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ɺ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʠ ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʧʨʦʠʟʚʦʜʩʪʚʘʭ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ 

ʧʦʣʠʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʢʘʢ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ, ʪʘʢ ʠ ʚ ʢʘʯʝʩʪʚʝ ʫʧʘʢʦʚʦʯʥʳʭ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʩʥʦʚʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ï ʵʪʦ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ. ʀʟ ʥʠʭ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʜʝʪʘʣʠ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ. ʇʨʘʚʠʣʴʥʳʡ ʚʳʙʦʨ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʠʭ ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ. 

ɺ ʢʦʥʩʪʨʫʢʮʠʷʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʪʘʣʣʠʯʝʩʢʠʝ, ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʝ 

ʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ [1, 2, 3]. ʊʨʘʜʠʮʠʦʥʥʳʤʠ ʠ ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ 

ʷʚʣʷʶʪʩʷ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʧʣʘʚʳ ï ʯʝʨʥʳʝ ʠ ʮʚʝʪʥʳʝ ï ʫʛʣʝʨʦʜʠʩʪʳʝ ʠ ʣʝʛʠʨʦʚʘʥʥʳʝ ʩʪʘʣʠ, ʯʫʛʫʥʳ, 

ʙʨʦʥʟʳ, ʣʘʪʫʥʠ, ʘʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚʳ. ɹʦʣʴʰʦʡ ʫʜʝʣʴʥʳʡ ʚʝʩ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʦʙʲʷʩʥʷʝʪʩʷ ʢʘʢ 

ʦʧʪʠʤʘʣʴʥʳʤ ʜʣʷ ʠʥʞʝʥʝʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʨʦʚʥʝʤ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʪʘʢ ʠ ʩʦʭʨʘʥʷʶʱʠʤʩʷ 

ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʩʳʨʴʝʚʳʤʠ ʨʝʩʫʨʩʘʤʠ. ʇʦ ʤʝʨʝ ʝʩʪʝʩʪʚʝʥʥʦʛʦ 
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ʠʩʯʝʨʧʘʥʠʷ ʪʘʢʦʚʳʭ ʨʝʩʫʨʩʦʚ ʚʩʝ ʙʦʣʴʰʠʡ ʫʜʝʣʴʥʳʡ ʚʝʩ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʘʪʝʨʠʘʣʦʚ ʩʪʘʥʫʪ 

ʟʘʥʠʤʘʪʴ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʝ ʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩʪʘʣʠ ʦʜʥʠʤʠ ʠʟ ʦʩʥʦʚʥʳʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʢʦʩʤʠʯʝʩʢʦʡ 

ʪʝʭʥʠʢʝ, ʘʚʠʘ- ʠ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʧʦʩʪʝʧʝʥʥʦ ʚʳʪʝʩʥʷʷ ʩʧʣʘʚʳ ʯʝʨʥʳʭ ʠ ʜʘʞʝ 

ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ. ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʝʪʘʣʝʡ ʠʟ ʧʦʣʠʤʝʨʦʚ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʘʚʪʦʤʦʙʠʣʝʡ 

ʜʦʩʪʠʛʘʝʪ 16 % [4]. 

ʉʨʝʜʠ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘʠʙʦʣʝʝ ʧʨʠʤʝʥʷʝʤʳʤʠ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʤʠ 

ʤʘʪʝʨʠʘʣʘʤʠ ʷʚʣʷʶʪʩʷ ʧʣʘʩʪʤʘʩʩʳ.  

ʇʨʠʤʝʥʝʥʠʝ ʧʣʘʩʪʤʘʩʩ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʧʦʟʚʦʣʷʝʪ ʨʝʟʢʦ ʩʥʠʟʠʪʴ ʤʘʪʝʨʠʘʣʦʝʤʢʦʩʪʴ ʤʘʰʠʥ 

ʠ ʠʟʜʝʣʠʡ. ʇʦʜʩʯʠʪʘʥʦ, ʯʪʦ 1 ʪ ʧʦʣʠʘʤʠʜʦʚ ʤʦʞʝʪ ʟʘʤʝʥʷʪʴ 3-4 ʪ ʩʪʘʣʠ ʠʣʠ 6-7 ʪ ʙʨʦʥʟʳ, 1 ʪ 

ʩʪʝʢʣʦʧʣʘʩʪʠʢʘ ï 3 ʪ ʩʪʘʣʴʥʦʛʦ ʧʨʦʢʘʪʘ, 1 ʪ ʧʣʘʩʪʤʘʩʩʦʚʳʭ ʪʨʫʙ - ʦʪ 7 ʜʦ 15 ʪ ʤʝʪʘʣʣʘ. ʈʘʩʭʦʜ 

ʵʥʝʨʛʠʠ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ 1 ʪ ʪʨʫʙ ʠʟ ʧʦʣʠʵʪʠʣʝʥʘ ʪʘʢʞʝ ʚ 3,3 ʨʘʟʘ ʤʝʥʴʰʝ, ʯʝʤ ʩʪʘʣʴʥʳʭ ʪʨʫʙ [5]. 

ʅʝʢʦʪʦʨʳʝ ʧʦʣʠʤʝʨʳ ʩʧʦʩʦʙʥʳ ʨʘʟʤʷʛʯʘʪʴʩʷ ʧʨʠ ʥʘʛʨʝʚʝ ʠ ʟʘʪʚʝʨʜʝʚʘʪʴ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʙʝʟ 

ʫʯʘʩʪʠʷ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ. ʊʘʢʦʡ ʧʨʦʮʝʩʩ (ʨʘʟʤʷʛʯʝʥʠʝ-ʟʘʪʚʝʨʜʝʚʘʥʠʝ) ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ 

ʤʥʦʛʦʢʨʘʪʥʦ. ʇʦʣʠʤʝʨʳ, ʦʙʣʘʜʘʶʱʠʝ ʵʪʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ, ʥʘʟʳʚʘʶʪʩʷ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʤʠ. 

ʊʝʨʤʦʧʣʘʩʪʳ ʧʦʜʚʝʨʛʘʶʪʩʷ ʤʥʦʛʦʢʨʘʪʥʦʡ ʧʝʨʝʨʘʙʦʪʢʝ. 

ʐʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʝ ʧʣʘʩʪʤʘʩʩʳ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʵʪʠʣʝʥʘ, ʧʦʣʠʧʨʦʧʠʣʝʥʘ, 

ʬʪʦʨʦʧʣʘʩʪʦʚ, ʧʦʣʠʩʪʠʨʦʣʘ, ʧʦʣʠʚʠʥʠʣʭʣʦʨʠʜʘ, ʧʦʣʠʘʤʠʜʦʚ, ʧʦʣʠʫʨʝʪʘʥʘ, ʧʦʣʠʢʘʨʙʦʥʘʪʦʚ ʠ ʜʨ. 

ʇʨʝʜʩʪʘʚʠʪʝʣʠ ʚʪʦʨʦʡ ʛʨʫʧʧʳ ʧʦʣʠʤʝʨʦʚ ʧʦʢʘʟʳʚʘʶʪ ʥʝʦʙʨʘʪʠʤʦʝ ʟʘʪʚʝʨʜʝʚʘʥʠʝ, 

ʧʨʦʠʩʭʦʜʷʱʝʝ ʩ ʧʨʦʪʝʢʘʥʠʝʤ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ. ʇʦʣʠʤʝʨʳ ʩ ʪʘʢʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʥʘʟʳʚʘʶʪʩʷ 

ʪʝʨʤʦʨʝʘʢʪʠʚʥʳʤʠ (ʨʝʘʢʪʦʧʣʘʩʪʘʤʠ). ɺʪʦʨʠʯʥʘʷ ʧʝʨʝʨʘʙʦʪʢʘ ʨʝʘʢʪʦʧʣʘʩʪʦʚ ʥʝʚʦʟʤʦʞʥʘ. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʨʝʘʢʪʦʧʣʘʩʪʳ ʥʘ ʦʩʥʦʚʝ ʬʝʥʦʣʦʬʦʨʤʘʣʴʜʝʛʠʜʥʳʭ, ʧʦʣʠʵʬʠʨʥʳʭ, 

ʵʧʦʢʩʠʜʥʳʭ ʠ ʢʘʨʙʘʤʠʜʥʳʭ ʩʤʦʣ [6]. 

ʀʟ-ʟʘ ʨʘʟʥʦʦʙʨʘʟʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ, ʬʠʟʠʯʝʩʢʠʭ, ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʠʤʝʨʦʚ, ʦʥʠ 

ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʝ, ʵʣʝʢʪʨʦʠʟʦʣʷʮʠʦʥʥʳʝ, ʭʠʤʠʯʝʩʢʠ ʩʪʦʡʢʠʝ, ʬʨʠʢʮʠʦʥʥʳʝ, 

ʪʝʧʣʦ- ʠ ʟʚʫʢʦʠʟʦʣʷʮʠʦʥʥʳʝ, ʩʚʝʪʦʪʝʭʥʠʯʝʩʢʠʝ ʠ ʜʨ. [1]. ʆʙʱʠʤ ʜʣʷ ʚʩʝʭ ʛʨʫʧʧ ʩʚʦʡʩʪʚ ʷʚʣʷʝʪʩʷ ʠʭ 

ʚʳʩʦʢʘʷ ʢʦʨʨʦʟʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ [7]. 

ɺ ʥʦʤʝʥʢʣʘʪʫʨʝ ʧʨʦʜʫʢʮʠʠ ʠʟ ʧʦʣʠʤʝʨʦʚ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʚʪʫʣʢʠ, ʰʝʩʪʝʨʥʠ, ʨʦʣʠʢʠ, ʰʢʠʚʳ, ʟʚʝʟʜʦʯʢʠ, ʧʦʜʰʠʧʥʠʢʠ ʩʢʦʣʴʞʝʥʠʷ, ʘʤʦʨʪʠʟʘʪʦʨʳ, ʙʣʦʢʠ 

ʧʨʝʜʦʭʨʘʥʠʪʝʣʝʡ, ʜʝʪʘʣʠ ʦʢʦʥ, ʩʠʜʝʥʠʡ, ʙʘʤʧʝʨʳ, ʜʝʪʘʣʠ ʢʫʟʦʚʘ ʠ ʜʨ. [8].  

ʄʘʪʝʨʠʘʣʘʤʠ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʘʢʠʭ ʜʝʪʘʣʝʡ ʩʣʫʞʘʪ ʧʦʣʠʤʝʨʳ: ʧʦʣʠʚʠʥʠʣʭʣʦʨʠʜ PVC; 

ʧʦʣʠʘʤʠʜ ʇɸ-6, ʈɸ-6, ʈɸ-66; ʧʦʣʠʘʮʝʪʘʣ (ʧʦʣʠʬʦʨʤʘʣʴʜʝʛʠʜ, ʧʦʣʠʦʢʩʠʤʝʪʠʣʝʥ) ʈʆʄ; ʧʦʣʠʵʪʠʣʝʥ 

ʈɽ; ʧʦʣʠʢʘʨʙʦʥʘʪ PC; ʧʦʣʠʧʨʦʧʠʣʝʥ ʈʈ; Nylon, Urepan, Vulkolan, Teflon, PTFE, Viton, Silicone, SB, 

PUR, Neoprene [9]. 

ɺ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʧʦʣʠʤʝʨʳ ʠ ʩʪʝʢʣʦʧʣʘʩʪʠʢʠ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʩʠʩʪʝʤʘʭ ʧʦʝʥʠʷ ʜʣʷ 

ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ ʬʝʨʤ. ʊʨʫʙʳ ʚ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʥʝ ʧʦʜʚʝʨʛʘʶʪʩʷ ʢʦʨʨʦʟʠʠ ʠ ʩʣʫʞʘʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʜʦʣʴʰʝ ʯʫʛʫʥʥʳʭ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʧʫʣʷʨʥʳʤ ʧʦʣʠʤʝʨʦʤ ʷʚʣʷʝʪʩʷ ʧʦʣʠʢʘʨʙʦʥʘʪ, ʠʟ ʢʦʪʦʨʦʛʦ 

ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʪʝʧʣʠʮʳ ʠ ʙʦʢʩʳ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʪʝʣʷʪ [9]. ʇʦʣʠʢʘʨʙʦʥʘʪ ʠʤʝʝʪ ʚʳʩʦʢʠʝ 

ʦʧʪʠʯʝʩʢʠʝ, ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʛʠʛʠʝʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 

ʇʦʣʠʤʝʨʳ ʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʢʘʢ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʝ, ʥʦ ʠ ʢʘʢ ʫʢʨʳʚʥʳʝ ʧʣʝʥʢʠ ʠ ʫʧʘʢʦʚʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʟʘʧʘʩʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʜʝʪʘʣʝʡ, ʢʦʤʧʣʝʢʪʫʶʱʠʭ ʠ ʪ.ʜ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʦʡ ʫʧʘʢʦʚʦʯʥʦʡ ʧʣʝʥʢʠ ʩ ʜʦʙʘʚʢʘʤʠ ʣʝʪʫʯʠʭ 

ʠʥʛʠʙʠʪʦʨʦʚ ʢʦʨʨʦʟʠʠ, ʚʳʜʝʣʷʶʱʠʭʩʷ ʥʝʙʦʣʴʰʠʤʠ ʜʦʟʘʤʠ, ʧʦʟʚʦʣʷʝʪ ʟʘʱʠʱʘʪʴ ʤʝʪʘʣʣʠʯʝʩʢʠʝ 

ʜʝʪʘʣʠ ʧʨʠ ʠʭ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʠ ʭʨʘʥʝʥʠʠ ʥʘ ʦʪʢʨʳʪʳʭ ʧʣʦʱʘʜʢʘʭ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ï ʦʪ 

ʛʦʜʘ ʜʦ ʧʷʪʠ ʣʝʪ. ʆʩʥʦʚʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʫʢʨʳʚʥʦʡ ʠ ʫʧʘʢʦʚʦʯʥʦʡ ʧʣʝʥʢʠ ʷʚʣʷʝʪʩʷ 

ʧʦʣʠʵʪʠʣʝʥ. 

ʇʦʣʠʵʪʠʣʝʥ ʧʦʣʫʯʘʶʪ ʤʝʪʦʜʦʤ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʵʪʠʣʝʥʘ ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʜʘʚʣʝʥʠʠ, 

ʦʪ ʩʦʯʝʪʘʥʠʷ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʟʘʚʠʩʷʪ ʠ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ. 

ɺ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʤ ʠ ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʧʨʦʠʟʚʦʜʩʪʚʘʭ ʠʩʧʦʣʴʟʫʶʪ, ʚ ʦʩʥʦʚʥʦʤ, 

ʩʣʝʜʫʶʱʠʝ ʤʘʨʢʠ ʧʦʣʠʵʪʠʣʝʥʘ [1]: 

- ʇɺɼ ï ʧʦʣʠʵʪʠʣʝʥ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʧʦʣʠʤʝʨʠʟʫʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 200-260 Áʉ. ɽʛʦ 

ʩʚʦʡʩʪʚʘ ï ʥʠʟʢʘʷ ʧʣʦʪʥʦʩʪʴ ʠ ʥʠʟʢʠʡ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ. ʀʟ ʵʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʟʛʦʪʘʚʣʠʚʘʶʪ 

ʫʧʘʢʦʚʦʯʥʳʝ ʠ ʫʢʨʳʚʥʳʝ ʤʘʪʝʨʠʘʣʳ. 

- ʇʅɼ ï ʧʦʣʠʵʪʠʣʝʥ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʧʦʣʠʤʝʨʠʟʫʝʪʩʷ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (120-

150 Áʉ). ʆʥ ʙʦʣʝʝ ʧʨʦʯʝʥ, ʪʝʨʤʦʩʪʦʝʢ, ʠʥʝʨʪʝʥ ʢ ʢʠʩʣʦʪʘʤ, ʤʘʩʣʘʤ, ʨʘʩʪʚʦʨʠʪʝʣʷʤ. ʀʟ ʥʝʛʦ 
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ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʚʦʜʦʧʨʦʚʦʜʥʳʝ ʪʨʫʙʳ, ʥʝ ʧʦʜʚʝʨʞʝʥʥʳʝ ʧʦʯʚʝʥʥʦʡ ʢʦʨʨʦʟʠʠ, ʢʘʥʠʩʪʨʳ, ʪʘʨʫ, ʘ ʚ 

ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ï ʜʝʪʘʣʠ, ʢʦʪʦʨʳʝ ʢʦʥʪʘʢʪʠʨʫʶʪ ʩ ʧʠʱʝʚʳʤʠ ʧʨʦʜʫʢʪʘʤʠ. 

ʂʘʢ ʤʳ ʚʠʜʠʤ, ʦʩʥʦʚʥʳʝ ʧʦʣʠʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʤ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ï ʪʝʨʤʦʧʣʘʩʪʠʢʠ, ʛʦʜʷʱʠʝʩʷ ʜʣʷ ʚʪʦʨʠʯʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ. ʊʘʢʘʷ ʧʝʨʝʨʘʙʦʪʢʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʙʦʨ ʠ ʩʦʨʪʠʨʦʚʢʫ ʤʘʪʝʨʠʘʣʘ, ʘ ʟʘʪʝʤ ʣʠʙʦ ʠʟʤʝʣʴʯʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʠ ʧʦʩʪʘʚʢʘ ʝʛʦ 

ʚ ʚʠʜʝ ʛʨʘʥʫʣ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ʜʝʪʘʣʝʡ ʠʣʠ ʧʣʝʥʢʠ, ʣʠʙʦ ʪʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ʦʪʭʦʜʦʚ ʜʦ 

ʫʛʣʝʨʦʜʠʩʪʳʭ ʞʠʜʢʦʩʪʝʡ ʠ ʛʘʟʦʚ, ʢʦʪʦʨʳʝ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʧʝʯʥʦʛʦ ʪʦʧʣʠʚʘ. 

ʕʢʦʥʦʤʠʯʝʩʢʠ ʙʦʣʝʝ ʚʳʛʦʜʥʳʤ ʷʚʣʷʝʪʩʷ ʧʨʦʠʟʚʦʜʩʪʚʦ ʛʨʘʥʫʣ, ʦʜʥʘʢʦ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʚ 

ʵʪʦʤ ʩʣʫʯʘʝ ʠʤʝʝʪ ʧʨʘʚʠʣʴʥʳʡ ʩʙʦʨ ʠ ʩʦʨʪʠʨʦʚʢʘ ʧʦʣʠʤʝʨʥʳʭ ʦʪʭʦʜʦʚ. ʕʪʠʤ ʧʨʦʮʝʩʩʘʤ ʚ ʧʦʩʣʝʜʥʝʝ 

ʚʨʝʤʷ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʫʜʝʣʷʝʪʩʷ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʵʪʦ ʫʜʦʨʦʞʘʝʪ ʧʨʦʮʝʩʩ 

ʫʪʠʣʠʟʘʮʠʠ.  

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʣʠʤʝʨʦʚ ʦʩʪʨʦ ʚʩʪʘʝʪ ʚʦʧʨʦʩ ʥʝ ʪʦʣʴʢʦ ʠ ʥʝ ʩʢʦʣʴʢʦ 

ʦʙ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʭ ʧʨʠʤʝʥʝʥʠʷ (ʜʘʞʝ ʩ ʫʯʝʪʦʤ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʫʪʠʣʠʟʘʮʠʠ), 

ʩʢʦʣʴʢʦ ʦʙ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʙʣʝʤʝ ʟʘʩʦʨʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʦʪʭʦʜʘʤʠ ʥʝʨʘʟʣʘʛʘʝʤʳʭ 

ʧʣʘʩʪʠʢʦʚ ʣʠʙʦ ʧʨʦʜʫʢʪʘʤʠ ʚʪʦʨʠʯʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʵʪʠʭ ʧʣʘʩʪʠʢʦʚ. 

ʊʘʢʦʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʚʳʙʦʨʝ ʧʦʣʠʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʣʠʙʦ 

ʫʢʨʳʚʥʦʛʦ ʠ ʫʧʘʢʦʚʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʣʝʜʫʝʪ ʨʫʢʦʚʦʜʩʪʚʦʚʘʪʴʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ ʫʩʣʦʚʠʝʤ 

ʚʦʟʤʦʞʥʦʩʪʠ ʚʪʦʨʠʯʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʣʠ ʫʥʠʯʪʦʞʝʥʠʷ ʙʝʟ ʦʙʨʘʟʦʚʘʥʠʷ ʚʨʝʜʥʳʭ ʧʨʦʜʫʢʪʦʚ. 

ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʠʤʝʨʦʚ ʩ ʨʝʛʫʣʠʨʫʝʤʳʤ 

ʩʨʦʢʦʤ ʩʣʫʞʙʳ ʠʣʠ, ʧʦ-ʜʨʫʛʦʤʫ, ʙʠʦʨʘʟʣʘʛʘʝʤʳʭ ʧʦʣʠʤʝʨʦʚ. 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʛʦʨʦʜʝ ʂʨʘʩʥʦʷʨʩʢʝ, ʢʘʢ ʠ ʚ ʜʨʫʛʠʭ ʛʦʨʦʜʘʭ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʚʦ 

ʚʨʝʤʷ ʟʠʤʳ ʜʦʨʦʛʘ ʧʦʢʨʳʚʘʝʪʩʷ ʩʣʦʝʤ ʠ ʧʝʩʢʘ, ʢʦʪʦʨʳʝ ʟʘʚʦʟʷʪ ʢʦʤʤʫʥʘʣʴʥʳʝ ʩʣʫʞʙʳ ʜʣʷ ʙʦʨʴʙʳ ʩ 

ʛʦʣʦʣʝʜʠʮʝʡ. ʂʘʢ ʫʪʚʝʨʞʜʘʶʪ ʜʦʨʦʞʥʠʢʠ, ʢʨʦʤʝ ʩʤʝʩʠ ʩʦʣʠ ʠ ʧʝʩʢʘ, ʜʣʷ ʦʯʠʩʪʢʠ ʜʦʨʦʛ ʥʝ 

ʧʨʠʤʝʥʷʶʪ ʥʠʢʘʢʠʭ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ [1]. ʆʜʥʘʢʦ, ʣʫʞʠ ʥʘ ʟʠʤʥʠʭ ʛʦʨʦʜʩʢʠʭ ʜʦʨʦʛʘʭ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʦʙʨʘʪʥʦʤ. ʆʙʨʘʟʦʚʘʚʰʘʷʩʷ ʚʟʚʝʩʴ ʣʝʪʠʪ ʟʘʛʨʷʟʥʷʝʪ ʬʘʨʳ ʘʚʪʦʤʦʙʠʣʝʡ. ʅʘ 

ʪʨʘʩʩʘʭ ʚʦʟʥʠʢʘʝʪ ʦʩʦʙʘʷ ʦʧʘʩʥʦʩʪʴ ʚʦ ʚʨʝʤʷ ʦʩʘʜʢʦʚ ʚ ʚʠʜʝ ʤʦʢʨʦʛʦ ʩʥʝʛʘ, ʧʦʜʥʷʪʳʭ ʩ ʜʦʨʦʛʠ 

ʢʘʧʝʣʴ ʛʨʷʟʥʦʡ ʚʦʜʳ.  

ɻʨʷʟʥʳʝ ʬʘʨʳ ï ʧʨʠʯʠʥʘ ʩʥʠʞʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʜʦʨʦʛʘʭ, ʦʩʦʙʝʥʥʦ ʚ ʫʩʣʦʚʠʷʭ ʩʣʦʞʥʳʭ 

ʤʝʪʝʦʫʩʣʦʚʠʡ ʠʣʠ ʚ ʩʫʤʝʨʝʯʥʦʝ ʚʨʝʤʷ. ɺʦʟʥʠʢʘʶʱʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʪʝʨʝʪʴ ʪʘʢʠʝ ʬʘʨʳ, ʚʳʡʜʷ ʠʟ 

ʘʚʪʦʤʦʙʠʣʷ, ʦʩʦʙʝʥʥʦ ʥʘ ʪʨʘʩʩʘʭ, ʤʦʞʝʪ ʧʦʩʣʫʞʠʪʴ ʧʨʠʯʠʥʦʡ ɼʊʇ. ɺʦʟʤʦʞʥʦʝ ʦʩʥʘʱʝʥʠʝ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʫʩʪʨʦʡʩʪʚʘʤʠ ʦʯʠʩʪʢʠ ʬʘʨ ʤʦʛʣʦ ʙʳ ʫʣʫʯʰʠʪʴ ʫʨʦʚʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʨʦʩʩʠʡʩʢʠʭ ʜʦʨʦʛ. 

ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ï ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʧʦʩʦʙʦʚ ʦʯʠʩʪʢʠ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʬʘʨ, 

ʦʙʩʫʞʜʝʥʠʝ ʩʧʦʩʦʙʘ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʟʘʛʨʷʟʥʝʥʠʷ ʬʘʨ. 

ɺʘʞʥʝʡʰʠʡ ʵʣʝʤʝʥʪ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʬʘʨ ï ʵʪʦ ʨʘʩʩʝʠʚʘʪʝʣʴ, ʢʦʪʦʨʳʡ ʠʟʛʦʪʘʚʣʠʚʘʝʪʩʷ, ʣʠʙʦ 

ʠʟ ʩʪʝʢʣʘ, ʣʠʙʦ ʯʘʱʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟ ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʛʦ ʧʦʣʠʤʝʨʘ. ɺ ʨʘʙʦʪʝ ʘʚʪʦʨʦʚ, ʢʦʪʦʨʘʷ 

ʧʨʠʚʝʜʝʥʘ ʥʠʞʝ, ʧʨʠʚʦʜʷʪʩʷ ʩʚʝʜʝʥʠʷ ʦ ʩʚʦʡʩʪʚʘʭ ʠ ʩʪʨʦʝʥʠʠ ʫʢʘʟʘʥʥʦʛʦ ʧʦʣʠʤʝʨʘ ï ʧʦʣʠʢʘʨʙʦʥʘʪʘ. 

ɺ 8ʦ-ʭ ʛʦʜʘʭ XX ʚʝʢʘ ʥʘ ʥʝʢʦʪʦʨʳʝ ʘʚʪʦʤʦʙʠʣʠ ʫʩʪʘʥʘʚʣʠʚʘʣʠʩʴ ʜʚʦʨʥʠʢʠ ʥʝ ʪʦʣʴʢʦ ʥʘ 

ʣʦʙʦʚʦʝ ʠ ʟʘʜʥʝʝ ʩʪʝʢʣʦ ʘʚʪʦʤʦʙʠʣʝʡ, ʥʦ ʠ ʥʘ ʬʘʨʳ. ʆʩʥʦʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʪʘʢʠʭ ʫʩʪʨʦʡʩʪʚ 

ʷʚʣʷʣʠʩʴ: ʜʚʦʨʥʠʢ ʩ ʨʝʟʠʥʦʚʦʡ ʱʝʪʢʦʡ, ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ, ʨʝʜʫʢʪʦʨ, ʥʘʩʦʩ ʚʦʜʷʥʦʡ, ʰʣʘʥʛ ʧʦʜʚʦʜʘ 
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ʚʦʜʳ, ʬʦʨʩʫʥʢʠ (ʨʠʩ. 1). ɺ ʤʦʢʨʫʶ ʧʦʛʦʜʫ ʜʚʦʨʥʠʢʠ ʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʦ ʩʧʨʘʚʣʷʣʠʩʴ ʩ ʦʯʠʩʪʢʦʡ 

ʟʘʛʨʷʟʥʝʥʥʳʭ ʬʘʨ.  

 

 
ʈʠʩ. 1. ʌʘʨʘ ʩ ʜʚʦʨʥʠʢʘʤʠ. 1- ʜʚʦʨʥʠʢ, 2- ʬʦʨʩʫʥʢʘ, 3- ʰʣʘʥʛ ʧʦʜʘʯʠ ʚʦʜʳ 

 

ʇʨʠʤʝʥʷʣʩʷ ʪʘʢʞʝ ʤʝʪʦʜ ʦʤʳʚʘʥʠʷ ʨʘʩʩʝʠʚʘʪʝʣʷ ʬʘʨʳ ʩʪʨʫʝʡ ʚʦʜʳ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʳʭ 

ʬʦʨʩʫʥʦʢ (ʨʠʩ. 2). ɺʦʜʘ ʧʦʜʘʚʘʣʘʩʴ ʠʟ ʬʦʨʩʫʥʢʠ, ʨʘʟʤʝʱʝʥʥʦʡ ʚ ʙʘʤʧʝʨʝ. ʊʘʢʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʥʝ 

ʧʨʠʞʠʣʠʩʴ ʠʟ-ʟʘ ʩʚʦʝʡ ʥʝʥʘʜʝʞʥʦʩʪʠ, ʜʦʨʦʛʦʚʠʟʥʳ ʠ ʥʝʟʘʱʠʱʝʥʥʦʩʪʠ ʦʪ ʚʘʥʜʘʣʠʟʤʘ 

 

 
ʈʠʩ. 2. ʌʘʨʳ ʩʦ ʩʪʘʮʠʦʥʘʨʥʳʤʠ ʠ ʪʝʣʝʩʢʦʧʠʯʝʩʢʠʤʠ ʬʦʨʩʫʥʢʘʤʠ. 

 

ɺʦʟʤʦʞʝʥ ʪʘʢʞʝ ʩʧʦʩʦʙ ʦʯʠʩʪʢʠ ʬʘʨ ʥʘʙʝʛʘʶʱʝʡ ʩʪʨʫʝʡ ʚʦʟʜʫʭʘ. ʆʥ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥ 

ʠʟʤʝʥʝʥʠʝʤ ʛʝʦʤʝʪʨʠʠ ʣʦʙʦʚʦʡ ʯʘʩʪʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ, ʦʜʥʘʢʦ, ʥʝʧʨʠʛʦʜʝʥ ʜʣʷ ʥʠʟʢʠʭ 

ʩʢʦʨʦʩʪʝʡ. 

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʚʦʝʥʥʦʡ ʪʝʭʥʠʢʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ ʥʘʢʣʘʜʢʠ ʥʘ ʬʘʨʳ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʚʠʜʠʤʦʩʪʠ ʩʚʝʨʭʫ. ʅʦ ʪʘʢʠʝ ʥʘʢʣʘʜʢʠ ʩʠʣʴʥʦ ʫʤʝʥʴʰʘʶʪ ʩʚʝʪʦʚʦʡ ʧʦʪʦʢ. 

ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʘʢ ʞʝ ʚʦʟʜʫʰʥʳʝ ʦʯʠʩʪʠʪʝʣʠ ʛʘʙʘʨʠʪʥʳʭ ʦʛʥʝʡ ʜʣʷ ʚʝʟʜʝʭʦʜʦʚ ï ʦʙʜʫʚ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʨʫʝʡ ʚʦʟʜʫʭʘ ʠʟ ʬʦʨʩʫʥʢʠ ʦʪ ʢʦʤʧʨʝʩʩʦʨʘ.  

ʋʯʠʪʳʚʘʷ ʥʝʜʦʩʪʘʪʢʠ ʦʧʠʩʘʥʥʳʭ ʩʧʦʩʦʙʦʚ, ʘʚʪʦʨʳ ʧʨʝʜʣʦʞʠʣʠ ʥʝ ʦʯʠʱʘʪʴ, ʘ ʧʨʝʜʦʪʚʨʘʱʘʪʴ 

ʟʘʛʨʷʟʥʝʥʠʝ ʬʘʨ. 

ʉʧʦʩʦʙ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʪʚʦʜʝ ʥʘʙʝʛʘʶʱʝʛʦ ʟʘʛʨʷʟʥʝʥʥʦʛʦ ʚʦʟʜʫʭʘ ʚ ʩʪʦʨʦʥʫ ʧʫʪʝʤ ʩʦʟʜʘʥʠʷ 

ʚʦʟʜʫʰʥʦʛʦ ʢʣʠʥʘ ʫ ʧʦʚʝʨʭʥʦʩʪʠ ʬʘʨʳ ʠʣʠ ʦʪʢʣʦʥʷʶʱʝʡ ʩʪʨʫʠ ʚʦʟʜʫʭʘ (ʨʠʩ. 3). 

ɼʣʷ ʵʪʦʛʦ ʦʪ ʬʘʨʳ ʯʝʨʝʟ ʱʝʣʠ (ʧʦ ʧʝʨʠʤʝʪʨʫ) ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʚʳʭʦʜʘ ʧʫʯʢʘ ʩʚʝʪʘ ʠʣʠ ʚ ʟʦʥʫ ʝʛʦ 

ʧʨʦʭʦʞʜʝʥʠʷ ʯʝʨʝʟ ʟʘʱʠʪʥʳʝ ʩʪʝʢʣʘ ʧʦʜʘʚʘʪʴ ʚʦʟʜʫʭ ʧʦʜ ʜʘʚʣʝʥʠʝʤ.  

ɺ ʢʘʯʝʩʪʚʝ ʥʘʛʥʝʪʘʪʝʣʷ ʚʦʟʜʫʭʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʫʨʙʠʥʫ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ. 

ʊʫʨʙʠʥʘ ʫʩʪʘʥʦʚʣʝʥʘ ʚ ʬʘʨʝ ʠʣʠ ʚ ʜʨʫʛʦʤ ʤʝʩʪʝ (ʥʘʧʨʠʤʝʨ, ʚ ʙʘʤʧʝʨʝ), ʟʘʙʦʨ ʚʦʟʜʫʭʘ ʚʝʜʝʪʩʷ ʯʝʨʝʟ 

ʮʠʢʣʦʥʥʳʡ ʬʠʣʴʪʨ ʟʘ ʚʝʥʪʠʣʷʪʦʨʦʤ ʦʭʣʘʞʜʝʥʠʷ ʠʟ ʚʩʪʨʝʯʥʦʛʦ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ ʠʣʠ ʯʝʨʝʟ ʧʨʦʨʝʟʠ ʚ 

ʙʘʤʧʝʨʝ. ʇʦʜʘʝʪʩʷ ʚʦʟʜʫʭ ʧʦʜ ʫʛʣʦʤ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʬʘʨʳ ʚʚʝʨʭ ʠʣʠ ʯʝʨʝʟ ʱʝʣʴ ʤʝʞʜʫ ʢʨʫʛʣʦʡ 

1 

2 

3 
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ʩʚʝʪʦʜʠʦʜʥʦʡ ʣʘʤʧʦʡ- ʬʘʨʦʡ ʠ ʢʦʨʧʫʩʦʤ ʵʪʦʡ ʣʘʤʧʳ. ʇʨʠ ʥʝʨʘʙʦʪʘʶʱʝʡ ʪʫʨʙʠʥʝ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ 

ʩʢʦʨʦʩʪʠ ʘʚʪʦʤʦʙʠʣʷ, ʚʦʟʜʫʭ ʯʝʨʝʟ ʱʝʣʠ ʥʝ ʙʫʜʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʧʘʜʘʪʴ ʚʥʫʪʨʴ ʢʦʥʩʪʨʫʢʮʠʠ ʠʟ-ʟʘ 

ʦʜʠʥʘʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚʦʟʜʫʭʘ ʧʝʨʝʜ ʱʝʣʴʶ ʠ ʟʘʙʦʨʦʤ. ʂʘʢ ʪʦʣʴʢʦ ʚʢʣʶʯʘʝʪʩʷ ʪʫʨʙʠʥʘ, ʦʯʠʱʝʥʥʳʡ 

ʧʦʪʦʢ ʚʦʟʜʫʭʘ ʚʳʭʦʜʠʪ ʯʝʨʝʟ ʱʝʣʠ ʠ ʦʪʢʣʦʥʷʝʪ ʥʘʙʝʛʘʶʱʠʡ ʧʦʪʦʢ ʚʦʟʜʫʭʘ ʚʤʝʩʪʝ ʩ ʛʨʷʟʴʶ ʠ ʚʣʘʛʦʡ. 

 

 
ʈʠʩ.3. ʆʪʢʣʦʥʝʥʠʝ ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʬʘʨʳ. 

 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʥʘʫʯʥʦʡ ʠʜʝʠ ʙʳʣ ʠʟʛʦʪʦʚʣʝʥ ʤʘʢʝʪ ʬʘʨʳ ʩ ʚʝʥʪʠʣʷʪʦʨʦʤ ʠ ʪʫʨʙʠʥʦʡ ʨʘʟʥʳʭ 

ʤʦʱʥʦʩʪʝʡ (ʨʠʩ.4). ɺ ʢʘʯʝʩʪʚʝ ʟʘʛʨʷʟʥʷʶʱʠʭ ʩʨʝʜʩʪʚ, ʧʦʜʘʚʘʝʤʳʭ ʥʘ ʥʘʙʝʛʘʶʱʠʡ ʧʦʪʦʢ ʚʦʟʜʫʭʘ, 

ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʝʣʢʠʡ ʧʝʩʦʢ, ʜʨʝʚʝʩʥʳʝ ʦʧʠʣʢʠ, ʧʝʥʦʧʣʘʩʪʦʚʘʷ ʩʪʨʫʞʢʘ. ʀʩʩʣʝʜʦʚʘʣʦʩʴ 

ʚʣʠʷʥʠʝ ʤʦʱʥʦʩʪʠ ʪʫʨʙʠʥʳ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʪʢʣʦʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʩʪʨʫʝʡ ʚʦʟʜʫʭʘ 

ʠʟ ʱʝʣʠ. 

 

 
ʈʠʩ.4. ʆʪʢʣʦʥʝʥʠʝ ʩʪʨʫʞʢʠ ʚʳʭʦʜʷʱʠʤ ʠʟ ʱʝʣʠ ʚʦʟʜʫʭʦʤ. 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʠ ʩʜʝʣʘʥʳ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

1. ʈʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʡ ʢʦʥʮʝʧʮʠʠ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ 

ʨʘʙʦʪʘʤʠ ʥʘ ʤʘʢʝʪʝ. 

2. ʇʦʜʦʙʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʟʘʛʨʷʟʥʝʥʠʷ ʬʘʨ ʠʤʝʶʪ ʚʩʝʛʦ ʣʠʰʴ ʦʜʠʥ ʧʦʜʚʠʞʥʳʡ 
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ʆʩʥʦʚʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʩ ʢʦʪʦʨʳʤʠ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʘʛʨʦʠʥʞʝʥʝʨʳ, ï ʵʪʦ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ. ʀʟ ʥʠʭ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʠ 

ʜʝʪʘʣʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ. ʇʨʘʚʠʣʴʥʳʡ ʚʳʙʦʨ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʠʭ ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ. 

ɺ ʢʦʥʩʪʨʫʢʮʠʷʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʪʘʣʣʠʯʝʩʢʠʝ, ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʝ 

ʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ [1, 2, 3]. ʊʨʘʜʠʮʠʦʥʥʳʤʠ ʠ ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ 

ʷʚʣʷʶʪʩʷ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʧʣʘʚʳ ï ʯʝʨʥʳʝ ʠ ʮʚʝʪʥʳʝ ï ʫʛʣʝʨʦʜʠʩʪʳʝ ʠ ʣʝʛʠʨʦʚʘʥʥʳʝ ʩʪʘʣʠ, ʯʫʛʫʥʳ, 

ʙʨʦʥʟʳ, ʣʘʪʫʥʠ, ʘʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚʳ. ɹʦʣʴʰʦʡ ʫʜʝʣʴʥʳʡ ʚʝʩ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʦʙʲʷʩʥʷʝʪʩʷ ʢʘʢ 

ʦʧʪʠʤʘʣʴʥʳʤ ʜʣʷ ʠʥʞʝʥʝʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʨʦʚʥʝʤ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʪʘʢ ʠ ʩʦʭʨʘʥʷʶʱʠʤʩʷ 

ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʩʳʨʴʝʚʳʤʠ ʨʝʩʫʨʩʘʤʠ. ʇʦ ʤʝʨʝ ʝʩʪʝʩʪʚʝʥʥʦʛʦ 

ʠʩʯʝʨʧʘʥʠʷ ʪʘʢʦʚʳʭ ʨʝʩʫʨʩʦʚ ʚʩʝ ʙʦʣʴʰʠʡ ʫʜʝʣʴʥʳʡ ʚʝʩ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʘʪʝʨʠʘʣʦʚ ʩʪʘʥʫʪ 

ʟʘʥʠʤʘʪʴ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʝ ʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ. ʊʘʢ, ʥʘʧʨʠʤʝʨ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩʪʘʣʠ ʦʜʥʠʤʠ ʠʟ ʦʩʥʦʚʥʳʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʢʦʩʤʠʯʝʩʢʦʡ 

ʪʝʭʥʠʢʝ, ʘʚʠʘ- ʠ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʧʦʩʪʝʧʝʥʥʦ ʚʳʪʝʩʥʷʷ ʩʧʣʘʚʳ ʯʝʨʥʳʭ ʠ ʜʘʞʝ 

ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ. ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʝʪʘʣʝʡ ʠʟ ʧʦʣʠʤʝʨʦʚ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʘʚʪʦʤʦʙʠʣʝʡ 

ʜʦʩʪʠʛʘʝʪ 16 % [4]. 

ʉʨʝʜʠ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘʠʙʦʣʝʝ ʧʨʠʤʝʥʷʝʤʳʤʠ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʤʠ 

ʤʘʪʝʨʠʘʣʘʤʠ ʷʚʣʷʶʪʩʷ ʧʣʘʩʪʤʘʩʩʳ.  

ʇʨʠʤʝʥʝʥʠʝ ʧʣʘʩʪʤʘʩʩ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʧʦʟʚʦʣʷʝʪ ʨʝʟʢʦ ʩʥʠʟʠʪʴ ʤʘʪʝʨʠʘʣʦʝʤʢʦʩʪʴ ʤʘʰʠʥ 

ʠ ʠʟʜʝʣʠʡ. ʇʦʜʩʯʠʪʘʥʦ, ʯʪʦ 1 ʪ ʧʦʣʠʘʤʠʜʦʚ ʤʦʞʝʪ ʟʘʤʝʥʷʪʴ 3-4 ʪ ʩʪʘʣʠ ʠʣʠ 6-7 ʪ ʙʨʦʥʟʳ, 1 ʪ 

ʩʪʝʢʣʦʧʣʘʩʪʠʢʘ ï 3 ʪ ʩʪʘʣʴʥʦʛʦ ʧʨʦʢʘʪʘ, 1 ʪ ʧʣʘʩʪʤʘʩʩʦʚʳʭ ʪʨʫʙ - ʦʪ 7 ʜʦ 15 ʪ ʤʝʪʘʣʣʘ. ʈʘʩʭʦʜ 

ʵʥʝʨʛʠʠ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ 1 ʪ ʪʨʫʙ ʠʟ ʧʦʣʠʵʪʠʣʝʥʘ ʪʘʢʞʝ ʚ 3,3 ʨʘʟʘ ʤʝʥʴʰʝ, ʯʝʤ ʩʪʘʣʴʥʳʭ ʪʨʫʙ [5]. 

ʎʝʣʴʶ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʦ ʩʚʦʡʩʪʚʘʤ, 

ʩʪʨʦʝʥʠʶ ʠ ʧʨʠʤʝʥʝʥʠʶ ʥʝʢʦʪʦʨʳʭ ʧʣʘʩʪʤʘʩʩ ʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʤ ʠ ʘʚʪʦʤʦʙʠʣʴʥʦʤ 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ. 

ʇʣʘʩʪʤʘʩʩʳ ï ʵʪʦ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ, ʢʦʪʦʨʳʝ ʩʦʟʜʘʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʧʨʠʨʦʜʥʳʭ ʠʣʠ 

ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʦʚ, ʢʦʪʦʨʳʝ ʠ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʩʣʦʞʥʦʡ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʡ 

ʩʠʩʪʝʤʳ, ʘ ʠʤʝʥʥʦ ʩʚʷʟʫʶʱʠʤ ʚʝʱʝʩʪʚʦʤ. ʂʨʦʤʝ ʩʚʷʟʫʶʱʠʭ ʚʝʱʝʩʪʚ, ʚ ʩʦʩʪʘʚ ʧʣʘʩʪʤʘʩʩ ʚʢʣʶʯʘʶʪ 

ʥʘʧʦʣʥʠʪʝʣʠ, ʧʣʘʩʪʠʬʠʢʘʪʦʨʳ, ʦʪʚʝʨʜʠʪʝʣʠ, ʢʨʘʩʠʪʝʣʠ. ɹʦʣʴʰʠʥʩʪʚʦ ʩʠʥʪʝʟʠʨʫʝʤʳʭ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʧʣʘʩʪʤʘʩʩ ʧʦʣʫʯʘʶʪ ʥʘ ʦʩʥʦʚʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʦʚ.  

ʉʚʦʡʩʪʚʘ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʟʘʚʠʩʷʪ ʦʪ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʦʪ ʩʪʨʦʝʥʠʷ 

ʤʘʢʨʦʤʦʣʝʢʫʣ. 

ʇʨʠʩʫʪʩʪʚʠʝ ʚ ʦʩʥʦʚʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʮʝʧʷʭ ʘʪʦʤʦʚ ʜʨʫʛʠʭ, ʢʨʦʤʝ ʫʛʣʝʨʦʜʘ, ʵʣʝʤʝʥʪʦʚ 

ʩʦʦʙʱʘʝʪ ʧʦʣʠʤʝʨʫ ʪʝ ʠʣʠ ʠʥʳʝ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʅʘʧʨʠʤʝʨ, ʬʦʩʬʦʨ ʠ ʭʣʦʨ ʧʦʚʳʰʘʶʪ 

ʦʛʥʝʩʪʦʡʢʦʩʪʴ, ʘʪʦʤʳ ʩʝʨʳ ʫʚʝʣʠʯʠʚʘʶʪ ʛʘʟʦʥʝʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʢʠʩʣʦʨʦʜ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ 

ʵʣʘʩʪʠʯʥʦʩʪʠ, ʬʪʦʨ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʭʠʤʠʯʝʩʢʫʶ ʩʪʦʡʢʦʩʪʴ ʧʣʘʩʪʤʘʩʩ [1]. 

ʉʪʨʦʝʥʠʝ ʤʘʢʨʦʤʦʣʝʢʫʣ ʧʦʣʠʤʝʨʦʚ ʤʦʞʝʪ ʙʳʪʴ ʣʠʥʝʡʥʳʤ, ʨʘʟʚʝʪʚʣʝʥʥʳʤ ʠʣʠ ʩʝʪʯʘʪʳʤ 

(ʩʰʠʪʳʤ). ʄʝʞʜʫ ʘʪʦʤʘʤʠ ʚʥʫʪʨʠ ʤʘʢʨʦʤʦʣʝʢʫʣʳ ʜʝʡʩʪʚʫʶʪ ʧʨʦʯʥʳʝ ʢʦʚʘʣʝʥʪʥʳʝ ʩʠʣʳ. ɸ ʚʦʪ 

ʤʝʞʜʫ ʩʘʤʠʤʠ ʤʘʢʨʦʤʦʣʝʢʫʣʘʤʠ ʚ ʧʦʣʠʤʝʨʘʭ ʩ ʣʠʥʝʡʥʦʡ ʠ ʨʘʟʚʝʪʚʣʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʜʝʡʩʪʚʫʶʪ 

ʩʠʣʳ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʘ, ʵʥʝʨʛʠʷ ʢʦʪʦʨʳʭ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʵʥʝʨʛʠʠ ʚʥʫʪʨʝʥʥʠʭ ʩʚʷʟʝʡ. ʋ 

ʧʦʣʠʤʝʨʦʚ ʩ ʩʝʪʯʘʪʦʡ ʩʪʨʫʢʪʫʨʦʡ ʤʝʞʜʫ ʤʘʢʨʦʤʦʣʝʢʫʣʘʤʠ ʜʝʡʩʪʚʫʶʪ ʧʦʯʪʠ ʚʩʝʛʜʘ ʧʨʦʯʥʳʝ 

ʢʦʚʘʣʝʥʪʥʳʝ ʩʚʷʟʠ. 

ʀ ʣʠʥʝʡʥʳʝ, ʠ ʨʘʟʚʝʪʚʣʝʥʥʳʝ ʧʦʣʠʤʝʨʳ ʩʧʦʩʦʙʥʳ ʨʘʟʤʷʛʯʘʪʴʩʷ ʧʨʠ ʥʘʛʨʝʚʝ ʠ ʟʘʪʚʝʨʜʝʚʘʪʴ 

ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʙʝʟ ʫʯʘʩʪʠʷ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ. ʊʘʢʦʡ ʧʨʦʮʝʩʩ (ʨʘʟʤʷʛʯʝʥʠʝ-ʟʘʪʚʝʨʜʝʚʘʥʠʝ) ʤʦʞʝʪ 

ʧʨʦʠʩʭʦʜʠʪʴ ʤʥʦʛʦʢʨʘʪʥʦ. ʇʦʣʠʤʝʨʳ, ʦʙʣʘʜʘʶʱʠʝ ʵʪʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ, ʥʘʟʳʚʘʶʪʩʷ 

ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʤʠ. ʊʝʨʤʦʧʣʘʩʪʳ ʧʦʜʚʝʨʛʘʶʪʩʷ ʤʥʦʛʦʢʨʘʪʥʦʡ ʧʝʨʝʨʘʙʦʪʢʝ. 

ʐʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʝ ʧʣʘʩʪʤʘʩʩʳ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʵʪʠʣʝʥʘ, ʧʦʣʠʧʨʦʧʠʣʝʥʘ, 

ʬʪʦʨʦʧʣʘʩʪʦʚ, ʧʦʣʠʩʪʠʨʦʣʘ, ʧʦʣʠʚʠʥʠʣʭʣʦʨʠʜʘ, ʧʦʣʠʘʤʠʜʦʚ, ʧʦʣʠʫʨʝʪʘʥʘ, ʧʦʣʠʢʘʨʙʦʥʘʪʦʚ ʠ ʜʨ. 

ʅʘʦʙʦʨʦʪ, ʧʦʣʠʤʝʨʳ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʧʦʢʘʟʳʚʘʶʪ ʥʝʦʙʨʘʪʠʤʦʝ ʟʘʪʚʝʨʜʝʚʘʥʠʝ, 

ʧʨʦʠʩʭʦʜʷʱʝʝ ʩ ʧʨʦʪʝʢʘʥʠʝʤ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ. ʇʦʣʠʤʝʨʳ ʩ ʪʘʢʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʥʘʟʳʚʘʶʪʩʷ 

ʪʝʨʤʦʨʝʘʢʪʠʚʥʳʤʠ (ʨʝʘʢʪʦʧʣʘʩʪʘʤʠ). ɺʪʦʨʠʯʥʘʷ ʧʝʨʝʨʘʙʦʪʢʘ ʨʝʘʢʪʦʧʣʘʩʪʦʚ ʥʝʚʦʟʤʦʞʥʘ. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʨʝʘʢʪʦʧʣʘʩʪʳ ʥʘ ʦʩʥʦʚʝ ʬʝʥʦʣʦʬʦʨʤʘʣʴʜʝʛʠʜʥʳʭ, ʧʦʣʠʵʬʠʨʥʳʭ, 

ʵʧʦʢʩʠʜʥʳʭ ʠ ʢʘʨʙʘʤʠʜʥʳʭ ʩʤʦʣ [6]. 

ɹʣʘʛʦʜʘʨʷ ʦʯʝʥʴ ʰʠʨʦʢʦʤʫ ʩʧʝʢʪʨʫ ʤʝʭʘʥʠʯʝʩʢʠʭ, ʬʠʟʠʯʝʩʢʠʭ, ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʧʦʣʠʤʝʨʦʚ, ʦʥʠ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʝ, ʵʣʝʢʪʨʦʠʟʦʣʷʮʠʦʥʥʳʝ, ʭʠʤʠʯʝʩʢʠ ʩʪʦʡʢʠʝ, 
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ʬʨʠʢʮʠʦʥʥʳʝ, ʪʝʧʣʦ- ʠ ʟʚʫʢʦʠʟʦʣʷʮʠʦʥʥʳʝ, ʩʚʝʪʦʪʝʭʥʠʯʝʩʢʠʝ ʠ ʜʨ. [1]. ʆʙʱʠʤ ʜʣʷ ʚʩʝʭ ʛʨʫʧʧ 

ʩʚʦʡʩʪʚ ʷʚʣʷʝʪʩʷ ʠʭ ʚʳʩʦʢʘʷ ʢʦʨʨʦʟʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ [7]. 

ɼʝʪʘʣʠ ʜʣʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʠʟ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ 

ʧʦʣʠʤʝʨʦʚ:  

ɺ ʥʦʤʝʥʢʣʘʪʫʨʝ ʧʨʦʜʫʢʮʠʠ ʠʟ ʧʦʣʠʤʝʨʦʚ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʚʪʫʣʢʠ, ʰʝʩʪʝʨʥʠ, ʨʦʣʠʢʠ, ʰʢʠʚʳ, ʟʚʝʟʜʦʯʢʠ, ʧʦʜʰʠʧʥʠʢʠ ʩʢʦʣʴʞʝʥʠʷ ʠ ʜʨʫʛʠʝ. ʄʘʪʝʨʠʘʣʘʤʠ ʜʣʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʘʢʠʭ ʜʝʪʘʣʝʡ ʩʣʫʞʘʪ ʧʦʣʠʤʝʨʳ: ʧʦʣʠʚʠʥʠʣʭʣʦʨʠʜ PVC; ʧʦʣʠʘʤʠʜ ʇɸ-6, ʈɸ-6, ʈɸ-66; 

ʧʦʣʠʘʮʝʪʘʣ (ʧʦʣʠʬʦʨʤʘʣʴʜʝʛʠʜ, ʧʦʣʠʦʢʩʠʤʝʪʠʣʝʥ) ʈʆʄ; ʧʦʣʠʵʪʠʣʝʥ ʈɽ; ʧʦʣʠʢʘʨʙʦʥʘʪ PC; 

ʧʦʣʠʧʨʦʧʠʣʝʥ ʈʈ; Nylon, Urepan, Vulkolan, Teflon, PTFE, Viton, Silicone, SB, PUR, Neoprene. 

ʆʜʥʠʤ ʠʟ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʷʚʣʷʝʪʩʷ ʧʦʣʠʢʘʨʙʦʥʘʪ.  

ʇʦʣʠʢʘʨʙʦʥʘʪ ï ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʡ ʧʦʣʠʤʝʨ. ʆʙʣʘʜʘʝʪ ʥʠʟʢʦʡ ʚʦʜʦʧʦʛʣʦʱʘʝʤʦʩʪʴʶ ʠ 

ʛʘʟʦʧʨʦʥʠʮʘʝʤʦʩʪʴʶ, ʭʦʨʦʰʠʤʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʚʳʩʦʢʦʡ ʞʝʩʪʢʦʩʪʴʶ, 

ʪʝʧʣʦʩʪʦʡʢʦʩʪʴʶ ʠ ʭʠʤʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʴʶ, ʥʝ ʠʤʝʝʪ ʟʘʧʘʭʘ ʠ ʚʢʫʩʘ, ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ ʙʝʟʚʨʝʜʝʥ, 

ʙʝʩʮʚʝʪʝʥ, ʧʨʦʟʨʘʯʝʥ, ʭʦʨʦʰʦ ʦʢʨʘʰʠʚʘʝʪʩʷ. ʋʩʪʦʡʯʠʚ ʢ ʩʚʝʪʦʚʦʤʫ ʩʪʘʨʝʥʠʶ ʠ ʜʝʡʩʪʚʠʶ 

ʦʢʠʩʣʠʪʝʣʝʡ ʜʘʞʝ ʧʨʠ ʥʘʛʨʝʚʝ ʜʦ 12ʦ Áʉ. ʗʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʨʦʯʥʳʭ ʪʝʨʤʦʧʣʘʩʪʦʚ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʟʘʤʝʥʷʶʱʝʛʦ ʤʝʪʘʣʣʳ.  

ɹʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʫʥʠʢʘʣʴʥʳʤ ʩʚʦʡʩʪʚʘʤ ʧʦʣʠʢʘʨʙʦʥʘʪ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʰʝʩʪʝʨʥʝʡ, ʧʦʜʰʠʧʥʠʢʦʚ, ʢʦʨʧʫʩʦʚ, ʢʨʳʰʝʢ, ʢʣʘʧʘʥʦʚ ʠ ʜʨʫʛʠʭ ʜʝʪʘʣʝʡ, ʩʦʩʫʜʦʚ ʠ ʜʝʪʘʣʝʡ 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʜʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʬʨʫʢʪʦʚʳʭ ʩʦʢʦʚ, ʤʦʣʦʢʘ, ʚʠʥ; ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʪʝʭʥʠʢʝ 

ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʜʣʷ ʨʘʙʦʪʳ ʚ ʩʨʝʜʝ ʞʠʜʢʠʭ ʛʘʟʦʚ. 

ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʣʠʢʘʨʙʦʥʘʪʦʚ ʫʣʫʯʰʘʶʪʩʷ ʧʨʠ ʚʚʝʜʝʥʠʠ ʚ ʥʠʭ 

ʘʨʤʠʨʫʶʱʠʭ ʚʦʣʦʢʦʥ. ɸʨʤʠʨʦʚʘʥʥʳʝ ʧʦʣʠʢʘʨʙʦʥʘʪʳ çʕʩʪʝʨʘʥè ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʜʝʪʘʣʝʡ ʤʘʰʠʥ, ʥʘʧʨʠʤʝʨ ʧʦʜʰʠʧʥʠʢʦʚ ʢʘʯʝʥʠʷ, ʢʫʣʘʯʢʦʚ ʠ ʪ. ʜ. ʆʥʠ ʩʦʭʨʘʥʷʶʪ ʩʚʦʠ 

ʩʚʦʡʩʪʚʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʫʶ ʥʘʜʝʞʥʦʩʪʴ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ -200 ʜʦ 110 Áʉ, ʘ ʪʘʢʞʝ ʚ 

ʚʘʢʫʫʤʝ [1]. 

ʀʩʢʣʶʯʠʪʝʣʴʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʧʦʣʠʢʘʨʙʦʥʘʪʘ ï ʚʳʩʦʢʠʝ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ (ʧʨʦʟʨʘʯʥʦʩʪʴ), 

ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʙʳʯʥʦʤʫ ʩʪʝʢʣʫ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʧʨʦʯʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ. 

ʕʪʦ ʜʝʣʘʝʪ ʧʦʣʠʢʘʨʙʦʥʘʪ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʨʘʩʩʝʠʚʘʪʝʣʝʡ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʬʘʨ, 

ʣʠʥʟ, ʦʯʢʦʚ, ʫʣʠʯʥʳʭ ʩʚʝʪʠʣʴʥʠʢʦʚ, ʜʨʫʛʠʭ ʩʚʝʪʦʪʝʭʥʠʯʝʩʢʠʭ ʠʟʜʝʣʠʡ. 

ɺ ʥʘʰʝʡ ʩʪʨʘʥʝ ʧʦʣʠʢʘʨʙʦʥʘʪ ʠʩʧʦʣʴʟʫʝʪʩʷ, ʚ ʦʩʥʦʚʥʦʤ, ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʦʪʦʚʳʭ 

ʧʦʣʠʢʘʨʙʦʥʘʪʥʳʭ ʣʠʩʪʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʧʦʢʨʳʪʠʷ ʪʝʧʣʠʮ ʠ ʥʘʚʝʩʦʚ. ɼʨʫʛʠʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ ʧʦʢʘ ʨʘʟʚʠʪʳ ʩʣʘʙʦ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ ʤʘʪʝʨʠʘʣʘ. 

ɺ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʦʣʠʢʘʨʙʦʥʘʪ ʧʦʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʛʨʘʥʫʣ. ʇʝʨʝʨʘʙʘʪʳʚʘʝʪʩʷ, ʚ ʦʩʥʦʚʥʦʤ, 

ʵʢʩʪʨʫʟʠʝʡ ʠ ʣʠʪʴʝʤ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʧʨʠ 230-310 Áʉ. 

ʕʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʳʤ ʷʚʣʷʝʪʩʷ ʚʪʦʨʠʯʥʘʷ ʧʝʨʝʨʘʙʦʪʢʘ ʧʦʣʠʢʘʨʙʦʥʘʪʘ. ʇʨʠ ʵʪʦʤ 

ʟʘʢʫʧʣʝʥʥʳʝ ʦʯʠʱʝʥʥʳʝ ʧʦʣʠʢʘʨʙʦʥʘʪʥʳʝ ʦʪʭʦʜʳ ʵʢʩʨʫʜʠʨʫʶʪʩʷ ʠ ʜʨʦʙʷʪʩʷ. ʇʦʣʫʯʝʥʥʳʝ ʛʨʘʥʫʣʳ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʟʜʝʣʠʡ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʣʠʢʘʨʙʦʥʘʪ, ʢʘʢ ʠ ʙʦʣʴʰʠʥʩʪʚʦ ʧʦʣʠʤʝʨʦʚ, ʦʙʣʘʜʘʝʪ 

ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ ʧʝʨʝʜ ʜʨʫʛʠʤʠ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. ɻʦʪʦʚʳʝ ʧʣʘʩʪʤʘʩʩʦʚʳʝ ʜʝʪʘʣʠ 

ʠʤʝʶʪ ʤʝʥʴʰʫʶ ʚ 3-4 ʨʘʟʘ ʤʘʩʩʫ, ʤʝʥʴʰʫʶ ʚ 4-5 ʨʘʟ ʪʨʫʜʦʝʤʢʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ, ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʫʜʝʣʴʥʫʶ ʧʨʦʯʥʦʩʪʴ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʧʣʘʩʪʤʘʩʩ ʤʦʞʥʦ ʦʪʥʝʩʪʠ: 

ʥʠʟʢʠʝ ʪʚʝʨʜʦʩʪʴ, ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, ʚʣʘʛʦ- ʠ ʤʘʩʣʦʩʪʦʡʢʦʩʪʴ, ʙʦʣʴʰʫʶ ʜʝʬʦʨʤʠʨʫʝʤʦʩʪʴ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʨʘʙʦʯʠʭ ʥʘʛʨʫʟʦʢ, ʚʳʩʦʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʣʠʥʝʡʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ, ʩʢʣʦʥʥʦʩʪʴ ʢ ʧʦʣʟʫʯʝʩʪʠ 

ʠ ʭʣʘʜʦʪʝʢʫʯʝʩʪʠ.  

ʇʦʵʪʦʤʫ ʚ ʢʘʞʜʦʤ ʦʪʜʝʣʴʥʦʤ ʩʣʫʯʘʝ ʧʨʠ ʚʳʙʦʨʝ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʥʝʦʙʭʦʜʠʤʦ ʨʫʢʦʚʦʜʩʪʚʦʚʘʪʴʩʷ ʧʨʠʥʮʠʧʦʤ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ. 
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ɺ ʢʦʨʤʣʝʥʠʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʞʠʚʦʪʥʳʭ ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʪʨʠ 

ʛʨʫʧʧʳ ʢʦʨʤʦʚ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ.  

ɻʨʫʙʳʝ ʢʦʨʤʘ (ʩʝʥʦ, ʩʦʣʦʤʘ ʠ ʜʨ.) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʢʦʰʝʥʥʳʝ ʩʪʝʙʣʠ ʠ ʣʠʩʪʴʷ ʨʘʩʪʝʥʠʡ, 

ʚʳʩʫʰʝʥʥʳʝ ʜʦ ʚʣʘʞʥʦʩʪʠ 15-17%, ʩʝʥʘʞ-ʩʢʦʰʝʥʥʘʷ ʚʝʛʝʪʘʪʠʚʥʘʷ ʯʘʩʪʴ ʨʘʩʪʝʥʠʡ, ʧʦʜʚʷʣʝʥʥʘʷ ʜʦ 

ʚʣʘʞʥʦʩʪʠ 45-50%, ʠʟʤʝʣʴʯʝʥʥʘʷ ʜʦ ʨʘʟʤʝʨʦʚ 2-3 ʩʤ., ʭʨʘʥʷʱʘʷʩʷ ʚ ʭʨʘʥʠʣʠʱʘʭ ʙʝʟ ʜʦʩʪʫʧʘ ʚʦʟʜʫʭʘ.  

ʉʦʯʥʳʝ ʢʦʨʤʘ (ʩʠʣʦʩ, ʢʣʫʙʥʝʧʣʦʜʳ, ʢʦʨʥʝʧʣʦʜʳ). ʅʘ ʧʨʠʛʦʪʦʚʣʝʥʠʝ ʩʠʣʦʩʘ ʥʘ ʨʷʜʫ ʩ ʪʨʘʚʘʤʠ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʫʢʫʨʫʟʘ, ʢʦʪʦʨʘʷ ʩʢʘʰʠʚʘʝʪʩʷ ʧʨʠ ʚʣʘʞʥʦʩʪʠ 70-75%, ʠʟʤʝʣʴʯʘʝʪʩʷ 

ʜʦ 2-3 ʩʤ. ʠ ʟʘʢʣʘʜʳʚʘʝʪʩʷ ʚ ʭʨʘʥʠʣʠʱʘ, ʢʦʪʦʨʳʝ ʧʦʩʣʝ ʟʘʧʦʣʥʝʥʠʷ ʛʝʨʤʝʪʠʟʠʨʫʶʪʩʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʩʠʣʦʩʫʝʤʫʶ ʤʘʩʩʫ ʤʦʣʦʯʥʦʢʠʩʣʳʭ ʙʘʢʪʝʨʠʡ ʠ ʬʝʨʤʝʥʪʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʢʣʝʪʢʘʭ 

ʨʘʩʪʝʥʠʡ, ʚ ʥʝʡ ʦʙʨʘʟʫʶʪʩʷ ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʠʩʣʦʪʳ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʤʦʣʦʯʥʘʷ ʢʠʩʣʦʪʘ, ʢʦʪʦʨʘʷ 

ʷʚʣʷʝʪʩʷ ʢʦʥʩʝʨʚʘʥʪʦʤ ʠ ʧʨʝʜʦʭʨʘʥʷʝʪ ʢʦʨʤ ʦʪ ʧʦʨʯʠ. 

ʂ ʢʦʨʥʝʧʣʦʜʘʤ ʦʪʥʦʩʷʪʩʷ ï ʢʦʨʤʦʚʘʷ ʤʦʨʢʦʚʴ ʠ ʩʚʝʢʣʘ, ʪʫʨʥʝʧʩ. ʂ ʢʣʫʙʥʝʧʣʦʜʘʤ ï 

ʢʘʨʪʦʬʝʣʴ, ʪʦʧʠʥʘʤʙʫʨ. 

https://economy-ru.info/info/114645/
https://economy-ru.info/info/114645/
https://extxe.com/5437/nemetallicheskie-i-kompozicionnye-materialy-v-mashinostroenii/
mailto:romanpogrebnov@mail.ru
mailto:semenov021011960@mail.ru
mailto:romanpogrebnov@mail.ru
mailto:semenovо21011960@mail.ru
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ʂʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʝ ʢʦʨʤʘ ï ʵʪʦ ʟʝʨʥʦ ʟʣʘʢʦʚʳʭ (ʧʰʝʥʠʮʘ, ʷʯʤʝʥʴ, ʦʚʝʩ, ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʶʞʥʳʭ ʨʘʡʦʥʘʭ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʷ ʠʥʪʝʥʩʠʚʥʦ ʥʘʯʘʣʠ ʚʦʟʜʝʣʳʚʘʪʴ ʢʫʢʫʨʫʟʫ ʥʘ 

ʟʝʨʥʦ) ʠ ʙʦʙʦʚʳʭ (ʩʦʷ, ʛʦʨʦʭ ʠ ʜʨ.) [1]. 

ʇʦʣʥʦʛʦ ʥʘʙʦʨʘ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʢʦʪʦʨʳʡ ʤʦʛ ʙʳ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʧʦʪʨʝʙʥʦʩʪʴ ʦʨʛʘʥʠʟʤʘ 

ʞʠʚʦʪʥʳʭ ʚ ʵʥʝʨʛʠʠ, ʥʝʪ ʥʠ ʚ ʦʜʥʦʤ ʠʟ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʢʦʨʤʦʚ, ʧʦʵʪʦʤʫ ʚ ʢʦʨʤʣʝʥʠʠ 

ʧʨʠʤʝʥʷʶʪ ʩʤʝʩʠ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʛʨʫʧʧ ʢʦʨʤʦʚ. ɺ ʂʨʘʩʥʦʷʨʩʢʦʤ ʢʨʘʝ ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʧʦʣʫʯʠʣ ʩʠʣʦʩʥʦ-ʩʝʥʘʞʥʦ-ʢʦʥʮʝʥʪʨʘʪʥʳʡ ʪʠʧ ʢʦʨʤʣʝʥʠʷ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ. 

ɽʩʣʠ ʩʠʣʦʩ ʠ ʩʝʥʘʞ ʚ ʧʨʦʮʝʩʩʝ ʟʘʛʦʪʦʚʢʠ ʫʞʝ ʧʦʜʛʦʪʦʚʣʝʥʳ ʢ ʩʤʝʰʠʚʘʥʠʶ ʠ ʜʘʣʴʥʝʡʰʝʤʫ 

ʩʢʘʨʤʣʠʚʘʥʠʶ, ʪʦ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʝ ʢʦʨʤʘ ʥʘ ʭʨʘʥʝʥʠʝ ʟʘʢʣʘʜʳʚʘʶʪʩʷ ʚ ʚʠʜʝ ʮʝʣʴʥʳʭ ʟʝʨʝʥ ʠ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʠʭ ʫʩʚʦʷʝʤʦʩʪʠ ʦʨʛʘʥʠʟʤʦʤ ʞʠʚʦʪʥʳʭ ʧʨʠʤʝʥʷʶʪ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʧʦʜʛʦʪʦʚʢʠ: 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʥʝʤʝʭʘʥʠʯʝʩʢʠʝ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʩʧʦʩʦʙʦʚ ʧʦʜʛʦʪʦʚʢʠ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʢʦʨʤʦʚ ʢ ʩʢʘʨʤʣʠʚʘʥʠʶ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʧʦʩʦʙʘʤʠ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ ʩʭʝʤʳ ʤʘʰʠʥ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʢʦʨʤʦʚ ʢ ʩʢʘʨʤʣʠʚʘʥʠʶ: ʠʟʤʝʣʴʯʝʥʠʝ; ʜʨʦʙʣʝʥʠʝ; ʧʣʶʱʝʥʠʝ; ʵʢʩʪʨʫʜʠʨʦʚʘʥʠʝ. 

 
 

ʀʟʤʝʣʴʯʝʥʠʝ ʩʚʦʙʦʜʥʳʤ ʫʜʘʨʦʤ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʤʦʣʦʪʢʦʚʳʭ ʜʨʦʙʠʣʢʘʭ (ʨʠʩ.1ʘ). ʅʘ 

ʚʨʘʱʘʶʱʝʤʩʷ ʨʦʪʦʨʝ 1 ʰʘʨʥʠʨʥʦ ʫʩʪʘʥʦʚʣʝʥʳ ʤʦʣʦʪʢʠ 2, ʠʟʤʝʣʴʯʘʶʱʠʝ ʧʨʦʜʫʢʪ ʧʨʠ ʩʪʦʣʢʥʦʚʝʥʠʠ 

ʩ ʜʝʢʘʤʠ 4. ʀʟʤʝʣʴʯʝʥʥʳʡ ʧʨʦʜʫʢʪ ʚʳʭʦʜʠʪ ʠʟ ʜʨʦʙʠʣʢʠ ʯʝʨʝʟ ʩʤʝʥʥʦʝ ʨʝʰʝʪʦ 3. 

ɼʨʦʙʣʝʥʠʝ ʩʢʘʣʳʚʘʥʠʝʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʚʘʣʴʮʝʚʳʭ ʤʝʣʴʥʠʮʘʭ (ʨʠʩ. 1ʙ). ʇʨʦʜʫʢʪ, ʧʨʦʭʦʜʷ 

ʯʝʨʝʟ ʟʘʟʦʨ ʤʝʞʜʫ ʨʠʬʣʝʥʳʤʠ ʚʘʣʴʮʘʤʠ 1 ʠ 2, ʚʨʘʱʘʶʱʠʤʠʩʷ ʥʘʚʩʪʨʝʯʫ ʜʨʫʛ ʜʨʫʛʫ ʩ ʨʘʟʥʦʡ 

ʩʢʦʨʦʩʪʴʶ, ʧʦʜʚʝʨʛʘʝʪʩʷ ʜʨʦʙʣʝʥʠʶ. 
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ʇʣʶʱʝʥʠʝ ʟʝʨʥʘ ʨʘʟʜʘʚʣʠʚʘʥʠʝʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʧʣʶʱʠʣʢʘʭ (ʨʠʩ. 1ʚ). ʇʨʦʜʫʢʪ, ʧʨʦʭʦʜʷ 

ʯʝʨʝʟ ʟʘʟʦʨ ʤʝʞʜʫ ʛʣʘʜʢʠʤʠ ʚʘʣʴʮʘʤʠ 1 ʠ 2, ʚʨʘʱʘʶʱʠʤʠʩʷ ʥʘʚʩʪʨʝʯʫ ʜʨʫʛ ʜʨʫʛʫ ʩ ʦʜʠʥʘʢʦʚʦʡ 

ʩʢʦʨʦʩʪʴʶ, ʧʦʜʚʝʨʛʘʝʪʩʷ ʧʣʶʱʝʥʠʶ [2]. 

ʆʙʨʘʙʦʪʢʘ ʟʝʨʥʘ ʵʢʩʪʨʫʜʠʨʦʚʘʥʠʝʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʧʨʝʩʩ-ʵʢʩʪʨʫʜʝʨʘʭ (ʨʠʩ. 1ʛ). ʇʨʦʜʫʢʪ, 

ʧʨʦʜʚʠʛʘʷʩʴ ʚ ʟʘʟʦʨʝ ʤʝʞʜʫ ʥʝʧʦʜʚʠʞʥʦʡ ʤʘʪʨʠʮʝʡ 1 ʠ ʚʨʘʱʘʶʱʠʤʩʷ ʰʥʝʢʦʤ 2, ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʜʘʚʣʝʥʠʷ (3-4 ʄʇʘ) ʠ ʪʨʝʥʠʷ ʨʘʟʦʛʨʝʚʘʝʪʩʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 120-150 ᴈ, ʧʨʦʭʦʜʷ ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʝ ʚ 
ʬʠʣʴʪʨʝ 3, ʧʨʦʜʫʢʪ ʧʨʠʦʙʨʝʪʘʝʪ ʤʠʢʨʦʧʦʨʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ. ɺʩʣʝʜʩʪʚʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʜʘʚʣʝʥʠʷ ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʢʨʘʭʤʘʣ, ʩʦʜʝʨʞʘʱʠʡʩʷ ʚ ʟʝʨʥʝ, ʨʘʩʱʝʧʣʷʝʪʩʷ ʜʦ ʧʨʦʩʪʳʭ ʩʘʭʘʨʦʚ, ʢʦʪʦʨʳʝ ʣʝʛʢʦ 

ʫʩʚʘʠʚʘʶʪʩʷ ʦʨʛʘʥʠʟʤʦʤ ʞʠʚʦʪʥʳʭ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʵʢʩʪʨʫʜʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʦʣʠʢʦʤʧʦʥʝʥʪʥʳʝ ʩʤʝʩʠ ʥʘ ʦʩʥʦʚʝ ʟʝʨʥʘ [3,4,5,6,7]. 
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FOUR AXIS ROD FOR SCANNING DOCUMENTS VIA MOBILE PHONE 
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Abstract: In the process of any educational process, there is work with documents, in particular, 

printing and scanning of documents, but you do not always have a professional printer or scanner at hand, so 

it was decided to design and manufacture a tripod device that can facilitate scanning and processing 

documents with the help of smartphone. 

Keywords: 3D printer, 3D modeling, types of tripods, programs for scanning, smartphone, 

transmission types, remote start, versatility. 

 

ʎʝʣʴ ʨʘʙʦʪʳ: ʆʟʥʘʢʦʤʠʪʩʷ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ï ʰʪʘʪʠʚʘʤʠ, ʜʣʷ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʜʦʢʫʤʝʥʪʦʚ, ʠʟʫʯʠʪʴ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʩʢʘʥʠʨʦʚʘʥʠʷ, ʩʧʨʦʝʢʪʠʨʦʚʘʪʴ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʰʪʘʪʠʚ ʧʨʠ 

ʧʦʤʦʱʠ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ 3D ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʪʝʣ ʠ ʨʘʟʣʠʯʥʳʭ ʜʝʪʘʣʝʡ. 

ɿʘʜʘʯʠ:  

1. ʇʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ. 

2. ʇʨʦʚʝʩʪʠ ʦʙʟʦʨ ʧʨʦʛʨʘʤʤʥʳʭ ʦʙʝʩʧʝʯʝʥʠʡ. 

3. ʉʦʟʜʘʪʴ 3D ʤʦʜʝʣʠ ʜʝʪʘʣʝʡ ʰʪʘʪʠʚʘ 

4. ʇʨʦʠʟʚʝʩʪʠ ʧʝʯʘʪʴ ʜʝʪʘʣʝʡ. 

5. ʉʦʙʨʘʪʴ ʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʛʦʪʦʚʦʝ ʫʩʪʨʦʡʩʪʚʦ.   

ɸʢʪʫʘʣʴʥʦʩʪʴ: ʉʝʛʦʜʥʷ ʩʤʘʨʪʬʦʥʳ ʟʘʤʝʥʠʣʠ ʤʥʦʛʠʝ ʫʩʪʨʦʡʩʪʚʘ, ʙʝʟ ʢʦʪʦʨʳʭ ʨʘʥʴʰʝ 

ʥʝʚʦʟʤʦʞʥʦ ʙʳʣʦ ʦʙʦʡʪʠʩʴ. ʆʜʠʥ ʠʟ ʩʣʫʯʘʝʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʤʘʨʪʬʦʥʘ ʜʣʷ ʨʘʙʦʪʳ, ʵʪʦ ʦʮʠʬʨʦʚʢʘ ʠ 

ʩʢʘʥʠʨʦʚʘʥʠʝ ʜʦʢʫʤʝʥʪʦʚ. ʕʪʦ ʦʯʝʥʴ ʫʜʦʙʥʦ ʜʣʷ ʪʘʢʠʭ ʚʝʱʝʡ, ʢʘʢ ʩʢʘʥʠʨʦʚʘʥʠʝ ʜʦʢʫʤʝʥʪʦʚ ʚ 

ʬʦʨʤʘʪʝ PDF, ʩʢʘʥʠʨʦʚʘʥʠʝ ʜʦʢʫʤʝʥʪʦʚ ʜʣʷ ʦʪʯʝʪʘ, ʩʢʘʥʠʨʦʚʘʥʠʝ ʯʝʨʪʝʞʝʡ ʠʣʠ ʩʢʘʥʠʨʦʚʘʥʠʝ 

ʟʘʧʦʣʥʝʥʥʦʡ ʬʦʨʤʳ ʜʣʷ ʦʪʧʨʘʚʢʠ ʧʦ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʯʪʝ. ʅʝʩʦʤʥʝʥʥʦ, ʨʘʥʦ ʠʣʠ ʧʦʟʜʥʦ ʧʦʪʨʝʙʫʝʪʩʷ 

ʦʜʠʥ ʠʟ ʵʪʠʭ ʚʘʨʠʘʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʤʘʨʪʬʦʥʘ. 

ʆʙʦʩʥʦʚʘʥʠʝ ʚʳʙʨʘʥʥʦʡ ʪʝʤʳ 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʜʦʢʫʤʝʥʪʦʚ, ʥʦ ʥʝ ʚʩʝʛʜʘ ʦʥʠ ʝʩʪʴ ʧʦʜ ʨʫʢʦʡ, ʩʝʛʦʜʥʷ ʩʤʘʨʪʬʦʥʳ ʫʩʦʚʝʨʰʝʥʩʪʚʫʶʪʩʷ ʚʩʝ ʙʦʣʴʰʝ ʠ 

ʙʦʣʴʰʝ, ʩ ʧʦʤʦʱʴʶ ʩʤʘʨʪʬʦʥʦʚ ʜʘʞʝ ʩʥʠʤʘʶʪ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʬʠʣʴʤʳ. ɺ ʣʶʙʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ, 

ʯʘʩʪʦ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʢʘʥʠʨʦʚʘʪʴ, ʠʣʠ ʬʦʪʦʛʨʘʬʠʨʦʚʘʪʴ ʜʦʢʫʤʝʥʪʳ ʧʨʠ ʧʦʤʦʱʠ 

ʤʦʙʠʣʴʥʦʛʦ ʪʝʣʝʬʦʥʘ, ʧʨʠʯʝʤ, ʚʩʝ ʩʪʘʣʢʠʚʘʣʠʩʴ ʩ ʪʘʢʦʡ ʧʨʦʙʣʝʤʦʡ, ʛʜʝ ʢʘʞʜʳʡ ʨʘʟ ʥʫʞʥʦ ʜʝʨʞʘʪʴ 

ʪʝʣʝʬʦʥ ʚ ʨʫʢʘʭ ʠ ʧʦʩʪʦʷʥʥʦ ʬʦʢʫʩʠʨʦʚʘʪʴ ʢʘʜʨ ʩʲʝʤʢʠ ʠ ʧʨʠ ʵʪʦʤ ʧʨʠʜʝʨʞʠʚʘʪʴ ʜʦʢʫʤʝʥʪ. ʇʨʠ 

ʧʦʤʦʱʠ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʨʘʟʣʠʯʠʝ ʰʪʘʪʠʚʳ ʜʣʷ ʩʤʘʨʪʬʦʥʦʚ, ʥʦ 

ʦʥʠ ʥʝ ʚʩʝʛʜʘ ʚʳʧʦʣʥʷʶʪ ʩʚʦʠ ʬʫʥʢʮʠʠ ʠ ʟʘʜʘʯʠ [3]. ɸʜʜʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ - ʵʪʦ ʦʜʥʘ ʠʟ 

ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʙʳʩʪʨʦʛʦ ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʘʷ ʦʭʚʘʪʳʚʘʝʪ ʧʦʯʪʠ ʚʩʝ ʩʬʝʨʳ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

[1]. ʉ ʧʦʤʦʱʴʶ 3D ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ 3D ʧʝʯʘʪʠ ʤʦʞʥʦ ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʜʝʪʘʣʠ ʤʘʰʠʥ ʠ 

ʦʙʦʨʫʜʦʚʘʥʠʝ, ʢʦʪʦʨʦʝ ʥʠʯʝʤ ʥʝ ʫʩʪʫʧʠʪ ʫʩʪʨʦʡʩʪʚʫ, ʚ ʟʘʚʦʜʩʢʦʤ ʠʩʧʦʣʥʝʥʠʠ. ʄʳ ʞʝ, ʧʨʝʜʣʘʛʘʝʤ 

ʩʧʨʦʝʢʪʠʨʦʚʘʪʴ ʠ ʠʟʛʦʪʦʚʠʪʴ ʫʥʠʚʝʨʩʘʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ-ʰʪʘʪʠʚ, ʛʜʝ ʧʨʠ ʧʦʤʦʱʠ ʩʤʘʨʪʬʦʥʘ, ʤʦʞʥʦ 

ʩʢʘʥʠʨʦʚʘʪʴ ʜʦʢʫʤʝʥʪʳ, ʧʨʠ ʵʪʦʤ, ʠʩʢʣʶʯʠʚ ʪʘʢʠʝ ʬʘʢʪʦʨʳ ʢʘʢ:  

1. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʭʨʘʥʝʥʠʷ ʙʫʤʘʞʥʦʛʦ ʥʦʩʠʪʝʣʷ. 

2. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ. 

3. ʆʪʩʫʪʩʪʚʠʝ ʜʨʦʞʘʥʠʷ ʨʫʢ ʧʨʠ ʩʢʘʥʠʨʦʚʘʥʠʠ ʜʦʢʫʤʝʥʪʦʚ. 

ʇʦʣʫʯʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʤʦʞʥʦ ʦʪʧʨʘʚʠʪʴ ʧʦ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʯʪʝ, ʨʘʩʧʝʯʘʪʘʪʴ ʥʘ 

ʧʦʜʢʣʶʯʝʥʥʦʤ ʧʦ Bluetooth ʧʨʠʥʪʝʨʝ ʠʣʠ ʞʝ ʚʳʚʝʩʪʠ ʜʘʥʥʳʝ ʯʝʨʝʟ ʧʨʦʝʢʪʦʨ, ʯʪʦ ʢʨʘʡʥʝ ʫʜʦʙʥʦ ʚʦ 

ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʝʟʝʥʪʘʮʠʡ ʠ ʨʘʟʣʠʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʡ. 

ʕʪʘʧʳ ʩʦʟʜʘʥʠʷ ʰʪʘʪʠʚʘ 

1. ʉʧʨʦʝʢʪʠʨʦʚʘʪʴ ʜʝʪʘʣʠ ʰʪʘʪʠʚʘ. 

2. ʇʨʦʠʟʚʝʩʪʠ ʧʝʯʘʪʴ ʜʝʪʘʣʝʡ ʠ ʩʦʙʨʘʪʴ ʛʦʪʦʚʦʝ ʫʩʪʨʦʡʩʪʚʦ. 
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ʏʪʦʙʳ ʠʩʢʣʶʯʠʪʴ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʧʦʛʨʝʰʥʦʩʪʠ ʧʨʠ ʩʦʟʜʘʥʠʠ ʛʦʪʦʚʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʙʳʣʠ 

ʩʦʟʜʘʥʳ ʠ ʧʨʦʩʯʠʪʘʥʳ 3D ʤʦʜʝʣʠ ʰʪʘʪʠʚʘ. ʈʝʟʫʣʴʪʘʪ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʈʠʩ.1 ʠ 

ʈʠʩ.2. ɻʦʪʦʚʘʷ ʤʦʜʝʣʴ ʫʩʪʨʦʡʩʪʚʘ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩ.3. 

  
ʈʠʩ.1. ɼʝʨʞʘʪʝʣʴ ʜʣʷ ʩʤʘʨʪʬʦʥʘ                             ʈʠʩ.2. ʇʦʚʦʨʦʪʥʘʷ ʦʩʥʦʚʘ 

  

 
ʈʠʩ.3. ɻʦʪʦʚʘʷ ʤʦʜʝʣʴ ʫʩʪʨʦʡʩʪʚʘ 

 

ʆʙʟʦʨ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦʛʨʘʤʤ ʜʣʷ ʩʢʘʥʠʨʦʚʘʥʠʷ  

ʇʦʞʘʣʫʡ, ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʘʷ ʧʨʦʛʨʘʤʤʘ ʜʣʷ ʩʢʘʥʠʨʦʚʘʥʠʷ ʵʪʦ - Adobe Scan, ʜʘʥʥʦʝ 

ʧʨʠʣʦʞʝʥʠʝ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʦʚʳʭ, ʜʣʷ ʩʢʘʥʠʨʦʚʘʥʠʷ ʜʦʢʫʤʝʥʪʦʚ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʦʥʦ ʠʤʝʝʪ 

ʭʦʨʦʰʠʡ ʥʘʙʦʨ ʚʦʟʤʦʞʥʦʩʪʝʡ. Adobe Scan ʧʦʟʚʦʣʷʝʪ ʩʢʘʥʠʨʦʚʘʪʴ ʜʦʢʫʤʝʥʪʳ ʠ ʢʚʠʪʘʥʮʠʠ, ʢʘʢ ʠ 

ʙʦʣʴʰʠʥʩʪʚʦ ʘʥʘʣʦʛʠʯʥʳʭ ʧʨʠʣʦʞʝʥʠʡ, ʦʥʦ ʪʘʢʞʝ ʚʢʣʶʯʘʝʪ ʮʚʝʪʦʚʳʝ ʧʨʝʩʝʪʳ, ʯʪʦʙʳ ʩʜʝʣʘʪʴ 

ʜʦʢʫʤʝʥʪ ʙʦʣʝʝ ʨʘʟʙʦʨʯʠʚʳʤ, ʝʩʣʠ ʵʪʦ ʥʝʦʙʭʦʜʠʤʦ. ʇʨʦʜʚʠʥʫʪʳʝ ʪʝʭʥʦʣʦʛʠʠ ʦʙʨʘʙʦʪʢʠ 

ʠʟʦʙʨʘʞʝʥʠʡ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʷʶʪ ʛʨʘʥʠʮʳ ʜʦʢʫʤʝʥʪʘ ʠ ʫʚʝʣʠʯʠʚʘʶʪ ʯʝʪʢʦʩʪʴ 

ʦʪʩʢʘʥʠʨʦʚʘʥʥʦʛʦ ʜʦʢʫʤʝʥʪʘ. ʈʘʩʧʦʟʥʘʚʘʥʠʝ ʪʝʢʩʪʘ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʜʦʢʫʤʝʥʪʦʚ ʚ ʬʦʨʤʘʪ PDF ð 

ʝʱʝ ʦʜʥʘ ʬʫʥʢʮʠʷ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʥʘ ʧʨʠ ʨʘʙʦʪʝ ʩ ʜʦʢʫʤʝʥʪʦʤ. ʉʧʠʩʦʢ ʬʫʥʢʮʠʡ Adobe 

Scan ʥʝ ʦʯʝʥʴ ʚʝʣʠʢ, ʥʦ ʚʢʣʶʯʘʝʪ ʚʩʝ ʩʘʤʦʝ ʥʝʦʙʭʦʜʠʤʦʝ. 

ʊʘʢ ʞʝ ʩʫʱʝʩʪʚʫʶʪ ʝʱʝ ʙʦʣʝʝ ʧʨʦʩʪʳʝ ʧʨʦʛʨʘʤʤʳ, ʪʘʢʠʝ ʢʘʢ Clear Scanner ð ʵʪʦ ʧʨʦʩʪʦʡ 

ʚʘʨʠʘʥʪ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʩʢʘʥʠʨʦʚʘʥʠʷ ʜʦʢʫʤʝʥʪʦʚ. ʆʥʦ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʦʙʨʘʙʦʪʢʠ, ʘ ʪʘʢʞʝ 

ʧʦʜʜʝʨʞʢʫ ʦʙʣʘʯʥʳʭ ʩʝʨʚʠʩʦʚ Dropbox, OneDrive, SkyDrive, Google Drive ʠ Evernote. ʇʘʨʘʤʝʪʨʳ 

ʢʦʥʚʝʨʪʠʨʦʚʘʥʠʷ ʬʘʡʣʦʚ ʚʢʣʶʯʘʶʪ JPEG ʠʣʠ PDF ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʩʢʘʥʠʨʫʝʪʝ ʣʠ ʚʳ 

ʠʟʦʙʨʘʞʝʥʠʝ ʠʣʠ ʜʦʢʫʤʝʥʪ. ʆʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʜʘʥʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʤʘʣʝʥʴʢʠʡ 

ʦʙʲʝʤ ʩʘʤʦʛʦ ʧʨʠʣʦʞʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʟʘʛʨʫʞʘʪʴ ʝʛʦ ʥʘ ʦʯʝʥʴ ʩʣʘʙʳʝ ʩʤʘʨʪʬʦʥʳ. 
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ʫʭʫʜʰʘʝʪ ʠʭ ʢʘʯʝʩʪʚʦ. ʊʘʢ, ʤʠʨʦʚʳʝ ʧʦʪʝʨʠ ʭʨʘʥʷʱʠʭʩʷ ʧʨʦʜʫʢʪʦʚ ʪʦʣʴʢʦ ʧʦ ʵʪʦʡ ʧʨʠʯʠʥʝ 
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Abstract: During storage, the grain is infected with many types of insects and mites-pests of 

agricultural products. All this significantly reduces the weight of products and worsens their quality. Thus, 

the global losses of stored products for this reason alone range from 9 to 50% (on average, 20%). Pests cause 

direct and indirect damage. Direct losses include weight loss, deterioration of its quality, reduction of seed 

values, contamination with excrement. Indirect ones include self-heating of grain, the development of 

microflora, the transport of pathogens, bacteria and fungi dangerous to humans and animals. 

Key words: rarefied atmosphere, sealed metal container, grain mound, grain respiration, insect life 

activity. 

 

ʈʘʟʨʘʙʦʪʘʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʛʝʨʤʝʪʠʯʥʦʛʦ ʢʦʥʪʝʡʥʝʨʘ ʜʣʷ ʭʨʘʥʝʥʠʷ ʟʝʨʥʘ ʚ ʨʘʟʨʝʞʝʥʥʦʡ 

ʘʪʤʦʩʬʝʨʝ. ʊʘʢʦʡ ʩʧʦʩʦʙ ʭʨʘʥʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʧʦʪʝʨʠ ʟʝʨʥʦʚʦʡ ʤʘʩʩʳ ʠ, ʙʣʘʛʦʜʘʨʷ 

ʢʦʥʩʪʨʫʢʮʠʠ ʢʦʥʪʝʡʥʝʨʘ, ʧʦʣʥʦʩʪʴʶ ʟʘʱʠʪʠʪʴ ʟʝʨʥʦ ʦʪ ʧʪʠʮ ʠ ʛʨʳʟʫʥʦʚ. 

ʂʦʥʪʝʡʥʝʨ ʩʦʩʪʦʠʪ ʠʟ ʝʤʢʦʩʪʠ ʩ ʛʝʨʤʝʪʠʯʥʦʡ ʢʨʳʰʢʦʡ ʠ ʨʘʟʛʨʫʟʦʯʥʦʡ ʛʦʨʣʦʚʠʥʳ. ʅʘ 

ʨʝʟʝʨʚʫʘʨʝ ʫʩʪʘʥʦʚʣʝʥ ʢʦʥʪʨʦʣʴʥʳʡ ʤʘʥʦʤʝʪʨ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚʘʢʫʫʤʘ ʚʥʫʪʨʠ ʨʝʟʝʨʚʫʘʨʘ 

ʠ ʰʪʫʮʝʨ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ʩ ʘʪʤʦʩʬʝʨʥʳʤ ʢʣʘʧʘʥʦʤ, ʚʘʢʫʫʤʥʳʤ ʥʘʩʦʩʦʤ ʠ ʛʘʟʦʘʥʘʣʠʟʘʪʦʨʦʤ. ʅʘ 

ʚʥʫʪʨʝʥʥʝʡ ʩʪʝʥʢʝ ʨʝʟʝʨʚʫʘʨʘ ʫʩʪʘʥʦʚʣʝʥ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʜʘʪʯʠʢ ʜʣʷ ʢʦʥʪʨʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ ʚ ʟʝʨʥʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ [1,2,3,4]. 
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ʆʙʱʠʡ ʚʠʜ ʛʝʨʤʝʪʠʯʥʦʛʦ ʢʦʥʪʝʡʥʝʨʘ ʩ ʨʘʟʨʷʞʝʥʥʦʡ ʘʪʤʦʩʬʝʨʦʡ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 1- ʆʙʱʠʡ ʚʠʜ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ 

 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʩʧʦʩʦʙ ʭʨʘʥʝʥʠʷ ʦʩʥʦʚʘʥ ʥʘ ʪʦʤ, ʯʪʦ ʯʘʩʪʦʪʘ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʙʠʦʨʘʟʚʝʪʚʣʝʥʠʡ ʚ 

ʟʝʨʥʝ ʟʘʚʠʩʠʪ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʝʛʦ ʜʳʭʘʥʠʷ. ɸʥʘʵʨʦʙʥʦʝ ʜʳʭʘʥʠʝ - ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʤʝʪʦʜ 

ʜʳʭʘʥʠʷ ʟʝʨʥʘ. ʏʘʩʪʦʪʘ ʘʥʘʵʨʦʙʥʦʛʦ ʜʳʭʘʥʠʷ ʫʯʘʱʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʣʘʞʥʦʩʪʠ ʠ ʥʘʣʠʯʠʝʤ 

ʜʦʩʪʘʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʦʟʜʫʭʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʝʞʜʫ ʟʝʨʥʘʤʠ [5,6,8]. 

ʕʪʦʪ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʦʪʩʣʝʞʠʚʘʪʴ ʧʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ (CO2) ʚʩʣʝʜ ʟʘ 

ʜʳʭʘʥʠʝʤ ʟʝʨʥʘ, ʢʦʪʦʨʦʝ ʧʦʩʪʝʧʝʥʥʦ ʥʘʯʠʥʘʝʪ ʟʘʥʠʤʘʪʴ ʤʝʞʟʝʨʥʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ. ʇʦʚʳʰʝʥʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʚ ʚʦʟʜʫʭʝ ʚʳʥʫʞʜʘʝʪ ʟʝʨʥʘ ʧʝʨʝʢʣʶʯʘʪʴʩʷ ʥʘ ʘʥʘʵʨʦʙʥʦʝ ʜʳʭʘʥʠʝ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʚ ʟʝʨʥʝ ʥʘʯʠʥʘʶʪʩʷ ʧʨʦʮʝʩʩʳ, ʧʦʜʦʙʥʳʝ ʩʧʠʨʪʦʚʦʤʫ ʙʨʦʞʝʥʠʶ, ʠʟ-ʟʘ ʯʝʛʦ ʫʭʫʜʰʘʝʪʩʷ 

ʢʘʯʝʩʪʚʦ ʟʝʨʥʘ ʠ ʪʝʨʷʝʪʩʷ ʝʛʦ ʚʩʭʦʞʝʩʪʴ.  

ʊʘʢʞʝ ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ ʩʥʠʞʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚʦʟʜʫʭʘ ʚ ʝʤʢʦʩʪʠ ʪʘʢʞʝ ʜʦʣʞʥʦ ʩʢʘʟʘʪʴʩʷ 

ʥʘ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʚʨʝʜʠʪʝʣʝʡ. ɿʝʨʥʦ ʙʳʣʦ ʩʧʝʮʠʘʣʴʥʦ ʟʘʨʘʞʝʥʦ ʣʠʯʠʥʢʘʤʠ ɸʤʙʘʨʥʦʛʦ 

ʜʦʣʛʦʥʦʩʠʢʘ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʧʦʩʪʦʷʥʥʦ ʧʨʦʚʦʜʷʪ ʩʚʦʡ ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ ʚʥʫʪʨʠ ʟʝʨʥʘ. 

ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ ʩʪʝʧʝʥʠ ʟʘʨʘʞʝʥʥʦʩʪʠ ʩʝʤʷʥ ʥʘʩʝʢʦʤʳʤʠ-ʚʨʝʜʠʪʝʣʷʤʠ 

ʝʤʢʦʩʪʴ ʟʘʢʨʳʚʘʣʠ ʛʝʨʤʝʪʠʯʥʦʡ ʢʨʳʰʢʦʡ ʠ ʦʪʢʘʯʠʚʘʣʠ ʚʦʟʜʫʭ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʛʠʩʪʦʛʨʘʤʤʳ ʥʘ ʨʠʩʫʥʢʝ 2. 

ɻʠʩʪʦʛʨʘʤʤʘ ʧʦʢʘʟʘʣʘ, ʯʪʦ ɸʤʙʘʨʥʳʡ ʜʦʣʛʦʥʦʩʠʢ ʧʨʦʜʦʣʞʘʣ ʨʘʟʚʠʚʘʪʴʩʷ ʚ ʦʪʩʫʪʩʪʚʠʝ 

ʨʘʟʙʘʚʣʝʥʥʦʛʦ ʚʦʟʜʫʭʘ. ɽʛʦ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴ ʚ ʟʝʨʥʝ ʩʪʘʥʦʚʠʪʴʩʷ ʘʢʪʠʚʥʝʝ.  

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʦʙʝʜʥʝʥʠʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʥʘʯʘʣʩʷ ʧʨʦʮʝʩʩ ʩʥʠʞʝʥʠʷ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘʩʝʢʦʤʳʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʢʨʘʱʝʥʠʝ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘʩʝʢʦʤʳʭ 

ʥʘʙʣʶʜʘʣʦʩʴ ʫʞʝ ʥʘ ʚʪʦʨʳʝ ʩʫʪʢʠ ʚ ʚʦʟʜʫʰʥʦʡ ʘʪʤʦʩʬʝʨʝ ʧʨʠ ʜʘʚʣʝʥʠʠ ʚʘʢʫʫʤʘ 0,3 ʄʇʘ. 

 

 
ʈʷʜ 1 ï 24 ʯʘʩʘ ʠʥʢʫʙʘʮʠʠ ʥʘʩʝʢʦʤʳʭ 

ʈʷʜ 2 ï 48 ʯʘʩʦʚ ʠʥʢʫʙʘʮʠʠ ʥʘʩʝʢʦʤʳʭ 

ʈʷʜ 3 ï 72 ʯʘʩʘ ʠʥʢʫʙʘʮʠʠ ʥʘʩʝʢʦʤʳʭ 

ʈʠʩʫʥʦʢ 2 - ɻʠʩʪʦʛʨʘʤʤʘ ʚʣʠʷʥʠʷ ʨʘʟʨʷʞʝʥʥʦʡ ʘʪʤʦʩʬʝʨʳ ʥʘ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴ ɸʤʙʘʨʥʦʛʦ 
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ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ 

ʥʘʩʝʢʦʤʳʭ-ʧʘʨʘʟʠʪʦʚ ʧʦʩʣʝ ʥʘʭʦʞʜʝʥʠʷ ʚ ʨʘʟʨʝʞʝʥʥʦʡ ʘʪʤʦʩʬʝʨʝ [1,2,7,9]. 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʛʠʩʪʦʛʨʘʤʤʳ ʥʘ ʨʠʩʫʥʢʝ 3. 

 
ʈʷʜ 1 ï 5 ʩʫʪʦʢ ʠʥʢʫʙʘʮʠʠ ʥʘʩʝʢʦʤʳʭ 

ʈʷʜ 2 ï 1ʦ ʩʫʪʦʢ ʠʥʢʫʙʘʮʠʠ ʥʘʩʝʢʦʤʳʭ 

ʈʷʜ 3 ï 15 ʩʫʪʦʢ ʠʥʢʫʙʘʮʠʠ ʥʘʩʝʢʦʤʳʭ 

ʈʠʩʫʥʦʢ 3 - ɻʠʩʪʦʛʨʘʤʤʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʞʠʟʥʝʜʝʷʪʝʣʴʥʳʭ ʬʫʥʢʮʠʡ ɸʤʙʘʨʥʦʛʦ ʜʦʣʛʦʥʦʩʠʢʘ  

 

ʀʟ ʛʠʩʪʦʛʨʘʤʤ ʚʠʜʥʦ, ʯʪʦ ʥʘʩʝʢʦʤʳʝ-ʚʨʝʜʠʪʝʣʠ ʩʧʦʩʦʙʥʳ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʩʚʦʶ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴ ʚ ʥʦʨʤʘʣʴʥʳʭ ʘʪʤʦʩʬʝʨʥʳʭ ʫʩʣʦʚʠʷʭ, ʝʩʣʠ ʦʥʠ ʨʘʥʝʝ ʥʘʭʦʜʠʣʠʩʴ ʚ ʘʪʤʦʩʬʝʨʝ 

ʨʘʟʨʝʞʝʥʥʦʛʦ ʚʦʟʜʫʭʘ ʩ ʜʘʚʣʝʥʠʝʤ ʙʦʣʝʝ 0,5 ʄʇʘ. ʇʦʩʣʝ ʪʨʝʭʜʥʝʚʥʦʛʦ ʧʨʝʙʳʚʘʥʠʷ ʥʘʩʝʢʦʤʳʭ ʚ 

ʝʤʢʦʩʪʠ ʩ ʚʘʢʫʫʤʥʳʤ ʜʘʚʣʝʥʠʝʤ ʚʦʟʜʫʭʘ 0,3 ʄʇʘ ʠ ʤʝʥʝʝ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴ ʥʘʩʝʢʦʤʳʭ 

ʚʨʝʜʠʪʝʣʷʤʠ ʥʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʣʘʩʴ, ʯʪʦ ʩ ʙʦʣʴʰʦʡ ʜʦʣʝʡ ʚʝʨʦʷʪʥʦʩʪʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ 

ʥʘʩʝʢʦʤʳʝ-ʚʨʝʜʠʪʝʣʠ ʟʣʘʢʦʚ ʢʫʣʴʪʫʨ ʧʦʛʠʙʣʠ ʠʟ-ʟʘ ʥʝʜʦʩʪʘʪʢʘ ʚʦʟʜʫʭʘ. 
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ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʯʝʣʦʚʝʯʝʩʪʚʦ ʜʦ ʩʠʭ ʠʩʧʦʣʴʟʫʝʪ ʠʩʯʝʨʧʘʝʤʳʝ ʧʨʠʨʦʜʥʳʝ ʨʝʩʫʨʩʳ, ʢʨʘʡʥʝ 

ʥʝʦʙʭʦʜʠʤʦ ʫʞʝ ʩʝʡʯʘʩ ʟʘʜʫʤʘʪʴʩʷ ʦ ʛʨʷʜʫʱʝʤ ʪʦʧʣʠʚʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʢʨʠʟʠʩʝ. ʇʦ ʨʘʩʯʸʪʘʤ 

ʫʯʸʥʳʭ, ʥʝʬʪʷʥʳʭ ʟʘʧʘʩʦʚ ʦʩʪʘʣʦʩʴ ʚ ʥʝʜʨʘʭ ʟʝʤʣʠ ʧʨʠʤʝʨʥʦ ʥʘ 25-50 ʣʝʪ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʥʝʦʙʭʦʜʠʤʦ ʫʞʝ ʩʝʡʯʘʩ ʟʘʙʦʪʠʪʴʩʷ ʦ ʪʦʤ, ʯʪʦʙʳ ʢʘʢ ʤʦʞʥʦ ʜʦʣʴʰʝ ʩʦʭʨʘʥʠʪʴ ʜʘʥʥʳʡ ʨʝʩʫʨʩ ʚ 

ʜʦʩʪʘʪʦʯʥʦʤ ʢʦʣʠʯʝʩʪʚʝ, ʧʨʠ ʵʪʦʤ ʥʝ ʧʦʪʝʨʷʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʠ, ʚʦʟʤʦʞʥʦ, ʝʛʦ 

ʧʨʝʫʚʝʣʠʯʠʪʴ ʟʘ ʩʯʸʪ ʥʦʚʦʛʦ ʪʠʧʘ ʪʦʧʣʠʚʘ ʠ ʥʝʧʨʠʚʳʯʥʳʭ ʩʧʦʩʦʙʦʚ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ. 

ʆʜʥʠʤ ʠʟ ʚʝʨʦʷʪʥʳʭ ʚʠʜʦʚ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʧʨʠʚʳʯʥʘʷ 

ʚʩʝʤ ʥʘʤ ʚʦʜʘ. 

ʅʘʚʝʨʥʦʝ, ʤʥʦʛʠʝ ʩʧʨʦʩʷʪ, ʢʘʢ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʦʜʫ ʢʘʢ ʪʦʧʣʠʚʦ? ɺʝʜʴ ʟʘʢʦʥʳ ʬʠʟʠʢʠ 

ʛʦʚʦʨʷʪ ʥʘʤ, ʯʪʦ ʚʦʜʘ ʥʝ ʛʦʨʠʪ. ʅʦ ʚʝʜʴ ʚ ʬʠʟʠʢʝ ʪʘʢʞʝ ʝʩʪʴ ʪʘʢʦʝ ʧʦʥʷʪʠʝ, ʢʘʢ ʵʣʝʢʪʨʦʣʠʟ, ʦʥ ʞʝ 

ʨʘʩʱʝʧʣʝʥʠʝ ʚʦʜʳ ʥʘ ʩʦʩʪʘʚʣʷʶʱʠʝ ï ʚʦʜʦʨʦʜ ʠ ʢʠʩʣʦʨʦʜ, ʢʘʢ ʠʟʚʝʩʪʥʦ ʠʟ ʭʠʤʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʦʙʨʘʟʫʝʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʛʨʝʤʫʯʠʡ ʛʘʟ, ʜʚʘ ʦʙʲʸʤʘ ʚʦʜʦʨʦʜʘ ʥʘ ʦʜʠʥ ʦʙʲʸʤ ʢʠʩʣʦʨʦʜʘ ï ʵʪʦ 

ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʦʙʲʸʤʦʚ ʜʣʷ ʥʦʨʤʘʣʴʥʦʡ ʨʝʘʢʮʠʠ ʛʦʨʝʥʠʷ ʚʦʜʦʨʦʜʘ. 

ʕʣʝʢʪʨʦʣʠʟ ï ʧʨʦʮʝʩʩ ʨʘʩʱʝʧʣʝʥʠʷ ʤʦʣʝʢʫʣ ʥʘ ʘʪʦʤʳ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ. 

ɼʘ, ʵʪʦʪ ʧʨʦʮʝʩʩ ʜʦʩʪʘʪʦʯʥʦ ʵʥʝʨʛʦʟʘʪʨʘʪʥʳʡ, ʥʦ ʦʥ ʤʦʞʝʪ ʧʨʦʚʦʜʠʪʴʩʷ ʢʘʢ ʚ ʩʪʘʮʠʦʥʘʨʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʪʘʢ ʠ ʤʦʙʠʣʴʥʦ. ʅʦ ʨʝʟʫʣʴʪʘʪ ʦʙʨʘʪʥʦʛʦ ʵʣʝʢʪʨʦʣʠʟʫ ʧʨʦʮʝʩʩʘ ʩ ʣʠʭʚʦʡ ʦʢʫʧʠʪ ʟʘʪʨʘʪʳ 

ʵʥʝʨʛʠʠ ʥʘ ʧʦʣʫʯʝʥʠʷ ʛʨʝʤʫʯʝʛʦ ʛʘʟʘ, ʢʦʪʦʨʳʡ ʢʘʢ ʨʘʟ ʠ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ 

ʪʦʧʣʠʚʘ. 

ɻʨʝʤʫʯʠʡ ʛʘʟ ï ʩʤʝʩʴ ʜʚʫʭ ʦʙʲʸʤʦʚ ʚʦʜʦʨʦʜʘ ʠ ʦʜʥʦʛʦ ʦʙʲʸʤʘ ʢʠʩʣʦʨʦʜʘ. ʇʨʠ ʧʦʜʞʠʛʘʥʠʠ 

ʛʨʝʤʫʯʠʡ ʛʘʟ ʩʠʣʴʥʦ ʚʟʨʳʚʘʝʪʩʷ, ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʛʫʙʯʘʪʦʡ ʧʣʘʪʠʥʳ ʛʦʨʠʪ ʩʧʦʢʦʡʥʝʝ; ʨʝʘʢʮʠʷ 

https://www.elibrary.ru/item.asp?id=29211811
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2H2+O2=2H2O ʧʨʦʭʦʜʠʪ ʩ ʚʳʜʝʣʝʥʠʝʤ ʵʥʝʨʛʠʠ ʚ 572,5 ʢɼʞ (136,74 ʢʢʘʣ) (ʨʠʩʫʥʦʢ 1) ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʘʪʴ ʚʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ (ʦʢʦʣʦ 2800ÁC), ʧʦʵʪʦʤʫ ʧʣʘʤʷ ʛʨʝʤʫʯʝʛʦ ʛʘʟʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʧʣʘʚʢʠ ʢʚʘʨʮʘ, ʧʣʘʪʠʥʳ ʠ ʜʨʫʛʠʭ ʪʫʛʦʧʣʘʚʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʛʘʟʦʚʦʡ ʩʚʘʨʢʠ ʠ ʨʝʟʢʠ ʤʝʪʘʣʣʦʚ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ɺʳʜʝʣʝʥʠʝ ʵʥʝʨʛʠʠ ʧʨʠ ʛʦʨʝʥʠʠ ʛʨʝʤʫʯʝʛʦ ʛʘʟʘ 

 

ɻʨʝʤʫʯʠʡ ʛʘʟ ʠ ʧʨʦʮʝʩʩ ʝʛʦ ʛʦʨʝʥʠʷ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʢʦ ʚʩʝʤ ʩʬʝʨʘʤ, ʛʜʝ ʧʨʠʤʝʥʷʶʪʩʷ 

ʜʨʫʛʠʝ ʛʘʟʳ: 

ʘ) ʜʣʷ ʚʳʧʣʘʚʢʠ ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʣʦʚ (ʜʦ 2800ę); 

ʙ) ʜʣʷ ʨʝʟʢʠ ʤʝʪʘʣʣʦʚ (ʛʘʟʦʚʳʡ ʨʝʟʘʢ); 

ʚ) ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʵʥʝʨʛʠʠ ʚ ʦʪʦʧʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʚʤʝʩʪʦ ʧʨʠʚʳʯʥʳʭ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ; 

ʛ) ʯʘʩʪʠʯʥʦʝ ʠʣʠ ʧʦʣʥʦʝ ʟʘʤʝʱʝʥʠʝ ʙʝʥʟʠʥʦ-ʚʦʟʜʫʰʥʳʭ ʩʤʝʩʝʡ ʚ ɼɺʉ. 

ʅʦ ʝʩʣʠ ʩ ʧʝʨʚʳʤʠ ʪʨʝʤʷ ʧʫʥʢʪʘʤʠ ʚʩʸ ʜʦʣʞʥʦ ʙʳʪʴ ʧʦʥʷʪʥʦ, ʪʦ ʢʘʢ ʙʳʪʴ ʩ 4 ʧʫʥʢʪʦʤ ʠ ʯʪʦ 

ʵʪʦ ʚʦʦʙʱʝ ʪʘʢʦʝ?! 

ʀʩʪʠʥʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʥʝʧʨʠʥʷʪʠʷ ʣʶʜʴʤʠ ʠʜʝʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʳ ʢʘʢ ʪʦʧʣʠʚʘ ʤʦʞʝʪ 

ʷʚʣʷʪʴʩʷ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʠʟʫʯʝʥʠʝ ʭʠʤʠʠ ʚ ʰʢʦʣʴʥʦʤ ʢʫʨʩʝ, ʚʥʠʤʘʥʠʝ ʫʯʝʥʠʢʦʚ ʩʣʠʰʢʦʤ ʤʘʣʦ 

ʧʨʠʢʦʚʘʥʦ ʢ ʛʘʟʦʦʙʨʘʟʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ʚʦʜʦʨʦʜʘ, ʪʘʢ ʥʘʟʳʚʘʝʤʦʝ çʧʦʚʝʨʭʥʦʩʪʥʦʝ ʠʟʫʯʝʥʠʝè. ʄʥʦʡ 

ʧʘʨʘʣʣʝʣʴʥʦ ʫʯʸʙʝ ʦʪʜʝʣʴʥʦ ʠʟʫʯʘʣʩʷ ʵʪʦʪ ʚʦʧʨʦʩ, ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʥʘ ʠʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʝ YouTube ʙʳʣ 

ʥʘʡʜʝʥ ʚʠʜʝʦʨʦʣʠʢ, ʛʜʝ ʙʳʣʦ ʨʘʩʩʢʘʟʘʥʦ ʠ ʧʦʢʘʟʘʥʦ, ʢʘʢ ʤʦʞʥʦ ʟʘʧʫʩʪʠʪʴ ʜʚʠʛʘʪʝʣʴ ʤʦʧʝʜʘ 

ʛʨʝʤʫʯʠʤ ʛʘʟʦʤ. ɹʝʟʫʩʣʦʚʥʦ, ʵʪʫ ʠʜʝʶ ʪʝʤʫ ʤʦʞʥʦ ʨʘʟʚʠʪʴ, ʫʣʫʯʰʠʪʴ ʠ ʘʜʘʧʪʠʨʦʚʘʪʴ ʜʣʷ ʙʦʣʝʝ 

ʤʦʱʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʚ ʯʘʩʪʥʦʩʪʠ ï ʥʘ ʘʚʪʦʪʨʘʢʪʦʨʥʦʡ ʪʝʭʥʠʢʝ ʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ. 

ɼʣʷ ʥʘʯʘʣʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʚ ʂʨʘʩʥʦʷʨʩʢʦʤ ɻɸʋ ʪʨʝʙʫʝʪʩʷ 

ʧʦʣʫʯʠʪʴ ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʛʨʝʤʫʯʝʛʦ ʛʘʟʘ, ʯʪʦʙʳ ʭʚʘʪʘʣʦ ʜʣʷ ʨʘʙʦʪʳ ʥʝʩʢʦʣʴʢʠʭ ʢʘʤʝʨ 

ʜʚʠʛʘʪʝʣʷ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ.  

ʇʝʨʚʠʯʥʳʝ ʪʝʩʪʦʚʳʝ ʦʙʨʘʟʮʳ ʜʣʷ ʧʝʨʚʠʯʥʳʭ ʠʩʧʳʪʘʥʠʡ ʤʦʞʥʦ ʩʦʟʜʘʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʬʝʜʨ ʚʫʟʘ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʦʪʦʪʠʧʘ ʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʠʪʴ 

ʥʘʨʘʙʦʪʢʠ ʵʥʪʫʟʠʘʩʪʦʚ, ʞʠʚʫʱʠʭ ʚʦ ʚʩʸʤ ʤʠʨʝ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚ ʤʠʨʦʚʦʡ ʩʝʪʠ ʘʧʧʘʨʘʪ ʜʣʷ ʵʣʝʢʪʨʦʣʠʟʘ ʚ ʚʠʜʝʦʤʘʪʝʨʠʘʣʝ ʠʤʝʝʪ ʨʷʜ 

ʥʝʜʦʩʪʘʪʢʦʚ, ʯʪʦ ʜʦʧʫʩʪʠʤʦ ʜʣʷ çʢʫʩʪʘʨʥʦʛʦè ʧʨʦʠʟʚʦʜʩʪʚʘ. ʀʜʝʷ ʞʝ ʪʨʝʙʫʝʪ ʫʣʫʯʰʝʥʠʷ ʜʣʷ 

ʤʘʩʩʦʚʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ɺʳʚʦʜʳ: 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʜʫʢʪʦʚʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʪʨʘʥʳ ʥʝʦʙʭʦʜʠʤʦ, ʢʨʦʤʝ ʚʩʝʛʦ ʧʨʦʯʝʛʦ, 

ʧʦʟʘʙʦʪʠʪʴʩʷ ʦ ʚʦʟʦʙʥʦʚʣʷʝʤʦʤ ʠʩʪʦʯʥʠʢʝ ʵʥʝʨʛʠʠ ʜʣʷ ʩʘʤʦʭʦʜʥʳʭ ʤʘʰʠʥ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. ʊʘʢʠʤ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤ ʪʦʧʣʠʚʦʤ ʤʦʞʝʪ ʩʪʘʪʴ ʦʙʳʯʥʘʷ ʚʦʜʘ.  
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ʇʝʨʚʳʡ ʰʘʛ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ï ʩʦʟʜʘʥʠʝ ʥʦʚʦʛʦ ʫʣʫʯʰʝʥʥʦʛʦ ʧʨʦʪʦʪʠʧʘ 

ʵʣʝʢʪʨʦʣʠʟʸʨʘ, ʢʦʥʮʝʧʪ ʢʦʪʦʨʦʛʦ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʜʘʣʴʥʝʡʰʠʭ ʧʨʦʝʢʪʘʭ ʠ, ʚʦʟʤʦʞʥʦ, ʙʫʜʝʪ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥ ʚ ʙʫʜʫʱʝʤ, ʢʘʢ ʠ ʤʥʦʞʝʩʪʚʦ ʜʨʫʛʠʭ ʩʠʩʪʝʤ ʠ ʢʦʤʧʣʝʢʩʦʚ ʜʣʷ ʨʘʙʦʪʳ ʩ ʛʨʝʤʫʯʠʤ 

ʛʘʟʦʤ ʠ ʝʛʦ ʜʘʣʴʥʝʡʰʠʭ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ. 
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ʂʦʩʤʦʩ - ʪʝʤʥʳʡ, ʧʫʩʪʦʡ, ʥʝʦʙʲʷʪʥʳʡ, ʥʦ ʣʶʜʠ, ʚ ʧʦʠʩʢʝ ʟʘʢʦʥʦʚ ʤʠʨʦʟʜʘʥʠʷ, ʪʨʦʧʠʥʢʘʤʠ 

ʥʘʫʢʠ ʧʨʠʰʣʠ ʠ ʪʫʜʘ, ʥʝ ʠʟʙʝʞʘʚ ʧʨʦʙʣʝʤ, ʦʜʥʦʡ ʠʟ ʢʦʪʦʨʳʭ ʷ ʠ ʟʘʠʥʪʝʨʝʩʦʚʘʣʩʷ. ʕʪʦ ʠʟʤʝʨʝʥʠʷ 

ʨʘʩʩʪʦʷʥʠʡ ʚ ʢʦʩʤʦʩʝ.  

ʇʝʨʚʦʡ ʩʪʫʧʝʥʴʢʦʡ ʚʜʘʣʴ ʩʪʘʣ ʜʠʘʤʝʪʨ ɿʝʤʣʠ, ʝʛʦ ʟʘʤʝʨʠʣ ʝʱʝ ʟʘ 2ʦʦ ʣʝʪ ʜʦ ʥ.ʵ. ʛʨʝʯʝʩʢʠʡ 

ʤʘʪʝʤʘʪʠʢ ʕʨʘʪʦʩʬʝʥ ʂʠʨʝʥʩʢʠʡ, ʠʩʧʦʣʴʟʫʷ ʨʘʟʥʦʩʪʴ ʚ ʫʛʣʘʭ ʧʨʠ ʧʘʜʝʥʠʠ ʪʝʥʠ ʦʪ ʰʝʩʪʘ, 

ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʨʘʟʥʳʭ ʛʦʨʦʜʘʭ ʚ ʦʜʥʦ ʠ ʪʦ ʞʝ ʚʨʝʤʷ 

(ʨʠʩ.1). ʏʝʨʝʟ 1ʦ ʣʝʪ ʜʨʝʚʥʝʛʨʝʯʝʩʢʠʡ ʘʩʪʨʦʥʦʤ ɸʨʠʩʪʘʨʭ 

ʉʘʤʦʩʩʢʠʡ ʠʟʤʝʨʠʣ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ɿʝʤʣʠ ʜʦ ʃʫʥʳ ʩ 

ʧʦʤʦʱʴʶ ʫʛʣʦʚʳʭ ʨʘʟʤʝʨʦʚ ʃʫʥʳ ʧʨʠ ʟʘʪʤʝʥʠʠ ʝʝ ɿʝʤʣʝʡ 

(ʨʠʩ.2). ɿʘʪʝʤ ʫʯʝʥʳʝ ʫʟʥʘʣʠ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʨʘʟʤʝʨʳ ʦʨʙʠʪ 

ɺʝʥʝʨʳ ʠ ɿʝʤʣʠ - 0,72/1. ʉʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʚ ʧʨʦʩʪʦʨʘʭ 

ʢʦʩʤʦʩʘ ʩʪʘʣʦ ʠʟʤʝʨʝʥʠʝ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʟʝʤʣʠ ʜʦ ʉʦʣʥʮʘ. 

ʕʪʦʛʦ ʩʦʙʳʪʠʷ ʧʨʠʰʣʦʩʴ ʞʜʘʪʴ ʧʦʯʪʠ ʜʚʝ ʪʳʩʷʯʠ ʣʝʪ. 

ʈʘʩʩʪʦʷʥʠʝ ʜʦ ʉʦʣʥʮʘ ʟʘʤʝʨʷʣʠ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʫʯʝʥʳʝ ʧʦʯʪʠ ʚʩʝʭ ʩʪʨʘʥ ʠ ʢʦʥʪʠʥʝʥʪʦʚ ʚ 1761 ʠ 1769 ʛʦʜʘʭ 
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ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʧʘʨʘʣʣʘʢʩʘ. ɺ ʵʪʠ ʛʦʜʳ ʦʞʠʜʘʣʦʩʴ ʨʝʜʯʘʡʰʝʝ ʘʩʪʨʦʥʦʤʠʯʝʩʢʦʝ ʩʦʙʳʪʠʝ ï ʪʨʘʥʟʠʪ 

ɺʝʥʝʨʳ ʧʦ 

ʈʠʩ. 1. ʀʟʤʝʨʝʥʠʝ ʜʠʘʤʝʪʨʘ ɿʝʤʣʠ ʜʠʩʢʫ ʉʦʣʥʮʘ. ʕʬʬʝʢʪ ʧʘʨʘʣʣʘʢʩʘ ï ʵʪʦ, ʢʦʛʜʘ ʧʨʠ 

ʥʝʙʦʣʴʰʦʡ ʤʝʪʦʜʦʤ ʕʨʘʪʦʩʬʝʥʘ ʂʠʨʝʥʩʢʦʛʦ ʩʤʝʥʝ ʪʦʯʢʠ ʟʨʝʥʠʷ ʙʦʣʝʝ ʙʣʠʟʢʠʝ ʦʙʲʝʢʪʳ 

ʧʝʨʝʤʝʩʪʷʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʝʝ ʜʘʣʝʢʠʭ ʦʙʲʝʢʪʦʚ. ʀʟʤʝʨʝʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʠʘʤʝʪʨ ʉʦʣʥʮʘ 

ʙʦʣʴʰʝ ɿʝʤʥʦʛʦ ʚ 109 ʨʘʟ, ʘ ʫʜʘʣʝʥʦ ʦʥʦ ʧʨʠʤʝʨʥʦ ʥʘ 150 ʤʠʣʣʠʦʥʦʚ ʢʠʣʦʤʝʪʨʦʚ ʦʪ ɿʝʤʣʠ, ʯʪʦ 

ʩʭʦʜʠʪʩʷ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ʜʘʥʥʳʤʠ. 

 

 
ʈʠʩ. 2. ʀʟʤʝʨʝʥʠʝ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ɿʝʤʣʠ ʜʦ ʃʫʥʳ ʤʝʪʦʜʦʤ ɸʨʠʩʪʘʨʭʘ ʉʘʤʦʩʩʢʦʛʦ 

 

ɺ ʥʘʯʘʣʝ XX ʚʝʢʘ ʫʞʝ ʙʳʣʠ ʢʘʪʘʣʦʛʠʟʠʨʦʚʘʥʳ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʪʳʩʷʯʠ ʟʚʝʟʜ. ʉʨʝʜʠ ʥʠʭ 

ʙʳʣ ʥʝʢʦʪʦʨʳʡ ʢʣʘʩʩ ʟʚʝʟʜ, ʧʫʣʴʩʘʮʠʠ ʙʣʝʩʢʘ ʢʦʪʦʨʳʭ ʙʳʣʠ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʳ ʩ ʧʨʦʮʝʩʩʘʤʠ, 

ʧʨʦʠʩʭʦʜʷʱʠʤʠ ʚ ʠʭ ʥʝʜʨʘʭ. ʋ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʵʪʦʛʦ ʢʣʘʩʩʘ ʙʳʣʘ ʧʨʷʤʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʝʨʠʦʜʘ ʠ 

ʩʚʝʪʠʤʦʩʪʠ, ʥʘʟʚʘʣʠ ʠʭ ʮʝʬʝʠʜʘʤʠ ʚ ʯʝʩʪʴ ʠʟʚʝʩʪʥʦʡ ʥʘ ʪʦʪ ʤʦʤʝʥʪ ʟʚʝʟʜʳ ɼʝʣʴʪʘ ʎʝʬʝʷ. ɿʥʘʷ, ʯʪʦ 

ʧʣʦʱʘʜʴ ʩʬʝʨʳ ʨʘʩʪʝʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʢʚʘʜʨʘʪʫ ʨʘʜʠʫʩʘ, ʘ ʠʟʣʫʯʝʥʠʝ ʟʚʝʟʜʳ ʧʨʦʠʩʭʦʜʠʪ ʚ ʬʦʨʤʝ 

ʩʬʝʨʳ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʷʨʢʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʧʘʜʘʝʪ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʢʚʘʜʨʘʪʫ 

ʨʘʩʩʪʦʷʥʠʷ. ʆʩʪʘʣʦʩʴ ʠʟʤʝʨʠʪʴ ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʙʣʠʞʘʡʰʠʭ ʮʝʬʝʠʜ ʠ ʫ ʫʯʝʥʥʳʭ ʧʦʷʚʣʷʝʪʩʷ ʤʝʪʦʜ 

ʠʟʤʝʨʝʥʠʷ, ʦʭʚʘʪʳʚʘʶʱʠʡ ʚʩʶ ʥʘʰʫ ʠ ʙʣʠʞʘʡʰʠʝ ʦʪ ʥʝʝ ʛʘʣʘʢʪʠʢʠ. ʊʘʢ ʫʜʘʣʦʩʴ ʦʧʨʝʜʝʣʠʪʴ 

ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʪʫʤʘʥʥʦʩʪʠ ɸʥʜʨʦʤʝʜʳ, ʠ ʦʥʦ ʦʢʘʟʘʣʦʩʴ ʨʘʚʥʳʤ ʧʨʠʤʝʨʥʦ 777847,7 ʧʘʨʩʝʢ. 

ʇʨʦʚʦʜʷ ʨʘʩʯʝʪʳ ʥʘ ʦʛʨʦʤʥʳʭ ʨʘʩʩʪʦʷʥʠʷʭ, ʫʯʝʥʳʝ ʧʨʦʥʘʙʣʶʜʘʣʠ ʵʬʬʝʢʪ ʢʨʘʩʥʦʛʦ 

ʩʤʝʱʝʥʠʷ, ʧʨʝʜʩʢʘʟʘʥʥʳʡ ɸʣʴʙʝʨʪʦʤ ʕʡʥʰʪʝʡʥʦʤ ʚ ʝʛʦ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ. ʉʫʪʴ ʵʪʦʛʦ 

ʵʬʬʝʢʪʘ ʚ ʪʦʤ, ʯʪʦ ʦʪʜʘʣʷʶʱʝʝʩʷ ʥʘ ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʠ ʦʙʲʝʢʪʳ ʙʫʜʫʪ ʠʟʣʫʯʘʪʴ ʚʩʝ ʙʦʣʝʝ 

ʜʣʠʥʥʦʚʦʣʥʦʚʦʡ ʩʚʝʪ. ɺ ʵʪʦ ʞʝ ʚʨʝʤʷ ʕʜʚʠʥ ʍʘʙʙʣ ʦʪʢʨʳʚʘʝʪ ʵʬʬʝʢʪ ʨʘʩʰʠʨʝʥʠʷ ʚʩʝʣʝʥʥʦʡ ʠ, 

ʩʦʧʦʩʪʘʚʠʚ ʚʩʝ ʵʪʠ ʥʦʚʳʝ ʬʘʢʪʦʨʳ, ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʧʨʠʭʦʜʷʪ ʢ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʦʛʦ ʤʝʪʦʜʘ. ʉʘʤʘʷ 

ʜʘʣʴʥʷʷ, ʠʟʚʝʩʪʥʘʷ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʛʘʣʘʢʪʠʢʘ ʄɸʉ0647-JD, ʥʘʭʦʜʷʱʘʷʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʚ 4,7 

ʤʠʣʣʠʘʨʜʘ ʧʘʨʩʝʢ ʥʘʡʜʝʥʘ ʩ ʧʦʤʦʱʴʶ çʢʨʘʩʥʦʛʦ ʩʤʝʱʝʥʠʷè. 

ʋʟʥʘʚ ʤʝʪʦʜʳ, ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʚ ʵʪʦʡ ʩʪʘʪʴʝ, ʤʥʝ ʟʘʭʦʪʝʣʦʩʴ ʧʨʦʪʝʩʪʠʨʦʚʘʪʴ ʠʭ ʚ ʜʝʡʩʪʚʠʠ. ɺ 

ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʙʳʣʘ ʚʳʙʨʘʥʘ ʢʦʤʝʪʘ 2019 neowise, ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʙʣʠʞʝʥʠʝ ʩ ʢʦʪʦʨʦʡ ʧʨʦʠʟʦʰʣʦ 

23 ʠʶʣʷ 2020 ʛʦʜʘ. ɺ ʵʪʦʪ ʜʝʥʴ ʙʳʣʠ ʩʜʝʣʘʥʳ ʜʚʝ ʬʦʪʦʛʨʘʬʠʠ ʵʪʦʡ ʢʦʤʝʪʳ ʠʟ ʨʘʟʥʳʭ ʪʦʯʝʢ, ʧʨʠ 

ʧʦʤʦʱʠ ʪʝʣʝʩʢʦʧʘ levenhuk strike 80 ng b ʩ ʢʘʤʝʨʦʡ Nikon 3200D. ʊʦʯʢʠ ʙʳʣʠ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ ʚ 25,9 ʢʤ ʠ ʟʘʤʝʨʝʥʳ ʫʛʣʳ ʦʪʢʣʦʥʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʘʩʘ. ʇʦʢʘʟʘʥʠʷ ʢʦʤʧʘʩʘ ʥʝ 

ʦʪʣʠʯʘʣʠʩʴ ʥʠ ʥʘ ʛʨʘʜʫʩ (ʨʠʩ. 3, 4, 5). ʉʦʛʣʘʩʥʦ ʩʧʨʘʚʦʯʥʳʤ ʜʘʥʥʳʤ ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʢʦʤʝʪʳ 
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ʈʠʩ. 3. ʌʦʪʦ ʢʦʤʝʪʳ 20019 neowise: ʤʝʩʪʦ 

ʩʲʝʤʢʠ ï ʤʢʨ. ɺʝʪʣʫʞʘʥʢʘ ʛ. ʂʨʘʩʥʦʷʨʩʢʘ 

ʈʠʩ. 4. ʌʦʪʦ ʢʦʤʝʪʳ 20019 neowise: ʤʝʩʪʦ 

ʩʲʝʤʢʠ ï çʚ ʧʦʣʝè ʥʘ ʨʘʩʩʪʦʷʥʠʠ 25,9 ʢʤ  

ʦʪ ʧʨʝʜʳʜʫʱʝʛʦ ʤʝʩʪʘ ʩʲʝʤʢʠ 

 

ʩʦʩʪʘʚʣʷʣʦ 103,5 ʤʠʣʣʠʦʥʦʚ ʢʠʣʦʤʝʪʨʦʚ. ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʦʪʢʣʦʥʝʥʠʝ ʜʦʣʞʥʦ ʙʳʣʦ 

ʩʦʩʪʘʚʠʪʴ 0,1 ʛʨʘʜʫʩʘ. ʊʘʢʦʝ ʤʘʣʦʝ ʦʪʢʣʦʥʝʥʠʝ ʧʨʠ ʤʦʠʭ ʤʝʪʦʜʘʭ ʠʟʤʝʨʝʥʠʷ ʦʧʨʝʜʝʣʠʪʴ ʙʳʣʦ 

ʥʝʚʦʟʤʦʞʥʦ. ʕʪʦ ʧʦʜʪʚʝʨʜʠʣʦ ʧʨʘʚʠʣʴʥʦʩʪʴ ʤʦʠʭ ʠʟʤʝʨʝʥʠʡ. 

 

 
 

ʈʠʩ. 5. ʊʦʧʦʛʨʘʬʠʯʝʩʢʘʷ ʢʘʨʪʘ ʛ. ʂʨʘʩʥʦʷʨʩʢʘ. ʇʦʩʪʨʦʝʥʠʝ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʤʝʪʦʜʦʤ ʧʘʨʘʣʣʘʢʩʘ 

 

 
ʈʠʩ. 6. ʊʝʣʝʩʢʦʧ levenhuk strike 80 ng b ʠ ʢʘʤʝʨʘ Nikon 3200D 

 

ʆʯʝʥʴ ʠʥʪʝʨʝʩʥʦ ʧʦʟʥʘʚʘʪʴ, ʢʘʢ ʯʝʣʦʚʝʢ ʟʘʛʣʷʜʳʚʘʷ ʚʩʝ ʜʘʣʴʰʝ ʚ ʢʦʩʤʦʩ, ʠʩʢʘʣ ʥʦʚʳʝ ʠ 

ʥʦʚʳʝ ʩʧʦʩʦʙʳ ʠʟʤʝʨʝʥʠʷ, ʧʨʠʚʷʟʳʚʘʷ ʧʦʣʫʯʝʥʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʢ ʫʞʝ ʠʟʚʝʩʪʥʳʤ, ʧʝʨʝʭʦʜʷ ʦʪ 

ʧʨʦʩʪʝʡʰʝʡ ʛʝʦʤʝʪʨʠʠ ʢ ʩʣʦʞʥʝʡʰʠʤ ʩʦʚʨʝʤʝʥʥʳʤ ʤʝʪʦʜʘʤ ʠʟʤʝʨʝʥʠʷ ʨʘʩʩʪʦʷʥʠʡ ʚ ʢʦʩʤʦʩʝ. 
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Abstract: The article suggests and describes ways to increase the power and torque in the internal 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʦʣʦʜʳʤ ʩʧʦʨʪʩʤʝʥʘʤ ʪʷʞʝʣʝʝ ʧʦʧʘʜʘʪʴ ʚ ʘʚʪʦʩʧʦʨʪ, ʪʘʢ ʢʘʢ ʩʦ ʚʨʝʤʝʥʝʤ 

ʠʟ-ʟʘ ʢʦʥʢʫʨʝʥʮʠʠ ʚʩʝ ʙʦʣʴʰʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʤʦʱʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ ʠ ʪʨʝʙʦʚʘʥʠʷ ʢ ʫʤʝʥʠʶ ʩʘʤʦʛʦ 

ʚʦʜʠʪʝʣʷ. ɿʥʘʥʠʝ ʫʩʪʨʦʡʩʪʚʘ ʜʚʠʛʘʪʝʣʷ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ ʬʦʨʤʠʨʫʝʪ ʧʦʥʠʤʘʥʠʝ ʪʦʛʦ, ʢʘʢ 

ʨʘʙʦʪʘʝʪ ʠ ʫʩʪʨʦʝʥ ʜʚʠʛʘʪʝʣʴ, ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʝʛʦ ʧʦʚʝʜʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ 

ʩʠʪʫʘʮʠʷʭ.  

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩ ʨʘʙʦʪ ʧʦ ʫʚʝʣʠʯʝʥʠʶ ʤʦʱʥʦʩʪʠ ʢʘʨʙʶʨʘʪʦʨʥʦʛʦ 

ʜʚʠʛʘʪʝʣʷ ʘʚʪʦʤʦʙʠʣʷ ɺɸɿ-21074 [1]. ɸʚʪʦʤʦʙʠʣʴ ɺɸɿ-21074 ï ʧʷʪʠʤʝʩʪʥʳʡ, ʟʘʜʥʝʧʨʠʚʦʜʥʳʡ, 

ʯʝʪʳʨʝʭʜʚʝʨʥʳʡ, ʩ ʢʫʟʦʚʦʤ ʪʠʧʘ ʩʝʜʘʥ, ʠʤʝʶʱʠʡ ʩʥʘʨʷʞʝʥʥʫʶ ʤʘʩʩʫ 1ʦ6ʦ ʢʛ ʠ ʨʘʟʛʦʥʷʶʱʠʡʩʷ ʩ 

0ʢʤ/ʯ ʜʦ 100 ʢʤ/ʯ ʟʘ 16 ʩʝʢʫʥʜ, ʩʦʟʜʘʥ ʥʘ ʙʘʟʝ ʘʚʪʦʤʦʙʠʣʷ ɺɸɿ-2105. ʅʘ ʤʦʤʝʥʪ ʚʳʧʫʩʢʘ ʘʚʪʦʤʦʙʠʣʴ 

ʩʯʠʪʘʣʩʷ ʩʘʤʳʤ ʙʳʩʪʨʳʤ ʟʘʜʥʝʧʨʠʚʦʜʥʳʤ ʩʝʜʘʥʦʤ ʠʟ ʚʳʧʫʱʝʥʥʳʭ ʨʘʥʝʝ ɺʦʣʞʩʢʠʤ ʘʚʪʦʟʘʚʦʜʦʤ 

ʤʦʜʝʣʝʡ. ɼʘʥʥʳʡ ʘʚʪʦʤʦʙʠʣʴ ʯʘʩʪʦ ʧʨʠʤʝʥʷʣʩʷ ʚ ʘʚʪʦʩʧʦʨʪʝ (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʨʘʣʣʠ). 

ɸʚʪʦʤʦʙʠʣʴ, ʩʦʟʜʘʥʥʳʡ ʚ 1982 ʛʦʜʫ, ʫʩʧʝʰʥʦ ʫʯʘʩʪʚʦʚʘʣ ʚ ʯʝʤʧʠʦʥʘʪʝ RTCC ʚ 2010-2011 ʛʦʜʘʭ. ɸ 

ʩʝʛʦʜʥʷ, ʥʝ ʩʤʦʪʨʷ ʥʘ ʧʨʝʢʨʘʱʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʘʚʪʦʤʦʙʠʣʴ ʧʨʦʜʦʣʞʘʝʪ ʚʳʩʪʫʧʘʪʴ ʚ ʨʝʛʠʦʥʘʣʴʥʳʭ 

ʠ ʛʦʨʦʜʩʢʠʭ ʛʦʥʢʘʭ. 

ɸʚʪʦʤʦʙʠʣʴ ɺɸɿ-21074 ʠʤʝʝʪ ʜʚʠʛʘʪʝʣʴ ʤʦʜʝʣʠ ɺɸɿ-2106 ï ʯʝʪʳʨʝʭʪʘʢʪʥʳʡ, ʨʷʜʥʳʡ, 

ʙʝʥʟʠʥʦʚʳʡ, ʢʘʨʙʶʨʘʪʦʨʥʳʡ, ʩ ʭʦʜʦʤ ʧʦʨʰʥʷ 8ʦ ʤʤ ʠ ʝʛʦ ʜʠʘʤʝʪʨʦʤ 79 ʤʤ, ʠʤʝʝʪ ʩʪʝʧʝʥʴ ʩʞʘʪʠʷ 

8,5 ʩ ʚʝʨʭʥʠʤ ʨʘʩʧʦʣʦʞʝʥʠʝ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʛʦ ʚʘʣʘ ʠ ʦʙʲʝʤʝ ʜʚʠʛʘʪʝʣʷ ï 1568 ʩʤ
2
, ʯʪʦ ʜʘʝʪ ʝʤʫ 

55,9 ʢɺʪ ʠ ʤʘʢʩʠʤʘʣʴʥʳʡ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ 116 ʅÖʤ. ʉʠʩʪʝʤʘ ʦʭʣʘʞʜʝʥʠʷ ʜʚʠʛʘʪʝʣʷ ï ʞʠʜʢʦʩʪʥʘʷ, 

ʟʘʢʨʳʪʦʛʦ ʪʠʧʘ, ʩ ʧʨʠʥʫʜʠʪʝʣʴʥʦʡ ʮʠʨʢʫʣʷʮʠʝʡ ʞʠʜʢʦʩʪʠ. 
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ɸʥʘʣʠʟ ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠ ʠʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʦʚ [2, 3] ʧʨʝʜʣʘʛʘʝʪ ʨʘʟʣʠʯʥʳʝ 

ʚʘʨʠʘʥʪʳ ʧʦ ʫʚʝʣʠʯʝʥʠʶ ʤʦʱʥʦʩʪʠ ʜʚʠʛʘʪʝʣʷ. ʅʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʤ ʨʝʰʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ 

ʦʙʲʝʤʘ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʠ ʢʦʣʠʯʝʩʪʚʘ ʧʦʩʪʫʧʘʶʱʝʡ ʚ ʥʝʸ ʪʦʧʣʠʚʥʦ-ʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ. ɼʣʷ ʵʪʦʛʦ ʥʘʤ 

ʧʦʪʨʝʙʫʝʪʩʷ ʚʳʧʦʣʥʠʪʴ ʚʥʘʯʘʣʝ ʨʷʜ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ: ʨʘʟʦʙʨʘʪʴ ʜʚʠʛʘʪʝʣʴ, ʦʙʥʦʚʠʪʴ 

ʣʘʢʦʢʨʘʩʦʯʥʦʝ ʧʦʢʨʳʪʠʝ ʥʝʢʦʪʦʨʳʭ ʜʝʪʘʣʝʡ, ʦʯʠʩʪʠʪʴ ʜʝʪʘʣʠ ʜʚʠʛʘʪʝʣʷ (ʨʠʩʫʥʦʢ 1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 1. ʇʦʜʛʦʪʦʚʠʪʝʣʴʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʜʣʷ ʘʚʪʦʤʦʙʠʣʷ ɺɸɿ-21074 

 

ʊʘʢ ʢʘʢ ʢʨʘʩʢʘ ʥʘ ʙʣʦʢʝ ʮʠʣʠʥʜʨʦʚ (ɹʎ) ʦʙʣʫʧʠʣʘʩʴ, ʚ ʵʩʪʝʪʠʯʝʩʢʠʭ ʮʝʣʷʭ ʩʣʝʜʦʚʘʣʦ ʝʛʦ 

ʦʪʯʠʩʪʠʪʴ ʦʪ ʩʪʘʨʦʡ ʢʨʘʩʢʠ ʠ ʧʦʢʨʘʩʠʪʴ. ɹʳʣʦ ʜʚʘ ʧʫʪʠ ʢʘʢ ʵʪʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ: ʦʪʪʠʨʘʪʴ ʩʪʘʨʫʶ 

ʢʨʘʩʢʫ ʩ ʧʦʤʦʱʴʶ ʥʘʞʜʘʯʢʠ ï ʵʪʦʪ ʩʧʦʩʦʙ ʙʝʟʦʧʘʩʥʳʡ, ʥʦ ʟʘʥʠʤʘʝʪ ʦʯʝʥʴ ʤʥʦʛʦ ʚʨʝʤʝʥʠ ʠ ʩʠʣ ʠ 

ʦʪʧʨʘʚʠʪʴ ʙʣʦʢ ʮʠʣʠʥʜʨʦʚ, ʢʨʳʰʢʫ ɻɹʎ ʠ ʜʨʫʛʠʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʧʘʪʨʫʙʢʠ ʥʘ ʧʝʩʢʦʩʪʨʫʡʥʫʶ 

ʦʙʨʘʙʦʪʢʫ. ʇʨʠ ʧʨʘʚʠʣʴʥʦʤ ʧʦʜʭʦʜʝ ʵʪʦʪ ʩʧʦʩʦʙ ʦʯʠʱʘʝʪ ʢʘʯʝʩʪʚʝʥʥʝʝ ʠ ʙʳʩʪʨʝʝ, ʘ ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ 

ʧʦʧʘʜʘʥʠʷ ʘʙʨʘʟʠʚʘ ʚʥʫʪʨʴ ʤʳ ʟʘʢʣʝʠʣʠ ʚʩʝ ʦʪʚʝʨʩʪʠʷ ʪʝʨʤʦʩʪʦʡʢʠʤ ʩʢʦʪʯʝʤ, ʘ ʩʚʝʨʭʫ ʧʦ ʬʦʨʤʝ 

ʚʳʨʝʟʘʣʠ ʠʟ ɼʉʇ ʟʘʛʦʪʦʚʢʠ ʧʦ ʬʦʨʤʝ ʦʪʚʝʨʩʪʠʡ ʠ ʧʨʠʞʘʣʠ ʠʭ ʙʦʣʪʘʤʠ. ɼʣʷ ʧʦʢʨʘʩʢʠ ʜʝʪʘʣʝʡ ʤʳ 

ʨʝʰʠʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʨʦʰʢʦʚʫʶ ʢʨʘʩʢʫ ʮʚʝʪʘ RAL 4005 (ʩʠʥʝ-ʩʠʨʝʥʝʚʳʡ), ʪʘʢ ʢʘʢ ʵʪʘ ʢʨʘʩʢʘ ʦʯʝʥʴ 

ʧʦʭʦʞʘ ʥʘ ʟʘʚʦʜʩʢʫʶ ʢʨʘʩʢʫ, ʜʦʣʛʦʚʝʯʥʘ ʠ ʫʩʪʦʡʯʠʚʘ ʢ ʚʳʩʦʢʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤ. ʇʦʩʣʝ ʥʘʛʨʝʚʘʥʠʷ ʚ 

ʧʝʯʠ ʚʝʩʴ ʥʘʣʝʪ ʠ ʥʘʛʘʨ, ʦʙʨʘʟʦʚʘʚʰʠʡʩʷ ʟʘ ʚʩʝ ʚʨʝʤʷ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʩʪʝʢ ʠ ɹʎ ʠʟʥʫʪʨʠ ʩʪʘʣ 

ʧʨʘʢʪʠʯʝʩʢʠ ʠʜʝʘʣʴʥʦ ʯʠʩʪʳʤ. ʇʦʩʣʝ ʨʘʟʙʦʨʘ ʜʚʠʛʘʪʝʣʷ ʢʘʞʜʫʶ ʜʝʪʘʣʴ ʠ ʚʩʝ ʛʘʡʢʠ, ʰʘʡʙʳ ʠ ʙʦʣʪʳ 

ʚʳʤʳʣʠ ʢʝʨʦʩʠʥʦʤ ʠ ʦʙʝʟʞʠʨʠʚʘʪʝʣʝʤ. ʕʪʦ ʥʫʜʥʦʝ ʠ ʦʜʥʦʦʙʨʘʟʥʦʝ ʟʘʥʷʪʠʝ, ʥʘ ʢʦʪʦʨʦʝ ʫʰʣʦ 

ʧʨʠʤʝʨʥʦ 20 ʯʘʩʦʚ ʨʘʙʦʪʳ.  

ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʦʙʲʝʤʘ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ (ʨʠʩʫʥʦʢ 2) ʧʨʦʚʝʣʠ ʨʘʩʪʦʯʢʫ ʮʠʣʠʥʜʨʦʚ ʥʘ 3 ʤʤ (ʩ 

79 ʤʤ ʜʦ 82 ʤʤ) ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʤʦʡʢʫ ʫʣʴʪʨʘʟʚʫʢʦʤ.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 2. ʈʘʩʪʦʯʢʘ ʮʠʣʠʥʜʨʦʚ 
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ʌʨʝʟʝʨʥʳʤ ʩʪʘʥʢʦʤ ʩʧʠʣʠʣʠ ʩʚʝʨʭʫ 0,9 ʤʤ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʚʝʨʭʥʦʩʪʴ ʚʳʨʦʚʥʷʣʘʩʴ ʠ 

ʫʚʝʣʠʯʠʣʘʩʴ ʩʪʝʧʝʥʴ ʩʞʘʪʠʷ (ʦʪʥʦʰʝʥʠʝ ʧʦʣʥʦʛʦ ʦʙʲʝʤʘ ʮʠʣʠʥʜʨʘ ʢ ʦʙʲʝʤʫ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ). 

ʋʩʪʘʥʦʚʠʣʠ ʥʦʚʳʡ ʢʦʣʝʥʚʘʣ ʩ 212ʦ (ʃʘʜʘ ʅʘʜʝʞʜʘ) ʩ ʭʦʜʦʤ 84 ʤʤ ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʪʘʥʜʘʨʪʥʦʛʦ 80 ʤʤ, 

ʥʦʚʳʝ ʧʦʨʰʥʠ (ʄʦʪʦʨ-ʢʦʤʧʣʝʢʪ 21213-1004018 "A" ʦʪ ñʄʦʪʦʨ-ʜʝʪʘʣʴ ʂʦʩʪʨʦʤʘò) ʩ ʜʠʘʤʝʪʨʦʤ 

ʧʦʨʰʥʷ 82 ʤʤ. ʇʦʣʫʯʠʚʰʠʡʩʷ ʦʙʲʝʤ ʚʳʯʠʩʣʠʤ ʧʦ ʬʦʨʤʫʣʝ: 

 

V = pÖr2
h =1774 ʩʤ

2
, 

 

ʛʜʝ h ï ʜʣʠʥʘ ʭʦʜʘ ʧʦʨʰʥʷ ʚ ʮʠʣʠʥʜʨʝ ʦʪ ʚʝʨʭʥʝʡ ʤʝʨʪʚʦʡ ʪʦʯʢʠ ʜʦ ʥʠʞʥʝʡ ʤʝʨʪʚʦʡ ʪʦʯʢʠ, ʤʤ;  

r ï ʨʘʜʠʫʩ ʧʦʨʰʥʷ, ʤʤ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʦʙʲʝʤ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʫʚʝʣʠʯʠʣʩʷ ʥʘ 206 ʩʤ
2
. 

ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʠʥʝʨʮʠʦʥʥʳʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʧʨʦʚʝʣʠ ʧʦʣʠʨʦʚʢʫ ʠ ʙʘʣʘʥʩʠʨʦʚʢʫ 

ʢʦʣʝʥʚʘʣʘ. ɼʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʣʶʬʪʘ ʰʝʩʪʝʨʝʥʢʠ ʢʦʣʝʥʚʘʣʘ ʟʘʤʝʥʘ ʩʝʛʤʝʥʪʥʘʷ ʰʧʦʥʢʘ. ɺʳʚʝʩʦʚʢʘ 

ʧʦʨʰʥʝʡ, ʧʘʣʴʮʝʚ ʠ ʰʘʪʫʥʦʚ, ʵʪʦ ʚʘʞʥʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʥʝʥʫʞʥʦʡ ʠʥʝʨʮʠʠ. ʊʘʢʞʝ 

ʚʳʧʦʣʥʝʥʘ ʟʘʤʝʥʘ ʚʪʫʣʦʢ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʚʘʣʘ ʠ ʰʝʩʪʝʨʥʠ ʧʨʠʚʦʜʘ ʤʘʩʣʷʥʦʛʦ ʥʘʩʦʩʘ (ʠʟ-ʟʘ ʠʟʥʦʩʘ).  

ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʩʛʦʨʘʶʱʝʛʦ ʚ ʮʠʣʠʥʜʨʘʭ ʪʦʧʣʠʚʘ ʧʨʦʚʝʜʝʥʘ ʨʘʩʪʦʯʢʘ ʚʧʫʩʢʥʳʭ ʠ 

ʚʳʧʫʩʢʥʳʭ ʚʦʟʜʫʰʥʳʭ ʢʘʥʘʣʦʚ ʠ ʫʩʪʘʥʦʚʢʘ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʛʦ ʚʘʣʘ (ñʆʂɹò ɼʠʥʘʤʠʢʘò) 8VC-260-

118 (11,8/11,3 ï ñɺʧʫʩʢ/ɺʳʧʫʩʢò) ʠʜʝʘʣʴʥʦ ʧʦʜʭʦʜʷʱʝʛʦ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʥʘ ʩʝʨʠʡʥʳʡ ʜʚʠʛʘʪʝʣʴ 1700 

ï 1800 ʩʤ
3
. ʆʧʪʠʤʘʣʴʥʳʡ ʜʠʘʧʘʟʦʥ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ 1200 ï 6500 ʦʙ/ʤʠʥ, ʧʨʠ ʵʪʦʤ ʤʦʱʥʦʩʪʴ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 16,32 ï 21,75 ʢɺʪ ʠ ʤʦʤʝʥʪ ʥʘ 10 ʅÖʤ.  

ʋʩʪʘʥʦʚʣʝʥʳ ʙʦʣʝʝ ʞʝʩʪʢʠʝ ʧʨʫʞʠʥʳ ʢʣʘʧʘʥʦʚ ʜʣʷ ʙʳʩʪʨʦʛʦ ʚʦʟʚʨʘʱʝʥʠʷ ʢʣʘʧʘʥʘ ʥʘ ʤʝʩʪʦ ʠ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʟʘʣʠʧʘʥʠʷ ʢʣʘʧʘʥʘ ʚ ʥʠʞʥʝʡ ʤʝʨʪʚʦʡ ʪʦʯʢʝ, ʙʨʦʥʟʦʚʳʝ ʚʪʫʣʢʠ ʢʣʘʧʘʥʘ, 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʙʪʦʯʝʥʥʳʝ ʩʦ ʩʪʦʨʦʥʳ ʚʦʟʜʫʰʥʳʭ ʢʘʥʘʣʦʚ ɻɹʎ ʜʣʷ ʣʫʯʰʝʛʦ ʦʙʪʝʢʘʥʠʷ ʚʦʟʜʫʭʦʤ, 

ʦʙʣʝʛʯʝʥʥʳʝ ʨʦʢʝʨʳ ʢʣʘʧʘʥʦʚ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʠʥʝʨʮʠʠ, ʪʠʪʘʥʦʚʳʝ ʪʘʨʝʣʢʠ ʧʨʫʞʠʥ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ 

ʠʟʥʦʩʘ. 

ʇʨʦʚʝʜʝʥʘ ʨʘʩʪʦʯʢʘ ʚʦʟʜʫʰʥʳʭ ʢʘʥʘʣʦʚ ɻɹʎ ʠ ʛʨʫʙʘʷ ʧʦʣʠʨʦʚʢʘ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ 

ʟʘʚʠʭʨʝʥʠʷ ʚʦʟʜʫʭʘ ʠ ʫʩʪʘʥʦʚʣʝʥʳ ʢʣʘʧʘʥʳ ʙʦʣʝʝ ʰʠʨʦʢʦʛʦ ʜʠʘʤʝʪʨʘ 39/34, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʧʦʜʦʛʥʘʥʥʳʝ ʧʦʜ ʩʝʜʣʘ ɻɹʎ ʜʣʷ ʙʦʣʝʝ ʣʝʛʢʦʛʦ ʧʨʦʭʦʞʜʝʥʠʷ ʪʦʧʣʠʚʥʦ-ʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ. ɼʘʣʴʰʝ 

ʠʜʝʪ ʧʨʠʪʠʨʢʘ ʢʣʘʧʘʥʦʚ, ʜʣʷ ʠʟʙʘʚʣʝʥʠʷ ʦʪ ʫʪʝʯʝʢ ʩʤʝʩʠ ʠʟ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʠ ʠʭ ʟʘʩʫʭʘʨʠʚʘʥʠʷ.  

ɺʳʧʦʣʥʝʥʘ ʟʘʤʝʥʘ ʠ ʫʩʪʘʥʦʚʢʘ ʨʘʟʨʝʟʥʦʡ ʰʝʩʪʝʨʥʠ ʨʘʩʧʨʝʜʚʘʣʘ, ʚʤʝʩʪʝ ʩ ʫʧʦʨʥʳʤ ʬʣʘʥʮʝʤ, 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʥʘʪʷʞʠʪʝʣʷ ʮʝʧʠ, ʚʝʥʮʘ ʤʘʭʦʚʠʢʘ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʛʘʟʦʚʦʡ ʛʦʨʝʣʢʦʡ.  

ɼʘʣʝʝ ʧʨʦʚʝʜʝʥʘ ʦʢʦʥʯʘʪʝʣʴʥʘʷ ʩʙʦʨʢʘ. ʋʩʪʘʥʦʚʣʝʥʥʳʡ ʢʘʨʙʶʨʘʪʦʨ Solex 26/26 21083 

ʨʘʙʦʪʘʣ ʥʝʩʪʘʙʠʣʴʥʦ ʠ ʧʦʵʪʦʤʫ ʧʦʢʘ ʫʩʪʘʥʦʚʣʝʥ ʟʘʚʦʜʩʢʦʡ ʢʘʨʙʶʨʘʪʦʨ (ʩ ʵʪʠʤ ʝʱʝ 

ʵʢʩʧʝʨʠʤʝʥʪʠʨʫʝʤ).  

ʋʩʪʘʥʦʚʢʘ ʧʨʷʤʦʪʦʢʘ, ʨʝʟʦʥʘʪʦʨʦʚ ʠ ʙʘʥʢʠ (ʛʣʫʰʠʪʝʣʴ ʙʝʟ ʥʘʩʘʜʢʠ) ʧʦʤʦʛʘʝʪ ʚʳʭʣʦʧʥʳʤ 

ʛʘʟʘʤ ʙʳʩʪʨʝʝ ʚʳʣʝʪʘʪʴ ʠ ʚʳʭʣʦʧʥʦʡ ʧʫʪʴ ʩʪʘʥʦʚʠʪʴʩʷ ʢʦʨʦʯʝ, ʘ ʪʨʫʙʳ ʥʝ ʦʪʜʘʶʪ ʩʚʦʝ ʪʝʧʣʦ ʠ 

ʩʦʭʨʘʥʷʶʪ ʚʳʭʣʦʧʥʳʝ ʛʘʟʳ ʛʦʨʷʯʠʤʠ.  

ʇʨʦʚʝʜʝʥʘ ʟʘʤʝʥʘ ʨʘʜʠʘʪʦʨʘ, ʥʦ, ʝʩʣʠ ʦʥ ʥʝ ʙʫʜʝʪ ʩʧʨʘʚʣʷʪʴʩʷ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʤʦʪʦʨʘ, ʤʦʞʥʦ 

ʟʘʤʝʥʠʪʴ ʝʛʦ ʥʘ ʨʘʜʠʘʪʦʨ ʦʪ 21213, ʠʣʠ ʫʩʪʘʥʦʚʠʪʴ ʩʜʚʦʝʥʥʳʡ.  

ɼʣʷ ʧʨʦʢʘʯʢʠ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ ʫʰʣʦ 9 ʣʠʪʨʦʚ ʦʭʣʘʞʜʘʶʱʝʡ ʞʠʜʢʦʩʪʠ, ʘ ʧʨʦʢʘʯʢʠ 

ʪʦʧʣʠʚʥʦʡ ʩʠʩʪʝʤʳ ʟʘʣʠʚʢʘ ʤʘʩʣʘ ʧʦ ʱʫʧʫ ʚ ʜʚʘ ʧʦʜʭʦʜʘ.  

ʇʝʨʝʜ ʨʝʛʫʣʠʨʦʚʢʦʡ ʟʘʟʦʨʦʚ ʢʣʘʧʘʥʦʚ, ʥʫʞʥʦ ʧʨʦʚʝʨʠʪʴ ʥʘʪʷʞʝʥʠʝ ʮʝʧʠ 

ʛʘʟʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ. ɼʘʣʴʰʝ ʚʳʩʪʘʚʠʪʴ ʧʦʨʰʝʥʴ 4-ʛʦ ʮʠʣʠʥʜʨʘ ʚ ʚʝʨʭʥʶʶ ʤʝʨʪʚʫʶ 

ʪʦʯʢʫ, ʧʦʚʝʨʥʫʚ ʢʦʣʝʥʚʘʣ ʜʦ ʩʦʚʧʘʜʝʥʠʷ ʤʝʪʢʠ ʥʘ ʨʘʩʧʨʝʜʚʘʣʝ ʠ ʚʳʩʪʫʧʘ ʥʘ ʢʦʨʧʫʩʝ. ʉʣʝʜʦʤ 

ʚʳʩʪʘʚʠʪʴ ʟʘʟʦʨʳ 8-ʛʦ ʠ 6-ʛʦ ʢʣʘʧʘʥʘ, ʚʩʪʘʚʣʷʷ ʱʫʧ ï 0,15 ʤʤ. ʑʫʧ ʜʦʣʞʝʥ ʧʝʨʝʤʝʱʘʪʴʩʷ ʚ ʟʘʟʦʨʝ ʩ 

ʦʱʫʪʠʤʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ. ɽʩʣʠ ʱʫʧ ʭʦʜʠʪ ʩʣʠʰʢʦʤ ʩʚʦʙʦʜʥʦ ʠʣʠ ʥʘʦʙʦʨʦʪ ʟʘʞʘʪ, ʥʫʞʥʦ ʦʩʣʘʙʠʪʴ 

ʢʦʥʪʨʛʘʡʢʫ ʢʣʶʯʦʤ ʥʘ 17, ʘ ʢʣʶʯʦʤ ʥʘ 13 ʢʨʫʪʠʪʴ ʨʝʛʫʣʠʨʦʚʦʯʥʫʶ ʛʘʡʢʫ, ʧʨʦʚʝʨʷʷ ʟʘʟʦʨ ʱʫʧʦʤ. 

ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʟʘʟʦʨ ʚʳʩʪʘʚʣʝʥ, ʥʫʞʥʦ ʚʳʪʘʱʠʪʴ ʱʫʧ ʠ ʟʘʢʨʫʪʠʪʴ ʢʦʥʪʨʛʘʡʢʫ, ʧʦʩʣʝ ʯʝʛʦ 

ʧʝʨʝʧʨʦʚʝʨʠʪʴ ʟʘʟʦʨ. ʇʦʩʣʝ ʨʝʛʫʣʠʨʦʚʢʠ 8-ʛʦ ʠ 6-ʛʦ ʢʣʘʧʘʥʘ, ʥʫʞʥʦ ʧʨʦʚʝʨʥʫʪʴ ʢʦʣʝʥʯʘʪʳʡ ʚʘʣ ʥʘ 

180 ʛʨʘʜʫʩʦʚ, ʯʪʦʙʳ ʨʘʩʧʨʝʜʚʘʣ ʧʨʦʚʝʨʥʫʣʩʷ ʥʘ 90 ʛʨʘʜʫʩʦʚ. ɼʘʣʴʰʝ ʥʫʞʥʦ ʚʳʩʪʘʚʠʪʴ ʟʘʟʦʨʳ 4-ʛʦ ʠ 

7-ʛʦ ʢʣʘʧʘʥʦʚ ʠ ʩʥʦʚʘ ʧʨʦʚʝʨʥʫʪʴ ʢʦʣʝʥʚʘʣ ʥʘ 180 ʛʨʘʜʫʩʦʚ. ʇʦʩʣʝ ʩʣʝʜʫʝʪ ʚʳʩʪʘʚʠʪʴ ʟʘʟʦʨʳ 1-ʛʦ ʠ 

3-ʛʦ ʢʣʘʧʘʥʘ, ʧʨʦʚʝʨʥʫʪʴ ʢʦʣʝʥʚʘʣ ʥʘ 180 ʛʨʘʜʫʩʦʚ. ɼʘʣʴʰʝ ʥʫʞʥʦ ʚʳʩʪʘʚʠʪʴ ʟʘʟʦʨʳ 5-ʛʦ ʠ 2-ʛʦ 

ʢʣʘʧʘʥʘ. ʇʨʦʚʝʨʠʪʴ ʟʘʟʦʨʳ ʤʦʞʥʦ ʝʱʝ ʨʘʟ. 

ɹʳʣʠ ʧʨʦʙʣʝʤʳ ʩ ʧʝʨʚʳʤ ʧʫʩʢʦʤ, ʢʘʢ ʦʢʘʟʘʣʦʩʴ, ʦʜʠʥ ʙʦʣʪ ʛʣʘʚʥʦʛʦ ʚʳʞʠʤʥʦʛʦ ʮʠʣʠʥʜʨʘ 

ʩʮʝʧʣʝʥʠʷ ʚʢʨʫʪʠʣʩʷ ʚ ʚʝʥʝʮ ʤʘʭʦʚʠʢʘ ʠ ʟʘʩʪʦʧʦʨʠʣ ʚʩʶ ʩʠʩʪʝʤʫ. ʕʪʘ ʧʨʦʙʣʝʤʘ ʧʝʨʠʦʜʠʯʝʩʢʠ 

ʩʣʫʯʘʝʪʩʷ ʧʨʠ ʩʙʦʨʢʝ, ʪʘʢ ʢʘʢ ʛʣʘʚʥʳʡ ʚʳʞʠʤʥʦʡ ʮʠʣʠʥʜʨ ʩʮʝʧʣʝʥʠʷ ʢʨʝʧʠʪʴʩʷ ʜʚʫʤʷ ʦʜʠʥʘʢʦʚʳʤʠ 

ʩ ʚʠʜʫ ʙʦʣʪʘʤʠ, ʥʦ ʨʘʟʥʦʡ ʜʣʠʥʳ. 
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ɼʠʥʦʩʪʝʥʜ ʟʘ 3 ʟʘʤʝʨʘ ʚ ʩʨʝʜʥʝʤ ʧʦʢʘʟʘʣ, ʯʪʦ ʤʦʪʦʨ ʚʳʜʘʸʪ 135,96 ʢɺʪ (100 ʣ.ʩ.) ʠ 147 ʅÖʤ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ (ʨʠʩʫʥʦʢ 3). ʅʘʰʠ ʜʦʨʘʙʦʪʢʠ ʜʘʣʠ ʧʨʠʨʦʩʪ ʚ 17,65 ʢɺʪ (24 ʣ.ʩ.) ʠ 

31 ʅÖʤ. ʊʘʢʞʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʟʘʤʝʨʳ ʨʘʟʛʦʥʘ ʤʘʰʠʥʳ ʩ 0 ʜʦ 100 ʢʤ/ʯ. ɼʦ ʜʦʨʘʙʦʪʦʢ ʤʘʰʠʥʘ 

ʨʘʟʛʦʥʷʣʘʩʴ ʩ 0 ʜʦ 100 ʢʤ/ʯ ʟʘ 16 ʩʝʢʫʥʜ, ʧʦʩʣʝ ʜʦʨʘʙʦʪʦʢ ʟʘ 12 ʩʝʢʫʥʜ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʦʚʝʜʝʥʥʳʝ ʜʦʨʘʙʦʪʢʠ ʜʘʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʧʨʠʙʘʚʢʫ ʢ ʤʦʱʥʦʩʪʠ ʜʚʠʛʘʪʝʣʷ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 3. ʇʦʢʘʟʘʪʝʣʠ ʜʠʥʦʩʪʝʥʜʘ 

 

ʅʘ ʤʦʤʝʥʪ ʚʳʧʫʩʢʘ ɺɸɿ-2107 ʩʯʠʪʘʣʩʷ ʩʘʤʳʤ ʙʳʩʪʨʳʤ ʟʘʜʥʝʧʨʠʚʦʜʥʳʤ ʩʝʜʘʥʦʤ ʠʟ 

ʚʳʧʫʱʝʥʥʳʭ ʨʘʥʝʝ ɺʦʣʞʩʢʠʤ ʘʚʪʦʟʘʚʦʜʦʤ ʤʦʜʝʣʝʡ. ɺʳʧʫʩʢʘʣʩʷ ʚ ʧʨʦʤʝʞʫʪʦʢ ʩ 1982 ʧʦ 2012. ɺɸɿ-

2107 ï ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ ʣʶʢʩ-ʚʝʨʩʠʷ ʘʚʪʦʤʦʙʠʣʷ ɺɸɿ-2105, ʢʦʪʦʨʳʡ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʝʜʸʪ ʩʚʦʸ 

ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʦʪ Fiat 124. ɼʘʥʥʳʡ ʘʚʪʦʤʦʙʠʣʴ ʦʯʝʥʴ ʧʦʧʫʣʷʨʝʥ ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ, ʛʜʝ ʫʞʝ ʜʘʚʥʦ 

ʩʪʘʣ ʢʫʣʴʪʦʚʳʤ, ʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʘʚʪʦʩʧʦʨʪʝ (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʨʘʣʣʠ). ʅʘ ʪʦ ʝʩʪʴ 

ʦʙʲʝʢʪʠʚʥʳʝ ʧʨʠʯʠʥʳ: ʧʨʦʩʪʘʷ ʢʦʥʩʪʨʫʢʮʠʷ, ʙʣʠʟʢʘʷ ʢ ʠʜʝʘʣʴʥʦʡ ʨʘʟʚʝʩʦʚʢʘ ʠ ʥʝʙʦʣʴʰʠʝ ʮʝʥʳ, ʢʘʢ 

ʩʘʤʠʭ ʤʘʰʠʥ, ʪʘʢ ʠ ʙʦʣʴʰʠʥʩʪʚʘ ʟʘʧʯʘʩʪʝʡ.  

ɹʳʣ ʧʨʦʚʝʜʝʥ ʨʷʜ ʤʝʨʦʧʨʠʷʪʠʡ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʤʦʱʥʦʩʪʠ ʜʚʠʛʘʪʝʣʷ: ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʘ 

ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ; ʫʤʝʥʴʰʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʠʥʝʨʮʠʦʥʥʳʭ ʧʦʪʝʨʴ; ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ 

ʩʛʦʨʘʶʱʝʛʦ ʚ ʮʠʣʠʥʜʨʘʭ ʪʦʧʣʠʚʘ; ʫʚʝʣʠʯʝʥʠʝ ʩʪʝʧʝʥʠ ʩʞʘʪʠʷ ʪʦʧʣʠʚʥʦ-ʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ; ʫʩʢʦʨʝʥʠʝ 

ʚʳʙʨʦʩʘ ʚʳʭʣʦʧʥʳʭ ʛʘʟʦʚ. 

ɺʳʧʦʣʥʝʥʥʳʡ ʢʦʤʧʣʝʢʩ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʫʚʝʣʠʯʝʥʠʶ ʤʦʱʥʦʩʪʠ, ʜʚʠʛʘʪʝʣʷ ʜʠʥʦʩʪʝʥʜ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʤʦʪʦʨ ʚʳʜʘʸʪ 100 ʣ.ʩ. ʠ 147 ʅÖʤ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ. ʅʘʰʠ ʜʦʨʘʙʦʪʢʠ 

ʜʘʣʠ ʧʨʠʨʦʩʪ ʚ 24 ʣ.ʩ. ʠ 31 ʅÖʤ.  

ʊʘʢʞʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʟʘʤʝʨʳ ʨʘʟʛʦʥʘ ʤʘʰʠʥʳ ʩ 0 ʜʦ 100 ʢʤ/ʯ. ɼʦ ʜʦʨʘʙʦʪʦʢ ʤʘʰʠʥʘ 

ʨʘʟʛʦʥʷʣʘʩʴ ʩ 0 ʜʦ 100 ʢʤ/ʯ ʟʘ 16 ʩʝʢʫʥʜ, ʧʦʩʣʝ ʜʦʨʘʙʦʪʦʢ ʟʘ 12 ʩʝʢʫʥʜ.  

ʕʪʦ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʦʚʝʜʝʥʥʳʝ ʜʦʨʘʙʦʪʢʠ ʜʘʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʧʨʠʙʘʚʢʫ ʢ ʤʦʱʥʦʩʪʠ 

ʜʚʠʛʘʪʝʣʷ. ʄʘʪʝʨʠʘʣ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʫʯʘʱʠʤʠʩʷ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʦʙʱʝʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʜʚʠʛʘʪʝʣʷ ʠ ʢʘʢ ʧʦʩʦʙʠʝ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʤʦʱʥʦʩʪʠ ʜʚʠʛʘʪʝʣʷ. 
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ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʦʭʦʪʥʠʯʴʝʛʦ ʧʨʦʤʳʩʣʘ, ʤʘʪʝʨʠʢʦʚʦʛʦ ʨʳʙʦʣʦʚʩʪʚʘ ʠ ʦʣʝʥʝʚʦʜʩʪʚʘ 

ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʩʪʝʧʝʥʠ ʤʝʭʘʥʠʟʘʮʠʠ ʪʨʫʜʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʥʝʛʦʭʦʜʥʦʡ ʪʝʭʥʠʢʠ. 

ʉʥʝʛʦʭʦʜʳ ʚʦʩʪʨʝʙʦʚʘʥʳ ʜʣʷ ʜʦʩʪʘʚʢʠ ʛʨʫʟʦʚ ʯʝʨʝʟ ʥʝʧʨʦʭʦʜʠʤʳʝ ʫʯʘʩʪʢʠ ʩʥʝʞʥʦʛʦ ʙʝʟʜʦʨʦʞʴʷ ʧʨʠ 

ʦʙʩʣʫʞʠʚʘʥʠʠ ʛʘʟʦʧʨʦʚʦʜʦʚ, ʥʝʬʪʝʧʨʦʚʦʜʦʚ, ʣʠʥʠʡ ʩʚʷʟʠ ʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ; ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʙʦʪʳ 

ʧʦʛʨʘʥʠʯʥʠʢʦʚ, ʧʦʣʠʮʠʠ, ʧʨʦʚʝʜʝʥʠʷ ʩʧʘʩʘʪʝʣʴʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʦʙʝʩʧʝʯʝʥʠʷ ʤʝʜʠʮʠʥʩʢʠʤ 

ʦʙʩʣʫʞʠʚʘʥʠʝʤ ʦʪʜʘʣʝʥʥʳʭ ʨʘʡʦʥʦʚ. ʇʦ ʩʝʤʴ ʠ ʙʦʣʝʝ ʟʠʤʥʠʭ ʤʝʩʷʮʝʚ ʚ ʛʦʜʫ ʦʥʠ ʷʚʣʷʶʪʩʷ 

ʥʝʟʘʤʝʥʠʤʳʤ ʚʠʜʦʤ ʪʨʘʥʩʧʦʨʪʘ [1]. 

ʊʨʘʥʩʧʦʨʪʥʦʝ ʩʦʦʙʱʝʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʥʝʛʦʭʦʜʦʚ ʢʨʘʡʥʝ ʚʘʞʥʦ ʜʣʷ ʩʦʮʠʘʣʴʥʦ-

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʨʘʡʦʥʦʚ ʉʝʚʝʨʘ ʠ ʪʨʝʙʫʝʪ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ʀʥʪʝʥʩʠʬʠʢʘʮʠʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚʦʟʤʦʞʥʘ ʟʘ ʩʯʝʪ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ 

ʧʝʨʝʜʚʠʞʝʥʠʷ ʠ ʫʚʝʣʠʯʝʥʠʷ ʦʙʲʸʤʘ ʛʨʫʟʦʧʝʨʝʚʦʟʦʢ. ʇʨʠʮʝʧʥʦʡ ʧʦʜʚʠʞʥʦʡ ʩʦʩʪʘʚ ʫʤʥʦʞʘʝʪ 

ʟʥʘʯʠʤʦʩʪʴ ʩʥʝʛʦʭʦʜʦʚ ʜʣʷ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʡ ʚ ʦʪʨʘʩʣʷʭ.  

ʆʜʥʘʢʦ ʩʧʝʢʪʨ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʧʦʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦ ʢʦʪʦʨʦʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʵʢʩʧʣʫʘʪʘʮʠʷ 

ʪʝʭʥʠʢʠ, ʯʨʝʟʚʳʯʘʡʥʦ ʰʠʨʦʢ ʠ ʠʟʤʝʥʯʠʚ ʚ ʪʝʯʝʥʠʠ ʩʝʟʦʥʘ ʵʢʩʧʣʫʘʪʘʮʠʠ: ʟʘʩʥʝʞʝʥʥʳʝ ʜʦʨʦʛʠ ʦʙʱʝʛʦ 

ʧʦʣʴʟʦʚʘʥʠʷ, ʦʪʢʨʳʪʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʦʣʝʡ, ʩʪʝʧʠ, ʪʫʥʜʨʳ, ʛʦʨʠʩʪʘʷ, ʧʝʨʝʩʝʯʝʥʥʘʷ ʤʝʩʪʥʦʩʪʴ, 

ʟʘʢʫʩʪʘʨʝʥʥʳʝ ʪʝʨʨʠʪʦʨʠʠ, ʣʝʩʥʳʝ ʤʘʩʩʠʚʳ, ʣʸʜ ʟʘʤʸʨʟʰʠʭ ʚʦʜʦʸʤʦʚ; ʤʦʢʨʳʡ ʩʥʝʛ, ʛʣʫʙʦʢʠʡ 

ʨʳʭʣʳʡ ʩʥʝʛ, ʩʣʦʠʩʪʳʡ ʩʥʝʛ, ʥʘʩʪ, ʥʘʣʝʜʴ ʠ ʪ.ʧ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʩʦʙʫʶ ʚʘʞʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʶʪ 
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ʧʘʨʘʤʝʪʨʳ ʧʨʠʮʝʧʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʚʳʩʦʢʠʝ ʧʨʦʬʠʣʴʥʫʶ ʠ ʦʧʦʨʥʦ-ʩʮʝʧʥʫʶ ʧʨʦʭʦʜʠʤʦʩʪʴ, 

ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʚʠʞʝʥʠʷ [2].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʛʨʫʟʦʧʝʨʝʚʦʟʦʢ ʟʘʚʠʩʠʪ ʥʘʧʨʷʤʫʶ ʠʣʠ ʢʦʩʚʝʥʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʫʩʪʨʦʡʩʪʚʘ ʰʘʩʩʠ ʧʨʠʮʝʧʘ, ʘ ʠʤʝʥʥʦ ï ʢʦʥʩʪʨʫʢʮʠʝʡ ʧʦʜʚʝʩʢʠ. ʈʘʟʨʘʙʦʪʢʘ ʫʟʣʘ 

ʧʦʜʚʝʩʢʠ ʩʘʥʥʳʭ ʧʨʠʮʝʧʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʥʝʦʙʭʦʜʠʤʫʶ ʵʥʝʨʛʦʸʤʢʦʩʪʴ, ʜʝʤʧʬʠʨʫʶʱʠʝ ʩʚʦʡʩʪʚʘ 

ʠ ʰʠʨʦʢʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʘ [3]. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʧʦʜʚʝʩʢʠ ʩʘʥʥʦʛʦ ʧʨʠʮʝʧʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ 

ʥʝʦʙʭʦʜʠʤʫʶ ʵʥʝʨʛʦʸʤʢʦʩʪʴ, ʧʣʘʚʥʦʩʪʴ ʭʦʜʘ ʠ ʰʠʨʦʢʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ. 

ɿʘʜʘʯʠ: 

1. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʧʝʮʠʬʠʢʫ ʠ ʚʘʞʥʦʩʪʴ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʦʦʙʱʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʥʝʛʦʭʦʜʥʳʭ ʧʦʝʟʜʦʚ ʜʣʷ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʨʘʡʦʥʦʚ ʉʝʚʝʨʘ.  

2. ʆʙʦʩʥʦʚʘʪʴ ʩʧʦʩʦʙ ʠʟʤʝʥʝʥʠʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʘʥʥʦʛʦ 

ʧʨʠʮʝʧʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʨʠʨʦʜʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʡ ʠ ʨʘʟʨʘʙʦʪʘʪʴ ʰʘʩʩʠ ʜʣʷ ʝʛʦ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ. 

3. ʇʦʜʘʪʴ ʟʘʷʚʢʫ ʥʘ ʧʘʪʝʥʪʥʫʶ ʟʘʱʠʪʫ ʨʝʟʫʣʴʪʘʪʦʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

4. ʇʨʦʚʝʩʪʠ ʧʦʜʙʦʨ ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʩʦʟʜʘʥʠʷ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʫʟʣʘ ʧʦʜʚʝʩʢʠ 

ʩʘʥʥʦʛʦ ʧʨʠʮʝʧʘ. 

ɺ ʧʨʦʮʝʩʩʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʠʩʢʘ ʠʩʩʣʝʜʦʚʘʥʦ ʙʦʣʝʝ 3ʦ ʨʘʟʣʠʯʥʳʭ ʧʨʠʮʝʧʦʚ, 

ʚʳʧʫʩʢʘʝʤʳʭ ʩʝʨʠʡʥʦ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʠ ʟʘʨʫʙʝʞʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ, ʘ ʪʘʢʞʝ ʩʘʤʦʜʝʣʴʥʳʭ ʩ 

ʚʳʜʝʣʝʥʠʝʤ ʜʦʩʪʦʠʥʩʪʚ ʠ ʥʝʜʦʩʪʘʪʢʦʚ ʢʦʥʩʪʨʫʢʮʠʠ. ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ 56% ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʧʨʠʮʝʧʦʚ ï ʵʪʦ ʩʘʥʥʳʝ ʧʨʠʮʝʧʳ ʥʘ ʚʳʩʦʢʠʭ ʜʦ 25 ʩʤ. ʧʦʣʦʟʴʷʭ, 43% - ʩʘʥʠ-ʚʦʣʦʢʫʰʠ, 1 % - 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʠ ʜʨʫʛʠʝ.  

ɸʥʘʣʠʟ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʠ ʧʘʪʝʥʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʧʦʟʚʦʣʠʣ ʚʳʜʝʣʠʪʴ ʚ ʢʘʯʝʩʪʚʝ 

ʘʥʘʣʦʛʦʚ ʠ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʧʘʪʝʥʪʳ ʥʘ ʪʝʤʳ: ʭʦʜʦʚʘʷ ʯʘʩʪʴ ʩʘʥʝʡ ʠ ʩʘʥʥʳʭ ʧʨʠʮʝʧʦʚ, 

RU2710899, RU159567U1, RU175786, US3788670, US3653677A1, US9487225B1, US3741577A, 

JP3207642U; ʫʩʪʨʦʡʩʪʚʦ ʧʥʝʚʤʦʧʦʜʚʝʩʦʢ, ʧʥʝʚʤʦʩʠʩʪʝʤ ʠ ʩʧʦʩʦʙʳ ʫʧʨʘʚʣʝʥʠʷ ʠʤʠ: US5403031, 

US4619578, US5203585, RU 2697795, RU 2655102, RU2056301C1. 

ʊʨʘʥʩʧʦʨʪʥʳʝ ʩʘʥʠ ʤʝʪʘʣʣʠʯʝʩʢʠʝ RU2710899 ʩʦʜʝʨʞʘʪ ʣʳʞʠ, ʧʣʘʪʬʦʨʤʫ ʠ ʵʣʘʩʪʠʯʥʳʝ 

ʵʣʝʤʝʥʪʳ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ʧʣʘʪʬʦʨʤʳ ʩ ʣʳʞʘʤʠ. ɼʣʷ ʦʙʣʝʛʯʝʥʠʷ ʧʨʦʮʝʩʩʘ ʩʪʨʘʛʠʚʘʥʠʷ ʧʦʚʦʨʦʪʥʳʡ 

ʫʟʝʣ ʢʘʞʜʦʡ ʣʳʞʠ ʧʝʨʝʜʥʝʡ ʧʘʨʳ ʫʩʪʘʥʦʚʣʝʥ ʥʘ ʩʢʦʣʴʟʷʱʠʭ ʥʘʧʨʘʚʣʷʶʱʠʭ, ʟʘʢʨʝʧʣʝʥʥʳʭ ʥʘ ʨʘʤʝ, ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʦʜʦʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʧʝʨʝʜʥʝʡ ʧʘʨʳ ʣʳʞ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʤʳ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʩʠʥʭʨʦʥʥʦʛʦ ʧʦʚʦʨʦʪʘ ʣʳʞʠ ʢʘʞʜʦʡ ʧʘʨʳ ʩʦʝʜʠʥʝʥʳ ʩʚʦʠʤʠ ʧʝʨʝʜʥʠʤʠ ʯʘʩʪʷʤʠ ʧʦʩʨʝʜʩʪʚʦʤ 

ʧʦʧʝʨʝʯʥʦʡ ʰʪʘʥʛʠ. 

ʊʝʭʥʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʚʝʣʠʯʝʥʠʠ ʛʨʫʟʦʚʤʝʩʪʠʤʦʩʪʠ ʧʨʠ ʚʳʩʦʢʠʭ ʤʘʥʝʚʨʦʚʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʟʘ ʩʯʝʪ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʚʦʨʦʪʘ ʠ ʦʪʢʣʦʥʝʥʠʷ ʣʳʞ ʚ ʨʘʟʥʳʭ ʧʣʦʩʢʦʩʪʷʭ. 

ʂʦʤʧʘʢʪʥʦʩʪʠ ʠʭ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʚ ʩʣʦʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʩ ʧʦʤʦʱʴʶ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. 

ʅʝʜʦʩʪʘʪʦʢ: ʢʫʟʦʚ ʥʝ ʠʤʝʝʪ ʧʣʦʩʢʦʛʦ ʜʥʠʱʘ ʠ ʙʦʢʦʚʳʭ ʩʪʝʥʦʢ, ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥ ʜʣʷ 

ʧʝʨʝʚʦʟʢʠ ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʪʠʧʘ ʛʨʫʟʘ ï ʩʨʫʙʣʝʥʥʳʭ ʩʪʚʦʣʦʚ ʜʝʨʝʚʴʝʚ. 

ʉʘʥʠ ʜʣʷ ʩʥʝʛʦʭʦʜʘ RU159567U1 ʩʦʜʝʨʞʘʪ ʟʘʛʥʫʪʳʝ ʚ ʧʝʨʝʜʥʝʡ ʯʘʩʪʠ ʧʦʣʦʟʴʷ, ʚʳʧʦʣʥʝʥʥʳʝ 

ʠʟ ʪʨʫʙ, ʢʦʪʦʨʳʝ ʩʮʝʧʣʝʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦʧʝʨʝʯʥʦ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʢʨʝʧʝʞʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, 

ʛʨʫʟʦʚʫʶ ʧʣʘʪʬʦʨʤʫ, ʦʛʨʘʞʜʝʥʠʝ ʧʣʘʪʬʦʨʤʳ, ʰʘʨʥʠʨʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʧʣʘʪʬʦʨʤʳ ʩ ʜʳʰʣʦʤ, 

ʰʘʨʥʠʨʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʛʨʫʟʦʚʦʡ ʧʣʘʪʬʦʨʤʳ ʠ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʩʠʜʝʥʠʷ, ʫʟʝʣ ʘʤʦʨʪʠʟʘʪʦʨʘ, ʢʦʪʦʨʳʡ 

ʨʘʩʧʦʣʦʞʝʥ ʤʝʞʜʫ ʧʦʣʦʟʴʷʤʠ ʠ ʧʣʘʪʬʦʨʤʦʡ. 

ʊʝʭʥʠʯʝʩʢʠʡ ʨʝʟʫʣʴʪʘʪ - ʧʦʚʳʰʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʩʘʥʝʡ. 

ʅʝʜʦʩʪʘʪʦʢ ʩʘʥʝʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʭ ʥʠʟʢʦʡ ʤʘʥʝʚʨʝʥʥʦʩʪʠ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʚʨʝʞʜʝʥʠʷ ʣʳʞ 

ʩʢʨʳʪʳʤʠ ʚ ʩʥʝʛʫ ʧʨʝʧʷʪʩʪʚʠʷʤʠ ʥʘ ʧʦʚʦʨʦʪʘʭ. ɺʳʩʦʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʚʠʞʝʥʠʶ ʧʦ ʛʣʫʙʦʢʦʤʫ 

ʨʳʭʣʦʤʫ ʩʥʝʛʫ ʠ ʟʘʢʫʩʪʘʨʝʥʥʦʡ ʤʝʩʪʥʦʩʪʠ. ʀʟ-ʟʘ ʙʦʣʴʰʠʭ ʛʘʙʘʨʠʪʥʳʭ ʨʘʟʤʝʨʦʚ ʩʘʥʠ ʩʣʦʞʥʦ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʪʴ ʚ ʢʫʟʦʚʝ ʧʨʠʮʝʧʘ. 

ɹʣʦʢ ʜʣʷ ʢʝʤʧʠʥʛʘ US3653677A1 ʤʦʞʝʪ ʩʢʣʘʜʳʚʘʪʴʩʷ ʚ ʢʦʤʧʘʢʪʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ ʜʣʷ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ. ʀʤʝʝʪ ʫʥʠʚʝʨʩʘʣʴʥʦʝ ʩʮʝʧʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʢʨʝʧʣʝʥʠʷ ʢ ʙʦʣʴʰʦʤʫ 

ʨʘʟʥʦʦʙʨʘʟʠʶ ʤʦʜʝʣʝʡ ʤʦʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʚ ʪ.ʯ. ʜʣʷ ʙʫʢʩʠʨʦʚʢʠ ʩʥʝʛʦʭʦʜʦʤ ʠʣʠ ʥʝʙʦʣʴʰʠʤ 

ʘʚʪʦʤʦʙʠʣʝʤ. 

ʉʘʥʠ, US9487225B1 ʩʦʜʝʨʞʘʪ ʨʘʤʫ, ʢʦʨʧʫʩ, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʥʘ ʫʢʘʟʘʥʥʦʡ ʨʘʤʝ, ʫʟʝʣ ʩʪʦʡʢʠ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʥʘ ʯʘʩʪʠ ʢʦʨʧʫʩʘ; ʧʘʨʫ ʣʳʞ ʚ ʩʙʦʨʝ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʧʨʠʢʨʝʧʣʝʥʘ ʢ ʥʠʞʥʝʡ ʯʘʩʪʠ 

ʨʘʤʳ. 

ɼʦʩʪʦʠʥʩʪʚʘ: ʢʦʤʧʘʢʪʥʦʩʪʴ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ, ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʜʦʨʦʞʥʦʛʦ 

ʧʨʦʩʚʝʪʘ. 
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ʅʝʜʦʩʪʘʪʦʢ ï ʥʠʟʢʠʝ ʧʣʘʚʥʦʩʪʴ ʭʦʜʘ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʧʦʜʚʝʩʢʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʚ ʨʳʭʣʦʤ 

ʩʥʝʛʫ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʥʝʨʘʚʥʦʤʝʨʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʛʨʫʟʘ. ʊʨʫʜʦʸʤʢʦʩʪʴ ʚʳʪʘʩʢʠʚʘʥʠʷ ʧʨʠ 

ʟʘʩʪʨʝʚʘʥʠʠ ʚ ʛʣʫʙʦʢʦʤ ʨʳʭʣʦʤʫ ʩʥʝʛʫ ʠʣʠ ʥʘʣʝʜʠ. 

ʉʘʥʠ US3741577A ʜʣʷ ʩʥʝʛʦʭʦʜʘ, ʩʬʦʨʤʠʨʦʚʘʥʳ ʢʘʢ ʮʝʣʴʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ, ʠʤʝʶʱʘʷ 

ʧʨʷʤʦʫʛʦʣʴʥʫʶ ʦʪʢʨʳʪʫʶ ʚʝʨʭʥʶʶ ʯʘʩʪʴ, ʩʫʞʘʶʱʠʝʩʷ ʚʥʫʪʨʴ ʠʣʠ ʥʘʢʣʦʥʥʳʝ ʩʪʦʨʦʥʳ ʠ ʥʠʞʥʶʶ 

ʯʘʩʪʴ, ʠʤʝʶʱʫʶ ʧʨʷʤʫʶ ʯʘʩʪʴ ʠ ʥʘʢʣʦʥʥʫʶ ʯʘʩʪʴ, ʚʝʜʫʱʫʶ ʢ ʧʝʨʝʜʥʝʡ ʯʘʩʪʠ ʩʘʣʘʟʦʢ. 

ɼʦʩʪʦʠʥʩʪʚʘ ï ʢʦʤʧʦʟʠʪʥʘʷ ʮʝʣʴʥʘʷ ʬʦʨʤʦʚʘʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʩ ʠʟʥʦʩʦʩʪʦʡʢʦʡ ʦʧʦʨʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ, ʫʚʝʣʠʯʠʚʘʶʱʝʡ ʩʨʦʢ ʩʣʫʞʙʳ. ʉʪʘʙʠʣʴʥʦʩʪʴ ʩʣʝʜʦʚʘʥʠʷ ʟʘ ʩʥʝʛʦʭʦʜʦʤ ʠ ʙʦʣʴʰʘʷ 

ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ. 

ʅʝʜʦʩʪʘʪʢʠ: ʟʥʘʯʠʪʝʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʦʧʦʨʥʦʡ ʧʣʦʱʘʜʠ ʜʘʸʪ ʙʦʣʴʰʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʧʝʨʝʜʚʠʞʝʥʠʶ, ʩʥʠʞʝʥʠʝ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʠ ʙʦʣʴʰʦʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʤʦʪʦʧʦʝʟʜʘ. ʆʪʩʫʪʩʪʚʠʝ 

ʧʦʜʚʝʩʢʠ ʩʥʠʞʘʝʪ ʩʦʭʨʘʥʥʦʩʪʴ ʛʨʫʟʦʚ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʘʩʩʘʞʠʨʦʚ, ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʜʠʥʘʤʠʯʥʦʩʪʠ 

ʥʘʛʨʫʞʝʥʠʷ ʢʦʨʧʫʩ ʠ ʜʥʠʱʝ ʠʤʝʶʪ ʤʘʣʫʶ ʜʦʣʛʦʚʝʯʥʦʩʪʴ. 

 
 

ʈʠʩʫʥʦʢ 1. ï ʇʘʪʝʥʪʥʳʡ ʦʙʟʦʨ ʧʦ ʪʝʤʝ ʭʦʜʦʚʘʷ ʯʘʩʪʴ ʩʘʥʝʡ ʠ ʩʘʥʥʳʭ ʧʨʠʮʝʧʦʚ 

 

ʉʠʩʪʝʤʘ ʧʦʜʚʝʩʢʠ US5203585 ʢʦʣʝʩʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʚʢʣʶʯʘʝʪ ʧʨʦʜʦʣʴʥʳʡ ʨʳʯʘʛ ʩ 

ʨʘʟʜʚʦʝʥʥʦʡ ʙʘʣʢʦʡ, ʢʦʪʦʨʳʡ ʧʨʠʢʨʝʧʣʝʥ ʢ ʨʘʤʝ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʦʚʦʨʦʪʘ 

ʥʘ ʦʜʥʦʤ ʢʦʥʮʝ ʜʣʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʢʘʯʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʝ. ɼʨʫʛʦʡ ʢʦʥʝʮ 

ʧʨʦʜʦʣʴʥʦʛʦ ʨʳʯʘʛʘ ʧʦʜʜʝʨʞʠʚʘʝʪ ʫʟʝʣ ʧʥʝʚʤʘʪʠʯʝʩʢʦʡ ʨʝʩʩʦʨʳ. 

ɼʦʩʪʦʠʥʩʪʚʘ: ʫʥʠʚʝʨʩʘʣʠʟʘʮʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʣʶʙʦʤ ʪʨʘʥʩʧʦʨʪʥʦʤ ʩʨʝʜʩʪʚʝ. ʋʥʠʬʠʢʘʮʠʷ 

ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʧʨʘʚʳʭ-ʣʝʚʳʭ, ʧʝʨʝʜʥʠʭ-ʟʘʜʥʠʭ ʫʟʣʘʭ ʧʦʜʚʝʩʢʠ.  

ʅʝʜʦʩʪʘʪʦʢ ï ʛʨʦʤʦʟʜʢʘʷ ʢʦʥʩʪʨʫʢʮʠʷ, ʥʘʣʠʯʠʝ ʧʦʧʝʨʝʯʥʦʡ ʙʘʣʢʠ, ʫʤʝʥʴʰʘʶʱʝʡ ʜʦʨʦʞʥʳʡ 

ʧʨʦʩʚʝʪ. 

ʀʟʚʝʩʪʥʘ ʧʦʜʚʝʩʢʘ ʚʝʟʜʝʭʦʜʘ RU 2697795, ʢʦʪʦʨʘʷ ʩʦʜʝʨʞʠʪ ʟʘʤʢʥʫʪʫʶ ʚʦʟʜʫʰʥʫʶ 

ʤʘʛʠʩʪʨʘʣʴ, ʩʚʷʟʘʥʥʫʶ ʩ ʢʘʞʜʦʡ ʰʠʥʦʡ ʧʦʩʨʝʜʩʪʚʦʤ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʩ ʟʘʧʦʨʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʧʨʠ 

ʵʪʦʤ ʚ ʢʘʯʝʩʪʚʝ ʧʥʝʚʤʦʧʨʠʚʦʜʘ ʠ ʩʠʩʪʝʤʳ ʧʦʜʢʘʯʢʠ ʰʠʥ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚʳʭʣʦʧʥʘʷ ʩʠʩʪʝʤʘ ʜʚʠʛʘʪʝʣʷ.  

ʊʝʭʥʠʯʝʩʢʠʤ ʨʝʟʫʣʴʪʘʪʦʤ, ʥʘ ʜʦʩʪʠʞʝʥʠʝ ʢʦʪʦʨʦʛʦ ʥʘʧʨʘʚʣʝʥʦ ʟʘʷʚʣʝʥʥʦʝ ʠʟʦʙʨʝʪʝʥʠʝ, 

ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʧʣʘʚʥʦʩʪʠ ʭʦʜʘ ʚʝʟʜʝʭʦʜʘ. 
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ʅʝʜʦʩʪʘʪʢʦʤ ʠʟʦʙʨʝʪʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʜʜʝʨʞʘʥʠʝ ʜʘʚʣʝʥʠʷ ʟʘʜʘʥʥʦʡ ʚʝʣʠʯʠʥʳ ʚ ʰʠʥʘʭ ʚʩʝʭ 

ʢʦʣʝʩ ʦʜʥʦʚʨʝʤʝʥʥʦ. ʇʨʠ ʜʚʠʞʝʥʠʠ ʧʦ ʚʦʟʚʳʰʝʥʥʦʩʪʠ ʠʣʠ ʧʦ ʥʘʢʣʦʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʚʝʨʭ ʵʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʪʝʢʘʥʠʶ ʚʦʟʜʫʭʘ ʠʟ ʙʦʣʝʝ ʥʘʛʨʫʞʝʥʥʳʭ ʟʘʜʥʠʭ ʢʦʣʝʩ ʚ ʧʝʨʝʜʥʠʝ, ʥʘʨʫʞʥʳʡ ʜʠʘʤʝʪʨ 

ʢʦʣʝʩ ʠʟʤʝʥʷʝʪʩʷ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʠʟʤʝʥʷʶʪʩʷ ʣʠʥʝʡʥʳʝ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʥʠʭ ʠ ʟʘʜʥʠʭ ʢʦʣʝʩ, 

ʧʝʨʝʛʨʫʟʢʘ ʪʨʘʥʩʤʠʩʩʠʠ. ʆʜʥʠʤ ʠʟ ʥʝʛʘʪʠʚʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʪʘʢʦʡ ʩʠʪʫʘʮʠʠ ʷʚʣʷʝʪʩʷ ʧʦʚʨʝʞʜʝʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʰʠʥʘʤʠ ʧʨʠ ʧʨʦʙʫʢʩʦʚʳʚʘʥʠʠ ʢʦʣʝʩ ʨʘʟʥʦʛʦ ʜʠʘʤʝʪʨʘ (ʥʘʧʨʠʤʝʨ, 

ʧʦʚʨʝʞʜʝʥʠʝ ʪʨʘʚʷʥʦʛʦ ʧʦʢʨʦʚʘ, ʩʤʝʱʝʥʠʝ ʛʨʫʥʪʘ ʠ ʪ.ʜ.) [4]. 

ʉʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ ʜʘʚʣʝʥʠʷ RU 2655102 ʩʦʜʝʨʞʠʪ ʩʠʩʪʝʤʫ ʚʦʟʜʫʭʦʚʦʜʦʚ, ʟʘʧʦʨʥʳʝ ʵʣʝʤʝʥʪʳ, 

ʜʘʪʯʠʢʠ ʜʘʚʣʝʥʠʷ, ʫʧʨʘʚʣʝʥʠʝ ʠ ʫʩʪʨʦʡʩʪʚʦ. ʉʠʩʪʝʤʘ ʚʦʟʜʫʭʦʚʦʜʦʚ ʟʘʢʨʳʪʘʷ, ʩʦʩʪʦʠʪ ʠʟ ʚʘʢʫʫʤʥʦʛʦ 

ʠ ʥʘʛʥʝʪʘʪʝʣʴʥʦʛʦ ʧʘʪʨʫʙʢʦʚ, ʩʦʜʝʨʞʠʪ ʚʘʢʫʫʤʥʳʡ ʥʘʩʦʩ, ʢʦʪʦʨʳʡ ʚʤʝʩʪʝ ʩ ʫʩʪʨʦʡʩʪʚʦʤ ʫʧʨʘʚʣʝʥʠʷ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚ ʢʘʞʜʦʡ ʰʠʥʝ ʠʥʜʠʚʠʜʫʘʣʴʥʦ, ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʫʩʣʦʚʠʡ ʝʝ ʨʘʙʦʪʳ, 

ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʚʝʥʩʪʚʘ ʚʥʝʰʥʠʭ ʜʠʘʤʝʪʨʦʚ ʚʩʝʭ ʢʦʣʝʩ ʤʘʰʠʥʳ. 

ʊʝʭʥʠʯʝʩʢʠʡ ʨʝʟʫʣʴʪʘʪ - ʫʣʫʯʰʝʥʠʝ ʧʨʦʭʦʜʠʤʦʩʪʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʟʘ ʩʯʝʪ 

ʦʙʝʩʧʝʯʝʥʠʷ ʝʛʦ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʤʘʥʝʚʨʝʥʥʦʩʪʠ ʧʨʠ ʜʚʠʞʝʥʠʠ ʧʦ ʤʝʩʪʥʦʩʪʠ ʩ ʨʘʟʣʠʯʥʳʤ 

ʣʘʥʜʰʘʬʪʦʤ ʠ ʩʦʩʪʘʚʦʤ ʛʨʫʥʪʘ, ʘ ʪʘʢʞʝ ʩʥʠʞʝʥʠʝ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʰʠʥ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʩʨʝʜʩʪʚʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ. 

ʅʝʜʦʩʪʘʪʢʦʤ ʠʟʦʙʨʝʪʝʥʠʷ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʦʚ ʫʧʨʘʚʣʝʥʠʷ. 

ʇʥʝʚʤʦʧʦʜʚʝʩʢʘ ʩʦ ʩʪʘʙʠʣʠʟʘʪʦʨʦʤ RU 2056301C1 ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʝʭ ʫʧʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ, 

ʩʥʘʙʞʝʥʥʳʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʰʪʦʢʦʚʳʤʠ ʢʘʤʝʨʘʤʠ ʩʞʘʪʠʷ ʥʝʩʢʦʣʴʢʦ ʙʦʣʴʰʝʛʦ ʦʙʲʝʤʘ, ʯʝʤ 

ʦʩʪʘʣʴʥʳʝ. ʂʘʤʝʨʘ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʩʚʷʟʘʥʘ ʩ ʥʘʜʧʦʨʰʥʝʚʳʤʠ (ʨʘʟʥʦʠʤʝʥʥʳʤʠ) ʢʘʤʝʨʘʤʠ ʜʚʫʭ 

ʙʣʠʟʣʝʞʘʱʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʯʝʨʝʟ ʨʝʘʢʪʠʚʥʳʝ ʩʦʧʣʘ - ʩ ʰʪʦʢʦʚʦʡ ʢʘʤʝʨʦʡ ʥʘʠʙʦʣʝʝ ʫʜʘʣʝʥʥʦʛʦ 

ʵʣʝʤʝʥʪʘ, ʧʦʩʨʝʜʩʪʚʦʤ ʜʠʘʛʦʥʘʣʴʥʳʭ ʩʚʷʟʝʡ ʦʜʥʦʠʤʝʥʥʳʭ ʢʘʤʝʨ ʠ ʠʭ ʧʝʨʝʢʨʝʩʪʥʳʭ ʩʚʷʟʝʡ - ʩ 

ʨʘʟʥʦʠʤʝʥʥʳʤʠ ʢʘʤʝʨʘʤʠ ʯʝʨʝʟ ʩʦʝʜʠʥʠʪʝʣʴʥʳʝ ʢʦʨʦʙʘ. 

ɼʦʩʪʦʠʥʩʪʚʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʝʜʣʦʞʝʥʠʷ ï ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ 

ʫʧʨʦʱʝʥʠʠ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʅʝʜʦʩʪʘʪʦʢ ï ʪʨʝʙʫʝʪʩʷ ʪʦʥʢʘʷ ʧʦʜʛʦʥʢʘ ʜʠʘʤʝʪʨʦʚ ʪʨʫʙ ʠ ʨʝʘʢʪʠʚʥʳʭ ʩʦʧʝʣ, ʘ ʪʘʢʞʝ ʧʦʜʙʦʨ 

ʨʘʟʥʦʩʪʠ ʚ ʜʠʘʤʝʪʨʘʭ ʮʠʣʠʥʜʨʘ ʠ ʢʦʞʫʭʘ ʜʣʷ ʢʘʞʜʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ. 

 

 
ʈʠʩʫʥʦʢ 2. ï ʇʘʪʝʥʪʥʳʡ ʦʙʟʦʨ ʧʦ ʪʝʤʝ: çʋʩʪʨʦʡʩʪʚʦ ʧʥʝʚʤʦʧʦʜʚʝʩʦʢ, ʧʥʝʚʤʦʩʠʩʪʝʤ ʠ ʩʧʦʩʦʙʳ 

ʫʧʨʘʚʣʝʥʠʷ ʠʤʠè 
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ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʘʪʝʥʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʟ ʫʨʦʚʥʷ ʪʝʭʥʠʢʠ ʚʳʷʚʣʝʥʦ ʩʦʯʝʪʘʥʠʝ 

ʩʫʱʝʩʪʚʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ, ʩʧʦʩʦʙʥʳʭ ʦʙʝʩʧʝʯʠʪʴ ʥʦʚʠʟʥʫ ʠ ʩʦʚʦʢʫʧʥʦʩʪʴ ʪʝʭʥʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ:  

1. ʇʦʚʳʰʝʥʠʝ ʧʣʘʚʥʦʩʪʠ ʭʦʜʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʝʟʜʘ ʟʘ ʩʯʸʪ ʩʥʠʞʝʥʠʷ ʫʜʘʨʥʳʭ ʥʘʛʨʫʟʦʢ, 
ʫʧʨʫʛʠʭ ʠ ʨʝʟʦʥʘʥʩʥʳʭ ʢʦʣʝʙʘʥʠʡ ʚ ʭʦʜʦʚʦʡ ʯʘʩʪʠ ʧʨʠʮʝʧʘ ʠ ʩʮʝʧʥʦʤ ʟʚʝʥʝ;  

2. ɸʜʘʧʪʘʮʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʞʝʩʪʢʦʩʪʠ ʧʦʜʚʝʩʢʠ ʢ ʩʪʝʧʝʥʠ ʟʘʛʨʫʟʢʠ ʧʨʠʮʝʧʘ; 

3. ʇʦʚʳʰʝʥʠʝ ʧʨʦʬʠʣʴʥʦʡ ʠ ʦʧʦʨʥʦ-ʩʮʝʧʥʦʡ ʧʨʦʭʦʜʠʤʦʩʪʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʝʟʜʘ 

ʧʦʩʨʝʜʩʪʚʦʤ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥʳ ʜʦʨʦʞʥʦʛʦ ʧʨʦʩʚʝʪʘ ʧʨʠʮʝʧʘ; 

4. ʉʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʠ ʩʥʠʞʝʥʠʝ ʪʨʫʜʦʸʤʢʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʧʦʛʨʫʟʢʠ, ʚʳʛʨʫʟʢʠ ʛʨʫʟʦʚ ʠ 
ʧʦʚʳʰʝʥʠʝ ʠʭ ʙʝʟʦʧʘʩʥʦʩʪʠ;  

5. ʋʚʝʣʠʯʝʥʠʝ ʛʨʫʟʦʧʦʜʲʸʤʥʦʩʪʠ ʧʨʠʮʝʧʘ ʟʘ ʩʯʸʪ ʩʥʠʞʝʥʠʷ ʫʜʝʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʨʳʭʣʳʡ 
ʩʥʝʛ; 

6. ʂʦʥʩʪʨʫʢʪʠʚʥʘʷ ʘʜʘʧʪʘʮʠʷ ʧʨʠʮʝʧʘ ʢ ʰʠʨʦʢʦʤʫ ʨʘʟʥʦʦʙʨʘʟʠʶ ʠ ʠʟʤʝʥʝʥʠʶ ʧʨʠʨʦʜʥʦ-

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʡ.  

ʇʦʚʳʰʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʢʘʯʝʩʪʚʘ ʚʳʧʦʣʥʷʝʤʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʦʧʝʨʘʮʠʡ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʤʘʰʠʥ ʧʨʠ ʩʥʠʞʝʥʠʠ ʦʙʱʠʭ ʟʘʪʨʘʪ ʜʝʣʘʝʪ ʥʘʰʠ ʨʘʟʨʘʙʦʪʢʠ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʠ ʙʦʣʝʝ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʤʠ. ʈʘʟʨʘʙʘʪʳʚʘʝʤʳʡ ʧʨʠʮʝʧ ʙʫʜʝʪ ʧʦʣʝʟʝʥ ʜʣʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʦʮʝʩʩʦʚ: 

- ʦʭʦʪʥʠʯʴʝʛʦ ʭʦʟʷʡʩʪʚʘ ʉʝʚʝʨʥʳʭ ʪʝʨʨʠʪʦʨʠʡ; 

- ʛʝʦʣʦʛʦʨʘʟʚʝʜʢʠ ʠ ʜʦʙʳʯʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ; 

- ʨʝʢʨʝʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʣʶʜʝʡ ʠ ʪʫʨʠʩʪʠʯʝʩʢʠʭ ʦʨʛʘʥʠʟʘʮʠʡ; 

- ʄʏʉ ʠ ɺʇʂ ʈʦʩʩʠʠ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʢʨʘʝʚʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʘʚʪʦʥʦʤʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ 

çʂʨʘʩʥʦʷʨʩʢʠʡ ʢʨʘʝʚʦʡ ʬʦʥʜ ʧʦʜʜʝʨʞʢʠ ʥʘʫʯʥʦʡ ʠ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠè. 
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ʂ ʯʠʩʣʫ ʦʩʥʦʚʥʳʭ ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ 

ʫʟʣʦʚ ʠ ʘʛʨʝʛʘʪʦʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʪʨʘʢʪʦʨʦʚ, ʦʪʥʦʩʠʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ. 

ʇʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ ʧʦʥʠʞʘʝʪʩʷ ʪʝʧʣʦʚʦʡ ʨʝʞʠʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʩʠʩʪʝʤ ʜʠʟʝʣʷ ʠ ʪʨʘʥʩʤʠʩʩʠʠ. ɸʥʘʣʠʟ ʨʘʙʦʪʳ ʩʠʣʦʚʦʛʦ ʘʛʨʝʛʘʪʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʪʨʘʢʪʦʨʘ ʧʦ 

ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʨʝʞʠʤʘʤ ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ ʪʨʠ ʦʩʥʦʚʥʳʝ ʧʝʨʠʦʜʘ: 

ï ʧʫʩʢ ʠ ʥʘʯʘʣʦ ʨʘʙʦʪʳ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʪʝʧʣʦʚʦʤ ʩʦʩʪʦʷʥʠʠ, ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ; 

ï ʧʨʦʛʨʝʚ ʦʪ ʥʘʯʘʣʴʥʦʡ ʜʦ ʫʩʪʘʥʦʚʠʚʰʝʡʩʷ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ ʦʩʥʦʚʥʳʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʠʩʪʝʤ; 

ï ʨʘʙʦʪʘ ʧʨʠ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʪʝʧʣʦʚʦʤ ʨʝʞʠʤʝ. 

ɺ ɺʦʩʪʦʯʥʦ-ʉʠʙʠʨʩʢʦʤ ʨʝʛʠʦʥʝ ʢʦʣʝʙʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ ʧʨʦʠʩʭʦʜʷʪ ʚ 

ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ. ɼʣʷ ʮʝʥʪʨʘʣʴʥʳʭ ʨʘʡʦʥʦʚ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʷ ʵʪʠ ʢʦʣʝʙʘʥʠʷ ʜʦʩʪʠʛʘʶʪ 8ʦ 
ʦ
ʉ 

ʧʨʠ ʟʠʤʥʝʡ ʪʝʤʧʝʨʘʪʫʨʝ ʜʦ ʤʠʥʫʩ 45 
ʦ
ʉ. 

ɺ ʧʨʘʢʪʠʢʝ ʤʠʨʦʚʦʛʦ ʪʨʘʢʪʦʨʦʩʪʨʦʝʥʠʷ ʧʨʠʤʝʥʷʝʪʩʷ ʩʠʩʪʝʤʘ ʦʭʣʘʞʜʝʥʠʷ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ, 

ʩʦʜʝʨʞʘʱʘʷ ʨʘʜʠʘʪʦʨʳ ʥʝʟʘʚʠʩʠʤʳʭ ʢʦʥʪʫʨʦʚ ʦʭʣʘʞʜʝʥʠʷ, ʧʨʠʯʝʤ ʨʘʜʠʘʪʦʨʳ ʫʩʪʘʥʦʚʣʝʥʳ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚ ʚʦʟʜʫʰʥʦʤ ʧʦʪʦʢʝ ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʣʠʥʝʡʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʚʦ ʬʨʦʥʪʘʣʴʥʦʡ 

ʧʣʦʩʢʦʩʪʠ. ʊʘʢʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʣʠʰʴ ʦʭʣʘʞʜʝʥʠʝ ʘʛʨʝʛʘʪʦʚ ʤʦʪʦʨʥʦ-ʪʨʘʥʩʤʠʩʩʠʦʥʥʦʡ 

ʫʩʪʘʥʦʚʢʠ ʪʨʘʢʪʦʨʘ, ʠ ʥʝ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʧʣʦʪʫ ʥʘ ʥʝʢʦʪʦʨʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ. 

ʈʝʰʘʷ ʵʪʦʪ ʚʦʧʨʦʩ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʢʦʥʢʨʝʪʥʦʤʫ ʤʦʙʠʣʴʥʦʤʫ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤʫ ʩʨʝʜʩʪʚʫ, 

ʥʝʦʙʭʦʜʠʤʦ ʨʫʢʦʚʦʜʩʪʚʦʚʘʪʴʩʷ: 

- ʫʩʣʦʚʠʷʤʠ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʚ ʢʦʪʦʨʳʭ, ʧʨʠʜʝʪʩʷ ʨʘʙʦʪʘʪʴ ʪʨʘʢʪʦʨʫ;  

- ʪʨʘʜʠʮʠʷʤʠ, ʫʩʪʘʥʦʚʠʚʰʠʤʠʩʷ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʪʝʭʥʠʢʠ;  

- ʚʦʟʤʦʞʥʦʩʪʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʭʦʨʦʰʠʭ ʧʫʩʢʦʚʳʭ ʢʘʯʝʩʪʚ, ʧʨʠ ʥʠʟʢʠʭ ʦʪʨʠʮʘʪʝʣʴʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ; 

- ʜʦʩʪʘʪʦʯʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʦʭʣʘʞʜʝʥʠʷ, ʧʨʠ ʚʳʩʦʢʠʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ.  

ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʚʠʜʘ ʪʨʘʥʩʤʠʩʩʠʠ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʠʣʦʚʦʡ ʘʛʨʝʛʘʪ ʩ ʪʘʢʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʣʠ ʙʳ ʢʦʥʢʨʝʪʥʦʤʫ ʤʘʰʠʥʦʪʨʘʢʪʦʨʥʦʤʫ ʘʛʨʝʛʘʪʫ ʤʠʥʠʤʘʣʴʥʳʡ 

ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ.  

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʙʨʘʥ ʩʝʨʠʡʥʦ ʚʳʧʫʩʢʘʝʤʳʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʡ 

ʪʨʘʢʪʦʨ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ 6-ʛʦ ʪʷʛʦʚʦʛʦ ʢʣʘʩʩʘ çʂʠʨʦʚʝʮè ʂ-744ʈ2 ʢʦʤʧʣʝʢʪʘʮʠʷ çʉʪʘʥʜʘʨʪè 

ʧʨʦʠʟʚʦʜʩʪʚʘ ɸʆ çʇʝʪʝʨʙʫʨʛʩʢʠʡ ʪʨʘʢʪʦʨʥʳʡ ʟʘʚʦʜè. 

ʊʨʘʢʪʦʨ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʨʘʙʦʪ ʩ ʥʘʚʝʩʥʳʤʠ, ʧʦʣʫʥʘʚʝʩʥʳʤʠ ʠ ʧʨʠʮʝʧʥʳʤʠ ʤʘʰʠʥʘʤʠ ʠ ʦʨʫʜʠʷʤʠ, ʚ ʘʛʨʝʛʘʪʝ ʩ ʢʦʪʦʨʳʤʠ 

ʤʦʞʥʦ ʚʳʧʦʣʥʷʪʴ ʧʘʭʦʪʫ, ʢʫʣʴʪʠʚʘʮʠʶ, ʙʦʨʦʥʦʚʘʥʠʝ, ʧʦʩʝʚ, ʣʫʱʝʥʠʝ, ʜʠʩʢʦʚʘʥʠʝ, ʧʣʘʥʪʘʞ, 
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ʙʝʟʦʪʚʘʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ ʧʦʯʚʳ, ʩʥʝʛʦʟʘʜʝʨʞʘʥʠʝ ʠ ʜʨʫʛʠʝ ʚʠʜʳ ʨʘʙʦʪ. 

ʅʘ ʪʨʘʢʪʦʨʝ ʫʩʪʘʥʦʚʣʝʥ ʨʷʜʥʳʡ ʯʝʪʳʨʝʭʪʘʢʪʥʳʡ ʚʦʩʴʤʠʮʠʣʠʥʜʨʦʚʳʡ V-ʦʙʨʘʟʥʳʡ ʜʚʠʛʘʪʝʣʴ 

ʩ ʚʦʜʷʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ ʠ ʪʫʨʙʦʥʘʜʜʫʚʦʤ, ʤʦʱʥʦʩʪʴʶ 35ʦ ʣ.ʩ. ʉʠʩʪʝʤʘ ʦʭʣʘʞʜʝʥʠʷ ʜʚʠʛʘʪʝʣʷ 

ʟʘʢʨʳʪʘʷ, ʩ ʢʦʤʧʝʥʩʘʮʠʦʥʥʳʤ ʢʦʥʪʫʨʦʤ, ʩ ʧʨʠʥʫʜʠʪʝʣʴʥʦʡ ʮʠʨʢʫʣʷʮʠʝʡ ʦʭʣʘʞʜʘʶʱʝʡ ʞʠʜʢʦʩʪʠ. 

ɼʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʘ ʜʠʟʝʣʠ ʗʄɿ-238ʅɼ5 ʠ 8481.1ʦ ʩʥʘʙʞʝʥʳ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ ʚʝʥʪʠʣʷʪʦʨʦʤ. ʇʨʠ ʵʪʦʤ ʥʘ ʜʚʠʛʘʪʝʣʝ ʗʄɿ-238ʅɼ5 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʢʣʘʧʘʥ ʫʧʨʘʚʣʝʥʠʷ ʚʝʥʪʠʣʷʪʦʨʦʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʙʦʨʫʜʦʚʘʥ ʚʠʥʪʦʤ ʜʣʷ 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʢʣʶʯʝʥʠʷ ʚʝʥʪʠʣʷʪʦʨʘ. 

ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʪʨʘʢʪʦʨʘ ʷʚʣʷʝʪʩʷ ʪʨʘʥʩʤʠʩʩʠʷ - ʤʝʭʘʥʠʯʝʩʢʘʷ, 

ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʘʷ, ʯʝʪʳʨʝʭʨʝʞʠʤʥʘʷ, ʩ ʰʝʩʪʝʨʥʷʤʠ ʧʦʩʪʦʷʥʥʦʛʦ ʟʘʮʝʧʣʝʥʠʷ, ʩ ʤʝʭʘʥʠʯʝʩʢʠʤ 

ʧʨʠʚʦʜʦʤ ʧʝʨʝʢʣʶʯʝʥʠʷ ʨʝʞʠʤʦʚ ʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ ʧʝʨʝʢʣʶʯʝʥʠʝʤ ʧʝʨʝʜʘʯ ʙʝʟ ʨʘʟʨʳʚʘ ʧʦʪʦʢʘ 

ʤʦʱʥʦʩʪʠ ʚ ʧʨʝʜʝʣʘʭ ʣʶʙʦʛʦ ʠʟ ʨʝʞʠʤʦʚ. ʇʦʟʚʦʣʷʝʪ ʠʟʤʝʥʷʪʴ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʪʨʘʢʪʦʨʘ, 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʜʚʠʞʝʥʠʝ ʟʘʜʥʠʤ ʭʦʜʦʤ, ʚʢʣʶʯʘʪʴ ʟʘʜʥʠʡ ʚʝʜʫʱʠʡ ʤʦʩʪ, ʧʝʨʝʜʘʚʘʪʴ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ 

ʥʘ ʤʝʭʘʥʠʟʤ ʦʪʙʦʨʘ ʤʦʱʥʦʩʪʠ, ʧʨʦʠʟʚʦʜʠʪʴ ʧʫʩʢ ʜʚʠʛʘʪʝʣʷ ʩ "ʙʫʢʩʠʨʘ", ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʨʠʚʦʜ 

ʥʘʩʦʩʦʚ ʨʫʣʝʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʦʪ ʢʦʣʝʩ ʧʨʠ ʙʫʢʩʠʨʦʚʢʝ ʪʨʘʢʪʦʨʘ ʩ ʥʝʠʩʧʨʘʚʥʳʤ ʜʚʠʛʘʪʝʣʝʤ. ʏʪʦ 

ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʟʘʛʨʫʟʠʪʴ ʜʚʠʛʘʪʝʣʴ, ʥʦ ʩʥʠʞʘʝʪ ʂʇɼ ʩʠʣʦʚʦʛʦ ʘʛʨʝʛʘʪʘ ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʚʳʜʝʣʷʝʤʦʡ ʪʝʧʣʦʪʳ. 

ʅʝʜʦʩʪʘʪʦʢ ʪʘʢʦʡ ʩʠʩʪʝʤʳ, ʢʘʢ ʧʦʢʘʟʳʚʘʝʪ ʦʧʳʪ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʷʚʣʷʝʪʩʷ ʥʠʟʢʘʷ ʩʢʦʨʦʩʪʴ 

ʧʨʦʛʨʝʚʘ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʧʦʩʣʝ ʧʫʩʢʘ ʜʠʟʝʣʷ ʧʨʠ ʥʠʟʢʠʭ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʘ ʪʘʢʞʝ 

ʧʝʨʝʛʨʝʚ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʧʨʠ ʙʦʣʴʰʠʭ ʥʘʛʨʫʟʢʘʭ ʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ.  

ʅʘʠʙʦʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʥʘ ʥʘʰ ʚʟʛʣʷʜ: 

- ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʨʘʢʪʦʨʘ, ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʧʣʦʪʫ, ʦʪʚʦʜʠʤʫʶ ʤʦʪʦʨʥʦ-

ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʦʡ. ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʜʠʟʝʣʴ ʚʳʰʝʣ ʥʘ ʨʘʙʦʯʫʶ ʪʝʤʧʝʨʘʪʫʨʫ, ʪʝʧʣʦʪʘ ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʥʝʜʦʣʞʥʘ ʚʧʫʩʪʫʶ ʦʪʚʦʜʠʪʩʷ ʚ ʘʪʤʦʩʬʝʨʫ ʝʸ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʧʨʦʛʨʝʚʘ ʦʩʥʦʚʥʳʭ ʫʟʣʦʚ 

ʪʨʘʢʪʦʨʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʪʦʨʳʭ ʥʝ ʜʦʩʪʠʛʣʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ; 

- ʦʙʲʝʜʠʥʠʪʴ ʦʭʣʘʞʜʘʶʱʠʝ ʢʦʥʪʫʨʳ ʚ ʦʜʠʥ ʩ ʩʠʩʪʝʤʦʡ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ 

ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚʦʜʫ ʠʣʠ ʪʦʩʦʣ, ʪ.ʢ. ʠʭ ʪʝʧʣʦʝʤʢʦʩʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ 

ʪʝʧʣʦʝʤʢʦʩʪʠ ʤʘʩʝʣ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʩʠʩʪʝʤʘʭ ʩʤʘʟʢʠ ʜʠʟʝʣʷ ʠ ʚ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʚ 

ʢʦʨʦʙʢʠ ʧʝʨʝʜʘʯ; 

- ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ, ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ ʨʘʜʠʘʪʦʨ, ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʞʝʢʪʦʨ ʥʘ 

ʥʠʟʢʠʭ ʠ ʩʨʝʜʥʠʭ ʥʘʛʨʫʟʢʘʭ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʢʣʶʯʘʝʤʳʡ ʚʝʥʪʠʣʷʪʦʨ ʥʘ ʚʳʩʦʢʠʭ ʥʘʛʨʫʟʢʘʭ ʧʨʠ 

ʧʨʝʚʳʰʝʥʠʠ ʦʧʪʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ; 

- ʜʣʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʧʣʘ ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ ʩʛʦʨʘʥʠʠ ʪʦʧʣʠʚʘ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʧʣʦʪʫ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ ʧʫʪʝʤ ʫʩʪʘʥʦʚʢʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʨʝʢʫʧʝʨʘʪʠʚʥʦʛʦ 

ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ.  

ʇʨʝʜʣʘʛʘʝʤʘʷ ʩʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʠ ʧʦʚʳʩʠʪʴ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʨʘʜʠʘʪʦʨʥʦʛʦ ʙʣʦʢʘ ʚ ʫʩʣʦʚʠʷʭ ʢʨʫʧʥʦ- ʠ ʩʨʝʜʥʝʩʪʨʫʢʪʫʨʥʳʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ 

ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ. 

ʉʭʝʤʘ ʧʨʝʜʣʘʛʘʝʤʦʡ ʩʠʩʪʝʤʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ̫ʥʘ ʨʠʩʫʥʢʝ 1, ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ 

ʧʦʜʜʝʨʞʘʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʢʦʥʪʫʨʦʚ ʩʠʩʪʝʤ ʦʭʣʘʞʜʝʥʠʷ ʤʦʪʦʨʥʦ-ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ 

ʪʨʘʢʪʦʨʘ çʂʠʨʦʚʝʮè ʂ-744ʈ2. 

ʉʠʩʪʝʤʘ ʦʭʣʘʞʜʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ ʩʦʜʝʨʞʠʪ ʯʝʪʳʨʝ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʜʨʫʛ 

ʦʪ ʜʨʫʛʘ ʢʦʥʪʫʨʘ ʦʭʣʘʞʜʝʥʠʷ ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ, ʦʭʣʘʞʜʘʶʱʘʷ ʞʠʜʢʦʩʪʴ ʠ ʤʘʩʣʦ ʜʚʠʛʘʪʝʣʷ 

ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ, ʥʘʜʜʫʚʦʯʥʳʡ ʚʦʟʜʫʭ (ʥʘ ʨʠʩʫʥʢʝ ʥʝ ʧʦʢʘʟʘʥ), ʤʘʩʣʦ ʢʦʨʦʙʢʠ ʧʝʨʝʜʘʯ. 

ʆʭʣʘʞʜʘʶʱʠʡ ʢʦʥʪʫʨ ʩʥʘʙʞʝʥ ʜʚʫʭʩʝʢʮʠʦʥʥʳʤ ʨʘʜʠʘʪʦʨʦʤ (ʧʝʨʚʘʷ ʩʝʢʮʠʷ 4, ʚʪʦʨʘʷ ʩʝʢʮʠʷ 5) ʠ 

ʜʚʫʤʷ ʫʩʪʨʦʡʩʪʚʘʤʠ (ʧʝʨʚʦʝ 11, ʚʪʦʨʦʝ 12), ʨʘʩʧʨʝʜʝʣʷʶʱʠʤʠ ʧʦʪʦʢ ʦʭʣʘʞʜʘʶʱʝʡ ʞʠʜʢʦʩʪʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. ʉʝʢʮʠʠ ʨʘʜʠʘʪʦʨʘ ʨʘʩʧʦʣʦʞʝʥʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʘ ʤʝʞʜʫ ʥʠʤʠ 

ʧʦʤʝʱʝʥ ʪʝʧʣʦʦʙʤʝʥʥʠʢ 8 ʜʣʷ ʦʪʚʦʜʘ ʪʝʧʣʦʪʳ ʦʪ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʢʦʨʦʙʢʠ ʧʝʨʝʜʘʯ ʠ ʦʪ ʩʠʩʪʝʤʳ 

ʩʤʘʟʢʠ ʜʠʟʝʣʷ. ɺ ʧʝʨʚʦʡ ʩʝʢʮʠʠ ʨʘʜʠʘʪʦʨʘ ʚʳʧʦʣʥʝʥ ʧʘʪʨʫʙʦʢ, ʩʚʷʟʘʥʥʳʡ ʩ ʜʠʬʬʫʟʦʨʦʤ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʦʭʣʘʞʜʘʶʱʝʛʦ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ, ʘ ʚʦ ʚʪʦʨʦʡ ʩʝʢʮʠʠ ʚʝʥʪʠʣʷʪʦʨ ʩ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʚʢʣʶʯʘʝʤʳʤ ʧʨʠʚʦʜʦʤ. ʈʘʜʠʘʪʦʨʳ ʵʪʠʭ ʩʝʢʮʠʡ ʦʭʣʘʞʜʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʩʥʘʙʞʝʥʳ ʦʙʱʠʤʠ ʪʨʫʙʥʳʤʠ 

ʧʣʘʩʪʠʥʘʤʠ ʠ ʢʨʳʰʢʘʤʠ, ʦʙʨʘʟʫʶʱʠʤʠ ʢʦʣʣʝʢʪʦʨʥʳʝ ʧʦʣʦʩʪʠ ʨʘʜʠʘʪʦʨʦʚ.  

ʉʠʩʪʝʤʘ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʇʦʩʣʝ ʟʘʧʫʩʢʘ ʜʚʠʛʘʪʝʣʷ ʠ ʚ ʧʝʨʠʦʜ ʝʛʦ ʧʨʦʛʨʝʚʘ ʜʦ 

ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʨʘʙʦʪʘʚʰʠʝ ʛʘʟʳ ʧʦʩʣʝ ʪʫʨʙʠʥʳ ʠʜʫʪ ʯʝʨʝʟ ʪʝʧʣʦʦʙʤʝʥʥʠʢ 7 ʥʘ ʚʳʧʫʩʢ, 

ʤʠʤʦ ʵʞʝʢʪʦʨʘ, ʘ ʵʣʝʢʪʨʦʤʦʪʦʨ 1 ʥʝ ʚʨʘʱʘʝʪ ʚʝʥʪʠʣʷʪʦʨ. ʇʨʠ ʵʪʦʤ ʚʦʟʜʫʰʥʳʡ ʧʦʪʦʢ 

ʦʭʣʘʞʜʝʥʠʷ, ʧʨʦʭʦʜʷʱʠʡ ʯʝʨʝʟ ʨʘʜʠʘʪʦʨʳ ʢʦʥʪʫʨʦʚ, ʥʝ ʩʦʟʜʘʝʪʩʷ. ʆʭʣʘʞʜʘʶʱʘʷ ʞʠʜʢʦʩʪʴ ʧʦʩʣʝ 

ʫʩʪʨʦʡʩʪʚʘ, ʨʘʩʧʨʝʜʝʣʷʶʱʝʛʦ ʧʦʪʦʢʠ, ʧʦʜʦʛʨʝʚʘʝʪʩʷ ʦʪʨʘʙʦʪʘʚʰʠʤʠ ʛʘʟʘʤʠ ʚ ʪʝʧʣʦʦʙʤʝʥʥʠʢʠ 7 ʠ 
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ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʜʠʟʝʣʴ. 

ʇʦʩʣʝ ʧʨʦʛʨʝʚʘ ʜʚʠʛʘʪʝʣʷ ʜʦ ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʦʨʘʯʠʚʘʝʪʩʷ ʜʚʫʭʭʦʜʦʚʦʡ ʢʨʘʥ 13, ʠ 

ʦʪʨʘʙʦʪʘʚʰʠʝ ʛʘʟʳ ʠʟ ʪʫʨʙʠʥʳ 2 ʥʘʧʨʘʚʣʷʶʪʩʷ ʚ ʜʠʬʬʫʟʦʨ 3, ʩʦʟʜʘʚʘʷ ʧʦʪʦʢ ʦʭʣʘʞʜʘʶʱʝʛʦ ʚʦʟʜʫʭʘ 

ʯʝʨʝʟ ʧʝʨʚʫʶ ʩʝʢʮʠʶ ʨʘʜʠʘʪʦʨʳ. 

ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʜʚʠʛʘʪʝʣʝʤ ʚʝʨʭʥʝʛʦ ʧʨʝʜʝʣʘ ʜʠʘʧʘʟʦʥʘ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʚʢʣʶʯʘʝʪʩʷ ʧʨʠʚʦʜʘ ʚʝʥʪʠʣʷʪʦʨʘ 1 ʠ ʧʨʦʠʩʭʦʜʠʪ ʦʭʣʘʞʜʝʥʠʝ ʚʪʦʨʦʡ ʩʝʢʮʠʠ ʨʘʜʠʘʪʦʨʘ ʜʦ 

ʦʧʪʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. 

ɺʳʧʦʣʥʝʥʠʝ ʦʜʥʦʛʦ ʨʘʜʠʘʪʦʨʘ ʚ ʝʜʠʥʦʤ ʙʣʦʢʝ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʝ 

ʧʦʢʘʟʘʪʝʣʠ ʫʩʪʘʥʦʚʢʠ ʚ ʮʝʣʦʤ ʟʘ ʩʯʝʪ ʠʩʢʣʶʯʝʥʠʷ ʤʦʥʪʘʞʥʳʭ ʟʘʟʦʨʦʚ ʠ ʤʝʩʪ ʜʣʷ ʢʨʝʧʣʝʥʠʷ ʢʘʞʜʦʛʦ 

ʨʘʜʠʘʪʦʨʘ, ʧʨʠ ʵʪʦʤ ʩʥʠʞʘʝʪʩʷ ʪʨʫʜʦʝʤʢʦʩʪʴ ʩʙʦʨʢʠ ʨʘʜʠʘʪʦʨʦʚ. ʋʩʪʘʥʦʚʢʘ ʨʘʜʠʘʪʦʨʦʚ ʚ ʝʜʠʥʦʤ 

ʙʣʦʢʝ, ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦʪʦʢʫ ʚʦʟʜʫʭʘ ʟʘ ʩʯʝʪ ʠʩʢʣʶʯʝʥʠʷ ʟʦʥ 

ʚʥʝʟʘʧʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʠ ʫʤʝʥʴʰʠʪʴ ʩʢʣʦʥʥʦʩʪʴ ʨʘʜʠʘʪʦʨʦʚ ʢ ʟʘʩʦʨʝʥʠʶ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʧʦʚʳʰʝʥʠʶ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʨʘʜʠʘʪʦʨʦʚ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʞʝʢʪʦʨʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʦʭʣʘʞʜʘʶʱʝʛʦ ʧʦʪʦʢʘ ʠ ʵʣʝʢʪʨʦʤʘʪʦʨʘ ʜʣʷ ʧʨʠʚʦʜʘ 

ʚʝʥʪʠʣʷʪʦʨʘ ʩʥʠʞʝʥʠʶ ʟʘʪʨʘʪ ʤʦʱʥʦʩʪʠ ʥʘ ʦʭʣʘʞʜʝʥʠʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʟʘʚʦʜʩʢʦʡ ʩʠʩʪʝʤʝ 

ʦʭʣʘʞʜʝʥʠʷ, ʛʜʝ ʧʨʠʚʦʜ ʚʝʥʪʠʣʷʪʦʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʦ. ʆʩʦʙʝʥʥʦ ʷʚʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʨʝʜʣʘʛʘʝʤʦʡ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ ʚ ʧʝʨʠʦʜ ʥʠʟʢʠʭ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʦʢʨʫʞʘʶʱʝʛʦ 

ʚʦʟʜʫʭʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʩʠʩʪʝʤʘ ʧʦʜʜʝʨʞʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʩʣʘ ʙʳʣʘ 

ʠʟʤʝʥʝʥʘ. ʀʟʤʝʥʝʥʠʷ, ʚʥʝʩʸʥʥʳʝ ʚ ʩʠʩʪʝʤʫ, ʧʦʟʚʦʣʠʣʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʨʘʙʦʯʠʭ 

ʪʝʤʧʝʨʘʪʫʨ, ʘ ʪʘʢʞʝ ʩʦʢʨʘʪʠʪʴ ʧʝʨʠʦʜ ʧʨʦʛʨʝʚʘ ʟʘ ʩʯʝʪ ʧʦʜʦʛʨʝʚʘ ʦʭʣʘʞʜʘʶʱʝʡ ʞʠʜʢʦʩʪʴʶ ʜʠʟʝʣʷ. 

ɼʣʷ ʘʜʘʧʪʘʮʠʠ ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʢ ʠʟʤʝʥʷʶʱʠʤʩʷ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ, ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ, ʧʨʝʜʣʦʞʝʥʘ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʜʘʚʣʝʥʠʷ ʠ ʦʭʣʘʞʜʝʥʠʷ 

ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ, ʠʩʢʣʶʯʘʶʱʘʷ ʥʝʜʦʩʪʘʪʢʠ ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʠʩʪʝʤʳ ʧʠʪʘʥʠʷ ʛʠʜʨʦʤʝʭʘʥʠʯʝʩʢʦʡ 

ʪʨʘʥʩʤʠʩʩʠʠ, ʟʘ ʩʯʝʪ ʩʦʢʨʘʱʝʥʠʷ ʧʝʨʠʦʜʘ ʧʨʦʛʨʝʚʘ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ, ʦʪ ʥʘʯʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 

ʦʧʪʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʩʣʘ. 

ʈʝʟʫʣʴʪʘʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʳ: 

1. ʇʨʠʯʠʥʳ ʥʠʟʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʛʠʜʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʪʨʘʥʩʤʠʩʩʠʠ ʠ ʦʭʣʘʞʜʘʶʱʝʡ ʞʠʜʢʦʩʪʠ ʜʠʟʝʣʷ. 

2. ʈʘʟʨʘʙʦʪʘʥʳ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ ʩ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ 

ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʩʠʣʦʚʦʛʦ ʘʛʨʝʛʘʪʘ. 

3. ʋʩʪʘʥʦʚʣʝʥʳ ʨʘʮʠʦʥʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʧʠʪʘʥʠʷ 

ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. ʆʙʦʩʥʦʚʘʥʘ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʙʦʯʝʡ 

ʞʠʜʢʦʩʪʠ ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʘʜʘʧʪʠʨʦʚʘʥʥʘʷ ʢ ʠʟʤʝʥʷʶʱʠʤʩʷ ʧʦʛʦʜʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ 

ʫʩʣʦʚʠʷʤ  
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Abstract: the specificity of production processes and the environment for the use of medium and 

heavy motoblocks has been analyzed. The similarity of the design of the trailed rolling train to passenger 

cars, minitractors and two-wheel tractors has been established. The possibility of constructive adaptation of 

single-axle trailers of category O1 to use in combination with two-wheel tractors-motoblocks of classes ʦ,1 ï 

ʦ,2 was revealed. The technical characteristics of the adapter have been formulated. 

Key words: two-wheel tractor, trailer, universalization, adaptation, technical characteristics, 

switching equipment, adapter. 

 

ʋʥʠʚʝʨʩʘʣʠʟʘʮʠʷ ʪʝʭʥʠʢʠ ʦʢʘʟʳʚʘʝʪ ʜʚʦʷʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʩʣʝʜʩʪʚʠʷ ʚ 

ʩʬʝʨʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʫʥʠʚʝʨʩʘʣʠʟʘʮʠʷ ʤʘʰʠʥʳ ʫʩʣʦʞʥʷʝʪ ʝʸ 

ʢʦʥʩʪʨʫʢʮʠʶ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʩʪʦʠʤʦʩʪʴ. ʋʥʠʚʝʨʩʘʣʴʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʤʝʥʝʝ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳ ʧʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʦʜʥʦʠʤʝʥʥʳʭ ʦʧʝʨʘʮʠʡ. ɹʦʣʝʝ ʥʠʟʢʠʤ ʤʦʞʝʪ ʙʳʪʴ ʠ ʢʘʯʝʩʪʚʦ 

ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʠ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʤʘʰʠʥʦʡ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʫʥʠʚʝʨʩʘʣʠʟʘʮʠʷ ʤʘʰʠʥ 

ʩʦʢʨʘʱʘʝʪ ʥʦʤʝʥʢʣʘʪʫʨʫ ʥʝʦʙʭʦʜʠʤʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʧʨʦʩʪʦʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ, ʩʫʤʤʘʨʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ, ʨʝʤʦʥʪ ʠ 

ʭʨʘʥʝʥʠʝ ʪʝʭʥʠʢʠ, ʦʙʱʠʡ ʨʘʩʭʦʜ ʤʘʪʝʨʠʘʣʘ (ʤʝʪʘʣʣʘ) ʥʘ ʩʦʟʜʘʥʠʝ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ (ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʩʭʦʜʦʤ ʥʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʤʘʰʠʥʳ). ʋʚʝʣʠʯʠʚʘʝʪʩʷ ʟʘʥʷʪʦʩʪʴ ʤʝʭʘʥʠʟʘʪʦʨʦʚ, 

ʩʦʢʨʘʱʘʝʪʩʷ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʥʠʭ. ʆʩʦʙʫʶ ʟʥʘʯʠʤʦʩʪʴ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʠʤʝʝʪ ʜʣʷ 

ʬʝʨʤʝʨʩʢʠʭ ʭʦʟʷʡʩʪʚ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʬʠʥʘʥʩʦʚʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʥʘ ʧʨʠʦʙʨʝʪʝʥʠʝ ʰʠʨʦʢʦʡ 

ʥʦʤʝʥʢʣʘʪʫʨʳ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ. [4] 

ʅʘʫʯʥʘʷ ʛʠʧʦʪʝʟʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʢʦʥʩʪʨʫʢʪʠʚʥʘʷ ʘʜʘʧʪʘʮʠʷ ʘʚʪʦʧʨʠʮʝʧʦʚ ʢ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʩ ʪʷʛʘʯʘʤʠ ʠʟ ʦʜʥʦʦʩʥʳʭ ʪʨʘʢʪʦʨʦʚ-ʤʦʪʦʙʣʦʢʦʚ ʦʙʝʩʧʝʯʠʪ ʧʦʚʳʰʝʥʠʝ 
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ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʝʣʴʭʦʟʪʦʚʘʨʦʧʨʦʠʟʚʦʜʩʪʚʘ ʟʘ ʩʯʸʪ ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ ʥʘ ʦʩʥʦʚʥʳʝ 

ʩʨʝʜʩʪʚʘ. 

ʎʝʣʴʶ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʪʷʛʦʚʦ-ʩʮʝʧʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʜʣʷ ʘʜʘʧʪʘʮʠʠ ʘʚʪʦʧʨʠʮʝʧʦʚ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʩ ʦʜʥʦʦʩʥʳʤʠ ʪʨʘʢʪʦʨʘʤʠ-ʤʦʪʦʙʣʦʢʘʤʠ. 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

1. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʧʝʮʠʬʠʢʫ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʮʝʧʥʦʛʦ ʩʦʩʪʘʚʘ ʤʦʙʠʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. 

2. ʀʩʩʣʝʜʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʘʜʘʧʪʘʮʠʠ ʧʨʠʮʝʧʥʦʛʦ ʩʦʩʪʘʚʘ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʢ 

ʦʜʥʦʦʩʥʳʤʠ ʪʨʘʢʪʦʨʘʤ-ʤʦʪʦʙʣʦʢʘʤ. 

3. ʆʙʦʩʥʦʚʘʪʴ ʢʦʥʩʪʨʫʢʮʠʶ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʪʷʛʦʚʦ-ʩʮʝʧʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʘʜʘʧʪʘʮʠʠ 

ʘʚʪʦʧʨʠʮʝʧʦʚ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʩ ʤʦʪʦʙʣʦʢʘʤʠ. 

4. ʇʨʦʚʝʩʪʠ ʧʘʪʝʥʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʩʦʩʪʘʚʠʪʴ ʟʘʷʚʢʫ ʥʘ ʧʦʣʝʟʥʫʶ ʤʦʜʝʣʴ. 

5. ʉʦʟʜʘʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʦʙʨʘʟʝʮ ʘʜʘʧʪʝʨʘ. 

ʇʦ ʜʘʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʘʨʪʥʸʨʦʚ ʢʦʤʧʘʥʠʠ çʈʦʩɹʠʟʥʝʩʂʦʥʩʘʣʪʠʥʛè ʨʳʥʦʢ ʤʦʪʦʙʣʦʢʦʚ ʠ 

ʤʦʪʦʢʫʣʴʪʠʚʘʪʦʨʦʚ ʚ ʈʦʩʩʠʠ ʚ 2016 ï 2020 ʛ. ʧʦʢʘʟʳʚʘʣ ʝʞʝʛʦʜʥʳʡ ʧʨʠʨʦʩʪ ʥʘ 20 ï 25%. ɸʥʘʣʠʟ 

ʧʨʦʜʘʞ ʤʦʪʦʙʣʦʢʦʚ ʧʦ ʚʠʜʘʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ ʣʠʜʠʨʫʶʱʠʝ ʧʦʟʠʮʠʠ ʟʘʥʠʤʘʶʪ ʩʨʝʜʥʠʝ ʠ 

ʪʷʞʸʣʳʝ ʦʜʥʦʦʩʥʳʝ ʪʨʘʢʪʦʨʳ ʢʣʘʩʩʦʚ 0,1 ï 0,2. 

ʕʪʠ ʩʨʝʜʩʪʚʘ ʤʝʭʘʥʠʟʘʮʠʠ ʪʨʫʜʘ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʥʘ ʪʝʭ ʥʝʙʦʣʴʰʠʭ 

ʫʯʘʩʪʢʘʭ, ʛʜʝ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ ʠʣʠ ʥʝʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʨʘʢʪʦʨʳ. ɸ ʠʤʝʥʥʦ, ʥʘ ʧʨʠʫʩʘʜʝʙʥʳʭ 

ʫʯʘʩʪʢʘʭ ʠ ʧʨʠʜʦʤʦʚʳʭ ʪʝʨʨʠʪʦʨʠʷʭ, ʚ ʪʝʧʣʠʮʘʭ ʠ ʦʧʳʪʥʳʭ ʭʦʟʷʡʩʪʚʘʭ, ʚ ʧʘʨʢʘʭ, ʚ ʩʘʜʘʭ ʠ ʥʘ 

ʦʛʦʨʦʜʘʭ. ʊʘʢʞʝ ʦʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʷʜʦʤ ʢʦʤʤʫʥʘʣʴʥʳʭ ʩʣʫʞʙ ʠ ʧʨʠ ʤʘʣʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. 

ʄʦʪʦʙʣʦʢʠ ʧʨʠʤʝʥʠʤʳ ʠ ʜʣʷ ʧʨʠʚʦʜʘ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʪ ʚʘʣʘ ʦʪʙʦʨʘ ʤʦʱʥʦʩʪʠ, 

ʠ ʚ ʢʘʯʝʩʪʚʝ ʤʦʙʠʣʴʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʙʦʪ: ʚʩʧʘʰʢʘ ʧʦʯʚ ʥʝʙʦʣʴʰʦʡ 

ʧʣʦʪʥʦʩʪʠ, ʙʦʨʦʥʦʚʘʥʠʝ, ʢʫʣʴʪʠʚʘʮʠʷ, ʤʝʞʜʫʨʷʜʥʘʷ ʦʙʨʘʙʦʪʢʘ ʨʘʟʣʠʯʥʳʭ ʦʚʦʱʥʳʭ ʢʫʣʴʪʫʨ 

(ʦʢʫʯʠʚʘʥʠʝ, ʨʳʭʣʝʥʠʝ, ʧʨʦʧʦʣʢʘ). ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʚʳʢʘʧʳʚʘʥʠʷ ʢʦʨʥʝʧʣʦʜʦʚ ʠ ʢʦʰʝʥʠʷ ʪʨʘʚʳ. 

ʊʨʘʥʩʧʦʨʪʥʳʝ ʧʦʝʟʜʘ ʩ ʪʷʛʘʯʘʤʠ ʠʟ ʦʜʥʦʦʩʥʳʭ ʪʨʘʢʪʦʨʦʚ-ʤʦʪʦʙʣʦʢʦʚ ʩʧʦʩʦʙʥʳ ʧʝʨʝʚʦʟʠʪʴ ʛʨʫʟʳ 

ʤʘʩʩʦʡ ʜʦ ʧʷʪʠʩʦʪ ʢʠʣʦʛʨʘʤʤʦʚ. ʀʭ ʧʦʣʥʘʷ ʤʘʩʩʘ ʥʝ ʧʨʝʚʳʰʘʝʪ 750 ʢʛ, ʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʘʷ ʩʢʦʨʦʩʪʴ 

ï 10 ï 15 ʢʤ/ʯ. ʇʦʣʫʧʨʠʮʝʧʳ ʦʜʥʦʦʩʥʳʭ ʤʦʪʦʙʣʦʢʦʚ ʦʩʥʘʱʘʶʪʩʷ ʧʦʚʦʨʦʪʥʳʤ ʪʷʛʦʚʦ-ʩʮʝʧʥʳʤ 

ʫʩʪʨʦʡʩʪʚʦʤ, ʩʠʜʷʯʠʤ ʤʝʩʪʦʤ ʦʧʝʨʘʪʦʨʘ, ʨʘʙʦʯʝʡ ʠ ʩʪʦʷʥʦʯʥʦʡ ʪʦʨʤʦʟʥʳʤʠ ʩʠʩʪʝʤʘʤʠ [1]. 

ʉʪʦʠʤʦʩʪʴ ʧʦʣʫʧʨʠʮʝʧʦʚ, ʚ ʩʨʝʜʥʝʤ, ï 18 ʪ.ʨ. ʎʝʥʘ ʦʪʜʝʣʴʥʳʭ ʤʦʜʝʣʝʡ ʧʨʝʚʳʰʘʝʪ 25 ʪ.ʨ.  

ʅʘʤʠ ʙʳʣ ʧʨʦʚʝʜʸʥ ʦʙʟʦʨ ʙʦʣʝʝ 30 ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʠʮʝʧʦʚ, ʚʳʧʫʩʢʘʝʤʳʭ ʩʝʨʠʡʥʦ 

ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʠ ʟʘʨʫʙʝʞʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ ʜʣʷ ʣʝʛʢʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ, ʤʠʥʠʪʨʘʢʪʦʨʦʚ ʠ 

ʤʦʪʦʙʣʦʢʦʚ, ʘ ʪʘʢʞʝ ʩʘʤʦʜʝʣʴʥʳʭ. ʀʟʫʯʘʣʘʩʴ ʢʦʥʩʪʨʫʢʮʠʷ ʨʘʤ, ʜʳʰʣʘ, ʢʫʟʦʚʦʚ, ʢʦʣʸʩ, 

ʢʦʤʤʫʪʘʮʠʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʩʠʩʪʝʤ ʩʠʛʥʘʣʠʟʘʮʠʠ [2, 3]. 

ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥʦ: 

1. ʇʨʠʮʝʧʳ ʜʣʷ ʣʝʛʢʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ, ʤʠʥʠʪʨʘʢʪʦʨʦʚ ʠ ʤʦʪʦʙʣʦʢʦʚ ʠʤʝʶʪ ʩʭʦʞʠʝ 

ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʰʘʩʩʠ, 

ʛʨʫʟʦʚʳʭ ʢʫʟʦʚʦʚ, ʢʦʤʤʫʪʘʮʠʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʉʪʦʠʤʦʩʪʴ ʘʚʪʦʧʨʠʮʝʧʦʚ ʩʦʩʪʘʚʣʷʝʪ 40 ï 60 ʪ.ʨ; 

2. ʊʝʭʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʘʚʪʦʤʦʙʠʣʴʥʳʤ ʪʷʛʦʚʦ-ʩʮʝʧʥʳʤ ʫʩʪʨʦʡʩʪʚʘʤ ʰʘʨʦʚʦʛʦ ʪʠʧʘ 

ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʳ ɻʆʉʊ 28248-89, ɻʆʉʊ ʈ 53815-2010 ʠ ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʤʝʞʜʫʥʘʨʦʜʥʦʤʫ ʩʪʘʥʜʘʨʪʫ ʀʉʆ 1103-76; 

3. ʆʧʦʨʥʦ-ʩʮʝʧʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʦʜʥʦʦʩʥʳʭ ʪʨʘʢʪʦʨʦʚ-ʤʦʪʦʙʣʦʢʦʚ ʪʘʢʞʝ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʳ, 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʜʚʘ ʪʠʧʦʨʘʟʤʝʨʘ ʫʩʪʨʦʡʩʪʚ. 

ʈʘʟʣʠʯʠʝ ʪʷʛʦʚʦ-ʩʮʝʧʥʳʭ ʫʩʪʨʦʡʩʪʚ ʦʧʨʝʜʝʣʷʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʦʙʨʝʪʝʥʠʷ ʜʚʫʭ 

ʦʜʥʦʪʠʧʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʧʨʠ ʚʦʟʤʦʞʥʳʭ ʧʨʘʚʦʚʦʡ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʫʥʠʚʝʨʩʘʣʠʟʘʮʠʠ 

ʵʪʠʭ ʧʨʠʮʝʧʥʳʭ ʟʚʝʥʴʝʚ, ʯʪʦ ʧʨʦʪʠʚʦʨʝʯʠʪ ʢʦʥʮʝʧʮʠʠ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʴʥʦ-

ʪʝʭʥʠʯʝʩʢʦʡ ʙʘʟʳ ʠ ʪʨʝʙʫʝʪ ʤʝʭʘʥʠʟʤʦʚ ʦʧʪʠʤʠʟʘʮʠʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ʩʝʣʴʭʦʟʪʦʚʘʨʦʧʨʦʠʟʚʦʜʠʪʝʣʝʡ.  

ʆʙʦʙʱʘʷ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʣʶʙʳʝ ʦʜʥʦʦʩʥʳʝ ʘʚʪʦʧʨʠʮʝʧʳ 

ʢʘʪʝʛʦʨʠʠ ʆ1 ʤʦʛʫʪ ʙʳʪʴ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʘʜʘʧʪʠʨʦʚʘʥʳ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ ʩʦʩʪʘʚʝ ʩ ʣʶʙʳʤʠ 

ʦʜʥʦʦʩʥʳʤʠ ʪʨʘʢʪʦʨʘʤʠ-ʤʦʪʦʙʣʦʢʘʤʠ ʢʣʘʩʩʦʚ 0,1 ï 0,2. 

ʊʝʭʥʠʯʝʩʢʘʷ ʫʥʠʚʝʨʩʘʣʠʟʘʮʠʷ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʘ ʧʨʠʤʝʥʝʥʠʝʤ ʧʝʨʝʭʦʜʥʠʢʘ ʪʷʛʦʚʦ-

ʩʮʝʧʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ ʠʤʝʪʴ ʢʦʥʩʪʨʫʢʮʠʶ, ʩʧʦʩʦʙʥʫʶ ʘʜʘʧʪʠʨʦʚʘʪʴ ʢʦʤʤʫʪʘʮʠʦʥʥʳʝ 

ʫʩʪʨʦʡʩʪʚʘ ʘʚʪʦʧʨʠʮʝʧʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʜʳʰʣʘ ʢ ʦʧʦʨʥʦ-ʩʮʝʧʥʳʤ ʫʩʪʨʦʡʩʪʚʘʤ ʨʘʟʣʠʯʥʳʭ 

ʤʦʪʦʙʣʦʢʦʚ. 

ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʩʪʨʦʡʩʪʚʘ ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʪʴ:  

- ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʢʣʦʥʝʥʠʷ ʟʘʤʢʦʚʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʨʠʮʝʧʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʮʝʧʥʦʛʦ ʰʘʨʘ ʚ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʥʘ ʫʛʦʣ ʥʝ ʤʝʥʝʝ 60 ʛʨʘʜʫʩʦʚ, 
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- ʚʦʟʤʦʞʥʦʩʪʴ ʩʮʝʧʢʠ ʠ ʨʘʩʮʝʧʢʠ ʧʨʠ ʦʪʢʣʦʥʝʥʠʠ ʟʘʤʢʦʚʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʨʠʮʝʧʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 
ʩʮʝʧʥʦʛʦ ʰʘʨʘ: ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʥʘ ʫʛʦʣ ʥʝ ʤʝʥʝʝ 60 ʛʨʘʜ, ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ 

ʥʘ ʫʛʦʣ ʥʝ ʤʝʥʝʝ 10 ʛʨʘʜ. ʏʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʩʪʘʥʜʘʨʪʦʚ. 

ɼʣʷ ʧʦʣʥʦʛʦ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʘʚʪʦʧʨʠʮʝʧʘ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ ʩʦʩʪʘʚʝ ʧʦʝʟʜʘ ʩ ʤʦʪʦʙʣʦʢʦʤ 

ʥʝʦʙʭʦʜʠʤʦ ʜʦʦʙʦʨʫʜʦʚʘʪʴ ʝʛʦ ʢʨʝʩʣʦʤ ʦʧʝʨʘʪʦʨʘ ʠ ʪʦʨʤʦʟʥʦʡ ʩʠʩʪʝʤʦʡ.  

ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʘʜʘʧʪʝʨ ʙʫʜʝʪ ʧʦʣʝʟʝʥ ʚ ʫʩʣʦʚʠʷʭ: ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʣʠʯʥʦʛʦ ʧʦʜʩʦʙʥʦʛʦ 

ʭʦʟʷʡʩʪʚʘ, ʣʝʩʥʦʛʦ ʭʦʟʷʡʩʪʚʘ. 
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ʅʘʯʝʨʪʘʪʝʣʴʥʘʷ ʛʝʦʤʝʪʨʠʷ ï ʥʘʫʢʘ ʥʝ ʘʢʘʜʝʤʠʯʝʩʢʘʷ, ʘ ʚ ʦʩʥʦʚʝ ʩʚʦʝʡ ʧʨʠʢʣʘʜʥʘʷ. ɺ ʨʘʤʢʘʭ 

ʫʯʝʙʥʦʡ ʜʠʩʮʠʧʣʠʥʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʣʠʰʴ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ. ɺ ʩʠʣʫ 

ʩʦʢʨʘʱʘʝʤʦʛʦ ʛʦʜ ʦʪ ʛʦʜʘ ʚʨʝʤʝʥʠ, ʦʪʚʦʜʠʤʦʛʦ ʥʘ ʦʩʚʦʝʥʠʝ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʩʣʦʞʥʳʭ ʜʠʩʮʠʧʣʠʥ, ʫ 

ʩʦʚʨʝʤʝʥʥʳʭ ʩʪʫʜʝʥʪʦʚ ʧʦʜʯʘʩ ʚʦʧʨʦʩ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʝʝ ʠʟʫʯʝʥʠʷ ʪʘʢ ʠ ʦʩʪʘʝʪʩʷ ʦʪʢʨʳʪʳʤ. ʅʝ 
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ʤʦʞʝʪ ʥʝ ʦʢʘʟʳʚʘʪʴ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠ ʩʥʠʞʘʶʱʝʝʩʷ ʢʘʯʝʩʪʚʦ ʙʘʟʦʚʳʭ 

ʟʥʘʥʠʡ, ʧʦʣʫʯʘʝʤʳʭ ʚʳʧʫʩʢʥʠʢʘʤʠ ʩʨʝʜʥʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ. ʄʝʞʜʫ ʪʝʤ, ʠʤʝʥʥʦ ʧʨʘʢʪʠʯʝʩʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʪʝʦʨʠʠ ʥʘʯʝʨʪʘʪʝʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ ʠ ʦʢʘʟʳʚʘʝʪʩʷ ʟʘ ʧʨʝʜʝʣʘʤʠ ʦʪʧʫʱʝʥʥʦʛʦ ʥʘ ʝʝ 

ʠʟʫʯʝʥʠʝ ʚʨʝʤʝʥʠ. 

ʇʨʷʤʳʝ ʣʠʥʠʠ ʦʪʥʦʩʷʪʩʷ ʢ ʦʩʥʦʚʥʳʤ ʵʣʝʤʝʥʪʘʤ ʜʠʩʮʠʧʣʠʥʳ, ʘ ʚʦʧʨʦʩ ʠʭ ʚʟʘʠʤʥʦʛʦ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʚ ʠʟʫʯʝʥʠʠ ʩʦʣʠʜʥʦʡ ʯʘʩʪʠ ʤʘʪʝʨʠʘʣʘ ʜʠʩʮʠʧʣʠʥʳ ʠ ʦʜʥʠʤ ʠʟ 

ʦʩʥʦʚʥʳʭ, ʨʘʟʚʠʚʘʶʱʠʭ ʦʩʥʦʚʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʤʳʰʣʝʥʠʷ. ʀʟʚʝʩʪʥʦ ʯʝʪʳʨʝ ʦʩʥʦʚʥʳʭ ʚʘʨʠʘʥʪʘ 

ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʨʷʤʳʭ ï ʧʘʨʘʣʣʝʣʴʥʦʝ, ʧʝʨʝʩʝʯʝʥʠʝ, ʩʢʨʝʱʠʚʘʥʠʝ ʠ ʩʦʚʤʝʱʝʥʠʝ. ʅʘ 

ʧʨʘʢʪʠʢʝ ʛʦʨʘʟʜʦ ʯʘʱʝ ʚʩʪʨʝʯʘʶʪʩʷ ʢʦʤʙʠʥʘʮʠʠ ʵʪʠʭ ʧʨʷʤʳʭ [1].  

ʇʨʷʤʳʝ, ʧʝʨʝʩʝʢʘʶʱʠʝ ʜʚʝ ʩʢʨʝʱʠʚʘʶʱʠʝʩʷ ʧʨʷʤʳʝ, ʥʦʩʷʪ ʥʘʟʚʘʥʠʝ ʪʨʘʥʩʚʝʨʩʘʣʠ. ɿʘʜʘʯʠ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʧʦʩʪʨʦʝʥʠʝʤ ʪʘʢʠʭ ʧʨʷʤʳʭ, ʯʘʩʪʦ ʚʳʟʳʚʘʶʪʩʷ ʧʦʪʨʝʙʥʦʩʪʷʤʠ ʪʝʭʥʠʢʠ (ʩʦʝʜʠʥʝʥʠʝ ʜʚʫʭ 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʪʨʝʪʴʠʤ), ʩʪʨʦʠʪʝʣʴʩʪʚʘ (ʩʦʝʜʠʥʝʥʠʝ ʩʢʨʝʱʠʚʘʶʱʠʭʩʷ ʢʦʨʠʜʦʨʦʚ), ʛʦʨʥʦʛʦ ʜʝʣʘ 

(ʩʦʝʜʠʥʝʥʠʝ ʧʨʦʭʦʜʦʚ, ʰʪʨʝʢʦʚ, ʚʝʥʪʠʣʷʮʠʦʥʥʳʭ ʰʘʭʪ) ʠ ʜʨʫʛʦʝ [2]. 

ɼʚʝ ʩʢʨʝʱʠʚʘʶʱʠʝʩʷ ʧʨʷʤʳʝ ʠʤʝʶʪ ʙʝʩʢʦʥʝʯʥʦ ʤʥʦʛʦ ʧʨʷʤʳʭ, ʧʝʨʝʩʝʢʘʶʱʠʭ ʜʚʝ ʜʘʥʥʳʝ. 

ʇʦʵʪʦʤʫ ʟʘʜʘʯʠ ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ ʪʘʢʠʭ ʧʨʷʤʳʭ ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʦʩʪʨʦʝʥʠʝ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʝ ʝʱʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ. ʅʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʤʠ ʟʘʜʘʯʘʤʠ ʩ ʧʨʠʤʝʨʥʳʤ ʭʦʜʦʤ ʠʭ ʨʝʰʝʥʠʷ 

ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ. 

ʇʨʷʤʘʷ, ʧʨʦʚʝʜʝʥʥʘʷ ʠʟ ʪʦʯʢʠ ɸ ʧʨʷʤʦʡ ʘ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʨʷʤʦʡ g, ʩʪʨʦʠʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʪʦʯʢʫ ɸ ʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʢ ʧʨʷʤʦʡ g. ʕʪʘ 

ʧʣʦʩʢʦʩʪʴ ʧʝʨʝʩʝʢʘʝʪ ʧʨʷʤʫʶ g ʚ ʪʦʯʢʝ ɺ. ɸɺ ï ʠʩʢʦʤʘʷ ʧʨʷʤʘʷ. ɼʨʫʛʦʝ ʨʝʰʝʥʠʝ: ʧʣʦʩʢʦʩʪʴ (ɸg) 

ʩʦʚʤʝʱʘʝʪʩʷ ʧʦʚʦʨʦʪʦʤ ʩ ʧʣʦʩʢʦʩʪʴʶ ʫʨʦʚʥʷ, ʠʟ ʩʦʚʤʝʱʝʥʥʦʡ ʪʦʯʢʠ  ʧʨʦʚʦʜʠʪʩʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨ ʢ 

, ʘ ʟʘʪʝʤ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʣʦʩʢʦʩʪʴ. 

ʆʪʨʝʟʦʢ ʧʨʷʤʦʡ, ʚʳʭʦʜʷʱʠʡ ʠʟ ʪʦʯʢʠ ɸ ʧʨʷʤʦʡ ʘ ʟʘʜʘʥʥʦʡ ʜʣʠʥʳ l, ʩʪʨʦʠʪʩʷ ʩʦʚʤʝʱʝʥʠʝʤ 

ʚʨʘʱʝʥʠʝʤ ʧʣʦʩʢʦʩʪʠ (ɸg) ʩ ʧʣʦʩʢʦʩʪʴʶ ʫʨʦʚʥʷ, ʚ ʩʦʚʤʝʱʝʥʠʠ ʠʟ ʪʦʯʢʠ  ʢʘʢ ʮʝʥʪʨʘ ʧʨʦʚʦʜʠʪʩʷ 

ʦʢʨʫʞʥʦʩʪʴ ʨʘʜʠʫʩʦʤ l. ɿʘʩʝʯʢʘ ʥʘ ʧʨʷʤʦʡ  ʜʘʝʪ ʚʪʦʨʫʶ ʪʦʯʢʫ ʧʝʨʝʩʝʯʝʥʠʷ ʠʩʢʦʤʦʛʦ ʦʪʨʝʟʢʘ 

ʧʨʷʤʦʡ ʚ ʩʦʚʤʝʱʝʥʥʦʤ ʧʦʣʦʞʝʥʠʠ. ɿʘʜʘʯʘ ʙʫʜʝʪ ʠʤʝʪʴ ʜʚʘ ʨʝʰʝʥʠʷ. 

ʇʨʷʤʘʷ, ʧʨʦʭʦʜʷʱʘʷ ʯʝʨʝʟ ʪʦʯʢʫ ɸ ʧʨʷʤʦʡ ʘ ʠ ʦʙʨʘʟʫʶʱʘʷ ʩ ʥʝʡ ʫʛʦʣ ű, ʩʪʨʦʠʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʢʦʥʫʩʘ ʩ ʚʝʨʰʠʥʦʡ ʚ ʪʦʯʢʝ ɸ, ʦʩʴʶ, ʩʦʚʧʘʜʘʶʱʝʡ ʩ ʜʘʥʥʦʡ ʧʨʷʤʦʡ, ʠ 

ʙʠʩʩʝʢʪʨʠʩʦʡ ʧʨʠ ʚʝʨʰʠʥʝ ʫʛʣʘ ű. ʊʦʯʢʠ ʧʝʨʝʩʝʯʝʥʠʷ ʧʨʷʤʦʡ g ʩ ʵʪʠʤ ʢʦʥʫʩʦʤ ï ʚʪʦʨʳʝ ʪʦʯʢʠ 

ʠʩʢʦʤʦʡ ʧʨʷʤʦʡ. ʇʨʷʤʳʝ ɸɺ ʠ ɸɺᾳ ï ʜʚʘ ʨʝʰʝʥʠʷ. 

ʇʨʷʤʘʷ, ʧʨʦʭʦʜʷʱʘʷ ʯʝʨʝʟ ʪʦʯʢʫ ɸ ʧʨʷʤʦʡ ʘ, ʩ ʫʢʣʦʥʦʤ ű, ʩʪʨʦʠʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʢʦʥʫʩʘ ʚʨʘʱʝʥʠʷ ʩ ʚʝʨʰʠʥʦʡ ʚ ʪʦʯʢʝ ɸ, ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʴʶ ʠ ʥʘʢʣʦʥʦʤ ű. ʊʦʯʢʠ 

ʧʝʨʝʩʝʯʝʥʠʷ ʧʨʷʤʦʡ g ʩ ʢʦʥʫʩʦʤ ï ʚʪʦʨʳʝ ʪʦʯʢʠ ʪʨʘʥʩʚʝʨʩʘʣʝʡ. ʇʨʷʤʳʝ ɸɺ ʠ ɸɺᾳ ï ʜʚʘ ʨʝʰʝʥʠʷ. 

ʂʨʘʪʯʘʡʰʘʷ ʧʨʷʤʘʷ, ʧʘʨʘʣʣʝʣʴʥʘʷ ʧʣʦʩʢʦʩʪʠ ʫʨʦʚʥʷ (ʨʠʩ. 1), ʩʪʨʦʠʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʥʘʢʣʦʥʥʦʛʦ ʢʨʫʛʦʚʦʛʦ ʮʠʣʠʥʜʨʘ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʢʨʫʞʥʦʩʪʴʶ ʦʩʥʦʚʘʥʠʷ, 

ʢʘʩʘʶʱʝʛʦʩʷ ʜʨʫʛʦʡ ʧʨʷʤʦʡ, ʠ ʦʩʴʶ, ʩʦʚʧʘʜʘʶʱʝʡ ʩ ʧʝʨʚʦʡ ʧʨʷʤʦʡ. ʈʘʜʠʫʩ ʮʠʣʠʥʜʨʘ, ʧʨʦʭʦʜʷʱʠʡ 

ʯʝʨʝʟ ʪʦʯʢʫ ʢʘʩʘʥʠʷ ʚʪʦʨʦʡ ʧʨʷʤʦʡ ï ʠʩʢʦʤʘʷ ʧʨʷʤʘʷ. 

 
 

ʈʠʩ. 1. ʂʨʘʪʯʘʡʰʘʷ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʪʨʘʥʩʚʝʨʩʘʣʴ 
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ʇʨʷʤʘʷ ʟʘʜʘʥʥʦʛʦ ʥʘʢʣʦʥʘ ʠ ʜʣʠʥʳ ʩʪʨʦʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʢʦʥʫʩʘ ʚʨʘʱʝʥʠʷ ʩ 

ʟʘʜʘʥʥʳʤ ʥʘʢʣʦʥʦʤ ʠ ʚʝʨʰʠʥʦʡ ʚ ʣʶʙʦʡ ʪʦʯʢʝ ʧʨʷʤʦʡ ʘ, ʩ ʦʙʨʘʟʫʶʱʠʤʠ ʩ ʟʘʜʘʥʥʦʡ ʜʣʠʥʦʡ. ʏʝʨʝʟ 

ʦʢʨʫʞʥʦʩʪʴ ʦʩʥʦʚʘʥʠʷ ʢʦʥʫʩʘ ʧʨʦʚʦʜʠʪʩʷ ʥʘʢʣʦʥʥʳʡ ʢʨʫʛʦʚʦʡ ʮʠʣʠʥʜʨ ʩ ʦʩʴʶ, ʧʘʨʘʣʣʝʣʴʥʦʡ 

ʧʨʷʤʦʡ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʚʝʨʰʠʥʫ ʢʦʥʫʩʘ. ɼʚʝ ʪʦʯʢʠ ʧʝʨʝʩʝʯʝʥʠʷ ʧʨʷʤʦʡ g ʩ ʵʪʠʤ ʮʠʣʠʥʜʨʦʤ, 

ʪʦʯʢʠ ɺ ʠ ɺᾳ ʜʚʫʭ ʧʨʷʤʳʭ, ʫʜʦʚʣʝʪʚʦʨʷʪ ʟʘʜʘʥʥʳʤ ʫʩʣʦʚʠʷʤ. ɼʚʝ ʠʩʢʦʤʳʝ ʧʨʷʤʳʝ ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ 

ʵʪʠ ʪʦʯʢʠ ʠ ʢʘʞʜʘʷ ʠʟ ʥʠʭ ʧʘʨʘʣʣʝʣʴʥʘʷ ʦʙʨʘʟʫʶʱʝʡ ʢʦʥʫʩʘ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʩʣʝʜʳ ʦʙʨʘʟʫʶʱʠʭ 

ʮʠʣʠʥʜʨʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʪʠʤ ʪʦʯʢʘʤ, ʥʘ ʦʢʨʫʞʥʦʩʪʠ ʦʩʥʦʚʘʥʠʷ ʢʦʥʫʩʘ [2]. 

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʟʘʜʘʯʠ ʥʘʛʣʷʜʥʦ ʧʦʢʘʟʳʚʘʶʪ, ʥʘʩʢʦʣʴʢʦ ʰʠʨʝ ʠ ʤʥʦʛʦʩʪʦʨʦʥʥʝʝ ʤʦʛʫʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʚʘʨʠʘʥʪʳ ʨʝʰʝʥʠʡ ʧʦʟʠʮʠʦʥʥʳʭ ʠ ʤʝʪʨʠʯʝʩʢʠʭ ʟʘʜʘʯ ʩ ʧʨʦʩʪʝʡʰʠʤʠ ʵʣʝʤʝʥʪʘʤʠ 

ʥʘʯʝʨʪʘʪʝʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ.  

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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Annotation: This article discusses the issue of upgrading the test bench for the ZMZ-4ʦ9 engine for a 

comprehensive study of the engine parameters, determining its main energy and economic qualities, when 

solving research tasks. It is proposed to use additional temperature and pressure sensors and a meter-

controller with the ability to display on the monitor screen and record the results being taught in the laptop 

memory. To ensure the fire safety of the use of gas fire extinguishing based on refrigerants. 

Keywords: test bench, engine, measuring equipment, gas fire extinguishing. 

 

ʀʩʧʳʪʘʥʠʷ ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ ʧʨʦʚʦʜʷʪ ʩ ʮʝʣʴʶ ʦʮʝʥʢʠ ʠʭ ʬʘʢʪʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʪʳ ʠ ʩʨʘʚʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ, ʦʧʨʝʜʝʣʝʥʠʷ ʢʘʯʝʩʪʚʘ 

ʧʨʦʚʝʜʝʥʥʦʛʦ ʨʝʤʦʥʪʘ, ʘ ʪʘʢʞʝ ʜʣʷ ʧʨʦʚʝʨʢʠ ʚʣʠʷʥʠʷ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʨʘʙʦʪʳ ʨʝʛʫʣʠʨʦʚʦʢ. 

ʆʩʥʦʚʥʳʝ ʚʠʜʳ ʠʩʧʳʪʘʥʠʡ ʜʚʠʛʘʪʝʣʝʡ (ʨʠʩ. 1) ʤʦʞʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʧʦ ʧʨʠʟʥʘʢʘʤ, 

ʦʧʨʝʜʝʣʷʶʱʠʤ ʤʝʪʦʜʳ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

 
 

ʈʠʩ. 1. ɺʠʜʳ ʠʩʧʳʪʘʥʠʡ ʜʚʠʛʘʪʝʣʝʡ 

 

ɼʣʷ ʫʯʝʙʥʳʭ ʠ ʥʘʫʯʥʳʭ ʮʝʣʝʡ ʢʘʬʝʜʨʳ çʊʨʘʢʪʦʨʳ ʠ ʘʚʪʦʤʦʙʠʣʠè ʂʨʘʩʥʦʷʨʩʢʦʛʦ ɻɸʋ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʣʘʙʦʨʘʪʦʨʠʷ ʠʩʧʳʪʘʥʠʷ ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ. ɺ ʢʦʪʦʨʦʡ ʚʳʧʦʣʥʷʶʪʩʷ 

ʣʘʙʦʨʘʪʦʨʥʳʝ ʨʘʙʦʪʳ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʤʦʱʥʦʩʪʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʚ ʜʚʠʛʘʪʝʣʝ, ʩʦʩʪʘʚʘ 

ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ, ʥʘʛʨʫʟʦʯʥʳʭ ʠ ʩʢʦʨʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʠʥʜʠʮʠʨʦʚʘʥʠʝ ʜʚʠʛʘʪʝʣʷ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʚʦʜʠʪʩʷ ʨʘʙʦʪʘ ʧʦ ʦʩʥʘʱʝʥʠʶ ʩʪʝʥʜʘ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʣʷ ʠʩʧʳʪʘʥʠʡ 

ʜʚʠʛʘʪʝʣʷ ɿʄɿ-4ʦ9 ʤʝʭʘʥʠʟʤʘʤʠ ʫʧʨʘʚʣʝʥʠʷ, ʘʚʪʦʤʘʪʠʯʝʩʢʠʤʠ ʧʨʠʙʦʨʘʤʠ ʨʝʛʠʩʪʨʘʮʠʠ ʠʟʤʝʨʷʝʤʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʠ ʩʨʝʜʩʪʚʘʤʠ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʆʩʥʦʚʥʳʤ ʥʘʟʥʘʯʝʥʠʝʤ ʩʪʝʥʜʘ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʜʚʠʛʘʪʝʣʷ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ ʩ ʠʩʢʨʦʚʳʤ ʟʘʞʠʛʘʥʠʝʤ ʷʚʣʷʝʪʩʷ 

ʚʩʝʩʪʦʨʦʥʥʝʝ ʠʟʫʯʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʜʚʠʛʘʪʝʣʷ, ʦʧʨʝʜʝʣʝʥʠʝ ʠʭ ʦʩʥʦʚʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʢʘʯʝʩʪʚ, ʧʨʠ ʨʝʰʝʥʠʠ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʟʘʜʘʯ. ɸ ʪʘʢʞʝ ʚʳʷʩʥʝʥʠʝ ʚʣʠʷʥʠʷ 

ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ ʠ 

ʧʨʦʚʝʨʢʠ ʧʨʘʚʠʣʴʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʧʦʣʦʞʝʥʠʡ. 

ʎʝʣʴʶ ʥʘʰʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʩʰʠʨʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʪʝʥʜʘ, ʧʦʚʳʰʝʥʠʝ 

ʪʦʯʥʦʩʪʴ ʚʳʧʦʣʥʷʝʤʳʭ ʠʟʤʝʨʝʥʠʡ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʩʪʝʥʜ ʦʩʥʘʱʝʥ ʪʦʨʤʦʟʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ʩ ʜʠʥʘʤʦʤʝʪʨʦʤ, 

ʩʠʩʪʝʤʦʡ ʧʦʜʘʯʠ ʪʦʧʣʠʚʘ, ʚʦʟʜʫʭʦʧʠʪʘʶʱʝʡ ʠ ʛʘʟʦʚʳʚʦʜʷʱʠʤʠʩʷ ʩʠʩʪʝʤʘʤʠ, ʩʠʩʪʝʤʘʤʠ ʦʭʣʘʞʜʝʥʠʷ 

ʠ ʧʫʩʢʘ (ʨʠʩ. 2). ʇʨʝʜʣʘʛʘʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʩʥʘʩʪʠʪʴ ʩʪʝʥʜ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʧʨʦʪʠʚʦʧʦʞʘʨʥʳʤ 

ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʠ ʩʧʝʮʠʘʣʴʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ, ʠ ʧʨʠʙʦʨʘʤʠ, ʧʦʟʚʦʣʷʶʱʠʤʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʨʦʛʨʘʤʤʳ ʠʩʧʳʪʘʥʠʡ ʠʤʠʪʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ ʠ ʠʟʤʝʨʷʪʴ ʧʘʨʘʤʝʪʨʳ ʠ 

ʧʦʢʘʟʘʪʝʣʠ ʜʚʠʛʘʪʝʣʷ. 

ʉʨʝʜʠ ʩʧʦʩʦʙʦʚ ʧʦʞʘʨʦʪʫʰʝʥʠʷ ʚʘʞʥʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ ʛʘʟʦʚʦʝ ʪʫʰʝʥʠʝ ʦʛʥʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ 

ʧʦʤʦʱʴʶ ʭʣʘʜʦʥʦʚ ʪ.ʢ. ʪʫʰʝʥʠʝ ʦʯʘʛʘ ʛʦʨʝʥʠʷ ʚʦʜʦʡ ʥʝ ʚʩʝʛʜʘ ʚʳʟʳʚʘʝʪ ʞʝʣʘʝʤʳʡ ʨʝʟʫʣʴʪʘʪ, ʘ 

ʧʦʨʦʡ ʪʦʣʴʢʦ ʫʩʫʛʫʙʣʷʝʪ ʦʙʩʪʘʥʦʚʢʫ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʬʨʝʦʥʦʚ ʧʦʤʦʛʘʝʪ ʠʟʙʝʞʘʪʴ ʚʟʨʳʚʦʦʧʘʩʥʳʭ 

ʩʠʪʫʘʮʠʡ. ɽʛʦ ʠʩʧʦʣʴʟʫʶʪ ʧʨʠ ʧʦʞʘʨʝ ʥʘ ʩʢʣʘʜʘʭ ʩ ʚʟʨʳʚʥʦʡ ʪʝʭʥʠʢʦʡ ʠ ʠʥʳʤ ʘʥʘʣʦʛʠʯʥʳʤ ʩʳʨʴʝʤ, 

ʚʦʟʛʦʨʘʥʠʝ ʢʦʪʦʨʦʛʦ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʩʝʨʴʝʟʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ, ʢʘʢ ʚ ʧʨʝʜʝʣʘʭ ʦʧʨʝʜʝʣʝʥʥʦʡ 
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ʦʨʛʘʥʠʟʘʮʠʠ, ʪʘʢ ʠ ʮʝʣʦʛʦ ʥʘʩʝʣʝʥʥʦʛʦ ʧʫʥʢʪʘ. ɼʘʥʥʳʡ ʛʘʟ ʧʦʤʦʛʘʝʪ ʙʳʩʪʨʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʠʩʪʦʯʥʠʢ 

ʦʧʘʩʥʦʩʪʠ. ʊʘʢ ʢʘʢ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʬʨʝʦʥʦʚ ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴʩʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʥʦʞʝʩʪʚʘ ʣʶʜʝʡ, ʥʝ 

ʧʨʠʜʝʪʩʷ ʞʜʘʪʴ, ʧʦʢʘ ʚʩʝ ʧʦʢʠʥʫʪ ʧʦʤʝʱʝʥʠʝ, ʚʝʜʴ ʧʦʩʣʝ ʚʳʧʫʩʢʘ ʜʘʥʥʦʛʦ ʛʘʟʘ ʠ ʫʥʠʯʪʦʞʝʥʠʷ ʦʯʘʛʘ 

ʚʦʟʛʦʨʘʥʠʷ ʣʶʜʠ ʝʱʝ ʥʝʩʢʦʣʴʢʦ ʤʠʥʫʪ ʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʧʦʤʝʱʝʥʠʠ ʙʝʟ ʚʨʝʜʘ ʜʣʷ ʟʜʦʨʦʚʴʷ, 

ʦʙʳʯʥʦ ʵʪʦʛʦ ʚʨʝʤʝʥʠ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʧʦʢʠʥʫʪʴ ʦʙʲʝʢʪ. 

ɽʱʝ ʦʜʥʠʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʭʣʘʜʦʥʦʚ ʚ ʧʦʞʘʨʦʪʫʰʝʥʠʠ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʠʭ 

ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʧʨʠ ʚʦʟʛʦʨʘʥʠʠ ʟʜʘʥʠʡ ʩ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʥʘʭʦʜʷʱʠʤʩʷ ʧʦʜ 

ʥʘʧʨʷʞʝʥʠʝʤ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ, ʘʥʘʣʦʛʠʯʥʦ ʜʨʫʛʠʤ ʩʠʪʫʘʮʠʷʤ, ʛʘʟ ʩʥʘʯʘʣʘ ʩʙʘʚʣʷʝʪ ʦʙʲʝʤ ʧʣʘʤʝʥʠ, ʘ 

ʟʘʪʝʤ ʚʳʟʳʚʘʝʪ ʝʛʦ ʧʦʪʫʭʘʥʠʝ. ʇʨʠʯʝʤ ʧʦʩʣʝ ʪʫʰʝʥʠʷ ʭʣʘʜʦʥʘʤʠ ʥʝ ʦʩʪʘʝʪʩʷ ʜʘʞʝ ʪʣʝʶʱʠʭ 

ʤʘʪʝʨʠʘʣʦʚ. ʊʘʢʞʝ ʩʚʦʡʩʪʚʘ ʜʘʥʥʦʛʦ ʛʘʟʘ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʧʨʠ ʣʶʙʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʅʝ 

ʚʩʝ ʬʨʝʦʥʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʧʦʞʘʨʦʪʫʰʝʥʠʠ, ʢ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʪʦʣʴʢʦ ʭʣʘʜʦʥ R-23, ʬʨʝʦʥʳ R-125, 

R-218, R-227ea ʠ R318-c. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʘʟʦʚʦʛʦ ʧʦʞʘʨʦʪʫʰʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʦʧʪʠʤʘʣʴʥʳʤ ʪ.ʢ. ʢʨʦʤʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʪʫʰʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʤʘʩʰʪʘʙʥʦʝ ʫʥʠʯʪʦʞʝʥʠʝ 

ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʩʪʝʥʜʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

 
ʈʠʩ. 2. ʉʪʝʥʜ ʜʣʷ ʠʩʧʳʪʘʥʠʷ ʜʚʠʛʘʪʝʣʷ ɿʄɿ-409 
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ʀʩʧʳʪʘʥʠʷ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʨʝʛʣʘʤʝʥʪʠʨʫʶʪʩʷ ɻʆʉʊ 14846-81, ʚ ʢʦʪʦʨʦʤ 

ʫʩʪʘʥʦʚʣʝʥʳ ʫʩʣʦʚʠʷ ʠʩʧʳʪʘʥʠʡ, ʪʨʝʙʦʚʘʥʠʷ ʢ ʠʩʧʳʪʘʪʝʣʴʥʳʤ ʩʪʝʥʜʘʤ ʠ ʘʧʧʘʨʘʪʫʨʝ, ʤʝʪʦʜʳ ʠ 

ʧʨʘʚʠʣʘ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ, ʧʦʨʷʜʦʢ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʡ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʛʣʘʤʝʥʪʦʤ ʠʩʧʳʪʘʪʝʣʴʥʳʡ ʩʪʝʥʜ ʜʦʣʞʝʥ ʠʤʝʪʴ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ 

ʠʟʤʝʨʝʥʠʷ ʩʣʝʜʫʶʱʠʭ ʧʦʢʘʟʘʪʝʣʝʡ: 

- ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʜʚʠʛʘʪʝʣʷ ʩ ʪʦʯʥʦʩʪʴʶ Ñ 1 % ʠʟʤʝʨʝʥʥʦʛʦ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ, ʚ ʥʠʞʥʝʡ 

ʧʦʣʦʚʠʥʝ ʰʢʘʣʳ ʜʠʥʘʤʦʤʝʪʨʘ ʜʦʧʫʩʢʘʝʪʩʷ Ñ 2 % ʠʟʤʝʨʝʥʥʦʛʦ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ. 

- ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ ʩ ʪʦʯʥʦʩʪʴʶ Ñ 0,5 %; 

- ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʩ ʪʦʯʥʦʩʪʴʶ Ñ 1 %; 

- ʪʝʤʧʝʨʘʪʫʨʳ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʥʘ ʚʭʦʜʝ ʚ ʜʚʠʛʘʪʝʣʴ ʩ ʪʦʯʥʦʩʪʴʶ Ñ 1 
ʦ
ʉ; 

- ʪʝʤʧʝʨʘʪʫʨʳ ʦʭʣʘʞʜʘʶʱʝʡ ʞʠʜʢʦʩʪʠ ʩ ʪʦʯʥʦʩʪʴʶ Ñ 2 
ʦ
ʉ; 

- ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʩʣʘ ʩ ʪʦʯʥʦʩʪʴʶ Ñ 2 
ʦ
ʉ; 

- ʪʝʤʧʝʨʘʪʫʨʳ ʪʦʧʣʠʚʘ ʩ ʪʦʯʥʦʩʪʴʶ Ñ 2 
ʦ
ʉ; 

- ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ ʩ ʪʦʯʥʦʩʪʴʶ Ñ 20 
ʦ
ʉ (ʧʨʠ ʧʨʠʝʤʦʯʥʳʭ ʠʩʧʳʪʘʥʠʷʭ); 

- ʙʘʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʩ ʪʦʯʥʦʩʪʴʶ Ñ 200 ʇʘ; 

- ʜʘʚʣʝʥʠʷ ʤʘʩʣʘ ʩ ʪʦʯʥʦʩʪʴʶ Ñ 20 ʢʇʘ; 

- ʜʘʚʣʝʥʠʷ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ ʩ ʪʦʯʥʦʩʪʴʶ Ñ 3 % (ʧʨʠ ʧʨʠʝʤʦʯʥʳʭ ʠʩʧʳʪʘʥʠʷʭ); 

- ʫʛʣʘ ʦʧʝʨʝʞʝʥʠʷ ʟʘʞʠʛʘʥʠʷ ʩ ʪʦʯʥʦʩʪʴʶ Ñ 1
ʦ
 ʧʦʚʦʨʦʪʘ ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ; 

- ʜʘʚʣʝʥʠʷ ʚʦ ʚʧʫʩʢʥʦʤ ʪʨʘʢʪʝ ʩ ʪʦʯʥʦʩʪʴʶ Ñ 200 ʇʘ (ʧʨʠ ʧʨʠʝʤʦʯʥʳʭ ʠʩʧʳʪʘʥʠʷʭ); 

ʀʟʤʝʨʝʥʠʷʤ ʧʦʜʣʝʞʘʪ ʪʝʤʧʝʨʘʪʫʨʳ: 

- ʚʦʟʜʫʭʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʥʝ ʙʦʣʝʝ 0,15 ʤ ʦʪ ʚʭʦʜʥʦʛʦ ʦʪʚʝʨʩʪʠʷ ʚ ʚʦʟʜʫʭʦʦʯʠʩʪʠʪʝʣʴ, ʘ ʝʩʣʠ 

ʚʦʟʜʫʭʦʦʯʠʩʪʠʪʝʣʴ ʥʝ ʧʨʠʤʝʥʷʝʪʩʷ, ʪʦ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʥʝ ʙʦʣʝʝ 0,15 ʤ ʦʪ ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢʘ; 

- ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʥʝ ʙʦʣʝʝ 0,1 ʤ ʟʘ ʚʳʭʦʜʥʳʤ ʬʣʘʥʮʝʤ ʚʳʧʫʩʢʥʦʛʦ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʜʚʠʛʘʪʝʣʷ; 

- ʦʭʣʘʞʜʘʶʱʝʡ ʞʠʜʢʦʩʪʠ ʥʘ ʚʳʭʦʜʝ ʠʟ ʛʦʣʦʚʢʠ ʮʠʣʠʥʜʨʦʚ ʚ ʦʙʱʝʤ ʧʘʪʨʫʙʢʝ, ʚʝʜʫʱʝʤ ʢ 

ʨʘʜʠʘʪʦʨʫ (ʪʝʧʣʦʦʙʤʝʥʥʠʢʫ); 

- ʤʘʩʣʘ ʚ ʢʘʨʪʝʨʝ ʜʚʠʛʘʪʝʣʷ, ʠʣʠ ʚ ʤʝʩʪʝ, ʫʩʪʘʥʦʚʣʝʥʥʦʤ ʚ ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʥʘ 

ʜʚʠʛʘʪʝʣʴ; 

- ʚʦʟʜʫʭʘ, ʚʭʦʜʷʱʝʛʦ ʚ ʚʝʥʪʠʣʷʪʦʨ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ ʜʚʠʛʘʪʝʣʷ ʚʦʟʜʫʰʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ, 

ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʥʝ ʙʦʣʝʝ 0,15 ʤ ʦʪ ʚʭʦʜʥʦʛʦ ʢʦʣʣʝʢʪʦʨʘ; 

- ʪʦʧʣʠʚʘ ʚ ʫʩʪʨʦʡʩʪʚʝ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ. 

ʀʟʤʝʨʝʥʠʷʤ ʧʦʜʣʝʞʘʪ ʜʘʚʣʝʥʠʷ: 

- ʘʪʤʦʩʬʝʨʥʦʝ; 

- ʚʩʘʩʳʚʘʝʤʦʛʦ ʚʦʟʜʫʭʘ ʚʦ ʚʧʫʩʢʥʦʤ ʪʨʫʙʦʧʨʦʚʦʜʝ (ʪʦʣʴʢʦ ʧʨʠ ʧʨʠʝʤʦʯʥʳʭ ʠʩʧʳʪʘʥʠʷʭ). 

- ʚʦʟʜʫʭʘ ʧʦʩʣʝ ʚʝʥʪʠʣʷʪʦʨʘ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ ʜʚʠʛʘʪʝʣʝʡ ʚʦʟʜʫʰʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʚ 

ʤʝʩʪʝ, ʫʢʘʟʘʥʥʦʤ ʚ ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʥʘ ʜʚʠʛʘʪʝʣʴ: 

- ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ ʫ ʚʳʭʦʜʥʦʛʦ ʬʣʘʥʮʘ ʚʳʧʫʩʢʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ. 

- ʤʘʩʣʘ ʚ ʩʠʩʪʝʤʝ ʩʤʘʟʢʠ ʚ ʤʝʩʪʘʭ, ʫʢʘʟʘʥʥʳʭ ʚ ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʥʘ ʜʚʠʛʘʪʝʣʴ. 

ʆʩʥʦʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʜʚʠʛʘʪʝʣʷ ʷʚʣʷʶʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʦʭʣʘʞʜʘʶʱʝʡ 

ʞʠʜʢʦʩʪʠ ʠ ʜʘʚʣʝʥʠʝ ʚ ʩʠʩʪʝʤʝ ʩʤʘʟʢʠ. ʈʘʙʦʪʘ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ 

ʧʨʦʠʟʚʦʜʠʤʫʶ ʤʦʱʥʦʩʪʴ ʠ ʨʝʩʫʨʩ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ. ɼʘʚʣʝʥʠʝ ʤʘʩʣʘ ʪʘʢ ʞʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪ 

ʥʦʨʤʘʣʴʥʫʶ ʨʘʙʦʪʫ ʜʚʠʛʘʪʝʣʷ ʚʧʣʦʪʴ ʜʦ ʚʳʷʚʣʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʥʘʩʪʫʧʣʝʥʠʷ ʦʪʢʘʟʘ. ɺ ʥʘʰʝʡ 

ʨʘʙʦʪʝ ʩʪʘʚʠʪʩʷ ʮʝʣʴʶ ʧʨʠ ʢʦʤʧʣʝʢʩʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʜʚʠʛʘʪʝʣʷ 

ʧʨʦʠʟʚʦʜʠʪʴ ʥʝʧʨʝʨʳʚʥʫʶ ʨʝʛʠʩʪʨʘʮʠʶ ʵʪʠʭ ʚʘʞʥʝʡʰʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʦʩʪʦʷʥʠʷ ʨʘʙʦʪʘʶʱʝʛʦ 

ʜʚʠʛʘʪʝʣʷ ʠ ʚ ʩʣʫʯʘʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʠʛʥʘʣʠʟʠʨʦʚʘʪʴ ʦ ʧʨʝʚʳʰʝʥʠʝ ʜʦʧʫʩʪʠʤʦʛʦ ʧʘʨʘʤʝʪʨʘ ʠ 

ʩʥʠʞʘʪʴ ʨʘʟʚʠʚʘʝʤʫʶ ʜʚʠʛʘʪʝʣʝʤ ʤʦʱʥʦʩʪʴ ʚʧʣʦʪʴ ʜʦ ʦʩʪʘʥʦʚʢʠ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʝʛʦ ʚʳʭʦʜʘ ʠʟ 

ʩʪʨʦʷ. 

ɼʣʷ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʵʪʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩ ʤʝʩʪʘ ʥʘʙʣʶʜʘʪʝʣʷ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʩʪʝʥʜʘ 

ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʪʯʠʢʦʚ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʧʝʨʝʤʝʥʥʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʠʟʤʝʥʷʶʱʠʝ ʩʚʦʶ ʚʝʣʠʯʠʥʫ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ. 

ɸ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʦʩʴʤʠʢʘʥʘʣʴʥʳʡ ʠʟʤʝʨʠʪʝʣʴ-ʨʝʛʫʣʷʪʦʨ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʦʪʦʙʨʘʞʘʪʴ ʥʘ ʵʢʨʘʥʝ 

ʤʦʥʠʪʦʨʘ ʠ ʟʘʧʠʩʳʚʘʪʴ ʧʦʫʯʘʝʤʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʧʘʤʷʪʴ ʥʦʫʪʙʫʢʘ. ɼʘʣʝʝ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚʩʝ 

ʦʪʩʥʷʪʳʝ ʙʣʦʢʠ ʚ ʧʘʤʷʪʴ ʠ ʚʳʜʝʣʠʪʴ ʥʝʦʙʭʦʜʠʤʳʡ ʫʯʘʩʪʦʢ ʠ ʩʦʭʨʘʥʠʪʴ ʝʛʦ ʚ ʪʝʢʩʪʦʚʦʤ ʬʘʡʣʝ, 

ʧʨʠʛʦʜʥʦʤ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʚ ʧʨʦʛʨʘʤʤʘʭ, ʥʘʧʨʠʤʝʨ, ʚ çExcelè. 

ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʨʘʩʰʠʨʷʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʪʝʥʜʘ,ʧʦʚʳʰʘʝʪʩʷ ʪʦʯʥʦʩʪʴ 

ʚʳʧʦʣʥʷʝʤʳʭ ʠʟʤʝʨʝʥʠʡ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʧʳʪʘʥʠʡ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʝʥʜ ʧʦʟʚʦʣʷʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʦʩʥʦʚʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʜʚʠʛʘʪʝʣʷ, ʨʝʛʣʘʤʝʥʪʠʨʫʝʤʳʝ ʟʘʚʦʜʦʤ-ʠʟʛʦʪʦʚʠʪʝʣʝʤ, ʠ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ 14846-81. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʛʘʟʦʚʦʛʦ ʧʦʞʘʨʦʪʫʰʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤ ʪ.ʢ. 

ʢʨʦʤʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʪʫʰʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʤʘʩʰʪʘʙʥʦʝ ʫʥʠʯʪʦʞʝʥʠʝ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ 

ʩʪʝʥʜʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 
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ʇʨʠʤʝʥʝʥʠʝ ʤʠʥʠʤʘʣʴʥʦʡ ʠ ʥʫʣʝʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚʳʨʘʱʠʚʘʥʠʷ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʦʙʨʘʙʦʪʢʫ ʧʦʯʚʳ, ʧʨʠ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʨʳʭʣʝʥʠʝ ʪʦʣʴʢʦ ʚʝʨʭʥʝʛʦ 

ʩʣʦʷ ʧʦʯʚʳ. ʇʨʠ ʵʪʦʤ ʥʠʞʝʣʝʞʘʱʠʝ ʩʣʦʠ ʧʦʯʚʳ ʦʢʘʟʳʚʘʶʪʩʷ ʫʧʣʦʪʥʝʥʥʳʤʠ, ʚʩʣʝʜʩʪʚʠʝ 

ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʧʨʦʭʦʜʘ ʧʦ ʧʦʣʶ ʤʘʰʠʥʦʪʨʘʢʪʦʨʥʳʭ ʘʛʨʝʛʘʪʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʜʣʷ ʢʦʨʥʝʡ 

ʢʫʣʴʪʫʨʥʳʭ ʨʘʩʪʝʥʠʡ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʚ ʙʦʣʝʝ ʛʣʫʙʦʢʠʝ ʛʦʨʠʟʦʥʪʳ ʧʦʯʚʳ ʙʫʜʝʪ ʟʘʪʨʫʜʥʝʥʦ, ʦʥʠ ʥʝ 
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ʩʤʦʛʫʪ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʫʩʚʘʠʚʘʪʴ ʧʦʯʚʝʥʥʫʶ ʚʣʘʛʫ, ʘ ʚʣʘʛʘ, ʚʳʧʘʜʘʶʱʘʷ ʚ ʚʠʜʝ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ, 

ʥʝ ʙʫʜʝʪ ʧʨʦʥʠʢʘʪʴ ʚ ʙʦʣʝʝ ʛʣʫʙʦʢʠʝ ʩʣʦʠ ʧʦʯʚʳ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝ ʙʫʜʝʪ ʦʙʰʠʨʥʳʭ ʟʘʧʘʩʦʚ ʚʣʘʛʠ 

ʥʘ ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ.  

ʂʨʦʤʝ ʟʘʧʘʩʦʚ ʚʣʘʛʠ ʥʘ ʫʨʦʞʘʡʥʦʩʪʴ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ ʚʣʠʷʝʪ ʩʦʜʝʨʞʘʥʠʝ ʧʠʪʘʪʝʣʴʥʳʭ 

ʚʝʱʝʩʪʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʬʦʩʬʦʨʘ, ʥʝʜʦʩʪʘʪʦʢ ʢʦʪʦʨʦʛʦ ʦʪʨʠʮʘʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʨʘʟʚʠʪʠʠ ʨʘʩʪʝʥʠʡ, 

ʦʩʦʙʝʥʥʦ ʚ ʧʝʨʚʳʝ ʜʚʝ ʥʝʜʝʣʠ ʨʦʩʪʘ. ʇʦ ʤʝʨʝ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʡ, ʢʦʨʥʝʚʘʷ ʩʠʩʪʝʤʘ ʢʦʪʦʨʳʭ ʫʭʦʜʠʪ ʚ 

ʥʠʞʥʠʝ ʩʣʦʠ ʧʦʯʚʳ, ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʝʝ ʪʘʢ ʞʝ ʧʠʪʘʪʝʣʴʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ. ʇʦʵʪʦʤʫ ʣʦʛʠʯʥʦ 

ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʝ ʧʦʯʚʳ ʨʘʟ ʚ 2-3 ʛʦʜʘ ʚ ʦʩʝʥʥʠʡ ʧʝʨʠʦʜ ʧʦʩʣʝ ʫʙʦʨʢʠ ʧʨʦʚʦʜʠʪʴ ʛʣʫʙʦʢʦʝ 

ʨʳʭʣʝʥʠʝ ʧʦʯʚʳ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʚʥʝʩʝʥʠʝʤ ʦʩʥʦʚʥʦʡ ʜʦʟʳ ʬʦʩʬʦʨʥʳʭ ʫʜʦʙʨʝʥʠʡ.  

ʇʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʝ ʤʘʰʠʥʳ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʚʳʧʫʩʢʘʶʪ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʠ 

ʟʘʨʫʙʝʞʥʳʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ.  

ʊʘʢ ʚʳʧʫʩʢʘʝʪʩʷ ʛʣʫʙʦʢʦʨʳʭʣʠʪʝʣʴ-ʫʜʦʙʨʠʪʝʣʴ çʊʨʫʞʝʥʠʢ-4è (ʨʠʩʫʥʦʢ 1) [1]. 

 
ʈʠʩʫʥʦʢ-1 ɻʣʫʙʦʢʦʨʳʭʣʠʪʝʣʴ-ʫʜʦʙʨʠʪʝʣʴ çʊʨʫʞʝʥʠʢ-4è 

 

ɽʛʦ ʦʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʢʘ ʥʘ ʘʛʨʝʛʘʪʝ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʭ çʟʝʨʢʘʣʴʥʦè ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʜʨʫʛ ʢ ʜʨʫʛʫ. ʇʨʠ ʧʦʤʦʱʠ ʦʙʨʘʟʫʝʤʦʛʦ çʢʦʥʫʩʘè 

ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʱʝʥʠʝ ʠ ʨʘʟʨʫʰʝʥʠʝ ʚʩʝʛʦ ʧʣʘʩʪʘ ʛʨʫʥʪʘ ʤʝʞʜʫ ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ, ʘ ʥʝ 

çʱʝʣʝʚʘʥʠʝè. ʆʜʥʘʢʦ ʚ ʩʠʣʫ ʵʪʦʛʦ ʜʦʩʪʦʠʥʩʪʚʘ ʙʫʜʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴʩʷ ʥʠʟʢʘʷ ʩʦʭʨʘʥʥʦʩʪʴ ʩʪʝʨʥʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʷ, ʠ ʚʥʝʩʝʥʠʝ ʫʜʦʙʨʝʥʠʡ ʙʫʜʝʪ ʚ ʚʠʜʝ ʫʟʢʦʡ ʥʘʢʣʦʥʥʦʡ ʣʝʥʪʳ. 

ɺ ʏʝʰʩʢʦʡ ʨʝʩʧʫʙʣʠʢʝ ʬʠʨʤʦʡ çFarmetè ʧʨʦʠʟʚʦʜʠʪʩʷ ʛʣʫʙʦʢʦʨʳʭʣʠʪʝʣʴ-ʫʜʦʙʨʠʪʝʣʴ 

çDigger Fert+è (ʨʠʩʫʥʦʢ 2) [2]. ɼʘʥʥʳʡ ʛʣʫʙʦʢʦʨʳʭʣʠʪʝʣʴ-ʫʜʦʙʨʠʪʝʣʴ ʦʪʣʠʯʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʨʘʙʦʯʠʝ 

ʦʨʛʘʥʳ ʛʣʫʙʦʢʦʨʳʭʣʠʪʝʣʷ ʫʩʪʘʥʦʚʣʝʥʳ ʚ ʜʚʘ ʨʷʜʘ, ʟʘ ʢʦʪʦʨʳʤʠ ʠʜʫʪ ʟʘʨʘʚʥʠʚʘʶʱʠʝ ʜʠʩʢʠ, ʘ ʪʘʢʞʝ 

ʟʫʙʦʚʳʡ ʢʘʪʦʢ. ʅʝʜʦʩʪʘʪʢʦʤ ʜʘʥʥʦʛʦ ʛʣʫʙʦʢʦʨʳʭʣʠʪʝʣʷ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥ ʚʥʦʩʠʪ ʫʜʦʙʨʝʥʠʷ ʫʟʢʦʡ 

ʧʦʣʦʩʦʡ ʧʦ ʩʣʝʜʫ ʢʘʞʜʦʡ ʣʘʧʳ. 

 
ʈʠʩʫʥʦʢ-2 ɻʣʫʙʦʢʦʨʳʭʣʠʪʝʣʴ-ʫʜʦʙʨʠʪʝʣʴ çDigger Fert+è 

 

ʊʘʢ ʞʝ ʚ ʏʝʰʩʢʦʡ ʨʝʩʧʫʙʣʠʢʝ ʚʳʧʫʩʢʘʝʪʩʷ ʢʦʤʧʣʝʢʩ ʜʣʷ ʣʦʢʘʣʴʥʦʛʦ ʚʥʝʩʝʥʠʷ ʫʜʦʙʨʝʥʠʡ 

çBEDNAR Ferti-Stripè (ʨʠʩʫʥʦʢ 3) [3], ʫ ʢʦʪʦʨʦʛʦ ʩʪʦʡʢʠ ʚʳʧʦʣʥʷʶʪ ʘʢʪʠʚʥʦʝ ʨʳʭʣʝʥʠʝ ʥʘ ʛʣʫʙʠʥʝ ʠ 
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ʠʤʝʶʪ ʥʠʟʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʟʘ ʩʯʸʪ ʪʦʣʱʠʥʳ ʪʝʣʘ ʩʪʦʡʢʠ 30 ʤʤ. ʉʪʦʡʢʘ ʠʤʝʝʪ 

ʟʘʠɦʪʫ ʦʪ ʩʪʦʣʢʥʦʚʝʥʠʷ ʩ ʢʘʤʥʷʤʠ ʚ ʚʠʜʝ ʩʨʝʟʥʦʛʦ ʙʦʣʪʘ ʩ ʫʩʠʣʠʝʤ ʩʨʘʙʘʪʳʚʘʥʠʷ 5 ʪʦʥʥ ʥʘ ʜʦʣʦʪʦ. 

ʅʘʢʣʘʜʢʘ-ʨʘʩʩʝʢʘʪʝʣʴ ʩʪʦʡʢʠ ʠ ʜʦʣʦʪʦ ʚʳʧʦʣʥʝʥʳ ʠʟ ʠʟʥʦʩʦʩʪʦʡʢʦʛʦ ʩʧʣʘʚʘ. ʉʪʦʡʢʠ ʤʦʞʥʦ 

ʫʩʪʘʥʦʚʠʪʴ ʩ ʤʝʞʜʫʨʷʜʴʝʤ 45, 50, 60, 70 ʠʣʠ 90 ʩʤ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʣʦʢʘʣʴʥʦʛʦ ʚʥʝʩʝʥʠʷ 

ʫʜʦʙʨʝʥʠʡ ʩ ʤʝʞʜʫʨʷʜʴʝʤ ʧʦʩʝʚʘ ʷʨʦʚʦʡ ʢʫʣʴʪʫʨʳ. ʅʝʜʦʩʪʘʪʢʦʤ ʜʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʷʚʣʷʝʪʩʷ 

ʚʥʝʩʝʥʠʝ ʫʜʦʙʨʝʥʠʡ ʫʟʢʠʤʠ ʧʦʣʦʩʘʤʠ ʧʦʩʣʝ ʣʘʧ, ʠ ʤʘʣʘʷ ʩʦʭʨʘʥʥʦʩʪʴ ʩʪʝʨʥʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʷ. 

 

 

 

 
ʈʠʩʫʥʦʢ-3 ʂʦʤʧʣʝʢʩ ʜʣʷ ʣʦʢʘʣʴʥʦʛʦ ʚʥʝʩʝʥʠʷ ʫʜʦʙʨʝʥʠʡ çBEDNAR Ferti-Stripè 

 

ɺ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚʳʧʫʩʢʘʝʪʩʷ ʧʦʜʢʦʨʤʱʠʢ ʩʳʧʫʯʠʤʠ ʫʜʦʙʨʝʥʠʷʤʠ çɸʕʈʆʄʀʅè 

ʘʛʨʝʛʘʪʠʨʦʚʘʥʥʳʡ ʩ ʧʨʠʮʝʧʥʳʤ ʛʣʫʙʦʢʦʨʳʭʣʠʪʝʣʝʤ çɸɻʈʀʈʀʏè (ʨʠʩʫʥʦʢ 4) [4]. ʅʘ ʥʸʤ 

ʧʨʠʤʝʥʷʝʪʩʷ ʚʳʩʦʢʦʧʨʦʯʥʘʷ ʠʪʘʣʴʷʥʩʢʘʷ ʩʪʦʡʢʘ ʘʤʝʨʠʢʘʥʩʢʦʛʦ ʪʠʧʘ (ʧʨʷʤʘʷ), ʥʝ ʜʝʣʘʶʱʘʷ ʙʦʢʦʚʦʝ 

ʩʤʝʱʝʥʠʝ ʧʦʯʚʳ ʠ ʪʨʝʙʫʶʱʘʷ ʤʝʥʴʰʝ ʪʷʛʦʚʦʛʦ ʫʩʠʣʠʷ (ʯʝʤ ʝʚʨʦʧʝʡʩʢʠʝ ʩʪʦʡʢʠ ʪʠʧʘ çʧʘʨʘʧʣʘʫè).  

 
ʈʠʩʫʥʦʢ-4 ʇʦʜʢʦʨʤʱʠʢ ʩʳʧʫʯʠʤʠ ʫʜʦʙʨʝʥʠʷʤʠ çɸʕʈʆʄʀʅè + ʛʣʫʙʦʢʦʨʳʭʣʠʪʝʣʴ 

çɸɻʈʀʈʀʏè 

 

ʅʝʜʦʩʪʘʪʢʘʤʠ ʜʘʥʥʦʛʦ ʧʦʜʢʦʨʤʱʠʢʘ ʷʚʣʷʶʪʩʷ ʙʦʣʴʰʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʪʦʡʢʘʤʠ, ʚ ʩʠʣʫ 

ʯʝʛʦ ʧʦʣʦʩʳ ʫʜʦʙʨʝʥʠʡ ʙʫʜʫʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʩ ʰʠʨʦʢʠʤʠ ʤʝʞʜʫʨʷʜʴʷʤʠ, ʵʪʦ ʧʨʠʚʝʜʝʪ ʢ ʪʦʤʫ, ʯʪʦ 

ʨʘʩʪʝʥʠʷ, ʚʳʩʝʷʥʥʳʝ ʚ ʵʪʠʭ ʤʝʞʜʫʨʷʜʴʷʭ, ʥʝ ʙʫʜʫʪ ʧʦʣʫʯʘʪʴ ʜʦʩʪʘʪʦʯʥʦʛʦ ʧʠʪʘʥʠʷ. 

ʆʤʩʢʠʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʟʘʚʦʜʦʤ ʧʨʦʠʟʚʦʜʠʪʩʷ ʢʫʣʴʪʠʚʘʪʦʨ ʩ ʚʥʝʩʝʥʠʝʤ ʫʜʦʙʨʝʥʠʡ ʂɺʋ-

12 (ʨʠʩʫʥʦʢ 5) [5]. ɼʘʥʥʘʷ ʤʘʰʠʥʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʧʨʝʜʧʦʩʝʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ, ʦʩʥʦʚʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ, ʫʥʠʯʪʦʞʝʥʠʷ ʩʦʨʥʷʢʦʚ ʠ ʧʨʠʢʘʪʳʚʘʥʠʷ ʧʦʯʚʳ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʢʫʣʴʪʠʚʘʮʠʝʡ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʚʥʝʩʝʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʥʘ ʛʣʫʙʠʥʫ ʥʘ 2 ʩʤ ʤʝʥʴʰʫʶ, ʯʝʤ ʛʣʫʙʠʥʘ 

ʢʫʣʴʪʠʚʘʮʠʠ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʥʝ ʙʦʣʴʰʫʶ ʛʣʫʙʠʥʳ ʟʘʜʝʣʢʠ ʫʜʦʙʨʝʥʠʡ (ʜʦ 14 ʩʤ). 
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ʈʠʩʫʥʦʢ-5 ʂʫʣʴʪʠʚʘʪʦʨ ʩ ʚʥʝʩʝʥʠʝʤ ʫʜʦʙʨʝʥʠʡ ʂɺʋ-12 

 

ʈʘʩʩʤʦʪʨʝʚ ʢʦʥʩʪʨʫʢʮʠʠ ʩʝʨʠʡʥʦ ʚʳʧʫʩʢʘʝʤʳʭ ʤʘʰʠʥ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ - 

ʛʣʫʙʦʢʦʨʳʭʣʠʪʝʣʠ-ʫʜʦʙʨʠʪʝʣʠ ʷʚʣʷʶʪʩʷ ʫʟʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʤʘʰʠʥʘʤʠ, ʢʘʢ ʧʨʘʚʠʣʦ 

ʦʩʫʱʝʩʪʚʣʷʶʱʠʤʠ ʦʜʥʫ ï ʜʚʝ ʦʧʝʨʘʮʠʠ. 

ʇʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʢʦʥʩʪʨʫʢʮʠʶ ʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʤʘʰʠʥʳ 

ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ, ʢʦʪʦʨʦʡ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 6.  

 
ʈʠʩʫʥʦʢ-6 ʂʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʘʷ ʤʘʰʠʥʘ 

1-ʨʘʤʘ; 2-ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʡ ʘʧʧʘʨʘʪ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ; 3-ʟʫʙʦʚʳʡ ʜʠʩʢ; 4-ʣʘʧʘ 

ʛʣʫʙʦʢʦʨʳʭʣʠʪʝʣʷ; 5-ʢʘʪʦʢ; 6-ʩʪʨʝʣʴʯʘʪʳʝ ʣʘʧʳ; 7-ʪʫʢʦʧʨʦʚʦʜ 

 

ɼʘʥʥʘʷ ʤʘʰʠʥʘ ʷʚʣʷʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʤ ʢʦʤʧʣʝʢʩʦʤ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʦʪʜʝʣʴʥʳʝ ʚʠʜʳ ʩ/ʭ ʦʨʫʜʠʡ (ʢʫʣʴʪʠʚʘʪʦʨ, ʜʠʩʢʦʚʘʷ ʙʦʨʦʥʘ, ʛʣʫʙʦʢʦʨʳʭʣʠʪʝʣʴ, 

ʛʣʫʙʦʢʦʨʳʭʣʠʪʝʣʴ-ʫʜʦʙʨʠʪʝʣʴ). ʈʘʙʦʯʠʡ ʧʨʦʮʝʩʩ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʘʰʠʥʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: ʧʨʠ ʜʚʠʞʝʥʠʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʧʦʜ ʦʧʨʝʜʝʣʝʥʥʳʤ ʫʛʣʦʤ ʘʪʘʢʠ ʧʦʣʫʩʬʝʨʠʯʝʩʢʠʝ ʚʳʨʝʟʥʳʝ 

ʜʠʩʢʠ ʟʘʛʣʫʙʣʷʶʪʩʷ ʚ ʧʦʯʚʫ, ʧʨʠ ʵʪʦʤ ʧʨʦʠʟʚʦʜʷʪ ʠʟʤʝʣʴʯʝʥʠʝ ʧʦʞʥʠʚʥʳʭ ʦʩʪʘʪʢʦʚ ʠ ʯʘʩʪʠʯʥʫʶ 

ʟʘʜʝʣʢʫ ʠʭ ʧʦʯʚʦʡ. ʉʣʝʜʫʶʱʠʝ ʟʘ ʥʠʤʠ ʩʪʨʝʣʴʯʘʪʳʝ ʣʘʧʳ ʧʦʜʨʝʟʘʶʪ ʦʩʪʘʚʰʠʝʩʷ ʩʦʨʥʷʢʠ. 

ʉʧʠʨʘʣʴʥʳʡ ʢʘʪʦʢ ʨʘʟʨʘʚʥʠʚʘʝʪ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʯʚʳ ʠ ʧʨʦʠʟʚʦʜʠʪ ʝʝ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʦʝ ʫʧʣʦʪʥʝʥʠʝ 

ʥʘ ʛʣʫʙʠʥʫ ʧʦʩʝʚʘ. ʉʲʝʤʥʳʝ ʛʣʫʙʦʢʦʨʳʭʣʠʪʝʣʴʥʳʝ ʩʪʦʡʢʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʤʝʞʜʫ ʨʷʜʘʤʠ ʜʠʩʢʦʚ, 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʨʘʟʫʧʣʦʪʥʝʥʠʷ ʧʦʯʚʳ ʠ ʚʥʝʩʝʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʥʘ ʛʣʫʙʠʥʫ ʙʦʣʴʰʫʶ 

ʛʣʫʙʠʥʳ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʣʫʞʥʦʡ ʧʦʜʦʰʚʳ. 

ɺʳʚʦʜ: ʧʨʝʜʣʘʛʘʝʤʘʷ ʥʘʤʠ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʘʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ʤʘʰʠʥʘ ʙʫʜʝʪ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʢʦʤʧʣʝʢʩ ʥʝʦʙʭʦʜʠʤʳʭ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʦʧʝʨʘʮʠʡ ʚ ʪʝʭʥʦʣʦʛʠʠ 

ʚʦʟʜʝʣʳʚʘʥʠʷ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ - ʜʠʩʢʦʚʘʥʠʝ, ʢʫʣʴʪʠʚʘʮʠʷ, ʧʨʠʢʘʪʳʚʘʥʠʝ, ʛʣʫʙʦʢʦʝ ʨʳʭʣʝʥʠʝ ʩ 

ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʚʥʝʩʝʥʠʝʤ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ. 
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ʇʦʣʫʯʝʥʠʝ ʚʳʩʦʢʠʭ ʫʨʦʞʘʝʚ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝʤ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ 

ʧʦʟʚʦʣʷʶʱʠʭ ʜʦʙʠʚʘʪʴʩʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʦ ʛʫʩʪʦʪʝ ʠ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʨʘʟʤʝʱʝʥʠʷ ʨʘʩʪʝʥʠʡ ʧʦ ʧʣʦʱʘʜʠ 

ʧʠʪʘʥʠʷ [1-8]. ʅʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʟʤʝʱʝʥʠʷ ʩʝʤʷʥ ʧʦ ʛʣʫʙʠʥʝ ʟʘʜʝʣʢʠ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʧʦʣʝʚʫʶ ʚʩʭʦʞʝʩʪʴ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʩʝʤʷʥ.  

ɺʩʝ ʙʦʣʴʰʝʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʝʷʣʢʘʭ ʠ ʧʦʩʝʚʥʳʭ ʤʘʰʠʥʘʭ ʠ ʢʦʤʧʣʝʢʩʘʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʥʘʭʦʜʷʪ ʙʝʩʩʪʫʧʝʥʯʘʪʳʝ ʨʝʜʫʢʪʦʨʳ ʜʣʷ ʧʨʠʚʦʜʘ ʚʳʩʝʚʘʶʱʠʭ ʘʧʧʘʨʘʪʦʚ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ 
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ʦʙʝʩʧʝʯʠʚʘʪʴ ʫʩʪʦʡʯʠʚʳʡ ʚʳʩʝʚ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʦʨʤʳ ʨʘʟʣʠʯʥʳʭ ʢʫʣʴʪʫʨ ʧʨʠ ʨʘʚʥʦʤʝʨʥʦʤ 

ʥʝʧʨʝʨʳʚʥʦʤ ʧʦʪʦʢʝ ʩʝʤʷʥ [3-10]. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʙʝʩʩʪʫʧʝʥʯʘʪʦʛʦ ʨʝʜʫʢʪʦʨʘ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʚ 

ʇʝʥʟʝʥʩʢʦʤ ɻɸʋ ʜʣʷ ʧʨʠʚʦʜʘ ʚʘʣʘ ʚʳʩʝʚʘʶʱʝʛʦ ʘʧʧʘʨʘʪʘ ʩʝʷʣʢʠ [11].  

ʇʨʝʜʣʘʛʘʝʤʳʡ ʙʝʩʩʪʫʧʝʥʯʘʪʳʡ ʨʝʜʫʢʪʦʨ ʩʝʷʣʢʠ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʇʨʠ ʚʨʘʱʝʥʠʠ 

ʚʝʜʫʱʝʛʦ ʚʘʣʘ, ʢʫʣʘʯʢʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʯʝʨʝʟ 9ʦ ʛʨʘʜ, ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʘ ʨʦʣʠʢʠ ʨʳʯʘʛʦʚ ʪʦʣʢʘʪʝʣʝʡ, 

ʰʘʨʥʠʨʥʦ ʩʦʝʜʠʥʝʥʥʳʭ ʩ ʦʙʛʦʥʥʳʤʠ ʤʫʬʪʘʤʠ, ʧʨʠ ʵʪʦʤ ʨʳʯʘʛʠ ʪʦʣʢʘʪʝʣʝʡ ʩ ʦʙʛʦʥʥʳʤʠ ʤʫʬʪʘʤʠ 

ʩʦʚʝʨʰʘʶʪ ʚʦʟʚʨʘʪʥʦ-ʧʦʩʪʫʧʘʪʝʣʴʥʳʝ ʜʚʠʞʝʥʠʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʫʞʠʥʳ ʦʜʥʦʛʦ ʠʟ 

ʨʦʣʠʢʦʚ ʪʦʣʢʘʪʝʣʝʡ ʩ ʢʫʣʘʯʢʦʤ, ʘ ʜʨʫʛʦʛʦ ï ʩ ʥʘʧʨʘʚʣʷʶʱʝʡ. ʇʨʫʞʠʥʳ 5 ʚʦʟʚʨʘʱʘʶʪ ʨʳʯʘʛʠ 

ʪʦʣʢʘʪʝʣʝʡ 4 ʚ ʠʩʭʦʜʥʦʝ ʧʦʣʦʞʝʥʠʝ. ʇʨʠ ʵʪʦʤ ʨʝʛʫʣʠʨʦʚʢʘ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʚʝʜʦʤʦʛʦ ʚʘʣʘ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʝʛʫʣʠʨʦʚʦʯʥʳʤ ʨʳʯʘʛʦʤ 7 ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʥʘʧʨʘʚʣʷʶʱʝʡ 6. 

ɺʝʜʫʱʠʡ ʚʘʣ ʙʝʩʩʪʫʧʝʥʯʘʪʦʛʦ ʨʝʜʫʢʪʦʨʘ, ʧʨʠʚʦʜʠʪʩʷ ʚʦ ʚʨʘʱʝʥʠʝ ʯʝʨʝʟ ʮʝʧʥʫʶ ʧʝʨʝʜʘʯʫ ʦʪ 

ʚʝʜʫʱʝʡ ʟʚʝʟʜʦʯʢʠ, ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʘ ʚʘʣʫ ʚʝʜʫʱʠʭ ʢʦʣʝʩ ʩʘʞʘʣʢʠ.  

ʆʜʥʠʤʠ ʠʟ ʜʝʪʘʣʝʡ, ʦʪ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʨʘʙʦʪʘ ʙʝʩʩʪʫʧʝʥʯʘʪʦʛʦ ʨʝʜʫʢʪʦʨʘ, ʷʚʣʷʶʪʩʷ 

ʧʨʫʞʠʥʳ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʨʝʙʫʝʪʩʷ ʠʭ ʩʧʨʦʝʢʪʠʨʦʚʘʪʴ ʩ ʟʘʜʘʥʥʳʤʠ ʥʝʦʙʭʦʜʠʤʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʨʘʙʦʪʫ ʪʦʣʢʘʪʝʣʝʡ. 

 
ʈʠʩʫʥʦʢ 1 ï ʂʦʥʩʪʨʫʢʮʠʷ ʙʝʩʩʪʫʧʝʥʯʘʪʦʛʦ ʨʝʜʫʢʪʦʨʘ 

1 ï ʢʦʨʧʫʩ; 2 ï ʦʙʛʦʥʥʳʝ ʤʫʬʪʳ; 3 ï ʚʝʜʦʤʳʡ ʚʘʣ; 4 ï ʨʳʯʘʛʠ ʪʦʣʢʘʪʝʣʝʡ; 

5 ï ʧʨʫʞʠʥʳ; 6 ï ʨʝʛʫʣʠʨʦʚʦʯʥʳʡ ʨʳʯʘʛ; 8 ï ʢʫʣʘʯʢʠ; 9 ï ʚʝʜʫʱʠʡ ʚʘʣ 

ʇʨʫʞʠʥʘ ʨʘʩʪʷʞʝʥʠʷ ʙʳʣʘ ʩʧʨʦʝʢʪʠʨʦʚʘʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʂʆʄʇɸʉ-3D v17, ʧʘʨʘʤʝʪʨʳ ʧʨʫʞʠʥʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ, ʘ ʪʨʝʭʤʝʨʥʘʷ 

ʤʦʜʝʣʴ ʥʘ ʨʠʩʫʥʢʝ 2. 

 
ʈʠʩʫʥʦʢ 2 ï ʄʦʜʝʣʴ ʧʨʫʞʠʥʳ ʨʘʩʪʷʞʝʥʠʷ 

 

ʊʘʙʣʠʮʘ ï ʇʨʦʚʝʨʦʯʥʳʡ ʨʘʩʯʝʪ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʨʫʞʠʥʳ ʨʘʩʪʷʞʝʥʠʷ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʘ ʆʙʦʟʥʘʯʝʥʠʝ ɿʥʘʯʝʥʠʝ 

ʄʘʪʝʨʠʘʣ: ʇʨʦʚʦʣʦʢʘ ɹ-2-1,6 ɻʆʉʊ 9389-75 

ʂʣʘʩʩ ---  2 

ʈʘʟʨʷʜ ---  2 

ʆʪʥʦʩʠʪʝʣʴʥʳʡ ʠʥʝʨʮʠʦʥʥʳʡ ʟʘʟʦʨ d 0,251 

ʅʘʨʫʞʥʳʡ ʜʠʘʤʝʪʨ ʧʨʫʞʠʥʳ, ʤʤ D1 16 

ɼʠʘʤʝʪʨ ʧʨʦʚʦʣʦʢʠ, ʤʤ d  1,6 
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ʏʠʩʣʦ ʨʘʙʦʯʠʭ ʚʠʪʢʦʚ n  46 

ʉʠʣʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʅ Fʦ - 

ʉʠʣʘ ʧʨʫʞʠʥʳ ʧʨʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʠ, ʅ F1 1,87 

ʉʠʣʘ ʧʨʫʞʠʥʳ ʧʨʠ ʨʘʙʦʯʝʡ ʜʝʬʦʨʤʘʮʠʠ, ʅ F2 14 

ʉʠʣʘ ʧʨʫʞʠʥʳ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʠ, ʅ F3 18,7 

ʈʘʙʦʯʠʡ ʭʦʜ ʧʨʫʞʠʥʳ, ʤʤ h 26 

ɼʣʠʥʘ ʧʨʫʞʠʥʳ ʙʝʟ ʟʘʮʝʧʦʚ ʚ ʩʚʦʙʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʤʤ Lʦ' 76 

ɼʣʠʥʘ ʧʨʫʞʠʥʳ ʙʝʟ ʟʘʮʝʧʦʚ ʧʨʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʠ, ʤʤ L1 ' 80 

ɼʣʠʥʘ ʧʨʫʞʠʥʳ ʙʝʟ ʟʘʮʝʧʦʚ ʧʨʠ ʨʘʙʦʯʝʡ ʜʝʬʦʨʤʘʮʠʠ, ʤʤ L2' 106 

ɼʣʠʥʘ ʧʨʫʞʠʥʳ ʙʝʟ ʟʘʮʝʧʦʚ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʠ, ʤʤ L3' 116 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʢʘʩʘʪʝʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʄʇʘ tmax 195 

ɼʦʧʫʩʢʘʝʤʦʝ ʢʘʩʘʪʝʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʄʇʘ [t] 1080 

ʄʦʜʫʣʴ ʩʜʚʠʛʘ ʤʘʪʝʨʠʘʣʘ, ʄʇʘ G 78500 

ʄʘʩʩʘ ʧʨʫʞʠʥʳ ʙʝʟ ʟʘʮʝʧʦʚ, ʢʛ m 0,033 

ɼʣʠʥʘ ʨʘʟʚʝʨʥʫʪʦʡ ʧʨʫʞʠʥʳ ʙʝʟ ʟʘʮʝʧʦʚ, ʤʤ L' 2120 

ɾʝʩʪʢʦʩʪʴ ʧʨʫʞʠʥʳ, ʅ/ʤʤ c 0,468 

 

ʉʧʨʦʝʢʪʠʨʦʚʘʥʥʘʷ ʧʨʫʞʠʥʘ ʦʙʝʩʧʝʯʠʪ ʥʘʜʝʞʥʫʶ ʨʘʙʦʪʫ ʙʝʩʩʪʫʧʝʥʯʘʪʦʛʦ ʨʝʜʫʢʪʦʨʘ ʜʣʷ 

ʧʨʠʚʦʜʘ ʚʘʣʘ ʚʳʩʝʚʘʶʱʝʛʦ ʘʧʧʘʨʘʪʘ ʩʝʷʣʢʠ. 
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Abstract: The paper proposes a method for obtaining sodium and potassium soap in the production of 

biofuels from rapeseed seeds in an agricultural enterprise, describes a scheme for processing seeds based on 
a PSH-250 screw oil press. The resulting soap is proposed to be used as surfactants for the needs of the 
enterprise, as well as for sale in retail trade networks. Thus, the organization of biofuel production from 
rapeseed oil seeds turns out to be practically waste-free, and the use of by-products will save on the disposal 
of by-products and get additional profit for the enterprise that processes rapeseed seeds for biofuels. 
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ʉʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ʷʚʣʷʝʪʩʷ ʙʦʣʴʰʠʤ ʧʦʪʨʝʙʠʪʝʣʝʤ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ, ʚ ʦʙʱʝʤ ʝʛʦ 

ʧʦʪʨʝʙʣʝʥʠʠ ʧʨʠʭʦʜʠʪʩʷ 18-25% [2], ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʚʩʝ ʘʢʪʫʘʣʴʥʝʝ ʩʪʘʥʦʚʠʪʩʷ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ ʠ 
ʩʥʠʞʝʥʠʝ ʪʦʧʣʠʚʥʳʭ ʟʘʪʨʘʪ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ. ʆʜʥʠʤ ʠʟ ʧʫʪʝʡ 
ʩʦʢʨʘʱʝʥʠʷ ʜʝʥʝʞʥʳʭ ʟʘʪʨʘʪ ʥʘ ʤʦʪʦʨʥʦʝ ʪʦʧʣʠʚʦ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʦʧʣʠʚ 
ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ (ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ, ʙʠʦʵʪʘʥʦʣʘ, ʙʠʦʛʘʟʘ ʠ ʪ.ʜ.). ɼʣʷ 
ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (ɸʇʂ) ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʷ ʧʦʣʫʯʝʥʠʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ 
ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʪʦʧʣʠʚ ʩʪʘʥʦʚʠʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʧʨʠ ʥʘʣʠʯʠʠ ʩʳʨʴʝʚʦʡ ʙʘʟʳ, ʚ ʯʘʩʪʥʦʩʪʠ ï ʧʦ 
ʩʝʤʝʥʘʤ ʨʘʧʩʘ ʠ ʜʨʫʛʠʤ ʢʫʣʴʪʫʨʘʤ. ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʝʨʝʨʘʙʦʪʢʦʡ ʤʘʩʣʦʩʝʤʷʥ 
ʟʘʥʠʤʘʶʪʩʷ ʪʦʣʴʢʦ ʝʜʠʥʠʯʥʳʝ ʭʦʟʷʡʩʪʚʘ [2], ʦʩʪʘʣʴʥʦʝ ʩʳʨʴʝ ʵʢʩʧʦʨʪʠʨʫʝʪʩʷ, ʣʠʙʦ ʨʝʘʣʠʟʫʝʪʩʷ ʚ 
ʜʨʫʛʠʝ ʨʝʛʠʦʥʳ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ.   

ʈʝʛʠʦʥʘʣʴʥʳʝ ʠ ʢʨʘʝʚʳʝ ʧʨʦʛʨʘʤʤʳ ʠ ʘʥʘʣʠʟ ʧʨʦʛʥʦʟʦʚ ʨʳʥʢʘ ʜʦ 2025 ʧʣʘʥʠʨʫʝʪ ʠ 
ʜʘʣʴʥʝʡʰʝʝ ʥʘʨʘʱʠʚʘʥʠʝ ʢʘʢ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʘʩʣʦʩʝʤʷʥ ʨʘʧʩʘ, ʪʘʢ ʠ ʠʭ ʧʝʨʝʨʘʙʦʪʢʠ, ʚ ʪʦʤ ʯʠʩʣʝ, ʠ 
ʙʝʟʦʪʭʦʜʥʦʡ. ɺ ʉʫʭʦʙʫʟʠʤʩʢʦʤ ʨʘʡʦʥʝ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʷ ʧʣʘʥʠʨʫʝʪʩʷ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʟʘʚʦʜʘ [3] ʧʦ 
ʧʝʨʝʨʘʙʦʪʢʝ ʩʝʤʷʥ ʤʘʣʠʯʥʳʭ ʢʫʣʴʪʫʨ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʘʪʴ ʥʝ ʪʦʣʴʢʦ ʩʳʨʦʝ ʠ ʨʘʬʠʥʠʨʦʚʘʥʥʳʝ 
ʨʘʩʪʠʪʝʣʴʥʳʝ ʤʘʩʣʘ, ʥʦ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʝ (ʨʠʩʫʥʦʢ). ʇʦʙʦʯʥʦʝ ʩʳʨʴʝ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ 
ʦʪʜʝʣʴʥʳʭ ʣʠʥʠʷʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʢʦʨʤʘ (ʟʜʝʩʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʧʩʦʚʳʡ ʞʤʳʭ ʠ 
ʬʠʣʴʪʨʘʪ, ʧʦʣʫʯʘʝʤʳʡ ʧʨʠ ʦʯʠʩʪʢʝ ʤʘʩʣʘ-ʩʳʨʮʘ), ʚ ʣʠʥʠʠ ʧʦʣʫʯʝʥʠʷ ʪʚʝʨʜʦʛʦ ʠ ʞʠʜʢʦʛʦ ʤʳʣʘ (ʧʨʠ 
ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʩʘʜʢʦʚ ʚ ʚʠʜʝ ʩʦʣʝʡ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʥʘ ʩʪʘʜʠʠ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʨʘʧʩʦʚʦʛʦ ʤʘʩʣʘ).  
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ʈʠʩʫʥʦʢ ï ʉʭʝʤʘ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʤʘʩʣʦʩʝʤʷʥ ʨʘʧʩʘ 

 

ʊʝʥʜʝʥʮʠʠ ʥʘʨʘʱʠʚʘʥʠʷ ʦʙʲʝʤʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʵʢʩʧʦʨʪʘ ʧʦʟʚʦʣʷʝʪ ʛʦʚʦʨʠʪʴ ʦ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʝʨʝʚʦʦʨʫʞʝʥʠʷ ʬʦʥʜʦʚ ʧʦ ʧʝʨʝʨʘʙʦʪʢʝ ʤʘʩʣʦʩʝʤʷʥ ʨʘʧʩʘ. ʈʝʯʴ ʠʜʝʪ ʦ ʤʘʩʣʦʟʘʚʦʜʘʭ 

ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʦʣʫʯʘʪʴ ʥʝ ʪʦʣʴʢʦ ʤʘʩʣʦ ʧʠʱʝʚʦʛʦ ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʥʦ ʠ ʧʦʙʦʯʥʳʝ 

ʧʨʦʜʫʢʪʳ, ʪʘʢʠʝ ʢʘʢ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ (ʇɸɺ) ʚ ʚʠʜʝ ʪʚʝʨʜʦʛʦ ʠ ʞʠʜʢʦʛʦ ʤʳʣʘ, 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʢʦʨʤʘ ʠ ʜʦʙʘʚʢʠ ʢ ʥʠʤ, ʘ ʪʘʢʞʝ ʙʠʦʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ.  
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ʅʘʣʘʞʠʚʘʷ ʢʘʯʝʩʪʚʝʥʥʫʶ ʧʝʨʝʨʘʙʦʪʢʫ ʤʘʩʣʠʯʥʳʭ ʩʝʤʷʥ, ʤʘʩʣʦʞʠʨʦʚʘʷ ʦʪʨʘʩʣʴ ʩʧʦʩʦʙʥʘ 

ʧʦʚʳʩʠʪʴ ʚʥʫʪʨʝʥʥʠʝ ʦʪʨʘʩʣʝʚʳʝ ʩʚʷʟʠ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ. ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʠ 

ʚʦʟʤʦʞʥʦʝ ʩʥʠʞʝʥʠʝ ʮʝʥ ʥʘ ʩʳʨʴʝ ʠʟ ʨʘʧʩʘ, ʧʦʩʢʦʣʴʢʫ ʫʚʝʣʠʯʝʥʠʝ ʚʘʣʦʚʦʛʦ ʩʙʦʨʘ ʨʘʥʦ ʠʣʠ ʧʦʟʜʥʦ 

ʩʦʟʜʘʩʪ ʧʨʝʜʧʦʩʳʣʢʠ ʢʦʥʢʫʨʝʥʮʠʠ, ʢʘʢ ʧʦ ʩʫʙʲʝʢʪʘʤ ʩʪʨʘʥʳ, ʪʘʢ ʠ ʧʦ ʨʘʡʦʥʘʤ ʠ ʭʦʟʷʡʩʪʚʘʤ ʚʥʫʪʨʠ 

ʨʝʛʠʦʥʘ. ʇʨʝʠʤʫʱʝʩʪʚʘ ʙʫʜʫʪ ʠʤʝʪʴ ʭʦʟʷʡʩʪʚʘ, ʠʤʝʶʱʠʝ ʩʦʙʩʪʚʝʥʥʫʶ ʧʝʨʝʨʘʙʦʪʢʫ. 

ʇʨʠ ʧʦʣʫʯʝʥʠʠ ʙʠʦʪʦʧʣʠʚʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʥʘ ʦʩʥʦʚʝ ʨʘʧʩʦʚʦʛʦ ʤʘʩʣʘ, ʩʦʛʣʘʩʥʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤ [1,2,4] ʦʪʭʦʜʘʤʠ ʥʘ ʩʪʘʜʠʠ ʦʙʨʘʙʦʪʢʠ ʨʘʧʩʦʚʦʛʦ ʤʘʩʣʘ (ʥʝʡʪʨʘʣʠʟʘʮʠʠ) ʷʚʣʷʶʪʩʷ ʩʦʣʠ 

ʞʠʨʥʳʭ ʢʠʩʣʦʪ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʇɸɺ. ʇʝʨʝʨʘʙʦʪʢʘ 250 ʢʛ/ʯ ʤʘʩʣʦʩʝʤʷʥ 

ʨʘʧʩʘ ʧʨʠ ʚʳʭʦʜʝ ʤʘʩʣʘ-ʩʳʨʮʘ 33% (82,5 ʢʛ) ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʠʪʴ ʚ ʚʠʜʝ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ: 

- ʞʤʳʭ (167,5 ʢʛ), ʧʨʠʛʦʜʥʳʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʢʦʨʤʘ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ 

ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ ʠ ʧʪʠʮʝʚʦʜʩʪʚʝ; 

- ʦʩʥʦʚʫ ʙʠʦʪʦʧʣʠʚʥʳʭ ʢʦʤʧʦʟʠʮʠʡ (76,7 ʢʛ) ʜʣʷ ʘʚʪʦʪʨʘʢʪʦʨʥʳʭ ʜʠʟʝʣʝʡ;  

- ʪʚʝʨʜʦʝ ʠʣʠ ʞʠʜʢʦʝ ʤʳʣʦ (5,8 ʢʛ) ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʇɸɺ.  

ʇʨʦʤʳʰʣʝʥʥʦʝ ʧʦʣʫʯʝʥʠʝ ʤʳʣʘ ʇɸɺ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʩʝʣ 

ʥʝ ʚʩʝʛʜʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʫʯʝʥʠʝ ʤʝʥʝʝ ʪʦʢʩʠʯʥʳʭ ʠ ʤʝʥʝʝ ʵʢʦʣʦʛʠʯʝʩʢʠ ʚʨʝʜʥʳʭ ʇAɺ, ʯʝʤ 

ʥʝʬʪʝʭʠʤʠʯʝʩʢʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʥʦ ʩ ʫʯʸʪʦʤ ʢʨʫʛʦʚʦʨʦʪʘ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʭʠʤʠʯʝʩʢʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ, 

ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʚʦʟʦʙʥʦʚʣʷʝʤʦʤ ʩʳʨʴʝ, ʚʩʝʛʜʘ ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʝʬʪʝʭʠʤʠʠ. 

ʄʘʩʩʦʚʦʝ ʟʘʨʫʙʝʞʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʨʦʜʥʦʛʦ ʩʳʨʴʷ ʜʣʷ ʩʠʥʪʝʟʘ ʇɸɺ ʦʙʦʩʥʦʚʘʥʦ ʝʛʦ ʚʳʩʦʢʦʡ 

ʚʦʟʦʙʥʦʚʣʷʝʤʦʩʪʠ, ʘ ʪʘʢʞʝ ʙʳʩʪʨʦʨʝʘʣʠʟʫʝʤʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʥʝʧʨʝʨʳʚʥʳʭ ʮʠʢʣʦʚ. ʂʘʩʘʝʤʦ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʩʝʣ, ʩʳʨʴʝʚʘʷ ʙʘʟʘ ʥʝʧʨʝʨʳʚʥʦ ʧʦʧʦʣʥʷʝʪʩʷ ʠ, ʧʦʵʪʦʤʫ, ʢʦʤʧʦʥʝʥʪʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʇɸɺ ʜʦʩʪʫʧʥʳ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʜʦʨʦʛʠʝ ʜʣʷ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩ ʥʝʙʦʣʴʰʠʤ ʨʠʩʢʦʤ 

ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʧʦ ʩʝʟʦʥʘʤ. ʅʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʩʢʘʟʘʪʴ, ʯʪʦ ʦʙʱʘʷ ʪʦʢʩʠʯʥʦʩʪʴ ʇɸɺ ʥʘ ʦʩʥʦʚʝ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʝʬʪʝʭʠʤʠʯʝʩʢʠʤ ʇɸɺ ʩʥʠʞʘʝʪʩʷ ʧʨʠ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ, ʘ ʤʝʥʴʰʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʠʭ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʜʝʛʨʘʜʠʨʦʚʘʥʠʝʤ ʚ 

ʝʩʪʝʩʪʚʝʥʥʳʝ, ʙʦʣʝʝ ʤʝʣʢʠʝ ʢʦʤʧʦʥʝʥʪʳ (ʪʦ ʝʩʪʴ ʛʠʜʨʦʬʦʙʥʳʝ ʠ ʛʠʜʨʦʬʠʣʴʥʳʝ), ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ 

ʦʥʠ ʫʯʘʩʪʚʫʶʪ ʙʝʟ ʪʦʢʩʠʢʦʣʦʛʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʮʠʢʣʘʭ [5]. 

ʇʨʠʚʝʜʝʥʥʳʝ ʚʳʰʝ ʟʥʘʯʝʥʠʷ ʧʦ ʚʳʭʦʜʫ ʧʨʦʜʫʢʮʠʠ (ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 250 ʢʛ/ʯ ʧʦ ʩʝʤʝʥʘʤ) 

ʜʘʶʪ ʦʩʥʦʚʘʥʠʝ ʛʦʚʦʨʠʪʴ, ʯʪʦ ʚ ʛʦʜ, ʨʘʙʦʪʘʷ ʚ ʦʜʥʫ ʚʦʩʴʤʠʯʘʩʦʚʫʶ ʩʤʝʥʫ, ʣʠʥʠʷ ʢʦʤʧʣʝʢʩʥʦʡ 

ʧʝʨʝʨʘʙʦʪʢʠ ʤʘʩʣʦʩʝʤʷʥ ʨʘʧʩʘ ʩ ʧʦʣʫʯʝʥʠʝʤ ʙʠʦʪʦʧʣʠʚʥʳʭ ʢʦʤʧʦʟʠʮʠʡ (223964 ʢʛ), ʨʘʧʩʦʚʦʛʦ 

ʞʤʳʭʘ (489100 ʢʛ), ʤʦʞʝʪ ʜʘʪʴ 16936 ʢʛ ʩʳʨʴʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʚʝʨʜʦʛʦ ʠʣʠ ʞʠʜʢʦʛʦ ʤʳʣʘ. 

ʋʢʘʟʘʥʥʳʝ ʦʙʲʝʤʳ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʨʝʘʣʠʟʦʚʘʪʴ 

ʜʦʩʪʘʪʦʯʥʦ ʥʝʪʨʫʜʥʦ, ʧʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʥʘʜʦʙʠʪʩʷ ʦʨʛʘʥʠʟʘʮʠʷ ʩʙʳʪʘ ʇɸɺ, ʣʠʙʦ 

ʩʘʤʦʛʦ ʩʳʨʴʷ ï ʧʦʙʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʧʨʠ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʩʳʨʦʛʦ ʨʘʧʩʦʚʦʛʦ ʤʘʩʣʘ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʨʘʥʦʢ ʇɸɺ ʧʨʝʜʩʪʘʚʣʝʥ ʙʦʣʴʰʝ ʠʤʧʦʨʪʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ, ʧʦʵʪʦʤʫ 

ʧʦʜʦʙʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʙʝʟ ʦʩʦʙʳʭ ʧʨʦʙʣʝʤ ʤʦʞʥʦ ʦʨʛʘʥʠʟʦʚʘʪʴ ʚ ʫʩʣʦʚʠʷʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʥʘʡʪʠ ʩʙʳʪ ʧʨʦʜʫʢʮʠʠ. ʋʯʠʪʳʚʘʷ ʥʝʙʦʣʴʰʠʝ ʦʙʲʝʤʳ, ʥʝʪʨʫʜʥʦ ʧʦʜʦʙʨʘʪʴ 

ʨʦʩʩʠʡʩʢʦʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʢʦʤʧʣʝʢʪʦʚʘʥʠʷ ʣʠʥʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʚʝʨʜʦʛʦ ʠ 

ʞʠʜʢʦʛʦ ʤʳʣʘ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʘʨʴʠʨʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʭʦʜʘ ʦʩʥʦʚʥʦʡ 

ʧʨʦʜʫʢʮʠʠ ï ʙʠʦʪʦʧʣʠʚʘ.  

ɺ ʮʝʣʦʤ, ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʙʠʦʪʦʧʣʠʚʘ ʥʘ ʦʩʥʦʚʝ ʨʘʧʩʦʚʦʛʦ ʤʘʩʣʘ, ʪʝʭʥʦʣʦʛʠʷ ʜʦʣʞʥʘ 

ʫʯʠʪʳʚʘʪʴ ʣʠʙʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ (ʨʝʘʣʠʟʘʮʠʶ) ʦʤʳʣʝʥʥʦʛʦ ʦʩʘʜʢʘ, ʣʠʙʦ ʝʛʦ ʫʪʠʣʠʟʘʮʠʶ. ʇʨʦʮʝʜʫʨʘ 

ʫʪʠʣʠʟʘʮʠʠ ʧʦʙʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʪʘʢʞʝ ʪʨʝʙʫʝʪ ʚʣʦʞʝʥʠʡ ʩʨʝʜʩʪʚ ʧʨʝʜʧʨʠʷʪʠʷ, ʘ ʝʩʣʠ ʞʝ ʧʦʣʫʯʠʪʴ 

ʜʘʞʝ ʥʝʙʦʣʴʰʫʶ ʧʨʠʙʳʣʴ ʦʪ ʧʦʣʫʯʝʥʠʷ ʇɸɺ, ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ï ʙʠʦʪʦʧʣʠʚʘ, 

ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʩʥʠʞʝʥʘ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʜʘʝʪ ʦʩʥʦʚʘʥʠʝ ʜʣʷ 

ʜʘʣʴʥʝʡʰʠʭ ʨʘʙʦʪ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ.  
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ʇʦʣʝʚʦʡ ʘʛʨʦʨʦʙʦʪ ï ʨʦʙʦʪ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʨʘʙʦʪʘʭ, ʥʝʟʘʤʝʥʠʤʳʡ 

ʧʦʤʦʱʥʠʢ ʠ ʣʫʯʰʠʡ ʜʨʫʛ ʬʝʨʤʝʨʘ. ʎʝʣʴ: ʟʘʤʝʥʠʪʴ ʯʝʣʦʚʝʯʝʩʢʠʡ ʪʨʫʜ, ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, 

ʫʨʦʞʘʡʥʦʩʪʴ. ʈʘʙʦʪʘ ʠʜʸʪ ʧʦ ʩʣʝʜʫʶʱʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ: 

1. ʈʦʙʦʪʳ ʜʣʷ: ʧʦʩʘʜʢʠ ʩʝʤʷʥ, ʧʦʣʠʚʘ; 

2. ʈʦʙʦʪʳ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʩʝʣʴʭʦʟʫʛʦʜʠʡ; 

3. ʈʦʙʦʪʳ ʜʣʷ ʩʙʦʨʘ ʧʣʦʜʦʚʳʭ ʢʫʣʴʪʫʨ; 

4. ʈʦʙʦʪʳ ʜʣʷ ʙʦʨʴʙʳ ʩ ʚʨʝʜʠʪʝʣʷʤʠ; 

5. ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʣʘʪʬʦʨʤʳ (ʘʥʘʣʦʛ ʪʨʘʢʪʦʨʦʚ). 

ʈʦʩʪ ʥʘʩʝʣʝʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘ ʧʨʠʨʦʜʥʳʝ ʨʝʩʫʨʩʳ ʟʝʤʣʠ ʠʩʪʦʱʘʶʪʩʷ, ʯʝʣʦʚʝʯʝʩʪʚʦ ʥʝ 

ʫʩʧʝʚʘʝʪ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ çʦʪʥʷʪʦʝ ʟʜʦʨʦʚʴʝ ʫ ʟʝʤʣʠè. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʤʦʣʦʜʳʝ ʢʘʜʨʳ ʩʪʨʝʤʷʪʩʷ 

ʧʦʢʠʥʫʪʴ ʩʝʣʴʩʢʫʶ ʤʝʩʪʥʦʩʪʴ, ʧʨʝʜʧʦʯʠʪʘʷ ʛʦʨʦʜʩʢʦʝ ʪʨʫʜʦʫʩʪʨʦʡʩʪʚʦ ʩ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʤ 

ʟʘʨʘʙʦʪʢʦʤ. ʌʝʨʤʝʨʳ ʚʳʥʫʞʜʝʥʳ ʨʝʰʘʪʴ ʧʨʦʙʣʝʤʫ ʩʦʢʨʘʱʝʥʠʷ ʨʘʙʦʯʝʡ ʩʠʣʳ ʧʫʪʸʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʪʨʫʜʘ [1]. ʇʝʨʝʭʦʜ ʦʪ ʤʝʭʘʥʠʟʘʮʠʠ ʢ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʪʨʫʜʘ ʨʝʰʘʝʪ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʦ ʧʨʦʙʣʝʤ [2,3]: 

1. ɿʘʛʨʷʟʥʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ; 

2. ʅʝʭʚʘʪʢʘ ʨʘʙʦʯʝʡ ʩʠʣʳ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ; 

3. ʅʠʟʢʠʡ ʫʨʦʚʝʥʴ ʫʨʦʞʘʡʥʦʩʪʠ; 

4. ʅʝʪʦʯʥʦʩʪʠ ʩʙʦʨʘ ʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʠ ʠʭ ʫʯʝʪʘ; 

5. ɼʝʬʠʮʠʪ ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠ; 

6. ʅʝʜʦʩʪʘʪʦʯʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ; 

7. ʅʘʣʦʛʦʦʙʣʦʞʝʥʠʝ ʭʦʟʷʡʩʪʚʘ ʟʘ ʨʘʙʦʪʥʠʢʦʚ; 

8. ʏʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ ï ʚʦʨʦʚʩʪʚʦ ʠ ʥʝʢʦʤʧʝʪʝʥʪʥʦʩʪʴ ʩʦʪʨʫʜʥʠʢʦʚ. 

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʚ ʩʪʘʪʴʝ ɸʣʝʢʩʝʷ ɹʦʡʢʦ [4] ʧʨʦʮʝʩʩ ʧʝʨʝʭʦʜʘ ʦʪ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ ʪʨʫʜʘ ʢ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʤʫ, ʝʛʦ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʧʦʩʣʝʜʩʪʚʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʥʘʤ ʘʢʪʫʘʣʴʥʳʤʠ (ʨʠʩ.1.).  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʧʝʨʘʮʠʠ ʬʠʟʠʯʝʩʢʦʛʦ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʪʨʫʜʘ, ʧʦʜʜʘʶʱʠʝʩʷ 

ʬʦʨʤʘʣʠʟʘʮʠʠ, ʷʚʣʷʶʪʩʷ ʦʙʲʝʢʪʦʤ ʤʝʭʘʥʠʟʘʮʠʠ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. ʈʦʙʦʪʦʪʝʭʥʠʢʘ ʩʪʘʥʦʚʠʪʩʷ ʦʩʥʦʚʦʡ 

ʨʘʟʚʠʪʠʷ ʣʶʙʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ʥʝ ʷʚʣʷʝʪʩʷ ʠʩʢʣʶʯʝʥʠʝʤ.  

ʅʘ ʦʩʥʦʚʝ ʧʨʠʥʷʪʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʩʦʟʜʘʶʪʩʷ 

ʚʠʨʪʫʘʣʴʥʳʝ (ʮʠʬʨʦʚʳʝ) ʤʦʜʝʣʠ ʠ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʠ ʫʧʨʘʚʣʷʪʴ ʧʦʣʥʳʤ ʮʠʢʣʦʤ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ʠʣʠ ʚʦʟʜʝʣʳʚʘʥʠʷ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʨʘʩʪʝʥʠʡ. 

ʉʠʩʪʝʤʘ ʟʝʤʣʝʜʝʣʠʷ ʠ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ, ʪʨʘʥʩʧʦʨʪʥʳʝ ʠ 

ʪʨʘʥʩʧʦʨʪʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ, ʚʳʧʦʣʥʷʝʤʳʝ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩ 

ʧʦʤʦʱʴʶ ʤʦʙʠʣʴʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʨʝʜʩʪʚʘ (ʄʕʉ). ʉʦʚʨʝʤʝʥʥʘʷ ʨʝʘʣʴʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪ 

ʘʚʪʦʥʦʤʥʦʩʪʴ ʠʭ ʧʝʨʝʤʝʱʝʥʠʷ, ʘʜʘʧʪʠʚʥʦʩʪʴ ʢ ʧʨʠʨʦʜʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ ʫʩʣʦʚʠʷʤ, 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ. [5] 

ɺʝʜʫʱʠʝ ʤʠʨʦʚʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʮʝʥʪʨʳ ʧʨʦʛʥʦʟʠʨʫʶʪ ʚʳʩʦʢʫʶ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʨʳʥʢʘ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʨʦʙʦʪʦʪʝʭʥʠʢʠ ʠ ʝʛʦ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ʚ ʯʘʩʪʠ 

ʵʢʦʥʦʤʠʢʠ, ʪʝʭʥʦʣʦʛʠʡ ʠ ʵʢʦʣʦʛʠʠ. 

ʕʪʠ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ ʦʙʷʟʳʚʘʶʪ ʘʛʨʦʠʥʞʝʥʝʨʠʶ ʈʦʩʩʠʠ ʩʪʨʝʤʠʪʝʣʴʥʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ 

ʤʝʥʷʶʱʠʝʩʷ ʧʨʠʦʨʠʪʝʪʳ, ʧʦʪʨʝʙʥʦʩʪʠ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʛʦ ʨʳʥʢʘ ʠ ʨʘʟʚʠʚʘʪʴ ʧʨʠʤʝʥʝʥʠʝ ʙʝʩʧʠʣʦʪʥʦʡ 

ʘʛʨʦʪʝʭʥʠʢʠ, ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʢʦʤʧʣʝʢʩʦʚ ʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʩʪʨʘʥʳ. 

ʎʝʣʴ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ï ʨʘʟʨʘʙʦʪʢʘ ʭʦʜʦʚʦʡ ʯʘʩʪʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʘʚʪʦʥʦʤʥʦʛʦ 

ʤʦʙʠʣʴʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʨʝʜʩʪʚʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʚʳʧʦʣʥʷʝʤʳʭ ʦʧʝʨʘʮʠʡ 

ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʤʘʰʠʥ ʧʨʠ ʩʥʠʞʝʥʠʠ ʦʙʱʠʭ ʟʘʪʨʘʪ. 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʡ:  

1. ʈʘʩʩʤʦʪʨʝʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʩʨʝʜʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʙʝʩʧʠʣʦʪʥʦʡ ʘʛʨʦʪʝʭʥʠʢʠ. 

2. ʆʙʦʩʥʦʚʘʪʴ ʢʦʥʩʪʨʫʢʮʠʶ ʭʦʜʦʚʦʡ ʯʘʩʪʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʘʚʪʦʥʦʤʥʦʛʦ ʤʦʙʠʣʴʥʦʛʦ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʨʝʜʩʪʚʘ ʠ ʪʝʭʥʦʣʦʛʠʠ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʠʨʦʜʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭ. 

3. ʇʦʜʘʪʴ ʟʘʷʚʢʫ ʥʘ ʧʘʪʝʥʪʥʫʶ ʟʘʱʠʪʫ ʨʝʟʫʣʴʪʘʪʦʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

4. ʇʨʦʚʝʩʪʠ ʧʦʜʙʦʨ ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʩʦʟʜʘʥʠʷ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʭʦʜʦʚʦʡ ʯʘʩʪʠ. 

ʈʘʟʨʘʙʦʪʢʘʤʠ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʘʚʪʦʥʦʤʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʟʘʥʠʤʘʶʪʩʷ ʠʩʩʣʝʜʦʚʘʪʝʣʠ: 

Clearpath Robotics, Deepfield Robotics, Mitsubishi Mahindra, Trimble, Yamaha Motor Company, 

PrecisionHawk. ʆʩʥʦʚʥʳʝ ʨʘʟʨʘʙʦʪʯʠʢʠ ʘʚʪʦʥʦʤʥʦʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ ʚ ʈʦʩʩʠʠ: ʌɻɹʅʋ 
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ɺʀʄ, ʈʷʟʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ; ʌɻɹʅʋ çʌʅʎ ʂʘʙʘʨʜʠʥʦ-

ɹʘʣʢʘʨʩʢʠʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ ʈɸʅè. 

 

ʈʠʩʫʥʦʢ1. ï çʈʦʙʦ-ʨʝʚʦʣʶʮʠʷè ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʚ ʧʝʨʠʦʜ ʜʦ 2050 ʛʦʜʘ, ʧʦʯʝʤʫ ʦʥʘ ʥʝʦʙʭʦʜʠʤʘ, 

ʠ ʢʘʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʟʚʦʣʠʪ ʜʦʙʠʪʴʩʷ 

 

ʅʘ ʪʝʢʫʱʝʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʤʠ ʧʨʦʚʝʜʝʥ ʦʙʟʦʨ ʙʦʣʝʝ 20 ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʨʦʙʦʪ-

ʧʣʘʪʬʦʨʤ ʠ ʙʦʣʝʝ 30 ʦʙʨʘʟʮʦʚ ʭʦʜʦʚʦʡ ʯʘʩʪʠ ʘʚʪʦʥʦʤʥʳʭ ʪʨʘʢʪʦʨʦʚ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʧʦʢʘʟʘʪʝʣʠ 

ʢʘʯʝʩʪʚʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʚʳʧʫʩʢʘʝʤʳʝ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʦʙʨʘʟʮʳ ʙʝʩʧʠʣʦʪʥʦʡ 

ʘʛʨʦʪʝʭʥʠʢʠ: 

1. ɸʚʪʦʥʦʤʥʘʷ ʨʦʙʦʪ-ʧʣʘʪʬʦʨʤʘ BoniRob, AMAZONE-Werke; 

2. ɸʊ 4ʦʦ, Autonomous Tractor;  

3. ʂʦʥʮʝʧʪ Autonomous Concept Vehicle, Case IH; 

4. ɹʝʩʧʠʣʦʪʥʳʡ ʢʦʣʝʩʥʳʡ ʪʨʘʢʪʦʨ "ɸʛʨʦɹʦʪ", Avrora Robotics; 

5. ʄʦʙʠʣʴʥʳʝ ʧʣʘʪʬʦʨʤʳ Xaver, Fendt (AGCO); 

6. ɸʚʪʦʥʦʤʥʳʡ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʨʦʙʦʪ Robotti, Agrointelli; 

7. ʉʘʤʦʭʦʜʥʘʷ ʤʘʰʠʥʘ Greenbot, Dutch Power Company; 

8. ʈʦʙʦʪʠʟʠʨʦʚʘʥʥʳʡ ʪʨʘʢʪʦʨ T4.11ʦF, New Holland; 

9. ɸʚʪʦʥʦʤʥʳʝ ʪʨʘʢʪʦʨʳ Kubota X, FarmPilot, Kubota Corp.; 

10.  ɸʚʪʦʥʦʤʥʳʝ ʪʨʘʢʪʦʨʳ YR8D, Yanmar Agri, Yanmar. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʪʝʭʥʦʣʦʛʠʡ ʚ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ ʠ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʦʚʨʝʤʝʥʥʳʝ ʨʦʙʦʪʳ ʠʤʝʶʪ ʥʝʜʦʩʪʘʪʦʯʥʫʶ ʘʜʘʧʪʠʚʥʦʩʪʴ ʢ 

ʪʨʫʜʥʦʧʨʦʭʦʜʠʤʳʤ ʫʯʘʩʪʢʘʤ ʧʦʣʝʡ ʠ ʜʦʨʦʛ, ʧʦʛʦʜʥʳʤ ʫʩʣʦʚʠʷʤ ʠ ʤʘʣʫʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ 

ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ. 

ʅʘʧʨʠʤʝʨ, ʦʜʥʠʤ ʠʟ ʢʨʠʪʠʯʝʩʢʠʭ ʤʝʩʪ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʝʦʜʦʣʝʥʠʷ ʥʠʟʠʥ ʩ ʩʳʨʦʡ ʧʦʯʚʦʡ ʠʣʠ ʫʯʘʩʪʢʦʚ ʩ ʯʘʩʪʦ ʯʝʨʝʜʫʶʱʠʤʠʩʷ ʧʨʝʧʷʪʩʪʚʠʷʤʠ. 

ɺʦʟʤʦʞʥʦʩʪʝʡ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʟʘʯʘʩʪʫʶ ʥʝʜʦʩʪʘʪʦʯʥʦ, 

ʤʘʰʠʥʘ ʥʝ ʤʦʞʝʪ ʨʘʩʧʦʟʥʘʪʴ ʠ ʥʝ ʚʦʚʨʝʤʷ ʨʝʘʛʠʨʫʝʪ ʥʘ ʧʨʠʟʥʘʢʠ ʪʦʧʢʠʭ ʫʯʘʩʪʢʦʚ ʧʦʣʷ 

ʤʝʨʦʧʨʠʷʪʠʷʤʠ ʜʦʩʪʠʛʥʫʪʦʛʦ ʫʨʦʚʥʷ ʪʝʭʥʠʢʠ: 
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- ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʛʣʫʙʠʥʳ ʭʦʜʘ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʤʘʰʠʥʳ;  

- ʫʧʨʘʚʣʝʥʠʝ ʥʘʛʨʫʟʦʯʥʳʤʠ ʠ ʩʢʦʨʦʩʪʥʳʤʠ ʨʝʞʠʤʘʤʠ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ; 

- ʠʟʤʝʥʝʥʠʝ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʪʨʘʥʩʤʠʩʩʠʠ, ʚ ʪ.ʯ. ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʧʦʜʢʣʶʯʝʥʠʝʤ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʚʝʜʫʱʠʭ ʢʦʣʸʩ; 

- ʠʟʤʝʥʝʥʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ;  

- ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʜʦʛʨʫʟʢʠ ʚʝʜʫʱʠʭ ʢʦʣʸʩ; 

- ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʜʦʣʴʥʦʡ ʠ ʧʦʧʝʨʝʯʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ; 

- ʧʝʨʝʢʣʶʯʝʥʠʝ ʚ ʨʝʞʠʤ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʘʚʪʦʥʦʤʥʦʩʪʠ. 

ʄʝʨʳ ʠʟ ʧʨʠʚʝʜʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚʳʧʦʣʥʷʶʪʩʷ ʩ ʩʫʱʝʩʪʚʝʥʥʳʤ ʟʘʧʘʟʜʳʚʘʥʠʝʤ, ʘʣʛʦʨʠʪʤ ʠʭ 

ʘʢʪʠʚʘʮʠʠ ʟʘʯʘʩʪʫʶ ʥʝʨʘʮʠʦʥʘʣʝʥ, ʯʪʦ ʚʣʝʯʸʪ ʧʦʪʝʨʶ ʠʥʝʨʮʠʠ ʘʛʨʝʛʘʪʘ ʥʘ ʧʨʝʦʜʦʣʝʥʠʝ ʧʨʝʧʷʪʩʪʚʠʡ, 

ʫʪʨʘʪʫ ʦʧʦʨʥʦ-ʩʮʝʧʥʦʡ ʧʨʦʭʦʜʠʤʦʩʪʠ, ʥʘʨʫʰʝʥʠʝ (ʧʨʝʢʨʘʱʝʥʠʝ) ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ɹʦʣʝʝ 

ʪʦʛʦ, ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʙʝʩʧʠʣʦʪʥʦʡ ʘʛʨʦʪʝʭʥʠʢʠ ʥʝ ʠʤʝʝʪ 

ʥʝʢʦʪʦʨʳʭ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʬʫʥʢʮʠʡ [6] (ʪʘʙʣʠʮʘ 1). 

ɺʳʜʚʠʥʫʪʘ ʛʠʧʦʪʝʟʘ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʢʦʤʧʝʥʩʘʮʠʠ ʥʝʢʦʪʦʨʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʩʰʠʨʝʥʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʭʦʜʦʚʦʡ ʯʘʩʪʠ ʤʘʰʠʥʳ. ʂ ʭʦʜʦʚʦʡ ʯʘʩʪʠ ʘʚʪʦʥʦʤʥʦʛʦ 

ʤʦʙʠʣʴʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʨʝʜʩʪʚʘ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ [5, 7]: 

1. ɿʥʘʯʠʪʝʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ, ʢʨʝʥʦʚ ʠ ʜʠʬʬʝʨʝʥʪʦʚ ʧʣʘʪʬʦʨʤʳ, 

ʚʳʟʚʘʥʥʳʭ ʥʝʨʦʚʥʦʩʪʷʤʠ ʧʨʦʬʠʣʷ ʧʫʪʠ; 

2. ɺʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʦʧʦʨʥʦ-ʩʮʝʧʥʦʡ ʧʨʦʭʦʜʠʤʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʄʕʉ ʦʪ ʩʢʦʣʴʞʝʥʠʷ ʠ 

ʦʧʨʦʢʠʜʳʚʘʥʠʷ; 

3. ʊʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʠʟʤʝʥʝʥʠʝ ʚʝʣʠʯʠʥʳ ʜʦʨʦʞʥʦʛʦ ʧʨʦʩʚʝʪʘ ʠ ʢʦʣʝʠ;  

4. ɸʜʘʧʪʘʮʠʷ ʢ ʠʟʤʝʥʷʶʱʠʤʩʷ ʧʨʠʨʦʜʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ ʫʩʣʦʚʠʷʤ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʧʦʣʦʞʝʥʠʷ ʧʣʘʪʬʦʨʤʳ ʜʣʷ: 

- ʥʝʧʨʝʨʳʚʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʧʦʣʦʞʝʥʠʝʤ 

ʧʨʠʮʝʧʥʳʭ ʠ ʥʘʚʝʩʥʳʭ ʦʨʫʜʠʡ; 

- ʩʪʘʙʠʣʠʟʘʮʠʠ ʦʧʦʨʥʳʭ ʨʝʘʢʮʠʡ ʧʦʜ ʢʦʣʸʩʘʤʠ ʄʕʉ; 

- ʩʦʦʪʚʝʪʩʪʚʠʷ ʧʦʛʨʫʟʦʯʥʦʡ ʚʳʩʦʪʝ ʧʘʥʜʫʩʘ ʠʣʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʩʘʤʦʨʘʟʛʨʫʟʢʠ (ʚ 

ʢʦʥʬʠʛʫʨʘʮʠʠ çʪʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦè) [8]. 

ʇʨʦʚʝʜʸʥ ʪʝʤʘʪʠʯʝʩʢʠʡ ʧʦʠʩʢ ʠʟʦʙʨʝʪʝʥʠʡ-ʘʥʘʣʦʛʦʚ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ 

ʩ ʩʦʩʪʘʚʣʝʥʠʝʤ ʨʝʝʩʪʨʘ, ʘʥʘʣʠʟ ʚʳʷʚʣʝʥʥʳʭ ʘʥʘʣʦʛʦʚ, ʠʭ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʠ ʢʨʠʪʠʢʘ, ʚʳʙʦʨ ʧʨʦʪʦʪʠʧʘ. 

 

ʊʘʙʣʠʮʘ 1. ï ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʭʦʜʦʚʦʡ ʯʘʩʪʠ ʘʥʘʣʦʛʦʚ  

ʇʦʢʘʟʘʪʝʣʠ / ʚʦʟʤʦʞʥʦʩʪʠ Greenbot, 

Dutch Power 

Company 

Bonirob, 

AMAZONE-

Werke 

çɸʛʨʦʙʦʪè, 

Avrora 

Robotics 

ʇʨʦʝʢʪ 

ʂʦʣʸʩʥʘʷ ʬʦʨʤʫʣʘ 4ʂ4 4ʂ4 4ʂ2 4ʂ4 

ʋʩʪʦʡʯʠʚʦʩʪʴ ʦʪ ʩʢʦʣʴʞʝʥʠʷ 

ʠ ʦʧʨʦʢʠʜʳʚʘʥʠʷ 

ʇʦʚʳʰʝʥʥʘʷ  ʅʠʟʢʘʷ ʅʠʟʢʘʷ ɺʳʩʦʢʘʷ 

ʋʧʨʘʚʣʷʝʤʦʩʪʴ  ʅʠʟʢʘʷ ɺʳʩʦʢʘʷ ʇʦʚʳʰʝʥʥʘʷ ʇʦʚʳʰʝʥʥʘʷ 

ʇʣʘʚʥʦʩʪʴ ʭʦʜʘ ʅʠʟʢʘʷ  ɺʝʩʴʤʘ 

ʧʦʩʨʝʜʩʪʚʝʥ-

ʥʘ ̫

ʅʠʟʢʘʷ ɺʳʩʦʢʘʷ 

ʉʧʦʩʦʙ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʨʝʘʢʮʠʡ ʧʦʜ ʢʦʣʸʩʘʤʠ ʄʕʉ 

ɺʳʩʦʪʥʳʡ  ʅʝʪ ɺʳʩʦʪʥʳʡ   ʂʦʤʙʠʥʘʮʠʷ 

ʩʠʣʦʚʦʛʦ ʠ 

ʧʦʟʠʮʠʦʥʥʦʛʦ  

ʊʷʛʦʚʦ-ʩʮʝʧʥʳʝ ʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ 

ʇʦʚʳʰʝʥʥʳʝ  ʅʠʟʢʠʝ ʅʠʟʢʠʝ ɺʳʩʦʢʠʝ  

ɸʛʨʦʪʝʭʥʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʇʦʚʳʰʝʥʥʳʝ ɺʳʩʦʢʠʝ ʇʦʚʳhʝʥʥʳʝ ɺʳʩʦʢʠʝ 

ɺʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʄʕʉ 

ʠʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ 

ʊʨʠ ʚʘʨʠʘʥʪʘ ʆʪʩʫʪʩʪʚʫʝʪ ʆʪʩʫʪʩʪʚʫʝʪ ʉʦʟʜʘʥʠʝ ʄʕʉ ʣʶʙʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʠ 

 

ʅʘʠʙʦʣʝʝ ʙʣʠʟʢʠʤʠ ʢ ʧʝʨʩʧʝʢʪʠʚʥʦʤʫ ʪʝʭʥʠʯʝʩʢʦʤʫ ʨʝʰʝʥʠʶ ʧʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʦʙʱʠʭ 

ʩʫʱʝʩʪʚʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ ʠ ʜʦʩʪʠʛʘʝʤʦʤʫ ʪʝʭʥʠʯʝʩʢʦʤʫ ʨʝʟʫʣʴʪʘʪʫ ʷʚʣʷʶʪʩʷ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ: 

US 3313555, US 3810516, US 3917306, US 4324304, RU 2321501 ʉ1, RU 2595208. ɺ ʭʦʜʝ ʧʘʪʝʥʪʥʳʭ 
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ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʷʚʣʝʥʘ ʭʘʨʘʢʪʝʨʥʘʷ ʪʝʥʜʝʥʮʠʷ ʧʨʠʤʝʥʝʥʠʷ ʙʘʣʘʥʩʠʨʥʦʡ ʧʦʜʚʝʩʢʠ ʧʨʦʜʦʣʴʥʦ 

ʩʧʘʨʝʥʥʳʭ ʢʦʣʸʩ ʙʦʨʪʦʚ ʠ ʚʳʜʝʣʝʥʦ ʯʝʪʳʨʝ ʚʘʨʠʘʥʪʘ ʩʦ ʩʭʦʞʠʤʠ ʦʪʣʠʯʠʪʝʣʴʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ.  

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʸʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʟʚʦʣʠʣʠ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

1. ʆʩʥʦʚʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ ʨʦʙʦʪʠʟʘʮʠʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʄʕʉ ʷʚʣʷʶʪʩʷ:  

- ʦʙʝʩʧʝʯʝʥʠʝ ʘʚʪʦʥʦʤʥʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ,  

- ʘʜʘʧʪʠʚʥʦʩʪʴ ʢ ʧʨʠʨʦʜʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ ʫʩʣʦʚʠʷʤ, 

- ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ. 

2. ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʢʦʤʧʝʥʩʘʮʠʠ ʥʝʢʦʪʦʨʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʤʦʙʠʣʴʥʳʭ ʨʦʙʦʪʦʚ ʷʚʣʷʝʪʩʷ ʨʘʩʰʠʨʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʭʦʜʦʚʦʡ ʯʘʩʪʠ ʤʘʰʠʥʳ. 

3. ʀʟ-ʟʘ ʥʝʩʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ ʉʠʩʪʝʤʳ ʤʘʰʠʥ-ʨʦʙʦʪʦʚ ʜʣʷ ʟʝʤʣʝʜʝʣʠʷ ʠ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʥʘ 

ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʦʯʝʥʴ ʩʣʦʞʥʦ ʚʳʜʝʣʠʪʴ ʢʦʥʩʪʨʫʢʮʠʶ ʭʦʜʦʚʦʡ ʯʘʩʪʠ, ʚʧʦʣʥʝ ʦʪʚʝʯʘʶʱʫʶ 

ʩʧʝʮʠʬʠʢʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʝʩʧʠʣʦʪʥʦʡ ʘʛʨʦʪʝʭʥʠʢʠ, ʦʜʥʘʢʦ ʚʳʷʚʣʝʥʘ ʭʘʨʘʢʪʝʨʥʘʷ ʪʝʥʜʝʥʮʠʷ 

ʧʨʠʤʝʥʝʥʠʷ ʙʘʣʘʥʩʠʨʥʦʡ ʧʦʜʚʝʩʢʠ ʧʨʦʜʦʣʴʥʦ ʩʧʘʨʝʥʥʳʭ ʢʦʣʸʩ ʙʦʨʪʦʚ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʚʝʜʝʥʳ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʝʚʦʛʦ ʬʦʥʜʘ 

ʥʘʫʢʠ. 
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Abstract: Analysis of the specifics of production processes and the environment for the use of off-
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ɺʥʝʜʦʨʦʞʥʳʝ ʤʦʪʦʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ ï ʚʦʟʤʦʞʥʘʷ ʘʣʴʪʝʨʥʘʪʠʚʘ ʪʨʘʢʪʦʨʘʤ ʠ ʤʦʪʦʙʣʦʢʘʤ 

ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʜʣʷ ʤʘʣʦʛʦ ʙʠʟʥʝʩʘ, ʚʚʠʜʫ ʤʝʥʴʰʝʡ ʩʪʦʠʤʦʩʪʠ ʠ ʟʘʪʨʘʪʘʭ ʧʨʠ ʦʙʩʣʫʞʠʚʘʥʠʠ, 
ʙʝʟ ʧʦʪʝʨʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪ ʚʩʸ ʙʦʣʴʰʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʪʨʘʥʩʧʦʨʪʥʳʭ, 
ʤʦʙʠʣʴʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ, ʪʷʛʦʚʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʠʤʝʶʱʠʭ ʚʳʩʦʢʠʡ ʧʦʪʝʥʮʠʘʣ 
ʘʜʘʧʪʘʮʠʠ ʧʦʜ ʨʘʟʣʠʯʥʳʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʫʩʣʦʚʠʷ.[2] 

ɺʄʊʉ ʠʤʝʶʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʠʤʝʝʪʩʷ ʩʧʨʦʩ ʥʘ ʘʜʘʧʪʘʮʠʶ ʨʘʟʣʠʯʥʳʭ 
ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʜʣʷ ʤʥʦʛʠʭ ʦʪʨʘʩʣʝʡ, ʪʘʢʠʭ ʢʘʢ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ [3], 
ʣʝʩʥʦʝ ʭʦʟʷʡʩʪʚʦ, ʛʦʨʥʦʜʦʙʳʚʘʶʱʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʠ ʜʨ., ʢ ʟʘʤʝʥʝ ʦʩʥʦʚʥʳʭ ʄʕʉ/ʊʉ ʥʘ ɺʄʊʉ. 
ʆʜʥʦ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʘʜʘʧʪʘʮʠʠ ʤʦʞʝʪ ʩʪʘʪʴ ʪʝʭʥʦʣʦʛʠʷ ʧʝʨʝʚʦʟʢʠ ʞʠʜʢʠʭ ʛʨʫʟʦʚ. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ, ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʚʦʟʢʠ ʛʨʫʟʦʚ ʧʨʠʩʧʦʩʦʙʣʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢ 
ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʜʦʨʦʛ ʦʙʱʝʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʠ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʪʝʭʥʠʢʠ ʩ ʦʛʨʘʥʠʯʝʥʥʦʡ ʧʨʦʭʦʜʠʤʦʩʪʴʶ 
ʚ ʫʩʣʦʚʠʷʭ ʝʩʪʝʩʪʚʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ. ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʜʦʩʪʦʠʥʩʪʚʘʤʠ ʤʦʪʦʧʦʝʟʜʦʚ ʷʚʣʷʶʪʩʷ: 
ʚʳʩʦʢʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʝʨʝʚʦʟʦʢ ʧʨʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʠ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʘʷ ʩʝʙʝʩʪʦʠʤʦʩʪʴ, 
ʵʢʦʥʦʤʠʷ ʪʦʧʣʠʚʘ ʠ ʩʥʠʞʝʥʠʝ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʚʦʜʠʪʝʣʷʭ ʥʘ ʝʜʠʥʠʮʫ ʪʨʘʥʩʧʦʨʪʥʦʡ ʧʨʦʜʫʢʮʠʠ, 
ʛʠʙʢʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʧʨʠʮʝʧʥʦʛʦ ʩʦʩʪʘʚʘ. ʋʯʠʪʳʚʘʷ ʜʘʥʥʳʝ ʜʦʩʪʦʠʥʩʪʚʘ, ʤʦʪʦʧʦʝʟʜʘ ʤʦʛʫʪ ʙʳʪʴ 
ʟʘʤʝʥʦʡ ʪʨʘʜʠʮʠʦʥʥʳʤ ʊʉ ʩʦʚʤʝʩʪʥʳʭ ʩ ʧʨʠʮʝʧʦʤ. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʘʜʘʧʪʘʮʠʷ ʧʨʠʮʝʧʦʚ ʢʘʪʝʛʦʨʠʠ SBO-3 ʢ ʪʝʭʥʦʣʦʛʠʷʤ ʧʝʨʝʚʦʟʢʠ 
ʞʠʜʢʠʭ ʛʨʫʟʦʚ ʠ ʘʥʘʣʠʟ ʚʦʟʤʦʞʥʳʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʵʬʬʝʢʪʦʚ. 

ɿʘʜʘʯʘ ʩʦʩʪʦʷʣʘ ʚ ʧʦʠʩʢʝ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ ʘʜʘʧʪʘʮʠʠ, ʧʦʠʩʢʝ ʥʘʠʙʦʣʝʝ 
ʨʘʮʠʦʥʘʣʴʥʳʭ ʚʘʨʠʘʥʪʦʚ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʠʩʩʣʝʜʦʚʘʥʠʠ ʘʣʴʪʝʨʥʘʪʠʚ ʨʝʰʝʥʠʡ, ʤʦʜʝʣʝʡ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʪʦʧʦʝʟʜʦʚ ʧʦ ʠʥʦʤʫ ʥʘʟʥʘʯʝʥʠʶ ʠ ʠʥʳʤʠ ʮʝʣʝʚʳʤʠ ʘʫʜʠʪʦʨʠʷʤʠ, ʦʮʝʥʢʝ ʨʠʩʢʦʚ ʠ 
ʧʝʨʩʧʝʢʪʠʚ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʜʣʷ ʧʝʨʝʚʦʟʢʠ ʞʠʜʢʠʭ ʛʨʫʟʦʚ ʪʨʘʥʩʧʦʨʪʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 
ʨʘʩʩʯʠʪʘʥʳ ʥʘ ʧʨʠʤʝʥʝʥʠʝ ʪʷʞʸʣʦʡ ʪʝʭʥʠʢʠ, ʢʦʪʦʨʘʷ ʧʦʪʨʝʙʣʷʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʘ ʪʦʧʣʠʚʘ ʠ ʥʝ 
ʚʩʝʛʜʘ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʪʷʞʸʣʳʭ ʜʦʨʦʞʥʳʭ ʫʩʣʦʚʠʷʭ. ʕʪʠ ʤʘʰʠʥʳ ʷʚʣʷʶʪʩʷ ʤʘʩʩʠʚʥʳʤʠ 
ʧʨʠʮʝʧʘʤʠ ʜʣʷ ʪʨʘʢʪʦʨʦʚ, ʩ ʥʝ ʩʥʠʤʘʝʤʳʤʠ ʮʠʩʪʝʨʥʘʤʠ, ʦʙʳʯʥʳʤʠ ʛʨʫʟʦʚʳʤʠ ʧʨʠʮʝʧʘʤʠ ʩ ʙʦʨʪʘʤʠ, 
ʧʨʠ ʵʪʦʤ ʙʦʯʢʠ ʥʝʦʙʭʦʜʠʤʦ ʟʘʛʨʫʞʘʪʴ ʘʚʪʦʢʨʘʥʘʤʠ, ʣʠʙʦ ʥʘ ʩʧʝʮʠʘʣʴʥʳʭ ʤʝʩʪʘʭ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ 
ʜʘʥʥʳʝ ʬʘʢʪʦʨʳ, ʧʨʠʭʦʜʠʤ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʧʨʦʙʣʝʤʘ ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʚʦʟʢʠ ʞʠʜʢʠʭ 
ʛʨʫʟʦʚ ʦʩʪʨʘʷ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʩʨʝʜʥʝʛʦ ʠ ʤʘʣʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʚʚʠʜʫ ʜʦʨʦʛʦʚʠʟʥʳ ʪʝʭʥʠʢʠ ʠ ʝʸ 
ʦʙʩʣʫʞʠʚʘʥʠʷ, ʫʟʢʦʥʘʧʨʘʚʣʝʥʥʦʩʪʴ [10]. 

ɸʜʘʧʪʘʮʠʷ ʫʪʠʣʠʪʘʨʥʳʭ ʤʦʪʦʚʝʟʜʝʭʦʜʦʚ ʢ ʪʝʭʥʦʣʦʛʠʷʤ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʞʠʜʢʠʭ ʛʨʫʟʦʚ, 
ʧʦʟʚʦʣʠʪ ʨʘʮʠʦʥʘʣʠʟʠʨʦʚʘʪʴ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʢ ʧʨʠʤʝʨʫ ʧʦʜʚʦʟʠʪʴ ʥʝ 
ʯʨʝʟʤʝʨʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʦʧʣʠʚʘ, ʘ ʥʝʦʙʭʦʜʠʤʦʝ ʧʨʦʚʦʜʠʪʴ ʨʘʙʦʪʳ ʚʜʘʣʝʢʝ ʦʪ ʩʪʘʥʮʠʡ ʟʘʧʨʘʚʢʠ ʠ ʊʆ, 
ʧʨʦʠʟʚʦʜʠʪʴ ʚʳʛʫʣ ʩʢʦʪʘ ʚʜʘʣʝʢʝ ʦʪ ʤʝʩʪʘ ʠʭ ʩʦʜʝʨʞʘʥʠʷ ʚʦʟʤʦʞʝʥ, ʜʘʞʝ ʝʩʣʠ ʚ ʦʢʨʫʛʝ ʥʝʪ 
ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʚʦʜʳ, ʪʘʢ ʢʘʢ ʝʩʪʴ ʚʘʨʠʘʥʪ ʧʨʠʚʦʟʘ ʧʠʪʴʝʚʦʡ ʚʦʜʳ ʥʘ ʤʝʩʪʘ ʠʭ ʚʳʧʘʩʘ. ʊʘʢ 
ʞʝ ʧʦʜʚʦʟ ʜʣʷ ʧʦʣʠʚʘ, ʦʨʦʰʝʥʠʷ, ʭʠʤ. ʦʙʨʘʙʦʪʢʠ ʨʘʟʣʠʯʥʳʭ ʩ/ʭ ʢʫʣʴʪʫʨ, ʧʝʨʝʚʦʟʢʘ ʤʦʣʦʢʘ, ʚ 
ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʭ ʦʙʲʸʤʘʭ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʤʘʣʦʛʦ ʙʠʟʥʝʩʘ, ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ 
ʦʧʝʨʘʮʠʠ, ʪʘʢ ʞʝ ʫʧʨʦʱʘʝʪʩʷ ʧʨʠ ʜʘʥʥʦʡ ʘʜʘʧʪʠʨʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. 

ɼʣʷ ʫʩʧʝʰʥʦʡ ʘʜʘʧʪʘʮʠʠ ʤʦʪʦʚʝʟʜʝʭʦʜʦʚ ʢ ʪʝʭʥʦʣʦʛʠʷʤ ʧʝʨʝʚʦʟʢʠ ʞʠʜʢʠʭ ʛʨʫʟʦʚ, ʥʘʤ 
ʥʝʦʙʭʦʜʠʤʦ ʰʘʩʩʠ, ʥʘ ʢʦʪʦʨʦʤ ʙʫʜʝʪ ʚʦʟʤʦʞʥʦ ʧʝʨʝʚʦʟʠʪʴ ʸʤʢʦʩʪʠ ʩ ʛʨʫʟʦʤ, ʧʨʠ ʵʪʦʤ ʦʥʦ ʜʦʣʞʥʦ 
ʧʦʜʭʦʜʠʪʴ ʧʦ ʪʨʝʙʦʚʘʥʠʷʤ ʧʦʣʴʟʦʚʘʪʝʣʷ.  
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ɺʳʧʫʩʢʘʝʤʳʝ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ ʧʨʠʮʝʧʳ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ ʥʝ ʠʤʝʶʪ ʥʝʦʙʭʦʜʠʤʳʭ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʯʪʦʙʳ ʠʭ ʤʦʞʥʦ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʫʩʣʦʚʠʷʭ ʙʝʟʜʦʨʦʞʴʷ ʠʟ-ʟʘ ʙʦʣʴʰʠʭ ʨʘʟʤʝʨʦʚ, 
ʰʠʨʦʢʦʡ ʢʦʣʸʩʥʦʡ ʙʘʟʳ ʠ ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ ʢʣʠʨʝʥʩʘ, ʫʛʣʦʚ ʬʨʦʥʪʘʣʴʥʦʛʦ ʠ ʪʳʣʦʚʦʛʦ ʩʚʝʩʘ. ʇʦʵʪʦʤʫ, 
ʜʣʷ ʚʦʟʤʦʞʥʦʡ ʘʜʘʧʪʘʮʠʠ ʤʦʪʦʚʝʟʜʝʭʦʜʦʚ ʢ ʪʝʭʥʦʣʦʛʠʷʤ ʧʝʨʝʚʦʟʢʠ ʞʠʜʢʠʭ ʛʨʫʟʦʚ, ʤʳ ʜʦʣʞʥʳ 
ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʨʠʮʝʧʳ, ʥʘ ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʙʫʜʝʪ ʫʩʪʘʥʦʚʠʪʴ ʸʤʢʦʩʪʴ ʜʣʷ ʛʨʫʟʘ. 
ɼʣʷ ʧʦʥʠʤʘʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʥʘʤ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʨʘʩʩʤʦʪʨʠʤ ʥʝʩʢʦʣʴʢʦ ʧʨʠʤʝʨʦʚ 
ʧʨʠʮʝʧʦʚ (ʨʠʩ. 1.) ʠ ʧʨʦʚʝʜʸʤ ʠʭ ʘʥʘʣʠʟ. 

 

ɸ    

  ɹ           ɺ 

 

ʈʠʩʫʥʦʢ 1. ɸʥʘʣʠʟ ʧʨʠʮʝʧʦʚ. ɸ) ʇʦʣʝʟʥʘʷ ʤʦʜʝʣʴ RU 149 677 U1; ɹ) ʇʘʪʝʥʪ RU 2 607 903 C1;  

ɺ) ʇʦʣʝʟʥʘʷ ʤʦʜʝʣʴ RU 129 900 U1; [1, 4, 5, 6] 

 
ʇʦʣʝʟʥʘʷ ʤʦʜʝʣʴ ʢ ʧʘʪʝʥʪʫ RU 149 677 U1 (ʨʠʩ. 1. ɸ) ʨʘʟʨʘʙʦʪʘʥʘ ʩʧʝʮʠʘʣʴʥʦ ʜʣʷ 

ʢʚʘʜʨʦʮʠʢʣʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʝʛʦ ʜʦʩʪʦʠʥʩʪʚʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʦʭʦʜʠʤʦʩʪʠ, ʤʘʣʦʤ ʚʝʩʝ ʠ ʛʘʙʘʨʠʪʘʭ. 
ʀʟ ʥʝʜʦʩʪʘʪʢʦʚ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʦ, ʯʪʦ ʜʣʷ ʧʝʨʝʚʦʟʢʠ ʪʷʞʝʣʦʛʦ ʛʨʫʟʘ ʦʥ ʥʝ ʧʨʠʩʧʦʩʦʙʣʝʥ ʠʟ-

ʟʘ ʩʣʘʙʦʡ ʧʦʜʚʝʩʢʠ ʠ ʥʝʧʦʜʭʦʜʷʱʠʭ ʢʦʣʸʩ. 
ʇʘʪʝʥʪ RU 2 607 903 C1 (ʨʠʩ. 1. ɹ) ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʩʧʝʮʠʘʣʴʥʦ ʜʣʷ ʧʝʨʝʚʦʟʢʠ ʛʨʫʟʘ ʙʦʣʴʰʦʡ 

ʤʘʩʩʳ, ʦʙʦʨʫʜʦʚʘʥ ʤʦʱʥʦʡ ʨʝʩʩʦʨʥʳʤʠ ʧʦʜʚʝʩʢʘʤʠ ʢʦʣʸʩ ʠ ʩʘʤʦʩʚʘʣʴʥʳʤ ʢʫʟʦʚʦʤ, ʯʪʦ ʤʦʞʝʪ 
ʫʧʨʦʩʪʠʪʴ ʦʧʝʨʘʮʠʶ ʧʦʛʨʫʟʢʠ/ʨʘʟʛʨʫʟʢʠ. 

ɻʣʘʚʥʳʡ ʥʝʜʦʩʪʘʪʦʢ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʤʘʩʩʘ ʠ ʛʘʙʘʨʠʪʳ ʜʘʥʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʚʝʣʠʢ ʜʣʷ 
ʤʦʪʦʚʝʟʜʝʭʦʜʘ. 

ʊʘʢʦʡ ʚʘʨʠʘʥʪ ʢʘʢ RU 129 900 U1 (ʨʠʩ. 1. ɺ) ʨʘʟʨʘʙʦʪʘʥ ʜʣʷ ʤʦʪʦʚʝʟʜʝʭʦʜʦʚ, ʠʤʝʝʪ 
ʥʝʦʙʭʦʜʠʤʳʝ ʧʘʨʘʤʝʪʨʳ ʤʘʩʩʳ ʠ ʛʘʙʘʨʠʪʦʚ, ʧʦʜʭʦʜʷʱʫʶ ʧʦʜʚʝʩʢʫ. 

ʅʘʣʠʯʠʝ ʸʤʢʦʩʪʠ ʷʚʣʷʝʪʩʷ ʢʘʢ ʜʦʩʪʦʠʥʩʪʚʦʤ, ʪʘʢ ʠ ʥʝʜʦʩʪʘʪʢʦʤ. ɼʦʩʪʦʠʥʩʪʚʦ ʚ ʪʦʤ, ʯʪʦ ʫʞʝ 
ʝʩʪʴ ʥʝʦʙʭʦʜʠʤʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʜʣʷ ʛʨʫʟʘ, ʥʝʜʦʩʪʘʪʦʢ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʟʢʦʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʜʘʥʥʦʡ 
ʢʦʥʩʪʨʫʢʮʠʠ. 

ɼʦʩʪʦʠʥʩʪʚʘ ʜʘʥʥʳʭ ʧʨʠʮʝʧʦʚ ʥʝ ʤʦʛʫʪ ʧʝʨʝʢʨʳʪʴ ʦʩʥʦʚʥʳʝ ʥʝʜʦʩʪʘʪʢʠ, ʘ ʠʤʝʥʥʦ: ʤʘʣʫʶ 
ʧʨʦʭʦʜʠʤʦʩʪʴ, ʣʠʙʦ ʥʝʧʦʜʭʦʜʷʱʠʝ ʛʘʙʘʨʠʪʳ ʠ ʤʘʩʩʫ, ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʙʳʩʪʨʦ, ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ 
ʩʧʝʮʠʘʣʴʥʳʭ ʩʨʝʜʩʪʚ ʧʦʛʨʫʟʠʪʴ ʸʤʢʦʩʪʴ ʜʣʷ ʛʨʫʟʘ ʠʣʠ ʠʤʝʶʪ ʥʝʩʲʸʤʥʫʶ ʮʠʩʪʝʨʥʫ. ʕʪʠ ʥʝʜʦʩʪʘʪʢʠ 
ʥʝʦʙʭʦʜʠʤʦ ʙʫʜʝʪ ʨʝʰʘʪʴ ʨʘʟʨʘʙʦʪʢʦʡ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʠʮʝʧʘ ʢʘʪʝʛʦʨʠʠ SBO-3. 

ʊʘʢ ʞʝ ʧʨʠ ʧʝʨʝʚʦʟʢʝ ʞʠʜʢʦʩʪʝʡ, ʩʪʦʠʪ ʫʜʝʣʠʪʴ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʥʘ ʚʳʙʦʨ ʪʘʨʳ. ʉʫʱʝʩʪʚʫʝʪ 
ʦʛʨʦʤʥʳʡ ʚʳʙʦʨ ʸʤʢʦʩʪʝʡ ʜʣʷ ʧʝʨʝʚʦʟʢʠ ʪʝʢʫʯʠʭ ʛʨʫʟʦʚ. 

 

 

 

 

 

 

 

 

 

 

 

 

ɸ     ɹ     ɺ 

 

ʈʠʩʫʥʦʢ 2. ɸʥʘʣʠʟ ʪʘʨʳ. ɸ) ʇʦʣʝʟʥʘʷ ʤʦʜʝʣʴ RU 151 535 U1;  

ɹ) ʇʘʪʝʥʪ RU 2 625 868 C2; ɺ) ʇʦʣʝʟʥʘʷ ʤʦʜʝʣʴ RU 164 656 U1; [1, 7, 8, 9] 
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ʇʦʣʝʟʥʘʷ ʤʦʜʝʣʴ RU 151 535 U1 (ʨʠʩ. 2. ɸ) ʠʤʝʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ: ʥʠʟʢʠʡ ʮʝʥʪʨ ʪʷʞʝʩʪʠ, 

ʫʩʪʦʡʯʠʚʦʩʪʴ, ʟʘ ʩʯʸʪ ʵʪʦʛʦ ʰʘʥʩ ʧʦʚʨʝʞʜʝʥʠʷ ʫʤʝʥʴʰʝʥ. ʀʟ ʥʝʜʦʩʪʘʪʢʦʚ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʦ, ʯʪʦ 

ʢʦʥʩʪʨʫʢʮʠʷ ʛʨʦʤʦʟʜʢʘʷ, ʠʟ-ʟʘ ʯʝʛʦ ʧʦʛʨʫʟʢʘ ʝʸ ʥʘ ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦ ʚʦʟʤʦʞʥʘ ʪʦʣʴʢʦ ʧʨʠ 

ʧʦʤʦʱʠ ʧʦʜʲʸʤʥʳʭ ʤʝʭʘʥʠʟʤʦʚ. 

ʊʘʢ ʞʝ ʠ ʧʦʣʝʟʥʘʷ ʤʦʜʝʣʴ RU 164 656 U1 (ʨʠʩ. 2. ɺ) ʠʤʝʝʪ ʥʠʟʢʠʡ ʮʝʥʪʨ ʪʷʞʝʩʪʠ, ʥʦ ʝʡ 

ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʘʜʦʯʥʦʝ ʤʝʩʪʦ ʚ ʪʨʘʥʩʧʦʨʪʥʦʤ ʩʨʝʜʩʪʚʝ, ʯʪʦʙʳ ʠʩʢʣʶʯʠʪʴ ʧʝʨʝʢʘʪʳʚʘʥʠʶ ʪʘʨʳ ʚ 

ʧʨʠʮʝʧʝ. ʅʝʜʦʩʪʘʪʢʠ ʪʝ ʞʝ, ʯʪʦ ʫ ʧʨʝʜʳʜʫʱʝʛʦ ʦʙʨʘʟʮʘ. 

ɼʦʩʪʦʠʥʩʪʚʦʤ RU 2 625 868 C2 ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʧʨʦʩʪʦʪʫ ʧʨʠʦʙʨʝʪʝʥʠʷ, ʘ ʩʘʤʳʝ ʛʣʘʚʥʳʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ï ʵʪʦ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ, ʠ ʜʘʥʥʘʷ ʪʘʨʘ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʚʦʟʠʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʚʘ 

ʨʘʟʣʠʯʥʳʭ ʚʠʜʘ ʛʨʫʟʘ ʥʘ ʦʜʥʦʤ ʧʨʠʮʝʧʝ, ʟʘ ʩʯʸʪ ʧʦʜʦʙʨʘʥʥʦʛʦ ʦʙʲʸʤʘ ʚ ʜʚʝʩʪʠ ʣʠʪʨʦʚ. 

ʈʘʩʩʤʦʪʨʝʚ ʜʘʥʥʳʝ ʚʠʜʳ ʪʘʨʳ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʜʚʫʭʩʦʪʣʠʪʨʦʚʳʝ 

ʙʦʯʢʠ ʧʦʜʭʦʜʷʪ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ ʛʨʫʟʦʧʝʨʝʚʦʟʢʝ ʞʠʜʢʠʭ ʛʨʫʟʦʚ ʧʦʩʨʝʜʩʪʚʦʤ ʤʦʪʦʚʝʟʜʝʭʦʜʘ ʠ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʦʜ ʧʝʨʝʚʦʟʢʫ ʜʘʥʥʦʡ ʪʘʨʳ ʧʨʠʮʝʧʘ ʟʘ ʩʯʸʪ ʩʚʦʝʡ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ ʠ 

ʧʦʜʭʦʜʷʱʝʛʦ ʦʙʲʸʤʘ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʸʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʟʚʦʣʠʣʠ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

1. ɸʜʘʧʪʘʮʠʷ ʤʦʪʦʚʝʟʜʝʭʦʜʦʚ ʢ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʚʦʟʢʠ ʞʠʜʢʠʭ ʛʨʫʟʦʚ ʧʦʟʚʦʣʠʪ ʤʘʣʦʤʫ 

ʙʠʟʥʝʩʫ ʵʢʦʥʦʤʠʪʴ ʥʘ ʧʨʠʦʙʨʝʪʝʥʠʠ ʜʦʨʦʛʦʩʪʦʷʱʝʡ ʫʟʢʦʥʘʧʨʘʚʣʝʥʥʦʡ ʪʷʞʸʣʦʡ ʪʝʭʥʠʢʠ ʠ ʝʸ 

ʦʙʩʣʫʞʠʚʘʥʠʠ, ʤʦʜʝʨʥʠʟʠʨʦʚʘʪʴ ʪʨʘʥʩʧʦʨʪʥʳʡ ʧʘʨʢ ʠ ʫʣʫʯʰʘʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʯʪʦ 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘʞʝʪʩʷ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. 

2. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʘʡʪʠ ʫʥʠʚʝʨʩʘʣʴʥʦʝ ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦ ʧʝʨʝʚʦʟʢʠ ʞʠʜʢʠʭ ʛʨʫʟʦʚ 

ʜʣʷ ɺʄʊʉ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. 

3. ʋʯʠʪʳʚʘʷ ʝʞʝʛʦʜʥʳʡ 25% ʧʨʠʨʦʩʪ ʨʳʥʢʘ ɺʄʊʉ ʚ ʈʦʩʩʠʠ ʠ ʫʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ʨʳʥʢʘ, 
ʢʦʪʦʨʳʡ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʤʘʣʳʡ ʙʠʟʥʝʩ, ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ ʘʜʘʧʪʘʮʠʠ ɺʄʊʉ ʢ ʪʝʭʥʦʣʦʛʠʷʤ 

ʧʝʨʝʚʦʟʢʠ ʞʠʜʢʠʭ ʛʨʫʟʦʚ ʘʢʪʫʘʣʴʥʘʷ ʟʘʜʘʯʘ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʚʝʜʝʥʳ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʝʚʦʛʦ ʬʦʥʜʘ 

ʥʘʫʢʠ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
1. https://www.uspto.gov/ 

2. ʌʠʣʠʤʦʥʦʚ, ʂ. ɺ. ʋʩʪʨʦʡʩʪʚʦ ʠ ʵʢʩʧʣʫʘʪʘʮʠʷ ʚʥʝʜʦʨʦʞʥʳʭ ʤʦʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ / 

ʂ. ɺ. ʌʠʣʠʤʦʥʦʚ. ï ʂʨʘʩʥʦʷʨʩʢ.: ʠʟʜ-ʚʦ ʌɻɹʆʋ ɺʆ ʂʨʘʩʥʦʷʨʩʢʠʡ ɻɸʋ, 2 ʌʠʣʠʤʦʥʦʚ, ʂ. ɺ. 

ʋʩʪʨʦʡʩʪʚʦ ʠ ʵʢʩʧʣʫʘʪʘʮʠʷ ʚʥʝʜʦʨʦʞʥʳʭ ʤʦʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ / ʂ. ɺ. ʌʠʣʠʤʦʥʦʚ. ï 

ʂʨʘʩʥʦʷʨʩʢ.: ʠʟʜ-ʚʦ ʌɻɹʆʋ ɺʆ ʂʨʘʩʥʦʷʨʩʢʠʡ ɻɸʋ, 2017 ʩ.017. ï 558 ʩ. 

3. ɸʰʠʭʤʠʥ ɺ. ɽ. ʂʘʢʦʡ ʤʦʪʦʙʣʦʢ ʥʫʞʝʥ ʩʝʛʦʜʥʷ ʥʘ ʩʝʣʝ /ɸʰʠʭʤʠʥ ɺ. ɽ., ɺʠʥʠʜʠʢʪʦʚ 

ɸ.ɺ., ɻʣʝʙʦʚʘ ʅ.ɺ. // çʇʨʠʨʦʜʥʳʝ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʨʝʩʫʨʩʳ ʩʠʙʠʨʠ. ʉʠʙʨʝʩʫʨʩ 2016è. ʄʘʪ-ʣʳ 

XVI ʤʝʞʜʫʥʘʨ. ʥʘʫʯ.-ʧʨʘʢʪ. ʢʦʥʬ. ï ʂʝʤʝʨʦʚʦ 2016. 

4.https://new.fips.ru/iiss/document.xhtml?facesredirect=true&id=b8ʦd5dʦ6821699ʦʦ37cʦf8ae12

9e7b43 

5.https://new.fips.ru/iiss/document.xhtml?facesredirect=true&id=ʦ7972cf7f7174e2d64bb3d7425ʦ

d62cb 

6.https://new.fips.ru/iiss/document.xhtml?facesredirect=true&id=3ʦcd1981d3bdd221dʦ9abe75e1

811535 

7.https://new.fips.ru/iiss/document.xhtml?facesredirect=true&id=21c84be6ʦ1ac453e7c78c8571d

d132ba 

8.https://new.fips.ru/iiss/document.xhtml?facesredirect=true&id=de433ʦac65c4a355ʦef45d84d12

47aa3 

9.https://new.fips.ru/iiss/document.xhtml?facesredirect=true&id=18a7ʦʦb8ʦʦ514f382c3ae3f58ʦʦ

bb13a 

10. ʂʦʯʠʥʦʚ ʖ.ɸ., ʂʦʯʠʥʦʚʘ ʊ.ɺ. ʊʨʘʥʩʧʦʨʪʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʢʦʤʤʝʨʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ: 

ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ. ʏʘʩʪʴ 2. ɺʠʜʳ ʪʨʘʥʩʧʦʨʪʘ ʠ ʧʝʨʝʚʦʟʦʢ ʛʨʫʟʦʚ. ï ʇʝʨʤʩʢʠʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) 

ʌɻɹʆʋ ɺʇʆ çʈʦʩʩʠʡʩʢʠʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɻ.ɺ.ʇʣʝʭʘʥʦʚʘè. ï ʇʝʨʤʴ: ʀʟʜ-ʚʦ 

çʆʊ ʠ ɼʆè, 2014 ï116 ʩ. 
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ʋɼʂ 628.3 

ɺʀɼʓ ʀ ʂʃɸʉʉʀʌʀʂɸʎʀʗ ʆʉʅʆɺʅʓʍ ɿɸɻʈʗɿʅʀʊɽʃɽʁ ʉʊʆʏʅʓʍ ɺʆɼ 

ʈʘʢʦʚʘ ɸʥʥʘ ʖʨʴʝʚʥʘ, ʩʪʫʜʝʥʪ 

ʋʣʴʷʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʇ.ɸ. ʉʪʦʣʳʧʠʥʘ,  

ʋʣʴʷʥʦʚʩʢ, ʈʦʩʩʠʷ 

anna.rakova.2000@mail.ru 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ çɸʛʨʦʪʝʭʥʦʣʦʛʠʠ, 

ʤʘʰʠʥʳ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠè  

ʇʘʚʣʫʰʠʥ ɸʥʜʨʝʡ ɸʣʝʢʩʘʥʜʨʦʚʠʯ 

ʋʣʴʷʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʇ.ɸ. ʉʪʦʣʳʧʠʥʘ, ʋʣʴʷʥʦʚʩʢ, 

ʈʦʩʩʠʷ 

andrejpavlu@yandex.ru 

 

ɸʥʥʦʪʘʮʠʷ: ʢʘʯʝʩʪʚʦ ʩʙʨʘʩʳʚʘʝʤʳʭ ʩʪʦʯʥʳʭ ʚʦʜ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 

ʜʠʥʘʤʠʢʫ ʧʨʦʷʚʣʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. ʇʦʵʪʦʤʫ ʚʘʞʥʦ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʵʬʬʝʢʪʠʚʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʦʯʠʩʪʢʠ, ʘ ʵʪʦ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʦʧʨʝʜʝʣʝʥʠʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʩʥʦʚʥʳʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ. 
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ʦʯʠʩʪʢʘ, ʩʪʦʯʥʘʷ ʚʦʜʘ, ʪʝʭʥʦʣʦʛʠʷ. 
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ʉʪʦʯʥʳʝ ʚʦʜʳ ï ʚʦʜʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʠʟ-ʟʘ ʙʳʪʦʚʦʡ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʯʝʣʦʚʝʢʘ, ʘ ʪʘʢʞʝ ʩʦʙʠʨʘʶʱʠʝʩʷ ʚ ʟʦʥʝ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʚʦʜʦʩʙʦʨʥʦʡ ʧʣʦʱʘʜʠ ʠ ʟʘʪʝʤ ʦʪʚʦʜʷʱʠʝʩʷ ʚ 

ʤʝʩʪʘ ʠʭ ʫʪʠʣʠʟʘʮʠʠ. 

ɿʘʛʨʷʟʥʝʥʠʝ ʚʦʜ ʚʳʨʘʞʘʝʪʩʷ ʚ ʠʟʤʝʥʝʥʠʠ ʬʠʟʠʯʝʩʢʠʭ ʠ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

(ʥʘʨʫʰʝʥʠʝ ʧʨʦʟʨʘʯʥʦʩʪʠ, ʦʢʨʘʩʢʠ, ʟʘʧʘʭʦʚ, ʚʢʫʩʘ), ʫʚʝʣʠʯʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʩʫʣʴʬʘʪʦʚ, ʭʣʦʨʠʜʦʚ, 

ʥʠʪʨʘʪʦʚ, ʪʦʢʩʠʯʥʳʭ ʪʷʞʸʣʳʭ ʤʝʪʘʣʣʦʚ, ʫʤʝʥʴʰʝʥʠʠ ʨʘʩʪʚʦʨʸʥʥʦʛʦ ʚ ʚʦʜʝ ʢʠʩʣʦʨʦʜʘ ʚʦʟʜʫʭʘ, 

ʧʨʦʷʚʣʝʥʠʠ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʧʘʪʦʛʝʥʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʪʘʢʞʝ ʠʥʳʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ [2]. 

ʈʘʟʣʠʯʘʶʪ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʟʘʛʨʷʟʥʠʪʝʣʝʡ (ʩʤ. ʨʠʩʫʥʦʢ 1): 

ī ʭʠʤʠʯʝʩʢʠʝ (ʥʝʬʪʴ, ʥʝʬʪʝʧʨʦʜʫʢʪʳ, ʉʇɸɺ),  

ī ʙʠʦʣʦʛʠʯʝʩʢʠʝ (ʚʠʨʫʩʳ, ʙʦʣʝʟʥʝʪʚʦʨʥʳʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ), 

ī ʬʠʟʠʯʝʩʢʠʝ (ʨʘʜʠʦʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ ʠ ʜʨʫʛʠʝ). [3] 

ʍʠʤʠʯʝʩʢʠʝ ʟʘʛʨʷʟʥʠʪʝʣʠ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤʠ, ʩʪʦʡʢʠʤʠ ʠ ʜʘʣʝʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʤʠʩʷ. ʆʥʠ ʤʦʛʫʪ ʙʳʪʴ ʦʨʛʘʥʠʯʝʩʢʠʤʠ, ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ, ʪʦʢʩʠʯʥʳʤ ʠ 

ʥʝʪʦʢʩʠʯʥʳʤʠ (ʬʝʥʦʣʳ, ʥʘʬʪʝʥʦʚʳʝ ʢʠʩʣʦʪʳ, ʧʝʩʪʠʮʠʜʳ, ʩʦʣʠ, ʢʠʩʣʦʪʳ, ʱʝʣʦʯʠ, ʤʳʰʴʷʢ, 

ʩʦʝʜʠʥʝʥʠʷ ʨʪʫʪʠ, ʩʚʠʥʮʘ ʠ ʜʨ.) [3]. ʇʨʠ ʦʩʘʞʜʝʥʠʠ ʥʘ ʜʥʦ ʚʦʜʦʸʤʦʚ ʠʣʠ ʧʨʠ ʬʠʣʴʪʨʘʮʠʠ ʚ ʧʣʘʩʪʝ 

ʚʨʝʜʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ ʩʦʨʙʠʨʫʶʪʩʷ ʯʘʩʪʠʮʘʤʠ ʧʦʨʦʜ, ʦʢʠʩʣʷʶʪʩʷ, ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʠ 

ʚʳʧʘʜʘʶʪ ʚ ʦʩʘʜʦʢ. ʆʜʥʘʢʦ ʧʦʣʥʦʛʦ ʩʘʤʦʦʯʠʱʝʥʠʷ ʟʘʛʨʷʟʥʸʥʥʳʭ ʚʦʜ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. ʀʩʪʦʯʥʠʢʠ 

ʭʠʤʠʯʝʩʢʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʜ ʚ ʩʠʣʴʥʦ ʧʨʦʥʠʮʘʝʤʳʭ ʛʨʫʥʪʘʭ ʩʧʦʩʦʙʥʳ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʜʦ 10 ʠ 

ʙʦʣʝʝ ʢʤ.  
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ɹʘʢʪʝʨʠʘʣʴʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʚ ʚʦʜʝ ʙʦʣʝʟʥʝʪʚʦʨʥʳʭ ʙʘʢʪʝʨʠʡ, 

ʚʠʨʫʩʦʚ (ʜʦ 700 ʚʠʜʦʚ), ʧʨʦʩʪʝʡʰʠʭ, ʛʨʠʙʦʚ ʠ ʧʨʦʯʝʛʦ. ɼʘʥʥʳʡ ʚʠʜ ʟʘʛʨʷʟʥʝʥʠʡ ʥʦʩʠʪ ʚʨʝʤʝʥʥʳʡ 

ʭʘʨʘʢʪʝʨ. 

ʆʯʝʥʴ ʦʧʘʩʥʳʤ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʚ ʚʦʜʝ, ʜʘʞʝ ʧʨʠ ʚʝʩʴʤʘ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ, 

ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ, ʢʦʪʦʨʳʝ ʚʳʟʳʚʘʶʪ ʨʘʜʠʦʘʢʪʠʚʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ. ʄʘʢʩʠʤʘʣʴʥʦ ʚʨʝʜʥʳ 

çʜʦʣʛʦʞʠʚʫʱʠʝè ʨʘʜʠʦʘʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ, ʠʤʝʶʱʠʝ ʧʦʚʳʰʝʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʧʝʨʝʜʚʠʞʝʥʠʶ ʚ 

ʚʦʜʝ (ʩʪʨʦʥʮʠʡ-90, ʫʨʘʥ, ʨʘʜʠʡ-226, ʮʝʟʠʡ ʠ ʜʨ.). ʈʘʜʠʦʘʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ ʧʦʩʪʫʧʘʶʪ ʚ 

ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʦʸʤʳ ʚʩʣʝʜʩʪʚʠʝ ʩʙʨʘʩʳʚʘʥʠʷ ʚ ʥʠʭ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ, ʟʘʭʦʨʦʥʝʥʠʠ ʦʪʭʦʜʦʚ 

ʥʘ ʜʥʝ ʠ ʜʨ. 

ʄʝʭʘʥʠʯʝʩʢʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʧʘʜʘʥʠʝʤ ʚ ʚʦʜʫ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʚʢʣʶʯʝʥʠʡ (ʧʝʩʦʢ, ʰʣʘʤ, ʠʣ ʠ ʜʨ.), ʢʦʪʦʨʳʝ ʩʫʱʝʩʪʚʝʥʥʦ ʫʭʫʜʰʘʶʪ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ 

ʚʦʜ. 

 
ʈʠʩʫʥʦʢ 1 - ɻʣʘʚʥʳʝ ʟʘʛʨʷʟʥʠʪʝʣʠ ʚʦʜʳ 

 

ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʚʦʜʘʤ ʚʳʜʝʣʷʶʪ ʝʱʸ ʠʭ ʟʘʛʨʷʟʥʝʥʠʝ ʪʚʸʨʜʳʤʠ ʦʪʭʦʜʘʤʠ 

(ʤʫʩʦʨʦʤ), ʦʩʪʘʪʢʘʤʠ ʣʝʩʦʩʧʣʘʚʘ, ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʠ ʙʳʪʦʚʳʤʠ ʦʪʭʦʜʘʤʠ. ɼʘʥʥʳʝ ʟʘʩʦʨʝʥʠʷ ʥʝ 

ʪʦʣʴʢʦ ʫʭʫʜʰʘʶʪ ʢʘʯʝʩʪʚʦ ʚʦʜ, ʥʦ ʠ ʦʢʘʟʳʚʘʶʪ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʫʩʣʦʚʠʷ ʦʙʠʪʘʥʠʷ ʨʳʙ ʠ 

ʩʦʩʪʦʷʥʠʝ ʵʢʦʩʠʩʪʝʤ ʚ ʮʝʣʦʤ. 

ʉʪʦʯʥʳʝ ʚʦʜʳ ʧʦ ʠʭ ʧʨʦʠʩʭʦʞʜʝʥʠʶ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 3 ʢʣʘʩʩʘ (ʩʤ. ʨʠʩʫʥʦʢ 2). 

ʈʠʩʫʥʦʢ 2 - ʊʠʧʳ ʩʪʦʯʥʳʭ ʚʦʜ ʠ ʠʭ ʦʩʥʦʚʥʳʝ ʟʘʛʨʷʟʥʠʪʝʣʠ 

 



65 
 

ʇʦʚʝʨʭʥʦʩʪʥʳʝ ʩʪʦʯʥʳʝ ʚʦʜʳ ʚʦʟʥʠʢʘʶʪ ʚ ʭʦʜʝ ʚʳʧʘʜʝʥʠʷ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ, ʪʘʷʥʠʷ 

ʩʥʝʛʦʚ, ʘ ʟʘʪʝʤ ʩʦʙʠʨʘʶʪʩʷ ʥʘ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʘʭ, ʢʦʪʦʨʳʝ ʩʦʟʜʘʥʳ ʘʥʪʨʦʧʦʛʝʥʥʦ. ʇʨʠ ʵʪʦʤ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʩʦʙʠʨʘʶʪ ʧʳʣʴ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ (ʨʝʟʠʥʦʚʘʷ ʢʨʦʰʢʘ, ʩʪʨʦʡʤʘʪʝʨʠʘʣʳ ʠ ʛʨʫʥʪʳ, ʢʦʧʦʪʴ ʠ 

ʪ.ʜ.), ʥʝʬʪʝʧʨʦʜʫʢʪʳ (ʢʘʧʣʠ ʤʘʩʝʣ, ʤʘʟʫʪʘ, ʪʦʧʣʠʚʘ, ʧʨʦʣʠʚʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ), ʩʦʣʠ ʠ 

ʦʢʠʩʣʳ ʤʝʪʘʣʣʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʮʚʝʪʥʳʭ ʠ ʪʷʞʸʣʳʭ (ʠʟ ʚʳʭʣʦʧʥʳʭ ʛʘʟʦʚ, ʚʳʙʨʦʩʦʚ ʊʕʎ) [4]. ɼʘʥʥʳʡ 

ʪʠʧ ʩʪʦʢʦʚ ʚ ʦʩʥʦʚʥʦʤ ʧʦʩʪʫʧʘʝʪ ʠʟ ʞʠʣʳʭ ʜʦʤʦʚ ʠ ʦʙʲʝʢʪʦʚ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

(ʙʦʣʴʥʠʮʳ, ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʫʯʨʝʞʜʝʥʠʷ, ʪʦʨʛʦʚʳʝ ʮʝʥʪʨʳ ʠ ʪ. ʜ.). ʋʪʠʣʠʟʘʮʠʷ ʩʦʚʝʨʰʘʝʪʩʷ ʧʨʠ 

ʧʦʤʦʱʠ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʙʳʪʦʚʦʡ ʠ ʦʙʱʝʩʧʣʘʚʥʦʡ ʢʘʥʘʣʠʟʘʮʠʠ. ɿʘʛʨʷʟʥʠʪʝʣʠ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʩʦʜʝʨʞʘʪ 

ʦʢʦʣʦ 6ʦ % ʦʨʛʘʥʠʢʠ ʠ ʦʢʦʣʦ 4ʦ % ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ 

ʷʚʣʷʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʬʦʩʬʘʪʦʚ, ʘ ʪʘʢʞʝ ʩʫʱʝʩʪʚʝʥʥʳʡ 

ʫʨʦʚʝʥʴ ʬʝʢʘʣʴʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ. 

ʍʦʟʷʡʩʪʚʝʥʥʦ-ʙʳʪʦʚʳʝ ʩʪʦʯʥʳʝ ʚʦʜʳ. ʆʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʚ ʟʘʛʨʷʟʥʝʥʠʷ ʜʘʥʥʳʡ ʚʦʜ 

ʷʚʣʷʝʪʩʷ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴ ʯʝʣʦʚʝʯʝʩʪʚʘ ʢʘʢ ʩʦʦʙʱʝʩʪʚʘ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʨʛʘʥʠʟʤʦʚ. ʆʩʥʦʚʥʳʝ 

ʟʘʛʨʷʟʥʝʥʠʷ ʠʤʝʶʪ ʙʠʦʛʝʥʥʳʡ ʩʦʩʪʘʚ (ʵʢʩʢʨʝʤʝʥʪʳ, ʦʪʤʝʨʰʠʝ ʧʦʢʨʦʚʳ, ʧʠʱʝʚʳʝ ʦʩʪʘʪʢʠ). ʂʦʤʧʣʝʢʩ 

ʙʠʦʛʝʥʥʳʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ï ʵʪʦ ʥʘʙʦʨ ʙʝʣʢʦʚ, ʞʠʨʦʚ, ʫʛʣʝʚʦʜʦʚ, ʤʘʢʨʦ- ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ, ʠ 

ʧʨʦʜʫʢʪʦʚ ʠʭ ʨʘʩʧʘʜʘ. ʆʩʥʦʚʥʦʡ ʟʘʛʨʷʟʥʠʪʝʣʴ ð ʦʙʲʝʢʪʳ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʧʨʝʜʧʨʠʷʪʠʷ 

ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʆʪʚʝʜʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʦʤʳʰʣʝʥʥʦʡ ʢʘʥʘʣʠʟʘʮʠʠ. 

ɼʠʘʧʘʟʦʥ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʠʜʦʤ ʧʨʦʤʳʰʣʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʄʘʢʩʠʤʘʣʴʥʫʶ ʫʛʨʦʟʫ 

ʜʣʷ ʛʠʜʨʦʩʬʝʨʳ ʠ ʯʝʣʦʚʝʢʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʥʝʬʪʝʧʨʦʜʫʢʪʳ, ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʨʘʩʠʪʝʣʠ, ʬʝʥʦʣʳ, 

ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ, ʩʫʣʴʬʘʪʳ, ʭʣʦʨʠʜʳ ʠ ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ [1]. 

ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʩʪʦʯʥʳʝ ʚʦʜʳ. ʕʪʦ ʥʘʠʙʦʣʝʝ ʨʘʟʥʦʦʙʨʘʟʥʳʡ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʢʣʘʩʩ, ʪʘʢ ʢʘʢ 

ʯʠʩʣʦ ʠ ʩʪʨʫʢʪʫʨʘ ʟʘʛʨʷʟʥʠʪʝʣʝʡ, ʢʘʢ ʠ ʠʭ ʩʦʯʝʪʘʥʠʝ, ʤʦʛʫʪ ʙʳʪʴ ʩʘʤʳʤʠ ʨʘʟʥʳʤʠ ʠ ʥʝʦʞʠʜʘʥʥʳʤʠ. 

ɺʘʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʧʦʪʝʥʮʠʘʣʴʥʦ ʠʤʝʥʥʦ ʧʨʦʤʳʰʣʝʥʥʳʝ ʩʪʦʯʥʳʝ ʚʦʜʳ ʠʤʝʶʪ ʚʩʝ ʰʘʥʩʳ 

ʧʨʝʜʩʪʘʚʣʷʪʴ ʤʘʢʩʠʤʘʣʴʥʫʶ ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɼʘʥʥʦʝ ʩʚʷʟʘʥʦ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʥʠʭ 

ʩʠʣʴʥʦʜʝʡʩʪʚʫʶʱʠʭ ʷʜʦʚʠʪʳʭ ʚʝʱʝʩʪʚ (ʮʠʘʥʠʜʳ, ʨʪʫʪʴ, ʬʦʩʬʦʨʦʨʛʘʥʠʯʝʩʢʠʝ ʠ ʧʦʣʠʭʣʦʨʠʨʦʚʘʥʥʳʝ 

ʢʩʝʥʦʙʠʦʪʠʢʠ, ʨʘʜʠʦʘʢʪʠʚʥʳʝ ʦʪʭʦʜʳ) [1, 51], ʢʦʪʦʨʳʝ ʚ ʤʠʥʠʤʘʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʤʦʛʫʪ ʮʝʣʠʢʦʤ 

ʫʥʠʯʪʦʞʠʪʴ ʣʶʙʳʝ ʞʠʟʥʝʥʥʳʝ ʬʦʨʤʳ ʥʘ ʰʠʨʦʢʠʭ ʟʦʥʘʭ ʠ ʥʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʡ ʧʨʦʤʝʞʫʪʦʢ 

ʚʨʝʤʝʥʠ. ʆʩʥʦʚʥʦʝ ʧʦʩʪʫʧʣʝʥʠʝ - ʠʟ ʜʦʞʜʝʚʳʭ ʠ ʪʘʣʳʭ ʚʦʜ, ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʫʶʪʩʷ ʠʟ ʘʪʤʦʩʬʝʨʥʳʭ 

ʦʩʘʜʢʦʚ, ʘ ʦʥʠ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʦʥʠʢʘʶʪ ʚ ʧʦʯʚʫ ʠ ʩʪʝʢʘʶʪ ʚ ʚʦʜʦʝʤʳ ʩ ʧʦʤʦʱʴʶ ʣʠʚʥʝʚʦʡ 

ʢʘʥʘʣʠʟʘʮʠʠ ʩ ʪʝʨʨʠʪʦʨʠʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ. ɼʠʘʧʘʟʦʥ ʚʝʨʦʷʪʥʳʭ 

ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʦʙʰʠʨʝʥ ʠ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʦʪʣʠʯʠʪʝʣʴʥʳʤʠ ʯʝʨʪʘʤʠ ʪʝʨʨʠʪʦʨʠʠ ʠ ʚʠʜʦʤ 

ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʧʨʝʦʙʣʘʜʘʝʪ ʚ ʨʘʡʦʥʝ ʩʪʦʢʘ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʨʦʙʣʝʤʘ ʩʪʦʯʥʳʭ ʚʦʜ ʦʙʨʝʣʘ ʚʩʝ ʙʦʣʴʰʫʶ ʦʩʪʨʦʪʫ ʠ ʟʥʘʯʠʪʝʣʴʥʫʶ 

ʘʢʪʫʘʣʴʥʦʩʪʴ ʚʦ ʚʩʝʤ ʤʠʨʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ. ɺ ʭʦʜʝ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʩʦʚʨʝʤʝʥʥʳʡ ʩʦʮʠʫʤ ʠʩʧʦʣʴʟʫʝʪ ʥʝʤʘʣʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʳ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʝʝ 

ʩʪʘʥʦʚʠʪʩʷ ʟʘʛʨʷʟʥʝʥʥʦʡ ʩʘʤʳʤʠ ʨʘʟʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ. ʇʨʠ ʠʭ ʧʦʧʘʜʘʥʠʠ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ 

ʥʘʥʦʩʠʪʩʷ ʦʛʨʦʤʥʳʡ ʚʨʝʜ ʵʢʦʣʦʛʠʠ, ʠ ʧʦʵʪʦʤʫ ʦʥʠ ʧʦʜʣʝʞʘʪ ʦʙʷʟʘʪʝʣʴʥʦʡ ʦʯʠʩʪʢʝ. 

ʇʨʝʜʦʪʚʨʘʱʝʥʠʝ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʩʪʦʯʥʳʤʠ ʚʦʜʘʤʠ, ʘ ʪʘʢʞʝ ʟʘʱʠʪʘ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʦʪ ʟʘʛʨʷʟʥʝʥʠʷ ʩʪʦʯʥʳʤʠ ʚʦʜʘʤʠ ð ʚʦʪ ʚʘʞʥʝʡʰʠʝ ʟʘʜʘʯʠ, ʩʪʦʷʱʠʝ ʧʝʨʝʜ 

ʦʙʱʝʩʪʚʦʤ. ʀʭ ʨʝʟʫʣʴʪʘʪʠʚʥʦʝ ʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʨʝʰʝʥʠʝ ʜʦʧʫʩʪʠʤʦ ʪʦʣʴʢʦ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʯʠʩʪʢʠ ʩʪʦʢʦʚ ʠ ʧʝʨʝʜʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʝʤʘ ʫʙʦʷ ʩʢʦʪʘ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʦʡ ʢʘʢ ʚ ʧʨʦʤʳʰʣʝʥʥʦʤ 

ʤʘʩʰʪʘʙʝ, ʪʘʢ ʠ ʚ ʫʩʣʦʚʠʷʭ ʬʝʨʤʝʨʩʢʠʭ ʭʦʟʷʡʩʪʚ [3]. ʅʝʙʦʣʴʰʠʝ ʯʘʩʪʥʳʝ ʙʦʡʥʠ, ʩʢʫʧʘʶʱʠʝ ʩʢʦʪ ʫ 

ʥʘʩʝʣʝʥʠʷ, ʧʨʠʤʝʥʷʣʠ ʥʠʟʢʦ ʪʝʭʥʦʣʦʛʠʯʥʦʝ, ʫʩʪʘʨʝʚʰʝʝ ʨʫʯʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ʤʘʣʳʭ ʙʦʝʥ, ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʳ ʜʝʚʷʥʦʩʪʳʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʚʝʢʘ, ʪʝʭʥʦʣʦʛʠʠ ʥʦʞʘ ʠ ʢʫʚʘʣʜʳ ʚʧʦʣʥʝ 

ʭʚʘʪʘʣʦ. ʆʜʥʘʢʦ, ʢʦʛʜʘ ʭʫʞʝ ʫʞʝ ʙʳʪʴ ʥʝ ʤʦʞʝʪ, ʥʘʯʠʥʘʝʪʩʷ ʚʦʟʨʦʞʜʝʥʠʝ. ɺʦʧʨʝʢʠ ʚʩʝʤʫ 

ʞʠʚʦʪʥʦʚʦʜʩʪʚʦ ʚ ʈʦʩʩʠʠ ʩ ʧʝʨʝʤʝʥʥʳʤ ʫʩʧʝʭʦʤ ʩʪʘʣʦ ʦʞʠʚʘʪʴ. ɺʦ ʚʩʷʢʦʤ ʩʣʫʯʘʝ, ʢʨʫʧʥʳʝ 

ʘʛʨʦʭʦʣʜʠʥʛʠ ʩʯʠʪʘʶʪ ʥʝʦʙʭʦʜʠʤʳʤ ʩʦʟʜʘʥʠʝ ʩʦʙʩʪʚʝʥʥʳʭ ʩʳʨʴʝʚʳʭ ʙʘʟ ʠ ʜʦʩʪʘʪʦʯʥʦ ʘʢʪʠʚʥʦ 

ʠʥʚʝʩʪʠʨʫʶʪ ʚ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ. ʊʘʢʞʝ ʚʦʟʨʘʩʪʘʝʪ ʠʥʪʝʨʝʩ ʢ ʩʦʟʜʘʥʠʶ ʤʘʣʳʭ ʙʦʝʥ, ʚ 

ʩʚʷʟʠ ʩ ʟʘʧʨʝʪʦʤ ʫʙʦʷ ʥʘ ʯʘʩʪʥʦʤ ʧʦʜʚʦʨʴʝ [2]. 

ɺ ʪʦ ʞʝ ʩʘʤʦʝ ʚʨʝʤʷ ʩʨʝʜʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʷʩʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʪʘʢʞʝ 

ʧʦʜʚʠʞʥʘ: ʞʝʩʪʢʘʷ ʢʦʥʢʫʨʝʥʪʥʘʷ ʙʦʨʴʙʘ ʠʟ ʮʝʥʦʚʦʡ ʩʬʝʨʳ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚ ʦʙʣʘʩʪʴ ʢʘʯʝʩʪʚʘ. 

ɹʣʘʛʦʩʦʩʪʦʷʥʠʝ ʥʘʩʝʣʝʥʠʷ ʨʘʩʪʝʪ, ʠ ʩʧʨʦʩ ʥʘʯʠʥʘʝʪ ʩʤʝʱʘʪʴʩʷ ʚ ʩʪʦʨʦʥʫ ʙʦʣʝʝ ʜʦʨʦʛʠʭ ʠ 

ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ (ʧʦ ʜʘʥʥʳʤ ʈʦʩʩʪʘʪʘ ʩ 2005ʛ. ʠʜʝʪ ʪʝʥʜʝʥʮʠʷ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʧʨʦʩʘ ʥʘ 

ʦʭʣʘʞʜʝʥʥʦʝ ʤʷʩʦ ʇʨʠʤʦʨʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʩʨʝʜʥʝʤ ʥʘ 2 %/ʛʦʜ [8]). ʇʦʵʪʦʤʫ ʜʣʷ ʤʥʦʛʠʭ 

ʧʨʝʜʧʨʠʷʪʠʡ ʝʜʠʥʩʪʚʝʥʥʳʤ ʚʝʨʥʳʤ ʤʘʨʢʝʪʠʥʛʦʚʳʤ ʭʦʜʦʤ ʩʪʘʥʦʚʠʪʩʷ ʩʦʟʜʘʥʠʝ ʥʦʚʦʛʦ ʢʣʘʩʩʘ 

ʧʨʦʜʫʢʪʦʚ, ʠʟ ʭʦʨʦʰʝʛʦ ʥʘʪʫʨʘʣʴʥʦʛʦ ʩʳʨʴʷ, ʠ ʯʘʩʪʦ ʩ ʦʪʢʘʟʦʤ ʦʪ ʧʨʠʤʝʥʝʥʠʷ ʩʦʝʚʳʭ ʧʨʝʧʘʨʘʪʦʚ [6]. 

ʀ ʪʦʛʜʘ ʪʝ ʧʨʝʜʧʨʠʷʪʠʷ, ʢʦʪʦʨʳʝ ʜʘʞʝ ʚ ʥʳʥʝʰʥʠʭ ʫʩʣʦʚʠʷʭ ʩʪʘʨʘʶʪʩʷ ʨʘʩʰʠʨʷʪʴ ʩʚʦʝ ʚʠʜʝʥʠʝ 

ʙʠʟʥʝʩʘ ʥʘ ʧʝʨʩʧʝʢʪʠʚʫ, ʥʘʯʠʥʘʶʪ ʩʝʨʴʝʟʥʦ ʟʘʥʠʤʘʪʴʩʷ ʣʠʙʦ ʤʦʜʝʨʥʠʟʘʮʠʝʡ ʠʤʝʶʱʠʭʩʷ ʣʠʥʠʡ ʫʙʦʷ, 

ʣʠʙʦ ʧʨʦʨʘʙʘʪʳʚʘʥʠʝʤ ʚʦʟʤʦʞʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ ʩʦʙʩʪʚʝʥʥʳʭ ʮʝʭʦʚ ʫʙʦʷ [1]. 

ʆʜʥʘʢʦ ʥʳʥʝʰʥʷʷ ʩʠʪʫʘʮʠʷ ʪʨʝʙʫʝʪ ʠ ʦʩʦʙʦʛʦ ʧʦʜʭʦʜʘ ʢ ʢʦʤʧʣʝʢʪʦʚʘʥʠʶ ʮʝʭʦʚ ʫʙʦʷ. ɺ 

ʧʝʨʚʠʯʥʦʡ ʤʷʩʦʧʝʨʝʨʘʙʦʪʢʝ ʢʘʯʝʩʪʚʦ ʩʳʨʴʷ ʙʫʜʝʪ ʠʛʨʘʪʴ ʨʝʰʘʶʱʫʶ ʨʦʣʴ. ʇʦʵʪʦʤʫ ʨʝʘʣʠʟʘʮʠʷ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʫʙʦʷ ʩʢʦʪʘ ʧʦʟʚʦʣʠʪ ʫʢʨʝʧʠʪʴ ʢʦʥʢʫʨʝʥʪʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ 
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ʩʜʝʣʘʪʴ ʤʦʱʥʳʡ ʟʘʜʝʣ ʥʘ ʙʫʜʫʱʝʝ. 

ʎʝʣʴ ʧʨʦʝʢʪʘ ʩʦʩʪʦʠʪ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʤʝʭʘʥʠʟʘʮʠʠ ʠ ʵʣʝʢʪʨʠʬʠʢʘʮʠʠ ʤʠʥʠ-

ʮʝʭʘ ʧʦ ʧʝʨʚʠʯʥʦʡ ʧʝʨʝʨʘʙʦʪʢʝ ʩʢʦʪʘ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ 

ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: ʚʳʧʦʣʥʠʪʴ ʤʘʨʢʝʪʠʥʛʦʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʧʨʦʠʟʚʝʩʪʠ ʦʮʝʥʢʫ ʨʠʩʢʘ ʨʳʥʢʘ ʤʷʩʘ; 

ʨʘʩʩʤʦʪʨʝʪʴ ʦʨʛʘʥʠʟʘʮʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʤʠʥʠðʮʝʭʘ ʠ ʨʘʩʩʯʠʪʘʪʴ 

ʧʦʢʘʟʘʪʝʣʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʝʢʪʥʦʛʦ ʨʝʰʝʥʠʷ. 

ʉ ʮʝʣʴʶ ʧʦʜʨʦʙʥʦʛʦ ʠʟʣʦʞʝʥʠʷ ʫʢʘʟʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʪʘʪʴʠ ʠ ʤʘʪʝʨʠʘʣʳ, 

ʧʦʷʚʠʚʰʠʝʩʷ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʠ ʦʪʨʘʞʘʶʱʠʝ ʩʫʪʴ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʫʨʦʚʥʝ, ʪʘʢʞʝ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʧʨʘʚʦʯʥʘʷ ʠ ʫʯʝʙʥʘʷ ʣʠʪʝʨʘʪʫʨʘ, ʩʧʠʩʦʢ ʢʦʪʦʨʦʡ ʧʨʠʣʘʛʘʝʪʩʷ. 

ʆʙʲʝʢʪʦʤ ʧʣʘʥʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʤʠʥʠʮʝʭ ʧʦ ʧʝʨʚʠʯʥʦʡ ʧʝʨʝʨʘʙʦʪʢʝ ʩʚʠʥʝʡ. 

ʎʝʣʷʤʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʤʠʥʠʮʝʭʘ ʷʚʣʷʝʪʩʷ: 

1) ʚʚʦʜ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʤʠʥʠʮʝʭʘ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʨʝʘʣʠʟʘʮʠʠ ʦʭʣʘʞʜʝʥʥʦʛʦ ʤʷʩʘ, 

ʩʫʙʧʨʦʜʫʢʪʦʚ ʧʝʨʚʦʡ ʛʨʫʧʧʳ, ʟʘʤʦʨʦʞʝʥʥʦʛʦ ʤʷʩʘ ʠ ʩʦʟʜʘʥʠʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʘʙʦʯʠʭ ʤʝʩʪ. 

2) ʦʩʚʦʝʥʠʝ ʥʦʚʳʭ ʨʳʥʢʦʚ ʠ ʟʘʭʚʘʪ ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʩʝʛʤʝʥʪʘ ʨʳʥʢʘ, ʘ ʠʤʝʥʥʦ ʥʘʩʝʣʝʥʠʝ 

ʋʩʩʫʨʠʡʩʢʦʛʦ ʨʘʡʦʥʘ ʩ ʨʘʟʣʠʯʥʳʤ ʫʨʦʚʥʝʤ ʜʦʭʦʜʘ. 

3) ʫʚʝʣʠʯʝʥʠʝ ʜʦʭʦʜʦʚ ʧʨʝʜʧʨʠʷʪʠʷ.  

ɺʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ ʧʦ ʜʘʥʥʦʤʫ ʧʨʦʝʢʪʫ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʟʘ ʩʯʸʪ 

ʧʨʠʤʝʥʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʞʸʩʪʢʦʛʦ ʩʦʙʣʶʜʝʥʠʷ ʩʘʥʠʪʘʨʥʳʭ 

ʥʦʨʤ. 

ɺʩʸ ʧʨʠʦʙʨʝʪʸʥʥʦʝ ʩʳʨʴʸ ʙʫʜʝʪ ʧʦʜʚʝʨʛʘʪʴʩʷ ʪʱʘʪʝʣʴʥʦʤʫ ʦʩʤʦʪʨʫ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ 

ʩʘʥʠʪʘʨʥʳʤ ʥʦʨʤʘʤ ʠ ʜʨʫʛʠʤ ʩʪʘʥʜʘʨʪʘʤ ʢʘʯʝʩʪʚʘ. 

ʇʨʠ ʭʨʘʥʝʥʠʠ ʠ ʧʝʨʝʨʘʙʦʪʢʝ ʩʳʨʴʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʦʚʝʡʰʠʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʩʳʨʴʸ ʥʝ ʪʝʨʷʝʪ ʩʚʦʝʛʦ ʢʘʯʝʩʪʚʘ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʮʠʢʣʘ, ʵʪʦ ʧʦʟʚʦʣʠʪ 

ʧʨʠʙʣʠʟʠʪʴ ʢʘʯʝʩʪʚʦ ʚʳʧʫʩʢʘʝʤʦʛʦ ʧʦ ʜʘʥʥʦʤʫ ʧʨʦʝʢʪʫ ʤʷʩʘ, ʧʨʦʜʫʢʮʠʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʟʘʚʦʜʦʚ, ʘ ʮʝʥʳ ʥʘ ʧʨʦʜʫʢʮʠʶ ʫʩʪʘʥʦʚʠʪʴ ʥʠʞʝ, ʯʝʤ ʫ ʢʦʥʢʫʨʝʥʪʦʚ, ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʦʙʝʩʧʝʯʠʪ 

ʨʳʥʦʯʥʫʶ ʢʦʥʢʫʨʝʥʪʥʦ ï ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʠʟʚʦʜʠʤʦʛʦ ʘʩʩʦʨʪʠʤʝʥʪʘ ʤʷʩʘ. 

ɺʝʩʴ ʧʨʠʦʙʨʝʪʸʥʥʳʡ ʩʢʦʪ ʙʫʜʝʪ ʧʦʜʚʝʨʛʘʪʴʩʷ ʪʱʘʪʝʣʴʥʦʤʫ ʦʩʤʦʪʨʫ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ 

ʩʘʥʠʪʘʨʥʳʤ ʥʦʨʤʘʤ ʠ ʜʨʫʛʠʤ ʩʪʘʥʜʘʨʪʘʤ ʢʘʯʝʩʪʚʘ. 

ʇʨʠ ʫʙʦʝ ʠ ʧʝʨʝʨʘʙʦʪʢʝ ʩʢʦʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʦʚʝʡʰʠʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʷʩʦ ʥʝ 

ʪʝʨʷʝʪ ʩʚʦʝʛʦ ʢʘʯʝʩʪʚʘ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʮʠʢʣʘ, ʵʪʦ ʧʦʟʚʦʣʠʪ ʧʨʠʙʣʠʟʠʪʴ 

ʢʘʯʝʩʪʚʦ ʚʳʧʫʩʢʘʝʤʦʛʦ ʧʦ ʜʘʥʥʦʤʫ ʧʨʦʝʢʪʫ ʤʷʩʘ, ʧʨʦʜʫʢʮʠʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʟʘʚʦʜʦʚ, ʘ ʮʝʥʳ ʥʘ 

ʧʨʦʜʫʢʮʠʶ ʫʩʪʘʥʦʚʠʪʴ ʥʠʞʝ, ʯʝʤ ʫ ʢʦʥʢʫʨʝʥʪʦʚ, ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʦʙʝʩʧʝʯʠʪ ʨʳʥʦʯʥʫʶ 

ʢʦʥʢʫʨʝʥʪʥʦ ï ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʠʟʚʦʜʠʤʦʛʦ ʘʩʩʦʨʪʠʤʝʥʪʘ ʤʷʩʘ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʫʙʦʷ ʩʚʠʥʝʡ ʠ ʨʘʟʜʝʣʢʠ ʪʫʰ ʧʨʦʠʟʚʦʜʠʪʩʷ ʪʨʝʤʷ ʩʧʦʩʦʙʘʤʠ ʚ 

ʰʢʫʨʝ, ʙʝʟ ʰʢʫʨʳ, ʢʨʫʧʦʥʠʨʦʚʘʥʠʝʤ. 

ʀʟʫʯʠʚ ʧʨʝʜʧʦʯʪʝʥʠʷ ʦʩʥʦʚʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʧʨʦʜʫʢʮʠʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ, 

ʧʨʠʥʷʣʠ ʨʝʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʴ ʦʙʨʘʙʦʪʢʫ ʩʚʠʥʝʡ ʚ ʰʢʫʨʝ ʠ ʩʦʩʪʘʚʠʣʠ ʮʠʢʣʦʛʨʘʤʤʫ ʨʘʙʦʪʳ (ʨʠʩʫʥʦʢ 

1). 

 

 
ʈʠʩʫʥʦʢ 1 ï ʎʠʢʣʦʛʨʘʤʤʘ ʧʝʨʚʠʯʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʩʚʠʥʝʡ 
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ʋʙʦʡ ʠ ʦʙʨʘʙʦʪʢʘ ʩʚʠʥʝʡ ʚ ʰʢʫʨʝ ʥʘ ʧʨʦʝʢʪʠʨʫʝʤʦʤ ʧʨʝʜʧʨʠʷʪʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ 

ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ:  

1. ʄʦʡʢʘ ʩʚʠʥʝʡ Ÿ 2. ɿʘʛʦʥ ʩʚʠʥʝʡ ʚ ʬʠʢʩʠʨʫʶʱʠʡ ʙʦʢʩ, ʦʛʣʫʰʝʥʠʝ ʠ ʧʦʜʲʝʤ ʞʠʚʦʪʥʦʛʦ ʥʘ 

ʧʫʪʴ ʦʙʝʩʢʨʦʚʣʠʚʘʥʠʷ Ÿ 3. ʆʙʝʩʢʨʦʚʣʠʚʘʥʠʝ ʠ ʩʙʦʨ ʢʨʦʚʠ Ÿ 4. ʐʧʘʨʢʘ ʪʫʰ Ÿ 5. ʋʜʘʣʝʥʠʝ ʱʝʪʠʥʳ 

Ÿ 6. ʆʧʘʣʢʘ Ÿ 7.ʈʘʟʤʷʛʯʝʥʠʝ ʠ ʫʜʘʣʝʥʠʝ ʩʛʦʨʝʚʰʝʛʦ ʵʧʠʜʝʨʤʠʩʘ Ÿ 8. ʋʜʘʣʝʥʠʝ ʢʦʧʳʪ Ÿ 

9.ʇʦʜʨʝʟʢʘ ʠ ʦʩʤʦʪʨ ʛʦʣʦʚ Ÿ 1ʦ. ʋʜʘʣʝʥʠʝ ʟʘʜʥʝʛʦ ʧʨʦʭʦʜʥʠʢʘ Ÿ 11.ʈʘʩʧʠʣʦʚʢʘ ʛʨʫʜʥʦʡ ʢʦʩʪʠ Ÿ 

12. ʆʪʜʝʣʝʥʠʝ ʧʦʣʦʚʳʭ ʦʨʛʘʥʦʚ Ÿ 13.ʀʟʚʣʝʯʝʥʠʝ ʚʥʫʪʨʝʥʥʠʭ ʦʨʛʘʥʦʚ Ÿ 14. ʈʘʩʧʠʣʦʚʢʘ ʪʫʰ ʥʘ 

ʧʦʣʫʪʫʰʠ Ÿ 15. ɺʳʝʤʢʘ ʧʣʝʚ ʚʥʫʪʨʝʥʥʝʛʦ ʞʠʨʘ Ÿ  16. ɺʝʪʝʨʠʥʘʨʥʦ-ʩʘʥʠʪʘʨʥʘʷ ʵʢʩʧʝʨʪʠʟʘ Ÿ 17. 

ʆʪʜʝʣʝʥʠʝ ʛʦʣʦʚ Ÿ 18. ʉʫʭʦʡ ʪʫʘʣʝʪ Ÿ 19. ʄʦʢʨʳʡ ʪʫʘʣʝʪ Ÿ 2ʦ. ʆʧʨʝʜʝʣʝʥʠʝ ʫʧʠʪʘʥʥʦʩʪʠ Ÿ 21. 

ɹʨʘʢʝʨʘʞ ʠ ʢʣʝʡʤʝʥʠʝ, ʚʟʚʝʰʠʚʘʥʠʝ Ÿ 22. ʇʝʨʝʜʘʯʘ ʥʘ ʭʦʣʦʜʠʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ. 

ʇʨʦʝʢʪʠʨʫʝʤʦʝ ʧʨʝʜʧʨʠʷʪʠʝ ʧʣʘʥʠʨʫʝʪʩʷ ʨʘʩʧʦʣʦʞʠʪʴ ʧʦ ʘʜʨʝʩʫ ʇʨʠʤʦʨʩʢʠʡ ʢʨʘʡ, ʩ. 

ɺʦʟʜʚʠʞʝʥʢʘ, ʫʣ. ɿʘʨʝʯʥʘʷ 28ʘ. ʈʝʣʴʝʬ ʫʯʘʩʪʢʘ ʨʦʚʥʳʡ, ʩʧʦʢʦʡʥʳʡ. ɿʘʪʦʧʣʝʥʠʶ ʠ ʧʦʜʪʦʧʣʝʥʠʶ 

ʧʘʚʦʜʢʦʚʳʤʠ ʚʦʜʘʤʠ ʫʯʘʩʪʦʢ ʥʝ ʧʦʜʚʝʨʛʘʝʪʩʷ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʩʚʝʜʝʥʠʡ ʦʙʦ ʚʩʝʭ ʧʨʠʨʦʜʥʳʭ 

ʬʘʢʪʦʨʘʭ ʫʯʘʩʪʢʘ, ʪʨʝʙʫʝʤʳʭ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ, ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʢʦʤʧʣʝʢʩ ʠʥʞʝʥʝʨʥʦ - 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʠʟʳʩʢʘʥʠʡ. ʊʝʨʨʠʪʦʨʠʷ ʫʯʘʩʪʢʘ ʩʦʩʪʘʚʣʷʝʪ 3632 ʤ
2
. ʇʣʦʱʘʜʴ ʧʦʜ 

ʟʘʩʪʨʦʡʢʠ ʩʦʩʪʘʚʣʷʝʪ 624 ʤ
2
. 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʧʨʝʜʧʨʠʷʪʠʷ ʨʘʩʧʦʣʦʞʝʥʳ (ʨʠʩʫʥʦʢ 2): ʦʩʥʦʚʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʝ 

ʧʦʤʝʱʝʥʠʝ, ʂʇʇ, ʩʢʚʘʞʠʥʘ, ʩʝʧʪʠʢ, ʛʘʨʘʞ, ʧʦʞʘʨʥʳʡ ʨʝʟʝʨʚʫʘʨ, ʩʢʣʘʜ ʘʥʪʠʩʝʧʪʠʢʘ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʘʷ ʧʦʜʩʪʘʥʮʠʷ. 

ʊʝʨʨʠʪʦʨʠʷ ʧʨʝʜʧʨʠʷʪʠʷ ʠʤʝʝʪ ʜʚʘ ʚʲʝʟʜʘ ʦʜʠʥ ʜʣʷ çʯʠʩʪʦʡè ʟʦʥʳ, ʜʨʫʛʦʡ ʜʣʷ çʛʨʷʟʥʦʡè. 

ʆʙʘ ʚʲʝʟʜʘ ʦʙʦʨʫʜʦʚʘʥʳ ʩʘʥʧʨʦʧʫʩʢʥʠʢʘʤʠ ʜʣʷ ʜʝʟʠʥʬʝʢʮʠʦʥʥʦʡ ʦʯʠʩʪʢʠ ʪʨʘʥʩʤʠʩʩʠʠ ʤʘʰʠʥ 2% 

ʨʘʩʪʚʦʨʦʤ ʝʜʢʦʛʦ ʥʘʪʨʠʷ [5]. ɺʦʨʦʪʘ ʦʙʦʠʭ ʚʲʝʟʜʦʚ ʨʘʟʜʚʠʞʥʳʝ ʩʥʘʙʞʝʥʥʳʝ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʤ. ʅʘ 

ʛʣʘʚʥʦʤ ʚʲʝʟʜʝ (ʯʠʩʪʦʤ) ʨʘʩʧʦʣʦʞʝʥ ʂʇʇ, ʯʝʨʝʟ ʢʦʪʦʨʳʡ ʧʨʦʭʦʜʠʪ ʧʝʨʩʦʥʘʣ ʮʝʭʘ. ʂʦʥʪʨʦʣʴ 

çʛʨʷʟʥʦʛʦè ʚʲʝʟʜʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʩʠʩʪʝʤʳ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ. 

 

 
ʈʠʩʫʥʦʢ 2 ï ɻʝʥʝʨʘʣʴʥʳʡ ʧʣʘʥ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ 

 

ʊʝʨʨʠʪʦʨʠʷ ʠʤʝʝʪ ʙʝʪʦʥʥʳʝ ʜʦʨʦʞʢʠ ʜʣʷ ʪʨʘʥʩʧʦʨʪʘ: ʙʝʪʦʥ çʄ-200è - 12 ʩʘʥʪʠʤʝʪʨʦʚ, 

ʱʝʙʝʥʴ ð 15 ʩʘʥʪʠʤʝʪʨʦʚ, ʧʝʩʦʢ ð 10 ʩʘʥʪʠʤʝʪʨʦʚ. ʊʝʨʨʠʪʦʨʠʷ ʧʦ ʧʝʨʠʤʝʪʨʫ ʠʤʝʝʪ ʦʛʨʘʞʜʝʥʠʝ ʚ 

ʚʠʜʝ ʥʘʩʘʞʜʝʥʠʡ ʭʚʦʡʥʳʭ ʧʦʨʦʜ ʜʝʨʝʚʴʝʚ. ʕʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʦʪ ʚʳʩʦʢʦʚʦʣʴʪʥʦʡ 
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ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʯʝʨʝʟ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʫʶ ʧʦʜʩʪʘʥʮʠʶ ʠ ʜʘʣʝʝ ʥʘ ʱʠʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʅʘ 

ʪʝʨʨʠʪʦʨʠʠ ʧʨʝʜʧʨʠʷʪʠʷ ʨʘʩʧʦʣʦʞʝʥ ʧʨʦʪʠʚʦʧʦʞʘʨʥʳʡ ʚʦʜʦʝʤ ʩ ʥʝʧʨʠʢʦʩʥʦʚʝʥʥʳʤ ʟʘʧʘʩʦʤ ʚʦʜʳ. 

ʉʝʧʪʠʢ ʧʨʝʜʧʨʠʷʪʠʷ ʠʤʝʝʪ ʚʤʝʩʪʠʤʦʩʪʴ 4ʦ ʤ
3
, ʜʣʷ ʩʙʦʨʘ ʩʪʦʯʥʳʭ ʚʦʜ ʚ ʪʝʯʝʥʠʝ 2 ʨʘʙʦʯʠʭ 

ʩʤʝʥ. ɸʉ ʤʘʰʠʥʘ ʙʫʜʝʪ ʦʧʦʨʦʞʥʷʪʴ ʩʝʧʪʠʢ 1 ʨʘʟ ʚ ʩʤʝʥʫ, ʜʣʷ ʵʪʦʛʦ ʦʙʦʨʫʜʦʚʘʥʦ ʧʦʜʢʣʶʯʝʥʠʝ 

ʤʘʰʠʥʳ ʟʘ ʧʝʨʠʤʝʪʨʦʤ ʧʨʝʜʧʨʠʷʪʠʷ [4]. 

ɺ ʰʪʘʪʝ ʧʨʝʜʧʨʠʷʪʠʷ ʥʘʭʦʜʠʪʩʷ ʜʚʘ ʩʢʦʪʦʚʦʟʘ, ʜʣʷ ʢʦʪʦʨʳʭ ʧʨʝʜʫʩʤʦʪʨʝʥ ʛʘʨʘʞ ʠ ʩʘʥ ʟʦʥʘ.  

ʅʘ ʛʝʥʝʨʘʣʴʥʦʤ ʧʣʘʥʝ ʧʦʞʘʨʥʳʝ ʱʠʪʳ ʥʝ ʫʢʘʟʘʥʳ, ʥʦ ʧʨʝʜʫʩʤʦʪʨʝʥʳ. ʑʠʪʳ ʚ ʩʝʙʷ 

ʚʢʣʶʯʘʶʪ: ʪʦʧʦʨ, ʣʦʧʘʪʳ ʰʪʳʢʦʚʫʶ ʠ ʧʦʜʙʦʨʥʫʶ, ʙʘʛʦʨ, ʜʚʘ ʚʝʜʨʘ, ʣʦʤ ʠ ʷʱʠʢ ʩ ʧʝʩʢʦʤ. 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʧʨʝʜʧʨʠʷʪʠʷ ʚʝʣʦʩʴ ʩʦʛʣʘʩʥʦ ʧʨʦʪʠʚʦʧʦʞʘʨʥʳʭ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ, ʘ ʪʘʢʞʝ 

ʩʘʥʠʪʘʨʥʳʭ ʠ ʚʝʪʝʨʠʥʘʨʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʧʨʝʜʧʨʠʷʪʠʡ ʤʷʩʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

[7]. 

ʆʩʥʦʚʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʝ ʧʦʤʝʱʝʥʠʝ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ (ʨʠʩʫʥʦʢ 3): ʦʪʜʝʣʝʥʠʝ ʧʝʨʚʠʯʥʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʩʚʠʥʝʡ, ʮʝʭ ʫʙʦʷ ʞʠʚʦʪʥʳʭ, ʮʝʭ ʦʙʨʘʙʦʪʢʠ ʩʫʙʧʨʦʜʫʢʪʦʚ, ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʝ ʠ ʙʳʪʦʚʳʝ 

ʧʦʤʝʱʝʥʠʷ, ʘ ʪʘʢʞʝ ʣʘʙʦʨʘʪʦʨʠʶ ʠ ʦʪʜʝʣʝʥʠʝ ʚʳʜʘʯʠ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ. ɼʣʷ ʧʦʩʪʝʧʝʥʥʦʛʦ 

ʨʘʟʚʠʪʠʷ ʧʨʝʜʧʨʠʷʪʠʷ ʟʘʧʣʘʥʠʨʦʚʘʥʦ ʨʘʩʰʠʨʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʣʦʱʘʜʝʡ ʧʦʜ ʮʝʭ ʦʙʨʘʙʦʪʢʠ 

ʧʠʱʝʚʦʛʦ ʢʦʥʬʠʩʢʘʪʘ ʠ ʚʥʫʪʨʝʥʥʝʛʦ ʞʠʨʘ. 

 

 
ʈʠʩʫʥʦʢ 3 ï ʇʣʘʥ ʮʝʭʘ ʩ ʨʘʩʩʪʘʥʦʚʢʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 
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ɼʣʷ ʧʨʠʦʙʨʝʪʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʣʠʥʠʠ ʠ ʝʛʦ ʨʘʟʤʝʱʝʥʠʷ ʚ ʧʦʩʪʨʦʝʥʥʦʤ 

ʧʦʤʝʱʝʥʠʠ ʥʝʦʙʭʦʜʠʤʳ ʠʥʚʝʩʪʠʮʠʠ ʚ ʨʘʟʤʝʨʝ 20327 ʪʳʩ. ʨʫʙ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʩʪʦʠʤʦʩʪʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʟʘʪʨʘʪ ʥʘ ʫʙʦʡ 1 ʩʚʠʥʴʠ ï 650 ʨʫʙ. ʇʨʠ ʫʨʦʚʥʝ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ ʚ 

ʨʘʡʦʥʝ 60 % ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʚ 50 ʛʦʣʦʚ/ʩʤʝʥʫ, ʩʨʦʢ ʦʢʫʧʘʝʤʦʩʪʠ ʧʨʦʝʢʪʘ ʩʦʩʪʘʚʠʪ 6 

ʣʝʪ. 
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ʉʫʱʝʩʪʚʫʶʱʠʝ ʤʦʣʦʪʢʦʚʳʝ ʜʨʦʙʠʣʢʠ ʠʤʝʶʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʥʝʜʦʩʪʘʪʦʢ ï ʙʦʣʴʰʫʶ 

ʵʥʝʨʛʦʝʤʢʦʩʪʴ [4]. ɹʦʣʴʰʠʝ ʟʘʪʨʘʪʳ ʵʥʝʨʛʠʠ ʧʨʦʠʩʭʦʜʷʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘʣʠʯʠʷ ʟʘʤʢʥʫʪʦʛʦ ʢʦʣʴʮʝʚʦʛʦ 

ʩʣʦʷ ʚ ʜʨʦʙʠʣʴʥʦʡ ʢʘʤʝʨʝ. ʕʥʝʨʛʠʷ ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʠʟʤʝʣʴʯʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʠ ʥʘ ʧʝʨʝʤʝʱʝʥʠʝ 

ʢʦʣʴʮʝʚʦʛʦ ʩʣʦʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʮʠʨʢʫʣʷʮʠʠ ʢʦʣʴʮʝʚʦʛʦ ʩʣʦʷ ʧʨʦʠʩʭʦʜʠʪ ʠʩʪʠʨʘʥʠʝ ʤʘʪʝʨʠʘʣʘ ʦ ʩʠʪʦ. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚʪʦʨʦʡ ʩʫʱʝʩʪʚʝʥʥʳʡ ʥʝʜʦʩʪʘʪʦʢ ï ʦʙʨʘʟʦʚʘʥʠʝ ʧʳʣʝʚʠʜʥʦʡ ʬʨʘʢʮʠʠ. 

ʆʩʥʦʚʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʚ ʤʦʜʝʨʥʠʟʘʮʠʠ ʤʦʣʦʪʢʦʚʳʭ ʜʨʦʙʠʣʦʢ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ 

ʥʘʧʨʘʚʣʝʥʠʷ: ʫʤʝʥʴʰʝʥʠʝ ʫʜʝʣʴʥʳʭ ʟʘʪʨʘʪ ʵʥʝʨʛʠʠ; ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʛʦʪʦʚʦʛʦ ʢʦʨʤʘ. [1, 2, 3]. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʢʦʨʤʦʚ, ʘ ʪʘʢʞʝ ʜʣʷ 

ʩʥʠʞʝʥʠʷ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʪʘʢʦʛʦ ʧʨʦʮʝʩʩʘ ʢʘʢ ʠʭ ʠʟʤʝʣʴʯʝʥʠʝ, ʦʙʦʩʥʦʚʘʥʘ ʠ ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʥʩʪʨʫʢʮʠʷ 

ʤʦʣʦʪʢʦʚʦʡ ʜʨʦʙʠʣʢʠ, ʢʘʤʝʨʘ ʠʟʤʝʣʴʯʝʥʠʷ ʢʦʪʦʨʦʡ ʩʥʘʙʞʝʥʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʜʝʢʦʡ ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʨʘʱʝʥʠʷ. ɼʝʢʘ ʚʨʘʱʘʝʪʩʷ ʚ ʩʪʦʨʦʥʫ ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʥʘʧʨʘʚʣʝʥʠʶ ʚʨʘʱʝʥʠʷ 

ʨʦʪʦʨʘ ʜʨʦʙʠʣʢʠ, ʵʪʦ ʧʦʟʚʦʣʠʪ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʠʟʤʝʣʴʯʸʥʥʳʭ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʢʦʨʤʦʚ ʟʘ ʩʯʸʪ 

ʦʪʩʫʪʩʪʚʠʷ ʢʦʣʴʮʝʚʦʛʦ ʩʣʦʷ ʧʨʦʜʫʢʪʘ ʚʥʫʪʨʠ ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ ʤʦʣʦʪʢʦʚʦʡ ʜʨʦʙʠʣʢʠ. ɺʩʝ ʵʪʦ ʜʘʩʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʚʳʩʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʜʨʦʙʠʣʢʠ, ʘ ʪʘʢʞʝ ʩʥʠʟʠʪʴ ʫʜʝʣʴʥʳʝ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʥʘ 

ʠʟʤʝʣʴʯʝʥʠʝ. 

ʂʦʥʩʪʨʫʢʪʠʚʥʘʷ ʩʭʝʤʘ ʜʨʦʙʠʣʢʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. ɿʝʨʥʦ ʠʟ ʟʘʛʨʫʟʦʯʥʦʛʦ ʙʫʥʢʝʨʘ 1 

ʧʦʧʘʜʘʝʪ ʚ ʜʨʦʙʠʣʴʥʫʶ ʢʘʤʝʨʫ ʠ ʧʦʜʚʝʨʛʘʝʪʩʷ ʫʜʘʨʘʤ ʤʦʣʦʪʢʦʚ 4 ʠ ʣʝʪʠʪ ʚ ʩʪʦʨʦʥʫ ʜʝʢʠ 3. ɼʝʢʘ 3, 

ʚʨʘʱʘʶʱʘʷʩʷ ʥʘʚʩʪʨʝʯʫ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ 2, ʥʘʧʨʘʚʣʷʝʪ ʦʪʣʝʪʝʚʰʝʝ ʟʝʨʥʦ ʥʘ ʧʦʚʪʦʨʥʳʡ ʫʜʘʨ. ɿʘʪʝʤ 

ʧʦʩʣʝ ʚʪʦʨʦʛʦ ʫʜʘʨʘ ʠʟʤʝʣʴʯʝʥʥʦʝ ʟʝʨʥʦ ʥʘʧʨʘʚʣʷʝʪʩʷ ʚ ʦʙʨʘʪʥʳʡ ʨʫʢʘʚ 5 ʜʨʦʙʠʣʢʠ, ʢʦʪʦʨʳʡ 

ʥʘʧʨʘʚʣʷʝʪ ʝʝ ʥʘ ʧʦʚʪʦʨʥʦʝ ʜʨʦʙʣʝʥʠʝ ʚ ʢʘʤʝʨʫ ʠʟʤʝʣʴʯʝʥʠʷ, ʛʜʝ ʝʱʝ ʨʘʟ ʧʦʜʚʝʨʛʘʝʪʩʷ ʨʘʟʨʫʰʝʥʠʶ 

ʠ ʚʳʛʨʫʞʘʝʪʩʷ ʨʫʢʘʚʦʤ 6 ʥʘʨʫʞʫ. 

ʊʘʢʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʜʨʦʙʠʣʢʠ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʥʘ ʠʟʤʝʣʴʯʝʥʠʝ, ʪ.ʢ. 

ʦʪʩʫʪʩʪʚʫʝʪ ʮʠʨʢʫʣʷʮʠʷ ʢʦʣʴʮʝʚʦʛʦ ʩʣʦʷ ʠ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʳʡ ʢʦʨʤ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ 

ʠʩʪʠʨʘʥʠʷ ʤʘʪʝʨʠʘʣʘ ʦ ʩʠʪʦ. ɼʣʷ ʜʘʣʴʥʝʡʰʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʧʨʠʥʠʤʘʝʤ ʠʩʭʦʜʥʳʝ 

ʜʘʥʥʳʝ, ʥʘ ʦʩʥʦʚʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ: ʜʠʘʤʝʪʨ ʨʦʪʦʨʘ ï 500 ʤʤ; ʜʣʠʥʘ ʨʦʪʦʨʘ ï 100 ʤʤ; 

ʤʦʣʦʪʦʢ ʩʪʘʥʜʘʨʪʥʳʡ ï 110ʭ50ʭ4 ʤʤ; ʦʢʨʫʞʥʘʷ ʩʢʦʨʦʩʪʴ ʤʦʣʦʪʢʦʚ ï Vʨ = 90 ʤ/ʩ; ʜʠʘʤʝʪʨ ʜʝʢʠ ï 160 

ʤʤ; ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ï qʨ = 1000 ʢʛ/ʯ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʝʜʣʘʛʘʝʤʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʜʨʦʙʠʣʢʠ: 1 ï 

ʟʘʛʨʫʟʦʯʥʳʡ ʙʫʥʢʝʨ; 2 ï ʨʦʪʦʨ ʩ ʧʘʢʝʪʘʤʠ ʤʦʣʦʪʢʦʚ; 3 ï ʜʝʢʘ; 4 ï ʤʦʣʦʪʦʢ; 5 ïʦʙʨʘʪʥʳʡ ʨʫʢʘʚ; 6ï

ʚʳʛʨʫʟʥʦʡ ʨʫʢʘʚ 

 

ʆʙʱʠʡ ʚʠʜ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʜʨʦʙʠʣʢʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 2. 
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ʈʠʩʫʥʦʢ 2 ï ʆʙʱʠʡ ʚʠʜ ʜʨʦʙʠʣʢʠ: 1 ï ʙʫʥʢʝʨ; 2 ï ʨʦʪʦʨ; 3 ï ʜʝʢʘ; 4 ï ʨʘʤʘ; 5 ï ʨʫʢʘʚ; 6 ï 

ʢʦʨʧʫʩ; 7 ï ʢʨʳʰʢʘ; 8 ï ʤʘʭʦʚʠʯʦʢ; 9 ï ʚʠʥʪ ʩʪʷʞʥʦʡ; 10 ï ʩʪʦʡʢʘ; 11 ï ʧʘʣʝʮ; 12-16 ï ʙʦʣʪʳ; 17-20 ï 

ʛʘʡʢʠ; 21, 22 ï ʨʝʤʥʠ; 23-30 ï ʰʘʡʙʳ; 31, 32 ï ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ 

 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʜʨʦʙʠʣʢʘ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

- ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʪ/ʯ: 2; 

-ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʤʦʱʥʦʩʪʴ, ʢɺʪ: 11,55; 

- ʟʘʟʦʨ ʤʝʞʜʫ ʨʦʪʦʨʦʤ ʠ ʜʝʢʦʡ, ʤʤ: 5; 

- ʛʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ, ʤʤ: 

 ʜʣʠʥʘ: 1000; 

 ʰʠʨʠʥʘ: 985; 

 ʚʳʩʦʪʘ: 1108. 
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Abstract: The operation and design of the round baler has a number of disadvantages. The solution is 

the installation of the developed additional working body ï the hydraulic pneumatic accumulator ï included 

in the unified hydraulic system of the machine-tractor unit, which will make it possible to smoothly perform 

the technological operation for the selection of the cut mass from the rolls. 

Key words: harvesting hay, pressing into rolls, baler, improvement, hydro-pneumatic accumulator. 

 

ʋʚʝʣʠʯʝʥʠʝ ʪʝʤʧʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ ʩ ʥʠʟʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ 

ʟʥʘʯʝʥʠʡ ʝʝ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʪʝʩʥʦ ʚʟʘʠʤʦʫʚʷʟʘʥʦ ʩ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ ʮʠʢʣʦʤ ʟʘʛʦʪʦʚʢʠ ʛʨʫʙʳʭ 

ʢʦʨʤʦʚ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ, ʛʜʝ ʣʠʜʠʨʫʝʪ ʟʘʛʦʪʦʚʢʘ ʩʝʥʘ, ʧʨʝʩʩʦʚʘʥʥʦʝ ʚ ʨʫʣʦʥʳ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ 

ʬʦʨʤʳ. ʂʘʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʢʦʨʤʘ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʧʨʦʠʟʚʦʜʠʤʦʛʦ ʚ ʫʩʣʦʚʠʷʭ 

ʉʝʚʝʨʦ-ɿʘʧʘʜʥʦʛʦ ʨʝʛʠʦʥʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʠʤʝʶʪ ʧʨʷʤʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʩʨʦʢʦʚ ʫʙʦʨʢʠ 

ʪʨʘʚʦʩʪʦʷ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʚʩʝʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ, ʥʘʧʦʣʥʷʶʱʠʭ 

ʤʘʰʠʥʥʫʶ ʪʝʭʥʦʣʦʛʠʶ ʟʘʛʦʪʦʚʢʠ ʛʨʫʙʦʩʪʝʙʝʣʴʥʳʭ ʢʦʨʤʦʚ. 

ɿʘʛʦʪʘʚʣʠʚʘʷ ʛʨʫʙʳʝ ʩʪʝʙʝʣʴʯʘʪʳʝ ʢʦʨʤʘ ʧʦ ʣʶʙʦʡ ʠʟ ʠʟʚʝʩʪʥʳʭ ʤʘʰʠʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʝʡ ʬʠʥʘʣʴʥʦʡ ʩʪʘʜʠʠ ʷʚʣʷʝʪʩʷ ʧʦʜʙʦʨ ʩ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʦʣʷ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ ʩ ʦʧʪʠʤʘʣʴʥʦʡ ʚʣʘʞʥʦʩʪʴʶ (ʨʠʩʫʥʦʢ 1). ʀʤʝʥʥʦ ʦʪ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠ 

ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʷʪ ʢʦʣʠʯʝʩʪʚʦ 

ʧʦʣʫʯʘʝʤʦʛʦ ʢʦʨʤʘ, ʝʛʦ ʢʦʨʤʦʚʳʝ ʩʚʦʡʩʪʚʘ ʜʣʷ ʩʢʦʪʘ ʠ, ʝʩʪʝʩʪʚʝʥʥʦ, ʩʪʦʠʤʦʩʪʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʀʩʩʣʝʜʦʚʘʪʝʣʠ [1, 2] ʦʪʤʝʯʘʶʪ, ʯʪʦ ʠʤʝʥʥʦ ʟʘʛʦʪʘʚʣʠʚʘʝʤʳʡ 

ʛʨʫʙʳʡ ʢʦʨʤ ʚ ʧʨʝʩʩʦʚʘʥʥʦʤ ʚ ʨʫʣʦʥʳ ʚʠʜʝ, ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ 

ʧʨʦʛʨʝʩʩʠʚʥʳʭ ʠ ʚʳʩʦʢʦʠʥʪʝʥʩʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʫʙʦʨʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ. ɺʝʜʫʱʠʤʠ ʤʠʨʦʚʳʤʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʧʨʝʩʩ-ʧʦʜʙʦʨʱʠʢʦʚ ʷʚʣʷʶʪʩʷ ʪʘʢʠʝ ʢʦʤʧʘʥʠʠ, ʢʘʢ CLAAS, KRONE. 

ʆʪʝʯʝʩʪʚʝʥʥʳʤ ʣʠʜʝʨʦʤ, ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ ʢʦʨʤʦʫʙʦʨʦʯʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʷʚʣʷʝʪʩʷ ɻʂ 

ʈʆʉʊʉɽʃʔʄɸʐ (ʨʠʩʫʥʦʢ 2). 

ʆʜʠʥ ʠʟ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʨʝʤʝʥʥʳʭ ʨʫʣʦʥʥʳʭ ʧʨʝʩʩ-ʧʦʜʙʦʨʱʠʢʦʚ ʩ ʨʘʙʦʯʝʡ 

ʰʠʨʠʥʦʡ ʟʘʭʚʘʪʘ 1,6 ʤ, ʠʤʝʶʱʠʡ ʢʘʤʝʨʫ ʧʨʝʩʩʦʚʘʥʠʷ ʧʝʨʝʤʝʥʥʦʛʦ ʦʙʲʝʤʘ, ʭʦʨʦʰʦ 

ʟʘʨʝʢʦʤʝʥʜʦʚʘʚʰʠʡ ʩʝʙʷ ʥʘ ʧʦʣʷʭ ʉʝʚʝʨʦ-ɿʘʧʘʜʥʦʛʦ ʨʝʛʠʦʥʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ 9ʦ-ʭ ʛʦʜʘʭ 

ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ ʠ ʩʝʡʯʘʩ ʥʝ ʧʦʪʝʨʷʣ ʘʢʪʫʘʣʴʥʦʩʪʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʦʩʦʙʝʥʥʦ, ʚ 



74 
 

ʥʝʙʦʣʴʰʠʭ ʬʝʨʤʝʨʩʢʦ-ʢʨʝʩʪʴʷʥʩʢʠʭ ʠ ʧʦʜʩʦʙʥʳʭ ʭʦʟʷʡʩʪʚʘʭ, ʦʜʥʘʢʦ ʝʛʦ ʨʘʙʦʪʘ ʠ ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʦʝ 

(ʢʦʥʩʪʨʫʢʪʠʚʥʦʝ) ʠʩʧʦʣʥʝʥʠʝ ʠʤʝʝʪ ʨʷʜ ʚʳʷʚʣʝʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ [3]. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʆʙʦʙʱʝʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʟʘʛʦʪʦʚʢʠ ʩʝʥʘ ʠʟ ʩʝʷʥʥʳʭ ʠ ʝʩʪʝʩʪʚʝʥʥʳʭ ʪʨʘʚ 

 

   
ʘ ʙ ʚ 

ʈʠʩʫʥʦʢ 2 ï ʉʦʚʨʝʤʝʥʥʳʝ ʨʫʣʦʥʥʳʝ ʧʨʝʩʩ-ʧʦʜʙʦʨʱʠʢʠ: 

ʘ ï CLAAS VARIANT 365; ʙ ï KRONE Fortima V 1500 MC; ʚ ï ʈʆʉʊʉɽʃʔʄɸʐ Pelikan Max 1500 

 

ʇʨʦʚʦʜʠʤʳʝ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʧʦʚʳʰʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʨʫʣʦʥʥʦʛʦ ʧʨʝʩʩ-ʧʦʜʙʦʨʱʠʢʘ, ʧʫʪʝʤ ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʩʫʪʴ ʢʦʪʦʨʳʭ ʟʘʢʣʶʯʘʝʪʩʷ ʦʩʥʘʱʝʥʠʠ ʤʘʰʠʥʳ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʨʘʙʦʯʠʤ 

ʦʨʛʘʥʦʤ ï ʛʠʜʨʦʧʥʝʚʤʦʘʢʢʫʤʫʣʷʪʦʨʦʤ (ʨʠʩʫʥʦʢ 3), ʢʦʪʦʨʳʡ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʢʦʥʪʨʦʣʠʨʫʝʤʦʤ 

ʨʝʞʠʤʝ ʧʦʟʚʦʣʠʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʧʣʦʪʥʦʩʪʠ ʧʨʝʩʩʦʚʘʥʠʷ ʨʘʟʣʠʯʥʦʛʦ ʚʠʜʘ ʨʘʩʪʠʪʝʣʴʥʦʡ 

ʤʘʩʩʳ, ʪʝʢʫʱʝʡ ʚʣʘʞʥʦʩʪʠ, ʙʝʟ ʥʝʛʘʪʠʚʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʨʘʙʦʯʠʝ ʦʨʛʘʥʳ ʧʨʝʩʩʦʚʘʣʴʥʦʡ ʢʘʤʝʨʳ. 

ʈʘʟʨʘʙʦʪʢʘ ʢʦʥʩʪʨʫʢʮʠʠ ʛʠʜʨʦʧʥʝʚʤʦʘʢʢʫʤʫʣʷʪʦʨʘ (ʨʠʩʫʥʦʢ 3, ʘ, ʙ) ʦʩʫʱʝʩʪʚʣʝʥʘ ʧʫʪʝʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ 3D-ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ [4] ʧʦ ʜʘʥʥʳʤ ʧʘʪʝʥʪʘ ˉ2125666 [5]. ʇʦʣʦʩʪʴ 3 

ʛʠʜʨʦʧʥʝʚʤʦʘʢʢʫʤʫʣʷʪʦʨʘ ʠʤʝʝʪ ʩʦʝʜʠʥʝʥʠʝ ʩ ʦʩʥʦʚʥʦʡ ʤʘʛʠʩʪʨʘʣʴʶ 8 (ʨʠʩʫʥʦʢ 3, ʚ). ʈʝʛʫʣʠʨʦʚʘʪʴ 

ʧʘʨʘʤʝʪʨʳ ʛʠʜʨʦʧʥʝʚʤʦʘʢʢʫʤʫʣʷʪʦʨʘ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʣʷʷ ʠʟʤʝʥʝʥʠʝ ʦʙʲʝʤʘ ʢʦʨʨʝʢʪʠʨʫʶʱʝʡ 

ʛʘʟʦʚʦʡ ʧʦʣʦʩʪʠ. ʈʘʩʧʨʝʜʝʣʠʪʝʣʝʤ 10 ʤʦʞʥʦ ʩʦʝʜʠʥʷʪʴ ʠ ʤʝʥʴʰʫʶ ʧʦʣʦʩʪʴ 5 ʩ ʦʩʥʦʚʥʦʡ 

ʤʘʛʠʩʪʨʘʣʴʶ 8, ʘ ʙʦʣʴʰʫʶ ʩʦ ʩʣʠʚʦʤ 9, ʪʦ ʙʦʣʴʰʫʶ ʧʦʣʦʩʪʴ 5 ʤʘʛʠʩʪʨʘʣʴʶ 8, ʘ ʤʝʥʴʰʫʶ ʩʦ ʩʣʠʚʦʤ 

ʠʣʠ ʦʙʝ ʧʦʣʦʩʪʠ 5 ʩ ʤʘʛʠʩʪʨʘʣʴʶ 8, ʯʪʦ ʨʘʩʰʠʨʷʝʪ ʜʠʘʧʘʟʦʥ ʨʝʛʫʣʠʨʦʚʘʥʠʷ [5]. 
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ʈʠʩʫʥʦʢ 3 ï ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʛʠʜʨʦʧʥʝʚʤʦʘʢʢʫʤʫʣʷʪʦʨʘ: 

ʘ ï ʦʙʱʠʡ ʚʠʜ; ʙ ï ʨʘʟʨʝʟ; ʚ ï ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ ʩʭʝʤʘ [5] (ʧʦʷʩʥʝʥʠʷ ʚ ʪʝʢʩʪʝ) 

 

ʇʨʝʜʩʪʘʚʣʝʥʥʦʝ ʥʘ ʨʠʩʫʥʢʝ 3 ʢʦʥʩʪʨʫʢʪʠʚʥʦʝ ʠʩʧʦʣʥʝʥʠʝ ʛʠʜʨʦʧʥʝʚʤʦʘʢʢʫʤʫʣʷʪʦʨʘ, 

ʧʦʟʚʦʣʷʝʪ ʢʦʥʪʨʦʣʠʨʫʝʤʦ ʚʘʨʴʠʨʦʚʘʪʴ ʟʥʘʯʝʥʠʷ ʫʧʨʫʛʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʭ 

ʠʥʪʝʨʚʘʣʘʭ, ʘ ʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʜʘʝʪ ʙʝʟʦʪʢʘʟʥʦʝ ʜʝʤʧʬʠʨʦʚʘʥʠʝ ʧʠʢʦʚ ʜʘʚʣʝʥʠʷ 

ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʥʝʥʠʡ ʨʘʙʦʯʝʛʦ ʜʘʚʣʝʥʠʷ ʙʝʟ ʧʦʷʚʣʝʥʠʷ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʨʝʟʦʥʘʥʩʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʚ ʨʫʣʦʥʥʦʤ ʧʨʝʩʩ-ʧʦʜʙʦʨʱʠʢʝ. 

ʅʦʨʤʘʪʠʚʳ ʵʢʦʣʦʛʠʯʝʩʢʠ ʦʧʘʩʥʳʭ ʬʘʢʪʦʨʦʚ ʠ ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʭʦʟʷʡʩʪʚʘʭ ʉʝʚʝʨʦ-ɿʘʧʘʜʥʦʛʦ 

ʨʝʛʠʦʥʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʩʧʦʩʦʙʳ ʦʙʝʩʧʝʯʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ ʟʘʛʦʪʦʚʢʝ 

ʤʥʦʛʦʣʝʪʥʠʭ ʪʨʘʚ ʥʘ ʩʝʥʦ ʜʦʩʪʠʛʘʶʪʩʷ ʧʫʪʝʤ ʚʳʙʦʨʘ ʨʘʮʠʦʥʘʣʴʥʳʭ ʪʝʭʥʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʨʝʰʝʥʠʡ [6]. 

ʊʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʛʦ ʨʫʣʦʥʥʦʛʦ ʧʨʝʩʩ-

ʧʦʜʙʦʨʱʠʢʘ ʚ ʧʝʨʝʨʘʩʯʝʪʝ ʥʘ ʪʦʥʥʫ ʟʘʛʦʪʘʚʣʠʚʘʝʤʦʛʦ ʢʦʨʤʘ ʩ 1 ʛʘ ʩʦʩʪʘʚʠʪ 267,00 ʨʫʙ.Ŀʪ/ʛʘ, ʘ 

ʨʘʩʯʝʪʥʳʡ ʩʨʦʢ ʦʢʫʧʘʝʤʦʩʪʠ ʚʣʦʞʝʥʠʡ, ʩ ʫʯʝʪʦʤ ʛʦʜʦʚʦʡ ʟʘʛʨʫʟʢʠ ʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʚ 280 ʯ, 

ʩʦʩʪʘʚʠʪ ʦʜʠʥ ʫʙʦʨʦʯʥʳʡ ʩʝʟʦʥ. 
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Abstract: A three-dimensional model of a rotary orienting device is presented, calculations are 

carried out and the loads acting on the shaft and shell of the rotary orienting device from a chain drive, 

distributed load and beet weight are determined. 
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ɺ ʈʌ ʩʘʭʘʨʥʘʷ ʩʚʝʢʣʘ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʟʘʚʦʜʩʢʦʛʦ ʩʳʨʴʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʩʘʭʘʨʘ. ɺʳʨʘʱʠʚʘʥʠʝʤ ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ ʟʘʥʷʪʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʝʣʴʭʦʟʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʚ 

ʨʝʛʠʦʥʘʭ ʈʦʩʩʠʠ. ʆʜʥʘʢʦ ʠʩʧʦʣʴʟʫʝʤʳʡ ʠʤʠ ʩʝʤʝʥʥʦʡ ʤʘʪʝʨʠʘʣ ʩʝʤʷʥ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ ʦʢʦʣʦ 3%, ʘ ʦʩʪʘʣʴʥʳʝ ʦʙʲʝʤʳ ʩʝʤʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʪʦʚʘʨʥʦʡ ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ ʠʤʧʦʨʪʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ [1-5]. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʪʨʫʜʦʝʤʢʠʤ ʧʨʦʮʝʩʩʦʤ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʝʤʷʥ ʩʘʭʘʨʥʦʡ 

ʩʚʝʢʣʳ ʷʚʣʷʝʪʩʷ ʠʭ ʧʦʩʘʜʢʘ, ʪʨʝʙʫʶʱʘʷ ʙʦʣʴʰʠʭ ʟʘʪʨʘʪ ʨʫʯʥʦʛʦ ʪʨʫʜʘ [4-9].  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʨʦʪʦʨʘ ʣʦʧʘʩʪʥʦʛʦ ʦʨʠʝʥʪʠʨʫʶʱʝʛʦ 

ʫʩʪʨʦʡʩʪʚʘ (ʨʠʩʫʥʦʢ 1), ʨʘʩʯʝʪ ʠʟʛʠʙʘʶʱʠʭ ʠ ʢʨʫʪʷʱʠʭ ʤʦʤʝʥʪʦʚ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʚʘʣ ʨʝʜʫʢʪʦʨʘ 

[1ʦ]. 

 
ʈʠʩʫʥʦʢ 1 ï ʈʦʪʦʨ ʣʦʧʘʩʪʥʦʛʦ ʦʨʠʝʥʪʠʨʫʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ 

mailto:ovtovvlad@mail.ru
mailto:ovtovvlad@mail.ru
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mailto:ovtovvlad@mail.ru
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ʈʦʪʦʨʥʦʝ ʦʨʠʝʥʪʠʨʫʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ ʤʘʰʠʥʳ ʜʣʷ ʧʦʩʘʜʢʠ ʢʦʨʥʝʧʣʦʜʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʧʦʰʪʫʯʥʦʝ ʦʨʠʝʥʪʠʨʦʚʘʥʠʝ ʚʳʩʘʜʢʦʚ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʭ ʨʘʟʤʝʨʦʚ ʠ ʢʦʥʫʩʥʦʩʪʠ. 

ɺʘʣ ʦʨʠʝʥʪʠʨʫʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʧʨʠʚʦʜʠʪʩʷ ʚʦ ʚʨʘʱʝʥʠʝ ʯʝʨʝʟ ʮʝʧʥʫʶ ʧʝʨʝʜʘʯʫ ʦʪ 

ʚʝʜʫʱʝʡ ʟʚʝʟʜʦʯʢʠ ʚʳʩʘʞʠʚʘʶʱʝʛʦ ʘʧʧʘʨʘʪʘ. ʇʨʠ ʵʪʦʤ ʥʘ ʚʘʣ ʠ ʦʙʝʯʘʡʢʫ ʣʦʧʘʩʪʥʦʛʦ 

ʦʨʠʝʥʪʠʨʫʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʧʦʩʘʜʢʠ ʤʘʪʦʯʥʠʢʦʚ ʩʚʝʢʣʳ, ʜʝʡʩʪʚʫʶʪ ʥʘʛʨʫʟʢʠ ʩʦ ʩʪʦʨʦʥʳ ʮʝʧʥʦʡ 

ʧʝʨʝʜʘʯʠ, ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʥʘʛʨʫʟʢʠ, ʚʝʩʘ ʩʚʝʢʣʳ, ʘ ʚʘʣ ʠ ʦʙʝʯʘʡʢʘ ʠʩʧʳʪʳʚʘʶʪ ʩʣʦʞʥʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ (ʜʝʡʩʪʚʠʝ ʠʟʛʠʙʘ ʠ ʢʨʫʯʝʥʠʷ). ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʥʘʛʨʫʟʦʢ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʨʦʪʦʨ 

ʣʦʧʘʩʪʥʦʛʦ ʦʨʠʝʥʪʠʨʫʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 

ʋʩʠʣʠʷ (ʜʘʚʣʝʥʠʷ) ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʨʦʪʦʨʥʦʝ ʣʦʧʘʩʪʥʦʝ ʦʨʠʝʥʪʠʨʫʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ, ʦʪ 

ʮʝʧʥʦʡ ʧʝʨʝʜʘʯʠ ʥʘʧʨʘʚʣʝʥʳ ʧʦʜ ʫʛʣʦʤ 75Ü ʢ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʠ, ʘ ʨʘʩʧʨʝʜʝʣʸʥʥʘʷ ʥʘʛʨʫʟʢʘ q, ʚʝʩ 

ʩʚʝʢʣʳ Q ʚʝʨʪʠʢʘʣʴʥʦ ʚʥʠʟ. ʅʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʦʪʨʝʪʴ ʜʝʡʩʪʚʠʝ ʩʠʣ ʚ ʜʚʫʭ, ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʠ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʷʭ. 

ʉʧʨʦʝʮʠʨʫʝʤ ʨʝʟʫʣʴʪʠʨʫʶʱʫʶ FB ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʠ ʚʝʨʪʠʢʘʣʴʥʫʶ ʦʩʠ. ʋʛʦʣ ʥʘʢʣʦʥʘ 

ʧʝʨʝʜʘʯʠ ʩʦʩʪʘʚʣʷʝʪ ɓ=75Ü, ʘ ʥʘʛʨʫʟʢʘ ʥʘ ʚʘʣ ʮʝʧʥʦʡ ʧʝʨʝʜʘʯʠ FB=30,7 H. 

Ὂ ὊÃÏÓ σπȟχϽὧέίχυ χȟωυ ̊Ȣ 
Ὂ̔ ὊÓÉÎ σπȟχϽίὭὲχυ ςωȟφυ ̊Ȣ 

ʆʧʨʝʜʝʣʷʝʤ ʦʧʦʨʥʳʝ ʨʝʘʢʮʠʠ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʧʦʨ (ʪʦʯʢʠ ɺ ʠ D) ʜʣʷ 

ʚʘʣʘ [11] 

ὓ Ƞ̏  

Ὂ Ͻὥ Ὑ Ͻὦ ήϽ
ὦ

ς
ὗϽ
ὦ

ς
Ƞ̏
 

Ὑ
Ὂ Ͻὥ ήϽ ὗϽ

ὦ
 

χȟωυϽςχ ȟ̏ρσχϽ ρςϽ

σχψ
σρȟσσ ̊Ȣ

 

ὓ Ƞ̏  

ήϽ
ὦ

ς
ὗϽ
ὦ

ς
Ὂ ὥ ὦ Ὑ Ͻὦ Ƞ̏

 

Ὑ
ήϽ ὗϽ Ὂ ὥ ὦ

ὦ
 

ȟ̏ρσχϽ ρςϽ χȟωυϽςχσχψ

σχψ
τȟ̏τρ ̊Ȣ

 

ʇʨʦʚʝʨʢʘ: 

Ὂ Ὑ ήϽὦ ὗ Ὑ  ̏

χȟωυτȟ̏τρ υρȟχωρςσρȟσσ .̏ 

ʈʘʟʙʠʚʘʝʤ ʚʘʣ ʥʘ 3 ʫʯʘʩʪʢʘ ʠ ʩʦʩʪʘʚʣʷʝʤ ʫʨʘʚʥʝʥʠʷ ʠʟʛʠʙʘʶʱʠʭ ʤʦʤʝʥʪʦʚ ʧʦ ʢʘʞʜʦʤʫ 

ʫʯʘʩʪʢʫ, ʦʧʨʝʜʝʣʷʝʤ ʠʟʛʠʙʘʶʱʠʝ ʤʦʤʝʥʪʳ ʠ ʩʪʨʦʠʤ ʠʭ ʵʧʶʨʳ. 

ʋʯʘʩʪʦʢ AB ʦ Ò z1 Ò a; 

ὓ Ὂ Ͻᾀ
 

˜̑ ̉ᾀ  ̏ὓ̃  ̏̊ Ƞ̍ ̐ ̑ ̉ᾀ ςχ    ὓ̃ χȟωυϽςχ ςρυ ̊ ̍̍Ȣ 
ʋʯʘʩʪʦʢ BC ʦ Ò z2 Ò b/2; 

ὓ Ὂ̱ Ͻὥ ᾀ Ὑ Ͻᾀ ήϽ
ᾀ

ς
ὗϽᾀ 

˜̑  ̉ᾀ  ̏   ὓ̃ χȟωυϽςχ ςρυ ̊̍Ȣ̍Ƞ  
̐̑ ̉ᾀ ρψω    ὓ̃ χȟωυϽςχρψωτȟ̏τρϽρψω 

ȟ̏ρσχϽ
ρψω

ς
ρςϽρψωρς̏φ ̊̍Ȣ̍ 

ʋʯʘʩʪʦʢ DC ʦ Ò z3 Ò b/2; 

ὓ Ὑ Ͻᾀ ήϽ
ᾀ

ς
ὗϽᾀ

 
˜̑ ̉ᾀ  ̏ὓ̃  ̏̊ Ƞ̍ 
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 ̐̑ ̉ᾀ ρψω    ὓ̃ σρȟσσϽρψω̏ ȟρσχϽ
ρψω

ς
ρςϽρψωρς̏φ ̊̍Ȣ̍

 

 
ʈʠʩʫʥʦʢ 2 ï ʈʘʩʯʸʪʥʘʷ ʩʭʝʤʘ ʨʦʪʦʨʥʦʛʦ ʣʦʧʘʩʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʆʧʨʝʜʝʣʷʝʤ ʦʧʦʨʥʳʝ ʨʝʘʢʮʠʠ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʧʦʨ ʚʘʣʘ (ʪʦʯʢʠ B ʠ D) 

ὓ Ƞ̏  

Ὂ Ͻὥ Ὑ Ͻὦ Ƞ̏
 

Ὑ
Ὂ Ͻὥ

ὦ

ςωȟφυϽςχ

σχψ
ςȟρς ̊Ȣ

 

ὓ Ƞ̏  

Ὂ ὥ ὦ Ὑ Ͻὦ Ƞ̏
 

Ὑ
Ὂ Ͻὥ ὦ

ὦ

ςωȟφυϽςχσχψ

σχψ
σρȟψ ̊Ȣ

 

ʇʨʦʚʝʨʢʘ: 

Ὂ Ὑ Ὑ  ̏

ςωȟφυςȟρςσρȟψ  ̏
ʈʘʟʙʠʚʘʝʤ ʚʘʣ ʥʘ ʪʨʠ ʫʯʘʩʪʢʘ ʠ ʩʦʩʪʘʚʣʷʝʤ ʫʨʘʚʥʝʥʠʷ ʠʟʛʠʙʘʶʱʠʭ ʤʦʤʝʥʪʦʚ ʧʦ ʵʪʠʤ 

ʫʯʘʩʪʢʘʤ, ʦʧʨʝʜʝʣʷʝʤ ʠʟʛʠʙʘʶʱʠʝ ʤʦʤʝʥʪʳ ʠ ʩʪʨʦʠʤ ʠʭ ʵʧʶʨʳ. 

ʋʯʘʩʪʦʢ AB ʦ Ò z1 Ò a; 

ὓ Ὂ̱ Ͻᾀ
 

˜̑ ̉ᾀ  ̏ὓ̄  ̏̊ ̍Ƞ̍ ̐ ̑ ̉ᾀ ςχ    ὓ̄ ςωȟφυϽςχ ψ̏ȟ̏χυ ̊̍Ȣ̍
 

ʋʯʘʩʪʦʢ BC ʦ Ò z2 Ò b/2; 

ὓ Ὑ̱ Ͻὥ ᾀ Ὑ Ͻᾀ 
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˜̑  ̉ᾀ  ̏   ὓ̄ ςωȟφυϽςχ ψ̏ȟ̏χυ ̊̍Ƞ̍  
̐̑ ̉ᾀ ρψω    ὓ̄ ςωȟφυϽςχρψωσρȟψϽρψωτ̏  ̏̊̍ ̍

ʋʯʘʩʪʦʢ DC ʦ Ò z3 Ò b/2; 

ὓ Ὂ Ͻᾀ
 

˜̑ ̉ὼ  ̏ὓ̄  ̏̊ ̍Ƞ̍ 
 ̐̑ ̉ὼ ρψω    ὓ̄ ςȟρςϽρψωτ̏ ̏̊̍Ȣ̍

 
ʆʧʨʝʜʝʣʷʝʤ ʠʟʛʠʙʘʶʱʠʝ ʤʦʤʝʥʪʳ ʚ ʪʦʯʢʘʭ A, B, C, D ʠ ʩʪʨʦʠʤ ʵʧʶʨʳ ʠʟʛʠʙʘʶʱʠʭ 

ʤʦʤʝʥʪʦʚ.  

ὓ ὓ̄ ὓ̃  ̏̊ ̍ ̍ 

ὓ ὓ̄ ὓ̃ ςρυ ψ̏ȟ̏χυ ψςω ̊̍Ȣ̍ 

ὓ ὓ̄ ὓ̃ τ̏̏ ρς̏φ ρςχȟ̏φ ̊̍Ȣ̍ 

ὓ ὓ̄ ὓ̃  ̏̊ ̍ ̍ 

ʂʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʧʝʨʝʜʘʝʪʩʷ ʚʘʣʦʤ ʥʘ ʫʯʘʩʪʢʘʭ AB, Bʉ ʠ ʨʘʚʝʥ 1,4 ʅʤ. 

ɸʥʘʣʠʟ ʵʧʶʨ ʠʟʛʠʙʘʶʱʠʭ ʠ ʢʨʫʪʷʱʠʭ ʤʦʤʝʥʪʦʚ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʦʧʘʩʥʦʝ 

ʩʝʯʝʥʠʝ ʥʘʭʦʜʠʪʩʷ ʥʘ ʫʯʘʩʪʢʝ ɺʉ ʚ ʪʦʯʢʝ ʉ, ʛʜʝ ʜʝʡʩʪʚʫʝʪ ʥʘʠʙʦʣʴʰʠʡ ʠʟʛʠʙʘʶʱʠʡ ʤʦʤʝʥʪ 

ʄʉ=127ʦ,6 ʅʤʤ.  

ɺʳʧʦʣʥʝʥʥʳʝ ʨʘʩʯʝʪʳ ʧʦʟʚʦʣʠʣʠ ʦʧʨʝʜʝʣʠʪʴ ʦʧʘʩʥʦʝ ʩʝʯʝʥʠʝ ʚʘʣʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʧʨʦʚʦʜʠʪʴ ʧʨʦʝʢʪʠʨʦʚʦʯʥʳʝ ʠʣʠ ʧʨʦʚʝʨʦʯʥʳʝ ʨʘʩʯʝʪʳ ʦʙʝʯʘʡʢʠ ʣʦʧʘʩʪʥʦʛʦ 

ʦʨʠʝʥʪʠʨʫʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʧʦʩʘʜʢʠ ʤʘʪʦʯʥʠʢʦʚ ʩʚʝʢʣʳ. 
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ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʪʝʭʥʠʢʠ ʚ ʩʝʥʦʫʙʦʨʦʯʥʳʭ ʤʘʰʠʥʘʭ ʜʣʷ ʩʢʘʰʠʚʘʥʠʷ ʪʨʘʚʷʥʳʭ 

ʢʫʣʴʪʫʨ ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʧʨʦʩʳʭʘʥʠʷ ʩʢʦʰʝʥʥʦʡ ʤʘʩʩʳ ʧʨʠʤʝʥʷʶʪ ʩʘʤʦʭʦʜʥʳʝ ʠ ʥʘʚʝʩʥʳʝ ʢʦʩʠʣʢʠ-

ʧʣʶʱʠʣʢʠ. ʅʝʜʦʩʪʘʪʢʦʤ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʧʣʶʱʠʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʦʩʪʘʪʦʯʥʦ 

ʜʣʠʪʝʣʴʥʦʛʦ ʜʦʩʫʰʠʚʘʥʠʷ ʤʘʩʩʳ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ, ʧʨʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ 

ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦʪʝʨʠ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ 3ʦé5ʦ%. ʄʦʙʠʣʴʥʳʭ ʧʦʣʝʚʳʭ ʤʘʰʠʥ ʩ 

ʦʙʝʟʚʦʞʠʚʘʥʠʝʤ ʩʢʘʰʠʚʘʝʤʦʡ ʪʨʘʚʷʥʦʡ ʤʘʩʩʦʡ, ʚʳʧʫʩʢʘʝʤʳʭ ʩʝʨʠʡʥʦ, ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʤʠʨʝ 

ʥʝ ʩʫʱʝʩʪʚʫʝʪ. 

ʇʨʠ ʧʘʪʝʥʪʥʦʤ ʧʦʠʩʢʝ ʤʳ ʦʙʥʘʨʫʞʠʣʠ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʨʘʩʪʠʪʝʣʴʥʦʡ ʤʘʩʩʳ, 

ʧʨʠ ʟʘʛʦʪʦʚʢʝ ʢʦʨʤʦʚ. ʀʟʚʝʩʪʥʘ ʤʘʰʠʥʘ ʩʦ ʰʥʝʢʦʚʳʤ ʧʨʝʩʩʦʤ (ʨʠʩʫʥʦʢ 1), ʨʘʙʦʪʘʶʱʘʷ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: ʩʢʦʰʝʥʥʘʷ ʠ ʠʟʤʝʣʴʯʸʥʥʘʷ ʤʘʩʩʘ ʧʦ ʩʠʣʦʩʦʧʨʦʚʦʜʫ ʧʦʜʘʸʪʩʷ ʚ ʙʫʥʢʝʨ ʰʥʝʢʦʚʦʛʦ ʧʨʝʩʩʘ, 

ʯʝʨʝʟ ʧʝʨʬʦʨʠʨʦʚʘʥʥʳʡ ʢʦʞʫʭ ʰʥʝʢʘ ʩʦʢ ʩʦʙʠʨʘʝʪʩʷ ʚ ʸʤʢʦʩʪʴ, ʘ ʦʙʝʟʚʦʞʝʥʥʘʷ ʠ ʫʧʣʦʪʥʸʥʥʘʷ ʤʘʩʩʘ 

ʧʦʤʝʱʘʝʪʩʷ ʚ ʧʦʣʠʵʪʠʣʝʥʦʚʳʡ ʚʢʣʘʜʳʰ ʢʦʥʪʝʡʥʝʨʘ [1].  

ɼʘʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʪʨʝʙʫʝʪ ʫʩʪʘʥʦʚʢʠ ʥʘ ʦʪʜʝʣʴʥʦʡ ʧʣʘʪʬʦʨʤʝ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʛʘʙʘʨʠʪʥʳʝ 

ʨʘʟʤʝʨʳ ʠ ʤʝʪʘʣʣʦʸʤʢʦʩʪʴ ʧʦʣʝʚʦʡ ʤʘʰʠʥʳ, ʪʨʝʙʫʝʪ ʦʪʜʝʣʴʥʦʛʦ ʧʨʠʚʦʜʘ ʠʣʠ ʫʩʪʘʥʦʚʢʠ ʘʚʪʦʥʦʤʥʦʛʦ 

ʜʚʠʛʘʪʝʣʷ, ʯʪʦ ʫʩʣʦʞʥʷʝʪ ʢʦʥʩʪʨʫʢʮʠʶ ʤʘʰʠʥʳ. 

ʅʠʞʥʝ-ɺʦʣʞʩʢʠʤ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤ ʠʥʩʪʠʪʫʪʦʤ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʧʨʝʜʣʦʞʝʥʦ 

ʫʩʪʨʦʡʩʪʚʦ (ʨʠʩʫʥʦʢ 2) ʜʣʷ ʦʪʞʠʤʘ ʩʦʢʘ ʠʟ ʩʪʝʙʣʝʡ ʨʘʩʪʝʥʠʡ ʢʦʨʤʦʫʙʦʨʦʯʥʦʡ ʤʘʰʠʥʳ [2]. 
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ʈʠʩʫʥʦʢ-1 ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʨʘʩʪʠʪʝʣʴʥʦʡ ʤʘʩʩʳ 

1-ʰʘʩʩʠ; 2-ʙʫʥʢʝʨ; 4-ʸʤʢʦʩʪʴ ʜʣʷ ʩʙʦʨʘ ʩʦʢʘ; 6-ʢʦʥʪʝʡʥʝʨ; 7-ʩʠʣʦʩʦʧʨʦʚʦʜ 

 
ʈʠʩʫʥʦʢ-2 ʋʩʪʨʦʡʩʪʚʦ ʜʣʷ ʦʪʞʠʤʘ ʩʦʢʘ ʠʟ ʩʪʝʙʣʝʡ ʨʘʩʪʝʥʠʡ ʢʦʨʤʦʫʙʦʨʦʯʥʦʡ ʤʘʰʠʥʳ 

1,2,3,4,5,6- ʧʘʨʳ ʧʣʶʱʠʣʴʥʳʭ ʚʘʣʴʮʦʚ; 7-ʚʝʨʭʥʷʷ ʨʘʤʘ; 8-ʦʩʴ; 9-ʥʠʞʥʷʷ ʨʘʤʘ; 1ʦ-ʫʩʪʨʦʡʩʪʚʦ 

ʨʝʛʫʣʠʨʦʚʢʠ ʟʘʟʦʨʘ ʤʝʞʜʫ ʚʘʣʴʮʘʤʠ 

 

ʋʩʪʨʦʡʩʪʚʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʨʠ ʧʘʨʳ ʚʘʣʴʮʦʚ ʩ ʜʠʘʤʝʪʨʦʤ, ʫʤʝʥʴʰʘʶʱʠʤʩʷ ʦʪ ʚʭʦʜʘ ʢ 

ʚʳʭʦʜʫ ʪʨʘʚʷʥʦʡ ʤʘʩʩʳ, ʟʘʢʨʝʧʣʸʥʥʳʭ ʥʘ V-ʦʙʨʘʟʥʦʡ ʨʘʤʝ. ɺʘʣʴʮʳ ʠʤʝʶʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʟʘʟʦʨʘ ʤʝʞʜʫ ʥʠʤʠ. ʉʢʦʰʝʥʥʘʷ ʤʘʩʩʘ ʧʦʜʘʸʪʩʷ ʢ ʧʝʨʚʦʡ ʧʘʨʝ ʟʘʭʚʘʪʳʚʘʶʱʠʭ 

ʚʘʣʴʮʦʚ, ʢʦʪʦʨʳʝ ʩʧʣʶʱʠʚʘʶʪ, ʧʨʦʢʘʪʳʚʘʶʪ ʩʪʝʙʣʠ ʠ ʧʝʨʝʜʘʶʪ ʥʘ ʚʪʦʨʫʶ ʧʘʨʫ ʚʘʣʴʮʦʚ. ɺ ʢʘʞʜʦʡ 

ʧʦʩʣʝʜʫʶʱʝʡ ʧʘʨʝ ʚʘʣʴʮʦʚ ʟʘʟʦʨ ʤʝʞʜʫ ʥʠʤʠ ʫʤʝʥʴʰʘʝʪʩʷ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʞʘʪʠʝ ʤʘʩʩʳ ʠ ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʪʝʧʝʥʴ ʝʸ ʦʙʝʟʚʦʞʠʚʘʥʠʷ.   

ɺ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ ʟʘʭʚʘʪʳʚʘʶʱʠʝ ʚʘʣʴʮʳ ʠʤʝʶʪ ʛʣʘʜʢʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʚʦʟʤʦʞʥʦ ʩʢʘʧʣʠʚʘʥʠʝ 

ʤʘʩʩʳ ʧʝʨʝʜ ʚʭʦʜʦʤ ʚ ʧʨʝʩʩʫʶʱʠʡ ʘʧʧʘʨʘʪ, ʯʪʦ ʙʫʜʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʝʛʦ ʟʘʙʠʚʘʥʠʶ. 
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ʈʠʩʫʥʦʢ-3 ʋʩʪʨʦʡʩʪʚʦ ʜʣʷ ʦʪʞʠʤʘ ʩʦʢʘ 

1,2,3,4,5,6-ʚʘʣʴʮʳ; 7,8-ʧʦʣʫʨʘʤʳ; 9-ʦʩʴ; 10-ʤʝʭʘʥʠʟʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ; 11-ʧʨʠʸʤʥʳʡ ʩʪʦʣ; 12-ʣʦʪʦʢ; 

13-ʞʝʣʦʙ; 14-ʰʥʝʢ; 15-ʦʛʨʘʥʠʯʠʪʝʣʴ; 16-ʧʨʠʸʤʥʳʡ ʚʘʣʝʮ; 17,18-ʧʘʨʳ ʧʦʚʦʜʢʦʚ; 19-ʨʝʛʫʣʠʨʦʚʘʝʤʘʷ 

ʪʷʛʘ; 20-ʫʧʨʫʛʠʡ ʵʣʝʤʝʥʪ; 21,22,23,24-ʢʨʦʥʰʪʝʡʥʳ; 33-ʢʦʟʳʨʸʢ; 34-ʩʪʘʥʠʥʘ 

 

ʊʘʢ ʞʝ ʠʟʚʝʩʪʥʦ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʦʪʞʠʤʘ ʩʦʢʘ ʠʟ ʧʣʦʜʦʚ ʙʘʭʯʝʚʳʭ ʢʫʣʴʪʫʨ [3]. ʆʥʦ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʨʠ ʧʘʨʳ ʚʘʣʴʮʦʚ ʩ ʜʠʘʤʝʪʨʦʤ (ʨʠʩʫʥʦʢ 3), ʫʤʝʥʴʰʘʶʱʠʤʩʷ ʦʪ ʚʭʦʜʘ ʢ ʚʳʭʦʜʫ 

ʪʨʘʚʷʥʦʡ ʤʘʩʩʳ, ʟʘʢʨʝʧʣʸʥʥʳʭ ʛʦʨʠʟʦʥʪʘʣʴʥʦ. ʊʨʘʚʷʥʘʷ ʤʘʩʩʘ, ʧʨʦʭʦʜʷ ʤʝʞʜʫ ʚʘʣʴʮʘʤʠ, ʦʪʜʘʸʪ ʩʚʦʡ 

ʩʦʢ, ʢʦʪʦʨʳʡ ʧʦʧʘʜʘʝʪ ʚ ʣʦʪʦʢ. ɼʘʣʝʝ ʤʘʩʩʘ ʧʦʧʘʜʘʝʪ ʚ ʰʥʝʢ ʜʣʷ ʦʪʚʦʜʘ ʞʦʤʘ ʚ ʧʦʧʝʨʝʯʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ. 

ʇʨʝʜʣʘʛʘʝʤʦʝ ʫʩʪʨʦʡʩʪʚʦ ʧʦ ʦʩʥʦʚʥʦʤʫ ʩʚʦʝʤʫ ʥʘʟʥʘʯʝʥʠʶ ʷʚʣʷʝʪʩʷ ʤʘʰʠʥʦʡ ʜʣʷ ʦʪʞʠʤʘ 

ʩʦʢʘ ʠʟ ʧʣʦʜʦʚ, ʧʦʵʪʦʤʫ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ ʦʪʛʨʫʟʢʘ ʤʘʩʩʳ ʰʥʝʢʦʤ ʚ ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʝʨʘʙʦʪʦʩʧʦʩʦʙʥʦʡ. 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʧʨʝʜʣʘʛʘʝʤʳʝ ʫʩʪʨʦʡʩʪʚʘ ʩ ʫʯʸʪʦʤ ʚʳʷʚʣʝʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʤʳ ʧʨʝʜʣʘʛʘʝʤ 

ʩʦʙʩʪʚʝʥʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ (ʨʠʩʫʥʦʢ 4). 

ʂʦʥʩʪʨʫʢʮʠʷ ʤʘʰʠʥʳ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʘʤʦʭʦʜʥʫʶ ʞʘʪʢʫ, ʟʘ ʢʦʪʦʨʦʡ ʫʩʪʘʥʦʚʣʝʥʘ ʧʘʨʘ 

ʧʨʠʝʤʥʳʭ ʚʘʣʴʮʦʚ, ʣʝʥʪʦʯʥʳʡ ʪʨʘʥʩʧʦʨʪʝʨ ʠ ʰʝʩʪʴ ʧʘʨ ʦʩʥʦʚʥʳʭ ʧʨʝʩʩʫʶʱʠʭ ʚʘʣʴʮʦʚ. 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: ʩʢʦʰʝʥʥʘʷ ʞʘʪʢʦʡ 

ʪʨʘʚʷʥʘʷ ʤʘʩʩʘ ʧʦʧʘʜʘʝʪ ʥʘ ʧʨʠʝʤʥʳʝ ʚʘʣʴʮʳ, ʟʘʭʚʘʪʳʚʘʝʪʩʷ ʠʤʠ ʠ ʩʙʨʘʩʳʚʘʝʪʩʷ ʥʘ ʣʝʥʪʦʯʥʳʡ 

ʪʨʘʥʩʧʦʨʪʝʨ, ʢʦʪʦʨʳʡ ʧʦʜʘʝʪ ʝʝ ʢ ʧʝʨʚʦʡ ʧʘʨʝ ʧʨʝʩʩʫʶʱʠʭ ʚʘʣʴʮʦʚ, ʠʤʝʶʱʠʭ ʙʦʣʝʝ ʚʳʩʦʢʫʶ 

ʣʠʥʝʡʥʫʶ ʩʢʦʨʦʩʪʴ ʯʝʤ ʣʝʥʪʘ ʪʨʘʥʩʧʦʨʪʝʨʘ. ɿʘʟʦʨ ʤʝʞʜʫ ʚʘʣʴʮʘʤʠ ʠ ʩʪʝʧʝʥʴ ʩʞʘʪʠʷ ʟʘʚʠʩʠʪ ʦʪ 

ʪʦʣʱʠʥʳ ʩʣʦʷ ʧʦʩʪʫʧʘʶʱʝʡ ʪʨʘʚʷʥʦʡ ʤʘʩʩʳ ʠ ʨʝʛʫʣʠʨʫʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʛʠʜʨʦʮʠʣʠʥʜʨʘʤʠ ʟʘ ʩʯʝʪ 

ʧʝʨʝʤʝʱʝʥʠʷ ʚʝʨʭʥʝʛʦ ʚʘʣʴʮʘ ʚ ʝʛʦ ʥʘʧʨʘʚʣʷʶʱʝʡ. ɺʪʦʨʘʷ ʠ ʧʦʩʣʝʜʫʶʱʠʝ ʧʘʨʳ ʚʘʣʴʮʦʚ ʨʘʙʦʪʘʶʪ 

ʘʥʘʣʦʛʠʯʥʦ ʧʝʨʚʦʡ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʷ ʩʠʣʫ ʩʞʘʪʠʷ ʠ ʫʤʝʥʴʰʘʷ ʟʘʟʦʨ ʤʝʞʜʫ ʚʘʣʴʮʘʤʠ. 

ʉʢʦʨʦʩʪʴ ʚʘʣʴʮʦʚ ʢʘʞʜʦʡ ʧʦʩʣʝʜʫʶʱʝʡ ʧʘʨʳ ʜʦʣʞʥʘ ʙʳʪʴ ʥʘ 5% ʙʦʣʴʰʝ ʧʨʝʜʳʜʫʱʝʡ, ʯʪʦʙʳ 

ʠʩʢʣʶʯʠʪʴ ʩʛʨʫʞʠʚʘʥʠʝ ʤʘʩʩʳ ʠ ʟʘʙʠʚʘʥʠʝ ʚʘʣʴʮʦʚ. 

ʆʙʨʘʙʦʪʘʥʥʫʶ ʤʘʰʠʥʦʡ ʤʘʩʩʫ, ʤʦʞʥʦ ʧʦʜʙʠʨʘʪʴ ʧʨʝʩʩ-ʧʦʜʙʦʨʱʠʢʦʤ ʠʣʠ ʢʦʨʤʦʫʙʦʨʦʯʥʳʤ 

ʢʦʤʙʘʡʥʦʤ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʠʟʤʝʣʴʯʝʥʠʝʤ. 
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ʈʠʩʫʥʦʢ-4 ʄʘʰʠʥʘ ʜʣʷ ʩʢʘʰʠʚʘʥʠʷ ʪʨʘʚʷʥʦʡ ʤʘʩʩʳ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʩʥʠʞʝʥʠʝʤ ʝʝ 

ʚʣʘʞʥʦʩʪʠ 

1-ʞʘʪʢʘ; 2-ʚʘʣʴʮʳ ʧʨʠʝʤʥʳʝ; 3-ʪʨʘʥʩʧʦʨʪʝʨ; 4-ʚʘʣʴʮʳ ʦʙʝʟʚʦʞʠʚʘʶʱʠʝ; 5-ʰʘʩʩʠ ʩʘʤʦʭʦʜʥʦʝ 

 

ʉʦʙʨʘʥʥʫʶ ʤʘʩʩʫ ʥʝʦʙʭʦʜʠʤʦ ʜʦʩʫʰʠʪʴ ʘʢʪʠʚʥʳʤ ʚʝʥʪʠʣʠʨʦʚʘʥʠʝʤ. ʇʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʧʨʠ ʟʘʛʦʪʦʚʢʝ ʩʝʥʘ ʠʟ ʙʦʙʦʚʳʭ ʠ ʙʦʙʦʚʦ-ʟʣʘʢʦʚʳʭ ʪʨʘʚʦʩʪʦʝʚ ʧʦʟʚʦʣʠʪ ʫʚʝʣʠʯʠʪʴ ʚʳʭʦʜ 

ʢʦʨʤʦʚʳʭ ʝʜʠʥʠʮ ʥʘ 0,8-0,9 ʪ/ʛʘ, ʘ ʩʳʨʦʛʦ ʧʨʦʪʝʠʥʘ ð ʥʘ 0,1-0,15 ʪ/ʛʘ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʫʚʝʣʠʯʠʪʴ ʥʘʜʦʡ 

ʥʘ ʦʜʥʫ ʢʦʨʦʚʫ ʜʦ 6000é7000 ʣʠʪʨʦʚ ʤʦʣʦʢʘ ʚ ʛʦʜ, 

ʇʨʠ ʵʪʦʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʘʰʠʥʳ ʩʫʤʤʘʨʥʳʝ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʥʘ ʯʘʩʪʠʯʥʦʝ 

ʩʥʠʞʝʥʠʝ ʚʣʘʞʥʦʩʪʠ ʠ ʜʦʩʫʰʢʫ ʘʢʪʠʚʥʳʤ ʚʝʥʪʠʣʠʨʦʚʘʥʠʝʤ ʥʝ ʙʫʜʫʪ ʧʨʝʚʳʰʘʪʴ 25ʢɺʪ/ʪ, ʪʦʛʜʘ ʢʘʢ 

ʧʨʠ ʪʨʘʜʠʮʠʦʥʥʦʤ ʩʧʦʩʦʙʝ ʟʘʛʦʪʦʚʢʠ ʩʝʥʘ ʩ ʘʢʪʠʚʥʳʤ ʚʝʥʪʠʣʠʨʦʚʘʥʠʝʤ ʦʥʠ ʩʦʩʪʘʚʣʷʶʪ 55-60ʢɺʪ/ʪ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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2. ʇʘʪʝʥʪ ʥʘ ʧʦʣʝʟʥʫʶ ʤʦʜʝʣʴ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ RU 2 070 375 C1 ʄʇʂ A01D 43/10. 
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3. ʇʘʪʝʥʪ ʥʘ ʧʦʣʝʟʥʫʶ ʤʦʜʝʣʴ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ RU 2 273 447 C1 ʄʇʂ A23N 1/00. 

ʋʩʪʨʦʡʩʪʚʦ ʜʣʷ ʦʪʞʠʤʘ ʩʦʢʘ ʠʟ ʧʣʦʜʦʚ ʙʘʭʯʝʚʳʭ ʢʫʣʴʪʫʨ/ ʟʘʷʚʣʝʥʦ: 05.08.2004/ ʦʧʫʙʣʠʢʦʚʘʥʦ: 
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ʄʠʢʨʦʢʣʠʤʘʪ ʧʦʤʝʱʝʥʠʡ ï ʵʪʦ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʚʦ ʚʥʫʪʨʠ ʧʦʤʝʱʝʥʠʷ, 

ʧʦʜʜʝʨʞʠʚʘʶʱʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦ ʠʣʠ ʢʦʤʙʠʥʠʨʦʚʘʥʦ (ʠʩʢʫʩʩʪʚʝʥʥʦ ʠ ʝʩʪʝʩʪʚʝʥʥʦ). ɼʣʷ  

ʉʫʱʝʩʪʚʫʶʪ ʥʝʩʢʦʣʴʢʦ ʤʝʪʦʜʦʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʤʠʢʨʦʢʣʠʤʘʪʘ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ ʧʦʤʝʱʝʥʠʡ. 

ʕʪʠ ʤʝʪʦʜʳ ʠʩʭʦʜʷʪ ʠʟ ʧʨʦʙʣʝʤ ʚ ʩʦʟʜʘʥʠʠ ʤʠʢʨʦʢʣʠʤʘʪʘ ʪʘʢʠʭ ʢʘʢ: 

- ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʜʜʝʨʞʠʚʘʪʴ ʦʧʨʝʜʝʣʸʥʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʧʦʤʝʱʝʥʠʠ; 

- ʮʠʨʢʫʣʷʮʠʷ ʚʦʟʜʫʭʘ ʠ ʬʠʣʴʪʨʘʮʠʷ ʚʨʝʜʥʳʭ ʧʨʠʤʝʩʝʡ; 

- ʧʦʜʜʝʨʞʢʘ ʙʘʣʘʥʩʘ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʢʦʨʦʩʪʠ ʚʦʟʜʫʭʘ  

- ʫʨʦʚʝʥʴ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ. 
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ɼʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʤʠʢʨʦʢʣʠʤʘʪʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ, ʚʝʥʪʠʣʷʮʠʠ ʠ ʫʚʣʘʞʥʝʥʠʷ 

ʚʦʟʜʫʭʘ. ɼʣʷ ʦʪʦʧʣʝʥʠʷ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʛʘʟʦʚʳʡ, ʫʛʦʣʴʥʳʝ ʠ ʜʨʦʚʷʥʳʝ ʧʝʯʠ, ʢʘʣʦʨʠʬʝʨʳ ʠ 

ʵʣʝʢʪʨʦʦʙʦʛʨʝʚʘʪʝʣʠ. ɼʣʷ ʫʚʣʘʞʥʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪ ʧʘʨʦʚʳʝ, ʫʣʴʪʨʘʟʚʫʢʦʚʳʝ ʩʠʩʪʝʤʳ. 

ʉʠʩʪʝʤʳ ʚʝʥʪʠʣʷʮʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʮʠʨʢʫʣʷʮʠʠ ʚʦʟʜʫʭʘ, ʚʳʚʝʜʝʥʠʷ ʚʨʝʜʥʳʭ ʧʨʠʤʝʩʝʡ, ʘ 

ʪʘʢʞʝ ʥʘʩʳʱʝʥʠʷ ʨʘʟʣʠʯʥʳʤʠ ʛʘʟʘʤʠ (ʥʘʧʨʠʤʝʨ: ʉʆ2 ʜʣʷ ʪʝʧʣʠʮ). ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʛʦʜʘ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʦʟʜʫʭʦʦʙʤʝʥʘ ʤʝʥʷʝʪʩʷ. ʅʘʧʨʠʤʝʨ: ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʠʞʝ ʦÁC ʚ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ 

ʧʦʤʝʱʝʥʠʷʭ ʠ ʧʪʠʯʥʠʢʘʭ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʦʟʜʫʭʦʦʙʤʝʥʘ ʫʤʝʥʴʰʘʝʪʩʷ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʫʩʣʦʚʠʡ 

ʫʜʘʣʝʥʠʷ ʫʛʣʝʢʠʩʣʦʪʳ. ɺ ʧʝʨʝʭʦʜʥʳʡ ʧʝʨʠʦʜ ʚʦʟʜʫʭʦʦʙʤʝʥ ʧʣʘʚʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʚ ʥʘʯʘʣʝ ʧʝʨʠʦʜʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʫʩʣʦʚʠʡ ʫʜʘʣʝʥʠʷ ʚʣʘʛʠ, ʘ ʚ ʢʦʥʮʝ - ʠʟ ʫʩʣʦʚʠʡ ʫʜʘʣʝʥʠʷ ʪʝʧʣʘ. ɺ ʪʝʧʣʳʡ ʧʝʨʠʦʜ 

ʛʦʜʘ ʚʦʟʜʫʭʦʦʙʤʝʥ ʨʝʟʢʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʨʝʞʠʤʫ ʚʥʫʪʨʠ 

ʧʦʤʝʱʝʥʠʡ. ʊʘʢ, ʫʚʝʣʠʯʝʥʠʝ ʚʦʟʜʫʭʦʦʙʤʝʥʘ ʜʣʷ ʧʪʠʯʥʠʢʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʟʠʤʥʠʤ ʧʝʨʠʦʜʦʤ 6-8. 

ʢʨʘʪʥʦʝ, ʜʣʷ ʩʚʠʥʘʨʥʠʢʦʚ 2,5-3 ʢʨʘʪʥʦʝ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʫʢʘʟʘʥ ʦʜʠʥ ʠʟ ʩʧʦʩʦʙʦʚ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ (ʉɸʋ) 

ʚʝʥʪʠʣʷʮʠʠ. ɺʦʟʜʫʭʦʦʙʤʝʥ ʥʘ ʜʘʥʥʦʡ ʩʭʝʤʝ ʨʘʟʜʝʣʸʥ ʥʘ 3 ʧʝʨʠʦʜʘ ʨʘʙʦʪʳ. ʇʝʨʚʳʤ ʧʝʨʠʦʜʦʤ 

ʷʚʣʷʝʪʩʷ ʟʠʤʥʠʡ, ʋʧʨʘʚʣʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʨʝʜʩʪʚʦʤ ʜʘʪʯʠʢʘ QE ʠ ʧʨʠʙʦʨʦʤ ʨʝʛʫʣʠʨʦʚʢʠ QC 

ʢʦʥʮʝʥʪʨʘʮʠʠ CO2. ɺʪʦʨʳʤ ʧʝʨʠʦʜʦʤ ʷʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜʥʳʡ. ʋʧʨʘʚʣʷʝʪʩʷ ʜʘʪʯʠʢʦʤ ʄɽ, ʘ 

ʨʝʛʫʣʠʨʦʚʢʘ ʚʣʘʞʥʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʠʙʦʨʘ ʄʉ. ʊʨʝʪʠʡ ʧʝʨʠʦʜ ï ʵʪʦ ʪʸʧʣʦʝ ʚʨʝʤʷ 

ʛʦʜʘ. ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʘʪʯʠʢ ʊʉ ʠ ʨʝʛʫʣʠʨʫʶʱʠʡ ʜʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʳ ʊɽ. 

 
ʈʠʩʫʥʦʢ 1 ï ʉʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

 

ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʩʠʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʞʠʚʦʪʥʳʭ ʠ ʧʪʠʮ, ʘ ʪʘʢʞʝ ʥʘ 

ʧʦʪʨʝʙʣʝʥʠʷ ʠʤʠ ʢʦʨʤʦʚ. ʀʜʝʘʣʴʥʦʡ ʩʯʠʪʘʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʞʠʚʦʪʥʳʭ ʚʳʰʝ ʩʨʝʜʥʝʛʦ, ʘ ʧʦʪʨʝʙʣʝʥʠʝ ʢʦʨʤʦʚ ʤʠʥʠʤʘʣʴʥʘʷ. ɺ ʭʦʣʦʜʥʦʝ ʚʨʝʤʷ ʛʦʜʘ ʪʨʝʙʫʶʪʩʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʪʝʧʣʦʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʠʢʨʦʢʣʠʤʘʪʘ. 
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ʈʠʩʫʥʦʢ 2 ï ʩʭʝʤʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʪʝʧʣʦʚʝʥʪʠʣʷʪʦʨʘ 

1 ï ʞʘʣʶʟʠ, 2 ï ʢʘʣʦʨʠʬʝʨ, 3 ï ʦʙʚʦʜʥʦʡ ʢʘʥʘʣ, 4 ï ʚʝʥʪʠʣʷʪʦʨ, 5 ï ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ 

ʚʝʥʪʠʣʷʪʦʨʘ. 

 

ʀʩʭʦʜʷ ʠʟ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʞʥʦ ʧʨʠʡʪʠ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʘʚʪʦʤʘʪʠʟʘʮʠʷ 

ʤʠʢʨʦʢʣʠʤʘʪʘ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ ʧʦʤʝʱʝʥʠʡ ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʠʤ ʤʝʪʦʜʦʤ ʜʣʷ ʫʣʫʯʰʝʥʠʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ. 
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Abstract: This article discusses the methods of heating industrial buildings, their features and 

shortcomings. The optimal heating method is selected. This topic is relevant, needs to be familiarized and 

improved with existing technologies. 
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ʆʪʦʧʣʝʥʠʝ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʦʤʝʱʝʥʠʡ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʞʠʣʳʤʠ ʜʦʤʘʤʠ, ʩʣʦʞʥʳ, ʪʘʢ ʢʘʢ 

ʧʣʦʱʘʜʴ ʚʝʣʠʢʘ. ʇʣʦʱʘʜʴ ʧʦʤʝʱʝʥʠʡ ʟʘʚʠʩʠʪ ʦʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʦʥʦ 

ʚʦʟʚʦʜʠʣʘʩʴ. ɺʳʩʦʪʘ ʪʘʢʠʭ ʧʦʤʝʱʝʥʠʡ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʚʳʩʦʪʳ 6-8 ʤʝʪʨʦʚ, ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ 2ʦ 

ʤʝʪʨʦʚ. ʅʦ ʥʝ ʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʫʶ ʧʣʦʱʘʜʴ ʦʪʦʧʠʪʝʣʴʥʘʷ ʟʦʥʘ ʤʦʞʝʪ ʙʳʪʴ ʤʘʣʳ. ʈʘʟʙʝʨʸʤ ʨʘʟʣʠʯʥʳʝ 

ʩʧʦʩʦʙʳ ʦʪʦʧʣʝʥʠʷ, ʠʭ ʧʣʶʩʳ ʠ ʤʠʥʫʩʳ. 

ʇʝʨʚʳʤ ʩʧʦʩʦʙʦʤ ʷʚʣʷʝʪʩʷ ʧʘʨʦʚʦʝ ʦʪʦʧʣʝʥʠʝ. ɺ ʜʘʥʥʦʤ ʩʧʦʩʦʙʝ ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ ʷʚʣʷʝʪʩʷ 

ʚʦʜʷʥʦʡ ʧʘʨ. ʇʘʨʦʚʦʡ ʢʦʪʸʣ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʠʩʪʦʯʥʠʢʦʤ ʪʝʧʣʘ. ɺ ʚʠʜʝ ʦʪʦʧʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ 

ʠʩʧʦʣʴʟʫʶʪ ʢʦʥʚʝʢʪʦʨʳ, ʨʘʜʠʘʪʦʨʳ ʦʪʦʧʣʝʥʠʷ, ʦʨʝʙʨʸʥʥʳʝ ʠʣʠ ʛʣʘʜʢʠʝ ʪʨʫʙʳ. ʅʘʢʦʧʠʚʰʠʡʩʷ 

ʢʦʥʜʝʥʩʘʪ ʚʦʟʚʨʘʱʘʝʪʩʷ ʢ ʠʩʪʦʯʥʠʢʫ ʧʦʩʨʝʜʩʪʚʦʤ ʩʘʤʦʪʸʢʘ ʠʣʠ ʧʦʜʘʸʪʩʷ ʥʘʩʦʩʦʤ. 

ʇʣʶʩʳ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ: 

- ɹʳʩʪʨʘʷ ʩʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ ʧʦʤʝʱʝʥʠʷ, ʘ ʪʘʢʞʝ ʝʛʦ ʦʭʣʘʞʜʝʥʠʝ; 

- ʦʙʦʨʫʜʦʚʘʥʠʝ ʟʘʥʠʤʘʝʪ ʥʝ ʙʦʣʴʰʫʶ ʧʣʦʱʘʜʴ ʧʦʤʝʱʝʥʠʷ; 

- ʜʘʥʥʦʝ ʦʪʦʧʣʝʥʠʝ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʵʪʘʞʝʡ. 

ʄʠʥʫʩʳ ʩʧʦʩʦʙʘ: 

- ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʘʪʴ ʪʝʧʣʦʦʪʜʘʯʫ; 

- ʚʳʩʦʢʘʷ ʰʫʤʥʦʩʪʴ 

ʇʨʠʙʣʠʟʠʪʝʣʴʥʳʡ ʨʘʩʭʦʜ ʵʪʦʛʦ ʤʝʪʦʜʘ ʟʘ ʩʝʟʦʥ ʩʦʩʪʘʚʣʷʝʪ 3ʦ-8ʦ ʪʳʩ.ʨʫʙ., ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʪʦʧʣʠʚʘ. 

ɺʪʦʨʦʡ ʩʧʦʩʦʙ ï ʵʪʦ ʚʦʜʷʥʦʝ ʦʪʦʧʣʝʥʠʝ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʠʩʪʦʯʥʠʢʦʤ 

ʪʝʧʣʘ ʤʦʞʝʪ ʙʳʪʴ ʤʝʩʪʥʘʷ ʢʦʪʝʣʴʥʘʷ ʠʣʠ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʝ ʪʝʧʣʦʩʥʘʙʞʝʥʠʝ. ʎʝʥʪʨʦʤ ʩʠʩʪʝʤʳ 

ʷʚʣʷʝʪʩʷ ʢʦʪʸʣ. ʆʥ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʥʘ ʛʘʟʫ, ʪʚʸʨʜʦʤ ʪʦʧʣʠʚʝ ʠ ʵʣʝʢʪʨʠʯʝʩʪʚʝ. ʅʦ ʮʝʣʝʩʦʦʙʨʘʟʥʝʡ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʛʘʟ ʠʣʠ ʢʘʤʝʥʥʳʡ ʫʛʦʣʴ, ʪʘʢ ʢʘʢ ʜʨʫʛʠʝ ʚʘʨʠʘʥʪʳ ʧʨʠʚʝʜʫʪ ʢ ʙʦʣʴʰʠʤ ʜʝʥʝʞʥʳʤ 

ʟʘʪʨʘʪʘʤ. ʅʘ ʨʠʩʫʥʢʝ ʠʟʦʙʨʘʞʝʥʘ ʦʜʥʘ ʠʟ ʚʦʟʤʦʞʥʳʭ ʩʭʝʤ ʧʨʠʤʝʥʝʥʠʷ. 
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mailto:nikith5@mail.ru
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ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʚʦʜʷʥʦʛʦ ʦʪʦʧʣʝʥʠʷ 

 

ʆʩʦʙʝʥʥʦʩʪʠ ʚʦʜʷʥʦʛʦ ʦʪʦʧʣʝʥʠʷ ï ʵʪʦ ʚʳʩʦʢʦʝ ʜʘʚʣʝʥʠʝ ʠ ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʘ ʪʘʢʞʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʜʣʷ ʜʝʞʫʨʥʦʛʦ ʦʙʦʛʨʝʚʘ. 

ʊʨʝʪʴʠʤ ʩʧʦʩʦʙʦʤ ʷʚʣʷʝʪʩʷ ʚʦʟʜʫʰʥʦʝ ʦʪʦʧʣʝʥʠʝ. ʀʩʧʦʣʴʟʫʷ ʚʦʟʜʫʭʦʚʦʜʳ ʪʝʧʣʳʡ ʚʦʟʜʫʭ 

ʧʦʧʘʜʘʝʪ ʚ ʟʜʘʥʠʝ. ʋʞʝ ʠʤʝʶʱʠʡʩʷ ʚʦʟʜʫʭ ʚ ʟʜʘʥʠʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʳʪʷʞʢʠ ʫʪʠʣʠʟʠʨʫʝʪʩʷ ʠʣʠ 

ʬʠʣʴʪʨʫʝʪʩʷ ʠ ʧʫʩʢʘʝʪʩʷ ʩʥʦʚʘ ʧʦ ʟʜʘʥʠʶ. 

ʆʩʦʙʝʥʥʦʩʪʠ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ: 

- ʙʣʘʛʦʜʘʨʷ ʧʦʜʚʠʞʥʦʩʪʠ ʚʦʟʜʫʭʘ ʦʥ ʩʤʝʰʠʚʘʝʪʩʷ ʠ ʦʯʠʱʘʝʪʩʷ; 

- ʙʝʟʦʧʘʩʝʥ ʜʣʷ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ; 

- ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʨʘʚʥʦʤʝʨʥʦ ʧʦ ʧʦʤʝʱʝʥʠʶ. 

 
ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʚʦʟʜʫʰʥʦʛʦ ʦʪʦʧʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʟʜʘʥʠʡ 

 

ʏʝʪʚʸʨʪʳʡ ʩʧʦʩʦʙ ï ʵʪʦ ʧʦʪʦʣʦʯʥʳʝ ʦʪʦʧʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ. ɼʘʥʥʳʡ ʩʧʦʩʦʙ ʠʩʧʦʣʴʟʫʶʪ ʥʝ 

ʪʦʣʴʢʦ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʤʝʱʝʥʠʷʭ, ʘ ʪʘʢʞʝ ʚ ʪʝʧʣʠʮʘʭ, ʞʠʣʳʭ ʜʦʤʘʭ ʠ ʪ.ʜ. ʀʩʪʦʯʥʠʢʦʤ ʪʝʧʣʘ 

ʷʚʣʷʶʪʩʷ ʠʥʬʨʘʢʨʘʩʥʳʝ ʠʟʣʫʯʘʪʝʣʠ. ʇʨʠ ʜʘʥʥʦʤ ʩʧʦʩʦʙʝ ʦʙʦʛʨʝʚ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʨʝʜʩʪʚʦʤ ʥʘʛʨʝʚʘ 

ʧʦʣʘ, ʩʪʝʥ ʠ ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ. ʊʘʢʠʝ ʩʠʩʪʝʤʳ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤ ʩʨʦʢʦʤ ʩʣʫʞʙʳ ʠ ʟʘʥʠʤʘʶʪ ʤʘʣʦ 

ʤʝʩʪʘ. ʇʨʦʩʪʳ ʚ ʤʦʥʪʘʞʝ ʙʣʘʛʦʜʘʨʷ ʤʘʣʦʡ ʤʘʩʩʝ.  
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ʈʠʩʫʥʦʢ 3 ï ʇʦʪʦʣʦʯʥʘʷ ʩʠʩʪʝʤʘ ʦʪʦʧʣʝʥʠʷ 

ʇʦʜʚʦʜʷ ʠʪʦʛʠ ʨʘʙʦʪʳ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʣʫʯʰʝʤ ʚʘʨʠʘʥʪʦʤ ʦʪʦʧʣʝʥʠʷ ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʟʜʘʥʠʡ ʷʚʣʷʝʪʩʷ ʧʦʪʦʣʦʯʥʳʝ ʩʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ. ɹʣʘʛʦʜʘʨʷ ʣʸʛʢʦʤʫ ʤʦʥʪʘʞʫ ʠ 

ʧʨʷʤʦʤʫ ʥʘʛʨʝʚʘ ʩʪʝʥ ʠ ʧʦʣʘ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ. 

1. ʃʫʯʠʩʪʦʝ ʦʪʦʧʣʝʥʠʝ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]: / https://otoplenie-gid.ru/istochnik-

nagreva/elektricheskoe/562-luchistoe-otoplenie / (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 22.03.2021). 

2. ʇʘʨʦʚʦʝ ʦʪʦʧʣʝʥʠʝ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]: / https://otoplenieblog.ru/tsentralnoe-

otoplenie/parovoe / (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 21.03.2021). 

3. ʆʪʦʧʣʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʤʝʱʝʥʠʡ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] / 

https://proteplo.org/blog/otoplenie-proizvodstvennyh-pomesheniy / (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ:21.03.2021). 

4. ʏʝʤ ʦʪʘʧʣʠʚʘʪʴ ʧʨʦʤʳʰʣʝʥʥʦʝ ʟʜʘʥʠʝ? [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] / 

https://zen.yandex.ru/media/id/5a6d9aʦ41aa8ʦc6fe7d1c645/chem-otaplivat-promyshlennoe-zdanie-

5aab925b55876b5f236b21e3 / (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 21.03.2021). 

 

ʋɼʂ 633.1:664.723 

ʆʎɽʅʂɸ ʄɽʈʆʇʈʀʗʊʀʁ ʇʆ ʉʋʐʂɽ ɿɽʈʅɸ 
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altukhigor@yandex.ru  

 

ɸʥʥʦʪʘʮʠʷ: ʉʫʰʢʘ ʟʝʨʥʘ ʠʛʨʘʝʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚʘʞʥʫʶ ʨʦʣʴ ʧʦʩʣʝʫʙʦʨʦʯʥʦʡ ʦʙʨʘʙʦʪʢʝ. ʊʘʢ 

ʢʘʢ ʩʫʰʢʘ ʷʚʣʷʝʪʩʷ ʝʱʸ ʠ ʩʘʤʳʤ ʵʥʝʨʛʦʟʘʪʨʘʪʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʟʘʜʘʯʘ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʘʨʠʘʥʪʘ 

ʩʫʰʢʠ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʫʰʢʘ ʟʝʨʥʘ, ʵʥʝʨʛʦʟʘʪʨʘʪʳ. 
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Abstract: Grain drying plays an extremely important role in post-harvest handling. Since drying is 

also the most energy-consuming process, the task of choosing the optimal drying option is relevant. 

Key words: drying of grain, energy consumption. 

 

ɿʝʨʥʦ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʝʢʦʚ ʙʳʣʦ ʚʘʞʥʳʤ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʤ ʪʦʚʘʨʦʤ ʠ ʦʩʥʦʚʥʳʤ 

ʠʩʪʦʯʥʠʢʦʤ ʧʠʱʠ ʚʦ ʤʥʦʛʠʭ ʨʝʛʠʦʥʘʭ. ʅʳʥʝʰʥʝʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʩʝʣʝʥʠʷ ʤʠʨʘ ʧʨʝʜʲʷʚʣʷʝʪ 

ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʝʭʥʦʣʦʛʠʷʤ ʦʙʨʘʙʦʪʢʠ ʟʝʨʥʘ. ʉʘʤʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʤʝʪʦʜʦʤ 

ʢʦʥʩʝʨʚʠʨʦʚʘʥʠʷ ʟʝʨʥʘ ʚʩʝʛʜʘ ʙʳʣʘ ʩʫʰʢʘ. ʇʦʩʢʦʣʴʢʫ ʤʝʭʘʥʠʟʘʮʠʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ 

ʨʘʩʧʨʦʩʪʨʘʥʷʣʘʩʴ ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʧʦʪʨʝʙʥʦʩʪʝʡ, ʙʳʩʪʨʦ ʨʘʩʪʫʱʝʛʦ ʠ ʫʨʙʘʥʠʟʠʨʫʝʤʦʛʦ 

ʥʘʩʝʣʝʥʠʷ, ʚʦʟʥʠʢʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʤʝʭʘʥʠʯʝʩʢʠʭ ʤʝʪʦʜʘʭ ʩʫʰʢʠ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚ ʟʝʨʥʘ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʟʝʨʥʦ ʧʝʨʝʤʝʱʘʝʪʩʷ ʟʘ ʪʳʩʷʯʠ ʤʠʣʴ ʣʠʙʦ ʥʘ ʙʦʣʴʰʠʭ ʟʝʨʥʦʚʦʟʘʭ, ʣʠʙʦ ʚ ʨʘʟʣʠʯʥʳʭ 

ʪʠʧʘʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʥʘ ʢʦʣʝʩʘʭ, ʠ ʜʦʣʞʥʦ ʧʨʠʙʳʪʴ ʢ ʤʝʩʪʫ ʥʘʟʥʘʯʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝʥʥʦʤ 

ʩʦʩʪʦʷʥʠʠ. ʇʨʘʚʠʣʴʥʘʷ ʩʫʰʢʘ ʪʘʢʦʛʦ ʦʛʨʦʤʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʟʝʨʥʘ ʷʚʣʷʝʪʩʷ ʧʨʝʜʧʦʩʳʣʢʦʡ 

ʙʝʟʦʧʘʩʥʦʛʦ ʭʨʘʥʝʥʠʷ ʠ ʜʦʩʪʘʚʢʠ. ʅʝ ʚʩʝ ʟʝʨʥʦʩʫʰʠʣʢʠ ʧʦʜʭʦʜʷʪ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ 

ʨʘʡʦʥʘ ʠ ʭʦʟʷʡʩʪʚʘ. ɺʳʙʦʨ ʩʠʩʪʝʤʳ ʟʘʚʠʩʠʪ ʦʪ ʛʦʜʦʚʦʛʦ ʦʙʲʝʤʘ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʤʦʜʝʣʠ ʩʙʳʪʘ, ʪʠʧʘ 

ʬʝʨʤʳ, ʘ ʪʘʢʞʝ ʪʠʧʘ ʠ ʤʦʱʥʦʩʪʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ. ʈʘʩʩʤʦʪʨʠʤ ʚʠʜʳ ʩʫʰʢʠ ʟʝʨʥʘ. 

 

ɺʠʜʳ ʩʫʰʢʠ ʟʝʨʥʘ 

ʈʘʜʠʘʮʠʦʥʥʘʷ (ʩʦʣʥʝʯʥʘʷ) ʩʫʰʢʘ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʵʢʦʥʦʤʠʯʥʳʤ ʠ ʩʪʘʨʝʡʰʠʤ ʤʝʪʦʜʦʤ 

ʩʫʰʢʠ ʟʝʨʥʘ, ʢʦʪʦʨʳʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʦ ʚʨʝʤʷ ʩʦʟʨʝʚʘʥʠʷ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ ʠ ʧʦʩʣʝ 

ʫʙʦʨʢʠ ʫʨʦʞʘʷ. ʇʨʠ ʝʩʪʝʩʪʚʝʥʥʦʡ ʩʦʣʥʝʯʥʦʡ ʩʫʰʢʝ ʥʝ ʧʨʠʜʝʪʩʷ ʪʨʘʪʠʪʴʩʷ ʥʘ ʪʦʧʣʠʚʦ, ʧʨʠ ʵʪʦʤ 

ʛʘʨʘʥʪʠʨʫʝʪʩʷ ʧʦʣʥʘʷ ʩʦʭʨʘʥʥʦʩʪʴ ʢʘʯʝʩʪʚʘ ʟʝʨʥʘ. ɼʣʷ ʪʘʢʠʭ ʮʝʣʝʡ ʚ ʧʨʦʰʣʦʤ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʧʣʦʱʘʜʢʠ, ʧʨʦʚʦʜʠʣʠ ʧʝʨʝʣʦʧʘʯʠʚʘʥʠʝ ʟʝʨʥʘ, ʠʟ-ʟʘ ʯʝʛʦ ʪʨʝʙʦʚʘʣʠʩʴ ʙʦʣʴʰʠʝ ʟʘʪʨʘʪʳ ʨʫʯʥʦʛʦ 

ʪʨʫʜʘ. ʉʝʛʦʜʥʷ ʵʪʠ ʨʘʙʦʪʳ ʤʝʭʘʥʠʟʠʨʦʚʘʣʠ ʠ ʧʨʦʚʦʜʷʪ ʚ ʶʞʥʳʭ ʠ ʠʥʳʭ ʨʘʡʦʥʘʭ, ʛʜʝ ʧʨʠ ʫʙʦʨʢʝ 

ʫʨʦʞʘʷ ʩʪʦʠʪ ʞʘʨʢʘʷ ʩʫʭʘʷ ʩʦʣʥʝʯʥʘʷ ʧʦʛʦʜʘ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 25-35 ʛʨʘʜʫʩʦʚ [3]. 

ʂʦʥʚʝʢʪʠʚʥʳʡ ʤʝʪʦʜ ʩʫʰʢʠ. ʇʨʠ ʪʘʢʦʤ ʤʝʪʦʜʝ ʩʫʰʢʠ ʪʝʧʣʦʪʘ, ʢʦʪʦʨʘʷ ʪʨʝʙʫʝʪʩʷ ʜʣʷ 

ʠʩʧʘʨʝʥʠʷ ʚʣʘʛʠ, ʥʘʯʠʥʘʝʪ ʧʝʨʝʜʘʚʘʪʴʩʷ ʟʝʨʥʫ ʛʦʨʷʯʝʡ ʛʘʟʦʚʦʟʜʫʰʥʦʡ ʩʤʝʩʴʶ ʠʣʠ ʧʦʪʦʢʦʤ ʥʘʛʨʝʪʦʛʦ 

ʚʦʟʜʫʭʘ. ʀʤʠ ʞʝ ʠʟ ʟʝʨʥʘ ʧʦʛʣʦʱʘʝʪʩʷ ʠ ʚʳʚʦʜʠʪʩʷ ʠʩʧʘʨʠʚʰʘʷʩʷ ʚʣʘʛʘ. ʂʦʥʚʝʢʪʠʚʥʳʡ ʤʝʪʦʜ ʩʫʰʢʠ, 

ʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʡ ʜʣʷ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ, ʧʦʪʦʤʫ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʚʦ ʚʩʝʭ ʩʪʨʘʥʘʭ [1]. 

ʂʦʥʪʘʢʪʥʳʡ (ʢʦʥʜʫʢʪʠʚʥʳʡ) ʤʝʪʦʜ ʩʫʰʢʠ. ʇʨʠ ʵʪʦʤ ʤʝʪʦʜʝ ʩʫʰʢʠ ʪʝʧʣʦʪʘ, ʢʦʪʦʨʘʷ 

ʪʨʝʙʫʝʪʩʷ ʜʣʷ ʠʩʧʘʨʝʥʠʷ ʚʣʘʛʠ, ʧʦʜʚʦʜʠʪʩʷ ʢ ʟʝʨʥʫ ʦʪ ʥʘʛʨʝʚʘʝʤʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠʣʠ ʦʪ 

ʥʘʛʨʝʚʘʝʤʦʛʦ ʟʝʨʥʘ. ʄʝʪʦʜ çʩʢʦʚʦʨʦʜʢʠè ʧʨʠʤʝʥʷʣʩʷ ʚ ʨʘʟʥʳʭ ʚʘʨʠʘʥʪʘʭ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦ ʜʦ 

ʨʘʟʚʠʪʠʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠ ʵʢʦʥʦʤʠʯʥʦʛʦ ʚʦʟʜʫʰʥʦ-ʪʝʧʣʦʚʦʛʦ ʤʝʪʦʜʘ ʩʫʰʢʠ ʟʝʨʥʘ [8]. 

ʆʙʝʟʚʦʞʠʚʘʥʠʝ (ʩʦʨʙʮʠʦʥʥʘʷ ʩʫʰʢʘ) ʟʝʨʥʘ. ɺ ʦʩʥʦʚʝ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʣʝʞʠʪ ʚʳʩʦʢʘʷ 

ʛʠʛʨʦʩʢʦʧʠʯʥʦʩʪʴ ʟʝʨʥʘ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʧʦʛʣʦʱʘʪʴ ʧʘʨʳ ʨʘʟʥʳʭ ʚʝʱʝʩʪʚ ʠʟ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ʉʦʨʙʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʟʝʨʥʘ ʠʤʝʶʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʠ ʙʝʨʫʪʩʷ ʚ ʫʯʝʪ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ, ʧʝʨʝʨʘʙʦʪʢʠ, ʭʨʘʥʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ. 

ʉʫʰʢʘ ʟʝʨʥʘ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ ʪʦʢʦʚ ʧʦʚʳʰʝʥʥʦʡ ʯʘʩʪʦʪʳ. ɺʳʧʦʣʥʷʝʪʩʷ ʠʟ-ʟʘ 

ʧʨʝʚʨʘʱʝʥʠʷ ʚ ʪʝʧʣʦʪʫ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʩʫʰʢʠ ʟʘʚʠʩʠʪ ʦʪ ʦʙʲʝʤʘ 

ʚʳʜʝʣʷʝʤʦʛʦ ʪʝʧʣʘ ʧʨʠ ʜʦʧʫʩʪʠʤʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʛʨʝʚʘʥʠʷ ʟʝʨʥʘ. ɺ ʧʦʣʝ ʉɺʏ ʟʝʨʥʦ ʥʘʛʨʝʚʘʝʪʩʷ 

ʨʘʚʥʦʤʝʨʥʦ ʧʦ ʚʩʝʡ ʪʦʣʱʠʥʝ ʠ ʙʳʩʪʨʦ. ʅʦ ʩʝʛʦʜʥʷ ʩʫʰʢʘ ʟʝʨʥʘ ʤʝʪʦʜʦʤ ʉɺʏ ʩʪʦʠʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʙʦʣʴʰʝ, ʯʝʤ ʥʘʛʨʝʚʘʝʤʳʤ ʚʦʟʜʫʭʦʤ [5]. 

ɸʢʫʩʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʩʫʰʢʠ. ʋʣʴʪʨʘʟʚʫʢʦʚʳʤʠ ʛʝʥʝʨʘʪʦʨʘʤʠ ʘʢʫʩʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ 

ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʪʝʧʣʦʚʫʶ, ʚ ʠʪʦʛʝ ʠʟ ʟʝʨʥʘ ʚʣʘʛʘ ʥʘʯʠʥʘʝʪ ʠʩʧʘʨʷʪʴʩʷ ʠ ʯʘʩʪʠʯʥʦ ʚʳʚʦʜʠʪʩʷ ʚ ʚʠʜʝ 

ʞʠʜʢʦʩʪʠ ʟʘ ʩʯʝʪ ʨʘʟʣʠʯʠʷ ʧʘʨʮʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ [7]. 

ɹʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʷʚʣʷʶʪʩʷ: ʢʦʥʚʝʢʪʠʚʥʘʷ (ʚʦʟʜʫʰʥʦ-ʛʘʟʦʚʘʷ) ʩʫʰʢʘ, 

ʩʦʣʥʝʯʥʘʷ ʩʫʰʢʘ ʥʘ ʟʝʨʥʦʪʦʢʘʭ ʭʦʟʷʡʩʪʚ ʩ ʧʦʜʭʦʜʷʱʠʤ ʢʣʠʤʘʪʦʤ. 

ʇʨʠ ʚʳʙʦʨʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʧʦʩʦʙʘ ʩʫʰʢʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʣʝʜʫʶʱʠʝ 

ʧʦʢʘʟʘʪʝʣʠ: 

- ʚʨʝʤʷ ʩʫʰʢʠ;  

- ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʩʫʰʢʠ; 
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- ʢʦʣʠʯʝʩʪʚʦ ʫʜʘʣʝʥʥʦʡ ʚʣʘʛʠ; 

- ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ɺʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʠʟʥʘʯʘʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ ʟʝʨʥʘ. ʉʫʱʝʩʪʚʫʶʪ ʯʝʪʳʨʝ ʩʪʘʜʠʠ ʚʣʘʞʥʦʩʪʠ 

ʟʝʨʥʘ ï ʩʫʭʦʝ, ʚʣʘʞʥʦ ʠ ʩʳʨʦʝ, ʩʨʝʜʥʝʡ ʩʫʭʦʩʪʠ.  

ʂʦʥʚʝʢʪʠʚʥʫʶ ʩʫʰʢʫ ʨʘʟʨʳʭʣʸʥʥʦʛʦ, ʠʣʠ ʢʠʧʷʱʝʛʦ, ʩʣʦʷ ʦʩʫʱʝʩʪʚʣʷʶʪ ʥʘ ʩʝʪʢʝ (ʩʠʪʝ). ʅʘ 

ʥʝʡ ʟʝʨʥʦ ʧʨʦʜʫʚʘʝʪʩʷ ʘʛʝʥʪʦʤ ʩʫʰʢʠ ʩʦ ʩʢʦʨʦʩʪʴʶ 1,0é1,2 ʤ/ʩ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʘʛʝʥʪʘ 

ʩʫʰʢʠ ʟʝʨʥʦʚʦʡ ʩʣʦʡ ʠʤʝʝʪ ʨʘʟʥʫʶ ʩʪʝʧʝʥʴ ʨʘʟʨʳʭʣʝʥʠʷ, ʥʘʯʠʥʘʷ ʦʪ ʩʣʘʙʦ ʨʘʟʨʳʭʣʸʥʥʦʛʦ ʜʦ 

ʢʠʧʷʱʝʛʦ ʥʘʧʦʤʠʥʘʶʱʝʛʦ ʧʦ ʚʠʜʫ ʩʠʣʴʥʦ ʢʠʧʷʱʫʶ ʞʠʜʢʦʩʪʴ. ɿʝʨʥʦ ʧʝʨʝʤʝʱʘʝʪʩʷ ʢ ʚʳʭʦʜʫ ʧʨʠ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʥʘʢʣʦʥʝ ʩʝʪʢʠ. ʏʝʤ ʙʦʣʴʰʝ ʩʢʦʨʦʩʪʴ ʧʨʦʜʫʚʘʥʠʷ ʟʝʨʥʦʚʦʛʦ ʩʣʦʷ, ʪʝʤ ʩʠʣʴʥʝʝ ʦʥʦ 

ʧʝʨʝʤʝʰʠʚʘʝʪʩʷ. ʇʨʠ ʙʦʣʴʰʠʭ ʧʣʦʱʘʜʷʭ ʩʝʪʢʠ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʨʘʚʥʦʤʝʨʥʦʝ ʧʨʦʜʫʚʘʥʠʝ 

ʟʝʨʥʦʚʦʛʦ ʩʣʦʷ. ʇʦʵʪʦʤʫ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʥʘʛʨʝʚʘ ʠ ʩʫʰʢʠ ʟʝʨʥʘ. ɺ ʢʠʧʷʱʝʤ ʩʣʦʝ ʧʨʠ 

ʪʦʣʱʠʥʝ 1ʦʦ ʤʤ ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʘʛʝʥʪʘ ʩʫʰʢʠ 120é140Áʉ, ʪʦ ʝʩʪʴ ʪʝʤʧʝʨʘʪʫʨʘ ʝʛʦ ʧʦʯʪʠ ʜʦʩʪʠʛʘʝʪ 

ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʛʦ ʟʥʘʯʝʥʠʷ (50é60Á ʉ), ʘ ʩʥʠʞʝʥʠʝ ʚʣʘʞʥʦʩʪʠ ʟʝʨʥʘ ʟʘ ʵʪʦ ʚʨʝʤʷ ʩʦʩʪʘʚʣʷʝʪ 

ʥʝ ʙʦʣʝʝ 2,0é2,5%. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʘʛʝʥʪʘ ʩʫʰʢʠ 6ʦÁʉ ʚʣʘʞʥʦʩʪʴ ʟʝʨʥʘ ʩʥʠʞʘʝʪʩʷ ʟʘ 1 ʤʠʥ ʥʘ 1%. 

ɺʩʣʝʜʩʪʚʠʝ ʤʘʣʦʛʦ ʩʥʠʞʝʥʠʷ ʚʣʘʞʥʦʩʪʠ ʧʨʠ ʙʳʩʪʨʦʤ ʥʘʛʨʝʚʘʥʠʠ ʟʝʨʥʘ ʟʝʨʥʦʩʫʰʠʣʢʠ ʩ ʢʠʧʷʱʠʤ 

ʩʣʦʝʤ ʥʝ ʥʘʰʣʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. 
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ɸʥʥʦʪʘʮʠʷ: ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʮʝʣʠ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʚʦʟʥʠʢʣʠ ʚʦ ʚʩʝʭ ʩʬʝʨʘʭ ʞʠʟʥʠ ʠʟ-ʟʘ 

ʩʮʝʥʘʨʠʝʚ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʠ ʠʩʪʦʱʝʥʠʷ ʠʩʢʦʧʘʝʤʳʭ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ. ɺ ʩʪʨʘʥʘʭ ʙʦʨʝʘʣʴʥʦʡ ʠ 

ʩʝʚʝʨʥʦʡ ʟʦʥ ʫʤʝʨʝʥʥʦʛʦ ʢʣʠʤʘʪʘ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʵʥʝʨʛʦʝʤʢʠʭ ʦʧʝʨʘʮʠʡ ʚ ʟʝʤʣʝʜʝʣʠʠ ʷʚʣʷʝʪʩʷ 

ʢʦʥʩʝʨʚʠʨʦʚʘʥʠʝ ʟʝʨʥʘ, ʢʦʪʦʨʦʝ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʦʟʥʘʯʘʝʪ ʩʫʰʢʫ. ʕʪʘ ʨʘʙʦʪʘ ʙʳʣʘ 

ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʥʘ ʠʟʫʯʝʥʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʧʨʠ ʩʫʰʢʝ 

ʟʝʨʥʘ ʠ ʩʦʭʨʘʥʝʥʠʠ ʟʝʨʥʘ ʚ ʮʝʣʦʤ ʩ ʥʝʩʢʦʣʴʢʠʭ ʘʩʧʝʢʪʦʚ. ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʙʳʣʦ ʫʜʝʣʝʥʦ ʚ 

ʬʠʥʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʥʦ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʠ ʚ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ, ʝʩʣʠ ʧʨʠʤʝʥʠʤʦ. 
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Annotation: Recently, energy conservation goals have emerged in all spheres of life due to climate 

change scenarios and depletion of fossil energy resources. In the countries of the boreal and northern 

temperate zones, one of the most energy-intensive operations in agriculture is grain conservation, which in 

most cases means drying. This work focused on the study of energy use and energy saving possibilities for 

drying grain and preserving grain in general from several aspects. The focus was on in Finnish conditions, 

but the results can be applied to other areas as well, if applicable. In addition, with regard to the energy 

aspect, some economic considerations have been made, since economic profit is a decisive decision-making 

factor for farmers. 
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ʉʫʰʢʘ ʟʝʨʥʘ 

ʀʩʢʫʩʩʪʚʝʥʥʘʷ ʩʫʰʢʘ ʟʝʨʥʘ ï ʵʪʦ ʧʨʦʮʝʩʩ, ʧʨʠ ʢʦʪʦʨʦʤ ʚʣʘʛʘ ʠʩʢʫʩʩʪʚʝʥʥʦ ʫʜʘʣʷʝʪʩʷ ʠʟ ʟʝʨʥʘ 

ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʦʥ, ʙʳʣ ʩʦʙʨʘʥ, ʘ ʝʩʪʝʩʪʚʝʥʥʘʷ ʩʫʰʢʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʦʣʝ ʩ ʧʦʤʦʱʴʶ ʩʦʣʥʝʯʥʦʡ 

ʵʥʝʨʛʠʠ ʠ ʚʝʪʨʘ. ʀʩʢʫʩʩʪʚʝʥʥʘʷ ʩʫʰʢʘ ʯʘʩʪʦ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦʛʦ ʩʥʠʞʝʥʠʷ 

ʚʣʘʞʥʦʩʪʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ. ʎʝʣʴʶ ʷʚʣʷʝʪʩʷ ʫʩʧʝʰʥʦʝ ʭʨʘʥʝʥʠʝ, ʥʦ ʵʪʦ ʪʘʢʞʝ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʦ ʠʟʙʝʞʘʥʠʝ ʧʦʪʝʨʴ ʫʨʦʞʘʷ, ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʟʝʨʥʘ, ʯʪʦʙʳ ʧʨʦʜʣʠʪʴ ʧʝʨʠʦʜ 

ʩʙʦʨʘ ʫʨʦʞʘʷ, ʧʦʚʳʩʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʠʩʪʝʤʳ ʩʙʦʨʘ ʫʨʦʞʘʷ ʠ ʠʟʚʣʝʢʘʪʴ ʚʳʛʦʜʫ ʠʟ ʢʦʣʝʙʘʥʠʡ 

ʮʝʥ ʥʘ ʧʨʦʜʫʢʪʳ ʟʘ ʩʯʝʪ ʜʣʠʪʝʣʴʥʦʛʦ ʭʨʘʥʝʥʠʷ. ʉʫʰʢʘ ʪʘʢʞʝ ʫʤʝʥʴʰʘʝʪ ʦʙʲʝʤ, ʚʝʩ ʟʝʨʥʘ, ʯʪʦ ʤʦʞʝʪ 

ʧʦʤʦʯʴ ʩʥʠʟʠʪʴ ʪʨʘʥʩʧʦʨʪʥʳʝ ʨʘʩʭʦʜʳ [3,4]. 

ʆʧʨʝʜʝʣʝʥʠʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʂʇɼ ʚ ʧʨʦʮʝʩʩʝ ʢʦʥʚʝʢʪʠʚʥʦʡ ʩʫʰʢʠ ʙʦʣʝʝ ʠʣʠ ʤʝʥʝʝ 

ʥʝʦʜʥʦʟʥʘʯʥʦ. ʇʨʦʮʝʩʩ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʝʩʢʦʣʴʢʦ ʷʚʣʝʥʠʡ, ʪʘʢʠʭ ʢʘʢ ʥʘʛʨʝʚ ʚʳʩʫʰʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʠ ʥʘʣʠʯʠʝ ʦʱʫʪʠʤʳʭ ʪʝʧʣʦ ʚ ʦʪʨʘʙʦʪʘʥʥʦʤ ʚʦʟʜʫʭʝ, ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʦʪʝʨʠ ʠʣʠ 

ʝʩʪʝʩʪʚʝʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʮʝʩʩʘ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʯʢʠ ʟʨʝʥʠʷ. ʇʦʵʪʦʤʫ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ 

ʥʝʩʢʦʣʴʢʦ ʧʦʜʭʦʜʦʚ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʪʝʨʤʠʯʝʩʢʦʛʦ ʂʇɼ ʚ ʧʨʦʮʝʩʩʘʭ ʩʫʰʢʠ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ 

ʧʦʜʭʦʜʷʪ ʜʣʷ ʘʥʘʣʠʟʘ ʦʙʱʝʛʦ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʧʨʠ ʩʫʰʢʝ ʠ ʩʨʘʚʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ [1], 

ɻʣʘʚʥʦʡ ʮʝʣʴʶ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʩʫʰʢʠ ʟʝʨʥʘ ï ʵʪʦ ʫʤʝʥʴʰʝʥʠʝ ʟʘʪʨʘʪ ʥʘ ʪʦʧʣʠʚʦ ʠ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ. 

ʈʝʰʝʥʠʝ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʚʦʟʤʦʞʥʦ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ. ʇʨʠʚʝʜʝʤ ʝʛʦ 

ʦʩʥʦʚʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ. 

1.ʇʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʪʝʧʣʘ ʙʠʦʪʦʧʣʠʚʘ ʠʟ ʨʘʟʣʠʯʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʷʝʤʦʛʦ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʳʨʴʷ ʠ ʜʨʝʚʝʩʥʳʭ ʦʪʭʦʜʦʚ, ʥʘʧʨʠʤʝʨ ʜʨʝʚʝʩʥʳʝ ʪʦʧʣʠʚʥʳʝ ʛʨʘʥʫʣʳ; ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʙʠʦʛʘʟʘ ʠʟ ʥʘʚʦʟʘ ʠ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʦʚ. ɺ ɹʝʣʛʦʨʦʜʩʢʦʡ ʦʙʣ. ʚ ʙʣʠʞʘʡʰʠʝ ʛʦʜʳ ʧʣʘʥʠʨʫʝʪʩʷ 

ʧʦʩʪʨʦʠʪʴ 15ʦ ʙʠʦʛʘʟʦʚʳʭ ʩʪʘʥʮʠʡ ʜʣʷ ʫʪʠʣʠʟʘʮʠʠ 15 ʤʣʥ. ʪ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʪʭʦʜʦʚ ʩ ʚʳʨʘʙʦʪʢʦʡ 

ʧʦʨʷʜʢʘ 23ʦ ʄɺʪ ʤʦʱʥʦʩʪʠ. ʇʦʣʫʯʝʥʥʳʡ ʙʠʦʛʘʟ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥ ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʢʘʢ ʪʦʧʣʠʚʦ 

ʜʣʷ ʟʝʨʥʦʩʫʰʠʣʦʢ [2,5]. 

2.ɼʚʫʭʵʪʘʧʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʩʫʰʢʠ ʟʝʨʥʘ. ɿʝʨʥʦ ʚʳʩʫʰʠʚʘʝʪʩʷ ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ 

ʩʫʰʠʣʢʘʭ ʙʝʟʦʩʪʘʥʦʚʦʯʥʦʛʦ ʜʝʡʩʪʚʠʷ ʜʦ ʚʣʘʞʥʦʩʪʠ ʥʘ 1,5-2% ʚʳʰʝ ʢʦʥʜʠʮʠʦʥʥʦʡ, ʚʠʜʠʪʩʷ ʚ 

ʥʘʛʨʝʪʦʤ ʩʦʩʪʦʷʥʠʠ ʙʝʟ ʚʝʥʪʠʣʠʨʦʚʘʥʠʷ, ʘ ʟʘʪʝʤ ʦʭʣʘʞʜʘʝʪʩʷ ʥʘʨʫʞʥʳʤ ʚʦʟʜʫʭʦʤ ʚ ʦʜʥʦ ʠ ʪʦʞʝ 

ʚʨʝʤʷ ʜʦʩʫʰʠʚʘʥʠʝʤ ʜʦ ʢʦʥʜʠʮʠʦʥʥʦʡ ʚʣʘʞʥʦʩʪʠ. 

ɺʳʚʦʜʳ: 

1.ʎʝʣʴ ʫʤʝʥʴʰʝʥʠʷ ʟʘʪʨʘʪ ʪʦʧʣʠʚʘ ʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ ʩʫʰʢʫ ʟʝʨʥʘ, ʫʤʝʥʴʰʝʥʠʷ 

ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʳʭ ʧʦʪʝʨʴ ʟʝʨʥʘ ʜʦʣʞʥʘ ʨʝʰʘʪʴʩʷ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʟʝʨʥʦʩʫʰʠʣʦʢ ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʧʨʝʜʳʜʫʱʠʤʠ ʠ ʩʣʝʜʫʶʱʠʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʦʧʝʨʘʮʠʷʤʠ.  
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2.ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʠʦʪʦʧʣʠʚʘ ʥʘ ʦʩʥʦʚʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʳʨʴʷ ʠ 
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Abstract: The article provides a rationale for the use of optical position and displacement sensors 

in industry, their advantages and disadvantages, which, thanks to the principle of operation and a wide 

variety of models from different manufacturers, help to avoid financial costs and guarantee high-quality 

products. 
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ʆʧʪʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ ʧʦʣʦʞʝʥʠʷ ʦʪʥʦʩʷʪʩʷ ʢ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʤ ʜʘʪʯʠʢʘʤ, ʪʘʢ ʢʘʢ ʧʨʠʥʮʠʧ 

ʠʭ ʜʝʡʩʪʚʠʷ ʦʩʥʦʚʘʥ ʥʘ ʦʙʥʘʨʫʞʝʥʠʠ ʩʚʝʪʦʚʳʭ ʩʠʛʥʘʣʦʚ.  

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʥʘ ʢʘʢʦʤ ʦʧʪʠʯʝʩʢʦʤ ʷʚʣʝʥʠʠ ʦʩʥʦʚʘʥ ʧʨʠʥʮʠʧ ʦʙʥʘʨʫʞʝʥʠʷ 

ʦʙʲʝʢʪʦʚ, ʦʧʪʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ ʧʦʣʦʞʝʥʠʷ ʜʝʣʷʪʩʷ ʥʘ ʪʨʠ ʪʠʧʘ: 

¶ ʊʠʧ T ï ʜʘʪʯʠʢʠ ʩ ʧʨʠʸʤʦʤ ʧʨʷʤʦʛʦ ʣʫʯʘ ʦʪ ʠʟʣʫʯʘʪʝʣʷ; 

¶ ʪʠʧ R ï ʨʝʬʣʝʢʪʦʨʥʳʝ ʜʘʪʯʠʢʠ ʩ ʧʨʠʝʤʦʤ ʣʫʯʘ, ʚʦʟʚʨʘʱʝʥʥʦʛʦ ʦʪ ʦʪʨʘʞʘʪʝʣʷ; 

¶ ʪʠʧ D ï ʜʠʬʬʫʟʠʦʥʥʳʝ ʜʘʪʯʠʢʠ ʩ ʧʨʠʝʤʦʤ ʣʫʯʘ, ʨʘʩʩʝʷʥʥʦ ʦʪʨʘʞʝʥʥʦʛʦ ʦʪ ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ. 
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ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʘʪʯʠʢʦʚ ʧʦʣʦʞʝʥʠʷ ʠ ʧʝʨʝʤʝʱʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1. ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʘʪʯʠʢʦʚ ʧʦʣʦʞʝʥʠʷ ʠ ʧʝʨʝʤʝʱʝʥʠʷ 

ʊʠʧ 

ʜʘʪʯʠʢʦʚ 

ʧʦʣʦʞʝʥʠʷ 

ʈʘʩʩʪʦʷʥ

ʠʝ 

ʦʙʥʘʨʫʞʝ

ʥʠʷ 

ʦʙʲʝʢʪʘ 

ʄʘʪʝʨʠʘʣ 

ʦʙʲʝʢʪʘ 

ʢʦʥʪʨʦʣʷ 

ɼʦʩʪʦʠʥʩʪʚʘ ʤʝʪʦʜʘ 

ʠʟʤʝʨʝʥʠʡ 

ʊʠʧʦʚʳʝ ʦʙʣʘʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ 

ʀʥʜʫʢʪʠʚʥʳ

ʝ ʜʘʪʯʠʢʠ 

ʧʦʣʦʞʝʥʠʷ 

ɼʦ 60 ʤʤ ʄʝʪʘʣʣʠʯʝʩʢ

ʠʝ ʦʙʲʝʢʪʳ 

ɺʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʚ 

ʫʩʣʦʚʠʷʭ ʟʘʛʨʷʟʥʝʥʥʦʡ 

ʨʘʙʦʯʝʡ ʩʨʝʜʳ, ʚʳʩʦʢʘʷ 

ʯʘʩʪʦʪʘ ʧʝʨʝʢʣʶʯʝʥʠʡ (ʜʦ 3 

ʢɻʮ), ʚʳʩʦʢʘʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ 

(ʩʨʘʙʘʪʳʚʘʝʪ ʪʦʣʴʢʦ ʥʘ 

ʤʝʪʘʣʣʳ) 

ʄʝʪʘʣʣʦʦʙʨʘʙʦʪʢʘ, 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ 

ʩʢʣʘʜʳ, 

ʩʪʘʥʢʦʩʪʨʦʝʥʠʝ ʠ 

ʪʦʯʥʘʷ ʤʝʭʘʥʠʢʘ  

ɽʤʢʦʩʪʥʳʝ 

ʜʘʪʯʠʢʠ 

ʧʦʣʦʞʝʥʠʷ 

ɼʦ 30 ʤʤ ʄʝʪʘʣʣʠʯʝʩʢ

ʠʝ ʦʙʲʝʢʪʳ, 

ʥʝʤʝʪʘʣʣʠʯʝʩ

ʢʠʝ ʦʙʲʝʢʪʳ, 

ʞʠʜʢʦʩʪʠ, 

ʩʪʝʢʣʦ 

ɺʳʩʦʢʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠ 

ʤʘʣʘʷ ʠʥʝʨʮʠʦʥʥʦʩʪʴ, 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ 

ʦʙʲʝʢʪʦʚ ʠʟ ʧʨʘʢʪʠʯʝʩʢʠ 

ʣʶʙʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ɺʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ 

ʩʢʚʦʟʴ ʥʝʧʨʦʟʨʘʯʥʳʝ ʩʪʝʥʢʠ 

ʇʠʱʝʚʘʷ ʠ 

ʭʠʤʠʯʝʩʢʘʷ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ 

ʆʧʪʠʯʝʩʢʠʝ 

ʜʘʪʯʠʢʠ 

ʧʦʣʦʞʝʥʠʷ 

ɼʦ 60 ʤ 

ʜʣʷ ʊ-

ʪʠʧʘ; 

ɼʦ 35 ʤ 

ʜʣʷ R 

ʪʠʧʘ; 

ɼʦ 3 ʤ 

ʜʣʷ D 

ʪʠʧʘ 

ʄʝʪʘʣʣʠʯʝʩʢ

ʠʝ ʦʙʲʝʢʪʳ, 

ʥʝʤʝʪʘʣʣʠʯʝʩ

ʢʠʝ ʦʙʲʝʢʪʳ, 

ʞʠʜʢʦʩʪʠ, 

ʩʪʝʢʣʦ 

ʅʘʠʙʦʣʴʰʠʡ ʜʠʘʧʘʟʦʥ 

ʨʘʩʩʪʦʷʥʠʡ ʩʨʘʙʘʪʳʚʘʥʠʷ, 

ʚʳʩʦʢʘʷ ʯʘʩʪʦʪʘ 

ʧʝʨʝʢʣʶʯʝʥʠʡ (ʜʦ 3ʦ ʢɻʮ),    

ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ 

ʦʙʲʝʢʪʦʚ ʠʟ 

 ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʦʛʦ 

ʤʘʪʝʨʠʘʣʘ, ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʙʥʘʨʫʞʝʥʠʷ ʦʙʲʝʢʪʦʚ ʩ 

ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʠ ʦʯʝʥʴ 

ʤʘʣʳʭ ʨʘʟʤʝʨʦʚ 

ʕʣʝʢʪʨʦʥʥʘʷ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, 

ʢʦʥʚʝʡʝʨʥʳʝ ʩʠʩʪʝʤʳ, 

ʢʦʥʪʨʦʣʴ ʜʦʩʪʫʧʘ ʠ 

ʧʝʨʠʤʝʪʨʘ, 

ʤʝʪʘʣʣʫʨʛʠʷ 

ʄʘʛʥʠʪʥʳʝ 

ʜʘʪʯʠʢʠ 

ʧʦʣʦʞʝʥʠʷ 

ɼʦ 120 

ʤʤ 

ʆʙʲʝʢʪʳ ʩ 

ʤʘʛʥʠʪʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ 

ɺʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʚ 

ʫʩʣʦʚʠʷʭ ʟʘʛʨʷʟʥʝʥʥʦʡ 

ʨʘʙʦʯʝʡ ʩʨʝʜʳ, ʩʨʘʙʘʪʳʚʘʝʪ 

ʪʦʣʴʢʦ ʥʘ ʦʙʲʝʢʪʳ ʩ 

ʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ɺʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ 

ʩʢʚʦʟʴ ʥʝʧʨʦʟʨʘʯʥʳʝ ʩʪʝʥʢʠ 

ʆʧʨʝʜʝʣʝʥʠʝ 

ʧʦʣʦʞʝʥʠʷ ʧʦʨʰʥʷ 

ʧʥʝʚʤʦʮʠʣʠʥʜʨʦʚ, 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ 

ʩʢʣʘʜʳ 

 

ɺ ʩʨʘʚʥʝʥʠʠ ʩ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʤʠ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʙʝʩʢʦʥʪʘʢʪʥʳʤʠ ʜʘʪʯʠʢʘʤʠ 

ʧʦʣʦʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʢʦʥʮʝʚʳʤʠ ʚʳʢʣʶʯʘʪʝʣʷʤʠ, ʦʧʪʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ ʧʦʣʦʞʝʥʠʷ 

ʠʤʝʶʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ: 

- ɹʝʩʢʦʥʪʘʢʪʥʳʡ ʤʝʪʦʜ ʢʦʥʪʨʦʣʷ ʧʦʣʦʞʝʥʠʷ ʠ ʧʝʨʝʤʝʱʝʥʠʷ ʦʙʲʝʢʪʘ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʦʪʩʫʪʩʪʚʫʝʪ ʤʝʭʘʥʠʯʝʩʢʠʡ ʠʟʥʦʩ, ʜʨʝʙʝʟʛ ʢʦʥʪʘʢʪʦʚ ʠ ʣʦʞʥʳʝ ʩʨʘʙʘʪʳʚʘʥʠʷ; 

- ɿʦʥʘ ʩʨʘʙʘʪʳʚʘʥʠʷ ʠ ʦʙʥʘʨʫʞʝʥʠʷ ʦʙʲʝʢʪʘ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʤʠʣʣʠʤʝʪʨʦʚ ʜʦ ʥʝʩʢʦʣʴʢʠʭ 

ʜʝʩʷʪʢʦʚ ʤʝʪʨʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʜʘʪʯʠʢʘ; 

- ɺʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʦʪʢʣʠʢʘ. ɼʘʪʯʠʢʠ ʜʘʥʥʦʛʦ ʪʠʧʘ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʢʦʥʪʨʦʣʷ 

ʦʙʲʝʢʪʦʚ, ʥʦ ʠ ʜʣʷ ʩʯʝʪʘ ʵʪʠʭ ʦʙʲʝʢʪʦʚ. - ɺʦʟʤʦʞʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ ʦʙʲʝʢʪʦʚ ʦʯʝʥʴ ʤʘʣʳʭ ʨʘʟʤʝʨʦʚ, 

ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʦʧʪʠʯʝʩʢʠʡ ʣʫʯ ʦʧʪʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ ʧʦʣʦʞʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ ʣʠʥʟ, ʜʠʘʬʨʘʛʤ 

ʠ ʦʧʪʦʚʦʣʦʢʦʥʥʳʭ ʢʘʙʝʣʝʡ ʤʦʞʥʦ ʩʬʦʢʫʩʠʨʦʚʘʪʴ ʚ ʦʯʝʥʴ ʪʦʥʢʠʡ ʧʫʯʦʢ; 

- ɺʦʟʤʦʞʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ ʦʙʲʝʢʪʦʚ ʠʟ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʜʘʞʝ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ 

ʪʦʥʢʠʭ ʠ ʧʨʦʟʨʘʯʥʳʭ ʦʙʲʝʢʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʧʦʣʠʵʪʠʣʝʥʦʚʘʷ ʧʣʝʥʢʘ. ʆʙʳʯʥʦ ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ 

ʠʩʧʦʣʴʟʫʶʪ ʜʘʪʯʠʢʠ ʩ ʚʠʜʠʤʳʤ ʠʟʣʫʯʝʥʠʝʤ ʢʨʘʩʥʦʛʦ ʮʚʝʪʘ; 

- ɺʦʟʤʦʞʥʦʩʪʴ ʥʘʩʪʨʦʡʢʠ ʨʘʩʩʪʦʷʥʠʷ ʩʨʘʙʘʪʳʚʘʥʠʷ ʜʣʷ ʚʳʙʦʨʦʯʥʦʛʦ ʢʦʥʪʨʦʣʷ ʠ ʩʯʝʪʘ 

ʦʙʲʝʢʪʦʚ, ʜʚʠʞʫʱʠʭʩʷ ʧʝʨʝʜ ʜʘʪʯʠʢʦʤ ʚ ʥʝʩʢʦʣʴʢʦ ʨʷʜʦʚ; 
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-ʅʘʣʠʯʠʝ ʪʘʡʤʝʨʘ ʩʨʘʙʘʪʳʚʘʥʠʷ ʜʣʷ ʧʦʜʘʚʣʝʥʠʷ ʩʣʫʯʘʡʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʧʦʤʝʭ; 

- ɺʦʟʤʦʞʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ ʦʙʲʝʢʪʦʚ ʩ ʦʯʝʥʴ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ, ʥʘʧʨʠʤʝʨ, ʣʠʪʴʷ, 

ʧʦʢʦʚʦʢ, ʧʨʦʢʘʪʘ ʠ ʪ. ʧ; 

- ʅʝʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʤʘʛʥʠʪʥʳʤ ʧʦʣʷʤ, ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤ ʧʦʤʝʭʘʤ; 

- ʅʝʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʠʦʥʠʟʠʨʫʶʱʝʤʫ ʠʟʣʫʯʝʥʠʶ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʚ ʢʨʘʡʥʝ 

ʩʪʝʩʥʝʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ (ʜʣʷ ʦʧʪʦʚʦʣʦʢʦʥʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ ʧʦʣʦʞʝʥʠʷ). 

ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʦʧʪʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ ʧʦʣʦʞʝʥʠʷ ʤʦʞʥʦ ʦʪʥʝʩʪʠ: 

¶ ɺʦʟʤʦʞʥʦʩʪʴ ʣʦʞʥʳʭ ʩʨʘʙʘʪʳʚʘʥʠʡ ʧʨʠ ʨʘʙʦʪʝ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʡ ʟʘʧʳʣʝʥʥʦʩʪʠ, ʪʫʤʘʥʘ, 

ʠʥʪʝʥʩʠʚʥʦʡ ʚʥʝʰʥʝʡ ʟʘʩʚʝʪʢʠ, ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʩʠʣʴʥʦʡ ʚʠʙʨʘʮʠʠ; 

¶ ʅʝʚʦʟʤʦʞʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ ʦʙʲʝʢʪʘ ʯʝʨʝʟ ʥʝʧʨʦʟʨʘʯʥʫʶ ʧʨʝʛʨʘʜʫ ʠʣʠ ʩʪʝʥʢʫ ʨʝʟʝʨʚʫʘʨʘ, 

ʠʣʠ ʢʦʥʪʝʡʥʝʨʘ; 

¶ ʊʨʫʜʦʝʤʢʘʷ ʧʨʦʮʝʜʫʨʘ ʩʦʚʤʝʱʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ ʠʟʣʫʯʘʪʝʣʷ ʠ ʧʨʠʝʤʥʠʢʘ ʫ ʜʘʪʯʠʢʦʚ 

T-ʪʠʧʘ ʧʨʠ ʠʭ ʤʦʥʪʘʞʝ, ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʠʤʠ ʧʨʝʚʳʰʘʝʪ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ 

ʤʝʪʨʦʚ; 

¶ ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʥʘʩʪʨʦʡʢʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʜʘʪʯʠʢʘ ʫ ʜʘʪʯʠʢʦʚ D-ʪʠʧʘ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʦʪʨʘʞʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʦʙʲʝʢʪʦʚ; 

¶ ʇʦʩʪʝʧʝʥʥʘʷ ʜʝʛʨʘʜʘʮʠʷ ʠʟʣʫʯʘʪʝʣʷ (ʩʚʝʪʦʜʠʦʜʘ) ʜʘʪʯʠʢʘ, ʠʟ-ʟʘ ʯʝʛʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʝʛʦ 

ʠʟʣʫʯʝʥʠʷ ʧʦʩʪʝʧʝʥʥʦ ʧʘʜʘʝʪ, ʠ ʩʦ ʚʨʝʤʝʥʝʤ ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴʩʷ ʧʦʜʩʪʨʦʡʢʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʜʘʪʯʠʢʘ; 

¶ ʅʘʣʠʯʠʝ ʩʣʝʧʳʭ ʟʦʥ ʫ ʜʘʪʯʠʢʦʚ D ʠ R-ʪʠʧʘ. ʉʣʝʧʦʡ ʥʘʟʳʚʘʝʪʩʷ ʟʦʥʘ ʦʪ ʘʢʪʠʚʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʪʠʯʝʩʢʦʛʦ ʜʘʪʯʠʢʘ ʜʦ ʤʠʥʠʤʘʣʴʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʝʛʦ ʩʨʘʙʘʪʳʚʘʥʠʷ. ɺ ʩʣʝʧʦʡ ʟʦʥʝ 

ʦʙʲʝʢʪ ʥʝ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʜʘʪʯʠʢʦʤ. 

ʆʧʪʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ ʥʘʰʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚʦ ʤʥʦʛʠʭ ʦʪʨʘʩʣʷʭ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʙʣʘʛʦʜʘʨʷ ʪʦʯʥʦʩʪʠ ʠ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʦʙʥʘʨʫʞʝʥʠʷ ʦʙʲʝʢʪʦʚ, ʨʘʟʥʦʦʙʨʘʟʥʳʤ 

ʠʩʧʦʣʥʝʥʠʷʤ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ ʠ ʥʘʣʠʯʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ, ʪʘʢʠʭ 

ʢʘʢ ʧʦʜʦʛʨʝʚ ʦʧʪʠʢʠ, ʦʧʪʦʚʦʣʦʢʦʥʥʳʝ ʢʘʙʝʣʠ, ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʬʠʣʴʪʨʳ, ʣʘʟʝʨʥʳʡ ʠʟʣʫʯʘʪʝʣʴ. 
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Abstract: the operation of the program for performing calculations of laboratory work on physics is 

shown in article. 
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ʈʦʣʴ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ ʦʯʝʥʴ ʚʝʣʠʢʘ. ɺʦʩʧʨʠʷʪʠʷ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ 

ʦʩʥʦʚʘʥʳ ʥʘ ʙʦʣʴʰʝʤ ʠ ʙʦʣʝʝ ʨʘʟʥʦʦʙʨʘʟʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʯʫʚʩʪʚʝʥʥʳʭ ʚʧʝʯʘʪʣʝʥʠʡ ʠ ʩʪʘʥʦʚʷʪʩʷ 

ʙʦʣʝʝ ʛʣʫʙʦʢʠʤʠ ʠ ʙʦʣʝʝ ʧʦʣʥʳʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʦʩʧʨʠʷʪʠʷʤʠ ʧʨʠ ʥʘʙʣʶʜʝʥʠʠ 

ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ ʩʪʫʜʝʥʪʳ ʫʯʘʪʩʷ 

ʧʦʣʴʟʦʚʘʪʴʩʷ ʬʠʟʠʯʝʩʢʠʤʠ ʧʨʠʙʦʨʘʤʠ ʢʘʢ ʩʨʝʜʩʪʚʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʧʦʟʥʘʥʠʷ, ʧʦʣʫʯʘʶʪ 

ʥʘʚʳʢʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʥʘʫʯʥʦʝ ʪʦʣʢʦʚʘʥʠʝ ʧʦʥʷʪʠʷ ʩʪʘʥʦʚʠʪʩʷ 

ʚʦʟʤʦʞʥʳʤ ʣʠʰʴ ʧʦʩʣʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʦʟʥʘʢʦʤʣʝʥʠʷ ʩʪʫʜʝʥʪʦʚ ʩ ʷʚʣʝʥʠʷʤʠ, ʯʪʦ ʪʨʝʙʫʝʪ 

ʚʦʩʩʦʟʜʘʥʠʷ ʦʧʳʪʦʚ ʩʘʤʠʤʠ ʦʙʫʯʘʶʱʠʤʠʩʷ. ɺʳʧʦʣʥʝʥʠʝ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʫʛʣʫʙʣʝʥʠʶ ʟʥʘʥʠʡ ʩʪʫʜʝʥʪʦʚ ʧʦ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʨʘʟʜʝʣʫ ʬʠʟʠʢʠ, ʧʨʠʦʙʨʝʪʝʥʠʶ ʥʦʚʳʭ ʟʥʘʥʠʡ, 

ʦʟʥʘʢʦʤʣʝʥʠʶ ʩ ʩʦʚʨʝʤʝʥʥʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʪʝʭʥʠʢʦʡ, ʨʘʟʚʠʪʠʶ ʣʦʛʠʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ. 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ï ʥʘʧʠʩʘʪʴ ʧʨʦʛʨʘʤʤʫ ʚʳʯʠʩʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʦ ʧʦʣʫʯʝʥʥʳʤ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʘʥʥʳʤ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ çʆʧʨʝʜʝʣʝʥʠʝ ʫʩʢʦʨʝʥʠʷ ʩʠʣʳ ʪʷʞʝʩʪʠ ʩ 

ʧʦʤʦʱʴʶ ʬʠʟʠʯʝʩʢʦʛʦ ʤʘʷʪʥʠʢʘè. 

ʅʘʧʠʩʘʥʠʝ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ ï ʵʪʦ ʩʣʦʞʥʳʡ ʠ ʦʯʝʥʴ ʠʥʪʝʨʝʩʥʳʡ ʧʨʦʮʝʩʩ, 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʟʜʘʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʥʩʪʨʫʢʮʠʡ, ʚʳʧʦʣʥʷʝʤʳʭ ʢʦʤʧʴʶʪʝʨʦʤ. 

ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʳ ʥʘʯʠʥʘʝʪʩʷ ʩ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ, ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʢʦʪʦʨʦʡ ʥʫʞʥʘ 

ʤʦʜʝʣʴ. ɿʘʪʝʤ ʦʧʨʝʜʝʣʷʪʩʷ ʧʣʘʥ ʩʦʟʜʘʥʠʷ ʧʨʦʛʨʘʤʤʳ. 

ʇʣʘʥ ï ʵʪʦ ʘʣʛʦʨʠʪʤ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʦʧʠʩʳʚʘʶʪʩʷ ʵʪʘʧʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ. ɸʣʛʦʨʠʪʤʦʤ ï 

ʵʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʨʘʚʠʣ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʧʨʘʚʠʣʴʥʦʤ ʣʦʛʠʯʝʩʢʦʤ ʧʦʨʷʜʢʝ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ 

ʨʝʰʘʪʴ ʦʜʥʦʪʠʧʥʳʝ ʟʘʜʘʯʠ. 

ʉʫʱʝʩʪʚʫʶʪ ʪʨʠ ʵʪʘʧʘ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤ: 

- ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ; 

- ʩʦʩʪʘʚʣʝʥʠʝ ʤʦʜʝʣʠ; 

- ʧʣʘʥ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ. 

ʉʦʟʜʘʥʘ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʧʨʦʛʨʘʤʤʘ ʚ ʩʨʝʜʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Delphi ʥʘ ʷʟʳʢʝ Pascal ʜʣʷ 

ʧʨʦʚʝʨʢʠ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʥʠʡ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ çʆʧʨʝʜʝʣʝʥʠʝ ʫʩʢʦʨʝʥʠʷ ʩʠʣʳ ʪʷʞʝʩʪʠ ʩ 

ʧʦʤʦʱʴʶ ʬʠʟʠʯʝʩʢʦʛʦ ʤʘʷʪʥʠʢʘè (ʨʠʩ. 1, 2). 

 
ʈʠʩ. 1. ɺʠʜ ʬʦʨʤʳ ʧʨʦʛʨʘʤʤʳ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ 

 

ɺ ʬʦʨʤʝ ʚ ʩʪʨʦʢʝ ʟʘʛʦʣʦʚʢʘ ʥʘʧʠʩʘʥʘ ʪʝʤʘ. ʀʤʝʝʪʩʷ ʮʝʣʴ ʨʘʙʦʪʳ. ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʘʥʥʳʝ ʟʘʥʦʩʷʪʩʷ ʚ ʪʘʙʣʠʮʫ (ʨʠʩ. 3). ʇʦʩʣʝ ʵʪʦʛʦ ʥʫʞʥʦ ʥʘʞʘʪʴ ʢʥʦʧʢʫ çɿʘʧʦʣʥʠʪʴè 

(ʨʠʩ. 3). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʳʝ ʠʟ ʪʘʙʣʠʮʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʫʜʫʪ ʧʝʨʝʥʝʩʝʥʳ ʚ ʛʣʘʚʥʫʶ ʪʘʙʣʠʮʫ, ʛʜʝ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʝʪ ʚʳʯʠʩʣʷʪʴʩʷ ʧʝʨʠʦʜ ʢʦʣʝʙʘʥʠʡ. ɿʘʪʝʤ ʥʝʦʙʭʦʜʠʤʦ ʥʘʞʘʪʴ ʢʥʦʧʢʫ çʈʘʩʯʝʪè 

(ʨʠʩ. 4). ʇʦʷʚʷʪʩʷ ʚʳʯʠʩʣʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʨʘʙʦʪʳ (ʨʠʩ. 5). 
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ʈʠʩ. 2. ʌʦʨʤʘ ʧʨʦʛʨʘʤʤʳ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ ʧʦʩʣʝ ʥʘʞʘʪʠʷ ʢʥʦʧʢʠ çʅʘʯʘʪʴè 

 

 
ʈʠʩ. 3. ɿʘʜʘʥʠʝ ʯʠʩʣʦʚʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʧʦʩʪʨʦʠʪʩʷ ʚ ʧʨʘʚʦʤ ʚʝʨʭʥʝʤ ʫʛʣʫ ʦʢʥʘ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʊ(ʘ) (ʨʠʩ. 5). 

ɿʘʪʝʤ ʥʘʜʦ ʟʘʜʘʪʴ ʧʘʨʘʤʝʪʨʳ ʚ ʪʘʙʣʠʮʫ ʚ ʥʠʞʥʝʤ ʧʨʘʚʦʤ ʫʛʣʫ ʦʢʥʘ ʠʟ ʛʨʘʬʠʢʘ. ʅʘʞʠʤʘʝʤ 

ʣʝʚʫʶ ʢʥʦʧʢʫ ʤʳʰʠ ʠ, ʫʜʝʨʞʠʚʘʷ, ʚʝʜʝʤ ʩʚʝʨʭʫ ʚʥʠʟ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʣʝʚʘ ʥʘʧʨʘʚʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʤʘʩʰʪʘʙ ʛʨʘʬʠʢʘ, ʝʩʣʠ ʧʨʦʚʝʩʪʠ ʥʘʞʘʪʦʡ ʢʥʦʧʢʦʡ ʤʳʰʠ ʩʥʠʟʫ ʚʚʝʨʭ ʠ ʩʣʝʚʘ ʥʘʧʨʘʚʦ, 

ʪʦ ʤʘʩʰʪʘʙ ʫʤʝʥʴʰʠʪʩʷ. ʕʪʦ ʥʫʞʥʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ, ʪʘʢ ʢʘʢ ʥʘʜʦ ʧʦʣʫʯʠʪʴ ʟʥʘʯʝʥʠʷ 

ʪʦʯʝʢ ʧʝʨʝʩʝʯʝʥʠʷ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʣʠʥʠʡ ʩ ʢʨʠʚʦʡ (ʨʠʩ. 6). 
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ʈʠʩ. 4. ʂʦʧʠʨʦʚʘʥʠʝ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʪʳ ʚ ʦʩʥʦʚʥʫʶ ʪʘʙʣʠʮʫ 

 

 
ʈʠʩ. 5. ɺʳʯʠʩʣʝʥʠʝ ʥʝʦʙʭʦʜʠʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ 

 

ɿʘʪʝʤ, ʢʘʢ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ, ʥʘʞʠʤʘʝʤ çɿʘʧʦʣʥʠʪʴè, ʟʘʪʝʤ çʈʘʩʯʝʪè. ɿʘʧʦʣʥʠʪʩʷ ʚʩʷ ʣʝʚʘʷ 

ʥʠʞʥʷʷ ʪʘʙʣʠʮʘ ʧʘʨʘʤʝʪʨʘʤʠ: ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ, ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʫʩʢʦʨʝʥʠʷ 

ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ, ʘʙʩʦʣʶʪʥʘʷ ʩʣʫʯʘʡʥʘʷ ʦʰʠʙʢʘ, ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ. 
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ʕʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝ ʩʝʣʴʩʢʠʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʩʬʝʨʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʆʩʥʦʚʥʦʡ 

ʧʦʪʨʝʙʥʦʩʪʴʶ ʜʘʥʥʦʡ ʪʝʤʳ ʷʚʣʷʝʪʩʷ ʚʳʷʩʥʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʩʝʣʴʩʢʠʭ 

ʧʦʪʨʝʙʠʪʝʣʝʡ, ʨʘʟʙʦʨ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝʤ, ʘ ʪʘʢʞʝ ʧʨʝʜʣʦʞʠʪʴ ʤʝʪʦʜʳ ʧʨʠ 

ʢʦʪʦʨʦʤ ʧʨʦʙʣʝʤʳ ʙʫʜʫʪ ʤʠʥʠʤʠʟʠʨʦʚʘʥʳ, ʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʚʳʩʠʪʴʩʷ.  

ʉʝʣʴʩʢʠʝ ʩʝʪʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ, ʚ ʦʩʥʦʚʥʦʤ 

ʥʘʧʨʷʞʝʥʠʝʤ 6-10-35 ʢɺ ʩʥʘʙʞʘʝʪ ʮʝʥʪʨʘʣʠʟʠʨʦʚʘʥʥʦʝ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝ ʧʦʪʨʝʙʠʪʝʣʝʡ ʥʘ ʨʘʡʦʥʥʳʭ 

ʧʦʜʩʪʘʥʮʠʷʭ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʝʣʴʩʢʠʭ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ 

ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʬʘʢʪʦʨʳ: ʩʪʝʧʝʥʴ ʠʟʥʦʩʘ ʦʙʲʝʢʪʦʚ ʠ ʩʝʪʝʡ, ʧʦʜʩʪʘʥʮʠʠ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʙʝʟ 

ʜʝʞʫʨʥʦʛʦ ʧʝʨʩʦʥʘʣʘ, ʧʦʜʩʪʘʥʮʠʠ ʠ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʝʪʠ ʨʘʩʧʨʝʜʝʣʝʥʳ ʥʘ 

ʙʦʣʴʰʦʡ ʪʝʨʨʠʪʦʨʠʠ, ʘ ʪʘʢ ʞʝ ʥʘʭʦʜʷʪʩʷ ʚʜʘʣʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʠ ʦʪ ʜʠʩʧʝʪʯʝʨʩʢʠʭ ʧʫʥʢʪʦʚ, ʣʠʥʠʠ 
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ʦʪʭʦʜʷʱʠʝ ʦʪ ʧʦʜʩʪʘʥʮʠʡ ʚ ʦʩʥʦʚʥʦʤ ʚʦʟʜʫʰʥʳʝ, ʧʦʵʪʦʤʫ ʧʦʜʚʝʨʞʝʥʳ ʥʝʛʘʪʠʚʥʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ ʚ 

ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʚ ʦʪʣʠʯʠʝ ʦʪ ʛʦʨʦʜʩʢʠʭ ʠʣʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʦʜʩʪʘʥʮʠʡ, ʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʨʘʡʦʥʘʭ ʥʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʜʝʨʞʘʪʴ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʝʪʝʡ, ʝʩʪʴ 

ʣʠʰʴ ʚʳʝʟʜʥʘʷ ʙʨʠʛʘʜʘ ʵʣʝʢʪʨʠʢʦʚ, ʢʦʪʦʨʳʝ ʧʝʨʠʦʜʠʯʝʩʢʠ ʦʙʩʣʫʞʠʚʘʝʪ ʘʛʨʝʛʘʪʳ ʠ 

ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʝ. 

ɸʚʘʨʠʡʥʳʝ ʦʪʢʘʟʳ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʜʚʝ ʢʘʪʝʛʦʨʠʠ: ʧʨʠʨʦʜʥʦ-

ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ. 

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʧʦʚʨʝʞʜʝʥʠʡ ʠ ʚʳʚʦʜʦʚ ʠʟ ʩʪʨʦʷ ʚʦʟʜʫʰʥʳʭ ʣʠʥʠʡ ʧʨʦʠʩʭʦʜʠʪ ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʪʘʢʠʭ ʢʘʢ ʛʨʦʟʘ, ʧʦʨʳʚʳ ʚʝʪʨʘ, ʜʦʞʜʠ, ʩʥʝʛ, ʟʘʤʦʨʦʟʢʠ, 

ʩʦʣʥʝʯʥʦʝ ʠʟʣʫʯʝʥʠʝ. ʊʘʢ ʞʝ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʦʪʢʨʳʪʦ ʫʩʪʘʥʦʚʣʝʥʥʦʤʫ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʶ, ʪʘʢʠʝ 

ʢʘʢ ʨʘʟʨʷʜʥʠʢʠ, ʠʟʦʣʷʪʦʨʳ, ʨʘʟʲʝʜʠʥʠʪʝʣʠ ʦʧʦʨʳ, ʚʣʠʷʶʪ ʬʘʢʪʦʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ: ʪʝʤʧʝʨʘʪʫʨʘ, 

ʟʘʛʨʷʟʥʝʥʠʝ ʚʦʟʜʫʭ, ʙʣʠʟʢʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʢ ʦʙʲʝʢʪʘʤ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ. 

ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʬʘʢʪʦʨʳ ʦʙʫʩʣʘʚʣʠʚʘʶʪʩʷ ʜʝʬʝʢʪʦʤ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʦʢ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʝ ʧʨʘʚʠʣʴʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʘ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʤʦʥʪʘʞ, ʩʙʦʠ ʠ ʥʝʧʨʘʚʠʣʴʥʘʷ ʨʘʙʦʪʘ ʨʝʞʠʤʘ ʨʘʙʦʪʳ, ʢ ʧʦʩʣʝʜʥʝʤʫ ʦʪʥʦʩʠʪʩʷ 

ʧʝʨʝʛʨʫʟʢʠ ʵʣʝʤʝʥʪʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʦʢ, ʪʦʢʠ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ, ʨʘʟʥʳʝ ʚʠʜʳ 

ʧʝʨʝʥʘʧʨʷʞʝʥʠʷ (ʜʫʛʦʚʳʝ ʠ ʢʦʤʤʫʪʘʮʠʦʥʥʳʝ). 

ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʦʪʜʝʣʴʥʦ ʛʨʫʧʧʫ ʩʣʫʯʘʡʥʳʭ ʬʘʢʪʦʨʦʚ. ʇʦʚʨʝʞʜʝʥʠʝ ʠʣʠ ʚʳʚʦʜ ʠʟ ʩʪʨʦʷ 

ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ, ʚʦʟʜʫʰʥʳʭ ʣʠʥʠʡ ʞʠʚʦʪʥʳʤʠ ʠ ʧʪʠʮʘʤʠ, ʥʘʝʟʜ, ʥʝʩʯʘʩʪʥʳʝ ʩʣʫʯʘʠ, ʩʚʷʟʘʥʥʳʝ 

ʩ ʪʨʘʥʩʧʦʨʪʦʤ, ʧʦʞʘʨʳ, ʧʘʜʝʥʠʝ ʚʝʪʦʢ ʠʣʠ ʜʝʨʝʚʴʝʚ.  

ʉʪʠʭʠʡʥʳʝ ʷʚʣʝʥʠʷ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʪʷʞʝʣʳʭ ʬʘʢʪʦʨʦʚ ʧʦ ʩʚʦʠʤ ʧʦʩʣʝʜʩʪʚʠʷʤ, ʪʘʢ ʢʘʢ 

ʧʨʠʚʦʜʷʪ ʢ ʤʘʩʩʦʚʳʤ ʘʚʘʨʠʷʤ. ʉʚʷʟʘʥʦ ʵʪʦ ʩ ʪʝʤ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʝ ʵʣʝʢʪʨʦʩʝʪʠ 6-10 ʢɺ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʳʜʝʨʞʠʚʘʶʪ ʣʶʙʳʭ ʩʪʠʭʠʡʥʳʭ ʷʚʣʝʥʠʡ. ʀʟ-ʟʘ ʵʪʦʛʦ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʝ 

ʵʣʝʢʪʨʦʩʝʪʠ ʦʪʢʣʶʯʘʶʪʩʷ ʥʘ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ, ʯʪʦ ʫʭʫʜʰʘʝʪ ʵʥʝʨʛʦʦʙʝʩʧʝʯʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ 

ʩʠʩʪʝʤʘʤʠ ʠ ʩʝʪʷʤʠ. 

ɽʩʣʠ ʦʧʠʨʘʪʴʩʷ ʥʘ ʦʧʳʪ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʪʦ ʧʦʚʨʝʞʜʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ ʠʤʝʶʪ ʩʝʟʦʥʥʳʡ 

ʭʘʨʘʢʪʝʨ. ʅʘʧʨʠʤʝʨ - ʧʘʜʝʥʠʝ ʜʝʨʝʚʴʝʚ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʦʩʝʥʥʝ-ʣʝʪʥʠʡ ʧʝʨʠʦʜ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 

70% ʩʣʫʯʘʝʚ. ʉʢʦʨʦʩʪʴ ʚʝʪʨʘ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʨʝʞʜʝʥʠʶ ʯʘʱʝ ʚʩʝʛʦ ʚʝʩʥʦʡ ʠ ʦʩʝʥʴʶ, ʚ ʧʨʝʜʝʣʘʭ 85%. 

ɸʚʘʨʠʡʥʳʝ ʩʠʪʫʘʮʠʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʘʢʪʠʚʥʳʤ ʧʝʨʝʣʝʪʦʤ ʧʪʠʮ, ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʚʝʩʥʫ ʠ ʦʩʝʥʴ, 93%. ɺʦ 

ʚʨʝʤʷ ʧʦʩʝʚʥʳʭ ʩʝʟʦʥʦʚ ʧʦʚʳʰʘʶʪʩʷ ʧʦʚʨʝʞʜʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʪʨʘʥʩʧʦʨʪʦʤ ʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ 

ʧʦʚʨʝʞʜʝʥʠʷʤʠ. 

ʆʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʚʦʟʜʫʰʥʳʭ ʣʠʥʠʡ: 

ʆʪʢʣʦʥʝʥʠʝ ʩʪʦʝʢ ʢʘʢ ʚʜʦʣʴ ʪʘʢ ʠ ʧʦʧʝʨʸʢ ʚʦʟʜʫʰʥʳʭ ʣʠʥʠʡ, ʯʪʦ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʦʨʤʘʤ 

ʦʪʢʣʦʥʝʥʠʷ ʧʨʦʝʢʪʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʦʧʦʨ. ʢʦʨʨʦʟʠʷ ʦʧʦʨ, ʜʝʬʦʨʤʘʮʠʷ ʠʭ ʵʣʝʤʝʥʪʦʚ, ʩʚʘʨʥʳʭ ʰʚʦʚ, 

ʨʘʟʙʘʣʪʳʚʘʥʠʝ ʠ ʦʩʣʘʙʣʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ, ʨʘʟʨʫʰʝʥʠʝ ʟʘʱʠʪʥʦʛʦ ʧʦʢʨʳʪʠʷ, ʧʦʚʨʝʞʜʝʥʠʝ 

ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʡ, ʪʨʝʱʠʥʳ, ʱʝʣʠ, ʩʤʝʱʝʥʠʝ ʠ ʜʝʬʦʨʤʘʮʠʷ ʢʘʨʢʘʩʘ, ʨʞʘʚʯʠʥʘ ʤʝʪʘʣʣʘ, 

ʦʩʣʘʙʣʝʥʠʝ ʥʘʪʷʞʝʥʠʷ ʪʨʦʩʦʚʳʭ ʦʪʪʷʞʝʢ, ʥʘʣʠʯʠʝ ʥʘ ʦʧʦʨʘʭ ʧʦʩʪʦʨʦʥʥʠʭ ʩʦʦʨʫʞʝʥʠʡ, ʪʘʢʠʭ ʢʘʢ 

ʧʪʠʯʴʠ ʛʥʸʟʜʘ.  

ʉʦʩʪʦʷʥʠʷ ʧʨʦʚʦʜʦʚ ʠ ʪʨʦʩʦʚ ʠʤʝʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʥʝʠʩʧʨʘʚʥʦʩʪʠ: ʨʘʩʧʣʝʪʝʥʠʝ ʧʨʦʚʦʜʘ, 

ʥʘʣʠʯʠʝ ʦʙʦʨʚʘʥʥʳʭ ʧʨʦʚʦʣʦʢ, ʩʣʝʜʳ ʦʧʣʘʚʣʝʥʠʷ. 

ʉʦʩʪʦʷʥʠʝ ʟʘʟʝʤʣʷʶʱʠʭ ʫʩʪʨʦʡʩʪʚ: ʦʙʨʳʚ ʠʣʠ ʧʦʚʨʝʞʜʝʥʠʝ ʟʘʟʝʤʣʷʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʥʘ 

ʦʧʦʨʝ ʠʣʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʫ ʟʝʤʣʠ, ʩʣʘʙʳʡ ʢʦʥʪʘʢʪ ʙʦʣʪʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʪʨʦʩʘ ʩ ʦʧʦʨʦʡ, 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʟʘʟʝʤʣʠʪʝʣʝʡ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʟʝʤʣʠ. 

ɼʣʷ ʧʦʜʜʝʨʞʢʠ ʧʨʝʜʧʨʠʷʪʠʡ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʵʣʝʢʪʨʦʩʝʪʝʡ, ʥʫʞʥʦ ʫʯʠʪʳʚʘʪʴ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʚʦʝʚʨʝʤʝʥʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʥʬʦʨʤʘʪʠʚʥʳʝ ʤʦʜʝʣʠ ʵʣʝʤʝʥʪʦʚ ʩʝʪʝʡ, 

ʯʪʦ ʧʦʤʦʛʘʝʪ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ. ʉʪʨʘʪʝʛʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʦʣʞʥʘ 

ʫʯʠʪʳʚʘʪʴ ʤʘʩʰʪʘʙʥʦʝ ʩʪʘʨʝʥʠʝ ʩʝʪʝʚʦʛʦ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʥʘ ʥʦʚʳʝ 

ʨʘʟʨʘʙʦʪʢʠ ʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. ʇʨʠʤʝʨʦʤ ʤʦʞʝʪ ʧʦʩʣʫʞʠʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʡʨʦʩʝʪʝʚʳʭ ʤʝʪʦʜʦʚ 

ʫʧʨʘʚʣʝʥʠʷ ʦʮʝʥʢʠ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʦʤʧʣʝʢʩʘ ʧʨʝʜʧʨʠʷʪʠʡ. ʊʘʢʠʝ ʤʝʪʦʜʳ ʠ 

ʤʝʨʦʧʨʠʷʪʠʷ ʤʦʛʫʪ ʧʦʚʳʩʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʵʣʝʢʪʨʦʩʝʪʝʡ ʠ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʝ 

ʧʦʪʨʝʙʠʪʝʣʝʡ. 
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Abstract: This article discusses the principles of automation of greenhouse management using 

microprocessor control. Since a large part of our country has severe and long winters, often warm summers 

are not enough for growing plants in the open ground, in this regard, this topic is relevant for agriculture in 

general. 
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ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʪʝʧʣʠʯʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʦʩʥʦʚʘʥʦ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʵʪʘʧʘʭ: ʚʳʙʦʨ ʚʳʨʘʱʠʚʘʝʤʦʡ ʢʫʣʴʪʫʨʳ, ʚʳʙʦʨ ʪʝʧʣʠʮʳ ʠʣʠ ʩʝʢʪʦʨʘ ʢʦʪʦʨʳʡ 

ʥʝʦʙʭʦʜʠʤʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ, ʚʳʙʦʨ ʜʘʪʯʠʢʦʚ ʜʣʷ ʩʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ, ʚʳʙʦʨ ʢʦʥʪʨʦʣʝʨʘ ʜʣʷ ʩʙʦʨʘ 

ʠʥʬʦʨʤʘʮʠʠ ʩ ʜʘʪʯʠʢʦʚ, ʫʩʪʨʦʡʩʪʚʦ ʫʧʨʘʚʣʝʥʠʷ ʚ ʢʦʪʦʨʦʤ ʙʫʜʝʪ ʧʨʦʧʠʩʘʥʘ ʧʨʦʛʨʘʤʤʘ ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʦʮʝʩʩʘʤʠ ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʳ ʚ ʪʝʧʣʠʮʝ ʠʣʠ ʩʝʢʪʦʨʝ, ʦʧʝʨʘʪʦʨ ʠ ʩʝʨʚʝʨ ʜʘʥʥʳʭ. 

ʊʘʢ ʢʘʢ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʤʥʦʛʦ, ʠ ʦʥʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʧʣʠʯʥʦʛʦ 

ʭʦʟʷʡʩʪʚʘ, ʚʳʨʘʱʠʚʘʝʤʳʭ ʢʫʣʴʪʫʨ ʠ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʪʦʤ ʠʣʠ ʠʥʦʤ ʧʨʦʮʝʩʩʝ, ʝʩʪʴ ʧʨʠʥʮʠʧ, ʧʦ 

ʢʦʪʦʨʦʤʫ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦʜʙʦʨ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʪʝʧʣʠʮʳ ʠʣʠ ʥʝʦʙʭʦʜʠʤʦʛʦ ʩʝʢʪʦʨʘ ʚ ʥʝʡ. 

ʆʩʥʦʚʥʳʝ ʜʘʪʯʠʢʠ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ: ʜʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʳ (ʩʥʘʨʫʞʠ ʠ ʚʥʫʪʨʠ ʪʝʧʣʠʮʳ), 

ʜʘʪʯʠʢ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ ʠ ʧʦʯʚʳ, ʜʘʪʯʠʢʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʘʟʦʚ ʚʥʫʪʨʠ ʪʝʧʣʠʮʳ ʠʣʠ ʩʝʢʪʦʨʘ, ʜʘʪʯʠʢ 

ʦʩʚʝʱʸʥʥʦʩʪʠ ʚʥʫʪʨʠ ʠ ʩʥʘʨʫʞʠ ʪʝʧʣʠʮʳ. ʕʪʦ ʦʩʥʦʚʥʳʝ ʜʘʪʯʠʢʠ, ʧʦ ʜʘʥʥʳʤ ʢʦʪʦʨʳʭ 

ʤʠʢʨʦʧʨʦʮʝʩʩʦʨ ʠʣʠ ʦʧʝʨʘʪʦʨ ʙʫʜʝʪ ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʷ ʠ ʚʳʧʦʣʥʷʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʜʝʡʩʪʚʠʷ. 

ʊʘʢ ʞʝ ʜʣʷ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʤʝʱʝʥʳ ʩʣʝʜʫʶʱʠʝ ʜʘʪʯʠʢʠ: ʜʘʪʯʠʢʠ 

ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʠ, ʜʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʳ ʞʠʜʢʦʩʪʠ, ʬʦʪʦʬʠʢʩʘʮʠʷ ʠ ʧʨʦʯʠʝ ʜʘʪʯʠʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ. 

ʆʩʥʦʚʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ ʪʝʧʣʠʮʝ: ʦʩʚʝʱʝʥʠʝ, ʧʦʣʠʚ, ʥʘʛʨʝʚ, 

ʧʨʦʚʝʪʨʠʚʘʥʠʝ. ʕʪʠ ʯʝʪʳʨʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʤʝʶʪ ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʤʠʢʨʦʢʣʠʤʘʪ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʥʘ ʨʘʟʚʠʪʠʝ ʢʫʣʴʪʫʨ, ʚʳʨʘʱʠʚʘʝʤʳʭ ʚ ʪʝʧʣʠʮʘʭ. 

ɺʪʦʨʦʩʪʝʧʝʥʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʤʦʛʫʪ ʙʳʪʴ: ʫʩʪʨʦʡʩʪʚʘ ʟʘʢʘʯʢʠ ʚʦʜʳ ʚ ʸʤʢʦʩʪʠ, ʵʪʦ 

ʥʝʦʙʭʦʜʠʤʦ ʚ ʪʝʭ ʭʦʟʷʡʩʪʚʘ, ʛʜʝ ʧʨʠʤʝʥʷʶʪ ʩʢʚʘʞʠʥʳ ʜʣʷ ʜʦʙʳʯʠ ʚʦʜʳ, ʫʩʪʨʦʡʩʪʚʘ ʧʦʜʛʦʪʦʚʢʠ 

ʨʘʩʪʚʦʨʦʚ (ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʘʜʘʭ), ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʥʳʭ ʪʠʧʦʚ ʣʘʤʧ ʩ ʨʘʟʥʳʤʠ ʠʟʣʫʯʘʝʤʳʤʠ 

ʜʣʠʥʘʤʠ ʚʦʣʥ. 

ɼʘʣʴʥʝʡʰʘʷ ʠʥʬʦʨʤʘʮʠʷ ʩ ʜʘʪʯʠʢʦʚ ʧʦʧʘʜʘʝʪ ʚ ʢʦʥʪʨʦʣʝʨ, ʚ ʢʦʪʦʨʦʤ ʠʥʬʦʨʤʘʮʠʷ ʜʘʪʯʠʢʦʚ 

ʭʨʘʥʠʪʩʷ ʚ ʙʫʬʝʨʝ ʜʦ 24 ʯʘʩʦʚ ʘʚʪʦʥʦʤʥʦʡ ʨʘʙʦʪʳ. ɺʪʦʨʦʩʪʝʧʝʥʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʤʦʛʫʪ ʙʳʪʴ: 

ʫʩʪʨʦʡʩʪʚʘ ʟʘʢʘʯʢʠ ʚʦʜʳ ʚ ʸʤʢʦʩʪʠ, ʵʪʦ ʥʝʦʙʭʦʜʠʤʦ, ʚ ʪʝʭ ʭʦʟʷʡʩʪʚʘʭ, ʛʜʝ ʧʨʠʤʝʥʷʶʪ ʩʢʚʘʞʠʥʳ ʜʣʷ 

ʜʦʙʳʯʠ ʚʦʜʳ, ʫʩʪʨʦʡʩʪʚʘ ʧʦʜʛʦʪʦʚʢʠ ʨʘʩʪʚʦʨʦʚ (ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʘʜʘʭ), ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʥʳʭ ʪʠʧʦʚ 

ʣʘʤʧ ʩ ʨʘʟʥʳʤʠ ʠʟʣʫʯʘʝʤʳʤʠ ʜʣʠʥʘʤʠ ʚʦʣʥ. 

ʇʦʜʢʣʶʯʝʥʠʝ ʜʘʪʯʠʢʦʚ ʠ ʫʩʪʨʦʡʩʪʚ. ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʜʘʪʯʠʢʦʚ ʠ ʫʩʪʨʦʡʩʪʚ ʫʧʨʘʚʣʝʥʠʷ ʤʦʞʥʦ 

ʧʦʜʢʣʶʯʠʪʴ ʢ ʢʦʥʪʨʦʣʣʝʨʫ, ʪʘʢ ʢʘʢ ʢʦʥʪʨʦʣʝʨ ʠʤʝʝʪ ʤʦʜʫʣʴʥʦʩʪʴ ʢ ʧʦʜʢʣʶʯʘʝʤʳʤ ʫʩʪʨʦʡʩʪʚʘʤ ʠ 

ʜʘʪʯʠʢʘʤ. ʉʠʩʪʝʤʘ ʤʦʞʝʪ ʩʦʩʪʦʷʪʴ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʢʦʥʪʨʦʣʣʝʨʦʚ, ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʦʥʘ ʨʘʩʰʠʨʷʝʪʩʷ ʥʘ 

ʫʨʦʚʥʝ ʩʘʤʠʭ ʢʦʥʪʨʦʣʣʝʨʦʚ. 

 
ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʫʧʨʘʚʣʝʥʠʷ ʤʠʢʨʦʢʣʠʤʘʪʦʤ ʪʝʧʣʠʮʳ 

 

ʉʝʨʚʝʨ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʩʦʙʠʨʘʝʪ ʜʘʥʥʳʝ ʩ ʢʦʥʪʨʦʣʣʝʨʘ ʠʣʠ ʢʦʥʪʨʦʣʣʝʨʦ,ʚ ʝʩʣʠ ʠʭ 

ʙʦʣʝʝ ʦʜʥʦʛʦ, ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʠ ʠ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ. ʀʥʬʦʨʤʘʮʠʷ ʩʝʨʚʝʨʘ 

ʚʠʟʫʘʣʠʟʠʨʫʝʪʩʷ ʥʘ ʢʦʤʧʴʶʪʝʨʝ ʦʧʝʨʘʪʦʨʘ ʩ ʧʦʤʦʱʴʶ ʇʆ, ʦʧʝʨʘʪʦʨ ʤʦʞʝʪ ʥʘʩʪʨʘʠʚʘʪʴ ʠ 

ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʥʘʩʪʨʦʡʢʠ ʩʠʩʪʝʤʳ, ʪʘʢʞʝ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʪʝ ʠʣʠ ʠʥʳʝ ʠʟʤʝʥʝʥʠʷ 

ʤʠʢʨʦʢʣʠʤʘʪʘ ʪʝʧʣʠʮʳ ʠʣʠ ʩʝʢʪʦʨʘ, ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ. ʊʘʢʞʝ ʚ ʩʠʩʪʝʤʝ ʧʨʝʜʫʩʤʦʪʨʝʥʘ 

ʩʘʤʦʜʠʘʛʥʦʩʪʠʢʘ ʠ ʩʘʤʦʦʙʫʯʝʥʠʝ ʥʘ ʦʩʥʦʚʝ ʩʦʙʨʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʅʘʣʠʯʠʝ web-ʩʝʨʚʝʨʘ ʩ Wi-Fi 

ʤʦʞʝʪ ʧʦʟʚʦʣʠʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʣʘʥʰʝʪʳ ʠʣʠ ʤʦʙʠʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʨʘʙʦʪʳ 

ʩʠʩʪʝʤʳ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʜʘʣʝʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʩʠʩʪʝʤʦʡ. ʉ ʜʘʥʥʦʡ 

ʩʠʩʪʝʤʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʪʝʧʣʠʮʳ, ʤʦʞʥʦ ʫʧʨʘʚʣʷʪʴ ʣʶʙʳʤ ʫʩʪʨʦʡʩʪʚʦʤ, ʢʦʪʦʨʦʝ ʫʩʪʘʥʦʚʣʝʥʦ ʚ 

ʪʝʧʣʠʮʝ. 
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ʀʩʭʦʜʷ ʠʟ ʧʨʦʚʝʜʸʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʪʝʧʣʠʯʥʦʛʦ 

ʭʦʟʷʡʩʪʚʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ ʚʳʨʘʱʠʚʘʝʤʳʭ 

ʢʫʣʴʪʫʨ, ʨʘʟʤʝʨʦʚ ʩʘʤʦʛʦ ʪʝʧʣʠʯʥʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʘ ʪʘʢʞʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ. 
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ʀʨʢʫʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɸ.ɸ. ɽʞʝʚʩʢʦʛʦ, ʀʨʢʫʪʩʢ, ʈʦʩʩʠʷ 

altukhigor@yandex.ru 

 

ɸʥʥʦʪʘʮʠʷ: ʚ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʪʦʤʘʪʥʦʝ ʩʳʨʴʝ ʷʚʣʷʝʪʩʷ ʚʦʩʪʨʝʙʦʚʘʥʥʦʡ ʢʫʣʴʪʫʨʦʡ 

ʚʩʣʝʜʩʪʚʠʝ ʧʠʪʘʪʝʣʴʥʳʭ ʠ ʚʢʫʩʦʚʳʭ ʢʘʯʝʩʪʚ. ʊʦʤʘʪʳ ʢʦʥʩʝʨʚʠʨʫʶʪ, ʤʘʨʠʥʫʶʪ, ʙʦʣʴʰʠʥʩʪʚʦ 

ʪʦʤʘʪʦʚ ʠʜʝʪ ʥʘ ʚʳʨʘʙʦʪʢʫ ʢʝʪʯʫʧʦʚ, ʩʦʫʩʦʚ, ʧʘʩʪ, ʩʦʢʦʚ. ʆʜʥʘʢʦ, ʜʣʠʪʝʣʴʥʦʝ ʭʨʘʥʝʥʠʝ ʪʦʤʘʪʦʚ 

ʦʩʪʘʝʪʩʷ ʧʨʦʙʣʝʤʦʡ ʜʦ ʩʠʭ ʧʦʨ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʦʠʩʢʠ ʨʝʰʝʥʠʡ ʤʥʦʛʠʤʠ ʫʯʝʥʳʤʠ. ɺ ʵʪʦʡ ʦʙʣʘʩʪʠ 

ʧʨʦʚʝʜʝʥʘ ʤʘʩʩʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʥʦ ʝʜʠʥʦʛʦ ʤʥʝʥʠʷ ʪʘʢ ʠ ʥʝ ʫʜʘʣʦʩʴ ʜʦʩʪʠʛʥʫʪʴ, ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʪʦʤʘʪʦʚ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʠ ʤʝʪʦʜʠʢʠ. ʏʪʦʙʳ 

ʜʦʩʪʠʯʴ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʥʘ ʩʦʭʨʘʥʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʠʪʘʪʝʣʴʥʳʭ 

ʚʝʱʝʩʪʚ, ʚʢʫʩʦʚʳʭ ʢʘʯʝʩʪʚ ʠ ʩʧʦʩʦʙʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʝʨʝʨʘʙʦʪʘʥʥʳʭ ʪʦʤʘʪʦʚ ʚ ʢʫʣʠʥʘʨʠʠ, 

ʩʦʭʨʘʥʝʥʠʝ ʪʦʚʘʨʥʦʛʦ ʚʠʜʘ ʠ ʫʜʣʠʥʝʥʠʝ ʩʨʦʢʦʚ ʭʨʘʥʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ ʤʝʪʦʜʠʢʫ, 

ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʧʨʠʥʮʠʧʘʭ ʧʝʨʝʜʦʚʳʭ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʠ ʩʫʰʢʠ ʪʦʤʘʪʦʚ 

ʛʣʘʚʥʦʝ ï ʦʧʨʝʜʝʣʠʪʴ ʧʦʩʪʦʷʥʥʫʶ ʚʝʣʠʯʠʥʫ ʚʨʝʤʝʥʠ ʥʘʛʨʝʚʘ, ʢʦʪʦʨʘʷ ʜʘʩʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʳʭ ʨʝʞʠʤʦʚ ʦʙʨʘʙʦʪʢʠ ʠ ʩʫʰʢʠ ʪʦʤʘʪʦʚ ʩ ʫʯʝʪʦʤ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʜʫʢʪʘ. ʈʘʩʩʤʘʪʨʠʚʘʷ ʧʨʠʤʝʥʷʝʤʳʝ ʨʝʞʠʤʳ ʠʤʧʫʣʴʩʥʦʡ 

ʠʥʬʨʘʢʨʘʩʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʩʫʰʢʠ ʪʦʤʘʪʦʚ, ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʧʦʜʚʦʜʘ ʵʥʝʨʛʠʠ ʩʪʘʚʷʪ ʚ 

ʧʨʷʤʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʧʘʨʘʤʝʪʨʳ ʫʨʦʚʥʝʡ ʩʦʜʝʨʞʘʥʠʷ ʚʣʘʛʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʜʫʢʪʘ, ʧʦʢʘʟʳʚʘʝʪ, ʢʘʢ 

ʧʨʦʠʩʭʦʜʠʪ ʙʠʦʪʝʭʥʠʯʝʩʢʠʡ ʥʘʛʨʝʚ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʟʥʘʯʝʥʠʷ ʫʨʦʚʥʷ ʧʦʜʚʦʜʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʝʞʠʤ, ʪʦʤʘʪʳ, ʩʫʰʢʘ, ʠʥʬʨʘʢʨʘʩʥʦʝ ʠʟʣʫʯʝʥʠʝ, ʠʥʥʦʚʘʮʠʦʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ, ʥʘʛʨʝʚ, ʙʠʦʪʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ. 
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Abstract: in the food industry, raw tomato is a popular crop due to its nutritional and taste qualities. 

Tomatoes are canned, pickled, most tomatoes are used for the production of ketchups, sauces, pastes, juices. 

However, long-term storage of tomatoes remains a problem until now, despite the search for solutions by 
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many scientists. A lot of research and experiments have been carried out in this area, but a consensus has not 

been achieved, currently various methods and techniques are used for processing tomatoes. To achieve this 

goal, aimed at preserving the maximum amount of nutrients, taste and the ability to use processed tomatoes 

in cooking, preserving the presentation and lengthening shelf life, it is necessary to apply a methodology 

based on the principles of advanced innovative technologies. For the processing and drying of tomatoes, the 

main thing is to determine the constant value of the heating time, which will make it possible to use effective 

modes of processing and drying of tomatoes, taking into account the thermophysical properties and 

geometric parameters of the product. Considering the applied modes of pulsed infrared processing and 

drying of tomatoes, it can be noted that the values of the energy supply directly correlate the parameters of 

the moisture content and temperature of the product, shows how biotechnical heating occurs when the value 

of the supply level decreases. 

Key words: mode, tomatoes, drying, infrared radiation, innovative technologies, heating, 

biotechnical conditions. 

ɺʚʝʜʝʥʠʝ 

ʉʚʝʞʠʝ ʪʦʤʘʪʳ ʦʯʝʥʴ ʚʦʩʧʨʠʠʤʯʠʚʳ ʢ ʧʝʨʝʧʘʜʘʤ ʪʝʤʧʝʨʘʪʫʨ. ɺʦ ʚʨʝʤʷ ʩʚʦʝʛʦ ʩʦʟʨʝʚʘʥʠʷ 

ʦʥʠ ʪʨʝʙʫʶʪ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʦʪ ʵʪʦʛʦ ʟʘʚʠʩʠʪ ʩʨʦʢ ʠʭ ʭʨʘʥʝʥʠʷ. 

ʇʦʣʥʦʩʪʴʶ ʩʦʟʨʝʚʰʠʝ ʪʦʤʘʪʳ ʤʦʞʥʦ ʩʦʭʨʘʥʠʪʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 10
ʦ
ʉ ʧʨʠ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ 90-

95%, ʚ ʪʝʯʝʥʠʝ 10 ʜʥʝʡ. ɽʩʣʠ ʧʦʜʜʝʨʞʠʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʦʪ ʦ ʜʦ 1,5
ʦ
ʉ, ʪʦ ʩʚʝʞʠʝ ʪʦʤʘʪʳ ʤʦʛʫʪ 

ʧʨʦʜʝʨʞʘʪʴʩʷ ʦʢʦʣʦ ʪʨʝʭ ʥʝʜʝʣʴ. ʇʦʵʪʦʤʫ ʩʚʝʞʠʝ ʪʦʤʘʪʳ ʩʦʭʨʘʥʠʪʴ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʥʝ ʫʜʘʩʪʩʷ, 

ʵʪʦ ʩʢʦʨʦʧʦʨʪʷʱʠʡʩʷ ʧʨʦʜʫʢʪ. ɼʣʷ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʦʛʦ ʩʨʦʢʘ ʭʨʘʥʝʥʠʷ ʩʚʝʞʠʝ ʪʦʤʘʪʳ ʧʦʜʚʝʨʛʘʶʪʩʷ 

ʧʝʨʝʨʘʙʦʪʢʝ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ: ʢʦʥʩʝʨʚʠʨʦʚʘʥʠʝʤ, ʤʘʨʠʥʦʚʘʥʠʝʤ, ʧʨʠʛʦʪʦʚʣʝʥʠʝʤ ʢʝʪʯʫʧʦʚ, 

ʩʦʫʩʦʚ, ʧʘʩʪ ʠ ʪʦʤʘʪʥʦʛʦ ʩʦʢʘ. 

ʉʘʤʳʤ ʵʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʩʦʭʨʘʥʝʥʠʷ ʪʦʤʘʪʦʚ ʷʚʣʷʝʪʩʷ ʩʫʰʢʘ ʠʣʠ ʚʷʣʝʥʠʝ ʪʦʤʘʪʦʚ. 

ʕʪʦʤʫ ʩʧʦʩʦʙʫ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʫʜʝʣʷʶʪ ʦʯʝʥʴ ʤʘʣʦ ʚʥʠʤʘʥʠʷ, ʭʦʪʷ ʩʫʰʝʥʳʝ ʪʦʤʘʪʳ ʘʨʦʤʘʪʥʳ, 

ʚʢʫʩʥʳ ʠ ʩʦʭʨʘʥʷʶʪ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ. ʉʫʰʝʥʳʝ ʪʦʤʘʪʳ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ 

ʚʳʨʘʙʦʪʢʠ ʧʦʨʦʰʢʦʚ ʠ ʧʨʠʧʨʘʚ, ʢʦʪʦʨʳʝ ʜʦʙʘʚʣʷʶʪʩʷ ʚ ʧʠʱʫ, ʜʝʣʘʷ ʝʝ ʧʦʣʝʟʥʝʡ ʠ ʚʢʫʩʥʝʝ. ʊʦʤʘʪʳ 

ʧʝʨʝʨʘʙʘʪʳʚʘʶʪ ʮʝʣʳʤʠ ʠ ʥʘʨʝʟʘʥʥʳʤʠ ʥʘ ʜʦʣʴʢʠ, ʧʦʣʦʩʢʠ, ʢʫʩʦʯʢʠ. ɺʷʣʝʥʳʝ ʪʦʤʘʪʳ ʭʨʘʥʷʪ ʚ 

ʫʧʘʢʦʚʢʘʭ, ʟʘʣʠʚʘʶʪ ʠʭ ʤʘʩʣʦʤ, ʜʦʙʘʚʣʷʷ ʪʨʘʚʳ ʠ ʩʧʝʮʠʠ.  

ɺʳʩʫʰʝʥʥʳʝ ʩʦʛʣʘʩʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ ʪʦʤʘʪʳ ʠʤʝʶʪ ʦʪʣʠʯʥʳʡ ʚʢʫʩ ʩ 

ʩʦʭʨʘʥʝʥʠʝʤ ʩʚʦʠʭ ʮʝʥʥʳʭ ʩʚʦʡʩʪʚ, ʘ ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʪʦʤʘʪʘʭ ʚʠʪʘʤʠʥʳ ʠ ʢʘʨʦʪʠʥʳ ʙʦʣʝʝ ʧʦʣʥʦ 

ʫʩʚʘʠʚʘʶʪʩʷ ʯʝʣʦʚʝʢʦʤ. ɼʘ ʢ ʪʦʤʫ ʞʝ, ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʠʦʙʨʝʪʘʪʴ ʜʦʨʦʛʦʩʪʦʷʱʠʝ ʭʦʣʦʜʠʣʴʥʳʝ 

ʢʘʤʝʨʳ ʠ ʟʘʜʫʤʳʚʘʪʴʩʷ ʦ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʧʨʦʜʫʢʪʘ ʢ ʤʝʩʪʫ ʥʘʟʥʘʯʝʥʠʷ.  

ʉʫʰʢʝ ʧʦʜʣʝʞʘʪ ʩʧʝʣʳʝ, ʥʝʢʨʫʧʥʳʝ ʪʦʤʘʪʳ ʩ ʧʣʦʪʥʦʡ ʤʷʢʦʪʴʶ, ʩʦʟʨʝʚʰʠʝ ʥʘ ʩʦʣʥʮʝ, ʪ.ʢ. 

ʪʘʢʠʝ ʪʦʤʘʪʳ ʠʤʝʶʪ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʡ ʘʨʦʤʘʪ ʠ ʩʦʜʝʨʞʘʪ ʤʝʥʴʰʝ ʩʦʢʘ ʠ ʩʝʤʷʥ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʦʥʠ 

ʚʳʩʫʰʠʚʘʶʪʩʷ ʙʳʩʪʨʝʝ ʠ ʵʬʬʝʢʪʠʚʥʝʝ.  

ʇʨʠʤʝʥʝʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʫʰʢʠ ʪʦʤʘʪʦʚ 

ʉʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʧʦʣʠʪʠʢʘ ʥʘʮʝʣʝʥʘ ʥʘ ʨʦʩʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʝʨʝʨʘʙʦʪʢʠ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʪʦʤʘʪʦʚ [1]. ʕʪʦ ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʧʫʪʝʤ ʚʥʝʜʨʝʥʠʷ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ ʠ ʩʫʰʢʠ ʪʦʤʘʪʦʚ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʦʤʫ 

ʩʨʦʢʫ ʭʨʘʥʝʥʠʷ ʠ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʤʝʥʴʰʝʥʠʶ ʧʦʪʝʨʴ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ.  

ʇʝʨʝʨʘʙʦʪʢʘ ʪʦʤʘʪʦʚ ʜʦʣʞʥʘ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʢʦʤʧʣʝʢʩʥʦ, ʪʦʛʜʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴ ʧʦʣʫʯʠʪ 

ʧʨʦʜʫʢʪʳ ʚʳʩʰʝʛʦ ʢʘʯʝʩʪʚʘ. ɺ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʪʦʤʘʪʥʦʛʦ ʩʳʨʴʷ ʥʘʭʦʜʷʪʩʷ 

ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʨʘʟʨʘʙʦʪʢʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʬʠʟʠʯʝʩʢʠʭ, ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʧʦʩʦʙʦʚ 

ʧʝʨʝʨʘʙʦʪʢʠ ʠ ʩʫʰʢʠ ʪʦʤʘʪʦʚ, ʘ ʪʘʢʞʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʝʨʝʜʦʚʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ. 

ʇʨʠ ʧʨʠʤʝʥʝʥʠʠ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʙʨʘʙʦʪʘʥʥʦʝ ʩʳʨʴʝ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʭʨʘʥʷʝʪ 

ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʮʝʥʥʦʩʪʴ. ʂʦʥʝʯʥʳʡ ʧʨʦʜʫʢʪ ʧʝʨʝʨʘʙʦʪʢʠ ʩʦʜʝʨʞʠʪ ʚʳʩʦʢʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʣʠʢʦʧʠʥʘ ï ʵʪʦ ʘʥʠʦʢʩʠʜʘʥʪ, 

ʷʚʣʷʶʱʠʡʩʷ ʛʣʘʚʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʚ ʪʦʤʘʪʘʭ ʠ ʙʣʘʛʦʧʨʠʷʪʥʦ ʜʝʡʩʪʚʫʶʱʠʡ ʥʘ ʩʝʨʜʮʝ ʠ ʩʦʩʫʜʠʩʪʫʶ 

ʩʠʩʪʝʤʫ ʯʝʣʦʚʝʢʘ; ɓ-ʢʘʨʦʪʠʥʘ ï ʵʪʦ ʚʠʪʘʤʠʥ, ʧʨʦʪʠʚʦʜʝʡʩʪʚʫʶʱʠʡ ʦʪʣʦʞʝʥʠʶ ʭʦʣʝʩʪʝʨʠʥʘ ʚ 

ʩʦʩʫʜʘʭ ʠ ʷʚʣʷʶʱʠʡʩʷ ʧʨʦʬʠʣʘʢʪʠʢʦʡ ʘʪʝʨʦʩʢʣʝʨʦʟʘ;  ʚʠʪʘʤʠʥʘ ʉ, ʟʘʱʠʱʘʶʱʠʡ ʦʨʛʘʥʠʟʤ ʦʪ 

ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʧʦʚʨʝʞʜʝʥʠʡ; ʧʦʣʠʬʝʥʦʣʦʚ ï ʵʪʦ ʢʘʪʝʛʦʨʠʷ ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʳʝ  ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ 

ʨʘʩʪʠʪʝʣʴʥʦʡ ʧʠʱʝ ʠ ʧʨʦʪʠʚʦʩʪʦʷʪ ʨʘʟʚʠʪʠʶ ʤʥʦʛʠʭ ʟʘʙʦʣʝʚʘʥʠʡ; ʠ ʬʣʘʚʦʥʦʠʜʦʚ - ʛʨʫʧʧʘ ʚʝʱʝʩʪʚ, ʦ 

ʢʦʪʦʨʦʡ ʤʘʣʦ ʢʪʦ ʟʥʘʝʪ, ʥʦ ʦʥʘ ʦʯʝʥʴ ʚʘʞʥʘ ʜʣʷ ʥʘʩ ʢʘʢ ʘʥʪʠʦʢʩʠʜʘʥʪʳ ʠʣʠ ʨʝʛʫʣʷʪʦʨʳ ʬʝʨʤʝʥʪʦʚ.  

ʌʣʘʚʦʥʦʠʜʳ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʪʦʣʴʢʦ ʠʟ ʨʘʩʪʠʪʝʣʴʥʦʡ ʧʠʱʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʠʟ ʪʦʤʘʪʦʚ. ʌʣʘʚʦʥʦʠʜʳ ï 

ʵʪʦ ʨʘʩʪʠʪʝʣʴʥʳʝ ʧʠʛʤʝʥʪʳ, ʙʣʠʟʢʠʝ ʢ ʛʦʨʤʦʥʘʤ ʠ ʫʯʘʩʪʚʫʶʱʠʝ ʧʦʯʪʠ ʚʦ ʚʩʝʭ ʧʨʦʮʝʩʩʘʭ ʥʘʰʝʛʦ 

ʦʨʛʘʥʠʟʤʘ [2, 3].  
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ɼʣʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʦʭʨʘʥʥʦʩʪʠ ʮʝʥʥʳʭ ʚʝʱʝʩʪʚ ʧʨʦʜʫʢʪʘ ʩʣʝʜʫʝʪ ʧʨʠʤʝʥʷʪʴ ʜʝʣʠʢʘʪʥʳʝ 

ʩʧʦʩʦʙʳ ʢʦʥʩʝʨʚʠʨʦʚʘʥʠʷ. ʇʨʦʙʣʝʤʘ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ʩʫʰʢʠ, ʚʝʜʫʱʘʷ ʢ ʤʘʢʩʠʤʘʣʴʥʦʤʫ 

ʩʦʭʨʘʥʝʥʠʶ ʮʝʥʥʳʭ ʚʝʱʝʩʪʚ ʚ ʧʨʦʜʫʢʪʝ, ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ [4].  

ɼʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʫʰʸʥʳʭ ʪʦʤʘʪʦʚ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʮʝʥʥʳʭ ʚʝʱʝʩʪʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ 

ʦʙʨʘʙʦʪʢʘ ʧʨʦʜʫʢʪʘ ʜʦʣʞʥʘ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʧʨʠ ʪʘʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩʫʰʠʣʴʥʦʛʦ ʘʛʝʥʪʘ, ʢʦʪʦʨʘʷ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʭʨʘʥʝʥʠʶ ʠ ʫʚʝʣʠʯʝʥʠʶ ʮʝʥʥʳʭ ʢʘʯʝʩʪʚ, ʘ ʥʝ ʜʝʡʩʪʚʫʝʪ ʥʘ ʥʠʭ ʛʫʙʠʪʝʣʴʥʦ. ʆʚʦʱʥʦʝ 

ʩʳʨʴʝ ʠʤʝʝʪ ʪʝʨʤʦʣʘʙʠʣʴʥʳʝ ʩʚʦʡʩʪʚʘ. ʅʝʙʣʘʛʦʧʨʠʷʪʥʳʝ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʘʚʘ ʪʦʤʘʪʦʚ ʤʦʛʫʪ 

ʧʨʦʠʩʭʦʜʠʪʴ ʚ ʧʨʦʮʝʩʩʝ ʩʫʰʢʠ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʪʝʧʣʦʚʦʡ ʥʘʛʨʫʟʢʝ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʧʦʪʝʤʥʝʥʠʝ 

ʪʦʤʘʪʦʚ, ʪ.ʝ. ʧʨʦʠʩʭʦʜʠʪ ʨʝʘʢʮʠʷ ʄʘʡʷʨʘ - ʭʠʤʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ ʤʝʞʜʫ ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ ʠ ʩʘʭʘʨʘʤʠ 

ʚʩʣʝʜʩʪʚʠʝ ʥʘʛʨʝʚʘʥʠʷ [5]. 

ɼʣʷ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʪʝʨʤʦʣʘʙʠʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ 

ʧʦʢʘʟʘʪʝʣʝʤ ʦʧʘʩʥʦʩʪʠ ʠʭ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʩʣʫʞʠʪ ʜʣʠʪʝʣʴʥʦʩʪʴ ʥʘʭʦʞʜʝʥʠʷ ʚ ʩʫʰʠʣʴʥʦʡ 

ʫʩʪʘʥʦʚʢʝ ʠ ʜʦʧʫʩʪʠʤʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʛʨʝʚʘ [2, 6]. ɺ ʮʝʣʷʭ ʥʝʜʦʧʫʱʝʥʠʷ ʚʦʟʤʦʞʥʳʭ ʨʠʩʢʦʚ ʧʨʠ 

ʧʝʨʝʨʘʙʦʪʢʝ ʠ ʩʫʰʢʝ ʪʦʤʘʪʦʚ ʩʣʝʜʫʝʪ ʧʨʦʮʝʩʩ ʩʫʰʢʠ ʧʨʦʚʦʜʠʪʴ ʧʦ ʦʪʜʝʣʴʥʳʤ ʟʦʥʘʤ, ʪ.ʝ. ʧʨʠʤʝʥʷʪʴ 

ʧʦʩʪʫʧʘʪʝʣʴʥʳʡ ʩʪʫʧʝʥʯʘʪʳʡ ʨʝʞʠʤ, ʠʟʤʝʥʷʷ ʧʘʨʘʤʝʪʨʳ ʩʫʰʠʣʴʥʦʛʦ ʘʛʝʥʪʘ ʚ ʢʘʞʜʦʡ ʟʦʥʝ. ɻʣʘʚʥʳʤ 

ʧʘʨʘʤʝʪʨʦʤ ʩʫʰʠʣʴʥʦʛʦ ʘʛʝʥʪʘ, ʢʦʪʦʨʳʡ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʝʞʠʤʫ ʩʫʰʢʠ, ʩʯʠʪʘʝʪʩʷ ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʘ, 

ʦʥʘ ʞʝ ʦʧʨʝʜʝʣʷʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʧʨʦʜʫʢʪʘ. ʊʝʤʧʝʨʘʪʫʨʘ ʧʨʦʜʫʢʪʘ ʚʳʩʪʫʧʘʝʪ ʢʘʢ ʦʙʦʙʱʝʥʥʳʡ 

ʧʦʢʘʟʘʪʝʣʴ ʫʨʦʚʥʷ ʤʘʩʩʦʦʙʤʝʥʘ ʠ ʪʝʧʣʦʦʙʤʝʥʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʢʘʟʘʪʝʣʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʜʫʢʪʘ 

ʥʘʭʦʜʷʪʩʷ ʚʦ ʚʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨʳ ʩʫʰʠʣʴʥʦʛʦ ʘʛʝʥʪʘ. 

ʋʤʝʥʴʰʝʥʠʶ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʪʨʘʥʩʬʦʨʤʘʮʠʡ ʢʘʯʝʩʪʚ ʚʳʧʫʩʢʘʝʤʦʛʦ ʧʨʦʜʫʢʪʘ ʧʦʤʦʛʘʝʪ 

ʩʪʘʙʠʣʴʥʦʝ ʩʦʭʨʘʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʜʫʢʪʘ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʧʨʦʮʝʩʩʘ ʩʫʰʢʠ ʥʠʞʝ ʫʨʦʚʥʷ 

ʢʨʠʪʠʯʝʩʢʦʡ ʩʪʫʧʝʥʠ, ʢʦʪʦʨʘʷ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʙʠʦʪʝʭʥʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ [7]. 

ɽʩʣʠ ʩʫʰʢʘ ʪʦʤʘʪʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨ, ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʪʫʧʝʥʯʘʪʳʡ ʨʝʞʠʤ ʩʫʰʢʠ ʩ ʚʘʨʠʘʮʠʦʥʥʳʤ ʫʨʦʚʥʝʤ ʵʥʝʨʛʦʧʦʜʚʦʜʘ, ʩ ʫʯʝʪʦʤ 

ʢʨʠʪʠʯʝʩʢʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʜʫʢʪʘ, ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʚʥʦʡ 58Áʉ [4]. 

ʂʝʨʘʤʠʯʝʩʢʠʝ ʥʘʛʨʝʚʘʪʝʣʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ 

ʩʫʰʢʠ. ʀʭ ʨʘʙʦʪʘ ʧʦʩʪʨʦʝʥʘ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʠʤʧʫʣʴʩʥʦʡ ʠʥʬʨʘʢʨʘʩʥʦʡ ʩʫʰʢʠ [8].  

ɼʘʥʥʘʷ ʩʫʰʢʘ ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ï ʧʨʦʜʫʢʪʳ ʧʨʦʠʟʚʦʜʷʪʩʷ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ 

ʢʦʥʩʝʨʚʘʥʪʦʚ, ʥʘʧʦʣʥʠʪʝʣʝʡ, ʭʠʤʠʯʝʩʢʠʭ ʠ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʠ ʤʥʦʞʝʩʪʚʘ 

ʠʥʳʭ ʜʦʙʘʚʦʢ.  

ʀʩʪʦʯʥʠʢ ʦʙʣʫʯʝʥʠʷ ʩʥʘʙʞʝʥ ʥʠʭʨʦʤʦʚʦʡ ʩʧʠʨʘʣʴʶ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʪʨʫʙʢʝ, 

ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʥʦʡ ʠʟ ʯʠʩʪʦʛʦ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ, ʠ ʚʳʧʦʣʥʷʝʪ ʨʦʣʴ ʠʩʪʦʯʥʠʢʘ ʧʝʨʚʠʯʥʦʛʦ ʀʂ-

ʠʟʣʫʯʝʥʠʷ. ʂʝʨʘʤʠʯʝʩʢʦʝ ʧʦʢʨʳʪʠʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʶ ʧʦʣʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʀʂ-ʠʟʣʫʯʝʥʠʷ 

ʦʪ ʥʘʛʨʝʚʘʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʠʟʣʫʯʝʥʠʝ ʦʯʝʥʴ ʫʟʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʙʣʠʞʥʝʡ ʦʙʣʘʩʪʠ ʀʂ-ʩʧʝʢʪʨʘ. 

ʀʟʣʫʯʝʥʠʝ ʧʨʦʭʦʜʠʪ ʚ ʚʠʜʝ ʨʷʜʘ ʠʤʧʫʣʴʩʦʚ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ 1ʦ ʤʢ ʚ ʩʝʢʫʥʜʫ. ʋʨʦʚʝʥʴ ʵʥʝʨʛʠʠ 

ʨʘʚʝʥ ʠʟʣʫʯʘʝʤʦʤʫ ʀʂ-ʜʠʘʧʘʟʦʥʫ [9].  

ɺ ʦʩʥʦʚʝ ʠʤʧʫʣʴʩʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʣʝʞʘʪ ʮʠʢʣʠʯʝʩʢʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʨʝʚʨʘʱʝʥʠʷ 

ʚʩʣʝʜʩʪʚʠʝ ʪʦʛʦ, ʯʪʦ ʢʝʨʘʤʠʢʘ ʥʘʢʘʧʣʠʚʘʝʪ ʪʝʧʣʦʚʦʝ ʠʟʣʫʯʝʥʠʝ, ʧʨʝʦʙʨʘʟʫʝʪ ʝʛʦ ʠ ʠʤʧʫʣʴʩʘʤʠ 

ʥʘʧʨʘʚʣʷʝʪ ʚ ʥʫʞʥʫʶ ʦʙʣʘʩʪʴ.  

ʀʤʧʫʣʴʩʥʦʝ ʠʥʬʨʘʢʨʘʩʥʦʝ ʠʟʣʫʯʝʥʠʝ ʦʪʣʠʯʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʨʦʥʠʢʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ 

ʠʤʧʫʣʴʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʕʪʦ ʩʚʦʡʩʪʚʦ ʨʘʟʨʫʰʠʪʝʣʴʥʦ ʥʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʠ ʠʭ ʩʧʦʨʳ, ʫʥʠʯʪʦʞʘʝʪ 

ʛʨʠʙʢʠ ʠ ʚʠʨʫʩʳ [9,10]. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʧʨʠʤʝʥʝʥʠʝ ʠʤʧʫʣʴʩʥʦʛʦ ʀʂ-ʠʟʣʫʯʝʥʠʷ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʧʨʦʠʟʚʦʜʩʪʚʫ ʧʨʦʜʫʢʪʦʚ ʜʣʠʪʝʣʴʥʦʛʦ ʭʨʘʥʝʥʠʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʷ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ 

ʫʜʘʣʝʥʠʷ ʚʣʘʛʠ [11, 12]. 

ʈʝʞʠʤ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʝʡ ʀʂ-ʦʙʨʘʙʦʪʢʠ ʠ ʩʫʰʢʠ ʠʤʧʫʣʴʩʥʳʭ ʢʝʨʘʤʠʯʝʩʢʠʭ ʀʂ-

ʠʟʣʫʯʘʪʝʣʝʡʤʦʞʥʦ ʥʘʟʚʘʪʴ ʠʤʧʫʣʴʩʥʦʡ ʠʥʬʨʘʢʨʘʩʥʦʡ ʦʙʨʘʙʦʪʢʦʡ ʩ ʦʧʨʝʜʝʣʸʥʥʳʤ ʩʧʦʩʦʙʦʤ 

ʵʥʝʨʛʦʧʦʜʚʦʜʘ, ʪʘʢʠʤʠ ʢʘʢ: ʩ ʧʦʚʪʦʨʥʦ-ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʤ ʵʥʝʨʛʦʧʦʜʚʦʜʦʤ, ʩ ʚʦʟʨʘʩʪʘʥʠʝʤ ʫʨʦʚʥʷ 

ʵʥʝʨʛʦʧʦʜʚʦʜʘ ʠ ʩʦ ʩʥʠʞʝʥʠʝʤ ʫʨʦʚʥʷ ʵʥʝʨʛʦʧʦʜʚʦʜʘ. 

ʇʨʠʤʝʥʝʥʠʝ ʠʥʬʨʘʢʨʘʩʥʳʭ ʠʟʣʫʯʘʪʝʣʝʡ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʦʪʝʢʘʥʠʶ ʩʫʰʢʠ ʚ ʱʘʜʷʱʝʤ ʨʝʞʠʤʝ, 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚ ʧʨʦʜʫʢʪʝ ʩʦʭʨʘʥʷʝʪʩʷ ʦʪ 90 ʜʦ 95% ʧʦʣʝʟʥʳʭ ʚʝʱʝʩʪʚ, ʠʩʧʘʨʝʥʠʝ ʚʣʘʛʠ ʚ 

ʧʨʦʜʫʢʪʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʪ 50 ʜʦ 70 ʛʨʘʜʫʩʦʚ. ʂʨʦʤʝ ʪʦʛʦ, 

ʠʟʣʫʯʝʥʠʝ ʥʝ ʨʘʟʨʫʰʘʝʪ ʩʪʨʫʢʪʫʨʫ ʢʣʝʪʦʢ, ʜʦʚʦʣʴʥʦ ʛʣʫʙʦʢʦ ʧʨʦʥʠʢʘʝʪ ʚ ʧʨʦʜʫʢʪ ʠ ʪʝʧʣʦʚʳʝ ʧʦʪʝʨʠ 

ʩʦʩʪʘʚʣʷʶʪ ʦʪ 2 ʜʦ 5%. 

ɺʳʚʦʜʳ: ʇʨʠʤʝʥʝʥʠʝ ʠʤʧʫʣʴʩʥʦʡ ʠʥʬʨʘʢʨʘʩʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʩʫʰʢʠ ʪʦʤʘʪʦʚ ʠʤʝʝʪ ʨʷʜ 

ʧʨʝʠʤʫʱʝʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʩʫʰʢʠ. ʕʪʦ ʩʦʭʨʘʥʝʥʠʝ ʜʦ 95% ʧʦʣʝʟʥʳʭ ʩʚʦʡʩʪʚ 

ʧʨʦʜʫʢʪʘ, ʵʬʬʝʢʪʠʚʥʦʝ ʫʜʘʣʝʥʠʝ ʚʣʘʛʠ, ʫʩʢʦʨʝʥʠʝ ʧʨʦʮʝʩʩʘ ʩʫʰʢʠ ʚ ʜʚʘ ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʦʥʚʝʢʪʦʨʥʦʡ ʩʫʰʢʦʡ, ʧʨʠ ʢʦʪʦʨʦʡ ʩʫʰʢʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʫʪʝʤ ʦʙʜʫʚʘ ʛʦʨʷʯʠʤ ʚʦʟʜʫʭʦʤ.  
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ʇʨʠ ʠʥʬʨʘʢʨʘʩʥʦʡ ʩʫʰʢʝ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ ʧʦʪʨʝʙʣʝʥʠʝ ʵʥʝʨʛʠʠ. ʀ, ʯʪʦ ʥʝʤʘʣʦʚʘʞʥʦ, 

ʢʦʥʝʯʥʳʡ ʧʨʦʜʫʢʪ ʧʨʠʦʙʨʝʪʘʝʪ ʩʪʝʨʠʣʴʥʦʩʪʴ, ʪ.ʢ. ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 40 ʛʨʘʜʫʩʦʚ ʠ ʙʦʣʝʝ ʛʠʙʥʫʪ 

ʤʥʦʛʠʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ, ʠʭ ʩʧʦʨʳ, ʚʠʨʫʩʳ ʠ ʛʨʠʙʳ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʜʫʢʪ ʩʦʭʨʘʥʷʝʪ ʥʘʪʫʨʘʣʴʥʳʝ 

ʚʢʫʩʦʚʳʝ ʢʘʯʝʩʪʚʘ ʜʘʞʝ ʧʦʩʣʝ ʭʨʘʥʝʥʠʷ ʚ ʪʝʯʝʥʠʝ 1-2 ʣʝʪ. 

ʊʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʩʳʨʴʷ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʦʨʘ 

ʨʝʞʠʤʘ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʠ ʩʫʰʢʠ ʪʦʤʘʪʦʚ. 
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ɺ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʛʨʦʤʥʳʡ ʧʦʪʝʥʮʠʘʣ ʨʘʟʚʠʪʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʩʝʢʪʦʨʘ ʚʦ 

ʤʥʦʛʠʭ ʦʙʣʘʩʪʷʭ. ɸʥʘʣʠʪʠʢʠ ʧʨʝʜʩʢʘʟʳʚʘʶʪ ʦʱʫʪʠʤʳʡ ʨʦʩʪ ʚ ʜʘʥʥʦʡ ʦʪʨʘʩʣʠ ʚ ʙʣʠʞʘʡʰʠʝ ʛʦʜʳ. 

ʅʦʚʝʡʰʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʶʪ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ, 

ʫʚʝʣʠʯʠʚʘʶʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʫʣʫʯʰʘʶʪ ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʠ. 

ʇʨʠʤʝʥʝʥʠʝ ʙʠʦʠʥʩʝʢʪʠʮʠʜʦʚ ʠ ʦʧʳʣʠʪʝʣʝʡ 

ʍʠʱʥʳʝ ʠ ʧʘʨʘʟʠʪʠʯʝʩʢʠʝ ʥʘʩʝʢʦʤʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʙʦʨʦʪʴʩʷ ʩ ʥʘʩʝʢʦʤʳʤʠ-

ʚʨʝʜʠʪʝʣʷʤʠ. 

ɽʞʝʛʦʜʥʦ ʧʦʷʚʣʷʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ ʙʠʦʬʝʨʤʳ, ʥʘ ʢʦʪʦʨʳʭ ʚʳʨʘʱʠʚʘʶʪ ʙʠʦʦʧʳʣʠʪʝʣʝʡ ʠ 

ʙʠʦʠʥʩʝʢʪʠʢʦʚ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʭʠʤʠʢʘʪʦʚ ʜʣʷ ʟʘʱʠʪʳ ʘʛʨʦʢʫʣʴʪʫʨ ʠ 

ʵʢʦʥʦʤʠʪ ʙʶʜʞʝʪ. 

ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʩʝʤʝʥʘ 

ʉʨʝʜʠ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ, ʦʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ ʚʥʝʜʨʝʥʠʝ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʝʤʷʥ. ʋʞʝ ʦʬʠʮʠʘʣʴʥʦ ʟʘʧʘʪʝʥʪʦʚʘʥʳ ʪʝʭʥʦʣʦʛʠʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʚʞʠʚʠʪʴ ʚ 

ʩʝʤʝʥʘ ʛʝʥʝʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ. ʅʝʢʦʪʦʨʳʭ ʤʦʞʝʪ ʧʫʛʘʪʴ ʜʘʥʥʳʡ ʬʘʢʪ, ʥʦ ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʵʪʦ 

ʙʝʟʦʧʘʩʥʦ, ʧʦʪʦʤʫ ʯʪʦ ʠʭ ɼʅʂ ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʳʤ. ʇʨʠʤʝʥʝʥʠʝ ʪʘʢʠʭ ʩʝʤʷʥ ʧʦʟʚʦʣʷʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʩʪʝʥʠʷ. 

ʅʦʚʠʥʢʠ ʚ ʦʪʦʧʣʝʥʠʠ 

ʅʘ ʧʪʠʮʝʬʘʙʨʠʢʘʭ ʚʳʛʦʜʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʢʦʝ ʠʟʦʙʨʝʪʝʥʠʝ, ʢʘʢ ʛʘʟʦʚʳʝ ʠʥʬʨʘʢʨʘʩʥʳʝ 

ʦʙʦʛʨʝʚʘʪʝʣʠ. ʆʥʠ ʜʘʶʪ ʦʪʣʠʯʥʳʡ ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪ ʠ ʩʦʢʨʘʱʘʶʪ ʟʘʪʨʘʪʳ ʧʦ ʦʙʦʛʨʝʚʫ ʧʦʤʝʱʝʥʠʷ 

ʧʨʠʤʝʨʥʦ ʚ ʜʚʘ ʨʘʟʘ (ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʪʝʧʣʦʛʝʥʝʨʘʪʦʨʘʤʠ). 

ʇʨʠʥʮʠʧʠʘʣʴʥʦʝ ʦʪʣʠʯʠʝ Ƅ ʜʘʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʥʘʛʨʝʚʘʶʪ ʚʦʟʜʫʭ ʪʦʣʴʢʦ ʚ ʪʦʤ ʤʝʩʪʝ, ʛʜʝ 

ʥʘʭʦʜʠʪʩʷ ʧʪʠʮʘ. ɺ ʦʩʪʘʣʴʥʦʤ ʞʝ ʧʦʤʝʱʝʥʠʠ, ʚʦʟʜʫʭ ʥʝ ʧʝʨʝʩʫʰʠʚʘʝʪʩʷ, ʯʪʦ ʩʦʟʜʘʝʪ ʭʦʨʦʰʠʡ 

ʤʠʢʨʦʢʣʠʤʘʪ. ʋʧʨʘʚʣʝʥʠʝ ʦʙʦʛʨʝʚʘʪʝʣʷʤʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʢʦʤʧʴʶʪʝʨʘ, ʧʦʟʚʦʣʷʷ ʟʘʜʘʚʘʪʴ 

ʢʦʥʢʨʝʪʥʫʶ ʧʨʦʛʨʘʤʤʫ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʦʟʨʘʩʪʘ ʧʪʠʮʳ). 

ʕʢʦ-ʟʝʣʝʥʴ 

ʗʧʦʥʩʢʘʷ ʠʥʥʦʚʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʚʳʨʘʱʠʚʘʪʴ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʫʶ ʟʝʣʝʥʴ ʢʨʫʛʣʳʡ ʛʦʜ. ʕʪʦ 

ʚʦʟʤʦʞʥʦ ʜʝʣʘʪʴ ʙʝʟ ʧʦʜʭʦʜʷʱʠʭ ʫʩʣʦʚʠʡ ʚʥʝʰʥʝʡ ʩʨʝʜʳ, ʯʪʦ ʦʯʝʥʴ ʠʥʪʝʨʝʩʥʦ ʜʣʷ ʤʝʩʪʥʦʩʪʝʡ ʩ 

ʥʝʧʦʜʭʦʜʷʱʠʤ ʢʣʠʤʘʪʦʤ (ʩʣʠʰʢʦʤ ʟʘʩʫʰʣʠʚʳʭ ʠʣʠ ʭʦʣʦʜʥʳʭ). ɺʦʜʘ ʧʦ ʵʪʦʡ ʤʝʪʦʜʠʢʝ ʧʦʜʘʝʪʩʷ 

ʯʝʨʝʟ ʧʦʯʚʫ. 

ɸʛʨʦʢʫʣʴʪʫʨʳ ʚʳʨʘʱʠʚʘʶʪʩʷ ʚ ʩʧʝʮʠʘʣʴʥʦʤ ʩʦʦʨʫʞʝʥʠʠ, ʚ ʢʦʪʦʨʦʤ ʩʦʙʣʶʜʝʥʳ 

ʥʝʦʙʭʦʜʠʤʳʝ ʩʪʘʥʜʘʨʪʳ ʩʚʝʪʘ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʪʝʧʣʘ. 

ɺʝʪʝʨʠʥʘʨʥʳʝ ʨʦʙʦʪʳ 

ʉʨʝʜʠ ʧʦʩʣʝʜʥʠʭ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʚ ʤʠʨʝ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ 

ʚʝʪʝʨʠʥʘʨʥʳʭ ʨʦʙʦʪʦʚ. ɸʧʧʘʨʘʪʳ ʢʚʘʥʪʦʚʦʡ ʬʦʪʦʪʝʨʘʧʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʘʶʪ ʟʜʦʨʦʚʴʝ ʞʠʚʦʪʥʳʭ 

ʠ ʧʪʠʮ, ʫʢʨʝʧʣʷʷ ʠʭ ʝʩʪʝʩʪʚʝʥʥʳʡ ʠʤʤʫʥʠʪʝʪ. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʜʠʣʠ, ʯʪʦ 

ʧʦʚʳʰʘʝʪʩʷ ʦʧʣʦʜʦʪʚʦʨʷʝʤʦʩʪʴ, ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʞʠʚʦʪʥʳʭ (ʷʡʮʝʥʦʩʢʦʩʪʴ, ʥʘʜʦʠ). ʋ ʥʠʭ 

ʧʦʚʳʰʘʝʪʩʷ ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʴ ʢ ʚʠʨʫʩʥʳʤ ʠʥʬʝʢʮʠʷʤ, ʘ ʦʪʚʝʪ ʥʘ ʚʘʢʮʠʥʘʮʠʶ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʡ ʠ 

ʯʝʪʢʠʡ. 

ʉʲʝʜʦʙʥʘʷ ʫʧʘʢʦʚʢʘ. 

ʂʦʤʧʘʥʠʷ Apeel Sciences ʩʦʟʜʘʣʘ ʥʦʚʳʡ ʤʝʪʦʜ ʩʦʟʜʘʥʠʷ ʩʲʝʜʦʙʥʦʡ ʫʧʘʢʦʚʢʠ, ʠʩʧʦʣʴʟʫʷ ʣʠʰʴ 

ʣʠʩʪʴʷ, ʩʪʝʙʣʠ ʠ ʙʠʦʤʘʪʝʨʠʘʣʳ. ʅʦʚʘʷ ʙʠʦʫʧʘʢʦʚʢʘ ʧʦʟʚʦʣʷʝʪ ʧʨʦʜʣʠʪʴ ʩʨʦʢ ʭʨʘʥʝʥʠʷ ʥʝʢʦʪʦʨʳʭ 

ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ ʘʞ ʚ ʧʷʪʴ ʨʘʟ. ʅʦʚʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʠʪ ʫʞʝ ʚ ʙʣʠʞʘʡʰʝʤ ʙʫʜʫʱʝʤ 

ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʦʪʭʦʜʦʚ, ʧʨʦʠʟʚʦʜʠʤʳʭ ʚ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɸ ʚ 

ʜʦʣʛʦʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ, ʙʠʦʫʧʘʢʦʚʢʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʪʘʢʞʝ ʚ ʢʘʯʝʩʪʚʝ ʥʘʜʝʞʥʦʛʦ 

ʢʦʥʪʝʡʥʝʨʘ ʜʣʷ ʜʦʟʨʝʚʘʥʠʷ ʧʨʦʜʫʢʪʦʚ, ʯʪʦ ʧʦʟʚʦʣʠʪ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʩʪʘʚʣʷʪʴ ʧʦʢʫʧʘʪʝʣʶ ʝʱʝ 



109 
 

ʟʝʣʝʥʳʝ ʬʨʫʢʪʳ ʠ ʦʚʦʱʠ, ʢʦʪʦʨʳʝ ʜʦʡʜʫʪ ʜʦ ʥʫʞʥʦʡ ʢʦʥʜʠʮʠʠ ʫʞʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʧʦʣʢʘʭ 

ʩʢʣʘʜʩʢʦʛʦ ʧʦʤʝʱʝʥʠʷ. 

ʄʠʢʨʦʙʠʦʤʳ ʠ ʙʠʦʧʝʩʪʠʮʠʜʳ. 
ɺ ʬʝʨʤʝʨʩʢʠʭ ʩʦʦʙʱʝʩʪʚʘʭ ʤʥʦʛʠʭ ʨʝʛʠʦʥʦʚ ʤʠʨʘ ʫʞʝ ʧʨʠʰʣʦ ʧʦʥʠʤʘʥʠʝ ʪʦʡ ʚʘʞʥʦʡ ʨʦʣʠ 

ʤʠʢʨʦʙʦʚ ʚ ʧʦʯʚʝ. ʊʝʧʝʨʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚ ʧʦʣʷʭ ʚʳʭʦʜʠʪ ʥʘ ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʳʡ 

ʫʨʦʚʝʥʴ. ʉ ʧʦʤʦʱʴʶ ʪʝʭʥʦʣʦʛʠʡ ʛʝʥʥʦʡ ʠʥʞʝʥʝʨʠʠ ʫʯʝʥʳʝ ʤʦʛʫʪ ʩʦʟʜʘʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʢʦʪʦʨʳʝ ʥʝ ʪʦʣʴʢʦ ʧʦʚʳʰʘʶʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʢʫʣʴʪʫʨ, ʥʦ ʠ ʫʚʝʣʠʯʠʚʘʶʪ 

ʩʪʦʡʢʦʩʪʴ ʧʦʩʣʝʜʥʠʭ ʢ ʟʘʩʫʭʝ, ʙʦʣʝʟʥʷʤ ʠ ʚʨʝʜʠʪʝʣʷʤ, ʩʥʠʞʘʷ, ʪʝʤ ʩʘʤʳʤ, ʟʘʪʨʘʪʳ ʥʘ ʚʥʦʩʠʤʳʝ 

ʫʜʦʙʨʝʥʠʷ ʠ ʧʝʩʪʠʮʠʜʳ. ʊʘʢ, ʢʦʤʧʘʥʠʷ Azotic ʠʩʧʦʣʴʟʫʝʪ ʦʩʦʙʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʚʠʜ ʙʘʢʪʝʨʠʡ, 

ʩʧʦʩʦʙʥʳʡ ʠʟʚʣʝʢʘʪʴ ʘʟʦʪ ʠʟ ʘʪʤʦʩʬʝʨʳ ʠ ʜʦʩʪʘʚʣʷʪʴ ʝʛʦ ʨʘʩʪʝʥʠʶ ʚ ʚʠʜʝ ʫʜʦʙʨʝʥʠʷ, ʘ ʢʦʤʧʘʥʠʷ 

Indigo ʠʩʧʦʣʴʟʫʝʪ ʤʠʢʨʦʙʥʦʝ ʧʦʢʨʳʪʠʝ ʥʘ ʩʝʤʝʥʘʭ ʭʣʦʧʢʘ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʘʝʪ ʨʦʩʪ ʫʨʦʞʘʡʥʦʩʪʠ 

ʜʘʥʥʦʡ ʢʫʣʴʪʫʨʳ ʥʘ 1ʦ%. 

ʈʅʂ-ʠʥʪʝʨʬʝʨʝʥʮʠʷ. 
ʋʯʝʥʳʝ ʠʟ ʂʚʠʥʩʣʝʥʜʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ɸʚʩʪʨʘʣʠʷ ʨʘʟʨʘʙʦʪʘʣʠ ʥʦʚʳʡ ʩʧʦʩʦʙ ʨʘʟʤʝʱʝʥʠʷ 

ʨʠʙʦʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ (ʈʅʂ) ʚ ʣʠʩʪʴʷʭ ʨʘʩʪʝʥʠʡ. ʊʘʢʦʡ ʩʧʦʩʦʙ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʧʦʜʘʚʣʷʪʴ 

ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ, ʧʦʟʚʦʣʷʷ, ʪʝʤ ʩʘʤʳʤ, çʧʨʦʛʨʘʤʤʠʨʦʚʘʪʴè ʨʘʩʪʝʥʠʝ ʥʘ ʧʦʚʳʰʝʥʥʫʶ ʟʘʱʠʪʫ ʦʪ 

ʟʘʩʫʭʠ ʠ ʥʘʩʝʢʦʤʳʭ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ. ɹʦʣʝʝ ʪʦʛʦ, ʚʳʨʘʱʝʥʥʳʝ ʪʘʢʠʤ ʩʧʦʩʦʙʦʤ 

ʧʨʦʜʫʢʪʳ ʥʝ ʧʦʧʘʜʘʶʪ ʚ ʢʘʪʝʛʦʨʠʶ ʛʝʥʝʪʠʯʝʩʢʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ, ʧʦʩʢʦʣʴʢʫ ʜʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ 

ʥʝ ʠʩʧʦʣʴʟʫʝʪ ʚʥʝʜʨʝʥʠʝ ʢʘʢʠʭ-ʣʠʙʦ ʯʫʞʠʭ ʛʝʥʦʚ ʚ ʨʘʩʪʝʥʠʝ, ʘ ʣʠʰʴ ʚʨʝʤʝʥʥʦ çʚʳʢʣʶʯʘʝʪè ʫʞʝ 

ʩʫʱʝʩʪʚʫʶʱʠʝ. 

ɹʣʦʢʯʝʡʥ. 
ʊʝʭʥʦʣʦʛʠʷ ʙʣʦʢʯʝʡʥ ʩʫʣʠʪ ʚʝʩʴʤʘ ʩʫʱʝʩʪʚʝʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʙʘʥʢʦʚʩʢʦʤ ʩʝʢʪʦʨʝ, ʦʜʥʘʢʦ ʦʥʘ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʘ ʠ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ. ʊʘʢ, ʠʩʧʦʣʴʟʫʷ 

ʙʣʦʢʯʝʡʥ, ʘʛʨʘʨʠʠ ʠ ʧʦʪʨʝʙʠʪʝʣʠ ʩʤʦʛʫʪ ʧʦʣʫʯʠʪʴ ʧʨʦʟʨʘʯʥʳʡ ʜʦʩʪʫʧ ʢ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʨʦʠʟʚʦʜʩʪʚʝ, 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʠ ʭʨʘʥʝʥʠʠ ʧʨʦʜʫʢʪʦʚ. ʇʦʤʠʤʦ ʥʘʛʣʷʜʥʦʩʪʠ ʠ ʜʦʩʪʫʧʥʦʩʪʠ, ʜʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ 

ʪʘʢʞʝ ʧʦʟʚʦʣʠʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʣʦʛʠʩʪʠʢʫ. 

ʇʨʝʧʘʨʘʪ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʫʨʦʞʘʡʥʦʩʪʠ 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʚʝʜʝʥʠʷ ʘʛʨʦʙʠʟʥʝʩʘ ʧʦʚʳʰʝʥʠʝ ʫʨʦʞʘʡʥʦʩʪʠ ï ʝʜʠʥʩʪʚʝʥʥʳʡ 

ʩʧʦʩʦʙ ʩʦʭʨʘʥʠʪʴ ʵʪʦʪ ʙʠʟʥʝʩ. ʈʝʛʫʣʷʪʦʨ ʈʦʩʪʘ ʈʘʩʪʝʥʠʡ (ʈʈʈ) çʃʠʜʝʨ+è ʧʨʠʟʚʘʥ ʨʝʰʠʪʴ ʵʪʫ ʟʘʜʘʯʫ. 

ɽʛʦ ʫʥʠʢʘʣʴʥʦʩʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʚʦʡʩʪʚʘʭ, ʛʣʘʚʥʦʝ ʠʟ ʢʦʪʦʨʳʭ ï ʧʦʚʳʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʬʦʪʦʩʠʥʪʝʟʘ ʚ ʨʘʩʪʝʥʠʷʭ. ʊʘʢʠʤ ʩʚʦʡʩʪʚʦʤ ʥʝ ʦʙʣʘʜʘʝʪ ʥʠ ʦʜʠʥ ʠʟ ʧʨʝʧʘʨʘʪʦʚ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʚ 

ʈʦʩʩʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʝʧʘʨʘʪ ʠʩʢʣʶʯʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʤʝʨʟʘʥʠʷ ʦʟʠʤʳʭ ʢʫʣʴʪʫʨ.  ʇʨʠ ʝʛʦ 

ʧʨʠʤʝʥʝʥʠʠ ʚʦʟʨʘʩʪʘʶʪ ʥʝ ʪʦʣʴʢʦ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ, ʥʦ ʠ ʢʘʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ɺ ʧʰʝʥʠʮʝ ʧʦʚʳʰʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʙʝʣʢʘ, ʢʣʝʡʢʦʚʠʥʳ, ʚ ʤʘʩʣʷʥʳʭ ʢʫʣʴʪʫʨʘʭ ï ʚʳʭʦʜ ʤʘʩʣʘ, 

ʚ ʚʠʥʦʛʨʘʜʝ ï ʩʦʜʝʨʞʘʥʠʝ ʛʣʶʢʦʟʳ. 
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ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʫʧʨʘʚʣʝʥʠʝ ʵʣʝʢʪʨʦʧʨʠʙʦʨʘʤʠ ʩ ʧʦʤʦʱʴʶ ʢʣʘʚʠʰʥʳʭ ʚʳʢʣʶʯʘʪʝʣʝʡ 

ʜʘʚʥʦ ʥʝ ʝʜʠʥʩʪʚʝʥʥʳʡ ʩʧʦʩʦʙ. ʉʫʱʝʩʪʚʫʝʪ ʤʘʩʩʘ ʜʨʫʛʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʥʝ ʪʦʣʴʢʦ 

ʚʢʣʶʯʘʪʴ/ʚʳʢʣʶʯʘʪʴ, ʥʦ ʠ ʚʳʧʦʣʥʷʪʴ ʥʝʢʦʪʦʨʫʶ ʥʘʩʪʨʦʡʢʫ ʧʨʠʙʦʨʘʤʠ. ɸʣʴʪʝʨʥʘʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ 

ʫʩʪʨʦʡʩʪʚʘʤʠ ʧʦʟʚʦʣʠʪ ʨʘʩʰʠʨʠʪʴ ʠʭ ʚʦʟʤʦʞʥʦʩʪʠ, ʦʙʣʝʛʯʠʪʴ ʞʠʟʥʴ ʠʭ ʧʦʣʴʟʦʚʘʪʝʣʶ. ʂʨʦʤʝ ʪʦʛʦ, 

ʥʝ ʪʦʣʴʢʦ ʫʜʦʙʩʪʚʦʤ ʠ ʵʢʦʥʦʤʠʝʡ ʚʨʝʤʝʥʠ ʚʣʘʜʝʣʴʮʫ, ʥʦ ʠ ʧʦʚʳʰʝʥʠʝʤ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʝʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ.  

ʊʘʢ ʫʤʥʳʡ ʚʳʢʣʶʯʘʪʝʣʴ ʟʘʤʳʢʘʝʪ ʠ ʨʘʟʤʳʢʘʝʪ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʮʝʧʴ ʪʘʢ ʞʝ, ʢʘʢ ʦʙʳʯʥʳʡ 

ʢʣʘʚʠʰʥʳʡ ʚʳʢʣʶʯʘʪʝʣʴ. 

ʇʨʠ ʚʩʝʤ ʧʨʠ ʵʪʦʤ ʫʤʥʳʡ ʚʳʢʣʶʯʘʪʝʣʴ ʦʙʦʨʫʜʦʚʘʥ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʳʤ ʤʦʜʫʣʝʤ ʨʘʜʠʦʩʚʷʟʠ, 

ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʝʤʫ ʧʨʠʥʠʤʘʪʴ ʢʦʤʘʥʜʳ ʠ ʦʪʧʨʘʚʣʷʪʴ ʥʝʦʙʭʦʜʠʤʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʚʦʝʤ 

ʩʦʩʪʦʷʥʠʠ (ʚʢʣʶʯʝʥ / ʚʳʢʣʶʯʝʥ) ʥʘ ʢʦʥʪʨʦʣʣʝʨ ʩʪʘʥʮʠʠ ʫʤʥʦʛʦ ʜʦʤʘ ʠʣʠ ʥʘʧʨʷʤʫʶ ʥʘ ʫʩʪʨʦʡʩʪʚʦ 

ʩʦʙʩʪʚʝʥʥʠʢʘ. 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʫʤʥʳʡ ʚʳʢʣʶʯʘʪʝʣʴ - ʥʝ ʧʨʦʩʪʦʡ ʚʳʢʣʶʯʘʪʝʣʴ ʩ ʨʘʤʢʦʡ ʠ 

ʢʣʘʚʠʰʘʤʠ, ʘ ʥʝʙʦʣʴʰʦʡ ʫʧʨʘʚʣʷʶʱʠʡ ʤʦʜʫʣʴ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʝʞʜʫ 

ʩʪʝʥʦʡ ʠ ʚʳʢʣʶʯʘʪʝʣʝʤ, ʙʣʘʛʦʜʘʨʷ ʥʝ ʙʦʣʴʰʠʤ ʛʘʙʘʨʠʪʘʤ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʳʢʣʶʯʘʪʝʣʴ ʩʦʭʨʘʥʷʝʪ ʩʚʦʶ ʦʙʳʢʥʦʚʝʥʥʫʶ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʫʧʨʘʚʣʷʪʴ ʩʚʝʪʦʤ ʧʨʠ ʧʦʤʦʱʠ ʢʣʘʚʠʰ, ʘ ʢʨʦʤʝ ʪʦʛʦ, ʨʘʩʰʠʨʷʝʪ ʩʚʦʡ 

ʬʫʥʢʮʠʦʥʘʣ. ʇʦʣʴʟʦʚʘʪʝʣʶ ʜʦʩʪʫʧʥʦ ʫʧʨʘʚʣʝʥʠʝ ʚʩʝʤʠ ʬʫʥʢʮʠʷʤʠ ʫʩʪʨʦʡʩʪʚʘ ʩʦ ʩʤʘʨʪʬʦʥʘ, ʘ 

ʪʘʢʞʝ ʥʘʩʪʨʘʠʚʘʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ ʨʘʙʦʪʫ. 

ʂʦʥʪʨʦʣʴ ʫʧʨʘʚʣʝʥʠʷ ʩʚʝʪʦʤ, ʦʪʦʧʣʝʥʠʝʤ, ʢʣʠʤʘʪ-ʢʦʥʪʨʦʣʝʤ, ʩʠʩʪʝʤʘʤʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʦʞʥʦ 

ʦʩʫʱʝʩʪʚʠʪʴ ʠʟ ʣʶʙʦʛʦ ʤʝʩʪʘ, ʜʘʞʝ ʥʘʭʦʜʷʩʴ ʥʘ ʜʨʫʛʦʤ ʢʦʥʪʠʥʝʥʪʝ ʣʠʰʴ ʠʤʝʷ ʜʦʩʪʫʧ ʢ ʩʝʪʠ 

ʀʥʪʝʨʥʝʪ [1]. 

ɻʦʣʦʩʦʚʦʝ ʫʧʨʘʚʣʝʥʠʝ ʩʚʝʪʦʤ ï ʦʜʥʘ ʠʟ ʤʥʦʛʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʠʩʪʝʤʳ ʫʤʥʳʡ ʜʦʤ. ʆʥʦ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʝʝ ʫʜʦʙʥʳʡ ʠʥʪʝʨʬʝʡʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʝʣʦʚʝʢʘ ʩ ʦʙʦʨʫʜʦʚʘʥʠʝʤ. ʅʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʜʭʦʜʠʪʴ ʢ ʚʳʢʣʶʯʘʪʝʣʶ. ɿʘʥʷʪʳʝ ʨʫʢʠ ï ʙʦʣʴʰʝ ʥʝ ʧʨʦʙʣʝʤʘ.  
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ʈʠʩʫʥʦʢ 1 ï ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʫʧʨʘʚʣʝʥʠʷ ʫʩʪʨʦʡʩʪʚʘʤʠ ʧʦʩʨʝʜʩʪʚʦʤ ʛʦʣʦʩʘ [2]. 

 

ʉʘʤʘ ʧʦ ʩʝʙʝ ʩʠʩʪʝʤʘ çʋʤʥʳʡ ʜʦʤè ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠ 

ʚʩʝʤʠ ʜʦʩʪʫʧʥʳʤʠ ʧʨʠʙʦʨʘʤʠ ʠ ʫʩʪʨʦʡʩʪʚʘʤʠ. ʇʨʠʯʝʤ, ʠʩʧʦʣʥʝʥʠʝ ʢʦʤʘʥʜ ʥʝ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ 

ʬʫʥʢʮʠʷʤʠ çʚʢʣʶʯʠʪʴ/ʚʳʢʣʶʯʠʪʴè ʠʣʠ çʦʪʢʨʳʪʴ/ʟʘʢʨʳʪʴè. ɼʣʷ ʤʝʜʠʘ-ʫʩʪʨʦʡʩʪʚ ʝʱʝ ʜʦʣʞʥʳ 

ʨʘʙʦʪʘʪʴ ʬʫʥʢʮʠʠ çʪʠʰʝ/ʛʨʦʤʯʝè, ʜʣʷ ʦʩʚʝʱʝʥʠʷ ï çʷʨʯʝ/ʪʝʤʥʝʝè. ɺʩʝ ʵʪʠ ʢʦʤʘʥʜʳ ʤʦʞʥʦ ʧʦʜʘʚʘʪʴ 

ʩʦ ʩʤʘʨʪʬʦʥʘ. 

ʅʝʦʪʲʝʤʣʝʤʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʩʠʩʪʝʤ ʫʤʥʦʛʦ ʜʦʤʘ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ, 

ʢʦʥʪʨʦʣʠʨʫʷ ʚʢʣʶʯʝʥʠʝ ʠ ʚʳʢʣʶʯʝʥʠʝ ʩʚʝʪʘ, ʜʘʞʝ ʝʩʣʠ ʚʳ ʥʘʭʦʜʠʪʝʩʴ ʚʜʘʣʠ ʦʪ ʜʦʤʘ. ʊʘʢ ʞʝ 

ʵʢʦʥʦʤʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ [3]. 

ʇʨʠʤʝʥʝʥʠʝ ʥʦʚʳʭ ʠ ʪʝʭʥʦʣʦʛʠʯʥʳʭ ʨʝʰʝʥʠʡ ʚ ʈʦʩʩʠʠ ʧʨʦʭʦʜʠʪ ʩ ʤʝʥʴʰʠʤ ʵʥʪʫʟʠʘʟʤʦʤ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʟʘʨʫʙʝʞʥʳʤʠ ʩʪʨʘʥʘʤʠ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʥʝʜʦʩʪʘʪʦʯʥʳʤʠ ʟʥʘʥʠʷʤʠ ʚ ʜʘʥʥʦʡ ʩʬʝʨʝ, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʥʝʦʭʦʪʥʦʛʦ ʧʝʨʝʭʦʜʘ ʣʶʜʝʡ ʢ ʩʠʩʪʝʤʘʤ ʫʤʥʦʛʦ ʜʦʤʘ. 

ʉʠʩʪʝʤʳ ʦʪ ʬʠʨʤʳ Sonoff ʷʚʣʷʶʪʩʷ ʣʠʜʝʨʘʤʠ ʩʨʝʜʠ ʙʶʜʞʝʪʥʳʭ ʠʟ-ʟʘ ʩʚʦʝʡ ʧʨʦʩʪʦʪʳ 

ʤʦʥʪʘʞʘ ʠ ʫʧʨʘʚʣʝʥʠʷ ʩʠʩʪʝʤʦʡ ʯʝʨʝʟ ʤʦʙʠʣʴʥʳʡ ʜʝʚʘʡʩ. ʈʘʩʩʤʦʪʨʠʤ ʜʦʩʪʫʧʥʦʝ ʠ ʧʨʦʩʪʦʝ 

ʫʩʪʨʦʡʩʪʚʦ Sonoff Basic. ʆʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʤʘʨʪ-ʧʝʨʝʢʣʶʯʘʪʝʣʴ Wi-Fi, ʢʦʪʦʨʳʡ ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʫʤʥʦʝ ʜʦʤʘʰʥʝʝ ʫʧʨʘʚʣʝʥʠʝ. ʕʪʦ ʚʳʢʣʶʯʘʪʝʣʴ ʧʠʪʘʥʠʷ ʩ ʜʠʩʪʘʥʮʠʦʥʥʳʤ 

ʫʧʨʘʚʣʝʥʠʝʤ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʧʦʜʢʣʶʯʘʪʴʩʷ ʢ ʰʠʨʦʢʦʤʫ ʩʧʝʢʪʨʫ ʧʨʠʙʦʨʦʚ. ʕʣʝʢʪʨʠʯʝʩʢʠʡ 

ʧʝʨʝʢʣʶʯʘʪʝʣʴ Sonoff Basic Wi-Fi ʧʝʨʝʜʘʝʪ ʜʘʥʥʳʝ ʥʘ ʦʙʣʘʯʥʫʶ ʧʣʘʪʬʦʨʤʫ ʯʝʨʝʟ Wi-Fi-ʨʦʫʪʝʨ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʫʜʘʣʝʥʥʦ ʫʧʨʘʚʣʷʪʴ ʚʩʝʤʠ ʧʦʜʢʣʶʯʝʥʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʯʝʨʝʟ ʤʦʙʠʣʴʥʦʝ 

ʧʨʠʣʦʞʝʥʠʝ.  

  
 

ʈʠʩʫʥʦʢ 2 ï ʄʦʜʫʣʴ ʛʦʣʦʩʦʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ Sonoff Basic[2]. 
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ʈʠʩʫʥʦʢ 3 ï ʉʧʦʩʦʙ ʧʦʜʢʣʶʯʝʥʠʷ ʤʦʜʫʣʷ ʛʦʣʦʩʦʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ Sonoff Basic[2]. 

 

ʇʫʣʴʪʦʤ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʫʩʪʨʦʡʩʪʚʦ ʩ ʧʦʜʜʝʨʞʢʦʡ ʛʦʣʦʩʦʚʳʭ 

ʘʩʩʠʩʪʝʥʪʦʚ Google ʠ Amazon. 

ʂʨʦʤʝ ʪʦʛʦ, ʜʘʥʥʳʡ ʤʦʜʫʣʴ ʩʧʦʩʦʙʝʥ ʟʘʤʳʢʘʪʴ ʠ ʨʘʟʤʳʢʘʪʴ ʮʝʧʴ ʧʠʪʘʥʠʷ ʚ ʟʘʜʘʥʥʦʝ ʚʨʝʤʷ, ʘ 

ʪʘʢʞʝ ʨʘʟʤʳʢʘʪʴ ʧʦ ʧʨʦʰʝʩʪʚʠʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʨʝʤʝʥʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʧʦʚʳʩʠʪʴ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʞʠʣʦʛʦ ʧʦʤʝʱʝʥʠʷ, ʢʦʛʜʘ ʚʳ ʥʘʭʦʜʠʪʝʩʴ ʚʥʝ ʛʦʨʦʜʘ. ʉʠʩʪʝʤʘ ʙʫʜʝʪ ʚʢʣʶʯʘʪʴ ʩʚʝʪ, 

ʧʨʠʙʦʨʳ ʧʦ ʟʘʜʘʥʥʦʤʫ ʚʘʤʠ ʩʮʝʥʘʨʠʶ, ʵʤʠʪʠʨʫʷ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴ ʚ ʧʦʤʝʱʝʥʠʠ.  

ʋʧʨʘʚʣʝʥʠʝ ʵʣʝʢʪʨʦʧʨʠʙʦʨʘʤʠ ʧʦʩʨʝʜʩʪʚʦʤ ʛʦʣʦʩʘ ï ʵʪʦ ʦʜʠʥ ʠʟ ʵʣʝʤʝʥʪʦʚ ʫʤʥʦʛʦ ʜʦʤʘ. 

ɼʘʥʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʰʠʨʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʢʪʨʦʧʨʠʙʦʨʦʚ. ʉʧʦʩʦʙ ʫʧʨʘʚʣʝʥʠʷ 

ʛʦʣʦʩʦʤ ʩʧʦʩʦʙʝʥ ʦʙʣʝʛʯʠʪʴ ʥʘʰʫ ʞʠʟʥʴ, ʦʩʚʦʙʦʜʠʚ ʚʨʝʤʷ ʜʣʷ ʙʦʣʝʝ ʚʘʞʥʳʭ ʜʝʣ. ʇʨʠʤʝʥʝʥʠʝ ʥʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʧʦʟʚʦʣʠʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʧʦʪʨʝʙʣʝʥʠʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʞʠʣʦʛʦ ʧʦʤʝʱʝʥʠʷ ʠ 

ʧʦʩʪʦʷʥʥʦ ʙʳʪʴ ʚ ʢʫʨʩʝ ʩʠʪʫʘʮʠʠ. 

ʋʤʥʳʝ ʚʳʢʣʶʯʘʪʝʣʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʙʳʪʦʚʳʭ, ʥʦ ʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭ. ʄʦʜʫʣʴ ʥʝ ʪʦʣʴʢʦ ʦʙʣʝʛʯʘʝʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʬʫʥʢʮʠʠ, ʥʦ ʠ ʧʦʤʦʛʘʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʢʦʥʪʨʦʣʴ 

ʥʘʜ ʨʘʙʦʪʦʡ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʣʶʙʦʡ ʪʦʯʢʠ ʤʠʨʘ. 

ʄʳ ʨʘʩʩʤʦʪʨʠʤ ʚʘʨʠʘʥʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʳʭ ʤʦʜʫʣʝʡ, ʦʪʪʘʣʢʠʚʘʷʩʴ ʦʪ ʯʝʪʳʨʝʭ ʦʩʥʦʚʥʳʭ 

ʝʛʦ ʚʦʟʤʦʞʥʦʩʪʝʡ: ʫʜʘʣʝʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʨʘʙʦʪʘ ʩ ʥʘʩʪʨʦʡʢʦʡ ʧʘʨʘʤʝʪʨʦʚ, ʧʨʦʩʪʦʝ 

ʬʠʟʠʯʝʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʢʦʥʪʨʦʣʴ ʥʘʜ ʩʦʩʪʦʷʥʠʝʤ ʨʘʙʦʪʳ, ʛʦʣʦʩʦʚʦʝ ʫʧʨʘʚʣʝʥʠʝ. 

ʀʩʭʦʜʷ ʠʟ ʦʩʥʦʚʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʤʦʞʝʤ ʧʨʝʜʣʦʞʠʪʴ ʩʣʝʜʫʶʱʠʝ ʩʬʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ: 

ʫʜʘʣʝʥʥʦ ʧʨʦʚʝʨʷʪʴ ʢʘʢʠʝ ʫʩʪʨʦʡʩʪʚʘ ʦʩʪʘʣʠʩʴ ʚʢʣʶʯʝʥʥʳʤʠ ʠ ʦʪʢʣʶʯʠʪʴ ʠʭ; ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

(ʚʢʣʶʯʘʪʴ/ ʚʳʢʣʶʯʘʪʴ) ʫʩʪʨʦʡʩʪʚʘ ʧʦ ʨʘʩʧʠʩʘʥʠʶ; ʦʪʢʨʳʚʘʪʴ ʚʩʝʚʦʟʤʦʞʥʳʭ ʟʘʤʢʠ ʠ ʧʦʜʥʠʤʘʪʴ 

ʰʣʘʛʙʘʫʤʳ; ʫʧʨʘʚʣʷʪʴ (ʚʢʣʶʯʝʥʠʝʤ/ ʦʪʢʣʶʯʝʥʠʝʤ) ʫʩʪʨʦʡʩʪʚ ʛʦʣʦʩʦʤ, ʥʝ ʧʨʠʤʝʥʷʷ ʬʠʟʠʯʝʩʢʠʭ 

ʫʩʠʣʠʡ.  

 ʀʟ ʚʩʝʛʦ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʦʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʩʠʩʪʝʤʳ ʫʤʥʳʭ ʚʳʢʣʶʯʘʪʝʣʝʡ 

ʩʧʦʩʦʙʥʳ ʥʝ ʪʦʣʴʢʦ ʧʦʤʦʯʴ ʯʝʣʦʚʝʢʫ, ʫʙʨʘʚ ʥʝʥʫʞʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦ ʦʙʲʝʢʪʫ ʩ ʮʝʣʴʶ ʫʧʨʘʚʣʝʥʠʷ 

ʥʝʩʣʦʞʥʳʤʠ ʵʣʝʢʪʨʦʧʨʠʙʦʨʘʤʠ, ʥʦ ʠ ʚ ʧʨʠʥʮʠʧʝ ʠʩʢʣʶʯʠʪʴ ʤʥʦʞʝʩʪʚʦ ʣʠʰʥʠʭ ʜʝʡʩʪʚʠʡ ʚʦ ʤʥʦʛʠʭ 

ʩʬʝʨʘʭ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ.  

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1.ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ ʦʙ ʩʠʩʪʝʤʘʭ ʫʤʥʦʛʦ ʜʦʤʘ. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ 

https://zen.yandex.ru/media/id/5a9e7bd857906a3f350e1077/obzor-umnogo-wifi -vykliuchatelia-sonoff-

5bd86f824ea8edʦʦac412e65 (ɼʘʪʘ ʦʙʨʘʱʝʥʠʷ 04.11.2020). 

2.Sonoff. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ https://sonoff.tech/ (ɼʘʪʘ ʦʙʨʘʱʝʥʠʷ 

04.11.2020). 

3.ʈʘʟʙʦʨ ʫʩʪʨʦʡʩʪʚʘ Sonoff. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ 

https://lifehacker.ru/umnyj-vyklyuchatel-sonoff-t1 (ɼʘʪʘ ʦʙʨʘʱʝʥʠʷ 04.11.2020). 
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ʋɼʂ 621.311.243 
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Abstract: A prototype of a solar battery for autonomous power systems (using a cell phone as an 

example) was designed, modeled and printed using 3D modeling technologies and subsequent 3D printing. 

The energy efficiency of the positioning system of flat solar panels is considered.  

Key words: solar battery, prototype, solar energy. 

 

ɾʠʟʥʠ ʪʨʝʙʫʝʪʩʷ ʵʥʝʨʛʠʷ, ʜʣʷ ʟʘʨʦʞʜʝʥʠʷ ʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ, ʠ ʪʨʝʙʫʝʪʩʷ ʤʥʦʛʦ. ɽʩʣʠ 

ʧʦʩʤʦʪʨʝʪʴ ʥʘ ɿʝʤʣʶ, ʤʦʞʥʦ ʧʨʦʩʣʝʜʠʪʴ ʯʪʦ ʧʦʯʪʠ ʚʩʝ ʝʝ ʠʩʪʦʯʥʠʢʠ ï ʵʪʦ ʵʥʝʨʛʠʷ ʩʦʣʥʮʘ ʚ ʨʘʟʥʳʭ 

ʝʝ ʬʦʨʤʘʭ. ʏʝʣʦʚʝʢ ʩ ʤʦʤʝʥʪʘ ʩʚʦʝʛʦ ʟʘʨʦʞʜʝʥʠʷ ʧʳʪʘʣʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʥʝʨʛʠʶ ʩʦʣʥʮʘ, ʩʥʘʯʘʣʘ ʚ 

ʚʠʜʝ ʫʛʣʷ ʢʦʪʦʨʳʡ ʢʦʛʜʘ ʪʦ ʙʳʣ ʜʝʨʝʚʴʷʤʠ, ʧʦʛʣʦʱʘʶʱʠʤʠ ʉʦʣʥʝʯʥʳʡ ʩʚʝʪ ʜʝʩʷʪʢʠ ʣʝʪ, ʧʦʟʞʝ 

ʵʥʝʨʛʠʶ ʚʝʪʨʘ ʢʦʪʦʨʳʡ ʦʙʨʘʟʦʚʘʣʩʷ ʠʟ ʟʘ ʥʘʛʨʝʚʘʥʠʷ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʣʷ ʚʨʘʱʝʥʠʷ ʤʝʣʴʥʠʮ, 

ʤʥʦʛʦ ʧʦʟʞʝ ʯʝʣʦʚʝʢ ʦʪʢʨʦʝʪ ʵʣʝʢʪʨʠʯʝʩʪʚʦ, ʥʝʚʝʨʦʷʪʥʦ ʫʜʦʙʥʳʡ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʚʘʨʠʘʥʪ ʵʥʝʨʛʠʠ, 

ʢʦʪʦʨʘʷ ʦʯʝʥʴ ʫʜʦʙʥʘ ʚ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʥʘ ʨʘʩʩʪʦʷʥʠʷ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʝʝ ʚ ʥʫʞʥʫʶ ʬʦʨʤʫ. ɺ 

ʢʦʥʮʝ X︠X ʚʝʢʘ ʯʝʣʦʚʝʢ ʥʘʰʝʣ ʩʧʦʩʦʙ ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʵʥʝʨʛʠʶ ʠʟʣʫʯʝʥʠʷ ʩʦʣʥʮʘ ʚ ʵʣʝʢʪʨʠʯʝʩʪʚʦ 

ʧʨʠ ʧʦʤʦʱʠ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ, ʦ ʢʦʪʦʨʳʭ ʚ ʵʪʦʡ ʩʪʘʪʴʝ ʯʘʩʪʠʯʥʦ ʠ ʧʦʡʜʝʪ ʨʝʯʴ. ɺ ʥʘʩʪʦʷʱʠʡ 

ʤʦʤʝʥʪ ʩʫʱʝʩʪʚʫʶʪ ʜʚʝ ʛʝʣʠʦʪʝʭʥʦʣʦʛʠʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʝʪʝʥʜʦʚʘʪʴ ʥʘ ʨʘʟʚʠʪʠʝ ʚ ʙʫʜʫʱʝʤ. ʆʜʥʘ 

ʦʩʥʦʚʘʥʘ ʥʘ ʠʟʚʣʝʯʝʥʠʠ ʪʦʢʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ. ɺʪʦʨʘʷ ʩʦʩʪʦʠʪ ʚ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʩʦʣʥʮʘ, ʵʪʘ ʪʝʭʥʦʣʦʛʠʷ ʦʩʥʦʚʘʥʘ ʥʘ ʥʘʛʨʝʚʝ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʦʪ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʣʫʯʘ [1]. 

ʉʦʣʥʝʯʥʘʷ ʙʘʪʘʨʝʷ ï ʵʪʦ ʵʣʝʢʪʨʦʧʨʠʙʦʨ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʬʦʪʦʵʣʝʤʝʥʪʦʚ, ʩʦʝʜʠʥʝʥʥʳʭ ʚʤʝʩʪʝ, 

ʢʦʪʦʨʳʝ ʧʨʝʦʙʨʘʟʫʶʪ ʵʥʝʨʛʠʶ ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ. ʗ ʨʘʙʦʪʘʶ ʛʠʜʦʤ ʚ ʛʦʨʘʭ 

ʟʘʧʦʚʝʜʥʠʢʘʭ, ʚ ʢʦʪʦʨʳʭ ʜʦʩʪʫʧ ʢ ʠʩʪʦʯʥʠʢʘʤ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʦʪʩʫʪʩʪʚʫʝʪ, ʥʦ ʥʫʞʜʘ ʚ ʵʣʝʢʪʨʠʯʝʩʪʚʝ 

ʦʩʪʘʸʪʩʷ, ʯʪʦ ʧʨʠʚʝʣʦ ʤʝʥʷ ʢ ʠʜʝʝ ʩʦʟʜʘʥʠʷ ʩʦʣʥʝʯʥʦʡ ʙʘʪʘʨʝʠ. ʂʘʢ ʦʢʘʟʘʣʦʩʴ, ʩʦʙʨʘʥʥʳʝ ʩʦʣʥʝʯʥʳʝ 

ʙʘʪʘʨʝʠ ʩʪʦʷʪ ʜʦʩʪʘʪʦʯʥʦ ʜʦʨʦʛʦ ʜʣʷ ʰʢʦʣʴʥʠʢʘ, ʫʞʝ ʩʪʫʜʝʥʪʘ, ʧʦʵʪʦʤʫ ʙʳʣʦ ʨʝʰʝʥʦ ʢʫʧʠʪʴ 

ʜʝʰʸʚʳʝ ʩʦʣʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʧʦʢʨʳʪʴ ʧʦʪʨʝʙʥʦʩʪʠ ʩ ʠʟʣʠʰʢʦʤ, ʠ ʩʦʙʨʘʪʴ ʠʭ ʚ 

ʨʘʙʦʯʫʶ ʫʩʪʘʥʦʚʢʫ. ʉʦʙʠʨʘʪʴ ʢʣʘʩʩʠʯʝʩʢʫʶ ʧʣʦʩʢʫʶ ʙʘʪʘʨʝʶ ʩ ʙʦʣʴʰʦʡ ʧʣʦʱʘʜʴʶ ʤʥʝ ʧʦʢʘʟʘʣʦʩʴ 

ʥʝ ʠʥʪʝʨʝʩʥʳʤ ʠ ʥʝ ʧʨʦʜʫʢʪʠʚʥʳʤ ʠʟ-ʟʘ ʥʝʫʜʦʙʩʪʚʘ ʧʝʨʝʤʝʱʝʥʠʷ, ʠ ʤʳʩʣʴ ʧʨʠʰʣʘ ʢ ʪʦʤʫ, ʯʪʦʙʳ 

ʩʦʟʜʘʪʴ ʩʭʝʤʫ ʩʚʝʨʪʢʠ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʵʣʝʤʝʥʪʦʚ ʩ ʚʳʭʦʜʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ 5V ʜʣʷ ʟʘʨʷʜʢʠ 

ʣʶʙʳʭ ʫʩʪʨʦʡʩʪʚ, ʠʤʝʶʱʠʭ ʠʥʪʝʨʬʝʡʩ USB [2]. 

ʇʘʥʝʣʠ (ʈʠʩ.1) ʙʳʣʠ ʟʘʢʘʟʘʥʳ ʚ ʂʠʪʘʝ ʨʘʟʤʝʨʦʤ 53ʭ77ʤʤ, ʥʘʧʨʷʞʝʥʠʝʤ ʚ ʦ.5V ʠ ʩʠʣʦʡ ʪʦʢʘ ʚ 

1,32ɸ. ʄʝʭʘʥʠʟʤ ʩʚʝʨʪʢʠ ʙʳʣʦ ʨʝʰʝʥʦ ʩʜʝʣʘʪʴ ʧʨʠ ʧʦʤʦʱʠ ʪʝʭʥʦʣʦʛʠʡ 3D ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ 

ʧʦʩʣʝʜʫʶʱʝʡ 3D ʧʝʯʘʪʠ. ʉʨʝʜʦʡ 3D ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʘ ʚʳʙʨʘʥʘ Fusion 36ʦ ʪʘʢ ʢʘʢ ʵʪʦ 
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ʝʜʠʥʩʪʚʝʥʥʘʷ ʩʨʝʜʘ, ʚ ʢʦʪʦʨʦʡ ʫ ʤʝʥʷ ʫʞʝ ʙʳʣʠ ʨʘʙʦʪʳ, ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʥʪʝʨʘ ʙʳʣ ʚʟʷʪ ʤʦʡ AnyCubic 

ZERO. 

 

 

 
ʈʠʩ.1. ʇʘʥʝʣʴ ʜʣʷ ʩʦʣʥʝʯʥʦʡ ʙʘʪʘʨʝʠ. 

 

ʇʝʨʚʳʤ ʜʝʣʦʤ ʙʳʣʘ ʩʧʨʦʝʢʪʠʨʦʚʘʥʘ, ʩʤʦʜʝʣʠʨʦʚʘʥʘ ʠ ʨʘʩʧʝʯʘʪʘʥʘ (ʈʠʩ.2) ʩʘʤʘ ʩʭʝʤʘ 

ʩʚʝʨʪʢʠ, ʥʘ ʥʝʝ ʫ ʤʥʝ ʧʦʥʘʜʦʙʠʣʦʩʴ 2 ʥʝʜʝʣʠ ʚʨʝʤʝʥʠ, ʪʘʢ ʢʘʢ ʷ ʜʦ ʵʪʦʛʦ ʤʦʤʝʥʪʘ ʥʝ ʙʳʣ ʟʥʘʢʦʤ ʩ 

ʪʘʢʠʤʠ ʤʝʭʘʥʠʟʤʘʤʠ ʠ ʵʪʦ ʙʳʣʘ ʧʝʨʚʘʷ ʥʘʩʪʦʣʴʢʦ ʩʣʦʞʥʘʷ ʨʘʙʦʪʘ, ʚ ʢʦʪʦʨʦʡ ʟʘʜʝʡʩʪʚʦʚʘʥʦ 

ʥʝʩʢʦʣʴʢʦ ʜʚʠʞʫʱʠʭʩʷ ʵʣʝʤʝʥʪʦʚ. ɼʘʣʝʝ ʥʫʞʥʦ ʙʳʣʦ ʧʨʦʩʯʠʪʘʪʴ ʨʘʟʤʝʨʳ ʚʩʝʭ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʚʟʘʠʤʥʦ ʜʚʠʛʘʶʱʠʭʩʷ ʜʝʪʘʣʝʡ, ʘ ʩʣʝʜʦʤ ʙʳʣʘ ʥʘʯʘʪʘ ʩʙʦʨʢʘ ʧʦʚʦʨʦʪʥʦʡ ʦʧʦʨʳ, ʧʦʷʚʠʣʘʩʴ ʧʨʦʙʣʝʤʘ, 

ʤʦʠʭ ʟʥʘʥʠʡ ʥʝ ʭʚʘʪʘʝʪ, ʯʪʦʙʳ ʧʦʥʷʪʴ, ʢʘʢ ʩʜʝʣʘʪʴ ʫʩʪʦʡʯʠʚʫʶ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʢʦʥʩʪʨʫʢʮʠʶ, 

ʧʨʠʰʣʦʩʴ ʦʩʪʘʥʦʚʠʪʴʩʷ ʥʘ ʜʚʫʭ ʚʘʨʠʘʥʪʘʭ - ʵʪʦ ʢʨʝʩʪʦʚʘʷ ʦʧʦʨʘ ʠ ʰʪʳʨʴ. 

 

 
ʈʠʩ.2. ʇʨʦʪʦʪʠʧ ʩʦʣʥʝʯʥʦʡ ʙʘʪʘʨʝʠ, ʩʜʝʣʘʥʥʳʡ ʠ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʳʡ ʩʚʦʠʤʠ ʨʫʢʘʤʠ.  

 

ʋ ʧʨʦʪʦʪʠʧʘ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʧʘʨʫ ʩʫʱʝʩʪʚʝʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ, ʧʝʨʚʳʡ ʵʪʦ ʩʘʤʠ ʩʦʣʥʝʯʥʳʝ 

ʵʣʝʤʝʥʪʳ, ʘ ʪʦʯʥʝʝ ʠʭ ʩʠʣʴʥʘʷ, ʥʝ ʧʦʟʚʦʣʷʶʱʘʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʳʡ ʧʨʦʪʦʪʠʧ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷ, 

ʛʜʝ ʣʝʪʷʱʠʝ ʚʝʪʢʠ ʠ ʰʠʰʢʠ ʵʪʦ ʥʦʨʤʘ, ʠ ʜʘʞʝ ʩʠʣʴʥʳʡ ʚʝʪʝʨ ʩʧʦʩʦʙʝʥ ʠʭ ʩʣʦʤʘʪʴ, ʚʪʦʨʦʡ ʵʪʦ 

ʦʪʩʫʪʩʪʚʠʝ ʢʘʢʦʡ ʣʠʙʦ ʚʣʘʛʘ ʟʘʱʠʪʳ, ʯʪʦ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʢʦʨʦʪʢʦʝ ʟʘʤʳʢʘʥʠʝ ʚ ʮʝʧʠ, ʘ, ʩʣʝʜʩʪʚʝʥʥʦ, 

ʚʳʭʦʜ ʠʟ ʩʪʨʦʷ ʧʦʜʢʣʶʯʝʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. 

ʄʦʞʥʦ ʣʠ ʩʢʘʟʘʪʴ, ʯʪʦ ʨʘʙʦʪʘ ʧʨʦʜʝʣʘʥʘ ʚʧʫʩʪʫʶ, ʚʦʚʩʝ ʥʝʪ, ʷ ʩʤʦʛ ʨʘʟʚʠʪʴ ʩʚʦʝ ʥʘʚʳʢʠ 3D 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʚʦʦʙʨʘʞʝʥʠʷ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ 3D ʇʝʯʘʪʠ ʤʝʭʘʥʠʟʤʦʚ, ʠ ʧʦʣʫʯʠʪʴ ʥʝʧʣʦʭʦʡ, ʥʦ 

ʥʝʟʘʢʦʥʯʝʥʥʳʡ ʧʨʦʪʦʪʠʧ ʧʦʨʪʘʪʠʚʥʦʡ ʟʘʨʷʜʥʦʡ ʩʪʘʥʮʠʠ ʜʣʷ ʫʩʪʨʦʡʩʪʚ USB, ʢʦʪʦʨʳʡ, ʝʩʣʠ 

ʫʣʫʯʰʠʪʴ, ʤʦʞʥʦ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ. 
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Abstract: This article discusses the methods of heat energy storage for heating private homes in the 

Krasnoyarsk Territory. Based on the known methods, it is proposed to develop and analyze the possibility of 
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ʊʝʤʘ: ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʪʝʧʣʘ ʜʣʷ ʦʙʦʛʨʝʚʘ ʯʘʩʪʥʳʭ ʞʠʣʳʭ ʜʦʤʦʚ 

ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʢʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʷ. 

ʎʝʣʠ ʨʘʙʦʪʳ: ʆʮʝʥʠʪʴ ʧʦʪʝʥʮʠʘʣ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʝʦʪʝʨʤʘʣʴʥʦʛʦ ʦʪʦʧʣʝʥʠʷ ʜʣʷ ʯʘʩʪʥʳʭ 

ʜʦʤʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʷ. 

ɿʘʜʘʯʠ:  

1. ʆʧʠʩʘʪʴ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʩʠʩʪʝʤ ʦʪʦʧʣʝʥʠʷ, ʧʨʠʚʝʩʪʠ ʧʨʠʤʝʨʳ. 

2. ʇʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʧʦʯʚʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʷ. 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʩʠʩʪʝʤ ʦʪʦʧʣʝʥʠʷ. 

ʆʙʱʝʠʟʚʝʩʪʥʳʡ ʬʘʢʪ, ʯʪʦ ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʛʨʫʥʪʘ ʥʘ ʛʣʫʙʠʥʝ ʦʢʦʣʦ 2-3 ʤ ʧʦʩʪʦʷʥʥʘ ʚ 

ʪʝʯʝʥʠʝ ʛʦʜʘ. ɽʝ ʧʨʠʤʝʨʥʦʝ ʟʥʘʯʝʥʠʝ ʣʝʞʠʪ ʚ ʜʠʘʧʘʟʦʥʝ ʧʣʶʩ 5-7 ʛʨʘʜʫʩʦʚ ʎʝʣʴʩʠʷ, ʧʨʠʯʝʤ 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʩʪʝʧʝʥʥʦ ʧʦʚʳʰʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʛʣʫʙʠʥʳ. ɹʣʘʛʦʜʘʨʷ ʪʘʢʦʤʫ ʷʚʣʝʥʠʶ ʣʶʜʠ ʭʨʘʥʷʪ 

ʧʨʦʜʫʢʪʳ ʠ ʦʚʦʱʠ ʩ ʦʛʦʨʦʜʘ ʚ ʧʦʜʚʘʣʘʭ. 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʜʘʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʠ ʧʨʠʤʝʥʷʷ ʪʝʭʥʦʣʦʛʠʡ ʥʘʰʝʛʦ ʚʨʝʤʝʥʠ, ʧʦʷʚʠʣʘʩʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʛʝʦʪʝʨʤʘʣʴʥʦʝ ʪʝʧʣʦ ʜʣʷ ʦʙʦʛʨʝʚʘ ʞʠʣʳʭ ʧʦʤʝʱʝʥʠʡ. 
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ɻʝʦʪʝʨʤʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʦʪʦʧʣʝʥʠʷ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ 

ʨʘʙʦʪʘʶʱʠʭ ʧʦ ʮʠʢʣʫ ʂʘʨʥʦ. ʇʦʜʥʠʤʘʷ ʛʣʫʙʦʢʦ ʚʥʠʟʫ ʭʦʣʦʜʥʳʡ ʪʝʧʣʦʥʦʩʠʪʝʣʴ ʠ ʧʦʣʫʯʘʷ ʚʟʘʤʝʥ 

ʥʘʛʨʝʪʳʡ ʜʦ 5ʦ ʛʨʘʜʫʩʦʚ ʧʦʪʦʢ ʞʠʜʢʦʩʪʠ ʚʥʫʪʨʠ ʦʪʦʧʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ. 

ɸʧʧʘʨʘʪʫʨʘ ʨʘʙʦʪʘʝʪ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʦʪ 35ʦ ʜʦ 45ʦ%. ʉʪʘʥʜʘʨʪʥʳʡ 

ʪʝʧʣʦʚʦʡ ʥʘʩʦʩ ʦʙʦʛʨʝʚʘʝʪ ʜʦʤ ʠʣʠ ʠʥʦʝ ʟʜʘʥʠʝ ʟʘ ʩʯʝʪ ʪʝʧʣʘ ʟʝʤʣʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 1ʦʦ ʪʳʩʷʯ ʯʘʩʦʚ 

(ʠʤʝʥʥʦ ʪʘʢʦʚ ʩʨʝʜʥʠʡ ʧʨʦʤʝʞʫʪʦʢ ʤʝʞʜʫ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʤʠ ʢʘʧʠʪʘʣʴʥʳʤʠ ʨʝʤʦʥʪʘʤʠ [1]. 

ʆʩʥʦʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʛʝʦʪʝʨʤʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʷʚʣʷʶʪʩʷ, ʪʝʧʣʦʚʦʡ ʥʘʩʦʩ, ʛʘʙʘʨʠʪʳ 

ʢʦʪʦʨʦʛʦ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʥʳ ʭʦʣʦʜʠʣʴʥʠʢʫ, ʚ ʵʪʦʪ ʵʣʝʤʝʥʪ ʚʢʣʶʯʝʥʳ ʜʚʘ ʢʦʥʪʫʨʘ. 

ʇʝʨʚʳʡ ʢʦʥʪʫʨ (ʚʥʫʪʨʝʥʥʠʡ) ʚʥʝʰʥʝ ʚʳʛʣʷʜʷʱʠʡ, ʢʘʢ ʫʞʝ ʧʨʠʚʳʯʥʘʷ ʜʣʷ ʥʘʰʝʛʦ ʚʟʛʣʷʜʘ 

ʩʠʩʪʝʤʘ ʦʪʦʧʣʝʥʠʷ ʯʘʩʪʥʳʭ ʜʦʤʦʚ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʨʫʙʳ ʠ ʙʘʪʘʨʝʠ ʦʪʦʧʣʝʥʠʷ. 

ɺʪʦʨʦʡ (ʚʥʝʰʥʠʡ) ï ʪʝʧʣʦʦʙʤʝʥʥʠʢ, ʢʦʪʦʨʳʡ ʫʩʪʘʥʦʚʣʝʥ ʚ ʟʝʤʣʝ ʣʠʙʦ ʚʦʜʦʭʨʘʥʠʣʠʱʝ. ʇʦ 

ʜʘʥʥʦʤʫ ʢʦʥʪʫʨʫ ʮʠʨʢʫʣʠʨʫʝʪ ʢʘʢ ʚʦʜʘ ʙʝʟ ʜʦʙʘʚʣʝʥʥʳʭ ʩʨʝʜʩʪʚ, ʪʘʢ ʠ ʘʥʪʠʬʨʠʟ. 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʠʟʦʙʨʘʞʝʥ ʥʘ ʨʠʩʫʥʢʝ 1 

 

 
ʈʠʩʫʥʦʢ 1 ï ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʛʝʦʪʝʨʤʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ 

 

 ʆʧʠʩʘʥʠʝ ʧʨʠʥʮʠʧʘ ʨʘʙʦʪʳ ʛʝʦʪʝʨʤʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ: 

ɾʠʜʢʦʩʪʴ, ʙʫʜʴ ʪʦ ʦʙʳʯʥʘʷ ʚʦʜʘ ʠʣʠ ʘʥʪʠʬʨʠʟ, ʧʨʦʭʦʜʠʪ ʩʢʚʦʟʴ ʚʥʝʰʥʠʡ ʢʦʥʪʫʨ ʪʨʫʙ, 

ʧʨʦʛʨʝʚʘʷʩʴ ʟʘ ʩʯʝʪ ʪʝʧʣʘ ʟʝʤʣʠ, ʧʦʩʣʝ ʵʪʦʛʦ ʞʠʜʢʦʩʪʴ ʧʦʧʘʜʘʝʪ ʚ ʪʝʧʣʦʚʦʡ ʥʘʩʦʩ, ʢʦʪʦʨʳʡ ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ ʥʘʛʥʝʪʘʝʪ ʜʘʚʣʝʥʠʝ ʚ ʞʠʜʢʦʩʪʠ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʧʦʜʥʠʤʘʝʪʩʷ ʝʝ ʪʝʤʧʝʨʘʪʫʨʘ. 

 

ʇʦʩʣʝ ʜʘʥʥʦʡ ʧʨʦʮʝʜʫʨʳ, ʞʠʜʢʦʩʪʴ ʩ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʦʧʘʜʘʝʪ ʚʦ ʚʥʫʪʨʝʥʥʠʡ ʢʦʥʪʫʨ 

ʠ ʟʘ ʩʯʝʪ ʪʨʫʙ ʠ ʙʘʪʘʨʝʡ ʦʪʦʧʣʝʥʠʷ ʦʪʜʘʝʪ ʩʚʦʝ ʪʝʧʣʦ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʧʦʩʣʝ ñʦʪʨʘʙʦʪʘʥʥʘʷò 

ʞʠʜʢʦʩʪʴ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʩʙʨʦʩʥʦʡ ʢʣʘʧʘʥ ʚ ʠʩʧʘʨʠʪʝʣʴ ʠ ʫʩʪʨʝʤʣʷʝʪʩʷ ʦʙʨʘʪʥʦ ʧʦ ʪʨʫʙʘʤ ʚ ʟʝʤʣʶ.  

ʇʨʠʙʨʝʞʥʳʝ ʞʠʪʝʣʠ ʨʝʢʠ ɽʥʠʩʝʡ ʠʤʝʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʛʝʥʝʨʠʨʦʚʘʪʴ ʪʝʧʣʦ ʟʘ ʩʯʝʪ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʜʘʥʥʦʡ ʨʝʢʠ, ʨʝʢʘ ɽʥʠʩʝʡ ʥʝ ʧʦʢʨʳʚʘʝʪʩʷ ʣʴʜʦʤ ʢʨʫʛʣʳʡ ʛʦʜ, ʜʘʥʥʫʶ ʦʩʦʙʝʥʥʦʩʪʴ 

ʤʦʞʥʦ ʧʦʣʥʦʮʝʥʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ, ʢʘʢ ʠʩʪʦʯʥʠʢ ʪʝʧʣʘ ʜʣʷ ʦʪʦʧʣʝʥʠʷ ʜʦʤʦʚ ʠ ʜʨʫʛʠʭ ʧʦʤʝʱʝʥʠʡ.  

ʉʧʦʩʦʙ ʘʥʘʣʦʛʠʯʝʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʧʣʘ ʟʝʤʣʠ, ʪʦʣʴʢʦ ʚʤʝʩʪʦ ʟʝʤʣʠ ʚʥʝʰʥʠʡ ʢʦʥʪʫʨ 

ʧʦʛʨʫʞʘʝʪʩʷ, ʚ ʚʦʜʫ (ʨʠʩ.2) 
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ʈʠʩʫʥʦʢ 2 ï ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʙʣʠʟʣʝʞʘʱʝʛʦ ʚʦʜʦʝʤʘ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʪʝʧʣʘ ʜʣʷ ʪʝʧʣʦʚʦʛʦ 

ʥʘʩʦʩʘ  

 

ʇʨʠʤʝʨʳ ʛʦʪʦʚʳʭ ʫʩʪʘʥʦʚʦʢ, ʧʨʝʜʣʘʛʘʝʤʳʭ ʥʘ ʨʳʥʢʝ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʦʤʧʘʥʠʡ ʧʨʝʜʣʘʛʘʶʪ ʛʦʪʦʚʳʝ ʨʝʰʝʥʠʷ ʜʣʷ 

ʩʥʘʙʞʝʥʠʷ ʪʝʧʣʦʤ ʜʦʤʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʝʦʪʝʨʤʘʣʴʥʦʛʦ ʪʝʧʣʘ. 

ʆʜʥʠʤ ʠʟ ʣʠʜʝʨʦʚ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʌ ʷʚʣʷʝʪʩʷ ʢʦʤʧʘʥʠʷ çʅʘʨʦʜʥʳʝ 

ʪʝʧʣʦʚʳʝ ʥʘʩʦʩʳè, ʜʘʥʥʘʷ ʢʦʤʧʘʥʠʷ ʧʨʝʜʣʘʛʘʝʪ ʨʝʰʝʥʠʷ ʜʣʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʦʤʝʱʝʥʠʡ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʛʦ ʧʣʦʱʘʜʠ ʠ ʥʘʟʥʘʯʝʥʠʷ [2]. 

ʆʜʥʠʤ ʠʟ ʧʨʠʤʝʨʦʚ ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʢʘ ʇʊʅ ʜʣʷ ʞʠʣʳʭ ʧʦʤʝʱʝʥʠʡ ʩ ʧʣʦʱʘʜʴʶ ʦʪ 50 ʜʦ 80 

ʤʝʪʨʦʚ ʢʚʘʜʨʘʪʥʳʭ (ʨʠʩ.3).  

 

 
 

ʈʠʩʫʥʦʢ 3 ï ɺʥʝhʥʠʡ ʚʠʜ ʇʊʅ 

 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ 

ɼʘʥʥʳʡ ʪʝʧʣʦʚʦʡ ʥʘʩʦʩ ʩʧʦʩʦʙʝʥ ʚʳʨʘʙʘʪʳʚʘʪʴ ʜʦ 6 ʢɺʪ ʧʦʣʝʟʥʦʡ ʤʦʱʥʦʩʪʠ ʩ ʥʫʣʝʚʳʤʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʟʘʪʨʘʪʘʤʠ, ʠʩʧʦʣʴʟʫʷ ʪʝʧʣʦ ʟʝʤʣʠ ʠʣʠ ʨʝʢ, ʥʝ ʧʦʢʨʳʚʘʶʱʠʭʩʷ ʣʴʜʦʤ. 

ʉʦʯʝʪʘʝʪ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʜʝʰʝʚʠʟʥʫ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʨʘʙʦʪʳ ʙʝʟ ʧʨʦʚʝʜʝʥʠʷ ʢʘʧʠʪʘʣʴʥʳʭ 

ʨʝʤʦʥʪʦʚ. 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʜʨʫʛʠʭ ʩʪʨʘʥ, ʣʠʜʝʨʦʤ ʧʦ ʫʩʪʘʥʦʚʢʝ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ ʷʚʣʷʝʪʩʷ 

ʢʦʤʧʘʥʠʷ  

çWaterkotterè [3]. 

ʆʜʥʠʤ ʠʟ ʧʨʠʤʝʨʦʚ ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʢʘ çEcoTouch DS 5018 Aiè (ʨʠʩ.4).  
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ʈʠʩʫʥʦʢ 4- ɺʥʝʰʥʠʡ ʚʠʜ ʫʩʪʘʥʦʚʢʠ EcoTouch DS 5018 Ai  

 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ 

ʊʝʧʣʦʚʳʝ ʥʘʩʦʩʳ ʩʝʨʠʡ EcoTouch DS ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʜʣʷ ʩʠʩʪʝʤ ʦʪʦʧʣʝʥʠʷ ʩ ʦʪʜʝʣʴʥʳʤ 

ʥʘʛʨʝʚʦʤ ʧʠʪʴʝʚʦʡ ʚʦʜʳ. ɺʥʫʪʨʝʥʥʠʝ ʫʩʪʨʦʡʩʪʚʘ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤʠ ʨʘʙʦʯʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, 

ʦʪ ʥʠʭ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʙʦʡʣʝʨʳ ʙʦʣʴʰʦʡ ʝʤʢʦʩʪʠ. ɼʘʥʥʳʡ ʥʘʩʦʩ ʩʧʦʩʦʙʝʥ ʛʝʥʝʨʠʨʦʚʘʪʴ ʜʦ 16 ʢɺʪ 

ʧʦʣʝʟʥʦʡ ʤʦʱʥʦʩʪʠ. ʆʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʦʡ ʥʘʜʝʞʥʦʩʪʴʶ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʥʠʟʢʠʤʠ ʟʘʪʨʘʪʘʤʠ ʥʘ 

ʵʢʩʧʣʫʘʪʘʮʠʶ.  

 

ɸʥʘʣʠʟ ʧʦʯʚʳ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʷ ʥʘ ʧʦʪʝʥʮʠʘʣ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʩʪʝʤ ʛʝʦʪʝʨʤʘʣʴʥʦʛʦ 

ʦʪʦʧʣʝʥʠʷ. 

ʇʦ ʜʘʥʥʳʤ ʩʘʡʪʘ Argel [4], ʩʨʝʜʥʷʷ ʛʣʫʙʠʥʘ ʧʨʦʤʝʨʟʘʥʠʷ ʧʦʯʚʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʂʨʘʩʥʦʷʨʩʢʘ, 

ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 2 ʤʝʪʨʦʚ [ʪʘʙ.1]. 

 

ʊʘʙʣʠʮʘ 1 ï ʩʨʝʜʥʝʛʦʜʦʚʦʝ ʟʥʘʯʝʥʠʝ ʧʨʦʤʝʨʟʘʥʠʷ ʧʦʯʚʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʂʨʘʩʥʦʷʨʩʢʘ 

ʇʫʥʢʪ ʥʘʩʝʣʝʥʠʷ ʉʫʛʣʠʥʢʠ ʠ 

ʛʣʠʥʳ, 

ʤ 

ʇʝʩʦʢ ʤʝʣʢʠʡ, 

ʩʫʧʝʩʴ, 

ʤ 

ʇʝʩʦʢ ʢʨʫʧʥʳʡ, 

ʛʨʘʚʝʣʠʩʪʳʡ, 

ʤ 

ʂʨʫʧʥʦ ʦʙʣʦʤʦʯʥʳʝ 

ʛʨʫʥʪʳ, 

ʤ 

ʂʨʘʩʥʦʷʨʩʢ 1,72 2,1 2,24 2,54 

 

ɺʳʚʦʜ:  

ʇʨʦʚʝʜʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʧʦʠʩʢ ʧʦ ʠʥʪʝʨʝʩʫʶʱʝʡ ʤʝʥʷ ʪʝʤʝ, ʠ ʦʧʠʨʘʷʩʴ ʥʘ 

ʚʳʰʝʠʟʣʦʞʝʥʥʳʝ ʜʘʥʥʳʝ, ʤʦʞʥʦ ʩ ʫʚʝʨʝʥʥʦʩʪʴʶ ʩʢʘʟʘʪʴ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʷ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʪʝʧʣʘ ʜʣʷ ʦʪʦʧʣʝʥʠʷ ʯʘʩʪʥʳʭ ʜʦʤʦʚ ʚʦʟʤʦʞʥʘ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
1. ʉʘʡʪ çʊʝʧʣʦ ʚ ʜʦʤʝè. ʇʦʜʟʝʤʥʦʝ ʛʝʦʪʝʨʤʘʣʴʥʦʝ ʦʪʦʧʣʝʥʠʝ ʜʦʤʘ ʪʝʧʣʦʤ ʟʝʤʣʠ,  
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otoplenia-doma-ustanovka-sistemy-obogreva-svoimi-rukami , 2019. ɼʘʪʘ ʦʙʱʝʥʠʷ 20.03.2020 ʛ. 

2. ʉʘʡʪ çʅʘʨʦʜʥʳʝ ʪʝʧʣʦʚʳʝ ʥʘʩʦʩʳè, ʂʘʪʘʣʦʛ ʧʨʦʜʫʢʮʠʠ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] 

https://www.ʪʝʧʣʦʥʘʩʦʩ.ʨʫʩ/ , 2020. ɼʘʪʘ ʦʙʱʝʥʠʷ 20.03.2020 ʛ. 

3. ʉʘʡʪ çWaterKotteè, ʂʘʪʘʣʦʛ ʧʨʦʜʫʢʮʠʠ [ʕʣʝʢʪʨʦʥʥʳʡ 

ʨʝʩʫʨʩ]http://waterkotte.com.ru/teplovye-nasossy/geotermalnye/ds-5ʦ18-ai.html , 2020. ɼʘʪʘ ʦʙʱʝʥʠʷ 

20.03.2020 ʛ. 

4. ʉʘʡʪ çArgelè, [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] https://www.vo-da.ru/tool/freezing#!195 , 2020, ʜʘʪʘ 

ʦʙʨʘʱʝʥʠʷ 20.03.2020 ʛ.  
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Abstract: The analysis of the causes of emergency shutdowns on the 11ʦ kV overhead line from 

2ʦ17 to 2ʦ2ʦ is carried out. The total number of outages with indication of successful and unsuccessful re-

inclusions is presented on the example of the Krasnoyarsk electric networks of PJSC çRosseti of Siberiaè. 

The causes of failures were identified, the main ones being pollution of insulation and exposure to birds. 

Key words: overhead lines, causes of failures, automatic re-activation (APV), isolation. 

 

ʇʦʜ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ ʧʦʥʠʤʘʝʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʠʩʪʦʯʥʠʢʦʚ ʠ ʩʠʩʪʝʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʧʝʨʝʜʘʯʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ ʩ ʧʦʟʠʮʠʠ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʝʡ ʩ ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʤʠ 

ʠʟʜʝʨʞʢʘʤʠ ʧʨʠ ʫʩʣʦʚʠʠ ʩʦʙʣʶʜʝʥʠʷ ʟʘʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʥʘʜʝʞʥʦʩʪʠ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʩʦʙʣʶʜʝʥʠʷ ʩʨʦʢʦʚ ʠ ʢʘʯʝʩʪʚʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʩʦʝʜʠʥʝʥʠʡ [1].  



120 
 

ʈʘʙʦʪʘ ʚʦʟʜʫʰʥʳʭ ʣʠʥʠʡ (ɺʃ) ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʥʦ ʩʦ ʩʣʫʯʘʡʥʳʤʠ 

ʩʦʙʳʪʠʷʤʠ, ʚʦʟʥʠʢʘʶʱʠʤʠ ʚʩʣʝʜʩʪʚʠʝ ʦʪʢʘʟʦʚ ʦʪʜʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ɺʃ, 

ʥʘʨʫʰʝʥʠʡ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʤʦʥʪʘʞʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʠ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ. ʅʝʩʤʦʪʨʷ ʥʘ 

ʠʤʝʶʱʠʡʩʷ ʚʢʣʘʜ ʥʘʫʯʥʳʭ ʠʥʩʪʠʪʫʪʦʚ ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʨʝʰʝʥʠʝ ʟʘʜʘʯ ʥʘʜʝʞʥʦʩʪʠ ɺʃ, ʚʦʧʨʦʩʳ ʠʭ 

ʦʙʝʩʧʝʯʝʥʠʷ ʦʩʪʘʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ (ʥʘʧʨʠʤʝʨ, ʙʦʨʴʙʘ ʩ ʛʨʦʟʦʚʳʤʠ ʦʪʢʣʶʯʝʥʠʷʤʠ, ʧʝʨʝʢʨʳʪʠʷʤʠ 

ʟʘʛʨʷʟʥʝʥʥʦʡ ʠ ʫʚʣʘʞʥʝʥʥʦʡ ʠʟʦʣʷʮʠʠ, ʧʝʨʝʢʨʳʪʠʷʤʠ ʠʟʦʣʷʮʠʡ ʧʦ ʥʝʚʳʷʩʥʝʥʥʳʤ ʠʣʠ 

ʥʝʤʦʪʠʚʠʨʦʚʘʥʥʳʤ ʧʨʠʯʠʥʘʤ) [2]. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʯʠʥʳ ʦʪʢʣʶʯʝʥʠʡ ʚ ʢʨʘʩʥʦʷʨʩʢʠʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʷʭ ʇɸʆ çʈʦʩʩʝʪʠ 

ʉʠʙʠʨʠè ʥʘ ʜʚʫʭ ʮʝʧʥʦʡ ɺʃ 11ʦʢɺ ʉ-225/ʉ-226 ʧʦʜʩʪʘʥʮʠʷ ʂʀʉʂ ï ʧʦʜʩʪʘʥʮʠʷ ʄʠʥʜʝʨʣʘ. 

ʇʨʦʪʷʞʝʥʥʦʩʪʴ ʚʦʟʜʫʰʥʦʡ ʣʠʥʠʠ 73 ʢʤ. ʉ 2017 ʧʦ 2020 ʛʛ. ʧʨʦʠʟʦʰʣʦ 23 ʦʪʢʣʶʯʝʥʠʷ, ʠʟ ʢʦʪʦʨʳʭ 16 

ʩ ʫʩʧʝʰʥʳʤ ʜʝʡʩʪʚʠʝʤ ʫʩʪʨʦʡʩʪʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʦʚʪʦʨʥʦʛʦ ʚʢʣʶʯʝʥʠʷ (ɸʇɺ) ʠʣʠ ʨʫʯʥʦʛʦ 

ʚʢʣʶʯʝʥʠʷ, ʠ 7 ʩ ʙʝʟʫʩʧʝʰʥʳʤ ɸʇɺ.  

ɼʣʷ ʘʥʘʣʠʟʘ ʧʨʠʯʠʥ ʦʪʢʣʶʯʝʥʠʡ ʙʳʣʘ ʩʦʩʪʘʚʣʝʥʘ ʪʘʙʣʠʮʘ 1 ʩ ʜʘʥʥʳʤʠ ʠʟ ʜʠʩʧʝʪʯʝʨʩʢʦʛʦ 

ʞʫʨʥʘʣʘ ʦʨʛʘʥʠʟʘʮʠʠ. 

 

ʊʘʙʣʠʮʘ 1 - ɸʥʘʣʠʟ ʧʨʠʯʠʥ ʦʪʢʣʶʯʝʥʠʡ ʚʦʟʜʫʰʥʦʡ ʣʠʥʠʠ ʩ 2017 ʧʦ 2020 ʛʛ. 

ʇʨʠʯʠʥʳ ʧʦʚʨʝʞʜʝʥʠʷ 

ʂʦʣʠʯʝʩʪʚʦ ʧʦʚʨʝʞʜʝʥʠʡ, ʰʪ. ʆʙʱʝʝ 

ʢʦʣʠʯʝʩʪʚʦ 

ʦʪʢʣʶʯʝʥʠʡ, 

ʰʪ. 

ʆʪʥʦʰʝʥʠʝ ʢ 

ʦʙʱʝʤʫ ʯʠʩʣʫ 

ʧʦʚʨʝʞʜʝʥʠʡ, % 
ʋʩʧʝʰʥʦʝ 

ɸʇɺ 

ʅʝ ʫʩʧʝʰʥʦʝ 

ɸʇɺ 

ʆʙʨʳʚ ʧʨʦʚʦʜʘ ʦ 4 4 17,4 

ɺʦʟʜʝʡʩʪʚʠʝ ʧʦʩʪʦʨʦʥʥʠʭ ʣʠʮ 

ʠ ʦʨʛʘʥʠʟʘʮʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʧʪʠʮ 

5 2 7 3ʦ,4 

ʇʨʝʚʳʰʝʥʠʝ ʚʝʪʨʦʚʳʭ 

ʥʘʛʨʫʟʦʢ 
2 1 3 13 

ʅʝʩʚʦʝʚʨʝʤʝʥʥʦʝ ʚʳʷʚʣʝʥʠʝ 

ʜʝʬʝʢʪʦʚ 
1 ʦ 1 4,4 

ʇʨʠʯʠʥʘ ʥʘ ʦʙʲʝʢʪʘʭ 

ʛʝʥʝʨʘʮʠʠ 
1 ʦ 1 4,4 

ʅʝ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʧʨʠʯʠʥʳ 7 ʦ 7 3ʦ,4 

ʀʪʦʛʦ 16 7 23 1ʦʦ 

 

ʀʩʭʦʜʷ ʠʟ ʪʘʙʣʠʮʳ ʚʠʜʥʦ, ʯʪʦ ʥʘʠʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʦʪʢʣʶʯʝʥʠʡ ʧʨʦʠʟʦʰʣʦ ʧʦ 

ʥʝʩʚʦʝʚʨʝʤʝʥʥʳʤ ʚʳʷʚʣʝʥʠʷʤ ʜʝʬʝʢʪʦʚ 4,4% ʠ ʥʘ ʦʙʲʝʢʪʘʭ ʛʝʥʝʨʘʮʠʠ 4,4%. ʊʘʢʠʝ ʦʪʢʣʶʯʝʥʠʷ 

ʧʨʦʠʩʭʦʜʷʪ ʠʟ-ʟʘ ʥʝʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʚʳʷʚʣʝʥʠʷ ʜʝʬʝʢʪʦʚ ʥʘ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʝ, ʘ ʪʘʢʞʝ 

ʥʝʩʚʦʝʚʨʝʤʝʥʥʦʝ ʧʨʦʚʝʜʝʥʠʝ ʧʣʘʥʦʚʳʭ ʨʝʤʦʥʪʦʚ.  

ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ 13% ʧʨʝʚʳʰʝʥʠʝ ʚʝʪʨʦʚʳʭ ʥʘʛʨʫʟʦʢ ʠ 17,4% ʦʙʨʳʚ ʧʨʦʚʦʜʘ ï ʵʪʦ 

ʩʣʝʜʩʪʚʠʝ ʨʘʟʨʫʰʝʥʠʝ ʧʨʦʚʦʜʦʚ ʦʪ ʚʠʙʨʘʮʠʠ ʚʦʟʣʝ ʟʘʞʠʤʦʚ, ʩʦʝʜʠʥʠʪʝʣʝʡ, ʥʘʛʨʝʚʘ ʠ ʩʪʘʨʝʥʠʷ 

ʧʨʦʚʦʜʘ.  

ʅʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʦʪʢʣʶʯʝʥʠʡ ʧʨʦʠʟʦʰʣʦ ʧʦ ʜʚʫʤ ʧʦʢʘʟʘʪʝʣʷʤ: 30,4% ʚʦʟʜʝʡʩʪʚʠʝ 

ʩʪʦʨʦʥʥʠʭ ʣʠʮ ʠ ʦʨʛʘʥʠʟʘʮʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʧʪʠʮ, ʠ 30,4% ʧʦ ʥʝ ʫʩʪʘʥʦʚʣʝʥʥʳʤ 

ʧʨʠʯʠʥʘʤ.  

ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʩʪʦʨʦʥʥʠʭ ʣʠʮ ʠ ʦʨʛʘʥʠʟʘʮʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʧʪʠʮ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ: 

ʧʨʦʚʝʜʝʥʠʝ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʨʘʙʦʪ ʚ ʦʭʨʘʥʥʳʭ ʟʦʥʘʭ ʚʦʟʜʫʰʥʳʭ ʣʠʥʠʡ, ʧʨʦʝʟʜ 

ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʦʡ ʪʝʭʥʠʢʠ ʧʦʜ ɺʃ, ʥʘʙʨʦʩʳ ʥʘ ɺʃ ʠ ʪ.ʜ. ʊʘʢʠʝ ʧʨʠʯʠʥʳ ʙʳʩʪʨʦ ʚʳʷʚʣʷʶʪʩʷ ʠ 

ʨʝʰʘʶʪʩʷ ʧʫʪʝʤ ʚʳʧʠʩʳʚʘʥʠʷ ʧʨʝʜʧʠʩʘʥʠʡ, ʫʩʪʘʥʦʚʢʠ ʧʨʝʜʫʧʨʝʞʜʘʶʱʠʭ ʠ ʟʘʧʨʝʱʘʶʱʠʭ ʧʣʘʢʘʪʦʚ, 

ʧʨʦʚʝʜʝʥʠʝʤ ʚ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʷʭ ʣʝʢʮʠʡ ʦʙ ʦʧʘʩʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʠ ʪ.ʜ.  

ʉʣʦʞʥʝʝ ʦʙʩʪʦʷʪ ʜʝʣʘ ʩ ʦʪʢʣʶʯʝʥʠʝʤ ɺʃ, ʧʨʠʯʠʥʳ ʦʪʢʣʶʯʝʥʠʷ ʢʦʪʦʨʳʭ ʧʦʩʣʝ ʦʩʤʦʪʨʘ ʥʝ 

ʫʜʘʣʦʩʴ ʫʩʪʘʥʦʚʠʪʴ.  ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʚʝʨʭʦʚʳʭ ʦʩʤʦʪʨʦʚ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ, ʦʪʢʘʟʳ ʙʳʣʠ 

ʚʳʟʚʘʥʳ ʧʝʨʝʢʨʳʪʠʝʤ ʠʟʦʣʷʮʠʠ ʥʘ ʦʧʦʨʘʭ ʧʦ ʥʝʚʳʷʩʥʝʥʥʳʤ ʧʨʠʯʠʥʘʤ. ʊʘʢʠʝ ʦʪʢʘʟʳ ʧʨʦʠʩʭʦʜʠʣʠ ʚ 

ʫʪʨʝʥʥʠʝ ʠʣʠ ʥʦʯʥʳʝ ʯʘʩʳ, ʚ ʫʩʣʦʚʠʷʭ ʭʦʨʦʰʝʡ ʧʦʛʦʜʳ ʠ ʚʩʝ 7 ʦʪʢʘʟʦʚ ʙʳʣʠ ʩ ʫʩʧʝʰʥʳʤ ɸʇɺ. 

ɺʦʟʤʦʞʥʦ, ʦʜʥʘ ʠʟ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʭ ʧʨʠʯʠʥ ʦʪʢʣʶʯʝʥʠʡ ʙʳʣʘ ʚʳʟʚʘʥʘ ʜʝʡʩʪʚʠʝʤ ʧʪʠʮ. 

ʈʘʩʩʤʦʪʨʠʤ ʚʝʨʩʠʶ çʧʪʠʯʴʠʭ ʦʪʢʣʶʯʝʥʠʡè. ʆʪʢʣʶʯʝʥʠʷ ʧʨʦʠʩʭʦʜʠʣʠ ʚ ʫʪʨʝʥʥʠʝ ʯʘʩʳ 

ʥʝʟʘʜʦʣʛʦ ʜʦ ʚʦʩʭʦʜʘ ʩʦʣʥʮʘ ʚ ʭʦʨʦʰʫʶ ʙʝʟʚʝʪʨʝʥʥʫʶ ʧʦʛʦʜʫ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ çʧʪʠʯʴʠʭ 

ʦʪʢʣʶʯʝʥʠʡè. ʆʪʤʝʯʘʝʪʩʷ ʣʦʢʘʣʠʟʘʮʠʷ ʤʝʩʪ ʦʪʢʣʶʯʝʥʠʡ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʯʘʩʪʢʘʭ ɺʃ, ʧʨʦʭʦʜʷʱʠʭ 
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ʚ ʣʝʩʦʩʪʝʧʥʦʡ ʟʦʥʝ ʧʦ ʦʪʢʨʳʪʦʡ ʤʝʩʪʥʦʩʪʠ, ʛʜʝ ʦʧʦʨʳ ʩʣʫʞʘʪ ʠʜʝʘʣʴʥʳʤ ʤʝʩʪʦʤ ʜʣʷ ʧʨʠʩʘʞʠʚʘʥʠʷ 

ʧʪʠʮ ʚ ʧʝʨʠʦʜ ʦʭʦʪʳ, ʛʥʝʟʜʦʚʘʥʠʷ ʠ ʥʦʯʝʚʢʠ. 

ɼʝʡʩʪʚʠʷ ʧʪʠʮ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʳʟʳʚʘʪʴ ʧʝʨʝʢʨʳʪʠʷ ʠʟʦʣʷʮʠʠ ɺʃ, ʩʚʷʟʘʥʳ ʩ ʛʥʝʟʜʦʚʘʥʠʝʤ ʠ 

ʧʨʠʩʘʞʠʚʘʥʠʝʤ ʥʘ ʦʧʦʨʳ. ʇʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʛʥʝʟʜ ʥʘ ʦʧʦʨʘʭ ʧʪʠʮʳ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʣʠʯʥʳʝ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʧʨʦʚʦʜʷʱʠʝ, ʧʨʝʜʤʝʪʳ (ʢʫʩʢʠ ʧʨʦʚʦʣʦʢʠ, ʚʝʪʢʠ ʜʝʨʝʚʴʝʚ, ʪʨʘʚʫ ʠ ʜʨ.). ʇʨʠ ʩʣʫʯʘʡʥʦʤ 

ʚʥʝʩʝʥʠʠ ʚ ʠʟʦʣʷʮʠʦʥʥʳʡ ʧʨʦʤʝʞʫʪʦʢ ʤʝʞʜʫ ʧʨʦʚʦʜʦʤ ʠ ʦʧʦʨʦʡ ʵʪʠ ʧʨʝʜʤʝʪʳ ʯʘʩʪʠʯʥʦ ʰʫʥʪʠʨʫʶʪ 

ʠʟʦʣʷʮʠʶ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʝʝ ʧʝʨʝʢʨʳʪʠʶ. ʇʨʠʩʘʞʠʚʘʥʠʝ ʧʪʠʮ ʥʘ ʦʧʦʨʳ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʢʨʘʶ ʪʨʘʚʝʨʩʳ ʥʘʜ ʧʨʦʚʦʜʦʤ (ʵʪʦ ʩʚʦʙʦʜʥʦʝ ʠ ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʦʝ ʤʝʩʪʦ ʥʘ ʦʧʦʨʝ). ɺʦ 

ʚʨʝʤʷ ʧʨʠʩʘʞʠʚʘʥʠʷ ʠ (ʠʣʠ) ʚʟʣʝʪʘ ʩ ʦʧʦʨʳ ʧʪʠʮʘ ʚʳʙʨʘʩʳʚʘʝʪ ʩʪʨʫʶ ʧʨʦʚʦʜʷʱʝʛʦ ʧʦʤʝʪʘ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʦʚʦʜʘ, ʯʪʦ ʪʘʢʞʝ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʧʝʨʝʢʨʳʪʠʶ ʠʟʦʣʷʮʠʠ. 

ɺʦʟʤʦʞʥʦʡ ʧʨʠʯʠʥʦʡ ʦʪʢʣʶʯʝʥʠʡ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʠ ʟʘʛʨʷʟʥʝʥʠʝ ʠʟʦʣʷʮʠʠ. ɿʘʛʨʷʟʥʝʥʠʝ 

ʠʟʦʣʷʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʧʳʣʴ ʧʦʧʘʜʘʝʪ ʥʘ ʠʟʦʣʷʮʠʶ, ʦʙʨʘʟʫʷ ʩʣʦʡ ʟʘʛʨʷʟʥʝʥʠʷ. 

ʆʙʨʘʟʫʝʪʩʷ ʵʣʝʢʪʨʦʣʠʪ ʧʫʪʝʤ ʩʦʝʜʠʥʝʥʠʷ ʢʠʩʣʦʪʳ, ʩʦʣʠ ʠ ʪ.ʜ. ʩ ʚʣʘʛʦʡ ʚ ʚʦʟʜʫʭʝ, ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ ʠ 

ʧʦʚʝʨʭʥʦʩʪʴ ʠʟʦʣʷʮʠʠ ʫʚʝʣʠʯʠʚʘʝʪ ʩʚʦʶ ʧʨʦʭʦʜʠʤʦʩʪʴ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʧʨʠʯʠʥ ʥʝʧʨʝʜʥʘʤʝʨʝʥʥʳʭ ʦʪʢʣʶʯʝʥʠʡ ʥʘ ɺʃ 11ʦ ʢɺ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʦʩʥʦʚʥʳʤʠ ʦʪʢʣʶʯʝʥʠʷʤʠ ʷʚʣʷʶʪʩʷ ʟʘʛʨʷʟʥʝʥʠʷ ʠʟʦʣʷʮʠʠ ʠ ʚʦʟʜʝʡʩʪʚʠʷ ʧʪʠʮ ʥʘ ɺʃ. ʈʝʰʝʥʠʝʤ ʵʪʠʭ 

ʧʨʦʙʣʝʤ ʤʦʞʝʪ ʧʦʩʣʫʞʠʪʴ ʟʘʤʝʥʘ ʫʩʪʘʨʝʚʰʝʡ ʠ ʟʘʛʨʷʟʥʝʥʥʦʡ ʠʟʦʣʷʮʠʠ, ʫʩʪʘʥʦʚʢʘ ʧʪʠʮʝʟʘʱʠʪʥʳʭ 

ʫʩʪʨʦʡʩʪʚ ʥʘ ʦʧʦʨʘʭ ɺʃ.  
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Abstract: Plant raw materials that have a short shelf life need the technology of primary processing 

and preparation for long-term storage of agricultural products. Unlike traditional processing methods? 

infrared radiation ensures the preservation of the original high taste content and high content of biologically 

valuable properties of raw materials, as well as microbiological safety by dehydration. The energy saving of 

products during IR drying is 2 times lower than when stored in the refrigerator, the processed product does 

not require additional energy consumption during storage. 
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ʀʂ ï ʠʟʣʫʯʝʥʠʝ ʦʪʚʝʯʘʝʪ ʧʝʨʚʦʤʫ ʪʨʝʙʦʚʘʥʠʶ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʨʦʜʫʢʪʫ: 

ʝʛʦ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʜʣʷ ʨʘʩʪʠʪʝʣʴʥʦʛʦ, ʪʘʢ ʠ ʜʣʷ ʞʠʚʦʪʥʦʛʦ ʩʳʨʴʷ. ʇʨʷʤʘʷ ʧʦʜʘʯʘ ʪʝʧʣʘ ʢ 

ʠʟʜʝʣʠʶ ʧʦʟʚʦʣʷʝʪ ʩʫʰʠʪʴ ʝʛʦ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (45-55Áʉ). ʕʪʦʪ ʤʝʪʦʜ 

ʧʦʟʚʦʣʠʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʨʘʟʨʫʰʝʥʠʝ ʢʣʝʪʦʢ ʠ ʚʠʪʘʤʠʥʦʚ, ʪʝʤ ʩʘʤʳʤ ʫʥʠʯʪʦʞʘʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʳʨʴʷ, ʩʦʭʨʘʥʷʷ ʚʠʪʘʤʠʥʳ, ʮʚʝʪ, ʘʨʦʤʘʪ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ. [1,3] 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʠʥʬʨʘʢʨʘʩʥʘʷ ʩʫʰʢʘ ʠʤʝʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ʧʝʨʝʜ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ:  

1. ʕʢʦʥʦʤʠʷ ʵʥʝʨʛʠʠ ʧʨʠ ʀʂ-ʩʫʰʢʝ ʥʘ 25-40% ʥʠʞʝ, ʯʝʤ ʧʨʠ ʜʨʫʛʠʭ ʩʧʦʩʦʙʘʭ. 

2. ʋʜʝʣʴʥʘʷ ʵʥʝʨʛʠʷ ʦʜʠʥʘʢʦʚʘ ʢʘʢ ʜʣʷ ʧʦʣʥʦʡ, ʪʘʢ ʠ ʜʣʷ ʯʘʩʪʠʯʥʦʡ ʟʘʛʨʫʟʢʠ ʩʳʨʴʷ.  

3. ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ, ʯʝʨʝʟ ʢʦʪʦʨʳʡ ʧʨʦʭʦʜʠʪ ʣʫʯʠʩʪʳʡ ʧʦʪʦʢ, ʥʝ ʚʣʠʷʝʪ ʥʘ ʧʨʦʮʝʩʩ ʩʫʰʢʠ 

ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʠʥʠʤʘʣʴʥʦʝ ʠʟʣʫʯʝʥʠʝ ʚ ʜʨʫʛʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʢʨʦʤʝ ʥʘʛʨʝʪʦʛʦ ʦʙʲʝʢʪʘ. [1] 

ʊʝʭʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʚ ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʫʰʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʜʠʢʪʫʶʪ ʨʘʚʥʦʤʝʨʥʦʩʪʴ 

ʫʜʘʣʝʥʠʷ ʚʣʘʛʠ, ʵʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʚʢʣʶʯʝʥʠʝʤ ʚʝʥʪʠʣʷʪʦʨʘ. ʕʥʝʨʛʠʷ ʪʝʧʣʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʦʩʪʫʧʘʝʪ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʩʫʰʘʱʝʛʦʩʷ ʧʨʦʜʫʢʪʘ ʠ ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʠʩʧʘʨʝʥʠʝ ʚʣʘʛʠ. ʕʥʝʨʛʦʟʘʪʨʘʪʳ ʥʘ ʧʨʦʮʝʩʩ 

ʠʥʬʨʘʢʨʘʩʥʦʡ ʩʫʰʢʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ ʩʦʩʪʘʚʣʷʝʪ 0,8-1,4 ʢɺʪĿʯ/ʢʛ. ʕʬʬʝʢʪʠʚʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ 

ʩʯʠʪʘʶʪʩʷ ʫʩʪʨʦʡʩʪʚʘ, ʚ ʢʦʪʦʨʳʭ ʟʘʪʨʘʪʳ ʥʘ ʠʩʧʘʨʝʥʠʝ 1ʢʛ ʚʣʘʛʠ ʠʟ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ ʥʝ 

ʧʨʝʚʳʰʘʶʪ 1,2 ʢɺʪĿʯ.  ʀʩʧʘʨʝʥʥʘʷ ʚʣʘʛʘ ʫʥʦʩʠʪʩʷ ʠʟ ʫʩʪʨʦʡʩʪʚʘ ʩ ʧʦʤʦʱʴʶ ʚʝʥʪʠʣʷʪʦʨʘ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʤʠʥʠʤʘʣʴʥʳʡ ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ ʯʝʨʝʟ ʨʘʙʦʯʠʡ ʦʙʲʝʤ ʩʫʰʠʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. 

ʀʥʬʨʘʢʨʘʩʥʳʡ ʨʝʞʠʤ ʩʫʰʢʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʚʦʜʦʚ ʠ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʩʦʜʝʨʞʘʥʠʷ ʚʠʪʘʤʠʥʦʚ. ʊʘʢʦʡ ʵʬʬʝʢʪʠʚʥʳʡ ʨʝʞʠʤ ʩʫʰʢʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ ï ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʤʠʥʠʤʘʣʴʥʫʶ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʠ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ. 

ʅʘʰʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʚ ʣʘʙʦʨʘʪʦʨʠʠ çʕʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ ʚ ʵʣʝʢʪʨʦʪʝʭʥʦʣʦʛʠʷʭè 

ʀʨʢʫʪʩʢʦʛʦ ɻɸʋ, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʦʭʨʘʥʥʦʩʪʴ ʚʠʪʘʤʠʥʘ ʉ ʚ ʤʦʨʢʦʚʠ ʩʥʠʞʘʝʪʩʷ ʚʩʝʛʦ ʥʘ ʦ,8% ʦʪ ʝʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʚ ʩʚʝʞʝʤ ʩʳʨʴʝ ʚ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮʘʭ. [3,4] 

ɹʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʧʨʦʥʠʢʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʦʙʣʫʯʝʥʠʷ ʪʝʧʣʦ ʚʳʜʝʣʷʝʪʩʷ ʚ 

ʛʣʫʙʠʥʝ ʤʘʪʝʨʠʘʣʘ, ʪʝʤ ʩʘʤʳʤ ʧʦʚʳʰʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʫʰʢʠ ʠ ʩʥʠʞʘʷ ʵʥʝʨʛʦʟʘʪʨʘʪʳ, ʘ ʪʘʢʞʝ 

ʧʨʠʚʦʜʠʪ ʢ ʫʥʠʯʪʦʞʝʥʠʶ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʩʨʦʢ ʭʨʘʥʝʥʠʷ ʧʨʦʜʫʢʮʠʠ. [4,5] 

ʀʩʧʦʣʴʟʫʷ ʠʥʬʨʘʢʨʘʩʥʫʶ ʩʫʰʢʫ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ:  

1. ʕʢʦʣʦʛʠʯʥʳʝ ʧʨʦʜʫʢʪʳ, ʩʦʭʨʘʥʷʶʱʠʝ ʧʠʱʝʚʫʶ ʮʝʥʥʦʩʪʴ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ.  

2. ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʧʦʪʝʨʴ 

ʩʢʦʨʦʧʦʨʪʷʱʝʛʦʩʷ ʩʳʨʴʷ.  

3. ʕʢʦʥʦʤʠʷ ʥʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʠ ʭʨʘʥʝʥʠʠ.  

4. ʇʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ.  

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʥʳʝ ʨʘʙʦʪʳ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʠʤʧʫʣʴʩʥʳʭ ʠʥʬʨʘʢʨʘʩʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʜʣʷ ʩʫʰʢʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ ʥʘʛʣʷʜʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʩʥʠʞʝʥʠʝ ʨʘʩʭʦʜʘ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ ʩʫʰʢʠ.  
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