢʘʢ ʦʥʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʫʣʫʯʰʝʥʠʶ 

ʦʙʱʝʛʦ ʢʦʤʬʦʨʪʘ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʦʜʝʞʜʳ. ɸʥʘʣʠʟ ʥʝ ʪʦʣʴʢʦ ʫʛʣʫʙʠʪ ʧʦʥʠ-

ʤʘʥʠʝ ʪʝʢʫʱʠʭ ʪʝʥʜʝʥʮʠʡ ʚ ʦʙʣʘʩʪʠ ʠʥʥʦ-

ʚʘʮʠʦʥʥʦʡ ʦʜʝʞʜʳ, ʥʦ ʠ ʚʳʷʚʠʪ ʧʦʪʝʥʮʠ-

ʘʣʴʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʜʣʷ ʙʫʜʫʱʠʭ ʠʥʥʦʚʘ-

ʮʠʡ ʚ ʵʪʦʤ ʩʝʢʪʦʨʝ. 

ʇʘʪʝʥʪ ˉ211436 ʦʧʠʩʳʚʘʝʪ ʦʜʝʞʜʫ ʜʣʷ 

ʥʠʞʥʝʡ ʯʘʩʪʠ ʪʝʣʘ ʩ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʢʦ-

ʢʝʪʢʦʡ ʠ ʫʪʷʛʠʚʘʶʱʠʤ ʵʣʝʤʝʥʪʦʤ, ʨʘʩʧʦ-

ʣʦʞʝʥʥʳʤ ʧʦʜ ʷʛʦʜʠʯʥʳʤʠ ʤʳʰʮʘʤʠ. 

ʂʦʥʩʪʨʫʢʮʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʫʶ 

ʧʦʜʜʝʨʞʢʫ ʤʳʰʮ, ʫʣʫʯʰʘʝʪ ʢʦʥʪʫʨ ʪʝʣʘ ʠ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ ʚʳʛʦʜʥʦʤʫ ʚʠʟʫʘʣʴʥʦ-

ʤʫ ʚʥʝʰʥʝʤʫ ʚʠʜʫ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʥʝʝ 

ʨʘʩʪʷʞʠʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʢʦʢʝʪʢʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʦʩʥʦʚʥʦʡ ʪʢʘʥʴʶ ʙʨʶʯʠʥ 

ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ 

ʧʦʜʜʝʨʞʢʠ ʠ ʫʣʫʯʰʝʥʠʷ ʬʠʛʫʨʳ, ʧʨʠ ʵʪʦʤ 

ʧʦʜʜʝʨʞʠʚʘʷ ʢʦʤʬʦʨʪ ʠ ʩʚʦʙʦʜʫ ʜʚʠʞʝʥʠʡ 

(ʨʠʩ. 1) [7]. 

 

 
ʈʠʩ. 1. ʇʘʪʝʥʪ ˉ211436 

 

ʇʘʪʝʥʪ ˉ213072 ʚʚʦʜʠʪ ʫʥʠʢʘʣʴʥʳʝ 

ʢʦʤʧʨʝʩʩʠʦʥʥʳʝ ʵʣʝʤʝʥʪʳ, ʨʘʩʧʦʣʦʞʝʥ-

ʥʳʝ ʥʘ ʚʥʝʰʥʠʭ ʙʦʢʦʚʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ 

ʰʪʘʥʠʥ ʢʦʤʙʠʥʝʟʦʥʘ. ʕʣʝʤʝʥʪʳ ʠʟʛʦʪʦʚ-

ʣʝʥʳ ʠʟ ʤʘʪʝʨʠʘʣʘ, ʢʦʪʦʨʳʡ ʤʝʥʝʝ ʨʘʩʪʷ-

ʞʠʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʩʥʦʚʥʦʡ ʪʢʘʥʴʶ 
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ʰʪʘʥʠʥ, ʦʙʝʩʧʝʯʠʚʘʷ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʝ 

ʜʘʚʣʝʥʠʝ ʠ ʧʦʜʜʝʨʞʢʫ. ʕʬʬʝʢʪ ʧʫʰ-ʘʧʘ ʚ 

ʦʙʣʘʩʪʠ ʙʝʜʝʨ ʠ ʷʛʦʜʠʮ ʫʩʠʣʠʚʘʝʪʩʷ ʟʘ 

ʩʯʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʢʦʤʧʨʝʩʩʠʦʥʥʳʭ ʧʘ-

ʥʝʣʝʡ, ʯʪʦ ʫʣʫʯʰʘʝʪ ʢʨʦʚʦʦʙʨʘʱʝʥʠʝ ʠ 

ʫʤʝʥʴʰʘʝʪ ʫʩʪʘʣʦʩʪʴ ʤʳʰʮ (ʨʠʩ. 2) [8]. 

 

 
ʈʠʩ. 2. ʇʘʪʝʥʪ ˉ213072 

 

ʇʘʪʝʥʪ ˉ217417 ʬʦʢʫʩʠʨʫʝʪʩʷ ʥʘ 

ʜʞʠʥʩʘʭ ʩ ʫʪʷʛʠʚʘʶʱʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʧʦʜ 

ʷʛʦʜʠʯʥʳʤʠ ʤʳʰʮʘʤʠ. ʋʪʷʛʠʚʘʶʱʠʝ ʵʣʝ-

ʤʝʥʪʳ, ʚʳʧʦʣʥʝʥʥʳʝ ʚ ʚʠʜʝ ʰʚʦʚ, ʩʦʝʜʠ-

ʥʷʶʱʠʭ ʯʘʩʪʠ ʙʨʶʯʠʥ, ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʧʨʠʧʦʜʥʷʪʠʶ ʠ ʧʦʜʜʝʨʞʢʝ ʷʛʦʜʠʮ, ʩʦʟʜʘ-

ʚʘʷ ʞʝʣʘʝʤʳʡ ʩʠʣʫʵʪ. ʕʪʘ ʢʦʥʩʪʨʫʢʮʠʷ ʥʝ 

ʪʦʣʴʢʦ ʫʣʫʯʰʘʝʪ ʚʥʝʰʥʠʡ ʚʠʜ, ʥʦ ʠ ʩʧʦ-

ʩʦʙʩʪʚʫʝʪ ʣʫʯʰʝʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʤʳ-

ʰʝʯʥʦʡ ʥʘʛʨʫʟʢʠ, ʯʪʦ ʫʤʝʥʴʰʘʝʪ ʨʠʩʢ 

ʪʨʘʚʤ [9]. 

 

 
ʈʠʩ. 3. ʇʘʪʝʥʪ ˉ217417 

 

ʇʘʪʝʥʪ ˉ211528 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʧʨʝʜʳʜʫʱʠʭ ʜʠʟʘʡ-

ʥʦʚ, ʚʢʣʶʯʘʷ ʢʦʤʧʨʝʩʩʠʦʥʥʳʝ ʵʣʝʤʝʥʪʳ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʟʘʜʥʝʡ ʯʘʩʪʠ ʙʝʜʝʨ ʠ 

ʧʦʜ ʢʦʣʝʥʷʤʠ. ʕʣʝʤʝʥʪʳ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ 

ʠʟ ʤʝʥʝʝ ʨʘʩʪʷʛʠʚʘʶʱʝʛʦʩʷ ʤʘʪʝʨʠʘʣʘ, 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʫʣʫʯʰʝʥʥʫʶ ʧʦʜʜʝʨʞʢʫ ʠ 

ʢʦʤʧʨʝʩʩʠʶ, ʯʪʦ ʚʝʜʝʪ ʢ ʧʦʚʳʰʝʥʠʶ ʧʨʦ-

ʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʫʤʝʥʴʰʝʥʠʶ ʫʩʪʘʣʦʩʪʠ 

ʤʳʰʮ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʫʣʫʯʰʝ-

ʥʠʶ ʧʫʰ-ʘʧ ʵʬʬʝʢʪʘ, ʢʦʪʦʨʳʡ ʩʧʦʩʦʙ-

ʩʪʚʫʝʪ ʥʝ ʪʦʣʴʢʦ ʣʫʯʰʝʤʫ ʚʠʟʫʘʣʴʥʦʤʫ 

ʚʥʝʰʥʝʤʫ ʚʠʜʫ, ʥʦ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʬʫʥʢ-

ʮʠʦʥʘʣʴʥʫʶ ʧʦʜʜʝʨʞʢʫ ʚʦ ʚʨʝʤʷ ʘʢʪʠʚʥʳʭ 

ʜʚʠʞʝʥʠʡ (ʨʠʩ. 4) [6]. 
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ʈʠʩ. 4. ʇʘʪʝʥʪ ˉ211528 

 

ʄʝʪʦʜʳ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʪʝʩʪʠʨʦʚʘ-

ʥʠʷ ʦʜʝʞʜʳ 

ʄʘʪʝʨʠʘʣʳ: ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚʳʩʦʢʦʢʘ-

ʯʝʩʪʚʝʥʥʳʝ ʜʞʠʥʩʦʚʳʝ ʠ ʜʨʫʛʠʝ ʢʦʤʧʨʝʩ-

ʩʠʦʥʥʳʝ ʪʢʘʥʠ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʵʣʘʩʪʠʯʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʦʙʭʦʜʠ-

ʤʫʶ ʩʪʝʧʝʥʴ ʢʦʤʧʨʝʩʩʠʠ ʠ ʧʦʜʜʝʨʞʢʠ, ʘ 

ʪʘʢʞʝ ʢʦʤʬʦʨʪ ʧʨʠ ʥʦʩʢʝ. 

ʇʨʦʪʦʪʠʧʠʨʦʚʘʥʠʝ: ʢʘʞʜʳʡ ʧʨʦʪʦʪʠʧ 

ʠʟʛʦʪʘʚʣʠʚʘʣʩʷ ʩ ʫʯʝʪʦʤ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ, ʦʧʠʩʘʥʥʳʭ ʚ ʧʘʪʝʥʪʘʭ, 

ʚʢʣʶʯʘʷ ʠʥʪʝʛʨʘʮʠʶ ʫʪʷʛʠʚʘʶʱʠʭ ʵʣʝ-

ʤʝʥʪʦʚ ʠ ʩʧʝʮʠʬʠʯʝʩʢʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ 

ʰʚʦʚ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʞʝʣʘʝʤʦʛʦ ʵʬʬʝʢʪʘ 

ʧʦʜʜʝʨʞʢʠ ʠ ʢʦʤʧʨʝʩʩʠʠ. 

ʌʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʪʝʩʪʳ: ʦʮʝʥʢʘ ʚʦʟʜʝʡ-

ʩʪʚʠʷ ʦʜʝʞʜʳ ʥʘ ʢʨʦʚʦʦʙʨʘʱʝʥʠʝ ʠ ʧʦʜ-

ʜʝʨʞʢʫ ʤʳʰʝʯʥʦʡ ʩʠʩʪʝʤʳ ʩ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝʤ ʤʝʪʦʜʦʚ, ʪʘʢʠʭ ʢʘʢ ʜʦʧʧʣʝʨʦʚʩʢʘʷ 

ʚʠʟʫʘʣʠʟʘʮʠʷ ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʷ [11]. 

ʄʝʭʘʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ: ʧʨʦʚʝʨʢʘ ʥʘ 

ʨʘʩʪʷʞʠʤʦʩʪʴ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʬʦʨʤʳ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʠ ʬʫʥʢʮʠ-

ʦʥʘʣʴʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ [5]. 

ʇʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ ʠʩʧʳʪʘʥʠʷ: ʦʧʨʦʩʳ ʠ 

ʧʨʘʢʪʠʯʝʩʢʠʝ ʪʝʩʪʳ ʩ ʫʯʘʩʪʠʝʤ ʮʝʣʝʚʦʡ 

ʘʫʜʠʪʦʨʠʠ ʜʣʷ ʦʮʝʥʢʠ ʫʜʦʙʩʪʚʘ ʥʦʩʢʠ, ʵʩ-

ʪʝʪʠʯʝʩʢʦʡ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ ʠ ʦʙʱʝʛʦ 

ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʧʨʦʜʫʢʮʠʝʡ [14]. 

ɼʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʬʠʟʠʦʣʦʛʠ-

ʯʝʩʢʠʭ, ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ 

ʪʝʩʪʦʚ, ʧʦʜʚʝʨʛʘʣʠʩʴ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙ-

ʨʘʙʦʪʢʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. 

ɸʥʘʣʠʟ ʚʢʣʶʯʘʣ ʨʘʩʯʝʪ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ, 

ʩʪʘʥʜʘʨʪʥʳʭ ʦʪʢʣʦʥʝʥʠʡ ʠ ʧʨʦʚʝʜʝʥʠʝ t-

ʪʝʩʪʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʠʤʦʩʪʠ ʨʘʟʣʠ-

ʯʠʡ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ. 

ʕʪʠ ʤʝʪʦʜʳ ʠ ʤʘʪʝʨʠʘʣʳ ʙʳʣʠ ʚʳʙʨʘʥʳ 

ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʦ 

ʪʦʯʥʦʝ ʠ ʦʙʲʝʢʪʠʚʥʦʝ ʠʟʫʯʝʥʠʝ ʨʝʟʫʣʴʪʘ-

ʪʠʚʥʦʩʪʠ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʨʘʟʨʘʙʦ-

ʪʘʥʥʳʭ ʧʨʦʪʦʪʠʧʦʚ ʦʜʝʞʜʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʥʘʫʯʥʦ ʧʦʜʪʚʝʨʜʠʪʴ ʠʭ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʫʩʦʚʝʨʰʝʥ-

ʩʪʚʦʚʘʥʠʷ ʠ ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʠ [12]. 

ɼʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʦʜʝʞʜʳ ʩ ʠʥʪʝʛʨʠ-

ʨʦʚʘʥʥʳʤʠ ʢʦʤʧʨʝʩʩʠʦʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ 

ʥʘ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ, ʪʘʢʠʝ ʢʘʢ 

ʢʨʦʚʦʦʙʨʘʱʝʥʠʝ ʠ ʧʦʜʜʝʨʞʢʘ ʤʳʰʮ, ʙʳʣʘ 

ʦʨʛʘʥʠʟʦʚʘʥʘ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʛʨʫʧʧʘ ʠʟ 

90 ʫʯʘʩʪʥʠʢʦʚ. ʋʯʘʩʪʥʠʢʠ ʙʳʣʠ ʧʦʜʝʣʝʥʳ 

ʥʘ ʯʝʪʳʨʝ ʛʨʫʧʧʳ, ʧʨʠʯʝʤ ʢʘʞʜʘʷ ʛʨʫʧʧʘ 

ʪʝʩʪʠʨʦʚʘʣʘ ʦʜʝʞʜʫ, ʨʘʟʨʘʙʦʪʘʥʥʫʶ ʚ ʩʦ-

ʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʘʪʝʥʪʘʤʠ. ɺ ʪʝ-

ʯʝʥʠʝ ʪʨʝʭ ʤʝʩʷʮʝʚ ʫʯʘʩʪʥʠʢʠ ʘʢʪʠʚʥʦ ʠʩ-

ʧʦʣʴʟʦʚʘʣʠ ʵʪʫ ʦʜʝʞʜʫ ʢʘʢ ʚ ʧʦʚʩʝʜʥʝʚʥʦʡ 

ʞʠʟʥʠ, ʪʘʢ ʠ ʚʦ ʚʨʝʤʷ ʟʘʥʷʪʠʡ ʨʘʟʣʠʯʥʳʤʠ 

ʚʠʜʘʤʠ ʩʧʦʨʪʘ, ʚʢʣʶʯʘʷ ʙʝʛ, ʬʠʪʥʝʩ ʠ ʜʨʫ-

ʛʠʝ ʘʢʪʠʚʥʳʝ ʚʠʜʳ ʜʝʷʪʝʣʴʥʦʩʪʠ.  

ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʠ ʧʨʦ-

ʚʝʜʝʥʳ ʧʝʨʚʦʥʘʯʘʣʴʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʠʟʤʝ-

ʨʝʥʠʷ ʜʣʷ ʦʮʝʥʢʠ ʠʩʭʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʛʨʫʧʧʳ ʫʯʘʩʪʥʠʢʦʚ (ʪʘʙʣ. 1). 
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ʊʘʙʣʠʮʘ 1. ʌʠʟʠʯʝʩʢʠʝ ʥʘʯʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ɻʨʫʧʧʘ 
ʉʚʷʟʘʥʥʳʡ 

ʧʘʪʝʥʪ 

ʂʦʣʠʯʝʩʪʚʦ ʫʯʘʩʪ-

ʥʠʢʦʚ 
ɺʦʟʨʘʩʪ ʇʦʣ 

ʏʉʉ ʚ ʧʦʢʦʝ 

(ʫʜ/ʤʠʥ) 

ʂʨʦʚʷʥʦʝ ʜʘʚʣʝʥʠʝ 

(ʤʤ ʨʪ. ʩʪ.) 

ʋʨʦʚʝʥʴ ʢʠʩʣʦʨʦʜʘ ʚ 

ʤʳʰʮʘʭ (%) 

A 
ʇʘʪʝʥʪ 

ˉ211436 
30 20-35 ʄ/ɾ 70 120/80 98 

B 
ʇʘʪʝʥʪ 

ˉ213072 
25 18-40 ʄ/ɾ 75 115/75 97 

C 
ʇʘʪʝʥʪ 

ˉ217417 
20 25-45 ʄ/ɾ 72 118/78 96 

D 
ʇʘʪʝʥʪ 

ˉ211528 
15 30-50 ʄ/ɾ 68 122/82 95 

 

ɼʣʷ ʦʮʝʥʢʠ ʚʦʟʜʝʡʩʪʚʠʷ ʤʳ ʧʨʦʚʝʣʠ 

ʨʷʜ ʪʝʩʪʦʚ, ʚʢʣʶʯʘʷ ʤʝʭʘʥʠʯʝʩʢʠʝ, ʪʝʨʤʦ-

ʛʨʘʬʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ, ʘ ʪʘʢʞʝ ʪʝʩʪʳ ʥʘ 

ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ ʠʩ-

ʧʳʪʘʥʠʷ (ʪʘʙʣ. 2). 

 

ʊʘʙʣʠʮʘ 2. ʄʝʭʘʥʠʯʝʩʢʠʝ ʥʘʯʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ɻʨʫʧʧʘ 
ʉʚʷʟʘʥʥʳʡ ʧʘ-

ʪʝʥʪ 
ʊʠʧ ʪʝʩʪʘ ʄʝʪʨʠʢʘ ʀʩʭʦʜʥʳʝ ʟʥʘʯʝʥʠʷ 

A ʇʘʪʝʥʪ ˉ211436 ʄʝʭʘʥʠʯʝʩʢʠʝ ʪʝʩʪʳ 
ʄʘʢʩʠʤʘʣʴʥʘʷ ʜʣʠʥʘ ʨʘʩ-

ʪʷʞʝʥʠʷ 
15 ʩʤ 

A ʇʘʪʝʥʪ ˉ211436 
ʊʝʨʤʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ 
ʉʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʣʘ 36.6ÁC 

B ʇʘʪʝʥʪ ˉ213072 ʇʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʋʨʦʚʝʥʴ ʢʦʤʬʦʨʪʘ (1-10) 7 

C ʇʘʪʝʥʪ ˉ217417 ʊʝʩʪʳ ʥʘ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ 
ɺʠʟʫʘʣʴʥʦʝ ʠʟʥʦʰʝʥʠʝ 

(ʰʢʘʣʘ 1-5) 
1 (ʤʠʥʠʤʘʣʴʥʦʝ) 

D ʇʘʪʝʥʪ ˉ211528 
ʊʝʨʤʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫ-

ʨʘ ʪʝʣʘ 
37.2ÁC 

 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʚ ʪʘʙʣʠʮʘʭ ʧʦʤʦʛʫʪ 

ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ, ʢʘʢ ʥʦʰʝʥʠʝ ʢʦʤʧʨʝʩʩʠ-

ʦʥʥʦʡ ʦʜʝʞʜʳ ʚ ʪʝʯʝʥʠʝ ʪʨʝʭ ʤʝʩʷʮʝʚ ʚʣʠ-

ʷʝʪ ʥʘ ʨʘʟʣʠʯʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʠ ʬʫʥʢʮʠʦ-

ʥʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ. ʉʨʘʚʥʝʥʠʝ ʥʘʯʘʣʴʥʳʭ 

ʠ ʢʦʥʝʯʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʜʘʩʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʮʝʥʠʪʴ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʦʜʝʞʜʳ, ʠʟʤʝʥʝʥʠʷ 

ʚ ʢʦʤʬʦʨʪʝ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʝʨʤʦʨʝʛʫʣʷ-

ʮʠʠ. 

ʈʝʟʫʣʴʪʘʪʳ 

ɼʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʳʚʘʶʪ ʠʟʤʝʥʝʥʠʷ 

ʧʦʩʣʝ ʪʨʝʭ ʤʝʩʷʮʝʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʜʝʞʜʳ 

ʩ ʢʦʤʧʨʝʩʩʠʦʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʤʦʞʥʦ 

ʦʬʦʨʤʠʪʴ ʜʚʝ ʪʘʙʣʠʮʳ. ʆʜʥʘ ʪʘʙʣʠʮʘ ʙʫ-

ʜʝʪ ʧʦʢʘʟʳʚʘʪʴ ʦʙʱʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʬʠʟʠʦ-

ʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʷʭ ʫʯʘʩʪʥʠʢʦʚ, ʘ ʚʪʦ-

ʨʘʷ ï ʙʦʣʝʝ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʚ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ, ʠʟʤʝʨʷʝʤʳʭ ʚ ʭʦʜʝ ʨʘʟ-

ʣʠʯʥʳʭ ʪʠʧʦʚ ʪʝʩʪʦʚ. 

 

ʊʘʙʣʠʮʘ 3. ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʦʩʣʝ 3 ʤʝʩʷʮʝʚ ʠʩʧʳʪʘʥʠʡ 

ɻʨʫʧʧʘ 
ʉʚʷʟʘʥʥʳʡ ʧʘ-

ʪʝʥʪ 

ʋʣʫʯʰʝʥʠʝ ʏʉʉ 

ʚ ʧʦʢʦʝ (%) 

ʀʟʤʝʥʝʥʠʝ ʢʨʦ-

ʚʷʥʦʛʦ ʜʘʚʣʝʥʠʷ 

(%) 

ʋʣʫʯʰʝʥʠʝ 

ʫʨʦʚʥʷ ʢʠʩʣʦʨʦ-

ʜʘ (%) 

ʆʙʱʠʡ ʫʨʦ-

ʚʝʥʴ ʫʩʪʘʣʦʩʪʠ 

(1-10) 

ʆʙʱʠʡ ʢʦʤ-

ʬʦʨʪ (1-10) 

A 
ʇʘʪʝʥʪ 

ˉ211436 
-5% -3% +2% 2 8 

B 
ʇʘʪʝʥʪ 

ˉ213072 
-4% -4% +1% 3 9 

C 
ʇʘʪʝʥʪ 

ˉ217417 
-6% -2% +3% 2 8 

D 
ʇʘʪʝʥʪ 

ˉ211528 
-3% -5% +1% 4 7 
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ʊʘʙʣʠʮʘ 4. ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʦʩʣʝ 3 ʤʝʩʷʮʝʚ ʠʩʧʳʪʘʥʠʡ 

ɻʨʫʧʧʘ 
ʉʚʷʟʘʥʥʳʡ ʧʘ-

ʪʝʥʪ 
ʊʠʧ ʪʝʩʪʘ ʄʝʪʨʠʢʘ 

ɿʥʘʯʝʥʠʷ ʧʦ-

ʩʣʝ 3 ʤʝʩʷʮʝʚ 
ʀʟʤʝʥʝʥʠʝ 

A 
ʇʘʪʝʥʪ 

ˉ211436 
ʄʝʭʘʥʠʯʝʩʢʠʝ ʪʝʩʪʳ 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʜʣʠʥʘ 

ʨʘʩʪʷʞʝʥʠʷ 
14.8 ʩʤ 

ʋʤʝʥʴʰʝʥʠʝ ʥʘ 

0.2 ʩʤ 

A 
ʇʘʪʝʥʪ 

ˉ211436 

ʊʝʨʤʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ 

ʉʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʪʝʣʘ 
36.4ÁC 

ʉʥʠʞʝʥʠʝ ʥʘ 

0.2ÁC 

B 
ʇʘʪʝʥʪ 

ˉ213072 

ʇʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ ʠʩʧʳ-

ʪʘʥʠʷ 

ʋʨʦʚʝʥʴ ʢʦʤʬʦʨʪʘ 

(1-10) 
8 

ʋʣʫʯʰʝʥʠʝ ʥʘ 1 

ʧʫʥʢʪ 

C 
ʇʘʪʝʥʪ 

ˉ217417 
ʊʝʩʪʳ ʥʘ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ 

ɺʠʟʫʘʣʴʥʦʝ ʠʟʥʦʰʝ-

ʥʠʝ (ʰʢʘʣʘ 1-5) 
2 (ʣʝʛʢʦʝ) 

ʋʭʫʜʰʝʥʠʝ ʥʘ 1 

ʧʫʥʢʪ 

D 
ʇʘʪʝʥʪ 

ˉ211528 

ʊʝʨʤʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤ-

ʧʝʨʘʪʫʨʘ ʪʝʣʘ 
37.0ÁC 

ʉʥʠʞʝʥʠʝ ʥʘ 

0.2ÁC 

 

ʇʦʩʣʝ ʪʨʝʭʤʝʩʷʯʥʦʛʦ ʧʝʨʠʦʜʘ ʘʢʪʠʚʥʦ-

ʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʜʝʞʜʳ ʩ ʢʦʤʧʨʝʩʩʠʦʥ-

ʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʦʭʚʘʪʳʚʘʶʱʝʛʦ ʯʝʪʳʨʝ 

ʨʘʟʣʠʯʥʳʭ ʧʘʪʝʥʪʘ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʘʥ-

ʥʳʝ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ ʦ ʧʦʣʦʞʠʪʝʣʴʥʦʤ 

ʚʣʠʷʥʠʠ ʪʘʢʠʭ ʠʟʜʝʣʠʡ ʥʘ ʬʠʟʠʦʣʦʛʠʯʝ-

ʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʠ ʦʙʱʝʝ ʩʦʩʪʦʷʥʠʝ ʫʯʘʩʪ-

ʥʠʢʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʫ ʚʩʝʭ 

ʫʯʘʩʪʥʠʢʦʚ ʥʘʙʣʶʜʘʣʦʩʴ ʩʥʠʞʝʥʠʝ ʯʘʩʪʦ-

ʪʳ ʩʝʨʜʝʯʥʳʭ ʩʦʢʨʘʱʝʥʠʡ ʚ ʧʦʢʦʝ. ʕʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʫʤʝʥʴʰʝʥʠʝ ʥʘʛʨʫʟʢʠ ʥʘ 

ʩʝʨʜʮʝ. ʉʨʝʜʥʝʝ ʩʥʠʞʝʥʠʝ ʏʉʉ ʩʦʩʪʘʚʠʣʦ 

ʦʪ 3 ʜʦ 6 ʧʨʦʮʝʥʪʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʛʨʫʧʧʳ, ʯʪʦ ʤʦʞʝʪ ʩʯʠʪʘʪʴʩʷ ʟʥʘʯʠʪʝʣʴ-

ʥʳʤ ʫʣʫʯʰʝʥʠʝʤ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʤ 

ʫʤʝʥʴʰʝʥʠʶ ʨʠʩʢʦʚ ʨʘʟʚʠʪʠʷ ʩʝʨʜʝʯʥʦ-

ʩʦʩʫʜʠʩʪʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. 

ʂʨʦʚʷʥʦʝ ʜʘʚʣʝʥʠʝ ʫʯʘʩʪʥʠʢʦʚ ʪʘʢʞʝ 

ʧʦʢʘʟʘʣʦ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ. 

ʉʨʝʜʥʝʝ ʧʦʥʠʞʝʥʠʝ ʩʠʩʪʦʣʠʯʝʩʢʦʛʦ ʠ ʜʠʘ-

ʩʪʦʣʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ 2-5% ʛʦʚʦʨʠʪ ʦ 

ʣʫʯʰʝʤ ʢʦʥʪʨʦʣʝ ʢʨʦʚʷʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʯʪʦ 

ʚʘʞʥʦ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʩʧʦʨʪʩʤʝʥʦʚ, ʥʦ ʠ ʜʣʷ 

ʣʶʜʝʡ ʩ ʛʠʧʝʨʪʦʥʠʝʡ. ʊʘʢʦʝ ʩʥʠʞʝʥʠʝ 

ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʫʣʫʯʰʝʥʠʝʤ ʢʨʦʚʦ-

ʦʙʨʘʱʝʥʠʷ ʟʘ ʩʯʝʪ ʢʦʤʧʨʝʩʩʠʦʥʥʦʛʦ ʵʬ-

ʬʝʢʪʘ ʦʜʝʞʜʳ. 

ʋʣʫʯʰʝʥʠʝ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ ʩʧʦʩʦʙ-

ʩʪʚʦʚʘʣʦ ʧʦʚʳʰʝʥʠʶ ʫʨʦʚʥʷ ʥʘʩʳʱʝʥʠʷ 

ʢʠʩʣʦʨʦʜʦʤ ʚ ʤʳʰʮʘʭ, ʯʪʦ ʠʟʤʝʨʷʣʦʩʴ ʩ 

ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʙʣʠʞʥʝʛʦ ʠʥʬʨʘ-

ʢʨʘʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʋʯʘʩʪʥʠʢʠ ʦʪʤʝʪʠʣʠ 

ʫʚʝʣʠʯʝʥʠʝ ʫʨʦʚʥʷ ʢʠʩʣʦʨʦʜʘ ʚ ʤʳʰʮʘʭ 

ʥʘ 1-3%, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʜʣʷ ʫʣʫʯʰʝʥʠʷ 

ʤʝʪʘʙʦʣʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʩʥʠʞʝʥʠʷ 

ʫʩʪʘʣʦʩʪʠ ʚʦ ʚʨʝʤʷ ʠ ʧʦʩʣʝ ʬʠʟʠʯʝʩʢʠʭ 

ʥʘʛʨʫʟʦʢ. 

ʂʦʤʧʨʝʩʩʠʦʥʥʳʝ ʵʣʝʤʝʥʪʳ ʚ ʦʜʝʞʜʝ 

ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʤʝʥʴʰʝ-

ʥʠʶ ʤʳʰʝʯʥʦʡ ʫʩʪʘʣʦʩʪʠ ʠ ʧʦʜʜʝʨʞʢʝ 

ʤʳʰʝʯʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ, ʯʪʦ ʙʳʣʦ ʚʳʨʘ-

ʞʝʥʦ ʚ ʙʦʣʝʝ ʥʠʟʢʠʭ ʦʮʝʥʢʘʭ ʫʨʦʚʥʷ ʫʩʪʘ-

ʣʦʩʪʠ ʧʦ ʰʢʘʣʝ ʦʪ 1 ʜʦ 10. ʕʪʦ ʫʣʫʯʰʝʥʠʝ 

ʙʳʣʦ ʦʩʦʙʝʥʥʦ ʟʘʤʝʪʥʦ ʫ ʩʧʦʨʪʩʤʝʥʦʚ ʠ 

ʘʢʪʠʚʥʳʭ ʣʶʜʝʡ, ʯʴʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʪʨʝʙʫʝʪ 

ʚʳʩʦʢʦʡ ʚʳʥʦʩʣʠʚʦʩʪʠ ʠ ʬʠʟʠʯʝʩʢʦʡ ʧʦʜ-

ʜʝʨʞʢʠ. 

ʂʦʤʬʦʨʪ ʧʨʠ ʥʦʩʢʝ ʪʘʢʞʝ ʫʣʫʯʰʠʣʩʷ, 

ʢʘʢ ʧʦʢʘʟʘʣʠ ʦʪʟʳʚʳ ʫʯʘʩʪʥʠʢʦʚ, ʩ ʦʮʝʥ-

ʢʘʤʠ ʢʦʤʬʦʨʪʘ ʧʦʚʳʰʘʶʱʠʤʠʩʷ ʚ ʩʨʝʜ-

ʥʝʤ ʥʘ ʦʜʠʥ ʧʫʥʢʪ. ʕʪʦ ʫʣʫʯʰʝʥʠʝ ʤʦʞʥʦ 

ʩʚʷʟʘʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʯʝʩʪʚʝʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʩ ʜʠʟʘʡʥʝʨʩʢʠʤʠ ʦʩʦ-

ʙʝʥʥʦʩʪʷʤʠ ʦʜʝʞʜʳ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘ-

ʶʪ ʭʦʨʦʰʫʶ ʧʦʩʘʜʢʫ ʠ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ 

ʢʦʤʧʨʝʩʩʠʠ. 

ʊʝʨʤʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘ-

ʟʘʣʠ, ʯʪʦ ʦʜʝʞʜʘ ʩ ʢʦʤʧʨʝʩʩʠʦʥʥʳʤʠ ʵʣʝ-

ʤʝʥʪʘʤʠ ʧʦʤʦʛʘʝʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ʙʦʣʝʝ 

ʩʪʘʙʠʣʴʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʪʝʣʘ, ʧʨʝʜʦʪʚʨʘ-

ʱʘʷ ʧʝʨʝʛʨʝʚ ʠʣʠ ʧʝʨʝʦʭʣʘʞʜʝʥʠʝ ʚʦ ʚʨʝ-

ʤʷ ʬʠʟʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʕʪʦ ʦʩʦʙʝʥʥʦ 

ʚʘʞʥʦ ʚ ʫʩʣʦʚʠʷʭ ʧʝʨʝʤʝʥʥʳʭ ʪʝʤʧʝʨʘ-

ʪʫʨʥʳʭ ʨʝʞʠʤʦʚ. 

ɺʩʝ ʵʪʠ ʫʣʫʯʰʝʥʠʷ ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ 

ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʜʠʟʘʡʥʝʨʩʢʠʝ ʨʝʰʝʥʠʷ ʚ 

ʦʜʝʞʜʝ ʤʦʛʫʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ ʥʝ 

ʪʦʣʴʢʦ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʥʦʩʠ-

ʪʝʣʷ, ʥʦ ʠ ʝʛʦ ʬʠʟʠʯʝʩʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴ-

ʥʦʩʪʴ ʠ ʦʙʱʝʝ ʩʘʤʦʯʫʚʩʪʚʠʝ. 

ʆʙʩʫʞʜʝʥʠʝ  

ʇʦʩʣʝ ʪʨʸʭʤʝʩʷʯʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ 

ʦʜʝʞʜʦʡ, ʦʩʥʘʱʸʥʥʦʡ ʢʦʤʧʨʝʩʩʠʦʥʥʳʤʠ 

ʵʣʝʤʝʥʪʘʤʠ ʧʦ ʨʘʟʣʠʯʥʳʤ ʧʘʪʝʥʪʘʤ, 

ʫʯʘʩʪʥʠʢʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʪʤʝʪʠʣʠ ʨʷʜ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʫʣʫʯʰʝʥʠʡ ʚ ʦʙʱʝʤ ʢʦʤ-
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ʬʦʨʪʝ ʠ ʫʜʦʚʣʝʪʚʦʨʸʥʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʚʦʩ-

ʧʨʠʥʠʤʘʝʤʳʭ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʠ ʬʠʟʠʯʝ-

ʩʢʠʭ ʘʩʧʝʢʪʘʭ. 

ʋʯʘʩʪʥʠʢʠ ʩʦʦʙʱʠʣʠ ʦ ʟʘʤʝʪʥʦʤ ʫʚʝ-

ʣʠʯʝʥʠʠ ʢʦʤʬʦʨʪʘ ʧʨʠ ʥʦʰʝʥʠʠ ʦʜʝʞʜʳ ʩ 

ʢʦʤʧʨʝʩʩʠʦʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ. ʕʪʦ ʫʣʫʯ-

ʰʝʥʠʝ ʙʳʣʦ ʩʚʷʟʘʥʦ ʥʝ ʪʦʣʴʢʦ ʩ ʬʠʟʠʯʝ-

ʩʢʠʤ ʦʱʫʱʝʥʠʝʤ ʧʦʜʜʝʨʞʢʠ ʠ ʫʤʝʥʴʰʝ-

ʥʠʝʤ ʫʩʪʘʣʦʩʪʠ, ʥʦ ʠ ʩ ʫʣʫʯʰʝʥʠʝʤ ʜʳʭʘ-

ʪʝʣʴʥʦʡ ʬʫʥʢʮʠʠ ʠ ʪʝʨʤʦʨʝʛʫʣʷʮʠʠ. ʆʩʦ-

ʙʝʥʥʦ ʵʪʦ ʮʝʥʠʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʜʣʠʪʝʣʴʥʦʡ 

ʥʦʩʢʠ ʚ ʪʝʯʝʥʠʝ ʨʘʙʦʯʝʛʦ ʜʥʷ ʠʣʠ ʚʦ ʚʨʝʤʷ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʭ ʪʨʝʥʠʨʦʚʦʢ, ʛʜʝ ʧʦʜ-

ʜʝʨʞʘʥʠʝ ʢʦʤʬʦʨʪʘ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ. 

ʄʥʦʛʠʝ ʠʩʧʳʪʫʝʤʳʝ ʚʳʨʘʟʠʣʠ ʫʜʦʚʣʝ-

ʪʚʦʨʝʥʥʦʩʪʴ ʩʚʦʝʡ ʬʠʛʫʨʦʡ. ʇʦʜʜʝʨʞʠʚʘ-

ʶʱʠʡ ʵʬʬʝʢʪ ʦʜʝʞʜʳ ʩʧʦʩʦʙʩʪʚʦʚʘʣ ʩʦ-

ʟʜʘʥʠʶ ʙʦʣʝʝ ʩʪʨʦʡʥʦʛʦ ʠ ʧʦʜʪʷʥʫʪʦʛʦ ʩʠ-

ʣʫʵʪʘ, ʯʪʦ ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘʟʳʚʘʣʦʩʴ ʥʘ 

ʩʘʤʦʦʮʝʥʢʝ ʠ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʤ ʢʦʤʬʦʨʪʝ. 

ʆʩʦʙʝʥʥʦ ʚʳʜʝʣʷʣʩʷ ʧʫʰ-ʘʧ ʵʬʬʝʢʪ, ʢʦʪʦ-

ʨʳʡ ʜʝʣʘʣ ʬʠʛʫʨʫ ʙʦʣʝʝ ʩʧʦʨʪʠʚʥʦʡ ʠ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʡ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʮʝʥʠʪʩʷ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʚ ʩʦʮʠʘʣʴʥʳʭ ʠ ʧʨʦʬʝʩʩʠ-

ʦʥʘʣʴʥʳʭ ʢʦʥʪʝʢʩʪʘʭ. 

ʍʦʪʷ ʧʨʷʤʦʡ ʵʬʬʝʢʪ ʧʦʭʫʜʝʥʠʷ ʦʪ ʥʦ-

ʰʝʥʠʷ ʢʦʤʧʨʝʩʩʠʦʥʥʦʡ ʦʜʝʞʜʳ ʥʝ ʙʳʣ 

ʦʩʥʦʚʥʦʡ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʫʯʘʩʪʥʠʢʠ 

ʟʘʤʝʪʠʣʠ, ʯʪʦ ʨʝʛʫʣʷʨʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʪʘʢʦʡ ʦʜʝʞʜʳ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʣʫʯʰʝʡ 

ʦʩʘʥʢʝ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʫʣʫʯʰʝʥʥʦʤʫ ʤʝ-

ʪʘʙʦʣʠʟʤʫ, ʯʪʦ ʤʦʛʣʦ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʢʦʥ-

ʪʨʦʣʶ ʚʝʩʘ. ʇʦʜʜʝʨʞʠʚʘʶʱʠʡ ʵʬʬʝʢʪ 

ʪʘʢʞʝ ʧʦʤʦʛʘʣ ʚ ʩʥʠʞʝʥʠʠ ʥʘʛʨʫʟʢʠ ʥʘ 

ʤʳʰʮʳ ʠ ʩʫʩʪʘʚʳ, ʯʪʦ ʜʝʣʘʣʦ ʬʠʟʠʯʝʩʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʤʝʥʝʝ ʙʦʣʝʟʥʝʥʥʦʡ ʠ ʙʦʣʝʝ 

ʧʨʦʜʫʢʪʠʚʥʦʡ. 

ʇʨʠ ʜʣʠʪʝʣʴʥʦʡ ʥʦʩʢʝ ʦʜʝʞʜʳ ʚ ʪʝʯʝ-

ʥʠʝ ʜʥʷ ʫʯʘʩʪʥʠʢʠ ʦʪʤʝʪʠʣʠ, ʯʪʦ ʢʦʤʧʨʝʩ-

ʩʠʦʥʥʳʝ ʵʣʝʤʝʥʪʳ ʧʦʤʦʛʘʣʠ ʧʦʜʜʝʨʞʠ-

ʚʘʪʴ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʵʥʝʨʛʠʠ ʠ ʩʥʠʞʘʪʴ 

ʬʠʟʠʯʝʩʢʫʶ ʫʩʪʘʣʦʩʪʴ. ʕʪʦ ʙʳʣʦ ʦʩʦʙʝʥʥʦ 

ʮʝʥʥʦ ʜʣʷ ʪʝʭ, ʢʪʦ ʧʨʦʚʦʜʠʪ ʤʥʦʛʦ ʚʨʝʤʝ-

ʥʠ ʥʘ ʥʦʛʘʭ ʠʣʠ ʟʘʥʠʤʘʝʪʩʷ ʘʢʪʠʚʥʦʡ ʜʝʷ-

ʪʝʣʴʥʦʩʪʴʶ ʙʝʟ ʚʦʟʤʦʞʥʦʩʪʠ ʯʘʩʪʦʛʦ ʦʪ-

ʜʳʭʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʠʥʥʦ-

ʚʘʮʠʦʥʥʳʝ ʢʦʤʧʨʝʩʩʠʦʥʥʳʝ ʵʣʝʤʝʥʪʳ ʚ 

ʦʜʝʞʜʝ ʜʣʷ ʥʠʞʥʝʡ ʯʘʩʪʠ ʪʝʣʘ ʤʦʛʫʪ ʟʥʘ-

ʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ ʥʝ ʪʦʣʴʢʦ ʬʠʟʠʯʝʩʢʦʝ 

ʩʦʩʪʦʷʥʠʝ, ʥʦ ʠ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʝ ʙʣʘʛʦʧʦ-

ʣʫʯʠʝ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʇʦʜʜʝʨʞʢʘ, ʫʣʫʯ-

ʰʝʥʥʘʷ ʬʠʛʫʨʘ, ʧʦʚʳʰʝʥʥʳʡ ʢʦʤʬʦʨʪ ʠ 

ʩʥʠʞʝʥʠʝ ʫʩʪʘʣʦʩʪʠ ʩʦʟʜʘʶʪ ʧʦʣʦʞʠʪʝʣʴ-

ʥʳʡ ʦʧʳʪ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʯʪʦ ʜʝʣʘʝʪ ʪʘ-

ʢʠʝ ʠʥʥʦʚʘʮʠʠ ʚʘʞʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ 

ʨʘʟʚʠʪʠʠ ʩʦʚʨʝʤʝʥʥʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 

ʦʜʝʞʜʳ. 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʣʷ 

ʢʘʞʜʦʛʦ ʧʘʪʝʥʪʘ  

ʇʘʪʝʥʪ ˉ211436 ʦʧʠʩʳʚʘʝʪ ʜʠʟʘʡʥ 

ʦʜʝʞʜʳ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʵʣʝʤʝʥʪʳ ʜʣʷ 

ʧʦʜʜʝʨʞʢʠ ʠ ʧʨʠʧʦʜʥʠʤʘʥʠʷ ʷʛʦʜʠʯʥʳʭ 

ʤʳʰʮ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝ ʪʦʣʴʢʦ ʵʩʪʝʪʠ-

ʯʝʩʢʦʝ ʫʣʫʯʰʝʥʠʝ ʬʠʛʫʨʳ, ʥʦ ʠ ʬʠʟʠʯʝ-

ʩʢʫʶ ʧʦʜʜʝʨʞʢʫ. ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ, 

ʫʯʘʩʪʥʠʢʠ ʦʪʤʝʪʠʣʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʣʫʯ-

ʰʝʥʠʝ ʚ ʦʱʫʱʝʥʠʠ ʧʦʜʜʝʨʞʢʠ ʚ ʦʙʣʘʩʪʠ 

ʷʛʦʜʠʮ, ʯʪʦ ʩʥʠʞʘʣʦ ʫʪʦʤʣʷʝʤʦʩʪʴ ʠ ʧʦ-

ʚʳʰʘʣʦ ʢʦʤʬʦʨʪ ʧʨʠ ʜʣʠʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦ-

ʩʪʠ. ɹʣʘʛʦʜʘʨʷ ʢʦʥʩʪʨʫʢʮʠʠ, ʫʣʫʯʰʠʚʰʝʡ 

ʧʘʩʩʠʚʥʫʶ ʩʪʘʙʠʣʠʟʘʮʠʶ ʤʳʰʮ ʥʠʞʥʝʡ 

ʯʘʩʪʠ ʪʝʣʘ, ʪʘʢʞʝ ʥʘʙʣʶʜʘʣʦʩʴ ʩʥʠʞʝʥʠʝ 

ʞʘʣʦʙ ʥʘ ʙʦʣʠ ʚ ʧʦʷʩʥʠʯʥʦʡ ʦʙʣʘʩʪʠ, ʯʪʦ 

ʦʩʦʙʝʥʥʦ ʮʝʥʠʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ, ʚʝʜʫ-

ʱʠʤʠ ʘʢʪʠʚʥʳʡ ʦʙʨʘʟ ʞʠʟʥʠ. 

ʇʘʪʝʥʪ ˉ213072 ʦʩʥʦʚʘʥ ʥʘ ʪʝʭʥʦʣʦʛʠʠ 

ʢʦʤʧʨʝʩʩʠʠ ʙʝʜʝʨ ʠ ʚʥʝʰʥʠʭ ʤʳʰʮ, ʢʦʪʦ-

ʨʘʷ ʙʳʣʘ ʭʦʨʦʰʦ ʧʨʠʥʷʪʘ ʫʯʘʩʪʥʠʢʘʤʠ, 

ʘʢʪʠʚʥʦ ʟʘʥʠʤʘʶʱʠʤʠʩʷ ʩʧʦʨʪʦʤ. ʆʧʳʪ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʪʘʢʦʡ ʧʦʜʭʦʜ ʥʝ ʪʦʣʴʢʦ 

ʫʣʫʯʰʘʝʪ ʢʨʦʚʦʦʙʨʘʱʝʥʠʝ, ʥʦ ʠ ʩʧʦʩʦʙ-

ʩʪʚʫʝʪ ʙʳʩʪʨʝʡʰʝʤʫ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʧʦ-

ʩʣʝ ʬʠʟʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʟʘ ʩʯʝʪ ʫʣʫʯʰʝ-

ʥʠʷ ʤʝʪʘʙʦʣʠʟʤʘ ʚ ʤʳʰʝʯʥʳʭ ʪʢʘʥʷʭ. 

ʇʦʣʴʟʦʚʘʪʝʣʠ ʦʪʤʝʪʠʣʠ ʫʤʝʥʴʰʝʥʠʝ 

ʩʠʤʧʪʦʤʦʚ ʟʘʜʝʨʞʢʠ ʤʦʣʦʯʥʦʡ ʢʠʩʣʦʪʳ ʠ 

ʧʦʚʳʰʝʥʥʦʝ ʦʙʱʝʝ ʫʜʦʚʣʝʪʚʦʨʝʥʠʝ ʦʪ 

ʥʦʩʢʠ ʦʜʝʞʜʳ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʳʭ ʪʨʝ-

ʥʠʨʦʚʦʢ. 

ʇʘʪʝʥʪ ˉ217417 ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ 

ʫʣʫʯʰʝʥʠʝ ʵʩʪʝʪʠʯʝʩʢʦʡ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦ-

ʩʪʠ ʠ ʢʦʤʬʦʨʪʘ ʟʘ ʩʯʝʪ ʫʥʠʢʘʣʴʥʦʛʦ ʜʠ-

ʟʘʡʥʘ, ʢʦʪʦʨʳʡ ʧʨʠʧʦʜʥʠʤʘʝʪ ʠ ʧʦʜʯʝʨʢʠ-

ʚʘʝʪ ʷʛʦʜʠʮʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʫʯʘʩʪʥʠʢʠ ʩʦʦʙʱʠʣʠ ʦ ʟʥʘʯʠʪʝʣʴʥʦʤ ʫʚʝ-

ʣʠʯʝʥʠʠ ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʠ ʩʚʦʠʤ ʚʥʝʰ-

ʥʠʤ ʚʠʜʦʤ, ʯʪʦ ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘʟʳʚʘʣʦʩʴ 

ʥʘ ʠʭ ʩʘʤʦʦʮʝʥʢʝ ʠ ʩʦʮʠʘʣʴʥʦʡ ʘʢʪʠʚʥʦ-

ʩʪʠ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ, ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥ-

ʥʳʡ ʧʫʰ-ʘʧ ʵʬʬʝʢʪ ʚʳʟʳʚʘʣ ʦʱʫʱʝʥʠʝ 

ʙʦʣʝʝ çʩʧʦʨʪʠʚʥʦʡè ʬʠʛʫʨʳ, ʯʪʦ ʙʳʣʦ ʚʳ-

ʩʦʢʦ ʦʮʝʥʝʥʦ ʚʩʝʤʠ ʛʨʫʧʧʘʤʠ ʫʯʘʩʪʥʠʢʦʚ. 



134 

- ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ - 

 

International Journal of Humanities and Natural Sciences, vol. 5-4 (92), 2024 

ʇʘʪʝʥʪ ˉ211528 ʨʝʘʣʠʟʫʝʪ ʠʥʥʦʚʘʮʠ-

ʦʥʥʳʡ ʧʦʜʭʦʜ ʢ ʢʦʥʩʪʨʫʢʮʠʠ ʦʜʝʞʜʳ ʜʣʷ 

ʥʠʞʥʝʡ ʯʘʩʪʠ ʪʝʣʘ ʩ ʫʣʫʯʰʝʥʥʳʤ ʧʫʰ-ʘʧ 

ʵʬʬʝʢʪʦʤ. ʋʯʘʩʪʥʠʢʠ ʦʪʤʝʯʘʣʠ ʚʳʨʘʞʝʥ-

ʥʦʝ ʫʣʫʯʰʝʥʠʝ ʧʦʜʜʝʨʞʢʠ ʠ ʬʦʨʤʳ ʷʛʦ-

ʜʠʮ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʥʝ ʪʦʣʴʢʦ ʣʫʯʰʝʡ 

ʚʠʟʫʘʣʴʥʦʡ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ, ʥʦ ʠ ʧʦ-

ʚʳʰʝʥʠʶ ʢʦʤʬʦʨʪʘ ʧʨʠ ʥʦʩʢʝ. ʊʘʢʞʝ ʙʳ-

ʣʦ ʦʪʤʝʯʝʥʦ ʩʥʠʞʝʥʠʝ ʫʪʦʤʣʷʝʤʦʩʪʠ ʠ 

ʫʣʫʯʰʝʥʠʝ ʦʙʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʠ ʘʢʪʠʚ-

ʥʦʩʪʷʭ, ʪʨʝʙʫʶʱʠʭ ʜʣʠʪʝʣʴʥʦʛʦ ʥʘʭʦʞʜʝ-

ʥʠʷ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ ʠʣʠ ʭʦʜʴ-

ʙʝ. 

ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʟʥʘʯʠ-

ʪʝʣʴʥʳʝ ʫʣʫʯʰʝʥʠʷ ʢʘʢ ʚ ʬʠʟʠʯʝʩʢʦʤ, ʪʘʢ 

ʠ ʚ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʤ ʧʣʘʥʝ ʜʣʷ ʫʯʘʩʪʥʠ-

ʢʦʚ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʦʜʝʞʜʫ ʩʦʛʣʘʩʥʦ ʥʦ-

ʚʳʤ ʧʘʪʝʥʪʘʤ, ʯʪʦ ʧʦʜʯʝʨʢʠʚʘʝʪ ʚʘʞʥʦʩʪʴ 

ʠʥʥʦʚʘʮʠʡ ʚ ʜʠʟʘʡʥʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 

ʦʜʝʞʜʳ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʏʝʪʳʨʝ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʧʘʪʝʥʪʘ ʚʥʦʩʷʪ 

ʩʚʦʡ ʫʥʠʢʘʣʴʥʳʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʪʝʭʥʦ-

ʣʦʛʠʡ ʦʜʝʞʜʳ, ʧʨʝʜʣʘʛʘʷ ʨʘʟʥʦʦʙʨʘʟʥʳʝ 

ʨʝʰʝʥʠʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴ-

ʥʦʩʪʠ ʠ ʢʦʤʬʦʨʪʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʕʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʟʥʘʯʠʪʝʣʴʥʦʤ ʫʣʫʯʰʝʥʠʠ ʧʦʢʘʟʘʪʝʣʝʡ 

ʟʜʦʨʦʚʴʷ, ʪʘʢʠʭ ʢʘʢ ʯʘʩʪʦʪʘ ʩʝʨʜʝʯʥʳʭ ʩʦ-

ʢʨʘʱʝʥʠʡ ʚ ʧʦʢʦʝ, ʢʨʦʚʷʥʦʝ ʜʘʚʣʝʥʠʝ ʠ 

ʫʨʦʚʝʥʴ ʢʠʩʣʦʨʦʜʘ ʚ ʤʳʰʮʘʭ. ʂʨʦʤʝ ʪʦʛʦ, 

ʫʯʘʩʪʥʠʢʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʦʙʱʠʣʠ ʦ ʩʥʠ-

ʞʝʥʠʠ ʫʨʦʚʥʷ ʫʩʪʘʣʦʩʪʠ ʠ ʧʦʚʳʰʝʥʠʠ ʦʙ-

ʱʝʛʦ ʫʨʦʚʥʷ ʢʦʤʬʦʨʪʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʦʜʝʞʜʳ ʩ ʢʦʤʧʨʝʩʩʠʦʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʚ 

ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ ʠ ʚʦ ʚʨʝʤʷ ʟʘʥʷʪʠʡ 

ʩʧʦʨʪʦʤ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʩʩʤʦʪʨʝʥ-

ʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʝʤʘʣʘ, 

ʪʘʢ ʢʘʢ ʦʥʠ ʧʦʟʚʦʣʷʶʪ ʥʝ ʪʦʣʴʢʦ ʫʣʫʯʰʠʪʴ 

ʢʘʯʝʩʪʚʦ ʞʠʟʥʠ ʘʢʪʠʚʥʳʭ ʣʶʜʝʡ ʠ ʩʧʦʨʪʩ-

ʤʝʥʦʚ, ʥʦ ʠ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʚʦʟʤʦʞʥʦʩʪʠ 

ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʡ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʦʜʝʞʜʳ. ʆʩʦʙʝʥʥʦ ʚʘʞ-

ʥʳʤ ʷʚʣʷʝʪʩʷ ʠʥʪʝʛʨʘʮʠʷ ʠʥʥʦʚʘʮʠʦʥʥʳʭ 

ʢʦʤʧʨʝʩʩʠʦʥʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʘʷ ʤʦ-

ʞʝʪ ʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ 

ʤʦʜʝʣʝʡ ʦʜʝʞʜʳ, ʩʧʦʩʦʙʥʳʭ ʘʜʘʧʪʠʨʦ-

ʚʘʪʴʩʷ ʢ ʨʘʟʣʠʯʥʳʤ ʫʩʣʦʚʠʷʤ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʷ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʧʦʪʨʝʙʥʦʩʪʷʤ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ɸʥʘʣʠʟ ʧʦʜʯʝʨʢʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʧʨʦʜʦʣʞʝʥʠʷ ʨʘʟʨʘʙʦʪʢʠ ʠ ʪʝʩʪʠʨʦʚʘʥʠʷ 

ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʢʦʥʩʪʨʫʢʮʠʡ, ʯʪʦʙʳ 

ʝʱʸ ʙʦʣʝʝ ʧʦʚʳʩʠʪʴ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ 

ʢʦʤʧʨʝʩʩʠʦʥʥʦʡ ʦʜʝʞʜʳ ʠ ʨʘʩʰʠʨʠʪʴ ʝʸ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ, ʚʢʣʶ-

ʯʘʷ ʤʝʜʠʮʠʥʫ, ʩʧʦʨʪ ʠ ʧʦʚʩʝʜʥʝʚʥʦʝ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝ. ɹʫʜʫʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʜʦʣʞʥʳ ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ ʥʘ ʜʦʣʛʦʩʨʦʯʥʳʭ 

ʵʬʬʝʢʪʘʭ ʥʦʰʝʥʠʷ ʢʦʤʧʨʝʩʩʠʦʥʥʦʡ ʦʜʝʞ-

ʜʳ, ʘ ʪʘʢʞʝ ʥʘ ʠʟʫʯʝʥʠʠ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ 

ʘʩʧʝʢʪʦʚ ʚʣʠʷʥʠʷ ʪʘʢʦʡ ʦʜʝʞʜʳ ʥʘ ʩʘʤʦ-

ʦʮʝʥʢʫ ʠ ʩʦʮʠʘʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʯʝ-

ʣʦʚʝʢʘ. 
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INNOVATIONS IN THE DESIGN OF FUNCTIONAL CLOTHING: STUDYING THE 

COMPRESSION EFFECTS IN LOWER BODY GARMENTS  

 

A.V. Ivanova, fashion designer, designer and designer of sportswear 

Bona Fide company 

(Russia, Moscow) 

 

Abstract. This article examines the impact of compression elements in the design of functional 

clothing for the lower body on human physiological functions such as blood circulation and 

muscle support. The study aims to assess the effectiveness of innovative designs implemented in 

four patented clothing developments. The methodology included experimental testing with a 

group of volunteers, as well as an analysis of patents and functional tests aimed at assessing 

changes in the physiological state of the subjects. The results confirmed that the integration of 

compression elements contributes to improved blood circulation, reduced physical fatigue, and 

increased overall comfort while wearing. Thus, the study demonstrates the significant potential 

of compression clothing in enhancing the functional characteristics of sports and everyday cloth-

ing, which may influence further development in this direction in the textile industry. 

Keywords: compression clothing, functional fabrics, innovations in textiles, blood circulation, 

muscle support, patent analysis, physiological impact of clothing. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʫʱʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘ-

ʣʠʟʘ ʚ ʢʦʥʪʝʢʩʪʝ ʧʨʠʤʝʥʝʥʠʷ ʝʛʦ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʢʦʤʤʫʥʠʢʘʮʠʡ ʯʘʪʘ Telegram. ɸʚʪʦʨ 

ʧʨʠʚʦʜʠʪ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʷʟʳʢʘ R, ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʨʦʮʝʩʩ ʧʨʠʤʝʥʝʥʠʷ 

ʙʠʙʣʠʦʪʝʢ ʷʟʳʢʘ R ʜʣʷ ʘʥʘʣʠʟʘ ʯʘʪʦʚ. ɺ ʟʘʢʣʶʯʝʥʠʠ ʬʦʨʤʠʨʫʶʪʩʷ ʚʳʚʦʜʳ ʜʣʷ ʜʘʣʴʥʝʡ-

ʰʠʭ ʨʝʰʝʥʠʡ ʨʫʢʦʚʦʜʠʪʝʣʝʡ ʢʦʤʧʘʥʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʷʟʳʢ R, R Studio, ʯʘʪ Telegram, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ. 

 

ʀʟʤʝʥʝʥʠʝ ʙʠʟʥʝʩʘ ï ʵʪʦ ʥʝʦʪʲʝʤʣʝʤʘʷ 

ʯʘʩʪʴ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʠʨʘ. ʆʧʳʪ ʢʨʫʧʥʳʭ 

ʢʦʤʧʘʥʠʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠʚʳʯʥʘʷ ʢʦʤʤʫ-

ʥʠʢʘʮʠʷ ʩ ʢʣʠʝʥʪʘʤʠ ʠ ʧʘʨʪʥʝʨʘʤʠ ʧʦ ʩʦ-

ʪʦʚʦʡ ʩʚʷʟʠ ʠ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʯʪʝ ʷʚʣʷʝʪʩʷ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ. 

ɼʘʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʧʨʦʠʟʦʰʣʦ ʚ ʩʣʝʜʩʪʚʠʠ 

ʠʟʤʝʥʝʥʠʷ ʧʨʝʞʥʠʭ ʫʩʪʦʷʚʰʠʭʩʷ ʤʥʝʥʠʡ, 

ʯʪʦ ʦʩʥʦʚʥʦʡ ʢʘʥʘʣ ʢʦʤʤʫʥʠʢʘʮʠʡ ï ʵʪʦ 

ʧʨʠʚʳʯʥʘʷ ʚʩʝʤ ʪʝʣʝʬʦʥʠʷ, ʘ ʥʦʚʳʡ ʚʝʢ-

ʪʦʨ ʨʘʟʚʠʪʠʷ ï ʵʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʨʘʙʦʪʝ 

ʤʝʩʩʝʥʜʞʝʨʦʚ. ɹʠʟʥʝʩ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʨʝʘ-

ʣʠʷʭ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʦ-

ʣʝʝ ʫʜʦʙʥʳʡ ʠʥʪʝʨʘʢʪʠʚʥʳʡ ʢʘʥʘʣ ʦʙʱʝ-

ʥʠʷ ʩʦ ʩʚʦʠʤʠ ʢʣʠʝʥʪʘʤʠ ʠ ʜʦʧʦʣʥʠʪʝʣʴ-

ʥʳʡ ʮʠʬʨʦʚʦʡ ʤʘʨʢʝʪʠʥʛʦʚʳʡ ʠʥʩʪʨʫ-

ʤʝʥʪ. ʅʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ, ʙʦʣʴʰʘʷ ʯʘʩʪʴ 

ʢʨʫʧʥʝʡʰʠʭ IT ʢʦʤʧʘʥʠʡ ʠʩʧʦʣʴʟʫʶʪ ʝʛʦ 

ʚ ʩʚʦʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ [2]. 

ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʵʪʘʧʦʚ ʘʥʘʣʠʟʘ ʩʦ-

ʦʙʱʝʥʠʡ ʚ ʯʘʪʘʭ ʤʝʩʩʝʥʜʞʝʨʦʚ ʷʚʣʷʝʪʩʷ 

ʠʭ ʩʝʛʤʝʥʪʘʮʠʷ. ʉʝʛʤʝʥʪʘʮʠʷ ʩʦʦʙʱʝʥʠʡ 

ʧʦʤʦʛʘʝʪ ʚʳʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ ʪʝʤʳ ʦʙʩʫʞ-

ʜʝʥʠʷ, ʦʧʨʝʜʝʣʠʪʴ ʵʤʦʮʠʦʥʘʣʴʥʳʡ ʦʢʨʘʩ 

ʩʦʦʙʱʝʥʠʡ ʠ ʚʳʷʚʠʪʴ ʧʦʪʨʝʙʥʦʩʪʠ ʧʦʣʴ-

ʟʦʚʘʪʝʣʝʡ. ʉʧʝʨʚʘ ʧʨʠʚʝʜʝʤ ʥʝʢʦʪʦʨʳʝ ʠʟ 

ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʦʚ ʩʝʛʤʝʥʪʘʮʠʠ ʩʦʦʙʱʝ-

ʥʠʡ ʚ ʯʘʪʘʭ ʤʝʩʩʝʥʜʞʝʨʦʚ [1]. 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʦʚ ʩʝʛʤʝʥʪʘ-

ʮʠʠ ʩʦʦʙʱʝʥʠʡ ʚ ʯʘʪʘʭ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ 

ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ (Natural Language 

Processing, NLP). ʕʪʦʪ ʤʝʪʦʜ ʠʩʧʦʣʴʟʫʝʪ 

ʘʣʛʦʨʠʪʤʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʘʥʘ-

ʣʠʟʘ ʩʦʜʝʨʞʘʥʠʷ ʩʦʦʙʱʝʥʠʡ ʚ ʯʘʪʘʭ ʠ ʘʚ-

ʪʦʤʘʪʠʯʝʩʢʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠʭ ʚ ʩʦʦʪ-

ʚʝʪʩʪʚʠʠ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʢʨʠʪʝʨʠʷʤʠ. ɺ 

ʦʩʥʦʚʝ ʵʪʦʛʦ ʤʝʪʦʜʘ ʣʝʞʠʪ ʘʥʘʣʠʟ ʝʩʪʝ-

ʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʢʦʤ-

ʧʴʶʪʝʨʫ çʧʦʥʠʤʘʪʴè ʩʦʜʝʨʞʘʥʠʝ ʩʦʦʙʱʝ-

ʥʠʡ ʠ ʚʳʷʚʣʷʪʴ ʢʣʶʯʝʚʳʝ ʩʣʦʚʘ, ʬʨʘʟʳ, 

ʪʝʤʳ ʠ ʢʦʥʪʝʢʩʪʳ. 

ɺʪʦʨʳʤ ʧʦʧʫʣʷʨʥʳʤ ʤʝʪʦʜʦʤ, ʷʚʣʷʝʪʩʷ 

ʩʝʛʤʝʥʪʘʮʠʷ ʥʘ ʦʩʥʦʚʝ ʧʘʨʘʤʝʪʨʦʚ. ʕʪʦʪ 

ʤʝʪʦʜ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘ-

ʤʝʪʨʘʭ, ʪʘʢʠʭ ʢʘʢ ʜʣʠʥʘ ʩʦʦʙʱʝʥʠʷ, ʚʨʝʤʷ 

ʦʪʧʨʘʚʢʠ, ʠʤʷ ʦʪʧʨʘʚʠʪʝʣʷ ʠ ʪ.ʜ. ɺ ʩʦʦʪ-

ʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩʦʦʙʱʝʥʠʷ 

ʤʦʛʫʪ ʙʳʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʢʣʘʩʩʠʬʠʮʠʨʦ-

ʚʘʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʛʨʫʧʧʳ. 

ʊʨʝʪʠʡ ʚʠʜ ʩʝʛʤʝʥʪʘʮʠʠ ï ʵʪʦ ʪʝʤʘʪʠ-

ʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. ʕʪʦʪ ʤʝʪʦʜ ʧʦʟʚʦ-

ʣʷʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʩʦ-

ʦʙʱʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʪʝʤ ʠʣʠ 

ʢʘʪʝʛʦʨʠʡ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʥʘʣʠʟ 

ʩʦʜʝʨʞʘʥʠʷ ʩʦʦʙʱʝʥʠʡ ʠ ʚʳʷʚʣʝʥʠʝ ʢʣʶ-

ʯʝʚʳʭ ʩʣʦʚ, ʬʨʘʟ ʠ ʪʝʤ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʙʳʩʪʨʦ ʠ ʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʦʜʝʨʞʘʥʠʝ 

ʩʦʦʙʱʝʥʠʷ ʠ ʚʳʜʝʣʠʪʴ ʝʛʦ ʚ ʩʦʦʪʚʝʪʩʪʚʫ-

ʶʱʫʶ ʪʝʤʘʪʠʯʝʩʢʫʶ ʛʨʫʧʧʫ. 

ɼʣʷ ʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦ-

ʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʨʘʟʣʠʯʥʳʝ ʘʣʛʦʨʠʪʤʳ, 

ʪʘʢʠʝ ʢʘʢ LDA (Latent Dirichlet Allocation), 

PLSA (Probabilistic Latent Semantic 

Analysis), TF-IDF (Term Frequency-Inverse 

Document Frequency) ʠ ʜʨʫʛʠʝ [6]. 

ɸʥʘʣʠʟ ʪʦʥʘʣʴʥʦʩʪʠ (Sentiment analysis) 

ï ʵʪʦ ʤʝʪʦʜ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪ ʘʣʛʦʨʠʪ-

ʤʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʪʦʥʘʣʴʥʦʩʪʠ ʩʦʦʙʱʝʥʠʷ. ʆʥ ʤʦʞʝʪ ʧʦʤʦʯʴ 
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ʚʳʷʚʠʪʴ ʵʤʦʮʠʦʥʘʣʴʥʳʡ ʦʢʨʘʩ ʩʦʦʙʱʝʥʠʡ 

ʠ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʠʭ ʢʘʢ ʧʦʟʠʪʠʚʥʳʝ, 

ʥʝʛʘʪʠʚʥʳʝ ʠʣʠ ʥʝʡʪʨʘʣʴʥʳʝ. 

ɸʥʘʣʠʟ ʩʫʱʥʦʩʪʝʡ (Entity analysis) ï ʵʪʦ 

ʤʝʪʦʜ, ʢʦʪʦʨʳʡ ʧʦʤʦʛʘʝʪ ʚʳʜʝʣʠʪʴ ʚ ʩʦ-

ʦʙʱʝʥʠʠ ʢʦʥʢʨʝʪʥʳʝ ʦʙʲʝʢʪʳ ʠʣʠ ʩʦʙʳ-

ʪʠʷ, ʥʘʧʨʠʤʝʨ, ʠʤʝʥʘ ʣʶʜʝʡ, ʤʝʩʪʘ, ʦʨʛʘ-

ʥʠʟʘʮʠʠ, ʜʘʪʳ ʠ ʪ.ʜ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʧʦ-

ʣʝʟʥʦ ʧʨʠ ʘʥʘʣʠʟʝ ʦʙʨʘʱʝʥʠʡ ʢʣʠʝʥʪʦʚ, 

ʯʪʦʙʳ ʙʳʩʪʨʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʧʨʦʙʣʝ-

ʤʫ, ʩ ʢʦʪʦʨʦʡ ʦʥʠ ʩʪʘʣʢʠʚʘʶʪʩʷ. 

ʂʣʘʩʪʝʨʥʳʡ ʘʥʘʣʠʟ, ʷʚʣʷʝʪʩʷ ʯʝʪʚʝʨʪʳʤ 

ʚʠʜʦʤ ʩʝʛʤʝʥʪʘʮʠʠ ʩʦʦʙʱʝʥʠʡ. ʕʪʦʪ ʤʝ-

ʪʦʜ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʛʨʫʧʧʠʨʦʚʢʝ ʩʦʦʙʱʝ-

ʥʠʡ ʚ ʢʣʘʩʪʝʨʳ, ʚ ʢʦʪʦʨʳʭ ʩʦʦʙʱʝʥʠʷ 

ʠʤʝʶʪ ʦʙʱʠʝ ʩʚʦʡʩʪʚʘ. ʂʣʘʩʪʝʨʠʟʘʮʠʷ ʩʦ-

ʦʙʱʝʥʠʡ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʦʩʥʦʚʝ ʨʘʟʣʠʯʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʩʦʜʝʨʞʘʥʠʝ ʩʦʦʙ-

ʱʝʥʠʷ, ʜʣʠʥʘ ʩʦʦʙʱʝʥʠʷ, ʚʨʝʤʷ ʦʪʧʨʘʚʢʠ 

ʠ ʜʨʫʛʠʝ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʙʠʥʘʮʠʠ ʨʘʟʣʠʯʥʳʭ 

ʤʝʪʦʜʦʚ ʤʦʞʝʪ ʜʘʪʴ ʥʘʠʣʫʯʰʠʡ ʨʝʟʫʣʴʪʘʪ 

ʚ ʘʥʘʣʠʟʝ ʜʠʥʘʤʠʢʠ ʢʦʤʤʫʥʠʢʘʮʠʠ ʚ 

ʛʨʫʧʧʦʚʳʭ ʯʘʪʘʭ ʤʝʩʩʝʥʜʞʝʨʦʚ. 

 

ʆʧʠʩʘʥʠʝ ʙʠʙʣʠʦʪʝʢ ʷʟʳʢʘ r ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 

ʗʟʳʢ R ʷʚʣʷʝʪʩʷ ʤʦʱʥʳʤ ʠʥʩʪʨʫʤʝʥ-

ʪʦʤ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʠ ʜʣʷ ʘʥʘʣʠʟʘ ʪʝʢʩʪʦʚʳʭ ʜʘʥʥʳʭ, 

ʪʘʢʠʭ ʢʘʢ ʩʦʦʙʱʝʥʠʷ ʚ ʤʝʩʩʝʥʜʞʝʨʘʭ. ɼʣʷ 

ʫʧʨʦʱʝʥʠʷ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʚ R ʩʫʱʝ-

ʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʙʠʙʣʠʦʪʝʢ, ʢʦʪʦʨʳʝ 

ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʛʦʪʦʚʳʝ ʬʫʥʢʮʠʠ ʠ ʘʣʛʦ-

ʨʠʪʤʳ ʜʣʷ ʨʘʙʦʪʳ ʩ ʜʘʥʥʳʤʠ. ɺ ʨʘʙʦʪʝ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʧʝʮʠʘʣʴʥʳʝ ʙʠʙʣʠʦʪʝʢʠ 

ʷʟʳʢʘ, ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. ʈʘʟʙʝʨʝʤ, 

ʢʘʞʜʫʶ ʙʠʙʣʠʦʪʝʢʫ ʚ ʧʦʨʷʜʢʝ ʠʭ ʧʦʜʢʣʶ-

ʯʝʥʠʷ ʚ ʢʦʜʝ ʧʨʦʛʨʘʤʤʳ. 

1. library(jsonlite); 

ɹʠʙʣʠʦʪʝʢʘ jsonlite ʚ ʷʟʳʢʝ R ʧʨʝʜʥʘ-

ʟʥʘʯʝʥʘ ʜʣʷ ʨʘʙʦʪʳ ʩ ʬʦʨʤʘʪʦʤ JSON, ʢʦ-

ʪʦʨʳʡ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ ʚ ʀʥʪʝʨʥʝʪʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʤʝʩ-

ʩʝʥʜʞʝʨʘʭ. 

ɺ ʮʝʣʦʤ, ʙʠʙʣʠʦʪʝʢʘ jsonlite ʷʚʣʷʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʨʘʙʦʪʳ ʩ 

JSON-ʜʘʥʥʳʤʠ ʚ R ʠ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʥʘ 

ʧʨʠ ʘʥʘʣʠʟʝ ʩʦʦʙʱʝʥʠʡ ʚ ʤʝʩʩʝʥʜʞʝʨʘʭ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʬʦʨ-

ʤʘʪʝ JSON. 

2. library(ggplot2); 

ɹʠʙʣʠʦʪʝʢʘ ggplot2 ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʢʘʯʝʩʪʚʝʥʥʳʭ ʠ ʢʨʘʩʠʚʳʭ ʛʨʘʬʠ-

ʢʦʚ. ʆʥʘ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʛʨʘʤʤʘʪʠʢʝ ʛʨʘʬʠ-

ʢʦʚ, ʪʦ ʝʩʪʴ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ 

ʥʘʙʦʨ ʧʨʠʤʠʪʠʚʦʚ (ʥʘʧʨʠʤʝʨ, ʪʦʯʢʠ, ʣʠ-

ʥʠʠ, ʧʨʷʤʦʫʛʦʣʴʥʠʢʠ), ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʨʘʟʣʠʯ-

ʥʳʭ ʚʠʜʦʚ ʛʨʘʬʠʢʦʚ. 

3. library(dplyr); 

ɹʠʙʣʠʦʪʝʢʘ dplyr ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʩʘ-

ʤʳʭ ʧʦʧʫʣʷʨʥʳʭ ʙʠʙʣʠʦʪʝʢ ʚ R ʜʣʷ ʤʘʥʠ-

ʧʫʣʷʮʠʠ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. ʆʥʘ ʧʨʝʜʦ-

ʩʪʘʚʣʷʝʪ ʫʜʦʙʥʳʡ ʠ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳʡ 

ʠʥʪʝʨʬʝʡʩ ʜʣʷ ʬʠʣʴʪʨʘʮʠʠ, ʩʫʤʤʠʨʦʚʘ-

ʥʠʷ, ʛʨʫʧʧʠʨʦʚʘʥʠʷ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ 

ʦʙʲʝʜʠʥʝʥʠʷ ʜʘʥʥʳʭ. 

ɹʠʙʣʠʦʪʝʢʘ dplyr ʨʘʙʦʪʘʝʪ ʙʳʩʪʨʦ ʠ 

ʵʬʬʝʢʪʠʚʥʦ ʜʘʞʝ ʩ ʙʦʣʴʰʠʤʠ ʥʘʙʦʨʘʤʠ 

ʜʘʥʥʳʭ. ʆʥʘ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦ-

ʚʘʥʘ ʜʣʷ ʨʘʙʦʪʳ ʩ ʜʘʥʥʳʤʠ ʠʟ ʨʘʟʣʠʯʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ, ʚʢʣʶʯʘʷ ʙʘʟʳ ʜʘʥʥʳʭ, CSV-

ʬʘʡʣʳ, Excel-ʬʘʡʣʳ ʠ ʪ.ʜ. 

ʂʨʦʤʝ ʪʦʛʦ, ʙʠʙʣʠʦʪʝʢʘ dplyr ʷʚʣʷʝʪʩʷ 

ʦʜʥʦʡ ʠʟ ʯʘʩʪʝʡ ʙʦʣʴʰʦʛʦ ʵʢʦʩʠʩʪʝʤʳ 

tidyverse, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʤʥʦʞʝ-

ʩʪʚʦ ʜʨʫʛʠʭ ʧʦʣʝʟʥʳʭ ʙʠʙʣʠʦʪʝʢ ʜʣʷ ʨʘʙʦ-

ʪʳ ʩ ʜʘʥʥʳʤʠ ʚ R. ʕʪʠ ʙʠʙʣʠʦʪʝʢʠ ʭʦʨʦʰʦ 

ʠʥʪʝʛʨʠʨʫʶʪʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʦʙʣʝʛʯʘʷ 

ʧʨʦʮʝʩʩ ʘʥʘʣʠʟʘ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʚ R. 

4. library(tidytext); 

ɹʠʙʣʠʦʪʝʢʘ tidytext ʷʚʣʷʝʪʩʷ ʠʥʩʪʨʫ-

ʤʝʥʪʦʤ ʜʣʷ ʨʘʙʦʪʳ ʩ ʪʝʢʩʪʦʚʳʤʠ ʜʘʥʥʳʤʠ 

ʚ R. ʆʥʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʫʜʦʙʥʳʝ ʬʫʥʢʮʠʠ 

ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʪʝʢʩʪʘ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ 

ʨʘʟʙʠʪʴ ʪʝʢʩʪ ʥʘ ʩʣʦʚʘ (ʪʦʢʝʥʠʟʘʮʠʷ), ʫʜʘ-

ʣʠʪʴ ʩʪʦʧ-ʩʣʦʚʘ, ʧʨʦʚʝʩʪʠ ʣʝʤʤʘʪʠʟʘʮʠʶ, 

ʧʦʜʩʯʠʪʘʪʴ ʯʘʩʪʦʪʫ ʫʧʦʪʨʝʙʣʝʥʠʷ ʩʣʦʚ ʠ 

ʪ.ʜ. 

ɺ ʨʘʤʢʘʭ ʘʥʘʣʠʟʘ ʤʝʩʩʝʥʜʞʝʨʦʚ, ʙʠʙ-

ʣʠʦʪʝʢʘ tidytext ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʪʝʢʩʪʦʚʳʭ ʩʦʦʙʱʝʥʠʡ, ʠʟʚʣʝʯʝ-

ʥʠʷ ʢʣʶʯʝʚʳʭ ʩʣʦʚ, ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʦʚ 

ʯʘʩʪʦʪʥʦʩʪʠ ʩʣʦʚ ʠ ʪ.ʜ. ʅʘʧʨʠʤʝʨ, ʩ ʧʦ-

ʤʦʱʴʶ ʬʫʥʢʮʠʠ unnest_tokens() ʤʦʞʥʦ 

ʨʘʟʙʠʪʴ ʪʝʢʩʪ ʥʘ ʩʣʦʚʘ, ʘ ʟʘʪʝʤ ʧʦʜʩʯʠʪʘʪʴ 

ʯʘʩʪʦʪʫ ʫʧʦʪʨʝʙʣʝʥʠʷ ʢʘʞʜʦʛʦ ʩʣʦʚʘ ʩ ʧʦ-

ʤʦʱʴʶ ʬʫʥʢʮʠʠ count(). 

5. library(sentimentr); 

ɹʠʙʣʠʦʪʝʢʘ sentimentr ʯʘʩʪʦ ʠʩʧʦʣʴʟʫ-

ʝʪʩʷ ʜʣʷ ʘʥʘʣʠʟʘ ʪʦʥʘʣʴʥʦʩʪʠ ʦʪʟʳʚʦʚ, 

ʢʦʤʤʝʥʪʘʨʠʝʚ ʠ ʜʨʫʛʠʭ ʪʝʢʩʪʦʚʳʭ ʜʘʥʥʳʭ 

ʚ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ ʠ ʤʝʩʩʝʥʜʞʝʨʘʭ, ʪʘʢʠʭ 
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ʢʘʢ Telegram. ʆʥʘ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʠ ʵʬ-

ʬʝʢʪʠʚʥʦ ʦʧʨʝʜʝʣʷʪʴ ʵʤʦʮʠʦʥʘʣʴʥʳʡ 

ʦʢʨʘʩ ʪʝʢʩʪʘ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʚ ʜʘʣʴʥʝʡʰʝʤ ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ. 

6. library(stm); 

ɹʠʙʣʠʦʪʝʢʘ stm (Structural Topic 

Modeling) ʚ ʷʟʳʢʝ R ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ 

ʩʪʨʫʢʪʫʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʤʘʪʠʢ 

(Topic Modeling) ʩ ʫʯʝʪʦʤ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʤʝʞʜʫ ʜʦʢʫʤʝʥʪʘʤʠ, ʚ ʢʦʪʦʨʳʭ ʵʪʠ ʪʝʤʘ-

ʪʠʢʠ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ. 

ʉʪʨʫʢʪʫʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʤʘʪʠʢ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʝʪʦʜ ʤʘʰʠʥʥʦʛʦ ʦʙʫ-

ʯʝʥʠʷ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʘʚʪʦʤʘ-

ʪʠʯʝʩʢʦʛʦ ʚʳʜʝʣʝʥʠʷ ʪʝʤ ʠʟ ʥʘʙʦʨʘ ʪʝʢ-

ʩʪʦʚʳʭ ʜʦʢʫʤʝʥʪʦʚ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʤʝʪʦʜʦʚ 

ʤʝʰʢʘ ʩʣʦʚ, ʛʜʝ ʢʘʞʜʳʡ ʜʦʢʫʤʝʥʪ ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʡ ʥʘʙʦʨ 

ʩʣʦʚ, ʩʪʨʫʢʪʫʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʤʘʪʠʢ 

ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ ʩʪʨʫʢʪʫʨʫ ʪʝʢʩʪʘ ʠ 

ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʩʚʷʟʠ ʤʝʞʜʫ ʩʣʦʚʘʤʠ [3]. 

7. library(topicmodels); 

ɹʠʙʣʠʦʪʝʢʘ topicmodels ï ʵʪʦ ʥʘʙʦʨ ʠʥ-

ʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʪʝʤʘʪʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ ʪʝʢʩʪʦʚʳʭ ʜʘʥʥʳʭ ʚ ʷʟʳʢʝ R.  

ɹʠʙʣʠʦʪʝʢʘ topicmodels ʩʦʜʝʨʞʠʪ ʥʝ-

ʩʢʦʣʴʢʦ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʪʝʤʘ-

ʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʚʢʣʶʯʘʷ Latent Dirichlet 

Allocation (LDA), Correlated Topic Model 

(CTM) ʠ others. ʆʥʘ ʪʘʢʞʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʥʘʙʦʨ ʬʫʥʢʮʠʡ ʜʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʧʦ-

ʩʪʨʦʝʥʥʳʭ ʤʦʜʝʣʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʨʘʩʯʝʪʘ 

ʧʝʨʧʣʝʢʩʠʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʛʝʨʝʥʪʥʦ-

ʩʪʠ ʪʝʤ. 

ʇʨʠʤʝʥʝʥʠʝ ʙʠʙʣʠʦʪʝʢʠ topicmodels ʚ 

ʘʥʘʣʠʟʝ ʤʝʩʩʝʥʜʞʝʨʦʚ ʤʦʞʝʪ ʧʦʤʦʯʴ ʚʳ-

ʜʝʣʠʪʴ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʪʝ-

ʤʳ ʚ ʩʦʦʙʱʝʥʠʷʭ, ʠ ʧʦʥʷʪʴ, ʦ ʯʝʤ ʠʤʝʥʥʦ 

ʧʦʣʴʟʦʚʘʪʝʣʠ ʯʘʱʝ ʚʩʝʛʦ ʦʙʱʘʶʪʩʷ ʚ 

ʛʨʫʧʧʦʚʳʭ ʯʘʪʘʭ. ʊʘʢʞʝ ʵʪʘ ʙʠʙʣʠʦʪʝʢʘ 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʩʨʘʚʥʝʥʠʷ 

ʪʝʤʘʪʠʯʝʩʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʛʨʫʧʧʦʚʳʭ ʯʘʪʦʚ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʘʥʘʣʠʟʘ 

ʠʟʤʝʥʝʥʠʡ ʚ ʦʙʩʫʞʜʘʝʤʳʭ ʪʝʤʘʭ ʚʦ ʚʨʝ-

ʤʝʥʠ [5]. 

8. library(tm); 

ɹʠʙʣʠʦʪʝʢʘ tm (text mining) ï ʵʪʦ ʦʜʥʘ 

ʠʟ ʦʩʥʦʚʥʳʭ ʙʠʙʣʠʦʪʝʢ ʜʣʷ ʨʘʙʦʪʳ ʩ ʪʝʢ-

ʩʪʦʚʳʤʠ ʜʘʥʥʳʤʠ ʚ ʷʟʳʢʝ R. ʆʥʘ ʧʨʝʜʦ-

ʩʪʘʚʣʷʝʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʬʫʥʢʮʠʡ ʜʣʷ ʟʘ-

ʛʨʫʟʢʠ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʧʨʝ-

ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʪʝʢʩʪʦʚʳʭ 

ʜʘʥʥʳʭ. 

ʉ ʧʦʤʦʱʴʶ ʙʠʙʣʠʦʪʝʢʠ tm ʤʦʞʥʦ ʟʘ-

ʛʨʫʞʘʪʴ ʪʝʢʩʪʳ ʠʟ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, 

ʚʢʣʶʯʘʷ ʪʝʢʩʪʦʚʳʝ ʬʘʡʣʳ, PDF-ʬʘʡʣʳ, 

ʚʝʙ-ʩʪʨʘʥʠʮʳ ʠ ʙʘʟʳ ʜʘʥʥʳʭ. ʆʥʘ ʪʘʢʞʝ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʤʥʦʞʝʩʪʚʦ ʬʫʥʢʮʠʡ ʜʣʷ 

ʦʯʠʩʪʢʠ ʪʝʢʩʪʘ ʦʪ ʩʪʦʧ-ʩʣʦʚ, ʟʥʘʢʦʚ ʧʨʝ-

ʧʠʥʘʥʠʷ, ʮʠʬʨ ʠ ʜʨʫʛʠʭ ʥʝʥʫʞʥʳʭ ʩʠʤʚʦ-

ʣʦʚ, ʘ ʪʘʢʞʝ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʘʪʨʠʮʳ ʪʝʨʤʠ-

ʥʦʚ-ʜʦʢʫʤʝʥʪʦʚ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦ-

ʜʠʪʴ ʘʥʘʣʠʟ ʪʝʢʩʪʦʚʳʭ ʜʘʥʥʳʭ. 

ʂʨʦʤʝ ʪʦʛʦ, tm ʠʤʝʝʪ ʬʫʥʢʮʠʠ ʜʣʷ ʧʦ-

ʠʩʢʘ ʩʣʦʚ ʠ ʬʨʘʟ, ʩʦʟʜʘʥʠʷ ʢʦʨʧʫʩʘ ʜʦʢʫ-

ʤʝʥʪʦʚ, ʨʘʩʯʝʪʘ ʩʪʘʪʠʩʪʠʢʠ ʩʣʦʚ ʠ ʪ.ʜ. ʕʪʘ 

ʙʠʙʣʠʦʪʝʢʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʧʦ-

ʧʫʣʷʨʥʳʭ ʜʣʷ ʨʘʙʦʪʳ ʩ ʪʝʢʩʪʦʚʳʤʠ ʜʘʥ-

ʥʳʤʠ ʚ R ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʦʱʥʳʡ 

ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʢʩʪʦʚʳʭ 

ʢʦʨʧʫʩʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ, ʚʢʣʶʯʘʷ 

ʩʦʮʠʘʣʴʥʳʝ ʥʘʫʢʠ, ʤʘʨʢʝʪʠʥʛ, ʤʝʜʠʮʠʥʫ ʠ 

ʜʨ. [4]. 

 

ʈʝʘʣʠʟʘʮʠʷ ʧʦʩʪʨʦʝʥʠʷ ʠʥʪʝʣʣʝʢʪʫ-

ʘʣʴʥʦʡ ʤʦʜʝʣʠ ʘʥʘʣʠʟʘ ʯʘʪʘ Telegram 

ʈʝʘʣʠʟʘʮʠʷ ʢʦʜʘ ʥʘʯʠʥʘʝʪʩʷ ʩ ʫʩʪʘʥʦʚ-

ʢʠ ʥʝʦʙʭʦʜʠʤʳʭ ʙʠʙʣʠʦʪʝʢ, ʢʦʪʦʨʳʝ ʙʫ-

ʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

(ʨʠʩ. 1). 

 

 
ʈʠʩ. 1. ɿʘʛʨʫʟʢʘ ʙʠʙʣʠʦʪʝʢ 

 

ʉʣʝʜʫʶʱʠʤ ʰʘʛʦʤ, ʥʝʦʙʭʦʜʠʤʦ ʚʳ-

ʧʦʣʥʠʪʴ ʟʘʛʨʫʟʢʫ ʜʘʥʥʳʭ, ʩ ʢʦʪʦʨʳʤʠ ʙʫ-

ʜʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʥʝʦʙʭʦʜʠʤʘʷ ʨʘʙʦʪʘ. ɺ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʤʳ ʨʝʰʘʝʤ ʧʦʪʨʝʙʥʦʩʪʴ 

ʢʦʤʧʘʥʠʠ ʗʥʜʝʢʩ, ʘ ʠʤʝʥʥʦ ʚʳʧʦʣʥʷʝʤ 

ʘʥʘʣʠʟ ʦʬʠʮʠʘʣʴʥʦʛʦ ʨʝʩʫʨʩʘ, ʪʝʣʝʛʨʘʤʤ 
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ʢʘʥʘʣʘ ʢʦʤʧʘʥʠʠ ʧʦ ʪʝʭʥʠʯʝʩʢʦʡ ʧʦʜ-

ʜʝʨʞʢʝ ʥʘʩʪʨʦʡʢʠ  ʫʤʥʦʛʦ ʜʦʤʘ ʧʦʣʴʟʦʚʘ-

ʪʝʣʝʡ. ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʘʥʘʣʠʟʘ ʙʳʣ ʚʟʷʪ 

ʢʦʥʢʨʝʪʥʳʡ ʜʝʥʴ, ʚ ʢʦʪʦʨʳʡ ʢʦʤʧʘʥʠʷ ʗʥ-

ʜʝʢʩ ʚʳʧʫʩʪʠʣʘ ʦʙʥʦʚʣʝʥʠʝ ï 

çéʫʣʫʯʰʘʶʱʝʝ ʩʪʘʙʠʣʴʥʦʩʪʴ ʵʢʦʩʠʩʪʝʤʳ 

ʫʤʥʦʛʦ ʜʦʤʘéè (ʨʠʩ. 2). 

 

 
ʈʠʩ. 2. ɿʘʛʨʫʟʢʘ ʜʘʥʥʳʭ ʬʦʨʤʘʪʘ JSON 

 

ʇʦʩʣʝ ʫʩʧʝʰʥʦ ʚʳʧʦʣʥʝʥʥʦʡ ʟʘʛʨʫʟʢʠ, 

ʤʳ ʧʦʣʫʯʘʝʤ ʧʝʨʚʠʯʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʧʨʦ-

ʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ. ʉʣʝʜʫʶʱʠʤ ʰʘʛʦʤ, 

ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 

çʩʳʨʳʭè ʜʘʥʥʳʭ, ʚ ʬʦʨʤʘʪ ʪʘʙʣʠʮʳ. ʇʨʝ-

ʦʙʨʘʟʦʚʘʥʠʝ ʧʦʟʚʦʣʠʪ ʢʦʨʨʝʢʪʥʦ ʩʯʠʪʳ-

ʚʘʪʴ ʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʪʴ ʜʘʥʥʳʝ ʚ ʜʘʣʴ-

ʥʝʡʰʝʤ, ʠ ʩʢʘʞʝʪʩʷ ʥʘ ʢʘʯʝʩʪʚʝ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ (ʨʠʩ. 3). 

 

 
ʈʠʩ. 3. ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʜʘʥʥʳʭ ʚ ʪʘʙʣʠʮʫ 

 

ɺʳʧʦʣʥʠʚ ʢʦʤʘʥʜʫ, ʤʳ ʧʦʣʫʯʠʣʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʫʶ ʪʘʙʣʠʮʫ ʜʘʥʥʳʭ (ʨʠʩ. 4). 

 

 
ʈʠʩ. 4. ʊʘʙʣʠʮʘ ʯʘʪʘ ʊʝʣʝʛʨʘʤʤ 

 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʛʠʩʪʦʛʨʘʤʤʳ ʨʘʩʧʨʝʜʝʣʝ-

ʥʠʷ ʯʘʩʪʦʪʳ ʦʪʧʨʘʚʢʠ ʩʦʦʙʱʝʥʠʡ ʫʯʘʩʪʥʠ-

ʢʘʤʠ ʯʘʪʘ, ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʧʨʦʤʝ-

ʞʫʪʦʯʥʦʝ ʜʝʡʩʪʚʠʝ ï ʫʜʘʣʠʪʴ ʠʟ ʩʪʦʣʙʮʘ 

message.from_id ʦʪʩʫʪʩʪʚʫʶʱʠʝ ʟʥʘʯʝʥʠʷ 

id ʧʦʣʴʟʦʚʘʪʝʣʝʡ (ʩʢʨʳʪʳʝ ʘʢʢʘʫʥʪʳ). ʊʘʢ 

ʢʘʢ ʤʳ ʥʝ ʤʦʞʝʤ ʦʧʨʝʜʝʣʠʪʴ ʪʘʢʠʭ ʧʦʣʴ-

ʟʦʚʘʪʝʣʝʡ, ʤʳ ʥʝ ʫʯʠʪʳʚʘʝʤ ʠʭ ʚ ʥʘʰʝʡ 

ʚʳʙʦʨʢʝ. 

 

 
ʈʠʩ. 5. ʋʜʘʣʝʥʠʝ ʧʫʩʪʳʭ ʟʥʘʯʝʥʠʡ ʧʦʣʴʟʦʚʘʪʝʣʝʡ 

 

ʇʦʩʣʝ ʫʩʧʝʰʥʦʡ ʦʯʠʩʪʢʠ ʜʘʥʥʳʭ, ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʊʆʇ-10 ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʯʘʪʘ 

ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʦʪʧʨʘʚʣʝʥʥʳʭ ʩʦʦʙʱʝʥʠʡ. 

 



141 

- ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ - 

 

International Journal of Humanities and Natural Sciences, vol. 5-4 (92), 2024 

 
ʈʠʩ. 6. ʊʘʙʣʠʮʘ ʊʆʇ-10 ʘʢʪʠʚʥʳʭ ʫʯʘʩʪʥʠʢʦʚ ʯʘʪʘ 

 

ɼʣʷ ʥʘʠʣʫʯʰʝʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ, ʚʳʧʦʣʥʠʤ ʚʠʟʫʘʣʠʟʘʮʠʶ ʜʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʢʦʤʘʥʜʳ 

ggplot (ʨʠʩ. 7). 

 

 
ʈʠʩ. 7. ʇʦʩʪʨʦʝʥʠʝ ʛʨʘʬʠʢʘ ʊʆʇ-10 ʫʯʘʩʪʥʠʢʦʚ ʯʘʪʘ 

 

ʆʧʨʝʜʝʣʠʚ ʦʩʠ ʛʨʘʬʠʢʘ, ʫʢʘʟʘʚ, ʯʪʦ ʦʩʴ ʍ ï ʵʪʦ ʠʤʷ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʘ ʦʩʴ Y ï ʵʪʦ ʢʦʣʠʯʝ-

ʩʪʚʦ ʦʪʧʨʘʚʣʝʥʥʳʭ ʩʦʦʙʱʝʥʠʡ, ʧʦʩʪʨʦʠʤ ʩʪʦʣʙʯʘʪʫʶ ʜʠʘʛʨʘʤʤʫ (ʨʠʩ. 8). 

 

 
ʈʠʩ. 8. ɻʨʘʬʠʢ ʘʢʪʠʚʥʦʩʪʠ ʯʘʪʘ ʪʝʣʝʛʨʘʤʤ 

 

ɸʥʘʣʠʟʠʨʫʷ ʛʨʘʬʠʢ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, 

ʯʪʦ ʩʘʤʳʝ ʘʢʪʠʚʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʠ ʯʘʪʘ ï 

ʵʪʦ Mikhael, ʕʤʦʜʟʠ ʘʢʢʘʫʥʪ () ʠ Arthur 

Shadow. ʆʧʨʝʜʝʣʠʚ ʩʘʤʳʭ ʘʢʪʠʚʥʳʭ ʧʦʣʴ-

ʟʦʚʘʪʝʣʝʡ, ʚʳʧʦʣʥʠʤ ʘʥʘʣʠʟ ʘʢʪʠʚʥʦʩʪʠ 

ʫʯʘʩʪʥʠʢʦʚ ʯʘʪʘ. ɼʣʷ ʵʪʦʛʦ ʩʦʟʜʘʜʠʤ ʥʦ-

ʚʫʶ ʪʘʙʣʠʮʫ ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʩʦʦʙʱʝʥʠʡ ʧʦ 

ʚʨʝʤʝʥʥʳʤ ʠʥʪʝʨʚʘʣʘʤ (ʨʠʩ. 9). 
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ʈʠʩ. 9. ʉʦʟʜʘʥʠʝ ʪʘʙʣʠʮʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʦʦʙʱʝʥʠʡ ʧʦ ʚʨʝʤʝʥʠ 

 

ʈʝʟʫʣʴʪʘʪʦʤ ʧʦʣʫʯʠʤ ʪʘʙʣʠʮʫ ʩ ʧʦʣʷʤʠ ï çʆʪʧʨʘʚʠʪʝʣʴè, çɼʘʪʘ/ʚʨʝʤʷè ʠ çʂʦʣʠʯʝʩʪʚʦ 

ʩʦʦʙʱʝʥʠʡ ʦʪ ʧʦʣʴʟʦʚʘʪʝʣʷè (ʨʠʩ. 10). 

 

 
ʈʠʩ. 10. ʊʘʙʣʠʮʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʦʦʙʱʝʥʠʡ ʧʦ ʚʨʝʤʝʥʥʳʤ ʠʥʪʝʨʚʘʣʘʤ 

 

ʂʘʢ ʠ ʚ ʧʨʦʰʣʦʤ ʧʫʥʢʪʝ, ʚʳʧʦʣʥʠʤ ʚʠʟʫʘʣʠʟʘʮʠʶ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʢʦ-

ʤʘʥʜʳ ggplot (ʨʠʩ. 11). 

 

 
ʈʠʩ. 11. ʇʦʩʪʨʦʝʥʠʝ ʛʨʘʬʠʢʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʦʦʙʱʝʥʠʡ 

 

ʈʝʟʫʣʴʪʘʪʦʤ ʥʘʧʠʩʘʥʥʳʭ ʩʪʨʦʯʝʢ ʢʦʜʘ, 

ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʛʨʘʬʠʢ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʦ-

ʦʙʱʝʥʠʡ ʧʦ ʚʨʝʤʝʥʠ. ɸʥʘʣʠʟʠʨʫʷ ʧʦʣʫ-

ʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʩʣʦʞʥʦ ʚʳʷʚʠʪʴ ʦʧʨʝʜʝ-

ʣʝʥʥʫʶ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ. ʊʘʢ ʢʘʢ ʤʳ ʨʘʙʦ-

ʪʘʝʪ ʩ ʜʘʥʥʳʤʠ ʟʘ ʯʝʪʳʨʝ ʜʥʷ, ʪʦ ʥʘʠʙʦʣʝʝ 

ʧʦʧʫʣʷʨʥʦʝ ʚʨʝʤʷ ʜʣʷ ʜʠʩʢʫʩʩʠʡ ʧʨʠʭʦ-

ʜʠʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ ʥʘ ʚʪʦʨʫʶ ʧʦʣʦʚʠʥʫ 

ʜʥʷ. ɸ ʩʘʤʦʝ ʥʘʠʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦ-

ʦʙʱʝʥʠʡ ʧʦʩʪʫʧʘʝʪ ʚ ʯʘʪ, ʚ ʩʘʤʳʝ ʨʘʥʥʠʝ 

ʯʘʩʳ ʩʫʪʦʢ (ʨʠʩ. 12). 
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ʈʠʩ. 12. ɼʠʘʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʦʦʙʱʝʥʠʡ ʫʯʘʩʪʥʠʢʦʚ ʯʘʪʘ 

 

ʇʨʠʩʪʫʧʠʤ ʢ ʩʣʝʜʫʶʱʝʤʫ ʧʨʝʜʠʢʪʦʨʫ, 

ʘ ʠʤʝʥʥʦ ʦʧʨʝʜʝʣʠʤ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʝ 

ʩʣʦʚʘ ʚ ʯʘʪʝ. ɼʣʷ ʢʦʨʨʝʢʪʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ 

ʚʳʧʦʣʥʠʤ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʜʝʡʩʪʚʠʝ, ʘ 

ʠʤʝʥʥʦ ʧʨʝʦʙʨʘʟʫʝʤ ʩʧʠʩʦʢ ʩʦʦʙʱʝʥʠʡ ʚ 

ʦʜʥʫ ʩʪʨʦʢʫ (ʨʠʩ. 13). 

 

 
ʈʠʩ. 13. ʇʦʜʛʦʪʦʚʢʘ ʜʘʥʥʳʭ 

 

ʈʝʟʫʣʴʪʘʪʦʤ ʧʦʣʫʯʠʤ ʪʘʙʣʠʮʫ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʭ ʩʣʦʚ ʚ ʯʘʪʝ (ʨʠʩ. 14). 

 

 
ʈʠʩ. 14. ʊʘʙʣʠʮʘ ʧʦʧʫʣʷʨʥʳʭ ʩʣʦʚ ʚ ʯʘʪʝ 

 

ʊʘʢ ʢʘʢ ʤʳ ʧʦʣʫʯʠʣʠ ʩʧʠʩʦʢ ʧʨʝʜʣʦʛʦʚ, 

ʘ ʥʝ ʢʦʥʢʨʝʪʥʳʭ ʩʣʦʚ, ʪʦ ʩʣʦʞʥʦ ʩʜʝʣʘʪʴ 

ʢʘʢʠʝ-ʣʠʙʦ ʚʳʚʦʜʳ ʧʦ ʜʘʥʥʦʡ ʪʘʙʣʠʮʝ. 

ʉʣʝʜʫʶʱʠʤ ʰʘʛʦʤ, ʦʧʨʝʜʝʣʠʤ ʦʙʱʫʶ ʪʦ-

ʥʘʣʴʥʦʩʪʴ ʩʦʦʙʱʝʥʠʡ ʟʘ ʟʘʜʘʥʥʳʡ ʧʝʨʠʦʜ. 

ɼʣʷ ʵʪʦʛʦ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʙʠʙʣʠʦʪʝʢʦʡ 

library(sentimentr) ʠ ʚʳʧʦʣʥʠʤ ʧʝʨʚʠʯʥʫʶ 

ʧʦʜʛʦʪʦʚʢʫ ʜʘʥʥʳʭ (ʨʠʩ. 15). 
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ʈʠʩ. 16. ʆʯʠʩʪʢʘ ʪʝʢʩʪʘ 

 

ɺʳʧʦʣʥʠʚ ʧʦʜʛʦʪʦʚʢʫ ʜʘʥʥʳʭ, ʤʦʞʥʦ ʧʨʠʩʪʫʧʘʪʴ ʢ ʦʮʝʥʢʝ ʪʦʥʘʣʴʥʦʩʪʠ ʩʦʦʙʱʝʥʠʡ 

(ʨʠʩ. 17). 

 

 
ʈʠʩ. 17. ʆʮʝʥʢʘ ʪʦʥʘʣʴʥʦʩʪʠ ʩʦʦʙʱʝʥʠʡ 

 

ʈʝʟʫʣʴʪʘʪʦʤ ʘʥʘʣʠʟʘ, ʧʦʣʫʯʝʥʳ ʧʦʣʴʟʦʚʘʪʝʣʠ ʩ ʥʝʛʘʪʠʚʥʦʡ ʪʦʥʘʣʴʥʦʩʪʴʶ (ʨʠʩ. 18). 

 

 
ʈʠʩ. 18. ʊʘʙʣʠʮʘ ʥʝʛʘʪʠʚʥʦʡ ʪʦʥʘʣʴʥʦʩʪʠ 

 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʟʚʦʣʷʶʪ ʚʳ-

ʜʝʣʠʪʴ ʚʨʝʤʷ ʩʦʦʙʱʝʥʠʡ ʠ ʢʦʥʢʨʝʪʥʳʭ 

ʫʯʘʩʪʥʠʢʦʚ ʯʘʪʘ, ʪʦʥʘʣʴʥʦʩʪʴ ʢʦʪʦʨʳʭ ʷʚ-

ʣʷʝʪʩʷ ʥʝʛʘʪʠʚʥʦʡ. 

ʉʣʝʜʫʶʱʠʤ ʰʘʛʦʤ, ʚʳʧʦʣʥʠʤ ʪʝʤʘʪʠ-

ʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʯʘʪʘ ʊʝʣʝʛʨʘʤʤ. 

ɼʣʷ ʵʪʦʛʦ ʧʦʪʨʝʙʫʝʪʩʷ ʫʩʪʘʥʦʚʠʪʴ ʪʨʠ ʦʩ-

ʥʦʚʥʳʭ ʙʠʙʣʠʦʪʝʢʠ: library(stm), 

library(topicmodels) ʠ library(tm). ʇʝʨʚʳʤ 

ʵʪʘʧʦʚ ʚʳʧʦʣʥʠʤ ʚʳʯʠʩʣʝʥʠʝ ʪʘʙʣʠʮʳ 

ʪʝʨʤʦʚ ʠ ʫʜʘʣʝʥʠʝ ʟʥʘʯʝʥʠʡ, ʢʦʪʦʨʳʝ 

ʚʩʪʨʝʯʘʶʪʩʷ ʤʝʥʝʝ 5 ʨʘʟ (ʨʠʩ. 19). 

 

 
ʈʠʩ. 19. ɺʳʯʠʩʣʝʥʠʝ ʪʝʨʤʦʚ 

 

ɼʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʘʢʝʪʘ lda ʥʝʦʙʭʦ-

ʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʩʪʨʦʛʠʝ ʜʝʡʩʪʚʠʷ, ʘ 

ʠʤʝʥʥʦ ʬʦʨʤʘʪʠʨʦʚʘʥʠʝ ʨʘʥʥʝʝ ʩʦʟʜʘʥʥʳʭ 

ʜʦʢʫʤʝʥʪʦʚ, ʚʳʯʠʩʣʠʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʘʙʦʨʦʤ ʜʘʥʥʳʭ ʠ 

ʦʧʨʝʜʝʣʠʪʴ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʪʦʢʝʥʦʚ ʠ 

ʢʦʣʠʯʝʩʪʚʦ ʪʦʢʝʥʦʚ ʚ ʢʘʞʜʦʤ ʜʦʢʫʤʝʥʪʝ 

(ʨʠʩ. 20). 
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ʈʠʩ. 20. ʇʦʜʛʦʪʦʚʢʘ ʜʘʥʥʳʭ ʢ ʤʝʪʦʜʫ lda 

 

ʇʝʨʝʜ ʚʳʧʦʣʥʝʥʠʝʤ lda ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʩʦʟʜʘʜʠʤ ʤʘʪʨʠʮʫ ʩʣʦʚ (ʨʠʩ. 21). 

 

 
ʈʠʩ. 21. ʉʦʟʜʘʥʠʝ ʤʘʪʨʠʮʳ ʩʣʦʚ 

 

ʇʦʩʣʝʜʥʠʡ ʵʪʘʧ ʨʘʙʦʪʳ ʩ ʜʘʥʥʳʤʠ ï ʵʪʦ ʚʳʧʦʣʥʝʥʠʝ lda ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɺʳʧʦʣʥʠʤ ʨʝ-

ʘʣʠʟʘʮʠʶ ʚʳʚʦʜʘ ʪʦʧʠʢʦʚ ʧʦ ʯʘʪʫ ʊʝʣʝʛʨʘʤʤ (ʨʠʩ. 22). 

 

 
ʈʠʩ. 22. ɺʳʚʦʜ ʪʦʧʠʢʦʚ ʯʘʪʘ ʊʝʣʝʛʨʘʤʤ 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝ-

ʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʯʘʪʘ ʚ Telegram ʧʨʠ ʤʦ-

ʜʝʣʠʨʦʚʘʥʠʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʤʦʜʝʣʝʡ, 

ʪʘʢʠʤ ʤʝʪʦʜʦʤ ʢʘʢ LDA ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʥʘʠʙʦ-

ʣʝʝ ʦʙʩʫʞʜʘʝʤʳʝ ʪʝʤʳ, ʦʧʨʝʜʝʣʠʪʴ ʘʢʪʠʚ-

ʥʦʩʪʴ ʫʯʘʩʪʥʠʢʦʚ, ʦʮʝʥʠʪʴ ʪʦʥʘʣʴʥʦʩʪʴ 

ʩʦʦʙʱʝʥʠʡ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʦʪʳ ʦʪ-

ʧʨʘʚʢʠ ʩʦʦʙʱʝʥʠʡ. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ 

ʙʳʪʴ ʧʦʣʝʟʥʳ ʜʣʷ ʧʨʠʥʷʪʠʷ ʫʧʨʘʚʣʝʥʯʝ-

ʩʢʠʭ ʨʝʰʝʥʠʡ, ʫʣʫʯʰʝʥʠʷ ʢʦʤʤʫʥʠʢʘʮʠʠ, 

ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʙʦʪʳ ʯʘʪʘ ʠ ʧʦʚʳʰʝʥʠʷ 

ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ. 
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COMMUNICATION DYNAMICS IN GROUP CONVERSATIONS  
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D.I. Pesterev, Student 

Ural State University of Economics 

(Russia, Yekaterinburg) 

 

Abstract. The article discusses the essence of the mining process in the context of its applica-

tion in the study of Telegram chat communications. The author gives the possibilities and ad-

vantages of the R language, demonstrates the process of using the R language libraries for chat 

analysis. In conclusion, conclusions are formed for further decisions of the company's leaders. 

Keywords: R language, R Studio, Telegram chat, intelligent model. 
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ʈɸɿʈɸɹʆʊʂɸ ʂʆʅʎɽʇʎʀʀ ʃʀʏʅʆɻʆ ʂɸɹʀʅɽʊɸ ʆɹʋʏɸʖʑɽɻʆʉʗ ʉ  

ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ʊɽʍʅʆʃʆɻʀʁ ʀʉʂʋʉʉʊɺɽʅʅʆɻʆ ʀʅʊɽʃʃɽʂʊɸ 

 

ɺ.ʄ. ʍʚʘʨʞʝʚ, ʤʘʛʠʩʪʨʘʥʪ 

ʂ.ʅ. ʎʝʙʨʝʥʢʦ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ɸʢʘʜʝʤʠʷ ʤʘʨʢʝʪʠʥʛʘ ʠ ʩʦʮʠʘʣʴʥʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ï ʀʄʉʀʊ 

(ʈʦʩʩʠʷ, ʛ. ʂʨʘʩʥʦʜʘʨ) 

 

DOI:10.24412/2500-1000-2024-5-4-147-150 
 

ɸʥʥʦʪʘʮʠʷ. ʃʠʯʥʳʡ ʢʘʙʠʥʝʪ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʵʣʝʢʪʨʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʦʙʨʘʟʦ-

ʚʘʪʝʣʴʥʦʡ ʩʨʝʜʳ ʠ ʧʦʤʦʛʘʝʪ ʩʪʫʜʝʥʪʘʤ ʧʦʥʠʤʘʪʴ ʠ ʚʠʜʝʪʴ ʣʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʙʫʯʝ-

ʥʠʷ, ʟʘʜʦʣʞʝʥʥʦʩʪʠ ʧʦ ʜʠʩʮʠʧʣʠʥʘʤ, ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʨʘʩʧʠʩʘʥʠʝ, ʠ ʤʦʞʝʪ ʧʦʤʦʯʴ ʩʪʫ-

ʜʝʥʪʘʤ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʚʦʧʨʦʩʦʚ. ʈʘʟʨʘʙʦʪʢʘ ʣʠʯʥʦʛʦ ʢʘʙʠʥʝʪʘ ʩʪʫʜʝʥʪʘ ʩʪʦʠʪ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʥʝʡʨʦʩʝʪʠ ʜʣʷ ʢʦʥʩʫʣʴʪʘʥʪʘ ʠ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʪʨʘʝʢʪʦ-

ʨʠʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʡʨʦʩʝʪʠ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʦʙʨʘ-

ʟʦʚʘʪʝʣʴʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ ʧʦʟʚʦʣʷʝʪ ʩʪʫʜʝʥʪʘʤ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʧʣʘʥʠʨʦʚʘʪʴ ʩʚʦʸ 

ʦʙʫʯʝʥʠʝ, ʫʯʠʪʳʚʘʷ ʣʠʯʥʳʝ ʧʦʪʨʝʙʥʦʩʪʠ ʠ ʚʦʟʤʦʞʥʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʣʠʯʥʳʡ ʢʘʙʠʥʝʪ ʩʪʫʜʝʥʪʘ, ʕʀʆʉ, ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ, ʥʝʡʨʦʩʝʪʴ, ʢʦʥ-

ʩʫʣʴʪʘʥʪ, ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʪʨʘʝʢʪʦʨʠʷ. 

 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʌɻʆʉ 

ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦ-

ʛʨʘʤʤ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʬʫʥʢʮʠʦ-

ʥʠʨʦʚʘʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʨʝʜʳ (ʕʀʆʉ). ʆʩʦʙʝʥʥʦ 

ʘʢʪʫʘʣʴʥʦ ʧʨʠ ʜʠʩʪʘʥʮʠʦʥʥʦʤ ʠ ʵʣʝʢʪʨʦʥ-

ʥʦʤ ʦʙʫʯʝʥʠʠ. ʃʠʯʥʳʡ ʢʘʙʠʥʝʪ ʷʚʣʷʝʪʩʷ 

ʯʘʩʪʴʶ ʕʀʆʉ ʠ ʧʦʤʦʛʘʝʪ ʩʪʫʜʝʥʪʘʤ ʧʦ-

ʥʠʤʘʪʴ ʠ ʚʠʜʝʪʴ ʣʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʙʫ-

ʯʝʥʠʷ [1], ʟʘʜʦʣʞʝʥʥʦʩʪʠ ʧʦ ʜʠʩʮʠʧʣʠʥʘʤ, 

ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʨʘʩʧʠʩʘʥʠʝ, ʠ ʤʦʞʝʪ ʧʦ-

ʤʦʯʴ ʩʪʫʜʝʥʪʘʤ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʚʦʧʨʦ-

ʩʦʚ. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʩʦʟʜʘʥʠʠ ʩʠʩʪʝʤʳ 

ʣʠʯʥʦʛʦ ʢʘʙʠʥʝʪʘ ʩʪʫʜʝʥʪʘ ʩʚʷʟʘʥʘ ʩ ʞʝ-

ʣʘʥʠʝʤ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʯʝʙʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʠ ʚ ʥʫʞʜʝ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʫʯʘ-

ʱʠʤʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʩʨʝʜʩʪʚʘ ʜʣʷ ʫʜʦʙʩʪʚʘ 

ʦʙʫʯʝʥʠʷ. ɺʚʝʜʝʥʠʝ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʧʨʝʜ-

ʣʘʛʘʝʪ ʩʪʫʜʝʥʪʘʤ ʘʢʪʫʘʣʴʥʫʶ ʠʥʬʦʨʤʘ-

ʮʠʶ, ʫʣʫʯʰʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʧʨʝʧʦʜʘ-

ʚʘʪʝʣʷʤʠ ʠ ʜʨʫʛʠʤʠ ʩʪʫʜʝʥʪʘʤʠ [2]. ʂʣʶ-

ʯʝʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʣʠʯʥʦʛʦ ʢʘʙʠʥʝʪʘ 

ʦʙʳʯʥʦ ʦʭʚʘʪʳʚʘʶʪ ʪʘʢʠʝ ʜʝʡʩʪʚʠʷ, ʢʘʢ 

ʧʨʦʚʝʨʢʘ ʨʘʩʧʠʩʘʥʠʷ ʟʘʥʷʪʠʡ, ʦʮʝʥʦʢ ʠ 

ʟʘʜʦʣʞʝʥʥʦʩʪʝʡ, ʜʦʩʪʫʧ ʢ ʫʯʝʙʥʳʤ ʤʘʪʝ-

ʨʠʘʣʘʤ ʠ ʙʠʙʣʠʦʪʝʯʥʳʤ ʨʝʩʫʨʩʘʤ, ʘ ʪʘʢʞʝ 

ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʱʝʥʠʷ ʠ 

ʟʘʧʨʦʩʘ ʩʧʨʘʚʦʢ ʜʝʢʘʥʘʪ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʥʝ-

ʩʢʦʣʴʢʦ ʩʠʩʪʝʤ ʩ ʘʥʘʣʦʛʠʯʥʳʤ ʬʫʥʢʮʠʦ-

ʥʘʣʦʤ. ʉʨʝʜʠ ʥʠʭ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʘʢʠʝ 

ʩʠʩʪʝʤʳ, ʢʘʢ çʄʘʛʝʣʣʘʥè, çʇʝʨʚʳʡ ɹʠʪ 

ɺʋɿè, ç1ʉ: ʕʣʝʢʪʨʦʥʥʦʝ ʦʙʫʯʝʥʠʝè ʠ 

çɸʉʋ ʋɿ UNIVERSYS WEB SERVERè. 

çʄʘʛʝʣʣʘʥè ʧʨʝʜʣʘʛʘʝʪ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜ-

ʭʦʜ ʢ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ, 

ʧʨʝʜʦʩʪʘʚʣʷʷ ʛʠʙʢʠʝ ʥʘʩʪʨʦʡʢʠ ʠ ʰʠʨʦʢʠʡ 

ʬʫʥʢʮʠʦʥʘʣ, ʥʦ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʩʪʘʨʘʥʠʡ ʜʣʷ ʫʩʪʘʥʦʚʢʠ. çʇʝʨʚʳʡ ɹʠʪ 

ɺʋɿè ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ 

ʠʥʪʝʛʨʘʮʠʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʠ 

ʩʪʘʥʜʘʨʪʘʤʠ, ʯʪʦ ʜʝʣʘʝʪ ʝʸ ʙʦʣʝʝ ʧʨʠʚʣʝ-

ʢʘʪʝʣʴʥʦʡ ʜʣʷ ʙʦʣʴʰʠʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ 

ʦʨʛʘʥʠʟʘʮʠʡ, ʥʦ ʝʸ ʥʘʩʪʨʦʡʢʘ ʠ ʦʙʫʯʝʥʠʝ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʤʦʞʝʪ ʙʳʪʴ ʪʨʫʜʦʸʤʢʠʤ 

ʧʨʦʮʝʩʩʦʤ. ç1ʉ: ʕʣʝʢʪʨʦʥʥʦʝ ʦʙʫʯʝʥʠʝè 

ʢʘʢ ʠ ʜʨʫʛʠʝ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ ʜʠʩʪʘʥʮʠ-

ʦʥʥʦʝ ʦʙʫʯʝʥʠʝ ʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʰʠʨʦʢʠʡ 

ʬʫʥʢʮʠʦʥʘʣ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʫʯʝʙʥʦʛʦ 

ʧʨʦʮʝʩʩʘ, ʥʦ ʝʸ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʣʦʢʘʣʴʥʦʡ 

ʩʝʪʠ ʫʯʨʝʞʜʝʥʠʷ ʩʪʘʥʦʚʠʪʩʷ ʩʫʱʝʩʪʚʝʥ-

ʥʳʤ ʦʛʨʘʥʠʯʝʥʠʝʤ ʠ ʥʝʜʦʩʪʘʪʢʦʤ. çɸʉʋ 

ʋɿ UNIVERSYS WEB SERVERè ʧʨʝʜʣʘ-

ʛʘʝʪ ʦʙʰʠʨʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʫʧʨʘʚʣʝ-

ʥʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ ʧʨʦʮʝʩʩʦʤ ʠ ʩʦʟʜʘ-

ʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʨʝʜʳ, ʦʜʥʘʢʦ ʝʸ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝ ʪʨʝʙʫʝʪ ʥʘʣʠʯʠʷ ʦʙʫʯʝʥʥʳʭ ʪʝʭ-

ʥʠʯʝʩʢʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʠ 

ʥʘʩʪʨʦʡʢʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʫʱʝʩʪʚʫʶʱʠʝ 

ʩʠʩʪʝʤʳ ʦʙʣʘʜʘʶʪ ʜʦʩʪʦʠʥʩʪʚʘʤʠ ʠ ʥʝʜʦ-
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ʩʪʘʪʢʘʤʠ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʧʨʠʥʷʪʠʝ ʦʧʪʠ-

ʤʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ. 

ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʩʠʩʪʝʤʘʤʠ, 

ʩʫʱʝʩʪʚʫʶʱʠʝ ʨʝʰʝʥʠʷ ʟʘʩʪʘʚʣʷʶʪ ʩʦ-

ʪʨʫʜʥʠʢʦʚ ʜʝʢʘʥʘʪʦʚ ʪʨʘʪʠʪʴ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʤʝʥʠ ʠ ʩʠʣ ʥʘ ʦʙʨʘʙʦʪʢʫ 

ʟʘʷʚʦʢ ʩʪʫʜʝʥʪʦʚ, ʵʪʦ ʚʳʟʳʚʘʝʪ ʟʘʜʝʨʞʢʠ ʠ 

ʩʥʠʞʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ. ɼʣʷ 

ʫʩʪʨʘʥʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʥʝʦʙʭʦʜʠʤʦ 

ʨʘʟʨʘʙʦʪʘʪʴ ʩʦʙʩʪʚʝʥʥʫʶ ʩʠʩʪʝʤʫ ʣʠʯʥʦʛʦ 

ʢʘʙʠʥʝʪʘ ʩʪʫʜʝʥʪʘ ʩ ʚʩʪʨʦʝʥʥʳʤ ʚʠʨʪʫ-

ʘʣʴʥʳʤ ʢʦʥʩʫʣʴʪʘʥʪʦʤ ʠ ʨʘʟʜʝʣʦʤ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʝʢʦʤʝʥʜʘʮʠʡ ʦʙʨʘʟʦʚʘ-

ʪʝʣʴʥʦʡ ʪʨʘʝʢʪʦʨʠʠ. ʂʦʥʩʫʣʴʪʘʥʪ ʧʦʤʦʞʝʪ 

ʚ ʦʪʚʝʪʘʭ ʥʘ ʚʦʧʨʦʩʳ ʩʪʫʜʝʥʪʦʚ, ʩʚʷʟʘʥʥʳʝ 

ʩ ʨʘʟʣʠʯʥʳʤʠ ʫʯʝʙʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʥʘʧʨʠ-

ʤʝʨ, çʯʪʦ ʥʫʞʥʦ ʜʣʷ ʦʬʦʨʤʣʝʥʠʷ ʩʧʨʘʚ-

ʢʠ?è ʠʣʠ çʢʫʜʘ ʤʥʝ ʦʙʨʘʪʠʪʴʩʷ ʩ ʵʪʠʤ ʚʦ-

ʧʨʦʩʦʤ?è, ʠ ʜʨʫʛʠʝ ʟʘʧʨʦʩʳ. ɸ ʨʝʢʦʤʝʥʜʘ-

ʮʠʠ ʧʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʪʨʘʝʢʪʦʨʠʠ, ʧʦ-

ʤʦʞʝʪ ʩʪʫʜʝʥʪʘʤ, ʥʘʧʨʠʤʝʨ, ʩʚʷʟʘʥʥʳʤʠ ʩ 

ʀʊ ʥʘʧʨʘʚʣʝʥʠʷʤʠ, ʦʧʨʝʜʝʣʠʪʴʩʷ, ʯʪʦ ʦʥʠ 

ʭʦʪʷʪ ʠʟʫʯʘʪʴ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʩʠʩʪʝʤ ʠ ʪʨʝʙʦʚʘʥʠʡ, ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʦ 

ʨʘʟʨʘʙʦʪʢʝ ʩʦʙʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʳ ʣʠʯʥʦʛʦ 

ʢʘʙʠʥʝʪʘ ʩʪʫʜʝʥʪʘ ʜʣʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ 

ʦʨʛʘʥʠʟʘʮʠʠ. ʆʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ 

ʵʪʦʛʦ ʧʦʜʭʦʜʘ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʠʥʪʝʛʨʘʮʠʠ ʩ 

ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʩʠʩʪʝʤʘʤʠ ʜʣʷ ʦʙʨʘʟʦʚʘ-

ʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ɺʆ ʠ ʉʇʆ, ʚʦʟʤʦʞ-

ʥʦʩʪʠ ʘʜʘʧʪʘʮʠʠ ʧʦʜ ʥʫʞʜʳ ʦʙʨʘʟʦʚʘʪʝʣʴ-

ʥʦʛʦ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʩʦʢʨʘʱʝʥʠʠ ʟʘʪʨʘʪ ʥʘ 

ʧʨʠʦʙʨʝʪʝʥʠʝ ʠ ʧʦʜʜʝʨʞʢʫ ʧʨʦʜʫʢʪʦʚ, ʘ 

ʪʘʢʞʝ ʥʦʚʠʟʥʘ ʚ ʩʬʝʨʝ ʣʠʯʥʦʛʦ ʢʘʙʠʥʝʪʘ 

ʩʪʫʜʝʥʪʘ. 

ʉʪʦʠʪ ʨʘʩʩʤʦʪʨʝʪʴ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʦ-

ʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ, ʢʦʪʦʨʳʤʠ ʜʦʣʞʝʥ 

ʦʙʣʘʜʘʪʴ ʩʠʩʪʝʤʘ ʣʠʯʥʦʛʦ ʢʘʙʠʥʝʪʘ ʩʪʫ-

ʜʝʥʪʘ: 

- ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʧʨʦʩʤʦʪʨʘ ʨʘʩʧʠʩʘ-

ʥʠʷ ʟʘʥʷʪʠʡ, ʵʢʟʘʤʝʥʦʚ; 

- ʜʦʩʪʫʧ ʢ ʦʮʝʥʢʘʤ, ʚʢʣʶʯʘʷ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʦʪʩʣʝʞʠʚʘʥʠʷ ʫʩʧʝʚʘʝʤʦʩʪʠ; 

- ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʟʘʜʦʣ-

ʞʝʥʥʦʩʪʷʭ ʠ ʚʦʟʤʦʞʥʦʩʪʷʭ ʧʝʨʝʩʜʘʯ, ʘ 

ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʱʝʥʠʷ 

ʩ ʧʨʝʧʦʜʘʚʘʪʝʣʷʤʠ ʠ ʦʜʥʦʛʨʫʧʧʥʠʢʘʤʠ 

ʯʝʨʝʟ ʚʩʪʨʦʝʥʥʳʝ ʯʘʪʳ ʠ ʬʦʨʫʤʳ; 

- ʜʦʩʪʫʧ ʢ ʫʯʝʙʥʳʤ ʤʘʪʝʨʠʘʣʘʤ, ʚʢʣʶ-

ʯʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʩʢʘʯʠʚʘʥʠʷ ʠ ʟʘʛʨʫʟʢʠ 

ʚʳʧʦʣʥʝʥʥʳʭ ʟʘʜʘʥʠʡ; 

- ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʧʨʦʩʘ ʠ ʧʦʣʫʯʝʥʠʷ ʨʘʟ-

ʣʠʯʥʳʭ ʩʧʨʘʚʦʢ ʠ ʜʦʢʫʤʝʥʪʦʚ ʚ ʵʣʝʢʪʨʦʥ-

ʥʦʤ ʚʠʜʝ; 

- ʜʦʣʞʝʥ ʙʳʪʴ ʚʩʪʨʦʝʥʥʳʡ ʢʦʥʩʫʣʴʪʘʥʪ, 

ʧʦʟʚʦʣʷʶʱʠʡ ʦʪʚʝʯʘʪʴ ʥʘ ʚʦʧʨʦʩʳ ʩʪʫ-

ʜʝʥʪʦʚ ʙʝʟ ʫʯʘʩʪʠʷ ʩʦʪʨʫʜʥʠʢʦʚ ʜʝʢʘʥʘʪʘ; 

- ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʥʘ ʦʩʥʦʚʝ ʦʮʝʥʢʠ ʨʘ-

ʙʦʪʳ ʦʙʫʯʘʶʱʠʭʩʷ ʠ ʠʭ ʧʦʞʝʣʘʥʠʡ ʧʨʝʜ-

ʣʘʛʘʪʴ ʧʫʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴ-

ʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʪʨʘʝʢʪʦʨʠʡ; 

- ʠʥʪʝʛʨʘʮʠʷ ʩ ʙʠʙʣʠʦʪʝʯʥʳʤʠ ʨʝʩʫʨʩʘ-

ʤʠ, ʚʢʣʶʯʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʥʣʘʡʥ-

ʙʨʦʥʠʨʦʚʘʥʠʷ ʢʥʠʛ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʣʫʯʰʠʪ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ. 

ʇʨʠʤʝʨʦʤ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʠʥ-

ʪʝʨʬʝʡʩ ʣʠʯʥʦʛʦ ʢʘʙʠʥʝʪʘ ʩʪʫʜʝʥʪʘ, ʧʨʝʜ-

ʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
ʈʠʩ. 1. ʀʥʪʝʨʬʝʡʩ ʣʠʯʥʦʛʦ ʢʘʙʠʥʝʪʘ ʩʪʫʜʝʥʪʘ 
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ɺʦʧʨʦʩ ʨʝʘʣʠʟʘʮʠʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ 

ʧʨʦʛʨʘʤʤ ʩ ʚʳʙʦʨʦʤ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʦʙ-

ʨʘʟʦʚʘʪʝʣʴʥʳʭ ʪʨʘʝʢʪʦʨʠʡ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʩʪʦʠʪ ʜʦʚʦʣʴʥʦ ʦʩʪʨʦ. ʅʦ ʦʙʫʯʘʶ-

ʱʠʡʩʷ ʥʝ ʚʩʝʛʜʘ ʚ ʩʦʩʪʦʷʥʠʠ ʘʜʝʢʚʘʪʥʦ 

ʦʮʝʥʠʪʴ ʩʚʦʠ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʦʙʫʯʝʥʠʠ ʠ 

ʩʦʧʦʩʪʘʚʠʪʴ ʩʦ ʩʚʦʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ. 

ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʧʦ-

ʩʪʨʦʝʥʠʶ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴ-

ʥʳʭ ʪʨʘʝʢʪʦʨʠʡ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʥʝʡʨʦʩʝʪʴ. ʕʪʘ ʪʝʭʥʦʣʦʛʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʚ ʣʠʯʥʳʡ ʢʘ-

ʙʠʥʝʪ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʪ ʩʪʫʜʝʥʪʫ ʚʳʙʠ-

ʨʘʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʢʫʨʩʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʝʛʦ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʠ ʧʦʪʨʝʙʥʦʩʪʷʤʠ, ʥʘ 

ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʟʘʧʨʦʩʦʚ ʩʪʫʜʝʥʪʘ ʠ ʨʝ-

ʟʫʣʴʪʘʪʘʭ ʧʨʝʜʳʜʫʱʝʛʦ ʦʙʫʯʝʥʠʷ. 

ʂʨʦʤʝ ʪʦʛʦ, ʦʩʦʙʝʥʥʦʩʪʴʶ ʩʦʙʩʪʚʝʥʥʦʡ 

ʨʘʟʨʘʙʦʪʢʠ ʩʪʘʥʝʪ ʠʥʪʝʛʨʘʮʠʷ ʠʩʢʫʩʩʪʚʝʥ-

ʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʚʠʜʝ ʢʦʥʩʫʣʴʪʘʥʪʘ, ʢʦ-

ʪʦʨʳʡ ʧʦʤʦʞʝʪ ʩʪʫʜʝʥʪʘʤ ʙʳʩʪʨʦ ʧʦʣʫ-

ʯʠʪʴ ʦʪʚʝʪʳ ʥʘ ʠʭ ʚʦʧʨʦʩʳ ʙʝʟ ʥʝʦʙʭʦʜʠ-

ʤʦʩʪʠ ʦʞʠʜʘʥʠʷ ʦʪʚʝʪʘ ʦʪ ʜʝʢʘʥʘʪʘ, ʪʝʤ 

ʩʘʤʳʤ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʷ ʦʧʝʨʘʪʠʚ-

ʥʦʩʪʴ ʠ ʫʜʦʙʩʪʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ 

ʩʪʫʜʝʥʪʦʤ ʠ ʜʝʢʘʥʘʪʦʤ [3]. 

ɼʣʷ ʘʥʘʣʠʟʘ ʧʨʝʜʣʦʞʝʥʥʦʡ ʢʦʥʮʝʧʮʠʠ 

ʚʳʧʦʣʥʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʙʦʪʳ ʣʠʯʥʦʛʦ 

ʢʘʙʠʥʝʪʘ ʩʪʫʜʝʥʪʘ [4]. ʈʘʟʨʘʙʦʪʘʥʘ UML 

ʤʦʜʝʣʠ, ʪʘʢʠʝ ʢʘʢ ʜʠʘʛʨʘʤʤʳ ʧʨʝʮʝʜʝʥʪʦʚ, 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʠ ʜʨʫʛʠʝ. ʅʘʧʨʠʤʝʨ, 

ʥʘ ʜʠʘʛʨʘʤʤʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ (ʨʠʩ. 2) 

ʧʦʢʘʟʘʥ ʧʨʦʮʝʩʩ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʠʯʥʦʛʦ 

ʢʘʙʠʥʝʪʘ ʩʪʫʜʝʥʪʦʤ ʩ ʩʠʩʪʝʤʦʡ ʠ ʥʝʡʨʦʩʝ-

ʪʴʶ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʨʝʢʦ-

ʤʝʥʜʘʮʠʠ ʧʦ ʧʦʩʪʨʦʝʥʠʶ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʪʨʘʝʢʪʦʨʠʡ. 

 

 
ʈʠʩ. 2. ɼʠʘʛʨʘʤʤʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

 

ʉʥʘʯʘʣʘ ʩʪʫʜʝʥʪ ʘʚʪʦʨʠʟʠʨʫʝʪʩʷ ʚ ʩʠ-

ʩʪʝʤʫ, ʧʦʩʣʝ ʯʝʛʦ ʩʠʩʪʝʤʘ ʚʳʚʦʜʠʪ ʜʘʥʥʳʝ 

ʥʘ ʠʥʪʝʨʬʝʡʩ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʧʦʩʣʝ ʯʝʛʦ 

ʩʪʫʜʝʥʪ ʚʳʙʠʨʘʝʪ ʥʫʞʥʳʡ ʨʘʟʜʝʣ, ʜʘʥʥʳʝ 

ʢʦʪʦʨʦʛʦ ʩʠʩʪʝʤʘ ʟʘʧʨʘʰʠʚʘʝʪ ʠʟ ʙʘʟʳ 

ʜʘʥʥʳʭ. ɹʘʟʘ ʜʘʥʥʳʭ ʚʦʟʚʨʘʱʘʝʪ ʜʘʥʥʳʝ 

ʨʘʟʜʝʣʘ, ʠ ʩʠʩʪʝʤʘ ʣʠʯʥʦʛʦ ʢʘʙʠʥʝʪʘ ʦʪʦʙ-

ʨʘʞʘʝʪ ʠʭ ʩʪʫʜʝʥʪʫ. ʂʦʛʜʘ ʩʪʫʜʝʥʪ ʜʝʣʘʝʪ 

ʟʘʧʨʦʩ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ 

ʧʦʩʪʨʦʝʥʠʶ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘ-

ʪʝʣʴʥʳʭ ʪʨʘʝʢʪʦʨʠʡ, ʩʠʩʪʝʤʘ ʧʝʨʝʜʘʝʪ 

ʵʪʦʪ ʟʘʧʨʦʩ ʚ ʥʝʡʨʦʩʝʪʴ. ʆʥʘ ʞʝ ʟʘʧʨʘʰʠ-

ʚʘʝʪ ʥʝʦʙʭʦʜʠʤʳʝ ʜʘʥʥʳʝ ʜʣʷ ʘʥʘʣʠʟʘ, ʧʦ-

ʣʫʯʘʝʪ ʠʭ, ʠ ʬʦʨʤʠʨʫʝʪ ʨʝʢʦʤʝʥʜʘʮʠʠ, ʢʦ-

ʪʦʨʳʝ ʧʝʨʝʜʘʶʪʩʷ ʥʘ ʠʥʪʝʨʬʝʡʩ ʩʠʩʪʝʤʳ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʡʨʦʩʝʪʠ ʜʣʷ ʬʦʨʤʠʨʦ-

ʚʘʥʠʷ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ ʧʦʟʚʦʣʷʝʪ 

ʩʪʫʜʝʥʪʘʤ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʧʣʘʥʠʨʦʚʘʪʴ 

ʩʚʦʸ ʦʙʫʯʝʥʠʝ, ʫʯʠʪʳʚʘʷ ʣʠʯʥʳʝ ʧʦʪʨʝʙ-

ʥʦʩʪʠ ʠ ʚʦʟʤʦʞʥʦʩʪʠ. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʜʘʥ-

ʥʦʛʦ ʧʨʦʮʝʩʩʘ ʯʝʨʝʟ ʣʠʯʥʳʡ ʢʘʙʠʥʝʪ ʜʝʣʘ-

ʝʪ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʩʪʫʜʝʥʪʘ ʙʦʣʝʝ ʩʬʦʨ-

ʤʠʨʦʚʘʥʥʳʤ, ʝʤʫ ʙʫʜʝʪ ʧʨʦʱʝ ʚ ʦʙʫʯʝʥʠʠ 
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ʩʬʦʨʤʠʨʦʚʘʪʴ ʧʫʪʴ, ʧʦ ʢʦʪʦʨʦʤʫ ʦʥ ʙʫʜʝʪ 

ʠʜʪʠ ʩ ʧʝʨʚʦʛʦ ʢʫʨʩʘ. ɺʥʝʜʨʝʥʠʝ ʪʘʢʠʭ 

ʪʝʭʥʦʣʦʛʠʡ ʫʣʫʯʰʘʝʪ ʢʘʯʝʩʪʚʦ ʦʙʨʘʟʦʚʘ-

ʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʧʝʨʩʦʥʘʣʠʟʠʨʫʝʪ ʦʙʫ-

ʯʝʥʠʝ, ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʧʦʚʳʰʝʥʠʶ ʫʯʝʙʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʫʜʦ-

ʚʣʝʪʚʦʨʝʥʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ. 
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Abstract. The personal account is part of the electronic information educational environment 

and helps students understand and see their personal learning outcomes, outstanding assign-

ments, view schedules, and can assist students when questions arise. The development of the stu-

dentôs personal account should utilize neural networks for advisory purposes and for the for-

mation of educational trajectories. The use of neural networks to form recommendations for in-

dividual educational trajectories allows students to plan their studies more effectively, taking 

into account their personal needs and capabilities. 

Keywords: student personal account, EIOS, educational process, neural network, advisor, 

educational trajectory. 



151 

- ʕʢʦʥʦʤʠʯʝʩʢʠʝ ʥʘʫʢʠ - 

 

International Journal of Humanities and Natural Sciences, vol. 5-4 (92), 2024 

ʇʉʀʍʆʃʆɻʀʏɽʉʂʆɽ ɺʆɿɼɽʁʉʊɺʀɽ ʐʈʀʌʊʆɺ ɺ ɼʀɿɸʁʅɽ ʋʇɸʂʆɺʂʀ 

 

ʉ.ɼ. ʂʝʚʯʝʥʢʦʚ, ʤʘʛʠʩʪʨʘʥʪ 

ʄʀʈʕɸ ï ʈʦʩʩʠʡʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

(ʈʦʩʩʠʷ, ʛ. ʄʦʩʢʚʘ) 

 

DOI:10.24412/2500-1000-2024-5-4-151-154 
 

ɸʥʥʦʪʘʮʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʮʝʥʠʚʘʝʪ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʰʨʠʬʪʦʚ ʚ ʜʠʟʘʡʥʝ ʫʧʘʢʦʚʢʠ 

ʥʘ ʧʦʚʝʜʝʥʠʝ ʧʦʪʨʝʙʠʪʝʣʝʡ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʰʨʠʬʪʳ ʩ ʟʘʩʝʯʢʘʤʠ, ʙʝʟ ʟʘʩʝʯʝʢ ʠ ʩ ʫʚʝ-

ʣʠʯʝʥʥʳʤ ʤʝʞʙʫʢʚʝʥʥʳʤ ʠʥʪʝʨʚʘʣʦʤ, ʠʭ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ 

ʩʦʟʜʘʥʠʠ ʩʪʠʣʝʡ ʧʨʦʜʫʢʪʘ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʜʯʝʨʢʠʚʘʶʪ ʚʘʞʥʦʩʪʴ ʰʨʠʬʪʦʚ ʜʣʷ ʧʨʠʚʣʝ-

ʯʝʥʠʷ ʚʥʠʤʘʥʠʷ ʠ ʧʝʨʝʜʘʯʠ ʮʝʥʥʦʩʪʝʡ ʧʨʦʜʫʢʪʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʰʨʠʬʪ, ʜʠʟʘʡʥ ʫʧʘʢʦʚʢʠ, ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʧʦʚʝʜʝʥʠʝ 

ʧʦʪʨʝʙʠʪʝʣʷ. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʠʟʘʡʥ ʫʧʘʢʦʚʢʠ ʷʚ-

ʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʬʘʢʪʦʨʦʚ, 

ʚʣʠʷʶʱʠʭ ʥʘ ʚʳʙʦʨ ʧʦʢʫʧʘʪʝʣʷ. ʆʜʥʠʤ ʠʟ 

ʢʣʶʯʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʜʠʟʘʡʥʘ ʫʧʘʢʦʚʢʠ 

ʷʚʣʷʝʪʩʷ ʰʨʠʬʪ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʥʘʟʚʘʥʠʷ ʧʨʦʜʫʢʪʘ, ʝʛʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʨʝʢʣʘʤʥʳʭ ʣʦʟʫʥʛʦʚ. 

ʇʩʠʭʦʣʦʛʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʨʘʟ-

ʣʠʯʥʳʭ ʰʨʠʬʪʦʚ ʚ ʜʠʟʘʡʥʝ ʫʧʘʢʦʚʢʠ 

1. ʐʨʠʬʪʳ ʩ ʟʘʩʝʯʢʘʤʠ  

ʐʨʠʬʪʳ ʩ ʟʘʩʝʯʢʘʤʠ (ʘʥʛʣ. serif) ï 

ʠʤʝʶʪ ʥʝʙʦʣʴʰʠʝ ʰʪʨʠʭʠ ʥʘ ʢʦʥʮʘʭ ʦʩ-

ʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʪʨʦʯʥʳʭ ʠ ʟʘʛʣʘʚʥʳʭ 

ʙʫʢʚ. ʕʪʠ ʰʨʠʬʪʳ ʚʦʟʥʠʢʣʠ ʚ ʜʨʝʚʥʝʨʠʤ-

ʩʢʦʡ ʵʧʦʭʝ, ʛʜʝ ʦʥʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʥʘ ʢʘ-

ʤʝʥʥʳʭ ʧʘʤʷʪʥʠʢʘʭ ʠ ʩʪʝʣʘʭ. ʆʜʥʘʢʦ, 

ʥʘʩʪʦʷʱʠʡ ʚʠʜ ʰʨʠʬʪʦʚ ʩ ʟʘʩʝʯʢʘʤʠ ʧʦ-

ʷʚʠʣʩʷ ʚ ʵʧʦʭʫ ɺʦʟʨʦʞʜʝʥʠʷ, ʢʦʛʜʘ ʪʠʧʦ-

ʛʨʘʬʳ ʥʘʯʘʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʰʨʠʬʪʳ ʜʣʷ 

ʧʝʯʘʪʥʳʭ ʢʥʠʛ. 

ʐʨʠʬʪʳ ʩ ʟʘʩʝʯʢʘʤʠ ʙʳʣʠ ʩʦʟʜʘʥʳ ʜʣʷ 

ʫʣʫʯʰʝʥʠʷ ʯʠʪʘʝʤʦʩʪʠ ʪʝʢʩʪʘ ʚ ʧʝʯʘʪʥʳʭ 

ʠʟʜʘʥʠʷʭ. ʆʥʠ ʧʦʤʦʛʘʶʪ ʛʣʘʟʫ ʙʳʩʪʨʦ 

ʦʧʨʝʜʝʣʷʪʴ ʥʘʯʘʣʦ ʠ ʢʦʥʝʮ ʩʪʨʦʢ, ʘ ʪʘʢʞʝ 

ʨʘʟʣʠʯʘʪʴ ʙʫʢʚʳ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʐʨʠʬʪʳ ʩ 

ʟʘʩʝʯʢʘʤʠ ʪʘʢʞʝ ʘʩʩʦʮʠʠʨʫʶʪʩʷ ʩ ʪʨʘʜʠ-

ʮʠʝʡ, ʘʚʪʦʨʠʪʝʪʦʤ, ʥʘʜʸʞʥʦʩʪʴʶ ʠ ʢʣʘʩʩʠ-

ʯʝʩʢʠʤ ʩʪʠʣʝʤ.  

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʛʦ ʚʦʟ-

ʜʝʡʩʪʚʠʷ, ʰʨʠʬʪʳ ʩ ʟʘʩʝʯʢʘʤʠ ʚʳʟʳʚʘʶʪ ʫ 

ʧʦʢʫʧʘʪʝʣʝʡ ʯʫʚʩʪʚʦ ʜʦʚʝʨʠʷ ʠ ʫʚʝʨʝʥʥʦ-

ʩʪʠ ʚ ʧʨʦʜʫʢʪʝ. ʆʥʠ ʪʘʢʞʝ ʘʩʩʦʮʠʠʨʫʶʪʩʷ 

ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʮʝʥʥʦʩʪʷʤʠ ʠ ʢʘʯʝʩʪʚʦʤ 

ʧʨʦʜʫʢʪʘ. ʂʨʦʤʝ ʪʦʛʦ, ʰʨʠʬʪʳ ʩ ʟʘʩʝʯʢʘ-

ʤʠ ʚʳʟʳʚʘʶʪ ʫ ʧʦʢʫʧʘʪʝʣʝʡ ʦʱʫʱʝʥʠʝ 

ʫʜʦʙʩʪʚʘ ʠ ʣʝʛʢʦʩʪʠ ʯʪʝʥʠʷ, ʯʪʦ ʤʦʞʝʪ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʙʦʣʝʝ ʜʦʣʛʦʤʫ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʶ ʩ ʫʧʘʢʦʚʢʦʡ.  

ɺ ʜʠʟʘʡʥʝ ʫʧʘʢʦʚʢʠ ʰʨʠʬʪʳ ʩ ʟʘʩʝʯʢʘ-

ʤʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʠ ʵʣʝʛʘʥʪʥʦʛʦ ʩʪʠʣʷ, ʢʦʪʦ-

ʨʳʡ ʧʦʜʯʸʨʢʠʚʘʝʪ ʢʘʯʝʩʪʚʦ ʠ ʧʨʝʩʪʠʞ-

ʥʦʩʪʴ ʧʨʦʜʫʢʪʘ. ʆʥʠ ʪʘʢʞʝ ʤʦʛʫʪ ʠʩʧʦʣʴ-

ʟʦʚʘʪʴʩʷ ʜʣʷ ʧʝʨʝʜʘʯʠ ʪʨʘʜʠʮʠʦʥʥʳʭ ʮʝʥ-

ʥʦʩʪʝʡ ʠ ʥʘʜʸʞʥʦʩʪʠ ʧʨʦʜʫʢʪʘ [1]/ 

2. ʐʨʠʬʪʳ ʙʝʟ ʟʘʩʝʯʝʢ 

ʐʨʠʬʪʳ ʙʝʟ ʟʘʩʝʯʝʢ (sans-serif ʦʪ ʬʨ. 

sans ï çʙʝʟè) ï ʥʝ ʠʤʝʶʪ ʥʝʙʦʣʴʰʠʭ ʰʪʨʠ-

ʭʦʚ ʥʘ ʢʦʥʮʘʭ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʪʨʦʯ-

ʥʳʭ ʠ ʟʘʛʣʘʚʥʳʭ ʙʫʢʚ. ʕʪʠ ʰʨʠʬʪʳ ʧʦʷʚʠ-

ʣʠʩʴ ʚ ʢʦʥʮʝ XVIII ʚʝʢʘ ʠ ʩʪʘʣʠ ʧʦʧʫʣʷʨ-

ʥʳʤʠ ʚ ʥʘʯʘʣʝ XIX ʚʝʢʘ, ʢʦʛʜʘ ʪʠʧʦʛʨʘʬʳ 

ʥʘʯʘʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʚ ʧʝʯʘʪʥʳʭ ʠʟʜʘ-

ʥʠʷʭ. 

ʐʨʠʬʪʳ ʙʝʟ ʟʘʩʝʯʝʢ ʙʳʣʠ ʩʦʟʜʘʥʳ ʜʣʷ 

ʫʣʫʯʰʝʥʠʷ ʯʠʪʘʝʤʦʩʪʠ ʪʝʢʩʪʘ ʥʘ ʥʝʙʦʣʴ-

ʰʠʭ ʨʘʩʩʪʦʷʥʠʷʭ, ʪʘʢʠʭ ʢʘʢ ʫʧʘʢʦʚʢʠ ʠ 

ʨʝʢʣʘʤʥʳʝ ʦʙʲʷʚʣʝʥʠʷ. ʆʥʠ ʪʘʢʞʝ ʘʩʩʦ-

ʮʠʠʨʫʶʪʩʷ ʩ ʩʦʚʨʝʤʝʥʥʦʩʪʴʶ, ʧʨʦʩʪʦʪʦʡ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴʶ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʛʦ ʚʦʟ-

ʜʝʡʩʪʚʠʷ, ʰʨʠʬʪʳ ʙʝʟ ʟʘʩʝʯʝʢ ʚʳʟʳʚʘʶʪ ʫ 

ʧʦʢʫʧʘʪʝʣʝʡ ʯʫʚʩʪʚʦ ʩʦʚʨʝʤʝʥʥʦʩʪʠ ʠ ʠʥ-

ʥʦʚʘʮʠʦʥʥʦʩʪʠ ʧʨʦʜʫʢʪʘ. ʆʥʠ ʪʘʢʞʝ ʘʩʩʦ-

ʮʠʠʨʫʶʪʩʷ ʩ ʧʨʦʩʪʦʪʦʡ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-

ʩʪʴʶ, ʯʪʦ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʙʦʣʝʝ 

ʙʳʩʪʨʦʤʫ ʧʦʥʠʤʘʥʠʶ ʠʥʬʦʨʤʘʮʠʠ ʥʘ 

ʫʧʘʢʦʚʢʝ. 

ɺ ʜʠʟʘʡʥʝ ʫʧʘʢʦʚʢʠ ʰʨʠʬʪʳ ʙʝʟ ʟʘʩʝʯʝʢ 

ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʦʚʨʝ-

ʤʝʥʥʦʛʦ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʪʠʣʷ, ʢʦʪʦ-

ʨʳʡ ʧʦʜʯʸʨʢʠʚʘʝʪ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʨʦʜʫʢ-

https://ru.wikipedia.org/wiki/%D0%A4%D1%80%D0%B0%D0%BD%D1%86%D1%83%D0%B7%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA
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ʪʘ. ʆʥʠ ʪʘʢʞʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ 

ʧʝʨʝʜʘʯʠ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʠʜʝʡ ʠ ʥʦʚʰʝʩʪʚ 

ʚ ʧʨʦʜʫʢʪʝ [2]. 

3. ʐʨʠʬʪʳ ʩ ʙʦʣʴʰʠʤ ʤʝʞʙʫʢʚʝʥ-

ʥʳʤ ʠʥʪʝʨʚʘʣʦʤ  

ʐʨʠʬʪʳ ʩ ʙʦʣʴʰʠʤ ʤʝʞʙʫʢʚʝʥʥʳʤ ʠʥ-

ʪʝʨʚʘʣʦʤ, ʪʘʢʞʝ ʠʟʚʝʩʪʥʳʝ ʢʘʢ letter-

spacing (ʨʘʚʥʦʤʝʨʥʦʝ ʠʟʤʝʥʝʥʠʝ ʨʘʩʩʪʦʷ-

ʥʠʷ ʤʝʞʜʫ ʙʫʢʚʘʤʠ) - ʠʤʝʶʪ ʫʚʝʣʠʯʝʥʥʦʝ 

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʙʫʢʚʘʤʠ. ʕʪʦʪ ʪʠʧ 

ʰʨʠʬʪʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʜʠʟʘʡʥʝ ʜʣʷ ʩʦ-

ʟʜʘʥʠʷ ʢʦʥʪʨʘʩʪʘ, ʫʣʫʯʰʝʥʠʷ ʯʠʪʘʝʤʦʩʪʠ 

ʠ ʧʨʠʚʣʝʯʝʥʠʷ ʚʥʠʤʘʥʠʷ ʢ ʦʧʨʝʜʝʣʸʥʥʳʤ 

ʵʣʝʤʝʥʪʘʤ ʜʠʟʘʡʥʘ. ʊʘʢʠʝ ʰʨʠʬʪʳ ʩʪʘʣʠ 

ʧʦʧʫʣʷʨʥʳʤʠ ʚ ʜʠʟʘʡʥʝ ʚ 1990-ʭ ʛʦʜʘʭ, 

ʢʦʛʜʘ ʜʠʟʘʡʥʝʨʳ ʥʘʯʘʣʠ ʵʢʩʧʝʨʠʤʝʥʪʠʨʦ-

ʚʘʪʴ ʩ ʥʦʚʳʤʠ ʩʧʦʩʦʙʘʤʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʰʨʠʬʪʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʦʥʪʨʘʩʪʘ ʠ ʫʣʫʯ-

ʰʝʥʠʷ ʯʠʪʘʝʤʦʩʪʠ. ʕʪʦʪ ʩʪʠʣʴ ʰʨʠʬʪʦʚ ʥʝ 

ʙʳʣ ʩʦʟʜʘʥ ʦʜʥʠʤ ʢʦʥʢʨʝʪʥʳʤ ʜʠʟʘʡʥʝ-

ʨʦʤ, ʘ ʩʢʦʨʝʝ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʵʚʦʣʶ-

ʮʠʠ ʜʠʟʘʡʥʘ ʠ ʪʠʧʦʛʨʘʬʠʢʠ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʛʦ ʚʦʟ-

ʜʝʡʩʪʚʠʷ, ʰʨʠʬʪʳ ʩ ʙʦʣʴʰʠʤ ʤʝʞʙʫʢʚʝʥ-

ʥʳʤ ʠʥʪʝʨʚʘʣʦʤ ʚʳʟʳʚʘʶʪ ʫ ʧʦʢʫʧʘʪʝʣʝʡ 

ʦʱʫʱʝʥʠʝ ʩʦʚʨʝʤʝʥʥʦʩʪʠ ʠ ʠʥʥʦʚʘʮʠʦʥ-

ʥʦʩʪʠ ʧʨʦʜʫʢʪʘ. ʆʥʠ ʪʘʢʞʝ ʘʩʩʦʮʠʠʨʫʶʪʩʷ 

ʩ ʫʜʦʙʩʪʚʦʤ ʯʪʝʥʠʷ ʠ ʣʝʛʢʦʩʪʴʶ ʚʦʩʧʨʠʷ-

ʪʠʷ ʠʥʬʦʨʤʘʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʰʨʠʬʪʳ ʩ 

ʙʦʣʴʰʠʤ ʤʝʞʙʫʢʚʝʥʥʳʤ ʠʥʪʝʨʚʘʣʦʤ ʤʦ-

ʛʫʪ ʚʳʟʳʚʘʪʴ ʫ ʧʦʢʫʧʘʪʝʣʝʡ ʦʱʫʱʝʥʠʝ 

ʧʨʦʩʪʦʪʳ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ, ʯʪʦ ʤʦʞʝʪ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʙʦʣʝʝ ʙʳʩʪʨʦʤʫ ʧʦʥʠʤʘ-

ʥʠʶ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʫʧʘʢʦʚʢʝ. 

ɺ ʜʠʟʘʡʥʝ ʫʧʘʢʦʚʢʠ ʰʨʠʬʪʳ ʩ ʙʦʣʴʰʠʤ 

ʤʝʞʙʫʢʚʝʥʥʳʤ ʠʥʪʝʨʚʘʣʦʤ ʤʦʛʫʪ ʠʩʧʦʣʴ-

ʟʦʚʘʪʴʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʪʠʣʷ, ʢʦʪʦʨʳʡ ʧʦʜʯʸʨ-

ʢʠʚʘʝʪ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʨʦʜʫʢʪʘ. ʆʥʠ ʪʘʢʞʝ 

ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʧʝʨʝʜʘʯʠ ʠʥʥʦ-

ʚʘʮʠʦʥʥʳʭ ʠʜʝʡ ʠ ʥʦʚʰʝʩʪʚ ʚ ʧʨʦʜʫʢ-

ʪʝ [3]. 

ʇʨʠʤʝʨʳ ʰʨʠʬʪʦʚ 

ɼʣʷ ʠʣʣʶʩʪʨʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ 

ʰʨʠʬʪʦʚ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʩʣʝʜʫʶʱʠʝ 

ʧʨʠʤʝʨʳ: 

ʐʨʠʬʪʳ ʩ ʟʘʩʝʯʢʘʤʠ: 
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ʈʠʩ. 7, 8, 9. ʐʨʠʬʪ Univers, ʐʨʠʬʪ Arial Black, ʐʨʠʬʪ Tahoma [10-13] 

 

ʇʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʰʨʠʬʪʦʚ ʚ 

ʜʠʟʘʡʥʝ ʫʧʘʢʦʚʢʠ 

ɼʣʷ ʜʝʤʦʥʩʪʨʘʮʠʠ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʨʘʟʣʠʯʥʳʭ ʰʨʠʬʪʦʚ ʚ ʜʠʟʘʡʥʝ 

ʫʧʘʢʦʚʢʠ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʩʣʝʜʫʶʱʠʝ 

ʧʨʠʤʝʨʳ: 

1) ʐʨʠʬʪʳ ʩ ʟʘʩʝʯʢʘʤʠ ʤʦʛʫʪ ʠʩʧʦʣʴ-

ʟʦʚʘʪʴʩʷ ʜʣʷ ʫʧʘʢʦʚʦʢ ʧʨʦʜʫʢʪʦʚ, ʢʦʪʦʨʳʝ 

ʘʩʩʦʮʠʠʨʫʶʪʩʷ ʩ ʪʨʘʜʠʮʠʝʡ ʠ ʥʘʜʸʞʥʦ-

ʩʪʴʶ, ʥʘʧʨʠʤʝʨ, ʚʠʥʘ, ʩʳʨʳ, ʢʦʬʝ. 

2) ʐʨʠʬʪʳ ʙʝʟ ʟʘʩʝʯʝʢ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴʩʷ ʜʣʷ ʫʧʘʢʦʚʦʢ ʧʨʦʜʫʢʪʦʚ, ʢʦʪʦʨʳʝ 

ʘʩʩʦʮʠʠʨʫʶʪʩʷ ʩ ʩʦʚʨʝʤʝʥʥʦʩʪʴʶ ʠ ʜʠʥʘ-

ʤʠʟʤʦʤ, ʥʘʧʨʠʤʝʨ, ʥʘʧʠʪʢʠ, ʩʥʵʢʠ, ʢʦʩʤʝ-

ʪʠʢʘ. 

3) ʐʨʠʬʪʳ ʩ ʢʨʫʧʥʳʤʠ ʙʫʢʚʘʤʠ ʠ 

ʙʦʣʴʰʠʤ ʤʝʞʙʫʢʚʝʥʥʳʤ ʠʥʪʝʨʚʘʣʦʤ ʤʦ-

ʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʫʧʘʢʦʚʦʢ ʧʨʦʜʫʢ-

ʪʦʚ, ʢʦʪʦʨʳʝ ʪʨʝʙʫʶʪ ʚʥʠʤʘʥʠʷ ʧʦʢʫʧʘʪʝ-

ʣʷ, ʥʘʧʨʠʤʝʨ, ʣʝʢʘʨʩʪʚʘ, ʤʦʨʦʞʝʥʦʝ, ʩʣʘ-

ʜʦʩʪʠ. 

 

 
ʈʠʩ. 10. ʋʧʘʢʦʚʢʘ ʚʠʥʘ GRAFFIGNA [14] 

 

 
ʈʠʩ. 11. ʋʧʘʢʦʚʢʘ ʢʦʩʤʝʪʠʢʠ GARNIER [15] 

 

 
ʈʠʩ. 12. ʋʧʘʢʦʚʢʘ ʣʝʢʘʨʩʪʚʘ ʀɹʋʇʈʆʌɽʅ [16] 

 

ɿʘʢʣʶʯʝʥʠʝ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʙʳʣʠ 

ʨʘʩʩʤʦʪʨʝʥʳ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʰʨʠʬʪʦʚ, ʠʭ 

ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʚʣʠʷʥʠʝ ʥʘ ʚʦʩʧʨʠʷʪʠʝ ʧʨʦ-

ʜʫʢʪʘ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʰʨʠʬʪ ʚ ʜʠ-

ʟʘʡʥʝ ʫʧʘʢʦʚʢʠ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʠʥʩʪʨʫ-

ʤʝʥʪʦʤ ʚʣʠʷʥʠʷ ʥʘ ʧʦʚʝʜʝʥʠʝ ʧʦʪʨʝʙʠʪʝ-

ʣʷ. ʇʨʠ ʚʳʙʦʨʝ ʰʨʠʬʪʘ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠ-

ʪʳʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʝʛʦ ʚʥʝʰʥʠʡ ʚʠʜ, ʥʦ ʠ 

ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʦʢʫʧʘ-

ʪʝʣʷ. 
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ɸʥʥʦʪʘʮʠʷ. ɼʠʟʘʡʥ ʫʧʘʢʦʚʢʠ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʧʨʦʜʚʠʞʝʥʠʠ ʪʦʚʘʨʦʚ. ʕʪʘ 

ʩʪʘʪʴʷ ʦʙʟʦʨʥʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʠʩʪʦʨʠʶ ʰʨʠʬʪʦʚʦʛʦ ʦʬʦʨʤʣʝʥʠʷ ʫʧʘʢʦʚʢʠ ʟʘ ʙʦʣʝʝ ʯʝʤ 

100 ʣʝʪ, ʥʘʯʠʥʘʷ ʩ XIX ʚʝʢʘ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʷʚʣʷʝʪ ʵʚʦʣʶʮʠʶ ʰʨʠʬʪʦʚ ʥʘ ʫʧʘʢʦʚʢʘʭ, ʦʪ 

ʧʨʦʩʪʳʭ ʣʠʥʝʡʥʳʭ ʛʘʨʥʠʪʫʨ ʜʦ ʩʦʚʨʝʤʝʥʥʳʭ ʮʠʬʨʦʚʳʭ ʰʨʠʬʪʦʚ, ʧʦʜʯʝʨʢʠʚʘʷ ʠʭ ʚʘʞ-

ʥʦʩʪʴ ʜʣʷ ʙʨʝʥʜʘ ʠ ʧʦʪʨʝʙʠʪʝʣʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʠʟʘʡʥ ʫʧʘʢʦʚʢʠ, ʪʠʧʦʛʨʘʬʠʢʘ, ʰʨʠʬʪ, ʠʩʪʦʨʠʷ, ʨʘʟʚʠʪʠʝ. 

 

ɼʠʟʘʡʥ ʫʧʘʢʦʚʢʠ ʠʛʨʘʝʪ ʚʘʞʥʝʡʰʫʶ 

ʨʦʣʴ ʚ ʧʨʦʜʚʠʞʝʥʠʠ ʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʠ 

ʪʦʚʘʨʘ ʥʘ ʨʳʥʢʝ. ʆʪ ʚʥʝʰʥʝʛʦ ʚʠʜʘ ʫʧʘ-

ʢʦʚʢʠ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʢʦʤʤʝʨʯʝʩʢʠʡ 

ʫʩʧʝʭ ʧʨʦʜʫʢʪʘ. ʇʦʵʪʦʤʫ ʧʨʦʠʟʚʦʜʠʪʝʣʠ 

ʫʜʝʣʷʶʪ ʦʛʨʦʤʥʦʝ ʚʥʠʤʘʥʠʝ ʨʘʟʨʘʙʦʪʢʝ 

ʜʠʟʘʡʥʘ ʫʧʘʢʦʚʢʠ, ʧʨʠʚʣʝʢʘʷ ʧʨʦʬʝʩʩʠʦ-

ʥʘʣʴʥʳʭ ʜʠʟʘʡʥʝʨʦʚ ʠ ʤʘʨʢʝʪʦʣʦʛʦʚ. 

ɿʘʨʦʞʜʝʥʠʝ ʰʨʠʬʪʦʚʦʛʦ ʦʬʦʨʤʣʝʥʠʷ 

ʫʧʘʢʦʚʢʠ ʚ ʵʧʦʭʫ ʧʨʦʤʳʰʣʝʥʥʦʡ ʨʝʚʦ-

ʣʶʮʠʠ, ʧʨʝʦʙʣʘʜʘʥʠʝ ʧʨʦʩʪʳʭ ʰʨʠʬʪʦʚ 

ʙʝʟ ʟʘʩʝʯʝʢ 

ʇʦʷʚʣʝʥʠʝ ʚ XIX ʚʝʢʝ ʤʘʩʩʦʚʦʛʦ ʤʘ-

ʰʠʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʨʘʩʬʘʩʦʚʢʠ ʪʦʚʘ-

ʨʦʚ ʦʙʫʩʣʦʚʠʣʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʜʠʟʘʡʥʘ 

ʫʧʘʢʦʚʢʠ. ʇʝʨʚʳʝ ʧʨʦʤʳʰʣʝʥʥʳʝ ʫʧʘʢʦʚ-

ʢʠ ʙʳʣʠ ʜʦʚʦʣʴʥʦ ʧʨʦʩʪʳʤʠ. ʐʨʠʬʪʳ ʥʘ 

ʵʪʠʭ ʨʘʥʥʠʭ ʦʙʨʘʟʮʘʭ ʫʧʘʢʦʚʢʠ ʪʘʢʞʝ ʦʪ-

ʣʠʯʘʣʠʩʴ ʧʨʝʜʝʣʴʥʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-

ʩʪʴʶ [1]. 

ɼʦʤʠʥʠʨʦʚʘʣʠ ʣʠʥʝʡʥʳʝ ʙʝʩʰʨʠʬʪʦ-

ʚʳʝ ʛʘʨʥʠʪʫʨʳ ï ʧʨʷʤʳʝ, ʨʫʙʣʝʥʳʝ ʰʨʠʬ-

ʪʳ ʙʝʟ ʟʘʩʝʯʝʢ ʩ ʦʜʠʥʘʢʦʚʳʤ ʥʘʯʝʨʪʘʥʠʝʤ. 

ʅʘʧʨʠʤʝʨ, ʦʯʝʥʴ ʧʦʧʫʣʷʨʥʳʡ ʚ ʪʦ ʚʨʝʤʷ 

ʛʨʦʪʝʩʢʥʳʡ ʰʨʠʬʪ Akzidenz-Grotesk, ʩʦ-

ʟʜʘʥʥʳʡ ʚ 1896 ʛʦʜʫ [2]. ɽʛʦ ʯʝʪʢʠʝ, ʧʨʦ-

ʩʪʳʝ ʬʦʨʤʳ ʠʜʝʘʣʴʥʦ ʧʦʜʭʦʜʠʣʠ ʜʣʷ ʥʦ-

ʚʦʡ ʠʥʜʫʩʪʨʠʘʣʴʥʦʡ ʵʩʪʝʪʠʢʠ. ɸʢʮʝʥʪ ʜʝ-

ʣʘʣʩʷ ʥʘ ʯʠʪʘʝʤʦʩʪʠ ʠ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ 

ʰʨʠʬʪʘ. ʇʨʠʤʝʨʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦ-

ʛʦ ʨʫʙʣʝʥʥʦʛʦ ʰʨʠʬʪʘ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʠʟʦʙ-

ʨʘʞʝʥʠʝʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘ ʫʧʘʢʦʚʢʝ ʜʣʷ 

ʰʦʢʦʣʘʜʘ ʢʦʤʧʘʥʠʠ Stollwerck ʥʝʤʝʮʢʦʛʦ 

ʜʠʟʘʡʥʝʨʘ ʆʪʪʦ ʕʢʤʘʥʘ 1902 ʛʦʜʘ. 

 

 
ʈʠʩ. 1, 2. ʐʨʠʬʪ Akzidenz-Grotesk, ʋʧʘʢʦʚʢʘ ʰʦʢʦʣʘʜʘ ʢʦʤʧʘʥʠʠ Stollwerck [2-3] 

 

ʅʘ ʫʧʘʢʦʚʢʝ ʵʪʦʛʦ ʧʨʦʜʫʢʪʘ ʠʩʧʦʣʴʟʦ-

ʚʘʥ ʧʨʦʩʪʦʡ ʙʝʩʰʨʠʬʪʦʚʳʡ ʰʨʠʬʪ, ʥʝ 

ʢʦʥʢʫʨʠʨʫʶʱʠʡ ʩ ʷʨʢʠʤ ʠʟʦʙʨʘʞʝʥʠʝʤ. 

ʃʘʢʦʥʠʯʥʳʡ ʤʠʥʠʤʘʣʠʟʤ ʰʨʠʬʪʘ ʧʝʨʝʜʘ-

ʝʪ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ ʠ ʩʦʚʨʝʤʝʥʥʦʩʪʴ ʧʨʦ-

ʜʫʢʪʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʚʳʝ ʰʨʠʬʪʳ ʥʘ ʫʧʘ-

ʢʦʚʢʘʭ ʤʘʩʩʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʳʣʠ ʦʣʠ-

ʮʝʪʚʦʨʝʥʠʝʤ ʥʦʚʦʡ ʠʥʜʫʩʪʨʠʘʣʴʥʦʡ ʵʧʦʭʠ. 

ʈʘʟʚʠʪʠʝ ʜʠʟʘʡʥʘ ʫʧʘʢʦʚʢʠ ʠ ʰʨʠʬ-

ʪʦʚ ʚ ʧʝʨʠʦʜ ʤʦʜʝʨʥʘ, ʧʦʷʚʣʝʥʠʝ ʩʪʠʣʠ-

ʟʦʚʘʥʥʳʭ ʰʨʠʬʪʦʚ 

ʅʘ ʨʫʙʝʞʝ XIX-XX ʚʝʢʦʚ ʚ ʜʠʟʘʡʥʝ 

ʫʧʘʢʦʚʢʠ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʦʪ ʩʪʨʦʛʦʛʦ 
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ʠʥʜʫʩʪʨʠʘʣʴʥʦʛʦ ʩʪʠʣʷ ʢ ʙʦʣʝʝ ʜʝʢʦʨʘʪʠʚ-

ʥʦʤʫ ʠ ʠʟʳʩʢʘʥʥʦʤʫ ʤʦʜʝʨʥʫ (ʘʨ ʥʫʚʦ). 

ʐʨʠʬʪʳ ʵʪʦʛʦ ʧʝʨʠʦʜʘ ʩʪʘʥʦʚʷʪʩʷ ʙʦʣʝʝ 

ʵʤʦʮʠʦʥʘʣʴʥʳʤʠ ʠ ʭʫʜʦʞʝʩʪʚʝʥʥʳʤʠ [4]. 

ʗʨʢʠʤ ʧʨʠʤʝʨʦʤ ʩʪʠʣʠʟʦʚʘʥʥʦʛʦ ʤʦʜʝʨ-

ʥʠʩʪʩʢʦʛʦ ʰʨʠʬʪʘ ʷʚʣʷʝʪʩʷ ʛʘʨʥʠʪʫʨʘ 

Arnold Bºcklin, ʩʦʟʜʘʥʥʘʷ ʚ 1904 ʛʦʜʫ. 

 

 
ʈʠʩ. 3. ʐʨʠʬʪ Arnold Bºcklin [5] 

 

ɽʝ ʧʣʘʚʥʳʝ, ʜʝʢʦʨʘʪʠʚʥʳʝ ʣʠʥʠʠ ʩ 

ʥʘʤʝʢʘʤʠ ʥʘ ʢʘʣʣʠʛʨʘʬʠʶ ʧʝʨʝʜʘʶʪ ʧʣʘʚ-

ʥʦʩʪʴ ʠ ʛʨʘʮʠʶ ʵʧʦʭʠ ʤʦʜʝʨʥʘ. 

ʂʣʶʯʝʚʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʰʨʠʬʪʦʚ ʤʦ-

ʜʝʨʥʘ ʙʳʣʦ ʩʦʯʝʪʘʥʠʝ ʩʪʠʣʠʟʘʮʠʠ ʧʦʜ ʩʪʘ-

ʨʠʥʥʳʝ ʨʫʢʦʧʠʩʥʳʝ ʰʨʠʬʪʳ ʩ ʩʦʚʨʝʤʝʥ-

ʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʧʝʯʘʪʠ. ʕʪʠ ʰʨʠʬʪʳ 

ʚʦʧʣʦʪʠʣʠ ʜʫʭ ʵʧʦʭʠ ʤʦʜʝʨʥ ʚ ʪʠʧʦʛʨʘʬʠ-

ʢʝ ʫʧʘʢʦʚʢʠ ʥʘʯʘʣʘ XX ʚʝʢʘ. ʐʨʠʬʪ ʠ ʜʝ-

ʢʦʨ ʤʦʜʝʨʥʘ ʨʘʩʢʨʳʚʘʣʠ ʵʩʪʝʪʠʢʫ ʫʧʘʢʦʚ-

ʢʠ ʵʪʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. 

ɺʣʠʷʥʠʝ ʩʪʠʣʝʡ ʘʨ-ʜʝʢʦ ʠ ʢʦʥʩʪʨʫʢ-

ʪʠʚʠʟʤʘ ʥʘ ʰʨʠʬʪʳ ʫʧʘʢʦʚʢʠ ʚ 1920-

30ʝ ʛʦʜʳ 

1920-30ʝ ʛʦʜʳ ʦʟʥʘʤʝʥʦʚʘʣʠʩʴ ʨʘʩʮʚʝ-

ʪʦʤ ʪʘʢʠʭ ʘʚʘʥʛʘʨʜʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʢʘʢ 

ʘʨ-ʜʝʢʦ ʠ ʢʦʥʩʪʨʫʢʪʠʚʠʟʤ, ʢʦʪʦʨʳʝ ʦʢʘʟʘ-

ʣʠ ʟʘʤʝʪʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʛʨʘʬʠʯʝʩʢʠʡ ʜʠ-

ʟʘʡʥ ʠ ʪʠʧʦʛʨʘʬʠʢʫ ʪʦʛʦ ʧʝʨʠʦʜʘ. ɼʣʷ 

ʩʪʠʣʷ ʘʨ-ʜʝʢʦ ʙʳʣʠ ʭʘʨʘʢʪʝʨʥʳ ʜʝʢʦʨʘ-

ʪʠʚʥʳʝ ʰʨʠʬʪʳ ʩ ʟʘʩʝʯʢʘʤʠ, ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʤʦʜʝʨʥʘ, ʟʜʝʩʴ ʧʨʝʦʙʣʘʜʘʣʠ ʯʝʪʢʠʝ ʛʝʦ-

ʤʝʪʨʠʯʝʩʢʠʝ ʬʦʨʤʳ.[6] ʇʨʠʤʝʨ ï ʰʠʨʦʢʦ 

ʠʟʚʝʩʪʥʳʡ ʰʨʠʬʪ Broadway ʥʘʯʘʣʘ 1930-ʭ. 

ʂʦʥʩʪʨʫʢʪʠʚʠʟʤ ʪʘʢʞʝ ʪʷʛʦʪʝʣ ʢ ʛʝʦʤʝʪ-

ʨʠʯʝʩʢʠʤ ʬʦʨʤʘʤ, ʥʦ ʚ ʝʛʦ ʰʨʠʬʪʘʭ ʜʦ-

ʤʠʥʠʨʦʚʘʣʠ ʧʨʷʤʳʝ ʫʛʣʳ ʠ ʣʘʢʦʥʠʯʥʦʩʪʴ 

ʣʠʥʠʡ. [7] ʗʨʢʠʡ ʧʨʠʤʝʨ ï ʬʫʪʫʨʠʩʪʠʯʝ-

ʩʢʠʡ ʰʨʠʬʪ Bauhaus, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʚ 

ɻʝʨʤʘʥʠʠ ʚ 1920-ʝ ʛʦʜʳ. 

 

 
ʈʠʩ. 4, 5. ʐʨʠʬʪ Broadway, ʐʨʠʬʪ Bauhaus [8-9] 

 

ʆʥ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ ʜʠʟʘʡʥʝ 

ʫʧʘʢʦʚʦʢ, ʩʠʤʚʦʣʠʟʠʨʫʷ ʪʝʭʥʦʣʦʛʠʯʥʦʝ 

ʙʫʜʫʱʝʝ. ʆʙʘ ʵʪʠʭ ʩʪʠʣʷ ʧʨʠʚʥʝʩʣʠ ʚ 

ʰʨʠʬʪʳ ʫʧʘʢʦʚʦʢ ʢʦʥʩʪʨʫʢʪʠʚʥʫʶ ʛʝʦ-

ʤʝʪʨʠʟʘʮʠʶ, ʦʪʢʘʟ ʦʪ ʠʟʣʠʰʥʝʡ ʜʝʢʦʨʘ-

ʪʠʚʥʦʩʪʠ ʚ ʧʦʣʴʟʫ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʠ 

ʚʳʨʘʟʠʪʝʣʴʥʦʩʪʠ ʬʦʨʤ.  

ɼʦʤʠʥʠʨʦʚʘʥʠʝ ʧʨʦʩʪʳʭ ʛʝʦʤʝʪʨʠʯʝ-

ʩʢʠʭ ʰʨʠʬʪʦʚ ʚ ʩʝʨʝʜʠʥʝ 20 ʚʝʢʘ 

ʇʦʩʣʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʘʚʘʥʛʘʨʜʘ 1920-

30ʭ ʛʦʜʦʚ, ʚ ʩʝʨʝʜʠʥʝ XX ʚʝʢʘ ʚ ʜʠʟʘʡʥʝ 

ʫʧʘʢʦʚʢʠ ʚʦʟʦʙʣʘʜʘʣ ʙʦʣʝʝ ʫʤʝʨʝʥʥʳʡ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʧʦʜʭʦʜ. ʕʪʦ ʧʦʚʣʠʷʣʦ ʠ 

ʥʘ ʪʠʧʦʛʨʘʬʠʢʫ. ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʩʪʠʣʴ 

ʩʪʘʣ ʜʦʤʠʥʠʨʫʶʱʠʤ. ɼʣʷ ʥʝʛʦ ʙʳʣʘ ʭʘ-

ʨʘʢʪʝʨʥʘ ʧʨʦʩʪʦʪʘ ʠ ʣʘʢʦʥʠʯʥʦʩʪʴ ʬʦʨʤ. 

ʐʨʠʬʪʳ ʩʥʦʚʘ ʩʪʘʣʠ ʙʦʣʝʝ ʛʝʦʤʝʪʨʠʯʥʳ-

ʤʠ ʠ ʤʠʥʠʤʘʣʠʩʪʠʯʥʳʤʠ. ʗʨʢʠʤ ʧʨʠʤʝ-

ʨʦʤ ʵʪʦʡ ʪʝʥʜʝʥʮʠʠ ʩʪʘʣ ʰʚʝʡʮʘʨʩʢʠʡ 

ʰʨʠʬʪ Helvetica, ʩʦʟʜʘʥʥʳʡ ʚ 1957 ʛʦ-

ʜʫ [10]. 
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ʈʠʩ. 6. ʐʨʠʬʪ Helvetica [10] 

 

ɽʛʦ ʧʨʷʤʳʝ ʣʠʥʠʠ ʠ ʩʪʨʦʛʠʝ ʧʨʦʧʦʨʮʠʠ 

ʚʦʧʣʦʪʠʣʠ ʜʫʭ ʬʫʥʢʮʠʦʥʘʣʠʟʤʘ ʩʝʨʝʜʠʥʳ 

ʚʝʢʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʝʨʝʜʠʥʝ XX ʚʝʢʘ ʚ 

ʪʠʧʦʛʨʘʬʠʢʝ ʫʧʘʢʦʚʢʠ ʛʣʘʚʝʥʩʪʚʦʚʘʣʠ ʣʘ-

ʢʦʥʠʯʥʦʩʪʴ, ʧʨʦʩʪʦʪʘ ʥʘʯʝʨʪʘʥʠʷ, ʙʝʟ ʠʟ-

ʣʠʰʝʩʪʚ.  

ʇʦʷʚʣʝʥʠʝ ʥʦʚʳʭ ʮʠʬʨʦʚʳʭ ʰʨʠʬ-

ʪʦʚ ʠ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʰʨʠʬʪʘʤʠ ʚ 

ʧʦʩʪʤʦʜʝʨʥʠʩʪʩʢʦʤ ʜʠʟʘʡʥʝ ʫʧʘʢʦʚʢʠ 

ʢʦʥʮʘ 20 - ʥʘʯʘʣʘ 21 ʚʝʢʘ 

ʅʘ ʨʫʙʝʞʝ 20-21 ʚʝʢʦʚ ʧʨʦʠʩʭʦʜʠʪ 

ʥʘʩʪʦʷʱʘʷ ʨʝʚʦʣʶʮʠʷ ʚ ʪʠʧʦʛʨʘʬʠʢʝ, ʩʚʷ-

ʟʘʥʥʘʷ ʩ ʧʝʨʝʭʦʜʦʤ ʢ ʮʠʬʨʦʚʳʤ ʪʝʭʥʦʣʦ-

ʛʠʷʤ ʜʠʟʘʡʥʘ ʠ ʧʝʯʘʪʠ [11]. ʇʦʷʚʣʷʶʪʩʷ 

ʩʦʪʥʠ ʥʦʚʳʭ ʮʠʬʨʦʚʳʭ ʰʨʠʬʪʦʚ, ʢʦʪʦʨʳʝ 

ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʠ ʚ ʫʧʘʢʦʚʦʯʥʦʡ 

ʛʨʘʬʠʢʝ. ʆʜʥʠʤ ʠʟ ʷʨʢʠʭ ʧʨʠʤʝʨʦʚ ʩʪʘʣ 

ʰʨʠʬʪ Dead History, ʩʦʟʜʘʥʥʳʡ ʚ 1990 ʛʦ-

ʜʫ.  

ɽʛʦ ʠʤʠʪʘʮʠʷ ʨʫʢʦʧʠʩʥʦʛʦ ʥʘʧʠʩʘʥʠʷ 

ʧʨʠʜʘʝʪ ʜʠʟʘʡʥʫ ʫʧʘʢʦʚʢʠ ʚʠʥʪʘʞʥʦʩʪʴ. 

ʕʪʦʪ ʰʨʠʬʪ ʯʘʩʪʦ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ ʧʦʩʪ-

ʤʦʜʝʨʥʠʩʪʩʢʠʭ ʫʧʘʢʦʚʢʘʭ 1990-2000ʭ. ɽʱʝ 

ʦʜʠʥ ʧʦʧʫʣʷʨʥʳʡ ʮʠʬʨʦʚʦʡ ʰʨʠʬʪ - Hobo, 

ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʚ 1960 ʛʦʜʫ. 

 

 
ʈʠʩ. 7, 8. ʐʨʠʬʪ Dead History, ʐʨʠʬʪ Hobo [12-13] 

 

ɽʛʦ ʥʝʩʠʤʤʝʪʨʠʯʥʳʝ ʠ ʩʣʝʛʢʘ ʥʘʢʣʦʥ-

ʥʳʝ ʣʠʥʠʠ ʩʦʟʜʘʶʪ ʦʱʫʱʝʥʠʝ ʠʛʨʠʚʦʩʪʠ ʠ 

ʥʝʬʦʨʤʘʣʴʥʦʩʪʠ. ʆʥ ʧʨʠʤʝʥʷʣʩʷ ʚʦ ʤʥʦ-

ʛʠʭ ʫʧʘʢʦʚʢʘʭ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʤʦʣʦ-

ʜʝʞʴ. 

ɹʣʘʛʦʜʘʨʷ ʥʦʚʳʤ ʪʝʭʥʦʣʦʛʠʷʤ ʧʦʷʚʠ-

ʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʠʨʦʚʘʪʴ ʩ 

ʬʦʨʤʘʤʠ, ʨʘʟʤʝʨʘʤʠ, ʮʚʝʪʦʤ ʰʨʠʬʪʘ, ʩʦ-

ʟʜʘʚʘʷ ʷʨʢʠʝ ʘʚʪʦʨʩʢʠʝ ʰʨʠʬʪʦʚʳʝ ʢʦʤʧʦ-

ʟʠʮʠʠ. ʐʨʠʬʪ ʥʘ ʫʧʘʢʦʚʢʝ ʧʨʝʚʨʘʪʠʣʩʷ ʚ 

ʧʦʣʥʦʮʝʥʥʳʡ ʥʦʩʠʪʝʣʴ ʢʨʝʘʪʠʚʘ ʠ ʠʥʜʠ-

ʚʠʜʫʘʣʴʥʦʩʪʠ ʙʨʝʥʜʘ. ʊʘʢ ʮʠʬʨʦʚʘʷ ʨʝʚʦ-

ʣʶʮʠʷ ʦʪʢʨʳʣʘ ʥʦʚʫʶ ʚʝʭʫ ʚ ʠʩʪʦʨʠʠ 

ʰʨʠʬʪʘ, ʢʦʪʦʨʳʡ ʩʪʘʣ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ 

ʵʣʝʤʝʥʪʦʚ ʚʠʟʫʘʣʴʥʦʡ ʧʦʩʪʤʦʜʝʨʥʠʩʪʩʢʦʡ 

ʵʩʪʝʪʠʢʠ ʫʧʘʢʦʚʢʠ ʢʦʥʮʘ 20 ʚʝʢʘ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʚ ʰʨʠʬʪʦ-

ʚʦʤ ʦʬʦʨʤʣʝʥʠʠ ʫʧʘʢʦʚʢʠ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝ-

ʩʢʦʣʴʢʦ ʢʣʶʯʝʚʳʭ ʪʝʥʜʝʥʮʠʡ ʚ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʠ ʰʨʠʬʪʦʚ ʥʘ ʫʧʘʢʦʚʢʝ: 

1. ʇʝʨʩʦʥʘʣʠʟʘʮʠʷ. ʇʦʧʫʣʷʨʥʳ ʫʥʠ-

ʢʘʣʴʥʳʝ ʘʚʪʦʨʩʢʠʝ ʰʨʠʬʪʳ, ʩʧʝʮʠʘʣʴʥʦ 

ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʙʨʝʥʜʘ. 

ʇʨʠʤʝʨ ï ʦʨʠʛʠʥʘʣʴʥʳʡ ʰʨʠʬʪ ʜʣʷ ʫʧʘ-

ʢʦʚʢʠ ʯʠʧʩʦʚ Pringles [14]. 
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ʈʠʩ. 9. ʋʧʘʢʦʚʢʘ Pringles [14] 

 

2. ɺʠʥʪʘʞ ʠ ʨʝʪʨʦ. ʏʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʰʨʠʬʪʳ, ʩʪʠʣʠʟʦʚʘʥʥʳʝ ʧʦʜ ʩʪʘʨʠʥʫ, ʠʣʠ 

ʚʦʩʧʨʦʠʟʚʦʜʷʱʠʝ ʠʩʪʦʨʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ. 

ʇʨʠʤʝʨ ï ʚʠʥʪʘʞʥʳʡ ʰʨʠʬʪ ʥʘ ʫʧʘʢʦʚʢʝ 

ʜʫʭʦʚ Penhaligons [15]. 

 

 
ʈʠʩ. 10. ʋʧʘʢʦʚʢʘ Penhaligons [15] 

 

3. ʈʫʢʦʧʠʩʥʦʩʪʴ. ʇʦʧʫʣʷʨʥʳ ʰʨʠʬʪʳ ʩ 

ʵʬʬʝʢʪʦʤ ʥʘʧʠʩʘʥʠʷ ʦʪ ʨʫʢʠ, ʩʦʟʜʘʶʱʠʝ 

ʦʱʫʱʝʥʠʝ ʥʘʪʫʨʘʣʴʥʦʩʪʠ ʠ ʪʝʧʣʦʪʳ. ʇʨʠ-

ʤʝʨ - ʫʧʘʢʦʚʢʘ ʰʦʢʦʣʘʜʘ Pichler. [16] 

 

 
ʈʠʩ. 11. ʋʧʘʢʦʚʢʘ Pichler [16] 

 

4. ɻʝʦʤʝʪʨʠʯʥʦʩʪʴ. ɺ ʪʨʝʥʜʝ ʤʠʥʠʤʘʣʠ-

ʩʪʠʯʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʰʨʠʬʪʳ, ʧʦʜʯʝʨ-

ʢʠʚʘʶʱʠʝ ʩʦʚʨʝʤʝʥʥʦʩʪʴ. ʇʨʠʤʝʨ ï ʫʧʘ-

ʢʦʚʢʘ ʵʥʝʨʛʝʪʠʢʦʚ NITRO [17]. 

 

 
ʈʠʩ. 12. ʋʧʘʢʦʚʢʘ NITRO [17] 

 

5. ʂʨʝʘʪʠʚ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʠʟʘʡ-

ʥʝʨʩʢʠʝ ʰʨʠʬʪʳ ʩ ʥʝʩʪʘʥʜʘʨʪʥʳʤ ʥʘʯʝʨ-

ʪʘʥʠʝʤ ʠʣʠ ʨʘʩʧʦʣʦʞʝʥʠʝʤ. ʇʨʠʤʝʨ - ʦʨʠ-

ʛʠʥʘʣʴʥʳʡ ʰʨʠʬʪ ʥʘ ʫʧʘʢʦʚʢʝ ʯʘʷ 

Yogi [18]. 
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ʈʠʩ. 13. ʏʘʡ Yogi [18] 

 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʦʪʢʨʳʚʘʶʪ 

ʧʨʦʩʪʦʨ ʜʣʷ ʢʨʝʘʪʠʚʘ ʚ ʰʨʠʬʪʦʚʦʤ ʜʠ-

ʟʘʡʥʝ ʫʧʘʢʦʚʢʠ. ʊʠʧʦʛʨʘʬʠʢʘ ʦʩʪʘʝʪʩʷ 

ʢʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ ʚʠʟʫʘʣʴʥʦʡ ʠʜʝʥ-

ʪʠʯʥʦʩʪʠ ʙʨʝʥʜʘ ʠ ʧʨʠʚʣʝʯʝʥʠʷ ʧʦʪʨʝʙʠ-

ʪʝʣʝʡ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʷʝʪ ʧʨʦʩʣʝ-

ʜʠʪʴ ʵʚʦʣʶʮʠʶ ʰʨʠʬʪʦʚʦʛʦ ʦʬʦʨʤʣʝʥʠʷ 

ʫʧʘʢʦʚʢʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʙʦʣʝʝ ʯʝʤ ʚʝʢʦ-

ʚʦʡ ʠʩʪʦʨʠʠ ʨʘʟʚʠʪʠʷ ʵʪʦʡ ʦʙʣʘʩʪʠ ʛʨʘʬʠ-

ʯʝʩʢʦʛʦ ʜʠʟʘʡʥʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʩʥʦʚ-

ʥʳʝ ʩʪʠʣʠʩʪʠʯʝʩʢʠʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʥʦʚʘʮʠʠ ʚ ʪʠʧʦʛʨʘʬʠʢʝ ʥʝʨʘʟʨʳʚʥʦ ʧʝʨʝ-

ʧʣʝʪʘʣʠʩʴ ʩ ʦʙʱʠʤʠ ʭʫʜʦʞʝʩʪʚʝʥʥʳʤʠ 

ʪʝʥʜʝʥʮʠʷʤʠ ʚ ʜʠʟʘʡʥʝ ʠ ʠʩʢʫʩʩʪʚʝ ʢʦʥ-

ʢʨʝʪʥʦʛʦ ʧʝʨʠʦʜʘ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʙʦʣʝʝ 

ʪʚʦʨʯʝʩʢʦʛʦ ʠ ʦʙʦʩʥʦʚʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢ 

ʩʦʟʜʘʥʠʶ ʩʦʚʨʝʤʝʥʥʳʭ ʰʨʠʬʪʦʚʳʭ ʨʝʰʝ-

ʥʠʡ ʚ ʜʠʟʘʡʥʝ ʫʧʘʢʦʚʢʠ ʩ ʫʯʝʪʦʤ ʠʩʪʦʨʠ-

ʯʝʩʢʦʛʦ ʢʦʥʪʝʢʩʪʘ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ. ʇʦ-

ʣʫʯʝʥʥʳʝ ʟʥʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʛʣʫʙʞʝ ʧʦ-

ʥʷʪʴ ʧʨʦʮʝʩʩ ʨʘʟʚʠʪʠʷ ʪʠʧʦʛʨʘʬʠʢʠ, ʚʳ-

ʷʚʠʪʴ ʢʣʶʯʝʚʳʝ ʬʘʢʪʦʨʳ, ʧʦʚʣʠʷʚʰʠʝ ʥʘ 

ʵʪʫ ʵʚʦʣʶʮʠʶ, ʠ ʧʨʠʤʝʥʠʪʴ ʠʭ ʚ ʧʨʘʢʪʠʢʝ 

ʫʧʘʢʦʚʦʯʥʦʛʦ ʜʠʟʘʡʥʘ. 
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Abstract. Packaging design plays a key role in promoting products. This article provides an 

overview of the history of packaging typography over more than 100 years, beginning in the 19th 

century. The study reveals the evolution of packaging typefaces, from simple linear typefaces to 

modern digital typefaces, highlighting their importance to the brand and consumer. 

Keywords: packaging design, typography, font, history, development. 

  



161 

- ʕʢʦʥʦʤʠʯʝʩʢʠʝ ʥʘʫʢʠ - 

 

International Journal of Humanities and Natural Sciences, vol. 5-4 (92), 2024 

ʄɽʊʆɼʓ ʆʎɽʅʂʀ ʈʀʉʂʆɺ ɺ ʆɹʃɸʉʊʀ ʊɽʍʅʆʉʌɽʈʅʆʁ ɹɽɿʆʇɸʉʅʆʉʊʀ 

 

ʀ.ʄ. ʄʘʣʠʢʦʚʘ, ʤʘʛʠʩʪʨʘʥʪ 

ʂ.ʄ. ʍʘʣʠʢʦʚʘ, ʤʘʛʠʩʪʨʘʥʪ 

ɸ.ɸ. ʃʘʰʤʘʥʦʚ, ʤʘʛʠʩʪʨʘʥʪ 

ʋʬʠʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʝʬʪʷʥʦʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

(ʈʦʩʩʠʷ, ʛ. ʋʬʘ) 

 

DOI:10.24412/2500-1000-2024-5-4-161-164 
 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʚ ʨʘʟʚʠʪʠʠ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʘʭ ʠ ʧʨʦʙʣʝʤʳ ʪʝʭʥʦʩʬʝʨʥʦʡ ʙʝʟʦʧʘʩʥʦ-

ʩʪʠ, ʘʢʪʫʘʣʴʥʦʩʪʴ ʢʦʪʦʨʳʭ ʚʦʟʨʘʩʪʘʝʪ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʨʘʟ-

ʨʘʙʦʪʢʝ ʠ ʧʨʠʤʝʥʝʥʠʶ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʨʠʩʢʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʵʢʩʧʣʫʘʪʘʮʠʝʡ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠʭ ʩʠʩʪʝʤ ʠ ʦʧʘʩʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʦʚ. ɺ ʩʪʘʪʴʝ ʦʧʠʩʘʥʳ ʢʨʠʪʝʨʠʠ ʢʣʘʩ-

ʩʠʬʠʢʘʮʠʠ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʨʠʩʢʦʚ, ʘ ʪʘʢʞʝ ʧʨʝʜʣʘʛʘʶʪʩʷ ʤʝʨʳ ʫʧʨʘʚʣʝʥʠʷ ʠ ʤʠʥʠʤʠ-

ʟʘʮʠʠ ʨʠʩʢʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʭʥʦʩʬʝʨʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʦʮʝʥʢʘ ʨʠʩʢʦʚ, ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ, 

ʫʧʨʘʚʣʝʥʠʝ ʨʠʩʢʘʤʠ, ʧʣʘʥʠʨʦʚʘʥʠʝ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ. 

 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʜʦʩʪʠʞʝʥʠʷ ʠ ʠʥʥʦʚʘ-

ʮʠʠ ʢʘʨʜʠʥʘʣʴʥʦ ʠʟʤʝʥʠʣʠ ʥʘʰʫ ʩʨʝʜʫ 

ʦʙʠʪʘʥʠʷ, ʩʦʟʜʘʚʘʷ ʥʦʚʫʶ ʨʝʘʣʴʥʦʩʪʴ, ʛʜʝ 

ʪʝʭʥʠʯʝʩʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʯʝʣʦʚʝʢʘ ʧʦ-

ʨʦʞʜʘʝʪ ʩʚʦʝʛʦ ʨʦʜʘ ʚʪʦʨʫʶ ʧʨʠʨʦʜʫ ʠʣʠ 

ʢʚʘʟʠʧʨʠʨʦʜʫ. ʕʪʘ ʢʚʘʟʠʧʨʠʨʦʜʘ, ʦʜʥʘʢʦ, 

ʦʩʪʘʝʪʩʷ ʫʩʪʦʡʯʠʚʦʡ ʣʠʰʴ ʧʨʠ ʘʢʪʠʚʥʦʤ 

ʫʯʘʩʪʠʠ ʯʝʣʦʚʝʢʘ ʚ ʝʸ ʧʦʩʪʦʷʥʥʦʤ ʧʦʜ-

ʜʝʨʞʘʥʠʠ ʠ ʥʘʜʟʦʨʝ. 

ʊʝʭʥʠʢʘ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʩʪʘʣʘ ʩʨʝʜʦʡ ʚ 

ʩʘʤʦʤ ʧʦʣʥʦʤ ʩʤʳʩʣʝ ʵʪʦʛʦ ʩʣʦʚʘ, ʦʢʨʫ-

ʞʘʷ ʥʘʩ ʧʦʚʩʶʜʫ ï ʦʪ ʛʦʨʦʜʦʚ, ʥʘʩʳʱʝʥ-

ʥʳʭ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ ʠ ʵʣʝʢʪʨʦʥʠʢʦʡ, ʜʦ 

ʩʝʣʴʩʢʠʭ ʤʝʩʪʥʦʩʪʝʡ, ʛʜʝ ʩʦʚʨʝʤʝʥʥʦʡ ʘʛ-

ʨʦʪʝʭʥʠʢʝ ʦʪʚʝʜʝʥʘ ʚʘʞʥʘʷ ʨʦʣʴ. ɺ ʠʪʦʛʝ 

ʧʨʠʨʦʜʘ ʦʢʘʟʳʚʘʝʪʩʷ ʚʪʦʨʠʯʥʦʡ, ʝʸ ʚʣʠʷ-

ʥʠʝ ʥʘ ʥʘʰʫ ʧʦʚʩʝʜʥʝʚʥʫʶ ʞʠʟʥʴ ʩʪʘʥʦ-

ʚʠʪʩʷ ʤʝʥʝʝ ʟʥʘʯʠʪʝʣʴʥʳʤ, ʯʝʤ ʚʣʠʷʥʠʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ. 

ʆʜʥʘʢʦ ʵʪʦ ʥʝ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʠʨʦʜʘ ʪʝ-

ʨʷʝʪ ʩʚʦʸ ʟʥʘʯʝʥʠʝ ʧʦʣʥʦʩʪʴʶ. ʆʥʘ ʦʩʪʘʸʪ-

ʩʷ ʚʘʞʥʳʤ ʨʝʩʫʨʩʦʤ ʠ ʠʩʪʦʯʥʠʢʦʤ ʞʠʟʥʠ, 

ʢʨʘʩʦʪʳ ʠ ʚʜʦʭʥʦʚʝʥʠʷ. ʄʥʦʛʠʝ ʩʦʚʨʝ-

ʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʚʦʩʩʪʘ-

ʥʦʚʣʝʥʠʝ ʠ ʩʦʭʨʘʥʝʥʠʝ ʧʨʠʨʦʜʥʳʭ ʵʢʦʩʠ-

ʩʪʝʤ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʪʨʝʤʣʝʥʠʝ ʢ ʛʘʨ-

ʤʦʥʠʯʥʦʤʫ ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʶ ʪʝʭʥʠʢʠ ʠ 

ʧʨʠʨʦʜʳ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʙʣʶʜʘʝʪʩʷ 

ʘʢʪʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦ-

ʮʝʩʩʦʚ ʥʘ ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʘʭ ʠ ʜʘʥ-

ʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʪʩʷ ʩʝʤʠʤʠʣʴʥʳʤʠ 

ʰʘʛʘʤʠ, ʚʦʧʨʦʩʳ ʪʝʭʥʦʩʬʝʨʥʦʡ ʙʝʟʦʧʘʩ-

ʥʦʩʪʠ ʩʪʘʥʦʚʷʪʩʷ ʚʩʸ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʤʠ ʠ 

ʪʨʝʙʫʶʪ ʧʦʚʳʰʝʥʥʦʛʦ ʚʥʠʤʘʥʠʷ ʩʦ ʩʪʦʨʦ-

ʥʳ ʧʨʘʚʠʪʝʣʴʩʪʚʘ ʠ ʫʧʦʣʥʦʤʦʯʝʥʥʳʭ ʩʧʝ-

ʮʠʘʣʠʩʪʦʚ. ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʘʩʧʝʢʪʦʚ 

ʦʙʝʩʧʝʯʝʥʠʷ ʪʝʭʥʦʩʬʝʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠ ʧʨʠʤʝʥʝʥʠʝ ʵʬʬʝʢ-

ʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʨʠʩʢʦʚ, ʩʚʷʟʘʥʥʳʭ 

ʩ ʵʢʩʧʣʫʘʪʘʮʠʝʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ 

ʦʧʘʩʥʳʤʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ ʦʙʲʝʢʪʘʤʠ. 

ʕʪʠ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʥʝ ʪʦʣʴʢʦ ʧʨʝʜʚʠ-

ʜʝʪʴ ʚʦʟʤʦʞʥʳʝ ʥʝʞʝʣʘʪʝʣʴʥʳʝ ʩʦʙʳʪʠʷ, 

ʥʦ ʠ ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʨʳ ʧʦ ʠʭ ʧʨʝʜʦʪʚʨʘʱʝ-

ʥʠʶ ʠʣʠ ʤʠʥʠʤʠʟʘʮʠʠ ʧʦʩʣʝʜʩʪʚʠʡ. 

ɺʚʝʜʝʥʠʝ ʚ ʜʘʥʥʫʶ ʪʝʤʘʪʠʢʫ ʥʘʯʠʥʘʝʪ-

ʩʷ ʩ ʧʦʥʠʤʘʥʠʷ ʪʦʛʦ, ʯʪʦ ʪʝʭʥʦʩʬʝʨʥʘʷ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ï ʵʪʦ ʦʙʣʘʩʪʴ, ʟʘʥʠʤʘʶʱʘʷʩʷ 

ʟʘʱʠʪʦʡ ʞʠʟʥʝʥʥʦ ʚʘʞʥʳʭ ʠʥʪʝʨʝʩʦʚ ʣʠʯ-

ʥʦʩʪʠ, ʦʙʱʝʩʪʚʘ ʠ ʛʦʩʫʜʘʨʩʪʚʘ ʦʪ ʚʦʟʤʦʞ-

ʥʳʭ ʥʝʛʘʪʠʚʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʪʝʭʥʦʛʝʥʥʦʛʦ 

ʭʘʨʘʢʪʝʨʘ. ʀʟʫʯʝʥʠʝ ʠ ʘʥʘʣʠʟ ʤʝʪʦʜʦʚ 

ʦʮʝʥʢʠ ʨʠʩʢʦʚ ʚ ʵʪʦʡ ʩʬʝʨʝ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ, ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ 

ʢʘʢ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʨʠʩʢ-

ʤʝʥʝʜʞʤʝʥʪʘ, ʪʘʢ ʠ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝ-

ʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʤʦʜʝ-

ʣʝʡ ʘʥʘʣʠʟʘ [1]. ʉʫʱʝʩʪʚʫʝʪ ʮʝʣʳʡ ʨʷʜ ʤʝ-

ʪʦʜʦʣʦʛʠʡ ʠ ʪʝʭʥʠʢ ʦʮʝʥʢʠ ʨʠʩʢʦʚ, ʥʘʯʠ-

ʥʘʷ ʦʪ ʢʘʯʝʩʪʚʝʥʥʳʭ ʘʥʘʣʠʟʦʚ, ʦʩʥʦʚʘʥʥʳʭ 

ʥʘ ʵʢʩʧʝʨʪʥʳʭ ʦʮʝʥʢʘʭ, ʠ ʟʘʢʘʥʯʠʚʘʷ 

ʩʣʦʞʥʳʤʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤʠ ʤʦʜʝʣʷʤʠ, 

ʠʩʧʦʣʴʟʫʶʱʠʤʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʠ 

ʚʝʨʦʷʪʥʦʩʪʥʳʝ ʨʘʩʯʸʪʳ. ɺʳʙʦʨ ʤʝʪʦʜʘ ʟʘ-
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ʚʠʩʠʪ ʦʪ ʤʥʦʞʝʩʪʚʘ ʬʘʢʪʦʨʦʚ, ʚʢʣʶʯʘʷ 

ʩʧʝʮʠʬʠʢʫ ʦʙʲʝʢʪʘ ʠʣʠ ʩʠʩʪʝʤʳ ʦʮʝʥʢʠ, 

ʜʦʩʪʫʧʥʳʝ ʜʘʥʥʳʝ, ʮʝʣʠ ʠ ʟʘʜʘʯʠ ʘʥʘʣʠʟʘ. 

ʊʘʢʞʝ ʚʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʠʥʪʝʛʨʘʮʠʷ ʤʝ-

ʪʦʜʦʚ ʦʮʝʥʢʠ ʨʠʩʢʦʚ ʚ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝ-

ʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʚʳʷʚʣʷʪʴ ʧʦʪʝʥʮʠʘʣʴ-

ʥʳʝ ʫʛʨʦʟʳ, ʥʦ ʠ ʦʧʝʨʘʪʠʚʥʦ ʨʝʘʛʠʨʦʚʘʪʴ 

ʥʘ ʥʠʭ, ʧʦʜʜʝʨʞʠʚʘʷ ʪʨʝʙʫʝʤʳʡ ʫʨʦʚʝʥʴ 

ʟʘʱʠʱʝʥʥʦʩʪʠ. 

ɺ ʦʙʱʝʤ ʠ ʮʝʣʦʤ, ʮʝʣʴ ʦʮʝʥʢʠ ʨʠʩʢʦʚ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʚʦʟʤʦʞʥʳʭ 

ʫʛʨʦʟ ʜʣʷ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ, ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ, ʘ ʪʘʢʞʝ ʤʘʪʝʨʠʘʣʴʥʳʭ ʠ ʥʝʤʘʪʝʨʠ-

ʘʣʴʥʳʭ ʘʢʪʠʚʦʚ, ʠ ʚ ʨʘʟʨʘʙʦʪʢʝ ʤʝʨ ʧʦ ʠʭ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʠʣʠ ʤʠʥʠʤʠʟʘʮʠʠ [2]. 

ʈʘʩʩʤʦʪʨʠʤ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ ʦʮʝʥʢʠ 

ʨʠʩʢʦʚ: 

1. ʂʘʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʨʠʩʢʦʚ. ɼʘʥʥʳʡ 

ʤʝʪʦʜ ʯʘʱʝ ʚʩʝʛʦ ʧʨʠʤʝʥʷʝʪʩʷ ʥʘ ʧʨʝʜʚʘ-

ʨʠʪʝʣʴʥʳʭ ʵʪʘʧʘʭ ʘʥʘʣʠʟʘ. ʂʘʯʝʩʪʚʝʥʥʘʷ 

ʦʮʝʥʢʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʠʜʝʥʪʠʬʠʢʘʮʠʶ 

ʦʧʘʩʥʦʩʪʝʡ ʠ ʦʮʝʥʢʫ ʨʠʩʢʦʚ ʥʘ ʦʩʥʦʚʝ 

ʦʧʳʪʘ, ʠʥʪʫʠʮʠʠ ʠ ʵʢʩʧʝʨʪʥʳʭ ʟʥʘʥʠʡ, ʥʝ 

ʧʨʠʙʝʛʘʷ ʢ ʯʠʩʣʝʥʥʳʤ ʤʝʪʦʜʘʤ. ʈʠʩʢʠ 

ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʧʦ ʫʨʦʚʥʷʤ, ʥʘʧʨʠʤʝʨ, 

ʦʪ ʥʠʟʢʦʛʦ ʜʦ ʚʳʩʦʢʦʛʦ. 

2. ʂʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʨʠʩʢʦʚ. ɼʘʥ-

ʥʘʷ ʦʮʝʥʢʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʯʠʩʣʝʥʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦ-

ʷʪʥʦʩʪʠ ʥʘʩʪʫʧʣʝʥʠʷ ʩʦʙʳʪʠʡ ʠ ʠʭ ʧʦʩʣʝʜ-

ʩʪʚʠʡ. ʕʪʦ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʩʪʘʪʠʩʪʠʯʝ-

ʩʢʠʡ ʘʥʘʣʠʟ, ʤʦʜʝʣʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ 

ʜʨʫʛʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ. ʂʦʣʠʯʝ-

ʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʧʦʟʚʦʣʷʝʪ ʣʫʯʰʝ ʧʦʥʷʪʴ 

ʧʦʪʝʥʮʠʘʣ ʫʛʨʦʟ ʠ ʨʘʟʨʘʙʦʪʘʪʴ ʙʦʣʝʝ ʵʬ-

ʬʝʢʪʠʚʥʳʝ ʩʪʨʘʪʝʛʠʠ ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ. 

3.ʊʘʢʞʝ ʤʦʞʝʪ ʧʨʠʤʝʥʷʝʪʩʷ ʩʧʝʮʠʘʣʴ-

ʥʳʡ ʤʝʪʦʜ HAZOP (Hazard and Operability 

Study). ʄʝʪʦʜʦʣʦʛʠʷ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʩʠ-

ʩʪʝʤʘʪʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʧʨʦʮʝʩʩʦʚ ʠ ʦʧʝ-

ʨʘʮʠʡ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʳʭ 

ʦʧʘʩʥʦʩʪʝʡ ʠ ʥʝʜʦʩʪʘʪʢʦʚ ʚ ʨʘʙʦʪʝ. 

HAZOP ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʭʠʤʠʯʝʩʢʦʡ, 

ʥʝʬʪʝʛʘʟʦʚʦʡ ʠ ʜʨʫʛʠʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰ-

ʣʝʥʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʭ ʩʦ ʩʣʦʞʥʳʤʠ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʥʝʩʪʠ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʦʧʘʩʥʦʩʪʴ. 

4. ʌɸʋ (ɸʥʘʣʠʟ ʦʧʘʩʥʦʩʪʠ ʠ ʬʫʥʢʮʠʦ-

ʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ). ɸʥʘʣʠʟ, ʥʘʧʨʘʚʣʝʥ-

ʥʳʡ ʥʘ ʚʳʷʚʣʝʥʠʝ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʩʙʦʝʚ ʚ 

ʨʘʙʦʪʝ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ ʦʮʝʥʢʫ ʧʦ-

ʩʣʝʜʩʪʚʠʡ ʵʪʠʭ ʩʙʦʝʚ ʜʣʷ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʪʘʢʞʝ ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʪʩʷ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʘʭ, ʦʩʥʘʱʝʥʥʳʭ ʙʦʣʴʰʠʤ ʢʦ-

ʣʠʯʝʩʪʚʦʤ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʊʘʢʞʝ ʢ ʜʘʥʥʦʡ 

ʢʘʪʝʛʦʨʠʠ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʠ ʤʝʪʦʜʦʣʦʛʠʶ 

FMEA (ɸʥʘʣʠʟ ʚʠʜʦʚ ʠ ʧʦʩʣʝʜʩʪʚʠʡ ʦʪʢʘ-

ʟʦʚ). ʄʝʪʦʜʦʣʦʛʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʧʨʝ-

ʜʝʣʝʥʠʷ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʩʙʦʝʚ ʚ ʨʘʙʦʪʝ 

ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤʳ, ʠʭ ʧʨʠʯʠʥ ʠ ʧʦ-

ʩʣʝʜʩʪʚʠʡ ʜʣʷ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ. 

5. ʇʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʟʤʦʞʥʳʭ ʨʠʩ-

ʢʦʚ ʧʨʠʤʝʥʷʝʪʩʷ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʢʣʘʩʩʠ-

ʬʠʢʘʮʠʠ ʨʠʩʢʦʚ ʧʦ ʚʝʨʦʷʪʥʦʩʪʠ ʠ ʪʷʞʝʩʪʠ 

ʧʦʩʣʝʜʩʪʚʠʡ, ʢʦʪʦʨʳʡ ʧʦʤʦʛʘʝʪ ʧʨʠʦʨʠʪʠ-

ʟʠʨʦʚʘʪʴ ʨʠʩʢʠ ʠ ʩʬʦʢʫʩʠʨʦʚʘʪʴʩʷ ʥʘ 

ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ ʠʟ ʥʠʭ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʩʪʨʘʪʝʛʠʡ ʩʥʠʞʝʥʠʷ ʨʠʩʢʘ. 

ʉʣʝʜʫʶʱʠʡ ʵʪʘʧ ʧʨʦʮʝʩʩʘ ʦʮʝʥʢʠ ʨʠʩ-

ʢʦʚ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʨ ʧʦ ʫʧʨʘʚʣʝ-

ʥʠʶ ʨʠʩʢʘʤʠ, ʚʢʣʶʯʘʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ 

ʘʚʘʨʠʡ ʠ ʠʥʮʠʜʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʧʦʜʛʦʪʦʚʢʫ 

ʠ ʨʝʘʣʠʟʘʮʠʶ ʧʣʘʥʦʚ ʧʦ ʨʝʘʛʠʨʦʚʘʥʠʶ ʥʘ 

ʯʨʝʟʚʳʯʘʡʥʳʝ ʩʠʪʫʘʮʠʠ [3]. ʕʪʦ ʪʨʝʙʫʝʪ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ, ʫʯʠʪʳʚʘʶʱʝʛʦ 

ʪʝʭʥʠʯʝʩʢʠʝ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʠ ʵʢʦʥʦʤʠ-

ʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʙʝʟʦʧʘʩʥʦʩʪʠ.  

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʨʠʩʢʠ ʠ ʢʨʠʪʝʨʠʠ 

(ʧʦʢʘʟʘʪʝʣʠ) ʜʣʷ ʦʮʝʥʢʠ ʨʠʩʢʘ ʤʦʛʫʪ ʙʳʪʴ 

ʦʜʥʦʟʥʘʯʥʦ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʥʝʩʤʦʪ-

ʨʷ ʥʘ ʪʦ, ʯʪʦ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʚ ʜʘʥʥʳʭ 

ʤʦʞʝʪ ʙʳʪʴ ʟʥʘʯʠʪʝʣʴʥʘ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʧʨʦʛʥʦ-

ʟʠʨʦʚʘʥʠʷ ʦʧʘʩʥʳʭ ʧʨʠʨʦʜʥʳʭ ʠ ʪʝʭʥʦ-

ʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʷʚʣʝʥʠʡ ʩʦʩʪʘʚʣʷʶʪʩʷ 

ʩʮʝʥʘʨʠʠ ʧʦʩʣʝʜʩʪʚʠʡ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʨʘ-

ʞʘʶʱʠʭ ʬʘʢʪʦʨʦʚ. ɼʣʷ ʦʮʝʥʢʠ ʦʧʘʩʥʦʩʪʠ 

ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʜʠʥʘʢʦʚʳʡ ʥʘʙʦʨ 

ʧʘʨʘʤʝʪʨʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʚʝʨʦʷʪ-

ʥʦʩʪʴ ʠ ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʨʘʟʚʠʪʠʷ: 

ï ʤʘʩʰʪʘʙ ʧʨʦʷʚʣʝʥʠʷ;  

ï ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ; ʠʥʪʝʥʩʠʚʥʦʩʪʴ;  

ï ʦʪʜʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʟʜʝʡ-

ʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʦʙʲʝʢʪʳ 

ʪʝʭʥʦʩʬʝʨʳ. 

ʏʘʱʝ ʚʩʝʛʦ ʯʨʝʟʚʳʯʘʡʥʳʝ ʩʠʪʫʘʮʠʠ 

ʪʝʭʥʦʛʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʚʦʟʥʠʢʘʶʪ ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ ʘʚʘʨʠʡ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʦʙʲʝʢʪʘʭ. ʆʪʥʝʩʝʥʠʝ ʘʚʘʨʠʠ ʢ ʯʨʝʟʚʳʯʘʡ-

ʥʦʡ ʩʠʪʫʘʮʠʠ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦ ʢʨʠʪʝʨʠʷʤ, 

ʨʝʛʣʘʤʝʥʪʠʨʫʝʤʳʤ ʧʨʠʢʘʟʦʤ ʄʏʉ ʈʦʩʩʠʠ 

 ̄329 ʦʪ 08 ʠʶʣʷ 2004 ʛ. çʆʙ ʫʪʚʝʨʞʜʝ-
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ʥʠʠ ʢʨʠʪʝʨʠʝʚ ʠʥʬʦʨʤʘʮʠʠ ʦ ʯʨʝʟʚʳʯʘʡ-

ʥʳʭ ʩʠʪʫʘʮʠʷʭè [4]. 

ʆʩʥʦʚʥʳʤʠ ʦʙʱʠʤʠ ʢʨʠʪʝʨʠʷʤʠ ʦʪʥʝ-

ʩʝʥʠʷ ʘʚʘʨʠʠ ʢ ʏʉ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ:  

ï ʯʠʩʣʦ ʧʦʛʠʙʰʠʭ ī 2 ʯʝʣ. ʠ ʙʦʣʝʝ;  

ï ʯʠʩʣʦ ʛʦʩʧʠʪʘʣʠʟʠʨʦʚʘʥʥʳʭ ī 4 ʯʝʣ. ʠ 

ʙʦʣʝʝ;  

ï ʧʨʷʤʦʡ ʤʘʪʝʨʠʘʣʴʥʳʡ ʫʱʝʨʙ: ʛʨʘʞʜʘ-

ʥʘʤ ï 100 ʄʈʆʊ;  

ï ʧʨʝʜʧʨʠʷʪʠʷʤ, ʫʯʨʝʞʜʝʥʠʷʤ ï 

500 ʄʈʆʊ. 

ʉʧʝʮʠʘʣʴʥʦ ʦʧʨʝʜʝʣʝʥʳ ʢʨʠʪʝʨʠʠ, ʫʯʠ-

ʪʳʚʘʶʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ ʯʨʝʟ-

ʚʳʯʘʡʥʦʡ ʩʠʪʫʘʮʠʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ 

ʪʝʭʥʦʛʝʥʥʳʭ ʘʚʘʨʠʡ. 

ʆʙʱʠʝ ʧʦʜʭʦʜʳ ʢ ʘʥʘʣʠʟʫ ʨʠʩʢʘ ʚ ʈʦʩ-

ʩʠʠ ʠ ʟʘ ʨʫʙʝʞʦʤ ʝʜʠʥʳ: ʈɼ 03-418-01, 

ɻʆʉʊʈ 51901.1-2002 ʠ ʜʨ. ʠʜʝʥʪʠʯʥʳ 

ISO 17776, ISO 3100... ʠ ʜʨ. ʆʩʥʦʚʥʳʝ ʚʦ-

ʧʨʦʩʳ ʘʥʘʣʠʟʘ ʨʠʩʢʘ: 

1) ʏʪʦ ʧʣʦʭʦʛʦ ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ? 

(ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʦʧʘʩʥʦʩʪʝʡ); 

2) ʂʘʢʦʚʘ ʚʦʟʤʦʞʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʥʝʛʘʪʠʚʥʳʭ ʩʦʙʳʪʠʡ? (ɸʥʘʣʠʟ ʯʘʩʪʦʪʳ); 

3) ʂʘʢʠʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʩʣʝʜʩʪʚʠʷ? 

(ɸʥʘʣʠʟ ʧʦʩʣʝʜʩʪʚʠʡ) 

ɼʣʷ ʧʦʥʠʤʘʥʠʷ ʧʨʦʮʝʩʩʦʚ, ʚʦʟʥʠʢʘʶ-

ʱʠʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʭʥʦʛʝʥʥʳʭ ʘʚʘʨʠʡ, 

ʥʝʦʙʭʦʜʠʤʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʠ ʬʠʟʠʯʝʩʢʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʦʮʝʩ-

ʩʦʚ, ʫʯʝʪ ʠʭ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ ʢʫʤʫʣʷ-

ʪʠʚʥʳʭ ʵʬʬʝʢʪʦʚ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʠʥʠʮʠʠʨʫʶʱʠʭ ʦʧʘʩʥʳʭ ʬʘʢʪʦʨʦʚ ʠ ʠʭ 

ʧʦʩʣʝʜʩʪʚʠʡ. 

ʀʥʬʦʨʤʘʮʠʶ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʦʣʫ-

ʯʘʶʪ ʠʟ: 

ī ʥʘʣʠʯʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦ-ʦʧʘʩʥʳʭ ʦʙʲ-

ʝʢʪʦʚ ʥʘ ʟʘʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ;  

ī ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʦʙʦ-

ʨʫʜʦʚʘʥʠʷ ʠ ʧʨʦʮʝʩʩʦʚ;  

ī ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ;  

ī ʩʚʝʜʝʥʠʡ ʦʙ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚʝʱʝʩʪʚʘʭ 

ʠ ʤʘʪʝʨʠʘʣʘʭ;  

ī ʩʚʝʜʝʥʠʡ ʦʙ ʘʚʘʨʠʷʭ, ʠʥʮʠʜʝʥʪʘʭ, 

ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʷʭ, ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ 

ʟʘʙʦʣʝʚʘʥʠʡ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ;  

ī ʩʚʝʜʝʥʠʡ ʦʙ ʘʚʘʨʠʷʭ ʚʥʝ ʧʨʦʠʟʚʦʜ-

ʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʧʣʦʱʘʜʦʢ ʧʨʝʜʧʨʠ-

ʷʪʠʷ;  

ī ʨʝʟʫʣʴʪʘʪʦʚ ʦʮʝʥʢʠ ʫʩʣʦʚʠʡ ʪʨʫʜʘ ʥʘ 

ʧʨʝʜʧʨʠʷʪʠʷʭ;  

ī ʞʘʣʦʙ ʨʘʙʦʪʥʠʢʦʚ, ʢʘʩʘʶʱʠʭʩʷ ʥʝ-

ʥʘʜʣʝʞʘʱʠʭ ʫʩʣʦʚʠʡ ʪʨʫʜʘ ʠ ʧʨʝʜʣʦʞʝʥʠʡ 

ʧʦ ʠʭ ʫʣʫʯʰʝʥʠʶ;  

ī ʜʝʢʣʘʨʘʮʠʡ ʧʨʦʤʳʰʣʝʥʥʦʡ ʙʝʟʦʧʘʩ-

ʥʦʩʪʠ. 

ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʦʧʘʩʥʦʩʪʝʡ ʧʨʝʜʩʪʘʚʣʷ-

ʝʪ ʩʦʙʦʡ ʚʘʞʥʳʡ ʵʪʘʧ ʚ ʫʧʨʘʚʣʝʥʠʠ ʨʠʩ-

ʢʘʤʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʦʩʦʙʝʥʥʦ ʚ ʢʦʥʪʝʢʩʪʝ 

ʦʭʨʘʥʳ ʪʨʫʜʘ ʠ ʟʜʦʨʦʚʴʷ. ʕʪʦʪ ʧʨʦʮʝʩʩ 

ʚʢʣʶʯʘʝʪ ʥʝ ʪʦʣʴʢʦ ʚʳʷʚʣʝʥʠʝ ʦʧʘʩʥʦʩʪʝʡ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʪʨʘʚʤʘʤ, ʫʭʫʜ-

ʰʝʥʠʶ ʟʜʦʨʦʚʴʷ ʠʣʠ ʩʤʝʨʪʠ, ʥʦ ʪʘʢʞʝ 

ʦʧʨʝʜʝʣʝʥʠʝ ʚʦʟʤʦʞʥʳʭ ʤʝʩʪ ʠ ʫʩʣʦʚʠʡ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʵʪʠʭ ʦʧʘʩʥʦʩʪʝʡ. ʇʦʩʣʝ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʧʘʩʥʦʩʪʝʡ ʚʘʞʥʦ ʨʘʟʨʘ-

ʙʦʪʘʪʴ ʠ ʨʝʘʣʠʟʦʚʘʪʴ ʤʝʨʳ ʫʧʨʘʚʣʝʥʠʷ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʢʣʶʯʘʪʴ: 

1. ʀʩʢʣʶʯʝʥʠʝ ʦʧʘʩʥʦʩʪʝʡ: ʇʦʣʥʦʝ ʫʜʘ-

ʣʝʥʠʝ ʠʩʪʦʯʥʠʢʘ ʦʧʘʩʥʦʩʪʠ ʠʟ ʨʘʙʦʯʝʡ 

ʩʨʝʜʳ ʠʣʠ ʧʨʦʮʝʩʩʘ. 

2. ɿʘʤʝʥʘ ʦʧʘʩʥʦʩʪʝʡ: ɿʘʤʝʥʘ ʦʧʘʩʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʦʙʦʨʫʜʦʚʘʥʠʷ ʠʣʠ ʧʨʦʮʝʩʩʦʚ 

ʤʝʥʝʝ ʦʧʘʩʥʳʤʠ ʘʥʘʣʦʛʘʤʠ. 

3. ʀʥʞʝʥʝʨʥʳʝ ʤʝʨʳ: ɺʥʝʜʨʝʥʠʝ ʪʝʭʥʠ-

ʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʠ ʢʦʥʩʪʨʫʢʮʠʡ ʜʣʷ ʩʥʠ-

ʞʝʥʠʷ ʨʠʩʢʘ, ʪʘʢʠʭ ʢʘʢ ʦʛʨʘʞʜʝʥʠʷ, ʚʝʥ-

ʪʠʣʷʪʦʨʳ, ʩʠʩʪʝʤʳ ʘʚʘʨʠʡʥʦʛʦ ʦʪʢʣʶʯʝ-

ʥʠʷ ʠ ʜʨʫʛʠʝ ʤʝʨʳ, ʢʦʪʦʨʳʝ ʤʠʥʠʤʠʟʠʨʫ-

ʶʪ ʢʦʥʪʘʢʪ ʨʘʙʦʪʥʠʢʦʚ ʩ ʠʩʪʦʯʥʠʢʘʤʠ 

ʦʧʘʩʥʦʩʪʠ. 

4. ɸʜʤʠʥʠʩʪʨʘʪʠʚʥʳʝ ʤʝʨʳ: ʈʘʟʨʘʙʦʪʢʘ 

ʠ ʚʥʝʜʨʝʥʠʝ ʧʨʦʮʝʜʫʨ, ʧʨʘʚʠʣ ʠ ʨʝʛʣʘʤʝʥ-

ʪʦʚ, ʢʦʪʦʨʳʝ ʦʛʨʘʥʠʯʠʚʘʶʪ ʚʦʟʜʝʡʩʪʚʠʝ 

ʦʧʘʩʥʦʩʪʝʡ ʥʘ ʨʘʙʦʪʥʠʢʦʚ, ʪʘʢʠʝ ʢʘʢ ʨʘʩ-

ʧʠʩʘʥʠʷ ʨʘʙʦʪʳ, ʧʨʦʮʝʜʫʨʳ ʙʝʟʦʧʘʩʥʦʩʪʠ, 

ʟʥʘʢʠ ʠ ʠʥʩʪʨʫʢʮʠʠ ʧʦ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

5. ʉʨʝʜʩʪʚʘ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʟʘʱʠʪʳ 

(ʉʀɿ): ʆʙʝʩʧʝʯʝʥʠʝ ʨʘʙʦʪʥʠʢʦʚ ʩʧʝʮʠʘʣʴ-

ʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʟʘʱʠʪʳ, ʪʘʢʠʤʠ ʢʘʢ ʢʘʩ-

ʢʠ, ʧʝʨʯʘʪʢʠ, ʟʘʱʠʪʥʳʝ ʦʯʢʠ, ʨʝʩʧʠʨʘʪʦʨʳ 

ʠ ʜʨʫʛʠʝ ʫʩʪʨʦʡʩʪʚʘ, ʢʦʪʦʨʳʝ ʟʘʱʠʱʘʶʪ 

ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʦʧʘʩʥʳʭ ʬʘʢʪʦʨʦʚ. 

6. ʆʙʫʯʝʥʠʝ ʠ ʠʥʩʪʨʫʢʪʘʞ ʨʘʙʦʪʥʠʢʦʚ: 

ʈʝʛʫʣʷʨʥʦʝ ʦʙʫʯʝʥʠʝ ʠ ʠʥʩʪʨʫʢʪʘʞ ʩʦ-

ʪʨʫʜʥʠʢʦʚ ʦ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʦʧʘʩʥʦʩʪʷʭ, 

ʧʨʘʚʠʣʴʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʉʀɿ, ʧʨʘʚʠʣʘʭ 

ʠ ʧʨʦʮʝʜʫʨʘʭ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʉʠʩʪʝʤʳ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʧʨʝʜʫʧʨʝʞʜʝ-

ʥʠʷ: ɺʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʦʙ-

ʥʘʨʫʞʝʥʠʷ ʦʧʘʩʥʳʭ ʫʩʣʦʚʠʡ, ʪʘʢʠʭ ʢʘʢ 

ʜʝʪʝʢʪʦʨʳ ʛʘʟʘ, ʩʠʩʪʝʤʳ ʧʦʞʘʨʥʦʡ ʩʠʛʥʘ-

ʣʠʟʘʮʠʠ ʠ ʜʨʫʛʠʝ ʫʩʪʨʦʡʩʪʚʘ, ʢʦʪʦʨʳʝ ʤʦ-
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ʛʫʪ ʩʚʦʝʚʨʝʤʝʥʥʦ ʧʨʝʜʫʧʨʝʜʠʪʴ ʦ ʥʘʣʠʯʠʠ 

ʦʧʘʩʥʦʩʪʠ. 

ʇʣʘʥʠʨʦʚʘʥʠʝ ʜʝʡʩʪʚʠʡ ʚ ʯʨʝʟʚʳʯʘʡ-

ʥʳʭ ʩʠʪʫʘʮʠʷʭ: ʈʘʟʨʘʙʦʪʢʘ ʧʣʘʥʦʚ ʠ ʧʨʦ-

ʚʝʜʝʥʠʝ ʪʨʝʥʠʨʦʚʦʢ ʧʦ ʵʚʘʢʫʘʮʠʠ ʠ ʜʝʡ-

ʩʪʚʠʷʤ ʚ ʩʣʫʯʘʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʚʘʨʠʡʥʳʭ 

ʩʠʪʫʘʮʠʡ ʠ ʜʨʫʛʠʭ ʯʨʝʟʚʳʯʘʡʥʳʭ ʧʨʦʠʩ-

ʰʝʩʪʚʠʡ. 

ʕʪʠ ʤʝʨʳ ʫʧʨʘʚʣʝʥʠʷ ʧʦʤʦʛʘʶʪ ʩʦʟʜʘ-

ʚʘʪʴ ʙʦʣʝʝ ʙʝʟʦʧʘʩʥʳʝ ʫʩʣʦʚʠʷ ʪʨʫʜʘ, 

ʩʥʠʞʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʨʘʚʤ 

ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. 

ʉ ʫʯʝʪʦʤ ʨʘʩʪʫʱʝʡ ʩʣʦʞʥʦʩʪʠ ʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʨʠʩ-

ʢʦʚ ʜʣʷ ʟʜʦʨʦʚʴʷ ʣʶʜʝʡ, ʵʢʦʩʠʩʪʝʤ ʠ ʤʘ-

ʪʝʨʠʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ, ʢʨʘʡʥʝ ʚʘʞʥʦ ʨʘʟʚʠ-

ʚʘʪʴ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʠ 

ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ [4]. ʕʬʬʝʢʪʠʚʥʘʷ 

ʦʮʝʥʢʘ ʨʠʩʢʦʚ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʠʜʝʥ-

ʪʠʬʠʮʠʨʦʚʘʪʴ ʠ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʚʦʟʤʦʞ-

ʥʳʝ ʫʛʨʦʟʳ ʜʦ ʪʦʛʦ, ʢʘʢ ʦʥʠ ʧʨʠʚʝʜʫʪ ʢ 

ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʤ ʧʦʩʣʝʜʩʪʚʠʷʤ, ʥʦ ʠ 

ʬʦʨʤʫʣʠʨʦʚʘʪʴ ʩʪʨʘʪʝʛʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʢ 

ʤʠʥʠʤʠʟʘʮʠʠ ʠʭ ʚʦʟʜʝʡʩʪʚʠʷ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʘʞʥʦʩʪʴ ʞʝʥʩʢʦʛʦ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʘ 

ʢʘʢ ʬʘʢʪʦʨʘ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʦʩʪʘ ʠ ʜʚʠʞʫʱʝʡ ʩʠʣʳ ʜʣʷ ʨʘʟʚʠʪʠʷ ʩʦʮʠʫʤʘ. ʇʨʦʚʝʜʝʥ 

ʘʥʘʣʠʟ ʬʘʢʪʦʨʦʚ, ʤʦʪʠʚʠʨʫʶʱʠʭ ʞʝʥʱʠʥ ʥʘʯʘʪʴ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʢʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ, 

ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʛʣʫʙʠʥʥʳʭ ʠʥʪʝʨʚʴʶ (N=7), ʧʨʦʚʝʜʝʥʥʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʛ. ɺʦʣʛʦʛʨʘʜʘ ʠ 

ʜʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʮʝʥʪʨʦʚ. ɺ ʈʦʩʩʠʠ ʚʥʠʤʘʥʠʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʣʠʪʠʢʠ ʫʜʝʣʝ-

ʥʦ ʨʘʟʚʠʪʠʶ ʞʝʥʩʢʦʛʦ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʘ, ʯʪʦ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʠ ʩʦʟʜʘʥʠʝʤ ʮʝʥ-

ʪʨʦʚ, ʧʨʝʜʣʘʛʘʶʱʠʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʧʨʦʛʨʘʤʤʳ ʠ ʤʝʨʦʧʨʠʷʪʠʷ, ʩʪʠʤʫʣʠʨʫʶʱʠʝ 

ʚʭʦʞʜʝʥʠʝ ʞʝʥʱʠʥ ʚ ʙʠʟʥʝʩ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʘʢʞʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʞʝʥ-

ʱʠʥʳ-ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʠ ʚ ʈʦʩʩʠʠ ʜʦʤʠʥʠʨʫʶʪ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʬʝʨʘʭ ʙʠʟʥʝʩʘ, ʪʘʢʠʭ ʢʘʢ 

ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʝ, ʫʩʣʫʛʠ, ʧʠʪʘʥʠʝ ʠ ʧʨʦʤʳʩʣʳ. ʉʪʘʪʴʷ ʦʙʨʘʱʘʝʪ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ 

ʞʝʥʱʠʥʳ ʥʘʯʠʥʘʶʪ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʢʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʦ ʨʘʟʥʳʤ ʤʦʪʠʚʘʤ, ʩʨʝʜʠ ʢʦ-

ʪʦʨʳʭ ʞʝʣʘʥʠʝ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʚʦʶ ʢʘʨʴʝʨʫ, ʜʦʙʠʪʴʩʷ ʬʠʥʘʥʩʦʚʦʡ ʥʝʟʘʚʠʩʠʤʦʩʪʠ, 

ʚʥʝʩʪʠ ʩʦʮʠʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʠ ʧʦʣʫʯʠʪʴ ʧʝʨʩʧʝʢʪʠʚʳ ʨʦʩʪʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʦ, ʞʝʥʩʢʦʝ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʦ, ʤʦʪʠʚʘʮʠʷ, 

ʦʙʨʘʟ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʷ, ʤʘʣʦʝ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʦ, ʩʨʝʜʥʝʝ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʦ. 

 

ɼʠʥʘʤʠʢʘ ʨʘʟʚʠʪʠʷ ʞʝʥʩʢʦʛʦ ʧʨʝʜʧʨʠ-

ʥʠʤʘʪʝʣʴʩʪʚʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʤʠʨʦʚʳʭ 

ʪʨʝʥʜʦʚ, ʘ ʪʘʢʞʝ ʜʚʠʛʘʪʝʣʝʤ ʵʢʦʥʦʤʠʯʝ-

ʩʢʦʛʦ ʨʦʩʪʘ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʟʥʘʯʠʤʦʩʪʠ 

ʚʢʣʘʜʘ ʤʘʣʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʙʠʟʥʝʩʘ ʚ ʨʘʟʚʠ-

ʪʠʝ ʩʦʮʠʫʤʘ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠ-

ʚʘʶʪʩʷ ʬʘʢʪʦʨʳ, ʢʦʪʦʨʳʝ ʩʪʠʤʫʣʠʨʫʶʪ 

ʞʝʥʱʠʥ ʥʘʯʘʪʴ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʢʫʶ ʜʝ-

ʷʪʝʣʴʥʦʩʪʴ. ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʛʣʫʙʠʥʥʳʭ 

ʠʥʪʝʨʚʴʶ (N=7), ʘ ʪʘʢʞʝ ʜʘʥʥʳʭ ʠʩʩʣʝʜʦ-

ʚʘʪʝʣʴʩʢʠʭ ʮʝʥʪʨʦʚ ʥʘʤʠ ʙʳʣʠ ʦʧʨʝʜʝʣʝ-

ʥʳ ʬʘʢʪʦʨʳ ʤʦʪʠʚʘʮʠʠ ʩʪʘʥʦʚʣʝʥʠʷ ʧʨʝʜ-

ʧʨʠʥʠʤʘʪʝʣʴʩʪʚʘ ʩʨʝʜʠ ʞʝʥʱʠʥ.  

ɺ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʣʠʪʠʢʝ ʈʌ ʚ ʦʪ-

ʥʦʰʝʥʠʠ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʘ ʚʟʷʪ ʢʫʨʩ 

ʥʘ ʨʘʟʚʠʪʠʝ ʞʝʥʩʢʦʛʦ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴ-

ʩʪʚʘ. ɹʣʘʛʦʜʘʨʷ ʅʘʮʠʦʥʘʣʴʥʦʤʫ ʧʨʦʝʢʪʫ 

çʄʘʣʦʝ ʠ ʩʨʝʜʥʝʝ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʦè ʚ 

ʨʝʛʠʦʥʘʭ ʩʦʟʜʘʶʪʩʷ ʮʝʥʪʨʳ çʄʦʡ ʙʠʟʥʝʩè, 

ʦʩʥʦʚʥʘʷ ʮʝʣʴ ʢʦʪʦʨʳʭ ï ʩʦʟʜʘʥʠʝ ʙʣʘʛʦ-

ʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʨʘʟʚʠʪʠʷ ʧʨʝʜʧʨʠ-

ʥʠʤʘʪʝʣʴʩʪʚʘ. ɼʘʥʥʳʝ ʮʝʥʪʨʳ ʧʨʝʜʣʘʛʘʶʪ 

ʞʝʥʱʠʥʘʤ ʨʘʟʣʠʯʥʳʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ 

ʧʨʦʛʨʘʤʤʳ, ʘ ʪʘʢʞʝ ʦʨʛʘʥʠʟʫʶʪ ʩʧʝʮʠʘʣʴ-

ʥʳʝ ʞʝʥʩʢʠʝ ʙʠʟʥʝʩ-ʬʦʨʫʤʳ ʠ ʙʠʟʥʝʩ-

ʢʦʥʬʝʨʝʥʮʠʠ, ʩʪʠʤʫʣʠʨʫʶʱʠʝ ʚʭʦʞʜʝʥʠʝ 

ʞʝʥʱʠʥ ʚ ʙʠʟʥʝʩ, ʧʦʧʫʣʷʨʠʟʠʨʫʶʱʠʝ 

ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʦ ʢʘʢ ʵʬʬʝʢʪʠʚʥʫʶ 

ʞʠʟʥʝʥʥʫʶ ʩʪʨʘʪʝʛʠʶ. ɺʝʩʥʦʡ 2023 ʛ. ʚ 

ʈʌ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʙʦʣʝʝ 6 ʤʣʥ. ʩʫʙʲʝʢ-

ʪʦʚ ʤʘʣʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴ-

ʩʪʚʘ. ʉʨʝʜʠ ʢʦʪʦʨʳʭ 43% ʩʘʤʦʟʘʥʷʪʳʭ ʠ 

ʀʇ ʩʦʩʪʘʚʣʷʶʪ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʞʝʥʩʢʦʛʦ 

ʧʦʣʘ.  

ʉʦʛʣʘʩʥʦ ʠʥʜʝʢʩʫ ʞʝʥʩʢʦʡ ʜʝʣʦʚʦʡ ʘʢ-

ʪʠʚʥʦʩʪʠ (WBI), ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʣʷʝʪ ʂʦ-

ʤʠʪʝʪ ʧʦ ʨʘʟʚʠʪʠʶ ʞʝʥʩʢʦʛʦ ʧʨʝʜʧʨʠʥʠ-

ʤʘʪʝʣʴʩʪʚʘ çʆʇʆʈɸ ʈʆʉʉʀʀè, ʚ 2023 ʦʥ 

ʜʦʩʪʠʛ 73,7 ʧʫʥʢʪʘ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʧʦʣʦʞʠ-

ʪʝʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ. ɼʘʥʥʳʡ ʠʥʜʝʢʩ ʦʪ-

ʨʘʞʘʝʪ ʫʨʦʚʝʥʴ ʙʣʘʛʦʩʦʩʪʦʷʥʠʷ ʜʝʣʦʚʦʡ 

ʩʨʝʜʳ ʜʣʷ ʨʘʟʚʠʪʠʷ ʞʝʥʩʢʦʛʦ ʧʨʝʜʧʨʠʥʠ-

ʤʘʪʝʣʴʩʪʚʘ. ʊʘʢ, ʚ 2023 ʛʦʜʫ 54% ʞʝʥʱʠʥ-

ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʝʡ ʦʪʤʝʪʠʣʠ ʫʣʫʯʰʝʥʠʝ 

ʦʪʥʦʰʝʥʠʷ ʢ ʙʠʟʥʝʩʫ ʩʦ ʩʪʦʨʦʥʳ ʦʙʱʝ-

ʩʪʚʘ, 65% ʧʦʩʯʠʪʘʣʠ, ʯʪʦ ʧʨʝʜʧʨʠʥʠʤʘ-

ʪʝʣʴʩʪʚʦ ʧʦʟʚʦʣʠʣʦ ʠʤ ʜʦʩʪʠʛʥʫʪʴ ʬʠʥʘʥ-

ʩʦʚʦʛʦ ʙʣʘʛʦʩʦʩʪʦʷʥʠʷ [6]. 

ʀʩʩʣʝʜʦʚʘʥʠʶ ʞʝʥʩʢʦʛʦ ʧʨʝʜʧʨʠʥʠʤʘ-

ʪʝʣʴʩʪʚʘ ʧʦʩʚʷʱʝʥʦ ʤʥʦʞʝʩʪʚʦ ʨʘʙʦʪ ʠʟ-

ʚʝʩʪʥʳʭ ʟʘʨʫʙʝʞʥʳʭ ʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ 

ʫʯʝʥʳʭ. ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʈʦʩʩʠʠ ʠʟʫʯʝʥʠʝʤ 

ʞʝʥʩʢʦʛʦ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʘ ʟʘʥʠʤʘʶʪ-

ʩʷ ɽ.ʄ. ɹʫʭʚʘʣʴʜ [1], ʀ.ɺ. ɽʨʰʦʚʘ [4]. ɺ 
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ʠʩʩʣʝʜʦʚʘʥʠʠ ʅ.ʖ. ʋʪʢʠʥʦʡ ʚʳʜʝʣʝʥʳ 

ʩʫʙʲʝʢʪʠʚʥʳʝ ʠ ʦʙʲʝʢʪʠʚʥʳʝ ʬʘʢʪʦʨʳ, 

ʚʣʠʷʶʱʠʝ ʥʘ ʩʪʘʥʦʚʣʝʥʠʝ ʞʝʥʩʢʦʛʦ ʧʨʝʜ-

ʧʨʠʥʠʤʘʪʝʣʴʩʪʚʘ ʚ ʈʦʩʩʠʠ, ʦʧʨʝʜʝʣʝʥʳ 

ʩʬʝʨʳ ʙʠʟʥʝʩʘ, ʚ ʢʦʪʦʨʳʭ ʜʦʤʠʥʠʨʫʶʪ 

ʞʝʥʱʠʥʳ-ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʠ: ʟʜʨʘʚʦʦʭʨʘ-

ʥʝʥʠʝ, ʜʦʰʢʦʣʴʥʦʝ ʚʦʩʧʠʪʘʥʠʝ, ʩʬʝʨʘ 

ʫʩʣʫʛ, ʦʙʱʝʩʪʚʝʥʥʦʝ ʧʠʪʘʥʠʝ, ʥʘʨʦʜʥʳʝ 

ʧʨʦʤʳʩʣʳ [9]. ɺ ʩʪʘʪʴʝ ɸ.ʀ. ɺʦʨʦʥʢʦʚʦʡ 

ʧʨʦʠʟʚʝʜʝʥʦ çʤʝʪʘʦʧʠʩʘʥʠʝ ʢʘʨʴʝʨʥʦʛʦ 

ʧʫʪʠ ʞʝʥʱʠʥ, ʩʦʩʪʦʷʚʰʠʭʩʷ ʚ ʩʬʝʨʝ ʧʨʝʜ-

ʧʨʠʥʠʤʘʪʝʣʴʩʪʚʘè, ʦʧʠʩʘʥʳ ʩʮʝʥʘʨʠʠ ʚʳ-

ʙʦʨʘ ʠ ʨʘʟʚʠʪʠʷ ʢʘʨʴʝʨʳ ʞʝʥʱʠʥ ʚ ʙʠʟʥʝ-

ʩʝ [3]. ɺ ʩʪʘʪʴʝ ɸ.ɽ. ɿʦʨʠʥʦʡ ʨʘʩʩʤʘʪʨʠʚʘ-

ʝʪʩʷ ʨʝʩʫʨʩʥʳʡ ʧʦʪʝʥʮʠʘʣ ʞʝʥʱʠʥ-

ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʝʡ ʠ ʠʭ ʛʦʪʦʚʥʦʩʪʴ ʢ ʨʠʩʢʫ 

[5]. ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʄ.ɹ. ʇʦʣʪʘʚʩʢʦʡ, 

ɸ.ʃ. ʉʪʨʠʟʦʝ ʠʟʫʯʘʝʪʩʷ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴ-

ʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʙʠʟʥʝʩ-ʩʦʦʙʱʝʩʪʚ ʚ ɺʦʣ-

ʛʦʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʚ ʫʩʣʦʚʠʷʭ ʧʘʥʜʝ-

ʤʠʠ [7], ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʩʦʦʙʱʝʩʪʚʘ ʩʦʮʠ-

ʘʣʴʥʳʭ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʝʡ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ 

ʜʦʤʠʥʠʨʫʶʪ ʞʝʥʱʠʥʳ [8]. 

ɺ ʩʝʥʪʷʙʨʝ 2023 ʛ. ɺʎʀʆʄ ʧʨʦʚʝʣ 

ʦʧʨʦʩ ʨʦʩʩʠʷʥ ʩ ʮʝʣʴʶ ʚʳʷʩʥʠʪʴ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʠ, ʧʨʠʩʫʱʠʝ ʞʝʥʱʠʥʘʤ-

ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʷʤ. ɼʘʥʥʳʡ ʦʧʨʦʩ ʧʦʢʘ-

ʟʘʣ, ʯʪʦ 30% ʩʯʠʪʘʶʪ, ʯʪʦ çʞʝʥʱʠʥʘʤ-

ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʷʤ ʩʚʦʡʩʪʚʝʥʥʳ ʥʘʧʦʨʠ-

ʩʪʦʩʪʴ, ʩʪʦʡʢʦʩʪʴ, ʪʚʝʨʜʦʩʪʴ, ʨʝʰʠʪʝʣʴ-

ʥʦʩʪʴ, ʫʚʝʨʝʥʥʦʩʪʴ ʚ ʩʝʙʝè, 21% ʦʪʤʝʯʘʶʪ 

çʘʢʪʠʚʥʦʩʪʴ, ʮʝʣʝʫʩʪʨʝʤʣʝʥʥʦʩʪʴ, ʠʥʠʮʠʘ-

ʪʠʚʫè, 12% ʚʳʜʝʣʠʣʠ çʘʚʪʦʨʠʪʘʨʥʳʡ 

ʩʪʠʣʴ ʧʦʚʝʜʝʥʠʷè, 9% çʜʠʩʮʠʧʣʠʥʫ, ʦʨʛʘ-

ʥʠʟʦʚʘʥʥʦʩʪʴ ʠ ʚʥʠʤʘʪʝʣʴʥʦʩʪʴè, 7% çʦʙ-

ʨʘʟʦʚʘʥʥʦʩʪʴ ʠ ʫʤʩʪʚʝʥʥʳʝ ʩʧʦʩʦʙʥʦ-

ʩʪʠè [3]. ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʅɸʌʀ 

ʚʳʜʝʣʠʣ ʪʦʧ 3 ʩʪʠʤʫʣʦʚ ʜʣʷ ʥʘʯʘʣʘ ʧʨʝʜ-

ʧʨʠʥʠʤʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ: çʞʝʣʘʥʠʝ 

ʫʣʫʯʰʠʪʴ ʤʘʪʝʨʠʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝè 

(65%), çʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʦʚʘʪʴ ʩʚʦʠ 

ʠʜʝʠè (58%), çʥʝʟʘʚʠʩʠʤʦʩʪʴ ʚ ʧʨʠʥʷʪʠʠ 

ʨʝʰʝʥʠʡè (52%) [6]. 

ɺʝʩʥʦʡ 2023 ʛ. ʥʘʤʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʪʦʜʦʤ ʛʣʫʙʠʥʥʦʛʦ ʠʥʪʝʨ-

ʚʴʶ (N=7), ʚ ʢʘʯʝʩʪʚʝ ʠʥʬʦʨʤʘʥʪʦʚ ʚʳ-

ʩʪʫʧʠʣʠ ʞʝʥʱʠʥʳ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʠ ʛ. 

ɺʦʣʛʦʛʨʘʜʘ. ʄʘʪʝʨʠʘʣʳ ʠʥʪʝʨʚʴʶ ʧʦʟʚʦ-

ʣʠʣʠ ʦʧʨʝʜʝʣʠʪʴ ʩʪʠʤʫʣʳ ʥʘʯʘʣʘ ʧʨʝʜ-

ʧʨʠʥʠʤʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʨʝʜʠ 

ʞʝʥʱʠʥ. ʆʜʠʥ ʠʟ ʛʣʘʚʥʳʭ ʩʪʠʤʫʣʦʚ ʜʣʷ 

ʞʝʥʱʠʥ ʟʘʥʷʪʴʩʷ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʢʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʴʶ ï ʵʪʦ ʞʝʣʘʥʠʝ ʢʦʥʪʨʦʣʠʨʦ-

ʚʘʪʴ ʩʚʦʶ ʩʦʙʩʪʚʝʥʥʫʶ ʢʘʨʴʝʨʫ ʠ ʨʘʙʦʪʘʪʴ 

ʧʦ ʩʚʦʠʤ ʧʨʘʚʠʣʘʤ. ʄʥʦʛʠʝ ʞʝʥʱʠʥʳ 

ʩʪʨʝʤʷʪʩʷ ʥʘʡʪʠ ʙʘʣʘʥʩ ʤʝʞʜʫ ʨʘʙʦʪʦʡ ʠ 

ʩʝʤʴʝʡ, ʠ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʦ ʜʘʝʪ ʠʤ 

ʚʦʟʤʦʞʥʦʩʪʴ ʛʠʙʢʦ ʫʧʨʘʚʣʷʪʴ ʩʚʦʠʤ ʚʨʝ-

ʤʝʥʝʤ ʠ ʨʝʰʘʪʴ ʧʨʠʦʨʠʪʝʪʳ. ʆʥʠ ʤʦʛʫʪ 

ʩʦʟʜʘʪʴ ʩʦʙʩʪʚʝʥʥʦʝ ʨʘʙʦʯʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, 

ʥʘʡʪʠ ʢʦʤʘʥʜʫ ʝʜʠʥʦʤʳʰʣʝʥʥʠʢʦʚ, ʢʦʪʦ-

ʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʠʭ ʮʝʥʥʦʩʪʷʤ ʠ ʧʦ-

ʪʨʝʙʥʦʩʪʷʤ, ʠ ʨʝʘʣʠʟʦʚʘʪʴ ʩʚʦʠ ʪʚʦʨʯʝʩʢʠʝ 

ʠ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʢʠʝ ʠʜʝʠ. 

çʗ ʥʘʯʘʣʘ ʧʨʷʤ ʚʦʪ ʚ ʪʦʪ ʤʦʤʝʥʪ, ʢʦ-

ʛʜʘ ʟʘʙʝʨʝʤʝʥʝʣʘ. ʗ ʜʫʤʘʣʘ, ʯʪʦ ʵʪʦ ʙʫ-

ʜʝʪ ʪʘʢʦʡ ʫʞʘʩ, ʚʝʜʴ ʷ ʪʦʣʴʢʦ ʦʪʢʨʳʣʘ 

ʩʪʫʜʠʶ, ʯʝʨʝʟ ʤʝʩʷʮ ʤʥʝ ʩʢʘʟʘʣʠ, ʯʪʦ ʷ ʚ 

ʧʦʣʦʞʝʥʠʠ, ʘ ʢʦʤʘʥʜʘ ʩʦʩʪʦʷʣʘ ʠʟ ʜʚʫʭ 

ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ. ʗ ʨʝʘʣʴʥʦ ʜʫʤʘʣʘ, ʯʪʦ 

ʤʳ ʥʝ ʚʳʞʠʚʝʤ, ʥʦ ʧʦʪʦʤ ʢʘʨʘʥʪʠʥ, ʦʥ-

ʣʘʡʥ ʠ ʚʨʦʜʝ ʚʩʝ ʙʳʣʦ ʥʦʨʤʘʣʴʥʦ. ʉʝʡʯʘʩ ʷ 

ʭʦʪʷ ʙʳ ʟʥʘʶ ʥʘ ʯʪʦ ʩʧʦʩʦʙʥʘ ʤʦʷ ʢʦʤʘʥ-

ʜʘ, ʥʘ ʯʪʦ ʩʧʦʩʦʙʥʘ ʩʪʫʜʠʷ ʠ ʤʳ ʨʘʩʰʠ-

ʨʷʝʤʩʷ, ʥʦ ʛʣʘʚʥʦʝ ʷ ʥʠʚʝʣʠʨʦʚʘʣʘ ʩʚʦʠ 

ʦʙʷʟʘʥʥʦʩʪʠ ʚ ʵʪʦʤ ʛʦʜʫ ʠ ʪʝʧʝʨʴ ʷ ʤʦʛʫ 

ʧʨʦʚʦʜʠʪʴ ʚʨʝʤʷ ʩ ʩʳʥʦʤè (ʀʥʬʦʨʤʘʥʪ 3, 

ʞʝʥʱʠʥʘ, 28 ʣʝʪ). 

ɽʱʝ ʦʜʥʠʤ ʚʘʞʥʳʤ ʩʪʠʤʫʣʦʤ ʷʚʣʷʝʪʩʷ 

ʞʝʣʘʥʠʝ ʜʦʙʠʪʴʩʷ ʬʠʥʘʥʩʦʚʦʡ ʥʝʟʘʚʠʩʠ-

ʤʦʩʪʠ ʠ ʫʩʧʝʭʘ. ɾʝʥʱʠʥʳ ʚʩʝ ʯʘʱʝ ʧʨʝ-

ʫʩʧʝʚʘʶʪ ʚ ʩʬʝʨʝ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʘ ʠ 

ʩʦʟʜʘʶʪ ʫʩʧʝʰʥʳʝ ʧʨʦʝʢʪʳ. ʆʥʠ ʚʠʜʷʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʦʚʘʪʴ ʩʚʦʡ ʧʦʪʝʥʮʠʘʣ 

ʠ ʜʦʩʪʠʯʴ ʬʠʥʘʥʩʦʚʦʛʦ ʙʣʘʛʦʧʦʣʫʯʠʷ. 

ʊʘʢʞʝ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʦ ʤʦʞʝʪ ʙʳʪʴ 

ʩʧʦʩʦʙʦʤ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʳ ʩ ʟʘʥʷʪʦʩʪʴʶ 

ʠʣʠ ʥʘʡʪʠ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʨʦ-

ʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʠ ʣʠʯʥʦʩʪʥʦʛʦ ʨʦʩʪʘ. 

çʅʝ ʩʝʢʨʝʪ, ʯʪʦ ʟʘʜʘʯʘ ʙʠʟʥʝʩʘ ï ʵʪʦ 

ʜʝʣʘʪʴ ʜʝʥʴʛʠ. ʕʪʦ ʟʘʜʘʯʘ ʣʶʙʦʛʦ ʧʨʝʜ-

ʧʨʠʥʠʤʘʪʝʣʷ, ʷ ʦʪʢʨʳʣʘ ʙʘʨ ʯʪʦʙʳ ʥʘʢʦ-

ʥʝʮ-ʪʦ ʟʘʨʘʙʘʪʳʚʘʪʴ ʠ ʢʨʝʘʪʠʚʠʪʴè 

(ʀʥʬʦʨʤʘʥʪ 1, ʞʝʥʱʠʥʘ, 25 ʣʝʪ). 

ɼʨʫʛʠʤ ʚʘʞʥʳʤ ʩʪʠʤʫʣʦʤ ʷʚʣʷʝʪʩʷ ʞʝ-

ʣʘʥʠʝ ʚʥʝʩʪʠ ʩʦʮʠʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʠ 

ʚʣʠʷʪʴ ʥʘ ʩʦʦʙʱʝʩʪʚʦ. ʄʥʦʛʠʝ ʞʝʥʱʠʥʳ-

ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʠ ʩʦʟʜʘʶʪ ʙʠʟʥʝʩ, ʢʦʪʦ-

ʨʳʡ ʥʘʧʨʘʚʣʝʥ ʥʘ ʨʝʰʝʥʠʝ ʩʦʮʠʘʣʴʥʳʭ 

ʧʨʦʙʣʝʤ, ʪʘʢʠʭ ʢʘʢ ʠʥʢʣʶʟʠʚʥʦʝ ʦʙʨʘʟʦ-

ʚʘʥʠʝ, ʙʝʜʥʦʩʪʴ, ʨʘʚʝʥʩʪʚʦ ʧʦʣʦʚ, ʵʢʦʣʦ-

ʛʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ. ʆʥʠ ʚʠʜʷʪ ʚ ʧʨʝʜ-

ʧʨʠʥʠʤʘʪʝʣʴʩʪʚʝ ʩʨʝʜʩʪʚʦ ʜʣʷ ʧʦʟʠʪʠʚʥʳʭ 

ʠʟʤʝʥʝʥʠʡ ʚ ʦʙʱʝʩʪʚʝ ʠ ʩʪʨʝʤʷʪʩʷ ʠʩʧʦʣʴ-
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ʟʦʚʘʪʴ ʩʚʦʡ ʙʠʟʥʝʩ ʢʘʢ ʩʦʮʠʘʣʴʥʳʡ ʨʝʩʫʨʩ 

ʨʘʟʚʠʪʠʷ. 

çʄʥʝ ʙʳʣʦ ʪʨʫʜʥʦ ʦʩʦʟʥʘʚʘʪʴ, ʯʪʦ ʫ 

ʥʘʩ ʚ ʛʦʨʦʜʝ ʥʝʪ ʜʦʩʪʫʧʥʦʛʦ ʠʥʢʣʶʟʠʚʥʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ. ʄʥʝ ʦʯʝʥʴ ʞʘʣʢʦ, ʯʪʦ ʜʝʪʠ 

ʩ ʨʘʟʣʠʯʥʳʤʠ ʦʪʢʣʦʥʝʥʠʷʤʠ ʧʦ ʬʠʟʠʯʝ-

ʩʢʦʤʫ ʟʜʦʨʦʚʴʶ ʥʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʟʘʥʠ-

ʤʘʪʴʩʷ ʘʥʛʣʠʡʩʢʠʤ. ʂʘʢ ʤʳ ʤʦʞʝʤ ʛʦʚʦ-

ʨʠʪʴ ʦ ʪʦʤ, ʯʪʦ ʝʛʦ ʤʦʞʝʪ ʚʳʫʯʠʪʴ 

ʢʘʞʜʳʡ, ʝʩʣʠ ʜʣʷ ʢʘʞʜʦʛʦ ʥʝ ʩʦʟʜʘʶʪʩʷ 

ʫʩʣʦʚʠʷè (ʀʥʬʦʨʤʘʥʪ 7, ʞʝʥʱʠʥʘ, 38 ʣʝʪ). 

ʏʝʪʚʝʨʪʳʡ ʩʪʠʤʫʣ ï ʵʪʦ ʧʝʨʩʧʝʢʪʠʚʳ 

ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ. ɹʳʪʴ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʝʤ 

ʜʘʝʪ ʞʝʥʱʠʥʝ ʚʦʟʤʦʞʥʦʩʪʴ ʥʝ ʪʦʣʴʢʦ ʩʦ-

ʟʜʘʚʘʪʴ ʩʚʦʡ ʩʦʙʩʪʚʝʥʥʳʡ ʙʠʟʥʝʩ, ʥʦ ʠ 

ʩʪʨʦʠʪʴ ʢʘʨʴʝʨʫ. ʆʥʠ ʤʦʛʫʪ ʨʘʩʰʠʨʷʪʴ 

ʩʚʦʠ ʟʥʘʥʠʷ ʠ ʥʘʚʳʢʠ, ʩʦʟʜʘʚʘʪʴ ʥʦʚʳʝ 

ʩʚʷʟʠ ʠ ʢʦʥʪʘʢʪʳ, ʠ ʧʦʣʫʯʘʪʴ ʦʧʳʪ, ʢʦʪʦ-

ʨʳʡ ʙʫʜʝʪ ʧʦʣʝʟʝʥ ʥʝ ʪʦʣʴʢʦ ʚ ʙʠʟʥʝʩʝ, ʥʦ 

ʠ ʚ ʣʠʯʥʦʡ ʞʠʟʥʠ. 

çʗ ʦʯʝʥʴ ʭʦʪʝʣʘ ʥʘʢʦʥʝʮ-ʪʦ ʨʘʩʰʠ-

ʨʠʪʴ ʩʚʦʠ ʩʚʷʟʠ. ɺʦʣʛʦʛʨʘʜ ʪʘʢʦʡ ʢʨʫʪʦʡ, 

ʘ ʷ ʨʘʙʦʪʘʣʘ ʚ ʫʞʘʩʥʦʤ ʩʪʘʨʦʤ ʟʜʘʥʠʠ 

ʘʨʭʠʪʝʢʪʦʨʦʤ, ʪʝʨʷʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʮʠ-

ʘʣʠʟʠʨʦʚʘʪʴʩʷ ʚ ʩʨʝʜʫ ʙʦʛʘʪʳʭ ʠ ʢʨʝʘ-

ʪʠʚʥʳʭ ʣʶʜʝʡ. ʉʝʡʯʘʩ ʵʪʦ ʣʶʜʠ ʟʘʢʘʟʳ-

ʚʘʶʪ ʫ ʤʝʥʷ ʜʠʟʘʡʥ ʩʚʦʠʭ ʜʦʤʦʚ ʠ ʠʥʪʝʨʴ-

ʝʨʘè (ʀʥʬʦʨʤʘʥʪ 4, 23 ʛʦʜʘ, ʞʝʥʱʠʥʘ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʪʠʚʘʪʦʨʳ ʧʨʝʜʧʨʠ-

ʥʠʤʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʜʣʷ ʞʝʥʱʠʥ 

ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʞʝʣʘʥʠʝ ʜʦʩʪʠʯʴ ʥʝʟʘʚʠ-

ʩʠʤʦʩʪʠ ʠ ʩʚʦʙʦʜʳ, ʨʝʘʣʠʟʦʚʘʪʴ ʩʚʦʠ ʪʘ-

ʣʘʥʪʳ ʠ ʩʧʦʩʦʙʥʦʩʪʠ, ʩʦʟʜʘʪʴ ʣʫʯʰʠʝ 

ʫʩʣʦʚʠʷ ʜʣʷ ʩʚʦʝʡ ʩʝʤʴʠ, ʘ ʪʘʢʞʝ ʧʦʣʫʯʠʪʴ 

ʧʝʨʩʧʝʢʪʠʚʳ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ. ʆʙʱʝʩʪʚʦ 

ʜʦʣʞʥʦ ʧʦʜʜʝʨʞʠʚʘʪʴ ʠ ʧʦʦʱʨʷʪʴ ʞʝʥ-

ʱʠʥ, ʞʝʣʘʶʱʠʭ ʟʘʥʷʪʴʩʷ ʧʨʝʜʧʨʠʥʠʤʘ-

ʪʝʣʴʩʪʚʦʤ, ʯʪʦʙʳ ʩʦʟʜʘʪʴ ʨʘʚʥʳʝ ʚʦʟʤʦʞ-

ʥʦʩʪʠ ʠ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʠʭ 

ʫʩʧʝʰʥʦʛʦ ʨʘʟʚʠʪʠʷ ʠ ʚʢʣʘʜʘ ʚ ʵʢʦʥʦʤʠʢʫ 

ʠ ʦʙʱʝʩʪʚʦ. 
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Abstract. The article examines the importance of women's entrepreneurship as a factor in 

economic growth and a driving force for the development of society. An analysis of the factors 

motivating women to start a business was carried out, based on in-depth interviews (N=7) con-

ducted in the city of Volgograd and data from research centers. In Russia, public policy attention 

is paid to the development of women's entrepreneurship, which is supported by the creation of 

centers offering educational programs and events that encourage women to enter business. Re-

search results also show that women entrepreneurs in Russia dominate certain business sectors, 

such as healthcare, services, food and crafts. The article draws attention to the fact that women 

enter into entrepreneurial activity for a variety of reasons, including the desire to control their 

careers, achieve financial independence, bring about social change and gain prospects for 

growth. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʨʘʟʚʠʪʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦ-ʯʘʩʪʥʦʛʦ ʧʘʨʪʥʝʨ-

ʩʪʚʘ ʚ ʩʦʮʠʘʣʴʥʦʡ ʩʬʝʨʝ ʅʦʚʦʩʠʙʠʨʩʢʦʡ ʦʙʣʘʩʪʠ. ʈʘʟʚʠʪʠʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦ-ʯʘʩʪʥʦʛʦ 

ʧʘʨʪʥʝʨʩʪʚʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʠ ʜʦʩʪʫʧʥʦʩʪʠ ʩʦ-

ʮʠʘʣʴʥʳʭ ʫʩʣʫʛ. ʅʦ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʦʪʝʥʮʠʘʣ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦ-ʯʘʩʪʥʦʛʦ ʧʘʨʪʥʝʨ-

ʩʪʚʘ ʚ ʩʦʮʠʘʣʴʥʦʡ ʩʬʝʨʝ  ʅʦʚʦʩʠʙʠʨʩʢʦʡ ʦʙʣʘʩʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝ ʚ ʧʦʣʥʦʤ ʦʙʲʝʤʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʦʮʠʘʣʴʥʘʷ ʩʬʝʨʘ, ʛʦʩʫʜʘʨʩʪʚʝʥʥʦ-ʯʘʩʪʥʦʝ ʧʘʨʪʥʸʨʩʪʚʦ, ʢʦʥʮʝʩʩʠ-

ʦʥʥʦʝ ʩʦʛʣʘʰʝʥʠʝ, ʤʫʥʠʮʠʧʘʣʴʥʳʡ ʨʘʡʦʥ. 

 

ʋʢʘʟʦʤ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝ-

ʨʘʮʠʠ çʆ ʥʘʮʠʦʥʘʣʴʥʳʭ ʮʝʣʷʭ ʨʘʟʚʠʪʠʷ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʥʘ ʧʝʨʠʦʜ ʜʦ 2030 

ʛʦʜʘè ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʢʣʶʯʝʚʳʝ ʮʝʣʠ 

ʨʘʟʚʠʪʠʷ ʦʪʨʘʩʣʝʡ ʩʦʮʠʘʣʴʥʦʡ ʩʬʝʨʳ ʜʦ 

2030 ʛʦʜʘ [1]. ʆʩʥʦʚʥʳʤʠ ʠʟ ʥʠʭ ʷʚʣʷʶʪʩʷ 

ʩʦʭʨʘʥʝʥʠʝ ʥʘʩʝʣʝʥʠʷ, ʟʜʦʨʦʚʴʝ ʠ ʙʣʘʛʦ-

ʧʦʣʫʯʠʝ ʣʶʜʝʡ, ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʩʘʤʦʨʝʘ-

ʣʠʟʘʮʠʠ ʠ ʨʘʟʚʠʪʠʷ ʪʘʣʘʥʪʦʚ, ʢʦʤʬʦʨʪʥʘʷ 

ʠ ʙʝʟʦʧʘʩʥʘʷ ʩʨʝʜʘ ʜʣʷ ʞʠʟʥʠ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʜʘʥʥʳʭ ʮʝʣʝʡ ʥʝʦʙʭʦ-

ʜʠʤʦ ʨʘʟʚʠʪʠʝ ʠ ʤʦʜʝʨʥʠʟʘʮʠʷ ʦʙʲʝʢʪʦʚ 

ʩʦʮʠʘʣʴʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ʇʨʠ ʩʫʱʝ-

ʩʪʚʫʶʱʠʭ ʙʶʜʞʝʪʥʳʭ ʦʛʨʘʥʠʯʝʥʠʷʭ ʷʚʣʷ-

ʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʧʨʠʚʣʝʯʝʥʠʝ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ, ʚ 

ʯʘʩʪʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʛʦʩ-

ʫʜʘʨʩʪʚʝʥʥʦ-ʯʘʩʪʥʦʛʦ ʧʘʨʪʥʝʨʩʪʚʘ ʜʣʷ 

ʧʨʠʚʣʝʯʝʥʠʷ ʯʘʩʪʥʳʭ ʠʥʚʝʩʪʠʮʠʡ ʚ ʦʪʨʘʩ-

ʣʠ ʩʦʮʠʘʣʴʥʦʡ ʩʬʝʨʳ.  

ɺ ʦʙʱʝʤ ʩʤʳʩʣʝ ʤʝʭʘʥʠʟʤ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʦ-ʯʘʩʪʥʦʛʦ ʧʘʨʪʥʝʨʩʪʚʘ ʤʦʞʥʦ ʦʭʘ-

ʨʘʢʪʝʨʠʟʦʚʘʪʴ ʢʘʢ ʧʨʠʚʣʝʯʝʥʠʝ ʯʘʩʪʥʳʭ 

ʠʥʚʝʩʪʠʮʠʡ ʜʣʷ ʨʝʰʝʥʠʷ ʧʫʙʣʠʯʥʦ-

ʟʥʘʯʠʤʳʭ ʟʘʜʘʯ. 

ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʬʦʨʤʳ ʛʦʩʫ-

ʜʘʨʩʪʚʝʥʥʦ-ʯʘʩʪʥʦʛʦ ʧʘʨʪʥʝʨʩʪʚʘ. ɺ ʢʘʯʝ-

ʩʪʚʝ ʢʣʘʩʩʠʯʝʩʢʠʭ ʬʦʨʤ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʢʦʥʮʝʩʩʠʦʥʥʦʝ ʩʦʛʣʘʰʝʥʠʝ ʠ ʩʦʛʣʘʰʝʥʠʝ ʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦ-ʯʘʩʪʥʦʤ ʧʘʨʪʥʝʨʩʪʚʝ. ʆʜ-

ʥʘʢʦ ʩʫʱʝʩʪʚʫʶʪ ʠ ʠʥʳʝ ʬʦʨʤʳ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʦ-ʯʘʩʪʥʦʛʦ ʧʘʨʪʥʝʨʩʪʚʘ. ʊʘʢ, ʨʷʜ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʦʪʥʦʩʷʪ ʢ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦ-

ʯʘʩʪʥʦʤʫ ʧʘʨʪʥʝʨʩʪʚʫ ʣʶʙʳʝ ʬʦʨʤʳ ʚʟʘ-

ʠʤʦʜʝʡʩʪʚʠʷ ʧʫʙʣʠʯʥʦʡ ʠ ʯʘʩʪʥʦʡ ʩʪʦʨʦ-

ʥʳ ʚ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʬʝʨʝ, ʢʦ-

ʪʦʨʳʝ ʧʨʝʜʧʦʣʘʛʘʶʪ ʚʟʘʠʤʥʦʝ ʩʦʪʨʫʜʥʠ-

ʯʝʩʪʚʦ ʤʝʞʜʫ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʚʣʘʩʪʴʶ ʠ 

ʯʘʩʪʥʳʤ ʠʥʚʝʩʪʦʨʦʤ. ʂ ʪʘʢʠʤ ʬʦʨʤʘʤ ʢʚʘ-

ʟʠ-ʛʦʩʫʜʘʨʩʪʚʝʥʥʦ-ʯʘʩʪʥʦʛʦ  ʤʦʞʥʦ ʦʪʥʝ-

ʩʪʠ ʜʦʛʦʚʦʨ ʘʨʝʥʜʳ ʩ ʠʥʚʝʩʪʠʮʠʦʥʥʳʤʠ 

ʫʩʣʦʚʠʷʤʠ, ʢʦʥʪʨʘʢʪ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ, 

ʩʦʛʣʘʰʝʥʠʝ ʦ ʨʘʟʜʝʣʝ ʧʨʦʜʫʢʮʠʠ ʠ ʜʨ.  

ʅʦʚʦʩʠʙʠʨʩʢʘʷ ʦʙʣʘʩʪʴ ï ʧʝʨʩʧʝʢʪʠʚ-

ʥʳʡ ʩʫʙʲʝʢʪ ʈʌ ʚ ʩʬʝʨʝ ʨʘʟʚʠʪʠʷ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʦ-ʯʘʩʪʥʦʛʦ ʧʘʨʪʥʝʨʩʪʚʘ. ɺ ʥʘʩʪʦʷ-

ʱʝʝ ʚʨʝʤʷ ʚ ʈʝʡʪʠʥʛʝ ʨʝʛʠʦʥʦʚ ʧʦ ʫʨʦʚʥʶ 

ʨʘʟʚʠʪʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦ-ʯʘʩʪʥʦʛʦ ʧʘʨʪ-

ʥʝʨʩʪʚʘ, ʧʦʜʛʦʪʦʚʣʝʥʥʦʤ ʄʠʥʠʩʪʝʨʩʪʚʦʤ 

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʈʌ, ʅʦʚʦʩʠʙʠʨ-

ʩʢʘʷ ʦʙʣʘʩʪʴ  ʚʭʦʜʠʪ ʚ ʊʆʇ-10 ʩʫʙʲʝʢʪʦʚ 

ʈʌ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʮʝʥʢʠ ʥʘʢʦʧʣʝʥʥʦʛʦ 

ʦʧʳʪʘ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʦʚ ʛʦʩʫʜʘʨʩʪʚʝʥ-

ʥʦ-ʯʘʩʪʥʦʛʦ ʧʘʨʪʥʝʨʩʪʚʘ ʠ ʩʦʩʪʦʷʥʠʷ ʥʦʨ-

ʤʘʪʠʚʥʦ-ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʦʡ ʩʨʝʜʳ [2]. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʘʥʥʳʤʠ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʦʛʦ ʨʝʝʩʪʨʘ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʧʨʦʝʢ-

ʪʦʚ ʅʦʚʦʩʠʙʠʨʩʢʦʡ ʦʙʣʘʩʪʠ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʚ ʩʪʘʜʠʠ ʨʝʘʣʠʟʘʮʠʠ ʥʘʭʦʜʷʪʩʷ 59 

ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʧʨʦʝʢʪʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʤʝʭʘʥʠʟʤʦʚ  ʛʦʩʫʜʘʨʩʪʚʝʥʥʦ-ʯʘʩʪʥʦʛʦ ʠ 

ʤʫʥʠʮʠʧʘʣʴʥʦ-ʯʘʩʪʥʦʛʦ ʧʘʨʪʥʝʨʩʪʚʘ. ʆʙ-

ʱʠʡ ʦʙʲʝʤ ʠʥʚʝʩʪʠʮʠʡ ʧʦ ʨʝʘʣʠʟʫʝʤʳʤ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʅʦʚʦʩʠ-

ʙʠʨʩʢʦʡ ʦʙʣʘʩʪʠ ʜʘʥʥʳʤʠ ʧʨʦʝʢʪʘʤ ʩʦ-

ʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 110,8 ʤʣʨʜ ʨʫʙʣʝʡ, ʠʟ ʢʦʪʦ-

ʨʳʭ ʙʦʣʝʝ 63,7 ʤʣʨʜ ʨʫʙʣʝʡ ï ʯʘʩʪʥʳʝ ʠʥ-

ʚʝʩʪʠʮʠʠ. 
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ʆʪʨʘʩʣʝʚʘʷ ʩʪʨʫʢʪʫʨʘ ʨʝʘʣʠʟʫʝʤʳʭ 

ʧʨʦʝʢʪʦʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦ-ʯʘʩʪʥʦʛʦ ʠ ʤʫ-

ʥʠʮʠʧʘʣʴʥʦ-ʯʘʩʪʥʦʛʦ ʧʘʨʪʥʝʨʩʪʚʘ ʚ ʅʦʚʦ-

ʩʠʙʠʨʩʢʦʡ ʦʙʣʘʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣʠ-

ʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1. ʆʪʨʘʩʣʝʚʘʷ ʩʪʨʫʢʪʫʨʘ ʨʝʘʣʠʟʫʝʤʳʭ ʧʨʦʝʢʪʦʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦ-ʯʘʩʪʥʦʛʦ ʠ 

ʤʫʥʠʮʠʧʘʣʴʥʦ-ʯʘʩʪʥʦʛʦ ʧʘʨʪʥʝʨʩʪʚʘ ʚ ʅʦʚʦʩʠʙʠʨʩʢʦʡ ʦʙʣʘʩʪʠ 
ʆʪʨʘʩʣʠ ʂʦʣ-ʚʦ, ʰʪ ʉʪʨʫʢʪʫʨʘ, % 

ʂʦʤʤʫʥʘʣʴʥʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ 27 46,0 

ʆʙʨʘʟʦʚʘʥʠʝ 6 10,0 

ɹʳʪʦʚʳʝ ʫʩʣʫʛʠ 5 8.0 

ɿʜʨʘʚʦʦʭʨʘʥʝʥʠʝ 4 7,0 

ʆʙʨʘʱʝʥʠʝ ʩ ʪʚʝʨʜʳʤʠ ʙʳʪʦʚʳʤʠ ʦʪʭʦʜʘʤʠ 4 7,0 

ʕʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʘ 4 7,0 

ʉʧʦʨʪ ʠ ʪʫʨʠʟʤ 3 5,0 

ɼʦʨʦʞʥʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ 1 1,2 

ʇʨʦʤʳʰʣʝʥʥʳʝ ʧʘʨʢʠ 1 1,2 

ɼʦʰʢʦʣʴʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ 1 1,2 

ʂʫʣʴʪʫʨʘ ʠ ʦʪʜʳʭ 1 1,2 

ʉʘʥʘʪʦʨʥʦ-ʪʫʨʠʩʪʠʯʝʩʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ 1 1,2 

ʀʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʩʦʦʨʫʞʝʥʠʷ (ʨʳʙʦʧʠʪʦʤʥʠʢ) 1 1,2 

 

ɼʘʥʥʳʝ ʪʘʙʣʠʮʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʪʦʤ, ʯʪʦ ʦʢʦʣʦ 46% ʚʩʝʭ ʨʝʘʣʠʟʫʝʤʳʭ ʧʨʦ-

ʝʢʪʦʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦ-ʯʘʩʪʥʦʛʦ ʠ ʤʫʥʠʮʠ-

ʧʘʣʴʥʦ-ʯʘʩʪʥʦʛʦ ʧʘʨʪʥʝʨʩʪʚʘ ʨʝʘʣʠʟʫʶʪʩʷ 

ʚ ʩʬʝʨʝ ʢʦʤʤʫʥʘʣʴʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʚ 

ʪʦʞʝ ʚʨʝʤʷ ʚ ʦʪʨʘʩʣʷʭ ʩʦʮʠʘʣʴʥʦʡ ʩʬʝʨʳ 

ʨʝʘʣʠʟʫʝʪʩʷ ʚʩʝʛʦ 24% ʦʪ ʚʩʝʭ ʧʨʦʝʢʪʦʚ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦ-ʯʘʩʪʥʦʛʦ ʠ ʤʫʥʠʮʠʧʘʣʴʥʦ-

ʯʘʩʪʥʦʛʦ ʧʘʨʪʥʝʨʩʪʚʘ. ʇʨʠ ʵʪʦʤ ʧʨʘʢʪʠʯʝ-

ʩʢʠ 80% ʧʨʦʝʢʪʦʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦ-

ʯʘʩʪʥʦʛʦ ʠ ʤʫʥʠʮʠʧʘʣʴʥʦ-ʯʘʩʪʥʦʛʦ ʧʘʨʪ-

ʥʝʨʩʪʚʘ ʚ ʩʦʮʠʘʣʴʥʦʡ ʩʬʝʨʝ ʅʦʚʦʩʠʙʠʨ-

ʩʢʦʡ ʦʙʣʘʩʪʠ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʬʦʨʤʝ ʢʦʥʮʝʩ-

ʩʠʦʥʥʳʭ ʩʦʛʣʘʰʝʥʠʡ, ʧʦ ʢʦʪʦʨʳʤ  ʦʜʥʘ 

ʩʪʦʨʦʥʘ (ʢʦʥʮʝʩʩʠʦʥʝʨ) ʦʙʷʟʫʝʪʩʷ ʟʘ ʩʚʦʡ 

ʩʯʝʪ ʩʦʟʜʘʪʴ ʠ (ʠʣʠ) ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʪʴ 

ʦʧʨʝʜʝʣʝʥʥʦʝ ʵʪʠʤ ʩʦʛʣʘʰʝʥʠʝʤ ʠʤʫʱʝ-

ʩʪʚʦ, ʧʨʘʚʦ ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʥʘ ʢʦʪʦʨʦʝ ʧʨʠ-

ʥʘʜʣʝʞʠʪ ʠʣʠ ʙʫʜʝʪ ʧʨʠʥʘʜʣʝʞʘʪʴ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʝ (ʢʦʥʮʝʜʝʥʪʫ), ʦʩʫʱʝʩʪʚʣʷʪʴ ʜʝʷ-

ʪʝʣʴʥʦʩʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ (ʵʢʩʧʣʫʘʪʘʮʠ-

ʝʡ) ʦʙʲʝʢʪʘ ʢʦʥʮʝʩʩʠʦʥʥʦʛʦ ʩʦʛʣʘʰʝʥʠʷ, ʘ 

ʢʦʥʮʝʜʝʥʪ ʦʙʷʟʫʝʪʩʷ ʧʨʝʜʦʩʪʘʚʠʪʴ ʢʦʥʮʝʩ-

ʩʠʦʥʝʨʫ ʥʘ ʩʨʦʢ, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʵʪʠʤ ʩʦ-

ʛʣʘʰʝʥʠʝʤ, ʧʨʘʚʘ ʚʣʘʜʝʥʠʷ ʠ ʧʦʣʴʟʦʚʘʥʠʷ 

ʦʙʲʝʢʪʦʤ ʢʦʥʮʝʩʩʠʦʥʥʦʛʦ ʩʦʛʣʘʰʝʥʠʷ ʜʣʷ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʫʢʘʟʘʥʥʦʡ ʜʝʷʪʝʣʴʥʦ-

ʩʪʠ [3]. 

ʇʦʪʝʥʮʠʘʣ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦ-ʯʘʩʪʥʦʛʦ ʠ 

ʤʫʥʠʮʠʧʘʣʴʥʦ-ʯʘʩʪʥʦʛʦ ʧʘʨʪʥʝʨʩʪʚʘ ʚ ʩʦ-

ʮʠʘʣʴʥʦʡ ʩʬʝʨʝ ʚ ʅʦʚʦʩʠʙʠʨʩʢʦʡ ʦʙʣʘʩʪʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝ ʚ ʧʦʣʥʦʤ ʦʙʲʝʤʝ, ʥʝʩʤʦʪ-

ʨʷ ʥʘ ʪʦ, ʯʪʦ ʨʘʟʚʠʪʠʝ ʵʪʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʠʚʣʝʯʝʥʠʶ ʠʥʚʝʩʪʠʮʠʡ ʚ 

ʩʦʮʠʘʣʴʥʫʶ ʩʬʝʨʫ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʚʝ-

ʣʠʯʝʥʠʶ ʢʘʯʝʩʪʚʘ ʠ ʜʦʩʪʫʧʥʦʩʪʠ ʩʦʮʠʘʣʴ-

ʥʳʭ ʫʩʣʫʛ. 

ʉʣʦʞʠʚʰʘʷʩʷ ʩʠʪʫʘʮʠʷ ʚʦ ʤʥʦʛʦʤ ʦʙʲ-

ʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʩʦʮʠʘʣʴʥʘʷ ʩʬʝʨʘ ʚʳʛʣʷ-

ʜʠʪ ʤʝʥʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʡ ʜʣʷ ʠʥʚʝʩʪʦ-

ʨʦʚ ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʧʨʦʝʢʪʳ ʦʪʣʠʯʘʶʪʩʷ 

ʧʦʚʳʰʝʥʥʦʡ ʩʪʝʧʝʥʴʶ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʨʦʢʦʚ ʦʢʫʧʘʝʤʦʩʪʠ ʠ ʧʨʦ-

ʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʛʦ ʩʧʨʦʩʘ ʥʘ 

ʦʙʲʝʢʪ ʩʦʮʠʘʣʴʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ [4]. 

ʊʘʢʞʝ ʟʘʯʘʩʪʫʶ ʚʦʟʥʠʢʘʶʪ ʩʣʦʞʥʦʩʪʠ 

ʧʨʠ ʩʦʛʣʘʩʦʚʘʥʠʠ ʫʩʣʦʚʠʡ ʧʨʦʝʢʪʦʚ ʛʦʩʫ-

ʜʘʨʩʪʚʝʥʥʦ-ʯʘʩʪʥʦʛʦ ʧʘʨʪʥʝʨʩʪʚʘ ʚ ʩʦʮʠ-

ʘʣʴʥʦʡ ʩʬʝʨʝ, ʧʦʩʢʦʣʴʢʫ ʧʫʙʣʠʯʥʦʤʫ ʠ 

ʯʘʩʪʥʦʤʫ ʧʘʨʪʥʝʨʫ ʥʝ ʫʜʘʝʪʩʷ ʧʨʠʡʪʠ ʢ 

ʢʦʤʧʨʦʤʠʩʩʫ. ʊʘʢ, ʥʝ ʚʩʝ ʠʥʚʝʩʪʦʨʳ ʛʦʪʦ-

ʚʳ ʚ ʜʘʣʴʥʝʡʰʝʤ ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴ ʧʦʩʪʨʦ-

ʝʥʥʳʡ ʦʙʲʝʢʪ ʩʦʮʠʘʣʴʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 

ʧʦʩʢʦʣʴʢʫ ʵʪʦ ʪʨʝʙʫʝʪ ʦʪ ʠʥʚʝʩʪʦʨʘ ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʳʭ ʚʣʦʞʝʥʠʡ, ʘ ʪʘʢʞʝ ʟʥʘʥʠʡ ʠ 

ʥʘʚʳʢʦʚ ʫʧʨʘʚʣʝʥʠʷ ʦʙʲʝʢʪʦʤ. ʇʦʤʠʤʦ 

ʵʪʦʛʦ ʝʩʪʴ ʠʥʚʝʩʪʦʨʳ, ʢʦʪʦʨʳʝ ʭʦʪʷʪ ʠʥʚʝ-

ʩʪʠʨʦʚʘʪʴ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʦʙʲʝʢʪʘ ʩʦʮʠ-

ʘʣʴʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʥʦ ʧʨʠ ʵʪʦʤ 

ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʦʙʲʝʢʪʘ ʟʘʜʝʡʩʪʚʦʚʘʪʴ ʜʣʷ 

ʘʨʝʥʜʳ ʢʦʤʤʝʨʯʝʩʢʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ. ɼʘʥ-

ʥʘʷ ʩʠʪʫʘʮʠʷ ʥʝ ʫʩʪʨʘʠʚʘʝʪ ʦʨʛʘʥʳ ʚʣʘʩʪʠ, 

ʧʦʩʢʦʣʴʢʫ, ʝʩʣʠ ʩʪʨʦʠʪʩʷ ʦʙʲʝʢʪ ʩʦʮʠʘʣʴ-

ʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʪʦ ʙʦʣʴʰʘʷ ʝʛʦ ʯʘʩʪʴ 
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ʜʦʣʞʥʘ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʦʢʘʟʘʥʠʝ ʩʦ-

ʮʠʘʣʴʥʳʭ ʫʩʣʫʛ ʥʘʩʝʣʝʥʠʶ. ʂʦʥʝʯʥʦ, ʥʘ 

ʪʘʢʦʤ ʦʙʲʝʢʪʝ ʤʦʛʫʪ ʧʨʝʜʦʩʪʘʚʣʷʪʴʩʷ ʠ 

ʠʥʳʝ ʫʩʣʫʛʠ, ʥʘ ʫʩʤʦʪʨʝʥʠʝ ʯʘʩʪʥʦʛʦ ʠʥ-

ʚʝʩʪʦʨʘ, ʥʦ ʦʥʠ ʥʝ ʜʦʣʞʥʳ ʧʨʝʚʘʣʠʨʦʚʘʪʴ 

ʥʘʜ ʩʦʮʠʘʣʴʥʳʤʠ. 

ɸʥʘʣʠʟ ʨʝʘʣʠʟʫʝʤʳʭ ʧʨʦʝʢʪʦʚ ʩʚʠʜʝ-

ʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʚ ʤʫʥʠʮʠʧʘʣʴʥʳʭ 

ʨʘʡʦʥʘʭ ʅʦʚʦʩʠʙʠʨʩʢʦʡ ʦʙʣʘʩʪʠ ʥʝʜʦʩʪʘ-

ʪʦʯʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʭʘʥʠʟʤʳ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʦ-ʯʘʩʪʥʦʛʦ ʠ ʤʫʥʠʮʠʧʘʣʴʥʦ-

ʯʘʩʪʥʦʛʦ ʧʘʨʪʥʝʨʩʪʚʘ. ʅʘʧʨʠʤʝʨ, ʠʟ 30 

ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʨʘʡʦʥʦʚ ʅʦʚʦʩʠʙʠʨʩʢʦʡ 

ʦʙʣʘʩʪʠ ʪʦʣʴʢʦ ʚ ʪʨʝʭ ʨʝʘʣʠʟʫʶʪʩʷ ʧʨʦʝʢ-

ʪʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦ-ʯʘʩʪʥʦʛʦ ʠ ʤʫʥʠʮʠ-

ʧʘʣʴʥʦ-ʯʘʩʪʥʦʛʦ ʧʘʨʪʥʝʨʩʪʚʘ ʚ ʩʦʮʠʘʣʴʥʦʡ 

ʩʬʝʨʝ. ʆʜʥʠʤ ʠʟ ʬʘʢʪʦʨʦʚ ʩʣʦʞʠʚʰʝʡʩʷ 

ʩʠʪʫʘʮʠʠ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ  ʤʫʥʠʮʠʧʘʣʴʥʳʝ 

ʨʘʡʦʥʳ ʟʘʯʘʩʪʫʶ ʥʝʧʨʠʚʣʝʢʘʪʝʣʴʥʳ ʜʣʷ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʠʥʚʝʩʪʦʨʦʚ, ʧʦʩʢʦʣʴʢʫ 

ʩʨʦʢ ʦʢʫʧʘʝʤʦʩʪʠ ʧʨʦʝʢʪʘ ʤʦʞʝʪ ʙʳʪʴ 

ʩʣʠʰʢʦʤ ʙʦʣʴʰʠʤ. ʅʘʧʨʠʤʝʨ, ʚ ʦʪʜʘʣʝʥ-

ʥʳʭ ʨʘʡʦʥʘʭ ʤʦʞʝʪ ʙʳʪʴ ʧʦʪʨʝʙʥʦʩʪʴ ʚ 

ʥʦʚʳʭ ʩʧʦʨʪʠʚʥʳʭ ʮʝʥʪʨʘʭ ʩ ʙʘʩʩʝʡʥʦʤ, 

ʬʠʟʢʫʣʴʪʫʨʥʦ-ʦʟʜʦʨʦʚʠʪʝʣʴʥʳʭ ʢʦʤʧʣʝʢ-

ʩʘʭ ʠ ʪ.ʜ. ʆʜʥʘʢʦ ʤʫʥʠʮʠʧʘʣʠʪʝʪʳ ʥʝ ʤʦ-

ʛʫʪ ʦʙʝʩʧʝʯʠʪʴ ʠʥʚʝʩʪʦʨʫ ʛʘʨʘʥʪʠʶ ʪʦʛʦ, 

ʯʪʦ ʧʦʩʪʨʦʝʥʥʳʡ ʦʙʲʝʢʪ ʙʫʜʝʪ ʧʦʣʴʟʦʚʘʪʴ-

ʩʷ ʩʧʨʦʩʦʤ ʩʨʝʜʠ ʥʘʩʝʣʝʥʠʷ ʠ ʧʨʠʥʦʩʠʪʴ 

ʧʨʠʙʳʣʴ. ʊʘʢʞʝ ʚʦ ʤʥʦʛʦʤ ʜʘʥʥʘʷ ʩʠʪʫʘ-

ʮʠʷ ʦʙʲʷʩʥʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ ʫ ʤʫʥʠʮʠʧʘ-

ʣʠʪʝʪʦʚ ʥʝʦʙʭʦʜʠʤʳʭ ʨʝʩʫʨʩʦʚ ʜʣʷ ʨʘʟʨʘ-

ʙʦʪʢʠ ʧʨʦʝʢʪʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʪʩʫʪʩʪʚʠʝ 

ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʜʨʦʚ, ʦʙʣʘʜʘʶʱʠʭ 

ʟʥʘʥʠʷʤʠ ʚ ʦʙʣʘʩʪʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦ-

ʯʘʩʪʥʦʛʦ ʠ ʤʫʥʠʮʠʧʘʣʴʥʦ-ʯʘʩʪʥʦʛʦ ʧʘʨʪ-

ʥʝʨʩʪʚʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʚ ʤʫʥʠʮʠʧʘʣʠ-

ʪʝʪʘʭ ʦʪʤʝʯʘʝʪʩʷ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʨʘʟʨʘʙʘ-

ʪʳʚʘʝʤʳʭ ʜʦʢʫʤʝʥʪʦʚ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ 

ʧʨʦʝʢʪʦʚ, ʦʪʩʫʪʩʪʚʠʝ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥ-

ʥʦʡ ʠ ʜʦʩʪʦʚʝʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʧʦ-

ʪʝʥʮʠʘʣʴʥʳʭ ʠʥʚʝʩʪʦʨʦʚ ʦ ʧʨʦʝʢʪʘʭ, ʢʦʪʦ-

ʨʳʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʦʛʫʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘ-

ʥʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʤʫʥʠʮʠʧʘʣʴʥʦʛʦ ʦʙʨʘ-

ʟʦʚʘʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʦʩʥʦʚʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦ-

ʯʘʩʪʥʦʛʦ ʧʘʨʪʥʝʨʩʪʚʘ ʚ ʩʦʮʠʘʣʴʥʦʡ ʩʬʝʨʝ 

ʅʦʚʦʩʠʙʠʨʩʢʦʡ ʦʙʣʘʩʪʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʫ-

ʱʝʩʪʚʫʝʪ ʨʷʜ ʧʨʦʙʣʝʤ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʳʭ 

ʪʨʝʙʫʝʪ ʢʦʥʩʦʣʠʜʘʮʠʠ ʫʩʠʣʠʡ ʨʝʛʠʦʥʘʣʴ-

ʥʳʭ ʦʨʛʘʥʦʚ ʚʣʘʩʪʠ ʠ ʦʨʛʘʥʦʚ ʤʝʩʪʥʦʛʦ 

ʩʘʤʦʫʧʨʘʚʣʝʥʠʷ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʠʟʫʯʝʥʳ ʚʦʧʨʦʩʳ ʫʧʨʘʚʣʝʥʠʷ ʯʝʣʦʚʝʯʝʩʢʠʤʠ ʨʝʩʫʨʩʘʤʠ. ʅʘ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʴ ʪʨʫʜʦʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʝʨʩʦʥʘʣʘ ʦʢʘʟʳʚʘʶʪ ʚʦʟʜʝʡʩʪʚʠʝ ʢʘʢ ʥʦʨʤʠʨʫʝ-

ʤʳʝ, ʪʘʢ ʠ ʥʝʥʦʨʤʠʨʫʝʤʳʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʬʘʢʪʦʨʳ. ʏʝʣʦʚʝʯʝʩʢʠʡ ʨʝʩʫʨʩ ʷʚʣʷʝʪʩʷ 

ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʜʣʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʙʠʟʥʝʩʘ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʪʝʥʜʝʥʮʠʠ ʨʘʟ-

ʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʵʨʛʦʥʦʤʠʢʠ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʯʝʪʘ ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ 

ʢʘʢ ʦʩʥʦʚʳ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʝʟʦʧʘʩʥʦʩʪʴ ʪʨʫʜʘ, ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʝ ʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʨʝʩʫʨʩʳ 

ʧʝʨʩʦʥʘʣʘ, ʵʨʛʦʥʦʤʠʢʘ ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ. 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʟʫʯʝʥʠʷ ʬʘʢʪʦʨʦʚ ʧʨʦ-

ʠʟʚʦʜʩʪʚʝʥʥʦʡ ʩʨʝʜʳ ʦʙʫʩʣʦʚʣʝʥʘ ʥʝʦʙʭʦ-

ʜʠʤʦʩʪʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʩʦ-

ʭʨʘʥʝʥʠʷ ʟʜʦʨʦʚʴʷ ʨʘʙʦʪʥʠʢʦʚ ʚ ʧʨʦʮʝʩʩʝ 

ʠʭ ʪʨʫʜʦʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʨʘʩʢʨʳʪʠʷ 

ʩʢʨʳʪʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʯʝʤ ʟʘ-

ʥʠʤʘʝʪʩʷ ʵʨʛʦʥʦʤʠʢʘ. ʋʯʸʪ ʧʩʠʭʦʬʠʟʠʦʣʦ-

ʛʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʯʝʣʦʚʝʢʘ ï ʘʢʪʫʘʣʴʥʳʡ ʚʦʧʨʦʩ ʫʧʨʘʚʣʝʥʠʷ 

ʯʝʣʦʚʝʯʝʩʢʠʤʠ ʨʝʩʫʨʩʘʤʠ [1], ʢʦʪʦʨʳʡ 

ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʫʨʦʚʝʥʴ ʩʪʨʝʩʩʘ, ʫʩʪʘ-

ʣʦʩʪʠ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. 

ɿʘʜʘʯʝʡ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝ-

ʥʠʝ ʧʦʜʭʦʜʦʚ ʢ ʧʦʚʳʰʝʥʠʶ ʧʨʦʠʟʚʦʜʠ-

ʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ ʧʝʨʩʦʥʘʣʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʵʨʛʦʥʦʤʠʢʠ, ʚʣʠʷʥʠʷ ʩʘʥʠʪʘʨʥʦ-

ʛʠʛʠʝʥʠʯʝʩʢʠʭ, ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ, 

ʵʩʪʝʪʠʯʝʩʢʠʭ ʠ ʩʦʮʠʘʣʴʥʦ-

ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʧʨʦʠʟʚʦʜ-

ʩʪʚʝʥʥʦʡ ʩʨʝʜʳ. ʇʝʨʚʳʝ ʜʚʘ ʬʘʢʪʦʨʘ ʤʦ-

ʛʫʪ ʙʳʪʴ ʠʟʤʝʨʝʥʳ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʠ ʧʦʜ-

ʜʘʶʪʩʷ ʥʦʨʤʠʨʦʚʘʥʠʶ, ʥʘʧʨʠʤʝʨ, ʚʣʘʞ-

ʥʦʩʪʴ, ʦʩʚʝʱʸʥʥʦʩʪʴ, ʨʝʞʠʤ ʨʘʙʦʪʳ ʠ ʪ.ʧ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʨʝʛʫʣʠʨʦʚʘʪʴ ʨʘʙʦʪʦʩʧʦ-

ʩʦʙʥʦʩʪʴ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʫʜʘ 

ʤʦʞʥʦ, ʦʧʠʨʘʷʩʴ ʥʘ ʥʠʭ. 

ʈʘʟʚʠʪʠʝ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʱʝʩʪʚʘ ʠ ʚʳ-

ʩʦʢʘʷ ʢʦʥʢʫʨʝʥʮʠʷ ʚ ʙʠʟʥʝʩʝ ʧʨʠʚʝʣʠ ʢ 

ʪʦʤʫ, ʯʪʦ ʨʘʙʦʪʦʜʘʪʝʣʠ ʚ ʢʦʥʮʝ ʧʨʦʰʣʦʛʦ 

ʚʝʢʘ ʟʘʥʷʣʠʩʴ ʚʦʧʨʦʩʘʤʠ ʩʦʟʜʘʥʠʷ ʢʦʤ-

ʬʦʨʪʥʳʭ ʫʩʣʦʚʠʡ ʪʨʫʜʘ, ʘ ʥʘʫʯʥʳʝ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʫʯʸʪ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʧʩʠʭʠʯʝʩʢʠʭ ʦʩʦʙʝʥ-

ʥʦʩʪʝʡ ʯʝʣʦʚʝʢʘ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʧʦʚʳ-

ʰʘʝʪʩʷ ʢʘʯʝʩʪʚʦ ʠ ʢʦʣʠʯʝʩʪʚʦ ʢʦʥʝʯʥʦʛʦ 

ʧʨʦʜʫʢʪʘ ʧʨʦʠʟʚʦʜʩʪʚʘ [2]. ʇʨʠ ʵʪʦʤ ʛʨʘ-

ʤʦʪʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʪʨʫʜʘ ʩʥʠʞʘʝʪ ʧʨʦʠʟ-

ʚʦʜʩʪʚʝʥʥʳʡ ʪʨʘʚʤʘʪʠʟʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʫʤʝʥʴʰʘʶʪʩʷ ʠʟʜʝʨʞʢʠ, ʪʝʢʫʯʝʩʪʴ ʢʘʜʨʦʚ. 

ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʵʢʦʥʦʤʠʠ ʚʨʝʤʝʥʠ ʠ 

ʩʨʝʜʩʪʚ ʥʘ ʘʜʘʧʪʘʮʠʶ ʠ ʦʙʫʯʝʥʠʝ ʥʦʚʳʭ 

ʩʦʪʨʫʜʥʠʢʦʚ. 

ʆʮʝʥʢʘ ʠ ʢʦʥʪʨʦʣʴ ʫʩʣʦʚʠʡ ʪʨʫʜʘ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʦʨʤʠʨʦʚʘʥʠʝ ʚʨʝʜʥʳʭ 

ʬʘʢʪʦʨʦʚ ʠ ʨʘʟʨʘʙʦʪʢʫ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ 

ʧʨʦʬʠʣʘʢʪʠʢʝ ʠ ʤʠʥʠʤʠʟʘʮʠʠ ʚʦʟʜʝʡʩʪʚʠʷ 

ʚʨʝʜʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʬʘʢʪʦʨʦʚ [3]. 

ʕʨʛʦʥʦʤʠʢʘ ʚʘʞʥʘ ʜʣʷ ʨʘʙʦʯʠʭ ʤʝʩʪ ʨʘʟ-

ʣʠʯʥʳʭ ʦʪʨʘʩʣʝʡ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ: 

ʩʬʝʨʘ ʫʩʣʫʛ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʷʤʦʡ ʢʦʥ-

ʪʘʢʪ ʩ ʧʦʪʨʝʙʠʪʝʣʝʤ [4], ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, 

ʬʠʥʘʥʩʦʚʘʷ ʩʬʝʨʘ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʢʦʥʪʘʢʪ 

ʯʝʣʦʚʝʢʘ ʩ ʤʘʰʠʥʦʡ, ʧʨʝʦʙʨʘʟʫʶʱʝʡ 

ʵʥʝʨʛʠʶ, ʤʘʪʝʨʠʶ ʠʣʠ ʠʥʬʦʨʤʘʮʠʶ [1]. 

ʕʨʛʦʥʦʤʠʢʘ ʠʩʩʣʝʜʫʝʪ ʩʠʩʪʝʤʫ çʯʝʣʦ-

ʚʝʢ-ʤʘʰʠʥʘ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʩʨʝʜʘè. ʊʘ-

ʢʘʷ ʩʠʩʪʝʤʘ ʭʘʨʘʢʪʝʨʥʘ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʧʨʦ-

ʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʥʦ ʠ ʜʣʷ ʩʦʮʠ-

ʘʣʴʥʦʡ ʩʬʝʨʳ ʠ ʩʬʝʨʳ ʫʩʣʫʛ, ʛʜʝ çʤʘʰʠ-

ʥʘè ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʤʝʥʴʰʝʤ ʦʙʲʸʤʝ ʠ ʤʦ-

ʞʝʪ ʦʛʨʘʥʠʯʠʚʘʪʴʩʷ ʧʝʨʩʦʥʘʣʴʥʳʤ ʢʦʤ-

ʧʴʶʪʝʨʦʤ. ʅʘʠʙʦʣʴʰʠʝ ʧʨʦʙʣʝʤʳ ʧʨʝʜ-

ʩʪʘʚʣʷʶʪ ʤʦʨʘʣʴʥʦ ʫʩʪʘʨʝʚʰʠʝ ʤʘʰʠʥʳ, 

ʢʦʪʦʨʳʝ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʦʚʨʝʤʝʥʥʳʤ 

ʪʝʭʥʦʣʦʛʠʷʤ ʠ ʩʢʦʨʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʠʥ-

ʬʦʨʤʘʮʠʠ. ʆʥʠ ʟʘʤʝʜʣʷʶʪ ʧʨʦʮʝʩʩ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ, ʪʝʤ ʩʘʤʳʤ ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʶʪ ʥʘ 
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ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ. ʂʘʢ 

ʧʨʘʚʠʣʦ, ʥʘ ʢʦʥʢʫʨʝʥʪʥʦʩʧʦʩʦʙʥʦʤ ʧʨʝʜ-

ʧʨʠʷʪʠʠ ʧʨʦʠʩʭʦʜʠʪ ʠʭ ʩʚʦʝʚʨʝʤʝʥʥʦʝ ʦʙ-

ʥʦʚʣʝʥʠʝ ʠʣʠ ʤʦʜʠʬʠʢʘʮʠʷ ʠ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʝʝ ʦʙʫʯʝʥʠʝ ʧʝʨʩʦʥʘʣʘ. ʅʘʠʙʦʣʝʝ 

ʠʟʫʯʝʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʩʨʝʜʘ, ʢʦʪʦʨʘʷ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠ ʩʦʧʫʪ-

ʩʪʚʫʶʱʠʝ ʧʨʦʮʝʩʩʫ ʧʨʠʤʝʥʝʥʠʷ ʤʘʰʠʥ 

ʧʘʨʘʤʝʪʨʳ. ɺʩʝ ʦʥʠ ʨʝʛʫʣʠʨʫʶʪʩʷ, ʩʪʘʥ-

ʜʘʨʪʠʟʠʨʫʶʪʩʷ ʠ ʧʨʦʚʝʨʷʶʪʩʷ ʚ ʭʦʜʝ ʨʝʛʫ-

ʣʷʨʥʦʡ ʘʪʪʝʩʪʘʮʠʠ ʨʘʙʦʯʠʭ ʤʝʩʪ. 

ʈʘʟʚʠʪʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʧʨʠʚʝʣʦ ʢ 

ʩʦʟʜʘʥʠʶ ʪʝʭʥʦʛʝʥʥʦʡ ʩʨʝʜʳ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʷ ʯʝʣʦʚʝʢʘ ʠ ʩʦʚʨʝʤʝʥʥʦʡ ʠʥʬʨʘ-

ʩʪʨʫʢʪʫʨʳ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ ʦʧʪʠʤʠʟʠʨʫʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʚ ʩʠʩʪʝʤʘʭ ʯʝʣʦʚʝʢ-ʤʘʰʠʥʘ, ʫʚʝʣʠʯʠʚʘʝʪ 

ʩʢʦʨʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ, ʘʚ-

ʪʦʤʘʪʠʟʠʨʫʝʪ ʪʠʧʦʚʳʝ ʧʨʦʮʝʩʩʳ, ʯʪʦ ʩ ʦʜ-

ʥʦʡ ʩʪʦʨʦʥʳ ʦʙʣʝʛʯʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚ 

ʩʠʩʪʝʤʝ ʯʝʣʦʚʝʢ-ʤʘʰʠʥʘ, ʥʦ ʩʦʟʜʘʸʪ ʥʦʚʳʝ 

ʧʨʦʙʣʝʤʳ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠ 

ʢʦʤʬʦʨʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʝʣʦʚʝʢʘ ʩ 

ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʝʡʩʷ ʢʦʤʤʫʥʠʢʘʪʠʚʥʦʡ 

ʪʝʭʥʦʩʨʝʜʦʡ [5]. 

ʂ ʥʝʥʦʨʤʠʨʦʚʘʥʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʬʘʢ-

ʪʦʨʦʚ ʩʨʝʜʳ ʦʪʥʦʩʠʪʩʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ 

ʵʩʪʝʪʠʢʘ, ʢʦʪʦʨʘʷ ʫʯʠʪʳʚʘʝʪ ʧʩʠʭʠʯʝʩʢʠʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʚʦʩʧʨʠʷʪʠʷ ʦʢʨʫʞʘʶʱʝʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ. ʅʘʧʨʠʤʝʨ, ʚʦʩʧʨʠʷʪʠʝ, ʧʦ-

ʚʝʜʝʥʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʠ ʘʩʩʦʮʠʘʮʠʠ ʩ ʢʘ-

ʢʠʤ-ʣʠʙʦ ʮʚʝʪʦʤ ʩʚʷʟʘʥʳ ʩ ʝʩʪʝʩʪʚʝʥʥʳʤʠ 

ʮʚʝʪʘʤʠ ʦʢʨʫʞʘʶʱʝʡ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ, 

ʮʚʝʪʘ ʢʦʪʦʨʦʡ ʚ ʭʦʜʝ ʵʚʦʣʶʮʠʠ ʟʘʢʨʝʧʠ-

ʣʠʩʴ ʚ ʦʧʨʝʜʝʣʸʥʥʳʭ ʘʨʭʝʪʠʧʘʭ. ʕʪʦ ʥʝ 

ʠʩʢʣʶʯʘʝʪ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʚʦʩʧʨʠʷʪʠʷ, ʩʚʷʟʘʥʥʳʭ ʩ ʣʠʯʥʳʤ ʦʧʳʪʦʤ 

ʯʝʣʦʚʝʢʘ, ʥʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʚʦʟ-

ʜʝʡʩʪʚʠʝ ʚʥʝʰʥʝʡ ʵʩʪʝʪʠʢʠ ʥʘ ʣʶʜʝʡ 

ʧʨʝʜʩʢʘʟʫʝʤʦ. 

ʋʯʸʪ ʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʩʪʘʪʠʯʝʩʢʠʭ ʘʥ-

ʪʨʦʧʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʯʝʣʦʚʝʢʘ 

ʧʦʟʚʦʣʷʝʪ ʤʘʢʩʠʤʘʣʴʥʦ ʨʘʮʠʦʥʘʣʴʥʦ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʨʘʙʦʯʠʝ ʤʝʩʪʘ ʠ ʟʦʥʳ ʦʪʜʳʭʘ 

ʩʦʪʨʫʜʥʠʢʦʚ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʧʨʠ ʤʦ-

ʥʦʪʦʥʥʦʤ ʪʨʫʜʝ (ʥʘʧʨʠʤʝʨ, ʢʦʥʚʝʡʝʨ) ʠʣʠ 

ʜʣʷ ʩʦʪʨʫʜʥʠʢʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʩʪʦʷ ʠʣʠ ʚ 

ʧʦʩʪʦʷʥʥʦʤ ʜʚʠʞʝʥʠʠ. ɽʩʣʠ ʜʣʷ ʧʝʨʚʳʭ 

ʚʘʞʥʘ ʦʨʛʘʥʠʟʘʮʠʷ ʟʦʥ ʦʪʜʳʭʘ, ʪʦ ʜʣʷ ʚʪʦ-

ʨʦʡ ʛʨʫʧʧʳ (ʨʘʙʦʪʥʠʢʠ ʨʝʩʝʧʰʥ, ʦʬʠʮʠ-

ʘʥʪʳ, ʧʦʚʘʨʘ) ʚʘʞʥʦ ʠʟʙʝʛʘʪʴ ʥʝʥʫʞʥʳʭ 

ʧʝʨʝʤʝʱʝʥʠʡ, ʢʦʪʦʨʳʝ ʫʚʝʣʠʯʠʚʘʶʪ 

ʥʘʛʨʫʟʢʫ ʠ ʚʝʨʦʷʪʥʦʩʪʴ ʪʨʘʚʤʘʪʠʟʤʘ. ɼʣʷ 

ʥʠʭ ʜʦʣʞʥʘ ʙʳʪʴ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʦʪʜʳʭʘ ʠʣʠ ʚʳʧʦʣʥʝʥʠʷ ʯʘʩʪʠ ʦʙʷ-

ʟʘʥʥʦʩʪʝʡ ʩʠʜʷ. ʂ ʩʦʞʘʣʝʥʠʶ, ʧʦʣʠʪʠʢʘ 

ʦʪʜʝʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʩʪʘʥʜʘʨʪʳ ʦʙʩʣʫ-

ʞʠʚʘʥʠʷ ʥʝ ʫʯʠʪʳʚʘʶʪ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ 

ʧʦʪʨʝʙʥʦʩʪʝʡ ʦʨʛʘʥʠʟʤʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʚʳʰʝʥʥʦʡ ʫʩʪʘʣʦʩʪʠ, ʩʥʠʞʝʥʠʶ ʢʦʥ-

ʮʝʥʪʨʘʮʠʠ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʪʝʢʫʯʝʩʪʠ 

ʢʘʜʨʦʚ. 

ʌʘʢʪʦʨʳ, ʢʦʪʦʨʳʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʫʯʠ-

ʪʳʚʘʶʪʩʷ ʨʘʙʦʪʦʜʘʪʝʣʝʤ, ï ʧʩʠʭʦʣʦʛʠʯʝ-

ʩʢʘʷ ʠ ʩʦʮʠʘʣʴʥʘʷ ʩʦʚʤʝʩʪʠʤʦʩʪʴ. ɽʩʣʠ 

ʠʟʫʯʝʥʠʝ ʧʝʨʚʠʯʥʳʭ ʢʦʣʣʝʢʪʠʚʦʚ ʥʝ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪ ʩʣʦʞʥʦʩʪʝʡ, ʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚ 

ʨʘʤʢʘʭ ʮʝʣʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʷʚʣʷʝʪʩʷ ʤʝʪʦ-

ʜʦʣʦʛʠʯʝʩʢʠ ʩʣʦʞʥʳʤ ʠ ʨʝʩʫʨʩʥʦʟʘʪʨʘʪ-

ʥʳʤ ʧʨʦʮʝʩʩʦʤ [6], ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʝʮʝ-

ʣʝʩʦʦʙʨʘʟʥʳʤ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʢʦʨʨʝʢ-

ʪʠʨʦʚʢʠ ʨʫʢʦʚʦʜʩʪʚʦʤ. ʆʜʥʘʢʦ ʩʣʦʞʠʚʰʠ-

ʝʩʷ ʟʘ ʜʦʣʛʠʝ ʛʦʜʳ ʩʦʮʠʘʣʴʥʳʝ ʛʨʫʧʧʳ ʤʦ-

ʛʫʪ ʚʣʠʷʪʴ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʧʨʦʮʝʩʩ 

ʢʘʢ ʧʦʣʦʞʠʪʝʣʴʥʦ, ʪʘʢ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦ. ʀ 

ʝʩʣʠ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʥʝ 

ʪʨʝʙʫʝʪʩʷ, ʪʦ ʚʦ ʚʪʦʨʦʤ ʥʝʦʙʭʦʜʠʤʦ ʚʤʝ-

ʰʘʪʝʣʴʩʪʚʦ, ʚʧʣʦʪʴ ʜʦ ʨʘʟʜʝʣʝʥʠʷ ʢʦʣʣʝʢ-

ʪʠʚʘ. ʇʨʠ ʵʪʦʤ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʝʨʝʬʦʨʤʠ-

ʨʦʚʘʥʠʝ ʪʨʫʜʦʚʦʛʦ ʢʦʣʣʝʢʪʠʚʘ ʧʨʦʠʩʭʦ-

ʜʠʪʴ ʣʠʰʴ ʩ ʫʯʸʪʦʤ ʧʦʪʨʝʙʥʦʩʪʝʡ ʧʨʝʜ-

ʧʨʠʷʪʠʷ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʮʝʩʩʘʤ ʫʩʪʘ-

ʥʦʚʣʝʥʠʷ ʥʦʚʳʭ ʩʦʮʠʘʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʡ ʩ ʥʝʦʧʨʝʜʝʣʸʥʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ, 

ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʚʨʝʤʝʥʥʦʤʫ, ʘ ʧʦʨʦʡ ʠ ʧʦ-

ʩʪʦʷʥʥʦʤʫ ʧʘʜʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ 

ʢʘʯʝʩʪʚʘ ʪʨʫʜʘ, ʪʝʢʫʯʝʩʪʠ ʢʘʜʨʦʚ. ʇʨʠ 

ʵʪʦʤ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʡ ʨʝʩʫʨʩ, ʩʦʛʣʘʩʥʦ 

ʈʦʤʘʥʦʚʫ ɸ.ʀ. [7], ʷʚʣʷʝʪʩʷ ʜʦʤʠʥʠʨʫʶ-

ʱʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʩʠ-

ʩʪʝʤʝ, ʦʢʘʟʳʚʘʶʱʠʤ ʩʠʣʴʥʳʡ ʧʦʣʦʞʠ-

ʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʥʘ ʢʘʯʝʩʪʚʦ ʣʶʙʦʛʦ ʪʨʫ-

ʜʦʚʦʛʦ ʧʨʦʮʝʩʩʘ, ʠʤʝʥʥʦ ʟʘʠʥʪʝʨʝʩʦʚʘʥ-

ʥʦʩʪʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʘʸʪ ʩʦʪʨʫʜʥʠʢʘʤ ʫʜʦ-

ʚʣʝʪʚʦʨʝʥʠʝ ʦʪ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ 

ʮʝʣʝʡ, ʧʦʟʚʦʣʷʝʪ ʩʘʤʦʨʝʘʣʠʟʦʚʘʪʴʩʷ ʚ 

ʧʨʦʬʝʩʩʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʩʨʝʜʠ ʬʘʢʪʦʨʦʚ ʪʨʫʜʘ, 

ʦʢʘʟʳʚʘʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʝʛʦ ʧʨʦʠʟʚʦ-

ʜʠʪʝʣʴʥʦʩʪʴ, ʚʳʜʝʣʷʶʪʩʷ ʥʦʨʤʠʨʦʚʘʥʥʳʝ, 

ʧʦʜʜʘʶʱʠʝʩʷ ʧʦʣʥʦʩʪʴʶ ʠʣʠ ʯʘʩʪʠʯʥʦ 

ʠʟʤʝʨʝʥʠʶ, ʠ ʥʝʥʦʨʤʠʨʦʚʘʥʥʳʝ. ʕʩʪʝʪʠ-

ʯʝʩʢʦʝ ʚʦʩʧʨʠʷʪʠʝ ʦʢʨʫʞʘʶʱʝʡ ʦʙʩʪʘʥʦʚ-
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ʢʠ ʭʦʪʴ ʠ ʷʚʣʷʝʪʩʷ ʩʫʙʲʝʢʪʠʚʥʳʤ ʧʨʦʮʝʩ-

ʩʦʤ, ʥʦ ʚ ʮʝʣʦʤ ʧʦʜʜʘʸʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʦ-

ʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʦʙʱʝʧʨʠʥʷʪʳʭ ʥʦʨʤ. 

ɹʦʣʴʰʝ ʚʩʝʛʦ ʪʨʫʜʥʦʩʪʝʡ ʚʦʟʥʠʢʘʝʪ ʧʨʠ 

ʫʯʸʪʝ ʩʦʮʠʘʣʴʥʦ-ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦ-

ʨʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʢʦʣʣʝʢʪʠʚʝ. ʏʪʦʙʳ 

ʫʯʠʪʳʚʘʪʴ ʫʩʪʘʥʦʚʠʚʰʠʝʩʷ ʩʦʮʠʘʣʴʥʳʝ 

ʩʚʷʟʠ ʠʣʠ ʠʟʫʯʘʪʴ ʧʩʠʭʦʣʦʛʠʯʝʩʢʫʶ ʩʦʚ-

ʤʝʩʪʠʤʦʩʪʴ ʚ ʙʦʣʴʰʦʤ ʢʦʣʣʝʢʪʠʚʝ ʥʝʦʙ-

ʭʦʜʠʤʦ ʥʘʥʠʤʘʪʴ ʦʪʜʝʣʴʥʦʛʦ ʩʧʝʮʠʘʣʠʩʪʘ 

ʠ ʩʣʝʜʦʚʘʪʴ ʝʛʦ ʨʝʢʦʤʝʥʜʘʮʠʷʤ. ʇʨʠ ʵʪʦʤ 

ʙʦʣʴʰʠʥʩʪʚʦ ʩʦʪʨʫʜʥʠʢʦʚ ʥʝ ʛʦʪʦʚʳ ʪʨʘ-

ʪʠʪʴ ʩʚʦʸ ʨʘʙʦʯʝʝ ʠʣʠ ʩʚʦʙʦʜʥʦʝ ʚʨʝʤʷ ʥʘ 

ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʝ ʠʣʠ ʩʦʮʠʘʣʴʥʳʝ ʦʧʨʦʩʳ 

ʠ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʥʝʛʘʪʠʚʥʦ ʦʪʥʦʩʷʪʩʷ ʢ 

ʩʘʤʦʤʫ ʧʨʦʮʝʩʩʫ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʯʪʦ ʚ 

ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʦʪʥʦʩʠʪʩʷ ʢ ʩʪʘʨʰʝʤʫ 

ʧʦʢʦʣʝʥʠʶ. ʄʝʪʦʜʠʢʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ 

ʘʥʘʣʠʟʘ ʤʦʛʫʪ ʙʳʪʴ ʥʝʵʬʬʝʢʪʠʚʥʳ ʠʟ-ʟʘ 

ʥʝʛʘʪʠʚʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʠʣʠ ʥʝʘʜʝʢʚʘʪʥʦʛʦ 

ʚʦʩʧʨʠʷʪʠʷ ʩʝʙʷ, ʦʢʨʫʞʘʶʱʠʭ ʠ ʩʠʪʫʘʮʠʠ 

ʚ ʮʝʣʦʤ. ʏʝʤ ʙʦʣʴʰʝ ʢʦʣʣʝʢʪʠʚ, ʪʝʤ ʩʣʦʞ-

ʥʝʝ ʧʨʦʚʦʜʠʪʴ ʘʥʘʣʠʟ, ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʚʟʘ-

ʠʤʦʩʚʷʟʠ. ʇʦʵʪʦʤʫ ʨʫʢʦʚʦʜʩʪʚʦ ʦʨʛʘʥʠʟʫ-

ʝʪ ʨʘʙʦʪʫ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʨʛʦʥʦʤʠʯʝ-

ʩʢʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ, ʦʩʪʘʚʣʷʷ ʩʦʮʠʘʣʴʥʦ-

ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʠʭ 

ʝʩʪʝʩʪʚʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʇʦʜʜʝʨʞʢʘ ʙʣʘ-

ʛʦʧʨʠʷʪʥʦʛʦ çʢʣʠʤʘʪʘè ʚʥʫʪʨʠ ʢʦʣʣʝʢʪʠʚʘ 

ʣʦʞʠʪʩʷ ʥʘ ʧʣʝʯʠ ʤʣʘʜʰʝʛʦ ʤʝʥʝʜʞʤʝʥʪʘ 

ʠ ʚ ʦʩʥʦʚʥʦʤ ʷʚʣʷʝʪʩʷ ʩʘʤʦʦʨʛʘʥʠʟʫʶ-

ʱʠʤʩʷ ʧʨʦʮʝʩʩʦʤ. ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʧʨʝʜ-

ʧʨʠʷʪʠʠ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ 

ʢʘʯʝʩʪʚʘ ʪʨʫʜʘ ʚʦʟʤʦʞʥʦ ʟʘ ʩʯʸʪ ʚʥʝʜʨʝ-

ʥʠʷ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʥʦ ʚ ʙʦʣʴʰʝʡ ʩʪʝ-

ʧʝʥʠ ʠʟ-ʟʘ ʫʣʫʯʰʝʥʠʷ ʵʨʛʦʥʦʤʠʯʝʩʢʠʭ ʠ 

ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ. 

ɺ ʟʘʢʣʶʯʝʥʠʠ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʨʘʩʢʨʳʪʠʝ ʯʝʣʦʚʝʯʝʩʢʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʚ ʭʦʜʝ ʪʨʫʜʦʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ï ʦʩʥʦʚʥʘʷ ʟʘʜʘʯʘ, ʩʪʦʷʱʘʷ ʥʝ ʪʦʣʴʢʦ ʧʝ-

ʨʝʜ ʙʠʟʥʝʩʦʤ, ʥʦ ʠ ʛʦʩʫʜʘʨʩʪʚʦʤ ʚ ʮʝ-

ʣʦʤ [8]. ʆʮʝʥʢʘ ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʥʜʠʚʠʜʫʫʤʘ ʠ ʩʦʮʠʘʣʴʥʦ-

ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʢʦʣ-

ʣʝʢʪʠʚʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʧʨʝʜʝʣʸʥʥʳʝ ʪʨʫʜ-

ʥʦʩʪʠ, ʷʚʣʷʷʩʴ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʊʀʇʆʃʆɻʀʀ ʉɽʃʔʉʂʀʍ ʇʆʉɽʃɽʅʀʁ ʇʆ ʃʖɼʅʆʉʊʀ ɺ 

ɺʆʃɻʆɻʈɸɼʉʂʆʁ ʆɹʃɸʉʊʀ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ɻʀʉ-ʊɽʍʅʆʃʆɻʀʁ 

 

ɸ.ɸ. ʍʦʚʘʥʩʢʘʷ, ʩʪʫʜʝʥʪ 

ɺʦʣʛʦʛʨʘʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

(ʈʦʩʩʠʠ, ʛ. ɺʦʣʛʦʛʨʘʜ) 
 

DOI:10.24412/2500-1000-2024-5-4-177-179 
 

ɸʥʥʦʪʘʮʠʷ. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʧʨʦʚʝʜʝʥ ʩʙʦʨ ʠ ʦʙʨʘʙʦʪʢʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʢʘʨʪʦʩʭʝʤʳ. ɹʣʘʛʦʜʘʨʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʜʘʥʥʳʤ, ʢʦʪʦʨʳʤʠ ʧʦʩʣʫʞʠʣʘ 

ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʧʝʨʝʧʠʩʴ ʥʘʩʝʣʝʥʠʷ ɺʦʣʛʦʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ, ʙʳʣʘ ʩʦʩʪʘʚʣʝʥʘ ʙʘʟʘ ʜʘʥʥʳʭ, 

ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʧʦʢʘʟʘʪʝʣʴ ʯʠʩʣʝʥʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ ʧʦ ʢʘʞʜʦʤʫ ʩʝʣʴʩʢʦʤʫ ʧʦʩʝʣʝʥʠʶ, ʪʘ-

ʢʠʤ ʦʙʨʘʟʦʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʠʩʣʝʥʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ ʚʩʝʤ ʩʝʣʴʩʢʠʤ ʧʦʩʝʣʝʥʠʷʤ ʧʨʠʩʚʦ-

ʝʥ ʪʠʧ ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʩʦʩʪʘʚʣʝʥʘ ʢʘʨʪʦʩʭʝʤʘ ʪʠʧʦʣʦʛʠʠ ʩʝʣʴʩʢʠʭ 

ʧʦʩʝʣʝʥʠʡ ʧʦ ʣʶʜʥʦʩʪʠ ɺʦʣʛʦʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʤʝʪʦʜʦʤ ʢʘʨʪʦʜʠʘʛʨʘʤʤ. ʇʨʦʚʝʜʝʥ ʘʥʘ-

ʣʠʟ ʩʦʩʪʘʚʘ ʢʘʞʜʦʛʦ ʨʘʡʦʥʘ ʧʦ ʜʘʥʥʦʡ ʪʠʧʦʣʦʛʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʝʣʴʩʢʠʝ ʧʦʩʝʣʝʥʠʷ, ʪʠʧʦʣʦʛʠʷ ʩʝʣʴʩʢʠʭ ʧʦʩʝʣʝʥʠʡ ʧʦ ʣʶʜʥʦʩʪʠ, ɺʦʣ-

ʛʦʛʨʘʜʩʢʘʷ ʦʙʣʘʩʪʴ, ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, ʢʘʨʪʦʜʠʘʛʨʘʤʤʘ. 

 

ʉʝʪʴ ʧʦʩʝʣʝʥʠʡ ʩʦʩʪʦʠʪ ʠʟ ʥʘʩʝʣʝʥʥʳʭ 

ʧʫʥʢʪʦʚ, ʧʦʜʨʘʟʜʝʣʷʶʱʠʝʩʷ ʥʘ ʛʦʨʦʜʩʢʠʝ 

ʠ ʩʝʣʴʩʢʠʝ, ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʠʤʝʶʪ 

ʢʣʘʩʩʠʬʠʢʘʮʠʶ [1]. ʉʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʢʣʘʩʩʠʬʠʢʘʮʠʡ ʥʘʩʝʣʝʥʥʳʭ 

ʧʫʥʢʪʦʚ, ʠ ʦʥʠ ʟʘʚʠʩʷʪ ʦʪ ʚʳʙʨʘʥʥʦʛʦ ʢʨʠ-

ʪʝʨʠʷ ʠʣʠ ʧʨʠʟʥʘʢʘ, ʧʦ ʢʦʪʦʨʦʤʫ ʙʫʜʝʪ 

ʧʨʦʚʦʜʠʪʴʩʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ (ʧʦ ʯʠʩʣʝʥʥʦ-

ʩʪʠ, ʧʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʤʫ ʥʘʟʥʘʯʝʥʠʷ, ʧʦ 

ʛʝʦʛʨʘʬʠʯʝʩʢʦʤʫ ʧʦʣʦʞʝʥʠʶ, ʧʦ ʤʝʩʪʫ ʚ 

ʩʠʩʪʝʤʝ ʨʘʩʩʝʣʝʥʠʷ, ʧʦ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦ-

ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ). 

ʉʫʱʝʩʪʚʫʝʪ ʪʠʧʦʣʦʛʠʷ ʩʝʣʴʩʢʠʭ ʧʦʩʝ-

ʣʝʥʠʡ ʧʦ ʣʶʜʥʦʩʪʠ: 

1) ʆʜʥʦʜʚʦʨʢʠ, ʦʜʠʥʦʯʥʦʝ ʦʙʦʩʦʙʣʝʥ-

ʥʦʝ ʞʠʣʴʝ ï ʜʦ 10 ʯʝʣʦʚʝʢ; 

2) ʄʘʣʝʥʴʢʠʝ ʩʝʣʴʩʢʠʝ ʧʦʩʝʣʝʥʠʷ ï ʦʪ 

10-50 ʯʝʣʦʚʝʢ; 

3) ʄʘʣʳʝ ʩʝʣʴʩʢʠʝ ʧʦʩʝʣʝʥʠʷ. ɺ ʦʜʥʦʤ 

ʤʘʣʦʤ ʧʦʩʝʣʢʝ ʜʣʷ ʮʝʣʦʡ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʡ 

ʛʨʫʧʧʳ ʤʦʛʫʪ ʙʳʪʴ ʩʦʟʜʘʥʳ ʥʝʢʦʪʦʨʳʝ 

ʵʣʝʤʝʥʪʳ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ 

(ʥʘʯʘʣʴʥʘʷ ʰʢʦʣʘ, ʤʝʜʠʮʠʥʩʢʠʡ ʧʫʥʢʪ, 

ʢʣʫʙ, ʩʝʣʴʩʢʠʡ ʤʘʛʘʟʠʥ) ï ʦʪ 50-100 ʯʝʣʦ-

ʚʝʢ; 

4) ʇʦʣʫʩʨʝʜʥʠʝ ʩʝʣʴʩʢʠʝ ʧʦʩʝʣʝʥʠʷ ï ʦʪ 

100-200 ʯʝʣʦʚʝʢ; 

5) ʉʨʝʜʥʠʝ ʩʝʣʴʩʢʠʝ ʧʦʩʝʣʝʥʠʷ ï ʦʪ 

200-500 ʯʝʣʦʚʝʢ; 

6) ɹʦʣʴʰʠʝ ʩʝʣʴʩʢʠʝ ʧʦʩʝʣʝʥʠʷ ï ʦʪ 

500-1000 ʯʝʣʦʚʝʢ, 

7) ʂʨʫʧʥʳʝ ʩʝʣʴʩʢʠʝ ʧʦʩʝʣʝʥʠʷ ï ʦʪ 

1000-5000 ʯʝʣʦʚʝʢ; 

8) ʉʚʝʨʭʢʨʫʧʥʳʝ ʩʝʣʴʩʢʠʝ ʧʦʩʝʣʝʥʠʷ ï 

5000-10000 ʯʝʣʦʚʝʢ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʣʷ ʚʳʷʚʣʝʥʠʷ 

ʪʠʧʦʣʦʛʠʠ ʩʝʣʴʩʢʠʭ ʧʦʩʝʣʝʥʠʡ ʨʘʟʥʦʡ 

ʣʶʜʥʦʩʪʠ ʠ ʩʦʩʪʘʚʣʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ 

ʙʘʟʳ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʘʥʥʳʝ ɺʩʝ-

ʨʦʩʩʠʡʩʢʦʡ ʧʝʨʝʧʠʩʠ ʥʘʩʝʣʝʥʠʷ ʟʘ 2020 

ʛʦʜ. ɼʘʥʥʳʝ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʧʝʨʝʧʠʩʠ 

ʥʘʩʝʣʝʥʠʷ ʙʳʣʠ ʦʙʨʘʙʦʪʘʥʳ ʠ ʟʘʥʝʩʝʥʳ ʚ 

ʪʘʙʣʠʮʫ. 

ʆʩʥʦʚʦʡ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ 

ʦʙʲʝʢʪʦʚ ʠʣʠ ʷʚʣʝʥʠʡ ʧʦʩʣʫʞʠʣʠ ʢʘʨʪʦ-

ʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ. ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ OSM ʥʘʙʦʨ ɺʦʣʛʦ-

ʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ, ʚ ʢʦʪʦʨʳʡ ʚʭʦʜʠʪ ʰʝʡʧ-

ʬʘʡʣ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʛʦ ʜʝʣʝʥʠʷ. 

 ɺ ʭʦʜʝ ʧʦʩʪʨʦʝʥʠʷ ʢʘʨʪʦʩʭʝʤʳ ʠʩʧʦʣʴ-

ʟʦʚʘʣʩʷ ʤʝʪʦʜ ʤʘʪʝʤʘʪʠʢʦ-

ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʪʦʙ-

ʨʘʞʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ï ʢʘʨʪʦ-

ʜʠʘʛʨʘʤʤʘ ï ʪɻʦ ʩʧʦʩʦʙ, ʦʪʦʙʨʘʞʘʶʱʠʡ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʠʘʛʨʘʤʤʳ, ʢʦʪʦʨʘʷ ʠʩ-

ʧʦʣʴʟʫʝʪ ʛʝʦʛʨʘʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

ʜʘʥʥʳʭ ʜʣʷ ʧʦʢʘʟʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʘʢʠʭ-

ʣʠʙʦ ʷʚʣʝʥʠʷʭ ʠʣʠ ʧʦʢʘʟʘʪʝʣʷʭ ʥʘ ʢʘʨʪʝ. 

ʂʘʨʪʦʜʠʘʛʨʘʤʤʳ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʜʘʥ-

ʥʳʭ ʚ ʙʦʣʝʝ ʥʘʛʣʷʜʥʦʡ ʠ ʧʦʥʷʪʥʦʡ ʬʦʨʤʝ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʣʫʯʰʝ ʧʦʥʷʪʴ ʛʝʦʛʨʘʬʠʯʝ-
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ʩʢʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ 

ʨʘʟʣʠʯʥʳʤʠ ʨʝʛʠʦʥʘʤʠ ʠʣʠ ʤʝʩʪʘʤʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʠʚʰʝʡʩʷ ʢʘʨʪʦʩʭʝʤʝ 

ʪʠʧʦʣʦʛʠʠ ʩʝʣʴʩʢʠʭ ʧʦʩʝʣʝʥʠʡ ʧʦ ʣʶʜʥʦ-

ʩʪʠ ɺʦʣʛʦʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜʳ, ʦ ʢʦʣʠʯʝʩʪʚʝ ʩʝʣʴʩʢʠʭ ʧʦʩʝʣʝʥʠʡ, 

ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩʝʣʴʩʢʠʭ 

ʧʦʩʝʣʝʥʠʡ ʧʦ ʯʠʩʣʝʥʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ, ʘ 

ʪʘʢʞʝ ʦʙ ʦʙʱʝʤ ʢʦʣʠʯʝʩʪʚʝ ʩʝʣʴʩʢʠʭ ʧʦ-

ʩʝʣʝʥʠʡ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʜʘʥʥʦʤ ʨʘʡʦʥʝ 

(ʨʠʩ. 1). 

 

 
ʈʠʩ. 1. ʊʠʧʦʣʦʛʠʷ ʩʝʣʴʩʢʠʭ ʧʦʩʝʣʝʥʠʡ ʧʦ ʣʶʜʥʦʩʪʠ ʚ ɺʦʣʛʦʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ 

 

ɺ ɺʦʣʛʦʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʦʪʩʫʪʩʪʚʫʶʪ 

ʩʝʣʴʩʢʠʝ ʧʦʩʝʣʝʥʠʷ ʪʠʧʦʣʦʛʠʠ ʦʜʥʦʜʚʦʨʢʠ 

ʠ ʤʘʣʳʝ. ʊʘʢʞʝ ʪʘʢʠʝ ʩʝʣʴʩʢʠʝ ʧʦʩʝʣʝʥʠʷ, 

ʢʘʢ ʤʘʣʝʥʴʢʠʝ ʠʤʝʶʪʩʷ ʪʦʣʴʢʦ ʚ ʂʘʤʳ-

ʰʠʥʩʢʦʤ ʨʘʡʦʥʝ, ʘ ʧʦʣʫʩʨʝʜʥʠʝ ʩʝʣʴʩʢʠʝ 

ʧʦʩʝʣʝʥʠʷ ʥʘʭʦʜʷʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚ 

ɾʠʨʥʦʚʩʢʦʤ ʨʘʡʦʥʝ. ɺ ʥʝʢʦʪʦʨʳʭ ʨʘʡʦʥʘʭ 

ʪʠʧʦʣʦʛʠʷ ʩʝʣʴʩʢʠʭ ʧʦʩʝʣʝʥʠʡ ʥʝ ʠʤʝʝʪ 

ʢʣʘʩʩʠʬʠʢʘʮʠʶ, ʠ ʚ ʜʘʥʥʳʭ ʨʘʡʦʥʘʭ ʥʘʭʦ-

ʜʷʪʩʷ ʪʦʣʴʢʦ ʢʨʫʧʥʳʝ ʩʝʣʴʩʢʠʝ ʧʦʩʝʣʝʥʠʷ 

(ʄʠʭʘʡʣʦʚʩʢʠʡ, ʅʠʢʦʣʘʝʚʩʢʠʡ, ʇʘʣʣʘʩʦʚ-

ʩʢʠʡ, ʉʚʝʪʣʦʷʨʩʢʠʡ ʨʘʡʦʥʳ). ʄʦʞʥʦ ʦʪʤʝ-

ʪʠʪʴ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʧʨʝʦʙʣʘʜʘʥʠʝ ʪʠʧʦ-

ʣʦʛʠʠ ʩʝʣʴʩʢʠʭ ʧʦʩʝʣʝʥʠʡ ʧʦ ʣʶʜʥʦʩʪʠ, ʢ 

ʥʠʤ ʦʪʥʦʩʠʪʩʷ ʙʦʣʴʰʠʝ ʠ ʢʨʫʧʥʳʝ ʩʝʣʴ-

ʩʢʠʝ ʧʦʩʝʣʝʥʠʷ, ʜʘʥʥʳʡ ʚʳʚʦʜ ʥʘʛʣʷʜʥʦ 

ʦʪʦʙʨʘʞʘʝʪʩʷ ʥʘ ʧʦʩʪʨʦʝʥʥʦʡ ʢʘʨʪʦʩʭʝʤʝ. 

ʊʘʢʞʝ ʙʳʣʠ ʧʨʦʠʟʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʢʘʞʜʦʛʦ 

ʪʠʧʘ ʧʦʩʝʣʝʥʠʷ ʚ ʧʨʦʮʝʥʪʘʭ: 

- ʦʜʥʦʜʚʦʨʢʠ ï 0%; 

- ʤʘʣʝʥʴʢʠʝ ï 0,3%; 

- ʤʘʣʳʝ ï 0%; 

- ʧʦʣʫʩʨʝʜʥʠʝ ï 0,5%; 

- ʩʨʝʜʥʠʝ ï 7%; 

- ʙʦʣʴʰʠʝ ï 30%; 

- ʢʨʫʧʥʳʝ ï 58%; 

- ʩʚʝʨʭʢʨʫʧʥʳʝ ï 4%. 

ɿʘʢʣʶʯʝʥʠʝ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʫ-

ʱʝʩʪʚʫʝʪ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʣʘʩʩʠʬʠ-

ʢʘʮʠʡ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ʧʦ ʪʝʤ ʠʣʠ 

ʠʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. ʆʜʥʦʡ ʠʟ ʛʣʘʚʥʦʡ 

ʢʣʘʩʩʠʬʠʢʘʮʠʡ ʩʝʣʴʩʢʠʭ ʧʦʩʝʣʝʥʠʡ ʷʚʣʷ-

ʝʪʩʷ ʪʠʧʦʣʦʛʠʷ ʩʝʣʴʩʢʠʭ ʧʦʩʝʣʝʥʠʡ ʧʦ 

ʣʶʜʥʦʩʪʠ (ʧʦ ʯʠʩʣʝʥʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ), ʢʦ-

ʪʦʨʘʷ ʠʤʝʝʪ 8 ʢʣʘʩʩʦʚ. 
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Abstract. During the research, the collection and processing of initial data for the construc-

tion of a cartographic scheme was carried out. Thanks to the statistical data provided by the All-

Russian Population Census of the Volgograd region, a database was compiled, the population 

indicator for each rural settlement was analyzed, thus, depending on the population, all rural 

settlements were assigned a type according to classification. Based on the data, a cartographic 

diagram of the typology of rural settlements according to the population of the Volgograd region 

was compiled using the cartodiagram method. The analysis of the composition of each district 

according to this typology is carried out. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʦʥʷʪʠʝ ʚʠʢʪʠʤʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʩʦ-

ʦʪʥʦʩʷʱʠʝʩʷ ʩ ʥʝʡ ʢʦʥʩʪʨʫʢʪʳ (ʚʠʢʪʠʤʥʦʝ ʧʦʚʝʜʝʥʠʝ, ʚʠʢʪʠʤʠʟʘʮʠʷ, ʚʠʢʪʠʤʦʛʝʥʥʦʩʪʴ, 

ʞʝʨʪʚʘ). ʇʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʘ ʪʠʧʦʣʦʛʠʟʘʮʠʷ ʚʠʢʪʠʤʥʦʩʪʠ ʠ ʫʨʦʚʥʠ ʚʠʢʪʠʤʥʦʩʪʠ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ ʨʘʩʢʨʳʪʳ ʚʠʜʳ ʠ ʛʨʫʧʧʳ ʞʝʨʪʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʠʢʪʠʤʥʦʩʪʴ, ʚʠʢʪʠʤʥʦʝ ʧʦʚʝʜʝʥʠʝ, ʚʠʢʪʠʤʠʟʘʮʠʷ, ʚʠʢʪʠʤʦʛʝʥ-

ʥʦʩʪʴ, ʞʝʨʪʚʘ, ʞʝʨʪʚʝʥʥʦʝ ʧʦʚʝʜʝʥʠʝ. 

 

ʇʨʦʙʣʝʤʘ ʚʠʢʪʠʤʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʚ ʧʨʦ-

ʮʝʩʩʝ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʱʝʩʪʚʘ 

ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʦʡ. ɺʠʢʪʠʤ-

ʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʫʩʪʦʡʯʠʚʳʭ ʩʚʦʡʩʪʚ ʠ ʢʘʯʝʩʪʚ ʣʠʯʥʦʩʪʠ, 

ʝʝ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʢʦʪʦ-

ʨʳʝ ʷʚʣʷʶʪʩʷ ʜʝʪʝʨʤʠʥʘʥʪʘʤʠ ʩʢʣʦʥʥʦʩʪʠ 

ʢ ʚʠʢʪʠʤʠʟʘʮʠʠ, ʪ.ʝ. ʩʢʣʦʥʥʦʩʪʠ ʩʪʘʥʦ-

ʚʠʪʴʩʷ ʞʝʨʪʚʦʡ ʧʨʝʩʪʫʧʣʝʥʠʡ ʠ ʥʘʩʠʣʠʷ. 

ɼʘʥʥʘʷ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʯʝʣʦʚʝʢʘ ʥʝ ʷʚʣʷ-

ʝʪʩʷ ʚʨʦʞʜʝʥʥʦʡ, ʘ ʧʨʠʦʙʨʝʪʘʝʪʩʷ ʚ ʭʦʜʝ 

ʨʘʟʚʠʪʠʷ ʣʠʯʥʦʩʪʠ ʚ ʩʦʮʠʫʤʝ (ʧʨʠʦʙʨʝʪʝ-

ʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʠ ʧʩʠʭʠʯʝʩʢʠʭ ʢʘʯʝʩʪʚ, ʘ 

ʪʘʢʞʝ ʩʦʮʠʘʣʴʥʳʭ ʧʨʠʟʥʘʢʦʚ, ʧʨʠʩʫʱʠʭ 

ʞʝʨʪʚʝʥʥʦʤʫ ʧʦʚʝʜʝʥʠʶ) [2]. 

ʉʨʝʜʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ 

ʧʨʦʙʣʝʤʳ ʚʠʢʪʠʤʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʚʳʜʝʣʷ-

ʶʪ ʩʣʝʜʫʶʱʠʭ ʫʯʝʥʳʭ: ʀ.ɻ. ʄʘʣʢʠʥʘ-

ʇʳʭ, ʂ.ɺ. ɺʠʰʥʝʚʝʮʢʠʡ, 

ɺ.ʀ. ʇʦʣʫʙʠʥʩʢʠʡ ʠ ʜʨʫʛʠʝ, ʢʦʪʦʨʳʝ ʠʟʫ-

ʯʘʣʠ ʚʠʢʪʠʤʠʟʘʮʠʶ ʥʘ ʦʩʥʦʚʝ ʩʫʜʝʙʥʦ-

ʧʩʠʭʠʘʪʨʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʯʪʦ ʧʦʟʚʦʣʷʪ 

ʦʪʥʝʩʪʠ ʜʘʥʥʫʶ ʧʨʦʙʣʝʤʫ ʢʘʢ ʤʘʣʦʠʟʫ-

ʯʝʥʥʫʶ. 

ʊʝʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʪʨʫʜʦʚ ʚ ʦʙʣʘʩʪʠ 

ʚʠʢʪʠʤʦʣʦʛʠʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ ʦʩ-

ʥʦʚʥʳʭ ʧʦʥʷʪʠʡ ʧʨʦʙʣʝʤʳ ʞʝʨʪʚʝʥʥʦʛʦ 

ʧʦʚʝʜʝʥʠʷ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʣʝʜʫʶ-

ʱʠʝ ʢʦʥʩʪʨʫʢʪʳ: çʚʠʢʪʠʤʥʦʩʪʴè, çʚʠʢ-

ʪʠʤʥʦʝ ʧʦʚʝʜʝʥʠʝè, çʚʠʢʪʠʤʠʟʘʮʠʷè, 

çʚʠʢʪʠʤʦʛʝʥʥʦʩʪʴè. 

ʀ.ɻ. ʄʘʣʢʠʥʘ-ʇʳʭ ʧʦʜ ʚʠʢʪʠʤʥʦʩʪʴʶ 

ʨʘʩʩʤʘʪʨʠʚʘʣʘ ʥʘʙʦʨ ʧʨʠʦʙʨʝʪʝʥʥʳʭ ʢʘ-

ʯʝʩʪʚ (ʬʠʟʠʯʝʩʢʠʭ, ʧʩʠʭʠʯʝʩʢʠʭ, ʘ ʪʘʢʞʝ 

ʩʦʮʠʘʣʴʥʳʭ ʧʨʦʷʚʣʝʥʠʡ), ʩʧʦʩʦʙʩʪʚʫʶ-

ʱʠʭ ʨʘʟʚʠʪʠʶ ʩʢʣʦʥʥʦʩʪʠ ʢ ʞʝʨʪʚʝʥʥʦʤʫ 

ʧʦʚʝʜʝʥʠʶ [4]. 

ɺʠʢʪʠʤʥʦʩʪʴ, ʢʘʢ ʩʢʣʦʥʥʦʩʪʴ ʩʪʘʥʦʚʠʪ-

ʩʷ ʞʝʨʪʚʦʡ ʦʙʩʪʦʷʪʝʣʴʩʪʚ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʦʞʠʚʘʥʠʷ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʦʮʠʘʣʴʥʦʡ ʨʦ-

ʣʠ ʠ ʫʨʦʚʥʷ ʜʫʭʦʚʥʦʛʦ ʠ ʬʠʟʠʯʝʩʢʦʛʦ ʨʘʟ-

ʚʠʪʠʷ, ʦʧʨʝʜʝʣʷʣ ʃ.ɺ. ʌʨʘʥʢ [5]. 

ɸ.ʃ. ʈʝʧʝʮʢʘʷ ʩʯʠʪʘʣʘ, ʯʪʦ ʪʝʨʤʠʥʳ 

çʚʠʢʪʠʤʥʦʝ ʧʦʚʝʜʝʥʠʝè ʠ çʚʠʢʪʠʤʥʦʩʪʴè 

ʥʝ ʫʤʝʩʪʥʦ ʦʪʦʞʜʝʩʪʚʣʷʪʴ, ʪ.ʢ. ʧʝʨʚʦʝ ʥʝ 

ʚʩʝʛʜʘ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʥʘʣʠʯʠʷ ʚʪʦ-

ʨʦʛʦ, ʚʪʦʨʦʝ ʥʝ ʚʩʝʛʜʘ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʧʝʨ-

ʚʦʤ. 

ɺʠʢʪʠʤʥʦʝ ʧʦʚʝʜʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦ-

ʙʦʡ ʧʦʚʝʜʝʥʠʝ, ʢʦʛʜʘ ʞʝʨʪʚʘ ʙʝʩʩʦʟʥʘ-

ʪʝʣʴʥʦ ʠʣʠ ʩʦʟʥʘʪʝʣʴʥʦ ʧʨʦʷʚʣʷʝʪ ʧʩʠʭʦ-

ʣʦʛʠʯʝʩʢʠʝ ʠʤʧʫʣʴʩʳ (ʪ.ʝ. ʧʘʪʪʝʨʥʳ ʠ ʤʦ-

ʜʝʣʠ ʧʦʚʝʜʝʥʠʷ), ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʶʪ ʚʦʟ-

ʜʝʡʩʪʚʠʝ ʥʘ ʢʨʠʤʠʥʦʛʝʥʥʫʶ ʣʠʯʥʦʩʪʴ ʠ ʝʝ 

ʩʢʣʦʥʥʦʩʪʴ ʢ ʩʦʚʝʨʰʝʥʠʶ ʧʨʝʩʪʫʧʣʝʥʠʷ. 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʳʡ ʪʝʨʤʠʥ ʚʠʢ-

ʪʠʤʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʩʫʞʘʝʪ ʝʛʦ ʦʧʨʝʜʝʣʝ-

ʥʠʝ ʜʦ ʨʘʤʦʢ ʢʨʠʤʠʥʘʣʠʩʪʠʢʠ. ʆʜʥʘʢʦ 

ʚʠʢʪʠʤʥʦʝ ʧʦʚʝʜʝʥʠʝ ʥʝ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠ-

ʚʘʪʴʩʷ ʣʠʰʴ ʬʦʨʤʦʡ ʧʦʚʝʜʝʥʠʷ ʦʜʥʦʛʦ ʠʟ 

ʩʫʙʲʝʢʪʦʚ ʧʨʝʩʪʫʧʣʝʥʠʷ, ʪ.ʢ. ʚ ʮʝʣʦʤ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʢʣʦʥʥʦʩʪʴ ʧʨʦʷʚʣʷʪʴ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʘʪʪʝʨʥʳ ʠʣʠ ʚʦʚʩʝ ʙʝʟʜʝʷ-

ʪʝʣʴʥʦʩʪʴ, ʧʦʟʚʦʣʷʶʱʠʝ ʣʠʯʥʦʩʪʠ ʧʨʝʜ-

ʩʪʘʪʴ ʚ ʨʦʣʠ ʞʝʨʪʚʳ.   

ʋʪʦʯʥʠʚ ʦʧʨʝʜʝʣʝʥʠʝ ʚʠʢʪʠʤʥʦʛʦ ʧʦʚʝ-

ʜʝʥʠʷ, ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʦʪʨʝʪʴ ʝʛʦ 

ʚ ʜʚʫʭ ʚʘʞʥʳʭ ʘʩʧʝʢʪʘʭ ï ʫʟʢʦʤ ʠ ʰʠʨʦ-

ʢʦʤ ʩʤʳʩʣʝ. ɺ ʫʟʢʦʤ ʩʤʳʩʣʝ ʚʠʢʪʠʤʥʦʝ 

ʧʦʚʝʜʝʥʠʝ ʨʘʩʩʤʦʪʨʝʥʦ ʚʳʰʝ, ʪ.ʝ. ʢʘʢ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʜʝʡʩʪʚʠʷ ʠʥʜʠʚʠʜʘ, ʚ ʨʝ-

ʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ ʣʠʯʥʦʩʪʴ ʩʪʘʥʦʚʠʪʩʷ 

ʞʝʨʪʚʦʡ ʧʨʝʩʪʫʧʣʝʥʠʷ. ɺ ʰʠʨʦʢʦʤ ʞʝ 

ʩʤʳʩʣʝ ʚʠʢʪʠʤʥʦʝ ʧʦʚʝʜʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ 
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ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʩʠʩʪʝʤʫ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ 

ʤʝʞʜʫ ʩʫʙʲʝʢʪʦʤ ʠ ʦʙʲʝʢʪʦʤ ʧʨʝʩʪʫʧʣʝ-

ʥʠʷ. 

ʇʦʜ ʚʠʢʪʠʤʦʛʝʥʥʦʩʪʴʶ ʧʦʥʠʤʘʶʪʩʷ ʦʙ-

ʩʪʦʷʪʝʣʴʩʪʚʘ (ʦʧʨʝʜʝʣʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʤʘʢʨʦ-, ʤʠʢʨʦ-, ʠ ʤʝʟʦʬʘʢʪʦʨʦʚ), 

ʢʦʪʦʨʳʝ ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʩʪʘʥʦʚʣʝʥʠʝ ʠʥ-

ʜʠʚʠʜʘ ʚ ʢʘʯʝʩʪʚʝ ʞʝʨʪʚʳ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʫʩʣʦʚʠʡ ʩʦʮʠʘʣʠʟʘʮʠʠ. 

ʇʦʜ ʦʙʲʝʢʪʠʚʥʳʤ (ʚʣʠʷʥʠʝ ʚʥʝʰʥʠʭ 

ʬʘʢʪʦʨʦʚ ʠ ʫʩʣʦʚʠʡ ʩʨʝʜʳ) ʠ ʩʫʙʲʝʢʪʠʚ-

ʥʳʤ (ʧʨʦʮʝʩʩʦʤ ʠʟʤʝʥʝʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴ-

ʥʦ-ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʢʘʯʝʩʪʚ ʣʠʯʥʦʩʪʠ ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʣʠʷʥʠʷ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ 

ʠ ʫʩʣʦʚʠʡ ʩʨʝʜʳ) ʧʨʦʮʝʩʩʘʤʠ, ʩʧʦʩʦʙ-

ʩʪʚʫʶʱʠʤʠ ʨʘʟʚʠʪʠʶ ʚʠʢʪʠʤʥʦʛʦ ʧʦʚʝʜʝ-

ʥʠʷ, ʧʦʥʠʤʘʝʪʩʷ ʧʨʦʮʝʩʩ ʚʠʢʪʠʤʠʟʘʮʠʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʚ ʚʠʢʪʠʤʦʣʦʛʠʠ ʨʘʩ-

ʩʤʘʪʨʠʚʘʶʪ ʣʠʯʥʦʩʪʴ, ʩʢʣʦʥʥʫʶ ʢ ʧʨʦʷʚ-

ʣʝʥʠʶ ʚʠʢʪʠʤʥʦʩʪʠ (ʪ.ʝ. ʞʝʨʪʚʝʥʥʦʩʪʠ) - 

ʞʝʨʪʚʫ.  

ʊʘʢ, ʝʱʝ ʦʜʥʠʤ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʤ ʧʦ-

ʥʷʪʠʝʤ ʚʠʢʪʠʤʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʧʦʥʷʪʠʝ 

çʞʝʨʪʚʳè. ʇʦʜ ʞʝʨʪʚʦʡ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʣʠʯʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʠʩʧʳʪʳʚʘʝʪ ʥʘ ʩʝʙʝ 

ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʜʝʩʪʨʫʢʪʠʚʥʳʭ ʚʥʝʰ-

ʥʠʭ ʫʩʣʦʚʠʡ (ʵʤʦʮʠʦʥʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ, 

ʢʦʥʬʣʠʢʪʳ ʩ ʜʨʫʛʠʤʠ ʣʶʜʴʤʠ, ʥʘʩʠʣʠʝ ʠ 

ʪ.ʧ.) [4]. 

ʆʪʝʯʝʩʪʚʝʥʥʳʡ ʧʩʠʭʦʣʦʛ 

ɺ.ʀ. ɿʘʛʚʷʟʠʥʩʢʠʡ ʚ ʩʚʦʠʭ ʪʨʫʜʘʭ ʚʳʜʝʣʷ-

ʝʪ 3 ʦʩʥʦʚʥʳʭ ʚʠʜʘ ʞʝʨʪʚ. ʇʦʜ ʨʝʘʣʴʥʦʡ 

ʞʝʨʪʚʦʡ ʧʦʥʠʤʘʝʪʩʷ ʠʥʜʠʚʠʜ ʩ ʧʨʠʩʫʱʠ-

ʤʠ ʝʤʫ ʧʩʠʭʠʯʝʩʢʠʤʠ ʠ ʤʝʥʪʘʣʴʥʳʤʠ 

ʥʘʨʫʰʝʥʠʷʤʠ ʠ ʨʘʩʩʪʨʦʡʩʪʚʘʤʠ. ɼʘʥʥʳʝ 

ʩʦʤʘʪʠʯʝʩʢʠʝ ʟʘʙʦʣʝʚʘʥʠʷ ʦʧʨʝʜʝʣʷʶʪ ʪʘ-

ʢʦʛʦ ʠʥʜʠʚʠʜʘ ʢʘʢ ʠʥʚʘʣʠʜʘ. ɺ ʢʘʯʝʩʪʚʝ 

ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʞʝʨʪʚʳ ɺ.ʀ. ɿʘʛʚʷʟʠʥʩʢʠʡ 

ʦʧʨʝʜʝʣʷʣ ʣʶʜʝʡ ʩ ʧʦʛʨʘʥʠʯʥʳʤʠ ʨʘʩ-

ʩʪʨʦʡʩʪʚʘʤʠ ʣʠʯʥʦʩʪʠ (ʥʝʚʨʦʟ, ʧʩʠʭʦʧʘ-

ʪʠʷ, ʦʙʩʝʩʩʠʚʥʦ-ʢʦʤʧʫʣʴʩʠʚʥʦʝ ʨʘʩʩʪʨʦʡ-

ʩʪʚʦ). ʊʘʢʞʝ ʢ ʵʪʦʡ ʛʨʫʧʧʝ ʘʚʪʦʨ ʦʪʥʦʩʠʪ 

ʤʠʛʨʘʥʪʦʚ, ʠʥʜʠʚʠʜʦʚ, ʞʠʚʫʱʠʭ ʚ ʜʝ-

ʩʪʨʫʢʪʠʚʥʳʭ ʩʝʤʴʷʭ ʠ ʜʨʫʛʠʭ. ʊʨʝʪʴʶ 

ʛʨʫʧʧʫ - ʣʘʪʝʥʪʥʳʝ ʞʝʨʪʚʳ - ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʣʠʯʥʦʩʪʠ, ʥʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ ʢʦʪʦʨʳʝ ʥʝ 

ʠʤʝʶʪ ʢʘʢʠʭ-ʣʠʙʦ ʟʘʜʘʪʢʦʚ ʢ ʨʘʟʚʠʪʠʶ 

ʚʠʢʪʠʤʥʦʩʪʠ, ʦʜʥʘʢʦ ʚ ʩʠʣʫ ʨʘʟʣʠʯʥʳʭ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚ ʦʥʠ ʥʝ ʤʦʛʫʪ ʧʦʣʥʦʮʝʥʥʦ 

ʨʝʘʣʠʟʦʚʘʪʴ ʩʦʙʩʪʚʝʥʥʳʡ ʧʦʪʝʥʮʠʘʣ [2]. 

ɺʤʝʩʪʝ ʩ ʪʝʤ ɺ.ʀ. ɿʘʛʚʷʟʠʥʩʢʠʡ ʚʳʜʝ-

ʣʠʣ ʪʨʠ ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ ʞʝʨʪʚ, ʢʦʪʦʨʳʝ 

ʩʪʘʥʦʚʷʪʩʷ ʪʘʢʦʚʳʤʠ ʚ ʩʠʣʫ ʨʘʟʣʠʯʥʳʭ 

ʧʨʝʜʠʢʪʦʨʦʚ. 

1. ʀʥʜʠʚʠʜʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʥʝʨʚʥʦ-

ʧʩʠʭʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ. ɺ ʢʘʯʝʩʪʚʝ 

ʜʘʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ 

ʥʝʚʨʦʟʳ, ʧʩʠʭʦʧʘʪʠʠ, ʘʢʮʝʥʪʫʘʮʠʠ, ʩʢʣʦʥ-

ʥʦʩʪʴ ʢ ʠʩʪʝʨʠʯʝʩʢʠʤ ʨʝʘʢʮʠʷʤ ʠ ʜʨʫʛʠʤ 

ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʧʦʛʨʘʥʠʯʥʳʤ ʨʘʩʩʪʨʦʡ-

ʩʪʚʘʤ. ɺ ʩʠʣʫ ʩʚʦʠʭ ʧʩʠʭʠʯʝʩʢʠʭ ʠ ʧʩʠʭʦ-

ʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʦʛʫʪ ʩʦʟʜʘʚʘʪʴ 

ʥʘʧʨʷʞʝʥʠʝ ʚ ʤʝʞʣʠʯʥʦʩʪʥʳʭ ʦʪʥʦʰʝʥʠ-

ʷʭ, ʪʝʤ ʩʘʤʳʤ ʷʚʣʷʶʪʩʷ ʜʚʠʞʫʱʝʡ ʩʠʣʦʡ 

ʧʨʝʩʪʫʧʣʝʥʠʡ.  

2. ʀʥʜʠʚʠʜʳ, ʩʪʘʚʰʠʝ ʞʝʨʪʚʦʡ ʧʨʝ-

ʩʪʫʧʣʝʥʠʡ ʚ ʩʠʣʫ ʩʚʦʝʡ ʥʝʦʩʪʦʨʦʞʥʦʩʪʠ ʠ 

ʙʝʩʧʝʯʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ ʞʠʟ-

ʥʝʥʥʦʛʦ ʦʧʳʪʘ (ʯʘʱʝ ʚʩʝʛʦ ʚ ʜʘʥʥʦʡ ʛʨʫʧ-

ʧʝ ʬʠʛʫʨʠʨʫʶʪ ʜʝʪʠ). ʅʝʨʝʜʢʦ ʧʦʚʝʜʝʥʠʝ 

ʣʠʮ ʜʘʥʥʦʡ ʛʨʫʧʧʳ ʤʦʞʝʪ ʦʙʨʘʪʠʪʴʩʷ ʚ 

ʧʨʦʚʦʮʠʨʫʶʱʝʝ ʧʦʚʝʜʝʥʠʝ, ʦʜʥʘʢʦ ʚʩʝ 

ʝʱʝ ʧʨʝʜʩʪʘʚʣʷʪʴ ʧʨʘʚʦʤʝʨʥʳʡ ʭʘʨʘʢʪʝʨ. 

ʂ ʧʨʠʤʝʨʫ, ʚ ʮʝʣʷʭ ʟʘʱʠʪʳ ʩʦʙʩʪʚʝʥʥʦʛʦ 

ʜʦʩʪʦʠʥʩʪʚʘ ʯʝʣʦʚʝʢ ʚʩʪʫʧʘʝʪ ʚ ʧʝʨʝʧʘʣʢʫ 

ʩ ʛʨʫʧʧʦʡ ʣʠʮ (ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʥʘʨʫʰʠ-

ʪʝʣʷʤʠ ʟʘʢʦʥʘ, ʧʴʷʥʠʮʘʤʠ ʠ ʪ.ʜ.), ʥʝ ʦʮʝ-

ʥʠʚʘʷ ʨʝʘʣʴʥʦ ʩʧʝʮʠʬʠʢʫ ʚʦʟʥʠʢʰʝʡ ʩʠʪʫ-

ʘʮʠʠ, ʘ ʪʘʢʞʝ ʧʨʝʚʦʩʭʦʜʩʪʚʦ ʧʨʦʪʠʚʥʠʢʦʚ.  

3. ʀʥʜʠʚʠʜʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʛʨʫʧʧʝ 

ʞʝʨʪʚ ʦʙʲʝʢʪʠʚʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʪ.ʝ. ʩ 

ʚʨʦʞʜʝʥʥʳʤʠ ʧʦʨʦʢʘʤʠ ʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ, 

ʞʝʨʪʚʳ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʢʘʪʘʩʪʨʦʬ (ʛʣʦ-

ʙʘʣʴʥʳʝ, ʪʨʘʥʩʧʦʨʪʥʳʝ, ʧʨʦʤʳʰʣʝʥʥʳʝ, 

ʩʦʮʠʘʣʴʥʳʝ ʠ ʜʨ.). 

ʇʨʝʜʤʝʪʦʤ ʚʠʢʪʠʤʦʣʦʛʠʠ ʷʚʣʷʶʪʩʷ 

ʚʠʢʪʠʤʦʛʝʥʥʳʝ ʧʘʪʪʝʨʥʳ ʧʦʚʝʜʝʥʠʷ ʞʝʨʪ-

ʚʳ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʦʚʝʜʝʥʠʝ ʷʚʣʷʝʪʩʷ ʦʪ-

ʨʘʞʝʥʠʝʤ ʧʩʠʭʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʣʠʯʥʦ-

ʩʪʠ, ʝʝ ʠʥʜʠʚʠʜʫʘʣʴʥʦ-ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ, ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʠ ʯʝʨʪ ʭʘ-

ʨʘʢʪʝʨʘ. 

ɻʦʚʦʨʷ ʦ ʨʘʟʥʦʚʠʜʥʦʩʪʷʭ ʚʠʢʪʠʤʥʦʛʦ 

ʧʦʚʝʜʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʦʪʨʝʪʴ ʥʝ-

ʩʢʦʣʴʢʦ ʚʟʛʣʷʜʦʚ ʥʘ ʪʠʧʦʣʦʛʠʟʘʮʠʶ ʚʠʢ-

ʪʠʤʥʦʩʪʠ. 

ʂʘʢ ʫʞʝ ʙʳʣʦ ʦʧʠʩʘʥʦ ʚʳʰʝ, ʥʘ ʧʨʦʷʚ-

ʣʝʥʠʝ ʚʠʢʪʠʤʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʚʣʠʷʶʪ ʦʙʲ-

ʝʢʪʠʚʥʳʝ ʠ ʩʫʙʲʝʢʪʠʚʥʳʝ ʬʘʢʪʦʨʳ. ʊʘʢ, ʚ 

ʢʘʯʝʩʪʚʝ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʚʠʢʪʠʤʥʦʩʪʠ 

ʃ.ɺ. ʌʨʘʥʢ ʚʳʜʝʣʷʝʪ ʩʣʝʜʫʶʱʠʝ ʝʝ ʚʠʜʳ: 

1) ʣʠʯʥʦʩʪʥʘʷ ʚʠʢʪʠʤʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷ-

ʝʪ ʩʦʙʦʡ ʩʢʣʦʥʥʦʩʪʴ ʣʠʯʥʦʩʪʠ ʢ ʧʨʦʷʚʣʝ-

ʥʠʶ ʞʝʨʪʚʝʥʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 
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ʚʣʠʷʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦ-ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ, 

ʤʦʨʘʣʴʥʦ-ʥʨʘʚʩʪʚʝʥʥʳʭ ʠ ʨʦʣʝʚʳʭ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢ ʣʠʯʥʦʩʪʠ; 

2) ʩʠʪʫʘʪʠʚʥʘʷ ʚʠʢʪʠʤʥʦʩʪʴ ï ʦʧʨʝʜʝ-

ʣʷʝʪʩʷ ʢʘʢ ʚʠʢʪʠʤʥʦʩʪʴ, ʧʨʦʷʚʣʷʶʱʘʷʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʚʣʠʷʥʠʷ ʚʠʢʪʠʤʦʛʝʥʥʦʡ ʦʙʩʪʘ-

ʥʦʚʢʠ, ʚʝʜʫʱʝʡ ʢ ʩʦʚʝʨʰʝʥʠʶ ʧʨʝʩʪʫʧʣʝ-

ʥʠʷ ʚ ʦʪʥʦʰʝʥʠʠ ʚʠʢʪʠʤʦʛʝʥʥʦʡ ʣʠʯʥʦ-

ʩʪʠ; 

3) ʨʦʣʝʚʘʷ ʚʠʢʪʠʤʥʦʩʪʴ ʧʨʠʩʫʱʘ ʦʧʨʝ-

ʜʝʣʝʥʥʳʤ ʩʦʮʠʘʣʴʥʳʤ ʛʨʫʧʧʘʤ ʥʘʩʝʣʝʥʠʷ, 

ʢʦʪʦʨʳʝ ʜʝʣʷʪʩʷ ʧʦ ʦʧʨʝʜʝʣʝʥʥʳʤ ʙʠʦʣʦ-

ʛʠʯʝʩʢʠʤ ʠ ʩʦʮʠʘʣʴʥʳʤ ʧʨʠʟʥʘʢʘʤ [5]. 

ʆʪʝʯʝʩʪʚʝʥʥʳʡ ʧʩʠʭʦʣʦʛ 

ʇ.ʀ. ʖʥʘʮʢʝʚʠʯ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʧʨʝʜʝ-

ʣʝʥʥʳʭ ʦʩʥʦʚʘʥʠʡ ʚʳʜʝʣʠʣ ʩʣʝʜʫʶʱʠʝ 

ʚʠʜʳ ʚʠʢʪʠʤʥʦʩʪʠ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦ-

ʷʚʣʝʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ ʞʠʟʥʠ: ʧʦʣʠ-

ʪʠʯʝʩʢʘʷ, ʵʢʦʥʦʤʠʯʝʩʢʘʷ, ʙʳʪʦʚʘʷ, ʚʦʝʥʥʘʷ 

ʚʠʢʪʠʤʥʦʩʪʴ ʠ ʜʨ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʦʤʠ-

ʥʠʨʫʶʱʝʡ ʩʬʝʨʳ ʨʘʟʚʠʪʠʷ ʣʠʯʥʦʩʪʠ: ʤʦ-

ʪʠʚʘʮʠʦʥʥʘʷ, ʧʦʟʥʘʚʘʪʝʣʴʥʘʷ, ʵʤʦʮʠʦ-

ʥʘʣʴʥʦ-ʚʦʣʝʚʘʷ, ʩʤʝʰʘʥʥʘʷ ʚʠʢʪʠʤʥʦʩʪʴ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʠʩʣʘ ʚʢʣʶʯʝʥʥʳʭ ʣʠʮ: 

ʠʥʜʠʚʠʜʫʘʣʴʥʘʷ, ʛʨʫʧʧʦʚʘʷ ʠ ʤʘʩʩʦʚʘʷ 

ʚʠʢʪʠʤʥʦʩʪʴ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʨʦʚʥʷ 

ʚʳʨʘʞʝʥʥʦʩʪʠ: ʩʣʘʙʦʚʳʨʘʞʝʥʥʘʷ, ʩʨʝʜʥʝ 

ʚʳʨʘʞʝʥʥʘʷ ʠ ʩʠʣʴʥʦ ʚʳʨʘʞʝʥʥʘʷ ʚʠʢʪʠʤ-

ʥʦʩʪʴ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʧʨʦʪʝʢʘ-

ʥʠʷ: ʩʠʪʫʘʪʠʚʥʘʷ ʠ ʩʪʘʙʠʣʴʥʘʷ ʚʠʢʪʠʤ-

ʥʦʩʪʴ. 

ʉʦʚʝʪʩʢʠʡ ʢʨʠʤʠʥʦʣʦʛ ʈʠʚʤʘʥ ɼ.ɺ. ʚʳ-

ʜʝʣʷʝʪ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʚʠʢʪʠʤʥʦʩʪʠ: 

1) ɻʨʫʧʧʦʚʘʷ ʚʠʢʪʠʤʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ çʧʦʪʝʥʮʠʘʣè ʣʠʯʥʦʩʪʠ ʩʪʘʥʦʚʠʪʩʷ 

ʞʝʨʪʚʦʡ ʧʨʝʩʪʫʧʣʝʥʠʡ, ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʛʨʫʧʧ ʥʘʩʝʣʝʥʠʷ ʩʭʦʜʥʳʭ 

ʧʦ ʨʘʟʣʠʯʥʳʤ ʧʘʨʘʤʝʪʨʘʤ (ʥʘʧʨʠʤʝʨ, ʧʦ 

ʧʘʨʘʤʝʪʨʫ çʧʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ ʠʜʝʥʪʠʯ-

ʥʦʩʪʴè ï ʩʧʝʮʠʘʣʠʩʪʳ ʚ ʦʙʣʘʩʪʠ ʦʭʨʘʥʳ, 

ʧʦʣʠʮʠʠ, ʠʥʢʘʩʩʘʮʠʠ ʠ ʜʨ., ʧʦ ʧʘʨʘʤʝʪʨʫ 

çʩʢʣʦʥʥʦʩʪʴ ʢ ʜʝʚʠʘʥʪʥʦʤʫ ʧʦʚʝʜʝʥʠʶè ï 

ʥʘʨʢʦʤʘʥʳ, ʧʴʷʥʠʮʳ ʠ ʜʨ.). 

2) ʆʙʲʝʢʪʠʚʥʦ-ʚʠʜʦʚʘʷ ʚʠʢʪʠʤʥʦʩʪʴ ï 

ʵʪʦ ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʴ ʩʪʘʥʦʚʠʪʩʷ 

ʞʝʨʪʚʦʡ ʦʪʜʝʣʴʥʳʭ ʚʠʜʦʚ ʧʨʝʩʪʫʧʣʝʥʠʡ 

(ʢʨʘʞʠ, ʥʘʩʠʣʴʩʪʚʝʥʥʳʝ ʜʝʡʩʪʚʠʷ, ʫʛʨʦʟʳ 

ʞʠʟʥʠ. 

3) ʉʫʙʲʝʢʪʠʚʥʦ-ʚʠʜʦʚʘʷ ʚʠʢʪʠʤʥʦʩʪʴ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʘʣʠʯʠʝ ʧʨʦʷʚʣʝʥʠʝ ʚʠʢʪʠʤ-

ʥʦʩʪʠ ʫ ʠʥʜʠʚʠʜʘ ʢʘʢ ʧʨʝʜʧʦʩʳʣʢʠ ʩʪʘʥʦ-

ʚʠʪʩʷ ʞʝʨʪʚʦʡ ʦʪʜʝʣʴʥʳʭ ʧʨʝʩʪʫʧʥʠʢʦʚ. 

ɼʨʫʛʦʡ ʘʚʪʦʨ ɺ.ʗ. ʈʳʙʘʣʴʩʢʘʷ ʚ ʦʩʥʦʚʫ 

ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʚʠʢʪʠʤʥʦʛʦ ʧʦʚʝʜʝʥʠʷ 

ʟʘʢʣʘʜʳʚʘʝʪ ʩʣʝʜʫʶʱʠʝ ʬʘʢʪʦʨʳ: ʠʥʜʠʚʠ-

ʜʫʘʣʴʥʦ-ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʝ ʢʘʯʝʩʪʚʘ ʣʠʯʥʦ-

ʩʪʠ, ʢʘʢ ʦʩʥʦʚʘ ʚʠʢʪʠʤʦʛʝʥʥʦʡ ʜʝʬʦʨʤʘ-

ʮʠʠ; ʠʩʧʦʣʥʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʨʦʬʝʩʩʠ-

ʦʥʘʣʴʥʦʡ ʠʣʠ ʨʦʣʝʚʦʡ ʧʦʟʠʮʠʠ; ʙʠʦ-

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʢʘʯʝʩʪʚʘ ʠʥʜʠʚʠʜʘ; ʧʘ-

ʪʦʧʩʠʭʦʣʦʛʠʯʝʩʢʠʝ ʩʠʥʜʨʦʤʳ ʠ ʦʪʢʣʦʥʝ-

ʥʠʷ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʠ 

ʪʦʪ ʬʘʢʪ, ʯʪʦ ʚʠʢʪʠʤʥʘʷ ʣʠʯʥʦʩʪʴ ʤʦʞʝʪ 

ʠʤʝʪʴ ʥʝʩʢʦʣʴʢʦ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʚʠʢʪʠʤʦ-

ʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʦʧʨʝʜʝ-

ʣʝʥʠʝ ʚʠʜʘ ʚʠʢʪʠʤʥʦʩʪʠ ʧʦ ʜʘʥʥʦʡ ʢʣʘʩ-

ʩʠʬʠʢʘʮʠʠ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʆ.ʆ. ɸʥʜʨʦʥʥʠʢʦʚʦʡ 

ʚʠʢʪʠʤʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʠʥʘʤʠ-

ʯʝʩʢʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʧʩʠʭʠʢʠ, ʢʦʪʦʨʦʝ ʚʳ-

ʨʘʞʘʝʪʩʷ ʚ ʚʠʢʪʠʤʥʳʭ ʤʦʜʝʣʷʭ ʧʦʚʝʜʝʥʠʷ 

ʠ ʩʚʦʡʩʪʚʝʥʥʦ ʜʣʷ ʚʩʝʭ ʠʥʜʠʚʠʜʦʚ. ɺʠʢ-

ʪʠʤʥʦʝ ʧʦʚʝʜʝʥʠʝ, ʧʦ ʝʝ ʤʥʝʥʠʶ, ʚʳʨʘʞʘ-

ʝʪʩʷ ʚ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʚ 

ʧʦʚʝʜʝʥʠʠ [1]. 

ʊʘʢʞʝ ʆ.ʆ. ɸʥʜʨʦʥʥʠʢʦʚʘ ʚ ʩʚʦʠʭ ʪʨʫ-

ʜʘʭ ʚʳʜʝʣʷʝʪ ʩʣʝʜʫʶʱʠʝ ʫʨʦʚʥʠ ʚʠʢʪʠʤ-

ʥʦʩʪʠ: ʥʦʨʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ï ʦʪʨʘʞʘʝʪ 

ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʘʜʘʧʪʘʮʠʠ ʣʠʯʥʦʩʪʠ; 

ʩʨʝʜʥʝʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ï ʧʦʷʚʣʝ-

ʥʠʝ ʚʠʢʪʠʤʥʦʩʪʠ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʢʨʝʪʥʳʭ 

ʫʩʣʦʚʠʡ ʠ ʧʨʠʥʷʪʦʡ ʩʦʮʠʦʢʫʣʴʪʫʨʥʦʡ 

ʥʦʨʤʳ; ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ï ʦʪʨʘʞʘʝʪ ʥʘʣʠ-

ʯʠʝ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʢʘʯʝʩʪʚ ʠ ʩʚʦʡʩʪʚ ʣʠʯ-

ʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʧʦʨʦʞʜʘʶʪ ʫʷʟʚʠʤʦʩʪʴ 

ʣʠʯʥʦʩʪʠ ʢ ʧʨʦʷʚʣʝʥʠʶ ʚʠʢʪʠʤʥʦʩʪʠ, ʘ 

ʪʘʢʞʝ ʩʥʠʞʘʶʪ ʫʨʦʚʝʥʴ ʝʝ ʘʜʘʧʪʘʮʠʠ [1]. 

ɼ.ʄ. ɹʝʣʷʥ, ʀ.ɸ. ɼʤʠʪʨʠʝʚʘ, 

ʀ.ɸ. ʂʠʙʘʣʴʯʝʥʢʦ ʚ ʩʚʦʠʭ ʪʨʫʜʘʭ ʧʦ ʠʟʫ-

ʯʝʥʠʶ ʚʠʢʪʠʤʥʦʩʪʠ ʠ ʚʠʢʪʠʤʥʦʛʦ ʧʦʚʝʜʝ-

ʥʠʷ ʦʧʨʝʜʝʣʷʶʪ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʚʠʢʪʠʤ-

ʥʦʩʪʠ: 

1) ʠʥʜʠʚʠʜʫʘʣʴʥʘʷ ʚʠʢʪʠʤʥʦʩʪʴ ï ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʘ, ʦʪʨʘʞʘʶʱʘʷ ʩʦʮʠʘʣʴʥʫʶ, 

ʙʠʦʣʦʛʠʯʝʩʢʫʶ, ʬʠʟʠʯʝʩʢʫʶ ʠ ʧʩʠʭʦʣʦʛʠ-

ʯʝʩʢʫʶ ʩʪʦʨʦʥʫ ʠʥʜʠʚʠʜʘ, ʠ ʧʦʩʨʝʜʩʪʚʦʤ 

ʢʦʪʦʨʦʡ ʩʦʟʜʘʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʫʩʣʦʚʠʷ ʠ 

ʩʦʙʳʪʠʷ, ʛʜʝ ʠʥʜʠʚʠʜ ʤʦʞʝʪ ʚʳʩʪʫʧʠʪʴ ʚ 

ʢʘʯʝʩʪʚʝ ʞʝʨʪʚʳ ʧʨʝʩʪʫʧʣʝʥʠʷ; 

2) ʚʠʜʦʚʘʷ ʚʠʢʪʠʤʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʢʘʢ ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʴ ʦʪʜʝʣʴʥʳʭ ʠʥ-

ʜʠʚʠʜʦʚ, ʩʪʘʥʦʚʠʪʩʷ ʞʝʨʪʚʘʤʠ ʦʧʨʝʜʝʣʝʥ-

ʥʳʭ ʚʠʜʦʚ ʧʨʝʩʪʫʧʣʝʥʠʡ; 
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3) ʛʨʫʧʧʦʚʘʷ ʚʠʢʪʠʤʥʦʩʪʴ ʧʨʝʜʧʦʣʘʛʘ-

ʝʪ, ʯʪʦ ʛʨʫʧʧʘ ʣʶʜʝʡ ʩʦ ʩʭʦʜʥʳʤʠ ʢʘʯʝ-

ʩʪʚʘʤʠ ʢʘʢ ʣʠʯʥʦʩʪʠ ʚ ʩʦʮʠʫʤʝ ʤʦʞʝʪ ʩʪʘ-

ʥʦʚʠʪʴʩʷ ʞʝʨʪʚʦʡ ʧʨʝʩʪʫʧʣʝʥʠʡ; 

4) ʤʘʩʩʦʚʘʷ ʚʠʢʪʠʤʥʦʩʪʴ ï ʦʙʲʝʢʪʠʚʥʘʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʡ ʛʨʫʧʧʳ 

ʥʘʩʝʣʝʥʠʷ ʚ ʩʠʣʫ ʩʫʙʲʝʢʪʠʚʥʳʭ ʢʘʯʝʩʪʚ 

ʩʪʘʥʦʚʠʪʩʷ ʞʝʨʪʚʦʡ ʧʨʝʩʪʫʧʣʝʥʠʡ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʭʦʜʷ ʠʟ ʘʥʘʣʠʟʘ 

ʥʘʫʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʧʦʩʚʷʱʝʥʥʳʭ ʨʘʩ-

ʩʤʦʪʨʝʥʠʶ ʚʠʢʪʠʤʥʦʩʪʠ ʢʘʢ ʩʦʮʠʘʣʴʥʦ-

ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʙʣʝʤʳ, ʤʦʞʥʦ ʩʜʝ-

ʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʚʠʢʪʠʤʥʦʩʪʴ ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʧʩʠʭʦʣʦʛʠʯʝʩʢʘʷ ʥʘʧʨʘʚ-

ʣʝʥʥʦʩʪʴ ʯʝʣʦʚʝʢʘ, ʢʦʪʦʨʘʷ ʦʪʨʘʞʘʝʪʩʷ ʚ 

ʧʨʠʚʳʯʥʳʭ ʬʦʨʤʘʭ ʯʝʣʦʚʝʯʝʩʢʦʡ ʘʢʪʠʚʥʦ-

ʩʪʠ ʠ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʠʣʠ 

ʨʝʘʣʴʥʦʡ ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʴʶ ʩʫʙʲʝʢʪʘ 

ʩʪʘʥʦʚʠʪʴʩʷ ʞʝʨʪʚʦʡ.  
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʘʥʘʣʠʟ ʩʘʤʦʨʝʘʣʠʟʘʮʠʠ ʣʠʯʥʦʩʪʠ ʠ  ʚʟʘʠʤʦʩʚʷʟʠ 

ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʨʘʟʥʦʩʪʦʨʦʥʥʝʛʦ ʨʘʟʚʠʪʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʘ ʩ ʫʩʣʦʚʠʷʤʠ ʦʩʦʙʦʛʦ ʨʝʞʠʤʘ 

ʥʝʩʝʥʠʷ ʧʨʘʚʦʦʭʨʘʥʠʪʝʣʴʥʦʡ ʩʣʫʞʙʳ ʣʠʯʥʳʤ ʩʦʩʪʘʚʦʤ ʧʦʣʠʮʠʠ. ɸʢʮʝʥʪʠʨʫʷ ʚʥʠʤʘʥʠʝ ʥʘ 

ʩʦʧʨʷʞʝʥʥʦʩʪʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʘʞʜʦʛʦ ʧʦʣʠʮʝʡʩʢʦʛʦ ʩʦ ʩʣʦʞʥʳʤʠ ʠ 

ʥʝʩʪʘʥʜʘʨʪʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʤʥʦʛʦʧʣʘʥʦʚʳʭ ʩʠʪʫʘʮʠʡ ʦʢʨʫʞʘʶʱʝʡ ʜʝʡʩʪʚʠʪʝʣʴʥʦ-

ʩʪʠ, ʵʚʝʥʪʫʘʣʴʥʳʤ ʦʙʨʘʟʦʤ ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʧʝʨʝʚʦʜʫ ʣʠʯʥʦʩʪʠ ʧʦʣʠʮʝʡʩʢʦʛʦ ʚ  ʩʦʩʪʦʷ-

ʥʠʝ ʨʝʘʣʴʥʦʛʦ ʩʪʨʝʩʩʘ, ʘʚʪʦʨ ʢʦʥʩʪʘʪʠʨʫʝʪ ʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʫʯʝʪʘ ʟʘʨʫʙʝʞʥʦʛʦ 

ʦʧʳʪʘ ʧʨʠʤʝʥʝʥʠʷ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ. ʇʦ 

ʤʥʝʥʠʶ ʘʚʪʦʨʘ, ʜʘʥʥʘʷ ʥʦʚʘʮʠʷ ʧʦʟʚʦʣʠʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʦʙʝʩʧʝʯʠʪʴ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʝ 

ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʧʨʦʮʝʩʩʘ ʩʘʤʦʨʝʘʣʠʟʘʮʠʠ ʩʦʪʨʫʜʥʠʢʘ ʧʦʣʠʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʩʠʭʦʣʦʛʠʷ, ʩʘʤʦʨʝʘʣʠʟʘʮʠʷ, ʩʪʨʝʩʩ, ʩʘʤʦʦʙʣʘʜʘʥʠʝ, ʣʠʯʥʦʩʪʴ, ʩʦ-

ʪʨʫʜʥʠʢ ʧʦʣʠʮʠʠ, ʞʠʟʥʝʥʥʘʷ ʩʠʣʘ. 

 

ʄʥʦʛʦʛʨʘʥʥʦʩʪʴ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ 

ʤʠʩʩʠʠ ʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦʣʠʮʠʠ, ʤʘʛʠ-

ʩʪʨʘʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʢʦʪʦʨʦʡ ʚʳʩʪʫ-

ʧʘʝʪ ʧʨʘʚʦʦʭʨʘʥʝʥʠʝ, ʢʦʨʨʝʩʧʦʥʜʠʨʫʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʩʢʨʳʪʠʷ ʩʣʫʞʝʙʥʦʛʦ ʧʦ-

ʪʝʥʮʠʘʣʘ ʣʠʯʥʦʩʪʠ ʢʘʞʜʦʛʦ ʩʦʪʨʫʜʥʠʢʘ 

ʦʪʤʝʯʝʥʥʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʠʥʩʪʠʪʫʮʠʠ, 

ʚʳʧʦʣʥʷʶʱʝʛʦ ʩʚʦʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʦʙʷ-

ʟʘʥʥʦʩʪʠ ʚ ʩʣʦʞʥʳʭ ʫʩʣʦʚʠʷʭ ʦʩʦʙʦʛʦ ʨʝ-

ʞʠʤʘ ʨʘʙʦʪʳ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʨʝʯʴ ʠʜʝʪ ʦ 

ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʩʦʪʨʫʜʥʠʢʘ ʧʦʣʠʮʠʠ ʤʘʩ-

ʩʠʚʘ ʩʪʨʝʩʩʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʬʠʟʠʦʣʦʛʠ-

ʯʝʩʢʦʛʦ ʠ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʨʷʜʢʘ. ʉ 

ʫʯʝʪʦʤ ʠʟʣʦʞʝʥʥʦʛʦ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʮʝʣʝ-

ʩʦʦʙʨʘʟʥʳʤ ʘʢʮʝʥʪʠʨʦʚʘʪʴ ʚʥʠʤʘʥʠʝ ʥʘ 

ʨʘʟʥʳʭ ʩʪʦʨʦʥʘʭ ʨʘʟʚʠʪʠʷ ʯʝʣʦʚʝʢʘ ʚ ʦʙ-

ʣʘʩʪʠ ʧʨʝʟʝʥʪʘʮʠʠ ʩʚʦʠʭ ʧʝʨʩʦʥʘʣʴʥʳʭ 

ʢʘʯʝʩʪʚ, ʪʘʣʘʥʪʘ, ʪʚʦʨʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦ-

ʩʪʝʡ ʠ ʜʨ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʚʘʞʥʦ ʫʯʠʪʳ-

ʚʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʩʘʤʦʨʝʘʣʠʟʘʮʠʠ: 

1) ʣʠʯʥʦʩʪʥʦʡ; 

2) ʪʚʦʨʯʝʩʢʦʡ; 

3) ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ; 

4) ʩʦʮʠʘʣʴʥʦʡ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʘʢʩʠʦʣʦʛʠʯʝʩʢʠʤ ʩʫʞ-

ʜʝʥʠʝʤ ʢʠʪʘʡʩʢʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ-

ʧʩʠʭʦʣʦʛʦʚ, ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʤʥʦʞʝʩʪʚʘ ʵʢ-

ʟʠʩʪʝʥʮʠʘʣʴʥʳʭ ʜʠʣʝʤʤ ʠ ʠʭ ʚʳʭʦʜ ʥʘ ʦʙ-

ʣʘʩʪʴ ʩʘʤʦʨʝʘʣʠʟʘʮʠʠ ʣʠʯʥʦʩʪʠ, ʦʙʫʩʣʦʚ-

ʣʝʥʦ ʩʣʝʜʫʶʱʠʤʠ ʪʨʝʤʷ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ-

ʤʠ: 

- ʚʦ-ʧʝʨʚʳʭ, ʥʝʩʧʦʩʦʙʥʦʩʪʴʶ ʫʪʚʝʨʜʠʪʴ 

ʩʦʙʩʪʚʝʥʥʫʶ ʮʝʥʥʦʩʪʴ ( ̫ ʥʝ ʟʥʘʶ, ʨʘʜʠ 

ʯʝʛʦ ʫʩʝʨʜʥʦ ʨʘʙʦʪʘʶ, ʠ ʥʝ ʟʥʘʶ, ʯʪʦ ʚʘʞ-

ʥʦ ʠ ʟʥʘʯʠʤʦ ʚ ʩʘʤʦʡ ʚʝʱʠ); 

- ʚʦ-ʚʪʦʨʳʭ, ʥʝʩʧʦʩʦʙʥʦʩʪʴʶ ʥʘʡʪʠ 

ʥʘʧʨʘʚʣʝʥʠʝ ʚ ʞʠʟʥʠ ( ̫ʯʫʚʩʪʚʫʶ ʩʝʙʷ ʥʝ-

ʚʝʜʦʤʳʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʫʜʫʱʝʛʦ ʠ ʥʝ 

ʟʥʘʶ, ʢʘʢ ʝʛʦ ʫʩʪʨʦʠʪʴ, ʠʣʠ ʙʫʜʫʱʝʝ ʥʝ 

ʪʘʢʦʝ, ʢʘʢ  ̫ʦʞʠʜʘʣ, ʧʦʵʪʦʤʫ ʫ ʤʝʥʷ ʥʝʪ 

ʤʦʪʠʚʘʮʠʠ); 

- ʚ-ʪʨʝʪʴʠʭ, ʥʝʩʧʦʩʦʙʥʦʩʪʴ ʦʱʫʪʠʪʴ 

ʩʚʷʟʴ ʩ ʤʠʨʦʤ (ʪʦ, ʯʪʦ  ̫ʜʝʣʘʶ, ʥʝ ʠʤʝʝʪ 

ʷʚʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʩʠʪʫʘʮʠʶ, ʠ  ̫ʯʫʚʩʪʚʫʶ 

ʩʚʦʶ ʥʝʥʫʞʥʦʩʪʴ) [1]. 

ʇʨʠ ʦʙʨʘʱʝʥʠʠ ʢ ʜʝʬʠʥʠʮʠʠ çʩʘʤʦʨʝʘ-

ʣʠʟʘʮʠʷè ʩʣʝʜʫʝʪ ʫʢʘʟʘʪʴ ʥʘ ʪʦ, ʯʪʦ ʚ 

ʥʘʫʯʥʳʡ ʦʙʦʨʦʪ ʵʪʦʪ ʪʝʨʤʠʥ ʚʧʝʨʚʳʝ ʚʚʝʣ 

ʥʝʤʝʮʢʦ/ʘʚʩʪʨʠʡʩʢʠʡ ʧʩʠʭʠʘʪʨ ʂ. ɻʦʣʴ-

ʜʰʪʝʡʥ. ɺ ʨʘʙʦʪʝ çʆʨʛʘʥʠʟʤ: ʮʝʣʦʩʪʥʳʡ 

ʧʦʜʭʦʜ ʢ ʙʠʦʣʦʛʠʠ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʘʪʦ-

ʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʦ ʯʝʣʦʚʝʢʝè, ʜʘʥʥʳʡ 

ʫʯʝʥʳʡ ʦʪʦʞʜʝʩʪʚʣʷʝʪ ʧʦʥʷʪʠʝ çʩʘʤʦʨʝʘ-

ʣʠʟʘʮʠʷè ʩ ʪʝʥʜʝʥʮʠʝʡ ʢ ʤʘʢʩʠʤʘʣʴʥʦ 

ʚʦʟʤʦʞʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 

ʩʧʦʩʦʙʥʦʩʪʝʡ ʦʨʛʘʥʠʟʤʘ ʚ ʦʢʨʫʞʘʶʱʝʤ 

ʝʛʦ ʤʠʨʝ. ʇʨʠ ʵʪʦʤ ʪʝʥʜʝʥʮʠʷ ʢ ʩʘʤʦʨʝʘ-

ʣʠʟʘʮʠʠ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ ʝʜʠʥʩʪʚʝʥʥʦʛʦ 
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ʜʚʠʛʘʪʝʣʷ, ʢʦʪʦʨʳʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʞʠʟʥʴ 

ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ [2, p. 512]. ʋʪʦʯʥʷʷ 

ʫʢʘʟʘʥʥʦʝ ʧʦʥʷʪʠʝ, ʂ. ɻʦʣʴʜʰʪʝʡʥ ʩʚʦʜʠʪ 

ʩʘʤʦʨʝʘʣʠʟʘʮʠʶ ʢ ʜʚʠʞʫʱʝʡ ʞʠʟʥʝʥʥʦʡ 

ʩʠʣʝ, ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ 

ʤʘʢʩʠʤʠʟʘʮʠʶ ʩʧʦʩʦʙʥʦʩʪʝʡ ʯʝʣʦʚʝʢʘ ʠ 

ʦʧʨʝʜʝʣʝʥʠʝ ʧʫʪʠ ʝʛʦ ʞʠʟʥʠ [3]. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʩʧʝʮʠʘʣʴʥʦʛʦ ʦʙʨʘʱʝʥʠʷ 

ʢ ʧʨʦʙʣʝʤʝ ʩʘʤʦʨʝʘʣʠʟʘʮʠʠ ʚʦ ʤʥʦʛʦʤ ʚʳ-

ʟʚʘʥʘ ʥʘʣʠʯʠʝʤ ʫʩʪʦʡʯʠʚʦʡ ʩʚʷʟʠ ʤʝʞʜʫ 

ʬʝʥʦʤʝʥʦʤ ʩʘʤʦʨʝʘʣʠʟʘʮʠʠ ʠ ʩʪʨʝʩʩʦʤ, 

ʧʨʦʷʚʣʝʥʠʝ ʢʦʪʦʨʦʛʦ ʟʘʢʦʥʦʤʝʨʥʦ ʜʣʷ 

ʦʩʦʙʳʭ ʫʩʣʦʚʠʡ ʧʦʣʠʮʝʡʩʢʦʡ ʩʣʫʞʙʳ. 

ɼʘʥʥʳʡ ʪʝʟʠʩ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʚʳʚʦʜʦʤ 

ʦʪʜʝʣʴʥʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʬʨʘʥʮʫʟʩʢʦʛʦ 

ʵʢʩʧʝʨʪʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ, ʩʧʝʮʠʘʣʠʟʠʨʫʶ-

ʱʠʭʩʷ ʥʘ ʚʳʷʚʣʝʥʠʠ ʩʚʷʟʝʡ ʤʝʞʜʫ ʩʪʨʝʩ-

ʩʦʤ ʠ ʩʦʩʪʦʷʥʠʝʤ ʧʩʠʭʠʯʝʩʢʦʛʦ ʟʜʦʨʦʚʴʷ 

ʩʣʫʞʘʱʠʭ ʧʦʣʠʮʠʠ ʠ, ʩ ʫʯʝʪʦʤ ʧʦʣʫʯʝʥ-

ʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʤʠ ʧʩʠʭʦ-

ʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʢʦʥʩʪʘʪʠʨʫʶʱʠʭ ʦ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʠʟʥʘʥʠʷ ʥʝʩʦʤʥʝʥʥʳʭ 

ʟʘʩʣʫʛ ʧʦʣʠʮʝʡʩʢʠʭ ʧʦ ʧʦʜʜʝʨʞʘʥʠʶ ʚ 

ʛʦʩʫʜʘʨʩʪʚʝ ʜʦʣʞʥʦʛʦ ʫʨʦʚʥʷ ʦʙʱʝʩʪʚʝʥ-

ʥʦʛʦ ʧʦʨʷʜʢʘ, ʥʝʩʤʦʪʨʷ ʥʘ ʥʝʩʪʘʥʜʘʨʪ-

ʥʦʩʪʴ ʧʦʩʪʫʧʘʶʱʠʭ ʚʚʦʜʥʳʭ, ʪʨʝʙʫʶʱʠʭ 

ʠʭ ʘʜʝʢʚʘʪʥʦʛʦ ʨʝʰʝʥʠʷ. ɺ ʫʢʘʟʘʥʥʦʤ ʩʣʫ-

ʯʘʝ, ʧʨʠʟʥʘʥʠʝ ʠʛʨʘʝʪ ʞʠʟʥʝʥʥʦ ʚʘʞʥʫʶ 

ʨʦʣʴ ʚ ʤʦʪʠʚʘʮʠʠ ʠ ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʠ 

ʨʘʙʦʪʦʡ. ʂ ʩʦʞʘʣʝʥʠʶ, ʩʦʪʨʫʜʥʠʢʠ ʧʦʣʠ-

ʮʠʠ ʯʘʩʪʦ ʥʝ ʧʦʣʫʯʘʶʪ ʜʦʣʞʥʦʛʦ ʧʨʠʟʥʘ-

ʥʠʷ ʩʦ ʩʪʦʨʦʥʳ ʦʙʱʝʩʪʚʘ ʠ ʠʭ ʚʳʰʝʩʪʦʷ-

ʱʠʭ ʨʫʢʦʚʦʜʠʪʝʣʝʡ. ʈʘʙʦʪʘ ʧʦʣʠʮʝʡʩʢʠʭ 

ʯʘʩʪʦ ʧʦʜʚʝʨʛʘʝʪʩʷ ʢʨʠʪʠʢʝ ʠ ʩʦʤʥʝʥʠʶ, 

ʯʪʦ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʯʫʚʩʪʚʦ ʧʨʠʥʠʞʝʥʥʦ-

ʩʪʠ ʠ ʥʝʤʦʪʠʚʠʨʦʚʘʥʥʦʩʪʠ. ʆʪʩʫʪʩʪʚʠʝ 

ʧʨʠʟʥʘʥʠʷ ʪʘʢʞʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʫʭʫʜ-

ʰʝʥʠʶ ʩʘʤʦʦʮʝʥʢʠ ʠ ʫʚʝʨʝʥʥʦʩʪʠ ʚ ʩʝʙʝ, 

ʯʪʦ ʤʦʞʝʪ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʘʪʴʩʷ ʥʘ ʠʭ ʧʩʠ-

ʭʠʯʝʩʢʦʤ ʠ ʵʤʦʮʠʦʥʘʣʴʥʦʤ ʙʣʘʛʦʧʦʣʫʯʠʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʦʣʠʮʝʡʩʢʠʝ ʯʘʩʪʦ ʩʪʘʣʢʠ-

ʚʘʶʪʩʷ ʩ ʪʨʘʚʤʘʤʠ ʠ ʪʨʘʚʤʠʨʫʶʱʠʤʠ ʩʠ-

ʪʫʘʮʠʷʤʠ ʧʨʠ ʠʩʧʦʣʥʝʥʠʠ ʩʚʦʠʭ ʦʙʷʟʘʥʥʦ-

ʩʪʝʡ. ʅʘʩʠʣʠʝ, ʧʨʝʩʪʫʧʣʝʥʠʷ ʠ ʤʝʩʪʘ ʧʨʝ-

ʩʪʫʧʣʝʥʠʷ, ʩ ʢʦʪʦʨʳʤʠ ʦʥʠ ʩʪʘʣʢʠʚʘʶʪʩʷ, 

ʪʘʢʞʝ ʤʦʛʫʪ ʠʤʝʪʴ ʜʘʣʝʢʦ ʠʜʫʱʠʝ ʧʦʩʣʝʜ-

ʩʪʚʠʷ ʜʣʷ ʧʩʠʭʠʯʝʩʢʦʛʦ ʟʜʦʨʦʚʴʷ ʧʨʘʚʦ-

ʦʭʨʘʥʠʪʝʣʝʡ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ, ʦʪʩʫʪʩʪʚʠʝ 

ʥʝʦʙʭʦʜʠʤʦʡ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʜʝʨʞʢʠ 

ʣʠʯʥʦʤʫ ʩʦʩʪʘʚʫ ʧʦʣʠʮʠʠ çʩʧʦʩʦʙʩʪʚʫʝʪ 

ʫʩʫʛʫʙʣʝʥʠʶ ʧʦʩʣʝʜʩʪʚʠʡ ʵʪʠʭ ʪʨʘʚʤ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʙʣʝʤʘʤ, ʚ ʚʠʜʝ ʧʦʩʪʪʨʘʚʤʘ-

ʪʠʯʝʩʢʦʛʦ ʩʪʨʝʩʩʘ, ʙʝʩʧʦʢʦʡʩʪʚʘ ʠ ʜʝʧʨʝʩ-

ʩʠʠè [4]. 

ʀʤʝʥʥʦ ʧʦ ʦʪʤʝʯʝʥʥʦʡ ʧʨʠʯʠʥʝ ʦʪʝʯʝ-

ʩʪʚʝʥʥʳʝ ʫʯʝʥʳʝ ʨʝʢʦʤʝʥʜʫʶʪ ʚ ʦʩʦʙʳʭ 

ʫʩʣʦʚʠʷʭ ʦʙʩʪʘʥʦʚʢʠ, ʥʘʩʳʱʝʥʥʦʡ ʦʙʠʣʠ-

ʝʤ ʩʪʨʝʩʩʦʨʦʚ, ʢʘʞʜʦʤʫ ʩʦʪʨʫʜʥʠʢʫ ʧʦʣʠ-

ʮʠʠ ʧʨʠʜʝʨʞʠʚʘʪʴʩʷ ʦʨʠʝʥʪʠʨʦʚ ʥʘ ʚʥʫʪ-

ʨʝʥʥʠʝ ʢʨʠʪʝʨʠʠ, ʜʝʤʦʥʩʪʨʠʨʫʷ ʧʨʠ ʵʪʦʤ 

ʩʪʨʝʤʣʝʥʠʝ ʢ ʘʥʘʣʠʟʫ ʩʚʦʝʛʦ ʧʦʚʝʜʝʥʠʷ ʠ 

ʦʪʢʘʟ ʦʪ ʰʘʙʣʦʥʥʳʭ ʧʨʠʝʤʦʚ ʩʘʤʦʚʳʨʘ-

ʞʝʥʠʷ. ʂʘʢ ʦʪʤʝʯʘʶʪ ɸ.ʆ. ɹʫʨʮʝʚ, 

ʅ.ɺ. ɽʬʠʤʢʠʥʘ ʠ ʨʷʜ ʜʨʫʛʠʭ ʨʦʩʩʠʡʩʢʠʭ 

ʫʯʝʥʳʭ, ʫʢʘʟʘʥʥʘʷ ʣʠʥʠʷ ʧʦʚʝʜʝʥʠʷ ʩʦʦʪ-

ʚʝʪʩʪʚʫʝʪ ʦʪʤʝʯʝʥʥʳʤ çʧʨʝʜʠʢʪʦʨʘʤ 

ʫʩʧʝʰʥʦʡ ʩʘʤʦʨʝʘʣʠʟʘʮʠʠ ʩʦʪʨʫʜʥʠʢʦʚ ʚ 

ʧʨʘʚʦʦʭʨʘʥʠʪʝʣʴʥʦʡ ʩʪʨʫʢʪʫʨʝ, ʧʨʦʬʝʩʩʠ-

ʦʥʘʣʴʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʢʦʪʦʨʳʭ ʩʚʷʟʘʥʘ ʩ 

ʧʦʩʪʦʷʥʥʦ ʜʝʡʩʪʚʫʶʱʠʤʠ ʩʪʨʝʩʩʦʛʝʥʥʳʤʠ 

ʬʘʢʪʦʨʘʤʠ [5, ʩ. 95]. 

ɺʳʷʚʣʷʷ ʪʨʠʘʜʫ ʢʦʤʧʦʥʝʥʪʦʚ ʜʝʩʪʨʫʢ-

ʪʠʚʥʦʛʦ ʜʣʷ ʣʠʯʥʦʩʪʠ ʧʨʘʚʦʦʭʨʘʥʠʪʝʣʷ 

ʵʤʦʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʩʧʦʩʦʙʩʪʚʫʶ-

ʱʠʭ ʧʦʜʜʝʨʞʘʥʠʶ ʚʠʢʪʠʤʦʛʝʥʥʦʛʦ ʧʦʪʝʥ-

ʮʠʘʣʘ ʠ ʧʨʦʷʚʣʷʶʱʠʭʩʷ ʚ ʚʠʜʝ: 

1) ʜʠʩʪʨʝʩʩʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ; 

2) ʩʦʩʪʦʷʥʠʷ ʩʪʨʘʭʘ; 

3) ʘʛʨʝʩʩʠʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

ɸ.ʉ. ʉʝʨʛʠʝʥʢʦ ʟʘʢʣʶʯʘʝʪ ʦ ʚʦʟʤʦʞʥʦ-

ʩʪʠ ʵʬʬʝʢʪʠʚʥʦʡ ʩʘʤʦʨʝʘʣʠʟʘʮʠʠ ʩʦʪʨʫʜ-

ʥʠʢʦʚ ʦʨʛʘʥʦʚ ʚʥʫʪʨʝʥʥʠʭ ʜʝʣ ʧʨʠ ʫʩʣʦ-

ʚʠʠ ʨʘʟʚʠʪʦʩʪʠ ʠʭ ʣʠʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ: 

- ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʩʪʨʝʩʩʦʫʩʪʦʡʯʠʚʦ-

ʩʪʠ; 

- ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʧʦʠʩʢʫ ʨʘʮʠʦʥʘʣʴʥʦʛʦ 

ʚʳʭʦʜʘ ʠʟ ʢʨʠʪʠʯʝʩʢʠʭ ʩʠʪʫʘʮʠʡ; 

- ʩʚʦʝʚʨʝʤʝʥʥʘʷ ʠ ʧʨʘʚʠʣʴʥʘʷ ʨʝʘʢʮʠʷ; 

- ʩʘʤʦʦʙʣʘʜʘʥʠʝ [6, ʩ. 32]. 

ʈʘʩʩʤʦʪʨʝʥʥʘʷ ʫʢʘʟʘʥʥʳʤ ʘʚʪʦʨʦʤ 

çʞʝʣʘʪʝʣʴʥʘʷ ʧʘʨʘʜʠʛʤʘè ʥʝʦʙʭʦʜʠʤʳʭ 

ʢʘʯʝʩʪʚ ʣʠʯʥʦʩʪʠ ʩʦʪʨʫʜʥʠʢʘ ʧʦʣʠʮʠʠ, 

ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʧʦʚʳʰʝʥʠʶ ʫʨʦʚʥʷ ʝʛʦ 

ʩʘʤʦʨʝʘʣʠʟʘʮʠʠ ʚ ʢʘʯʝʩʪʚʝ ʵʬʬʝʢʪʠʚʥʦ 

ʜʝʡʩʪʚʫʶʱʝʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʩʣʫʞʘʱʝ-

ʛʦ ʧʨʠ ʨʝʰʝʥʠʠ ʚʘʞʥʳʭ ʟʘʜʘʯ ʧʦʜʜʝʨʞʘ-

ʥʠʷ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʧʦʨʷʜ-

ʢʘ, ʪʨʝʙʫʝʪ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ, ʠʤʝʶʱʠʭ 

ʧʨʷʤʦʡ ʚʳʭʦʜ ʥʘ ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʧʦʣʠ-

ʮʝʡʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʚ ʢʦʥʪʝʢʩʪʝ ʦʙʨʘ-

ʱʝʥʠʷ ʢ ʚʦʟʤʦʞʥʦʩʪʷʤ ʤʠʨʘ ʮʠʬʨʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʚʢʣʶʯʘʷ ʪʝʭʥʦʣʦʛʠʠ ʠʩʢʫʩ-

ʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ʎʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ 
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ʧʨʦʷʚʣʝʥʠʷ ʜʘʥʥʦʡ ʧʦʟʠʮʠʠ ʧʦʜʢʨʝʧʣʷʝʪ-

ʩ ̫ ʤʘʩʩʦʚʳʤ ʭʘʨʘʢʪʝʨʦʤ ʧʨʠʤʝʥʝʥʠʷ ʚʦ 

ʤʥʦʛʠʭ ʟʘʨʫʙʝʞʥʳʭ ʩʪʨʘʥʘʭ ʮʠʬʨʦʚʳʭ 

ʧʣʘʪʬʦʨʤ, ʧʦʟʚʦʣʷʶʱʠʭ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝ-

ʥʴʶ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʤʦʜʝʣʠʨʫʝʤʦʡ ʚʠʨʪʫ-

ʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʧʦʛʨʫʞʘʪʴ ʩʦʪʨʫʜʥʠʢʦʚ 

ʧʦʩʨʝʜʩʪʚʦʤ VR-ʪʨʝʥʠʥʛʦʚ ʚ ʘʪʤʦʩʬʝʨʫ, 

ʙʣʠʟʢʫʶ ʧʦ ʩʚʦʝʡ ʥʘʩʳʱʝʥʥʦʩʪʠ ʢ ʜʝʡ-

ʩʪʚʠʪʝʣʴʥʦʤʫ ʚʣʠʷʥʠʶ ʥʘ ʣʠʯʥʦʩʪʴ ʩʦ-

ʪʨʫʜʥʠʢʘ ʧʦʣʠʮʠʠ ʩʚʦʜʘ ʩʠʪʫʘʮʠʡ, ʥʘʩʳ-

ʱʝʥʥʳʭ ʨʘʟʣʠʯʥʳʤʠ ʩʪʨʝʩʩʦʨʘʤʠ. ʋʢʘ-

ʟʘʥʥʦʝ ʥʘʠʙʦʣʝʝ ʦʙʩʪʦʷʪʝʣʴʥʦ ʧʨʝʜʩʪʘʚʣʝ-

ʥʦ ʚ ʦʪʜʝʣʴʥʳʭ ʨʘʙʦʪʘʭ ʨʦʩʩʠʡʩʢʠʭ ʫʯʝ-

ʥʳʭ, ʠʩʩʣʝʜʫʶʱʠʭ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠʤʝʥʝ-

ʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʧʨʠ ʧʦʜʛʦ-

ʪʦʚʢʝ ʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦʣʠʮʠʠ ʢ ʜʝʡʩʪʚʠ-

ʷʤ ʚ ʩʣʦʞʥʳʭ ʫʩʣʦʚʠʷʭ, ʚʢʣʶʯʘʷ ʦʩʦʙʳʡ 

ʨʝʞʠʤ ʥʝʩʝʥʠʷ ʩʣʫʞʙʳ, ʧʨʠ ʢʦʪʦʨʦʤ ʪʨʝ-

ʙʫʝʪʩʷ ʥʝʩʪʘʥʜʘʨʪʥʳʡ ʧʦʜʭʦʜ ʣʠʯʥʦʩʪʠ ʢ 

ʩʘʤʦʨʝʘʣʠʟʘʮʠʠ. ɺ ʵʪʦʡ ʩʚʷʟʠ, ʥʝʩʦʤʥʝʥ-

ʥʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʳʚʦʜ ʦʪʝʯʝ-

ʩʪʚʝʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʘʧʝʣʣʠʨʫʶʱʠʭ ʢ 

ʧʦʪʝʥʮʠʘʣʫ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ 

ʦʪʤʝʯʘʶʱʠʭ ʩʣʝʜʫʶʱʝʝ: çʧʨʠʤʝʥʠʪʝʣʴʥʦ 

ʢ ʧʨʦʮʝʩʩʫ VR-ʪʨʝʥʠʥʛʘ, ʮʝʣʝʧʦʣʘʛʘʥʠʝ 

ʢʦʪʦʨʦʛʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʪʨʘʙʦʪʢʝ ʧʦʚʝ-

ʜʝʥʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʩʦʧʨʷʞʝʥʥʳʭ ʩ ʧʨʠʥʷ-

ʪʠʝʤ ʨʝʰʝʥʠʡ ʠ ʜʝʡʩʪʚʠʷ ʩʦʪʨʫʜʥʠʢʦʚ ʧʦ-

ʣʠʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʩʪʨʝʩʩʘ ʠ ʚ ʦʧʝʨʘʪʠʚʥʳʭ 

ʩʠʪʫʘʮʠʷʭ ʧʦʚʳʰʝʥʥʦʛʦ ʨʠʩʢʘ (DMA-SR), 

ʚʘʞʥʦ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʥʘʠʙʦʣʝʝ 

ʟʥʘʯʠʤʳʝ ʘʩʧʝʢʪʳ ʨʝʰʝʥʠʡ ʜʣʷ VR-

ʦʙʫʯʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʨʘʟʨʘʙʦʪʢʘ ʩʮʝʥʘʨʠʝʚ, 

ʨʝʘʣʠʟʤ ʠ ʧʦʛʨʫʞʝʥʠʝ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʜʘʧʪʠʚʥʳʭ ʚʠʨʪʫʘʣʴʥʳʭ 

ʩʨʝʜ, a ʠʤʝʥʥʦ ʥʝʠʛʨʦʚʳʭ ʧʝʨʩʦʥʘʞʝʡ 

ʚʠʨʪʫʘʣʴʥʦʛʦ ʩʮʝʥʘʨʠʷ (NPC) ʠ ʧʝʨʩʦʥʘ-

ʞʝʡ ʨʦʣʝʚʳʭ ʠʛʨʦʢʦʚ (RPC)è [7, ʩ. 155]. 

ʇʦʜʚʦʜʷ ʠʪʦʛ ʠʟʣʦʞʝʥʥʦʤʫ, ʩʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ ʩʣʝʜʫʶʱʝʝ: ʚʦ-ʧʝʨʚʳʭ, ʧʨʦʮʝʩʩ 

ʩʘʤʦʨʝʘʣʠʟʘʮʠʠ ʣʠʯʥʦʩʪʠ ʩʦʪʨʫʜʥʠʢʘ ʧʦ-

ʣʠʮʠʠ ʧʨʠ ʠʩʧʦʣʥʝʥʠʠ ʠʤ ʩʚʦʠʭ ʦʙʷʟʘʥʥʦ-

ʩʪʝʡ ʧʦ ʩʣʫʞʙʝ ʪʨʝʙʫʝʪ ʚʥʠʤʘʪʝʣʴʥʦʛʦ 

ʧʦʜʭʦʜʘ ʠ ʩʠʩʪʝʤʥʦʡ ʨʘʙʦʪʳ ʨʫʢʦʚʦʜʷʱʝ-

ʛʦ ʩʦʩʪʘʚʘ ʦʨʛʘʥʦʚ ʚʥʫʪʨʝʥʥʠʭ ʜʝʣ ʠ ʩʧʝ-

ʮʠʘʣʠʩʪʦʚ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʡ ʩʣʫʞʙʳ ʄɺɼ 

ʈʦʩʩʠʠ ʢ ʧʦʜʜʝʨʞʘʥʠʶ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ 

ʩʦʮʠʘʣʴʥʦ-ʦʜʦʙʨʷʝʤʦʡ ʤʦʪʠʚʘʮʠʠ, ʪʝʩʥʳʤ 

ʦʙʨʘʟʦʤ ʩʚʷʟʘʥʥʦʡ ʩ ʨʝʰʝʥʠʝʤ ʟʘʜʘʯ ʧʦ 

ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʡ ʟʘʱʠʪʝ ʧʨʘʚ ʠ ʩʚʦʙʦʜ ʯʝ-

ʣʦʚʝʢʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ, ʧʨʠʣʝʛʘʶʱʝʡ ʢ ʣʠ-

ʥʠʠ ʙʦʝʚʦʛʦ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ, ʚ ʫʩʣʦʚʠʷʭ 

ʧʨʦʚʝʜʝʥʠʷ ʈʦʩʩʠʝʡ ʩʧʝʮʠʘʣʴʥʦʡ ʚʦʝʥʥʦʡ 

ʦʧʝʨʘʮʠʠ ʧʦ ʜʝʤʠʣʠʪʘʨʠʟʘʮʠʠ ʠ ʜʝʥʘʮʠ-

ʬʠʢʘʮʠʠ ʋʢʨʘʠʥʳ. ʆʪʤʝʯʝʥʥʦʝ ʦʙʩʪʦʷ-

ʪʝʣʴʩʪʚʦ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʠ ʧʨʠ ʧʨʦʭʦʞ-

ʜʝʥʠʠ ʣʠʯʥʳʤ ʩʦʩʪʘʚʦʤ ʧʦʣʠʮʠʠ ʩʚʦʝʡ 

ʩʣʫʞʙʳ ʚ ʠʥʳʭ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʭ ʧʨʝʜʝʣʘʭ 

ʨʦʩʩʠʡʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʘ; ʚʦ-ʚʪʦʨʳʭ, ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʠ ʩʘʤʦʨʝʘʣʠʟʘʮʠʠ ʣʠʯʥʦʩʪʠ 

ʩʦʪʨʫʜʥʠʢʘ ʧʦʣʠʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥ-

ʥʦʛʦ ʫʨʦʚʥʷ ʩʪʨʝʩʩʦʚʳʭ ʥʘʛʨʫʟʦʢ ʩʧʦʩʦʙ-

ʩʪʚʫʝʪ ʘʢʪʠʚʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʧʨʦʚʝʜʝʥʠʷ 

ʩʧʝʮʠʘʣʴʥʳʭ ʪʨʝʥʠʥʛʦʚ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ 

ʠ ʧʦʛʨʫʞʝʥʠʷ ʣʠʯʥʦʩʪʠ ʩʦʪʨʫʜʥʠʢʘ ʧʦʣʠ-

ʮʠʠ ʚ ʤʠʨ ʚʠʨʪʫʘʣʴʥʳʭ ʚʚʦʜʥʳʭ, ʤʘʢʩʠ-

ʤʘʣʴʥʳʤ ʦʙʨʘʟʦʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʚʦʟ-

ʤʦʞʥʦʤʫ ʥʘʩʪʫʧʣʝʥʠʶ ʨʝʘʣʴʥʦʡ ʩʠʪʫʘʮʠʠ 

ʩʣʦʞʥʦʛʦ ʭʘʨʘʢʪʝʨʘ. 
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Abstract. The article presents an analysis of personal self-realization and the relationship of 

this process of versatile professional development with the conditions of a special regime of law 

enforcement service by police personnel. Focusing on the conjugation of each police officer's 

professional activity with complex and non-standard features of multidimensional situations of 

the surrounding reality, which eventually contribute to the transfer of the police officer's person-

ality into a state of real stress, the author states the expediency of taking into account foreign 

experience in the use of digital technologies for virtual reality modeling. According to the au-

thor, this innovation will  make it possible to more effectively provide psychological support for 

the process of self-realization of a police officer. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʤ ʘʩ-

ʧʝʢʪʦʤ ʧʦʜʛʦʪʦʚʢʠ ʠ ʧʨʦʚʝʜʝʥʠʷ ʜʦʧʨʦʩʘ ʥʝʩʦʚʝʨʰʝʥʥʦʣʝʪʥʠʭ ʣʠʮ. ʇʨʠʚʦʜʠʪʩʷ ʘʥʘʣʠʟ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʜʝʪʝʡ ʠ ʧʦʜʨʦʩʪʢʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʚʣʠʷʪʴ 

ʥʘ ʨʝʟʫʣʴʪʘʪ ʜʦʧʨʦʩʘ. ɹʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʩʪʘʥʜʘʨʪʥʳʭ ʧʨʦʮʝʜʫʨ ʠ ʪʝʭʥʠʢ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʦʚʝʜʝʥʠʷ ʜʦʧʨʦʩʘ. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʘʥʘʣʠʟʝ ʨʦʩʩʠʡʩʢʦʛʦ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʧʦʣʦʞʝʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʩʠʭʦʣʦʛʠʷ, ʪʘʢʪʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʜʦʧʨʦʩʘ, ʥʝʩʦʚʝʨʰʝʥʥʦʣʝʪʥʠʝ ʩʚʠ-

ʜʝʪʝʣʠ. 

 

ɼʦʧʨʦʩ ï ʩʣʝʜʩʪʚʝʥʥʦʝ ʜʝʡʩʪʚʠʝ, ʩʦʩʪʦ-

ʷʱʝʝ ʚ ʧʦʣʫʯʝʥʠʠ ʩʣʝʜʦʚʘʪʝʣʝʤ ʧʦʢʘʟʘʥʠʡ 

ʦʙʚʠʥʷʝʤʳʭ, ʧʦʜʦʟʨʝʚʘʝʤʳʭ, ʩʚʠʜʝʪʝʣʝʡ, 

ʧʦʪʝʨʧʝʚʰʠʭ, ʩʚʝʜʫʱʠʭ ʣʠʮ ï ʵʢʩʧʝʨʪʦʚ ʠ 

ʩʧʝʮʠʘʣʠʩʪʦʚ, ʦʙ ʠʟʚʝʩʪʥʳʭ ʦʙʩʪʦʷʪʝʣʴ-

ʩʪʚʘʭ  ʩʦʙʳʪʠʷ, ʠʤʝʶʱʠʭ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʙʳʩʪʨʦʛʦ, ʧʦʣʥʦʛʦ, ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʠ ʦʙʲʝʢ-

ʪʠʚʥʦʛʦ ʨʘʩʢʨʳʪʠʷ ʠ ʨʘʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝ-

ʩʪʫʧʣʝʥʠʷ [5]. 

ɸʥʘʣʠʟ ʧʨʦʚʝʜʝʥʠʷ ʜʦʧʨʦʩʘ ʥʝʩʦʚʝʨ-

ʰʝʥʥʦʣʝʪʥʠʭ ʩʚʠʜʝʪʝʣʝʡ ʷʚʣʷʝʪʩʷ ʘʢʪʫ-

ʘʣʴʥʳʤ ʚʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʧʨʘʚʠʣʴʥʘʷ ʪʘʢʪʠ-

ʢʘ ʜʦʧʨʦʩʘ ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ ʦʩʦʙʝʥʥʦ-

ʩʪʠ ʨʘʟʚʠʪʠʷ ʠ ʧʩʠʭʦʣʦʛʠʠ ʜʝʪʝʡ ʠ ʦʙʝʩʧʝ-

ʯʠʚʘʪʴ ʠʭ ʟʘʱʠʪʫ ʦʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʪʨʘʚʤʘʪʠʟʘʮʠʠ. 

ʃʠʮʘ, ʥʝ ʜʦʩʪʠʛʰʠʝ ʩʦʚʝʨʰʝʥʥʦʣʝʪʠʷ, 

ʷʚʣʷʶʪʩʷ ʦʩʦʙʳʤʠ ʫʯʘʩʪʥʠʢʘʤʠ ʫʛʦʣʦʚʥʦ-

ʧʨʦʮʝʩʩʫʘʣʴʥʳʭ ʧʨʘʚʦʦʪʥʦʰʝʥʠʡ. ɺ ʩʪʘ-

ʪʴʝ 280 ʋʇʂ ʈʌ ʦʙ ʦʩʦʙʝʥʥʦʩʪʷʭ ʜʦʧʨʦʩʘ 

ʥʝʩʦʚʝʨʰʝʥʥʦʣʝʪʥʠʭ ʩʚʠʜʝʪʝʣʝʡ ʩʦʜʝʨ-

ʞʠʪʩʷ ʫʢʘʟʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ ʩʚʠ-

ʜʝʪʝʣʷ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʜʦʧʨʦʩʘ ʤʦʞʝʪ ʚʳ-

ʩʪʫʧʘʪʴ ʣʠʮʦ çʜʦ ʰʝʩʪʥʘʜʮʘʪʠ ʣʝʪè ʠ çʦʪ 

ʰʝʩʪʥʘʜʮʘʪʠ ʜʦ ʚʦʩʝʤʥʘʜʮʘʪʠ ʣʝʪè. ʊʦ 

ʝʩʪʴ, ʦʧʨʝʜʝʣʝʥʥʳʡ ʚʦʟʨʘʩʪ, ʩ ʢʦʪʦʨʦʛʦ 

ʤʦʞʥʦ ʜʦʧʨʘʰʠʚʘʪʴ ʥʝʩʦʚʝʨʰʝʥʥʦʣʝʪʥʠʭ, 

ʫʛʦʣʦʚʥʳʤ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦʤ ʥʝ ʫʩʪʘʥʦʚ-

ʣʝʥ. 

ʆʙʱʠʝ ʧʦʣʦʞʝʥʠʷ ʦ ʜʦʧʨʦʩʝ ʧʨʠʤʝʥʷ-

ʶʪʩʷ ʠ ʢ ʜʦʧʨʦʩʫ ʥʝʩʦʚʝʨʰʝʥʥʦʣʝʪʥʝʛʦ 

ʣʠʮʘ, ʥʦ ʩ ʫʯʝʪʦʤ ʦʩʦʙʳʭ ʧʨʠʥʮʠʧʦʚ ʠ 

ʧʨʠʝʤʦʚ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʙʳʪʴ ʫʯʪʝʥʳ 

ʩʣʝʜʦʚʘʪʝʣʝʤ, ʚ ʩʠʣʫ ʦʩʦʙʦʛʦ ʧʦʣʦʞʝʥʠʷ 

ʥʝʩʦʚʝʨʰʝʥʥʦʣʝʪʥʝʛʦ ʩʚʠʜʝʪʝʣʷ, ʫʯʠʪʳʚʘʷ 

ʝʛʦ ʚʦʟʨʘʩʪ, ʨʘʟʚʠʪʠʝ ʠ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʥʠ-

ʤʘʪʴ ʠ ʦʪʚʝʯʘʪʴ ʥʘ ʚʦʧʨʦʩʳ. 

ʉʧʝʮʠʬʠʢʘ ʜʦʧʨʦʩʘ ʥʝʩʦʚʝʨʰʝʥʥʦʣʝʪ-

ʥʠʭ ʩʚʠʜʝʪʝʣʝʡ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʤʝʥʴʰʠʤ 

ʦʙʲʝʤʦʤ ʟʥʘʥʠʡ ʠ ʞʠʟʥʝʥʥʦʛʦ ʦʧʳʪʘ, ʩʣʘ-

ʙʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʤʫ 

ʚʥʠʤʘʥʠʶ, ʧʦʚʳʰʝʥʥʦʡ ʚʥʫʰʘʝʤʦʩʪʴʶ, 

ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʤʳʰʣʝ-

ʥʠʷ, ʪʝʥʜʝʥʮʠʝʡ ʢ ʩʤʝʰʝʥʠʶ ʨʝʘʣʴʥʦʛʦ ʠ 

ʚʦʦʙʨʘʞʘʝʤʦʛʦ, ʠʟʣʠʰʥʝʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦ-

ʩʪʴʶ ʠ ʵʤʦʮʠʦʥʘʣʴʥʦʩʪʴʶ [1]. 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʣʠʯʥʦʩʪʠ, ʩʣʝʜʦʚʘʪʝʣʴ 

ʦʙʨʘʱʘʝʪ ʚʥʠʤʘʥʠʝ ʥʘ ʪʝʤʧʝʨʘʤʝʥʪ ʠ ʭʘ-

ʨʘʢʪʝʨ ʜʦʧʨʘʰʠʚʘʝʤʦʛʦ, ʥʘ ʝʛʦ ʫʨʦʚʝʥʴ 

ʫʤʩʪʚʝʥʥʦʛʦ ʨʘʟʚʠʪʠʷ, ʫʜʝʣʷʝʪ ʚʨʝʤʷ ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʙʣʠʞʘʡʰʝʛʦ ʦʢʨʫʞʝʥʠʷ ʚ ʣʠʮʝ 

ʜʨʫʟʝʡ, ʟʥʘʢʦʤʳʭ  ʨʦʜʩʪʚʝʥʥʠʢʦʚ. ɺʘʞ-

ʥʳʤ ʪʘʢ ʞʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʚʟʘʠ-

ʤʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʜʦʧʨʘʰʠʚʘʝʤʳʤ ʠ 

ʝʛʦ ʙʣʠʞʘʡʰʠʤ ʦʢʨʫʞʝʥʠʝʤ. ʆʙʨʘʪʠʪʴ 

ʚʥʠʤʘʥʠʝ ʪʘʢ ʞʝ ʩʪʦʠʪ ʥʘ ʫʩʣʦʚʠʷ ʞʠʟʥʠ 

ʥʝʩʦʚʝʨʰʝʥʥʦʣʝʪʥʝʛʦ. ɺʩʝ ʵʪʠ ʬʘʢʪʦʨʳ 

ʧʦʤʦʛʫʪ ʩʣʝʜʦʚʘʪʝʣʶ ʦʧʨʝʜʝʣʠʪʴ ʩʧʦʩʦʙʝʥ 

ʣʠ ʜʦʧʨʘʰʠʚʘʝʤʳʡ ʜʘʪʴ ʧʨʘʚʜʠʚʳʝ ʧʦʢʘ-

ʟʘʥʠʷ  

ʇʦʤʠʤʦ ʠʟʫʯʝʥʠʷ ʣʠʯʥʦʩʪʠ ʜʦʧʨʘʰʠʚʘ-

ʝʤʦʛʦ, ʧʝʨʝʜ ʩʣʝʜʦʚʘʪʝʣʝʤ ʩʪʦʠʪ ʚʦʧʨʦʩ ʦ 
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ʚʳʙʦʨʝ ʤʝʩʪʘ ʧʨʦʚʝʜʝʥʠʷ ʜʦʧʨʦʩʘ. ʕʪʦʪ 

ʘʩʧʝʢʪ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʞʝʩʪʚʘ ʬʘʢʪʦʨʦʚ, 

ʪʘʢʠʭ ʢʘʢ ʚʦʟʨʘʩʪ, ʨʘʥʝʝ ʩʦʙʨʘʥʥʳʝ ʩʚʝʜʝ-

ʥʠʷ ʠ ʭʘʨʘʢʪʝʨ ʩʦʚʝʨʰʝʥʥʦʛʦ ʧʨʝʩʪʫʧʣʝ-

ʥʠʷ, ʚ ʩʣʫʯʘʝ ʝʩʣʠ ʣʠʮʦ ʷʚʣʷʝʪʩʷ ʦʙʚʠʥʷʝ-

ʤʳʤ ʧʦ ʜʝʣʫ. ʊʘʢ ʤʘʣʦʣʝʪʥʠʭ ʜʝʪʝʡ ʣʫʯʰʝ 

ʚʩʝʛʦ ʙʫʜʝʪ ʧʨʦʚʦʜʠʪʴ ʜʦʧʨʦʩ ʚ ʧʨʠʚʳʯ-

ʥʦʡ ʜʣʷ ʥʠʭ ʦʙʩʪʘʥʦʚʢʝ, ʙʫʜʴ ʪʦ ʰʢʦʣʘ, 

ʜʝʪʩʢʠʡ ʩʘʜ ʠʣʠ ʜʦʤʘ ʠ ʢʚʘʨʪʠʨʘ, ʜʝʣʘʝʪʩʷ 

ʵʪʦ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ, 

ʥʘʧʨʠʤʝʨ ʧʨʠ ʜʦʧʨʦʩʝ ʤʘʣʦʣʝʪʥʝʛʦ ʚ ʥʝ-

ʟʥʘʢʦʤʦʡ ʦʙʩʪʘʥʦʚʢʝ, ʜʦʧʨʘʰʠʚʘʝʤʳʡ ʚ 

ʩʠʣʫ ʚʦʣʥʝʥʠʷ ʤʦʞʝʪ ʜʘʪʴ ʥʝʚʝʨʥʳʝ ʧʦʢʘ-

ʟʘʥʠʷ ʠʣʠ ʥʝ ʜʘʪʴ ʠʭ ʚʦʚʩʝ.  

ɼʦʧʨʦʩ ʜʝʪʝʡ ʩʨʝʜʥʝʛʦ ʠ ʩʪʘʨʰʝʛʦ ʚʦʟ-

ʨʘʩʪʘ ʙʣʘʛʦʨʘʟʫʤʥʝʝ ʙʫʜʝʪ ʧʨʦʚʦʜʠʪʴ ʚ 

ʙʦʣʝʝ ʦʬʠʮʠʘʣʴʥʦʡ ʦʙʩʪʘʥʦʚʢʝ, ʥʘʧʨʠʤʝʨ 

ʚ ʧʦʣʠʮʠʠ. ʂʘʢ ʧʠʰʝʪ ʂʨʫʪʴ ɸ.ʄ. çʧʦʜ-

ʨʦʩʪʢʦʚ, ʚʦʟʨʘʩʪ ʢʦʪʦʨʳʭ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ 

ʩʦʚʝʨʰʝʥʥʦʣʝʪʠʶ, ʥʝʦʙʭʦʜʠʤʦ ʜʦʧʨʘʰʠ-

ʚʘʪʴ ʚ ʙʦʣʝʝ ʦʬʠʮʠʘʣʴʥʦʡ ʦʙʩʪʘʥʦʚʢʝ, 

ʙʫʜʴ ʪʦ ʢʘʙʠʥʝʪ ʚ ʰʢʦʣʝ ʠʣʠ ʢʘʙʠʥʝʪ ʩʣʝ-

ʜʦʚʘʪʝʣʷ. ʆʥ ʥʘʯʠʥʘʝʪ ʥʝʧʨʦʠʟʚʦʣʴʥʦ 

ʧʦʜʙʠʨʘʪʴ ʙʦʣʝʝ ʪʦʯʥʳʝ ʠ ʧʨʘʚʠʣʴʥʳʝ 

ʬʨʘʟʳ ʠ ʪʝʤ ʜʝʪʘʣʴʥʝʝ ʩʪʘʥʦʚʷʪʩʷ ʝʛʦ ʧʦ-

ʢʘʟʘʥʠʷ. ɺʝʜʴ ʯʝʤ ʩʪʘʨʰʝ ʧʦʜʨʦʩʪʦʢ, ʪʝʤ 

ʙʦʣʴʰʝ ʝʤʫ ʭʦʯʝʪʩʷ, ʯʪʦʙʳ ʩ ʥʠʤ ʦʙʱʘ-

ʣʠʩʴ ʢʘʢ ʩ ʚʟʨʦʩʣʳʤè [4]. 

ʂʘʢ ʧʠʰʝʪ ʂʠʩʝʣʝʚ ɽ.ɸ. çʧʦ ʥʘʠʙʦʣʝʝ 

ʚʘʞʥʳʤ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘʤ ʜʦʧʨʦʩʘ ʩʣʝʜʦʚʘ-

ʪʝʣʶ ʥʝʦʙʭʦʜʠʤʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʨʷʜ 

ʢʦʥʪʨʦʣʴʥʳʭ ʚʦʧʨʦʩʦʚ. ʈʘʩʩʤʘʪʨʠʚʘʷ ʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʦʩʪʘʥʦʚʢʠ ʚʦʧʨʦʩʦʚ 

ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʚʘʪʴ ʥʘʠʙʦʣʝʝ ʜʣʷ ʥʝʛʦ 

ʙʣʘʛʦʧʨʠʷʪʥʳʝ, ʥʝ ʚʳʟʳʚʘʶʱʠʝ ʦʪʨʠʮʘ-

ʪʝʣʴʥʦʡ ʨʝʘʢʮʠʠ, ʟʘʪʝʤ ʧʝʨʝʡʪʠ ʢ 

ʥʝʡʪʨʘʣʴʥʳʤ, ʘ ʟʘʚʝʨʰʠʪʴ ʜʦʧʨʦʩ ʩʘʤʳʤʠ 

ʚʘʞʥʳʤʠ ʚʦʧʨʦʩʘʤʠè [3]. 

ʆʢʦʥʯʘʪʝʣʴʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʧʦʜʛʦʪʦʚ-

ʢʠ ʢ ʜʦʧʨʦʩʫ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʧʠʩʴ-

ʤʝʥʥʦʛʦ ʧʣʘʥʘ. ʉʣʝʜʦʚʘʪʝʣʴ ʜʦʣʞʝʥ ʩʦ-

ʩʪʘʚʠʪʴ ʯʝʪʢʠʝ ʠʥʪʝʨʝʩʫʶʱʠʝ ʚʦʧʨʦʩʳ, 

ʫʯʠʪʳʚʘʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʦʜʨʦʩʪʢʘ ʠ ʚʳʙʨʘʚ ʬʦʨʤʫʣʠʨʦʚʢʫ, ʜʦ-

ʩʪʫʧʥʫʶ ʜʣʷ ʝʛʦ ʧʦʥʠʤʘʥʠʷ. ʆʩʥʦʚʥʳʤ 

ʪʨʝʙʦʚʘʥʠʝʤ ʢ ʚʩʝʤ ʚʦʧʨʦʩʘʤ ʷʚʣʷʝʪʩʷ ʠʭ 

ʥʝ ʥʘʚʦʜʷʱʠʡ ʭʘʨʘʢʪʝʨ ʠ ʦʪʩʫʪʩʪʚʠʝ ʧʦ-

ʙʫʞʜʘʶʱʝʛʦ ʚʣʠʷʥʠʷ, ʦʜʥʘʢʦ ʧʨʠ ʵʪʦʤ 

ʦʥʠ ʜʦʣʞʥʳ ʙʳʪʴ ʧʦʥʷʪʥʳʤʠ ʧʦʜʨʦʩʪʢʫ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʘʢʪʠʢʘ ʜʦ-

ʧʨʦʩʘ ʥʝʩʦʚʝʨʰʝʥʥʦʣʝʪʥʝʛʦ ʣʠʮʘ ʩʪʨʦʠʪʩʷ 

ʥʘ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʩʣʝʜʦʚʘ-

ʪʝʣʝʤ ʠ ʜʦʧʨʘʰʠʚʘʝʤʳʤ ï ʥʝʩʦʚʝʨʰʝʥʥʦ-

ʣʝʪʥʠʤ ʩʚʠʜʝʪʝʣʝʤ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ 

ʟʘ ʢʘʞʜʳʤ ʠʟ ʧʦʜʜʘʶʱʠʭʩʷ ʥʘʙʣʶʜʝʥʠʠ 

ʬʘʢʪʦʤ, ʩʢʨʳʚʘʝʪʩʷ ʥʝʟʨʠʤʳʡ ʧʩʠʭʦʣʦʛʠ-

ʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʢʦʪʦʨʳʡ ʩʣʝʜʦʚʘʪʝʣʴ 

ʜʦʣʞʝʥ ʫʤʝʪʴ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ, ʜʣʷ ʦʙʝʩʧʝ-

ʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʜʦʧʨʦʩʘ ʢʘʢ ʩʨʝʜʩʪʚʘ 

ʩʙʦʨʘ ʠ ʧʨʦʚʝʨʢʠ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ [4]. 

ʅʘ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦʤ ʫʨʦʚʥʝ ʥʝ ʫʩʪʘʥʦʚ-

ʣʝʥ ʧʝʨʝʯʝʥʴ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʝʤʦʚ, 

ʢʦʪʦʨʳʤʠ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʠʣʠ ʢʦʪʦʨʳʤʠ 

ʜʦʣʞʝʥ ʧʦʣʴʟʦʚʘʪʴʩʷ ʩʣʝʜʦʚʘʪʝʣʴ ʧʨʠ ʦʙ-

ʱʝʥʠʠ ʩ ʥʝʩʦʚʝʨʰʝʥʥʦʣʝʪʥʠʤ ʩʚʠʜʝʪʝʣʝʤ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʫʯʝʥʳʝ-ʪʝʦʨʝʪʠʢʠ ʚʳʜʝ-

ʣʷʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʪʘʢʪʠʢʠ ʦʙʱʝʥʠʷ ʩ 

ʥʝʩʦʚʝʨʰʝʥʥʦʣʝʪʥʠʤ. ʂʦʤʤʫʥʠʢʘʮʠʷ ʩ 

ʥʝʩʦʚʝʨʰʝʥʥʦʣʝʪʥʠʤ ʩʚʠʜʝʪʝʣʝʤ ʜʦʣʞʥʘ 

ʧʨʦʭʦʜʠʪʴ ʚ ʧʨʦʩʪʦʡ ʬʦʨʤʝ ʦʙʱʝʥʠʷ, ʠʟ-

ʙʝʛʘʷ ʧʨʠʪʚʦʨʩʪʚʘ, ʧʨʦʷʚʣʷʷ ʪʘʢʪʠʯʥʦʩʪʴ ʚ 

ʧʨʦʩʴʙʘʭ ʠ ʠʩʢʨʝʥʥʦʩʪʴ ʚ ʩʣʦʚʘʭ. ʂʨʦʤʝ 

ʪʦʛʦ, ʩʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʧʦʜ-

ʜʝʨʞʘʥʠʠ ʩʝʨʴʝʟʥʦʛʦ ʪʦʥʘ ʙʝʟ ʠʟʣʠʰʥʝʡ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦ-

ʟʜʘʥʠʠ ʧʨʠʷʪʥʦʡ ʘʪʤʦʩʬʝʨʝ, ʠʩʢʣʶʯʘʷ 

ʥʘʩʤʝʰʢʠ ʠ ʫʧʨʝʢʠ ʚ ʩʪʦʨʦʥʫ ʥʝʩʦʚʝʨ-

ʰʝʥʥʦʣʝʪʥʝʛʦ ʩʚʠʜʝʪʝʣʷ. 

ʆʩʦʙʘʷ ʚʦʟʙʫʜʠʤʦʩʪʴ, ʵʤʦʮʠʦʥʘʣʴʥʦʩʪʴ 

ʠ ʚʥʫʰʘʝʤʦʩʪʴ ʧʦʜʨʦʩʪʢʘ ʪʘʢʞʝ ʜʦʣʞʥʳ 

ʙʳʪʴ ʫʯʪʝʥʳ ʩʣʝʜʦʚʘʪʝʣʝʤ, ʜʣʷ ʵʪʦʛʦ ʩʪʦʠʪ 

ʩʦʟʜʘʪʴ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʦʙ-

ʱʠʭ ʠʥʪʝʨʝʩʦʚ, ʥʝ ʧʝʨʝʭʦʜʷʱʠʭ ʛʨʘʥʠʮʳ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʪʝʦʨʝʪʠʢʠ ʠ ʧʨʘʢʪʠʢʠ ʩʦ-

ʚʝʪʫʶʪ ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʜʦʧʨʦʩʘ ʥʘʡʪʠ ʠ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʩʦʚʧʘʜʘʶʱʠʝ ʠʥʪʝʨʝʩʳ ʩ ʥʝʩʦ-

ʚʝʨʰʝʥʥʦʣʝʪʥʠʤ ʩʚʠʜʝʪʝʣʝʤ, ʢʦʪʦʨʳʝ ʧʦ-

ʤʦʛʫʪ ʧʨʝʦʜʦʣʝʪʴ ʥʝʛʘʪʠʚʥʦʝ ʦʪʥʦʰʝʥʠʝ 

ʢʦ ʚʩʝʤ ʚʟʨʦʩʣʳʤ, ʩʣʝʜʩʪʚʝʥʥʳʤ ʦʨʛʘʥʘʤ 

ʚ ʪʦʤ ʯʠʩʣʝ. 

ʇʩʠʭʦʣʦʛʠʯʝʩʢʠʡ ʘʩʧʝʢʪ ʧʨʦʚʝʜʝʥʠʷ 

ʜʦʧʨʦʩʘ ʥʝʩʦʚʝʨʰʝʥʥʦʣʝʪʥʝʛʦ ʣʠʮʘ 

ʫʩʣʦʞʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʚ ʩʠʣʫ ʨʘʟʥʦʦʙʨʘʟʠʷ 

ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʩʪʴ ʪʝʤʧʝʨʘʤʝʥʪʘ ʠ ʭʘ-

ʨʘʢʪʝʨʘ ʦʪʜʝʣʴʥʳʭ ʥʝʩʦʚʝʨʰʝʥʥʦʣʝʪʥʠʭ 

ʩʚʠʜʝʪʝʣʝʡ, ʥʝʚʦʟʤʦʞʥʦ ʨʘʟʨʘʙʦʪʘʪʴ ʫʥʠ-

ʚʝʨʩʘʣʴʥʫʶ ʠ ʚʩʝʦʙʱʫʶ ʪʘʢʪʠʢʫ ʫʩʪʘʥʦʚ-

ʣʝʥʠʷ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ. ʂʘʞʜʳʡ 

ʥʝʩʦʚʝʨʰʝʥʥʦʣʝʪʥʠʡ ʩʚʠʜʝʪʝʣʴ ʦʙʣʘʜʘʝʪ 

ʫʥʠʢʘʣʴʥʳʤ ʥʘʙʦʨʦʤ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢ. 

ɺ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ ʥʝʩʦʚʝʨʰʝʥʥʦʣʝʪʥʠʝ 

ʩʚʠʜʝʪʝʣʠ ʥʝ ʦʙʣʘʜʘʶʪ ʨʘʟʚʠʪʳʤ ʘʥʘʣʠʪʠ-

ʯʝʩʢʠʤ ʤʳʰʣʝʥʠʝʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʣʝʜʦ-
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ʚʘʪʝʣʝʤ ʣʦʛʠʯʝʩʢʦʡ ʪʘʢʪʠʢʠ ʫʩʣʦʞʥʷʝʪʩʷ, 

ʧʦʵʪʦʤʫ ʧʨʠ ʨʘʙʦʪʝ ʩ ʥʝʩʦʚʝʨʰʝʥʥʦʣʝʪ-

ʥʠʤʠ ʩʚʠʜʝʪʝʣʷʤʠ ʚ ʧʨʦʮʝʩʩʝ ʜʦʧʨʦʩʘ ʵʬ-

ʬʝʢʪʠʚʥʝʝ ʧʨʠʤʝʥʷʪʴ ʪʘʢʪʠʢʫ ʵʤʦʮʠʦ-

ʥʘʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʆʜʥʘʢʦ, ʥʝʦʙʭʦʜʠ-

ʤʦ ʫʯʝʩʪʴ, ʯʪʦ ʥʝʩʦʚʝʨʰʝʥʥʦʣʝʪʥʠʝ ʩʚʠʜʝ-

ʪʝʣʠ ʩʦ ʩʣʘʙʳʤ ʭʘʨʘʢʪʝʨʦʤ ʧʨʠ ʵʤʦʮʠʦ-

ʥʘʣʴʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʤʦʛʫʪ ʠʩʧʫʛʘʪʴʩʷ 

ʠʣʠ ʟʘʧʫʪʘʪʴʩʷ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʪʦ-

ʤʫ, ʯʪʦ ʦʥʠ ʧʝʨʝʩʪʘʥʫʪ ʦʪʢʨʳʚʘʪʴʩʷ ʠ ʚʟʘ-

ʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩʦ ʩʣʝʜʦʚʘʪʝʣʝʤ ʧʨʠ ʜʘʯʝ 

ʧʦʢʘʟʘʥʠʡ. ʊʘʢʘʷ ʨʝʘʢʮʠʷ ʤʦʞʝʪ ʚʚʝʩʪʠ 

ʩʣʝʜʦʚʘʪʝʣʷ ʚ ʟʘʙʣʫʞʜʝʥʠʝ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ 

ʨʠʩʢʫ ʟʘʙʣʫʞʜʝʥʠʷ ʠ ʥʘʚʝʜʝʥʠʷ ʥʘ ʣʦʞ-

ʥʳʡ ʧʫʪʴ. 

ɺ ʩʣʫʯʘʝ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʧʨʝʜʲʷʚʣʝʥʠʷ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚ ʥʝʩʦʚʝʨʰʝʥʥʦʣʝʪʥʝʛʦ ʩʚʠ-

ʜʝʪʝʣʷ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʘʤʦʦʩʫʞʜʝʥʠʶ 

ʠʣʠ ʦʪʢʘʟʫ ʦʪ ʜʘʯʠ ʧʦʢʘʟʘʥʠʡ, ʯʪʦ ʚ ʧʦ-

ʩʣʝʜʩʪʚʠʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʪʝʨʝ ʢʦʥ-

ʪʘʢʪʘ ʩʦ ʩʣʝʜʦʚʘʪʝʣʝʤ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ 

ʧʨʘʢʪʠʢʘ ʨʘʙʦʪʳ ʩ ʥʝʩʦʚʝʨʰʝʥʥʦʣʝʪʥʠʤʠ 

ʩʚʠʜʝʪʝʣʷʤʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʣʷ ʥʝʩʦʚʝʨ-

ʰʝʥʥʦʣʝʪʥʝʛʦ ʨʝʢʦʤʝʥʜʫʶʪʩʷ ʧʨʝʜʩʪʘʚ-

ʣʷʪʴ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʧʦʩʪʝʧʝʥʥʦ, ʣʦʛʠʯʝʩʢʠ 

ʫʧʦʨʷʜʦʯʠʚʘʷ [1]. 

ɼʣʷ ʫʩʧʝʰʥʦʛʦ ʧʨʦʚʝʜʝʥʠʷ ʜʦʧʨʦʩʘ 

ʥʝʩʦʚʝʨʰʝʥʥʦʣʝʪʥʝʛʦ ʩʚʠʜʝʪʝʣʷ ʚʘʞʥʦ 

ʫʯʠʪʳʚʘʪʴ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʝ ʟʘʢʦʥʦʤʝʨʥʦ-

ʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʘʤʝʨʝʥʥʳʤ ʚʦʩʧʨʦʠʟʚʝ-

ʜʝʥʠʝʤ ʫʩʚʦʝʥʥʦʡ ʨʘʥʝʝ ʠʥʬʦʨʤʘʮʠʠ, ʨʝʯʴ 

ʠʜʝʪ ʦ ʪʘʢʪʠʢʝ ʧʨʠʧʦʤʠʥʘʥʠʷ. ʅʘʣʠʯʠʝ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʚʦʧʨʦʩʦʚ ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʫʢʨʝʧʣʝʥʠʶ ʧʦʣʥʦʪʳ ʠ ʪʦʯʥʦʩʪʠ ʚʦʩʧʦʤʠ-

ʥʘʥʠʡ, ʪʘʢ ʢʘʢ ʥʝʧʨʘʚʠʣʴʥʦʝ ʧʦʥʠʤʘʥʠʝ 

ʚʦʧʨʦʩʘ ʤʦʞʝʪ ʥʘʧʨʘʚʠʪʴ ʥʝʩʦʚʝʨʰʝʥʥʦ-

ʣʝʪʥʝʛʦ ʥʘ ʣʦʞʥʳʡ ʧʫʪʴ, ʧʨʠʚʦʜʷʱʠʡ ʢ 

ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʶ ʥʫʞʥʦʡ ʠʥʬʦʨʤʘʮʠʠ [2]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʘʢʪʠʢʘ ʜʦʧʨʦʩʘ ʥʝʩʦ-

ʚʝʨʰʝʥʥʦʣʝʪʥʠʭ ʩʚʠʜʝʪʝʣʝʡ ʠʤʝʝʪ ʧʨʠʩʫ-

ʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʪʨʝʙʫʝʪ ʦʪ ʩʣʝʜʦʚʘʪʝʣʷ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, 

ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ. ʉʣʝʜʦʚʘ-

ʪʝʣʴ, ʩʦʚʤʝʩʪʥʦ ʩ ʧʩʠʭʦʣʦʛʦʤ ʤʦʞʝʪ ʚʦʩ-

ʧʦʣʴʟʦʚʘʪʴʩʷ ʦʧʨʝʜʝʣʝʥʥʳʤ ʥʘʙʦʨʦʤ ʪʘʢ-

ʪʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʫʯʠʪʳʚʘʷ ʣʠʯʥʦʩʪʴ ʠ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝʩʦʚʝʨ-

ʰʝʥʥʦʣʝʪʥʝʛʦ ʩʚʠʜʝʪʝʣʷ, ʢʦʪʦʨʳʝ, ʧʨʠ 

ʧʨʘʚʠʣʴʥʦʤ ʚʳʙʦʨʝ ʠ ʫʤʝʣʦʤ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʨʦʚʝʜʝʥʠʶ ʨʝʟʫʣʴʪʘ-

ʪʠʚʥʦʤʫ ʧʨʦʚʝʜʝʥʠʶ ʜʦʧʨʦʩʘ. ʉ ʫʯʝʪʦʤ 

ʪʦʛʦ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʪʘʢʪʠʯʝʩʢʠʭ ʤʝʨ ʥʝ 

ʫʩʪʘʥʦʚʣʝʥʦ ʥʘ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦʤ ʫʨʦʚʥʝ ʠ 

ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʘʥʘʣʠʟʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 

ʢʘʯʝʩʪʚʘʭ ʠ ʧʩʠʭʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʥʝʩʦ-

ʚʝʨʰʝʥʥʦʣʝʪʥʝʛʦ, ʜʦʧʨʦʩ ʜʦʣʞʝʥ ʧʨʦʭʦ-

ʜʠʪʴ ʚ ʙʝʟʦʧʘʩʥʦʡ ʦʙʩʪʘʥʦʚʢʝ, ʧʨʠ ʩʦʙʣʶ-

ʜʝʥʠʠ ʛʨʘʥʠʮ ʤʝʞʜʫ ʧʨʘʚʦʤʝʨʥʳʤ ʧʩʠʭʦ-

ʣʦʛʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ. 
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