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ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʪʨʘʜʠʮʠʷ (ʕ. ɼʶʨʢʛʝʡʤ, 

ʊ. ʇʘʨʩʦʥʩ) ʪʨʘʢʪʫʝʪ ʩʦʮʠʘʣʠʟʘʮʠʶ ʢʘʢ ʩʫʙʲ-

ʝʢʪ-ʦʙʲʝʢʪʥʳʡ ʧʨʦʮʝʩʩ: ʠʥʜʠʚʠʜ ʠʥʪʝʛʨʠʨʫ-

ʝʪʩʷ ʚ ʩʦʮʠʘʣʴʥʫʶ ʩʠʩʪʝʤʫ ʯʝʨʝʟ ʫʩʚʦʝʥʠʝ 

ʥʦʨʤ, ʮʝʥʥʦʩʪʝʡ ʠ ʨʦʣʝʡ. ʉʠʤʚʦʣʠʯʝʩʢʠʡ ʠʥ-

ʪʝʨʘʢʮʠʦʥʠʟʤ ʏ. ʂʫʣʠ ʠ ɼʞ.ɻ. ʄʠʜʘ ʧʨʝʜʣʦ-

ʞʠʣ ʠʥʫʶ ʦʧʪʠʢʫ ï ʩʫʙʲʝʢʪ-ʩʫʙʲʝʢʪʥʫʶ: ʩʦ-

ʮʠʘʣʠʟʘʮʠʷ ʟʜʝʩʴ ʧʦʥʠʤʘʝʪʩʷ ʢʘʢ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʝ, ʚ ʢʦʪʦʨʦʤ ʯʝʣʦʚʝʢ ʢʦʥʩʪʨʫʠʨʫʝʪ ʠʜʝʥ-

ʪʠʯʥʦʩʪʴ ʯʝʨʝʟ ʢʦʤʤʫʥʠʢʘʮʠʶ ʩʦ çʟʥʘʯʠʤʳ-

ʤʠ ʜʨʫʛʠʤʠè. ʂʫʣʴʪʫʨʥʦ-ʠʩʪʦʨʠʯʝʩʢʘʷ ʧʩʠ-

ʭʦʣʦʛʠʷ ʃ. ʉ. ɺʳʛʦʪʩʢʦʛʦ, ʩʦ ʩʚʦʝʡ ʩʪʦʨʦʥʳ, 

ʘʢʮʝʥʪʠʨʫʝʪ ʧʨʠʞʠʟʥʝʥʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʩʦʮʠʘʣʴʥʦʛʦ ʦʧʳʪʘ ï ʯʝʨʝʟ ʦʩʚʦʝʥʠʝ ʢʫʣʴʪʫʨ-

ʥʳʭ ʩʨʝʜʩʪʚ ʠ ʟʥʘʢʦʚʳʭ ʩʠʩʪʝʤ. 

ʅʘ ʵʪʦʡ ʧʦʯʚʝ ʚʳʨʦʩʣʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʝ 

ʨʦʩʩʠʡʩʢʠʝ ʰʢʦʣʳ. ʂʦʥʮʝʧʮʠʷ ʩʦʮʠʘʣʴʥʦʛʦ 

ʨʘʟʚʠʪʠʷ ʤʦʣʦʜʸʞʠ ɺ.ʀ. ʏʫʧʨʦʚʘ ï ʧʦ ʩʫʪʠ, 

ʤʘʢʨʦʩʦʮʠʦʣʦʛʠʯʝʩʢʘʷ ʪʝʦʨʠʷ, ʚ ʢʦʪʦʨʦʡ ʤʦ-

ʣʦʜʸʞʴ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʯʝʨʝʟ ʧʨʠʟʤʫ ʦʙʱʝ-

ʩʪʚʝʥʥʦʛʦ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʝʨʝʭʦʜʥʦʩʪʠ 

ʩʦʮʠʘʣʴʥʦʛʦ ʩʪʘʪʫʩʘ [4]. ʀʟ ʥʝʸ ʣʦʛʠʯʝʩʢʠ 

ʚʳʨʦʩʣʘ ʨʠʩʢʦʣʦʛʠʯʝʩʢʘʷ ʢʦʥʮʝʧʮʠʷ ʖ.ɸ. ɿʫ-

ʙʦʢ, ʦʧʠʨʘʶʱʘʷʩʷ ʥʘ ʠʜʝʶ çʦʙʱʝʩʪʚʘ ʨʠʩʢʘè 

(ʋ. ɹʝʢ). ʉʫʪʴ ʝʸ ʚ ʪʦʤ, ʯʪʦ ʜʣʷ ʤʦʣʦʜʸʞʠ 

ʨʠʩʢ ï ʥʝ ʩʣʫʯʘʡʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ, ʘ ʩʫʱ-

ʥʦʩʪʥʦʝ ʩʚʦʡʩʪʚʦ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʧʝʨʝʭʦʜʥʳʤ 

ʭʘʨʘʢʪʝʨʦʤ ʩʪʘʥʦʚʣʝʥʠʷ ʩʦʮʠʘʣʴʥʦʡ ʩʫʙʲʝʢʪ-

ʥʦʩʪʠ [4]. ʇʦʟʜʥʝʝ ʦʙʘ ʧʦʜʭʦʜʘ ʙʳʣʠ ʠʥʪʝ-

ʛʨʠʨʦʚʘʥʳ ʚ ʢʦʥʮʝʧʮʠʶ ʩʦʮʠʦʢʫʣʴʪʫʨʥʦʡ ʩʘ-

ʤʦʨʝʛʫʣʷʮʠʠ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʤʦʣʦʜʸʞʠ, 

ʛʜʝ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʤʝʭʘʥʠʟʤʳ ʠʥʪʝʛʨʘʮʠʠ, 

ʨʦʣʴ ʜʦʚʝʨʠʷ, ʩʪʨʘʪʝʛʠʠ ʨʘʮʠʦʥʘʣʠʟʘʮʠʠ ʚ 

ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ [4]. 

ʐʢʦʣʘ ʄʦʩʢʦʚʩʢʦʛʦ ʛʫʤʘʥʠʪʘʨʥʦʛʦ ʫʥʠ-

ʚʝʨʩʠʪʝʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʝʟʘʫʨʫʩʥʦʡ ʢʦʥʮʝʧ-

ʮʠʝʡ ɺʘʣ.ɸ. ʃʫʢʦʚʘ. ʄʦʣʦʜʸʞʴ ʧʦʥʠʤʘʝʪʩʷ 

ʢʘʢ ʩʦʮʠʘʣʴʥʘʷ ʛʨʫʧʧʘ, ʢʦʪʦʨʘʷ ʦʩʚʘʠʚʘʝʪ 

ʩʫʙʲʝʢʪʥʦʩʪʴ ʯʝʨʝʟ ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʝʟʘʫʨʫʩʦʚ 

ï ʦʨʠʝʥʪʘʮʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʦʨʛʘʥʠʟʦʚʘʥ-

ʥʳʭ ʧʦ ʤʦʜʝʣʠ çʩʚʦʠ ï ʯʫʞʠʝè. ɺ ʨʘʟʚʠʪʠʝ 

ʵʪʦʛʦ ʧʦʜʭʦʜʘ ɸ.ʀ. ʂʦʚʘʣʸʚʘ ʚʚʝʣʘ ʧʦʥʷʪʠʷ 

çʩʦʮʠʘʣʠʟʘʮʠʦʥʥʘʷ ʥʦʨʤʘè (ʨʝʟʫʣʴʪʘʪ ʜʝʡ-

ʩʪʚʠʷ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʚʦʩʧʨʦʠʟ-

ʚʦʜʩʪʚʘ ʩʦʮʠʘʣʴʥʦʡ ʩʫʱʥʦʩʪʠ) ʠ çʩʦʮʠʘʣʠʟʘ-

ʮʠʦʥʥʘʷ ʪʨʘʝʢʪʦʨʠʷè, ʦʧʠʩʳʚʘʶʱʫʶ ʜʠʥʘʤʠ-

ʢʫ ʧʨʦʮʝʩʩʘ ʚ ʪʨʸʭ ʧʣʦʩʢʦʩʪʷʭ: ʩʨʝʜʘ, ʩʫʙʲ-

ʝʢʪʥʦʩʪʴ ʠ ʜʠʩʧʦʟʠʮʠʷ. ʂʘʢ ʦʪʤʝʯʘʶʪ 

ɺ.ɸ. ʃʫʢʦʚ ʠ ʉ.ɺ. ʃʫʢʦʚ, ʩʦʮʠʦʢʫʣʴʪʫʨʥʘʷ 

ʩʫʙʲʝʢʪʥʦʩʪʴ ʤʦʣʦʜʸʞʠ ʩʝʛʦʜʥʷ ʬʦʨʤʠʨʫʝʪʩʷ 

ʥʘ ʩʪʳʢʝ ʩʦʮʠʘʣʠʟʘʮʠʠ ʠ ʠʥʢʫʣʴʪʫʨʘʮʠʠ, ʠ 

ʪʝʟʘʫʨʫʩʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʧʨʦʜʫʢʪʠʚʥʦ 

ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʜʘʥʥʳʝ ʦ ʤʦʣʦʜʸʞʥʦʡ 

ʩʫʙʲʝʢʪʥʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ ʮʠʬʨʦʚʠʟʘʮʠʠ [8]. 

ʉʦʮʠʘʣʴʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʧʦʜʭʦʜ 

ɸ.ɺ. ʄʫʜʨʠʢʘ ʦʧʨʝʜʝʣʷʝʪ ʩʦʮʠʘʣʠʟʘʮʠʶ ʢʘʢ 

ʨʘʟʚʠʪʠʝ ʯʝʣʦʚʝʢʘ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʡ ʞʠʟʥʠ 

ʯʝʨʝʟ ʦʩʚʦʝʥʠʝ ʠ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʦ ʩʦʮʠʘʣʴʥʦ-

ʛʦ ʦʧʳʪʘ. ʄʫʜʨʠʢ ʚʳʜʝʣʠʣ ʯʝʪʳʨʝ ʫʨʦʚʥʷ 

ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ (ʤʝʛʘ-, ʤʘʢʨʦ-, ʤʝʟʦ-, ʤʠʢ-

ʨʦʬʘʢʪʦʨʳ), ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʥʦʛʦʫʨʦʚʥʝ-

ʚʳʡ ʘʥʘʣʠʟ. ɺʦʩʧʠʪʘʥʠʝ ʪʨʘʢʪʫʝʪʩʷ ʧʨʠ ʵʪʦʤ 

ʢʘʢ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʠʨʫʝʤʘʷ ʯʘʩʪʴ ʩʦʮʠ-

ʘʣʠʟʘʮʠʠ ï ʚʩʪʨʦʝʥʥʘʷ ʚ ʙʦʣʝʝ ʰʠʨʦʢʦʝ ʧʦʣʝ 

ʩʪʠʭʠʡʥʳʭ ʠ ʥʘʧʨʘʚʣʝʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ [10]. 

ʂ ʯʠʩʣʫ ʥʦʚʝʡʰʠʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʟʨʘʙʦ-

ʪʦʢ ʧʨʠʥʘʜʣʝʞʠʪ ʩʦʮʠʘʣʴʥʦ-ʢʦʛʥʠʪʠʚʥʘʷ ʢʦʥ-

ʮʝʧʮʠʷ ʮʠʬʨʦʚʦʡ ʩʦʮʠʘʣʠʟʘʮʠʠ ɻ.ʋ. ʉʦʣʜʘʪʦ-

ʚʦʡ. ʆʥʘ ʦʧʠʩʳʚʘʝʪ ʘʜʘʧʪʘʮʠʶ ʯʝʣʦʚʝʢʘ ʢ 

ʚʦʟʤʦʞʥʦʩʪʷʤ ʠ ʨʠʩʢʘʤ ʜʠʥʘʤʠʯʥʦʡ ʩʦʮʠʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ. ʂʣʶʯʝʚʦʝ ʧʦʥʷʪʠʝ ï 

ʛʠʧʝʨʧʦʜʢʣʶʯʸʥʥʘʷ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʜʦʩʪʨʦ-

ʝʥʥʘʷ ʮʠʬʨʦʚʘʷ ʣʠʯʥʦʩʪʴ, ʷʚʣʷʶʱʘʷʩʷ ʯʘʩʪʴʶ 

ʨʝʘʣʴʥʦʡ ʣʠʯʥʦʩʪʠ ʠ ʜʝʡʩʪʚʫʶʱʘʷ ʚ çʩʤʝ-

ʰʘʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠè. ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʠ ʢʦʥ-

ʮʝʧʮʠʷ ʧʨʦʜʦʣʞʘʝʪ ʣʠʥʠʶ ʃ.ʉ. ɺʳʛʦʪʩʢʦʛʦ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʪʝʦʨʠʶ ʋ. ɹʨʦʥʬʝʥʙʨʝʥʥʝʨʘ, 

ʚʚʦʜʷ ʧʦʥʷʪʠʝ ʪʝʭʥʦʩʠʩʪʝʤʳ ï ʦʧʦʩʨʝʜʫʶʱʝ-

ʛʦ ʟʚʝʥʘ ʤʝʞʜʫ ʠʥʜʠʚʠʜʦʤ ʠ ʩʦʮʠʘʣʴʥʳʤ ʤʠ-

ʨʦʤ [7]. 

ʀʪʘʢ, ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʧʦʣʝ ʦʪʝʯʝʩʪʚʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʮʠʘʣʠʟʘʮʠʠ ʤʦʣʦʜʸʞʠ ʦʪʣʠ-

ʯʘʝʪʩʷ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʤ ʧʣʶʨʘʣʠʟʤʦʤ. 

ʅʘʠʙʦʣʝʝ ʟʘʤʝʪʥʘʷ ʪʝʥʜʝʥʮʠʷ ʧʦʩʣʝʜʥʠʭ ʣʝʪ ï 

ʧʝʨʝʭʦʜ ʦʪ ʤʦʥʦʜʠʩʮʠʧʣʠʥʘʨʥʳʭ ʤʦʜʝʣʝʡ ʢ 

ʢʦʤʧʣʝʢʩʥʳʤ, ʩʪʨʝʤʷʱʠʤʩʷ ʩʦʝʜʠʥʠʪʴ ʨʠʩ-

ʢʦʣʦʛʠʯʝʩʢʫʶ, ʪʝʟʘʫʨʫʩʥʫʶ ʠ ʮʠʬʨʦʚʫʶ ʧʘ-

ʨʘʜʠʛʤʳ. ʀʤʝʥʥʦ ʪʘʢʘʷ ʠʥʪʝʛʨʘʮʠʷ, ʧʦ-

ʚʠʜʠʤʦʤʫ, ʠ ʷʚʣʷʝʪʩʷ ʩʝʡʯʘʩ ʥʘʠʙʦʣʝʝ ʧʝʨ-

ʩʧʝʢʪʠʚʥʦʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʩʪʨʘʪʝʛʠʝʡ. 

ʆʩʥʦʚʥʳʝ ʠʥʩʪʠʪʫʪʳ ʠ ʘʛʝʥʪʳ ʩʦʮʠʘʣʠ-

ʟʘʮʠʠ ʨʦʩʩʠʡʩʢʦʡ ʤʦʣʦʜʸʞʠ 

ʉʝʤʴʷ ʢʘʢ ʚʝʜʫʱʠʡ ʠʥʩʪʠʪʫʪ ʧʝʨʚʠʯʥʦʡ 

ʩʦʮʠʘʣʠʟʘʮʠʠ. ʉʝʤʴʷ ʧʦ-ʧʨʝʞʥʝʤʫ ʚʦʟʛʣʘʚ-

ʣʷʝʪ ʠʝʨʘʨʭʠʶ ʮʝʥʥʦʩʪʝʡ ʤʦʣʦʜʳʭ ʨʦʩʩʠʷʥ, 

ʭʦʪʷ ʭʘʨʘʢʪʝʨ ʝʸ ʚʣʠʷʥʠʷ ʟʘʤʝʪʥʦ ʤʝʥʷʝʪʩʷ. 

ɺʎʀʆʄ (2022) ʧʨʠʚʦʜʠʪ ʩʣʝʜʫʶʱʠʝ ʜʘʥʥʳʝ: 

ʩʨʝʜʠ ʤʦʣʦʜʸʞʠ 14-35 ʣʝʪ 97 % ʥʘʟʚʘʣʠ ʚʘʞ-

ʥʳʤʠ ʟʜʦʨʦʚʴʝ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʝʤʴʠ, 96% ï 

ʦʪʥʦʰʝʥʠʷ ʚ ʩʝʤʴʝ, 91% ï ʧʦʜʜʝʨʞʘʥʠʝ ʪʸʧ-

ʣʳʭ ʦʪʥʦʰʝʥʠʡ ʩʦ ʚʩʝʤʠ ʝʸ ʯʣʝʥʘʤʠ. ʇʦ ʜʘʥ-

ʥʳʤ 2023 ʛʦʜʘ, ʢʨʝʧʢʘʷ ʩʝʤʴʷ ʦʩʪʘʸʪʩʷ 

ʥʘʠʚʳʩʰʝʡ ʮʝʥʥʦʩʪʴʶ ʜʣʷ 68% ʨʦʩʩʠʷʥ; 

ʧʨʘʚʜʘ, ʩʨʝʜʠ ʤʦʣʦʜʸʞʠ 18-24 ʣʝʪ ʦʥʘ ʣʠʰʴ 
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ʥʝʥʘʤʥʦʛʦ ʦʧʝʨʝʞʘʝʪ ʩʘʤʦʨʝʘʣʠʟʘʮʠʶ (57% 

ʧʨʦʪʠʚ 50%) [1]. 

ʆʜʥʘʢʦ ʠʥʩʪʠʪʫʪ ʩʝʤʴʠ ʧʨʝʪʝʨʧʝʚʘʝʪ ʩʫ-

ʱʝʩʪʚʝʥʥʫʶ ʪʨʘʥʩʬʦʨʤʘʮʠʶ. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ɸ.ɸ. ʈʝʘʥʘ ʥʘ ʚʳʙʦʨʢʝ ʩʚʳʰʝ 7000 ʯʝʣʦʚʝʢ ʠʟ 

8 ʨʝʛʠʦʥʦʚ ʦʙʥʘʨʫʞʠʣʦ, ʯʪʦ ʣʠʰʴ 42% ʨʝ-

ʩʧʦʥʜʝʥʪʦʚ ʭʦʪʝʣʠ ʙʳ, ʯʪʦʙʳ ʠʭ ʙʫʜʫʱʘʷ ʩʝ-

ʤʴʷ ʙʳʣʘ ʧʦʭʦʞʘ ʥʘ ʨʦʜʠʪʝʣʴʩʢʫʶ; 34% ʦʪʚʝ-

ʪʠʣʠ ʥʘ ʵʪʦʪ ʚʦʧʨʦʩ ʦʪʨʠʮʘʪʝʣʴʥʦ. ʆʩʥʦʚʥʦʡ 

ʠʩʪʦʯʥʠʢ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʩʝʤʴʝ ï ʧʦ-

ʧʨʝʞʥʝʤʫ ʨʦʜʠʪʝʣʴʩʢʘʷ ʩʝʤʴʷ (53,2%), ʥʦ 

ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʠ ʜʨʫʟʴʷ (23,1%), ʠ 

ʤʝʜʠʘʢʦʥʪʝʥʪ. ʇʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʪʨʘʥʩʣʷʮʠʦʥ-

ʥʘʷ ʬʫʥʢʮʠʷ ʩʝʤʴʠ ʧʦʜʚʝʨʛʘʝʪʩʷ ʯʘʩʪʠʯʥʦʡ 

ʵʨʦʟʠʠ: ʤʦʣʦʜʳʝ ʣʶʜʠ ʩʢʦʨʝʝ ʢʦʥʩʪʨʫʠʨʫʶʪ 

ʩʦʙʩʪʚʝʥʥʫʶ ʤʦʜʝʣʴ ʩʝʤʴʠ, ʯʝʤ ʚʦʩʧʨʦʠʟʚʦ-

ʜʷʪ ʨʦʜʠʪʝʣʴʩʢʫʶ. 

ʆʙʨʘʟʦʚʘʥʠʝ ʚ ʩʠʪʫʘʮʠʠ ʜʠʩʬʫʥʢʮʠʠ. ʉʠ-

ʩʪʝʤʘ ʦʙʨʘʟʦʚʘʥʠʷ ï ʩʚʦʝʦʙʨʘʟʥʳʡ çʚʪʦʨʦʡ 

ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʳʡ ʬʠʣʴʪʨè ʩʦʮʠʘʣʠʟʘʮʠʠ: 

ʦʥʘ ʬʦʨʤʠʨʫʝʪ ʮʝʥʥʦʩʪʥʳʝ ʦʨʠʝʥʪʘʮʠʠ, ʞʠʟ-

ʥʝʥʥʳʝ ʠʜʝʘʣʳ, ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʢʦʤʧʝʪʝʥ-

ʮʠʠ. ʄʝʞʜʫ ʪʝʤ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʚʩʸ ʯʘʱʝ ʬʠʢ-

ʩʠʨʫʶʪ ʥʘʨʘʩʪʘʶʱʫʶ ʜʠʩʬʫʥʢʮʠʶ. ʆʙʨʘʟʦ-

ʚʘʪʝʣʴʥʳʝ ʫʯʨʝʞʜʝʥʠʷ ʚʳʥʫʞʜʝʥʳ ʘʜʘʧʪʠʨʦ-

ʚʘʪʴʩʷ ʢ ʪʨʝʙʦʚʘʥʠʷʤ ʨʳʥʢʘ, ʠ ʵʪʘ ʣʦʛʠʢʘ ʥʝ-

ʨʝʜʢʦ ʚʩʪʫʧʘʝʪ ʚ ʧʨʦʪʠʚʦʨʝʯʠʝ ʩ ʟʘʜʘʯʘʤʠ 

ʚʦʩʧʠʪʘʥʠʷ. ɺ ʨʘʤʢʘʭ ʬʝʜʝʨʘʣʴʥʦʛʦ ʧʨʦʝʢʪʘ 

çʇʘʪʨʠʦʪʠʯʝʩʢʦʝ ʚʦʩʧʠʪʘʥʠʝ ʛʨʘʞʜʘʥ ʈʌè 

ʧʨʦʚʦʜʠʪʩʷ ʝʞʝʛʦʜʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʮʝʥʥʦʩʪ-

ʥʳʭ ʦʨʠʝʥʪʘʮʠʡ ʤʦʣʦʜʸʞʠ ï ʚ 2023 ʛʦʜʫ ʦʥ 

ʦʭʚʘʪʠʣ 782 233 ʨʝʩʧʦʥʜʝʥʪʘ ʠʟ 89 ʩʫʙʲʝʢ-

ʪʦʚ [8]. 

ʋʥʠʚʝʨʩʠʪʝʪ ʚʳʧʦʣʥʷʝʪ ʜʚʦʷʢʫʶ ʨʦʣʴ: ʠʥ-

ʪʝʛʨʠʨʫʝʪ ʤʦʣʦʜʦʝ ʧʦʢʦʣʝʥʠʝ ʚʦ ʚʟʨʦʩʣʦʝ 

ʦʙʱʝʩʪʚʦ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ (ʭʦʪʷ ʙʳ ʦʪʯʘʩʪʠ) 

ʨʝʛʫʣʠʨʫʝʪ ʚʦʟʜʝʡʩʪʚʠʝ ʠʥʳʭ ʘʛʝʥʪʦʚ ʩʦʮʠʘ-

ʣʠʟʘʮʠʠ. ʅʦ ʙʝʟ ʩʠʩʪʝʤʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʩʝʤʴʸʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʫʯʨʝʞʜʝʥʠʷ ʚʨʷʜ ʣʠ 

ʩʧʦʩʦʙʥʳ ʟʘʤʝʪʥʦ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʩʦʮʠʘ-

ʣʠʟʘʮʠʠ. ɺʳʩʰʘʷ ʰʢʦʣʘ ʦʢʘʟʘʣʘʩʴ ʧʝʨʝʜ 

ʜʚʦʡʥʳʤ ʚʳʟʦʚʦʤ: ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ï ʩʦʦʪ-

ʚʝʪʩʪʚʠʝ ʩʪʘʥʜʘʨʪʘʤ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʦʜ-

ʛʦʪʦʚʢʠ ʚ ʫʩʣʦʚʠʷʭ ʮʠʬʨʦʚʠʟʘʮʠʠ ʠ ʛʣʦʙʘʣʴ-

ʥʦʡ ʢʦʥʢʫʨʝʥʮʠʠ; ʩ ʜʨʫʛʦʡ ï ʟʘʜʘʯʘ ʪʨʘʥʩʣʷ-

ʮʠʠ ʮʝʥʥʦʩʪʥʳʭ ʦʩʥʦʚ, ʢʦʪʦʨʳʝ ʢ ʥʘʙʦʨʫ 

ʢʦʤʧʝʪʝʥʮʠʡ ʥʝ ʩʚʦʜʷʪʩʷ. ʈʘʟʨʳʚ ʤʝʞʜʫ ʜʝ-

ʢʣʘʨʠʨʫʝʤʳʤʠ ʚʦʩʧʠʪʘʪʝʣʴʥʳʤʠ ʮʝʣʷʤʠ ʠ 

ʨʝʘʣʴʥʦʡ ʧʨʘʢʪʠʢʦʡ ʢʦʤʤʝʨʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʣʠʰʴ ʫʩʠʣʠʚʘʝʪ ʮʝʥʥʦʩʪʥʫʶ ʜʝʟ-

ʦʨʠʝʥʪʘʮʠʶ ʤʦʣʦʜʸʞʠ. 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʤʦʣʦʜʸʞʥʘʷ ʧʦʣʠʪʠʢʘ 

ʢʘʢ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʘʷ ʨʘʤʢʘ. ɻʦʩʫʜʘʨʩʪʚʦ 

ʚʳʩʪʨʘʠʚʘʝʪ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʩʦʮʠʘʣʠʟʘʮʠʠ 

ʜʦʩʪʘʪʦʯʥʦ ʘʢʪʠʚʥʦ. ʇʨʠʥʷʪʠʝ ʌɿ-489 ʩʪʘʣʦ 

ʟʘʤʝʪʥʳʤ ʨʫʙʝʞʦʤ: ʟʘʢʦʥ ʚʚʸʣ ʝʜʠʥʳʡ ʚʦʟ-

ʨʘʩʪʥʦʡ ʢʨʠʪʝʨʠʡ (14-35 ʣʝʪ) ʠ ʦʧʨʝʜʝʣʠʣ ʦʩ-

ʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ï ʦʪ ʧʘʪʨʠʦʪʠʯʝʩʢʦʛʦ 

ʚʦʩʧʠʪʘʥʠʷ ʜʦ ʧʦʜʜʝʨʞʢʠ ʜʦʙʨʦʚʦʣʴʯʝʩʪʚʘ ʠ 

ʧʨʦʬʠʣʘʢʪʠʢʠ ʜʝʩʪʨʫʢʪʠʚʥʳʭ ʠʜʝʦʣʦʛʠʡ. ɺ 

2024 ʛʦʜʫ ʫʪʚʝʨʞʜʝʥʘ ʉʪʨʘʪʝʛʠʷ ʨʝʘʣʠʟʘʮʠʠ 

ʤʦʣʦʜʸʞʥʦʡ ʧʦʣʠʪʠʢʠ ʜʦ 2030 ʛʦʜʘ; ʩ 2025 

ʛʦʜʘ ʜʝʡʩʪʚʫʝʪ ʥʘʮʧʨʦʝʢʪ çʄʦʣʦʜʸʞʴ ʠ ʜʝʪʠè, 

ʦʙʲʝʜʠʥʷʶʱʠʡ ʬʝʜʝʨʘʣʴʥʳʝ ʧʨʦʝʢʪʳ çʇʨʦ-

ʬʝʩʩʠʦʥʘʣʠʪʝʪè, çʋʥʠʚʝʨʩʠʪʝʪʳ ʜʣʷ ʧʦʢʦʣʝ-

ʥʠʷ ʣʠʜʝʨʦʚè, çʈʦʩʩʠʷ ï ʩʪʨʘʥʘ ʚʦʟʤʦʞʥʦ-

ʩʪʝʡè. ʊʝʤ ʥʝ ʤʝʥʝʝ ʦʧʨʦʩʳ ʌʆʄ (2023) ʨʠ-

ʩʫʶʪ ʥʝ ʩʪʦʣʴ ʦʧʪʠʤʠʩʪʠʯʥʫʶ ʢʘʨʪʠʥʫ: ʣʠʰʴ 

39% ʨʦʩʩʠʷʥ ʧʦʣʘʛʘʶʪ, ʯʪʦ ʤʦʣʦʜʸʞʴ ʨʝʘʣʴʥʦ 

ʩʧʦʩʦʙʥʘ ʚʣʠʷʪʴ ʥʘ ʧʦʣʠʪʠʯʝʩʢʫʶ ʞʠʟʥʴ, ʘ 

57% ʤʦʣʦʜʸʞʠ ʠ ʚʦʚʩʝ ʥʝ ʠʥʪʝʨʝʩʫʶʪʩʷ ʧʦʣʠ-

ʪʠʢʦʡ. ʈʘʟʨʳʚ ʤʝʞʜʫ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʳʤʠ 

ʫʩʠʣʠʷʤʠ ʠ ʩʫʙʲʝʢʪʠʚʥʳʤ ʚʦʩʧʨʠʷʪʠʝʤ ʤʦ-

ʣʦʜʸʞʴʶ ʩʦʙʩʪʚʝʥʥʦʡ ʚʢʣʶʯʸʥʥʦʩʪʠ ʦʩʪʘʸʪʩʷ 

ʦʯʝʚʠʜʥʳʤ [2]. 

ʎʠʬʨʦʚʘʷ ʩʦʮʠʘʣʠʟʘʮʠʷ ʠ ʝʸ ʦʩʦʙʝʥʥʦ-

ʩʪʠ 

ʎʠʬʨʦʚʘʷ ʩʦʮʠʘʣʠʟʘʮʠʷ ï ʧʦʞʘʣʫʡ, ʥʘʠʙʦ-

ʣʝʝ ʟʘʤʝʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʟʨʦʩʣʝʥʠʷ ʨʦʩ-

ʩʠʡʩʢʦʡ ʤʦʣʦʜʸʞʠ ʚ 2020-ʝ ʛʦʜʳ. ʄʘʩʰʪʘʙʳ 

ʚʧʝʯʘʪʣʷʶʪ: ʧʦ ʜʘʥʥʳʤ ɺʎʀʆʄ (2023), ʤʦ-

ʣʦʜʸʞʴ 18-24 ʣʝʪ ʧʨʦʚʦʜʠʪ ʚ ʩʦʮʠʘʣʴʥʳʭ ʩʝ-

ʪʷʭ ʠ ʤʝʩʩʝʥʜʞʝʨʘʭ ʚ ʩʨʝʜʥʝʤ 493 ʤʠʥʫʪʳ ï 

ʙʦʣʝʝ 8 ʯʘʩʦʚ ï ʚ ʜʝʥʴ. ɼʦʣʷ çʘʢʪʠʚʥʳʭ ʧʦʣʴ-

ʟʦʚʘʪʝʣʝʡè ʚ ʵʪʦʡ ʚʦʟʨʘʩʪʥʦʡ ʛʨʫʧʧʝ ʜʦʩʪʠʛʣʘ 

86%, ʧʨʠʙʘʚʠʚ 24 ʧʨʦʮʝʥʪʥʳʭ ʧʫʥʢʪʘ ʟʘ ʧʷʪʴ 

ʣʝʪ (ʩ 2018 ʛʦʜʘ). ʃʠʜʠʨʫʶʱʠʝ ʧʣʘʪʬʦʨʤʳ ï 

ɺʂʦʥʪʘʢʪʝ (129 ʤʠʥ/ʩʫʪʢʠ), TikTok 

(125 ʤʠʥ/ʩʫʪʢʠ) ʠ Telegram (123 ʤʠʥ/ʩʫʪʢʠ). 

ʉʦʮʠʘʣʴʥʳʝ ʩʝʪʠ ʚʳʪʝʩʥʠʣʠ ʪʝʣʝʚʠʜʝʥʠʝ ʚ 

ʨʦʣʠ ʦʩʥʦʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʥʦʚʦʩʪʝʡ: ʦ ʩʦʙʳ-

ʪʠʷʭ ʠʟ ʩʦʮʩʝʪʝʡ ʠ ʙʣʦʛʦʚ ʫʟʥʘʶʪ 35-45% ʤʦ-

ʣʦʜʸʞʠ, ʪʦʛʜʘ ʢʘʢ ʪʝʣʝʚʠʟʦʨ ʚ ʢʘʯʝʩʪʚʝ ʥʦ-

ʚʦʩʪʥʦʛʦ ʢʘʥʘʣʘ ʫʢʘʟʳʚʘʶʪ ʣʠʰʴ 11-19% [1]. 

ʄʘʩʰʪʘʙʥʦʝ ʩʨʘʚʥʠʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ɻ.ʋ. ʉʦʣʜʘʪʦʚʦʡ ʠ ɽ.ʀ. ʈʘʩʩʢʘʟʦʚʦʡ (2023) ï 

1380 ʨʦʩʩʠʡʩʢʠʭ ʧʦʜʨʦʩʪʢʦʚ 12-17 ʣʝʪ ʠʟ 15 

ʨʝʛʠʦʥʦʚ ʠ 16 048 ʧʦʜʨʦʩʪʢʦʚ ʠʟ 18 ʝʚʨʦʧʝʡ-

ʩʢʠʭ ʩʪʨʘʥ ï ʟʘʬʠʢʩʠʨʦʚʘʣʦ ʩʪʨʝʤʠʪʝʣʴʥʫʶ 

ʜʠʥʘʤʠʢʫ: ʜʦʣʷ ʰʢʦʣʴʥʠʢʦʚ, ʧʨʦʚʦʜʷʱʠʭ ʚ 

ʉʝʪʠ ʙʦʣʝʝ 5 ʯʘʩʦʚ ʝʞʝʜʥʝʚʥʦ, ʚʳʨʦʩʣʘ ʩ 8% 

(2009) ʜʦ 52% (2016). ʉʨʝʜʥʠʡ ʚʦʟʨʘʩʪ ʚʳʭʦʜʘ 

ʚ ʠʥʪʝʨʥʝʪ ʩʥʠʟʠʣʩʷ ʜʦ 9-10 ʣʝʪ. ʈʘʟʚʠʪʠʝ 
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ʧʦʜʨʦʩʪʢʦʚ ʚʩʸ ʙʦʣʴʰʝ ʧʨʦʪʝʢʘʝʪ ʚ ʫʩʣʦʚʠʷʭ 

çʩʤʝʰʘʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠè, ʛʜʝ ʛʨʘʥʠʮʳ ʤʝʞʜʫ 

ʦʥʣʘʡʥ ʠ ʦʬʣʘʡʥ, ʧʦ ʩʫʱʝʩʪʚʫ, ʩʪʸʨʪʳ [9]. 

ɺ ʮʠʬʨʦʚʦʡ ʩʨʝʜʝ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʚʳʨʘ-

ʞʝʥʥʘʷ ʘʤʙʠʚʘʣʝʥʪʥʦʩʪʴ. ʇʦʣʦʞʠʪʝʣʴʥʘʷ 

ʩʪʦʨʦʥʘ ï ʨʘʩʰʠʨʝʥʠʝ ʢʦʤʤʫʥʠʢʘʪʠʚʥʳʭ ʚʦʟ-

ʤʦʞʥʦʩʪʝʡ, ʥʦʚʳʝ ʬʦʨʤʳ ʩʘʤʦʦʙʨʘʟʦʚʘʥʠʷ ʠ 

ʛʨʘʞʜʘʥʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ 

ʠʜʝʥʪʠʯʥʦʩʪʠ. ʅ.ɺ. ʈʦʟʝʥʙʝʨʛ (2022) ʧʦʢʘʟʘ-

ʣʘ, ʯʪʦ ʩʦʮʠʘʣʴʥʳʝ ʩʝʪʠ ʧʨʝʚʨʘʪʠʣʠʩʴ ʜʣʷ ʤʦ-

ʣʦʜʸʞʠ ʚ ʦʩʥʦʚʥʫʶ ʩʨʝʜʫ ʢʦʤʤʫʥʠʢʘʪʠʚʥʳʭ 

ʧʨʘʢʪʠʢ; ʧʨʠ ʵʪʦʤ ʦʢʦʣʦ 70% ʧʦʣʴʟʦʚʘʪʝʣʝʡ 

ʨʘʩʧʦʣʘʛʘʶʪ ʦʜʥʠʤ ʠʣʠ ʥʝʩʢʦʣʴʢʠʤʠ ʘʥʦʥʠʤ-

ʥʳʤʠ ʘʢʢʘʫʥʪʘʤʠ ï ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʘʢʪʠ-

ʢʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʮʠʬʨʦ-

ʚʦʡ ʠʜʝʥʪʠʯʥʦʩʪʠ [10]. 

ʆʙʨʘʪʥʘʷ ʩʪʦʨʦʥʘ ï ʩʝʨʴʸʟʥʳʝ ʨʠʩʢʠ. 

ʂʨʫʧʥʝʡʰʝʝ ʨʦʩʩʠʡʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʠʙʝ-

ʨʘʛʨʝʩʩʠʠ (ɻ.ʋ. ʉʦʣʜʘʪʦʚʘ, ɽ.ʀ. ʈʘʩʩʢʘʟʦʚʘ, 

ʉ.ɺ. ʏʠʛʘʨʴʢʦʚʘ, 2020; N = 3395) ʦʙʥʘʨʫʞʠʣʦ 

ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʜʝʩʪʨʫʢʪʠʚʥʳʭ ʧʨʘʢʪʠʢ: ʦʪ 

ʬʣʝʡʤʠʥʛʘ ʠ ʭʝʡʪʠʥʛʘ ʜʦ ʢʠʙʝʨʩʪʘʣʢʠʥʛʘ ʠ 

ʢʠʙʝʨʙʫʣʣʠʥʛʘ. ʂʠʙʝʨʙʫʣʣʠʥʛʫ, ʧʦ ʨʘʟʥʳʤ 

ʦʮʝʥʢʘʤ, ʧʦʜʚʝʨʛʘʣʠʩʴ 55-58% ʧʦʜʨʦʩʪʢʦʚ; ʚ 

ʩʪʫʜʝʥʯʝʩʢʦʡ ʩʨʝʜʝ ʩ ʠʥʪʝʨʥʝʪ-ʪʨʘʚʣʝʡ ʭʦʪʷ 

ʙʳ ʦʜʥʘʞʜʳ ʩʪʘʣʢʠʚʘʣʠʩʴ ʜʦ 90% ʦʧʨʦʰʝʥ-

ʥʳʭ [7]. ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʦʪʤʝʯʘʶʪ ʠ ʧʦʙʦʯʥʳʝ 

ʢʦʛʥʠʪʠʚʥʳʝ ʵʬʬʝʢʪʳ: ʢʣʠʧʦʚʦʝ ʤʳʰʣʝʥʠʝ, 

ʦʩʣʘʙʣʝʥʠʝ ʢʨʠʪʠʯʝʩʢʦʛʦ ʚʦʩʧʨʠʷʪʠʷ ʠʥʬʦʨ-

ʤʘʮʠʠ, ʫʷʟʚʠʤʦʩʪʴ ʧʝʨʝʜ ʠʥʜʦʢʪʨʠʥʘʮʠʝʡ ï 

ʯʝʨʝʟ ʜʝʩʪʨʫʢʪʠʚʥʳʝ ʩʦʦʙʱʝʩʪʚʘ, ʬʝʡʢʦʚʳʝ 

ʥʦʚʦʩʪʠ ʠ ʤʘʥʠʧʫʣʷʪʠʚʥʳʝ ʥʘʨʨʘʪʠʚʳ. 

ʇʨʦʙʣʝʤʘ ʮʠʬʨʦʚʦʡ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʦʩʪʘ-

ʸʪʩʷ ʦʪʢʨʳʪʦʡ. ʍʦʪʷ 4 ʠʟ 5 ʧʦʜʨʦʩʪʢʦʚ ʟʘʷʚ-

ʣʷʶʪ ʦ ʛʦʪʦʚʥʦʩʪʠ ʨʘʟʚʠʚʘʪʴ ʮʠʬʨʦʚʳʝ ʥʘʚʳ-

ʢʠ, ʨʝʘʣʴʥʘʷ ʤʦʪʠʚʘʮʠʷ ʝʜʚʘ ʜʦʩʪʠʛʘʝʪ 20 % 

ʦʪ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʛʦ ʫʨʦʚʥʷ. ɺʦʟʥʠʢʘ-

ʝʪ ʧʘʨʘʜʦʢʩ: ʤʦʣʦʜʸʞʴ ʛʣʫʙʦʢʦ ʧʦʛʨʫʞʝʥʘ ʚ 

ʮʠʬʨʦʚʫʶ ʩʨʝʜʫ, ʥʦ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʝʸ ʢʨʠ-

ʪʠʯʝʩʢʦʛʦ ʦʩʤʳʩʣʝʥʠʷ ʠ ʙʝʟʦʧʘʩʥʦʛʦ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʷ ʥʝ ʭʚʘʪʘʝʪ. ɻ.ʋ. ʉʦʣʜʘʪʦʚʘ ʩʧʨʘʚʝʜ-

ʣʠʚʦ ʥʘʩʪʘʠʚʘʝʪ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʮʝʣʝʥʘ-

ʧʨʘʚʣʝʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʮʠʬʨʦʚʦʡ ʩʦʮʠʘʣʠʟʘ-

ʮʠʠ ï ʢʘʢ ʧʨʠʦʨʠʪʝʪʥʦʡ ʟʘʜʘʯʠ ʦʙʨʘʟʦʚʘʪʝʣʴ-

ʥʦʡ ʠ ʤʦʣʦʜʸʞʥʦʡ ʧʦʣʠʪʠʢʠ [7]. ɺʘʞʥʦ ʪʘʢ-

ʞʝ, ʯʪʦ, ʧʦ ʜʘʥʥʳʤ ʉʦʣʜʘʪʦʚʦʡ ʠ ʈʘʩʩʢʘʟʦʚʦʡ 

(2023), ʣʠʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʦʩʦʙʝʥ-

ʥʦʩʪʠ ʩʘʤʦʨʝʛʫʣʷʮʠʠ ʩʪʫʜʝʥʪʦʚ ʩʫʱʝʩʪʚʝʥʥʦ 

ʨʘʟʣʠʯʘʶʪʩʷ ʚ ʦʥʣʘʡʥ- ʠ ʦʬʣʘʡʥ-ʢʦʥʪʝʢʩʪʘʭ, 

ï ʘ ʵʪʦ ʛʦʚʦʨʠʪ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʘʯʝʩʪʚʝʥʥʦ 

ʥʦʚʳʭ ʤʝʭʘʥʠʟʤʦʚ ʩʦʮʠʘʣʴʥʦʡ ʘʜʘʧʪʘʮʠʠ [9]. 

ʇʨʦʙʣʝʤʳ ʠ ʧʨʦʪʠʚʦʨʝʯʠʷ ʩʦʮʠʘʣʠʟʘ-

ʮʠʠ ʤʦʣʦʜʸʞʠ 

ʉʪʦʣʢʥʦʚʝʥʠʝ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʠ ʠʥʥʦʚʘ-

ʮʠʦʥʥʦʛʦ ʪʠʧʦʚ ʢʫʣʴʪʫʨʳ. ʆʜʥʦ ʠʟ ʮʝʥ-

ʪʨʘʣʴʥʳʭ ʧʨʦʪʠʚʦʨʝʯʠʡ ʩʦʮʠʘʣʠʟʘʮʠʠ ï ʩʦ-

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʚ ʮʝʥʥʦʩʪʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʤʦʣʦʜʸʞʠ ʜʚʫʭ ʢʫʣʴʪʫʨʥʳʭ ʢʦʜʦʚ, ʪʨʘʜʠʮʠ-

ʦʥʥʦʛʦ ʠ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ. ʇʦ ʜʘʥʥʳʤ ɺʎʀ-

ʆʄ (2023), 81% ʨʦʩʩʠʷʥ ʧʨʠʟʥʘʶʪ ʚʘʞʥʦʩʪʴ 

ʩʦʭʨʘʥʝʥʠʷ ʪʨʘʜʠʮʠʦʥʥʳʭ ʮʝʥʥʦʩʪʝʡ. ʆʜʥʘʢʦ 

ʩʨʝʜʠ ʪʝʭ, ʢʪʦ ʤʦʣʦʞʝ 25 ʣʝʪ, 53% ʚʳʙʠʨʘʶʪ 

çʩʦʚʨʝʤʝʥʥʦʩʪʴè ʚ ʧʨʦʪʠʚʦʚʝʩ ʪʨʘʜʠʮʠʷʤ, ʘ 

42% ʩʯʠʪʘʶʪ, ʯʪʦ ʜʝʨʞʘʪʴʩʷ ʟʘ ʪʨʘʜʠʮʠʦʥʥʳʝ 

ʩʝʤʝʡʥʳʝ ʮʝʥʥʦʩʪʠ ʥʝ ʩʪʦʠʪ. ʇʨʠ ʚʩʸʤ ʵʪʦʤ 

ʙʘʟʦʚʳʝ ʮʝʥʥʦʩʪʠ ʧʦʢʦʣʝʥʠʡ ʚʦ ʤʥʦʛʦʤ ʩʦʚ-

ʧʘʜʘʶʪ. ʂʦʥʬʣʠʢʪ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʥʦʩʠʪ 

ʩʠʪʫʘʪʠʚʥʳʡ, ʘ ʥʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʭʘʨʘʢ-

ʪʝʨ [5]. 

ʀʥʜʠʚʠʜʫʘʣʠʟʘʮʠʷ ʠ ʝʸ ʧʨʝʜʝʣʳ. ʉʦʮʠʦ-

ʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʠʢʩʠʨʫʶʪ ʫʩʪʦʡ-

ʯʠʚʦʝ ʜʦʤʠʥʠʨʦʚʘʥʠʝ ʠʥʜʠʚʠʜʫʘʣʠʩʪʠʯʝʩʢʠʭ 

ʮʝʥʥʦʩʪʝʡ ʫ ʤʦʣʦʜʸʞʠ: ʩʤʝʱʘʶʪʩʷ ʥʨʘʚ-

ʩʪʚʝʥʥʳʝ ʦʨʠʝʥʪʠʨʳ, ʜʠʚʝʨʩʠʬʠʮʠʨʫʶʪʩʷ 

ʮʝʥʥʦʩʪʠ, ʨʘʩʪʸʪ ʟʥʘʯʠʤʦʩʪʴ ʢʘʨʴʝʨʳ ï ʧʨʠ 

ʥʝʢʦʪʦʨʦʤ ʩʥʠʞʝʥʠʠ ʧʨʠʦʨʠʪʝʪʘ ʩʝʤʝʡʥʦʛʦ 

ʩʯʘʩʪʴʷ. ɺʎʀʆʄ ʧʨʠʚʦʜʠʪ ʠʝʨʘʨʭʠʶ ʮʝʥʥʦ-

ʩʪʝʡ ʤʦʣʦʜʸʞʠ 18-34 ʣʝʪ: ʜʦʭʦʜ, ʧʦʨʷʜʦʢ ʠ 

ʩʪʘʙʠʣʴʥʦʩʪʴ, ʩʘʤʦʨʝʘʣʠʟʘʮʠʷ, ʩʚʦʙʦʜʘ. ʅʦ 

ʧʦʣʥʦʛʦ ʨʘʟʨʳʚʘ ʩ ʢʦʣʣʝʢʪʠʚʠʟʤʦʤ ʥʝ ʧʨʦʠʩ-

ʭʦʜʠʪ. ʖ.ɸ. ɿʫʙʦʢ ʠ ɺ.ʀ. ʏʫʧʨʦʚ ʦʙʥʘʨʫʞʠʣʠ 

ʟʥʘʯʠʤʳʝ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʛʘʙʠʪʫʘʣʴʥʳʤʠ 

ʫʩʪʘʥʦʚʢʘʤʠ ʢʦʣʣʝʢʪʠʚʠʟʤʘ ʠ ʠʥʜʠʚʠʜʫʘʣʠʟ-

ʤʘ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʠ ʩʤʳʩʣʘʤʠ, ʢʦʪʦʨʳʝ 

ʤʦʣʦʜʸʞʴ ʚʢʣʘʜʳʚʘʝʪ ʚ ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʪʨʫʜ, ï 

ʩ ʜʨʫʛʦʡ [4]. ʉʢʦʨʝʝ ʨʝʯʴ ʠʜʸʪ ʦ ʧʘʨʘʜʦʢʩʘʣʴ-

ʥʦʤ ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʠ ʜʚʫʭ ʮʝʥʥʦʩʪʥʳʭ ʨʝʛʠ-

ʩʪʨʦʚ. 

ʂʨʠʟʠʩ ʠʜʝʥʪʠʯʥʦʩʪʠ ʠ ʧʨʦʙʣʝʤʘ ʜʦʚʝ-

ʨʠʷ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʦʙʱʝʨʦʩʩʠʡʩʢʦʡ ʛʨʘʞ-

ʜʘʥʩʢʦʡ ʠʜʝʥʪʠʯʥʦʩʪʠ ʤʦʣʦʜʸʞʠ ʦʩʣʦʞʥʷʝʪʩʷ 

ʪʝʤ, ʯʪʦ ʤʠʢʨʦʩʦʮʠʘʣʴʥʘʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ 

(ʩʝʤʴʷ, ʜʨʫʟʴʷ, ʣʦʢʘʣʴʥʘʷ ʛʨʫʧʧʘ) ʵʤʦʮʠʦ-

ʥʘʣʴʥʦ ʧʝʨʝʚʝʰʠʚʘʝʪ ʤʘʢʨʦʩʦʮʠʘʣʴʥʫʶ. ʇʦ 

ɺʎʀʆʄ (2022), 83% ʤʦʣʦʜʳʭ ʨʦʩʩʠʷʥ 14-35 

ʣʝʪ ʠʜʝʥʪʠʬʠʮʠʨʫʶʪ ʩʝʙʷ ʢʘʢ çʛʨʘʞʜʘʥʝ ʈʌè, 

ʦʜʥʘʢʦ ʵʪʦ ʥʘ 7 ʧ.ʧ. ʥʠʞʝ, ʯʝʤ ʛʦʜʦʤ ʨʘʥʝʝ. ɺ 

ʛʨʫʧʧʝ 18-24 ʣʝʪ ʣʠʰʴ 59% ʩʯʠʪʘʶʪ ʚʘʞʥʳʤ 

ʫʯʘʩʪʠʝ ʚ ʦʙʱʝʩʪʚʝʥʥʦʡ ʠ ʧʦʣʠʪʠʯʝʩʢʦʡ ʞʠʟ-

ʥʠ. ʂʨʠʟʠʩ ʜʦʚʝʨʠʷ ʢ ʠʥʩʪʠʪʫʪʘʤ ʧʨʦʷʚʣʷʝʪʩʷ 

ʭʘʨʘʢʪʝʨʥʦ: ʩʦʮʠʘʣʠʟʘʮʠʦʥʥʳʝ ʬʫʥʢʮʠʠ ʧʦ-

ʩʪʝʧʝʥʥʦ ʩʤʝʱʘʶʪʩʷ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʘʛʝʥ-



10 

- ʉʦʮʠʦʣʦʛʠʯʝʩʢʠʝ ʥʘʫʢʠ - 

 

International Journal of Humanities and Natural Sciences, vol. 3-2 (114), 2026 

ʪʦʚ ʢ ʤʦʣʦʜʸʞʥʦʡ ʩʫʙʢʫʣʴʪʫʨʝ, ʮʠʬʨʦʚʳʤ 

ʤʝʜʠʘ, ʢʦʤʤʝʨʯʝʩʢʠʤ ʧʣʘʪʬʦʨʤʘʤ [2]. 

ʅʘʨʘʩʪʘʥʠʝ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʠ ʨʠʩʢʦ-

ʛʝʥʥʦʩʪʠ. ʆ.ɸ. ʂʘʨʣʦʚʘ ʠ ʆ.ɺ. ʄʷʩʦʫʪʦʚ 

(2023) ʠʟʫʯʘʣʠ ʪʨʝʥʜʳ ʤʦʣʦʜʸʞʥʦʡ ʢʫʣʴʪʫʨʳ 

ʚ ʫʩʣʦʚʠʷʭ ʪʨʦʡʥʦʛʦ ʜʘʚʣʝʥʠʷ: ʢʦʚʠʜʥʳʭ 

ʦʛʨʘʥʠʯʝʥʠʡ, ʩʘʥʢʮʠʡ ʠ ʩʧʝʮʠʘʣʴʥʦʡ ʚʦʝʥʥʦʡ 

ʦʧʝʨʘʮʠʠ. ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʟʘʬʠʢʩʠʨʦʚʘʣʠ 

ʢʦʥʬʣʠʢʪ ʤʝʞʜʫ ʩʬʦʨʤʠʨʦʚʘʚʰʝʡʩʷ çʢʫʣʴʪʫ-

ʨʦʡ ʞʝʣʘʝʤʦʛʦ ʥʘʩʪʦʷʱʝʛʦè ï ʧʦʨʦʞʜʝʥʠʝʤ 

ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʛʦ ʦʙʱʝʩʪʚʘ 2000ï2010-ʭ ï ʠ 

ʥʦʚʦʡ ʨʝʘʣʴʥʦʩʪʴʶ, ʢʦʪʦʨʘʷ ʚʳʚʦʜʠʪ ʤʦʣʦ-

ʜʸʞʴ çʚʥʝ ʟʦʥʳ ʢʦʤʬʦʨʪʘè [6]. ʈʠʩʢʦʣʦʛʠʯʝ-

ʩʢʘʷ ʢʦʥʮʝʧʮʠʷ ʚʳʜʝʣʷʝʪ ʪʨʠ ʛʨʫʧʧʳ ʧʨʦʪʠ-

ʚʦʨʝʯʠʡ: ʩʚʷʟʘʥʥʳʝ ʩ ʥʝʨʘʚʝʥʩʪʚʦʤ ʩʦʮʠʘʣʴ-

ʥʦʛʦ ʩʪʘʪʫʩʘ; ʚʳʪʝʢʘʶʱʠʝ ʠʟ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʩ ʩʦʮʠʘʣʴʥʳʤʠ ʠʥʩʪʠʪʫʪʘʤʠ; ʦʙʫʩʣʦʚʣʝʥʥʳʝ 

ʩʦʮʠʦʢʫʣʴʪʫʨʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʧʦʢʦʣʝ-

ʥʠʷ, ʬʦʨʤʠʨʫʶʱʝʛʦʩʷ ʥʘ ʩʪʳʢʝ ʵʧʦʭ [4]. 

ʉʦʮʠʘʣʴʥʦʝ ʥʝʨʘʚʝʥʩʪʚʦ ʢʘʢ ʩʪʨʫʢʪʫʨ-

ʥʳʡ ʬʘʢʪʦʨ. ʄ.ʂ. ɻʦʨʰʢʦʚ ʠ ʌ.ʕ. ʐʝʨʝʛʠ 

(2020) ʚ ʠʪʦʛʦʚʦʡ ʤʦʥʦʛʨʘʬʠʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʤʥʦʛʦʣʝʪʥʠʭ ʩʦʮʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʫʙʝʜʠʪʝʣʴʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, ʯʪʦ ʚʦʟ-

ʤʦʞʥʦʩʪʠ ʩʘʤʦʨʝʘʣʠʟʘʮʠʠ ʤʦʣʦʜʸʞʠ ʦʧʨʝʜʝ-

ʣʷʶʪʩʷ ʮʝʣʳʤ ʨʷʜʦʤ ʩʪʨʫʢʪʫʨʥʳʭ ʫʩʣʦʚʠʡ: 

ʤʘʪʝʨʠʘʣʴʥʳʤ ʧʦʣʦʞʝʥʠʝʤ ʩʝʤʴʠ, ʵʢʦʥʦʤʠ-

ʯʝʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ ʨʝʛʠʦʥʘ, ʪʝʨʨʠʪʦʨʠ-

ʘʣʴʥʦʡ ʜʦʩʪʫʧʥʦʩʪʴʶ ʦʙʨʘʟʦʚʘʥʠʷ, ʛʝʥʜʝʨʥʦʡ 

ʩʧʝʮʠʬʠʢʦʡ. ʇʦ ʜʘʥʥʳʤ ɺʎʀʆʄ (2023), ʨʦʩ-

ʩʠʷʥʝ ʥʘʟʳʚʘʶʪ ʚ ʯʠʩʣʝ ʢʣʶʯʝʚʳʭ ʧʨʦʙʣʝʤ 

ʤʦʣʦʜʸʞʠ ʪʨʫʜʦʫʩʪʨʦʡʩʪʚʦ (39%), ʞʠʣʠʱʥʳʡ 

ʚʦʧʨʦʩ (37%), ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʤʘʪʝʨʠʘʣʴʥʦʝ 

ʧʦʣʦʞʝʥʠʝ (ʧʦ 28%). ʈʘʩʪʫʱʝʝ ʨʘʩʩʣʦʝʥʠʝ 

ʜʝʣʘʝʪ ʩʦʮʠʘʣʠʟʘʮʠʶ ʚʩʸ ʙʦʣʝʝ ʜʠʬʬʝʨʝʥʮʠ-

ʨʦʚʘʥʥʦʡ ï ʝʜʠʥʦʡ ʤʦʜʝʣʠ ʞʠʟʥʝʥʥʦʛʦ ʩʪʘʨʪʘ 

ʧʦʧʨʦʩʪʫ ʥʝ ʩʫʱʝʩʪʚʫʝʪ [1]. 

ʇʨʦʚʝʜʸʥʥʳʡ ʘʥʘʣʠʟ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʪʦʤ, ʯʪʦ ʩʦʮʠʘʣʠʟʘʮʠʷ ʨʦʩʩʠʡʩʢʦʡ ʤʦʣʦʜʸʞʠ 

ʚ 2020-ʝ ʛʦʜʳ ï ʧʨʦʮʝʩʩ ʩʠʩʪʝʤʥʦ ʧʨʦʪʠʚʦʨʝ-

ʯʠʚʳʡ, ʧʨʦʪʝʢʘʶʱʠʡ ʥʘ ʧʝʨʝʩʝʯʝʥʠʠ ʥʝ-

ʩʢʦʣʴʢʠʭ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʭ ʪʝʥʜʝʥʮʠʡ. 

ʊʝʦʨʝʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʜʣʷ ʝʛʦ ʦʩʤʳʩʣʝʥʠʷ 

ʥʘʨʘʙʦʪʘʥ ʜʦʩʪʘʪʦʯʥʦ ʤʦʱʥʳʡ: ʨʠʩʢʦʣʦʛʠʯʝ-

ʩʢʘʷ ʢʦʥʮʝʧʮʠʷ ʖ.ɸ. ɿʫʙʦʢ ʠ ɺ.ʀ. ʏʫʧʨʦʚʘ, 

ʪʝʟʘʫʨʫʩʥʳʡ ʧʦʜʭʦʜ ɺʘʣ.ɸ. ʃʫʢʦʚʘ, ʩʦʮʠʘʣʴ-

ʥʦ-ʢʦʛʥʠʪʠʚʥʘʷ ʢʦʥʮʝʧʮʠʷ ʮʠʬʨʦʚʦʡ ʩʦʮʠʘ-

ʣʠʟʘʮʠʠ ɻ.ʋ. ʉʦʣʜʘʪʦʚʦʡ. ʂʘʞʜʘʷ ʠʟ ʵʪʠʭ 

ʰʢʦʣ ʩʭʚʘʪʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʫʶ ʛʨʘʥʴ ʷʚʣʝ-

ʥʠʷ, ʠ ʥʘʠʙʦʣʴʰʫʶ ʦʪʜʘʯʫ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʜʘ-

ʸʪ ʠʤʝʥʥʦ ʠʭ ʠʥʪʝʛʨʘʮʠʷ. 

ʏʪʦ ʧʦʢʘʟʳʚʘʶʪ ʵʤʧʠʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ? 

ʎʠʬʨʦʚʘʷ ʩʨʝʜʘ ʧʨʝʚʨʘʪʠʣʘʩʴ ʚ ʜʦʤʠʥʠʨʫʶ-

ʱʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʩʦʮʠʘʣʠʟʘʮʠʠ. ʇʨʠ 8-

ʯʘʩʦʚʦʤ ʝʞʝʜʥʝʚʥʦʤ ʧʨʠʩʫʪʩʪʚʠʠ ʚ ʩʦʮʩʝʪʷʭ 

ʠʤʝʥʥʦ ʪʘʤ ʬʦʨʤʠʨʫʶʪʩʷ ʮʝʥʥʦʩʪʠ, ʠʜʝʥʪʠʯ-

ʥʦʩʪʴ, ʢʦʤʤʫʥʠʢʘʪʠʚʥʳʝ ʧʨʠʚʳʯʢʠ ʤʦʣʦʜʸ-

ʞʠ. ʉʝʤʴʷ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʩʦʭʨʘʥʷʶʪ ʙʘʟʦʚʦʝ 

ʟʥʘʯʝʥʠʝ ï ʥʦ ʥʘ ʤʦʥʦʧʦʣʠʶ ʚ ʪʨʘʥʩʣʷʮʠʠ 

ʥʦʨʤ ʫʞʝ ʥʝ ʧʨʝʪʝʥʜʫʶʪ. ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ 

ʤʦʣʦʜʸʞʥʘʷ ʧʦʣʠʪʠʢʘ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʦ ʘʢ-

ʪʠʚʥʘ; ʩʫʙʲʝʢʪʠʚʥʘʷ ʞʝ ʚʢʣʶʯʸʥʥʦʩʪʴ ʤʦʣʦ-

ʜʸʞʠ ʚ ʦʙʱʝʩʪʚʝʥʥʦ-ʧʦʣʠʪʠʯʝʩʢʫʶ ʞʠʟʥʴ 

ʦʩʪʘʸʪʩʷ ʥʝʚʳʩʦʢʦʡ. 

ʎʝʥʥʦʩʪʥʳʡ ʤʠʨ ʤʦʣʦʜʸʞʠ ʧʨʘʚʠʣʴʥʝʝ 

ʦʧʠʩʳʚʘʪʴ ʥʝ ʯʝʨʝʟ ʢʦʥʬʣʠʢʪ, ʘ ʯʝʨʝʟ ʧʘʨʘ-

ʜʦʢʩʘʣʴʥʦʝ ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʝ ʪʨʘʜʠʮʠʦʥʥʳʭ ʠ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʢʦʜʦʚ. ʉʝʤʴʷ ï ʥʘ ʚʝʨʰʠʥʝ 

ʮʝʥʥʦʩʪʥʦʡ ʠʝʨʘʨʭʠʠ, ʦʜʥʘʢʦ ʨʷʜʦʤ ï ʫʩʪʘ-

ʥʦʚʢʠ ʥʘ ʩʘʤʦʨʝʘʣʠʟʘʮʠʶ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ 

ʫʩʧʝʭ. ɻʨʘʞʜʘʥʩʢʘʷ ʠʜʝʥʪʠʯʥʦʩʪʴ ʬʦʨʤʘʣʴʥʦ 

ʧʨʠʥʠʤʘʝʪʩʷ ʙʦʣʴʰʠʥʩʪʚʦʤ, ʥʦ ʧʦ ʵʤʦʮʠʦ-

ʥʘʣʴʥʦʡ ʟʥʘʯʠʤʦʩʪʠ ʫʩʪʫʧʘʝʪ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʩ ʙʣʠʟʢʠʤ ʢʨʫʛʦʤ. ʅʘʨʘʩʪʘʥʠʝ ʥʝʦʧʨʝʜʝʣʸʥ-

ʥʦʩʪʠ (ʧʘʥʜʝʤʠʷ, ʛʝʦʧʦʣʠʪʠʢʘ, ʵʢʦʥʦʤʠʯʝʩʢʠʝ 

ʰʦʢʠ) ʫʩʠʣʠʚʘʝʪ ʨʠʩʢʦʛʝʥʥʦʩʪʴ ʩʦʮʠʘʣʠʟʘʮʠʠ 

ʠ ʧʦʜʪʘʣʢʠʚʘʝʪ ʤʦʣʦʜʸʞʴ ʢ ʩʘʤʦʨʝʛʫʣʷʮʠʦʥ-

ʥʦʡ ʤʦʜʝʣʠ ʩʦʮʠʘʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ. 

ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, 

ʜʦʣʞʥʳ ʙʳʪʴ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʥʘ ʠʟʫʯʝʥʠʠ ʤʝ-

ʭʘʥʠʟʤʦʚ ʮʠʬʨʦʚʦʡ ʩʦʮʠʘʣʠʟʘʮʠʠ, ʥʘ ʨʘʟʨʘ-

ʙʦʪʢʝ ʨʘʙʦʪʘʶʱʠʭ ʤʦʜʝʣʝʡ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʮʠʬʨʦʚʦʡ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʠ, ʯʪʦ ʥʝ ʤʝʥʝʝ 

ʩʫʱʝʩʪʚʝʥʥʦ, ʥʘ ʘʥʘʣʠʟʝ ʜʦʣʛʦʩʨʦʯʥʳʭ ʧʦ-

ʩʣʝʜʩʪʚʠʡ ʥʘʨʘʩʪʘʶʱʝʡ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ 

ʜʣʷ ʮʝʥʥʦʩʪʥʦʛʦ ʤʠʨʘ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ. 
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ʄ.ʌ. ʂʘʤʘʣʦʚʘ, ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ʖʛʦʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

(ʈʦʩʩʠʷ, ʛ. ʍʘʥʪʳ-ʄʘʥʩʠʡʩʢ) 

 

DOI:10.24412/2500-1000-2026-3-2-12-16 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʦ ʚ ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ˉ 24-

25-20013 (https://rscf.ru/project/24-25-20013/) ʠ ɼʝʧʘʨʪʘʤʝʥʪʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʍʘʥʪʳ-

ʄʘʥʩʠʡʩʢʦʛʦ ʘʚʪʦʥʦʤʥʦʛʦ ʦʢʨʫʛʘ ï ʖʛʨʳ. 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʥʘ ʦʮʝʥʢʫ 

ʚʣʠʷʥʠʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ ʬʠʪʥʝʩ-ʧʨʦʛʨʘʤʤ (ʢʨʦʩʩʬʠʪ ʠ ʩʪʨʝʪʯʠʥʛ) ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʧʨʠʝ-

ʤʦʤ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʜʦʙʘʚʦʢ (ɹɸɼ) ʥʘ ʢʘʯʝʩʪʚʦ ʞʠʟʥʠ ʩʪʫʜʝʥʪʦʢ 18-21 ʛʦʜʘ. ɺ ʠʩʩʣʝ-

ʜʦʚʘʥʠʠ, ʧʨʦʚʝʜʝʥʥʦʤ ʥʘ ʙʘʟʝ ʖʛʦʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩ-

ʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ, ʧʨʠʥʷʣʠ ʫʯʘʩʪʠʝ 60 ʜʝʚʫʰʝʢ. ɺ ʨʘʤʢʘʭ ʥʫʪʨʠʪʠʚʥʦʡ ʧʦʜʜʝʨʞʢʠ ʠʩ-

ʧʦʣʴʟʦʚʘʣʠʩʴ ʢʦʤʙʠʥʘʮʠʠ ʧʦʣʠʥʝʥʘʩʳʱʝʥʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ (ʇʅɾʂ) ʩ ʚʠʪʘʤʠʥʦʤ ɽ, ʘʤʠʥʦ-

ʢʠʩʣʦʪ ʩ ʨʘʟʚʝʪʚʣʝʥʥʳʤʠ ʙʦʢʦʚʳʤʠ ʨʘʜʠʢʘʣʘʤʠ (ɺʉɸɸ), ʘ ʪʘʢʞʝ ʠʭ ʩʦʯʝʪʘʥʠʝ. ʆʮʝʥʢʘ ʢʘʯʝ-

ʩʪʚʘ ʞʠʟʥʠ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʦʧʨʦʩʥʠʢʘ ɺʆɿʂɾ-100. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ ʥʝʦʜʥʦʟʥʘʯ-

ʥʳʡ ʭʘʨʘʢʪʝʨ ʚʣʠʷʥʠʷ ɹɸɼ. ɿʘʥʷʪʠʷ ʢʨʦʩʩʬʠʪʦʤ ʙʝʟ ʧʦʜʜʝʨʞʢʠ ʫʣʫʯʰʘʣʠ ʩʘʤʦʦʮʝʥʢʫ, ʦʜʥʘʢʦ 

ʩʦʧʨʦʚʦʞʜʘʣʠʩʴ ʨʦʩʪʦʤ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʣʝʢʘʨʩʪʚ, ʫʢʘʟʳʚʘʷ ʥʘ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴ ʚʦʩʩʪʘʥʦʚ-

ʣʝʥʠʷ. ʇʨʠʝʤ ʢʦʤʙʠʥʘʮʠʠ ʇʅɾʂ+ɽ ʥʘ ʬʦʥʝ ʚʳʩʦʢʦʠʥʪʝʥʩʠʚʥʳʭ ʥʘʛʨʫʟʦʢ ʧʨʠʚʝʣ ʢ ʩʪʘʪʠʩʪʠ-

ʯʝʩʢʠ ʟʥʘʯʠʤʦʤʫ ʫʭʫʜʰʝʥʠʶ ʧʩʠʭʦʵʤʦʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʢʘʯʝʩʪʚʘ ʩʥʘ, ʯʪʦ ʩʚʠʜʝʪʝʣʴ-

ʩʪʚʫʝʪ ʦ ʚʦʟʤʦʞʥʦʤ ʥʝʛʘʪʠʚʥʦʤ ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʤ ʵʬʬʝʢʪʝ. ɺ ʛʨʫʧʧʘʭ, ʧʨʘʢʪʠʢʫʶʱʠʭ ʩʪʨʝʪ-

ʯʠʥʛ, ʜʦʙʘʚʢʠ ʥʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʫʣʫʯʰʝʥʠʡ: ʧʨʠʝʤ ʇʅɾʂ+ɽ 

ʧʦʢʘʟʘʣ ʩʣʘʙʫʶ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʜʠʥʘʤʠʢʫ ʚ ʧʦʚʩʝʜʥʝʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʪʦʛʜʘ ʢʘʢ ɺʉɸɸ ʥʝ ʜʘʣʠ 

ʦʞʠʜʘʝʤʦʛʦ ʵʬʬʝʢʪʘ. ɸʚʪʦʨʳ ʟʘʢʣʶʯʘʶʪ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʫʪʨʠʪʠʚʥʦʡ ʧʦʜʜʝʨʞʢʠ ʟʘ-

ʚʠʩʠʪ ʦʪ ʪʠʧʘ ʥʘʛʨʫʟʢʠ, ʩʦʩʪʘʚʘ ɹɸɼ ʠ ʧʩʠʭʦʵʤʦʮʠʦʥʘʣʴʥʦʛʦ ʢʦʥʪʝʢʩʪʘ, ʯʪʦ ʦʙʦʩʥʦʚʳʚʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʥʜʠʚʠʜʫʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʚ ʩʧʦʨʪʠʚʥʦʡ ʧʨʘʢʪʠʢʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʨʦʩʩʬʠʪ; ʩʪʨʝʪʯʠʥʛ; ɹɸɼ; ʢʘʯʝʩʪʚʦ ʞʠʟʥʠ. 

 

ʉʦʚʨʝʤʝʥʥʘʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʩʨʝʜʘ ʩʦʟʜʘ-

ʝʪ ʚʳʩʦʢʫʶ ʥʘʛʨʫʟʢʫ ʥʘ ʧʩʠʭʦʬʠʟʠʯʝʩʢʦʝ ʩʦ-

ʩʪʦʷʥʠʝ ʩʪʫʜʝʥʪʦʢ, ʦʙʫʩʣʦʚʣʝʥʥʫʶ ʘʢʘʜʝʤʠ-

ʯʝʩʢʠʤ ʩʪʨʝʩʩʦʤ, ʩʦʮʠʘʣʴʥʦʡ ʘʜʘʧʪʘʮʠʝʡ ʠ 

ʠʟʤʝʥʝʥʠʝʤ ʦʙʨʘʟʘ ʞʠʟʥʠ, ʯʪʦ ʥʝʛʘʪʠʚʥʦ ʩʢʘ-

ʟʳʚʘʝʪʩʷ ʥʘ ʠʭ ʟʜʦʨʦʚʴʝ ʠ ʩʘʤʦʯʫʚʩʪʚʠʝ. 

ʉʦʭʨʘʥʝʥʠʝ ʠ ʧʦʚʳʰʝʥʠʝ ʬʠʟʠʯʝʩʢʦʛʦ, 

ʧʩʠʭʦʵʤʦʮʠʦʥʘʣʴʥʦʛʦ ʠ ʩʦʮʠʘʣʴʥʦʛʦ ʟʜʦʨʦ-

ʚʴʷ ʩʪʫʜʝʥʪʦʢ ʩʝʛʦʜʥʷ ʚʳʭʦʜʠʪ ʥʘ ʧʝʨʝʜʥʠʡ 

ʧʣʘʥ ʜʝʤʦʛʨʘʬʠʯʝʩʢʦʡ ʧʦʣʠʪʠʢʠ. ɺ ʵʪʦʡ ʩʚʷ-

ʟʠ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʛʨʘʮʠʷ 

ʨʝʛʫʣʷʨʥʦʛʦ ʪʨʝʥʠʥʛʘ ʩ ʢʦʨʨʝʢʮʠʝʡ ʨʘʮʠʦʥʘ. 

ɺ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ, ʚ ʯʘʩʪʥʦʩʪʠ ʚ [1, 

ʩ. 166], ʦʪʤʝʯʘʝʪʩʷ ʧʨʷʤʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ 

ʚʳʩʦʢʦʡ ʜʚʠʛʘʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʠ ʫʣʫʯ-

ʰʝʥʠʝʤ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ. ʊʝʤ ʥʝ 

ʤʝʥʝʝ, ʚʦʧʨʦʩ ʩʦʯʝʪʘʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʩʧʝ-

ʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʬʠʪʥʝʩ-ʧʨʦʛʨʘʤʤ ʠ ʙʠʦʣʦ-

ʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʜʦʙʘʚʦʢ ʥʘ ʦʨʛʘʥʠʟʤ ʜʝʚʫ-

ʰʝʢ 18-21 ʛʦʜʘ ʧʨʦʨʘʙʦʪʘʥ ʥʝʜʦʩʪʘʪʦʯʥʦ, ʯʪʦ 

ʥʝ ʧʦʟʚʦʣʷʝʪ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʦʜʥʦʟʥʘʯʥʳʝ 

ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ. ɺ ʩʧʝʢʪʨʝ ʨʘʟʨʘ-

ʙʘʪʳʚʘʝʤʳʭ ʤʝʪʦʜʦʚ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʟʜʦ-

ʨʦʚʴʝ ʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ ʢʣʶʯʝʚʘʷ 

ʨʦʣʴ ʦʪʚʦʜʠʪʩʷ ʠʤʝʥʥʦ ʥʫʪʨʠʮʝʚʪʠʯʝʩʢʦʡ 

ʢʦʨʨʝʢʮʠʠ ʚ ʧʨʦʮʝʩʩʝ ʬʠʪʥʝʩ-ʪʨʝʥʠʨʦʚʦʢ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʜʦʙʘ-

ʚʦʢ (ɹɸɼ) ʠʤʝʝʪ ʮʝʣʳʡ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ʧʝ-

ʨʝʜ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʧʠʪʘʥʠʷ, ʧʦ-

ʩʢʦʣʴʢʫ ʩʦʜʝʨʞʘʥʠʝ ʠ ʩʦʦʪʥʦʰʝʥʠʝ ʥʝʦʙʭʦ-

ʜʠʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ɹɸɼ ʩʪʨʦʛʦ ʨʝʛʣʘʤʝʥ-

ʪʠʨʦʚʘʥʦ, ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʧʨʠ ʭʨʘʥʝʥʠʠ ʠ ʧʨʠ-

ʚʝʜʝʥʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʧʦʪʨʝʙʥʦʩʪʷʤʠ ʦʨʛʘ-

ʥʠʟʤʘ. 
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ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 

ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ ʬʠʪ-

ʥʝʩ-ʧʨʦʛʨʘʤʤ (ʚʳʩʦʢʦ- ʠ ʥʠʟʢʦʠʥʪʝʥʩʠʚʥʳʭ) 

ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʧʨʠʝʤʦʤ ɹɸɼ ʥʘ ʢʘʯʝʩʪʚʦ 

ʞʠʟʥʠ ʩʪʫʜʝʥʪʦʢ 18-21 ʛʦʜʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʩʪʨʘʪʝʛʠʡ ʫʢʨʝʧʣʝʥʠʷ 

ʠʭ ʟʜʦʨʦʚʴʷ ʠ ʙʣʘʛʦʧʦʣʫʯʠʷ 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ.  

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʠʥʷʣʠ ʫʯʘʩʪʠʝ 60 ʜʝʚʫ-

ʰʝʢ-ʩʪʫʜʝʥʪʦʢ ʌɻɹʆʋ ɺʆ çʖʛʦʨʩʢʠʡ ʛʦʩʫ-

ʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè. ɼʣʠʪʝʣʴʥʦʩʪʴ 

ʫʯʘʩʪʠʷ ʢʘʞʜʦʛʦ ʠʩʧʳʪʫʝʤʦʛʦ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ 

120Ñ3 ʩʫʪʦʢ. ɺʳʙʦʨ ʬʠʪʥʝʩ-ʧʨʦʛʨʘʤʤ ï ʢʨʦʩ-

ʩʬʠʪ ʠ ʩʪʨʝʪʯʠʥʛ, ʙʳʣ ʦʙʫʩʣʦʚʣʝʥ ʠʭ ʠʥʪʝ-

ʛʨʘʮʠʝʡ ʚ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ ʚ ʨʘʤʢʘʭ ʵʣʝʢʪʠʚ-

ʥʳʭ ʜʠʩʮʠʧʣʠʥ çʌʠʟʠʯʝʩʢʘʷ ʢʫʣʴʪʫʨʘ ʠ 

ʩʧʦʨʪè. ʕʪʦ ʦʙʝʩʧʝʯʠʣʦ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ: ʩʪʘʥʜʘʨʪʠʟʘʮʠʶ ʟʘʥʷʪʠʡ ʧʦʜ 

ʢʦʥʪʨʦʣʝʤ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʨʝʧʦʜʘʚʘʪʝ-

ʣʝʡ, ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʫʶ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʠ 

ʜʦʟʠʨʦʚʢʫ ʥʘʛʨʫʟʦʢ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ 

ʚʦʚʣʝʯʝʥʥʦʩʪʠ ʠ ʩʦʙʣʶʜʝʥʠʷ ʨʝʞʠʤʘ ʠʩʧʳʪʫ-

ʝʤʳʤʠ, ʧʦʩʢʦʣʴʢʫ ʧʨʦʛʨʘʤʤʳ ʷʚʣʷʣʠʩʴ ʯʘ-

ʩʪʴʶ ʠʭ ʦʙʷʟʘʪʝʣʴʥʦʡ ʫʯʝʙʥʦʡ ʧʨʦʛʨʘʤʤʳ. 

ɺ ʢʘʯʝʩʪʚʝ ʩʨʝʜʩʪʚ ʦʧʪʠʤʠʟʘʮʠʠ ʟʘʥʷʪʠʡ 

ʩʪʨʝʪʯʠʥʛʦʤ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʥʫʪʨʠʮʝʚʪʠʚ-

ʥʘʷ ʧʦʜʜʝʨʞʢʘ ʩ ʪʨʝʤʷ ʚʘʨʠʘʥʪʘʤʠ ʢʦʤʙʠʥʘ-

ʮʠʡ ʧʨʠʝʤʘ ɹɸɼ:  

- ʢʦʤʧʣʝʢʩ ʧʦʣʠʥʝʥʘʩʳʱʝʥʥʳʭ ʞʠʨʥʳʭ 

ʢʠʩʣʦʪ ʠ ʚʠʪʘʤʠʥʘ ɽ;  

- ʢʦʤʧʣʝʢʩ ʘʤʠʥʦʢʠʩʣʦʪ ʩ ʨʘʟʚʝʪʚʣʸʥʥʳʤʠ 

ʙʦʢʦʚʳʤʠ ʨʘʜʠʢʘʣʘʤʠ (ɺʉɸɸ);  

- ʢʦʤʧʣʝʢʩ ʧʦʣʠʥʝʥʘʩʳʱʝʥʥʳʭ ʞʠʨʥʳʭ 

ʢʠʩʣʦʪ, ʚʠʪʘʤʠʥʘ ɽ ʠ ɺʉɸɸ.  

ʈʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʨʠʝʤʫ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʜʦʙʘʚʦʢ ʠʩʧʳʪʫʝʤʳʤ ʙʳʣʠ ʜʘʥʳ ʧʦʩʣʝ ʩʦʛʣʘ-

ʩʦʚʘʥʠʷ ʩ ʤʝʜʠʮʠʥʩʢʠʤ ʩʧʝʮʠʘʣʠʩʪʦʤ. ɼʣʠ-

ʪʝʣʴʥʦʩʪʴ ʧʨʠʝʤʘ ɹɸɼ ʩʦʩʪʘʚʠʣʘ 3 ʤʝʩʷʮʘ. 

ʇʨʠʸʤ ʥʫʪʨʠʮʝʚʪʠʢʦʚ ʙʳʣ ʚʳʧʦʣʥʝʥ ʧʦ ʵʬ-

ʬʝʢʪʠʚʥʦ-ʙʝʟʦʧʘʩʥʦʡ ʩʭʝʤʝ:  

- ʇʅɾʂ ʩʦʚʤʝʩʪʥʦ ʩ ʚʠʪʘʤʠʥʦʤ ɽ ʧʦ 1 

ʢʘʧʩʫʣʝ ʚ ʜʝʥʴ ʚ ʪʝʯʝʥʠʝ 90 ʩʫʪʦʢ;  

- ɺʉɸɸ ʧʦ 1 ʢʘʧʩʫʣʝ 2 ʨʘʟʘ ʚ ʜʝʥʴ ʚ ʪʝʯʝ-

ʥʠʝ 90 ʩʫʪʦʢ;  

- ʩʦʚʤʝʩʪʥʳʡ ʧʨʠʝʤ ʇʅɾʂ ʠ ʚʠʪʘʤʠʥʘ ɽ 

ʧʦ 1 ʢʘʧʩʫʣʝ ʚ ʜʝʥʴ ʠ ɺʉɸɸ ʧʦ 1 ʢʘʧʩʫʣʝ 2 

ʨʘʟʘ ʚ ʜʝʥʴ ʚ ʪʝʯʝʥʠʝ 90 ʩʫʪʦʢ.  

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝ-

ʜʫʶʱʠʝ ɹɸɼʳ: ʇʅɾʂ-ʆʤʝʛʘ-3, ʢʘʧʩʫʣʳ ʧʦ 

1000 ʤʛ ʩʦʜʝʨʞʘʱʠʝ ʵʡʢʦʟʘʧʝʥʪʘʝʥʦʚʫʶ ʢʠʩ-

ʣʦʪʫ 330 ʤʛ, ʜʝʢʦʟʘʛʝʢʩʘʝʥʦʚʫʶ ʢʠʩʣʦʪʫ 

220 ʤʛ, ʘʣʴʬʘ-ʪʦʢʦʬʝʨʦʣ ï 10 ʤʛ (ʧʨʦʠʟʚʦʜʠ-

ʪʝʣʴ çNature Foodsè, ʈʦʩʩʠʷ); ʚʠʪʘʤʠʥ ɽ ʚ 

ʢʘʧʩʫʣʘʭ ʧʦ 134 ʤʛ (200 ʄɽ) (ʧʨʦʠʟʚʦʜʠʪʝʣʴ 

çʕʚʘʣʘʨè, ʈʦʩʩʠʷ); BCAA 2:1:1 ʚ ʢʘʧʩʫʣʘʭ ʧʦ 

1 ʛ (ʧʨʦʠʟʚʦʜʠʪʝʣʴ çAminofoodè, ʈʦʩʩʠʷ). 

ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʧʦ 

ʩʨʝʜʩʪʚʦʤ ʦʧʨʦʩʥʠʢʘ ɺʆɿʂɾ-100, ʨʘʟʨʘʙʦ-

ʪʘʥʥʦʛʦ ɺʩʝʤʠʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ ʟʜʨʘʚʦ-

ʦʭʨʘʥʝʥʠʷ (ɺʆɿ). ʆʧʨʦʩʥʠʢ ʠʟʤʝʨʷʝʪ ʢʘʯʝ-

ʩʪʚʦ ʞʠʟʥʠ, ʩʚʷʟʘʥʥʦʝ ʩʦ ʟʜʦʨʦʚʴʝʤ. ɺʆɿʂɾ-

10 ï ʵʪʦ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʠʥʩʪʨʫʤʝʥʪ, ʢʦʪʦʨʳʡ 

ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʚʦʩʧʨʠʷʪʠʝ ʠʥʜʠʚʠʜʦʤ 

ʨʘʟʣʠʯʥʳʭ ʘʩʧʝʢʪʦʚ ʩʚʦʝʡ ʞʠʟʥʠ. ɼʘʥʥʳʡ 

ʦʧʨʦʩʥʠʢ ʩʫʙʲʝʢʪʠʚʥʘʷ ʤʝʨʘ ʙʣʘʛʦʧʦʣʫʯʠʷ 

ʨʝʩʧʦʥʜʝʥʪʦʚ ʠ ʠʭ ʫʜʦʚʣʝʪʚʦʨʸʥʥʦʩʪʠ ʫʩʣʦ-

ʚʠʷʤʠ ʩʚʦʝʡ ʞʠʟʥʠ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʦʮʝʥʠʚʘ-

ʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʰʝʩʪʴ ʢʨʫʧʥʳʭ ʩʬʝʨ ʞʠʟʥʠ ʠ 

ʠʭ ʩʫʙʩʬʝʨʳ: ʬʠʟʠʯʝʩʢʘʷ ʩʬʝʨʘ, ʧʩʠʭʦʣʦʛʠʯʝ-

ʩʢʘʷ ʩʬʝʨʘ, ʫʨʦʚʝʥʴ ʥʝʟʘʚʠʩʠʤʦʩʪʠ, ʩʦʮʠʘʣʴ-

ʥʳʝ ʦʪʥʦʰʝʥʠʷ, ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ, ʜʫʭʦʚʥʘʷ 

ʩʬʝʨʘ (ʚʩʝʛʦ 31 ʢʨʠʪʝʨʠʡ). ʆʧʨʦʩ ʧʨʦʭʦʜʠʣ ʚ 

ʥʘʯʘʣʝ ʠʩʩʣʝʜʦʚʘʥʠʷ (ɼʝʥʴ 0) ʠ ʯʝʨʝʟ 3 ʤʝʩʷ-

ʮʘ ʟʘʥʷʪʠʡ ʨʘʟʣʠʯʥʳʤʠ ʬʠʪʥʝʩ-

ʥʘʧʨʘʚʣʝʥʠʷʤʠ (ɼʝʥʴ 1).  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ. 

ɻʨʫʧʧʘ ʩʪʨʝʪʯʠʥʛʘ ʙʝʟ ʥʫʪʨʠʪʠʚʥʦʡ ʧʦʜʜʝʨʞ-

ʢʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ʚʳʨʘʞʝʥʥʦʝ ʩʥʠʞʝ-

ʥʠʝ ʧʦʢʘʟʘʪʝʣʷ çɺʳʧʦʣʥʝʥʠʝ ʧʦʚʩʝʜʥʝʚʥʳʭ 

ʜʝʣè ʢ ʢʦʥʮʫ ʠʩʩʣʝʜʦʚʘʥʠʷ (ï9,2%), ʯʪʦ ʤʦʞʝʪ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʦʪʩʫʪʩʪʚʠʠ ʜʦʩʪʘʪʦʯʥʦʛʦ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʘ ʬʦʥʝ ʨʝʛʫʣʷʨʥʳʭ ʟʘʥʷʪʠʡ 

ʩʪʨʝʪʯʠʥʛʦʤ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʥʫʪʨʠʪʠʚ-

ʥʦʡ ʧʦʜʜʝʨʞʢʠ. ɻʨʫʧʧʘ, ʧʨʠʥʠʤʘʚʰʘʷ ʇʅɾʂ 

ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʚʠʪʘʤʠʥʦʤ ɽ, ʧʦʢʘʟʘʣʘ ʥʝʟʥʘ-

ʯʠʪʝʣʴʥʫʶ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʜʠʥʘʤʠʢʫ 

(+3,1%), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ ʧʦʪʝʥ-

ʮʠʘʣ ʜʘʥʥʦʡ ʢʦʤʙʠʥʘʮʠʠ ʚ ʧʦʜʜʝʨʞʘʥʠʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʆʜʥʘʢʦ ʛʨʫʧʧʳ, 

ʧʦʣʫʯʘʚʰʠʝ BCAA (ʚ ʯʠʩʪʦʤ ʚʠʜʝ ʠ ʚ ʢʦʤʙʠ-

ʥʘʮʠʠ ʩ ʇʅɾʂ+ɽ), ʥʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ 

ʫʣʫʯʰʝʥʠʡ. ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʠʟʤʝʥʝ-

ʥʠʡ (p<0,05) ʥʠ ʚ ʦʜʥʦʡ ʠʟ ʛʨʫʧʧ ʧʦ ʜʘʥʥʦʤʫ 

ʧʘʨʘʤʝʪʨʫ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʥʝ ʙʳʣʦ (ʪʘʙʣ. 1). 
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ʊʘʙʣʠʮʘ 1. ʆʮʝʥʢʘ ʚʣʠʷʥʠʝ ʟʘʥʷʪʠʡ ʩʪʨʝʪʯʠʥʛʦʤ ʩʦʚʤʝʩʪʥʦ ʩ ʧʨʠʝʤʦʤ ɹɸɼ ʥʘ ʩʫʙʲʝʢʪʠʚʥʫʶ 

ʦʮʝʥʢʫ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ (MÑm) 

ɻʨʫʧʧʳ ʠʩʧʳʪʫʝʤʳʭ ʕʪʘʧ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ɺʳʧʦʣʥʝʥʠʝ ʧʦʚʩʝʜʥʝʚʥʳʭ ʜʝʣ 

(ʫʨʦʚʝʥʴ ʥʝʟʘʚʠʩʠʤʦʩʪʠ) 
ʉʦʥ ʠ ʦʪʜʳʭ (ʌʠʟʠʯʝʩʢʘʷ ʩʬʝʨʘ) 

ɹʝʟ ɹɸɼ 
ɼʝʥʴ 0 87,07Ñ4,09 80,47Ñ5,65 

ɼʝʥʴ 1 79,07Ñ4,86 75,33Ñ6,17 

ʇʅɾʂ +ʚʠʪ ɽ 
ɼʝʥʴ 0 77,40 Ñ5,40 76,67Ñ5,64 

ɼʝʥʴ 1 79,77Ñ4,54 59,62Ñ7,33* 

BCAA 
ɼʝʥʴ 0 68,60Ñ3,05 53,27Ñ6,57 

ɼʝʥʴ 1 66,93Ñ3,94 56,60Ñ5,40 

BCAA+ 

ʇʅɾʂ+ʚʠʪ ɽ 

ɼʝʥʴ 0 75,40Ñ3,26 62,80Ñ6,37 

ɼʝʥʴ 1 68,53Ñ4,20 61,13Ñ6,15 
ʇʨʠʤʝʯʘʥʠʝ: * - ʨʘʟʣʠʯʠʷ ʜʦʩʪʦʚʝʨʥʳ ʤʝʞʜʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʚʥʫʪʨʠ ʦʜʥʦʡ ʛʨʫʧʧʳ ʥʘ ʨʘʟʥʳʭ ʵʪʘʧʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠ 

ʫʨʦʚʥʝ ʟʥʘʯʠʤʦʩʪʠ p<0,05 

 

ʇʨʠ ʘʥʘʣʠʟʝ ʜʠʥʘʤʠʢʠ ʢʘʯʝʩʪʚʝʥʥʳʭ ʠ ʢʦ-

ʣʠʯʝʩʪʚʝʥʥʳʡ ʠʟʤʝʥʝʥʠʡ ʦʪʚʝʪʦʚ ʩʫʙʩʬʝʨʳ 

çɺʳʧʦʣʥʝʥʠʝ ʧʦʚʩʝʜʥʝʚʥʳʭ ʜʝʣè ʚ ʛʨʫʧʧʝ 

ʩʪʨʝʪʯʠʥʛʘ ʙʝʟ ɹɸɼ. ʅʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ 

ʜʦʣʠ ʚʳʩʦʢʠʭ ʦʮʝʥʦʢ (ʢʘʪʝʛʦʨʠʷ çʦʪʣʠʯʥʦè) 

ʥʘ 18,2%. ʇʦʷʚʣʝʥʠʝ ʠʩʧʳʪʫʝʤʦʛʦ ʩ ʦʮʝʥʢʦʡ 

çʥʠʟʢʠʡè (6,7% ʦʪ ʛʨʫʧʧʳ) ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʛʘ-

ʪʠʚʥʫʶ ʜʠʥʘʤʠʢʫ. ʈʝʛʫʣʷʨʥʳʝ ʟʘʥʷʪʠʷ ʩʪʨʝʪ-

ʯʠʥʛʦʤ ʙʝʟ ʥʫʪʨʠʪʠʚʥʦʡ ʧʦʜʜʝʨʞʢʠ ʥʝ ʦʙʝʩ-

ʧʝʯʠʚʘʶʪ ʩʦʭʨʘʥʝʥʠʷ ʩʫʙʲʝʢʪʠʚʥʦʛʦ ʦʱʫʱʝ-

ʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʫ ʯʘʩʪʠ ʠʩ-

ʧʳʪʫʝʤʳʭ, ʯʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʥʝ-

ʜʦʩʪʘʪʦʯʥʦʩʪʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʇʨʠ ʧʨʠʝʤʝ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʟʘ-

ʬʠʢʩʠʨʦʚʘʥʦ ʚʳʨʘʞʝʥʥʦʝ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʠʩʧʳʪʫʝʤʳʭ ʠʟ ʢʘʪʝʛʦʨʠʡ çʦʪʣʠʯʥʦè ʠ çʭʦ-

ʨʦʰʦè ʚ ʢʘʪʝʛʦʨʠʶ çʩʨʝʜʥʠʡ ʫʨʦʚʝʥʴè. ɼʦʣʷ 

ʠʩʧʳʪʫʝʤʳʭ ʩʦ çʩʨʝʜʥʠʤè ʫʨʦʚʥʝʤ ʚʦʟʨʦʩʣʘ ʩ 

6,7% ʜʦ 40%, ʫʚʝʣʠʯʠʣʘʩʴ ʚ 6 ʨʘʟ. ʆʪʩʫʪʩʪʚʠʝ 

ʦʮʝʥʦʢ çʥʠʟʢʠʡè ʠ çʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦè ʤʦ-

ʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʩʦʭʨʘʥʝʥʠʝ ʤʠʥʠʤʘʣʴʥʦ 

ʧʨʠʝʤʣʝʤʦʛʦ ʫʨʦʚʥʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ. 

ʇʨʠ ʘʥʘʣʠʟʝ ʩʫʙʲʝʢʪʠʚʥʦʡ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ 

ʩʥʘ ʠ ʦʪʜʳʭʘ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʡ ʠ ʩʪʘʪʠʩʪʠ-

ʯʝʩʢʠ ʧʦʜʪʚʝʨʞʜʸʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʙʳʣ ʧʦʣʫ-

ʯʝʥ ʚ ʛʨʫʧʧʝ ʇʅɾʂ+ɽ. ʋ ʠʩʧʳʪʫʝʤʳʭ ʵʪʦʡ 

ʛʨʫʧʧʳ ʦʪʤʝʯʝʥʦ ʜʦʩʪʦʚʝʨʥʦʝ ʫʭʫʜʰʝʥʠʝ (p 

<0,05) ʧʦʢʘʟʘʪʝʣʷ ʢʘʯʝʩʪʚʘ ʩʥʘ ʠ ʦʪʜʳʭʘ ʥʘ 

22,2%. ɼʦʣʷ ʠʩʧʳʪʫʝʤʳʭ ʩ ʚʳʩʦʢʠʤʠ ʦʮʝʥʢʘ-

ʤʠ (çʦʪʣʠʯʥʦè ʠ çʭʦʨʦʰʦè) ʩʥʠʟʠʣʘʩʴ ʩ 80% 

ʜʦ 40%, ʪʦʛʜʘ ʢʘʢ ʜʦʣʷ ʥʠʟʢʠʭ ʦʮʝʥʦʢ (çʥʠʟ-

ʢʠʡè ʠ çʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦè) ʚʦʟʨʦʩʣʘ ʩ 6,7% 

ʜʦ 26,7%. ʋ 60% ʠʩʧʳʪʫʝʤʳʭ ʦʪʤʝʯʝʥʦ 

ʫʭʫʜʰʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ, ʫ 40% ï ʦʪʩʫʪʩʪʚʠʝ 

ʜʠʥʘʤʠʢʠ; ʫʣʫʯʰʝʥʠʡ ʥʝ ʟʘʬʠʢʩʠʨʦʚʘʥʦ. 

ɼʘʥʥʳʝ ʥʝʛʘʪʠʚʥʳʝ ʠʟʤʝʥʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ 

ʦʙʲʷʩʥʝʥʳ ʩʦʚʧʘʜʝʥʠʝʤ ʧʝʨʠʦʜʘ ʧʨʦʚʝʜʝʥʠʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʵʢʟʘʤʝʥʘʮʠʦʥʥʦʡ ʩʝʩʩʠʝʡ, ʯʪʦ 

ʤʦʛʣʦ ʦʢʘʟʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʧʩʠʭʦʵʤʦʮʠʦ-

ʥʘʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʠʩʧʳʪʫʝʤʳʭ ʠ ʪʝʤ 

ʩʘʤʳʤ ʧʦʚʣʠʷʪʴ ʥʘ ʫʭʫʜʰʝʥʠʝ ʦʮʝʥʠʚʘʝʤʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ (ʨʠʩ. 1). 

 

 
ʈʠʩ. 1. ʂʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʠʩʧʳʪʫʝʤʳʭ ʧʦ ʧʦʢʘʟʘʪʝʣʶ çʉʦʥ ʠ ʦʪʜʳʭè 
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ʈʝʛʫʣʷʨʥʳʝ ʟʘʥʷʪʠʷ ʢʨʦʩʩʬʠʪʦʤ ʙʝʟ ʜʦ-
ʧʦʣʥʠʪʝʣʴʥʦʡ ʥʫʪʨʠʪʠʚʥʦʡ ʧʦʜʜʝʨʞʢʠ ʦʢʘ-
ʟʳʚʘʶʪ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʩʘʤʦʦʮʝʥʢʫ 
ʟʘʥʠʤʘʶʱʠʭʩʷ. ʋʣʫʯʰʝʥʠʝ ʩʘʤʦʦʮʝʥʢʠ 
(+8,1%) ʟʘʢʦʥʦʤʝʨʥʦ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʜʦʩʪʠʞʝ-
ʥʠʝʤ ʪʨʝʥʠʨʦʚʦʯʥʳʭ ʮʝʣʝʡ, ʧʦʚʳʰʝʥʠʝʤ ʩʘ-

ʤʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʫʣʫʯʰʝʥʠʝʤ ʪʝʣʝʩʥʦʛʦ 
ʦʙʨʘʟʘ. ʇʨʠʝʤ ʧʦʣʫʥʘʩʳʱʝʥʥʳʭ ʞʠʨʥʳʭ ʢʠʩ-
ʣʦʪ ʩ ʚʠʪʘʤʠʥʦʤ ɽ ʧʨʠ ʟʘʥʷʪʠʷʭ ʢʨʦʩʩʬʠʪʦʤ 
ʧʨʠʚʝʣ ʢ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʤʫ ʫʭʫʜʰʝ-
ʥʠʶ ʧʩʠʭʦʵʤʦʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

 
ʊʘʙʣʠʮʘ 2. ʆʮʝʥʢʘ ʚʣʠʷʥʠʝ ʟʘʥʷʪʠʡ ʢʨʦʩʩʬʠʪʦʤ ʩʦʚʤʝʩʪʥʦ ʩ ʧʨʠʝʤʦʤ ɹɸɼ ʥʘ ʩʫʙʲʝʢʪʠʚʥʫʶ 

ʦʮʝʥʢʫ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ (ʧʩʠʭʦʣʦʛʠʯʝʩʢʘʷ ʩʬʝʨʘ) (MÑm) 

ɻʨʫʧʧʳ ʠʩʧʳʪʫʝʤʳʭ ʕʪʘʧ ʠʩʩʣʝʜʦʚʘʥʠʷ ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʵʤʦʮʠʠ ʉʘʤʦʦʮʝʥʢʘ 

ɹʝʟ ɹɸɼ 
ɼʝʥʴ 0 77,40Ñ5,16 77,00Ñ4,31 

ɼʝʥʴ 1 83,08Ñ5,54 83,23Ñ4,08 

ʇʅɾʂ +ʚʠʪ ɽ 
ɼʝʥʴ 0 77,93Ñ4,12 76,93Ñ4,34 

ɼʝʥʴ 1 68,00Ñ4,35* 68,64Ñ3,63 
ʇʨʠʤʝʯʘʥʠʝ: * - ʨʘʟʣʠʯʠʷ ʜʦʩʪʦʚʝʨʥʳ ʤʝʞʜʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʚʥʫʪʨʠ ʦʜʥʦʡ ʛʨʫʧʧʳ ʥʘ ʨʘʟʥʳʭ ʵʪʘʧʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠ 

ʫʨʦʚʥʝ ʟʥʘʯʠʤʦʩʪʠ p<0,05 

 
ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥ-

ʥʳʭ ʚ ʢʘʪʝʛʦʨʠʠ çʇʦʣʦʞʠʪʝʣʴʥʳʝ ʵʤʦʮʠʠè, 
ʚʳʷʚʠʣ ʦʧʨʝʜʝʣʝʥʥʫʶ ʜʠʥʘʤʠʢʫ ʧʦʩʣʝ ʟʘʚʝʨ-
ʰʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʧʝʨʠʦʜʘ. ɿʘʬʠʢ-
ʩʠʨʦʚʘʥʦ ʫʤʝʥʴʰʝʥʠʝ ʜʦʣʠ ʤʘʢʩʠʤʘʣʴʥʳʭ 
(ʦʪʣʠʯʥʳʭ) ʟʥʘʯʝʥʠʡ, ʪʦʛʜʘ ʢʘʢ ʫʜʝʣʴʥʳʡ ʚʝʩ 

ʩʨʝʜʥʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʫʚʝʣʠʯʠʣʩʷ, ʜʦʩʪʠʛʥʫʚ 
20%. ʉʦʛʣʘʩʥʦ ʠʪʦʛʦʚʳʤ ʜʘʥʥʳʤ (ʨʠʩ. 2) ʫ 
ʦʜʥʦʛʦ ʫʯʘʩʪʥʠʮʳ ʙʳʣ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥ ʥʠʟ-
ʢʠʡ ʫʨʦʚʝʥʴ ʚʳʨʘʞʝʥʥʦʩʪʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ 
ʵʤʦʮʠʡ. 

 

 
ʈʠʩ. 2. ʂʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʠʩʧʳʪʫʝʤʳʭ ʧʦ ʧʦʢʘʟʘʪʝʣʶ çʇʦʣʦʞʠʪʝʣʴʥʳʝ ʵʤʦʮʠʠè 

 
ɺ ʛʨʫʧʧʝ ʙʝʟ ʧʨʠʝʤʘ ɹɸɼ ʧʦ ʦʩʪʘʣʴʥʳʤ 

ʩʬʝʨʘʤ ʚʳʷʚʣʝʥʘ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʘʷ ʜʠʥʘʤʠ-
ʢʘ. ʇʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʦʢʘʟʘ-
ʪʝʣʷ ʞʠʟʥʝʥʥʦʡ ʵʥʝʨʛʠʠ (ʧʨʠʨʦʩʪ ʩʦʩʪʘʚʠʣ 
2,2%) ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʨʝʟʢʦʝ ï ʙʦʣʝʝ ʯʝʤ ʚ 2,5 
ʨʘʟʘ ï ʫʚʝʣʠʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʩʫʙʲʝʢʪʠʚʥʦʡ 
ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʤʝʜʠʢʘʤʝʥʪʦʟʥʦʡ ʧʦʜʜʝʨʞʢʝ 
(+166%). ʇʦʜʦʙʥʦʝ ʨʘʩʭʦʞʜʝʥʠʝ ʤʦʞʝʪ ʩʚʠ-

ʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʢʫʤʫʣʷʮʠʠ ʬʠʟʠʯʝʩʢʦʛʦ ʠ 
ʧʩʠʭʦʵʤʦʮʠʦʥʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʬʦʥʝ 
ʪʨʝʥʠʨʦʚʦʢ. ɺ ʛʨʫʧʧʝ, ʧʨʠʥʠʤʘʚʰʝʡ 
ʇʅɾʂ+ʚʠʪʘʤʠʥ ɽ, ʦʪʤʝʯʝʥʦ ʩʥʠʞʝʥʠʝ ʞʠʟ-
ʥʝʥʥʦʡ ʵʥʝʨʛʠʠ (ï11,3%) ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʟʥʘ-
ʯʠʤʦʛʦ ʨʦʩʪʘ ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 
(+11,4%) (ʪʘʙʣ. 3). 

 
ʊʘʙʣʠʮʘ 3. ʆʮʝʥʢʘ ʚʣʠʷʥʠʝ ʟʘʥʷʪʠʡ ʢʨʦʩʩʬʠʪʦʤ ʩʦʚʤʝʩʪʥʦ ʩ ʧʨʠʝʤʦʤ ɹɸɼ ʥʘ ʩʫʙʲʝʢʪʠʚʥʫʶ 

ʦʮʝʥʢʫ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ (MÑm) 

ɻʨʫʧʧʳ ʠʩʧʳʪʫʝʤʳʭ 
ʕʪʘʧ  

ʠʩʩʣʝʜʦʚʘʥʠʷ 
ɾʠʟʥʝʥʥʘʷ ʵʥʝʨʛʠʷ ʠ ʫʩʪʘʣʦʩʪʴ 

(ʌʠʟʠʯʝʩʢʘʷ ʩʬʝʨʘ) 
ɿʘʚʠʩʠʤʦʩʪʴ ʦʪ ʣʝʢʘʨʩʪʚ (ʋʨʦ-

ʚʝʥʴ ʥʝʟʘʚʠʩʠʤʦʩʪʠ) 

ɹʝʟ ɹɸɼ 
ɼʝʥʴ 0 72,87Ñ3,96 7,00Ñ2,96 

ɼʝʥʴ 1 74,46Ñ4,92 18,62Ñ7,79 

ʇʅɾʂ +ʚʠʪ ɽ 
ɼʝʥʴ 0 68,60Ñ4,00 18,27Ñ4,42 

ɼʝʥʴ 1 60,82Ñ3,78 20,36Ñ4,89 
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ɿʘʢʣʶʯʝʥʠʝ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʨʠ-
ʝʤ ɹɸɼ ʥʝʦʜʥʦʟʥʘʯʥʦ ʚʣʠʷʝʪ ʥʘ ʢʘʯʝʩʪʚʦ 
ʞʠʟʥʠ ʥʘ ʬʦʥʝ ʟʘʥʷʪʠʡ ʩʪʨʝʪʯʠʥʛʦʤ ʠ ʢʨʦʩʩ-
ʬʠʪʦʤ. ʇʨʠ ʟʘʥʷʪʠʷʭ ʢʨʦʩʩʬʠʪʦʤ ʟʘʬʠʢʩʠʨʦ-
ʚʘʥʦ ʫʣʫʯʰʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʩʘʤʦʦʮʝʥʢʠ, ʥʦ ʠ 
ʧʦʚʳʰʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʣʝ-
ʢʘʨʩʪʚ. ʇʨʠʝʤ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 
(ʇʅɾʂ ʩ ʚʠʪʘʤʠʥʦʤ ɽ) ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʤʦ-
ʤʫ ʫʭʫʜʰʝʥʠʶ ʧʩʠʭʦʵʤʦʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷ-
ʥʠʷ, ʢʘʯʝʩʪʚʘ ʩʥʘ ʠ ʩʥʠʞʝʥʠʶ ʩʫʙʲʝʢʪʠʚʥʦʡ 
ʦʮʝʥʢʠ ʵʥʝʨʛʠʠ ʠ ʩʘʤʦʦʮʝʥʢʠ. ʊʘʢ ʞʝ ʢʦʤʙʠ-

ʥʘʮʠʷ ʇʅɾʂ+ɽ ʧʦʢʘʟʘʣʘ ʥʝʟʥʘʯʠʪʝʣʴʥʫʶ 
ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʜʠʥʘʤʠʢʫ ʚ ʧʦʜʜʝʨʞʘʥʠʠ ʧʦ-
ʚʩʝʜʥʝʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʨʠ ʟʘʥʷʪʠʷʭ ʩʪʨʝʪ-
ʯʠʥʛʦʤ, ʪʦʛʜʘ ʢʘʢ ʜʨʫʛʠʝ ʚʠʜʳ ʧʦʜʜʝʨʞʢʠ ʥʝ 
ʧʦʢʘʟʘʣʠ ʜʘʥʥʦʛʦ ʵʬʬʝʢʪʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 
ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʣʠʷʥʠʷ ʥʝʧʨʦʪʠʚʥʦʡ ʧʦʜ-
ʜʝʨʞʢʠ ʥʘ ʦʮʝʥʢʫ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ ʟʘʚʠʩʠʪ ʦʪ 
ʤʥʦʞʝʩʪʚʘ ʬʘʢʪʦʨʦʚ: ʪʠʧʘ ʬʠʟʠʯʝʩʢʦʡ 
ʥʘʛʨʫʟʢʠ, ʚʥʝʰʥʠʝ ʬʘʢʪʦʨʳ ʠ ʪ.ʜ. ʕʪʦ ʧʦʚʳ-
ʰʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʧʨʠʤʝʥʝʥʠʠ ʠʥʜʠʚʠʜʫ-
ʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ ʧʨʠ ʥʘʟʥʘʯʝʥʠʠ ʜʦʙʘʚʦʢ 
ʩʦʚʤʝʩʪʥʦ ʩ ʟʘʥʷʪʠʷʤʠ ʬʠʪʥʝʩʦʤ. 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 
1. ʍʫʩʘʠʥʦʚ ɸ.ʕ., ɿʫʣʴʢʘʨʥʘʝʚ ʊ.ʈ., ʇʦʚʘʨʛʦ ɽ.ɸ., ʄʦʯʘʣʢʠʥ ʇ.ɸ., ɸʛʘʬʦʥʦʚ ɸ.ʀ., ɿʘʣʘʣʦ-

ʚʘ ɸ.ɸ. ɺʟʘʠʤʦʩʚʷʟʴ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ ʠ ʬʠʟʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʪʫʜʝʥʯʝʩʢʦʡ ʤʦʣʦʜʝʞʠ // ʄʝʜʠ-
ʮʠʥʘ ʪʨʫʜʘ ʠ ʵʢʦʣʦʛʠʷ ʯʝʣʦʚʝʢʘ. ï 2022. ï ʉ. 166-176. 
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Abstract. The article presents the results of a study aimed at assessing the impact of differentiated 

fitness programs (crossfit and stretching) combined with dietary supplements on the quality of life of 
female students aged 18-21. The study, conducted on the basis of Ugra State University with the support 
of the Russian Science Foundation, involved 60 girls. As part of nutritional support, combinations of 
polyunsaturated fatty acids (PUFA) with vitamin E, branched-chain amino acids (BCAAs), and a com-
bination of both were used. The assessment of the quality of life was carried out using the VOZKZH-100 
questionnaire. The results showed the ambiguous nature of the effect of dietary supplements. Crossfit 
classes without support improved self-esteem, however, they were accompanied by increased depend-
ence on medications, indicating a lack of recovery. Taking a combination of PUFA+E against the 
background of high-intensity loads led to a statistically significant deterioration in the psychoemotional 
state and sleep quality, which indicates a possible negative synergistic effect. In the stretching groups, 
the supplements did not show statistically significant improvements: PUFA+ intakeE showed a weak 
positive trend in daily activity, while BCAAs did not have the expected effect. The authors conclude that 
the effectiveness of nutritional support depends on the type of exercise, the composition of dietary sup-
plements and the psycho-emotional context, which justifies the need for an individualized approach in 
sports practice. 

Keywords: crossfit; stretching; dietary supplements; quality of life. 
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ɻʆʉʋɼɸʈʉʊɺɽʅʅɸʗ ʇʆɼɼɽʈɾʂɸ ʋʗɿɺʀʄʓʍ ʉɽʄɽʁ ɺ ʂʓʈɻʓɿʉʂʆʁ  
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʧʦʜʜʝʨʞʢʘ ʫʷʟʚʠʤʳʭ ʩʝʤʝʡ ʚ ʂʳʨ-

ʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʝ ʚ ʢʦʥʪʝʢʩʪʝ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʪʝʥʜʝʥʮʠʡ ʨʘʟʚʠʪʠʷ ʩʦʮʠʘʣʴʥʦʡ ʧʦ-

ʣʠʪʠʢʠ. ɸʥʘʣʠʟʠʨʫʶʪʩʷ ʜʝʡʩʪʚʫʶʱʠʝ ʤʝʭʘʥʠʟʤʳ ʘʜʨʝʩʥʦʡ ʩʦʮʠʘʣʴʥʦʡ ʧʦʤʦʱʠ, ʨʦʣʴ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʳʭ ʠ ʤʝʩʪʥʳʭ ʠʥʩʪʠʪʫʪʦʚ, ʘ ʪʘʢʞʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʣʦʞʝʥʠʷ ʤʥʦʛʦʜʝʪʥʳʭ ʠ ʤʘʣʦʦʙʝʩ-

ʧʝʯʝʥʥʳʭ ʩʝʤʝʡ ʩ ʜʝʪʴʤʠ. ɺʳʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʝ ʧʨʦʙʣʝʤʳ ʩʠʩʪʝʤʳ ʩʦʮʠʘʣʴʥʦʡ ʟʘʱʠʪʳ, ʚʢʣʶ-

ʯʘʷ ʦʛʨʘʥʠʯʝʥʥʳʡ ʦʭʚʘʪ, ʥʝʜʦʩʪʘʪʦʯʥʳʡ ʫʨʦʚʝʥʴ ʩʦʮʠʘʣʴʥʳʭ ʚʳʧʣʘʪ ʠ ʨʝʛʠʦʥʘʣʴʥʳʝ ʜʠʩʧʨʦ-

ʧʦʨʮʠʠ. ʆʙʦʩʥʦʚʳʚʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʦʮʠʘʣʴʥʦʡ ʧʦʣʠʪʠʢʠ ʥʘ ʦʩʥʦʚʝ 

ʧʦʚʳʰʝʥʠʷ ʘʜʨʝʩʥʦʩʪʠ, ʨʘʩʰʠʨʝʥʠʷ ʩʦʮʠʘʣʴʥʳʭ ʫʩʣʫʛ ʠ ʚʥʝʜʨʝʥʠʷ ʢʦʤʧʣʝʢʩʥʳʭ ʤʝʭʘʥʠʟʤʦʚ 

ʧʦʜʜʝʨʞʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʦʮʠʘʣʴʥʘʷ ʟʘʱʠʪʘ; ʫʷʟʚʠʤʳʝ ʩʝʤʴʠ; ʜʝʪʠ; ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʧʦʣʠʪʠʢʘ; 

ʂʳʨʛʳʟʩʪʘʥ; ʘʜʨʝʩʥʘʷ ʧʦʤʦʱʴ; ʙʝʜʥʦʩʪʴ. 

 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʧʦʜʜʝʨʞʢʘ ʫʷʟʚʠʤʳʭ ʩʝ-

ʤʝʡ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʚʳʩʪʫʧʘʝʪ ʢʣʶ-

ʯʝʚʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʦʮʠʘʣʴʥʦʡ ʧʦʣʠʪʠʢʠ, 

ʦʪʨʘʞʘʶʱʠʤ ʫʨʦʚʝʥʴ ʨʘʟʚʠʪʠʷ ʩʦʮʠʘʣʴʥʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʘ ʠ ʩʪʝʧʝʥʴ ʝʛʦ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ 

ʧʝʨʝʜ ʛʨʘʞʜʘʥʘʤʠ. ɺ ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʝ 

ʚʦʧʨʦʩʳ ʩʦʮʠʘʣʴʥʦʡ ʟʘʱʠʪʳ ʩʝʤʝʡ, ʥʘʭʦʜʷ-

ʱʠʭʩʷ ʚ ʪʨʫʜʥʦʡ ʞʠʟʥʝʥʥʦʡ ʩʠʪʫʘʮʠʠ, ʧʨʠʦʙ-

ʨʝʪʘʶʪ ʦʩʦʙʫʶ ʟʥʘʯʠʤʦʩʪʴ ʚ ʢʦʥʪʝʢʩʪʝ ʩʦʮʠ-

ʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʡ, ʩʦʧʨʦ-

ʚʦʞʜʘʶʱʠʭʩʷ ʨʦʩʪʦʤ ʩʦʮʠʘʣʴʥʦʛʦ ʥʝʨʘʚʝʥ-

ʩʪʚʘ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʙʝʜʥʦʩʪʠ ʠ ʫʩʠʣʝʥʠʝʤ 

ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʭ ʚʳʟʦʚʦʚ.  

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʙʝʜʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʤʥʦʛʦʤʝʨʥʦʝ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʷʚʣʝ-

ʥʠʝ, ʚʳʭʦʜʷʱʝʝ ʟʘ ʨʘʤʢʠ ʥʝʜʦʩʪʘʪʢʘ ʜʦʭʦʜʦʚ 

ʠ ʨʝʩʫʨʩʦʚ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ 

ʫʨʦʚʥʷ ʞʠʟʥʠ. ʆʥʘ ʚʳʨʘʞʘʝʪʩʷ ʚ ʦʛʨʘʥʠʯʝʥ-

ʥʦʤ ʜʦʩʪʫʧʝ ʢ ʙʘʟʦʚʳʤ ʩʦʮʠʘʣʴʥʳʤ ʫʩʣʫʛʘʤ, 

ʚʢʣʶʯʘʷ ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʝ, ʧʨʦ-

ʷʚʣʷʝʪʩʷ ʚ ʨʠʩʢʘʭ ʥʝʜʦʝʜʘʥʠʷ, ʩʦʮʠʘʣʴʥʦʡ 

ʠʟʦʣʷʮʠʠ ʠ ʜʠʩʢʨʠʤʠʥʘʮʠʠ, ʘ ʪʘʢʞʝ ʚ ʩʥʠʞʝ-

ʥʠʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʫʯʘʩʪʠʷ ʚ ʦʙʱʝʩʪʚʝʥʥʦʡ ʠ 

ʫʧʨʘʚʣʝʥʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ.  

ʇʦ ʜʘʥʥʳʤ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦ-

ʛʦ ʢʦʤʠʪʝʪʘ ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ, ʫʨʦʚʝʥʴ 

ʙʝʜʥʦʩʪʠ ʚ ʩʪʨʘʥʝ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʜʝʤʦʥ-

ʩʪʨʠʨʫʝʪ ʪʝʥʜʝʥʮʠʶ ʢ ʩʥʠʞʝʥʠʶ: ʜʦʣʷ ʥʘʩʝ-

ʣʝʥʠʷ, ʧʨʦʞʠʚʘʶʱʝʛʦ ʟʘ ʥʘʮʠʦʥʘʣʴʥʦʡ ʯʝʨ-

ʪʦʡ ʙʝʜʥʦʩʪʠ, ʩʦʢʨʘʪʠʣʘʩʴ ʩ 32,1% ʚ 2015 ʛʦ-

ʜʫ ʜʦ 25,7% ʚ 2024 ʛʦʜʫ. ʅʝʩʤʦʪʨʷ ʥʘ ʧʦʣʦ-

ʞʠʪʝʣʴʥʫʶ ʜʠʥʘʤʠʢʫ, ʫʨʦʚʝʥʴ ʙʝʜʥʦʩʪʠ ʚ 

ʩʝʣʴʩʢʦʡ ʤʝʩʪʥʦʩʪʠ ʦʩʪʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʠ 

ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 27,8%, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʦ ʩʦʭʨʘʥʝʥʠʠ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʭ ʩʦʮʠʘʣʴʥʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʜʠʩʧʨʦʧʦʨʮʠʡ [1]. 

ɺ 2024 ʛʦʜʫ ʯʠʩʣʝʥʥʦʩʪʴ ʥʘʩʝʣʝʥʠʷ, ʥʘʭʦ-

ʜʷʱʝʛʦʩʷ ʟʘ ʯʝʨʪʦʡ ʙʝʜʥʦʩʪʠ, ʜʦʩʪʠʛʣʘ 1,9 

ʤʣʥ ʯʝʣʦʚʝʢ, ʧʨʠ ʵʪʦʤ ʥʘʠʙʦʣʴʰʘʷ ʢʦʥʮʝʥ-

ʪʨʘʮʠʷ ʙʝʜʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʚ 

ɼʞʘʣʘʣ-ɸʙʘʜʩʢʦʡ, ʆʰʩʢʦʡ, ʏʫʡʩʢʦʡ ʠ ɹʘʪ-

ʢʝʥʩʢʦʡ ʦʙʣʘʩʪʷʭ, ʘ ʪʘʢʞʝ ʚ ʛʦʨʦʜʝ ɹʠʰʢʝʢ. 

ʆʩʦʙʫʶ ʫʷʟʚʠʤʦʩʪʴ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʝʤʴʠ ʩ 

ʜʝʪʴʤʠ: ʜʦʣʷ ʜʝʪʝʡ, ʧʨʦʞʠʚʘʶʱʠʭ ʚ ʫʩʣʦʚʠʷʭ 

ʙʝʜʥʦʩʪʠ, ʧʨʝʚʳʰʘʝʪ 30%, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʩʦʮʠʘʣʴʥʦʡ ʫʷʟʚʠʤʦʩʪʠ 

ʜʘʥʥʦʡ ʢʘʪʝʛʦʨʠʠ [1]. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʠʥʜʠʢʘʪʦʨʦʤ ʛʣʫʙʠʥʳ 

ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʚʳʩʪʫʧʘʝʪ 

ʤʥʦʛʦʤʝʨʥʘʷ ʙʝʜʥʦʩʪʴ, ʫʨʦʚʝʥʴ ʢʦʪʦʨʦʡ ʚ 

2024 ʛʦʜʫ ʩʦʩʪʘʚʠʣ 38,5%. ʅʘʠʙʦʣʝʝ ʧʦʜʚʝʨ-

ʞʝʥʳ ʤʥʦʞʝʩʪʚʝʥʥʳʤ ʣʠʰʝʥʠʷʤ ʩʝʣʴʩʢʦʝ 

ʥʘʩʝʣʝʥʠʝ (46,0%) ʠ ʜʝʪʠ ʚ ʚʦʟʨʘʩʪʝ 0-17 ʣʝʪ 

(48,5%), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʫʩʪʦʡʯʠʚʳʡ ʭʘʨʘʢ-

ʪʝʨ ʩʦʮʠʘʣʴʥʦʛʦ ʥʝʨʘʚʝʥʩʪʚʘ ʠ ʦʛʨʘʥʠʯʝʥʥʳʡ 

ʜʦʩʪʫʧ ʢ ʙʘʟʦʚʳʤ ʫʩʣʫʛʘʤ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʦʣʦʞʠʪʝʣʴ-

ʥʫʶ ʜʠʥʘʤʠʢʫ ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʷ ʙʝʜʥʦʩʪʠ, 

ʩʦʭʨʘʥʷʶʪʩʷ ʩʪʨʫʢʪʫʨʥʳʝ ʬʘʢʪʦʨʳ, ʦʙʫʩʣʦʚ-

ʣʠʚʘʶʱʠʝ ʫʷʟʚʠʤʦʩʪʴ ʦʪʜʝʣʴʥʳʭ ʛʨʫʧʧ ʥʘʩʝ-

ʣʝʥʠʷ, ʯʪʦ ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʝʛʦ ʩʦʚʝʨʰʝʥ-

ʩʪʚʦʚʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʩʦʮʠʘʣʴʥʦʡ ʧʦʣʠʪʠʢʠ 

ʠ ʫʩʠʣʝʥʠʷ ʘʜʨʝʩʥʦʡ ʧʦʜʜʝʨʞʢʠ. 

ʉʝʤʴʷ ʢʘʢ ʙʘʟʦʚʳʡ ʩʦʮʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ 

ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʠ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘʩʝʣʝ-

ʥʠʷ, ʩʦʮʠʘʣʠʟʘʮʠʠ ʠ ʧʝʨʝʜʘʯʠ ʢʫʣʴʪʫʨʥʳʭ 

ʮʝʥʥʦʩʪʝʡ, ʯʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʝʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʜʜʝʨʞʢʠ, ʦʩʦʙʝʥʥʦ ʚ 

ʦʪʥʦʰʝʥʠʠ ʫʷʟʚʠʤʳʭ ʢʘʪʝʛʦʨʠʡ. ʂ ʥʠʤ ʚ 

ʂʳʨʛʳʟʩʪʘʥʝ ʦʪʥʦʩʷʪʩʷ ʤʥʦʛʦʜʝʪʥʳʝ, ʤʘʣʦ-

ʦʙʝʩʧʝʯʝʥʥʳʝ, ʥʝʧʦʣʥʳʝ ʩʝʤʴʠ, ʘ ʪʘʢʞʝ ʩʝ-

ʤʴʠ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʪʨʫʜʥʦʡ ʞʠʟʥʝʥʥʦʡ ʩʠʪʫ-

ʘʮʠʠ ʚʩʣʝʜʩʪʚʠʝ ʙʝʟʨʘʙʦʪʠʮʳ, ʠʥʚʘʣʠʜʥʦʩʪʠ 

ʠʣʠ ʤʠʛʨʘʮʠʠ. ʀʭ ʧʦʣʦʞʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ ʠʥʩʪʠʪʫʮʠʦ-

ʥʘʣʴʥʳʭ ʬʘʢʪʦʨʦʚ, ʚʢʣʶʯʘʷ ʦʛʨʘʥʠʯʝʥʥʳʡ 

ʜʦʩʪʫʧ ʢ ʩʪʘʙʠʣʴʥʳʤ ʜʦʭʦʜʘʤ ʠ ʨʘʟʚʠʪʳʤ ʩʦ-

ʮʠʘʣʴʥʳʤ ʫʩʣʫʛʘʤ. 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʧʦʣʠʪʠʢʘ ʚ ʩʬʝʨʝ ʩʦʮʠ-

ʘʣʴʥʦʡ ʟʘʱʠʪʳ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʩʥʠʞʝʥʠʝ ʩʦʮʠ-

ʘʣʴʥʳʭ ʨʠʩʢʦʚ, ʦʙʝʩʧʝʯʝʥʠʝ ʩʦʮʠʘʣʴʥʦʡ ʠʥ-

ʪʝʛʨʘʮʠʠ ʠ ʧʦʜʜʝʨʞʘʥʠʝ ʤʠʥʠʤʘʣʴʥʳʭ ʩʪʘʥ-

ʜʘʨʪʦʚ ʞʠʟʥʠ. ʉʦʚʨʝʤʝʥʥʘʷ ʩʠʩʪʝʤʘ ʩʦʮʠʘʣʴ-

ʥʦʡ ʟʘʱʠʪʳ ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʚ ʧʦʩʪʩʦʚʝʪʩʢʠʡ 

ʧʝʨʠʦʜ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʝʨʝʭʦʜʦʤ ʦʪ ʫʥʠ-

ʚʝʨʩʘʣʴʥʦʡ ʤʦʜʝʣʠ ʢ ʘʜʨʝʩʥʦʡ, ʦʨʠʝʥʪʠʨʦ-

ʚʘʥʥʦʡ ʥʘ ʥʘʠʙʦʣʝʝ ʥʫʞʜʘʶʱʠʝʩʷ ʛʨʫʧʧʳ 

ʥʘʩʝʣʝʥʠʷ. 

ʀʥʩʪʠʪʫʮʠʦʥʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʩʦʮʠʘʣʴʥʦʡ 

ʟʘʱʠʪʳ ʥʦʩʠʪ ʤʥʦʛʦʫʨʦʚʥʝʚʳʡ ʭʘʨʘʢʪʝʨ ʠ 

ʚʢʣʶʯʘʝʪ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʦʨʛʘʥʳ, ʧʨʝʞʜʝ 

ʚʩʝʛʦ ʄʠʥʠʩʪʝʨʩʪʚʦ ʪʨʫʜʘ, ʩʦʮʠʘʣʴʥʦʛʦ ʦʙʝʩ-

ʧʝʯʝʥʠʷ ʠ ʤʠʛʨʘʮʠʠ, ʘ ʪʘʢʞʝ ʦʨʛʘʥʳ ʤʝʩʪʥʦʛʦ 

ʩʘʤʦʫʧʨʘʚʣʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʨʝʘʣʠʟʘ-

ʮʠʶ ʩʦʮʠʘʣʴʥʳʭ ʧʨʦʛʨʘʤʤ ʠ ʜʦʩʪʫʧ ʢ ʫʩʣʫ-

ʛʘʤ. 

ʅʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʘʷ ʙʘʟʘ ʩʦʮʠʘʣʴʥʦʡ ʟʘ-

ʱʠʪʳ ʚ ʂʳʨʛʳʟʩʪʘʥʝ ʚʢʣʶʯʘʝʪ ʂʦʥʩʪʠʪʫʮʠʶ, 

ʟʘʢʨʝʧʣʷʶʱʫʶ ʧʨʠʥʮʠʧʳ ʩʦʮʠʘʣʴʥʦʛʦ ʛʦʩʫ-

ʜʘʨʩʪʚʘ, ʘ ʪʘʢʞʝ ʨʷʜ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʭ ʘʢʪʦʚ, 

ʨʝʛʫʣʠʨʫʶʱʠʭ ʚʦʧʨʦʩʳ ʩʦʮʠʘʣʴʥʦʡ ʧʦʤʦʱʠ, 

ʟʘʱʠʪʳ ʧʨʘʚ ʜʝʪʝʡ ʠ ʩʦʮʠʘʣʴʥʦʛʦ ʦʙʩʣʫʞʠʚʘ-

ʥʠʷ ʥʘʩʝʣʝʥʠʷ. ʂʦʥʩʪʠʪʫʮʠʷ ʂʳʨʛʳʟʩʢʦʡ 

ʈʝʩʧʫʙʣʠʢʠ ʟʘʢʨʝʧʣʷʝʪ, ʯʪʦ ʩʝʤʴʷ ʷʚʣʷʝʪʩʷ 

ʦʩʥʦʚʦʡ ʦʙʱʝʩʪʚʘ, ʘ ʟʘʱʠʪʘ ʩʝʤʴʠ, ʤʘʪʝʨʠʥ-

ʩʪʚʘ, ʦʪʮʦʚʩʪʚʘ ʠ ʜʝʪʩʪʚʘ ʦʪʥʦʩʠʪʩʷ ʢ ʯʠʩʣʫ 

ʧʨʠʦʨʠʪʝʪʥʳʭ ʟʘʜʘʯ ʛʦʩʫʜʘʨʩʪʚʘ ʠ ʦʙʱʝʩʪʚʘ. 

ɼʘʥʥʳʝ ʧʦʣʦʞʝʥʠʷ ʦʪʨʘʞʘʶʪ ʩʦʮʠʘʣʴʥʫʶ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʣʠʪʠʢʠ ʠ 

ʧʦʜʯʝʨʢʠʚʘʶʪ ʦʩʦʙʫʶ ʨʦʣʴ ʠʥʩʪʠʪʫʪʘ ʩʝʤʴʠ ʚ 

ʦʙʝʩʧʝʯʝʥʠʠ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʦʙʱʝʩʪʚʘ. 

ɺʘʞʥʳʤ ʵʪʘʧʦʤ ʨʘʟʚʠʪʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 

ʧʦʣʠʪʠʢʠ ʚ ʩʬʝʨʝ ʩʦʮʠʘʣʴʥʦʡ ʟʘʱʠʪʳ ʩʝʤʴʠ ʚ 

ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʝ ʩʪʘʣʦ ʧʨʠʥʷʪʠʝ ʩʪʨʘ-

ʪʝʛʠʯʝʩʢʠʭ ʜʦʢʫʤʝʥʪʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʧʨʠʦ-

ʨʠʪʝʪʳ ʩʦʮʠʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʅʘʮʠʦʥʘʣʴʥʘʷ ʩʪʨʘʪʝʛʠʷ ʨʘʟʚʠʪʠʷ ʥʘ 2018-

2040 ʛʦʜʳ (ʋʢʘʟ ʇʨʝʟʠʜʝʥʪʘ ʂʳʨʛʳʟʩʢʦʡ ʈʝʩ-

ʧʫʙʣʠʢʠ ʦʪ 31 ʦʢʪʷʙʨʷ 2018 ʛʦʜʘ ˉ 221) ʟʘ-

ʢʨʝʧʠʣʘ ʜʦʣʛʦʩʨʦʯʥʳʝ ʦʨʠʝʥʪʠʨʳ ʩʦʮʠʘʣʴʥʦʡ 

ʧʦʣʠʪʠʢʠ, ʚʢʣʶʯʘʷ ʨʘʩʰʠʨʝʥʠʝ ʤʝʨ ʧʦʜʜʝʨʞ-

ʢʠ ʩʝʤʝʡ ʠ ʜʝʪʝʡ, ʨʘʟʚʠʪʠʝ ʩʠʩʪʝʤʳ ʩʦʮʠʘʣʴ-

ʥʳʭ ʫʩʣʫʛ ʠ ʧʝʨʝʭʦʜ ʢ ʩʝʤʝʡʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʤʦʜʝʣʠ ʟʘʱʠʪʳ ʥʘʩʝʣʝ-

ʥʠʷ [2]. 

ɿʥʘʯʠʤʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥ-

ʥʳʭ ʧʨʠʦʨʠʪʝʪʦʚ ʚʳʩʪʫʧʘʝʪ ʇʨʦʛʨʘʤʤʘ ʇʨʘ-

ʚʠʪʝʣʴʩʪʚʘ ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ ʧʦ ʧʦʜ-

ʜʝʨʞʢʝ ʩʝʤʴʠ ʠ ʟʘʱʠʪʝ ʜʝʪʝʡ ʥʘ 2018-2028 

ʛʦʜʳ (ʫʪʚʝʨʞʜʝʥʘ ʧʦʩʪʘʥʦʚʣʝʥʠʝʤ ʇʨʘʚʠ-

ʪʝʣʴʩʪʚʘ ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ ʦʪ 14 ʘʚʛʫ-

ʩʪʘ 2017 ʛʦʜʘ ˉ 479), ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʘ ʫʩʠʣʝ-

ʥʠʝ ʩʦʮʠʘʣʴʥʦʡ ʟʘʱʠʪʳ ʫʷʟʚʠʤʳʭ ʩʝʤʝʡ [3]. 

ɺ ʨʘʤʢʘʭ ʇʨʦʛʨʘʤʤʳ ʨʝʘʣʠʟʦʚʘʥʳ ʤʝʨʳ ʧʦ 

ʨʘʥʥʝʤʫ ʚʳʷʚʣʝʥʠʶ ʠ ʩʦʧʨʦʚʦʞʜʝʥʠʶ ʩʝʤʝʡ 

ʚ ʪʨʫʜʥʦʡ ʞʠʟʥʝʥʥʦʡ ʩʠʪʫʘʮʠʠ, ʨʘʟʚʠʪʠʶ ʩʦ-

ʮʠʘʣʴʥʳʭ ʫʩʣʫʛ, ʚʥʝʜʨʝʥʠʶ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʩʦʮʠʘʣʴʥʦʛʦ ʟʘʢʘʟʘ ʠ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʠ ʩʠʩʪʝʤʳ ʧʦʩʦʙʠʡ. ɺ ʮʝʣʦʤ ʇʨʦʛʨʘʤʤʘ 

ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ ʫʢʨʝʧʣʝʥʠʝ ʠʥʩʪʠʪʫʪʘ ʩʝ-

ʤʴʠ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʟʘʱʠʪʳ ʧʨʘʚ ʜʝʪʝʡ. 

ʉʠʩʪʝʤʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʦʮʠʘʣʴʥʦʡ ʧʦʜ-

ʜʝʨʞʢʠ ʚ ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʝ ʬʦʨʤʠʨʦ-

ʚʘʣʘʩʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠ ʚʢʣʶʯʘʝʪ ʨʷʜ ʥʦʨ-

ʤʘʪʠʚʥʳʭ ʠ ʧʨʦʛʨʘʤʤʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʜʜʝʨʞʢʫ ʫʷʟʚʠʤʳʭ ʢʘʪʝ-

ʛʦʨʠʡ ʥʘʩʝʣʝʥʠʷ. 

ɹʘʟʦʚʳʝ ʤʝʭʘʥʠʟʤʳ ʩʦʮʠʘʣʴʥʦʡ ʟʘʱʠʪʳ 

ʟʘʢʨʝʧʣʝʥʳ ɿʘʢʦʥʦʤ ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ 

çʆ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʧʦʩʦʙʠʷʭ ʚ ʂʳʨʛʳʟʩʢʦʡ 

ʈʝʩʧʫʙʣʠʢʝè (ˉ 163 ʦʪ 28 ʠʶʣʷ 2017 ʛ.), ʢʦ-

ʪʦʨʳʡ ʨʝʛʫʣʠʨʫʝʪ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʜʝʥʝʞʥʳʭ 

ʚʳʧʣʘʪ ʩʝʤʴʷʤ ʩ ʜʝʪʴʤʠ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʜʘʥʥʳʤ ʟʘʢʦʥʦʤ ʝʜʠʥʦʚʨʝʤʝʥʥʦʝ ʧʦʩʦʙʠʝ ʧʨʠ 

ʨʦʞʜʝʥʠʠ ʨʝʙʝʥʢʘ çɹʘʣʘʛʘ ʩװʡװʥʯװè ʥʘʟʥʘʯʘ-

ʝʪʩʷ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʫʨʦʚʥʷ ʜʦʭʦʜʦʚ ʩʝʤʴʠ ʠ 

ʩʦʩʪʘʚʣʷʝʪ 4000 ʩʦʤʦʚ. ʊʘʢʞʝ, ʩ 1 ʜʝʢʘʙʨʷ 

2019 ʛʦʜʳ ʨʘʟʤʝʨ ʝʜʠʥʦʚʨʝʤʝʥʥʦʡ ʚʳʧʣʘʪʳ 

ʧʨʠ ʨʦʞʜʝʥʠʠ ʨʝʙʝʥʢʘ çʙʘʣʘʛʘ ʩװʡװʥʯװè ʚ 

ʩʣʫʯʘʝ ʨʦʞʜʝʥʠʷ ʪʨʦʡʥʠ ʠ ʙʦʣʝʝ ʜʝʪʝʡ ʦʜʥʦ-
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ʚʨʝʤʝʥʥʦ ʫʩʪʘʥʦʚʣʝʥ ʚ ʩʫʤʤʝ 50 000 (ʧʷʪʴʜʝ-

ʩʷʪ ʪʳʩʷʯ) ʩʦʤʦʚ ʥʘ ʢʘʞʜʦʛʦ ʨʝʙʝʥʢʘ [4]. 

ʂʣʶʯʝʚʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 

ʧʦʜʜʝʨʞʢʠ ʚ ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʝ ʷʚʣʷʝʪ-

ʩʷ ʩʠʩʪʝʤʘ ʘʜʨʝʩʥʳʭ ʜʝʥʝʞʥʳʭ ʚʳʧʣʘʪ, ʧʨʝʞ-

ʜʝ ʚʩʝʛʦ ʧʨʦʛʨʘʤʤʘ çתʡ-ʙװʣᴇʛᴇ ʢᴇʤᴇʢè, ʦʨʠ-

ʝʥʪʠʨʦʚʘʥʥʘʷ ʥʘ ʤʘʣʦʦʙʝʩʧʝʯʝʥʥʳʝ ʩʝʤʴʠ ʩ 

ʜʝʪʴʤʠ ʜʦ 16 ʣʝʪ. ʇʦʩʦʙʠʝ ʥʘʟʥʘʯʘʝʪʩʷ ʧʨʠ 

ʫʩʣʦʚʠʠ, ʯʪʦ ʩʨʝʜʥʝʜʫʰʝʚʦʡ ʜʦʭʦʜ ʩʝʤʴʠ ʥʠ-

ʞʝ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʛʦ ʤʠʥʠʤʘʣʴʥʦʛʦ ʜʦʭʦʜʘ 

(ɻʄɼ), ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʥʘ ʫʨʦʚʥʝ 1200 ʩʦʤʦʚ, 

ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʟʤʝʨʫ ʝʞʝʤʝʩʷʯʥʦʡ ʚʳ-

ʧʣʘʪʳ. ɺ 2025 ʛʦʜʫ ʥʘ ʨʝʘʣʠʟʘʮʠʶ ʧʨʦʛʨʘʤʤʳ 

ʙʳʣʦ ʥʘʧʨʘʚʣʝʥʦ ʙʦʣʝʝ 3,2 ʤʣʨʜ ʩʦʤʦʚ, ʘ ʯʠʩ-

ʣʦ ʧʦʣʫʯʘʪʝʣʝʡ ʧʨʝʚʳʩʠʣʦ 162 ʪʳʩ. ʯʝʣʦ-

ʚʝʢ [5]. 

ɺʤʝʩʪʝ ʩ ʪʝʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʛʨʘʤʤʳ 

ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʨʷʜʦʤ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʳʭ 

ʬʘʢʪʦʨʦʚ. ɺʳʩʦʢʘʷ ʜʦʣʷ ʥʝʬʦʨʤʘʣʴʥʦʡ ʟʘʥʷ-

ʪʦʩʪʠ (ʩʚʳʰʝ 63%) ʟʘʪʨʫʜʥʷʝʪ ʦʙʲʝʢʪʠʚʥʫʶ 

ʦʮʝʥʢʫ ʜʦʭʦʜʦʚ, ʯʪʦ ʩʥʠʞʘʝʪ ʪʦʯʥʦʩʪʴ ʦʧʨʝ-

ʜʝʣʝʥʠʷ ʥʫʞʜʘʝʤʦʩʪʠ ʠ ʧʨʠʚʦʜʠʪ ʢ ʚʢʣʶʯʝ-

ʥʠʶ ʚ ʩʠʩʪʝʤʫ ʧʦʜʜʝʨʞʢʠ ʥʝʙʝʜʥʳʭ ʜʦʤʦʭʦ-

ʟʷʡʩʪʚ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʠʩʢʣʶʯʝʥʠʠ ʯʘʩʪʠ 

ʨʝʘʣʴʥʦ ʥʫʞʜʘʶʱʠʭʩʷ ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ 

ʦʛʨʘʥʠʯʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʜʣʠʪʝʣʴʥʦʝ ʩʦʭʨʘʥʝ-

ʥʠʝ ʥʠʟʢʦʛʦ ʫʨʦʚʥʷ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʛʦ ʤʠʥʠ-

ʤʘʣʴʥʦʛʦ ʜʦʭʦʜʘ, ʢʦʪʦʨʳʡ ʥʝ ʧʝʨʝʩʤʘʪʨʠʚʘʣ-

ʩʷ ʩ ʫʯʝʪʦʤ ʠʥʬʣʷʮʠʠ ʠ ʨʦʩʪʘ ʧʨʦʞʠʪʦʯʥʦʛʦ 

ʤʠʥʠʤʫʤʘ, ʯʪʦ ʩʥʠʞʘʣʦ ʜʦʩʪʫʧʥʦʩʪʴ ʧʦʩʦʙʠʡ 

ʜʣʷ ʫʷʟʚʠʤʳʭ ʩʝʤʝʡ. 

ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʄʠʥʠʩʪʝʨʩʪʚʦʤ ʪʨʫʜʘ, ʩʦ-

ʮʠʘʣʴʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʤʠʛʨʘʮʠʠ ʠʥʠʮʠʠ-

ʨʦʚʘʥʳ ʠʟʤʝʥʝʥʠʷ ʧʦʨʷʜʢʘ ʥʘʟʥʘʯʝʥʠʷ ʧʦʩʦ-

ʙʠʷ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʠʝ ʧʦʚʳʰʝʥʠʝ ɻʄɼ ʜʦ 

1500 ʩʦʤʦʚ ʠ ʫʞʝʩʪʦʯʝʥʠʝ ʢʨʠʪʝʨʠʝʚ ʥʫʞʜʘʝ-

ʤʦʩʪʠ. ɼʘʥʥʳʝ ʤʝʨʳ ʨʝʘʣʠʟʫʶʪʩʷ ʚ ʨʘʤʢʘʭ 

ʧʨʦʝʢʪʘ çʋʢʨʝʧʣʝʥʠʝ ʧʨʦʛʨʘʤʤ ʩʦʮʠʘʣʴʥʦʡ 

ʧʦʤʦʱʠ ʠ ʨʳʥʢʘ ʪʨʫʜʘè, ʧʦʜʜʝʨʞʠʚʘʝʤʦʛʦ 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʘʩʩʦʮʠʘʮʠʝʡ ʨʘʟʚʠʪʠʷ (ɺʩʝ-

ʤʠʨʥʳʡ ʙʘʥʢ), ʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʧʦʚʳʰʝʥʠʝ 

ʘʜʨʝʩʥʦʩʪʠ, ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʙʶʜʞʝʪʥʳʭ ʩʨʝʜʩʪʚ ʠ ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ ʵʢʦʥʦ-

ʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ. 

ɺʘʞʥʳʤ ʵʪʘʧʦʤ ʨʘʟʚʠʪʠʷ ʘʢʪʠʚʥʦʡ ʩʦʮʠ-

ʘʣʴʥʦʡ ʧʦʣʠʪʠʢʠ ʩʪʘʣʦ ʚʥʝʜʨʝʥʠʝ ʚ 2022 ʛʦʜʫ 

ʧʨʦʛʨʘʤʤʳ çʉʦʮʠʘʣʴʥʳʡ ʢʦʥʪʨʘʢʪè, ʦʨʠʝʥ-

ʪʠʨʦʚʘʥʥʦʡ ʥʘ ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ ʵʢʦʥʦʤʠʯʝ-

ʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʤʘʣʦʦʙʝʩʧʝʯʝʥʥʳʭ ʩʝʤʝʡ. ɺ 

ʨʘʤʢʘʭ ʝʝ ʨʝʘʣʠʟʘʮʠʠ ʟʘ 2022-2025 ʛʛ. ʙʦʣʝʝ 

32,2 ʪʳʩ. ʩʝʤʝʡ (ʙʦʣʝʝ 190 ʪʳʩ. ʯʝʣʦʚʝʢ, ʚ ʪʦʤ 

ʯʠʩʣʝ 2797 ʣʠʮ ʩ ʠʥʚʘʣʠʜʥʦʩʪʴʶ) ʧʦʣʫʯʠʣʠ 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʦʚʘʪʴ ʧʨʦʝʢʪʳ ʧʦ ʦʪʢʨʳ-

ʪʠʶ ʩʦʙʩʪʚʝʥʥʦʛʦ ʜʝʣʘ, ʘ ʥʘʠʙʦʣʝʝ ʫʩʧʝʰʥʳʝ 

ʫʯʘʩʪʥʠʢʠ ï ʜʦʩʪʫʧ ʢ ʙʝʩʧʨʦʮʝʥʪʥʦʤʫ ʢʨʝʜʠ-

ʪʦʚʘʥʠʶ (ʜʦ 200,0 ʪʳʩ. ʩʦʤʦʚ) [6]. 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʩʠʩʪʝʤʘ ʩʦʮʠ-

ʘʣʴʥʳʭ ʫʩʣʫʛ, ʚʢʣʶʯʘʷ ʚʥʝʜʨʝʥʠʝ ʠʥʩʪʠʪʫʪʘ 

ʧʝʨʩʦʥʘʣʴʥʳʭ ʘʩʩʠʩʪʝʥʪʦʚ ʜʣʷ ʣʠʮ ʩ ʠʥʚʘ-

ʣʠʜʥʦʩʪʴʶ ʠ ʧʦʚʳʰʝʥʠʝ ʨʘʟʤʝʨʦʚ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʭ ʚʳʧʣʘʪ, ʯʪʦ ʦʪʨʘʞʘʝʪ ʫʩʠʣʝʥʠʝ ʩʦ-

ʮʠʘʣʴʥʦʡ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʩʪʠ ʛʦʩʫʜʘʨʩʪʚʝʥ-

ʥʦʡ ʧʦʣʠʪʠʢʠ. ɺ 2021-2024 ʛʛ. ʛʦʩʫʜʘʨʩʪʚʝʥ-

ʥʳʝ ʧʦʩʦʙʠʷ ʧʦʣʫʯʠʣʠ ʦʢʦʣʦ 111 ʪʳʩ. ʤʘʣʦ-

ʦʙʝʩʧʝʯʝʥʥʳʭ ʩʝʤʝʡ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʨʘʩʰʠʨʝʥʠʠ ʦʭʚʘʪʘ ʩʦʮʠʘʣʴʥʦʡ ʧʦʤʦʱʠ ʠ ʧʦ-

ʩʪʝʧʝʥʥʦʤ ʨʘʟʚʠʪʠʠ ʤʝʭʘʥʠʟʤʦʚ ʘʜʨʝʩʥʦʡ 

ʧʦʜʜʝʨʞʢʠ. ɺʳʨʦʩʣʠ ʨʘʟʤʝʨʳ ʛʦʩʫʜʘʨʩʪʚʝʥ-

ʥʳʭ ʧʦʩʦʙʠʡ ï ʜʦ 200% ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʘ-

ʪʝʛʦʨʠʠ ʧʦʣʫʯʘʪʝʣʝʡ, ʚʢʣʶʯʘʷ ʜʝʪʝʡ ʩ ʠʥʚʘ-

ʣʠʜʥʦʩʪʴʶ, ʜʝʪʝʡ-ʩʠʨʦʪ, ʧʦʞʠʣʳʭ ʛʨʘʞʜʘʥ ʠ 

ʤʘʪʝʨʝʡ-ʛʝʨʦʠʥʴ. ʃʠʮʘ ʩ ʠʥʚʘʣʠʜʥʦʩʪʴʶ, 

ʥʫʞʜʘʶʱʠʝʩʷ ʚ ʧʦʩʪʦʨʦʥʥʝʤ ʫʭʦʜʝ ʠ ʥʘʙʣʶ-

ʜʝʥʠʠ, ʧʦʣʫʯʘʶʪ ʫʩʣʫʛʠ ʧʝʨʩʦʥʘʣʴʥʳʭ ʘʩʩʠ-

ʩʪʝʥʪʦʚ, ʘ ʩʫʤʤʘ ʝʞʝʤʝʩʷʯʥʦʡ ʧʦʤʦʱʠ ʙʳʣʘ 

ʫʚʝʣʠʯʝʥʘ ʧʦʯʪʠ ʥʘ 23% [6]. 

ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʨʝʘʣʠʟʫʶʪʩʷ ʥʦʚʳʝ 

ʠʥʩʪʨʫʤʝʥʪʳ ʩʦʮʠʘʣʴʥʦʡ ʧʦʣʠʪʠʢʠ, ʥʘʧʨʘʚ-

ʣʝʥʥʳʝ ʥʘ ʜʦʣʛʦʩʨʦʯʥʫʶ ʧʦʜʜʝʨʞʢʫ ʠ ʫʢʨʝʧ-

ʣʝʥʠʝ ʠʥʩʪʠʪʫʪʘ ʩʝʤʴʠ. ʊʘʢ, ʩʦʛʣʘʩʥʦ ʋʢʘʟʫ 

ʇʨʝʟʠʜʝʥʪʘ ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ ʦʪ 17 

ʘʧʨʝʣʷ 2024 ʛʦʜʘ ˉ 101, ʩ 1 ʠʶʥʷ 2024 ʛʦʜʘ 

ʚʚʝʜʝʥ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʜʝʪʩʢʠʡ ʜʝʧʦʟʠʪ 

çʂʝʣʝʯʝʢʢʝ ʩʘʣʳʤè ʚ ʨʘʟʤʝʨʝ 500 ʪʳʩ. ʩʦʤʦʚ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʥʘ ʧʦʜʜʝʨʞʢʫ ʜʝʪʝʡ, 

ʦʩʪʘʚʰʠʭʩʷ ʙʝʟ ʧʦʧʝʯʝʥʠʷ ʨʦʜʠʪʝʣʝʡ. ɼʦʧʦʣ-

ʥʠʪʝʣʴʥʦ ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʦʛʨʘʤʤʘ çɹʘʣʘ ʙʝʨʝ-

ʢʝè, ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʘ ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ ʨʦʞʜʘ-

ʝʤʦʩʪʠ ʠ ʧʦʜʜʝʨʞʢʫ ʩʝʤʝʡ ʚ ʚʳʩʦʢʦʛʦʨʥʳʭ ʠ 

ʦʪʜʘʣʝʥʥʳʭ ʨʘʡʦʥʘʭ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʝʜʦʩʪʘʚ-

ʣʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʳʭ ʝʜʠʥʦʚʨʝʤʝʥʥʳʭ ʩʦʮʠ-

ʘʣʴʥʳʭ ʚʳʧʣʘʪ ʦʪ 100 ʪʳʩ. ʜʦ 2 ʤʣʥ ʩʦʤʦʚ. 

ɺ ʮʝʣʦʤ ʨʝʘʣʠʟʫʝʤʳʝ ʤʝʨʳ ʩʦʮʠʘʣʴʥʦʡ 

ʧʦʣʠʪʠʢʠ, ʚʢʣʶʯʘʷ ʧʨʦʛʨʘʤʤʳ çʂʝʣʝʯʝʢʢʝ 

ʩʘʣʳʤè, çɹʘʣʘ ʙʝʨʝʢʝè, çʉʦʮʠʘʣʴʥʳʡ ʢʦʥ-

ʪʨʘʢʪè ʠ ʨʘʟʚʠʪʠʝ ʩʠʩʪʝʤʳ ʩʦʮʠʘʣʴʥʳʭ ʫʩʣʫʛ, 

ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʥʢʣʶʟʠʚʥʦʛʦ 

ʦʙʱʝʩʪʚʘ ʠ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʩʦʮʠʘʣʴʥʦʡ 

ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʘʥʘʣʠʟ ʧʦʢʘʟʳ-

ʚʘʝʪ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʦʝ 

ʨʘʟʚʠʪʠʝ ʩʠʩʪʝʤʳ ʩʦʮʠʘʣʴʥʦʡ ʟʘʱʠʪʳ, ʝʝ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʴ ʚ ʩʥʠʞʝʥʠʠ ʫʨʦʚʥʷ ʙʝʜʥʦʩʪʠ 

ʦʩʪʘʝʪʩʷ ʦʛʨʘʥʠʯʝʥʥʦʡ. ʈʘʟʤʝʨʳ ʩʦʮʠʘʣʴʥʳʭ 

ʚʳʧʣʘʪ ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʣʥʦʛʦ ʧʦʢʨʳʪʠʷ 
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ʙʘʟʦʚʳʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʠ ʥʦʩʷʪ ʧʨʝʠʤʫʱʝ-

ʩʪʚʝʥʥʦ ʢʦʤʧʝʥʩʘʪʦʨʥʳʡ ʭʘʨʘʢʪʝʨ. ʕʪʦ ʦʙʫ-

ʩʣʦʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʘʣʴʥʝʡʰʝʛʦ ʩʦ-

ʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʦʮʠʘʣʴʥʦʡ ʧʦʣʠʪʠʢʠ, 

ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʥʘ ʧʦʚʳʰʝʥʠʝ ʘʜʨʝʩʥʦʩʪʠ, 

ʨʘʩʰʠʨʝʥʠʝ ʦʭʚʘʪʘ ʠ ʫʩʠʣʝʥʠʝ ʝʝ ʚʣʠʷʥʠʷ ʥʘ 

ʩʥʠʞʝʥʠʝ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʫʷʟʚʠʤʦ-

ʩʪʠ ʥʘʩʝʣʝʥʠʷ. 

ɺʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠ-

ʪʠʷ ʩʦʮʠʘʣʴʥʦʡ ʧʦʣʠʪʠʢʠ ʠʤʝʝʪ ʅʘʮʠʦʥʘʣʴ-

ʥʘʷ ʧʨʦʛʨʘʤʤʘ ʨʘʟʚʠʪʠʷ ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙ-

ʣʠʢʠ ʜʦ 2030 ʛʦʜʘ (ʫʪʚʝʨʞʜʝʥʘ ʋʢʘʟʦʤ ʇʨʝ-

ʟʠʜʝʥʪʘ ʂʈ ʦʪ 5 ʠʶʥʷ 2025 ʛʦʜʘ ˉ 178), ʚ ʢʦ-

ʪʦʨʦʡ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʬʦʨʤʠʨʦʚʘ-

ʥʠʶ ʩʧʨʘʚʝʜʣʠʚʦʡ ʩʠʩʪʝʤʳ ʩʦʮʠʘʣʴʥʦʡ ʟʘʱʠ-

ʪʳ. ʇʨʦʛʨʘʤʤʘ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ 

ʙʘʟʦʚʳʭ ʩʦʮʠʘʣʴʥʳʭ ʛʘʨʘʥʪʠʡ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 

ʚʩʝʡ ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ ʠ ʨʘʩʰʠʨʝʥʠʝ ʜʦʩʪʫʧʘ ʢ 

ʩʦʮʠʘʣʴʥʳʤ ʫʩʣʫʛʘʤ [6]. 

ʂ ʯʠʩʣʫ ʢʣʶʯʝʚʳʭ ʮʝʣʝʚʳʭ ʦʨʠʝʥʪʠʨʦʚ ʦʪ-

ʥʦʩʷʪʩʷ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʜʝʪʩʢʦʡ ʙʝʜʥʦʩʪʠ ʜʦ 

25%, ʧʦʚʳʰʝʥʠʝ ʦʭʚʘʪʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤʠ 

ʧʦʩʦʙʠʷʤʠ ʜʝʪʝʡ ʠʟ ʙʝʜʥʳʭ ʩʝʤʝʡ ʜʦ 30%, 

ʫʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ʜʝʪʝʡ, ʚʦʩʧʠʪʳʚʘʶʱʠʭʩʷ ʚ 

ʩʝʤʝʡʥʳʭ ʬʦʨʤʘʭ, ʘ ʪʘʢʞʝ ʮʠʬʨʦʚʠʟʘʮʠʷ ʩʦ-

ʮʠʘʣʴʥʦʡ ʩʬʝʨʳ, ʚʢʣʶʯʘʷ ʚʥʝʜʨʝʥʠʝ ʵʣʝʢ-

ʪʨʦʥʥʳʭ ʩʦʮʠʘʣʴʥʳʭ ʧʘʩʧʦʨʪʦʚ. ɺ ʯʠʩʣʝ ʧʨʠ-

ʦʨʠʪʝʪʥʳʭ ʟʘʜʘʯ ʦʧʨʝʜʝʣʝʥʳ ʩʦʚʝʨʰʝʥʩʪʚʦ-

ʚʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʘʜʨʝʩʥʦʩʪʠ ʩʦʮʠʘʣʴʥʦʡ 

ʧʦʤʦʱʠ, ʨʘʩʰʠʨʝʥʠʝ ʦʭʚʘʪʘ ʫʷʟʚʠʤʳʭ ʛʨʫʧʧ, 

ʨʘʟʚʠʪʠʝ ʩʝʤʝʡʥʳʭ ʬʦʨʤ ʚʦʩʧʠʪʘʥʠʷ, ʧʦʜ-

ʜʝʨʞʢʘ ʤʘʪʝʨʠʥʩʪʚʘ, ʦʪʮʦʚʩʪʚʘ ʠ ʜʝʪʩʪʚʘ, ʘ 

ʪʘʢʞʝ ʤʦʜʝʨʥʠʟʘʮʠʷ ʩʠʩʪʝʤʳ ʩʦʮʠʘʣʴʥʦʡ ʠ 

ʤʝʜʠʢʦ-ʩʦʮʠʘʣʴʥʦʡ ʧʦʤʦʱʠ. 

ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʜʘʝʪʩʷ ʮʠʬʨʦʚʦʡ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩʦʮʠʘʣʴʥʦʡ ʩʬʝʨʳ, ʚʢʣʶʯʘʷ 

ʧʝʨʝʭʦʜ ʢ ʧʨʦʘʢʪʠʚʥʳʤ ʤʝʭʘʥʠʟʤʘʤ ʧʨʝʜʦ-

ʩʪʘʚʣʝʥʠʷ ʫʩʣʫʛ, ʚʥʝʜʨʝʥʠʝ ʝʜʠʥʦʡ ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʥʘʣʠʪʠʯʝ-

ʩʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʠ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. ɺ ʮʝʣʦʤ 

ʧʦʣʦʞʝʥʠʷ ʇʨʦʛʨʘʤʤʳ ʦʪʨʘʞʘʶʪ ʩʪʨʘʪʝʛʠʯʝ-

ʩʢʠʡ ʢʫʨʩ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʥʦʡ, ʘʜ-

ʨʝʩʥʦʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʨʘʟʚʠʪʦʡ ʩʠʩʪʝʤʳ 

ʩʦʮʠʘʣʴʥʦʡ ʟʘʱʠʪʳ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʥʘ 

ʩʥʠʞʝʥʠʝ ʙʝʜʥʦʩʪʠ ʠ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ 

ʞʠʟʥʠ ʥʘʩʝʣʝʥʠʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʂʣʘʩʪʝʨʥʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʧʦ 

ʤʥʦʛʠʤ ʧʦʢʘʟʘʪʝʣʷʤ (ʂʆʄʇ), ʧʨʦʚʝʜʝʥʥʦʛʦ ʚ 

ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʝ ʚ 2023 ʛʦʜʫ ʅʘʮʠʦ-

ʥʘʣʴʥʳʤ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʢʦʤʠʪʝʪʦʤ ʧʨʠ ʪʝʭ-

ʥʠʯʝʩʢʦʡ ʧʦʜʜʝʨʞʢʝ ʖʅʀʉɽʌ ʠ ʫʯʘʩʪʠʠ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʧʘʨʪʥʝʨʦʚ, ʧʦʟʚʦʣʷʶʪ ʦʮʝ-

ʥʠʪʴ ʫʨʦʚʝʥʴ ʦʭʚʘʪʘ ʥʘʩʝʣʝʥʠʷ ʤʝʨʘʤʠ ʩʦʮʠ-

ʘʣʴʥʦʡ ʧʦʜʜʝʨʞʢʠ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ 

ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ ʥʘʩʝʣʝ-

ʥʠʷ: ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʯʣʝʥʳ ʜʦʤʦʭʦʟʷʡʩʪʚ 

ʦʩʚʝʜʦʤʣʝʥʳ ʦ ʧʨʦʛʨʘʤʤʘʭ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʧʦʜʜʝʨʞʢʠ, ʧʨʠ ʵʪʦʤ ʦʢʦʣʦ 64% ʭʦʪʷ ʙʳ ʦʜʠʥ 

ʨʘʟ ʧʦʣʫʯʘʣʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʧʦʤʦʱʴ. ɺ 

ʮʝʣʦʤ ʨʘʟʣʠʯʥʳʤʠ ʚʠʜʘʤʠ ʩʦʮʠʘʣʴʥʳʭ ʚʳ-

ʧʣʘʪ ʠ ʧʦʩʦʙʠʡ ʦʭʚʘʯʝʥʦ ʦʢʦʣʦ 53% ʯʣʝʥʦʚ 

ʜʦʤʦʭʦʟʷʡʩʪʚ, ʚʢʣʶʯʘʷ ʘʥʘʣʦʛʠʯʥʫʶ ʜʦʣʶ 

ʥʘʩʝʣʝʥʠʷ ʚ ʜʚʫʭ ʥʘʠʤʝʥʝʝ ʦʙʝʩʧʝʯʝʥʥʳʭ 

ʢʚʠʥʪʠʣʷʭ, ʘ ʪʘʢʞʝ 51% ʜʝʪʝʡ. ɺʤʝʩʪʝ ʩ ʪʝʤ 

ʫʨʦʚʝʥʴ ʮʝʣʝʚʦʡ ʧʦʜʜʝʨʞʢʠ ʜʝʪʝʡ ʦʩʪʘʝʪʩʷ 

ʦʛʨʘʥʠʯʝʥʥʳʤ: ʣʠʰʴ ʦʢʦʣʦ 3% ʜʝʪʝʡ ʚ ʚʦʟ-

ʨʘʩʪʝ 5-14 ʣʝʪ ʧʦʣʫʯʠʣʠ ʬʠʥʘʥʩʦʚʫʶ ʠʣʠ ʤʘ-

ʪʝʨʠʘʣʴʥʫʶ ʧʦʤʦʱʴ, ʩʚʷʟʘʥʥʫʶ ʩ ʦʙʨʘʟʦʚʘ-

ʪʝʣʴʥʳʤʠ ʧʦʪʨʝʙʥʦʩʪʷʤʠ. ɸʥʘʣʠʟ ʨʝʛʠʦʥʘʣʴ-

ʥʳʭ ʨʘʟʣʠʯʠʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘʠʙʦʣʴʰʠʡ 

ʫʨʦʚʝʥʴ ʦʭʚʘʪʘ ʩʦʮʠʘʣʴʥʳʤʠ ʚʳʧʣʘʪʘʤʠ 

ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʅʘʨʳʥʩʢʦʡ (68%) ʠ ʆʰʩʢʦʡ 

(62%) ʦʙʣʘʩʪʷʭ, ʯʪʦ ʦʪʨʘʞʘʝʪ ʪʝʨʨʠʪʦʨʠʘʣʴ-

ʥʫʶ ʜʠʬʬʝʨʝʥʮʠʘʮʠʶ ʜʦʩʪʫʧʘ ʢ ʤʝʨʘʤ ʩʦʮʠ-

ʘʣʴʥʦʡ ʧʦʜʜʝʨʞʢʠ [7]. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʜʦ-

ʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦʤ ʦʭʚʘʪʝ ʥʘʩʝʣʝʥʠʷ ʩʠʩʪʝʤʦʡ 

ʩʦʮʠʘʣʴʥʦʡ ʧʦʤʦʱʠ ʧʨʠ ʩʦʭʨʘʥʷʶʱʠʭʩʷ 

ʦʛʨʘʥʠʯʝʥʠʷʭ ʚ ʘʜʨʝʩʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʦʪʜʝʣʴʥʳʭ ʤʝʨ, ʦʩʦʙʝʥʥʦ ʚ ʦʪʥʦʰʝʥʠʠ ʧʦʜ-

ʜʝʨʞʢʠ ʜʝʪʝʡ ʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʦʪʨʝʙʥʦ-

ʩʪʝʡ. 

ʇʦʜʚʦʜʷ ʠʪʦʛʠ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʠ-

ʩʪʝʤʘ ʩʦʮʠʘʣʴʥʦʡ ʟʘʱʠʪʳ ʚ ʂʳʨʛʳʟʩʢʦʡ ʈʝʩ-

ʧʫʙʣʠʢʝ, ʥʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʝ ʠʥʩʪʠʪʫ-

ʮʠʦʥʘʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʠ ʚʥʝʜʨʝʥʠʝ ʩʦʚʨʝʤʝʥ-

ʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʜʜʝʨʞ-

ʢʠ, ʩʦʭʨʘʥʷʝʪ ʦʛʨʘʥʠʯʝʥʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ 

ʫʩʣʦʚʠʷʭ ʩʦʭʨʘʥʷʶʱʠʭʩʷ ʩʪʨʫʢʪʫʨʥʳʭ ʬʘʢ-

ʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʙʝʜʥʦʩʪʠ, 

ʥʝʬʦʨʤʘʣʴʥʘʷ ʟʘʥʷʪʦʩʪʴ ʠ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʝ 

ʜʠʩʧʨʦʧʦʨʮʠʠ. ʅʝʜʦʩʪʘʪʦʯʥʳʡ ʫʨʦʚʝʥʴ ʩʦʮʠ-

ʘʣʴʥʳʭ ʚʳʧʣʘʪ ʠ ʦʛʨʘʥʠʯʝʥʠʷ ʚ ʦʭʚʘʪʝ ʥʫʞ-

ʜʘʶʱʠʭʩʷ ʛʨʫʧʧ ʥʘʩʝʣʝʥʠʷ ʩʥʠʞʘʶʪ ʨʝʟʫʣʴ-

ʪʘʪʠʚʥʦʩʪʴ ʧʨʦʚʦʜʠʤʦʡ ʩʦʮʠʘʣʴʥʦʡ ʧʦʣʠʪʠ-

ʢʠ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ 

ʧʨʠʦʙʨʝʪʘʝʪ ʨʝʘʣʠʟʘʮʠʷ ʧʨʠʦʨʠʪʝʪʦʚ, ʟʘʢʨʝʧ-

ʣʝʥʥʳʭ ʚ ʅʘʮʠʦʥʘʣʴʥʦʡ ʧʨʦʛʨʘʤʤʝ ʨʘʟʚʠʪʠʷ 

ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ ʜʦ 2030 ʛʦʜʘ, ʦʨʠʝʥ-

ʪʠʨʦʚʘʥʥʳʭ ʥʘ ʧʦʚʳʰʝʥʠʝ ʘʜʨʝʩʥʦʩʪʠ, ʨʘʩ-

ʰʠʨʝʥʠʝ ʦʭʚʘʪʘ ʠ ʮʠʬʨʦʚʠʟʘʮʠʶ ʩʠʩʪʝʤʳ ʩʦ-

ʮʠʘʣʴʥʦʡ ʟʘʱʠʪʳ. ʇʝʨʝʭʦʜ ʢ ʢʦʤʧʣʝʢʩʥʦʡ 

ʤʦʜʝʣʠ ʩʦʮʠʘʣʴʥʦʡ ʧʦʣʠʪʠʢʠ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ 
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ʩʦʯʝʪʘʥʠʠ ʜʝʥʝʞʥʳʭ ʚʳʧʣʘʪ, ʩʦʮʠʘʣʴʥʳʭ 

ʫʩʣʫʛ ʠ ʘʢʪʠʚʥʳʭ ʤʝʨ ʩʦʜʝʡʩʪʚʠʷ ʟʘʥʷʪʦʩʪʠ, 

ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʜʜʝʨʞʢʠ 

ʫʷʟʚʠʤʳʭ ʢʘʪʝʛʦʨʠʡ ʥʘʩʝʣʝʥʠʷ ʠ ʦʙʝʩʧʝʯʠʪʴ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʫʩʪʦʡʯʠʚʦʡ ʠ ʠʥʢʣʶʟʠʚʥʦʡ 

ʤʦʜʝʣʠ ʩʦʮʠʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʘʢʪʫʘʣʴʥʳʝ ʚʦʧʨʦʩʳ ʦʙʝʩʧʝʯʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥ-

ʥʦʡ ʥʘʜʝʞʥʦʩʪʠ ʠ ʟʘʱʠʪʳ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʜʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ. ʇʨʦʚʝʜʝʥ ʢʦʤʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ 

ʮʝʣʦʩʪʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʡ, ʚʢʣʶʯʘʷ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʣʝʛʠ-

ʨʦʚʘʥʥʳʭ ʩʪʘʣʝʡ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʩʦʚʨʝʤʝʥʥʳʤ ʤʝʪʦʜʘʤ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ, 

ʧʨʠʤʝʥʝʥʠʶ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʠ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʭ ʢʦʤ-

ʧʣʝʢʩʦʚ ʜʣʷ ʜʝʬʝʢʪʦʩʢʦʧʠʠ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʚʪʦʨʩʢʠʝ ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ ʩʦʚʝʨʰʝʥʩʪʚʦ-

ʚʘʥʠʶ ʩʠʩʪʝʤ ʟʘʱʠʪʳ, ʚʢʣʶʯʘʶʱʠʝ ʠʥʪʝʛʨʘʮʠʶ ʘʜʘʧʪʠʚʥʦʛʦ ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦ-

ʮʝʩʩʦʤ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʠʙʨʠʜʥʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʘʥʪʠʢʦʨʨʦ-

ʟʠʡʥʳʭ ʧʦʢʨʳʪʠʡ ʩ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤʠ ʢʘʧʩʫʣʘʤʠ ʠʥʛʠʙʠʪʦʨʦʚ ʠ ʚʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤ ʤʘʛʥʠʪʦ-

ʩʪʨʠʢʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʆʙʦʩʥʦʚʘʥʘ ʮʝʣʝʩʦʦʙ-

ʨʘʟʥʦʩʪʴ ʧʝʨʝʭʦʜʘ ʢ ʧʨʦʘʢʪʠʚʥʦʡ ʤʦʜʝʣʠ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʤ ʩʦʩʪʦʷʥʠʝʤ ʪʨʫʙʦʧʨʦʚʦʜʥʳʭ 

ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʧʨʝʜʠʢʪʠʚʥʦʡ ʘʥʘʣʠʪʠʢʠ ʠ ʦʙʣʘʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʧʦʟʚʦʣʷʶʪ ʧʦʚʳʩʠʪʴ ʫʨʦʚʝʥʴ ʧʨʦʤʳʰʣʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʩʥʠʟʠʪʴ ʨʠʩʢʠ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ 

ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʲʝʢʪʦʚ ʥʝʬʪʝʛʘʟʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʚʘʨʥʳʝ ʰʚʳ; ʪʨʫʙʦʧʨʦʚʦʜʥʳʡ ʪʨʘʥʩʧʦʨʪ; ʥʝʬʪʝʧʨʦʜʫʢʪʳ; ʥʝʨʘʟʨʫʰʘʶ-

ʱʠʡ ʢʦʥʪʨʦʣʴ; ʘʥʪʠʢʦʨʨʦʟʠʡʥʘʷ ʟʘʱʠʪʘ; ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ; ʧʨʝʜʠʢʪʠʚʥʘʷ ʘʥʘʣʠʪʠ-

ʢʘ; ʧʨʦʤʳʰʣʝʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ. 

 

ʊʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʧʦʩʨʝʜ-

ʩʪʚʦʤ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʥʳʭ ʩʠʩʪʝʤ 

ʥʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʧʨʠʟʥʘʝʪʩʷ ʥʘʠʙʦʣʝʝ ʵʢʦ-

ʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠ-

ʪʝʣʴʥʳʤ ʩʧʦʩʦʙʦʤ ʜʦʩʪʘʚʢʠ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ. 

ʆʜʥʘʢʦ ʵʢʩʧʣʫʘʪʘʮʠʷ ʪʘʢʠʭ ʦʙʲʝʢʪʦʚ ʩʦʧʨʷ-

ʞʝʥʘ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʨʠʩʢʘʤʠ ʥʘʨʫʰʝʥʠʷ ʛʝʨ-

ʤʝʪʠʯʥʦʩʪʠ, ʯʪʦ ʯʨʝʚʘʪʦ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʤʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʧʦʩʣʝʜʩʪʚʠʷʤʠ ʠ ʩʫʱʝʩʪʚʝʥ-

ʥʳʤʠ ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʧʦʪʝʨʷʤʠ. 

ʉʚʘʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʚʳʩʪʫʧʘʷ ʥʝʦʪʲʝʤʣʝ-

ʤʳʤʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʩʪʘʣʴʥʳʭ 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʫʷʟʚʠʤʳ-

ʤʠ ʫʯʘʩʪʢʘʤʠ. ʀʤʝʥʥʦ ʚ ʟʦʥʘʭ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʚʣʠʷʥʠʷ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʩʚʘʨʥʳʭ ʰʚʘʭ 

ʣʦʢʘʣʠʟʫʝʪʩʷ ʧʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʜʝ-

ʬʝʢʪʦʚ: ʦʪ ʢʦʨʨʦʟʠʦʥʥʳʭ ʧʦʨʘʞʝʥʠʡ ʜʦ ʫʩʪʘ-

ʣʦʩʪʥʳʭ ʪʨʝʱʠʥ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʥʝʦʜʥʦʨʦʜ-

ʥʦʩʪʴʶ ʩʪʨʫʢʪʫʨʳ ʤʝʪʘʣʣʘ ʠ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 

ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʡ ʪʝʤʳ ʧʨʦʜʠʢʪʦʚʘʥʘ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ ʩʪʘʨʝʥʠʷ ʟʥʘʯʠʪʝʣʴ-

ʥʦʡ ʯʘʩʪʠ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʧʘʨʢʘ ʪʨʫʙʦʧʨʦʚʦ-

ʜʦʚ ʠ ʦʩʚʦʝʥʠʷ ʥʦʚʳʭ ʪʝʨʨʠʪʦʨʠʡ ʩ ʵʢʩʪʨʝ-

ʤʘʣʴʥʳʤʠ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ-

ʤʠ. ʉʦʚʨʝʤʝʥʥʘʷ ʩʪʨʘʪʝʛʠʷ ʨʘʟʚʠʪʠʷ ʦʪʨʘʩʣʠ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʝʨʝʭʦʜ ʦʪ ʣʠʢʚʠʜʘʮʠʠ ʧʦʩʣʝʜ-

ʩʪʚʠʡ ʘʚʘʨʠʡ ʢ ʠʭ ʧʨʝʚʝʥʪʠʚʥʦʤʫ ʧʨʝʜʦʪʚʨʘ-

ʱʝʥʠʶ, ʯʪʦ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʛʣʫʙʦʢʦʛʦ ʧʦʥʠ-

ʤʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʜʝʛʨʘʜʘʮʠʠ ʤʝʪʘʣʣʘ ʰʚʘ ʠ 

ʚʥʝʜʨʝʥʠʷ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʤʝʪʦʜʦʚ ʜʠ-

ʘʛʥʦʩʪʠʢʠ. 

ʆʙʝʩʧʝʯʝʥʠʝ ʮʝʣʦʩʪʥʦʩʪʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠ-

ʦʥʥʦʡ ʥʘʜʝʞʥʦʩʪʠ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʩʠʩʪʝʤ ʚʳ-

ʩʪʫʧʘʝʪ ʧʨʠʦʨʠʪʝʪʥʦʡ ʟʘʜʘʯʝʡ ʩʦʚʨʝʤʝʥʥʦʡ 

ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ. ʇʝʨʝʤʝʱʝʥʠʝ ʫʛʣʝʚʦ-

ʜʦʨʦʜʦʚ ʩʦʧʨʷʞʝʥʦ ʩ ʠʥʪʝʥʩʠʚʥʳʤ ʚʦʟʜʝʡ-

ʩʪʚʠʝʤ ʢʦʨʨʦʟʠʦʥʥʳʭ ʩʨʝʜ, ʧʝʨʝʧʘʜʦʚ ʜʘʚʣʝ-

ʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʯʪʦ ʥʘʢʣʘ-

ʜʳʚʘʝʪ ʩʪʨʦʛʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʘʯʝʩʪʚʫ ʢʦʥ-
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ʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʥʝʨʘʟʨʫʰʘʶʱʝ-

ʤʫ ʢʦʥʪʨʦʣʶ. ʄ.ʂ. ʂʠʠʢʙʘʝʚ ʧʦʜʯʝʨʢʠʚʘʝʪ, 

ʯʪʦ ʧʝʨʝʤʝʱʝʥʠʝ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʧʦ ʪʨʫʙʦ-

ʧʨʦʚʦʜʘʤ ʪʨʝʙʫʝʪ ʧʦʩʪʦʷʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʣʠʥʝʡʥʦʡ ʯʘʩʪʠ [10, 

ʩ. 329]. ʆʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ ʟʘʩʣʫʞʠʚʘʶʪ ʩʚʘʨ-

ʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʷʚʣʷʶʱʠʝʩʷ ʟʦʥʘʤʠ ʧʦʚʳ-

ʰʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ. 

ʅʘʜʝʞʥʦʩʪʴ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚʦ ʤʥʦ-

ʛʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʨʠʤʝʥʷ-

ʝʤʳʭ ʩʪʘʣʝʡ. ɸ.ʀ. ʂʦʤʳʰʝʥʢʦ ʧʨʦʚʦʜʠʪ ʜʝ-

ʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʩʚʘʨʥʳʭ ʰʚʦʚ ʪʨʫʙʦʧʨʦʚʦʜʦʚ 

(ʨʠʩ. 1), ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʣʝʛʠʨʦʚʘʥʥʳʭ ʩʪʘ-

ʣʝʡ, ʫʢʘʟʳʚʘʷ ʥʘ ʚʣʠʷʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʥʘ ʩʢʣʦʥʥʦʩʪʴ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʪʨʝʱʠʥ ʠ ʣʦ-

ʢʘʣʴʥʫʶ ʢʦʨʨʦʟʠʶ [6, ʩ. 151]. 

 

 
ʈʠʩ. 1. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʤʝʪʘʣʣʘ ʩʚʘʨʥʦʛʦ ʰʚʘ [6, ʩ. 152] 

 

ʉʠʪʫʘʮʠʷ ʦʙʦʩʪʨʷʝʪʩʷ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʦʙʲʝʢʪʦʚ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦ-

ʥʘʭ. ɺ.ʅ. ɻʦʨʙʘʪʶʢ ʘʢʮʝʥʪʠʨʫʝʪ ʚʥʠʤʘʥʠʝ ʥʘ 

ʧʦʚʝʜʝʥʠʠ ʩʦʝʜʠʥʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ (ʨʠʩ. 2 ʠ 3), ʢʦʛʜʘ ʨʠʩʢ ʭʨʫʧʢʦʛʦ 

ʨʘʟʨʫʰʝʥʠʷ ʤʥʦʛʦʢʨʘʪʥʦ ʚʦʟʨʘʩʪʘʝʪ [7, 

ʩ. 125]. ɼʘʥʥʳʝ ʬʘʢʪʦʨʳ ʜʠʢʪʫʶʪ ʥʝʦʙʭʦʜʠ-

ʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʪʝʭ-

ʥʦʣʦʛʠʡ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ. 

 

 
ʈʠʩ. 2. ʆʙʨʘʟʮʳ ʧʦʩʣʝ ʠʩʧʳʪʘʥʠʷ ʥʘ ʨʘʩʪʷʞʝʥʠʝ [7, ʩ. 126] 
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ʈʠʩ. 3. ʀʩʧʳʪʫʝʤʳʝ ʦʙʨʘʟʮʳ ʧʦʩʣʝ ʠʩʧʳʪʘʥʠʷ ʥʘ ʩʪʘʪʠʯʝʩʢʠʡ ʠʟʛʠʙ [7, ʩ. 126] 

 

ɼ.ʀ. ʄʘʥʩʫʨʦʚ, ʀ.ʈ. ʄʘʥʩʫʨʦʚ ʠ ʅ.ɹ. ʄʫ-

ʣʷʰʦʚʘ ʦʧʠʩʳʚʘʶʪ ʘʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʪʝʤʧʝʨʘ-

ʪʫʨʥʦʛʦ ʧʦʣʷ ʚ ʧʨʦʮʝʩʩʝ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘ-

ʙʦʪʢʠ ʰʚʘ ʧʨʠ ʤʦʥʪʘʞʝ ʙʝʩʬʣʘʥʮʝʚʦʡ ʟʘ-

ʜʚʠʞʢʠ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʤ-

ʧʝʨʘʪʫʨʳ ʚ ʤʝʩʪʝ ʫʩʪʘʥʦʚʢʠ ʢʣʠʥʘ, ʦʧʨʝʜʝʣʝ-

ʥʘ ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʩʦʧʨʷʞʸʥʥʦʡ 

ʩ ʥʝʤ ʧʦʚʨʝʭʥʦʩʪʠ (ʨʠʩ. 4), ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʩʥʷʪʠʝ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʠ ʩʪʘʙʠʣʠʟʘ-

ʮʠʶ ʩʪʨʫʢʪʫʨʳ ʤʝʪʘʣʣʘ [4, ʩ. 89]. 

 

 
ʈʠʩ. 4. ʄʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʩʦʧʨʷʞʸʥʥʦʡ ʩ ʢʣʠʥʦʤ ʧʦʚʝʨʭʥʦʩʪʠ [4, ʩ. 91] 

 

ɼʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʢʦʨʨʦʟʠʦʥʥʳʭ ʨʠʩʢʦʚ ʠ 

ʧʦʚʳʰʝʥʠʷ ʦʙʱʝʛʦ ʫʨʦʚʥʷ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. ʈ.ʄ. ʉʫʣʝʡʤʘʥʦʚʘ, ʅ.ɺ. ʂʦʩʪʨʶ-

ʢʦʚʘ ʠ ɸ.ʉ. ʄʝʣʴʥʠʢʦʚʘ ʦʙʦʩʥʦʚʳʚʘʶʪ ʧʨʠ-

ʤʝʥʝʥʠʝ ʪʨʫʙ ʠʟ ʧʦʣʠʤʝʨʥʦ-ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʚʳʩʦʢʦʡ ʭʠʤʠʯʝ-

ʩʢʦʡ ʩʪʦʡʢʦʩʪʴʶ ʠ ʦʪʩʫʪʩʪʚʠʝʤ ʩʚʘʨʥʳʭ ʰʚʦʚ 

ʚ ʪʨʘʜʠʮʠʦʥʥʦʤ ʧʦʥʠʤʘʥʠʠ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʦʚʳʰʘʝʪ ʟʘʱʠʱʝʥʥʦʩʪʴ ʩʠʩʪʝʤʳ [9, ʩ. 117]. 

ʉʚʦʝʚʨʝʤʝʥʥʦʝ ʦʙʥʘʨʫʞʝʥʠʝ ʧʦʚʨʝʞʜʝʥʠʡ 

ʷʚʣʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ ʫʩʣʦʚʠʝʤ ʧʨʝʜʦʪʚʨʘ-

ʱʝʥʠʷ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ. ɸ.ʉ. ɸʚʜʦʥʢʠʥ, 

ʉ.ɺ. ɹʘʣʘʛʫʨʘ ʠ ʉ.ʇ. ʄʘʨʢʦʚ ʨʘʟʨʘʙʦʪʘʣʠ ʤʝ-

ʪʦʜʠʢʫ ʦʮʝʥʢʠ ʜʦʧʫʩʪʠʤʳʭ ʫʨʦʚʥʝʡ ʜʝʬʝʢʪ-

ʥʦʩʪʠ ʩʪʘʣʴʥʳʭ ʪʨʫʙ ʠ ʰʚʦʚ ʩʧʝʮʠʘʣʴʥʦ ʜʣʷ 

ʤʦʨʩʢʠʭ ʧʦʜʚʦʜʥʳʭ ʫʯʘʩʪʢʦʚ, ʛʜʝ ʫʩʣʦʚʠʷ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ 

ʘʛʨʝʩʩʠʚʥʦʩʪʴʶ ʩʨʝʜʳ [2, ʩ. 72]. 

ɺ ʧʨʦʮʝʩʩʝ ʢʘʧʠʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʘ ʚʘʞʥʫʶ 

ʨʦʣʴ ʠʛʨʘʶʪ ʩʦʚʨʝʤʝʥʥʳʝ ʩʨʝʜʩʪʚʘ ʢʦʥʪʨʦʣʷ. 
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ʄ.ɺ. ɻʨʠʛʦʨʴʝʚ ʠ ʄ.ɸ. ʄʦʣʦʢʦʚ ʨʘʩʩʤʘʪʨʠ-

ʚʘʶʪ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ 

ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʧʨʦʜʦʣʴʥʳʭ ʰʚʦʚ, 

ʩʧʦʩʦʙʥʦʝ ʚʳʷʚʣʷʪʴ ʤʝʣʴʯʘʡʰʠʝ ʥʝʩʧʣʦʰʥʦ-

ʩʪʠ ʤʝʪʘʣʣʘ [5, ʩ. 42]. 

ʎʠʬʨʦʚʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ ʜʝʬʝʢʪʦʩʢʦʧʠʠ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʥʦʚʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʦʙʨʘ-

ʙʦʪʢʠ ʜʘʥʥʳʭ. ʊ.ɺ. ʐʫʨʰʝʚ ʧʨʝʜʣʘʛʘʝʪ ʚʥʝʜ-

ʨʝʥʠʝ ʩʠʩʪʝʤ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʧʦʜʜʝʨʞʢʠ 

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʘʣʛʦʨʠʪ-

ʤʘʭ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʦʚ ʜʝʬʝʢʪʦʚ, ʯʪʦ 

ʩʥʠʞʘʝʪ ʚʣʠʷʥʠʝ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ ʥʘ 

ʪʦʯʥʦʩʪʴ ʵʢʩʧʝʨʪʠʟʳ [3, ʩ. 178]. ʊʝʭʥʠʯʝʩʢʘʷ 

ʨʝʘʣʠʟʘʮʠʷ ʪʘʢʦʛʦ ʢʦʥʪʨʦʣʷ ʚʩʝ ʯʘʱʝ ʚʦʟʣʘʛʘ-

ʝʪʩʷ ʥʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʢʦʤʧʣʝʢʩʳ. 

ɸ.ɼ. ʂʦʨʥʝʣʶʢ, ɹ.ʈ. ɹʘʢʣʘʥʦʚ ʠ ʂ.ɸ. ʊʫʨʢʦʚʘ 

ʦʧʠʩʳʚʘʶʪ ʤʦʙʠʣʴʥʦʛʦ ʨʦʙʦʪʘ, ʧʨʝʜʥʘʟʥʘ-

ʯʝʥʥʦʛʦ ʜʣʷ ʚʥʫʪʨʠʪʨʫʙʥʦʡ ʜʝʬʝʢʪʦʩʢʦʧʠʠ, 

ʩʧʦʩʦʙʥʦʛʦ ʚʳʧʦʣʥʷʪʴ ʧʝʨʝʤʝʱʝʥʠʝ ʚ ʪʨʫʜ-

ʥʦʜʦʩʪʫʧʥʳʭ ʫʯʘʩʪʢʘʭ ʠ ʧʝʨʝʜʘʚʘʪʴ ʩʚʝʜʝʥʠʷ 

ʦ ʩʦʩʪʦʷʥʠʠ ʰʚʦʚ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝ-

ʥʠ [8, ʩ. 173]. 

ʇʦʤʠʤʦ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʤʘʪʝʨʠʘʣʦʚʝʜʯʝ-

ʩʢʠʭ ʩʧʦʩʦʙʦʚ, ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʬʠʟʠʢʦ-

ʪʝʭʥʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʫʛʨʦʟ. 

ɸ.ʈ. ʄʘʥʘʝʚʘ, ʅ.ʅ. ʄʦʨʦʟʦʚ ʠ ʃ.ʈ. ʐʘʨʠʬʫʣ-

ʣʠʥʘ ʧʨʝʜʣʘʛʘʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʳʩʦʢʦʯʘʩʪʦʪ-

ʥʫʶ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʫʶ ʟʘʱʠʪʫ. ɼʘʥʥʘʷ ʪʝʭ-

ʥʦʣʦʛʠʷ ʩʦʜʝʡʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʚʝʨʦʷʪʥʦʩʪʠ 

ʚʦʟʛʦʨʘʥʠʡ ʠ ʧʦʚʳʰʘʝʪ ʦʙʱʫʶ ʧʦʞʘʨʦʙʝʟ-

ʦʧʘʩʥʦʩʪʴ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʛʦʨʶʯʠʭ ʤʘ-

ʪʝʨʠʘʣʦʚ ʟʘ ʩʯʝʪ ʧʦʜʘʚʣʝʥʠʷ ʦʧʘʩʥʳʭ ʪʦʢʦʚ ʠ 

ʧʦʣʝʡ [1, ʩ. 182]. 

ɸʥʘʣʠʟ ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʦʪʨʘʩʣʠ ʚʳʷʚ-

ʣʷʝʪ ʨʷʜ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʥʝʜʦʩʪʘʪʦʯʥʦʡ 

ʦʧʝʨʘʪʠʚʥʦʩʪʴʶ ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ ʜʠʥʘʤʠʯʝ-

ʩʢʠ ʨʘʟʚʠʚʘʶʱʠʝʩʷ ʜʝʬʝʢʪʳ ʠ ʧʦʛʨʝʰʥʦʩʪʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʨʝʩʫʨʩʘ ʰʚʦʚ. ɼʣʷ ʨʝʰʝʥʠʷ 

ʚʳʷʚʣʝʥʥʳʭ ʧʨʦʙʣʝʤ ʧʨʝʜʣʘʛʘʶʪʩʷ ʩʣʝʜʫʶ-

ʱʠʝ ʘʚʪʦʨʩʢʠʝ ʤʝʪʦʜʳ: 

1. ʀʥʪʝʛʨʘʮʠʷ ʘʜʘʧʪʠʚʥʦʛʦ ʥʝʡʨʦʩʝʪʝʚʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʚ ʧʨʦʮʝʩʩ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʤʦʜʝʨʥʠʟʠʨʦʚʘʪʴ ʧʦʜʭʦʜ, ʦʧʠ-

ʩʘʥʥʳʡ ɼ.ʀ. ʄʘʥʩʫʨʦʚʳʤ, ʧʫʪʝʤ ʚʥʝʜʨʝʥʠʷ 

ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʀʩʧʦʣʴ-

ʟʦʚʘʥʠʝ ʦʧʪʠʯʝʩʢʠʭ ʧʠʨʦʤʝʪʨʦʚ ʠ ʥʝʡʨʦʥʥʦʡ 

ʩʝʪʠ ʦʙʝʩʧʝʯʠʪ ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ ʢʦʨʨʝʢʪʠʨʦʚ-

ʢʫ ʤʦʱʥʦʩʪʠ ʥʘʛʨʝʚʘʪʝʣʝʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʢʦʥʢʨʝʪʥʦʛʦ ʫʯʘʩʪʢʘ ʰʚʘ, 

ʯʪʦ ʠʩʢʣʶʯʠʪ ʧʝʨʝʛʨʝʚ ʠ ʣʦʢʘʣʴʥʫʶ ʧʝʨʝʢʨʠ-

ʩʪʘʣʣʠʟʘʮʠʶ. 

2. ʉʠʥʭʨʦʥʠʟʘʮʠʷ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʭ ʢʦʤ-

ʧʣʝʢʩʦʚ ʩ ʦʙʣʘʯʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʧʨʝʜʠʢʪʠʚ-

ʥʦʡ ʘʥʘʣʠʪʠʢʠ. ʄʦʙʠʣʴʥʳʝ ʨʦʙʦʪʳ, ʧʨʝʜʣʦ-

ʞʝʥʥʳʝ ɸ.ɼ. ʂʦʨʥʝʣʶʢʦʤ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʦʩʥʘʩʪʠʪʴ ʤʦʜʫʣʷʤʠ ʛʨʘʥʠʯʥʳʭ ʚʳʯʠʩʣʝʥʠʡ. 

ʕʪʦ ʦʙʝʩʧʝʯʠʪ ʧʝʨʚʠʯʥʫʶ ʦʙʨʘʙʦʪʢʫ ʩʠʛʥʘʣʘ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʙʦʨʪʫ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʦʪ-

ʧʨʘʚʢʦʡ ʪʦʣʴʢʦ ʧʦʜʦʟʨʠʪʝʣʴʥʳʭ ʧʘʪʪʝʨʥʦʚ ʚ 

ʦʙʣʘʢʦ ʜʣʷ ʛʣʫʙʦʢʦʛʦ ʘʥʘʣʠʟʘ, ʯʪʦ ʩʦʢʨʘʪʠʪ 

ʚʨʝʤʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʨʝʤʦʥʪʘ ʩ ʥʝʩʢʦʣʴʢʠʭ ʜʥʝʡ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʤʠ-

ʥʫʪ. 

3. ɻʠʙʨʠʜʥʘʷ ʘʥʪʠʢʦʨʨʦʟʠʡʥʘʷ ʟʘʱʠʪʘ ʥʘ 

ʦʩʥʦʚʝ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʢʦʤʧʦʟʠʪʦʚ. 

ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʤʝʪʦʜʘʤ ʈ.ʄ. ʉʫʣʝʡʤʘʥʦʚʦʡ, 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʙʠʥʘʨʥʦʛʦ ʧʦʢʨʳʪʠʷ 

ʜʣʷ ʟʦʥ ʩʚʘʨʥʳʭ ʩʪʳʢʦʚ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʧʦʣʠ-

ʤʝʨʥʦʡ ʤʘʪʨʠʮʳ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʢʘʧʩʫʣ ʩ 

ʠʥʛʠʙʠʪʦʨʦʤ ʢʦʨʨʦʟʠʠ. ʇʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ 

ʤʠʢʨʦʪʨʝʱʠʥʳ ʢʘʧʩʫʣʘ ʨʘʟʨʫʰʘʝʪʩʷ, ʚʳʩʚʦ-

ʙʦʞʜʘʷ ʘʢʪʠʚʥʦʝ ʚʝʱʝʩʪʚʦ, ʢʦʪʦʨʦʝ ʙʣʦʢʠʨʫʝʪ 

ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʥʘ ʭʠʤʠʯʝʩʢʦʤ 

ʫʨʦʚʥʝ. 

4. ʈʘʟʚʝʨʪʳʚʘʥʠʝ ʩʠʩʪʝʤʳ ʤʘʛʥʠʪʦʩʪʨʠʢ-

ʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʥʘʧʨʷʞʝʥʥʦ-

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ɼʣʷ ʧʦʚʳʰʝ-

ʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʟʘʱʠʪʳ 

ɸ.ʈ. ʄʘʥʘʝʚʦʡ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʥʝʜʨʝʥʠʝ ʙʝʩ-

ʢʦʥʪʘʢʪʥʳʭ ʜʘʪʯʠʢʦʚ, ʬʠʢʩʠʨʫʶʱʠʭ ʠʟʤʝʥʝ-

ʥʠʷ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʤʝʪʘʣʣʘ ʚ ʟʦʥʝ 

ʰʚʘ. ɺʦʟʨʘʩʪʘʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ 

ʟʘʜʦʣʛʦ ʜʦ ʧʦʷʚʣʝʥʠʷ ʪʨʝʱʠʥʳ ʙʫʜʝʪ ʬʠʢʩʠ-

ʨʦʚʘʪʴʩʷ ʩʠʩʪʝʤʦʡ ʢʘʢ ʘʥʦʤʘʣʠʷ, ʩʠʛʥʘʣʠʟʠ-

ʨʫʷ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʝʚʝʥʪʠʚʥʦʛʦ ʦʙʩʣʫʞʠ-

ʚʘʥʠʷ. 

ʈʝʘʣʠʟʘʮʠʷ ʜʘʥʥʳʭ ʧʨʝʜʣʦʞʝʥʠʡ ʩʦʟʜʘʝʪ 

ʫʩʣʦʚʠʷ ʜʣʷ ʧʝʨʝʭʦʜʘ ʦʪ ʨʝʘʢʪʠʚʥʦʛʦ ʦʙʩʣʫ-

ʞʠʚʘʥʠʷ (ʨʝʤʦʥʪ ʧʦ ʬʘʢʪʫ ʘʚʘʨʠʠ) ʢ ʧʨʦʘʢ-

ʪʠʚʥʦʤʫ ʫʧʨʘʚʣʝʥʠʶ ʥʘʜʝʞʥʦʩʪʴʶ. ʀʩʧʦʣʴ-

ʟʦʚʘʥʠʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʧʦʜʭʦʜʘ, ʩʦʯʝʪʘ-

ʶʱʝʛʦ ʧʝʨʝʜʦʚʫʶ ʜʠʘʛʥʦʩʪʠʢʫ ʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʟʘʱʠʪʳ, ʚʳʩʪʫʧʘʝʪ ʛʘʨʘʥ-

ʪʦʤ ʩʪʘʙʠʣʴʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʨʘʥʩ-

ʧʦʨʪʥʳʭ ʘʨʪʝʨʠʡ ʚ ʜʦʣʛʦʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ. 
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Abstract. The article discusses topical issues of ensuring operational reliability and protection of 

welded joints of main pipelines used for the transportation of petroleum products. A comprehensive 

analysis of factors affecting structural integrity, including climatic conditions and physical and chemi-

cal properties of alloyed steels, has been carried out. Particular attention is paid to modern methods of 

non-destructive testing, the use of intelligent decision support systems and robotic complexes for flaw 

detection. The paper presents the author's proposals for improving protection systems, including the in-

tegration of adaptive neural network control of the heat treatment process, the use of hybrid nanostruc-

tured anti-corrosion coatings with intelligent inhibitor capsules, and the introduction of magnetostric-

tive systems for monitoring the stress-strain state. The expediency of switching to a proactive model for 

managing the technical condition of pipeline systems based on predictive analytics and cloud technolo-

gies is substantiated. The results obtained make it possible to increase the level of industrial safety and 

reduce the risks of emergency situations during the operation of oil and gas facilities. 

Keywords: welded joints; pipeline transport; petroleum products; non-destructive testing; anti-

corrosion protection; intelligent systems; predictive analytics; industrial safety. 
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ɸʥʥʦʪʘʮʠʷ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ ʢʣʠʝʥʪʩʢʦʡ ʯʘʩʪʠ ʧʣʘʪʬʦʨʤʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʩ ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ ʥʘ ʧʨʠʤʝʨʝ ʩʠʩʪʝʤʳ n8n, ʤʝʭʘʥʠʟʤʳ ʠʥʪʝʨʥʘʮʠʦʥʘʣʠ-

ʟʘʮʠʠ ʠ ʦʨʛʘʥʠʟʘʮʠʷ ʷʟʳʢʦʚʳʭ ʨʝʩʫʨʩʦʚ. ʆʧʠʩʳʚʘʝʪʩʷ ʨʝʘʣʠʟʘʮʠʷ ʨʘʙʦʪʳ ʩ ʪʝʢʩʪʦʚʳʤʠ ʵʣʝ-

ʤʝʥʪʘʤʠ ʠʥʪʝʨʬʝʡʩʘ ʠ ʢʘʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʥʦʚʦʡ ʣʦʢʘʣʠʟʘʮʠʠ ʩ ʫʯʝ-

ʪʦʤ ʩʪʨʫʢʪʫʨʳ ʬʘʡʣʦʚ ʣʦʢʘʣʠʟʘʮʠʠ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʠʥʪʝʛʨʘʮʠʠ ʷʟʳʢʦʚʳʭ ʧʘʢʝʪʦʚ ʚ ʩʠʩʪʝʤʫ. 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ ʢʣʶʯʝʚʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʘʨʭʠʪʝʢʪʫʨʝ ʣʦʢʘʣʠʟʘʮʠʠ 

ʩʣʦʞʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʧʣʘʪʬʦʨʤ ʠ ʚʳʷʚʠʪʴ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʩʣʦʞʥʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʥʦ-

ʚʦʛʦ ʷʟʳʢʘ ʠʥʪʝʨʬʝʡʩʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʣʦʢʘʣʠʟʘʮʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ; ʠʥʪʝʨʥʘʮʠʦʥʘʣʠʟʘʮʠʷ; ʧʦʣʴʟʦʚʘ-

ʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ; n8n; ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ. 

 

ʄʥʦʛʠʝ ʩʦʚʨʝʤʝʥʥʳʝ ʢʦʤʧʘʥʠʠ ʠʩʧʦʣʴʟʫ-

ʶʪ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ. 

ʊʘʢʠʝ ʧʣʘʪʬʦʨʤʳ ʧʦʟʚʦʣʷʶʪ ʦʙʲʝʜʠʥʷʪʴ ʨʘʟ-

ʣʠʯʥʳʝ ʩʝʨʚʠʩʳ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʦʙʨʘʙʦʪʢʫ 

ʜʘʥʥʳʭ ʠ ʩʦʢʨʘʱʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʨʫʪʠʥʥʳʭ 

ʦʧʝʨʘʮʠʡ. 

ʆʜʥʠʤ ʠʟ ʧʦʧʫʣʷʨʥʳʭ ʨʝʰʝʥʠʡ ʵʪʦʛʦ ʢʣʘʩ-

ʩʘ ʷʚʣʷʝʪʩʷ ʧʣʘʪʬʦʨʤʘ n8n, ʢʦʪʦʨʘʷ ʨʘʩʧʨʦ-

ʩʪʨʘʥʷʝʪʩʷ ʩ ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ ʠ 

ʧʦʜʜʝʨʞʠʚʘʝʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʝ ʨʘʟʚʝʨʪʳʚʘ-

ʥʠʝ ʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʦʨʛʘʥʠʟʘʮʠʠ. ʉʠʩʪʝʤʘ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʠʟʫʘʣʴʥʳʡ ʢʦʥʩʪʨʫʢʪʦʨ ʨʘʙʦ-

ʯʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʧʦʟʚʦʣʷʝʪ ʠʥʪʝʛʨʠʨʦʚʘʪʴ 

ʚʥʝʰʥʠʝ ʩʝʨʚʠʩʳ ʯʝʨʝʟ API ʠ ʙʘʟʳ ʜʘʥ-

ʥʳʭ [1; ʩ. 135]. 

ʆʜʥʘʢʦ ʙʦʣʴʰʠʥʩʪʚʦ ʧʦʜʦʙʥʳʭ ʧʣʘʪʬʦʨʤ 

ʩʦʟʜʘʸʪʩʷ ʚ ʘʥʛʣʦʷʟʳʯʥʦʡ ʩʨʝʜʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʠʥʪʝʨʬʝʡʩ ʠ ʜʦʢʫʤʝʥʪʘʮʠʷ ʠʟʥʘʯʘʣʴʥʦ ʦʨʠʝʥ-

ʪʠʨʦʚʘʥʳ ʥʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʚʣʘʜʝʶʱʠʭ ʘʥ-

ʛʣʠʡʩʢʠʤ ʷʟʳʢʦʤ. ɼʣʷ ʢʦʤʧʘʥʠʡ, ʨʘʙʦʪʘʶʱʠʭ 

ʚ ʜʨʫʛʠʭ ʩʪʨʘʥʘʭ, ʵʪʦ ʤʦʞʝʪ ʫʩʣʦʞʥʷʪʴ ʚʥʝʜ-

ʨʝʥʠʝ ʩʠʩʪʝʤʳ ʠ ʩʥʠʞʘʪʴ ʫʜʦʙʩʪʚʦ ʨʘʙʦʪʳ 

ʩʧʝʮʠʘʣʠʩʪʦʚ [2; ʩ. 556]. 

ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʷʚ-

ʣʷʝʪʩʷ ʣʦʢʘʣʠʟʘʮʠʷ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨ-

ʬʝʡʩʘ. ʅʦ ʜʦʙʘʚʣʝʥʠʝ ʥʦʚʦʛʦ ʷʟʳʢʘ ʚ ʩʣʦʞ-

ʥʫʶ ʧʨʦʛʨʘʤʤʥʫʶ ʧʣʘʪʬʦʨʤʫ ʪʨʝʙʫʝʪ ʧʦʥʠ-

ʤʘʥʠʷ ʪʦʛʦ, ʢʘʢ ʦʨʛʘʥʠʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʠʥʪʝʨ-

ʥʘʮʠʦʥʘʣʠʟʘʮʠʠ ʠ ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʭʨʘʥʷʪʩʷ 

ʷʟʳʢʦʚʳʝ ʨʝʩʫʨʩʳ [3; ʩ. 27]. ʇʨʠ ʩʦʟʜʘʥʠʠ 

ʤʥʦʛʦʷʟʳʯʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ 

ʦʙʳʯʥʦ ʚʳʜʝʣʷʶʪ ʜʚʘ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʵʪʘʧʘ: 

ʠʥʪʝʨʥʘʮʠʦʥʘʣʠʟʘʮʠʶ ʠ ʣʦʢʘʣʠʟʘ-

ʮʠ ʁ[4; ʩ. 18]. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʀʥʪʝʨʥʘʮʠʦʥʘʣʠʟʘʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʧʦʜʛʦʪʦʚʢʫ ʘʨʭʠʪʝʢʪʫʨʳ ʧʨʠʣʦʞʝʥʠʷ ʢ ʨʘʙʦʪʝ 

ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʷʟʳʢʘʤʠ. ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʪʝʢ-

ʩʪʦʚʳʝ ʵʣʝʤʝʥʪʳ ʠʥʪʝʨʬʝʡʩʘ ʦʪʜʝʣʷʶʪʩʷ ʦʪ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ ʠ ʧʦʤʝʱʘʶʪʩʷ ʚ ʦʪʜʝʣʴ-

ʥʳʝ ʬʘʡʣʳ ʨʝʩʫʨʩʦʚ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʜʦʙʘʚʣʷʪʴ 

ʥʦʚʳʝ ʷʟʳʢʦʚʳʝ ʧʘʢʝʪʳ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʣʦʛʠʢʠ 

ʨʘʙʦʪʳ ʧʨʠʣʦʞʝʥʠʷ. 

ʃʦʢʘʣʠʟʘʮʠʷ ʷʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʰʘʛʦʤ. 

ʆʥʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʟʜʘʥʠʠ ʧʝʨʝʚʦʜʘ ʵʣʝʤʝʥ-

ʪʦʚ ʠʥʪʝʨʬʝʡʩʘ, ʘʜʘʧʪʘʮʠʠ ʩʦʦʙʱʝʥʠʡ ʩʠʩʪʝ-

ʤʳ ʠ ʫʯʸʪʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʷʟʳʢʘ ʧʦʣʴʟʦʚʘʪʝ-

ʣʝʡ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʣʦʢʘʣʠʟʘʮʠʷ ʚʳ-

ʧʦʣʥʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʬʘʡʣʦʚ 

ʨʝʩʫʨʩʦʚ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʠʩʪʝʤʦʡ 

ʠʥʪʝʨʥʘʮʠʦʥʘʣʠʟʘʮʠʠ. 

ɽʩʣʠ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ ʠʟʥʘʯʘʣʴʥʦ ʥʝ 

ʙʳʣ ʧʦʜʛʦʪʦʚʣʝʥ ʢ ʧʦʜʜʝʨʞʢʝ ʥʝʩʢʦʣʴʢʠʭ 

ʷʟʳʢʦʚ, ʧʨʦʮʝʩʩ ʣʦʢʘʣʠʟʘʮʠʠ ʩʪʘʥʦʚʠʪʩʷ ʟʥʘ-

ʯʠʪʝʣʴʥʦ ʩʣʦʞʥʝʝ. ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʪʝʢʩʪʦʚʳʝ 

ʩʪʨʦʢʠ ʤʦʛʫʪ ʙʳʪʴ ʥʘʧʨʷʤʫʶ ʚʩʪʨʦʝʥʳ ʚ ʧʨʦ-

ʛʨʘʤʤʥʳʡ ʢʦʜ, ʯʪʦ ʪʨʝʙʫʝʪ ʧʝʨʝʨʘʙʦʪʢʠ ʘʨʭʠ-

ʪʝʢʪʫʨʳ ʧʨʠʣʦʞʝʥʠʷ. 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷʭ ʜʣʷ ʨʝʘ-

ʣʠʟʘʮʠʠ ʠʥʪʝʨʥʘʮʠʦʥʘʣʠʟʘʮʠʠ ʦʙʳʯʥʦ ʧʨʠ-

ʤʝʥʷʶʪʩʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʙʠʙʣʠʦʪʝʢʠ ʠ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʝʨʝʚʦʜʘʤʠ. ʆʥʠ ʦʙʝʩ-
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ʧʝʯʠʚʘʶʪ ʟʘʛʨʫʟʢʫ ʷʟʳʢʦʚʳʭ ʬʘʡʣʦʚ, ʧʦʜʩʪʘ-

ʥʦʚʢʫ ʪʝʢʩʪʦʚʳʭ ʩʪʨʦʢ ʠ ʧʝʨʝʢʣʶʯʝʥʠʝ ʷʟʳʢʘ 

ʠʥʪʝʨʬʝʡʩʘ. 

ʇʣʘʪʬʦʨʤʘ n8n ʨʝʘʣʠʟʦʚʘʥʘ ʧʦ ʢʣʠʝʥʪ-

ʩʝʨʚʝʨʥʦʡ ʤʦʜʝʣʠ [5; ʩ. 2]. ʆʩʥʦʚʥʘʷ ʣʦʛʠʢʘ 

ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ ʩʝʨʚʝʨʥʦʡ 

ʩʪʦʨʦʥʝ, ʪʦʛʜʘ ʢʘʢ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʧʦʣʴʟʦ-

ʚʘʪʝʣʝʤ ʧʨʦʠʩʭʦʜʠʪ ʯʝʨʝʟ ʚʝʙ-ʠʥʪʝʨʬʝʡʩ. 

ʂʣʠʝʥʪʩʢʘʷ ʯʘʩʪʴ ʧʣʘʪʬʦʨʤʳ ʧʦʩʪʨʦʝʥʘ ʥʘ 

ʦʩʥʦʚʝ ʩʦʚʨʝʤʝʥʥʳʭ ʚʝʙ-ʪʝʭʥʦʣʦʛʠʡ ʠ ʚʢʣʶ-

ʯʘʝʪ ʠʥʪʝʨʬʝʡʩʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʩʠʩʪʝʤʫ 

ʤʘʨʰʨʫʪʠʟʘʮʠʠ, ʤʝʭʘʥʠʟʤʳ ʫʧʨʘʚʣʝʥʠʷ ʩʦ-

ʩʪʦʷʥʠʝʤ ʠ ʤʦʜʫʣʴ ʠʥʪʝʨʥʘʮʠʦʥʘʣʠʟʘʮʠʠ. 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨ-

ʬʝʡʩʘ ʥʘʭʦʜʠʪʩʷ ʚ ʧʘʢʝʪʝ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ 

ʠʥʪʝʨʬʝʡʩʘ, ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ ʢʦʤʧʦʥʝʥʪʳ 

ʠʥʪʝʨʬʝʡʩʘ ʠ ʣʦʛʠʢʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʦʣʴ-

ʟʦʚʘʪʝʣʝʤ. ʊʝʢʩʪʦʚʳʝ ʵʣʝʤʝʥʪʳ ʠʥʪʝʨʬʝʡʩʘ 

ʥʝ ʨʘʟʤʝʱʘʶʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʢʦʜʝ ʢʦʤ-

ʧʦʥʝʥʪʦʚ. ɺʤʝʩʪʦ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʭʘ-

ʥʠʟʤ ʧʦʜʩʪʘʥʦʚʢʠ ʩʪʨʦʢ ʧʦ ʫʥʠʢʘʣʴʥʳʤ ʢʣʶ-

ʯʘʤ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʭʨʘʥʠʪʴ ʚʩʝ ʪʝʢ-

ʩʪʦʚʳʝ ʨʝʩʫʨʩʳ ʦʪʜʝʣʴʥʦ ʠ ʦʙʣʝʛʯʘʝʪ ʜʦʙʘʚ-

ʣʝʥʠʝ ʥʦʚʳʭ ʷʟʳʢʦʚ. 

ʂʘʞʜʳʡ ʵʣʝʤʝʥʪ ʠʥʪʝʨʬʝʡʩʘ ʦʙʨʘʱʘʝʪʩʷ ʢ 

ʩʠʩʪʝʤʝ ʣʦʢʘʣʠʟʘʮʠʠ ʯʝʨʝʟ ʩʧʝʮʠʘʣʴʥʫʶ 

ʬʫʥʢʮʠʶ. ɺ ʢʘʯʝʩʪʚʝ ʘʨʛʫʤʝʥʪʘ ʧʝʨʝʜʘʸʪʩʷ 

ʢʣʶʯ ʩʪʨʦʢʠ, ʘ ʩʠʩʪʝʤʘ ʚʦʟʚʨʘʱʘʝʪ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʡ ʧʝʨʝʚʦʜ ʠʟ ʚʳʙʨʘʥʥʦʛʦ ʷʟʳʢʦʚʦʛʦ 

ʬʘʡʣʘ. 

ɺ ʧʣʘʪʬʦʨʤʝ n8n ʷʟʳʢʦʚʳʝ ʨʝʩʫʨʩʳ ʦʨʛʘ-

ʥʠʟʦʚʘʥʳ ʚ ʚʠʜʝ ʬʘʡʣʦʚ ʬʦʨʤʘʪʘ JSON. ʆʩ-

ʥʦʚʥʦʡ ʷʟʳʢʦʚʦʡ ʧʘʢʝʪ ʩʠʩʪʝʤʳ ʩʦʜʝʨʞʠʪ ʘʥ-

ʛʣʠʡʩʢʠʡ ʪʝʢʩʪ ʠʥʪʝʨʬʝʡʩʘ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʢʘʢ ʙʘʟʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʝʨʝʚʦʜʦʚ. ʂʘʞʜʘʷ 

ʩʪʨʦʢʘ ʠʥʪʝʨʬʝʡʩʘ ʦʧʠʩʳʚʘʝʪʩʷ ʧʘʨʦʡ çʢʣʶʯ 

ï ʟʥʘʯʝʥʠʝè. ʅʘʧʨʠʤʝʨ, ʢʣʶʯ ʤʦʞʝʪ ʩʦʦʪʚʝʪ-

ʩʪʚʦʚʘʪʴ ʥʘʟʚʘʥʠʶ ʢʥʦʧʢʠ ʠʣʠ ʩʦʦʙʱʝʥʠʶ ʦʙ 

ʦʰʠʙʢʝ. 

ʇʨʠ ʟʘʧʫʩʢʝ ʧʨʠʣʦʞʝʥʠʷ ʩʠʩʪʝʤʘ ʟʘʛʨʫʞʘ-

ʝʪ ʷʟʳʢʦʚʦʡ ʬʘʡʣ ʠ ʬʦʨʤʠʨʫʝʪ ʩʣʦʚʘʨʴ ʪʝʢ-

ʩʪʦʚʳʭ ʵʣʝʤʝʥʪʦʚ, ʜʦʩʪʫʧʥʳʭ ʠʥʪʝʨʬʝʡʩʫ. 

ɼʦʙʘʚʣʝʥʠʝ ʥʦʚʦʛʦ ʷʟʳʢʘ ʦʙʳʯʥʦ ʚʳʧʦʣʥʷʝʪ-

ʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

1) ʩʦʟʜʘʸʪʩʷ ʥʦʚʳʡ ʬʘʡʣ ʣʦʢʘʣʠʟʘʮʠʠ; 

2) ʚ ʥʝʛʦ ʢʦʧʠʨʫʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ʢʣʶʯʝʡ ʠʟ 

ʠʩʭʦʜʥʦʛʦ ʷʟʳʢʦʚʦʛʦ ʧʘʢʝʪʘ; 

3) ʟʥʘʯʝʥʠʷ ʩʪʨʦʢ ʧʝʨʝʚʦʜʷʪʩʷ ʥʘ ʮʝʣʝʚʦʡ 

ʷʟʳʢ. 

ʇʨʠ ʵʪʦʤ ʚʘʞʥʦ ʩʦʭʨʘʥʠʪʴ ʩʪʨʫʢʪʫʨʫ ʢʣʶ-

ʯʝʡ. ɽʩʣʠ ʢʣʶʯ ʙʫʜʝʪ ʠʟʤʝʥʸʥ ʠʣʠ ʫʜʘʣʸʥ, 

ʩʠʩʪʝʤʘ ʥʝ ʩʤʦʞʝʪ ʢʦʨʨʝʢʪʥʦ ʚʳʚʝʩʪʠ ʪʝʢʩʪ ʚ 

ʠʥʪʝʨʬʝʡʩʝ. 

ɸʥʘʣʠʟ ʨʝʧʦʟʠʪʦʨʠʷ ʧʣʘʪʬʦʨʤʳ ʧʦʢʘʟʘʣ, 

ʯʪʦ ʤʝʭʘʥʠʟʤ ʠʥʪʝʨʥʘʮʠʦʥʘʣʠʟʘʮʠʠ ʨʝʘʣʠʟʦ-

ʚʘʥ ʯʘʩʪʠʯʥʦ. ʆʩʥʦʚʥʦʡ ʷʟʳʢʦʚʦʡ ʬʘʡʣ ʜʝʡ-

ʩʪʚʠʪʝʣʴʥʦ ʩʦʜʝʨʞʠʪ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʪʝʢʩʪʦ-

ʚʳʭ ʵʣʝʤʝʥʪʦʚ ʠʥʪʝʨʬʝʡʩʘ, ʦʜʥʘʢʦ ʚ ʧʨʦʝʢʪʝ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʠ ʜʨʫʛʠʝ ʬʘʡʣʳ, ʩʦʜʝʨʞʘʱʠʝ 

ʩʪʨʦʢʠ ʠʥʪʝʨʬʝʡʩʘ. 

ʕʪʦ ʩʦʟʜʘʸʪ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʩʣʦʞʥʦʩʪʴ 

ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʣʦʢʘʣʠʟʘʮʠʠ. ʇʝʨʝʚʦʜʯʠʢ 

ʜʦʣʞʝʥ ʥʝ ʪʦʣʴʢʦ ʨʘʙʦʪʘʪʴ ʩ ʦʩʥʦʚʥʳʤ ʬʘʡ-

ʣʦʤ ʨʝʩʫʨʩʦʚ, ʥʦ ʠ ʠʩʢʘʪʴ ʜʨʫʛʠʝ ʫʯʘʩʪʢʠ 

ʧʨʦʝʢʪʘ, ʛʜʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʝʢʩʪʦʚʳʝ ʵʣʝʤʝʥ-

ʪʳ. 

ʇʨʠ ʘʥʘʣʠʟʝ ʘʨʭʠʪʝʢʪʫʨʳ ʣʦʢʘʣʠʟʘʮʠʠ 

ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʩʪʨʫʢʪʫʨʫ ʩʠʩʪʝ-

ʤʳ, ʥʦ ʠ ʧʨʘʢʪʠʯʝʩʢʫʶ ʩʪʦʨʦʥʫ ʚʥʝʜʨʝʥʠʷ 

ʥʦʚʦʛʦ ʷʟʳʢʘ. ʅʘ ʧʨʘʢʪʠʢʝ ʧʨʦʮʝʩʩ ʣʦʢʘʣʠʟʘ-

ʮʠʠ ʨʝʜʢʦ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʧʝʨʝʚʦʜʦʤ ʦʜʥʦʛʦ 

ʬʘʡʣʘ ʩ ʪʝʢʩʪʦʚʳʤʠ ʨʝʩʫʨʩʘʤʠ. ɼʘʞʝ ʝʩʣʠ ʩʠ-

ʩʪʝʤʘ ʬʦʨʤʘʣʴʥʦ ʧʦʜʜʝʨʞʠʚʘʝʪ ʠʥʪʝʨʥʘʮʠʦ-

ʥʘʣʠʟʘʮʠʶ, ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʩʣʦʞʥʦʩʪʠ. 

ɺ ʩʣʫʯʘʝ ʧʣʘʪʬʦʨʤʳ n8n ʦʩʥʦʚʥʦʡ ʷʟʳʢʦ-

ʚʦʡ ʬʘʡʣ ʩʦʜʝʨʞʠʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʠʥ-

ʪʝʨʬʝʡʩʘ, ʦʜʥʘʢʦ ʥʝ ʚʩʝ ʪʝʢʩʪʦʚʳʝ ʵʣʝʤʝʥʪʳ 

ʮʝʥʪʨʘʣʠʟʦʚʘʥʳ. ʅʝʢʦʪʦʨʳʝ ʩʪʨʦʢʠ ʨʘʩʧʦʣʘ-

ʛʘʶʪʩʷ ʚ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʘʭ ʠʣʠ ʤʦʜʫ-

ʣʷʭ. ʕʪʦ ʪʨʝʙʫʝʪ ʨʫʯʥʦʛʦ ʧʦʠʩʢʘ ʪʘʢʠʭ ʵʣʝ-

ʤʝʥʪʦʚ ʠ ʧʨʦʚʝʨʢʠ ʠʭ ʦʪʦʙʨʘʞʝʥʠʷ ʚ ʠʥʪʝʨ-

ʬʝʡʩʝ. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʣʦʢʘʣʠʟʘʮʠʠ ʧʨʠʭʦʜʠʪʩʷ 

ʫʯʠʪʳʚʘʪʴ ʢʦʥʪʝʢʩʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʪʨʦʢ. 

ʆʜʠʥ ʠ ʪʦʪ ʞʝ ʪʝʨʤʠʥ ʤʦʞʝʪ ʚʩʪʨʝʯʘʪʴʩʷ ʚ 

ʨʘʟʥʳʭ ʯʘʩʪʷʭ ʩʠʩʪʝʤʳ ʠ ʠʤʝʪʴ ʨʘʟʣʠʯʥʦʝ 

ʟʥʘʯʝʥʠʝ. ʅʘʧʨʠʤʝʨ, ʩʣʦʚʦ çnodeè ʚ ʧʣʘʪʬʦʨ-

ʤʝ n8n ʤʦʞʝʪ ʦʙʦʟʥʘʯʘʪʴ ʢʘʢ ʵʣʝʤʝʥʪ ʨʘʙʦʯʝ-

ʛʦ ʧʨʦʮʝʩʩʘ, ʪʘʢ ʠ ʪʝʭʥʠʯʝʩʢʠʡ ʢʦʤʧʦʥʝʥʪ ʩʠ-

ʩʪʝʤʳ. ʇʨʷʤʦʡ ʧʝʨʝʚʦʜ ʙʝʟ ʫʯʸʪʘ ʢʦʥʪʝʢʩʪʘ 

ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʫʪʘʥʠʮʝ. 

ɸʨʭʠʪʝʢʪʫʨʘ ʣʦʢʘʣʠʟʘʮʠʠ ʥʘʧʨʷʤʫʶ ʚʣʠʷ-

ʝʪ ʥʘ ʫʜʦʙʩʪʚʦ ʨʘʙʦʪʳ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ ʧʨʦ-

ʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʦʡ. ʅʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ ʤʦʞʝʪ 

ʧʦʢʘʟʘʪʴʩʷ, ʯʪʦ ʣʦʢʘʣʠʟʘʮʠʷ ï ʵʪʦ ʣʠʰʴ ʧʝʨʝ-

ʚʦʜ ʪʝʢʩʪʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʠʥʪʝʨʬʝʡʩʘ, ʦʜʥʘʢʦ 

ʥʘ ʧʨʘʢʪʠʢʝ ʦʥʘ ʟʘʪʨʘʛʠʚʘʝʪ ʙʦʣʝʝ ʰʠʨʦʢʠʡ 

ʢʨʫʛ ʚʦʧʨʦʩʦʚ. 

ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʬʘʢʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʩʦ-

ʛʣʘʩʦʚʘʥʥʦʩʪʴ ʪʝʨʤʠʥʦʣʦʛʠʠ. ɽʩʣʠ ʦʜʥʠ ʠ ʪʝ 

ʞʝ ʵʣʝʤʝʥʪʳ ʠʥʪʝʨʬʝʡʩʘ ʚ ʨʘʟʥʳʭ ʯʘʩʪʷʭ ʩʠ-

ʩʪʝʤʳ ʧʝʨʝʚʦʜʷʪʩʷ ʧʦ-ʨʘʟʥʦʤʫ, ʧʦʣʴʟʦʚʘʪʝʣʴ 
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ʥʘʯʠʥʘʝʪ ʪʝʨʷʪʴʩʷ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʟʘʤʝʪʥʦ ʚ 

ʩʣʦʞʥʳʭ ʩʠʩʪʝʤʘʭ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʛʜʝ ʠʥʪʝʨ-

ʬʝʡʩ ʩʦʩʪʦʠʪ ʠʟ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʟʘʠʤʦ-

ʩʚʷʟʘʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ.  

ɺ ʧʣʘʪʬʦʨʤʝ n8n ʧʦʣʴʟʦʚʘʪʝʣʠ ʨʘʙʦʪʘʶʪ ʩ 

ʪʘʢʠʤʠ ʩʫʱʥʦʩʪʷʤʠ, ʢʘʢ ʪʨʠʛʛʝʨʳ, ʫʟʣʳ, ʠʥ-

ʪʝʛʨʘʮʠʠ ʠ ʨʘʙʦʯʠʝ ʧʨʦʮʝʩʩʳ. ʕʪʠ ʧʦʥʷʪʠʷ 

ʬʦʨʤʠʨʫʶʪ ʦʩʥʦʚʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʩʠʩʪʝ-

ʤʦʡ. ɽʩʣʠ ʧʝʨʝʚʦʜ ʵʪʠʭ ʪʝʨʤʠʥʦʚ ʚʳʧʦʣʥʝʥ 

ʥʝʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝ-

ʥʠʶ ʚʨʝʤʝʥʠ ʥʘ ʦʩʚʦʝʥʠʝ ʠʥʪʝʨʬʝʡʩʘ. 

ʆʪʜʝʣʴʥʫʶ ʧʨʦʙʣʝʤʫ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʪʨʦʢʠ 

ʩ ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ɺ ʪʘʢʠʭ ʩʣʫ-

ʯʘʷʭ ʪʝʢʩʪ ʩʦʜʝʨʞʠʪ ʧʝʨʝʤʝʥʥʳʝ ʟʥʘʯʝʥʠʷ, 

ʢʦʪʦʨʳʝ ʧʦʜʩʪʘʚʣʷʶʪʩʷ ʚʦ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ 

ʧʨʦʛʨʘʤʤʳ. ʇʨʠ ʧʝʨʝʚʦʜʝ ʥʝʦʙʭʦʜʠʤʦ ʩʦʭʨʘ-

ʥʠʪʴ ʩʪʨʫʢʪʫʨʫ ʵʪʠʭ ʚʳʨʘʞʝʥʠʡ ʠ ʦʙʝʩʧʝʯʠʪʴ 

ʢʦʨʨʝʢʪʥʦʝ ʩʦʛʣʘʩʦʚʘʥʠʝ ʩʣʦʚ. ʕʪʦ ʦʩʦʙʝʥʥʦ 

ʚʘʞʥʦ ʜʣʷ ʨʫʩʩʢʦʛʦ ʷʟʳʢʘ, ʛʜʝ ʬʦʨʤʘ ʩʣʦʚʘ 

ʟʘʚʠʩʠʪ ʦʪ ʯʠʩʣʘ ʠ ʧʘʜʝʞʘ. 

ɽʱʸ ʦʜʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʘʨʭʠʪʝʢʪʫʨʳ ʷʚ-

ʣʷʝʪʩʷ ʨʘʩʧʨʝʜʝʣʸʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠʥʪʝʨʬʝʡʩʘ. 

ʈʘʟʥʳʝ ʯʘʩʪʠ ʩʠʩʪʝʤʳ ʠʩʧʦʣʴʟʫʶʪ ʩʦʙʩʪʚʝʥ-

ʥʳʝ ʥʘʙʦʨʳ ʩʪʨʦʢ ʠ ʤʦʛʫʪ ʭʨʘʥʠʪʴ ʠʭ ʚ ʦʪ-

ʜʝʣʴʥʳʭ ʤʦʜʫʣʷʭ, ʯʪʦ ʚʠʜʥʦ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʘ ʬʘʡʣʦʚ ʣʦʢʘʣʠʟʘʮʠʠ 

 

ʀʥʪʝʨʬʝʡʩʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʦʙʨʘʱʘʶʪʩʷ ʢ 

ʤʦʜʫʣʶ ʠʥʪʝʨʥʘʮʠʦʥʘʣʠʟʘʮʠʠ, ʢʦʪʦʨʳʡ 

ʦʧʨʝʜʝʣʷʝʪ ʪʝʢʫʱʠʡ ʷʟʳʢ ʠ ʟʘʧʨʘʰʠʚʘʝʪ ʩʦ-

ʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʝʢʩʪʦʚʳʝ ʨʝʩʫʨʩʳ. ʄʝʥʝʜʞʝʨ 

ʨʝʩʫʨʩʦʚ ʟʘʛʨʫʞʘʝʪ ʧʝʨʝʚʦʜʳ ʠʟ ʷʟʳʢʦʚʳʭ 

ʬʘʡʣʦʚ, ʧʦʩʣʝ ʯʝʛʦ ʩʪʨʦʢʠ ʧʦʜʩʪʘʚʣʷʶʪʩʷ ʚ 

ʵʣʝʤʝʥʪʳ ʠʥʪʝʨʬʝʡʩʘ. ɺʳʙʦʨ ʷʟʳʢʘ ʦʩʫ-

ʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ ʥʘʩʪʨʦʡ-

ʢʠ ʠʣʠ ʧʘʨʘʤʝʪʨʳ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʠʩʪʝʤʳ [6; 

ʩ. 4]. ɸʨʭʠʪʝʢʪʫʨʘ ʧʦʣʫʯʝʥʥʦʡ ʠʥʪʝʨʥʘʮʠʦʥʘ-

ʣʠʟʘʮʠʠ ʇʆ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 
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ʈʠʩ. 2. ɸʨʭʠʪʝʢʪʫʨʘ ʠʥʪʝʨʥʘʮʠʦʥʘʣʠʟʘʮʠʠ ʇʆ 

 

ʉʠʩʪʝʤʘ ʣʦʢʘʣʠʟʘʮʠʠ ʠʥʠʮʠʘʣʠʟʠʨʫʝʪʩʷ 

ʯʝʨʝʟ ʩʧʝʮʠʘʣʴʥʳʡ ʤʦʜʫʣʴ, ʢʦʪʦʨʳʡ ʨʝʛʠ-

ʩʪʨʠʨʫʝʪ ʜʦʩʪʫʧʥʳʝ ʷʟʳʢʠ ʠ ʟʘʛʨʫʞʘʝʪ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʝ ʬʘʡʣʳ ʨʝʩʫʨʩʦʚ. ɺʳʙʦʨ ʷʟʳʢʘ 

ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʯʝʨʝʟ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ 

ʥʘʩʪʨʦʡʢʠ, ʯʝʨʝʟ ʧʘʨʘʤʝʪʨʳ ʟʘʧʫʩʢʘ ʧʨʠʣʦ-

ʞʝʥʠʷ ʠʣʠ ʯʝʨʝʟ ʧʝʨʝʤʝʥʥʳʝ ʦʢʨʫʞʝʥʠʷ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʟʘʜʘʪʴ ʷʟʳʢ ʠʥʪʝʨʬʝʡʩʘ ʧʦ ʫʤʦʣʯʘ-

ʥʠʶ ʧʨʠ ʨʘʟʚʝʨʪʳʚʘʥʠʠ ʩʠʩʪʝʤʳ. 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʦʢʘʟʘʥʦ ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʚʳ-

ʧʦʣʥʝʥʠʷ ʪʠʧʦʚʳʭ ʦʧʝʨʘʮʠʡ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ 

ʧʨʠ ʨʘʙʦʪʝ ʩ ʘʥʛʣʦʷʟʳʯʥʳʤ ʠ ʨʫʩʩʢʦʷʟʳʯʥʳʤ 

ʠʥʪʝʨʬʝʡʩʘʤʠ ʧʣʘʪʬʦʨʤʳ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʣʦʢʘʣʠʟʦʚʘʥʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʧʦʟʚʦʣʠʣʦ ʩʦ-

ʢʨʘʪʠʪʴ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʡ, ʦʩʦʙʝʥ-

ʥʦ ʥʘ ʵʪʘʧʘʭ ʥʘʩʪʨʦʡʢʠ ʪʨʠʛʛʝʨʦʚ ʠ ʢʦʥʬʠʛʫ 

ʨʘʮʠʠ ʫʟʣʦʚ. 

 

 
ʈʠʩ. 3. ʉʨʘʚʥʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʥʪʝʨʬʝʡʩʦʚ 
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ɸʥʘʣʠʟ ʧʣʘʪʬʦʨʤʳ n8n ʧʦʟʚʦʣʷʝʪ ʩʬʦʨʤʫ-

ʣʠʨʦʚʘʪʴ ʨʷʜ ʪʨʝʙʦʚʘʥʠʡ, ʢʦʪʦʨʳʤ ʜʦʣʞʥʘ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʘʨʭʠʪʝʢʪʫʨʘ ʣʦʢʘʣʠʟʘʮʠʠ 

ʩʣʦʞʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʩʪʝʤ. 

ʊʝʢʩʪʦʚʳʝ ʵʣʝʤʝʥʪʳ ʠʥʪʝʨʬʝʡʩʘ ʜʦʣʞʥʳ 

ʙʳʪʴ ʧʦʣʥʦʩʪʴʶ ʦʪʜʝʣʝʥʳ ʦʪ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʢʦʜʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʙʦʪʘʪʴ ʩ ʧʝʨʝʚʦʜʘʤʠ 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʨʘʟʨʘʙʦʪʢʠ ʦʩʥʦʚʥʦʡ ʬʫʥʢʮʠʦ-

ʥʘʣʴʥʦʩʪʠ. 

ʊʘʢʞʝ ʚʩʝ ʩʪʨʦʢʠ ʠʥʪʝʨʬʝʡʩʘ ʜʦʣʞʥʳ ʭʨʘ-

ʥʠʪʴʩʷ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʢ-

ʩʪʦʚʳʭ ʨʝʩʫʨʩʦʚ ʧʦ ʨʘʟʣʠʯʥʳʤ ʤʦʜʫʣʷʤ 

ʫʩʣʦʞʥʷʝʪ ʧʨʦʮʝʩʩ ʣʦʢʘʣʠʟʘʮʠʠ ʠ ʧʦʚʳʰʘʝʪ 

ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʦʧʫʩʢʘ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʉʠʩʪʝʤʘ ʜʦʣʞʥʘ ʧʦʜʜʝʨʞʠʚʘʪʴ ʤʝʭʘʥʠʟʤ 

ʧʨʦʚʝʨʢʠ ʧʦʣʥʦʪʳ ʧʝʨʝʚʦʜʘ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ 

ʨʝʘʣʠʟʦʚʘʥʦ ʯʝʨʝʟ ʩʨʘʚʥʝʥʠʝ ʷʟʳʢʦʚʳʭ ʬʘʡ-

ʣʦʚ ʠʣʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʫʚʝʜʦʤʣʝʥʠʝ ʦ ʥʝʜʦ-

ʩʪʘʶʱʠʭ ʢʣʶʯʘʭ. 

ʀ ʥʝʣʴʟʷ ʟʘʙʳʚʘʪʴ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʯʠ-

ʪʳʚʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʷʟʳʢʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʚʳ-

ʧʦʣʥʷʝʪʩʷ ʣʦʢʘʣʠʟʘʮʠʷ. ʕʪʦ ʢʘʩʘʝʪʩʷ ʥʝ ʪʦʣʴ-

ʢʦ ʧʝʨʝʚʦʜʘ ʪʝʢʩʪʘ, ʥʦ ʠ ʦʙʨʘʙʦʪʢʠ ʯʠʩʣʦʚʳʭ 

ʬʦʨʤ, ʬʦʨʤʘʪʠʨʦʚʘʥʠʷ ʜʘʪ ʠ ʩʦʦʙʱʝʥʠʡ ʩʠ-

ʩʪʝʤʳ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʦʚʝʜʸʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʣʘʪ-

ʬʦʨʤʘ n8n ʫʞʝ ʩʦʜʝʨʞʠʪ ʙʘʟʦʚʫʶ ʩʠʩʪʝʤʫ ʠʥ-

ʪʝʨʥʘʮʠʦʥʘʣʠʟʘʮʠʠ, ʧʦʟʚʦʣʷʶʱʫʶ ʜʦʙʘʚʣʷʪʴ 

ʥʦʚʳʝ ʷʟʳʢʦʚʳʝ ʧʘʢʝʪʳ. ʆʩʥʦʚʥʳʝ ʪʝʢʩʪʦʚʳʝ 

ʨʝʩʫʨʩʳ ʠʥʪʝʨʬʝʡʩʘ ʚʳʥʝʩʝʥʳ ʚ ʦʪʜʝʣʴʥʳʝ 

ʬʘʡʣʳ ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʯʝʨʝʟ ʤʝʭʘʥʠʟʤ ʧʦʜ-

ʩʪʘʥʦʚʢʠ ʩʪʨʦʢ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʘʨʭʠʪʝʢʪʫʨʘ ʣʦʢʘʣʠʟʘʮʠʠ 

ʧʣʘʪʬʦʨʤʳ ʠʤʝʝʪ ʨʷʜ ʦʩʦʙʝʥʥʦʩʪʝʡ. ʊʝʢʩʪʦ-

ʚʳʝ ʵʣʝʤʝʥʪʳ ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ ʥʝʩʢʦʣʴʢʠʤ 

ʤʦʜʫʣʷʤ ʧʨʦʝʢʪʘ, ʯʪʦ ʫʩʣʦʞʥʷʝʪ ʧʦʠʩʢ ʚʩʝʭ 

ʩʪʨʦʢ ʠʥʪʝʨʬʝʡʩʘ. ʊʘʢʞʝ ʪʨʝʙʫʝʪʩʷ ʫʯʠʪʳʚʘʪʴ 

ʜʠʥʘʤʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʠʥʪʝʨʬʝʡʩʘ ʠ ʢʦʥ-

ʪʝʢʩʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʤʝʥʪʦʚ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʫʩʧʝʰʥʘʷ ʣʦʢʘʣʠʟʘʮʠʷ ʩʣʦʞʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ 

ʧʣʘʪʬʦʨʤ ʪʨʝʙʫʝʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 

ʘʨʭʠʪʝʢʪʫʨʳ ʧʨʠʣʦʞʝʥʠʷ ʠ ʩʪʨʫʢʪʫʨʳ ʷʟʳʢʦ-

ʚʳʭ ʨʝʩʫʨʩʦʚ. ɹʝʟ ʵʪʦʛʦ ʜʦʙʘʚʣʝʥʠʝ ʥʦʚʦʛʦ 

ʷʟʳʢʘ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ 

ʪʨʫʜʦʸʤʢʠʤ ʧʨʦʮʝʩʩʦʤ, ʯʝʤ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ 

ʠʟʥʘʯʘʣʴʥʦ. 
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ʈʦʩʩʠʡʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʜʨʫʞʙʳ ʥʘʨʦʜʦʚ ʠʤʝʥʠ ʇʘʪʨʠʩʘ ʃʫʤʫʤʙʳ 

(ʈʦʩʩʠʷ, ʛ. ʄʦʩʢʚʘ) 

 

DOI:10.24412/2500-1000-2026-3-2-34-38 

 

ɸʥʥʦʪʘʮʠʷ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ ʜʣʷ ʫʤ-

ʥʳʭ ʟʜʘʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʏʫʚʘʰʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ. ʅʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʥʦʛʦ ʠ ʞʠʟʥʝʥʥʦ-ʮʠʢʣʦʚʦʛʦ ʧʦʜ-

ʭʦʜʦʚ ʚʳʷʚʣʝʥʳ ʬʘʢʪʦʨʳ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʝ ʚʥʝʜʨʝʥʠʝ: ʥʠʟʢʠʝ ʨʝʛʠʦʥʘʣʴʥʳʝ ʪʘʨʠʬʳ ʥʘ ʵʥʝʨʛʦ-

ʨʝʩʫʨʩʳ (ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ 4,41-4,96 ʨʫʙ./ʢɺʪĀʯ, ʪʝʧʣʦʵʥʝʨʛʠʷ 2000 ʨʫʙ./ɻʢʘʣ), ʚ 4-5 ʨʘʟ ʫʩʪʫʧʘʶ-

ʱʠʝ ʝʚʨʦʧʝʡʩʢʠʤ. ʈʘʟʨʘʙʦʪʘʥʘ ʘʚʪʦʨʩʢʘʷ ʩʪʨʫʢʪʫʨʥʦ-ʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʠʟ ʚʦʩʴʤʠ ʵʪʘʧʦʚ, ʦʩ-

ʥʦʚʘʥʥʘʷ ʥʘ ʠʥʪʝʛʨʘʮʠʠ BIM-ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠʥʞʝʥʝʨʥʳʭ 

ʩʠʩʪʝʤ (BACnet, Modbus, KNX). ʊʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʥʘ ʧʨʠʤʝʨʝ 10-ʵʪʘʞʥʦʛʦ 

ʄʂɼ ʧʣʦʱʘʜʴʶ 6850 ʤĮ ʚ ʛ. ʏʝʙʦʢʩʘʨʳ ʧʦʢʘʟʘʣʦ: ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʥʚʝʩʪʠʮʠʠ 34,9 ʤʣʥ ʨʫʙ. 

(+10,3%) ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʥʠʞʝʥʠʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʥʘ 28%, ʦʜʥʘʢʦ NPV ʟʘ 25 ʣʝʪ ʨʘʚʝʥ 

 -28,4 ʤʣʥ ʨʫʙ. ʠʟ-ʟʘ ʥʠʟʢʦʛʦ ʪʘʨʠʬʥʦʛʦ ʬʦʥʘ. ʉʬʦʨʤʫʣʠʨʦʚʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʦʵʪʘʧʥʦʤʫ 

ʚʥʝʜʨʝʥʠʶ ʠ ʤʝʨʘʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʜʜʝʨʞʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʤʥʦʝ ʟʜʘʥʠʝ; ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ; BIM-ʪʝʭʥʦʣʦʛʠʠ; ʘʚʪʦʤʘʪʠʟʘʮʠʷ 

ʠʥʞʝʥʝʨʥʳʭ ʩʠʩʪʝʤ; ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ; ʏʫʚʘʰʩʢʘʷ ʈʝʩʧʫʙʣʠʢʘ. 

 

ʉʪʨʦʠʪʝʣʴʥʘʷ ʦʪʨʘʩʣʴ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘ-

ʮʠʠ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩ-

ʬʦʨʤʘʮʠʠ, ʦʪʨʘʞʸʥʥʦʡ ʚ ʥʘʮʠʦʥʘʣʴʥʳʭ ʩʪʨʘ-

ʪʝʛʠʯʝʩʢʠʭ ʜʦʢʫʤʝʥʪʘʭ [1]. ɺʥʝʜʨʝʥʠʝ ʠʥʪʝʣ-

ʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʟʜʘʥʠʷʤʠ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʤʝʭʘʥʠʟʤ ʧʦʚʳʰʝʥʠʷ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ ʞʠʟ-

ʥʝʥʥʦʛʦ ʮʠʢʣʘ ʦʙʲʝʢʪʘ [2]. ɼʣʷ ʏʫʚʘʰʩʢʦʡ 

ʈʝʩʧʫʙʣʠʢʠ ʵʪʘ ʟʘʜʘʯʘ ʘʢʪʫʘʣʴʥʘ ʚ ʢʦʥʪʝʢʩʪʝ 

ʉʪʨʘʪʝʛʠʠ ʨʘʟʚʠʪʠʷ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʠ ʮʠʬʨʦʚʠʟʘʮʠʠ ɾʂʍ [3]. ʂʣʠʤʘʪʠʯʝʩʢʠʝ 

ʫʩʣʦʚʠʷ ʨʝʛʠʦʥʘ ï ʨʘʩʯʸʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ -

40 ÁC ʠ ɻʉʆʇ 5403 ÁʉĿʩʫʪ ʧʦ ʉʇ 

131.13330.2020 [4] ï ʧʨʝʜʦʧʨʝʜʝʣʷʶʪ ʧʦʚʳ-

ʰʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʠʩʪʝʤʘʤ ʨʝʛʫʣʠʨʦʚʘ-

ʥʠʷ ʤʠʢʨʦʢʣʠʤʘʪʘ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʪʝʭʥʠʯʝʩʢʠʝ, ʵʢʦʥʦʤʠʯʝʩʢʠʝ 

ʠʣʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʘʩʧʝʢʪʳ ʫʤʥʳʭ ʟʜʘʥʠʡ 

ʠʟʦʣʠʨʦʚʘʥʥʦ, ʙʝʟ ʮʝʣʦʩʪʥʦʛʦ ʤʝʪʦʜʠʯʝʩʢʦʛʦ 

ʧʦʜʭʦʜʘ ʢ ʢʦʥʢʨʝʪʥʦʤʫ ʨʝʛʠʦʥʫ. ʎʝʣʴ ʨʘʙʦʪʳ 

ï ʨʘʟʨʘʙʦʪʢʘ ʢʦʤʧʣʝʢʩʘ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʳʭ 

ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ, ʦʙʲʝʜʠʥʷʶʱʝʛʦ ʦʨʛʘʥʠ-

ʟʘʮʠʦʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʝ 

ʢʦʤʧʦʥʝʥʪʳ ʥʘ ʦʩʥʦʚʝ ʘʢʪʫʘʣʴʥʦʡ ʥʦʨʤʘʪʠʚ-

ʥʦʡ ʙʘʟʳ [5, 6]. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʨʝʰʝʥʳ 

ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʤʠʨʦʚʦʛʦ 

ʠ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʦʧʳʪʘ, ʘʥʘʣʠʟ ʥʦʨʤʘʪʠʚʥʦʡ 

ʙʘʟʳ, ʨʘʟʨʘʙʦʪʢʘ ʘʚʪʦʨʩʢʦʡ ʢʦʥʮʝʧʪʫʘʣʴʥʦʡ 

ʤʦʜʝʣʠ, ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ 

ʥʘ ʧʨʠʤʝʨʝ ʦʙʲʝʢʪʘ ʚ ʛ. ʏʝʙʦʢʩʘʨʳ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

1. ʄʠʨʦʚʦʡ ʠ ʦʪʝʯʝʩʪʚʝʥʥʳʡ ʦʧʳʪ ʨʝʘ-

ʣʠʟʘʮʠʠ ʫʤʥʳʭ ʟʜʘʥʠʡ 

ʂʦʥʮʝʧʮʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʟʜʘʥʠʷ 

ʧʨʦʰʣʘ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ ʨʘʟʚʠʪʠʷ. ɺ ʩʝʨʝ-

ʜʠʥʝ 1980-ʭ ʛʛ. ʪʝʨʤʠʥ intelligent buildings 

ʧʨʠʤʝʥʷʣʩʷ ʢ ʦʙʲʝʢʪʘʤ ʩ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥ-

ʥʳʤ ʢʦʥʪʨʦʣʝʤ ʠʥʞʝʥʝʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ʇʝ-

ʨʝʭʦʜ ʢ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤ ʩʠʩʪʝʤʘʤ ʜʠʩʧʝʪ-

ʯʝʨʠʟʘʮʠʠ (BMS) ʦʙʝʩʧʝʯʠʣ ʮʝʥʪʨʘʣʠʟʦʚʘʥ-

ʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʠ ʩʥʠʟʠʣ ʦʧʝʨʘʮʠʦʥʥʳʝ ʠʟ-

ʜʝʨʞʢʠ [7]. ʉ ʨʘʟʚʠʪʠʝʤ IoT ʠ ʀʀ ʧʦʩʣʝ 2010 

ʛʦʜʘ ʫʤʥʦʝ ʟʜʘʥʠʝ ʩʪʘʣʦ ʩʠʩʪʝʤʦʡ, ʦʙʨʘʙʘʪʳ-

ʚʘʶʱʝʡ ʜʘʥʥʳʝ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʜʣʷ ʘʚ-

ʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ [2]. 

ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʟʘʨʫʙʝʞ-

ʥʳʭ ʧʨʦʝʢʪʦʚ ʢʨʠʪʠʯʝʩʢʠ ʟʘʚʠʩʠʪ ʦʪ ʫʨʦʚʥʷ 

ʪʘʨʠʬʦʚ (ʪʘʙʣ. 1). ʇʨʦʝʢʪ The Edge ʚ ɸʤʩʪʝʨ-

ʜʘʤʝ (2014 ʛ.) ʧʨʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʥʚʝʩʪʠ-

ʮʠʷʭ +15% ʦʙʝʩʧʝʯʠʣ ʩʥʠʞʝʥʠʝ ʵʥʝʨʛʦʧʦ-

ʪʨʝʙʣʝʥʠʷ ʥʘ 70% ʠ ʦʢʫʧʠʣʩʷ ʟʘ 8-9 ʣʝʪ ʧʨʠ 

ʪʘʨʠʬʝ 0,20 ú/ʢɺʪĿʯ. ʊʘʨʠʬʳ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨ-

ʛʠʶ ʚ ʏʫʚʘʰʠʠ (4,41-4,96 ʨʫʙ./ʢɺʪĿʯ å 
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0,05 ú/ʢɺʪĿʯ) ʚ 4-5 ʨʘʟ ʥʠʞʝ ʝʚʨʦʧʝʡʩʢʠʭ [8], 

ʯʪʦ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʩʥʠʞʘʝʪ ʵʢʦʥʦʤʠʯʝʩʢʫʶ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʘʥʘʣʦʛʠʯʥʳʭ ʠʥʚʝʩʪʠʮʠʡ. 

ʅʘ ʨʦʩʩʠʡʩʢʦʤ ʨʳʥʢʝ ʢʣʶʯʝʚʳʤʠ ʙʘʨʴʝʨʘʤʠ 

ʦʩʪʘʶʪʩʷ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʨʝʰʝʥʠʡ ʠ ʜʝ-

ʬʠʮʠʪ ʩʧʝʮʠʘʣʠʩʪʦʚ [10]. 

 

ʊʘʙʣʠʮʘ 1. ʕʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʟʘʨʫʙʝʞʥʳʭ ʧʨʦʝʢʪʦʚ ʫʤʥʳʭ ʟʜʘʥʠʡ 
ʇʨʦʝʢʪ ɻʦʜ ɼʦʧ. ʠʥʚʝʩʪ. ʕʢʦʥʦʤʠʷ ʵʥʝʨʛʠʠ ʊʘʨʠʬ, ú/ʢɺʪĿʯ 

The Edge, ɸʤʩʪʝʨʜʘʤ 2014 +15 % -70 % 0,20 

One Angel Square, 

ʄʘʥʯʝʩʪʝʨ 
2013 +12 % -50 % 0,18 

Crystal, ʃʦʥʜʦʥ 2012 +18 % -46 % 0,22 

 

2. ɸʚʪʦʨʩʢʘʷ ʤʦʜʝʣʴ ʤʦʜʝʨʥʠʟʘʮʠʠ ʧʨʦ-

ʝʢʪʥʳʭ ʨʝʰʝʥʠʡ 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʩʪʨʫʢʪʫʨʥʦ-ʣʦʛʠʯʝʩʢʘʷ ʤʦ-

ʜʝʣʴ ʚʢʣʶʯʘʝʪ ʚʦʩʝʤʴ ʵʪʘʧʦʚ: 

1) ʘʥʘʣʠʟ ʨʝʛʠʦʥʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ï ʢʣʠʤʘʪ, 

ʪʘʨʠʬʳ, ʥʦʨʤʘʪʠʚʥʘʷ ʙʘʟʘ; 

2) ʦʧʨʝʜʝʣʝʥʠʝ ʮʝʣʝʡ ʠ ʦʛʨʘʥʠʯʝʥʠʡ; 

3) ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʢ ʘʨʭʠʪʝʢ-

ʪʫʨʥʦ-ʢʦʥʩʪʨʫʢʪʠʚʥʳʤ ʠ ʠʥʞʝʥʝʨʥʳʤ ʨʝʰʝ-

ʥʠʷʤ; 

4) ʛʝʥʝʨʘʮʠʷ ʪʨʸʭ ʩʮʝʥʘʨʠʝʚ ï ʤʠʥʠʤʘʣʴ-

ʥʦʛʦ (ʙʘʟʦʚʘʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ), ʦʧʪʠʤʘʣʴʥʦʛʦ 

(ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʯʸʪʯʠʢʠ, ʤʝʭʘʥʠʯʝʩʢʘʷ 

ʚʝʥʪʠʣʷʮʠʷ) ʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ (ʧʦʣʥʘʷ BMS ʩ 

ʨʝʢʫʧʝʨʘʮʠʝʡ ʠ ʧʨʝʜʠʢʪʠʚʥʳʤ ʦʙʩʣʫʞʠʚʘʥʠ-

ʝʤ); 

5) ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʘʷ ʦʮʝʥʢʘ ʧʦ ʵʥʝʨ-

ʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʥʘʜʸʞʥʦʩʪʠ, ʤʘʩʰʪʘʙʠʨʫʝ-

ʤʦʩʪʠ ʠ ʩʪʦʠʤʦʩʪʠ ʚʣʘʜʝʥʠʷ; 

6) ʜʝʪʘʣʴʥʘʷ ʧʨʦʨʘʙʦʪʢʘ ʚ BIM-ʩʨʝʜʝ 

LOD 400 ʩʦʛʣʘʩʥʦ ʇʅʉʊ 909-2024 [6]; 

7) ʧʘʨʘʣʣʝʣʴʥʘʷ ʢʦʦʨʜʠʥʘʮʠʷ ʚʩʝʭ ʫʯʘʩʪ-

ʥʠʢʦʚ ʚ ʝʜʠʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʨʝʜʝ; 

8) ʚʚʦʜ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ 

ʮʠʬʨʦʚʦʛʦ ʧʘʩʧʦʨʪʘ ʟʜʘʥʠʷ [5]. 

ʇʨʠʤʝʥʝʥʠʝ ʧʘʨʘʣʣʝʣʴʥʦʡ ʩʭʝʤʳ ʧʨʦʝʢʪʠ-

ʨʦʚʘʥʠʷ ʩʦʢʨʘʱʘʝʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʨʝʘ-

ʣʠʟʘʮʠʠ ʥʘ 10-15% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠ-

ʦʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʩʭʝʤʦʡ [14, 16]. 

3. ʊʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʧʦ ʤʦʜʝʨʥʠʟʘ-

ʮʠʠ ʠʥʞʝʥʝʨʥʳʭ ʩʠʩʪʝʤ 

ʂʣʠʤʘʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʜʣʷ 

ʛ. ʏʝʙʦʢʩʘʨʳ ʧʦ ʉʇ 131.13330.2020 [4]: ʪʝʤ-

ʧʝʨʘʪʫʨʘ ʥʘʠʙʦʣʝʝ ʭʦʣʦʜʥʳʭ ʩʫʪʦʢ -40 ÁC, 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʪʦʧʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ 

217 ʩʫʪʦʢ, ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ -4,9 ÁC, ɻʉʆʇ 

= 5403 ÁʉĿʩʫʪ. ʉʦʛʣʘʩʥʦ ʉʇ 50.13330.2012 

[11] ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʝʧʣʦʧʝʨʝʜʘʯʝ ʥʘʨʫʞʥʳʭ 

ʩʪʝʥ ʜʦʣʞʥʦ ʩʦʩʪʘʚʣʷʪʴ ʥʝ ʤʝʥʝʝ 3,5 ʤĮĿʂ/ɺʪ. 

ʄʥʦʛʦʫʨʦʚʥʝʚʘʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʨʝʘʣʠʟʫʝʪʩʷ 

ʥʘ ʙʘʟʝ ʦʪʢʨʳʪʳʭ ʧʨʦʪʦʢʦʣʦʚ BACnet, Mod-

bus ʠ KNX [12], ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʚʤʝʩʪʠ-

ʤʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʩʥʠʞʘʝʪ ʨʠʩʢ ʚʝʥʜʦʨ-

ʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ. ʀʥʪʝʛʨʠʨʦʚʘʥʥʘʷ BMS 

ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʥʘ 20-

30% [13]. ɺʢʣʘʜ ʦʪʜʝʣʴʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʨʠ-

ʚʝʜʸʥ ʚ ʪʘʙʣʠʮʝ 2: ʩʦʚʦʢʫʧʥʳʡ ʨʝʘʣʠʟʫʝʤʳʡ 

ʵʬʬʝʢʪ ʩʦʩʪʘʚʣʷʝʪ 28% ʧʨʠ ʪʝʦʨʝʪʠʯʝʩʢʦʤ 

ʧʦʪʝʥʮʠʘʣʝ 44%; ʨʘʩʭʦʞʜʝʥʠʝ ʦʙʫʩʣʦʚʣʝʥʦ 

ʧʝʨʝʢʨʳʪʠʝʤ ʵʬʬʝʢʪʦʚ ʩʤʝʞʥʳʭ ʤʝʨʦʧʨʠʷ-

ʪʠʡ ʠ ʧʦʚʝʜʝʥʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ ʞʠʣʴʮʦʚ. 

 

ʊʘʙʣʠʮʘ 2. ɺʢʣʘʜ ʤʝʨʦʧʨʠʷʪʠʡ ʚ ʩʥʠʞʝʥʠʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ 
ʄʝʨʦʧʨʠʷʪʠʝ ʊʝʦʨ. ʧʦʪʝʥʮʠʘʣ, % ʈʝʘʣʠʟʫʝʤʳʡ ʵʬʬʝʢʪ, % ʀʥʚʝʩʪʠʮʠʠ, ʤʣʥ ʨʫʙ. 

ʇʦʚʳʰʝʥʠʝ ʪʝʧʣʦʟʘʱʠʪʳ ʩʪʝʥ -11 -11 4,1 

ʕʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʝ ʦʢʥʘ -7 -7 3,8 

ʊʝʧʣʦʠʟʦʣʷʮʠʷ ʢʨʦʚʣʠ -3 -3 1,5 

ʈʝʢʫʧʝʨʘʮʠʷ ʪʝʧʣʘ (ɖ=75 %) -15 -10* 5,4 

ʇʦʛʦʜʦʟʘʚʠʩʠʤʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ -8 -5**  2,1 

ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʦʝ ʦʩʚʝʱʝʥʠʝ -25 (ʵʣʝʢʪʨʦ) -30 (ʆɼʅ) 2,1 

ʉʠʩʪʝʤʘ BMS (ʠʥʪʝʛʨʘʮʠʷ) ʩʠʥʝʨʛʠʷ +2-3 9,6 
ʇʨʠʤʝʯʘʥʠʝ: * ʠʟ-ʟʘ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ; ** ʠʟ-ʟʘ ʧʦʚʝʜʝʥʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʞʠʣʴʮʦʚ. 

 

4. ʊʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ 

ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʳʭ ʨʝʰʝʥʠʡ 

ʊʕʆ ʚʳʧʦʣʥʝʥʦ ʜʣʷ 10-ʵʪʘʞʥʦʛʦ ʄʂɼ 

ʧʣʦʱʘʜʴʶ 6850 ʤĮ, 68 ʢʚʘʨʪʠʨ, ʛ. ʏʝʙʦʢʩʘʨʳ. 

ʂʦʥʩʪʨʫʢʪʠʚ ï ʤʦʥʦʣʠʪʥʳʡ ʞʝʣʝʟʦʙʝʪʦʥʥʳʡ 

ʢʘʨʢʘʩ ʩ ʢʠʨʧʠʯʥʳʤ ʟʘʧʦʣʥʝʥʠʝʤ. ʉʪʦʠʤʦʩʪʴ 

ʙʘʟʦʚʦʛʦ ʚʘʨʠʘʥʪʘ ï 338,1 ʤʣʥ ʨʫʙ. (49,4 ʪʳʩ. 

ʨʫʙ./ʤĮ). ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʢʘʧʠʪʘʣʴʥʳʝ ʟʘʪʨʘ-

ʪʳ ʥʘ ʤʦʜʝʨʥʠʟʘʮʠʶ ï 34,9 ʤʣʥ ʨʫʙ. (+10,3%): 

ʧʦʚʳʰʝʥʥʘʷ ʪʝʧʣʦʠʟʦʣʷʮʠʷ (9,4 ʤʣʥ ʨʫʙ.), 
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ʚʝʥʪʠʣʷʮʠʷ ʩ ʨʝʢʫʧʝʨʘʮʠʝʡ (5,4 ʤʣʥ ʨʫʙ.), 

BMS ʥʘ ʙʘʟʝ BACnet (9,6 ʤʣʥ ʨʫʙ.), ʠʥʪʝʣʣʝʢ-

ʪʫʘʣʴʥʳʝ ʩʯʸʪʯʠʢʠ ʠ ʤʦʥʠʪʦʨʠʥʛ (3,4 ʤʣʥ 

ʨʫʙ.), ʩʠʩʪʝʤʳ ʙʝʟʦʧʘʩʥʦʩʪʠ (2,7 ʤʣʥ ʨʫʙ.), 

BIM-ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ LOD 400 ʠ ʧʫʩʢʦʥʘʣʘʜ-

ʢʘ (3,8 ʤʣʥ ʨʫʙ.) [15]. 

ɻʦʜʦʚʦʝ ʪʝʧʣʦʧʦʪʨʝʙʣʝʥʠʝ ʙʘʟʦʚʦʛʦ ʚʘʨʠ-

ʘʥʪʘ ʧʦ ʉʇ 50.13330.2012 [11] ï 805 ɻʢʘʣ/ʛʦʜ; 

ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʛʦ ï 580 ɻʢʘʣ/ʛʦʜ (-28%). 

ɻʦʜʦʚʘʷ ʵʢʦʥʦʤʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʘʩʭʦ-

ʜʦʚ - 0,364 ʤʣʥ ʨʫʙ. ʧʨʠ ʜʝʡʩʪʚʫʶʱʝʤ ʪʘʨʠʬʝ 

2000 ʨʫʙ./ɻʢʘʣ [8]. ʈʘʩʯʸʪ ʧʦ ʄʝʪʦʜʠʯʝʩʢʠʤ 

ʨʝʢʦʤʝʥʜʘʮʠʷʤ [15] ʧʨʠ ʩʪʘʚʢʝ ʜʠʩʢʦʥʪʠʨʦ-

ʚʘʥʠʷ r = 10%, ʪʝʤʧʝ ʨʦʩʪʘ ʪʘʨʠʬʦʚ g = 8%, 

ʛʦʨʠʟʦʥʪ 25 ʣʝʪ: NPV = -28,4 ʤʣʥ ʨʫʙ., 

PI = 0,186, IRR å 1%. ʆʪʨʠʮʘʪʝʣʴʥʳʡ NPV 

ʦʙʫʩʣʦʚʣʝʥ ʥʠʟʢʦʡ ʘʙʩʦʣʶʪʥʦʡ ʚʝʣʠʯʠʥʦʡ 

ʝʞʝʛʦʜʥʦʡ ʵʢʦʥʦʤʠʠ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʘʧʠ-

ʪʘʣʴʥʳʭ ʚʣʦʞʝʥʠʷʭ. ʅʘʨʷʜʫ ʩ ʵʢʦʥʦʤʠʯʝʩʢʠʤ 

ʵʬʬʝʢʪʦʤ ʤʦʜʝʨʥʠʟʘʮʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʤʘ-

ʪʝʨʠʘʣʴʥʳʝ ʚʳʛʦʜʳ: ʨʳʥʦʯʥʘʷ ʧʨʝʤʠʷ ʢ ʮʝʥʝ 

ʦʙʲʝʢʪʘ ʥʝʜʚʠʞʠʤʦʩʪʠ ʢʣʘʩʩʘ ɸ-ɺ ʩʦʩʪʘʚʣʷʝʪ 

15-25% [2], ʩʦʢʨʘʱʝʥʠʝ ʚʳʙʨʦʩʦʚ CO  ï ʦʢʦʣʦ 

180 ʪ/ʛʦʜ [13], ʩʥʠʞʝʥʠʝ ʩʪʨʘʭʦʚʳʭ ʧʨʝʤʠʡ ʟʘ 

ʩʯʸʪ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

5. ɸʥʘʣʠʟ ʨʠʩʢʦʚ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ 

ʈʝʘʣʠʟʘʮʠʷ ʧʨʦʝʢʪʦʚ ʫʤʥʳʭ ʟʜʘʥʠʡ ʩʦʧʨʦ-

ʚʦʞʜʘʝʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʬʠʥʘʥʩʦʚʳʭ, ʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʢʘʜʨʦʚʳʭ ʨʠʩʢʦʚ [17]. ʂ ʬʠ-

ʥʘʥʩʦʚʳʤ ʦʪʥʦʩʠʪʩʷ ʨʦʩʪ ʢʘʧʠʪʘʣʴʥʳʭ ʟʘʪʨʘʪ 

ʥʘ 10-18% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʘʟʦʚʳʤ ʚʘʨʠʘʥ-

ʪʦʤ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʩʨʦʢ ʦʢʫʧʘʝʤʦʩʪʠ ʠ ʯʫʚ-

ʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʨʦʝʢʪʦʚ ʢ ʠʟʤʝʥʝʥʠʷʤ ʪʘʨʠ-

ʬʦʚ ʠ ʩʪʦʠʤʦʩʪʠ ʟʘʸʤʥʦʛʦ ʢʘʧʠʪʘʣʘ. ʊʝʭʥʦʣʦ-

ʛʠʯʝʩʢʠʝ ʨʠʩʢʠ ʚʢʣʶʯʘʶʪ ʚʦʟʤʦʞʥʫʶ ʥʝʩʦʚ-

ʤʝʩʪʠʤʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ ʨʘʟʥʳʭ ʧʨʦʠʟʚʦʜʠ-

ʪʝʣʝʡ, ʫʷʟʚʠʤʦʩʪʴ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʠʥʬʨʘ-

ʩʪʨʫʢʪʫʨʳ ʢ ʢʠʙʝʨʫʛʨʦʟʘʤ ʠ ʙʳʩʪʨʦʝ ʤʦʨʘʣʴ-

ʥʦʝ ʫʩʪʘʨʝʚʘʥʠʝ ʧʨʠʤʝʥʷʝʤʳʭ ʨʝʰʝʥʠʡ, ʪʨʝ-

ʙʫʶʱʝʝ ʨʝʛʫʣʷʨʥʦʡ ʤʦʜʝʨʥʠʟʘʮʠʠ. ʂʘʜʨʦʚʳʝ 

ʨʠʩʢʠ ʦʙʫʩʣʦʚʣʝʥʳ ʜʝʬʠʮʠʪʦʤ ʩʧʝʮʠʘʣʠʩʪʦʚ, 

ʩʧʦʩʦʙʥʳʭ ʧʨʦʝʢʪʠʨʦʚʘʪʴ, ʚʥʝʜʨʷʪʴ ʠ ʵʢʩʧʣʫ-

ʘʪʠʨʦʚʘʪʴ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘ-

ʪʠʟʘʮʠʠ ʠ BMS [9, 10]. 

ʉʥʠʞʝʥʠʝ ʫʢʘʟʘʥʥʳʭ ʨʠʩʢʦʚ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ 

ʩʯʸʪ ʧʦʵʪʘʧʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʤʝʨʦʧʨʠʷʪʠʡ ʚ 

ʧʦʨʷʜʢʝ ʫʙʳʚʘʥʠʷ ʩʨʦʢʘ ʦʢʫʧʘʝʤʦʩʪʠ (ʦʪ ʧʦ-

ʛʦʜʦʟʘʚʠʩʠʤʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠ ʨʝʢʫʧʝʨʘʮʠʠ 

ʪʝʧʣʘ ʜʦ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʠ 

ʧʦʣʥʦʡ BMS), ʧʨʠʤʝʥʝʥʠʷ ʦʪʢʨʳʪʳʭ ʧʨʦʪʦ-

ʢʦʣʦʚ BACnet, Modbus, KNX [12], ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʷ ʠʥʩʪʨʫʤʝʥʪʦʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʜ-

ʜʝʨʞʢʠ (ʩʫʙʩʠʜʠʠ, ʣʴʛʦʪʥʦʝ ʢʨʝʜʠʪʦʚʘʥʠʝ), 

ʨʝʘʣʠʟʘʮʠʠ ʧʠʣʦʪʥʳʭ ʧʨʦʝʢʪʦʚ, ʘ ʪʘʢʞʝ ʩʦ-

ʟʜʘʥʠʷ ʨʝʛʠʦʥʘʣʴʥʳʭ ʮʝʥʪʨʦʚ ʢʦʤʧʝʪʝʥʮʠʡ 

ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʩʬʝʨʝ ʠʥʪʝʣ-

ʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʟʜʘʥʠʷʤʠ. 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʘ 

ʩʪʨʫʢʪʫʨʥʦ-ʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʤʦʜʝʨʥʠʟʘʮʠʠ 

ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ ʜʣʷ ʫʤʥʳʭ ʟʜʘʥʠʡ ʏʫ-

ʚʘʰʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ (ʚʦʩʝʤʴ ʵʪʘʧʦʚ, ʠʥʪʝʛʨʘ-

ʮʠʷ BIM + BACnet/Modbus/KNX), ʧʦʟʚʦʣʷʶ-

ʱʘʷ ʩʦʢʨʘʪʠʪʴ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʨʝʘʣʠʟʘ-

ʮʠʠ ʥʘ 10-15%. ʊʕʆ ʜʣʷ 10-ʵʪʘʞʥʦʛʦ ʄʂɼ 

(6850 ʤĮ, ʛ. ʏʝʙʦʢʩʘʨʳ) ʧʦʢʘʟʘʣʦ: ʧʨʠ ʜʦʧʦʣ-

ʥʠʪʝʣʴʥʳʭ ʠʥʚʝʩʪʠʮʠʷʭ 34,9 ʤʣʥ ʨʫʙ. ʜʦʩʪʠ-

ʛʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʥʘ 28% 

(ɻʉʆʇ 5403 ÁʉĿʩʫʪ), ʦʜʥʘʢʦ NPV ʟʘ 25 ʣʝʪ 

ʨʘʚʝʥ -28,4 ʤʣʥ ʨʫʙ. ʚʩʣʝʜʩʪʚʠʝ ʥʠʟʢʠʭ ʨʝʛʠ-

ʦʥʘʣʴʥʳʭ ʪʘʨʠʬʦʚ. ʇʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ 

ʦʙʦʩʥʦʚʳʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʛʦʩʫʜʘʨʩʪʚʝʥ-

ʥʦʡ ʧʦʜʜʝʨʞʢʠ ʜʣʷ ʤʘʩʩʦʚʦʛʦ ʚʥʝʜʨʝʥʠʷ ʪʝʭ-

ʥʦʣʦʛʠʡ ʫʤʥʳʭ ʟʜʘʥʠʡ. ʇʝʨʩʧʝʢʪʠʚʥʳʝ 

ʥʘʧʨʘʚʣʝʥʠʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ: ʢʦʤ-

ʧʣʝʢʩʥʘʷ ʦʮʝʥʢʘ ʩʦʮʠʘʣʴʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʵʬʬʝʢʪʦʚ, ʠʥʪʝʛʨʘʮʠʷ ʫʤʥʳʭ ʟʜʘʥʠʡ ʩ ʠʥʬʨʘ-

ʩʪʨʫʢʪʫʨʦʡ ʫʤʥʦʛʦ ʛʦʨʦʜʘ, ʘʥʘʣʠʟ ʧʨʠʤʝʥʝ-

ʥʠʷ ʀʀ ʚ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ ʟʜʘʥʠʷʤʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʠʩ-

ʧʦʣʴʟʦʚʘʥʳ ʧʨʦʝʢʪʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ, ʟʘ-

ʩʪʨʦʡʱʠʢʘʤʠ ʠ ʦʨʛʘʥʘʤʠ ʨʝʛʠʦʥʘʣʴʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʛʨʘʤʤ ʵʥʝʨ-

ʛʦʵʬʬʝʢʪʠʚʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʮʠʬʨʦʚʠʟʘ-

ʮʠʠ ɾʂʍ ʏʫʚʘʰʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ. ʇʨʝʜʣʦ-

ʞʝʥʥʘʷ ʤʝʪʦʜʦʣʦʛʠʷ ʧʨʠʤʝʥʠʤʘ ʠ ʜʣʷ ʜʨʫʛʠʭ 

ʨʝʛʠʦʥʦʚ ʈʦʩʩʠʠ ʩʦ ʩʭʦʞʠʤʠ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ 

ʠ ʪʘʨʠʬʥʳʤʠ ʫʩʣʦʚʠʷʤʠ. 
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Abstract. The article presents modernized design solutions for smart buildings in the Chuvash Re-

public. A systemic and life-cycle approach identified key adoption barriers ï primarily low regional en-

ergy tariffs (electricity 4.41-4.96 RUB/kWh, heat 2000 RUB/Gcal), 4-5 times below European levels. An 

eight-stage structural-logical model was developed, integrating BIM design and multi-level building 

automation (BACnet, Modbus, KNX). A feasibility study for a 10-storey 6850 mĮ residential building in 
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public support are given. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʠʥʪʝʛʨʘʮʠʷ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ 
ʧʦʪʨʝʙʠʪʝʣʷ (ʅɸʇ) ʚ ʩʠʩʪʝʤʳ ʨʘʜʠʦʨʝʣʝʡʥʦʡ ʩʚʷʟʠ (ʈʈʉ), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʫʩʪʦʡʯʠ-
ʚʫʶ ʩʚʷʟʴ ʚ ʫʩʣʦʚʠʷʭ ʤʦʙʠʣʴʥʦʩʪʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʘʧʨʘʚʣʝʥʥʳʭ ʘʥʪʝʥʥ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ 
ʫʜʝʣʷʝʪʩʷ ʤʝʪʦʜʘʤ ʢʦʤʧʝʥʩʘʮʠʠ ʫʛʣʦʚʳʭ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʠʟ-ʟʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 
ʠʟʤʝʥʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʧʦʜʚʠʞʥʳʭ ʦʙʲʝʢʪʦʚ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʘʣʛʦʨʠʪʤʳ ʩʦʚʤʝʩʪʥʦʡ ʦʙʨʘ-
ʙʦʪʢʠ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʠ ʪʝʣʝʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʘʚʪʦʩʦ-
ʧʨʦʚʦʞʜʝʥʠʷ ʘʥʪʝʥʥ ʠ ʩʥʠʟʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʩʨʳʚʘ ʨʘʜʠʦʣʠʥʠʠ. ʊʘʢʞʝ ʠʩʩʣʝʜʫʶʪʩʷ ʚʦʧʨʦʩʳ 
ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʠ ʤʠʥʠʤʠʟʘʮʠʠ ʚʟʘʠʤʥʳʭ ʧʦʤʝʭ ʤʝʞʜʫ ʅɸʇ ʠ ʧʨʠʸʤʦʧʝʨʝ-
ʜʘʶʱʠʤ ʪʨʘʢʪʦʤ ʈʈʉ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʨʘʟʚʸʨʪʳ-
ʚʘʥʠʷ ʤʦʙʠʣʴʥʳʭ ʨʘʜʠʦʨʝʣʝʡʥʳʭ ʩʝʪʝʡ ʚ ʩʣʦʞʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʚʢʣʶʯʘʷ ʟʦʥʳ ʩ ʦʛʨʘ-
ʥʠʯʝʥʥʦʡ ʚʠʜʠʤʦʩʪʴʶ ʠ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʳʭ ʩʨʝʜʩʪʚ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʘʚʠʛʘʮʠʦʥʥʘʷ ʘʧʧʘʨʘʪʫʨʘ ʧʦʪʨʝʙʠʪʝʣʷ; ʨʘʜʠʦʨʝʣʝʡʥʘʷ ʩʚʷʟʴ; ʥʘʧʨʘʚʣʝʥ-

ʥʘʷ ʘʥʪʝʥʥʘ; ʙʘʟʦʚʘʷ ʩʪʘʥʮʠʷ. 
 
ɺ ʢʦʥʪʝʢʩʪʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʣʝʢʦʤʤʫʥʠʢʘ-

ʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʩʚʷʟʴ ʚ 
ʨʘʟʣʠʯʥʳʭ ʨʦʜʘʭ ʠ ʩʝʪʷʭ, ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ 
ʟʘʩʣʫʞʠʚʘʝʪ ʘʥʘʣʠʟ ʨʘʜʠʦʨʝʣʝʡʥʳʭ ʠʥʪʝʨʚʘ-
ʣʦʚ. ʅʝʩʤʦʪʨʷ ʥʘ ʦʙʰʠʨʥʦʝ ʦʩʚʝʱʝʥʠʝ ʨʘ-
ʜʠʦʨʝʣʝʡʥʦʡ ʩʚʷʟʠ ʚ ʥʘʫʯʥʦʡ ʠ ʪʝʭʥʠʯʝʩʢʦʡ 
ʣʠʪʝʨʘʪʫʨʝ, ʚʢʣʶʯʘʷ ʝʸ ʜʦʩʪʦʠʥʩʪʚʘ, ʥʝʜʦ-
ʩʪʘʪʢʠ, ʨʝʰʘʝʤʳʝ ʟʘʜʘʯʠ ʠ ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʦ-
ʙʣʝʤʳ, ʜʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʦʢʫʩʠʨʫʝʪʩʷ ʥʘ 
ʩʧʝʮʠʬʠʯʝʩʢʦʤ ʘʩʧʝʢʪʝ ï ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ 
ʨʘʜʠʦʨʝʣʝʡʥʳʭ ʩʪʘʥʮʠʡ ʚ ʫʩʣʦʚʠʷʭ ʜʠʥʘʤʠ-
ʯʝʩʢʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ. 
ɺʦʧʨʦʩ ʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʪʘʢʦʡ ʨʘʙʦʪʳ 

ʥʝ ʠʤʝʝʪ ʦʜʥʦʟʥʘʯʥʦʛʦ ʦʪʚʝʪʘ, ʧʦʩʢʦʣʴʢʫ ʨʘ-
ʜʠʦʨʝʣʝʡʥʳʝ ʩʨʝʜʩʪʚʘ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʨʝ-
ʰʝʥʠʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʟʘʜʘʯ ʚ ʨʘʟʥʦʦʙʨʘʟ-
ʥʳʭ ʫʩʣʦʚʠʷʭ. ʉʪʘʮʠʦʥʘʨʥʳʝ ʣʠʥʠʠ ʩʚʷʟʠ, 
ʢʘʢ ʧʨʘʚʠʣʦ, ʦʩʪʘʶʪʩʷ ʥʝʧʦʜʚʠʞʥʳʤʠ ʠ 
ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʥʘ ʤʝʩʪʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʦ-
ʣʝʚʳʝ ʣʠʥʠʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʤʦʛʫʪ 
ʧʝʨʝʤʝʱʘʪʴʩʷ, ʥʦ ʯʘʱʝ ʚʩʝʛʦ ʥʝ ʧʨʝʜʥʘʟʥʘʯʝ-
ʥʳ ʜʣʷ ʨʘʙʦʪʳ ʚ ʜʚʠʞʝʥʠʠ. ɼʣʷ ʪʘʢʠʭ ʮʝʣʝʡ 
ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʩʨʝʜʩʪʚʘ ʩʚʷʟʠ, 
ʪʘʢʠʝ ʢʘʢ ʨʘʜʠʦ ʠ ʩʦʪʦʚʳʝ ʩʝʪʠ. 
ʊʝʤ ʥʝ ʤʝʥʝʝ, ʨʘʜʠʦʨʝʣʝʡʥʘʷ ʩʚʷʟʴ ʦʙʣʘʜʘ-

ʝʪ ʨʷʜʦʤ ʩʫʱʝʩʪʚʝʥʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ, ʚʢʣʶ-
ʯʘʷ ʚʳʩʦʢʫʶ ʤʥʦʛʦʢʘʥʘʣʴʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ 
ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ʕʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʩʦ-
ʙʝʥʥʦ ʚʘʞʥʳ ʚ ʩʠʪʫʘʮʠʷʭ, ʪʨʝʙʫʶʱʠʭ ʧʝʨʝ-
ʜʘʯʠ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʚʠʜʝʦʠʟʦʙʨʘʞʝʥʠʡ, 
ʤʝʞʤʘʰʠʥʥʦʛʦ ʦʙʤʝʥʘ ʠ ʜʨʫʛʠʭ ʢʨʠʪʠʯʝʩʢʠ 

ʚʘʞʥʳʭ ʦʧʝʨʘʮʠʡ. ʈʘʜʠʦʨʝʣʝʡʥʳʝ ʩʨʝʜʩʪʚʘ 
ʯʘʩʪʦ ʨʘʟʤʝʱʘʶʪʩʷ ʚ ʘʧʧʘʨʘʪʥʳʭ ʫʧʨʘʚʣʝʥʠʷ 
ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʷʭ, 
ʛʜʝ ʜʦʣʞʥʦʩʪʥʳʤ ʣʠʮʘʤ ʪʨʝʙʫʝʪʩʷ ʩʚʷʟʴ ʥʝ 
ʪʦʣʴʢʦ ʥʘ ʤʝʩʪʝ, ʥʦ ʠ ʚʦ ʚʨʝʤʷ ʧʝʨʝʤʝʱʝʥʠʷ. 
ɺ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʚʨʝʤʝʥʥʦʡ ʬʘʢʪʦʨ ʠ ʮʝʥ-

ʥʦʩʪʴ ʤʥʦʛʦʢʘʥʘʣʴʥʦʡ ʩʚʷʟʠ ʧʨʠʦʙʨʝʪʘʶʪ 
ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ. ʄʥʦʛʦʢʘʥʘʣʴʥʘʷ 
ʩʚʷʟʴ ʥʝʦʙʭʦʜʠʤʘ çʟʜʝʩʴ ʠ ʩʝʡʯʘʩè, ʠ ʝʸ ʦʙʝʩ-
ʧʝʯʝʥʠʝ ʚ ʜʚʠʞʝʥʠʠ ʩʪʘʥʦʚʠʪʩʷ ʘʢʪʫʘʣʴʥʦʡ 
ʟʘʜʘʯʝʡ. ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʫʜʫʪ ʨʘʩ-
ʩʤʦʪʨʝʥʳ ʤʝʪʦʜʳ ʠ ʧʦʜʭʦʜʳ, ʧʦʟʚʦʣʷʶʱʠʝ 
ʨʝʘʣʠʟʦʚʘʪʴ ʨʘʜʠʦʨʝʣʝʡʥʫʶ ʩʚʷʟʴ ʚ ʫʩʣʦʚʠʷʭ 
ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʠʪ 
ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʥʘʜʸʞʥʦʩʪʴ ʪʝʣʝ-
ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʚ ʨʘʟʣʠʯʥʳʭ ʩʮʝ-
ʥʘʨʠʷʭ ʠʭ ʧʨʠʤʝʥʝʥʠʷ. 
ʌʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʨʘʜʠʦʨʝʣʝʡʥʳʭ ʩʠ-

ʩʪʝʤ ʚ ʜʚʠʞʝʥʠʠ 
ɺ ʦʙʣʘʩʪʠ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ ʠ ʤʦʙʠʣʴʥʦʡ 

ʩʚʷʟʠ ʩʫʱʝʩʪʚʫʝʪ ʦʙʰʠʨʥʳʡ ʦʧʳʪ ʠʩʧʦʣʴʟʦ-
ʚʘʥʠʷ ʨʘʜʠʦʨʝʣʝʡʥʳʭ ʩʪʘʥʮʠʡ ʚ ʫʩʣʦʚʠʷʭ 
ʜʚʠʞʝʥʠʷ. ʆʜʥʠʤ ʠʟ ʷʨʢʠʭ ʧʨʠʤʝʨʦʚ ʷʚʣʷʝʪʩʷ 
ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ 
ʨʘʜʠʦʨʝʣʝʡʥʦʡ ʩʪʘʥʮʠʠ (ʉʈʉ), ʧʨʝʜʥʘʟʥʘʯʝʥ-
ʥʦʡ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʟʘʜʘʯ. 
ʈʘʩʩʤʦʪʨʠʤ ʢʣʶʯʝʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʘʥʥʦʡ 
ʩʪʘʥʮʠʠ, ʢʦʪʦʨʳʝ ʠʣʣʶʩʪʨʠʨʫʶʪ ʝʸ ʪʝʭʥʠʯʝ-
ʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʧʦʪʝʥʮʠʘʣ ʧʨʠʤʝʥʝʥʠʷ ʚ 
ʤʦʙʠʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. 
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ʉʈʉ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʧʝʯʘʪʣʷʶʱʠʝ ʧʦʢʘʟʘ-
ʪʝʣʠ ʜʘʣʴʥʦʩʪʠ ʩʚʷʟʠ, ʚʘʨʴʠʨʫʶʱʠʝʩʷ ʚ ʟʘʚʠ-
ʩʠʤʦʩʪʠ ʦʪ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. ʅʘ 
ʩʨʝʜʥʝʧʝʨʝʩʝʯʸʥʥʦʡ ʤʝʩʪʥʦʩʪʠ, ʧʨʠ ʠʩʧʦʣʴ-
ʟʦʚʘʥʠʠ ʥʘʧʨʘʚʣʝʥʥʳʭ ʘʥʪʝʥʥ ʠ ʚʳʩʦʪʝ ʧʦʜ-
ʚʝʩʘ 16 ʤʝʪʨʦʚ, ʜʘʣʴʥʦʩʪʴ ʩʚʷʟʠ ʩʦʩʪʘʚʣʷʝʪ ʥʝ 
ʤʝʥʝʝ 30 ʢʠʣʦʤʝʪʨʦʚ. ɺ ʫʩʣʦʚʠʷʭ ʦʪʢʨʳʪʦʡ 
ʤʝʩʪʥʦʩʪʠ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟ-
ʨʘʩʪʘʝʪ ʜʦ 50-70 ʢʠʣʦʤʝʪʨʦʚ. ɺʘʞʥʦ ʦʪʤʝ-
ʪʠʪʴ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʳʡ ʠʥʪʝʨʚʘʣ ʩʚʷʟʠ ʚ 
ʜʚʠʞʝʥʠʠ ʧʨʠ ʨʘʙʦʪʝ ʥʘ ʥʝʥʘʧʨʘʚʣʝʥʥʳʝ ʘʥ-
ʪʝʥʥʳ ʜʦʩʪʠʛʘʝʪ 5-10 ʢʠʣʦʤʝʪʨʦʚ, ʯʪʦ ʩʚʠʜʝ-
ʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʩʦʢʦʡ ʤʦʙʠʣʴʥʦʩʪʠ ʠ ʘʜʘʧʪʠʚ-
ʥʦʩʪʠ ʩʪʘʥʮʠʠ ʢ ʨʘʟʣʠʯʥʳʤ ʫʩʣʦʚʠʷʤ ʵʢʩʧʣʫ-
ʘʪʘʮʠʠ. 
ʉʪʘʥʮʠʷ ʦʩʥʘʱʝʥʘ ʜʚʫʤʷ ʯʘʩʪʦʪʥʳʤʠ ʜʠʘ-

ʧʘʟʦʥʘʤʠ: ʧʝʨʚʳʤ, ʦʭʚʘʪʳʚʘʶʱʠʤ ʯʘʩʪʦʪʳ ʦʪ 
80 ʜʦ 120 ʄɻʮ, ʠ ʚʪʦʨʳʤ, ʩ ʯʘʩʪʦʪʥʳʤ ʠʥʪʝʨ-
ʚʘʣʦʤ ʦʪ 390 ʜʦ 430 ʄɻʮ. ʄʦʱʥʦʩʪʴ ʧʝʨʝʜʘʪ-
ʯʠʢʘ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʠʘʧʘʟʦʥʘ 
ʠ ʩʦʩʪʘʚʣʷʝʪ 10 ɺʪ ʜʣʷ ʧʝʨʚʦʛʦ ʜʠʘʧʘʟʦʥʘ ʠ 
6 ɺʪ ʜʣʷ ʚʪʦʨʦʛʦ. ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʨʠʸʤʥʠ-

ʢʦʚ ʧʨʠ ʦʪʥʦʰʝʥʠʠ ʩʠʛʥʘʣ/ʰʫʤ 35 ʜɹ ʩʦʩʪʘʚ-
ʣʷʝʪ 2,2 ʤʢɺ ʠ 5,0 ʤʢɺ ʜʣʷ ʧʝʨʚʦʛʦ ʢʘʥʘʣʘ ʪʦ-
ʥʘʣʴʥʦʡ ʯʘʩʪʦʪʳ (ʊʏ), ʘ ʜʣʷ ʚʪʦʨʦʛʦ ʢʘʥʘʣʘ 
ʊʏ ï 5,5 ʤʢɺ ʠ 5,0 ʤʢɺ. ʇʦʨʦʛʦʚʘʷ ʤʦʱʥʦʩʪʴ 
ʧʨʠʸʤʥʠʢʦʚ ʩʦʩʪʘʚʣʷʝʪ -132 ʜɹɺʪ ʠ -124 ʜɹɺʪ 
ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʘʥ-
ʪʝʥʥ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 7 ʜɹ ʠ 11 ʜɹ ʜʣʷ 
ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʜʠʘʧʘʟʦʥʦʚ, ʘ ʟʘʪʫʭʘʥʠʝ 
ʬʠʜʝʨʘ ʩʦʩʪʘʚʣʷʝʪ 3 ʜɹ. 
ʕʪʠ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʝʤʦʥ-

ʩʪʨʠʨʫʶʪ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʠʥʞʝʥʝʨʥʦʛʦ ʠʩ-
ʢʫʩʩʪʚʘ ʠ ʛʣʫʙʦʢʫʶ ʧʨʦʨʘʙʦʪʢʫ ʢʦʥʩʪʨʫʢʮʠʠ 
ʩʪʘʥʮʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʝʡ ʵʬʬʝʢʪʠʚʥʦ ʬʫʥʢ-
ʮʠʦʥʠʨʦʚʘʪʴ ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʦʡ ʤʦ-
ʙʠʣʴʥʦʩʪʠ ʠ ʜʠʥʘʤʠʯʥʦʩʪʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝ-
ʜʳ. 
ɼʣʷ ʧʦʣʝʚʳʭ ʩʪʘʥʮʠʡ ʦʙʦʙʱʸʥʥʳʤ ʵʥʝʨʛʝ-

ʪʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʦʤ ʷʚʣʷʝʪʩʷ ʵʥʝʨʛʝʪʠʯʝ-

ʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʚ ʜɹ, potE , ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷ-

ʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

 

.pot pd pd fpd pr fpr porE P G W G W P= + - + - -                                  (1) 

 

ɿʜʝʩʴ , , , , ,pr pr fpd pr fpr porP G W G W P  ï ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ ʤʦʱʥʦʩʪʴ ʧʝʨʝʜʘʪʯʠʢʘ, ʢʦʵʬʬʠ-
ʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʧʝʨʝʜʘʶʱʝʡ ʘʥʪʝʥʥʳ, ʟʘʪʫʭʘ-
ʥʠʝ ʬʠʜʝʨʘ ʧʝʨʝʜʘʶʱʝʛʦ, ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠ-
ʣʝʥʠʷ ʧʨʠʸʤʥʦʡ ʘʥʪʝʥʥʳ, ʟʘʪʫʭʘʥʠʝ ʬʠʜʝʨʘ 
ʧʨʠʸʤʥʦʛʦ, ʧʦʨʦʛʦʚʘʷ ʤʦʱʥʦʩʪʴ. ɺʩʝ ʚʝʣʠʯʠ-
ʥʳ ʚ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʭ ʝʜʠʥʠʮʘʭ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʵʥʝʨʛʝʪʠʢʫ ʩʪʘʥʮʠʠ ʚ ʮʝʣʦʤ 

(ʧʝʨʝʜʘʪʯʠʢ, ʧʨʠʸʤʥʠʢ ʠ ʘʥʪʝʥʥʦ-ʬʠʜʝʨʥʳʝ 
ʫʩʪʨʦʡʩʪʚʘ). 
ɼʣʷ ʩʪʘʥʮʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʨʘ-

ʚʝʥ 150 ʜɹ ʚ 1 ʜʠʘʧʘʟʦʥʝ ʠ 148 ʜɹ ʚʦ 2 ʜʠʘʧʘ-
ʟʦʥʝ. 
ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʩʚʷʟʘʥʳ ʩ ʟʘʪʫ-

ʭʘʥʠʝʤ ʩʠʛʥʘʣʘ ʥʘ ʠʥʪʝʨʚʘʣʝ ʩʣʝʜʫʶʱʝʡ ʟʘ-
ʚʠʩʠʤʦʩʪʴʶ: 

 

Epot Wtr Wsw Wr Wz² = + +,                                        (2) 

 

ʛʜʝ , , ,Wtr Wsw Wr Wzʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 
ʩʫʤʤʘʨʥʦʝ ʟʘʪʫʭʘʥʠʝ ʥʘ ʪʨʘʩʩʝ (ʠʥʪʝʨʚʘʣʝ), 
ʟʘʪʫʭʘʥʠʝ ʚ ʩʚʦʙʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʟʘʪʫʭʘ-
ʥʠʝ ʟʘ ʩʯʸʪ ʨʝʣʴʝʬʘ ʤʝʩʪʥʦʩʪʠ, ʟʘʧʘʩ ʥʘ ʟʘʤʠ-
ʨʘʥʠʷ ʜʣʷ ʟʘʜʘʥʥʦʡ ʥʘʜʸʞʥʦʩʪʠ ʩʚʷʟʠ. ɼʣʷ 
ʩʪʘʥʮʠʠ ʟʘʧʘʩ ʥʘ ʟʘʤʠʨʘʥʠʷ ʨʘʚʝʥ 4,5 ʠ 7,5 ʜɹ 

ʜʣʷ 1 ʠ 2 ʜʠʘʧʘʟʦʥʦʚ. ɼʘʥʥʦʝ ʚʳʨʘʞʝʥʠʝ 
ʦʧʨʝʜʝʣʷʝʪ ʫʩʣʦʚʠʝ ʦʙʝʩʧʝʯʝʥʠʷ ʩʚʷʟʠ ʪʨʝʙʫ-
ʝʤʦʛʦ ʢʘʯʝʩʪʚʘ.  
ʀʟ ʚʳʨʘʞʝʥʠʷ (2) ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʦʧʫʩʪʠʤʦʝ 

ʟʘʪʫʭʘʥʠʝ ʥʘ ʨʝʣʴʝʬʝ ʤʝʩʪʥʦʩʪʠ Wrdopʧʦ 
ʬʦʨʤʫʣʝ 

 

( )Wrdop Epot Wsw Wz Htr= - -                                     (3) 

 

ʛʜʝ ( )Wz Htr  ï ʟʘʧʘʩ ʥʘ ʟʘʤʠʨʘʥʠʷ ʜʣʷ 

ʪʨʝʙʫʝʤʦʡ ʥʘʜʸʞʥʦʩʪʠ ʩʚʷʟʠ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 
ʪʨʝʙʫʝʤʫʶ ʥʘʜʸʞʥʦʩʪʴ ʧʨʠʥʠʤʘʝʤ ʨʘʚʥʦʡ 
95%, ʢʘʢ ʫʢʘʟʘʥʦ ʚ ʜʦʢʫʤʝʥʪʘʮʠʠ ʥʘ ʠʟʜʝʣʠʝ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʢʠ ʜʣʷ 

Wrdop ʨʘʜʠʦʨʝʣʝʡʥʦʡ ʩʪʘʥʮʠʠ. 
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ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ Wrdopʦʪ ʧʨʦʪʷʞʸʥʥʦʩʪʠ ʠʥʪʝʨʚʘʣʘ ʜʣʷ ʦʙʦʠʭ ʜʠʘʧʘʟʦʥʦʚ ʧʨʠ ʨʘʙʦʪʝ ʥʘ 
ʥʘʧʨʘʚʣʝʥʥʫʶ ʠ ʥʝʥʘʧʨʘʚʣʝʥʥʫʶ ʘʥʪʝʥʥʫ 

 

ɺ ʧʝʨʚʦʤ ʜʠʘʧʘʟʦʥʝ ʚʳʠʛʨʳʰ ʧʦ ʵʥʝʨʛʝʪʠ-

ʢʝ ʧʨʠ ʨʘʙʦʪʝ ʥʘ ʥʘʧʨʘʚʣʝʥʥʫʶ ʘʥʪʝʥʥʫ ʩʦ-

ʩʪʘʚʣʷʝʪ 8 ʜɹ, ʚʦ 2 ï 16 ʜɹ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʠ-

ʧʘ ʘʥʪʝʥʥʳ. ʅʘ ʤʦʙʠʣʴʥʦʡ ʩʪʘʥʮʠʠ (ʄʉ) ʘʥ-

ʪʝʥʥʘ ʤʦʞʝʪ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʥʦʡ ʠʣʠ ʥʝʥʘ-

ʧʨʘʚʣʝʥʥʦʡ, ʥʘ ʙʘʟʦʚʦʡ ʩʪʘʥʮʠʠ (ɹʉ) ï ʦʙʳʯ-

ʥʦ ʥʝʥʘʧʨʘʚʣʝʥʥʦʡ. 

ʕʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʧʨʦʪʷʞʸʥʥʦʩʪʴ ʠʥʪʝʨʚʘʣʘ 

ʚ ʧʝʨʚʦʤ ʜʠʘʧʘʟʦʥʝ ʚ 2,5 ʨʘʟʘ, ʚʦ 2 ï ʚ 6,3 ʨʘʟʘ 

ʧʨʠ ʦʜʠʥʘʢʦʚʦʤ ʟʘʪʫʭʘʥʠʠ ʠ ʟʘʧʘʩʝ ʥʘ ʟʘʤʠ-

ʨʘʥʠʷ. ʇʦ ʪʘʢʪʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʤ ʜʘʥʥʳʤ 

(ʊʊɼ), ʧʨʦʪʷʞʸʥʥʦʩʪʴ ʠʥʪʝʨʚʘʣʘ ʫʚʝʣʠʯʠʚʘ-

ʝʪʩʷ ʚ 6 ʠ 3 ʨʘʟʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʨʦʪʷʞʸʥʥʦʩʪʴ ʠʥʪʝʨʚʘʣʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʧʦ ʛʨʘʬʠʢʘʤ ʥʘʜʸʞʥʦʩʪʠ ʜʣʷ 95% ʥʘʜʸʞʥʦ-

ʩʪʠ. ʈʘʩʯʸʪ ʚʳʧʦʣʥʝʥ ʜʣʷ ʚʳʩʦʪʳ ʘʥʪʝʥʥʳ 

ʄʉ 3 ʤ (ʥʘ ʪʨʘʥʩʧʦʨʪʥʦʤ ʩʨʝʜʩʪʚʝ) ʚ ʩʝʣʴ-

ʩʢʦʡ ʤʝʩʪʥʦʩʪʠ ʜʣʷ ʯʘʩʪʦʪ 100 ʠ 400 ʄɻʮ ʠ 

ʚʳʩʦʪ ɹʉ 16, 30, 50, 100, 200 ʤ. ʈʝʟʫʣʴʪʘʪʳ 

ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3 ʠ ʚ ʪʘʙʣʠʮʝ 1. 

 

 
ʈʠʩ. 2. ʅʘʜʸʞʥʦʩʪʴ ʩʚʷʟʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʪʷʞʸʥʥʦʩʪʠ ʠʥʪʝʨʚʘʣʘ 
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ʈʠʩ. 3. ɻʨʘʬʠʢ ʨʝʟʫʣʴʪʘʪʦʚ ʩʨʘʚʥʝʥʠʷ ʧʨʦʪʷʞʸʥʥʦʩʪʝʡ ʠʥʪʝʨʚʘʣʦʚ ʜʣʷ ʥʘʧʨʘʚʣʝʥʥʦʡ ʠ ʥʝʥʘ-

ʧʨʘʚʣʝʥʥʦʡ ʘʥʪʝʥʥʳ 

 

ɿʜʝʩʴ Rsw1, Rsw3 ï ʧʨʦʪʷʞʸʥʥʦʩʪʠ ʠʥʪʝʨʚʘʣʦʚ 1-ʛʦ ʜʠʘʧʘʟʦʥʘ, Rsw2, Rsw4 ï 2-ʛʦ ʜʠʘʧʘʟʦʥʘ 

ʧʨʠ ʨʘʙʦʪʝ ʥʘ ʥʝʥʘʧʨʘʚʣʝʥʥʫʶ ʠ ʥʘʧʨʘʚʣʝʥʥʫʶ ʘʥʪʝʥʥʫ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

ʊʘʙʣʠʮʘ 1. ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʷ ʧʨʦʪʷʞʸʥʥʦʩʪʝʡ ʠʥʪʝʨʚʘʣʦʚ ʜʣʷ ʥʘʧʨʘʚʣʝʥʥʦʡ ʠ ʥʝʥʘʧʨʘʚ-

ʣʝʥʥʦʡ ʘʥʪʝʥʥ 
ʏʘʩʪʦʪʘ, ʄɻʮ 16 30 50 100 200 

200 1,532 1,545 1,579 1,6 1,781 

400 2,294 2,889 2,917 3,6 2,828 

 

ʀʟ ʨʠʩʫʥʢʘ 3 ʠ ʪʘʙʣʠʮʳ 1 ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʦ-

ʪʷʞʸʥʥʦʩʪʴ ʠʥʪʝʨʚʘʣʘ ʧʨʠ ʨʘʙʦʪʝ ʥʘ ʥʘʧʨʘʚ-

ʣʝʥʥʫʶ ʘʥʪʝʥʥʫ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 1,5-3 ʨʘʟʘ. 

ʄʥʦʛʦ ʵʪʦ ʠʣʠ ʤʘʣʦ? ɺʦʟʴʤʸʤ ʩʪʘʥʜʘʨʪʥʫʶ 

ʚʳʩʦʪʫ ʘʥʪʝʥʥʳ ɹʉ 16 ʤ ʠ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦ-

ʩʪʨʘʥʸʥʥʳʡ ʚ ʨʘʜʠʦʨʝʣʝʡʥʦʡ ʩʚʷʟʠ ʚʪʦʨʦʡ 

ʜʠʘʧʘʟʦʥ. ʇʨʦʪʷʞʸʥʥʦʩʪʴ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ 3 

ʜʦ 7 ʢʤ, ʘ ʧʨʠ ʨʘʙʦʪʝ ʯʝʨʝʟ ʨʝʪʨʘʥʩʣʷʪʦʨ ʩ 

ʚʳʩʦʪʦʡ ʘʥʪʝʥʥʳ 200 ʤ ʩ 14 ʜʦ 41 ʢʤ. ʕʪʦ 

ʦʯʝʥʴ ʩʫʱʝʩʪʚʝʥʥʦ. ɼʘʣʴʥʦʩʪʴ ʩʚʷʟʠ ï ʚʘʞ-

ʥʝʡʰʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʣʶʙʳʭ ʩʨʝʜʩʪʚ ʩʚʷʟʠ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʙʝʩʧʝʯʝʥʠʝ ʨʘʙʦʪʳ ʨʘʜʠʦʨʝ-

ʣʝʡʥʳʭ ʩʪʘʥʮʠʡ ʥʘ ʥʘʧʨʘʚʣʝʥʥʫʶ ʘʥʪʝʥʥʫ ʚ 

ʜʚʠʞʝʥʠʠ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚʘʞʥʦ ʜʣʷ ʩʨʝʜʩʪʚ 

ʩʚʷʟʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ɼʣʷ ʨʝʘʣʠʟʘ-

ʮʠʠ ʵʪʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʚ ʨʝʞʠʤʝ 

ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʟʥʘʪʴ ʩʚʦʸ ʤʝʩʪʦʧʦʣʦʞʝ-

ʥʠʝ ʠ ʢʦʨʨʝʩʧʦʥʜʝʥʪʘ. ʈʝʰʠʪʴ ʵʪʫ ʟʘʜʘʯʫ ʤʦ-

ʞʝʪ ʪʦʣʴʢʦ ʅɸʇ. ɹʝʟ ʅɸʇ ʥʝ ʦʙʝʩʧʝʯʠʪʴ ʨʘ-

ʙʦʪʫ ʨʘʜʠʦʨʝʣʝʡʥʳʭ ʩʪʘʥʮʠʡ ʥʘ ʥʘʧʨʘʚʣʝʥ-

ʥʫʶ ʘʥʪʝʥʥʫ ʚ ʜʚʠʞʝʥʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʨʘʩʯʸʪʦʚ ʫʙʝʜʠʪʝʣʴʥʦ ʜʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʨʘʙʦ-

ʪʝ ʥʘ ʥʘʧʨʘʚʣʝʥʥʫʶ ʘʥʪʝʥʥʫ ʚ ʜʚʠʞʝʥʠʠ 

ʜʘʣʴʥʦʩʪʴ ʩʚʷʟʠ ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʘʩʪʘʝʪ, ʥʦ 

ʜʣʷ ʝʸ ʨʝʘʣʠʟʘʮʠʠ ʥʫʞʥʦ ʧʦʩʪʦʷʥʥʦ ʦʨʠʝʥʪʠ-

ʨʦʚʘʪʴ ʘʥʪʝʥʥʫ ʥʘ ʢʦʨʨʝʩʧʦʥʜʝʥʪʘ. ɼʣʷ ʵʪʦʛʦ 

ʥʘʜʦ ʟʥʘʪʴ ʘʟʠʤʫʪ ʥʘ ʢʦʨʨʝʩʧʦʥʜʝʥʪʘ, ʘ ʝʛʦ 

ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ ʩʚʦʠʤ ʠ 

ʢʦʨʨʝʩʧʦʥʜʝʥʪʘ, ʯʪʦ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʅɸʇ. 

ʈʝʰʝʥʠʶ ʵʪʦʡ ʟʘʜʘʯʠ ʧʦʩʚʷʱʸʥ ʩʣʝʜʫʶʱʠʡ 

ʧʦʜʨʘʟʜʝʣ. 

ʄʦʜʝʣʴ ʚʳʯʠʩʣʝʥʠʷ ʘʟʠʤʫʪʘ ʥʘ ʢʦʨʨʝ-

ʩʧʦʥʜʝʥʪʘ ʦʪ ʘʥʪʝʥʥʳ ʜʚʠʞʫʱʝʛʦʩʷ ʦʙʲ-

ʝʢʪʘ 

ɺ ʜʘʥʥʦʤ ʧʦʜʨʘʟʜʝʣʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʟʨʘ-

ʙʦʪʢʘ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʣʷ ʦʨʠʝʥʪʠʨʦ-

ʚʘʥʠʷ ʥʘʧʨʘʚʣʝʥʥʦʡ ʘʥʪʝʥʥʳ ʨʘʜʠʦʨʝʣʝʡʥʦʡ 

ʩʪʘʥʮʠʠ (ʈʈʉ), ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʘ ʧʦʜʚʠʞʥʦʤ 
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ʦʙʲʝʢʪʝ (ʇʆ), ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʨʨʝʩʧʦʥʜʝʥʪʘ. 

ʋʧʨʘʚʣʝʥʠʝ ʧʨʦʮʝʩʩʦʤ ʦʨʠʝʥʪʘʮʠʠ ʘʥʪʝʥʥʳ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥ-

ʥʳʭ ʦʪ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʧʦʪʨʝʙʠ-

ʪʝʣʷ (ʅɸʇ) ʇʆ. 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘ-

ʥʳ ʩʣʝʜʫʶʱʠʝ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ: ʜʠʘʛʨʘʤʤʘ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʘʥʪʝʥʥʳ ʇʆ, ʢʦʦʨʜʠʥʘʪʳ ʇʆ 

ʠ ʢʦʨʨʝʩʧʦʥʜʝʥʪʘ ʚ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ 

ʠʣʠ ʩʠʩʪʝʤʝ ɻʘʫʩʩʘ-ʂʨʶʛʝʨʘ, ʤʘʨʰʨʫʪʥʳʝ 

ʪʦʯʢʠ ʠʣʠ ʧʫʥʢʪʳ ʧʦʚʦʨʦʪʘ ʤʘʨʰʨʫʪʘ (ʇʇʄ), 

ʟʘʜʘʥʥʳʝ ʚ ʅɸʇ, ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ, 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝʥʘʧʨʘʚʣʝʥʥʦʡ ʘʥʪʝʥʥʳ 

ʢʦʨʨʝʩʧʦʥʜʝʥʪʘ, ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʧʦʚʦʨʦʪʘ 

ʘʥʪʝʥʥʳ, ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʘʷ ʧʦʛʨʝʰʥʦʩʪʴ 

(ʉʂʇ) ʧʦʢʘʟʘʥʠʡ ʅɸʇ ʠ ʉʂʇ ʨʘʙʦʪʳ ʧʦʚʦ-

ʨʦʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ 

ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʥʝʩʢʦʣʴʢʦ ʤʘʨʰʨʫʪʦʚ, ʦʪ-

ʣʠʯʘʶʱʠʭʩʷ ʘʟʠʤʫʪʦʤ ʥʘ ʢʦʨʨʝʩʧʦʥʜʝʥʪʘ ʥʘ 

0, 90, 180 ʠ 270 ʛʨʘʜʫʩʦʚ. 

ʄʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʚʠʨʪʫʘʣʴʥʦ ʧʝʨʝʤʝʱʘʪʴ 

ʇʆ ʧʦ ʟʘʜʘʥʥʦʤʫ ʤʘʨʰʨʫʪʫ ʩ ʟʘʜʘʥʥʦʡ ʩʢʦ-

ʨʦʩʪʴʶ, ʚʳʯʠʩʣʷʷ ʘʟʠʤʫʪ ʥʘ ʢʦʨʨʝʩʧʦʥʜʝʥʪʘ ʠ 

ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʘʥʪʝʥʥʳ ʩ ʠʥʪʝʨʚʘʣʦʤ ʚ 1 ʩʝ-

ʢʫʥʜʫ. ʅʘ ʵʢʨʘʥʝ ʦʪʦʙʨʘʞʘʝʪʩʷ ʪʨʘʝʢʪʦʨʠʷ 

ʜʚʠʞʝʥʠʷ, ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʢʦʨʨʝʩʧʦʥʜʝʥʪʘ ʠ 

ʦʨʠʝʥʪʘʮʠʷ ʘʥʪʝʥʥʳ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʢʦʦʨʜʠʥʘʪʳ ʟʘʜʘʶʪʩʷ ʙʝʟ 

ʫʯʸʪʘ ʉʂʇ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʚ ʧʨʦʝʢʮʠʠ 

ɻʘʫʩʩʘ-ʂʨʶʛʝʨʘ ʠʣʠ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ. 

ʅʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʬʦʨʤʫʣʳ ʜʣʷ ʢʦʦʨ-

ʜʠʥʘʪ ʩ ʫʯʸʪʦʤ ʯʝʪʳʨʸʭ ʚʘʨʠʘʥʪʦʚ ʨʘʩʧʦʣʦ-

ʞʝʥʠʷ ʩʪʘʥʮʠʠ ʠ ʢʦʨʨʝʩʧʦʥʜʝʥʪʘ. ʆʨʠʝʥʪʘʮʠʷ 

ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʤʘʛʥʠʪʥʦʛʦ ʘʟʠʤʫʪʘ, ʧʦʵʪʦʤʫ 

ʩʢʣʦʥʝʥʠʝ ʠ ʩʙʣʠʞʝʥʠʝ ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ. 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʪʦʯʥʦʩʪʠ ʘʟʠʤʫʪʘ ʤʦʞʥʦ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʩʝʨʚʠʩʥʫʶ ʟʘʜʘʯʫ ʅɸʇ ʜʣʷ ʥʝ-

ʩʢʦʣʴʢʠʭ ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʝʢ. 

ʈʘʩʯʸʪ ʘʟʠʤʫʪʘ 

ʈʝʘʣʴʥʦ ʘʟʠʤʫʪ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʥʘ ʦʩ-

ʥʦʚʝ ʢʦʦʨʜʠʥʘʪ ʦʪ ʅɸʇ ʧʦ ʩʧʝʮʠʘʣʴʥʦʡ ʧʨʦ-

ʛʨʘʤʤʝ ʥʘ ʧʝʨʩʦʥʘʣʴʥʦʤ ʢʦʤʧʴʶʪʝʨʝ (ʇʂ) 

ʇʆ.  ʅʘ ʤʦʜʝʣʠ ʘʟʠʤʫʪ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʸʪʦʚ ʥʘ ʇʂ ʪʘʢ ʞʝ ʧʦ ʩʧʝʮʠ-

ʘʣʴʥʦʡ ʧʨʦʛʨʘʤʤʝ. 

ɼʣʷ ʨʘʩʯʸʪʘ ʘʟʠʤʫʪʘ ʟʘʜʘʸʤ ʜʘʥʥʳʝ ʇʇʄ ʚ 

ʚʠʜʝ ʤʘʪʨʠʮʳ ʢʦʦʨʜʠʥʘʪ x, y. 

 

 
 

ɿʜʝʩʴ ʟʘʜʘʥʳ ʪʦʣʴʢʦ ʢʦʦʨʜʠʥʘʪʳ x, y 4-ʭ 

ʇʇʄ, ʧʝʨʚʳʡ ʩʪʦʣʙʝʮ ʢʦʦʨʜʠʥʘʪʘ x, ʚʪʦʨʦʡ ï 

y. ɼʣʷ ʨʘʩʯʸʪʘ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʇʇʄ ʧʨʝ-

ʦʙʨʘʟʫʝʤ ʜʘʥʥʫʶ ʤʘʪʨʠʮʫ ʢ ʚʠʜʫ 

 

 
 

ʈʘʩʩʯʠʪʳʚʘʪʴ ʨʘʩʩʪʦʷʥʠʝ ʙʫʜʝʤ ʤʝʞʜʫ 1-2, 

2-3, 3-4 ʇʇʄ, ʧʦʵʪʦʤʫ ʢʦʦʨʜʠʥʘʪʘ x ʠ ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ y ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʜʚʫʭ 

ʩʪʦʣʙʮʦʚ. ʉʯʠʪʘʝʤ ʧʦ ʬʦʨʤʫʣʝ 

 

                                               (4) 

 

ɼʣʷ ʥʘʰʝʛʦ ʧʨʠʤʝʨʘ ʨʘʩʩʪʦʷʥʠʷ ʨʘʚʥʳ: 

11,18;55,036;82,97 ʢʤ. ʈʘʩʩʪʦʷʥʠʷ ʥʫʞʥʳ ʜʣʷ 

ʨʘʩʯʸʪʘ ʢʦʦʨʜʠʥʘʪ x, y ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʪʦʯʝʢ 

ʤʘʨʰʨʫʪʘ ʤʝʞʜʫ ʇʇʄ. ʂʦʦʨʜʠʥʘʪʳ ʵʪʠʭ ʪʦ-

ʯʝʢ ʥʫʞʥʳ ʜʣʷ ʨʘʩʯʸʪʘ ʘʟʠʤʫʪʦʚ ʦʪ ʵʪʠʭ ʪʦʯʝʢ 

ʥʘ ʣʶʙʫʶ ʪʦʯʢʫ ʩ ʟʘʜʘʥʥʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ. 

ɸʟʠʤʫʪʳ ʚ ʨʘʜʠʘʥʘʭ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ 
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                                                 (5) 

 

ʟʜʝʩʴ ʚ ʯʠʩʣʠʪʝʣʝ ʜʘʥ ʤʦʜʫʣʴ ʨʘʟʥʦʩʪʠ ʢʦ-

ʦʨʜʠʥʘʪʳ x (ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʦʩʴ ʘʙʩʮʠʩʩ), s0 ï 

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ ʪʦʯʢʘʤʠ. 

ʌʦʨʤʫʣʫ ʧʝʨʝʧʠʰʝʤ ʚ ʚʠʜʝ 

 

                                                   (6) 

 

ʊʦʛʜʘ ʘʟʠʤʫʪʳ ʙʫʜʫʪ ʚʳʯʠʩʣʷʪʴʩʷ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ 

 

                                   (7) 

 

ʏʝʪʳʨʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʘʟʠʤʫ-

ʪʘ ʜʘʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʷ 1, 2, 3, 4 ï ʡ ʯʝʪ-

ʚʝʨʪʠ. ɼʣʷ ʟʘʧʠʩʠ ʫʩʣʦʚʠʷ ʚʳʯʠʩʣʝʥʠʷ ʠʩ-

ʧʦʣʴʟʫʝʤ ʙʫʣʝʚʳ ʬʫʥʢʮʠʠ. ɺ ʵʪʦʤ ʚʳʨʘʞʝʥʠʠ 

ʘʟʠʤʫʪʳ ʚʳʯʠʩʣʷʶʪʩʷ ʚ ʛʨʘʜʫʩʘʭ.  

ʇʆ ʨʘʙʦʪʘʝʪ ʩ ʙʘʟʦʚʦʡ ʩʪʘʥʮʠʝʡ (ɹʉ) ʠʣʠ 

ʨʝʪʨʘʥʩʣʷʪʦʨʦʤ (ʈʉ). ʀʭ ʢʦʦʨʜʠʥʘʪʳ ʟʘʜʘʥʳ. 

ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʘʟʠʤʫʪʘ ʥʘ ɹʉ ʠʟ ʣʶʙʦʡ ʪʦʯ-

ʢʠ ʤʘʨʰʨʫʪʘ ʥʝʦʙʭʦʜʠʤʦ ʚʳʯʠʩʣʠʪʴ ʢʦʦʨʜʠ-

ʥʘʪʳ ʵʪʦʡ ʪʦʯʢʠ. ʆʥʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʚʝʣʠ-

ʯʠʥʝ ʧʨʦʡʜʝʥʥʦʛʦ ʧʫʪʠ ʦʪ ʥʘʯʘʣʴʥʦʡ ʪʦʯʢʠ ʜʦ 

ʜʘʥʥʦʡ ʪʦʯʢʠ, ʘʟʠʤʫʪʫ ʜʚʠʞʝʥʠʷ ʠ ʥʘʯʘʣʴʥʳʤ 

ʢʦʦʨʜʠʥʘʪʘʤ ʇʆ ï x0, y0. ʇʫʪʴ s ʚʳʯʠʩʣʷʝʤ 

ʧʦ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʇʆ v1 ʠ ʚʨʝʤʝʥʥʦʤʫ 

ʠʥʪʝʨʚʘʣʫ t ʦʪʩʯʸʪʦʚ. ʄʠʥʠʤʘʣʴʥʳʡ ʠʥʪʝʨʚʘʣ 

ʨʘʚʝʥ 1 ʩ. 

 

 

 
 

ɿʜʝʩʴ x1, y1 ʢʦʦʨʜʠʥʘʪʳ ʧʝʨʚʦʡ ʪʦʯʢʠ 

ʤʘʨʰʨʫʪʘ ʜʣʷ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʘʥʪʝʥʥʳ, A ï 

ʘʟʠʤʫʪ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʇʇʄ. ɸʟʠʤʫʪʳ ʚʳ-

ʯʠʩʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʝ [5]. ʐʘʛ ʚʳʯʠʩʣʝʥʠʡ 

ʧʨʠʥʠʤʘʝʤ ʨʘʚʥʳʤ t ʠʣʠ ʦʙʦʩʥʦʚʳʚʘʝʤ ʜʨʫ-

ʛʦʡ. ɺʳʯʠʩʣʠʚ ʤʘʩʩʠʚ ʘʟʠʤʫʪʦʚ, ʚʳʯʠʩʣʷʝʤ 

ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʘʥʪʝʥʥʳ. ʆʥ ʨʘʚʝʥ ʨʘʟʥʦʩʪʠ 

ʚʳʯʠʩʣʝʥʥʦʛʦ ʘʟʠʤʫʪʘ ʠ ʘʟʠʤʫʪʘ ʇʆ ʠʟ 

ʧʨʝʜʳʜʫʱʝʡ ʪʦʯʢʠ ʤʘʨʰʨʫʪʘ. ʉʪʨʦʠʤ ʛʨʘʬʠ-

ʢʠ ʘʟʠʤʫʪʦʚ ʠ ʫʛʣʦʚ ʧʦʚʦʨʦʪʘ ʘʥʪʝʥʥʳ. ɿʘʤʝ-

ʪʠʤ, ʨʘʙʦʪʘʝʤ ʧʦʩʪʦʷʥʥʦ ʩ ʜʚʫʤʷ ʘʟʠʤʫʪʘʤʠ: 

ʘʟʠʤʫʪ ʜʚʠʞʝʥʠʷ ï ʵʪʦ ʘʟʠʤʫʪ ʤʝʞʜʫ ʇʇʄ ʠ 

ʘʟʠʤʫʪ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʘʥʪʝʥʥʳ ʇʆ ʥʘ ɹʉ 

(ʈʉ). 

ʇʨʝʜʣʦʞʝʥʥʫʶ ʤʦʜʝʣʴ ʚʳʯʠʩʣʝʥʠʷ ʘʟʠʤʫ-

ʪʘ ʤʦʞʥʦ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʥʘ 

ʇʂ ʇʆ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʸʪʘ ʘʟʠʤʫʪʘ ʧʦ-

ʩʪʦʷʥʥʦ ʦʨʠʝʥʪʠʨʫʝʪʩʷ ʘʥʪʝʥʥʘ ʈʈʉ ʇʆ. ʄʝ-

ʭʘʥʠʟʤ ʚʨʘʱʝʥʠʷ ʘʥʪʝʥʥʳ ʟʜʝʩʴ ʥʝ ʨʘʩʩʤʘʪ-

ʨʠʚʘʝʪʩʷ. ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʪʦʣʴʢʦ 

ʚʳʯʠʩʣʷʪʴ ʚ ʨʝʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ ʘʟʠ-

ʤʫʪʳ ʦʨʠʝʥʪʘʮʠʠ ʥʘʧʨʘʚʣʝʥʥʦʡ ʘʥʪʝʥʥʳ ʇʆ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʄʘʪʝʨʠʘʣʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʙʝʜʠʪʝʣʴʥʦ ʧʦ-

ʢʘʟʳʚʘʶʪ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʚʠʛʘʮʠʦʥʥʳʭ 

ʘʥʪʝʥʥ (ʅɸʇ) ʚ ʨʘʜʠʦʨʝʣʝʡʥʳʭ ʩʠʩʪʝʤʘʭ 

(ʈʈʉ) ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʚʷʟʠ ʚ 

ʜʚʠʞʝʥʠʠ ʩ ʧʦʤʦʱʴʶ ʥʘʧʨʘʚʣʝʥʥʦʡ ʘʥʪʝʥʥʳ. 

ɼʘʞʝ ʝʩʣʠ ʅɸʇ ʧʝʨʝʩʪʘʥʝʪ ʚʳʧʦʣʥʷʪʴ ʜʨʫʛʠʝ 

ʟʘʜʘʯʠ, ʝʸ ʧʨʠʤʝʥʝʥʠʝ ʚ ʈʈʉ ʦʩʪʘʥʝʪʩʷ 

ʦʧʨʘʚʜʘʥʥʳʤ ʠ ʚʘʞʥʳʤ. ɺʦ ʚʪʦʨʦʤ ʨʘʟʜʝʣʝ 

ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʦʣʴ ʅɸʇ ʚ ʦʙʝʩ-
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ʧʝʯʝʥʠʠ ʩʚʷʟʠ ʩ ʥʘʧʨʘʚʣʝʥʥʦʡ ʘʥʪʝʥʥʦʡ ʚ 

ʜʚʠʞʝʥʠʠ. ʅɸʇ ʚʳʯʠʩʣʷʝʪ ʢʦʦʨʜʠʥʘʪʳ ʘʥ-

ʪʝʥʥʳ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ (ʇʆ). ʉʧʝ-

ʮʠʘʣʴʥʘʷ ʧʨʦʛʨʘʤʤʘ ʇʂ ʇʆ ʨʝʘʣʠʟʫʝʪ ʧʨʝʜ-

ʣʦʞʝʥʥʫʶ ʤʦʜʝʣʴ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʘʟʠʤʫʪʘ. 

ɿʘʪʝʤ ʚʢʣʶʯʘʝʪʩʷ ʩʠʩʪʝʤʘ ʧʦʚʦʨʦʪʘ ʘʥʪʝʥʥʳ. 

ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʫʜʫʪ ʥʘʧʨʘʚʣʝʥʳ 

ʥʘ ʨʝʰʝʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ. 
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Abstract. Within the framework of this work, the integration of consumer navigation equipment 

(NAP) into radio relay communication systems (RRS) is analyzed, which allows for stable communica-

tion in conditions of mobility when using directional antennas. Special attention is paid to methods of 

compensation of angular misalignments arising from dynamic changes in the position of moving ob-

jects. Algorithms for the joint processing of navigation and telemetry data are considered, which make 

it possible to increase the accuracy of antenna auto-tracking and reduce the likelihood of radio line 

failure. The issues of electromagnetic compatibility and minimizing mutual interference between the 

NAP and the RF transceiver path are also being investigated. The proposed approach opens up new 

opportunities for the deployment of mobile radio relay networks in difficult operating conditions, in-

cluding areas with limited visibility and high density of electronic assets. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʦʮʝʥʢʠ ʥʘʜʝʞʥʦʩʪʠ ʘʪʤʦʩʬʝʨʥʳʭ ʦʧʪʠʯʝʩʢʠʭ 

ʣʠʥʠʡ ʩʚʷʟʠ ʥʘ ʦʩʥʦʚʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʘʪʤʦʩʬʝʨʥʳʭ ʫʩʣʦʚʠʡ. ʇʦʜʭʦʜ ʦʩʥʦʚʘʥ ʥʘ ʜʠʩ-

ʢʨʝʪʠʟʘʮʠʠ ʩʦʩʪʦʷʥʠʡ ʘʪʤʦʩʬʝʨʳ, ʨʘʩʯʝʪʝ ʟʘʪʫʭʘʥʠʷ ʦʧʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʠ ʦʧʨʝʜʝʣʝʥʠʠ ʢʦ-

ʵʬʬʠʮʠʝʥʪʘ ʛʦʪʦʚʥʦʩʪʠ ʣʠʥʠʠ ʩʚʷʟʠ. ʄʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʠʟ-

ʤʝʥʯʠʚʦʩʪʴ ʘʪʤʦʩʬʝʨʥʦʛʦ ʢʘʥʘʣʘ ʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʘʥʘʣʠʟʝ 

ɸʆʃʉ, ʘ ʪʘʢʞʝ ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʦʮʝʥʢʝ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ ʧʦʩʪʨʦʝʥʠʷ ʣʠʥʠʠ ʩʚʷʟʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʪʤʦʩʬʝʨʥʳʝ ʦʧʪʠʯʝʩʢʠʝ ʣʠʥʠʠ ʩʚʷʟʠ; ʥʘʜʝʞʥʦʩʪʴ; ʢʦʵʬʬʠʮʠʝʥʪ ʛʦʪʦʚ-

ʥʦʩʪʠ; ʟʘʪʫʭʘʥʠʝ ʦʧʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ; ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʘʪʤʦʩʬʝʨʥʳʭ ʫʩʣʦʚʠʡ. 

 

ɸʪʤʦʩʬʝʨʥʳʝ ʦʧʪʠʯʝʩʢʠʝ ʣʠʥʠʠ ʩʚʷʟʠ 

(ɸʆʃʉ) ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʦʝ 

ʨʝʰʝʥʠʝ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʧʨʦ-

ʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʧʨʦʩʪʦʪʝ ʨʘʟʚʝʨʪʳʚʘ-

ʥʠʷ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʠʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʩʫ-

ʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʩʦʩʪʦʷʥʠʷ ʘʪʤʦʩʬʝʨʥʦ-

ʛʦ ʢʘʥʘʣʘ, ʧʦʩʢʦʣʴʢʫ ʪʘʢʠʝ ʬʘʢʪʦʨʳ, ʢʘʢ ʪʫ-

ʤʘʥ, ʦʩʘʜʢʠ ʠ ʘʵʨʦʟʦʣʠ, ʧʨʠʚʦʜʷʪ ʢ ʦʩʣʘʙʣʝ-

ʥʠʶ ʦʧʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʠ ʩʥʠʞʝʥʠʶ ʢʘʯʝ-

ʩʪʚʘ ʩʚʷʟʠ [1-4]. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʜʘʥʥʦʡ ʦʙ-

ʣʘʩʪʠ ʚ ʦʩʥʦʚʥʦʤ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʘʥʘʣʠʟ ʚʣʠʷ-

ʥʠʷ ʘʪʤʦʩʬʝʨʥʳʭ ʫʩʣʦʚʠʡ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʣʠʥʠʠ ʩʚʷʟʠ, ʚʢʣʶʯʘʷ ʟʘʪʫʭʘʥʠʝ ʩʠʛʥʘʣʘ ʠ 

ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʥʘ ʨʘʟʨʘ-

ʙʦʪʢʫ ʤʝʪʦʜʦʚ ʧʦʚʳʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠ-

ʩʪʝʤ [2-4]. ʇʨʠ ʵʪʦʤ ʚʦʧʨʦʩʳ ʦʮʝʥʢʠ ʥʘʜʝʞ-

ʥʦʩʪʠ ɸʆʃʉ, ʫʯʠʪʳʚʘʶʱʝʡ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ 

ʠʟʤʝʥʯʠʚʦʩʪʴ ʘʪʤʦʩʬʝʨʥʳʭ ʫʩʣʦʚʠʡ, ʨʘʩ-

ʩʤʘʪʨʠʚʘʶʪʩʷ ʦʛʨʘʥʠʯʝʥʥʦ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʢʦʤʧʘʢʪʥʳʭ ʠʥʞʝʥʝʨ-

ʥʳʭ ʤʝʪʦʜʠʢ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ 

ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʦʮʝʥʢʠ ʥʘʜʝʞ-

ʥʦʩʪʠ ʘʪʤʦʩʬʝʨʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʣʠʥʠʡ ʩʚʷʟʠ 

ʥʘ ʦʩʥʦʚʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʘʪʤʦʩʬʝʨ-

ʥʳʭ ʫʩʣʦʚʠʡ. 

ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʦʜʭʦʜʦʚ 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ 

ʘʪʤʦʩʬʝʨʝ ʠ ʩʚʷʟʘʥʥʦʝ ʩ ʥʠʤ ʟʘʪʫʭʘʥʠʝ ʩʠʛ-

ʥʘʣʘ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʳ ʚ ʢʣʘʩʩʠʯʝʩʢʠʭ ʨʘʙʦ-

ʪʘʭ, ʧʦʩʚʷʱʝʥʥʳʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʣʘʟʝʨʥʦ-

ʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʩʣʫʯʘʡʥʳʭ ʩʨʝʜʘʭ [6, 7]. ɺ 

ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʬʠʟʠʯʝ-

ʩʢʠʝ ʤʝʭʘʥʠʟʤʳ ʦʩʣʘʙʣʝʥʠʷ ʩʠʛʥʘʣʘ, ʚʢʣʶʯʘʷ 

ʨʘʩʩʝʷʥʠʝ ʠ ʧʦʛʣʦʱʝʥʠʝ, ʘ ʪʘʢʞʝ ʚʣʠʷʥʠʝ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʘʪʤʦʩʬʝʨʳ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠ-

ʢʠ ʦʧʪʠʯʝʩʢʦʛʦ ʢʘʥʘʣʘ. 

ɼʣʷ ʠʥʞʝʥʝʨʥʦʡ ʦʮʝʥʢʠ ʟʘʪʫʭʘʥʠʷ ʩʠʛʥʘʣʘ 

ʚ ʘʪʤʦʩʬʝʨʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʣʠʥʠʷʭ ʩʚʷʟʠ ʰʠ-

ʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʵʤʧʠʨʠʯʝʩʢʠʝ ʠ ʧʦʣʫʵʤ-

ʧʠʨʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʩʚʷʟʳʚʘʶʱʠʝ ʢʦʵʬʬʠʮʠ-

ʝʥʪ ʦʩʣʘʙʣʝʥʠʷ ʩ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʤʠ ʧʘʨʘ-

ʤʝʪʨʘʤʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʩ ʜʘʣʴʥʦʩʪʴʶ ʚʠʜʠʤʦ-

ʩʪʠ. ʂ ʯʠʩʣʫ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʦʪ-

ʥʦʩʷʪʩʷ ʤʦʜʝʣʠ ʂʠʤʘ, ʂʨʫʟʝ ʠ ɸʣʴ-

ʅʘʙʫʣʩʠ [8-10], ʧʦʟʚʦʣʷʶʱʠʝ ʫʯʠʪʳʚʘʪʴ ʚʣʠ-

ʷʥʠʝ ʪʫʤʘʥʘ, ʜʳʤʢʠ ʠ ʜʨʫʛʠʭ ʘʵʨʦʟʦʣʴʥʳʭ 

ʦʙʨʘʟʦʚʘʥʠʡ ʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʦʧʪʠʯʝʩʢʦʛʦ 

ʠʟʣʫʯʝʥʠʷ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʠʤʝʥʷʶʪʩʷ 

ʦʙʦʙʱʝʥʥʳʝ ʤʦʜʝʣʠ ʟʘʪʫʭʘʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥ-

ʥʳʝ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʜʦʢʫʤʝʥʪʘʭ NASA, ʦʨʠʝʥ-

ʪʠʨʦʚʘʥʥʳʝ ʥʘ ʨʘʩʯʝʪ ʧʦʪʝʨʴ ʚ ʢʘʥʘʣʝ ʩʚʷʟʠ 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʘʪʤʦʩʬʝʨʥʳʭ ʫʩʣʦʚʠʷʭ [11]. 

ɺʤʝʩʪʝ ʩ ʪʝʤ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʦʜʭʦʜʳ ʚ ʦʩ-

ʥʦʚʥʦʤ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ ʚʝʣʠ-

ʯʠʥʳ ʟʘʪʫʭʘʥʠʷ ʩʠʛʥʘʣʘ ʠʣʠ ʘʥʘʣʠʟ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢ ʢʘʥʘʣʘ ʧʨʠ ʟʘʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʪʦʛʜʘ 

ʢʘʢ ʟʘʜʘʯʠ ʦʮʝʥʢʠ ʥʘʜʝʞʥʦʩʪʠ ʣʠʥʠʠ ʩʚʷʟʠ ʩ 

ʫʯʝʪʦʤ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʪʤʦ-

ʩʬʝʨʥʳʭ ʩʦʩʪʦʷʥʠʡ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʦʛʨʘ-
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ʥʠʯʝʥʥʦʤ ʯʠʩʣʝ ʨʘʙʦʪ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʨʘʙʦʪʝ 

[12] ʧʨʝʜʣʦʞʝʥ ʧʦʜʭʦʜ ʢ ʦʮʝʥʢʝ ʜʦʩʪʫʧʥʦʩʪʠ 

FSO-ʣʠʥʠʡ ʥʘ ʦʩʥʦʚʝ ʩʪʘʪʠʩʪʠʢʠ ʚʠʜʠʤʦʩʪʠ ʠ 

ʦʩʘʜʢʦʚ, ʦʜʥʘʢʦ ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʠʥʞʝʥʝʨʥʘʷ 

ʤʝʪʦʜʠʢʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʩʚʷʟʘʪʴ ʧʘʨʘʤʝʪʨʳ 

ʘʪʤʦʩʬʝʨʥʦʡ ʩʨʝʜʳ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʛʦʪʦʚ-

ʥʦʩʪʠ ʣʠʥʠʠ ʩʚʷʟʠ, ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟ-

ʚʠʪʠʷ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʘʪʤʦʩʬʝʨʥʘʷ ʦʧʪʠʯʝʩʢʘʷ 

ʣʠʥʠʷ ʩʚʷʟʠ ʜʣʠʥʦʡ ὒ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʘʷ ʥʘ 
ʜʣʠʥʝ ʚʦʣʥʳ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ‗. ʇʝʨʝ-
ʜʘʯʘ ʩʠʛʥʘʣʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʘʪʤʦʩʬʝʨ-

ʥʳʡ ʢʘʥʘʣ, ʧʘʨʘʤʝʪʨʳ ʢʦʪʦʨʦʛʦ ʠʟʤʝʥʷʶʪʩʷ 

ʚʦ ʚʨʝʤʝʥʠ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʤʝʪʝʦʨʦʣʦʛʠʯʝ-

ʩʢʠʭ ʬʘʢʪʦʨʦʚ. 

ʉʦʩʪʦʷʥʠʝ ʘʪʤʦʩʬʝʨʳ ʦʧʠʩʳʚʘʝʪʩʷ ʥʘʙʦ-

ʨʦʤ ʜʠʩʢʨʝʪʥʳʭ ʩʦʩʪʦʷʥʠʡ Ὓ, ʢʘʞʜʦʤʫ ʠʟ ʢʦ-
ʪʦʨʳʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʧʨʝʜʝʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ 

ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ (ʥʘʧʨʠʤʝʨ, 

ʜʘʣʴʥʦʩʪʠ ʚʠʜʠʤʦʩʪʠ), ʘ ʪʘʢʞʝ ʚʝʨʦʷʪʥʦʩʪʴ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ὖ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʜʦʣʶ 

ʚʨʝʤʝʥʠ ʧʨʝʙʳʚʘʥʠʷ ʢʘʥʘʣʘ ʚ ʜʘʥʥʦʤ ʩʦʩʪʦʷ-

ʥʠʠ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʪʘʢʠʭ 

ʩʦʩʪʦʷʥʠʡ ʬʦʨʤʠʨʫʝʪ ʩʪʘʪʠʩʪʠʯʝʩʢʦʝ ʦʧʠʩʘ-

ʥʠʝ ʘʪʤʦʩʬʝʨʥʳʭ ʫʩʣʦʚʠʡ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ 

ʨʝʛʠʦʥʝ. 

ɼʣʷ ʢʘʞʜʦʛʦ ʩʦʩʪʦʷʥʠʷ Ὓ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦ-

ʵʬʬʠʮʠʝʥʪ ʟʘʪʫʭʘʥʠʷ ʦʧʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʪʝʨʠ ʥʘ ʪʨʘʩʩʝ. ʃʠʥʠʷ 

ʩʚʷʟʠ ʩʯʠʪʘʝʪʩʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʡ, ʝʩʣʠ ʩʫʤ-

ʤʘʨʥʳʝ ʧʦʪʝʨʠ ʥʝ ʧʨʝʚʳʰʘʶʪ ʟʘʜʘʥʥʦʛʦ ʧʦ-

ʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ, ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʵʥʝʨʛʝʪʠ-

ʯʝʩʢʠʤ ʙʶʜʞʝʪʦʤ ʩʠʩʪʝʤʳ. 

ʊʨʝʙʫʝʪʩʷ ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜʠʢʫ, ʧʦʟʚʦʣʷ-

ʶʱʫʶ ʥʘ ʦʩʥʦʚʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ 

ʘʪʤʦʩʬʝʨʥʳʭ ʩʦʩʪʦʷʥʠʡ ʦʧʨʝʜʝʣʠʪʴ ʢʦʵʬʬʠ-

ʮʠʝʥʪ ʛʦʪʦʚʥʦʩʪʠ ʣʠʥʠʠ ʩʚʷʟʠ ὑ, ʭʘʨʘʢʪʝʨʠ-
ʟʫʶʱʠʡ ʜʦʣʶ ʚʨʝʤʝʥʠ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʝʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ. 

ʌʦʨʤʘʣʠʟʘʮʠʷ ʤʝʪʦʜʠʢʠ ʦʮʝʥʢʠ ʥʘʜʝʞ-

ʥʦʩʪʠ ʘʪʤʦʩʬʝʨʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʣʠʥʠʡ ʩʚʷ-

ʟʠ 

ʄʦʜʝʣʴ ʟʘʪʫʭʘʥʠʷ ʦʧʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ 

ʆʩʣʘʙʣʝʥʠʝ ʦʧʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʧʨʠ ʨʘʩ-

ʧʨʦʩʪʨʘʥʝʥʠʠ ʚ ʘʪʤʦʩʬʝʨʥʦʡ ʩʨʝʜʝ ʦʧʨʝʜʝʣʷ-

ʝʪʩʷ ʧʨʦʮʝʩʩʘʤʠ ʧʦʛʣʦʱʝʥʠʷ ʠ ʨʘʩʩʝʷʥʠʷ ʠʟ-

ʣʫʯʝʥʠʷ ʘʵʨʦʟʦʣʴʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʠ ʛʠʜʨʦʤʝ-

ʪʝʦʨʘʤʠ. ɼʣʷ ʠʥʞʝʥʝʨʥʦʡ ʦʮʝʥʢʠ ʢʦʵʬʬʠʮʠ-

ʝʥʪʘ ʟʘʪʫʭʘʥʠʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʵʤʧʠ-

ʨʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʩʚʷʟʳʚʘʶʱʠʝ ʝʛʦ ʩ 

ʜʘʣʴʥʦʩʪʴʶ ʚʠʜʠʤʦʩʪʠ. 

ɺ ʨʘʤʢʘʭ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʝʪʦʜʠʢʠ ʜʣʷ ʨʘʩ-

ʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʪʫʭʘʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʤʦʜʝʣʴ ʂʠʤʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʫʯʠʪʳʚʘʪʴ ʚʣʠʷ-

ʥʠʝ ʪʫʤʘʥʘ ʠ ʜʳʤʢʠ ʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʦʧ-

ʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ [9]. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʜʘʥʥʦʡ ʤʦʜʝʣʴʶ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʪʫʭʘʥʠʷ ‎ 
(ʜɹ/ʢʤ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʬʫʥʢʮʠʷ ʜʣʠʥʳ ʚʦʣ-

ʥʳ ‗ʠ ʜʘʣʴʥʦʩʪʠ ʚʠʜʠʤʦʩʪʠ ὠ: 

 

‎
Ȣ

                                                                   (1) 

 

ʛʜʝ ὠ ï ʜʘʣʴʥʦʩʪʴ ʚʠʜʠʤʦʩʪʠ, ʢʤ; ‗ ï ʜʣʠʥʘ 
ʚʦʣʥʳ, ʥʤ; ή ï ʧʘʨʘʤʝʪʨ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʚʝʣʠ-
ʯʠʥʳ ʚʠʜʠʤʦʩʪʠ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʨʘʟʤʝʨ-

ʥʳʡ ʩʦʩʪʘʚ ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮ. 

ɿʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ήʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʩʦʦʪ-
ʚʝʪʩʪʚʠʠ ʩ ʜʠʘʧʘʟʦʥʦʤ ʠʟʤʝʥʝʥʠʷ ʜʘʣʴʥʦʩʪʠ 

ʚʠʜʠʤʦʩʪʠ ʠ ʚʳʙʠʨʘʝʪʩʷ ʧʦ ʠʟʚʝʩʪʥʳʤ ʵʤʧʠ-

ʨʠʯʝʩʢʠʤ ʟʘʚʠʩʠʤʦʩʪʷʤ [9, 10]. ʀʩʧʦʣʴʟʦʚʘ-

ʥʠʝ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʦʙʫʩʣʦʚʣʝʥʦ ʝʝ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʥʦʩʪʴʶ ʠ ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʴʶ ʧʨʠ 

ʦʮʝʥʢʝ ʟʘʪʫʭʘʥʠʷ ʩʠʛʥʘʣʘ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘ-

ʟʦʥʝ ʘʪʤʦʩʬʝʨʥʳʭ ʫʩʣʦʚʠʡ. 

ʈʘʩʯʝʪ ʧʦʪʝʨʴ ʥʘ ʪʨʘʩʩʝ 

ʇʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʪʫʭʘ-

ʥʠʷ ʜʣʷ ʟʘʜʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʘʪʤʦʩʬʝʨʳ ʨʘʩ-

ʩʯʠʪʳʚʘʶʪʩʷ ʧʦʪʝʨʠ ʦʧʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʥʘ 

ʪʨʘʩʩʝ ʣʠʥʠʠ ʩʚʷʟʠ. ʇʨʠ ʜʣʠʥʝ ʣʠʥʠʠ ὒ ʧʦʪʝ-
ʨʠ ὃ ʚ ʘʪʤʦʩʬʝʨʥʦʤ ʢʘʥʘʣʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ 

 

ὃ ‎ὒ                                                                         (2) 

 

ʛʜʝ ‎ ï ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʪʫʭʘʥʠʷ, ʜɹ/ʢʤ; 

ὒ ï ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʣʠʥʠʠ ʩʚʷʟʠ, ʢʤ. 

ɼʣʷ ʢʘʞʜʦʛʦ ʘʪʤʦʩʬʝʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ Ὓʩ 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʟʘʪʫʭʘʥʠʷ 

‎ ʧʦʪʝʨʠ ʥʘ ʪʨʘʩʩʝ ʩʦʩʪʘʚʷʪ: 

 

ὃ ‎ὒ                                                                         (3) 
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ʇʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʦʩʣʘʙ-

ʣʝʥʠʝ ʩʠʛʥʘʣʘ ʚ ʢʘʥʘʣʝ ʩʚʷʟʠ ʧʨʠ ʟʘʜʘʥʥʳʭ 

ʧʘʨʘʤʝʪʨʘʭ ʣʠʥʠʠ ʠ ʪʝʢʫʱʝʤ ʩʦʩʪʦʷʥʠʠ ʘʪʤʦ-

ʩʬʝʨʳ. 

ʈʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʣʠʥʠʠ ʩʚʷʟʠ ʦʧʨʝʜʝʣʷ-

ʝʪʩʷ ʩʨʘʚʥʝʥʠʝʤ ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʦʪʝʨʴ ʩ ʜʦʧʫ-

ʩʪʠʤʳʤ ʫʨʦʚʥʝʤ ʧʦʪʝʨʴ ὃdop, ʢʦʪʦʨʳʡ ʟʘʜʘʝʪ-

ʩʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʙʶʜʞʝʪʦʤ ʩʠʩʪʝʤʳ. ɽʩʣʠ 

ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ 

 

ὃ ὃdopȟ 

 
ʪʦ ʣʠʥʠʷ ʩʚʷʟʠ ʚ ʩʦʩʪʦʷʥʠʠ Ὓ ʩʯʠʪʘʝʪʩʷ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʡ. ʇʨʠ ʧʨʝʚʳʰʝʥʠʠ ʜʦʧʫʩʪʠ-

ʤʦʛʦ ʫʨʦʚʥʷ ʧʦʪʝʨʴ ʧʝʨʝʜʘʯʘ ʩʠʛʥʘʣʘ ʩ ʪʨʝʙʫ-

ʝʤʳʤ ʢʘʯʝʩʪʚʦʤ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ. 

ɼʠʩʢʨʝʪʠʟʘʮʠʷ ʘʪʤʦʩʬʝʨʥʳʭ ʩʦʩʪʦʷʥʠʡ 

ɼʣʷ ʫʯʝʪʘ ʠʟʤʝʥʯʠʚʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʘʪʤʦ-

ʩʬʝʨʥʦʛʦ ʢʘʥʘʣʘ ʚʦ ʚʨʝʤʝʥʠ ʚ ʧʨʝʜʣʘʛʘʝʤʦʡ 

ʤʝʪʦʜʠʢʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʠʩʢʨʝʪʥʦʝ ʧʨʝʜʩʪʘʚ-

ʣʝʥʠʝ ʩʦʩʪʦʷʥʠʡ ʘʪʤʦʩʬʝʨʳ. ʅʝʧʨʝʨʳʚʥʦʝ 

ʠʟʤʝʥʝʥʠʝ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʟʘʤʝʥʷʝʪʩʷ ʢʦʥʝʯʥʳʤ ʥʘʙʦʨʦʤ ʭʘʨʘʢʪʝʨʥʳʭ 

ʩʦʩʪʦʷʥʠʡ Ὓ, ʢʘʞʜʦʝ ʠʟ ʢʦʪʦʨʳʭ ʦʧʠʩʳʚʘʝʪʩʷ 
ʬʠʢʩʠʨʦʚʘʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʜʘʣʴʥʦʩʪʠ ʚʠ-

ʜʠʤʦʩʪʠ ὠ. 

ʂʘʞʜʦʤʫ ʩʦʩʪʦʷʥʠʶ Ὓ ʩʪʘʚʠʪʩʷ ʚ ʩʦʦʪʚʝʪ-

ʩʪʚʠʝ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ὖ, ʭʘʨʘʢʪʝ-
ʨʠʟʫʶʱʘʷ ʜʦʣʶ ʚʨʝʤʝʥʠ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ 

ʘʪʤʦʩʬʝʨʥʳʡ ʢʘʥʘʣ ʥʘʭʦʜʠʪʩʷ ʚ ʜʘʥʥʦʤ ʩʦ-

ʩʪʦʷʥʠʠ. ɿʥʘʯʝʥʠʷ ὖʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʥʘ 
ʦʩʥʦʚʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ 

ʠʣʠ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʧʘʨʘ-

ʤʝʪʨʦʚ ʩʨʝʜʳ [12]. 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢʘʞʜʦʤʫ ʩʦʩʪʦ-

ʷʥʠʶ Ὓʩʦʦʪʚʝʪʩʪʚʫʶʪ: 

- ʜʘʣʴʥʦʩʪʴ ʚʠʜʠʤʦʩʪʠ ὠ; 

- ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʪʫʭʘʥʠʷ ‎, ʦʧʨʝʜʝʣʷʝʤʳʡ 
ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʙʨʘʥʥʦʡ ʤʦʜʝʣʴʶ (ʬʦʨʤʫ-

ʣʘ 1); 

- ʧʦʪʝʨʠ ʥʘ ʪʨʘʩʩʝ ὃ, ʨʘʩʩʯʠʪʳʚʘʝʤʳʝ ʧʦ 
ʬʦʨʤʫʣʝ 3. 

ʊʘʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʩʚʝʩʪʠ ʟʘ-

ʜʘʯʫ ʘʥʘʣʠʟʘ ʥʝʧʨʝʨʳʚʥʦ ʠʟʤʝʥʷʶʱʝʛʦʩʷ ʘʪ-

ʤʦʩʬʝʨʥʦʛʦ ʢʘʥʘʣʘ ʢ ʨʘʩʩʤʦʪʨʝʥʠʶ ʢʦʥʝʯʥʦ-

ʛʦ ʯʠʩʣʘ ʪʠʧʦʚʳʭ ʩʦʩʪʦʷʥʠʡ ʩ ʠʟʚʝʩʪʥʳʤʠ ʚʝ-

ʨʦʷʪʥʦʩʪʷʤʠ. ɼʠʩʢʨʝʪʠʟʘʮʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʫʜʦʙʩʪʚʦ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʩʯʝʪʘ ʠ ʧʦʟʚʦʣʷʝʪ 

ʧʝʨʝʡʪʠ ʢ ʚʝʨʦʷʪʥʦʩʪʥʦʡ ʦʮʝʥʢʝ ʨʘʙʦʪʦʩʧʦ-

ʩʦʙʥʦʩʪʠ ʣʠʥʠʠ ʩʚʷʟʠ. 

ʈʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʛʦʪʦʚʥʦʩʪʠ 

ʅʘ ʦʩʥʦʚʝ ʚʚʝʜʝʥʥʦʛʦ ʥʘʙʦʨʘ ʜʠʩʢʨʝʪʥʳʭ 

ʩʦʩʪʦʷʥʠʡ ʘʪʤʦʩʬʝʨʳ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʤ 

ʧʘʨʘʤʝʪʨʦʚ ʣʠʥʠʠ ʩʚʷʟʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʵʬ-

ʬʠʮʠʝʥʪ ʛʦʪʦʚʥʦʩʪʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʜʦʣʶ 

ʚʨʝʤʝʥʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʣʠʥʠʠ. 

ɼʣʷ ʢʘʞʜʦʛʦ ʩʦʩʪʦʷʥʠʷ Ὓʧʨʦʚʝʨʷʝʪʩʷ 
ʫʩʣʦʚʠʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʣʠʥʠʠ ʩʚʷʟʠ, 

ʦʧʨʝʜʝʣʷʝʤʦʝ ʩʨʘʚʥʝʥʠʝʤ ʧʦʪʝʨʴ ʥʘ ʪʨʘʩʩʝ 

ὃʩ ʜʦʧʫʩʪʠʤʳʤ ʫʨʦʚʥʝʤ ʧʦʪʝʨʴ ὃdop, ʚʚʝʜʝʥ-

ʥʳʤ ʨʘʥʝʝ. 

ɽʩʣʠ ʫʢʘʟʘʥʥʦʝ ʫʩʣʦʚʠʝ ʚʳʧʦʣʥʷʝʪʩʷ, ʩʦ-

ʩʪʦʷʥʠʝ Ὓʩʯʠʪʘʝʪʩʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʳʤ; ʚ ʧʨʦ-
ʪʠʚʥʦʤ ʩʣʫʯʘʝ ï ʥʝʨʘʙʦʪʦʩʧʦʩʦʙʥʳʤ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʛʦʪʦʚʥʦʩʪʠ ʣʠʥʠʠ ʩʚʷʟʠ 

ὑʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʩʫʤʤʘ ʚʝʨʦʷʪʥʦʩʪʝʡ ʚʩʝʭ 
ʩʦʩʪʦʷʥʠʡ, ʚ ʢʦʪʦʨʳʭ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʨʘʙʦʪʦ-

ʩʧʦʩʦʙʥʦʩʪʴ: 

 

ὑ В ὖᶰ                                                                     (4) 

 

ʛʜʝ: ɱ ï ʤʥʦʞʝʩʪʚʦ ʩʦʩʪʦʷʥʠʡ ʘʪʤʦʩʬʝʨʳ, 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʫʩʣʦʚʠʶ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦ-

ʩʪʠ ʣʠʥʠʠ ʩʚʷʟʠ; 

ὖ ï ʚʝʨʦʷʪʥʦʩʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʦʩʪʦ-

ʷʥʠʷ. 

ɸʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʤʝʪʦʜʠʢʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜ-

ʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʨʘʩʯʝʪ-

ʥʳʭ ʰʘʛʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦ-

ʵʬʬʠʮʠʝʥʪʘ ʛʦʪʦʚʥʦʩʪʠ ʘʪʤʦʩʬʝʨʥʦʡ ʦʧʪʠʯʝ-

ʩʢʦʡ ʣʠʥʠʠ ʩʚʷʟʠ: 

1) ʟʘʜʘʶʪʩʷ ʧʘʨʘʤʝʪʨʳ ʣʠʥʠʠ ʩʚʷʟʠ: ʜʣʠʥʘ 

ʣʠʥʠʠ ὒ, ʜʣʠʥʘ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ ‗, ʘ ʪʘʢʞʝ 
ʜʦʧʫʩʪʠʤʳʡ ʫʨʦʚʝʥʴ ʧʦʪʝʨʴ ὃdop, ʦʧʨʝʜʝʣʷʝ-

ʤʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʙʶʜʞʝʪʦʤ ʩʠʩʪʝʤʳ; 

2) ʬʦʨʤʠʨʫʝʪʩʷ ʥʘʙʦʨ ʜʠʩʢʨʝʪʥʳʭ ʩʦʩʪʦʷ-

ʥʠʡ ʘʪʤʦʩʬʝʨʳ Ὓ, ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʢʦʪʦʨʳʭ 
ʟʘʜʘʶʪʩʷ ʟʥʘʯʝʥʠʷ ʜʘʣʴʥʦʩʪʠ ʚʠʜʠʤʦʩʪʠ ὠ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʝʨʦʷʪʥʦʩʪʠ ʚʦʟʥʠʢʥʦʚʝ-

ʥʠʷ ὖ; 

3) ʜʣʷ ʢʘʞʜʦʛʦ ʩʦʩʪʦʷʥʠʷ Ὓ ʨʘʩʩʯʠʪʳʚʘʝʪ-

ʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʪʫʭʘʥʠʷ ‎ʥʘ ʦʩʥʦʚʝ ʚʳ-
ʙʨʘʥʥʦʡ ʤʦʜʝʣʠ (ʬʦʨʤʫʣʘ 1); 
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4) ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦʪʝʨʠ ʥʘ ʪʨʘʩʩʝ ὃ ʜʣʷ 

ʢʘʞʜʦʛʦ ʩʦʩʪʦʷʥʠʷ ʘʪʤʦʩʬʝʨʳ (ʬʦʨʤʫʣʘ 3); 

5) ʜʣʷ ʢʘʞʜʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʦʚʝʨʷʝʪʩʷ 

ʫʩʣʦʚʠʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʣʠʥʠʠ ʩʚʷʟʠ; 

6) ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʩʦʩʪʦʷʥʠʡ, ʚ 

ʢʦʪʦʨʳʭ ʣʠʥʠʷ ʩʚʷʟʠ ʷʚʣʷʝʪʩʷ ʨʘʙʦʪʦʩʧʦʩʦʙ-

ʥʦʡ; 

7) ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʛʦʪʦʚʥʦʩʪʠ 

ʣʠʥʠʠ ʩʚʷʟʠ ʢʘʢ ʩʫʤʤʘ ʚʝʨʦʷʪʥʦʩʪʝʡ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʭ ʩʦʩʪʦʷʥʠʡ (ʬʦʨʤʫʣʘ 4). 

ʆʩʦʙʝʥʥʦʩʪʠ ʠ ʦʛʨʘʥʠʯʝʥʠʷ ʤʝʪʦʜʠʢʠ 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʤʝʪʦʜʠʢʘ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ 

ʠʥʞʝʥʝʨʥʫʶ ʦʮʝʥʢʫ ʥʘʜʝʞʥʦʩʪʠ ʘʪʤʦʩʬʝʨ-

ʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʣʠʥʠʡ ʩʚʷʟʠ ʠ ʦʙʣʘʜʘʝʪ ʨʷ-

ʜʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʦʙʣʘʩʪʴ ʝʝ 

ʧʨʠʤʝʥʠʤʦʩʪʠ. 

ʂʣʶʯʝʚʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʠʩʢʨʝʪʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʘʪʤʦʩʬʝʨʥʳʭ ʩʦʩʪʦʷʥʠʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʧʨʦ-

ʩʪʠʪʴ ʦʧʠʩʘʥʠʝ ʥʝʧʨʝʨʳʚʥʦ ʠʟʤʝʥʷʶʱʝʡʩʷ 

ʩʨʝʜʳ ʠ ʧʝʨʝʡʪʠ ʢ ʚʝʨʦʷʪʥʦʩʪʥʦʡ ʦʮʝʥʢʝ ʨʘ-

ʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʣʠʥʠʠ ʩʚʷʟʠ. ʊʘʢʦʡ ʧʦʜʭʦʜ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʛʣʷʜʥʦʩʪʴ ʨʘʩʯʝʪʦʚ ʠ ʫʜʦʙ-

ʩʪʚʦ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʧʨʠ ʧʨʦʝʢʪʠ-

ʨʦʚʘʥʠʠ ʩʠʩʪʝʤ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ ʤʝʪʦʜʠʢʘ ʦʩʥʦʚʘʥʘ ʥʘ ʨʷʜʝ 

ʜʦʧʫʱʝʥʠʡ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʦʜ-

ʥʦʨʦʜʥʦʩʪʴ ʘʪʤʦʩʬʝʨʥʳʭ ʫʩʣʦʚʠʡ ʥʘ ʧʨʦʪʷ-

ʞʝʥʠʠ ʚʩʝʡ ʪʨʘʩʩʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ, 

ʘ ʪʘʢʞʝ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʦ-

ʩʪʦʷʥʠʡ ʘʪʤʦʩʬʝʨʳ. ʂʨʦʤʝ ʪʦʛʦ, ʪʦʯʥʦʩʪʴ 

ʦʮʝʥʢʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʛʦʪʦʚʥʦʩʪʠ ʚ ʟʥʘʯʠ-

ʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʨʨʝʢʪʥʦʩʪʴʶ 

ʟʘʜʘʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʩʦʩʪʦʷʥʠʡ, ʢʦʪʦʨʳʝ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʬʦʨʤʠʨʫʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʩʪʘʪʠʩʪʠʯʝ-

ʩʢʠʭ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. 

ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʩʧʦʣʴʟʫʝʤʳʝ 

ʤʦʜʝʣʠ ʟʘʪʫʭʘʥʠʷ ʥʦʩʷʪ ʧʨʠʙʣʠʞʝʥʥʳʡ ʭʘ-

ʨʘʢʪʝʨ ʠ ʥʝ ʫʯʠʪʳʚʘʶʪ ʚ ʧʦʣʥʦʤ ʦʙʲʝʤʝ ʚʣʠ-

ʷʥʠʝ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʭ 

ʬʣʫʢʪʫʘʮʠʡ ʧʘʨʘʤʝʪʨʦʚ ʩʨʝʜʳ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʧʨʝʜʣʦʞʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʘ 

ʥʘ ʵʪʘʧʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʠ ʩʨʘʚʥʠ-

ʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʧʘʨʘʤʝʪʨʦʚ ʘʪʤʦʩʬʝʨʥʳʭ 

ʦʧʪʠʯʝʩʢʠʭ ʣʠʥʠʡ ʩʚʷʟʠ. 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʦʮʝʥʢʠ 

ʥʘʜʝʞʥʦʩʪʠ ʘʪʤʦʩʬʝʨʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʣʠʥʠʡ 

ʩʚʷʟʠ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʪʘʪʠ-

ʩʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʘʪʤʦʩʬʝʨʥʳʭ ʫʩʣʦʚʠʡ. ʄʝ-

ʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯ-

ʥʳʭ ʩʦʩʪʦʷʥʠʡ ʘʪʤʦʩʬʝʨʳ ʥʘ ʧʘʨʘʤʝʪʨʳ ʢʘ-

ʥʘʣʘ ʩʚʷʟʠ ʠ ʧʝʨʝʭʦʜʠʪʴ ʦʪ ʦʮʝʥʢʠ ʟʘʪʫʭʘʥʠʷ 

ʩʠʛʥʘʣʘ ʢ ʠʥʪʝʛʨʘʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ï ʢʦ-

ʵʬʬʠʮʠʝʥʪʫ ʛʦʪʦʚʥʦʩʪʠ ʣʠʥʠʠ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʧʦʜʭʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʫʧʨʦʱʝʥʥʦʡ ʠʥʞʝʥʝʨʥʦʡ ʦʮʝʥʢʠ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ɸʆʃʉ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠ-

ʨʦʚʘʥʠʷ ʠ ʘʥʘʣʠʟʘ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳ-

ʚʘʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʠʟʤʝʥʯʠʚʦʩʪʴ ʤʝʪʝʦʨʦ-

ʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʣʦʞ-

ʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩ-

ʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʚʳʙʦʨʝ ʧʘʨʘʤʝʪʨʦʚ ʣʠʥʠʠ 

ʩʚʷʟʠ ʠ ʦʮʝʥʢʝ ʝʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʨʘʟʣʠʯʥʳʭ 

ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ 

ʤʝʪʦʜʠʢʠ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʫʪʦʯʥʝʥʠʝʤ 

ʤʦʜʝʣʝʡ ʟʘʪʫʭʘʥʠʷ ʠ ʫʯʝʪʦʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʘʪʤʦ-

ʩʬʝʨʥʦʛʦ ʢʘʥʘʣʘ. 
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ʌʈʆʅʊɸʃʔʅʓʁ ʄʆɼʋʃʔ ARAGORN ï ʈɽɸʃʀɿɸʎʀʗ ʇʈɽʆɹʈɸɿʆɺɸʊɽʃʗ 

ɺʈɽʄɽʅʅʓʍ ʀʅʊɽʈɺɸʃʆɺ ɺ ʎʀʌʈʆɺʆʁ ʂʆɼ ʅɸ ɹɸɿɽ ʇʃʀʉ 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʝʭʥʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʬʨʦʥʪʘʣʴʥʦ-

ʛʦ ʤʦʜʫʣʷ ARAGORN, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʚʳʩʦʢʦʪʦʯʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘ-

ʣʦʚ ʚ ʮʠʬʨʦʚʦʡ ʢʦʜ. ʆʪʤʝʯʝʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʨʭʠʪʝʢʪʫʨʳ ʥʘ ʙʘʟʝ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʭ ʣʦʛʠ-

ʯʝʩʢʠʭ ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʭʝʤ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʧʨʝʮʠʟʠʦʥʥʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʧʨʠ ʩʦʭʨʘ-

ʥʝʥʠʠ ʛʠʙʢʦʩʪʠ ʥʘʩʪʨʦʡʢʠ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʢʘʥʘʣʦʚ. ɺ ʨʘʙʦʪʝ ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥ ʤʝʭʘʥʠʟʤ ʬʫʥʢ-

ʮʠʦʥʠʨʦʚʘʥʠʷ ʠʥʪʝʨʧʦʣʷʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʮʝʧʦʯʝʢ ʫʩʢʦʨʝʥʥʦʛʦ ʧʝʨʝʥʦʩʘ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʚʥʝʜʨʝʥʠʝ 

ʘʣʛʦʨʠʪʤʦʚ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʢʘʣʠʙʨʦʚʢʠ ʠ ʩʠʩʪʝʤ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʢʦʤʧʝʥʩʘʮʠʠ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʜʫʣʷ ʚ ʫʩʣʦʚʠʷʭ ʠʥʪʝʥʩʠʚʥʳʭ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʳʭ ʥʘʛʨʫʟʦʢ. ʉʜʝʣʘʥ ʚʳʚʦʜ ʦ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʤʦʜʫʣʷ ARAGORN ʚ ʩʦ-

ʩʪʘʚʝ ʩʦʚʨʝʤʝʥʥʳʭ ʙʝʩʨʠʛʛʝʨʥʳʭ ʩʠʩʪʝʤ ʩʙʦʨʘ ʜʘʥʥʳʭ ʜʣʷ ʟʘʜʘʯ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʬʠʟʠʢʠ ʠ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʇʃʀʉ; ʬʨʦʥʪʘʣʴʥʳʡ ʤʦʜʫʣʴ; ʣʠʥʠʷ ʟʘʜʝʨʞʢʠ; ʢʘʣʠʙʨʦʚʢʘ; ʩʠʩʪʝʤʘ ʩʙʦʨʘ 

ʜʘʥʥʳʭ. 

 

ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʚʨʝʤʝʥʠ ʚ ʮʠʬʨʦʚʦʡ ʩʠʛ-

ʥʘʣ (TDC), ʢʦʪʦʨʳʝ ʢʦʥʚʝʨʪʠʨʫʶʪ ʜʣʠʪʝʣʴ-

ʥʦʩʪʴ ʠʤʧʫʣʴʩʘ ʚ ʯʠʩʣʦʚʦʝ ʟʥʘʯʝʥʠʝ, ʠʩʧʦʣʴ-

ʟʫʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʠʣʦʞʝʥʠʷʭ, ʛʜʝ ʪʨʝʙʫ-

ʝʪʩʷ ʪʦʯʥʦʝ ʠʟʤʝʨʝʥʠʝ ʚʨʝʤʝʥʠ, ʪʘʢʠʭ ʢʘʢ, 

ʪʝʩʪʠʨʦʚʘʥʠʝ ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʭʝʤ ʩʧʝʮʠʘʣʴʥʦ-

ʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʦʙʥʘʨʫʞʝʥʠʝ ʪʨʦʷʥʩʢʠʭ ʠʥ-

ʬʝʢʮʠʡ, ʚʠʟʫʘʣʠʟʘʮʠʠ ʚ ʷʜʝʨʥʦʡ ʤʝʜʠʮʠʥʝ ʩ 

ʧʦʤʦʱʴʶ ʧʦʟʠʪʨʦʥʥʦ-ʵʤʠʩʩʠʦʥʥʦʡ ʪʦʤʦʛʨʘ-

ʬʠʠ, ʠʟʤʝʨʝʥʠʝ ʚʨʝʤʝʥʠ ʧʨʦʭʦʞʜʝʥʠʷ ʣʘʟʝʨʘ 

ʚ ʣʘʟʝʨʥʦʡ ʜʘʣʴʥʦʤʝʪʨʠʠ, ʬʣʫʦʨʝʩʮʝʥʪʥʘʷ 

ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʩʚʝʨʭʰʠʨʦʢʦʧʦʣʦʩʥʘʷ ʨʘʜʠʦ-

ʯʘʩʪʦʪʥʘʷ ʣʦʢʘʣʠʟʘʮʠʠ, ʘ ʪʘʢʞʝ ʚ ʧʨʦʮʝʩʩʝ 

ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʦʙʣʘʩʪʠ ʬʠʟʠʢʠ 

ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ, ʚʢʣʶʯʘʷ ʥʝʡʪʨʠʥʥʳʝ ʪʝʣʝ-

ʩʢʦʧʳ ʠ ʧʨʠʙʦʨʳ ʜʣʷ ʫʩʢʦʨʠʪʝʣʝʡ [1]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʪʤʝʯʘʝʪʩʷ ʨʘʩʪʫʱʠʡ 

ʩʧʨʦʩ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʢʘʥʘʣʦʚ TDC, 

ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʚ ʇʃʀʉ, ʯʪʦ ʪʨʝʙʫʝʪ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʷ TDC ʩ ʥʠʟʢʠʤ ʧʦʪʨʝʙʣʝʥʠʝʤ ʨʝʩʫʨ-

ʩʦʚ ʠ ʵʥʝʨʛʠʠ. ʇʃʀʉ ï ʵʪʦ ʫʩʪʨʦʡʩʪʚʘ, ʧʨʝʜ-

ʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʩʠʥʭʨʦʥʥʦʡ ʨʘʙʦʪʳ, ʧʦʵʪʦʤʫ 

ʦʩʥʦʚʥʦʡ ʠ ʩʘʤʳʡ ʧʨʦʩʪʦʡ ʤʝʪʦʜ ʨʝʘʣʠʟʘʮʠʠ 

TDC ʩʦʩʪʦʠʪ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʦʩʪʦʛʦ ʩʯʝʪ-

ʯʠʢʘ [2]. ʈʘʟʨʝʰʝʥʠʝ ʵʪʦʡ ʙʘʟʦʚʦʡ ʨʝʘʣʠʟʘʮʠʠ 

ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʰʠʨʝʥʦ ʩ ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ 

ʤʝʪʦʜʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʨʘʟʨʝʰʝʥʠʝ, 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʶʱʝʝ ʧʝʨʠʦʜ ʪʘʢʪʦʚʦʛʦ 

ʛʝʥʝʨʘʪʦʨʘ ʩʯʝʪʯʠʢʘ. 

ʈʘʟʚʠʪʠʝ ʘʧʧʘʨʘʪʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ 

ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʫʩʪʦʡ-

ʯʠʚʳʡ ʪʨʝʥʜ ʢ ʜʦʩʪʠʞʝʥʠʶ ʚʳʩʦʢʠʭ ʚʨʝʤʝʥ-

ʥʳʭ ʨʘʟʨʝʰʝʥʠʡ (ʧʦʨʷʜʢʘ ʧʠʢʦʩʝʢʫʥʜ) ʠ ʚʳ-

ʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ ʢʘʥʘʣʦʚ ʠʟʤʝʨʝʥʠʷ ʚ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʥʘʫʯʥʳʭ ʩʠʩʪʝʤʘʭ. ɼʣʷ ʨʝʘ-

ʣʠʟʘʮʠʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʚʨʝʤʝʥʠ ʚ ʮʠʬʨʦ-

ʚʦʡ ʩʠʛʥʘʣ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥ-

ʥʳʝ ʠʥʪʝʛʨʘʣʴʥʳʝ ʩʭʝʤʳ (ʉʀʉ) ʠʣʠ ʧʨʦʛʨʘʤ-

ʤʠʨʫʝʤʳʝ ʣʦʛʠʯʝʩʢʠʝ ʤʘʪʨʠʮʳ (ʇʃʀʉ). 

ʇʃʀʉ-TDC ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠ ʧʨʦʪʦʪʠʧʥʳʭ ʨʘʟʨʘʙʦʪʢʘʭ, 

ʧʦʩʢʦʣʴʢʫ ʠʤʝʶʪ ʙʦʣʝʝ ʢʦʨʦʪʢʠʡ ʮʠʢʣ ʩʦʟʜʘ-

ʥʠʷ ʠ ʙʦʣʝʝ ʥʠʟʢʠʝ ʟʘʪʨʘʪʳ, ʯʝʤ ʉʀʉ-TDC. 

ɹʦʣʴʰʠʥʩʪʚʦ ʇʃʀʉ-TDC ʠʩʧʦʣʴʟʫʶʪ ʢʘʩ-

ʢʘʜʥʳʝ ʮʝʧʦʯʢʠ ʧʝʨʝʥʦʩʘ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ ʩ ʦʪʚʦʜʘʤʠ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ 

ʷʚʣʷʶʪʩʷ ʩʪʘʥʜʘʨʪʦʤ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʇʃʀʉ ʠ 

ʠʤʝʶʪ ʚʳʜʝʣʝʥʥʳʝ ʨʝʩʫʨʩʳ ʤʘʨʰʨʫʪʠʟʘʮʠʠ. 
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ʉʫʱʝʩʪʚʫʶʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, 

ʯʪʦ ʩʦʚʨʝʤʝʥʥʳʝ ʇʃʀʉ-TDC ʨʝʰʘʶʪ ʩʣʦʞ-

ʥʳʝ ʧʨʦʙʣʝʤʳ, ʚʢʣʶʯʘʷ ʢʦʤʧʝʥʩʘʮʠʶ ʚʣʠʷ-

ʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʘʨʠʘʮʠʡ ʥʘʧʨʷʞʝʥʠʷ, 

ʦʙʝʩʧʝʯʝʥʠʝ ʤʥʦʛʦʢʘʥʘʣʴʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚ-

ʥʦʡ ʘʧʧʘʨʘʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ [3]. ʊʘ-

ʢʦʡ ʫʨʦʚʝʥʴ ʪʨʝʙʦʚʘʥʠʡ ʦʧʨʝʜʝʣʷʝʪ ʥʝʦʙʭʦ-

ʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʤʦ-

ʜʫʣʝʡ, ʪʘʢʠʭ ʢʘʢ ARAGORN, ʢʦʪʦʨʳʝ ʠʥʪʝ-

ʛʨʠʨʫʶʪ ʚʳʩʦʢʦʪʦʯʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʨʝ-

ʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʚ ʮʠʬʨʦʚʦʡ ʢʦʜ ʥʘ ʙʘʟʝ 

ʇʃʀʉ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʪʨʠʛʛʝʨ-ʣʝʩʩ ʩʠʩʪʝ-

ʤʘʭ ʩʙʦʨʘ ʜʘʥʥʳʭ ʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʠʟʤʝ-

ʨʠʪʝʣʴʥʳʭ ʢʦʤʧʣʝʢʩʘʭ. 

ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʟʣʠʯʥʳʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ 

ʧʨʝʠʤʫʱʝʩʪʚʦ ʚʳʙʦʨʘ ʇʃʀʉ ʢʘʢ ʧʣʘʪʬʦʨʤʳ 

ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʤʦʜʫʣʷ ARAGORN, ʧʨʝʜʩʪʘʚ-

ʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1 ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʤʝʪʦʜʦʚ ʨʝʘʣʠʟʘʮʠʠ ʚʨʝʤʷ-ʮʠʬʨʦʚʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ 

ʂʨʠʪʝʨʠʡ ʩʨʘʚʥʝʥʠʷ ɼʠʩʢʨʝʪʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʉʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʉʀʉ ʇʃʀʉ ð ʤʦʜʫʣʴ ARAGORN 

ʈʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙ-

ʥʦʩʪʴ 

ʅʠʟʢʘʷ (ʝʜʠʥʠʮʳ ʥʘʥʦʩʝ-

ʢʫʥʜ) 

ʆʯʝʥʴ ʚʳʩʦʢʘʷ (ʝʜʠʥʠʮʳ 

ʧʠʢʦʩʝʢʫʥʜ) 
ɺʳʩʦʢʘʷ (ʜʝʩʷʪʢʠ ʧʠʢʦʩʝʢʫʥʜ) 

ʄʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ 
ʆʛʨʘʥʠʯʝʥʘ ʛʘʙʘʨʠʪʘʤʠ ʧʣʘ-

ʪ  r

ʌʠʢʩʠʨʦʚʘʥʘ ʧʨʠ ʧʨʦʠʟʚʦʜ-

ʩʪʚʝ 

ɺʳʩʦʢʘʷ (ʛʠʙʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʨʝʩʫʨʩʦʚ) 

ɻʠʙʢʦʩʪʴ ʦʙʨʘʙʦʪʢʠ 
ʆʪʩʫʪʩʪʚʫʝʪ (ʞʝʩʪʢʘʷ ʣʦʛʠ-

ʢʘ) 
ʆʪʩʫʪʩʪʚʫʝʪ 

ʇʦʣʥʘʷ (ʜʠʥʘʤʠʯʝʩʢʘʷ ʧʝʨʝʧʨʦ-

ʰʠʚʢʘ) 

ɸʧʧʘʨʘʪʥʘʷ ʢʦʤʧʝʥʩʘ-

ʮʠʷ (T, V) 
ʉʣʦʞʥʘʷ ʚʥʝʰʥʷʷ ʦʙʚʷʟʢʘ 

ɺʩʪʨʦʝʥʘ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠ-

ʨʦʚʘʥʠʷ 

ɸʜʘʧʪʠʚʥʳʝ ʘʣʛʦʨʠʪʤʳ ʚʥʫʪʨʠ 

ʢʨʠʩʪʘʣʣʘ 

ʀʥʪʝʛʨʘʮʠʷ ʚ ʩʠʩʪʝʤʳ 

ʜʘʥʥʳʭ 

ʊʨʝʙʫʶʪʩʷ ʢʦʥʪʨʦʣʣʝʨʳ 

ʠʥʪʝʨʬʝʡʩʦʚ 
ʉʣʦʞʥʘʷ ʟʘʢʘʟʥʘʷ ʨʘʟʨʘʙʦʪʢʘ 

ɺʩʪʨʦʝʥʥʳʝ ʙʣʦʢʠ (Ethernet, 

PCIe, DDR) 

ʉʪʦʠʤʦʩʪʴ ʠ ʩʨʦʢʠ ʨʝʘ-

ʣʠʟʘʮʠʠ 
ʅʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ / ʙʳʩʪʨʦ 

ɺʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ / ʦʯʝʥʴ 

ʜʦʣʛʦ 

ʉʨʝʜʥʷʷ ʩʪʦʠʤʦʩʪʴ / ʩʞʘʪʳʝ 

ʩʨʦʢʠ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʪʝʤʘʪʠʢʘ 

ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ, ʪʝʦʨʝʪʠʯʝʩʢʠ ʠ ʧʨʘʢʪʠ-

ʯʝʩʢʠ ʟʥʘʯʠʤʦʡ. 

ʆʧʠʩʘʥʠʶ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ ʦʙʨʘ-

ʙʦʪʢʠ ʩʠʛʥʘʣʦʚ, ʢʦʪʦʨʳʝ ʧʨʝʜʧʦʣʘʛʘʶʪ ʨʘʟʨʘ-

ʙʦʪʢʫ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʠʥʪʝʛʨʘʣʴʥʳʭ 

ʩʭʝʤ, ʪʘʢʠʭ ʢʘʢ TOFPET2 ʠ Triroc ASIC, ʜʣʷ 

ʥʝʢʦʪʦʨʳʭ ʩʮʝʥʘʨʠʝʚ ʧʨʠʤʝʥʝʥʠʷ, ʧʦʩʚʷʪʠʣʠ 

ʩʚʦʠ ʪʨʫʜʳ ʉʦʚʝʪʦʚ ʉ.ʀ., ʊʶʨʠʥ ʉ.ʌ., ʊʘʨʘ-

ʩʦʚ ʀ.ɽ., ʃʶʣʷʚʘ ɼ.ɺ., ɼʫʢʩʠʥ ʅ.ɸ., Safa 

Berrima, Yves Blaqui¯re, Yvon Savaria. 

ɸʥʘʣʠʟ ʘʥʘʣʦʛʦʚʦ-ʮʠʬʨʦʚʦʛʦ ʤʝʪʦʜʘ ʦʙʨʘ-

ʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʥʦʛʦʧʦʨʦ-

ʛʦʚʦʛʦ ʤʝʪʦʜʘ ʠʟʤʝʨʝʥʠʷ ʚʨʝʤʝʥʠ ʧʨʝʚʳʰʝ-

ʥʠʷ ʧʦʨʦʛʘ ʠ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡ ʣʦʛʠʯʝʩʢʦʡ 

ʠʥʪʝʛʨʘʣʴʥʦʡ ʩʭʝʤʳ ʧʨʝʜʩʪʘʚʣʝʥ ʨʘʙʦʪʘʤʠ 

ɼʴʷʯʢʦʚʩʢʦʛʦ ɽ.ʀ., ʂʠʥʞʘʛʫʣʦʚʘ ʀ.ʖ., ɺʝʣʝ-

ʫʣʦʚʘ ɿ.ɸ., ʀʟʤʘʡʣʦʚʦʡ ʃ.ɻ., ɹʝʣʦʨʫʢʦ-

ʚʘ ɸ.ʄ., ʈʦʤʘʥʦʚʘ ɸ.ʖ., Chao Chen, Shengwei 

Meng. 

ɺʦʟʤʦʞʥʦʩʪʠ ʠ ʠʥʩʪʨʫʤʝʥʪʳ ʩʦʟʜʘʥʠʷ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʦʡ ʧʣʘʪʬʦʨʤʳ ʧʨʝ-

ʦʙʨʘʟʦʚʘʪʝʣʷ ʚʨʝʤʝʥʠ ʚ ʮʠʬʨʦʚʦʡ ʢʦʜ ʩ ʚʳʩʦ-

ʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʢʘʥʘʣʦʚ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦ 

ʚʦʟʤʦʞʥʳʭ ʛʘʙʘʨʠʪʘʭ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ɸʭʪʳʨ-

ʩʢʠʡ ʂ.ɸ., ʂʘʙʠʨʦʚ ɺ.ɸ., ʉʝʤʝʥʦʚ ɺ.ɼ., ɹʦʥ-

ʜʘʨʴ ʆ.ɻ., C. Munteanu, D.C. Turicu. 

ʅʝʩʤʦʪʨʷ ʥʘ ʠʤʝʶʱʠʝʩʷ ʪʨʫʜʳ ʠ ʥʘʨʘʙʦʪ-

ʢʠ, ʨʷʜ ʚʦʧʨʦʩʦʚ ʚ ʜʘʥʥʦʡ ʧʨʝʜʤʝʪʥʦʡ ʧʣʦʩ-

ʢʦʩʪʠ ʪʨʝʙʫʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʚʥʠʤʘʥʠʷ. 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʥʝʨʝʰʸʥʥʦʡ ʦʩʪʘʸʪʩʷ ʟʘʜʘʯʘ 

ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʡ ʚʨʝʤʝʥʥʦʡ ʨʘʟʨʝʰʘʶ-

ʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʩʦʭʨʘ-

ʥʝʥʠʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʫʩʣʦʚʠʷʭ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʚʘʨʠʘʮʠʡ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʫʶ ʧʨʦʙʣʝʤʫ ʩʦʩʪʘʚʣʷʝʪ ʜʦ-

ʩʪʠʞʝʥʠʝ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ ʢʘʥʘʣʦʚ ʠʟʤʝ-

ʨʝʥʠʷ ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʵʥʝʨʛʦ-

ʧʦʪʨʝʙʣʝʥʠʷ ʠ ʛʘʙʘʨʠʪʦʚ ʘʧʧʘʨʘʪʫʨʳ. ʊʘʢʞʝ 

ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʚʳʰʝ-

ʥʠʝ ʣʠʥʝʡʥʦʩʪʠ ʠ ʩʥʠʞʝʥʠʝ ʜʞʠʪʪʝʨʘ ʧʨʠ ʨʝ-

ʘʣʠʟʘʮʠʠ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʥʘ ʙʘʟʝ 

ʇʃʀʉ ʚ ʤʥʦʛʦʢʘʥʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʴ ʩʪʘʪʴʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʨʘʩʩʤʦʪʨʝʥʠʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʬʨʦʥʪʘʣʴʥʦʛʦ ʤʦʜʫʣʷ ARAGORN ʜʣʷ ʩʦʟʜʘ-
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ʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʚ 

ʮʠʬʨʦʚʦʡ ʢʦʜ ʥʘ ʙʘʟʝ ʇʃʀʉ. 

ʇʣʘʪʘ ARAGORN ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʝʭ ʥʝ-

ʜʦʨʦʛʠʭ ʇʃʀʉ Xilinx Artix-7 ʠʟ ʧʦʩʣʝʜʥʝʡ 

ʩʝʨʠʠ ʫʩʪʨʦʡʩʪʚ, ʢʦʪʦʨʳʝ ʨʝʘʣʠʟʫʶʪ ʬʫʥʢ-

ʮʠʶ TDC ʜʣʷ 384 ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʚʭʦʜ-

ʥʳʭ ʩʠʛʥʘʣʦʚ, ʧʨʠʥʠʤʘʝʤʳʭ ʯʝʪʳʨʴʤʷ ʚʳʩʦ-

ʢʦʩʢʦʨʦʩʪʥʳʤʠ ʨʘʟʲʝʤʘʤʠ Samtec QMS 208-

pin. ʆʧʪʠʯʝʩʢʠʝ ʠʥʪʝʨʬʝʡʩʳ ʧʦʜʢʣʶʯʝʥʳ ʢ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʤ ʪʨʘʥʩʠʚʝʨʥʳʤ ʤʦʜʫʣʷʤ 

ʧʷʪʦʛʦ ʇʃʀʉ Artix-7, ʢʦʪʦʨʳʡ, ʚ ʩʚʦʶ ʦʯʝ-

ʨʝʜʴ, ʜʝʡʩʪʚʫʝʪ ʢʘʢ ʫʩʪʨʦʡʩʪʚʦ ʢʦʥʮʝʥʪʨʘʪʦʨʘ 

ʜʘʥʥʳʭ ʜʣʷ ʇʃʀʉ TDC. ʕʪʘ ʬʫʥʢʮʠʷ ʦʙʝʩʧʝ-

ʯʠʚʘʝʪ ʩʦʝʜʠʥʝʥʠʝ ʜʦ ʩʝʤʠ ʧʣʘʪ ʚ ʢʘʯʝʩʪʚʝ 

ʩʧʫʪʥʠʢʦʚ ʩ ʧʦʤʦʱʴʶ ʦʧʪʠʯʝʩʢʦʛʦ ʢʘʙʝʣʷ ʩ 

ʨʘʟʚʝʪʚʠʪʝʣʝʤ. ɹʣʘʛʦʜʘʨʷ ʧʦʜʢʣʶʯʘʝʤʦʡ ʨʝʘ-

ʣʠʟʘʮʠʠ ʤʦʜʫʣʷ ʪʨʘʥʩʠʚʝʨʘ CXP, ʠʜʝʥʪʠʯʥʘʷ 

ʢʦʤʧʦʥʦʚʢʘ ʧʝʨʝʜʥʝʡ ʧʘʥʝʣʠ ʩʦʭʨʘʥʷʝʪʩʷ 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʢʦʥʝʯʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ [4]. 

ʈʝʘʣʠʟʘʮʠʷ ʦʩʥʦʚʥʳʭ ʬʫʥʢʮʠʡ ʧʣʘʪʳ ʩ ʧʦ-

ʤʦʱʴʶ ʥʝʜʦʨʦʛʠʭ, ʧʦʣʥʦʩʪʴʶ ʥʘʩʪʨʘʠʚʘʝʤʳʭ 

ʇʃʀʉ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʣʛʦʩʨʦʯʥʫʶ ʧʨʠʛʦʜ-

ʥʦʩʪʴ ʵʪʦʡ ʘʧʧʘʨʘʪʥʦʡ ʧʣʘʪʬʦʨʤʳ, ʘʜʘʧʪʠʨʫʷ 

ʝʝ ʢ ʨʘʟʥʦʦʙʨʘʟʥʳʤ ʟʘʜʘʯʘʤ ʩʯʠʪʳʚʘʥʠʷ ʚ ʪʝ-

ʯʝʥʠʝ ʢʦʨʦʪʢʦʛʦ ʚʨʝʤʝʥʠ ʨʘʟʨʘʙʦʪʢʠ. ɺʭʦʜʳ 

TDC ʧʦʜʢʣʶʯʝʥʳ ʢ ʯʝʪʳʨʝʤ ʚʳʩʦʢʦʩʢʦʨʦʩʪ-

ʥʳʤ ʨʘʟʲʝʤʘʤ SMD, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʠʥʪʝʨ-

ʬʝʡʩ ʜʣʷ ʧʣʘʪ ʨʘʩʰʠʨʝʥʠʷ, ʚ ʦʩʥʦʚʥʦʤ ʚʢʣʶ-

ʯʘʶʱʠʭ ʤʦʜʫʣʠ ʧʨʝʜʫʩʠʣʠʪʝʣʷ ʠ ʜʠʩʢʨʠʤʠ-

ʥʘʪʦʨʘ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʝʨʝʜʘʶʪʩʷ ʯʝʨʝʟ 

ʩʠʥʭʨʦʥʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʢʘʥʘʣʳ ʢ ʮʝʥ-

ʪʨʘʣʴʥʦʤʫ ʇʃʀʉ ʜʣʷ ʚʳʚʦʜʘ ʜʘʥʥʳʭ. ʆʜʥʦʡ 

ʠʟ ʛʣʘʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʵʪʦʛʦ ʧʨʦʝʢʪʘ ʷʚʣʷ-

ʝʪʩʷ ʠʥʥʦʚʘʮʠʦʥʥʘʷ ʢʦʥʮʝʧʮʠʷ ʦʧʪʠʯʝʩʢʦʛʦ 

ʩʯʠʪʳʚʘʥʠʷ, ʚ ʢʦʪʦʨʦʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ ʩʣʦʪ 

ʪʨʘʥʩʠʚʝʨʘ SFP+ ʜʣʷ ʚʳʚʦʜʘ ʜʘʥʥʳʭ, ʪʘʢ ʠ 

ʦʧʮʠʦʥʘʣʴʥʳʡ ʨʘʟʲʝʤ ʪʨʘʥʩʠʚʝʨʘ CXP ʜʣʷ 

ʩʦʝʜʠʥʝʥʠʷ ʩ ʩʝʤʴʶ ʢʘʨʪʘʤʠ ARAGORN ʚ 

ʢʘʯʝʩʪʚʝ ʩʧʫʪʥʠʢʦʚ ʩ ʧʦʤʦʱʴʶ ʦʧʪʠʯʝʩʢʦʛʦ 

ʨʘʟʚʝʪʚʠʪʝʣʴʥʦʛʦ ʢʘʙʝʣʷ. 

ʀʟʦʙʨʘʞʝʥʠʷ ʚʝʨʭʥʝʛʦ ʠ ʥʠʞʥʝʛʦ ʩʣʦʝʚ 

ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1. 
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ʈʠʩ. 1. ʀʟʦʙʨʘʞʝʥʠʷ ʚʝʨʭʥʝʛʦ ʠ ʥʠʞʥʝʛʦ ʩʣʦʝʚ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ ARAGORN [4] 

 

ʇʨʠʥʮʠʧ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚʨʝʤʷ-

ʮʠʬʨʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʚ ʩʦʩʪʘʚʝ ʤʦʜʫʣʷ 

ARAGORN ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʢʦʤʙʠʥʘʮʠʠ ʩʯʝʪʯʠʢʘ ʛʨʫʙʦʛʦ ʚʨʝʤʝʥʠ ʠ ʠʥ-

ʪʝʨʧʦʣʷʪʦʨʘ ʜʣʷ ʧʨʝʮʠʟʠʦʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 

ʤʦʤʝʥʪʘ ʧʨʠʭʦʜʘ ʠʤʧʫʣʴʩʘ. ɺ ʢʘʯʝʩʪʚʝ ʬʠʟʠ-

ʯʝʩʢʦʛʦ ʙʘʟʠʩʘ ʠʥʪʝʨʧʦʣʷʪʦʨʘ ʧʨʠʤʝʥʷʶʪʩʷ 

ʮʝʧʦʯʢʠ ʫʩʢʦʨʝʥʥʦʛʦ ʧʝʨʝʥʦʩʘ, ʠʥʪʝʛʨʠʨʦ-

ʚʘʥʥʳʝ ʚ ʩʪʨʫʢʪʫʨʫ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡ ʣʦʛʠʢʠ. 

ʉʠʛʥʘʣ, ʧʦʩʪʫʧʘʶʱʠʡ ʥʘ ʘʩʠʥʭʨʦʥʥʳʡ ʚʭʦʜ, 

ʠʥʠʮʠʠʨʫʝʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʬʨʦʥʪʘ ʧʦ ʣʦʛʠ-

ʯʝʩʢʦʡ ʣʠʥʠʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴ-

ʥʳʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʫʟʣʦʚ ʟʘʜʝʨʞʢʠ. ʉʦʩʪʦʷʥʠʝ 

ʜʘʥʥʦʡ ʣʠʥʠʠ ʬʠʢʩʠʨʫʝʪʩʷ ʧʦ ʧʦʣʦʞʠʪʝʣʴʥʦ-

ʤʫ ʬʨʦʥʪʫ ʩʠʩʪʝʤʥʦʛʦ ʪʘʢʪʦʚʦʛʦ ʩʠʛʥʘʣʘ, 

ʬʦʨʤʠʨʫʷ ʧʝʨʚʠʯʥʳʡ ʧʦʟʠʮʠʦʥʥʳʡ ʢʦʜ [5]. 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʪʘʢʦʛʦ ʧʨʝʦʙʨʘʟʦ-

ʚʘʥʠʷ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ: 

 

Ὕ ὔ ϽὝ ὲϽ† 

 

ʛʜʝ T ï ʠʪʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ ʠʟʤʝʨʝʥʥʦʛʦ 

ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ (ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʧʨʠ-

ʭʦʜʘ ʠʤʧʫʣʴʩʘ), ὔ  ï ʟʥʘʯʝʥʠʝ ʩʯʝʪʯʠʢʘ çʛʨʫ-

ʙʦʛʦè ʚʨʝʤʝʥʠ, ʵʪʦ ʮʝʣʦʝ ʯʠʩʣʦ ʧʦʣʥʳʭ ʪʘʢ-

ʪʦʚ ʦʧʦʨʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ, ʧʨʦʰʝʜʰʠʭ ʜʦ ʤʦ-

ʤʝʥʪʘ ʨʝʛʠʩʪʨʘʮʠʠ ʩʦʙʳʪʠʷ, Ὕ  ï ʧʝʨʠʦʜ 

ʪʘʢʪʦʚʦʛʦ ʩʠʛʥʘʣʘ, n ï ʢʦʣʠʯʝʩʪʚʦ ʩʨʘʙʦʪʘʚ-

ʰʠʭ ʵʣʝʤʝʥʪʦʚ ʟʘʜʝʨʞʢʠ, ʘ † ï ʩʨʝʜʥʝʝ ʚʨʝʤʷ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ ʯʝʨʝʟ ʦʜʠʥ ʫʟʝʣ. 

ʆʩʥʦʚʥʘʷ ʪʝʭʥʠʯʝʩʢʘʷ ʪʨʫʜʥʦʩʪʴ ʧʨʠ ʵʢʩ-

ʧʣʫʘʪʘʮʠʠ ʧʦʜʦʙʥʳʭ ʩʪʨʫʢʪʫʨ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʥʘʣʠʯʠʠ ʠʥʪʝʛʨʘʣʴʥʦʡ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ 

ʥʝʣʠʥʝʡʥʦʩʪʝʡ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʬʠʟʠʯʝʩʢʦʡ 

ʪʦʧʦʣʦʛʠʝʡ ʢʨʠʩʪʘʣʣʘ ʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ 
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ʪʨʘʩʩʠʨʦʚʢʠ ʚʥʫʪʨʝʥʥʠʭ ʩʚʷʟʝʡ [6]. ɺ ʤʦʜʫʣʝ 

ARAGORN ʨʝʰʝʥʠʝ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʨʝʘʣʠ-

ʟʫʝʪʩʷ ʯʝʨʝʟ ʚʥʝʜʨʝʥʠʝ ʘʜʘʧʪʠʚʥʦʛʦ ʢʦʜʦʚʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ. ɸʣʛʦʨʠʪʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘ-

ʥʠʷ ʜʘʥʥʦʛʦ ʫʟʣʘ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʤʝʪʦʜʝ ʩʪʘʪʠ-

ʩʪʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʰʠʨʠʥʳ ʙʠʥʦʚ. ɺ ʧʨʦʮʝʩʩʝ 

ʨʘʙʦʪʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘʢʦʧʣʝʥʠʝ ʛʠʩʪʦ-

ʛʨʘʤʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʜʦʚ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ 

ʩʣʫʯʘʡʥʦʛʦ ʠʣʠ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ 

ʧʦʪʦʢʘ ʚʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫ-

ʯʝʥʥʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʬʦʨʤʠʨʫʝʪʩʷ 

ʢʦʨʨʝʢʪʠʨʫʶʱʘʷ ʪʘʙʣʠʮʘ, ʢʦʪʦʨʘʷ ʚ ʨʝʞʠʤʝ 

ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʚʳʧʦʣʥʷʝʪ ʚʝʩʦʚʫʶ ʥʦʨ-

ʤʠʨʦʚʢʫ ʢʘʞʜʦʛʦ ʰʘʛʘ ʟʘʜʝʨʞʢʠ. ʕʪʦ ʧʦʟʚʦ-

ʣʷʝʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʫʶ ʧʦ-

ʛʨʝʰʥʦʩʪʴ ʠ ʜʦʩʪʠʯʴ ʵʬʬʝʢʪʠʚʥʦʛʦ ʚʨʝʤʝʥʥʦ-

ʛʦ ʨʘʟʨʝʰʝʥʠʷ, ʧʨʝʚʳʰʘʶʱʝʛʦ ʬʠʟʠʯʝʩʢʠʡ 

ʧʨʝʜʝʣ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʦʜʠʥʦʯʥʦʛʦ ʣʦʛʠʯʝ-

ʩʢʦʛʦ ʚʝʥʪʠʣʷ. 

ʉʠʥʭʨʦʥʠʟʘʮʠʷ ʤʥʦʛʦʢʘʥʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʚ 

ʤʦʜʫʣʝ ARAGORN ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʨʠʤʝ-

ʥʝʥʠʝʤ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʪʦʢʦʣʦʚ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʷ ʪʘʢʪʦʚʳʭ ʩʠʛʥʘʣʦʚ, ʦʙʝʩʧʝʯʠʚʘ-

ʶʱʠʭ ʤʠʥʠʤʘʣʴʥʳʡ ʬʘʟʦʚʳʡ ʜʞʠʪʪʝʨ. ɺʥʫʪ-

ʨʝʥʥʷʷ ʘʨʭʠʪʝʢʪʫʨʘ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʦʨʛʘ-

ʥʠʟʦʚʘʥʘ ʧʦ ʧʦʪʦʯʥʦʤʫ ʧʨʠʥʮʠʧʫ, ʯʪʦ ʠʩʢʣʶ-

ʯʘʝʪ ʚʦʟʥʠʢʥʦʚʝʥʠʝ çʤʝʨʪʚʦʛʦ ʚʨʝʤʝʥʠè ʩʠ-

ʩʪʝʤʳ ʠ ʧʦʟʚʦʣʷʝʪ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʳʝ ʩʦʙʳʪʠʷ ʩ ʠʥʪʝʨʚʘʣʦʤ, ʩʦʧʦʩʪʘʚʠ-

ʤʳʤ ʩ ʧʝʨʠʦʜʦʤ ʪʘʢʪʠʨʦʚʘʥʠʷ. ʂʘʞʜʳʡ ʠʟʤʝ-

ʨʠʪʝʣʴʥʳʡ ʢʘʥʘʣ ʩʥʘʙʞʝʥ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ 

ʙʣʦʢʦʤ ʜʝʪʝʢʮʠʠ, ʢʦʪʦʨʳʡ ʚʳʧʦʣʥʷʝʪ ʮʠʬʨʦ-

ʚʫʶ ʬʠʣʴʪʨʘʮʠʶ ʚʭʦʜʥʳʭ ʠʤʧʫʣʴʩʦʚ ʧʦ ʜʣʠ-

ʪʝʣʴʥʦʩʪʠ ʠ ʘʤʧʣʠʪʫʜʝ, ʧʨʝʜʦʪʚʨʘʱʘʷ ʣʦʞ-

ʥʳʝ ʩʨʘʙʘʪʳʚʘʥʠʷ ʦʪ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʥʘʚʦ-

ʜʦʢ. ʇʦʩʣʝ ʧʝʨʚʠʯʥʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ ʜʘʥʥʳʝ 

ʧʦʩʪʫʧʘʶʪ ʚ ʙʣʦʢ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʘʢʝʪʦʚ, ʛʜʝ 

ʢ ʚʨʝʤʝʥʥʦʡ ʤʝʪʢʝ ʜʦʙʘʚʣʷʝʪʩʷ ʠʜʝʥʪʠʬʠʢʘ-

ʪʦʨ ʢʘʥʘʣʘ ʠ ʢʦʥʪʨʦʣʴʥʘʷ ʩʫʤʤʘ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʚ ʫʩʣʦʚʠʷʭ ʜʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ 

ʤʦʜʫʣʝ ʨʝʘʣʠʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʢʨʠʩʪʘʣʣʘ. ʇʦ-

ʩʢʦʣʴʢʫ ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦ-

ʚʳʭ ʩʪʨʫʢʪʫʨʘʭ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʪʝʤʧʝʨʘ-

ʪʫʨʳ ʠ ʥʘʧʨʷʞʝʥʠʷ ʧʠʪʘʥʠʷ (t = f(T, V) [7], 

ʤʦʜʫʣʴ ʠʩʧʦʣʴʟʫʝʪ ʚʩʪʨʦʝʥʥʳʝ ʜʘʪʯʠʢʠ ʜʣʷ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʢʦʨʨʝʢʮʠʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠʥ-

ʪʝʨʧʦʣʷʮʠʠ. ʇʨʠ ʬʠʢʩʘʮʠʠ ʦʪʢʣʦʥʝʥʠʷ ʪʝʤ-

ʧʝʨʘʪʫʨʳ ʟʘ ʧʨʝʜʝʣʳ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʜʠʘʧʘ-

ʟʦʥʘ ʠʥʠʮʠʘʣʠʟʠʨʫʝʪʩʷ ʧʨʦʮʝʜʫʨʘ ʘʚʪʦʤʘʪʠ-

ʯʝʩʢʦʡ ʨʝʢʘʣʠʙʨʦʚʢʠ ʙʝʟ ʦʩʪʘʥʦʚʢʠ ʦʩʥʦʚʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʩʙʦʨʘ ʜʘʥʥʳʭ. ʕʪʦ ʛʘʨʘʥʪʠʨʫʝʪ ʩʦ-

ʭʨʘʥʝʥʠʝ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʨʝʦʙʨʘ-

ʟʦʚʘʪʝʣʷ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʮʠʢʣʘ ʠʟʤʝʨʝʥʠʡ, 

ʯʪʦ ʢʨʠʪʠʯʥʦ ʜʣʷ ʬʠʟʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʩ 

ʜʣʠʪʝʣʴʥʳʤ ʧʝʨʠʦʜʦʤ ʵʢʩʧʦʟʠʮʠʠ. 

ʇʝʨʝʜʘʯʘ ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʤʘʩʩʠʚʘ ʜʘʥ-

ʥʳʭ ʚʦ ʚʥʝʰʥʠʝ ʩʠʩʪʝʤʳ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʝ ʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʠʥʪʝʨʬʝʡʩʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʠʟʙʳʪʦʯʥʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ. ɺ ʩʪʨʫʢʪʫʨʝ ʧʨʦ-

ʛʨʘʤʤʠʨʫʝʤʦʡ ʣʦʛʠʢʠ ʨʘʟʚʝʨʥʫʪ ʢʦʥʪʨʦʣʣʝʨ 

ʧʨʷʤʦʛʦ ʜʦʩʪʫʧʘ ʢ ʧʘʤʷʪʠ, ʢʦʪʦʨʳʡ ʫʧʨʘʚʣʷʝʪ 

ʙʫʬʝʨʠʟʘʮʠʝʡ ʧʦʪʦʢʦʚ ʜʘʥʥʳʭ ʦʪ ʤʥʦʞʝʩʪʚʘ 

ʢʘʥʘʣʦʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʣ-

ʛʦʨʠʪʤʦʚ ʧʨʠʦʨʠʪʝʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʟʚʦʣʷʝʪ 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʟʘʜʝʨʞʢʫ ʧʝʨʝʜʘʯʠ ʜʣʷ ʢʨʠ-

ʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʩʝʛʤʝʥʪʦʚ ʜʘʥʥʳʭ. ʌʨʦʥ-

ʪʘʣʴʥʳʡ ʤʦʜʫʣʴ ARAGORN, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʨʝʘʣʠʟʫʝʪ ʧʦʣʥʳʡ ʮʠʢʣ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʬʠʟʠ-

ʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʚ ʚʝʨʠʬʠʮʠʨʦʚʘʥʥʳʡ ʮʠʬʨʦ-

ʚʦʡ ʢʦʜ, ʦʙʝʩʧʝʯʠʚʘʷ ʥʝʦʙʭʦʜʠʤʫʶ ʧʨʦʧʫʩʢ-

ʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʜʣʷ ʨʘʙʦʪʳ ʚ ʩʦʚʨʝʤʝʥʥʳʭ 

ʙʝʩʨʠʛʛʝʨʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʩʙʦʨʘ ʠ ʘʥʘʣʠʟʘ 

ʥʘʫʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

 

ʊʘʙʣʠʮʘ 2. ʊʝʭʥʠʯʝʩʢʠʝ ʠ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʥʘʣʦʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʤʦʜʫʣʷ 

ARAGORN [4] 
ʇʘʨʘʤʝʪʨ ʢʦʥʬʠʛʫʨʘʮʠʠ ɽʜʠʥʠʮʘ ʠʟʤʝʨʝʥʠʷ ɿʥʘʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ 

ʂʦʣʠʯʝʩʪʚʦ ʥʝʟʘʚʠʩʠʤʳʭ ʢʘʥʘʣʦʚ ʨʝʛʠʩʪʨʘʮʠʠ ʝʜ. 64 

ʉʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʚʨʝʤʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ  ʧʩ 15-25 

ɼʠʩʢʨʝʪʥʦʩʪʴ ʰʘʛʘ ʢʚʘʥʪʦʚʘʥʠʷ ʧʩ 8.5 

ɼʠʘʧʘʟʦʥ ʠʟʤʝʨʷʝʤʳʭ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʤʢʩ ʜʦ 102.4 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʯʘʩʪʦʪʘ ʨʝʛʠʩʪʨʘʮʠʠ ʩʦʙʳʪʠʡ ʥʘ ʢʘʥʘʣ ʄɻʮ 40 

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʥʝʣʠʥʝʡʥʦʩʪʴ  LSB < 0,6 

ʀʥʪʝʛʨʘʣʴʥʘʷ ʥʝʣʠʥʝʡʥʦʩʪʴ  LSB < 1,2 

ʕʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʦʜʥʦʛʦ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʘʥʘʣʘ ʤɺʪ 12,5 
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ɸʧʧʘʨʘʪʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʤʦʜʫʣʷ ʥʘ ʙʘʟʝ ʩʦ-

ʚʨʝʤʝʥʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʩʪʨʫʢʪʫʨ ʧʦʟ-

ʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʧʘʨʘʤʝʪʨʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ 

ʪʘʙʣʠʮʝ 2. ɼʘʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʦʪʨʘʞʘʶʪ ʚʦʟ-

ʤʦʞʥʦʩʪʠ ʘʨʭʠʪʝʢʪʫʨʳ ʧʨʠ ʨʘʙʦʪʝ ʚ ʨʝʞʠʤʝ 

ʧʨʝʜʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʴ ʚʳʙʨʘʥʥʦʛʦ ʤʝʪʦʜʘ ʤʥʦʛʦʢʘ-

ʥʘʣʴʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ. 

ʃʦʛʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʤʦʜʫʣʷ ʦʨʛʘʥʠʟʦʚʘʥʘ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʜʘʥʥʳʝ ʦʪ ʠʥʪʝʨʧʦʣʷʪʦʨʦʚ 

ʧʦʩʪʫʧʘʶʪ ʚ ʙʣʦʢ ʧʨʠʦʨʠʪʝʪʥʦʛʦ ʢʦʜʠʨʦʚʘ-

ʥʠʷ, ʛʜʝ ʧʦʟʠʮʠʦʥʥʳʡ ʢʦʜ çʪʝʨʤʦʤʝʪʨʠʯʝʩʢʦ-

ʛʦè ʪʠʧʘ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʢʦʤʧʘʢʪʥʳʡ ʜʚʦʠʯ-

ʥʳʡ ʬʦʨʤʘʪ. ɼʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʚʣʠʷʥʠʷ ʤʝʪʘ-

ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʨʠ ʟʘʭʚʘʪʝ ʘʩʠʥʭʨʦʥʥʳʭ ʩʠʛ-

ʥʘʣʦʚ ʚ ʩʠʩʪʝʤʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʥʦʛʦʩʪʫʧʝʥ-

ʯʘʪʳʝ ʩʠʥʭʨʦʥʠʟʘʪʦʨʳ ʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ 

ʮʝʧʠ ʬʘʟʦʚʦʡ ʘʚʪʦʧʦʜʩʪʨʦʡʢʠ ʯʘʩʪʦʪʳ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʚʩʝʭ 64 

ʢʘʥʘʣʦʚ ʩ ʪʦʯʥʦʩʪʴʶ, ʠʩʢʣʶʯʘʶʱʝʡ ʬʘʟʦʚʳʡ 

ʨʘʟʥʦʩ ʤʝʞʜʫ ʬʨʦʥʪʘʣʴʥʳʤʠ ʫʟʣʘʤʠ ʠ ʮʝʥ-

ʪʨʘʣʴʥʳʤ ʧʨʦʮʝʩʩʦʨʦʤ ʩʙʦʨʘ ʜʘʥʥʳʭ. 

ɼʘʣʴʥʝʡʰʝʝ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʥʦʛʦʢʨʠʩʪʘʣʴ-

ʥʳʭ ʩʙʦʨʦʢ ʠ ʚʥʝʜʨʝʥʠʝ ʦʧʪʠʯʝʩʢʠʭ ʢʘʥʘʣʦʚ 

ʩʚʷʟʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʩʦʩʪʘʚ ʬʨʦʥʪʘʣʴʥʦʛʦ 

ʤʦʜʫʣʷ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʩʥʠʟʠʪʴ ʫʨʦʚʝʥʴ ʵʣʝʢ-

ʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ ʠ ʦʙʝʩʧʝʯʠʪʴ ʧʝʨʝʜʘʯʫ 

ʜʘʥʥʳʭ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʙʝʟ ʜʝ-

ʛʨʘʜʘʮʠʠ ʢʘʯʝʩʪʚʘ ʩʠʛʥʘʣʘ. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ 

ʧʦʜʦʙʥʳʭ ʧʨʝʮʠʟʠʦʥʥʳʭ ʩʠʩʪʝʤ ʥʘ ʙʘʟʝ 

ʇʃʀʉ ʦʪʢʨʳʚʘʝʪ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 

ʘʜʘʧʪʘʮʠʠ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʦʜ 

ʢʦʥʢʨʝʪʥʳʝ ʟʘʜʘʯʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʬʠʟʠ-

ʢʠ, ʩʦʯʝʪʘʷ ʚ ʩʝʙʝ ʪʦʯʥʦʩʪʴ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥ-

ʥʳʭ ʤʠʢʨʦʩʭʝʤ ʠ ʛʠʙʢʦʩʪʴ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʭ 

ʩʠʩʪʝʤ [8]. 

ʇʦʜʚʦʜʷ ʠʪʦʛʠ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ, ʦʪʤʝʪʠʤ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʧʨʦʛʨʘʤʤʠʨʫ-

ʝʤʳʭ ʣʦʛʠʯʝʩʢʠʭ ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʭʝʤ ʚ ʢʘʯʝ-

ʩʪʚʝ ʙʘʟʠʩʘ ʜʣʷ ʤʦʜʫʣʷ ARAGORN ʧʦʟʚʦʣʷʝʪ 

ʜʦʩʪʠʯʴ ʚʨʝʤʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʥʘ ʫʨʦʚʥʝ 

ʜʝʩʷʪʢʦʚ ʧʠʢʦʩʝʢʫʥʜ ʟʘ ʩʯʝʪ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʨʝʩʫʨʩʦʚ ʪʨʘʩʩʠ-

ʨʦʚʢʠ ʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʮʝʧʝʡ ʧʝʨʝʥʦʩʘ. 

ʆʧʠʩʘʥʥʳʡ ʤʝʪʦʜ ʩʦʚʤʝʱʝʥʠʷ ʩʯʝʪʯʠʢʘ ʛʨʫ-

ʙʦʛʦ ʚʨʝʤʝʥʠ ʩ ʘʜʘʧʪʠʚʥʳʤ ʠʥʪʝʨʧʦʣʷʪʦʨʦʤ ʚ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʩʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʢʦʨʨʝʢʮʠʝʡ 

ʥʝʣʠʥʝʡʥʦʩʪʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʥʩʪʨʫʤʝʥʪʘʣʴ-

ʥʫʶ ʪʦʯʥʦʩʪʴ, ʩʦʧʦʩʪʘʚʠʤʫʶ ʩʦ ʩʧʝʮʠʘʣʠʟʠ-

ʨʦʚʘʥʥʳʤʠ ʠʥʪʝʛʨʘʣʴʥʳʤʠ ʩʭʝʤʘʤʠ, ʧʨʠ ʟʥʘ-

ʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʛʠʙʢʦʩʪʠ ʢʦʥʬʠʛʫʨʠ-

ʨʦʚʘʥʠʷ. 
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ARAGORN FRONT-END MODULE ï IMPLEMENTATION  

OF A TIME  INTERVAL CONVERTER INTO A DIGITAL CODE BASED ON PLIS  

 

A.S. Lesnikov, Student 

Bauman Moscow State Technical University 

(Russia, Moscow) 

 

Abstract. The article discusses the technical features of the ARAGORN front-end module, designed 

for high-precision conversion of time intervals into digital code. It is noted that the use of an architec-

ture based on programmable logic integrated circuits allows achieving precision time resolution while 

maintaining flexibility in the configuration of measurement channels. The paper describes in detail the 

mechanism of operation of the interpolator based on accelerated transfer chains. It has been found that 

the implementation of statistical calibration algorithms and temperature compensation systems ensures 

the stability of the module's metrological characteristics under conditions of intensive experimental 

loads. It is concluded that the ARAGORN module is highly effective when used in modern rigless data 

acquisition systems for fundamental physics and high-speed measurement technology. 

Keywords: PLIS; front-end module; delay line; calibration; data acquisition systems. 
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ʄɸʊɽʈʀɸʃʔʅʓʁ ɹɸʃɸʅʉ ʇʈʆʀɿɺʆɼʉʊɺɸ ʄɽʊʀʃ-ʊʈɽʊ-ɹʋʊʀʃʆɺʆɻʆ ʕʌʀʈɸ 

 

ʖ.ʆ. ʄʘʤʧʦʨʠʷ, ʩʪʫʜʝʥʪ 

ʄʫʨʦʤʩʢʠʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ɺʣʘʜʠʤʠʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

(ʈʦʩʩʠʷ, ʛ. ʄʫʨʦʤ) 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʨʘʩʯʝʪ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʙʘʣʘʥʩʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʝʪʠʣ-

ʪʨʝʪ-ʙʫʪʠʣʦʚʦʛʦ ʵʬʠʨʘ (ʄʊɹʕ) ʤʦʱʥʦʩʪʴʶ 90000 ʪʦʥʥ ʚ ʛʦʜ. ʇʨʦʮʝʩʩ ʦʩʥʦʚʘʥ ʥʘ ʨʝʘʢʮʠʠ ʢʘ-

ʪʘʣʠʪʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʟʦʙʫʪʠʣʝʥʘ ʩ ʤʝʪʘʥʦʣʦʤ. ɺʳʧʦʣʥʝʥ ʨʘʩʯʝʪ ʩʫʪʦʯʥʦʡ ʧʨʦʠʟʚʦ-

ʜʠʪʝʣʴʥʦʩʪʠ, ʦʧʨʝʜʝʣʝʥʦ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʠʟʦʙʫʪʠʣʝʥʘ ʚ ʩʦʩʪʘʚʝ ʬʨʘʢʮʠʠ, ʨʘʩʩʯʠʪʘʥʳ ʦʙʨʘ-

ʟʫʶʱʠʝʩʷ ʧʦʙʦʯʥʳʝ ʧʨʦʜʫʢʪʳ (ʊʄʂ, ʯʠʩʪʳʡ ʤʝʪʘʥʦʣ, ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʡ ʤʝʪʘʥʦʣ). ʇʨʦʚʝʜʝʥ 

ʘʥʘʣʠʟ ʧʦʪʝʨʴ ʢʦʤʧʦʥʝʥʪʦʚ. ʈʘʩʩʯʠʪʘʥʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ: ʚʳʭʦʜ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢ-

ʪʘ, ʢʦʥʚʝʨʩʠʷ ʠʟʦʙʫʪʠʣʝʥʘ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʡ 

ʜʣʷ ʚʳʙʦʨʘ ʦʩʥʦʚʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʪʝʨʠʘʣʴʥʳʡ ʙʘʣʘʥʩ; ʤʝʪʠʣ-ʪʨʝʪ-ʙʫʪʠʣʦʚʳʡ ʵʬʠʨ; ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ 

ʩʭʝʤʘ; ʤʝʪʘʥʦʣ; ʵʪʘʥʦʣ. 

 

ʄʝʪʠʣ-ʪʨʝʪ-ʙʫʪʠʣʦʚʳʡ ʵʬʠʨ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʚ ʢʘʯʝʩʪʚʝ ʚʳʩʦʢʦʦʢʪʘʥʦʚʦʡ ʢʦʤʧʦʥʝʥʪʳ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʦʢʪʘʥʦʚʳʭ ʥʝʵʪʠʣʠʨʦʚʘʥ-

ʥʳʭ, ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ ʙʝʥʟʠʥʦʚ. ɹʝʥʟʠʥʳ, 

ʧʦʣʫʯʝʥʥʳʝ ʢʦʤʧʘʫʥʜʠʨʦʚʘʥʠʝʤ ʚʳʩʦʢʦʦʢʪʘ-

ʥʦʚʳʭ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʬʨʘʢʮʠʡ ʩ ʜʦʙʘʚʢʦʡ 

ʄʊɹʕ ʦʙʣʘʜʘʶʪ ʧʦʥʠʞʝʥʥʦʡ ʪʦʢʩʠʯʥʦʩʪʴʶ, 

ʚʳʩʦʢʦʡ ʜʝʪʦʥʘʮʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʴʶ ʠ ʩʪʘ-

ʙʠʣʴʥʦʩʪʴʶ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʄʊɹʕ ʢʘʢ ʢʦʤ-

ʧʦʥʝʥʪʘ ʙʝʥʟʠʥʦʚ (ʦʢʪʘʥʦʚʦʝ ʯʠʩʣʦ ʩʤʝʰʝʥʠʷ 

117, ʧʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤʫ ʤʝʪʦʜʫ 115-

135) [1] ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʠʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʥʪʠʜʝʪʦʥʘʪʦʨʘ-ʪʝʪʨʘʵʪʠʣ-

ʩʚʠʥʮʘ. ʂʨʦʤʝ ʪʦʛʦ, ʜʦʙʘʚʣʝʥʠʝ ʤʝʪʠʣ-ʪʨʝʪ-

ʙʫʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʧʦʣʥʦʝ 

ʩʛʦʨʘʥʠʝ ʤʦʪʦʨʥʦʛʦ ʪʦʧʣʠʚʘ. ʂʣʶʯʝʚʳʤ ʵʪʘ-

ʧʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʘʥʘ-

ʣʠʟʘ ʣʶʙʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʷʚʣʷ-

ʝʪʩʷ ʩʦʩʪʘʚʣʝʥʠʝ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʙʘʣʘʥʩʘ, ʢʦ-

ʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʪʴ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦ ʩʪʘʜʠʷʤ ʧʨʦʮʝʩ-

ʩʘ, ʦʧʨʝʜʝʣʠʪʴ ʨʘʩʭʦʜʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʳ-

ʨʴʷ, ʚʳʭʦʜ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ, ʘ ʪʘʢʞʝ ʚʳ-

ʷʚʠʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʧʦʪʝʨʠ ʠ ʧʫʪʠ ʠʭ ʤʠʥʠ-

ʤʠʟʘʮʠʠ. ʄʘʪʝʨʠʘʣʴʥʳʡ ʙʘʣʘʥʩ ʩʣʫʞʠʪ ʦʩʥʦ-

ʚʦʡ ʜʣʷ ʧʦʩʣʝʜʫʶʱʠʭ ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʝʪʦʚ ï 

ʪʝʧʣʦʚʦʛʦ, ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ, ʘ ʪʘʢʞʝ ʜʣʷ ʚʳ-

ʙʦʨʘ ʦʩʥʦʚʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘ-

ʥʠʷ. 

ɸʥʘʣʠʟ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ ʄʊɹʕ 

ɺ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝ-

ʰʝʥʠʷ ʚ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥ ʧʨʦʮʝʩʩ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ ʤʝʪʠʣ-ʪʨʝʪ-ʙʫʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʧʦ ʤʝ-

ʪʦʜʫ IFP (Institut Fran­ais du P®trole), ʧʦʣʫ-

ʯʠʚʰʠʡ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʤʠʨʦʚʦʡ 

ʥʝʬʪʝʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʙʣʘʛʦʜʘʨʷ 

ʚʳʩʦʢʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʠ, ʛʠʙʢʦʩʪʠ ʧʦ ʩʳʨʴʶ ʠ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʦʩʪʠʞʝʥʠʷ ʢʦʥʚʝʨʩʠʠ ʠʟʦʙʫʪʠ-

ʣʝʥʘ ʜʦ 99,8% [4]. 

ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ 

(ʨʠʩ. 1) ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʫʟʣʳ: 

- ʋʟʝʣ ʧʦʜʛʦʪʦʚʢʠ ʩʳʨʴʷ ʠ ʨʝʘʢʪʦʨʥʳʡ 

ʙʣʦʢ. ɹʫʪʘʥ-ʠʟʦʙʫʪʠʣʝʥʦʚʘʷ ʬʨʘʢʮʠʷ (ɹɹʌ) ʠ 

ʩʚʝʞʠʡ ʤʝʪʘʥʦʣ ʩʤʝʰʠʚʘʶʪʩʷ ʩ ʚʦʟʚʨʘʪʥʳʤʠ 

ʧʦʪʦʢʘʤʠ (ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ 

ʠ ʨʝʛʝʥʝʨʠʨʦʚʘʥʥʳʡ ʩʧʠʨʪ) ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴ-

ʥʦ ʧʦʜʘʶʪʩʷ ʚ ʜʚʘ ʨʝʘʢʪʦʨʘ ʩ ʥʝʧʦʜʚʠʞʥʳʤ 

ʩʣʦʝʤ ʢʠʩʣʦʪʥʦʛʦ ʢʘʪʠʦʥʦʦʙʤʝʥʥʦʛʦ ʢʘʪʘʣʠ-

ʟʘʪʦʨʘ (ʥʘʧʨʠʤʝʨ, Amberlyst 15 ʠʣʠ ʂʋ-

2ʌʇʇ). ʈʝʘʢʮʠʷ ʵʪʝʨʠʬʠʢʘʮʠʠ ʧʨʦʪʝʢʘʝʪ ʚ 

ʞʠʜʢʦʡ ʬʘʟʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 50-90 ÁC ʠ ʜʘʚ-

ʣʝʥʠʠ 0,5-1,5 ʄʇʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʤ ʦʪʩʫʪ-

ʩʪʚʠʝ ʠʩʧʘʨʝʥʠʷ. ʕʢʟʦʪʝʨʤʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ 

ʧʨʦʮʝʩʩʘ ʪʨʝʙʫʝʪ ʦʪʚʦʜʘ ʪʝʧʣʘ, ʯʪʦ ʨʝʘʣʠʟʦ-

ʚʘʥʦ ʟʘ ʩʯʝʪ ʢʦʞʫʭʦʪʨʫʙʯʘʪʦʡ ʢʦʥʩʪʨʫʢʮʠʠ 

ʨʝʘʢʪʦʨʦʚ ʩ ʮʠʨʢʫʣʷʮʠʝʡ ʭʣʘʜʘʛʝʥʪʘ [2]. 

- ʋʟʝʣ ʨʘʟʜʝʣʝʥʠʷ ʠ ʨʝʢʪʠʬʠʢʘʮʠʠ. ʈʝʘʢ-

ʮʠʦʥʥʘʷ ʩʤʝʩʴ ʧʦʩʣʝ ʨʝʘʢʪʦʨʦʚ ʥʘʧʨʘʚʣʷʝʪʩʷ 

ʚ ʨʝʢʪʠʬʠʢʘʮʠʦʥʥʫʶ ʢʦʣʦʥʥʫ ʪʘʨʝʣʴʯʘʪʦʛʦ 

ʪʠʧʘ (ʨʠʩ. 1), ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʜʝʣʝʥʠʝ ʥʘ 

ʪʨʠ ʦʩʥʦʚʥʳʭ ʧʦʪʦʢʘ: 

1. ɼʠʩʪʠʣʣʷʪ (ʚʝʨʭ ʢʦʣʦʥʥʳ) ï ʣʝʛʢʘʷ 

ʬʨʘʢʮʠʷ, ʩʦʜʝʨʞʘʱʘʷ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʝ 

ʫʛʣʝʚʦʜʦʨʦʜʳ ʉ4 ʠ ʠʟʙʳʪʦʯʥʳʡ ʤʝʪʘʥʦʣ, ʢʦ-
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ʪʦʨʘʷ ʧʦʩʣʝ ʢʦʥʜʝʥʩʘʮʠʠ ʧʦʩʪʫʧʘʝʪ ʚ ʩʝʧʘʨʘ-

ʪʦʨ. 

2. ʂʫʙʦʚʳʡ ʧʨʦʜʫʢʪ ï ʮʝʣʝʚʦʡ ʄʊɹʕ ʩ ʯʠ-

ʩʪʦʪʦʡ ʥʝ ʤʝʥʝʝ 99% ʥʘʧʨʘʚʣʷʝʤʳʡ ʥʘ ʩʢʣʘʜ 

ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ. 

3. ʇʨʦʤʝʞʫʪʦʯʥʳʡ ʧʦʪʦʢ ï ʚʦʟʚʨʘʪʥʳʡ ʤʝ-

ʪʘʥʦʣ, ʥʘʧʨʘʚʣʷʝʤʳʡ ʥʘ ʩʤʝʰʝʥʠʝ ʩʦ ʩʚʝʞʠʤ 

ʩʳʨʴʝʤ. 

 

 
ʈʠʩ. 1. ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʩʠʥʪʝʟʘ ʄʊɹʕ 

 

- ʋʟʝʣ ʨʝʛʝʥʝʨʘʮʠʠ ʤʝʪʘʥʦʣʘ. ɼʣʷ ʠʟʚʣʝʯʝ-

ʥʠʷ ʤʝʪʘʥʦʣʘ ʠʟ ʫʛʣʝʚʦʜʦʨʦʜʥʦʡ ʬʨʘʢʮʠʠ ʠʩ-

ʧʦʣʴʟʫʝʪʩʷ ʧʨʦʤʳʚʢʘ ʚʦʜʦʡ ʚ ʢʦʣʦʥʥʝ ʵʢʩ-

ʪʨʘʢʮʠʠ (ʧʦʟ. 4-5), ʧʦʩʣʝ ʯʝʛʦ ʚʦʜʥʦ-

ʩʧʠʨʪʦʚʘʷ ʩʤʝʩʴ ʥʘʧʨʘʚʣʷʝʪʩʷ ʚ ʢʦʣʦʥʥʫ ʨʝ-

ʛʝʥʝʨʘʮʠʠ (ʧʦʟ. 5), ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʚʳʜʝʣʝʥʠʝ 

ʤʝʪʘʥʦʣʘ ʜʣʷ ʚʦʟʚʨʘʪʘ ʚ ʧʨʦʮʝʩʩ. ɺʦʜʘ 

ʥʘʧʨʘʚʣʷʝʪʩʷ ʥʘ ʧʦʚʪʦʨʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ. 

- ʉʠʩʪʝʤʘ ʵʥʝʨʛʦʦʙʝʩʧʝʯʝʥʠʷ ʠ ʙʝʟʦʧʘʩʥʦ-

ʩʪʠ. ɼʣʷ ʨʝʢʫʧʝʨʘʮʠʠ ʪʝʧʣʘ ʚ ʩʭʝʤʝ ʧʨʝʜʫ-

ʩʤʦʪʨʝʥʳ ʪʝʧʣʦʦʙʤʝʥʥʠʢʠ (ʧʦʟ. 1, 5, 5ʘ), ʠʩ-

ʧʦʣʴʟʫʶʱʠʝ ʪʝʧʣʦ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʜʣʷ 

ʧʦʜʦʛʨʝʚʘ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ. ɸʚʘʨʠʡʥʳʝ ʩʙʨʦ-

ʩʳ ʛʘʟʦʚ ʥʘʧʨʘʚʣʷʶʪʩʷ ʚ ʬʘʢʝʣʴʥʫʶ ʩʠʩʪʝʤʫ 

(ʧʦʟ. 40) ʜʣʷ ʪʝʨʤʠʯʝʩʢʦʛʦ ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʚʳʙʨʘʥʥʦʡ 

ʩʭʝʤʳ: 

- ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʚʫʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ 

ʨʝʘʢʪʦʨʦʚ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ 

ʢʦʥʚʝʨʩʠʠ ʠʟʦʙʫʪʠʣʝʥʘ ʧʨʠ ʩʪʝʭʠʦʤʝʪʨʠʯʝ-

ʩʢʦʤ ʠʣʠ ʙʣʠʟʢʦʤ ʢ ʥʝʤʫ ʩʦʦʪʥʦʰʝʥʠʠ ʤʝʪʘ-

ʥʦʣ : ʠʟʦʙʫʪʠʣʝʥ (1,006); 

- ʦʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʠʟʙʳʪʦʯʥʦʤ 

ʢʦʣʠʯʝʩʪʚʝ ʤʝʪʘʥʦʣʘ ʩʥʠʞʘʝʪ ʵʥʝʨʛʦʟʘʪʨʘʪʳ 

ʥʘ ʝʛʦ ʨʝʛʝʥʝʨʘʮʠʶ; 

- ʧʨʠʤʝʥʝʥʠʝ ʪʘʨʝʣʴʯʘʪʳʭ ʨʝʢʪʠʬʠʢʘʮʠʦʥ-

ʥʳʭ ʢʦʣʦʥʥ ʩ ʢʣʘʧʘʥʥʳʤʠ ʪʘʨʝʣʢʘʤʠ ʦʙʝʩʧʝ-

ʯʠʚʘʝʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʨʘʟʜʝʣʝʥʠʷ ʧʨʠ ʢʦʣʝʙʘ-

ʥʠʷʭ ʥʘʛʨʫʟʦʢ. 

ɸʥʘʣʠʟ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ ʧʦʢʘʟʳʚʘ-

ʝʪ, ʯʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʄʊɹʕ ʧʦ ʤʝʪʦʜʫ IFP ʭʘ-

ʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʘʚʪʦʤʘʪʠʟʘ-

ʮʠʠ, ʟʘʤʢʥʫʪʳʤʠ ʮʠʢʣʘʤʠ ʧʦ ʩʳʨʴʶ (ʨʝʮʠʢʣ 

ʤʝʪʘʥʦʣʘ ʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ) ʠ ʤʠʥʠʤʘʣʴʥʳʤ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʦʩʣʝʜʫʶʱʠʤʠ ʨʘʩʯʝʪʘʤʠ 

ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʠ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʦʚ [3]. 
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ʄʘʪʝʨʠʘʣʴʥʳʡ ʙʘʣʘʥʩ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʄʊɹʕ 

ʄʦʱʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʧʦ ʄʊɹʕ ʧʨʠʥʠʤʘʝʤ 

90 ʪʳʩʷʯ ʪʦʥʥ ʚ ʛʦʜ. 

ʀʩʭʦʜʷ ʠʟ ʟʘʜʘʥʥʦʡ ʤʦʱʥʦʩʪʠ ʫʩʪʘʥʦʚʢʠ 

ʨʘʩʩʯʠʪʳʚʘʝʤ ʩʫʪʦʯʥʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʧʦ ʬʦʨʤʫʣʝ (1): 

 

                                         Ὃ
ẗ

ẗ
  ,                                                              (1) 

 

ʛʜʝ Ὃʩʫʪ ï ʯʘʩʦʚʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʦ 
ʄʊɹʕ, ʢʛ/ʯ; 

      ʇ ï ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʧʦ 

ʄʊɹʕ, ʪ/ʛʦʜ; 

      †ʨʘʙ ï ʚʨʝʤʷ ʨʘʙʦʪʳ ʫʩʪʘʥʦʚʢʠ ʟʘ ʚʳʯʝ-
ʪʦʤ ʢʘʧʠʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʘ, ʯ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʦ ʬʦʨʤʫʣʝ (1): 

 

Ὃ
ωππππẗρπππ

σφυρυẗςτ
ρπχρτȢσ ‖̄Ⱦ̘ 

 

ʈʘʩʩʯʠʪʘʝʤ ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʄʊɹʕ ʧʦ ʬʦʨʤʫʣʝ (2): 

 

                                               Ὣ̇ ˟ˎ˪
ˎ˪

                                                          (2) 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʦ ʬʦʨʤʫʣʝ (2): 

 

Ὣ̇ ˟ˎ˪

ρπχρτȢσ

ψψ
ρςρȢχυ ̝̋̍̏̌Ⱦ̘ ́̒ 

 

ʅʝʦʙʭʦʜʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʟʦʙʫʪʠʣʝʥʘ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʫʨʘʚʥʝʥʠʠ ʨʝʘʢʮʠʠ, ʙʫʜʝʤ ʨʘʩʩʯʠʪʳ-

ʚʘʪʴ ʧʦ ʬʦʨʤʫʣʘʤ (3) ʠ (4): 

 

                                            Ὣʠʟʦʙʫʪʠʣʝʥ 1=Ὣʄʊɹʕ                                                        (3) 

 

                                   Ὃʠʟʦʙʫʪʠʣʝʥ 1=Ὣʠʟʦʙʫʪʠʣʝʥ 1Āὓʠʟʦʙʫʪʠʣʝʥ                                       (4) 

 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʦ ʬʦʨʤʫʣʘʤ (3), (4): 

 

Ὣʠʟʦʙʫʪʠʣʝʥ 1 = 121.75 ʢʤʦʣʴ/ʯʘʩ 

Ὃʠʟʦʙʫʪʠʣʝʥ 1 = 121.75 Ā 56 = 6818 ʢʛ/ʯ 

 

ʂʦʥʚʝʨʩʠʷ ʠʟʦʙʫʪʠʣʝʥʘ ʩʦʩʪʘʚʠʪ 98% ʥʘ ʦʩʥʦʚʘʥʠʠ ʚʳʙʨʘʥʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ 

IFP. 

ʅʘʡʜʝʤ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʠʟʦʙʫʪʠʣʝʥʘ ʚ ʩʦʩʪʘʚʝ ʬʨʘʢʮʠʠ ʧʦ ʬʦʨʤʫʣʝ (5) ʠ (6): 

 

Ὃ̉ Ȣ̂̏̚װ̎̆̌̉̓̔̂̏̈
װ̎̆̌̉̓̔̂̏̈̉

ȟ
                                             (5) 

 

Ὣʠʟʦʙʫʪʠʣʝʥ ʦʙʱ.
ʠʟʦʙʫʪʠʣʝʥ ʦʙʱ.

ʠʟʦʙʫʪʠʣʝʥ
                                          (6) 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʦ ʬʦʨʤʫʣʘʤ (5), (6):  

 

Ὃ̉ ̈̏̂̔̓̉̌̆̎ ̏̂Ȣ̚

φψρψ

πȟωψ
φωυχȢρτ ʢʛ/ʯ 
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Ὣ̉ ̈̏̂̔̓̉̌̆̎ ̏̂Ȣ̚

φωυχȢρτ

υφ
ρςτȢςσ ʢʤʦʣʴ/ʯ 

 

ʂʦʣʠʯʝʩʪʚʦ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʝʛʦ ʠʟʦʙʫʪʠʣʝʥʘ ʩʦʩʪʘʚʣʷʝʪ 0,21%. ʈʘʩʩʯʠʪʳʚʘʝʤ ʝʛʦ ʧʦ (7) ʠ 

(8) ʬʦʨʤʫʣʝ: 

 

                                 Ὃʠʟʦʙʫʪʠʣʝʥ ʦʩʪ.Ὃʠʟʦʙʫʪʠʣʝʥ ʦʙʱ.ẗπȟππςρ                                (7) 

 

                                        ꞉ʠʟʦʙʫʪʠʣʝʥ ʦʩʪ.
ʠʟʦʙʫʪʠʣʝʥ~ʦʩʪ.

ʠʟʦʙʫʪʠʣʝʥ
                                          (8) 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʦ ʬʦʨʤʫʣʘʤ (7), (8): 

 

Ὃʠʟʦʙʫʪʠʣʝʥ ʦʩʪ. φωυχȢρτẗπȟππςρςρȟχψ ̋ Ⱦ̘̄ 

Ὣʠʟʦʙʫʪʠʣʝʥ ʦʩʪ.
ρτȢφ

υφ
πȟςφ ̝̋̍̏̌Ⱦ̘ 

 

ʊʘʢ ʢʘʢ ʠʟ ʠʟʦʙʫʪʠʣʝʥʘ, ʚ ʪʦʤ ʯʠʩʣʝ, ʦʙʨʘʟʫʶʪʩʷ ʧʦʙʦʯʥʳʝ ʧʨʦʜʫʢʪʳ ï ʊʄʂ (ʪʨʠʤʝʪʠʣʢʘʨʙʠ-

ʥʦʣ), ʝʛʦ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʯʠʪʘʪʴ, ʠʩʭʦʜʷ ʠʟ ʩʦʜʝʨʞʘʥʠʷ ʚ ʧʨʦʜʫʢʪʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ï 0,09%: 

 

Ὃʊʄʂ
πȟπωẗρπχρωȢχφ

τπȟςφ
ςσȢωױʢʛ/ʯ 

 
ʈʘʩʩʯʠʪʘʝʤ ʢʦʣʠʯʝʩʪʚʦ ʯʠʩʪʦʛʦ ʙʝʟʚʦʜʥʦʛʦ ʤʝʪʘʥʦʣʘ, ʚʥʦʩʠʤʦʛʦ ʚ ʨʝʘʢʪʦʨ ʧʦ ʬʦʨʤʫʣʝ (9): 

 

                                  Ὣʤʝʪʘʥʦʣ ʯʠʩʪ. = Ὣʠʟʦʙʫʪʠʣʝʥ ʦʙʱ. Ā 1,006                                      (9) 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʦ ʬʦʨʤʫʣʝ (9): 

 

Ὣʤʝʪʘʥʦʣ ʯʠʩʪ. = 124.23 Ā 1,006 = 124.96 ʢʤʦʣʴ/ʯ 

Ὃʤʝʪʘʥʦʣ ʯʠʩʪ. = 124.96 Ā 32  = 3998.72 ʢʛ/ʯ 

 

ʂʦʣʠʯʝʩʪʚʦ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʝʛʦ ʤʝʪʘʥʦʣʘ (0,99%) ʨʘʩʩʯʠʪʳʚʘʝʤ ʧʦ ʬʦʨʤʫʣʝ (10): 

 

                               Ὃʤʝʪʘʥʦʣ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʡ = Ὃʤʝʪʘʥʦʣ ʯʠʩʪ. Ā 0,0095                           (10) 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʦ ʬʦʨʤʫʣʝ (10): 

 

                        Ὃʤʝʪʘʥʦʣ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʡ = 3998.72Ā 0,0095 = 37.99 ʢʛ/ʯ   

 

ʂʦʣʠʯʝʩʪʚʦ ʤʝʪʘʥʦʣʘ ʥʘ ʧʦʙʦʯʥʳʝ ʨʝʘʢʮʠʠ ʨʘʩʩʯʠʪʳʚʘʝʤ ʧʦ ʬʦʨʤʫʣʝ (17): 

 

           Ὃʤʝʪʘʥʦʣ ʧʦʙʦʯ. = Ὃʤʝʪʘʥʦʣ ʯʠʩʪ. ī Ὃʤʝʪʘʥʦʣ ʥʝʧʨʦʨʝʘʛʠʨʦʚ.ī Ὃʤʝʪʘʥʦʣ ʥʘ ʄʊɹʕ               (11) 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʦ ʬʦʨʤʫʣʝ (17): 

 

Ὃʤʝʪʘʥʦʣ ʧʦʙʦʯ. = 3998.71 ï 37.99 ï 3896 = 64.72 ʢʛ/ʯ 

 

ʊʘʢ ʢʘʢ ʥʘ ʧʦʣʫʯʝʥʠʝ ʄɺɹʕ ʠʟ ʤʝʪʘʥʦʣʘ ʫʰʣʦ 2,66 ʢʛ/ʯ, ʪʦ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ɼʄʕ ʧʦʡʜʝʪ ʢʦ-

ʣʠʯʝʩʪʚʦ ʧʦ ʬʦʨʤʫʣʝ (15): 

 

Ὃʤʝʪʘʥʦʣʘ ʥʘ ɼʄʕ = 64.72 ï 2.24 = 62.48 ʢʛ/ʯ 



62 

- ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ - 

 

International Journal of Humanities and Natural Sciences, vol. 3-2 (114), 2026 

Ὣʤʝʪʘʥʦʣʘ ʥʘ ɼʄʕ
φςȢτψ

σς
ςȢωυ ̝̋̍̏̌Ⱦ̘ 

 

ʇʦ ʫʨʘʚʥʝʥʠʶ ʨʝʘʢʮʠʠ ʧʦʣʫʯʝʥʠʷ ɼʄʕ (ʨʠʩ. 2): 

 

 
ʈʠʩ. 2. ʈʝʘʢʮʠʷ ʧʦʣʫʯʝʥʠʝ ɼʄʕ ʠ ʚʦʜʳ ʠʟ ʤʝʪʘʥʦʣʘ 

 

ʈʘʩʩʯʠʪʘʝʤ ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ɼʄʕ: 

 

Ὣ̅ ̞̍

ρȢωυ

ς
πȢωψ̝̋̌̏̍ױȾ̘ 

Ὃ̅ ̞̍ πȢωψẗτφ τυȢπψױ ̋ Ⱦ̘̄ 

 

ʀ ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʟʦʚʘʚʰʝʡʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʣʦʞʝʥʠʷ ʤʝʪʘʥʦʣʘ ʚʦʜʳ: 

 

Ὣʚʦʜʳ ʧʦʣʫʯ. = Ὣɼʄʕ = 0.98 ʢʤʦʣʴ/ʯ 

Ὃʚʦʜʳ ʧʦʣʫʯ. = 0.95 Ā 18 = 17.64 ʢʛ/ʯ 

 

ʈʘʩʯʝʪ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʙʘʣʘʥʩʘ ʫʩʪʘʥʦʚʢʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʄʊɹʕ ʤʦʱʥʦʩʪʴ 90000 ʚ ʛʦʜ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʯʘʩʦʚʦʡ ʧʨʦʠʟ-

ʚʦʜʠʪʝʣʴʥʦʩʪʠ 10 714,3 ʢʛ/ʯ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢ-

ʪʘ ʪʨʝʙʫʝʪʩʷ 6 957,14 ʢʛ/ʯ ʠʟʦʙʫʪʠʣʝʥʘ ʠ 

3 998,72 ʢʛ/ʯ ʤʝʪʘʥʦʣʘ. ʂʦʥʚʝʨʩʠʷ ʠʟʦʙʫʪʠʣʝ-

ʥʘ ʩʦʩʪʘʚʣʷʝʪ 98%, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʦʤʫ ʨʝʛʣʘʤʝʥʪʫ ʧʨʦʮʝʩʩʘ IFP. ʂʦʣʠ-

ʯʝʩʪʚʦ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʝʛʦ ʤʝʪʘʥʦʣʘ 

(37,99 ʢʛ/ʯ) ʠ ʠʟʦʙʫʪʠʣʝʥʘ (21,78 ʢʛ/ʯ) ʧʦʜ-

ʪʚʝʨʞʜʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʨʛʘʥʠʟʘʮʠʠ ʨʝ-

ʮʠʢʣʘ ʩʳʨʴʷ. ʈʘʩʭʦʜʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʳ-

ʨʴʷ: 0,649 ʪ ʠʟʦʙʫʪʠʣʝʥʘ ʠ 0,373 ʪ ʤʝʪʘʥʦʣʘ ʥʘ 

1 ʪ ʄʊɹʕ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʷʚʣʷʶʪʩʷ ʦʩ-

ʥʦʚʦʡ ʜʣʷ ʚʳʙʦʨʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʪʝʧʣʦʚʦʛʦ 

ʨʘʩʯʝʪʘ. 

ʆʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʨʫʜʘ ʠ ʦʢʨʫ-

ʞʘʶʱʝʡ ʩʨʝʜʳ 

ʆʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʳʭ ʫʩʣʦʚʠʡ ʪʨʫʜʘ ʠ 

ʤʠʥʠʤʠʟʘʮʠʷ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ 

ʩʨʝʜʫ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʝʪʠʣ-ʪʨʝʪ-

ʙʫʪʠʣʦʚʦʛʦ ʵʬʠʨʘ (ʄʊɹʕ) ʧʦ ʪʝʭʥʦʣʦʛʠʠ IFP 

ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩʥʦʡ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩ-

ʢʦʡ ʟʘʜʘʯʝʡ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʟʘʱʠʪ-

ʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʦʙʫʩʣʦʚʣʝʥʘ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʨʝʘ-

ʛʝʥʪʦʚ ʠ ʩʧʝʮʠʬʠʢʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦ-

ʮʝʩʩʘ, ʧʨʦʪʝʢʘʶʱʝʛʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʠʩʣʦʪ-

ʥʳʭ ʠʦʥʦʦʙʤʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʆʩʥʦʚʥʳ-

ʤʠ ʬʘʢʪʦʨʘʤʠ ʨʠʩʢʘ ʥʘ ʫʩʪʘʥʦʚʢʝ ʷʚʣʷʶʪʩʷ 

ʪʦʢʩʠʯʥʦʩʪʴ ʤʝʪʘʥʦʣʘ, ʧʦʞʘʨʦʦʧʘʩʥʦʩʪʴ ʠ 

ʚʟʨʳʚʦʦʧʘʩʥʦʩʪʴ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʬʨʘʢʮʠʡ 

(ʠʟʦʙʫʪʠʣʝʥʘ ʠ ʄʊɹʕ), ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ 

ʪʝʨʤʠʯʝʩʢʦʡ ʜʝʩʪʨʫʢʮʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʨʠ 

ʥʘʨʫʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ. 

ɺ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ ʦʭʨʘʥʳ ʪʨʫʜʘ ʣʝʞʠʪ ʘʥʘ-

ʣʠʟ ʦʧʘʩʥʳʭ ʩʚʦʡʩʪʚ ʚʝʱʝʩʪʚ. ʄʝʪʘʥʦʣ, ʠʩ-

ʧʦʣʴʟʫʝʤʳʡ ʢʘʢ ʩʳʨʴʝ, ʦʪʥʦʩʠʪʩʷ ʢ 3-ʤʫ ʢʣʘʩ-

ʩʫ ʦʧʘʩʥʦʩʪʠ, ʷʚʣʷʷʩʴ ʩʠʣʴʥʳʤ ʥʝʨʚʥʦ-

ʩʦʩʫʜʠʩʪʳʤ ʷʜʦʤ, ʩʧʦʩʦʙʥʳʤ ʧʨʦʥʠʢʘʪʴ ʚ ʦʨ-

ʛʘʥʠʟʤ ʯʝʨʝʟ ʜʳʭʘʪʝʣʴʥʳʝ ʧʫʪʠ ʠ ʥʝʧʦʚʨʝ-

ʞʜʝʥʥʫʶ ʢʦʞʫ. ʀʟʦʙʫʪʠʣʝʥ ʩʦʜʝʨʞʘʱʘʷ 

ʬʨʘʢʮʠʷ ʉ4 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʞʠʞʝʥʥʳʡ 

ʛʘʟ, ʦʙʨʘʟʫʶʱʠʡ ʩ ʚʦʟʜʫʭʦʤ ʚʟʨʳʚʦʦʧʘʩʥʳʝ 

ʩʤʝʩʠ, ʘ ʧʨʠ ʠʩʧʘʨʝʥʠʠ ʚʳʟʳʚʘʶʱʠʡ ʦʙʤʦ-

ʨʦʞʝʥʠʷ. ʂʦʥʝʯʥʳʡ ʧʨʦʜʫʢʪ ï ʄʊɹʕ ï ʷʚʣʷ-

ʝʪʩʷ ʣʝʛʢʦʚʦʩʧʣʘʤʝʥʷʶʱʝʡʩʷ ʞʠʜʢʦʩʪʴʶ ʩ 

ʥʘʨʢʦʪʠʯʝʩʢʠʤ ʜʝʡʩʪʚʠʝʤ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʦʤʝʱʝʥʠʷ, ʛʜʝ ʦʩʫʱʝʩʪʚ-

ʣʷʝʪʩʷ ʧʨʦʮʝʩʩ ʩʠʥʪʝʟʘ ʧʦ ʤʝʪʦʜʫ IFP, ʦʙʦʨʫ-

ʜʫʶʪʩʷ ʧʨʠʪʦʯʥʦ-ʚʳʪʷʞʥʦʡ ʚʝʥʪʠʣʷʮʠʝʡ ʚʦ 

ʚʟʨʳʚʦʟʘʱʠʱʝʥʥʦʤ ʠʩʧʦʣʥʝʥʠʠ, ʦʙʝʩʧʝʯʠ-

ʚʘʶʱʝʡ ʥʝʦʙʭʦʜʠʤʫʶ ʢʨʘʪʥʦʩʪʴ ʚʦʟʜʫʭʦʦʙ-

ʤʝʥʘ. ɼʣʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷ-

ʥʠʷ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ 

ʫʩʪʘʥʦʚʢʘ ʩʪʘʮʠʦʥʘʨʥʳʭ ʛʘʟʦʘʥʘʣʠʟʘʪʦʨʦʚ, 

ʩʙʣʦʢʠʨʦʚʘʥʥʳʭ ʩʦ ʩʚʝʪʦʚʦʡ ʠ ʟʚʫʢʦʚʦʡ ʩʠʛ-

ʥʘʣʠʟʘʮʠʝʡ, ʘ ʪʘʢʞʝ ʩ ʩʠʩʪʝʤʦʡ ʘʚʘʨʠʡʥʦʡ 

ʚʝʥʪʠʣʷʮʠʠ, ʢʦʪʦʨʘʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʟʘʧʫʩʢʘ-

ʝʪʩʷ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʘʨʦʚ 



63 

- ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ - 

 

International Journal of Humanities and Natural Sciences, vol. 3-2 (114), 2026 

ʚʳʰʝ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʦʨʤʘʪʠʚʦʚ ʇɼʂ ʠʣʠ 

20% ʦʪ ʥʠʞʥʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʛʦ ʧʨʝʜʝʣʘ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʣʘʤʝʥʠ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʦʮʝʩʩʘ 

IFP ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʘʚʪʦ-

ʤʘʪʠʟʘʮʠʠ ʠ ʛʝʨʤʝʪʠʟʘʮʠʝʡ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʇʦʩʢʦʣʴʢʫ ʨʝʘʢʮʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʪʘʥʦʣʘ 

ʩ ʠʟʦʙʫʪʠʣʝʥʦʤ ʷʚʣʷʝʪʩʷ ʵʢʟʦʪʝʨʤʠʯʝʩʢʦʡ, 

ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʷʚʣʷʝʪʩʷ ʢʦʥ-

ʪʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʨʝʘʢʪʦʨʘʭ. ʇʝʨʝʛʨʝʚ ʢʘ-

ʪʘʣʠʟʘʪʦʨʥʦʛʦ ʩʣʦʷ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʥʝ ʪʦʣʴʢʦ 

ʢ ʧʦʪʝʨʝ ʝʛʦ ʘʢʪʠʚʥʦʩʪʠ, ʥʦ ʠ ʢ ʜʝʩʪʨʫʢʮʠʠ ʩ 

ʚʳʜʝʣʝʥʠʝʤ ʢʦʨʨʦʟʠʦʥʥʦ-ʘʢʪʠʚʥʳʭ ʘʛʝʥʪʦʚ 

(ʜʠʦʢʩʠʜʘ ʩʝʨʳ), ʯʪʦ ʧʦʚʳʰʘʝʪ ʨʠʩʢ ʨʘʟʛʝʨ-

ʤʝʪʠʟʘʮʠʠ ʘʧʧʘʨʘʪʫʨʳ. ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ 

ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩ-

ʩʦʤ  ʜʦʣʞʥʘ ʧʨʝʜʫʩʤʘʪʨʠʚʘʪʴ ʙʣʦʢʠʨʦʚʢʠ, 

ʦʪʩʝʢʘʶʱʠʝ ʧʦʜʘʯʫ ʩʳʨʴʷ ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ 

ʜʦʧʫʩʪʠʤʳʭ ʪʝʤʧʝʨʘʪʫʨ ʠʣʠ ʜʘʚʣʝʥʠʷ. ɼʣʷ 

ʧʝʨʝʢʘʯʠʚʘʥʠʷ ʤʝʪʘʥʦʣʘ ʠ ʄʊɹʕ ʧʨʠʤʝʥʷʶʪ-

ʩʷ ʛʝʨʤʝʪʠʯʥʳʝ ʥʘʩʦʩʳ ʩ ʜʚʦʡʥʳʤ ʪʦʨʮʝʚʳʤ 

ʫʧʣʦʪʥʝʥʠʝʤ ʠʣʠ ʵʢʨʘʥʠʨʦʚʘʥʥʳʝ ʥʘʩʦʩʳ, 

ʠʩʢʣʶʯʘʶʱʠʝ ʫʪʝʯʢʠ ʧʨʦʜʫʢʪʘ ʚ ʨʘʙʦʯʫʶ ʟʦ-

ʥʫ. ɺʩʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʪʨʫ-

ʙʦʧʨʦʚʦʜʳ ʧʦʜʣʝʞʘʪ ʦʙʷʟʘʪʝʣʴʥʦʤʫ ʟʘʟʝʤʣʝ-

ʥʠʶ ʜʣʷ ʟʘʱʠʪʳ ʦʪ ʥʘʢʦʧʣʝʥʠʷ ʩʪʘʪʠʯʝʩʢʦʛʦ 

ʵʣʝʢʪʨʠʯʝʩʪʚʘ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʧʨʠ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ. 

ʀʥʜʠʚʠʜʫʘʣʴʥʘʷ ʟʘʱʠʪʘ ʧʝʨʩʦʥʘʣʘ ʚʢʣʶ-

ʯʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝʮʠʘʣʴʥʦʡ ʦʜʝʞʜʳ, 

ʦʙʫʚʠ ʠ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʦʨʛʘʥʦʚ ʜʳʭʘʥʠʷ ʠ 

ʟʨʝʥʠʷ. ʋʯʠʪʳʚʘʷ ʚʳʩʦʢʫʶ ʧʨʦʥʠʢʘʶʱʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʤʝʪʘʥʦʣʘ ʠ ʘʛʨʝʩʩʠʚʥʦʩʪʴ ʄʊɹʕ 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʝʢʦʪʦʨʳʤ ʧʦʣʠʤʝʨʘʤ, ʧʝʨ-

ʯʘʪʢʠ ʠ ʟʘʱʠʪʥʳʝ ʢʦʩʪʶʤʳ ʜʦʣʞʥʳ ʙʳʪʴ ʠʟ-

ʛʦʪʦʚʣʝʥʳ ʠʟ ʫʩʪʦʡʯʠʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢʠʭ 

ʢʘʢ ʙʫʪʠʣʢʘʫʯʫʢ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʛʘʟʦʦʧʘʩ-

ʥʳʭ ʨʘʙʦʪ ʠʣʠ ʣʠʢʚʠʜʘʮʠʠ ʘʚʘʨʠʡʥʳʭ ʨʘʟʣʠ-

ʚʦʚ ʧʝʨʩʦʥʘʣ ʦʙʷʟʘʥ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʟʦʣʠʨʫʶ-

ʱʠʝ ʧʨʦʪʠʚʦʛʘʟʳ, ʪʘʢ ʢʘʢ ʬʠʣʴʪʨʫʶʱʠʝ ʩʨʝʜ-

ʩʪʚʘ ʟʘʱʠʪʳ ʤʦʛʫʪ ʙʳʪʴ ʥʝʵʬʬʝʢʪʠʚʥʳ ʧʨʠ 

ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʧʘʨʦʚ ʤʝʪʘʥʦʣʘ. ʅʘ 

ʪʝʨʨʠʪʦʨʠʠ ʫʩʪʘʥʦʚʢʠ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪʩʷ 

ʘʚʘʨʠʡʥʳʝ ʜʫʰʠ ʠ ʬʦʥʪʘʥʯʠʢʠ ʜʣʷ ʧʨʦʤʳʚʢʠ 

ʛʣʘʟ ʥʘ ʩʣʫʯʘʡ ʧʦʧʘʜʘʥʠʷ ʨʝʘʛʝʥʪʦʚ ʥʘ ʢʦʞʫ 

ʠʣʠ ʩʣʠʟʠʩʪʳʝ ʦʙʦʣʦʯʢʠ. 

ʆʭʨʘʥʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ 

ʪʝʭʥʦʣʦʛʠʠ IFP ʬʦʢʫʩʠʨʫʝʪʩʷ ʥʘ ʧʨʝʜʦʪʚʨʘ-

ʱʝʥʠʠ ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʠ 

ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ. ɼʣʷ ʩʦʢʨʘʱʝʥʠʷ ʚʳʙʨʦʩʦʚ 

ʣʝʪʫʯʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʨʝʟʝʨʚʫʘʨ-

ʥʳʝ ʧʘʨʢʠ ʭʨʘʥʝʥʠʷ ʤʝʪʘʥʦʣʘ ʠ ʄʊɹʕ ʦʙʦʨʫ-

ʜʫʶʪʩʷ ʧʦʥʪʦʥʘʤʠ, ʧʣʘʚʘʶʱʠʤʠ ʢʨʳʰʘʤʠ 

ʠʣʠ ʩʠʩʪʝʤʘʤʠ çʛʘʟʦʚʦʡ ʦʙʚʷʟʢʠè (ʫʨʘʚʥʠʚʘ-

ʥʠʷ ʜʘʚʣʝʥʠʷ), ʧʨʝʜʦʪʚʨʘʱʘʶʱʠʤʠ ʚʳʙʨʦʩʳ 

ʧʘʨʦʚ ʚ ʘʪʤʦʩʬʝʨʫ ʧʨʠ ʦʧʝʨʘʮʠʷʭ ʩʣʠʚʘ-

ʥʘʣʠʚʘ ʠ çʜʳʭʘʥʠʠè ʨʝʟʝʨʚʫʘʨʦʚ. ɸʚʘʨʠʡʥʳʝ 

ʩʙʨʦʩʳ ʛʘʟʦʚ ʩ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʳʭ ʢʣʘʧʘʥʦʚ 

ʢʦʣʦʥʥ ʨʝʢʪʠʬʠʢʘʮʠʠ ʠ ʨʝʘʢʪʦʨʥʦʛʦ ʙʣʦʢʘ 

ʥʘʧʨʘʚʣʷʶʪʩʷ ʚ ʟʘʢʨʳʪʫʶ ʬʘʢʝʣʴʥʫʶ ʩʠʩʪʝʤʫ 

ʜʣʷ ʪʝʨʤʠʯʝʩʢʦʛʦ ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ, ʠʩʢʣʶʯʘʷ 

ʧʨʷʤʦʝ ʧʦʧʘʜʘʥʠʝ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʘʪʤʦʩʬʝ-

ʨʫ. 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʟʘʱʠʪʝ ʛʠʜʨʦ-

ʩʬʝʨʳ, ʪʘʢ ʢʘʢ ʄʊɹʕ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʨʘʩ-

ʪʚʦʨʠʤʦʩʪʴʶ ʚ ʚʦʜʝ ʠ ʥʠʟʢʠʤ ʧʦʨʦʛʦʤ ʦʨʛʘ-

ʥʦʣʝʧʪʠʯʝʩʢʦʛʦ ʚʦʩʧʨʠʷʪʠʷ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ 

ʦʧʘʩʥʳʤ ʟʘʛʨʷʟʥʠʪʝʣʝʤ ʛʨʫʥʪʦʚʳʭ ʚʦʜ. ʇʨʦ-

ʠʟʚʦʜʩʪʚʝʥʥʘʷ ʧʣʦʱʘʜʢʘ ʜʦʣʞʥʘ ʠʤʝʪʴ ʪʚʝʨ-

ʜʦʝ ʚʦʜʦʥʝʧʨʦʥʠʮʘʝʤʦʝ ʧʦʢʨʳʪʠʝ ʩ ʦʙʚʘʣʦʚʘ-

ʥʠʝʤ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʤ ʧʨʦʥʠʢʥʦʚʝʥʠʶ ʚʝ-

ʱʝʩʪʚ ʚ ʧʦʯʚʫ. ʉʠʩʪʝʤʘ ʧʨʦʤʳʰʣʝʥʥʦʡ ʢʘʥʘ-

ʣʠʟʘʮʠʠ ʧʨʦʝʢʪʠʨʫʝʪʩʷ ʟʘʢʨʳʪʦʡ ʠ ʠʟʦʣʠʨʦ-

ʚʘʥʥʦʡ ʦʪ ʣʠʚʥʝʚʳʭ ʩʪʦʢʦʚ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝ-

ʥʠʷ. ʉʪʦʯʥʳʝ ʚʦʜʳ, ʩʦʜʝʨʞʘʱʠʝ ʤʝʪʘʥʦʣ ʠ 

ʵʬʠʨʳ, ʥʘʧʨʘʚʣʷʶʪʩʷ ʥʘ ʣʦʢʘʣʴʥʳʝ ʦʯʠʩʪʥʳʝ 

ʩʦʦʨʫʞʝʥʠʷ, ʛʜʝ ʧʨʠʤʝʥʷʶʪʩʷ ʤʝʪʦʜʳ ʙʠʦʣʦ-

ʛʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ ʠʣʠ ʦʪʧʘʨʢʠ, ʧʦʩʢʦʣʴʢʫ 

ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʥʝʬʪʝʣʦʚʫʰʢʠ 

ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʫʣʘʚʣʠʚʘʥʠʝ ʨʘʩʪʚʦʨʝʥʥʳʭ 

ʬʨʘʢʮʠʡ ʄʊɹʕ. ʆʪʨʘʙʦʪʘʥʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ 

ʧʦʜʣʝʞʠʪ ʩʙʦʨʫ ʚ ʩʧʝʮʠʘʣʴʥʳʝ ʢʦʥʪʝʡʥʝʨʳ ʠ 

ʧʝʨʝʜʘʯʝ ʥʘ ʨʝʛʝʥʝʨʘʮʠʶ ʠʣʠ ʪʝʨʤʠʯʝʩʢʫʶ 

ʫʪʠʣʠʟʘʮʠʶ ʥʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʝʜ-

ʧʨʠʷʪʠʷʭ, ʝʛʦ ʨʘʟʤʝʱʝʥʠʝ ʥʘ ʧʦʣʠʛʦʥʘʭ ʪʚʝʨ-

ʜʳʭ ʙʳʪʦʚʳʭ ʦʪʭʦʜʦʚ ʟʘʧʨʝʱʝʥʦ. 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ ʙʳʣ ʧʨʦʚʝʜʸʥ 

ʜʝʪʘʣʴʥʳʡ ʨʘʩʯʸʪ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʙʘʣʘʥʩʘ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʝʪʠʣ-ʪʨʝʪ-ʙʫʪʠʣʦʚʦʛʦ ʵʬʠʨʘ 

ʤʦʱʥʦʩʪʴʶ 90 000 ʪ/ʛʦʜ ʥʘ ʦʩʥʦʚʝ ʪʝʭʥʦʣʦʛʠʠ 

IFP. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʠʣʠ ʢʦʣʠ-

ʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʪʴ ʨʘʩʭʦʜ ʩʳʨʴʷ, ʚʳʭʦʜ ʮʝʣʝ-

ʚʦʛʦ ʧʨʦʜʫʢʪʘ, ʦʙʨʘʟʦʚʘʥʠʝ ʧʦʙʦʯʥʳʭ ʚʝ-

ʱʝʩʪʚ ʠ ʫʨʦʚʝʥʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʪʝʨʴ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʨʦ-

ʮʝʩʩ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʢʦʥ-

ʚʝʨʩʠʠ ʠʟʦʙʫʪʠʣʝʥʘ (ʜʦ 98%) ʠ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʧʦ ʮʝʣʝʚʦʤʫ ʧʨʦʜʫʢʪʫ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʳ-

ʨʴʝʚʳʭ ʨʝʩʫʨʩʦʚ. ʈʘʩʯʸʪʳ ʧʦʢʘʟʘʣʠ ʮʝʣʝʩʦʦʙ-

ʨʘʟʥʦʩʪʴ ʦʨʛʘʥʠʟʘʮʠʠ ʨʝʮʠʢʣʘ ʥʝʧʨʦʨʝʘʛʠʨʦ-

ʚʘʚʰʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠ-

ʞʝʥʠʶ ʤʘʪʝʨʠʘʣʴʥʳʭ ʧʦʪʝʨʴ ʠ ʧʦʚʳʰʝʥʠʶ 
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ʦʙʱʝʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ. 

ɸʥʘʣʠʟ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ ʧʦʜʪʚʝʨ-

ʜʠʣ ʝʸ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠ-

ʷʤ ʥʝʬʪʝʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ: ʚʳʩʦ-

ʢʘʷ ʩʪʝʧʝʥʴ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʥʘʣʠʯʠʝ ʟʘʤʢʥʫ-

ʪʳʭ ʧʦʪʦʢʦʚ ʩʳʨʴʷ, ʵʬʬʝʢʪʠʚʥʘʷ ʩʠʩʪʝʤʘ ʪʝʧ-

ʣʦʦʙʤʝʥʘ ʠ ʤʠʥʠʤʠʟʘʮʠʷ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʧʦʣʥʝʥʥʳʡ ʤʘʪʝʨʠʘʣʴ-

ʥʳʡ ʙʘʣʘʥʩ ʷʚʣʷʝʪʩʷ ʥʘʜʸʞʥʦʡ ʦʩʥʦʚʦʡ ʜʣʷ 

ʧʦʩʣʝʜʫʶʱʠʭ ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʸʪʦʚ (ʪʝʧʣʦ-

ʚʦʛʦ, ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ), ʚʳʙʦʨʘ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʘ 

ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝ-

ʥʝʥʠʷ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 
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Abstract. This paper presents a calculation of the material balance for a methyl tert-butyl ether 

(MTBE) plant with a capacity of 90,000 tons per year. The process is based on the catalytic reaction of 

isobutylene with methanol. The daily throughput was calculated, the total amount of isobutylene in the 

fraction was determined, and the resulting byproducts (TMC, pure methanol, and unreacted methanol) 

were calculated. An analysis of component losses was conducted. Process parameters were calculated: 

target product yield, isobutylene conversion, and process selectivity. The obtained data serve as the ba-

sis for selecting the main equipment and subsequent energy calculations. 

Keywords: material balance; methyl tert-butyl ether; process flow diagram; methanol; ethanol. 
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ʊʈɸʅʉʌʆʈʄɸʎʀʗ ʆɹʑɽʉʊɺɽʅʅʓʍ ʇʈʆʉʊʈɸʅʉʊɺ ɺ ʈɸʁʆʅɸʍ ʄɸʉʉʆɺʆʁ 

ɾʀʃʆʁ ɿɸʉʊʈʆʁʂʀ: ʉʈɸɺʅʀʊɽʃʔʅʓʁ ɸʅɸʃʀɿ ɽɺʈʆʇʓ ʀ ɺʆʉʊʆʏʅʆʁ ɸɿʀʀ 
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(ʈʦʩʩʠʷ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ) 

 

DOI:10.24412/2500-1000-2026-3-2-65-75 

 

ɸʥʥʦʪʘʮʠʷ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʩʨʘʚʥʠʪʝʣʴʥʦʤʫ ʘʥʘʣʠʟʫ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʦʙʱʝʩʪʚʝʥʥʳʭ 

ʧʨʦʩʪʨʘʥʩʪʚ ʚ ʨʘʡʦʥʘʭ ʤʘʩʩʦʚʦʡ ʞʠʣʦʡ ʟʘʩʪʨʦʡʢʠ ɽʚʨʦʧʳ ʠ ɺʦʩʪʦʯʥʦʡ ɸʟʠʠ. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʢʚʘʨʪʘʣʦʚ, ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʦʨʛʘ-

ʥʠʟʘʮʠʶ ʜʚʦʨʦʚ, ʨʘʟʚʠʪʠʝ ʨʝʢʨʝʘʮʠʦʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʠʥʪʝʛʨʘʮʠʶ ʧʝʰʝʭʦʜʥʳʭ ʠ ʚʝʣʦʩʠ-

ʧʝʜʥʳʭ ʤʘʨʰʨʫʪʦʚ. ʅʘ ʧʨʠʤʝʨʝ ɹʝʨʣʠʥʘ (Marzahn-Hellersdorf), ʅʘʛʦʷ (Shiga danchi) ʠ ʐʘʥʭʘʷ 

(Leshan in Xuhui District) ʧʦʢʘʟʘʥʦ, ʢʘʢ ʤʦʜʝʨʥʠʟʘʮʠʷ ʦʙʱʝʩʪʚʝʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ ʧʦʚʳʰʘʝʪ 

ʢʘʯʝʩʪʚʦ ʞʠʟʥʠ ʞʠʪʝʣʝʡ, ʩʪʠʤʫʣʠʨʫʝʪ ʩʦʮʠʘʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠ ʬʦʨʤʠʨʫʝʪ ʢʦʤʬʦʨʪʥʳʝ 

ʫʩʣʦʚʠʷ ʜʣʷ ʧʝʨʝʜʚʠʞʝʥʠʷ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʧʨʝʜʣʘʛʘʶʪʩʷ ʧʨʠʥʮʠʧʳ ʘʜʘʧʪʘʮʠʠ ʤʝʞʜʫʥʘ-

ʨʦʜʥʦʛʦ ʦʧʳʪʘ ʜʣʷ ʨʦʩʩʠʡʩʢʠʭ ʫʩʣʦʚʠʡ ʩ ʫʯʝʪʦʤ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʜʚʦʨʦʚ, ʨʝ-

ʢʨʝʘʮʠʦʥʥʳʭ ʟʦʥ, ʧʝʰʝʭʦʜʥʦʡ ʠ ʚʝʣʦʩʠʧʝʜʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʘ ʪʘʢʞʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ ʢʚʘʨʪʘʣʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʙʱʝʩʪʚʝʥʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ; ʤʘʩʩʦʚʘʷ ʞʠʣʘʷ ʟʘʩʪʨʦʡʢʘ; ʤʦʨʬʦʣʦʛʠʷ 

ʢʚʘʨʪʘʣʘ; ʘʨʭʠʪʝʢʪʫʨʥʦ-ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ; ʨʝʢʨʝʘʮʠʦʥʥʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ; ʧʝʰʝ-

ʭʦʜʥʘʷ ʩʨʝʜʘ; ʚʝʣʦʩʠʧʝʜʥʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨ; ɽʚʨʦʧʘ; ɺʦʩʪʦʯʥʘʷ ɸʟʠʷ; ʨʝʥʦʚʘʮʠʷ. 

 

ʇʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ ʚ ʢʨʫʧʥʳʭ ʛʦ-

ʨʦʜʘʭ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʟʘʜʘʯ 

ʩʦʚʨʝʤʝʥʥʦʡ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʦʡ ʧʦʣʠʪʠʢʠ ʠ 

ʫʨʙʘʥʠʩʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [1]. ɺ ʫʩʣʦʚʠ-

ʷʭ ʠʥʪʝʥʩʠʚʥʦʡ ʫʨʙʘʥʠʟʘʮʠʠ ʦʩʦʙʫʶ ʘʢʪʫʘʣʴ-

ʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʚʦʧʨʦʩ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʢʦʤʬʦʨʪʥʦʡ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʥʘʩʳʱʝʥʥʦʡ 

ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ, ʩʧʦʩʦʙʥʦʡ ʦʪʚʝʯʘʪʴ ʤʝʥʷʶ-

ʱʠʤʩʷ ʩʦʮʠʘʣʴʥʳʤ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʧʦ-

ʪʨʝʙʥʦʩʪʷʤ ʥʘʩʝʣʝʥʠʷ [2]. 

ɽʩʣʠ ʨʘʥʝʝ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʣʦʩʴ 

ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʫ ʠʩʪʦʨʠʯʝʩʢʠʭ ʮʝʥʪʨʦʚ ʛʦʨʦ-

ʜʦʚ, ʪʦ ʩʝʛʦʜʥʷ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʝʪ 

ʨʘʟʚʠʪʠʝ ʢʦʤʬʦʨʪʥʳʭ ʦʙʱʝʩʪʚʝʥʥʳʭ ʧʨʦ-

ʩʪʨʘʥʩʪʚ ʥʘ ʧʝʨʠʬʝʨʠʡʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ [2]. 

ɾʠʪʝʣʠ ʩʪʨʝʤʷʪʩʷ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʜʦʩʪʫʧ-

ʥʳʭ ʨʝʢʨʝʘʮʠʦʥʥʳʭ ʟʦʥ ʠ ʦʙʱʝʩʪʚʝʥʥʳʭ ʧʨʦ-

ʩʪʨʘʥʩʪʚ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ 

ʤʝʩʪ ʧʨʦʞʠʚʘʥʠʷ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ 

ʢʨʫʧʥʳʭ ʞʠʣʳʭ ʨʘʡʦʥʦʚ ʤʘʩʩʦʚʦʡ ʟʘʩʪʨʦʡʢʠ. 

ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ʧʦʢʘʟʘʪʝʣʴʥʳʤ ʧʨʠʤʝʨʦʤ 

ʷʚʣʷʝʪʩʷ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʦʙʣʘʜʘʶʱʠʡ ʙʦʛʘ-

ʪʳʤ ʘʨʭʠʪʝʢʪʫʨʥʳʤ ʥʘʩʣʝʜʠʝʤ ʠ ʚʳʩʦʢʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʢʫʣʴʪʫʨʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʮʝʥʪʨʝ, 

ʠʩʧʳʪʳʚʘʶʱʠʡ ʟʥʘʯʠʪʝʣʴʥʫʶ ʪʫʨʠʩʪʠʯʝʩʢʫʶ 

ʥʘʛʨʫʟʢʫ. ʕʪʦ ʩʤʝʱʘʝʪ ʘʢʪʠʚʥʦʩʪʴ ʤʝʩʪʥʳʭ 

ʞʠʪʝʣʝʡ ʠ ʦʙʦʩʪʨʷʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʨʘʡʦʥʥʳʭ 

ʦʙʱʝʩʪʚʝʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ [3]. ɹʦʣʴʰʘʷ 

ʯʘʩʪʴ ʧʝʨʠʬʝʨʠʡʥʳʭ ʨʘʡʦʥʦʚ ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛʘ (ʨʠʩ. 1) ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʚ ʧʝʨʠʦʜ 

ʤʘʩʩʦʚʦʡ ʠʥʜʫʩʪʨʠʘʣʠʟʘʮʠʠ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʳ 

XX ʚʝʢʘ ʠ ʩʪʨʦʠʣʘʩʴ ʧʦ ʧʨʠʥʮʠʧʘʤ ʩʦʚʝʪʩʢʦʡ 

ʤʠʢʨʦʨʘʡʦʥʥʦʡ ʩʠʩʪʝʤʳ [4]. 

ʍʘʨʘʢʪʝʨʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ ʩʪʘʣʠ ʬʫʥʢʮʠʦ-

ʥʘʣʴʥʦʝ ʟʦʥʠʨʦʚʘʥʠʝ, ʪʠʧʦʚʘʷ ʢʨʫʧʥʦʧʘʥʝʣʴ-

ʥʘʷ ʟʘʩʪʨʦʡʢʘ ʠ ʦʨʛʘʥʠʟʘʮʠʷ ʦʙʱʝʩʪʚʝʥʥʦʡ 

ʞʠʟʥʠ ʚʜʦʣʴ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʫʣʠʮ [4, 5]. ʇʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʨʘʡʦʥʦʚ ʯʘʩʪʦ ʬʦʨ-

ʤʠʨʦʚʘʣʘ ʤʘʩʰʪʘʙʥʳʝ ʤʝʞʢʚʘʨʪʘʣʴʥʳʝ ʧʨʦ-

ʩʪʨʘʥʩʪʚʘ, ʥʝʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʝ ʯʝʣʦʚʝʯʝʩʢʦ-

ʤʫ ʚʦʩʧʨʠʷʪʠʶ, ʢʦʪʦʨʳʝ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦ-

ʚʠʷʭ ʫʪʨʘʪʠʣʠ ʯʸʪʢʫʶ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ. 

ʈʦʩʪ ʘʚʪʦʤʦʙʠʣʠʟʘʮʠʠ ʧʨʠʚʸʣ ʢ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʶ ʜʚʦʨʦʚ ʧʦʜ ʩʪʠʭʠʡʥʳʝ ʧʘʨʢʦʚʢʠ, ʯʪʦ 

ʩʥʠʞʘʝʪ ʨʝʢʨʝʘʮʠʦʥʥʫʶ ʠ ʧʝʰʝʭʦʜʥʫʶ ʘʢ-

ʪʠʚʥʦʩʪʴ [6]. 
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ʈʠʩ. 1. ʇʝʨʠʦʜʳ ʤʘʩʩʦʚʦʡ ʟʘʩʪʨʦʡʢʠ ʃʝʥʠʥʛʨʘʜʘ ï ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ 

 

ɼʣʷ ʨʝʰʝʥʠʷ ʦʙʦʟʥʘʯʝʥʥʳʭ ʧʨʦʙʣʝʤ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʦʙʨʘʪʠʪʴʩʷ ʢ ʘʥʘ-

ʣʠʟʫ ʟʘʨʫʙʝʞʥʦʛʦ ʦʧʳʪʘ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʨʘʡ-

ʦʥʦʚ ʤʘʩʩʦʚʦʡ ʟʘʩʪʨʦʡʢʠ, ʩʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ 

ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ XX ʚʝʢʘ ʚ ʩʪʨʘʥʘʭ ɽʚʨʦ-

ʧʳ ʠ ɸʟʠʠ. ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʦʧʳʪ ʧʦʢʘʟʳʚʘʝʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʪʝʛʨʘʮʠʠ ʧʝʰʝʭʦʜʥʦʡ ʠʥ-

ʬʨʘʩʪʨʫʢʪʫʨʳ, ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʦʙʱʝ-

ʩʪʚʝʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ ʠ ʟʝʣʸʥʳʭ ʢʦʨʠʜʦʨʦʚ ʚ 

ʩʪʨʫʢʪʫʨʫ ʞʠʣʳʭ ʢʚʘʨʪʘʣʦʚ. ʂʦʤʧʣʝʢʩʥʳʡ 

ʘʥʘʣʠʟ ʧʦʟʚʦʣʷʝʪ ʚʩʝʩʪʦʨʦʥʥʝ ʨʘʩʩʤʦʪʨʝʪʴ 

ʞʠʣʫʶ ʟʘʩʪʨʦʡʢʫ ʠ ʝʸ ʩʚʷʟʴ ʩ ʦʙʱʝʩʪʚʝʥʥʳʤʠ 

ʧʨʦʩʪʨʘʥʩʪʚʘʤʠ. ʕʪʠ ʥʘʙʣʶʜʝʥʠʷ ʩʪʘʥʦʚʷʪʩʷ 

ʦʩʥʦʚʦʡ ʜʣʷ ʚʳʚʦʜʦʚ ʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʤ ʩʦ-

ʩʪʦʷʥʠʠ, ʩʦʮʠʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʢʦʤʬʦʨʪ-

ʥʦʩʪʠ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ. ʅʘ ʦʩʥʦʚʝ ʪʘʢʠʭ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ ʬʦʨʤʠʨʫʝʪʩʷ ʛʠʙʨʠʜʥʘʷ ʤʦʜʝʣʴ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʤʘʩʩʦʚʳʭ ʞʠʣʳʭ ʨʘʡʦʥʦʚ, 

ʘʜʘʧʪʠʨʦʚʘʥʥʘʷ ʢ ʨʦʩʩʠʡʩʢʠʤ ʛʦʨʦʜʩʢʠʤ 

ʫʩʣʦʚʠʷʤ.  

ʂʦʤʧʣʝʢʩʥʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʨʘʡʦʥʦʚ 

ʤʘʩʩʦʚʦʡ ʞʠʣʦʡ ʟʘʩʪʨʦʡʢʠ ʄʘʨʮʘʥ ʠ ʍʝʣ-

ʣʝʨʩʜʦʨʬ ʚ ɹʝʨʣʠʥʝ 

ʇʦʢʘʟʘʪʝʣʴʥʳʤ ʧʨʠʤʝʨʦʤ ʩʠʩʪʝʤʥʦʡ ʤʦ-

ʜʝʨʥʠʟʘʮʠʠ ʪʝʨʨʠʪʦʨʠʡ ʤʘʩʩʦʚʦʡ ʞʠʣʦʡ ʟʘ-

ʩʪʨʦʡʢʠ ʷʚʣʷʝʪʩʷ ʦʧʳʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʨʘʡʦ-

ʥʦʚ ʄʘʨʮʘʥ ʠ ʍʝʣʣʝʨʩʜʦʨʬ (ʨʠʩ. 2) ʚ ɹʝʨ-

ʣʠʥʝ [7]. 
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ʈʠʩ. 2. ʈʘʡʦʥ ʍʝʣʣʝʨʩʜʦʨʬ ʚ ɹʝʨʣʠʥʝ ʜʦ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 1990 ʛ. 

 

ʇʦʩʣʝ ʦʙʲʝʜʠʥʝʥʠʷ ʩʪʨʘʥʳ ʠ ʨʘʩʰʠʨʝʥʠʷ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʚʳʙʦʨʘ ʞʠʣʴʷ ʟʥʘʯʠʪʝʣʴʥʘʷ 

ʯʘʩʪʴ ʞʠʪʝʣʝʡ ʥʘʯʘʣʘ ʧʦʢʠʜʘʪʴ ʧʘʥʝʣʴʥʳʝ 

ʤʠʢʨʦʨʘʡʦʥʳ. ʄʦʨʬʦʣʦʛʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ 

ʨʘʡʦʥʦʚ ʄʘʨʮʘʥ ʠ ʍʝʣʣʝʨʩʜʦʨʬ ʚ ɹʝʨʣʠʥʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʠʤʝʨ ʤʠʢʨʦʨʘʡʦʥʥʦʡ 

ʤʦʜʝʣʠ ʤʘʩʩʦʚʦʡ ʞʠʣʦʡ ʟʘʩʪʨʦʡʢʠ, ʩ ʜʦʤʠʥʠ-

ʨʦʚʘʥʠʝʤ ʪʠʧʦʚʦʛʦ ʧʘʥʝʣʴʥʦʛʦ ʜʦʤʦʩʪʨʦʝ-

ʥʠʷ [8]. ɿʘʩʪʨʦʡʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʨʝʠʤʫʱʝ-

ʩʪʚʝʥʥʦ ʤʥʦʛʦʩʝʢʮʠʦʥʥʳʤʠ ʞʠʣʳʤʠ ʜʦʤʘʤʠ 

ʣʠʥʝʡʥʦʡ ʠ ʪʦʯʝʯʥʦʡ ʬʦʨʤʳ, ʢʦʪʦʨʳʝ ʨʘʟʤʝ-

ʱʝʥʳ ʚ ʨʝʞʠʤʝ ʩʚʦʙʦʜʥʦʡ ʧʦʩʪʘʥʦʚʢʠ. ʆʪ-

ʩʫʪʩʪʚʫʝʪ ʯʝʪʢʦ ʩʬʦʨʤʠʨʦʚʘʥʥʳʡ ʫʣʠʯʥʳʡ 

ʬʨʦʥʪ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʤʳʪʠʶ ʛʨʘʥʠʮ ʤʝʞ-

ʜʫ ʦʙʱʝʩʪʚʝʥʥʳʤʠ, ʢʚʘʟʠ-ʧʫʙʣʠʯʥʳʤʠ ʠ ʧʨʠ-

ʚʘʪʥʳʤʠ ʧʨʦʩʪʨʘʥʩʪʚʘʤʠ. ʆʪʢʨʳʪʳʝ ʧʨʦ-

ʩʪʨʘʥʩʪʚʘ ʠʤʝʶʪ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ ʪʝʨʨʠʪʦ-

ʨʠʠ ʩ ʥʠʟʢʦʡ ʩʪʝʧʝʥʴʶ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʜʠʬ-

ʬʝʨʝʥʮʠʘʮʠʠ. ɿʝʣʝʥʳʝ ʫʯʘʩʪʢʠ ʪʝʨʨʠʪʦʨʠʠ 

ʣʠʰʝʥʳ ʚʳʨʘʞʝʥʥʦʡ ʠʜʝʥʪʠʯʥʦʩʪʠ. ʊʨʘʥʩ-

ʧʦʨʪʥʘʷ ʩʝʪʴ ʦʩʥʦʚʘʥʘ ʥʘ ʠʝʨʘʨʭʠʯʝʩʢʦʤ 

ʧʨʠʥʮʠʧʝ ʩ ʯʝʪʢʠʤ ʨʘʟʜʝʣʝʥʠʝʤ ʤʘʛʠʩʪʨʘʣʝʡ 

ʠ ʚʥʫʪʨʠʢʚʘʨʪʘʣʴʥʳʭ ʧʨʦʝʟʜʦʚ. ʄʘʛʠʩʪʨʘʣʠ 

ʩʣʫʞʘʪ ʪʨʘʥʟʠʪʥʳʤʠ ʢʦʨʠʜʦʨʘʤʠ ʠ ʩʦʟʜʘʶʪ 

ʚʳʨʘʞʝʥʥʳʡ ʙʘʨʴʝʨʥʳʡ ʵʬʬʝʢʪ, ʪʦʛʜʘ ʢʘʢ 

ʚʥʫʪʨʝʥʥʷʷ ʩʝʪʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʠʟʢʦʡ ʧʨʦ-

ʥʠʮʘʝʤʦʩʪʴʶ ʠ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʩʪʴʶ ʥʘ ʘʚʪʦ-

ʤʦʙʠʣʴʥʳʝ ʜʚʠʞʝʥʠʝ. ʇʝʰʝʭʦʜʥʘʷ ʠʥʬʨʘ-

ʩʪʨʫʢʪʫʨʘ ʚʪʦʨʠʯʥʘ, ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʘ ʠ ʥʝ 

ʦʙʨʘʟʫʝʪ ʥʝʧʨʝʨʳʚʥʫʶ ʩʚʷʟʘʥʥʫʶ ʩʠʩʪʝʤʫ. 

ʌʫʥʢʮʠʦʥʘʣʴʥʦʝ ʟʦʥʠʨʦʚʘʥʠʝ ʧʦʜʯʠʥʝʥʦ ʨʘʟ-

ʛʨʘʥʠʯʝʥʠʶ ʞʠʣʳʭ ʟʦʥ ʦʪ ʦʙʱʝʩʪʚʝʥʥʳʭ ʮʝʥ-

ʪʨʦʚ ʠ ʦʙʲʝʢʪʦʚ ʦʙʩʣʫʞʠʚʘʥʠʷ. ʆʙʱʝʩʪʚʝʥ-

ʥʳʝ ʬʫʥʢʮʠʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʳ ʚ ʦʜʥʦʡ ʪʦʯʢʝ, 

ʛʣʘʚʥʦʤ ʮʝʥʪʨʝ ʤʠʢʨʦʨʘʡʦʥʘ. ʍʘʨʘʢʪʝʨʥʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʳʭ ʤʠʢʨʦʨʘʡʦʥʦʚ ʷʚʣʷʝʪʩʷ 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʩʪʴ ʦʪʢʨʳʪʳʭ ʦʙʱʝʩʪʚʝʥ-

ʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ ʥʝʩʦʨʘʟʤʝʨʥʘʷ ʯʝʣʦʚʝʯʝʩʢʦ-

ʤʫ ʤʘʩʰʪʘʙʫ. 

ɺ ʥʘʯʘʣʝ XXI ʚʝʢʘ ʜʣʷ ʨʘʡʦʥʘ ʙʳʣʘ ʧʦʜʛʦ-

ʪʦʚʣʝʥʘ ʩʝʨʠʷ ʢʦʥʮʝʧʮʠʡ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ 

ʨʘʟʚʠʪʠʷ, ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʚ 2001, 2007 ʠ 2011-

2012 ʛʛ., ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʦʪʨʘʞʘʣʘ ʠʟʤʝʥʝ-

ʥʠʷ ʜʝʤʦʛʨʘʬʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʠ ʪʨʘʥʩʬʦʨ-

ʤʘʮʠʶ ʧʨʠʦʨʠʪʝʪʦʚ ʛʦʨʦʜʩʢʦʡ ʧʦʣʠʪʠʢʠ [7] 

(ʨʠʩ. 3). 

ʆʜʥʘ ʠʟ ʢʣʶʯʝʚʳʭ ʟʘʜʘʯ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʵʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʥʫʪʨʠʢʚʘʨʪʘʣʴʥʳʭ ʜʚʦʨʦʚ 

ʙʝʟ ʘʚʪʦʤʦʙʠʣʝʡ, ʧʨʝʚʨʘʱʘʷ ʠʭ ʚ ʧʦʣʫʧʫʙ-

ʣʠʯʥʳʝ, ʢʦʪʦʨʳʝ ʦʪʚʝʯʘʶʪ ʟʘʧʨʦʩʘʤ ʤʝʩʪʥʳʭ 

ʞʠʪʝʣʝʡ. ɼʚʦʨ ʩʪʘʥʦʚʠʪʩʷ ʧʦʣʥʦʮʝʥʥʦʡ ʨʝ-

ʢʨʝʘʮʠʦʥʥʦʡ ʟʦʥʦʡ ʠ ʜʝʣʠʪʩʷ ʥʘ ʯʘʩʪʥʫʶ ʪʝʨ-

ʨʠʪʦʨʠʶ-ʧʘʣʠʩʘʜʥʠʢʠ ʜʣʷ ʞʠʪʝʣʝʡ ʧʝʨʚʳʭ 

ʵʪʘʞʝʡ, ʧʦʣʫʦʙʱʝʩʪʚʝʥʥʫʶ-ʛʦʨʦʜʩʢʠʝ ʦʛʦʨʦ-

ʜʳ, ʤʝʩʪʦ ʜʣʷ ʙʘʨʙʝʢʶ, ʦʙʱʝʩʪʚʝʥʥʳʝ ʟʦʥʳ 

ʦʪʜʳʭʘ ʩ ʣʘʚʦʯʢʘʤʠ.  

ʇʝʰʝʭʦʜʥʳʝ ʤʘʨʰʨʫʪʳ ʧʦʣʫʯʠʣʠ ʥʝʣʠ-

ʥʝʡʥʫʶ ʪʨʘʩʩʠʨʦʚʢʫ, ʟʝʣʝʥʳʝ ʟʦʥʳ ʫʩʠʣʠʣʠ ʟʘ 

ʩʯʝʪ ʛʝʦʧʣʘʩʪʠʢʠ, ʪʝʤ ʩʘʤʳʤ ʫʩʠʣʠʚ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʫʶ ʚʳʨʘʟʠʪʝʣʴʥʦʩʪʴ (ʨʠʩ. 4). 
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ʈʠʩ. 3. ʉʭʝʤʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʨʘʡʦʥʘ ʄʘʨʮʘʥ ʠ ʍʝʣʣʝʨʩʜʦʨʬ. ʈʘʟʨʘʙʦʪʘʥʘ ʚ 2007 

ʛʦʜʫ Gruppe Planwerk, aʢʪʫʘʣʠʟʠʨʦʚʘʥʘ ʚ 2011 ʛʦʜʫ UrbanPlan 

 

 

 
ʈʠʩ. 4. ʈʘʙʦʪʘ ʩ ʨʝʣʴʝʬʦʤ ʚ ʨʘʟʥʳʭ ʯʘʩʪʷʭ ʨʘʡʦʥʘ 

 

ʇʘʨʘʣʣʝʣʴʥʦ ʚʝʣʘʩʴ ʨʝʦʨʛʘʥʠʟʘʮʠʷ ʫʣʠʯʥʦ-

ʜʦʨʦʞʥʦʡ ʩʝʪʠ. ʇʘʨʢʦʚʦʯʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʧʦʣʫʯʠʣʠ ʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʨʘʟʤʝʱʘʣʠʩʴ 

ʚʜʦʣʴ ʜʦʤʦʚ ʠ ʥʘ ʜʦʨʦʛʘʭ ʜʫʙʣʝʨʘʭ. ʊʨʘʥʩ-

ʧʦʨʪʥʳʝ ʤʘʛʠʩʪʨʘʣʠ ʩʫʟʠʣʠ, ʨʘʩʰʠʨʠʣʠ ʪʨʦ-

ʪʫʘʨʳ ʠ ʜʦʙʘʚʠʣʠ ʣʠʥʝʡʥʳʝ ʧʘʨʢʦʚʦʯʥʳʝ ʤʝ-
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ʩʪʘ. ʇʦʜʦʙʥʳʝ ʨʝʰʝʥʠʷ ʧʦʟʚʦʣʠʣʠ ʧʦʚʳʩʠʪʴ 

ʢʘʯʝʩʪʚʦ ʧʝʰʝʭʦʜʥʦʡ ʩʨʝʜʳ ʠ ʫʤʝʥʴʰʠʪʴ ʜʦ-

ʤʠʥʠʨʦʚʘʥʠʝ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʚ 

ʩʪʨʫʢʪʫʨʝ ʞʠʣʳʭ ʢʚʘʨʪʘʣʦʚ [8]. 

ʆʪʢʨʳʪʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʟʘʥʠʤʘʶʪ ʟʥʘʯʠ-

ʪʝʣʴʥʳʝ ʧʣʦʱʘʜʠ ʚ ʨʘʡʦʥʘʭ ʤʘʩʩʦʚʦʡ ʟʘ-

ʩʪʨʦʡʢʠ ʠ ʧʨʠʦʨʠʪʝʪʥʳʤ ʟʥʘʯʝʥʠʝʤ ʷʚʣʷʝʪʩʷ 

ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʭ ʙʣʘʛʦ-

ʫʩʪʨʦʡʩʪʚʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʦʩʪʳʝ, ʫʩʪʦʡʯʠʚʳʝ ʠ ʘʥʪʠ-

ʚʘʥʜʘʣʴʥʳʝ ʨʝʰʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʤʠʥʠ-

ʤʠʟʘʮʠʶ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ. 

ʀʥʪʝʛʨʘʮʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʤʧʣʝʢʩʥʦʡ 

ʣʘʥʜʰʘʬʪʥʦʡ ʨʝʢʦʥʩʪʨʫʢʮʠʠ, ʥʘʧʨʘʚʣʝʥʥʦʡ 

ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʝʧʨʝʨʳʚʥʦʛʦ ʟʝʣʸʥʦʛʦ ʢʘʨ-

ʢʘʩʘ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʧʨʠ-

ʨʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ [9]. ʌʫʥʢʮʠʦʥʘʣʴʥʦ 

ʥʘʩʳʱʝʥʥʳʝ ʵʣʝʤʝʥʪʳ ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʘ ʢʦʥ-

ʮʝʥʪʨʠʨʫʶʪʩʷ ʚ ʟʦʥʘʭ ʦʙʱʝʛʦ ʧʦʣʴʟʦʚʘʥʠʷ 

ʨʘʡʦʥʥʦʛʦ ʫʨʦʚʥʷ. ɿʜʝʩʴ ʬʦʨʤʠʨʫʶʪʩʷ ʢʨʫʧ-

ʥʦʤʘʩʰʪʘʙʥʳʝ ʦʙʱʝʩʪʚʝʥʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ 

ʠʛʨʦʚʳʝ ʢʦʤʧʣʝʢʩʳ, ʦʙʩʣʫʞʠʚʘʶʱʠʝ ʥʝ-

ʩʢʦʣʴʢʦ ʞʠʣʳʭ ʢʚʘʨʪʘʣʦʚ ʠ ʥʘʭʦʜʷʱʠʝʩʷ ʧʦʜ 

ʤʫʥʠʮʠʧʘʣʴʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ʠ ʢʦʥʪʨʦʣʝʤ. ɺ 

ʮʝʣʦʤ, ʣʘʥʜʰʘʬʪ ʠ ʟʝʣʸʥʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ 

ʚʳʩʪʫʧʘʶʪ ʢʣʶʯʝʚʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʧʦʚʳ-

ʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʩʨʝʜʳ ʚ ʫʩʣʦʚʠʷʭ ʪʠʧʦʚʦʡ ʟʘ-

ʩʪʨʦʡʢʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟ-

ʥʦʦʙʨʘʟʠʝ, ʘʢʪʠʚʘʮʠʶ ʥʝʠʩʧʦʣʴʟʫʝʤʳʭ ʪʝʨʨʠ-

ʪʦʨʠʡ ʠ ʨʦʩʪ ʦʙʱʝʡ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ ʞʠ-

ʣʳʭ ʨʘʡʦʥʦʚ [9]. 

ʈʝʘʣʠʟʘʮʠʷ ʜʘʥʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʦʩʥʦ-

ʚʳʚʘʝʪʩʷ ʥʘ ʧʨʠʥʮʠʧʘʭ ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʠ, 

ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ, ʠʜʝʥʪʠʯʥʦʩʪʠ, ʩʦ-

ʨʘʟʤʝʨʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ. ʂʣʶʯʝʚʳʤʠ 

ʩʪʨʘʪʝʛʠʷʤʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝ-

ʤʳʭ ʞʠʣʳʭ ʨʘʡʦʥʦʚ ʚʳʩʪʫʧʘʶʪ ʫʩʪʦʡʯʠʚʦʝ 

ʨʘʟʚʠʪʠʝ, ʩʦʭʨʘʥʝʥʠʝ ʠʜʝʥʪʠʯʥʦʩʪʠ ʠ ʧʦʚʳ-

ʰʝʥʠʝ ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʠ ʩʨʝʜʳ. 

ʄʘʩʩʦʚʦʝ ʞʠʣʴʸ ʚ ʗʧʦʥʠʠ ʠ ʪʨʘʥʩʬʦʨ-

ʤʘʮʠʷ ʨʘʡʦʥʦʚ ɼʘʥʯʠ 

ɺ ʧʦʩʣʝʚʦʝʥʥʳʡ ʧʝʨʠʦʜ ʗʧʦʥʠʷ ʨʝʘʣʠʟʦ-

ʚʘʣʘ ʧʦʣʠʪʠʢʫ ʤʘʩʩʦʚʦʛʦ ʞʠʣʠʱʥʦʛʦ ʩʪʨʦʠ-

ʪʝʣʴʩʪʚʘ, ʥʘʧʨʘʚʣʝʥʥʫʶ ʥʘ ʙʳʩʪʨʦʝ ʫʜʦʚʣʝ-

ʪʚʦʨʝʥʠʝ ʨʘʩʪʫʱʠʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʛʦʨʦʜʩʢʦʛʦ 

ʥʘʩʝʣʝʥʠʷ. ʆʩʥʦʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʵʪʦʡ 

ʩʪʨʘʪʝʛʠʠ ʩʪʘʣʠ ʜʘʥʯʠ ï ʢʦʣʣʝʢʪʠʚʥʳʝ ʞʠʣʳʝ 

ʢʦʤʧʣʝʢʩʳ, ʨʘʟʚʠʚʘʚʰʠʝʩʷ ʩ ʩʝʨʝʜʠʥʳ 1950-ʭ 

ʛʦʜʦʚ [10]. ɸʨʭʠʪʝʢʪʫʨʥʘʷ ʪʠʧʦʣʦʛʠʷ ʜʘʥʯʠ 

ʧʝʨʝʥʷʣʘ ʦʧʳʪ ʤʘʩʩʦʚʦʡ ʟʘʩʪʨʦʡʢʠ ʠʟ ʩʦʚʝʪ-

ʩʢʠʭ ʧʨʘʢʪʠʢ ʯʝʨʝʟ ʩʧʝʮʠʘʣʠʩʪʦʚ ʗʧʦʥʩʢʦʡ 

ʞʠʣʠʱʥʦʡ ʢʦʨʧʦʨʘʮʠʠ (Nihon Jutaku Kodan). 

ɹʝʪʦʥʥʳʝ ʧʷʪʠʵʪʘʞʥʳʝ ʙʣʦʢʠ, ʩʪʘʥʜʘʨʪʥʳʝ 

ʧʣʘʥʠʨʦʚʢʠ ʢʚʘʨʪʠʨ ʠ ʧʦʚʪʦʨʷʶʱʠʝʩʷ ʬʘʩʘʜʳ 

ʩʦʟʜʘʚʘʣʠ ʦʱʫʱʝʥʠʝ ʩʦʮʠʘʣʴʥʦʛʦ ʠ ʤʘʪʝʨʠ-

ʘʣʴʥʦʛʦ ʨʘʚʝʥʩʪʚʘ, ʩʦʦʪʚʝʪʩʪʚʫʷ ʧʦʩʣʝʚʦʝʥ-

ʥʳʤ ʠʜʝʘʣʘʤ ʜʝʤʦʢʨʘʪʠʟʘʮʠʠ ʠ ʢʦʣʣʝʢʪʠʚʠʟ-

ʤʘ [10]. ɾʠʣʦʡ ʢʦʤʧʣʝʢʩ ʉʠʛʘ (ʨʠʩ. 5) ʨʝʘʣʠ-

ʟʦʚʘʥ ʧʦ ʪʠʧʦʚʦʡ ʩʭʝʤʝ: ʟʜʘʥʠʷ ʚʳʩʪʨʦʝʥʳ 

ʨʷʜʘʤʠ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʧʨʦʤʝʞʫʪʢʘʤʠ, 

ʬʦʨʤʠʨʫʷ ʚʳʪʷʥʫʪʳʝ ʙʣʦʢʠ, ʛʜʝ ʘʢʮʝʥʪ ʩʜʝʣʘʥ 

ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʢʦʤʧʘʢʪʥʦʩʪʴ ʠ ʨʘʮʠʦ-

ʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʛʨʘʥʠʯʝʥʥʦʡ ʛʦʨʦʜ-

ʩʢʦʡ ʪʝʨʨʠʪʦʨʠʠ. 

 

 
ʈʠʩ. 5. ɾʠʣʦʡ ʢʦʤʧʣʝʢʩ ʉʠʛʘ (ʜʘʥʯʠ), ʅʘʛʦʷ, 1960 ʛʦʜ 
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ʇʣʘʥʠʨʦʚʢʘ ʢʦʤʧʣʝʢʩʘ ʙʳʣʘ ʣʠʥʝʡʥʦ-

ʤʦʜʫʣʴʥʦʡ ʩ ʦʨʠʝʥʪʘʮʠʝʡ ʬʘʩʘʜʦʚ ʧʨʝʠʤʫʱʝ-

ʩʪʚʝʥʥʦ ʥʘ ʚʦʩʪʦʢ-ʟʘʧʘʜ, ʜʚʦʨʳ ʟʘʜʫʤʳʚʘʣʠʩʴ 

ʢʘʢ ʙʝʟʦʧʘʩʥʳʝ ʠ ʦʪʢʨʳʪʳʝ ʦʙʱʝʩʪʚʝʥʥʳʝ 

ʧʨʦʩʪʨʘʥʩʪʚʘ, ʦʪʨʘʞʘʷ ʢʦʥʮʝʧʮʠʶ ʜʘʥʯʠ ʢʘʢ 

çʩʦʮʠʘʣʴʥʳʭ ʫʟʣʦʚè. ʀʥʪʝʛʨʘʮʠʷ ʟʝʣʸʥʳʭ ʟʦʥ 

ʩʦʟʜʘʚʘʣʘ çʟʝʣʸʥʳʝ ʢʦʨʠʜʦʨʳè, ʫʣʫʯʰʘʷ ʤʠʢ-

ʨʦʢʣʠʤʘʪ ʠ ʩʦʭʨʘʥʷʷ ʪʨʘʜʠʮʠʦʥʥʦʝ ʷʧʦʥʩʢʦʝ 

ʩʦʯʝʪʘʥʠʝ ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʧʨʠʨʦʜʳ. ʉ ʢʦʥʮʘ 

1960-ʭ ʛʦʜʦʚ ʨʷʜ ʢʚʘʨʪʘʣʦʚ ʙʳʣ ʧʦʜʚʝʨʛʥʫʪ 

ʩʥʦʩʫ. ʅʘ ʤʝʩʪʝ ʢʦʤʧʣʝʢʩʘ ʉʠʛʘ ʙʳʣ ʨʝʘʣʠʟʦ-

ʚʘʥ ʋʨʙʘʥʠʷ ʉʠʛʘ ʧʘʨʢ (Urbania Shiga Park) 

(ʂʠʪʘ, ʅʘʛʦʷ, 1998-2001; ʧʦʣʥʘʷ ʨʝʢʦʥʩʪʨʫʢ-

ʮʠʷ ï 2017) (ʨʠʩ. 6), ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʧʦ ʢʦʥ-

ʮʝʧʮʠʠ çʧʦʚʩʝʜʥʝʚʥʘʷ ʞʠʟʥʴ ʚ ʙʣʘʛʦʫʩʪʨʦʝʥ-

ʥʦʤ ʩʘʜʫè [11]. 

 

 
ʈʠʩ. 6. ʂʦʤʧʣʝʢʩ ʋʨʙʘʥʠʷ ʉʠʛʘ ʇʘʨʢ. ʉʠʪʫʘʮʠʦʥʥʘʷ ʩʭʝʤʘ (ʩʭʝʤʘ ʘʚʪʦʨʘ) 

 

ʂʦʤʧʣʝʢʩ ʦʨʛʘʥʠʯʥʦ ʚʩʪʨʦʝʥ ʚ 

ʩʫʱʝʩʪʚʫʶʱʫʶ ʫʣʠʯʥʫʶ ʩʝʪʴ ʠ ʩʚʷʟʘʥ ʩ 

ʙʣʠʟʣʝʞʘʡʰʝʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ. 

ʂʦʤʧʦʟʠʮʠʦʥʥʦ ʦʩʥʦʚʘʥ ʥʘ ʢʣʘʩʪʝʨʥʦʡ 

ʩʠʩʪʝʤʝ ʞʠʣʳʭ ʙʣʦʢʦʚ. ʇʨʦʩʪʨʘʥʩʪʚʦ ʚʥʫʪʨʠ 

ʜʚʦʨʦʚ ʷʚʣʷʝʪʩʷ ʩʦʮʠʘʣʴʥʳʤ ʷʜʨʦʤ, ʢʦʪʦʨʦʝ 

ʬʦʨʤʠʨʫʝʪ ʦʙʱʝʩʪʚʝʥʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʜʣʷ 

ʜʦʩʫʛʘ ʠ ʦʪʜʳʭʘ. ɿʦʥʠʨʦʚʘʥʠʝ ʪʝʨʨʠʪʦʨʠʠ 

ʩʪʠʤʫʣʠʨʫʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʞʠʪʝʣʝʡ ʚ 

ʧʨʦʮʝʩʩʝ ʩʦʚʤʝʩʪʥʦʛʦ ʦʪʜʳʭʘ ʥʘ ʪʝʨʨʘʩʘʭ, 

ʧʨʦʛʫʣʦʯʥʳʭ ʘʣʣʝʷʭ, ʠʛʨʦʚʳʭ ʧʣʦʱʘʜʢʘʭ, 

ʙʝʩʝʜʢʘʭ- ʚʩʝ ʵʪʦ ʬʦʨʤʠʨʫʝʪ ʫʩʪʦʡʯʠʚʳʡ 

ʩʦʮʠʘʣʴʥʳʡ ʢʣʘʩʪʝʨ. ɸʚʪʦʤʦʙʠʣʴʥʳʝ ʠ 

ʧʝʰʝʭʦʜʥʳʝ ʟʦʥʳ ʨʘʟʜʝʣʝʥʳ.. ʃʘʥʜʰʘʬʪʥʦʝ 

ʦʬʦʨʤʣʝʥʠʝ (ʨʠʩ. 7), ʧʦʜʯʝʨʢʠʚʘʝʪ ʢʦʥʮʝʧʮʠʶ 

ʛʦʨʦʜʩʢʦʛʦ ʩʘʜʘ, ʠʟʚʠʣʠʩʪʳʝ ʪʨʦʧʠʥʢʠ, 

ʛʝʦʧʣʘʩʪʠʢʘ , ʜʝʢʦʨʘʪʠʚʥʳʝ ʥʘʩʘʞʜʝʥʠʷ ʠ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʬʦʨʤʠʨʫʶʪ ʤʷʛʢʠʝ ʛʨʘʥʠʮʳ 

ʤʝʞʜʫ ʧʨʠʚʘʪʥʳʤ ʠ ʧʫʙʣʠʯʥʳʤ 

ʧʨʦʩʪʨʘʥʩʪʚʦʤ. 
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ʈʠʩ. 7. ʉʦʚʨʝʤʝʥʥʦʝ ʣʘʥʜʰʘʬʪʥʦʝ ʦʬʦʨʤʣʝʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʦʙʳʯʥʳʭ ʤʘʬ 

 

ʅʦʯʥʘʷ ʧʦʜʩʚʝʪʢʘ ʩʦʟʜʘʸʪ ʫʥʠʢʘʣʴʥʳʡ ʚʠʟʫʘʣʴʥʳʡ ʵʬʬʝʢʪ ʠ ʫʩʠʣʠʚʘʝʪ ʩʚʷʟʴ ʩ ʧʨʠʨʦʜʥʦʡ 

ʩʨʝʜʦʡ (ʨʠʩ. 8). 

 

 
ʈʠʩ. 8. ʆʩʚʝʱʝʥʠʝ ʪʝʨʨʠʪʦʨʠʠ, ʨʘʙʦʪʘ ʩʚʝʪʦʪʝʥʠ, ʦʩʚʝʱʝʥʠʝ ʦʪ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ 

 

ʋʣʠʯʥʳʡ ʬʨʦʥʪ ʦʨʛʘʥʠʟʦʚʘʥ ʩ ʫʯʸʪʦʤ 

ʩʪʫʧʝʥʯʘʪʦʡ ʚʳʩʦʪʥʦʩʪʠ ʠ ʨʠʪʤʠʯʝʩʢʦʡ 

ʤʦʜʫʣʴʥʦʩʪʠ ʬʘʩʘʜʦʚ, ʘ ʙʘʣʢʦʥʳ, ʣʦʜʞʠʠ ʠ 

ʪʝʨʨʘʩʳ ʩʦʟʜʘʶʪ ʧʝʨʝʭʦʜʥʳʡ ʩʣʦʡ ʤʝʞʜʫ 

ʧʫʙʣʠʯʥʦʡ ʫʣʠʮʝʡ ʠ ʧʨʠʚʘʪʥʳʤʠ ʜʚʦʨʦʚʳʤʠ 

ʧʨʦʩʪʨʘʥʩʪʚʘʤʠ, ʫʩʠʣʠʚʘʷ ʚʠʟʫʘʣʴʥʫʶ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʩʚʷʟʥʦʩʪʴ ʢʦʤʧʣʝʢʩʘ. 

ʈʝʘʣʠʟʘʮʠʷ ʧʨʦʝʢʪʘ ʋʨʙʘʥʠʷ ʉʠʛʘ ʇʘʨʢ 

ʦʧʠʨʘʝʪʩʷ ʥʘ ʧʨʠʥʮʠʧʳ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ, ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ, 

ʠʜʝʥʪʠʯʥʦʩʪʠ ʠ ʩʦʟʜʘʝʪ ʛʘʨʤʦʥʠʯʥʫʶ, 

ʯʝʣʦʚʝʢʦʦʨʠʝʥʪʠʨʦʚʘʥʥʫʶ ʠ ʘʜʘʧʪʠʚʥʫʶ 

ʞʠʣʫʶ ʩʨʝʜʫ. 

ʊʨʘʥʩʬʦʨʤʘʮʠʷ ʫʣʠʮ ʞʠʣʳʭ ʨʘʡʦʥʦʚ ʚ 

ʐʘʥʭʘʝ (ʂʠʪʘʡ) 

ʈʘʡʦʥ ʃʵʰʘʥʴ ʉʠʥʴʮʫʥʴ (Leshan New 

Village), ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʠʤʝʨ 

ʧʦʟʜʥʝʩʦʮʠʘʣʠʩʪʠʯʝʩʢʦʡ ʞʠʣʦʡ ʟʘʩʪʨʦʡʢʠ, 

ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʚ ʫʩʣʦʚʠʷʭ ʠʥʪʝʥʩʠʚʥʦʡ 

ʫʨʙʘʥʠʟʘʮʠʠ ʤʝʛʘʧʦʣʠʩʘ ʢʦʥʮʘ XX ʚʝʢʘ [12]. 

ʂʚʘʨʪʘʣ (ʨʠʩ. 9), ʧʦʩʪʨʦʝʥʥʳʡ ʚ 1980-ʭ ʛʦʜʘʭ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʶ 

ʟʘʩʪʨʦʡʢʠ ʠ ʢʦʤʧʘʢʪʥʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ ʞʠʣʳʭ 

ʙʣʦʢʦʚ, ʯʪʦ ʦʪʨʘʞʘʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ 

ʵʬʬʝʢʪʠʚʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʛʦʨʦʜʩʢʦʡ ʟʝʤʣʠ. 

ʈʘʡʦʥ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥ ʢ ʟʘʧʘʜʫ 

ʦʪ ʜʝʣʦʚʦʛʦ ʮʝʥʪʨʘ, ʦʜʥʦʛʦ ʠʟ ʢʣʶʯʝʚʳʭ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʠ ʢʦʤʤʝʨʯʝʩʢʠʭ ʫʟʣʦʚ ʛʦʨʦʜʘ, 

ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʝʛʦ ʠʥʪʝʛʨʘʮʠʶ ʚ ʛʦʨʦʜʩʢʫʶ 

ʩʪʨʫʢʪʫʨʫ. ʄʦʨʬʦʣʦʛʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʨʘʡʦ-

ʥʘ ʠʤʝʝʪ ʧʣʦʪʥʫʶ ʟʘʩʪʨʦʡʢʫ ʩ 5-7 ʵʪʘʞʥʳʤʠ 

ʟʜʘʥʠʷʤʠ, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʤʠʥʠʤʘʣʴʥʳʡ ʠʥ-

ʪʝʨʚʘʣ, ʵʪʦ ʩʣʝʜʩʪʚʠʝ ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʪʝʨʨʠ-

ʪʦʨʠʠ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʨʦʜʫʢʪʠʚʥʳʤ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʟʝʤʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ. ʀʟ-ʟʘ ʜʘʥ-

ʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʦʙʱʝ-

ʩʪʚʝʥʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʩʤʝʩʪʠʣʘʩʴ ʥʘ ʫʣʠʮʳ, 

ʢʦʪʦʨʳʝ ʚʳʧʦʣʥʷʶʪ ʥʝʩʢʦʣʴʢʦ ʬʫʥʢʮʠʡ. ɺ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʵʪʦ ʪʨʘʥʟʠʪ, ʧʝʰʝʭʦʜʥʳʝ ʢʦ-

ʨʠʜʦʨʳ, ʤʝʩʪʘ ʜʣʷ ʦʙʱʝʥʠʷ ʠ ʣʦʢʘʣʴʥʘʷ ʨʝ-

ʢʨʝʘʮʠʷ. ʋʣʠʯʥʳʡ ʬʨʦʥʪ ʢʦʤʧʝʥʩʠʨʫʶʪ ʜʝ-

ʬʠʮʠʪ ʚʥʫʪʨʠʢʚʘʨʪʘʣʴʥʳʭ ʦʪʢʨʳʪʳʭ ʦʙʱʝ-

ʩʪʚʝʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ. 

ʆʩʦʙʝʥʥʦʩʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʛʘʥʠʟʘ-

ʮʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʤʝʱʝʥʠʠ ʦʙʱʝʩʪʚʝʥʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʫʣʠʮʳ, ʛʜʝ ʪʨʦʪʫʘʨʳ ʠ ʧʨʠʣʝ-

ʛʘʶʱʠʝ ʟʦʥʳ ʚʳʧʦʣʥʷʶʪ ʬʫʥʢʮʠʠ ʧʝʰʝʭʦʜ-

ʥʳʭ ʢʦʨʠʜʦʨʦʚ, ʤʝʩʪ ʜʣʷ ʦʙʱʝʥʠʷ, ʥʝʬʦʨ-

ʤʘʣʴʥʦʡ ʪʦʨʛʦʚʣʠ ʠ ʣʦʢʘʣʴʥʦʡ ʨʝʢʨʝʘʮʠʠ. 

ʋʣʠʯʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʩʪʘʥʦʚʠʪʩʷ ʤʥʦ-

ʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʘʨʪʝʨʠʝʡ, ʩʦʯʝʪʘʷ ʪʨʘʥ-

ʟʠʪʥʳʝ ʠ ʩʦʮʠʘʣʴʥʳʝ ʬʫʥʢʮʠʠ, ʢʦʤʧʝʥʩʠʨʫʷ 

ʜʝʬʠʮʠʪ ʚʥʫʪʨʠʢʚʘʨʪʘʣʴʥʳʭ ʦʪʢʨʳʪʳʭ ʧʨʦ-

ʩʪʨʘʥʩʪʚ. 
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ʈʠʩ. 9. ʈʘʡʦʥ ʃʵʰʘʥʴ ʜʦ ʨʝʤʦʥʪʘ. ʅʘ ʟʘʜʥʝʤ ʧʣʘʥʝ ï ʮʝʥʪʨ ʉʶʡʮʟʷʭʫʵʡ 

 

 
ʈʠʩ. 10. ɻʨʘʥʠʮʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʫʣʠʯʥʦʛʦ ʬʨʦʥʪʘ 
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ʇʨʦʝʢʪʳ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʨʝʘʣʠʟʫʶʪ ʩʪʨʘʪʝ-

ʛʠʶ çʤʷʛʢʦʡ ʨʝʥʦʚʘʮʠʠè: ʣʦʢʘʣʴʥʦʝ ʙʣʘʛʦ-

ʫʩʪʨʦʡʩʪʚʦ ʫʣʠʮ (ʨʠʩ. 10), ʤʦʜʝʨʥʠʟʘʮʠʷ ʦʙ-

ʱʝʩʪʚʝʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ, ʘʜʘʧʪʘʮʠʷ ʩʫʱʝ-

ʩʪʚʫʶʱʠʭ ʟʜʘʥʠʡ ʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ [13]. ʆʩ-

ʥʦʚʥʘʷ ʮʝʣʴ ï ʩʦʟʜʘʥʠʝ ʢʘʯʝʩʪʚʝʥʥʦʡ ʦʙʱʝ-

ʩʪʚʝʥʥʦʡ ʩʨʝʜʳ, ʫʯʠʪʳʚʘʶʱʝʡ ʧʦʪʨʝʙʥʦʩʪʠ 

ʨʘʟʣʠʯʥʳʭ ʛʨʫʧʧ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʚʢʣʶʯʘʷ ʞʠ-

ʪʝʣʝʡ, ʨʘʙʦʪʥʠʢʦʚ ʠ ʧʦʩʝʪʠʪʝʣʝʡ ʨʘʡʦʥʘ. 

ʂʣʶʯʝʚʳʤ ʧʨʠʥʮʠʧʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʷʚ-

ʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ çʯʠʪʘʝʤʦʡ ʫʣʠʮʳè [13] 

(ʨʠʩ. 11), ʥʘʩʳʱʝʥʥʦʡ ʚʠʟʫʘʣʴʥʳʤʠ ʠ ʢʫʣʴ-

ʪʫʨʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ: ʭʫʜʦʞʝʩʪʚʝʥʥʳʝ ʵʢʩʧʦ-

ʟʠʮʠʠ, ʣʦʢʘʣʴʥʳʝ ʠʩʪʦʨʠʠ ʠ ʜʝʪʩʢʠʝ ʨʠʩʫʥʢʠ 

ʩʦʟʜʘʶʪ ʠʜʝʥʪʠʯʥʦʩʪʴ ʢʚʘʨʪʘʣʘ. 

 

 
ʈʠʩ. 11. ɽʜʠʥʳʡ ʚʠʟʫʘʣʴʥʳʡ ʩʪʠʣʴ ʘʢʪʠʚʥʦʛʦ ʫʣʠʯʥʦʛʦ ʬʨʦʥʪʘ ʩ ʚʥʝʜʨʝʥʠʝʤ ʦʟʝʣʝʥʝʥʠʷ ʚ ʧʣʦʪ-

ʥʫʶ ʟʘʩʪʨʦʡʢʫ 

 

ʆʛʨʘʥʠʯʝʥʥʳʝ ʚʥʫʪʨʝʥʥʠʝ ʫʣʠʮʳ ʩ ʢʦʣʴʮʝ-

ʚʦʡ ʩʝʪʴʶ ʠ ʟʝʣʸʥʳʤʠ ʧʦʣʦʩʘʤʠ ʦʙʝʩʧʝʯʠʚʘ-

ʶʪ ʢʦʤʬʦʨʪʥʦʝ ʧʝʰʝʭʦʜʥʦʝ ʜʚʠʞʝʥʠʝ ʠ ʩʥʠ-

ʞʝʥʠʝ ʩʢʦʨʦʩʪʠ ʪʨʘʥʩʧʦʨʪʘ. ʆʛʨʘʥʠʯʝʥʠʝ 

ʧʘʨʢʦʚʢʠ ʠ ʘʢʪʠʚʘʮʠʶ çʩʢʨʳʪʳʭ ʫʛʣʦʚè ʜʣʷ 

ʤʘʣʳʭ ʦʙʱʝʩʪʚʝʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ, ʤʦʜʝʨʥʠ-

ʟʘʮʠʶ ʘʚʪʦʙʫʩʥʦʡ ʩʪʘʥʮʠʠ ʢʘʢ ʚʠʟʫʘʣʴʥʦʛʦ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʘʢʮʝʥʪʘ. ʆʙʲʝʜʠʥʷʝʪʩʷ ʝʜʠ-

ʥʦʡ ʮʚʝʪʦʚʦʡ ʠ ʛʨʘʬʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ. ɺʝʨʪʠ-

ʢʘʣʴʥʦʝ ʦʟʝʣʝʥʝʥʠʝ ʠ ʢʦʥʪʝʡʥʝʨʥʳʝ ʟʝʣʸʥʳʝ 

ʵʣʝʤʝʥʪʳ, ʢʦʤʧʝʥʩʠʨʫʶʪ ʜʝʬʠʮʠʪ ʦʪʢʨʳʪʳʭ 

ʧʨʠʨʦʜʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ. 

ʈʝʢʦʥʩʪʨʫʢʮʠʷ ʨʘʡʦʥʘ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʩʦ-

ʭʨʘʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʢʚʘʨʪʘʣʘ ʠ ʘʢʪʠʚʠʨʫʝʪ 

ʫʣʠʮʳ, ʧʨʝʚʨʘʱʘʷ ʠʭ ʚ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʦʙʱʝʩʪʚʝʥʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʢʦʪʦʨʳʝ ʥʝʩʫʪ 

ʚʠʟʫʘʣʴʥʫʶ ʠʜʝʥʪʠʯʥʦʩʪʴ, ʩʦʮʠʘʣʴʥʫʶ ʘʢ-

ʪʠʚʥʦʩʪʴ ʠ ʧʦʜʜʝʨʞʠʚʘʶʪ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʢʘ-

ʯʝʩʪʚʦ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ. 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʭʦʜʝ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʪʨʘʥʩʬʦʨ-

ʤʘʮʠʠ ʨʘʡʦʥʦʚ ʤʘʩʩʦʚʦʡ ʟʘʩʪʨʦʡʢʠ ɽʚʨʦʧʳ ʠ 

ɺʦʩʪʦʯʥʦʡ ɸʟʠʠ ʦʧʨʝʜʝʣʠʣʠʩʴ ʪʝʥʜʝʥʮʠʠ ʨʝ-

ʚʠʪʘʣʠʟʘʮʠʠ ʛʦʨʦʜʩʢʦʡ ʪʢʘʥʠ ʠ ʨʘʟʣʠʯʠʷ ʚ 

ʧʨʘʢʪʠʢʝ ʦʙʥʦʚʣʝʥʠʷ. ʉʠʩʪʝʤʘ ʚ ʨʘʡʦʥʘʭ ɹʝʨ-

ʣʠʥʘ ʦʩʥʦʚʘʥʘ ʥʘ ʩʦʟʜʘʥʠʠ ʠʝʨʘʨʭʠʠ ʦʪʢʨʳ-

ʪʳʭ ʦʙʱʝʩʪʚʝʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ, ʨʘʟʚʠʪʠʝ 

ʛʨʘʜʘʮʠʠ ʚʥʫʪʨʠʢʚʘʨʪʘʣʴʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʧʦ 

ʧʨʠʥʮʠʧʫ ʯʘʩʪʥʳʭ, ʢʚʘʟʠ-ʧʫʙʣʠʯʥʳʭ ʠ ʦʙʱʝ-

ʩʪʚʝʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ, ʩʥʠʞʝʥʠʝ ʜʦʣʠ ʪʨʘʥʩ-

ʧʦʨʪʘ ʠ ʣʘʥʜʰʘʬʪʥʳʭ ʨʝʰʝʥʠʡ, ʯʪʦ ʚʣʠʷʝʪ ʥʘ 

ʩʦʨʘʟʤʝʨʥʦʩʪʴ ʠ ʚʦʩʧʨʠʷʪʠʝ ʩʨʝʜʳ. ɺʦʩʪʦʯ-

ʥʦʘʟʠʘʪʩʢʘʷ ʤʦʜʝʣʴ ʦʪʚʝʯʘʝʪ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦ-

ʩʪʴʶ ʟʘʩʪʨʦʡʢʠ, ʠʤʝʝʪ ʫʟʣʦʚʫʶ ʩʠʩʪʝʤʫ ʫʣʠʯ-

ʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʬʦʨʤʠʨʫʝʪ ʛʠʙʢʫʶ ʤʥʦ-

ʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʪʝʨʨʠʪʦʨʠʠ ʠ ʠʥʪʝʛʨʘ-

ʮʠʶ ʦʙʱʝʩʪʚʝʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ ʚ ʩʫʱʝʩʪʚʫ-

ʶʱʫʶ ʟʘʩʪʨʦʡʢʫ. 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʵʪʠʭ ʧʦʜʭʦʜʦʚ ʧʦʟʚʦʣʠʣʦ 

ʚʳʜʝʣʠʪʴ ʢʣʶʯʝʚʳʝ ʧʨʠʥʮʠʧʳ ʪʨʘʥʩʬʦʨʤʘ-

ʮʠʠ ʨʘʡʦʥʦʚ ʤʘʩʩʦʚʦʡ ʞʠʣʦʡ ʟʘʩʪʨʦʡʢʠ, 

ʘʜʘʧʪʠʨʫʝʤʳʝ ʢ ʨʦʩʩʠʡʩʢʠʤ ʛʦʨʦʜʩʢʠʤ ʫʩʣʦ-

ʚʠʷʤ: 

1. ʃʠʥʝʡʥʦ-ʫʟʣʦʚʘʷ ʩʠʩʪʝʤʘ ʦʪʢʨʳʪʳʭ ʦʙ-

ʱʝʩʪʚʝʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ. ʋʣʠʮʘ ʩʪʘʥʦʚʠʪʩʷ 

ʥʝ ʧʨʦʩʪʦ ʪʨʘʥʟʠʪʦʤ, ʘ ʧʦʣʥʦʮʝʥʥʳʤ ʤʥʦ-

ʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ. ʌʦʨʤʠʨʫ-

ʝʪʩʷ ʩʠʩʪʝʤʘ ʦʪʢʨʳʪʳʭ ʦʙʱʝʩʪʚʝʥʥʳʭ ʧʨʦ-

ʩʪʨʘʥʩʪʚ ʩ ʢʦʤʙʠʥʠʨʦʚʘʥʠʝʤ ʘʢʪʠʚʥʦ-

ʧʘʩʩʠʚʥʳʭ ʚʠʜʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

2. ʈʘʟʜʝʣʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʘ ʯʘʩʪʥʦʝ, 

ʢʚʘʟʠ-ʧʫʙʣʠʯʥʦʝ ʠ ʦʙʱʝʩʪʚʝʥʥʦʝ, ʚ ʟʘʚʠʩʠʤʦ-

ʩʪʠ ʦʪ ʩʮʝʥʘʨʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʏʘʩʪʥʦʝ-

ʧʘʣʠʩʘʜʥʠʢʠ ʜʣʷ ʞʠʪʝʣʝʡ ʧʝʨʚʳʭ ʵʪʘʞʝʡ, 

ʢʚʘʟʠ-ʧʫʙʣʠʯʥʳʝ ï ʛʦʨʦʜʩʢʠʝ ʦʛʦʨʦʜʳ ʚʦ ʜʚʦ-

ʨʝ ʜʦʤʘ, ʦʙʱʝʩʪʚʝʥʥʳʝ ï ʩʧʦʨʪʠʚʥʳʝ, ʜʝʪʩʢʠʝ 

ʧʣʦʱʘʜʢʠ. 

3. ʌʦʨʤʠʨʦʚʘʥʠʝ ʘʜʘʧʪʠʚʥʦʩʪʠ ʛʦʨʦʜʩʢʦʡ 

ʩʨʝʜʳ. ɿʘʱʠʪʘ ʦʪ ʚʝʪʨʘ ʠ ʭʦʣʦʜʘ ʟʠʤʦʡ, ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʪʝʧʣʦʛʦ ʩʚʝʪʘ.  ɺʳʩʘʞʠʚʘʥʠʝ ʜʝ-

ʨʝʚʴʝʚ ʜʣʷ ʟʘʱʠʪʳ ʦʪ ʩʦʣʥʮʘ ʠ ʧʳʣʠ ʣʝʪʦʤ, 

ʫʩʪʨʦʡʩʪʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʚʦʜʦʡ. 

4. ʈʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤʳ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʥʘ 

ʧʝʰʝʭʦʜʘ. ʉʦʟʜʘʥʠʝ ʙʝʟʦʧʘʩʥʦʡ ʩʝʪʠ ʧʝʰʝ-

ʭʦʜʥʳʭ ʠ ʚʝʣʦʩʠʧʝʜʥʳʭ ʤʘʨʰʨʫʪʦʚ. ɼʚʦʨ ʙʝʟ 

ʤʘʰʠʥ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʚʨʝʤʝʥʥʳʭ ʛʦʩʪʝʚʳʭ 
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ʧʘʨʢʦʚʦʢ, ʦʩʥʦʚʥʳʝ ʧʘʨʢʦʚʦʯʥʳʝ ʤʝʩʪʘ ï ʣʠ-

ʥʝʡʥʳʝ ʚʜʦʣʴ ʜʦʨʦʛ. 

5. ɺʥʝʜʨʝʥʠʝ ʣʘʥʜʰʘʬʪʥʦʛʦ ʜʠʟʘʡʥʘ ʚ ʩʦ-

ʯʝʪʘʥʠʠ ʩ ʵʢʦʣʦʛʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʳʤʠ ʤʝʨʘʤʠ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʜʦʞʜʝʚʳʭ ʩʘʜʦʚ ʠ 

ʙʠʦʬʠʣʴʪʨʘʮʠʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʩʪʥʳʭ ʚʠ-

ʜʦʚ ʨʘʩʪʝʥʠʡ, ʧʨʦʥʠʮʘʝʤʳʝ ʧʦʢʨʳʪʠʷ.  

6. ʀʜʝʥʪʠʯʥʦʩʪʴ ʤʝʩʪʥʦʩʪʠ. ʀʥʜʠʚʠʜʫʘʣʴ-

ʥʳʡ ʩʪʠʣʴ ʤʘʬ, ʚʳʷʚʣʝʥʠʝ ʦʙʨʘʟʘ ʩʠʤʚʦʣʠʟʠ-

ʨʫʶʱʠʡ ʤʝʩʪʥʦʩʪʴ, ʝʜʠʥʘʷ ʮʚʝʪʦʚʘʷ ʢʦʥʮʝʧ-

ʮʠʷ ʧʨʦʝʢʪʘ.  

ʈʝʘʣʠʟʘʮʠʷ ʵʪʠʭ ʧʨʠʥʮʠʧʦʚ ʬʦʨʤʠʨʫʝʪ ʛʠ-

ʙʨʠʜʥʫʶ ʤʦʜʝʣʴ ʪʨʘʥʩʬʦʨʤʘʮʠʠ, ʦʙʝʩʧʝʯʠ-

ʚʘʶʱʫʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʩʚʷʟʥʦʩʪʴ, ʬʫʥʢ-

ʮʠʦʥʘʣʴʥʫʶ ʥʘʩʳʱʝʥʥʦʩʪʴ ʠ ʩʦʮʠʘʣʴʥʫʶ ʘʢ-

ʪʠʚʥʦʩʪʴ ʞʠʣʳʭ ʨʘʡʦʥʦʚ. ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳʷʚʣʝʥʠʠ ʟʘʢʦ-

ʥʦʤʝʨʥʦʩʪʝʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʦʙʱʝʩʪʚʝʥʥʳʭ 

ʧʨʦʩʪʨʘʥʩʪʚ ʠ ʩʦʟʜʘʥʠʠ ʘʜʘʧʪʠʨʦʚʘʥʥʦʡ ʩʠ-

ʩʪʝʤʳ ʧʨʠʥʮʠʧʦʚ, ʩʧʦʩʦʙʥʦʡ ʵʬʬʝʢʪʠʚʥʦ 

ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠ ʨʘʟʚʠʪʠʠ ʨʦʩ-

ʩʠʡʩʢʠʭ ʛʦʨʦʜʦʚ. 
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Abstract. The article is devoted to a comparative analysis of the transformation of public spaces in 

mass housing districts of Europe and East Asia. The study examines the architectural and morphologi-

cal characteristics of residential blocks, the functional organization of courtyards, the development of 

recreational infrastructure, and the integration of pedestrian and bicycle routes. Using the examples of 

Berlin (Marzahn and Hellersdorf), Tokyo (Setagaya), and Shanghai (Leshan in the Xuhui District), the 

research demonstrates how the modernization of public spaces improves residentsô quality of life, stimu-

lates social activity, and creates comfortable conditions for mobility. Based on the analysis, the study 

proposes principles for adapting international experience to Russian conditions, taking into account the 

functional differentiation of courtyards, recreational areas, pedestrian and cycling infrastructure, as 

well as the morphological structure of urban blocks. 

Keywords: public spaces; mass housing development; block morphology; architectural and urban 

analysis; recreational infrastructure; pedestrian environment; cycling infrastructure; Europe; East 

Asia; renovation. 
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ʀʀ ɺ ɺɽɹ-ʈɸɿʈɸɹʆʊʂɽ: ʋʉʂʆʈɽʅʀɽ ʉʆɿɼɸʅʀʗ ʀʅʊɽʈʌɽʁʉʆɺ  
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ʉʘʤʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

(ʈʦʩʩʠʷ, ʛ. ʉʘʤʘʨʘ) 

 

DOI:10.24412/2500-1000-2026-3-2-76-80 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʥʘ 

ʧʨʦʮʝʩʩ ʚʝʙ-ʨʘʟʨʘʙʦʪʢʠ. ʆʩʥʦʚʥʦʡ ʬʦʢʫʩ ʩʜʝʣʘʥ ʥʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʫʪʠʥʥʳʭ ʦʧʝʨʘʮʠʡ, ʪʘʢʠʭ 

ʢʘʢ ʩʦʟʜʘʥʠʝ ʦʜʥʦʪʠʧʥʳʭ UI-ʢʦʤʧʦʥʝʥʪʦʚ, ʥʘʧʠʩʘʥʠʝ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʨʝʬʘʢʪʦʨʠʥʛ, ʪʝʩʪʠʨʦʚʘ-

ʥʠʝ ʠ ʛʝʥʝʨʘʮʠʷ ʤʦʢʦʚʳʭ ʜʘʥʥʳʭ. ɸʥʘʣʠʟʠʨʫʝʪʩʷ ʨʘʙʦʪʘ AI-ʘʩʩʠʩʪʝʥʪʦʚ (ʥʘʧʨʠʤʝʨ, GitHub 

Copilot) ʠ ʩʠʩʪʝʤ ʘʚʪʦʜʦʧʦʣʥʝʥʠʷ ʢʦʜʘ, ʩʧʦʩʦʙʥʳʭ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʢʦʥʪʝʢʩʪ ʧʨʦʝʢʪʘ ʠ ʫʩʢʦ-

ʨʷʪʴ ʥʘʧʠʩʘʥʠʝ ʧʨʦʛʨʘʤʤ. ʇʨʠʚʦʜʷʪʩʷ ʜʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ʨʦʩʪ ʧʨʦʠʟʚʦ-

ʜʠʪʝʣʴʥʦʩʪʠ ʠ ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʠ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʀʀ. ʆʪʜʝʣʴʥʦ ʧʦʜʯʝʨʢʠ-

ʚʘʝʪʩʷ, ʯʪʦ ʀʀ ʚʳʩʪʫʧʘʝʪ ʚ ʨʦʣʠ ʧʦʤʦʱʥʠʢʘ, ʫʩʢʦʨʷʶʱʝʛʦ ʨʫʪʠʥʫ, ʥʦ ʥʝ ʟʘʤʝʥʷʶʱʝʛʦ ʨʘʟʨʘ-

ʙʦʪʯʠʢʘ ʚ ʚʦʧʨʦʩʘʭ ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ; ʚʝʙ-ʨʘʟʨʘʙʦʪʢʘ; ʬʨʦʥʪʝʥʜ; ʘʚʪʦʤʘʪʠʟʘʮʠʷ; 

ʛʝʥʝʨʘʮʠʷ ʢʦʜʘ; UI-ʢʦʤʧʦʥʝʥʪʳ; GitHub Copilot; ʘʚʪʦʜʦʧʦʣʥʝʥʠʝ ʢʦʜʘ; ʨʝʬʘʢʪʦʨʠʥʛ; ʪʝʩʪʠʨʦ-

ʚʘʥʠʝ; ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʨʘʟʨʘʙʦʪʯʠʢʘ. 

 

ɺʝʙ-ʨʘʟʨʘʙʦʪʢʘ ʚʩʝʛʜʘ ʪʨʝʙʦʚʘʣʘ ʤʥʦʛʦ 

ʨʫʯʥʦʡ ʨʘʙʦʪʳ: ʚʝʨʩʪʢʘ ʦʜʥʦʪʠʧʥʳʭ ʙʣʦʢʦʚ, 

ʥʘʧʠʩʘʥʠʝ ʪʝʩʪʦʚ, ʧʦʜʢʣʶʯʝʥʠʝ API, ʧʨʘʚʢʠ 

ʩʪʠʣʝʡ, ʨʝʬʘʢʪʦʨʠʥʛ ʠ ʜʦʢʫʤʝʥʪʘʮʠʷ. ɿʥʘʯʠ-

ʪʝʣʴʥʘʷ ʯʘʩʪʴ ʚʨʝʤʝʥʠ ʫʭʦʜʠʪ ʥʝ ʥʘ ʘʨʭʠʪʝʢ-

ʪʫʨʫ ʠʣʠ ʣʦʛʠʢʫ ʧʨʦʜʫʢʪʘ, ʘ ʥʘ ʧʦʚʪʦʨʷʶʱʠʝ-

ʩʷ ʦʧʝʨʘʮʠʠ. ʕʪʦ ʟʘʤʝʜʣʷʝʪ ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪ-

ʢʠ ʠ ʩʥʠʞʘʝʪ ʬʦʢʫʩ ʩʧʝʮʠʘʣʠʩʪʦʚ ʥʘ ʜʝʡʩʪʚʠ-

ʪʝʣʴʥʦ ʚʘʞʥʳʭ ʟʘʜʘʯʘʭ. 

ʉ ʧʦʷʚʣʝʥʠʝʤ ʠʥʩʪʨʫʤʝʥʪʦʚ ʥʘ ʙʘʟʝ ʠʩʢʫʩ-

ʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʵʪʘ ʨʫʪʠʥʘ ʧʦʩʪʝʧʝʥʥʦ 

ʘʚʪʦʤʘʪʠʟʠʨʫʝʪʩʷ. ʅʝʡʨʦʩʝʪʠ ʫʞʝ ʫʤʝʶʪ ʛʝ-

ʥʝʨʠʨʦʚʘʪʴ ʠʥʪʝʨʬʝʡʩʳ, ʧʠʩʘʪʴ ʢʦʤʧʦʥʝʥʪʳ, 

ʥʘʭʦʜʠʪʴ ʦʰʠʙʢʠ ʠ ʧʨʝʜʣʘʛʘʪʴ ʫʣʫʯʰʝʥʠʷ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʦʧʳʪʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʬʨʦʥ-

ʪʝʥʜ-ʨʘʟʨʘʙʦʪʢʘ ʩʪʘʥʦʚʠʪʩʷ ʙʳʩʪʨʝʝ. 

ʆʜʥʦʡ ʠʟ ʪʘʢʠʭ ʨʫʪʠʥʥʳʭ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ 

ʩʦʟʜʘʥʠʝ ʦʜʥʦʪʠʧʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ: ʢʘʨʪʦʯʝʢ 

ʪʦʚʘʨʦʚ, ʬʦʨʤ, ʤʦʜʘʣʴʥʳʭ ʦʢʦʥ ʠ ʪ.ʜ. ʉʦʚʨʝ-

ʤʝʥʥʳʝ AI-ʠʥʩʪʨʫʤʝʥʪʳ ʧʦʟʚʦʣʷʶʪ ʘʚʪʦʤʘʪʠ-

ʟʠʨʦʚʘʪʴ ʵʪʫ ʨʘʙʦʪʫ. ʉ ʠʭ ʧʦʤʦʱʴʶ ʤʦʞʥʦ 

ʙʳʩʪʨʦ ʩʛʝʥʝʨʠʨʦʚʘʪʴ ʰʘʙʣʦʥʥʳʡ ʢʦʜ, ʢʦʪʦ-

ʨʳʡ ʫʞʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʙʘʟʦʚʦʡ ʣʦʛʠʢʝ ʠ ʩʪʠ-

ʣʷʤ ʧʨʦʝʢʪʘ. ʇʨʠʤʝʨ ʧʨʦʩʪʦʡ ʢʘʨʪʦʯʢʠ ʪʦʚʘ-

ʨʘ, ʢʦʪʦʨʫʶ ʤʦʞʝʪ ʩʛʝʥʝʨʠʨʦʚʘʪʴ AI-

ʘʩʩʠʩʪʝʥʪ: 

 

 

const ProductCard = ({ product }) => ( 

<div className="card"> 

<img src={product.image} alt={product.name} className="card-img" /> 

<h2 className="card-title">{product.name}</h2> 

<p className="card-price">${product.price}</p> 

<button className="card-button">ʂʫʧʠʪʴ</button> 

</div> 

); 

 

export default ProductCard; 
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ʊʘʢʦʡ ʧʦʜʭʦʜ ʵʢʦʥʦʤʠʪ ʥʝ ʪʦʣʴʢʦ ʚʨʝʤʷ ʥʘ 

ʧʝʨʚʠʯʥʫʶ ʚʝʨʩʪʢʫ, ʥʦ ʠ ʩʥʠʞʘʝʪ ʢʦʣʠʯʝʩʪʚʦ 

ʤʝʣʢʠʭ ʦʰʠʙʦʢ, ʢʦʪʦʨʳʝ ʥʝʠʟʙʝʞʥʦ ʚʦʟʥʠʢʘ-

ʶʪ ʧʨʠ ʨʫʯʥʦʤ ʢʦʧʠʨʦʚʘʥʠʠ ʠ ʘʜʘʧʪʘʮʠʠ ʙʣʦ-

ʢʦʚ. ʄʦʜʝʣʠ, ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ ʙʘʟʝ ʪʨʘʥʩʬʦʨ-

ʤʝʨʦʚ ʠ ʨʝʢʫʨʨʝʥʪʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʦʙʫ-

ʯʝʥʳ ʥʘ ʙʦʣʴʰʠʭ ʤʘʩʩʠʚʘʭ open-source-ʢʦʜʘ ʠ 

ʩʧʦʩʦʙʥʳ ʨʘʩʧʦʟʥʘʚʘʪʴ ʪʠʧʦʚʳʝ ʧʘʪʪʝʨʥʳ ʠʥ-

ʪʝʨʬʝʡʩʦʚ. 

ɽʩʣʠ ʨʘʥʴʰʝ ʨʘʟʨʘʙʦʪʯʠʢ ʪʨʘʪʠʣ ʜʝʩʷʪʢʠ 

ʤʠʥʫʪ ʥʘ ʩʦʟʜʘʥʠʝ ʢʘʞʜʦʛʦ ʧʦʚʪʦʨʷʶʱʝʛʦʩʷ 

ʵʣʝʤʝʥʪʘ, ʪʦ ʪʝʧʝʨʴ ʜʦʩʪʘʪʦʯʥʦ ʦʧʠʩʘʪʴ ʪʨʝ-

ʙʦʚʘʥʠʷ: ʢʘʢʠʝ ʧʦʣʷ ʝʩʪʴ ʫ ʦʙʲʝʢʪʘ, ʢʘʢʠʝ ʩʦ-

ʩʪʦʷʥʠʷ ʜʦʣʞʝʥ ʧʦʜʜʝʨʞʠʚʘʪʴ ʢʦʤʧʦʥʝʥʪ, ʢʘ-

ʢʠʝ ʩʪʠʣʠ ʧʨʠʤʝʥʷʶʪʩʷ. ʅʘ ʦʩʥʦʚʝ ʵʪʦʛʦ ʘʩ-

ʩʠʩʪʝʥʪ ʬʦʨʤʠʨʫʝʪ ʟʘʛʦʪʦʚʢʫ: JSX/HTML-

ʨʘʟʤʝʪʢʫ, ʙʘʟʦʚʫʶ ʣʦʛʠʢʫ, ʧʨʦʧʩʳ, ʪʠʧʳ, ʦʙ-

ʨʘʙʦʪʯʠʢʠ ʩʦʙʳʪʠʡ. ʊʘʢʦʡ ʬʦʨʤʘʪ ʫʩʢʦʨʷʝʪ 

ʩʪʘʨʪ ʟʘʜʘʯʠ ʠ ʦʩʚʦʙʦʞʜʘʝʪ ʢʦʛʥʠʪʠʚʥʳʝ ʨʝ-

ʩʫʨʩʳ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʣʦʛʠʢʠ ʠ UX ʚʤʝ-

ʩʪʦ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʥʘʙʦʨʘ ʢʦʜʘ. 

ʃʦʛʠʯʥʳʤ ʧʨʦʜʦʣʞʝʥʠʝʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʩʪʘʥʦʚʠʪʩʷ ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʠʝ. ʊʨʘʜʠʮʠʦʥʥʦ 

ʵʪʘ ʯʘʩʪʴ ʧʨʦʮʝʩʩʘ ʦʪʢʣʘʜʳʚʘʝʪʩʷ, README 

ʫʩʪʘʨʝʚʘʝʪ, ʦʧʠʩʘʥʠʝ API ʥʝ ʩʦʚʧʘʜʘʝʪ ʩ ʨʝ-

ʘʣʴʥʳʤ ʧʦʚʝʜʝʥʠʝʤ ʬʫʥʢʮʠʡ. ɺ ʠʪʦʛʝ ʥʦʚʳʤ 

ʫʯʘʩʪʥʠʢʘʤ ʢʦʤʘʥʜʳ ʩʣʦʞʥʝʝ ʚʥʠʢʥʫʪʴ ʚ ʧʨʦ-

ʝʢʪ, ʘ ʧʦʜʜʝʨʞʢʘ ʪʨʝʙʫʝʪ ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ. 

ʄʦʜʝʣʠ ʦʙʨʘʙʦʪʢʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ 

(NLP) ʩʧʦʩʦʙʥʳ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠʩʭʦʜʥʳʡ ʢʦʜ, 

ʚʳʜʝʣʷʪʴ ʥʘʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʡ, ʧʘʨʘʤʝʪʨʳ ʠ 

ʧʦʙʦʯʥʳʝ ʵʬʬʝʢʪʳ, ʘ ʟʘʪʝʤ ʬʦʨʤʠʨʦʚʘʪʴ 

ʦʩʤʳʩʣʝʥʥʳʝ ʢʦʤʤʝʥʪʘʨʠʠ ʠ ʜʦʢʫʤʝʥʪʘʮʠʶ 

ʥʘ ʝʩʪʝʩʪʚʝʥʥʦʤ ʷʟʳʢʝ. ʕʪʦ ʠʟʙʘʚʣʷʝʪ ʦʪ ʩʠ-

ʪʫʘʮʠʠ, ʢʦʛʜʘ ʢʦʤʤʝʥʪʘʨʠʠ ʧʠʰʫʪʩʷ ʧʦʩʪʬʘʢ-

ʪʫʤ ʠʣʠ ʚʦʚʩʝ ʧʨʦʧʫʩʢʘʶʪʩʷ. ʂʦʜ ʦʩʪʘʝʪʩʷ 

ʙʦʣʝʝ ʧʦʥʷʪʥʳʤ, ʘ ʩʪʨʫʢʪʫʨʘ ʧʨʦʝʢʪʘ ï ʧʨʦ-

ʟʨʘʯʥʦʡ ʜʘʞʝ ʩʧʫʩʪʷ ʚʨʝʤʷ, ʢʦʛʜʘ ʜʝʪʘʣʠ ʨʝʘ-

ʣʠʟʘʮʠʠ ʫʞʝ ʟʘʙʳʚʘʶʪʩʷ. 

ʈʝʬʘʢʪʦʨʠʥʛ ʢʦʜʘ ʧʦʤʦʛʘʝʪ ʩʜʝʣʘʪʴ ʧʨʦʝʢʪ 

ʙʦʣʝʝ ʘʢʢʫʨʘʪʥʳʤ ʠ ʫʜʦʙʥʳʤ ʜʣʷ ʨʘʙʦʪʳ. ʆʥ 

ʧʦʟʚʦʣʷʝʪ ʫʙʨʘʪʴ ʜʫʙʣʠ, ʫʧʨʦʩʪʠʪʴ ʩʪʨʫʢʪʫʨʫ 

ʬʫʥʢʮʠʡ ʠ ʢʦʤʧʦʥʝʥʪʦʚ, ʧʦʚʳʩʠʪʴ ʯʠʪʘʝ-

ʤʦʩʪʴ ʠ ʧʦʜʜʝʨʞʠʚʘʝʤʦʩʪʴ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʣʦ-

ʛʠʢʠ ʧʨʠʣʦʞʝʥʠʷ. 

AI -ʠʥʩʪʨʫʤʝʥʪʳ ʪʘʢʞʝ ʤʦʛʫʪ ʫʩʢʦʨʷʪʴ ʨʝ-

ʬʘʢʪʦʨʠʥʛ. ʆʥʠ ʧʦʤʦʛʘʶʪ ʥʘʭʦʜʠʪʴ ʧʦʚʪʦʨʷ-

ʶʱʠʝʩʷ ʙʣʦʢʠ ʢʦʜʘ, ʚʳʷʚʣʷʪʴ ʧʝʨʝʛʨʫʞʝʥʥʳʝ 

ʬʫʥʢʮʠʠ ʠ ʧʨʝʜʣʘʛʘʪʴ ʙʦʣʝʝ ʢʦʤʧʘʢʪʥʳʝ ʠ 

ʧʦʥʷʪʥʳʝ ʚʘʨʠʘʥʪʳ ʨʝʘʣʠʟʘʮʠʠ. ɸʣʛʦʨʠʪʤʳ 

ʤʦʛʫʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʪʨʫʢʪʫʨʫ ʧʨʦʝʢʪʘ ʚ ʮʝ-

ʣʦʤ, ʦʪʤʝʯʘʪʴ ʠʟʙʳʪʦʯʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʥʝ-

ʵʬʬʝʢʪʠʚʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʫʯʘʩʪʢʠ, ʢʦʪʦʨʳʝ 

ʪʨʫʜʥʦ ʧʦʜʜʝʨʞʠʚʘʪʴ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʝʝ 

ʫʧʦʨʷʜʦʯʠʚʘʪʴ ʢʦʜ, ʜʝʣʘʪʴ ʝʛʦ ʙʦʣʝʝ ʧʦʩʣʝʜʦ-

ʚʘʪʝʣʴʥʳʤ ʠ ʫʤʝʥʴʰʘʪʴ ʪʝʭʥʠʯʝʩʢʠʡ ʜʦʣʛ [1]. 

ʇʨʠ ʵʪʦʤ ʠʪʦʛʦʚʦʝ ʨʝʰʝʥʠʝ ʦ ʪʦʤ, ʢʘʢʠʝ 

ʠʟʤʝʥʝʥʠʷ ʧʨʠʤʝʥʷʪʴ, ʧʨʠʥʠʤʘʝʪ ʨʘʟʨʘʙʦʪ-

ʯʠʢ: ʩʠʩʪʝʤʘ ʣʠʰʴ ʫʩʢʦʨʷʝʪ ʧʦʠʩʢ ʧʨʦʙʣʝʤ-

ʥʳʭ ʤʝʩʪ ʠ ʚʘʨʠʘʥʪʦʚ ʠʭ ʠʩʧʨʘʚʣʝʥʠʷ. ɺ ʨʝ-

ʟʫʣʴʪʘʪʝ ʜʘʞʝ ʢʨʫʧʥʳʝ ʧʨʦʝʢʪʳ ʩʪʘʥʦʚʷʪʩʷ 

ʧʨʦʱʝ ʚ ʧʦʜʜʝʨʞʢʝ, ʠʟʤʝʥʝʥʠʷ ʚʥʦʩʷʪʩʷ 

ʙʳʩʪʨʝʝ, ʘ ʢʦʜ ʦʩʪʘʝʪʩʷ ʙʦʣʝʝ ʯʠʪʘʝʤʳʤ ʠ 

ʫʜʦʙʥʳʤ ʜʣʷ ʨʘʙʦʪʳ ʢʦʤʘʥʜʳ. 

ʉʣʝʜʫʶʱʝʡ ʦʙʣʘʩʪʴʶ, ʛʜʝ ʀʀ ʧʨʦʷʚʣʷʝʪ 

ʩʝʙʷ, ʷʚʣʷʝʪʩʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʪʝʩʪʠʨʦʚʘʥʠʷ. 

ʉʦʟʜʘʥʠʝ ʪʝʩʪʦʚ ʪʨʘʜʠʮʠʦʥʥʦ ʦʜʥʦʦʙʨʘʟʥʦ: 

ʥʫʞʥʦ ʟʘʜʘʪʴ ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ, ʚʳʟʚʘʪʴ ʬʫʥʢ-

ʮʠʶ ʠʣʠ ʢʦʤʧʦʥʝʥʪ ʠ ʩʨʘʚʥʠʪʴ ʨʝʟʫʣʴʪʘʪ ʩ 

ʦʞʠʜʘʝʤʳʤ. AI-ʠʥʩʪʨʫʤʝʥʪʳ ʫʤʝʶʪ ʘʥʘʣʠʟʠ-

ʨʦʚʘʪʴ ʢʦʜ ʠ ʧʨʝʜʣʘʛʘʪʴ ʪʠʧʦʚʳʝ ʪʝʩʪʦʚʳʝ 

ʩʮʝʥʘʨʠʠ ʜʣʷ ʬʫʥʢʮʠʡ, ʢʦʤʧʦʥʝʥʪʦʚ ʠ API. 

ʕʪʦ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʢʘʢ ʶʥʠʪ-ʪʝʩʪʳ ʜʣʷ ʦʪ-

ʜʝʣʴʥʳʭ ʬʫʥʢʮʠʡ, ʪʘʢ ʠ ʠʥʪʝʛʨʘʮʠʦʥʥʳʝ ʧʨʦ-

ʚʝʨʢʠ ʜʣʷ ʩʣʦʞʥʳʭ ʤʦʜʫʣʝʡ [2]. 

ʊʘʢʦʡ ʧʦʜʭʦʜ ʩʥʠʞʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʦ-

ʧʫʩʢʘ ʚʘʞʥʳʭ ʢʝʡʩʦʚ ʠ ʫʩʢʦʨʷʝʪ ʧʨʦʮʝʩʩ ʧʦ-

ʢʨʳʪʠʷ ʢʦʜʘ ʪʝʩʪʘʤʠ. ʈʘʟʨʘʙʦʪʯʠʢ ʧʦʣʫʯʘʝʪ 

ʦʩʥʦʚʫ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʜʦʨʘʙʦʪʘʪʴ ʧʦʜ ʢʦʥ-

ʢʨʝʪʥʳʝ ʩʮʝʥʘʨʠʠ, ʵʢʦʥʦʤʷ ʚʨʝʤʷ ʥʘ ʥʘʧʠʩʘ-

ʥʠʝ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʧʨʦʚʝʨʦʢ. 

ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʨʝʘʣʴʥʳʭ ʜʘʥʥʳʭ ʨʘʟʨʘ-

ʙʦʪʯʠʢ ʠʤʠʪʠʨʫʝʪ ʦʪʚʝʪ ʙʵʢʝʥʜʘ ʚʨʫʯʥʫʶ. 

ʕʪʦ ʩʚʦʜʠʪʩʷ ʢ ʩʦʟʜʘʥʠʶ JSON-ʟʘʛʣʫʰʝʢ, ʢʦ-

ʪʦʨʳʝ ʧʦʚʪʦʨʷʶʪ ʩʪʨʫʢʪʫʨʫ ʜʘʥʥʳʭ ʠ ʧʦʟʚʦ-

ʣʷʶʪ ʬʨʦʥʪʝʥʜʫ ʨʘʙʦʪʘʪʴ ʜʦ ʧʦʜʢʣʶʯʝʥʠʷ 

ʥʘʩʪʦʷʱʝʛʦ API. 

ʈʫʯʥʦʝ ʩʦʟʜʘʥʠʝ ʪʘʢʠʭ ʟʘʛʣʫʰʝʢ ʪʨʝʙʫʝʪ 

ʚʨʝʤʝʥʠ ʠ ʩʪʘʥʦʚʠʪʩʷ ʪʨʫʜʦʝʤʢʠʤ ʧʦ ʤʝʨʝ 

ʨʦʩʪʘ ʧʨʦʝʢʪʘ. ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟ-

ʚʦʣʷʶʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʠ ʵʪʦʪ ʧʨʦʮʝʩʩ. ɼʦ-

ʩʪʘʪʦʯʥʦ ʟʘʜʘʪʴ ʩʪʨʫʢʪʫʨʫ ʜʘʥʥʳʭ ʠ ʪʠʧʳ ʧʦ-

ʣʝʡ ï ʠ ʩʠʩʪʝʤʘ ʩʛʝʥʝʨʠʨʫʝʪ ʧʦʣʥʦʮʝʥʥʳʡ 

ʢʦʥʪʝʥʪ. 

ʅʘʧʨʠʤʝʨ, ʪʘʢʦʡ ʨʝʟʫʣʴʪʘʪ ʤʦʞʥʦ ʧʦʣʫ-

ʯʠʪʴ ʧʨʠ ʟʘʧʨʦʩʝ: çʉʦʟʜʘʡ JSON-ʟʘʛʣʫʰʢʫ 

ʜʣʷ ʩʧʠʩʢʘ ʪʦʚʘʨʦʚ ʠʥʪʝʨʥʝʪ-ʤʘʛʘʟʠʥʘ. ʂʘʞ-

ʜʳʡ ʦʙʲʝʢʪ ʜʦʣʞʝʥ ʩʦʜʝʨʞʘʪʴ ʧʦʣʷ: id, name, 

price, image ʠ descriptionè. 
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const mockProducts = [ 
{  
id: 1, 
name: "ʉʤʘʨʪ-ʯʘʩʳ", price: 199.99, 
image: "https://example.com/watch.jpg", description: "ʋʤʥʳʝ ʯʘʩʳ ʩ ʤʦʥʠʪʦʨʠʥʛʦʤ ʘʢʪʠʚʥʦʩʪʠ ʠ 

ʫʚʝʜʦʤʣʝʥʠʷʤʠ" 
},  
{  
id: 2, 
name: "ɹʝʩʧʨʦʚʦʜʥʳʝ ʥʘʫʰʥʠʢʠ", price: 99.99, 
image: "https://example.com/headphones.jpg", description: "ʅʘʫʰʥʠʢʠ ʩ ʰʫʤʦʧʦʜʘʚʣʝʥʠʝʤ ʠ 

ʜʣʠʪʝʣʴʥʳʤ ʚʨʝʤʝʥʝʤ ʨʘʙʦʪʳ" 
},  
{  
id: 3, 
name: "ʇʦʨʪʘʪʠʚʥʘʷ ʢʦʣʦʥʢʘ", price: 49.99, 
image: "https://example.com/speaker.jpg", description: "ʂʦʤʧʘʢʪʥʘʷ ʢʦʣʦʥʢʘ ʩ ʤʦʱʥʳʤ ʟʚʫʢʦʤ 
ʠ Bluetooth" 
}  
]; 
 
ɽʱʸ ʦʜʥʦʡ ʚʘʞʥʦʡ ʦʙʣʘʩʪʴʶ ʧʨʠʤʝʥʝʥʠʷ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʚʝʙ-ʨʘʟʨʘʙʦʪʢʝ 
ʩʪʘʣʦ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʟʘʚʝʨʰʝʥʠʝ ʢʦʜʘ. ʊʨʘ-
ʜʠʮʠʦʥʥʳʝ ʩʨʝʜʩʪʚʘ ʘʚʪʦʜʦʧʦʣʥʝʥʠʷ, ʚʩʪʨʦ-
ʝʥʥʳʝ ʚ ʨʝʜʘʢʪʦʨʳ ʚʨʦʜʝ VS Code ʦʛʨʘʥʠʯʠ-
ʚʘʣʠʩʴ ʧʦʜʩʢʘʟʢʘʤʠ ʧʦ ʩʠʥʪʘʢʩʠʩʫ, ʠʤʝʥʘʤ 
ʧʝʨʝʤʝʥʥʳʭ ʠ ʤʝʪʦʜʘʤ ʧʦʜʢʣʶʯʸʥʥʳʭ ʙʠʙ-
ʣʠʦʪʝʢ. ʅʦ ʩʝʡʯʘʩ ʝʩʪʴ ʪʘʢʠʝ ʨʝʰʝʥʠʷ, ʢʘʢ 
GitHub Copilot, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʬʦʨʤʠʨʦ-
ʚʘʪʴ ʧʨʝʜʣʦʞʝʥʠʷ ʩ ʫʯʸʪʦʤ ʢʦʥʪʝʢʩʪʘ ʪʝʢʫʱʝ-
ʛʦ ʧʨʦʝʢʪʘ, ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ ʠ ʣʦʛʠʢʠ ʧʨʠ-
ʣʦʞʝʥʠʷ [3]. 
Copilot ʤʦʞʝʪ ʛʝʥʝʨʠʨʦʚʘʪʴ ʢʘʢ ʦʪʜʝʣʴʥʳʝ 

ʩʪʨʦʢʠ, ʪʘʢ ʠ ʮʝʣʳʝ ʬʨʘʛʤʝʥʪʳ ʢʦʜʘ. ʅʘʧʨʠ-
ʤʝʨ, ʧʨʠ ʩʦʟʜʘʥʠʠ ʬʦʨʤʳ ʘʚʪʦʨʠʟʘʮʠʠ ʜʦʩʪʘ-
ʪʦʯʥʦ ʥʘʯʘʪʴ ʧʠʩʘʪʴ ʬʫʥʢʮʠʶ ʦʙʨʘʙʦʪʢʠ ʦʪ-
ʧʨʘʚʢʠ ʜʘʥʥʳʭ, ʠ ʠʥʩʪʨʫʤʝʥʪ ʧʨʝʜʣʦʞʠʪ ʧʦʣ-
ʥʳʡ ʙʣʦʢ ʢʦʜʘ ʩ ʚʘʣʠʜʘʮʠʝʡ ʧʦʣʝʡ, ʦʙʨʘʙʦʪ-

ʢʦʡ ʦʰʠʙʦʢ ʠ ʦʙʥʦʚʣʝʥʠʝʤ ʩʦʩʪʦʷʥʠʷ ʢʦʤʧʦ-
ʥʝʥʪʦʚ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʟʨʘʙʦʪʯʠʢʫ ʩʦʩʨʝʜʦ-
ʪʦʯʠʪʴʩʷ ʥʘ ʣʦʛʠʢʝ ʧʨʠʣʦʞʝʥʠʷ ʠ ʠʥʪʝʨʬʝʡʩʝ, 
ʚʤʝʩʪʦ ʪʦʛʦ ʯʪʦʙʳ ʪʨʘʪʠʪʴ ʚʨʝʤʷ ʥʘ ʨʫʪʠʥʥʦʝ 
ʥʘʧʠʩʘʥʠʝ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʵʣʝʤʝʥʪʦʚ [4]. 
ʆʧʠʩʘʥʥʳʝ ʚʳʰʝ ʚʦʟʤʦʞʥʦʩʪʠ ï ʦʪ ʛʝʥʝ-

ʨʘʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʜʦ ʨʝʬʘʢʪʦʨʠʥʛʘ ʠ ʪʝʩʪʠ-
ʨʦʚʘʥʠʷ ï ʨʝʘʣʠʟʫʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʠ-
ʟʠʨʦʚʘʥʥʳʭ ʀʀ-ʘʩʩʠʩʪʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʩʪʘʥʦ-
ʚʷʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ 
ʚʝʙ-ʨʘʟʨʘʙʦʪʯʠʢʘ. ʈʳʥʦʢ ʪʘʢʠʭ ʨʝʰʝʥʠʡ ʯʝʪ-
ʢʦ ʦʧʨʝʜʝʣʠʣ ʪʨʝʭ ʣʠʜʝʨʦʚ: GitHub Copilot, 
Cursor ʠ Claude Code. ʂʘʞʜʳʡ ʠʟ ʥʠʭ ʠʤʝʝʪ 
ʩʚʦʶ ʘʨʭʠʪʝʢʪʫʨʫ, ʩʠʣʴʥʳʝ ʩʪʦʨʦʥʳ ʠ ʮʝʥʦ-
ʚʫʶ ʧʦʣʠʪʠʢʫ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʦʧʪʠʤʘʣʴʥʳʤʠ 
ʜʣʷ ʨʘʟʥʳʭ ʟʘʜʘʯ ʠ ʪʠʧʦʚ ʧʨʦʝʢʪʦʚ. ɼʣʷ 
ʥʘʛʣʷʜʥʦʛʦ ʩʨʘʚʥʝʥʠʷ ʠʭ ʢʣʶʯʝʚʳʭ ʭʘʨʘʢʪʝ-
ʨʠʩʪʠʢ ʧʨʠʚʝʜʝʤ ʪʘʙʣʠʮʫ 1 [5]. 

 
ʊʘʙʣʠʮʘ 1. ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʪʘʙʣʠʮʘ ʠʥʩʪʨʫʤʝʥʪʦʚ 
ʂʨʠʪʝʨʠʡ GitHub Copilot Cursor Claude Code 

ʀʥʪʝʛʨʘʮʠʷ ʩ IDE 
ɺʩʪʨʘʠʚʘʝʪʩʷ ʚ ʩʫʱʝʩʪʚʫʶʱʠʝ 
ʨʝʜʘʢʪʦʨʳ 

ʉʦʙʩʪʚʝʥʥʳʡ ʨʝʜʘʢʪʦʨ ʥʘ 
ʙʘʟʝ VS Code (ʬʦʨʢ) 

ʊʝʨʤʠʥʘʣ ʠ ʚʝʙ-ʠʥʪʝʨʬʝʡʩ 

ʇʦʥʠʤʘʥʠʝ ʢʦʥʪʝʢʩʪʘ 
ʧʨʦʝʢʪʘ 

ʆʛʨʘʥʠʯʝʥʥʦʝ (ʚ ʦʩʥʦʚʥʦʤ ʪʝʢʫ-
ʱʠʡ ʬʘʡʣ) 

ʇʦʣʥʦʝ (ʘʥʘʣʠʟʠʨʫʝʪ ʚʩʶ 
ʢʦʜʦʚʫʶ ʙʘʟʫ) 

ʆʯʝʥʴ ʙʦʣʴʰʦʝ (ʢʦʥ-
ʪʝʢʩʪʥʦʝ ʦʢʥʦ ʜʦ 200 000 
ʪʦʢʝʥʦʚ) 

ɼʦʩʪʫʧʥʳʝ ʤʦʜʝʣʠ ʀʀ OpenAI 
OpenAI, Claude, Gemini, 
Grok, DeepSeek 

Claude (Anthropic) 

ʄʥʦʛʦʬʘʡʣʦʚʦʝ 
ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ 

ɼʘ (Copilot Edits) ɼʘ (ʙʘʟʦʚʘʷ ʬʫʥʢʮʠʷ) ɼʘ 

ʉʠʣʴʥʳʝ ʩʪʦʨʦʥʳ 
ʋʥʠʚʝʨʩʘʣʴʥʦʩʪʴ, ʜʦʩʪʫʧʥʘʷ ʮʝʥʘ, 
ʙʝʩʰʦʚʥʘʷ ʠʥʪʝʛʨʘʮʠʷ ʩ GitHub 

ɻʣʫʙʦʢʠʡ ʨʝʬʘʢʪʦʨʠʥʛ, 
ʨʘʙʦʪʘ ʩ ʙʦʣʴʰʠʤʠ ʧʨʦʝʢ-
ʪʘʤʠ, ʛʠʙʢʦʩʪʴ ʚ ʚʳʙʦʨʝ 
ʤʦʜʝʣʝʡ 

ɻʣʫʙʦʢʦʝ çʨʘʩʩʫʞʜʝʥʠʝè 
ʥʘʜ ʢʦʜʦʤ, ʦʙʲʷʩʥʝʥʠʝ 
ʩʣʦʞʥʳʭ ʢʦʥʮʝʧʮʠʡ, ʜʠʘʣʦ-
ʛʦʚʳʡ ʨʝʞʠʤ 

 



79 

- ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ - 

 

International Journal of Humanities and Natural Sciences, vol. 3-2 (114), 2026 

ɺʳʙʦʨ ʘʩʩʠʩʪʝʥʪʘ ʟʘʚʠʩʠʪ ʦʪ ʩʧʝʮʠʬʠʢʠ 

ʚʘʰʠʭ ʟʘʜʘʯ: 

1. ɼʣʷ ʧʦʚʩʝʜʥʝʚʥʳʭ ʟʘʜʘʯ ʠ ʩʪʘʨʪʘʧʦʚ, ʛʜʝ 

ʚʘʞʝʥ ʙʘʣʘʥʩ ʮʝʥʳ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ, 

ʣʫʯʰʠʤ ʚʳʙʦʨʦʤ ʩʪʘʥʝʪ GitHub Copilot . 

2. ɼʣʷ ʨʘʙʦʪʳ ʥʘʜ ʙʦʣʴʰʠʤʠ ʧʨʦʝʢʪʘʤʠ ʩ 

ʫʥʘʩʣʝʜʦʚʘʥʥʳʤ ʢʦʜʦʤ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʯʘʩʪʳʡ 

ʨʝʬʘʢʪʦʨʠʥʛ ʠ ʠʟʤʝʥʝʥʠʷ, ʟʘʪʨʘʛʠʚʘʶʱʠʝ 

ʤʥʦʞʝʩʪʚʦ ʬʘʡʣʦʚ, ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʝʥ 

Cursor. 

3. ɼʣʷ ʧʦʠʩʢʘ ʠ ʠʩʧʨʘʚʣʝʥʠʷ ʩʣʦʞʥʳʭ 

ʦʰʠʙʦʢ, ʘ ʪʘʢʞʝ ʚ ʩʠʪʫʘʮʠʷʭ, ʢʦʛʜʘ ʥʫʞʥʦ ʜʝ-

ʪʘʣʴʥʦ ʨʘʟʦʙʨʘʪʴʩʷ ʚ ʥʝʟʥʘʢʦʤʦʤ ʢʦʜʝ ʠʣʠ 

ʘʣʛʦʨʠʪʤʝ, ʠʜʝʘʣʴʥʦ ʧʦʜʦʡʜʝʪ Claude Code ʩ 

ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʜʠʘʣʦʛʫ ʠ ʦʙʲʷʩʥʝʥʠʷʤ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʧʠʩʘʥʥʳʭ ʘʩʩʠʩʪʝʥʪʦʚ ʟʘ-

ʢʦʥʦʤʝʨʥʦ ʩʪʘʚʠʪ ʚʦʧʨʦʩ ʦʙ ʠʭ ʨʝʘʣʴʥʦʡ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʠ. ɺ ʩʚʷʟʠ ʩ ʘʢʪʠʚʥʳʤ ʚʥʝʜʨʝʥʠʝʤ 

ʧʦʜʦʙʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʙʳʣ ʧʨʦʚʝʜʸʥ ʨʷʜ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʦʮʝʥʢʫ ʠʭ ʚʣʠ-

ʷʥʠʷ ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʧʨʦʛʨʘʤʤʠʩʪʦʚ. 

ʂʦʤʧʘʥʠʠ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʦʨʛʘʥʠʟʘ-

ʮʠʠ ʘʥʘʣʠʟʠʨʫʶʪ ʩʢʦʨʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯ, 

ʢʘʯʝʩʪʚʦ ʩʦʟʜʘʚʘʝʤʦʛʦ ʢʦʜʘ ʠ ʫʨʦʚʝʥʴ ʫʜʦʚʣʝ-

ʪʚʦʨʸʥʥʦʩʪʠ ʨʘʟʨʘʙʦʪʯʠʢʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʵʪʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ (ʪʘʙʣ. 2) ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ-

ʤʝʥʝʥʠʝ AI-ʘʩʩʠʩʪʝʥʪʦʚ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ. 

 

ʊʘʙʣʠʮʘ 2. ɺʣʠʷʥʠʝ AI-ʠʥʩʪʨʫʤʝʥʪʦʚ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʨʘʟʨʘʙʦʪʯʠʢʦʚ 
ʀʩʩʣʝʜʦʚʘʥʠʝ ʈʝʟʫʣʴʪʘʪ 

Microsoft + MIT 2023ʛ ʟʘʜʘʯʠ ʚʳʧʦʣʥʝʥʳ ʥʘ 55.8% ʙʳʩʪʨʝʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ AI-ʘʩʩʠʩʪʝʥʪʘ 

GitHub Copilot 90% ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʩʦʦʙʱʠʣʠ ʦ ʙʦʣʴʰʝʡ ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʠ ʨʘʙʦʪʦʡ 

Enterprise ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʦʩʪ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ~26% ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ AI-ʘʩʩʠʩʪʝʥʪʦʚ 

Zoominfo deployment study 33% ʧʨʝʜʣʦʞʝʥʠʡ AI ʧʨʠʥʠʤʘʶʪʩʷ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ 

 

ɸʥʘʣʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʳʚʘ-

ʝʪ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ AI- ʘʩʩʠʩʪʝʥʪʦʚ ʧʦʣʦ-

ʞʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʩʢʦʨʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʠ 

ʚʦʩʧʨʠʷʪʠʝ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʧʨʦʛʨʘʤʤʠʩʪʘ-

ʤʠ. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʨʝ-

ʠʤʫʱʝʩʪʚʘ, ʧʨʠʤʝʥʝʥʠʝ ʧʦʜʦʙʥʳʭ ʠʥʩʪʨʫ-

ʤʝʥʪʦʚ ʠʤʝʝʪ ʠ ʨʷʜ ʦʛʨʘʥʠʯʝʥʠʡ. 

ɺʦ-ʧʝʨʚʳʭ, ʩʠʩʪʝʤʳ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥ-

ʪʝʣʣʝʢʪʘ ʤʦʛʫʪ ʛʝʥʝʨʠʨʦʚʘʪʴ ʢʦʜ, ʢʦʪʦʨʳʡ 

ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʨʦʚʝʨʢʠ ʩʦ ʩʪʦʨʦʥʳ 

ʨʘʟʨʘʙʦʪʯʠʢʘ. ʍʦʪʷ ʪʘʢʠʝ ʠʥʩʪʨʫʤʝʥʪʳ ʩʧʦ-

ʩʦʙʥʳ ʫʩʢʦʨʷʪʴ ʥʘʧʠʩʘʥʠʝ ʧʨʦʛʨʘʤʤ, ʦʥʠ ʥʝ 

ʚʩʝʛʜʘ ʫʯʠʪʳʚʘʶʪ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦ-

ʩʪʠ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʦʝʢʪʘ. 

ɺʦ-ʚʪʦʨʳʭ, ʩʫʱʝʩʪʚʫʝʪ ʨʠʩʢ ʧʦʷʚʣʝʥʠʷ 

ʦʰʠʙʦʢ ʠʣʠ ʫʷʟʚʠʤʦʩʪʝʡ ʚ ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʤ 

ʢʦʜʝ. ʅʝʢʦʪʦʨʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, 

ʯʪʦ AI-ʤʦʜʝʣʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʩʪʘʨʝʚ-

ʰʠʝ ʧʨʘʢʪʠʢʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠʣʠ ʛʝʥʝʨʠ-

ʨʦʚʘʪʴ ʥʝʙʝʟʦʧʘʩʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʝʩʣʠ ʪʘʢʠʝ 

ʧʨʠʤʝʨʳ ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ ʚ ʦʙʫʯʘʶʱʠʭ ʜʘʥ-

ʥʳʭ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪ: ʜʦ 40% AI-

ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʟʘʧʨʦʩʦʚ ʤʦʛʫʪ ʙʳʪʴ ʫʷʟʚʠ-

ʤʳ ʢ SQL-ʠʥʲʝʢʮʠʷʤ, ʘ ʚ ʢʦʜʝ ʥʝʨʝʜʢʦ ʧʦʷʚ-

ʣʷʶʪʩʷ hardcoded API-ʢʣʶʯʠ ʠ ʜʨʫʛʠʝ ʩʝʢʨʝ-

ʪ  r[5]. 

ʂʨʦʤʝ ʪʦʛʦ, ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ ʩʦʭʨʘʥʝ-

ʥʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʥʘʚʳʢʦʚ. ʂʦʛʜʘ ʨʘʟʨʘ-

ʙʦʪʯʠʢʠ, ʦʩʦʙʝʥʥʦ ʥʘʯʠʥʘʶʱʠʝ, ʧʨʠʚʳʢʘʶʪ 

ʧʦʣʘʛʘʪʴʩʷ ʥʘ ʀʀ ʚ ʢʘʞʜʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʟʘʜʘ-

ʯʝ, ʦʥʠ ʤʦʛʫʪ ʥʝ ʨʘʟʚʠʚʘʪʴ ʚ ʧʦʣʥʦʡ ʤʝʨʝ 

ʥʘʚʳʢʠ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ, ʜʝʙʘʛʛʠʥʛʘ ʠ ʧʦʥʠ-

ʤʘʥʠʷ ʘʨʭʠʪʝʢʪʫʨʳ. ʕʪʦ ʩʦʟʜʘʝʪ ʨʠʩʢ ʧʦʷʚʣʝ-

ʥʠʷ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʠʩʧʳʪʳʚʘʶʱʠʭ ʟʘʪʨʫʜʥʝ-

ʥʠʷ ʧʨʠ ʨʘʙʦʪʝ ʙʝʟ ʧʦʩʪʦʷʥʥʦʡ ʧʦʜʜʝʨʞʢʠ 

ʘʩʩʠʩʪʝʥʪʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, AI-ʘʩʩʠʩʪʝʥʪʳ ʩʣʝʜʫʝʪ ʨʘʩ-

ʩʤʘʪʨʠʚʘʪʴ ʥʝ ʢʘʢ ʟʘʤʝʥʫ ʧʨʦʛʨʘʤʤʠʩʪʘ, ʘ ʢʘʢ 

ʠʥʩʪʨʫʤʝʥʪ, ʢʦʪʦʨʳʡ ʧʦʤʦʛʘʝʪ ʫʩʢʦʨʠʪʴ ʚʳ-

ʧʦʣʥʝʥʠʝ ʨʫʪʠʥʥʳʭ ʟʘʜʘʯ ʠ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ. ʂʣʶʯʝʚʳʝ ʘʨʭʠʪʝʢʪʫʨ-

ʥʳʝ ʨʝʰʝʥʠʷ, ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʢʦʜʘ ʠ ʦʪʚʝʪ-

ʩʪʚʝʥʥʦʩʪʴ ʟʘ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʧʦ-ʧʨʝʞʥʝʤʫ ʦʩʪʘʶʪʩʷ ʟʘ ʨʘʟʨʘ-

ʙʦʪʯʠʢʦʤ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʦʙʝʩʧʝʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʨʛʘʥʦʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʚʣʘʩʪʠ ʠ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʦʩʥʦʚʥʳʝ ʫʛʨʦʟʳ 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʳʤ ʜʘʥʥʳʤ (ʜʝʡʩʪʚʠʷ ʟʣʦʫʤʳʰʣʝʥʥʠʢʦʚ, ʜʝʡʩʪʚʠʷ ʠʥʦʩʪʨʘʥʥʳʭ ʩʧʝʮʩʣʫʞʙ, 

ʚʥʫʪʨʝʥʥʠʝ ʨʠʩʢʠ). ɸʚʪʦʨʘʤʠ ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʙʣʶʜʝʥʠʷ ʪʨʝʭ ʢʣʶʯʝʚʳʭ 

ʧʘʨʘʤʝʪʨʦʚ: ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ, ʮʝʣʦʩʪʥʦʩʪʠ ʠ ʜʦʩʪʫʧʥʦʩʪʠ ʜʘʥʥʳʭ. ʆʧʠʩʳʚʘʝʪʩʷ 

ʢʦʤʧʣʝʢʩ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ, ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʧʨʘʚʦʚʳʭ ʤʝʨ, ʨʝʘʣʠʟʫʝʤʳʭ ʨʝʛʠʦʥʘʣʴʥʦʡ ʢʦʤʠʩʩʠʝʡ 

ʧʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʆʪʤʝʯʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʷʝʤʦʡ ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ 

ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ ʫʪʝʯʝʢ ʠʥʬʦʨʤʘʮʠʠ ʚ 2023-2025 ʛʦʜʘʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ; ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʴ; ʦʨʛʘʥʳ ʛʦʩʫʜʘʨʩʪʚʝʥ-

ʥʦʡ ʚʣʘʩʪʠ; ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ. 

 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʛʦʩʫʜʘʨʩʪʚʦ ʩʪʘʣʢʠ-

ʚʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʩ ʚʦʝʥʥʳʤʠ ʠ ʵʢʦʥʦʤʠʯʝ-

ʩʢʠʤʠ ʫʛʨʦʟʘʤʠ, ʥʦ ʠ ʩ ʫʛʨʦʟʘʤʠ ʠʥʬʦʨʤʘʮʠ-

ʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟ-

ʦʧʘʩʥʦʩʪʴ ï ʵʪʦ ʥʝʧʨʝʨʳʚʥʳʡ ʧʨʦʮʝʩʩ, ʢʦʪʦ-

ʨʳʡ ʧʦʟʚʦʣʷʝʪ ʟʘʱʠʪʠʪʴ ʚʩʝ ʚʠʜʳ ʜʘʥʥʳʭ, ʢʦ-

ʪʦʨʳʝ ʩʦʜʝʨʞʘʪʩʷ ʢʘʢ ʚ ʜʦʢʫʤʝʥʪʘʭ, ʪʘʢ ʠ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ, ʠ ʚʥʫʪʨʠ ʙʘʟ ʜʘʥʥʳʭ: 

ʦʪ ʣʠʯʥʦʡ ʧʝʨʝʧʠʩʢʠ ʜʦ ʩʚʝʜʝʥʠʡ, ʩʦʩʪʘʚʣʷ-

ʶʱʠʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʫʶ ʪʘʡʥʫ. 

ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʛʦʩʫʜʘʨʩʪʚʘ 

ï ʵʪʦ ʟʘʱʠʱʝʥʥʦʩʪʴ ʥʘʮʠʦʥʘʣʴʥʳʭ ʠʥʪʝʨʝʩʦʚ 

ʛʦʩʫʜʘʨʩʪʚʘ ʚ ʩʬʝʨʝ ʠʥʬʦʨʤʘʮʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʦʙʦʨʦʥʥʳʭ ʩʠʩʪʝʤ, ʚʦʝʥʥʳʭ ʪʘʡʥ, ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚʩʝʡ ʩʪʨʘʥʳ. ʅʘʨʫ-

ʰʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʛʦʩʫʜʘʨʩʪʚʘ ʚ ʜʘʥʥʦʡ ʩʬʝ-

ʨʝ ʧʳʪʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʟʣʦʫʤʳʰʣʝʥʥʠʢʠ, 

ʯʘʱʝ ʚʩʝʛʦ, ʞʝʣʘʶʱʠʝ ʧʦʣʫʯʠʪʴ ʬʠʥʘʥʩʦʚʫʶ 

ʚʳʛʦʜʫ, ʘ ʪʘʢʞʝ ʩʧʝʮʩʣʫʞʙʳ ʜʨʫʛʠʭ ʩʪʨʘʥ, 

ʧʨʝʩʣʝʜʫʶʱʠʝ ʧʦʣʠʪʠʯʝʩʢʠʝ ʠʥʪʝʨʝʩʳ. 

ʆʩʥʦʚʥʳʝ ʮʝʣʠ, ʢʦʪʦʨʳʝ ʧʨʝʩʣʝʜʫʶʪ ʪʘʢʠʝ 

ʣʠʮʘ: ʣʠʢʚʠʜʘʮʠʷ ʩʚʝʜʝʥʠʡ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ 

ʚʘʞʥʦʩʪʴ ʜʣʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʩʪʨʫʢʪʫʨ; ʠʩ-

ʢʘʞʝʥʠʝ ʵʪʠʭ ʜʘʥʥʳʭ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ, ʙʣʦ-

ʢʠʨʦʚʘʥʠʝ ʜʦʩʪʫʧʘ ʢ ʥʠʤ ʠʣʠ ʜʨʫʛʠʝ ʚʠʜʳ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʩʝʢʨʝʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ [1]. ʅʘ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʦʪʥʦʩʷʪʩʷ ʢ 

ʧʦʜʨʘʟʜʝʣʝʥʠʷʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʚʣʘʩʪʠ, ʤʦ-

ʛʫʪ ʧʦʩʷʛʘʪʴ ʥʝ ʪʦʣʴʢʦ ʦʪʜʝʣʴʥʳʝ ʣʠʮʘ, ʥʦ ʠ 

ʮʝʣʳʝ ʦʨʛʘʥʠʟʘʮʠʠ ï ʥʘʧʨʠʤʝʨ, ʧʨʝʜʩʪʘʚʠʪʝ-

ʣʠ ʨʘʟʚʝʜʢʠ, ʠʥʦʩʪʨʘʥʥʳʝ ʩʧʝʮʩʣʫʞʙʳ. ʋʪʝʯ-

ʢʘ ʚʘʞʥʳʭ ʜʘʥʥʳʭ ʧʨʦʠʩʭʦʜʠʪ ʧʫʪʝʤ ʥʝʟʘ-

ʢʦʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʢʘʥʘʣʦʚ 

ï ʟʘ ʩʯʸʪ ʧʨʦʪʠʚʦʧʨʘʚʥʳʭ ʜʝʡʩʪʚʠʡ ʠ ʚʪʦʨʞʝ-

ʥʠʷ ʚ ʙʘʟʳ ʜʘʥʥʳʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʩʪʨʫʢʪʫʨ, 

ʠʣʠ ʧʦʩʨʝʜʩʪʚʦʤ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦʪ 

ʯʘʩʪʥʳʭ ʣʠʮ ï ʩʣʫʞʘʱʠʭ ʵʪʠʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ. 

ʇʦʩʣʝʜʩʪʚʠʷ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦ-

ʩʪʫʧʘ ʢ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʧʨʠ-

ʥʘʜʣʝʞʘʱʝʡ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤ ʚʣʘʩʪʠ ʨʝʛʠʦʥʘ, 

ʤʦʛʫʪ ʧʨʠʯʠʥʠʪʴ ʟʥʘʯʠʪʝʣʴʥʳʡ ʫʨʦʥ. ʀʩʭʦʜʷ 

ʠʟ ʵʪʦʛʦ ʬʘʢʪʦʨʘ, ʚʩʝ ʫʛʨʦʟʳ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʠʥʬʦʨʤʘʮʠʠ ʜʝʣʷʪʩʷ ʥʘ ʣʦʢʘʣʴʥʳʝ ʠ ʰʠʨʦʢʦ-

ʤʘʩʰʪʘʙʥʳʝ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʝ ʥʝ-

ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʠʩʭʦʜʳ, ʢ ʢʦʪʦʨʳʤ ʩʧʦʩʦʙʥʘ 

ʧʨʠʚʝʩʪʠ ʫʪʝʯʢʘ ʚʘʞʥʳʭ ʜʘʥʥʳʭ ʠʟ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ï ʩʦʢʨʘʱʝʥʠʝ ʧʦʢʘ-

ʟʘʪʝʣʷ ʠʭ ʘʢʪʠʚʥʦʩʪʠ, ʢʦʣʦʩʩʘʣʴʥʳʝ ʤʘʪʝʨʠ-

ʘʣʴʥʳʝ ʧʦʪʝʨʠ, ʫʭʫʜʰʝʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ 

ʧʦʣʦʞʝʥʠʷ ʨʝʛʠʦʥʘ ʠ ʤʥʦʞʝʩʪʚʦ ʜʨʫʛʠʭ ʥʝ-

ʞʝʣʘʪʝʣʴʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ.  

ʉ ʫʯʸʪʦʤ ʪʦʛʦ, ʢʘʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʦʙʫʩʣʘʚ-

ʣʠʚʘʝʪ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʡ ʜʦʩʪʫʧ ʢ ʢʦʥ-

ʬʠʜʝʥʮʠʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʦʨʛʘʥʳ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʦʡ ʚʣʘʩʪʠ ʧʨʠʥʠʤʘʶʪ ʢʦʤʧʣʝʢʩ ʤʝʨ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʟʘʱʠʪʫ ʚʘʞʥʳʭ ʩʚʝʜʝʥʠʡ.  

ʉʧʝʮʠʘʣʠʩʪʳ ʧʦ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ ʩʧʦ-

ʩʦʙʩʪʚʫʶʪ ʪʦʤʫ, ʯʪʦʙʳ ʠʥʬʦʨʤʘʮʠʷ, ʚʘʞʥʘʷ 

ʜʣʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʧʦʜʨʘʟʜʝʣʝʥʠʷ, ʦʩʪʘʚʘ-

ʣʘʩʴ ʩʢʨʳʪʦʡ ʦʪ ʧʝʨʝʜʘʯʠ ʩʪʦʨʦʥʥʠʤ ʨʝʩʫʨ-
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ʩʘʤ ʠ ʣʠʮʘʤ, ʙʳʣʘ ʮʝʣʦʩʪʥʦʡ ʠ ʥʝʜʦʩʪʫʧʥʦʡ 

ʜʣʷ ʟʣʦʫʤʳʰʣʝʥʥʠʢʦʚ. ɽʩʣʠ ʜʘʥʥʳʝ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʪ ʵʪʠʤ ʪʨʸʤ ʢʨʠʪʝʨʠʷʤ, ʟʥʘʯʠʪ, ʢʦʥ-

ʪʨʦʣʴ ʥʘʜ ʠʭ ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ 

ʧʦʣʥʦʡ ʤʝʨʝ.  

ʊʨʘʢʪʦʚʢʘ ʩʣʦʚʦʩʦʯʝʪʘʥʠʷ çʢʦʥʬʠʜʝʥʮʠ-

ʘʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷè ʦʟʥʘʯʘʝʪ, ʯʪʦ ʦʧʨʝʜʝ-

ʣʸʥʥʳʝ ʩʚʝʜʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʜʦʩʪʫʧʥʳ ʪʦʣʴʢʦ 

ʘʚʪʦʨʠʟʦʚʘʥʥʳʤ ʧʦʣʴʟʦʚʘʪʝʣʷʤ, ʠ ʥʝ ʧʨʝʜʥʘ-

ʟʥʘʯʝʥʳ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʧʦʩʪʦʨʦʥʥʠʤʠ ʣʠ-

ʮʘʤʠ [2]. ʉʣʘʙʘʷ ʟʘʱʠʪʘ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ 

ʦʰʠʙʢʠ ʧʨʠ ʧʦʣʴʟʦʚʘʥʠʠ ʩʝʢʨʝʪʥʦʡ ʠʥʬʦʨ-

ʤʘʮʠʝʡ ʧʨʠʚʦʜʷʪ ʢ ʝʸ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʠ ʧʦ-

ʧʘʜʘʥʠʶ ʚ ʨʘʩʧʦʨʷʞʝʥʠʝ ʟʣʦʫʤʳʰʣʝʥʥʠʢʦʚ. 

ɺʪʦʨʦʡ ʬʘʢʪʦʨ, ʢʦʪʦʨʦʤʫ ʦʙʷʟʘʥʘ ʩʦʦʪʚʝʪ-

ʩʪʚʦʚʘʪʴ ʠʥʬʦʨʤʘʮʠʷ ʦʨʛʘʥʦʚ ʛʦʩʫʜʘʨʩʪʚʝʥ-

ʥʦʡ ʚʣʘʩʪʠ ï ʮʝʣʦʩʪʥʦʩʪʴ. ɺʘʞʥʳʝ ʩʚʝʜʝʥʠʷ 

ʜʦʣʞʥʳ ʦʩʪʘʚʘʪʴʩʷ ʚ ʥʝʠʟʤʝʥʥʦʤ ʚʠʜʝ, ʥʝ 

ʧʦʜʚʝʨʛʘʪʴʩʷ ʧʨʘʚʢʘʤ ʙʝʟ ʨʘʟʨʝʰʝʥʠʷ ʧʨʘʚʦ-

ʦʙʣʘʜʘʪʝʣʷ, ʩʦʭʨʘʥʷʷ ʧʨʠ ʵʪʦʤ ʪʦʯʥʦʩʪʴ ʠ ʜʦ-

ʩʪʦʚʝʨʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʠ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʢʦʨʨʝʢʪʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʸ ʚ ʠʥ-

ʪʝʨʝʩʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ. ɿʘ-

ʜʘʯʝʡ ʩʦʪʨʫʜʥʠʢʦʚ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ ʷʚʣʷ-

ʝʪʩʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʠʟʤʝʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, 

ʧʨʠʥʘʜʣʝʞʘʱʝʡ ʨʘʙʦʪʝ ʦʨʛʘʥʦʚ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʦʡ ʚʣʘʩʪʠ [3]. 

ʊʨʝʪʠʡ ʬʘʢʪʦʨ, ʢʦʪʦʨʦʤʫ ʜʦʣʞʥʘ ʩʦʦʪʚʝʪ-

ʩʪʚʦʚʘʪʴ ʠʥʬʦʨʤʘʮʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʜʩʪʘ-

ʚʠʪʝʣʝʡ ʚʣʘʩʪʠ ʨʝʛʠʦʥʘ ï ʜʦʩʪʫʧʥʦʩʪʴ. ʉʦ-

ʛʣʘʩʥʦ ʟʥʘʯʝʥʠʶ ʵʪʦʛʦ ʪʝʨʤʠʥʘ, ʧʨʘʚʦʦʙʣʘʜʘ-

ʪʝʣʠ ʵʪʠʭ ʩʚʝʜʝʥʠʡ ʜʦʣʞʥʳ ʠʤʝʪʴ ʢʨʫʛʣʦʩʫ-

ʪʦʯʥʳʡ ʜʦʩʪʫʧ ʢ ʥʠʤ ʠ ʧʦʣʫʯʘʪʴ ʜʘʥʥʳʝ ʚ 

ʧʦʣʥʦʤ ʦʙʲʸʤʝ ʪʦʛʜʘ, ʢʦʛʜʘ ʵʪʦ ʠʤ ʪʨʝʙʫʝʪʩʷ. 

ʅʘʧʨʠʤʝʨ, ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʚʨʝʤʝʥʥʳʤʠ ʟʘ-

ʪʨʘʪʘʤʠ ʧʦʜʢʣʶʯʘʪʴʩʷ ʢ ʙʘʟʘʤ ʜʘʥʥʳʭ, ʧʦʩʝ-

ʱʘʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʠʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʳ. ʅʝʜʦ-

ʧʫʩʪʠʤʦ, ʯʪʦʙʳ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʛʦʩʫʜʘʨʩʪʚʝʥ-

ʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʥʝ ʠʤʝʣʠ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʦʣʫʯʠʪʴ ʜʦʩʪʫʧ ʢ ʥʝʦʙʭʦʜʠʤʳʤ ʩʚʝʜʝʥʠʷʤ. 

ɼʣʷ ʧʨʦʬʠʣʘʢʪʠʢʠ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ 

ʜʦʩʪʫʧʘ ʢ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʚʣʘʩʪʠ ʂʘ-

ʣʫʞʩʢʦʡ ʦʙʣʘʩʪʠ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ, ʫʪʚʝʨ-

ʞʜʝʥʳ ʠ ʧʨʠʤʝʥʷʶʪʩʷ ʦʩʦʙʳʝ ʩʠʩʪʝʤʳ, ʢʦʪʦ-

ʨʳʝ ʧʨʠʥʠʤʘʶʪ, ʥʘʢʘʧʣʠʚʘʶʪ, ʩʦʨʪʠʨʫʶʪ, ʧʝ-

ʨʝʜʘʶʪ ʩʚʝʜʝʥʠʷ, ʧʦʪʝʥʮʠʘʣʴʥʦ ʫʷʟʚʠʤʳʝ ʜʣʷ 

ʥʝʧʨʘʚʦʤʝʨʥʳʭ ʜʝʡʩʪʚʠʡ ʟʣʦʫʤʳʰʣʝʥʥʠʢʦʚ. 

ʉ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʱʠʪʳ ʪʘʢʠʭ ʜʘʥʥʳʭ ʚ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʷʭ ʨʝʛʠʦʥʘ ʠʩ-

ʧʦʣʴʟʫʝʪʩʷ ʰʢʘʣʘ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʦʧʘʩʥʦʩʪʠ ʚ 

ʦʪʥʦʰʝʥʠʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʢʦʥʬʠʜʝʥʮʠʘʣʴ-

ʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʉʧʝʮʠʘʣʠʩʪʳ ʦʧʨʝʜʝʣʷʶʪ, 

ʢʘʢʦʡ ʩʫʱʝʩʪʚʫʝʪ ʨʠʩʢ, ʯʪʦ ʪʝ ʠʣʠ ʠʥʳʝ ʩʚʝ-

ʜʝʥʠʷ ʦʢʘʞʫʪʩʷ ʚ ʨʘʩʧʦʨʷʞʝʥʠʠ ʥʝʞʝʣʘʪʝʣʴ-

ʥʳʭ ʣʠʮ, ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʦʙʝʩʧʝʯʠʚʘʶʪ ʪʘʢʠʤ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʦʙʲʝʢʪʘʤ ʧʦʚʳʰʝʥʥʳʡ 

ʫʨʦʚʝʥʴ ʟʘʱʠʪʳ.  

ʉʝʛʦʜʥʷ ʦʨʛʘʥʘʤʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʚʣʘʩʪʠ 

ʨʝʛʠʦʥʘ ʜʦʩʢʦʥʘʣʴʥʦ ʠʟʫʯʝʥʳ ʚʩʝ ʚʦʟʤʦʞʥʳʝ 

ʠʩʪʦʯʥʠʢʠ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʫʛʨʦʟʫ ʜʣʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʇʝʨʝʯʝʥʴ 

ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʨʝʛʫʣʷʨʥʦ ʧʝʨʝʩʤʘʪʨʠʚʘʝʪʩʷ, ʠ 

ʚ ʩʣʫʯʘʝ ʚʳʷʚʣʝʥʠʷ ʥʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ ʨʠʩʢʘ, 

ʩʧʝʮʠʘʣʠʩʪʳ ʥʝʤʝʜʣʝʥʥʦ ʧʨʠʥʠʤʘʶʪ ʤʝʨʳ ʧʦ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʟʘʱʠʪʝ ʩʚʝʜʝʥʠʡ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʂʘʣʫʞʩʢʦʡ ʦʙʣʘʩʪʠ.  

ʆʩʥʦʚʘ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ ʦʨʛʘʥʦʚ ʛʦʩʫ-

ʜʘʨʩʪʚʝʥʥʦʡ ʚʣʘʩʪʠ ʂʘʣʫʞʩʢʦʡ ʦʙʣʘʩʪʠ ï ʵʪʦ 

ʤʥʦʛʦʫʨʦʚʥʝʚʳʡ ʤʝʪʦʜ, ʨʝʘʣʠʟʘʮʠʷ ʢʦʪʦʨʦʛʦ 

ʧʦʟʚʦʣʷʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʮʝʣʷʤ ʟʘʱʠʪʳ 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ɹʣʘʛʦʜʘʨʷ 

ʩʣʝʜʦʚʘʥʠʶ ʧʨʠʥʮʠʧʘʤ ʵʪʦʛʦ ʧʦʜʭʦʜʘ ʠʩʢʣʶ-

ʯʝʥʘ ʫʪʝʯʢʘ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, 

ʧʨʝʜʦʪʚʨʘʱʝʥʳ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʫʛʨʦʟʳ ʚ ʦʪ-

ʥʦʰʝʥʠʠ ʠʩʢʘʞʝʥʠʷ ʠ/ʠʣʠ ʫʥʠʯʪʦʞʝʥʠʷ ʚʘʞ-

ʥʳʭ ʜʘʥʥʳʭ.  

ʇʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʵʪʦʡ ʢʦʥʮʝʧʮʠʠ ʫʯʪʝʥʳ 

ʧʨʘʚʦʚʳʝ ʥʦʨʤʳ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʙʘʟʠʨʫ-

ʶʪʩʷ ʚʩʝ ʩʬʝʨʳ ʛʦʩʫʜʘʨʩʪʚʘ. ʇʦʵʪʦʤʫ ʠʥʬʦʨ-

ʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʨʝʛʠʦʥʘ ʦʩʥʦʚʳʚʘʝʪ-

ʩʷ ʥʘ ʂʦʥʩʪʠʪʫʮʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʘ 

ʪʘʢʞʝ ʨʷʜʝ ʥʦʨʤʘʪʠʚʥʳʭ ʘʢʪʦʚ ï ʚ ʪʦʤ ʯʠʩʣʝ 

ʠ ʥʘ ʪʝʭ, ʢʦʪʦʨʳʝ ʈʌ ʟʘʢʣʶʯʠʣʘ ʩ ʜʨʫʛʠʤʠ 

ʩʪʨʘʥʘʤʠ. ʕʪʘ ʜʦʢʫʤʝʥʪʘʮʠʷ ʦʧʨʝʜʝʣʷʝʪ ʚ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʨʝʜʝ ʧʨʘʚʘ, ʘ ʪʘʢʞʝ ʧʦʜ-

ʯʝʨʢʠʚʘʝʪ ʩʪʝʧʝʥʴ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʛʨʘʞʜʘʥ, 

ʩʦʮʠʫʤʘ ʠ ʛʦʩʫʜʘʨʩʪʚʘ ʚ ʮʝʣʦʤ.  

ɼʣʷ ʧʨʦʬʠʣʘʢʪʠʢʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʝʢ-

ʨʝʪʥʳʭ ʩʚʝʜʝʥʠʡ ʧʨʠʤʝʥʷʶʪʩʷ ʦʨʛʘʥʠʟʘʮʠʦʥ-

ʥʳʝ, ʤʝʪʦʜʠʯʝʩʢʠʝ, ʪʝʭʥʠʯʝʩʢʠʝ, ʧʨʘʚʦʚʳʝ 

ʤʝʨʦʧʨʠʷʪʠʷ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʦʙʝʩʧʝʯʝ-

ʥʠʷ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ [2]. ʋʢʘʟʘʥʥʳʝ ʤʝʨʳ 

ʧʦʟʚʦʣʷʶʪ: 

1. ʉʬʦʨʤʠʨʦʚʘʪʴ ʩʧʠʩʦʢ ʦʙʲʝʢʪʦʚ, ʪʨʝʙʫ-

ʶʱʠʭ ʢʠʙʝʨʟʘʱʠʪʳ, ʘ ʪʘʢʞʝ ʧʝʨʝʯʝʥʴ ʦʭʨʘ-

ʥʷʝʤʳʭ ʜʘʥʥʳʭ.  

2. ʋʩʪʘʥʦʚʠʪʴ, ʢʘʢʠʝ ʬʘʢʪʦʨʳ ʧʦʪʝʥʮʠʘʣʴ-

ʥʦ ʤʦʛʫʪ ʥʘʥʝʩʪʠ ʫʱʝʨʙ ʠʥʬʦʨʤʘʮʠʠ, ʩʚʷʟʘʥ-

ʥʦʡ ʩ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʦʨʛʘʥʦʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 

ʚʣʘʩʪʠ.  

3. ʆʧʨʝʜʝʣʠʪʴ ʤʝʨʳ ʧʦ ʟʘʱʠʪʝ ʢʦʥʬʠʜʝʥ-

ʮʠʘʣʴʥʳʭ ʜʘʥʥʳʭ.  
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ɼʣʷ ʧʨʦʬʠʣʘʢʪʠʢʠ ʫʪʝʯʢʠ ʚʘʞʥʦʡ ʠʥʬʦʨ-

ʤʘʮʠʠ, ʩʚʷʟʘʥʥʦʡ ʩ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʦʨʛʘʥʦʚ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʚʣʘʩʪʠ ʂʘʣʫʞʩʢʦʡ ʦʙʣʘʩʪʠ, 

ʧʨʠʤʝʥʷʶʪ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜ-

ʩʪʚʘ, ʘ ʪʘʢʞʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ: ʧʨʦʛʨʘʤʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ ʜʘʥʥʳʭ, ʦʧʝʨʘʮʠʦʥʥʳʝ 

ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʩʠʩʪʝʤʳ ʩʚʷʟʠ ʠ ʧʝʨʝʜʘʯʠ 

ʠʥʬʦʨʤʘʮʠʠ. ʉ ʠʭ ʧʦʤʦʱʴʶ ʢʦʥʬʠʜʝʥʮʠʘʣʴ-

ʥʳʝ ʩʚʝʜʝʥʠʷ, ʢʦʪʦʨʳʝ ʦʪʥʦʩʷʪʩʷ ʢ ʨʘʙʦʪʝ ʦʨ-

ʛʘʥʦʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʚʣʘʩʪʠ, ʧʨʠʥʠʤʘʶʪʩʷ, 

ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ, ʩʠʩʪʝʤʘʪʠʟʠʨʫʶʪʩʷ, ʥʘʧʨʘʚ-

ʣʷʶʪʩʷ ʥʘ ʭʨʘʥʝʥʠʝ, ʧʝʨʝʜʘʶʪʩʷ ʩ ʦʛʨʘʥʠʯʝʥ-

ʥʳʤ ʜʦʩʪʫʧʦʤ.  

ʉʦʩʪʦʷʥʠʝ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʚ ʦʨʛʘʥʘʭ 

ʠʩʧʦʣʥʠʪʝʣʴʥʦʡ ʚʣʘʩʪʠ ʨʝʛʠʦʥʘ ʤʦʞʥʦ ʦʭʘ-

ʨʘʢʪʝʨʠʟʦʚʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɺ 2023 

ʛʦʜʫ ʂʘʣʫʞʩʢʘʷ ʦʙʣʘʩʪʴ ʧʦʜʚʝʨʛʣʘʩʴ 119 ʢʠ-

ʙʝʨʘʪʘʢʘʤ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ, ʚ 2019 ʛʦʜʫ ʯʠʩʣʦ 

ʢʠʙʝʨʘʪʘʢ ʙʳʣʦ ʤʝʥʝʝ 40 [5]. ʉ ʢʘʞʜʳʤ ʛʦʜʦʤ 

ʢʦʣʠʯʝʩʪʚʦ ʧʦʧʳʪʦʢ ʧʨʦʙʠʪʴ ʮʠʬʨʦʚʫʶ ʟʘ-

ʱʠʪʫ ʨʘʩʪʝʪ. ɺ ʭʦʜʝ ʨʝʘʣʠʟʘʮʠʠ ʤʝʨʦʧʨʠʷʪʠʡ 

ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʧʨʦʝʢʪʘ çʆʙʝʩʧʝʯʝʥʠʝ ʢʠʙʝʨ-

ʙʝʟʦʧʘʩʥʦʩʪʠè ʚ 2025 ʛʦʜʫ ʙʳʣʦ ʦʙʨʘʙʦʪʘʥʦ 

13,3 ʤʣʨʜ ʩʦʙʳʪʠʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩ-

ʥʦʩʪʠ. ɺʩʝ ʧʦʩʣʝʜʩʪʚʠʷ ʠʥʮʠʜʝʥʪʦʚ ʫʩʪʨʘʥʝ-

ʥʳ. ɺ ʨʝʡʪʠʥʛʝ ʎʌʆ ʧʦ ʢʘʯʝʩʪʚʫ ʟʘʱʠʪʳ ʠʥ-

ʬʦʨʤʘʮʠʠ ʦʙʣʘʩʪʴ ʟʘʥʠʤʘʝʪ ʧʝʨʚʦʝ ʤʝʩʪʦ. ɺ 

ʥʦʤʠʥʘʮʠʠ çʂʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʴè ʥʘʮʠʦʥʘʣʴ-

ʥʦʡ ʧʨʝʤʠʠ çɹʝʟʦʧʘʩʥʳʡ ʛʦʨʦʜè ʨʝʛʠʦʥ ʩʪʘʣ 

ʩʠʣʴʥʝʡʰʠʤ [6]. 

ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, 

ʫʥʠʯʪʦʞʝʥʠʷ, ʙʣʦʢʠʨʦʚʘʥʠʷ ʠʣʠ ʜʨʫʛʦʛʦ ʚʠʜʘ 

ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚʘʞʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ, ʥʘʯʠʥʘʷ ʩ 2002 ʛʦʜʘ, ʚ ʂʘʣʫʞ-

ʩʢʦʡ ʦʙʣʘʩʪʠ ʨʘʙʦʪʘʝʪ ʢʦʤʠʩʩʠʷ ʧʦ ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʨʛʘʥʦʚ ʛʦʩʫʜʘʨʩʪʚʝʥ-

ʥʦʡ ʚʣʘʩʪʠ. ʎʝʣʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʵʪʦʛʦ 

ʦʨʛʘʥʘ ï ʧʨʦʬʠʣʘʢʪʠʢʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʘʞ-

ʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʩʚʷʟʘʥʥʦʡ ʩ ʜʝʷʪʝʣʴʥʦʩʪʴʶ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʚʣʘʩʪʠ ʫʢʘʟʘʥʥʦʛʦ ʨʝʛʠʦʥʘ: ʚ 

ʪʦʤ ʯʠʩʣʝ, ʟʘ ʩʯʸʪ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʚʳʷʚʣʝʥʠʷ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʬʘʢʪʦʨʦʚ, ʩʧʦʩʦʙʥʳʭ ʩʧʨʦʚʦ-

ʮʠʨʦʚʘʪʴ ʫʪʝʯʢʫ ʩʚʝʜʝʥʠʡ [3]. ɹʣʘʛʦʜʘʨʷ ʙʝʩ-

ʧʝʨʝʙʦʡʥʦʤʫ ʠ ʛʨʘʤʦʪʥʦʤʫ ʬʫʥʢʮʠʦʥʠʨʦʚʘ-

ʥʠʶ ʵʪʦʡ ʢʦʤʠʩʩʠʠ ʚʩʝ ʜʘʥʥʳʝ, ʥʘʭʦʜʷʱʠʝʩʷ 

ʚ ʨʘʩʧʦʨʷʞʝʥʠʠ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥ-

ʥʦʡ ʚʣʘʩʪʠ ʂʘʣʫʞʩʢʦʡ ʦʙʣʘʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʫ-

ʶʪ ʪʨʸʤ ʧʘʨʘʤʝʪʨʘʤ: ʦʥʠ ʦʩʪʘʶʪʩʷ ʢʦʥʬʠʜʝʥ-

ʮʠʘʣʴʥʳʤʠ, ʮʝʣʦʩʪʥʳʤʠ ʠ ʜʦʩʪʫʧʥʳʤʠ ʜʣʷ 

ʧʨʘʚʦʦʙʣʘʜʘʪʝʣʝʡ. 

ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠ ʚʘʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ 

ʩʧʝʮʠʘʣʴʥʦʡ ʢʦʤʠʩʩʠʠ ʧʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʚʣʘʩʪʠ ʨʝʛʠʦʥʘ 

ʩʚʷʟʘʥʘ ʩ ʪʝʤ, ʯʪʦ ʟʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʫʚʝʣʠʯʠ-

ʣʦʩʴ ʢʦʣʠʯʝʩʪʚʦ ʧʨʝʩʪʫʧʣʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʠ ʮʠʬʨʦʚʳʤʠ 

ʪʝʭʥʦʣʦʛʠʷʤʠ. 

ɿʘʜʘʯʠ, ʢʦʪʦʨʳʝ ʟʘ ʧʝʨʠʦʜ ʩ 2002 ʧʦ 2025 

ʛʦʜ ʨʝʰʠʣʘ ʵʪʘ ʢʦʤʠʩʩʠʷ: 

1. ʈʘʟʨʘʙʦʪʘʥʘ, ʠʥʪʝʛʨʠʨʦʚʘʥʘ, ʧʨʦʪʝʩʪʠ-

ʨʦʚʘʥʘ ʠ ʥʘ ʪʝʢʫʱʠʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʘʢʪʠʚʥʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʠʩʪʝʤʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʥʬʦʨʤʘ-

ʮʠʠ, ʩʚʷʟʘʥʥʦʡ ʩ ʨʘʙʦʪʦʡ ʦʨʛʘʥʦʚ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʦʡ ʚʣʘʩʪʠ ʂʘʣʫʞʩʢʦʡ ʦʙʣʘʩʪʠ. ʕʪʘ 

ʤʥʦʛʦʫʨʦʚʥʝʚʘʷ ʩʠʩʪʝʤʘ ʟʘʱʠʪʳ ʧʨʝʜʦʪʚʨʘ-

ʱʘʝʪ ʫʪʝʯʢʫ ʩʚʝʜʝʥʠʡ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʨ-

ʨʝʢʪʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʙʶʜʞʝʪʥʳʤ ʧʨʦʮʝʩʩʦʤ 

ʨʝʛʠʦʥʘ. 

2. ʀʥʪʝʛʨʠʨʦʚʘʥʦ, ʧʨʦʪʝʩʪʠʨʦʚʘʥʦ ʠ ʨʝʛʫ-

ʣʷʨʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʧʦʟʚʦʣʷʶ-

ʱʝʝ ʙʝʩʧʝʨʝʙʦʡʥʦ ʬʠʣʴʪʨʦʚʘʪʴ ʩʝʪʝʚʦʡ ʪʨʘ-

ʬʠʢ. 

3. ʈʝʛʫʣʷʨʥʦ ʧʨʦʚʦʜʠʣʘʩʴ ʘʪʪʝʩʪʘʮʠʷ ʦʙʦ-

ʨʫʜʦʚʘʥʠʷ, ʢʦʪʦʨʦʝ ʧʨʠʥʠʤʘʝʪ, ʭʨʘʥʠʪ, ʧʝʨʝ-

ʜʘʸʪ ʜʘʥʥʳʝ, ʧʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤʫ ʭʘʨʘʢʪʝʨʫ 

ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʪʘʡʥʝ ʠʣʠ 

ʚʢʣʶʯʘʶʱʠʝ ʚ ʩʝʙʷ ʧʝʨʩʦʥʘʣʴʥʳʝ ʜʘʥʥʳʝ 

ʛʨʘʞʜʘʥ. 

ʉʦ ʚʩʝʤʠ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʳʤʠ ʩʚʝʜʝʥʠʷʤʠ, 

ʩʚʷʟʘʥʥʳʤʠ ʩ ʨʘʙʦʪʦʡ ʦʨʛʘʥʦʚ ʛʦʩʫʜʘʨʩʪʚʝʥ-

ʥʦʡ ʚʣʘʩʪʠ ʂʘʣʫʞʩʢʦʡ ʦʙʣʘʩʪʠ, ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʫʶʪ ʜʦʣʞʥʦʩʪʥʳʝ ʣʠʮʘ, ʢʦʪʦʨʳʝ ʧʨʝʜʚʘ-

ʨʠʪʝʣʴʥʦ ʧʨʦʰʣʠ ʧʦʜʛʦʪʦʚʢʫ. ʕʪʠ ʩʧʝʮʠʘʣʠ-

ʩʪʳ ʦʪʚʝʪʩʪʚʝʥʥʳ ʥʝ ʪʦʣʴʢʦ ʟʘ ʦʨʛʘʥʠʟʘʮʠʶ, 

ʥʦ ʠ ʟʘ ʵʬʬʝʢʪʠʚʥʦʝ, ʛʨʘʤʦʪʥʦʝ ʠ ʩʚʦʝʚʨʝ-

ʤʝʥʥʦʝ ʧʨʦʚʝʜʝʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠʭ ʜʝʡʩʪʚʠʡ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʟʘʱʠʪʫ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʳʭ 

ʜʘʥʥʳʭ. ɼʣʷ ʧʨʦʬʠʣʘʢʪʠʢʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʚʘʞʥʳʭ ʩʚʝʜʝʥʠʡ ʧʦʣʥʦʤʦʯʠʷ ʜʦʣʞʥʦʩʪʥʳʭ 

ʣʠʮ ʯʸʪʢʦ ʨʘʟʛʨʘʥʠʯʝʥʳ, ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʚ ʩʦ-

ʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʝʛʣʘʤʝʥʪʘʭ. ʇʦʩʢʦʣʴʢʫ ʧʦ-

ʩʣʝ ʤʥʦʛʦʢʨʘʪʥʳʭ ʘʥʘʣʠʟʦʚ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʫʛʨʦʟʫ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʨʛʘ-

ʥʦʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʚʣʘʩʪʠ ʂʘʣʫʞʩʢʦʡ ʦʙʣʘ-

ʩʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦʝ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʠʭ ʩʦʩʪʘʚ-

ʣʷʶʱʠʭ ʯʘʩʪʝʡ, ʘ ʪʘʢʞʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝ-

ʩʫʨʩʦʚ, ʙʳʣʦ ʨʝʰʝʥʦ ʧʨʠʤʝʥʷʪʴ ʚ ʦʛʨʘʥʠʯʝʥ-

ʥʦʤ ʧʦʨʷʜʢʝ.  

ʂʨʦʤʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʜʝʡʩʪʚʠʡ, ʢʦʤʠʩʩʠʷ 

ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦ-

ʩʪʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʚʣʘʩʪʠ ʨʝʛʠʦʥʘ ʦʨʛʘʥʠ-
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ʟʦʚʘʣʘ ʩʠʩʪʝʤʫ, ʟʘ ʩʯʸʪ ʢʦʪʦʨʦʡ ʫʜʘʸʪʩʷ ʩʚʦʝ-

ʚʨʝʤʝʥʥʦ, ʨʝʛʫʣʷʨʥʦ ʠ ʵʬʬʝʢʪʠʚʥʦ ʢʦʥʪʨʦʣʠ-

ʨʦʚʘʪʴ, ʚ ʢʘʢʦʤ ʪʝʭʥʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ ʥʘʭʦ-

ʜʠʪʩʷ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʢʦʪʦʨʦʝ ʧʨʠʥʠʤʘʝʪ, ʭʨʘ-

ʥʠʪ, ʧʝʨʝʜʘʸʪ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʫʶ ʠʥʬʦʨʤʘ-

ʮʠʶ.  

ʈʦʩʪ ʧʨʝʩʪʫʧʥʦʩʪʠ ʚ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʬʝʨʝ 

ʤʦʞʝʪ ʠʤʝʪʴ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʵʢʦʥʦʤʠ-

ʯʝʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʨʝʛʠʦʥʘ ʠ ʩʪʨʘʥʳ ʚ ʮʝ-

ʣʦʤ, ʧʦʜʨʳʚʘʷ ʝʝ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ, 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʜʣʷ ʠʥʚʝʩʪʦʨʦʚ ʠ ʩʦʮʠʘʣʴ-

ʥʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ. ʆʜʥʠʤ ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ 

ʤʝʪʦʜʦʚ ʙʦʨʴʙʳ ʩ ʵʪʠʤ ʷʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʧʦ-

ʚʳʰʝʥʠʝ ʧʨʦʟʨʘʯʥʦʩʪʠ ʠ ʦʪʢʨʳʪʦʩʪʠ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʦʨʛʘʥʦʚ ʠ ʙʠʟʥʝ-

ʩʘ. ɺʥʝʜʨʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʨʘʚʠʪʝʣʴʩʪʚʘ ʠ 

ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ ʧʦʟ-

ʚʦʣʷʝʪ ʫʣʫʯʰʠʪʴ ʜʦʩʪʫʧ ʛʨʘʞʜʘʥ ʢ ʠʥʬʦʨʤʘ-

ʮʠʠ ʦ ʜʝʷʪʝʣʴʥʦʩʪʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʦʨʛʘ-

ʥʦʚ [7]. 

ʏʪʦʙʳ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʫʛʨʦ-

ʟʳ ʜʣʷ ʚʘʞʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʦʨʛʘʥʳ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʦʡ ʚʣʘʩʪʠ ʂʘʣʫʞʩʢʦʡ ʦʙʣʘʩʪʠ ʫʜʝʣʷʶʪ 

ʧʦʚʳʰʝʥʥʦʝ ʚʥʠʤʘʥʠʝ ʚʦʧʨʦʩʫ ʢʠʙʝʨʙʝʟ-

ʦʧʘʩʥʦʩʪʠ. ʉʧʝʮʠʘʣʠʩʪʳ ʜʦʣʞʥʳ ʨʝʛʫʣʷʨʥʦ 

ʚʳʧʦʣʥʷʶʪ ʚʝʩʴ ʮʠʢʣ ʜʝʡʩʪʚʠʡ, ʥʘʧʨʘʚʣʝʥ-

ʥʳʡ ʥʘ ʟʘʱʠʪʫ ʚʘʞʥʳʭ ʜʘʥʥʳʭ ï ʦʪ ʚʳʷʚʣʝ-

ʥʠʷ ʩʣʘʙʳʭ ʩʝʛʤʝʥʪʦʚ ʠ ʚʦʟʤʦʞʥʳʭ ʢʘʥʘʣʦʚ 

ʫʪʝʯʢʠ ʩʚʝʜʝʥʠʡ ʜʦ ʧʦʣʥʦʛʦ ʢʦʥʪʨʦʣʷ ʧʦ ʪʨʸʤ 

ʦʩʥʦʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʤʝʪʦʜʦʚ 

ʟʘʱʠʪʳ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʎʠʬ-

ʨʦʚʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʩʚʷʟʘʥʘ ʪʘʢʞʝ ʩ ʢʘʜʨʦ-

ʚʳʤ ʨʠʩʢʦʤ, ʢʦʪʦʨʳʡ ʦʙʫʩʣʦʚʣʝʥ ʩ ʥʝʭʚʘʪʢʦʡ 

ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʧʝʨʩʦʥʘʣʘ ʧʦ çʮʠʬʨʦ-

ʚʳʤ ʧʨʦʬʝʩʩʠʷʤè. ʇʦ ʜʘʥʥʳʤ ɺʩʝʤʠʨʥʦʛʦ 

ʙʘʥʢʘ ʥʘ 2022 ʛ. ʜʦʣʷ ʤʠʨʦʚʦʡ ʮʠʬʨʦʚʦʡ ʵʢʦ-

ʥʦʤʠʢʠ ʚ ʤʠʨʦʚʦʤ ɺɺʇ ʩʦʩʪʘʚʠʣʘ 15,5%, 

ʧʨʠʯʸʤ ʚ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʠʭ 15 ʣʝʪ ʤʠʨʦʚʘʷ 

ʮʠʬʨʦʚʘʷ ʵʢʦʥʦʤʠʢʘ ʨʘʩʪʝʪ ʚ 2,5 ʨʘʟʘ ʙʳʩʪ-

ʨʝʝ, ʥʝʞʝʣʠ ʤʠʨʦʚʦʡ ɺɺʇ. ɼʣʷ ʨʝʰʝʥʠʷ 

çʢʘʜʨʦʚʦʛʦ ʛʦʣʦʜʘè ʇʨʘʚʠʪʝʣʴʩʪʚʦ ʈʌ ʨʝʘʣʠ-

ʟʫʝʪ ʧʨʦʝʢʪ çʎʠʬʨʦʚʳʝ ʢʘʬʝʜʨʳè, ʧʦʟʚʦʣʷ-

ʶʱʠʡ ʩʪʫʜʝʥʪʘʤ ʚʫʟʦʚ ʧʦʣʫʯʠʪʴ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʚ ʩʬʝʨʝ IT-

ʪʝʭʥʦʣʦʛʠʡ [8]. 

ɹʝʟʫʩʣʦʚʥʦ, ʚʩʝ ʵʪʠ ʤʝʨʦʧʨʠʷʪʠʷ ʪʨʝʙʫʶʪ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʬʠʥʘʥʩʦʚʳʭ ʨʘʩʭʦʜʦʚ, ʧʦ-

ʩʢʦʣʴʢʫ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʦʨʦ-

ʛʦʩʪʦʷʱʠʭ ʚʠʜʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʨʠʚʣʝʯʝʥʠʝ 

ʧʨʦʬʠʣʴʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚʳʩʰʝʡ ʢʘʪʝʛʦʨʠʠ. 

ʇʦʵʪʦʤʫ ʠʟ ʙʶʜʞʝʪʘ ʨʝʛʠʦʥʘ ʨʝʛʫʣʷʨʥʦ ʚʳ-

ʜʝʣʷʶʪ ʜʝʥʝʞʥʳʝ ʨʝʩʫʨʩʳ ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʘʷ ʦʪʥʦʩʠʪʩʷ 

ʢ ʜʝʷʪʝʣʴʥʦʩʪʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʧʦʜʨʘʟʜʝʣʝ-

ʥʠʡ ʂʘʣʫʞʩʢʦʡ ʦʙʣʘʩʪʠ. 

ɺ ʠʪʦʛʝ ʠʥʬʦʨʤʘʮʠʷ, ʩʚʷʟʘʥʥʘʷ ʩ ʨʘʙʦʪʦʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʂʘʣʫʞʩʢʦʡ 

ʦʙʣʘʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʸʤ ʢʣʶʯʝʚʳʤ ʧʘʨʘ-

ʤʝʪʨʘʤ: ʦʥʘ ï ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʘʷ, ʮʝʣʦʩʪʥʘʷ ʠ 

ʜʦʩʪʫʧʥʘʷ ʪʦʣʴʢʦ ʜʣʷ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʚʣʘʩʪʠ. 

ʊʦ, ʯʪʦ ʨʝʘʣʠʟʫʝʤʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʢʠʙʝʨ-

ʙʝʟʦʧʘʩʥʦʩʪʠ ʵʬʬʝʢʪʠʚʥʳ, ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ 

ʩ ʫʯʸʪʦʤ ʜʘʥʥʳʭ ʟʘ ʧʝʨʠʦʜ ʩ 2023 ʧʦ 2025 ʛʦʜ: 

ʟʘ ʵʪʦʪ ʩʨʦʢ ʥʝ ʙʳʣʦ ʥʠ ʦʜʥʦʡ ʫʪʝʯʢʠ ʠʥʬʦʨ-

ʤʘʮʠʠ ʠʟ ʩʪʨʫʢʪʫʨ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʚʣʘʩʪʠ 

ʨʝʛʠʦʥʘ, ʘ ʚʩʝ ʧʦʧʳʪʢʠ ʟʣʦʫʤʳʰʣʝʥʥʠʢʦʚ ʟʘ-

ʚʣʘʜʝʪʴ ʚʘʞʥʳʤʠ ʩʚʝʜʝʥʠʷʤʠ ʫʜʘʣʦʩʴ 

ʧʨʝʜʦʪʚʨʘʪʠʪʴ. 
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Abstract. The article discusses the issues of ensuring the information security of public authorities 
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ʂ ɺʆʇʈʆʉʋ ʆɹ ʀʅʌʆʈʄɸʎʀʆʅʅʆʁ ɹɽɿʆʇɸʉʅʆʉʊʀ ʉʇʆʈʊʀɺʅʓʍ  

ʆʈɻɸʅʀɿɸʎʀʁ (ʅɸ ʇʈʀʄɽʈɽ ʌʋʊɹʆʃʔʅʓʍ ʂʃʋɹʆɺ) 

 

ʄ.ɸ. ʈʦʜʠʦʥʦʚ1,2, ʜ-ʨ ʚʦʝʥ. ʥʘʫʢ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɸ.ʇ. ɺʘʛʘʥʠʯʝʚʘ1, ʩʪʫʜʝʥʪ 
1ʈʦʩʩʠʡʩʢʘʷ ʘʢʘʜʝʤʠʷ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʣʫʞʙʳ 

ʧʨʠ ʇʨʝʟʠʜʝʥʪʝ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 
2ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ 
1,2(ʈʦʩʩʠʷ, ʛ. ʄʦʩʢʚʘ) 

 

DOI:10.24412/2500-1000-2026-3-2-92-98 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʫʷʟʚʠʤʦʩʪʝʡ, ʚʳʷʚʣʷʝʤʳʭ 

ʧʨʠ ʘʫʜʠʪʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʧʦʨʪʠʚʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ (ʥʘ ʧʨʠʤʝʨʝ ʬʫʪʙʦʣʴʥʳʭ 

ʢʣʫʙʦʚ). ʀʩʩʣʝʜʫʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʪʘʥʜʘʨʪʘ CVSS 4.0 (Common 

Vulnerability Scoring System) ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʨʠʪʠʯʥʦʩʪʠ ʦʰʠʙʦʢ ʨʘʙʦʪʳ ʩʠʩʪʝʤ ʠʥʬʦʨʤʘʮʠ-

ʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʋʪʦʯʥʷʝʪʩʷ ʧʨʠʦʨʠʪʝʪʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʬʫʪ-

ʙʦʣʴʥʳʭ ʢʣʫʙʦʚ - ʥʘ ʦʩʥʦʚʝ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʠʦʨʠʪʝʪʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥ ʘʣʛʦ-

ʨʠʪʤ ʧʨʠʦʨʠʪʠʟʘʮʠʠ ʟʘʜʘʯ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ CVSS 4.0 ʚ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʨʝʩʫʨʩʦʚ ʠ 

ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʘʚʥʳʭ ʧʦ ʚʘʞʥʦʩʪʠ ʟʘʜʘʯ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ; ʦʮʝʥʢʘ ʫʛʨʦʟ; ʬʫʪʙʦʣʴʥʳʝ ʢʣʫʙʳ; CVSS 4.0; 

ʩʧʦʨʪʠʚʥʳʝ ʦʨʛʘʥʠʟʘʮʠʠ; ʧʨʠʦʨʠʪʠʟʘʮʠʷ ʟʘʜʘʯ. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟ-

ʦʧʘʩʥʦʩʪʴ (ʀɹ) ʥʘʯʠʥʘʝʪ ʠʛʨʘʪʴ ʚʩʶ ʙʦʣʴʰʫʶ 

ʨʦʣʴ ʚ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ ʦʙʱʝʩʪʚʘ. ʎʝ-

ʣʦʩʪʥʦʩʪʴ ʠ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ ʜʘʥʥʳʭ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʪʘʙʠʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʦʨʛʘʥʠʟʘ-

ʮʠʡ, ʩʦʭʨʘʥʝʥʠʝ ʢʦʤʤʝʨʯʝʩʢʦʡ ʪʘʡʥʳ ʠ ʧʨʠ-

ʚʘʪʥʦʩʪʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ɺ ʤʠʨʝ, ʛʜʝ ʠʥʬʦʨ-

ʤʘʮʠʷ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ 

ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʨʝʩʫʨʩʦʤ, ʚʦʧʨʦʩ ʙʝʟʦʧʘʩʥʦʛʦ 

ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʧʨʠʦʙʨʝʪʘʝʪ ʦʩʦʙʫʶ ʚʘʞ-

ʥʦʩʪʴ.  

ʅʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʦʙʝʩʧʝʯʝʥʠʷ 

ʥʘʮʠʦʥʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʩʦʮʠ-

ʘʣʴʥʦ-ʧʦʣʠʪʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ [1], ʠʥʪʝ-

ʛʨʠʨʫʶʱʘʷ ʚʦʧʨʦʩʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʠʪʠʯʝ-

ʩʢʦʡ ʩʠʩʪʝʤʳ ʛʦʩʫʜʘʨʩʪʚʘ ʠ ʦʙʱʝʩʪʚʘ, ʘ ʪʘʢʞʝ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʦʮʠʘʣʴʥʦ-ʪʨʫʜʦʚʦʡ ʩʬʝʨʳ [2]. 

ʇʦʩʣʝʜʥʷʷ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʥʘʨʷʜʫ ʩʦ ʚʩʝʤʠ 

ʜʨʫʛʠʤʠ ʦʪʨʘʩʣʷʤʠ ʚʢʣʶʯʘʝʪ ʚ ʩʚʦʡ ʩʦʩʪʘʚ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʬʠʟʢʫʣʴʪʫʨʳ ʠ ʩʧʦʨʪʘ. ʉʧʦʨ-

ʪʠʚʥʳʝ ʦʨʛʘʥʠʟʘʮʠʠ ʚ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ 

ʩʪʘʥʦʚʷʪʩʷ ʘʢʪʠʚʥʳʤʠ ʠʛʨʦʢʘʤʠ ʚ ʝʞʝʜʥʝʚ-

ʥʦʡ ʞʠʟʥʠ ʦʙʱʝʩʪʚʘ, ʢʘʢ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʘʟ-

ʚʠʪʠʷ ʦʪʜʝʣʴʥʦʡ ʣʠʯʥʦʩʪʠ ʠ ʬʠʟʠʯʝʩʢʦʛʦ ʟʜʦ-

ʨʦʚʴʷ ʯʝʣʦʚʝʢʘ, ʪʘʢ ʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʘʟʚʠʪʠʷ 

ʵʢʦʥʦʤʠʢʠ ʨʘʟʚʣʝʯʝʥʠʡ, ʚʝʜʴ ʙʦʣʴʰʦʝ ʢʦʣʠ-

ʯʝʩʪʚʦ ʩʧʦʨʪʠʚʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʥʘ ʧʨʦʬʝʩʩʠ-

ʦʥʘʣʴʥʦʡ ʦʩʥʦʚʝ ʷʚʣʷʝʪʩʷ ʢʦʤʤʝʨʯʝʩʢʠʤʠ, 

ʧʨʠʚʣʝʢʘʶʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʙʦʣʝʣʴʱʠ-

ʢʦʚ ʥʘ ʩʚʦʠ ʤʝʨʦʧʨʠʷʪʠʷ ʠ ʷʚʣʷʶʪʩʷ ʘʢʪʠʚ-

ʥʳʤʠ ʫʯʘʩʪʥʠʢʘʤʠ ʵʪʦʡ ʩʬʝʨʳ. ʅʘʠʙʦʣʝʝ ʟʘ-

ʤʝʪʥʦ ʵʪʦ ʥʘ ʧʨʠʤʝʨʝ ʬʫʪʙʦʣʴʥʳʭ ʢʣʫʙʦʚ 

ʈʦʩʩʠʡʩʢʦʡ ʇʨʝʤʴʝʨ-ʃʠʛʠ. 

ɺ ʨʘʤʢʘʭ ʩʧʦʨʪʠʚʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʚʦʧʨʦ-

ʩʳ ʦʙʝʩʧʝʯʝʥʠʷ ʀɹ ʫʩʣʦʞʥʷʶʪʩʷ ʙʦʣʴʰʠʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʧʘʨʘʣʣʝʣʴʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤ, ʚ ʢʦʪʦʨʳʭ ʥʝʦʙʭʦʜʠʤʦ ʚʝʩʪʠ ʜʦʨʘʙʦʪ-

ʢʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʮʝʣʦʩʪʥʦʩʪʠ ʜʘʥʥʳʭ. ʆʪ-

ʜʝʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʟʚʠʪʠʷ ʟʘʱʠʪʳ ʠʥ-

ʬʦʨʤʘʮʠʠ ʚʦʟʥʠʢʣʦ ʩ ʚʚʝʜʝʥʠʝʤ ʂʘʨʪʳ ʙʦ-

ʣʝʣʴʱʠʢʘ (ʪʘʢʞʝ ʥʘʟʳʚʘʝʤʦʡ Fan ID) ʚ 2023 

ʛʦʜʫ, ʦʥʦ ʩʚʷʟʘʥʦ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʠʥʪʝʛʨʘ-

ʮʠʠ ʩ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ 

ʩʠʩʪʝʤʘʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩ ʧʦʨʪʘʣʦʤ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʳʭ ʫʩʣʫʛ çɻʦʩʫʩʣʫʛʠè [3]. 

ɼʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʚʳʟʳʚʘʝʪ ʨʷʜ ʚʦʧʨʦʩʦʚ 

ʧʦ ʚʝʜʝʥʠʶ ʩʧʠʩʢʘ ʥʝʦʙʭʦʜʠʤʳʭ ʢ ʚʳʧʦʣʥʝ-

ʥʠʶ ʟʘʜʘʯ ʠ ʫʣʫʯʰʝʥʠʡ, ʠʩʧʨʘʚʣʝʥʠʶ ʦʰʠ-

ʙʦʢ ʚ ʨʘʙʦʪʘʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʜʣʷ 

ʫʣʫʯʰʝʥʠʷ ʫʨʦʚʥʷ ʀɹ. ɿʘʜʘʯʠ ʜʦʣʞʥʳ ʙʨʘʪʴ-

ʩʷ ʚ ʨʘʙʦʪʫ ʧʦ ʤʝʨʝ ʚʘʞʥʦʩʪʠ ʠ ʩʨʦʯʥʦʩʪʠ, 

ʪʝʤ ʥʝ ʤʝʥʝʝ, ʚ ʨʘʤʢʘʭ ʙʳʩʪʨʦ ʤʝʥʷʶʱʝʛʦʩʷ 

ʤʠʨʘ ʠ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʥʝʦʙʭʦʜʠʤʳʭ 

ʠʩʧʨʘʚʣʝʥʠʡ, ʥʝ ʚʩʝʛʜʘ ʩʫʱʝʩʪʚʫʝʪ ʚʨʝʤʷ ʥʘ 

ʧʨʠʦʨʠʪʠʟʘʮʠʶ ʠ ʛʨʘʤʦʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʨʝʩʫʨʩʦʚ ʥʘ ʨʘʙʦʪʳ ʧʦ ʫʣʫʯʰʝʥʠʶ ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʧʦʨʪʠʚʥʳʭ ʦʨʛʘʥʠʟʘ-

ʮʠʡ [4]. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʙʫʜʝʪ ʧʨʠʚʝ-
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ʜʝʥ ʘʣʛʦʨʠʪʤ ʧʦ ʦʮʝʥʢʝ ʠ ʧʣʘʥʠʨʦʚʘʥʠʶ ʨʘ-

ʙʦʪ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʟʘʱʠʪʳ ʜʘʥʥʳʭ ʩʧʦʨʪʠʚ-

ʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ (ʥʘ ʧʨʠʤʝʨʝ ʬʫʪʙʦʣʴʥʳʭ 

ʢʣʫʙʦʚ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʘ ʧʦ 

ʫʧʨʘʚʣʝʥʠʶ ʫʷʟʚʠʤʦʩʪʷʤʠ CVSS 4.0. 

ʇʨʝʞʜʝ ʚʩʝʛʦ, ʥʝʦʙʭʦʜʠʤʦ ʧʦʥʠʤʘʪʴ, ʢʘʢʠʝ 

ʥʘʧʨʘʚʣʝʥʠʷ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʜʦʣʞʥʳ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʚ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʬʫʪʙʦʣʴʥʦ-

ʛʦ ʢʣʫʙʘ. ɺ ʪʘʙʣʠʮʝ 1 ʚʳʜʝʣʝʥʳ ʥʝʢʦʪʦʨʳʝ ʠʟ 

ʦʩʥʦʚʥʳʭ ʩʠʩʪʝʤ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ. 

 

ʊʘʙʣʠʮʘ 1. ʆʩʥʦʚʥʳʝ ʩʠʩʪʝʤʳ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʚ ʬʫʪʙʦʣʴʥʦʤ ʢʣʫʙʝ 
ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʭʨʘʥʝʥʠʷ ʠ 

ʜʘʥʥʳʝ ʚ ʥʠʭ 
ɿʥʘʯʝʥʠʝ ʜʣʷ ʬʫʪʙʦʣʴʥʦʛʦ ʢʣʫʙʘ 

ɼʘʥʥʳʝ ʧʦ ʬʫʪʙʦʣʴʥʳʤ ʤʘʪʯʘʤ 

ʇʣʘʥʳ ʥʘ ʙʫʜʫʱʠʝ ʠʛʨʳ, ʨʘʩʩʪʘʥʦʚʢʠ, ʘʥʘʣʠʟ ʩʣʘʙʦʩʪʝʡ ʩʦʧʝʨʥʠʢʘ, ʪʨʝ-

ʥʠʨʦʚʦʯʥʳʝ ʤʝʪʦʜʠʢʠ, ʫʪʝʯʢʘ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʨʷʤʦʤʫ ʧʦʨʘ-

ʞʝʥʠʶ ʥʘ ʧʦʣʝ. 

ɼʘʥʥʳʝ ʦ ʪʨʘʥʩʬʝʨʘʭ ʠ ʢʦʥʪʨʘʢʪʘʭ 

ʀʥʬʦʨʤʘʮʠʷ ʦ ʧʝʨʝʛʦʚʦʨʘʭ ʧʦ ʧʦʢʫʧʢʝ/ʧʨʦʜʘʞʝ ʠʛʨʦʢʦʚ, ʠʭ ʩʪʦʠʤʦʩʪʠ, 

ʨʘʟʤʝʨʝ ʟʘʨʘʙʦʪʥʳʭ ʧʣʘʪ, ʙʦʥʫʩʘʭ, ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʤʘʥʠʧʫʣʷ-

ʮʠʡ ʥʘ ʪʨʘʥʩʬʝʨʥʦʤ ʨʳʥʢʝ. 

ʄʝʜʠʮʠʥʩʢʠʝ ʜʘʥʥʳʝ ʠʛʨʦʢʦʚ 

ʀʩʪʦʨʠʷ ʪʨʘʚʤ, ʜʠʘʛʥʦʟʳ, ʧʣʘʥʳ ʨʝʘʙʠʣʠʪʘʮʠʠ, ʫʪʝʯʢʘ ʜʘʥʥʦʡ ʠʥʬʦʨʤʘ-

ʮʠʠ ʤʦʞʝʪ ʩʥʠʟʠʪʴ ʪʨʘʥʩʬʝʨʥʫʶ ʩʪʦʠʤʦʩʪʴ ʠʛʨʦʢʘ ʠʣʠ ʜʘʪʴ ʩʦʧʝʨʥʠʢʫ 

ʪʘʢʪʠʯʝʩʢʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ 

ɼʘʥʥʳʝ ʩʢʘʫʪʠʥʛʘ ɺʥʫʪʨʝʥʥʠʝ ʙʘʟʳ ʜʘʥʥʳʭ ʧʦ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʠʛʨʦʢʘʤ [4]. 

ʂʠʙʝʨʬʠʟʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʠ ʚʠʨʪʫʘʣʴʥʳʝ 

ʜʚʦʡʥʠʢʠ 

ɺʥʫʪʨʝʥʥʷʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʩʪʘʜʠʦʥʦʚ ʠ ʪʨʝʥʠʨʦʚʦʯʥʳʭ ʙʘʟ (ʢʦʥʪʨʦʣʴ 

ʜʦʩʪʫʧʘ, ʪʫʨʥʠʢʝʪʳ, ʩʠʩʪʝʤʳ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ, ʪʘʙʣʦ), ʥʘ ʠʥʬʦʨʤʘʮʠʦʥ-

ʥʳʝ ʩʠʩʪʝʤʳ ʢʦʪʦʨʦʡ ʟʣʦʫʤʳʰʣʝʥʥʠʢʠ ʤʦʛʫʪ ʩʦʚʝʨʰʠʪʴ ʥʘʧʘʜʝʥʠʝ ʚʦ 

ʚʨʝʤʷ ʤʘʪʯʘ. 

ʐʣʶʟ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʬʫʪʙʦʣʴʥʦʛʦ ʢʣʫʙʘ 

ʠ ʧʦʨʪʘʣʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʫʩʣʫʛ çɻʦʩ-

ʫʩʣʫʛʠè 

ʀʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʢʫʧʢʠ ʙʠʣʝʪʦʚ ʥʘ ʤʘʪʯʠ ʈʦʩʩʠʡʩʢʦʡ ʇʨʝʤʴʝʨ-ʣʠʛʠ; ʚ 

ʥʝʤ ʭʨʘʥʠʪʩʷ ʚʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʢʫʧʣʝʥʥʳʭ ʙʠʣʝʪʘʭ ʠ ʘʙʦʥʝʤʝʥʪʘʭ; ʧʨʠ 

ʘʪʘʢʝ ʟʣʦʫʤʳʰʣʝʥʥʠʢʦʚ ʤʦʛʫʪ ʧʦʩʪʨʘʜʘʪʴ ʥʝ ʪʦʣʴʢʦ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ 

ʩʠʩʪʝʤʳ ʬʫʪʙʦʣʴʥʦʛʦ ʢʣʫʙʘ, ʥʦ ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠ-

ʩʪʝʤʳ, ʢʘʢ ʚ ʧʣʘʥʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʘʪʘʢʠ, ʪʘʢ ʠ ʚ ʧʣʘʥʝ ʧʦʪʝʨʠ ʠʤʠ-

ʜʞʘ. 

CRM-ʩʠʩʪʝʤʳ ʬʫʪʙʦʣʴʥʦʛʦ ʢʣʫʙʘ 
ɸʪʘʢʘ ʥʘ CRM ʩʠʩʪʝʤʫ ʤʦʞʝʪ ʜʘʪʴ ʚ ʨʫʢʠ ʟʣʦʫʤʳʰʣʝʥʥʠʢʦʚ ʧʝʨʩʦʥʘʣʴ-

ʥʳʝ ʜʘʥʥʳʝ ʩʦʪʝʥ ʪʳʩʷʯ ʙʦʣʝʣʴʱʠʢʦʚ. 

ʌʠʥʘʥʩʦʚʳʝ ʜʘʥʥʳʝ ʦ ʧʨʦʜʘʞʝ ʙʠʣʝʪʦʚ ʠ 

ʘʪʨʠʙʫʪʠʢʠ ʬʫʪʙʦʣʴʥʦʛʦ ʢʣʫʙʘ, ʙʫʭʛʘʣʪʝʨ-

ʩʢʘʷ ʦʪʯʝʪʥʦʩʪʴ 

ʇʦʪʝʨʷ ʜʘʥʥʳʭ ʛʨʦʟʠʪ ʧʦʪʝʨʝʡ ʨʝʧʫʪʘʮʠʠ ʠ ʧʨʦʙʣʝʤʘʤʠ ʩ ʬʠʥʘʥʩʦʚʳʤʠ 

ʧʦʪʦʢʘʤʠ ʩʧʦʨʪʠʚʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ. 

 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩ-

ʥʦʩʪʴ ʢʘʞʜʦʛʦ ʠʟ ʜʘʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʦʙʝʩ-

ʧʝʯʝʥʠʷ ʩʦʭʨʘʥʥʦʩʪʠ ʜʘʥʥʳʭ ʜʦʣʞʥʘ ʦʮʝʥʠ-

ʚʘʪʴʩʷ ʢʘʢ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʀɹ ʚʩʝʛʦ ʬʫʪʙʦʣʴ-

ʥʦʛʦ ʢʣʫʙʘ ʚ ʮʝʣʦʤ, ʪʘʢ ʠ ʢʘʢ ʦʪʜʝʣʴʥʦʝ 

ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʟʚʠʪʠʷ. ɺ ʨʘʤʢʘʭ ʦʧʝʨʘʮʠʦʥ-

ʥʦʡ ʨʘʙʦʪʳ ʠʣʠ ʘʫʜʠʪʘ [5] ʯʘʩʪʦ ʤʦʛʫʪ ʙʳʪʴ 

ʥʘʡʜʝʥʳ ʫʷʟʚʠʤʦʩʪʠ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʠʩʧʦʣʴ-

ʟʦʚʘʪʴ ʧʨʠ ʘʪʘʢʘʭ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝ-

ʤʳ ʦʨʛʘʥʠʟʘʮʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʩʧʦʨʪʠʚʥʦʡ 

ʦʙʣʘʩʪʠ.  

ɼʣʷ ʧʨʠʦʨʠʪʠʟʘʮʠʠ ʟʘʜʘʯ ʧʦ ʠʩʧʨʘʚʣʝʥʠʶ 

ʦʰʠʙʦʢ ʨʘʙʦʪʳ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʠ 

ʫʷʟʚʠʤʦʩʪʝʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʟʘʱʠʪʫ ʜʘʥ-

ʥʳʭ, ʥʘʨʷʜʫ ʩ ʜʨʫʛʠʤʠ ʧʦʜʭʦʜʘʤʠ, ʠʩʧʦʣʴʟʫ-

ʝʪʩʷ ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ 

ʩʪʘʥʜʘʨʪʦʚ ʨʘʙʦʪʳ ï CVSS 4.0. 

CVSS ï ʦʪʢʨʳʪʳʡ ʜʣʷ ʦʙʱʝʛʦ ʜʦʩʪʫʧʘ 

ʩʪʘʥʜʘʨʪ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʦʙʲʝʢʪʠʚʥʦʡ 

ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʦʧʘʩʥʦʩʪʠ ʪʦʡ ʠʣʠ ʠʥʦʡ ʫʷʟ-

ʚʠʤʦʩʪʠ ʚ ʢʦʤʧʴʶʪʝʨʥʦʡ ʩʠʩʪʝʤʝ ʩ ʮʝʣʴʶ 

ʧʨʠʦʨʠʪʠʟʘʮʠʠ ʟʘʜʘʯ ʧʦ ʫʩʪʨʘʥʝʥʠʶ ʫʷʟʚʠʤʦ-

ʩʪʠ, ʘ ʪʘʢʞʝ ʩ ʮʝʣʴʶ ʨʘʩʯʝʪʘ ʫʨʦʚʥʷ ʧʦʪʝʥʮʠ-

ʘʣʴʥʦʛʦ ʨʠʩʢʘ ʚʟʣʦʤʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʢʦʤ-

ʧʴʶʪʝʨʥʦʡ ʩʠʩʪʝʤʳ ʠ/ʠʣʠ ʫʪʝʯʢʠ ʜʘʥʥʳʭ [6]. 

CVSS 4.0 ʧʨʠʩʚʘʠʚʘʝʪ ʢʘʞʜʦʡ ʫʷʟʚʠʤʦʩʪʠ 

ʯʠʩʣʦʚʫʶ ʦʮʝʥʢʫ ʦʪ 0.0 ʜʦ 10.0, ʛʜʝ ʚʳʩʰʠʡ 

ʙʘʣʣ ʦʪʨʘʞʘʝʪ ʤʘʢʩʠʤʘʣʴʥʫʶ ʢʨʠʪʠʯʥʦʩʪʴ. 

ɼʘʥʥʘʷ ʰʢʘʣʘ ʧʦʟʚʦʣʷʝʪ ʦʨʛʘʥʠʟʘʮʠʷʤ ʨʘʥ-

ʞʠʨʦʚʘʪʴ ʜʝʬʝʢʪʳ ʧʦ ʩʪʝʧʝʥʠ ʚʘʞʥʦʩʪʠ ʠ 

ʦʧʝʨʘʪʠʚʥʦ ʫʩʪʨʘʥʷʪʴ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʝ. 

ʆʮʝʥʢʘ ʩʪʨʦʠʪʩʷ ʥʘ ʪʨʸʭ ʛʨʫʧʧʘʭ ʧʘʨʘʤʝʪʨʦʚ: 

ʙʘʟʦʚʳʭ (ʥʝʠʟʤʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ), ʚʨʝ-

ʤʝʥʥʳʭ (ʜʠʥʘʤʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ) ʠ ʢʦʥ-

ʪʝʢʩʪʥʳʭ (ʩʧʝʮʠʬʠʢʘ ʩʨʝʜʳ) [6]. 

ɹʘʟʦʚʳʝ ʤʝʪʨʠʢʠ ʘʥʘʣʠʟʠʨʫʶʪ ʨʠʩʢ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʫʷʟʚʠʤʦʩʪʠ ʧʨʠ ʥʘʧʘʜʝʥʠʷʭ, 

ʚʢʣʶʯʘʷ ʚʝʢʪʦʨ ʘʪʘʢʠ (ʥʘʧʨʠʤʝʨ, ʫʜʘʣʸʥʥʦʝ 

ʚʳʧʦʣʥʝʥʠʝ ʢʦʜʘ), ʩʣʦʞʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ 

ʫʨʦʚʝʥʴ ʪʨʝʙʫʝʤʳʭ ʧʨʠʚʠʣʝʛʠʡ. ɺʣʠʷʥʠʝ 

ʦʮʝʥʠʚʘʝʪʩʷ ʧʦ ʪʨʸʤ ʢʨʠʪʝʨʠʷʤ: ʥʘʨʫʰʝʥʠʝ 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ, ʮʝʣʦʩʪʥʦʩʪʠ ʠ ʜʦʩʪʫʧ-
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ʥʦʩʪʠ ʜʘʥʥʳʭ. ɺʨʝʤʝʥʥʳʝ ʤʝʪʨʠʢʠ ʢʦʨʨʝʢʪʠ-

ʨʫʶʪ ʦʮʝʥʢʫ ʩ ʫʯʸʪʦʤ ʧʦʷʚʣʝʥʠʷ ʚʦʟʤʦʞʥʦ-

ʩʪʝʡ ʠʥʪʝʛʨʘʮʠʠ ʚ ʩʠʩʪʝʤʫ ʠʣʠ ʧʨʘʚʦʢ, ʘ ʢʦʥ-

ʪʝʢʩʪʥʳʝ ï ʘʜʘʧʪʠʨʫʶʪ ʝʸ ʧʦʜ ʢʦʥʢʨʝʪʥʫʶ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ [6]. 

ɺʝʢʪʦʨ ʘʪʘʢʠ ï ʵʪʦ ʩʧʦʩʦʙ ʠʣʠ ʧʫʪʴ, ʠʩ-

ʧʦʣʴʟʫʝʤʳʡ ʟʣʦʫʤʳʰʣʝʥʥʠʢʦʤ ʜʣʷ ʵʢʩʧʣʫʘ-

ʪʘʮʠʠ ʫʷʟʚʠʤʦʩʪʠ ʚ ʩʠʩʪʝʤʝ. ɺ CVSS ʦʥ ʢʣʘʩ-

ʩʠʬʠʮʠʨʫʝʪʩʷ ʧʦ ʫʨʦʚʥʶ ʜʦʩʪʫʧʘ: ʩʝʪʝʚʦʡ 

(ʫʜʘʣʸʥʥʘʷ ʘʪʘʢʘ), ʩʤʝʞʥʳʡ (ʣʦʢʘʣʴʥʘʷ ʩʝʪʴ), 

ʣʦʢʘʣʴʥʳʡ (ʪʨʝʙʫʝʪʩʷ ʜʦʩʪʫʧ ʢ ʩʠʩʪʝʤʝ) ʠʣʠ 

ʬʠʟʠʯʝʩʢʠʡ (ʧʨʷʤʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 

ʫʩʪʨʦʡʩʪʚʦʤ) [6]. 

ʇʦ ʠʪʦʛʦʚʦʤʫ ʙʘʣʣʫ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʠʥʘʣʴ-

ʥʳʡ ʫʨʦʚʝʥʴ ʫʛʨʦʟʳ ʥʘʡʜʝʥʥʦʡ ʫʷʟʚʠʤʦʩʪʠ, 

ʨʘʩʰʠʬʨʦʚʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙ-

ʣʠʮʝ 2 [6]. 

 

ʊʘʙʣʠʮʘ 2. ʉʦʦʪʚʝʪʩʪʚʠʝ ʯʠʩʣʦʚʦʡ ʦʮʝʥʢʠ ʫʷʟʚʠʤʦʩʪʠ ʧʦ CVSS 4.0 ʢ ʫʨʦʚʥʷʤ ʫʛʨʦʟʳ 
ʏʠʩʣʦʚʘʷ ʦʮʝʥʢʘ ʫʷʟʚʠʤʦʩʪʠ ʋʨʦʚʝʥʴ ʫʛʨʦʟʳ 

0.1 ï 3.9 ʅʠʟʢʠʡ 

4.0 ï 6.9 ʉʨʝʜʥʠʡ 

7.0 ï 8.9 ɺʳʩʦʢʠʡ 

9.0 ï 10.0 ʂʨʠʪʠʯʝʩʢʠʡ 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ CVSS 4.0 ʥʘʯʠʥʘʝʪʩʷ ʩ ʘʥʘ-

ʣʠʟʘ ʫʷʟʚʠʤʦʩʪʠ ï ʦʧʨʝʜʝʣʝʥʠʷ ʝʸ ʙʘʟʦʚʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ: ʚʝʢʪʦʨʘ ʘʪʘʢʠ, ʩʣʦʞʥʦʩʪʠ ʵʢʩ-

ʧʣʫʘʪʘʮʠʠ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. 

ɼʣʷ ʵʪʦʛʦ ʧʨʠʤʝʥʷʶʪʩʷ ʜʘʥʥʳʝ ʠʟ ʦʪʯʸʪʦʚ, 

ʨʝʟʫʣʴʪʘʪʳ ʩʢʘʥʠʨʦʚʘʥʠʷ ʠʣʠ ʵʢʩʧʝʨʪʥʳʝ 

ʦʮʝʥʢʠ. ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦ 

ʢʦʨʨʝʢʪʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʤʝʪʨʠʢʠ. ɺ ʯʘʩʪ-

ʥʦʩʪʠ, ʫʷʟʚʠʤʦʩʪʴ, ʪʨʝʙʫʶʱʘʷ ʬʠʟʠʯʝʩʢʦʛʦ 

ʜʦʩʪʫʧʘ ʢ ʫʩʪʨʦʡʩʪʚʫ, ʧʦʣʫʯʠʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʤʝʥʴʰʠʡ ʙʘʟʦʚʳʡ ʙʘʣʣ, ʯʝʤ ʘʥʘʣʦʛʠʯʥʘʷ 

ʫʛʨʦʟʘ, ʵʢʩʧʣʫʘʪʠʨʫʝʤʘʷ ʫʜʘʣʸʥʥʦ. ʇʦʩʣʝ 

ʨʘʩʯʸʪʘ ʙʘʟʦʚʦʡ ʦʮʝʥʢʠ ʫʯʠʪʳʚʘʶʪʩʷ ʚʨʝʤʝʥ-

ʥʳʝ ʬʘʢʪʦʨʳ ï ʥʘʣʠʯʠʝ ʚʨʝʤʝʥʥʳʭ ʦʙʭʦʜʥʳʭ 

ʨʝʰʝʥʠʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʪʦʯʥʠʪʴ ʘʢʪʫʘʣʴʥʳʡ 

ʫʨʦʚʝʥʴ ʫʛʨʦʟʳ [7]. 

ɼʣʷ ʠʥʪʝʛʨʘʮʠʠ CVSS ʚ ʧʨʦʮʝʩʩʳ ʫʧʨʘʚʣʝ-

ʥʠʷ ʨʠʩʢʘʤʠ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ 

ʨʘʩʯʸʪʳ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʠʥ-

ʩʪʨʫʤʝʥʪʦʚ [7], ʥʘʧʨʠʤʝʨ, ʪʘʢʠʭ, ʢʘʢ ʢʘʣʴʢʫ-

ʣʷʪʦʨ ʦʮʝʥʢʠ ʫʷʟʚʠʤʦʩʪʠ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʀʥ-

ʩʪʠʪʫʪʘ ʩʪʘʥʜʘʨʪʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ [8], ʧʨʦʜʫʢ-

ʪʳ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʴʶ ʦʪ 

ʢʦʤʧʘʥʠʠ Tenable [9] ʠʣʠ ʞʝ ʩʦʙʩʪʚʝʥʥʳʝ 

ʨʘʟʨʘʙʦʪʢʠ ʦʨʛʘʥʠʟʘʮʠʠ. ʆʜʥʘʢʦ ʬʠʥʘʣʴʥʘʷ 

ʦʮʝʥʢʘ ʜʦʣʞʥʘ ʙʳʪʴ ʚʝʨʠʬʠʮʠʨʦʚʘʥʘ ʀɹ-

ʩʧʝʮʠʘʣʠʩʪʘʤʠ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʘʜʘʧʪʘʮʠʠ ʢʦʥ-

ʪʝʢʩʪʥʳʭ ʤʝʪʨʠʢ. ʅʘʧʨʠʤʝʨ, ʫʷʟʚʠʤʦʩʪʴ ʩʦ 

ʩʨʝʜʥʠʤ ʫʨʦʚʥʝʤ ʫʛʨʦʟʳ ʤʦʞʝʪ ʙʳʪʴ ʧʦʚʳ-

ʰʝʥʘ ʜʦ ʚʳʩʦʢʦʡ ʜʣʷ ʬʠʥʘʥʩʦʚʦʡ ʦʨʛʘʥʠʟʘ-

ʮʠʠ, ʝʩʣʠ ʦʥʘ ʟʘʪʨʘʛʠʚʘʝʪ ʩʠʩʪʝʤʳ ʦʙʨʘʙʦʪʢʠ 

ʧʣʘʪʝʞʝʡ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ CVSS ʧʦʣʝʟʝʥ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪʯʸʪʥʦʩʪʠ ï ʥʘʛʣʷʜʥʦʝ ʦʪʦʙ-

ʨʘʞʝʥʠʝ ʢʨʠʪʠʯʥʦʩʪʠ ʫʧʨʦʱʘʝʪ ʢʦʤʤʫʥʠʢʘ-

ʮʠʶ ʩ ʨʫʢʦʚʦʜʩʪʚʦʤ ʠ ʨʝʛʫʣʷʪʦʨʘʤʠ. 

C ʧʦʤʦʱʴʶ ʩʪʘʥʜʘʨʪʘ CVSS ʤʦʞʥʦ ʦʮʝ-

ʥʠʪʴ ʩʣʝʜʫʶʱʠʝ ʫʛʨʦʟʳ: 

1) ʟʣʦʫʤʳʰʣʝʥʥʠʢ ʦʪʧʨʘʚʣʷʝʪ ʩʧʝʮʠʘʣʴʥʦ 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʡ HTTP-ʟʘʧʨʦʩ ʢ ʚʝʙ-ʩʝʨʚʝʨʫ, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʳʧʦʣʥʝʥʠʶ ʧʨʦʠʟʚʦʣʴʥʳʭ 

ʢʦʤʘʥʜ ʥʘ ʩʝʨʚʝʨʝ ʙʝʟ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ; 

2) ʠʟ-ʟʘ ʦʰʠʙʢʠ ʚ ʧʨʦʚʝʨʢʝ ʪʦʢʝʥʦʚ ʘʪʘʢʫ-

ʶʱʠʡ ʤʦʞʝʪ ʧʦʣʫʯʠʪʴ ʜʦʩʪʫʧ ʢ ʘʢʢʘʫʥʪʫ ʙʦ-

ʣʝʣʴʱʠʢʘ, ʧʦʜʤʝʥʠʚ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʩʝʩʩʠʠ; 

3) ʵʢʩʧʣʫʘʪʘʮʠʷ ʫʷʟʚʠʤʦʩʪʠ ʚ ʩʝʪʝʚʦʤ ʩʝʨ-

ʚʠʩʝ ʚʳʟʳʚʘʝʪ ʝʛʦ ʘʚʘʨʠʡʥʦʝ ʟʘʚʝʨʰʝʥʠʝ ʧʨʠ 

ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ, ʥʘʨʫʰʘʷ ʜʦʩʪʫʧʥʦʩʪʴ ʜʣʷ 

ʙʦʣʝʣʴʱʠʢʦʚ; 

4) ʫʪʝʯʢʘ ʜʘʥʥʳʭ ʠʟ-ʟʘ ʥʝʧʨʘʚʠʣʴʥʳʭ 

ʥʘʩʪʨʦʝʢ ʧʨʘʚ ʜʦʩʪʫʧʘ; 

5) ʬʘʡʣʳ ʙʘʟʳ ʜʘʥʥʳʭ, ʭʨʘʥʷʱʠʝʩʷ ʚ ʦʙ-

ʣʘʯʥʦʤ ʭʨʘʥʠʣʠʱʝ, ʜʦʩʪʫʧʥʳ ʜʣʷ ʩʢʘʯʠʚʘʥʠʷ 

ʣʶʙʳʤ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʠʟ-ʟʘ ʦʰʠʙʦʢ. 

ɺ ʢʘʢʠʭ ʩʠʪʫʘʮʠʷʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʩʩʤʘʪ-

ʨʠʚʘʝʤʦʛʦ ʩʪʘʥʜʘʨʪʘ ʙʫʜʝʪ ʧʦʤʦʛʘʪʴ ʚ ʦʧʝʨʘ-

ʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʦʙʝʩʧʝʯʝ-

ʥʠʝ ʀɹ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʬʫʪʙʦʣʴʥʳʭ ʢʣʫʙʦʚ? 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʠʚʝʜʝʤ ʩʣʝʜʫʶʱʠʝ 

ʧʨʠʤʝʨʳ, ʠʟʫʯʝʥʥʳʝ ʚ ʨʘʤʢʘʭ ʨʝʛʫʣʷʨʥʦʛʦ 

ʘʫʜʠʪʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʝʨʚʦʡ 

ʧʦʣʦʚʠʥʳ 2025 ʛʦʜʘ ʚ ʬʫʪʙʦʣʴʥʦʤ ʢʣʫʙʝ: 

1) ʙʳʣ ʚʳʷʚʣʝʥ ʥʝʜʦʩʪʘʪʦʢ ʚ ʩʠʩʪʝʤʝ 

ʫʧʨʘʚʣʝʥʠʷ ʚʝʙ-ʢʦʥʪʝʥʪʦʤ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʥʘ 

ʙʠʣʝʪʥʦʤ ʧʦʨʪʘʣʝ ʬʫʪʙʦʣʴʥʦʛʦ ʢʣʫʙʘ, ʧʦʟʚʦ-

ʣʷʶʱʠʡ ʩʪʦʨʦʥʥʝʤʫ ʧʦʣʴʟʦʚʘʪʝʣʶ ʤʝʥʷʪʴ 

ʮʝʥʳ ʥʘ ʙʠʣʝʪʳ, ʚʝʢʪʦʨʫ ʫʷʟʚʠʤʦʩʪʠ ʧʨʠʩʚʦ-

ʝʥʘ ʠʪʦʛʦʚʘʷ ʦʮʝʥʢʘ 9.3 (ʢʨʠʪʠʯʝʩʢʘʷ); 

2) ʚ ʭʦʜʝ ʘʫʜʠʪʘ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʮʝʧʦʯʢʘ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʚʫʭ ʫʷʟʚʠʤʦʩʪʝʡ ï ʧʝʨʚʘʷ ʫʷʟ-

ʚʠʤʦʩʪʴ ʧʦʟʚʦʣʷʣʘ ʧʦʣʫʯʠʪʴ ʫʯʝʪʥʳʝ ʜʘʥʥʳʝ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ ʥʠʟʢʠʤʠ ʧʨʠʚʠʣʝʛʠʷʤʠ, ʘ ʚʪʦ-
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ʨʘʷ ʫʷʟʚʠʤʦʩʪʴ ʧʦʟʚʦʣʷʣʘ ʧʦʚʳʩʠʪʴ ʧʨʠʚʠʣʝ-

ʛʠʠ ʜʦ ʫʨʦʚʥʷ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ, ʘʥʘʣʠʟ ʚ ʨʘʤ-

ʢʘʭ ʩʪʘʥʜʘʨʪʘ CVSS 4.0 ʧʦʟʚʦʣʠʣ ʩʤʦʜʝʣʠʨʦ-

ʚʘʪʴ ʧʦʣʥʳʡ ʚʝʢʪʦʨ ʘʪʘʢʠ ʠ ʧʨʠʩʚʦʠʪʴ ʝʡ ʠʪʦ-

ʛʦʚʫʶ ʦʮʝʥʢʫ 8.5 (ʚʳʩʦʢʘʷ); 

3) ʚ ʦʪʯʝʪʝ ʧʦʩʪʘʚʱʠʢʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʙʳʣʘ 

ʦʙʥʘʨʫʞʝʥʘ ʫʷʟʚʠʤʦʩʪʴ ʧʨʦʪʦʢʦʣʘ ʦʙʩʣʫʞʠ-

ʚʘʥʠʷ ʜʣʷ ʪʫʨʥʠʢʝʪʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʥʘ ʩʪʘ-

ʜʠʦʥʘʭ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʠʝ ʠʩʭʦʜʥʳʝ ʦʮʝʥ-

ʢʠ, ʪʨʝʙʦʚʘʥʠʝ ʬʠʟʠʯʝʩʢʦʛʦ ʜʦʩʪʫʧʘ ʩʫʱʝ-

ʩʪʚʝʥʥʦ ʩʥʠʟʠʣʦ ʬʠʥʘʣʴʥʳʡ ʙʘʣʣ ʜʦ 6.3 

(ʩʨʝʜʥʷʷ). 

ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʘʥʘʣʠʟ, ʫ ʯʝʪʚʝʨʪʦʡ ʨʝʜʘʢ-

ʮʠʠ CVSS ʝʩʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʜʦʩʪʦʠʥʩʪʚʘ ʠ 

ʥʝʜʦʩʪʘʪʢʠ (ʪʘʙʣ. 3). 

 

ʊʘʙʣʠʮʘ 3. ɼʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ CVSS 4.0 
ɼʦʩʪʦʠʥʩʪʚʘ ʩʪʘʥʜʘʨʪʘ ʅʝʜʦʩʪʘʪʢʠ ʩʪʘʥʜʘʨʪʘ 

ʉʪʘʥʜʘʨʪ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʙʲʝʢʪʠʚʥʦʩʪʴ ʦʮʝʥʢʠ ʟʘ ʩʯʸʪ ʜʝ-

ʪʘʣʠʟʠʨʦʚʘʥʥʳʭ ʤʝʪʨʠʢ, ʤʠʥʠʤʠʟʠʨʫʷ ʩʫʙʲʝʢʪʠʚʥʳʝ 

ʪʨʘʢʪʦʚʢʠ 

ʉʪʘʥʜʘʨʪ ʩʣʦʞʝʥ ʜʣʷ ʠʟʫʯʝʥʠʷ, ʤʥʦʞʝʩʪʚʦ ʤʝʪʨʠʢ ʪʨʝʙʫ-

ʝʪ ʛʣʫʙʦʢʦʛʦ ʧʦʥʠʤʘʥʠʷ ʀɹ-ʧʨʦʮʝʩʩʦʚ 

ɻʠʙʢʦʩʪʴ ʢʦʥʪʝʢʩʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʟʚʦʣʷʝʪ ʘʜʘʧʪʠʨʦ-

ʚʘʪʴ ʦʮʝʥʢʫ ʧʦʜ ʩʧʝʮʠʬʠʢʫ ʦʨʛʘʥʠʟʘʮʠʠ 

ʉʠʩʪʝʤʘ ʥʝ ʫʯʠʪʳʚʘʝʪ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʘʪʘʢʠ, ʢʦʛʜʘ ʥʝ-

ʩʢʦʣʴʢʦ ʫʷʟʚʠʤʦʩʪʝʡ ʥʠʟʢʦʡ ʢʨʠʪʠʯʥʦʩʪʠ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ 

ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʩʝʨʴʝʟʥʦʤʫ ʚʟʣʦʤʫ 

ʀʥʪʝʛʨʘʮʠʷ ʩ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʪʘʢʠʤʠ 

ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʩʢʘʥʝʨʳ ʫʷʟʚʠʤʦʩʪʝʡ 

ɺʨʝʤʝʥʥʳʝ ʤʝʪʨʠʢʠ ʤʦʛʫʪ ʯʘʩʪʦ ʦʧʘʟʜʳʚʘʪʴ ʩ ʘʢʪʫʘʣʠʟʘ-

ʮʠʝʡ, ʯʪʦ ʧʦʪʝʥʮʠʘʣʴʥʦ ʜʦʙʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚ ʢʨʘʪʢʠʡ 

ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʚʟʣʦʤʘʪʴ ʥʝʩʢʦʣʴʢʦ ʩʠʩʪʝʤ ʦʜʥʠʤ 

ʤʝʪʦʜʦʤ [11] 

ʄʝʞʜʫʥʘʨʦʜʥʦʝ ʧʨʠʟʥʘʥʠʝ CVSS ʫʧʨʦʱʘʝʪ ʢʦʤʤʫʥʠʢʘ-

ʮʠʶ ʤʝʞʜʫ ʀɹ-ʢʦʤʘʥʜʘʤʠ ʠ ʨʝʛʫʣʷʪʦʨʘʤʠ [10] 

ʗʚʣʷʷʩʴ ʠʟʥʘʯʘʣʴʥʦ ʘʤʝʨʠʢʘʥʩʢʠʤ ʧʨʦʜʫʢʪʦʤ, ʩʪʘʥʜʘʨʪ ʚ 

ʩʠʣʫ ʵʪʦʛʦ ʪʨʝʙʫʝʪ ʦʧʨʝʜʝʣʝʥʥʦʡ ʦʩʪʦʨʦʞʥʦʩʪʠ ʚ ʧʨʦʮʝʩ-

ʩʝ ʩʚʦʝʛʦ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʦʪʝʯʝʩʪʚʝʥʥʳʭ 

ʦʨʛʘʥʠʟʘʮʠʷʭ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, CVSS 4.0 ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʧʨʠʤʝʥʷʪʴ ʚ ʫʩʣʦʚʠʷʭ, ʪʨʝʙʫʶʱʠʭ ʩʪʘʥʜʘʨʪʠ-

ʟʠʨʦʚʘʥʥʦʛʦ ʧʦʜʭʦʜʘ: ʧʨʠ ʘʫʜʠʪʝ ʙʝʟʦʧʘʩʥʦ-

ʩʪʠ, ʫʧʨʘʚʣʝʥʠʠ ʠʥʮʠʜʝʥʪʘʤʠ ʠʣʠ ʚʳʙʦʨʝ 

ʜʘʣʴʥʝʡʰʠʭ ʜʦʨʘʙʦʪʦʢ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʠʥ-

ʬʨʘʩʪʨʫʢʪʫʨʳ. ʆʜʥʘʢʦ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʡ 

ʦʮʝʥʢʠ ʨʠʩʢʦʚ ʝʛʦ ʩʪʦʠʪ ʜʦʧʦʣʥʷʪʴ ʜʨʫʛʠʤʠ 

ʩʪʘʥʜʘʨʪʘʤʠ, ʥʘʧʨʠʤʝʨ, ʤʝʪʦʜʠʢʘʤʠ ʦʮʝʥʢʠ 

ʙʠʟʥʝʩ-ʧʦʩʣʝʜʩʪʚʠʡ (Business Impact 

Analysis) [13]. ʆʧʪʠʤʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

CVSS ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʦʯʝʪʘʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦ-

ʚʘʥʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʨʘʩʯʸʪʘ ʩ ʵʢʩʧʝʨʪʥʦʡ 

ʧʨʦʚʝʨʢʦʡ ʢʦʥʪʝʢʩʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ [7]. 

ʆʜʥʘʢʦ ʜʣʷ ʧʨʠʦʨʠʪʠʟʘʮʠʠ ʫʩʪʨʘʥʝʥʠʷ 

ʫʷʟʚʠʤʦʩʪʝʡ ʧʨʠ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʩʠʩʪʝʤ, 

ʪʨʝʙʫʶʱʠʭ ʧʦʩʪʦʷʥʥʦʡ ʨʘʙʦʪʳ ʥʘʜ ʀɹ, ʢʘʢ 

ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ ʚ ʬʫʪʙʦʣʴʥʳʭ ʢʣʫʙʘʭ, ʥʝʦʙ-

ʭʦʜʠʤʳ ʦʧʨʝʜʝʣʝʥʥʳʝ ʜʦʨʘʙʦʪʢʠ ʧʨʦʮʝʩʩʦʚ 

ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʩʪʝʤʳ CVSS 4.0. ʉʫʱʝ-

ʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʧʨʠʯʠʥ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʘʥ-

ʥʳʭ ʠʟʤʝʥʝʥʠʡ:  

1) ʯʘʩʪʦ ʤʦʞʥʦ ʚʩʪʨʝʪʠʪʴ ʩʠʪʫʘʮʠʶ, ʚ ʢʦ-

ʪʦʨʦʡ ʨʘʟʥʳʝ ʫʷʟʚʠʤʦʩʪʠ ʠʤʝʶʪ ʧʨʠʙʣʠʟʠ-

ʪʝʣʴʥʦ ʦʜʥʫ ʠ ʪʫ ʞʝ ʦʮʝʥʢʫ ʧʦ CVSS 4.0; 

2) ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʥʳʭ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʥʘʜ ʙʝʟʦʧʘʩʥʦʩʪʴʶ 

ʢʦʪʦʨʳʭ ʨʘʙʦʪʘʶʪ ʦʜʥʠ ʠ ʪʝ ʞʝ ʩʦʪʨʫʜʥʠʢʠ 

(ʥʘʧʨʠʤʝʨ, ʙʠʣʝʪʥʳʡ ʧʦʨʪʘʣ ʬʫʪʙʦʣʴʥʦʛʦ 

ʢʣʫʙʘ ʠ ʩʠʩʪʝʤʘ ʩʢʘʫʪʠʥʛʘ); 

3) ʝʩʣʠ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʝʢʪʘʭ ʩʫʱʝʩʪʚʫʝʪ 

ʦʧʨʝʜʝʣʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʚʥʦʟʥʘʯʥʳʭ ʫʷʟ-

ʚʠʤʦʩʪʝʡ ʠ ʟʘʜʝʡʩʪʚʦʚʘʥʳ ʦʜʥʠ ʠ ʪʝ ʞʝ ʨʝ-

ʩʫʨʩʳ, ʪʦ ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ ʧʨʦʙʣʝʤʳ ʩ ʦʧʨʝ-

ʜʝʣʝʥʠʝʤ ʧʨʠʦʨʠʪʝʪʘ ʠ ʩʣʦʞʥʦʩʪʠ ʩ ʧʣʘʥʠʨʦ-

ʚʘʥʠʝʤ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʇʦʵʪʦʤʫ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʨʘʩʧʠʩʘʪʴ ʩʠ-

ʩʪʝʤʫ ʦʙʨʘʙʦʪʢʠ ʚʭʦʜʷʱʠʭ ʟʘʜʘʯ ʧʦ ʫʩʪʨʘʥʝ-

ʥʠʶ ʫʷʟʚʠʤʦʩʪʝʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩ-

ʥʦʩʪʠ ʚ ʩʧʦʨʪʠʚʥʳʭ ʦʨʛʘʥʠʟʘʮʠʷʭ ʩ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʘ CVSS 4.0. 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʩʦʟʜʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʩʠ-

ʩʪʝʤʫ ʧʨʠʦʨʠʪʝʪʦʚ ʜʣʷ ʨʘʟʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ 

ʦʙʝʩʧʝʯʝʥʠʷ ʀɹ, ʦʥʘ ʤʦʞʝʪ ʙʳʪʴ ʫʥʠʢʘʣʴʥʦʡ 

ʜʣʷ ʢʘʞʜʦʛʦ ʬʫʪʙʦʣʴʥʦʛʦ ʢʣʫʙʘ ʚ ʟʘʚʠʩʠʤʦ-

ʩʪʠ ʦʪ ʮʝʣʝʡ ʠ ʧʦʩʪʘʚʣʝʥʥʳʭ ʧʝʨʝʜ ʦʨʛʘʥʠʟʘ-

ʮʠʝʡ ʧʨʠʦʨʠʪʝʪʘ. ʂʘʞʜʦʡ ʩʠʩʪʝʤʝ ʭʨʘʥʝʥʠʷ ʠ 

ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʘʥʥʳʭ ʧʨʠʩʚʘʠ-

ʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ, ʤʘʢʩʠ-

ʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʙʫʜʝʪ 1. ɼʘʥʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʚʨʝʤʝʥʠ ʩʝʟʦʥʘ. ɺ ʪʘʙʣʠʮʝ 4 ʧʨʝʜʩʪʘʚʣʝʥ 

ʧʨʠʤʝʨʥʳʡ ʩʧʠʩʦʢ ʩʠʩʪʝʤ, ʦʧʨʝʜʝʣʝʥʥʳʡ ʜʣʷ 

ʥʠʭ ʨʫʢʦʚʦʜʩʪʚʦʤ ʩʧʦʨʪʠʚʥʦʛʦ ʢʣʫʙʘ ʧʨʠʦʨʠ-

ʪʝʪ ʠ ʚʦʟʤʦʞʥʳʝ ʠʟʤʝʥʝʥʠʷ ʟʥʘʯʝʥʠʡ. 
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ʊʘʙʣʠʮʘ 4. ʂʦʵʬʬʠʮʠʝʥʪ ʧʨʠʦʨʠʪʝʪʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʬʫʪʙʦʣʴʥʦʛʦ ʢʣʫʙʘ 

ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ 

ɹʘʟʦʚʦʝ ʟʥʘʯʝʥʠʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʀʟʤʝʥʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʉʠʩʪʝʤʳ ʭʨʘʥʝʥʠʷ ʬʠʥʘʥʩʦʚʦʡ ʦʪʯʝʪʥʦʩʪʠ 1 ʅʝʪ 

ʉʠʩʪʝʤʳ ʭʨʘʥʝʥʠʷ ʘʥʘʣʠʪʠʢʠ ʧʦ ʬʫʪʙʦʣʴ-

ʥʳʤ ʤʘʪʯʘʤ 
0,9 

0,8 ʚ ʧʝʨʠʦʜ ʜʣʠʪʝʣʴʥʦʛʦ ʦʪʩʫʪʩʪʚʠʷ ʤʘʪʯʝʡ 

(ʥʘʧʨʠʤʝʨ, ʚ ʤʝʞʩʝʟʦʥʴʝ) 

ɹʘʟʳ ʜʘʥʥʳʭ ʦ ʩʦʚʝʨʰʝʥʥʳʭ ʪʨʘʥʩʬʝʨʘʭ 0,4 0,8 (ʚ ʧʝʨʠʦʜ ʦʪʢʨʳʪʦʛʦ ʪʨʘʥʩʬʝʨʥʦʛʦ ʦʢʥʘ) 

ɹʘʟʳ ʜʘʥʥʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠʛʨʦʢʦʚ 0,5 
0,7 (ʚ ʧʝʨʠʦʜ ʥʘʙʦʨʘ ʥʦʚʳʭ ʫʯʝʥʠʢʦʚ ʚ ʬʫʪ-

ʙʦʣʴʥʫʶ ʰʢʦʣʫ) 

ʐʣʶʟ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ 
1 

0,8 ʚ ʧʝʨʠʦʜ ʜʣʠʪʝʣʴʥʦʛʦ ʦʪʩʫʪʩʪʚʠʷ ʤʘʪʯʝʡ 

(ʥʘʧʨʠʤʝʨ, ʚ ʤʝʞʩʝʟʦʥʴʝ) 

CRM-ʩʠʩʪʝʤʳ ʬʫʪʙʦʣʴʥʦʛʦ ʢʣʫʙʘ 0,8 ʅʝʪ 

ɹʠʣʝʪʥʳʡ ʧʦʨʪʘʣ ʬʫʪʙʦʣʴʥʦʛʦ ʢʣʫʙʘ 0,8 
0,6 ʚ ʧʝʨʠʦʜ ʜʣʠʪʝʣʴʥʦʛʦ ʦʪʩʫʪʩʪʚʠʷ ʤʘʪʯʝʡ 

(ʥʘʧʨʠʤʝʨ, ʚ ʤʝʞʩʝʟʦʥʴʝ) 

ʆʥʣʘʡʥ-ʧʨʦʜʘʞʘ ʘʪʨʠʙʫʪʠʢʠ 0,4 ʅʝʪ 

ʂʠʙʝʨʬʠʟʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʠ ʚʠʨʪʫʘʣʴʥʳʝ 

ʜʚʦʡʥʠʢʠ 
0,8 

0,6 ʚ ʧʝʨʠʦʜ ʜʣʠʪʝʣʴʥʦʛʦ ʦʪʩʫʪʩʪʚʠʷ ʤʘʪʯʝʡ 

(ʥʘʧʨʠʤʝʨ, ʚ ʤʝʞʩʝʟʦʥʴʝ) 

 

ʇʦʣʫʯʝʥʥʳʡ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʪʘʥʜʘʨʪʘ 

CVSS 4.0 ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʫʷʟʚʠʤʦ-

ʩʪʠ ʫʤʥʦʞʘʝʪʩʷ ʥʘ ʜʘʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʠ 

ʧʦʣʫʯʘʝʪʩʷ ʠʪʦʛʦʚʘʷ ʢʘʨʪʠʥʘ, ʧʦʟʚʦʣʷʶʱʘʷ 

ʨʘʥʞʠʨʦʚʘʪʴ ʟʘʜʘʯʠ ʧʦ ʫʩʪʨʘʥʝʥʠʶ ʫʷʟʚʠʤʦ-

ʩʪʝʡ ʀɹ ʚ ʮʝʣʦʤ ʧʦ ʩʧʦʨʪʠʚʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ 

ʧʦ ʰʢʘʣʝ ʦʪ 0 ʜʦ 10.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʣʛʦʨʠʪʤ ʜʝʡʩʪʚʠʡ ʧʦ ʧʨʠ-

ʦʨʠʪʠʟʘʮʠʠ ʟʘʜʘʯ ʦʙʝʩʧʝʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥ-

ʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʙʫʜʝʪ ʚʳʛʣʷʜʝʪʴ ʩʣʝʜʫʶ-

ʱʠʤ ʦʙʨʘʟʦʤ:  

1) ʩʦʟʜʘʥʠʝ ʩʧʠʩʢʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠ-

ʩʪʝʤ ʬʫʪʙʦʣʴʥʦʛʦ ʢʣʫʙʘ, ʪʨʝʙʫʶʱʠʭ ʜʦʨʘʙʦ-

ʪʦʢ ʧʦ ʟʘʱʠʪʝ ʜʘʥʥʳʭ; 

2) ʧʨʠʩʚʦʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪ 0,1 ʜʦ 1 

ʢʘʞʜʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ʬʫʪʙʦʣʴʥʦ-

ʛʦ ʢʣʫʙʘ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʥʫʪʨʝʥʥʠʭ ʮʝʣʝʡ 

ʦʨʛʘʥʠʟʘʮʠʠ; 

3) ʩʙʦʨ ʚʩʝʭ ʥʘʡʜʝʥʥʳʭ ʫʷʟʚʠʤʦʩʪʝʡ ʚʦ 

ʚʩʝʭ ʥʘʡʜʝʥʥʳʭ ʩʠʩʪʝʤʘʭ; 

4) ʚʳʩʪʘʚʣʝʥʠʝ ʦʮʝʥʢʠ ʜʦʨʘʙʦʪʢʘʤ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʘ CVSS 4.0, ʧʦʣʫʯʝʥʠʝ 

ʨʝʟʫʣʴʪʘʪʘ ʘʥʘʣʠʟʘ ʜʣʷ ʚʩʝʭ ʥʘʡʜʝʥʥʳʭ ʟʘʜʘʯ 

ʚ ʮʝʣʦʤ; 

5) ʫʤʥʦʞʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘ 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʠʦʨʠʪʝʪʥʦʩʪʠ ʩʠʩʪʝʤʳ; 

6) ʩʨʘʚʥʝʥʠʝ ʧʦʣʫʯʠʚʰʠʭʩʷ ʜʘʥʥʳʭ ʤʝʞʜʫ 

ʩʦʙʦʡ, ʚʳʩʪʨʘʠʚʘʥʠʝ ʛʨʘʬʠʢʘ ʜʦʨʘʙʦʪʦʢ ʩ 

ʫʯʝʪʦʤ ʠʤʝʶʱʠʭʩʷ ʬʠʥʘʥʩʦʚʳʭ, ʚʨʝʤʝʥʥʳʭ ʠ 

ʯʝʣʦʚʝʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ.  

ɼʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʧʦʟʚʦʣʠʪ ʨʘʮʠʦʥʘʣʴʥʝʝ 

ʧʣʘʥʠʨʦʚʘʪʴ ʛʨʘʬʠʢ ʨʘʙʦʪ ʧʦ ʩʦʚʝʨʰʝʥʩʪʚʦ-

ʚʘʥʠʶ ʀɹ ʠ ʨʘʟʥʝʩʪʠ ʚʦ ʚʨʝʤʝʥʠ ʟʘʜʘʯʠ ʩ 

ʦʜʠʥʘʢʦʚʳʤ ʧʨʠʦʨʠʪʝʪʦʤ ʧʦ CVSS 4.0. ɺ ʢʘ-

ʯʝʩʪʚʝ ʧʨʠʤʝʨʘ, ʨʘʩʩʤʦʪʨʠʤ ʚʘʨʠʘʥʪ ʥʘʨʫʰʝ-

ʥʠʷ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʠ ʧʨʠʦʨʠʪʠʟʘʮʠʠ ʠʩ-

ʧʨʘʚʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʦʰʠʙʦʢ ʧʦ ʦʧʠʩʘʥʥʦ-

ʤʫ ʚʳʰʝ ʘʣʛʦʨʠʪʤʫ. 

ʅʘ ʦʜʥʦʤ ʠʟ ʩʘʡʪʦʚ ʬʫʪʙʦʣʴʥʦʛʦ ʢʣʫʙʘ ʩʫ-

ʱʝʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʦʙʨʝʩʪʠ ʙʠʣʝʪʳ ʥʘ 

ʬʫʪʙʦʣʴʥʳʝ ʤʘʪʯʠ ʈʦʩʩʠʡʩʢʦʡ ʇʨʝʤʴʝʨ-ʃʠʛʠ. 

ɺ ʧʨʦʮʝʩʩʝ ʧʨʠʦʙʨʝʪʝʥʠʷ ʧʦʩʘʜʦʯʥʳʭ ʪʘʣʦ-

ʥʦʚ ʧʨʦʠʩʭʦʜʠʪ ʜʚʝ ʠʥʪʝʛʨʘʮʠʠ: ʩ ʧʦʨʪʘʣʦʤ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʫʩʣʫʛ çɻʦʩʫʩʣʫʛʠè ʠ ʩ ʩʠ-

ʩʪʝʤʦʡ ʵʢʚʘʡʨʠʥʛʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʜʝʥʝʞʥʳʭ 

ʩʨʝʜʩʪʚ. 

ɺ ʨʘʤʢʘʭ ʤʳʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʩʠʪʫʘʮʠʷ, ʚ ʢʦʪʦʨʦʡ ʦʜʥʦʚʨʝ-

ʤʝʥʥʦ ʙʫʜʫʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʜʚʝ ʦʰʠʙʢʠ, ʥʘʨʫ-

ʰʘʶʱʠʝ ʮʝʣʦʩʪʥʦʩʪʴ ʢʦʥʪʫʨʘ ʠ ʩʧʦʩʦʙʥʳʝ 

ʧʨʠʚʝʩʪʠ ʢ ʢʠʙʝʨʘʪʘʢʘʤ ʠ ʫʪʝʯʢʘʤ ʠʥʬʦʨʤʘ-

ʮʠʠ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʟʣʦʫʤʳʰʣʝʥʥʠʢʠ ʤʦʛʫʪ 

ʧʝʨʝʭʚʘʪʠʪʴ ʜʘʥʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʦʪʧʨʘʚʣʷ-

ʝʤʳʝ ʧʦʨʪʘʣʫ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʫʩʣʫʛ çɻʦʩʫʩ-

ʣʫʛʠè, ʚʦ ʚʪʦʨʦʤ ï ʟʣʦʫʤʳʰʣʝʥʥʠʢʠ ʧʝʨʝʚʦ-

ʜʷʪ ʪʨʘʬʠʢ ʩ ʦʬʠʮʠʘʣʴʥʦʛʦ ʵʢʚʘʡʨʠʥʛʘ ʥʘ 

ʩʚʦʡ ʠ ʥʝʟʘʢʦʥʥʦ ʧʨʠʩʚʘʠʚʘʶʪ ʩʝʙʝ ʜʝʥʝʞʥʳʝ 

ʩʨʝʜʩʪʚʘ. 

ʇʨʠ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʜʚʫʭ ʧʘʨʘʣʣʝʣʴʥʳʭ, 

ʫʛʨʦʞʘʶʱʠʭ ʀɹ ʦʰʠʙʦʢ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʝʦʙ-

ʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢʘʷ ʠʟ ʥʠʭ ʥʘʠʙʦʣʝʝ 

ʟʥʘʯʠʤʘ ʠ ʪʨʝʙʫʝʪ ʙʦʣʝʝ ʦʧʝʨʘʪʠʚʥʦʛʦ ʚʤʝʰʘ-

ʪʝʣʴʩʪʚʘ. ʀʭ ʟʥʘʯʝʥʠʝ ʧʦ ʩʪʘʥʜʘʨʪʫ CVSS 4.0 

ʙʫʜʝʪ ʦʜʠʥʘʢʦʚʳʤ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʦ ʧʨʝʜʣʦ-

ʞʝʥʥʦʤʫ ʘʣʛʦʨʠʪʤʫ ʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʟʥʘʯʝʥʠʡ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 4, ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ:  

1) ʚʦʟʤʦʞʥʦʩʪʠ ʧʝʨʝʭʚʘʪʠʪʴ ʪʨʘʬʠʢ ʵʢʚʘʡ-

ʨʠʥʛʘ ʙʫʜʝʪ ʧʨʦʩʪʘʚʣʝʥ ʢʦʵʬʬʠʮʠʝʥʪ, ʨʘʚʥʳʡ 
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ʝʜʠʥʠʮʝ, ʪʘʢ ʢʘʢ ʩʚʷʟʘʥ ʩ ʬʠʥʘʥʩʦʚʳʤʠ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʢʣʫʙʘ;  

2) ʰʣʶʟ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ ʛʦʩʫʜʘʨʩʪʚʝʥ-

ʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʧʦ ʪʘʙʣʠʮʝ 4 

ʪʘʢʞʝ ʙʫʜʝʪ ʠʤʝʪʴ ʢʦʵʬʬʠʮʠʝʥʪ, ʨʘʚʥʳʡ 1; 

3) ʪʝʤ ʥʝ ʤʝʥʝʝ, ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʚʝʢʪʦʨ 

ʘʪʘʢʠ ʟʘʪʨʘʛʠʚʘʝʪ ʥʝ ʰʣʶʟ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ 

çɻʦʩʫʩʣʫʛʠè, ʘ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠʩʢʣʶʯʠʪʝʣʴʥʦ-

ʛʦ ʙʠʣʝʪʥʦʛʦ ʧʦʨʪʘʣʘ ʬʫʪʙʦʣʴʥʦʛʦ ʢʣʫʙʘ ʠ 

ʝʛʦ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʧʦ ʜʘʥʥʦʡ ʧʨʠʯʠʥʝ ʵʪʦ 

ʤʦʞʝʪ ʠʤʝʪʴ ʤʝʥʴʰʠʡ ʢʦʵʬʬʠʮʠʝʥʪ; 

4) ʙʠʣʝʪʥʳʡ ʧʦʨʪʘʣ ʬʫʪʙʦʣʴʥʦʛʦ ʢʣʫʙʘ ʩʘʤ 

ʧʦ ʩʝʙʝ ʠʤʝʝʪ ʢʦʵʬʬʠʮʠʝʥʪ 0,8, ʤʦʞʝʪ ʧʨʦ-

ʩʪʘʚʠʪʴ ʝʛʦ ʚ ʦʰʠʙʢʝ, ʦʧʠʩʘʥʥʦʡ ʚʳʰʝ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʰʠʙʢʘ, ʧʨʠʚʦʜʷʱʘʷ ʢ ʧʦ-

ʪʝʥʮʠʘʣʴʥʦʤʫ ʚʟʣʦʤʫ ʠʥʪʝʛʨʘʮʠʠ ʙʠʣʝʪʥʦʛʦ 

ʧʦʨʪʘʣʘ ʩ ʵʢʚʘʡʨʠʥʛʦʤ, ʦʢʘʟʘʣʘʩʴ ʧʨʠʦʨʠʪʝʪ-

ʥʝʝ ʦʰʠʙʢʠ, ʧʨʠʚʦʜʷʱʝʡ ʢ ʧʦʪʝʥʮʠʘʣʴʥʦʤʫ 

ʚʟʣʦʤʫ ʰʣʶʟʘ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ, ʧʨʠ 

ʦʜʠʥʘʢʦʚʦʤ ʟʥʘʯʝʥʠʠ ʚʘʞʥʦʩʪʠ ʧʦ CVSS 4.0 ʠ 

ʜʦʣʞʥʘ ʦʙʨʘʙʘʪʳʚʘʪʴʩʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ. 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʧʦʜʭʦʜ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʯʘ-

ʩʪʴʶ ʧʨʦʮʝʩʩʥʦʛʦ ʧʦʜʭʦʜʘ, ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʥʘ 

ʩʦʟʜʘʥʠʝ ʛʠʙʢʦʡ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠ-

ʩʪʝʤʳ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʠʦʨʠʪʝʪʘ ʚʭʦʜʷʱʠʭ ʟʘ-

ʜʘʯ ʧʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʙʦʣʝʝ 

ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʩʫʨʩʦʚ ʚ ʣʶ-

ʙʦʡ ʦʨʛʘʥʠʟʘʮʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩʧʦʨʪʠʚʥʦʡ, 

ʦʩʦʙʝʥʥʦ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʬʫʪʙʦʣʴʥʳʭ ʢʣʫʙʘʭ.  

ɺ ʟʘʢʣʶʯʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʦʧʠʩʘʥʥʳʡ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʘʣʛʦʨʠʪʤ 

ʥʝ ʦʪʚʝʯʘʝʪ ʥʘ ʚʩʝ ʚʦʧʨʦʩʳ ʨʘʥʞʠʨʦʚʘʥʠʷ ʠ 

ʧʨʠʦʨʠʪʠʟʘʮʠʠ ʟʘʜʘʯ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟ-

ʦʧʘʩʥʦʩʪʠ ʩʧʦʨʪʠʚʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʦʜʥʘʢʦ 

ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʦʧʨʝʜʝʣʝʥʠʶ ʧʨʦʮʝʩ-

ʩʦʚ ʦʪʩʣʝʞʠʚʘʥʠʷ ʠ ʠʩʧʨʘʚʣʝʥʠʷ ʫʷʟʚʠʤʦʩʪʝʡ 

ʚ ʮʝʣʦʤ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʠʪʴ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʝ 

ʧʨʦʙʣʝʤʳ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝ-

ʥʠ. ʀʟʣʦʞʝʥʥʳʝ ʚʦʧʨʦʩʳ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʘʩ-

ʩʤʘʪʨʠʚʘʪʴ ʚ ʨʘʤʢʘʭ ʧʨʦʮʝʩʩʥʦʛʦ ʧʦʜʭʦʜʘ ʢ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʚʢʣʶʯʘʶʱʝ-

ʛʦ ʦʧʨʝʜʝʣʝʥʠʝ ʦʙʲʝʢʪʦʚ ʦʙʝʩʧʝʯʝʥʠʷ ʀɹ (ʠʭ 

ʘʨʭʠʪʝʢʪʫʨʫ), ʮʝʣʝʧʦʣʘʛʘʥʠʝ, ʚʳʙʦʨ ʧʦʢʘʟʘ-

ʪʝʣʝʡ ʠ ʢʨʠʪʝʨʠʝʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʤʝʪʦʜʦʚ ʠ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʫʧʨʘʚʣʝʥʠʷ (ʚ ʪʦʤ ʯʠʩʣʝ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʳʭ ʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʩʠʩʪʝʤ); 

ʬʦʨʤʘʣʠʟʘʮʠʶ ʤʦʜʝʣʠ ʫʧʨʘʚʣʝʥʠʷ ʀɹ ʠ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʭ ʝʡ ʤʦʜʝʣʝʡ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʩ 

ʝʝ ʧʦʩʣʝʜʫʶʱʠʤ ʚʥʝʜʨʝʥʠʝʤ ʠ ʧʨʝʦʙʨʘʟʦʚʘ-

ʥʠʝʤ ʚ ʭʦʜʝ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤʳ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ 

ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʦʨʛʘʥʠʟʘʮʠʠ. ɼʘʥʥʳʝ ʘʩ-

ʧʝʢʪʳ ʚʢʣʶʯʘʶʪ ʠ ʧʨʦʙʣʝʤʘʪʠʢʫ ʘʥʪʠʢʨʠʟʠʩ-

ʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʨʘʩʩʤʘʪʨʠʚʘʶʱʫʶ ʢʨʠʟʠʩʳ 

ʢʘʢ ʠʩʪʦʯʥʠʢ ʨʘʟʚʠʪʠʷ ʦʨʛʘʥʠʟʘʮʠʠ [12]. ɺʩʝ 

ʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠ 

ʵʪʦʤ ʤʝʪʦʜʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʯʪʦ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʥʘ ʦʩʥʦʚʝ ʠʭ ʠʥ-

ʪʝʛʨʘʮʠʠ ʚ ʢʦʨʧʦʨʘʪʠʚʥʫʶ ʢʫʣʴʪʫʨʫ ʦʨʛʘʥʠ-

ʟʘʮʠʠ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʙʠʟʥʝʩ-

ʧʨʦʮʝʩʩʦʚ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʩʠʩʪʝʤʥʳʡ ʧʦʜ-

ʭʦʜ ʤʦʞʝʪ ʧʦʟʚʦʣʠʪʴ ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʵʣʝʤʝʥ-

ʪʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʢʦʥʢʨʝʪʥʳʡ 

ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴ ʠ ʣʦʛʠʢʫ 

ʧʦʩʪʨʦʝʥʠʷ ʜʨʫʛʠʭ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ, ʨʘʟʚʠʪʴ 

ʠʭ ʘʨʭʠʪʝʢʪʫʨʫ ʚ ʮʝʣʦʤ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʦʙʣʝʤʳ ʠʥʪʝʛʨʘʮʠʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘ-

ʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʩʦʚʨʝʤʝʥʥʦʡ ʤʫʣʴʪʠʧʨʦʪʦʢʦʣʴʥʦʡ ʩʨʝʜʳ. ɺʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ 

ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʧʨʦʪʦʢʦʣʦʚ ʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʨʝʜʩʪʚ ʠʥʪʝʛʨʘʮʠʠ, ʚʢʣʶʯʘʷ ʠʥʞʝʥʝʨʥʳʝ 

ʩʨʝʜʳ ʠ OPC-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʨʝʰʝʥʠʷ. ɺʳʷʚʣʝʥʳ ʢʣʶʯʝʚʳʝ ʦʛʨʘʥʠʯʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʛʝʪʝʨʦ-

ʛʝʥʥʦʩʪʴʶ ʘʜʨʝʩʘʮʠʠ, ʨʘʟʣʠʯʠʝʤ ʤʦʜʝʣʝʡ ʜʘʥʥʳʭ ʠ ʦʪʩʫʪʩʪʚʠʝʤ ʫʥʠʬʠʢʘʮʠʠ. ʆʙʦʩʥʦʚʘʥʦ ʧʝʨ-

ʩʧʝʢʪʠʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʚʳʰʝʥʠʷ ʠʥʪʝʨʦʧʝʨʘʙʝʣʴʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʘʙʩʪʨʘʢʮʠʠ ʧʨʦʪʦʢʦʣʦʚ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʝʜʠʥʦʡ ʤʦʜʝʣʠ ʜʘʥʥʳʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʤʳʰʣʝʥʥʘʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ; ʠʥʪʝʛʨʘʮʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ; ʤʫʣʴʪʠʧʨʦʪʦ-

ʢʦʣʴʥʘʷ ʩʨʝʜʘ; OPC UA; ʠʥʪʝʨʦʧʝʨʘʙʝʣʴʥʦʩʪʴ; ʫʥʠʬʠʢʘʮʠʷ ʜʘʥʥʳʭ; ʧʨʦʤʳʰʣʝʥʥʳʡ ʠʥʪʝʨʥʝʪ 

ʚʝʱʝʡ. 

 

ɺ ʫʩʣʦʚʠʷʭ ʨʘʟʚʠʪʠʷ ʢʦʥʮʝʧʮʠʠ 

Industry 4.0 ʟʘʜʘʯʘ ʠʥʪʝʛʨʘʮʠʠ ʧʨʦʤʳʰʣʝʥʥʦ-

ʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʝʜʠʥʦʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʟʥʘʯʠʤʦʡ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʩʠʩʪʝʤʳ 

ʚʢʣʶʯʘʶʪ ʨʘʟʥʦʨʦʜʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʧʨʦ-

ʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ ʠ ʢʘʥʘʣʳ ʦʙʤʝʥʘ ʜʘʥʥʳ-

ʤʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʛʝʪʝʨʦʛʝʥʥʦʩʪʠ 

ʧʨʦʤʳʰʣʝʥʥʦʡ ʩʨʝʜʳ ʠ ʫʩʣʦʞʥʷʝʪ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʝʝ ʢʦʤʧʦʥʝʥʪʘʤʠ [1, 2]. ʕʪʦ 

ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʙʦ-

ʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʠʥʪʝʛʨʘʮʠʠ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʫʶ ʩʣʦʞʥʦʩʪʴ ʩʦʟʜʘʝʪ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʢʦʤʤʫʥʠʢʘʮʠ-

ʦʥʥʳʭ ʧʨʦʪʦʢʦʣʦʚ ʠ ʧʣʘʪʬʦʨʤʝʥʥʳʭ ʨʝʰʝ-

ʥʠʡ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʥʝʨʝʜʢʦ ʞʝʩʪʢʦ ʩʚʷʟʘʥʥʳʭ ʩ 

ʵʢʦʩʠʩʪʝʤʦʡ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʦʠʟʚʦʜʠʪʝʣʷ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʠʥʪʝʛʨʘʮʠʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʪʨʝʙʫʝʪ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʥʘ ʩʦʛʣʘʩʦʚʘʥʠʝ ʤʦʜʝʣʝʡ 

ʜʘʥʥʳʭ, ʦʨʛʘʥʠʟʘʮʠʶ ʦʙʤʝʥʘ ʠ ʩʦʧʨʦʚʦʞʜʝ-

ʥʠʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ʉʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʮʠʬʨʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦ-

ʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʠʥʪʝʨʦʧʝʨʘʙʝʣʴʥʦ-

ʩʪʠ ʠ ʩʥʠʞʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʥʜʦʨ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʨʝʰʝʥʠʡ ʦʩʪʘʶʪʩʷ ʦʜʥʠʤʠ 

ʠʟ ʢʣʶʯʝʚʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʧʨʦʤʳʰ-

ʣʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ [1, 3]. 

ʆʙʟʦʨ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʧʨʦʪʦʢʦʣʦʚ ʠ 

ʧʦʜʭʦʜʦʚ ʢ ʠʥʪʝʛʨʘʮʠʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʉʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʧʨʦʤʳʰʣʝʥʥʦʡ ʘʚ-

ʪʦʤʘʪʠʟʘʮʠʠ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʚ ʫʩʣʦʚʠʷʭ 

ʤʫʣʴʪʠʧʨʦʪʦʢʦʣʴʥʦʡ ʩʨʝʜʳ, ʚ ʢʦʪʦʨʦʡ ʦʜʥʦ-

ʚʨʝʤʝʥʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʢʦʤʤʫʥʠ-

ʢʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʚ 

ʨʘʟʥʦʝ ʚʨʝʤʷ ʠ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘ ʨʘʟʥʳʝ 

ʧʨʠʢʣʘʜʥʳʝ ʟʘʜʘʯʠ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝ-

ʩʪʚʝʥʥʳʤ ʨʘʟʣʠʯʠʷʤ ʚ ʩʧʦʩʦʙʘʭ ʦʨʛʘʥʠʟʘʮʠʠ 

ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ, ʩʪʨʫʢʪʫʨʝ ʘʜʨʝʩʥʦʛʦ ʧʨʦ-

ʩʪʨʘʥʩʪʚʘ ʠ ʫʨʦʚʥʷʭ ʘʙʩʪʨʘʢʮʠʠ. ʇʨʦʪʦʢʦʣʳ 

ʧʨʦʤʳʰʣʝʥʥʦʡ ʢʦʤʤʫʥʠʢʘʮʠʠ ʤʦʛʫʪ ʙʳʪʴ 

ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʢʘʢ ʥʘ ʥʠʟʢʦʫʨʦʚʥʝʚʳʡ ʦʙʤʝʥ 

ʩʠʛʥʘʣʘʤʠ ʠ ʨʝʛʠʩʪʨʘʤʠ, ʪʘʢ ʠ ʥʘ ʧʨʝʜʩʪʘʚʣʝ-

ʥʠʝ ʜʘʥʥʳʭ ʚ ʚʠʜʝ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʦʙʲʝʢ-

ʪʦʚ, ʯʪʦ ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ 

ʠʥʪʝʛʨʘʮʠʠ ʚ ʝʜʠʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ [4]. 

ɺ ʫʩʣʦʚʠʷʭ ʨʦʩʪʘ ʩʣʦʞʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥ-

ʥʳʭ ʩʠʩʪʝʤ ʜʘʥʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʩʪʘʥʦʚʠʪʩʷ 

ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʬʘʢʪʦʨʦʚ, ʦʛʨʘʥʠʯʠʚʘʶ-

ʱʠʭ ʠʥʪʝʨʦʧʝʨʘʙʝʣʴʥʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʧʨʦʪʦʢʦʣʦʚ ʷʚʣʷʝʪʩʷ Modbus, ʧʨʠʤʝʥʷʝʤʳʡ 

ʜʣʷ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʢʦʥʪʨʦʣʣʝʨʘʤʠ, 

ʜʘʪʯʠʢʘʤʠ ʠ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ. 

ɽʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʧʨʦʩʪʦ-

ʪʦʡ ʨʝʘʣʠʟʘʮʠʠ, ʦʪʢʨʳʪʦʩʪʴʶ ʩʧʝʮʠʬʠʢʘʮʠʠ ʠ 

ʰʠʨʦʢʦʡ ʧʦʜʜʝʨʞʢʦʡ ʩʦ ʩʪʦʨʦʥʳ ʧʨʦʠʟʚʦʜʠ-

ʪʝʣʝʡ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʧʝ-

ʮʠʬʠʢʘʮʠʝʡ ʧʨʦʪʦʢʦʣʘ ʦʙʤʝʥ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʦ ʤʦʜʝʣʠ ʢʣʠʝʥʪïʩʝʨʚʝʨ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʥʘʙʦʨʘ ʬʫʥʢʮʠʡ ʜʦʩʪʫʧʘ ʢ 
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ʨʝʛʠʩʪʨʘʤ ʠ ʜʠʩʢʨʝʪʥʳʤ ʟʥʘʯʝʥʠʷʤ [5]. ɺʤʝ-

ʩʪʝ ʩ ʪʝʤ ʜʘʥʥʘʷ ʤʦʜʝʣʴ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʧʨʝ-

ʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʧʝʨʝʜʘʯʫ ʯʠʩʣʦʚʳʭ ʟʥʘʯʝ-

ʥʠʡ ʠ ʥʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʩʨʝʜʩʪʚ ʦʧʠʩʘʥʠʷ 

ʩʣʦʞʥʳʭ ʩʪʨʫʢʪʫʨ ʜʘʥʥʳʭ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ 

ʝʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʟʘʜʘʯʘʭ ʠʥʪʝʛʨʘʮʠʠ ʚʳʩʦʢʦ-

ʫʨʦʚʥʝʚʳʭ ʩʠʩʪʝʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠ ʦʙʲʝʜʠ-

ʥʝʥʠʠ ʫʩʪʨʦʡʩʪʚ, ʠʩʧʦʣʴʟʫʶʱʠʭ Modbus, ʩ 

ʙʦʣʝʝ ʩʣʦʞʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʪʨʝʙʫʝʪʩʷ ʜʦʧʦʣ-

ʥʠʪʝʣʴʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʜʘʥʥʳʭ ʠ ʩʦʛʣʘʩʦ-

ʚʘʥʠʝ ʬʦʨʤʘʪʦʚ ʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʪʘʥʜʘʨʪ OPC Unified 

Architecture, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʥʘ ʦʙʝʩʧʝʯʝ-

ʥʠʝ ʧʣʘʪʬʦʨʤʝʥʥʦ-ʥʝʟʘʚʠʩʠʤʦʛʦ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʷ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʨʦʤʳʰʣʝʥʥʦʡ 

ʩʠʩʪʝʤʳ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʨʦʪʦʢʦʣʦʚ, ʦʧʝʨʠʨʫ-

ʶʱʠʭ ʨʝʛʠʩʪʨʘʤʠ, OPC UA ʧʨʝʜʣʘʛʘʝʪ ʢʦʥ-

ʮʝʧʮʠʶ ʝʜʠʥʦʛʦ ʘʜʨʝʩʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ 

ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʤʦʜʝʣʠ ʜʘʥʥʳʭ, 

ʧʦʟʚʦʣʷʶʱʝʡ ʦʧʠʩʳʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʟʥʘʯʝʥʠʷ, 

ʥʦ ʠ ʠʭ ʩʝʤʘʥʪʠʢʫ, ʚʟʘʠʤʦʩʚʷʟʠ ʠ ʩʚʦʡ-

ʩʪʚʘ [6]. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʠʡ 

ʫʨʦʚʝʥʴ ʘʙʩʪʨʘʢʮʠʠ ʠ ʫʧʨʦʱʘʝʪ ʠʥʪʝʛʨʘʮʠʶ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. 

ʆʜʥʘʢʦ ʚʥʝʜʨʝʥʠʝ OPC UA ʥʝ ʫʩʪʨʘʥʷʝʪ ʧʦʣ-

ʥʦʩʪʴʶ ʧʨʦʙʣʝʤʫ ʤʫʣʴʪʠʧʨʦʪʦʢʦʣʴʥʦʩʪʠ, ʧʦ-

ʩʢʦʣʴʢʫ ʥʘ ʫʨʦʚʥʝ ʧʦʣʝʚʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʢʦʥ-

ʪʨʦʣʣʝʨʦʚ ʧʨʦʜʦʣʞʘʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʧʝ-

ʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʨʦʪʦʢʦʣʳ, ʪʘʢʠʝ ʢʘʢ S7 

ʠʣʠ Ethernet/IP, ʯʪʦ ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ ʰʣʶ-

ʟʦʚ ʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʣʦʝʚ ʪʨʘʥʩʣʷʮʠʠ [4]. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʘʩʧʝʢʪʦʤ ʷʚʣʷʝʪʩʷ ʦʨʛʘ-

ʥʠʟʘʮʠʷ ʧʨʦʛʨʘʤʤʥʦʡ ʣʦʛʠʢʠ ʫʧʨʘʚʣʝʥʠʷ, ʢʦ-

ʪʦʨʘʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʠʩʪʝʤ 

ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʘʥʜʘʨʪʦʤ 

IEC 61131-3. ɼʘʥʥʳʡ ʩʪʘʥʜʘʨʪ ʦʧʨʝʜʝʣʷʝʪ 

ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʝ ʷʟʳʢʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

ʢʦʥʪʨʦʣʣʝʨʦʚ, ʚʢʣʶʯʘʷ ʛʨʘʬʠʯʝʩʢʠʝ ʠ ʪʝʢʩʪʦ-

ʚʳʝ ʥʦʪʘʮʠʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʧʨʝʜʝʣʝʥʥʫʶ 

ʩʪʝʧʝʥʴ ʧʝʨʝʥʦʩʠʤʦʩʪʠ ʘʣʛʦʨʠʪʤʦʚ ʫʧʨʘʚʣʝ-

ʥʠʷ [7]. ʆʜʥʘʢʦ ʫʥʠʬʠʢʘʮʠʷ ʥʘ ʫʨʦʚʥʝ ʷʟʳʢʦʚ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʥʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʥʠ-

ʬʠʢʘʮʠʝʡ ʥʘ ʫʨʦʚʥʝ ʢʦʤʤʫʥʠʢʘʮʠʡ ʠ ʤʦʜʝʣʝʡ 

ʜʘʥʥʳʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʘʞʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʠ ʩʪʘʥʜʘʨʪʥʳʭ ʩʨʝʜʩʪʚ ʨʘʟʨʘʙʦʪʢʠ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʩʠʩʪʝʤʘʤʠ ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟ-

ʚʦʜʠʪʝʣʝʡ ʩʦʭʨʘʥʷʝʪ ʦʛʨʘʥʠʯʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ 

ʩ ʨʘʟʣʠʯʠʷʤʠ ʧʨʦʪʦʢʦʣʦʚ ʠ ʬʦʨʤʘʪʦʚ ʜʘʥʥʳʭ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʜʠʩʧʝʪʯʝ-

ʨʠʟʘʮʠʠ ʧʨʠʤʝʥʷʶʪʩʷ SCADA-ʩʠʩʪʝʤʳ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʩʙʦʨ ʠ ʚʠʟʫʘʣʠʟʘʮʠʶ ʜʘʥ-

ʥʳʭ, ʦʜʥʘʢʦ ʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʚ ʯʘʩʪʠ 

ʫʥʠʬʠʢʘʮʠʠ ʣʦʛʠʢʠ ʠ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ ʦʙʦʨʫ-

ʜʦʚʘʥʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʩʪʘʝʪʩʷ ʦʛʨʘʥʠʯʝʥ-

ʥʦʡ [8]. 

ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʨʝʜʩʪʚ ʠʥʪʝʛʨʘ-

ʮʠʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʩʨʝʜʩʪʚʘ ʠʥʪʝʛʨʘʮʠʠ ʧʨʦ-

ʤʳʰʣʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʤʦʞʥʦ ʫʩʣʦʚʥʦ 

ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ: ʠʥʞʝʥʝʨ-

ʥʳʝ ʩʨʝʜʳ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, ʢʦʤʤʫʥʠʢʘʮʠʦʥ-

ʥʳʝ ʧʣʘʪʬʦʨʤʳ ʥʘ ʙʘʟʝ OPC ʠ ʠʥʩʪʨʫʤʝʥʪʳ 

ʚʠʟʫʘʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʂ ʧʝʨʚʦʡ ʛʨʫʧʧʝ 

ʦʪʥʦʩʷʪʩʷ, ʚ ʯʘʩʪʥʦʩʪʠ, Siemens TIA Portal ʠ 

Rockwell Studio 5000 ï ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʩʨʝ-

ʜʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʷ, 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʭ ʩʝʤʝʡʩʪʚ ʢʦʥʪʨʦʣʣʝʨʦʚ ʠ ʩʚʷʟʘʥ-

ʥʳʭ ʫʩʪʨʦʡʩʪʚ ʚ ʨʘʤʢʘʭ ʵʢʦʩʠʩʪʝʤʳ ʢʦʥʢʨʝʪ-

ʥʦʛʦ ʧʨʦʠʟʚʦʜʠʪʝʣʷ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʦʙʝʩʧʝʯʠ-

ʚʘʝʪ ʚʳʩʦʢʫʶ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʠʥʞʝʥʝʨʥʳʭ 

ʧʨʦʮʝʜʫʨ ʠ ʫʜʦʙʩʪʚʦ ʧʨʠ ʨʘʙʦʪʝ ʩ ʦʙʦʨʫʜʦʚʘ-

ʥʠʝʤ ʦʜʥʦʛʦ ʚʝʥʜʦʨʘ, ʦʜʥʘʢʦ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʫʩʠʣʠʚʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʝʛʦ ʧʨʦʛʨʘʤʤʥʦʡ ʠ 

ʘʧʧʘʨʘʪʥʦʡ ʧʣʘʪʬʦʨʤʳ. ʅʘ ʧʨʘʢʪʠʢʝ ʵʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʫʣʴʪʠʚʝʥʜʦʨ-

ʥʳʭ ʩʠʩʪʝʤ ʪʨʝʙʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝ-

ʩʢʦʣʴʢʠʭ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩʨʝʜ ʨʘʟʨʘʙʦʪ-

ʢʠ, ʯʪʦ ʫʩʣʦʞʥʷʝʪ ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʧʨʦʝʢʪʘ, 

ʧʦʚʳʰʘʝʪ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʚʘʣʠʬʠʢʘʮʠʠ ʧʝʨʩʦ-

ʥʘʣʘ ʠ ʟʘʪʨʫʜʥʷʝʪ ʧʦʚʪʦʨʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʠʥʞʝʥʝʨʥʳʭ ʨʝʰʝʥʠʡ ʚʥʝ ʠʩʭʦʜʥʦʡ ʵʢʦʩʠ-

ʩʪʝʤʳ [8, 9]. 

ʂ ʦʪʜʝʣʴʥʦʤʫ ʢʣʘʩʩʫ ʦʪʥʦʩʷʪʩʷ ʢʦʤʤʫʥʠ-

ʢʘʮʠʦʥʥʳʝ ʨʝʰʝʥʠʷ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘ 

ʦʙʝʩʧʝʯʝʥʠʝ ʩʚʷʟʥʦʩʪʠ ʤʝʞʜʫ ʧʨʦʤʳʰʣʝʥ-

ʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʠ ʚʥʝʰʥʠʤʠ ʩʠʩʪʝʤʘʤʠ 

ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ, ʚ ʯʘʩʪʥʦ-

ʩʪʠ, ʧʨʦʜʫʢʪʳ ʩʝʤʝʡʩʪʚʘ Kepware ʠ Matrikon, 

ʙʘʟʠʨʫʶʱʠʝʩʷ ʥʘ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʭ ʤʝʭʘ-

ʥʠʟʤʘʭ ʦʙʤʝʥʘ ʠ ʫʥʠʬʠʢʘʮʠʠ ʜʘʥʥʳʭ, ʨʝʘʣʠ-

ʟʦʚʘʥʥʳʭ ʚ ʨʘʤʢʘʭ OPC Unified 

Architecture [6]. ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʧʦʜʦʙʥʳʭ 

ʧʣʘʪʬʦʨʤ ʷʚʣʷʝʪʩʷ ʰʠʨʦʢʠʡ ʥʘʙʦʨ ʜʨʘʡʚʝʨʦʚ 

ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʙʳʩʪʨʦʛʦ ʧʦʜʢʣʶʯʝʥʠʷ ʨʘʟʥʦ-

ʨʦʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʜʘʥʥʳʭ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦ-

ʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʥʠʟʢʦʫʨʦʚʥʝʚʦʛʦ ʦʙʤʝʥʘ. ʆʜ-

ʥʘʢʦ ʧʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ ʦʥʠ ʦʨʠʝʥʪʠʨʦʚʘʥʳ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʪʨʘʥʩʧʦʨʪ ʠ ʥʦʨʤʘʣʠʟʘ-

ʮʠʶ ʜʘʥʥʳʭ, ʘ ʥʝ ʥʘ ʨʝʘʣʠʟʘʮʠʶ ʣʦʛʠʢʠ 

ʫʧʨʘʚʣʝʥʠʷ, ʧʘʨʘʤʝʪʨʠʟʘʮʠʶ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʠʣʠ ʧʦʩʪʨʦʝʥʠʝ ʩʣʦʞʥʳʭ ʩʮʝʥʘʨʠʝʚ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʠʝ ʨʝʰʝʥʠʷ ʚʳʩʪʫ-
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ʧʘʶʪ ʚ ʨʦʣʠ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʩʣʦʷ ʤʝʞʜʫ 

ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʠ SCADA-, MES- ʠʣʠ IIoT-

ʩʠʩʪʝʤʘʤʠ, ʥʦ ʥʝ ʟʘʤʝʥʷʶʪ ʧʦʣʥʦʮʝʥʥʫʶ ʠʥ-

ʞʝʥʝʨʥʫʶ ʩʨʝʜʫ [8, 9]. 

ʊʨʝʪʴʶ ʛʨʫʧʧʫ ʩʦʩʪʘʚʣʷʶʪ ʠʥʩʪʨʫʤʝʥʪʳ 

ʚʠʟʫʘʣʴʥʦʛʦ ʠ ʩʦʙʳʪʠʡʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʝʝ ʧʦ-

ʢʘʟʘʪʝʣʴʥʳʤ ʷʚʣʷʝʪʩʷ Node-RED. ʇʦʜʦʙʥʳʝ 

ʨʝʰʝʥʠʷ ʨʝʘʣʠʟʫʶʪ ʧʦʜʭʦʜ ʢ ʧʦʩʪʨʦʝʥʠʶ 

ʧʨʠʣʦʞʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʩʦʙʳʪʠʡʥʦʡ ʘʨʭʠʪʝʢ-

ʪʫʨʳ ʠ ʧʦʪʦʢʦʚ ʜʘʥʥʳʭ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʦ-

ʚʨʝʤʝʥʥʳʤ ʪʝʥʜʝʥʮʠʷʤ ʨʘʟʚʠʪʠʷ ʧʨʦʤʳʰ-

ʣʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ [3, 10]. ʀʭ 

ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʙʳʩʪ-

ʨʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʠʩʪʦʯʥʠʢʦʚ ʜʘʥʥʳʭ, ʩʝʨʚʠ-

ʩʦʚ ʠ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʯʝʨʝʟ 

ʛʨʘʬ ʧʦʪʦʢʦʚ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʫʜʦʙʥʳʤʠ ʜʣʷ 

ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʩʪʳʭ ʘʚ-

ʪʦʤʘʪʠʟʘʮʠʦʥʥʳʭ ʩʮʝʥʘʨʠʝʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ 

ʨʘʤʢʘʭ IIoT [10, 11]. ʆʜʥʘʢʦ ʧʦ ʤʝʨʝ ʨʦʩʪʘ 

ʯʠʩʣʘ ʧʦʪʦʢʦʚ ʠ ʩʚʷʟʝʡ ʪʘʢʠʝ ʩʠʩʪʝʤʳ ʫʩʣʦʞ-

ʥʷʶʪʩʷ ʚ ʩʦʧʨʦʚʦʞʜʝʥʠʠ ʠ ʪʨʝʙʫʶʪ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʳʭ ʧʨʘʢʪʠʢ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ. ɺ ʫʩʣʦ-

ʚʠʷʭ ʢʨʫʧʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʠʩʪʝʤ ʵʪʦ 

ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʦʛʨʘʥʠʯʝʥʥʦʡ ʤʘʩʰʪʘʙʠʨʫʝʤʦ-

ʩʪʠ, ʩʣʘʙʦʡ ʬʦʨʤʘʣʠʟʘʮʠʠ ʤʦʜʝʣʝʡ ʜʘʥʥʳʭ ʠ 

ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʩʪʨʦʛʦʩʪʠ ʪʠʧʠʟʘʮʠʠ, ʯʪʦ ʩʥʠ-

ʞʘʝʪ ʠʭ ʧʨʠʛʦʜʥʦʩʪʴ ʚ ʢʘʯʝʩʪʚʝ ʫʥʠʚʝʨʩʘʣʴ-

ʥʦʡ ʩʨʝʜʳ ʠʥʪʝʛʨʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ [11, 12]. 

ʂʣʶʯʝʚʳʝ ʧʨʦʙʣʝʤʳ ʠʥʪʝʛʨʘʮʠʠ ʧʨʦ-

ʤʳʰʣʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʤʫʣʴʪʠʧʨʦ-

ʪʦʢʦʣʴʥʦʡ ʩʨʝʜʝ 

ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ, ʟʘʪʨʫʜʥʷʶʱʠʭ 

ʧʦʩʪʨʦʝʥʠʝ ʝʜʠʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʨʦ-

ʩʪʨʘʥʩʪʚʘ ʥʘ ʧʨʦʤʳʰʣʝʥʥʦʤ ʦʙʲʝʢʪʝ, ʷʚʣʷʝʪ-

ʩʷ ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ ʘʜʨʝʩʘʮʠʠ. ʈʘʟʣʠʯʥʳʝ ʧʨʦ-

ʪʦʢʦʣʳ ʠ ʧʨʦʛʨʘʤʤʥʳʝ ʧʣʘʪʬʦʨʤʳ ʠʩʧʦʣʴʟʫ-

ʶʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʨʘʟʥʳʝ ʩʧʦʩʦʙʳ ʦʙʨʘʱʝ-

ʥʠʷ ʢ ʜʘʥʥʳʤ: ʦʪ ʨʝʛʠʩʪʨʦʚʦʡ ʤʦʜʝʣʠ ʠ ʜʠʩ-

ʢʨʝʪʥʳʭ ʦʙʣʘʩʪʝʡ ʚ Modbus ʜʦ ʦʙʲʝʢʪʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʘʜʨʝʩʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ 

OPC UA. ɺ ʩʧʝʮʠʬʠʢʘʮʠʠ Modbus ʧʨʠʢʣʘʜ-

ʥʦʡ ʦʙʤʝʥ ʩʪʨʦʠʪʩʷ ʚʦʢʨʫʛ ʬʫʥʢʮʠʡ ʜʦʩʪʫʧʘ ʢ 

ʜʠʩʢʨʝʪʥʳʤ ʚʭʦʜʘʤ, ʦʙʣʘʩʪʷʤ coils ʠ ʨʝʛʠ-

ʩʪʨʘʤ (input ʠ holding registers) [5], ʪʦʛʜʘ ʢʘʢ 

OPC UA ʦʧʠʨʘʝʪʩʷ ʥʘ ʤʦʜʝʣʴ AddressSpace, ʚ 

ʢʦʪʦʨʦʡ ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʫʟʣʦʚ, 

ʘʪʨʠʙʫʪʦʚ ʠ ʩʚʷʟʝʡ ʤʝʞʜʫ ʥʠʤʠ [6]. ɼʘʞʝ ʧʨʠ 

ʩʦʚʧʘʜʝʥʠʠ ʬʠʟʠʯʝʩʢʦʛʦ ʩʤʳʩʣʘ ʧʘʨʘʤʝʪʨʘ 

ʩʧʦʩʦʙʳ ʝʛʦ ʠʜʝʥʪʠʬʠʢʘʮʠʠ, ʯʪʝʥʠʷ ʠ ʠʥʪʝʨ-

ʧʨʝʪʘʮʠʠ ʚ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤʘʭ ʦʢʘʟʳʚʘʶʪʩʷ 

ʥʝʩʦʧʦʩʪʘʚʠʤʳʤʠ ʙʝʟ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʫʨʦʚ-

ʥʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. ʕʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʣʦʞ-

ʥʷʝʪ ʧʨʷʤʫʶ ʠʥʪʝʛʨʘʮʠʶ ʨʘʟʥʦʨʦʜʥʦʛʦ ʦʙʦ-

ʨʫʜʦʚʘʥʠʷ ʠ ʧʦʚʳʰʘʝʪ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʨʦ-

ʛʨʘʤʤʥʳʤ ʩʨʝʜʩʪʚʘʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʩʦ-

ʛʣʘʩʦʚʘʥʠʝ ʘʜʨʝʩʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ. 

ʉʫʱʝʩʪʚʝʥʥʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʨʘʟʣʠ-

ʯʠʝ ʤʦʜʝʣʝʡ ʜʘʥʥʳʭ. ʅʠʟʢʦʫʨʦʚʥʝʚʳʝ ʧʨʦ-

ʤʳʰʣʝʥʥʳʝ ʧʨʦʪʦʢʦʣʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʨʠʝʥ-

ʪʠʨʦʚʘʥʳ ʥʘ ʧʝʨʝʜʘʯʫ ʦʪʜʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ 

ʠʣʠ ʥʝʙʦʣʴʰʠʭ ʛʨʫʧʧ ʧʘʨʘʤʝʪʨʦʚ, ʪʦʛʜʘ ʢʘʢ 

ʩʦʚʨʝʤʝʥʥʳʝ ʠʥʪʝʛʨʘʮʠʦʥʥʳʝ ʧʦʜʭʦʜʳ ʪʨʝ-

ʙʫʶʪ ʦʧʠʩʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʦʙʲʝʢʪʘ, ʝʛʦ 

ʩʚʦʡʩʪʚ, ʩʦʩʪʦʷʥʠʡ ʠ ʩʚʷʟʝʡ ʩ ʜʨʫʛʠʤʠ ʢʦʤ-

ʧʦʥʝʥʪʘʤʠ ʩʠʩʪʝʤʳ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʧʨʦʪʦ-

ʢʦʣʳ, ʵʬʬʝʢʪʠʚʥʦ ʨʘʙʦʪʘʶʱʠʝ ʥʘ ʫʨʦʚʥʝ ʦʙ-

ʤʝʥʘ ʩʠʛʥʘʣʘʤʠ, ʦʢʘʟʳʚʘʶʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʚʳʨʘʟʠʪʝʣʴʥʳʤʠ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʚʝʨʭʥʝʫʨʦʚ-

ʥʝʚʳʭ ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ, ʘʥʘʣʠʪʠʢʠ ʠ ʤʝʞ-

ʩʠʩʪʝʤʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. OPC UA ʧʨʝʜʣʘ-

ʛʘʝʪ ʙʦʣʝʝ ʨʘʟʚʠʪʫʶ ʢʦʥʮʝʧʪʫʘʣʴʥʫʶ ʦʩʥʦʚʫ, 

ʧʦʩʢʦʣʴʢʫ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʝʜʠʥʦʝ ʘʜʨʝʩʥʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ, ʪʠʧʦʚʳʝ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʲʝʢʪʦʚ, 

ʩʝʨʚʠʩʥʫʶ ʤʦʜʝʣʴ ʠ ʚʩʪʨʦʝʥʥʳʝ ʤʝʭʘʥʠʟʤʳ 

ʙʝʟʦʧʘʩʥʦʩʪʠ [6]. ʆʜʥʘʢʦ ʚ ʨʝʘʣʴʥʦʡ ʵʢʩʧʣʫʘ-

ʪʘʮʠʠ ʪʘʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʩʫʱʝʩʪʚʫʶʪ ʩ 

ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʠʩʧʦʣʴʟʫʶʱʠʤ ʙʦʣʝʝ ʧʨʦ-

ʩʪʳʝ ʩʭʝʤʳ ʦʙʤʝʥʘ, ʯʪʦ ʩʦʭʨʘʥʷʝʪ ʨʘʟʨʳʚ 

ʤʝʞʜʫ ʧʦʣʝʚʳʤ ʠ ʠʥʪʝʛʨʘʮʠʦʥʥʳʤ ʫʨʦʚʥʷ-

ʤʠ [4, 6]. 

ʀʟ ʨʘʟʣʠʯʠʷ ʘʜʨʝʩʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ ʠ ʤʦʜʝ-

ʣʝʡ ʜʘʥʥʳʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʳʪʝʢʘʝʪ ʧʨʦ-

ʙʣʝʤʘ ʦʪʩʫʪʩʪʚʠʷ ʫʥʠʬʠʢʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʆʜʥʦ ʠ ʪʦ ʞʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʧʦʥʷʪʠʝ, ʥʘʧʨʠʤʝʨ ʪʝʤʧʝʨʘ-

ʪʫʨʘ, ʜʘʚʣʝʥʠʝ ʠʣʠ ʩʦʩʪʦʷʥʠʝ ʠʩʧʦʣʥʠʪʝʣʴʥʦ-

ʛʦ ʤʝʭʘʥʠʟʤʘ, ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ 

ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤʘʭ ʯʝʨʝʟ ʨʘʟʥʳʝ ʪʠʧʳ ʧʝʨʝ-

ʤʝʥʥʳʭ, ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ, ʬʦʨʤʘʪʳ ʭʨʘʥʝ-

ʥʠʷ ʠ ʧʨʘʚʠʣʘ ʜʦʩʪʫʧʘ. ɼʘʞʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʠ ʝʜʠʥʳʭ ʠʥʞʝʥʝʨʥʳʭ ʩʨʝʜ ʩʪʘʥʜʘʨʪʠʟʘʮʠʷ 

ʣʦʛʠʢʠ ʫʧʨʘʚʣʝʥʠʷ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʘʚʪʦʤʘ-

ʪʠʯʝʩʢʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʥʘ ʫʨʦʚʥʝ ʦʙʤʝʥʘ 

ʜʘʥʥʳʤʠ. ʉʪʘʥʜʘʨʪ IEC 61131-3 ʫʥʠʬʠʮʠʨʫʝʪ 

ʷʟʳʢʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʢʦʥʪʨʦʣʣʝʨʦʚ, ʦʜ-

ʥʘʢʦ ʥʝ ʫʩʪʨʘʥʷʝʪ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʧʨʦʪʦʢʦ-

ʣʘʤʠ, ʬʦʨʤʘʪʘʤʠ ʧʘʨʘʤʝʪʨʦʚ ʠ ʤʝʭʘʥʠʟʤʘʤʠ 

ʚʥʝʰʥʝʛʦ ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ [7]. ɺ ʪʘʢʠʭ ʫʩʣʦ-

ʚʠʷʭ ʠʥʪʝʛʨʘʮʠʷ ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ ʩʧʝʮʠʘ-

ʣʠʟʠʨʦʚʘʥʥʳʭ ʰʣʶʟʦʚ ʠʣʠ ʨʘʟʨʘʙʦʪʢʠ ʜʦʧʦʣ-

ʥʠʪʝʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʣʦʷ, ʚʳʧʦʣʥʷʶʱʝ-

ʛʦ ʬʫʥʢʮʠʠ ʥʦʨʤʘʣʠʟʘʮʠʠ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

ʜʘʥʥʳʭ [8, 10]. 
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ʆʪʜʝʣʴʥʫʶ ʩʣʦʞʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʘʨʘ-

ʤʝʪʨʠʟʘʮʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʤʫʣʴʪʠʚʝʥʜʦʨʥʦʡ 

ʩʨʝʜʝ. ʀʥʞʝʥʝʨʥʳʝ ʧʨʦʮʝʜʫʨʳ ʥʘʩʪʨʦʡʢʠ, 

ʘʜʨʝʩʘʮʠʠ, ʟʘʛʨʫʟʢʠ ʢʦʥʬʠʛʫʨʘʮʠʠ ʠ ʩʦʧʨʦ-

ʚʦʞʜʝʥʠʷ ʧʨʦʝʢʪʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʞʝʩʪʢʦ ʩʚʷʟʘ-

ʥʳ ʩ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʦʠʟʚʦʜʠ-

ʪʝʣʷ. ʀʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʩʨʝʜʳ, ʪʘʢʠʝ ʢʘʢ TIA 

Portal ʠ Studio 5000, ʧʦʟʠʮʠʦʥʠʨʫʶʪʩʷ ʢʘʢ 

ʝʜʠʥʳʝ ʠʥʞʝʥʝʨʥʳʝ ʧʣʘʪʬʦʨʤʳ ʜʣʷ ʨʘʙʦʪʳ ʩ 

ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʢʦʩʠʩʪʝʤ, 

ʚʢʣʶʯʘʷ ʢʦʥʪʨʦʣʣʝʨʳ, ʨʘʩʧʨʝʜʝʣʝʥʥʳʡ ʚʚʦʜ-

ʚʳʚʦʜ ʠ ʩʨʝʜʩʪʚʘ ʚʠʟʫʘʣʠʟʘʮʠʠ. ʊʘʢʦʡ ʧʦʜʭʦʜ 

ʵʬʬʝʢʪʠʚʝʥ ʚ ʨʘʤʢʘʭ ʦʜʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦ-

ʛʦ ʩʪʝʢʘ, ʦʜʥʘʢʦ ʧʨʠ ʦʙʲʝʜʠʥʝʥʠʠ ʦʙʦʨʫʜʦʚʘ-

ʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʧʨʠʚʦʜʠʪ ʢ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʩʢʦʣʴʢʠʭ 

ʠʥʞʝʥʝʨʥʳʭ ʩʨʝʜ ʠ ʨʘʟʥʦʨʦʜʥʳʭ ʧʨʦʮʝʜʫʨ 

ʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʷ [8, 9]. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʫʚʝʣʠʯʠʚʘʝʪ ʩʣʦʞʥʦʩʪʴ ʥʘʣʘʜʢʠ, ʧʦʚʳʰʘʝʪ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʚʘʣʠʬʠʢʘʮʠʠ ʧʝʨʩʦʥʘʣʘ ʠ ʩʥʠ-

ʞʘʝʪ ʧʝʨʝʥʦʩʠʤʦʩʪʴ ʠʥʞʝʥʝʨʥʳʭ ʨʝʰʝʥʠʡ. 

 

ʆʙʦʩʥʦʚʘʥʠʝ ʥʘʧʨʘʚʣʝʥʠʡ ʫʥʠʬʠʢʘʮʠʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʦʙʦʨʫʜʦ-

ʚʘʥʠʷ 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʜ-

ʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʨʝʦʜʦ-

ʣʝʥʠʷ ʦʛʨʘʥʠʯʝʥʠʡ ʤʫʣʴʪʠʧʨʦʪʦʢʦʣʴʥʦʡ ʩʨʝ-

ʜʳ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʧʝʨʝʭʦʜ ʦʪ ʧʨʷʤʦ-

ʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʢʦʥʢʨʝʪʥʳʤʠ ʧʨʦʪʦʢʦ-

ʣʘʤʠ ʢ ʙʦʣʝʝ ʚʳʩʦʢʦʤʫ ʫʨʦʚʥʶ ʘʙʩʪʨʘʢʮʠʠ, ʚ 

ʢʦʪʦʨʦʤ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʝʜʠʥʘʷ ʤʦʜʝʣʴ 

ʜʘʥʥʳʭ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʦʧʠʩʳʚʘʪʴ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʥʝ ʯʝʨʝʟ ʦʩʦʙʝʥ-

ʥʦʩʪʠ ʢʦʥʢʨʝʪʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʦʙʤʝʥʘ, ʘ ʯʝʨʝʟ 

ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʝ ʩʫʱʥʦʩʪʠ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʚ ʨʘʤʢʘʭ ʦʙʱʝʡ ʠʥʪʝʛʨʘʮʠʦʥʥʦʡ 

ʩʨʝʜʳ. ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ʧʦʢʘʟʘʪʝʣʴʥʳʤ ʷʚʣʷ-

ʝʪʩʷ ʩʪʘʥʜʘʨʪ OPC Unified Architecture, ʚ ʢʦ-

ʪʦʨʦʤ ʜʘʥʥʳʝ, ʩʦʙʳʪʠʷ ʠ ʠʩʪʦʨʠʷ ʦʙʲʝʜʠʥʷ-

ʶʪʩʷ ʚ ʝʜʠʥʦʤ ʘʜʨʝʩʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʜʦ-

ʩʪʫʧʥʳ ʯʝʨʝʟ ʩʦʛʣʘʩʦʚʘʥʥʳʡ ʥʘʙʦʨ ʩʝʨʚʠ-

ʩʦʚ [6]. ʇʨʠ ʵʪʦʤ ʢʣʶʯʝʚʳʤ ʷʚʣʷʝʪʩʷ ʥʝ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʢʦʥʢʨʝʪʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʘ ʧʨʠʥ-

ʮʠʧ ʦʪʜʝʣʝʥʠʷ ʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ 

ʦʪ ʥʠʟʢʦʫʨʦʚʥʝʚʳʭ ʤʝʭʘʥʠʟʤʦʚ ʠʭ ʧʝʨʝʜʘʯʠ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʠʥʪʝʨʦʧʝʨʘʙʝʣʴʥʦʩʪʴ ʠ 

ʩʥʠʞʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʠʢʣʘʜʥʦʡ ʣʦʛʠʢʠ ʦʪ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʉ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʝʘʣʠʟʘʮʠʷ 

ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʘʙʩʪʨʘʢʮʠʶ 

ʧʨʦʪʦʢʦʣʦʚ ʥʘ ʫʨʦʚʥʝ ʧʨʦʛʨʘʤʤʥʦʡ ʘʨʭʠʪʝʢ-

ʪʫʨʳ. ɺʤʝʩʪʦ ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʢʣʘʜʥʦʡ ʣʦʛʠʢʠ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʚʝʨʭ ʢʦʥʢʨʝʪʥʳʭ ʧʨʦʪʦ-

ʢʦʣʦʚ (Modbus, S7, Ethernet/IP) ʙʦʣʝʝ ʫʩʪʦʡ-

ʯʠʚʳʤ ʷʚʣʷʝʪʩʷ ʧʦʜʭʦʜ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʩʦʙʝʥ-

ʥʦʩʪʠ ʘʜʨʝʩʘʮʠʠ, ʬʦʨʤʘʪʦʚ ʦʙʤʝʥʘ ʠ ʚʳʟʦʚʘ 

ʩʝʨʚʠʩʦʚ ʚʳʥʦʩʷʪʩʷ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ 

ʤʦʜʫʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʊʘʢʘʷ ʜʝʢʦʤʧʦʟʠʮʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʠʥʮʠʧʘʤ ʧʦʩʪʨʦʝʥʠʷ ʨʘʩʰʠ-

ʨʷʝʤʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʩʪʝʤ ʠ ʧʦʚʪʦʨʥʦ ʠʩ-

ʧʦʣʴʟʫʝʤʳʭ ʠʥʪʝʨʬʝʡʩʥʳʭ ʩʣʦʝʚ, ʘ ʚ ʠʥʞʝ-

ʥʝʨʥʦʡ ʧʨʘʢʪʠʢʝ ʧʦʟʚʦʣʷʝʪ ʫʧʨʦʩʪʠʪʴ ʧʦʜ-

ʢʣʶʯʝʥʠʝ ʥʦʚʳʭ ʪʠʧʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ ʙʝʟ ʧʝ-

ʨʝʨʘʙʦʪʢʠ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ ʩʠʩʪʝʤʳ [9, 10]. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʝ ʷʟʳʢʠ ʠ 

ʩʨʝʜʩʪʚʘ ʦʧʠʩʘʥʠʷ ʣʦʛʠʢʠ ʫʧʨʘʚʣʝʥʠʷ, ʦʧʨʝ-

ʜʝʣʷʝʤʳʝ IEC 61131-3, ʧʦʜʪʚʝʨʞʜʘʶʪ ʦʙʦʩ-

ʥʦʚʘʥʥʦʩʪʴ ʫʥʠʬʠʢʘʮʠʠ ʥʝ ʪʦʣʴʢʦ ʥʘ ʫʨʦʚʥʝ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʢʦʥʪʨʦʣʣʝʨʦʚ, ʥʦ ʠ ʥʘ 

ʫʨʦʚʥʝ ʠʥʪʝʛʨʘʮʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʤʝʞʜʫ ʫʩʪʨʦʡʩʪʚʘʤʠ ʠ ʧʨʠʢʣʘʜʥʳʤʠ ʩʠʩʪʝ-

ʤʘʤʠ [7]. 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʠʥʪʝʛʨʘ-

ʮʠʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ 

ʤʫʣʴʪʠʧʨʦʪʦʢʦʣʴʥʦʡ ʩʨʝʜʳ ʩʦʧʨʷʞʝʥʘ ʩ ʨʷ-

ʜʦʤ ʩʠʩʪʝʤʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ 

ʛʝʪʝʨʦʛʝʥʥʦʩʪʴʶ ʘʜʨʝʩʘʮʠʠ, ʨʘʟʣʠʯʠʝʤ ʤʦʜʝ-

ʣʝʡ ʜʘʥʥʳʭ, ʦʪʩʫʪʩʪʚʠʝʤ ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʠ ʟʘʚʠʩʠʤʦʩʪʴʶ ʦʪ ʚʝʥʜʦʨ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ 

ʠʥʞʝʥʝʨʥʳʭ ʨʝʰʝʥʠʡ. ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʧʨʦʪʦ-

ʢʦʣʳ ʠ ʩʫʱʝʩʪʚʫʶʱʠʝ ʩʨʝʜʩʪʚʘ ʠʥʪʝʛʨʘʮʠʠ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʯʘʩʪʠʯʥʦʝ ʨʝʰʝʥʠʝ ʜʘʥʥʳʭ ʟʘ-

ʜʘʯ, ʦʜʥʘʢʦ ʥʝ ʫʩʪʨʘʥʷʶʪ ʠʭ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʥʘ 

ʫʨʦʚʥʝ ʘʨʭʠʪʝʢʪʫʨʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɺ ʩʚʷʟʠ 

ʩ ʵʪʠʤ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʟʚʠʪʠʷ 

ʷʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ ʢ ʙʦʣʝʝ ʚʳʩʦʢʦʤʫ ʫʨʦʚʥʶ 

ʘʙʩʪʨʘʢʮʠʠ, ʦʩʥʦʚʘʥʥʦʤʫ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʝʜʠʥʦʡ ʤʦʜʝʣʠ ʜʘʥʥʳʭ, ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʠʥʪʝʨʬʝʡʩʦʚ ʠ ʠʟʦʣʷʮʠʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʦʥ-

ʢʨʝʪʥʳʭ ʧʨʦʪʦʢʦʣʦʚ ʥʘ ʫʨʦʚʥʝ ʩʧʝʮʠʘʣʠʟʠʨʦ-

ʚʘʥʥʳʭ ʤʦʜʫʣʝʡ. ʈʝʘʣʠʟʘʮʠʷ ʧʦʜʦʙʥʳʭ ʧʦʜ-

ʭʦʜʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʠʥʪʝʨʦʧʝʨʘʙʝʣʴ-

ʥʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʩʥʠʟʠʪʴ ʩʣʦʞʥʦʩʪʴ ʠʥʪʝ-

ʛʨʘʮʠʠ ʠ ʩʦʟʜʘʪʴ ʦʩʥʦʚʫ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʘʩ-

ʰʪʘʙʠʨʫʝʤʳʭ ʠ ʨʘʩʰʠʨʷʝʤʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʫʩʣʦʚʠʷʭ ʮʠʬʨʦʚʠʟʘʮʠʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʨʝʜʠʢʪʠʚʥʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʩʪʘʥʦ-

ʚʠʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʚ 

ʫʧʨʘʚʣʝʥʠʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ. ʆʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦʡ ʜʘʥʥʘʷ ʟʘʜʘʯʘ ʷʚʣʷʝʪʩʷ ʜʣʷ ʪʷʞʸ-

ʣʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʛʜʝ ʥʝʦʞʠʜʘʥʥʳʝ ʦʪʢʘʟʳ ʧʨʠʚʦʜʷʪ ʢ ʩʫʱʝʩʪʚʝʥʥʳʤ ʵʢʦʥʦʤʠʯʝ-

ʩʢʠʤ ʧʦʪʝʨʷʤ, ʧʨʦʩʪʦʷʤ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʟʘʪʨʘʪʘʤ ʥʘ ʨʝʤʦʥʪ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʨʝʘʣʴʥʳʝ ʜʠ-

ʘʛʥʦʩʪʠʯʝʩʢʠʝ ʥʘʙʦʨʳ ʜʘʥʥʳʭ ʦʙ ʦʪʢʘʟʘʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʨʘʞʝʥʥʳʤ ʜʠʩʙʘ-

ʣʘʥʩʦʤ ʢʣʘʩʩʦʚ, ʧʦʩʢʦʣʴʢʫ ʜʦʣʷ ʦʪʢʘʟʦʚ ʢʨʘʡʥʝ ʤʘʣʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʥʦʨʤʘʣʴʥʳʭ 

ʥʘʙʣʶʜʝʥʠʡ. ɺ ʩʪʘʪʴʝ ʧʨʦʚʦʜʠʪʩʷ ʵʤʧʠʨʠʯʝʩʢʦʝ ʩʨʘʚʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʢʣʘʩʩʠʬʠʢʘ-

ʮʠʠ ʦʪʢʘʟʦʚ ʚ ʫʩʣʦʚʠʷʭ ʩʠʣʴʥʦʛʦ ʜʠʩʙʘʣʘʥʩʘ ʢʣʘʩʩʦʚ. ɹʘʟʦʚʘʷ ʤʦʜʝʣʴ, ʩʦʯʝʪʘʶʱʘʷ ʤʝʪʦʜ ʛʣʘʚ-

ʥʳʭ ʢʦʤʧʦʥʝʥʪ ʠ ʤʝʪʦʜ ʦʧʦʨʥʳʭ ʚʝʢʪʦʨʦʚ, ʩʦʧʦʩʪʘʚʣʷʝʪʩʷ ʩ ʧʦʜʭʦʜʦʤ, ʚʢʣʶʯʘʶʱʠʤ ʩʠʥʪʝʪʠ-

ʯʝʩʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʤʠʥʦʨʠʪʘʨʥʦʛʦ ʢʣʘʩʩʘ ʤʝʪʦʜʦʤ SMOTE ʠ ʘʥʩʘʤʙʣʝʚʳʡ ʘʣʛʦʨʠʪʤ Random 

Forest. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʨʠʢʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ accuracy, ʤʦʛʫʪ 

ʚʚʦʜʠʪʴ ʚ ʟʘʙʣʫʞʜʝʥʠʝ ʧʨʠ ʦʮʝʥʢʝ ʢʘʯʝʩʪʚʘ ʤʦʜʝʣʝʡ ʥʘ ʥʝʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ. ʅʝʩʤʦʪʨʷ 

ʥʘ ʚʳʩʦʢʫʶ ʦʪʟʳʚʯʠʚʦʩʪʴ ʙʘʟʦʚʦʡ ʤʦʜʝʣʠ, ʝʸ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʢʘʟʳʚʘʝʪʩʷ ʥʠʟ-

ʢʦʡ ʠʟ-ʟʘ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʣʦʞʥʦʧʦʣʦʞʠʪʝʣʴʥʳʭ ʢʣʘʩʩʠʬʠʢʘʮʠʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʨʝʙʘ-

ʣʘʥʩʠʨʦʚʢʠ ʠ ʘʥʩʘʤʙʣʝʚʦʛʦ ʦʙʫʯʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʠʪʴ ʢʘʢ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʝ, 

ʪʘʢ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʤʦʜʝʣʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʝʜʠʢʪʠʚʥʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ; ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ; ʜʠʩʙʘʣʘʥʩ ʢʣʘʩʩʦʚ; PCA; 

SVM; SMOTE; Random Forest; ʦʙʥʘʨʫʞʝʥʠʝ ʦʪʢʘʟʦʚ. 

 

ʅʝʦʞʠʜʘʥʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʦʪʢʘʟʳ ʚ ʪʷ-

ʞʸʣʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚʘʭ ʷʚʣʷʶʪʩʷ ʨʘʩ-

ʧʨʦʩʪʨʘʥʸʥʥʦʡ ʧʨʦʙʣʝʤʦʡ ʚ ʧʨʦʤʳʰʣʝʥʥʦʡ ʠ 

ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʆʥʠ ʩʧʦʩʦʙʥʳ 

ʚʳʟʳʚʘʪʴ ʟʥʘʯʠʪʝʣʴʥʳʝ ʦʧʝʨʘʮʠʦʥʥʳʝ ʟʘʪʨʘ-

ʪʳ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʟʘʜʝʨʞʢʠ, ʩʥʠʞʝʥʠʝ 

ʥʘʜʸʞʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʨʠʩʢʠ 

ʜʣʷ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʧʨʝʜʧʨʠʷ-

ʪʠʷ ʚʩʸ ʯʘʱʝ ʩʪʨʝʤʷʪʩʷ ʧʝʨʝʡʪʠ ʦʪ ʨʝʘʢʪʠʚ-

ʥʳʭ ʠ ʩʪʨʦʛʦ ʧʣʘʥʦʚʳʭ ʤʦʜʝʣʝʡ ʦʙʩʣʫʞʠʚʘ-

ʥʠʷ ʢ ʙʦʣʝʝ ʛʠʙʢʠʤ ʩʪʨʘʪʝʛʠʷʤ, ʦʩʥʦʚʘʥʥʳʤ 

ʥʘ ʬʘʢʪʠʯʝʩʢʦʤ ʪʝʭʥʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ ʦʙʦ-

ʨʫʜʦʚʘʥʠʷ. 

ʇʨʝʜʠʢʪʠʚʥʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʧʦʜʭʦʜ, ʧʨʠ ʢʦʪʦʨʦʤ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦ-

ʚʘʥʠʷ ʚʝʨʦʷʪʥʳʭ ʦʪʢʘʟʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʘʥ-

ʥʳʝ ʜʠʘʛʥʦʩʪʠʢʠ, ʩʝʥʩʦʨʥʳʝ ʠʟʤʝʨʝʥʠʷ ʠ ʘʣ-

ʛʦʨʠʪʤʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. ʆʩʥʦʚʥʘʷ ʠʜʝʷ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ ʚʳʷʚʠʪʴ ʟʘʢʦʥʦʤʝʨ-

ʥʦʩʪʠ, ʧʨʝʜʰʝʩʪʚʫʶʱʠʝ ʧʦʣʦʤʢʝ, ʠ ʚʳʧʦʣ-

ʥʠʪʴ ʪʝʭʥʠʯʝʩʢʦʝ ʚʤʝʰʘʪʝʣʴʩʪʚʦ ʜʦ ʥʘʩʪʫʧ-

ʣʝʥʠʷ ʢʨʠʪʠʯʝʩʢʦʛʦ ʩʙʦʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦ-

ʢʨʘʪʠʪʴ ʥʝʟʘʧʣʘʥʠʨʦʚʘʥʥʳʝ ʧʨʦʩʪʦʠ, ʩʥʠʟʠʪʴ 

ʩʪʦʠʤʦʩʪʴ ʨʝʤʦʥʪʘ ʠ ʧʦʚʳʩʠʪʴ ʦʙʱʫʶ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʝʭʥʠʢʠ. 

ʆʜʥʘʢʦ ʮʝʥʪʨʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ ʧʨʠ ʨʝʰʝ-

ʥʠʠ ʧʦʜʦʙʥʳʭ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ ʩʠʣʴʥʳʡ ʜʠʩʙʘ-

ʣʘʥʩ ʢʣʘʩʩʦʚ. ɺ ʨʝʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩʦʙʳʪʠʷ ʦʪ-

ʢʘʟʘ ʚʩʪʨʝʯʘʶʪʩʷ ʛʦʨʘʟʜʦ ʨʝʞʝ, ʯʝʤ ʥʘʙʣʶʜʝ-

ʥʠʷ ʥʦʨʤʘʣʴʥʦʡ ʨʘʙʦʪʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʪʘʥ-

ʜʘʨʪʥʳʝ ʘʣʛʦʨʠʪʤʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʯʘʩʪʦ 

ʩʢʣʦʥʥʳ ʢ ʜʦʤʠʥʠʨʫʶʱʝʤʫ ʨʘʩʧʦʟʥʘʚʘʥʠʶ 

ʙʦʣʴʰʠʥʩʪʚʘ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʬʦʨ-

ʤʘʣʴʥʦ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʧʨʠ ʬʘʢʪʠʯʝʩʢʠ 

ʩʣʘʙʦʤ ʦʙʥʘʨʫʞʝʥʠʠ ʦʪʢʘʟʦʚ. ɼʣʷ ʧʨʦʤʳʰ-

ʣʝʥʥʦʡ ʩʨʝʜʳ ʪʘʢʘʷ ʩʠʪʫʘʮʠʷ ʦʩʦʙʝʥʥʦ ʦʧʘʩ-

ʥʘ, ʧʦʩʢʦʣʴʢʫ ʧʨʦʧʫʩʢ ʦʪʢʘʟʘ ʦʙʳʯʥʦ ʩʚʷʟʘʥ ʩ 

ʙʦʣʝʝ ʩʝʨʴʸʟʥʳʤʠ ʧʦʩʣʝʜʩʪʚʠʷʤʠ, ʯʝʤ ʣʦʞʥʦʝ 

ʧʨʝʜʫʧʨʝʞʜʝʥʠʝ. 

ʎʝʣʴ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, 

ʯʪʦʙʳ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʨʘʟʣʠʯ-

ʥʳʭ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ 

ʚʳʨʘʞʝʥʥʦʛʦ ʜʠʩʙʘʣʘʥʩʘ ʢʣʘʩʩʦʚ ʠ ʦʮʝʥʠʪʴ 

ʥʝ ʪʦʣʴʢʦ ʠʭ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ, ʥʦ ʠ ʵʢʦʥʦʤʠ-
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ʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʦʪ-

ʢʘʟʦʚ ʪʷʞʸʣʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ. 

ʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ 

ʇʨʝʜʠʢʪʠʚʥʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʚ ʧʦʩʣʝʜʥʠʝ 

ʛʦʜʳ ʩʪʘʣʦ ʚʘʞʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʨʠʢʣʘʜʥʦ-

ʛʦ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʜʘʥʥʳʭ ʜʘʪʯʠʢʦʚ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʘʣʛʦ-

ʨʠʪʤʦʚ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʪʦʯʥʦ ʦʧʨʝʜʝʣʷʪʴ 

ʤʦʤʝʥʪ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʦʪʢʘʟʘ ʠ ʪʝʤ ʩʘʤʳʤ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʉʨʝʜʠ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʝʪʦ-

ʜʦʚ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʚʳʜʝʣʷʶʪʩʷ ʘʥʩʘʤʙʣʝʚʳʝ 

ʘʣʛʦʨʠʪʤʳ, ʚ ʯʘʩʪʥʦʩʪʠ Random Forest ʠ ʛʨʘ-

ʜʠʝʥʪʥʳʡ ʙʫʩʪʠʥʛ, ʢʦʪʦʨʳʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʟʘʜʘʯʘʭ ʦʙʥʘʨʫʞʝ-

ʥʠʷ ʦʪʢʘʟʦʚ ʙʣʘʛʦʜʘʨʷ ʩʧʦʩʦʙʥʦʩʪʠ ʤʦʜʝʣʠ-

ʨʦʚʘʪʴ ʥʝʣʠʥʝʡʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠ ʩʣʦʞʥʳʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʠʟʥʘʢʦʚ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʧʨʦʙʣʝʤʘ ʜʠʩʙʘʣʘʥʩʘ ʢʣʘʩʩʦʚ ʦʩʪʘʸʪʩʷ ʦʜʥʦʡ 

ʠʟ ʮʝʥʪʨʘʣʴʥʳʭ ʚ ʟʘʜʘʯʘʭ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʦʙ-

ʥʘʨʫʞʝʥʠʷ ʘʥʦʤʘʣʠʡ, ʧʦʩʢʦʣʴʢʫ ʨʝʜʢʦʩʪʴ ʦʪ-

ʢʘʟʦʚ ʟʘʪʨʫʜʥʷʝʪ ʦʙʫʯʝʥʠʝ ʫʩʪʦʡʯʠʚʳʭ ʢʣʘʩ-

ʩʠʬʠʢʘʪʦʨʦʚ. 

ʆʪʜʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʚ ʣʠʪʝʨʘʪʫʨʝ ʫʜʝʣʷʝʪ-

ʩʷ ʧʦʜʭʦʜʘʤ, ʫʯʠʪʳʚʘʶʱʠʤ ʘʩʠʤʤʝʪʨʠʯʥʫʶ 

ʩʪʦʠʤʦʩʪʴ ʦʰʠʙʦʢ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. ɺ ʧʨʦ-

ʤʳʰʣʝʥʥʳʭ ʟʘʜʘʯʘʭ ʣʦʞʥʳʡ ʦʪʨʠʮʘʪʝʣʴʥʳʡ 

ʨʝʟʫʣʴʪʘʪ, ʪʦ ʝʩʪʴ ʧʨʦʧʫʱʝʥʥʳʡ ʦʪʢʘʟ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʥʝʩʸʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʩʝʨʴʸʟʥʳʝ 

ʧʦʩʣʝʜʩʪʚʠʷ, ʯʝʤ ʣʦʞʥʦʧʦʣʦʞʠʪʝʣʴʥʦʝ ʧʨʝ-

ʜʫʧʨʝʞʜʝʥʠʝ. ʇʦʵʪʦʤʫ ʧʨʠ ʦʮʝʥʢʝ ʤʦʜʝʣʝʡ 

ʚʘʞʥʦ ʚʳʭʦʜʠʪʴ ʟʘ ʧʨʝʜʝʣʳ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪ-

ʨʠʢʠ accuracy ʠ ʫʯʠʪʳʚʘʪʴ ʨʝʘʣʴʥʫʶ ʵʢʦʥʦ-

ʤʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʧʦʪʝʨʴ. 

ʅʘʩʪʦʷʱʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʜʦʣʞʘʝʪ ʜʘʥ-

ʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ, ʩʦʧʦʩʪʘʚʣʷʷ ʧʦʜʭʦʜ ʥʘ ʦʩ-

ʥʦʚʝ ʩʥʠʞʝʥʠʷ ʨʘʟʤʝʨʥʦʩʪʠ ʠ SVM ʩ ʨʝʙʘ-

ʣʘʥʩʠʨʦʚʢʦʡ ʢʣʘʩʩʦʚ ʠ ʘʥʩʘʤʙʣʝʚʳʤ ʦʙʫʯʝ-

ʥʠʝʤ ʚ ʢʦʥʪʝʢʩʪʝ ʦʙʥʘʨʫʞʝʥʠʷ ʦʪʢʘʟʦʚ ʪʷʞʸ-

ʣʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ. 

ʆʧʠʩʘʥʠʝ ʥʘʙʦʨʘ ʜʘʥʥʳʭ 

ʀʩʧʦʣʴʟʫʝʤʳʡ ʥʘʙʦʨ ʜʘʥʥʳʭ ʩʦʜʝʨʞʠʪ ʚʳ-

ʩʦʢʦʨʘʟʤʝʨʥʫʶ ʜʠʘʛʥʦʩʪʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘ-

ʮʠʶ ʦ ʪʷʞʸʣʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚʘʭ. 

ʂʘʞʜʦʝ ʥʘʙʣʶʜʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʧʨʝʜʝ-

ʣʸʥʥʦʤʫ ʛʨʫʟʦʚʠʢʫ ʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʥʦʞʝ-

ʩʪʚʦʤ ʯʠʩʣʦʚʳʭ ʧʨʠʟʥʘʢʦʚ, ʦʪʨʘʞʘʶʱʠʭ ʩʦ-

ʩʪʦʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ ʠʟ-

ʤʝʨʝʥʠʷ ʜʘʪʯʠʢʦʚ. ɹʠʥʘʨʥʘʷ ʮʝʣʝʚʘʷ ʧʝʨʝ-

ʤʝʥʥʘʷ ʫʢʘʟʳʚʘʝʪ, ʧʨʦʠʟʦʰʸʣ ʣʠ ʢʨʠʪʠʯʝʩʢʠʡ 

ʦʪʢʘʟ. 

ʂʣʶʯʝʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʥʘʙʦʨʘ ʜʘʥʥʳʭ 

ʷʚʣʷʝʪʩʷ ʵʢʩʪʨʝʤʘʣʴʥʳʡ ʜʠʩʙʘʣʘʥʩ ʢʣʘʩʩʦʚ. 

ɼʦʣʷ ʥʘʙʣʶʜʝʥʠʡ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʦʪʢʘʟʘʤ, 

ʩʦʩʪʘʚʣʷʝʪ ʣʠʰʴ ʥʝʙʦʣʴʰʫʶ ʯʘʩʪʴ ʚʩʝʡ ʚʳ-

ʙʦʨʢʠ, ʯʪʦ ʪʠʧʠʯʥʦ ʜʣʷ ʟʘʜʘʯ ʧʨʦʤʳʰʣʝʥʥʦʡ 

ʜʠʘʛʥʦʩʪʠʢʠ. 

 

ʊʘʙʣʠʮʘ 1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʢʣʘʩʩʦʚ ʚ ʦʙʫʯʘʶʱʝʤ ʥʘʙʦʨʝ ʜʘʥʥʳʭ 
ʂʣʘʩʩ ʂʦʣʠʯʝʩʪʚʦ ʇʨʦʮʝʥʪ 

OK 4 916 98.32% 

ʆʪʢʘʟ 84 1.68% 

 

ʊʘʢʦʡ ʜʠʩʙʘʣʘʥʩ ʩʦʟʜʘʸʪ ʩʝʨʴʸʟʥʳʝ ʪʨʫʜ-

ʥʦʩʪʠ ʜʣʷ ʩʪʘʥʜʘʨʪʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʢʣʘʩʩʠʬʠ-

ʢʘʮʠʠ. ʇʝʨʝʜ ʧʦʩʪʨʦʝʥʠʝʤ ʤʦʜʝʣʝʡ ʧʨʦʧʫ-

ʱʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʙʳʣʠ ʦʙʨʘʙʦʪʘʥʳ, ʘ ʯʠʩʣʦ-

ʚʳʝ ʧʨʠʟʥʘʢʠ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʳ ʩ ʮʝʣʴʶ 

ʦʙʝʩʧʝʯʝʥʠʷ ʩʦʧʦʩʪʘʚʠʤʦʩʪʠ ʠʟʤʝʨʝʥʠʡ. 

ʄʝʪʦʜʦʣʦʛʠʷ 

ʉʥʠʞʝʥʠʝ ʨʘʟʤʝʨʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ PCA 

ʇʦʩʢʦʣʴʢʫ ʥʘʙʦʨ ʜʘʥʥʳʭ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʚʳʩʦʢʦʡ ʨʘʟʤʝʨʥʦʩʪʴʶ, ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʙʳʣ 

ʧʨʠʤʝʥʸʥ ʤʝʪʦʜ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ. PCA 

ʧʦʟʚʦʣʷʝʪ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʠʩʭʦʜʥʳʝ ʢʦʨʨʝʣʠ-

ʨʦʚʘʥʥʳʝ ʧʨʠʟʥʘʢʠ ʚ ʥʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʦʨ-

ʪʦʛʦʥʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪ, ʢʦʪʦʨʳʝ ʩʦʭʨʘʥʷʶʪ 

ʦʩʥʦʚʥʫʶ ʜʦʣʶ ʜʠʩʧʝʨʩʠʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʙʳʣʦ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʩʥʠʞʝʥʠʝ 

ʩʣʦʞʥʦʩʪʠ ʜʘʥʥʳʭ, ʫʤʝʥʴʰʝʥʠʝ ʰʫʤʘ, ʩʦ-

ʢʨʘʱʝʥʠʝ ʤʫʣʴʪʠʢʦʣʣʠʥʝʘʨʥʦʩʪʠ ʠ ʧʦʚʳʰʝ-

ʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ɹʘʟʦʚʘʷ ʤʦʜʝʣʴ: ʤʝʪʦʜ ʦʧʦʨʥʳʭ ʚʝʢʪʦʨʦʚ 

ʇʦʩʣʝ ʩʥʠʞʝʥʠʷ ʨʘʟʤʝʨʥʦʩʪʠ ʙʳʣ ʧʦʩʪʨʦʝʥ 

ʢʣʘʩʩʠʬʠʢʘʪʦʨ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʦʧʦʨʥʳʭ 

ʚʝʢʪʦʨʦʚ. SVM ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʟʘʜʘʯʘʭ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚʳʩʦʢʦʨʘʟʤʝʨʥʳʭ ʜʘʥʥʳʭ 

ʙʣʘʛʦʜʘʨʷ ʩʧʦʩʦʙʥʦʩʪʠ ʥʘʭʦʜʠʪʴ ʦʧʪʠʤʘʣʴ-

ʥʫʶ ʨʘʟʜʝʣʷʶʱʫʶ ʛʨʘʥʠʮʫ ʤʝʞʜʫ ʢʣʘʩʩʘʤʠ ʠ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝʣʠʥʝʡʥʳʝ ʷʜʨʘ ʚ ʩʣʫʯʘʷʭ 

ʩʣʦʞʥʦʡ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ. ɻʠʧʝʨʧʘʨʘʤʝʪʨʳ 

ʤʦʜʝʣʠ ʙʳʣʠ ʥʘʩʪʨʦʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʦʮʝʜʫʨʳ ʦʧʪʠʤʠʟʘʮʠʠ. 

ʆʮʝʥʢʘ ʩ ʫʯʸʪʦʤ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠʟʜʝʨ-

ʞʝʢ 
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ʆʩʦʙʝʥʥʦʩʪʴʶ ʟʘʜʘʯ ʧʨʝʜʠʢʪʠʚʥʦʛʦ ʦʙ-

ʩʣʫʞʠʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʟʣʠʯʥʘʷ ʩʪʦʠʤʦʩʪʴ 

ʦʰʠʙʦʢ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. ʇʨʦʧʫʱʝʥʥʳʡ ʦʪʢʘʟ 

ʦʙʳʯʥʦ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʩʝʨʴʸʟ-

ʥʳʤ ʟʘʪʨʘʪʘʤ, ʯʝʤ ʣʦʞʥʦʝ ʩʨʘʙʘʪʳʚʘʥʠʝ ʩʠ-

ʩʪʝʤʳ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ. ʇʦʵʪʦʤʫ ʚ ʠʩʩʣʝʜʦ-

ʚʘʥʠʠ ʦʮʝʥʢʘ ʤʦʜʝʣʝʡ ʧʨʦʚʦʜʠʣʘʩʴ ʥʝ ʪʦʣʴʢʦ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʳʭ ʤʝʪʨʠʢ ʢʣʘʩ-

ʩʠʬʠʢʘʮʠʠ, ʥʦ ʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʙʱʝʡ ʵʢʦʥʦ-

ʤʠʯʝʩʢʦʡ ʩʪʦʠʤʦʩʪʠ ʦʰʠʙʦʢ. ʊʘʢʦʡ ʧʦʜʭʦʜ 

ʧʦʟʚʦʣʷʝʪ ʩʦʦʪʥʝʩʪʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʝ ʢʘʯʝʩʪʚʦ 

ʤʦʜʝʣʠ ʩ ʨʝʘʣʴʥʳʤʠ ʧʦʪʨʝʙʥʦʩʪʷʤʠ ʧʨʝʜʧʨʠ-

ʷʪʠʷ. 

ʆʙʨʘʙʦʪʢʘ ʜʠʩʙʘʣʘʥʩʘ ʩ ʧʦʤʦʱʴʶ 

SMOTE 

ɼʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʧʨʦʙʣʝʤʳ ʩʠʣʴʥʦʛʦ ʜʠʩ-

ʙʘʣʘʥʩʘ ʢʣʘʩʩʦʚ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ 

SMOTE. ɼʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʩʦʟʜʘʸʪ ʩʠʥʪʝʪʠʯʝ-

ʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ ʤʠʥʦʨʠʪʘʨʥʦʛʦ ʢʣʘʩʩʘ ʧʫ-

ʪʸʤ ʠʥʪʝʨʧʦʣʷʮʠʠ ʤʝʞʜʫ ʩʫʱʝʩʪʚʫʶʱʠʤʠ 

ʧʨʠʤʝʨʘʤʠ ʦʪʢʘʟʦʚ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʩʪʴ ʨʝʜʢʦʛʦ ʢʣʘʩʩʘ ʠ ʬʦʨʤʠʨʦ-

ʚʘʪʴ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʝ ʛʨʘʥʠʮʳ ʨʝʰʝʥʠʡ ʧʨʠ 

ʦʙʫʯʝʥʠʠ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʚ. 

ɸʥʩʘʤʙʣʝʚʘʷ ʤʦʜʝʣʴ Random Forest 

ʇʦʩʣʝ ʨʝʙʘʣʘʥʩʠʨʦʚʢʠ ʜʘʥʥʳʭ ʙʳʣʘ ʦʙʫʯʝ-

ʥʘ ʤʦʜʝʣʴ Random Forest. ʉʣʫʯʘʡʥʳʡ ʣʝʩ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʥʩʘʤʙʣʴ ʜʝʨʝʚʴʝʚ ʨʝʰʝ-

ʥʠʡ, ʧʨʦʛʥʦʟʳ ʢʦʪʦʨʳʭ ʘʛʨʝʛʠʨʫʶʪʩʷ ʜʣʷ 

ʩʥʠʞʝʥʠʷ ʜʠʩʧʝʨʩʠʠ ʠ ʧʦʚʳʰʝʥʠʷ ʫʩʪʦʡʯʠ-

ʚʦʩʪʠ ʤʦʜʝʣʠ. ʕʪʦʪ ʤʝʪʦʜ ʦʩʦʙʝʥʥʦ ʵʬʬʝʢʪʠ-

ʚʝʥ ʧʨʠ ʥʘʣʠʯʠʠ ʥʝʣʠʥʝʡʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʠ 

ʩʣʦʞʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʧʨʠʟʥʘʢʘʤʠ, 

ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʧʦʜʭʦʜʷʱʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʟʘʜʘʯ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

1. ɹʘʟʦʚʘʷ ʤʦʜʝʣʴ PCA + SVM 

 

ʊʘʙʣʠʮʘ 2. ʈʝʟʫʣʴʪʘʪʳ ʙʘʟʦʚʦʡ ʤʦʜʝʣʠ PCA + SVM ʥʘ ʪʝʩʪʦʚʦʡ ʚʳʙʦʨʢʝ 

ʄʦʜʝʣʴ Accuracy Precision Recall 
ʆʙʱʘʷ 

ʩʪʦʠʤʦʩʪʴ (ú) 

PCA + SVM 0.024 0.023 0.989 1 617 700 

 

ʅʝʩʤʦʪʨʷ ʥʘ ʯʨʝʟʚʳʯʘʡʥʦ ʚʳʩʦʢʫʶ ʧʦʣʥʦ-

ʪʫ, ʙʘʟʦʚʘʷ ʤʦʜʝʣʴ ʢʣʘʩʩʠʬʠʮʠʨʫʝʪ ʧʦʯʪʠ ʚʩʝ 

ʥʘʙʣʶʜʝʥʠʷ ʢʘʢ ʦʪʢʘʟʳ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʦʛʨʦʤʥʦʤʫ ʯʠʩʣʫ ʣʦʞʥʦʧʦʣʦʞʠʪʝʣʴʥʳʭ ʨʝ-

ʟʫʣʴʪʘʪʦʚ. ʉ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦ-

ʜʦʙʥʘʷ ʩʪʨʘʪʝʛʠʷ ʦʢʘʟʳʚʘʝʪʩʷ ʢʨʘʡʥʝ ʥʝʵʬ-

ʬʝʢʪʠʚʥʦʡ, ʪʘʢ ʢʘʢ ʯʨʝʟʤʝʨʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʣʦʞʥʳʭ ʩʠʛʥʘʣʦʚ ʜʝʣʘʝʪ ʩʠʩʪʝʤʫ ʤʘʣʦʧʨʠ-

ʛʦʜʥʦʡ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ɹʦ-

ʣʝʝ ʪʦʛʦ, ʥʘʠʚʥʳʡ ʢʣʘʩʩʠʬʠʢʘʪʦʨ, ʚʩʝʛʜʘ 

ʧʨʝʜʩʢʘʟʳʚʘʶʱʠʡ ʪʦʣʴʢʦ ʙʦʣʴʰʠʥʩʪʚʦ ʢʣʘʩ-

ʩʦʚ, ʧʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʚʳʩʦʢʫʶ 

accuracy, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ 

ʵʪʦʡ ʤʝʪʨʠʢʠ ʚ ʫʩʣʦʚʠʷʭ ʜʠʩʙʘʣʘʥʩʘ ʢʣʘʩʩʦʚ. 

2. SMOTE + Random Forest 

 

ʊʘʙʣʠʮʘ 3. ʈʘʩʰʠʨʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʄʦʜʝʣʴ Accuracy 
Precision 

(Failure) 

Recall 

(Failure) 

Logistic Regression 0.96 0.98 0.95 

SVM (RBF) 0.97 0.98 0.96 

Random Forest 1.00 0.99 1.00 

 

ʇʦʩʣʝ ʧʨʠʤʝʥʝʥʠʷ SMOTE ʠ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʷ ʘʥʩʘʤʙʣʝʚʦʡ ʤʦʜʝʣʠ ʨʝʟʫʣʴʪʘʪʳ ʩʫʱʝ-

ʩʪʚʝʥʥʦ ʫʣʫʯʰʠʣʠʩʴ. Random Forest ʧʨʦʜʝ-

ʤʦʥʩʪʨʠʨʦʚʘʣ ʧʨʘʢʪʠʯʝʩʢʠ ʠʜʝʘʣʴʥʦʝ ʢʘʯʝ-

ʩʪʚʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ 

ʥʘʜʸʞʥʦʝ ʦʙʥʘʨʫʞʝʥʠʝ ʦʪʢʘʟʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʙʘʟʦʚʦʡ ʤʦʜʝʣʴʶ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʘʞ-

ʥʦʩʪʴ ʢʦʨʨʝʢʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʠʩʙʘʣʘʥʩʘ ʢʣʘʩ-

ʩʦʚ ʠ ʚʳʙʦʨʘ ʘʣʛʦʨʠʪʤʘ, ʩʧʦʩʦʙʥʦʛʦ ʫʣʘʚʣʠ-

ʚʘʪʴ ʩʣʦʞʥʫʶ ʩʪʨʫʢʪʫʨʫ ʜʘʥʥʳʭ. 

ʆʙʩʫʞʜʝʥʠʝ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ-

ʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʥʠʞʝʥʠʝ ʨʘʟʤʝʨʥʦʩʪʠ ʩʘʤʦ ʧʦ 

ʩʝʙʝ ʥʝ ʨʝʰʘʝʪ ʧʨʦʙʣʝʤʫ ʦʙʥʘʨʫʞʝʥʠʷ ʨʝʜʢʠʭ 

ʩʦʙʳʪʠʡ. ʍʦʪʷ PCA ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʝʥ ʜʣʷ 

ʫʤʝʥʴʰʝʥʠʷ ʩʣʦʞʥʦʩʪʠ ʜʘʥʥʳʭ ʠ ʧʦʚʳʰʝʥʠʷ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ, ʦʥ ʥʝ ʫʩʪʨʘʥʷ-

ʝʪ ʩʤʝʱʝʥʠʝ, ʚʦʟʥʠʢʘʶʱʝʝ ʠʟ-ʟʘ ʩʠʣʴʥʦʛʦ 

ʜʠʩʙʘʣʘʥʩʘ ʢʣʘʩʩʦʚ. 

ʅʘʧʨʦʪʠʚ, ʧʨʠʤʝʥʝʥʠʝ SMOTE ʚ ʩʦʯʝʪʘʥʠʠ 

ʩ ʘʥʩʘʤʙʣʝʚʳʤʠ ʤʝʪʦʜʘʤʠ ʦʙʫʯʝʥʠʷ ʧʦʟʚʦʣʷ-

ʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʦʙʥʘʨʫʞʝ-

ʥʠʷ ʤʠʥʦʨʠʪʘʨʥʦʛʦ ʢʣʘʩʩʘ. ʉʫʱʝʩʪʚʝʥʥʦʝ 

ʫʣʫʯʰʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʩʣʝ ʨʝʙʘʣʘʥʩʠʨʦʚʢʠ 

ʜʘʥʥʳʭ ʪʘʢʞʝ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ 
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ʦʪʢʘʟʦʚ, ʚʝʨʦʷʪʥʦ, ʥʦʩʠʪ ʥʝʣʠʥʝʡʥʳʡ ʭʘʨʘʢ-

ʪʝʨ ʠ ʣʫʯʰʝ ʤʦʜʝʣʠʨʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

Random Forest, ʯʝʤ ʩ ʧʦʤʦʱʴʶ ʣʠʥʝʡʥʦ ʠʣʠ 

ʢʚʘʟʠʣʠʥʝʡʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʧʨʘʢʪʠʯʝʩʢʠ ʠʜʝʘʣʴʥʳʝ ʨʝ-

ʟʫʣʴʪʘʪʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʪʨʝʙʫʶʪ ʦʩʪʦʨʦʞʥʦʡ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ. ɼʣʷ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʧʦʜʪʚʝʨ-

ʞʜʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʦʜʝʣʠ ʥʝʦʙʭʦʜʠʤʳ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʨʦʚʝʨʢʠ, ʚʢʣʶʯʘʷ ʙʦʣʝʝ 

ʩʪʨʦʛʫʶ ʚʘʣʠʜʘʮʠʶ ʠ ʘʥʘʣʠʟ ʚʦʟʤʦʞʥʦʡ 

ʫʪʝʯʢʠ ʜʘʥʥʳʭ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚ ʧʨʠ-

ʢʣʘʜʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʛʜʝ 

ʤʦʜʝʣʴ ʜʦʣʞʥʘ ʩʦʭʨʘʥʷʪʴ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ 

ʥʘ ʥʦʚʳʭ ʜʘʥʥʳʭ. 

ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ accuracy 

ʥʝ ʜʦʣʞʥʘ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʦʩʥʦʚʥʘʷ ʤʝʪ-

ʨʠʢʘ ʚ ʟʘʜʘʯʘʭ ʧʨʝʜʠʢʪʠʚʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ. 

ɺ ʧʦʜʦʙʥʳʭ ʩʣʫʯʘʷʭ ʧʨʠʦʨʠʪʝʪ ʜʦʣʞʝʥ ʦʪʜʘ-

ʚʘʪʴʩʷ ʪʝʤ ʧʦʢʘʟʘʪʝʣʷʤ, ʢʦʪʦʨʳʝ ʦʪʨʘʞʘʶʪ 

ʨʝʘʣʴʥʫʶ ʮʝʥʫ ʦʰʠʙʦʢ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʧʝ-

ʨʘʮʠʦʥʥʳʤ ʮʝʣʷʤ ʧʨʝʜʧʨʠʷʪʠʷ. 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʩʪʘʪʴʝ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʤʦʜʝʣʝʡ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʧʨʝʜʠʢʪʠʚʥʦʛʦ ʦʙ-

ʩʣʫʞʠʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʪʨʝʤʘʣʴʥʦʛʦ ʜʠʩ-

ʙʘʣʘʥʩʘ ʢʣʘʩʩʦʚ, ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ ʜʠʘʛʥʦʩʪʠ-

ʯʝʩʢʠʭ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ ʪʷʞʸʣʳʭ ʪʨʘʥʩʧʦʨʪ-

ʥʳʭ ʩʨʝʜʩʪʚ. ɹʘʟʦʚʳʡ ʧʦʜʭʦʜ PCA + SVM ʧʦ-

ʢʘʟʘʣ ʦʛʨʘʥʠʯʝʥʥʫʶ ʧʨʘʢʪʠʯʝʩʢʫʶ ʠ ʵʢʦʥʦ-

ʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦ-

ʢʫʶ ʦʪʟʳʚʯʠʚʦʩʪʴ. ɺʢʣʶʯʝʥʠʝ SMOTE ʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝ Random Forest ʧʦʟʚʦʣʠʣʠ ʩʫʱʝ-

ʩʪʚʝʥʥʦ ʫʣʫʯʰʠʪʴ ʢʘʢ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʝ ʧʦʢʘ-

ʟʘʪʝʣʠ, ʪʘʢ ʠ ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʦʜʝʣʠ ʧʨʠʢʣʘʜ-

ʥʳʤ ʟʘʜʘʯʘʤ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʪʨʠ ʦʩʥʦʚʥʳʭ ʚʳʚʦʜʘ: 

1) ʩʠʣʴʥʳʡ ʜʠʩʙʘʣʘʥʩ ʢʣʘʩʩʦʚ ʪʨʝʙʫʝʪ ʦʙʷ-

ʟʘʪʝʣʴʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʤʝʪʦʜʦʚ 

ʢʦʨʨʝʢʮʠʠ; 

2) ʦʮʝʥʢʘ ʤʦʜʝʣʝʡ ʜʦʣʞʥʘ ʫʯʠʪʳʚʘʪʴ 

ʘʩʠʤʤʝʪʨʠʯʥʫʶ ʩʪʦʠʤʦʩʪʴ ʦʰʠʙʦʢ ʢʣʘʩʩʠʬʠ-

ʢʘʮʠʠ; 

3) ʘʥʩʘʤʙʣʝʚʳʝ ʤʝʪʦʜʳ ʦʙʫʯʝʥʠʷ ʩʧʦʩʦʙʥʳ 

ʧʨʝʚʦʩʭʦʜʠʪʴ ʢʣʘʩʩʠʯʝʩʢʠʝ ʢʣʘʩʩʠʬʠʢʘʪʦʨʳ ʚ 

ʟʘʜʘʯʘʭ ʦʙʥʘʨʫʞʝʥʠʷ ʨʝʜʢʠʭ ʩʦʙʳʪʠʡ ʚ ʧʨʦ-

ʤʳʰʣʝʥʥʦʡ ʩʨʝʜʝ. 
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MACHINE LEARNING FOR PREDICTIVE MAINTENANCE UNDER CLASS IMBALANCE: 

AN EMPIRICAL STUDY OF FAILURE DETECTION IN HEAVY TRANSPORT VEHICLES  

 

San Felipe GonzaËlez Marcos, Master Economics and Business Analytics Program 

Johannes Kepler University 

(Austria, Linz)  

 

Abstract. In the context of industrial digitalization, predictive maintenance has become one of the 

most economically relevant applications of machine learning in technical system management. This is-

sue is especially important for heavy transport vehicles, where unexpected failures lead to substantial 

financial losses, downtime, and additional repair costs. At the same time, real-world diagnostic failure 

datasets are typically characterized by severe class imbalance, since failure events represent only a 

very small share of all observations. This article provides an empirical comparison of different classifi-

cation strategies for failure detection under strong class imbalance. A baseline model combining Prin-

cipal Component Analysis and Support Vector Machines is compared with an approach that incorpo-

rates Synthetic Minority Over-sampling Technique and a Random Forest classifier. The findings show 

that traditional evaluation metrics, especially accuracy, may be misleading when assessing predictive 

performance on imbalanced data. Although the baseline model achieves a very high recall, its economic 

efficiency remains poor because of the excessive number of false positive classifications. The use of re-

balancing methods and ensemble learning significantly improves both predictive and economic model 

performance. 

Keywords: predictive maintenance; machine learning; class imbalance; PCA; SVM; SMOTE; Ran-

dom Forest; failure detection. 
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ʇʈɽɼʃʆɾɽʅʀʗ ʇʆ ʈɸɿɺʀʊʀʖ ʅɸʇʈɸɺʃɽʅʀʗ ɹɽʉʇʀʃʆʊʅʓʍ ʉʀʉʊɽʄ  

ɺ ʌʆʈʄɸʊɽ ʉʆɼʈʋɾɽʉʊɺɸ ʅɽɿɸɺʀʉʀʄʓʍ ɻʆʉʋɼɸʈʉʊɺ 

 

ʅ.ɸ. ʉʦʢʦʣʦʚ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʩʝʢʨʝʪʘʨʴ ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʩʦʚʝʱʘʥʠʷ ʧʦ ʚʦʧʨʦʩʘʤ ʧʨʠʤʝʥʝ-

ʥʠʷ ʙʝʩʧʠʣʦʪʥʦʡ ʘʚʠʘʮʠʠ ʚʦʦʨʫʞʝʥʥʳʭ ʩʠʣ ʛʦʩʫʜʘʨʩʪʚ-ʫʯʘʩʪʥʠʢʦʚ ʉʅɻ 

ʉʝʢʨʝʪʘʨʠʘʪ ʉʦʚʝʪʘ ʤʠʥʠʩʪʨʦʚ ʦʙʦʨʦʥʳ ʛʦʩʫʜʘʨʩʪʚ-ʫʯʘʩʪʥʠʢʦʚ ʉʅɻ 

(ʈʦʩʩʠʷ, ʛ. ʄʦʩʢʚʘ) 

 

DOI:10.24412/2500-1000-2026-3-2-109-116 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʧʦ ʜʘʥʥʳʤ, ʨʘʟʤʝʱʘʝʤʳʤ ʚ ʦʪʢʨʳʪʳʭ ʠʩʪʦʯʥʠʢʘʭ (ʩʨʝʜʩʪʚʘʭ ʤʘʩʩʦ-

ʚʦʡ ʠʥʬʦʨʤʘʮʠʠ), ʧʨʦʚʦʜʠʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʘʟʚʠʪʠʷ ʦʙʱʝʤʠʨʦʚʳʭ ʪʝʥʜʝʥʮʠʡ ʧʨʠʤʝʥʝʥʠʷ ʙʝʩ-

ʧʠʣʦʪʥʳʭ ʩʠʩʪʝʤ (ɹʉ). ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʙʫʩʣʦʚʣʝʥʦ ʩʫʱʝʩʪʚʝʥʥʳʤ ʚʣʠʷʥʠʝʤ ʥʘ ʦʙʱʝʤʠʨʦʚʳʝ 

ʪʝʥʜʝʥʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʨʝʜʩʪʚ ʚʦʦʨʫʞʝʥʥʦʡ ʙʦʨʴʙʳ ʤʘʩʩʦʚʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ɹʉ, ʯʪʦ ʚʳʟʳʚʘ-

ʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʦʧʳʪʘ ʨʘʟʣʠʯʥʳʭ ʚʦʦʨʫʞʝʥʥʳʭ ʢʦʥʬʣʠʢʪʦʚ ʠ ʚʝʜʝʥʠʷ ʜʠʩ-

ʢʫʩʩʠʠ ʧʦ ʜʘʣʴʥʝʡʰʝʤʫ ʨʘʟʚʠʪʠʶ ʜʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʬʦʨʤʘʪʝ ʉʦʜʨʫʞʝʩʪʚʘ. ʆʙʦʩʥʦʚʳʚʘ-

ʝʪʩʷ ʘʢʪʫʘʣʴʥʦʩʪʴ ʚʦʧʨʦʩʘ ʨʘʟʨʘʙʦʪʢʠ ʦʨʛʘʥʠʟʘʮʠʠ çʤʘʨʢʝʪʧʣʝʡʩʘè (ʚʦʝʥʥʦ-ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʧʦʨʪʘʣʘ) ʦʙʦʨʦʥʥʳʭ ʩʠʩʪʝʤ ʚ ʦʙʲʝʜʠʥʝʥʥʦʤ ʬʦʨʤʘʪʝ ʛʦʩʫʜʘʨʩʪʚ-ʫʯʘʩʪʥʠʢʦʚ ʉʦʜʨʫʞʝʩʪʚʘ 

ʅʝʟʘʚʠʩʠʤʳʭ ɻʦʩʫʜʘʨʩʪʚ (ʉʅɻ). 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʝʩʧʠʣʦʪʥʘʷ ʩʠʩʪʝʤʘ; ʜʨʦʥ; ʙʝʩʧʠʣʦʪʥʳʡ ʣʝʪʘʪʝʣʴʥʳʡ ʘʧʧʘʨʘʪ; FPV; ʚʦ-

ʦʨʫʞʝʥʥʳʝ ʢʦʥʬʣʠʢʪʳ; ʉʦʜʨʫʞʝʩʪʚʦ ʅʝʟʘʚʠʩʠʤʳʭ ɻʦʩʫʜʘʨʩʪʚ. 

 

ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʬʦʨʤ ʠ ʩʧʦʩʦʙʦʚ ʚʝ-

ʜʝʥʠʷ ʙʦʝʚʳʭ ʜʝʡʩʪʚʠʡ ʚʳʟʳʚʘʝʪ ʥʝʦʙʭʦʜʠ-

ʤʦʩʪʴ ʦʧʝʨʘʪʠʚʥʦʡ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʦʧʳʪʘ 

ʩʧʝʮʠʘʣʴʥʦʡ ʚʦʝʥʥʦʡ ʦʧʝʨʘʮʠʠ (ʉɺʆ) ʈʦʩ-

ʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ ʯʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʙʝʩ-

ʧʠʣʦʪʥʳʭ ʩʠʩʪʝʤ (ɹʉ). ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ 

ʧʦ ʤʥʦʛʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʧʨʦʜʦʣʞʘʝʪʩʷ ʩʦ-

ʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ɹʉ, ʢʦʪʦʨʳʝ 

ʧʨʠʤʝʥʷʶʪʩʷ ʚʦ ʚʩʝʭ ʩʨʝʜʘʭ: ʚ ʚʦʟʜʫʭʝ, ʥʘ 

ʟʝʤʣʝ ʠ ʚ ʚʦʜʝ. ʇʨʠʤʝʥʝʥʠʝ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝ-

ʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ, ʥʘʟʝʤʥʳʭ ʙʝʩʧʠʣʦʪʥʳʭ 

ʧʣʘʪʬʦʨʤ ʠ ʙʝʟʵʢʠʧʘʞʥʳʭ ʤʦʨʩʢʠʭ ʩʠʩʪʝʤ 

ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʪʘʢʪʠʢʫ ʠ 

ʩʪʨʘʪʝʛʠʶ ʩʦʚʨʝʤʝʥʥʳʭ ʚʦʝʥʥʳʭ ʦʧʝʨʘʮʠʡ. 

ʕʪʠ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʝ ʩʠʩʪʝʤʳ ʥʝ ʪʦʣʴʢʦ 

ʤʠʥʠʤʠʟʠʨʫʶʪ ʨʠʩʢʠ ʜʣʷ ʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ, ʥʦ 

ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʶʪ ʦʧʝʨʘʪʠʚʥʫʶ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʴ ʙʦʝʚʳʭ ʜʝʡʩʪʚʠʡ [1]. 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʘʢʪʠʢʘ ʙʦʝʚʦʛʦ ʧʨʠʤʝ-

ʥʝʥʠʷ ɹʉ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʦʙʱʝʤʠʨʦʚʳʝ ʪʝʥʜʝʥʮʠʠ ʨʘʟʨʘʙʦʪʢʠ, ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ ʠ ʧʨʠʤʝʥʝʥʠʷ ʙʝʩʧʠʣʦʪʥʳʭ ʪʝʭʥʦʣʦ-

ʛʠʡ, ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʠʭ ʧʦʚʩʝʤʝʩʪʥʦʝ ʚʥʝʜʨʝ-

ʥʠʝ. ʇʦʚʩʝʤʝʩʪʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʫʛʨʦʟ ʙʝʟʦʧʘʩ-

ʥʦʩʪʠ, ʚʦʟʨʘʩʪʘʥʠʝ ʤʠʨʦʚʦʡ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʠ 

ʫʩʧʝʰʥʦʝ ʚʥʝʜʨʝʥʠʝ ʚ ʨʘʤʢʘʭ ʩʠʩʪʝʤ çʨʘʟʨʘ-

ʙʦʪʢʘ-ʧʦʩʪʘʚʢʘ-ʧʨʠʤʝʥʝʥʠʝ-ʜʦʨʘʙʦʪʢʘè ʚʦʝʥ-

ʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʥʣʘʡʥ ʧʣʦʱʘʜʦʢ ï ʘʥʘʣʦ-

ʛʦʚ ʢʦʤʤʝʨʯʝʩʢʠʭ ʧʣʘʪʬʦʨʤ ʦʥʣʘʡʥ ʧʨʦʜʘʞ 

(çʤʘʨʢʝʪʧʣʝʡʩʦʚ) ʦʧʨʝʜʝʣʷʶʪ ʘʢʪʫʘʣʴʥʦʩʪʴ 

ʨʘʟʨʘʙʦʪʢʠ ʚʦʧʨʦʩʘ ʘʜʝʢʚʘʪʥʦʛʦ ʨʝʘʛʠʨʦʚʘʥʠʷ 

ʚ ʦʙʲʝʜʠʥʝʥʥʦʤ ʬʦʨʤʘʪʝ ʛʦʩʫʜʘʨʩʪʚ-ʫʯʘʩʪʥʠ-

ʢʦʚ ʉʦʜʨʫʞʝʩʪʚʘ ʅʝʟʘʚʠʩʠʤʳʭ ɻʦʩʫʜʘʨʩʪʚ 

(ʉʅɻ) ʩ ʜʘʣʴʥʝʡʰʝʡ ʨʝʘʣʠʟʘʮʠʝʡ ʚ ʦʙʦʟʨʠʤʦʡ 

ʧʝʨʩʧʝʢʪʠʚʝ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ 

ʪʝʥʜʝʥʮʠʠʡ ʨʘʟʨʘʙʦʪʢʠ, ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʨʠ-

ʤʝʥʝʥʠʷ ʙʝʩʧʠʣʦʪʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʧʨʝʜʝʣʠʪʴ 

ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʙʝʩʧʠʣʦʪʥʳʭ ʩʠʩʪʝʤ ʚ 

ʦʙʲʝʜʠʥʝʥʥʦʤ ʬʦʨʤʘʪʝ ʛʦʩʫʜʘʨʩʪʚ-ʫʯʘʩʪʥʠ-

ʢʦʚ ʉʅɻ. 

ɿʘʜʘʯʠ: 

1) ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʨʘʟʚʠʪʠʷ ʙʝʩ-

ʧʠʣʦʪʥʳʭ ʩʠʩʪʝʤ ʚ ʭʦʜʝ ʨʘʟʣʠʯʥʳʭ ʚʦʦʨʫ-

ʞʝʥʥʳʭ ʢʦʥʬʣʠʢʪʦʚ ʥʘ ʦʙʱʝʤʠʨʦʚʳʝ ʪʝʥʜʝʥ-

ʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʨʠʤʝʥʝʥʠʷ ʩʨʝʜʩʪʚ ʚʦ-

ʦʨʫʞʝʥʥʦʡ ʙʦʨʴʙʳ; 

2) ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ ʨʘʟʚʠʪʠʶ 

ʙʝʩʧʠʣʦʪʥʳʭ ʩʠʩʪʝʤ ʚ ʦʙʲʝʜʠʥʝʥʥʦʤ ʬʦʨʤʘʪʝ 

ʛʦʩʫʜʘʨʩʪʚ-ʫʯʘʩʪʥʠʢʦʚ ʉʅɻ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʀʩ-

ʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʪʩʷ ʧʦ ʜʘʥʥʳʤ, ʨʘʟʤʝʱʘ-

ʝʤʳʤ ʚ ʦʪʢʨʳʪʳʭ ʠʩʪʦʯʥʠʢʘʭ (ʩʨʝʜʩʪʚʘʭ ʤʘʩ-

ʩʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ). ɼʘʥʥʳʡ ʘʥʘʣʠʟ ʦʪʥʦʩʠʪ-

ʩʷ ʢ ʪʝʢʫʱʝʤʫ ʤʦʤʝʥʪʫ ʚʨʝʤʝʥʠ. ʇʝʨʠʦʜʳ ʩ 

2022 ʜʦ 2025 ʛʦʜʘ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷʭ [2, 3]. ɺ ʨʘʙʦʪʝ ʧʨʠʤʝʥʷʣʠʩʴ ʤʝʪʦʜʳ 

ʘʥʘʣʠʟʘ, ʩʠʥʪʝʟʘ ʠ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʜʘʥʥʳʭ. 
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ɺʣʠʷʥʠʝ ʤʘʩʩʦʚʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʜʨʦʥʦʚ 

ʥʘ ʦʙʱʝʤʠʨʦʚʳʝ ʪʝʥʜʝʥʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ 

ʧʨʠʤʝʥʝʥʠʷ ʩʨʝʜʩʪʚ ʚʦʦʨʫʞʝʥʥʦʡ ʙʦʨʴʙʳ. 

ʅʦʚʳʝ ʬʦʨʤʳ ʠ ʩʧʦʩʦʙʳ ʚʝʜʝʥʠʷ ʙʦʝʚʳʭ 

ʜʝʡʩʪʚʠʡ ʚ ʭʦʜʝ ʉɺʆ ʥʝ ʤʦʛʣʠ ʥʝ ʦʪʨʘʟʠʪʴʩʷ 

ʥʘ ʦʙʱʝʤʠʨʦʚʳʭ ʪʝʥʜʝʥʮʠʷʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ 

ʧʨʠʤʝʥʝʥʠʷ ʩʨʝʜʩʪʚ ʚʦʦʨʫʞʝʥʥʦʡ ʙʦʨʴʙʳ. 

ɺ ʦʧʫʙʣʠʢʦʚʘʥʥʦʤ ʚ 2024 ʛ. ʦʪʯʝʪʝ ʎʝʥʪʨʘ 

ʥʦʚʦʡ ʘʤʝʨʠʢʘʥʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʦʜʝʨʞʠʪ-

ʩʷ ʧʣʘʥ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʥʝʜʦʨʦʛʠʭ ʙʝʩʧʠʣʦʪʥʠ-

ʢʦʚ, ʤʦʨʩʢʠʭ çʘʚʪʦʥʦʤʥʳʭ ʜʨʦʥʦʚ-ʢʘʤʠʢʘʜ-

ʟʝè, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʩʪʘʪʴ ʘʚʪʦʥʦʤʥʳʤ ʱʠ-

ʪʦʤ ʦʪ ʚʪʦʨʞʝʥʠʷ ʥʘ ʊʘʡʚʘʥʴ ʚʦʝʥʥʦ-ʤʦʨʩʢʠʭ 

ʩʠʣ ʢʠʪʘʡʩʢʦʡ ʘʨʤʠʠ [4]. 

ɺ ʢʦʥʮʝ 2025 ʛ. çʇʝʥʪʘʛʦʥʦʤè ʙʳʣʦ ʦʙʲʷʚ-

ʣʝʥʦ ʦ ʩʦʟʜʘʥʠʠ ʪʦʨʛʦʚʦʛʦ ʧʦʨʪʘʣʘ-ʘʥʘʣʦʛʘ 

çAmazonè ʜʣʷ ʟʘʢʫʧʢʠ ʪʝʭʥʦʣʦʛʠʡ ʠ ʦʙʦʨʫʜʦ-

ʚʘʥʠʷ ʜʣʷ ʙʦʨʴʙʳ ʩ ʙʝʩʧʠʣʦʪʥʠʢʘʤʠ, ʛʜʝ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʩʠʩʪʝʤʳ ʙʫʜʝʪ ʧʨʝʜʦʩʪʘʚʣʝʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʦʨʘ ʧʦʜʭʦʜʷʱʠʭ ʠʤ ʪʝʭʥʠ-

ʯʝʩʢʠʭ ʨʝʰʝʥʠʡ [5]. 

ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ ʚ ʩʚʦʝʡ çʆʙʦʨʦʥʥʦʡ ʩʪʨʘ-

ʪʝʛʠʠè ʥʘ ʦʩʥʦʚʝ ʧʘʨʪʥʸʨʩʪʚʘ ʩ ʧʨʦʤʳʰʣʝʥ-

ʥʦʩʪʴʶ ʜʝʣʘʝʪ ʘʢʮʝʥʪ ʥʘ ʜʨʦʥʘʭ, ʘʥʘʣʠʟʝ ʜʘʥ-

ʥʳʭ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʠʥʪʝʣʣʝʢʪʦʤ (ʀʀ) ʠ ʘʚ-

ʪʦʥʦʤʥʳʭ ʩʠʩʪʝʤʘʭ, ʢʦʪʦʨʳʝ ʜʦʧʦʣʥʷʪ ʪʨʘʜʠ-

ʮʠʦʥʥʳʝ ʚʠʜʳ ʚʦʦʨʫʞʝʥʠʡ [6]. 

ʉʣʝʜʫʷ ʟʘ ʉʐɸ ʠ ɸʥʛʣʠʝʡ, ʜʨʫʛʠʝ ʩʪʨʘʥʳ 

ʅɸʊʆ ʪʘʢʞʝ ʥʘʧʨʘʚʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʥʚʝ-

ʩʪʠʮʠʠ ʚ ʩʦʟʜʘʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʨʘʟʣʠʯʥʳʭ ʩʠ-

ʩʪʝʤ ʚʦʦʨʫʞʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʝʥʝʥʠʷ ʜʨʦ-

ʥʦʚ. ʈʘʟʚʠʪʠʝ ʙʝʩʧʠʣʦʪʥʳʭ ʩʠʩʪʝʤ ʚʦʦʨʫʞʝ-

ʥʠʷ ʪʘʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʫʯʝʪʦʤ ʦʧʳʪʘ ʙʦʝ-

ʚʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʙʝʩʧʠʣʦʪʥʳʭ ʩʠʩʪʝʤ ʚ ʉɺʆ, 

ʚ ʪʦʤ ʯʠʩʣʝ, ʧʫʪʝʤ ʧʨʠʚʣʝʯʝʥʠʷ (ʨʝʣʦʢʘʮʠʠ) 

ʫʢʨʘʠʥʩʢʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ-ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʠ 

ʯʘʩʪʠʯʥʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʣʦʱʘʜʦʢ ʜʘʥ-

ʥʳʭ ʩʠʩʪʝʤ ʥʘ ʩʚʦʶ ʪʝʨʨʠʪʦʨʠʶ (ʨʠʩ. 1). 

 

 
ʈʠʩ. 1. ɼʝʤʦʩʪʨʘʮʠʷ ʝʚʨʦʧʝʡʩʢʠʤ ʠʥʚʝʩʪʦʨʘʤ ʫʢʨʘʠʥʩʢʠʭ ʨʘʟʨʘʙʦʪʦʢ 

 

ʂʨʦʤʝ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥ, ʜʨʦʥʳ ʢ ʥʘʩʪʦʷʱʝ-

ʤʫ ʚʨʝʤʝʥʠ ʩʪʘʣʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʪʴʩʷ ʨʘʟ-

ʣʠʯʥʳʤʠ ʧʦʚʩʪʘʥʯʝʩʢʠʤʠ ʬʦʨʤʠʨʦʚʘʥʠʷʤʠ ʚ 

ʣʦʢʘʣʴʥʳʭ ʚʦʦʨʫʞʝʥʥʳʭ ʢʦʥʬʣʠʢʪʘʭ ʧʦ ʚʩʝ-

ʤʫ ʤʠʨʫ. ʊʘʢ ʙʝʩʧʠʣʦʪʥʳʝ ʣʝʪʘʪʝʣʴʥʳʝ ʘʧʧʘ-

ʨʘʪʳ ʠʟʤʝʥʠʣʠ ʭʦʜ ʙʦʝʚʳʭ ʜʝʡʩʪʚʠʡ ʚ ʄʴʷʥ-

ʤʝ, ʛʜʝ ʧʨʠʤʝʥʷʶʱʠʝ ʠʭ ʧʦʚʩʪʘʥʯʝʩʢʠʝ ʧʦʜ-

ʨʘʟʜʝʣʝʥʠʷ, ʩʣʝʜʷʪ ʟʘ ʦʧʳʪʦʤ ʫʢʨʘʠʥʩʢʦʛʦ ʠ 

ʜʨʫʛʠʭ ʚʦʦʨʫʞʝʥʥʳʭ ʢʦʥʬʣʠʢʪʦʚ (ʨʠʩ. 2) [7]. 

ɺ ɻʘʟʝ ʍɸʄɸʉ ʠʩʧʦʣʴʟʦʚʘʣʠ ʙʝʩʧʠʣʦʪʥʳʝ 

ʣʝʪʘʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ, ʯʪʦʙʳ ʦʩʣʝʧʣʷʪʴ ʠʟʨʘ-

ʠʣʴʩʢʠʝ ʢʦʥʪʨʦʣʴʥʦ-ʧʨʦʧʫʩʢʥʳʝ ʧʫʥʢʪʳ. ɺ 

ʉʠʨʠʠ ʠ ʁʝʤʝʥʝ ʜʨʦʥʳ ʤʘʩʩʦʚʦ ʧʨʠʤʝʥʷʶʪʩʷ 

ʨʘʟʣʠʯʥʳʤʠ ʪʝʨʨʦʨʠʩʪʠʯʝʩʢʠʤʠ ʛʨʫʧʧʠʨʦʚ-

ʢʘʤʠ [8]. 

ʂʠʪʘʡ ʦʩʪʘʝʪʩʷ ʢʨʫʧʥʝʡʰʠʤ ʵʢʩʧʦʨʪʝʨʦʤ 

ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʠ ʢʦʤ-

ʧʣʝʢʪʫʶʱʠʭ ʢ ʥʠʤ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʧʦʩʣʝʜʥʠʭ 

ʣʝʪ. ʉʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ 

ʮʝʥʪʨʘ CCID Consulting, ʚ 2022 ʠ 2023 ʛʦʜʘʭ 

ʦʙʲʝʤ ʵʢʩʧʦʨʪʘ ʢʠʪʘʡʩʢʠʭ ʛʨʘʞʜʘʥʩʢʠʭ ʙʝʩ-

ʧʠʣʦʪʥʠʢʦʚ ʩʦʩʪʘʚʠʣ ʦʢʦʣʦ 1,8 ʤʣʨʜ ʜʦʣʣʘʨʦʚ 

ʉʐɸ. ɺ ʧʝʨʠʦʜ ʩ ʷʥʚʘʨʷ ʧʦ ʦʢʪʷʙʨʴ 2024 ʛʦʜʘ 

ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʩʦʩʪʘʚʠʣ 1,73 ʤʣʨʜ. ʜʦʣʣʘʨʦʚ. 

ɺ ʮʝʣʦʤ, ʚ 2024 ʛʦʜʫ ʵʢʩʧʦʨʪ ʢʠʪʘʡʩʢʠʭ ʜʨʦ-

ʥʦʚ ʫʚʝʣʠʯʠʣʩʷ ʚ 33 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 2017 

ʛʦʜʦʤ, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʚ ʩʨʝʜʥʝʛʦʜʦʚʦʡ 

ʪʝʤʧ ʨʦʩʪʘ ʚ 66% [9]. 
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ʈʠʩ. 2. ʇʦʜʛʦʪʦʚʢʘ ʪʷʞʝʣʳʭ ʜʨʦʥʦʚ ʢ ʙʦʤʙʦʤʝʪʘʥʠʶ ʚ ʄʴʷʥʤʝ 

 

ʉ ʜʝʢʘʙʨʷ 2024 ʛʦʜʘ ʂʠʪʘʡ ʧʨʦʚʝʣ ʠʟʤʝʥʝ-

ʥʠʷ ʚ ʨʝʛʣʘʤʝʥʪʝ ʦʙʝʩʧʝʯʝʥʠʷ ʩʥʘʨʷʞʝʥʠʝʤ 

ʘʨʤʠʠ. ʅʦʚʳʝ ʧʨʘʚʠʣʘ ʚʥʦʩʷʪ ʫʩʦʚʝʨʰʝʥʩʪʚʦ-

ʚʘʥʠʷ ʚ ʧʨʦʮʝʜʫʨʳ ʧʦʩʪʘʚʦʢ, ʫʧʨʘʚʣʝʥʠʷ ʠ 

ʨʝʤʦʥʪʘ ʚʦʝʥʥʦʛʦ ʦʩʥʘʱʝʥʠʷ, ʢʦʪʦʨʳʝ ʜʦʣʞ-

ʥʳ ʙʫʜʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʠʥʥʦʚʘʮʠʦʥʥʦʤʫ 

ʨʘʟʚʠʪʠʶ ʨʘʙʦʪʳ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʚʦʝʥʥʳʤ 

ʩʥʘʨʷʞʝʥʠʝʤ. ʊʘʢ ʞʝ ʦʪʤʝʯʝʥ ʧʝʨʝʭʦʜ ʚ ʜʦʢ-

ʪʨʠʥʝ ʅʆɸʂ ʦʪ ʞʝʩʪʢʦʛʦ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ 

ʢʦʤʘʥʜʦʚʘʥʠʷ ʢ ʙʦʣʝʝ ʛʠʙʢʦʡ ʩʠʩʪʝʤʝ çʢʦ-

ʤʘʥʜʦʚʘʥʠʷ ʤʠʩʩʠʷʤʠè [10]. 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʫʢʨʘʠʥʩʢʠʡ ʧʦʯʪʦʚʳʡ 

ʦʧʝʨʘʪʦʨ çʋʢʨʧʦʯʪʘè ʩʜʝʣʘʣ ʟʘʷʚʣʝʥʠʝ ʦ 

ʥʘʯʘʣʝ ʩ 2025 ʛʦʜʘ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʩʦʪʨʫʜʥʠ-

ʯʝʩʪʚʘ ʩ ʢʠʪʘʡʩʢʠʤ ʤʘʨʢʝʪʧʣʝʡʩʦʤ 

çTemuè [11]. çTemuè ï ʢʨʫʧʥʘʷ ʢʠʪʘʡʩʢʘʷ 

ʧʣʘʪʬʦʨʤʘ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʤʤʝʨʮʠʠ, ʢʦʪʦʨʘʷ 

ʥʘʯʘʣʘ ʨʘʙʦʪʫ ʚ 2022 ʛʦʜʫ ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝ-

ʤʷ ʥʘ ʥʝʝ ʧʨʠʭʦʜʠʪʩʷ ʩʚʳʰʝ 60% ʫʢʨʘʠʥʩʢʠʭ 

ʦʪʧʨʘʚʣʝʥʠʡ. 

ʅʘ ʵʪʦʤ ʬʦʥʝ ʚ ʥʘʯʘʣʝ 2025 ʛʦʜʘ ʋʢʨʘʠʥʘ 

ʦʙʲʷʚʠʣʘ ʦ ʩʦʟʜʘʥʠʠ ʩʚʦʝʛʦ ʤʘʨʢʝʪʧʣʝʡʩʘ ʚʦ-

ʝʥʥʦʡ ʪʝʭʥʠʢʠ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ çBrave1 

Marketè. ʉʜʝʣʘʥ ʦʥ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʪʘʢʠʤʠ 

ʢʦʤʤʝʨʯʝʩʢʠʤʠ ʩʘʡʪʘʤʠ ʧʨʦʜʘʞ, ʢʘʢ 

çAmazonè, çWildberriesè ʠ ʜʨ. 

ʎʝʣʴ ʩʦʟʜʘʥʠʷ ʩʘʡʪʘ çBrave1 Marketè ʩʦ-

ʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʦʧʝʨʘʪʠʚʥʦʩʪʴ 

ʧʦʩʪʘʚʢʠ ʜʨʦʥʦʚ, ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʠ ʢʦʤʧʣʝʢʪʫʶʱʠʭ ʚ ʨʘʤʢʘʭ ʢʦʥʮʝʧʮʠʠ çʉʪʝ-

ʥʘ ʜʨʦʥʦʚè, ʘ ʪʘʢʞʝ ʧʨʝʜʦʩʪʘʚʠʪʴ ʚʳʙʦʨ ʰʠ-

ʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʥʦʚʝʡʰʠʭ ʨʘʟʨʘʙʦʪʦʢ ʧʦʜʨʘʟ-

ʜʝʣʝʥʠʷʤ, ʢʦʪʦʨʳʝ ʜʦʢʘʟʘʣʠ ʩʚʦʶ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʴ ʠ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʘʟʚʠʪʠʶ ʥʦʚʳʭ ʚʦʟ-

ʤʦʞʥʦʩʪʝʡ ʧʦʜʨʘʟʜʝʣʝʥʠʡ. 

ʄʘʨʢʝʪʧʣʝʡʩ ʧʦʟʚʦʣʷʝʪ ʣʶʙʦʤʫ ʧʦʜʨʘʟʜʝ-

ʣʝʥʠʶ ʯʝʨʝʟ ʧʨʠʣʦʞʝʥʠʝ ʟʘʢʘʟʳʚʘʪʴ ʥʫʞʥʫʶ 

ʠʤ ʪʝʭʥʠʢʫ: FPV ʜʨʦʥʳ, ʥʘʟʝʤʥʳʝ ʨʦʙʦʪʳ, 

ʤʦʜʫʣʠ ʈʕɹ, ʢʦʤʧʣʝʢʪʫʶʱʠʝ, ʙʦʝʧʨʠʧʘʩʳ ʠ 

ʜʨ., ʯʪʦ ʠʩʢʣʶʯʘʝʪ ʠʟ ʮʝʧʦʯʢʠ ʧʦʩʪʘʚʦʢ ʟʥʘ-

ʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʠʟʜʝʨʞʝʢ. ʅʘ ʧʣʘʪʬʦʨʤʝ ʫʞʝ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʙʦʣʝʝ 1000 ʝʜʠʥʠʮ ʚʦʦʨʫʞʝʥʠʷ 

ʠ ʪʝʭʥʠʢʠ (ʨʠʩ. 3) [12]. 

ʀʥʥʦʚʘʮʠʦʥʥʦʩʪʴ ʠʜʝʠ çBrave1 Marketè 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʷʜʝ ʬʫʥʢʮʠʡ ʠ ʚʦʟʤʦʞʥʦʩʪʝʡ, 

ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʧʦʣʴʟʦʚʘʪʝʣʷʤ, ʢʦʪʦʨʳʭ ʨʘ-

ʥʝʝ ʚ ʦʙʦʨʦʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʥʝ ʙʳʣʦ. 

ʕʪʦ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʠʩʪʝʤʫ ʙʘʣʣʦʚ ʟʘ ʧʨʦʚʝ-

ʨʝʥʥʦʝ ʫʥʠʯʪʦʞʝʥʠʝ (ʢʦʛʜʘ ʝʩʪʴ ʚʠʟʫʘʣʴʥʳʝ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ), ʵʪʠ ʙʘʣʣʳ ʧʦʜʨʘʟʜʝʣʝʥʠʝ 

ʤʦʞʝʪ ʦʙʤʝʥʷʪʴ ʥʘ ʥʫʞʥʫʶ ʪʝʭʥʠʢʫ ʥʘ ʤʘʨ-

ʢʝʪʧʣʝʡʩʝ. ʉʠʩʪʝʤʘ ʙʘʣʣʦʚ ʷʚʣʷʝʪʩʷ ʜʠʥʘʤʠ-

ʯʝʩʢʦʡ, ʪʦ ʝʩʪʴ ʥʘʯʠʩʣʷʝʤʳʝ ʙʘʣʣʳ ʟʘ ʧʦʨʘ-

ʞʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ ʚʦʦʨʫʞʝʥʠʡ ʠ ʶʥʠ-

ʪʦʚ ʤʦʛʫʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʠʣʠ ʫʤʝʥʴʰʘʪʴʩʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʧʝʨʘʪʠʚʥʳʭ ʮʝʣʝʡ. ʇʦ ʘʥʘʣʦ-

ʛʠʠ ʩ ʚʠʜʝʦʠʛʨʘʤʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ çʛʝʡʤʠʬʠ-

ʢʘʮʠʠ ʚʦʡʥʳè, ʧʦ ʩʫʪʠ, ʧʨʝʚʨʘʱʘʶʱʝʡ ʚʦʝʥ-

ʥʳʝ ʦʧʝʨʘʮʠʠ ʚ ʩʦʨʝʚʥʦʚʘʥʠʝ. ʂʨʦʤʝ ʪʦʛʦ, 

ʧʣʘʪʬʦʨʤʘ ʩʣʫʞʠʪ ʠʥʩʪʨʫʤʝʥʪʦʤ ʩʙʦʨʘ 

ʩʨʝʜʩʪʚ, ʧʦʟʚʦʣʷʶʱʠʤ ʯʘʩʪʥʳʤ ʣʠʮʘʤ ʠʥʚʝ-

ʩʪʠʨʦʚʘʪʴ ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʥʘʧʨʷʤʫʶ. 
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ʈʠʩ. 3 ʇʨʠʤʝʨ ʩʪʨʘʥʠʮ ʢʘʪʘʣʦʛʘ ʪʦʚʘʨʦʚ ʩʘʡʪʘ çBrave1 Marketè 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʱʝʤʠʨʦʚʳʝ ʪʝʥʜʝʥʮʠʠ 

ʨʘʟʨʘʙʦʪʢʠ, ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʨʠʤʝʥʝʥʠʷ ʙʝʩ-

ʧʠʣʦʪʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʠʭ ʧʦ-

ʚʩʝʤʝʩʪʥʦʝ ʚʥʝʜʨʝʥʠʝ ʚ ʧʨʘʢʪʠʢʫ ʙʦʝʚʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ. ʅʘʠʙʦʣʝʝ ʤʘʩʩʦʚʦʝ ʠ ʫʩʧʝʰʥʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʜʨʦʥʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʩʪʨʘʥʘʭ ʩ 

ʨʘʟʚʠʪʳʤ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʤ ʧʦʪʝʥʮʠʘ-

ʣʦʤ. 

ʇʨʝʜʣʦʞʝʥʠʷ ʧʦ ʨʘʟʚʠʪʠʶ ʥʘʧʨʘʚʣʝʥʠʷ 

ʙʝʩʧʠʣʦʪʥʳʭ ʩʠʩʪʝʤ ʚ ʬʦʨʤʘʪʝ ʉʅɻ. 

ʉʐɸ ʠ ʩʪʨʘʥʳ ɽʚʨʦʧʳ ʫʞʝ ʨʝʘʣʠʟʫʶʪ 

ʨʘʩʧʨʝʜʝʣʝʥʥʫʶ ʩʠʩʪʝʤʫ ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʦʩʪʘ-

ʚʦʢ. ɺ ʪʦʤ ʯʠʩʣʝ, ʩ ʧʨʦʚʝʜʝʥʠʝʤ ʩʚʦʠʭ ʨʝʰʝ-

ʥʠʡ ʯʝʨʝʟ ʘʧʨʦʙʘʮʠʶ ʚ ʤʘʨʢʝʪʧʣʝʡʩʝ 

çBrave1è. ɸʢʪʫʘʣʴʥʦʩʪʴ ʚʦʧʨʦʩʘ ʨʘʟʨʘʙʦʪʢʠ 

ʦʨʛʘʥʠʟʘʮʠʠ çʤʘʨʢʝʪʧʣʝʡʩʘè ʦʙʦʨʦʥʥʳʭ ʩʠ-

ʩʪʝʤ ʚ ʦʙʲʝʜʠʥʝʥʥʦʤ ʬʦʨʤʘʪʝ ʛʦʩʫʜʘʨʩʪʚ-

ʫʯʘʩʪʥʠʢʦʚ ʉʦʜʨʫʞʝʩʪʚʘ (ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʩ 

ʜʘʣʴʥʝʡʰʝʡ ʨʝʘʣʠʟʘʮʠʝʡ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ-

ʚʳʰʝʥʠʝʤ ʫʛʨʦʟ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʚʦʟʨʘʩʪʘʶʱʝʡ 

ʤʠʨʦʚʦʡ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴʶ ʠ ʫʩʧʝʰʥʳʤ ʚʥʝʜ-

ʨʝʥʠʝʤ ʚ ʨʘʤʢʘʭ ʩʠʩʪʝʤʳ çʨʘʟʨʘʙʦʪʢʘ-

ʧʦʩʪʘʚʢʘ-ʧʨʠʤʝʥʝʥʠʝ-ʜʦʨʘʙʦʪʢʘè ʦʥʣʘʡʥ ʨʝ-

ʩʫʨʩʘ çBrave1è. 

 

 
ʈʠʩ. 4. ʈʘʙʦʪʘ ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʩʦʚʝʱʘʥʠʷ ʧʦ ʚʦʧʨʦʩʘʤ ʧʨʠʤʝʥʝʥʠʷ ʙʝʩʧʠʣʦʪʥʦʡ ʘʚʠʘʮʠʠ ʚʦ-

ʦʨʫʞʝʥʥʳʭ ʩʠʣ ʛʦʩʫʜʘʨʩʪʚ-ʫʯʘʩʪʥʠʢʦʚ ʉʅɻ ʠ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʙʝʩʧʠʣʦʪʥʳʤ ʣʝʪʘʪʝʣʴʥʳʤ ʘʧʧʘ-

ʨʘʪʘʤ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʤʝʨʦʧʨʠʷʪʠʷʭ ʨʘʟ-

ʣʠʯʥʦʛʦ ʫʨʦʚʥʷ, ʧʨʦʭʦʜʷʱʠʭ ʚ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʙʝʩʧʠʣʦʪʥʳʭ ʩʠ-

ʩʪʝʤ (çʌʦʨʫʤ ɸʨʤʠʷè, çɼʨʦʥʥʠʮʘè, çɸʨʭʠ-

ʧʝʣʘʛè ʠ ʜʨ.), ʫʞʝ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʜʝʣʝʛʘ-

ʮʠʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʦʪ ʛʦʩʫʜʘʨʩʪʚ-ʫʯʘʩʪʥʠʢʦʚ 

ʉʦʜʨʫʞʝʩʪʚʘ. ʏʪʦ ʧʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʫʶ 

ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʦʩʪʴ ʚ ʠʟʫʯʝʥʠʠ ʩʪʨʘʥʘʤʠ ʉʅɻ 

ʦʧʳʪʘ ʉɺʆ ʠ ʦʪʨʘʞʘʝʪ ʦʙʱʝʝ ʩʪʨʝʤʣʝʥʠʝ ʢ 

ʨʘʟʚʠʪʠʶ ʜʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. ʊʘʢ ʚ 2025 
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ʛʦʜʫ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʇʣʘʥʦʤ ʨʘʙʦʪʳ ʉʦʚʝʪʘ 

ʤʠʥʠʩʪʨʦʚ ʦʙʦʨʦʥʳ ʛʦʩʫʜʘʨʩʪʚ-ʫʯʘʩʪʥʠʢʦʚ 

ʉʅɻ 12 ʥʦʷʙʨʷ ʚ ʛʦʨʦʜʝ ɼʫʰʘʥʙʝ ʧʨʦʰʣʦ ʂʦ-

ʦʨʜʠʥʘʮʠʦʥʥʦʝ ʩʦʚʝʱʘʥʠʝ ʧʦ ʚʦʧʨʦʩʘʤ ʧʨʠ-

ʤʝʥʝʥʠʷ ʙʝʩʧʠʣʦʪʥʦʡ ʘʚʠʘʮʠʠ ʚʦʦʨʫʞʝʥʥʳʭ 

ʩʠʣ ʛʦʩʫʜʘʨʩʪʚ-ʫʯʘʩʪʥʠʢʦʚ ʉʅɻ ʠ ʧʨʦʪʠʚʦ-

ʜʝʡʩʪʚʠʷ ʙʝʩʧʠʣʦʪʥʳʤ ʣʝʪʘʪʝʣʴʥʳʤ ʘʧʧʘʨʘ-

ʪʘʤ (ʨʠʩ. 4) [13]. 

ɺ ʨʘʙʦʪʝ ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʩʦʚʝʱʘʥʠʷ 

ʧʨʠʥʷʣʠ ʫʯʘʩʪʠʝ ʥʘʯʘʣʴʥʠʢʠ ʚʦʡʩʢ ʠ ʦʨʛʘʥʦʚ 

ʚʦʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʙʝʩʧʠʣʦʪʥʳʭ ʩʠʩʪʝʤ 

(ʙʝʩʧʠʣʦʪʥʦʡ ʘʚʠʘʮʠʠ) ʚʦʦʨʫʞʝʥʥʳʭ ʩʠʣ ʈʝʩ-

ʧʫʙʣʠʢʠ ɹʝʣʘʨʫʩʴ, ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ, 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠ-

ʢʠʩʪʘʥ ʠ ʈʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥ, ʘ ʪʘʢʞʝ 

ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʉʝʢʨʝʪʘʨʠʘʪʘ ʉʦʚʝʪʘ ʤʠʥʠ-

ʩʪʨʦʚ ʦʙʦʨʦʥʳ ʛʦʩʫʜʘʨʩʪʚ-ʫʯʘʩʪʥʠʢʦʚ ʉʅɻ, 

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʦʨʛʘʥʠʟʘʮʠʡ ʠ 

ʧʨʝʜʧʨʠʷʪʠʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ. ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʟʘʩʝʜʘʥʠʷ ʨʫ-

ʢʦʚʦʜʠʪʝʣʠ ʜʝʣʝʛʘʮʠʡ ʦʙʤʝʥʷʣʠʩʴ ʦʧʳʪʦʤ ʠ 

ʦʙʩʫʜʠʣʠ ʚʦʧʨʦʩʳ ʨʘʟʚʠʪʠʷ ʙʝʩʧʠʣʦʪʥʳʭ ʩʠ-

ʩʪʝʤ. 

ʆʙʦʩʥʦʚʘʥʠʝ ʦʨʛʘʥʠʟʘʮʠʠ çʤʘʨʢʝʪʧʣʝʡ-

ʩʘè ʦʙʦʨʦʥʥʳʭ ʩʠʩʪʝʤ ʉʅɻ. 

ʆʨʛʘʥʠʟʘʮʠʷ çʤʘʨʢʝʪʧʣʝʡʩʘè ʦʙʦʨʦʥʥʳʭ 

ʩʠʩʪʝʤ ʜʣʷ ʪʝʭ ʛʦʩʫʜʘʨʩʪʚ-ʫʯʘʩʪʥʠʢʦʚ ʉʅɻ, 

ʢʪʦ ʥʘʠʙʦʣʝʝ ʟʘʠʥʪʝʨʝʩʦʚʘʥ ʚʦ ʚʟʘʠʤʥʦʤ ʦʙʦ-

ʨʦʥʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʤ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʠ ʧʦ-

ʞʝʣʘʚʰʠʭ ʧʨʠʩʦʝʜʠʥʠʪʴʩʷ, ʤʦʞʝʪ ʦʩʫʱʝʩʪʚ-

ʣʷʪʴʩʷ ʥʘ ʦʩʥʦʚʝ ʘʚʪʦʨʠʟʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ. 

ɺʠʜʠʪʩʷ, ʯʪʦ ʥʝ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʢʘʢʦʝ ʚʝ-

ʜʦʤʩʪʚʦ ʙʫʜʝʪ ʙʝʥʝʬʠʮʠʘʨʦʤ ʠ ʦʧʝʨʘʪʦʨʦʤ 

ʧʦʨʪʘʣʘ. ʆʩʥʦʚʥʳʤ ʫʩʣʦʚʠʝʤ ʧʦʜʢʣʶʯʝʥʠʝ ʢ 

ʩʠʩʪʝʤʝ ʜʦʣʞʥʦ ʷʚʣʷʪʴʩʷ ʩʦʙʣʶʜʝʥʠʝ ʧʦ-

ʩʪʘʚʱʠʢʦʤ ʫʩʪʘʥʦʚʣʝʥʥʳʭ çʤʘʨʢʝʪʧʣʝʡʩʦʤè 

ʩʪʘʥʜʘʨʪʦʚ ʩʦʚʤʝʩʪʠʤʦʩʪʠ. ʋʨʦʚʝʥʴ ʜʦʧʫʩʢʘ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʜʣʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʟʘʢʘʟʘ 

ʤʦʞʝʪ ʙʳʪʴ ʦʪ ʢʦʤʘʥʜʠʨʘ ʙʘʪʘʣʴʦʥʘ (ʢʦʤʘʥ-

ʜʠʨʘ ʨʦʪʳ). ɺʘʨʠʘʥʪʳ ʤʝʭʘʥʠʟʤʦʚ ʨʝʘʣʠʟʘʮʠʠ 

çʤʘʨʢʝʪʧʣʝʡʩʘè ʦʙʦʨʦʥʥʳʭ ʩʠʩʪʝʤ ʉʅɻ ʧʦʢʘ-

ʟʘʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 5 ʠ 6. 

 

 
ʈʠʩ. 5. ɺʘʨʠʘʥʪ ʦʙʱʝʡ ʩʭʝʤʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ çʤʘʨʢʝʪʧʣʝʡʩʘè ʦʙʦʨʦʥʥʳʭ ʩʠʩʪʝʤ ʉʅɻ 

 

ʈʘʩʯʝʪ ʚʥʫʪʨʠ ʩʠʩʪʝʤʳ ʤʝʞʜʫ ʫʯʘʩʪʥʠʢʘʤʠ 

ʤʦʞʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʚ ʋ.ɽ. (ʫʩʣʦʚʥʳʭ ʝʜʠ-

ʥʠʮʘʭ, ʙʘʣʣʘʭ) çʤʘʨʢʝʪʧʣʝʡʩʘè ʩ ʣʠʯʥʦʛʦ ʩʯʝ-

ʪʘ ʘʢʢʘʫʥʪʘ ʫʯʘʩʪʥʠʢʘ. ɺʚʦʜ ʠ ʚʳʚʦʜ ʩʨʝʜʩʪʚ 

ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʥʫʪ-

ʨʝʥʥʠʤʠ ʪʘʨʠʬʘʤʠ çʤʘʨʢʝʪʧʣʝʩʘè, ʩ ʚʦʟʤʦʞ-

ʥʦʩʪʴʶ ʧʦʜʢʣʶʯʝʥʠʷ ʤʝʞʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ 

ʙʘʥʢʦʚʩʢʠʭ ʩʠʩʪʝʤ ʛʦʩʫʜʘʨʩʪʚ-ʫʯʘʩʪʥʠʢʦʚ 

ʉʅɻ ʠ ʢʦʥʚʝʨʪʘʮʠʠ ʚʥʫʪʨʠ ʧʦʨʪʘʣʘ ʚʘʣʶʪ 

ʥʘʮʠʦʥʘʣʴʥʳʭ ʧʣʘʪʝʞʥʳʭ ʩʠʩʪʝʤ. 

ʇʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ ʪʨʝʙʫʝʤʦʡ ʢʦʥʬʠʛʫʨʘ-

ʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʮʝʣʝʩʦʦʙʨʘʟʥʘ ʨʝʘʣʠʟʘʮʠʷ 

ʧʨʦʚʝʨʢʠ ʧʨʘʚʠʣʴʥʦʩʪʠ ʚʳʙʦʨʘ ʜʘʥʥʦʛʦ ʨʝ-

ʰʝʥʠʷ ʚʦ ʚʩʪʨʦʝʥʥʦʤ ʩʠʤʫʣʷʪʦʨʝ çʤʘʨʢʝʪ-

ʧʣʝʡʩʘè (ʨʠʩ. 6). ʄʝʭʘʥʠʟʤ ʨʘʙʦʪʳ ʩʠʤʫʣʷʪʦ-

ʨʘ ʜʦʣʞʝʥ ʙʳʪʴ ʦʩʥʦʚʘʥ ʥʘ ʨʝʘʣʴʥʳʭ ʪʘʢʪʠʢʦ-

ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʩʨʝʜʩʪʚ, ʧʦʜ-

 

ʈʘʩʯʝʪ ʤʝʞʜʫ ʫʯʘʩʪʥʠʢʘʤʠ ʚ ʋ.ɽ. (ʙʘʣʣʘʭ) çʤʘʨʢʝʪʧʣʝʡʩʘè, ʚ ʪ.ʯ. çʙʦʥʫʩʘʤʠè 
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ʛʨʫʞʘʝʤʳʭ ʚ ʩʠʤʫʣʷʪʦʨ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ ʪʦʚʘ-

ʨʦʚ çʤʘʨʢʝʪʧʣʝʡʩʘè. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʠʤʫʣʷʪʦ-

ʨʝ ʤʦʛʫʪ ʟʘʜʘʚʘʪʴʩʷ ʨʘʟʣʠʯʥʳʝ ʧʦʛʦʜʥʳʝ 

ʫʩʣʦʚʠʷ, ʦʩʚʝʱʝʥʥʦʩʪʴ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʝʣʝʡ 

ʠ ʜʨʫʛʠʝ ʧʘʨʘʤʝʪʨʳ. ʇʦʩʣʝ ʯʝʛʦ ʧʦʣʴʟʦʚʘʪʝʣʴ 

ʤʦʞʝʪ ʧʨʦʚʝʨʠʪʴ ʚ ʩʠʤʫʣʷʪʦʨʝ ʚʦʟʤʦʞʥʦʩʪʴ 

ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯ ʚʳʙʨʘʥʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʠ 

ʜʘʣʝʝ ʦʩʫʱʝʩʪʚʠʪʴ ʟʘʢʘʟ. 

 

 
ʈʠʩ. 6. ɺʘʨʠʘʥʪ ʨʝʘʣʠʟʘʮʠʠ ʚʳʙʦʨʘ ʪʨʝʙʫʝʤʳʭ ʨʝʰʝʥʠʡ ʚ çʤʘʨʢʝʪʧʣʝʡʩʝè ʦʙʦʨʦʥʥʳʭ ʩʠʩʪʝʤ 

ʉʅɻ 

 

ɼʦʩʪʘʚʢʘ ʟʘʢʘʟʘ ʠ ʧʦʣʫʯʝʥʠʝ ʪʦʚʘʨʦʚ 

ʜʦʣʞʥʦ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʦ ʚ ʘʚʪʦʨʠʟʦʚʘʥʥʳʭ 

ʧʫʥʢʪʘʭ ʚʳʜʘʯʠ, ʥʘʧʨʠʤʝʨ, ʦʪ ʤʠʥʠʩʪʝʨʩʪʚ 

ʦʙʦʨʦʥʳ ʛʦʩʫʜʘʨʩʪʚ-ʫʯʘʩʪʥʠʢʦʚ ʠʣʠ ʜʨʫʛʠʭ 

ʫʧʦʣʥʦʤʦʯʝʥʥʳʭ ʩʪʨʫʢʪʫʨ. 

ɿʘ ʦʪʟʳʚ ʦ ʨʘʙʦʪʝ ʠʟʜʝʣʠʷ (ʨʝʰʝʥʠʷ) ʧʦʣʴ-

ʟʦʚʘʪʝʣʶ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘʯʠʩʣʝʥʠʝ ʙʦʥʫʩʦʚ, 

ʢʦʪʦʨʳʝ ʦʙʤʝʥʠʚʘʶʪʩʷ ʥʘ ʋ.ɽ. çʤʘʨʢʝʪʧʣʝʩʘè 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʥʫʪʨʝʥʥʠʤʠ ʪʘʨʠʬʘʤʠ. 

ʎʝʣʠ ʠ ʨʝʟʫʣʴʪʘʪʳ ʩʦʟʜʘʥʠʷ çʤʘʨʢʝʪ-

ʧʣʝʡʩʘè ʦʙʦʨʦʥʥʳʭ ʩʠʩʪʝʤ ʚ ʬʦʨʤʘʪʝ ʉʅɻ: 

ʇʨʝʜʩʪʘʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʮʝʣʠ ʠ ʚʦʟ-

ʤʦʞʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʦʟʜʘʥʠʷ çʤʘʨʢʝʪʧʣʝʡʩʘè 

ʦʙʦʨʦʥʥʳʭ ʩʠʩʪʝʤ ʚ ʬʦʨʤʘʪʝ ʉʅɻ: 

- ʇʦʚʳʰʝʥʠʝ ʦʙʱʝʡ ʟʘʱʠʱʸʥʥʦʩʪʠ ʠ ʛʦ-

ʪʦʚʥʦʩʪʠ ʢ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʶ ʥʦʚʝʡʰʠʤ ʚʳʟʦ-

ʚʘʤ ʠ ʫʛʨʦʟʘʤ. 

- ʇʨʠʚʣʝʯʝʥʠʝ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʢʦʤ-

ʧʘʥʠʡ (ʦʨʛʘʥʠʟʘʮʠʡ) ʛʦʩʫʜʘʨʩʪʚ-ʫʯʘʩʪʥʠʢʦʚ 

ʉʅɻ (IT-ʩʝʢʪʦʨ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʣʦʱʘʜʢʠ, 

ʠʥʩʪʨʫʢʪʦʨʩʢʦ-ʤʝʪʦʜʠʯʝʩʢʠʝ ʮʝʥʪʨʳ), ʚʦʚʣʝ-

ʯʝʥʠʝ ʤʦʣʦʜʝʞʠ ʠ ʤʦʣʦʜʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʢʦ-

ʤʘʥʜ ʚ ʦʙʱʫʶ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʠ ʦʙʦʨʦʥʥʫʶ 

ʜʝʷʪʝʣʴʥʦʩʪʴ ʉʦʜʨʫʞʝʩʪʚʘ. 

- ɺʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʢʦʤʧʘʥʠʡ ʛʦʩʫʜʘʨʩʪʚ-

ʫʯʘʩʪʥʠʢʦʚ ʉʦʜʨʫʞʝʩʪʚʘ ʘʧʨʦʙʘʮʠʡ ʩʚʦʠʭ 

ʨʘʟʨʘʙʦʪʦʢ ʠ ʧʦʣʫʯʝʥʠʝ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʜʣʷ 

ʜʦʨʘʙʦʪʢʠ ʠʟ çʧʝʨʚʳʭ ʨʫʢè ʦʪ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

- ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʝʠʤʫʱʝʩʪʚ ʬʦʨʤʘʪʘ 

çʤʘʨʢʝʪʧʣʝʡʩʘè ʜʣʷ ʦʙʲʝʜʠʥʝʥʠʷ ʨʘʟʨʘʙʦʪʯʠ-

ʢʦʚ, ʧʦʩʪʘʚʱʠʢʦʚ ʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚ çʦʜʥʦʤ 

ʤʝʩʪʝè ʜʣʷ ʫʜʦʙʩʪʚʘ ʧʦʠʩʢʘ, ʩʨʘʚʥʝʥʠʷ ʠ ʟʘʢʘ-

ʟʘ. 

- ʉʦʢʨʘʱʝʥʠʝ ʙʶʨʦʢʨʘʪʠʯʝʩʢʠʭ ʮʝʧʦʯʝʢ ʚ 

ʟʘʢʘʟʘʭ ʠ ʧʦʩʪʘʚʢʘʭ. 

- ʆʨʛʘʥʠʟʘʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʬʦʥʜʦʚ ʜʣʷ 

ʦʙʭʦʜʘ ʨʘʟʣʠʯʥʳʭ ʩʘʥʢʮʠʦʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʨʘʩʯʝʪʘ ʤʝʞʜʫ 

ʫʯʘʩʪʥʠʢʘʤʠ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʧʣʘʪʝʞʥʦʡ ʩʠ-

ʩʪʝʤʝ çʤʘʨʢʝʪʧʣʝʡʩʘè ï ʋ.ɽ. (ʙʘʣʣʘʭ). 

- ʉʦʢʨʘʱʝʥʠʝ ʠ ʫʧʦʨʷʜʦʯʠʚʘʥʠʝ ʥʦʤʝʥʢʣʘ-

ʪʫʨʳ ʩʨʝʜʩʪʚ. 

- ʇʨʠʚʝʜʝʥʠʝ ʢ ʦʙʱʠʤ ʩʪʘʥʜʘʨʪʘʤ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʷʤ (ʩʪʘʥʜʘʨʪʳ ʧʦʣʝʟʥʳʭ ʥʘʛʨʫʟʦʢ, 

ʩʝʥʩʦʨʠʢʠ, ʞʝʣʝʟʘ, ʨʘʟʲʝʤʦʚ, ʧʨʦʪʦʢʦʣʦʚ, 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʪ.ʧ.). ʇʨʦʚʝʨʢʘ 

ʚʦʝʥʥʦʡ ʧʨʠʝʤʢʦʡ (ʘʚʪʦʨʠʟʦʚʘʥʥʳʤʠ ʠʩʧʳʪʘ-

ʪʝʣʴʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ), ʠʩʧʳʪʘʥʠʷ, ʪʝʭʥʠ-

ʯʝʩʢʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ ʤʦʛʫʪ ʙʳʪʴ ʝʜʠʥʳʤʠ ʜʣʷ 

ʚʩʝʭ. 

- ʎʝʥʪʨʘʣʠʟʦʚʘʥʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʨʘʩʧʨʝ-

ʜʝʣʝʥʥʦʡ ʩʝʪʠ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʠ ʧʨʦʠʟʚʦʜʩʪʚ 

(ʯʝʨʝʟ ʚʥʫʪʨʝʥʥʠʝ ʤʝʭʘʥʠʟʤʳ çʤʘʨʢʝʪʧʣʝʡ-

ʩʘè, ʙʦʥʫʩʳ, ʩʢʠʜʢʠ, ʛʨʘʥʪʳ ʠ ʪ.ʧ.) ʩ ʚʦʟʤʦʞ-

ʥʦʩʪʴʶ ʦʧʝʨʘʪʠʚʥʦʛʦ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʪʝʭ-

ʥʦʣʦʛʠʡ. 

ɺʦʟʤʦʞʥʦʩʪʴ ʚʳʙʦʨʘ ʠ ʧʨʦʚʝʨʢʘ ʨʝʰʝʥʠʷ ʚ ʩʠʤʫʣʷʪʦʨʝ çʤʘʨʢʝʪʧʣʝʡʩʘè 
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- ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ çʤʘʨʢʝʧʣʝʡ-

ʩʘè ʜʣʷ ʨʘʟʚʠʪʠʷ ʘʢʪʫʘʣʴʥʳʭ, ʧʨʠʦʨʠʪʝʪʥʳʭ ʠ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ. 

ɺʳʚʦʜʳ. ʆʙʦʙʱʘʷ ʠʟʣʦʞʝʥʥʳʡ ʤʘʪʝʨʠʘʣ, 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ 

ʙʝʩʧʠʣʦʪʥʳʭ ʧʣʘʪʬʦʨʤ ʚ ʉɺʆ ʦʢʦʥʯʘʪʝʣʴʥʦ 

ʠʟʤʝʥʠʣʦ ʧʦʜʭʦʜʳ ʢ ʚʝʜʝʥʠʶ ʙʦʝʚʳʭ ʜʝʡ-

ʩʪʚʠʡ ʠ ʧʨʦʜʦʣʞʘʝʪ ʚʥʦʩʠʪʴ ʩʫʱʝʩʪʚʝʥʥʳʡ 

ʚʢʣʘʜ ʚ ʠʟʤʝʥʝʥʠʝ ʠʭ ʭʘʨʘʢʪʝʨʘ ʥʝ ʪʦʣʴʢʦ ʚ 

ʟʦʥʝ ʢʦʥʬʣʠʢʪʘ, ʥʦ ʠ ʚʦ ʚʩʝʤ ʤʠʨʝ. 

ʈʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʧʨʠʤʝʥʝʥʠʷ ʙʝʩʧʠ-

ʣʦʪʥʳʭ ʧʣʘʪʬʦʨʤ ʚ ʭʦʜʝ ʉɺʆ, ʘ ʪʘʢ ʞʝ ʚ ʜʨʫ-

ʛʠʭ ʩʪʨʘʥʘʭ ʠ ʢʦʥʬʣʠʢʪʘʭ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʠʭ 

ʫʩʧʝʰʥʦʝ ʦʩʚʦʝʥʠʝ ʠ ʚʥʝʜʨʝʥʠʝ ʚ ʙʦʝʚʫʶ 

ʧʨʘʢʪʠʢʫ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʠʥʚʝʩʪʠʮʠʡ ʠ 

ʩʪʘʙʠʣʴʥʳʭ ʢʘʥʘʣʦʚ ʧʦʩʪʘʚʢʠ ʢʦʤʧʣʝʢʪʫʶ-

ʱʠʭ, ʥʦ ʥʘʣʠʯʠʷ ʚ ʢʦʥʢʨʝʪʥʦʤ ʨʝʛʠʦʥʝ ʜʦʩʪʘ-

ʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʝʭʥʠʯʝʩʢʠ ʦʙʨʘʟʦʚʘʥʥʦ-

ʛʦ ʥʘʩʝʣʝʥʠʷ, ʩʧʦʩʦʙʥʦʛʦ ʢ ʦʙʫʯʝʥʠʶ ʨʘʙʦʪʝ ʩ 

ʥʦʚʝʡʰʠʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʪʝʭʥʠʯʝʩʢʠʭ ʩʧʝ-

ʮʠʘʣʠʩʪʦʚ, ʩʧʦʩʦʙʥʳʭ ʦʙʝʩʧʝʯʠʪʴ ʘʜʘʧʪʘʮʠʶ 

ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʩ ʫʯʝʪʦʤ ʤʝʥʷʶʱʠʭʩʷ 

ʫʩʣʦʚʠʡ ʠ ʢʦʥʢʨʝʪʥʳʭ ʟʘʜʘʯ, ʦʙʨʘʟʦʚʘʪʝʣʴ-

ʥʳʭ ʠ ʥʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʮʝʥʪʨʦʚ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʦ ʥʝʦʙʭʦʜʠ-

ʤʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʠ ʢʦʤʧʣʝʢʪʫʶʱʠʭ, ʘ ʪʘʢ ʞʝ 

ʮʝʥʪʨʦʚ ʙʦʝʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʩʧʦʩʦʙʥʳʭ ʵʬ-

ʬʝʢʪʠʚʥʦ ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʪʴ ʨʝʩʫʨʩʳ, ʧʦʥʠ-

ʤʘʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʠʥʥʦʚʘʮʠʡ ʠ ʛʨʘʤʦʪʥʦ 

ʧʨʠʤʝʥʷʪʴ ʥʦʚʝʡʰʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʜʦʩʪʠ-

ʞʝʥʠʷ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʙʝʟ ʦʙʲʝʜʠʥʝʥʠʷ ʦʙʱʠʭ ʫʩʠʣʠʡ ʛʦʩʫʜʘʨʩʪʚ-

ʫʯʘʩʪʥʠʢʦʚ ʉʦʜʨʫʞʝʩʪʚʘ ʠ ʦʨʛʘʥʠʟʘʮʠʠ çʤʘʨ-

ʢʝʪʧʣʝʡʩʘ ʦʙʦʨʦʥʥʳʭ ʩʠʩʪʝʤ ʚ ʬʦʨʤʘʪʝ ʉʅɻè 

ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʘʷ ʢʦʥʢʫʨʝʥʮʠʷ 

ʚʝʜʦʤʩʪʚ ʠ ʨʘʟʨʘʙʦʪʯʠʢʦʚ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʨʘʩʧʳʣʷʝʪ ʩʠʣʳ ʠ ʩʨʝʜʩʪʚʘ. ɸ ʥʘ ʜʣʠʥʥʦʡ ʜʠ-

ʩʪʘʥʮʠʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʪʝʨʝ ʚʨʝʤʝʥʠ ʠ 

ʫʪʨʘʪʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʝʠʤʫʱʝʩʪʚʘ. 
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PROPOSALS FOR THE DEVELOPMENT OF UNMANNED SYSTEMS IN THE FORMAT  

OF THE COMMONWEALTH OF INDEPENDENT STATES  

 

N.A. Sokolov, Candidate of Technical Sciences, Secretary of the Coordination Meeting on the use of 

Unmanned aircraft of the Armed Forces of the CIS member States 

The secretariat of the Council of Defense Ministers of the CIS member States 

(Russia, Moscow) 

 

Abstract. Based on data published in open sources (mass media), a study is being conducted on the 

development of global trends in the use of unmanned systems (UAS). The study is due to the significant 

impact on global trends in the production of weapons of mass use of BS, which necessitates the sys-

tematization of the experience of various armed conflicts and the discussion on the further development 

of this area in the format of the Commonwealth. The relevance of the issue of developing a "market-

place" (military-industrial portal) of defense systems in a unified format of the member states of the 

Commonwealth of Independent States (CIS) is substantiated. 
Keywords: unmanned system; drone; unmanned aerial vehicle; FPV; armed conflicts; Common-

wealth of Independent States. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʅɸɺʀɻɸʎʀʆʅʅʆɻʆ ʄʆɼʋʃʗ ʅɸ ʊʆʏʅʆʉʊʔ ʆʇʈɽɼɽʃɽʅʀʗ 

ʄɽʉʊʆʇʆʃʆɾɽʅʀʗ ʇʈʀ ʈɸɹʆʊɽ ʉ ʅɸɺʀɻɸʎʀʆʅʅʆʁ ʉʀʉʊɽʄʆʁ çBEIDOUè  

ɺ ʋʉʃʆɺʀʗʍ ɻʆʈʆɼʉʂʆʁ ɿɸʉʊʈʆʁʂʀ 

 

ʈ.ɿ. ʊʘʠʨʦʚ, ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ʉ.ɸ. ɻʦʨʘʥʴʢʦ, ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ɺʦʝʥʥʘʷ ʘʢʘʜʝʤʠʷ ʩʚʷʟʠ ʠʤ. ʄʘʨʰʘʣʘ ʉʦʚʝʪʩʢʦʛʦ ʉʦʶʟʘ ʉ.ʄ. ɹʫʜʝʥʥʦʛʦ 

(ʈʦʩʩʠʷ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ) 

 

DOI:10.24412/2500-1000-2026-3-2-117-124 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʤʦʜʫʣʷ çV-

800 MarkIII GNSSè ʥʘ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʚ ʛʦʨʦʜʩʢʦʡ ʟʦʥʝ ʩ ʚʳʩʦʢʦʡ 

ʧʣʦʪʥʦʩʪʴʶ ʟʘʩʪʨʦʡʢʠ. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʚʠʛʘʮʠʦʥʥʳʡ ʤʦʜʫʣʴ ʙʳʣ ʥʘʩʪʨʦʝʥ ʜʣʷ ʧʨʠʝʤʘ 

ʨʘʜʠʦʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ ʛʣʦʙʘʣʴʥʦʡ ʩʧʫʪʥʠʢʦʚʦʡ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ çBeidouè. ʇʦʣʫ-

ʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʧʨʠ ʧʨʠʝʤʝ ʨʘʜʠʦʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ 

ʛʣʦʙʘʣʴʥʦʡ ʩʧʫʪʥʠʢʦʚʦʡ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ çBeidouè ʥʘʚʠʛʘʮʠʦʥʥʳʡ ʤʦʜʫʣʴ ʥʝ ʧʦʟʚʦʣʷʝʪ ʩ 

ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʪʴ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʚ ʛʦʨʦʜʩʢʦʡ ʟʦʥʝ ʩ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʟʘ-

ʩʪʨʦʡʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʣʦʙʘʣʴʥʘʷ ʥʘʚʠʛʘʮʠʦʥʥʘʷ ʩʧʫʪʥʠʢʦʚʘʷ ʩʠʩʪʝʤʘ çBeidouè; ʥʘʚʠʛʘʮʠʦʥʥʳʡ 

ʤʦʜʫʣʴ; ʧʨʦʪʦʢʦʣ NMEA; ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʬʘʢʪʦʨ. 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʦʙʫʩʣʦʚʣʝʥʘ 

ʪʝʤ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʤʠʨʝ ʪʝʭʥʦʣʦʛʠʠ 

ʩʪʨʝʤʠʪʝʣʴʥʦ ʠʟʤʝʥʷʶʪʩʷ, ʠ ʥʘ ʧʝʨʝʜʥʠʡ 

ʧʣʘʥ ʚʳʭʦʜʠʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʪʦʯʥʳʭ ʜʘʥʥʳʭ 

ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʚʦʝʥʥʦʡ ʩʬʝʨʝ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ 

ʪʦʯʝʢ ʠʣʠ ʦʙʲʝʢʪʦʚ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʶʪʩʷ ʛʣʦʙʘʣʴʥʳʝ ʥʘʚʠʛʘʮʠʦʥʥʳʝ 

ʩʧʫʪʥʠʢʦʚʳʝ ʩʠʩʪʝʤʳ (ɻʅʉʉ). ʀʭ ʛʣʦʙʘʣʴ-

ʥʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝʤ ʥʘ 

ʦʢʦʣʦʟʝʤʥʳʭ ʦʨʙʠʪʘʭ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʩʧʫʪʥʠ-

ʢʦʚ (ʀʉɿ), ʚʠʜʠʤʳʭ ʠʟ ʣʶʙʦʡ ʪʦʯʢʠ ɿʝʤʣʠ. 

ɼʘʥʥʳʝ ʩʧʫʪʥʠʢʠ ʥʝʧʨʝʨʳʚʥʦ ʧʝʨʝʜʘʶʪ ʚʳ-

ʩʦʢʦʪʦʯʥʳʝ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʩʠʛʥʘʣʳ ʠ ʩʦʟʜʘ-

ʶʪ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʢʨʫʛ ʥʘʰʝʡ ʧʣʘʥʝʪʳ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʢʦʦʨʜʠʥʘʪʥʦ-ʚʨʝʤʝʥʥʦʝ ʧʦ-

ʣʝ. ʀʩʧʦʣʴʟʫʷ ʜʘʥʥʦʝ ʧʦʣʝ, ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠ-

ʘʣʴʥʦʛʦ ʧʨʠʝʤʥʠʢʘ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝ-

ʯʝʥʠʷ ʤʦʞʥʦ ʦʧʨʝʜʝʣʷʪʴ ʧʦʣʦʞʝʥʠʝ ʪʦʯʝʢ ʠ 

ʦʙʲʝʢʪʦʚ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚʨʝʤʝʥʠ. 

ɺ ʤʠʨʝ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʩʣʝʜʫʶʱʠʝ ɻʅʉʉ, 

ʧʨʠʤʝʥʷʶʱʠʝ ʜʣʷ ʨʝʰʝʥʠʷ ʥʘʚʠʛʘʮʠʦʥʥʦʡ 

ʟʘʜʘʯʠ ʧʦʟʠʮʠʦʥʥʳʡ ʧʩʝʚʜʦʜʘʣʴʥʦʤʝʨʥʳʡ 

ʤʝʪʦʜ: 

- ɻʃʆʅɸʉʉ (ʈʌ); 

- GPS (ʉʐɸ); 

- Beidou (ʂʅʈ); 

- Galileo (ɽʉ). 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʚʪʦʨʘʤʠ ʙʳʣʘ 

ʚʳʙʨʘʥʘ ɻʅʉʉ çBeidouè (ʂʠʪʘʡʩʢʘʷ ʅʘʨʦʜ-

ʥʘʷ ʈʝʩʧʫʙʣʠʢʘ). ʀʜʝʷ ʩʦʟʜʘʥʠʷ ʢʠʪʘʡʩʢʦʡ 

ʥʘʮʠʦʥʘʣʴʥʦʡ ʨʝʛʠʦʥʘʣʴʥʦʡ ʥʘʚʠʛʘʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʳ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʚ 1983 ʛʦʜʫ [1]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʦʩʤʠʯʝʩʢʠʡ ʩʝʛʤʝʥʪ 

ɻʅʉʉ çBeidouè ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʨʙʠ-

ʪʘʣʴʥʫʶ ʛʨʫʧʧʠʨʦʚʢʫ ʩʤʝʰʘʥʥʦʛʦ ʪʠʧʘ, ʩʦ-

ʩʪʦʷʱʫʶ ʠʟ 44 ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ (ʂɸ) 

ʥʘ ʦʨʙʠʪʘʭ ʪʨʝʭ ʪʠʧʦʚ (ʩʨʝʜʥʷʷ ʢʨʫʛʦʚʘʷ ʦʨ-

ʙʠʪʘ, ʛʝʦʩʪʘʮʠʦʥʘʨʥʘʷ ʦʨʙʠʪʘ, ʛʝʦʩʠʥʭʨʦʥʥʘʷ 

ʥʘʢʣʦʥʥʘʷ ʚʳʩʦʢʘʷ ʦʨʙʠʪʘ). ʆʨʙʠʪʘʣʴʥʘʷ 

ʛʨʫʧʧʠʨʦʚʢʘ ɻʅʉʉ çBeidou-3è ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʥʘ ʨʠʩʫʥʢʝ 1. 

ʉʦʩʪʘʚ ʠ ʩʦʩʪʦʷʥʠʝ ʦʨʙʠʪʘʣʴʥʦʡ ʛʨʫʧʧʠ-

ʨʦʚʢʠ ɻʅʉʉ çBeidou-3è ʧʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 

05.03.2026 ʛ. ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 1. 
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ʈʠʩ. 1 

 

ʊʘʙʣʠʮʘ 1. 
ɺʩʝʛʦ ʚ ʩʦʩʪʘʚʝ ʆɻ 54 

- ʥʘ ʛʝʦʩʪʘʮʠʦʥʘʨʥʦʡ ʦʨʙʠʪʝ (GEO) 9 

- ʥʘ ʥʘʢʣʦʥʥʳʭ ʛʝʦʩʠʥʭʨʦʥʥʳʭ ʦʨʙʠʪʘʭ (IGSO) 12 

- ʥʘ ʩʨʝʜʥʠʭ ʢʨʫʛʦʚʳʭ ʦʨʙʠʪʘʭ (MEO) 33 

ʀʩʧʦʣʴʟʫʝʪʩʷ ʧʦ ʮʝʣʝʚʦʤʫ ʥʘʟʥʘʯʝʥʠʶ 44 

ʅʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦ ʮʝʣʝʚʦʤʫ ʥʘʟʥʘʯʝʥʠʶ 10 

 

ʈʘʙʦʯʠʝ ʨʘʜʠʦʜʠʘʧʘʟʦʥʳ ʂɸ ɻʅʉʉ çɹʵʡʜʦʫè (ʈʅʉʉ çɹʵʡʜʦʫ-2è ʠ ɻʅʉʉ çɹʵʡʜʦʫ-3è) ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2 [2]. 

 

ʊʘʙʣʠʮʘ 2. 
ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʊʠʧ ʂɸ 

 
ʈʅʉʉ çɹʵʡʜʦʫ-2è (3 ʦʪʢʨʳʪʳʭ ʠ 

3 ʟʘʢʨʳʪʳʭ ʩʠʛʥʘʣʘ) 

ɻʅʉʉ çɹʵʡʜʦʫ-3è (5 ʦʪʢʨʳʪʳʭ ʠ 4 ʟʘʢʨʳʪʳʭ ʩʠʛ-

ʥʘʣʘ) 

ʎʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʦʪʘ (ʥʝʩʫʱʘʷ) B1I (1561,098 Mɻʮ) 
B1I (1561,098 Mɻʮ), ʢʚʘʜʨʘʪʫʨʥʘʷ ʬʘʟʦʚʘʷ ʤʘʥʠ-

ʧʫʣʷʮʠʷ 

ʎʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʦʪʘ (ʥʝʩʫʱʘʷ) B2I (1207,140 Mɻʮ) 
B2B (1207,140 Mɻʮ), ʢʚʘʜʨʘʪʫʨʥʘʷ ʬʘʟʦʚʘʷ ʤʘʥʠ-

ʧʫʣʷʮʠʷ 

ʎʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʦʪʘ (ʥʝʩʫʱʘʷ) B3I (1268,520 Mɻʮ) B3I (1268,520 Mɻʮ) 

ʎʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʦʪʘ (ʥʝʩʫʱʘʷ) ï 
B1C (1575,42 ʄɻʮ), ʜʨʫʛʦʡ ʪʠʧ ʤʦʜʫʣʷʮʠʠ ʦʪʥʦ-

ʩʠʪʝʣʴʥʦ L1C GPS ʠ E1 Galileo 

ʎʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʦʪʘ (ʥʝʩʫʱʘʷ) ï 
B2A (1176,45 ʄɻʮ), ʜʨʫʛʦʡ ʪʠʧ ʤʦʜʫʣʷʮʠʠ ʦʪʥʦ-

ʩʠʪʝʣʴʥʦ L5 GPS ʠ E5a Galileo 

ʎʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʦʪʘ (ʥʝʩʫʱʘʷ) ï B1A (ʟʘʢʨʳʪʳʡ ʩʠʛʥʘʣ) 

ʎʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʦʪʘ (ʥʝʩʫʱʘʷ) ï B3Q (ʟʘʢʨʳʪʳʡ ʩʠʛʥʘʣ) 

ʎʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʦʪʘ (ʥʝʩʫʱʘʷ) ï B3A (ʟʘʢʨʳʪʳʡ ʩʠʛʥʘʣ) 

ʎʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʦʪʘ (ʥʝʩʫʱʘʷ) ï B2Q (ʟʘʢʨʳʪʳʡ ʩʠʛʥʘʣ) 

ʆʰʠʙʢʘ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʧʦʪʨʝ-

ʙʠʪʝʣʷ 
4,6 ʤ ʚ ʜʚʫʭʯʘʩʪʦʪʥʦʤ ʨʝʞʠʤʝ 

ʧʦ ʦʪʢʨʳʪʦʤʫ ʩʠʛʥʘʣʫ ʜʣʷ ʩʪʨʘʥ ɸʊʈ ï 2,6 ʤ, ʜʣʷ 

ʦʩʪʘʣʴʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ɿʝʤʣʠ ï 3,6 ʤ, ʧʦ ʟʘʢʨʳʪʦ-

ʤʫ ʩʠʛʥʘʣʫ 0,1 ʤ 
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ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʚʳʙʨʘʥ ʧʨʠʸʤʥʠʢ 

ɻʅʉʉ ʚ ʤʦʜʫʣʴʥʦʤ ʠʩʧʦʣʥʝʥʠʠ ï çV-800 

MarkIII  GNSSè, ʢʦʪʦʨʳʡ ʧʦʜʜʝʨʞʠʚʘʝʪ ʩʠ-

ʩʪʝʤʫ ʥʝʩʢʦʣʴʢʠʭ ʩʦʟʚʝʟʜʠʡ: çGPSè, çɻʃʆ-

ʅɸʉʉè, çBeidouè ʠ çQZSSè, ʦʙʝʩʧʝʯʠʚʘʶ-

ʱʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʙʳʩʪʨʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘ-

ʥʠʷ ʚ ʣʶʙʦʡ ʦʙʣʘʩʪʠ [3]. 

ʆʩʦʙʝʥʥʦʩʪʷʤʠ ʜʘʥʥʦʛʦ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ 

ʤʦʜʫʣʷ ʷʚʣʷʶʪʩʷ: 

1. ɺʩʪʨʦʝʥʥʘʷ ʧʝʨʝʜʦʚʘʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦ-

ʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ 4-ʛʦ ʧʦʢʦ-

ʣʝʥʠʷ ʦʪ Columbus EPS4 (Enhanced Positioning 

System), ʪʦʯʥʦʩʪʴ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʜʦ 

2,0 ʤ* ʠ ʫʣʫʯʰʝʥʠʝ ʜʨʝʡʬʘ. 

2. ʇʦʜʜʝʨʞʢʘ ʩʢʦʨʦʩʪʠ ʦʙʥʦʚʣʝʥʠʷ ʜʦ 

10 ɻʮ, ʩʪʘʥʜʘʨʪʥʳʡ ʧʨʦʪʦʢʦʣ ʜʘʥʥʳʭ NMEA-

0183. 

3. ʇʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ ʧʘʨʘʤʝʪʨʳ: ʩʠʩʪʝʤʘ 

GNSS, ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʧʨʝʜʣʦʞʝ-

ʥʠʷ NMEA ʠ ʩʢʦʨʦʩʪʴ ʦʙʥʦʚʣʝʥʠʷ ʠ ʪ.ʜ. 

4. ɹʣʘʛʦʜʘʨʷ ʠʥʪʝʨʬʝʡʩʫ USB Prolific 

PL2302 ʠʤ ʣʝʛʢʦ ʫʧʨʘʚʣʷʪʴ. 

5. ʉʚʝʪʦʜʠʦʜʥʳʡ ʠʥʜʠʢʘʪʦʨ ʦʪʦʙʨʘʞʘʝʪ 

ʩʦʩʪʦʷʥʠʝ GNSS. 

6. ʂʦʤʧʘʢʪʥʳʡ ʜʠʟʘʡʥ, ʚʳʩʦʢʘʷ ʧʨʦʯʥʦʩʪʴ, 

ʩʫʧʝʨʩʢʣʝʝʚʦʡ ʤʘʛʥʠʪʥʳʡ ʜʣʷ ʢʨʝʧʣʝʥʠʷ ʥʘ 

ʘʚʪʦʤʦʙʠʣʴ. 

7. ɺʩʪʨʦʝʥʥʳʡ ʨʝʟʝʨʚʥʳʡ ʘʢʢʫʤʫʣʷʪʦʨ ʜʣʷ 

ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʙʳʩʪ-

ʨʦʛʦ ʩʙʦʨʘ ʩʧʫʪʥʠʢʦʚ. 

8. ɼʣʷ ʥʘʚʠʛʘʮʠʠ, ʦʙʩʣʫʞʠʚʘʥʠʷ ʚʨʝʤʝʥʠ, 

ʦʧʪʠʤʠʟʘʮʠʠ ʩʝʪʠ, ʫʧʨʘʚʣʝʥʠʷ ʘʚʪʦʧʘʨʢʦʤ, 

ʛʝʦʜʝʟʠʠ ʠ ʧʨʠʣʦʞʝʥʠʡ ʤʦʙʠʣʴʥʳʭ 

ʫʩʪʨʦʡʩʪʚ. 

9. ɿʘʧʘʪʝʥʪʦʚʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ EPS4 (ʫʩʦ-

ʚʝʨʰʝʥʩʪʚʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ 

4-ʛʦ ʧʦʢʦʣʝʥʠʷ ʦʪ Columbus), ʢʦʪʦʨʘʷ ʦʙʝʩʧʝ-

ʯʠʚʘʝʪ ʪʦʯʥʦʩʪʴ ʜʦ 2,0 ʤʝʪʨʦʚ (CEP50%). 

ɺʥʝʰʥʠʡ ʚʠʜ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʤʦʜʫʣʷ çV-

800 MarkIII GNSSè ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

 
ʈʠʩ. 2. 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʩʣʝʜʫʶʱʠʭ 

ʫʩʣʦʚʠʷʭ ï ʘʥʪʝʥʥʘ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʤʦʜʫʣʷ 

ʨʘʩʧʦʣʘʛʘʣʘʩʴ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʝʨʠʣʘʭ ʙʘʣ-

ʢʦʥʘ 6-ʛʦ ʵʪʘʞʘ ʚʦʩʴʤʠʵʪʘʞʥʦʛʦ ʟʜʘʥʠʷ. ɿʜʘ-

ʥʠʝ ʢʠʨʧʠʯʥʦʝ, ʚ ʙʝʪʦʥʥʳʭ ʧʝʨʝʢʨʳʪʠʷʭ ʵʪʘ-

ʞʝʡ ʠʤʝʝʪʩʷ ʘʨʤʘʪʫʨʘ. ɹʘʣʢʦʥ ʩʤʦʪʨʠʪ ʚ ʟʘ-

ʢʨʳʪʳʡ ʜʚʦʨ (çʜʚʦʨ ï ʢʦʣʦʜʝʮè). ʊʘʢʠʝ ʫʩʣʦ-

ʚʠʷ ʚʳʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʟʘʪʫʭʘʥʠʝ ʠ ʧʝ-

ʨʝʦʪʨʘʞʝʥʠʝ ʩʠʛʥʘʣʦʚ. ɼʣʷ ʧʨʠʝʤʘ ʧʨʷʤʳʭ 

ʩʠʛʥʘʣʦʚ ʜʦʩʪʫʧʥʘ ʪʦʣʴʢʦ ʶʛʦ-ʟʘʧʘʜʥʘʷ ʯʘʩʪʴ 

ʧʦʣʫʩʬʝʨʳ ʥʝʙʦʩʚʦʜʘ. 

ʅʘʚʠʛʘʮʠʦʥʥʳʡ ʤʦʜʫʣʴ ʙʳʣ ʧʦʜʢʣʶʯʝʥ ʢ 

ʧʝʨʩʦʥʘʣʴʥʦʤʫ ʢʦʤʧʴʶʪʝʨʫ ʯʝʨʝʟ USB ʠʥ-

ʪʝʨʬʝʡʩ, ʚ ʢʦʪʦʨʦʤ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʢʦʤʧʴ-

ʶʪʝʨʥʘʷ ʧʨʦʛʨʘʤʤʘ çGNSSToolKit3è. ɼʘʥʥʘʷ 

ʧʨʦʛʨʘʤʤʘ ʧʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʧʦʟʠʮʠʦ-

ʥʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ ʥʝʟʘʚʠʩʠʤʦ 

ʦʪ ʢʦʥʬʠʛʫʨʘʮʠʠ ʥʘʙʣʶʜʘʝʤʳʭ ʩʧʫʪʥʠʢʦʚ, ʘ 

ʪʘʢʞʝ ʩʦʜʝʨʞʠʪ ʨʘʩʰʠʨʝʥʥʳʡ ʥʘʙʦʨ ʘʣʛʦʨʠʪ-

ʤʦʚ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʩʬʝʨʝ ʩʧʫʪʥʠʢʦʚʦʡ 

ʥʘʚʠʛʘʮʠʠ. 

ʆʢʥʦ ʧʨʦʛʨʘʤʤʳ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥ-

ʢʝ 3. 
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ʈʠʩ. 3. 

 

ʂʘʢ ʙʳʣʦ ʫʢʘʟʘʥʦ ʚʳʰʝ ʮʝʣʴʶ ʨʘʙʦʪʳ ʙʳ-

ʣʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʤʦʜʫʣʷ çV-

800 MarkIII GNSSè ʥʘ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʧʨʠ ʨʘʙʦʪʝ ʩ ʥʘʚʠʛʘʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʦʡ çBeidouè ʚ ʛʦʨʦʜʩʢʦʡ ʟʦʥʝ ʩ ʚʳʩʦ-

ʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʟʘʩʪʨʦʡʢʠ. ɼʣʷ ʵʪʠʭ ʮʝʣʝʡ ʚ 

ʥʘʩʪʨʦʡʢʘʭ ʧʨʦʛʨʘʤʤʳ ʙʳʣʠ ʚʳʙʨʘʥʳ: ɻʅʉʉ 

çBeidouè, ʧʨʦʪʦʢʦʣʘ NMEA, ʧʨʠʥʠʤʘʝʤʳʝ 

ʩʠʛʥʘʣʳ ɻʅʉʉ çBeidouè - B1I; B2I; B3I; B1C; 

ɺ2ɸ; ɺ2ɺ (ʨʠʩ. 4 ʠ 5). 

 

 
ʈʠʩ. 4. 
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ʈʠʩ. 5. 

 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʦʙʨʘʙʦʪʘʥʳ ʠ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʩʪʨʦʢʠ ʧʨʦʪʦ-

ʢʦʣʘ NMEA 0183: 

GGA ï ʜʘʥʥʳʝ ʦ ʧʦʩʣʝʜʥʝʤ ʟʘʬʠʢʩʠʨʦʚʘʥ-

ʥʦʤ ʤʝʩʪʦʧʦʣʦʞʝʥʠʠ; 

GSA ï ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʘʢʪʠʚʥʳʭ ʩʧʫʪʥʠʢʘʭ 

(ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʠ). 

ʈʝʟʫʣʴʪʘʪ ʦʜʥʦʡ ʠʟ ʧʦʣʫʯʝʥʥʦʡ ʧʨʠ ʠʩʩʣʝ-

ʜʦʚʘʥʠʠ ʩʪʨʦʢʠ GGA ʧʨʦʪʦʢʦʣʘ: 

$BDGGA,154838.000,ʍʍʍʍ.20049,N,ʍʍʍ

ʍ.14946,E,1,07,4.9,-0.4,M,15.7,M,,*69 

ʛʜʝ: 

- ç$BDGGAè ï ɻʅʉʉ çBeidouè, ʩʪʨʦʢʘ 

GGA; 

- ç154838.0001è ï ʚʨʝʤʷ UTC ʚ ʬʦʨʤʘʪʝ 

çʏʏʄʄʉʉ.ʉʉʉè; 

- çʍʍʍʍ.200492è ï ʰʠʨʦʪʘ ʚ ʬʦʨʤʘʪʝ 

çɻɻʄʄ.ʄʄʄʄʄè; 

- çNè - ʥʘʧʨʘʚʣʝʥʠʝ ʰʠʨʦʪʳ ï ʥʘ ʩʝʚʝʨ; 

- çʍʍʍʍ.149464è ï ʜʦʣʛʦʪʘ ʚ ʬʦʨʤʘʪʝ 

çɻɻʄʄ.ʄʄʄʄʄè; 

- çEè ï ʥʘʧʨʘʚʣʝʥʠʝ ʜʦʣʛʦʪʳ ï ʥʘ ʚʦʩʪʦʢ; 

- ç1è ï ʘʚʪʦʥʦʤʥʳʡ ʩʧʦʩʦʙ ʚʳʯʠʩʣʝʥʠʷ ʢʦ-

ʦʨʜʠʥʘʪ; 

- ç7è ï ʢʦʣʠʯʝʩʪʚʦ ʘʢʪʠʚʥʳʭ ʩʧʫʪʥʠʢʦʚ; 

- ç4.9è ï ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ 

ʬʘʢʪʦʨ ʫʭʫʜʰʝʥʠʷ ʪʦʯʥʦʩʪʠ (HDOP); 

- ç0,4,ʄè ï ʚʳʩʦʪʘ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ 

(geoid) ʚ ʤʝʪʨʘʭ; 

- ç15.7,ʄè ï ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʵʣʣʠʧʩʦʠʜʦʤ 

ʟʝʤʣʠ ʠ ʫʨʦʚʥʝʤ ʤʦʨʷ (geoid ʚ ʤʝʪʨʘʭ; 

- ç*69è ï ID ʙʘʟʦʚʦʡ ʩʪʘʥʮʠʠ ʧʨʝʜʦʩʪʘʚʣʷ-

ʶʱʝʡ DGPS ʧʦʧʨʘʚʢʠ (ʝʩʣʠ ʚʢʣʶʯʝʥʦ DGPS). 

ʈʝʟʫʣʴʪʘʪ ʦʜʥʦʡ ʠʟ ʧʦʣʫʯʝʥʥʦʡ ʧʨʠ ʠʩʩʣʝ-

ʜʦʚʘʥʠʠ ʩʪʨʦʢʠ GSA ʧʨʦʪʦʢʦʣʘ: 

$BDGSA,A,3,08,13,14,28,33,38,41,,,,,,6.2,4.9

,3.8,4*32 

ʛʜʝ: 

- ç$BDGSAè ï ɻʅʉʉ çBeidouè, ʩʪʨʦʢʘ 

GSA; 

- çAè ï ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʨʝʞʠʤ ʚʳʙʦʨʘ 

ʬʦʨʤʘʪʘ 2D/3D; 

- ç3è ï ʨʝʞʠʤ ʚʳʙʨʘʥʥʦʛʦ ʬʦʨʤʘʪʘ - 3D; 

- ç08,13,14,28,33,38,41è ï ID ʘʢʪʠʚʥʳʭ 

ʩʧʫʪʥʠʢʦʚ; 

- ç6.2è ï ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʛʝʦʤʝʪʨʠʯʝ-

ʩʢʠʡ ʬʘʢʪʦʨ ʫʭʫʜʰʝʥʠʷ ʪʦʯʥʦʩʪʠ (PDOP); 

- ç4,9è ï ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ 

ʬʘʢʪʦʨ ʫʭʫʜʰʝʥʠʷ ʪʦʯʥʦʩʪʠ (HDOP); 

- ç3.8è ï ʚʝʨʪʠʢʘʣʴʥʳʡ ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ 

ʬʘʢʪʦʨ ʫʭʫʜʰʝʥʠʷ ʪʦʯʥʦʩʪʠ (VDOP); 

- ç4è ï ʥʦʤʝʨ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ï 

çBeidouè. 

ɼʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʩʪʨʦʢʠ GGA ʧʨʦʪʦʢʦʣʘ NMEA 

0183 ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʘʷ 

ʢʦʤʧʴʶʪʝʨʥʘʷ ʧʨʦʛʨʘʤʤʘ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʚ 

ɺʦʝʥʥʦʡ ʘʢʘʜʝʤʠʠ ʩʚʷʟʠ. ɺʥʝʰʥʠʡ ʚʠʜ ʧʨʦ-

ʛʨʘʤʤʳ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 6. 
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ʈʠʩ. 6. 

 

ʇʨʦʚʝʜʸʥʥʳʡ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʘʣ, 

ʯʪʦ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʚʨʝʤʝʥʠ, ʦʪʚʝʜʝʥʥʦʛʦ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ (2 ʯʘʩʘ, 9 ʤʠʥʫʪ), ʙʳʣʦ ʧʨʦʠʟ-

ʚʝʜʝʥʦ 127 ʠʟʤʝʨʝʥʠʡ ʩ ʠʥʪʝʨʚʘʣʦʤ ʚ 1 ʤʠʥʫ-

ʪʫ. 

ɼʘʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʟʤʝʨʝʥʠʡ ʷʚʣʷʝʪʩʷ ʜʦ-

ʩʪʘʪʦʯʥʳʤ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʨʝʟʫʣʴʪʘʪʳ ʫʜʦ-

ʚʣʝʪʚʦʨʷʣʠ ʪʨʝʙʦʚʘʥʠʷʤ ʧʦ ʪʦʯʥʦʩʪʠ, ʘ, ʧʦ-

ʩʪʨʦʝʥʥʳʝ ʧʦ ʵʪʠʤ ʜʘʥʥʳʤ, ʛʨʘʬʠʢʠ ʙʳʣʠ 

ʤʘʢʩʠʤʘʣʴʥʦ ʯʠʪʘʝʤʳʤʠ ʠ ʧʦ ʥʠʤ ʤʦʞʥʦ ʙʳ-

ʣʦ ʧʨʦʚʝʩʪʠ ʥʝʦʙʭʦʜʠʤʳʝ ʟʘʤʝʨʳ ʚʝʣʠʯʠʥ. ʀʟ 

ʨʘʩʯʝʪʦʚ ʚʠʜʥʦ, ʯʪʦ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ 

ʦʪʢʣʦʥʝʥʠʝ (ʉʂʆ), ʷʚʣʷʶʱʝʝʩʷ ʛʣʘʚʥʳʤ ʧʦ-

ʢʘʟʘʪʝʣʝʤ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʦʧʦʣʦ-

ʞʝʥʠʷ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʤʦʜʫʣʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʠʟʤʝʨʝʥʠʡ ʨʘʚʝʥ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 143 ʤʝʪʨʘʤ, 

ʘ ʉʂʆ ʚ ʧʨʦʠʟʚʦʣʴʥʦ ʚʳʙʨʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

ï ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 101 ʤʝʪʨ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʪʘʧʦʣʦʞʝʥʠʷ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 7. 

 

 
ʈʠʩ. 7. 

 

ʆʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩʪʨʦʢʠ 

GSA ʧʨʦʪʦʢʦʣʘ NMEA 0183 ʙʳʣʘ ʠʩʧʦʣʴʟʦ-

ʚʘʥʘ ʧʨʦʛʨʘʤʤʘ EXCEL ï ʧʨʦʛʨʘʤʤʘ ʜʣʷ ʨʘ-

ʙʦʪʳ ʩ ʵʣʝʢʪʨʦʥʥʳʤʠ ʪʘʙʣʠʮʘʤʠ, ʨʘʟʨʘʙʦʪʘʥ-

ʥʘʷ ʢʦʤʧʘʥʠʝʡ Microsoft. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʷʪʦʡ ʪʝʨʤʠʥʦʣʦʛʠʝʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʛʝʦʤʝʪʨʠʠ GDOP ʦʙʦʟʥʘʯʘʝʪ 

ʩʫʤʤʘʨʥʦʝ ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʩʥʠʞʝʥʠʝ ʪʦʯʥʦ-

ʩʪʠ ʧʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʶ ʠ ʚʨʝʤʝʥʠ, HDOP ï 

ʦʙʦʟʥʘʯʘʝʪ ʩʥʠʞʝʥʠʝ ʪʦʯʥʦʩʪʠ ʚ ʛʦʨʠʟʦʥ-

ʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʘ PDOP ï ʩʥʠʞʝʥʠʝ ʪʦʯ-

ʥʦʩʪʠ ʧʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʶ [4]. 

ɺ ʪʘʙʣʠʮʝ 3 ʧʨʠʚʝʜʝʥʳ ʜʠʘʧʘʟʦʥʳ ʠʟʤʝʥʝ-

ʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʛʝʦʤʝʪʨʠʠ ʠ ʢʣʘʩʩʠʬʠʢʘ-

ʮʠʷ ʦʞʠʜʘʝʤʳʭ ʪʦʯʥʦʩʪʝʡ ʧʦʟʠʮʠʦʥʠʨʦʚʘ-

ʥʠʷ [4]. 
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ʊʘʙʣʠʮʘ 3. 
ɿʥʘʯʝʥʠʝ DOP ʊʦʯʥʦʩʪʴ ʆʧʠʩʘʥʠʝ 

Ò 1 ʀʜʝʘʣʴʥʘʷ 
ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ ʩʠʩʪʝʤʘʭ, ʪʨʝʙʫʶʱʠʭ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞ-

ʥʦʡ ʪʦʯʥʦʩʪʠ ʚʦ ʚʩʝ ʚʨʝʤʷ ʨʘʙʦʪʳ 

2-3 ʆʪʣʠʯʥʘʷ 
ɼʦʩʪʘʪʦʯʥʘʷ ʪʦʯʥʦʩʪʴ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʚ ʜʦʩʪʘʪʦʯʥʦ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʝ ʠ ʧʨʦʛʨʘʤʤʘʭ 

4-6 ʍʦʨʦʰʘʷ 

ʈʝʢʦʤʝʥʜʫʝʤʳʡ ʤʠʥʠʤʫʤ ʜʣʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʧʦ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʳʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ 

ʫʢʘʟʘʥʠʡ 

7-8 ʉʨʝʜʥʷʷ 
ʈʝʟʫʣʴʪʘʪʳ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʚʳʯʠʩʣʝʥʠʷʭ, ʦʜʥʘʢʦ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʦʟʘʙʦ-

ʪʠʪʴʩʷ ʧʦʚʳʰʝʥʠʝʤ ʪʦʯʥʦʩʪʠ, ʥʘʧʨʠʤʝʨ, ʚʳʡʪʠ ʥʘ ʙʦʣʝʝ ʦʪ ʢʨʳʪʦʝ ʤʝʩʪʦ 

9-20 ʅʠʞʝ ʩʨʝʜʥʝʛʦ 
ʈʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʪʦʣʴʢʦ ʜʣʷ ʛʨʫʙʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʤʝʩʪʦʧʦʣʦ-

ʞʝʥʠʷ 

21-50 ʇʣʦʭʘʷ 
ɺʳʭʦʜʥʘʷ ʪʦʯʥʦʩʪʴ ʥʠʞʝ ʧʦʣʦʚʠʥʳ ʬʫʪʙʦʣʴʥʦʛʦ ʧʦʣʷ. ʆʙʳʯʥʦ ʪʘʢʠʝ ʨʝʟʫʣʴʪʘʪʳ 

ʜʦʣʞʥʳ ʙʳʪʴ ʦʪʙʨʦʰʝʥʳ 

 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʩʨʝʜʥʝʝ ʢʦʣʠʯʝʩʪʚʦ ʚʠʜʠʤʳʭ ʩʧʫʪʥʠʢʦʚ ʚ 

ʪʦʯʢʝ ʥʘʙʣʶʜʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 6 ʂɸ, 

ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ PDOP ï ʧʨʠʤʝʨʥʦ 9,0; 

HDOP ï ʧʨʠʤʝʨʥʦ 9,0; VDOP ï ʧʨʠʤʝʨʥʦ 3,6; 

GDOP ï ʧʨʠʤʝʨʥʦ 12,8. 

ɺʳʚʦʜʳ: 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʤʦʜʫʣʷ çV-800 MarkIII 

GNSSè ʥʘ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʦʧʦʣʦ-

ʞʝʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʉʂʆ ʚ ʧʨʦʠʟʚʦʣʴʥʦ ʚʳ-

ʙʨʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩʦʩʪʘʚʠʣʦ ʧʨʠʙʣʠʟʠ-

ʪʝʣʴʥʦ 101 ʤʝʪʨ. ɼʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʉʂʆ ʥʝ 

ʧʦʟʚʦʣʷʝʪ ʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʚʦʝ ʤʝʩʪʦʧʦʣʦ-

ʞʝʥʠʝ ʥʘ ʤʝʩʪʥʦʩʪʠ. 

ʀʩʭʦʜʷ ʠʟ ʪʦʛʦ, ʯʪʦ ʟʥʘʯʝʥʠʷ PDOP, HDOP, 

GDOP ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 9,0-12,8, ʧʦʣʫ-

ʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʪʦʣʴʢʦ ʜʣʷ ʛʨʫʙʦʡ ʦʮʝʥʢʠ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ. 

ɼʣʷ ʙʦʣʝʝ ʪʦʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʦʧʦ-

ʣʦʞʝʥʠʷ ʚ ʜʘʥʥʳʭ ʩʣʦʞʥʳʭ ʫʩʣʦʚʠʷʭ ʩʣʝʜʫʝʪ: 

1. ʇʝʨʝʤʝʩʪʠʪʴ ʥʘʚʠʛʘʮʠʦʥʥʳʡ ʤʦʜʫʣʴ ʚ 

ʜʨʫʛʦʝ ʤʝʩʪʦ, ʯʪʦ ʤʦʞʝʪ ʠʟʤʝʥʠʪʴ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʩʧʫʪʥʠʢʦʚ ʚ ʟʦʥʝ ʚʠʜʠʤʦ-

ʩʪʠ ʠ ʫʣʫʯʰʠʪʴ ʧʦʢʘʟʘʪʝʣʴ GDOP. 

2. ɼʦʙʘʚʠʪʴ ʥʦʚʳʝ ʩʧʫʪʥʠʢʠ ʠʟ ʜʨʫʛʠʭ 

ʛʨʫʧʧʠʨʦʚʦʢ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʫʣʫʯʰʠʪʴ ʧʦʢʘʟʘ-

ʪʝʣʴ GDOP ʠ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ɻʅʉʉ çɻʃʆʅɸʉʉè ʠ çGPSè. 
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Abstract. The article discusses the results of a study of the navigation module "V-800 MarkIII GNSS" 

on the accuracy of location determination in an urban area with a high density of buildings. During the 

study, the navigation module was configured to receive radio navigation signals from the Beidou global 

satellite navigation system. The results obtained indicate that when receiving radio navigation signals 

from the global satellite navigation system "Beidou", the navigation module does not allow to accurate-

ly determine locations in an urban area with a high density of buildings. 

Keywords: global navigation satellite system "Beidou"; navigation module; NMEA protocol; geo-

metric factor. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʫʩʣʦʚʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ BIM-ʤʦʜʝʣʴ ʤʦʞʝʪ ʩʣʫ-

ʞʠʪʴ ʥʘʜʝʞʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʜʘʥʥʳʭ ʜʣʷ ʨʘʩʯʝʪʘ ʩʤʝʪʥʦʡ ʩʪʦʠʤʦʩʪʠ ʚ ʨʦʩʩʠʡʩʢʦʤ ʥʦʨʤʘ-

ʪʠʚʥʦʤ ʧʦʣʝ. ʎʝʣʴ ʨʘʙʦʪʳ ï ʦʧʨʝʜʝʣʠʪʴ ʵʪʠ ʫʩʣʦʚʠʷ ʠ ʧʨʝʜʣʦʞʠʪʴ ʢʨʠʪʝʨʠʠ ʧʨʦʚʝʨʢʠ ʧʨʠʛʦʜ-

ʥʦʩʪʠ ʤʦʜʝʣʠ ʜʣʷ ʩʤʝʪʥʦʛʦ ʨʘʩʯʝʪʘ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʩʥʦʚʘʥʦ ʥʘ ʥʦʨʤʘʪʠʚʥʦʤ, ʩʨʘʚʥʠʪʝʣʴʥʦʤ ʠ 

ʪʠʧʦʣʦʛʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʥʝ ʩʘʤʘ ʧʦ ʩʝʙʝ ʧʦʣʥʦʪʘ 

ʛʝʦʤʝʪʨʠʠ, ʘ ʥʘʣʠʯʠʝ ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʛʦ ʧʝʨʝʭʦʜʘ ʤʝʞʜʫ ʩʪʨʫʢʪʫʨʦʡ ʤʦʜʝʣʠ ʠ ʩʪʨʫʢʪʫʨʦʡ 

ʩʤʝʪʥʦʛʦ ʨʘʩʯʝʪʘ. ʊʘʢʦʡ ʧʝʨʝʭʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʦʩʣʝʞʠʚʘʝʤʦʡ ʩʚʷʟʢʦʡ çʵʣʝʤʝʥʪ ï ʨʘʙʦʪʘ 

ï ʥʦʨʤʘè, ʦʙʷʟʘʪʝʣʴʥʳʤʠ ʘʪʨʠʙʫʪʘʤʠ, ʝʜʠʥʦʦʙʨʘʟʠʝʤ ʝʜʠʥʠʮ ʠʟʤʝʨʝʥʠʷ, ʩʦʧʦʩʪʘʚʠʤʦʡ ʛʨʫʧ-

ʧʠʨʦʚʢʦʡ ʨʘʙʦʪ ʠ ʬʠʢʩʘʮʠʝʡ ʚʝʨʩʠʠ ʜʘʥʥʳʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʤʝʪʦʜʠʯʝʩʢʠʝ ʫʩʣʦ-

ʚʠʷ ʠʥʪʝʛʨʘʮʠʠ BIM-ʤʦʜʝʣʠ ʠ ʩʤʝʪʥʦʡ ʩʠʩʪʝʤʳ ʠ ʢʨʠʪʝʨʠʠ ʧʨʦʚʝʨʢʠ ʧʨʠʛʦʜʥʦʩʪʠ ʤʦʜʝʣʠ ʜʣʷ 

ʨʘʩʯʝʪʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: BIM-ʤʦʜʝʣʴ; ʩʤʝʪʥʘʷ ʩʪʦʠʤʦʩʪʴ; 5D BIM; ʮʠʬʨʦʚʘʷ ʚʝʜʦʤʦʩʪʴ ʦʙʲʝʤʦʚ 

ʨʘʙʦʪ; BIM-ʩʤʝʪʥʘʷ ʠʥʪʝʛʨʘʮʠʷ; XML; ʩʤʝʪʥʦʝ ʥʦʨʤʠʨʦʚʘʥʠʝ. 

 

ɺ ʨʦʩʩʠʡʩʢʠʭ ʫʩʣʦʚʠʷʭ ʨʘʩʯʝʪ ʩʤʝʪʥʦʡ 

ʩʪʦʠʤʦʩʪʠ ʧʦ BIM-ʤʦʜʝʣʠ ʥʝ ʩʚʦʜʠʪʩʷ ʢ ʘʚ-

ʪʦʤʘʪʠʯʝʩʢʦʤʫ ʧʦʜʩʯʝʪʫ ʦʙʲʝʤʦʚ. ʇʦʣʫʯʝʥ-

ʥʳʡ ʨʝʟʫʣʴʪʘʪ ʜʦʣʞʝʥ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʩʠʩʪʝ-

ʤʝ ʩʤʝʪʥʦʛʦ ʥʦʨʤʠʨʦʚʘʥʠʷ ʠ ʪʨʝʙʦʚʘʥʠʷʤ 

ʮʠʬʨʦʚʦʛʦ ʦʙʤʝʥʘ. ʇʦʵʪʦʤʫ ʚʘʞʝʥ ʥʝ ʪʦʣʴʢʦ 

ʩʘʤ ʬʘʢʪ ʠʟʚʣʝʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚ, ʥʦ ʠ ʠʭ ʧʨʠ-

ʛʦʜʥʦʩʪʴ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʩʯʝʪʘ, ʧʨʦʚʝʨʢʠ 

ʠ ʥʦʨʤʘʪʠʚʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ. ɺ ʦʪʝʯʝʩʪʚʝʥ-

ʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ 

ʩʦʩʪʘʚʫ ʤʦʜʝʣʠ ʠ ʩʪʨʫʢʪʫʨʝ ʩʤʝʪʥʳʭ ʜʦʢʫ-

ʤʝʥʪʦʚ [1]. ʆʪʜʝʣʴʥʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʦʣʴ 

ʮʠʬʨʦʚʦʡ ʚʝʜʦʤʦʩʪʠ ʦʙʲʝʤʦʚ ʨʘʙʦʪ ʢʘʢ ʩʚʷ-

ʟʫʶʱʝʛʦ ʟʚʝʥʘ ʤʝʞʜʫ ʤʦʜʝʣʴʶ ʠ ʨʘʩʯʝʪʥʳʤ 

ʨʝʟʫʣʴʪʘʪʦʤ [2]. ʅʦʨʤʘʪʠʚʥʫʶ ʟʘʚʝʨʰʝʥʥʦʩʪʴ 

ʪʘʢʦʤʫ ʧʝʨʝʭʦʜʫ ʧʨʠʜʘʝʪ ʩʦʙʣʶʜʝʥʠʝ ʪʨʝʙʦ-

ʚʘʥʠʡ ʧʨʠʢʘʟʘ ʄʠʥʩʪʨʦʷ ʈʦʩʩʠʠ ˉ 421/ʧʨ [3]. 

ʇʨʘʚʦʚʦʡ ʢʦʥʪʫʨ ʪʘʢʦʛʦ ʧʝʨʝʭʦʜʘ ʩʢʣʘʜʳ-

ʚʘʝʪʩʷ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʜʦʢʫʤʝʥʪʦʚ. ʇʦʩʪʘʥʦʚ-

ʣʝʥʠʝ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ˉ 331 ʟʘʢʨʝʧʣʷʝʪ ʦʙʷʟʘʥʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʠ ʚʝʜʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ [4]. ʇʦ-

ʩʪʘʥʦʚʣʝʥʠʝ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝ-

ʜʝʨʘʮʠʠ ˉ 614 ʫʪʦʯʥʷʝʪ ʩʦʩʪʘʚ ʩʚʝʜʝʥʠʡ ʠ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʵʣʝʢʪʨʦʥʥʳʤ ʬʦʨʤʘʪʘʤ [5]. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ 

ʨʘʩʯʝʪʘ ʩʤʝʪʥʦʡ ʩʪʦʠʤʦʩʪʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘ-

ʙʦʪ ʥʘ ʦʩʥʦʚʝ BIM-ʤʦʜʝʣʠ. ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ ï ʠʥʪʝʛʨʘʮʠʷ BIM-ʤʦʜʝʣʠ ʠ ʩʤʝʪʥʦʡ 

ʩʠʩʪʝʤʳ ʚ ʨʦʩʩʠʡʩʢʦʤ ʥʦʨʤʘʪʠʚʥʦʤ ʢʦʥʪʫʨʝ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʦʧʨʝʜʝʣʠʪʴ ʤʝʪʦʜʠʯʝ-

ʩʢʠʝ ʫʩʣʦʚʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ BIM-ʤʦʜʝʣʴ ʩʪʘ-

ʥʦʚʠʪʩʷ ʧʨʠʛʦʜʥʦʡ ʜʣʷ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʛʦ 

ʩʤʝʪʥʦʛʦ ʨʘʩʯʝʪʘ, ʠ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʢʨʠʪʝʨʠʠ 

ʧʨʦʚʝʨʢʠ ʝʝ ʧʨʠʛʦʜʥʦʩʪʠ ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʪʘʢʦ-

ʛʦ ʧʝʨʝʭʦʜʘ. 

ʅʘʫʯʥʳʡ ʨʝʟʫʣʴʪʘʪ ï ʫʪʦʯʥʝʥʠʝ ʤʠʥʠʤʘʣʴ-

ʥʦ ʥʝʦʙʭʦʜʠʤʦʛʦ ʥʘʙʦʨʘ ʫʩʣʦʚʠʡ ʧʨʠʛʦʜʥʦ-

ʩʪʠ BIM-ʤʦʜʝʣʠ ʜʣʷ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʛʦ ʩʤʝʪ-

ʥʦʛʦ ʨʘʩʯʝʪʘ ʚ ʨʦʩʩʠʡʩʢʦʤ ʥʦʨʤʘʪʠʚʥʦʤ ʢʦʥ-

ʪʫʨʝ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʝʰʘʶʱʠʤ ʫʩʣʦʚʠʝʤ ʷʚ-

ʣʷʝʪʩʷ ʥʝ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʧʦʣʥʦʪʘ ʩʘʤʘ ʧʦ ʩʝ-

ʙʝ, ʘ ʥʘʣʠʯʠʝ ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʛʦ ʠ ʧʨʦʩʣʝʞʠ-

ʚʘʝʤʦʛʦ ʧʝʨʝʭʦʜʘ ʤʝʞʜʫ ʦʙʲʝʢʪʥʦʡ ʩʪʨʫʢʪʫ-

ʨʦʡ ʤʦʜʝʣʠ ʠ ʥʦʨʤʘʪʠʚʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʩʤʝʪ-

ʥʦʛʦ ʨʘʩʯʝʪʘ.  

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʩʚʷʟʘʥʘ ʩ 

ʬʦʨʤʫʣʠʨʦʚʘʥʠʝʤ ʢʨʠʪʝʨʠʝʚ ʧʨʦʚʝʨʢʠ ʧʨʠ-

ʛʦʜʥʦʩʪʠ ʤʦʜʝʣʠ ʜʣʷ ʨʘʩʯʝʪʘ ʠ ʤʝʪʦʜʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʡ ʦʨʛʘʥʠʟʘʮʠʠ ʧʝʨʝʭʦʜʘ ʦʪ ʜʘʥʥʳʭ ʤʦ-

ʜʝʣʠ ʢ ʩʤʝʪʥʦʡ ʧʦʟʠʮʠʠ. ʄʠʥʠʤʘʣʴʥʦʡ ʝʜʠ-

ʥʠʮʝʡ ʪʘʢʦʛʦ ʧʝʨʝʭʦʜʘ ʷʚʣʷʝʪʩʷ ʩʚʷʟʢʘ çʵʣʝ-

ʤʝʥʪ ï ʨʘʙʦʪʘ ï ʥʦʨʤʘè, ʦʙʝʩʧʝʯʝʥʥʘʷ ʦʙʷʟʘ-

ʪʝʣʴʥʳʤʠ ʘʪʨʠʙʫʪʘʤʠ, ʥʦʨʤʘʣʠʟʘʮʠʝʡ ʝʜʠʥʠʮ 

ʠʟʤʝʨʝʥʠʷ, ʩʦʧʦʩʪʘʚʠʤʦʡ ʛʨʫʧʧʠʨʦʚʢʦʡ ʨʘʙʦʪ 

ʠ ʚʝʨʩʠʦʥʥʦʡ ʬʠʢʩʘʮʠʝʡ ʜʘʥʥʳʭ. 
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ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʧʠ-

ʨʘʝʪʩʷ ʥʘ ʪʨʠ ʛʨʫʧʧʳ ʠʩʪʦʯʥʠʢʦʚ: ʥʦʨʤʘʪʠʚ-

ʥʳʝ ʜʦʢʫʤʝʥʪʳ ʧʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤʫ ʤʦʜʝ-

ʣʠʨʦʚʘʥʠʶ ʠ ʩʤʝʪʥʦʤʫ ʥʦʨʤʠʨʦʚʘʥʠʶ, ʧʫʙ-

ʣʠʢʘʮʠʠ ʧʦ BIM-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ ʩʤʝʪʥʳʤ 

ʨʘʩʯʝʪʘʤ ʠ ʦʪʢʨʳʪʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʦʧʠʩʘʥʠʷ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʨʝʰʝʥʠʡ. ʅʦʨ-

ʤʘʪʠʚʥʳʡ ʘʥʘʣʠʟ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʚʳʜʝʣʝʥʠʷ 

ʦʙʷʟʘʪʝʣʴʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʩʦʩʪʘʚʫ ʤʦʜʝʣʠ, 

ʚʝʜʦʤʦʩʪʠ ʦʙʲʝʤʦʚ ʨʘʙʦʪ ʠ ʩʤʝʪʥʦʡ ʜʦʢʫʤʝʥ-

ʪʘʮʠʠ. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʨʠʤʝʥʷʣʩʷ ʜʣʷ 

ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʢ BIM-ʤʦʜʝʣʠ ʠ ʢ 

ʨʝʟʫʣʴʪʘʪʫ ʩʤʝʪʥʦʛʦ ʨʘʩʯʝʪʘ, ʘ ʪʠʧʦʣʦʛʠʯʝ-

ʩʢʠʡ ï ʜʣʷ ʛʨʫʧʧʠʨʦʚʢʠ ʫʩʣʦʚʠʡ ʧʨʠʛʦʜʥʦʩʪʠ 

ʤʦʜʝʣʠ ʜʣʷ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʛʦ ʨʘʩʯʝʪʘ ʩʪʦʠ-

ʤʦʩʪʠ. ʊʠʧʦʣʦʛʠʟʘʮʠʷ ʚʳʧʦʣʥʷʣʘʩʴ ʧʦ ʨʦʣʠ 

ʵʪʠʭ ʫʩʣʦʚʠʡ ʚ ʠʟʚʣʝʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʚʦʩʧʨʦʠʟʚʦʜʠ-

ʤʦʩʪʠ ʧʝʨʝʭʦʜʘ ʦʪ ʜʘʥʥʳʭ ʤʦʜʝʣʠ ʢ ʩʤʝʪʥʦʡ 

ʧʦʟʠʮʠʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ BIM-ʤʦʜʝʣʴ ʚ ʩʤʝʪʥʦʤ ʨʘʩʯʝ-

ʪʝ ʚʳʩʪʫʧʘʝʪ ʠʩʪʦʯʥʠʢʦʤ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, 

ʥʦ ʥʝ ʟʘʤʝʥʷʝʪ ʩʤʝʪʥʫʶ ʤʝʪʦʜʠʢʫ. ʇʦʩʪʘʥʦʚ-

ʣʝʥʠʝ ˉ 331 ʟʘʢʨʝʧʣʷʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʬʦʨ-

ʤʠʨʦʚʘʥʠʷ ʠ ʚʝʜʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʤʦʜʝ-

ʣʠ [4]. ʇʦʩʪʘʥʦʚʣʝʥʠʝ ˉ 614 ʢʦʥʢʨʝʪʠʟʠʨʫʝʪ 

ʩʦʩʪʘʚ ʩʚʝʜʝʥʠʡ ʠ ʪʨʝʙʦʚʘʥʠʷ ʢ ʵʣʝʢʪʨʦʥʥʳʤ 

ʬʦʨʤʘʪʘʤ [5]. ʇʨʠʢʘʟ ˉ 421/ʧʨ ʦʧʨʝʜʝʣʷʝʪ 

ʧʦʨʷʜʦʢ ʨʘʩʯʝʪʘ ʩʤʝʪʥʦʡ ʩʪʦʠʤʦʩʪʠ [3]. ʇʨʘʢ-

ʪʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ ʤʦʜʝʣʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝ 

ʬʘʢʪʦʤ ʝʝ ʥʘʣʠʯʠʷ, ʘ ʚʦʟʤʦʞʥʦʩʪʴʶ ʢʦʨʨʝʢʪ-

ʥʦ ʧʝʨʝʚʝʩʪʠ ʝʝ ʜʘʥʥʳʝ ʚ ʚʝʜʦʤʦʩʪʴ ʦʙʲʝʤʦʚ 

ʨʘʙʦʪ ʠ ʜʘʣʝʝ ʚ ʩʤʝʪʥʫʶ ʩʪʨʫʢʪʫʨʫ. 

ɼʘʞʝ ʧʨʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʧʦʣʫʯʝʥʠʠ ʢʦ-

ʣʠʯʝʩʪʚ ʵʪʦʛʦ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʢʦʨʨʝʢʪʥʦʛʦ 

ʩʤʝʪʥʦʛʦ ʨʘʩʯʝʪʘ. ʇʨʘʢʪʠʯʝʩʢʘʷ ʧʨʠʛʦʜʥʦʩʪʴ 

ʠʟʚʣʝʯʝʥʥʳʭ ʦʙʲʝʤʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʭ ʧʨʦ-

ʩʣʝʞʠʚʘʝʤʦʩʪʴʶ, ʩʦʧʦʩʪʘʚʠʤʦʩʪʴʶ ʩʦ ʩʪʨʫʢ-

ʪʫʨʦʡ ʩʤʝʪʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʜʘʣʴʥʝʡʰʝʡ ʥʦʨʤʘʪʠʚʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʚ 

ʨʘʤʢʘʭ ʧʨʠʥʷʪʦʡ ʩʤʝʪʥʦʡ ʤʝʪʦʜʠʢʠ [1]. 

ʀʤʝʥʥʦ ʥʘ ʵʪʦʤ ʵʪʘʧʝ ʧʨʦʭʦʜʠʪ ʛʨʘʥʠʮʘ ʤʝʞ-

ʜʫ ʯʘʩʪʠʯʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʝʡ ʦʪʜʝʣʴʥʳʭ ʦʧʝ-

ʨʘʮʠʡ ʠ ʫʩʪʦʡʯʠʚʳʤ 5D-ʢʦʥʪʫʨʦʤ. 

 

 
ʈʠʩ. ʄʝʩʪʦ BIM-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʨʘʩʯʝʪʘ ʩʪʦʠʤʦʩʪʠ ʚ ʩʠʩʪʝʤʝ ʩʪʦʠʤʦʩʪʥʳʭ  

ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʝʢʪʘ 

 

ʈʠʩʫʥʦʢ 1 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ BIM-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʨʘʩʯʝʪ ʟʘʥʠʤʘʝʪ ʧʨʦʤʝʞʫ-

ʪʦʯʥʦʝ ʤʝʩʪʦ ʤʝʞʜʫ ʧʨʦʝʢʪʥʦʡ ʤʦʜʝʣʴʶ ʠ ʩʠ-

ʩʪʝʤʦʡ ʩʪʦʠʤʦʩʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ: ʦʥ ʦʧʠʨʘʝʪ-

ʩʷ ʥʘ ʜʘʥʥʳʝ ʤʦʜʝʣʠ, ʥʦ ʧʨʠʦʙʨʝʪʘʝʪ ʨʘʩʯʝʪ-

ʥʦʝ ʟʥʘʯʝʥʠʝ ʪʦʣʴʢʦ ʧʦʩʣʝ ʠʭ ʧʝʨʝʚʦʜʘ ʚ ʚʝ-

ʜʦʤʦʩʪʴ ʦʙʲʝʤʦʚ ʨʘʙʦʪ ʠ ʩʤʝʪʥʫʶ ʩʪʨʫʢʪʫʨʫ. 

ʆʙʦʙʱʝʥʠʝ ʥʦʨʤʘʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʣʠʪʝ-

ʨʘʪʫʨʳ ʧʦʟʚʦʣʠʣʦ ʚʳʜʝʣʠʪʴ ʤʠʥʠʤʘʣʴʥʳʝ 

ʪʨʝʙʦʚʘʥʠʷ ʢ BIM-ʤʦʜʝʣʠ, ʧʨʠ ʢʦʪʦʨʳʭ ʦʥʘ 

ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʠʩʪʦʯʥʠʢ ʜʘʥʥʳʭ 

ʜʣʷ ʨʘʩʯʝʪʘ ʩʤʝʪʥʦʡ ʩʪʦʠʤʦʩʪʠ. 
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ʊʘʙʣʠʮʘ. ʄʠʥʠʤʘʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ BIM-ʤʦʜʝʣʠ ʜʣʷ ʨʘʩʯʝʪʘ ʩʤʝʪʥʦʡ ʩʪʦʠʤʦʩʪʠ 
ʊʨʝʙʦʚʘʥʠʝ ʉʦʜʝʨʞʘʥʠʝ ɿʥʘʯʝʥʠʝ ʜʣʷ ʨʘʩʯʝʪʘ 

ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ 

ʦʧʨʝʜʝʣʝʥʥʦʩʪʴ 

ʕʣʝʤʝʥʪʳ ʜʦʣʞʥʳ ʠʤʝʪʴ ʠʟʤʝʨʠʤʫʶ ʛʝʦʤʝʪʨʠʶ; ʜʣʷ 

ʨʘʙʦʯʝʡ ʩʤʝʪʳ ʜʦʩʪʘʪʦʯʝʥ LOD 300 ʠʣʠ ʩʦʧʦʩʪʘʚʠʤʳʡ 

ʫʨʦʚʝʥʴ. 

ʇʦʟʚʦʣʷʝʪ ʠʟʚʣʝʢʘʪʴ ʦʙʲʝʤʳ ʙʝʟ 

ʧʦʚʪʦʨʥʦʛʦ ʨʫʯʥʦʛʦ ʧʦʜʩʯʝʪʘ. 

ʆʙʷʟʘʪʝʣʴʥʳʝ ʘʪʨʠʙʫʪʳ 
ʊʠʧ ʵʣʝʤʝʥʪʘ, ʤʘʪʝʨʠʘʣ, ʪʦʣʱʠʥʘ ʠʣʠ ʩʝʯʝʥʠʝ, ʫʨʦ-

ʚʝʥʴ, ʨʘʟʜʝʣ, ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢ ʩʠʩʪʝʤʝ. 

ʅʫʞʥʳ ʜʣʷ ʚʳʙʦʨʘ ʥʦʨʤʳ ʠ ʩʧʦʩʦ-

ʙʘ ʨʘʩʯʝʪʘ. 

ɽʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ 

ɼʣʠʥʳ, ʧʣʦʱʘʜʠ, ʦʙʲʝʤʳ ʠ ʢʦʣʠʯʝʩʪʚʦ ʜʦʣʞʥʳ ʧʨʠ-

ʚʦʜʠʪʴʩʷ ʢ ʝʜʠʥʠʮʘʤ ʩʤʝʪʥʦʡ ʙʘʟʳ ʧʦ ʝʜʠʥʳʤ ʧʨʘʚʠ-

ʣʘʤ. 

ʇʨʝʜʦʪʚʨʘʱʘʝʪ ʠʩʢʘʞʝʥʠʝ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. 

ʇʘʢʝʪʳ ʨʘʙʦʪ 

ɻʨʫʧʧʠʨʦʚʢʘ ʵʣʝʤʝʥʪʦʚ ʜʦʣʞʥʘ ʙʳʪʴ ʩʦʧʦʩʪʘʚʠʤʘ ʩʦ 

ʩʪʨʫʢʪʫʨʦʡ ʣʦʢʘʣʴʥʦʡ ʩʤʝʪʳ ʠ ʚʝʜʦʤʦʩʪʠ ʦʙʲʝʤʦʚ 

ʨʘʙʦʪ. 

ɼʝʣʘʝʪ ʨʝʟʫʣʴʪʘʪ ʧʨʠʛʦʜʥʳʤ ʜʣʷ 

ʥʦʨʤʘʪʠʚʥʦʛʦ ʨʘʩʯʝʪʘ. 

ʊʘʙʣʠʮʘ ʩʦʦʪʚʝʪʩʪʚʠʡ 
ʊʨʝʙʫʝʪʩʷ ʙʠʙʣʠʦʪʝʢʘ ʧʨʘʚʠʣ çʵʣʝʤʝʥʪ ï ʨʘʙʦʪʘ ï 

ʥʦʨʤʘè ʠ ʧʦʨʷʜʦʢ ʝʝ ʘʢʪʫʘʣʠʟʘʮʠʠ. 

ʉʥʠʞʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʘ ʦʪ 

ʠʩʧʦʣʥʠʪʝʣʷ. 

ʊʨʘʩʩʠʨʫʝʤʦʩʪʴ 
ɺʝʨʩʠʠ ʤʦʜʝʣʠ, ʚʝʜʦʤʦʩʪʠ ʦʙʲʝʤʦʚ, ʙʠʙʣʠʦʪʝʢʠ ʧʨʘ-

ʚʠʣ ʠ ʩʤʝʪʳ ʜʦʣʞʥʳ ʬʠʢʩʠʨʦʚʘʪʴʩʷ ʩʦʚʤʝʩʪʥʦ. 

ʆʙʝʩʧʝʯʠʚʘʝʪ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʠ 

ʧʨʠʛʦʜʥʦʩʪʴ ʢ XML -ʦʙʤʝʥʫ. 

 

ʋʩʣʦʚʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 1, ʠʛ-

ʨʘʶʪ ʨʘʟʥʫʶ ʨʦʣʴ ʚ ʨʘʩʯʝʪʥʦʤ ʧʨʦʮʝʩʩʝ. ɻʝʦ-

ʤʝʪʨʠʯʝʩʢʘʷ ʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʠ ʦʙʷʟʘʪʝʣʴʥʳʝ 

ʘʪʨʠʙʫʪʳ ʩʦʟʜʘʶʪ ʙʘʟʫ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʢʦʣʠ-

ʯʝʩʪʚ, ʘ ʪʘʙʣʠʮʘ ʩʦʦʪʚʝʪʩʪʚʠʡ ʠ ʪʨʘʩʩʠʨʫʝ-

ʤʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʧʝ-

ʨʝʭʦʜʘ ʢ ʩʤʝʪʥʦʡ ʧʦʟʠʮʠʠ. ʂʣʶʯʝʚʳʤ ʟʚʝʥʦʤ 

ʤʝʞʜʫ ʦʙʲʝʢʪʥʦʡ ʣʦʛʠʢʦʡ ʤʦʜʝʣʠ ʠ ʥʦʨʤʘ-

ʪʠʚʥʦʡ ʣʦʛʠʢʦʡ ʩʤʝʪʥʦʛʦ ʨʘʩʯʝʪʘ ʚʳʩʪʫʧʘʝʪ 

ʪʘʙʣʠʮʘ ʩʦʦʪʚʝʪʩʪʚʠʡ çʵʣʝʤʝʥʪ ï ʨʘʙʦʪʘ ï 

ʥʦʨʤʘè. ɹʝʟ ʪʘʢʦʡ ʙʠʙʣʠʦʪʝʢʠ ʜʘʞʝ ʢʦʨʨʝʢʪʥʦ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʘʷ ʤʦʜʝʣʴ ʦʩʪʘʝʪʩʷ ʠʩʪʦʯʥʠ-

ʢʦʤ ʩʧʝʮʠʬʠʢʘʮʠʡ, ʥʦ ʥʝ ʩʪʘʥʦʚʠʪʩʷ ʦʩʥʦʚʘ-

ʥʠʝʤ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʛʦ ʨʘʩʯʝʪʘ ʩʪʦʠʤʦʩʪʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

BIM-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʩʤʝʪʥʳʡ ʨʘʩʯʝʪ ʥʝʣʴʟʷ 

ʧʦʥʠʤʘʪʴ ʪʦʣʴʢʦ ʢʘʢ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʠʟʚʣʝʯʝ-

ʥʠʝ ʢʦʣʠʯʝʩʪʚ ʠʟ ʤʦʜʝʣʠ. ʀʟʚʣʝʯʝʥʥʳʝ ʢʦʣʠ-

ʯʝʩʪʚʘ ï ʣʠʰʴ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ; ʩʘʤʠ ʧʦ ʩʝʙʝ 

ʦʥʠ ʥʝ ʜʘʶʪ ʢʦʨʨʝʢʪʥʦʛʦ ʩʤʝʪʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ. 

ʅʘʠʙʦʣʝʝ ʫʷʟʚʠʤʳʡ ʫʯʘʩʪʦʢ ï ʧʝʨʝʭʦʜ ʦʪ ʦʙʲ-

ʝʢʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʦʜʝʣʠ ʢ ʥʦʨʤʘʪʠʚʥʦʡ 

ʩʪʨʫʢʪʫʨʝ ʩʤʝʪʥʦʛʦ ʨʘʩʯʝʪʘ. ɽʛʦ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʟʘʚʠʩʠʪ ʥʝ ʩʪʦʣʴʢʦ ʦʪ ʫʨʦʚʥʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, 

ʩʢʦʣʴʢʦ ʦʪ ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ 

ʤʦʜʝʣʠ, ʧʨʘʚʠʣ ʠʟʚʣʝʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚ, ʝʜʠʥʠʮ 

ʠʟʤʝʨʝʥʠʷ ʠ ʩʪʨʫʢʪʫʨʳ ʠʪʦʛʦʚʳʭ ʩʤʝʪʥʳʭ ʜʦ-

ʢʫʤʝʥʪʦʚ. 

ʂʣʶʯʝʚʘʷ ʧʨʦʙʣʝʤʘ ʚʦʟʥʠʢʘʝʪ ʥʝ ʚ ʤʦʤʝʥʪ 

ʧʦʣʫʯʝʥʠʷ ʦʙʲʝʤʘ ʢʘʢ ʯʠʩʣʘ, ʘ ʚ ʤʦʤʝʥʪ ʝʛʦ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʢʘʢ ʩʤʝʪʥʦʛʦ ʦʩʥʦʚʘʥʠʷ. 

ʀʤʝʥʥʦ ʟʜʝʩʴ ʯʘʱʝ ʚʩʝʛʦ ʚʦʟʥʠʢʘʶʪ ʨʘʩʭʦʞ-

ʜʝʥʠʷ: ʦʜʥʘ ʠ ʪʘ ʞʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʵʣʝʤʝʥʪʘ 

ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʘ ʚ ʝʜʠʥʠʮʘʭ, ʥʝ ʩʦʚʧʘ-

ʜʘʶʱʠʭ ʩ ʝʜʠʥʠʮʘʤʠ ʩʤʝʪʥʦʡ ʙʘʟʳ; ʛʨʫʧʧʠ-

ʨʦʚʢʘ ʵʣʝʤʝʥʪʦʚ ʚ ʤʦʜʝʣʠ ʤʦʞʝʪ ʥʝ ʩʦʚʧʘʜʘʪʴ 

ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʣʦʢʘʣʴʥʦʡ ʩʤʝʪʳ; ʚʳʙʦʨ ʥʦʨʤʳ 

ʤʦʞʝʪ ʦʩʪʘʚʘʪʴʩʷ ʥʝʦʜʥʦʟʥʘʯʥʳʤ ʠʟ-ʟʘ ʥʝʜʦ-

ʩʪʘʪʦʯʥʦʩʪʠ ʘʪʨʠʙʫʪʦʚ; ʚʝʨʩʠʷ ʤʦʜʝʣʠ, ʥʘ ʦʩ-

ʥʦʚʘʥʠʠ ʢʦʪʦʨʦʡ ʠʟʚʣʝʯʝʥ ʦʙʲʝʤ, ʤʦʞʝʪ ʪʝ-

ʨʷʪʴ ʩʚʷʟʴ ʩ ʠʪʦʛʦʚʳʤ ʨʘʩʯʝʪʦʤ. ʇʦʵʪʦʤʫ ʜʣʷ 

ʩʤʝʪʥʦʛʦ ʨʘʩʯʝʪʘ ʥʝʜʦʩʪʘʪʦʯʥʦ ʪʦʣʴʢʦ ʛʝʦ-

ʤʝʪʨʠʯʝʩʢʠ ʢʦʨʨʝʢʪʥʦʡ ʤʦʜʝʣʠ. ʅʫʞʥʳ ʦʙʷ-

ʟʘʪʝʣʴʥʳʝ ʘʪʨʠʙʫʪʳ ʵʣʝʤʝʥʪʦʚ, ʧʨʘʚʠʣʘ ʥʦʨ-

ʤʘʣʠʟʘʮʠʠ ʝʜʠʥʠʮ ʠʟʤʝʨʝʥʠʷ, ʩʦʧʦʩʪʘʚʠʤʦʩʪʴ 

ʛʨʫʧʧʠʨʦʚʢʠ ʵʣʝʤʝʥʪʦʚ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʣʦ-

ʢʘʣʴʥʦʡ ʩʤʝʪʳ ʠ ʧʦʨʷʜʦʢ ʬʠʢʩʘʮʠʠ ʩʚʷʟʠ 

ʤʝʞʜʫ ʚʝʨʩʠʝʡ ʤʦʜʝʣʠ ʠ ʨʘʩʯʝʪʥʳʤ ʨʝʟʫʣʴʪʘ-

ʪʦʤ. 

ɺ ʨʦʩʩʠʡʩʢʦʤ ʮʠʬʨʦʚʦʤ ʢʦʥʪʫʨʝ ʦʩʦʙʦʝ 

ʟʥʘʯʝʥʠʝ ʧʦʣʫʯʘʝʪ ʚʝʜʦʤʦʩʪʴ ʦʙʲʝʤʦʚ ʨʘʙʦʪ 

ʢʘʢ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʤʝʞʜʫ ʤʦ-

ʜʝʣʴʶ ʠ ʩʤʝʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʝʡ. ʅʘʣʠʯʠʝ 

ʫʪʚʝʨʞʜʝʥʥʦʡ XML -ʩʭʝʤʳ ʪʘʢʦʡ ʚʝʜʦʤʦʩʪʠ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʝʨʝʭʦʜ ʢ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦ-

ʤʫ ʠ ʧʨʦʚʝʨʷʝʤʦʤʫ ʦʙʤʝʥʫ ʜʘʥʥʳʤʠ ʫʞʝ ʧʦ-

ʣʫʯʠʣ ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʠʯʝʩʢʫʶ ʬʦʨʤʫ [6]. 

ʆʜʥʘʢʦ ʩʘʤʘ ʧʦ ʩʝʙʝ ʮʠʬʨʦʚʘʷ ʬʦʨʤʘ ʦʙʤʝʥʘ 

ʥʝ ʨʝʰʘʝʪ ʧʨʦʙʣʝʤʫ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ. ɽʩʣʠ 

ʤʝʞʜʫ ʵʣʝʤʝʥʪʦʤ ʤʦʜʝʣʠ ʠ ʩʤʝʪʥʦʡ ʧʦʟʠʮʠʝʡ 

ʥʝ ʟʘʜʘʥʘ ʙʠʙʣʠʦʪʝʢʘ ʩʦʦʪʚʝʪʩʪʚʠʡ, ʩʪʨʫʢʪʫ-

ʨʠʨʦʚʘʥʥʳʡ ʦʙʤʝʥ ʣʠʰʴ ʬʠʢʩʠʨʫʝʪ ʨʘʟʨʳʚ, 

ʥʦ ʥʝ ʫʩʪʨʘʥʷʝʪ ʝʛʦ. ʇʦʵʪʦʤʫ ʧʨʝʜʣʦʞʝʥʥʳʝ 

ʤʝʪʦʜʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʢʘʢ ʪʨʝʙʦʚʘʥʠʷ ʥʝ ʪʦʣʴʢʦ ʢ ʤʦʜʝʣʠ, ʥʦ ʠ ʢ 

ʫʩʪʨʦʡʩʪʚʫ ʮʠʬʨʦʚʦʛʦ ʩʪʦʠʤʦʩʪʥʦʛʦ ʢʦʥʪʫʨʘ 

ʚ ʮʝʣʦʤ. 

ʆʪʩʶʜʘ ʚʳʪʝʢʘʝʪ ʠ ʙʦʣʝʝ ʦʙʱʠʡ ʦʨʛʘʥʠʟʘ-

ʮʠʦʥʥʳʡ ʚʳʚʦʜ. ɼʘʞʝ ʧʨʠ ʥʘʣʠʯʠʠ ʧʨʦ-

ʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʠʟʚʣʝʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚ, 

ʥʘʟʥʘʯʝʥʠʝ ʥʦʨʤ, ʧʨʦʚʝʨʢʘ ʧʘʢʝʪʦʚ ʨʘʙʦʪ ʠ 

ʚʳʧʫʩʢ ʩʤʝʪʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʦʩʪʘʶʪʩʷ ʯʘʩʪʴʶ 
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ʙʦʣʝʝ ʰʠʨʦʢʦʛʦ ʢʦʥʪʫʨʘ ʫʧʨʘʚʣʝʥʠʷ ʩʪʦʠʤʦ-

ʩʪʴʶ ʩʪʨʦʠʪʝʣʴʩʪʚʘ [7]. ɼʣʷ ʧʨʘʢʪʠʢʠ ʚʘʞʥʳ 

ʥʝ ʦʪʜʝʣʴʥʳʝ ʬʫʥʢʮʠʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤ-

ʧʣʝʢʩʘ, ʘ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʨʦʣʝʡ ʧʨʦʝʢʪʠʨʦʚ-

ʱʠʢʘ, ʩʤʝʪʯʠʢʘ ʠ ʧʨʦʚʝʨʷʶʱʝʛʦ ʩʧʝʮʠʘʣʠʩʪʘ, 

ʘ ʪʘʢʞʝ ʝʜʠʥʳʝ ʧʨʘʚʠʣʘ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʷ ʙʠʙʣʠʦʪʝʢʠ ʩʦʦʪʚʝʪʩʪʚʠʡ çʵʣʝʤʝʥʪ ï 

ʨʘʙʦʪʘ ï ʥʦʨʤʘè. ɺ ʵʪʦʤ ʠ ʩʦʩʪʦʠʪ ʦʪʣʠʯʠʝ 

ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʧʦʜʭʦʜʘ ʦʪ ʫʧʨʦʱʝʥʥʳʭ ʩʭʝʤ, 

ʛʜʝ BIM-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʨʘʩʯʝʪ ʩʚʦʜʠʪʩʷ ʢ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʦʜʥʦʡ ʦʧʝʨʘʮʠʠ. 

ʇʦ ʤʝʨʝ ʨʘʟʚʠʪʠʷ ʨʳʥʢʘ ʦʪʜʝʣʴʥʳʝ ʧʨʠ-

ʢʣʘʜʥʳʝ ʨʝʰʝʥʠʷ ʠ ʮʠʬʨʦʚʳʝ ʬʦʨʤʘʪʳ ʤʦʛʫʪ 

ʫʪʦʯʥʷʪʴʩʷ. ʇʨʠ ʵʪʦʤ ʟʥʘʯʝʥʠʝ ʩʦʭʨʘʥʷʝʪ ʩʘ-

ʤʘ ʣʦʛʠʢʘ ʧʨʦʩʣʝʞʠʚʘʝʤʦʛʦ ʧʝʨʝʭʦʜʘ ʦʪ ʵʣʝ-

ʤʝʥʪʘ ʤʦʜʝʣʠ ʢ ʩʤʝʪʥʦʡ ʧʦʟʠʮʠʠ, ʧʦʩʢʦʣʴʢʫ 

ʠʤʝʥʥʦ ʦʥʘ ʦʧʨʝʜʝʣʷʝʪ ʧʨʠʛʦʜʥʦʩʪʴ BIM-

ʤʦʜʝʣʠ ʜʣʷ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʛʦ ʨʘʩʯʝʪʘ ʩʪʦʠ-

ʤʦʩʪʠ. 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʨʦʩʩʠʡʩʢʠʭ ʫʩʣʦʚʠʷʭ BIM-ʦʨʠʝʥʪʠʨʦʚʘʥ-

ʥʳʡ ʨʘʩʯʝʪ ʩʤʝʪʥʦʡ ʩʪʦʠʤʦʩʪʠ ʩʣʝʜʫʝʪ ʨʘʩ-

ʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʯʘʩʪʴ ʦʙʱʝʛʦ ʩʪʦʠʤʦʩʪʥʦʛʦ 

ʧʨʦʮʝʩʩʘ, ʘ ʥʝ ʢʘʢ ʘʚʪʦʥʦʤʥʫʶ ʮʠʬʨʦʚʫʶ 

ʧʨʦʮʝʜʫʨʫ. ʇʨʘʢʪʠʯʝʩʢʫʶ ʮʝʥʥʦʩʪʴ ʦʥ ʧʨʠ-

ʦʙʨʝʪʘʝʪ ʪʦʛʜʘ, ʢʦʛʜʘ ʜʘʥʥʳʝ ʤʦʜʝʣʠ ʢʦʨ-

ʨʝʢʪʥʦ ʧʝʨʝʚʦʜʷʪʩʷ ʚ ʚʝʜʦʤʦʩʪʴ ʦʙʲʝʤʦʚ ʨʘ-

ʙʦʪ, ʩʤʝʪʥʫʶ ʩʪʨʫʢʪʫʨʫ ʠ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦ-

ʩʪʠ, ʚ XML-ʧʨʝʜʩʪʘʚʣʝʥʠʝ. 

ʄʠʥʠʤʘʣʴʥʘʷ ʧʨʠʛʦʜʥʦʩʪʴ BIM-ʤʦʜʝʣʠ 

ʜʣʷ ʪʘʢʠʭ ʟʘʜʘʯ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝ ʦʙʱʠʤ ʫʨʦʚ-

ʥʝʤ ʮʠʬʨʦʚʠʟʘʮʠʠ, ʘ ʢʦʥʢʨʝʪʥʳʤ ʥʘʙʦʨʦʤ 

ʧʨʠʟʥʘʢʦʚ: ʠʟʤʝʨʠʤʦʡ ʛʝʦʤʝʪʨʠʝʡ, ʦʙʷʟʘʪʝʣʴ-

ʥʳʤʠ ʘʪʨʠʙʫʪʘʤʠ, ʥʦʨʤʘʣʠʟʘʮʠʝʡ ʝʜʠʥʠʮ ʠʟ-

ʤʝʨʝʥʠʷ, ʛʨʫʧʧʠʨʦʚʢʦʡ ʧʘʢʝʪʦʚ ʨʘʙʦʪ ʠ ʙʠʙ-

ʣʠʦʪʝʢʦʡ ʩʦʦʪʚʝʪʩʪʚʠʡ çʵʣʝʤʝʥʪ ï ʨʘʙʦʪʘ ï 

ʥʦʨʤʘè. 

ʆʩʥʦʚʥʦʡ ʨʝʟʫʣʴʪʘʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʠʪ 

ʚ ʪʦʤ, ʯʪʦ ʤʠʥʠʤʘʣʴʥʦʡ ʝʜʠʥʠʮʝʡ ʧʝʨʝʭʦʜʘ ʦʪ 

BIM-ʤʦʜʝʣʠ ʢ ʩʤʝʪʥʦʤʫ ʨʘʩʯʝʪʫ ʚʳʩʪʫʧʘʝʪ 

ʧʨʦʩʣʝʞʠʚʘʝʤʘʷ ʩʚʷʟʢʘ çʵʣʝʤʝʥʪ ï ʨʘʙʦʪʘ ï 

ʥʦʨʤʘè, ʦʙʝʩʧʝʯʝʥʥʘʷ ʘʪʨʠʙʫʪʥʳʤ ʩʦʩʪʘʚʦʤ 

ʤʦʜʝʣʠ, ʥʦʨʤʘʣʠʟʘʮʠʝʡ ʝʜʠʥʠʮ ʠʟʤʝʨʝʥʠʷ, 

ʩʦʧʦʩʪʘʚʠʤʦʡ ʛʨʫʧʧʠʨʦʚʢʦʡ ʨʘʙʦʪ ʠ ʚʝʨʩʠʦʥ-

ʥʦʡ ʬʠʢʩʘʮʠʝʡ ʜʘʥʥʳʭ. ɼʣʷ ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʧʨʦʚʝʨʢʠ ʧʨʠʛʦʜʥʦʩʪʠ BIM-ʤʦʜʝʣʠ ʢ ʩʤʝʪʥʦ-

ʤʫ ʨʘʩʯʝʪʫ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʣʝʜʫʶʱʠʝ 

ʢʨʠʪʝʨʠʠ: 

1) ʵʣʝʤʝʥʪʳ ʤʦʜʝʣʠ ʠʤʝʶʪ ʠʟʤʝʨʠʤʫʶ 

ʛʝʦʤʝʪʨʠʶ, ʜʦʩʪʘʪʦʯʥʫʶ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʢʦ-

ʣʠʯʝʩʪʚ; 

2) ʤʦʜʝʣʴ ʩʦʜʝʨʞʠʪ ʦʙʷʟʘʪʝʣʴʥʳʝ ʘʪʨʠʙʫ-

ʪʳ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʚʳʙʦʨʘ ʥʦʨʤʳ ʠ ʩʧʦʩʦʙʘ 

ʨʘʩʯʝʪʘ; 

3) ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʢ ʝʜʠʥʠ-

ʮʘʤ ʩʤʝʪʥʦʡ ʙʘʟʳ ʧʦ ʝʜʠʥʳʤ ʧʨʘʚʠʣʘʤ;  

4) ʛʨʫʧʧʠʨʦʚʢʘ ʵʣʝʤʝʥʪʦʚ ʩʦʧʦʩʪʘʚʠʤʘ ʩʦ 

ʩʪʨʫʢʪʫʨʦʡ ʚʝʜʦʤʦʩʪʠ ʦʙʲʝʤʦʚ ʨʘʙʦʪ ʠ ʣʦ-

ʢʘʣʴʥʦʡ ʩʤʝʪʳ; 

5) ʜʣʷ ʤʦʜʝʣʠ ʟʘʜʘʥʘ ʪʘʙʣʠʮʘ ʩʦʦʪʚʝʪʩʪʚʠʡ 

çʵʣʝʤʝʥʪ ï ʨʘʙʦʪʘ ï ʥʦʨʤʘè; 

6) ʦʙʝʩʧʝʯʝʥʘ ʬʠʢʩʘʮʠʷ ʩʚʷʟʠ ʤʝʞʜʫ ʚʝʨ-
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Abstract. The article examines the conditions under which a BIM model can serve as a reliable data 

source for construction cost estimation. The aim is to identify these conditions and to propose criteria 

for checking whether a model is suitable for estimate calculation. The study relies on regulatory, com-

parative, and typological analysis. The findings show that geometric completeness alone is insufficient; 

what matters is a formalized transition between the model structure and the normative structure of es-

timate calculation. This transition is based on a traceable çelement ï work ï normè linkage, supported 

by mandatory attributes, normalized units, comparable work grouping, and version control of the data. 

As a result, the paper formulates methodological conditions for integrating a BIM model with an esti-

mating system and proposes criteria for verifying a modelôs suitability for cost estimation. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʦʜʭʦʜʳ ʢ ʧʦʵʪʘʧʥʦʡ ʤʠʛʨʘʮʠʠ ʤʦʥʦʣʠʪʥʦʛʦ ʧʨʠ-

ʣʦʞʝʥʠʷ ʫʯʸʪʘ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʨʘʩʭʦʜʦʚ ʥʘ ʤʠʢʨʦʩʝʨʚʠʩʥʫʶ ʘʨʭʠʪʝʢʪʫʨʫ. ʆʩʦʙʦʝ 

ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʩʪʨʘʪʝʛʠʷʤ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ, ʥʘʙʣʶʜʘʝʤʦʩʪʠ ʠ ʢʦʥʢʫʨʝʥʪʥʦʡ ʦʙ-

ʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʚ ʧʨʦʮʝʩʩʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ. ɸʥʘʣʠʟʠʨʫʶʪʩʷ ʢʣʶʯʝʚʳʝ ʢʦʤʧʦʥʝʥʪʳ ʤʠʛʨʘʮʠʠ: 

ʚʳʜʝʣʝʥʠʝ ʜʦʤʝʥʥʳʭ ʩʝʨʚʠʩʦʚ, ʦʨʛʘʥʠʟʘʮʠʷ ʤʝʞʩʝʨʚʠʩʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʚʥʝʜʨʝʥʠʝ ʨʘʩʧʨʝʜʝ-

ʣʝʥʥʦʡ ʪʨʘʩʩʠʨʦʚʢʠ ʠ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʣʦʛʠʨʦʚʘʥʠʷ. ʅʘ ʦʩʥʦʚʝ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʝʜ-

ʣʦʞʝʥʳ ʢʨʠʪʝʨʠʠ ʚʳʙʦʨʘ ʩʪʨʘʪʝʛʠʠ ʤʠʛʨʘʮʠʠ ʜʣʷ ʩʠʩʪʝʤ ʩ ʚʳʩʦʢʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʮʝʣʦʩʪ-

ʥʦʩʪʠ ʜʘʥʥʳʭ ʠ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʠ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʶ ʠʥʩʪʨʫʤʝʥʪʦʚ OpenTelemetry, Prometheus ʠ ʧʘʪʪʝʨʥʦʚ ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

ʥʘ Go ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʟʨʘʯʥʦʩʪʠ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚ ʧʝʨʝʭʦʜʥʳʡ ʧʝʨʠʦʜ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʠʛʨʘʮʠʷ ʤʦʥʦʣʠʪʘ; ʤʠʢʨʦʩʝʨʚʠʩʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ; ʥʘʙʣʶʜʘʝʤʦʩʪʴ; 

ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ; OpenTelemetry; Prometheus; ʢʦʥʢʫʨʝʥʪʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦ-

ʚʘʥʠʝ; Go; strangler pattern; ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʪʨʘʩʩʠʨʦʚʢʘ. 

 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʮʠʬʨʦʚʠʟʘʮʠʠ 

ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ ʦʩʦʙʫʶ 

ʟʥʘʯʠʤʦʩʪʴ ʧʨʠʦʙʨʝʪʘʶʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ 

ʩʠʩʪʝʤʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʫʯʝʪ ʨʘʩʭʦʜʦʚ, 

ʤʘʨʰʨʫʪʠʟʘʮʠʶ ʠ ʬʠʥʘʥʩʦʚʳʡ ʢʦʥʪʨʦʣʴ. 

ʄʥʦʛʠʝ ʧʨʝʜʧʨʠʷʪʠʷ ʠʩʧʦʣʴʟʫʶʪ ʤʦʥʦʣʠʪʥʳʝ 

ʧʨʠʣʦʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʥʘ 

ʵʪʘʧʝ ʩʪʘʥʦʚʣʝʥʠʷ ʙʠʟʥʝʩʘ ʠ ʦʙʝʩʧʝʯʠʚʘʣʠ 

ʙʘʟʦʚʳʝ ʧʦʪʨʝʙʥʦʩʪʠ. ʆʜʥʘʢʦ ʩ ʨʦʩʪʦʤ ʤʘʩ-

ʰʪʘʙʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ 

ʢʦʥʪʨʘʛʝʥʪʦʚ ʠ ʫʩʣʦʞʥʝʥʠʝʤ ʙʠʟʥʝʩ-ʣʦʛʠʢʠ 

ʤʦʥʦʣʠʪʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʩʪʘʥʦʚʠʪʩʷ ʧʨʝʧʷʪ-

ʩʪʚʠʝʤ ʜʣʷ ʨʘʟʚʠʪʠʷ: ʦʥʘ ʟʘʪʨʫʜʥʷʝʪ ʤʘʩʰʪʘ-

ʙʠʨʦʚʘʥʠʝ ʦʪʜʝʣʴʥʳʭ ʬʫʥʢʮʠʡ, ʧʦʚʳʰʘʝʪ 

ʨʠʩʢʠ ʧʨʠ ʦʙʥʦʚʣʝʥʠʷʭ ʠ ʩʥʠʞʘʝʪ ʦʪʢʘʟʦ-

ʫʩʪʦʡʯʠʚʦʩʪʴ. 

ʄʠʛʨʘʮʠʷ ʤʦʥʦʣʠʪʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʫʯʸʪʘ 

ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʨʘʩʭʦʜʦʚ ʥʘ ʤʠʢ-

ʨʦʩʝʨʚʠʩʥʫʶ ʘʨʭʠʪʝʢʪʫʨʫ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʣʦʞʥʫʶ ʠʥʞʝʥʝʨʥʫʶ ʟʘʜʘʯʫ. ɺ ʦʪʣʠʯʠʝ ʦʪ 

çʟʝʣʝʥʦʛʦ ʧʦʣʷè (greenfield), ʛʜʝ ʘʨʭʠʪʝʢʪʫʨʘ 

ʧʨʦʝʢʪʠʨʫʝʪʩʷ ʩ ʥʫʣʷ, ʤʠʛʨʘʮʠʷ ʩʫʱʝʩʪʚʫʶ-

ʱʝʡ ʩʠʩʪʝʤʳ ʪʨʝʙʫʝʪ ʩʦʭʨʘʥʝʥʠʷ ʥʝʧʨʝʨʳʚ-

ʥʦʩʪʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ, ʮʝʣʦʩʪʥʦʩʪʠ ʬʠʥʘʥ-

ʩʦʚʳʭ ʜʘʥʥʳʭ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʟʨʘʯʥʦʩʪʠ 

ʨʘʙʦʪʳ ʚ ʧʝʨʝʭʦʜʥʳʡ ʧʝʨʠʦʜ. 

ʎʝʣʴ ʚʳʧʦʣʥʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʨʘʟʨʘ-

ʙʦʪʘʪʴ ʠ ʦʙʦʩʥʦʚʘʪʴ ʩʪʨʘʪʝʛʠʶ ʧʦʵʪʘʧʥʦʡ ʤʠ-

ʛʨʘʮʠʠ ʤʦʥʦʣʠʪʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʫʯʸʪʘ ʪʨʘʥʩ-

ʧʦʨʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʨʘʩʭʦʜʦʚ ʥʘ ʤʠʢʨʦʩʝʨ-

ʚʠʩʥʫʶ ʘʨʭʠʪʝʢʪʫʨʫ, ʩ ʘʢʮʝʥʪʦʤ ʥʘ ʦʙʝʩʧʝʯʝ-

ʥʠʝ ʥʘʙʣʶʜʘʝʤʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʢʘʢ ʢʣʶʯʝ-

ʚʳʭ ʬʘʢʪʦʨʦʚ ʫʩʧʝʰʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ. 

ɺ ʩʪʘʪʴʝ ʨʝʰʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ɸʥʘʣʠʟ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʤʦʥʦʣʠʪʥʳʭ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

2. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʩʪʨʘʪʝʛʠʡ ʤʠʛʨʘʮʠʠ ʠ 

ʚʳʙʦʨ ʧʦʜʭʦʜʷʱʝʡ ʜʣʷ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ. 

3. ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʩʪʘʚʘ ʤʠʢʨʦʩʝʨʚʠʩʦʚ ʥʘ 

ʦʩʥʦʚʝ ʧʨʝʜʤʝʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢ-

ʪʠʨʦʚʘʥʠʷ (Domain-Driven Design). 

4. ʈʘʟʨʘʙʦʪʢʘ ʧʦʜʭʦʜʦʚ ʢ ʦʙʝʩʧʝʯʝʥʠʶ 

ʥʘʙʣʶʜʘʝʤʦʩʪʠ (ʤʝʪʨʠʢʠ, ʣʦʛʠ, ʪʨʘʩʩʠʨʦʚʢʘ) 

ʚ ʧʝʨʝʭʦʜʥʳʡ ʧʝʨʠʦʜ. 

5. ʆʙʦʩʥʦʚʘʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʘʪʪʝʨʥʦʚ 

ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʜʣʷ ʦʙʨʘ-

ʙʦʪʢʠ ʪʨʘʥʟʘʢʮʠʡ ʚ ʚʳʩʦʢʦʥʘʛʨʫʞʝʥʥʦʡ ʩʨʝ-

ʜʝ. 

1. ɸʨʭʠʪʝʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʤʦʥʦʣʠʪ-

ʥʳʭ ʩʠʩʪʝʤ ʫʯʸʪʘ ʪʨʘʥʩʧʦʨʪʥʦ-

ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʨʘʩʭʦʜʦʚ 

ʄʦʥʦʣʠʪʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʫʯʸʪʘ ʪʨʘʥʩʧʦʨʪ-

ʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʨʘʩʭʦʜʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, 
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- ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ - 
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ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʝʜʠʥʫʶ ʠʩʧʦʣʥʷʝʤʫʶ 

ʧʨʦʛʨʘʤʤʫ, ʚʢʣʶʯʘʶʱʫʶ ʤʦʜʫʣʠ ʜʣʷ: 

- ʫʯʸʪʘ ʧʝʨʝʚʦʟʦʢ (ʟʘʢʘʟʳ, ʤʘʨʰʨʫʪʳ, 

ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ); 

- ʬʠʥʘʥʩʦʚʦʛʦ ʫʯʸʪʘ (ʨʘʩʭʦʜʳ ʥʘ ʪʦʧʣʠʚʦ, 

ʦʧʣʘʪʘ ʧʝʨʝʚʦʟʯʠʢʘʤ, ʥʘʣʦʛʠ); 

- ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʢʦʥʪʨʘʛʝʥʪʘʤʠ (ʢʣʠʝʥ-

ʪʳ, ʧʦʩʪʘʚʱʠʢʠ, ʚʦʜʠʪʝʣʠ); 

- ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪʯʸʪʥʦʩʪʠ ʠ ʘʥʘʣʠʪʠʢʠ. 

ʊʘʢʘʷ ʩʠʩʪʝʤʘ ʯʘʩʪʦ ʩʪʨʦʠʪʩʷ ʥʘ ʨʝʣʷʮʠʦʥ-

ʥʦʡ ʙʘʟʝ ʜʘʥʥʳʭ ʩ ʞʸʩʪʢʦʡ ʩʚʷʟʥʦʩʪʴʶ ʪʘʙ-

ʣʠʮ, ʘ ʙʠʟʥʝʩ-ʣʦʛʠʢʘ ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʩʣʦʝ ʧʨʠ-

ʣʦʞʝʥʠʷ (ʥʘʧʨʠʤʝʨ, ʥʘ Java Spring ʠʣʠ C# 

.NET). ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʳʷʚʣʷʶʪʩʷ 

ʩʣʝʜʫʶʱʠʝ ʦʛʨʘʥʠʯʝʥʠʷ: 

- ʉʣʦʞʥʦʩʪʴ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ï ʜʘʞʝ 

ʧʨʠ ʚʳʩʦʢʦʡ ʥʘʛʨʫʟʢʝ ʥʘ ʤʦʜʫʣʴ ʦʪʯʸʪʥʦʩʪʠ 

ʧʨʠʭʦʜʠʪʩʷ ʤʘʩʰʪʘʙʠʨʦʚʘʪʴ ʚʩʸ ʧʨʠʣʦʞʝʥʠʝ 

ʮʝʣʠʢʦʤ. 

- ʈʠʩʢʠ ʧʨʠ ʨʘʟʚʸʨʪʳʚʘʥʠʠ ï ʠʟʤʝʥʝʥʠʝ 

ʦʜʥʦʛʦ ʤʦʜʫʣʷ ʪʨʝʙʫʝʪ ʧʝʨʝʩʙʦʨʢʠ ʠ ʧʝʨʝʨʘʟ-

ʚʸʨʪʳʚʘʥʠʷ ʚʩʝʛʦ ʤʦʥʦʣʠʪʘ. 

- ɿʘʪʨʫʜʥʸʥʥʘʷ ʵʚʦʣʶʮʠʷ ʪʝʭʥʦʣʦʛʠʡ ï 

ʧʝʨʝʭʦʜ ʥʘ ʥʦʚʳʝ ʚʝʨʩʠʠ ʷʟʳʢʘ ʠʣʠ ʬʨʝʡʤ-

ʚʦʨʢʘ ʟʘʪʨʘʛʠʚʘʝʪ ʚʩʶ ʩʠʩʪʝʤʫ. 

- ʅʠʟʢʘʷ ʥʘʙʣʶʜʘʝʤʦʩʪʴ ï ʤʦʥʠʪʦʨʠʥʛ 

ʦʛʨʘʥʠʯʝʥ ʫʨʦʚʥʝʤ ʧʨʠʣʦʞʝʥʠʷ ʠ ʩʝʨʚʝʨʘ, 

ʦʪʩʫʪʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʩʣʝʜʠʪʴ ʮʝʧʦʯʢʫ 

ʚʳʟʦʚʦʚ ʤʝʞʜʫ ʣʦʛʠʯʝʩʢʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. 

ɼʣʷ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʷʚʣʷʶʪʩʷ: 

- ʎʝʣʦʩʪʥʦʩʪʴ ʬʠʥʘʥʩʦʚʳʭ ʜʘʥʥʳʭ ï ʥʝ-

ʜʦʧʫʩʪʠʤʦʩʪʴ ʨʘʩʩʠʥʭʨʦʥʠʟʘʮʠʠ ʤʝʞʜʫ ʫʯʸ-

ʪʦʤ ʨʘʩʭʦʜʦʚ ʠ ʧʣʘʪʝʞʘʤʠ. 

- ʆʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ ï ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ 

ʩʦʭʨʘʥʷʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠ ʩʙʦʷʭ ʦʪ-

ʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

- ʇʨʦʟʨʘʯʥʦʩʪʴ ï ʚʦʟʤʦʞʥʦʩʪʴ ʘʫʜʠʪʘ 

ʢʘʞʜʦʡ ʦʧʝʨʘʮʠʠ, ʦʩʦʙʝʥʥʦ ʬʠʥʘʥʩʦʚʦʡ. 

ʕʪʠ ʪʨʝʙʦʚʘʥʠʷ ʥʘʢʣʘʜʳʚʘʶʪ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʩʪʨʘʪʝʛʠʶ ʤʠʛʨʘʮʠʠ. 

2. ʉʪʨʘʪʝʛʠʠ ʤʠʛʨʘʮʠʠ: ʘʥʘʣʠʟ ʠ ʚʳʙʦʨ 

ʧʦʜʭʦʜʘ 

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʧʨʘʢʪʠʢʝ ʘʨʭʠʪʝʢʪʫʨʥʦʡ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚʳʜʝʣʷʶʪ ʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚ-

ʥʳʭ ʩʪʨʘʪʝʛʠʡ ʤʠʛʨʘʮʠʠ ʤʦʥʦʣʠʪʘ [1, 2]: 

1. Big Bang (ʧʝʨʝʧʠʩʳʚʘʥʠʝ çʩ ʥʫʣʷè) ï 

ʧʦʣʥʘʷ ʟʘʤʝʥʘ ʤʦʥʦʣʠʪʘ ʥʘ ʤʠʢʨʦʩʝʨʚʠʩʥʫʶ 

ʩʠʩʪʝʤʫ ʩ ʦʩʪʘʥʦʚʢʦʡ ʩʪʘʨʦʡ ʚʝʨʩʠʠ. ɼʣʷ ʣʦ-

ʛʠʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩ ʥʝʧʨʝʨʳʚʥʳʤ ʧʦʪʦʢʦʤ 

ʦʧʝʨʘʮʠʡ ʵʪʦʪ ʧʦʜʭʦʜ ʥʝʧʨʠʝʤʣʝʤ ʠʟ-ʟʘ ʚʳʩʦ-

ʢʠʭ ʨʠʩʢʦʚ ʧʨʦʩʪʦʷ ʠ ʧʦʪʝʨʠ ʜʘʥʥʳʭ. 

2. Strangler Pattern (ʫʜʫʰʝʥʠʝ) ï ʧʦʵʪʘʧ-

ʥʦʝ ʚʳʨʝʟʘʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʠʟ ʤʦʥʦʣʠ-

ʪʘ ʩ ʧʨʦʢʩʠʨʦʚʘʥʠʝʤ ʟʘʧʨʦʩʦʚ ʤʝʞʜʫ ʩʪʘʨʳʤ 

ʠ ʥʦʚʳʤ ʧʨʠʣʦʞʝʥʠʝʤ. ʇʦʜʭʦʜ ʧʨʝʜʣʦʞʝʥ 

ʄ. ʌʘʫʣʝʨʦʤ ʠ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʙʝʟʦʧʘʩʥʳʤ 

ʜʣʷ ʩʠʩʪʝʤ ʩ ʚʳʩʦʢʦʡ ʮʝʥʦʡ ʧʨʦʩʪʦʷ. 

3. Incremental extraction (ʠʥʢʨʝʤʝʥʪʘʣʴ-

ʥʦʝ ʚʳʜʝʣʝʥʠʝ) ï ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʚʳʜʝʣʝ-

ʥʠʝ ʩʝʨʚʠʩʦʚ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʦʙʱʝʡ ʙʘʟʳ ʜʘʥ-

ʥʳʭ ʥʘ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʨʘʟʜʝʣʝʥʠʝʤ ʭʨʘʥʠʣʠʱ. 

ɼʣʷ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

ʫʯʸʪʘ ʨʘʩʭʦʜʦʚ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʠʪ ʢʦʤʙʠʥʠ-

ʨʦʚʘʥʥʘʷ ʩʪʨʘʪʝʛʠʷ, ʩʦʯʝʪʘʶʱʘʷ Strangler 

Pattern ʥʘ ʫʨʦʚʥʝ API ʠ Incremental extraction 

ʥʘ ʫʨʦʚʥʝ ʜʘʥʥʳʭ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ: 

- ʧʦʜʜʝʨʞʠʚʘʪʴ ʨʘʙʦʪʫ ʤʦʥʦʣʠʪʘ ʢʘʢ çʠʩ-

ʪʦʯʥʠʢʘ ʠʩʪʠʥʳè ʥʘ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ; 

- ʧʦʩʪʝʧʝʥʥʦ ʚʳʥʦʩʠʪʴ ʚ ʤʠʢʨʦʩʝʨʚʠʩʳ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʙʣʦʢʠ ʩ ʥʠʟʢʦʡ ʩʚʷʟʘʥʥʦ-

ʩʪʴʶ (ʥʘʧʨʠʤʝʨ, ʩʝʨʚʠʩ ʫʯʝʪʘ ʪʦʧʣʠʚʘ, ʩʝʨʚʠʩ 

ʠʥʪʝʛʨʘʮʠʠ ʩ ʢʦʥʪʨʘʛʝʥʪʘʤʠ); 

- ʩʦʭʨʘʥʷʪʴ ʪʨʘʥʟʘʢʮʠʦʥʥʫʶ ʩʦʛʣʘʩʦʚʘʥ-

ʥʦʩʪʴ ʯʝʨʝʟ ʧʘʪʪʝʨʥ Saga ʠʣʠ ʜʚʫʭʬʘʟʥʫʶ 

ʬʠʢʩʘʮʠʶ ʚ ʧʝʨʝʭʦʜʥʳʡ ʧʝʨʠʦʜ. 

ɺʳʜʝʣʝʥʠʝ ʩʝʨʚʠʩʦʚ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʳʧʦʣ-

ʥʷʪʴ ʥʘ ʦʩʥʦʚʝ ʧʨʝʜʤʝʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ (DDD), ʚʳʜʝʣʷʷ ʩʣʝʜʫʶʱʠʝ 

ʦʛʨʘʥʠʯʝʥʥʳʝ ʢʦʥʪʝʢʩʪʳ (bounded contexts): 

- ʂʦʥʪʝʢʩʪ ʫʯʸʪʘ ʧʝʨʝʚʦʟʦʢ ï ʟʘʢʘʟʳ, 

ʤʘʨʰʨʫʪʳ, ʩʪʘʪʫʩʳ. 

- ʂʦʥʪʝʢʩʪ ʬʠʥʘʥʩʦʚʦʛʦ ʫʯʸʪʘ ï ʨʘʩʭʦʜʳ, 

ʘʢʪʳ, ʩʯʝʪʘ. 

- ʂʦʥʪʝʢʩʪ ʩʧʨʘʚʦʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ï 

ʢʦʥʪʨʘʛʝʥʪʳ, ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ, ʩʪʘʚʢʠ. 

- ʂʦʥʪʝʢʩʪ ʘʥʘʣʠʪʠʢʠ ʠ ʦʪʯʸʪʥʦʩʪʠ ï 

ʚʠʪʨʠʥʳ ʜʘʥʥʳʭ, ʘʛʨʝʛʘʪʳ. 

3. ʆʙʝʩʧʝʯʝʥʠʝ ʥʘʙʣʶʜʘʝʤʦʩʪʠ ʚ ʧʨʦʮʝʩ-

ʩʝ ʤʠʛʨʘʮʠʠ 

ʇʨʠ ʤʠʛʨʘʮʠʠ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦ ʩʦʭʨʘʥʷʪʴ 

ʧʨʦʟʨʘʯʥʦʩʪʴ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ. ʊʨʘʜʠʮʠʦʥʥʳʝ 

ʤʝʪʦʜʳ ʤʦʥʠʪʦʨʠʥʛʘ (ʣʦʛʠ ʥʘ ʩʝʨʚʝʨʝ, ʤʝʪʨʠ-

ʢʠ ʩʝʨʚʝʨʘ) ʩʪʘʥʦʚʷʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʳʤʠ, ʢʦʛʜʘ 

ʯʘʩʪʴ ʟʘʧʨʦʩʦʚ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʤʦʥʦʣʠʪʦʤ, ʘ 

ʯʘʩʪʴ ï ʤʠʢʨʦʩʝʨʚʠʩʘʤʠ. ʊʨʝʙʫʝʪʩʷ ʚʥʝʜʨʝʥʠʝ 

ʥʘʙʣʶʜʘʝʤʦʩʪʠ (observability) ʢʘʢ ʩʠʩʪʝʤʥʦ-

ʛʦ ʩʚʦʡʩʪʚʘ [3]. 

3.1. ʊʨʠ ʢʦʤʧʦʥʝʥʪʘ ʥʘʙʣʶʜʘʝʤʦʩʪʠ 

ʉʦʚʨʝʤʝʥʥʘʷ ʢʦʥʮʝʧʮʠʷ ʥʘʙʣʶʜʘʝʤʦʩʪʠ 

ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʪʨʸʭ ʩʪʦʣʧʘʭ: 

- ʄʝʪʨʠʢʠ (metrics) ï ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʦ-

ʢʘʟʘʪʝʣʠ (ʟʘʜʝʨʞʢʘ ʟʘʧʨʦʩʦʚ, ʯʘʩʪʦʪʘ ʦʰʠʙʦʢ, 
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ʟʘʛʨʫʟʢʘ ʧʨʦʮʝʩʩʦʨʘ). ɺ ʧʝʨʝʭʦʜʥʳʡ ʧʝʨʠʦʜ 

ʤʝʪʨʠʢʠ ʜʦʣʞʥʳ ʩʦʙʠʨʘʪʴʩʷ ʢʘʢ ʩ ʤʦʥʦʣʠʪʘ, 

ʪʘʢ ʠ ʩ ʥʦʚʳʭ ʩʝʨʚʠʩʦʚ ʚ ʝʜʠʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʠʤʸʥ. 

- ʃʦʛʠ (logs) ï ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʩʦʙʳ-

ʪʠʷ. ʂʨʠʪʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʝʤ ʷʚʣʷʝʪʩʷ ʫʥʠ-

ʬʠʢʘʮʠʷ ʬʦʨʤʘʪʘ (JSON) ʠ ʜʦʙʘʚʣʝʥʠʝ ʩʢʚʦʟ-

ʥʦʛʦ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʟʘʧʨʦʩʘ (trace_id), ʢʦʪʦ-

ʨʳʡ ʧʝʨʝʜʘʸʪʩʷ ʤʝʞʜʫ ʤʦʥʦʣʠʪʦʤ ʠ ʤʠʢʨʦ-

ʩʝʨʚʠʩʘʤʠ ʯʝʨʝʟ HTTP-ʟʘʛʦʣʦʚʢʠ. 

- ʊʨʘʩʩʠʨʦʚʢʘ (tracing) ï ʤʝʭʘʥʠʟʤ ʦʪʩʣʝ-

ʞʠʚʘʥʠʷ ʮʝʧʦʯʢʠ ʚʳʟʦʚʦʚ. ɼʣʷ ʨʘʩʧʨʝʜʝʣʸʥ-

ʥʦʡ ʪʨʘʩʩʠʨʦʚʢʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʪʘʥʜʘʨʪ 

OpenTelemetry, ʢʦʪʦʨʳʡ ʧʦʜʜʝʨʞʠʚʘʝʪ ʵʢʩ-

ʧʦʨʪ ʚ Jaeger ʠʣʠ Zipkin. 

3.2. ʀʥʩʪʨʫʤʝʥʪʘʨʠʡ 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʥʘʙʣʶʜʘʝʤʦʩʪʠ ʚ ʧʨʦʮʝʩʩʝ 

ʤʠʛʨʘʮʠʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ: 

- OpenTelemetry SDK ʜʣʷ ʠʥʩʪʨʫʤʝʥʪʘʮʠʠ 

ʢʘʢ ʤʦʥʦʣʠʪʘ, ʪʘʢ ʠ ʥʦʚʳʭ ʩʝʨʚʠʩʦʚ (ʥʘ Go, 

Java ʠʣʠ C#). 

- Prometheus ʜʣʷ ʩʙʦʨʘ ʤʝʪʨʠʢ. 

- Grafana ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʘʰʙʦʨʜʦʚ, 

ʦʙʲʝʜʠʥʷʶʱʠʭ ʜʘʥʥʳʝ ʠʟ ʤʦʥʦʣʠʪʘ ʠ ʤʠʢʨʦ-

ʩʝʨʚʠʩʦʚ. 

- ELK Stack (Elasticsearch, Logstash, 

Kibana) ʠʣʠ Grafana Loki  ʜʣʷ ʮʝʥʪʨʘʣʠʟʦ-

ʚʘʥʥʦʛʦ ʩʙʦʨʘ ʠ ʘʥʘʣʠʟʘ ʣʦʛʦʚ. 

ʇʨʠʤʝʨ ʥʘʩʪʨʦʡʢʠ ʪʨʘʩʩʠʨʦʚʢʠ ʥʘ ʷʟʳʢʝ 

Go ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ OpenTelemetry: 

 

import ( 

    "context" 

    "go.opentelemetry.io/otel" 

    "go.opentelemetry.io/otel/exporters/jaeger" 

    "go.opentelemetry.io/otel/sdk/trace" 

) 

 

func initTracer() func() { 

    exporter, _ := jae-

ger.New(jaeger.WithCollectorEndpoint(jaeger.WithEndpoint("http://jaeger:14268/api/traces"))) 

    tp := trace.NewTracerProvider(trace.WithBatcher(exporter)) 

    otel.SetTracerProvider(tp) 

    return func() { tp.Shutdown(context.Background()) } 

}  

 

ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʚ ʧʝʨʝʭʦʜʥʳʡ ʧʝ-

ʨʠʦʜ ʦʪʩʣʝʞʠʚʘʪʴ ʧʫʪʴ ʟʘʧʨʦʩʘ ʦʪ API-ʰʣʶʟʘ 

ʯʝʨʝʟ ʤʦʥʦʣʠʪ ʠ ʜʘʣʝʝ ʚ ʚʳʜʝʣʝʥʥʳʝ ʩʝʨʚʠʩʳ, 

ʚʳʷʚʣʷʷ ʫʟʢʠʝ ʤʝʩʪʘ ʠ ʦʰʠʙʢʠ ʠʥʪʝʛʨʘʮʠʠ. 

4. ʇʘʪʪʝʨʥʳ ʢʦʥʢʫʨʝʥʪʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʜʘʥʥʳʭ ʧʨʠ ʤʠʛʨʘʮʠʠ 

ʊʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʭʘ-

ʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʩʦ-

ʙʳʪʠʡ: ʩʦʟʜʘʥʠʝ ʟʘʢʘʟʦʚ, ʦʙʥʦʚʣʝʥʠʝ ʩʪʘʪʫ-

ʩʦʚ, ʨʘʩʯʸʪ ʨʘʩʭʦʜʦʚ. ɺ ʧʨʦʮʝʩʩʝ ʤʠʛʨʘʮʠʠ 

ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʵʬʬʝʢʪʠʚʥʫʶ ʦʙʨʘ-

ʙʦʪʢʫ ʵʪʠʭ ʩʦʙʳʪʠʡ ʙʝʟ ʧʦʪʝʨʴ ʠ ʩ ʩʦʭʨʘʥʝʥʠ-

ʝʤ ʧʦʨʷʜʢʘ. 

ʆʧʳʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʷʟʳʢʘ Go ʜʣʷ ʚʳʩʦʢʦ-

ʥʘʛʨʫʞʝʥʥʳʭ ʩʝʨʚʝʨʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʧʦʢʘʟʳ-

ʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʩʪʨʦʝʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ 

ʢʦʥʢʫʨʝʥʪʥʦʩʪʠ: ʛʦʨʫʪʠʥ ʠ ʢʘʥʘʣʦʚ [4, 5]. ɺ 

ʢʦʥʪʝʢʩʪʝ ʤʠʛʨʘʮʠʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ 

ʩʣʝʜʫʶʱʠʝ ʧʘʪʪʝʨʥʳ: 

4.1. Worker Pool (ʧʫʣ ʚʦʨʢʝʨʦʚ) 

ʇʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʘʩʠʥʭʨʦʥʥʳʭ 

ʟʘʜʘʯ, ʪʘʢʠʭ ʢʘʢ ʨʘʩʩʳʣʢʘ ʫʚʝʜʦʤʣʝʥʠʡ ʦ ʩʪʘ-

ʪʫʩʝ ʧʝʨʝʚʦʟʢʠ ʠʣʠ ʨʘʩʯʸʪ ʥʦʨʤʘʪʠʚʥʦʡ ʩʝʙʝ-

ʩʪʦʠʤʦʩʪʠ ʨʝʡʩʘ. ʌʠʢʩʠʨʦʚʘʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʛʦʨʫʪʠʥ ʦʙʨʘʙʘʪʳʚʘʝʪ ʟʘʜʘʯʠ ʠʟ ʦʙʱʝʡ ʦʯʝʨʝ-

ʜʠ, ʯʪʦ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʧʝʨʝʛʨʫʟʢʫ ʩʠʩʪʝʤʳ ʚ 

ʧʠʢʦʚʳʝ ʯʘʩʳ. 

4.2. Pipeline (ʢʦʥʚʝʡʝʨ) 

ʀʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʧʦʪʦʢʦʚ ʜʘʥ-

ʥʳʭ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʠʤʧʦʨʪʝ ʨʝʝʩʪʨʦʚ ʨʘʩʭʦ-

ʜʦʚ ʠʟ ʚʥʝʰʥʠʭ ʩʠʩʪʝʤ (ʪʦʧʣʠʚʥʳʝ ʢʘʨʪʳ, 

ʜʘʥʥʳʝ ɻʃʆʅɸʉʉ). ʂʦʥʚʝʡʝʨ ʧʦʟʚʦʣʷʝʪ ʨʘʟ-

ʜʝʣʠʪʴ ʵʪʘʧʳ: ʚʘʣʠʜʘʮʠʷ Ÿ ʦʙʦʛʘʱʝʥʠʝ Ÿ 

ʩʦʭʨʘʥʝʥʠʝ Ÿ ʧʫʙʣʠʢʘʮʠʷ ʩʦʙʳʪʠʡ. 

4.3. Circuit Breaker (ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʚʳ-

ʢʣʶʯʘʪʝʣʴ) 

ʂʨʠʪʠʯʝʩʢʠ ʚʘʞʝʥ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʚʥʝʰʥʠʤʠ ʩʝʨʚʠʩʘʤʠ (ʙʘʥʢʠ, API ʧʝʨʝʚʦʟʯʠ-

ʢʦʚ). ʇʨʠ ʧʨʝʚʳʰʝʥʠʠ ʧʦʨʦʛʘ ʦʰʠʙʦʢ ʚʨʝ-

ʤʝʥʥʦ ʙʣʦʢʠʨʫʝʪ ʚʳʟʦʚʳ, ʧʨʝʜʦʪʚʨʘʱʘʷ ʢʘʩ-
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ʢʘʜʥʳʝ ʩʙʦʠ ʚ ʧʝʨʠʦʜ ʤʠʛʨʘʮʠʠ, ʢʦʛʜʘ ʥʦʚʳʝ 

ʩʝʨʚʠʩʳ ʤʦʛʫʪ ʙʳʪʴ ʥʝʩʪʘʙʠʣʴʥʳ. 

ʇʨʠʤʝʨ ʨʝʘʣʠʟʘʮʠʠ Circuit Breaker ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʙʣʠʦʪʝʢʠ gobreaker: 

 

import "github.com/sony/gobreaker" 

 

var cb *gobreaker.CircuitBreaker 

 

func init() { 

    settings := gobreaker.Settings{ 

        Name:        "ExternalAPI", 

        MaxRequests: 3, 

        Interval:    time.Minute, 

        Timeout:     30 * time.Second, 

    }  

    cb = gobreaker.NewCircuitBreaker(settings) 

}  

 

func callExternalAPI() error { 

    _, err := cb.Execute(func() (interface{}, error) { 

        return http.Get("https://api.transport.ru/status") 

    })  

    return err 

}  

 

ʇʨʠʤʝʥʝʥʠʝ ʵʪʠʭ ʧʘʪʪʝʨʥʦʚ ʧʦʟʚʦʣʷʝʪ ʩʦ-

ʭʨʘʥʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʩʠʩʪʝʤʳ ʚ ʧʝʨʝʭʦʜʥʳʡ ʧʝʨʠʦʜ, ʢʦʛʜʘ ʥʘʛʨʫʟʢʘ 

ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʤʝʞʜʫ ʤʦʥʦʣʠʪʦʤ ʠ ʥʦʚʳʤʠ 

ʩʝʨʚʠʩʘʤʠ. 

5. ʇʨʘʢʪʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʨʝʘ-

ʣʠʟʘʮʠʠ ʤʠʛʨʘʮʠʠ 

ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʸʥʥʦʛʦ ʘʥʘʣʠʟʘ ʩʬʦʨʤʫ-

ʣʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʧʦ-

ʵʪʘʧʥʦʡ ʤʠʛʨʘʮʠʠ: 

1. ʅʘʯʘʪʴ ʩ ʚʳʜʝʣʝʥʠʷ ʩʝʨʚʠʩʦʚ ʩ ʥʠʟʢʦʡ 

ʩʚʷʟʥʦʩʪʴʶ. ʇʝʨʚʳʤʠ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʚʳʥʦ-

ʩʠʪʴ ʩʧʨʘʚʦʯʥʫʶ ʠʥʬʦʨʤʘʮʠʶ (ʢʦʥʪʨʘʛʝʥʪʳ, 

ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ) ʠ ʠʥʪʝʛʨʘʮʠʦʥʥʳʝ 

ʤʦʜʫʣʠ, ʪʘʢ ʢʘʢ ʦʥʠ ʠʤʝʶʪ ʯʸʪʢʠʝ ʛʨʘʥʠʮʳ ʠ 

ʤʠʥʠʤʘʣʴʥʦ ʚʣʠʷʶʪ ʥʘ ʪʨʘʥʟʘʢʮʠʦʥʥʫʶ ʮʝ-

ʣʦʩʪʥʦʩʪʴ. 

2. ɺʥʝʜʨʠʪʴ API-ʰʣʶʟ. ʐʣʶʟ ʜʦʣʞʝʥ ʚʳ-

ʧʦʣʥʷʪʴ ʤʘʨʰʨʫʪʠʟʘʮʠʶ ʟʘʧʨʦʩʦʚ ʤʝʞʜʫ ʤʦ-

ʥʦʣʠʪʦʤ ʠ ʤʠʢʨʦʩʝʨʚʠʩʘʤʠ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝ-

ʯʠʚʘʪʴ ʧʝʨʝʜʘʯʫ ʩʢʚʦʟʥʳʭ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ 

ʪʨʘʩʩʠʨʦʚʢʠ. 

3. ʀʩʧʦʣʴʟʦʚʘʪʴ ʧʘʪʪʝʨʥ Saga ʜʣʷ ʨʘʩ-

ʧʨʝʜʝʣʸʥʥʳʭ ʪʨʘʥʟʘʢʮʠʡ. ɼʣʷ ʦʧʝʨʘʮʠʡ, ʟʘ-

ʪʨʘʛʠʚʘʶʱʠʭ ʥʝʩʢʦʣʴʢʦ ʩʝʨʚʠʩʦʚ (ʥʘʧʨʠʤʝʨ, 

ʩʦʟʜʘʥʠʝ ʟʘʢʘʟʘ ʠ ʨʝʟʝʨʚʠʨʦʚʘʥʠʝ ʨʘʩʭʦʜʦʚ), 

ʧʨʠʤʝʥʷʪʴ Saga ʩ ʢʦʤʧʝʥʩʠʨʫʶʱʠʤʠ ʜʝʡ-

ʩʪʚʠʷʤʠ. 

4. ʆʙʝʩʧʝʯʠʪʴ ʦʙʨʘʪʥʫʶ ʩʦʚʤʝʩʪʠʤʦʩʪʴ. 

ɺʩʝ ʥʦʚʳʝ ʩʝʨʚʠʩʳ ʜʦʣʞʥʳ ʧʨʝʜʦʩʪʘʚʣʷʪʴ 

API, ʩʦʚʤʝʩʪʠʤʳʝ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʢʣʠʝʥ-

ʪʘʤʠ (ʤʦʙʠʣʴʥʳʝ ʧʨʠʣʦʞʝʥʠʷ, ʠʥʪʝʛʨʘʮʠʦʥ-

ʥʳʝ ʘʜʘʧʪʝʨʳ). 

5. ʇʨʦʚʦʜʠʪʴ ʥʘʛʨʫʟʦʯʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ 

ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ. ʀʩʧʦʣʴʟʦʚʘʪʴ ʠʥʩʪʨʫʤʝʥʪʳ 

(ʥʘʧʨʠʤʝʨ, k6) ʜʣʷ ʠʤʠʪʘʮʠʠ ʥʘʛʨʫʟʢʠ ʥʘ ʛʠ-

ʙʨʠʜʥʦʡ ʩʠʩʪʝʤʝ, ʚʳʷʚʣʷʷ ʫʟʢʠʝ ʤʝʩʪʘ ʚ ʤʝʞ-

ʩʝʨʚʠʩʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ. 

6. ɺʥʝʜʨʠʪʴ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʡ ʤʦʥʠʪʦ-

ʨʠʥʛ ʩ ʝʜʠʥʦʡ ʧʘʥʝʣʴʶ ʫʧʨʘʚʣʝʥʠʷ. 

ɼʘʰʙʦʨʜʳ Grafana ʜʦʣʞʥʳ ʦʪʦʙʨʘʞʘʪʴ ʤʝʪ-

ʨʠʢʠ ʢʘʢ ʤʦʥʦʣʠʪʘ, ʪʘʢ ʠ ʤʠʢʨʦʩʝʨʚʠʩʦʚ, ʘ 

ʪʘʢʞʝ ʢʣʶʯʝʚʳʝ ʙʠʟʥʝʩ-ʧʦʢʘʟʘʪʝʣʠ (ʢʦʣʠʯʝ-

ʩʪʚʦ ʦʙʨʘʙʦʪʘʥʥʳʭ ʟʘʢʘʟʦʚ, ʩʨʝʜʥʝʝ ʚʨʝʤʷ 

ʨʘʩʯʸʪʘ ʨʘʩʭʦʜʦʚ). 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʢʣʶʯʝʚʳʝ ʘʩʧʝʢʪʳ 

ʤʠʛʨʘʮʠʠ ʤʦʥʦʣʠʪʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʫʯʸʪʘ 

ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʨʘʩʭʦʜʦʚ ʥʘ ʤʠʢ-

ʨʦʩʝʨʚʠʩʥʫʶ ʘʨʭʠʪʝʢʪʫʨʫ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ 

ʩʠʩʪʝʤ ʩ ʚʳʩʦʢʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʮʝʣʦʩʪʥʦ-

ʩʪʠ ʜʘʥʥʳʭ ʠ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʨʘʙʦʪʳ ʥʘʠʙʦʣʝʝ 

ʧʨʠʝʤʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ʩʪʨʘ-

ʪʝʛʠʷ, ʩʦʯʝʪʘʶʱʘʷ ʧʘʪʪʝʨʥ Strangler ʥʘ ʫʨʦʚʥʝ 

API ʠ ʠʥʢʨʝʤʝʥʪʘʣʴʥʦʝ ʚʳʜʝʣʝʥʠʝ ʩʝʨʚʠʩʦʚ ʩ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʝʜʤʝʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʥʘʙʣʶʜʘʝʤʦʩʪʠ 

ʢʘʢ ʢʨʠʪʠʯʝʩʢʦʤʫ ʬʘʢʪʦʨʫ ʫʩʧʝʭʘ ʤʠʛʨʘʮʠʠ. 

ʇʨʠʤʝʥʝʥʠʝ OpenTelemetry, Prometheus ʠ ʮʝʥ-

ʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʣʦʛʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘ-

ʥʠʪʴ ʧʨʦʟʨʘʯʥʦʩʪʴ ʨʘʙʦʪʳ ʚ ʧʝʨʝʭʦʜʥʳʡ ʧʝ-

ʨʠʦʜ ʠ ʦʧʝʨʘʪʠʚʥʦ ʚʳʷʚʣʷʪʴ ʧʨʦʙʣʝʤʳ ʠʥʪʝ-

ʛʨʘʮʠʠ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʦʙʦʩʥʦʚʘʥʦ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝ ʧʘʪʪʝʨʥʦʚ ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦ-

ʚʘʥʠʷ (Worker Pool, Pipeline, Circuit Breaker) 

ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʦʪʢʘ-

ʟʦʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ ʩʤʝʰʘʥʥʦʡ ʘʨʭʠ-

ʪʝʢʪʫʨʳ. 

ʇʨʝʜʣʦʞʝʥʥʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʠ ʨʝʘʣʠʟʘ-

ʮʠʠ ʤʠʛʨʘʮʠʠ ʩʣʦʞʥʳʭ ʤʦʥʦʣʠʪʥʳʭ ʩʠʩʪʝʤ ʚ 

ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ, ʘ ʪʘʢʞʝ ʚ ʜʨʫʛʠʭ 

ʧʨʝʜʤʝʪʥʳʭ ʦʙʣʘʩʪʷʭ ʩ ʚʳʩʦʢʠʤʠ ʪʨʝʙʦʚʘʥʠ-

ʷʤʠ ʢ ʥʘʜʸʞʥʦʩʪʠ ʠ ʫʧʨʘʚʣʷʝʤʦʩʪʠ. 

ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ 

ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʤʝʪʦʜʦʚ ʘʚʪʦʤʘʪʠ-

ʟʠʨʦʚʘʥʥʦʛʦ ʠʟʚʣʝʯʝʥʠʷ ʤʠʢʨʦʩʝʨʚʠʩʦʚ ʠʟ 

ʤʦʥʦʣʠʪʥʦʛʦ ʢʦʜʘ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʪʨʘʩʩʠ-

ʨʦʚʦʢ ʠ ʤʝʪʨʠʢ, ʘ ʪʘʢʞʝ ʥʘ ʩʦʟʜʘʥʠʝ ʠʥʩʪʨʫ-

ʤʝʥʪʦʚ ʜʣʷ ʵʤʫʣʷʮʠʠ ʨʘʙʦʪʳ ʤʦʥʦʣʠʪʘ ʚ ʧʨʦ-

ʮʝʩʩʝ ʚʳʪʝʩʥʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ. 
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Abstract. The article discusses approaches to the phased migration of a monolithic transport and lo-
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The key components of migration are analyzed: allocation of domain services, organization of inter-

service interaction, implementation of distributed tracing and centralized logging. Based on a compara-
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʧʦʜʭʦʜʳ ʢ ʨʘʟʨʘʙʦʪʢʝ ʤʘʩʰʪʘʙʠ-

ʨʫʝʤʳʭ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ ʥʘ ʷʟʳʢʝ Go. ɸʥʘʣʠʟʠʨʫʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʷʟʳʢʘ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʝʛʦ 

ʧʨʠʤʝʥʠʤʦʩʪʴ ʚ ʚʳʩʦʢʦʥʘʛʨʫʞʝʥʥʳʭ ʩʠʩʪʝʤʘʭ: ʤʦʜʝʣʴ ʢʦʥʢʫʨʝʥʪʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʛʦʨʫʪʠʥ, 

ʦʩʦʙʝʥʥʦʩʪʠ ʩʙʦʨʢʠ ʤʫʩʦʨʘ ʠ ʩʪʘʥʜʘʨʪʥʘʷ ʙʠʙʣʠʦʪʝʢʘ. ɺʳʧʦʣʥʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʘʨʭʠʪʝʢ-

ʪʫʨʥʳʭ ʧʘʪʪʝʨʥʦʚ (ʤʦʜʫʣʴʥʳʡ ʤʦʥʦʣʠʪ, ʤʠʢʨʦʩʝʨʚʠʩʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ, ʩʦʙʳʪʠʡʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ) ʩ ʚʳʜʝʣʝʥʠʝʤ ʢʨʠʪʝʨʠʝʚ ʚʳʙʦʨʘ ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʩʮʝʥʘʨʠʝʚ. ʅʘ ʦʩʥʦ-

ʚʝ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʝʜʣʦʞʝʥʳ ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʛʠ-

ʙʨʠʜʥʳʭ ʩʠʩʪʝʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʠʥʩʪʨʫʤʝʥʪʦʚ ʥʘʙʣʶʜʘʝʤʦʩʪʠ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʟʚʝʨʪʳʚʘʥʠʷ. 

ʆʪʜʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʦʛʨʘʥʠʯʝʥʠʷʤ Go, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʚʳʙʦʨʝ ʘʨ-

ʭʠʪʝʢʪʫʨʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: Go; Golang; ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ; ʤʠʢʨʦʩʝʨʚʠʩʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ; ʛʦʨʫʪʠʥʳ; 

ʚʳʩʦʢʦʥʘʛʨʫʞʝʥʥʳʝ ʩʠʩʪʝʤʳ; Kubernetes; ʤʦʜʫʣʴʥʳʡ ʤʦʥʦʣʠʪ; ʩʦʙʳʪʠʡʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ 

ʘʨʭʠʪʝʢʪʫʨʘ; ʥʘʙʣʶʜʘʝʤʦʩʪʴ. 

 

ʂʦʛʜʘ ʨʝʯʴ ʟʘʭʦʜʠʪ ʦ ʩʝʨʚʝʨʥʦʡ ʨʘʟʨʘʙʦʪ-

ʢʝ, Go ʜʘʚʥʦ ʧʝʨʝʩʪʘʣ ʙʳʪʴ çʷʟʳʢʦʤ ʜʣʷ ʵʥʪʫ-

ʟʠʘʩʪʦʚè. ɿʘ ʥʠʤ ʩʪʦʠʪ Google, ʘ ʚ ʧʨʦʜʘʢ-

ʰʝʥʝ ï ʦʧʳʪ ʪʘʢʠʭ ʢʦʤʧʘʥʠʡ, ʢʘʢ Uber, 

Dropbox, Wildberries ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ. ʅʦ ʧʦ-

ʧʫʣʷʨʥʦʩʪʴ Go ʦʙʲʷʩʥʷʝʪʩʷ ʥʝ ʤʦʜʦʡ, ʘ 

ʚʧʦʣʥʝ ʢʦʥʢʨʝʪʥʳʤʠ ʠʥʞʝʥʝʨʥʳʤʠ ʩʚʦʡʩʪʚʘ-

ʤʠ: ʟʜʝʩʴ ʥʝʪ ʪʷʞʝʣʦʚʝʩʥʳʭ ʬʨʝʡʤʚʦʨʢʦʚ, ʥʝ 

ʥʫʞʥʦ ʨʘʟʦʛʨʝʚʘʪʴ ʚʠʨʪʫʘʣʴʥʫʶ ʤʘʰʠʥʫ, ʘ 

ʢʦʥʢʫʨʝʥʪʥʦʩʪʴ ʚʩʪʨʦʝʥʘ ʥʘ ʫʨʦʚʥʝ ʷʟʳʢʘ, ʘ 

ʥʝ ʚ ʚʠʜʝ ʚʥʝʰʥʠʭ ʙʠʙʣʠʦʪʝʢ. 

ʇʨʦʙʣʝʤʘ, ʦʜʥʘʢʦ, ʚ ʪʦʤ, ʯʪʦ ʥʘʣʠʯʠʝ ʭʦ-

ʨʦʰʝʛʦ ʷʟʳʢʘ ʩʘʤʦ ʧʦ ʩʝʙʝ ʥʝ ʨʝʰʘʝʪ ʚʦʧʨʦʩ 

ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ. ʆʧʳʪ ʧʦʢʘʟʳʚʘʝʪ: ʤʦʞʥʦ 

ʥʘʧʠʩʘʪʴ ʥʘ Go ʤʦʥʦʣʠʪ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʧʨʦ-

ʩʪʘʠʚʘʪʴ ʧʦʜ ʥʘʛʨʫʟʢʦʡ ʠʟ-ʟʘ ʥʝʧʨʘʚʠʣʴʥʦʡ 

ʨʘʙʦʪʳ ʩ ʛʦʨʫʪʠʥʘʤʠ, ʘ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ 

ʤʠʢʨʦʩʝʨʚʠʩʥʫʶ ʘʨʭʠʪʝʢʪʫʨʫ, ʛʜʝ ʢʘʞʜʳʡ 

ʩʝʨʚʠʩ ʩʪʘʨʪʫʝʪ ʟʘ ʤʠʣʣʠʩʝʢʫʥʜʳ, ʥʦ ʚʩʷ ʩʠ-

ʩʪʝʤʘ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʥʝʫʧʨʘʚʣʷʝʤʳʡ ʩʧʘʛʝʪ-

ʪʠ ʠʟ ʩʝʪʝʚʳʭ ʚʳʟʦʚʦʚ. 

ɺ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʘʙʦʪʘʭ [3, 4] ʯʘʱʝ ʚʩʝʛʦ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʣʠʙʦ ʦʪʜʝʣʴʥʳʝ ʠʥʩʪʨʫʤʝʥ-

ʪʳ (Gin, gRPC, Kubernetes), ʣʠʙʦ ʦʙʱʠʝ ʧʨʠʥ-

ʮʠʧʳ ʤʠʢʨʦʩʝʨʚʠʩʦʚ ʙʝʟ ʧʨʠʚʷʟʢʠ ʢ ʢʦʥʢʨʝʪ-

ʥʦʤʫ ʷʟʳʢʫ. ʉʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ ʪʦʛʦ, ʢʘʢ 

ʠʤʝʥʥʦ ʦʩʦʙʝʥʥʦʩʪʠ Go ʚʣʠʷʶʪ ʥʘ ʚʳʙʦʨ ʘʨ-

ʭʠʪʝʢʪʫʨʳ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ, ʜʦ ʩʠʭ ʧʦʨ ʥʝ 

ʭʚʘʪʘʝʪ. 

ʎʝʣʴ ʚʳʧʦʣʥʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʥʝ 

ʧʨʦʩʪʦ ʧʝʨʝʯʠʩʣʠʪʴ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʧʦʜʭʦʜʳ, 

ʘ ʧʦʢʘʟʘʪʴ, ʢʘʢʦʡ ʠʟ ʥʠʭ ʨʘʙʦʪʘʝʪ ʚ ʢʘʢʠʭ 

ʫʩʣʦʚʠʷʭ ʩ ʫʯʝʪʦʤ ʢʦʥʢʨʝʪʥʳʭ ʤʝʭʘʥʠʟʤʦʚ 

Go. ʄʳ ʨʘʩʩʤʦʪʨʠʤ ʥʝ ʪʦʣʴʢʦ ʢʣʘʩʩʠʯʝʩʢʠʝ 

ʚʘʨʠʘʥʪʳ (ʤʦʥʦʣʠʪ, ʤʠʢʨʦʩʝʨʚʠʩʳ), ʥʦ ʠ ʛʠ-

ʙʨʠʜʥʳʝ ʬʦʨʤʳ ï ʥʘʧʨʠʤʝʨ, ʤʦʜʫʣʴʥʳʡ ʤʦ-

ʥʦʣʠʪ, ʢʦʪʦʨʳʡ ʚ ʵʢʦʩʠʩʪʝʤʝ Go ʦʢʘʟʳʚʘʝʪʩʷ 

ʦʩʦʙʝʥʥʦ ʝʩʪʝʩʪʚʝʥʥʳʤ. ʊʘʢʞʝ ʟʘʪʨʦʥʝʤ ʚʦ-

ʧʨʦʩʳ, ʢʦʪʦʨʳʝ ʦʙʳʯʥʦ ʦʩʪʘʶʪʩʷ ʟʘ ʢʘʜʨʦʤ 

ʦʙʟʦʨʥʳʭ ʩʪʘʪʝʡ: ʢʘʢ ʥʝ çʫʙʠʪʴè ʧʨʦʠʟʚʦʜʠ-

ʪʝʣʴʥʦʩʪʴ ʛʦʨʫʪʠʥʘʤʠ, ʧʦʯʝʤʫ ʩʙʦʨʢʘ ʤʫʩʦʨʘ 

ʚ Go ï ʵʪʦ ʥʝ ʩʪʨʘʰʥʦ, ʥʦ ʠ ʥʝ ʤʘʛʠʷ, ʠ ʢʘʢʠʝ 

ʦʛʨʘʥʠʯʝʥʠʷ ʷʟʳʢʘ ʩʪʦʠʪ ʫʯʠʪʳʚʘʪʴ ʥʘ ʩʪʘʨʪʝ 

ʧʨʦʝʢʪʘ. 

1. ʆʩʦʙʝʥʥʦʩʪʠ Go, ʦ ʢʦʪʦʨʳʭ ʥʝ ʧʠʰʫʪ 

ʚ ʫʯʝʙʥʠʢʘʭ 

Go ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʩ ʮʝʣʴʶ ʫʩʪʨʘʥʝʥʠʷ ʥʝ-

ʜʦʩʪʘʪʢʦʚ ʩʫʱʝʩʪʚʫʶʱʠʭ ʷʟʳʢʦʚ ʚ ʦʙʣʘʩʪʠ 

ʩʠʩʪʝʤʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʩʝʨʚʝʨʥʦʡ 

ʨʘʟʨʘʙʦʪʢʠ. ʆʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ Go: 

Go ʯʘʩʪʦ ʥʘʟʳʚʘʶʪ çʩʠʩʪʝʤʥʳʤ ʷʟʳʢʦʤ 

ʜʣʷ ʩʝʨʚʝʨʥʦʡ ʨʘʟʨʘʙʦʪʢʠè. ʕʪʦ ʥʝ ʩʦʚʩʝʤ 

ʪʦʯʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ, ʥʦ ʦʥʦ ʦʪʨʘʞʘʝʪ ʛʣʘʚʥʦʝ: 

ʟʜʝʩʴ ʥʝʪ ʤʝʩʪʘ ʘʙʩʪʨʘʢʮʠʷʤ ʨʘʜʠ ʘʙʩʪʨʘʢʮʠʡ. 
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ʆʩʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʜʝʡʩʪʚʠ-

ʪʝʣʴʥʦ ʚʣʠʷʶʪ ʥʘ ʘʨʭʠʪʝʢʪʫʨʫ: 

ʂʦʤʧʠʣʷʮʠʷ ʚ ʤʘʰʠʥʥʳʡ ʢʦʜ. ʕʪʦ ʟʥʘʯʠʪ, 

ʯʪʦ ʧʨʠʣʦʞʝʥʠʝ ʥʘ Go ï ʵʪʦ ʦʜʠʥ ʠʩʧʦʣʥʷʝ-

ʤʳʡ ʬʘʡʣ. ʅʝʪ JVM, ʥʝʪ ʠʥʪʝʨʧʨʝʪʘʪʦʨʘ. ɺ 

ʵʧʦʭʫ ʢʦʥʪʝʡʥʝʨʦʚ ʵʪʦ ʜʘʝʪ ʜʚʘ ʚʘʞʥʳʭ ʩʣʝʜ-

ʩʪʚʠʷ: ʚʦ-ʧʝʨʚʳʭ, ʦʙʨʘʟ Docker ʚʝʩʠʪ ʥʝ ʛʠʛʘ-

ʙʘʡʪʳ, ʘ ʜʝʩʷʪʢʠ ʤʝʛʘʙʘʡʪ (ʝʩʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʫʶ ʩʙʦʨʢʫ), ʚʦ-ʚʪʦʨʳʭ, ʩʪʘʨʪ 

ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʤʠʣʣʠʩʝʢʫʥʜʳ. ɼʣʷ ʘʚʪʦʤʘʪʠ-

ʯʝʩʢʦʛʦ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʚ Kubernetes ʵʪʦ 

ʢʨʠʪʠʯʥʦ. 

ɻʦʨʫʪʠʥʳ, ʘ ʥʝ ʧʦʪʦʢʠ ʆʉ. ɺ Go ʥʝʪ ʢʣʘʩ-

ʩʠʯʝʩʢʦʡ ʤʦʜʝʣʠ çʧʦʪʦʢ ʥʘ ʟʘʧʨʦʩè. ɺʤʝʩʪʦ 

ʵʪʦʛʦ ʩʦʟʜʘʶʪʩʷ ʣʝʛʢʦʚʝʩʥʳʝ ʛʦʨʫʪʠʥʳ, ʢʦʪʦ-

ʨʳʝ ʧʣʘʥʠʨʫʶʪʩʷ ʨʘʥʪʘʡʤʦʤ ʥʘ ʦʛʨʘʥʠʯʝʥ-

ʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʩʠʩʪʝʤʥʳʭ ʧʦʪʦʢʦʚ. ʆʜʥʘ 

ʛʦʨʫʪʠʥʘ ʟʘʥʠʤʘʝʪ ʦʢʦʣʦ 2-4 ʂɹ ʩʪʝʢʘ (ʧʨʦʪʠʚ 

1-8 ʄɹ ʫ ʧʦʪʦʢʘ ʆʉ). ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʟʘʧʫʩʢʘʪʴ 

ʪʳʩʷʯʠ ʠ ʜʝʩʷʪʢʠ ʪʳʩʷʯ ʦʜʥʦʚʨʝʤʝʥʥʳʭ ʟʘʜʘʯ 

ʙʝʟ ʜʝʛʨʘʜʘʮʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. ʅʦ ʝʩʪʴ 

ʥʶʘʥʩ: ʛʦʨʫʪʠʥʳ ï ʵʪʦ ʥʝ çʙʝʩʧʣʘʪʥʳʡ ʨʝ-

ʩʫʨʩè, ʠ ʝʩʣʠ ʠʭ ʩʦʟʜʘʚʘʪʴ ʙʝʩʢʦʥʪʨʦʣʴʥʦ 

(ʥʘʧʨʠʤʝʨ, ʥʘ ʢʘʞʜʳʡ ʚʭʦʜʷʱʠʡ ʟʘʧʨʦʩ ʙʝʟ 

ʦʛʨʘʥʠʯʝʥʠʡ), ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʫʧʝʨʝʪʴʩʷ ʚ 

ʧʣʘʥʠʨʦʚʱʠʢ. 

ʉʙʦʨʢʘ ʤʫʩʦʨʘ ʩ ʥʠʟʢʠʤʠ ʟʘʜʝʨʞʢʘʤʠ. 

ʅʘʯʠʥʘʷ ʩ ʚʝʨʩʠʠ 1.8, ʩʙʦʨʱʠʢ ʤʫʩʦʨʘ ʚ Go 

ʨʘʙʦʪʘʝʪ ʧʦ ʧʨʠʥʮʠʧʫ çʦʜʥʦʚʨʝʤʝʥʥʦʡ ʤʘʨ-

ʢʠʨʦʚʢʠ ʩ ʧʘʨʘʣʣʝʣʴʥʳʤ ʫʜʘʣʝʥʠʝʤè 

(concurrent mark and sweep) ʩ ʟʘʜʝʨʞʢʘʤʠ 

ʦʙʳʯʥʦ ʤʝʥʝʝ 100 ʤʠʢʨʦʩʝʢʫʥʜ. ʕʪʦ ʜʝʣʘʝʪ 

Go ʧʨʠʛʦʜʥʳʤ ʜʣʷ ʩʠʩʪʝʤ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ 

ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʟʘʜʝʨʞʢʘʤ, ʥʦ ʪʦʣʴʢʦ ʧʨʠ 

ʫʩʣʦʚʠʠ, ʯʪʦ ʧʨʠʣʦʞʝʥʠʝ ʥʝ ʩʦʟʜʘʝʪ ʦʛʨʦʤʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʤʫʩʦʨʘ ʟʘ ʢʦʨʦʪʢʠʡ ʧʨʦʤʝʞʫʪʦʢ 

ʚʨʝʤʝʥʠ. ɽʩʣʠ ʞʝ ʚ ʢʘʞʜʦʤ ʟʘʧʨʦʩʝ ʘʣʣʦʮʠ-

ʨʦʚʘʪʴ ʧʦ ʥʝʩʢʦʣʴʢʦ ʤʝʛʘʙʘʡʪ, ʧʘʫʟʳ GC ʩʪʘ-

ʥʫʪ ʟʘʤʝʪʥʳʤʠ. 

ʉʪʘʥʜʘʨʪʥʘʷ ʙʠʙʣʠʦʪʝʢʘ. ʇʘʢʝʪ net/http ʚ 

Go ʥʘʩʪʦʣʴʢʦ ʭʦʨʦʰ, ʯʪʦ ʤʥʦʛʠʝ ʧʨʦʝʢʪʳ ʦʙ-

ʭʦʜʷʪʩʷ ʙʝʟ ʬʨʝʡʤʚʦʨʢʦʚ. ʕʪʦ ʥʝ ʚʩʝʛʜʘ ʫʜʦʙ-

ʥʦ (ʧʨʠʭʦʜʠʪʩʷ ʧʠʩʘʪʴ ʨʦʫʪʠʥʛ ʨʫʢʘʤʠ), ʟʘʪʦ 

ʠʩʢʣʶʯʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʩʪʦʨʦʥʥʠʭ ʙʠʙʣʠʦ-

ʪʝʢ ʠ ʠʭ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʫʷʟʚʠʤʦʩʪʝʡ. 

ʉʪʘʪʠʯʝʩʢʘʷ ʪʠʧʠʟʘʮʠʷ ʩ ʚʳʚʝʜʝʥʠʝʤ. ɺ Go 

ʥʝʪ ʜʞʝʥʝʨʠʢʦʚ ʚ ʢʣʘʩʩʠʯʝʩʢʦʤ ʧʦʥʠʤʘʥʠʠ 

(ʜʦ ʚʝʨʩʠʠ 1.18 ʦʥʠ ʙʳʣʠ ʜʦʙʘʚʣʝʥʳ, ʥʦ ʵʢʦ-

ʩʠʩʪʝʤʘ ʝʱʝ ʘʜʘʧʪʠʨʫʝʪʩʷ). ʕʪʦ ʫʧʨʦʱʘʝʪ 

ʢʦʜ, ʥʦ ʠʥʦʛʜʘ ʧʨʠʚʦʜʠʪ ʢ ʜʫʙʣʠʨʦʚʘʥʠʶ. 

2. ʏʪʦ ʪʘʢʦʝ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʥʘ ʩʘ-

ʤʦʤ ʜʝʣʝ 

ʄʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʯʘʩʪʦ ʧʫʪʘʶʪ ʩ ʧʨʦʠʟ-

ʚʦʜʠʪʝʣʴʥʦʩʪʴʶ. ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ï ʵʪʦ 

ʩʢʦʣʴʢʦ ʟʘʧʨʦʩʦʚ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʦʙʨʘʙʦʪʘʪʴ 

ʩʝʡʯʘʩ ʥʘ ʠʤʝʶʱʠʭʩʷ ʨʝʩʫʨʩʘʭ. ʄʘʩʰʪʘʙʠʨʫ-

ʝʤʦʩʪʴ ï ʵʪʦ ʩʧʦʩʦʙʥʦʩʪʴ ʩʦʭʨʘʥʷʪʴ ʠʣʠ ʫʚʝ-

ʣʠʯʠʚʘʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ 

ʨʝʩʫʨʩʦʚ. 

ʅʘ ʧʨʘʢʪʠʢʝ ʚʳʜʝʣʷʶʪ ʜʚʘ ʪʠʧʘ:  

- ɺʝʨʪʠʢʘʣʴʥʦʝ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ï ʜʦʙʘ-

ʚʠʣʠ ʷʜʝʨ, ʧʘʤʷʪʠ, ʧʦʩʪʘʚʠʣʠ ʜʠʩʢ ʙʳʩʪʨʝʝ. 

ʇʨʦʩʪʦ, ʥʦ ʨʘʥʦ ʠʣʠ ʧʦʟʜʥʦ ʫʧʠʨʘʝʪʩʷ ʚ ʬʠ-

ʟʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ. 

- ɻʦʨʠʟʦʥʪʘʣʴʥʦʝ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ï ʜʦʙʘ-

ʚʠʣʠ ʝʱʝ ʦʜʠʥ ʩʝʨʚʝʨ. ʉʣʦʞʥʝʝ, ʧʦʪʦʤʫ ʯʪʦ 

ʥʫʞʥʦ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʪʴ ʩʦʩʪʦʷʥʠʝ, ʨʘʩʧʨʝ-

ʜʝʣʷʪʴ ʥʘʛʨʫʟʢʫ, ʦʙʝʩʧʝʯʠʚʘʪʴ ʦʪʢʘʟʦʫʩʪʦʡ-

ʯʠʚʦʩʪʴ.  

ɼʣʷ Go, ʚ ʦʪʣʠʯʠʝ ʦʪ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʷʟʳ-

ʢʦʚ, ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʥʘʯʠ-

ʥʘʝʪʩʷ ʩ ʪʦʛʦ, ʯʪʦ ʚʥʫʪʨʠ ʦʜʥʦʛʦ ʩʝʨʚʝʨʘ ʫʞʝ 

ʝʩʪʴ ʵʬʬʝʢʪʠʚʥʘʷ ʢʦʥʢʫʨʝʥʪʥʦʩʪʴ. ʕʪʦ ʥʝ ʦʪ-

ʤʝʥʷʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʤʘʩ-

ʰʪʘʙʠʨʦʚʘʥʠʷ, ʥʦ ʧʦʟʚʦʣʷʝʪ ʜʦʣʴʰʝ ʦʙʭʦ-

ʜʠʪʴʩʷ ʤʝʥʴʰʠʤ ʯʠʩʣʦʤ ʫʟʣʦʚ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʨʝʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʚʘʞʥʳ ʥʝ 

ʪʦʣʴʢʦ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ, ʥʦ ʠ: 

- ʆʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ. ɽʩʣʠ ʦʜʠʥ ʫʟʝʣ 

ʫʧʘʣ, ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʧʨʦʜʦʣʞʘʪʴ ʨʘʙʦʪʫ. ɺ 

Go ʵʪʦ ʨʝʰʘʝʪʩʷ ʥʘ ʫʨʦʚʥʝ ʘʨʭʠʪʝʢʪʫʨʳ 

(ʥʘʧʨʠʤʝʨ, ʯʝʨʝʟ ʧʘʪʪʝʨʥ Circuit Breaker) ʠ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ (Kubernetes ʧʝʨʝʟʘʧʫʩʪʠʪ 

pod). 

- ʃʘʪʝʥʪʥʦʩʪʴ. ɼʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʚʘʞʥʦ ʥʝ 

ʪʦʣʴʢʦ ʪʦ, ʯʪʦ ʟʘʧʨʦʩ ʚ ʠʪʦʛʝ ʦʙʨʘʙʦʪʘʣʩʷ, ʥʦ 

ʠ ʢʘʢ ʙʳʩʪʨʦ. Go ʧʦʟʚʦʣʷʝʪ ʜʝʨʞʘʪʴ ʟʘʜʝʨʞʢʠ 

ʥʠʟʢʠʤʠ ʙʣʘʛʦʜʘʨʷ ʦʪʩʫʪʩʪʚʠʶ ʜʣʠʪʝʣʴʥʳʭ 

ʧʘʫʟ GC ʠ ʙʳʩʪʨʦʡ ʢʦʤʧʠʣʷʮʠʠ. 

- ʉʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʜʘʥʥʳʭ. ɺ ʨʘʩʧʨʝʜʝʣʝʥ-

ʥʦʡ ʩʠʩʪʝʤʝ ʜʘʥʥʳʝ ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʨʘʟʨʦʟ-

ʥʝʥʥʳʤʠ. ɺʳʙʦʨ ʤʝʞʜʫ ʩʪʨʦʛʦʡ ʩʦʛʣʘʩʦʚʘʥ-

ʥʦʩʪʴʶ (CAP ï Consistency) ʠ ʜʦʩʪʫʧʥʦʩʪʴʶ 

(Availability) ï ʵʪʦ ʘʨʭʠʪʝʢʪʫʨʥʦʝ ʨʝʰʝʥʠʝ, 

ʢʦʪʦʨʦʝ Go ʥʝ ʫʧʨʦʱʘʝʪ, ʥʦ ʠ ʥʝ ʫʩʣʦʞʥʷʝʪ. 

3. ɸʨʭʠʪʝʢʪʫʨʥʳʝ ʧʦʜʭʦʜʳ ʢ ʤʘʩʰʪʘʙʠ-

ʨʦʚʘʥʠʶ ʥʘ Go 

3.1. ʄʦʥʦʣʠʪ ï ʥʝ ʚʩʝʛʜʘ ʧʣʦʭʦ 

ɺ Go ʤʦʥʦʣʠʪʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʯʘʩʪʦ ʚʳ-

ʛʣʷʜʠʪ ʢʘʢ ʦʜʥʦ ʧʨʠʣʦʞʝʥʠʝ, ʢʦʪʦʨʦʝ ʫʤʝʝʪ 

ʚʩʝ. ɼʣʷ ʥʝʙʦʣʴʰʠʭ ʧʨʦʝʢʪʦʚ ʵʪʦ ʠʜʝʘʣʴʥʳʡ 

ʚʘʨʠʘʥʪ: ʧʨʦʩʪʦ ʦʪʣʘʞʠʚʘʪʴ, ʧʨʦʩʪʦ ʜʝʧʣʦʠʪʴ, 

ʥʝʪ ʥʘʢʣʘʜʥʳʭ ʨʘʩʭʦʜʦʚ ʥʘ ʩʝʪʝʚʳʝ ʚʳʟʦʚʳ 

ʤʝʞʜʫ ʩʝʨʚʠʩʘʤʠ. 
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ʅʦ ʝʩʪʴ ʥʶʘʥʩ. ʂʣʘʩʩʠʯʝʩʢʠʡ ʤʦʥʦʣʠʪ 

ʙʳʩʪʨʦ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ çʙʦʣʴʰʦʡ ʢʦʤ ʛʨʷʟʠè, 

ʛʜʝ ʤʦʜʫʣʠ ʧʝʨʝʧʣʝʪʝʥʳ ʥʘʩʪʦʣʴʢʦ, ʯʪʦ ʠʟʤʝ-

ʥʠʪʴ ʯʪʦ-ʪʦ ʩʪʨʘʰʥʦ. ɺʳʭʦʜ ï ʤʦʜʫʣʴʥʳʡ ʤʦ-

ʥʦʣʠʪ (modular monolith). ʕʪʦ ʢʦʛʜʘ ʚʥʫʪʨʠ 

ʦʜʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʢʦʜ ʨʘʟʙʠʪ ʥʘ ʤʦʜʫʣʠ ʩ 

ʯʝʪʢʠʤʠ ʛʨʘʥʠʮʘʤʠ, ʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ 

ʥʠʤʠ ʠʜʝʪ ʯʝʨʝʟ ʠʥʪʝʨʬʝʡʩʳ, ʥʦ ʧʨʠ ʵʪʦʤ ʚʩʝ 

ʩʦʙʠʨʘʝʪʩʷ ʚ ʦʜʠʥ ʙʠʥʘʨʥʠʢ. 

ɼʣʷ Go ʪʘʢʦʡ ʧʦʜʭʦʜ ʝʩʪʝʩʪʚʝʥʝʥ: ʧʘʢʝʪʥʘʷ 

ʩʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ ʦʨʛʘʥʠʟʦʚʘʪʴ ʢʦʜ ʢʘʢ ʥʘʙʦʨ 

ʥʝʟʘʚʠʩʠʤʳʭ ʧʘʢʝʪʦʚ, ʘ ʠʥʪʝʨʬʝʡʩʳ ʦʙʝʩʧʝ-

ʯʠʚʘʶʪ ʩʣʘʙʫʶ ʩʚʷʟʘʥʥʦʩʪʴ. ɽʩʣʠ ʧʦʪʦʤ ʧʦ-

ʪʨʝʙʫʝʪʩʷ ʚʳʥʝʩʪʠ ʤʦʜʫʣʴ ʚ ʦʪʜʝʣʴʥʳʡ ʤʠʢ-

ʨʦʩʝʨʚʠʩ, ʜʦʩʪʘʪʦʯʥʦ ʟʘʤʝʥʠʪʴ ʚʳʟʦʚ ʠʥʪʝʨ-

ʬʝʡʩʘ ʥʘ ʩʝʪʝʚʦʡ ʚʳʟʦʚ, ʥʝ ʧʝʨʝʧʠʩʳʚʘʷ 

ʦʩʪʘʣʴʥʦʡ ʢʦʜ. 

3.2. ʄʠʢʨʦʩʝʨʚʠʩʳ: ʛʜʝ Go ʧʦʢʘʟʳʚʘʝʪ 

ʩʝʙʷ ʣʫʯʰʝ ʚʩʝʭ 

ʄʠʢʨʦʩʝʨʚʠʩʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ï ʵʪʦ ʥʝ ʧʨʦ 

ʪʝʭʥʦʣʦʛʠʠ, ʘ ʧʨʦ ʦʨʛʘʥʠʟʘʮʠʶ ʨʘʟʨʘʙʦʪʢʠ. 

ɽʩʣʠ ʢʦʤʘʥʜʘ ʙʦʣʴʰʘʷ, ʠ ʢʘʞʜʦʝ ʧʦʜʨʘʟʜʝʣʝ-

ʥʠʝ ʦʪʚʝʯʘʝʪ ʟʘ ʩʚʦʶ ʙʠʟʥʝʩ-ʬʫʥʢʮʠʶ, ʤʠʢ-

ʨʦʩʝʨʚʠʩʳ ʧʦʟʚʦʣʷʶʪ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʠ ʨʘʟʚʝʨ-

ʪʳʚʘʪʴ ʢʦʤʧʦʥʝʥʪʳ ʥʝʟʘʚʠʩʠʤʦ. 

Go ʜʣʷ ʤʠʢʨʦʩʝʨʚʠʩʦʚ ʭʦʨʦʰ ʧʦ ʥʝʩʢʦʣʴ-

ʢʠʤ ʧʨʠʯʠʥʘʤ: 

- ʈʘʟʤʝʨ ʙʠʥʘʨʥʦʛʦ ʬʘʡʣʘ. ɼʘʞʝ ʩ ʟʘʚʠ-

ʩʠʤʦʩʪʷʤʠ Go-ʩʝʨʚʠʩ ʨʝʜʢʦ ʚʝʩʠʪ ʙʦʣʴʰʝ 

30 ʄɹ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ, Spring Boot ʧʨʠʣʦʞʝ-

ʥʠʝ ʩ ʧʫʩʪʳʤ ʢʦʥʪʨʦʣʣʝʨʦʤ ï ʦʢʦʣʦ 80 ʄɹ, ʘ 

ʩ ʟʘʚʠʩʠʤʦʩʪʷʤʠ ï ʧʦʜ 200 ʄɹ. 

- ɹʳʩʪʨʳʡ ʩʪʘʨʪ. Go-ʧʨʠʣʦʞʝʥʠʝ ʟʘʧʫʩ-

ʢʘʝʪʩʷ ʟʘ ʤʠʣʣʠʩʝʢʫʥʜʳ. ɺ Kubernetes ʵʪʦ 

ʚʘʞʥʦ ʧʨʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʠ: 

ʯʝʤ ʙʳʩʪʨʝʝ ʧʦʜʥʠʤʘʝʪʩʷ ʧʦʜ, ʪʝʤ ʙʳʩʪʨʝʝ 

ʩʠʩʪʝʤʘ ʨʝʘʛʠʨʫʝʪ ʥʘ ʨʦʩʪ ʥʘʛʨʫʟʢʠ. 

- gRPC ʠʟ ʢʦʨʦʙʢʠ. Go ʠʤʝʝʪ ʦʪʣʠʯʥʫʶ 

ʧʦʜʜʝʨʞʢʫ gRPC, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʪʨʦʠʪʴ ʵʬ-

ʬʝʢʪʠʚʥʦʝ ʤʝʞʩʝʨʚʠʩʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 

ʪʠʧʠʟʠʨʦʚʘʥʥʳʤʠ ʢʦʥʪʨʘʢʪʘʤʠ ʠ ʧʦʪʦʢʦʚʦʡ 

ʧʝʨʝʜʘʯʝʡ. 

ʅʦ ʤʠʢʨʦʩʝʨʚʠʩʳ ʜʦʙʘʚʣʷʶʪ ʩʣʦʞʥʦʩʪʠ: 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʪʨʘʥʟʘʢʮʠʠ, ʥʘʙʣʶʜʘʝʤʦʩʪʴ, 

ʫʧʨʘʚʣʝʥʠʝ ʢʦʥʬʠʛʫʨʘʮʠʷʤʠ. ɽʩʣʠ ʢʦʤʘʥʜʘ 

ʤʘʣʝʥʴʢʘʷ, ʘ ʧʨʦʜʫʢʪ ʝʱʝ ʥʝ ʚʳʨʦʩ, ʥʘʯʠʥʘʪʴ 

ʩ ʤʠʢʨʦʩʝʨʚʠʩʦʚ ï ʟʥʘʯʠʪ, ʨʝʰʘʪʴ ʧʨʦʙʣʝʤʳ, 

ʢʦʪʦʨʳʭ ʧʦʢʘ ʥʝʪ. 

3.3. ʉʦʙʳʪʠʡʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʘʨʭʠ-

ʪʝʢʪʫʨʘ (EDA) 

EDA ï ʵʪʦ ʵʚʦʣʶʮʠʷ ʤʠʢʨʦʩʝʨʚʠʩʦʚ ʚ ʩʪʦ-

ʨʦʥʫ ʝʱʝ ʙʦʣʴʰʝʡ ʘʩʠʥʭʨʦʥʥʦʩʪʠ. ɺʤʝʩʪʦ 

ʩʠʥʭʨʦʥʥʳʭ ʚʳʟʦʚʦʚ ʯʝʨʝʟ REST ʠʣʠ gRPC 

ʩʝʨʚʠʩʳ ʦʙʤʝʥʠʚʘʶʪʩʷ ʩʦʙʳʪʠʷʤʠ ʯʝʨʝʟ ʙʨʦ-

ʢʝʨʳ ʩʦʦʙʱʝʥʠʡ (Kafka, RabbitMQ, NATS). 

ʇʨʝʠʤʫʱʝʩʪʚʘ: 

- ʉʣʘʙʘʷ ʩʚʷʟʘʥʥʦʩʪʴ. ʉʝʨʚʠʩʳ ʥʝ ʟʥʘʶʪ 

ʜʨʫʛ ʦ ʜʨʫʛʝ ʥʘʧʨʷʤʫʶ, ʦʥʠ ʧʨʦʩʪʦ ʧʫʙʣʠʢʫ-

ʶʪ ʩʦʙʳʪʠʷ. 

- ʆʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ. ɽʩʣʠ ʧʦʪʨʝʙʠʪʝʣʴ 

ʚʨʝʤʝʥʥʦ ʥʝʜʦʩʪʫʧʝʥ, ʩʦʙʳʪʠʷ ʥʘʢʘʧʣʠʚʘʶʪ-

ʩʷ ʚ ʙʨʦʢʝʨʝ. 

- ʄʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ. ʇʦʪʨʝʙʠʪʝʣʝʡ ʤʦʞ-

ʥʦ ʤʘʩʰʪʘʙʠʨʦʚʘʪʴ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʧʨʦʠʟʚʦʜʠ-

ʪʝʣʝʡ. 

ɺ Go EDA ʨʝʘʣʠʟʫʝʪʩʷ ʝʩʪʝʩʪʚʝʥʥʦ: ʛʦʨʫ-

ʪʠʥʳ ʠ ʢʘʥʘʣʳ ʩʦʟʜʘʶʪ ʫʜʦʙʥʫʶ ʤʦʜʝʣʴ ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʩʦʙʳʪʠʡ. ʆʜʥʘʢʦ ʟʜʝʩʴ ʚʘʞʥʦ ʧʦ-

ʥʠʤʘʪʴ, ʯʪʦ ʘʩʠʥʭʨʦʥʥʦʩʪʴ ï ʵʪʦ ʥʝ ʩʝʨʝʙʨʷ-

ʥʘʷ ʧʫʣʷ. ɼʣʷ ʦʧʝʨʘʮʠʡ, ʪʨʝʙʫʶʱʠʭ ʩʪʨʦʛʦʡ 

ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ (ʥʘʧʨʠʤʝʨ, ʬʠʥʘʥʩʦʚʳʭ 

ʪʨʘʥʟʘʢʮʠʡ), EDA ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʤʝʭʘʥʠʟʤʦʚ (Saga, Event Sourcing), ʯʪʦ 

ʫʩʣʦʞʥʷʝʪ ʨʘʟʨʘʙʦʪʢʫ. 

4. ʀʥʩʪʨʫʤʝʥʪʳ, ʙʝʟ ʢʦʪʦʨʳʭ ʤʘʩʰʪʘʙʠ-

ʨʦʚʘʥʠʝ ʥʝ ʧʦʣʫʯʠʪʩʷ 

4.1. ɺʝʙ-ʬʨʝʡʤʚʦʨʢʠ: ʚʳʙʠʨʘʪʴ ʠʣʠ ʥʝʪ? 

ʉʪʘʥʜʘʨʪʥʘʷ ʙʠʙʣʠʦʪʝʢʘ Go ʧʦʟʚʦʣʷʝʪ 

ʥʘʧʠʩʘʪʴ ʧʦʣʥʦʮʝʥʥʳʡ ʚʝʙ-ʩʝʨʚʝʨ ʙʝʟ ʝʜʠʥʦ-

ʛʦ ʩʪʦʨʦʥʥʝʛʦ ʧʘʢʝʪʘ. ʅʦ ʥʘ ʧʨʘʢʪʠʢʝ ʨʘʟʨʘ-

ʙʦʪʯʠʢʠ ʯʘʩʪʦ ʚʳʙʠʨʘʶʪ ʬʨʝʡʤʚʦʨʢʠ, ʯʪʦʙʳ 

ʫʩʢʦʨʠʪʴ ʨʘʟʨʘʙʦʪʢʫ: 

- Gin. ʉʘʤʳʡ ʧʦʧʫʣʷʨʥʳʡ. ʄʠʥʠʤʘʣʠʩʪʠʯ-

ʥʳʡ, ʙʳʩʪʨʳʡ, ʠʤʝʝʪ ʚʩʪʨʦʝʥʥʳʡ middleware 

ʜʣʷ ʣʦʛʠʨʦʚʘʥʠʷ ʠ CORS. ʀʩʧʦʣʴʟʫʝʪ ʨʘʜʠʢʩ-

ʜʝʨʝʚʦ ʜʣʷ ʤʘʨʰʨʫʪʠʟʘʮʠʠ. 

- Echo. ɸʥʘʣʦʛʠʯʝʥ Gin, ʥʦ ʧʦʟʠʮʠʦʥʠʨʫ-

ʝʪʩʷ ʢʘʢ ʙʦʣʝʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʡ. ʇʦʜʜʝʨʞʠ-

ʚʘʝʪ WebSocket ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ ʧʨʠʚʷʟʢʫ 

ʜʘʥʥʳʭ. 

- Fiber. ɺʜʦʭʥʦʚʣʝʥ Express.js. ʆʯʝʥʴ 

ʙʳʩʪʨʳʡ, ʥʦ ʙʠʥʘʨʥʠʢ ʧʦʣʫʯʘʝʪʩʷ ʙʦʣʴʰʝ, 

ʯʝʤ ʫ Gin. 

ɺʳʙʦʨ ʬʨʝʡʤʚʦʨʢʘ ï ʵʪʦ ʚʦʧʨʦʩ ʚʢʫʩʘ, ʥʦ 

ʩʪʦʠʪ ʧʦʤʥʠʪʴ: ʯʝʤ ʙʦʣʴʰʝ ʤʘʛʠʠ ʧʦʜ ʢʘʧʦ-

ʪʦʤ, ʪʝʤ ʩʣʦʞʥʝʝ ʙʫʜʝʪ ʨʘʟʦʙʨʘʪʴʩʷ, ʝʩʣʠ ʯʪʦ-

ʪʦ ʧʦʡʜʝʪ ʥʝ ʪʘʢ. 

4.2. ʂʦʥʪʝʡʥʝʨʠʟʘʮʠʷ ʠ ʦʨʢʝʩʪʨʘʮʠʷ 

Docker ʜʣʷ Go ï ʵʪʦ ʥʝ ʧʨʦʩʪʦ ʫʧʘʢʦʚʢʘ 

ʧʨʠʣʦʞʝʥʠʷ, ʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʪʴ ʤʠʥʠ-

ʤʘʣʴʥʳʡ ʦʙʨʘʟ. ʄʥʦʛʦʩʪʫʧʝʥʯʘʪʘʷ ʩʙʦʨʢʘ 

ʧʦʟʚʦʣʷʝʪ ʩʢʦʤʧʠʣʠʨʦʚʘʪʴ ʧʨʠʣʦʞʝʥʠʝ ʚ ʦʜ-

ʥʦʤ ʢʦʥʪʝʡʥʝʨʝ, ʘ ʚ ʠʪʦʛʦʚʳʡ ʦʙʨʘʟ ʩʢʦʧʠʨʦ-

ʚʘʪʴ ʪʦʣʴʢʦ ʙʠʥʘʨʥʠʢ: 
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FROM golang:1.21 AS builder 

WORKDIR /app 

COPY . . 

RUN CGO_ENABLED=0 GOOS=linux go build -o app . 

 

FROM alpine:latest 

RUN apk --no-cache add ca-certificates 

COPY --from=builder /app/app /app 

CMD ["/app"] 

 

Kubernetes ʜʣʷ Go-ʩʝʨʚʠʩʦʚ ʨʘʙʦʪʘʝʪ ʧʨʝʜ-

ʩʢʘʟʫʝʤʦ. ɻʦʨʠʟʦʥʪʘʣʴʥʦʝ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ 

(Horizontal Pod Autoscaler) ʥʘ ʦʩʥʦʚʝ ʤʝʪʨʠʢ 

CPU ʠʣʠ ʧʘʤʷʪʠ ʧʦʟʚʦʣʷʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʜʦ-

ʙʘʚʣʷʪʴ ʧʦʜʳ ʧʨʠ ʨʦʩʪʝ ʥʘʛʨʫʟʢʠ. ɽʜʠʥʩʪʚʝʥ-

ʥʘʷ ʪʦʥʢʦʩʪʴ: Go-ʧʨʠʣʦʞʝʥʠʷ ʯʘʩʪʦ ʨʘʙʦʪʘʶʪ 

ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʧʦʪʨʝʙʣʝʥʠʝʤ CPU, ʧʦʵʪʦʤʫ 

ʠʤʝʝʪ ʩʤʳʩʣ ʥʘʩʪʨʘʠʚʘʪʴ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ 

ʧʦ ʢʘʩʪʦʤʥʳʤ ʤʝʪʨʠʢʘʤ (ʥʘʧʨʠʤʝʨ, ʢʦʣʠʯʝ-

ʩʪʚʫ ʟʘʧʨʦʩʦʚ ʚ ʩʝʢʫʥʜʫ). 

4.3. ʅʘʙʣʶʜʘʝʤʦʩʪʴ: ʢʘʢ ʧʦʥʷʪʴ, ʯʪʦ 

ʧʨʦʠʩʭʦʜʠʪ 

ʂʦʛʜʘ ʩʠʩʪʝʤʘ ʩʪʘʥʦʚʠʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ, 

ʪʨʘʜʠʮʠʦʥʥʳʝ ʣʦʛʠ ʧʝʨʝʩʪʘʶʪ ʨʘʙʦʪʘʪʴ. 

ʅʫʞʥʳ ʪʨʠ ʢʦʤʧʦʥʝʥʪʘ: 

ʄʝʪʨʠʢʠ. Prometheus ʩʦʙʠʨʘʝʪ ʜʘʥʥʳʝ, 

Grafana ʧʦʢʘʟʳʚʘʝʪ. ɼʣʷ Go ʝʩʪʴ ʙʠʙʣʠʦʪʝʢʘ 

prometheus/client_golang, ʢʦʪʦʨʘʷ ʣʝʛʢʦ ʚʩʪʨʘ-

ʠʚʘʝʪʩʷ ʚ ʧʨʠʣʦʞʝʥʠʝ. 

ʃʦʛʠ. ʉʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʣʦʛʠ ʚ ʬʦʨʤʘʪʝ 

JSON ʩ ʦʙʷʟʘʪʝʣʴʥʳʤ trace_id. ʉʪʝʢ ELK ʠʣʠ 

ʙʦʣʝʝ ʣʝʛʢʦʚʝʩʥʳʡ Loki ʧʦʟʚʦʣʷʶʪ ʘʛʨʝʛʠʨʦ-

ʚʘʪʴ ʣʦʛʠ ʩʦ ʚʩʝʭ ʩʝʨʚʠʩʦʚ. 

ʊʨʘʩʩʠʨʦʚʢʘ. OpenTelemetry ï ʩʪʘʥʜʘʨʪ ʜʝ-

ʬʘʢʪʦ. ʕʢʩʧʦʨʪ ʚ Jaeger ʠʣʠ Zipkin ʧʦʟʚʦʣʷʝʪ 

ʫʚʠʜʝʪʴ ʧʦʣʥʳʡ ʧʫʪʴ ʟʘʧʨʦʩʘ ʯʝʨʝʟ ʤʠʢʨʦʩʝʨ-

ʚʠʩʳ, ʠʟʤʝʨʠʪʴ ʟʘʜʝʨʞʢʠ ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ. 

 

ʇʨʠʤʝʨ ʠʥʩʪʨʫʤʝʥʪʘʮʠʠ ʪʨʘʩʩʠʨʦʚʢʠ ʥʘ Go:  

import ( 

    "context" 

    "go.opentelemetry.io/otel" 

    "go.opentelemetry.io/otel/exporters/jaeger" 

    "go.opentelemetry.io/otel/sdk/trace" 

) 

 

func initTracer() func() { 

    exporter, _ := jae-

ger.New(jaeger.WithCollectorEndpoint(jaeger.WithEndpoint("http://jaeger:14268/api/traces"))) 

    tp := trace.NewTracerProvider(trace.WithBatcher(exporter)) 

    otel.SetTracerProvider(tp) 

    return func() { tp.Shutdown(context.Background()) } 

}  

 

ɹʝʟ ʪʨʘʩʩʠʨʦʚʢʠ ʦʪʣʘʜʢʘ ʤʠʢʨʦʩʝʨʚʠʩʦʚ 

ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʛʘʜʘʥʠʝ ʥʘ ʢʦʬʝʡʥʦʡ ʛʫʱʝ. 

5. ʇʘʪʪʝʨʥʳ ʢʦʥʢʫʨʝʥʪʥʦʡ ʦʙʨʘʙʦʪʢʠ: 

ʢʦʛʜʘ ʛʦʨʫʪʠʥʳ ʥʝ ʩʧʘʩʘʶʪ ʩʘʤʠ ʧʦ ʩʝʙʝ 

ɻʦʨʫʪʠʥʳ ï ʤʦʱʥʳʡ ʠʥʩʪʨʫʤʝʥʪ, ʥʦ ʠʭ ʥʝ-

ʧʨʘʚʠʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʧʨʦʙʣʝʤʘʤ. ɺ Go ʝʩʪʴ ʥʝʩʢʦʣʴʢʦ ʫʩʪʦʷʚʰʠʭʩʷ 

ʧʘʪʪʝʨʥʦʚ, ʢʦʪʦʨʳʝ ʩʪʦʠʪ ʧʨʠʤʝʥʷʪʴ ʚ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʦʪ ʟʘʜʘʯʠ. 

Worker Pool (ʧʫʣ ʚʦʨʢʝʨʦʚ). ɽʩʣʠ ʥʫʞʥʦ 

ʦʙʨʘʙʘʪʳʚʘʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʟʘʜʘʯ, ʥʦ 

ʥʝ ʭʦʯʝʪʩʷ ʩʦʟʜʘʚʘʪʴ ʛʦʨʫʪʠʥʫ ʥʘ ʢʘʞʜʫʶ, ʠʩ-

ʧʦʣʴʟʫʶʪ ʬʠʢʩʠʨʦʚʘʥʥʳʡ ʧʫʣ ʚʦʨʢʝʨʦʚ. ɿʘ-

ʜʘʯʠ ʦʪʧʨʘʚʣʷʶʪʩʷ ʚ ʢʘʥʘʣ, ʘ ʚʦʨʢʝʨʳ ʟʘʙʠ-

ʨʘʶʪ ʠʭ ʦʪʪʫʜʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʢʦʥʪʨʦʣʠʨʦ-

ʚʘʪʴ ʥʘʛʨʫʟʢʫ ʥʘ ʩʠʩʪʝʤʫ ʠ ʠʟʙʝʛʘʪʴ çʛʦʣʦʜʘ-

ʥʠʷè ʨʝʩʫʨʩʦʚ. 
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Pipeline (ʢʦʥʚʝʡʝʨ). ʇʦʣʝʟʝʥ ʜʣʷ ʦʙʨʘʙʦʪʢʠ 

ʧʦʪʦʢʦʚ ʜʘʥʥʳʭ. ʂʘʞʜʳʡ ʵʪʘʧ ʦʙʨʘʙʦʪʢʠ ï 

ʦʪʜʝʣʴʥʘʷ ʛʦʨʫʪʠʥʘ, ʜʘʥʥʳʝ ʧʝʨʝʜʘʶʪʩʷ ʯʝʨʝʟ 

ʢʘʥʘʣʳ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʭʦʨʦʰʦ ʣʦʞʠʪʩʷ ʥʘ ʘʨ-

ʭʠʪʝʢʪʫʨʫ ETL-ʧʨʦʮʝʩʩʦʚ. 

Circuit Breaker (ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʚʳʢʣʶʯʘ-

ʪʝʣʴ). ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʚʥʝʰʥʠʤʠ ʩʝʨ-

ʚʠʩʘʤʠ ʠʣʠ ʜʘʞʝ ʤʝʞʜʫ ʤʠʢʨʦʩʝʨʚʠʩʘʤʠ 

ʚʘʞʥʦ ʥʝ ʜʦʧʫʩʪʠʪʴ ʢʘʩʢʘʜʥʦʛʦ ʦʪʢʘʟʘ. Circuit 

Breaker ʦʪʩʣʝʞʠʚʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʦʰʠʙʦʢ ʠ 

ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ ʧʦʨʦʛʘ ʚʨʝʤʝʥʥʦ ʙʣʦʢʠʨʫʝʪ 

ʚʳʟʦʚʳ, ʜʘʚʘʷ ʚʥʝʰʥʝʡ ʩʠʩʪʝʤʝ ʚʨʝʤʷ ʥʘ ʚʦʩ-

ʩʪʘʥʦʚʣʝʥʠʝ. ɺ Go ʝʩʪʴ ʛʦʪʦʚʘʷ ʨʝʘʣʠʟʘʮʠʷ 

gobreaker. 

 

ʇʨʠʤʝʨ Circuit Breaker: 

import "github.com/sony/gobreaker" 

 

var cb *gobreaker.CircuitBreaker 

 

func init() { 

    settings := gobreaker.Settings{ 

        Name:        "ExternalAPI", 

        MaxRequests: 3, 

        Interval:    time.Minute, 

        Timeout:     30 * time.Second, 

    }  

    cb = gobreaker.NewCircuitBreaker(settings) 

}  

 

func callExternalAPI() error { 

    _, err := cb.Execute(func() (interface{}, error) { 

        return http.Get("https://api.example.com/status") 

    })  

    return err 

}  

 

6. ʆʛʨʘʥʠʯʝʥʠʷ Go: ʧʨʦ ʯʪʦ ʥʝ ʧʠʰʫʪ ʚ 

ʨʝʢʣʘʤʥʳʭ ʩʪʘʪʴʷʭ 

Go ï ʦʪʣʠʯʥʳʡ ʷʟʳʢ, ʥʦ ʫ ʥʝʛʦ ʝʩʪʴ ʛʨʘʥʠ-

ʮʳ ʧʨʠʤʝʥʠʤʦʩʪʠ, ʢʦʪʦʨʳʝ ʚʘʞʥʦ ʧʦʥʠʤʘʪʴ. 

ʆʪʩʫʪʩʪʚʠʝ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʆʆʇ. ɺ Go ʥʝʪ 

ʥʘʩʣʝʜʦʚʘʥʠʷ ʢʣʘʩʩʦʚ. ɺʤʝʩʪʦ ʵʪʦʛʦ ï ʢʦʤʧʦ-

ʟʠʮʠʷ ʯʝʨʝʟ ʚʩʪʨʘʠʚʘʥʠʝ (embedding) ʠ ʠʥ-

ʪʝʨʬʝʡʩʳ. ɼʣʷ Java-ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʵʪʦ ʪʨʝʙʫ-

ʝʪ ʧʝʨʝʩʪʨʦʡʢʠ ʤʳʰʣʝʥʠʷ. ʅʘ ʙʦʣʴʰʠʭ ʧʨʦ-

ʝʢʪʘʭ ʦʪʩʫʪʩʪʚʠʝ ʦʙʦʙʱʝʥʠʡ (ʜʦ ʚʝʨʩʠʠ 1.18) 

ʧʨʠʚʦʜʠʣʦ ʢ ʜʫʙʣʠʨʦʚʘʥʠʶ ʢʦʜʘ. 

ʉʙʦʨʢʘ ʤʫʩʦʨʘ. ʍʦʪʷ ʟʘʜʝʨʞʢʠ GC ʚ Go 

ʥʠʟʢʠʝ, ʦʥʠ ʥʝ ʥʫʣʝʚʳʝ. ɼʣʷ ʩʠʩʪʝʤ ʩ ʞʝʩʪ-

ʢʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʨʝʘʣʴʥʦʤʫ ʚʨʝʤʝʥʠ 

(ʥʘʧʨʠʤʝʨ, ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʡ ʪʨʝʡʜʠʥʛ) Go ʥʝ 

ʧʦʜʭʦʜʠʪ. ʊʘʢʞʝ ʝʩʣʠ ʧʨʠʣʦʞʝʥʠʝ ʘʣʣʦʮʠʨʫ-

ʝʪ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʙʲʝʢʪʦʚ (ʥʘʧʨʠʤʝʨ, 

ʧʨʠ ʧʘʨʩʠʥʛʝ ʙʦʣʴʰʠʭ JSON-ʬʘʡʣʦʚ), GC 

ʤʦʞʝʪ ʥʘʯʘʪʴ ʟʘʤʝʪʥʦ ʚʣʠʷʪʴ ʥʘ ʧʨʦʠʟʚʦʜʠ-

ʪʝʣʴʥʦʩʪʴ. 

ʆʙʨʘʙʦʪʢʘ ʦʰʠʙʦʢ. ɺ Go ʥʝʪ ʠʩʢʣʶʯʝʥʠʡ. 

ʆʰʠʙʢʠ ʚʦʟʚʨʘʱʘʶʪʩʷ ʢʘʢ ʟʥʘʯʝʥʠʷ. ʕʪʦ ʜʝ-

ʣʘʝʪ ʢʦʜ ʷʚʥʳʤ, ʥʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ 

ʤʥʦʞʝʩʪʚʘ ʢʦʥʩʪʨʫʢʮʠʡ if err != nil. ʅʝʢʦʪʦ-

ʨʳʤ ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʵʪʦ ʢʘʞʝʪʩʷ ʤʥʦʛʦʩʣʦʚ-

ʥʳʤ. 

ʕʢʦʩʠʩʪʝʤʘ ʜʣʷ ʩʣʦʞʥʳʭ ʚʳʯʠʩʣʝʥʠʡ. ɽʩ-

ʣʠ ʧʨʦʝʢʪ ʪʨʝʙʫʝʪ ʠʥʪʝʥʩʠʚʥʦʡ ʨʘʙʦʪʳ ʩ 

GPU, ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠʣʠ ʩʣʦʞʥʦʡ ʤʘ-

ʪʝʤʘʪʠʢʠ, ʵʢʦʩʠʩʪʝʤʘ Go ʟʘʤʝʪʥʦ ʫʩʪʫʧʘʝʪ 

Python ʠʣʠ C++. Go ï ʵʪʦ ʷʟʳʢ ʜʣʷ ʩʝʨʚʝʨʥʦʡ 

ʯʘʩʪʠ, ʘ ʥʝ ʜʣʷ ʘʥʘʣʠʪʠʢʠ. 

7. ʇʨʘʢʪʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ 

ʆʧʠʨʘʷʩʴ ʥʘ ʦʧʳʪ ʠ ʘʥʘʣʠʟ, ʤʦʞʥʦ ʩʬʦʨ-

ʤʫʣʠʨʦʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʘʚʠʣ: 

ʅʘʯʠʥʘʡʪʝ ʩ ʤʦʜʫʣʴʥʦʛʦ ʤʦʥʦʣʠʪʘ. ɽʩʣʠ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ ʧʦʢʘ ʥʝʷʩʥʳ, 

ʤʦʜʫʣʴʥʳʡ ʤʦʥʦʣʠʪ ï ʩʘʤʳʡ ʙʝʟʦʧʘʩʥʳʡ ʚʘ-

ʨʠʘʥʪ. ʏʝʪʢʠʝ ʛʨʘʥʠʮʳ ʤʝʞʜʫ ʤʦʜʫʣʷʤʠ ʯʝʨʝʟ 

ʠʥʪʝʨʬʝʡʩʳ ʧʦʟʚʦʣʷʪ ʧʦʪʦʤ ʚʳʥʝʩʪʠ ʯʘʩʪʠ ʚ 

ʤʠʢʨʦʩʝʨʚʠʩʳ ʙʝʟ ʙʦʣʠ. 

ʂʦʥʪʨʦʣʠʨʫʡʪʝ ʛʦʨʫʪʠʥʳ. ʅʝ ʩʦʟʜʘʚʘʡʪʝ 

ʛʦʨʫʪʠʥʫ ʥʘ ʢʘʞʜʳʡ ʚʭʦʜʷʱʠʡ ʟʘʧʨʦʩ ʙʝʟ ʣʠ-
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ʤʠʪʘ. ʀʩʧʦʣʴʟʫʡʪʝ worker pool ʠʣʠ ʧʘʢʝʪ 

errgroup ʜʣʷ ʦʛʨʘʥʠʯʝʥʠʷ ʢʦʥʢʫʨʝʥʪʥʦʩʪʠ. 

ɺʥʝʜʨʷʡʪʝ ʥʘʙʣʶʜʘʝʤʦʩʪʴ ʩ ʧʝʨʚʦʛʦ ʢʦʤ-

ʤʠʪʘ. ɼʦʙʘʚʠʪʴ ʤʝʪʨʠʢʠ ʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ 

ʣʦʛʠ ʥʘ ʩʪʘʨʪʝ ʧʨʦʝʢʪʘ ï ʵʪʦ 15 ʤʠʥʫʪ ʨʘʙʦʪʳ. 

ʇʦʪʦʤ, ʢʦʛʜʘ ʩʠʩʪʝʤʘ ʚʳʨʘʩʪʝʪ, ʩʜʝʣʘʪʴ ʵʪʦ 

ʙʫʜʝʪ ʚ ʜʝʩʷʪʴ ʨʘʟ ʩʣʦʞʥʝʝ. 

ɼʣʷ ʚʥʫʪʨʝʥʥʠʭ ʩʝʨʚʠʩʦʚ ʠʩʧʦʣʴʟʫʡʪʝ 

gRPC. REST ʫʜʦʙʝʥ ʜʣʷ ʧʫʙʣʠʯʥʳʭ API, ʥʦ 

ʜʣʷ ʚʥʫʪʨʝʥʥʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ gRPC ʜʘʝʪ 

ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʩʪʨʦʛʫʶ 

ʪʠʧʠʟʘʮʠʶ ʠ ʧʦʜʜʝʨʞʢʫ ʧʦʪʦʢʦʚ. 

ʉʦʙʠʨʘʡʪʝ Docker-ʦʙʨʘʟʳ ʧʨʘʚʠʣʴʥʦ. 

CGO_ENABLED=0 ʠ scratch ʠʣʠ alpine ʚ ʢʘ-

ʯʝʩʪʚʝ ʙʘʟʦʚʦʛʦ ʦʙʨʘʟʘ ï ʩʪʘʥʜʘʨʪ. ʕʪʦ 

ʫʤʝʥʴʰʘʝʪ ʨʘʟʤʝʨ ʦʙʨʘʟʘ, ʧʦʚʳʰʘʝʪ ʙʝʟʦʧʘʩ-

ʥʦʩʪʴ ʠ ʠʩʢʣʶʯʘʝʪ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʠʩʪʝʤʥʳʭ 

ʙʠʙʣʠʦʪʝʢ. 

ʅʝ ʙʦʡʪʝʩʴ ʤʠʢʨʦʩʝʨʚʠʩʦʚ, ʥʦ ʧʦʥʠʤʘʡʪʝ 

ʮʝʥʫ. ʄʠʢʨʦʩʝʨʚʠʩʳ ʨʝʰʘʶʪ ʧʨʦʙʣʝʤʳ ʦʨʛʘ-

ʥʠʟʘʮʠʠ ʨʘʟʨʘʙʦʪʢʠ, ʘ ʥʝ ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦ-

ʙʣʝʤʳ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ. ɽʩʣʠ ʫ ʚʘʩ ʢʦʤʘʥʜʘ 

ʠʟ ʜʚʫʭ ʯʝʣʦʚʝʢ, ʤʠʢʨʦʩʝʨʚʠʩʳ, ʩʢʦʨʝʝ ʚʩʝʛʦ, 

ʧʨʠʥʝʩʫʪ ʙʦʣʴʰʝ ʧʨʦʙʣʝʤ, ʯʝʤ ʧʦʣʴʟʳ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʄʳ ʨʘʩʩʤʦʪʨʝʣʠ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʧʦʜʭʦʜʳ ʢ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʶ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ ʥʘ Go ʥʝ ʚ 

ʦʪʨʳʚʝ ʦʪ ʷʟʳʢʘ, ʘ ʚ ʪʝʩʥʦʡ ʩʚʷʟʠ ʩ ʝʛʦ ʦʩʦ-

ʙʝʥʥʦʩʪʷʤʠ. ʄʦʜʫʣʴʥʳʡ ʤʦʥʦʣʠʪ, ʤʠʢʨʦʩʝʨ-

ʚʠʩʳ, ʩʦʙʳʪʠʡʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʘʨʭʠʪʝʢ-

ʪʫʨʘ ï ʢʘʞʜʳʡ ʠʟ ʵʪʠʭ ʧʦʜʭʦʜʦʚ ʠʤʝʝʪ ʧʨʘʚʦ 

ʥʘ ʩʫʱʝʩʪʚʦʚʘʥʠʝ, ʥʦ ʚʳʙʦʨ ʜʦʣʞʝʥ ʦʧʨʝʜʝ-

ʣʷʪʴʩʷ ʥʝ ʤʦʜʦʡ, ʘ ʢʦʥʢʨʝʪʥʳʤʠ ʫʩʣʦʚʠʷʤʠ: 

ʥʘʛʨʫʟʢʦʡ, ʨʘʟʤʝʨʦʤ ʢʦʤʘʥʜʳ, ʪʨʝʙʦʚʘʥʠʷʤʠ 

ʢ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʜʘʥʥʳʭ. 

Go ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʣʶʙʦʛʦ 

ʠʟ ʵʪʠʭ ʧʦʜʭʦʜʦʚ: ʣʝʛʢʦʚʝʩʥʳʝ ʛʦʨʫʪʠʥʳ ʜʣʷ 

ʢʦʥʢʫʨʝʥʪʥʦʩʪʠ, ʙʳʩʪʨʫʶ ʢʦʤʧʠʣʷʮʠʶ ʠ ʤʠ-

ʥʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʙʠʥʘʨʥʳʭ ʬʘʡʣʦʚ ʜʣʷ ʵʬ-

ʬʝʢʪʠʚʥʦʡ ʢʦʥʪʝʡʥʝʨʠʟʘʮʠʠ, ʦʪʣʠʯʥʫʶ ʧʦʜ-

ʜʝʨʞʢʫ gRPC ʠ HTTP/2. ʅʦ ʚʘʞʥʦ ʧʦʥʠʤʘʪʴ, 

ʯʪʦ ʷʟʳʢ ï ʵʪʦ ʪʦʣʴʢʦ ʠʥʩʪʨʫʤʝʥʪ. ɸʨʭʠʪʝʢ-

ʪʫʨʘ ʩʪʨʦʠʪʩʷ ʚʦʢʨʫʛ ʙʠʟʥʝʩ-ʣʦʛʠʢʠ, ʘ ʥʝ 

ʥʘʦʙʦʨʦʪ. 

ɺ ʧʝʨʩʧʝʢʪʠʚʝ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʩʪʦʠʪ ʨʘʩʩʤʦʪʨʝʪʴ ʚʦʧʨʦʩʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʠʟʚʣʝʯʝʥʠʷ ʤʠʢʨʦʩʝʨʚʠʩʦʚ ʠʟ ʤʦʥʦʣʠʪʦʚ ʥʘ 

ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʪʨʘʩʩʠʨʦʚʦʢ, ʘ ʪʘʢʞʝ ʨʘʟʨʘ-

ʙʦʪʢʫ ʬʦʨʤʘʣʴʥʳʭ ʤʦʜʝʣʝʡ ʜʣʷ ʦʮʝʥʢʠ ʩʪʦʠ-

ʤʦʩʪʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʚ ʦʙʣʘʯʥʳʭ ʩʨʝʜʘʭ. 
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Abstract. The article discusses architectural approaches to the development of scalable web applica-

tions in the Go language. The possibilities of the language that determine its applicability in high-load 

systems are analyzed: a goroutine-based competitive model, garbage collection features, and a stand-

ard library. The classification of architectural patterns (modular monolith, microservice architecture, 

event-oriented approach) with selection criteria for specific scenarios is performed. Based on the com-

parative analysis, practical recommendations on the design of hybrid systems, the use of observability 

tools and deployment optimization are proposed. Special attention is paid to the limitations of Go, 

which must be taken into account when choosing an architecture. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʧʦʜʭʦʜʳ ʢ ʘʥʘʣʠʟʫ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʢʦʥʪʫʨʦʚ 

ʙʠʥʘʨʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʚ ʩʠʩʪʝʤʘʭ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʨʝʥʠʷ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʤʝʪʦʜʳ ʚʳʜʝʣʝʥʠʷ 

ʢʦʥʪʫʨʦʚ, ʚʢʣʶʯʘʷ ʛʨʘʜʠʝʥʪʥʳʝ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ, ʘ ʪʘʢʞʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ, ʩʪʘʪʠ-

ʩʪʠʯʝʩʢʠʝ ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʠʭ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʝʩʢʨʠʧʪʦ-

ʨʦʚ ʬʦʨʤʳ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʥʪʫʨʘ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ 

ʪʦʯʥʦʩʪʴ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʲʝʢʪʦʚ. ɺʳʧʦʣʥʝʥʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʧʦʜʭʦʜʦʚ ʠ ʦʧʨʝʜʝʣʝʥʳ 

ʠʭ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʦʛʨʘʥʠʯʝʥʠʷ. ʉʜʝʣʘʥ ʚʳʚʦʜ ʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʷ ʤʝʪʦʜʦʚ ʧʨʠ ʘʥʘʣʠʟʝ ʙʠʥʘʨʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʠʥʘʨʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ; ʢʦʥʪʫʨʥʳʡ ʘʥʘʣʠʟ; ʢʦʤʧʴʶʪʝʨʥʦʝ ʟʨʝʥʠʝ; ʚʳʜʝʣʝ-

ʥʠʝ ʢʦʥʪʫʨʦʚ; ʧʦʣʠʛʦʥʘʣʴʥʘʷ ʘʧʧʨʦʢʩʠʤʘʮʠʷ; ʜʝʩʢʨʠʧʪʦʨʳ ʬʦʨʤʳ; ʩʪʘʪʠʩʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʝ; ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʦʙʨʘʟʦʚ. 

 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʩʠʩʪʝʤʳ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʟʨʝʥʠʷ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʟʘʜʘ-

ʯʘʭ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠʟʦʙʨʘʞʝʥʠʡ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝ. ʆʜʥʠʤ ʠʟ ʢʣʶ-

ʯʝʚʳʭ ʵʪʘʧʦʚ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ ʷʚʣʷʝʪ-

ʩʷ ʚʳʜʝʣʝʥʠʝ ʠ ʘʥʘʣʠʟ ʢʦʥʪʫʨʦʚ ʦʙʲʝʢʪʦʚ, ʧʦ-

ʩʢʦʣʴʢʫ ʢʦʥʪʫʨʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦʪʨʘʞʘʝʪ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʦʨʤʳ ʠ 

ʩʣʫʞʠʪ ʦʩʥʦʚʦʡ ʜʣʷ ʠʭ ʧʦʩʣʝʜʫʶʱʝʡ ʠʜʝʥʪʠ-

ʬʠʢʘʮʠʠ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. ɺ ʟʘʜʘʯʘʭ ʘʥʘʣʠʟʘ 

ʠʟʦʙʨʘʞʝʥʠʡ ʚʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʙʠʥʘʨʥʳʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʜʠʩʢʨʝʪʠʟʘ-

ʮʠʶ ʚʠʟʫʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʠ ʘʣʛʦʨʠʪʤʦʚ ʚʳʜʝʣʝʥʠʷ ʛʨʘʥʠʮ ʠ 

ʬʦʨʤʳ ʦʙʲʝʢʪʦʚ [1-3]. 

ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʢʦʥʪʫʨʦʚ 

ʚʢʣʶʯʘʶʪ ʢʘʢ ʢʣʘʩʩʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ ʦʙʨʘ-

ʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ, ʪʘʢ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʠ 

ʤʝʪʦʜʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ 

ʥʘ ʠʟʚʣʝʯʝʥʠʝ ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʧʨʠʟʥʘʢʦʚ 

ʬʦʨʤʳ. ʉʪʘʪʠʩʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʢʦʥ-

ʪʫʨʦʚ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʦʙʲʝʢʪʦʚ ʚ ʚʠʜʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ, 

ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷʭ ʛʝʦʤʝʪʨʠʯʝ-

ʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʚ ʟʘʜʘʯʘʭ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. ʈʝʟʫʣʴʪʘʪʳ 

ʩʦʚʨʝʤʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʧʨʠʤʝʥʝʥʠʝ ʜʝʩʢʨʠʧʪʦʨʦʚ ʬʦʨʤʳ ʠ ʤʝʪʦʜʦʚ 

ʘʥʘʣʠʟʘ ʢʦʥʪʫʨʥʳʭ ʧʨʠʟʥʘʢʦʚ ʩʫʱʝʩʪʚʝʥʥʦ 

ʧʦʚʳʰʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʠʩʪʝʤ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʟʨʝʥʠʷ ʢ ʰʫʤʘʤ ʠ ʚʘʨʠʘʪʠʚʥʦʩʪʠ ʚʭʦʜʥʳʭ 

ʜʘʥʥʳʭ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʦʙʨʘʙʦʪ-

ʢʠ ʙʠʥʘʨʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ [4-6]. 

ɸʥʘʣʠʟ ʙʠʥʘʨʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʤʝʪʦ-

ʜʦʚ ʚʳʜʝʣʝʥʠʷ ʢʦʥʪʫʨʦʚ 

ɹʠʥʘʨʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦ-

ʙʦʡ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʮʠʬʨʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ, 

ʚ ʢʦʪʦʨʳʭ ʢʘʞʜʦʤʫ ʧʠʢʩʝʣʶ ʩʦʧʦʩʪʘʚʣʷʝʪʩʷ 

ʦʜʥʦ ʠʟ ʜʚʫʭ ʟʥʘʯʝʥʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢ ʦʙʲʝʢʪʫ ʠʣʠ ʬʦʥʫ. ʌʦʨʤʠ-

ʨʦʚʘʥʠʝ ʙʠʥʘʨʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʵʪʘʧʝ ʩʝʛʤʝʥʪʘʮʠʠ, ʚ ʭʦʜʝ 

ʢʦʪʦʨʦʛʦ ʠʩʭʦʜʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʨʝʦʙʨʘʟʫʝʪ-

ʩʷ ʚ ʜʠʩʢʨʝʪʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ, ʧʦʟʚʦʣʷʶʱʝʝ 

ʚʳʜʝʣʠʪʴ ʠʥʪʝʨʝʩʫʶʱʠʝ ʦʙʣʘʩʪʠ. ʊʘʢʦʝ ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʝ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʚʳʯʠʩʣʠ-

ʪʝʣʴʥʫʶ ʩʣʦʞʥʦʩʪʴ ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʠ 

ʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʟʘʜʘʯʘʭ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʟʨʝʥʠʷ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʘʥʘʣʠʟ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ ʦʙʲʝʢʪʦʚ [2, 3]. 

ʂʘʯʝʩʪʚʦ ʙʠʥʘʨʠʟʘʮʠʠ ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ 

ʢʦʨʨʝʢʪʥʦʩʪʴ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ ʢʦʥʪʫʨʦʚ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʩʲʝʤʢʠ ʠ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢ ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ 

ʤʝʪʦʜʳ ʧʦʨʦʛʦʚʦʡ ʦʙʨʘʙʦʪʢʠ, ʚʢʣʶʯʘʷ ʛʣʦ-

ʙʘʣʴʥʫʶ ʠ ʘʜʘʧʪʠʚʥʫʶ ʙʠʥʘʨʠʟʘʮʠʶ. ʇʨʠ 

ʵʪʦʤ ʦʰʠʙʢʠ ʩʝʛʤʝʥʪʘʮʠʠ, ʪʘʢʠʝ ʢʘʢ ʨʘʟʨʳʚʳ 

ʛʨʘʥʠʮ ʠʣʠ ʧʦʷʚʣʝʥʠʝ ʣʦʞʥʳʭ ʦʙʣʘʩʪʝʡ, ʧʨʠ-

ʚʦʜʷʪ ʢ ʠʩʢʘʞʝʥʠʶ ʢʦʥʪʫʨʦʚ, ʯʪʦ ʩʥʠʞʘʝʪ 

ʪʦʯʥʦʩʪʴ ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʥʘʣʠʟʘ. ʊʘʢʠʤ ʦʙʨʘ-
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ʟʦʤ, ʙʠʥʘʨʠʟʘʮʠʷ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠʤ ʵʪʘ-

ʧʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʠʟʚʣʝʢʘʝ-

ʤʳʭ ʢʦʥʪʫʨʥʳʭ ʧʨʠʟʥʘʢʦʚ. 

ʂʦʥʪʫʨ ʦʙʲʝʢʪʘ ʚ ʙʠʥʘʨʥʦʤ ʠʟʦʙʨʘʞʝʥʠʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʤʥʦʞʝʩʪʚʦ ʧʠʢʩʝʣʝʡ, ʦʙʨʘ-

ʟʫʶʱʠʭ ʛʨʘʥʠʮʫ ʤʝʞʜʫ ʦʙʣʘʩʪʷʤʠ ʨʘʟʣʠʯʥʦʡ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ. ɺ ʜʠʩʢʨʝʪʥʦʤ ʧʨʝʜʩʪʘʚʣʝ-

ʥʠʠ ʢʦʥʪʫʨ ʬʦʨʤʠʨʫʝʪʩʷ ʢʘʢ ʩʚʷʟʥʘʷ ʧʦʩʣʝʜʦ-

ʚʘʪʝʣʴʥʦʩʪʴ ʧʠʢʩʝʣʝʡ, ʦʙʣʘʜʘʶʱʠʭ ʦʧʨʝʜʝ-

ʣʝʥʥʳʤʠ ʪʦʧʦʣʦʛʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɺʘʞ-

ʥʳʤ ʘʩʧʝʢʪʦʤ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʪʠʧʘ ʩʚʷʟʥʦʩʪʠ 

(4-ʩʚʷʟʥʦʩʪʴ ʠʣʠ 8-ʩʚʷʟʥʦʩʪʴ), ʢʦʪʦʨʳʡ ʚʣʠʷʝʪ 

ʥʘ ʩʪʨʫʢʪʫʨʫ ʢʦʥʪʫʨʘ ʠ ʝʛʦ ʧʦʩʣʝʜʫʶʱʝʝ ʦʧʠ-

ʩʘʥʠʝ. ʇʨʠʤʝʨ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʵʪʘʧʦʚ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʘʥʘʣʠʟʘ ʢʦʥʪʫʨʘ ʧʨʝʜʩʪʘʚʣʝʥ 

ʥʘ ʨʠʩʫʥʢʝ 1. ʅʝʧʨʘʚʠʣʴʥʳʡ ʚʳʙʦʨ ʩʚʷʟʥʦʩʪʠ 

ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʨʘʟʨʳʚʘʤ ʠʣʠ, ʥʘʦʙʦʨʦʪ, ʢ 

ʠʟʙʳʪʦʯʥʦʤʫ ʦʙʲʝʜʠʥʝʥʠʶ ʛʨʘʥʠʯʥʳʭ ʵʣʝ-

ʤʝʥʪʦʚ. 

 

 
ʈʠʩ. 1. ʕʪʘʧʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʘʥʘʣʠʟʘ ʢʦʥʪʫʨʘ 

 

ʂʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1, ʠʩʭʦʜʥʦʝ ʠʟʦʙ-

ʨʘʞʝʥʠʝ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʙʠʥʘʨʥʦʝ ʧʨʝʜʩʪʘʚ-

ʣʝʥʠʝ, ʚ ʢʦʪʦʨʦʤ ʚʳʜʝʣʷʝʪʩʷ ʦʙʣʘʩʪʴ ʦʙʲʝʢʪʘ, 

ʧʦʩʣʝ ʯʝʛʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʟʚʣʝʯʝʥʠʝ ʝʛʦ 

ʛʨʘʥʠʮʳ. ɼʘʥʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʙʨʘ-

ʙʦʪʢʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʝʨʝʭʦʜ ʦʪ ʠʩʭʦʜʥʳʭ ʚʠ-

ʟʫʘʣʴʥʳʭ ʜʘʥʥʳʭ ʢ ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʤʫ ʦʧʠʩʘ-

ʥʠʶ ʛʝʦʤʝʪʨʠʠ ʦʙʲʝʢʪʘ, ʧʨʠʛʦʜʥʦʤʫ ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ. 

ʄʝʪʦʜʳ ʚʳʜʝʣʝʥʠʷ ʢʦʥʪʫʨʦʚ ʤʦʞʥʦ ʫʩʣʦʚ-

ʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʥʝʩʢʦʣʴʢʦ ʛʨʫʧʧ. ʂʣʘʩʩʠʯʝ-

ʩʢʠʝ ʧʦʜʭʦʜʳ ʦʩʥʦʚʘʥʳ ʥʘ ʘʥʘʣʠʟʝ ʣʦʢʘʣʴʥʳʭ 

ʛʨʘʜʠʝʥʪʦʚ ʷʨʢʦʩʪʠ ʠ ʚʢʣʶʯʘʶʪ ʦʧʝʨʘʪʦʨʳ 

ʉʦʙʝʣʷ, ʇʨʶʠʪʪʘ ʠ ʂʵʥʥʠ [3]. ʕʪʠ ʤʝʪʦʜʳ 

ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʨʘʙʦʪʫ ʩ ʧʦʣʫʪʦʥʦʚʳʤʠ 

ʠʟʦʙʨʘʞʝʥʠʷʤʠ, ʦʜʥʘʢʦ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʠ 

ʢ ʙʠʥʘʨʥʳʤ ʜʘʥʥʳʤ ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʛʨʘʥʠʮ. 

ɸʣʴʪʝʨʥʘʪʠʚʥʳʡ ʧʦʜʭʦʜ ʦʩʥʦʚʘʥ ʥʘ ʤʦʨʬʦʣʦ-

ʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʷʭ, ʪʘʢʠʭ ʢʘʢ ʵʨʦʟʠʷ ʠ ʜʠʣʘ-

ʪʘʮʠʷ, ʧʦʟʚʦʣʷʶʱʠʭ ʚʳʜʝʣʷʪʴ ʛʨʘʥʠʮʳ ʦʙʲ-

ʝʢʪʦʚ ʧʫʪʝʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠʟʦʙ-

ʨʘʞʝʥʠʷ [1]. ʄʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʩʦ-

ʙʝʥʥʦ ʵʬʬʝʢʪʠʚʥʳ ʜʣʷ ʙʠʥʘʨʥʳʭ ʠʟʦʙʨʘʞʝ-

ʥʠʡ, ʧʦʩʢʦʣʴʢʫ ʦʧʝʨʠʨʫʶʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʠʭ ʜʠʩʢʨʝʪʥʦʡ ʧʨʠʨʦʜʦʡ [1, 3]. 

ʇʦʩʣʝ ʚʳʜʝʣʝʥʠʷ ʢʦʥʪʫʨʦʚ ʚʦʟʥʠʢʘʝʪ ʟʘʜʘ-

ʯʘ ʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚ ʬʦʨʤʝ, ʫʜʦʙʥʦʡ ʜʣʷ 

ʘʥʘʣʠʟʘ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥ-

ʥʳʭ ʩʧʦʩʦʙʦʚ ʷʚʣʷʝʪʩʷ ʧʦʣʠʛʦʥʘʣʴʥʘʷ ʘʧ-

ʧʨʦʢʩʠʤʘʮʠʷ, ʧʦʟʚʦʣʷʶʱʘʷ ʟʘʤʝʥʠʪʴ ʠʩʭʦʜ-

ʥʳʡ ʢʦʥʪʫʨ ʥʘʙʦʨʦʤ ʦʪʨʝʟʢʦʚ ʩ ʟʘʜʘʥʥʦʡ ʪʦʯ-

ʥʦʩʪʴʶ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʩʥʠʞʘʝʪ ʨʘʟʤʝʨʥʦʩʪʴ 

ʜʘʥʥʳʭ ʠ ʫʧʨʦʱʘʝʪ ʚʳʯʠʩʣʝʥʠʝ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʬʦʨʤʳ [9]. ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʵʪʦʤʫ ʰʠʨʦ-

ʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʪʦʜʳ ʢʦʜʠʨʦʚʘʥʠʷ ʢʦʥʪʫ-

ʨʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʮʝʧʥʳʝ ʢʦʜʳ, ʢʦʪʦʨʳʝ ʦʙʝʩ-

ʧʝʯʠʚʘʶʪ ʢʦʤʧʘʢʪʥʦʝ ʦʧʠʩʘʥʠʝ ʛʨʘʥʠʮʳ ʟʘ 

ʩʯʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʘʧʨʘʚʣʝʥʠʡ ʦʙʭʦ-

ʜʘ [10]. ʊʘʢʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʵʬ-

ʬʝʢʪʠʚʥʦ ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʠ 

ʩʨʘʚʥʝʥʠʷ ʦʙʲʝʢʪʦʚ. 

ɺʘʞʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʠʟʚʣʝʯʝ-

ʥʠʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʥʪʫʨʘ, 

ʦʪʨʘʞʘʶʱʠʭ ʛʝʦʤʝʪʨʠʶ ʦʙʲʝʢʪʘ. ʂ ʯʠʩʣʫ ʪʘ-

ʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʪʥʦʩʷʪʩʷ ʜʣʠʥʘ ʢʦʥʪʫʨʘ, 

ʧʣʦʱʘʜʴ ʦʛʨʘʥʠʯʝʥʥʦʡ ʦʙʣʘʩʪʠ, ʢʦʵʬʬʠʮʠʝʥʪ 

ʢʦʤʧʘʢʪʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʣʦʢʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ, 

ʚʢʣʶʯʘʷ ʢʨʠʚʠʟʥʫ ʠ ʠʟʤʝʥʝʥʠʝ ʥʘʧʨʘʚʣʝʥʠʷ. 

ɸʥʘʣʠʟ ʵʪʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʟʚʦʣʷʝʪ ʬʦʨʤʠ-

ʨʦʚʘʪʴ ʚʝʢʪʦʨ ʧʨʠʟʥʘʢʦʚ, ʦʧʠʩʳʚʘʶʱʠʡ ʬʦʨ-

ʤʫ ʦʙʲʝʢʪʘ. ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʦʨʤʘ-

ʣʠʟʦʚʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʥʚʘʨʠ-

ʘʥʪʥʦʩʪʴ ʢ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʶ ʠ ʧʦʚʦʨʦʪʫ, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʧʨʠʤʝ-

ʥʝʥʠʷ ʚ ʟʘʜʘʯʘʭ ʨʘʩʧʦʟʥʘʚʘʥʠʷ. 
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ʉʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʢʦʤ-

ʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʢʦʥʪʫʨ ʥʝ 

ʪʦʣʴʢʦ ʢʘʢ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʛʨʘʥʠʮʫ, ʥʦ ʠ ʢʘʢ 

ʠʩʪʦʯʥʠʢ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʡ ʠʥʬʦʨʤʘ-

ʮʠʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʦʯʝʢ ʢʦʥʪʫ-

ʨʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʤʘʩʩ, ʚʘʨʠʘʮʠʠ ʢʨʠ-

ʚʠʟʥʳ ʠ ʧʣʦʪʥʦʩʪʠ ʪʦʯʝʢ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʜʝʩʢʨʠʧʪʦʨʦʚ ʬʦʨʤʳ. ʊʘʢʠʝ ʜʝ-

ʩʢʨʠʧʪʦʨʳ ʧʦʟʚʦʣʷʶʪ ʫʯʠʪʳʚʘʪʴ ʚʘʨʠʘʪʠʚ-

ʥʦʩʪʴ ʦʙʲʝʢʪʦʚ ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʘʣʛʦʨʠʪʤʦʚ ʢ ʰʫʤʘʤ ʠ ʠʩʢʘʞʝʥʠʷʤ ʚʭʦʜʥʳʭ 

ʜʘʥʥʳʭ. ɺ ʨʘʙʦʪʘʭ ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʧʨʠʟʥʘ-

ʢʦʚ, ʚʢʣʶʯʘʶʱʠʭ ʢʘʢ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ, ʪʘʢ ʠ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʧʦʟʚʦʣʷʝʪ 

ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ 

ʥʘ ʙʠʥʘʨʥʳʭ ʠʟʦʙʨʘʞʝʥʠʷʭ [4-6]. 

ʇʦʜʭʦʜʳ ʢ ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʠ ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʶ ʢʦʥʪʫʨʦʚ 

ʂʦʥʪʫʨ ʦʙʲʝʢʪʘ ʚ ʙʠʥʘʨʥʦʤ ʠʟʦʙʨʘʞʝʥʠʠ 

ʷʚʣʷʝʪʩʷ ʬʦʨʤʘʣʠʟʦʚʘʥʥʳʤ ʦʧʠʩʘʥʠʝʤ ʝʛʦ 

ʛʨʘʥʠʮʳ ʠ ʚʳʩʪʫʧʘʝʪ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠ-

ʢʘʭ ʬʦʨʤʳ. ɺʳʙʦʨ ʤʝʪʦʜʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʢʦʥ-

ʪʫʨʘ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʦ-

ʩʪʘʚ ʠʟʚʣʝʢʘʝʤʳʭ ʧʨʠʟʥʘʢʦʚ, ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʘʣʛʦʨʠʪʤʦʚ ʢ ʠʩʢʘʞʝʥʠʷʤ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ 

ʩʣʦʞʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʤʝʪʦ-

ʜʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʦʥʪʫʨʦʚ 

ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ, ʩʪʘʪʠʩʪʠ-

ʯʝʩʢʠʝ ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʛʠʙʨʠʜʥʳʝ ʧʦʜʭʦʜʳ [1-

3, 9]. 

 

 
ʈʠʩ. 2. ʇʨʝʜʩʪʘʚʣʝʥʠʷ ʢʦʥʪʫʨʘ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 2, ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦ-

ʙʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʢʦʥʪʫʨʘ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ 

ʨʝʰʝʥʠʝ ʨʘʟʥʳʭ ʟʘʜʘʯ. ʀʩʭʦʜʥʦʝ ʤʥʦʞʝʩʪʚʦ 

ʛʨʘʥʠʯʥʳʭ ʪʦʯʝʢ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʠʙʦʣʝʝ ʪʦʯ-

ʥʦʝ ʦʧʠʩʘʥʠʝ ʬʦʨʤʳ, ʦʜʥʘʢʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʠʟʙʳʪʦʯʥʦʩʪʴʶ. ʇʦʣʠʛʦʥʘʣʴʥʘʷ ʘʧʧʨʦʢʩʠʤʘ-

ʮʠʷ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʯʠʩʣʦ ʵʣʝʤʝʥʪʦʚ 

ʦʧʠʩʘʥʠʷ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʦʙʱʝʡ ʢʦʥʬʠʛʫʨʘ-

ʮʠʠ ʛʨʘʥʠʮʳ. ʉʢʝʣʝʪʠʟʘʮʠʷ, ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʚʥʝʰʥʝʛʦ ʢʦʥʪʫʨʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ, ʦʪʨʘʞʘ-

ʝʪ ʚʥʫʪʨʝʥʥʶʶ ʩʪʨʫʢʪʫʨʫ ʦʙʲʝʢʪʘ ʠ ʝʛʦ ʪʦʧʦ-

ʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ. 

ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʢʦʥʪʫʨʘ ʚʢʣʶʯʘʶʪ ʧʦʣʠʛʦʥʘʣʴʥʫʶ ʘʧʧʨʦʢʩʠ-

ʤʘʮʠʶ, ʮʝʧʥʳʝ ʢʦʜʳ ʠ ʩʢʝʣʝʪʠʟʘʮʠʶ. ʇʦʣʠ-

ʛʦʥʘʣʴʥʘʷ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʟʘʤʝʥʠʪʴ 

ʜʠʩʢʨʝʪʥʳʡ ʢʦʥʪʫʨ ʥʘʙʦʨʦʤ ʦʪʨʝʟʢʦʚ, ʩʦʝʜʠ-

ʥʷʶʱʠʭ ʭʘʨʘʢʪʝʨʥʳʝ ʪʦʯʢʠ ʛʨʘʥʠʮʳ, ʯʪʦ ʩʫ-

ʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʨʘʟʤʝʨʥʦʩʪʴ ʦʧʠʩʘʥʠʷ ʠ 

ʫʧʨʦʱʘʝʪ ʚʳʯʠʩʣʝʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘ-

ʤʝʪʨʦʚ. ʎʝʧʥʳʝ ʢʦʜʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʢʦʤʧʘʢʪ-
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ʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʢʦʥʪʫʨʘ ʚ ʚʠʜʝ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦʩʪʠ ʥʘʧʨʘʚʣʝʥʠʡ ʦʙʭʦʜʘ, ʧʦʟʚʦʣʷʷ ʘʥʘ-

ʣʠʟʠʨʦʚʘʪʴ ʣʦʢʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʬʦʨʤʳ. 

ʉʢʝʣʝʪʠʟʘʮʠʷ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʪʨʘʞʘʝʪ 

ʚʥʫʪʨʝʥʥʶʶ ʩʪʨʫʢʪʫʨʫ ʦʙʲʝʢʪʘ ʠ ʠʩʧʦʣʴʟʫʝʪ-

ʩʷ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʝʛʦ ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢ [2, 4]. 

ʆʩʥʦʚʥʳʤ ʜʦʩʪʦʠʥʩʪʚʦʤ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ ʠʭ ʥʘʛʣʷʜʥʦʩʪʴ ʠ ʠʥʪʝʨʧʨʝ-

ʪʠʨʫʝʤʦʩʪʴ, ʦʜʥʘʢʦ ʦʥʠ ʦʛʨʘʥʠʯʝʥʥʦ ʫʯʠʪʳ-

ʚʘʶʪ ʚʘʨʠʘʪʠʚʥʦʩʪʴ ʬʦʨʤʳ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ 

ʰʫʤʘʤ, ʚʦʟʥʠʢʘʶʱʠʤ ʥʘ ʵʪʘʧʝ ʙʠʥʘʨʠʟʘʮʠʠ. 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʦʩʥʦʚʘʥʳ ʥʘ 

ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʢʦʥʪʫʨʘ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʠ ʢʦ-

ʣʠʯʝʩʪʚʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ 

ʛʝʦʤʝʪʨʠʶ ʦʙʲʝʢʪʘ ʠ ʜʦʧʫʩʢʘʶʱʠʭ ʚʘʨʠʘʮʠʠ 

ʚ ʧʨʝʜʝʣʘʭ ʟʘʜʘʥʥʦʛʦ ʢʣʘʩʩʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʢʦʥʪʫʨ ʦʧʠʩʳʚʘʝʪʩʷ ʯʝʨʝʟ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ, 

ʢʘʢ ʜʣʠʥʘ, ʧʣʦʱʘʜʴ, ʢʦʤʧʘʢʪʥʦʩʪʴ, ʢʨʠʚʠʟʥʘ 

ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʦʯʝʢ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ 

ʤʘʩʩ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ ʠʟʤʝʥʯʠʚʦʩʪʴ ʬʦʨ-

ʤʳ ʠ ʬʦʨʤʠʨʦʚʘʪʴ ʫʩʪʦʡʯʠʚʳʝ ʧʨʠʟʥʘʢʠ, ʧʨʠ-

ʛʦʜʥʳʝ ʜʣʷ ʟʘʜʘʯ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. ʉʫʱʝʩʪʚʝʥ-

ʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪ-

ʨʦʚ, ʠʭ ʜʠʩʧʝʨʩʠʠ ʠ ʚʟʘʠʤʦʩʚʷʟʠ, ʯʪʦ ʧʦʟʚʦ-

ʣʷʝʪ ʧʝʨʝʡʪʠ ʦʪ ʘʥʘʣʠʟʘ ʦʪʜʝʣʴʥʦʛʦ ʢʦʥʪʫʨʘ ʢ 

ʦʧʠʩʘʥʠʶ ʢʣʘʩʩʘ ʦʙʲʝʢʪʦʚ. ɼʣʷ ʩʥʠʞʝʥʠʷ 

ʨʘʟʤʝʨʥʦʩʪʠ ʠ ʚʳʷʚʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʟʘʢʦʥʦ-

ʤʝʨʥʦʩʪʝʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʬʦʨʤʳ ʧʨʠʤʝʥʷʶʪʩʷ 

ʤʝʪʦʜʳ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ [5, 7]. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʩʪʘ-

ʪʠʩʪʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʦʣʝʝ 

ʚʳʩʦʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʰʫʤʘʤ ʠ ʠʩʢʘʞʝʥʠ-

ʷʤ, ʦʜʥʘʢʦ ʪʨʝʙʫʶʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʚʳʙʦʨʘ 

ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʧʨʠʟʥʘʢʦʚ ʠ ʦʙʣʘʜʘʶʪ ʤʝʥʴ-

ʰʝʡ ʥʘʛʣʷʜʥʦʩʪʴʶ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʦʥ-

ʪʫʨʦʚ ʦʩʥʦʚʘʥʳ ʥʘ ʜʠʥʘʤʠʯʝʩʢʦʤ ʬʦʨʤʠʨʦʚʘ-

ʥʠʠ ʛʨʘʥʠʮʳ ʦʙʲʝʢʪʘ ʠ ʚʢʣʶʯʘʶʪ ʘʢʪʠʚʥʳʝ 

ʢʦʥʪʫʨʳ, level set-ʧʦʜʭʦʜʳ ʠ ʥʝʡʨʦʩʝʪʝʚʳʝ 

ʤʦʜʝʣʠ. 

ɸʢʪʠʚʥʳʝ ʢʦʥʪʫʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʵʚʦʣʶʮʠʦʥʠʨʫʶʱʠʝ ʢʨʠʚʳʝ, ʘʜʘʧʪʠʨʫʶʱʠʝʩʷ 

ʢ ʛʨʘʥʠʮʘʤ ʦʙʲʝʢʪʘ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʥʫʪ-

ʨʝʥʥʠʭ ʠ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ. Level set-ʤʝʪʦʜʳ 

ʧʦʟʚʦʣʷʶʪ ʫʯʠʪʳʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʪʦʧʦʣʦʛʠʠ 

ʛʨʘʥʠʮʳ ʠ ʵʬʬʝʢʪʠʚʥʦ ʧʨʠʤʝʥʷʪʴ ʩʝʛʤʝʥʪʘ-

ʮʠʶ ʜʣʷ ʩʣʦʞʥʳʭ ʦʙʲʝʢʪʦʚ. ʅʝʡʨʦʩʝʪʝʚʳʝ 

ʧʦʜʭʦʜʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʠʟ-

ʚʣʝʯʝʥʠʝ ʧʨʠʟʥʘʢʦʚ ʬʦʨʤʳ ʠ ʚʳʩʦʢʫʶ ʪʦʯ-

ʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʢʦʥʪʫʨʦʚ [1, 3]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʜʘʥ-

ʥʳʝ ʤʝʪʦʜʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʚʳʰʝʥʥʦʡ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʴʶ ʠ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ 

ʦʛʨʘʥʠʯʝʥʥʦʡ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʩʪʴʶ ʨʝʟʫʣʴ-

ʪʘʪʦʚ. 

 

ʊʘʙʣʠʮʘ 1. ʉʨʘʚʥʝʥʠʝ ʤʝʪʦʜʦʚ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʢʦʥʪʫʨʦʚ 
ʂʣʘʩʩ ʤʝʪʦʜʦʚ ʇʨʝʠʤʫʱʝʩʪʚʘ ʅʝʜʦʩʪʘʪʢʠ ʆʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ 
ʇʨʦʩʪʦʪʘ, ʥʘʛʣʷʜʥʦʩʪʴ, ʢʦʤ-

ʧʘʢʪʥʦʩʪʴ 
ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʰʫʤʘʤ ɹʘʟʦʚʳʡ ʘʥʘʣʠʟ ʬʦʨʤʳ 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ 
ʋʩʪʦʡʯʠʚʦʩʪʴ, ʫʯʝʪ ʚʘʨʠʘ-

ʪʠʚʥʦʩʪʠ 
ʊʨʝʙʫʶʪ ʚʳʙʦʨʘ ʧʨʠʟʥʘʢʦʚ 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ, ʨʘʩʧʦʟʥʘʚʘ-

ʥʠʝ 

ʉʦʚʨʝʤʝʥʥʳʝ 
ɺʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ, ʘʜʘʧʪʠʚ-

ʥʦʩʪʴ 

ɺʳʩʦʢʘʷ ʩʣʦʞʥʦʩʪʴ, çʯʝʨ-

ʥʳʡ ʷʱʠʢè 
ʉʣʦʞʥʳʝ ʩʠʩʪʝʤʳ CV 

 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ ʨʘʟʣʠʯʠʷ ʚ 

ʧʦʜʭʦʜʘʭ ʢ ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʢʦʥʪʫʨʦʚ ʠ ʠʭ 

ʧʨʠʤʝʥʠʤʦʩʪʠ ʚ ʟʘʜʘʯʘʭ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʨʝʥʠʷ. 

ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ, ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʠ ʩʦʚʨʝʤʝʥ-

ʥʳʝ ʤʝʪʦʜʳ ʦʙʣʘʜʘʶʪ ʨʘʟʣʠʯʥʳʤʠ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʘʤʠ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʭ 

ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʠ ʢʦʤʧʣʝʢʩʥʦʡ ʦʮʝʥʢʠ. 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʨʘʩʩʤʦʪʨʝʥʳ 

ʦʩʥʦʚʥʳʝ ʧʦʜʭʦʜʳ ʢ ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʠ ʤʦʜʝ-

ʣʠʨʦʚʘʥʠʶ ʢʦʥʪʫʨʦʚ ʙʠʥʘʨʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ, 

ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʩʠʩʪʝʤʘʭ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʨʝ-

ʥʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʥʪʫʨʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ ʦʧʠʩʘʥʠʷ ʬʦʨ-

ʤʳ ʦʙʲʝʢʪʦʚ ʠ ʩʣʫʞʠʪ ʦʩʥʦʚʦʡ ʜʣʷ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʘʛʣʷʜʥʦʝ ʠ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʝ 

ʦʧʠʩʘʥʠʝ ʛʨʘʥʠʮʳ ʦʙʲʝʢʪʘ, ʦʜʥʘʢʦ ʦʙʣʘʜʘʶʪ 

ʦʛʨʘʥʠʯʝʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʰʫʤʘʤ ʠ ʚʘ-

ʨʠʘʪʠʚʥʦʩʪʠ ʬʦʨʤʳ. ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ 

ʧʦʟʚʦʣʷʶʪ ʫʯʠʪʳʚʘʪʴ ʠʟʤʝʥʯʠʚʦʩʪʴ ʢʦʥʪʫʨ-

ʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʬʦʨʤʠʨʦʚʘʪʴ ʙʦʣʝʝ 

ʫʩʪʦʡʯʠʚʳʝ ʧʨʠʟʥʘʢʠ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʘʥʘʣʠʟʘ 

ʢʣʘʩʩʦʚ ʦʙʲʝʢʪʦʚ. ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʜʝ-

ʤʦʥʩʪʨʠʨʫʶʪ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ 

ʠʟʦʙʨʘʞʝʥʠʡ, ʥʦ ʩʚʷʟʘʥʳ ʩ ʧʦʚʳʰʝʥʥʦʡ ʚʳ-



147 

- ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ - 

 

International Journal of Humanities and Natural Sciences, vol. 3-2 (114), 2026 

ʯʠʩʣʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʴʶ ʠ ʩʥʠʞʝʥʠʝʤ ʠʥ-

ʪʝʨʧʨʝʪʠʨʫʝʤʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʮʝʣʝ-

ʩʦʦʙʨʘʟʥʦʩʪʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦ-

ʜʦʚ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʙʠʥʘʨʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʠʥ-

ʬʦʨʤʘʪʠʚʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʢʦʥʪʫʨʦʚ ʚ ʟʘ-

ʜʘʯʘʭ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʨʝʥʠʷ. 
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Abstract. The paper examines the main approaches to the analysis and representation of contours in 

binary images within computer vision systems. Methods of contour extraction are analyzed, including 

gradient-based and morphological approaches, as well as geometric, statistical, and modern methods 

of contour modeling. It is shown that the use of shape descriptors and statistical characteristics of con-

tours improves the robustness and accuracy of object recognition. A comparison of different approach-

es is carried out, and their advantages and limitations are identified. It is concluded that a combined 

use of methods is advisable for the analysis of binary images. 
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ʄɽʍɸʅʀɿʄʓ ʉʀʅɽʈɻɽʊʀʏɽʉʂʆɻʆ ɼɽʁʉʊɺʀʗ ʀ ʈɽɻʋʃʀʈʆɺɸʅʀʗ  

ʇʈʀ ʇʈʀʄɽʅɽʅʀʀ ɹʀʆʈɸɿʃɸɻɸɽʄʓʍ ʂʆʄʇʆɿʀʎʀʆʅʅʓʍ ʄɸʊɽʈʀɸʃʆɺ  

ɼʃʗ ʈɽʄɽɼʀɸʎʀʀ ʂʆʄʇʃɽʂʉʅʆɻʆ ɿɸɻʈʗɿʅɽʅʀʗ ɺʆɼʅʓʍ ʆɹʒɽʂʊʆɺ 

 

ʏʞʘʥ ʍʵʥ1, ʤʘʛʠʩʪʨ 

ʎʟʠʥʴ ʃʠʶʡ2, ʘʩʧʠʨʘʥʪ 

ʀ.ɺ. ʉʢʦʧʠʥʮʝʚ2, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 
1ɹʝʣʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 
2ʄʦʩʢʦʚʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 
1(ʈʦʩʩʠʷ, ʛ. ɹʝʣʛʦʨʦʜ) 
2(ʈʦʩʩʠʷ, ʛ. ʄʦʩʢʚʘ) 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʝʭʘʥʠʟʤʳ ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʙʠʦʨʘʟʣʘ-

ʛʘʝʤʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʨʝʤʝʜʠʘʮʠʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʜʥʦʡ ʩʨʝʜʳ. 

ʇʨʦʚʝʜʸʥ ʘʥʘʣʠʟ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʧʦʟʠʪʦʚ, ʚʢʣʶʯʘʶʱʠʭ ʧʦʣʠ-

ʤʝʨʥʳʝ ʤʘʪʨʠʮʳ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʥʘʧʦʣʥʠʪʝʣʠ, ʘ ʪʘʢʞʝ ʨʘʩʢʨʳʪʳ ʘʜʩʦʨʙʮʠʦʥʥʳʝ, ʢʘʪʘʣʠ-

ʪʠʯʝʩʢʠʝ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʤʝʭʘʥʠʟʤʳ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʪʷʞʸʣʳʤʠ ʤʝʪʘʣʣʘʤʠ ʠ ʦʨʛʘʥʠʯʝ-

ʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ. ʆʙʦʩʥʦʚʘʥʳ ʧʦʜʭʦʜʳ ʢ ʨʝʛʫʣʠʨʦʚʘʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʯʠʩʪʢʠ ʧʦʩʨʝʜ-

ʩʪʚʦʤ ʫʧʨʘʚʣʝʥʠʷ ʩʪʨʫʢʪʫʨʦʡ ʤʘʪʝʨʠʘʣʘ ʠ ʚʥʝʰʥʠʤʠ ʫʩʣʦʚʠʷʤʠ ʧʨʦʮʝʩʩʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʥʪʝ-

ʛʨʘʮʠʷ ʩʦʨʙʮʠʠ, ʢʘʪʘʣʠʟʘ ʠ ʙʠʦʜʝʛʨʘʜʘʮʠʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʩʪʦʡʯʠʚʦʝ ʩʥʠʞʝʥʠʝ ʪʦʢʩʠʯʥʦʩʪʠ ʠ 

ʧʦʚʳʰʘʝʪ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ ʢʦʤʧʣʝʢʩʥʦʡ ʨʝʤʝʜʠʘʮʠʠ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʠʦʨʘʟʣʘʛʘʝʤʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ; ʢʦʤʧʣʝʢʩʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ; ʨʝ-

ʤʝʜʠʘʮʠʷ ʚʦʜʥʦʡ ʩʨʝʜʳ; ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ; ʘʜʩʦʨʙʮʠʷ ʠ ʢʘʪʘʣʠʟ; ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟ-

ʦʧʘʩʥʦʩʪʴ. 

 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʫʨʙʘʥʠʟʘʮʠʠ ʠ 

ʘʛʨʘʨʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʦʙʣʝʤʘ ʢʦʤʧʣʝʢʩʥʦ-

ʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʧʨʠʦʙʨʝʪʘʝʪ 

ʩʠʩʪʝʤʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʚʳʭʦʜʠʪ ʟʘ ʨʘʤʢʠ ʣʦ-

ʢʘʣʴʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʨʠʩʢʦʚ. ɺ ʧʦʚʝʨʭ-

ʥʦʩʪʥʳʭ ʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʷʞʸʣʳʝ ʤʝʪʘʣʣʳ, ʫʩʪʦʡʯʠʚʳʝ 

ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʠʟʙʳʪʦʯʥʳʝ ʙʠʦ-

ʛʝʥʥʳʝ ʵʣʝʤʝʥʪʳ ʠ ʤʠʢʨʦʧʣʘʩʪʠʢ, ʯʪʦ ʬʦʨʤʠ-

ʨʫʝʪ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ [1]. ɽʛʦ 

ʩʧʝʮʠʬʠʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʩʦʚʦʢʫʧ-

ʥʦʩʪʴʶ ʨʘʟʣʠʯʥʳʭ ʧʦ ʧʨʠʨʦʜʝ ʚʝʱʝʩʪʚ, ʥʦ ʠ 

ʠʭ ʚʟʘʠʤʥʳʤ ʚʣʠʷʥʠʝʤ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʤ 

ʫʩʠʣʝʥʠʶ ʪʦʢʩʠʯʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʟʘ-

ʛʨʷʟʥʠʪʝʣʝʡ. ɺ ʧʦʜʦʙʥʳʭ ʫʩʣʦʚʠʷʭ ʪʨʘʜʠʮʠ-

ʦʥʥʳʝ ʤʝʪʦʜʳ ʚʦʜʦʦʯʠʩʪʢʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʦʛʨʘʥʠʯʝʥʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʍʠʤʠʯʝʩʢʘʷ 

ʢʦʘʛʫʣʷʮʠʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʚʪʦʨʠʯʥʳʭ ʦʪʭʦʜʦʚ ʠ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴ-

ʥʳʭ ʩʪʘʜʠʡ ʦʙʨʘʙʦʪʢʠ [2]; ʢʣʘʩʩʠʯʝʩʢʠʝ ʘʜ-

ʩʦʨʙʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʦʙʣʘʜʘʶʪ ʠʟʙʠʨʘ-

ʪʝʣʴʥʦʩʪʴʶ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʪʜʝʣʴʥʳʤ ʚʝ-

ʱʝʩʪʚʘʤ; ʤʝʤʙʨʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʭʘʨʘʢʪʝʨʠ-

ʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʵʥʝʨʛʦʸʤʢʦʩʪʴʶ ʠ ʨʠʩʢʦʤ 

ʙʳʩʪʨʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʬʠʣʴʪʨʫʶʱʠʭ ʵʣʝʤʝʥ-

ʪʦʚ. ʕʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʠʩʢʘ 

ʢʦʤʧʣʝʢʩʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ ʨʝ-

ʰʝʥʠʡ, ʩʧʦʩʦʙʥʳʭ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʦʟʜʝʡʩʪʚʦ-

ʚʘʪʴ ʥʘ ʨʘʟʣʠʯʥʳʝ ʢʣʘʩʩʳ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝ-

ʱʝʩʪʚ. 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʧʨʠʚʣʝʢʘʶʪ ʙʠʦʨʘʟʣʘʛʘ-

ʝʤʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʩʦʯʝʪʘʶ-

ʱʠʝ ʧʦʣʠʤʝʨʥʳʝ ʤʘʪʨʠʮʳ ʧʨʠʨʦʜʥʦʛʦ ʠʣʠ 

ʙʠʦʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʩ ʬʫʥʢʮʠ-

ʦʥʘʣʴʥʳʤʠ ʤʠʥʝʨʘʣʴʥʳʤʠ ʠʣʠ ʫʛʣʝʨʦʜʥʳʤʠ 

ʥʘʧʦʣʥʠʪʝʣʷʤʠ. ʀʭ ʧʦʪʝʥʮʠʘʣ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʢʦʥʩʪʨʫʠ-

ʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʧʦʨʠʩʪʦʩʪʠ, ʭʠʤʠʯʝʩʢʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʩʢʦʨʦʩʪʠ ʙʠʦʜʝʛʨʘʜʘʮʠʠ. ʊʘ-

ʢʠʝ ʤʘʪʝʨʠʘʣʳ ʩʧʦʩʦʙʥʳ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʩʦʚʦ-

ʢʫʧʥʦʩʪʴ ʤʝʭʘʥʠʟʤʦʚ ʚʦʟʜʝʡʩʪʚʠʷ, ʚʢʣʶʯʘʷ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʫʶ ʘʜʩʦʨʙʮʠʶ, ʠʦʥʥʳʡ ʦʙ-

ʤʝʥ, ʢʘʪʘʣʠʪʠʯʝʩʢʦʝ ʦʢʠʩʣʝʥʠʝ ʠ ʩʪʠʤʫʣʠʨʦ-

ʚʘʥʠʝ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʕʢʦʣʦ-

ʛʠʯʝʩʢʘʷ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʠ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʢʦʥ-

ʪʨʦʣʠʨʫʝʤʦʤʫ ʨʘʟʣʦʞʝʥʠʶ ʜʝʣʘʶʪ ʠʭ ʧʝʨ-

ʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦ-

ʛʠʡ ʨʝʤʝʜʠʘʮʠʠ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ [3]. 
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ʎʝʣʴ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪ-

ʩʷ ʚ ʚʳʷʚʣʝʥʠʠ ʤʝʭʘʥʠʟʤʦʚ ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʜʝʡʩʪʚʠʷ ʙʠʦʨʘʟʣʘʛʘʝʤʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʨʝʤʝʜʠʘʮʠʠ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʜʥʦʡ ʩʨʝʜʳ ʠ ʚ ʦʧʨʝʜʝʣʝʥʠʠ 

ʧʫʪʝʡ ʠʭ ʨʝʛʫʣʠʨʦʚʘʥʠʷ. ɼʦʩʪʠʞʝʥʠʝ ʜʘʥʥʦʡ 

ʮʝʣʠ ʧʨʝʜʧʦʣʘʛʘʝʪ ʘʥʘʣʠʟ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ 

ʩʪʨʫʢʪʫʨʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʢʦʤʧʦʟʠʪʦʚ ʠ ʠʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʘ ʪʘʢʞʝ ʫʩʪʘ-

ʥʦʚʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʫʜʘʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʟʘʛʨʷʟʥʠʪʝʣʝʡ. 

ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʘʷ ʦʩʥʦʚʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʥʦʩʠʪ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʚʢʣʶ-

ʯʘʝʪ ʤʝʪʦʜʳ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʦʚ, ʠʟʫʯʝʥʠʝ ʩʦʨʙʮʠʦʥ-

ʥʳʭ ʠʟʦʪʝʨʤ ʠ ʢʠʥʝʪʠʢʠ ʧʨʦʮʝʩʩʦʚ, ʵʣʝʤʝʥʪʳ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʢʦʥʮʝʥ-

ʪʨʘʮʠʡ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ. ʂʦʤʧʣʝʢʩʥʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʫʢʘʟʘʥʥʳʭ ʤʝʪʦʜʦʚ ʧʦʟʚʦʣʷʝʪ 

ʚʳʷʚʠʪʴ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʤʦʨʬʦʣʦʛʠʯʝ-

ʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʢʦʤʧʦʟʠʪʦʚ, ʠʭ ʭʠ-

ʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʦʯʠʩʪ-

ʢʠ ʚʦʜʥʦʡ ʩʨʝʜʳ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʨʘʩʩʤʦʪʨʝʥʠʠ ʙʠʦʨʘʟʣʘʛʘʝʤʳʭ ʢʦʤʧʦʟʠʮʠʦʥ-

ʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʢʘʢ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʩʠʩʪʝʤ, ʚ ʢʦʪʦʨʳʭ ʩʦʨʙʮʠʦʥʥʳʝ, ʢʘʪʘʣʠʪʠʯʝ-

ʩʢʠʝ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʤʝʭʘʥʠʟʤʳ ʚʳʩʪʫʧʘʶʪ 

ʚʟʘʠʤʦʜʦʧʦʣʥʷʶʱʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʝʜʠʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʨʝʤʝʜʠʘʮʠʠ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʩʠʩʪʝʤ-

ʥʳʡ ʧʦʜʭʦʜ ʢ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʩʠʥʝʨʛʝʪʠʯʝʩʢʦ-

ʛʦ ʵʬʬʝʢʪʘ ʧʨʠ ʢʦʤʧʣʝʢʩʥʦʤ ʟʘʛʨʷʟʥʝʥʠʠ 

ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ, ʯʪʦ ʨʘʩʰʠʨʷʝʪ ʪʝʦʨʝʪʠʯʝ-

ʩʢʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʤʝʭʘʥʠʟʤʘʭ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʷ ʤʘʪʝʨʠʘʣʘ ʠ ʟʘʛʨʷʟʥʷʶʱʝʡ ʩʨʝʜʳ ʠ 

ʬʦʨʤʠʨʫʝʪ ʦʩʥʦʚʫ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʫʧʨʘʚʣʷʝ-

ʤʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʪʝʭʥʦʣʦ-

ʛʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʸʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʠʤʝʝʪ ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʠ ʧʨʠʢʣʘʜʥʫʶ ʟʥʘʯʠ-

ʤʦʩʪʴ. ʆʥʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʛʣʫʙʣʝʥʠʶ ʧʦʥʠ-

ʤʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʢʦʤʧʣʝʢʩʥʦʡ ʦʯʠʩʪʢʠ ʚʦʜ-

ʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʩʦʟʜʘʸʪ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʨʘʟ-

ʨʘʙʦʪʢʠ ʫʩʪʦʡʯʠʚʳʭ, ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩ-

ʥʳʭ ʨʝʰʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʚʦʜʦʦʭʨʘʥʥʳʭ ʪʝʭʥʦ-

ʣʦʛʠʡ. 

ʉʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʠ ʙʠʦʨʘʟʣʘʛʘʝʤʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ 

ʉʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʙʠʦʨʘʟʣʘʛʘʝʤʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘ-

ʪʝʨʠʘʣʦʚ ʦʧʨʝʜʝʣʷʶʪ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ 

ʧʨʦʮʝʩʩʘʭ ʨʝʤʝʜʠʘʮʠʠ ʚʦʜʥʦʡ ʩʨʝʜʳ ʠ ʬʦʨ-

ʤʠʨʫʶʪ ʦʩʥʦʚʫ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʩʠʥʝʨʛʝʪʠʯʝ-

ʩʢʠʤʠ ʤʝʭʘʥʠʟʤʘʤʠ ʦʯʠʩʪʢʠ. ʉʦʚʨʝʤʝʥʥʳʝ 

ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʢʦʤʧʦʟʠʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦ-

ʙʦʡ ʠʝʨʘʨʭʠʯʝʩʢʠ ʦʨʛʘʥʠʟʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ, 

ʚʢʣʶʯʘʶʱʠʝ ʧʦʣʠʤʝʨʥʫʶ ʤʘʪʨʠʮʫ ʠ ʬʫʥʢʮʠ-

ʦʥʘʣʴʥʳʝ ʥʘʧʦʣʥʠʪʝʣʠ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʦʪʦ-

ʨʳʭ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʯʝʪʘʥʠʝ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ, ʩʦʨʙʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʙʠʦʜʝʛʨʘʜʘʮʠʠ. ʂʘʢ ʦʪʤʝʯʘ-

ʶʪ ʂ.ɻ. ɸʥʠʢʝʝʚʘ ʠ ʩʦʘʚʪ., ʩʚʦʡʩʪʚʘ ʙʠʦʨʘʟʣʘ-

ʛʘʝʤʳʭ ʧʦʣʠʤʝʨʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʷʪ ʦʪ ʠʭ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʩʪʝʧʝʥʠ ʢʨʠʩʪʘʣ-

ʣʠʯʥʦʩʪʠ ʠ ʭʘʨʘʢʪʝʨʘ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘ-

ʠʤʦʜʝʡʩʪʚʠʡ [4]. 

ʂ ʯʠʩʣʫ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʙʠʦʨʘʟʣʘʛʘʝʤʳʭ ʤʘʪʨʠʮ ʦʪʥʦʩʷʪʩʷ ʧʦʣʠʣʘʢʪʠʜ 

(PLA), ʧʦʣʠʛʠʜʨʦʢʩʠʘʣʢʘʥʦʘʪʳ (PHA) ʠ ʧʨʠ-

ʨʦʜʥʳʝ ʧʦʣʠʩʘʭʘʨʠʜʳ, ʪʘʢʠʝ ʢʘʢ ʭʠʪʦʟʘʥ. ʇʦ-

ʣʠʣʘʢʪʠʜ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʣʠʬʘʪʠʯʝʩʢʠʡ 

ʧʦʣʠʵʬʠʨ, ʧʦʣʫʯʘʝʤʳʡ ʠʟ ʚʦʟʦʙʥʦʚʣʷʝʤʦʛʦ 

ʩʳʨʴʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ ʭʦʨʦʰʠʤʠ ʤʝʭʘ-

ʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʨʝʛʫʣʠʨʫʝʤʦʡ ʩʢʦ-

ʨʦʩʪʴʶ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʜʝʛʨʘʜʘʮʠʠ. ʇʦ ʜʘʥ-

ʥʳʤ ʂ.ʅ. ʂʦʨʥʠʣʦʚ ʠ ʩʦʘʚʪ., ʢʠʥʝʪʠʢʘ ʨʘʟʣʦ-

ʞʝʥʠʷ PLA ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʝʧʝʥʴʶ ʢʨʠʩʪʘʣ-

ʣʠʯʥʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʵʢʩ-

ʧʣʫʘʪʘʮʠʠ [5]. 

ʇʦʣʠʛʠʜʨʦʢʩʠʘʣʢʘʥʦʘʪʳ ʩʠʥʪʝʟʠʨʫʶʪʩʷ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ ʠ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʙʠʦ-

ʩʦʚʤʝʩʪʠʤʦʩʪʴʶ. ʀʭ ʧʨʝʠʤʫʱʝʩʪʚʦ ʟʘʢʣʶʯʘ-

ʝʪʩʷ ʚ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦʣʥʦʩʪʴʶ ʤʠʥʝʨʘʣʠʟʦ-

ʚʘʪʴʩʷ ʚ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʝ ʙʝʟ ʦʙʨʘʟʦʚʘʥʠʷ 

ʪʦʢʩʠʯʥʳʭ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ. ʍʠʪʦʟʘʥ, ʧʦ-

ʣʫʯʘʝʤʳʡ ʠʟ ʭʠʪʠʥʘ, ʦʪʣʠʯʘʝʪʩʷ ʥʘʣʠʯʠʝʤ 

ʘʤʠʥʦʛʨʫʧʧ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʚʳʩʦʢʫʶ ʩʦʨʙ-

ʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʦʥʘʤ 

ʪʷʞʸʣʳʭ ʤʝʪʘʣʣʦʚ ʟʘ ʩʯʸʪ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦ-

ʚʘʥʠʷ. ɹʣʘʛʦʜʘʨʷ ʚʳʨʘʞʝʥʥʦʡ ʛʠʜʨʦʬʠʣʴʥʦ-

ʩʪʠ ʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʭʠʪʦʟʘʥʦʚʳʝ 

ʤʘʪʨʠʮʳ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʚʦʜʦʦʯʠʩʪ-

ʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʙʦʨ ʤʘʪʨʠʮʳ ʦʧʨʝʜʝʣʷ-

ʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʩʦʯʝʪʘʥʠʷ ʤʝʭʘʥʠʯʝ-

ʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʘʢʪʠʚ-

ʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʫʯʸʪʦʤ ʫʩʣʦʚʠʡ ʚʦʜʥʦʡ ʩʨʝʜʳ, 

ʚ ʢʦʪʦʨʦʡ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʤʘʪʝ-

ʨʠʘʣʘ. 

ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʥʘʧʦʣʥʠʪʝʣʠ ʠʛʨʘʶʪ 

ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʦʨʙʮʠʦʥʥʳʭ 

ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʦʤʧʦʟʠʪʦʚ. ɹʠʦ-
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ʫʛʦʣʴ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʫʛ-

ʣʝʨʦʜʩʦʜʝʨʞʘʱʠʡ ʢʦʤʧʦʥʝʥʪ ʙʣʘʛʦʜʘʨʷ ʚʳ-

ʩʦʢʦʡ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʥʘʣʠʯʠʶ ʘʢ-

ʪʠʚʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ. ʊ. ʄ. ʄʠʥ-

ʢʠʥʘ ʠ ʜʨ ʧʦʜʯʸʨʢʠʚʘʶʪ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʙʠʦ-

ʫʛʣʷ, ʬʦʨʤʠʨʫʝʤʘʷ ʧʨʠ ʧʠʨʦʣʠʟʝ ʙʠʦʤʘʩʩʳ, 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʟʚʠʪʫʶ ʧʦʨʠʩʪʦʩʪʴ ʠ ʚʳʩʦʢʫʶ 

ʘʜʩʦʨʙʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʦʨʛʘʥʠʯʝʩʢʠʤ ʟʘʛʨʷʟʥʠʪʝʣʷʤ ʠ ʠʦʥʘʤ ʤʝʪʘʣ-

ʣʦʚ [6]. 

ʎʝʦʣʠʪʳ, ʦʙʣʘʜʘʶʱʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʘʣʶʤʦʩʠʣʠʢʘʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʨʝʘʣʠʟʫʶʪ ʤʝ-

ʭʘʥʠʟʤ ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʝ-

ʣʝʢʪʠʚʥʦʩʪʴ ʢ ʢʘʪʠʦʥʘʤ ʪʷʞʸʣʳʭ ʤʝʪʘʣʣʦʚ. 

ʀʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʦʟʠʪʦʚ ʧʦʟ-

ʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʢ 

ʭʠʤʠʯʝʩʢʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʠ ʨʘʩʰʠʨʠʪʴ ʜʠʘ-

ʧʘʟʦʥ ʫʜʘʣʷʝʤʳʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ. 

ʆʢʩʠʜʳ ʤʝʪʘʣʣʦʚ ʠ ʥʘʥʦʯʘʩʪʠʮʳ (TiO , 

FeO , ZnO) ʦʙʝʩʧʝʯʠʚʘʶʪ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʠ 

ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʩʧʦʩʦʙʩʪʚʫʷ 

ʨʘʟʣʦʞʝʥʠʶ ʫʩʪʦʡʯʠʚʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠ-

ʥʝʥʠʡ. ʇʦ ʤʥʝʥʠʶ ɺ.ʈ. ʏʞʦʫ ʠ ʩʦʘʚʪ., ʬʦʪʦ-

ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ TiO  ʦʙʫʩʣʦʚʣʝʥʘ 

ʛʝʥʝʨʘʮʠʝʡ ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ [7]. 

ʀʥʪʝʛʨʘʮʠʷ ʧʦʜʦʙʥʳʭ ʯʘʩʪʠʮ ʚ ʙʠʦʨʘʟʣʘʛʘʝ-

ʤʫʶ ʤʘʪʨʠʮʫ ʧʦʟʚʦʣʷʝʪ ʦʙʲʝʜʠʥʠʪʴ ʧʨʦʮʝʩʩʳ 

ʘʜʩʦʨʙʮʠʠ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʦʢʠʩʣʝʥʠʷ ʚ 

ʨʘʤʢʘʭ ʝʜʠʥʦʡ ʩʠʩʪʝʤʳ. 

ʇʦʨʠʩʪʦʩʪʴ ʠ ʫʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʤʧʦ-

ʟʠʪʦʚ ʦʧʨʝʜʝʣʷʶʪ ʜʦʩʪʫʧʥʦʩʪʴ ʘʢʪʠʚʥʳʭ ʮʝʥ-

ʪʨʦʚ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʤʘʩʩʦʧʝʨʝʥʦʩʘ. ʉʦʛʣʘʩ-

ʥʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ɽ.ɺ. ʂʦʨʤʦʰ ʠ 

ʊ.ʄ. ɸʣʷʙʴʝʚʘ, ʫʚʝʣʠʯʝʥʠʝ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʨʦʩʪʦʤ ʩʦʨʙʮʠʦʥʥʦʡ ʸʤ-

ʢʦʩʪʠ ʤʘʪʝʨʠʘʣʘ [8]. ʌʦʨʤʠʨʦʚʘʥʠʝ ʤʠʢʨʦ- ʠ 

ʤʝʟʦʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʩʧʦʩʦʙʩʪʚʫʝʪ ʵʬʬʝʢ-

ʪʠʚʥʦʤʫ ʫʜʝʨʞʘʥʠʶ ʢʘʢ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʪʘʢ ʠ ʠʦʥʦʚ ʤʝʪʘʣ-

ʣʦʚ. 

ɻʠʜʨʦʬʠʣʴʥʦʩʪʴ ʠʣʠ ʛʠʜʨʦʬʦʙʥʦʩʪʴ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʚʣʠʷʝʪ ʥʘ ʭʘʨʘʢʪʝʨ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʩ ʚʦʜʥʦʡ ʬʘʟʦʡ ʠ ʟʘʛʨʷʟʥʠʪʝʣʷʤʠ ʨʘʟʣʠʯʥʦʡ 

ʧʨʠʨʦʜʳ. ʇʦʚʳʰʝʥʥʘʷ ʛʠʜʨʦʬʠʣʴʥʦʩʪʴ ʦʙ-

ʣʝʛʯʘʝʪ ʜʠʬʬʫʟʠʶ ʧʦʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʪʦ-

ʛʜʘ ʢʘʢ ʛʠʜʨʦʬʦʙʥʳʝ ʫʯʘʩʪʢʠ ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʩʦʨʙʮʠʠ ʥʝʧʦʣʷʨʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ. 

ʄʝʭʘʥʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʦʤʧʦʟʠʪʘ 

ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʮʝʣʦʩʪʥʦʩʪʠ 

ʩʪʨʫʢʪʫʨʳ ʚ ʫʩʣʦʚʠʷʭ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ. ɺʚʝʜʝʥʠʝ ʘʨʤʠʨʫʶʱʠʭ ʥʘʧʦʣʥʠ-

ʪʝʣʝʡ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʤʝʞʬʘʟʥʦʛʦ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʷ ʤʝʞʜʫ ʤʘʪʨʠʮʝʡ ʠ ʯʘʩʪʠʮʘʤʠ ʧʦʟʚʦʣʷ-

ʶʪ ʧʦʚʳʩʠʪʴ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ 

ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʧʨʝʞʜʝʚʨʝʤʝʥʥʫʶ ʜʝʩʪʨʫʢ-

ʮʠʶ. 

ʉʢʦʨʦʩʪʴ ʙʠʦʜʝʛʨʘʜʘʮʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦ-

ʙʦʡ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʡ ʧʘʨʘʤʝʪʨ, ʦʧʨʝʜʝʣʷ-

ʶʱʠʡ ʩʨʦʢ ʩʣʫʞʙʳ ʤʘʪʝʨʠʘʣʘ ʠ ʵʢʦʣʦʛʠʯʝ-

ʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ. ʇʨʦʮʝʩʩʳ 

ʛʠʜʨʦʣʠʟʘ ʠ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝ-

ʥʠʷ ʟʘʚʠʩʷʪ ʦʪ ʩʦʩʪʘʚʘ ʤʘʪʨʠʮʳ, ʫʨʦʚʥʷ ʢʨʠ-

ʩʪʘʣʣʠʯʥʦʩʪʠ ʠ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʩʨʝʜʳ. 

ʂʦʥʪʨʦʣʠʨʫʝʤʘʷ ʜʝʛʨʘʜʘʮʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦ-

ʩʪʝʧʝʥʥʦʝ ʚʳʩʚʦʙʦʞʜʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʤʠʥʠʤʠʟʘʮʠʶ ʚʪʦʨʠʯʥʦʛʦ ʟʘ-

ʛʨʷʟʥʝʥʠʷ. 

ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʙʠʦʨʘʟʣʘʛʘʝ-

ʤʳʭ ʢʦʤʧʦʟʠʪʦʚ ʦʮʝʥʠʚʘʝʪʩʷ ʩ ʫʯʸʪʦʤ ʪʦʢ-

ʩʠʯʥʦʩʪʠ ʧʨʦʜʫʢʪʦʚ ʠʭ ʨʘʩʧʘʜʘ ʠ ʚʣʠʷʥʠʷ ʥʘ 

ʚʦʜʥʳʝ ʵʢʦʩʠʩʪʝʤʳ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ OECD, 

ʤʘʪʝʨʠʘʣʳ, ʧʦʣʥʦʩʪʴʶ ʤʠʥʝʨʘʣʠʟʫʶʱʠʝʩʷ ʜʦ 

ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ, ʚʦʜʳ ʠ ʙʠʦʤʘʩʩʳ, ʦʙʣʘʜʘʶʪ 

ʤʠʥʠʤʘʣʴʥʳʤ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʨʠʩʢʦʤ [9]. ʆʜ-

ʥʘʢʦ ʧʨʠʩʫʪʩʪʚʠʝ ʥʘʥʦʯʘʩʪʠʮ ʠ ʤʝʪʘʣʣʠʯʝ-

ʩʢʠʭ ʦʢʩʠʜʦʚ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʦʥ-

ʪʨʦʣʷ, ʧʦʩʢʦʣʴʢʫ ʠʭ ʚʳʩʚʦʙʦʞʜʝʥʠʝ ʤʦʞʝʪ 

ʦʢʘʟʳʚʘʪʴ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʛʠʜʨʦʙʠʦʥʪʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʨʫʢʪʫʨʥʦ-

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʠʦʨʘʟʣʘʛʘ-

ʝʤʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʧʨʝʜʝʣʷ-

ʶʪ ʠʭ ʧʦʪʝʥʮʠʘʣ ʚ ʪʝʭʥʦʣʦʛʠʷʭ ʢʦʤʧʣʝʢʩʥʦʡ 

ʨʝʤʝʜʠʘʮʠʠ. ʆʧʪʠʤʘʣʴʥʦʝ ʩʦʯʝʪʘʥʠʝ ʤʘʪʨʠʮʳ 

ʠ ʥʘʧʦʣʥʠʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʫʧʨʘʚʣʝʥʠʝ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʦʟʚʦʣʷʝʪ ʬʦʨʤʠ-

ʨʦʚʘʪʴ ʘʜʘʧʪʠʚʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩ ʧʨʦʛʥʦʟʠʨʫʝ-

ʤʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʚʳʩʦʢʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʩʦʚʤʝʩʪʠʤʦʩʪʴʶ. 

ʄʝʭʘʥʠʟʤʳ ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ 

ʧʨʠ ʨʝʤʝʜʠʘʮʠʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ 

ɺ ʫʩʣʦʚʠʷʭ ʠʥʞʝʥʝʨʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʙʠʦ-

ʨʘʟʣʘʛʘʝʤʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʢʘʢ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʤʥʦ-

ʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʠʩʪʝʤʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʠ ʧʘʨʘʣʣʝʣʴʥʦʝ ʧʨʦʪʝʢʘʥʠʝ 

ʩʦʨʙʮʠʦʥʥʳʭ, ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝ-

ʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʀʭ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʦʩʦʙʝʥ-

ʥʦʩʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʥʝ ʚ ʠʟʦʣʠʨʦʚʘʥʥʦʡ ʨʝʘʣʠ-

ʟʘʮʠʠ ʦʪʜʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʘ ʚ ʬʦʨʤʠʨʦʚʘ-

ʥʠʠ ʫʧʨʘʚʣʷʝʤʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʮʠʢʣʘ, ʚ 

ʢʦʪʦʨʦʤ ʢʘʞʜʳʡ ʵʪʘʧ ʫʩʠʣʠʚʘʝʪ ʧʦʩʣʝʜʫʶ-

ʱʠʡ. ʉ ʠʥʞʝʥʝʨʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʜʘʥʥʳʡ 

ʧʨʦʮʝʩʩ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ 



152 

- ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ - 

 

International Journal of Humanities and Natural Sciences, vol. 3-2 (114), 2026 

ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʭʝʤʳ, ʦʪʨʘʞʘ-

ʶʱʝʡ ʣʦʛʠʢʫ ʧʝʨʝʭʦʜʘ ʦʪ ʠʩʭʦʜʥʦʛʦ ʢʦʤ-

ʧʣʝʢʩʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʢ ʢʦʥʝʯʥʦʡ ʩʪʘʙʠʣʠʟʘ-

ʮʠʠ ʚʦʜʥʦʡ ʵʢʦʩʠʩʪʝʤʳ. 

ʈʠʩʫʥʦʢ 1 ʠʣʣʶʩʪʨʠʨʫʝʪ ʠʥʞʝʥʝʨʥʫʶ ʤʦ-

ʜʝʣʴ ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʙʠʦʨʘʟʣʘʛʘʝ-

ʤʦʛʦ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʦʯʠʩʪ-

ʢʝ ʚʦʜʳ. 

 

 
ʈʠʩ. 1. ʄʦʜʝʣʴ ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʙʠʦʨʘʟʣʘʛʘʝʤʦʛʦ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʠ 

ʦʯʠʩʪʢʝ ʚʦʜʳ 

 

ʂʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1, ʧʨʦʮʝʩʩ ʥʘʯʠ-

ʥʘʝʪʩʷ ʩ ʧʦʩʪʫʧʣʝʥʠʷ ʚ ʩʠʩʪʝʤʫ ʤʥʦʛʦʢʦʤʧʦ-

ʥʝʥʪʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ, ʚʢʣʶʯʘʶʱʝʛʦ ʪʷʞʸʣʳʝ 

ʤʝʪʘʣʣʳ, ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʠ ʙʠʦʛʝʥ-

ʥʳʝ ʵʣʝʤʝʥʪʳ. ʇʦʩʣʝ ʢʦʥʪʘʢʪʘ ʩ ʙʠʦʨʘʟʣʘʛʘʝ-

ʤʳʤ ʢʦʤʧʦʟʠʮʠʦʥʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʨʝʘʣʠʟʫʝʪ-

ʩʷ ʧʝʨʚʠʯʥʳʡ ʩʦʨʙʮʠʦʥʥʳʡ ʵʪʘʧ, ʦʙʝʩʧʝʯʠ-

ʚʘʶʱʠʡ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʤʧʦʟʠʪʘ ʟʘ ʩʯʸʪ ʠʦʥʥʦʛʦ ʦʙʤʝ-

ʥʘ, ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ḯ́ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʡ. ɼʘʥʥʳʡ ʵʪʘʧ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ 

ʩʥʠʞʝʥʠʠ ʧʦʜʚʠʞʥʦʩʪʠ ʪʦʢʩʠʯʥʳʭ ʢʦʤʧʦʥʝʥ-

ʪʦʚ ʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʣʦʢʘʣʴʥʦʡ ʨʝʘʢʮʠʦʥʥʦʡ 

ʟʦʥʳ. 

ʉʣʝʜʫʶʱʠʡ ʫʨʦʚʝʥʴ ʠʥʞʝʥʝʨʥʦʛʦ ʧʨʦʮʝʩ-

ʩʘ ʩʚʷʟʘʥ ʩ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤ ʠ ʬʦʪʦʢʘʪʘʣʠʪʠ-

ʯʝʩʢʠʤ ʨʘʟʣʦʞʝʥʠʝʤ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝ-

ʥʠʡ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʘʜʩʦʨʙʮʠʷ ʧʦʚʳʰʘʝʪ 

ʣʦʢʘʣʴʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʩʫʙʩʪʨʘʪʦʚ ʚʙʣʠʟʠ 

ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ, ʯʪʦ ʫʩʢʦʨʷʝʪ ʦʢʠʩʣʠʪʝʣʴ-

ʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʨʝʘʢʮʠʠ ʠ ʩʧʦʩʦʙʩʪʚʫ-

ʝʪ ʨʘʟʨʫʰʝʥʠʶ ʫʩʪʦʡʯʠʚʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦ-

ʣʝʢʫʣ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʥʠʞʘʝʪʩʷ ʪʦʢʩʠʯʥʦʩʪʴ 

ʩʨʝʜʳ ʠ ʦʙʨʘʟʫʶʪʩʷ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʩʦʝʜʠʥʝ-

ʥʠʷ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʙʠʦʜʦʩʪʫʧʥʦʩʪʴʶ. 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʙʠʦʣʦʛʠʯʝʩʢʠʡ 

ʢʦʤʧʦʥʝʥʪ ʧʨʦʮʝʩʩʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʬʦʨʤʠ-

ʨʦʚʘʥʠʝʤ ʙʠʦʧʣʸʥʦʢ ʠ ʘʢʪʠʚʠʟʘʮʠʝʡ ʤʠʢʨʦ-

ʦʨʛʘʥʠʟʤʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ. ʇʦʨʠ-

ʩʪʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʦʟʠʪʘ ʩʦʟʜʘʸʪ ʙʣʘʛʦʧʨʠ-

ʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʟʘʢʨʝʧʣʝʥʠʷ ʤʠʢʨʦʙʥʳʭ 

ʩʦʦʙʱʝʩʪʚ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ 

ʤʠʥʝʨʘʣʠʟʘʮʠʶ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ. ʋʜʘ-

ʣʝʥʠʝ ʪʷʞʸʣʳʭ ʤʝʪʘʣʣʦʚ ʥʘ ʨʘʥʥʝʡ ʩʪʘʜʠʠ 

ʩʥʠʞʘʝʪ ʠʥʛʠʙʠʨʫʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʤʠʢ-
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ʨʦʙʠʦʪʫ, ʪʝʤ ʩʘʤʳʤ ʫʩʠʣʠʚʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʙʠʦʜʝʛʨʘʜʘʮʠʠ. 

ʉʦʛʣʘʩʥʦ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʩʭʝʤʝ, ʩʠʥʝʨʛʝ-

ʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʧʨʦʷʚʣʷʝʪʩʷ ʚʦ ʚʟʘʠʤʥʦʤ 

ʫʩʠʣʝʥʠʠ ʪʨʸʭ ʧʨʦʮʝʩʩʦʚ: ʩʦʨʙʮʠʷ ʧʦʚʳʰʘʝʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʟʘ ʟʘ ʩʯʸʪ ʢʦʥʮʝʥʪʨʘʮʠ-

ʦʥʥʦʛʦ ʵʬʬʝʢʪʘ, ʢʘʪʘʣʠʟ ʦʙʣʝʛʯʘʝʪ ʙʠʦʪʨʘʥʩ-

ʬʦʨʤʘʮʠʶ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʘ ʙʠ-

ʦʜʝʛʨʘʜʘʮʠʷ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʥʘʢʦʧʣʝʥʠʝ ʧʨʦ-

ʤʝʞʫʪʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʝʛʝ-

ʥʝʨʘʮʠʠ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʧʦʚʝʨʭʥʦʩʪʠ. ʊʘ-

ʢʘʷ ʢʦʦʨʜʠʥʘʮʠʷ ʤʝʭʘʥʠʟʤʦʚ ʧʨʠʚʦʜʠʪ ʢ 

ʫʩʪʦʡʯʠʚʦʤʫ ʩʥʠʞʝʥʠʶ ʪʦʢʩʠʯʥʦʩʪʠ ʠ ʦʙʝʩ-

ʧʝʯʠʚʘʝʪ ʢʦʤʧʣʝʢʩʥʫʶ ʨʝʤʝʜʠʘʮʠʶ ʚʦʜʥʦʡ 

ʵʢʦʩʠʩʪʝʤʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʥʞʝʥʝʨʥʘʷ ʤʦʜʝʣʴ, ʧʨʝʜ-

ʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 1, ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ 

ʙʠʦʨʘʟʣʘʛʘʝʤʳʡ ʢʦʤʧʦʟʠʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ 

ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʢʘʢ ʤʥʦʛʦʩʪʘʜʠʡʥʘʷ ʨʝʘʢʮʠ-

ʦʥʥʦ-ʩʦʨʙʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʩ ʵʣʝʤʝʥʪʘʤʠ ʙʠʦ-

ʢʘʪʘʣʠʟʘ. ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʜʘʥʥʦʛʦ 

ʧʦʜʭʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʤʘʩʰʪʘ-

ʙʠʨʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʠ ʘʜʘʧʪʘʮʠʠ ʧʘʨʘʤʝʪ-

ʨʦʚ ʤʘʪʝʨʠʘʣʘ ʢ ʢʦʥʢʨʝʪʥʳʤ ʛʠʜʨʦʭʠʤʠʯʝ-

ʩʢʠʤ ʫʩʣʦʚʠʷʤ, ʯʪʦ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ ʧʝʨʝ-

ʭʦʜ ʦʪ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢ ʧʨʦ-

ʤʳʰʣʝʥʥʦʤʫ ʚʥʝʜʨʝʥʠʶ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟ-

ʦʧʘʩʥʳʭ ʨʝʰʝʥʠʡ ʦʯʠʩʪʢʠ ʚʦʜʳ. 

ʄʝʭʘʥʠʟʤʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠ ʦʧʪʠʤʠʟʘ-

ʮʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʯʠʩʪʢʠ 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʤʝʜʠʘʮʠʠ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʟʘʛʨʷʟʥʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʦʨʘʟʣʘʛʘʝ-

ʤʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʧʨʝʜʝʣʷ-

ʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʥʘʣʠʯʠʝʤ ʩʦʨʙʮʠʦʥʥʦ-

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟʤʦʚ, 

ʥʦ ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʭ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʨʝ-

ʛʫʣʠʨʦʚʘʥʠʷ. ɺ ʠʥʞʝʥʝʨʥʦʡ ʧʨʘʢʪʠʢʝ ʦʧʪʠ-

ʤʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʦʯʠʩʪʢʠ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʫʧʨʘʚʣʝʥʠʝ ʩʪʨʫʢʪʫʨʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʤʘʪʝ-

ʨʠʘʣʘ, ʢʦʥʪʨʦʣʴ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ ʬʫʥʢʮʠʦ-

ʥʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʫʯʸʪ ʢʠʥʝʪʠʯʝʩʢʠʭ ʠ ʪʝʨ-

ʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʨʦʪʝʢʘʶ-

ʱʠʭ ʧʨʦʮʝʩʩʦʚ. ʉʠʩʪʝʤʥʳʡ ʧʦʜʭʦʜ ʢ ʨʝʛʫʣʠ-

ʨʦʚʘʥʠʶ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʨʘʙʦʪʳ ʤʘʪʝʨʠʘʣʘ, ʫʚʝʣʠʯʠʪʴ ʩʪʝʧʝʥʴ ʫʜʘʣʝ-

ʥʠʷ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʠ ʦʙʝʩʧʝʯʠʪʴ ʧʨʝʜʩʢʘʟʫʝ-

ʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʘ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʣʴʥʳʭ ʚʦʜʥʳʭ 

ʦʙʲʝʢʪʦʚ [3]. 

ʋʧʨʘʚʣʝʥʠʝ ʩʪʨʫʢʪʫʨʦʡ ʤʘʪʝʨʠʘʣʘ ʷʚʣʷʝʪʩʷ 

ʧʝʨʚʠʯʥʳʤ ʫʨʦʚʥʝʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ. ʀʟʤʝʥʝ-

ʥʠʝ ʩʦʩʪʘʚʘ ʤʘʪʨʠʮʳ ʧʦʟʚʦʣʷʝʪ ʚʘʨʴʠʨʦʚʘʪʴ 

ʤʝʭʘʥʠʯʝʩʢʫʶ ʧʨʦʯʥʦʩʪʴ, ʛʠʜʨʦʬʠʣʴʥʦʩʪʴ ʠ 

ʩʢʦʨʦʩʪʴ ʙʠʦʜʝʛʨʘʜʘʮʠʠ. ʅʘʧʨʠʤʝʨ, ʫʚʝʣʠʯʝ-

ʥʠʝ ʜʦʣʠ ʛʠʜʨʦʬʠʣʴʥʳʭ ʧʦʣʠʤʝʨʦʚ ʩʧʦʩʦʙ-

ʩʪʚʫʝʪ ʫʩʠʣʝʥʠʶ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʚ ʚʦʜʥʦʡ ʬʘ-

ʟʝ, ʪʦʛʜʘ ʢʘʢ ʧʦʚʳʰʝʥʠʝ ʩʪʝʧʝʥʠ ʢʨʠʩʪʘʣʣʠʯ-

ʥʦʩʪʠ ʧʦʣʠʵʬʠʨʥʳʭ ʤʘʪʨʠʮ ʟʘʤʝʜʣʷʝʪ ʠʭ ʛʠʜ-

ʨʦʣʠʪʠʯʝʩʢʦʝ ʨʘʟʨʫʰʝʥʠʝ ʠ ʧʨʦʜʣʝʚʘʝʪ ʩʨʦʢ 

ʩʣʫʞʙʳ ʤʘʪʝʨʠʘʣʘ. ɺʚʝʜʝʥʠʝ ʩʦʧʦʣʠʤʝʨʦʚ 

ʠʣʠ ʧʣʘʩʪʠʬʠʢʘʪʦʨʦʚ ʤʦʞʝʪ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ 

ʵʣʘʩʪʠʯʥʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʛʠʜʨʦʜʠʥʘʤʠ-

ʯʝʩʢʠʤ ʥʘʛʨʫʟʢʘʤ. 

ʄʦʜʠʬʠʢʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʧʨʘʚʣʝʥʘ ʥʘ 

ʧʦʚʳʰʝʥʠʝ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʠ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ. ʌʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ 

ʢʘʨʙʦʢʩʠʣʴʥʳʤʠ, ʘʤʠʥʥʳʤʠ ʠʣʠ ʩʫʣʴʬʦʛʨʫʧ-

ʧʘʤʠ ʫʚʝʣʠʯʠʚʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʘʢʪʠʚʥʳʭ ʮʝʥ-

ʪʨʦʚ ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ. ʅʘʥʦ-

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʨʦʩʪʫ ʫʜʝʣʴʥʦʡ ʧʣʦʱʘʜʠ ʢʦʥʪʘʢʪʘ ʠ ʩʥʠʞʝ-

ʥʠʶ ʜʠʬʬʫʟʠʦʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ. ɺʢʣʶʯʝʥʠʝ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʯʘʩʪʠʮ ʚ ʧʦʚʝʨʭ-

ʥʦʩʪʥʳʡ ʩʣʦʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʣʦʢʘʣʠʟʘʮʠʶ ʨʝ-

ʘʢʮʠʡ ʦʢʠʩʣʝʥʠʷ ʠ ʫʤʝʥʴʰʘʝʪ ʧʦʪʝʨʠ ʘʢʪʠʚ-

ʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʨʘʟʤʝʨʘ ʧʦʨ ʷʚʣʷʝʪʩʷ ʢʣʶ-

ʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʦʧʪʠʤʠʟʘʮʠʠ ʤʘʩʩʦʧʝʨʝʥʦʩʘ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʤʠʢʨʦ- ʠ ʤʝʟʦʧʦʨʠʩʪʦʡ ʩʪʨʫʢ-

ʪʫʨʳ ʧʦʟʚʦʣʷʝʪ ʘʜʘʧʪʠʨʦʚʘʪʴ ʤʘʪʝʨʠʘʣ ʢ ʫʜʘ-

ʣʝʥʠʶ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʨʘʟʣʠʯʥʦʛʦ ʤʦʣʝʢʫʣʷʨ-

ʥʦʛʦ ʨʘʟʤʝʨʘ. ʄʝʣʢʦʧʦʨʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ ʵʬ-

ʬʝʢʪʠʚʥʘ ʜʣʷ ʬʠʢʩʘʮʠʠ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ, ʪʦʛʜʘ 

ʢʘʢ ʨʘʟʚʠʪʘʷ ʤʝʟʦʧʦʨʠʩʪʦʩʪʴ ʦʙʣʝʛʯʘʝʪ ʜʠʬ-

ʬʫʟʠʶ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʫʩʣʦʚʠʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʠʦʧʣʸʥʦʢ. ʂʦʥ-

ʪʨʦʣʠʨʫʝʤʘʷ ʧʦʨʠʩʪʦʩʪʴ ʪʘʢʞʝ ʚʣʠʷʝʪ ʥʘ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʝ ʧʦʪʦʢʦʚ ʚ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ 

ʦʯʠʩʪʢʠ. 

ʅʘʨʷʜʫ ʩʦ ʩʪʨʫʢʪʫʨʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩʫ-

ʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʶʪ ʚʥʝʰʥʠʝ ʬʘʢ-

ʪʦʨʳ ʩʨʝʜʳ. ɿʥʘʯʝʥʠʝ pH ʦʧʨʝʜʝʣʷʝʪ ʟʘʨʷʜ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʠ ʩʪʝʧʝʥʴ ʜʠʩʩʦʮʠʘ-

ʮʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ, ʯʪʦ ʥʘʧʨʷʤʫʶ 

ʚʣʠʷʝʪ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʠ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ. ɺ ʢʠʩʣʦʡ ʩʨʝʜʝ ʧʦ-

ʚʳʰʘʝʪʩʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʥʝʢʦʪʦʨʳʭ ʤʝʪʘʣʣʦʚ, 

ʪʦʛʜʘ ʢʘʢ ʚ ʱʝʣʦʯʥʦʡ ï ʫʩʠʣʠʚʘʝʪʩʷ ʛʠʜʨʦʣʠʟ 

ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ. ʆʧʪʠʤʘʣʴʥʳʡ ʜʠʘʧʘʟʦʥ 

pH ʧʦʜʙʠʨʘʝʪʩʷ ʩ ʫʯʸʪʦʤ ʩʧʝʮʠʬʠʢʠ ʟʘʛʨʷʟ-

ʥʝʥʠʷ ʠ ʩʦʩʪʘʚʘ ʢʦʤʧʦʟʠʪʘ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʢʠʥʝʪʠʢʫ 

ʩʦʨʙʮʠʦʥʥʳʭ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, 

ʫʚʝʣʠʯʠʚʘʷ ʩʢʦʨʦʩʪʴ ʜʠʬʬʫʟʠʠ ʠ ʨʝʘʢʮʠʡ ʧʨʠ 

ʝʸ ʧʦʚʳʰʝʥʠʠ. ʆʜʥʘʢʦ ʯʨʝʟʤʝʨʥʦʝ ʥʘʛʨʝʚʘ-
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ʥʠʝ ʤʦʞʝʪ ʫʩʢʦʨʷʪʴ ʜʝʛʨʘʜʘʮʠʶ ʧʦʣʠʤʝʨʥʦʡ 

ʤʘʪʨʠʮʳ ʠ ʩʥʠʞʘʪʴ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ. 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʦʧʨʝʜʝʣʷʝʪ ʩʪʝ-

ʧʝʥʴ ʥʘʩʳʱʝʥʠʷ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʠ ʚʣʠʷʝʪ 

ʥʘ ʭʘʨʘʢʪʝʨ ʠʟʦʪʝʨʤ ʘʜʩʦʨʙʮʠʠ. ʇʨʠ ʚʳʩʦʢʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʚʦʟʤʦʞʥʦ ʧʨʦʷʚʣʝʥʠʝ ʢʦʥʢʫ-

ʨʝʥʪʥʳʭ ʵʬʬʝʢʪʦʚ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʢʦʤʧʦ-

ʥʝʥʪʘʤʠ ʟʘʛʨʷʟʥʝʥʠʷ. 

ɻʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, ʚʢʣʶʯʘʷ ʩʢʦ-

ʨʦʩʪʴ ʧʦʪʦʢʘ ʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʴ, ʦʢʘʟʳʚʘʶʪ 

ʚʣʠʷʥʠʝ ʥʘ ʪʦʣʱʠʥʫ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʩʣʦʷ ʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʤʘʩʩʦʧʝʨʝʥʦʩʘ. ɺ ʧʨʦʪʦʯʥʳʭ 

ʩʠʩʪʝʤʘʭ ʧʦʚʳʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʩʥʠʞʘ-

ʝʪ ʚʥʝʰʥʠʝ ʜʠʬʬʫʟʠʦʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ, ʥʦ 

ʤʦʞʝʪ ʫʚʝʣʠʯʠʚʘʪʴ ʤʝʭʘʥʠʯʝʩʢʫʶ ʥʘʛʨʫʟʢʫ 

ʥʘ ʤʘʪʝʨʠʘʣ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ 

ʦʯʠʩʪʥʳʭ ʫʩʪʘʥʦʚʦʢ ʪʨʝʙʫʝʪ ʙʘʣʘʥʩʘ ʤʝʞʜʫ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʢʦʥʪʘʢʪʘ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴʶ 

ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʦʟʠʪʘ. 

ʂʠʥʝʪʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʧʨʦʮʝʩʩʘ ʦʪʨʘʞʘʶʪ 

ʚʨʝʤʝʥʥʫʶ ʜʠʥʘʤʠʢʫ ʫʜʘʣʝʥʠʷ ʟʘʛʨʷʟʥʠʪʝʣʝʡ. 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʩʦʨʙʮʠʠ ʯʘʩʪʦ ʧʨʠʤʝʥʷʶʪʩʷ 

ʤʦʜʝʣʠ ʧʩʝʚʜʦʧʝʨʚʦʛʦ ʠ ʧʩʝʚʜʦʚʪʦʨʦʛʦ ʧʦ-

ʨʷʜʢʘ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʮʝʥʠʪʴ ʩʢʦʨʦʩʪʴ ʜʦʩʪʠ-

ʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʠ ʦʧʨʝʜʝʣʠʪʴ ʣʠʤʠʪʠʨʫʶ-

ʱʫʶ ʩʪʘʜʠʶ ʧʨʦʮʝʩʩʘ. ʂʘʪʘʣʠʪʠʯʝʩʢʠʝ ʨʝʘʢ-

ʮʠʠ ʧʦʜʯʠʥʷʶʪʩʷ ʟʘʢʦʥʘʤ ʭʠʤʠʯʝʩʢʦʡ ʢʠʥʝ-

ʪʠʢʠ, ʛʜʝ ʚʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʨʝʘʛʝʥʪʦʚ ʠ ʥʘʣʠʯʠʝ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ. ɹʠʦ-

ʣʦʛʠʯʝʩʢʘʷ ʜʝʛʨʘʜʘʮʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʘʚʠ-

ʩʠʤʦʩʪʴʶ ʩʢʦʨʦʩʪʠ ʧʨʦʮʝʩʩʘ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʩʫʙʩʪʨʘʪʘ ʠ ʘʢʪʠʚʥʦʩʪʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. 

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʚʢʣʶʯʘʷ 

ʠʟʤʝʥʝʥʠʷ ʵʥʪʘʣʴʧʠʠ, ʵʥʪʨʦʧʠʠ ʠ ʩʚʦʙʦʜʥʦʡ 

ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ, ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʩʧʦʥʪʘʥ-

ʥʦʩʪʴ ʠ ʭʘʨʘʢʪʝʨ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʟʘʛʨʷʟʥʠʪʝ-

ʣʷ ʩ ʤʘʪʝʨʠʘʣʦʤ. ʕʢʟʦʪʝʨʤʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ 

ʩʦʨʙʮʠʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʬʠ-

ʟʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʪʦʛʜʘ ʢʘʢ ʵʥʜʦʪʝʨ-

ʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʤʦʛʫʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ 

ʦ ʭʠʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʝ ʩʚʷʟʳʚʘʥʠʷ. ʂʦʤ-

ʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ ʢʠʥʝʪʠʢʠ ʠ ʪʝʨʤʦʜʠʥʘʤʠʢʠ 

ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫ-

ʘʪʘʮʠʠ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʤʘʪʝʨʠ-

ʘʣʘ ʚ ʜʣʠʪʝʣʴʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ. 

ʇʝʨʩʧʝʢʪʠʚʳ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ 

ʩʚʷʟʘʥʳ ʩ ʧʝʨʝʭʦʜʦʤ ʦʪ ʣʘʙʦʨʘʪʦʨʥʳʭ ʦʙʨʘʟ-

ʮʦʚ ʢ ʧʨʦʤʳʰʣʝʥʥʳʤ ʤʦʜʫʣʷʤ ʦʯʠʩʪʢʠ. ɼʣʷ 

ʵʪʦʛʦ ʪʨʝʙʫʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʬʦʨʤ ʢʦʤʧʦʟʠʪʦʚ, 

ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʬʠʣʴʪʨʫʶ-

ʱʠʭ ʢʘʨʪʨʠʜʞʘʭ, ʨʝʘʢʪʦʨʘʭ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ 

ʠʣʠ ʥʝʧʨʝʨʳʚʥʦʛʦ ʜʝʡʩʪʚʠʷ, ʘ ʪʘʢʞʝ ʚ ʤʦ-

ʙʠʣʴʥʳʭ ʫʩʪʘʥʦʚʢʘʭ ʜʣʷ ʣʦʢʘʣʴʥʦʡ ʦʯʠʩʪʢʠ. 

ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʦʮʝʥʢʘ ʜʦʣʛʦʚʝʯʥʦʩʪʠ, 

ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʛʝʥʝʨʘʮʠʠ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ɺʥʝʜʨʝʥʠʝ ʧʦʜʦʙʥʳʭ ʤʘʪʝʨʠ-

ʘʣʦʚ ʚ ʧʨʠʨʦʜʦʦʭʨʘʥʥʫʶ ʧʨʘʢʪʠʢʫ ʜʦʣʞʥʦ 

ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʤʦʥʠʪʦʨʠʥ-

ʛʦʤ, ʦʮʝʥʢʦʡ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʠ ʘʥʘʣʠʟʦʤ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʨʠʩʢʦʚ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʚʪʦ-

ʨʠʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʨʘʟʣʦʞʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʠ ʦʧʪʠʤʠ-

ʟʘʮʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʯʠʩʪʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʤʥʦʛʦʫʨʦʚʥʝʚʳʡ ʧʨʦʮʝʩʩ, ʚʢʣʶʯʘʶʱʠʡ 

ʫʧʨʘʚʣʝʥʠʝ ʩʪʨʫʢʪʫʨʦʡ ʤʘʪʝʨʠʘʣʘ, ʘʜʘʧʪʘʮʠʶ 

ʢ ʚʥʝʰʥʠʤ ʫʩʣʦʚʠʷʤ ʠ ʫʯʸʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʢʠʥʝʪʠʢʠ ʠ ʪʝʨʤʦʜʠʥʘʤʠʢʠ. 

ʂʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʩʪʦʡʯʠ-

ʚʦʩʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʙʠʦʨʘʟʣʘʛʘʝʤʳʭ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʠ ʩʦʟʜʘʸʪ ʧʨʝʜʧʦ-

ʩʳʣʢʠ ʜʣʷ ʠʭ ʫʩʧʝʰʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʩʦʚʨʝ-

ʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ ʟʘʱʠʪʳ ʚʦʜʥʳʭ ʵʢʦʩʠ-

ʩʪʝʤ. 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ 

ʩʠʩʪʝʤʥʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʤʝʭʘʥʠʟʤʳ ʩʠ-

ʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʙʠʦʨʘʟʣʘʛʘʝʤʳʭ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʨʝʤʝʜʠʘʮʠʠ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʜʥʦʡ ʩʨʝʜʳ ʠ 

ʦʙʦʩʥʦʚʘʥʳ ʧʦʜʭʦʜʳ ʢ ʨʝʛʫʣʠʨʦʚʘʥʠʶ ʠ ʦʧ-

ʪʠʤʠʟʘʮʠʠ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʇʨʦʚʝʜʸʥʥʳʡ 

ʪʝʦʨʝʪʠʢʦ-ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʠʣ 

ʨʘʩʩʤʦʪʨʝʪʴ ʜʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʝ ʢʘʢ ʩʦʚʦ-

ʢʫʧʥʦʩʪʴ ʦʪʜʝʣʴʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʢʦʤʧʦ-

ʥʝʥʪʦʚ, ʘ ʢʘʢ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʤʥʦʛʦʫʨʦʚʥʝ-

ʚʳʝ ʩʠʩʪʝʤʳ, ʚ ʢʦʪʦʨʳʭ ʩʦʨʙʮʠʦʥʥʳʝ, ʢʘʪʘ-

ʣʠʪʠʯʝʩʢʠʝ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚʟʘʠ-

ʤʦʩʚʷʟʘʥʳ ʠ ʬʦʨʤʠʨʫʶʪ ʝʜʠʥʳʡ ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʠʡ ʮʠʢʣ ʦʯʠʩʪʢʠ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʪʨʫʢʪʫʨʥʦ-

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʦʟʠʪʦʚ, 

ʚʢʣʶʯʘʷ ʪʠʧ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ, ʧʨʠʨʦʜʫ ʠ 

ʜʠʩʧʝʨʩʥʦʩʪʴ ʥʘʧʦʣʥʠʪʝʣʝʡ, ʧʦʨʠʩʪʦʩʪʴ ʠ 

ʭʠʤʠʯʝʩʢʫʶ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʶ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʦʧʨʝʜʝʣʷʶʪ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʦʜʥʦʚʨʝʤʝʥʥʦ-

ʤʫ ʫʜʘʣʝʥʠʶ ʪʷʞʸʣʳʭ ʤʝʪʘʣʣʦʚ ʠ ʦʨʛʘʥʠʯʝ-

ʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʘʜʩʦʨʙʮʠʦʥ-

ʥʳʝ ʤʝʭʘʥʠʟʤʳ (ʠʦʥʥʳʡ ʦʙʤʝʥ, ʢʦʤʧʣʝʢʩʦ-

ʦʙʨʘʟʦʚʘʥʠʝ, ˊḯ  ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ) ʦʙʝʩʧʝʯʠ-

ʚʘʶʪ ʧʝʨʚʠʯʥʫʶ ʬʠʢʩʘʮʠʶ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʝʘʢʮʠʦʥʥʦ-ʘʢʪʠʚʥʦʡ ʟʦʥʳ, 

ʪʦʛʜʘ ʢʘʢ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʠ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝ-

ʩʢʠʝ ʧʨʦʮʝʩʩʳ ʩʧʦʩʦʙʩʪʚʫʶʪ ʜʝʩʪʨʫʢʮʠʠ 

ʫʩʪʦʡʯʠʚʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ. ɹʠʦʣʦʛʠ-
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ʯʝʩʢʠʡ ʢʦʤʧʦʥʝʥʪ ʫʩʠʣʠʚʘʝʪ ʛʣʫʙʠʥʫ ʦʯʠʩʪʢʠ 

ʟʘ ʩʯʸʪ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʨʦ-

ʜʫʢʪʦʚ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦ-

ʷʥʠʷ ʩʨʝʜʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʡ 

ʵʬʬʝʢʪ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʠ ʧʘ-

ʨʘʣʣʝʣʴʥʦʤ ʫʩʠʣʝʥʠʠ ʧʨʦʮʝʩʩʦʚ ʩʦʨʙʮʠʠ, ʢʘ-

ʪʘʣʠʟʘ ʠ ʙʠʦʜʝʛʨʘʜʘʮʠʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦ-

ʣʝʝ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʨʝʤʝʜʠʘʮʠʠ ʧʦ ʩʨʘʚʥʝ-

ʥʠʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ. 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʚ ʨʘʙʦʪʝ ʫʜʝʣʝʥʦ ʤʝʭʘ-

ʥʠʟʤʘʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʯʠʩʪ-

ʢʠ. ɼʦʢʘʟʘʥʦ, ʯʪʦ ʫʧʨʘʚʣʝʥʠʝ ʩʦʩʪʘʚʦʤ ʤʘʪ-

ʨʠʮʳ, ʤʦʜʠʬʠʢʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʢʦʥʪʨʦʣʴ 

ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʟʚʦʣʷʶʪ ʘʜʘʧʪʠʨʦʚʘʪʴ 

ʤʘʪʝʨʠʘʣ ʢ ʢʦʥʢʨʝʪʥʳʤ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʤ 

ʫʩʣʦʚʠʷʤ. ɺʣʠʷʥʠʝ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ 

ʢʘʢ pH, ʪʝʤʧʝʨʘʪʫʨʘ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʟʘʛʨʷʟʥʠ-

ʪʝʣʝʡ ʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʨʝʞʠʤ, ʨʘʩʩʤʘʪ-

ʨʠʚʘʝʪʩʷ ʢʘʢ ʢʣʶʯʝʚʦʡ ʵʣʝʤʝʥʪ ʦʧʪʠʤʠʟʘʮʠʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ɸʥʘʣʠʟ ʢʠʥʝʪʠ-

ʯʝʩʢʠʭ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʟ-

ʚʦʣʠʣ ʦʧʨʝʜʝʣʠʪʴ ʫʩʣʦʚʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʩʧʦʥʪʘʥʥʦʩʪʴ ʧʨʦʪʝʢʘʶʱʠʭ 

ʨʝʘʢʮʠʡ, ʘ ʪʘʢʞʝ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʜʦʣʛʦʚʨʝ-

ʤʝʥʥʦʝ ʧʦʚʝʜʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʚ ʧʨʠʨʦʜʥʦʡ 

ʩʨʝʜʝ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʩʬʦʨ-

ʤʫʣʠʨʦʚʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʙʠʦʨʘʟʣʘʛʘʝʤʳʝ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʦʙʣʘʜʘʶʪ ʚʳʩʦ-

ʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʚ ʪʝʭʥʦʣʦʛʠʷʭ ʢʦʤʧʣʝʢʩʥʦʡ 

ʦʯʠʩʪʢʠ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ. ʀʭ ʧʨʝʠʤʫʱʝʩʪʚʦ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʠʥʪʝʛʨʘʮʠʠ ʥʝ-

ʩʢʦʣʴʢʠʭ ʤʝʭʘʥʠʟʤʦʚ ʫʜʘʣʝʥʠʷ ʟʘʛʨʷʟʥʠʪʝʣʝʡ 

ʚ ʨʘʤʢʘʭ ʝʜʠʥʦʡ ʩʠʩʪʝʤʳ ʩ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ 

ʜʝʛʨʘʜʘʮʠʝʡ ʠ ʤʠʥʠʤʘʣʴʥʳʤ ʵʢʦʣʦʛʠʯʝʩʢʠʤ 

ʨʠʩʢʦʤ. ʇʨʝʜʣʦʞʝʥʥʘʷ ʢʦʥʮʝʧʪʫʘʣʴʥʘʷ ʤʦ-

ʜʝʣʴ ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʠ ʨʘʟʨʘʙʦ-

ʪʘʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʨʝʛʫʣʠʨʦʚʘʥʠʶ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʠ ʩʦʟʜʘʶʪ ʥʘʫʯʥʫʶ ʦʩʥʦʚʫ ʜʣʷ ʜʘʣʴʥʝʡ-

ʰʝʛʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝ-

ʨʠʘʣʦʚ ʠ ʠʭ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʚ ʧʨʠʨʦʜʦ-

ʦʭʨʘʥʥʦʡ ʧʨʘʢʪʠʢʝ. 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ʂʘʟʙʫʣʘʪʦʚʘ ɻ.ʄ., ʄʠʯʫʨʠʥ ʉ.ɺ., ʂʘʨʘʤʦʚʘ ɸ.ʄ. ɻʝʦʵʢʦʣʦʛʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ ʧʦ-

ʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ɸʚʟʷʥʩʢʦʛʦ ʟʦʣʦʪʦʨʫʜʥʦʛʦ ʨʘʡʦʥʘ ʈʝʩʧʫʙʣʠʢʠ ɹʘʰʢʦʨʪʦʩʪʘʥ // ʀʟʚʝʩʪʠʷ ʊʦʤ-

ʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ʀʥʞʠʥʠʨʠʥʛ ʛʝʦʨʝʩʫʨʩʦʚ. ï 2022. ï ʊ. 333, ˉ 8. ï ʉ. 139-

152. 

2. ʐʫʤʠʣʦʚʘ ʄ.ɸ., ʉʫʢʩʠʥ ʅ.ɽ. ʊʝʭʥʦʣʦʛʠʷ ʧʨʦʮʝʩʩʘ ʫʪʠʣʠʟʘʮʠʠ ʦʪʭʦʜʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʦʨʛʘ-

ʥʠʯʝʩʢʠʝ ʢʦʤʧʦʥʝʥʪʳ // ʍʠʤʠʯʝʩʢʘʷ ʬʠʟʠʢʘ ʠ ʤʝʟʦʩʢʦʧʠʷ. ï 2023. ï ʊ. 25, ˉ 3. ï ʉ. 425-433. 

3. ʉʘʣʠʱʝʚʘ ʆ.ɺ., ɺʦʨʦʰʠʣʠʥ ʈ.ɸ. ʆʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʘʜʩʦʨʙʮʠʠ ʜʦ ʙʠʦʨʝʤʝʜʠʘ-

ʮʠʠ: ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʦʯʠʩʪʢʠ ʧʨʠʨʦʜʥʳʭ ʚʦʜ ʦʪ ʟʘʛʨʷʟʥʠʪʝʣʝʡ // ʀʟʚʝʩʪʠʷ ʉʘʨʘʪʦʚʩʢʦ-

ʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ʅʦʚʘʷ ʩʝʨʠʷ. ʉʝʨʠʷ: ʍʠʤʠʷ. ɹʠʦʣʦʛʠʷ. ʕʢʦʣʦʛʠʷ. ï 2025. ï ʊ. 25, ˉ 2. ï ʉ. 205-

234. 

4. ɸʥʠʢʝʝʚʘ ʂ.ɻ., ʉʘʬʠʥ ʈ.ʈ. ʆʙʟʦʨ ʩʚʦʡʩʪʚ ʜʨʝʚʝʩʥʦ-ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʙʠʦ-

ʨʘʟʣʘʛʘʝʤʳʭ ʧʦʣʠʤʝʨʦʚ // ʉʠʩʪʝʤʳ. ʄʝʪʦʜʳ. ʊʝʭʥʦʣʦʛʠʠ. ï 2023. ï  ̄4 (60). ï ʉ. 160-169. 

5. ʂʦʨʥʠʣʦʚ ʂ.ʅ., ʈʦʝʚʘ ʅ.ʅ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʠʥʝʪʠʢʠ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʙʠʦʧʣʘʩʪʠ-

ʢʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ ʢʨʘʭʤʘʣʘ ʪʘʧʠʦʢʠ // Health, Food & Biotechnology. ï 2023. ï ʊ. 5, ˉ 3. ï ʉ. 37-

50. 

6. ʄʠʥʢʠʥʘ ʊ.ʄ., ɹʘʫʵʨ ʊ.ɺ., ʊʠʤʦʬʝʝʚʘ ɸ.ɻ. ʠ ʜʨ. ʉʦʧʠʨʦʣʠʟ ʦʩʘʜʢʘ ʩʪʦʯʥʳʭ ʚʦʜ ʠ ʣʠʛʥʠʥ-

ʩʦʜʝʨʞʘʱʝʡ ʙʠʦʤʘʩʩʳ ʢʘʢ ʫʩʪʦʡʯʠʚʘʷ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦ-

ʜʦʚ // ɸʢʪʫʘʣʴʥʘʷ ʙʠʦʪʝʭʥʦʣʦʛʠʷ. ï 2024. ï  ̄2. ï ʉ. 31-35. 

7. ʏʞʦʫ ɺ.ʈ., ɹʘʢʠʥʘ ʆ.ɺ., ʉʫʣʠʟ ʂ.ɺ. ʠ ʜʨ. ɹʠʢʦʤʧʦʥʝʥʪʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ TiOïAg ʩ ʜʚʦʡʥʳʤ 

ʛʝʪʝʨʦʧʝʨʝʭʦʜʦʤ ʜʣʷ ʬʦʪʦʭʠʤʠʯʝʩʢʦʡ ʠ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʡ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ // ʇʝʨʩʧʝʢʪʠʚ-

ʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʤʘʪʝʨʠʘʣʳ: ʤʘʪʝʨʠʘʣʳ ʥʘʫʯ. ʢʦʥʬ. ï 2022. ï ʉ. 102-105. 

8. ʂʦʨʤʦʰ ɽ.ɺ., ɸʣʷʙʴʝʚʘ ʊ.ʄ. ʈʘʟʨʘʙʦʪʢʘ ʵʬʬʝʢʪʠʚʥʳʭ ʩʦʨʙʮʠʦʥʥʦ-ʘʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʜʣʷ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʦʪ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ // ʋʩʧʝʭʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʝʩʪʝʩʪʚʦʟʥʘʥʠʷ. ï 2016. ï 

 ̄5. ï ʉ. 20-24. 

9. OôMalley L.P. Evaluation and modification of the OECD 301F respirometry biodegradation test 

method with regard to test substance concentration and inoculum // Water, Air, and Soil Pollution. ï 

2006. ï Vol. 177, ˉ 1. ï P. 251-265. 

 

 



156 

- ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ - 

 

International Journal of Humanities and Natural Sciences, vol. 3-2 (114), 2026 

MECHANISMS OF SYNERGISTIC ACTION AND REGULATION IN THE APPLICATION 

OF BIODEGRADABLE COMPOSITE MATERIALS FOR THE REMEDIATION  

OF COMPLEX WATER POLLUTION  

 

Zhang Heng1, Master 

Jin Liyu 2, Postgraduate Student 

I.V. Skopintsev2, Candidate of Technical Sciences, Professor 
1Belgorod State National Research University 
2Moscow Polytechnic University 
1(Russia, Belgorod) 
2(Russia, Moscow) 

 

Abstract. The article examines the mechanisms of synergistic action of biodegradable composite ma-

terials in the remediation of complex water pollution. An analysis of the structural and functional char-

acteristics of composites, including polymer matrices and functional fillers, is presented. Adsorptive, 

catalytic, and biological mechanisms governing their interaction with heavy metals and organic pollu-

tants are discussed. Approaches to regulating remediation efficiency through structural modification of 

materials and control of external operating conditions are substantiated. It is demonstrated that the in-

tegration of adsorption, catalysis, and biodegradation ensures sustainable toxicity reduction and en-

hances the overall effectiveness of comprehensive water ecosystem remediation. 

Keywords: biodegradable composite materials; complex pollution; water remediation; synergistic 

effect; adsorption and catalysis; environmental safety. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʠʥʮʠʧʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠ-

ʤʝʥʝʥʠʝ ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʣʸʪʥʳʭ ʜʘʥʥʳʭ (FDM ï Flight Data Monitoring, ʠʣʠ FOQA ï 

Flight Operational Quality Assurance) ʢʘʢ ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʘʚʠʘʮʠʦʥʥʳʭ ʠʥʮʠʜʝʥ-

ʪʦʚ ʥʘ ʵʪʘʧʝ ʧʦʩʘʜʢʠ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʥʦʨʤʘʪʠʚʥʘʷ ʙʘʟʘ ʧʨʠʤʝʥʝʥʠʷ FDM ʚ ʈʦʩʩʠʠ ʠ ʜʦʢʫ-

ʤʝʥʪʘʭ ʀʂɸʆ. ʉʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ ʢʦʥʪʨʦʣʠʨʫʝʤʳʝ ʧʘʨʘʤʝʪʨʳ ʠ ʧʦʨʦʛʦʚʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʧʦ-

ʩʘʜʦʯʥʦʛʦ ʩʝʛʤʝʥʪʘ ʧʦʣʸʪʘ. ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʠʥʪʝʛʨʘʣʴʥʦʡ ʦʮʝʥʢʠ ʨʠʩʢʘ ʧʦʩʘʜʦʯʥʦʛʦ 

ʩʦʙʳʪʠʷ ʥʘ ʦʩʥʦʚʝ ʠʥʜʝʢʩʘ ʨʠʩʢʘ ʧʦʩʘʜʢʠ (ʀʈʇ), ʘʛʨʝʛʠʨʫʶʱʝʛʦ ʨʘʟʥʦʨʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ FDM 

ʩ ʫʯʸʪʦʤ ʠʭ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʛʦ ʚʢʣʘʜʘ ʚ ʨʠʩʢ ʠʥʮʠʜʝʥʪʘ. ʈʘʩʩʤʦʪʨʝʥʘ ʠʥʪʝʛʨʘʮʠʷ ʜʘʥʥʳʭ 

FDM ʩ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʧʦʣʸʪʦʚ ʘʚʠʘʢʦʤʧʘʥʠʠ. ɺʳʷʚʣʝʥʳ ʦʛʨʘʥʠʯʝʥʠʷ ʠ 

ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʣʸʪʥʳʭ ʜʘʥʥʳʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʥʠʪʦʨʠʥʛ ʧʦʣʸʪʥʳʭ ʜʘʥʥʳʭ; FDM; FOQA; ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʦʣʸʪʦʚ; ʧʦʩʘ-

ʜʦʯʥʳʝ ʠʥʮʠʜʝʥʪʳ; ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʴʶ; ʧʘʨʘʤʝʪʨʳ ʧʦʩʘʜʢʠ; ʧʨʝʚʝʥʪʠʚʥʘʷ 

ʙʝʟʦʧʘʩʥʦʩʪʴ. 

 

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ ʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʫʪʚʝʨʞʜʘʝʪʩʷ ʧʝʨʝʭʦʜ ʦʪ ʨʝʘʢ-

ʪʠʚʥʦʡ ʧʘʨʘʜʠʛʤʳ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʧʦʣʸʪʦʚ ï ʨʘʩʩʣʝʜʦʚʘʥʠʷ ʫʞʝ ʧʨʦʠʟʦʰʝʜʰʠʭ 

ʩʦʙʳʪʠʡ ï ʢ ʧʨʦʘʢʪʠʚʥʦʡ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ 

ʥʘ ʠʭ ʧʨʝʜʚʠʜʝʥʠʝ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ. ʂʣʶʯʝ-

ʚʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʵʪʦʛʦ ʧʝʨʝʭʦʜʘ ʩʪʘʣʠ ʩʠ-

ʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʣʸʪʥʳʭ ʜʘʥʥʳʭ (FDM ï 

Flight Data Monitoring, ʠʣʠ FOQA ï Flight 

Operational Quality Assurance), ʧʦʟʚʦʣʷʶʱʠʝ 

ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʦʙʲʝʢʪʠʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʦʣʸ-

ʪʘ ʧʦ ʜʘʥʥʳʤ ʙʦʨʪʦʚʳʭ ʩʘʤʦʧʠʩʮʝʚ ʙʝʟ ʥʝʧʦ-

ʩʨʝʜʩʪʚʝʥʥʦʛʦ ʫʯʘʩʪʠʷ ʵʢʠʧʘʞʘ. 

ʕʪʘʧ ʧʦʩʘʜʢʠ ʟʘʥʠʤʘʝʪ ʧʨʠʦʨʠʪʝʪʥʦʝ ʤʝʩʪʦ 

ʚ ʧʨʦʛʨʘʤʤʘʭ FDM: ʠʤʝʥʥʦ ʟʜʝʩʴ ʬʠʢʩʠʨʫʝʪ-

ʩʷ ʥʘʠʙʦʣʴʰʝʝ ʯʠʩʣʦ ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʥʦʨʤʘ-

ʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʘ ʮʝʥʘ ʦʰʠʙʢʠ ʦʩʦʙʝʥʥʦ 

ʚʳʩʦʢʘ ʚʩʣʝʜʩʪʚʠʝ ʤʠʥʠʤʘʣʴʥʦʡ ʚʳʩʦʪʳ ʥʘʜ 

ʧʦʚʝʨʭʥʦʩʪʴʶ. ʇʦ ʜʘʥʥʳʤ ʄʝʞʛʦʩʫʜʘʨʩʪʚʝʥ-

ʥʦʛʦ ʘʚʠʘʮʠʦʥʥʦʛʦ ʢʦʤʠʪʝʪʘ (ʄɸʂ), ʧʦʩʘ-

ʜʦʯʥʳʝ ʠʥʮʠʜʝʥʪʳ ʩʪʘʙʠʣʴʥʦ ʟʘʥʠʤʘʶʪ ʣʠ-

ʜʠʨʫʶʱʝʝ ʧʦʣʦʞʝʥʠʝ ʩʨʝʜʠ ʘʚʠʘʮʠʦʥʥʳʭ ʩʦ-

ʙʳʪʠʡ ʚ ʛʦʩʫʜʘʨʩʪʚʘʭ-ʯʣʝʥʘʭ ʦʨʛʘʥʠʟʘʮʠʠ [1]. 

ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ï ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ 

ʧʨʠʥʮʠʧʳ ʦʨʛʘʥʠʟʘʮʠʠ FDM ʧʨʠʤʝʥʠʪʝʣʴʥʦ 

ʢ ʧʦʩʘʜʦʯʥʦʤʫ ʩʝʛʤʝʥʪʫ ʠ ʦʮʝʥʠʪʴ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʳʭ ʩʠʩʪʝʤ ʜʣʷ ʧʨʝʜʦʪ-

ʚʨʘʱʝʥʠʷ ʠʥʮʠʜʝʥʪʦʚ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʧʦʣʸ-

ʪʘ. 

ʅʦʨʤʘʪʠʚʥʘʷ ʙʘʟʘ ʧʨʠʤʝʥʝʥʠʷ ʩʠʩʪʝʤ 

ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʣʸʪʥʳʭ ʜʘʥʥʳʭ 

ʇʨʠʣʦʞʝʥʠʝ 6 ʀʂɸʆ çʕʢʩʧʣʫʘʪʘʮʠʷ ʚʦʟ-

ʜʫʰʥʳʭ ʩʫʜʦʚè ʦʙʷʟʳʚʘʝʪ ʛʦʩʫʜʘʨʩʪʚʘ-ʯʣʝʥʳ 

ʪʨʝʙʦʚʘʪʴ ʦʪ ʢʦʤʤʝʨʯʝʩʢʠʭ ʵʢʩʧʣʫʘʪʘʥʪʦʚ 

ʚʥʝʜʨʝʥʠʷ ʧʨʦʛʨʘʤʤ FDM; ʧʨʠ ʵʪʦʤ ʧʦʣʫʯʝʥ-

ʥʳʝ ʜʘʥʥʳʝ ʜʦʣʞʥʳ ʙʳʪʴ ʟʘʱʠʱʝʥʳ ʦʪ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʚ ʜʠʩʮʠʧʣʠʥʘʨʥʳʭ ʮʝʣʷʭ ʧʨʦʪʠʚ 

ʯʣʝʥʦʚ ʣʸʪʥʦʛʦ ʵʢʠʧʘʞʘ [2]. ʈʫʢʦʚʦʜʩʪʚʦ 

ʀʂɸʆ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʧʦʣʸʪʦʚ 

(Doc 9859) ʨʘʩʩʤʘʪʨʠʚʘʝʪ FDM ʢʘʢ ʮʝʥʪʨʘʣʴ-

ʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʧʨʦʘʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʨʠʩʢʘʤʠ ʚ ʨʘʤʢʘʭ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʙʝʟ-

ʦʧʘʩʥʦʩʪʴʶ ʧʦʣʸʪʦʚ (ʉʋɹʇ) ʠ ʨʝʢʦʤʝʥʜʫʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʳʝ ʤʦʥʠʪʦʨʠʥʛʘ ʜʣʷ ʬʦʨ-

ʤʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʙʝʟ-

ʦʧʘʩʥʦʩʪʠ (Safety Performance Indicators, 

SPI) [3]. 

ɺ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʘʥʘʣʦʛʠʯʥʦʝ ʪʨʝ-

ʙʦʚʘʥʠʝ ʟʘʢʨʝʧʣʝʥʦ ʚ ʌʝʜʝʨʘʣʴʥʳʭ ʘʚʠʘʮʠ-

ʦʥʥʳʭ ʧʨʘʚʠʣʘʭ (ʌɸʇ-128), ʦʙʷʟʳʚʘʶʱʠʭ 

ʢʦʤʤʝʨʯʝʩʢʠʭ ʧʝʨʝʚʦʟʯʠʢʦʚ ʦʨʛʘʥʠʟʦʚʳʚʘʪʴ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʣʸʪʥʦʡ ʠʥʬʦʨʤʘ-

ʮʠʠ [4]. ʇʨʠʥʮʠʧʠʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʟʘ-

ʢʦʥʦʜʘʪʝʣʴʥʳʡ ʟʘʧʨʝʪ ʥʘ ʧʨʠʤʝʥʝʥʠʝ ʜʘʥʥʳʭ 



158 

- ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ - 

 

International Journal of Humanities and Natural Sciences, vol. 3-2 (114), 2026 

ʤʦʥʠʪʦʨʠʥʛʘ ʚ ʜʠʩʮʠʧʣʠʥʘʨʥʳʭ ʮʝʣʷʭ ʧʨʦʪʠʚ 

ʵʢʠʧʘʞʘ: ʠʤʝʥʥʦ ʵʪʘ ʛʘʨʘʥʪʠʷ ʩʣʫʞʠʪ ʥʝʦʙʭʦ-

ʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʫʣʴʪʫʨʳ 

ʜʦʙʨʦʚʦʣʴʥʳʭ ʩʦʦʙʱʝʥʠʡ ʦʙ ʘʚʠʘʮʠʦʥʥʳʭ 

ʩʦʙʳʪʠʷʭ ʚ ʘʚʠʘʢʦʤʧʘʥʠʠ. 

ʇʘʨʘʤʝʪʨʳ ʟʘʭʦʜʘ ʥʘ ʧʦʩʘʜʢʫ ʠ ʧʦʩʘʜʢʠ 

ʠ ʧʦʨʦʛʦʚʳʝ ʟʥʘʯʝʥʠʷ 

ʉʠʩʪʝʤʳ FDM ʦʩʥʦʚʳʚʘʶʪʩʷ ʥʘ ʜʘʥʥʳʭ 

ʙʦʨʪʦʚʳʭ ʥʘʢʦʧʠʪʝʣʝʡ ʧʦʣʸʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ɼʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʩʯʠʪʳʚʘʥʠʷ ʜʘʥʥʳʭ ʙʝʟ 

ʨʘʟʨʫʰʝʥʠʷ ʥʦʩʠʪʝʣʷ ʧʨʠʤʝʥʷʝʪʩʷ ʥʘʢʦʧʠ-

ʪʝʣʴ ʙʳʩʪʨʦʛʦ ʜʦʩʪʫʧʘ (Quick Access Recorder, 

QAR); ʠʥʬʦʨʤʘʮʠʷ ʩ ʥʝʛʦ ʩʥʠʤʘʝʪʩʷ ʧʦʩʣʝ 

ʢʘʞʜʦʛʦ ʨʝʡʩʘ ʣʠʙʦ ʧʝʨʝʜʘʸʪʩʷ ʧʦ ʢʘʥʘʣʘʤ 

ʩʠʩʪʝʤʳ ACARS (Aircraft Communications 

Addressing and Reporting System). ʇʘʨʘʤʝʪʨʳ 

ʧʦʩʘʜʦʯʥʦʛʦ ʩʝʛʤʝʥʪʘ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʪʨʠ 

ʛʨʫʧʧʳ. 

ʇʘʨʘʤʝʪʨʳ ʟʘʭʦʜʘ ʥʘ ʧʦʩʘʜʢʫ ʦʭʚʘʪʳʚʘʶʪ 

ʚʝʨʪʠʢʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʩʥʠʞʝʥʠʷ ʠ ʦʪʢʣʦʥʝ-

ʥʠʝ ʦʪ ʛʣʠʩʩʘʜʳ ʩʠʩʪʝʤʳ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʡ 

ʧʦʩʘʜʢʠ (Instrument Landing System, ILS) ʥʘ 

ʢʦʥʪʨʦʣʴʥʳʭ ʚʳʩʦʪʘʭ 1000 ʠ 500 ʬʫʪ ʥʘʜ 

ʫʨʦʚʥʝʤ ʘʵʨʦʜʨʦʤʘ (Above Aerodrome Level, 

AAL), ʘ ʪʘʢʞʝ ʧʨʠʙʦʨʥʫʶ ʩʢʦʨʦʩʪʴ ʠ ʢʦʥʬʠ-

ʛʫʨʘʮʠʶ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ. ʉʦʚʦʢʫʧʥʘʷ 

ʦʮʝʥʢʘ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʣʷʪʴ 

ʥʝʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʝ ʟʘʭʦʜʳ ʥʘ ʧʦʩʘʜʢʫ 

(ʅɿʇ) ʩʦʛʣʘʩʥʦ ʢʨʠʪʝʨʠʷʤ ʌʦʥʜʘ ʙʝʟʦʧʘʩʥʦ-

ʩʪʠ ʧʦʣʸʪʦʚ [5]. 

ʇʘʨʘʤʝʪʨʳ ʧʨʠʟʝʤʣʝʥʠʷ ʚʢʣʶʯʘʶʪ ʚʝʨʪʠ-

ʢʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʚ ʤʦʤʝʥʪ ʢʘʩʘʥʠʷ, ʪʦʯʢʫ 

ʢʘʩʘʥʠʷ ʚʟʣʸʪʥʦ-ʧʦʩʘʜʦʯʥʦʡ ʧʦʣʦʩʳ (ɺʇʇ), ʘ 

ʪʘʢʞʝ ʫʛʣʳ ʢʨʝʥʘ ʠ ʪʘʥʛʘʞʘ. ʇʨʝʜʝʣʴʥʳʝ ʟʥʘ-

ʯʝʥʠʷ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʢʘʩʘʥʠʷ ʦʧʨʝʜʝ-

ʣʷʶʪʩʷ ʥʦʨʤʘʤʠ ʣʸʪʥʦʡ ʛʦʜʥʦʩʪʠ (ɸʇ-25) ʠ 

ʫʪʦʯʥʷʶʪʩʷ ʚ ʨʫʢʦʚʦʜʩʪʚʝ ʧʦ ʣʸʪʥʦʡ ʵʢʩʧʣʫʘ-

ʪʘʮʠʠ (ʈʃʕ) ʢʦʥʢʨʝʪʥʦʛʦ ʪʠʧʘ ʚʦʟʜʫʰʥʦʛʦ 

ʩʫʜʥʘ [6]. ʇʘʨʘʤʝʪʨʳ ʧʨʦʙʝʛʘ ï ʩʢʦʨʦʩʪʴ ʪʦʨ-

ʤʦʞʝʥʠʷ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦʩʪʴ ʚʳʧʫʩʢʘ ʨʝʚʝʨʩʘ 

ʪʷʛʠ ʠ ʠʥʪʝʨʮʝʧʪʦʨʦʚ ï ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʚʘʪʴ 

ʨʠʩʢ ʚʳʢʘʪʳʚʘʥʠʷ ʟʘ ʧʨʝʜʝʣʳ ɺʇʇ. 

ɺʳʙʦʨ ʧʦʨʦʛʦʚʳʭ ʟʥʘʯʝʥʠʡ ï ʤʝʪʦʜʦʣʦʛʠ-

ʯʝʩʢʠ ʥʘʠʙʦʣʝʝ ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʵʪʘʧ ʧʦʩʪʨʦʝ-

ʥʠʷ ʧʨʦʛʨʘʤʤʳ ʤʦʥʠʪʦʨʠʥʛʘ: ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʙʘʣʘʥʩ ʤʝʞʜʫ ʯʫʚʩʪʚʠʪʝʣʴʥʦ-

ʩʪʴʶ (ʩʚʦʝʚʨʝʤʝʥʥʦʝ ʚʳʷʚʣʝʥʠʝ ʨʝʘʣʴʥʳʭ ʦʪ-

ʢʣʦʥʝʥʠʡ) ʠ ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ (ʤʠʥʠʤʠʟʘʮʠʷ 

ʣʦʞʥʳʭ ʩʨʘʙʘʪʳʚʘʥʠʡ). ʊʠʧʦʚʳʝ ʟʥʘʯʝʥʠʷ, 

ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʧʨʘʢʪʠʢʝ ʘʚʠʘʢʦʤʧʘʥʠʡ, ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1. ʊʠʧʦʚʳʝ ʧʘʨʘʤʝʪʨʳ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʣʸʪʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʧʦʩʘʜʦʯʥʦʛʦ ʩʝʛʤʝʥʪʘ 

ʇʘʨʘʤʝʪʨ 
ʇʨʝʜʫʧʨʝʞʜʝʥʠʝ 

(Advisory) 

ʊʨʝʚʦʛʘ 

(Warning)  

ʅʦʨʤʘʪʠʚʥʘʷ 

ʦʩʥʦʚʘ 

ɺʝʨʪʠʢʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʩʥʠʞʝʥʠʷ 

ʥʘ ʚʳʩʦʪʝ 1000 ʬʫʪ AAL 

Ó 1000 ʬʫʪ/ʤʠʥ 

(5,1 ʤ/ʩ) 

Ó 1200 ʬʫʪ/ʤʠʥ 

(6,1 ʤ/ʩ) 

FSF ALAR 

BN 7.1 [5] 

ɺʝʨʪʠʢʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʚ ʤʦʤʝʥʪ 

ʢʘʩʘʥʠʷ ɺʇʇ 

Ó 420 ʬʫʪ/ʤʠʥ 

(2,1 ʤ/ʩ) 

Ó 600 ʬʫʪ/ʤʠʥ 

(3,0 ʤ/ʩ) 

ɸʇ-25 [6], 

ʈʃʕ ɺʉ 

ʆʪʢʣʦʥʝʥʠʝ ʦʪ ʛʣʠʩʩʘʜʳ ILS (ʥʠʞʝ 

500 ʬʫʪ AAL) 
Ó 1 dot Ó 2 dot ʀʂɸʆ ʇʨʠʣ. 10 [7] 

ʆʪʢʣ. ʩʢʦʨʦʩʪʠ ʦʪ Vref (ʥʠʞʝ 500 

ʬʫʪ AAL) 

< ī5 ʫʟ. ʠʣʠ 

> +20 ʫʟ. 

< ī10 ʫʟ. ʠʣʠ 

> +30 ʫʟ. 

ʈʇʇ ʘʚʠʘʢʦʤʧ., 

ʈʃʕ ɺʉ 

ɼʘʣʴʥʦʩʪʴ ʪʦʯʢʠ ʢʘʩʘʥʠʷ ʦʪ ʪʦʨʮʘ 

ɺʇʇ 

< 150 ʤ ʠʣʠ 

> 900 ʤ 

< 100 ʤ ʠʣʠ 

> 1200 ʤ 
ʀʂɸʆ ʇʨʠʣ. 14 [8] 

 

ʇʨʠʚʝʜʸʥʥʳʝ ʟʥʘʯʝʥʠʷ ʥʦʩʷʪ ʨʝʢʦʤʝʥʜʘ-

ʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. ʂʦʥʢʨʝʪʥʳʝ ʧʦʨʦʛʠ ʫʩʪʘ-

ʥʘʚʣʠʚʘʶʪʩʷ ʚ ʧʨʦʛʨʘʤʤʝ ʤʦʥʠʪʦʨʠʥʛʘ ʢʘʞ-

ʜʦʡ ʘʚʠʘʢʦʤʧʘʥʠʠ ʩ ʫʯʸʪʦʤ ʪʠʧʘ ʵʢʩʧʣʫʘʪʠ-

ʨʫʝʤʳʭ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ ʠ ʥʘʢʦʧʣʝʥʥʦʡ ʦʧʝ-

ʨʘʮʠʦʥʥʦʡ ʩʪʘʪʠʩʪʠʢʠ. ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʘʩʩʦ-

ʮʠʘʮʠʷ ʚʦʟʜʫʰʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ (IATA) ʨʝʢʦ-

ʤʝʥʜʫʝʪ ʝʞʝʛʦʜʥʦ ʧʝʨʝʩʤʘʪʨʠʚʘʪʴ ʠʭ ʥʘ ʦʩ-

ʥʦʚʝ ʘʢʪʫʘʣʴʥʳʭ ʜʘʥʥʳʭ [9]. 

ʄʝʪʦʜʠʢʘ ʠʥʪʝʛʨʘʣʴʥʦʡ ʦʮʝʥʢʠ ʨʠʩʢʘ 

ʧʦʩʘʜʦʯʥʦʛʦ ʩʦʙʳʪʠʷ ʧʦ ʜʘʥʥʳʤ FDM 

1. ʆʙʦʩʥʦʚʘʥʠʝ ʧʦʜʭʦʜʘ 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʧʨʦʛʨʘʤʤʳ FDM ʦʩʥʦʚʳ-

ʚʘʶʪʩʷ ʥʘ ʧʦʨʦʛʦʚʦʤ ʧʨʠʥʮʠʧʝ: ʢʘʞʜʳʡ ʧʘ-

ʨʘʤʝʪʨ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʥʝʟʘʚʠʩʠʤʦ, ʘ ʩʦʙʳʪʠʝ 

ʬʠʢʩʠʨʫʝʪʩʷ ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ ʧʨʝʜʫʩʪʘʥʦʚ-

ʣʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʫʨʦʚʥʷ Advisory ʠʣʠ 

Warning. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʠʤʝʝʪ ʩʠʩʪʝʤʥʳʡ 

ʠʟʲʷʥ: ʜʚʘ ʟʘʭʦʜʘ ʥʘ ʧʦʩʘʜʢʫ ʩ ʦʜʠʥʘʢʦʚʳʤ 

ʯʠʩʣʦʤ ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʭ ʩʦʙʳʪʠʡ ʤʦʛʫʪ ʩʫ-

ʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʪʴʩʷ ʧʦ ʨʝʘʣʴʥʦʤʫ ʫʨʦʚʥʶ 

ʨʠʩʢʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʢʘʢʠʝ ʠʤʝʥʥʦ 

ʧʘʨʘʤʝʪʨʳ ʦʪʢʣʦʥʠʣʠʩʴ, ʥʘʩʢʦʣʴʢʦ ʠ ʦʜʥʦ-

ʚʨʝʤʝʥʥʦ ʣʠ. ʆʜʥʦʚʨʝʤʝʥʥʦʝ ʥʝʙʦʣʴʰʦʝ ʧʨʝ-

ʚʳʰʝʥʠʝ ʧʦʨʦʛʦʚ ʧʦ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʠ 
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ʦʪʢʣʦʥʝʥʠʶ ʦʪ ʛʣʠʩʩʘʜʳ ʧʨʠ ʥʦʨʤʘʣʴʥʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʦʧʘʩʥʝʝ, ʯʝʤ ʠʟʦ-

ʣʠʨʦʚʘʥʥʦʝ ʧʨʝʚʳʰʝʥʠʝ ʦʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ, ï 

ʦʜʥʘʢʦ ʦʙʘ ʟʘʭʦʜʘ ʧʦʣʫʯʘʪ ʦʜʠʥʘʢʦʚʫʶ ʦʮʝʥ-

ʢʫ ʚ ʙʠʥʘʨʥʦʡ ʩʠʩʪʝʤʝ. 

ɼʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʵʪʦʛʦ ʦʛʨʘʥʠʯʝʥʠʷ ʧʨʝʜ-

ʣʘʛʘʝʪʩʷ ʤʝʪʦʜʠʢʘ ʨʘʩʯʸʪʘ ʠʥʜʝʢʩʘ ʨʠʩʢʘ ʧʦ-

ʩʘʜʢʠ (ʀʈʇ), ʘʛʨʝʛʠʨʫʶʱʝʛʦ ʦʪʢʣʦʥʝʥʠʷ ʧʦ 

ʚʩʝʤ ʢʦʥʪʨʦʣʠʨʫʝʤʳʤ ʧʘʨʘʤʝʪʨʘʤ ʚ ʝʜʠʥʫʶ 

ʯʠʩʣʦʚʫʶ ʦʮʝʥʢʫ ʫʨʦʚʥʷ ʨʠʩʢʘ ʢʦʥʢʨʝʪʥʦʡ 

ʧʦʩʘʜʢʠ. ʄʝʪʦʜʠʢʘ ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʠʤʝʥʠʪʝʣʴ-

ʥʦ ʢ ʧʦʩʘʜʦʯʥʦʤʫ ʩʝʛʤʝʥʪʫ ʩ ʫʯʸʪʦʤ ʧʨʠʯʠʥ-

ʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʭ ʩʚʷʟʝʡ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʧʨʠ 

ʨʘʩʩʣʝʜʦʚʘʥʠʠ ʧʦʩʘʜʦʯʥʳʭ ʠʥʮʠʜʝʥʪʦʚ [1], ʠ 

ʨʝʢʦʤʝʥʜʘʮʠʡ FSF ʧʦ ʩʥʠʞʝʥʠʶ ʘʚʘʨʠʡʥʦʩʪʠ 

ʥʘ ʵʪʘʧʝ ʟʘʭʦʜʘ ʠ ʧʦʩʘʜʢʠ [5]. 

2. ʉʪʨʫʢʪʫʨʘ ʠʥʜʝʢʩʘ ʨʠʩʢʘ ʧʦʩʘʜʢʠ 

ʀʈʇ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

ʀʈʇ = Ɇ (wi Ŀ si),     (1) 

ʛʜʝ w  ï ʚʝʩʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ i-ʛʦ ʧʘʨʘ-

ʤʝʪʨʘ; s  ï ʙʘʣʣ ʦʪʢʣʦʥʝʥʠʷ ʧʦ i-ʤʫ ʧʘʨʘʤʝʪʨʫ; 

ʩʫʤʤʠʨʦʚʘʥʠʝ ʚʝʜʸʪʩʷ ʧʦ ʚʩʝʤ n ʢʦʥʪʨʦʣʠʨʫ-

ʝʤʳʤ ʧʘʨʘʤʝʪʨʘʤ ʧʦʩʘʜʦʯʥʦʛʦ ʩʝʛʤʝʥʪʘ. 

ɹʘʣʣ ʦʪʢʣʦʥʝʥʠʷ s  ʧʨʠʥʠʤʘʝʪ ʜʠʩʢʨʝʪʥʳʝ 

ʟʥʘʯʝʥʠʷ ʦʪ 0 ʜʦ 3 ʧʦ ʩʣʝʜʫʶʱʝʡ ʰʢʘʣʝ: 0 ï 

ʧʘʨʘʤʝʪʨ ʚ ʥʦʨʤʝ (ʥʠʞʝ ʫʨʦʚʥʷ Advisory); 1 ï 

ʦʪʢʣʦʥʝʥʠʝ ʚ ʟʦʥʝ Advisory; 2 ï ʦʪʢʣʦʥʝʥʠʝ ʚ 

ʟʦʥʝ Warning; 3 ï ʦʪʢʣʦʥʝʥʠʝ ʧʨʝʚʳʰʘʝʪ ʫʨʦ-

ʚʝʥʴ Warning ʙʦʣʝʝ ʯʝʤ ʥʘ 20% (ʵʢʩʪʨʝʤʘʣʴ-

ʥʦʝ ʟʥʘʯʝʥʠʝ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘ ʦʜʥʦ ʩʦʙʳ-

ʪʠʝ FDM ʥʘʟʥʘʯʘʝʪʩʷ ʥʝ ʜʚʦʠʯʥʳʡ ʬʣʘʛ, ʘ 

ʛʨʘʜʫʠʨʦʚʘʥʥʳʡ ʙʘʣʣ, ʦʪʨʘʞʘʶʱʠʡ ʩʪʝʧʝʥʴ 

ʦʪʢʣʦʥʝʥʠʷ. 

3. ɺʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʘʨʘʤʝʪʨʦʚ 

ɺʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ w  ʦʪʨʘʞʘʶʪ ʚʢʣʘʜ 

ʢʘʞʜʦʛʦ ʧʘʨʘʤʝʪʨʘ ʚ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦ-

ʚʝʥʠʷ ʧʦʩʘʜʦʯʥʦʛʦ ʠʥʮʠʜʝʥʪʘ ʠ ʦʙʦʩʥʦʚʘʥʳ 

ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʭ 

ʩʚʷʟʝʡ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʧʨʠ ʨʘʩʩʣʝʜʦʚʘʥʠʠ ʧʦ-

ʩʘʜʦʯʥʳʭ ʠʥʮʠʜʝʥʪʦʚ [1], ʠ ʨʝʢʦʤʝʥʜʘʮʠʡ 

FSF [5]. ʉʫʤʤʘ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʚ-

ʥʘ 1,0; ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ ʟʥʘʯʝʥʠʝ 

ʀʈʇ = 3,0 (ʚʩʝ ʧʘʨʘʤʝʪʨʳ ʚ ʟʦʥʝ ʵʢʩʪʨʝʤʘʣʴ-

ʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ). ʇʨʝʜʣʘʛʘʝʤʳʝ ʟʥʘʯʝʥʠʷ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

 

ʊʘʙʣʠʮʘ 2. ɺʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʘʨʘʤʝʪʨʦʚ FDM ʜʣʷ ʨʘʩʯʸʪʘ ʠʥʜʝʢʩʘ ʨʠʩʢʘ ʧʦʩʘʜʢʠ 
ʇʘʨʘʤʝʪʨ ʆʙʦʩʥʦʚʘʥʠʝ ʚʝʩʦʚʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ w 

ɺʝʨʪʠʢʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʚ ʤʦʤʝʥʪ ʢʘʩʘʥʠʷ ɺʇʇ 
ʇʨʷʤʘʷ ʧʨʠʯʠʥʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʧʝʨʝʛʨʫʟʢʠ ʧʣʘʥʸʨʘ ʠ 

ʰʘʩʩʠ 
0,30 

ɺʝʨʪʠʢʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʩʥʠʞʝʥʠʷ ʥʘ ʚʳʩʦʪʝ 1000 

ʬʫʪ AAL 
ʇʨʝʜʠʢʪʦʨ ʥʝʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ ʟʘʭʦʜʘ ʥʘ ʧʦʩʘʜʢʫ [5] 0,20 

ʆʪʢʣʦʥʝʥʠʝ ʦʪ ʛʣʠʩʩʘʜʳ ILS ʥʠʞʝ 500 ʬʫʪ AAL ʇʨʠʟʥʘʢ ʧʦʪʝʨʠ ʢʦʥʪʨʦʣʷ ʥʘʜ ʪʨʘʝʢʪʦʨʠʝʡ ʩʥʠʞʝʥʠʷ [7] 0,20 

ʆʪʢʣʦʥʝʥʠʝ ʧʨʠʙʦʨʥʦʡ ʩʢʦʨʦʩʪʠ ʦʪ Vref 
ɺʣʠʷʝʪ ʥʘ ʜʠʩʪʘʥʮʠʶ ʚʳʨʘʚʥʠʚʘʥʠʷ ʠ ʨʘʩʧʦʣʘʛʘʝʤʫʶ 

ʜʣʠʥʫ ʧʨʦʙʝʛʘ 
0,15 

ɼʘʣʴʥʦʩʪʴ ʪʦʯʢʠ ʢʘʩʘʥʠʷ ʦʪ ʪʦʨʮʘ ɺʇʇ ʆʧʨʝʜʝʣʷʝʪ ʦʩʪʘʪʦʯʥʫʶ ʜʣʠʥʫ ɺʇʇ ʜʣʷ ʪʦʨʤʦʞʝʥʠʷ [8] 0,15 

 

4. ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʠʥʜʝʢʩʘ ʠ ʨʝʘʢʮʠʷ 

ʉʋɹʇ 

ʅʘ ʦʩʥʦʚʝ ʟʥʘʯʝʥʠʡ ʀʈʇ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʣʝ-

ʜʫʶʱʘʷ ʰʢʘʣʘ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʚ 

ʨʘʤʢʘʭ ʉʋɹʇ: ʀʈʇ = 0 ï ʧʦʩʘʜʢʘ ʚ ʥʦʨʤʝ, 

ʧʣʘʥʦʚʳʡ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʫʯʸʪ; 0 < ʀʈʇ Ò 0,3 

ï ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ, ʥʘʢʦʧʠʪʝʣʴʥʳʡ 

ʤʦʥʠʪʦʨʠʥʛ ʪʝʥʜʝʥʮʠʡ; 0,3 < ʀʈʇ Ò 0,6 ï 

ʫʤʝʨʝʥʥʳʡ ʨʠʩʢ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʘʥʘʣʠʪʠʯʝ-

ʩʢʦʡ ʩʚʦʜʢʠ; 0,6 < ʀʈʇ Ò 1,2 ï ʧʦʚʳʰʝʥʥʳʡ 

ʨʠʩʢ, ʠʥʠʮʠʠʨʦʚʘʥʠʝ ʙʝʩʝʜʳ ʩ ʵʢʠʧʘʞʝʤ ʠ 

ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʧʨʦʛʨʘʤʤʳ ʪʨʝʥʘʞʸʨʥʦʡ ʧʦʜ-

ʛʦʪʦʚʢʠ; ʀʈʇ > 1,2 ï ʚʳʩʦʢʠʡ ʨʠʩʢ, ʦʙʷʟʘ-

ʪʝʣʴʥʳʡ ʨʘʟʙʦʨ ʧʦʩʘʜʢʠ ʚ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʤʳ 

FDM. 

ɼʘʥʥʘʷ ʰʢʘʣʘ ʧʦʟʚʦʣʷʝʪ ʜʠʬʬʝʨʝʥʮʠʨʦ-

ʚʘʪʴ ʫʧʨʘʚʣʝʥʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʉʋɹʇ ʩʦʨʘʟ-

ʤʝʨʥʦ ʨʝʘʣʴʥʦʤʫ ʫʨʦʚʥʶ ʨʠʩʢʘ, ʠʩʢʣʶʯʘʷ ʢʘʢ 

ʥʝʜʦʦʮʝʥʢʫ ʩʣʦʞʥʳʭ ʩʦʙʳʪʠʡ ʩ ʥʝʩʢʦʣʴʢʠʤʠ 

ʫʤʝʨʝʥʥʳʤʠ ʦʪʢʣʦʥʝʥʠʷʤʠ, ʪʘʢ ʠ ʠʟʙʳʪʦʯ-

ʥʫʶ ʨʝʘʢʮʠʶ ʥʘ ʝʜʠʥʠʯʥʳʝ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ 

ʧʨʝʚʳʰʝʥʠʷ ʧʦʨʦʛʦʚʳʭ ʟʥʘʯʝʥʠʡ. 

5. ʇʨʠʤʝʥʝʥʠʝ ʀʈʇ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʧʦʢʘʟʘʪʝʣʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ 

çʯʘʩʪʦʪʘ ʩʦʙʳʪʠʡ Advisory/Warning ʥʘ 1000 

ʨʝʡʩʦʚè, ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʡ ʀʈʇ ʧʦ ʩʦʚʦʢʫʧ-

ʥʦʩʪʠ ʧʦʩʘʜʦʢ ʟʘ ʦʪʯʸʪʥʳʡ ʧʝʨʠʦʜ ʜʘʸʪ ʥʝ-

ʧʨʝʨʳʚʥʫʶ ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʦʮʝʥʢʫ ʫʨʦʚʥʷ 

ʨʠʩʢʘ ʥʘ ʧʦʩʘʜʦʯʥʦʤ ʩʝʛʤʝʥʪʝ ʠ ʧʦʟʚʦʣʷʝʪ 

ʦʪʩʣʝʞʠʚʘʪʴ ʝʛʦ ʜʠʥʘʤʠʢʫ ʚ ʨʘʤʢʘʭ ʉʋɹʇ [3]. 

ʇʦʣʦʞʠʪʝʣʴʥʘʷ (ʫʙʳʚʘʶʱʘʷ) ʜʠʥʘʤʠʢʘ ʀʈʇ 

ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʚʝʨʠʬʠʮʠʨʫʝʤʳʤ ʧʦʢʘʟʘʪʝʣʝʤ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʦʨʨʝʢʪʠʨʫʶʱʠʭ ʤʝʨʦʧʨʠʷ-

ʪʠʡ ï ʮʝʣʝʚʳʭ ʧʨʦʛʨʘʤʤ ʪʨʝʥʘʞʸʨʥʦʡ ʧʦʜʛʦ-

ʪʦʚʢʠ, ʠʟʤʝʥʝʥʠʡ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʧʨʦʮʝ-
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ʜʫʨ ʠʣʠ ʪʝʭʥʠʯʝʩʢʠʭ ʤʝʨ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʀʈʇ ʦʙʝʩʧʝʯʠʚʘʝʪ ʟʘʤʳʢʘʥʠʝ ʢʦʥʪʫʨʘ ʧʨʦʘʢ-

ʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʴʶ, ʧʨʝʜʫ-

ʩʤʦʪʨʝʥʥʦʛʦ ʜʦʢʫʤʝʥʪʦʤ ʀʂɸʆ Doc 9859 [3]. 

ʀʥʪʝʛʨʘʮʠʷ ʜʘʥʥʳʭ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦ-

ʣʸʪʥʳʭ ʜʘʥʥʳʭ ʚ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʙʝʟ-

ʦʧʘʩʥʦʩʪʴʶ 

ʇʦʣʥʳʡ ʧʦʪʝʥʮʠʘʣ ʧʨʦʛʨʘʤʤʳ FDM ʨʝʘʣʠ-

ʟʫʝʪʩʷ ʧʨʠ ʝʸ ʠʥʪʝʛʨʘʮʠʠ ʩ ʜʨʫʛʠʤʠ ʢʦʤʧʦ-

ʥʝʥʪʘʤʠ ʉʋɹʇ, ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʦʡ ʜʦʢʫ-

ʤʝʥʪʘʤʠ ʀʂɸʆ Doc 9859 [3] ʠ ʌɸʇ-128 [4]. 

ɼʘʥʥʳʝ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʟʚʦʣʷʶʪ ʚʝʨʠʬʠʮʠʨʦ-

ʚʘʪʴ ʩʚʝʜʝʥʠʷ, ʧʦʩʪʫʧʘʶʱʠʝ ʯʝʨʝʟ ʩʠʩʪʝʤʫ 

ʜʦʙʨʦʚʦʣʴʥʳʭ ʩʦʦʙʱʝʥʠʡ, ʠ ʚʳʷʚʣʷʪʴ ʩʦʙʳ-

ʪʠʷ, ʥʝ ʥʘʰʝʜʰʠʝ ʚ ʥʝʡ ʦʪʨʘʞʝʥʠʷ. ʉʦʚʤʝʩʪ-

ʥʳʡ ʘʥʘʣʠʟ ʵʪʠʭ ʠʩʪʦʯʥʠʢʦʚ ʬʦʨʤʠʨʫʝʪ ʮʝ-

ʣʦʩʪʥʫʶ ʢʘʨʪʠʥʫ ʦʧʝʨʘʮʠʦʥʥʳʭ ʨʠʩʢʦʚ ʘʚʠʘ-

ʢʦʤʧʘʥʠʠ. 

ɼʣʷ ʧʦʩʘʜʦʯʥʦʛʦ ʩʝʛʤʝʥʪʘ ʪʠʧʠʯʥʳʤʠ ʧʦ-

ʢʘʟʘʪʝʣʷʤʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʙʝʟʦʧʘʩʥʦʩʪʠ (SPI) 

ʩʣʫʞʘʪ: ʯʘʩʪʦʪʘ ʅɿʇ, ʧʨʦʜʦʣʞʝʥʥʳʭ ʜʦ ʧʦ-

ʩʘʜʢʠ, ʥʘ 1000 ʨʝʡʩʦʚ; ʯʘʩʪʦʪʘ ʞʸʩʪʢʠʭ ʧʨʠ-

ʟʝʤʣʝʥʠʡ ʥʘ 1000 ʧʦʩʘʜʦʢ; ʜʦʣʷ ʧʦʩʘʜʦʢ ʩ 

ʪʦʯʢʦʡ ʢʘʩʘʥʠʷ ʟʘ ʧʨʝʜʝʣʘʤʠ ʟʦʥʳ ʧʨʠʟʝʤʣʝ-

ʥʠʷ. ʆʪʨʠʮʘʪʝʣʴʥʘʷ ʜʠʥʘʤʠʢʘ ʵʪʠʭ ʧʦʢʘʟʘʪʝ-

ʣʝʡ ʜʘʸʪ ʦʩʥʦʚʘʥʠʝ ʟʘʙʣʘʛʦʚʨʝʤʝʥʥʦ ʢʦʨʨʝʢ-

ʪʠʨʦʚʘʪʴ ʧʨʦʛʨʘʤʤʳ ʪʨʝʥʘʞʸʨʥʦʡ ʧʦʜʛʦʪʦʚʢʠ 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʮʠʧʘʤʠ ʢʦʤʧʝʪʝʥʪʥʦʩʪ-

ʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʧʦʜʛʦʪʦʚʢʠ 

(Competency-Based Training and Assessment, 

CBTA), ʟʘʢʨʝʧʣʸʥʥʳʤʠ ʚ ʜʦʢʫʤʝʥʪʝ ʀʂɸʆ 

PANS-TRG (Doc 9868) [10]. 

ʅʝʧʨʝʤʝʥʥʳʤ ʫʩʣʦʚʠʝʤ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦ-

ʩʪʠ ʧʨʦʛʨʘʤʤʳ FDM ʦʩʪʘʸʪʩʷ ʢʦʥʬʠʜʝʥʮʠ-

ʘʣʴʥʦʩʪʴ ʜʘʥʥʳʭ ʦ ʢʦʥʢʨʝʪʥʳʭ ʨʝʡʩʘʭ ʠ ʯʣʝ-

ʥʘʭ ʵʢʠʧʘʞʘ. ʂʘʢ ʨʦʩʩʠʡʩʢʦʝ ʟʘʢʦʥʦʜʘʪʝʣʴ-

ʩʪʚʦ [4], ʪʘʢ ʠ ʜʦʢʫʤʝʥʪʳ ʀʂɸʆ [2] ʧʨʷʤʦ 

ʟʘʧʨʝʱʘʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʠʭ ʜʘʥʥʳʭ ʚ ʜʠʩ-

ʮʠʧʣʠʥʘʨʥʳʭ ʮʝʣʷʭ. ʅʘʨʫʰʝʥʠʝ ʜʘʥʥʦʛʦ 

ʧʨʠʥʮʠʧʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʦʨʦʞʜʘʝʪ ʧʨʦʪʠʚʦ-

ʜʝʡʩʪʚʠʝ ʩʦ ʩʪʦʨʦʥʳ ʣʸʪʥʦʛʦ ʧʝʨʩʦʥʘʣʘ ʠ 

ʜʠʩʢʨʝʜʠʪʠʨʫʝʪ ʩʠʩʪʝʤʫ ʧʨʦʘʢʪʠʚʥʦʛʦ ʫʧʨʘʚ-

ʣʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʚ ʮʝʣʦʤ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʦʛʨʘʥʠʯʝʥʠʷ ʩʠʩʪʝʤ 

ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʣʸʪʥʳʭ ʜʘʥʥʳʭ 

ʇʦ ʜʘʥʥʳʤ IATA, ʘʚʠʘʢʦʤʧʘʥʠʠ, ʧʨʦʰʝʜ-

ʰʠʝ ʩʝʨʪʠʬʠʢʘʮʠʶ ʧʦ ʩʪʘʥʜʘʨʪʫ IOSA (IATA 

Operational Safety Audit), ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʝ-

ʤʫ ʥʘʣʠʯʠʝ ʧʨʦʛʨʘʤʤʳ FDM, ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦ ʙʦʣʝʝ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ 

ʘʚʘʨʠʡʥʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʩʝʨʪʠʬʠʮʠʨʦ-

ʚʘʥʥʳʤʠ ʧʝʨʝʚʦʟʯʠʢʘʤʠ [9]. ʈʘʩʩʣʝʜʦʚʘʥʠʝ 

ʩʦʙʳʪʠʡ, ʚ ʢʦʪʦʨʳʭ ʜʘʥʥʳʝ FDM ʦʢʘʟʘʣʠʩʴ 

ʜʦʩʪʫʧʥʳ, ʧʦ ʦʮʝʥʢʝ ʄɸʂ, ʩʫʱʝʩʪʚʝʥʥʦ ʦʙ-

ʣʝʛʯʘʝʪʩʷ ʠ ʫʩʢʦʨʷʝʪʩʷ [1]. ɼʘʥʥʳʝ Boeing 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʫʩʪʦʡʯʠʚʦʤ ʜʦʣʛʦʩʨʦʯ-

ʥʦʤ ʩʥʠʞʝʥʠʠ ʯʘʩʪʦʪʳ ʧʦʩʘʜʦʯʥʳʭ ʧʨʦʠʩʰʝ-

ʩʪʚʠʡ ʚ ʢʦʤʤʝʨʯʝʩʢʦʡ ʘʚʠʘʮʠʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 

ʧʦʩʣʝʜʥʠʭ ʜʝʩʷʪʠʣʝʪʠʡ, ʚ ʧʝʨʠʦʜ ʢʦʪʦʨʳʭ 

ʧʨʦʘʢʪʠʚʥʳʝ ʧʨʦʛʨʘʤʤʳ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʚʢʣʶ-

ʯʘʷ ʤʦʥʠʪʦʨʠʥʛ ʧʦʣʸʪʥʳʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʠʣʠ 

ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ [11]. 

ɺʤʝʩʪʝ ʩ ʪʝʤ ʚʦʟʤʦʞʥʦʩʪʠ ʩʠʩʪʝʤ FDM 

ʦʙʲʝʢʪʠʚʥʦ ʦʛʨʘʥʠʯʝʥʳ. ʇʘʨʘʤʝʪʨʳ, ʥʝ ʨʝʛʠ-

ʩʪʨʠʨʫʝʤʳʝ ʙʦʨʪʦʚʳʤʠ ʩʘʤʦʧʠʩʮʘʤʠ, ï ʩʚʦʝ-

ʚʨʝʤʝʥʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʧʨʝʜʧʦʣʸʪʥʳʭ ʙʨʠ-

ʬʠʥʛʦʚ, ʢʘʯʝʩʪʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʣʝʥʦʚ ʵʢʠ-

ʧʘʞʘ (CRM) ï ʦʩʪʘʶʪʩʷ ʚʥʝ ʟʦʥʳ ʘʚʪʦʤʘʪʠʯʝ-

ʩʢʦʛʦ ʢʦʥʪʨʦʣʷ. ʉʫʱʝʩʪʚʝʥʥʳʤ ʩʪʨʫʢʪʫʨʥʳʤ 

ʥʝʜʦʩʪʘʪʢʦʤ ʙʦʣʴʰʠʥʩʪʚʘ ʧʨʦʛʨʘʤʤ ʷʚʣʷʝʪʩʷ 

ʬʠʢʩʘʮʠʷ ʪʦʯʝʯʥʳʭ ʟʥʘʯʝʥʠʡ ʥʘ ʢʦʥʪʨʦʣʴʥʳʭ 

ʚʳʩʦʪʘʭ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʘʥʘʣʠʟʘ ʜʠʥʘʤʠʢʠ 

ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʬʠʥʘʣʴʥʦʛʦ 

ʫʯʘʩʪʢʘ ʟʘʭʦʜʘ: ʧʘʨʘʤʝʪʨ, ʬʦʨʤʘʣʴʥʦ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʡ ʜʦʧʫʩʢʫ ʥʘ ʚʳʩʦʪʝ 500 ʬʫʪ AAL, 

ʤʦʞʝʪ ʧʨʠ ʵʪʦʤ ʠʤʝʪʴ ʫʩʪʦʡʯʠʚʫʶ ʪʝʥʜʝʥʮʠʶ 

ʢ ʥʘʨʘʩʪʘʥʠʶ ʦʪʢʣʦʥʝʥʠʷ. ʇʝʨʝʭʦʜ ʢ ʪʨʝʥʜʦ-

ʚʦʤʫ ʘʥʘʣʠʟʫ ʠ ʧʨʝʜʠʢʪʠʚʥʳʤ ʤʝʪʦʜʘʤ ʥʘ ʦʩ-

ʥʦʚʝ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʘʧʨʦʙʠʨʦʚʘʥʥʳʤ ʚ 

ʨʷʜʝ ʟʘʨʫʙʝʞʥʳʭ ʘʚʠʘʢʦʤʧʘʥʠʡ, ʧʨʝʜʩʪʘʚʣʷ-

ʝʪʩʷ ʧʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʦʚʝʨʰʝʥ-

ʩʪʚʦʚʘʥʠʷ ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʣʸʪʥʳʭ ʜʘʥ-

ʥʳʭ. 

ɿʘʢʣʶʯʝʥʠʝ 

1. ʉʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʣʸʪʥʳʭ ʜʘʥʥʳʭ 

(FDM/FOQA) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʵʬʬʝʢʪʠʚ-

ʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʧʨʦʘʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʥʘ ʧʦʩʘʜʦʯʥʦʤ ʵʪʘʧʝ ʧʦʣʸʪʘ. 

ʀʭ ʧʨʠʤʝʥʝʥʠʝ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʦ ʢʘʢ ʜʦʢʫ-

ʤʝʥʪʘʤʠ ʀʂɸʆ, ʪʘʢ ʠ ʨʦʩʩʠʡʩʢʠʤʠ ʬʝʜʝ-

ʨʘʣʴʥʳʤʠ ʘʚʠʘʮʠʦʥʥʳʤʠ ʧʨʘʚʠʣʘʤʠ. 

2. ʈʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ ʧʨʦʛʨʘʤʤʳ FDM 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʝʧʝʥʴʶ ʝʸ ʠʥʪʝʛʨʘʮʠʠ ʩ ʜʨʫ-

ʛʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʉʋɹʇ ï ʩʠʩʪʝʤʦʡ ʜʦʙʨʦ-

ʚʦʣʴʥʳʭ ʩʦʦʙʱʝʥʠʡ ʠ ʧʦʜʨʘʟʜʝʣʝʥʠʷʤʠ ʣʸʪ-

ʥʦʡ ʧʦʜʛʦʪʦʚʢʠ. ɻʘʨʘʥʪʠʷ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦ-

ʩʪʠ ʜʘʥʥʳʭ ʦ ʢʦʥʢʨʝʪʥʳʭ ʨʝʡʩʘʭ ʠ ʵʢʠʧʘʞʘʭ 

ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʬʫʥʢʮʠʦʥʠ-

ʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʳ ʤʦʥʠʪʦʨʠʥʛʘ. 

3. ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʠʥʪʝʛʨʘʣʴʥʦʡ 

ʦʮʝʥʢʠ ʨʠʩʢʘ ʧʦʩʘʜʦʯʥʦʛʦ ʩʦʙʳʪʠʷ ï ʠʥʜʝʢʩ 

ʨʠʩʢʘ ʧʦʩʘʜʢʠ (ʀʈʇ), ï ʧʦʟʚʦʣʷʶʱʘʷ ʧʨʝʦʜʦ-

ʣʝʪʴ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʙʠʥʘʨʥʦʛʦ ʧʦʨʦʛʦʚʦʛʦ 

ʧʦʜʭʦʜʘ ʟʘ ʩʯʸʪ ʘʛʨʝʛʠʨʦʚʘʥʠʷ ʨʘʟʥʦʨʦʜʥʳʭ 
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ʧʘʨʘʤʝʪʨʦʚ FDM ʩ ʫʯʸʪʦʤ ʠʭ ʜʠʬʬʝʨʝʥʮʠʨʦ-

ʚʘʥʥʦʛʦ ʚʢʣʘʜʘ ʚ ʨʠʩʢ ʠʥʮʠʜʝʥʪʘ. ɼʠʥʘʤʠʢʘ 

ʀʈʇ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʚʝʨʠʬʠʮʠʨʫʝʤʳʤ ʧʦʢʘ-

ʟʘʪʝʣʝʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʦʨʨʝʢʪʠʨʫʶʱʠʭ ʤʝ-

ʨʦʧʨʠʷʪʠʡ ʚ ʨʘʤʢʘʭ ʉʋɹʇ. 

4. ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʘʣʴʥʝʡ-

ʰʝʛʦ ʨʘʟʚʠʪʠʷ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʠ ʷʚʣʷ-

ʝʪʩʷ ʧʝʨʝʭʦʜ ʦʪ ʜʠʩʢʨʝʪʥʦʡ ʙʘʣʣʴʥʦʡ ʰʢʘʣʳ ʢ 

ʥʝʧʨʝʨʳʚʥʳʤ ʬʫʥʢʮʠʷʤ ʨʠʩʢʘ, ʘ ʪʘʢʞʝ ʚʝʨʠ-

ʬʠʢʘʮʠʷ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʥʘ ʩʪʘʪʠ-

ʩʪʠʯʝʩʢʠʭ ʚʳʙʦʨʢʘʭ ʜʘʥʥʳʭ FDM ʢʦʥʢʨʝʪʥʳʭ 

ʘʚʠʘʢʦʤʧʘʥʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʦʚ ʤʘ-
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ɸʥʥʦʪʘʮʠʷ. ʈʘʩʢʨʳʚʘʶʪʩʷ ʧʨʦʙʣʝʤʳ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʭ ʦʩʥʦʚʘʥʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʳʰʣʝʥʠʷ 

ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʧʨʦʮʝʩʩʝ, ʘʢʪʫʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩʝʛʦʜʥʷ ʵʩʢʘʣʘʮʠʝʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢ-

ʪʘ ʚʦ ʚʩʝ ʩʬʝʨʳ ʞʠʟʥʠ ʦʙʱʝʩʪʚʘ. ʉ ʦʧʦʨʦʡ ʥʘ ʬʠʣʦʩʦʬʩʢʠʝ ʠ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʝ ʠʜʝʠ ʚʠʜʥʳʭ ʠʩ-

ʩʣʝʜʦʚʘʪʝʣʝʡ ʘʚʪʦʨ ʫʪʚʝʨʞʜʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʚʝʜʫʱʝʛʦ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʠʥʮʠʧʘ ʚ ʧʨʦʮʝʩʩʝ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʳʰʣʝʥʠʷ ʠʜʝʶ ʦ ʪʦʤ, ʯʪʦ ʚ ʯʝʣʦʚʝʢʝ ʠ ʙʣʘʛʦʜʘʨʷ ʯʝʣʦʚʝʢʫ ʧʨʠʨʦʜʘ  ʩʦʟʝʨʮʘʝʪ 

ʩʘʤʘ ʩʝʙʷ ʠ ʤʳʩʣʠʪ ʦ ʩʝʙʝ. ʆʙʦʩʥʦʚʳʚʘʝʪʩʷ ʤʳʩʣʴ ʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʢʨʠʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ʈʘʙʦʪʘ ʠʤʝʝʪ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʡ ʭʘʨʘʢʪʝʨ: ʥʘʧʠʩʘʥʘ ʥʘ ʩʪʳʢʝ 

ʬʠʣʦʩʦʬʠʠ, ʢʫʣʴʪʫʨʦʣʦʛʠʠ, ʧʩʠʭʦʣʦʛʠʠ, ʩʦʮʠʦʣʦʛʠʠ, ʵʢʦʣʦʛʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ; ʧʨʠʨʦʜʘ ï ʩʫʙʩʪʘʥʮʠʷ ï ʩʫʙʲʝʢʪ; ʤʳʰʣʝʥʠʝ; 

ʜʝʷʪʝʣʴʥʦʩʪʴ; ʧʦʥʷʪʠʝ; ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ; ʩʠʩʪʝʤʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ; ɹ. ʉʧʠʥʦʟʘ; ʂ. ʄʘʨʢʩ; 

ɸ. ʄʘʡʜʘʥʩʢʠʡ. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣ-

ʣʝʢʪ (ʀʀ) ʟʘʥʠʤʘʝʪ ʚʝʜʫʱʠʝ ʧʦʟʠʮʠʠ ʚʦ ʚʩʝʭ 

ʩʬʝʨʘʭ ʦʙʱʝʩʪʚʘ, ʥʝ ʠʩʢʣʶʯʘʷ ʦʙʨʘʟʦʚʘʥʠʷ, 

ʢʦʪʦʨʦʝ ʚʩʝʛʜʘ ʛʦʨʜʠʣʦʩʴ ʩʚʦʝʡ ʢʦʥʩʝʨʚʘʪʠʚ-

ʥʦʩʪʴʶ. ʊʘʢ, ʊ.ɺ. ɹʫʢʠʥʘ ʫʪʚʝʨʞʜʘʝʪ, ʯʪʦ 

çéʠʟʫʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ ʠʩ-

ʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʷʚʣʷ-

ʝʪʩʷ ʥʦʚʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤé ʜʣʷ ʧʨʝʧʦʜʘʚʘʪʝ-

ʣʝʡ, ʘ ʪʝʭʥʦʣʦʛʠʠ ʀʀ ʧʦʩʪʝʧʝʥʥʦ ʠʥʪʝʛʨʠʨʫ-

ʶʪʩʷé ʚ ʧʦʤʦʱʴ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ ʜʣʷ 

ʫʯʝʥʠʢʦʚé ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʩʧʦʩʦ-

ʙʝʥ ʧʦʚʣʠʷʪʴ ʥʘ ʨʘʟʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʦʙʨʘʟʦ-

ʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ: ʩʦʜʝʨʞʘʪʝʣʴʥʳʡ, ʜʝʷ-

ʪʝʣʴʥʦʩʪʥʳʡ, ʨʝʟʫʣʴʪʘʪʠʚʥʳʡè [1]. ɺʦʟʥʠʢʘʝʪ 

ʧʝʨʚʳʡ ʚʦʧʨʦʩ: çʂʘʢʠʤʠ ʤʝʪʦʜʘʤʠ ʠʟʫʯʘʣʠʩʴ 

ʚʦʟʤʦʞʥʦʩʪʠ ʀʀ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʠ ʢʘʢʦ-

ʚʳ ʨʝʘʣʴʥʳʝ, ʘ ʥʝ ʞʝʣʘʝʤʳʝ ʨʝʟʫʣʴʪʘʪʳ ʵʪʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ?è; ʚʪʦʨʦʡ ʚʦʧʨʦʩ: çʂʘʢʠʤ ʦʙʨʘ-

ʟʦʤ ʀʀ ʩʦʚʝʨʰʝʥʩʪʚʫʝʩʦʜʝʨʞʘʪʝʣʴʥʳʡ ʢʦʤ-

ʧʦʥʝʥʪ ʦʙʨʘʟʦʚʘʥʠʷ?è; ʪʨʝʪʠʡ ʚʦʧʨʦʩ: çʏʪʦ 

ɺʳ ʧʦʥʠʤʘʝʪʝ ʧʦʜ ʜʝʷʪʝʣʴʥʦʩʪʥʳʤ ʢʦʤʧʦ-

ʥʝʥʪʦʤ ʦʙʨʘʟʦʚʘʥʠʷ?è  

ʄʥʦʛʦ ʚʦʧʨʦʩʦʚ ʚʦʟʥʠʢʘʝʪ ʥʝ ʢ ʥʝʡʨʦʩʝ-

ʪʷʤ, ʘ ʢ ʧʨʝʧʦʜʘʚʘʪʝʣʷʤ, ʙʝʟʜʫʤʥʦ ʜʝʣʝʛʠʨʦ-

ʚʘʚʰʠʤ ʩʦʜʝʨʞʘʪʝʣʴʥʫʶ ʯʘʩʪʴ ʩʚʦʝʡ ʧʨʦʬʝʩ-

ʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠʩʢʫʩʩʪʚʝʥʥʦʤʫ ʠʥ-

ʪʝʣʣʝʢʪʫ. ʉʪʫʜʝʥʪʳ, ʧʦʢʘ ʥʝ ʚʣʘʜʝʶʱʠʝ ʜʠʘ-

ʣʝʢʪʠʯʝʩʢʠʤ (ʦʥʦ ʞʝ ï ʩʠʩʪʝʤʥʦʝ, ʦʥʦ ʞʝ ï 

ʢʨʠʪʠʯʝʩʢʦʝ) ʤʳʰʣʝʥʠʝʤ, ʧʨʠʙʝʛʘʶʱʠʝ ʢ 

ʧʦʤʦʱʠ ʀʊ, ʦʙʨʝʯʝʥʳ ʥʘ ʟʘʢʨʝʧʣʝʥʠʝ ʠʩ-

ʢʨʠʚʣʸʥʥʦʛʦ, ʧʨʠʤʠʪʠʚʥʦ ï ʦʙʳʜʝʥʥʦʛʦ 

ʤʳʰʣʝʥʠʷ. ʉʦʙʩʪʚʝʥʥʦ, ʪʘʢʦʡ ʫʨʦʚʝʥʴ ʤʳʰ-

ʣʝʥʠʷ ʥʠʢʦʛʜʘ ʥʝ ʧʦʢʠʜʘʣ ʥʘʰʫ ʰʢʦʣʫ, ʘ 

ʣʠʰʴ ʫʢʨʝʧʣʷʣʩʷ ʩ ʢʘʞʜʦʡ ʥʦʚʦʡ ʨʝʬʦʨʤʦʡ. 

ʅʘ ʵʪʫ ʚʘʞʥʝʡʰʫʶ ʧʨʦʙʣʝʤʫ ʢʘʢ ʫʛʨʦʟʫ 

ʥʘʮʠʦʥʘʣʴʥʦʤʫ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʤʫ ʠ ʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʦʤʫ ʩʫʚʝʨʝʥʠʪʝʪʫ ʩʪʨʘʥʳ ʦʙʨʘʪʠʣ 

ʚʥʠʤʘʥʠʝ ʧʨʝʟʠʜʝʥʪ ʈʌ ɺ.ɺ. ʇʫʪʠʥ ʥʘ ʟʘʩʝ-

ʜʘʥʠʠ ɻʦʩʩʦʚʝʪʘ ʚ ʜʝʢʘʙʨʝ 2025 ʛ., ʛʜʝ 

ʥʘʩʪʦʡʯʠʚʦ ʧʦʜʯʝʨʢʥʫʣ, ʯʪʦ ʩʦʚʨʝʤʝʥʥʦʝ ʦʙ-

ʨʘʟʦʚʘʥʠʝ ʜʦʣʞʥʦ ʨʝʰʘʪʴ ʟʘʜʘʯʫ: çé ʬʦʨʤʠ-

ʨʦʚʘʥʠʷ ʫ ʰʢʦʣʴʥʠʢʦʚ ʠ ʩʪʫʜʝʥʪʦʚ ʩʘʤʦʩʪʦʷ-

ʪʝʣʴʥʦʛʦ, ʪʚʦʨʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ, ʥʘʚʳʢʦʚ 

ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠé ʩʧʦʩʦʙʥʦʩʪʠ 

ʢʨʠʪʠʯʝʩʢʠ ʦʮʝʥʠʚʘʪʴ ʧʨʝʜʣʦʞʝʥʠʷ, ʩʬʦʨʤʠ-

ʨʦʚʘʥʥʳʝ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʠʥʪʝʣʣʝʢʪʦʤ [2].  

ʅʘʩʢʦʣʴʢʦ ʵʪʘ ʟʘʜʘʯʘ ʠʤʝʝʪ ʦʛʨʦʤʥʦʝ ʟʥʘ-

ʯʝʥʠʝ, ʦʙʨʘʪʠʤʩʷ ʢ ʨʝʘʣʴʥʦʤʫ ʧʝʜʘʛʦʛʠʯʝ-

ʩʢʦʤʫ ʬʘʢʪʫ. ɸʚʪʦʨ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʦʙʨʘʪʠʣʘʩʴ ʢ ʩʪʫʜʝʥʪʘʤ ʥʘ ʣʝʢʮʠʠ ʧʦ ʢʫʣʴʪʫ-

ʨʦʣʦʛʠʠ: çʂʘʢ ʚʳ ʧʦʥʠʤʘʝʪʝ ʠʟʚʝʩʪʥʳʡ ʩʦ 

ʚʨʝʤʸʥ ɹ. ʉʧʠʥʦʟʳ ʪʝʟʠʩ, ʯʪʦ çʚ ʯʝʣʦʚʝʢʝ 

ʤʳʩʣʠʪ ʩʘʤʘ ʧʨʠʨʦʜʘèè? ʉʪʫʜʝʥʪʳ ʙʳʩʪʨʦ 

ʥʘʰʣʠ ʦʪʚʝʪ, ʜʘʥʥʳʡ ʥʝʡʨʦʩʝʪʴʶ, ʛʝʥʝʨʠʨʦ-

ʚʘʚʰʝʡ ʦʪʚʝʪʳ, ʥʘʭʦʜʷʱʠʝʩʷ çʧʦʜ ʨʫʢʦʡè, 

çʥʘ ʚʠʜʫè, ʥʝ ʫʛʣʫʙʣʷʷʩʴ ʚ ʩʦʜʝʨʞʘʥʠʝ ʚʦʧʨʦ-

ʩʘ. ʇʦʵʪʦʤʫ ʦʪʚʝʪ ʙʳʣ ʜʘʥ ʚ ʙʠʦʣʦʛʠʟʘʪʦʨ-

ʩʢʦʡ ʧʘʨʘʜʠʛʤʝ, ʢʦʪʦʨʘʷ ʩʝʛʦʜʥʷ ʧʨʝʦʙʣʘʜʘʝʪ 

ʚ ʧʩʠʭʦʣʦʛʠʠ. ɺ ʪʝʟʠʩʝ çʚ ʯʝʣʦʚʝʢʝ ʤʳʩʣʠʪ 

ʩʘʤʘ ʧʨʠʨʦʜʘè ʩʪʫʜʝʥʪʳ, ʧʦʚʠʥʫʷʩʴ ʥʝʡʨʦʩʝ-

ʪʠ, ʦʪʤʝʪʠʣʠ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʦʩʥʦʚʫ: ʠʥ-

ʩʪʠʥʢʪʠʚʥʦʝ ʤʳʰʣʝʥʠʝ, ʵʤʦʮʠʦʥʘʣʴʥʫʶ ʧʨʠ-
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ʨʦʜʫ, ʛʝʥʝʪʠʯʝʩʢʫʶ ʧʨʦʛʨʘʤʤʫ ʦʜʘʨʸʥʥʦʩʪʠ ʠ 

ʪʘʣʘʥʪʘ. 

ʇʦʵʪʦʤʫ ʥʫʞʥʘ ʢʨʦʧʦʪʣʠʚʘʷ, ʚʜʫʤʯʠʚʘʷ, 

ʫʙʝʞʜʘʶʱʘʷ ʨʘʙʦʪʘ ʧʨʝʧʦʜʘʚʘʪʝʣʷ, ʬʠʣʦʩʦ-

ʬʠʠ, ʢʫʣʴʪʫʨʦʣʦʛʠ, ʧʩʠʭʦʣʦʛʠʠ, ʩʦʮʠʦʣʦʛʠʠ, 

ʯʪʦʙʳ ʥʝʧʨʠʩʪʫʧʥʘʷ ʢʨʝʧʦʩʪʴ ʵʤʧʠʨʠʯʝʩʢʠ-

ʧʨʠʤʠʪʠʚʥʦʛʦ ʤʳʰʣʝʥʠʷ ʟʘʰʘʪʘʣʘʩʴ ʠ ʨʫʭ-

ʥʫʣʘ. ɺʥʫʪʨʠ ʧʨʦʮʝʩʩʘ ʦʩʚʦʝʥʠʷ ʧʨʝʜʤʝʪʥʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʵʪʠʭ ʜʠʩʮʠʧʣʠʥ ʠ ʦʩʦʙʝʥʥʦ ï ʬʠ-

ʣʦʩʦʬʠʠ ï ʜʦʣʞʥʳ ʣʦʤʘʪʴʩʷ ʩʭʝʤʘʪʠʟʤʳ 

ʦʙʳʜʝʥʥʦʛʦ ʩʦʟʥʘʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ, ʢ ʩʦ-

ʞʘʣʝʥʠʶ, ʥʝ ʪʦʣʴʢʦ ʥʘ ʧʦʣʶʩʝ ʩʪʫʜʝʥʪʦʚ, ʥʦ 

ʠ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ. ɻʣʫʙʠʥʘ ʢʫʣʴʪʫʨʳ ʤʳʰʣʝ-

ʥʠʷ ʧʦʟʚʦʣʷʝʪ ʩʚʦʙʦʜʥʦ ʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ 

ʚʭʦʜʠʪʴ ʚ ʣʶʙʦʝ ʩʦʜʝʨʞʘʥʠʝ. ʅʦ ʵʪʦ ʢʘʢ ʨʘʟ ʠ 

ʩʚʷʟʘʥʦ ʩ ʦʩʚʦʝʥʠʝʤ ʧʨʠʥʮʠʧʦʚ ʤʳʰʣʝʥʠʷ, ʩ 

ʧʨʝʚʨʘʱʝʥʠʷ ʠʭ ʚ ʘʢʪʠʚʥʫʶ ʜʝʷʪʝʣʴʥʫʶ ʩʧʦ-

ʩʦʙʥʦʩʪʴ, ʘ ʥʝ ʫʧʦʚʘʥʠʝ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʫʶ 

ʧʨʝʜʦʧʨʝʜʝʣʸʥʥʦʩʪʴ. 

ɺ ʠʩʩʣʝʜʫʝʤʦʡ ʬʨʘʟʝ ʧʦʥʷʪʠʷ çʯʝʣʦʚʝʢè ʠ 

çʧʨʠʨʦʜʘè ʪʨʝʙʫʶʪ ʚʳʷʚʣʝʥʠʷ ʠʭ ʦʪʥʦʰʝʥʠʷ. 

ɸʥʪʨʦʧʦʮʝʥʪʨʠʩʪʩʢʠʡ ʧʦʜʭʦʜ ʧʨʠʚʸʣ 

ʃ. ʌʝʡʨʙʘʭʘ ʢ ʦʙʦʞʝʩʪʚʣʝʥʠʶ ʯʝʣʦʚʝʢʘ. ʌʠ-

ʣʦʩʦʬ ʥʝ ʦʙʲʷʩʥʷʝʪ ʧʨʠʨʦʜʳ ʤʳʰʣʝʥʠʷ, 

ʯʫʚʩʪʚ, ʚʦʣʠ ʯʝʣʦʚʝʢʘ, ʢʘʢ ʙʫʜʪʦ ʵʪʠ ʢʘʯʝʩʪʚʘ 

ʥʝʠʟʤʝʥʥʳʝ ʠ ʦʪ ʧʨʠʨʦʜʳ ʜʘʥʥʳʝ [3]. ʇʨʦʪʠ-

ʚʦʧʦʣʦʞʥʳʡ ʧʦʜʭʦʜ ï ʵʢʦʮʝʥʪʨʠʟʤ ï ʧʨʦʚʦʟ-

ʛʣʘʰʘʝʪ ʜʦʤʠʥʠʨʦʚʘʥʠʝ ʧʨʠʨʦʜʳ ʥʘʜ ʦʙʱʝ-

ʩʪʚʦʤ ʠ ʯʝʣʦʚʝʢʦʤ [4]. ɺ ʥʘʫʯʥʳʡ ʦʙʠʭʦʜ 

ʧʣʦʪʥʦ ʚʦʰʣʦ ʧʦʥʷʪʠʝ çʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘè, 

ʚʦʣʶʥʪʘʨʠʩʪʩʢʠ ʥʘʚʷʟʘʥʥʦʝ ʧʨʠʨʦʜʝ. ɺ ʵʪʦʤ 

ʞʝ ʥʘʧʨʘʚʣʝʥʠʠ ʤʘʪʝʨʠʘʣʠʩʪ ʠ ʜʠʘʣʝʢʪʠʢ 

ɸ.ɼ. ʄʘʡʜʘʥʩʢʠʡ ʢʨʠʪʠʢʫʝʪ ʫʟʦʩʪʴ ʤʳʩʣʠ 

ɸ. ʉʦʨʦʢʠʥʘ, ʧʨʠʟʳʚʘʶʱʝʛʦ çʧʨʠʨʦʜʫ ʫʨʝ-

ʟʘʪʴ, ʩʫʟʠʪʴ ï ʤʳʰʣʝʥʠʝ ʠʟ ʥʝʝ ʚʳʨʚʘʪʴ ʩ 

ʢʦʨʥʝʤè. ʇʨʠʨʦʜʘ, ʧʦ ʝʛʦ ʩʣʦʚʘʤ, ʯʝʣʦʚʝʢʘ 

çʦʢʨʫʞʘʝʪè, ʠ ʚʩʸ ʧʨʠʨʦʜʥʦʝ ʘʙʩʪʨʘʢʪʥʦ ʧʨʦ-

ʪʠʚʦʩʪʦʠʪ ʯʝʣʦʚʝʯʝʩʢʦʤʫ: ʨʫʢʦʪʚʦʨʥʦʤʫ, 

ʢʫʣʴʪʫʨʥʦʤʫ, ʦʙʱʝʩʪʚʝʥʥʦ-ʠʩʪʦʨʠʯʝʩʢʦʤʫ[5]. 

ʉ ʦʧʦʨʦʡ ʥʘ ʬʠʣʦʩʦʬʩʢʠʝ ʚʟʛʣʷʜʳ 

ɸ.ɼ. ʄʘʡʜʘʥʩʢʦʛʦ, ɺ.ʄ. ʄʝʞʫʝʚʘ, ʕ.ɺ. ʀʣʴ-

ʝʥʢʦʚʘ, ʨʘʟʜʝʣʷʶʱʠʭ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʟʛʣʷʜʳ 

ɹ. ʉʧʠʥʦʟʳ, ɻ. ɻʝʛʝʣʷ, ʂ. ʄʘʨʢʩʘ, ʧʦʧʳʪʘʝʤʩʷ 

ʚʳʷʩʥʠʪʴ ʠʩʪʠʥʥʳʡ ʩʤʳʩʣ ʚʳʨʘʞʝʥʠʷ: çɺ ʯʝ-

ʣʦʚʝʢʝ ʤʳʩʣʠʪ ʩʘʤʘ ʧʨʠʨʦʜʘè. ɿʥʘʯʠʪ, ʥʝʦʙ-

ʭʦʜʠʤʦ ʚ ʩʚʦʠʭ ʨʘʩʩʫʞʜʝʥʠʷʭ ʩʦʚʝʨʰʠʪʴ ʚʦʩ-

ʭʦʞʜʝʥʠʝ ʦʪ ʢʘʪʝʛʦʨʠʡ çʦʩʦʙʝʥʥʦʝè ʠ çʝʜʠ-

ʥʠʯʥʦʝè ʢ ʢʘʪʝʛʦʨʠʠ çʦʙʱʝʝè [1]. ʕʪʘ ʤʳʩʣʴ 

ʚʦʩʭʦʜʠʪ ʢ ʇʣʘʪʦʥʫ, ʢʦʛʜʘ ʦʥ ʦʙʲʷʩʥʷʣ ʦʙʲ-

ʝʢʪʠʚʥʦʩʪʴ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʦʙʱʝʛʦ ʧʦʥʷʪʠʷ 

ʠʟ ʤʥʦʛʦʦʙʨʘʟʠʷ ʤʥʝʥʠʡ ʚ ʩʦʚʤʝʩʪʥʦʡ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ ʣʶʜʝʡ. 

ɹ. ʉʧʠʥʦʟʘ ʫʞʝ ʚ  17 ʚʝʢʝ ʚʳʩʦʢʦ ʧʦʜʥʠ-

ʤʘʣʩʷ ʥʘʜ ʤʝʭʘʥʠʩʪʠʯʝʩʢʦʡ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴʶ 

ʝʩʪʝʩʪʚʦʟʥʘʥʠʷ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʨʝʜʥʝʚʝʢʦʚʦʡ 

ʦʪʩʪʘʣʦʩʪʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ 21 ʚʝ-

ʢʘ. ʕʪʘ ʧʨʦʩʪʘʷ, ʥʦ ʢʦʣʦʩʩʘʣʴʥʦ ʧʨʦʜʫʢʪʠʚʥʘʷ 

ʤʳʩʣʴ ʚʳʨʘʞʝʥʘ ʫ ʉʧʠʥʦʟʳ ʚʧʦʣʥʝ ʩʦʚʨʝ-

ʤʝʥʥʳʤ ʦʙʨʘʟʦʤ: ʤʳʰʣʝʥʠʝ ʝʩʪʴ ʘʪʨʠʙʫʪ ʨʝ-

ʘʣʴʥʦʡ ʙʝʩʢʦʥʝʯʥʦʡ ʇʨʠʨʦʜʳ. ʀʤʝʥʥʦ ʦʥʘ ʠ 

ʧʨʦʩʪʠʨʘʝʪʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʠ çʤʳʩʣʠʪè [5]. 

ɸ.ɼ. ʄʘʡʜʘʥʩʢʠʡ, ʥʝ ʦʪʩʪʫʧʘʷ ʦʪ ʉʧʠʥʦʟʳ, 

ʫʢʘʟʳʚʘʝʪ, ʯʪʦ çʤʦʜʫʩ ʧʨʦʪʷʞʝʥʠʷ (ʪʝʣʦ) ʥʝ 

ʤʦʞʝʪ ʤʳʩʣʠʪʴ, ʪ.ʝ. ʛʝʥʝʨʠʨʦʚʘʪʴ ʠʜʝʠ. çʀʟ 

ʪʝʣʝʩʥʳʭ ʜʚʠʞʝʥʠʡè, ʧʠʰʝʪ ʛʦʣʣʘʥʜʩʢʠʡ 

ʤʳʩʣʠʪʝʣʴ, ʚʦʟʥʠʢʘʶʪ ʣʠʰʴ ʪʝʣʝʩʥʳʝ ʦʙʨʘʟʳ, 

ʥʦ ʥʠʢʘʢ ʥʝ ʠʜʝʠ! ʉʧʠʥʦʟʘ ʧʨʠʟʳʚʘʝʪ ʯʸʪʢʦ ʠ 

ʛʣʫʙʦʢʦ ʦʩʤʳʩʣʝʥʥʦ ʨʘʟʚʦʜʠʪʴ ʠʜʝʠ ʠ ʦʙʨʘʟʳ. 

ʀʜʝʠ ʩʫʪʴ ʤʦʜʫʩʳ ʤʳʰʣʝʥʠʷ, ʘ ʦʙʨʘʟʳ ʞʝ ï 

ʤʦʜʫʩʳ ʧʨʦʪʷʞʝʥʠʷè [6]. çʄʳʩʣʷʱʘʷ ʚʝʱʴè 

(ʉʧʠʥʦʟʘ) ʚʩʝʛʜʘ ʜʝʡʩʪʚʫʝʪ ʚ ʤʠʨʝ ʧʨʠʯʠʥ ʠ 

ʩʣʝʜʩʪʚʠʡ. ɼʦʡʪʠ ʜʦ ʧʨʠʯʠʥʳ ï ʟʘʜʘʯʘ ʣʶʙʦ-

ʛʦ ʤʳʩʣʷʱʝʛʦ ʩʦʟʥʘʥʠʷ. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ 

ʞʝ ʢʦʥʪʫʨʳ, ʧʦ ʢʦʪʦʨʳʤ ʫʩʧʝʰʥʦ ʧʝʨʝʜʚʠʛʘ-

ʶʪ ʩʚʦʸ ʪʝʣʦ ʠ ʞʠʚʦʪʥʳʝ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ  

ʣʠʰʴ ʚʦʦʙʨʘʞʘʝʤʳʝ ʬʦʨʤʳ ʨʝʘʣʴʥʦʩʪʠ. 

ɽʜʠʥʩʪʚʝʥʥʘʷ ʜʝʡʩʪʚʠʪʝʣʴʥʘʷ ʨʝʘʣʴʥʦʩʪʴ ʜʣʷ 

ʉʧʠʥʦʟʳ ï ʵʪʦ ʤʠʨ ʧʨʠʯʠʥ ʠ ʩʣʝʜʩʪʚʠʡ, ʩʭʚʘ-

ʪʳʚʘʝʤʳʭ ʤʳʰʣʝʥʠʝʤ. ɺʦʟʤʦʞʥʦ ʣʠ ʥʘʥʝʩʪʠ 

ʙʦʣʝʝ ʢʦʣʦʩʩʘʣʴʥʳʡ ʫʜʘʨ ʧʦ ʵʤʧʠʨʠʠ ʠ ʧʨʦ-

ʩʣʘʚʣʝʥʥʳʤ ʝʶ ʥʘʚʳʢʘʤ, ʯʝʤ ʵʪʦ ʩʜʝʣʘʣ ʉʧʠ-

ʥʦʟʘ? ɼʚʠʞʝʥʠʷ ʪʝʣʘ ʧʦ ʢʦʥʪʫʨʫ ʚʝʱʠ ʥʝ 

ʠʤʝʶʪ ʥʠʯʝʛʦ ʦʙʱʝʛʦ ʩ ʤʳʰʣʝʥʠʝʤ, ʢʘʢ ʥʠ-

ʯʝʛʦ ʦʙʱʝʛʦ ʩ ʤʳʰʣʝʥʠʝʤ ʥʝ ʠʤʝʶʪ ʞʠʚʦʪ-

ʥʳʝ. 

ʉʧʠʥʦʟʘ ʚʦʦʨʫʞʠʣ ʀʣʴʝʥʢʦʚʘ ʦʙʨʘʟʦʤ 

ʦʩʣʘ, ʧʝʨʝʜʚʠʛʘʶʱʝʛʦʩʷ ʧʦ ʢʨʫʛʫ ʚ ʦʧʨʝʜʝ-

ʣʸʥʥʳʭ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘʭ. ʆʩʸʣ ʚʦʩʧʨʠʥʠʤʘʝʪ 

ʣʠʰʴ ʢʦʥʪʫʨ, ʠʣʠ çʪʝʣʝʩʥʳʡ ʦʙʨʘʟè, ʢʨʫʛʘ, ʘ 

ʤʘʪʝʤʘʪʠʢ ʦʙʨʘʟʫʝʪ ʠʜʝʶ ʢʨʫʛʘ ï ʟʥʘʝʪ, ʢʘʢ 

ʝʛʦ ʧʦʩʪʨʦʠʪʴè [7]. ʀʜʝʷ ʢʨʫʛʘ ʨʦʞʜʘʝʪʩʷ ʚ 

ʜʝʡʩʪʚʠʠ, ʜʝʷʪʝʣʴʥʦʩʪʠ. ɽʩʣʠ ʵʪʘ ʜʝʷʪʝʣʴ-

ʥʦʩʪʴ ʦʙʣʘʜʘʝʪ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴʶ, ʦʧʦʩʨʝʜ-

ʩʪʚʦʚʘʥʥʦʩʪʴʶ, ʪʦ ʦʥʘ ʥʘʟʳʚʘʝʪʩʷ ʪʨʫʜʦʤ. 

ɿʥʘʯʠʪ, ʤʳʰʣʝʥʠʝ ʝʩʪʴ ʪʨʫʜ. ɸ.ʅ. ʃʝʦʥʪʴʝʚ 

ʚʧʦʣʥʝ ʦʙʦʩʥʦʚʘʥʥʦ ʚ ʤʘʪʝʨʠʘʣʠʩʪʠʯʝʩʢʦʡ 

ʪʨʘʜʠʮʠʠ ʧʦʥʠʤʘʥʠʷ ʤʳʰʣʝʥʠʷ ʙʝʨʸʪ ʟʘ ʦʩ-

ʥʦʚʫ ʣʠʯʥʦʩʪʠ ʪʨʫʜʦʚʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʯʝʣʦ-

ʚʝʢʘ [8]. 

ɸ.ʅ. ʃʝʦʥʪʴʝʚ: çɺʩʷʢʦʝ ʧʦʥʷʪʠʝ ʢʘʢ ʧʩʠ-

ʭʦʣʦʛʠʯʝʩʢʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʝʩʪʴ ʧʨʦʜʫʢʪ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠè. ʆʥ ʣʦʤʘʝʪ ʪʨʘʜʠʮʠʦʥʥʦ ʧʨʠʥʷ-

ʪʫʶ ʫ ʧʩʠʭʦʣʦʛʦʚ ʩʭʝʤʫ: ʫ ʫʯʝʥʠʢʘ ʚʦʟʥʠʢʘʝʪ 

ʧʦʥʷʪʠʡʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʥʝ ʚʩʣʝʜʩʪʚʠʝ  ʦʚʣʘ-
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ʜʝʥʠʷ ʧʦʥʷʪʠʝʤ, ʘ ʥʘʦʙʦʨʦʪ ï ʦʥ ʦʚʣʘʜʝʚʘʝʪ 

ʧʦʥʷʪʠʝʤ ʚ ʧʨʦʮʝʩʩʝ ʜʝʷʪʝʣʴʥʦʩʪʠ [9]. ʃʝʦʥ-

ʪʴʝʚ ʦʪʩʪʘʠʚʘʝʪ ʛʣʫʙʦʢʫʶ ʠ ʧʨʦʜʫʢʪʠʚʥʫʶ 

ʤʳʩʣʴ, ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ ʩʪʘʪʴ ʥʘʫʯʥʦ-

ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʦʩʥʦʚʘʥʠʝʤ ʣʶʙʦʛʦ ʚʠʜʘ ʧʝʜʘ-

ʛʦʛʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʦ ʪʦʤ, ʯʪʦ ʜʣʷ ʬʦʨ-

ʤʠʨʦʚʘʥʠʷ ʧʦʥʷʪʠʷ ʚ ʩʦʟʥʘʥʠʠ ʫʯʝʥʠʢʘ ʥʫʞʥʦ 

ʥʘʡʪʠ ʠ ʦʨʛʘʥʠʟʦʚʘʪʴ ʘʜʝʢʚʘʪʥʫʶ ʜʝʷʪʝʣʴ-

ʥʦʩʪʴ. ɺʠʜʥʳʡ ʧʩʠʭʦʣʦʛ ʉ.ʃ. ʈʫʙʠʥʰʪʝʡʥ 

ʪʘʢʞʝ ʫʪʚʝʨʞʜʘʣ, ʯʪʦ ʧʩʠʭʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ 

ʘʥʘʣʠʟʘ ʠ ʩʠʥʪʝʟʘ, ʘʙʩʪʨʘʛʠʨʦʚʘʥʠʷ ʠ ʦʙʦʙ-

ʱʝʥʠʷ ʚʳʩʪʫʧʘʶʪ ʢʘʢ ʚʠʜʳ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʤʳʩʣʷʱʝʛʦ ʩʫʙʲʝʢʪʘ [10]. 

ʇʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʠʜʝʘʣʴʥʦʝ ʝʩʪʴ ʚʳʨʘʞʝʥʠʝ 

ʤʘʪʝʨʠʘʣʴʥʦʛʦ, ʘʪʨʠʙʫʪ ʤʘʪʝʨʠʠ. ɺ ʙʝʩʢʦʥʝʯ-

ʥʦʡ ʠ ʚʝʯʥʦʡ ʧʨʠʨʦʜʝ ʥʝʪ ʥʠʯʝʛʦ, ʢʨʦʤʝ ʥʝʝ 

ʩʘʤʦʡ, ʦʥʘ ʧʨʠʯʠʥʘ ʩʝʙʷ. ʅʘ ʪʦʤ ʩʪʦʷʪ 

ɹ. ʉʧʠʥʦʟʘ ʠ ʥʘʰ ʩʦʚʨʝʤʝʥʥʠʢ ʕ.ɺ. ʀʣʴʝʥʢʦʚ, 

ʜʣʷ ʢʦʪʦʨʦʛʦ ʬʠʣʦʩʦʬʠʷ ʉʧʠʥʦʟʳ ʩʣʫʞʠʣʘ 

ʦʙʨʘʟʮʦʤ ʨʘʟʫʤʥʦʛʦ ʤʳʰʣʝʥʠʷ. ʅʦ ʩʠʩʪʝʤʥʦ 

ʤʳʩʣʷʱʠʡ ʀʣʴʝʥʢʦʚ ʰʸʣ ʠ ʧʦ ʧʫʪʠ ʤʘʪʝʨʠʘ-

ʣʠʩʪʠʯʝʩʢʦʛʦ ʧʦʥʠʤʘʥʠʷ ʠʩʪʦʨʠʠ ʠ ʢʫʣʴʪʫʨʳ, 

ʧʨʦʣʦʞʝʥʥʦʤʫ ʂ. ʄʘʨʢʩʦʤ. ɼʣʷ ʄʘʨʢʩʘ ʥʝ 

ʪʦʣʴʢʦ ʚʝʱʠ, ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʝ ʦʙʱʝʩʪʚʝʥʥʳʤ 

ʯʝʣʦʚʝʢʦʤ ʚ ʝʛʦ ʤʘʪʝʨʠʘʣʴʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ, 

ʩʫʪʴ çʧʨʠʨʦʜʥʳʝ ʚʝʱʠè, çʚʝʱʠ ʧʨʠʨʦʜʳè, ʥʦ 

ʙʦʣʝʝ ʪʦʛʦ ï ʩʘʤ ʯʝʣʦʚʝʢ ʝʩʪʴ ʧʨʠʨʦʜʥʘʷ ʩʠʣʘ, 

ʧʨʠʨʦʜʘ ʢʘʢ ʩʫʙʲʝʢʪ. ʇʨʠʯʝʤ, ʢʘʢ ʩʧʨʘʚʝʜʣʠ-

ʚʦ ʟʘʤʝʯʘʝʪ ɸ. ʄʘʡʜʘʥʩʢʠʡ, ʟʜʝʩʴ ʨʝʯʴ ʠʜʸʪ 

ʥʝ ʦ ʪʝʣʝ ʚ ʵʤʧʠʨʠʯʝʩʢʦʤ ʪʦʣʢʦʚʘʥʠʠ, ʘ ʦ 

ʪʨʫʜʷʱʝʤʩʷ ʩʫʙʲʝʢʪʝ. ʅʘ ʦʩʪʨʠʝ ʵʪʦʡ ʠʜʝʠ 

ʥʝʦʙʭʦʜʠʤʦ ʚʳʩʪʨʘʠʚʘʪʴ ʚʩʶ ʩʠʩʪʝʤʫ ʬʦʨʤʠ-

ʨʦʚʘʥʠʷ ʤʳʰʣʝʥʠʷ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʣʠ ʚ ʯʝʣʦʚʝʢʝ ʤʳʩʣʠʪ 

ʩʘʤʘ ʧʨʠʨʦʜʘ, ʪʦ ʩʣʝʜʫʝʪ ʧʨʠʟʥʘʪʴ, ʯʪʦ ʚ ʯʝʣʦ-

ʚʝʢʝ ʠ ʙʣʘʛʦʜʘʨʷ ʯʝʣʦʚʝʢʫ ʧʨʠʨʦʜʘ ʦʱʫʱʘʝʪ 

ʩʝʙʷ, ʩʦʟʝʨʮʘʝʪ ʩʘʤʘ ʩʝʙʷ ʠ ʤʳʩʣʠʪ ʦ ʩʝʙʝ. 

ʕʪʦ ï ʮʝʥʪʨʘʣʴʥʳʡ ʠ ʢʣʶʯʝʚʦʡ ʪʝʟʠʩ, ʢʦʨʦʪʢʦ 

ʠ ʧʦʣʥʦ ʦʪʨʘʞʘʶʱʠʡ ʩʤʳʩʣ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʬʠʣʦʩʦʬʩʢʦʡ ʠ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʡ ʠʜʠʦʤʳ ʚ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ ʙʠʦʣʦʛʠʟʘʪʦʨʩʢʦʤʫ ʧʦʜ-

ʭʦʜʫ ʢ ʨʘʩʩʤʦʪʨʝʥʠʶ ʚʦʧʨʦʩʘ ʦ ʧʨʦʠʩʭʦʞʜʝ-

ʥʠʠ ʤʳʰʣʝʥʠʷ. 

ʂʘʟʘʣʦʩʴ ʙʳ, ʦʯʝʚʠʜʥʳʤ ʙʳʣʦ ʙʳ ʧʨʝʜʧʦ-

ʣʘʛʘʪʴ, ʯʪʦ ʤʳʰʣʝʥʠʝ ʧʨʠʨʦʜʳ ʦ ʩʘʤʦʡ ʩʝʙʝ, 

ʦʩʫʱʝʩʪʚʣʷʝʤʦʝ ʯʝʣʦʚʝʢʦʤ, ʜʦʣʞʥʦ ʙʳʪʴ ʵʤ-

ʧʠʨʠʯʝʩʢʠʤ, ʦʜʥʘʢʦ, ʥʘʰʠ ʦʱʫʱʝʥʠʷ, ʧʨʝʜʦ-

ʩʪʘʚʣʷʝʤʳʝ ʦʨʛʘʥʘʤʠ ʯʫʚʩʪʚ, ʪ.ʝ. ʩʘʤʦʡ ʧʨʠ-

ʨʦʜʦʡ, ʷʚʣʷʶʪʩʷ ʣʠʰʴ ʠʩʪʦʯʥʠʢʦʤ ʧʦʟʥʘʥʠʷ. 

ʇʦʟʥʘʥʠʝ ʧʨʠʨʦʜʳ ʩʘʤʦʡ ʩʝʙʷ ʯʝʣʦʚʝʯʝʩʢʠʤ 

ʩʦʟʥʘʥʠʝʤ ʟʘʢʣʶʯʘʝʪ ʚ ʩʝʙʝ ʚʘʞʥʝʡʰʫʶ ʦʩʦ-

ʙʝʥʥʦʩʪʴ ï ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʤʳʰʣʝʥʠʝ, ʥʝʩʤʦʪ-

ʨʷ ʥʘ ʪʦ ʯʪʦ ʠʩʪʦʯʥʠʢʦʤ ʧʦʟʥʘʥʠʷ ʷʚʣʷʝʪʩʷ 

ʧʨʠʨʦʜʘ, ʘ ʦʨʛʘʥʘʤʠ ʧʦʟʥʘʥʠʷ ʷʚʣʷʶʪʩʷ ʦʱʫ-

ʱʝʥʠʷ. 

ʇʦʪʦʤʫ ʯʪʦ ʜʣʷ ʧʦʟʥʘʥʠʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʦʜ-

ʥʠʭ ʪʦʣʴʢʦ ʦʱʫʱʝʥʠʡ ʠ ʵʣʝʤʝʥʪʘʨʥʦʡ ʤʳʩ-

ʣʠʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʢʦʪʦʨʦʡ ʦʙʣʘʜʘʶʪ 

ʜʘʞʝ ʦʙʝʟʴʷʥʳ. ʃʠʰʴ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʤʳʰʣʝ-

ʥʠʝ ʩ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʘʙʩʪʨʘʛʠʨʦʚʘʥʠʶ 

ʘʢʢʫʤʫʣʠʨʫʝʪ ʦʱʫʱʝʥʠʷ,  ʧʨʦʚʦʜʠʪ ʩʨʘʚʥʝ-

ʥʠʝ ʠʭ ʤʝʞʜʫ ʩʦʙʦʡ ʥʘ ʦʩʥʦʚʝ ʩʭʦʜʩʪʚʘ ʠ ʨʘʟ-

ʣʠʯʠʷ. ʀ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʪʠʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ 

ʦʧʝʨʘʮʠʡ ʠʟʚʣʝʢʘʝʪ ʠʤʤʘʥʝʥʪʥʦʝ, ʥʝ ʷʚʣʷʶ-

ʱʝʝʩʷ ʚ ʦʱʫʱʝʥʠʷʭ, ʩʦʜʝʨʞʘʥʠʝ.  

ʄʘʪʝʨʠʘʣʠʩʪ-ʜʠʘʣʝʢʪʠʢ ʚʠʜʠʪ ʚ ʤʘʪʝʨʠʠ 

ʥʝ ʪʦʣʴʢʦ ʩʫʙʩʪʘʥʮʠʶ, ʢʘʢ ʵʪʦ ʟʘʢʨʝʧʠʣʦʩʴ 

ʝʱʸ ʩ ʘʥʪʠʯʥʦʡ ʬʠʣʦʩʦʬʠʠ [11], ʥʦ ʠ ʩʫʙʲʝʢʪ. 

ʌ. ʕʥʛʝʣʴʩ, ʢʨʠʪʠʢʫʷ ʃ. ʌʝʡʝʨʙʘʭʘ, ʷʩʥʦ ʚʳ-

ʨʘʟʠʣ ʵʪʫ ʤʳʩʣʴ: ç.... ʧʦʨʘʞʘʝʪ ʫʜʠʚʠʪʝʣʴʥʘʷ 

ʙʝʜʥʦʩʪʴ ʌʝʡʝʨʙʘʭʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ɻʝʛʝʣʝʤ; ʦ 

ʤʠʨʝ, ʚ ʢʦʪʦʨʦʤ ʞʠʚʸʪ ʯʝʣʦʚʝʢ, ʫ ʥʝʛʦ ʥʝʪ ʠ 

ʨʝʯʠ, ʠ ʧʦʪʦʤʫ ʝʛʦ ʯʝʣʦʚʝʢ ʦʩʪʘʸʪʩʷ ʧʦʩʪʦʷʥ-

ʥʦ ʪʝʤ ʞʝ ʘʙʩʪʨʘʢʪʥʳʤ ʯʝʣʦʚʝʢʦʤ...è [12]. 

ʄʘʡʜʘʥʩʢʠʡ ʚʠʜʠʪ ʚ ʦʪʯʫʞʜʝʥʠʠ çʢʫʣʴʪʫʨʳè 

ʦʪ çʥʘʪʫʨʳè ʢʘʢ ʦʙʲʝʢʪʠʚʥʦʝ ʨʘʟʨʝʰʝʥʠʝ 

ʧʨʦʪʠʚʦʨʝʯʠʷ, ʢʘʢ ʩʥʷʪʫʶ (ʧʨʝʚʨʘʱʝʥʥʫʶ) 

ʬʦʨʤʫ ʙʳʪʠʷ ʯʝʣʦʚʝʢʘ ʚ ʧʨʠʨʦʜʝ. ʆʜʥʘʢʦ ʬʠ-

ʣʦʩʦʬʳ, ʨʘʟʜʝʣʷʶʱʠʝ ʧʦʟʠʮʠʶ ʌʝʡʝʨʙʘʭʘ, 

ʧʨʠʥʷʣʠ ʦʪʯʫʞʜʝʥʠʝ ʯʝʣʦʚʝʢʘ ʦʪ ʧʨʠʨʦʜʳ ʟʘ 

ʩʫʱʥʦʩʪʴ ʯʝʣʦʚʝʢʘ, ʟʘ ʩʧʝʮʠʬʠʢʫ ʝʛʦ ʙʳʪʠʷ ʚ 

çʦʢʨʫʞʘʶʱʝʡè ʧʨʠʨʦʜʝ, ʧʦʣʘʛʘʷ ʘʨʛʫʤʝʥʪʦʤ 

ʦʙʱʝʩʪʚʝʥʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʪʨʫʜʘ, ʚʳʢʦʚʘʚʰʝʛʦ 

çʯʘʩʪʠʯʥʦʛʦ, ʘʙʩʪʨʘʢʪʥʦʛʦ ʠʥʜʠʚʠʜʘè. ʀ ʜʘ-

ʣʝʝ, ɸ. ʄʘʡʜʘʥʩʢʠʡ ʬʦʨʤʫʣʠʨʫʝʪ ʫʪʚʝʨʞʜʝ-

ʥʠʝ, ʩ ʢʦʪʦʨʳʤ ʥʝʚʦʟʤʦʞʥʦ ʥʝ ʩʦʛʣʘʩʠʪʴʩʷ: 

çɺʳʜʘʣʠ ʝʩʪʝʩʪʚʝʥʥʦ-ʠʩʪʦʨʠʯʝʩʢʫʶ ʧʘʪʦʣʦ-

ʛʠʶ, ʦʪʨʦʯʝʩʢʠʡ ʥʝʚʨʦʟ ʯʝʣʦʚʝʯʝʩʪʚʘ ï ʨʘʟʣʘʜ 

ʠ ʦʪʪʦʨʞʝʥʠʝ ʢʫʣʴʪʫʨʦʡ ʥʘʪʫʨʳ ï ʟʘ ʚʝʣʠʢʠʡ 

ʪʨʠʫʤʬ ʢʫʣʴʪʫʨʳ, ʚʦʩʧʝʪʳʡ ʚ ʫʯʝʙʥʠʢʘʭ 

çʢʫʣʴʪʫʨʦʣʦʛʠʠè [5]. 

ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ʧʝʨʝʜ ʜʠʘʣʝʢʪʠʯʝʩʢʠ 

ʤʳʩʣʷʱʠʤʠ ʧʨʝʧʦʜʘʚʘʪʝʣʷʤʠ ʢʫʣʴʪʫʨʦʣʦʛʠ ʠ 

ʩʦʮʠʦʣʦʛʠʠ ʚʩʪʘʸʪ ʥʝʧʨʦʩʪʘʷ ʟʘʜʘʯʘ ï ʫʜʝʨ-

ʞʘʪʴʩʷ ʩʘʤʦʤʫ ʠ ʫʜʝʨʞʘʪʴ ʩʪʫʜʝʥʪʦʚ ʚ ʢʦʦʨ-

ʜʠʥʘʪʘʭ ʪʝʦʨʝʪʠʢʦ-ʧʦʟʥʘʚʘʪʝʣʴʥʳʭ ʠʜʝʡ ʚʝ-

ʣʠʢʠʭ ʬʠʣʦʩʦʬʦʚ ʠ ʥʝ ʩʦʩʢʦʣʴʟʥʫʪʴ ʚ ʫʟʢʦ-

ʧʨʘʛʤʘʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʢʫʣʴʪʫʨʦʣʦʛʠʠ 

ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʯʝʙʥʠʢʘʭ. ʊʦʣʴʢʦ ʥʘ ʵʪʦʡ 

ʧʨʦʯʥʦʡ ʦʩʥʦʚʝ ʚʦʟʤʦʞʝʥ ʧʫʪʴ ʢ ʧʦʥʠʤʘʥʠʶ 

ʘʢʪʫʘʣʴʥʦʡ ʩʝʛʦʜʥʷ ʢʦʥʮʝʧʮʠʠ 

ʉ. ʍʘʥʪʠʥʛʪʦʥʘ ʦ ʮʠʚʠʣʠʟʘʮʠʦʥʥʦʤ ʨʘʟʣʦʤʝ ʠ 

ʧʨʠʯʠʥ ʚʦʝʥʥʳʭ ʢʦʥʬʣʠʢʪʦʚ [13]. 
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ʇʦ ʧʦʥʷʪʥʳʤ ʧʨʠʯʠʥʘʤ ʩʦʚʨʝʤʝʥʥʳʝ ʛʫ-

ʤʘʥʠʪʘʨʥʳʝ ʫʯʝʙʥʠʢʠ ʠ ʧʨʦʛʨʘʤʤʳ ʥʝ ʚʢʣʶ-

ʯʘʶʪ ʚ ʩʝʙʷ ʛʣʫʙʦʢʦʡ ʤʳʩʣʠ ʂ. ʄʘʨʢʩʘ ʦ ʪʦʤ, 

ʯʪʦ çéʦʙʱʝʩʪʚʦ ʝʩʪʴ é ʩʫʱʥʦʩʪʥʦʝ ʝʜʠʥ-

ʩʪʚʦ ʯʝʣʦʚʝʢʘ ʩ ʧʨʠʨʦʜʦʡ, ʧʦʜʣʠʥʥʦʝ ʚʦʩʢʨʝ-

ʩʝʥʠʝ ʧʨʠʨʦʜʳé ʦʩʫʱʝʩʪʚʣʝʥʥʳʡ ʛʫʤʘʥʠʟʤ 

ʧʨʠʨʦʜʳé Naturalismus = Humanismus [14]. 

ʕ.ɺ. ʀʣʴʝʥʢʦʚ, ʩʪʨʝʤʷʱʠʡʩʷ ʢ ʛʝʛʝʣʝʚʩʢʦʤʫ 

ʧʦʥʠʤʘʥʠʶ ʢʘʪʝʛʦʨʠʠ çʧʦʥʷʪʠʷè ʫʯʠʣ, ʯʪʦ 

ʢʦʥʢʨʝʪʥʳʤ ʧʦʥʷʪʠʝʤ çʧʨʠʨʦʜʳ ʢʘʢ ʪʘʢʦʚʦʡè 

ʝʩʪʴ ʧʨʠʨʦʜʘ ʚ ʮʝʣʦʤ, ʚʢʣʶʯʘʷ ʯʝʣʦʚʝʢʘ. 

ʇʨʠʨʦʜʘ, ʠʩʢʣʶʯʘʶʱʘʷ ʯʝʣʦʚʝʢʘ, ʝʩʪʴ ʘʙ-

ʩʪʨʘʢʮʠʷ, ʘ  ʧʦʪʦʤʫ ʥʝ ʠʤʝʝʪ ʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʘʚʘ ʥʘʟʳʚʘʪʴʩʷ çʧʦʥʷʪʠʝʤè. ʆ ʞʠʪʝʡʩʢʠʭ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷʭ, ʚʦʟʚʝʜʝʥʥʳʭ ʚ ʨʘʥʛ ʬʠʣʦ-

ʩʦʬʩʢʦʡ ʢʘʪʝʛʦʨʠʠ, ʧʨʝʜʫʧʨʝʞʜʘʣ 

ɻ. ɻʝʛʝʣʴ [15]. 

ɺ ʨʘʩʩʫʞʜʝʥʠʷʭ ʚ ʢʣʶʯʝ: çʏʝʣʦʚʝʢ ï ʵʪʦ 

ʩʘʤʘ ʇʨʠʨʦʜʘ ʢʘʢ ʩʫʙʲʝʢʪè ï ʚʘʞʥʦ ʥʝ ʚʳʧʫ-

ʩʪʠʪʴ ʠʟ ʚʥʠʤʘʥʠʷ ʧʦʩʪʫʣʘʪ, ʯʪʦ ʯʝʣʦʚʝʯʝʩʢʘʷ 

ʢʫʣʴʪʫʨʘ ʥʝʩʨʘʚʥʝʥʥʦ ʰʠʨʝ ʞʠʚʦʪʥʦʡ ʧʨʠʨʦ-

ʜʳ, ʥʦ ʥʝ ʚʳʭʦʜʠʪ ʟʘ ʧʨʝʜʝʣʳ ʧʨʠʨʦʜʳ ʢʘʢ 

ʪʘʢʦʚʦʡ. ʇʨʠʨʦʜʫ ʥʘʜʦ ʧʦʥʠʤʘʪʴ ʢʘʢ ʩʫʙ-

ʩʪʘʥʮʠʶ-ʩʫʙʲʝʢʪ, ʘ ʥʝ ʦʙʲʝʢʪ ʠ ʪʝʤ ʙʦʣʝʝ ʢʘʢ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʕ.ɺ. ʀʣʴʝʥʢʦʚ ʧʦʚʪʦʨʷʝʪ 

ʩʪʨʦʛʦ ʧʦ ʄʘʨʢʩʫ, ʯʪʦ ʚ ʯʝʣʦʚʝʢʝ ʜʝʡʩʪʚʫʝʪ ʠ 

ʤʳʩʣʠʪ ʩʘʤʘ ʧʨʠʨʦʜʘ. ɼʦʙʘʚʣʝʥʠʝ ʛʣʘʛʦʣʘ 

çʜʝʡʩʪʚʫʝʪè ʧʦʜʯʸʨʢʠʚʘʝʪ ʦʩʦʙʝʥʥʦʩʪʴ ʯʝʣʦ-

ʚʝʢʘ, ʟʘʢʣʶʯʘʶʱʫʶʩʷ ʢʦʥʢʨʝʪʥʦ ʚ ʪʨʫʜʝ. ʊʘ-

ʢʠʤ ʦʙʨʘʟʦʤ, ʇʨʠʨʦʜʘ ʜʣʷ ʯʝʣʦʚʝʢʘ ʩʦʚʩʝʤ ʥʝ 

çʚʥʝʰʥʷʷ ʩʨʝʜʘè, ʘ ʩʘʤʘʷ çʚʥʫʪʨʝʥʥʷʷè, ʟʥʘ-

ʯʠʪ, ʪʨʫʜ ï ʧʝʨʚʦʧʨʠʯʠʥʘ ʚʩʝʛʦ ʯʝʣʦʚʝʯʝʩʢʦ-

ʛʦ. ɺʦʧʨʦʩ ʦ ʪʦʤ, ʢʘʢʠʝ ʧʦʪʨʝʙʥʦʩʪʠ ï ʤʘʪʝ-

ʨʠʘʣʴʥʳʝ (ʧʨʠʨʦʜʥʳʝ) ʠʣʠ ʜʫʭʦʚʥʳʝ (ʩʦʟʥʘ-

ʥʠʝ, ʨʘʟʫʤ, ʠʜʝʠ) ï ʧʦʙʫʜʠʣʠ ʯʝʣʦʚʝʢʘ ʪʨʫ-

ʜʠʪʴʩʷ, ʪ.ʝ. ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʧʨʠʨʦʜʫ, ï ʥʝ 

ʦʩʪʘʚʣʷʶʪ ʩʦʤʥʝʥʠʡ ʚ ʧʝʨʚʠʯʥʦʩʪʠ, çʧʨʠʤʘ-

ʪʝè ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʚ ʧʨʦʮʝʩʩʝ ʪʨʫʜʘ. 

ʀʪʘʢ, ʟʘ ʇʨʠʨʦʜʦʡ ʧʨʠʟʥʘʸʪʩʷ ʩʫʙʲʝʢʪ-

ʥʦʩʪʴ. ɽʩʣʠ ʢʨʠʪʠʢʠ ʵʪʦʡ ʧʘʨʘʜʠʛʤʳ ʟʘ ʧʨʝ-

ʜʠʢʘʪ ʧʨʠʤʫʪ çʧʨʠʨʦʜʫè, ʘ ʟʘ ʩʫʙʲʝʢʪ ï 

çʩʫʙʲʝʢʪʥʦʩʪʴè, ʯʪʦ ʦʯʝʚʠʜʥʦ ʠʟ ʵʪʠʤʦʣʦʛʠʠ, 

ʪʦ ʤʦʞʥʦ ʩʢʘʪʠʪʴʩʷ ʚ ʩʨʝʜʥʝʚʝʢʦʚʫʶ ʜʫʘʣʠ-

ʩʪʠʯʝʩʢʫʶ ʢʦʥʮʝʧʮʠʶ, ʧʨʠʟʥʘʶʱʫʶ ʧʨʠʨʦʜʫ 

ʠ ʦʙʱʝʩʪʚʦ ʢʘʢ ʜʚʝ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʩʫʱʥʦ-

ʩʪʠ. ʂ. ʄʘʨʢʩ ʧʨʝʦʜʦʣʝʚʘʝʪ ʵʪʫ ʧʨʦʙʣʝʤʫ ʚ 

ʠʜʝʝ ʇʨʠʨʦʜʳ-ʩʫʙʲʝʢʪʘ, ʩʫʱʝʩʪʚʫʶʱʝʡ ʥʝ 

ʩʘʤʘ ʧʦ ʩʝʙʝ, ʘ ʢʘʢ ʚʦʧʣʦʱʸʥʥʦʡ ʚ ʯʝʣʦʚʝʢʝ, 

ʢʘʢ çʩʠʣʝ ʧʨʠʨʦʜʳè. ʄʘʨʢʩ ʥʘʥʦʩʠʪ ʫʜʘʨ ʧʦ 

ʪʨʘʜʠʮʠʦʥʥʦʤʫ ʘʥʪʨʦʧʦʮʝʥʪʨʠʟʤʫ ʩ ʝʛʦ ʛʦʩ-

ʧʦʜʩʪʚʫʶʱʠʤ ʧʦʣʦʞʝʥʠʝʤ ʯʝʣʦʚʝʢʘ ʥʘʜ çʥʝ-

ʯʝʣʦʚʝʯʝʩʢʦʡè ʧʨʠʨʦʜʦʡ, ʜʦʢʘʟʳʚʘʷ ʚ ʧʦʣʥʦʤ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʛʝʛʝʣʝʚʩʢʠʤʠ ʜʠʘʣʝʢʪʠʯʝʩʢʠ-

ʤʠ ʟʘʢʦʥʘʤʠ ʠ ʢʘʪʝʛʦʨʠʷʤʠ, ʯʪʦ ʯʝʣʦʚʝʯʝʩʢʦʝ 

ʝʩʪʴ ʢʦʥʢʨʝʪʥʘʷ, ʦʩʦʙʘʷ ʬʦʨʤʘ ʧʨʠʨʦʜʥʦ-

ʛʦ [14]. 

ʅ.ʄ. ʉʤʠʨʥʦʚʘ, ʩʦʮʠʘʣʴʥʳʡ ʬʠʣʦʩʦʬ, ʦʙ-

ʚʠʥʷʝʪ ʂ. ʄʘʨʢʩʘ ʚ ʪʦʤ, ʯʪʦ ʦʥ ʟʘʛʥʘʣ ʯʝʣʦʚʝ-

ʢʘ ʚ ʧʦʜʩʪʨʦʯʥʳʡ ʢʦʤʤʝʥʪʘʨʠʡ ʩʚʦʝʡ ʪʝʦʨʠʠ, 

ʚ ʥʝʡ ʥʝʪ ʜʝʣʘ ʜʦ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʠʥʜʠʚʠʜʘ. 

ɸʚʪʦʨ ʥʘʟʳʚʘʝʪ ʧʦʜʭʦʜ ʄʘʨʢʩʘ çʩʦʮʠʘʣʴʥʦ-

ʪʝʨʨʦʨʠʟʠʨʫʶʱʠʤ ʨʘʟʫʤʦʤè [16]. ʉ ʪʘʢʠʤ 

çʧʨʠʛʦʚʦʨʦʤè ʪʨʫʜʥʦ ʩʦʛʣʘʩʠʪʴʩʷ: ʄʘʨʢʩ 

ʨʘʟʣʠʯʘʝʪ ʯʝʣʦʚʝʢʘ ʥʝ ʩ ʧʨʠʨʦʜʥʳʤʠ ʦʙʲʝʢ-

ʪʘʤʠ ʚʦʦʙʱʝ (ʧʪʠʮʳ, ʚʦʜʘ), ʘ ʧʦʜʯʸʨʢʠʚʘʝʪ, 

ʯʪʦ ʦʩʦʙʝʥʥʦʩʪʴ ʯʝʣʦʚʝʢʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟ-

ʣʠʯʝʥʠʠ ʣʠʰʴ ʩ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʜʘʥʥʳʤʠ 

ʧʨʠʨʦʜʥʳʤʠ ʧʨʝʜʤʝʪʘʤʠ ʠ ʢʦʪʦʨʳʝ ʙʫʜʫʪ 

ʧʨʝʦʙʨʘʟʦʚʘʥʳ ʚ ʧʨʦʮʝʩʩʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ-

ʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʪ.ʝ. ʪʨʫʜʘ.  

ʄʳʰʣʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʧʦʣʥʦʤ ʩʦʦʪ-

ʚʝʪʩʪʚʠʠ ʩ ʦʙʱʠʤʠ ʟʘʢʦʥʘʤʠ ʇʨʠʨʦʜʳ. ʆʜʥʘ-

ʢʦ ʜʝʡʩʪʚʠʷ ʞʠʚʦʪʥʳʭ ʩʦʦʙʨʘʟʥʳ ʵʪʠʤ ʟʘʢʦ-

ʥʘʤ ʜʘʞʝ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ, ʯʝʣʦʚʝʯʝʩʢʠʝ ʚ 

ʩʠʣʫ ʠʥʩʪʠʥʢʪʦʚ. ʅʦ ʯʝʣʦʚʝʯʝʩʢʠʝ ʜʝʡʩʪʚʠʷ, ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʞʠʚʦʪʥʳʭ, ʫʥʠʚʝʨʩʘʣʴʥʳ ʚ ʩʠʣʫ 

ʤʳʰʣʝʥʠʷ, ʢʦʪʦʨʦʝ ʩʧʦʩʦʙʥʦ ʦʙʦʙʱʘʪʴ.  ʈʫʢʘ 

ʩ ʝʸ ʨʘʟʚʠʪʦʡ ʢʠʩʪʴʶ ʧʨʠʩʧʦʩʦʙʣʝʥʘ ʢ ʨʝʘʣʠ-

ʟʘʮʠʠ ʩʘʤʳʭ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʜʚʠʞʝʥʠʡ. ʂʘʢ 

ʙʳ ʛʣʫʙʦʢʦ ʯʝʣʦʚʝʢ ʥʠ ʧʦʟʥʘʚʘʣ ʧʨʠʨʦʜʫ, 

ʩʫʞʜʝʥʠʷ ʦʙ ʵʪʠʭ ʧʦʟʥʘʥʠʷʭ ʥʠʯʝʛʦ ʥʝ ʜʦʙʘʚ-

ʣʷʶʪ çʦʪ ʩʝʙʷè ʢ ʧʨʠʨʦʜʝ ʧʦʟʥʘʚʘʝʤʦʛʦ ʧʨʝʜ-

ʤʝʪʘ. ɿʜʝʩʴ, ʧʦ ʜʠʘʣʝʢʪʠʢʝ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ, 

ʩʘʤ ʧʨʝʜʤʝʪ ʧʨʝʜʧʠʩʳʚʘʝʪ ʧʦʣʥʳʡ ʦʙʲʸʤ ʩʦ-

ʜʝʨʞʘʥʠʷ ʩʫʞʜʝʥʠʷ ʦ ʥʝʤ.  çʄʳ ʩʘʤʠ ʥʠʢʦʛʜʘ 

ʥʝ ʫʪʚʝʨʞʜʘʝʤ ʠ ʥʝ ʦʪʨʠʮʘʝʤ ʥʠʯʝʛʦ ʦ ʚʝʱʠ, 

ʥʦ ʩʘʤʘ ʚʝʱʴ ʫʪʚʝʨʞʜʘʝʪ ʠʣʠ ʦʪʨʠʮʘʝʪ ʚ ʥʘʩ 

ʥʝʯʪʦ ʦ ʩʝʙʝè ï ʛʝʥʠʘʣʴʥʘʷ ʤʳʩʣʴ, ʧʨʠʥʘʜʣʝ-

ʞʘʱʘʷ ʛʝʥʠʘʣʴʥʦʤʫ ɹʝʥʝʜʠʢʪʫ ʉʧʠʥʦʟʝ [6]. 

ʄʳʩʣʴ, ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ ʩʪʘʪʴ ʢʦʥʮʝʧʪʫʘʣʴ-

ʥʳʤ ʦʩʥʦʚʘʥʠʝʤ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʤʳʰʣʝʥʠʷ 

ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ. ʀ ʪʦʛʜʘ ʧʦʷʚʣʷʝʪʩʷ 

ʥʘʜʝʞʜʘ, ʯʪʦ ʟʥʘʥʠʷ ʩʪʘʥʫʪ ʮʝʥʥʦʩʪʴʶ ʤʦʣʦ-

ʜʦʛʦ ʧʦʢʦʣʝʥʠʷ ʠ ʥʘʡʜʫʪ ʩʚʦʸ ʟʘʩʣʫʞʝʥʥʦʝ 

ʤʝʩʪʦ ʚ ʮʠʬʨʦʚʦʤ ʤʠʨʝ ʩ ʝʛʦ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝ-

ʘʣʴʥʦʩʪʴʶ. ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ï ʵʪʦ 

ʚʩʝʛʦ ʣʠʰʴ ʦʧʨʝʜʝʣʸʥʥʘʷ ʠ ʟʘʢʦʥʦʤʝʨʥʘʷ ʩʪʘ-

ʜʠʷ ʨʘʟʚʠʪʠʷ ʇʨʠʨʦʜʳ, ʧʦʟʥʘʚʘʝʤʦʡ ʯʝʣʦʚʝ-

ʢʦʤ. 

ʊʝʦʨʠʷ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ ʚ ʩʚʦʸʤ ʧʨʘʢʪʠʯʝ-

ʩʢʦʤ ʧʨʠʤʝʥʝʥʠʠ. ɼʠʜʘʢʪʠʯʝʩʢʠʡ ʧʨʠʸʤ ʩʠ-

ʩʪʝʤʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʢʘʢ 

ʤʦʜʫʣʴ ʚ ʉʧʦʩʦʙʝ ʜʠʘʣʝʢʪʠʯʝʩʢʦʛʦ ʦʙʫʯʝʥʠʷ, 

ʦʙʣʘʜʘʝʪ ʨʝʘʣʴʥʦʡ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʦʢʘʟʘʪʴ, 
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ʢʘʢ ʚ ʧʦʟʥʘʥʠʠ ʚʦʧʣʦʱʘʝʪʩʷ ʧʨʠʥʮʠʧ çʚ ʯʝ-

ʣʦʚʝʢʝ ʜʝʡʩʪʚʫʝʪ ʠ ʤʳʩʣʠʪ ʩʘʤʘ ʧʨʠʨʦʜʘè. ʅʝ 

ʪʦʣʴʢʦ ʧʦʢʘʟʘʪʴ, ʥʦ ʠ ʧʦʩʪʨʦʠʪʴ ʚʩʶ ʧʝʜʘʛʦ-

ʛʠʯʝʩʢʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʥʘ ʵʪʦʡ ʦʩʥʦʚʝ. ʅʝ 

ʧʨʦʧʦʟʠʮʠʦʥʥʦʝ, ʘ ʚʳʚʝʜʝʥʥʦʝ ʟʥʘʥʠʝ ï ʚʳ-

ʚʝʜʝʥʥʦʝ ʠʟ ʩʘʤʦʡ ʧʨʠʨʦʜʳ ʠ ʩʘʤʦʡ ʧʨʠʨʦʜʦʡ 

ʚ ʣʠʮʝ ʯʝʣʦʚʝʢʘ ï ʠʜʝʘʣ, ʢ ʢʦʪʦʨʦʤʫ ʥʘʜʦ 

ʩʪʨʝʤʠʪʴʩʷ ʦʩʦʙʝʥʥʦ ʩʝʛʦʜʥʷ, ʢʦʛʜʘ ʧʨʦʪʠʚʦ-

ʨʝʯʠʷ ʤʝʞʜʫ ʮʠʚʠʣʠʟʘʮʠʝʡ ʠ ʢʫʣʴʪʫʨʦʡ ʜʦ-

ʩʪʠʛʣʠ ʪʘʢʦʛʦ ʧʨʦʜʝʣʘ, ʢʦʛʜʘ ʠʭ ʥʘʜʦ ʨʘʟʨʝ-

ʰʘʪʴ. ʅʦ ʫʯʠʪʴʩʷ ʵʪʦʤʫ ʥʘʜʦ ʫ ʧʨʠʨʦʜʳ, ʢʦ-

ʪʦʨʘʷ ʥʠʢʦʛʜʘ ʥʝ ʦʰʠʙʘʝʪʩʷ.  

ʀʪʘʢ, ʬʠʣʦʩʦʬʩʢʘʷ ʠʜʝʷ çʚ ʯʝʣʦʚʝʢʝ ʤʳʩ-

ʣʠʪ ʩʘʤʘ ʧʨʠʨʦʜʘè ʦʙʣʘʜʘʝʪ ʢʦʣʦʩʩʘʣʴʥʳʤ 

ʜʠʜʘʢʪʠʢʦ-ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ, 

ʩʧʦʩʦʙʩʪʚʫʶʱʠʤ ʬʦʨʤʠʨʦʚʘʥʠʶ ʜʠʘʣʝʢʪʠʯʝ-

ʩʢʦʛʦ ʤʳʰʣʝʥʠʷ ʩ ʝʛʦ ʢʨʠʪʠʯʝʩʢʦʡ  ʬʦʢʫʩʠ-

ʨʦʚʢʦʡ ʥʘ ʚʩʶ ʨʝʘʣʴʥʦʩʪʴ, ʚʢʣʶʯʘʶʱʫʶ ʠʩ-

ʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ. 
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Abstract. The problems of the methodological foundations of the formation of thinking in the educa-

tional process, actualized today by the escalation of artificial intelligence in all spheres of society, are 

revealed. Based on the philosophical and psychological ideas of prominent researchers, the author as-

serts as a leading methodological principle in the process of forming thinking the idea that in man and 

through man nature contemplates itself and thinks about itself. The idea of the expediency of a critical 

analysis of artificial intelligence is substantiated. The work is interdisciplinary in nature: it is written at 

the intersection of philosophy, cultural studies, psychology, sociology, and ecology. 

Keywords: artificial intelligence; nature ï substance ï subject; thinking; activity; concept; educa-

tional process; system modeling; B. Spinoza; K. Marx; A. Maidansky.  
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ʇʈʆɹʃɽʄɸ ɺɸʈʀɸʅʊʅʆʉʊʀ ʀ ʀʅɺɸʈʀɸʅʊʅʆʉʊʀ ʗɿʓʂʆɺʆɻʆ ɿʅɸʂɸ  

ɺ ʀʉʊʆʈʀʀ ʃʀʅɻɺʀʉʊʀʂʀ 

 

ʄ.ɸ. ɸʪʘʢʫʣʦʚʘ, ʜ-ʨ ʬʠʣʦʣ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɹ.ɸ. ɾʘʥʠʙʝʢʦʚʘ, ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ʕ.ʂ. ʄʫʨʘʪʦʚʘ, ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ʆʰʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

(ʂʳʨʛʳʟʩʪʘʥ, ʛ. ʆʰ) 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʚʘʨʠʘʥʪʥʦʩʪʠ ʠ ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ ʷʟʳʢʦ-

ʚʦʛʦ ʟʥʘʢʘ ʚ ʢʦʥʪʝʢʩʪʝ ʨʘʟʚʠʪʠʷ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ ʥʘʫʢʠ. ɸʥʘʣʠʟʠʨʫʶʪʩʷ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ ʬʦʨ-

ʤʠʨʦʚʘʥʠʷ ʥʘʫʯʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʩʦʦʪʥʦʰʝʥʠʠ ʚʘʨʠʘʥʪʘ ʠ ʠʥʚʘʨʠʘʥʪʘ ʚ ʷʟʳʢʝ, ʥʘʯʠʥʘʷ ʩ 

ʢʣʘʩʩʠʯʝʩʢʠʭ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʟʘʢʘʥʯʠʚʘʷ ʩʦʚʨʝʤʝʥʥʳʤʠ ʥʘʫʯʥʳʤʠ ʢʦʥʮʝʧʮʠʷʤʠ. 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʧʦʜʭʦʜʘʤ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʩʫʱʥʦʩʪʠ ʷʟʳʢʦʚʦʛʦ ʟʥʘʢʘ 

ʠ ʝʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʶ ʚ ʩʠʩʪʝʤʝ ʷʟʳʢʘ. ʆʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʚʘʨʠʘʥʪʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʥʝʦʪʲʝʤ-

ʣʝʤʳʤ ʩʚʦʡʩʪʚʦʤ ʷʟʳʢʦʚʦʡ ʩʠʩʪʝʤʳ, ʦʪʨʘʞʘʶʱʠʤ ʜʠʥʘʤʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʷʟʳʢʘ ʠ ʝʛʦ ʩʧʦʩʦʙ-

ʥʦʩʪʴ ʢ ʨʘʟʚʠʪʠʶ ʠ ʠʟʤʝʥʝʥʠʶ. ʀʥʚʘʨʠʘʥʪ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʘʙʩʪʨʘʢʪʥʘʷ ʤʦʜʝʣʴ, ʦʙʲʝʜʠ-

ʥʷʶʱʘʷ ʨʘʟʣʠʯʥʳʝ ʨʝʘʣʠʟʘʮʠʠ ʷʟʳʢʦʚʦʛʦ ʟʥʘʢʘ. ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʚʳʷʚʣʷ-

ʶʪʩʷ ʦʩʥʦʚʥʳʝ ʪʝʥʜʝʥʮʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʳ ʝʸ ʜʘʣʴ-

ʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʷʟʳʢʦʚʦʡ ʟʥʘʢ; ʚʘʨʠʘʥʪʥʦʩʪʴ; ʠʥʚʘʨʠʘʥʪʥʦʩʪʴ; ʣʠʥʛʚʠʩʪʠʢʘ; ʷʟʳʢʦʚʘʷ ʩʠ-

ʩʪʝʤʘ; ʩʪʨʫʢʪʫʨʘ ʷʟʳʢʘ; ʪʝʦʨʠʷ ʷʟʳʢʘ. 

 

ʇʨʦʙʣʝʤʘ ʚʘʨʠʘʥʪʥʦʩʪʠ ʠ ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ 

ʷʟʳʢʦʚʦʛʦ ʟʥʘʢʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ 

ʘʢʪʫʘʣʴʥʳʭ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʣʠʥʛʚʠʩʪʠʢʝ. ʀʩ-

ʩʣʝʜʦʚʘʥʠʝ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʩʚʷʟʘʥʦ ʩ ʠʟʫʯʝ-

ʥʠʝʤ ʩʪʨʫʢʪʫʨʳ ʷʟʳʢʘ, ʤʝʭʘʥʠʟʤʦʚ ʝʛʦ ʬʫʥʢ-

ʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʨʘʟʚʠʪʠʷ. 

ʗʟʳʢʦʚʦʡ ʟʥʘʢ ʚʳʩʪʫʧʘʝʪ ʮʝʥʪʨʘʣʴʥʳʤ ʵʣʝ-

ʤʝʥʪʦʤ ʷʟʳʢʦʚʦʡ ʩʠʩʪʝʤʳ, ʧʦʩʢʦʣʴʢʫ ʠʤʝʥʥʦ 

ʯʝʨʝʟ ʥʝʛʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʚʷʟʴ ʤʝʞʜʫ ʬʦʨ-

ʤʦʡ ʠ ʩʦʜʝʨʞʘʥʠʝʤ. ʈʘʙʦʪʳ ʪʘʢʠʭ ʚʳʜʘʶʱʠʭ-

ʩʷ ʫʯʝʥʳʭ, ʢʘʢ ʈ.ʆ. ʗʢʦʙʩʦʥ, ʅ.ʉ. ʊʨʫʙʝʮʢʦʡ, 

ʄ. ʍʘʣʣʝ, ʃ. ɽʣʴʤʩʣʝʚ, ʖ.ʉ. ʄʘʩʣʦʚ, 

ɺ.ʄ. ʉʦʣʥʮʝʚ, ɺ.ʀ. ʂʦʜʫʭʦʚ, ɸ.ɺ. ɹʦʥʜʘʨʢʦ, 

ɸ.ʄ. ʄʫʭʠʥ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʟʥʘʯʠʤʦʩʪʠ 

ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʘʪʠʢʠ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʦʙʰʠʨʥʫʶ ʠʩʪʦʨʠʦʛʨʘʬʠʶ, 

ʢʦʤʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ ʠʩʪʦʨʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ 

ʨʘʟʚʠʪʠʷ ʧʦʜʭʦʜʦʚ ʢ ʨʝʰʝʥʠʶ ʜʘʥʥʦʡ ʧʨʦ-

ʙʣʝʤʳ ʦʩʪʘʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʥʳʤ. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʧʝ-

ʨʠʦʜʠʟʘʮʠʷ ʈ.ʆ. ʗʢʦʙʩʦʥʘ, ʚʳʜʝʣʷʶʱʘʷ ʜʚʘ 

ʵʪʘʧʘ ʚ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʠʩʢʘʥʠʷʭ, ʥʝ ʦʭʚʘʪʳ-

ʚʘʶʪ ʚʩʝʡ ʧʦʣʥʦʪʳ ʵʚʦʣʶʮʠʠ ʜʘʥʥʦʛʦ ʢʦʥʮʝʧ-

ʪʫʘʣʴʥʦʛʦ ʧʦʣʷ. ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʩʪʘʚʠʪ ʩʚʦ-

ʝʡ ʮʝʣʴʶ ʧʨʝʜʣʦʞʠʪʴ ʪʨʝʭʧʝʨʠʦʜʥʫʶ ʧʝʨʠʦ-

ʜʠʟʘʮʠʶ ʨʘʟʚʠʪʠʷ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦ-

ʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʪʝʦʨʠʠ ʚʘʨʠʘʥʪʥʦ-

ʩʪʠ/ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ, ʦʧʠʨʘʷʩʴ ʥʘ ʘʥʘʣʠʟ ʦʩ-

ʥʦʚʦʧʦʣʘʛʘʶʱʠʭ ʨʘʙʦʪ. 

I. ʌʦʨʤʠʨʦʚʘʥʠʝ ʢʦʥʮʝʧʮʠʠ ʬʦʥʝʤʳ ʢʘʢ 

ʠʥʚʘʨʠʘʥʪʘ: 

ʇʝʨʚʳʡ ʵʪʘʧ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʨʘʤʢʘʭ ʜʘʥ-

ʥʦʡ ʧʨʦʙʣʝʤʘʪʠʢʠ ʪʝʩʥʦ ʩʚʷʟʘʥ ʩ ʚʦʟʥʠʢʥʦʚʝ-

ʥʠʝʤ ʫʯʝʥʠʷ ʦ ʬʦʥʝʤʝ ʢʘʢ ʠʥʚʘʨʠʘʥʪʥʦʡ ʝʜʠ-

ʥʠʮʝ, ʧʨʦʪʠʚʦʧʦʩʪʘʚʣʝʥʥʦʡ ʢʦʥʢʨʝʪʥʳʤ ʟʚʫ-

ʢʦʚʳʤ ʚʘʨʠʘʥʪʘʤ ʠ ʚʘʨʠʘʮʠʷʤ. ɺʘʞʥʦ ʦʪʤʝ-

ʪʠʪʴ, ʯʪʦ ʜʘʥʥʦʝ ʫʯʝʥʠʝ ʦʧʠʨʘʝʪʩʷ ʥʘ ʧʨʦʯ-

ʥʳʡ ʥʘʫʯʥʳʡ ʬʫʥʜʘʤʝʥʪ, ʧʦʩʢʦʣʴʢʫ ʠʜʝʠ, 

ʧʨʝʜʚʦʩʭʠʱʘʶʱʠʝ ʢʦʥʮʝʧʮʠʶ ʬʦʥʝʤʳ, ʚʳ-

ʩʢʘʟʳʚʘʣʠʩʴ ʟʘʜʦʣʛʦ ʜʦ ʨʘʙʦʪ ʅ.ʉ. ʊʨʫʙʝʮʢʦʛʦ 

ʠ ʈ.ʆ. ʗʢʦʙʩʦʥʘ. 

ʇʨʠʤʝʨʦʤ ʪʘʢʦʛʦ ʧʨʝʜʚʦʩʭʠʱʝʥʠʷ ʤʦʞʝʪ 

ʩʣʫʞʠʪʴ ʧʦʜʭʦʜ ʃ.ɺ. ʑʝʨʙʳ. ɺ ʝʛʦ ʪʨʫʜʘʭ 

ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʧʦʥʠʤʘʥʠʝ ʬʦʥʝʤʳ ʢʘʢ ʦʙʲ-

ʝʜʠʥʝʥʠʷ ʨʷʜʘ ʟʚʫʢʦʚ ʚ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ çʟʚʫ-

ʢʦʚʳʝ ʪʠʧʳè. ʃ.ɺ. ʑʝʨʙʘ ʧʠʩʘʣ: çʕʪʠ ʟʚʫʢʦ-

ʚʳʝ ʪʠʧʳ ʠ ʠʤʝʶʪʩʷ ʚ ʚʠʜʫ, ʢʦʛʜʘ ʛʦʚʦʨʷʪ ʦʙ 

ʦʪʜʝʣʴʥʳʭ ʟʚʫʢʘʭ ʨʝʯʠ. ʄʳ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʠʭ 

ʬʦʥʝʤʘʤʠ. ʈʝʘʣʴʥʦ ʞʝ ʧʨʦʠʟʥʦʩʠʤʳʝ ʨʘʟʣʠʯ-

ʥʳʝ ʟʚʫʢʠ, ʷʚʣʷʶʱʠʝʩʷ ʪʝʤ ʯʘʩʪʥʳʤ, ʚ ʢʦʪʦ-

ʨʦʤ ʨʝʘʣʠʟʫʝʪʩʷ ʦʙʱʝʝ (ʬʦʥʝʤʘ), ʙʫʜʝʤ ʥʘʟʳ-

ʚʘʪʴ ʦʪʪʝʥʢʘʤʠ ʬʦʥʝʤʳè [1, ʩ. 65]. ɼʘʥʥʘʷ 

ʬʦʨʤʫʣʠʨʦʚʢʘ ʬʘʢʪʠʯʝʩʢʠ ʦʪʨʘʞʘʝʪ ʧʦʥʠʤʘ-

ʥʠʝ ʬʦʥʝʤʳ ʢʘʢ ʠʥʚʘʨʠʘʥʪʥʦʛʦ ʧʨʠʟʥʘʢʘ 
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ʢʣʘʩʩʘ ʟʚʫʢʦʚ, ʚʳʩʪʫʧʘʶʱʠʭ ʚ ʨʦʣʠ ʝʝ ʚʘʨʠ-

ʘʥʪʦʚ. 

ɼʘʣʝʝ ʃ.ɺ. ʑʝʨʙʘ ʚʚʦʜʠʪ ʧʦʥʷʪʠʝ ʛʣʘʚʥʦ-

ʛʦ, çʩʘʤʦʛʦ ʪʠʧʠʯʥʦʛʦè ʜʣʷ ʜʘʥʥʦʡ ʬʦʥʝʤʳ 

ʦʪʪʝʥʢʘ, ʢʦʪʦʨʳʡ, ʧʦ ʝʛʦ ʤʥʝʥʠʶ, çʧʨʦʠʟʥʦ-

ʩʠʪʩʷ ʚ ʠʟʦʣʠʨʦʚʘʥʥʦʤ ʚʠʜʝè [1, ʩ. 70]. ʕʪʠ 

ʧʦʣʦʞʝʥʠʷ ʟʘʢʣʘʜʳʚʘʶʪ ʦʩʥʦʚʫ ʜʣʷ ʧʦʩʣʝʜʫ-

ʶʱʝʛʦ ʨʘʟʚʠʪʠʷ ʪʝʦʨʠʠ ʬʦʥʝʤʳ ʢʘʢ ʠʥʚʘʨʠ-

ʘʥʪʘ, ʧʦʜʯʝʨʢʠʚʘʷ ʨʘʟʛʨʘʥʠʯʝʥʠʝ ʤʝʞʜʫ ʘʙ-

ʩʪʨʘʢʪʥʦʡ ʩʫʱʥʦʩʪʴʶ (ʬʦʥʝʤʦʡ) ʠ ʝʝ ʢʦʥ-

ʢʨʝʪʥʳʤʠ ʨʝʘʣʠʟʘʮʠʷʤʠ (ʟʚʫʢʦʚʳʤʠ ʦʪʪʝʥʢʘ-

ʤʠ). 

ʇʘʨʘʣʣʝʣʴʥʦ ʩ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʃ.ɺ. ʑʝʨ-

ʙʳ, ʘʥʘʣʦʛʠʯʥʳʝ ʠʜʝʠ ʨʘʟʚʠʚʘʣ ʠ ɼ. ɼʞʦʫʥʟ. 

ɺ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʤ ʪʨʫʜʝ ʉ.ɺ. ʂʦʜʟʘʩʦʚʘ ʠ 

ʆ.ʌ. ʂʨʠʚʥʦʚʦʡ çʆʙʱʘʷ ʬʦʥʝʪʠʢʘè ʜʘʝʪʩʷ 

ʛʣʫʙʦʢʠʡ ʘʥʘʣʠʟ ʪʝʨʤʠʥʦʣʦʛʠʠ (çʩʝʤʴʷ ʟʚʫ-

ʢʦʚè, çʛʣʘʚʥʳʡ ʯʣʝʥè, çʜʠʚʝʨʛʝʥʪʳè). ʆʧʨʝ-

ʜʝʣʷʷ ʬʦʥʝʤʫ ʢʘʢ çʤʘʣʝʥʴʢʫʶ ʩʝʤʴʶ ʟʚʫʢʦʚè, 

ɼ. ɼʞʦʫʥʟ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʚʚʝʣ ʢʦʥʮʝʧʮʠʶ 

ʘʙʩʪʨʘʢʪʥʦʛʦ ʟʚʫʢʘ, ʢʦʥʢʨʝʪʥʳʝ ʨʝʘʣʠʟʘʮʠʠ 

ʢʦʪʦʨʦʛʦ ʚʳʩʪʫʧʘʶʪ ʚ ʢʘʯʝʩʪʚʝ ʝʛʦ ʤʘʥʠʬʝ-

ʩʪʦʚ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʦʥ ʦʪʤʝʯʘʣ, ʯʪʦ ʚ 

ʩʣʫʯʘʝ, ʝʩʣʠ ʬʦʥʝʤʘ ʚʢʣʶʯʘʝʪ ʙʦʣʝʝ ʦʜʥʦʛʦ 

ʵʣʝʤʝʥʪʘ, ʦʜʠʥ ʠʟ ʟʚʫʢʦʚ ʟʘʯʘʩʪʫʶ ʧʨʠʦʙʨʝʪʘ-

ʝʪ ʙʦʣʴʰʫʶ ʟʥʘʯʠʤʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫ-

ʛʠʤʠ. ʕʪʦʪ ʟʚʫʢ, ʧʦ ʤʥʝʥʠʶ ɼ. ɼʞʦʫʥʟʘ, ʤʦʛ 

ʠʤʝʥʦʚʘʪʴʩʷ çʛʣʘʚʥʳʤ ʯʣʝʥʦʤ ʬʦʥʝʤʳè. 

ʆʩʪʘʣʴʥʳʝ ʟʚʫʢʠ, ʚʭʦʜʷʱʠʝ ʚ çʩʝʤʴʶ ʟʚʫʢʦʚè, 

ʙʳʣʠ ʦʙʦʟʥʘʯʝʥʳ ʢʘʢ çʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʯʣʝ-

ʥʳè, çʜʠʚʝʨʛʝʥʪʳè ʠʣʠ çʩʫʙʬʦʥʝʤʠʯʝʩʢʠʝ 

ʚʘʨʠʘʥʪʳè [2, c. 65]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ɼ. ɼʞʦʫʥʟ, ʬʘʢʪʠʯʝʩʢʠ ʧʨʠʙʣʠʟʠʚʰʠʩʴ ʢ ʧʦ-

ʥʠʤʘʥʠʶ ʬʦʥʝʤʳ ʢʘʢ ʘʙʩʪʨʘʢʪʥʦʡ ʩʫʱʥʦʩʪʠ, 

ʚʚʝʣ ʧʦʥʷʪʠʝ ʚʝʜʫʱʝʛʦ ʟʚʫʢʘ, ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʢʦʪʦʨʦʛʦ ʦʩʪʘʣʴʥʳʝ ʷʚʣʷʶʪʩʷ ʚʘʨʠʘʥʪʘʤʠ, 

ʧʨʝʜʩʪʘʚʠʚ ʬʦʥʝʤʫ ʢʘʢ ʩʪʨʫʢʪʫʨʫ, ʩʦʩʪʦʷʱʫʶ 

ʠʟ ʵʪʘʣʦʥʘ ʠ ʝʛʦ ʚʘʨʠʘʮʠʡ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʨʘʙʦʪʘʭ ʃ.ɺ. ʑʝʨʙʳ ʠ 

ɼ. ɼʞʦʫʥʟʘ ʚ ʧʦʥʷʪʠʝ ʬʦʥʝʤʳ ʠʤʧʣʠʮʠʪʥʦ 

ʚʚʦʜʠʣʩʷ çʵʪʘʣʦʥʥʳʡ ʤʦʤʝʥʪè [3, c. 76]. ʕʪʦʪ 

ʘʩʧʝʢʪ ʙʳʣ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʧʝʨʝ-

ʦʩʤʳʩʣʝʥ ʠ ʧʨʝʦʜʦʣʝʥ ʚ ʪʨʫʜʘʭ ʧʨʝʜʩʪʘʚʠʪʝ-

ʣʝʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ (ʚʢʣʶʯʘʷ ʅ.ʉ. ʊʨʫʙʝʮʢʦ-

ʛʦ, ʈ.ʆ. ʗʢʦʙʩʦʥʘ ʠ ʜʨʫʛʠʭ) ʠ ʜʝʩʢʨʠʧʪʠʚʥʦʡ 

(ʚʢʣʶʯʘʷ ɻ. ɻʣʠʩʦʥʘ, ʄ. ʍʘʣʣʝ ʠ ʜʨʫʛʠʭ) 

ʣʠʥʛʚʠʩʪʠʢʠ [3, ʩ. 77]. 

ʀʤʝʥʥʦ ʅ.ʉ. ʊʨʫʙʝʮʢʦʡ ʨʘʟʨʘʙʦʪʘʣ ʦʩʥʦ-

ʚʦʧʦʣʘʛʘʶʱʠʝ ʧʨʠʥʮʠʧʳ ʬʦʥʦʣʦʛʠʠ, ʜʝʪʘʣʴ-

ʥʦ ʠʩʩʣʝʜʦʚʘʚ ʩʦʦʪʥʦʰʝʥʠʝ ʬʦʥʝʤʳ ʠ ʝʝ ʟʚʫ-

ʢʦʚʳʭ ʨʝʘʣʠʟʘʮʠʡ, ʠ, ʪʝʤ ʩʘʤʳʤ, ʟʘʣʦʞʠʣ 

ʬʫʥʜʘʤʝʥʪ ʜʣʷ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ 

ʜʘʥʥʦʤ ʧʦʥʷʪʠʠ [4, ʩ. 153]. 

 

ʊʘʙʣʠʮʘ 1. ʉʦʦʪʥʦʰʝʥʠʝ ʷʟʳʢʦʚʦʛʦ ʠʥʚʘʨʠʘʥʪʘ ʠ ʨʝʯʝʚʳʭ ʚʘʨʠʘʥʪʦʚ ʥʘ ʬʦʥʝʪʠʯʝʩʢʦʤ ʫʨʦʚʥʝ 

(ʧʦ ʤʦʜʝʣʠ ɼ. ɼʞʦʫʥʟʘ) 
ʀʥʚʘʨʠʘʥʪ (ʬʦʥʝʤʘ) ɺʘʨʠʘʥʪʳ ʟʚʫʢʘ (ʘʣʣʦʬʦʥʳ) ʇʨʠʤʝʨ ʩʣʦʚʘ ʇʨʠʯʠʥʘ ʚʘʨʠʘʮʠʠ 

/ʢ/ [ʢ], [ʢᾬ], [ʢ≈] ʢʦʪ, ʢʠʥʦ, ʣʫʢ ʤʷʛʢʦʩʪʴ, ʧʦʟʠʮʠʷ ʚ ʩʣʦʚʝ 

/ʣ/ [ʣ], [ʣᾬ] ʣʫʥʘ, ʣʝʩ ʚʣʠʷʥʠʝ ʧʦʩʣʝʜʫʶʱʝʛʦ ʛʣʘʩʥʦʛʦ 

/ʛ/ [ʛ], [ʢ] ʛʦʜ, ʙʦʛ ʦʛʣʫʰʝʥʠʝ ʚ ʢʦʥʮʝ ʩʣʦʚʘ 

/ʦ/ [ʦ], [ʘ], [ʲ] ʜʦʤ, ʚʦʜʘ, ʤʦʣʦʢʦ ʨʝʜʫʢʮʠʷ ʙʝʟʫʜʘʨʥʳʭ ʛʣʘʩʥʳʭ 

/ʪ/ [ʪ], [ʪᾬ] ʪʘʤ, ʪʝʥʴ ʤʷʛʢʦʩʪʴ ʧʝʨʝʜ ʛʣʘʩʥʳʤ 

 

II.  ʈʘʟʚʠʪʠʝ ʢʦʥʮʝʧʮʠʠ ʬʦʥʝʤʳ ʚ ʨʘʤ-

ʢʘʭ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʠ ʜʝʩʢʨʠʧʪʠʚʥʦʡ 

ʣʠʥʛʚʠʩʪʠʢʠ: 

ʉʣʝʜʫʶʱʠʡ ʵʪʘʧ ʠʩʩʣʝʜʦʚʘʥʠʡ ʭʘʨʘʢʪʝʨʠ-

ʟʫʝʪʩʷ ʦʪʭʦʜʦʤ ʦʪ ʢʦʥʮʝʧʮʠʠ çʵʪʘʣʦʥʥʦʛʦ ʤʦ-

ʤʝʥʪʘè ʠ ʨʘʟʚʠʪʠʝʤ ʙʦʣʝʝ ʘʙʩʪʨʘʢʪʥʦʛʦ ʧʦʥʠ-

ʤʘʥʠʷ ʬʦʥʝʤʳ. ʇʨʝʜʩʪʘʚʠʪʝʣʠ ʬʫʥʢʮʠʦ-

ʥʘʣʴʥʦʡ ʣʠʥʛʚʠʩʪʠʢʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ 

ʅ.ʉ. ʊʨʫʙʝʮʢʦʡ, ʧʝʨʝʥʝʩʣʠ ʬʦʢʫʩ ʘʥʘʣʠʟʘ ʩ 

ʢʦʥʢʨʝʪʥʳʭ ʘʨʪʠʢʫʣʷʮʠʦʥʥʳʭ ʠ ʘʢʫʩʪʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʟʚʫʢʦʚ ʥʘ ʠʭ ʜʠʩʪʠʥʢʪʠʚʥʫʶ ʬʫʥʢ-

ʮʠ ʁ ʚ ʷʟʳʢʝ. ʌʦʥʝʤʥʘʷ ʦʧʧʦʟʠʮʠʷ ʙʳʣʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʢ ʩʠʩʪʝʤʘ ʚʟʘʠʤʦʠʩʢʣʶʯʘʶ-

ʱʠʭ ʧʨʠʟʥʘʢʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʨʘʟʣʠʯʘʪʴ 

ʩʤʳʩʣʦʨʘʟʣʠʯʠʪʝʣʴʥʳʝ ʝʜʠʥʠʮʳ ʷʟʳʢʘ [5, 

c. 83]. ʌʦʥʝʤʥʘʷ ʚʘʨʠʘʪʠʚʥʦʩʪʴ, ʚ ʩʚʦʶ ʦʯʝ-

ʨʝʜʴ, ʩʪʘʣʘ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʦʙʫʩʣʦʚʣʝʥ-

ʥʘʷ ʢʦʥʪʝʢʩʪʫʘʣʴʥʳʤʠ, ʧʦʟʠʮʠʦʥʥʳʤʠ ʠʣʠ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʥʦ ʥʝ ʚʣʠʷʶ-

ʱʘʷ ʥʘ ʩʤʳʩʣʦʨʘʟʣʠʯʠʪʝʣʴʥʫʶ ʬʫʥʢʮʠʶ ʬʦ-

ʥʝʤʳ [5, c. 92]. 

ɺ ʨʘʤʢʘʭ ʜʝʩʢʨʠʧʪʠʚʥʦʡ ʣʠʥʛʚʠʩʪʠʢʠ, 

ʦʩʦʙʝʥʥʦ ʚ ʨʘʙʦʪʘʭ ʪʘʢʠʭ ʫʯʝʥʳʭ, ʢʘʢ 

ɻ. ɻʣʠʩʦʥ ʠ ʄ. ʍʘʣʣʝ, ʧʨʦʜʦʣʞʠʣʦʩʴ ʨʘʟʚʠʪʠʝ 

ʬʦʨʤʘʣʴʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʘʥʘʣʠʟʫ ʬʦʥʝʤʥʦʛʦ 

ʠʥʚʝʥʪʘʨʷ [6, c. 29]. ɹʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʙʦʣʝʝ 

ʩʪʨʦʛʠʝ ʧʨʦʮʝʜʫʨʳ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʬʦʥʝʤʳ ʠ 

ʝʝ ʚʘʨʠʘʥʪʦʚ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʨʠʥʮʠʧʘʭ ʜʠʩ-

ʪʨʠʙʫʪʠʚʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʤʠʥʠʤʘʣʴʥʳʭ ʧʘʨʘ-

ʜʠʛʤ. ɸʢʮʝʥʪ ʩʤʝʩʪʠʣʩʷ ʥʘ ʧʦʩʪʨʦʝʥʠʝ ʠʩʯʝʨ-

ʧʳʚʘʶʱʠʭ ʬʦʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʠʩʘʥʠʡ ʷʟʳʢʦʚ, 

ʛʜʝ ʬʦʥʝʤʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʤʠʥʠʤʘʣʴʥʘʷ 
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ʩʤʳʩʣʦʨʘʟʣʠʯʠʪʝʣʴʥʘʷ ʝʜʠʥʠʮʘ, ʥʝ ʩʚʦʜʠʤʘʷ 

ʢ ʙʦʣʝʝ ʧʨʦʩʪʳʤ ʵʣʝʤʝʥʪʘʤ [3, ʩ. 74]. 

III.  ʉʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʧʨʦʙʣʝʤʝ 

ʚʘʨʠʘʥʪʥʦʩʪʠ/ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ: 

ʊʨʝʪʠʡ ʵʪʘʧ ʨʘʟʚʠʪʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘ-

ʩʪʠ ʚʘʨʠʘʥʪʥʦʩʪʠ/ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ ʦʪʤʝʯʝʥ 

ʨʘʩʰʠʨʝʥʠʝʤ ʧʨʝʜʤʝʪʥʦʛʦ ʧʦʣʷ ʠ ʠʥʪʝʛʨʘʮʠ-

ʝʡ ʨʘʟʣʠʯʥʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ. ʉʦ-

ʚʨʝʤʝʥʥʘʷ ʣʠʥʛʚʠʩʪʠʢʘ ʘʢʪʠʚʥʦ ʠʩʩʣʝʜʫʝʪ ʥʝ 

ʪʦʣʴʢʦ ʬʦʥʦʣʦʛʠʯʝʩʢʠʝ, ʥʦ ʠ ʤʦʨʬʦʣʦʛʠʯʝ-

ʩʢʠʝ, ʩʠʥʪʘʢʩʠʯʝʩʢʠʝ ʠ ʩʝʤʘʥʪʠʯʝʩʢʠʝ ʘʩʧʝʢ-

ʪʳ ʚʘʨʠʘʥʪʥʦʩʪʠ ʠ ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ. 

- ʂʦʛʥʠʪʠʚʥʘʷ ʣʠʥʛʚʠʩʪʠʢʘ ʧʨʝʜʣʘʛʘʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠʥʚʘʨʠʘʥʪʳ ʢʘʢ ʤʝʥʪʘʣʴʥʳʝ 

ʨʝʧʨʝʟʝʥʪʘʮʠʠ, ʘ ʚʘʨʠʘʥʪʳ ï ʢʘʢ ʠʭ ʢʦʥʢʨʝʪ-

ʥʳʝ ʚʦʧʣʦʱʝʥʠʷ ʚ ʨʝʯʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʢʦ-

ʛʥʠʪʠʚʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʠ ʧʨʘʛʤʘʪʠʯʝʩʢʠʤʠ 

ʬʘʢʪʦʨʘʤʠ. 

- ʂʦʨʧʫʩʥʘʷ ʣʠʥʛʚʠʩʪʠʢʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʦʙʰʠʨʥʳʝ ʵʤʧʠʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʜʣʷ ʠʟʫʯʝ-

ʥʠʷ ʨʝʘʣʴʥʦʡ ʚʘʨʠʘʪʠʚʥʦʩʪʠ ʷʟʳʢʦʚʳʭ ʝʜʠʥʠʮ 

ʠ ʧʦʩʪʨʦʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʳʭ 

ʤʦʜʝʣʝʡ ʠʥʚʘʨʠʘʥʪʥʳʭ ʩʪʨʫʢʪʫʨ. 

- ʊʝʦʨʠʷ ʛʨʘʤʤʘʪʠʢʘʣʠʟʘʮʠʠ ʧʦʟʚʦʣʷʝʪ 

ʠʩʩʣʝʜʦʚʘʪʴ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʥʚʘʨʠ-

ʘʥʪʥʳʭ ʛʨʘʤʤʘʪʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʠʟ ʚʘʨʠʘ-

ʪʠʚʥʳʭ ʣʝʢʩʠʯʝʩʢʠʭ ʠʣʠ ʬʨʘʟʦʚʳʭ ʢʦʥʩʪʨʫʢ-

ʮʠʡ. 

- ʇʩʠʭʦʣʠʥʛʚʠʩʪʠʢʘ ʠʟʫʯʘʝʪ ʤʝʭʘʥʠʟʤʳ 

ʚʦʩʧʨʠʷʪʠʷ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʘʨʠʘʪʠʚʥʳʭ 

ʬʦʨʤ, ʘ ʪʘʢʞʝ ʢʦʛʥʠʪʠʚʥʳʝ ʩʪʨʘʪʝʛʠʠ, ʧʦʟʚʦ-

ʣʷʶʱʠʝ ʩʣʫʰʘʪʝʣʶ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʠʥʚʘ-

ʨʠʘʥʪʥʫʶ ʩʫʱʥʦʩʪʴ [7, ʩ. 25]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʚʨʝʤʝʥʥʘʷ ʣʠʥʛʚʠʩʪʠʢʘ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʚʘʨʠʘʥʪʥʦʩʪʴ/ʠʥʚʘʨʠʘʥʪʥʦʩʪʴ 

ʢʘʢ ʤʥʦʛʦʫʨʦʚʥʝʚʦʝ ʷʚʣʝʥʠʝ, ʦʭʚʘʪʳʚʘʶʱʝʝ 

ʨʘʟʣʠʯʥʳʝ ʫʨʦʚʥʠ ʷʟʳʢʦʚʦʡ ʩʠʩʪʝʤʳ ʠ ʦʙʫ-

ʩʣʦʚʣʝʥʥʦʝ ʢʘʢ ʚʥʫʪʨʝʥʥʠʤʠ ʟʘʢʦʥʦʤʝʨʥʦ-

ʩʪʷʤʠ ʷʟʳʢʘ, ʪʘʢ ʠ ʚʥʝʰʥʠʤʠ ʬʘʢʪʦʨʘʤʠ ï ʢʦ-

ʛʥʠʪʠʚʥʳʤʠ, ʩʦʮʠʘʣʴʥʳʤʠ ʠ ʧʨʘʛʤʘʪʠʯʝʩʢʠ-

ʤʠ. 

ʀʩʪʦʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʦʙʣʝʤʳ ʚʘʨʠʘʥʪ-

ʥʦʩʪʠ/ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ 

ʪʨʠ ʢʣʶʯʝʚʳʭ ʵʪʘʧʘ ʝʝ ʨʘʟʚʠʪʠʷ: ʦʪ ʬʦʨʤʠʨʦ-

ʚʘʥʠʷ ʢʦʥʮʝʧʮʠʠ ʬʦʥʝʤʳ ʢʘʢ ʠʥʚʘʨʠʘʥʪʘ ʩ 

çʵʪʘʣʦʥʥʳʤ ʤʦʤʝʥʪʦʤè (ʃ.ɺ. ʑʝʨʙʘ, ɼ. ɼʞʦ-

ʫʥʟ) ʯʝʨʝʟ ʨʘʟʚʠʪʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʠ ʜʝ-

ʩʢʨʠʧʪʠʚʥʳʭ ʧʦʜʭʦʜʦʚ, ʧʨʝʦʜʦʣʝʚʰʠʭ ʵʪʦʪ 

çʵʪʘʣʦʥʥʳʡ ʤʦʤʝʥʪè (ʅ.ʉ. ʊʨʫʙʝʮʢʦʡ, 

ʈ.ʆ. ʗʢʦʙʩʦʥ, ɻ. ɻʣʠʩʦʥ, ʄ. ʍʘʣʣʝ) ʢ ʩʦʚʨʝ-

ʤʝʥʥʳʤ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ, 

ʦʭʚʘʪʳʚʘʶʱʠʤ ʨʘʟʣʠʯʥʳʝ ʫʨʦʚʥʠ ʷʟʳʢʦʚʦʡ 

ʩʠʩʪʝʤʳ ʠ ʠʥʪʝʛʨʠʨʫʶʱʠʤ ʢʦʛʥʠʪʠʚʥʳʝ, ʢʦʨ-

ʧʫʩʥʳʝ ʠ ʜʨʫʛʠʝ ʧʦʜʭʦʜʳ. ɼʘʥʥʘʷ ʧʝʨʠʦʜʠʟʘ-

ʮʠʷ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦ 

ʦʩʤʳʩʣʠʪʴ ʵʚʦʣʶʮʠʶ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʡ ʠ ʚʳʷʚʠʪʴ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʥʘʧʨʘʚ-

ʣʝʥʠʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [10, ʩ. 455]. 

ʉʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʧʨʦʙʣʝʤʝ ʚʘʨʠ-

ʘʥʪʥʦʩʪʠ/ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ  

ɺ ʨʘʤʢʘʭ ʩʦʚʨʝʤʝʥʥʦʡ ʬʦʥʦʣʦʛʠʠ ʩʦʦʪʥʦ-

ʰʝʥʠʝ ʬʦʥʝʤʳ ʠ ʟʚʫʢʘ ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʷ-

ʝʪʩʷ ʢʘʢ ʚʟʘʠʤʦʩʚʷʟʴ ʠʥʚʘʨʠʘʥʪʘ ʠ ʚʘʨʠʘʥʪʘ. 

ʌʦʥʝʤʥʘʷ ʝʜʠʥʠʮʘ ʪʨʘʢʪʫʝʪʩʷ ʢʘʢ ʥʝʢʦʝ 

ʦʙʦʙʱʝʥʥʦʝ ʩʚʦʡʩʪʚʦ, ʧʨʠʩʫʱʝʝ ʨʷʜʫ ʘʢʫʩʪʠ-

ʯʝʩʢʠ ʙʣʠʟʢʠʭ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʠʜʝʥʪʠʯʥʳʭ 

ʟʚʫʢʦʚ. 

ɺ.ʄ. ʉʦʣʥʮʝʚ, ʘʥʘʣʠʟʠʨʫʷ ʜʦʩʪʠʞʝʥʠʷ ʩʦ-

ʚʨʝʤʝʥʥʦʡ ʬʦʥʦʣʦʛʠʠ, ʬʦʨʤʫʣʠʨʫʝʪ ʨʷʜ ʢʣʶ-

ʯʝʚʳʭ ʚʳʚʦʜʦʚ, ʠʤʝʶʱʠʭ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʝʝ 

ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʧʨʠʨʦʜʳ ʠʥʚʘʨʠʘʥʪʘ 

ʠ ʚʘʨʠʘʥʪʘ ʚ ʷʟʳʢʝ: 

1. ʌʦʥʝʤʘ ʢʘʢ ʢʣʘʩʩ ʟʚʫʢʦʚ: ʬʦʥʝʤʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʢʣʘʩʩ ʬʠʟʠʯʝʩʢʠ ʩʭʦʜʥʳʭ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʪʦʞʜʝʩʪʚʝʥʥʳʭ ʟʚʫʢʦʚ. ɼʘʥ-

ʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʦʪʨʘʞʘʝʪ ʠ ʦʙʦʙʱʘʝʪ ʢʘʢ 

ʦʙʱʠʝ ʩʚʦʡʩʪʚʘ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʚʩʝʛʦ ʨʷʜʘ 

ʟʚʫʢʦʚ, ʪʘʢ ʠ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʧʨʠ-

ʩʫʱʠʝ ʢʘʞʜʦʤʫ ʯʣʝʥʫ ʢʣʘʩʩʘ ʢʘʢ ʧʨʝʜʩʪʘʚʠ-

ʪʝʣʶ ʠʤʝʥʥʦ ʜʘʥʥʦʛʦ, ʘ ʥʝ ʜʨʫʛʦʛʦ ʢʣʘʩʩʘ. 

2. ʌʦʥʝʤʘ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʘʙʩʪʨʘʛʠʨʦʚʘ-

ʥʠʷ: ʬʦʥʝʤʘ ʷʚʣʷʝʪʩʷ ʧʨʦʜʫʢʪʦʤ ʘʙʩʪʨʘʛʠʨʦ-

ʚʘʥʠʷ ʦʪ ʯʫʚʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ. ʆʥʘ ʤʦʞʝʪ 

ʙʳʪʴ ʤʳʩʣʝʥʥʦ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʘ ʢʘʢ ʠʜʝʘʣʴ-

ʥʳʡ ʦʙʲʝʢʪ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʟʚʫʢ ʠʣʠ 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʟʚʫʢʦʚ, ʚʳʧʦʣʥʷʶʱʠʭ ʦʧʨʝʜʝ-

ʣʝʥʥʫʶ ʬʫʥʢʮʠʶ. ʌʦʥʝʤʘ ʥʝ ʤʦʞʝʪ ʙʳʪʴ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʳʚʝʜʝʥʘ ʧʦʩʨʝʜʩʪʚʦʤ ʵʤ-

ʧʠʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʠʣʠ ʧʦʜʩʯʝʪʦʚ. 

3. ʌʦʥʝʤʘ ʢʘʢ ʩʫʙʩʪʘʥʮʠʦʥʘʣʴʥʦ-ʬʫʥʢ-

ʮʠʦʥʘʣʴʥʦʝ ʧʦʥʷʪʠʝ: ʧʦʥʷʪʠʝ ʬʦʥʝʤʳ ʷʚʣʷ-

ʝʪʩʷ ʩʫʙʩʪʘʥʮʠʦʥʘʣʴʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ, ʪʦ 

ʝʩʪʴ ʦʥʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʙʩʪʨʘʢʪʥʳʡ 

ʟʚʫʢ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʡ ʚ ʷʟʳʢʝ. ʌʦʥʝʤʘ ʢʘʢ 

ʪʘʢʦʚʘʷ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʠʟʥʝʩʝʥʘ. ɽʝ ʨʝ-

ʘʣʴʥʦʝ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʚʠʜʝ 

ʢʣʘʩʩʦʚ ʝʝ ʚʘʨʠʘʥʪʦʚ [8, ʩ. 31-39]. ʇʨʦʠʟʥʦ-

ʩʠʤʳʝ ʥʘʤʠ ʟʚʫʢʠ ʷʚʣʷʶʪʩʷ ʢʦʥʢʨʝʪʥʳʤʠ, ʨʝ-

ʘʣʴʥʳʤʠ ʚʘʨʠʘʥʪʘʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʬʦʥʝ-

ʤʳ. ʕʪʠ ʧʦʣʦʞʝʥʠʷ ɺ.ʄ. ʉʦʣʥʮʝʚʘ ʧʦʜʯʝʨʢʠ-

ʚʘʶʪ ʘʙʩʪʨʘʢʪʥʳʡ, ʠʜʝʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʬʦʥʝ-

ʤʳ ʢʘʢ ʠʥʚʘʨʠʘʥʪʥʦʡ ʩʫʱʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʩʫ-

ʱʝʩʪʚʫʝʪ ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʢʦʥʢʨʝʪʥʳʤ, ʬʠʟʠ-

ʯʝʩʢʠ ʨʝʘʣʠʟʫʝʤʳʤ ʚʘʨʠʘʥʪʘʤ. ʌʦʥʝʤʥʘʷ ʚʘ-
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ʨʠʘʪʠʚʥʦʩʪʴ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝ ʧʦʜʨʳʚʘʝʪ 

ʝʜʠʥʩʪʚʦ ʬʦʥʝʤʳ, ʘ, ʥʘʧʨʦʪʠʚ, ʩʣʫʞʠʪ ʫʩʣʦ-

ʚʠʝʤ ʝʝ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʚ ʨʝʘʣʴʥʦʡ ʨʝʯʝʚʦʡ 

ʧʨʘʢʪʠʢʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʘʥʘʣʠʟ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʵʚʦʣʶʮʠʶ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ 

ʧʨʦʙʣʝʤʝ ʚʘʨʠʘʥʪʥʦʩʪʠ/ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ ʚ 

ʷʟʳʢʦʟʥʘʥʠʠ. ʆʪ ʨʘʥʥʠʭ ʧʦʧʳʪʦʢ ʦʩʤʳʩʣʝʥʠʷ 

ʘʙʩʪʨʘʢʪʥʳʭ ʟʚʫʢʦʚʳʭ ʩʫʱʥʦʩʪʝʡ ʠ ʠʭ ʢʦʥ-

ʢʨʝʪʥʳʭ ʨʝʘʣʠʟʘʮʠʡ, ʯʝʨʝʟ ʨʘʟʚʠʪʠʝ ʩʪʨʦʛʠʭ 

ʬʦʥʦʣʦʛʠʯʝʩʢʠʭ ʪʝʦʨʠʡ, ʩʪʘʚʷʱʠʭ ʚʦ ʛʣʘʚʫ 

ʫʛʣʘ ʜʠʩʪʠʥʢʪʠʚʥʫʶ ʬʫʥʢʮʠʶ, ʢ ʩʦʚʨʝʤʝʥ-

ʥʳʤ ʢʦʤʧʣʝʢʩʥʳʤ ʧʦʜʭʦʜʘʤ, ʫʯʠʪʳʚʘʶʱʠʤ 

ʢʦʛʥʠʪʠʚʥʳʝ, ʧʨʘʛʤʘʪʠʯʝʩʢʠʝ ʠ ʵʤʧʠʨʠʯʝʩʢʠʝ 

ʘʩʧʝʢʪʳ. 

ɺʳʚʦʜʳ ɺ.ʄ. ʉʦʣʥʮʝʚʘ, ʦʙʦʙʱʘʶʱʠʝ ʜʦ-

ʩʪʠʞʝʥʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʬʦʥʦʣʦʛʠʠ, ʷʩʥʦ ʘʨʪʠ-

ʢʫʣʠʨʫʶʪ ʢʣʶʯʝʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʦʥʝʤʳ 

ʢʘʢ ʠʥʚʘʨʠʘʥʪʘ: ʝʝ ʢʣʘʩʩʦʚʳʡ ʭʘʨʘʢʪʝʨ, ʘʙ-

ʩʪʨʘʢʪʥʦʩʪʴ ʠ ʩʫʙʩʪʘʥʮʠʦʥʘʣʴʥʦ-ʬʫʥʢʮʠʦ-

ʥʘʣʴʥʫʶ ʧʨʠʨʦʜʫ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʜʦʣʞʘʶʪ 

ʫʛʣʫʙʣʷʪʴʩʷ, ʦʭʚʘʪʳʚʘʷ ʚʩʝ ʥʦʚʳʝ ʫʨʦʚʥʠ ʷʟʳ-

ʢʦʚʦʡ ʩʠʩʪʝʤʳ ʠ ʜʝʤʦʥʩʪʨʠʨʫʷ ʥʝʠʩʯʝʨʧʘʝ-

ʤʦʩʪʴ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʘʪʠʢʠ ʜʣʷ ʣʠʥʛʚʠʩʪʠʯʝ-

ʩʢʦʡ ʥʘʫʢʠ. 

IV.  ʌʦʥʝʤʘ ʢʘʢ ʠʥʚʘʨʠʘʥʪ: ʩʠʥʪʝʟ ʘʢʫ-

ʩʪʠʢʦ-ʘʨʪʠʢʫʣʷʮʠʦʥʥʦʛʦ ʩʭʦʜʩʪʚʘ ʠ ʬʫʥʢ-

ʮʠʦʥʘʣʴʥʦʡ ʪʦʞʜʝʩʪʚʝʥʥʦʩʪʠ. 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʦʧʨʝʜʝʣʝʥʠʷʭ ʬʦʥʝʤʳ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ɺ.ʄ. ʉʦʣʥʮʝʚʳʤ, ʤʳ ʤʦʞʝʤ 

ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʨʘʩʩʤʦʪʨʝʪʴ, ʢʘʢ ʢʦʥʢʨʝʪʥʳʝ 

ʟʚʫʢʦʚʳʝ ʨʝʘʣʠʟʘʮʠʠ (ʚʘʨʠʘʥʪʳ) ʧʦʜʧʘʜʘʶʪ 

ʧʦʜ ʦʙʱʝʝ ʧʦʥʷʪʠʝ ʬʦʥʝʤʳ (ʠʥʚʘʨʠʘʥʪʘ). 

ʈʝʯʝʚʳʝ ʧʨʦʠʟʚʝʜʝʥʠʷ ʢʘʞʜʦʛʦ ʷʟʳʢʘ 

ʠʟʦʙʠʣʫʶʪ ʨʘʟʥʦʚʠʜʥʦʩʪʷʤʠ ʟʚʫʢʦʚ. ʋʩʣʦʚʥʦ 

ʦʙʦʟʥʘʯʠʤ ʵʪʠ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʩʠʤʚʦʣʘʤʠ, 

ʥʘʧʨʠʤʝʨ, ʊ ï ʊ1, ʊ2, ʊ3, ʊ4, ..., ʊn.  

ɺʩʝ ʵʪʠ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʚʤʝʩʪʝ ʦʙʨʘʟʫʶʪ 

ʤʥʦʞʝʩʪʚʦ, ʯʣʝʥʘʤʠ ʢʦʪʦʨʦʛʦ ʷʚʣʷʶʪʩʷ ʢʦʥ-

ʢʨʝʪʥʳʝ ʟʚʫʢʠ. ʆʪʥʝʩʝʥʠʝ ʚʩʝʭ ʵʪʠʭ ʟʚʫʢʦʚ ʢ 

ʦʜʥʦʡ ʬʦʥʝʤʝ ʊ ʦʙʫʩʣʦʚʣʝʥʦ ʨʷʜʦʤ ʦʙʱʠʭ 

ʩʚʦʡʩʪʚ, ʧʨʠʩʫʱʠʭ ʠʤ. 

1. ɸʢʫʩʪʠʢʦ-ʘʨʪʠʢʫʣʷʮʠʦʥʥʦʝ ʩʭʦʜʩʪʚʦ 

(ʬʠʟʠʢʦ-ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʝ ʝʜʠʥʩʪʚʦ): 

ɺʘʞʥʝʡʰʠʤ ʢʨʠʪʝʨʠʝʤ ʜʣʷ ʦʙʲʝʜʠʥʝʥʠʷ 

ʟʚʫʢʦʚ ʚ ʦʜʥʫ ʬʦʥʝʤʫ ʷʚʣʷʝʪʩʷ ʠʭ ʘʢʫʩʪʠʢʦ-

ʘʨʪʠʢʫʣʷʮʠʦʥʥʦʝ ʩʭʦʜʩʪʚʦ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ 

ʚʩʝ ʨʝʘʣʴʥʳʝ ʟʚʫʢʠ, ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʢ ʦʜʥʦʤʫ 

ʤʥʦʞʝʩʪʚʫ (ʥʘʧʨʠʤʝʨ, ʊ1, ʊ2, ..., ʊn), ʜʦʣʞʥʳ 

ʦʙʣʘʜʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʤ ʬʦʥʝʪʠʯʝʩʢʠʤ ʩʭʦʜ-

ʩʪʚʦʤ. ɼʘʞʝ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʘʨʪʠʢʫʣʷʮʠʦʥʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʦʠʟʥʦ-

ʰʝʥʠʷ (ʥʘʧʨʠʤʝʨ, ʧʦʜ ʚʣʠʷʥʠʝʤ ʩʦʩʝʜʥʠʭ 

ʟʚʫʢʦʚ), ʵʪʠ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʩʦʭʨʘʥʷʶʪ ʥʝʠʟ-

ʤʝʥʥʳʤʠ ʥʝʢʦʪʦʨʳʝ ʢʣʶʯʝʚʳʝ ʩʚʦʡʩʪʚʘ. ʂ 

ʪʘʢʠʤ ʩʚʦʡʩʪʚʘʤ ʤʦʛʫʪ ʦʪʥʦʩʠʪʴʩʷ: 

- ʉʧʦʩʦʙ ʦʙʨʘʟʦʚʘʥʠʷ: çʙʳʪʴ ʚʟʨʳʚʥʳʤè, 

çʙʳʪʴ ʬʨʠʢʘʪʠʚʥʳʤè, çʙʳʪʴ ʥʦʩʦʚʳʤè ʠ ʪ.ʜ. 

- ʄʝʩʪʦ ʦʙʨʘʟʦʚʘʥʠʷ: çʙʳʪʴ ʧʝʨʝʜʥʝʷʟʳʯ-

ʥʳʤè, çʙʳʪʴ ʟʘʜʥʝʷʟʳʯʥʳʤè, çʙʳʪʴ ʛʫʙʥʦ-

ʟʫʙʥʳʤè ʠ ʪ.ʜ. 

- ʇʨʠʟʥʘʢ ʛʦʣʦʩʦʦʙʨʘʟʦʚʘʥʠʷ: çʙʳʪʴ ʛʣʫ-

ʭʠʤè, çʙʳʪʴ ʟʚʦʥʢʠʤè. 

- ɼʨʫʛʠʝ ʘʨʪʠʢʫʣʷʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ: çʙʳʪʴ ʪʚʝʨʜʳʤè, çʙʳʪʴ ʤʷʛʢʠʤè [5, 

c. 41-48]. 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʪʝʧʝʥʴ ʧʨʦʷʚʣʝʥʠʷ 

ʢʘʞʜʦʛʦ ʠʟ ʵʪʠʭ ʩʚʦʡʩʪʚ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ. 

ʅʘʧʨʠʤʝʨ, ʟʚʦʥʢʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʥʝʧʦʣʥʦʡ, 

ʠʣʠ ʚʟʨʳʚʥʦʡ ʭʘʨʘʢʪʝʨ ʤʦʞʝʪ ʙʳʪʴ ʦʩʣʘʙʣʝʥ. 

ʆʜʥʘʢʦ, ʠʤʝʥʥʦ ʩʦʭʨʘʥʝʥʠʝ ʥʝʢʦʪʦʨʦʛʦ ʠʥ-

ʚʘʨʠʘʥʪʥʦʛʦ ʷʜʨʘ ʵʪʠʭ ʩʚʦʡʩʪʚ ʧʦʟʚʦʣʷʝʪ 

ʥʘʤ ʚʳʚʝʩʪʠ ʧʦʥʷʪʠʝ ʘʙʩʪʨʘʢʪʥʦʛʦ ʟʚʫʢʘ ʊ ï 

ʟʚʫʢʘ ʊ ʚʦʦʙʱʝ [3, ʩ. 76]. 

2. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʦʙʱʥʦʩʪʴ (ʩʤʳʩʣʦ-

ʨʘʟʣʠʯʠʪʝʣʴʥʘʷ ʨʦʣʴ): 

ʇʦʤʠʤʦ ʘʢʫʩʪʠʢʦ-ʘʨʪʠʢʫʣʷʮʠʦʥʥʦʛʦ ʩʭʦʜ-

ʩʪʚʘ, ʜʣʷ ʦʪʥʝʩʝʥʠʷ ʟʚʫʢʦʚ ʢ ʦʜʥʦʡ ʬʦʥʝʤʝ 

ʥʝʦʙʭʦʜʠʤʦ ʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʝʜʠʥʩʪʚʦ. 

ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚʩʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʊ1, ʊ2, ..., 

ʊn, ʦʙʨʘʟʫʶʱʠʝ ʦʙʱʝʝ ʤʥʦʞʝʩʪʚʦ, ʜʦʣʞʥʳ 

ʦʙʣʘʜʘʪʴ ʩʚʦʡʩʪʚʦʤ ʦʜʠʥʘʢʦʚʦ ʧʨʦʪʠʚʦʧʦ-

ʩʪʘʚʣʷʪʴʩʷ ʧʦ ʢʘʢʦʤʫ-ʣʠʙʦ ʧʨʠʟʥʘʢʫ ʟʚʫʢʘʤ, 

ʥʝ ʚʭʦʜʷʱʠʤ ʚ ʵʪʦ ʤʥʦʞʝʩʪʚʦ. ɼʨʫʛʠʤʠ ʩʣʦ-

ʚʘʤʠ, ʦʥʠ ʜʦʣʞʥʳ ʚʳʧʦʣʥʷʪʴ ʩʤʳʩʣʦʨʘʟʣʠ-

ʯʠʪʝʣʴʥʫʶ ʨʦʣʴ [4, c. 152]. 

ʇʨʠʚʝʜʝʤ ʧʨʠʤʝʨ: ʨʘʩʩʤʦʪʨʠʤ ʜʚʘ ʨʷʜʘ 

ʟʚʫʢʦʚ. ʇʝʨʚʳʡ ʨʷʜ ï ʊ1, ʊ2, ..., ʊn, ʚʪʦʨʦʡ ʨʷʜ 

ï ʂ1, ʂ2, ..., ʂn. ʆʙʘ ʨʷʜʘ ʤʦʛʫʪ ʦʙʣʘʜʘʪʴ ʩʭʦ-

ʞʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ çʙʳʪʴ ʚʟʨʳʚ-

ʥʳʤè, çʙʳʪʴ ʪʚʝʨʜʳʤè, çʙʳʪʴ ʛʣʫʭʠʤè. ʆʜ-

ʥʘʢʦ, ʦʥʠ ʤʦʛʫʪ ʨʘʟʣʠʯʘʪʴʩʷ ʧʦ ʧʨʠʟʥʘʢʫ 

çʙʳʪʴ ʟʘʜʥʝʷʟʳʯʥʳʤè (ʜʣʷ ʂ) ʠ çʙʳʪʴ ʧʝ-

ʨʝʜʥʝʷʟʳʯʥʳʤè (ʜʣʷ ʊ). ʕʪʦ ʨʘʟʣʠʯʠʝ ʚ çʙʳʪʴ 

ʟʘʜʥʝʷʟʳʯʥʳʤè ʷʚʣʷʝʪʩʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴ-

ʥʳʤ ʧʨʠʟʥʘʢʦʤ, ʢʦʪʦʨʳʡ ʚʳʧʦʣʥʷʝʪ ʩʤʳʩ-

ʣʦʨʘʟʣʠʯʠʪʝʣʴʥʫʶ ʨʦʣʴ, ʧʦʟʚʦʣʷʷ ʧʨʦʪʠʚʦʧʦ-

ʩʪʘʚʣʷʪʴ ʬʦʥʝʤʫ ʊ ʬʦʥʝʤʝ ʂ. ʀʤʝʥʥʦ ʵʪʦ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʨʘʟʣʠʯʠʝ ʧʦʟʚʦʣʷʝʪ ʥʘʤ ʛʦ-

ʚʦʨʠʪʴ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʜʚʫʭ ʨʘʟʥʳʭ ʬʦʥʝʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʦʥʝʤʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 

ʤʥʦʞʝʩʪʚʦ ʬʠʟʠʯʝʩʢʠ ʩʭʦʜʥʳʭ ʠ ʬʫʥʢʮʠʦ-

ʥʘʣʴʥʦ ʪʦʞʜʝʩʪʚʝʥʥʳʭ ʟʚʫʢʦʚ [7, c. 61]. ʆʜ-

ʥʦʚʨʝʤʝʥʥʦ, ʬʦʥʝʤʘ ʷʚʣʷʝʪʩʷ ʪʝʤ ʦʙʱʠʤ, ʯʪʦ 
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ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʢʘʞʜʦʤ ʯʣʝʥʝ ʵʪʦʛʦ ʤʥʦʞʝʩʪʚʘ 

ʠ ʩʦʭʨʘʥʷʝʪʩʷ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʚʠʜʦʠʟʤʝʥʝʥʠʡ 

ʯʣʝʥʦʚ ʤʥʦʞʝʩʪʚʘ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʫʧʦ-

ʪʨʝʙʣʝʥʠʷ. ʌʦʥʝʤʥʳʡ ʠʥʚʘʨʠʘʥʪ, ʢʘʢ ʠʜʝʘʣʴ-

ʥʳʡ ʢʦʥʩʪʨʫʢʪ, ʩʫʱʝʩʪʚʫʝʪ ʚ ʢʘʞʜʦʤ ʩʚʦʝʤ 

ʚʘʨʠʘʥʪʝ (ʟʚʫʢʝ) ʢʘʢ ʝʛʦ ʥʝʦʪʲʝʤʣʝʤʘʷ ʯʘʩʪʴ. 

V. ʉʠʥʪʝʟ ʠ ʜʘʣʴʥʝʡʰʠʝ ʧʝʨʩʧʝʢʪʠʚʳ: 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʧʦʜʭʦʜ, ʩʠʥʪʝʟʠʨʫʶʱʠʡ 

ʘʢʫʩʪʠʢʦ-ʘʨʪʠʢʫʣʷʮʠʦʥʥʦʝ ʩʭʦʜʩʪʚʦ ʠ ʬʫʥʢ-

ʮʠʦʥʘʣʴʥʫʶ ʪʦʞʜʝʩʪʚʝʥʥʦʩʪʴ, ʷʚʣʷʝʪʩʷ ʢʨʘʝ-

ʫʛʦʣʴʥʳʤ ʢʘʤʥʝʤ ʩʦʚʨʝʤʝʥʥʦʡ ʬʦʥʦʣʦʛʠʠ. 

ʆʥ ʧʦʟʚʦʣʷʝʪ ʩʪʨʦʠʪʴ ʩʪʨʦʛʠʝ ʠ ʥʝʧʨʦʪʠʚʦʨʝ-

ʯʠʚʳʝ ʦʧʠʩʘʥʠʷ ʬʦʥʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʷʟʳ-

ʢʦʚ. 

ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʤʦʞʝʪ 

ʚʢʣʶʯʘʪʴ: 

- ʀʩʩʣʝʜʦʚʘʥʠʝ ʙʦʣʝʝ ʪʦʥʢʠʭ ʘʩʧʝʢʪʦʚ 

ʚʘʨʠʘʪʠʚʥʦʩʪʠ: ʠʟʫʯʝʥʠʝ ʧʨʘʛʤʘʪʠʯʝʩʢʠʭ, 

ʩʪʠʣʠʩʪʠʯʝʩʢʠʭ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʬʘʢʪʦʨʦʚ, 

ʚʣʠʷʶʱʠʭ ʥʘ ʨʝʘʣʠʟʘʮʠʶ ʬʦʥʝʤ. 

- ʇʨʠʤʝʥʝʥʠʝ ʢʦʤʧʴʶʪʝʨʥʳʭ ʤʝʪʦʜʦʚ 

ʘʥʘʣʠʟʘ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ 

ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʬʦʥʝʤʥʳʭ ʠʥʚʘʨʠʘʥʪʦʚ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʟʚʫ-

ʢʦʚʳʭ ʚʘʨʠʘʥʪʦʚ. 

- ʂʨʦʩʩ-ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

ʩʨʘʚʥʝʥʠʝ ʬʦʥʝʤʥʳʭ ʩʠʩʪʝʤ ʨʘʟʣʠʯʥʳʭ ʷʟʳ-

ʢʦʚ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʟʘʢʦʥʦʤʝʨ-

ʥʦʩʪʝʡ ʠ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ. 

- ʀʥʪʝʛʨʘʮʠʷ ʩ ʥʝʡʨʦʥʘʫʢʘʤʠ: ʠʟʫʯʝʥʠʝ 

ʥʝʡʨʦʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʣʝʞʘʱʠʭ ʚ ʦʩʥʦʚʝ 

ʚʦʩʧʨʠʷʪʠʷ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʦʥʝʤʥʳʭ ʠʥʚʘ-

ʨʠʘʥʪʦʚ ʠ ʠʭ ʚʘʨʠʘʥʪʦʚ [4, ʩ. 154]. 

ʇʦʥʠʤʘʥʠʝ ʬʦʥʝʤʳ ʢʘʢ ʠʥʚʘʨʠʘʥʪʘ, ʨʝʘʣʠ-

ʟʦʚʘʥʥʦʛʦ ʯʝʨʝʟ ʤʥʦʞʝʩʪʚʦ ʚʘʨʠʘʥʪʦʚ, ʷʚʣʷ-

ʝʪʩʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʜʣʷ ʚʩʝʡ ʣʠʥʛʚʠʩʪʠʯʝ-

ʩʢʦʡ ʥʘʫʢʠ, ʧʦʩʢʦʣʴʢʫ ʦʥʦ ʣʝʞʠʪ ʚ ʦʩʥʦʚʝ 

ʘʥʘʣʠʟʘ ʟʚʫʢʦʚʦʡ ʩʠʩʪʝʤʳ ʷʟʳʢʘ ʠ ʝʝ ʨʦʣʠ ʚ 

ʧʝʨʝʜʘʯʝ ʩʤʳʩʣʘ. 

ɺʳʚʦʜʳ. ʇʨʦʚʝʜʸʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘ-

ʟʳʚʘʝʪ, ʯʪʦ ʧʨʦʙʣʝʤʘ ʚʘʨʠʘʥʪʥʦʩʪʠ ʠ ʠʥʚʘʨʠ-

ʘʥʪʥʦʩʪʠ ʷʟʳʢʦʚʦʛʦ ʟʥʘʢʘ ʟʘʥʠʤʘʝʪ ʚʘʞʥʦʝ 

ʤʝʩʪʦ ʚ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ. ɸʥʘʣʠʟ 

ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, 

ʯʪʦ ʜʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʨʘʟ-

ʣʠʯʥʳʭ ʘʩʧʝʢʪʘʭ ʠ ʚ ʨʘʤʢʘʭ ʨʘʟʣʠʯʥʳʭ ʥʘʫʯ-

ʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ. 

ɺʘʨʠʘʥʪʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʝʩʪʝʩʪʚʝʥʥʳʤ ʩʚʦʡ-

ʩʪʚʦʤ ʷʟʳʢʦʚʦʡ ʩʠʩʪʝʤʳ ʠ ʦʪʨʘʞʘʝʪ ʝʸ ʜʠʥʘ-

ʤʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ. ʆʥʘ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʩʫʱʝ-

ʩʪʚʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ ʨʝʘʣʠʟʘʮʠʠ ʷʟʳ-

ʢʦʚʳʭ ʝʜʠʥʠʮ ʠ ʦʙʫʩʣʦʚʣʝʥʘ ʢʘʢ ʚʥʫʪʨʝʥʥʠ-

ʤʠ, ʪʘʢ ʠ ʚʥʝʰʥʠʤʠ ʬʘʢʪʦʨʘʤʠ ʨʘʟʚʠʪʠʷ ʷʟʳ-

ʢʘ. ʀʥʚʘʨʠʘʥʪ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʳʩʪʫʧʘʝʪ ʦʙʲ-

ʝʜʠʥʷʶʱʠʤ ʥʘʯʘʣʦʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʮʝʣʦʩʪʥʦʩʪʴ ʷʟʳʢʦʚʦʡ ʩʠʩʪʝ-

ʤʳ. ɼʘʣʴʥʝʡʰʝʝ ʠʟʫʯʝʥʠʝ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ 

ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʙʦʣʝʝ ʛʣʫʙʦʢʦʤʫ ʧʦʥʠ-

ʤʘʥʠʶ ʧʨʠʨʦʜʳ ʷʟʳʢʘ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʝʛʦ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. 
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ɸʥʥʦʪʘʮʠʷ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʠʥʪʝʨʪʝʢʩʪʫʘʣʴʥʳʭ ʩʚʷʟʝʡ ʚ ʪʚʦʨʯʝʩʪʚʝ 

ɺ.ʇ. ʂʨʘʧʠʚʠʥʘ ʠ ʠʭ ʨʦʣʠ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʭʫʜʦʞʝʩʪʚʝʥʥʦʛʦ ʤʠʨʘ ʧʠʩʘʪʝʣʷ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪ-

ʨʠʚʘʝʪʩʷ ʧʦʥʷʪʠʝ ʠʥʪʝʨʪʝʢʩʪʫʘʣʴʥʦʩʪʠ, ʚʚʝʜʸʥʥʦʝ ʖ. ʂʨʠʩʪʝʚʦʡ ʠ ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʜʠʘʣʦʛʠʯʝ-

ʩʢʦʡ ʢʦʥʮʝʧʮʠʠ ʪʝʢʩʪʘ ʄ.ʄ. ɹʘʭʪʠʥʘ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʧʨʦʠʟʚʝʜʝ-

ʥʠʡ ɺ.ʇ. ʂʨʘʧʠʚʠʥʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʣʘʩʪʘʤʠ ʨʫʩʩʢʦʡ ʣʠʪʝʨʘʪʫʨʥʦʡ ʪʨʘʜʠʮʠʠ. ɸʥʘʣʠʟ ʧʦʢʘʟʳʚʘ-

ʝʪ, ʯʪʦ ʚ ʧʨʦʟʝ ʧʠʩʘʪʝʣʷ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʩʚʷʟʠ ʩ ʨʦʤʘʥʪʠʯʝʩʢʦʡ ʵʩʪʝʪʠʢʦʡ XIX ʚʝʢʘ, ʧʨʝʞʜʝ 

ʚʩʝʛʦ ʩ ʪʚʦʨʯʝʩʪʚʦʤ ɸ.ʉ. ʇʫʰʢʠʥ ʠ ɸ.ʉ. ɻʨʠʥʘ, ʘ ʪʘʢʞʝ ʩ ʪʨʘʜʠʮʠʝʡ ʩʦʚʝʪʩʢʦʡ ʜʝʪʩʢʦʡ ʣʠʪʝ-

ʨʘʪʫʨʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʧʨʦʠʟʚʝʜʝʥʠʷʤʠ ɸ.ʇ. ɻʘʡʜʘʨʘ. ʆʪʜʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʶ ʬʦʣʴʢʣʦʨʥʳʭ ʤʦʪʠʚʦʚ ʠ ʘʨʭʝʪʠʧʠʯʝʩʢʠʭ ʩʶʞʝʪʥʳʭ ʤʦʜʝʣʝʡ, ʪʘʢʠʭ ʢʘʢ ʤʦʪʠʚ ʧʫʪʝ-

ʰʝʩʪʚʠʷ, ʦʙʨʘʟ ʥʨʘʚʩʪʚʝʥʥʦ ʯʠʩʪʦʛʦ ʛʝʨʦʷ ʠ ʙʦʨʴʙʳ ʜʦʙʨʘ ʩʦ ʟʣʦʤ. ɼʝʣʘʝʪʩʷ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ 

ʠʥʪʝʨʪʝʢʩʪʫʘʣʴʥʦʩʪʴ ʚʳʩʪʫʧʘʝʪ ʚʘʞʥʳʤ ʭʫʜʦʞʝʩʪʚʝʥʥʳʤ ʧʨʠʥʮʠʧʦʤ ʪʚʦʨʯʝʩʪʚʘ 

ɺ.ʇ. ʂʨʘʧʠʚʠʥʘ, ʧʦʟʚʦʣʷʶʱʠʤ ʩʦʝʜʠʥʷʪʴ ʵʣʝʤʝʥʪʳ ʢʣʘʩʩʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʳ, ʬʦʣʴʢʣʦʨʘ ʠ ʩʦ-

ʚʨʝʤʝʥʥʦʡ ʧʦʜʨʦʩʪʢʦʚʦʡ ʧʨʦʟʳ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʬʦʨʤʠʨʫʝʪʩʷ ʦʨʠʛʠʥʘʣʴʥʘʷ ʭʫʜʦʞʝʩʪʚʝʥʥʘʷ 

ʩʠʩʪʝʤʘ, ʦʪʨʘʞʘʶʱʘʷ ʥʨʘʚʩʪʚʝʥʥʳʝ ʠ ʬʠʣʦʩʦʬʩʢʠʝ ʠʜʝʠ ʘʚʪʦʨʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʪʝʨʪʝʢʩʪʫʘʣʴʥʦʩʪʴ; ʂʨʘʧʠʚʠʥ; ʨʫʩʩʢʘʷ ʣʠʪʝʨʘʪʫʨʥʘʷ ʪʨʘʜʠʮʠʷ; ʜʝʪ-

ʩʢʘʷ ʣʠʪʝʨʘʪʫʨʘ; ʬʦʣʴʢʣʦʨʥʳʝ ʤʦʪʠʚʳ. 

 
ʇʦʥʷʪʠʝ çʠʥʪʝʨʪʝʢʩʪʫʘʣʴʥʦʩʪʴè ʚʧʝʨʚʳʝ 

ʙʳʣʦ ʚʚʝʜʝʥʦ ʬʨʘʥʮʫʟʩʢʦʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʥʠ-
ʮʝʡ ʖ. ʂʨʠʩʪʝʚʦʡ ʚ 1967 ʛʦʜʫ. ʆʥʘ ʨʘʩʩʤʘʪ-
ʨʠʚʘʣʘ ʣʶʙʦʡ ʪʝʢʩʪ ʢʘʢ çʤʦʟʘʠʢʫ ʮʠʪʘʪè, ʚʦʟ-
ʥʠʢʘʶʱʫʶ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ 
ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʜʨʫʛʠʭ ʪʝʢʩʪʦʚ. ʉʦʛʣʘʩʥʦ ʝʸ 
ʢʦʥʮʝʧʮʠʠ, ʭʫʜʦʞʝʩʪʚʝʥʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʥʝ 
ʷʚʣʷʝʪʩʷ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʥʦʤʥʳʤ, ʘ ʩʫʱʝʩʪʚʫ-
ʝʪ ʚ ʩʠʩʪʝʤʝ ʢʫʣʴʪʫʨʥʳʭ ʠ ʣʠʪʝʨʘʪʫʨʥʳʭ ʢʦ-
ʜʦʚ [3]. 
ʊʝʦʨʝʪʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʜʘʥʥʦʡ ʢʦʥʮʝʧʮʠʠ 

ʚʦ ʤʥʦʛʦʤ ʩʪʘʣʠ ʠʜʝʠ ʄ.ʄ. ɹʘʭʪʠʥʘ ʦ ʜʠʘʣʦ-
ʛʠʯʝʩʢʦʡ ʧʨʠʨʦʜʝ ʭʫʜʦʞʝʩʪʚʝʥʥʦʛʦ ʩʣʦʚʘ. ʇʦ 
ʝʛʦ ʤʥʝʥʠʶ, ʪʝʢʩʪ ʤʦʞʥʦ ʪʨʘʢʪʦʚʘʪʴ ʢʘʢ ʧʨʦ-
ʩʪʨʘʥʩʪʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʟʣʠʯʥʳʭ ʩʤʳʩ-
ʣʦʚʳʭ ʧʦʟʠʮʠʡ ʠ çʛʦʣʦʩʦʚè, ʛʜʝ ʘʚʪʦʨ ʚʩʪʫʧʘ-
ʝʪ ʚ ʜʠʘʣʦʛ ʩ ʩʦʚʨʝʤʝʥʥʦʡ ʝʤʫ ʢʫʣʴʪʫʨʦʡ ʠ 
ʣʠʪʝʨʘʪʫʨʥʳʤ ʥʘʩʣʝʜʠʝʤ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ 
ʵʧʦʭ [1]. 
ɺ ʨʘʤʢʘʭ ʣʠʪʝʨʘʪʫʨʦʚʝʜʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ʠʥʪʝʨʪʝʢʩʪʫʘʣʴʥʳʝ ʩʚʷʟʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 
ʢʘʢ ʚʘʞʥʳʡ ʤʝʭʘʥʠʟʤ ʭʫʜʦʞʝʩʪʚʝʥʥʦʛʦ 
ʩʤʳʩʣʦʦʙʨʘʟʦʚʘʥʠʷ. ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʚʳʷʚʠʪʴ 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʪʝʢʩʪʦʚ ʨʘʟʥʳʭ ʵʧʦʭ, ʧʦʢʘ-
ʟʘʪʴ ʧʨʝʝʤʩʪʚʝʥʥʦʩʪʴ ʣʠʪʝʨʘʪʫʨʥʳʭ ʪʨʘʜʠʮʠʡ 
ʠ ʧʨʦʩʣʝʜʠʪʴ, ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʘʚʪʦʨ ʧʝʨʝ-

ʦʩʤʳʩʣʠʚʘʝʪ ʢʫʣʴʪʫʨʥʦʝ ʥʘʩʣʝʜʠʝ ʚ ʩʦʙ-
ʩʪʚʝʥʥʦʤ ʪʚʦʨʯʝʩʪʚʝ. ʆʩʦʙʝʥʥʦ ʟʥʘʯʠʤʳʤ 
ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʦʢʘʟʳʚʘʝʪʩʷ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ 
ʧʨʦʠʟʚʝʜʝʥʠʡ ʧʠʩʘʪʝʣʝʡ, ʘʢʪʠʚʥʦ ʨʘʙʦʪʘʶ-
ʱʠʭ ʩ ʤʦʪʠʚʘʤʠ, ʦʙʨʘʟʘʤʠ ʠ ʩʶʞʝʪʘʤʠ ʥʘʮʠ-
ʦʥʘʣʴʥʦʡ ʣʠʪʝʨʘʪʫʨʳ. 
ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʪʚʦʨʯʝʩʪʚʦ 

ɺ.ʇ. ʂʨʘʧʠʚʠʥʘ, ʚ ʧʨʦʠʟʚʝʜʝʥʠʷʭ ʢʦʪʦʨʦʛʦ 
ʤʦʞʥʦ ʦʙʥʘʨʫʞʠʪʴ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʠʥʪʝʨʪʝʢ-
ʩʪʫʘʣʴʥʳʝ ʩʚʷʟʠ ʩ ʨʫʩʩʢʦʡ ʣʠʪʝʨʘʪʫʨʥʦʡ ʪʨʘ-
ʜʠʮʠʝʡ. ʀʭ ʘʥʘʣʠʟ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʦʩʦʙʝʥ-
ʥʦʩʪʠ ʭʫʜʦʞʝʩʪʚʝʥʥʦʛʦ ʤʝʪʦʜʘ ʧʠʩʘʪʝʣʷ ʠ 
ʦʧʨʝʜʝʣʠʪʴ ʤʝʩʪʦ ʝʛʦ ʪʚʦʨʯʝʩʪʚʘ ʚ ʩʠʩʪʝʤʝ 
ʥʘʮʠʦʥʘʣʴʥʦʡ ʢʫʣʴʪʫʨʳ. 
ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʠʥʪʝʨʪʝʢʩʪʫ-

ʘʣʴʥʳʝ ʩʚʷʟʠ ʚ ʧʨʦʟʝ ɺ.ʇ. ʂʨʘʧʠʚʠʥʘ ʯʘʩʪʦ 
ʠʤʝʶʪ ʠʛʨʦʚʫʶ ʧʨʠʨʦʜʫ ʠ ʚʳʧʦʣʥʷʶʪ ʚʘʞ-
ʥʫʶ ʭʫʜʦʞʝʩʪʚʝʥʥʫʶ ʬʫʥʢʮʠʶ. ɺ ʯʘʩʪʥʦʩʪʠ, 
ʅ.ʉ. ʂʦʯʥʝʚʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʠʥʪʝʨʪʝʢʩʪʫʘʣʴ-
ʥʳʝ çʠʛʨʳè ʢʘʢ ʦʩʦʙʳʡ ʩʧʦʩʦʙ ʦʨʛʘʥʠʟʘʮʠʠ 
ʪʝʢʩʪʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʢʫʣʴʪʫʨʥʳʝ ʠ ʣʠʪʝʨʘʪʫʨ-
ʥʳʝ ʦʪʩʳʣʢʠ ʩʪʘʥʦʚʷʪʩʷ ʯʘʩʪʴʶ ʘʚʪʦʨʩʢʦʡ 
ʩʪʨʘʪʝʛʠʠ ʧʦʩʪʨʦʝʥʠʷ ʭʫʜʦʞʝʩʪʚʝʥʥʦʛʦ ʤʠ-
ʨʘ [2]. ʊʘʢʠʝ ʵʣʝʤʝʥʪʳ ʤʦʛʫʪ ʧʨʦʷʚʣʷʪʴʩʷ ʯʝ-
ʨʝʟ ʠʤʝʥʘ ʧʝʨʩʦʥʘʞʝʡ, ʢʫʣʴʪʫʨʥʳʝ ʘʩʩʦʮʠʘ-
ʮʠʠ, ʘ ʪʘʢʞʝ ʩʢʨʳʪʳʝ ʮʠʪʘʪʳ ʠ ʨʝʤʠʥʠʩʮʝʥ-
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ʮʠʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʯʠʪʘʪʝʣʶ ʦʙʥʘʨʫʞʠʪʴ ʜʦ-
ʧʦʣʥʠʪʝʣʴʥʳʝ ʩʤʳʩʣʦʚʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʪʝʢ-
ʩʪʘʤʠ. 
ɺ ʧʨʦʟʝ ɺ.ʇ. ʂʨʘʧʠʚʠʥʘ ʠʥʪʝʨʪʝʢʩʪʫʘʣʴ-

ʥʳʝ ʩʚʷʟʠ ʚʳʧʦʣʥʷʶʪ ʥʝʩʢʦʣʴʢʦ ʬʫʥʢʮʠʡ: 
ʦʥʠ ʨʘʩʰʠʨʷʶʪ ʢʫʣʴʪʫʨʥʳʡ ʢʦʥʪʝʢʩʪ ʧʨʦʠʟ-
ʚʝʜʝʥʠʷ, ʫʛʣʫʙʣʷʶʪ ʭʘʨʘʢʪʝʨ ʧʝʨʩʦʥʘʞʝʡ ʠ 
ʧʦʤʦʛʘʶʪ ʨʘʩʢʨʳʪʴ ʢʣʶʯʝʚʳʝ ʪʝʤʳ ʪʚʦʨʯʝ-
ʩʪʚʘ ʧʠʩʘʪʝʣʷ ï ʪʝʤʫ ʜʝʪʩʪʚʘ, ʥʨʘʚʩʪʚʝʥʥʦʛʦ 
ʚʳʙʦʨʘ ʠ ʧʨʦʪʠʚʦʩʪʦʷʥʠʷ ʞʝʩʪʦʢʦʩʪʠ ʤʠʨʘ. 
ɻʝʨʦʠ ʝʛʦ ʧʨʦʠʟʚʝʜʝʥʠʡ ʯʘʱʝ ʚʩʝʛʦ ʜʝʪʠ ʠ 

ʧʦʜʨʦʩʪʢʠ ʦʙʣʘʜʘʶʪ ʚʳʨʘʞʝʥʥʳʤ ʯʫʚʩʪʚʦʤ 
ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ, ʩʪʨʝʤʣʝʥʠʝʤ ʢ ʤʝʯʪʝ ʠ ʚʥʫʪ-
ʨʝʥʥʝʡ ʩʚʦʙʦʜʝ. ʇʦʜʦʙʥʳʡ ʪʠʧ ʛʝʨʦʷ ʚʦʩʭʦ-
ʜʠʪ ʢ ʪʨʘʜʠʮʠʠ ʨʫʩʩʢʦʡ ʨʦʤʘʥʪʠʯʝʩʢʦʡ ʣʠʪʝ-
ʨʘʪʫʨʳ XIX ʚʝʢʘ. ɼʣʷ ʨʦʤʘʥʪʠʟʤʘ ʭʘʨʘʢʪʝʨʥʦ 
ʠʟʦʙʨʘʞʝʥʠʝ ʠʩʢʣʶʯʠʪʝʣʴʥʦʡ ʣʠʯʥʦʩʪʠ, ʦʙ-
ʣʘʜʘʶʱʝʡ ʙʦʛʘʪʳʤ ʚʥʫʪʨʝʥʥʠʤ ʤʠʨʦʤ ʠ 
ʩʪʨʝʤʷʱʝʡʩʷ ʧʨʦʪʠʚʦʩʪʦʷʪʴ ʥʝʩʧʨʘʚʝʜʣʠʚʦ-
ʩʪʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ; ʚʥʫʪʨʝʥʥʠʡ ʤʠʨ ʪʘʢʦʛʦ 
ʛʝʨʦʷ ʦʪʣʠʯʘʝʪʩʷ ʛʣʫʙʠʥʦʡ ʠ ʫʥʠʢʘʣʴʥʦʩʪʴʶ, 
ʘ ʝʛʦ ʠʜʝʘʣʳ ʥʝʨʝʜʢʦ ʚʩʪʫʧʘʶʪ ʚ ʢʦʥʬʣʠʢʪ ʩ 
ʨʝʘʣʴʥʦʩʪʴʶ [6]. ɼʣʷ ʨʦʤʘʥʪʠʟʤʘ ʜʝʪʩʢʦʡ ʣʠ-
ʪʝʨʘʪʫʨʳ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʥʦ ʩʪʨʝʤʣʝʥʠʝ ʥʘʡʪʠ 
ʜʨʫʟʝʡ ʠ ʵʪʦ ʷʨʢʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʧʨʦʠʟʚʝʜʝʥʠ-
ʷʭ ɺ.ʇ. ʂʨʘʧʠʚʠʥʘ. 
ʈʦʤʘʥʪʠʯʝʩʢʦʝ ʤʠʨʦʦʱʫʱʝʥʠʝ ʦʩʦʙʝʥʥʦ 

ʷʨʢʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʩʢʘʟʦʯʥʦʡ ʠ ʬʘʥʪʘʩʪʠʯʝ-
ʩʢʦʡ ʧʨʦʟʝ, ʞʘʥʨʘʭ, ʢʦʪʦʨʳʝ ʥʝ ʦʛʨʘʥʠʯʝʥʳ 
ʪʨʝʙʦʚʘʥʠʝʤ ʪʦʯʥʦʛʦ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʧʦʚʩʝ-
ʜʥʝʚʥʦʡ ʨʝʘʣʴʥʦʩʪʠ. ɺ ʪʘʢʠʭ ʭʫʜʦʞʝʩʪʚʝʥʥʳʭ 
ʬʦʨʤʘʭ ʘʚʪʦʨ ʧʦʣʫʯʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʡʪʠ ʟʘ 
ʧʨʝʜʝʣʳ ʙʳʪʦʚʦʛʦ ʦʧʠʩʘʥʠʷ ʠ ʦʙʨʘʪʠʪʴʩʷ ʢ 
ʙʦʣʝʝ ʰʠʨʦʢʠʤ ʬʠʣʦʩʦʬʩʢʠʤ ʠ ʵʢʟʠʩʪʝʥʮʠ-
ʘʣʴʥʳʤ ʚʦʧʨʦʩʘʤ. ʉʦʟʜʘʚʘʷ ʩʦʙʩʪʚʝʥʥʫʶ, 
ʫʩʣʦʚʥʫʶ ʠʣʠ ʘʣʴʪʝʨʥʘʪʠʚʥʫʶ ʤʦʜʝʣʴ ʤʠʨʘ, 
ʧʠʩʘʪʝʣʴïʨʦʤʘʥʪʠʢ ʩʪʨʝʤʠʪʩʷ ʚʳʨʘʟʠʪʴ ʩʚʦʠ 
ʥʨʘʚʩʪʚʝʥʥʳʝ ʠ ʵʩʪʝʪʠʯʝʩʢʠʝ ʠʜʝʘʣʳ, ʘ ʪʘʢʞʝ 
ʦʩʤʳʩʣʠʪʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʯʝʣʦ-
ʚʝʯʝʩʢʦʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ. 
ʊʚʦʨʯʝʩʪʚʦ ɸ.ʉ. ɻʨʠʥʘ ʟʘʥʠʤʘʝʪ ʚʘʞʥʦʝ 

ʤʝʩʪʦ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʭʫʜʦʞʝʩʪʚʝʥʥʦʛʦ ʤʠʨʘ 
ɺ.ʇ. ʂʨʘʧʠʚʠʥʘ ʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʠʩʩʣʝʜʦʚʘ-
ʪʝʣʷʤʠ ʢʘʢ ʦʜʠʥ ʠʟ ʠʩʪʦʯʥʠʢʦʚ ʝʛʦ ʨʦʤʘʥʪʠ-
ʯʝʩʢʦʡ ʵʩʪʝʪʠʢʠ. ʉʘʤ ʧʠʩʘʪʝʣʴ ʦʪʤʝʯʘʣ, ʯʪʦ 
ʩʠʣʴʥʦʝ ʚʧʝʯʘʪʣʝʥʠʝ ʥʘ ʥʝʛʦ ʧʨʦʠʟʚʝʣʠ ʧʨʦ-
ʠʟʚʝʜʝʥʠʷ ɻʨʠʥʘ, ʧʨʝʞʜʝ ʚʩʝʛʦ çɸʣʳʝ ʧʘʨʫ-
ʩʘè ʠ ʨʘʩʩʢʘʟ çɻʥʝʚ ʦʪʮʘè. ʕʪʠ ʪʝʢʩʪʳ ʦʪʢʨʳ-
ʣʠ ʜʣʷ ʥʝʛʦ ʦʩʦʙʳʡ ʭʫʜʦʞʝʩʪʚʝʥʥʳʡ ʤʠʨ, ʪʘʢ 
ʥʘʟʳʚʘʝʤʫʶ çɻʨʠʥʣʘʥʜʠʶè, ʛʜʝ ʤʦʨʩʢʘʷ ʨʦ-
ʤʘʥʪʠʢʘ ʠ ʦʙʨʘʟ ʧʘʨʫʩʘ ʚʳʩʪʫʧʘʶʪ ʩʠʤʚʦʣʘʤʠ 
ʤʝʯʪʳ ʠ ʚʥʫʪʨʝʥʥʝʡ ʩʚʦʙʦʜʳ.  

ʈʘʩʩʢʘʟ çɻʥʝʚ ʦʪʮʘè ʥʝʦʜʥʦʢʨʘʪʥʦ ʫʧʦʤʠ-
ʥʘʝʪʩʷ ʚ ʧʨʦʠʟʚʝʜʝʥʠʷʭ ʂʨʘʧʠʚʠʥʘ. ʊʘʢ, ʚ 
ʢʥʠʛʝ çʉʝʤʴ ʬʫʥʪʦʚ ʙʨʘʤʩʝʣʴʥʦʛʦ ʚʝʪʨʘè ʛʝ-
ʨʦʠʥʷ ʚʩʧʦʤʠʥʘʝʪ ʵʪʫ ʠʩʪʦʨʠʶ ʦ ʤʘʣʴʯʠʢʝ, 
ʦʞʠʜʘʶʱʝʤ ʚʦʟʚʨʘʱʝʥʠʷ ʦʪʮʘïʢʘʧʠʪʘʥʘ, ʢʘʢ 
ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʩʠʣʴʥʳʭ ʯʠʪʘʪʝʣʴʩʢʠʭ ʚʧʝʯʘʪ-
ʣʝʥʠʡ. ʕʪʦ ʥʝ ʩʣʫʯʘʡʥʦ: ʚ ʦʙʦʠʭ ʧʨʦʠʟʚʝʜʝ-
ʥʠʷʭ ʮʝʥʪʨʘʣʴʥʳʤ ʦʢʘʟʳʚʘʝʪʩʷ ʤʦʪʠʚ ʦʞʠʜʘ-
ʥʠʷ ï ʤʘʣʴʯʠʢ ʫ ɻʨʠʥʘ ʞʜʝʪ ʦʪʮʘïʢʘʧʠʪʘʥʘ, 
ʛʝʨʦʠʥʷ ʂʨʘʧʠʚʠʥʘ ʞʜʝʪ ʚʩʪʨʝʯʠ ʩ ʤʦʨʩʢʦʡ 
ʨʦʤʘʥʪʠʢʦʡ. ʉʘʤʦ ʥʘʟʚʘʥʠʝ ʧʦʚʝʩʪʠ ("ʙʨʘʤ-
ʩʝʣʴʥʳʡ ʚʝʪʝʨ") ʦʪʩʳʣʘʝʪ ʢ ʤʦʨʩʢʦʡ ʪʝʨʤʠʥʦ-
ʣʦʛʠʠ, ʩʦʟʜʘʶʱʝʡ "ʛʨʠʥʦʚʩʢʫʶ" ʘʪʤʦʩʬʝʨʫ. ʂ 
ʵʪʦʤʫ ʞʝ ʪʝʢʩʪʫ ʧʠʩʘʪʝʣʴ ʦʙʨʘʱʘʝʪʩʷ ʠ ʚ ʨʦ-
ʤʘʥʝ çɸʤʧʣʫʘ ɻʨʠʥʘè, ʛʜʝ ʯʪʝʥʠʝ ʨʘʩʩʢʘʟʘ 
ʩʪʘʥʦʚʠʪʩʷ ʜʣʷ ʛʝʨʦʷ ʩʧʦʩʦʙʦʤ ʦʩʤʳʩʣʝʥʠʷ 
ʪʝʤʳ ʦʪʮʦʚʩʢʦʡ ʣʶʙʚʠ. ʉʘʤʦ ʥʘʟʚʘʥʠʝ ʨʦʤʘ-
ʥʘ ʚʳʥʦʩʠʪ ʠʤʷ ɻʨʠʥʘ ʚ ʟʘʛʣʘʚʠʝ, ʯʪʦ ʷʚʣʷʝʪ-
ʩʷ ʧʨʷʤʳʤ ʫʢʘʟʘʥʠʝʤ ʥʘ ʢʣʶʯʝʚʦʡ ʠʥʪʝʨ-
ʪʝʢʩʪ. ɻʝʨʦʡ ʦʩʤʳʩʣʷʝʪ ʩʚʦʶ ʞʠʟʥʴ ʯʝʨʝʟ 
çʘʤʧʣʫʘè ï ʨʦʣʴ, ʧʦʜʦʙʥʫʶ ʛʨʠʥʦʚʩʢʠʤ ʧʝʨ-
ʩʦʥʘʞʘʤïʤʝʯʪʘʪʝʣʷʤ. 
ʉʭʦʜʩʪʚʦ ʤʝʞʜʫ ʭʫʜʦʞʝʩʪʚʝʥʥʳʤʠ ʤʠʨʘʤʠ 

ʜʚʫʭ ʧʠʩʘʪʝʣʝʡ ʧʨʦʷʚʣʷʝʪʩʷ ʠ ʥʘ ʙʦʣʝʝ ʦʙʱʝʤ 
ʫʨʦʚʥʝ. ɻʨʠʥʣʘʥʜʠʷ ʠ ʩʦʟʜʘʥʥʳʝ ʂʨʘʧʠʚʠʥʳʤ 
ʬʘʥʪʘʩʪʠʯʝʩʢʠʝ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʥʘʧʨʠʤʝʨ, ʤʠʨ 
ɺʝʣʠʢʦʛʦ ʂʨʠʩʪʘʣʣʘ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ ʛʨʘʥʠ-
ʮʝ ʨʝʘʣʴʥʦʩʪʠ ʠ ʯʫʜʘ. ʇʘʨʫʩʘ, ʢʦʨʘʙʣʠ ʠ ʤʦʨ-
ʩʢʦʡ ʛʦʨʠʟʦʥʪ ʚ ʠʭ ʧʨʦʠʟʚʝʜʝʥʠʷʭ ʚʳʩʪʫʧʘʶʪ 
ʩʠʤʚʦʣʘʤʠ ʩʪʨʝʤʣʝʥʠʷ ʢ ʩʚʦʙʦʜʝ ʠ ʠʜʝʘʣʫ, ʘ 
ʛʝʨʦʠ ï ʨʦʤʘʥʪʠʯʝʩʢʠʝ ʤʝʯʪʘʪʝʣʠ, ʛʦʪʦʚʳʝ 
ʦʪʩʪʘʠʚʘʪʴ ʥʨʘʚʩʪʚʝʥʥʳʝ ʮʝʥʥʦʩʪʠ ʠ ʧʨʦʪʠ-
ʚʦʩʪʦʷʪʴ ʥʝʩʧʨʘʚʝʜʣʠʚʦʩʪʠ. 
ʇʦʤʠʤʦ ʨʦʤʘʥʪʠʯʝʩʢʦʡ ʪʨʘʜʠʮʠʠ, ʧʨʝʜ-

ʩʪʘʚʣʝʥʥʦʡ ʪʚʦʨʯʝʩʪʚʦʤ ɻʨʠʥʘ, ʚ ʧʨʦʟʝ ʂʨʘ-
ʧʠʚʠʥʘ ʦʪʯʝʪʣʠʚʦ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʦʙʨʘʱʝʥʠʝ 
ʢ ʢʣʘʩʩʠʯʝʩʢʦʡ ʨʫʩʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ XIX ʚʝʢʘ, 
ʧʨʝʞʜʝ ʚʩʝʛʦ ʢ ʥʘʩʣʝʜʠʶ ɸ.ʉ. ʇʫʰʢʠʥʘ. ɺ 
ʮʝʥʪʨʝ ʪʘʢʦʡ ʪʨʘʜʠʮʠʠ ʥʘʭʦʜʠʪʩʷ ʦʙʨʘʟ ʙʣʘ-
ʛʦʨʦʜʥʦʛʦ ʛʝʨʦʷ, ʢʦʪʦʨʳʡ ʜʝʡʩʪʚʫʝʪ ʚ ʩʦʦʪ-
ʚʝʪʩʪʚʠʠ ʩ ʢʦʜʝʢʩʦʤ ʯʝʩʪʠ, ʚʥʫʪʨʝʥʥʝʡ ʩʚʦʙʦ-
ʜʳ ʠ ʤʦʨʘʣʴʥʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ. ʀʤʝʥʥʦ ʧʦ-
ʜʦʙʥʳʡ ʪʠʧ ʛʝʨʦʷ ʩʪʘʥʦʚʠʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶ-
ʯʝʚʳʭ ʚ ʧʨʦʟʝ ɺ.ʇ. ʂʨʘʧʠʚʠʥʘ, ʛʜʝ ʧʦʜʨʦʩʪʢʠ 
ʚʳʩʪʫʧʘʶʪ ʢʘʢ ʥʦʩʠʪʝʣʠ ʚʳʩʦʢʠʭ ʥʨʘʚʩʪʚʝʥ-
ʥʳʭ ʧʨʠʥʮʠʧʦʚ ʠ ʧʨʦʪʠʚʦʩʪʦʷʪ ʥʝʩʧʨʘʚʝʜʣʠ-
ʚʦʩʪʠ ʦʢʨʫʞʘʶʱʝʛʦ ʤʠʨʘ. 
ɺ ʨʫʩʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ XIX ʚʝʢʘ, ʦʩʦʙʝʥʥʦ ʚ 

ʧʨʦʠʟʚʝʜʝʥʠʷʭ ɸ.ʉ. ʇʫʰʢʠʥʘ, ʬʦʨʤʠʨʫʝʪʩʷ 
ʦʙʨʘʟ ʛʝʨʦʷ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʧʦʥʷʪʠʷ ʯʝʩʪʠ, ʜʦ-
ʩʪʦʠʥʩʪʚʘ ʠ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʠʤʝʶʪ ʧʝʨʚʦʩʪʝ-
ʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ. ʊʘʢʦʡ ʛʝʨʦʡ ʜʝʡʩʪʚʫʝʪ ʥʝ 
ʪʦʣʴʢʦ ʧʦʜ ʚʣʠʷʥʠʝʤ ʦʙʩʪʦʷʪʝʣʴʩʪʚ, ʥʦ ʧʨʝʞ-
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ʜʝ ʚʩʝʛʦ ʠʩʭʦʜʷ ʠʟ ʚʥʫʪʨʝʥʥʠʭ ʤʦʨʘʣʴʥʳʭ 
ʫʙʝʞʜʝʥʠʡ. ʇʦʜʦʙʥʘʷ ʤʦʜʝʣʴ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ 
ʚ ʨʦʤʘʥʪʠʯʝʩʢʦʡ ʪʨʘʜʠʮʠʠ, ʛʜʝ ʧʝʨʩʦʥʘʞ ʛʦ-
ʪʦʚ ʟʘʱʠʱʘʪʴ ʩʣʘʙʳʭ, ʦʪʩʪʘʠʚʘʪʴ ʩʧʨʘʚʝʜʣʠ-
ʚʦʩʪʴ ʠ ʩʦʭʨʘʥʷʪʴ ʚʝʨʥʦʩʪʴ ʩʚʦʠʤ ʧʨʠʥʮʠʧʘʤ 
ʜʘʞʝ ʚ ʩʣʦʞʥʳʭ ʞʠʟʥʝʥʥʳʭ ʩʠʪʫʘʮʠʷʭ. 
ɺ.ʇ. ʂʨʘʧʠʚʠʥ ʧʝʨʝʦʩʤʳʩʣʠʚʘʝʪ ʵʪʦʪ ʪʠʧ ʛʝ-
ʨʦʷ ʠ ʧʝʨʝʥʦʩʠʪ ʝʛʦ ʚ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʦʜʨʦʩʪ-
ʢʦʚʦʡ ʣʠʪʝʨʘʪʫʨʳ. ʅʘʧʨʠʤʝʨ, çʂʘʧʠʪʘʥʩʢʘʷ 
ʜʦʯʢʘè (ʇʝʪʨ ɻʨʠʥʝʚ) ï ʦʙʨʘʟ ʙʣʘʛʦʨʦʜʥʦʛʦ 
ʛʝʨʦʷ, ʜʝʡʩʪʚʫʶʱʝʛʦ ʧʦ ʟʘʢʦʥʘʤ ʯʝʩʪʠ. ʋ 
ʂʨʘʧʠʚʠʥʘ ʚ çʄʘʣʴʯʠʢʝ ʩʦ ʰʧʘʛʦʡè ʉʝʨʝʞʘ 
ʂʘʭʦʚʩʢʠʡ ʜʝʡʩʪʚʫʝʪ ʧʦ ʪʦʤʫ ʞʝ ʚʥʫʪʨʝʥʥʝʤʫ 
ʢʦʜʝʢʩʫ. 
ɽʩʣʠ ʇʫʰʢʠʥ ʠ ɻʨʠʥ ʟʘʜʘʶʪ ʨʦʤʘʥʪʠʯʝ-

ʩʢʠʡ ʚʝʢʪʦʨ, ʪʦ ʚ ʜʠʘʣʦʛʝ ʩ ʩʦʚʝʪʩʢʦʡ ʜʝʪʩʢʦʡ 
ʣʠʪʝʨʘʪʫʨʦʡ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩ ʧʨʦʠʟʚʝʜʝ-
ʥʠʷʤʠ ɸ.ʇ. ɻʘʡʜʘʨʘ, ʬʦʨʤʠʨʫʝʪʩʷ ʠʥʘʷ ʛʨʘʥʴ 
ʢʨʘʧʠʚʠʥʩʢʦʛʦ ʛʝʨʦʷ ï ʝʛʦ ʩʚʷʟʴ ʩ ʢʦʣʣʝʢʪʠ-
ʚʦʤ ʠ ʛʨʘʞʜʘʥʩʢʠʤ ʜʦʣʛʦʤ. 
ʊʘʢ ʚ ʨʦʤʘʥʝ çʄʘʣʴʯʠʢ ʩʦ ʰʧʘʛʦʡè ʛʣʘʚ-

ʥʳʡ ʛʝʨʦʡ ʉʝʨʝʞʘ ʂʘʭʦʚʩʢʠʡ ʦʪʣʠʯʘʝʪʩʷ 
ʦʙʦʩʪʨʝʥʥʳʤ ʯʫʚʩʪʚʦʤ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ, ʛʦ-
ʪʦʚʥʦʩʪʴʶ ʟʘʱʠʱʘʪʴ ʤʣʘʜʰʠʭ ʠ ʩʣʘʙʳʭ, ʘ 
ʪʘʢʞʝ ʩʪʨʝʤʣʝʥʠʝʤ ʩʣʝʜʦʚʘʪʴ ʥʨʘʚʩʪʚʝʥʥʳʤ 
ʠʜʝʘʣʘʤ ʜʘʞʝ ʪʦʛʜʘ, ʢʦʛʜʘ ʵʪʦ ʪʨʝʙʫʝʪ ʣʠʯʥʦʡ 
ʞʝʨʪʚʳ. ʆʩʦʙʦʝ ʩʠʤʚʦʣʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʚ 
ʨʦʤʘʥʝ ʠʤʝʝʪ ʦʙʨʘʟ ʰʧʘʛʠ. ɺ ʢʫʣʴʪʫʨʥʦʡ ʪʨʘ-
ʜʠʮʠʠ ʰʧʘʛʘ ʷʚʣʷʝʪʩʷ ʘʪʨʠʙʫʪʦʤ ʜʚʦʨʷʥʩʢʦʡ 
ʯʝʩʪʠ ʠ ʨʳʮʘʨʩʢʦʛʦ ʜʦʩʪʦʠʥʩʪʚʘ, ʘ ʧʦʪʦʤʫ 
ʚʳʩʪʫʧʘʝʪ ʩʠʤʚʦʣʦʤ ʙʣʘʛʦʨʦʜʩʪʚʘ ʠ ʦʪʚʝʪ-
ʩʪʚʝʥʥʦʩʪʠ [5]. ɺ ʨʦʤʘʥʝ ɺ.ʇ. ʂʨʘʧʠʚʠʥʘ ʵʪʦʪ 
ʧʨʝʜʤʝʪ ʧʨʠʦʙʨʝʪʘʝʪ ʥʝ ʩʪʦʣʴʢʦ ʚʦʝʥʥʦʝ, 
ʩʢʦʣʴʢʦ ʥʨʘʚʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ. ʐʧʘʛʘ ʩʪʘʥʦ-
ʚʠʪʩʷ ʟʥʘʢʦʤ ʚʝʨʥʦʩʪʠ ʧʨʠʥʮʠʧʘʤ ʯʝʩʪʠ ʠ 
ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ, ʩʚʦʝʦʙʨʘʟʥʳʤ ʩʠʤʚʦʣʦʤ 
ʚʥʫʪʨʝʥʥʝʛʦ ʢʦʜʝʢʩʘ ʛʝʨʦʷ. 
ʀʥʪʝʨʪʝʢʩʪʫʘʣʴʥʘʷ ʩʚʷʟʴ ʧʨʦʠʟʚʝʜʝʥʠʡ 

ɺ.ʇ. ʂʨʘʧʠʚʠʥʘ ʩ ʪʨʘʜʠʮʠʝʡ ʩʦʚʝʪʩʢʦʡ ʜʝʪ-
ʩʢʦʡ ʣʠʪʝʨʘʪʫʨʳ ʧʨʦʷʚʣʷʝʪʩʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ 
ʜʠʘʣʦʛʝ ʩ ʪʚʦʨʯʝʩʪʚʦʤ ɸ.ʇ. ɻʘʡʜʘʨʘ. ʆʥ ʩʯʠ-
ʪʘʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʘʚʪʦʨʦʚ, ʩʬʦʨʤʠ-
ʨʦʚʘʚʰʠʭ ʤʦʜʝʣʴ ʛʝʨʦʷ-ʧʦʜʨʦʩʪʢʘ ʚ ʩʦʚʝʪ-
ʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ, ʠ ʤʥʦʛʠʝ ʵʣʝʤʝʥʪʳ ʵʪʦʡ ʤʦ-
ʜʝʣʠ ʧʦʣʫʯʘʶʪ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʠ ʧʝʨʝ-
ʦʩʤʳʩʣʝʥʠʝ ʫ ɺ.ʇ. ʂʨʘʧʠʚʠʥʘ. 
ɻʝʨʦʠ ɸ.ʇ. ɻʘʡʜʘʨʘ ʩʪʨʝʤʷʪʩʷ ʟʘʱʠʱʘʪʴ 

ʩʣʘʙʳʭ, ʧʦʤʦʛʘʪʴ ʦʢʨʫʞʘʶʱʠʤ ʠ ʜʝʡʩʪʚʦʚʘʪʴ 
ʚ ʠʥʪʝʨʝʩʘʭ ʦʙʱʝʩʪʚʘ. ʇʨʠ ʵʪʦʤ ʠʭ ʜʝʷʪʝʣʴ-
ʥʦʩʪʴ ʦʙʳʯʥʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʨʘʤʢʘʭ ʢʦʣ-
ʣʝʢʪʠʚʥʦʛʦ ʜʝʡʩʪʚʠʷ: ʧʦʜʨʦʩʪʢʠ ʦʙʲʝʜʠʥʷʶʪ-
ʩʷ ʚ ʛʨʫʧʧʳ, ʢʦʤʘʥʜʳ ʠʣʠ ʪʦʚʘʨʠʱʝʩʪʚʘ, ʢʦ-
ʪʦʨʳʝ ʩʪʘʥʦʚʷʪʩʷ ʚʘʞʥʳʤ ʩʦʮʠʘʣʴʥʳʤ ʠʥʩʪʠ-

ʪʫʪʦʤ ʚʥʫʪʨʠ ʧʦʚʝʩʪʚʦʚʘʥʠʷ. ʂʦʣʣʝʢʪʠʚ ʟʜʝʩʴ 
ʚʳʩʪʫʧʘʝʪ ʥʝ ʪʦʣʴʢʦ ʢʘʢ ʩʨʝʜʩʪʚʦ ʜʦʩʪʠʞʝʥʠʷ 
ʮʝʣʝʡ, ʥʦ ʠ ʢʘʢ ʧʨʦʩʪʨʘʥʩʪʚʦ ʬʦʨʤʠʨʦʚʘʥʠʷ 
ʣʠʯʥʦʩʪʠ, ʛʜʝ ʛʝʨʦʡ ʫʯʠʪʩʷ ʜʠʩʮʠʧʣʠʥʝ, ʦʪ-
ʚʝʪʩʪʚʝʥʥʦʩʪʠ ʠ ʛʨʘʞʜʘʥʩʢʦʤʫ ʜʦʣʛʫ. ʅʘʠʙʦ-
ʣʝʝ ʠʟʚʝʩʪʥʳʤ ʧʨʦʠʟʚʝʜʝʥʠʝʤ ɻʘʡʜʘʨʘ, ʟʘ-
ʜʘʚʰʠʤ ʵʪʫ ʤʦʜʝʣʴ, ʩʪʘʣʘ ʧʦʚʝʩʪʴ çʊʠʤʫʨ ʠ 
ʝʛʦ ʢʦʤʘʥʜʘè, ʛʜʝ ʧʦʜʨʦʩʪʢʠ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ 
ʪʘʡʥʦʝ ʦʙʱʝʩʪʚʦ, ʯʪʦʙʳ ʧʦʤʦʛʘʪʴ ʣʶʜʷʤ. ʊʠ-
ʤʫʨʦʚʩʢʦʝ ʜʚʠʞʝʥʠʝ ʩʪʨʦʠʪʩʷ ʚʦʢʨʫʛ ʢʦʣʣʝʢ-
ʪʠʚʥʦʡ ʧʦʤʦʱʠ ʠ ʩʢʨʳʪʦʡ ʦʪ ʚʟʨʦʩʣʳʭ ʜʝʷ-
ʪʝʣʴʥʦʩʪʠ ï ʠʤʝʥʥʦ ʵʪʦʪ ʧʨʠʥʮʠʧ ʚʧʦʩʣʝʜ-
ʩʪʚʠʠ ʙʫʜʝʪ ʧʝʨʝʦʩʤʳʩʣʝʥ ʂʨʘʧʠʚʠʥʳʤ. 
ɺ ʨʦʤʘʥʘʭ çʄʘʣʴʯʠʢ ʩʦ ʰʧʘʛʦʡè, çɻʦʣʫ-

ʙʷʪʥʷ ʥʘ ʞʸʣʪʦʡ ʧʦʣʷʥʝè ʠ çɾʫʨʘʚʣʸʥʦʢ ʠ 
ʤʦʣʥʠʠè ɺ.ʇ. ʂʨʘʧʠʚʠʥʘ ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʝʪ 
ʦʙʨʘʟ ʧʦʜʨʦʩʪʢʘ, ʦʙʣʘʜʘʶʱʝʛʦ ʦʙʦʩʪʨʸʥʥʳʤ 
ʯʫʚʩʪʚʦʤ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʠ ʛʦʪʦʚʥʦʩʪʴʶ ʟʘ-
ʱʠʱʘʪʴ ʪʝʭ, ʢʪʦ ʦʢʘʟʘʣʩʷ ʚ ʫʷʟʚʠʤʦʤ ʧʦʣʦʞʝ-
ʥʠʠ. ʆʜʥʘʢʦ ʫ ɺ.ʇ. ʂʨʘʧʠʚʠʥʘ ʵʪʦʪ ʛʝʨʦʡ ʛʦ-
ʨʘʟʜʦ ʙʦʣʝʝ ʠʥʜʠʚʠʜʫʘʣʠʟʠʨʦʚʘʥ. ʆʥ ʥʝʨʝʜʢʦ 
ʦʢʘʟʳʚʘʝʪʩʷ ʚ ʩʠʪʫʘʮʠʠ ʥʨʘʚʩʪʚʝʥʥʦʛʦ ʚʳʙʦ-
ʨʘ, ʛʜʝ ʨʝʰʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʥʠʤʘʪʴ ʩʘʤʦ-
ʩʪʦʷʪʝʣʴʥʦ, ʠʥʦʛʜʘ ʜʘʞʝ ʚʦʧʨʝʢʠ ʤʥʝʥʠʶ 
ʦʢʨʫʞʘʶʱʠʭ ʚʟʨʦʩʣʳʭ ʠʣʠ ʩʚʝʨʩʪʥʠʢʦʚ. 
ɽʩʣʠ ʫ ɸ.ʇ. ɻʘʡʜʘʨʘ ʤʦʨʘʣʴʥʘʷ ʧʦʟʠʮʠʷ 

ʛʝʨʦʷ ʯʘʩʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ 
ʢʦʣʣʝʢʪʠʚʦʤ, ʪʦ ʫ ɺ.ʇ. ʂʨʘʧʠʚʠʥʘ ʦʥʘ ʩʪʘʥʦ-
ʚʠʪʩʷ ʚʥʫʪʨʝʥʥʠʤ ʣʠʯʥʦʩʪʥʳʤ ʚʳʙʦʨʦʤ. ɻʝ-
ʨʦʡ ɺ.ʇ. ʂʨʘʧʠʚʠʥʘ ʤʦʞʝʪ ʙʳʪʴ ʦʜʠʥʦʢ ʚ 
ʩʚʦʝʡ ʧʨʘʚʦʪʝ, ʠ ʠʤʝʥʥʦ ʵʪʦ ʦʜʠʥʦʯʝʩʪʚʦ ʥʝ-
ʨʝʜʢʦ ʩʪʘʥʦʚʠʪʩʷ ʚʘʞʥʦʡ ʯʘʩʪʴʶ ʝʛʦ ʥʨʘʚ-
ʩʪʚʝʥʥʦʛʦ ʩʪʘʥʦʚʣʝʥʠʷ. ʊʘʢʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ 
ʦʙʨʘʟʘ ʧʦʜʨʦʩʪʢʘ ʦʪʨʘʞʘʝʪ ʠʟʤʝʥʝʥʠʝ ʭʫʜʦ-
ʞʝʩʪʚʝʥʥʦʡ ʤʦʜʝʣʠ ʜʝʪʩʢʦʡ ʣʠʪʝʨʘʪʫʨʳ: ʦʪ 
ʢʦʣʣʝʢʪʠʚʠʩʪʩʢʦʡ ʧʘʨʘʜʠʛʤʳ, ʭʘʨʘʢʪʝʨʥʦʡ 
ʜʣʷ ʨʘʥʥʝʡ ʩʦʚʝʪʩʢʦʡ ʧʨʦʟʳ, ʢ ʙʦʣʝʝ ʧʩʠʭʦʣʦ-
ʛʠʯʝʩʢʠ ʫʛʣʫʙʣʸʥʥʦʤʫ ʠ ʠʥʜʠʚʠʜʫʘʣʠʩʪʠʯʝ-
ʩʢʦʤʫ ʦʩʤʳʩʣʝʥʠʶ ʜʝʪʩʢʦʛʦ ʦʧʳʪʘ. 
ʅʘʨʷʜʫ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ, 

ʚʘʞʥʝʡʰʠʤ ʧʣʘʩʪʦʤ ʠʥʪʝʨʪʝʢʩʪʫʘʣʴʥʳʭ ʩʚʷ-
ʟʝʡ ʧʨʦʟʳ ʂʨʘʧʠʚʠʥʘ ʷʚʣʷʝʪʩʷ ʨʫʩʩʢʠʡ ʬʦʣʴ-
ʢʣʦʨ. ʉʢʘʟʦʯʥʳʝ ʤʦʪʠʚʳ ʠ ʘʨʭʝʪʠʧʠʯʝʩʢʠʝ 
ʦʙʨʘʟʳ ʦʨʛʘʥʠʯʥʦ ʚʧʣʝʪʘʶʪʩʷ ʚ ʪʢʘʥʴ ʝʛʦ 
ʧʨʦʠʟʚʝʜʝʥʠʡ. 
ʀʥʪʝʨʪʝʢʩʪʫʘʣʴʥʳʝ ʩʚʷʟʠ ʧʨʦʷʚʣʷʶʪʩʷ 

ʪʘʢʞʝ ʯʝʨʝʟ ʫʩʪʦʡʯʠʚʳʝ ʤʦʪʠʚʳ ʠ ʘʨʭʝʪʠʧʠ-
ʯʝʩʢʠʝ ʦʙʨʘʟʳ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʤʦʪʠʚʦʚ ʷʚʣʷ-
ʝʪʩʷ ʤʦʪʠʚ ʜʦʨʦʛʠ ʠʣʠ ʧʫʪʝʰʝʩʪʚʠʷ, ʢʦʪʦʨʳʡ 
ʩʠʤʚʦʣʠʟʠʨʫʝʪ ʧʨʦʮʝʩʩ ʚʟʨʦʩʣʝʥʠʷ ʛʝʨʦʷ. ʇʦ-
ʜʦʙʥʳʡ ʤʦʪʠʚ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʸʥ ʢʘʢ ʚ 
ʤʠʨʦʚʦʡ, ʪʘʢ ʠ ʚ ʨʫʩʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ ʠ ʩʚʷʟʘʥ 
ʩ ʞʘʥʨʦʤ ʚʦʩʧʠʪʘʪʝʣʴʥʦʛʦ ʨʦʤʘʥʘ [4]. ɺ ʧʨʦ-
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ʠʟʚʝʜʝʥʠʷʭ ɺ.ʇ. ʂʨʘʧʠʚʠʥʘ ʧʫʪʝʰʝʩʪʚʠʝ ʯʘ-
ʩʪʦ ʧʨʠʦʙʨʝʪʘʝʪ ʩʠʤʚʦʣʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ: 
ʜʚʠʞʝʥʠʝ ʛʝʨʦʷ ʯʝʨʝʟ ʧʨʦʩʪʨʘʥʩʪʚʦ ʩʦʧʨʦ-
ʚʦʞʜʘʝʪʩʷ ʚʥʫʪʨʝʥʥʠʤ ʨʘʟʚʠʪʠʝʤ ʣʠʯʥʦʩʪʠ. 
ʊʘʢʦʡ ʩʶʞʝʪʥʳʡ ʧʨʠʥʮʠʧ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʚ 
ʨʷʜʝ ʧʨʦʠʟʚʝʜʝʥʠʡ ʧʠʩʘʪʝʣʷ, ʛʜʝ ʧʦʜʨʦʩʪʢʠ 
ʦʢʘʟʳʚʘʶʪʩʷ ʚ ʩʠʪʫʘʮʠʠ ʤʦʨʘʣʴʥʦʛʦ ʚʳʙʦʨʘ ʠ 
ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ ʠʩʧʳʪʘʥʠʷ, ʬʦʨʤʠʨʫʶʱʠʝ ʠʭ 
ʭʘʨʘʢʪʝʨ. 
ɺ ʪʚʦʨʯʝʩʪʚʝ ɺ.ʇ. ʂʨʘʧʠʚʠʥʘ ʟʘʤʝʪʥʫʶ 

ʨʦʣʴ ʠʛʨʘʶʪ ʤʠʬʦʣʦʛʠʯʝʩʢʠʝ ʠ ʩʢʘʟʦʯʥʳʝ 
ʵʣʝʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʚʦʩʭʦʜʷʪ ʢ ʪʨʘʜʠʮʠʷʤ ʨʫʩ-
ʩʢʦʛʦ ʬʦʣʴʢʣʦʨʘ. ʇʠʩʘʪʝʣʴ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫ-
ʝʪ ʘʨʭʝʪʠʧʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʥʘʨʦʜʥʦʡ ʩʢʘʟ-
ʢʠ: ʤʦʪʠʚʳ ʚʦʣʰʝʙʥʳʭ ʧʨʝʜʤʝʪʦʚ, ʧʫʪʝʰʝ-
ʩʪʚʠʡ ʤʝʞʜʫ ʤʠʨʘʤʠ, ʙʦʨʴʙʳ ʛʝʨʦʷ ʩʦ ʟʣʦʤ ʠ 
ʦʩʦʙʦʛʦ çʯʠʩʪʦʛʦè ʛʝʨʦʷ-ʨʝʙʸʥʢʘ. ʆʜʥʘʢʦ ʵʪʠ 
ʵʣʝʤʝʥʪʳ ʥʝ ʚʦʩʧʨʦʠʟʚʦʜʷʪʩʷ ʙʫʢʚʘʣʴʥʦ, 
ɺ.ʇ. ʂʨʘʧʠʚʠʥ ʧʝʨʝʦʩʤʳʩʣʷʝʪ ʠʭ ʠ ʩʦʝʜʠʥʷʝʪ 
ʩ ʬʘʥʪʘʩʪʠʢʦʡ ʠ ʩʦʚʨʝʤʝʥʥʦʡ ʧʦʜʨʦʩʪʢʦʚʦʡ 
ʧʨʦʙʣʝʤʘʪʠʢʦʡ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʩʦʟʜʘʸʪʩʷ 
ʩʣʦʞʥʘʷ ʩʠʩʪʝʤʘ ʠʥʪʝʨʪʝʢʩʪʫʘʣʴʥʳʭ ʩʚʷʟʝʡ 
ʤʝʞʜʫ ʝʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷʤʠ ʠ ʪʨʘʜʠʮʠʷʤʠ 
ʬʦʣʴʢʣʦʨʘ. 
ʄʦʪʠʚ ʚʦʣʰʝʙʥʦʛʦ ʧʨʝʜʤʝʪʘ, ʰʠʨʦʢʦ ʨʘʩ-

ʧʨʦʩʪʨʘʥʸʥʥʳʡ ʚ ʨʫʩʩʢʠʭ ʥʘʨʦʜʥʳʭ ʩʢʘʟʢʘʭ. 
ʊʘʢ, ʚ ʩʢʘʟʢʝ çʎʘʨʝʚʥʘ-ʣʷʛʫʰʢʘè ʚʦʣʰʝʙʥʳʡ 
ʢʣʫʙʦʢ ʫʢʘʟʳʚʘʝʪ ʀʚʘʥʫïʮʘʨʝʚʠʯʫ ʧʫʪʴ; ʚ 
çʄʘʨʴʝ ʄʦʨʝʚʥʝè ʘʥʘʣʦʛʠʯʥʫʶ ʬʫʥʢʮʠʶ ʚʳ-
ʧʦʣʥʷʶʪ ʧʝʨʩʪʝʥʴ ʠʣʠ ʧʣʘʪʦʢ. ɺ çʌʠʥʠʩʪʝ ï 
ʷʩʥʦʤ ʩʦʢʦʣʝè ʚʦʣʰʝʙʥʦʝ ʧʸʨʳʰʢʦ ʧʦʤʦʛʘʝʪ 
ʛʝʨʦʠʥʝ ʚʩʪʨʝʪʠʪʴ ʚʦʟʣʶʙʣʝʥʥʦʛʦ. ɺ ʬʦʣʴʢ-
ʣʦʨʝ ʪʘʢʠʝ ʧʨʝʜʤʝʪʳ, ʥʘʧʨʠʤʝʨ, ʤʝʯ-ʢʣʘʜʝʥʝʮ 
ʠʣʠ ʚʦʣʰʝʙʥʳʡ ʢʣʫʙʦʢ, ʧʦʤʦʛʘʶʪ ʛʝʨʦʶ ʧʨʝ-
ʦʜʦʣʝʚʘʪʴ ʠʩʧʳʪʘʥʠʷ ʠ ʧʝʨʝʭʦʜʠʪʴ ʠʟ ʦʜʥʦʛʦ 
ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʜʨʫʛʦʝ. ɸʥʘʣʦʛʠʯʥʫʶ ʬʫʥʢ-
ʮʠʶ ʚʳʧʦʣʥʷʶʪ ʥʝʢʦʪʦʨʳʝ ʧʨʝʜʤʝʪʳ ʚ ʧʨʦ-
ʠʟʚʝʜʝʥʠʷʭ ɺ.ʇ. ʂʨʘʧʠʚʠʥʘ. ʊʘʢ, ʚ ʨʦʤʘʥʝ 
çɻʦʣʫʙʷʪʥʷ ʥʘ ʞʸʣʪʦʡ ʧʦʣʷʥʝè ʥʝʦʙʳʯʥʳʡ 
ʤʷʯʠʢ ʦʙʣʘʜʘʝʪ ʦʩʦʙʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʩʧʦʩʦ-
ʙʝʥ ʥʘʨʫʰʘʪʴ ʧʨʠʚʳʯʥʳʝ ʟʘʢʦʥʳ ʧʨʦʩʪʨʘʥ-
ʩʪʚʘ ʠ ʚʨʝʤʝʥʠ. ʉ ʝʛʦ ʧʦʤʦʱʴʶ ʛʝʨʦʠ ʤʦʛʫʪ 
ʧʨʝʦʜʦʣʝʚʘʪʴ ʛʨʘʥʠʮʳ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʨʝ-
ʘʣʴʥʦʩʪʷʤʠ. ʇʦʜʦʙʥʦ ʩʢʘʟʦʯʥʳʤ ʘʨʪʝʬʘʢʪʘʤ, 
ʵʪʦʪ ʧʨʝʜʤʝʪ ʩʪʘʥʦʚʠʪʩʷ ʧʦʩʨʝʜʥʠʢʦʤ ʤʝʞʜʫ 
ʤʠʨʘʤʠ ʠ ʧʦʤʦʛʘʝʪ ʛʝʨʦʷʤ ʚʩʪʫʧʠʪʴ ʚ ʙʦʨʴʙʫ 
ʩʦ ʟʣʦʤ. 
ʉ ʚʦʣʰʝʙʥʳʤ ʧʨʝʜʤʝʪʦʤ ʪʝʩʥʦ ʩʚʷʟʘʥ ʜʨʫ-

ʛʦʡ ʬʦʣʴʢʣʦʨʥʳʡ ʤʦʪʠʚ ï ʧʫʪʝʰʝʩʪʚʠʝ ʤʝʞʜʫ 
ʤʠʨʘʤʠ. ɺ ʨʫʩʩʢʠʭ ʩʢʘʟʢʘʭ ʛʝʨʦʡ ʯʘʩʪʦ ʦʪ-
ʧʨʘʚʣʷʝʪʩʷ ʚ çʪʨʠʜʝʚʷʪʦʝ ʮʘʨʩʪʚʦè ʠʣʠ ʚ 
çʧʦʜʟʝʤʥʳʡ ʤʠʨè, ʧʨʝʦʜʦʣʝʚʘʷ ʛʨʘʥʠʮʫ ʤʝʞ-

ʜʫ ʨʘʟʣʠʯʥʳʤʠ ʫʨʦʚʥʷʤʠ ʨʝʘʣʴʥʦʩʪʠ. ɺ ʧʨʦ-
ʠʟʚʝʜʝʥʠʷʭ ɺ.ʇ. ʂʨʘʧʠʚʠʥʘ, ʥʘʧʨʠʤʝʨ, ʢʘʢ ʚ 
ʮʠʢʣʘʭ çɺ ʛʣʫʙʠʥʝ ɺʝʣʠʢʦʛʦ ʂʨʠʩʪʘʣʣʘè ʠ 
çʉʢʘʟʢʠ ʠ ʙʳʣʠ ɹʝʟʣʶʜʥʳʭ ʇʨʦʩʪʨʘʥʩʪʚè ʵʪʘ 
ʩʪʨʫʢʪʫʨʘ ʧʨʦʷʚʣʷʝʪʩʷ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʧʘʨʘʣ-
ʣʝʣʴʥʳʭ ʤʠʨʦʚ. 
ɺ ʨʫʩʩʢʠʭ ʩʢʘʟʢʘʭ ʠʤʝʥʥʦ çʤʣʘʜʰʠʡ ʩʳʥè 

ʦʢʘʟʳʚʘʝʪʩʷ ʥʦʩʠʪʝʣʝʤ ʠʩʪʠʥʳ ʠ ʥʨʘʚʩʪʚʝʥ-
ʥʦʡ ʯʠʩʪʦʪʳ. ʇʦʜʦʙʥʘʷ ʤʦʜʝʣʴ ʧʨʦʩʣʝʞʠʚʘʝʪ-
ʩʷ ʠ ʫ ɺ.ʇ. ʂʨʘʧʠʚʠʥʘ. ɻʝʨʦʠ ʝʛʦ ʧʨʦʠʟʚʝʜʝ-
ʥʠʡ ï ʧʦʜʨʦʩʪʢʠ, ʦʙʣʘʜʘʶʱʠʝ ʩʠʣʴʥʳʤ ʯʫʚ-
ʩʪʚʦʤ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʠ ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʨʦʪʠ-
ʚʦʩʪʦʷʪʴ ʟʣʫ ʙʣʘʛʦʜʘʨʷ ʥʨʘʚʩʪʚʝʥʥʦʡ ʠʩʢʨʝʥ-
ʥʦʩʪʠ. 
ɺ ʨʫʩʩʢʠʭ ʩʢʘʟʢʘʭ ʛʝʨʦʡ ʥʝʨʝʜʢʦ ʜʦʣʞʝʥ 

ʧʦʙʝʜʠʪʴ ʯʫʜʦʚʠʱʝ, ʥʘʧʨʠʤʝʨ, ɿʤʝʷ ɻʦʨʳʥʳ-
ʯʘ ʠʣʠ ʂʦʱʝʷ ɹʝʩʩʤʝʨʪʥʦʛʦ. ʋ ɺ.ʇ. ʂʨʘʧʠʚʠ-
ʥʘ ʟʣʦ ʧʨʠʦʙʨʝʪʘʝʪ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʬʦʨʤʳ: ʵʪʦ 
ʤʦʛʫʪ ʙʳʪʴ ʚʨʘʞʜʝʙʥʳʝ ʮʠʚʠʣʠʟʘʮʠʠ, ʙʝʟ-
ʣʠʯʥʳʝ ʩʠʣʳ ʠʣʠ ʩʠʩʪʝʤʳ, ʩʪʨʝʤʷʱʠʝʩʷ ʧʦ-
ʜʘʚʠʪʴ ʩʚʦʙʦʜʫ ʣʠʯʥʦʩʪʠ. ʅʘʧʨʠʤʝʨ, ʚ çɻʦʣʫ-
ʙʷʪʥʝ ʥʘ ʞʸʣʪʦʡ ʧʦʣʷʥʝè ʛʝʨʦʠ ʧʨʦʪʠʚʦʩʪʦʷʪ 
ʤʦʛʫʱʝʩʪʚʝʥʥʳʤ ʩʠʣʘʤ, ʫʛʨʦʞʘʶʱʠʤ ʨʘʟ-
ʣʠʯʥʳʤ ʤʠʨʘʤ ʠ ʠʭ ʞʠʪʝʣʷʤ. ʍʦʪʷ ʪʘʢʦʝ ʟʣʦ 
ʠʤʝʝʪ ʬʘʥʪʘʩʪʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ, ʩʘʤʘ ʩʪʨʫʢ-
ʪʫʨʘ ʢʦʥʬʣʠʢʪʘ ʥʘʧʦʤʠʥʘʝʪ ʩʢʘʟʦʯʥʳʡ ʩʶʞʝʪ 
ʦ ʙʦʨʴʙʝ ʛʝʨʦʷ ʩ ʯʫʜʦʚʠʱʝʤ. 
ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʥ-

ʪʝʨʪʝʢʩʪʫʘʣʴʥʦʩʪʴ ʚ ʧʨʦʟʝ ɺ.ʇ. ʂʨʘʧʠʚʠʥʘ 
ʚʳʩʪʫʧʘʝʪ ʚʘʞʥʳʤ ʭʫʜʦʞʝʩʪʚʝʥʥʳʤ ʧʨʠʥʮʠ-
ʧʦʤ, ʧʦʟʚʦʣʷʶʱʠʤ ʘʚʪʦʨʫ ʦʙʲʝʜʠʥʠʪʴ ʨʘʟ-
ʣʠʯʥʳʝ ʢʫʣʴʪʫʨʥʳʝ ʪʨʘʜʠʮʠʠ. ʅʘʠʙʦʣʝʝ ʦʪ-
ʯʝʪʣʠʚʦ ʵʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʜʠʘʣʦʛʝ ʩ ʨʦʤʘʥʪʠ-
ʯʝʩʢʦʡ ʵʩʪʝʪʠʢʦʡ (ɸ.ʉ. ɻʨʠʥ, ɸ.ʉ. ʇʫʰʢʠʥ), 
ʛʜʝ ʬʦʨʤʠʨʫʝʪʩʷ ʪʠʧ ʛʝʨʦʷ-ʤʝʯʪʘʪʝʣʷ, ʥʘʜʝ-
ʣʝʥʥʦʛʦ ʦʙʦʩʪʨʝʥʥʳʤ ʯʫʚʩʪʚʦʤ ʩʧʨʘʚʝʜʣʠʚʦ-
ʩʪʠ. ʉʚʷʟʴ ʩ ʩʦʚʝʪʩʢʦʡ ʜʝʪʩʢʦʡ ʣʠʪʝʨʘʪʫʨʦʡ, 
ʧʨʝʞʜʝ ʚʩʝʛʦ ʩ ʪʨʘʜʠʮʠʝʡ ɸ.ʇ. ɻʘʡʜʘʨʘ, ʧʨʦ-
ʷʚʣʷʝʪʩʷ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʜʝʪʩʢʦʛʦ ʙʨʘʪʩʪʚʘ, 
ʦʜʥʘʢʦ ʫ ʂʨʘʧʠʚʠʥʘ ʢʦʣʣʝʢʪʠʚ ʫʩʪʫʧʘʝʪ ʤʝʩʪʦ 
ʠʥʜʠʚʠʜʫʘʣʠʟʠʨʦʚʘʥʥʦʤʫ ʛʝʨʦʶ, ʩʧʦʩʦʙʥʦʤʫ 
ʥʘ ʦʜʠʥʦʯʥʦʝ ʧʨʦʪʠʚʦʩʪʦʷʥʠʝ. ʅʘʢʦʥʝʮ, ʦʙ-
ʨʘʱʝʥʠʝ ʢ ʬʦʣʴʢʣʦʨʥʳʤ ʤʦʪʠʚʘʤ (ʚʦʣʰʝʙʥʳʝ 
ʧʨʝʜʤʝʪʳ, ʧʫʪʝʰʝʩʪʚʠʷ ʤʝʞʜʫ ʤʠʨʘʤʠ, ʦʙʨʘʟ 
çʯʠʩʪʦʛʦè ʛʝʨʦʷ) ʧʦʟʚʦʣʷʝʪ ʧʠʩʘʪʝʣʶ ʩʦʟʜʘʪʴ 
ʤʥʦʛʦʤʝʨʥʫʶ ʤʦʜʝʣʴ ʤʠʨʘ, ʛʜʝ ʩʢʘʟʦʯʥʘʷ ʣʦ-
ʛʠʢʘ ʦʨʛʘʥʠʯʥʦ ʩʦʝʜʠʥʷʝʪʩʷ ʩ ʩʦʚʨʝʤʝʥʥʦʡ 
ʧʦʜʨʦʩʪʢʦʚʦʡ ʧʨʦʙʣʝʤʘʪʠʢʦʡ. ʏʝʨʝʟ ʧʝʨʝ-
ʦʩʤʳʩʣʝʥʠʝ ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʠ ʬʦʣʴʢʣʦʨʥʦʛʦ 
ʥʘʩʣʝʜʠʷ ʂʨʘʧʠʚʠʥ ʬʦʨʤʠʨʫʝʪ ʦʨʠʛʠʥʘʣʴʥʫʶ 
ʭʫʜʦʞʝʩʪʚʝʥʥʫʶ ʩʠʩʪʝʤʫ, ʦʪʨʘʞʘʶʱʫʶ ʝʛʦ 
ʥʨʘʚʩʪʚʝʥʥʳʝ ʠ ʬʠʣʦʩʦʬʩʢʠʝ ʠʜʝʠ. 
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Abstract. The article examines the intertextual connections in the works of V.P. Krapivin and their 

role in shaping the writerôs artistic world. The study considers the concept of intertextuality introduced 

by J. Kristeva and based on the dialogic theory of text developed by Mikhail Mikhailovich Bakhtin. Spe-

cial attention is paid to the interaction between Krapivinôs works and different layers of the Russian 

literary tradition. The analysis shows that the writerôs prose demonstrates connections with the roman-

tic aesthetics of the nineteenth century, particularly with the works of A.S. Pushkin and A.S. Grin, as 

well as with the tradition of Soviet childrenôs literature represented by the works of A.P. Gaidar. The 
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journey, the image of a morally pure hero, and the structure of the struggle between good and evil. The 
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a result, an original artistic system is formed that reflects the writerôs moral and philosophical ideas. 
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Contemporary society operates under the con-

ditions of a systemic ecological crisis, which 

manifests not only in the degradation of natural 

ecosystems but also in the transformation of hu-

man value frameworks. In this context, environ-

mental education has assumed a position of stra-

tegic priority within the educational system, as it 

is aimed at fostering ecologically responsible pat-

terns of thought and behavior. 

Over the past decades, the interaction between 

humans and nature has emerged as a central fo-

cus of research in the humanities. Literature, as a 

reflection of societal value orientations toward 

the natural world, is regarded as a significant in-

strument for the development of environmental 

awareness and the cultivation of ecological cul-

ture in individuals. 

Effective environmental education is impossi-

ble without reference to the humanities, primarily 

to literary art. In this context, the ecocritical ap-

proach to the analysis of literary texts gains par-

ticular significance, as it allows literature to be 

considered both as a form of cultural reflection 

on ecological issues and as a means of shaping an 

ecologically oriented worldview. 

According to I.D. Zverev, environmental edu-

cation is a purposeful pedagogical process of 

forming an individual's ecological culture, which 

includes knowledge about nature, a value-based 

attitude toward it, and a readiness for responsible 

behavior. It is also aimed at recognizing the pri-

ority of all forms of life and ensuring the harmo-

nious development of a human being within the 

'natureïman' system [1]. Aesthetic perception of 

the natural world, awareness of its integrity, vul-

nerability, and intrinsic value, plays an important 

role in this process.  

The scientific novelty of the study lies in the 

ecocritical interpretation of the poems by Robert 

Frost and W.H. Davies in the context of studentsô 

environmental education and in identifying their 

pedagogical potential for fostering an ecological-

ly oriented worldview. 

The aim of the present study is to identify eco-

logical meanings in the poetic texts of R. Frost 

and W.H. Davies and to determine their role in 

shaping studentsô environmental consciousness. 

Within the framework of this study, ecocritical 

analysis of poetic texts is regarded as one of the 

tools of studentsô environmental education, con-

tributing to the development of ecological reflec-



180 

- ʌʠʣʦʣʦʛʠʯʝʩʢʠʝ ʥʘʫʢʠ - 

 

International Journal of Humanities and Natural Sciences, vol. 3-2 (114), 2026 

tion and the formation of stable value orienta-

tions. The study material included Robert Frostôs 

poem The Road Not Taken and W.H. Daviesô po-

em Leisure, in which nature serves not only as an 

object of depiction but also as a philosophical 

foundation for understanding human existence. 

One of the promising directions in environ-

mental education is engagement with literary art, 

primarily poetry, which possesses a high emo-

tional and aesthetic potential. Poetic texts affect 

the emotional and sensory sphere of an individu-

al, fostering the formation of value-based atti-

tudes toward nature, promoting ecological reflec-

tion, and encouraging environmentally responsi-

ble behavior. 

In contemporary literature, the human rela-

tionship with nature serves as an important moral 

benchmark and a criterion of humanistic values. 

Environmental poetry plays a significant role in 

reflecting on the consequences of technocratic 

progress and the alienation of humans from the 

natural environment. 

Ecocriticism is the study of the relationship 

between literature and the physical environ-

ment [2]. Accordingly, the methodological foun-

dation of this study is ecocriticism ï a branch of 

literary studies that considers the literary text as a 

space for the interaction between culture and the 

natural environment. 

The ecocritical approach allows for the identi-

fication of ecological meanings embedded in the 

system of images, metaphors, and symbols of a 

literary work. 

Contemporary studies in the field of ecocriti-

cism emphasize that literature plays a special role 

in the formation of environmental worldview, as 

it influences not only the rational but also the 

emotional and value-based spheres of human per-

sonality. A literary text is capable of fostering an 

empathetic attitude toward the natural environ-

ment and developing the ability to perceive na-

ture as an independent value rather than merely a 

resource for human activity. 

According to researchers, one of the most im-

portant functions of ecocriticism is the identifica-

tion of cultural models of human attitudes toward 

nature that are embedded in literary works and 

subsequently reproduced in public consciousness. 

Thus, literature functions not only as a reflection 

of existing environmental problems but also as an 

instrument for their interpretation and a space for 

the formation of new value orientations in the 

interaction between humans and the natural envi-

ronment. 

Within the framework of the ecocritical ap-

proach, particular attention is given to the analy-

sis of artistic representations of nature, the sym-

bolism of natural phenomena, and the role of 

landscape in shaping the philosophical content of 

a literary work. In literature, nature is viewed not 

as a passive background but as an active element 

of the artistic world that influences plot devel-

opment, the inner world of characters, and the 

value system of the work. 

Ecocriticism views literature as a space for 

representing the relationships between humans 

and the natural world [2]. Within this framework, 

researchers focus on the ways nature is depicted, 

on ecological symbolism, and on the value mod-

els of humanïenvironment interaction that are 

formed in the literary text. Analyzing literary 

works from an ecocritical perspective makes it 

possible to uncover latent ecological meanings 

and to determine the role of literature in shaping 

environmental consciousness. 

Results and Discussion 

The poems The Road Not Taken (1916) by 

Robert Frost and Leisure (1911) by W. H. Davies 

can be regarded as examples of poetic texts con-

taining ecological motifs, in which nature func-

tions not merely as a backdrop but as an active 

participant in the philosophical reflection on hu-

man existence. 

Robert Frostôs poem The Road Not Taken 

(1916) is traditionally interpreted as a philosoph-

ical meditation on life choices. The traveler is 

just passing through a yellow wood when he fac-

es the problem of choice of the road as the one 

road is diverged into two. The speaker says that 

both roads are appealing but he takes the road 

which is less travelled by the others [3]. Howev-

er, from an ecocritical perspective, the text can 

also be viewed as a metaphor for human ecologi-

cal responsibility. 

The work begins with the image of a forest 

fork: 

Two roads diverged in a yellow wood, 

And sorry I could not travel both [4] 

Here, the natural landscape serves not merely 

as a backdrop but as a meaningful space in which 

the situation of choice unfolds. The autumnal 

forest symbolizes both the space of choice and 

the natural world, within which humans are com-

pelled to act responsibly, aware of the irreversi-



181 

- ʌʠʣʦʣʦʛʠʯʝʩʢʠʝ ʥʘʫʢʠ - 

 

International Journal of Humanities and Natural Sciences, vol. 3-2 (114), 2026 

ble consequences of their decisions. In an ecocrit-

ical interpretation, the ñroadò can be read as a 

metaphor for ecologically responsible or, con-

versely, irresponsible human behavior. 

The yellow wood is associated with autumn ï 

a time of maturity, reflection, and transitional 

states. In this context, it can be interpreted as a 

symbol of the crisis in humanïnature relation-

ships. The description of the roads, covered with 

leaves that ñno step had trodden black,ò empha-

sizes the fragility of the natural environment and 

points to the rarity of a conscious, careful path of 

interaction with nature: 

And, both that morning equally lay 

In leaves no step had trodden black [4]. 

Here, the human footprint becomes a meta-

phor for the impact on nature. Every action 

leaves a mark, including an ecological one. The 

final lines of the poem: 

I took the one less traveled by, 

And that has made all the difference [4] 

can be interpreted as the acceptance of ethical 

responsibility for oneôs chosen path. In an eco-

logical context, this represents a path of sustaina-

ble development, the rejection of a consumerist 

attitude toward nature, and the pursuit of harmo-

nious coexistence with the natural world. 

Thus, from an ecocritical perspective, Frostôs 

poem can be regarded as a hidden ecological 

manifesto, in which the personal choice of the 

lyrical subject acquires a universal significance 

and relates to global environmental challenges. 

W.H. Daviesô poem Leisure (1911) more di-

rectly reflects the problem of human alienation 

from nature in the context of industrial society. 

The very first lines contain a critique of the mod-

ern pace of life: 

What is this life if, full of care, 

We have no time to stand and stare [5] 

Davies draws attention to the excessive busy-

ness of modern humans, which deprives them of 

the opportunity to pause and perceive the beauty 

of the surrounding world. From an ecocritical 

standpoint, this statement reflects the loss of the 

ability to contemplate nature, a fundamental 

component of ecological thinking. The ñcareò 

symbolizes the prevailing mode of existence ori-

ented toward labor, productivity, and speed, yet 

devoid of harmony with the natural environment. 

The poet contrasts humans with animals, who 

maintain an inherent connection to the natural 

rhythm: 

And stare as long as sheep or cows [5]. 

Here, animals serve as a symbol of organic, 

undisturbed interaction with nature, whereas hu-

mans appear detached from natural time and 

space. The images of forests, streams, trees, and 

animals in the poem perform not a decorative but 

a philosophical function, presenting nature as a 

source of wisdom, inner balance, and spiritual 

renewal. 

The personification of Beauty in the lines: 

No time to turn at Beautyôs glance, 

And watch her feet, how they can dance [5], 

emphasizes the loss of the ability to perceive 

natural processes as a living, rhythmic, and 

meaningful ñdance of life.ò The final repetition 

of the opening line reinforces the evaluative 

character of the statement and transforms the po-

em into a moral indictment of the culture of haste 

and alienation. 

No time to see, in broad daylight, 

Streams full of stars, like skies at night [5]. 

Here, the image evokes the contemplation of 

nature as a source of spiritual and aesthetic en-

richment. The lack of time for such observations 

reflects the contemporary ecological alienation of 

humans, which emphasizes the necessity of in-

corporating such texts into educational practice to 

foster reflection and the development of value-

based attitudes toward the natural world. 

From an ecocritical perspective, Daviesô Lei-

sure can be regarded as an early ecological warn-

ing, emphasizing the necessity of slowing down, 

observing attentively, and restoring the lost bal-

ance between humans and nature. 

In Frostôs poem, the image of the forest fork 

symbolizes a situation of choice and responsibil-

ity. Within an ecocritical framework, this image 

can be interpreted as a metaphor for the ecologi-

cal choice between a consumerist and a responsi-

ble attitude toward nature. The forest is presented 

as a coherent and fragile ecosystem, in which any 

intervention leaves a trace. The final lines of the 

poem, emphasizing the choice of the ñless trav-

eled pathò, can be understood as a call for con-

scious ecological behavior and a rejection of 

dominant models of consumption. 

Daviesô Leisure, in contrast, more openly cri-

tiques the industrial way of life, which deprives 

humans of the opportunity to contemplate and 

understand nature. The poet emphasizes the loss 

of the ability to perceive the world slowly and 

attentively as one of the causes of spiritual and 
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ecological crisis. Nature in the poem is presented 

as a source of harmony and inner balance, the 

loss of which impoverishes human existence. 

The use of these works in educational practice 

contributes to the development of ecological 

thinking in students, enhances their aesthetic per-

ception of nature, and fosters awareness of per-

sonal responsibility for the state of the environ-

ment. 

The use of literary works in the educational 

process has significant pedagogical potential. Po-

etic texts allow students to develop not only 

knowledge about nature but also a value-based 

attitude toward it, grounded in respect, responsi-

bility, and a commitment to environmental 

preservation. 

The analysis of poetic works from the per-

spective of ecocriticism contributes to the devel-

opment of studentsô skills in literary interpreta-

tion, critical thinking, and ecological reflection. 

In the process of discussing literary texts, stu-

dents gain an opportunity to reconsider their own 

attitudes toward nature and to recognize the in-

terconnection between culture, society, and con-

temporary environmental problems. 

This approach proves particularly effective 

within the framework of humanities disciplines, 

where the literary text becomes a means of inter-

disciplinary dialogue between literary studies, 

philosophy, ecology, and pedagogy. The integra-

tion of elements of ecocritical analysis into edu-

cational practice makes it possible to expand tra-

ditional methods of teaching literature and to 

provide them with a relevant environmental ori-

entation. 

Moreover, engagement with poetry contrib-

utes to the development of aesthetic perception of 

nature, emotional responsiveness, and the ability 

to contemplate the surrounding world. These 

qualities are regarded by researchers as essential 

components of an individualôs ecological culture. 

In the context of the contemporary environmental 

crisis, such a ʛʫʤʘʥʠʪʘʨʥʳʡ approach to envi-

ronmental education acquires particular rele-

vance. 

The conducted ecocritical analysis of Robert 

Frostôs The Road Not Taken and W.H. Daviesô 

Leisure allows us to assert that poetic texts pos-

sess significant potential in the sphere of stu-

dentsô environmental education. In both works, 

nature functions as a value-laden space in which 

ethical and philosophical aspects of human inter-

action with the surrounding world are revealed. 

It appears that in Frostôs poem, the choice of a 

path within the natural landscape can be inter-

preted as a metaphor for ecological decision-

making, implying responsibility for the conse-

quences of human activity. In Daviesô poetry, the 

focus, in turn, is on the loss of the ability to con-

template nature, which is regarded as a symptom 

of the spiritual and ecological crisis of industrial 

society. 

Conclusion 

It should be noted that the engagement with 

these poetic texts in the educational process con-

tributes to the development of ecological reflec-

tion, the aesthetic perception of nature, and the 

formation of ecologically oriented value orienta-

tions. The analyzed works demonstrate that hu-

man alienation from nature leads not only to the 

degradation of the environment but also to the 

loss of inner harmony within the individual. 

The conducted ecocritical analysis of the poet-

ic texts by R. Frost, ñThe Road Not Takenò, and 

W.H. Davies, ñLeisureò, allows not only to iden-

tify the underlying ecological meanings but also 

to substantiate their pedagogical significance in 

the formation of studentsô ecological conscious-

ness. Both poetic compositions represent not 

merely artistic reflections of the natural environ-

ment but symbolic depictions of the interaction 

between humans and nature, revealing key issues 

of responsibility, choice, contemplation, and 

harmony with the surrounding world. 

Firstly, Frostôs poetry demonstrates that any 

life choice is inseparable from ecological conse-

quences. By employing the metaphor of a fork in 

the forest, the poet illustrates that a person al-

ways faces two paths: one ï familiar, oriented 

toward comfort and exploitation, and the other ï 

difficult, ecologically justified, and sustainable. 

Such a poetics of choice helps students realize 

that every human action in real life affects the 

state of nature, and that responsible ecological 

behavior begins precisely with reflection, con-

scious decision-making, and personal responsi-

bility. This aspect makes the poem significant not 

only philosophically but also pedagogically: it 

contributes to the development of studentsô abil-

ity to correlate their personal actions with global 

ecological consequences, which is a crucial con-

dition for the formation of ecological culture. 
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Secondly, the analysis of Daviesô poem shows 

that the loss of the ability to contemplate nature 

becomes a symptom of spiritual and ecological 

deformation of both the individual and society. In 

the context of an industrial lifestyle, values of 

speed, efficiency, and productivity displace from 

human consciousness the values of slow, pro-

found perception of the natural world. The poet 

contrasts the human ñfull of careò condition with 

the natural rhythm of animals, thus demonstrat-

ing that only through contemplation and attention 

to nature is it possible to restore the lost connec-

tion with its aesthetic and moral value. This motif 

resonates with modern studies in environmental 

psychology, which emphasize that empathy, re-

spect, and love for nature begin with the ability to 

slow down oneôs pace of life and observe its 

manifestations. 

Thus, the conducted study shows that poetic 

texts possess significant potential for shaping 

studentsô environmental consciousness. Ecocriti-

cal analysis allows for the revelation of the value-

laden aspects of human-nature interaction and 

contributes to the development of an ecologically 

oriented worldview. The use of poetry in educa-

tional practice can be regarded as an effective 

tool for environmental education and for the hu-

manization of contemporary education. 
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culture and the natural environment. The research methodology is based on ecocritical, interpretative, 

and comparative-analytical approaches to literary analysis. The study focuses on Robert Frostôs poem 

ñThe Road Not Takenò and William Henry Daviesô poem ñLeisureò. Through an interpretative reading 

of these works, the article identifies key ecological themes, including the notions of choice, responsibil-

ity, reflection on nature, and the disruption of harmony between humans and their environment. The 

findings indicate that poetic texts possess substantial educational value and can be effectively employed 

in the educational process to cultivate an ecologically informed worldview among students. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʧʝʨʝʚʦʜʘ ʥʘʟʚʘʥʠʡ ʧʨʦʠʟʚʝʜʝʥʠʡ ʣʠ-

ʪʝʨʘʪʫʨʳ ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʦʛʦ ʂʠʪʘʷ ʥʘ ʨʫʩʩʢʠʡ ʷʟʳʢ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʧʠʨʘʝʪʩʷ ʥʘ ʠʩʪʦʨʠʯʝ-

ʩʢʠʡ ʦʙʟʦʨ ʧʝʨʝʚʦʜʘ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʢʠʪʘʡʩʢʦʡ ʣʠʪʝʨʘʪʫʨʳ ʚ ʈʦʩʩʠʠ ʩ XX 

ʚʝʢʘ, ʘ ʪʘʢʞʝ ʥʘ ʘʥʘʣʠʟ ʨʫʩʩʢʠʭ ʧʝʨʝʚʦʜʦʚ ʥʘʟʚʘʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʠʟʜʘ-

ʥʠʷʭ, ʞʫʨʥʘʣʠʩʪʩʢʠʭ ʧʫʙʣʠʢʘʮʠʷʭ ʠ ʩʝʪʝʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɺʳʷʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠ-

ʢʠ ʧʝʨʝʚʦʜʯʝʩʢʦʡ ʧʨʘʢʪʠʢʠ, ʚʢʣʶʯʘʷ ʧʨʝʦʙʣʘʜʘʥʠʝ ʩʤʳʩʣʦʚʦʛʦ ʧʝʨʝʚʦʜʘ, ʚʘʨʠʘʪʠʚʥʦʩʪʴ ʧʝʨʝʜʘ-

ʯʠ ʨʝʛʠʦʥʘʣʴʥʦ-ʢʫʣʴʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʩʪʠʣʠʩʪʠʯʝʩʢʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʧʝʨʝʚʦʜʘ ʦʪ ʢʘʥʘʣʘ ʨʘʩ-

ʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʦʪʩʫʪʩʪʚʠʝ ʝʜʠʥʦʦʙʨʘʟʠʷ ʚ ʨʷʜʝ ʧʝʨʝʚʦʜʥʳʭ ʥʘʟʚʘʥʠʡ. ʆʙʦʙʱʘʶʪʩʷ ʦʩʥʦʚʥʳʝ 

ʧʝʨʝʚʦʜʯʝʩʢʠʝ ʩʪʨʘʪʝʛʠʠ, ʧʨʠʤʝʥʷʝʤʳʝ ʧʨʠ ʧʝʨʝʜʘʯʝ ʥʘʟʚʘʥʠʡ: ʜʦʤʝʩʪʠʢʘʮʠʷ, ʬʦʨʝʥʠʟʘʮʠʷ, ʠʭ 

ʩʦʯʝʪʘʥʠʝ ʠ ʫʧʨʦʱʝʥʠʝ. ʅʘ ʵʪʦʡ ʦʩʥʦʚʝ ʧʨʝʜʣʘʛʘʶʪʩʷ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ ʧʝʨʝʚʦʜʘ, 

ʚʢʣʶʯʘʶʱʠʝ ʩʪʘʥʜʘʨʪʠʟʘʮʠʶ ʧʝʨʝʚʦʜʥʳʭ ʥʘʟʚʘʥʠʡ, ʩʦʭʨʘʥʝʥʠʝ ʨʝʛʠʦʥʘʣʴʥʦ-ʢʫʣʴʪʫʨʥʦʡ ʩʧʝʮʠ-

ʬʠʢʠ, ʧʦʚʳʰʝʥʠʝ ʢʫʣʴʪʫʨʦʚʝʜʯʝʩʢʦʡ ʢʦʤʧʝʪʝʥʮʠʠ ʧʝʨʝʚʦʜʯʠʢʦʚ ʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʡ ʚʳʙʦʨ 

ʩʪʨʘʪʝʛʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʤʤʫʥʠʢʘʪʠʚʥʦʡ ʩʠʪʫʘʮʠʠ. ɼʝʣʘʝʪʩʷ ʚʳʚʦʜ ʦ ʚʘʞʥʦʩʪʠ ʧʝʨʝʚʦ-

ʜʘ ʥʘʟʚʘʥʠʡ ʢʘʢ ʟʥʘʯʠʤʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʤʝʞʢʫʣʴʪʫʨʥʦʡ ʣʠʪʝʨʘʪʫʨʥʦʡ ʢʦʤʤʫʥʠʢʘʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʣʠʪʝʨʘʪʫʨʘ ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʦʛʦ ʂʠʪʘʷ; ʧʝʨʝʚʦʜ ʥʘʟʚʘʥʠʡ; ʨʫʩʩʢʦ-

ʢʠʪʘʡʩʢʠʡ ʣʠʪʝʨʘʪʫʨʥʳʡ ʧʝʨʝʚʦʜ; ʧʝʨʝʚʦʜʯʝʩʢʠʝ ʩʪʨʘʪʝʛʠʠ; ʤʝʞʢʫʣʴʪʫʨʥʘʷ ʢʦʤʤʫʥʠʢʘʮʠʷ. 

 

ɺ ʫʩʣʦʚʠʷʭ ʘʢʪʠʚʠʟʘʮʠʠ ʛʫʤʘʥʠʪʘʨʥʳʭ 

ʢʦʥʪʘʢʪʦʚ ʤʝʞʜʫ ʂʠʪʘʝʤ ʠ ʈʦʩʩʠʝʡ ʦʩʦʙʫʶ 

ʟʥʘʯʠʤʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʠʟʫʯʝʥʠʝ ʤʝʭʘʥʠʟʤʦʚ 

ʤʝʞʢʫʣʴʪʫʨʥʦʡ ʨʝʧʨʝʟʝʥʪʘʮʠʠ ʢʠʪʘʡʩʢʦʡ ʣʠ-

ʪʝʨʘʪʫʨʳ ʚ ʨʫʩʩʢʦʷʟʳʯʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʆʜ-

ʥʠʤ ʠʟ ʚʘʞʥʳʭ, ʥʦ ʥʝʜʦʩʪʘʪʦʯʥʦ ʨʘʟʨʘʙʦʪʘʥ-

ʥʳʭ ʘʩʧʝʢʪʦʚ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ ʧʝ-

ʨʝʚʦʜ ʥʘʟʚʘʥʠʡ ʣʠʪʝʨʘʪʫʨʥʳʭ ʧʨʦʠʟʚʝʜʝʥʠʡ, 

ʧʦʩʢʦʣʴʢʫ ʠʤʝʥʥʦ ʥʘʟʚʘʥʠʝ ʚʳʩʪʫʧʘʝʪ ʧʝʨ-

ʚʳʤ ʩʤʳʩʣʦʚʳʤ ʠ ʢʫʣʴʪʫʨʥʳʤ ʤʘʨʢʝʨʦʤ ʪʝʢ-

ʩʪʘ, ʬʦʨʤʠʨʫʷ ʥʘʯʘʣʴʥʦʝ ʚʦʩʧʨʠʷʪʠʝ ʧʨʦʠʟ-

ʚʝʜʝʥʠʷ ʠ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʷ ʝʛʦ ʨʝʮʝʧʮʠʶ 

ʚ ʠʥʦʷʟʳʯʥʦʡ ʩʨʝʜʝ. ɺ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ ʦʩʦ-

ʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʣʠʪʝʨʘʪʫʨʘ ʉʝʚʝʨʦ-

ɺʦʩʪʦʯʥʦʛʦ ʂʠʪʘʷ, ʦʪʣʠʯʘʶʱʘʷʩʷ ʚʳʨʘʞʝʥ-

ʥʦʡ ʨʝʛʠʦʥʘʣʴʥʦ-ʢʫʣʴʪʫʨʥʦʡ ʩʧʝʮʠʬʠʢʦʡ, ʪʝ-

ʤʘʪʠʯʝʩʢʦʡ ʩʘʤʦʙʳʪʥʦʩʪʴʶ ʠ ʪʝʩʥʦʡ ʩʚʷʟʴʶ ʩ 

ʠʩʪʦʨʠʯʝʩʢʠʤ ʦʧʳʪʦʤ ʨʝʛʠʦʥʘ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥʘ 

ʪʝʤ, ʯʪʦ ʨʫʩʩʢʠʝ ʧʝʨʝʚʦʜʳ ʥʘʟʚʘʥʠʡ ʧʨʦʠʟʚʝ-

ʜʝʥʠʡ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʢʠʪʘʡʩʢʦʡ ʣʠʪʝʨʘʪʫ-

ʨʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʢʘʢ ʟʥʘʯʠʪʝʣʴʥʦʝ ʨʘʟʥʦʦʙ-

ʨʘʟʠʝ ʧʝʨʝʚʦʜʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʪʘʢ ʠ ʨʷʜ 

ʫʩʪʦʡʯʠʚʳʭ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʝʨʝʜʘʯʝʡ 

ʨʝʛʠʦʥʘʣʴʥʦ-ʢʫʣʴʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʦʪʩʫʪ-

ʩʪʚʠʝʤ ʝʜʠʥʦʦʙʨʘʟʠʷ ʠ ʟʘʚʠʩʠʤʦʩʪʴʶ ʧʝʨʝ-

ʚʦʜʯʝʩʢʦʡ ʧʨʘʢʪʠʢʠ ʦʪ ʢʘʥʘʣʘ ʨʘʩʧʨʦʩʪʨʘʥʝ-

ʥʠʷ ʪʝʢʩʪʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʥʘʣʠʯʠʝ ʨʘʙʦʪ, ʧʦ-

ʩʚʷʱʸʥʥʳʭ ʧʝʨʝʚʦʜʫ ʢʠʪʘʡʩʢʦʡ ʣʠʪʝʨʘʪʫʨʳ ʚ 

ʮʝʣʦʤ, ʚʦʧʨʦʩ ʦ ʧʝʨʝʚʦʜʝ ʥʘʟʚʘʥʠʡ ʧʨʦʠʟʚʝ-

ʜʝʥʠʡ ʣʠʪʝʨʘʪʫʨʳ ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʦʛʦ ʂʠʪʘʷ 

ʥʘ ʨʫʩʩʢʠʡ ʷʟʳʢ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʥʝ 

ʧʦʣʫʯʠʣ ʩʠʩʪʝʤʥʦʛʦ ʦʩʚʝʱʝʥʠʷ. 

ʎʝʣʴ ʚʳʧʦʣʥʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶ-

ʯʘʝʪʩʷ ʚ ʚʳʷʚʣʝʥʠʠ ʦʩʥʦʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʧʝʨʝʚʦʜʘ ʥʘʟʚʘʥʠʡ ʧʨʦʠʟʚʝʜʝʥʠʡ ʣʠʪʝʨʘʪʫʨʳ 

ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʦʛʦ ʂʠʪʘʷ ʥʘ ʨʫʩʩʢʠʡ ʷʟʳʢ, 

ʦʙʦʙʱʝʥʠʠ ʧʨʠʤʝʥʷʝʤʳʭ ʧʝʨʝʚʦʜʯʝʩʢʠʭ 

ʩʪʨʘʪʝʛʠʡ ʠ ʚʳʨʘʙʦʪʢʝ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʠʭ 

ʜʘʣʴʥʝʡʰʝʡ ʦʧʪʠʤʠʟʘʮʠʠ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʥʦʚ-

ʥʳʝ ʵʪʘʧʳ ʧʝʨʝʚʦʜʘ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʝʚʝ-
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ʨʦ-ʚʦʩʪʦʯʥʦʡ ʢʠʪʘʡʩʢʦʡ ʣʠʪʝʨʘʪʫʨʳ ʚ ʈʦʩʩʠʠ 

ʩ XX ʚʝʢʘ, ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʭʘʨʘʢʪʝʨʥʳʝ ʯʝʨʪʳ 

ʨʫʩʩʢʠʭ ʧʝʨʝʚʦʜʦʚ ʥʘʟʚʘʥʠʡ, ʘ ʪʘʢʞʝ ʫʪʦʯʥʷ-

ʶʪʩʷ ʫʩʣʦʚʠʷ ʚʳʙʦʨʘ ʪʝʭ ʠʣʠ ʠʥʳʭ ʧʝʨʝʚʦʜ-

ʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʤʤʫʥʠʢʘ-

ʪʠʚʥʦʡ ʩʠʪʫʘʮʠʠ. 

ʆʙʟʦʨ ʧʝʨʝʚʦʜʘ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʦ-

ʠʟʚʝʜʝʥʠʡ ʣʠʪʝʨʘʪʫʨʳ ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʦʛʦ 

ʂʠʪʘʷ ʚ ʈʦʩʩʠʠ ʩ XX ʚʝʢʘ 

ʅʘʯʠʥʘʷ ʩ XX ʚʝʢʘ, ʧʝʨʝʚʦʜ ʠ ʨʘʩʧʨʦʩʪʨʘ-

ʥʝʥʠʝ ʧʨʦʠʟʚʝʜʝʥʠʡ ʣʠʪʝʨʘʪʫʨʳ ʉʝʚʝʨʦ-

ɺʦʩʪʦʯʥʦʛʦ ʂʠʪʘʷ ʚ ʈʦʩʩʠʠ ʙʳʣʠ ʪʝʩʥʦ ʩʚʷʟʘ-

ʥʳ ʩ ʜʠʥʘʤʠʢʦʡ ʢʠʪʘʡʩʢʦ-ʨʦʩʩʠʡʩʢʠʭ ʦʪʥʦ-

ʰʝʥʠʡ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʢʫʣʴʪʫʨʥʳʭ ʢʦʥʪʘʢ-

ʪʦʚ ʤʝʞʜʫ ʜʚʫʤʷ ʩʪʨʘʥʘʤʠ. ɺ ʮʝʣʦʤ ʵʪʦʪ ʧʨʦ-

ʮʝʩʩ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʵʪʘʧʘ: ʥʘʯʘʣʴ-

ʥʳʡ ʵʪʘʧ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʳ XX ʚʝʢʘ, ʩʦʚʝʪ-

ʩʢʠʡ ʵʪʘʧ ʘʢʪʠʚʥʦʛʦ ʧʝʨʝʚʦʜʘ ʠ ʧʦʩʪʩʦʚʝʪ-

ʩʢʠʡ ʵʪʘʧ ʤʥʦʛʦʦʙʨʘʟʥʦʛʦ ʨʘʟʚʠʪʠʷ. ʂʘʞʜʳʡ 

ʠʟ ʥʠʭ ʦʪʣʠʯʘʣʩʷ ʩʦʩʪʘʚʦʤ ʧʝʨʝʚʦʜʯʠʢʦʚ, ʪʝ-

ʤʘʪʠʢʦʡ ʧʝʨʝʚʦʜʠʤʳʭ ʧʨʦʠʟʚʝʜʝʥʠʡ ʠ ʢʘʥʘ-

ʣʘʤʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʯʪʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʦʪʨʘʞʘʣʦʩʴ ʥʘ ʩʪʠʣʝ ʠ ʢʘʯʝʩʪʚʝ ʧʝʨʝʚʦʜʘ 

ʥʘʟʚʘʥʠʡ. 

ɺ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʝ XX ʚʝʢʘ, ʚ ʫʩʣʦʚʠʷʭ 

ʥʘʮʠʦʥʘʣʴʥʦ-ʦʩʚʦʙʦʜʠʪʝʣʴʥʦʡ ʙʦʨʴʙʳ ʂʠʪʘʷ, 

ʣʠʪʝʨʘʪʫʨʘ ʉʝʚʝʨʦ-ɺʦʩʪʦʢʘ ʙʳʣʘ ʩʦʩʨʝʜʦʪʦ-

ʯʝʥʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʪʝʤʝ ʩʦʧʨʦʪʠʚʣʝ-

ʥʠʷ ʠ ʥʘʨʦʜʥʳʭ ʩʪʨʘʜʘʥʠʡ. ʊʘʢʘʷ ʧʨʦʙʣʝʤʘ-

ʪʠʢʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ ʠʜʝʦʣʦʛʠʯʝʩʢʠʤ ʟʘʧʨʦ-

ʩʘʤ ʉʦʚʝʪʩʢʦʛʦ ʉʦʶʟʘ ʠ ʩʪʘʣʘ ʦʩʥʦʚʦʡ ʨʘʥʥʝ-

ʛʦ ʠʥʪʝʨʝʩʘ ʢ ʵʪʠʤ ʧʨʦʠʟʚʝʜʝʥʠʷʤ. ʉ 1930-ʭ 

ʛʦʜʦʚ ʚ ʉʉʉʈ ʥʘʯʘʣʠ ʧʝʨʝʚʦʜʠʪʴʩʷ ʧʨʦʠʟʚʝ-

ʜʝʥʠʷ ʉʷʦ ʍʫʥ ʠ ʉʷʦ ʎʟʶʥʷ. ʇʝʨʝʚʦʜʘʤʠ ʟʘ-

ʥʠʤʘʣʠʩʴ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʘʚʪʦʨʳ, ʩʚʷʟʘʥʥʳʝ 

ʩ ʦʬʠʮʠʘʣʴʥʳʤʠ ʩʦʚʝʪʩʢʠʤʠ ʢʫʣʴʪʫʨʥʳʤʠ 

ʩʪʨʫʢʪʫʨʘʤʠ, ʘ ʨʘʩʧʨʦʩʪʨʘʥʷʣʠʩʴ ʦʥʠ ʧʨʝ-

ʠʤʫʱʝʩʪʚʝʥʥʦ ʯʝʨʝʟ ʣʠʪʝʨʘʪʫʨʥʳʝ ʞʫʨʥʘʣʳ ʠ 

ʦʪʜʝʣʴʥʳʝ ʠʟʜʘʥʠʷ. ɼʣʷ ʵʪʦʛʦ ʵʪʘʧʘ ʙʳʣ ʭʘ-

ʨʘʢʪʝʨʝʥ ʚʳʨʘʞʝʥʥʳʡ ʠʜʝʦʣʦʛʠʯʝʩʢʠʡ ʧʦʜ-

ʭʦʜ, ʯʪʦ ʩʢʘʟʘʣʦʩʴ ʠ ʥʘ ʧʝʨʝʚʦʜʝ ʥʘʟʚʘʥʠʡ, ʚ 

ʢʦʪʦʨʳʭ ʘʢʮʝʥʪʠʨʦʚʘʣʠʩʴ ʤʦʪʠʚʳ ʙʦʨʴʙʳ ʠ 

ʩʪʨʘʜʘʥʠʷp [1]. 

ɺ ʩʦʚʝʪʩʢʠʡ ʧʝʨʠʦʜ 1945-1991 ʛʦʜʦʚ ʧʝʨʝ-

ʚʦʜ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʢʠʪʘʡʩʢʦʡ ʣʠʪʝʨʘʪʫʨʳ 

ʧʨʠʦʙʨʸʣ ʙʦʣʝʝ ʩʠʩʪʝʤʥʳʡ ʠ ʤʘʩʰʪʘʙʥʳʡ ʭʘ-

ʨʘʢʪʝʨ. ʆʩʥʦʚʥʫʶ ʨʦʣʴ ʩʪʘʣʠ ʠʛʨʘʪʴ ʧʨʦʬʝʩ-

ʩʠʦʥʘʣʴʥʳʝ ʧʝʨʝʚʦʜʯʠʢʠ ʠ ʩʠʥʦʣʦʛʠ, ʘ ʢʨʫʛ 

ʧʝʨʝʚʦʜʠʤʳʭ ʧʨʦʠʟʚʝʜʝʥʠʡ ʨʘʩʰʠʨʠʣʩʷ: 

ʥʘʨʷʜʫ ʩ ʪʝʢʩʪʘʤʠ ʘʥʪʠʷʧʦʥʩʢʦʡ ʥʘʧʨʘʚʣʝʥ-

ʥʦʩʪʠ ʧʝʨʝʚʦʜʠʣʠʩʴ ʧʨʦʠʟʚʝʜʝʥʠʷ, ʦʪʨʘʞʘʚ-

ʰʠʝ ʨʝʛʠʦʥʘʣʴʥʳʡ ʙʳʪ, ʥʘʨʦʜʥʳʝ ʪʨʘʜʠʮʠʠ ʠ 

ʩʦʮʠʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʯʝʨʝʟ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʠʟʜʘ-

ʪʝʣʴʩʪʚʘ, ʣʠʪʝʨʘʪʫʨʥʳʝ ʞʫʨʥʘʣʳ ʠ ʪʝʤʘʪʠʯʝ-

ʩʢʠʝ ʢʥʠʞʥʳʝ ʩʝʨʠʠ [2]. ɺ ʵʪʦʪ ʧʝʨʠʦʜ ʧʝʨʝ-

ʚʦʜ ʥʘʟʚʘʥʠʡ ʩʪʘʣ ʙʦʣʝʝ ʪʦʯʥʳʤ ʠ ʣʠʪʝʨʘʪʫʨ-

ʥʦ ʚʳʚʝʨʝʥʥʳʤ, ʧʨʠ ʵʪʦʤ ʚʩʸ ʙʦʣʴʰʝ ʫʯʠʪʳ-

ʚʘʣʘʩʴ ʧʝʨʝʜʘʯʘ ʨʝʛʠʦʥʘʣʴʥʦ-ʢʫʣʴʪʫʨʥʦʡ ʩʧʝ-

ʮʠʬʠʢʠ. 

ʇʦʩʣʝ 1991 ʛʦʜʘ ʧʝʨʝʚʦʜʯʝʩʢʘʷ ʜʝʷʪʝʣʴ-

ʥʦʩʪʴ ʩʪʘʣʘ ʙʦʣʝʝ ʨʘʟʥʦʦʙʨʘʟʥʦʡ. ʅʘʨʷʜʫ ʩ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʤʠ ʧʝʨʝʚʦʜʯʠʢʘʤʠ ʚ ʥʝʸ 

ʚʢʣʶʯʠʣʠʩʴ ʣʶʙʠʪʝʣʠ ʠ ʫʯʘʩʪʥʠʢʠ ʢʫʣʴʪʫʨ-

ʥʳʭ ʦʙʤʝʥʦʚ. ʈʘʩʰʠʨʠʣʠʩʴ ʠ ʢʘʥʘʣʳ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʠʷ: ʧʦʤʠʤʦ ʠʟʜʘʪʝʣʴʩʪʚ ʠ ʞʫʨʥʘʣʦʚ, 

ʙʦʣʴʰʫʶ ʨʦʣʴ ʩʪʘʣʠ ʠʛʨʘʪʴ ʠʥʪʝʨʥʝʪ-

ʧʣʘʪʬʦʨʤʳ, ʉʄʀ ʠ ʥʘʫʯʥʳʝ ʠʟʜʘʥʠʷ. ɺ ʨʝ-

ʟʫʣʴʪʘʪʝ ʧʝʨʝʚʦʜ ʥʘʟʚʘʥʠʡ ʧʨʠʦʙʨʸʣ ʙʦʣʝʝ 

ʚʘʨʠʘʪʠʚʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ 

ʩʪʘʣ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʥʘ ʯʠʪʘʪʝʣʴʩʢʦʝ ʚʦʩ-

ʧʨʠʷʪʠʝ. 

ɸʥʘʣʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʝʨʝʚʦʜʘ ʥʘʟʚʘʥʠʡ 

ʧʨʦʠʟʚʝʜʝʥʠʡ ʣʠʪʝʨʘʪʫʨʳ ʉʝʚʝʨʦ-

ɺʦʩʪʦʯʥʦʛʦ ʂʠʪʘʷ ʥʘ ʨʫʩʩʢʠʡ ʷʟʳʢ 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʨʫʩʩʢʠʭ ʧʝʨʝʚʦʜʦʚ 

ʥʘʟʚʘʥʠʡ ʧʨʦʠʟʚʝʜʝʥʠʡ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʢʠ-

ʪʘʡʩʢʦʡ ʣʠʪʝʨʘʪʫʨʳ ʩ XX ʚʝʢʘ, ʘ ʪʘʢʞʝ ʩ ʫʯʸ-

ʪʦʤ ʨʝʛʠʦʥʘʣʴʥʦ-ʢʫʣʴʪʫʨʥʦʡ ʩʧʝʮʠʬʠʢʠ ʉʝ-

ʚʝʨʦ-ɺʦʩʪʦʯʥʦʛʦ ʂʠʪʘʷ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʫʩ-

ʩʢʦ-ʢʠʪʘʡʩʢʦʛʦ ʷʟʳʢʦʚʦʛʦ ʚʳʨʘʞʝʥʠʷ, ʤʦʞʥʦ 

ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʯʝʪʳʨʝ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʠ ʠʭ ʧʝʨʝʚʦʜʘ. 

ʉʤʳʩʣʦʚʦʡ ʧʝʨʝʚʦʜ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ 

ʩʧʦʩʦʙʦʤ ʧʝʨʝʜʘʯʠ ʥʘʟʚʘʥʠʡ ʧʨʦʠʟʚʝʜʝʥʠʡ 

ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʢʠʪʘʡʩʢʦʡ ʣʠʪʝʨʘʪʫʨʳ ʥʘ 

ʨʫʩʩʢʠʡ ʷʟʳʢ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʪʘʢʠʝ 

ʥʘʟʚʘʥʠʷ ʯʘʩʪʦ ʩʦʜʝʨʞʘʪ ʩʣʦʞʥʫʶ ʪʝʤʘʪʠʯʝ-

ʩʢʫʶ ʩʝʤʘʥʪʠʢʫ, ʵʤʦʮʠʦʥʘʣʴʥʫʶ ʦʢʨʘʩʢʫ, ʘ 

ʪʘʢʞʝ ʤʝʪʘʬʦʨʠʯʝʩʢʠʝ ʠ ʩʠʤʚʦʣʠʯʝʩʢʠʝ ʵʣʝ-

ʤʝʥʪʳ. ʇʝʨʝʚʦʜʯʠʢʠ ʩʪʨʝʤʷʪʩʷ ʪʦʯʥʦ ʧʝʨʝ-

ʜʘʪʴ ʢʣʶʯʝʚʦʡ ʩʤʳʩʣ ʠ ʠʜʝʡʥʫʶ ʥʘʧʨʘʚʣʝʥ-

ʥʦʩʪʴ ʥʘʟʚʘʥʠʷ, ʠʟʙʝʛʘʷ ʥʝʷʩʥʦʩʪʠ, ʚʦʟʤʦʞ-

ʥʦʡ ʧʨʠ ʙʫʢʚʘʣʴʥʦʤ ʧʝʨʝʚʦʜʝ. ʆʩʦʙʝʥʥʦ ʦʪ-

ʯʸʪʣʠʚʦ ʵʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ 

ʧʝʨʝʚʦʜʘʭ. ɼʘʞʝ ʧʨʠ ʥʘʣʠʯʠʠ ʷʨʢʦ ʚʳʨʘʞʝʥ-

ʥʦʡ ʨʝʛʠʦʥʘʣʴʥʦʡ ʩʧʝʮʠʬʠʢʠ ʧʨʝʜʧʦʯʪʝʥʠʝ 

ʦʙʳʯʥʦ ʦʪʜʘʸʪʩʷ ʩʤʳʩʣʦʚʦʤʫ ʧʝʨʝʚʦʜʫ, ʢʦʪʦ-

ʨʳʡ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʦʧʦʣʥʷʝʪʩʷ ʪʨʘʥ-

ʩʢʨʠʧʮʠʝʡ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʢʫʣʴʪʫʨʥʦʛʦ ʢʦʣʦ-

ʨʠʪʘ. 

ɺʦ-ʚʪʦʨʳʭ, ʩʪʝʧʝʥʴ ʧʝʨʝʜʘʯʠ ʨʝʛʠʦʥʘʣʴʥʦ-

ʢʫʣʴʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʟʘʤʝʪʥʦ ʨʘʟʣʠʯʘʝʪʩʷ. 

ʅʘʟʚʘʥʠʷ ʧʨʦʠʟʚʝʜʝʥʠʡ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʢʠ-
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ʪʘʡʩʢʦʡ ʣʠʪʝʨʘʪʫʨʳ ʯʘʩʪʦ ʚʢʣʶʯʘʶʪ ʫʥʠ-

ʢʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʨʝʛʠʦʥʘʣʴʥʦʡ ʢʫʣʴʪʫʨʳ, 

ʪʘʢʠʝ ʢʘʢ ʦʩʦʙʝʥʥʦʩʪʠ ʣʘʥʜʰʘʬʪʘ, ʥʘʨʦʜʥʳʭ 

ʦʙʳʯʘʝʚ ʠ ʜʠʘʣʝʢʪʥʦʡ ʣʝʢʩʠʢʠ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ 

ʧʝʨʝʚʦʜ ʦʩʦʙʝʥʥʦ ʩʣʦʞʥʳʤ. ɺ ʮʝʣʦʤ ʧʨʦʬʝʩ-

ʩʠʦʥʘʣʴʥʳʝ ʧʝʨʝʚʦʜʯʠʢʠ ʫʜʝʣʷʶʪ ʙʦʣʴʰʝ 

ʚʥʠʤʘʥʠʷ ʪʦʯʥʦʡ ʧʝʨʝʜʘʯʝ ʨʝʛʠʦʥʘʣʴʥʦ-

ʢʫʣʴʪʫʨʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʥʝʨʝʜʢʦ ʠʩʧʦʣʴ-

ʟʫʶʪ ʪʘʢʠʝ ʧʨʠʸʤʳ, ʢʘʢ çʪʨʘʥʩʢʨʠʧʮʠʷ + 

ʢʦʤʤʝʥʪʘʨʠʡè ʠʣʠ çʩʤʳʩʣʦʚʦʡ ʧʝʨʝʚʦʜ + ʧʦ-

ʷʩʥʝʥʠʝè. ɺ ʥʝʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʞʝ ʧʝʨʝʚʦ-

ʜʘʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʛʘʟʝʪʥʦ-ʞʫʨʥʘʣʴʥʳʭ 

ʧʫʙʣʠʢʘʮʠʷʭ ʠ ʥʘ ʩʝʪʝʚʳʭ ʧʣʘʪʬʦʨʤʘʭ, ʧʦ-

ʜʦʙʥʳʝ ʵʣʝʤʝʥʪʳ ʟʘʯʘʩʪʫʶ ʫʧʨʦʱʘʶʪʩʷ ʠʣʠ 

ʚʦʚʩʝ ʦʧʫʩʢʘʶʪʩʷ ʨʘʜʠ ʧʦʚʳʰʝʥʠʷ ʦʧʝʨʘʪʠʚ-

ʥʦʩʪʠ ʠ ʜʦʩʪʫʧʥʦʩʪʠ ʚʦʩʧʨʠʷʪʠʷ. ʅʘʧʨʠʤʝʨ, 

ʧʨʠ ʧʝʨʝʜʘʯʝ ʥʘʟʚʘʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʪʘʢʠʝ ʷʨ-

ʢʦ ʚʳʨʘʞʝʥʥʳʝ ʨʝʛʠʦʥʘʣʴʥʳʝ ʤʘʨʢʝʨʳ, ʢʘʢ 

çʨʝʢʘ ʕʨʛʫʥʴè ʠʣʠ çʜʝʨʝʚʥʷ ʎʟʷʥʰʘʥʴè, ʧʨʦ-

ʬʝʩʩʠʦʥʘʣʴʥʳʝ ʧʝʨʝʚʦʜʳ ʦʙʳʯʥʦ ʩʦʭʨʘʥʷʶʪ 

ʠʩʭʦʜʥʳʝ ʪʦʧʦʥʠʤʳ ʠ ʩʦʧʨʦʚʦʞʜʘʶʪ ʠʭ ʧʦ-

ʷʩʥʝʥʠʷʤʠ, ʪʦʛʜʘ ʢʘʢ ʚ ʨʷʜʝ ʞʫʨʥʘʣʠʩʪʩʢʠʭ ʠ 

ʩʝʪʝʚʳʭ ʧʝʨʝʚʦʜʦʚ ʢʦʥʢʨʝʪʥʘʷ ʨʝʛʠʦʥʘʣʴʥʘʷ 

ʠʥʬʦʨʤʘʮʠʷ ʦʩʣʘʙʣʷʝʪʩʷ ʠʣʠ ʠʩʢʣʶʯʘʝʪʩʷ, 

ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʥʠʞʘʝʪ ʢʫʣʴʪʫʨʥʫʶ 

ʫʟʥʘʚʘʝʤʦʩʪʴ ʧʨʦʠʟʚʝʜʝʥʠʷ. 

ɺ-ʪʨʝʪʴʠʭ, ʧʝʨʝʚʦʜʳ ʠʟ ʨʘʟʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʦʙʥʘʨʫʞʠʚʘʶʪ ʦʪʯʸʪʣʠʚʳʝ ʩʪʠʣʠʩʪʠʯʝʩʢʠʝ 

ʨʘʟʣʠʯʠʷ. ʇʝʨʝʚʦʜʳ, ʚʳʧʦʣʥʝʥʥʳʝ ʧʨʦʬʝʩʩʠ-

ʦʥʘʣʴʥʳʤʠ ʧʝʨʝʚʦʜʯʠʢʘʤʠ, ʦʪʣʠʯʘʶʪʩʷ ʦʬʠ-

ʮʠʘʣʴʥʦʩʪʴʶ, ʩʪʨʦʛʦʩʪʴʶ ʠ ʪʦʯʥʦʩʪʴʶ; ʚ ʥʠʭ 

ʘʢʮʝʥʪ ʜʝʣʘʝʪʩʷ ʥʘ ʧʦʣʥʦʪʝ ʧʝʨʝʜʘʯʠ ʩʤʳʩʣʘ 

ʠ ʘʜʝʢʚʘʪʥʦʤ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʠ ʢʫʣʴʪʫʨʥʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ. ʂʘʢ ʧʨʘʚʠʣʦ, ʚ ʪʘʢʠʭ ʧʝʨʝʚʦʜʘʭ 

ʧʨʠʤʝʥʷʝʪʩʷ ʩʪʨʘʪʝʛʠʷ çʩʤʳʩʣʦʚʦʡ ʧʝʨʝʚʦʜ 

ʢʘʢ ʦʩʥʦʚʘ, ʪʨʘʥʩʢʨʠʧʮʠʷ ʢʘʢ ʚʩʧʦʤʦʛʘʪʝʣʴ-

ʥʦʝ ʩʨʝʜʩʪʚʦè, ʘ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʦʙʘʚ-

ʣʷʶʪʩʷ ʢʦʤʤʝʥʪʘʨʠʠ [3]. ʇʝʨʝʚʦʜʳ, ʠʩʧʦʣʴ-

ʟʫʝʤʳʝ ʚ ʥʦʚʦʩʪʥʳʭ ʧʫʙʣʠʢʘʮʠʷʭ, ʥʘʧʨʦʪʠʚ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʢʨʘʪʢʦʩʪʴ ʠ ʧʦʥʷʪʥʦʩʪʴ, ʚ 

ʩʚʷʟʠ ʩ ʯʝʤ ʚ ʥʠʭ ʙʦʣʴʰʝ ʚʥʠʤʘʥʠʷ ʫʜʝʣʷʝʪʩʷ 

ʦʧʝʨʘʪʠʚʥʦʡ ʧʝʨʝʜʘʯʝ ʠʥʬʦʨʤʘʮʠʠ, ʘ ʩʝʤʘʥ-

ʪʠʢʘ ʥʘʟʚʘʥʠʷ ʠ ʝʛʦ ʢʫʣʴʪʫʨʥʘʷ ʛʣʫʙʠʥʘ ʥʝ-

ʨʝʜʢʦ ʫʧʨʦʱʘʶʪʩʷ; ʠʭ ʷʟʳʢ ʦʙʳʯʥʦ ʙʦʣʝʝ 

ʥʝʡʪʨʘʣʝʥ ʠ ʦʙʱʝʜʦʩʪʫʧʝʥ. ʅʘʠʙʦʣʝʝ ʨʘʟʥʦ-

ʦʙʨʘʟʥʳ ʧʝʨʝʚʦʜʳ, ʨʘʟʤʝʱʘʝʤʳʝ ʥʘ ʠʥʪʝʨʥʝʪ-

ʧʣʘʪʬʦʨʤʘʭ: ʩʨʝʜʠ ʥʠʭ ʚʩʪʨʝʯʘʶʪʩʷ ʢʘʢ ʚʘʨʠ-

ʘʥʪʳ, ʩʪʨʝʤʷʱʠʝʩʷ ʢ ʪʦʯʥʦʩʪʠ ʠ ʩʦʭʨʘʥʝʥʠʶ 

ʢʫʣʴʪʫʨʥʳʭ ʢʦʥʥʦʪʘʮʠʡ, ʪʘʢ ʠ ʧʝʨʝʚʦʜʳ, 

ʯʨʝʟʤʝʨʥʦ ʫʧʨʦʱʸʥʥʳʝ ʨʘʜʠ ʫʜʦʙʩʪʚʘ ʤʘʩʩʦ-

ʚʦʛʦ ʯʪʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʪʦʯʥʠʢ ʧʝʨʝ-

ʚʦʜʘ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʝʪ ʩʪʝ-

ʧʝʥʴ ʝʛʦ ʦʬʠʮʠʘʣʴʥʦʩʪʠ, ʩʤʳʩʣʦʚʦʡ ʧʦʣʥʦʪʳ 

ʠ ʣʠʪʝʨʘʪʫʨʥʦʡ ʚʳʨʘʟʠʪʝʣʴʥʦʩʪʠ. 

ʅʘʢʦʥʝʮ, ʚ ʧʝʨʝʚʦʜʝ ʥʘʟʚʘʥʠʡ ʧʨʦʠʟʚʝʜʝ-

ʥʠʡ ʥʘʙʣʶʜʘʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʝʜʠʥʦʦʙʨʘʟʠʷ. ɺ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʫʩʩʢʠʭ ʧʝʨʝʚʦʜʘʭ ʥʘʟʚʘʥʠʡ 

ʦʪʜʝʣʴʥʳʭ ʧʨʦʠʟʚʝʜʝʥʠʡ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ 

ʢʠʪʘʡʩʢʦʡ ʣʠʪʝʨʘʪʫʨʳ ʥʝʨʝʜʢʦ ʚʩʪʨʝʯʘʶʪʩʷ 

ʥʝʩʢʦʣʴʢʦ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ, ʦʩʦʙʝʥʥʦ ʚ 

ʥʦʚʦʩʪʥʳʭ ʤʘʪʝʨʠʘʣʘʭ, ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʷʭ 

ʠ ʥʘ ʠʥʪʝʨʥʝʪ-ʧʣʘʪʬʦʨʤʘʭ. ʅʝʫʥʠʬʠʮʠʨʦʚʘʥ-

ʥʦʩʪʴ ʧʝʨʝʚʦʜʥʳʭ ʥʘʟʚʘʥʠʡ ʥʝ ʪʦʣʴʢʦ ʚʳʟʳ-

ʚʘʝʪ ʟʘʪʨʫʜʥʝʥʠʷ ʫ ʯʠʪʘʪʝʣʝʡ, ʥʦ ʠ ʥʝʙʣʘʛʦ-

ʧʨʠʷʪʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʜʦʣʛʦʚʨʝʤʝʥʥʦʤ ʨʘʩ-

ʧʨʦʩʪʨʘʥʝʥʠʠ ʧʨʦʠʟʚʝʜʝʥʠʡ ʚ ʈʦʩʩʠʠ ʠ ʬʦʨ-

ʤʠʨʦʚʘʥʠʠ ʠʭ ʫʩʪʦʡʯʠʚʦʡ ʢʫʣʴʪʫʨʥʦʡ ʠʜʝʥ-

ʪʠʬʠʢʘʮʠʠ. ʊʘʢ, ʥʘʟʚʘʥʠʷ ʪʘʢʠʭ ʧʨʦʠʟʚʝʜʝ-

ʥʠʡ, ʢʘʢ çʇʦʚʝʩʪʴ ʦ ʨʝʢʝ ʍʫʣʘʥʴè ʠ çɹʫʨʘʥ ʠ 

ʣʠʚʝʥʴè, ʚ ʨʘʟʣʠʯʥʳʭ ʢʘʥʘʣʘʭ ʨʘʩʧʨʦʩʪʨʘʥʝ-

ʥʠʷ ʧʝʨʝʜʘʶʪʩʷ ʧʦ-ʨʘʟʥʦʤʫ; ʭʦʪʷ ʠʭ ʦʩʥʦʚʥʦʝ 

ʟʥʘʯʝʥʠʝ ʚ ʮʝʣʦʤ ʩʦʭʨʘʥʷʝʪʩʷ, ʤʝʞʜʫ ʚʘʨʠʘʥ-

ʪʘʤʠ ʩʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʠʷ ʚ ʩʪʝʧʝʥʠ ʩʦʭʨʘ-

ʥʝʥʠʷ ʨʝʛʠʦʥʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʧʝʨʝʜʘʯʝ ʣʠ-

ʪʝʨʘʪʫʨʥʦʡ ʦʙʨʘʟʥʦʩʪʠ ʠ ʥʦʨʤʘʪʠʚʥʦʩʪʠ ʚʳ-

ʨʘʞʝʥʠʷ. ʇʦʜʦʙʥʘʷ ʩʠʪʫʘʮʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʦ ʪʦʤ, ʯʪʦ ʧʝʨʝʚʦʜ ʥʘʟʚʘʥʠʡ ʧʨʦʠʟʚʝʜʝʥʠʡ 

ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʢʠʪʘʡʩʢʦʡ ʣʠʪʝʨʘʪʫʨʳ ʥʘ 

ʨʫʩʩʢʠʡ ʷʟʳʢ ʚʩʸ ʝʱʸ ʥʫʞʜʘʝʪʩʷ ʚ ʫʥʠʬʠʢʘ-

ʮʠʠ ʠ ʚʳʨʘʙʦʪʢʝ ʘʚʪʦʨʠʪʝʪʥʳʭ ʥʦʨʤʘʪʠʚʥʳʭ 

ʩʪʘʥʜʘʨʪʦʚ. 

ʆʙʦʙʱʝʥʠʝ ʩʪʨʘʪʝʛʠʡ ʧʝʨʝʚʦʜʘ ʥʘʟʚʘʥʠʡ 

ʧʨʦʠʟʚʝʜʝʥʠʡ ʣʠʪʝʨʘʪʫʨʳ ʉʝʚʝʨʦ-

ɺʦʩʪʦʯʥʦʛʦ ʂʠʪʘʷ ʥʘ ʨʫʩʩʢʠʡ ʷʟʳʢ 

ʉ ʫʯʸʪʦʤ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʳʰʝ ʦʩʦʙʝʥʥʦ-

ʩʪʝʡ ʧʝʨʝʚʦʜʘ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʩ XX ʚʝ-

ʢʘ ʧʨʠ ʧʝʨʝʜʘʯʝ ʥʘʟʚʘʥʠʡ ʧʨʦʠʟʚʝʜʝʥʠʡ ʣʠʪʝ-

ʨʘʪʫʨʳ ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʦʛʦ ʂʠʪʘʷ ʥʘ ʨʫʩʩʢʠʡ 

ʷʟʳʢ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʯʝʪʳ-

ʨʝ ʩʪʨʘʪʝʛʠʠ: ʜʦʤʝʩʪʠʢʘʮʠʷ, ʬʦʨʝʥʠʟʘʮʠʷ, ʩʦ-

ʯʝʪʘʥʠʝ ʜʦʤʝʩʪʠʢʘʮʠʠ ʠ ʬʦʨʝʥʠʟʘʮʠʠ, ʘ ʪʘʢ-

ʞʝ ʫʧʨʦʱʝʥʠʝ. ʂʘʞʜʘʷ ʠʟ ʵʪʠʭ ʩʪʨʘʪʝʛʠʡ ʩʦ-

ʦʪʥʦʩʠʪʩʷ ʩ ʦʧʨʝʜʝʣʸʥʥʳʤʠ ʢʦʤʤʫʥʠʢʘʪʠʚ-

ʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʠ ʦʪʨʘʞʘʝʪ ʨʘʟʣʠʯʥʳʝ ʧʦʜ-

ʭʦʜʳ ʧʝʨʝʚʦʜʯʠʢʘ ʢ ʩʦʦʪʥʦʰʝʥʠʶ ʢʫʣʴʪʫʨʥʦʡ 

ʨʝʧʨʝʟʝʥʪʘʮʠʠ ʠ ʯʠʪʘʪʝʣʴʩʢʦʛʦ ʚʦʩʧʨʠʷʪʠʷ. 

ʉʪʨʘʪʝʛʠʷ ʜʦʤʝʩʪʠʢʘʮʠʠ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ 

ʷʟʳʢʦʚʳʝ ʧʨʠʚʳʯʢʠ ʠ ʢʫʣʴʪʫʨʥʳʝ ʧʨʝʜʩʪʘʚ-

ʣʝʥʠʷ ʯʠʪʘʪʝʣʷ ʧʝʨʝʚʦʜʷʱʝʛʦ ʷʟʳʢʘ ʠ ʧʨʝʜ-

ʧʦʣʘʛʘʝʪ ʦʧʨʝʜʝʣʸʥʥʫʶ ʘʜʘʧʪʘʮʠʶ ʠʩʭʦʜʥʦʛʦ 

ʥʘʟʚʘʥʠʷ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʧʝʨʝʚʦʜʥʦʡ ʚʘʨʠʘʥʪ 

ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʣʦʛʠʢʝ ʨʫʩ-

ʩʢʦʛʦ ʷʟʳʢʦʚʦʛʦ ʚʳʨʘʞʝʥʠʷ. ɺ ʧʝʨʝʚʦʜʝ 

ʥʘʟʚʘʥʠʡ ʧʨʦʠʟʚʝʜʝʥʠʡ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʢʠ-
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ʪʘʡʩʢʦʡ ʣʠʪʝʨʘʪʫʨʳ ʜʘʥʥʘʷ ʩʪʨʘʪʝʛʠʷ ʧʨʠʤʝ-

ʥʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦ, ʦʩʦʙʝʥʥʦ ʚ ʥʦ-

ʚʦʩʪʥʳʭ ʧʫʙʣʠʢʘʮʠʷʭ ʠ ʧʦʧʫʣʷʨʥʳʭ ʩʝʪʝʚʳʭ 

ʧʝʨʝʚʦʜʘʭ. ɽʸ ʦʩʥʦʚʥʘʷ ʬʫʥʢʮʠʷ ʟʘʢʣʶʯʘʝʪʩʷ 

ʚ ʩʥʠʞʝʥʠʠ ʧʦʨʦʛʘ ʚʦʩʧʨʠʷʪʠʷ ʠ ʧʦʚʳʰʝʥʠʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. ʀʩʧʦʣʴʟʦ-

ʚʘʥʠʝ ʙʦʣʝʝ ʧʨʠʚʳʯʥʳʭ ʜʣʷ ʨʫʩʩʢʦʛʦ ʷʟʳʢʘ 

ʩʧʦʩʦʙʦʚ ʚʳʨʘʞʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʯʠʪʘʪʝʣʶ 

ʙʳʩʪʨʝʝ ʫʣʦʚʠʪʴ ʙʘʟʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ ʧʨʦʠʟ-

ʚʝʜʝʥʠʷ. 

ʉʪʨʘʪʝʛʠʷ ʬʦʨʝʥʠʟʘʮʠʠ, ʥʘʧʨʦʪʠʚ, ʧʨʝʜʧʦ-

ʣʘʛʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ ʩʦʭʨʘʥʝʥʠʝ 

ʨʝʛʠʦʥʘʣʴʥʦ-ʢʫʣʴʪʫʨʥʦʡ ʩʧʝʮʠʬʠʢʠ ʠ ʷʟʳʢʦ-

ʚʦʛʦ ʩʚʦʝʦʙʨʘʟʠʷ ʠʩʭʦʜʥʦʛʦ ʥʘʟʚʘʥʠʷ. ʂʘʢ 

ʧʨʘʚʠʣʦ, ʦʥʘ ʨʝʘʣʠʟʫʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʪʨʘʥ-

ʩʢʨʠʧʮʠʠ, ʪʨʘʥʩʣʠʪʝʨʘʮʠʠ ʠʣʠ ʙʫʢʚʘʣʴʥʦʛʦ 

ʧʝʨʝʚʦʜʘ ʠ ʩʣʫʞʠʪ ʧʝʨʝʜʘʯʝ ʫʥʠʢʘʣʴʥʦʛʦ 

ʢʫʣʴʪʫʨʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʣʠʪʝʨʘʪʫʨʳ ʉʝʚʝʨʦ-

ɺʦʩʪʦʯʥʦʛʦ ʂʠʪʘʷ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʵʪʘ ʩʪʨʘʪʝ-

ʛʠʷ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʧʝʨʝʚʦ-

ʜʘʭ, ʛʜʝ ʝʸ ʦʩʥʦʚʥʘʷ ʮʝʥʥʦʩʪʴ ʩʦʩʪʦʠʪ ʚ ʦʙʝʩ-

ʧʝʯʝʥʠʠ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʢʫʣʴʪʫʨʥʦʡ ʩʦʭʨʘʥ-

ʥʦʩʪʠ ʠ ʧʝʨʝʚʦʜʯʝʩʢʦʡ ʪʦʯʥʦʩʪʠ. ʇʨʠ ʧʝʨʝʜʘ-

ʯʝ ʪʦʧʦʥʠʤʦʚ, ʘʥʪʨʦʧʦʥʠʤʦʚ ʠʣʠ ʵʪʥʦʢʫʣʴ-

ʪʫʨʥʳʭ ʟʥʘʢʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʷʨʢʦ ʚʳʨʘʞʝʥʥʦʡ 

ʨʝʛʠʦʥʘʣʴʥʦʡ ʦʢʨʘʩʢʦʡ, ʧʝʨʝʚʦʜʯʠʢʠ ʦʙʳʯʥʦ 

ʩʪʨʝʤʷʪʩʷ ʩʦʭʨʘʥʠʪʴ ʠʭ ʠʩʭʦʜʥʫʶ ʬʦʨʤʫ ʠ 

ʩʦʧʨʦʚʦʞʜʘʶʪ ʝʸ ʢʦʤʤʝʥʪʘʨʠʷʤʠ ʠʣʠ ʧʦʷʩ-

ʥʝʥʠʷʤʠ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʤʠ ʧʦʥʠʤʘʥʠʶ ʩʦ-

ʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʫʣʴʪʫʨʥʦʛʦ ʢʦʥʪʝʢʩʪʘ [4]. 

ɺ ʧʝʨʝʚʦʜʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ ʦʩʦʙʝʥʥʦ ʨʘʩ-

ʧʨʦʩʪʨʘʥʝʥʦ ʩʦʯʝʪʘʥʠʝ ʜʦʤʝʩʪʠʢʘʮʠʠ ʠ ʬʦʨʝ-

ʥʠʟʘʮʠʠ, ʥʘʠʙʦʣʝʝ ʫʤʝʩʪʥʦʝ ʧʨʠ ʧʝʨʝʜʘʯʝ 

ʥʘʟʚʘʥʠʡ ʩʦ ʩʣʦʞʥʦʡ ʩʝʤʘʥʪʠʢʦʡ ʠ ʚʳʨʘʞʝʥ-

ʥʦʡ ʨʝʛʠʦʥʘʣʴʥʦ-ʢʫʣʴʪʫʨʥʦʡ ʩʧʝʮʠʬʠʢʦʡ. ʕʪʘ 

ʩʪʨʘʪʝʛʠʷ ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘʥʠʪʴ ʟʥʘʯʠʤʳʝ ʵʣʝ-

ʤʝʥʪʳ ʦʨʠʛʠʥʘʣʘ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʘʜʘʧʪʠʨʦ-

ʚʘʪʴ ʬʦʨʤʫ ʥʘʟʚʘʥʠʷ ʢ ʥʦʨʤʘʤ ʨʫʩʩʢʦʛʦ ʷʟʳ-

ʢʘ, ʦʙʝʩʧʝʯʠʚʘʷ ʙʘʣʘʥʩ ʤʝʞʜʫ ʢʫʣʴʪʫʨʥʦʡ 

ʪʦʯʥʦʩʪʴʶ ʠ ʫʜʦʙʩʪʚʦʤ ʚʦʩʧʨʠʷʪʠʷ. ʉʪʨʘʪʝ-

ʛʠʷ ʫʧʨʦʱʝʥʠʷ, ʥʘʧʨʦʪʠʚ, ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ 

ʦʧʝʨʘʪʠʚʥʫʶ ʧʝʨʝʜʘʯʫ ʠʥʬʦʨʤʘʮʠʠ ʠ ʯʘʱʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʥʦʚʦʩʪʥʳʭ ʠ ʩʝʪʝʚʳʭ ʪʝʢʩʪʘʭ, 

ʦʜʥʘʢʦ ʥʝʨʝʜʢʦ ʚʝʜʸʪ ʢ ʦʩʣʘʙʣʝʥʠʶ ʢʫʣʴʪʫʨ-

ʥʦʛʦ ʠ ʭʫʜʦʞʝʩʪʚʝʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ. ɺ ʮʝʣʦʤ 

ʚʳʙʦʨ ʩʪʨʘʪʝʛʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʤʤʫʥʠʢʘ-

ʪʠʚʥʦʡ ʮʝʣʴʶ, ʘʫʜʠʪʦʨʠʝʡ ʠ ʫʩʣʦʚʠʷʤʠ ʬʫʥʢ-

ʮʠʦʥʠʨʦʚʘʥʠʷ ʪʝʢʩʪʘ. 

ʈʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ ʧʝʨʝʚʦʜʘ 

ʥʘʟʚʘʥʠʡ ʧʨʦʠʟʚʝʜʝʥʠʡ ʣʠʪʝʨʘʪʫʨʳ ʉʝʚʝ-

ʨʦ-ɺʦʩʪʦʯʥʦʛʦ ʂʠʪʘʷ ʥʘ ʨʫʩʩʢʠʡ ʷʟʳʢ 

ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʝʨʝʚʦʜʯʝʩʢʠʭ 

ʧʨʘʢʪʠʢ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ ʧʝʨʝʜʘʯʝ ʥʘʟʚʘ-

ʥʠʡ ʧʨʦʠʟʚʝʜʝʥʠʡ ʣʠʪʝʨʘʪʫʨʳ ʉʝʚʝʨʦ-

ɺʦʩʪʦʯʥʦʛʦ ʂʠʪʘʷ ʥʘ ʨʫʩʩʢʠʡ ʷʟʳʢ ʧʦ-

ʧʨʝʞʥʝʤʫ ʩʦʭʨʘʥʷʶʪʩʷ ʪʨʠ ʦʩʥʦʚʥʳʝ ʧʨʦʙʣʝ-

ʤʳ: ʥʝʧʦʣʥʘʷ ʧʝʨʝʜʘʯʘ ʨʝʛʠʦʥʘʣʴʥʦ-ʢʫʣʴʪʫʨ-

ʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʦʪʩʫʪʩʪʚʠʝ ʝʜʠʥʦʦʙʨʘʟʠʷ ʚ 

ʧʝʨʝʚʦʜʥʳʭ ʥʘʟʚʘʥʠʷʭ ʠ ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʢʘʯʝ-

ʩʪʚʦ ʥʝʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʧʝʨʝʚʦʜʦʚ. ɺ ʩʚʷʟʠ 

ʩ ʵʪʠʤ ʜʘʣʴʥʝʡʰʝʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʨʫʩ-

ʩʢʠʭ ʧʝʨʝʚʦʜʦʚ ʜʦʣʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ 

ʚʘʞʥʦʝ ʫʩʣʦʚʠʝ ʙʦʣʝʝ ʪʦʯʥʦʛʦ ʠ ʫʩʪʦʡʯʠʚʦʛʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʢʠʪʘʡʩʢʦʡ 

ʣʠʪʝʨʘʪʫʨʳ ʚ ʈʦʩʩʠʠ. 

ʆʜʥʠʤ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʷʚ-

ʣʷʝʪʩʷ ʥʦʨʤʘʪʠʚʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ ʧʝʨʝʚʦʜʘ 

ʥʘʟʚʘʥʠʡ. ʅʘʣʠʯʠʝ ʥʝʩʢʦʣʴʢʠʭ ʨʫʩʩʢʠʭ ʚʘʨʠ-

ʘʥʪʦʚ ʜʣʷ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʧʨʦʠʟʚʝʜʝʥʠʷ ʟʘ-

ʪʨʫʜʥʷʝʪ ʯʠʪʘʪʝʣʴʩʢʦʝ ʚʦʩʧʨʠʷʪʠʝ, ʦʩʣʦʞʥʷʝʪ 

ʥʘʫʯʥʦʝ ʦʧʠʩʘʥʠʝ ʠ ʧʨʝʧʷʪʩʪʚʫʝʪ ʫʩʪʦʡʯʠʚʦ-

ʤʫ ʟʘʢʨʝʧʣʝʥʠʶ ʧʨʦʠʟʚʝʜʝʥʠʷ ʚ ʨʫʩʩʢʦʷʟʳʯ-

ʥʦʤ ʢʫʣʴʪʫʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʇʨʝʜʩʪʘʚʣʷʝʪ-

ʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ, ʯʪʦʙʳ ʩʠʥʦʣʦʛʠʯʝʩʢʠʝ 

ʮʝʥʪʨʳ, ʧʝʨʝʚʦʜʯʝʩʢʠʝ ʘʩʩʦʮʠʘʮʠʠ ʠ ʘʢʘʜʝ-

ʤʠʯʝʩʢʠʝ ʦʨʛʘʥʠʟʘʮʠʠ ʂʠʪʘʷ ʠ ʈʦʩʩʠʠ ʩʦʚ-

ʤʝʩʪʥʦ ʚʳʨʘʙʦʪʘʣʠ ʝʜʠʥʳʝ ʧʨʠʥʮʠʧʳ ʧʝʨʝʚʦ-

ʜʘ ʥʘʟʚʘʥʠʡ, ʦʭʚʘʪʳʚʘʶʱʠʝ ʩʝʤʘʥʪʠʯʝʩʢʫʶ 

ʪʦʯʥʦʩʪʴ, ʢʫʣʴʪʫʨʥʫʶ ʨʝʧʨʝʟʝʥʪʘʮʠʶ ʠ ʷʟʳ-

ʢʦʚʫʶ ʘʜʘʧʪʘʮʠʶ [5]. ʆʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ ʪʨʝ-

ʙʫʝʪ ʩʪʘʥʜʘʨʪʠʟʘʮʠʷ ʧʝʨʝʜʘʯʠ ʪʦʧʦʥʠʤʦʚ, 

ʜʠʘʣʝʢʪʥʦʡ ʣʝʢʩʠʢʠ ʠ ʜʨʫʛʠʭ ʨʝʛʠʦʥʘʣʴʥʦ 

ʤʘʨʢʠʨʦʚʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɿʘʢʨʝʧʣʝʥʠʝ ʘʚʪʦ-

ʨʠʪʝʪʥʳʭ ʚʘʨʠʘʥʪʦʚ ʧʝʨʝʚʦʜʘ ʢʣʘʩʩʠʯʝʩʢʠʭ 

ʧʨʦʠʟʚʝʜʝʥʠʡ ʠ ʩʦʟʜʘʥʠʝ ʦʪʢʨʳʪʦʡ ʵʣʝʢʪʨʦʥ-

ʥʦʡ ʙʘʟʳ ʧʝʨʝʚʦʜʥʳʭ ʥʘʟʚʘʥʠʡ ʧʦʟʚʦʣʠʣʠ ʙʳ 

ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʥʦʨʤʘʪʠʚʥʦʩʪʴ ʠ ʩʪʘ-

ʙʠʣʴʥʦʩʪʴ ʧʝʨʝʚʦʜʯʝʩʢʦʡ ʧʨʘʢʪʠʢʠ. 

ʅʝ ʤʝʥʝʝ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʦʩʪʘʸʪʩʷ ʩʦʭʨʘ-

ʥʝʥʠʝ ʨʝʛʠʦʥʘʣʴʥʦ-ʢʫʣʴʪʫʨʥʦʡ ʩʧʝʮʠʬʠʢʠ. 

ʎʝʥʥʦʩʪʴ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʢʠʪʘʡʩʢʦʡ ʣʠʪʝ-

ʨʘʪʫʨʳ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʸ ʪʝʩʥʦʡ 

ʩʚʷʟʴʶ ʩ ʣʦʢʘʣʴʥʳʤ ʠʩʪʦʨʠʢʦ-ʢʫʣʴʪʫʨʥʳʤ 

ʧʨʦʩʪʨʘʥʩʪʚʦʤ, ʧʦʵʪʦʤʫ ʯʨʝʟʤʝʨʥʦʝ ʫʧʨʦʱʝ-

ʥʠʝ ʥʘʟʚʘʥʠʡ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʫʪʨʘʪʝ ʟʥʘʯʠ-

ʤʳʭ ʩʤʳʩʣʦʚ. ɺ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʠ ʘʢʘʜʝ-

ʤʠʯʝʩʢʠʭ ʧʝʨʝʚʦʜʘʭ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʠʩʧʦʣʴ-

ʟʦʚʘʪʴ ʤʦʜʝʣʴ, ʧʨʠ ʢʦʪʦʨʦʡ ʬʦʨʝʥʠʟʘʮʠʷ ʩʦ-

ʯʝʪʘʝʪʩʷ ʩ ʫʤʝʨʝʥʥʦʡ ʜʦʤʝʩʪʠʢʘʮʠʝʡ: ʢʣʶʯʝ-

ʚʳʝ ʨʝʛʠʦʥʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʩʦʭʨʘʥʷʶʪʩʷ, ʘ 

ʠʭ ʚʦʩʧʨʠʷʪʠʝ ʦʙʣʝʛʯʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʢʦʤ-

ʤʝʥʪʘʨʠʝʚ ʠʣʠ ʢʨʘʪʢʠʭ ʧʦʷʩʥʝʥʠʡ [6]. ɺ ʞʫʨ-

ʥʘʣʠʩʪʩʢʦʤ ʠ ʩʝʪʝʚʦʤ ʜʠʩʢʫʨʩʝ, ʛʜʝ ʦʩʦʙʝʥʥʦ 
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ʟʥʘʯʠʤʘ ʦʧʝʨʘʪʠʚʥʦʩʪʴ, ʙʦʣʝʝ ʦʧʨʘʚʜʘʥ ʣʘʢʦ-

ʥʠʯʥʳʡ ʧʝʨʝʚʦʜ, ʦʜʥʘʢʦ ʠ ʚ ʵʪʠʭ ʩʣʫʯʘʷʭ ʞʝ-

ʣʘʪʝʣʴʥʦ ʧʨʠʜʝʨʞʠʚʘʪʴʩʷ ʧʨʠʥʮʠʧʘ çʫʧʨʦ-

ʱʝʥʠʝ ʙʝʟ ʦʧʫʱʝʥʠʷè, ʩʦʭʨʘʥʷʷ ʢʫʣʴʪʫʨʥʦ 

ʟʥʘʯʠʤʳʝ ʢʦʤʧʦʥʝʥʪʳ ʥʘʟʚʘʥʠʷ. 

ʂʘʯʝʩʪʚʦ ʧʝʨʝʚʦʜʘ ʥʘʟʚʘʥʠʡ ʚʦ ʤʥʦʛʦʤ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʫʣʴʪʫʨʥʦʡ ʢʦʤʧʝʪʝʥʪʥʦʩʪʴʶ 

ʧʝʨʝʚʦʜʯʠʢʘ, ʧʦʩʢʦʣʴʢʫ ʜʣʷ ʠʭ ʘʜʝʢʚʘʪʥʦʡ 

ʧʝʨʝʜʘʯʠ ʥʝʦʙʭʦʜʠʤʳ ʥʝ ʪʦʣʴʢʦ ʷʟʳʢʦʚʳʝ 

ʟʥʘʥʠʷ, ʥʦ ʠ ʧʦʥʠʤʘʥʠʝ ʨʝʛʠʦʥʘʣʴʥʦʡ ʢʫʣʴʪʫ-

ʨʳ, ʤʝʩʪʥʳʭ ʨʝʘʣʠʡ, ʬʦʣʴʢʣʦʨʘ ʠ ʜʠʘʣʝʢʪʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʦʛʦ ʂʠʪʘʷ. ʇʦ-

ʵʪʦʤʫ ʦʧʪʠʤʠʟʘʮʠʷ ʧʝʨʝʚʦʜʘ ʪʨʝʙʫʝʪ ʩʦʯʝʪʘ-

ʥʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ, ʫʯʘʩʪʠʷ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʠ ʛʠʙʢʦʛʦ ʚʳʙʦʨʘ ʩʪʨʘʪʝʛʠʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʬʝʨʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʪʝʢʩʪʘ, ʘʫʜʠʪʦʨʠʠ ʠ ʢʦʤʤʫʥʠʢʘʪʠʚʥʦʡ ʟʘʜʘʯʠ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʦʚʝʜʸʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʧʝʨʝʚʦʜ ʥʘʟʚʘʥʠʡ ʧʨʦʠʟʚʝʜʝʥʠʡ ʣʠʪʝʨʘʪʫʨʳ 

ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʦʛʦ ʂʠʪʘʷ ʥʘ ʨʫʩʩʢʠʡ ʷʟʳʢ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝ ʪʦʣʴʢʦ ʣʠʥʛʚʠʩʪʠʯʝ-

ʩʢʫʶ, ʥʦ ʠ ʢʫʣʴʪʫʨʥʦ-ʢʦʤʤʫʥʠʢʘʪʠʚʥʫʶ ʟʘ-

ʜʘʯʫ. ʀʩʪʦʨʠʯʝʩʢʠʡ ʦʙʟʦʨ ʠ ʘʥʘʣʠʟ ʩʦʚʨʝʤʝʥ-

ʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦʟʚʦʣʠʣʠ ʚʳʷʚʠʪʴ ʦʩʥʦʚʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʵʪʦʡ ʧʨʘʢʪʠʢʠ: ʧʨʝʦʙʣʘʜʘʥʠʝ 

ʩʤʳʩʣʦʚʦʛʦ ʧʝʨʝʚʦʜʘ, ʨʘʟʣʠʯʥʫʶ ʩʪʝʧʝʥʴ ʩʦ-

ʭʨʘʥʝʥʠʷ ʨʝʛʠʦʥʘʣʴʥʦ-ʢʫʣʴʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ, 

ʟʘʚʠʩʠʤʦʩʪʴ ʧʝʨʝʚʦʜʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʦʪ ʠʩ-

ʪʦʯʥʠʢʘ ʠ ʦʪʩʫʪʩʪʚʠʝ ʝʜʠʥʦʦʙʨʘʟʠʷ ʚ ʨʷʜʝ 

ʥʘʟʚʘʥʠʡ. ʋʩʪʘʥʦʚʣʝʥʦ ʪʘʢʞʝ, ʯʪʦ ʥʘʠʙʦʣʝʝ 

ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʪʨʘʪʝʛʠʠ ʜʦʤʝʩʪʠʢʘ-

ʮʠʠ, ʬʦʨʝʥʠʟʘʮʠʠ, ʠʭ ʩʦʯʝʪʘʥʠʷ ʠ ʫʧʨʦʱʝʥʠʷ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʥʝʦʙ-

ʭʦʜʠʤʦʩʪʴ ʫʥʠʬʠʢʘʮʠʠ ʧʝʨʝʚʦʜʥʳʭ ʥʘʟʚʘʥʠʡ, 

ʙʦʣʝʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʧʝʨʝʜʘʯʠ ʨʝʛʠʦʥʘʣʴ-

ʥʦʡ ʩʧʝʮʠʬʠʢʠ ʠ ʧʦʚʳʰʝʥʠʷ ʢʫʣʴʪʫʨʦʚʝʜʯʝ-

ʩʢʦʡ ʢʦʤʧʝʪʝʥʮʠʠ ʧʝʨʝʚʦʜʯʠʢʦʚ, ʯʪʦ ʚʘʞʥʦ 

ʜʣʷ ʙʦʣʝʝ ʪʦʯʥʦʡ ʨʝʮʝʧʮʠʠ ʢʠʪʘʡʩʢʦʡ ʣʠʪʝʨʘ-

ʪʫʨʳ ʚ ʨʫʩʩʢʦʷʟʳʯʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. 
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title translations found in professional publications, journalistic texts, and online platforms. The main 
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translation on the channel of dissemination, and the lack of uniformity in some translated titles. The ar-

ticle also summarizes the principal translation strategies used in rendering titles, namely domestication, 

foreignization, their combination, and simplification. On this basis, recommendations are proposed for 

optimizing translation practice, including the standardization of translated titles, the preservation of 

regional and cultural specificity, the improvement of translatorsô cultural competence, and the differen-

tiated selection of strategies according to specific communicative contexts. The study concludes that 

title translation is an important instrument of intercultural literary communication. 
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ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʩʪʫʧʘʝʪ ʪʝʣʝʚʠʜʝʥʠʝ ʢʘʢ ʩʦʮʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ ʠ 

ʩʨʝʜʩʪʚʦ ʤʘʩʩʦʚʦʡ ʢʦʤʤʫʥʠʢʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʤʝʜʠʘʩʨʝʜʳ. ɸʢʪʫʘʣʴ-

ʥʦʩʪʴ ʪʝʤʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʨʘʩʰʠʨʝʥʠʝ ʠʥʪʝʨʥʝʪ-ʧʣʘʪʬʦʨʤ ʠ ʥʝʣʠʥʝʡʥʳʭ ʬʦʨʤ ʚʠ-

ʜʝʦʧʦʪʨʝʙʣʝʥʠʷ ʥʝ ʫʩʪʨʘʥʷʝʪ ʢʦʤʤʫʥʠʢʘʪʠʚʥʦʡ ʟʥʘʯʠʤʦʩʪʠ ʪʝʣʝʚʠʜʝʥʠʷ, ʘ ʠʟʤʝʥʷʝʪ ʩʧʦʩʦʙʳ 

ʝʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. ʎʝʣʴ ʚʳʧʦʣʥʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʠʪ ʚ ʚʳʷʚʣʝʥʠʠ ʪʝʭ ʩʚʦʡʩʪʚ, ʢʦ-

ʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʪʝʣʝʚʠʜʝʥʠʶ ʩʦʭʨʘʥʷʪʴ ʤʘʩʩʦʚʳʡ ʭʘʨʘʢʪʝʨ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʤʝʜʠʘʩʠʩʪʝʤʝ. 

ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʫʶ ʦʩʥʦʚʫ ʩʦʩʪʘʚʠʣʠ ʘʥʘʣʠʟ, ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʠ ʦʙʦʙʱʝʥʠʝ ʥʘʫʯʥʳʭ ʨʘʙʦʪ ʧʦ 

ʪʝʦʨʠʠ ʤʝʜʠʘʢʦʤʤʫʥʠʢʘʮʠʠ, ʪʝʣʝʘʫʜʠʪʦʨʠʠ ʠ ʮʠʬʨʦʚʦʡ ʢʦʥʚʝʨʛʝʥʮʠʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʪʝʣʝʚʠʜʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʦʯʝʪʘʥʠʝʤ ʘʫʜʠʦʚʠʟʫʘʣʴʥʦʡ ʚʳʨʘʟʠʪʝʣʴʥʦʩʪʠ, ʠʥ-

ʩʪʠʪʫʮʠʦʥʘʣʴʥʦʡ ʣʝʛʠʪʠʤʥʦʩʪʠ, ʩʧʦʩʦʙʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʪʴ ʦʙʱʫʶ ʧʦʚʝʩʪʢʫ ʠ ʠʥʪʝʛʨʘʮʠʠ ʚ 

ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʫʶ ʩʨʝʜʫ. ʉʜʝʣʘʥ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʪʝʣʝʚʠʜʝʥʠʝ ʩʦʭʨʘʥʷʝʪ ʩʪʘʪʫʩ ʩʨʝʜʩʪʚʘ 

ʤʘʩʩʦʚʦʡ ʢʦʤʤʫʥʠʢʘʮʠʠ, ʭʦʪʷ ʝʛʦ ʤʘʩʩʦʚʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʩʝʛʤʝʥʪʠʨʦʚʘʥʥʳʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠ ʦʧʦʩʨʝʜʦʚʘʥʥʳʡ ʭʘʨʘʢʪʝʨ. ʈʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʞʫʨʥʘ-

ʣʠʩʪʠʢʠ, ʤʝʜʠʘʩʦʮʠʦʣʦʛʠʠ ʠ ʮʠʬʨʦʚʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʣʝʚʠʜʝʥʠʝ; ʤʘʩʩʦʚʘʷ ʢʦʤʤʫʥʠʢʘʮʠʷ; ʤʝʜʠʘʩʠʩʪʝʤʘ; ʪʝʣʝʘʫʜʠʪʦʨʠʷ; 

ʮʠʬʨʦʚʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ; ʤʝʜʠʘʧʦʪʨʝʙʣʝʥʠʝ; ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʩʪʴ; ʪʝʣʝʞʫʨʥʘʣʠʩʪʠʢʘ. 

 

ʇʨʦʙʣʝʤʘ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʣʝʚʠʜʝʥʠʷ ʢʘʢ 

ʩʨʝʜʩʪʚʘ ʤʘʩʩʦʚʦʡ ʢʦʤʤʫʥʠʢʘʮʠʠ ʥʝ ʫʪʨʘʪʠʣʘ 

ʥʘʫʯʥʦʡ ʟʥʘʯʠʤʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ ʮʠʬʨʦʚʠʟʘ-

ʮʠʠ, ʧʣʘʪʬʦʨʤʠʟʘʮʠʠ ʠ ʫʩʢʦʨʝʥʥʦʛʦ ʨʦʩʪʘ 

ʩʝʪʝʚʳʭ ʬʦʨʤ ʚʠʜʝʦʧʦʪʨʝʙʣʝʥʠʷ. ʅʘ ʧʝʨʚʳʡ 

ʚʟʛʣʷʜ ʤʦʞʝʪ ʧʦʢʘʟʘʪʴʩʷ, ʯʪʦ ʨʘʩʧʨʦʩʪʨʘʥʝ-

ʥʠʝ ʩʦʮʠʘʣʴʥʳʭ ʤʝʜʠʘ, ʩʪʨʠʤʠʥʛʦʚʳʭ ʩʝʨʚʠ-

ʩʦʚ ʠ ʤʝʩʩʝʥʜʞʝʨʦʚ ʩʜʝʣʘʣʦ ʪʝʣʝʚʠʟʠʦʥʥʦʝ 

ʚʝʱʘʥʠʝ ʣʠʰʴ ʦʜʥʠʤ ʠʟ ʤʥʦʞʝʩʪʚʘ ʢʘʥʘʣʦʚ 

ʜʦʩʪʫʧʘ ʢ ʠʥʬʦʨʤʘʮʠʠ. ʆʜʥʘʢʦ ʩʦʚʨʝʤʝʥʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʤʝʜʠʘʩʨʝʜʳ ʧʦʢʘʟʳʚʘʝʪ ʠʥʫʶ ʪʝʥ-

ʜʝʥʮʠʶ: ʪʝʣʝʚʠʜʝʥʠʝ ʥʝ ʠʩʯʝʟʘʝʪ, ʘ ʠʟʤʝʥʷʝʪ 

ʩʦʙʩʪʚʝʥʥʫʶ ʦʨʛʘʥʠʟʘʮʠʶ ʠ ʩʧʦʩʦʙʳ ʧʨʠʩʫʪ-

ʩʪʚʠʷ ʚ ʦʙʱʝʩʪʚʝʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʀʩʩʣʝ-

ʜʦʚʘʪʝʣʠ ʚʩʝ ʯʘʱʝ ʛʦʚʦʨʷʪ ʥʝ ʦ ʚʳʪʝʩʥʝʥʠʠ 

ʪʝʣʝʚʠʜʝʥʠʷ, ʘ ʦ ʝʛʦ ʠʥʜʫʩʪʨʠʘʣʴʥʦʡ ʠ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʡ 

ʤʝʥʷʶʪʩʷ ʬʦʨʤʳ ʜʦʩʪʘʚʢʠ ʢʦʥʪʝʥʪʘ, ʤʦʜʝʣʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʘʫʜʠʪʦʨʠʝʡ ʠ ʧʨʠʥʮʠʧʳ ʨʝ-

ʜʘʢʮʠʦʥʥʦʡ ʨʘʙʦʪʳ [ʂʦʣʦʤʠʝʮ 2021; ɺʘʨʪʘ-

ʥʦʚʘ 2024]. ʇʦʵʪʦʤʫ ʥʘʫʯʥʳʡ ʠʥʪʝʨʝʩ ʩʤʝʱʘ-

ʝʪʩʷ ʩ ʚʦʧʨʦʩʘ ʦ ʪʦʤ, ʩʦʭʨʘʥʷʝʪʩʷ ʣʠ ʪʝʣʝʚʠ-

ʜʝʥʠʝ ʚʦʦʙʱʝ, ʢ ʚʦʧʨʦʩʫ ʦ ʪʦʤ, ʚ ʯʝʤ ʠʤʝʥʥʦ 

ʩʦʩʪʦʠʪ ʝʛʦ ʩʦʚʨʝʤʝʥʥʘʷ ʤʘʩʩʦʚʦ-

ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʘʷ ʩʧʝʮʠʬʠʢʘ. ʇʦʢʘʟʘʪʝʣʴʥʦ, 

ʯʪʦ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʧʨʘʢʪʠʢʝ ʨʝʜʘʢʮʠʷ ʨʘʙʦʪʘ-

ʝʪ ʫʞʝ ʥʝ ʪʦʣʴʢʦ ʥʘ ʣʠʥʝʡʥʳʡ ʵʬʠʨ, ʥʦ ʠ ʥʘ 

ʧʦʩʣʝʜʫʶʱʝʝ ʧʣʘʪʬʦʨʤʝʥʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ: 

ʥʘʧʨʠʤʝʨ, ʚʳʧʫʩʢ çɺʝʩʪʠ. ɼʦʥè ʦʪ 13.03.2026 

ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʢʘʢ ʪʝʣʝʚʠʟʠʦʥʥʘʷ ʧʨʦʛʨʘʤ-

ʤʘ ʩ ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʦʡ ʩʶʞʝʪʦʚ ʠ ʦʜʥʦ-

ʚʨʝʤʝʥʥʦ ʦʧʫʙʣʠʢʦʚʘʥ ʚ ʦʬʠʮʠʘʣʴʥʦʤ 

Telegram-ʢʘʥʘʣʝ ʚ ʚʠʜʝ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʘʥʦʥ-

ʩʘ ʩ ʧʨʷʤʦʡ ʩʩʳʣʢʦʡ ʥʘ ʚʠʜʝʦ, ʪʘʡʤ-ʢʦʜʘʤʠ ʠ 

ʧʝʨʝʯʥʝʤ ʪʝʤ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʨʝʜʘʢʮʠʦʥ-

ʥʘʷ ʨʘʙʦʪʘ ʩʝʛʦʜʥʷ ʚʢʣʶʯʘʝʪ ʥʝ ʪʦʣʴʢʦ ʚʳ-

ʧʫʩʢ ʮʝʣʦʩʪʥʦʛʦ ʵʬʠʨʘ, ʥʦ ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ 

ʨʘʟʤʝʪʢʫ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʥʝʣʠʥʝʡʥʦʛʦ ʧʨʦ-

ʩʤʦʪʨʘ, ʚʳʙʦʨʦʯʥʦʛʦ ʧʝʨʝʭʦʜʘ ʤʝʞʜʫ ʩʶʞʝ-

ʪʘʤʠ ʠ ʧʦʚʪʦʨʥʦʛʦ ʚʦʚʣʝʯʝʥʠʷ ʘʫʜʠʪʦʨʠʠ. 

ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʠ ʜʘʥʥʘʷ ʩʪʘʪʴʷ ʦʧʠʨʘʝʪʩʷ 

ʥʘ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʳʡ, ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʠ 

ʢʦʤʤʫʥʠʢʘʪʠʚʥʳʡ ʧʦʜʭʦʜʳ. ɺ ʪʘʢʦʤ ʨʘʢʫʨʩʝ 

ʪʝʣʝʚʠʜʝʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʢʘʢ 

ʪʝʭʥʠʯʝʩʢʠʡ ʩʧʦʩʦʙ ʧʝʨʝʜʘʯʠ ʠʟʦʙʨʘʞʝʥʠʷ ʠ 

ʟʚʫʢʘ, ʥʦ ʧʨʝʞʜʝ ʚʩʝʛʦ ʢʘʢ ʦʩʦʙʘʷ ʬʦʨʤʘ ʦʙ-

ʱʝʩʪʚʝʥʥʦʡ ʢʦʤʤʫʥʠʢʘʮʠʠ, ʩʚʷʟʳʚʘʶʱʘʷ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʤʝʜʠʘʪʝʢʩʪʘ, ʨʝʜʘʢʮʠʦʥʥʳʝ 

ʩʪʘʥʜʘʨʪʳ, ʤʦʜʝʣʠ ʧʦʪʨʝʙʣʝʥʠʷ ʠ ʩʠʩʪʝʤʫ 

ʩʠʤʚʦʣʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ. ʇʦʜʦʙʥʘʷ ʠʩʩʣʝʜʦ-

ʚʘʪʝʣʴʩʢʘʷ ʦʧʪʠʢʘ ʧʦʟʚʦʣʷʝʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʪʝʣʝʚʠʜʝʥʠʝ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ ʫʩʪʦʡʯʠʚʳʭ 
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ʧʨʘʢʪʠʢ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʳʤ ʬʦʨʤʠʨʫʶʪʩʷ 

ʦʙʱʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʟʥʘʯʠʤʳʭ ʩʦʙʳʪʠʷʭ, 

ʩʦʮʠʘʣʴʥʦ ʧʨʠʝʤʣʝʤʳʭ ʦʮʝʥʢʘʭ ʠ ʜʦʧʫʩʪʠ-

ʤʳʭ ʤʦʜʝʣʷʭ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʨʦʠʩʭʦʜʷʱʝʛʦ. 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʨʘʙʦʪʘʭ ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ, ʯʪʦ 

ʪʝʦʨʠʷ ʤʝʜʠʘʢʦʤʤʫʥʠʢʘʮʠʠ ʚʩʝ ʚ ʙʦʣʴʰʝʡ 

ʩʪʝʧʝʥʠ ʫʯʠʪʳʚʘʝʪ ʥʝ ʪʦʣʴʢʦ ʩʚʦʡʩʪʚʘ ʩʦʦʙ-

ʱʝʥʠʷ, ʥʦ ʠ ʮʝʥʥʦʩʪʥʳʝ ʦʨʠʝʥʪʘʮʠʠ ʘʫʜʠʪʦ-

ʨʠʠ, ʝʝ ʧʦʚʝʜʝʥʯʝʩʢʠʝ ʩʮʝʥʘʨʠʠ ʠ ʬʦʨʤʳ ʦʙ-

ʨʘʪʥʦʡ ʩʚʷʟʠ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʘʥʘʣʠʟʘ 

ʪʝʣʝʚʠʜʝʥʠʷ ʚ ʮʠʬʨʦʚʦʡ ʩʨʝʜʝ [ʇʦʣʫʵʭʪʦʚʘ 

2023; ɼʫʛʠʥ 2024]. 

ʉʫʱʥʦʩʪʥʘʷ ʩʧʝʮʠʬʠʢʘ ʪʝʣʝʚʠʜʝʥʠʷ ʢʘʢ 

ʩʨʝʜʩʪʚʘ ʤʘʩʩʦʚʦʡ ʢʦʤʤʫʥʠʢʘʮʠʠ ʦʧʨʝʜʝʣʷ-

ʝʪʩʷ ʩʦʯʝʪʘʥʠʝʤ ʥʝʩʢʦʣʴʢʠʭ ʧʨʠʟʥʘʢʦʚ. ɺʦ-

ʧʝʨʚʳʭ, ʪʝʣʝʚʠʟʠʦʥʥʦʝ ʩʦʦʙʱʝʥʠʝ ʘʜʨʝʩʦʚʘʥʦ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦ ʰʠʨʦʢʦʡ ʘʫʜʠʪʦʨʠʠ ʠ ʨʘʩʧʨʦ-

ʩʪʨʘʥʷʝʪʩʷ ʚ ʨʝʞʠʤʝ ʨʝʛʫʣʷʨʥʦʛʦ, ʠʥʩʪʠʪʫʮʠ-

ʦʥʘʣʴʥʦ ʦʨʛʘʥʠʟʦʚʘʥʥʦʛʦ ʚʝʱʘʥʠʷ. ɺʦ-

ʚʪʦʨʳʭ, ʪʝʣʝʚʠʜʝʥʠʝ ʩʦʝʜʠʥʷʝʪ ʚʠʟʫʘʣʴʥʳʡ, 

ʟʚʫʢʦʚʦʡ ʠ ʩʣʦʚʝʩʥʳʡ ʨʷʜʳ, ʯʪʦ ʫʩʠʣʠʚʘʝʪ 

ʵʬʬʝʢʪ ʧʨʠʩʫʪʩʪʚʠʷ ʠ ʜʝʣʘʝʪ ʢʦʤʤʫʥʠʢʘʪʠʚ-

ʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʙʦʣʝʝ ʤʥʦʛʦʩʣʦʡʥʳʤ. ɺ-

ʪʨʝʪʴʠʭ, ʪʝʣʝʚʠʟʠʦʥʥʘʷ ʢʦʤʤʫʥʠʢʘʮʠʷ ʩʪʨʦ-

ʠʪʩʷ ʚ ʣʦʛʠʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ: ʟʨʠʪʝʣʴ ʧʦ-

ʣʫʯʘʝʪ ʥʝ ʠʟʦʣʠʨʦʚʘʥʥʳʡ ʪʝʢʩʪ, ʘ ʚʢʣʶʯʝʥ-

ʥʳʡ ʚ ʩʝʪʢʫ ʚʝʱʘʥʠʷ ʧʦʪʦʢ ʩʦʦʙʱʝʥʠʡ, ʟʘʨʘ-

ʥʝʝ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʡ ʨʝʜʘʢʮʠʝʡ ʢʘʥʘʣʘ. 

ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʪʝʣʝʚʠʜʝʥʠʝ ʥʝ ʧʨʦʩʪʦ ʠʥ-

ʬʦʨʤʠʨʫʝʪ, ʥʦ ʠ ʟʘʜʘʝʪ ʨʠʪʤ ʦʙʱʝʩʪʚʝʥʥʦʛʦ 

ʚʥʠʤʘʥʠʷ, ʚʳʜʝʣʷʝʪ ʧʨʠʦʨʠʪʝʪʥʳʝ ʪʝʤʳ ʠ ʟʘ-

ʢʨʝʧʣʷʝʪ ʠʭ ʚ ʤʘʩʩʦʚʦʤ ʚʦʩʧʨʠʷ-

ʪʠʠ [ʇʦʣʫʵʭʪʦʚʘ 2023; ɹʳʢʦʚ 2022]. ɺ ʵʪʦʤ 

ʧʨʦʷʚʣʷʝʪʩʷ ʝʛʦ ʦʪʣʠʯʠʝ ʦʪ ʭʘʦʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʧʦʪʦʢʘ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʢʦʥʪʝʥʪʘ, ʛʜʝ ʠʥ-

ʩʪʠʪʫʮʠʦʥʘʣʴʥʳʡ ʦʪʙʦʨ ʚʳʨʘʞʝʥ ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʣʘʙʝʝ. 

ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʠʥʪʝʨʧʨʝʪʘʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ ʪʝʣʝʚʠʜʝʥʠʷ. ʊʝ-

ʣʝʚʠʟʠʦʥʥʳʝ ʥʦʚʦʩʪʠ ʪʨʘʜʠʮʠʦʥʥʦ ʚʦʩʧʨʠ-

ʥʠʤʘʶʪʩʷ ʢʘʢ ʦʜʠʥ ʠʟ ʢʣʶʯʝʚʳʭ ʤʝʭʘʥʠʟʤʦʚ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙʱʝʩʪʚʝʥʥʦ 

ʟʥʘʯʠʤʳʭ ʩʦʙʳʪʠʡ. ʇʨʠ ʵʪʦʤ ʥʦʚʦʩʪʥʘʷ ʪʝʣʝ-

ʚʠʟʠʦʥʥʘʷ ʬʦʨʤʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʠʢʦʛʜʘ ʥʝ 

ʩʚʦʜʠʪʩʷ ʢ ʥʝʡʪʨʘʣʴʥʦʡ ʧʝʨʝʜʘʯʝ ʬʘʢʪʦʚ. 

ɸʫʜʠʦʚʠʟʫʘʣʴʥʘʷ ʧʦʜʘʯʘ, ʤʦʥʪʘʞ, ʠʥʪʦʥʘʮʠʷ 

ʚʝʜʫʱʝʛʦ, ʚʳʙʦʨ ʢʘʜʨʘ ʠ ʢʦʤʧʦʟʠʮʠʷ ʩʶʞʝʪʘ 

ʫʯʘʩʪʚʫʶʪ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʦʮʝʥʦʯʥʦʛʦ ʢʦʥ-

ʪʝʢʩʪʘ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʛʦ ʩʦʙʳʪʠʝ ʧʦʣʫʯʘʝʪ 

ʦʙʱʝʩʪʚʝʥʥʳʡ ʩʤʳʩʣ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩʦʚʨʝ-

ʤʝʥʥʘʷ ʪʝʣʝʚʠʟʠʦʥʥʘʷ ʞʫʨʥʘʣʠʩʪʠʢʘ ʜʝʤʦʥ-

ʩʪʨʠʨʫʝʪ ʟʘʤʝʪʥʦʝ ʫʩʠʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʠʥʬʦ-

ʪʝʡʥʤʝʥʪʘ, ʜʨʘʤʘʪʠʟʘʮʠʠ ʠ ʵʤʦʮʠʦʥʘʣʴʥʦʡ 

ʫʧʘʢʦʚʢʠ ʩʦʦʙʱʝʥʠʷ. ɼʘʥʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ 

ʥʝ ʦʪʤʝʥʷʝʪ ʤʘʩʩʦʚʦ-ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʨʦʣʠ 

ʪʝʣʝʚʠʜʝʥʠʷ, ʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʝʛʦ ʩʧʦʩʦʙ-

ʥʦʩʪʠ ʧʨʠʩʧʦʩʘʙʣʠʚʘʪʴ ʢʣʘʩʩʠʯʝʩʢʠʝ ʠʥʬʦʨ-

ʤʘʮʠʦʥʥʳʝ ʞʘʥʨʳ ʢ ʠʟʤʝʥʠʚʰʠʤʩʷ ʦʞʠʜʘʥʠ-

ʷʤ ʘʫʜʠʪʦʨʠʠ [ɹʳʢʦʚ 2022]. ʊʝʤ ʩʘʤʳʤ ʪʝʣʝ-

ʚʠʜʝʥʠʝ ʩʦʭʨʘʥʷʝʪ ʚʣʠʷʥʠʝ ʥʝ ʪʦʣʴʢʦ ʯʝʨʝʟ 

ʦʭʚʘʪ, ʥʦ ʠ ʯʝʨʝʟ ʦʩʦʙʳʡ ʨʝʞʠʤ ʠʥʪʝʨʧʨʝʪʘ-

ʮʠʠ ʩʦʙʳʪʠʡ. ʇʨʠʤʝʨʦʤ ʵʤʦʮʠʦʥʘʣʴʥʦʡ ʫʧʘ-

ʢʦʚʢʠ ʚʳʩʪʫʧʘʝʪ ʤʘʪʝʨʠʘʣ ʦ ʩʦʩʪʦʷʥʠʠ ʨʦ-

ʩʪʦʚʩʢʦʡ ʤʦʟʘʠʢʠ ʚ ʧʦʜʟʝʤʥʦʤ ʧʝʨʝʭʦʜʝ: ʚ 

ʚʳʧʫʩʢʝ çɺʝʩʪʠ. ɼʦʥè ʵʪʘ ʪʝʤʘ ʚʢʣʶʯʝʥʘ ʚ 

ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʧʦʚʝʩʪʢʫ ʢʘʢ ʦʙʱʝʩʪʚʝʥʥʦ 

ʟʥʘʯʠʤʳʡ ʩʶʞʝʪ, ʘ ʚ ʩʦʧʨʦʚʦʞʜʘʶʱʝʤ ʪʝʢʩʪʝ 

ʥʘ ʩʘʡʪʝ ʧʦʣʫʯʘʝʪ ʦʙʨʘʟʥʫʶ ʠ ʜʨʘʤʘʪʠʟʠʨʦ-

ʚʘʥʥʫʶ ʨʘʤʢʫ ʯʝʨʝʟ ʬʦʨʤʫʣʫ çʚ ʖʞʥʦʡ ʩʪʦ-

ʣʠʮʝ ʨʫʭʥʫʣ ʢʦʩʤʦʩè, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʧʨʦ-

ʙʣʝʤʘ ʨʝʩʪʘʚʨʘʮʠʠ ʧʝʨʝʚʦʜʠʪʩʷ ʠʟ ʩʫʛʫʙʦ 

ʢʦʤʤʫʥʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʦ 

ʢʫʣʴʪʫʨʥʦʡ ʧʘʤʷʪʠ ʠ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʝʨʝʞʠ-

ʚʘʥʠʷ. 

ɺ ʮʠʬʨʦʚʦʡ ʤʝʜʠʘʩʨʝʜʝ ʪʝʣʝʚʠʜʝʥʠʝ ʚʩʝ 

ʦʪʯʝʪʣʠʚʝʝ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʢʘʢ ʢʨʦʩʩʧʣʘʪ-

ʬʦʨʤʝʥʥʘʷ ʩʠʩʪʝʤʘ. ʊʝʣʝʚʠʟʠʦʥʥʳʡ ʢʦʥʪʝʥʪ 

ʚʳʭʦʜʠʪ ʟʘ ʧʨʝʜʝʣʳ ʣʠʥʝʡʥʦʛʦ ʵʬʠʨʘ ʠ ʧʦʣʫ-

ʯʘʝʪ ʧʨʦʜʦʣʞʝʥʠʝ ʥʘ ʩʘʡʪʘʭ ʢʘʥʘʣʦʚ, ʚʠʜʝ-

ʦʭʦʩʪʠʥʛʘʭ, ʚ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ ʠ ʤʝʩʩʝʥʜʞʝ-

ʨʘʭ. ɼʣʷ ʨʦʩʩʠʡʩʢʠʭ ʪʝʣʝʢʘʥʘʣʦʚ ʵʪʦ ʦʟʥʘʯʘʝʪ 

ʥʝ ʦʪʢʘʟ ʦʪ ʩʦʙʩʪʚʝʥʥʦʡ ʚʝʱʘʪʝʣʴʥʦʡ ʧʨʠʨʦ-

ʜʳ, ʘ ʨʘʩʰʠʨʝʥʠʝ ʢʘʥʘʣʦʚ ʜʠʩʪʨʠʙʫʮʠʠ ʠ 

ʬʦʨʤʘʪʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʘʫʜʠʪʦʨʠʝʡ. ʀʩ-

ʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚʝʜʫʱʠʝ ʪʝʣʝʢʘ-

ʥʘʣʳ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪ ʩʦʮʠʘʣʴʥʳʝ ʤʝʜʠʘ 

ʜʣʷ ʧʨʦʜʚʠʞʝʥʠʷ ʙʨʝʥʜʘ, ʧʦʚʪʦʨʥʦʛʦ ʚʦʚʣʝ-

ʯʝʥʠʷ ʟʨʠʪʝʣʷ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʢʦʨʦʪʢʠʭ ʚʠ-

ʜʝʦʬʨʘʛʤʝʥʪʦʚ ʠ ʧʨʦʜʣʝʥʠʷ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢ-

ʣʘ ʪʝʣʝʚʠʟʠʦʥʥʦʛʦ ʧʨʦʜʫʢʪʘ [ʂʨʫʛʣʦʚʘ, ʑʝ-

ʧʠʣʦʚʘ 2024]. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʤʘʩʩʦʚʦʩʪʴ 

ʪʝʣʝʚʠʜʝʥʠʷ ʧʝʨʝʩʪʘʝʪ ʙʳʪʴ ʪʦʞʜʝʩʪʚʝʥʥʦʡ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʵʬʠʨʫ: ʦʥʘ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʤʝʜʠʘʙʨʝʥʜʘ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʚ 

ʨʘʟʥʳʭ ʩʨʝʜʘʭ, ʩʦʭʨʘʥʷʷ ʧʨʠ ʵʪʦʤ ʫʟʥʘʚʘʝ-

ʤʦʩʪʴ, ʨʝʜʘʢʮʠʦʥʥʫʶ ʠʜʝʥʪʠʯʥʦʩʪʴ ʠ ʠʥʩʪʠ-

ʪʫʮʠʦʥʘʣʴʥʳʡ ʩʪʘʪʫʩ. 

ʀʟʤʝʥʝʥʠʝ ʤʝʜʠʘʩʨʝʜʳ ʟʘʢʦʥʦʤʝʨʥʦ ʧʨʠ-

ʚʝʣʦ ʢ ʫʩʣʦʞʥʝʥʠʶ ʩʪʨʫʢʪʫʨʳ ʪʝʣʝʘʫʜʠʪʦʨʠʠ. 

ɽʩʣʠ ʨʘʥʝʝ ʪʝʣʝʚʠʜʝʥʠʝ ʦʧʠʩʳʚʘʣʦʩʴ ʧʨʝ-

ʠʤʫʱʝʩʪʚʝʥʥʦ ʢʘʢ ʢʘʥʘʣ ʩ ʧʦʯʪʠ ʫʥʠʚʝʨʩʘʣʴ-

ʥʳʤ ʦʭʚʘʪʦʤ, ʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʧʝʨʚʳʡ 

ʧʣʘʥ ʚʳʭʦʜʠʪ ʩʝʛʤʝʥʪʘʮʠʷ ʘʫʜʠʪʦʨʠʠ ʧʦ ʚʦʟ-

ʨʘʩʪʫ, ʩʪʠʣʶ ʞʠʟʥʠ, ʤʦʜʝʣʠ ʧʦʪʨʝʙʣʝʥʠʷ ʠ 
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ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʠʚʳʯʢʘʤ. ʕʪʦ ʦʩʦʙʝʥʥʦ 

ʟʘʤʝʪʥʦ ʥʘ ʬʦʥʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʝʣʠʥʝʡʥʦ-

ʛʦ ʧʨʦʩʤʦʪʨʘ, ʤʦʙʠʣʴʥʳʭ ʵʢʨʘʥʦʚ ʠ ʩʝʨʚʠʩʦʚ 

ʚʠʜʝʦ ʧʦ ʟʘʧʨʦʩʫ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʬʨʘʛʤʝʥʪʘʮʠʷ 

ʥʝ ʦʟʥʘʯʘʝʪ ʫʪʨʘʪʳ ʪʝʣʝʚʠʜʝʥʠʝʤ ʤʘʩʩʦʚʦʛʦ 

ʭʘʨʘʢʪʝʨʘ. ʉʢʦʨʝʝ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʦʪ ʤʦ-

ʜʝʣʠ ʦʜʥʦʨʦʜʥʦʡ ʤʘʩʩʦʚʦʡ ʘʫʜʠʪʦʨʠʠ ʢ ʤʦʜʝ-

ʣʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʡ ʤʘʩʩʦʚʦʩʪʠ, ʢʦʛʜʘ 

ʨʘʟʥʳʝ ʛʨʫʧʧʳ ʚʢʣʶʯʘʶʪʩʷ ʚ ʪʝʣʝʚʠʟʠʦʥʥʫʶ 

ʢʦʤʤʫʥʠʢʘʮʠʶ ʧʦ-ʨʘʟʥʦʤʫ, ʥʦ ʚʩʝ ʞʝ ʦʩʪʘʶʪ-

ʩʷ ʩʚʷʟʘʥʥʳʤʠ ʩ ʥʝʡ ʯʝʨʝʟ ʦʙʱʠʝ ʤʝʜʠʡʥʳʝ 

ʩʦʙʳʪʠʷ, ʢʨʫʧʥʳʝ ʥʦʚʦʩʪʥʳʝ ʧʦʚʦʜʳ, ʩʧʦʨ-

ʪʠʚʥʳʝ ʪʨʘʥʩʣʷʮʠʠ ʠʣʠ ʫʩʪʦʡʯʠʚʳʝ ʙʨʝʥʜʳ 

ʬʝʜʝʨʘʣʴʥʳʭ ʢʘʥʘʣʦʚ [ʇʦʣʫʵʭʪʦʚʘ 2022; 

ʅʘʟʘʨʦʚ, ʖʨʢʠʥ 2024; ʇʦʟʥʠʥ 2024]. ʉʣʝʜʦ-

ʚʘʪʝʣʴʥʦ, ʤʘʩʩʦʚʦʩʪʴ ʪʝʣʝʚʠʜʝʥʠʷ ʩʪʘʥʦʚʠʪʩʷ 

ʙʦʣʝʝ ʩʣʦʞʥʦʡ, ʥʦ ʥʝ ʠʩʯʝʟʘʝʪ. 

ʆʪʜʝʣʴʥʦʛʦ ʚʥʠʤʘʥʠʷ ʟʘʩʣʫʞʠʚʘʝʪ ʚʦʧʨʦʩ 

ʜʦʚʝʨʠʷ ʢ ʪʝʣʝʚʠʜʝʥʠʶ. ʂʦʤʤʫʥʠʢʘʪʠʚʥʘʷ 

ʩʠʣʘ ʪʝʣʝʚʠʜʝʥʠʷ ʩʚʷʟʘʥʘ ʥʝ ʪʦʣʴʢʦ ʩ ʪʝʭʥʠ-

ʯʝʩʢʦʡ ʚʦʟʤʦʞʥʦʩʪʴʶ ʦʭʚʘʪʘ ʙʦʣʴʰʦʡ ʘʫʜʠ-

ʪʦʨʠʠ, ʥʦ ʠ ʩ ʚʦʩʧʨʠʷʪʠʝʤ ʝʛʦ ʢʘʢ ʠʥʩʪʠʪʫʮʠ-

ʦʥʘʣʴʥʦ ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʠʥʬʦʨʤʘ-

ʮʠʠ. ʀʤʝʥʥʦ ʥʘʣʠʯʠʝ ʨʝʜʘʢʮʠʦʥʥʦʡ ʦʨʛʘʥʠ-

ʟʘʮʠʠ, ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʩʪʘʥʜʘʨʪʦʚ, ʫʟʥʘʚʘ-

ʝʤʳʭ ʚʝʜʫʱʠʭ ʠ ʩʪʘʙʠʣʴʥʳʭ ʢʘʥʘʣʦʚ ʜʠʩʪʨʠ-

ʙʫʮʠʠ ʬʦʨʤʠʨʫʝʪ ʫ ʟʥʘʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʘʫʜʠ-

ʪʦʨʠʠ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʪʝʣʝʚʠʟʠʦʥʥʦʡ ʠʥ-

ʬʦʨʤʘʮʠʠ ʢʘʢ ʦ ʙʦʣʝʝ ʣʝʛʠʪʠʤʥʦʡ ʧʦ ʩʨʘʚʥʝ-

ʥʠʶ ʩ ʬʨʘʛʤʝʥʪʘʨʥʳʤʠ ʩʦʦʙʱʝʥʠʷʤʠ ʚ ʩʝʪʝ-

ʚʦʡ ʩʨʝʜʝ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʦʚʨʝʤʝʥʥʦʝ ʠʩʩʣʝ-

ʜʦʚʘʥʠʝ ʤʝʜʠʘʜʦʚʝʨʠʷ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʪʥʦ-

ʰʝʥʠʝ ʢ ʪʝʣʝʚʠʜʝʥʠʶ ʟʘʚʠʩʠʪ ʦʪ ʫʨʦʚʥʷ ʦʙ-

ʱʝʛʦ ʩʦʮʠʘʣʴʥʦʛʦ ʜʦʚʝʨʠʷ, ʧʦʣʠʪʠʯʝʩʢʠʭ 

ʫʩʪʘʥʦʚʦʢ, ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ 

ʤʝʜʠʘʧʨʠʚʳʯʝʢ ʛʨʘʞʜʘʥ [ʄʫʭʘʤʝʪʦʚ 2024]. 

ʊʝʤ ʩʘʤʳʤ ʜʦʚʝʨʠʝ ʢ ʪʝʣʝʚʠʜʝʥʠʶ ʚʳʩʪʫʧʘʝʪ 

ʥʝ ʘʙʩʦʣʶʪʥʦʡ ʢʦʥʩʪʘʥʪʦʡ, ʘ ʩʣʦʞʥʳʤ ʩʦʮʠ-

ʘʣʴʥʳʤ ʨʝʩʫʨʩʦʤ, ʢʦʪʦʨʳʡ ʧʦʜʜʝʨʞʠʚʘʝʪ ʝʛʦ 

ʚʣʠʷʥʠʝ ʢʘʢ ʩʨʝʜʩʪʚʘ ʤʘʩʩʦʚʦʡ ʢʦʤʤʫʥʠʢʘ-

ʮʠʠ.  

ʅʘʨʷʜʫ ʩ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʬʫʥʢʮʠʝʡ ʪʝʣʝ-

ʚʠʜʝʥʠʝ ʧʨʦʜʦʣʞʘʝʪ ʚʳʧʦʣʥʷʪʴ ʠʥʪʝʛʨʘʪʠʚ-

ʥʫʶ ʠ ʢʫʣʴʪʫʨʥʦ-ʥʦʨʤʘʪʠʚʥʫʶ ʨʦʣʴ. ʄʘʩʩʦ-

ʚʳʝ ʪʨʘʥʩʣʷʮʠʠ ʦʙʱʝʩʪʚʝʥʥʦ ʟʥʘʯʠʤʳʭ ʩʦʙʳ-

ʪʠʡ, ʧʨʘʟʜʥʠʯʥʳʝ ʵʬʠʨʳ, ʢʨʫʧʥʳʝ ʩʧʦʨʪʠʚ-

ʥʳʝ ʩʦʨʝʚʥʦʚʘʥʠʷ ʠ ʵʢʩʪʨʝʥʥʳʝ ʦʙʨʘʱʝʥʠʷ 

ʬʦʨʤʠʨʫʶʪ ʨʝʞʠʤ ʩʠʥʭʨʦʥʥʦʛʦ ʚʥʠʤʘʥʠʷ, ʚ 

ʨʘʤʢʘʭ ʢʦʪʦʨʦʛʦ ʘʫʜʠʪʦʨʠʷ ʧʝʨʝʞʠʚʘʝʪ ʩʦʙʳ-

ʪʠʝ ʢʘʢ ʦʙʱʝʝ, ʘ ʥʝ ʯʘʩʪʥʦʝ. ɼʘʞʝ ʚ ʪʝʭ ʩʣʫʯʘ-

ʷʭ, ʢʦʛʜʘ ʟʨʠʪʝʣʴ ʦʙʨʘʱʘʝʪʩʷ ʢ ʪʝʣʝʚʠʟʠʦʥ-

ʥʦʤʫ ʢʦʥʪʝʥʪʫ ʥʝ ʚ ʧʨʷʤʦʤ ʵʬʠʨʝ, ʘ ʯʝʨʝʟ 

ʬʨʘʛʤʝʥʪʳ, ʢʣʠʧʳ ʠʣʠ ʧʫʙʣʠʢʘʮʠʠ ʥʘ ʮʠʬʨʦ-

ʚʳʭ ʧʣʘʪʬʦʨʤʘʭ, ʠʩʭʦʜʥʘʷ ʩʠʤʚʦʣʠʯʝʩʢʘʷ 

ʨʘʤʢʘ ʯʘʩʪʦ ʟʘʜʘʝʪʩʷ ʠʤʝʥʥʦ ʪʝʣʝʚʠʟʠʦʥʥʳʤ 

ʙʨʝʥʜʦʤ ʠ ʨʝʜʘʢʮʠʦʥʥʦʡ ʣʦʛʠʢʦʡ ʢʘʥʘʣʘ. ɺ 

ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ ʪʝʣʝʚʠʜʝʥʠʝ ʩʦʭʨʘʥʷʝʪ ʩʧʦ-

ʩʦʙʥʦʩʪʴ ʦʨʛʘʥʠʟʦʚʳʚʘʪʴ ʢʦʣʣʝʢʪʠʚʥʳʡ ʵʤʦ-

ʮʠʦʥʘʣʴʥʳʡ ʠ ʩʤʳʩʣʦʚʦʡ ʦʧʳʪ, ʯʪʦ ʧʨʠʥʮʠ-

ʧʠʘʣʴʥʦ ʚʘʞʥʦ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʝʛʦ ʢʘʢ ʠʥʩʪʠ-

ʪʫʪʘ ʤʘʩʩʦʚʦʡ ʢʦʤʤʫʥʠʢʘʮʠʠ [ʇʦʣʫʵʭʪʦʚʘ 

2023; ɺʘʨʪʘʥʦʚʘ 2024]. 

ʇʦʢʘʟʘʪʝʣʴʥʦ, ʯʪʦ ʜʘʞʝ ʧʨʠ ʧʝʨʝʨʘʩʧʨʝʜʝ-

ʣʝʥʠʠ ʤʝʜʠʘʧʦʪʨʝʙʣʝʥʠʷ ʚ ʧʦʣʴʟʫ ʮʠʬʨʦʚʳʭ 

ʧʣʘʪʬʦʨʤ ʪʝʣʝʚʠʜʝʥʠʝ ʧʨʦʜʦʣʞʘʝʪ ʫʯʘʩʪʚʦ-

ʚʘʪʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʦʙʱʝʛʦ ʩʠʤʚʦʣʠʯʝʩʢʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʝʜʥʠʭ ʣʝʪ 

ʬʠʢʩʠʨʫʶʪ ʫʩʪʦʡʯʠʚʳʡ ʩʜʚʠʛ ʘʫʜʠʪʦʨʠʠ ʚ 

ʩʪʦʨʦʥʫ ʦʥʣʘʡʥ-ʚʠʜʝʦ, ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʧʣʘʪ-

ʬʦʨʤʝʥʥʳʭ ʩʝʨʚʠʩʦʚ ʠ ʩʤʝʰʘʥʥʳʭ ʩʮʝʥʘʨʠʝʚ 

ʧʦʪʨʝʙʣʝʥʠʷ, ʩʦʯʝʪʘʶʱʠʭ ʵʬʠʨʥʳʡ, ʤʦʙʠʣʴ-

ʥʳʡ ʠ ʩʝʪʝʚʦʡ ʬʦʨʤʘʪʳ [ɼʝʚʷʪʢʠʥ 2025; 

ʅʘʟʘʨʦʚ, ʖʨʢʠʥ 2024]. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʪʝʣʝ-

ʚʠʟʠʦʥʥʳʡ ʢʦʥʪʝʥʪ ʘʜʘʧʪʠʨʫʝʪʩʷ ʢ ʥʦʚʳʤ ʢʘ-

ʥʘʣʘʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. ɺ ʩʦʮʠʘʣʴʥʳʭ ʤʝʜʠʘ 

ʪʝʣʝʚʠʟʠʦʥʥʳʝ ʚʠʜʝʦʩʶʞʝʪʳ ʩʪʘʥʦʚʷʪʩʷ ʢʦ-

ʨʦʯʝ, ʜʠʥʘʤʠʯʥʝʝ, ʧʣʦʪʥʝʝ ʧʦ ʩʤʳʩʣʫ ʠ ʚʠʟʫ-

ʘʣʴʥʦ ʙʦʣʝʝ ʘʢʮʝʥʪʠʨʦʚʘʥʥʳʤʠ. ʆʥʠ ʩʦʭʨʘ-

ʥʷʶʪ ʩʚʷʟʴ ʩ ʪʝʣʝʚʠʟʠʦʥʥʳʤ ʧʨʦʠʩʭʦʞʜʝʥʠ-

ʝʤ, ʥʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦʜʩʪʨʘʠʚʘʶʪʩʷ ʧʦʜ 

ʧʣʘʪʬʦʨʤʝʥʥʫʶ ʣʦʛʠʢʫ ʚʦʩʧʨʠʷʪʠʷ, ʛʜʝ ʚʦʟ-

ʨʘʩʪʘʝʪ ʨʦʣʴ ʙʳʩʪʨʦʛʦ ʚʭʦʜʘ ʚ ʪʝʤʫ, ʪʠʪʨʦʚʘ-

ʥʠʷ, ʚʝʨʪʠʢʘʣʴʥʦʡ ʢʦʤʧʦʟʠʮʠʠ ʠ ʘʚʪʦʥʦʤʥʦ-

ʩʪʠ ʬʨʘʛʤʝʥʪʘ [ʏʦʙʘʥʷʥ 2025]. ʕʪʦ ʩʚʠʜʝ-

ʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʪʝʣʝʚʠʜʝʥʠʝ ʥʝ ʫʪʨʘʯʠ-

ʚʘʝʪ ʢʦʤʤʫʥʠʢʘʪʠʚʥʳʡ ʧʦʪʝʥʮʠʘʣ, ʘ ʧʝʨʝʨʘ-

ʙʘʪʳʚʘʝʪ ʩʦʙʩʪʚʝʥʥʳʝ ʬʦʨʤʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʥʦʚʦʡ ʤʝʜʠʘʩʨʝʜʦʡ. ʕʪʦ ʦʪʯʝʪʣʠʚʦ ʚʠʜʥʦ ʥʘ 

ʧʨʠʤʝʨʝ ʚʳʧʫʩʢʘ çɺʝʩʪʠ. ɼʦʥè ʦʪ 13.03.2026: 

ʝʩʣʠ ʚ ʪʝʣʝʚʠʟʠʦʥʥʦʡ ʚʝʨʩʠʠ ʦʥ ʩʦʭʨʘʥʷʝʪ 

ʬʦʨʤʫ ʮʝʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ, ʪʦ ʚ Telegram-

ʘʥʦʥʩʝ ʪʦʛʦ ʞʝ ʜʥʷ ʨʝʜʘʢʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʝʛʦ 

ʢʘʢ ʥʘʙʦʨ ʢʦʨʦʪʢʦ ʦʙʦʟʥʘʯʝʥʥʳʭ ʪʝʤ ʩ ʧʦʤʠ-

ʥʫʪʥʦʡ ʨʘʟʤʝʪʢʦʡ, ʥʘʧʨʠʤʝʨ ç00:57 ɺʦʟʜʫʰ-

ʥʘʷ ʘʪʘʢʘè, ç01:43 ʉʝʚ ʛʦʨʦʭʘè, ç07:16 ʐʝʩʪʴ 

ʥʦʚʳʭ ʰʝʩʪʠʚʘʛʦʥʥʳʭ ʧʦʝʟʜʦʚ ʚʳʰʣʠ ʥʘ ʦʙ-

ʣʘʩʪʥʳʝ ʤʘʨʰʨʫʪʳè. ɺ ʪʘʢʦʤ ʬʦʨʤʘʪʝ ʨʝʘʣʠ-

ʟʫʶʪʩʷ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʦ ʧʣʘʪʬʦʨʤʝʥʥʳʭ ʧʨʠ-

ʝʤʦʚ: ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʙʳʩʪʨʳʡ ʚʭʦʜ ʚ ʪʝʤʫ, 

ʫʩʠʣʠʚʘʝʪʩʷ ʟʘʛʦʣʦʚʦʯʥʘʷ ʠ ʪʠʪʫʣʴʥʘʷ ʤʘʨʢʠ-

ʨʦʚʢʘ ʩʦʜʝʨʞʘʥʠʷ, ʘ ʦʪʜʝʣʴʥʳʝ ʯʘʩʪʠ ʚʳʧʫʩʢʘ 

ʥʘʯʠʥʘʶʪ ʚʦʩʧʨʠʥʠʤʘʪʴʩʷ ʢʘʢ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʝʜʠʥʠʮʳ. 
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ʅʦʚʝʡʰʠʡ ʵʪʘʧ ʨʘʟʚʠʪʠʷ ʪʝʣʝʚʠʜʝʥʠʷ ʩʚʷ-

ʟʘʥ ʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʠʩʢʫʩ-

ʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʨʝʜʘʢʮʠʦʥʥʦʡ ʧʨʘʢ-

ʪʠʢʝ. ʈʝʯʴ ʠʜʝʪ ʦ ʤʦʥʠʪʦʨʠʥʛʝ ʠʥʬʦʨʤʘʮʠʦʥ-

ʥʦʛʦ ʧʦʣʷ, ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʦʪʜʝʣʴʥʳʭ ʨʫʪʠʥ-

ʥʳʭ ʦʧʝʨʘʮʠʡ, ʪʨʘʥʩʢʨʠʙʠʨʦʚʘʥʠʠ, ʧʦʠʩʢʝ 

ʚʠʟʫʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ ʠ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʝ ʢʦʥʪʝʥʪʘ. ʆʜʥʘ-

ʢʦ ʚʢʣʶʯʝʥʠʝ ʪʘʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʥʝ ʫʩʪʨʘ-

ʥʷʝʪ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʫʶ ʨʦʣʴ ʨʝʜʘʢʮʠʠ, ʘ, 

ʥʘʧʨʦʪʠʚ, ʫʩʠʣʠʚʘʝʪ ʟʥʘʯʝʥʠʝ ʚʝʨʠʬʠʢʘʮʠʠ, 

ʩʤʳʩʣʦʚʦʡ ʩʙʦʨʢʠ ʩʦʦʙʱʝʥʠʷ ʠ ʵʪʠʯʝʩʢʦʡ ʦʪ-

ʚʝʪʩʪʚʝʥʥʦʩʪʠ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʨʦʩʩʠʡʩʢʠʭ ʪʝ-

ʣʝʚʠʟʠʦʥʥʳʭ ʨʝʜʘʢʮʠʡ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚʥʝʜ-

ʨʝʥʠʝ ʀʀ ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʢʘʢ ʬʘʢʪʦʨ ʠʟʤʝ-

ʥʝʥʠʷ ʧʨʦʬʝʩʩʠʠ, ʥʦ ʥʝ ʢʘʢ ʦʩʥʦʚʘʥʠʝ ʜʣʷ ʦʪ-

ʢʘʟʘ ʦʪ ʞʫʨʥʘʣʠʩʪʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʥʘʜ ʢʦʥʝʯ-

ʥʳʤ ʧʨʦʜʫʢʪʦʤ [ɿʫʡʢʠʥʘ, ʈʘʟʫʤʦʚʘ 2025]. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʝʣʝʚʠʜʝʥʠʝ ʩʦʭʨʘʥʷʝʪ ʠʥʩʪʠ-

ʪʫʮʠʦʥʘʣʴʥʫʶ ʩʧʝʮʠʬʠʢʫ ʠ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ 

ʫʩʣʦʞʥʝʥʥʦʡ ʩʨʝʜʝ, ʘ ʟʥʘʯʠʪ, ʧʨʦʜʦʣʞʘʝʪ ʚʳ-

ʧʦʣʥʷʪʴ ʬʫʥʢʮʠʠ ʤʘʩʩʦʚʦʡ ʢʦʤʤʫʥʠʢʘʮʠʠ ʥʘ 

ʥʦʚʦʤ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʤ ʫʨʦʚʥʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʣʝʚʠʜʝʥʠʝ ʩʦʭʨʘʥʷʝʪ ʩʪʘ-

ʪʫʩ ʩʨʝʜʩʪʚʘ ʤʘʩʩʦʚʦʡ ʢʦʤʤʫʥʠʢʘʮʠʠ ʥʝ ʚʦ-

ʧʨʝʢʠ ʮʠʬʨʦʚʳʤ ʠʟʤʝʥʝʥʠʷʤ, ʘ ʚ ʧʨʦʮʝʩʩʝ ʠʭ 

ʦʩʚʦʝʥʠʷ. ɽʛʦ ʫʩʪʦʡʯʠʚʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʥʝ ʪʦʣʴʢʦ ʪʨʘʜʠʮʠʦʥʥʳʤ ʦʭʚʘʪʦʤ, ʥʦ ʠ ʩʧʦ-

ʩʦʙʥʦʩʪʴʶ ʩʪʨʫʢʪʫʨʠʨʦʚʘʪʴ ʦʙʱʝʩʪʚʝʥʥʫʶ 

ʧʦʚʝʩʪʢʫ, ʟʘʜʘʚʘʪʴ ʠʥʪʝʨʧʨʝʪʘʮʠʦʥʥʫʶ ʨʘʤʢʫ 

ʩʦʙʳʪʠʡ, ʧʦʜʜʝʨʞʠʚʘʪʴ ʜʦʚʝʨʠʝ ʢ ʠʥʩʪʠʪʫʮʠ-

ʦʥʘʣʴʥʦ ʦʨʛʘʥʠʟʦʚʘʥʥʦʤʫ ʩʦʦʙʱʝʥʠʶ ʠ ʧʨʠ-

ʩʫʪʩʪʚʦʚʘʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʥʝʩʢʦʣʴʢʠʭ ʤʝ-

ʜʠʘʩʨʝʜʘʭ. ʉʦʚʨʝʤʝʥʥʘʷ ʤʘʩʩʦʚʦʩʪʴ ʪʝʣʝʚʠ-

ʜʝʥʠʷ ʫʞʝ ʥʝ ʪʦʞʜʝʩʪʚʝʥʥʘ ʧʦʣʥʦʡ ʫʥʠʚʝʨ-

ʩʘʣʴʥʦʩʪʠ ʘʫʜʠʪʦʨʠʠ, ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʜʦ-

ʮʠʬʨʦʚʦʛʦ ʵʪʘʧʘ, ʦʜʥʘʢʦ ʧʨʦʜʦʣʞʘʝʪ ʧʨʦʷʚ-

ʣʷʪʴʩʷ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʦʙʱʠʭ ʩʤʳʩʣʦʚʳʭ 

ʦʨʠʝʥʪʠʨʦʚ ʜʣʷ ʙʦʣʴʰʠʭ, ʪʝʨʨʠʪʦʨʠʘʣʴʥʦ 

ʨʘʩʩʨʝʜʦʪʦʯʝʥʥʳʭ ʠ ʚʥʫʪʨʝʥʥʝ ʩʝʛʤʝʥʪʠʨʦ-

ʚʘʥʥʳʭ ʛʨʫʧʧ. ʇʦʵʪʦʤʫ ʪʝʣʝʚʠʜʝʥʠʝ ʩʣʝʜʫʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʪʨʘʥʩʬʦʨʤʠʨʫʶʱʠʡʩʷ, ʥʦ 

ʩʦʭʨʘʥʷʶʱʠʡ ʚʳʩʦʢʫʶ ʦʙʱʝʩʪʚʝʥʥʫʶ ʟʥʘʯʠ-

ʤʦʩʪʴ ʠʥʩʪʠʪʫʪ ʤʘʩʩʦʚʦʡ ʢʦʤʤʫʥʠʢʘʮʠʠ. 
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in the context of the digital transformation of the media environment. The relevance of the topic lies in 

the fact that the expansion of internet platforms and nonlinear video consumption does not eliminate the 

communicative significance of television, but changes the way it functions. The purpose of the article is 
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ʅɸʈʈɸʊʆʃʆɻʀʏɽʉʂʀɽ ʀ ʆɹʈɸɿʅʆ-ʍʋɼʆɾɽʉʊɺɽʅʅʓɽ ɸʉʇɽʂʊʓ  

ʉʋɹɸʃʊɽʈʅ-ɻɽʈʆɽɺ ɺ ʈʆʄɸʅɸʍ çɻʈʀʄʋʉè ʀ çɼɽʊʀ ʇʆʃʋʅʆʏʀè ʉ. ʈʋʐɼʀ 

 

ʊ.ɺ. ʌʠʣʠʧʧʦʚʘ, ʧʨʝʧʦʜʘʚʘʪʝʣʴ-ʠʩʩʣʝʜʦʚʘʪʝʣʴ 

ʃʠʪʝʨʘʪʫʨʥʳʡ ʠʥʩʪʠʪʫʪ ʠʤ. ɸ.ʄ. ɻʦʨʴʢʦʛʦ 

(ʈʦʩʩʠʷ, ʛ. ʄʦʩʢʚʘ) 

 

DOI:10.24412/2500-1000-2026-3-2-195-199 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʧʨʦʠʟʚʝʜʝʥʠʡ ʉʘʣʤʘʥʘ ʈʫʰʜʠ (çɻʨʠʤʫʩè, 

çɼʝʪʠ ʧʦʣʫʥʦʯʠè) ʯʝʨʝʟ ʧʨʠʟʤʫ ʧʦʩʪʢʦʣʦʥʠʘʣʴʥʦʛʦ ʜʠʩʢʫʨʩʘ (ʕ. ʉʘʠʜ, ɻ.ʏ. ʉʧʠʚʘʢ ʠ ʍ. ɹʭʘʙʭʘ). 

ʀʩʩʣʝʜʫʶʪʩʷ ʥʘʨʨʘʪʦʣʦʛʠʯʝʩʢʠʝ ʠ ʦʙʨʘʟʥʦ-ʭʫʜʦʞʝʩʪʚʝʥʥʳʝ ʘʩʧʝʢʪʳ ʪʝʢʩʪʦʚ, ʢʘʪʝʛʦʨʠʷ ʛʝ-

ʨʦʷ-ʩʫʙʘʣʪʝʨʥʘ. ɼʝʣʘʝʪʩʷ ʚʳʚʦʜ ʦ ʨʷʜʝ ʦʙʱʠʭ ʭʫʜʦʞʝʩʪʚʝʥʥʳʭ ʯʝʨʪ ʨʘʥʥʠʭ ʨʦʤʘʥʦʚ ʉ. ʈʫʰʜʠ, 

ʘ ʪʘʢʞʝ ʦ ʚʟʘʠʤʦʩʚʷʟʠ ʠ ʚʣʠʷʥʠʠ ʪʠʧʘ ʩʫʙʘʣʪʝʨʥ-ʛʝʨʦʷ ʥʘ ʥʘʨʨʘʪʦʣʦʛʠʯʝʩʢʠʝ ʩʪʨʘʪʝʛʠʠ ʘʚ-

ʪʦʨʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʫʙʘʣʪʝʨʥ; ʧʦʩʪʢʦʣʦʥʠʘʣʠʟʤ; ʉʘʣʤʘʥ ʈʫʰʜʠ; ʛʠʙʨʠʜʥʦʩʪʴ; ɻ.ʏ. ʉʧʠʚʘʢ; 

ʍ. ɹʭʘʙʭʘ; ʕ. ʉʘʠʜ. 

 

ʇʦʥʷʪʠʝ çʩʫʙʘʣʪʝʨʥè (ʦʪ ʣʘʪ. subalternus ï 

ʧʦʜʯʠʥʝʥʥʳʡ, ʥʠʟʰʠʡ ʧʦ ʨʘʥʛʫ), ʟʘʠʤʩʪʚʦ-

ʚʘʥʥʦʝ ʣʠʪʝʨʘʪʫʨʦʚʝʜʝʥʠʝʤ ʠʟ ʩʦʮʠʘʣʴʥʳʭ 

ʥʘʫʢ, ʩʪʘʣʦ ʦʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʢʘʪʝʛʦʨʠʡ ʜʣʷ 

ʘʥʘʣʠʟʘ ʚʣʘʩʪʥʳʭ ʦʪʥʦʰʝʥʠʡ, ʦʪʯʫʞʜʝʥʠʷ ʠ 

ʤʝʭʘʥʠʟʤʦʚ ʨʝʧʨʝʟʝʥʪʘʮʠʠ ʚ ʭʫʜʦʞʝʩʪʚʝʥʥʦʤ 

ʪʝʢʩʪʝ. ɽʩʣʠ ʚ ʠʩʪʦʨʠʦʛʨʘʬʠʠ ʠ ʩʦʮʠʦʣʦʛʠʠ 

ʩʫʙʘʣʪʝʨʥʳ ʦʙʦʟʥʘʯʘʶʪ ʩʦʮʠʘʣʴʥʳʝ ʛʨʫʧʧʳ, 

ʠʩʢʣʶʯʝʥʥʳʝ ʠʟ ʩʪʨʫʢʪʫʨ ʚʣʘʩʪʠ ʠ ʛʦʩʧʦʜ-

ʩʪʚʫʶʱʝʛʦ ʜʠʩʢʫʨʩʘ (ʚ ʯʘʩʪʥʦʩʪʠ, ʢʦʣʦʥʠʟʠ-

ʨʦʚʘʥʥʳʝ ʥʘʨʦʜʳ ɺʦʩʪʦʢʘ ʠ ɸʬʨʠʢʠ), ʪʦ ʚ ʣʠ-

ʪʝʨʘʪʫʨʦʚʝʜʝʥʠʠ ʵʪʦʪ ʢʦʥʮʝʧʪ ʧʦʟʚʦʣʷʝʪ ʠʩ-

ʩʣʝʜʦʚʘʪʴ, ʢʘʢ ʠ ʥʘ ʢʘʢʠʭ ʫʩʣʦʚʠʷʭ ʦʧʳʪ 

çɼʨʫʛʠʭè ï ʪʝʭ, ʢʪʦ ʣʠʰʝʥ ʩʫʙʲʝʢʪʥʦʩʪʠ ʚ 

ʦʬʠʮʠʘʣʴʥʳʭ ʥʘʨʨʘʪʠʚʘʭ, ï ʥʘʭʦʜʠʪ ʩʚʦʝ ʚʳ-

ʨʘʞʝʥʠʝ ʚ ʷʟʳʢʝ ʭʫʜʦʞʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʝʜʝ-

ʥʠʷ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʦʙʫʩʣʦʚʣʝʥʘ ʨʘʩʪʫ-

ʱʠʤ ʠʥʪʝʨʝʩʦʤ ʢ ʧʨʦʙʣʝʤʘʤ ʤʘʨʛʠʥʘʣʴʥʦʩʪʠ, 

ʢʫʣʴʪʫʨʥʦʡ ʛʠʙʨʠʜʥʦʩʪʠ ʠ ʜʝʢʦʣʦʥʠʟʘʮʠʠ 

ʟʥʘʥʠʷ, ʯʪʦ ʜʝʣʘʝʪ ʘʥʘʣʠʟ ʩʫʙʘʣʪʝʨʥʦʩʪʠ ʚ ʣʠ-

ʪʝʨʘʪʫʨʝ ʚʘʞʥʦʡ ʯʘʩʪʴʶ ʩʦʚʨʝʤʝʥʥʦʛʦ ʛʫʤʘ-

ʥʠʪʘʨʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʂʦʥʮʝʧʮʠʷ ʩʫʙʘʣʪʝʨʥʘ (ʧʦʜʯʠʥʝʥʥʦʛʦ 

ʩʫʙʲʝʢʪʘ), ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʚ ʨʘʤʢʘʭ ʧʦʩʪʢʦʣʦ-

ʥʠʘʣʴʥʦʡ ʪʝʦʨʠʠ, ʧʨʠʦʙʨʝʪʘʝʪ ʚ ʭʫʜʦʞʝ-

ʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʝ ʉʘʣʤʘʥʘ ʈʫʰʜʠ ʦʩʦʙʦʝ ʠʟ-

ʤʝʨʝʥʠʝ. 

ɺ ʨʘʥʥʠʭ ʨʦʤʘʥʘʭ çɻʨʠʤʫʩè [1] ʠ çɼʝʪʠ 

ʧʦʣʫʥʦʯʠè [2] ʩʫʙʘʣʪʝʨʥ ʥʝ ʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ 

ʩʦʮʠʘʣʴʥʦʡ ʢʘʪʝʛʦʨʠʝʡ, ʥʦ ʩʪʘʥʦʚʠʪʩʷ ʩʪʨʫʢ-

ʪʫʨʥʦ-ʢʦʤʧʦʟʠʮʠʦʥʥʳʤ ʵʣʝʤʝʥʪʦʤ, ʦʧʨʝʜʝ-

ʣʷʶʱʠʤ ʥʘʨʨʘʪʦʣʦʛʠʯʝʩʢʫʶ ʦʨʛʘʥʠʟʘʮʠʶ 

ʪʝʢʩʪʘ. ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʩʪʘʚʠʪ ʮʝʣʴʶ ʧʨʦʘʥʘʣʠ-

ʟʠʨʦʚʘʪʴ ʤʝʭʘʥʠʟʤʳ ʨʝʧʨʝʟʝʥʪʘʮʠʠ ʩʫʙʘʣ-

ʪʝʨʥ-ʛʝʨʦʷ ʚ ʪʝʢʩʪʘʭ ʉ. ʈʫʰʜʠ. 

ɼʝʙʶʪʥʳʡ ʨʦʤʘʥ çɻʨʠʤʫʩè ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʟʥʘʢʦʚʳʡ ʵʪʘʧ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʵʪʠʢʠ 

ʩʫʙʘʣʪʝʨʥʘ ʫ ʉ.ʈʫʰʜʠ. ʇʨʦʪʘʛʦʥʠʩʪ ï ɺʟʣʝ-

ʪʘʶʱʠʡ ʆʨʸʣ, ʙʫʜʫʯʠ ʧʦʪʝʨʷʚʰʠʤ ʩʦʙʩʪʚʝʥ-

ʥʦʝ ʧʣʝʤʷ ʠʥʜʝʡʮʝʤ, ʟʘʥʠʤʘʝʪ ʧʦʛʨʘʥʠʯʥʦʝ 

ʧʦʣʦʞʝʥʠʝ ʚ ʩʠʤʚʦʣʠʯʝʩʢʦʤ ʧʦʨʷʜʢʝ ʢʦʣʦʥʠ-

ʘʣʴʥʦʛʦ ʜʠʩʢʫʨʩʘ. ʆʥ ʚʦʧʣʦʱʘʝʪ ʦʙʨʘʟ ʩʫʙʘʣ-

ʪʝʨʥ-ʠʟʛʥʘʥʥʠʢʘ, ʯʴʷ ʠʜʝʥʪʠʯʥʦʩʪʴ ʬʨʘʛʤʝʥ-

ʪʠʨʦʚʘʥʘ. ɽʛʦ  ʙʝʩʢʦʥʝʯʥʦʝ ʧʫʪʝʰʝʩʪʚʠʝ ï ʘʣ-

ʣʝʛʦʨʠʷ ʧʦʧʳʪʢʠ ʩʦʟʜʘʥʠʷ ʠ ʧʦʠʩʢʘ çʪʨʝʪʴʝʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘè ʧʦ ʍ. ɹʭʘʙʭʠ, ʘ ʪʘʢʞʝ çʛʠ-

ʙʨʠʜʥʦʩʪʠè ʠʜʝʥʪʠʯʥʦʩʪʠ: çʗ ï ʥʠʯʪʦ, ʠ 

ʚʩʸè [3, ʩ. 156]. ɽʛʦ ʩʫʙʘʣʪʝʨʥʦʩʪʴ ʧʨʦʷʚʣʷʝʪ-

ʩʷ ʥʝ ʪʦʣʴʢʦ ʥʘ ʫʨʦʚʥʝ ʩʦʮʠʘʣʴʥʦʛʦ ʩʪʘʪʫʩʘ, 

ʥʦ ʠ ʥʘ ʫʨʦʚʥʝ ʥʘʨʨʘʪʠʚʥʦʡ ʩʫʙʲʝʢʪʥʦʩʪʠ. 

ʀʥʪʝʨʪʝʢʩʪʫʘʣʴʥʘʷ ʩʪʨʘʪʝʛʠʷ ʨʦʤʘʥʘ ʉʘʣ-

ʤʘʥʘ ʈʫʰʜʠ çɻʨʠʤʫʩè ʤʦʞʝʪ ʙʳʪʴ ʦʩʤʳʩʣʝʥʘ 

ʢʘʢ ʩʣʦʞʥʘʷ çʨʘʟʚʝʨʪʢʘ ʩʶʞʝʪʘè (ʧʦ ʐʢʣʦʚ-

ʩʢʦʤʫ), ʛʜʝ ʊʨʘʜʠʮʠʷ (ʚʦʩʪʦʯʥʘʷ ʠ ʟʘʧʘʜʥʘʷ) 

ʧʝʨʝʩʪʘʝʪ ʙʳʪʴ ʩʪʘʪʠʯʥʳʤ ʬʦʥʦʤ. ʉʦʟʥʘʥʠʝ 

ɺʟʣʝʪʘʶʱʝʛʦ ʆʨʣʘ ʚʳʩʪʫʧʘʝʪ ʥʝ ʧʨʦʩʪʦ ʤʝ-

ʜʠʘʪʦʨʦʤ, ʥʦ çʜʠʥʘʤʠʯʝʩʢʦʡ ʜʦʤʠʥʘʥʪʦʡè 

ʪʝʢʩʪʘ, ʪʨʘʥʩʬʦʨʤʠʨʫʶʱʝʡ ʘʨʭʘʠʯʝʩʢʠʝ ʠ 

ʤʦʜʝʨʥʠʩʪʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʚ ʧʨʦʩʪʨʘʥʩʪʚʦ ʛʠ-

ʙʨʠʜʥʦʛʦ ʥʘʨʨʘʪʠʚʘ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʪʩʳʣʦʢ ʢ ʧʦʵʤʝ ɸʪʪʘʨʘ 

çɹʝʩʝʜʘ ʧʪʠʮè ʚ ʨʦʤʘʥʝ ʥʝ ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʳʤ 

ʮʠʪʠʨʦʚʘʥʠʝʤ: ʵʪʦ ʧʨʠʤʝʨ çʦʙʥʘʞʝʥʠʷ ʧʨʠʝ-

ʤʘè. ɽʩʣʠ ʚ ʦʨʠʛʠʥʘʣʝ ʩʫʬʠʡʩʢʠʡ ʧʫʪʴ ʪʨʠʜ-

ʮʘʪʠ ʧʪʠʮ ʢ ʉʠʤʫʨʛʫ ʚʝʜʝʪ ʢ ʦʙʨʝʪʝʥʠʶ ʙʦ-

ʞʝʩʪʚʝʥʥʦʛʦ ʝʜʠʥʩʪʚʘ, ʪʦ ʫ ʉ. ʈʫʰʜʠ ʵʪʦʪ 

ʤʠʬʦʧʦʵʪʠʯʝʩʢʠʡ ʢʘʨʢʘʩ ʧʦʜʚʝʨʛʘʝʪʩʷ ʜʝ-
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ʬʦʨʤʘʮʠʠ. ʆʩʪʨʦʚ ʂʘʬ ʩʪʘʥʦʚʠʪʩʷ ʥʝ ʤʝʩʪʦʤ 

ʜʫʭʦʚʥʦʛʦ ʧʨʦʩʚʝʪʣʝʥʠʷ, ʘ ʧʨʦʩʪʨʘʥʩʪʚʦʤ 

çʥʘʨʨʘʪʠʚʥʦʛʦ ʪʫʧʠʢʘè. ʇʫʪʝʰʝʩʪʚʠʝ ɺʟʣʝ-

ʪʘʶʱʝʛʦ ʆʨʣʘ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪ çʙʨʦʜʷʯʠʡ 

ʩʶʞʝʪè ʩʫʬʠʡʩʢʦʡ ʧʨʠʪʯʠ. ʇʦʠʩʢ ɻʨʠʤʫʩʘ 

(ʘʥʘʛʨʘʤʤʳ ʉʠʤʫʨʛʘ) ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʜʝʢʦʥ-

ʩʪʨʫʢʮʠʶ ʩʘʤʦʡ ʠʜʝʠ ʤʠʬʘ, ʘʚʪʦʨʩʪʚʘ ʠ ʙʦ-

ʞʝʩʪʚʘ, ʛʜʝ ʬʠʥʘʣ ʥʝ ʦʙʲʝʜʠʥʷʝʪ, ʘ ʜʨʦʙʠʪ 

ʩʫʙʲʝʢʪʥʦʩʪʴ ʛʝʨʦʷ. 

ɸʣʣʶʟʠʠ ʢ ɼʞʦʡʩʫ ʠ ʕʣʠʦʪʫ ʨʘʙʦʪʘʶʪ ʢʘʢ 

ʵʣʝʤʝʥʪʳ çʣʠʪʝʨʘʪʫʨʥʦʡ ʧʘʨʦʜʠʠè (ʧʦ ʊʳʥʷ-

ʥʦʚʫ, çʢʘʢ ʩʨʝʜʩʪʚʦ ʩʤʝʥʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥ-

ʥʳʭ ʬʦʨʤè [4]). ɺʥʝʜʨʝʥʠʝ ʣʘʥʜʰʘʬʪʦʚ çɹʝʩ-

ʧʣʦʜʥʦʡ ʟʝʤʣʠè ʚ ʠʥʜʝʡʩʢʫʶ ʤʠʬʦʧʦʵʪʠʢʫ 

ʩʦʟʜʘʝʪ ʵʬʬʝʢʪ çʜʠʩʩʦʥʘʥʩʘ ʤʘʪʝʨʠʘʣʘè. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʚʪʦʨʩʢʦʡ ʪʝʭʥʠʢʠ çʧʦʪʦʢʘ 

ʩʦʟʥʘʥʠʷè ʚ ʢʦʥʪʝʢʩʪʝ ʤʠʬʦʣʦʛʠʯʝʩʢʦʛʦ 

ʩʪʨʘʥʩʪʚʠʷ ʨʘʟʨʫʰʘʝʪ ʵʧʠʯʝʩʢʫʶ ʜʠʩʪʘʥʮʠʶ. 

ʀʥʜʝʡʩʢʘʷ ʠʜʝʥʪʠʯʥʦʩʪʴ ɺʟʣʝʪʘʶʱʝʛʦ ʆʨʣʘ 

(ʘʥʠʤʠʟʤ, ʩʚʷʟʴ ʩ ʧʨʠʨʦʜʦʡ) ʥʘʢʣʘʜʳʚʘʝʪʩʷ ʥʘ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʫʶ ʨʝʬʣʝʢʩʠʶ ʝʚʨʦʧʝʡʩʢʦʛʦ 

ʤʦʜʝʨʥʠʟʤʘ, ʩʦʟʜʘʚʘʷ ʛʠʙʨʠʜʥʳʡ ʩʢʘʟ, ʛʜʝ ʛʦ-

ʣʦʩ ʛʝʨʦʷ ʧʦʩʪʦʷʥʥʦ ʩʤʝʱʘʝʪʩʷ ʠʟ ʨʝʛʠʩʪʨʘ 

ʤʠʬʘ ʚ ʨʝʛʠʩʪʨ ʠʨʦʥʠʯʝʩʢʦʛʦ ʤʝʪʘʨʦʤʘʥʘ. 

ʊʨʘʜʠʮʠʦʥʥʘʷ ʬʘʙʫʣʘ ʦ ʧʦʠʩʢʝ ʙʦʛʘ-ʦʪʮʘ 

ʧʝʨʝʨʘʩʪʘʝʪ ʚ ʩʶʞʝʪ ʦ ʜʝʛʨʘʜʘʮʠʠ ʩʘʤʦʡ 

ʬʦʨʤʳ ʧʦʠʩʢʘ. ʆʩʪʨʦʚ, ʢʘʢ ʪʦʧʦʩ, ʜʝʢʦʥʩʪʨʫ-

ʠʨʫʝʪʩʷ: ʦʥ ʥʝ ʷʚʣʷʝʪʩʷ ʢʦʥʝʯʥʦʡ ʪʦʯʢʦʡ, ʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ çʧʫʩʪʦʝ ʦʟʥʘʯʘʶʱʝʝè, 

ʤʝʭʘʥʠʯʝʩʢʫʶ ʢʦʥʩʪʨʫʢʮʠʶ. ʕʪʦ ʧʨʝʚʨʘʱʘʝʪ 

çʧʫʪʴè ʠʟ ʩʘʢʨʘʣʴʥʦʛʦ ʘʢʪʘ ʚ ʧʨʦʮʝʩʩ ʨʝʬʣʝʢ-

ʩʠʠ ʠ ʨʘʟʦʯʘʨʦʚʘʥʠʷ. 

ɻʝʨʦʝʤ-ʧʨʦʪʘʛʦʥʠʩʪʦʤ ʷʚʣʷʝʪʩʷ ɺʟʣʝʪʘʶ-

ʱʠʡ ʆʨʝʣ. ɽʛʦ ʬʠʛʫʨʘ ʧʦʤʦʛʘʝʪ ʘʚʪʦʨʫ ʚʚʝʩʪʠ 

ʚ ʪʝʢʩʪ ʧʨʠʸʤ ʦʩʪʨʘʥʥʝʥʠʷ. ʕʪʦ çʚʟʛʣʷʜ ʩʦ 

ʩʪʦʨʦʥʳè ʥʘ ʪʨʘʜʠʮʠʠ ʚʦʩʪʦʯʥʦʛʦ ʤʠʩʪʠʮʠʟ-

ʤʘ ʠ ʟʘʧʘʜʥʦʝʚʨʦʧʝʡʩʢʦʛʦ ʨʘʮʠʦʥʘʣʠʟʤʘ. 

ʉ. ʈʫʰʜʠ ʚʳʩʪʨʘʠʚʘʝʪ ʦʙʨʘʟʥʫʶ ʩʠʩʪʝʤʫ ʪʘʢ, 

ʯʪʦ ʩʫʬʠʡʩʢʘʷ ʧʦʵʟʠʷ ʠ ʠʥʜʝʡʩʢʠʡ ʤʠʬ ʩʪʘ-

ʥʦʚʷʪʩʷ ʥʝ ʵʢʟʦʪʠʯʝʩʢʠʤʠ ʘʪʨʠʙʫʪʘʤʠ, ʘ ʦʜ-

ʥʠʤ ʠʟ ʚʘʞʥʳʭ ʦʙʨʘʟʥʦ-ʧʦʵʪʠʯʝʩʢʠʭ ʨʷʜʦʚ. 

ʀʥʪʝʨʪʝʢʩʪ ʚ ʨʦʤʘʥʝ ʉ. ʈʫʰʜʠ çɻʨʠʤʫʩè 

ʩʪʘʥʦʚʠʪʩʷ ʙʦʨʴʙʦʡ ʩʪʠʣʝʡ. ʉʦʟʥʘʥʠʝ ʛʝʨʦʷ-

ʤʝʜʠʘʪʦʨʘ ʩʦʟʜʘʝʪ çʪʨʝʪʴʝ ʧʨʦʩʪʨʘʥʩʪʚʦè ï 

ʪʝʢʩʪʦʚʫʶ ʨʝʘʣʴʥʦʩʪʴ, ʛʜʝ ʜʝʢʦʥʩʪʨʫʢʮʠʷ 

ʤʠʬʘ ʩʪʘʥʦʚʠʪʩʷ ʝʜʠʥʩʪʚʝʥʥʦ ʚʦʟʤʦʞʥʳʤ 

ʩʧʦʩʦʙʦʤ ʝʛʦ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ. ɺ 

ʪʝʨʤʠʥʘʭ ʬʦʨʤʘʣʠʟʤʘ, ʵʪʦ ʧʦʙʝʜʘ çʧʨʠʝʤʘè 

ʥʘʜ çʤʘʪʝʨʠʘʣʦʤè, ʧʨʝʚʨʘʱʘʶʱʘʷ ʜʝʢʦʣʦʥʠ-

ʟʘʮʠʶ ʚ ʯʠʩʪʦ ʩʪʨʫʢʪʫʨʥʳʡ, ʷʟʳʢʦʚʦʡ ʧʨʦ-

ʮʝʩʩ. 

ʄʝʪʘʧʨʦʟʘʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʚ çɻʨʠʤʫʩʝè 

(ʩʘʤʦʨʝʬʣʝʢʩʠʷ ʦ ʧʨʦʮʝʩʩʝ ʧʠʩʴʤʘ, ʠʛʨʘ ʩ ʯʠ-

ʪʘʪʝʣʴʩʢʠʤʠ ʦʞʠʜʘʥʠʷʤʠ) ʩʣʫʞʘʪ ʠʥʩʪʨʫʤʝʥ-

ʪʦʤ ʣʝʛʠʪʠʤʘʮʠʠ ʛʦʣʦʩʘ ʩʫʙʘʣʪʝʨʥʘ. ʂʦʛʜʘ 

ʆʨʸʣ ʟʘʷʚʣʷʝʪ: çʗ ʨʘʩʩʢʘʟʳʚʘʶ ʵʪʫ ʠʩʪʦʨʠʶ, 

ʧʦʪʦʤʫ ʯʪʦ ʥʠʢʪʦ ʜʨʫʛʦʡ ʥʝ ʨʘʩʩʢʘʞʝʪ ʝʝ ʟʘ 

ʤʝʥʷè, ʧʨʦʠʩʭʦʜʠʪ ʚʘʞʥʝʡʰʠʡ ʘʢʪ ʥʘʨʨʘʪʠʚ-

ʥʦʡ ʘʧʨʦʧʨʠʘʮʠʠ ï ʧʨʠʩʚʦʝʥʠʷ ʧʨʘʚʘ ʥʘ ʧʦ-

ʚʝʩʪʚʦʚʘʥʠʝ ʪʝʤ, ʢʪʦ ʪʨʘʜʠʮʠʦʥʥʦ ʣʠʰʝʥ ʵʪʦ-

ʛʦ ʧʨʘʚʘ ʚ ʧʦʩʪʢʦʣʦʥʠʘʣʴʥʦʤ ʜʠʩʢʫʨʩʝ [5]. 

ʍʨʦʥʦʪʦʧ ʦʩʪʨʦʚʘ ʂʘʬ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

çʛʝʪʝʨʦʪʦʧʠʶè ʧʦ ʌʫʢʦ [6] ï ʦʩʦʙʦʝ ʧʨʦ-

ʩʪʨʘʥʩʪʚʦ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʩʦʮʠʘʣʴʥʦʛʦ ʧʦ-

ʨʷʜʢʘ. ʉ. ʈʫʰʜʠ ʚ ʜʘʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʨʘʟ-

ʤʝʱʘʝʪ ʨʷʜ ʩʫʙʘʣʪʝʨʥ-ʛʝʨʦʝʚ (ʨʘʟʥʦʦʙʨʘʟʥʳʝ 

ʤʠʛʨʘʥʪʳ, ʠʟʛʦʠ, ʤʫʪʘʥʪʳ), ʢʦʪʦʨʳʝ ʩʦʟʜʘʶʪ 

ʩʦʙʩʪʚʝʥʥʫʶ ʩʠʩʪʝʤʫ ʟʥʘʯʝʥʠʡ, ʧʨʘʚʠʣ ʠ 

ʠʝʨʘʨʭʠʡ. ʕʪʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ 

(ʜʝʚʠʘʥʪʥʘʷ ʛʝʪʝʨʦʪʨʦʧʠʷ) ʧʦʟʚʦʣʷʝʪ 

ʉ. ʈʫʰʜʠ ʠʩʩʣʝʜʦʚʘʪʴ ʩʫʙʘʣʪʝʨʥʦʩʪʴ ʥʝ ʢʘʢ 

ʥʝʜʦʩʪʘʪʦʢ, ʘ ʢʘʢ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʠʥʦʛʦ ʦʙʱʝʩʪʚʘ, ʥʦʚʦʛʦ ʤʠʬʘ ʠ ʥʦʚʦʛʦ çʠʣ-

ʣʶʟʦʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘè. 

ʈʦʤʘʥ çɼʝʪʠ ʧʦʣʫʥʦʯʠè ʟʥʘʤʝʥʫʝʪ ʧʝʨʝʭʦʜ 

ʦʪ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʩʦʟʥʘʥʠʷ ʢ ʢʦʣʣʝʢʪʠʚʥʦ-

ʤʫ. ʉʘʣʠʤ ʉʠʥʘʠ, ʥʘʨʨʘʪʦʨ-ʧʨʦʪʘʛʦʥʠʩʪ, 

ʦʩʫʱʝʩʪʚʣʷʝʪ ʦʙʦʙʱʝʥʠʝ ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʦʧʳ-

ʪʘ ʯʝʨʝʟ ʧʨʠʟʤʫ ʩʚʦʝʛʦ ʪʝʣʝʩʥʦʛʦ ʠ ʧʩʠʭʠʯʝ-

ʩʢʦʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ. 

ʌʘʢʪʫʨʘ ʨʦʤʘʥʘ ï ʛʠʧʝʨʪʝʢʩʪʫʘʣʴʥʘʷ ʤʦʟʘ-

ʠʢʘ ʩ ʥʝʣʠʥʝʡʥʳʤ ʧʦʚʝʩʪʚʦʚʘʥʠʝʤ ʠ ʠʥʪʝʨ-

ʪʝʢʩʪʫʘʣʴʥʳʤʠ ʚʩʪʘʚʢʘʤʠ ʠʟ ʠʥʜʠʡʩʢʦʡ ʤʠ-

ʬʦʣʦʛʠʠ ï ʧʦʟʚʦʣʷʝʪ ʩʫʙʘʣʪʝʨʥʘʤ (ʜʝʪʷʤ ʧʦ-

ʣʫʥʦʯʠ) ʛʦʚʦʨʠʪʴ ʦ ʢʦʣʣʝʢʪʠʚʥʦʡ ʪʨʘʚʤʝ, 

ʥʘʥʝʩʸʥʥʦʡ ʙʨʠʪʘʥʩʢʠʤʠ ʟʘʚʦʝʚʘʪʝʣʷʤʠ, ʢʦ-

ʣʦʥʠʘʣʴʥʳʤʠ ʧʨʘʚʠʣʘʤʠ. ʕʪʦʪ ʪʠʧ ʧʦʚʝʩʪʚʦ-

ʚʘʥʠʷ ʧʦʜʯʝʨʢʠʚʘʝʪ ʤʠʤʠʢʨʠʶ ʧʦ ʍ. ɹʭʘʙʭʠ: 

çʄʳ ï ʜʝʪʠ ʠʩʪʦʨʠʠ, ʥʦ ʠʩʪʦʨʠʷ ʥʘʩ ʥʝ ʩʣʳ-

ʰʠʪè [3, ʩ. 234]. 

ʅʘʨʨʘʪʦʣʦʛʠʯʝʩʢʘʷ ʠʥʥʦʚʘʮʠʷ ʨʦʤʘʥʘ ʟʘ-

ʢʣʶʯʘʝʪʩʷ ʚ ʩʦʟʜʘʥʠʠ ʩʣʦʞʥʦʡ ʩʠʩʪʝʤʳ ʚʣʦ-

ʞʝʥʥʳʭ ʥʘʨʨʘʪʠʚʦʚ, ʛʜʝ ʛʦʣʦʩ ʉʘʣʠʤʘ ʩʪʘʥʦ-

ʚʠʪʩʷ ʦʙʨʘʤʣʷʶʱʠʤ ʜʣʷ ʤʥʦʞʝʩʪʚʘ ʩʫʙʘʣʪʝʨ-

ʥʳʭ ʛʦʣʦʩʦʚ. ʊʝʭʥʠʢʘ ʧʦʪʦʢʘ ʩʦʟʥʘʥʠʷ, ʤʦʜʠ-

ʬʠʮʠʨʦʚʘʥʥʘʷ ʧʦʜ ʟʘʜʘʯʠ ʧʦʩʪʢʦʣʦʥʠʘʣʴʥʦʛʦ 

ʧʠʩʴʤʘ, ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʜʘʪʴ ʬʨʘʛʤʝʥʪʠʨʦʚʘʥ-

ʥʦʩʪʴ ʠ ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ ʦʙʨʘʟʦʚ ʩʫʙʘʣʪʝʨʥ-

ʛʝʨʦʝʚ. ʇʨʠ ʵʪʦʤ ʉ.ʈʫʰʜʠ ʠʟʙʝʛʘʝʪ ʨʦʤʘʥʪʠ-

ʟʘʮʠʠ ʜʘʥʥʦʛʦ ʦʧʳʪʘ, ʩʦʭʨʘʥʷʷ ʢʨʠʪʠʯʝʩʢʫʶ 

ʜʠʩʪʘʥʮʠʶ ʯʝʨʝʟ ʠʨʦʥʠʯʝʩʢʫʶ ʠʥʪʦʥʘʮʠʶ, 

ʤʠʩʪʠʯʝʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʠ-

ʬʘ. 
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ʉʦʙʠʨʘʪʝʣʴʥʳʡ ʦʙʨʘʟ çʜʝʪʝʡ ʧʦʣʫʥʦʯʠè 

(1001 ʨʝʙʝʥʢʘ, ʨʦʜʠʚʰʝʛʦʩʷ ʚ ʤʦʤʝʥʪ ʦʙʨʝʪʝ-

ʥʠʷ ʀʥʜʠʝʡ ʥʝʟʘʚʠʩʠʤʦʩʪʠ) ʩʦʟʜʘʝʪ ʤʦʱʥʫʶ 

ʩʠʤʚʦʣʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʜʣʷ ʨʝʧʨʝʟʝʥʪʘʮʠʠ 

ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʩʫʙʘʣʪʝʨʥʘ: ʢʘʞʜʘʷ ʩʫʜʴʙʘ ï 

ʠʩʪʦʨʠʷ ʚʳʞʠʚʰʝʛʦ, ʘ ʪʘʢʞʝ ʠʩʪʦʨʠʷ ʦʙʨʝʪʝ-

ʥʠʷ ʩʚʦʙʦʜʳ ʮʝʣʦʡ ʥʘʮʠʝʡ, ʩʪʨʘʥʦʡ. ʂʘʞʜʳʡ 

ʨʝʙʝʥʦʢ, ʨʦʞʜʸʥʥʳʡ ʚ ʵʪʫ ʟʥʘʢʦʚʫʶ ʥʦʯʴ, ʦʙ-

ʣʘʜʘʝʪ ʤʘʛʠʯʝʩʢʠʤʠ ʩʧʦʩʦʙʥʦʩʪʷʤʠ, ʯʪʦ ʧʦ-

ʤʦʛʘʝʪ ʠʤ ʩʧʨʘʚʣʷʪʴʩʷ ʩ ʥʦʚʳʤ ʤʠʨʦʤ. ʄʘʛʠ-

ʯʝʩʢʠʡ ʨʝʘʣʠʟʤ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʩʣʫʞʠʪ ʥʝ 

ʵʩʪʝʪʠʯʝʩʢʠʤ ʫʢʨʘʰʝʥʠʝʤ, ʘ ʛʥʦʩʝʦʣʦʛʠʯʝ-

ʩʢʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʧʦʟʥʘʥʠʷ ʠʩʪʦʨʠʯʝ-

ʩʢʦʡ ʨʝʘʣʴʥʦʩʪʠ, ʥʝʜʦʩʪʫʧʥʦʛʦ ʠʥʳʤ ʤʝʪʦʜʘʤ 

ʧʦʚʝʩʪʚʦʚʘʥʠʷ. 

ʀʥʪʝʨʪʝʢʩʪʫʘʣʴʥʳʡ ʜʠʘʣʦʛ ʩ çʊʳʩʷʯʘ ʠ 

ʦʜʥʦʡ ʥʦʯʴʶè ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʚʘʞʥʫʶ ʧʘʨʘʣ-

ʣʝʣʴ ʤʝʞʜʫ ʭʫʜʦʞʝʩʪʚʝʥʥʦ-ʦʙʨʘʟʥʳʤ ʧʦʚʝʩʪ-

ʚʦʚʘʥʠʝʤ ʠ ʙʦʨʴʙʦʡ ʟʘ ʚʳʞʠʚʘʥʠʝ. ʂʘʢ 

ʐʘʭʝʨʝʟʘʜʘ ʦʪʪʷʛʠʚʘʝʪ ʢʘʟʥʴ ʨʘʩʩʢʘʟʳʚʘʥʠʝʤ 

ʠʩʪʦʨʠʡ, ʪʘʢ ʠ ʉʘʣʠʤ ʦʪʪʷʛʠʚʘʝʪ ʨʘʩʧʘʜ ʩʚʦʝʡ 

ʠʜʝʥʪʠʯʥʦʩʪʠ ʯʝʨʝʟ ʥʝʧʨʝʨʳʚʥʦʝ ʧʦʚʝʩʪʚʦʚʘ-

ʥʠʝ. ʕʪʦʪ ʥʘʨʨʘʪʠʚʥʳʡ ʩʮʝʥʘʨʠʡ ʩʪʘʥʦʚʠʪʩʷ 

ʘʢʪʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠʩʪʦʨʠʯʝʩʢʦʤʫ ʟʘʙʚʝ-

ʥʠʶ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʉʨʘʚʥʠʪʝʣʴʥʦʝ ʨʘʩʩʤʦʪʨʝʥʠʝ ʜʚʫʭ ʨʦʤʘʥʦʚ 

ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʥʘʨʨʘʪʘʣʦʛʠʯʝʩʢʠʝ ʠ ʦʙ-

ʨʘʟʥʦ-ʭʫʜʦʞʝʩʪʚʝʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ çʩʫʙʘʣ-

ʪʝʨʥ-ʛʝʨʦʝʚè ʫ ʉ. ʈʫʰʜʠ: 

1. ʇʫʪʴ ʦʪ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʢ ʢʦʣʣʝʢʪʠʚ-

ʥʦʤʫ: ʝʩʣʠ ʚ çɻʨʠʤʫʩʝè ʩʫʙʘʣʪʝʨʥʦʩʪʴ (ʢʘʢ 

ʢʘʪʝʛʦʨʠʷ ʤʠʨʦʚʦʩʧʨʠʷʪʠʷ ʠ ʧʨʦʩʪʨʘʥʩʪʚʘ) 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʯʝʨʝʟ ʠʥʜʠʚʠʜʫʘʣʴʥʦʝ ʩʦʟʥʘʥʠʝ 

ʧʨʦʪʘʛʦʥʠʩʪʘ ʨʦʤʘʥʘ, ʪʦ ʚ çɼʝʪʷʭ ʧʦʣʫʥʦʯʠè 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ ʢ ʢʦʣʣʝʢʪʠʚʥʦʤʫ 

ʩʫʙʲʝʢʪʫ ʧʦʚʝʩʪʚʦʚʘʥʠʷ (ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ ʷʟʳ-

ʢʘ, ʩʦʟʥʘʥʠʷ). 

2. ʇʝʨʝʭʦʜ ʦʪ ʤʠʬʘ ʢ ʠʩʪʦʨʠʠ: çɻʨʠʤʫʩè 

ʠʩʩʣʝʜʫʝʪ ʩʫʙʘʣʪʝʨʥʦʩʪʴ ʚ ʤʝʪʘʬʠʟʠʯʝʩʢʦʤ, 

ʤʠʬʦʧʦʵʪʠʯʝʩʢʦʤ  ʠ ʵʢʟʠʩʪʝʥʮʠʘʣʴʥʦʤ ʢʣʶ-

ʯʝ, ʪʦʛʜʘ ʢʘʢ çɼʝʪʠ ʧʦʣʫʥʦʯʠè ʩʪʘʥʦʚʷʪʩʷ 

ʧʨʦʩʪʨʘʥʩʪʚʦʤ ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʬʘʢʪʘ (ʧʦʣʥʦʯʴ 

15 ʘʚʛʫʩʪʘ 1947 ʛʦʜʘ, ʦʙʨʝʪʝʥʠʝ ʀʥʜʠʝʡ ʥʝʟʘ-

ʚʠʩʠʤʦʩʪʠ). 

3. ʀʟʤʝʥʝʥʠʝ ʥʘʨʨʘʪʦʣʦʛʠʯʝʩʢʦʡ ʩʪʨʘʪʝ-

ʛʠʠ: ʚ çɻʨʠʤʫʩʝè ʜʦʤʠʥʠʨʫʝʪ ʣʠʥʝʡʥʳʡ ʥʘʨ-

ʨʘʪʠʚ ʩ ʵʣʝʤʝʥʪʘʤʠ ʤʠʬʦʪʚʦʨʯʝʩʪʚʘ, ʚ çɼʝʪʷʭ 

ʧʦʣʫʥʦʯʠè ï ʤʥʦʛʦʩʣʦʡʥʳʡ ʠʩʪʦʨʠʢʦ-

ʘʚʪʦʙʠʦʛʨʘʬʠʯʝʩʢʠʡ ʥʘʨʨʘʪʠʚ ʩ ʵʣʝʤʝʥʪʘʤʠ 

ʤʘʛʠʯʝʩʢʦʛʦ ʨʝʘʣʠʟʤʘ. 

ɺʘʞʥʝʡʰʠʤ ʦʙʲʝʜʠʥʷʶʱʠʤ ʵʣʝʤʝʥʪʦʤ 

ʩʪʘʥʦʚʠʪʩʷ ʤʝʪʘʥʘʨʨʘʪʠʚʥʘʷ ʨʝʬʣʝʢʩʠʷ ʦ 

ʧʨʠʨʦʜʝ ʧʦʚʝʩʪʚʦʚʘʥʠʷ. ɺ ʦʙʦʠʭ ʨʦʤʘʥʘʭ ʘʢʪ 

ʨʘʩʩʢʘʟʳʚʘʥʠʷ ʠʩʪʦʨʠʠ ʧʨʝʜʩʪʘʚʣʝʥ ʢʘʢ ʩʧʦ-

ʩʦʙ ʦʙʨʝʪʝʥʠʷ ʩʫʙʲʝʢʪʥʦʩʪʠ ʩʫʙʘʣʪʝʨʥʦʤ. ʕʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ ʧʦʣʦʞʝʥʠʶ 

ɻ.ʏ. ʉʧʠʚʘʢ ʦ ʪʦʤ, ʯʪʦ çʩʫʙʘʣʪʝʨʥ ʥʝ ʤʦʞʝʪ 

ʛʦʚʦʨʠʪʴè [6], ʥʦ ʧʨʠ ʵʪʦʤ ʉ. ʈʫʰʜʠ ʧʦʢʘʟʳ-

ʚʘʝʪ, ʢʘʢ ʯʝʨʝʟ ʣʠʪʝʨʘʪʫʨʥʳʝ ʩʪʨʘʪʝʛʠʠ ʚʦʟ-

ʤʦʞʥʦ ʩʦʟʜʘʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚʳʩʢʘʟʳʚʘʥʠʷ 

ʜʣʷ ʪʝʭ, ʢʪʦ ʣʠʰʝʥ ʛʦʣʦʩʘ. 

ɸʥʘʣʠʟ ʨʝʧʨʝʟʝʥʪʘʮʠʠ ʛʝʨʦʷ-ʩʫʙʘʣʪʝʨʥʘ ʚ 

ʨʘʥʥʠʭ ʨʦʤʘʥʘʭ ʉʘʣʤʘʥʘ ʈʫʰʜʠ (çɻʨʠʤʫʩè, 

çɼʝʪʠ ʧʦʣʫʥʦʯʠè) ʧʦʟʚʦʣʷʝʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦ 

ʧʝʨʝʦʩʤʳʩʣʠʪʴ  ʢʘʪʝʛʦʨʠʶ çʩʫʙʘʣʪʝʨʥ-ʛʝʨʦʷè 

ʚ ʣʠʪʝʨʘʪʫʨʦʚʝʜʯʝʩʢʦʤ ʜʠʩʢʫʨʩʝ, ʠʥʪʝʛʨʠʨʫʷ 

ʧʦʩʪʢʦʣʦʥʠʘʣʴʥʫʶ ʪʝʦʨʠʶ ʩ ʬʦʨʤʘʣʠʩʪʩʢʠʤʠ 

ʧʨʠʥʮʠʧʘʤʠ ʘʥʘʣʠʟʘ ʭʫʜʦʞʝʩʪʚʝʥʥʦʛʦ ʪʝʢʩʪʘ. 

ɺ ʬʦʨʤʘʣʠʩʪʩʢʦʤ ʢʣʶʯʝ ʩʫʙʘʣʪʝʨʥ ʧʨʝʜʩʪʘʝʪ 

ʥʝ ʧʨʦʩʪʦ ʪʝʤʘʪʠʯʝʩʢʠʤ ʤʦʪʠʚʦʤ ʠʣʠ ʠʜʝʦʣʦ-

ʛʠʯʝʩʢʠʤ ʢʦʥʩʪʨʫʢʪʦʤ, ʥʦ ʩʪʨʫʢʪʫʨʥʦ-

ʩʝʤʠʦʪʠʯʝʩʢʦʡ ʜʦʤʠʥʘʥʪʦʡ, ʦʧʨʝʜʝʣʷʶʱʝʡ 

çʦʩʪʨʘʥʝʥʥʦʩʪʴè (ʚ ʪʝʨʤʠʥʦʣʦʛʠʠ 

ɺ.ɹ. ʐʢʣʦʚʩʢʦʛʦ) ʥʘʨʨʘʪʠʚʥʦʡ ʬʘʙʫʣʳ ʠ ʝʝ 

ʫʩʪʨʦʡʩʪʚʦ ʢʘʢ ʩʠʩʪʝʤʳ ʟʥʘʢʦʚ. ʉ.ʉ. ʈʫʰʜʠ ʚ 

ʭʫʜʦʞʝʩʪʚʝʥʥʦʤ ʧʣʘʥʝ ʥʘʜʝʣʷʝʪ ʩʫʙʘʣʪʝʨʥ-

ʛʝʨʦʷ ʨʷʜʦʤ ʟʘʜʘʯ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʝʛʦ 

ʮʝʣʦʩʪʥʦʩʪʴ ʠ ʜʠʥʘʤʠʢʫ ʩʦʧʫʪʩʪʚʫʶʱʝʛʦ ʝʤʫ 

ʩʶʞʝʪʥʦʛʦ ʨʘʟʚʠʪʠʷ: 

1. ʉʫʙʘʣʪʝʨʥ ï ʛʝʨʦʡ ʩʣʫʞʠʪ ʚʦʟʤʦʞʥʦ-

ʩʪʴʶ ʧʝʨʝʦʩʤʳʩʣʝʥʠʷ ʬʫʥʢʮʠʠ ʥʘʨʨʘʪʦʨʘ 

(ʨʘʩʩʢʘʟʯʠʢʘ). ʆʙʨʝʪʘʷ ʧʨʘʚʦ ʥʘ ʚʳʩʢʘʟʳʚʘ-

ʥʠʝ, ʦʥ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʢʘʢ ʠʥʩʪʘʥʮʠʷ ʠʤʧʪʠ-

ʮʠʪʥʦʛʦ ʟʨʠʪʝʣʷ, ʚ ʬʦʨʤʝ çʬʦʢʘʣʠʟʘʮʠʦʥʥʦʡ 

ʠʥʩʪʘʥʮʠʠè (ʧʦ ʪʝʨʤʠʥʦʣʦʛʠʠ ɾʝʥʝʪʪʘ [8]), 

ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʧʦʣʫʯʘʝʪʩʷ ʩʦʙʨʘʪʴ ʚʦʝʜʠʥʦ 

ʨʘʟʨʦʟʥʝʥʥʳʝ ʵʣʝʤʝʥʪʳ: ʢʦʣʦʥʠʘʣʴʥʳʝ ʥʘʨ-

ʨʘʪʠʚʳ, ʤʠʬʦʣʦʛʠʯʝʩʢʠʝ ʘʨʭʝʪʝʢʩʪʳ, ʬʦʣʴʢ-

ʣʦʨʥʳʝ ʩʶʞʝʪʳ ʠ ʠʥʪʝʨʪʝʢʩʪʫʘʣʴʥʳʝ ʦʪʩʳʣʢʠ 

ʢ ʩʦʚʨʝʤʝʥʥʦʩʪʠ. ʊʘʢ, ʛʝʪʝʨʦʛʣʦʩʩʠʷ ʚʳʩʪʫʧʘ-

ʝʪ ʥʝ ʢʘʢ ʭʘʦʩ (ʚ ʧʨʦʪʠʚʦʚʝʩ ʧʦʣʠʬʦʥʠʯʝʩʢʦ-

ʤʫ ʝʜʠʥʩʪʚʫ ʧʦ ʄ. ɹʘʭʪʠʥʫ), ʘ ʢʘʢ ʬʦʨʤʘʣʴ-

ʥʳʡ ʧʨʠʥʮʠʧ ʧʦʣʠʬʦʥʠʠ. 

2. ʉʦʟʥʘʥʠʝ ʩʫʙʘʣʪʝʨʥ-ʛʝʨʦʷ ʩʪʘʥʦʚʠʪʩʷ 

ʩʝʤʠʦʪʠʯʝʩʢʠʤ ʬʠʣʴʪʨʦʤ ʜʣʷ ʭʫʜʦʞʝʩʪʚʝʥʥʦ-

ʛʦ ʦʩʤʳʩʣʝʥʠʷ ʧʦʩʪʢʦʣʦʥʠʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ. 

ʉʦʟʥʘʥʠʝ ʩʫʙʘʣʪʝʨʥ-ʛʝʨʦʷ ʚʳʩʪʫʧʘʝʪ ʧʝʨʮʝʧ-

ʪʠʚʥʦ-ʩʝʤʠʦʪʠʯʝʩʢʠʤ ʬʠʣʴʪʨʦʤ (ʚ ʪʝʨʤʠʥʘʭ 

ʬʦʨʤʘʣʴʥʦʡ ʩʝʤʠʦʪʠʢʠ ʃʦʪʤʘʥʘ), ʧʝʨʝʨʘʙʘ-

ʪʳʚʘʶʱʠʤ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʢʫʣʴʪʫʨʥʳʝ ʢʦʜʳ ï 

ʦʪ ʚʝʜʠʯʝʩʢʠʭ ʤʠʬʦʚ ʜʦ ʧʦʩʪʠʤʧʝʨʩʢʠʭ ʠʩʪʦ-
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ʨʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ ï ʚ ʛʝʪʝʨʦʛʝʥʥʦʝ ʚʳʩʢʘʟʳ-

ʚʘʥʠʝ ʦ ʧʨʠʨʦʜʝ ʤʠʬʘ ʠ ʠʩʪʦʨʠʠ. 

3. ʇʦʩʪʢʦʣʦʥʠʘʣʴʥʳʡ ʪʝʢʩʪ ʤʝʥʷʝʪ ʧʨʠ-

ʚʳʯʥʫʶ ʪʝʤʧʦʨʘʣʴʥʦʩʪʴ. ʉʫʙʘʣʪʝʨʥ, ʟʘʭʚʘ-

ʯʝʥʥʳʡ ʛʝʪʝʨʦʛʝʥʥʦʩʪʴʶ ʷʟʳʢʘ ʠ ʢʫʣʴʪʫʨʳ, 

ʧʨʦʝʮʠʨʫʝʪ ʨʘʜʠʢʘʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʭʨʦʥʦʪʦ-

ʧʠʯʝʩʢʠʡ ʧʨʠʥʮʠʧʘ. ɺ ʨʦʤʘʥʘʭ ʛʣʘʚʝʥʩʪʚʫʝʪ 

ʩʧʝʮʠʬʠʯʝʩʢʘʷ ʙʠʧʦʣʷʨʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʩʚʷʟʠ 

ʚʨʝʤʝʥ (ʧʨʦʰʣʦʝ ʠ ʥʘʩʪʦʷʱʝʝ, ʜʨʝʚʥʦʩʪʴ ʠ 

ʛʨʷʜʫʱʝʝ ʙʫʜʫʱʝʝ), ʯʪʦ ʥʘʭʦʜʠʪ ʦʪʨʘʞʝʥʠʝ ʚ 

ʩʦʟʜʘʥʠʠ ʥʦʚʳʭ ʨʠʟʦʤʘʪʠʯʝʩʢʠʭ ʣʠʥʠʡ ʩʶʞʝ-

ʪʘ. ʉʫʙʘʣʪʝʨʥ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʢʘʢ ʬʘʙʫʣʴʥʳʡ 

ʫʟʝʣ, ʨʘʟʚʷʟʳʚʘʶʱʠʡ ʣʠʥʝʡʥʳʝ ʩʶʞʝʪʥʳʝ 

ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʝ ʩʚʷʟʠ, ʯʪʦ ʫʩʠʣʠʚʘʝʪ 

ʜʠʥʘʤʠʢʫ ʪʝʢʩʪʘ. 

4. ʈʘʩʱʝʧʣʝʥʥʳʡ ʠ ʛʝʪʝʨʦʤʦʨʬʥʳʡ ʩʫʙʲ-

ʝʢʪ ʩʪʘʥʦʚʠʪʩʷ ʚʝʜʫʱʠʤ ʠʟʦʙʨʘʞʘʝʤʳʤ ʦʙʨʘ-

ʟʦʤ. ʆʙʨʘʟ ʩʫʙʘʣʪʝʨʥʘ ʢʦʥʩʪʨʫʠʨʫʝʪʩʷ ʢʘʢ 

çʨʘʩʱʝʧʣʝʥʥʳʡ ʩʫʙʲʝʢʪè (ʚ ʜʫʭʝ ʣʘʢʘʥʦʚʩʢʦ-

ʛʦ çʨʘʟʜʝʣʝʥʥʦʛʦ ʗè), ʯʴʷ ʠʜʝʥʪʠʯʥʦʩʪʴ ʧʨʝ-

ʙʳʚʘʝʪ ʚ ʧʝʨʤʘʥʝʥʪʥʦʤ ʧʨʦʮʝʩʩʝ ʩʪʘʥʦʚʣʝʥʠʷ 

ʠ ʧʝʨʝʦʧʨʝʜʝʣʝʥʠʷ ʯʝʨʝʟ ʛʠʙʨʠʜʥʳʝ ʜʠʩʢʫʨ-

ʩʳ. ʌʦʨʤʘʣʴʥʦ ʵʪʦ ʚʦʧʣʦʱʘʝʪʩʷ ʚ ʪʝʭʥʠʢʝ 

çʤʥʦʞʝʩʪʚʝʥʥʦʩʪʠ ʪʦʯʝʢ ʟʨʝʥʠʷè, ʛʜʝ ʩʫʙʲʝʢʪ 

ʥʝ ʩʪʘʪʠʯʝʥ, ʘ ʚʳʩʪʫʧʘʝʪ ʢʘʢ ʩʝʨʠʷ çʩʜʚʠʛʦʚè 

(ʧʦ ʪʝʨʤʠʥʦʣʦʛʠʠ ʖ.ʅ. ʊʳʥʷʥʦʚʘ), ʦʧʨʝʜʝ-

ʣʷʶʱʠʭ ʵʚʦʣʶʮʠʶ ʭʫʜʦʞʝʩʪʚʝʥʥʦʡ ʬʦʨʤʳ ʦʪ 

ʵʧʠʯʝʩʢʦʛʦ ʝʜʠʥʩʪʚʘ ʢ ʤʦʜʝʨʥʠʩʪʩʢʦʡ ʬʨʘʛ-

ʤʝʥʪʘʨʥʦʩʪʠ. 

ʕʪʠ ʘʩʧʝʢʪʳ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʦʟʚʦʣʷʶʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʫʙʘʣʪʝʨʥʘ ʥʝ ʪʦʣʴʢʦ ʢʘʢ ʪʝʤʘ-

ʪʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪ ʠʣʠ ʠʜʝʦʣʦʛʠʯʝʩʢʦʛʦ ʧʝʨ-

ʩʦʥʘʞʘ, ʥʦ ʢʘʢ ʭʫʜʦʞʝʩʪʚʝʥʥʳʡ ʪʠʧ ʛʝʨʦʷ, 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦ ʚʣʠʷʶʱʠʡ ʥʘ ʩʪʨʫʢʪʫʨʥʦ-

ʧʦʚʝʩʪʚʦʚʘʪʝʣʴʥʳʡ ʧʨʠʥʮʠʧ ʦʨʛʘʥʠʟʘʮʠʠ ʭʫ-

ʜʦʞʝʩʪʚʝʥʥʦʛʦ ʪʝʢʩʪʘ. ɺ ʬʦʨʤʘʣʠʩʪʩʢʦʤ ʘʥʘ-

ʣʠʟʝ ʥʘ ʧʨʠʤʝʨʝ ʪʝʢʩʪʦʚ ʉ. ʈʫʰʜʠ ʩʫʙʘʣʪʝʨʥ 

ʩʪʘʥʦʚʠʪʩʷ çʫʩʪʨʦʡʩʪʚʝʥʥʳʤ ʤʦʤʝʥʪʦʤè (ʧʦ 

ɺ.ɹ. ʐʢʣʦʚʩʢʦʤʫ), ʦʨʛʘʥʠʟʫʶʱʠʤ ʚʝʩʴ çʣʠ-

ʪʝʨʘʪʫʨʥʳʡ ʬʘʢʪè (ʖ.ʅ. ʊʳʥʷʥʦʚ) ʠ ʦʙʝʩʧʝ-

ʯʠʚʘʶʱʠʤ ʘʚʪʦʧʦʵʪʠʯʝʩʢʫʶ ʩʘʤʦʨʝʛʫʣʷʮʠʶ 

ʨʦʤʘʥʘ ʢʘʢ ʩʠʩʪʝʤʳ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʤʦʛʘʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʦʩʪʢʦʣʦʥʠʘʣʴʥʳʝ ʧʨʦʠʟʚʝʜʝ-

ʥʠʷ ʤʝʪʦʜʘʤʠ ʘʥʘʣʠʟʘ ʪʝʢʩʪʘ ʚ ʨʫʩʣʝ ʰʢʦʣʳ 

ʬʦʨʤʘʣʠʟʤʘ. 

ɿʘʢʣʶʯʝʥʠʝ 

ɸʥʘʣʠʟ ʭʫʜʦʞʝʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʦʠʟ-

ʚʝʜʝʥʠʡ ʉʘʣʤʘʥʘ ʈʫʰʜʠ ʧʦʟʚʦʣʷʝʪ ʫʪʚʝʨ-

ʞʜʘʪʴ, ʯʪʦ ʚ ʨʦʤʘʥʘʭ çɻʨʠʤʫʩè ʠ çɼʝʪʠ ʧʦʣʫ-

ʥʦʯʠè ʬʠʛʫʨʘ ʩʫʙʘʣʪʝʨʥʘ ʧʨʝʪʝʨʧʝʚʘʝʪ ʢʘʯʝ-

ʩʪʚʝʥʥʫʶ ʪʨʘʥʩʬʦʨʤʘʮʠʶ, ʧʨʝʚʨʘʱʘʷʩʴ ʠʟ 

ʧʘʩʩʠʚʥʦʛʦ ʦʙʲʝʢʪʘ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʘʢʪʠʚʥʦʛʦ 

ʥʘʨʨʘʪʦʨʘ, ʢʦʪʦʨʳʡ ʜʝʪʝʨʤʠʥʠʨʫʝʪ ʦʙʨʘʟʥʫʶ 

ʠ ʵʩʪʝʪʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʪʝʢʩʪʦʚ. ɸʚʪʦʨ ʥʝ 

ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʪʨʘʪʝʛʠʝʡ 

çʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʛʦʣʦʩʘè ʤʘʨʛʠʥʘʣʠʟʠʨʦʚʘʥ-

ʥʳʤ ʩʫʙʲʝʢʪʘʤ ʚ ʨʘʤʢʘʭ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʢʘʥʦ-

ʥʘ, ʥʘʧʨʦʪʠʚ, ʦʥ ʢʦʥʩʪʨʫʠʨʫʝʪ ʫʥʠʢʘʣʴʥʳʡ 

ʤʝʪʘʷʟʳʢ ʠ ʩʣʦʞʥʫʶ ʘʨʭʠʪʝʢʪʫʨʫ ʧʦʚʝʩʪʚʦ-

ʚʘʥʠʷ, ʦʩʦʟʥʘʥʥʦ ʘʜʘʧʪʠʨʦʚʘʥʥʫʶ ʜʣʷ ʨʝʧʨʝ-

ʟʝʥʪʘʮʠʠ ʪʘʢʦʛʦ ʪʠʧʘ ʛʝʨʦʷ. 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʨʦʤʘʥʳ çɻʨʠʤʫʩè ʠ çɼʝʪʠ 

ʧʦʣʫʥʦʯʠè, ʤʦʞʥʦ ʧʨʦʩʣʝʜʠʪʴ ʢʦʥʮʝʧʪʫʘʣʴ-

ʥʳʡ ʧʝʨʝʭʦʜ ʦʪ ʧʦʠʩʢʘ ʘʜʝʢʚʘʪʥʦʡ ʬʦʨʤʳ ʚʳ-

ʨʘʞʝʥʠʷ ʵʪʥʠʯʝʩʢʦʡ ʠ ʢʫʣʴʪʫʨʥʦʡ ʠʥʘʢʦʚʦ-

ʩʪʠ(çɻʨʠʤʫʩè) ʢ ʨʘʜʠʢʘʣʴʥʦʡ ʩʤʝʥʝ ʥʘʨʨʘ-

ʪʠʚʥʦʡ ʩʪʨʘʪʝʛʠʠ (çɼʝʪʠ ʧʦʣʫʥʦʯʠè). ɽʩʣʠ ʚ 

çɻʨʠʤʫʩʝè ʘʚʪʦʨ ʝʱʝ ʦʧʠʨʘʝʪʩʷ ʥʘ ʵʣʝʤʝʥʪʳ 

ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʘʥʛʣʠʡʩʢʦʛʦ ʨʦʤʘʥʘ-

ʧʫʪʝʰʝʩʪʚʠʷ, ʚʥʝʜʨʷʷ ʚ ʥʝʛʦ ʥʦʚʘʪʦʨʩʢʠʝ ʜʣʷ 

ʘʥʛʣʦ-ʠʥʜʠʡʩʢʦʡ ʧʨʦʟʳ ʤʦʪʠʚʳ, ʪʦ ʚ çɼʝʪʷʭ 

ʧʦʣʫʥʦʯʠè çʩʫʙʘʣʪʝʨʥʦʩʪʴè, ʠʥʘʢʦʚʦʩʪʴ ʧʝʨʝ-

ʩʪʘʝʪ ʙʳʪʴ ʚʥʝʰʥʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʛʝʨʦʷ ʠ 

ʩʪʘʥʦʚʠʪʩʷ ʬʫʥʜʘʤʝʥʪʦʤ ʩʘʤʦʡ ʩʪʨʫʢʪʫʨʳ 

ʧʠʩʴʤʘ (ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ ʛʝʨʦʷ ʩʪʘʥʦʚʠʪʩʷ ʥʝ 

ʪʦʣʴʢʦ ʭʫʜʦʞʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ, ʥʦ ʚʭʦʜʠʪ ʚ 

ʥʘʨʨʘʪʠʚ, ʩʠʩʪʝʤʫ ʦʙʨʘʟʦʚ, ʩʪʨʫʢʪʫʨʫ ʪʝʢʩʪʘ). 

ɿʜʝʩʴ ʩʫʙʘʣʪʝʨʥ (ʉʘʣʠʤ, çɼʝʪʠ ʧʦʣʫʥʦʯʠè) 

ʚʳʩʪʫʧʘʝʪ ʢʘʢ ʩʫʚʝʨʝʥʥʳʡ ʩʫʙʲʝʢʪ ʚʳʩʢʘʟʳ-

ʚʘʥʠʷ, ʢʦʪʦʨʳʡ ʯʝʨʝʟ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʘʤʷʪʠ ʠ 

ʤʝʪʦʜ ʤʘʛʠʯʝʩʢʦʛʦ ʨʝʘʣʠʟʤʘ ʦʙʨʝʪʘʝʪ ʧʨʘʚʦ 

ʥʘ ʚʳʩʢʘʟʳʚʘʥʠʝ. ʇʨʦʠʩʭʦʜʠʪ ʜʝʮʝʥʪʨʘʮʠʷ 

ʧʦʚʝʩʪʚʦʚʘʥʠʷ: ʧʝʨʠʬʝʨʠʡʥʳʡ ʦʧʳʪ ʧʨʠʩʚʘʠ-

ʚʘʝʪ ʩʝʙʝ ʧʨʘʚʦ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʘʣʴʪʝʨʥʘ-

ʪʠʚʥʦʡ(ʠ ʠʥʘʢʦʚʦʡ) ʨʝʘʣʴʥʦʩʪʠ, ʪʝʤ ʩʘʤʳʤ 

ʣʝʛʠʪʠʤʠʨʫʷ ʧʨʘʚʦ çʥʝʚʠʜʠʤʦʛʦè ʯʝʣʦʚʝʢʘ ʥʝ 

ʧʨʦʩʪʦ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʚ ʠʩʪʦʨʠʠ, ʥʦ ʠ ʙʳʪʴ 

ʝʝ ʜʝʤʠʫʨʛʦʤ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʣʠʪʝʨʘʪʫʨʥʦʛʦ 

ʪʝʢʩʪʘ ʠ ʭʫʜʦʞʝʩʪʚʝʥʥʦʛʦ ʚʳʩʢʘʟʳʚʘʥʠʷ. ʊʘ-

ʢʠʤ ʦʙʨʘʟʦʤ, ʵʩʪʝʪʠʢʘ ʉ. ʈʫʰʜʠ ʚʦʧʣʦʱʘʝʪ ʚ 

ʩʝʙʝ ʵʪʠʯʝʩʢʠʡ ʞʝʩʪ ʚʦʟʚʨʘʱʝʥʠʷ ʩʫʙʲʝʢʪʥʦ-

ʩʪʠ ʪʝʤ ʛʝʨʦʷʤ, ʢʦʪʦʨʳʝ ʦʙʦʟʥʘʯʘʶʪ ʠ ʭʫʜʦ-

ʞʝʩʪʚʝʥʥʦ ʦʩʤʳʩʣʷʶʪ ʦʧʳʪ çʫʤʦʣʯʘʥʠʷè 

ʩʫʙʘʣʪʝʨʥʘ ʦʬʠʮʠʘʣʴʥʦʡ, ʢʦʣʦʥʠʘʣʴʥʦʡ ʢʫʣʴ-

ʪʫʨʦʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦ-

ʚʘʥʠʝ ʨʝʧʨʝʟʝʥʪʘʮʠʠ ʛʝʨʦʷ-ʩʫʙʘʣʪʝʨʥʘ ʚ ʨʘʥ-

ʥʠʭ ʨʦʤʘʥʘʭ ʉʘʣʤʘʥʘ ʈʫʰʜʠ ï ʦʪ çɻʨʠʤʫʩʘè 

(1975) ʜʦ çɼʝʪʝʡ ʧʦʣʫʥʦʯʠè (1981) ï ʥʝ ʪʦʣʴ-

ʢʦ ʫʛʣʫʙʣʷʝʪ ʧʦʥʠʤʘʥʠʝ ʵʚʦʣʶʮʠʠ ʝʛʦ ʪʚʦʨ-

ʯʝʩʢʦʛʦ ʤʝʪʦʜʘ, ʥʦ ʠ ʚʥʦʩʠʪ ʩʫʱʝʩʪʚʝʥʥʳʡ 

ʚʢʣʘʜ ʚ ʨʘʟʨʘʙʦʪʢʫ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ 

ʧʦʩʪʢʦʣʦʥʠʘʣʴʥʦʡ ʣʠʪʝʨʘʪʫʨʥʦʡ ʢʨʠʪʠʢʠ, ʨʝ-
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ʧʨʝʟʝʥʪʫʷ ʠʟʤʝʥʝʥʠʷ ʦʙʨʘʟʘ ʛʝʨʦʷ-

ʩʫʙʘʣʪʝʨʥʘ. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʪʘʢʦʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʷʝʪ ʚʳ-

ʷʚʠʪʴ ʠ ʢʦʥʮʝʧʪʫʘʣʠʟʠʨʦʚʘʪʴ ʩʧʝʮʠʬʠʯʝʩʢʠʝ 

ʥʘʨʨʘʪʠʚʥʳʝ ʩʪʨʘʪʝʛʠʠ, ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʪʦʨʳʭ 

ʩʫʙʘʣʪʝʨʥ-ʛʝʨʦʡ ʧʦʣʫʯʘʝʪ ʩʫʙʲʝʢʪʥʫʶ ʧʦʟʠ-

ʮʠʶ, ʦʙʨʝʪʘʝʪ ʛʦʣʦʩ. ʕʪʦʪ ʘʚʪʦʨʩʢʠʡ ʧʨʠʸʤ 

ʚʢʣʶʯʘʝʪ ʜʝʢʦʥʩʪʨʫʢʮʠʶ ʙʠʥʘʨʥʳʭ ʦʧʧʦʟʠ-

ʮʠʡ çʮʝʥʪʨ/ʧʝʨʠʬʝʨʠʷè ʠ çʥʦʨ-

ʤʘ/ʠʥʘʢʦʚʦʩʪʴè, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʫ ʤʦʜʝʣʠ 

çʛʠʙʨʠʜʥʦʡ ʩʫʙʲʝʢʪʥʦʩʪʠè, ʛʜʝ ʪʨʘʚʤʘʪʠʯʝ-

ʩʢʠʡ ʦʧʳʪ ʢʦʣʦʥʠʘʣʴʥʦʛʦ ʥʘʩʣʝʜʠʷ ʠʥʪʝʛʨʠ-

ʨʫʝʪʩʷ ʚ ʤʥʦʛʦʩʣʦʡʥʫʶ ʩʪʨʫʢʪʫʨʫ ʧʦʚʝʩʪʚʦ-

ʚʘʥʠʷ ʯʝʨʝʟ ʤʝʪʦʜʳ ʤʘʛʠʯʝʩʢʦʛʦ ʨʝʘʣʠʟʤʘ, 

ʥʝʣʠʥʝʡʥʦʛʦ ʥʘʨʨʘʪʠʚʘ ʠ ʠʥʪʝʨʩʝʢʩʫʘʣʴʥʦʡ 

ʨʝʬʣʝʢʩʠʠ ʥʘʜ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʠ ʤʠʬʦʣʦʛʠ-

ʯʝʩʢʠʤʠ ʪʝʢʩʪʘʤʠ. 
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ʆʉʆɹɽʅʅʆʉʊʀ ʇɽʈʉʋɸɿʀɺʅʓʍ ʄɽʊɸʌʆʈ ɺ ʉʆɺʈɽʄɽʅʅʆʄ ɸʅɻʃʆʗɿʓʏʅʆʄ 

ɺʆɽʅʅʆ-ʇʆʃʀʊʀʏɽʉʂʆʄ ɼʀʉʂʋʈʉɽ 

 

ɺ.ɺ. ʐʫʣʠʧʝʥʢʦ, ʧʨʝʧʦʜʘʚʘʪʝʣʴ1, ʘʩʧʠʨʘʥʪ2 

1ʌʠʥʘʥʩʦʚʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʨʠ ʇʨʘʚʠʪʝʣʴʩʪʚʝ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 
2ʈʦʩʩʠʡʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʜʨʫʞʙʳ ʥʘʨʦʜʦʚ ʠʤʝʥʠ ʇʘʪʨʠʩʘ ʃʫʤʫʤʙʳ 

(ʈʦʩʩʠʷ, ʛ. ʄʦʩʢʚʘ) 

 

DOI:10.24412/2500-1000-2026-3-2-200-204 

 

ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʧʝʨʩʫʘʟʠʚʥʳʭ ʤʝʪʘʬʦʨ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʘʥʛʣʦʷʟʳʯʥʦʤ 

ʚʦʝʥʥʦ-ʧʦʣʠʪʠʯʝʩʢʦʤ ʜʠʩʢʫʨʩʝ. ʆʪʤʝʯʝʥʦ, ʯʪʦ ʧʝʨʩʫʘʟʠʚʥʳʭ ʵʬʬʝʢʪ ʤʝʪʘʬʦʨʳ ʥʘʧʨʘʚʣʝʥ ʥʘ 

ʩʢʨʳʪʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʘʩʩʦʚʦʛʦ ʩʦʟʥʘʥʠʷ ʦʙʱʝʩʪʚʝʥʥʦʩʪʠ, 

ʠʟʤʝʥʝʥʠʝ ʠʣʠ ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʩʦʮʠʘʣʴʥʳʭ ʮʝʥʥʦʩʪʝʡ, ʵʤʦʮʠʦʥʘʣʴʥʦʝ ʦʪʥʦʰʝʥʠʝ ʠ ʚʳʙʦʨ ʚ 

ʧʦʣʴʟʫ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʦʨʦʥʳ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʢʦʥʮʝʧʪ çwarè. ʆʙʦʩʥʦʚʘʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥ-

ʥʦʩʪʴ ʜʘʥʥʦʛʦ ʢʦʥʮʝʧʪʘ ʚ ʘʥʛʣʦʷʟʳʯʥʳʭ ʉʄʀ. ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʩʪʫʧʠʣʠ 

ʩʪʘʪʴʠ ʠʟ ʠʩʪʦʯʥʠʢʦʚ çThe Independentè, çThe New Yorkerè, çThe Guardianè, çThe Daily Newsè.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʝʨʩʫʘʟʠʚʥʦʩʪʴ; ʤʝʪʘʬʦʨʘ; ʚʦʝʥʥʦ-ʧʦʣʠʪʠʯʝʩʢʠʡ ʜʠʩʢʫʨʩ; ʢʦʥʮʝʧʪ; ʦʙʨʘʟ-

ʥʦʩʪʴ; ʫʙʝʞʜʝʥʠʝ. 

 

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʣʠʥʛʚʠʩʪʠʢʝ ʤʝʪʘʬʦʨʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʢʘʢ ʩʨʝʜʩʪʚʦ ʦʙʨʘʟ-

ʥʦʩʪʠ, ʥʦ ʠ ʢʘʢ ʩʨʝʜʩʪʚʦ ʥʘʤʝʨʝʥʥʦʛʦ ʧʨʝʦʙ-

ʨʘʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʩ ʮʝʣʴʶ ʜʦʩʪʠʯʴ ʦʧʨʝ-

ʜʝʣʝʥʥʦʛʦ ʧʝʨʩʫʘʟʠʚʥʦʛʦ ʵʬʬʝʢʪʘ. ʉʦʛʣʘʩʥʦ 

ɼʞ. ʃʦʢʦʬʬʫ ʠ ʄ. ɼʞʦʥʩʦʥʫ, ʧʨʦʮʝʩʩ ʤʝʪʘ-

ʬʦʨʠʟʘʮʠʠ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʩʪʨʫʢʪʫʨʘʭ ʢʦʥ-

ʮʝʧʪʫʘʣʴʥʳʭ ʟʥʘʥʠʡ: ʩʬʝʨʘ ʠʩʪʦʯʥʠʢ ï ʩʬʝʨʘ 

ʮʝʣʴ. ʇʨʠ ʵʪʦʤ ʟʥʘʯʝʥʠʝ ʠʩʪʦʯʥʠʢʘ ʢʦʥʮʝʧʪʫ-

ʘʣʴʥʦ ʧʝʨʝʥʦʩʠʪʩʷ ʥʘ ʮʝʣʴ ʧʦʩʨʝʜʩʪʚʦʤ ʠʥʜʠ-

ʚʠʜʫʘʣʴʥʦ ʠʣʠ ʩʦʮʠʘʣʴʥʦ ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʢʦ-

ʛʥʠʪʠʚʥʳʭ ʬʘʢʪʦʨʦʚ [5]. ʊʝʤ ʩʘʤʳʤ ʤʝʥʷʝʪʩʷ 

ʩʝʤʘʥʪʠʢʘ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠʩʪʦʯʥʠʢ ï ʮʝʣʴ: 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʝʯʝʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʘʜʨʝ-

ʩʘʪʘ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʢʦʛʥʠʪʠʚʥʳʭ ʠ ʘʬʬʝʢ-

ʪʠʚʥʳʭ ʤʝʭʘʥʠʟʤʘʭ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʛʦʚʦʨʠʪʴ ʦ 

ʧʝʨʩʫʘʟʠʚʥʦʩʪʠ ʤʝʪʘʬʦʨ. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩ ʫʯʝʪʦʤ ʢʦʛʥʠʪʠʚʥʦʡ 

ʪʝʦʨʠʠ ʨʝʯʝʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʆ.ʉ. ʀʩʩʝʨʩʘ [3], 

ʧʝʨʩʫʘʟʠʚʥʦʩʪʴ ʤʦʞʥʦ ʧʦʥʠʤʘʪʴ ʢʘʢ ʬʦʨʤʠ-

ʨʦʚʘʥʠʝ ʨʝʮʠʧʠʝʥʪʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʤʠʨʝ ʫ 

ʘʜʨʝʩʘʪʘ, ʟʘ ʩʯʝʪ ʯʝʛʦ ʠ ʧʝʨʝʜʘʶʪʩʷ ʟʥʘʥʠʷ. 

ʇʦ ʤʥʝʥʠʶ ɺ.ɽ. ʏʝʨʥʷʚʩʢʦʡ, ʧʝʨʩʫʘʟʠʚ-

ʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʝ 

ʚʣʠʷʥʠʝ ʘʚʪʦʨʘ ʫʩʪʥʦʛʦ ʠʣʠ ʧʠʩʴʤʝʥʥʦʛʦ ʩʦ-

ʦʙʱʝʥʠʷ ʥʘ ʧʦʣʫʯʘʪʝʣʷ ʩ ʮʝʣʴʶ ʩʢʣʦʥʠʪʴ ʝʛʦ 

ʢ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʤʥʝʥʠʶ ʠʣʠ ʧʦʙʫʜʠʪʴ ʢ 

ʢʦʥʢʨʝʪʥʳʤ (ʠʣʠ, ʥʘʧʨʦʪʠʚ, ʢ ʦʪʢʘʟʫ ʦʪ ʢʦʥ-

ʢʨʝʪʥʳʭ) ʜʝʡʩʪʚʠʷʤ [8]. ɼʘʥʥʳʡ ʬʝʥʦʤʝʥ 

ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʪʝʭ ʢʦʤʤʫʥʠʢʘʪʠʚʥʳʭ ʩʠʪʫʘʮʠ-

ʷʭ, ʛʜʝ ʩʦʦʙʱʝʥʠʷ ʩʦʟʥʘʪʝʣʴʥʦ ʬʦʨʤʠʨʫʶʪʩʷ 

ʠ ʪʨʘʥʩʣʠʨʫʶʪʩʷ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʠʟʤʝʥʠʪʴ 

ʧʦʚʝʜʝʥʠʝ, ʚʟʛʣʷʜʳ ʠʣʠ ʫʩʪʦʡʯʠʚʳʝ ʧʦʟʠʮʠʠ 

ʘʜʨʝʩʘʪʘ (ʠʣʠ ʛʨʫʧʧʳ ʘʜʨʝʩʘʪʦʚ). ʅʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ ʧʝʨʩʫʘʟʠʚʥʦʝ ʚʣʠʷʥʠʝ ʪʝʢʩʪʘ 

ʚ ʤʝʜʠʘ, ʚʦʝʥʥʦ-ʧʦʣʠʪʠʯʝʩʢʦʤ ʜʠʩʢʫʨʩʘʭ [7]. 

ʕʬʬʝʢʪ ʧʝʨʩʫʘʟʠʚʥʦʩʪʠ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ 

ʚʣʠʷʥʠʷ ʤʝʪʘʬʦʨʠʯʝʩʢʦʛʦ ʩʦʦʙʱʝʥʠʷ ʥʘ ʵʤʦ-

ʮʠʠ, ʫʙʝʞʜʝʥʠʷ, ʮʝʥʥʦʩʪʠ, ʩʪʝʨʝʦʪʠʧʳ ʠʥʜʠ-

ʚʠʜʘ, ʮʝʣʝʚʦʡ ʘʫʜʠʪʦʨʠʠ, ʯʪʦ ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ 

ʚʦʩʧʨʠʷʪʠʝ ʠʥʬʦʨʤʘʮʠʠ, ʨʘʩʩʫʞʜʝʥʠʷ, ʦʪʥʦ-

ʰʝʥʠʝ ʠ ʜʝʡʩʪʚʠʷ ʢ ʪʦʤʫ ʠʣʠ ʩʦʮʠʘʣʴʥʦʤʫ 

ʚʦʧʨʦʩʫ [2]. ɺ ʨʷʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʪʤʝʯʘʝʪʩʷ, 

ʯʪʦ ʧʝʨʩʫʘʟʠʚʥʦʩʪʴ ʤʝʪʘʬʦʨ ʦʙʫʩʣʦʚʣʝʥʘ ʦʪ-

ʨʘʞʝʥʠʝʤ ʚ ʝʝ ʩʦʜʝʨʞʘʥʠʠ ʬʨʝʡʤ-

ʩʦʛʣʘʩʦʚʘʥʥʳʭ ʩʪʨʫʢʪʫʨ ʟʥʘʥʠʡ, ʮʝʣʝʥʘʧʨʘʚ-

ʣʝʥʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ 

ʨʘʩʩʫʞʜʝʥʠʷ, ʚʳʚʦʜʳ, ʪʝʤ ʩʘʤʳʤ ʚʦʢʨʫʛ ʦʙ-

ʨʘʟʘ ʬʦʨʤʠʨʫʝʪʩʷ ʤʝʪʘʬʦʨʠʯʝʩʢʠʡ ʢʦʥ-

ʮʝʧʪ [1]. 

ʅʘʧʨʠʤʝʨ, T. Belt ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʧʝʨ-

ʩʫʘʟʠʚʥʦʩʪʴ ʤʝʪʘʬʦʨ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʢʦʨ-

ʨʝʣʷʮʠʠ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʮʝʣʝʚʦʡ ʘʫʜʠʪʦʨʠʠ [9]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʪʘ-

ʬʦʨʘ ʩʪʘʥʦʚʠʪʩʷ ʩʨʝʜʩʪʚʦʤ ʩʢʨʳʪʦʛʦ ʚʣʠʷʥʠʷ 

ʥʘ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʘʩʩʦ-

ʚʦʛʦ ʩʦʟʥʘʥʠʷ ʦʙʱʝʩʪʚʝʥʥʦʩʪʠ, ʠʟʤʝʥʝʥʠʝ 

ʠʣʠ ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʩʦʮʠʘʣʴʥʳʭ ʮʝʥʥʦʩʪʝʡ, 

ʵʤʦʮʠʦʥʘʣʴʥʦʝ ʦʪʥʦʰʝʥʠʝ ʠ ʚʳʙʦʨ ʚ ʧʦʣʴʟʫ 

ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʦʨʦʥʳ. ʇʝʨʩʫʘʟʠʚʥʳʡ ʧʦʪʝʥ-

ʮʠʘʣ ʪʝʢʩʪʘ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʚʥʝʰʥʠʭ 

ʬʘʢʪʦʨʦʚ: ʩʦʮʠʘʣʴʥʦʡ ʩʠʪʫʘʮʠʠ, ʧʨʠʥʷʪʳʭ ʚ 

ʦʙʱʝʩʪʚʝ ʢʫʣʴʪʫʨʥʳʭ ʥʦʨʤ, ʠʤʝʶʱʠʭʩʷ ʟʥʘ-

ʥʠʡ ʠ ʫʩʪʘʥʦʚʦʢ ʘʜʨʝʩʘʪʘ. ʋʩʧʝʰʥʦʩʪʴ ʫʙʝʞ-
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ʜʝʥʠʷ ʪʨʝʙʫʝʪ ʦʪ ʘʚʪʦʨʘ ʥʝ ʪʦʣʴʢʦ ʚʣʘʜʝʥʠʷ 

ʢʦʤʤʫʥʠʢʘʪʠʚʥʳʤʠ ʩʪʨʘʪʝʛʠʷʤʠ, ʥʦ ʠ ʛʣʫʙʦ-

ʢʦʛʦ ʧʦʥʠʤʘʥʠʷ ʘʫʜʠʪʦʨʠʠ, ʝʝ ʧʦʪʨʝʙʥʦʩʪʝʡ, 

ʮʝʥʥʦʩʪʥʳʭ ʦʨʠʝʥʪʘʮʠʡ ʠ ʚʦʟʤʦʞʥʳʭ ʪʦʯʝʢ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ. 

ʇʦ ʤʥʝʥʠʶ V. Ottati, R. Renstrom, ʧʝʨʩʫʘ-

ʟʠʚʥʦʩʪʴ ʤʝʪʘʬʦʨʳ ʦʙʫʩʣʦʚʣʝʥʘ ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠʥʜʠ-

ʚʠʜʘ, ʘʫʜʠʪʦʨʠʠ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʵʪʦ ʢʘʩʘʝʪʩʷ 

ʥʝʩʢʦʣʴʢʠʭ ʬʫʥʢʮʠʡ, ʢʦʪʦʨʳʝ ʚ ʜʘʥʥʦʤ ʩʣʫ-

ʯʘʝʪ ʚʳʧʦʣʥʷʝʪ ʤʝʪʘʬʦʨʘ: 

- ʘʢʪʠʚʠʟʘʮʠʠ ʠʥʬʦʨʤʘʮʠʠ, ʦʪʥʦʩʷʱʝʡʩʷ ʢ 

ʪʝʤʝ ʩʦʦʙʱʝʥʠʷ, ʯʪʦ ʚʣʠʷʝʪ ʥʘ ʦʪʥʦʰʝʥʠʠ ʢ 

ʦʙʩʫʞʜʘʝʤʦʤʫ ʚʦʧʨʦʩʫ; 

- ʚʣʠʷʥʠʝ ʥʘ ʚʧʝʯʘʪʣʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʠʷ, 

ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʪʝʤʝ ʩʦʦʙʱʝʥʠʷ, ʯʪʦ ʚʳʟʳʚʘʝʪ 

ʵʤʦʮʠʦʥʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʚʦʩʧʨʠʷʪʠʷ; 

- ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʠʟʤʝʥʝʥʠʝ 

ʦʪʥʦʰʝʥʠʷ ʢ ʪʝʤʝ ʩʦʦʙʱʝʥʠʷ ʟʘ ʩʯʝʪ ʢʦʛʥʠ-

ʪʠʚʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʵʬʬʝʢʪʘ ʚʦʟʜʝʡ-

ʩʪʚʠʷ [10]. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʝʭʘʥʠʟʤ ʫʙʝʞʜʘʶʱʝʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʤʝʪʘʬʦʨʳ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʢʘʢ ʧʨʦʮʝʩʩ ʬʨʝʡʤʠʥʛʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʧʨʝʜʝ-

ʣʝʥʥʳʡ ʘʩʧʝʢʪ ʨʝʘʣʴʥʦʩʪʠ ʚʳʜʚʠʛʘʝʪʩʷ ʥʘ 

ʧʝʨʚʳʡ ʧʣʘʥ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʠʤʧʣʠʮʠʪʥʳʭ 

ʘʥʘʣʦʛʠʡ. ʌʨʝʡʤ, ʙʫʜʫʯʠ ʵʤʦʮʠʦʥʘʣʴʥʦ ʠ 

ʢʫʣʴʪʫʨʥʦ ʥʘʛʨʫʞʝʥʥʳʤ, ʩʦʟʜʘʝʪ ʩʧʝʮʠʬʠʯʝ-

ʩʢʠʡ ʭʘʨʘʢʪʝʨ ʚʦʩʧʨʠʷʪʠʷ ʧʨʦʙʣʝʤʳ, ʫʧʨʦʱʘʷ 

ʩʣʦʞʥʳʝ ʩʦʮʠʘʣʴʥʳʝ ʠʣʠ ʧʦʣʠʪʠʯʝʩʢʠʝ ʷʚʣʝ-

ʥʠʷ ʜʦ ʟʥʘʢʦʤʳʭ ʦʙʨʘʟʦʚ. ʊʘʢ, ʮʝʣʳʝ ʤʝʪʘʬʦ-

ʨʠʯʝʩʢʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʘʢʪʠʚʠʨʫʶʪ ʚ ʩʦʟʥʘʥʠʠ 

ʨʝʮʠʧʠʝʥʪʘ ʥʝ ʧʨʦʩʪʦ ʧʦʥʷʪʠʷ, ʘ ʮʝʣʳʝ ʩʮʝ-

ʥʘʨʠʠ (ʬʨʝʡʤʳ) ʩ ʩʦʧʫʪʩʪʚʫʶʱʠʤʠ ʵʤʦʮʠʷʤʠ 

ʠ ʦʞʠʜʘʝʤʳʤʠ ʧʦʩʣʝʜʩʪʚʠʷʤʠ, ʯʪʦ ʧʨʝʜʦʧʨʝ-

ʜʝʣʷʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʩʣʝʜʫʶʱʠʭ ʨʘʩʩʫʞʜʝ-

ʥʠʡ ʠ ʘʥʘʣʦʛʠʡ. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʘʥʛʣʦ-

ʷʟʳʯʥʳʭ ʉʄʀ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʧʝʨ-

ʩʫʘʟʠʚʳʝ ʤʝʪʘʬʦʨʳ ʚ ʨʘʤʢʘʭ ʪʝʢʫʱʝʡ ʛʝʦʧʦ-

ʣʠʪʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʚʦʝʥʥʦ-

ʧʦʣʠʪʠʯʝʩʢʦʤ ʜʠʩʢʫʨʩʝ [6]. ʇʨʠ ʵʪʦʤ ʜʚʦʡ-

ʩʪʚʝʥʥʦʩʪʴ ʩʝʤʘʥʪʠʢʠ ʧʦʟʚʦʣʷʝʪ ʘʢʮʝʥʪʠʨʦ-

ʚʘʪʴ ʚʥʠʤʘʥʠʝ ʘʫʜʠʪʦʨʠʠ ʥʘ ʪʝʭ ʘʩʧʝʢʪʘʭ, ʢʦ-

ʪʦʨʳʝ ʚʘʞʥʳ ʜʣʷ ʛʦʩʫʜʘʨʩʪʚʘ, ʧʦʣʠʪʠʯʝʩʢʦʡ 

ʛʨʫʧʧʳ.  

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, 

ʧʝʨʩʫʘʟʠʚʥʦʩʪʴ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʣʝʢʩʠʯʝʩʢʠʭ ʝʜʠʥʠʮ (ʥʘʧʨʠ-

ʤʝʨ, ʦʮʝʥʦʢ, ʤʦʜʘʣʴʥʳʭ ʩʣʦʚ, ʪʝʨʤʠʥʦʚ ʩ ʧʦ-

ʣʦʞʠʪʝʣʴʥʦʡ ʠʣʠ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʢʦʥʥʦʪʘʮʠ-

ʝʡ), ʦʩʦʙʳʭ ʩʠʥʪʘʢʩʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ (ʚʦʧʨʦ-

ʩʦʚ, ʧʦʚʪʦʨʦʚ, ʧʨʦʪʠʚʦʧʦʩʪʘʚʣʝʥʠʡ), ʘ ʪʘʢʞʝ ʚ 

ʦʩʦʙʝʥʥʦʩʪʷʭ ʪʝʢʩʪʦʚʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʩʦʦʙʱʝ-

ʥʠʷ (ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʘʨʛʫʤʝʥʪʦʚ, ʨʘʩʧʦ-

ʣʦʞʝʥʠʝ ʢʣʶʯʝʚʳʭ ʚʳʚʦʜʦʚ). ʄʝʪʘʜʠʩʢʫʨ-

ʩʠʚʥʳʝ ʵʣʝʤʝʥʪʳ, ʪʘʢʠʝ ʢʘʢ ʧʨʷʤʳʝ ʦʙʨʘʱʝ-

ʥʠʷ ʢ ʘʫʜʠʪʦʨʠʠ, ʨʘʟʲʷʩʥʝʥʠʷ ʠ ʘʨʛʫʤʝʥʪʘʮʠʷ 

ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʫʧʨʘʚʣʝʥʠʝ ʚʦʩʧʨʠʷʪʠʝʤ ʠ 

ʫʢʨʝʧʣʝʥʠʝ ʜʦʚʝʨʠʷ ʤʝʞʜʫ ʛʦʚʦʨʷʱʠʤ ʠ ʨʝ-

ʮʠʧʠʝʥʪʦʤ. 

ʈʘʩʩʤʦʪʨʠʤ ʦʩʦʙʝʥʥʦʩʪʠ ʧʝʨʩʫʘʟʠʚʥʳʭ ʤʝ-

ʪʘʬʦʨ ʚ ʚʦʝʥʥʦ-ʧʦʣʠʪʠʯʝʩʢʦʤ ʜʠʩʢʫʨʩʝ. ɺ ʢʘ-

ʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʚʳʙʝʨʝʤ ʢʦʥʮʝʧʪ çwarè, ʠʤʝ-

ʶʱʠʡ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʤʝʜʠʘ 

ʥʘʠʙʦʣʴʰʫʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʚ ʘʥʛʣʦ-

ʷʟʳʯʥʳʭ ʉʄʀ ʚ ʩʚʷʟʠ ʩ ʦʙʦʩʪʨʝʥʠʝʤ ʛʝʦʧʦ-

ʣʠʪʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʩʪʫʧʠʣʠ ʩʪʘʪʴʠ ʠʟ ʠʩʪʦʯʥʠ-

ʢʦʚ çThe Independentè, çThe New Yorkerè, 

çThe Guardianè, çThe Daily Newsè, 

çGOV.UKè. 

ʄʝʪʘʬʦʨʠʯʝʩʢʠʡ ʦʙʨʘʟ ʚʦʡʥʳ ʚ ʩʦʚʨʝʤʝʥ-

ʥʳʭ ʘʥʛʣʦʷʟʳʯʥʳʭ ʉʄʀ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥ, ʩ 

ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʠʜʝʘʣʠʟʘʮʠʝʡ ʢʦʥʬʣʠʢʪʘ, ʢʦ-

ʛʜʘ ʠʜʝʪ ʧʨʦʪʠʚʦʧʦʩʪʘʚʣʝʥʠʝ ʜʦʙʨʦ-ʟʣʦ, ʧʨʦ-

ʪʠʚʦʙʦʨʩʪʚʦ ʤʝʞʜʫ ʨʘʟʥʳʤʠ ʩʪʦʨʦʥʘʤʠ, ʠʩ-

ʧʦʣʴʟʫʶʱʠʤʠ ʨʘʟʥʳʝ ʤʝʪʦʜʳ ʙʦʨʴʙʳ, ʩ ʜʨʫ-

ʛʦʡ, ʩʪʨʝʤʣʝʥʠʝʤ ʩʬʦʨʤʠʨʦʚʘʪʴ ʫ ʮʝʣʝʚʦʡ 

ʘʫʜʠʪʦʨʠʠ ʵʤʦʮʠʦʥʘʣʴʥʳʡ ʵʬʬʝʢʪ, ʩʦʟʜʘʚʘʝ-

ʤʳʡ ʠʣʣʶʟʠʝʡ ʢʦʥʪʨʦʣʷ, ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʚʤʝʰʘʪʝʣʴʩʪʚʘ çʩʠʣʳè ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʤʠʨʘ. 

ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʠʜʝʘʣʠʟʘʮʠʷ ʢʦʥʬʣʠʢʪʘ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʨʘʤʢʘʭ ʜʦʩʪʠʞʝʥʠʡ, ʜʘʞʝ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ, ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʨʝʰʝʥʠʡ 

ʧʨʝʜʧʨʠʥʷʪʳʭ ʤʝʨ. 

ʉ ʧʨʠʭʦʜʦʤ ʊʨʘʤʧʘ ʢ ʚʣʘʩʪʠ ʙʦʣʴʰʘʷ ʜʦʣʷ 

ʚʣʠʷʥʠʷ ʥʘ ʘʫʜʠʪʦʨʠʶ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʟʘ ʩʯʝʪ 

ʢʨʠʪʠʢʠ ʧʨʦʰʣʦʛʦ ʧʨʝʟʠʜʝʥʪʘ. ʅʘʧʨʠʤʝʨ, 

Biden is a Trojan horse, ʢʘʢ ʦʙʨʘʟʥʦʝ ʩʨʘʚʥʝ-

ʥʠʝ ʥʝʩʝʪ ʚ ʩʝʙʝ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʵʤʦʮʠʦ-

ʥʘʣʴʥʳʡ ʵʬʬʝʢʪ, ʩ ʜʨʫʛʦʡ, ʩʪʦʨʦʥʳ, ʚ ʨʘʤʢʘʭ 

ʢʦʥʮʝʧʪʘ ʚʦʡʥʳ ʧʨʠʦʙʨʝʪʘʝʪ ʟʥʘʯʝʥʠʝ ʫʛʨʦʟʳ 

ʜʣʷ ʥʘʮʠʦʥʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʉʐɸ. ɺ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʊʨʘʤʧ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪ ʜʣʷ 

ʫʩʠʣʝʥʠʷ ʩʙʣʠʞʝʥʠʷ ʢ ʘʤʝʨʠʢʘʥʮʘʤ ʚʳʨʘʞʝ-

ʥʠʷ é will  bring our country TOGETHER, 

America First, Let's make America great again! 

ɽʩʣʠ ʚʦ ʚʨʝʤʷ ʜʝʙʘʪʦʚ ʠ ʨʝʯʝʡ ʚ ʥʘʯʘʣʝ ʧʨʝ-

ʟʠʜʝʥʪʩʪʚʘ ʪʘʢʠʝ ʬʨʘʟʳ ʚʦʩʧʨʠʥʠʤʘʣʠʩʴ 

ʘʫʜʠʪʦʨʠʝʡ ʢʘʢ ʝʜʠʥʝʥʠʝ ʦʙʱʝʩʪʚʘ, ʥʘʜʝʞʜʘ 

ʥʘ ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʙʣʘʛʦʧʦʣʫʯʠʝ. ʆʜʥʘʢʦ ʚ ʩʠ-

ʪʫʘʮʠʠ ʥʘ ɹʣʠʞʥʝʤ ɺʦʩʪʦʢʝ ʠ ʫʩʠʣʝʥʠʠ ʢʦʥ-
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ʬʣʠʢʪʘ ʩ ʀʨʘʥʦʤ ʨʝʯʝʚʳʝ ʦʙʦʨʦʪʳ ʘʤʝʨʠʢʘʥ-

ʩʢʦʛʦ ʣʠʜʝʨʘ ʮʠʪʠʨʫʶʪʩʷ ʚ ʥʦʚʦʩʪʷʭ ʧʦ 

ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʢʘʢ ʣʦʟʫʥʛ ʢ ʚʦʝʥʥʳʤ ʦʧʝʨʘ-

ʮʠʷʤ ʟʘ ʧʨʝʜʝʣʘʤʠ ʩʪʨʘʥʳ ʚ ʫʱʝʨʙ ʚʥʫʪʨʝʥ-

ʥʠʤ ʧʨʦʙʣʝʤʘʤ. ʊʘʢ, ʚ ʥʦʚʦʩʪʥʳʭ ʣʝʥʪʘʭ ʜʝ-

ʣʘʝʪʩʷ ʘʢʮʝʥʪ ʥʘ ʞʝʣʘʥʠʠ ʘʜʤʠʥʠʩʪʨʘʮʠʠ 

ʚʦʩʩʪʘʥʦʚʠʪʴ ʤʠʨʦʚʦʡ ʧʦʨʷʜʦʢ, ʘʤʝʨʠʢʘʥ-

ʩʢʫʶ ʩʠʣʫ, ʠʤʝʥʥʦ ʧʦʵʪʦʤʫ ɸʤʝʨʠʢʘ çʚʚʷʟʳ-

ʚʘʝʪʩʷè ʚ ʢʘʞʜʫʶ ʚʦʡʥʫ. ʂʦʥʬʣʠʢʪ ʥʘ ɹʣʠʞ-

ʥʝʤ ɺʦʩʪʦʢʝ ʦʮʝʥʠʚʘʝʪʩʷ ʙʦʣʝʝ ʩʝʨʴʝʟʥʦ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʋʢʨʘʠʥʦʡ, ʢʦʪʦʨʘʷ ʧʨʝʧʦʜʥʦʩʠʪ-

ʩʷ ʚ ʤʝʜʠʘ ʫʞʝ ʢʘʢ ʪʝʘʪʨʘʣʴʥʘʷ ʩʮʝʥʘ, ʥʘʧʨʠ-

ʤʝʨ: The scenes unfolding in the streets and 

fields of Ukraine are nothing short of a tragedy. 

ɺ ʧʨʦʪʠʚʦʩʪʦʷʥʠʠ ʈʦʩʩʠʠ ʨʠʪʦʨʠʢʘ ʉʐɸ 

ʩʚʦʜʠʪʩʷ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʬʨʘʟ ʦ ʙʣʝʬʝ ʧʨʦ-

ʪʠʚʥʠʢʘ, ʥʘʧʨʠʤʝʨ, Putinôs effort to re-engineer 

Russia is a desperate ï and doomed ï throw of 

the dice, disconnected from reality, ʦʙ ʦʪʨʠʮʘ-

ʥʠʠ ʫʯʘʩʪʠʷ ɸʤʝʨʠʢʠ ʚ ʚʦʡʥʝ: This is not a 

proxy war. This is a war between Russia and 

Ukraine. 

ʆʜʥʘʢʦ ʥʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʜʣʷ ʫʩʠʣʝʥʠʷ 

ʚʣʠʷʥʠʷ ʥʘ ʘʜʨʝʩʘʪʘ ʫʞʝ ʦʪʢʨʳʪʦ ʛʦʚʦʨʠʪʩʷ 

ʦʙ ʫʯʘʩʪʠʠ ʘʤʝʨʠʢʘʥʩʢʠʭ ʚʦʝʥʥʳʭ ʥʘ ʋʢʨʘ-

ʠʥʝ, ʢʦʪʦʨʳʝ ʚʳʩʪʫʧʘʶʪ ʢʘʢ part of the chain 

of destruction. 

ɺ ʢʘʯʝʩʪʚʝ ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʳʭ ʚʳʩʢʘʟʳʚʘ-

ʥʠʡ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʤʝʪʘʬʦʨʫ NATO is a 

ñcancerò that has ñcontinued to metastasize. ʚ 

ʢʦʥʪʝʢʩʪʝ ʦʧʠʩʘʥʠʷ ʩʠʪʫʘʮʠʠ ʩ ʨʘʟʚʝʨʪʳʚʘʥʠ-

ʝʤ ʚʦʝʥʥʳʭ ʜʝʡʩʪʚʠʡ. ɻʣʘʛʦʣ to metastasize 

ʥʝʩʝʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʩʝʤʘʥʪʠʯʝʩʢʫʶ ʥʘʛʨʫʟʢʫ 

ʠ ʠʤʝʝʪ ʥʝʛʘʪʠʚʥʫʶ ʦʮʝʥʢʫ, ʟʘ ʩʯʝʪ ʯʝʛʦ ʩʦ-

ʟʜʘʝʪʩʷ ʦʱʫʱʝʥʠʝ ʦʧʘʩʥʦʩʪʠ, ʬʦʨʤʠʨʫʝʪʩʷ 

ʥʝʛʘʪʠʚʥʦʝ ʦʪʥʦʰʝʥʠʝ ʢ ʜʘʥʥʦʡ ʪʝʤʝ. ʄʝʪʘ-

ʬʦʨʘ ʦʙʣʘʜʘʝʪ ʧʨʘʛʤʘʪʠʯʝʩʢʠʤ ʩʤʳʩʣʦʤ 

ʘʛʨʝʩʩʠʠ ʠ ʨʘʟʨʫʰʠʪʝʣʴʥʳʭ ʜʝʡʩʪʚʠʡ, ʢʦʪʦ-

ʨʳʝ ʧʨʠʚʦʜʷʪ ʢ ʬʠʟʠʯʝʩʢʦʤʫ ʫʥʠʯʪʦʞʝʥʠʶ 

ʩʫʚʝʨʝʥʠʪʝʪʘ ʩʪʨʘʥ. 

ʄʝʪʘʬʦʨʘ struggle for a redivision of the 

world ʬʦʨʤʠʨʫʶʪ ʫʩʪʦʡʯʠʚʦʝ ʥʝʛʘʪʠʚʥʦʝ ʦʪ-

ʥʦʰʝʥʠʝ ʢ ʜʝʡʩʪʚʠʷʤ ʉʐɸ ʧʦ ʫʩʪʨʘʥʝʥʠʶ 

ʭʘʦʩʘ, ʢʦʥʬʣʠʢʪʦʚ ʠ ʢʨʠʟʠʩʦʚ. ʊʝʤ ʩʘʤʳʤ 

ʛʦʩʫʜʘʨʩʪʚʦ ʠʣʠ ʧʦʣʠʪʠʯʝʩʢʘʷ ʵʣʠʪʘ ʤʦʛʫʪ 

ʦʧʨʘʚʜʳʚʘʪʴ ʚʦʝʥʥʳʝ ʜʝʡʩʪʚʠʷ. ʇʦʜ ʚʠʜʦʤ 

ʙʦʨʴʙʳ ʟʘ ʙʝʟʦʧʘʩʥʦʩʪʴ ʉʐɸ ʩʪʨʝʤʷʪʩʷ ʧʝʨʝ-

ʢʨʦʠʪʴ ʢʘʨʪʫ ɹʣʠʞʥʝʛʦ ɺʦʩʪʦʢʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ 

ʢ ʜʝʩʪʘʙʠʣʠʟʘʮʠʠ ʨʝʛʠʦʥʘ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ ʚʩʝ ʯʘʱʝ ʠʩʧʦʣʴʟʫʝʪʩʷ cold 

reality ʜʣʷ ʦʮʝʥʢʠ ʪʝʢʫʱʝʡ ʩʠʪʫʘʮʠʠ ʚ ʤʠʨʝ. 

ɼʘʥʥʘʷ ʤʝʪʘʬʦʨʘ ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʦʙʱʝʩʪʚʦʤ 

ʢʘʢ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʴ, ʧʨʠʟʥʘʥʠʝ ʟʘʪʷʞʥʦʛʦ 

ʭʘʨʘʢʪʝʨʘ ʢʦʥʬʣʠʢʪʘ, ʠʩʪʦʱʝʥʠʷ ʨʝʩʫʨʩʦʚ ʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʣʦʞʥʳʭ ʧʝʨʝʛʦʚʦʨʦʚ. ʇʨʠ 

ʵʪʦʤ ʚʦʦʨʫʞʝʥʥʳʡ ʢʦʥʬʣʠʢʪ ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ 

ʢʘʢ ʥʝʢʠʡ ʢʨʠʟʠʩ, ʢʦʪʦʨʳʡ ʥʫʞʥʦ ʧʨʝʦʜʦʣʝʪʴ 

ʘ) ʧʫʪʝʤ ʤʠʨʥʳʭ ʩʦʛʣʘʰʝʥʠʡ ʠ / ʠʣʠ 

ʙ) ʚʤʝʰʘʪʝʣʴʩʪʚʦʤ ʙʦʣʝʝ ʩʠʣʴʥʦʡ ʩʪʦʨʦʥʳ. 

ʏʘʱʝ ʚʩʝʛʦ ʩ ʧʦʟʠʮʠʠ ʩʠʣʳ ʜʝʡʩʪʚʫʝʪ ʉʐɸ. 

ʉʝʤʘʥʪʠʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ ʥʘʮʝʣʝʥʘ ʥʘ ʩʦʟʜʘʥʠʝ 

ʠʣʣʶʟʠʠ ʘʛʨʝʩʩʠʠ, ʥʘʧʘʜʝʥʠʷ, ʢʦʪʦʨʦʝ ʛʦʩʫ-

ʜʘʨʩʪʚʦ ʩʪʨʝʤʠʪʩʷ ʧʨʝʜʦʪʚʨʘʪʠʪʴ, ʟʘʱʠʱʘʷ 

ʩʚʦʠʭ ʛʨʘʞʜʘʥ. ʊʘʢʦʡ ʦʙʨʘʟ ʵʬʬʝʢʪʠʚʥʦ ʚʣʠʷ-

ʝʪ ʥʘ ʤʘʩʩʦʚʦʝ ʩʦʟʥʘʥʠʝ ʣʶʜʝʡ ʠ ʚ ʧʦʩʣʝʜʫ-

ʶʱʝʤ ʠʤ ʣʝʛʯʝ ʫʧʨʘʚʣʷʪʴ ʚ ʉʄʀ. ʇʝʨʩʫʘʟʠʚ-

ʥʳʡ ʵʬʬʝʢʪ ʜʦʩʪʠʛʘʝʪʩʷ ʠ ʟʘ ʩʯʝʪ ʚʣʠʷʥʠʷ ʥʘ 

ʧʦʟʠʮʠʠ ʦʙʱʝʩʪʚʘ ʠ ʦʪʜʝʣʴʥʳʭ ʩʦʮʠʘʣʴʥʳʭ 

ʛʨʫʧʧ, ʫʧʦʪʨʝʙʣʝʥʠʝ ʨʘʟʥʳʭ ʤʝʪʘʬʦʨ ʚʳʟʳʚʘ-

ʝʪ ʩʪʨʘʭ, ʚʦʟʤʫʱʝʥʠʝ, ʥʝʩʦʛʣʘʩʠʝ, ʥʝʛʦʜʦʚʘ-

ʥʠʝ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢʘʢ ʢ ʥʝʥʘʚʠʩʪʠ, ʪʘʢ 

ʠ ʢ ʧʦʜʜʝʨʞʢʝ ʤʠʨʘ. ɸʫʜʠʪʦʨʠʷ, ʪʘʢʠʤ ʦʙʨʘ-

ʟʦʤ, ʚʦʚʣʝʢʘʝʪʩʷ ʥʝ ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʦʩʤʳʩ-

ʣʝʥʠʝ, ʘ ʚ ʵʤʦʮʠʦʥʘʣʴʥʦʝ ʩʦʧʝʨʝʞʠʚʘʥʠʝ ʦʜ-

ʥʦʡ ʠʟ ʩʪʦʨʦʥ, ʛʜʝ ʤʝʪʘʬʦʨʘ ʩʣʫʞʠʪ ʤʦʩʪʦʤ 

ʤʝʞʜʫ ʬʘʢʪʦʤ ʠ ʪʨʝʙʫʝʤʦʡ ʵʤʦʮʠʝʡ. ʊʘʢʠʝ 

ʤʝʪʘʬʦʨʳ ʚʳʧʦʣʥʷʶʪ ʥʝʩʢʦʣʴʢʦ ʟʘʜʘʯ: 

- ʜʝʛʫʤʘʥʠʟʠʨʫʶʪ ʧʨʦʪʠʚʥʠʢʘ, ʧʨʝʜʩʪʘʚʣʷʷ 

ʝʛʦ ʥʝ ʢʘʢ ʧʦʣʠʪʠʯʝʩʢʦʛʦ ʦʧʧʦʥʝʥʪʘ, ʘ ʢʘʢ 

ʩʪʠʭʠʡʥʦʝ ʙʝʜʩʪʚʠʝ ʠʣʠ ʙʦʣʝʟʥʴ; 

- ʦʧʨʘʚʜʳʚʘʶʪ ʯʨʝʟʚʳʯʘʡʥʳʝ ʤʝʨʳ (çsurgi-

cal interventionè, çquarantineè);  

- ʩʦʟʜʘʶʪ ʦʱʫʱʝʥʠʝ ʛʣʦʙʘʣʴʥʦʡ ʠ ʥʝʦʪ-

ʣʦʞʥʦʡ ʫʛʨʦʟʳ, ʪʨʝʙʫʶʱʝʡ ʙʝʩʧʨʝʢʦʩʣʦʚʥʦʡ 

ʢʦʥʩʦʣʠʜʘʮʠʠ ʦʙʱʝʩʪʚʘ ʚʦʢʨʫʛ ʧʨʝʜʣʘʛʘʝʤʦʡ 

ʚʣʘʩʪʠʪʝʣʷʤʠ ʣʠʥʠʠ, ʧʨʠ ʵʪʦʤ ʥʝʛʘʪʠʚʥʦ ʦʮʝ-

ʥʦʯʥʳʝ ʣʝʢʩʠʯʝʩʢʠʝ ʝʜʠʥʠʮʳ (çʟʚʝʨʩʪʚʘè, 

çʢʨʦʚʘʚʳʡ ʨʝʞʠʤè) ʩʪʘʥʦʚʷʪʩʷ ʥʝʦʪʲʝʤʣʝ-

ʤʳʤʠ ʩʧʫʪʥʠʢʘʤʠ ʵʪʠʭ ʤʝʪʘʬʦʨ, ʫʩʠʣʠʚʘʷ 

ʵʬʬʝʢʪ ʦʪʪʦʨʞʝʥʠʷ ʠ ʩʪʨʘʭʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʩʫʘʟʠʚʥʳʡ ʵʬʬʝʢʪ ʤʝ-

ʪʘʬʦʨ ʚ ʚʦʝʥʥʦ-ʧʦʣʠʪʠʯʝʩʢʦʤ ʜʠʩʢʫʨʩʝ ʘʥ-

ʛʣʦʷʟʳʯʥʳʭ ʉʄʀ ʦʪʨʘʞʘʝʪ ʜʚʦʡʩʪʚʝʥʥʦʩʪʴ 

ʩʝʤʘʥʪʠʢʠ, ʟʘʪʨʘʛʠʚʘʝʪ ʪʝʤʳ ʪʝʨʨʦʨʠʟʤʘ, ʩʠ-

ʪʫʘʮʠʶ ʥʘ ʋʢʨʘʠʥʝ, ʬʦʨʤʠʨʫʷ ʥʫʞʥʦʝ ʚʦʩ-

ʧʨʠʷʪʠʝ ʤʘʩʩʦʚʦʡ ʘʫʜʠʪʦʨʠʠ ʧʦʩʨʝʜʩʪʚʦʤ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʥʝʛʘʪʠʚʥʦ ʦʮʝʥʦʯʥʳʭ ʣʝʢʩʠʯʝ-

ʩʢʠʭ ʝʜʠʥʠʮ. ɺʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʧʝʨʩʫʘʟʠʚʥʦ-

ʩʪʠ ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ ʤʝʪʘʬʦʨʳ ʢ ʟʘʚʫʘ-

ʣʠʨʦʚʘʥʠʶ ʦʮʝʥʦʯʥʳʭ ʩʫʞʜʝʥʠʡ ʧʦʜ ʦʙʲʝʢ-

ʪʠʚʥʳʝ ʘʥʘʣʦʛʠʠ. ʇʦʩʢʦʣʴʢʫ ʤʝʪʘʬʦʨʘ ʧʦ 

ʩʚʦʝʡ ʧʨʠʨʦʜʝ ʷʚʣʷʝʪʩʷ ʠʥʩʪʨʫʤʝʥʪʦʤ ʧʦʟʥʘ-

ʥʠʷ ʯʝʨʝʟ ʩʦʧʦʩʪʘʚʣʝʥʠʝ, ʦʥʘ ʤʘʩʢʠʨʫʝʪ ʩʚʦʶ 

ʩʤʳʩʣʦʚʫʶ ʥʘʛʨʫʟʢʫ ʧʦʜ ʝʩʪʝʩʪʚʝʥʥʳʡ ʭʦʜ 
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ʤʳʩʣʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʪʨʘʥʩʣʠʨʦʚʘʪʴ ʦʧʨʝʜʝ-

ʣʝʥʥʳʝ ʫʩʪʘʥʦʚʢʠ, ʧʨʝʦʜʦʣʝʚʘʷ ʚʦʟʤʦʞʥʳʝ 

ʢʦʛʥʠʪʠʚʥʳʝ ʙʘʨʴʝʨʳ ʠ ʨʝʬʣʝʢʩʠʶ ʘʫʜʠʪʦ-

ʨʠʠ. ʊʝʤ ʩʘʤʳʤ ʩʦʦʙʱʝʥʠʝ ʚ ʤʝʪʘʬʦʨʠʯʝʩʢʦʡ 

ʬʦʨʤʝ ʫʩʚʘʠʚʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʥʘ ʨʘʮʠʦʥʘʣʴ-

ʥʦʤ, ʥʦ ʠ ʥʘ ʘʩʩʦʮʠʘʪʠʚʥʦʤ ʫʨʦʚʥʝ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʘʬʦʨ ʚ 

ʚʦʝʥʥʦ-ʧʦʣʠʪʠʯʝʩʢʦʤ ʜʠʩʢʫʨʩʝ ʘʥʛʣʦʷʟʳʯʥʳʭ 

ʉʄʀ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʥʫʞʥʦʡ 

ʩʦʮʠʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ. ɿʘʤʝʥʷʷ ʩʣʦʞʥʳʝ, 

ʥʝʦʙʲʷʩʥʠʤʳʝ ʷʚʣʝʥʠʷ ʮʝʣʦʩʪʥʳʤʠ ʠ ʯʘʩʪʦ 

ʧʨʦʩʪʳʤʠ ʧʦʥʷʪʥʳʤʠ ʦʙʨʘʟʘʤʠ, ʤʝʪʘʬʦʨʠʯʝ-

ʩʢʠʡ ʢʦʥʩʪʨʫʢʪ ʫʧʨʦʱʘʝʪ ʧʦʥʠʤʘʥʠʝ ʠ ʩʤʳʩʣ 

ʩʢʘʟʘʥʥʦʛʦ, ʥʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʫʞʘʝʪ ʩʧʝʢʪʨ 

ʚʦʟʤʦʞʥʳʭ ʠʥʪʝʨʧʨʝʪʘʮʠʡ, ʯʪʦ ʜʝʣʘʝʪ ʤʝʪʘ-

ʬʦʨʫ ʤʦʱʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʬʦʨʤʠʨʦʚʘ-

ʥʠʷ ʚʣʠʷʥʠʷ, ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʱʝʩʪʚʝʥʥʦʛʦ 

ʤʥʝʥʠʷ ʚʦʢʨʫʛ ʢʦʥʢʨʝʪʥʳʭ ʠʜʝʡ ʠʣʠ, ʥʘʧʨʦ-

ʪʠʚ, ʜʣʷ ʩʦʟʜʘʥʠʷ ʠ ʧʦʜʜʝʨʞʘʥʠʷ ʩʦʮʠʘʣʴʥʳʭ 

ʧʨʦʪʠʚʦʨʝʯʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʩʫʘʟʠʚʥʘʷ 

ʤʝʪʘʬʦʨʘ ʚʳʩʪʫʧʘʝʪ ʢʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ ʚ 

ʫʧʨʘʚʣʝʥʠʠ ʚʦʩʧʨʠʷʪʠʝʤ ʠ ʢʦʣʣʝʢʪʠʚʥʳʤ ʩʦ-

ʟʥʘʥʠʝʤ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʪʘʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘʧʨʷ-

ʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʩʪʝʧʝʥʠ ʨʝʟʦʥʘʥʩʘ ʘʢʪʠʚʠʨʫʝ-

ʤʦʛʦ ʬʨʝʡʤʘ ʩ ʩʠʩʪʝʤʦʡ ʮʝʥʥʦʩʪʝʡ ʠ ʩʪʝʨʝʦ-

ʪʠʧʘʤʠ ʮʝʣʝʚʦʡ ʛʨʫʧʧʳ. ʄʝʪʘʬʦʨʘ, ʫʩʧʝʰʥʦ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʚ ʢʦʣʣʝʢʪʠʚʥʦʝ ʩʤʳʩʣʦʚʦʝ 

ʧʦʣʝ, ʧʝʨʝʩʪʘʝʪ ʚʦʩʧʨʠʥʠʤʘʪʴʩʷ ʢʘʢ ʨʠʪʦʨʠ-

ʯʝʩʢʘʷ ʬʠʛʫʨʘ, ʧʨʝʚʨʘʱʘʷʩʴ ʚ ʥʝʦʪʲʝʤʣʝʤʳʡ 

ʵʣʝʤʝʥʪ ʷʟʳʢʘ ʦʧʠʩʘʥʠʷ ʨʝʘʣʴʥʦʩʪʠ. ʆʥʘ 

ʬʦʨʤʠʨʫʝʪ ʤʝʪʘʬʦʨʠʯʝʩʢʠʡ ʢʦʥʮʝʧʪ ï ʫʩʪʦʡ-

ʯʠʚʫʶ ʤʝʥʪʘʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʢʦʪʦʨʘʷ ʦʨʛʘ-

ʥʠʟʫʝʪ ʦʧʳʪ ʠ ʦʮʝʥʢʫ ʚ ʟʘʜʘʥʥʦʤ ʢʣʶʯʝ. ʊʘ-

ʢʠʤ ʦʙʨʘʟʦʤ, ʫʙʝʞʜʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʥʝ ʯʝʨʝʟ 

ʧʨʷʤʦʝ ʥʘʚʷʟʳʚʘʥʠʝ ʘʨʛʫʤʝʥʪʦʚ, ʘ ʯʝʨʝʟ ʠʤ-

ʧʣʠʢʘʮʠʶ ʞʝʣʘʝʤʦʛʦ ʚʳʚʦʜʘ, ʢʦʪʦʨʳʡ ʨʝʮʠ-

ʧʠʝʥʪ, ʩʣʝʜʫʷ ʣʦʛʠʢʝ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʦʙʨʘʟʘ, 

ʬʦʨʤʫʣʠʨʫʝʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ. 
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Abstract. This article examines the characteristics of persuasive metaphors in contemporary Eng-

lish-language military-political discourse. It is noted that the persuasive effect of metaphor is aimed at 

subtly influencing decision-making, shaping public consciousness, changing or transforming social val-

ues, emotional attitudes, and choosing sides. The concept of çwarè is analyzed, and its prevalence in 

English-language media is substantiated. Articles from The Independent, The New Yorker, The Guardi-

an, and The Daily News serve as research material. 
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ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʩʪʫʧʘʝʪ ʦʙʨʘʟ ʚʦʟʨʦʞʜʘʝʤʦʛʦ ʢʘʟʘʯʝʩʪʚʘ, ʬʦʨʤʠ-

ʨʫʝʤʳʡ ʨʝʛʠʦʥʘʣʴʥʦʡ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʧʝʯʘʪʴʶ ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʥʘ ʵʪʘʧʝ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʦʬʦʨʤʣʝʥʠʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʢʘʟʘʯʴʝʛʦ ʜʚʠʞʝʥʠʷ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʤ, ʯʪʦ 

ʧʨʝʩʩʘ ʢʦʥʮʘ 1980-ʭ ï ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʳ 2000-ʭ ʛʛ. ʷʚʣʷʣʘʩʴ ʥʝ ʪʦʣʴʢʦ ʢʘʥʘʣʦʤ ʠʥʬʦʨʤʠʨʦʚʘʥʠʷ, 

ʥʦ ʠ ʟʥʘʯʠʤʳʤ ʫʯʘʩʪʥʠʢʦʤ ʩʠʤʚʦʣʠʯʝʩʢʦʛʦ ʟʘʢʨʝʧʣʝʥʠʷ ʥʦʚʳʭ ʩʦʮʠʘʣʴʥʳʭ ʨʦʣʝʡ ʢʘʟʘʯʝʩʪʚʘ. 

ʎʝʣʴ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ ʚʳʷʚʣʝʥʠʠ ʦʩʥʦʚʥʳʭ ʩʤʳʩʣʦʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʜʘʥʥʦʛʦ ʤʝʜʠʡʥʦʛʦ ʦʙʨʘ-

ʟʘ. ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʫʶ ʦʩʥʦʚʫ ʩʦʩʪʘʚʠʣʠ ʧʨʠʥʮʠʧʳ ʩʦʮʠʘʣʴʥʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʠʟʤʘ ʠ ʢʦʥʪʝʥʪ-

ʘʥʘʣʠʟ, ʧʨʠʤʝʥʝʥʥʳʡ ʢ ʩʧʣʦʰʥʦʡ ʚʳʙʦʨʢʝ ʥʘʨʨʘʪʠʚʥʳʭ ʧʫʙʣʠʢʘʮʠʡ ʨʝʛʠʦʥʘʣʴʥʳʭ ʛʘʟʝʪ. ʋʩʪʘ-

ʥʦʚʣʝʥʦ, ʯʪʦ ʮʝʥʪʨʘʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʦʙʨʘʟʘ ʩʪʘʣʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʢʘʟʘʢʘʭ ʢʘʢ ʦ 

ʟʘʱʠʪʥʠʢʘʭ ʨʝʛʠʦʥʘ, ʭʨʘʥʠʪʝʣʷʭ ʠʩʪʦʨʠʯʝʩʢʦʡ ʧʘʤʷʪʠ ʠ ʥʦʩʠʪʝʣʷʭ ʪʨʘʜʠʮʠʦʥʥʦʡ ʢʫʣʴʪʫʨʳ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʝʜʫʱʠʤ ʦʙʲʝʢʪʦʤ ʧʦʟʠʪʠʚʥʦʡ ʨʝʧʨʝʟʝʥʪʘʮʠʠ ʩʪʘʣʠ ʨʝʝʩʪʨʦʚʳʝ ʢʘʟʘʯʴʠ ʦʙʱʝ-

ʩʪʚʘ. ʉʜʝʣʘʥ ʚʳʚʦʜ ʦ ʩʚʷʟʠ ʜʘʥʥʦʡ ʨʝʧʨʝʟʝʥʪʘʮʠʠ ʩ ʢʫʨʩʦʤ ʥʘ ʦʛʦʩʫʜʘʨʩʪʚʣʝʥʠʝ ʢʘʟʘʯʝʩʪʚʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠʩʪʦʨʠʠ ʤʝʜʠʘ, ʨʝʛʠʦʥʘʣʴʥʦʡ ʠʜʝʥʪʠʯ-

ʥʦʩʪʠ ʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʢʘʟʘʯʝʩʪʚʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʘʟʘʯʝʩʪʚʦ; ʈʦʩʪʦʚʩʢʘʷ ʦʙʣʘʩʪʴ; ʨʝʛʠʦʥʘʣʴʥʘʷ ʧʨʝʩʩʘ; ʩʦʮʠʘʣʴʥʦʝ ʢʦʥ-

ʩʪʨʫʠʨʦʚʘʥʠʝ; ʤʝʜʠʡʥʳʡ ʦʙʨʘʟ; ʠʩʪʦʨʠʯʝʩʢʘʷ ʧʘʤʷʪʴ; ʨʝʝʩʪʨʦʚʳʝ ʢʘʟʘʯʴʠ ʦʙʱʝʩʪʚʘ; ʣʦʢʘʣʴ-

ʥʘʷ ʠʜʝʥʪʠʯʥʦʩʪʴ. 

 

ʇʨʦʙʣʝʤʘ ʦʙʨʘʟʘ ʚʦʟʨʦʞʜʘʝʤʦʛʦ ʢʘʟʘʯʝ-

ʩʪʚʘ ʚ ʨʝʛʠʦʥʘʣʴʥʦʡ ʧʨʝʩʩʝ ɼʦʥʘ ʧʨʝʜʩʪʘʚʣʷ-

ʝʪ ʠʥʪʝʨʝʩ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʠʩʪʦʨʠʠ ʞʫʨʥʘʣʠ-

ʩʪʠʢʠ, ʥʦ ʠ ʜʣʷ ʘʥʘʣʠʟʘ ʤʝʭʘʥʠʟʤʦʚ ʩʠʤʚʦʣʠ-

ʯʝʩʢʦʛʦ ʦʬʦʨʤʣʝʥʠʷ ʣʦʢʘʣʴʥʦʡ ʠʜʝʥʪʠʯʥʦʩʪʠ. 

ʅʘ ɼʦʥʫ ʢʘʟʘʯʴʷ ʪʝʤʘ ʩ ʢʦʥʮʘ 1980-ʭ ʛʛ. ʩʪʘʣʘ 

ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʟʘʤʝʪʥʳʭ ʚ ʦʙʱʝʩʪʚʝʥʥʦʡ 

ʜʠʩʢʫʩʩʠʠ, ʧʦʩʢʦʣʴʢʫ ʟʘʪʨʘʛʠʚʘʣʘ ʚʦʧʨʦʩʳ 

ʠʩʪʦʨʠʯʝʩʢʦʡ ʧʘʤʷʪʠ, ʨʝʛʠʦʥʘʣʴʥʦʡ ʩʘʤʦ-

ʙʳʪʥʦʩʪʠ, ʩʦʮʠʘʣʴʥʦʡ ʧʨʝʝʤʩʪʚʝʥʥʦʩʪʠ ʠ ʧʦ-

ʣʠʪʠʯʝʩʢʦʡ ʣʝʛʠʪʠʤʥʦʩʪʠ ʥʦʚʳʭ ʦʙʱʝʩʪʚʝʥ-

ʥʳʭ ʦʙʲʝʜʠʥʝʥʠʡ. ʋʞʝ ʥʘ ʨʘʥʥʝʤ ʵʪʘʧʝ ʧʫʙ-

ʣʠʯʥʦʛʦ ʦʙʩʫʞʜʝʥʠʷ, ʢʦʛʜʘ ʥʘ ʩʪʨʘʥʠʮʘʭ ʨʦ-

ʩʪʦʚʩʢʦʡ ʧʝʯʘʪʠ ʨʘʟʚʝʨʥʫʣʠʩʴ ʩʧʦʨʳ ʦ ʧʨʦ-

ʰʣʦʤ ʢʘʟʘʯʝʩʪʚʘ ʠ ʜʦʧʫʩʪʠʤʳʭ ʬʦʨʤʘʭ ʝʛʦ 

ʚʦʟʚʨʘʱʝʥʠʷ ʚ ʩʦʚʨʝʤʝʥʥʦʩʪʴ, ʙʳʣʦ ʦʯʝʚʠʜ-

ʥʦ, ʯʪʦ ʧʨʝʩʩʘ ʥʝ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʬʫʥʢʮʠʝʡ 

ʭʨʦʥʠʢʝʨʘ. ʆʥʘ ʫʯʘʩʪʚʫʝʪ ʚ ʚʳʙʦʨʝ ʠʥʪʝʨʧʨʝ-

ʪʘʮʠʡ, ʨʘʥʞʠʨʫʝʪ ʜʦʧʫʩʪʠʤʳʝ ʚʝʨʩʠʠ ʧʨʦ-

ʰʣʦʛʦ ʠ ʟʘʢʨʝʧʣʷʝʪ ʪʝ ʩʠʤʚʦʣʠʯʝʩʢʠʝ ʬʦʨʤʫ-

ʣʳ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʥʘʯʠʥʘʶʪ ʚʦʩʧʨʠʥʠʤʘʪʴʩʷ 

ʢʘʢ ʝʩʪʝʩʪʚʝʥʥʳʝ [ʊʠʪʦʚ 2016; ʈʚʘʯʝʚʘ 2019]. 

ʉʦʚʨʝʤʝʥʥʘʷ ʠʩʪʦʨʠʦʛʨʘʬʠʷ ʧʦʜʯʝʨʢʠʚʘʝʪ, 

ʯʪʦ ʧʦʩʪʩʦʚʝʪʩʢʦʝ ʢʘʟʘʯʝʩʪʚʦ ʥʝ ʤʦʞʝʪ ʨʘʩ-

ʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʦʜʥʦʨʦʜʥʘʷ ʠ ʨʘʟ ʠ ʥʘʚʩʝʛʜʘ 

ʟʘʜʘʥʥʘʷ ʦʙʱʥʦʩʪʴ. ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʬʠʢʩʠʨʫ-

ʶʪ ʩʣʦʞʥʳʡ ʧʨʦʮʝʩʩ ʛʨʫʧʧʦʦʙʨʘʟʦʚʘʥʠʷ, ʚ 

ʭʦʜʝ ʢʦʪʦʨʦʛʦ ʢʦʥʢʫʨʠʨʦʚʘʣʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʦ ʢʘʟʘʯʝʩʪʚʝ ʢʘʢ ʦ ʩʣʫʞʠʣʦʤ ʩʦʩʣʦʚʠʠ, ʵʪʥʦ-

ʢʫʣʴʪʫʨʥʦʡ ʛʨʫʧʧʝ, ʦʩʦʙʦʡ ʬʦʨʤʝ ʢʦʣʣʝʢʪʠʚ-

ʥʦʡ ʧʘʤʷʪʠ ʠ ʦʙʱʝʩʪʚʝʥʥʦ-ʧʦʣʠʪʠʯʝʩʢʦʤ 

ʜʚʠʞʝʥʠʠ [ɼʝʥʠʩʦʚʘ, ʂʦʚʘʣʝʚ 2023; ʈʳʙʣʦʚʘ 

2023]. ɼʣʷ ʶʞʥʦʨʦʩʩʠʡʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʟʥʘʯʠʤʳʤ ʦʢʘʟʳʚʘʝʪʩʷ ʠ ʬʨʦʥʪʠʨʥʳʡ ʘʩʧʝʢʪ, 

ʧʦʩʢʦʣʴʢʫ ʢʘʟʘʯʴʷ ʠʜʝʥʪʠʯʥʦʩʪʴ ʠʩʪʦʨʠʯʝʩʢʠ 

ʩʚʷʟʘʥʘ ʩ ʧʦʛʨʘʥʠʯʥʦʩʪʴʶ, ʚʦʝʥʥʦʡ ʬʫʥʢʮʠʝʡ 

ʠ ʦʧʳʪʦʤ ʢʫʣʴʪʫʨʥʦʛʦ ʧʦʩʨʝʜʥʠʯʝʩʪʚʘ [ɹʨʝ-

ʜʠʭʠʥ 2017; ɹʨʝʜʠʭʠʥ 2023]. ɺ ʵʪʦʤ ʩʤʳʩʣʝ 

ʤʝʜʠʘʨʝʧʨʝʟʝʥʪʘʮʠʷ ʢʘʟʘʯʝʩʪʚʘ ʚ ʈʦʩʪʦʚʩʢʦʡ 

ʦʙʣʘʩʪʠ ʦʪʨʘʞʘʣʘ ʥʝ ʛʦʪʦʚʫʶ ʩʦʮʠʘʣʴʥʫʶ ʨʝ-

ʘʣʴʥʦʩʪʴ, ʘ ʧʨʦʮʝʩʩ ʝʝ ʜʠʩʢʫʨʩʠʚʥʦʛʦ ʫʧʦʨʷ-

ʜʦʯʝʥʠʷ, ʚ ʢʦʪʦʨʦʤ ʦʜʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʩʠ-

ʣʠʚʘʣʠʩʴ, ʘ ʜʨʫʛʠʝ, ʥʘʧʨʦʪʠʚ, ʚʳʪʝʩʥʷʣʠʩʴ ʥʘ 

ʧʝʨʠʬʝʨʠʶ. 

ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʠ ʨʘʙʦʪʘ ʦʧʠʨʘʝʪʩʷ ʥʘ ʢʦʥ-

ʩʪʨʫʢʪʠʚʠʩʪʩʢʦʝ ʧʦʥʠʤʘʥʠʝ ʠʜʝʥʪʠʯʥʦʩʪʠ ʠ 

ʦʙʨʘʟʘ ʢʘʢ ʨʝʟʫʣʴʪʘʪʘ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʢʦʤʤʫ-

ʥʠʢʘʪʠʚʥʳʭ ʧʨʘʢʪʠʢ. ʇʨʠ ʘʥʘʣʠʟʝ ʨʝʛʠʦʥʘʣʴ-

ʥʦʡ ʧʨʝʩʩʳ ʪʘʢʦʡ ʧʦʜʭʦʜ ʦʩʦʙʝʥʥʦ ʧʨʦʜʫʢʪʠ-

ʚʝʥ, ʧʦʩʢʦʣʴʢʫ ʣʦʢʘʣʴʥʳʝ ʠʟʜʘʥʠʷ, ʢʘʢ ʧʦʢʘ-
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ʟʘʥʦ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʦ ʤʝʜʠʘʜʠʩʢʫʨʩʠʚʥʦʤ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʨʝʛʠʦʥʘʣʴʥʦʡ ʠ ʣʦʢʘʣʴʥʦʡ 

ʠʜʝʥʪʠʯʥʦʩʪʠ, ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʚ ʪʝʩʥʦʡ ʩʚʷʟ-

ʢʝ ʩ ʧʦʚʩʝʜʥʝʚʥʳʤ ʦʧʳʪʦʤ ʞʠʪʝʣʝʡ ʠ ʩʣʫʞʘʪ 

ʤʝʭʘʥʠʟʤʦʤ ʥʦʨʤʘʪʠʚʥʦʛʦ ʦʧʠʩʘʥʠʷ ʤʝʩʪʥʦʛʦ 

ʩʦʦʙʱʝʩʪʚʘ [ɸʩʪʘʰʦʚʘ 2020; ʏʠʙʠʩʦʚʘ 2017; 

ʄʫʭʘ, ʌʝʜʦʩʝʝʚʘ 2024]. ʕʤʧʠʨʠʯʝʩʢʫʶ ʙʘʟʫ 

ʩʦʩʪʘʚʠʣʠ ʥʘʨʨʘʪʠʚʥʳʝ ʧʫʙʣʠʢʘʮʠʠ ʦʙʱʝ-

ʩʪʚʝʥʥʦ-ʧʦʣʠʪʠʯʝʩʢʠʭ ʠ ʦʙʱʝʩʪʚʝʥʥʦ-ʠʥʬʦʨ-

ʤʘʮʠʦʥʥʳʭ ʛʘʟʝʪ ʈʦʩʪʦʚʘ-ʥʘ-ɼʦʥʫ ʠ ʈʦʩʪʦʚ-

ʩʢʦʡ ʦʙʣʘʩʪʠ ʢʦʥʮʘ 1980-ʭ - ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʳ 

2000-ʭ ʛʛ., ʧʦʩʚʷʱʝʥʥʳʝ ʠʩʪʦʨʠʯʝʩʢʦʡ ʧʘʤʷ-

ʪʠ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʤʫ ʩʪʘʥʦʚʣʝʥʠʶ ʢʘʟʘʯʴʠʭ 

ʦʙʱʝʩʪʚ, ʢʫʣʴʪʫʨʥʳʤ ʘʢʮʠʷʤ, ʚʦʧʨʦʩʘʤ ʙʝʟ-

ʦʧʘʩʥʦʩʪʠ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʢʘʟʘʯʝʩʪʚʘ ʩ ʦʨ-

ʛʘʥʘʤʠ ʚʣʘʩʪʠ. ɽʜʠʥʠʮʘʤʠ ʘʥʘʣʠʟʘ ʚʳʩʪʫʧʘʣʠ 

ʥʦʤʠʥʘʮʠʠ, ʩʶʞʝʪʥʳʝ ʨʦʣʠ, ʧʦʚʪʦʨʷʶʱʠʝʩʷ 

ʦʮʝʥʦʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʪʠʧʦʚʳʝ ʤʦʜʝʣʠ 

ʜʝʡʩʪʚʠʷ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʳʭ ʢʘʟʘʯʝʩʪʚʦ ʦʧʠ-

ʩʳʚʘʣʦʩʴ ʢʘʢ ʩʦʮʠʘʣʴʥʳʡ ʩʫʙʲʝʢʪ. 

ʄʘʪʝʨʠʘʣʳ ʨʘʥʥʝʛʦ ʵʪʘʧʘ ʢʘʟʘʯʝʩʪʚʘ ʜʝ-

ʤʦʥʩʪʨʠʨʫʶʪ ʧʝʨʝʭʦʜ ʦʪ ʧʨʦʙʣʝʤʘʪʠʟʘʮʠʠ ʢ 

ʧʦʩʪʝʧʝʥʥʦʡ ʣʝʛʠʪʠʤʘʮʠʠ. ʀʟʥʘʯʘʣʴʥʦ ʛʘʟʝʪ-

ʥʳʡ ʜʠʩʢʫʨʩ ʩʪʨʦʠʣʩʷ ʚʦʢʨʫʛ ʚʦʧʨʦʩʦʚ ʠʩʪʦ-

ʨʠʯʝʩʢʦʡ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ, ʨʝʘʙʠʣʠʪʘʮʠʠ ʧʘ-

ʤʷʪʠ ʠ ʧʨʘʚʘ ʥʘ ʚʦʟʚʨʘʱʝʥʠʝ ʨʘʥʝʝ ʚʳʪʝʩʥʝʥ-

ʥʦʡ ʨʝʛʠʦʥʘʣʴʥʦʡ ʪʨʘʜʠʮʠʠ. ɺ ʧʫʙʣʠʢʘʮʠʷʭ 

ʵʪʦʛʦ ʚʨʝʤʝʥʠ ʟʘʤʝʪʥʳ ʩʣʝʜʳ ʧʦʣʝʤʠʢʠ: ʚʦʟ-

ʨʦʞʜʘʝʤʦʝ ʢʘʟʘʯʝʩʪʚʦ ʦʩʤʳʩʣʷʣʦʩʴ ʯʝʨʝʟ 

ʧʨʦʪʠʚʦʧʦʩʪʘʚʣʝʥʠʝ ʦʬʠʮʠʘʣʴʥʦʡ ʩʦʚʝʪʩʢʦʡ 

ʠʩʪʦʨʠʦʛʨʘʬʠʯʝʩʢʦʡ ʩʭʝʤʝ ʠ ʯʝʨʝʟ ʧʦʧʳʪʢʫ 

ʚʦʩʩʪʘʥʦʚʠʪʴ ʧʨʝʨʚʘʥʥʫʶ ʩʚʷʟʴ ʧʦʢʦʣʝʥʠʡ. 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʜʘʥʥʫʶ ʪʦʯʢʫ ʟʨʝʥʠʷ ʪʨʘʥʩʣʠ-

ʨʫʝʪ ʛʘʟʝʪʘ çɸʨʛʫʤʝʥʪʳ ʠ ʌʘʢʪʳè. 1 ʩʝʥʪʷʙʨʷ 

1993 ʛʦʜʘ ʚʳʭʦʜʠʪ ʤʘʪʝʨʠʘʣ ʧʦʜ ʟʘʛʦʣʦʚʢʦʤ 

çʖʛ ʈʦʩʩʠʠ ʤʦʞʝʪ ʩʪʘʪʴ ʛʦʨʷʯʝʡ ʪʦʯʢʦʡ. ʂʘ-

ʟʘʯʠʡ ɼʦʥ ʥʝ ʪʘʢʦʡ ʫʞ ʠ ʪʠʭʠʡ...è, ʚ ʢʦʪʦʨʦʤ 

ʘʚʪʦʨ ʪʝʢʩʪʘ ʜʦʩʣʦʚʥʦ ʧʠʰʝʪ: çʆʜʥʘʢʦ ʢʘʟʘʢʠ 

ʥʘ ʵʪʦʤ ʥʝ ʦʩʪʘʥʦʚʠʣʠʩʴ ʠ ʩʪʘʣʠ ʚʳʜʚʠʛʘʪʴ 

ʪʨʝʙʦʚʘʥʠʷ ʥʘ ʚʣʘʜʝʥʠʝ ʢʘʟʘʯʴʠʤʠ ʟʝʤʣʷʤʠ ʠ 

ʚʚʝʜʝʥʠʝ ʫ ʩʝʙʷ ʢʘʟʘʯʴʝʛʦ ʩʘʤʦʫʧʨʘʚʣʝʥʠʷ. ʂʦ 

ʚʩʝʤʫ ʧʨʦʯʝʤʫ ʢʘʟʘʯʝʩʪʚʦ ʧʦʞʝʣʘʣʦ ʠʤʝʪʴ 

ʚʦʠʥʩʢʠʡ ʩʪʘʪʫʩ ʠ ʩʣʫʞʠʪʴ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦ-

ʚʘʥʥʳʭ ʢʘʟʘʯʴʠʭ ʧʦʜʨʘʟʜʝʣʝʥʠʷʭ. ʂʦʨʦʯʝ ʛʦ-

ʚʦʨʷ, ʢʘʟʘʯʝʩʪʚʦ ʪʚʝʨʜʦ ʥʘʤʝʨʝʥʦ ʚʦʟʨʦʜʠʪʴʩʷ 

ʢʘʢ ʥʘʨʦʜ ʚʦ ʚʩʝʭ ʩʚʦʠʭ ʠʧʦʩʪʘʩʷʭ, ʩʪʨʝʤʷʩʴ 

ʧʦʣʫʯʠʪʴ ʪʝ ʧʨʘʚʘ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʚʩʝ ʥʘʨʦ-

ʜʳè [ɸʨʛʫʤʝʥʪʳ ʠ ʌʘʢʪʳ 1993]. 

ʆʜʥʘʢʦ ʧʦ ʤʝʨʝ ʨʘʩʰʠʨʝʥʠʷ ʢʨʫʛʘ ʧʫʙʣʠ-

ʢʘʮʠʡ ʧʦʣʝʤʠʯʝʩʢʠʡ ʨʝʛʠʩʪʨ ʦʩʣʘʙʝʚʘʝʪ. ʅʘ 

ʧʝʨʚʳʡ ʧʣʘʥ ʚʳʭʦʜʠʪ ʥʝ ʩʧʦʨ ʦ ʪʦʤ, ʜʦʧʫʩʪʠ-

ʤʦ ʣʠ ʚʦʟʚʨʘʱʝʥʠʝ ʢʘʟʘʯʝʩʪʚʘ, ʘ ʚʦʧʨʦʩ ʦ ʪʦʤ, 

ʚ ʢʘʢʠʭ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʳʭ ʬʦʨʤʘʭ ʦʥʦ 

ʜʦʣʞʥʦ ʩʫʱʝʩʪʚʦʚʘʪʴ ʠ ʢʘʢʫʶ ʧʦʣʴʟʫ ʤʦʞʝʪ 

ʧʨʠʥʦʩʠʪʴ ʨʝʛʠʦʥʫ. ʊʝʤ ʩʘʤʳʤ ʧʨʝʩʩʘ ʧʝʨʝ-

ʚʦʜʠʪ ʪʝʤʫ ʠʟ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠʩʪʦʨʠʯʝʩʢʦʡ 

ʜʠʩʢʫʩʩʠʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʦ ʦʙʱʝʩʪʚʝʥʥʦʡ 

ʧʨʘʛʤʘʪʠʢʠ, ʛʜʝ ʮʝʥʥʦʩʪʴ ʢʘʟʘʯʝʩʪʚʘ ʧʦʜ-

ʪʚʝʨʞʜʘʝʪʩʷ ʝʛʦ ʘʢʪʫʘʣʴʥʦʡ ʩʦʮʠʘʣʴʥʦʡ 

ʬʫʥʢʮʠʝʡ [ʈʚʘʯʝʚʘ 2019; ʊʠʪʦʚ 2016]. 

ʆʜʥʠʤ ʠʟ ʮʝʥʪʨʘʣʴʥʳʭ ʩʤʳʩʣʦʚʳʭ ʫʟʣʦʚ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʘ ʩʪʘʥʦʚʠʪʩʷ ʢʣʠʰʝ ʢʘʟʘ-

ʢʦʚ-ʟʘʱʠʪʥʠʢʦʚ. ɺ ʛʘʟʝʪʥʳʭ ʪʝʢʩʪʘʭ ʦʥʦ ʨʝʘ-

ʣʠʟʫʝʪʩʷ ʯʝʨʝʟ ʩʚʷʟʢʫ ʠʩʪʦʨʠʯʝʩʢʦʡ ʧʘʤʷʪʠ ʠ 

ʩʦʚʨʝʤʝʥʥʦʡ ʦʙʱʝʩʪʚʝʥʥʦʡ ʧʦʣʴʟʳ. ʇʨʦʰʣʦʝ 

ʜʦʥʩʢʠʭ ʢʘʟʘʢʦʚ ʚ ʪʘʢʠʭ ʩʶʞʝʪʘʭ ʩʣʫʞʠʪ ʘʨ-

ʛʫʤʝʥʪʦʤ ʚ ʧʦʣʴʟʫ ʠʭ ʥʘʩʪʦʷʱʝʛʦ: ʝʩʣʠ ʚ ʠʩ-

ʪʦʨʠʯʝʩʢʦʡ ʨʝʪʨʦʩʧʝʢʪʠʚʝ ʢʘʟʘʯʝʩʪʚʦ ʚʳʩʪʫ-

ʧʘʣʦ ʟʘʱʠʪʥʠʢʦʤ ʨʫʙʝʞʝʡ, ʧʦʨʷʜʢʘ ʠ ʧʨʘʚʦ-

ʩʣʘʚʥʦʡ ʦʙʱʥʦʩʪʠ, ʪʦ ʠ ʚ ʥʦʚʳʭ ʫʩʣʦʚʠʷʭ ʦʥʦ 

ʤʳʩʣʠʪʩʷ ʢʘʢ ʨʝʩʫʨʩ ʦʙʱʝʩʪʚʝʥʥʦʡ ʩʪʘʙʠʣʴ-

ʥʦʩʪʠ. ʇʦʜʪʚʝʨʞʜʝʥʠʝʤ ʵʪʦʛʦ ʩʣʫʞʠʪ ʤʘʪʝʨʠ-

ʘʣ ʛʘʟʝʪʳ çɸʨʛʫʤʝʥʪʳ ʠ ʌʘʢʪʳè ʦʪ 13 ʩʝʥ-

ʪʷʙʨʷ 1995 ʛʦʜʘ, ʚ ʢʦʪʦʨʦʤ ʠʟʜʘʥʠʝ ʪʨʘʥʩʣʠ-

ʨʫʝʪ ʤʳʩʣʴ, ʯʪʦ ʨʝʰʝʥʠʝ ʢʘʟʘʯʴʝʛʦ ʚʦʧʨʦʩʘ 

ʦʩʪʨʘʷ ʪʝʤʘ ʠ ʘʢʪʫʘʣʴʥʘʷ ʧʦʚʝʩʪʢʘ, ʪʘʢ ʢʘʢ 

ʢʘʟʘʯʝʩʪʚʦ ʥʘʤʝʨʝʥʦ ʚʦʟʨʦʞʜʘʪʴʩʷ ʠ ʚʝʨʥʫʪʴ 

ʚʦ ʚʣʘʜʝʥʠʷ ʟʝʤʣʠ: çɺ ʦʙʤʝʥ ʟʘ ʟʝʤʣʶ ʦʥʠ 

ʛʦʪʦʚʳ ʩʣʫʞʠʪʴ ʥʝ ʪʦʣʴʢʦ 1,5-2 ʛʦʜʘ, ʘ ʜʘʞʝ 

ʜʦ 40-ʣʝʪʥʝʛʦ ʚʦʟʨʘʩʪʘ, ʯʪʦ ʦʯʝʥʴ ʘʢʪʫʘʣʴʥʦ 

ʧʨʠ ʥʳʥʝʰʥʝʡ ʩʠʪʫʘʮʠʠ ʚ ɺʦʦʨʫʞʝʥʥʳʭ ʉʠ-

ʣʘʭ, ʢʦʛʜʘ ʢʘʞʜʳʝ 16 ʠʟ 100 ʯʝʣʦʚʝʢ ʥʝʧʨʠ-

ʛʦʜʥʳ ʜʣʷ ʩʣʫʞʙʳ ʚ ʘʨʤʠʠ, ʣʠʙʦ ʠʤʝʶʪ ʦʜʠʥ 

ʠʟ 20 ʚʠʜʦʚ ʧʨʘʚʘ ʥʘ ʦʪʩʨʦʯʢʫ. ʂʘʟʘʢʠ ʤʦʛʫʪ 

ʙʳʪʴ ʧʨʠʚʣʝʯʝʥʳ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʩʣʫʞʙʳ ʚ ʧʦ-

ʛʨʘʥʚʦʡʩʢʘʭ, ʥʦ ʠ ʚ ʄʠʥʠʩʪʝʨʩʪʚʝ ʦʙʦʨʦʥʳ, 

ʄʠʥʠʩʪʝʨʩʪʚʝ ʧʦ ʯʨʝʟʚʳʯʘʡʥʳʤ ʩʠʪʫʘʮʠʷʤ, 

ʪʘʤʦʞʝʥʥʦʡ ʠ ʧʨʠʨʦʜʦʦʭʨʘʥʥʦʡ ʩʣʫʞʙʝ, ʌʉɹ 

ʠ ʪ.ʜ.è [ɸʨʛʫʤʝʥʪʳ ʠ ʌʘʢʪʳ 1995]. 

ʇʨʝʩʩʘ ʥʝ ʧʨʦʩʪʦ ʬʠʢʩʠʨʫʝʪ ʢʫʣʴʪʫʨʥʳʝ 

ʧʨʘʢʪʠʢʠ, ʥʦ ʠ ʧʨʦʠʟʚʦʜʠʪ ʵʬʬʝʢʪ ʠʭ ʠʩʪʦʨʠ-

ʯʝʩʢʦʡ ʥʝʧʨʝʨʳʚʥʦʩʪʠ, ʜʘʞʝ ʝʩʣʠ ʤʥʦʛʠʝ ʠʟ 

ʥʠʭ ʚʦʟʨʦʞʜʘʣʠʩʴ ʚ ʥʦʚʳʭ ʫʩʣʦʚʠʷʭ ʠ ʚ 

ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʦʤ ʚʠʜʝ. ʊʘʢʦʡ ʤʝʭʘʥʠʟʤ 

ʩʝʣʝʢʪʠʚʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʭʦʨʦʰʦ ʩʦʦʪʥʦ-

ʩʠʪʩʷ ʩ ʥʘʙʣʶʜʝʥʠʷʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʦʪʤʝ-

ʯʘʶʱʠʭ ʩʦʯʝʪʘʥʠʝ ʨʝʘʣʴʥʦʡ ʢʫʣʴʪʫʨʥʦʡ ʧʨʝ-

ʝʤʩʪʚʝʥʥʦʩʪʠ ʠ ʩʠʤʚʦʣʠʯʝʩʢʦʛʦ ʢʦʥʩʪʨʫʠʨʦ-

ʚʘʥʠʷ ʚ ʧʦʩʪʩʦʚʝʪʩʢʦʤ ʢʘʟʘʯʴʝʤ ʜʚʠʞʝ-

ʥʠʠ [ʈʳʙʣʦʚʘ 2023; ʈʚʘʯʝʚʘ 2020]. 

ʉʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʚ ʩʪʨʫʢʪʫʨʝ ʦʙʨʘʟʘ ʠʛ-

ʨʘʝʪ ʠ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʡ ʢʦʤʧʦʥʝʥʪ. ɺ ʧʫʙʣʠ-

ʢʘʮʠʷʭ ʦ ʜʦʥʩʢʦʤ ʢʘʟʘʯʝʩʪʚʝ ʨʝʛʫʣʷʨʥʦ ʘʢʪʫ-

ʘʣʠʟʠʨʫʶʪʩʷ ʤʦʪʠʚʳ ʨʦʜʥʦʡ ʟʝʤʣʠ, ʩʪʘʥʠʮʳ, 
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ʧʘʤʷʪʠ ʧʨʝʜʢʦʚ, ʤʝʤʦʨʠʘʣʴʥʳʭ ʜʘʪ ʠ ʚʦʟʚʨʘ-

ʱʝʥʠʷ ʟʘʙʳʪʳʭ ʠʤʝʥ. ʏʝʨʝʟ ʵʪʠ ʤʦʪʠʚʳ ʦʙʨʘʟ 

ʢʘʟʘʯʝʩʪʚʘ ʫʢʦʨʝʥʷʝʪʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʦʙʣʘ-

ʩʪʠ ʠ ʧʦʣʫʯʘʝʪ ʩʪʘʪʫʩ ʦʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ 

ʬʦʨʤ ʨʝʛʠʦʥʘʣʴʥʦʡ ʩʘʤʦʧʨʝʟʝʥʪʘʮʠʠ. ɼʣʷ ʛʘ-

ʟʝʪʥʦʛʦ ʪʝʢʩʪʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʚʘʞʥʦ ʧʦʢʘ-

ʟʘʪʴ, ʯʪʦ ʢʘʟʘʯʝʩʪʚʦ ʥʝ ʷʚʣʷʝʪʩʷ ʚʥʝʰʥʠʤ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʬʝʥʦʤʝʥʦʤ: 

ʥʘʧʨʦʪʠʚ, ʦʥʦ ʤʘʨʢʠʨʫʝʪʩʷ ʢʘʢ ʦʜʥʘ ʠʟ ʝʩʪʝ-

ʩʪʚʝʥʥʳʭ ʬʦʨʤ ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʙʳʪʠʷ ɼʦʥʘ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʨʝʛʠʦʥʘʣʴʥʘʷ ʠʜʝʥʪʠʯʥʦʩʪʴ ʠ ʢʘ-

ʟʘʯʴʷ ʪʝʤʘ ʥʘʯʠʥʘʶʪ ʚʟʘʠʤʥʦ ʫʩʠʣʠʚʘʪʴ ʜʨʫʛ 

ʜʨʫʛʘ. ʇʝʯʘʪʴ ʦʧʠʩʳʚʘʝʪ ɼʦʥ ʥʝ ʪʦʣʴʢʦ ʢʘʢ 

ʪʝʨʨʠʪʦʨʠʶ ʧʨʦʞʠʚʘʥʠʷ ʢʘʟʘʢʦʚ, ʥʦ ʠ ʢʘʢ 

ʧʨʦʩʪʨʘʥʩʪʚʦ, ʩʤʳʩʣ ʢʦʪʦʨʦʛʦ ʨʘʩʢʨʳʚʘʝʪʩʷ 

ʯʝʨʝʟ ʢʘʟʘʯʠʡ ʠʩʪʦʨʠʯʝʩʢʠʡ ʦʧʳʪ. ʊʘʢ, 

ʥʘʧʨʠʤʝʨ, ʜʘʥʥʫʶ ʪʝʤʫ ʨʘʩʢʨʳʚʘʝʪ ʠʟʜʘʥʠʝ 

çʈʦʩʩʠʡʩʢʘʷ ʛʘʟʝʪʘè. ɺ ʤʘʪʝʨʠʘʣʝ ʦʪ 5 ʬʝʚʨʘ-

ʣʷ 2008 ʛʦʜʘ ʛʦʚʦʨʠʪʩʷ: çɺ 1996 ʛʦʜʫ ʧʨʘʚʠ-

ʪʝʣʴʩʪʚʦ ʈʌ ʫʪʚʝʨʜʠʣʦ ʧʦʣʦʞʝʥʠʝ ʦ ʧʦʨʷʜʢʝ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʮʝʣʝʚʦʛʦ ʟʝʤʝʣʴʥʦʛʦ ʬʦʥʜʘ 

ʜʣʷ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʟʝʤʝʣʴ ʢʘʟʘʯʴʠʤ ʦʙʱʝ-

ʩʪʚʘʤ, ʚʢʣʶʯʝʥʥʳʤ ʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʨʝ-

ʝʩʪʨ. ʂʘʟʘʢʠ ʪʘʢʞʝ ʧʦʣʫʯʠʣʠ ʧʨʘʚʦ ʥʘ ʙʝʟʚʦʟ-

ʤʝʟʜʥʫʶ ʬʠʥʘʥʩʦʚʫʶ ʧʦʤʦʱʴ ʥʘ ʩʪʨʦʠʪʝʣʴ-

ʩʪʚʦ ʠʣʠ ʧʦʢʫʧʢʫ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʞʠʣʳʭ 

ʜʦʤʦʚ ʠ ʧʝʨʚʦʥʘʯʘʣʴʥʦʝ ʦʙʟʘʚʝʜʝʥʠʝ ʭʦʟʷʡ-

ʩʪʚʦʤ. ʅʘ ʫʨʦʚʥʝ ʦʙʣʘʩʪʠ ʧʦʣʦʞʝʥʠʝ ʦ ʢʘʟʘ-

ʯʴʝʤ ʟʝʤʝʣʴʥʦʤ ʬʦʥʜʝ ʧʦʷʚʠʣʦʩʴ ʯʝʨʝʟ ʜʚʘ 

ʛʦʜʘ, ʥʘ ʝʛʦ ʦʩʥʦʚʘʥʠʠ ʟʝʤʣʷ ʧʨʝʜʦʩʪʘʚʣʷʣʘʩʴ 

ʚ ʙʝʟʚʦʟʤʝʟʜʥʦʝ ʠ ʙʝʩʩʨʦʯʥʦʝ ʧʦʣʴʟʦʚʘʥʠʝ 

ʨʝʝʩʪʨʦʚʳʤ ʢʘʟʘʯʴʠʤ ʩʪʨʫʢʪʫʨʘʤ. ɺ 2000 ʛʦʜʫ 

ʢʘʟʘʯʴʠ ʦʙʱʝʩʪʚʘ, ʟʘʥʠʤʘʚʰʠʝʩʷ ʧʨʦʠʟʚʦʜ-

ʩʪʚʦʤ ʠ ʧʦʩʪʘʚʢʦʡ ʧʨʦʜʫʢʮʠʠ, ʩʳʨʴʷ ʠ ʧʨʦʜʦ-

ʚʦʣʴʩʪʚʠʷ ʜʣʷ ʛʦʩʥʫʞʜ, ʧʦʣʫʯʠʣʠ ʧʨʘʚʦ ʥʘ 

ʛʦʩʧʦʜʜʝʨʞʢʫè [ʃʘʨʠʥʘ 2008]. ʇʦʜʦʙʥʘʷ 

ʩʚʷʟʴ ʪʝʨʨʠʪʦʨʠʠ, ʧʘʤʷʪʠ ʠ ʢʦʣʣʝʢʪʠʚʥʦʡ 

ʠʜʝʥʪʠʯʥʦʩʪʠ ʥʝʦʜʥʦʢʨʘʪʥʦ ʧʦʜʯʝʨʢʠʚʘʣʘʩʴ ʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʜʦʥʩʢʦʛʦ ʢʘʟʘʯʝʩʪʚʘ [ɺʝʥʢʦʚ 

2019; ʈʚʘʯʝʚʘ 2020]. 

ʇʦʢʘʟʘʪʝʣʴʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʦ ʧʦ-

ʟʠʪʠʚʥʘʷ ʨʝʧʨʝʟʝʥʪʘʮʠʷ ʩʚʷʟʳʚʘʝʪʩʷ ʠʤʝʥʥʦ ʩ 

ʦʬʠʮʠʘʣʴʥʦ ʧʨʠʟʥʘʥʥʳʤʠ ʠ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴ-

ʥʦ ʦʬʦʨʤʣʝʥʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ. ʇʦ ʤʝʨʝ ʩʪʘ-

ʥʦʚʣʝʥʠʷ ʨʝʝʩʪʨʦʚʳʭ ʦʙʱʝʩʪʚ ʠ ʨʘʩʰʠʨʝʥʠʷ 

ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʦʙʣʘʩʪʥʳʤʠ ʠ ʤʫʥʠʮʠ-

ʧʘʣʴʥʳʤʠ ʚʣʘʩʪʷʤʠ ʛʘʟʝʪʥʳʡ ʜʠʩʢʫʨʩ ʚʩʝ ʦʪ-

ʯʝʪʣʠʚʝʝ ʩʤʝʱʘʝʪʩʷ ʦʪ ʦʙʨʘʟʘ ʜʚʠʞʝʥʠʷ ʢ ʦʙ-

ʨʘʟʫ ʦʨʛʘʥʠʟʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ. ɺ ʮʝʥʪʨʝ ʚʥʠ-

ʤʘʥʠʷ ʦʢʘʟʳʚʘʶʪʩʷ ʢʨʫʛʠ, ʩʦʚʝʪʳ, ʜʦʛʦʚʦʨʝʥ-

ʥʦʩʪʠ ʩ ʘʜʤʠʥʠʩʪʨʘʮʠʝʡ, ʫʯʘʩʪʠʝ ʚ ʧʨʦʛʨʘʤ-

ʤʘʭ ʧʘʪʨʠʦʪʠʯʝʩʢʦʛʦ ʚʦʩʧʠʪʘʥʠʷ, ʢʘʜʝʪʩʢʦʤ 

ʦʙʨʘʟʦʚʘʥʠʠ, ʤʝʨʦʧʨʠʷʪʠʷʭ ʧʦ ʦʭʨʘʥʝ ʧʨʘʚʦ-

ʧʦʨʷʜʢʘ ʠ ʩʦʭʨʘʥʝʥʠʶ ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ. 

ʊʘʢʦʡ ʬʦʢʫʩ ʥʝ ʷʚʣʷʝʪʩʷ ʥʝʡʪʨʘʣʴʥʳʤ. ʆʥ 

ʬʦʨʤʠʨʫʝʪ ʫ ʯʠʪʘʪʝʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʪʦʤ, 

ʯʪʦ ʧʦʜʣʠʥʥʦʝ ʠ ʩʦʮʠʘʣʴʥʦ ʟʥʘʯʠʤʦʝ ʢʘʟʘʯʝ-

ʩʪʚʦ ʩʫʱʝʩʪʚʫʝʪ ʧʨʝʞʜʝ ʚʩʝʛʦ ʚ ʬʦʨʤʘʭ, ʧʨʠ-

ʟʥʘʥʥʳʭ ʛʦʩʫʜʘʨʩʪʚʦʤ ʠ ʚʩʪʨʦʝʥʥʳʭ ʚ ʫʧʨʘʚ-

ʣʝʥʯʝʩʢʫʶ ʚʝʨʪʠʢʘʣʴ. ʀʤʝʥʥʦ ʵʪʘ ʪʝʥʜʝʥʮʠʷ 

ʧʦʟʚʦʣʷʝʪ ʛʦʚʦʨʠʪʴ ʦ ʤʝʜʠʡʥʦʤ ʩʦʧʨʦʚʦʞʜʝ-

ʥʠʠ ʢʫʨʩʘ ʥʘ ʦʛʦʩʫʜʘʨʩʪʚʣʝʥʠʝ ʢʘʟʘʯʝʩʪʚʘ, 

ʢʦʛʜʘ ʦʙʱʝʩʪʚʝʥʥʘʷ ʠʥʠʮʠʘʪʠʚʘ ʧʦʩʪʝʧʝʥʥʦ 

ʧʝʨʝʦʧʨʝʜʝʣʷʝʪʩʷ ʯʝʨʝʟ ʷʟʳʢ ʩʣʫʞʙʳ, ʜʠʩʮʠ-

ʧʣʠʥʳ, ʫʯʝʪʘ ʠ ʦʬʠʮʠʘʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʠʪʝʣʴ-

ʩʪʚʘ [ʋʩʘʪʦʚ 2009; ʈʚʘʯʝʚʘ 2019; ɼʝʥʠʩʦʚʘ, 

ʂʦʚʘʣʝʚ 2023]. 

ʉʦʜʝʨʞʘʪʝʣʴʥʦ ʜʘʥʥʦʝ ʩʤʝʱʝʥʠʝ ʦʙʝʩʧʝ-

ʯʠʚʘʣʦʩʴ ʮʝʣʳʤ ʨʷʜʦʤ ʜʠʩʢʫʨʩʠʚʥʳʭ ʧʨʠʝ-

ʤʦʚ. ɺʦ-ʧʝʨʚʳʭ, ʛʘʟʝʪʥʳʝ ʪʝʢʩʪʳ ʧʨʝʜʧʦʯʠ-

ʪʘʶʪ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʥʦʤʠʥʘʮʠʠ, ʧʦʜʯʝʨʢʠ-

ʚʘʶʱʠʝ ʧʦʣʝʟʥʦʩʪʴ ʢʘʟʘʯʝʩʪʚʘ ʜʣʷ ʨʝʛʠʦʥʘ: 

ʟʘʱʠʪʥʠʢʠ, ʥʘʩʪʘʚʥʠʢʠ, ʭʨʘʥʠʪʝʣʠ, ʫʯʘʩʪʥʠʢʠ 

ʦʙʱʝʩʪʚʝʥʥʦ ʟʥʘʯʠʤʳʭ ʜʝʣ. ɺʦ-ʚʪʦʨʳʭ, ʥʦ-

ʚʦʩʪʥʘʷ ʧʦʜʘʯʘ ʧʦʯʪʠ ʚʩʝʛʜʘ ʩʦʧʨʷʞʝʥʘ ʩ ʧʦ-

ʣʦʞʠʪʝʣʴʥʦʡ ʦʮʝʥʢʦʡ ʜʝʡʩʪʚʠʡ ʢʘʟʘʯʴʠʭ 

ʩʪʨʫʢʪʫʨ, ʪʦʛʜʘ ʢʘʢ ʢʦʥʬʣʠʢʪʥʳʝ ʵʧʠʟʦʜʳ ʣʠ-

ʙʦ ʚʳʥʦʩʷʪʩʷ ʟʘ ʨʘʤʢʠ ʦʩʥʦʚʥʦʛʦ ʩʶʞʝʪʘ, ʣʠ-

ʙʦ ʠʥʪʝʨʧʨʝʪʠʨʫʶʪʩʷ ʢʘʢ ʯʘʩʪʥʳʝ ʦʪʢʣʦʥʝʥʠʷ 

ʦʪ ʦʙʱʝʡ ʣʠʥʠʠ ʚʦʟʨʦʞʜʝʥʠʷ. ɺ-ʪʨʝʪʴʠʭ, 

ʧʨʝʩʩʘ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪ ʨʠʪʫʘʣʠʟʠʨʦʚʘʥ-

ʥʳʝ ʬʦʨʤʘʪʳ ʩʦʦʙʱʝʥʠʷ, ʛʜʝ ʩʦʙʳʪʠʷ ʢʘʟʘʯʴ-

ʝʡ ʞʠʟʥʠ ʦʧʠʩʳʚʘʶʪʩʷ ʢʘʢ ʟʘʢʦʥʦʤʝʨʥʳʝ 

ʵʣʝʤʝʥʪʳ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʢʘʣʝʥʜʘʨʷ ʧʘʤʷʪʠ. 

ʇʦʜʦʙʥʳʝ ʩʪʨʘʪʝʛʠʠ ʭʘʨʘʢʪʝʨʥʳ ʠ ʜʣʷ ʜʨʫʛʠʭ 

ʩʣʫʯʘʝʚ ʤʝʜʠʘʜʠʩʢʫʨʩʠʚʥʦʛʦ ʢʦʥʩʪʨʫʠʨʦʚʘ-

ʥʠʷ ʣʦʢʘʣʴʥʦʡ ʠʜʝʥʪʠʯʥʦʩʪʠ, ʢʦʛʜʘ ʧʦʚʪʦʨʷ-

ʝʤʦʩʪʴ ʩʶʞʝʪʦʚ ʠ ʥʦʨʤʘʪʠʚʥʦʩʪʴ ʦʮʝʥʦʢ ʩʦ-

ʟʜʘʶʪ ʵʬʬʝʢʪ ʝʩʪʝʩʪʚʝʥʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ 

ʦʙʨʘʟʘ ʪʝʨʨʠʪʦʨʠʠ ʠ ʝʝ ʥʘʩʝʣʝʥʠʷ [ɸʩʪʘʰʦʚʘ 

2020; ʄʫʭʘ, ʌʝʜʦʩʝʝʚʘ 2024; ʏʠʙʠʩʦʚʘ 2017]. 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ 1996 ʛʦʜʫ ʠʟʜʘʥʠʝ çɸʨʛʫ-

ʤʝʥʪʳ ʠ ʌʘʢʪʳè ʚʳʧʫʩʪʠʣʦ ʨʷʜ ʧʫʙʣʠʢʘʮʠʡ, 

ʢʦʪʦʨʳʝ ʩʦʟʜʘʶʪ ʦʙʨʘʟ ʢʘʟʘʢʘ-ʟʘʱʠʪʥʠʢʘ ʚʦ 

ʚʨʝʤʷ ʇʝʨʚʦʡ ʏʝʯʝʥʩʢʦʡ ʚʦʡʥʳ. ɻʘʟʝʪʳ ʧʠ-

ʰʝʪ ʥʝ ʪʦʣʴʢʦ ʧʨʦ ʢʦʥʬʣʠʢʪ ʥʘ ʉʝʚʝʨʥʦʤ 

ʂʘʚʢʘʟʝ, ʥʦ ʠ ʧʦʢʘʟʳʚʘʝʪ ʫʯʘʩʪʠʝ ʜʦʥʩʢʠʭ ʢʘ-

ʟʘʢʦʚ (ʚ ʪʦʤ ʯʠʩʣʝ) ʚ ʨʝʰʝʥʠʠ ʚʦʧʨʦʩʘ: çɿʘ-

ʤʝʪʥʦ ʠʟʤʝʥʠʣʘʩʴ ʧʦʟʠʮʠʷ ʘʪʘʤʘʥʦʚ ʜʦʥʩʢʦʛʦ 

ʢʘʟʘʯʝʩʪʚʘ. ʆʜʠʦʟʥʳʡ ʜʦʛʦʚʦʨ ʦ ʤʠʨʝ ʩ ʜʫʜʘ-

ʝʚʮʘʤʠ, ʧʦʜʧʠʩʘʥʥʳʡ ʦʪ ʠʤʝʥʠ ʆʙʣʘʩʪʠ ɺʦʡ-

ʩʢʘ ɼʦʥʩʢʦʛʦ ʠ ʚ ʩʚʦʝ ʚʨʝʤʷ ʦʭʣʘʜʠʚʰʠʡ ʚʟʘ-

ʠʤʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʢʘʟʘʯʴʠʤʠ ʬʦʨʤʠʨʦʚʘ-

ʥʠʷʤʠ ɼʦʥʘ, ʂʫʙʘʥʠ ʠ ʉʪʘʚʨʦʧʦʣʴʷ, ʧʝʨʝ-
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ʯʝʨʢʥʫʪ ʪʝʨʨʦʨʠʟʤʦʤ ʜʫʜʘʝʚʩʢʦʡ ʩʪʦʨʦʥʳ. ʅʘ 

ʩʦʚʝʱʘʥʠʷʭ ʘʪʘʤʘʥʦʚ ɼʦʥʘ ʠ ʧʨʠʝʭʘʚʰʠʭ ʥʘ 

ɼʦʥ ʚʦʡʩʢʦʚʳʭ ʘʪʘʤʘʥʦʚ ʢʘʟʘʯʴʠʭ ʚʦʡʩʢ ʈʦʩ-

ʩʠʠ ʩ ʛʦʨʝʯʴʶ ʢʦʥʩʪʘʪʠʨʦʚʘʣʦʩʴ, ʯʪʦ ʪʝʨʨʦʨʠ-

ʩʪʠʯʝʩʢʠʝ ʘʢʮʠʠ ʯʝʯʝʥʩʢʠʭ ʙʘʥʜʠʪʦʚ ʦʩʪʘʶʪ-

ʩʷ ʙʝʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʨʝʘʢʮʠʠ ʩʦ ʩʪʦʨʦʥʳ 

ʚʣʘʩʪʝʡè [ɸʨʛʫʤʝʥʪʳ ʠ ʌʘʢʪʳ 1996]. 

ʇʨʠ ʵʪʦʤ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʢʦʨʧʫʩʝ ʩʦʭʨʘʥʷ-

ʶʪʩʷ ʩʣʝʜʳ ʠ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʥʪʝʨʧʨʝʪʘʮʠʡ. 

ʀʥʦʛʜʘ ʚ ʧʫʙʣʠʢʘʮʠʷʭ ʧʨʦʩʢʘʣʴʟʳʚʘʝʪ ʩʢʝʧ-

ʩʠʩ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʚʥʝʰʥʝʡ ʘʪʨʠʙʫʪʠʢʝ, ʠʟ-

ʙʳʪʦʯʥʦʡ ʩʠʤʚʦʣʠʟʘʮʠʠ ʠ ʚʥʫʪʨʝʥʥʠʤ ʨʘʟʥʦ-

ʛʣʘʩʠʷʤ ʚʥʫʪʨʠ ʜʚʠʞʝʥʠʷ. ʇʨʠʤʝʨʦʤ ʪʦʤʫ 

ʩʣʫʞʠʪ ʤʘʪʝʨʠʘʣ ʛʘʟʝʪʳ çɸʨʛʫʤʝʥʪʳ ʠ ʌʘʢ-

ʪʳè ʦʪ 22 ʘʧʨʝʣʷ 1992 ʛʦʜʘ, ʚ ʢʦʪʦʨʦʤ ʨʘʩʩʢʘ-

ʟʳʚʘʝʪʩʷ ʦ ʢʘʟʘʯʴʠʭ ʪʨʘʜʠʮʠʷʭ ʠ ʠʭ ʠʥʪʝʨʧʨʝ-

ʪʘʮʠʠ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ: çɺʦʠʥʩʢʠʝ ʢʘʯʝ-

ʩʪʚʘ ʢʘʟʘʢʘʤ ʧʨʠʚʠʚʘʣʠ ʩ ʜʝʪʩʪʚʘ. ʋʞʝ ʚ ʪʨʠ-

ʯʝʪʳʨʝ ʛʦʜʘ ʤʘʣʴʯʠʢʦʚ ʧʦʩʚʷʱʘʣʠ ʚ ʢʘʟʘʢʠ. 

ʈʦʜʠʪʝʣʠ ʨʝʙʝʥʢʘ ʧʨʦʚʦʜʠʣʠ ʦʙʨʷʜ ʧʦʩʪʨʠʛʘ. 

ʉʦʙʠʨʘʣʠʩʴ ʚʩʝ ʨʦʜʩʪʚʝʥʥʠʢʠ, ʚ ʠʭ ʧʨʠʩʫʪ-

ʩʪʚʠʠ ʦʪʝʮ ʚʳʩʪʨʠʛʘʣ ʩʳʥʫ ʚʦʣʦʩʳ, ʜʘʚʘʣ ʚ 

ʨʫʢʠ ʰʘʰʢʫ ʠ ʩʘʞʘʣ ʥʘ ʢʦʥʷ. ʉʦʚʨʝʤʝʥʥʦʝ 

ʢʘʟʘʯʝʩʪʚʦ, ʩʣʝʜʫʷ ʪʨʘʜʠʮʠʷʤ ʩʚʦʠʭ ʧʨʝʜʢʦʚ, 

ʩʪʨʝʤʠʪʩʷ ʚʦʟʨʦʜʠʪʴ ʩʚʦʶ ʙʳʣʫʶ ʧʨʠʥʘʜʣʝʞ-

ʥʦʩʪʴ ʢ ʚʦʠʥʩʢʦʡ ʩʣʫʞʙʝ. ʂʘʟʘʢʠ ʩʝʛʦʜʥʷ 

ʫʧʦʨʥʦ ʚʳʥʘʰʠʚʘʶʪ ʠʜʝʶ ʦ ʩʦʟʜʘʥʠʠ ʢʘʟʘʯʴ-

ʠʭ ʚʦʠʥʩʢʠʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ. ɺ ʧʨʦʰʣʦʤ ʧʨʘ-

ʚʠʪʝʣʴʩʪʚʦ ʈʦʩʩʠʠ ʮʝʥʠʣʦ ʢʘʟʘʯʴʝ ʜʚʠʞʝʥʠʝ ʠ 

ʥʘʧʨʘʚʣʷʣʦ ʝʛʦ ʚʩʝʛʜʘ ʚ ʥʫʞʥʦʝ ʜʣʷ ʩʝʙʷ ʨʫʩ-

ʣʦ. ɺ ʢʘʢʦʝ ʧʦʣʠʪʠʯʝʩʢʦʝ ʨʫʩʣʦ ʥʘʧʨʘʚʠʪʩʷ 

ʩʝʛʦʜʥʷʰʥʝʝ ʢʘʟʘʯʴʝ ʙʨʘʪʩʪʚʦ, ʩʢʘʟʘʪʴ ʪʨʫʜ-

ʥʦ, ʥʦ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʪʫʜʘ, ʛʜʝ ʝʛʦ ʧʦʜʜʝʨʞʘʪ 

ʧʦʤʦʛʫʪ ʚ ʨʘʟʨʝʰʝʥʠʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʧʨʦ-

ʙʣʝʤè [ɸʨʛʫʤʝʥʪʳ ʠ ʌʘʢʪʳ 1992]. 

ʇʨʦʙʣʝʤʘ ʦʙʨʘʟʘ ʚʦʟʨʦʞʜʘʝʤʦʛʦ ʢʘʟʘʯʝ-

ʩʪʚʘ ʚ ʨʝʛʠʦʥʘʣʴʥʦʡ ʧʨʝʩʩʝ ɼʦʥʘ ʷʚʣʷʝʪʩʷ ʘʢ-

ʪʫʘʣʴʥʦʡ ʪʝʤʦʡ, ʢʦʪʦʨʘʷ ʪʨʝʙʫʝʪ ʛʣʫʙʦʢʦʛʦ 

ʘʥʘʣʠʟʘ ʢʘʢ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʩʪʦʨʠʠ ʞʫʨʥʘʣʠ-

ʩʪʠʢʠ, ʪʘʢ ʠ ʚ ʢʦʥʪʝʢʩʪʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʦ-

ʢʘʣʴʥʦʡ ʠʜʝʥʪʠʯʥʦʩʪʠ. ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʧʦ-

ʩʣʝʜʥʠʭ ʜʝʩʷʪʠʣʝʪʠʡ ʢʘʟʘʯʴʷ ʪʝʤʘ ʩʪʘʣʘ ʚʘʞ-

ʥʳʤ ʵʣʝʤʝʥʪʦʤ ʦʙʱʝʩʪʚʝʥʥʦʡ ʜʠʩʢʫʩʩʠʠ ʥʘ 

ɼʦʥʫ, ʟʘʪʨʘʛʠʚʘʷ ʚʦʧʨʦʩʳ ʠʩʪʦʨʠʯʝʩʢʦʡ ʧʘ-

ʤʷʪʠ, ʨʝʛʠʦʥʘʣʴʥʦʡ ʩʘʤʦʙʳʪʥʦʩʪʠ ʠ ʩʦʮʠʘʣʴ-

ʥʦʡ ʧʨʝʝʤʩʪʚʝʥʥʦʩʪʠ. ʇʨʝʩʩʘ ʥʝ ʪʦʣʴʢʦ ʬʠʢ-

ʩʠʨʫʝʪ ʩʦʙʳʪʠʷ, ʥʦ ʠ ʘʢʪʠʚʥʦ ʫʯʘʩʪʚʫʝʪ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʠʥʪʝʨʧʨʝʪʘʮʠʡ, ʯʪʦ ʩʧʦʩʦʙ-

ʩʪʚʫʝʪ ʩʦʟʜʘʥʠʶ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʠʤʚʦʣʠʯʝ-

ʩʢʠʭ ʬʦʨʤʫʣ, ʚʦʩʧʨʠʥʠʤʘʝʤʳʭ ʢʘʢ ʝʩʪʝʩʪʚʝʥ-

ʥʳʝ. 

ɸʥʘʣʠʟʠʨʫʷ ʤʘʪʝʨʠʘʣʳ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʥʝʩʢʦʣʴʢʦ ʢʣʶʯʝʚʳʭ ʘʩʧʝʢʪʦʚ. ʅʘ ʨʘʥʥʠʭ 

ʵʪʘʧʘʭ ʦʙʩʫʞʜʝʥʠʷ ʚ ʧʨʝʩʩʝ ʘʢʮʝʥʪ ʜʝʣʘʣʩʷ ʥʘ 

ʠʩʪʦʨʠʯʝʩʢʦʡ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʠ ʨʝʘʙʠʣʠʪʘʮʠʠ 

ʧʘʤʷʪʠ, ʯʪʦ ʩʦʟʜʘʚʘʣʦ ʧʦʣʝʤʠʯʝʩʢʠʡ ʢʦʥ-

ʪʝʢʩʪ. ʉʦ ʚʨʝʤʝʥʝʤ ʬʦʢʫʩ ʩʤʝʩʪʠʣʩʷ ʥʘ ʠʥ-

ʩʪʠʪʫʮʠʦʥʘʣʴʥʳʝ ʬʦʨʤʳ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʢʘʟʘ-

ʯʝʩʪʚʘ ʠ ʝʛʦ ʩʦʮʠʘʣʴʥʫʶ ʧʦʣʝʟʥʦʩʪʴ, ʯʪʦ ʩʚʠ-

ʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʝʨʝʭʦʜʝ ʦʪ ʠʩʪʦʨʠʯʝʩʢʦʡ ʜʠʩ-

ʢʫʩʩʠʠ ʢ ʧʨʘʢʪʠʯʝʩʢʦʡ ʧʨʘʛʤʘʪʠʢʝ. 

ʇʨʝʩʩʘ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪ ʢʣʠʰʝ ʢʘʟʘʢʦʚ-

ʟʘʱʠʪʥʠʢʦʚ, ʩʚʷʟʳʚʘʷ ʠʩʪʦʨʠʯʝʩʢʫʶ ʧʘʤʷʪʴ ʩ 

ʩʦʚʨʝʤʝʥʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʢʘʟʘʯʝʩʪʚʘ. ʕʪʦ 

ʩʦʟʜʘʝʪ ʵʬʬʝʢʪ ʠʩʪʦʨʠʯʝʩʢʦʡ ʥʝʧʨʝʨʳʚʥʦʩʪʠ 

ʠ ʧʦʜʯʝʨʢʠʚʘʝʪ ʚʘʞʥʦʩʪʴ ʢʘʟʘʯʝʩʪʚʘ ʢʘʢ ʨʝ-

ʩʫʨʩʘ ʦʙʱʝʩʪʚʝʥʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ. 

ɺ ʧʫʙʣʠʢʘʮʠʷʭ ʦ ʜʦʥʩʢʦʤ ʢʘʟʘʯʝʩʪʚʝ ʘʢ-

ʮʝʥʪʠʨʫʝʪʩʷ ʚʥʠʤʘʥʠʝ ʥʘ ʤʦʪʠʚʘʭ ʨʦʜʥʦʡ 

ʟʝʤʣʠ ʠ ʧʘʤʷʪʠ ʧʨʝʜʢʦʚ, ʯʪʦ ʫʢʦʨʝʥʷʝʪ ʦʙʨʘʟ 

ʢʘʟʘʯʝʩʪʚʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʨʝʛʠʦʥʘ ʠ ʫʩʠʣʠʚʘ-

ʝʪ ʝʛʦ ʩʚʷʟʴ ʩ ʣʦʢʘʣʴʥʦʡ ʠʜʝʥʪʠʯʥʦʩʪʴʶ. 

ʂʨʦʤʝ ʪʦʛʦ, ʩʨʝʜʩʪʚʘ ʤʘʩʩʦʚʦʡ ʠʥʬʦʨʤʘ-

ʮʠʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʦʙʨʘʟʘ ʢʘʟʘ-

ʯʝʩʪʚʘ ʢʘʢ ʦʨʛʘʥʠʟʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ, ʯʪʦ ʦʪ-

ʨʘʞʘʝʪ ʪʝʥʜʝʥʮʠʶ ʢ ʦʛʦʩʫʜʘʨʩʪʚʣʝʥʠʶ ʠ ʠʥ-

ʪʝʛʨʘʮʠʠ ʢʘʟʘʯʴʠʭ ʩʪʨʫʢʪʫʨ ʚ ʫʧʨʘʚʣʝʥʯʝʩʢʫʶ 

ʚʝʨʪʠʢʘʣʴ. ʕʪʦ ʩʦʟʜʘʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʪʦʤ, 

ʯʪʦ ʧʦʜʣʠʥʥʦʝ ʢʘʟʘʯʝʩʪʚʦ ʩʫʱʝʩʪʚʫʝʪ ʚ ʬʦʨ-

ʤʘʭ, ʧʨʠʟʥʘʥʥʳʭ ʛʦʩʫʜʘʨʩʪʚʦʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʛʠʦʥʘʣʴʥʘʷ ʧʨʝʩʩʘ ɼʦʥʘ 

ʥʝ ʪʦʣʴʢʦ ʦʪʨʘʞʘʝʪ, ʥʦ ʠ ʘʢʪʠʚʥʦ ʬʦʨʤʠʨʫʝʪ 

ʦʙʨʘʟ ʚʦʟʨʦʞʜʘʝʤʦʛʦ ʢʘʟʘʯʝʩʪʚʘ, ʠʛʨʘʷ ʢʣʶ-

ʯʝʚʫʶ ʨʦʣʴ ʚ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʣʦʢʘʣʴʥʦʡ 

ʠʜʝʥʪʠʯʥʦʩʪʠ ʠ ʧʦʜʜʝʨʞʘʥʠʠ ʠʩʪʦʨʠʯʝʩʢʦʡ 

ʧʘʤʷʪʠ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ 

ʩʦʭʨʘʥʷʶʪʩʷ ʠ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʠʥʪʝʨʧʨʝʪʘ-

ʮʠʠ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʣʦʞʥʦʩʪʠ ʠ ʤʥʦ-

ʛʦʩʣʦʡʥʦʩʪʠ ʜʘʥʥʦʡ ʪʝʤʳ. 
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Abstract. The study focuses on the image of revived Cossackhood constructed by the regional peri-

odical press of the Rostov Region during the stage of the institutional formation of the contemporary 

Cossack movement. The relevance of the topic lies in the fact that the press of the late 1980s to the first 

half of the 2000s functioned not only as a channel of information, but also as an active agent of symbol-

ic legitimation of new Cossack social roles. The purpose of the article is to identify the main semantic 

components of this media image. The methodological basis combines social constructivism and content 

analysis applied to a complete sample of narrative newspaper publications. The research demonstrates 

that the core features of the image were the ideas of Cossacks as defenders of the region, custodians of 

historical memory and bearers of traditional culture. It is shown that registered Cossack societies be-

came the main object of positive representation. The article concludes that this representation was 

linked to the statist institutionalization of Cossackhood. The results may be used in studies of media his-

tory, regional identity and contemporary Cossack studies. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ ʩʚʷʟʠ ʩ ʨʦʩʪʦʤ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʦʨʦʪʦʚ ʚ ʦʙʣʘʩʪʠ ʧʘʨʬʶ-

ʤʝʨʥʦ-ʢʦʩʤʝʪʠʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʨʘʩʪʸʪ ʠ ʢʦʣʠʯʝʩʪʚʦ ʩʬʘʣʴʩʠʬʠʮʠʨʦʚʘʥʥʦʡ 

ʧʨʦʜʫʢʮʠʠ. ʄʝʪʦʜʳ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ ʥʘʣʠʯʠʝ ʪʦʛʦ ʠʣʠ 

ʠʥʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʩʦʩʪʘʚʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʜʦʩʪʦʚʝʨʥʦ ʦʧʨʝʜʝ-

ʣʠʪʴ, ʩʦʜʝʨʞʠʪʩʷ ʣʠ ʟʘʷʚʣʝʥʥʳʡ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ ʧʘʨʬʶʤʝʨʥʳʡ ʠʥʛʨʝʜʠʝʥʪ ʚ ʧʨʦʜʫʢʮʠʠ ʠʣʠ ʦʥ 

ʟʘʤʝʥʸʥ ʥʘ ʥʝʢʘʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʦʛ. ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʷʚʣʷʝʪʩʷ ʛʘʤʤʘ-

ʫʥʜʝʢʘʣʘʢʪʦʥ (ʘʣʴʜʝʛʠʜ C14) ï ʚʝʱʝʩʪʚʦ, ʢʦʪʦʨʦʝ ʚ ʨʘʟʙʘʚʣʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠʤʝʝʪ ʧʝʨʩʠʢʦʚʳʡ 

ʟʘʧʘʭ. ɺ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʣʝʢʫʣʳ ʛʘʤʤʘ-

ʫʥʜʝʢʘʣʘʢʪʦʥʘ, ʝʛʦ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʀʂ-ʩʧʝʢʪʨ, ʨʘʩʩʯʠʪʘʥʥʳʡ ʤʝʪʦʜʦʤ DFT/B3LYP/6-31G(d), ʩ 

ʠʥʪʝʨʧʨʝʪʘʮʠʝʡ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʭ ʧʦʣʦʩ, ʘ ʪʘʢʞʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʀʂ-ʩʧʝʢʪʨ. ʉʨʘʚ-

ʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʀʂ-ʩʧʝʢʪʨʦʚ ʧʦʜʪʚʝʨʞʜʘʝʪ ʜʦʩʪʦ-

ʚʝʨʥʦʩʪʴ ʚʳʧʦʣʥʝʥʥʳʭ ʚ ʨʘʙʦʪʝ ʨʘʩʯʸʪʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʘʤʤʘ-ʫʥʜʝʢʘʣʘʢʪʦʥ; ʘʣʴʜʝʛʠʜ C14; ʀʂ-ʩʧʝʢʪʨ; DFT; ʤʦʣʝʢʫʣʷʨʥʦʝ ʤʦʜʝ-

ʣʠʨʦʚʘʥʠʝ; ʢʚʘʥʪʦʚʘʷ ʤʝʭʘʥʠʢʘ; ʬʘʣʴʩʠʬʠʢʘʮʠʷ ʧʘʨʬʶʤʝʨʠʠ. 

 

Ab initio ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʚʳʯʠʩʣʝ-

ʥʠʷ ʚ ʦʙʣʘʩʪʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʩʧʝʢʪʨʦʩʢʦ-

ʧʠʠ ʷʚʣʷʶʪʩʷ ʤʦʱʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʧʨʝʜ-

ʩʢʘʟʘʥʠʷ ʀʂ-ʩʧʝʢʪʨʦʚ ʠʩʩʣʝʜʫʝʤʦʡ ʤʦʣʝʢʫ-

ʣ  r[1-3]. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʩʦʧʦʩʪʘʚʣʝʥʠʝʤ ʪʝʦ-

ʨʝʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ ʤʦʣʝʢʫʣʳ ʠ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʦʛʦ ʩʧʝʢʪʨʘ ʦʙʨʘʟʮʘ ʤʦʞʥʦ ʫʙʝʜʠʪʴʩʷ ʚ 

ʧʨʘʚʠʣʴʥʦʩʪʠ ʧʦʩʪʨʦʝʥʥʦʡ ʤʦʜʝʣʠ ʠ ʢʦʨʨʝʢʪ-

ʥʦʩʪʠ ʚʳʧʦʣʥʝʥʥʦʛʦ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʘʥʘ-

ʣʠʟʘ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʥʳʤ ʜʣʷ ʧʦʥʠʤʘ-

ʥʠʷ ʧʨʦʮʝʩʩʘ ʧʨʦʪʝʢʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ 

ʩ ʫʯʘʩʪʠʝʤ ʜʘʥʥʦʡ ʤʦʣʝʢʫʣʳ [4, 5]. 

ʇʨʦʚʝʜʝʥʠʝ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ 

ʪʨʝʙʫʝʪ ʥʘʣʠʯʠʷ ʥʝʩʢʦʣʴʢʠʭ ʩʪʨʫʢʪʫʨʥʦ-

ʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʩ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʡ 

ʛʝʦʤʝʪʨʠʝʡ, ʧʦ ʟʥʘʯʝʥʷʤ ʵʥʝʨʛʠʡ ʢʦʪʦʨʳʭ 

ʤʦʞʥʦ ʩʫʜʠʪʴ ʦʙ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʥʘʩʝʣʸʥʥʦʩʪʠ 

ʢʦʥʬʦʨʤʝʨʦʚ ʚ ʨʘʚʥʦʚʝʩʥʦʤ ʩʦʩʪʦʷʥʠʠ ʩʦ-

ʛʣʘʩʥʦ ʩʪʘʪʠʩʪʠʢʝ ɹʦʣʴʮʤʘʥʘ [6]. ɼʣʷ ʧʦʩʪʨʦ-

ʝʥʠʷ ʜʘʥʥʳʭ ʤʦʜʝʣʝʡ ʥʝʦʙʭʦʜʠʤʦ ʦʩʫʱʝ-

ʩʪʚʠʪʴ ʦʧʪʠʤʠʟʘʮʠʶ ʧʨʠ ʨʘʟʣʠʯʥʦʤ ʧʦʣʦʞʝ-

ʥʠʝʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʤʦʣʝʢʫʣʳ ʚ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝ [7]. ɼʘʣʝʝ ʧʫʪʸʤ ʫʩʨʝʜʥʝʥʠʷ ʀʂ-

ʩʧʝʢʪʨʦʚ ʚʩʝʭ ʚʳʷʚʣʝʥʥʳʭ ʢʦʥʬʦʨʤʝʨʦʚ ʩ 

ʫʯʸʪʦʤ ʠʭ ʥʘʩʝʣʸʥʥʦʩʪʠ ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʝʥʠʝ 

ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʀʂ-ʩʧʝʢʪʨʘ. 

ʆʪʣʠʯʠʪʝʣʴʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʀʂ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʷʚʣʷʶʪʩʷ ʥʝʨʘʟʨʫʰʘʶʱʠʡ 

ʘʥʘʣʠʟ, ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʠ ʩʢʦʨʦʩʪʴ ʠʟʤʝʨʝ-

ʥʠʡ, ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʩ ʤʘʣʳʤ ʢʦʣʠʯʝʩʪʚʦ 

ʦʙʨʘʟʮʘ, ʘ ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʝʛʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ [8]. ɺ ʩʦʚʦ-

ʢʫʧʥʦʩʪʠ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʜʦʩʪʦʠʥʩʪʚʘ ʜʝʣʘʶʪ 

ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʶ ʥʝʟʘʤʝʥʠʤʳʤ ʠʥʩʪʨʫʤʝʥ-

ʪʦʤ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʙʳʩʪʨʦʡ, ʥʦ ʚ ʪʦ ʞʝ 

ʚʨʝʤʷ ʪʦʯʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʧʨʝʜʝʣʸʥʥʦʛʦ 

ʚʝʱʝʩʪʚʘ ʚ ʩʦʩʪʘʚʝ ʤʥʦʞʝʩʪʚʘ ʨʘʟʣʠʯʥʳʭ ʦʙ-

ʨʘʟʮʦʚ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʛʘʤʤʘ-

ʫʥʜʝʢʘʣʘʢʪʦʥ (ʘʣʴʜʝʛʠʜ C14) ï ʚʝʱʝʩʪʚʦ, ʢʦ-

ʪʦʨʦʝ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʧʘʨʬʶʤʝʨʠʠ 

ʙʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʫ ʥʝʛʦ ʩʣʘʜʢʦʛʦ ʧʝʨʩʠʢʦ-

ʚʦʛʦ ʘʨʦʤʘʪʘ ʜʘʞʝ ʚ ʩʠʣʴʥʦ ʨʘʟʙʘʚʣʝʥʥʳʭ 

ʨʘʩʪʚʦʨʘʭ [9].  

ʎʝʣʴ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʦʧʨʝʜʝʣʝʥʠʝ 

ʩʪʨʫʢʪʫʨʳ ʢʦʥʬʦʨʤʝʨʦʚ ʤʦʣʝʢʫʣʳ ʛʘʤʤʘ-

ʫʥʜʝʢʘʣʘʢʪʦʥʘ. 

ɿʘʜʘʯʠ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝ-

ʣʠ: 

1) ʧʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʝʡ ʢʦʥʬʦʨʤʝʨʦʚ ʛʘʤ-

ʤʘ-ʫʥʜʝʢʘʣʘʢʪʦʥʘ ʥʘ ʦʩʥʦʚʝ ʝʛʦ ʭʠʤʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ ʩ ʜʘʣʴʥʝʡʰʝʡ ʦʧʪʠʤʠʟʘʮʠʝʡ ʛʝʦ-

ʤʝʪʨʠʠ; 
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2) ʚʳʯʠʩʣʝʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʀʂ-ʩʧʝʢʪʨʘ 

ʤʦʣʝʢʫʣʳ ʩ ʫʯʸʪʦʤ ʥʘʩʝʣʸʥʥʦʩʪʠ ʢʦʥʬʦʨʤʝ-

ʨʦʚ ʩ ʜʘʣʴʥʝʡʰʝʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʩʧʝʢʪʨʘ; 

3) ʧʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʧʦʣʫʯʝʥʠʶ 

ʀʂ-ʩʧʝʢʪʨʘ ʛʘʤʤʘ-ʫʥʜʝʢʘʣʘʢʪʦʥʘ ʠ ʩʨʘʚʥʠ-

ʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʀʂ-

ʩʧʝʢʪʨʦʤ. 

ʂʦʥʬʦʨʤʘʮʠʦʥʥʳʡ ʘʥʘʣʠʟ 

ʍʠʤʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʤʦʣʝʢʫʣʳ ʛʘʤʤʘ-

ʫʥʜʝʢʘʣʘʢʪʦʥʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

ʍʘʨʘʢʪʝʨʥʦʡ ʯʝʨʪʦʡ ʣʘʢʪʦʥʦʚ ʷʚʣʷʝʪʩʷ ʥʘʣʠ-

ʯʠʝ ʛʝʪʝʨʦʮʠʢʣʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʘʪʦʤʦʤ ʢʠʩʣʦ-

ʨʦʜʘ, ʘ ʪʘʢʞʝ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ C=O ʚ 

ʧʦʣʦʞʝʥʠʠ ʫ ʢʦʣʴʮʘ. ʋ ʠʩʩʣʝʜʫʝʤʦʡ ʤʦʣʝʢʫ-

ʣʳ ʚ ʮʠʢʣʝ ʠʤʝʝʪʩʷ ʧʷʪʴ ʟʚʝʥʴʝʚ, ʘ ʪʘʢʞʝ ʟʘ-

ʤʝʱʝʥʠʝ ʚ ʚʠʜʝ ʥʘʩʳʱʝʥʥʦʡ ʮʝʧʠ ʫʛʣʝʚʦʜʦ-

ʨʦʜʘ ʠʟ 7 ʟʚʝʥʴʝʚ. 

 

 
ʈʠʩ. 1. ʍʠʤʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʛʘʤʤʘ-ʫʥʜʝʢʘʣʘʢʪʦʥʘ 

 

ʅʘ ʙʘʟʝ ʜʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʩʪʨʦʝʥ ʠʩʭʦʜ-

ʥʳʡ ʢʦʥʬʦʨʤʝʨ ʠʩʩʣʝʜʫʝʤʦʡ ʤʦʣʝʢʫʣʳ. ɼʘ-

ʣʝʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʇʆ çGAUSSIANè [10] 

ʧʦʣʫʯʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʵʥʝʨʛʠʠ ʤʦʜʝʣʠ ʦʪ ʜʚʫ-

ʛʨʘʥʥʦʛʦ ʫʛʣʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʥʘ ʩʪʳʢʝ ʮʠʢ-

ʣʘ ʠ ʫʛʣʝʚʦʜʦʨʦʜʥʦʡ ʮʝʧʠ ʚ ʭʦʜʝ ʩʢʘʥʠʨʦʚʘ-

ʥʠʷ ʜʘʥʥʦʛʦ ʫʛʣʘ ʤʝʪʦʜʦʤ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪ-

ʥʦʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʠʙʨʠʜʥʦʛʦ ʬʫʥʢʮʠ-

ʦʥʘʣʘ B3LYP ʚ ʙʘʟʠʩʝ ʘʪʦʤʥʳʭ ʦʨʙʠʪʘʣʝʡ 6-

31G(d). ɼʘʥʥʳʡ ʫʛʦʣ ʷʚʣʷʝʪʩʷ ʧʝʨʚʳʤ ʧʦ ʩʯʸ-

ʪʫ ʦʪ ʢʦʣʴʮʘ ʢ ʢʦʥʮʫ ʮʝʧʠ. ʅʘ ʨʠʩʫʥʢʝ 2 ʧʦʢʘ-

ʟʘʥʘ ʤʦʜʝʣʴ ʤʦʣʝʢʫʣʳ ʠ ʚʳʜʝʣʝʥ ʫʧʦʤʷʥʫʪʳʡ 

ʫʛʦʣ. 

 

 
ʈʠʩ. 1. ʄʦʜʝʣʴ ʧʝʨʚʠʯʥʦʛʦ ʢʦʥʬʦʨʤʝʨʘ ʤʦʣʝʢʫʣʳ ʛʘʤʤʘ-ʫʥʜʝʢʘʣʘʢʪʦʥʘ. ɻʦʣʫʙʳʤ ʮʚʝʪʦʤ  

ʚʳʜʝʣʝʥʳ ʘʪʦʤʳ, ʦʙʨʘʟʫʶʱʠʝ ʧʝʨʚʳʡ ʜʚʫʛʨʘʥʥʳʡ ʫʛʦʣ 

 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʠʚʝʜʸʥ ʛʨʘʬʠʢ ʜʘʥʥʦʡ ʟʘ-

ʚʠʩʠʤʦʩʪʠ. ʇʦ ʦʩʠ ʘʙʩʮʠʩʩ ʦʪʣʦʞʝʥʘ ʚʝʣʠʯʠ-

ʥʘ ʧʝʨʚʦʛʦ ʜʚʫʛʨʘʥʥʦʛʦ ʫʛʣʘ ʚ ʛʨʘʜʫʩʘʭ ʩ ʰʘ-

ʛʦʤ ʚ 5Á, ʧʦ ʦʩʠ ʦʨʜʠʥʘʪ ï ʨʘʟʥʠʮʘ ʵʥʝʨʛʠʡ 

ʢʦʥʬʦʨʤʘʮʠʠ ʩ ʫʢʘʟʘʥʥʳʤ ʫʛʣʦʤ ʠ ʢʦʥʬʦʨ-

ʤʘʮʠʠ ʩ ʤʠʥʠʤʘʣʴʥʦ ʧʦʣʫʯʝʥʥʦʡ ʵʥʝʨʛʠʝʡ. 

ʀʟ ʛʨʘʬʠʢʘ ʚʠʜʥʦ, ʯʪʦ ʤʠʥʠʤʫʤʳ ʵʥʝʨʛʠʡ ʜʦ-

ʩʪʠʛʘʶʪʩʷ ʧʨʠ ʫʛʣʘʭ, ʨʘʚʥʳʭ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 

-180Á (ſ 180Á), -60Á, 60Á.  
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ʈʠʩ. 3. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʟʥʠʮʳ ʵʥʝʨʛʠʡ ʦʪ ʧʝʨʚʦʛʦ ʜʚʫʛʨʘʥʥʦʛʦ ʫʛʣʘ 

 

ʂʦʥʬʦʨʤʘʮʠʠ ʩ ʜʘʥʥʳʤʠ ʫʛʣʘʤʠ ʙʳʣʠ ʚʟʷ-

ʪʳ ʟʘ ʦʩʥʦʚʫ ʜʣʷ ʩʢʘʥʠʨʦʚʘʥʠʷ ʚʪʦʨʦʛʦ ʫʛʣʘ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʜʘʣʝʝ ʚʜʦʣʴ ʮʝʧʠ. ɿʘʚʠʩʠʤʦ-

ʩʪʠ ʵʥʝʨʛʠʠ ʢʦʥʬʦʨʤʘʮʠʠ ʦʪ ʜʘʥʥʳʭ ʫʛʣʦʚ 

ʦʢʘʟʘʣʠʩʴ ʙʣʠʟʢʠʤʠ ʢ ʧʨʠʚʝʜʸʥʥʳʤ ʥʘ ʨʠʩʫʥ-

ʢʝ 3. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʦ ʤʥʦʞʝʩʪʚʦ ʢʦʥ-

ʬʦʨʤʘʮʠʡ, ʠʟ ʢʦʪʦʨʳʭ ʦʪʦʙʨʘʥʳ ʜʝʩʷʪʴ ʢʦʥ-

ʬʦʨʤʝʨʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʥʘʠʤʝʥʴʰʝʡ ʵʥʝʨʛʠ-

ʝʡ. ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʢʦʥ-

ʬʦʨʤʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ, ʧʨʦʚʝʜʸʥʥʦʛʦ ʧʦ 

ʩʪʘʪʠʩʪʠʢʝ ɹʦʣʴʮʤʘʥʘ. ʅʘ ʨʠʩʫʥʢʝ 4 ï ʠʟʦʙ-

ʨʘʞʝʥʠʷ ʤʦʜʝʣʝʡ ʜʘʥʥʳʭ ʢʦʥʬʦʨʤʝʨʦʚ. 

 

ʊʘʙʣʠʮʘ 1. ʂʦʥʬʦʨʤʘʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʤʦʣʝʢʫʣʳ ʛʘʤʤʘ-ʫʥʜʝʢʘʣʘʢʪʦʥʘ 
ˉ E, ʍʘʨʪʨʠ ȹE, ʍʘʨʪʨʠ k n, % 

1 -581,69591359 0,00000000 1,00000000 29,40 

2 -581,69508180 0,00083183 0,41662547 12,25 

3 -581,69467530 0,00123833 0,27159552 7,98 

4 -581,69463625 0,00127734 0,26066935 7,66 

5 -581,69457940 0,00133424 0,24551571 7,22 

6 -581,69457340 0,00134017 0,24398802 7,17 

7 -581,69457057 0,00134302 0,24325719 7,15 

8 -581,69456990 0,00134373 0,24307547 7,15 

9 -581,69456486 0,00134873 0,24179954 7,11 

10 -581,69453801 0,00137558 0,23506152 6,91 
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