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ʄʘʪʝʨʠʘʣʳ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʀʥʞʝʥʝʨʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ɸʇʂ ʚ ʫʩʣʦʚʠʷʭ ʩʦʚʨʝʤʝʥʥʳʭ ʚʳʟʦʚʦʚè, ʧʦʩʚʷʱʸʥʥʦʡ 75-ʣʝʪʥʝʤʫ 

ʶʙʠʣʝʶ ʠʥʞʝʥʝʨʥʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʌɻɹʆʋ ɺʆ ʈɻɸʊʋ ʚ ʨʘʤʢʘʭ ʜʝʩʷʪʠʣʝʪʠʷ ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ 

29 ʤʘʷ 2025 ʛʦʜʘ. ʈʝʮʝʥʟʠʨʫʝʤʦʝ ʥʘʫʯʥʦʝ ʠʟʜʘʥʠʝ. ï ʈʷʟʘʥʴ: ʀʟʜʘʪʝʣʴʩʪʚʦ ʈʷʟʘʥʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʘʛʨʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ʇ.ɸ. ʂʦʩʪʳʯʝʚʘ, 2025. ï 161 ʩ. 

 

ʈʝʜʘʢʮʠʦʥʥʘʷ ʢʦʣʣʝʛʠʷ: 

 

ʐʝʤʷʢʠʥ ɸʣʝʢʩʘʥʜʨ ɺʣʘʜʠʤʠʨʦʚʠʯ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʨʝʢʪʦʨ ʌɻɹʆʋ ɺʆ ʈɻɸʊʋ;  

ʈʝʤʙʘʣʦʚʠʯ ɻʝʦʨʛʠʡ ʂʦʥʩʪʘʥʪʠʥʦʚʠʯ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ., ʧʨʦʬʝʩʩʦʨ, ʧʨʦʨʝʢʪʦʨ ʧʦ ʥʘʫʯʥʦʡ 

ʨʘʙʦʪʝ ʌɻɹʆʋ ɺʆ ʈɻɸʊʋ;   

ɹʘʯʫʨʠʥ ɸʣʝʢʩʝʡ ʅʠʢʦʣʘʝʚʠʯ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ, ʜʝʢʘʥ ʠʥʞʝʥʝʨʥʦʛʦ ʬʘʢʫʣʴʪʝʪʘ 
ʌɻɹʆʋ ɺʆ ʈɻɸʊʋ; 

ɸʥʠʢʠʥ ʅʠʢʦʣʘʡ ɺʠʢʪʦʨʦʚʠʯ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ, ʜʝʢʘʥ ʘʚʪʦʜʦʨʦʞʥʦʛʦ ʬʘʢʫʣʴʪʝʪʘ 
ʌɻɹʆʋ ɺʆ ʈɻɸʊʋ;   

ɹʦʨʳʯʝʚ ʉʝʨʛʝʡ ʅʠʢʦʣʘʝʚʠʯ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʧʨʦʬʝʩʩʦʨ ʈɸʅ, ʧʝʨʚʳʡ ʧʨʦʨʝʢʪʦʨ, 

ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠʥʞʝʥʝʨʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʠ ʤʝʭʘʥʠʢʘ ʌɻɹʆʋ ɺʆ ʈɻɸʊʋ; 

ʂʘʰʠʨʠʥ ɼʤʠʪʨʠʡ ɽʚʛʝʥʴʝʚʠʯ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ, ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʌɻɹʆʋ ɺʆ ʈɻɸʊʋ; 

ʋʣʴʷʥʦʚ ɺʷʯʝʩʣʘʚ ʄʠʭʘʡʣʦʚʠʯ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ ʪʝʭʥʠʯʝʩʢʠʝ 

ʩʠʩʪʝʤʳ ʚ ɸʇʂ ʌɻɹʆʋ ɺʆ ʈɻɸʊʋ; 

ʌʘʪʴʷʥʦʚ ʉʝʨʛʝʡ ʆʣʝʛʦʚʠʯ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ, ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ ʵʣʝʢʪʨʦʪʝʭʥʠʢʠ ʠ 

ʬʠʟʠʢʠ ʌɻɹʆʋ ɺʆ ʈɻɸʊʋ; 

ʊʝʨʝʥʪʴʝʚ ɺʷʯʝʩʣʘʚ ɺʠʢʪʦʨʦʚʠʯ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ, ʥʘʯʘʣʴʥʠʢ ʫʧʨʘʚʣʝʥʠʷ ʥʘʫʢʠ, 

ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ ʆʨʛʘʥʠʟʘʮʠʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ 
ʌɻɹʆʋ ɺʆ ʈɻɸʊʋ; 

ɹʦʛʜʘʥʯʠʢʦʚ ʀʣʴʷ ʖʨʴʝʚʠʯ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ, ʟʘʤʝʩʪʠʪʝʣʴ ʜʝʢʘʥʘ ʠʥʞʝʥʝʨʥʦʛʦ 

ʬʘʢʫʣʴʪʝʪʘ ʧʦ ʥʘʫʯʥʦʡ ʨʘʙʦʪʝ ʌɻɹʆʋ ɺʆ ʈɻɸʊʋ; ʧʨʝʜʩʝʜʘʪʝʣʴ ʩʦʚʝʪʘ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ 

ʈɻɸʊʋ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʘʰʠʥʥʦ-ʪʨʘʢʪʦʨʥʦʛʦ ʧʘʨʢʘ, ʟʘʤʝʩʪʠʪʝʣʴ ʧʨʝʜʩʝʜʘʪʝʣʷ 

ɺʉʄʋʠʉ ʧʦ ʥʘʫʯʥʦʡ ʨʘʙʦʪʝ; 

ʂʦʣʦʰʝʠʥ ɼʤʠʪʨʠʡ ɺʣʘʜʠʤʠʨʦʚʠʯ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ʠʥʞʝʥʝʨʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʠ ʤʝʭʘʥʠʢʠ, ʟʘʤʝʩʪʠʪʝʣʴ ʧʨʝʜʩʝʜʘʪʝʣʷ ʩʦʚʝʪʘ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ ʌɻɹʆʋ 

ɺʆ ʈɻɸʊʋ; 

ʏʠʚʠʣʸʚʘ ʀʨʠʥʘ ɺʷʯʝʩʣʘʚʦʚʥʘ, ʢʘʥʜ. ʧʩʠʭʦʣ. ʥʘʫʢ, ʜʦʮʝʥʪ, ʥʘʯʘʣʴʥʠʢ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʦʪʜʝʣʘ ʌɻɹʆʋ ɺʆ ʈɻɸʊʋ; 

ʂʥʷʟʴʢʦʚʘ ʆʣʴʛʘ ʀʛʦʨʝʚʥʘ, ʘʥʘʣʠʪʠʢ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʦʪʜʝʣʘ ʌɻɹʆʋ ɺʆ 
ʈɻɸʊʋ; 

ʂʫʪʝʡʥʠʢʦʚʘ ɸʥʘʩʪʘʩʠʷ ʇʝʪʨʦʚʥʘ, ʤʘʛʠʩʪʨ, ʩʝʢʨʝʪʘʨʴ ʉʄʋʠʉ ʈʷʟʘʥʩʢʦʡ ʦʙʣʘʩʪʠ, ʟʘʤʝʩʪʠʪʝʣʴ 

ʧʨʝʜʩʝʜʘʪʝʣʷ ʩʦʚʝʪʘ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʌɻɹʆʋ ɺʆ ʈɻɸʊʋ. 

 

ɺ ʩʙʦʨʥʠʢ ʚʦʰʣʠ ʤʘʪʝʨʠʘʣʳ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

çʀʥʞʝʥʝʨʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ɸʇʂ ʚ ʫʩʣʦʚʠʷʭ ʩʦʚʨʝʤʝʥʥʳʭ ʚʳʟʦʚʦʚè, 

ʧʦʩʚʷʱʸʥʥʦʡ 75-ʣʝʪʥʝʤʫ ʶʙʠʣʝʶ ʠʥʞʝʥʝʨʥʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʌɻɹʆʋ ɺʆ ʈɻɸʊʋ ʚ ʨʘʤʢʘʭ 

ʜʝʩʷʪʠʣʝʪʠʷ ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ 29 ʤʘʷ 2025 ʛʦʜʘ. 

 

 ϭʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

çʈʷʟʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʇ.ɸ. ʂʦʩʪʳʯʝʚʘè 
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ʉʦʜʝʨʞʘʥʠʝ 
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ʧʨʝʜʧʨʠʷʪʠʡ ɸʇʂè ................................................................................................... 5 

ɹʦʛʜʘʥʯʠʢʦʚ ʀ.ʖ., ʖʜʠʥʘ ɸ.ɺ., ʄʷʛʢʦʚʘ ɸ.ʀ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʟʘʚʠʩʠʤʦʩʪʠ ʢʘʯʝʩʪʚʘ ʠʟʤʝʣʴʯʝʥʠʷ ʦʪ ʩʪʝʧʝʥʠ ʠʟʥʦʩʘ ʥʦʞʝʡ 
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ɹʫʢʘʪʦʚ ɼ.ɸ., ɹʘʯʫʨʠʥ ɸ.ʅ., ʂʦʨʥʶʰʠʥ ɺ.ʄ. ʆʙʟʦʨ ʤʠʥʠ-ʪʨʘʢʪʦʨʦʚ, 

ʚʳʧʫʩʢʘʝʤʳʭ ʚ ʈʦʩʩʠʠ ................................................................................................ 9 
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ɻʦʙʝʣʝʚ ʉ.ʅ., ɸʥʦʩʦʚ ʂ.ʈ., ɽʣʤʘʥʦʚ ʀ.ɸ. ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 
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ʧʨʝʜʧʨʠʷʪʠʡ ɸʇʂè 

 

ʋɼʂ 631.171 

ɹʦʛʜʘʥʯʠʢʦʚ ʀ.ʖ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, 

ʖʜʠʥʘ ɸ.ɺ., 

ʄʷʛʢʦʚʘ ɸ.ʀ. 

ʌɻɹʆʋ ɺʆ ʈɻɸʊʋ, ʛ. ʈʷʟʘʥʴ, ʈʌ 

 

ʈɽɿʋʃʔʊɸʊʓ ʀʉʉʃɽɼʆɺɸʅʀʗ ɿɸɺʀʉʀʄʆʉʊʀ ʂɸʏɽʉʊɺɸ 

ʀɿʄɽʃʔʏɽʅʀʗ ʆʊ ʉʊɽʇɽʅʀ ʀɿʅʆʉɸ ʅʆɾɽʁ 

ʉʆʃʆʄʆʀɿʄɽʃʔʏʀʊɽʃʗ 

 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʨʘʪʝʛʠʝʡ ʨʘʟʚʠʪʠʷ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʠ 

ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʦʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʥʘ ʧʝʨʠʦʜ ʜʦ 2030 

ʛʦʜʘ, ʪʝʭʥʦʣʦʛʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʣʦʤʳ ʚ ʢʘʯʝʩʪʚʝ ʫʜʦʙʨʝʥʠʷ ʥʘʙʠʨʘʶʪ ʩʚʦʶ 

ʘʢʪʫʘʣʴʥʦʩʪʴ [1-3], ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ ʦʜʥʫ ʠʟ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʧʦʚʳʰʝʥʠʝʤ ʧʣʦʜʦʨʦʜʠʷ ʟʝʤʝʣʴ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ɺ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʵʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʵʢʦʥʦʤʠʯʝʩʢʠ, ʪʘʢ ʢʘʢ ʠʩʢʣʶʯʘʶʪʩʷ ʟʘʪʨʘʪʳ ʧʦ ʩʙʦʨʫ 

ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʧʦʙʦʯʥʦʡ ʧʨʦʜʫʢʮʠʠ ʩ ʫʙʠʨʘʝʤʦʛʦ ʧʦʣʷ [4]. ɽʱʸ ʦʜʥʠʤ 

ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʚ ʚʳʙʦʨʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ 

ʦʙʝʩʧʝʯʝʥʥʦʩʪʴ ʧʨʝʜʧʨʠʷʪʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʤʘʰʠʥʥʦ-ʪʨʘʢʪʦʨʥʳʤ ʧʘʨʢʦʤ ʠ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʦʡ. ʊʘʢ, ʚ ʈʷʟʘʥʩʢʦʡ ʦʙʣʘʩʪʠ, ʧʦ ʜʘʥʥʳʤ ʈʦʩʩʪʘʪʘ, 

ʥʘ ʥʘʯʘʣʦ 2024 ʛʦʜʘ ʚ ʦʙʣʘʩʪʠ 980 ʟʝʨʥʦʫʙʦʨʦʯʥʳʭ ʢʦʤʙʘʡʥʦʚ, 53 ʥʦʚʳʭ, ʠʟ 

ʢʦʪʦʨʳʭ 24 ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɹʦʣʝʝ 90% ʚʩʝʭ ʟʝʨʥʦʫʙʦʨʦʯʥʳʭ 

ʢʦʤʙʘʡʥʦʚ ʵʢʩʧʣʫʘʪʠʨʫʶʱʠʭʩʷ ʚ ʈʷʟʘʥʩʢʦʡ ʦʙʣʘʩʪʠ ʦʙʦʨʫʜʦʚʘʥʳ 

ʩʦʣʦʤʦʠʟʤʝʣʴʯʠʪʝʣʷʤʠ.  

ʂʘʯʝʩʪʚʦ ʠʟʤʝʣʴʯʝʥʠʷ ʩʦʣʦʤʳ ʦʧʨʝʜʝʣʷʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʝʸ 

ʨʘʟʣʦʞʝʥʠʷ (ʛʫʤʠʬʠʢʘʮʠʠ) ʚ ʧʦʯʚʝ, ʪʘʢ ʢʘʢ ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʚʦʟʨʘʩʪʘʝʪ ʧʣʦʱʘʜʴ ʢʦʥʪʘʢʪʘ (ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ) ʩ ʧʦʯʚʦʡ. ʉʦʛʣʘʩʥʦ 

ʦʙʦʙʱʸʥʥʦʤʫ ʘʥʘʣʠʟʫ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʢʘʯʝʩʪʚʫ ʠʟʤʝʣʴʯʝʥʠʷ 

ʩʦʣʦʤʳ, ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʫʜʦʙʨʝʥʠʷ [5] ʜʦʣʞʥʦ ʦʙʝʩʧʝʯʠʚʘʪʴʩʷ 

ʩʦʜʝʨʞʘʥʠʝ ʯʘʩʪʠʮ ʠʟʤʝʣʴʯʸʥʥʦʡ ʩʦʣʦʤʳ ʩʨʝʜʥʝʡ ʜʣʠʥʦʡ ʜʦ 100 ʤʤ ʠ 

ʩʦʩʪʘʚʣʷʪʴ ʥʝ ʤʝʥʝʝ 90% ʦʪ ʦʙʱʝʡ ʤʘʩʩʳ, ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʠʟʤʝʣʴʯʸʥʥʦʡ ʤʘʩʩʳ ʩʦʩʪʘʚʣʷʝʪ 70% ʧʦ ʚʩʝʡ ʰʠʨʠʥʝ ʧʨʦʢʦʩʘ ʞʘʪʢʠ ʢʦʤʙʘʡʥʘ.  

ʅʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʧʦ ʫʚʝʣʠʯʝʥʠʶ ʠʟʥʦʩʘ ʟʝʨʥʦʫʙʦʨʦʯʥʳʭ 

ʢʦʤʙʘʡʥʦʚ, ʪʘʢ ʢʘʢ ʪʝʤʧʳ ʦʙʥʦʚʣʝʥʠʷ ʪʝʭʥʠʢʠ ʦʪʩʪʘʶʪ ʦʪ  ʪʝʤʧʦʚ ʝʸ ʠʟʥʦʩʘ [6]. 

ʉ  ʥʘʯʘʣʘ 2025 ʛʦʜʘ ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʦʝ ʩʥʠʞʝʥʠʝ ʦʙʲʸʤʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʟʝʨʥʦʫʙʦʨʦʯʥʳʭ ʢʦʤʙʘʡʥʦʚ, ʪʘʢ ʚ ʷʥʚʘʨʝ-ʬʝʚʨʘʣʝ ʙʳʣʦ ʚʳʧʫʱʝʥʦ 951 

ʫʙʦʨʦʯʥʘʷ ʤʘʰʠʥʘ, ʯʪʦ ʚ 1,5 ʨʘʟʘ ʤʝʥʴʰʝ, ʯʝʤ ʟʘ ʪʦʪ ʞʝ ʧʝʨʠʦʜ 2024 ʛʦʜʘ.  ʇʦ 

ʜʘʥʥʳʤ ʈʦʩʩʪʘʪʘ, ʚ 2024 ʛʦʜʫ ʥʘ 1 ʟʝʨʥʦʫʙʦʨʦʯʥʳʡ ʢʦʤʙʘʡʥ ʧʨʠʭʦʜʠʪʩʷ 442 ʛʘ, 

ʘ ʢ 2035 ʛʦʜʫ ʫʩʪʘʥʦʚʣʝʥʘ ʩʪʨʘʪʝʛʠʯʝʩʢʘʷ ʮʝʣʴ ï ʩʥʠʟʠʪʴ ʜʦ 278 ʛʘ, ʪʦʛʜʘ ʢʘʢ 

ʦʧʪʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʣʝʞʠʪ ʚ ʧʨʝʜʝʣʘʭ 180-200 ʛʘ [5, 7, 8]. ʇʦʵʪʦʤʫ ʚʦʧʨʦʩʳ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʦʧʪʠʤʠʟʘʮʠʝʡ ʨʘʙʦʪʳ ʫʙʦʨʦʯʥʦʡ ʪʝʭʥʠʢʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʩʧʦʩʦʙʳ, 
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ʢʦʛʜʘ ʠʟʤʝʣʴʯʝʥʠʝ ʩʦʣʦʤʳ ʧʨʦʠʟʚʦʜʷʪ ʥʝ ʟʝʨʥʦʫʙʦʨʦʯʥʳʤʠ ʢʦʤʙʘʡʥʘʤʠ 

(ʩʦʣʦʤʦʠʟʤʝʣʴʯʠʪʝʣʴ ʦʪʢʣʶʯʘʝʪʩʷ), ʘ ʚʘʣʢʦʚʳʤʠ ʠʟʤʝʣʴʯʠʪʝʣʷʤʠ, ʥʝ ʪʝʨʷʶʪ 

ʩʚʦʝʡ ʘʢʪʫʘʣʴʥʦʩʪʠ [9-10]. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʚ ʋʅʀʎ çɸʛʨʦʪʝʭʥʦʧʘʨʢè ʈʷʟʘʥʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʘʛʨʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ʇ.ɸ. ʂʦʩʪʳʯʝʚʘ ʚ 

2023-2024 ʛʛ. ʧʨʠ ʫʙʦʨʢʝ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ. ʋʙʦʨʢʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ 

ʟʝʨʥʦʫʙʦʨʦʯʥʳʤʠ ʢʦʤʙʘʡʥʘʤʠ ʂɿʉ-1218 ʠ Acros 595 Plus, ʩʦʣʦʤʘ 

ʫʢʣʘʜʳʚʘʣʘʩʴ ʚ ʚʘʣʦʢ, ʧʦʜʙʦʨ ʠ ʠʟʤʝʣʴʯʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʨʦʪʦʨʥʳʤ 

ʚʘʣʢʦʚʳʤ ʠʟʤʝʣʴʯʠʪʝʣʝʤ ʩ ʰʠʨʠʥʦʡ ʟʘʭʚʘʪʘ 2,3 ʤ. (ʄʊɿ-82+ɺʀ-2,3).    

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʘʯʝʩʪʚʘ ʠʟʤʝʣʴʯʝʥʠʷ ʦʪʙʠʨʘʣʠ ʧʨʦʙʳ (ʥʝ ʤʝʥʝʝ 6) 

ʠʟʤʝʣʴʯʝʥʥʦʡ ʩʦʣʦʤ rʩ ʤʘʩʩʦʡ ʥʘʚʝʩʢʠ 1 ʢʛ Ñ1 ʛʨ. ɺ ʢʘʞʜʦʡ ʦʪʦʙʨʘʥʥʦʡ 

ʧʨʦʙʝʠʟʤʝʣʴʯʸʥʥʳʝ ʯʘʩʪʠʮʳ ʨʘʩʧʨʝʜʝʣʷʣʠʩʴ ʧʦ 5 ʢʘʪʝʛʦʨʠʷʤ ʧʦ ʩʨʝʜʥʝʡ 

ʜʣʠʥʝ: 0-30 ʤʤ; 31-50 ʤʤ; 51-100 ʤʤ; 101-150 ʤʤ; ʙʦʣʝʝ 150 ʤʤ. ʅʘʚʝʩʢʘ ʚ 

ʢʘʞʜʦʡ ʢʘʪʝʛʦʨʠʠ ʚʟʚʝʰʠʚʘʣʠʩʴ ʠ ʦʧʨʝʜʝʣʷʣʦʩʴ ʧʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʦʪ 

ʦʙʱʝʡ ʤʘʩʩʳ ʧʨʦʙʳ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʟʤʝʨʝʥʠʡ ʪʦʯʥʦʩʪʴ ʦʧʳʪʘ ʩʯʠʪʘʝʪʩʷ 

ʧʨʠʝʤʣʝʤʦʡ, ʝʩʣʠ ʦʪʢʣʦʥʝʥʠʝ ʩʨʝʜʥʝʘʨʠʬʤʝʪʠʯʝʩʢʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʥʝ 

ʧʨʝʚʳʰʘʣʘ 4%. ʉʨʝʜʥʝʚʟʚʝʰʝʥʥʳʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʦʧʨʝʜʝʣʷʝʤ ʧʦ ʬʦʨʤʫʣʝ: 

ὒ̒ ̑

В ̎ ̃Ͻ
,                                                   (1) 

ʛʜʝ: Lʩʨ ï ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ, ʤʤ; lʥ, lʚ ï ʥʠʞʥʷʷ ʠ ʚʝʨʭʥʷʷ 

ʨʘʟʤʝʨʥʳʝ ʛʨʘʥʠʮʳ ʢʣʘʩʩʘ, ʤʤ;n ï ʢʦʣʠʯʝʩʪʚʦ ʢʘʪʝʛʦʨʠʠ;miï ʦʙʱʘʷ ʤʘʩʩʘ 

ʯʘʩʪʠʯʝʢ ʚʭʦʜʷʱʠʭ ʚ i-ʳʡ ʢʘʪʝʛʦʨʠʠ, ʢʛ;m ï ʤʘʩʩʘ ʚʩʝʡ ʧʨʦʙʳ, ʢʛ. 

ʇʨʦʮʝʥʪ ʠʟʥʦʩʘ ʥʦʞʘ ʦʮʝʥʠʚʘʣʩʷ ʧʦ ʠʟʤʝʥʝʥʠʶ ʝʛʦ ʤʘʩʩʳ ʠ 

ʥʦʤʠʥʘʣʴʥʳʭ ʨʘʟʤʝʨʦʚ ʦʪ ʠʩʭʦʜʥʳʭ ʚ %. ʅʘ ʤʦʤʝʥʪ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʫ ʥʘʩ ʙʳʣʠ ʥʘʢʦʧʣʝʥʳ ʥʝʩʢʦʣʴʢʦ ʢʦʤʧʣʝʢʪʦʚ ʥʦʞʝʡ ʩ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʴʶ 

ʠʟʥʦʩʘ (ʈʠʩʫʥʦʢ 1). 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʅʦʞʠ ʠʟʤʝʣʴʯʘʶʱʝʛʦ ʘʧʧʘʨʘʪʘ: 1 ï ʠʟʥʦʩ 60%; 2 ï ʠʟʥʦʩ 43%; 

3 ï ʠʟʥʦʩ 0% (ʥʦʚʳʡ) 
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 ʈʝʟʫʣʴʪʘʪʳ ʢʘʯʝʩʪʚʘ ʠʟʤʝʣʴʯʝʥʠʷ ʙʳʣʠ ʫʩʨʝʜʥʝʥʳ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ 

ʜʠʘʛʨʘʤʤʳ ʥʘ ʨʠʩʫʥʢʝ 2.  

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʠʮ ʠʟʤʝʣʴʯʸʥʥʦʡ ʩʦʣʦʤʳ ʧʦ ʜʣʠʥʝ ʨʝʟʢʠ  

ʩ ʥʦʚʳʤʠ ʠ ʠʟʥʦʰʝʥʥʳʤʠ ʥʦʞʘʤʠ 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʜʠʘʛʨʘʤʤʳ ʥʘ ʨʠʩʫʥʢʝ 2, ʠʟʥʦʩ ʥʦʞʝʡ ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʤʫ ʨʘʟʤʝʨʫ ʯʘʩʪʠʮ ʠʟʤʝʣʴʯʸʥʥʦʡ ʩʦʣʦʤʳ.  

ʇʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʠʟʥʦʩʘ ʥʦʞʝʡ ʠʟʤʝʣʴʯʠʪʝʣʷ 

ʥʘ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʠʟʤʝʣʴʯʸʥʥʦʡ ʩʦʣʦʤʳ (ʈʠʩʫʥʦʢ 3). 

 

 
ʈʠʩʫʥʦʢ 3 ï ɿʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʠʟʤʝʣʴʯʸʥʥʦʡ 

ʩʦʣʦʤʳ ʦʪ ʠʟʥʦʩʘ ʥʦʞʝʡ ʠʟʤʝʣʴʯʠʪʝʣʷ 
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ʅʘ ʦʩʥʦʚʘʥʠʠ ʟʘʚʠʩʠʤʦʩʪʠ (ʈʠʩʫʥʦʢ 3) ʧʦʣʫʯʠʣʠ ʫʨʘʚʥʝʥʠʝ ʨʝʛʨʝʩʩʠʠ: 

ὒ̒ ̑ πȟπππφϽ̞̎ πȟπφπχ̞̎ πȟσσςυϽ̞ ωπȟυςτ,                 (2) 

ʛʜʝ ʀʥ ï ʠʟʥʦʩ ʥʦʞʘ, %.  

ɺʠʜʠʤ, ʯʪʦ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʣʦʤʳ ʚ ʢʘʯʝʩʪʚʝ ʫʜʦʙʨʝʥʠʷ ʚʘʞʥʦ 

ʦʙʝʩʧʝʯʠʪʴ ʩʦʭʨʘʥʥʦʩʪʴ ʥʦʞʝʡ ʠ ʥʝ ʜʦʧʫʩʢʘʪʴ ʠʭ ʠʟʥʦʩʘ ʙʦʣʝʝ 10%. ʅʦʞʠ ʩ 

ʠʟʥʦʩʦʤ 10-40% ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʧʦʜʙʦʨʘ ʠ ʠʟʤʝʣʴʯʝʥʠʷ ʩʦʣʦʤʳ ʩ 

ʮʝʣʴʶ ʝʝ ʨʘʟʙʨʘʩʳʚʘʥʠʷ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʷ ʚ ʚʠʜʝ ʤʫʣʴʯʠʨʫʶʱʝʛʦ ʩʣʦʷ.   

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘ ʢʘʯʝʩʪʚʦ 

ʠʟʤʝʣʴʯʝʥʠʷ ʩʦʣʦʤʳ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʠʟʥʦʩ ʥʦʞʝʡ. ʀʟʥʦʩ 

ʥʦʞʝʡ ʙʦʣʝʝ ʯʝʤ ʥʘ 10% ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʨʝʜʥʝʡ ʜʣʠʥʳ ʨʝʟʢʠ 

ʠʟʤʝʣʴʯʸʥʥʦʡ ʩʦʣʦʤʳ (ʩʦʜʝʨʞʘʥʠʝ ʯʘʩʪʠʮ ʨʘʟʤʝʨʦʤ ʜʦ 100 ʤʤ ʩʦʩʪʘʚʣʷʝʪ 

ʤʝʥʝʝ 90%), ʯʪʦ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ. ʅʘ ʦʩʥʦʚʝ 

ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʪʤʝʪʠʤ, ʯʪʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʥʝʦʙʭʦʜʠʤʦ ʠʟʫʯʠʪʴ 

ʟʘʚʠʩʠʤʦʩʪʴ ʠʟʥʦʩʘ ʥʦʞʝʡ ʠʟʤʝʣʴʯʠʪʝʣʷ ʧʦ ʚʨʝʤʝʥʠ ʠʣʠ ʦʪ ʦʙʲʸʤʘ 

ʚʳʧʦʣʥʝʥʥʦʡ ʨʘʙʦʪʳ. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 
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118.  



~ 9 ~ 
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ʋɼʂ 631.372 

ɹʫʢʘʪʦʚ ɼ.ɸ., 

ɹʘʯʫʨʠʥ ɸ.ʅ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ,  

ʂʦʨʥʶʰʠʥ ɺ.ʄ., ʠʥʞʝʥʝʨ-ʤʘʛʠʩʪʨ 

ʌɻɹʆʋ ɺʆ ʈɻɸʊʋ, ʛ. ʈʷʟʘʥʴ, ʈʌ 

 

ʆɹɿʆʈ ʄʀʅʀ-ʊʈɸʂʊʆʈʆɺ, ɺʓʇʋʉʂɸɽʄʓʍ ɺ ʈʆʉʉʀʀ 

 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʜʘʥ ʦʙʟʦʨ ʤʠʥʠ-ʪʨʘʢʪʦʨʦʚ, ʚʳʧʫʩʢʘʝʤʳʭ ʚ ʈʦʩʩʠʠ, 

ʧʨʠʚʝʜʝʥʳ ʠʭ ʧʘʨʘʤʝʪʨʳ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʘ ʪʘʢʞʝ ʩʜʝʣʘʥʳ 

ʚʳʚʦʜʳ ʧʦ ʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ. 

ʋʩʧʝʰʥʦʝ ʚʝʜʝʥʠʝ ʤʘʣʦʛʦ ʬʝʨʤʝʨʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʪʝʭʥʠʢʠ. ʄʠʥʠ-ʪʨʘʢʪʦʨʳ, ʢʦʤʧʘʢʪʥʳʝ ʠ 

ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʝ, ʩʪʘʥʦʚʷʪʩʷ ʥʝʟʘʤʝʥʠʤʳʤʠ ʧʦʤʦʱʥʠʢʘʤʠ ʚ ʦʙʨʘʙʦʪʢʝ 

ʟʝʤʣʠ, ʫʙʦʨʢʝ ʫʨʦʞʘʷ ʠ ʜʨʫʛʠʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʟʘʜʘʯʘʭ. ɼʦʣʛʦʝ ʚʨʝʤʷ ʥʘ 

ʨʳʥʢʝ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʤʧʦʨʪʥʳʝ ʤʦʜʝʣʠ, ʥʦ ʚ ʫʩʣʦʚʠʷʭ ʥʳʥʝʰʥʝʡ 

ʚʥʝʰʥʝʧʦʣʠʪʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʠ ʩʘʥʢʮʠʦʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚʦʧʨʦʩ 
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ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ ʚʳʰʝʣ ʥʘ ʧʝʨʚʳʡ ʧʣʘʥ. ʉʝʛʦʜʥʷ ʢʘʢ ʥʠʢʦʛʜʘ ʘʢʪʫʘʣʴʥʦ 

ʨʘʟʚʠʪʠʝ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʩʧʦʩʦʙʥʦʛʦ ʧʨʝʜʣʦʞʠʪʴ ʬʝʨʤʝʨʘʤ 

ʜʦʩʪʫʧʥʫʶ, ʥʘʜʝʞʥʫʶ ʠ ʘʜʘʧʪʠʨʦʚʘʥʥʫʶ ʢ ʤʝʩʪʥʳʤ ʫʩʣʦʚʠʷʤ ʪʝʭʥʠʢʫ [1, 2].  

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʩʫʱʝʩʪʚʫʶʱʠʝ ʨʦʩʩʠʡʩʢʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʤʠʥʠ-ʪʨʘʢʪʦʨʦʚ ʠ ʠʭ ʧʘʨʘʤʝʪʨʳ. 

ʅʘʯʥʸʤ ʩ ʪʨʘʢʪʦʨʥʦʛʦ ʟʘʚʦʜʘ çʈʋʉʀʏè. ʄʦʜʝʣʴʥʳʡ ʨʷʜ ʏʝʙʦʢʩʘʨʩʢʦʛʦ 

ʧʨʝʜʧʨʠʷʪʠʷ (ʏʫʚʘʰʩʢʘʷ ʈʝʩʧʫʙʣʠʢʘ) ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʸʭ ʤʘʰʠʥ, 

ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʧʦ ʤʦʱʥʦʩʪʠ, ʨʘʟʤʝʨʘʤ, ʘ ʪʘʢʞʝ ʪʠʧʦʤ ʧʨʠʚʦʜʘ.  

çʈʫʩʠʯ ʊ-15è ʠ çʈʫʩʠʯ ʊ-18è (ʈʠʩʫʥʦʢ 1) ʧʦ ʚʥʝʰʥʝʤʫ ʚʠʜʫ ʤʘʣʦ 

ʦʪʣʠʯʘʶʪʩʷ, ʷʚʣʷʶʪʩʷ ʩʘʤʳʤʠ ʤʘʣʝʥʴʢʠʤʠ ʤʠʥʠ-ʪʨʘʢʪʦʨʘʤʠ ʠʟ 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʨʷʜʘ ʩ ʟʘʜʥʠʤ ʧʨʠʚʦʜʦʤ, ʜʠʟʝʣʴʥʳʤ ʯʝʪʳʨʸʭʪʘʢʪʥʳʤ 

ʜʚʠʛʘʪʝʣʝʤ ʤʦʱʥʦʩʪʴʶ 16 ʠ 18 ʣ.ʩ. ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʘʢ ʢʘʢ ʫ ʥʠʭ ʫʩʪʘʥʦʚʣʝʥʘ 

ʦʜʥʦʪʦʯʝʯʥʘʷ ʥʘʚʝʩʥʘʷ ʩʠʩʪʝʤʘ ʠ ʥʝʪ ʚʘʣʘ ʦʪʙʦʨʘ ʤʦʱʥʦʩʪʠ (ɺʆʄ), ʪʦ ʦʥʠ 

ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʪ ʜʣʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʨʘʙʦʪ ʠ ʨʘʙʦʪ ʩ ʥʘʚʝʩʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, 

ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʥʝ ʤʝʭʘʥʠʯʝʩʢʠʤ ʠʣʠ ʧʨʠʚʦʜʠʤʳʤ ʟʘ ʩʯʸʪ ʚʨʘʱʝʥʠʷ ɺʆʄ [2, 

3].  

 

 
ʈʠʩʫʥʦʢ 1 ï ʆʙʱʠʡ ʚʠʜ ʤʠʥʠ-ʪʨʘʢʪʦʨʦʚ çʈʫʩʠʯ ʊ-15è ʠ çʈʫʩʠʯ ʊ-18è 

 

ɹʦʣʝʝ ʤʦʱʥʳʝ ʤʘʰʠʥʳ çʈʫʩʠʯ ʊ-25è ʠ çʈʫʩʠʯ ʊ-30è (ʈʠʩʫʥʦʢ 2) ʠʤʝʶʪ 

ʤʦʱʥʦʩʪʴ 24 ʣ.ʩ., ʘ ʧʦʩʣʝʜʥʠʡ ʦʪʣʠʯʘʝʪʩʷ ʥʘʣʠʯʠʝʤ ʧʦʣʥʦʛʦ ʧʨʠʚʦʜʘ. ɺ 

ʦʪʣʠʯʠʝ ʦʪ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʤʦʜʝʣʝʡ, ʦʥʠ ʠʤʝʶʪ ʚʘʣ ʦʪʙʦʨʘ ʤʦʱʥʦʩʪʠ 

(ɺʆʄ) ʠ ʪʨʸʭʪʦʯʝʯʥʫʶ ʥʘʚʝʩʥʫʶ ʩʠʩʪʝʤʫ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʭ ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴ ʩ 

ʫʩʪʨʦʡʩʪʚʘʤʠ, ʜʣʷ ʧʨʠʚʝʜʝʥʠʷ ʚ ʜʝʡʩʪʚʠʝ ʢʦʪʦʨʳʭ ʥʝʦʙʭʦʜʠʤʦ ʜʘʥʥʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ [3]. 
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ʈʠʩʫʥʦʢ 2 ï ʆʙʱʠʡ ʚʠʜ ʤʠʥʠ-ʪʨʘʢʪʦʨʦʚ çʈʫʩʠʯ ʊ-25è ʠ çʈʫʩʠʯ ʊ-30è 

 

ʆʜʥʘʢʦ ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʜʘʥʥʳʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴ ʷʚʣʷʝʪʩʷ ʢʨʫʧʥʝʡʰʝʤ 

ʚ ʈʦʩʩʠʠ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠʤʝʝʪ ʚʳʩʦʢʠʡ ʦʙʲʸʤ ʚʳʧʫʩʢʘ, ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʢʦʤʧʣʝʢʪʫʶʱʠʭ ʜʝʣʘʶʪʩʷ ʚ ʂʠʪʘʝ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʥʘ ʚʩʝʭ ʤʦʜʝʣʷʭ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʜʠʟʝʣʴʥʳʝ ʜʚʠʛʘʪʝʣʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʂʅʈ. 

ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʪʘʙʣʠʮʝ 1 ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʢʘʞʜʦʡ ʤʘʰʠʥʳ [3]. 

 

ʊʘʙʣʠʮʘ 1 ï ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʠʥʠ-ʪʨʘʢʪʦʨʦʚ ʪʨʘʢʪʦʨʥʦʛʦ ʟʘʚʦʜʘ 

çʈʋʉʀʏè (ʏʫʚʘʰʠʷ) 
 

ʇʘʨʘʤʝʪʨʳ 

ʪʨʘʢʪʦʨʦʚ 
çʈʫʩʠʯ ʊ-15è çʈʫʩʠʯ ʊ-18è 

çʈʫʩʠʯ ʊ-

25è 
çʈʫʩʠʯ ʊ-30è 

ɼʚʠʛʘʪʝʣʴ JD-16, ʜʠʟʝʣʴʥʳʡ 
ZS1100, 

ʜʠʟʝʣʴʥʳʡ 
ZS1115, ʜʠʟʝʣʴʥʳʡ 

ʄʦʱʥʦʩʪʴ, ʣ.ʩ. 16 18 24 24 

ʂʦʣʸʩʥʘʷ ʬʦʨʤʫʣʘ 2ʭ4 (ʚʝʜʫʱʘʷ ʟʘʜʥʷʷ ʦʩʴ) 
4ʭ4 (ʧʦʣʥʳʡ 

ʧʨʠʚʦʜ)  

ʂʦʨʦʙʢʘ ʧʝʨʝʜʘʯ ʤʝʭʘʥʠʯʝʩʢʘʷ, 6 ʚʧʝʨʸʜ, 2 ʥʘʟʘʜ 
ʤʝʭʘʥʠʯʝʩʢʘʷ, 6 ʚʧʝʨʸʜ,  

1 ʥʘʟʘʜ 

ʂʦʣʸʩʥʘʷ ʙʘʟʘ, ʤʤ 1200 1400 1500 1400 

ʅʘʚʝʩʥʘʷ ʩʠʩʪʝʤʘ ʦʜʥʦʪʦʯʝʯʥʘʷ 
ʪʨʸʭʪʦʯʝʯʥʘʷ ʩ ɺʆʄ ʥʘ 6 

ʰʣʠʮʦʚ, 540 ʦʙ/ʤʠʥ 

ʐʠʨʠʥʘ ʢʦʣʝʠ, 

ʤʤ 
1300-1500 1250-1450 

ɻʘʙʘʨʠʪʥʳʝ 

ʨʘʟʤʝʨʳ, ʤʤ 
2400/1350/1300 2600/1350/1400 2450/1350/1670 

ʂʦʥʩʪʨʫʢʮʠʦʥʥʳʡ 

ʚʝʩ, ʢʛ 
600 700 800 

ʎʝʥʘ, ʨʫʙ. 237 900 278 900 318 900  420 900 

 

ʄʠʥʠ-ʪʨʘʢʪʦʨʘ çʋʨʘʣʝʮè, ʚʳʧʫʩʢʘʝʤʳʝ ʟʘʚʦʜʦʤ ʆʆʆ çʊʨʘʢʪʦʨè ʚ ʛ. 

ɽʤʘʥʞʝʣʠʥʩʢʝ ʏʝʣʷʙʠʥʩʢʦʡ ʦʙʣ., ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ 11 ʤʘʰʠʥ, ʦʪʣʠʯʘʶʱʠʭʩʷ 

ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʤʦʜʝʣʷʤʠ ʜʚʠʛʘʪʝʣʷ, ʪʠʧʦʤ ʧʨʠʚʦʜʘ ʠ ʥʘʣʠʯʠʝʤ ʢʘʙʠʥʳ. 

çʋʨʘʣʝʮ-2200è ʠ çʋʨʘʣʝʮ-250è (ʨʠʩʫʥʦʢ 3) ʠʤʝʶʪ ʪʨʸʭʮʠʣʠʥʜʨʦʚʳʡ 

ʜʠʟʝʣʴʥʳʡ ʜʚʠʛʘʪʝʣʴ ʂʄ-385ɺʊ ʤʦʱʥʦʩʪʴʶ 24 ʣ.ʩ., ʪʨʸʭʪʦʯʝʯʥʫʶ ʥʘʚʝʩʢʫ ʩ 
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ɺʆʄ. ʇʦʩʣʝʜʥʠʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ʢʘʢ ʩ ʢʘʙʠʥʦʡ, ʪʘʢ ʠ ʙʝʟ ʥʝʸ, ʘ ʪʘʢʞʝ ʦʪʣʠʯʘʝʪʩʷ 

ʦʪ ʧʝʨʚʦʛʦ ʢʦʨʦʙʢʦʡ ʧʝʨʝʜʘʯ ʠ ʜʣʠʥʦʡ: 2750 ʠ 2840 ʤʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

çʋʨʘʣʝʮ-220è (ʨʠʩʫʥʦʢ 3) ʩʭʦʞ ʩ çʋʨʘʣʝʮ-2200è, ʥʦ ʠʤʝʝʪ ʤʝʥʴʰʠʡ 

ʨʘʟʤʝʨ, ʠ ʚ ʥʸʤ ʫʩʪʘʥʦʚʣʝʥ ʜʚʫʭʮʠʣʠʥʜʨʦʚʳʡ ʜʠʟʝʣʴʥʳʡ ʜʚʠʛʘʪʝʣʴ JD295 ʥʘ 22 

ʣ.ʩ.  

çʋʨʘʣʝʮ-300è (ʨʠʩʫʥʦʢ 3) ï ʩʘʤʳʡ ʩʠʣʴʥʳʡ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ. ɺ ʥʸʤ 

ʫʩʪʘʥʦʚʣʝʥ ʪʨʸʭʮʠʣʠʥʜʨʦʚʳʡ ʜʠʟʝʣʴʥʳʡ ʜʚʠʛʘʪʝʣʴ LL-385B ʤʦʱʥʦʩʪʴʶ 30 ʣ.ʩ. 

ɺ ʦʩʪʘʣʴʥʦʤ ʞʝ ʝʛʦ ʧʘʨʘʤʝʪʨʳ ʩʦʚʧʘʜʘʶʪ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʪʨʘʢʪʦʨʘ 

çʋʨʘʣʝʮ-250è. 

ʊʘʢʞʝ ʫ ʢʘʞʜʦʡ ʤʦʜʝʣʠ ʝʩʪʴ ʧʦʣʥʦʧʨʠʚʦʜʥʘʷ ʚʝʨʩʠʷ: çʋʨʘʣʝʮ-2204è, 

çʋʨʘʣʝʮ-254è (ʩ ʢʘʙʠʥʦʡ ʠ ʙʝʟ), çʋʨʘʣʝʮ-224è, çʋʨʘʣʝʮ-304è [4, 5]. 

ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ ʟʘʜʥʝʧʨʠʚʦʜʥʳʭ ʤʦʜʝʣʝʡ ʪʨʘʢʪʦʨʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2 [4]. 

 

ʊʘʙʣʠʮʘ 2 ï ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʠʥʠ-ʪʨʘʢʪʦʨʦʚ çʋʨʘʣʝʮè ʟʘʚʦʜʘ 

ʆʆʆ çʊʨʘʢʪʦʨè (ʏʝʣʷʙʠʥʩʢʘʷ ʦʙʣ.) 
ʇʘʨʘʤʝʪʨʳ 

ʪʨʘʢʪʦʨʦʚ 
çʋʨʘʣʝʮ-220è 

çʋʨʘʣʝʮ-

2200è 

çʋʨʘʣʝʮ-250è 

ʙʝʟ ʢʘʙʠʥʳ 

çʋʨʘʣʝʮ

-250è 

çʋʨʘʣʝʮ-

300è 

ɼʚʠʛʘʪʝʣʴ 
JD295, 

ʜʠʟʝʣʴʥʳʡ 
ʂʄ-385ɺʊ, ʜʠʟʝʣʴʥʳʡ 

LL-385B, 

ʜʠʟʝʣʴʥʳʡ 

ʄʦʱʥʦʩʪʴ, ʣ.ʩ. 22 24 30 

ʂʦʣʸʩʥʘʷ 

ʬʦʨʤʫʣʘ 
2ʭ4 (ʚʝʜʫʱʘʷ ʟʘʜʥʷʷ ʦʩʴ) 

ʂʦʨʦʙʢʘ ʧʝʨʝʜʘʯ 
ʤʝʭʘʥʠʯʝʩʢʘʷ, 6 ʚʧʝʨʸʜ, 2 

ʥʘʟʘʜ 

ʤʝʭʘʥʠʯʝʩʢʘʷ, 12 ʚʧʝʨʸʜ,  

3 ʥʘʟʘʜ 

ʤʝʭʘʥʠʯʝʩʢʘ

ʷ, 6 ʚʧʝʨʸʜ,  

2 ʥʘʟʘʜ 

ʂʦʣʸʩʥʘʷ ʙʘʟʘ, 

ʤʤ 
1440 1525 1535 

ʅʘʚʝʩʥʘʷ 

ʩʠʩʪʝʤʘ 

ʪʨʸʭʪʦʯʝʯʥʘʷ ʩ ɺʆʄ ʥʘ 6 

ʰʣʠʮʦʚ, 540 ʦʙ/ʤʠʥ 

ʪʨʸʭʪʦʯʝʯʥʘʷ ʩ ɺʆʄ ʥʘ 6 ʰʣʠʮʦʚ, 

540/1000 ʦʙ/ʤʠʥ 

ʐʠʨʠʥʘ ʢʦʣʝʠ, 

ʤʤ 
ʩʧʝʨʝʜʠ: 960; ʩʟʘʜʠ: 1000 

ɻʘʙʘʨʠʪʥʳʝ 

ʨʘʟʤʝʨʳ, ʤʤ 

2410/1300/197

0 

ʩ ʜʫʛʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ: 

2410/1300/214

0 

2500/1300/197

0 

ʩ ʜʫʛʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ: 

2500/1300/214

0 

2500/1300/195

0 
2500/1300/2423 

ʂʦʥʩʪʨʫʢʮʠʦʥʥʳ

ʡ ʚʝʩ, ʢʛ 
915 960 1130 1470 1250 

ʎʝʥʘ, ʨʫʙ. 560 000 615 000 640 000 949 000 1 150 000 

 

ʄʠʥʠ-ʪʨʘʢʪʦʨ çɸʛʨʦʤʘʰ ʄʊ-110è (ʛ. ʅʦʚʦʯʝʙʦʢʩʘʨʩʢ, ʏʫʚʘʰʩʢʘʷ 

ʈʝʩʧʫʙʣʠʢʘ), ʠʟʦʙʨʘʞʸʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 4, ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʤʘʣʝʥʴʢʠʤ, 

ʤʘʣʦʤʦʱʥʳʤ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʝʰʸʚʳʤ ʠʟ ʚʩʝʡ ʧʝʨʝʯʠʩʣʝʥʥʦʡ ʪʝʭʥʠʢʠ. ɽʛʦ 

ʤʦʱʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 13 ʣ.ʩ. 



~ 13 ~ 
 

 
ʈʠʩʫʥʦʢ 3 ï ʆʙʱʠʡ ʚʠʜ ʤʠʥʠ-ʪʨʘʢʪʦʨʦʚ çʋʨʘʣʝʮ-220 (-2200)è 

ʠ çʋʨʘʣʝʮ-250 (-300)è 

 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ, ʠʤʝʝʪ ʩʧʝʨʝʜʠ ʠ ʩʟʘʜʠ ʦʜʥʦʪʦʯʝʯʥʫʶ ʥʘʚʝʩʥʫʶ 

ʩʠʩʪʝʤʫ, ʘ ʧʝʨʝʜʘʯʘ ʤʦʱʥʦʩʪʠ ʥʘ ʘʢʪʠʚʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ 

ʧʦʤʦʱʠ ʨʝʤʝʥʥʦʛʦ ʧʨʠʚʦʜʘ ʢʘʢ ʩʧʝʨʝʜʠ, ʪʘʢ ʠ ʩʟʘʜʠ ʪʨʘʢʪʦʨʘ. ʊʘʢʞʝ ʥʘ ʝʛʦ 

ʟʘʜʥʶʶ ʦʩʴ ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʦʣʸʩʘ ï ʛʨʫʥʪʦʟʘʮʝʧʳ, ʯʪʦ 

ʫʣʫʯʰʘʝʪ ʩʮʝʧʣʝʥʠʝ ʩ ʛʨʫʥʪʦʤ. ʊʝʤ ʩʘʤʳʤ ʦʥ ʭʦʨʦʰʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʨʘʙʦʪ ʚ 

ʩʘʜʘʭ ʠ ʥʘ ʧʨʠʫʩʘʜʝʙʥʳʭ ʫʯʘʩʪʢʘʭ [6].  

ʆʩʥʦʚʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʤʠʥʠ-ʪʨʘʢʪʦʨ çɸʛʨʦʤʘʰ ʄʊ-110è 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3, ʘ ʬʦʪʦ ʦʙʱʝʛʦ ʚʠʜʘ ï ʥʘ ʨʠʩʫʥʢʝ 4 [6]. 

 

ʊʘʙʣʠʮʘ 3 ï ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʠʥʠ-ʪʨʘʢʪʦʨʘ çɸʛʨʦʤʘʰ ʄʊ-110è 
ɼʚʠʛʘʪʝʣʴ Agromash-188F PRO, ʙʝʥʟʠʥʦʚʳʡ 

ʄʦʱʥʦʩʪʴ, ʣ.ʩ. 13 

ʂʦʣʸʩʥʘʷ ʬʦʨʤʫʣʘ 2ʭ4 (ʚʝʜʫʱʘʷ ʟʘʜʥʷʷ ʦʩʴ) 

ʂʦʨʦʙʢʘ ʧʝʨʝʜʘʯ ʤʝʭʘʥʠʯʝʩʢʘʷ, 2 ʚʧʝʨʸʜ, 1 ʥʘʟʘʜ 

ʂʦʣʸʩʥʘʷ ʙʘʟʘ, ʤʤ 1040 

ʅʘʚʝʩʥʘʷ ʩʠʩʪʝʤʘ 
ʦʜʥʦʪʦʯʝʯʥʘʷ ʩʧʝʨʝʜʠ ʠ ʩʟʘʜʠ, ɺʆʄ ï ʨʝʤʸʥʥʘʷ ʧʝʨʝʜʘʯʘ 

(ʩʧʝʨʝʜʠ ʠ ʩʟʘʜʠ) 

ʐʠʨʠʥʘ ʢʦʣʝʠ, ʤʤ 680 

ɻʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ, ʤʤ 1670/800/1240 

ʂʦʥʩʪʨʫʢʮʠʦʥʥʳʡ ʚʝʩ, ʢʛ 180 

ʎʝʥʘ, ʨʫʙ. 158 000 

 

ʅʝʩʤʦʪʨʷ ʥʘ ʘʢʪʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʨʦʩʩʠʡʩʢʠʭ ʤʠʥʠ-ʪʨʘʢʪʦʨʦʚ, ʥʘ ʚʩʝʡ 

ʦʧʠʩʘʥʥʦʡ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʪʝʭʥʠʢʝ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʜʚʠʛʘʪʝʣʠ ʢʠʪʘʡʩʢʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. ʕʪʘ ʩʚʷʟʘʥʦ ʩ ʟʘʢʨʳʪʠʝʤ ʧʨʦʬʠʣʴʥʳʭ ʟʘʚʦʜʦʚ ʚ 1990-ʳʭ ʛʦʜʘʭ, ʘ 

ʪʘʢʞʝ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʩʪʫʧʥʳʭ ʠʤʧʦʨʪʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ. 

ʆʜʥʘʢʦ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ ʦʪʝʯʝʩʪʚʝʥʥʳʤ 

ʧʨʦʠʟʚʦʜʠʪʝʣʷʤ ʚʘʞʥʦ ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʥʘ ʩʙʦʨʢʝ, ʥʦ ʠ ʥʘ ʨʘʟʚʠʪʠʠ 
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ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʦʙʩʪʚʝʥʥʳʭ ʩʠʣʦʚʳʭ ʫʩʪʘʥʦʚʦʢ, ʯʪʦ ʧʦʚʳʩʠʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ 

ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʠ ʜʦʙʘʚʠʪ ʮʝʥʥʦʩʪʠ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ. 

 

 
ʈʠʩʫʥʦʢ 4 ï ʆʙʱʠʡ ʚʠʜ ʤʠʥʠ-ʪʨʘʢʪʦʨʘ çɸʛʨʦʤʘʰ ʄʊ-110è 

 

ʀʟ ʜʘʥʥʦʛʦ ʦʙʟʦʨʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʜʣʷ ʤʘʣʳʭ ʬʝʨʤʝʨʩʢʠʭ ʭʦʟʷʡʩʪʚ ʩʘʤʳʤʠ 

ʙʶʜʞʝʪʥʳʤʠ ʧʦ ʮʝʥʝ ʙʫʜʫʪ ʤʠʥʠ-ʪʨʘʢʪʦʨʘ çɸʛʨʦʤʘʰ ʄʊ-110è - 158 000 ʨʫʙ. ʠ 

çʈʫʩʠʯ ʊ-15è - 237 900 ʨʫʙ. ʅʘʠʙʦʣʝʝ ʤʦʱʥʳʝ ʠ ʜʦʨʦʛʠʝ ʙʫʜʫʪ ʪʨʘʢʪʦʨʘ ʠʟ 

ʩʝʨʠʠ çʋʨʘʣʝʮè.  

ʇʦ ʦʪʟʳʚʘʤ ʬʝʨʤʝʨʦʚ, ʩʘʤʳʤʠ ʥʘʜʸʞʥʳʤʠ ʠ ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ ʜʣʷ ʚʩʝʭ 

ʚʠʜʦʚ ʩ/ʭ ʨʘʙʦʪ ʩʯʠʪʘʶʪʩʷ ʤʠʥʠ-ʪʨʘʢʪʦʨʘ çʋʨʘʣʝʮ-220è, ʚʳʧʫʩʢʘʝʤʳʝ ʟʘʚʦʜʦʤ 

ʆʆʆ çʊʨʘʢʪʦʨè ʚ ʛ. ɽʤʘʥʞʝʣʠʥʩʢʝ ʏʝʣʷʙʠʥʩʢʦʡ ʦʙʣ. 

ʄʠʥʠ-ʪʨʘʢʪʦʨʘ çʋʨʘʣʝʮè - ʤʘʣʦʛʘʙʘʨʠʪʥʘʷ ʩʝʣʴʭʦʟʪʝʭʥʠʢʘ ʩʦʚʤʝʩʪʥʦʛʦ 

ʨʦʩʩʠʡʩʢʦ-ʢʠʪʘʡʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʚ ʯʘʩʪʥʳʭ ʩʝʣʴʩʢʠʭ ʠ 

ʬʝʨʤʝʨʩʢʠʭ ʭʦʟʷʡʩʪʚʘʭ, ʢʦʤʤʫʥʘʣʴʥʦʡ ʩʬʝʨʝ. ʅʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ, ʩʢʦʣʴʢʦ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʵʪʦʪ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʘʛʨʝʛʘʪ:  

- ɻ ʢʦʥʦʤʥʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʧʦ ʨʝʤʦʥʪʫ ʠ ʥʠʟʢʦʟʘʪʨʘʪʥʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ; 

- ʜʦʩʪʦʡʥʘʷ ʪʷʛʦʚʦʦʨʫʞʸʥʥʦʩʪʴ;  

- h ʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦ ʢʦʤʤʫʥʠʢʘʮʠʠ ʩ ʩʝʣʴʭʦʟʦʙʦʨʫʜʦʚʘʥʠʝʤ ʠ 

ʘʛʨʝʛʘʪʘʤʠ ʢʦʤʤʫʥʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ɺʩʝ ʤʦʜʝʣʠ ʦʪʣʠʯʥʦ ʩʦʯʝʪʘʶʪʩʷ ʩ ʙʦʣʝʝ 

ʯʝʤ 50 ʥʘʠʤʝʥʦʚʘʥʠʷʤʠ ʥʘʚʝʩʥʦʛʦ ʠ ʧʨʠʮʝʧʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʢʦʪʦʨʦʝ ʪʘʢʞʝ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʬʠʮʠʘʣʴʥʳʤʠ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʚʦ ʚʩʝʭ ʨʝʛʠʦʥʘʭ ʈʌ [5, 7-12]. 

ʉʪʦʠʤʦʩʪʴ ʪʨʘʢʪʦʨʘ çʋʨʘʣʝʮ-220è (560 000 ʨʫʙ.) ʦʢʫʧʘʝʪʩʷ ʚ ʪʝʯʝʥʠʝ 1-2 

ʣʝʪ, ʪ.ʢ. ʦʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʘʟʥʳʭ ʨʘʙʦʪ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʛʦʜʘ. ʕʪʦʤʫ ʧʦʤʦʛʘʶʪ 

ʦʧʪʠʤʘʣʴʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʯʪʦ ʦʯʝʥʴ ʫʩʪʨʘʠʚʘʝʪ ʬʝʨʤʝʨʦʚ 

ʤʘʣʳʭ ʭʦʟʷʡʩʪʚ. 
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ɺʷʟʦʚ ɺ.ʀ.,  

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʆʨʝʭʦʚʘ ɺ.ʀ. 

ʌɻɹʆʋ ɺʆ ʂʫʙɻɸʋ, ʛ. ʂʨʘʩʥʦʜʘʨ, ʈʌ 

 

ʀʅɾɽʅɽʈʅʆ-ʊɽʍʅʀʏɽʉʂʆɽ ʆɹɽʉʇɽʏɽʅʀɽ  

ʆʈʆʐɸɽʄʆɻʆ ɿɽʄʃɽɼɽʃʀʗ 

 

ʆʨʦʰʘʝʤʦʝ ʟʝʤʣʝʜʝʣʠʝ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʥʘʧʨʘʚʣʝʥʠʡ 

ʧʦʚʳʰʝʥʠʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ, ʦʩʦʙʝʥʥʦ ʚ 

ʨʝʛʠʦʥʘʭ ʩ ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʠʣʠ ʥʝʨʘʚʥʦʤʝʨʥʳʤ ʫʚʣʘʞʥʝʥʠʝʤ ʧʦʯʚʳ. ɺ 

ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʠ ʫʚʝʣʠʯʝʥʠʷ ʯʘʩʪʦʪʳ ʟʘʩʫʭ 

ʘʢʪʫʘʣʴʥʦʩʪʴ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤ ʦʨʦʰʝʥʠʷ ʚʦʟʨʘʩʪʘʝʪ. ʀʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ ʦʨʦʰʘʝʤʦʛʦ ʟʝʤʣʝʜʝʣʠʷ ʚʢʣʶʯʘʝʪ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ 

ʠ ʵʢʩʧʣʫʘʪʘʮʠʶ ʚʦʜʦʩʥʘʙʞʘʶʱʠʭ ʩʠʩʪʝʤ, ʥʘʩʦʩʥʳʭ ʩʪʘʥʮʠʡ, ʩʝʪʝʡ ʦʨʦʰʝʥʠʷ ʠ 

ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʵʬʬʝʢʪʠʚʥʦʝ ʠ ʨʘʮʠʦʥʘʣʴʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ [1-3]. 

ʉʠʩʪʝʤʳ ʦʨʦʰʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩ ʠʥʞʝʥʝʨʥʳʭ 

ʩʦʦʨʫʞʝʥʠʡ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʧʦʜʘʯʠ ʠ 

ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʦʜʳ ʥʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʪʝʨʨʠʪʦʨʠʠ. 

ʆʩʥʦʚʥʳʝ ʪʠʧʳ ʩʠʩʪʝʤ ʦʨʦʰʝʥʠʷ ʚʢʣʶʯʘʶʪ ʧʦʚʝʨʭʥʦʩʪʥʦʝ, ʢʘʧʝʣʴʥʦʝ, 

ʜʦʞʜʝʚʘʣʴʥʦʝ ʠ ʤʠʢʨʦʩʧʨʠʥʢʣʝʨʥʦʝ ʦʨʦʰʝʥʠʝ, ʚʳʙʦʨ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʢʦʤʧʣʝʢʩʥʳʤ ʘʥʘʣʠʟʦʤ ʘʛʨʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʚʠʜʦʚ ʚʦʟʜʝʣʳʚʘʝʤʳʭ 

ʢʫʣʴʪʫʨ, ʨʝʣʴʝʬʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʝʩʪʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʷ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ. 

ʇʦʚʝʨʭʥʦʩʪʥʳʝ ʩʠʩʪʝʤʳ ʦʨʦʰʝʥʠʷ ʦʩʥʦʚʳʚʘʶʪʩʷ ʥʘ ʧʦʜʘʯʝ ʚʦʜʳ ʧʦ 

ʦʪʢʨʳʪʳʤ ʢʘʥʘʚʘʤ ʠ ʙʦʨʦʟʜʘʤ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʠʪʘʥʠʝ ʨʘʩʪʝʥʠʡ ʧʦʩʨʝʜʩʪʚʦʤ 

ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʦʜʳ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ. ʊʘʢʠʝ ʩʠʩʪʝʤʳ 

ʮʝʣʝʩʦʦʙʨʘʟʥʳ ʥʘ ʨʘʚʥʠʥʥʳʭ ʫʯʘʩʪʢʘʭ ʩ ʜʦʩʪʘʪʦʯʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʜʦʩʪʫʧʥʦʡ 

ʚʦʜʳ. 

ʂʘʧʝʣʴʥʦʝ ʦʨʦʰʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʫʶ 

ʪʝʭʥʦʣʦʛʠʶ ʣʦʢʘʣʠʟʦʚʘʥʥʦʛʦ ʧʦʣʠʚʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʚʦʜʦʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʨʠʢʦʨʥʝʚʫʶ ʟʦʥʫ ʨʘʩʪʝʥʠʡ ʩ ʧʦʤʦʱʴʶ 

ʩʠʩʪʝʤʳ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʩʥʘʙʞʸʥʥʳʭ ʵʤʠʪʪʝʨʘʤʠ ʠʣʠ ʢʘʧʝʣʴʥʠʮʘʤʠ (ʈʠʩʫʥʦʢ 

1). ʊʘʢʘʷ ʩʠʩʪʝʤʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʪʨʦʛʦ ʜʦʟʠʨʦʚʘʥʥʫʶ ʧʦʜʘʯʫ ʚʣʘʛʠ, 

ʤʠʥʠʤʠʟʠʨʫʷ ʠʩʧʘʨʠʪʝʣʴʥʳʝ ʠ ʬʠʣʴʪʨʘʮʠʦʥʥʳʝ ʧʦʪʝʨʠ, ʯʪʦ ʦʩʦʙʝʥʥʦ 

ʘʢʪʫʘʣʴʥʦ ʚ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʠ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʫʯʘʩʪʢʦʚ ʩʦ ʩʣʦʞʥʳʤ ʨʝʣʴʝʬʦʤ. 

ɼʦʞʜʝʚʘʣʴʥʳʝ ʠ ʤʠʢʨʦʩʧʨʠʥʢʣʝʨʥʳʝ ʩʠʩʪʝʤʳ ʦʨʦʰʝʥʠʷ ʠʤʠʪʠʨʫʶʪ 

ʝʩʪʝʩʪʚʝʥʥʳʝ ʦʩʘʜʢʠ ʟʘ ʩʯʸʪ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ ʚʦʜʳ ʚ ʘʪʤʦʩʬʝʨʫ ʚ ʚʠʜʝ 

ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʢʘʧʝʣʴ. ɼʘʥʥʳʝ ʤʝʪʦʜʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ 

ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴʶ ʠ ʧʨʠʤʝʥʠʤʳ ʢ ʨʘʟʣʠʯʥʳʤ ʪʠʧʘʤ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʢʫʣʴʪʫʨ ʠ ʧʦʯʚʝʥʥʦ-ʨʝʣʴʝʬʥʳʤ ʫʩʣʦʚʠʷʤ. ʈʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʣʘʛʠ, 

ʜʦʩʪʠʛʘʝʤʘʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥʥʳʭ ʩʠʩʪʝʤ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ 
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ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʠ ʩʥʠʞʝʥʠʶ ʨʠʩʢʦʚ ʧʝʨʝʫʚʣʘʞʥʝʥʠʷ ʠʣʠ 

ʣʦʢʘʣʴʥʳʭ ʟʘʩʫʭ ʚ ʧʨʝʜʝʣʘʭ ʦʨʦʰʘʝʤʦʡ ʧʣʦʱʘʜʠ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʂʘʧʝʣʴʥʦʝ ʦʨʦʰʝʥʠʝ ʥʘ ʦʪʢʨʳʪʳʭ ʪʝʨʨʠʪʦʨʠʷʭ 

 

ʀʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʩʠʩʪʝʤ ʦʨʦʰʝʥʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ ʵʪʘʧʦʚ: 

- ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʚʦʜʦʟʘʙʦʨʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ï ʧʨʦʠʟʚʦʜʠʪʩʷ ʪʱʘʪʝʣʴʥʳʡ 

ʘʥʘʣʠʟ ʚʦʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ (ʛʣʫʙʠʥʘ, ʜʝʙʠʪ, ʢʘʯʝʩʪʚʦ ʚʦʜʳ, ʩʝʟʦʥʥʳʝ ʢʦʣʝʙʘʥʠʷ). 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʚʦʜʦʟʘʙʦʨʥʳʭ ʧʫʥʢʪʦʚ ʜʦʣʞʥʦ ʦʙʝʩʧʝʯʠʚʘʪʴ ʫʩʪʦʡʯʠʚʦʝ 

ʚʦʜʦʩʥʘʙʞʝʥʠʝ ʙʝʟ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʵʢʦʩʠʩʪʝʤʫ. 

- ʈʘʩʯʝʪ ʠ ʧʦʜʙʦʨ ʥʘʩʦʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ï ʜʣʷ ʧʦʜʘʯʠ ʚʦʜʳ ʚ ʩʠʩʪʝʤʫ 

ʥʝʦʙʭʦʜʠʤʳ ʥʘʩʦʩʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʪʨʝʙʫʝʤʳʡ ʥʘʧʦʨ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. 

ʇʨʠ ʚʳʙʦʨʝ ʥʘʩʦʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʫʯʠʪʳʚʘʶʪʩʷ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʚʳʩʦʪʘ ʧʦʜʲʝʤʘ ʚʦʜʳ, ʪʨʝʙʦʚʘʥʠʷ ʢ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʆʧʪʠʤʘʣʴʥʳʡ ʧʦʜʙʦʨ ʥʘʩʦʩʦʚ 

ʧʦʟʚʦʣʷʝʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʠ ʧʦʚʳʩʠʪʴ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʩʠʩʪʝʤʳ. 

- ʉʦʟʜʘʥʠʝ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʩʝʪʝʡ ï ʧʨʦʝʢʪʠʨʫʶʪʩʷ ʪʨʫʙʦʧʨʦʚʦʜʳ, 

ʢʘʥʘʣʳ ʠ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʨʘʚʥʦʤʝʨʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʦʜʳ ʧʦ ʦʨʦʰʘʝʤʦʡ ʧʣʦʱʘʜʠ. ʇʨʠ ʵʪʦʤ ʫʯʠʪʳʚʘʶʪʩʷ 

ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʘʚʣʝʥʠʷ ʠ 

ʤʠʥʠʤʠʟʘʮʠʠ ʧʦʪʝʨʴ ʥʘʧʦʨʘ, ʘ ʪʘʢʞʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʣʴʝʬʘ ʠ ʧʣʦʪʥʦʩʪʴ ʧʦʩʘʜʦʢ 

ʢʫʣʴʪʫʨ. 

- ɺʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʤʦʥʠʪʦʨʠʥʛʘ ï ʩʦʚʨʝʤʝʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʪʯʠʢʠ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ, ʧʦʛʦʜʥʳʝ 

ʩʪʘʥʮʠʠ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʢʣʘʧʘʥʳ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʞʠʤʦʚ ʧʦʣʠʚʘ. 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ ʨʘʩʭʦʜʘ ʚʦʜʳ, 

ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʦʨʦʰʝʥʠʷ ʠ ʧʦʚʳʰʝʥʠʶ ʫʨʦʞʘʡʥʦʩʪʠ, ʘ ʪʘʢʞʝ 

ʤʠʥʠʤʠʟʘʮʠʠ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ. 

ʈʦʩʪʦʚʩʢʘʷ ʦʙʣʘʩʪʴ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʝʜʫʱʠʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʨʝʛʠʦʥʦʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʦʙʣʘʜʘʶʱʠʤ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʚ 
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ʩʬʝʨʝ ʦʨʦʰʘʝʤʦʛʦ ʟʝʤʣʝʜʝʣʠʷ. ʂʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʨʝʛʠʦʥʘ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʤ ʪʠʧʦʤ ʩ ʚʳʨʘʞʝʥʥʦʡ ʩʝʟʦʥʥʦʡ 

ʟʘʩʫʰʣʠʚʦʩʪʴʶ, ʯʪʦ ʩʦʟʜʘʝʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʚʳʟʦʚʳ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʩʪʘʙʠʣʴʥʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʛʦʜʠʡ. ɺ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ 

ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʩʠʩʪʝʤ ʦʨʦʰʝʥʠʷ ʧʨʠʦʙʨʝʪʘʝʪ ʢʣʶʯʝʚʦʝ 

ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʘʛʨʦʵʢʦʩʠʩʪʝʤ ʠ ʦʙʝʩʧʝʯʝʥʠʷ 

ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ [2, 4, 5]. 

ʆʜʥʠʤ ʠʟ ʧʨʠʤʝʨʦʚ ʫʩʧʝʰʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʢʦʤʧʣʝʢʩʥʳʭ ʠʥʞʝʥʝʨʥʳʭ 

ʨʝʰʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʦʨʦʰʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʦʝʢʪ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠ ʤʦʜʝʨʥʠʟʘʮʠʠ 

ʠʨʨʠʛʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʂʘʛʘʣʴʥʠʮʢʦʛʦ ʨʘʡʦʥʘ ʈʦʩʪʦʚʩʢʦʡ 

ʦʙʣʘʩʪʠ. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʢʘʧʠʪʘʣʴʥʘʷ ʨʝʢʦʥʩʪʨʫʢʮʠʷ 

ʥʘʩʦʩʥʳʭ ʩʪʘʥʮʠʡ, ʚʢʣʶʯʘʶʱʘʷ ʟʘʤʝʥʫ ʫʩʪʘʨʝʚʰʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʝ ʥʘʩʦʩʥʳʝ ʘʛʨʝʛʘʪʳ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ 

ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʝʨʝʢʘʯʢʠ ʚʦʜʳ ʠ ʩʥʠʟʠʪʴ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ 

ʨʘʩʭʦʜʳ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʧʨʦʝʢʪʝ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʚʥʝʜʨʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʚʦʜʦʩʥʘʙʞʝʥʠʝʤ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʪʯʠʢʦʚ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ, ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʠ 

ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʭ ʣʦʛʠʯʝʩʢʠʭ ʢʦʥʪʨʦʣʣʝʨʦʚ. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʧʦʜʘʯʠ ʚʦʜʳ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʧʪʠʤʠʟʘʮʠʶ ʨʝʞʠʤʦʚ ʧʦʣʠʚʘ ʩ ʫʯʝʪʦʤ ʨʝʘʣʴʥʳʭ 

ʧʦʪʨʝʙʥʦʩʪʝʡ ʨʘʩʪʝʥʠʡ ʠ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ 

ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʠʟʙʳʪʦʯʥʦʛʦ ʦʨʦʰʝʥʠʷ. 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʣʦʩʴ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʫ 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʩʝʪʝʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʘʧʝʣʴʥʳʭ ʩʠʩʪʝʤ ʦʨʦʰʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʠ ʨʘʚʥʦʤʝʨʥʦʩʪʴʶ ʧʦʜʘʯʠ ʚʣʘʛʠ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʢʦʨʥʝʚʦʡ ʟʦʥʝ ʨʘʩʪʝʥʠʡ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʦʢʨʘʱʘʝʪ ʠʩʧʘʨʠʪʝʣʴʥʳʝ ʠ ʬʠʣʴʪʨʘʮʠʦʥʥʳʝ ʧʦʪʝʨʠ ʚʦʜʳ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ 

ʚ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʳʭ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʨʝʛʠʦʥʘ [3, 5]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ ʜʦʩʪʠʛʥʫʪʳ ʟʥʘʯʠʤʳʝ 

ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ: ʫʚʝʣʠʯʝʥʘ ʫʨʦʞʘʡʥʦʩʪʴ ʦʩʥʦʚʥʳʭ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ, ʚʢʣʶʯʘʷ ʧʰʝʥʠʮʫ, ʢʫʢʫʨʫʟʫ ʠ ʦʚʦʱʥʳʝ, ʥʘ 15-

20%, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʫʣʫʯʰʝʥʠʝʤ ʚʦʜʥʦʛʦ ʨʝʞʠʤʘ ʧʦʯʚʳ ʠ ʩʥʠʞʝʥʠʝʤ 

ʩʪʨʝʩʩʦʚʳʭ ʬʘʢʪʦʨʦʚ ʜʣʷ ʨʘʩʪʝʥʠʡ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʦʪʤʝʯʝʥʦ ʩʥʠʞʝʥʠʝ ʧʦʪʝʨʴ 

ʚʦʜʳ ʚ ʩʠʩʪʝʤʝ ʦʨʦʰʝʥʠʷ ʥʘ 25%, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʦʚʳʰʝʥʠʠ ʦʙʱʝʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ. 

ɼʘʥʥʳʡ ʧʨʠʤʝʨ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʘʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ 

ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʠ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʩʠʩʪʝʤʝ 

ʦʨʦʰʝʥʠʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʈʦʩʪʦʚʩʢʦʡ 

ʦʙʣʘʩʪʠ. ʂʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ, ʚʢʣʶʯʘʶʱʠʡ ʤʦʜʝʨʥʠʟʘʮʠʶ ʥʘʩʦʩʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʫʧʨʘʚʣʝʥʠʷ ʠ ʚʥʝʜʨʝʥʠʝ ʵʬʬʝʢʪʠʚʥʳʭ ʩʠʩʪʝʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʦʜʳ, ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ 

ʢʣʠʤʘʪʘ ʩ ʯʘʩʪʳʤʠ ʟʘʩʫʭʘʤʠ. 
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ʀʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʦʨʦʰʘʝʤʦʛʦ ʟʝʤʣʝʜʝʣʠʷ ʷʚʣʷʝʪʩʷ 

ʬʫʥʜʘʤʝʥʪʦʤ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʚ ʫʩʣʦʚʠʷʭ 

ʠʟʤʝʥʷʶʱʝʛʦʩʷ ʢʣʠʤʘʪʘ ʠ ʦʛʨʘʥʠʯʝʥʥʳʭ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ. ʉʦʚʨʝʤʝʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʠ ʩʠʩʪʝʤʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʳ, ʫʚʝʣʠʯʠʪʴ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʠ ʦʙʝʩʧʝʯʠʪʴ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʘʛʨʦʧʨʦʠʟʚʦʜʩʪʚʘ [1, 2, 4]. 

ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʪʨʝʙʫʝʪ ʠʥʪʝʛʨʘʮʠʠ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʠ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʠ 

ʤʝʣʠʦʨʘʮʠʠ. ʇʨʘʢʪʠʯʝʩʢʠʡ ʦʧʳʪ ʨʦʩʩʠʡʩʢʠʭ ʨʝʛʠʦʥʦʚ, ʪʘʢʠʭ ʢʘʢ ʈʦʩʪʦʚʩʢʘʷ 

ʦʙʣʘʩʪʴ, ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʠʥʞʝʥʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘ 

ʧʦʚʳʰʝʥʠʝ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʘʛʨʘʨʥʦʛʦ ʩʝʢʪʦʨʘ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ. 
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ʌɻɹʆʋ ɺʆ ʈɻɸʊʋ, ʛ. ʈʷʟʘʥʴ, ʈʌ 

 

ʆʍʃɸɾɼɽʅʀɽ ʄʆʃʆʂɸ ʂɸʂ ʇʈʆʎɽʉʉ ʇɽʈɽʈɸɹʆʊʂʀ 

ʇʈʆɼʋʂʎʀʀ ɾʀɺʆʊʅʆɺʆɼʉʊɺɸ 

 

ʄʦʣʦʢʦ ï ʵʪʦ ʩʢʦʨʦʧʦʨʪʷʱʠʡʩʷ ʧʨʦʜʫʢʪ. ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʦʨʯʠ 

ʧʨʦʜʫʢʪʘ ʝʛʦ ʩʣʝʜʫʝʪ ʩʚʦʝʚʨʝʤʝʥʥʦ ʦʭʣʘʞʜʘʪʴ ʧʫʪʝʤ ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 

ʜʣʷ ʚʩʝʭ ʝʛʦ ʢʦʤʧʦʥʝʥʪʦʚ ʜʦ ʟʥʘʯʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʨʦʩʪ ʠ ʨʘʟʚʠʪʠʝ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʟʘʤʝʜʣʷʝʪʩʷ, ʘ ʚ ʧʦʩʣʝʜʩʪʚʠʝ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʥʘʦʙʦʨʦʪ, ʨʘʟʤʥʦʞʘʶʪʩʷ ʙʘʢʪʝʨʠʠ ʠ ʟʘʧʫʩʢʘʶʪʩʷ ʦʢʠʩʣʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ. 

ɽʩʣʠ ʤʦʣʦʢʦ ʩʚʦʝʚʨʝʤʝʥʥʦ ʥʝ ʦʭʣʘʞʜʘʪʴ, ʪʦ ʚ ʥʝʤ ʟʘʧʫʩʢʘʝʪʩʷ ʧʨʦʮʝʩʩ 

ʦʙʨʘʟʦʚʘʥʠʷ ʚʨʝʜʥʦʡ ʤʠʢʨʦʬʣʦʨʳ, ʥʝ ʠʩʢʣʶʯʘʶʪʩʷ ʠ ʩʪʘʬʠʣʦʢʦʢʢʠ. ʂʦʛʜʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʜʦʩʪʠʛʘʝʪ ʦʪʤʝʪʢʠ 18-200ʉ, ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʧʘʪʦʛʝʥʥʳʭ ʦʨʛʘʥʠʟʤʦʚ 

ʨʘʟʚʠʚʘʝʪʩʷ ʩʦ ʩʪʨʝʤʠʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ, ʥʦ ʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʷʚʣʷʝʪʩʷ ʦʪʤʝʪʢʘ 35-370ʉ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 4-60ʉ ʚʩʝ ʧʨʦʮʝʩʩʳ, 

ʢʦʪʦʨʳʝ ʜʝʡʩʪʚʫʶʪ ʥʘ ʤʦʣʦʢʦ ʚ ʥʝʛʘʪʠʚʥʦʤ ʢʣʶʯʝ, ʟʘʤʝʜʣʷʶʪʩʷ, ʘ ʪʦ ʠ 

ʧʦʣʥʦʩʪʴʶ ʧʨʝʢʨʘʱʘʶʪʩʷ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʳ ʦʭʣʘʞʜʝʥʠʷ ʤʦʣʦʢʘ 

 

ɺ ʩʚʷʟʠ ʩ ʪʨʝʙʦʚʘʥʠʝʤ ʊʈ ʊʉ 023/2013, ʧʦʩʣʝ ʜʦʝʥʠʷ ʩʢʦʪʘ ʩʳʨʦʝ ʤʦʣʦʢʦ 

ʜʦʣʞʥʦ ʧʦʜʚʝʨʛʥʫʪʴʩʷ ʦʯʠʩʪʢʝ ʠ ʦʭʣʘʞʜʝʥʠʶ ʚ ʪʝʯʝʥʠʝ ʜʚʫʭ ʯʘʩʦʚ ʜʦ 42ᴜ0ʉ. 

ʄʦʣʦʢʦ, ʦʭʣʘʞʜʝʥʥʦʝ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 4-60ʉ, ʜʦʣʞʥʦ ʭʨʘʥʠʪʴʩʷ ʥʝ ʙʦʣʝʝ 12 

ʯʘʩʦʚ. 

ʄʦʣʦʢʦʦʭʣʘʜʠʪʝʣʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʜʦʚʝʜʝʥʠʷ ʜʦ ʥʫʞʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʠ ʭʨʘʥʝʥʠʷ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʩ ʤʦʣʦʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠʣʠ ʬʝʨʤ 

ʩ ʩʦʙʣʶʜʝʥʠʝʤ ʚʩʝʭ ʛʠʛʠʝʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ.  

ʇʦ ʩʧʦʩʦʙʫ ʦʭʣʘʞʜʝʥʠʷ ʨʘʟʣʠʯʘʶʪʩʷ ʧʨʷʤʦʝ ʠ ʢʦʩʚʝʥʥʦʝ 

(ʣʴʜʦʘʢʢʫʤʫʣʠʨʫʶʱʠʝ ʠ ʯʠʣʣʝʨʳ). ʏʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʤʠʩʷ ʷʚʣʷʶʪʩʷ 
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ʤʦʣʦʢʦʦʭʣʘʜʠʪʝʣʠ ʩ ʧʨʷʤʳʤ ʦʭʣʘʞʜʝʥʠʝʤ ʚ ʪʘʥʢʘʭ. ʆʭʣʘʞʜʝʥʠʝ ʧʨʦʜʫʢʪʘ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʢʦʥʪʘʢʪʘ ʩ ʠʩʧʘʨʠʪʝʣʝʤ, 

ʢʦʪʦʨʳʡ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʢʦʥʪʘʢʪʠʨʫʝʪ ʩ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʨʝʟʝʨʚʫʘʨʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʭʣʘʜʘʛʝʥʪʘ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʬʨʝʦʥ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʝʛʦ 

ʜʦʩʪʫʧʥʦʩʪʴʶ ʠ ʧʨʦʩʪʦʪʦʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʆʜʥʘʢʦ ʩʠʩʪʝʤʳ ʧʨʷʤʦʛʦ 

ʦʭʣʘʞʜʝʥʠʷ ʪʨʝʙʫʶʪ ʧʨʠʤʝʥʝʥʠʷ ʢʦʤʧʨʝʩʩʦʨʦʚ ʚʳʩʦʢʦʡ ʤʦʱʥʦʩʪʠ ʠʟ-ʟʘ 

ʦʪʩʫʪʩʪʚʠʷ ʘʢʢʫʤʫʣʷʪʦʨʘ ʭʦʣʦʜʘ. 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ɺʠʜʳ ʦʭʣʘʜʠʪʝʣʝʡ ʤʦʣʦʢʘ 
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ɺ ʩʠʩʪʝʤʘʭ ʥʝʧʨʷʤʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʩ ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʝʤ ʣʴʜʘ ʭʦʣʦʜʠʣʴʥʘʷ 

ʫʩʪʘʥʦʚʢʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʥʘʢʦʧʣʝʥʠʷ ʭʣʘʜʦʥʦʩʠʪʝʣʷ ʚ ʪʝʧʣʦʠʟʦʣʠʨʦʚʘʥʥʦʤ 

ʨʝʟʝʨʚʫʘʨʝ. ɿʘʯʘʩʪʫʶ ʫʩʪʨʦʡʩʪʚʦ ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʷ ʣʴʜʘ ʠ ʝʤʢʦʩʪʴ ʜʣʷ 

ʭʨʘʥʝʥʠʷ ʤʦʣʦʢʘ ʦʙʲʝʜʠʥʝʥʳ ʚ ʦʙʱʫʶ ʢʦʥʩʪʨʫʢʮʠʶ. ʇʦ ʜʦʩʪʠʞʝʥʠʠ 

ʤʠʥʠʤʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʣʝʜʷʥʦʡ ʤʘʩʩʳ ʧʨʦʠʩʭʦʜʠʪ ʝʝ ʧʦʩʪʝʧʝʥʥʦʝ ʪʘʷʥʠʝ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʜʦ ʠʩʭʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ɼʘʥʥʳʡ ʤʝʪʦʜ 

ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʠʪʴ ʪʨʝʙʫʝʤʫʶ ʤʦʱʥʦʩʪʴ ʢʦʤʧʨʝʩʩʦʨʥʦʡ 

ʫʩʪʘʥʦʚʢʠ. 

ʉ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʩʥʠʞʝʥʠʷ 

ʧʦʪʨʝʙʣʷʝʤʦʡ ʤʦʱʥʦʩʪʠ ʢʦʤʧʨʝʩʩʦʨʘ ʧʨʘʢʪʠʢʫʝʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ 

ʦʭʣʘʞʜʝʥʠʝ ʤʦʣʦʢʘ ʧʦʩʨʝʜʩʪʚʦʤ ʧʣʘʩʪʠʥʯʘʪʳʭ ʠʣʠ ʪʨʫʙʯʘʪʳʭ 

ʪʝʧʣʦʦʙʤʝʥʥʠʢʦʚ. ʋʢʘʟʘʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʠʥʪʝʛʨʠʨʫʶʪʩʷ ʚ ʩʠʩʪʝʤʫ 

ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʫʤʝʥʴʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʤʦʣʦʢʘ ʜʦ 15-17ÁC. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʫʤʝʥʴʰʘʝʪ ʧʦʪʨʝʙʣʝʥʠʝ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʩʥʠʞʘʝʪ ʥʘʛʨʫʟʢʠ ʥʘ ʢʦʤʧʨʝʩʩʦʨ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʩʨʦʢ ʝʛʦ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʨʠʤʝʥʝʥʠʝ ʚʦʜʳ ʥʝʥʘʜʣʝʞʘʱʝʛʦ ʢʘʯʝʩʪʚʘ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʝʛʫʣʷʨʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʣʘʩʪʠʥʯʘʪʳʭ 

ʪʝʧʣʦʦʙʤʝʥʥʠʢʦʚ. ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʧʨʝʜʣʘʛʘʶʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ 

ʦʭʣʘʜʠʪʝʣʝʡ ʤʦʣʦʢʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ. ɿʘʢʨʳʪʳʝ ʪʘʥʢʠ ʦʙʣʘʜʘʶʪ ʪʘʢʠʤʠ 
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ɻʦʙʝʣʝʚ ʉ.ʅ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, 

ɸʥʦʩʦʚ ʂ.ʈ., 

ɽʣʤʘʥʦʚ ʀ.ɸ. 

ʌɻɹʆʋ ɺʆ ʈɻɸʊʋ, ʛ. ʈʷʟʘʥʴ, ʈʌ 

 

ʊɽʆʈɽʊʀʏɽʉʂʆɽ ʀʉʉʃɽɼʆɺɸʅʀɽ ɺʆɿɼɽʁʉʊɺʀʗ ʄɸɻʅʀʊʅʓʍ 

ʇʆʃɽʁ ʇʆʃʗ ʅɸ ɿɽʈʅʆ 

 

ʇʦʜʜʝʨʞʘʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʝʞʠʤʦʚ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠ 

ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ, ʧʦʩʢʦʣʴʢʫ ʦʪʢʣʦʥʝʥʠʷ ʦʪ 

ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʛʫʪ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʘʪʴʩʷ ʥʘ ʩʨʦʢʘʭ ʭʨʘʥʝʥʠʷ ʠ 

ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʭ ʢʘʯʝʩʪʚʘʭ ʧʨʦʜʫʢʮʠʠ. ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ 

ʚʦʟʤʦʞʥʦ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʠʤʝʥʝʥʠʷ ʤʠʢʨʦʚʦʣʥʦʚʦʡ (ʉɺʏ) ʪʝʭʥʦʣʦʛʠʠ, ʯʪʦ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʠ ʚʝʨʠʬʠʢʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. ɼʘʥʥʳʝ ʤʦʜʝʣʠ ʩʣʫʞʘʪ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ 

ʧʨʝʮʠʟʠʦʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʧʨʦʮʝʩʩʦʚ ʥʘʛʨʝʚʘ ʠ ʦʭʣʘʞʜʝʥʠʷ ʟʝʨʥʘ ʚ ʫʩʣʦʚʠʷʭ 

ʉɺʏ-ʦʙʣʫʯʝʥʠʷ. 

ɺ ʢʦʥʪʝʢʩʪʝ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʠʟʤʝʥʝʥʠʡ ʚ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨʘʭ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʉɺʏ-ʧʦʣʷ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʨʦʛʨʘʤʤʘ MATLAB. ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʙʳʣʘ 

ʠʩʩʣʝʜʦʚʘʥʘ ʢʠʥʝʪʠʢʘ ʥʘʛʨʝʚʘ ʟʝʨʥʘ ʧʨʠ ʦʜʥʦʢʨʘʪʥʦʤ ʉɺʏ-ʚʦʟʜʝʡʩʪʚʠʠ. 

ʂʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʧʦʜʜʝʨʞʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʥʫʪʨʠ ʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʨʥʘ ʥʠʞʝ 55ÁC ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ 

ʠʥʪʝʨʚʘʣʦʚ. ʇʨʦʮʝʩʩ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʟʝʨʥʘ ʚʢʣʶʯʘʣ ʚ ʩʝʙʷ ʘʥʘʣʠʟ 

ʠʩʭʦʜʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʠʥʷʪʦʡ ʟʘ ʤʘʢʩʠʤʘʣʴʥʫʶ ʚ ʧʨʝʜʳʜʫʱʝʤ ʉɺʏ-

ʤʦʜʝʣʠʨʦʚʘʥʠʠ, ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʛʝʥʝʨʘʮʠʝʡ ʦʪʯʝʪʘ, c ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʨʝʞʠʤʝ ʉɺʏ-

ʛʝʥʝʨʘʮʠʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʥʘʫʯʥʳʭ ʠʟʳʩʢʘʥʠʡ ʫʢʘʟʳʚʘʶʪ ʥʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʫʶ 

ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʦʜʥʦʨʦʜʥʦʩʪʴʶ ʥʘʛʨʝʚʘ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʵʥʝʨʛʠʠ ʠ ʠʭ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʛʝʥʝʨʘʪʦʨʘ ʤʠʢʨʦʚʦʣʥ. ʉ ʮʝʣʴʶ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ 

ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʟʝʨʥʝ ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʢʨʘʝʚʳʝ ʟʘʜʘʯʠ, ʙʘʟʠʨʫʶʱʠʝʩʷ ʥʘ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʷʭ, ʢʦʪʦʨʳʝ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʜʦʩʪʦʚʝʨʥʦʩʪʠ 

ʦʪʨʘʞʘʶʪ ʜʠʥʘʤʠʢʫ ʥʘʛʨʝʚʘ ʠ ʦʭʣʘʞʜʝʥʠʷ. 

ʆʩʫʱʝʩʪʚʣʝʥ ʦʙʟʦʨ ʩʫʱʝʩʪʚʫʶʱʠʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ 

ʫʧʦʤʷʥʫʪʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʠʙʦʣʝʝ 

ʦʧʪʠʤʘʣʴʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʧʨʝʮʠʟʠʦʥʥʦʤʫ ʦʧʠʩʘʥʠʶ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʨʦʬʠʣʷ 

ʚʥʫʪʨʠ ʟʝʨʥʘ, ʧʦʜʚʝʨʛʘʝʤʦʛʦ ʤʠʢʨʦʚʦʣʥʦʚʦʤʫ ʦʙʣʫʯʝʥʠʶ. ʇʨʠʤʝʥʝʥʠʝ 

ʢʨʘʝʚʳʭ ʟʘʜʘʯ ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ ʢʘʢ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʟʝʨʥʘ, ʪʘʢ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʧʦʣʷ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ 

ʪʦʯʥʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʱʝʧʨʠʥʷʪʳʤʠ ʤʝʪʦʜʘʤʠ. 



~ 28 ~ 
 

ɸʥʘʣʠʟ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʦʨʠʝʥʪʠʨʦʚʘʥ 

ʥʘ ʤʠʥʠʤʠʟʘʮʠʶ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʥʝʦʙʭʦʜʠʤʦʡ 

ʩʪʝʧʝʥʠ ʜʝʪʘʣʠʟʘʮʠʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʯʪʦ ʠʤʝʝʪ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʦʙʨʘʙʦʪʢʠ ʟʝʨʥʘ. 

ɺ ʮʝʣʷʭ ʫʧʨʦʱʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʦʜʝʣʠ, ʟʝʨʥʦʚʘʷ ʝʜʠʥʠʮʘ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʩʬʝʨʠʯʝʩʢʦʝ ʪʝʣʦ, ʨʘʟʜʝʣʝʥʥʦʝ ʥʘ ʪʨʠ ʢʦʘʢʩʠʘʣʴʥʳʝ 

ʦʙʣʘʩʪʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʨʘʟʣʠʯʥʳʤ, ʥʦ ʧʨʠ ʵʪʦʤ ʛʦʤʦʛʝʥʥʳʤ ʫʨʦʚʥʝʤ 

ʚʣʘʞʥʦʩʪʠ ʚ ʧʨʝʜʝʣʘʭ ʢʘʞʜʦʡ ʦʙʣʘʩʪʠ. ʀʟ-ʟʘ ʵʪʦʛʦ ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʣʘʛʠ ʚ ʧʨʦʮʝʩʩʝ. ɺʩʣʝʜʩʪʚʠʝ 

ʠʟʦʪʨʦʧʥʦʩʪʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʚ ʢʘʞʜʦʡ ʠʟ ʟʦʥ, ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ ʙʫʜʝʪ 

ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʦʜʥʦʨʦʜʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʜʦʣʴ ʢʦʣʴʮʝʚʳʭ ʩʝʯʝʥʠʡ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ ʟʝʨʥʘ. 

ɺ ʩʠʣʫ ʦʩʝʚʦʡ ʩʠʤʤʝʪʨʠʠ ʧʨʦʮʝʩʩʘ ʪʝʧʣʦʧʝʨʝʥʦʩʘ ʟʘʜʘʯʘ ʤʦʞʝʪ ʙʳʪʴ 

ʨʝʜʫʮʠʨʦʚʘʥʘ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʪʝʣʘ. ʇʨʠ ʫʩʣʦʚʠʠ ʧʦʜʜʝʨʞʘʥʠʷ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʩʦ 

ʚʩʝʭ ʩʪʦʨʦʥ ʮʠʣʠʥʜʨʘ ʦʙʤʝʥ ʪʝʧʣʦʤ ʟʘʤʝʜʣʷʝʪʩʷ, ʯʪʦ ʫʧʨʦʱʘʝʪ ʟʘʜʘʯʫ ʘʥʘʣʠʟʘ 

ʮʠʣʠʥʜʨʘ ʩ ʘʜʠʘʙʘʪʠʯʝʩʢʦʡ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. 

ʇʝʨʝʜ ʪʝʤ ʢʘʢ ʨʝʰʘʪʴ ʜʘʥʥʫʶ ʟʘʜʘʯʫ ʫʩʪʘʥʦʚʠʤ ʥʘʯʘʣʴʥʳʝ ʠ 

ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ. ʅʘʯʘʣʦ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʢʨʘʡʥʝʡ 

ʣʝʚʦʡ ʪʦʯʢʝ ʮʝʥʪʨʘʣʴʥʦʛʦ ʢʨʫʛʘ, ʣʝʞʘʱʝʡ ʥʘ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ. 

 ɼʣʷ ʧʝʨʚʦʛʦ ʫʯʘʩʪʢʘ ʚʦʟʴʤʝʤ ʫʩʣʦʚʠʝ: 

 

ừ
Ử
Ừ

Ử
ứ ὥ ȟπ ὼ ςὙȟπ † Њ

ὗ ὼȟπ Ὸ                                                                                   ȟ

— πȟ† — ςὙȟ† —ː ˝† Ὃ †

    (1) 

 

ɼʘʣʝʝ ʜʘʝʤ ʫʩʣʦʚʥʦʝ ʦʙʦʟʥʘʯʝʥʠʝ: 

 

ὖʫʜ1ȟ ὗ                                               (2) 

 

ʆʙʦʟʥʘʯʠʤ ʢʦʵʬʬʠʮʠʝʥʪʳ ʠ ʠʥʜʝʢʩʳ ʘʨʛʫʤʝʥʪʦʚ ʥʫʤʝʨʘʮʠʝʡ ʟʦʥ 

ʟʝʨʥʦʚʢʠ.  

ʇʨʠ ʧʦʤʦʱʠ ʫʨʘʚʥʝʥʠʷ ʃʘʧʣʘʩʘ ʩʜʝʣʘʝʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʢʨʘʝʚʳʭ ʟʘʜʘʯ. 

ʇʦʩʣʝ ʯʝʛʦ Ű ʟʘʜʘʯʘ ʧʨʠʤʝʪ ʚʠʜ: 

 

ὥɡ ὼȟὴ ὴɡὼȟ† ὖ̔ ̅ ɡ πȟ    π ὼ ςὙ

ɡ πȟὴ Ὃ ὴȟ    ɡ ςὙȟὴ Ὃ ὴȟ   π ὼ ЊȢ
       (3) 

 

ʇʨʝʦʙʨʘʟʦʚʘʚ ʫʩʣʦʚʠʝ, ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ ʨʘʟʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨ. ʉ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩ ʫʯʝʪʦʤ ʧʦʩʪʦʷʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʫʨʘʚʥʝʥʠʝ 

ʙʫʜʝʪ ʚʳʛʣʷʜʝʪʴ ʪʘʢ: 
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ɡ ˞ˏὼʕȟ† ɡ ρ ὑ ὑ † ὖ̔ †̅ρ ˗ ˗ ɡ ɡ Ͻ̠ † ὖ̔̅ ὖ̔̅˗†ȟ      (4) 

 

ʛʜʝ ɡ ˞ˏὼʕȟ† ï ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʟʦʥʝ ʟʝʨʥʦʚʢʠ ʩ ʉɺʏ; 

      

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ MATLAB. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʧʨʠʤʝʥʷʣʩʷ ʦʜʥʦʢʨʘʪʥʳʡ ʥʘʛʨʝʚ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɺʠʟʫʘʣʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ ʥʘʛʨʝʚʘ ʠ 

ʦʭʣʘʞʜʝʥʠʷ ʟʝʨʥʦʚʢʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʤʦʜʝʣʴ ʫʯʠʪʳʚʘʝʪ ʢʘʢ ʬʠʟʠʯʝʩʢʠʝ 

ʧʨʦʮʝʩʩʳ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʚ ʟʝʨʥʝ, ʪʘʢ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʉɺʏ 

ʧʦʣʷ, ʘ ʪʘʢʞʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʚʣʘʞʥʦʩʪʠ ʚ ʨʘʟʣʠʯʥʳʭ ʟʦʥʘʭ ʟʝʨʥʦʚʢʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ MATLAB ʧʦʟʚʦʣʠʣʦ ʨʝʘʣʠʟʦʚʘʪʴ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ 

ʫʨʘʚʥʝʥʠʡ ʠ ʧʦʣʫʯʠʪʴ ʚʠʟʫʘʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʈʝʟʫʣʴʪʘʪ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʨʦʭʦʜʷʱʠʭ ʧʨʦʮʝʩʩʦʚ 

ʉɺʏ-ʥʘʛʨʝʚʘ ʟʝʨʥʦʚʢʠ ʠ ʝ yʦʩʪʳʚʘʥʠʷ 

 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʉɺʏ ʧʦʣʝ ʜʝʡʩʪʚʫʝʪ ʥʘ ʨʘʟʥʳʝ ʟʦʥʳ 

ʟʝʨʥʦʚʢʠ ʧʦ-ʨʘʟʥʦʤʫ ʥʝʨʘʚʥʦʤʝʨʥʦ. ɼʘʞʝ ʩ ʨʘʟʣʠʯʥʦʡ ʜʦʣʝʡ ʚʣʘʛʠ ʚ ʟʝʨʥʦʚʢʝ 

ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ, ʢʘʢ ʉɺʏ ʧʦʣʝ ʜʝʡʩʪʚʫʝʪ ʧʨʠ ʪʝʭʥʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʝ. ʇʦ ʧʦʣʫʯʠʚʰʠʤʩʷ ʢʨʠʚʳʤ ʤʦʞʥʦ ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʢʘʯʝʩʪʚʝʥʥʳʝ 

ʧʦʢʘʟʘʪʝʣʠ ʟʝʨʥʘ ʧʨʠ ʉɺʏ ʦʙʨʘʙʦʪʢʝ. 
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ɸʥʦʩʦʚ ʂ.ʈ., 

ɽʤʘʥʦʚ ʀ.ɸ. 

ʌɻɹʆʋ ɺʆ ʈɻɸʊʋ, ʛ. ʈʷʟʘʥʴ, ʈʌ 

 

ʋʉʊɸʅʆɺʂʀ ɼʃʗ ʊɽʈʄʆʆɹʈɸɹʆʊʂʀ ɿɽʈʅɸ 

 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʫʩʣʦʚʠʡ, ʪʨʝʙʫʝʤʳʭ ʜʣʷ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʟʝʨʥʘ, 

ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʫʩʪʨʦʡʩʪʚʘ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʢʦʪʦʨʳʝ ʚ ʙʦʣʴʰʝʤ 

ʩʧʝʢʪʨʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩʦ ʩʚʝʨʭʯʘʩʪʦʪʥʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʄʘʰʠʥʘ ʰʝʣʫʰʠʣʴʥʦ-ʩʫʰʠʣʴʥʘʷ 

 

ɼʣʷ ʩʥʠʞʝʥʠʷ ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʨʠ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʝ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ ʨʘʩʩʤʦʪʨʠʤ ʚʘʨʠʘʥʪʳ, ʢʦʪʦʨʳʝ ʧʦʤʦʛʫʪ ʧʦʚʳʩʠʪʴ 

ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʠ ʥʘ ʚʳʭʦʜʝ. 

ʐʝʣʫʰʠʣʴʥʦ-ʩʫʰʠʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʟʝʨʥʘ ʩ ʉɺʏ (ʰʝʣʫʰʠʪʝʣʴ) 

ʫʩʪʨʦʝʥʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʚ ʨʘʙʦʯʫʶ ʟʦʥʫ ʯʝʨʝʟ ʟʘʛʨʫʟʦʯʥʳʡ ʧʘʪʨʫʙʦʢ 

ʧʦʧʘʜʘʝʪ ʟʝʨʥʦ ʤʝʞʜʫ ʚʨʘʱʘʶʱʠʤʠ ʢʨʫʛʘʤʠ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʠʥʪʝʥʩʠʚʥʦʝ ʪʨʝʥʠʝ ʦ ʮʠʣʠʥʜʨ, ʥʘʭʦʜʷʱʠʡʩʷ ʚ ʥʝʧʦʜʚʠʞʥʦʤ ʧʦʣʦʞʝʥʠʠ, ʪʝʤ 

ʩʘʤʳʤ ʚʝʨʭʥʠʝ ʦʙʦʣʦʯʢʠ ʟʝʨʥʘ ʦʪʜʝʣʷʶʪʩʷ, ʦʩʪʘʚʣʷʷ ʯʠʩʪʦʝ ʩʳʨʴʝ ʥʘ 

ʤʠʢʨʦʥʠʟʘʮʠʶ ʠ ʧʦʩʣʝʜʫʶʱʫʶ ʚʳʛʨʫʟʢʫ ʠʟ ʘʧʧʘʨʘʪʘ. 
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ʉʚʝʨʭʚʳʩʦʢʦʯʘʩʪʦʪʥʳʡ ʯʘʩʪʦʪʥʳʡ ʵʥʪʦʣʝʡʪʦʨ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʜʠʩʢʦʚ, 

ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʥʘʭʦʜʷʪʩʷ ʙʣʦʢʠ ʩ ʛʝʥʝʨʘʪʦʨʦʤ ʉɺʏ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʦʙʝʟʟʘʨʘʞʠʚʘʶʱʫʶ ʦʙʨʘʙʦʪʢʫ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ ʦʪ ʧʳʣʠ, ʣʠʯʠʥʦʢ ʠ ʰʝʣʫʭʠ. 

 

 
 

1 ï ʢʨʳʰʢʘ ʢʦʨʧʫʩʘ; 2, 6 ï ʧʘʪʨʫʙʢʠ ʧʨʠʝʤʥʳʡ ʠ ʚʳʧʫʩʢʥʦʡ; 3 ï ʚʪʫʣʢʠ ʨʦʪʦʨʘ; 4 ï ʜʠʩʢʠ; 

5 ï ʢʦʨʧʫʩ; 7 ï ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ; 8 ï ʩʪʦʡʢʘ; 9 ï ʢʦʥʫʩ ʥʘʧʨʘʚʣʷʶʱʠʡ 

ʈʠʩʫʥʦʢ 2 ï ʋʩʪʨʦʡʩʪʚʦ ʵʥʪʦʣʝʡʪʦʨʘ 

 

ɺ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʠʟʤʝʣʴʯʝʥʠʷ ʟʝʨʥʘ ʩ 

ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʩʘʥʠʪʘʨʥʦʡ ʦʙʨʘʙʦʪʢʦʡ. ɺ ʦʩʥʦʚʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʣʝʞʠʪ 

ʜʝʟʠʥʪʝʛʨʘʮʠʦʥʥʳʡ ʧʨʠʥʮʠʧ, ʨʝʘʣʠʟʫʝʤʳʡ ʧʦʩʨʝʜʩʪʚʦʤ ʜʚʫʭ 

ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʦ ʚʨʘʱʘʶʱʠʭʩʷ ʨʦʪʦʨʦʚ, ʦʩʥʘʱʝʥʥʳʭ ʫʜʘʨʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ 

ʨʘʟʣʠʯʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʠʣʠ ʙʠʯʝʚʦʛʦ ʨʦʪʦʨʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʜʚʫʭ 

ʢʦʘʢʩʠʘʣʴʥʳʭ ʜʠʩʢʦʚ, ʢʘʢ ʵʪʦ ʦʧʠʩʘʥʦ ʚ ʧʘʪʝʥʪʝ ʈʌ ˉ2203587. ɺ ʧʨʦʮʝʩʩʝ 

ʦʙʨʘʙʦʪʢʠ ʟʝʨʥʦ ʧʦʜʚʝʨʛʘʝʪʩʷ ʤʥʦʛʦʢʨʘʪʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʩʦ ʩʪʦʨʦʥʳ 

ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʝʛʦ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʝ, ʦʜʥʘʢʦ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʷ ʦʩʪʘʝʪʩʷ ʦʛʨʘʥʠʯʝʥʥʦʡ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʘʷ ʢʦʥʩʪʨʫʢʪʠʚʥʘʷ 

ʩʭʝʤʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʦʜʥʦʚʨʝʤʝʥʥʫʶ ʜʝʟʠʥʬʝʢʮʠʶ ʠ ʠʟʤʝʣʴʯʝʥʠʝ ʟʝʨʥʦʚʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʧʦʩʨʝʜʩʪʚʦʤ ʚʦʟʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩʚʝʨʭʚʳʩʦʢʦʡ 

ʯʘʩʪʦʪʳ (ʕʄʇ ʉɺʏ) (ʈʠʩʫʥʦʢ 3). ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʥʘʧʨʠʤʝʨ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʤ ʀʚʘʥʦʚʳʤ ʠ ʩʦʘʚʪʦʨʘʤʠ (2018), ʧʨʠʤʝʥʝʥʠʝ ʕʄʇ 

ʉɺʏ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʩʘʥʠʪʘʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʟʝʨʥʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ (ʀʚʘʥʦʚ ʠ ʜʨ., 2018). 

ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝ ʪʦʣʴʢʦ ʠʟʤʝʣʴʯʝʥʠʝ, ʥʦ ʠ ʵʬʬʝʢʪʠʚʥʫʶ 

ʜʝʟʘʢʪʠʚʘʮʠʶ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʧʦʚʳʰʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʢʦʥʝʯʥʦʛʦ 

ʧʨʦʜʫʢʪʘ. 
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1 ï ʵʢʨʘʥʠʨʫʶʱʠʡ ʢʦʨʧʫʩ ʥʘ ʩʪʘʥʠʥʝ; 2 ï ʉɺʏ ʛʝʥʝʨʘʪʠʚʥʳʡ ʙʣʦʢ ʩ ʠʟʣʫʯʘʪʝʣʝʤ  

ʚ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʚʪʫʣʢʝ; 3 ï ʜʚʝʨʴ; 4 ï ʩʬʝʨʠʯʝʩʢʘʷ ʯʘʩʪʴ ʨʝʟʦʥʘʪʦʨʥʦʡ ʢʘʤʝʨʳ;  

5 ï ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ ʯʘʩʪʴ ʨʝʟʦʥʘʪʦʨʥʦʡ ʢʘʤʝʨʳ; 6 ï ʰʪʠʬʪʳ; 7 ï ʧʝʨʚʳʡ ʤʦʪʦʨ-ʨʝʜʫʢʪʦʨ;  

8 ï ʨʦʪʦʨ-ʜʠʩʢ ʤʘʣʦʛʦ ʜʠʘʤʝʪʨʘ; 9 ï ʨʦʪʦʨ-ʜʠʩʢ ʙʦʣʴʰʦʛʦ ʜʠʘʤʝʪʨʘ; 10 ï ʰʥʝʢ-ʜʦʟʘʪʦʨ;  

11 ï ʢʦʨʧʫʩ ʰʥʝʢʘ ï ʟʘʧʨʝʜʝʣʴʥʳʡ ʚʦʣʥʦʚʦʜ; 12 ï ʚʪʦʨʦʡ ʤʦʪʦʨ-ʨʝʜʫʢʪʦʨ;  

13 ï ʧʨʠʝʤʥʳʡ ʙʫʥʢʝʨ; 14 ï ʢʦʣʴʮʝʚʦʝ ʦʪʚʝʨʩʪʠʝ; 15 ï ʧʘʪʨʫʙʦʢ ʜʣʷ ʚʳʛʨʫʟʢʠ 

ʈʠʩʫʥʦʢ 3 ï ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʠʟʤʝʣʴʯʝʥʠʷ ʠ ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʷ ʟʝʨʥʘ  

ʚ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʩʚʝʨʭʚʳʩʦʢʦʡ ʯʘʩʪʦʪʳ 

  

ʈʘʩʩʤʦʪʨʝʚ ʥʝʢʦʪʦʨʳʝ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʤʠʢʨʦʥʠʟʘʮʠʠ ʟʝʨʥʘ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ, ʯʪʦ ʝʩʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʪʴ ʤʘʰʠʥʫ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʜʝʡʩʪʚʠʷ, 

ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʩʦʯʝʪʘʪʴ ʚ ʩʝʙʝ ʚʩʝ ʜʦʩʪʦʠʥʩʪʚʘ ʜʘʥʥʳʭ ʘʧʧʘʨʘʪʦʚ, ʯʪʦ ʩʥʠʟʠʪ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʝ ʠ ʪʝʨʤʦʪʝʭʥʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ 

ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ. 

ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʩʘʥʠʪʘʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʵʢʩʪʨʫʟʠʠ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ ʚ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ 

ʧʦʣʝʡ ʩ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴʶ. ʆʜʥʘʢʦ ʨʝʘʣʠʟʘʮʠʷ ʜʘʥʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ ʮʠʢʣʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʣʦʞʥʫʶ ʟʘʜʘʯʫ.  

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʚʚʦʜʘ ʵʥʝʨʛʠʠ ʚ ʩʠʩʪʝʤʫ ʩ ʮʝʣʴʶ 

ʤʠʥʠʤʠʟʘʮʠʠ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʠ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ ʜʦʩʪʠʞʝʥʠʷʭ ʚ 

ʦʙʣʘʩʪʠ ʉɺʏ-ʪʝʭʥʦʣʦʛʠʡ ʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʦʧʪʠʤʠʟʘʮʠʶ ʨʝʞʠʤʦʚ ʦʙʨʘʙʦʪʢʠ 

ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʩʦʭʨʘʥʝʥʠʷ ʢʘʯʝʩʪʚʘ ʟʝʨʥʘ. 
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ʌɻɹʆʋ ɺʆ ʈɻɸʊʋ, ʛ. ʈʷʟʘʥʴ, ʈʌ 

 

ʆʇʈɽɼɽʃɽʅʀɽ ʆʉʅʆɺʅʓʍ ʇɸʈɸʄɽʊʈʆɺ  

ʆʍʃɸɾɼɸʖʑʀʍ ʉʀʉʊɽʄ ɺ ɸʇʂ 

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʘʞʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ ʚʳʙʦʨʝ ʩʠʩʪʝʤ ʦʭʣʘʞʜʝʥʠʷ 

ʫʩʪʨʦʡʩʪʚ, ʠʩʧʦʣʴʟʫʶʱʠʭʩʷ ʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʤ ʩʝʢʪʦʨʝ, ʨʘʩʩʤʦʪʨʠʤ 

ʥʝʢʦʪʦʨʳʝ ʦʭʣʘʜʠʪʝʣʠ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʬʠʟʠʢʠ ʪʝʧʣʦʚʳʭ ʧʨʦʮʝʩʩʦʚ, ʦʧʨʝʜʝʣʠʤ ʚʳʛʦʜʫ ʠ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ɼʣʷ ʵʪʦʛʦ ʦʙʨʘʪʠʤʩʷ ʢ ʬʦʨʤʫʣʝ ʨʘʩʯʝʪʘ 

ʢʦʣʠʯʝʩʪʚʘ ʪʝʧʣʦʪʳ: 

ὗ= ὧ άzz (ὸ2 īὸ1),                                              (1) 

 

ɺʳʨʘʟʠʤ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʜʣʷ ʩʠʩʪʝʤʳ ʟʘʤʢʥʫʪʦʛʦ ʪʠʧʘ: 

ὗ1 = ὗ2;                                                       (2) 

ὧ1 άz1 (z ὸ1īὸ1`)= ὧ2 άz2 z (ὸ2īὸ2`);                              (3) 
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ʆʪʩʶʜʘ ʥʘʡʜʝʤ ʨʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ: 

 

ὸ ὸǬ
ᶻ ᶻ ̃̎

ᶻ
 Ƞ                                    (4) 

 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʪʝʧʣʦʦʙʤʝʥ (ὗʚʥ), 
ʠʟʤʝʨʷʝʤʳʡ ʚ ɼʞʦʫʣʷʭ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ ʧʦʣʦʞʠʪʝʣʴʥʳʤ (ʧʦʣʫʯʝʥʠʝ 

ʪʝʧʣʘ), ʪʘʢ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʤ (ʦʪʚʦʜ ʪʝʧʣʘ). 

ʂʨʘʡʥʝ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ὗʚʥ ʩʧʦʩʦʙʥʳ 
ʦʢʘʟʘʪʴ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʚʩʝʡ ʩʠʩʪʝʤʳ. 

ʆʛʨʘʥʠʯʝʥʠʝ ʪʝʧʣʦʚʳʭ ʧʦʪʝʨʴ ʚ ʦʢʨʫʞʘʶʱʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʨʝʘʣʠʟʫʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʠʤʝʥʝʥʠʷ ʪʝʨʤʦʠʟʦʣʷʮʠʦʥʥʳʭ ʚʝʱʝʩʪʚ ʩ ʤʘʣʳʤ 

ʟʥʘʯʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʣʠʙʦ ʧʦʩʨʝʜʩʪʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʨʝʬʣʝʢʪʠʚʥʳʭ ʦʙʦʣʦʯʝʢ, ʤʠʥʠʤʠʟʠʨʫʶʱʠʭ ʘʙʩʦʨʙʮʠʶ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ. 

ɼʝʡʩʪʚʝʥʥʦʩʪʴ ʪʝʧʣʦʠʟʦʣʠʨʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʦʱʥʦʩʪʴʶ ʫʧʦʪʨʝʙʣʷʝʤʦʛʦ 

ʩʫʙʩʪʨʘʪʘ ʠ ʝʛʦ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʠʢʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ, 

ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʭ, 

ʠʟʚʝʩʪʥʳʭ ʢʘʢ ʵʣʝʤʝʥʪʳ ʇʝʣʴʪʴʝ, ʘ ʪʘʢʞʝ ʢʦʤʧʨʝʩʩʠʦʥʥʳʝ ʭʦʣʦʜʠʣʴʥʳʝ 

ʫʩʪʘʥʦʚʢʠ. 

ɼʣʷ ʦʮʝʥʢʠ ʪʝʧʣʦʚʦʡ ʥʘʛʨʫʟʢʠ, ʢʦʪʦʨʫʶ ʩʧʦʩʦʙʝʥ ʘʙʩʦʨʙʠʨʦʚʘʪʴ 

ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʡ ʦʭʣʘʜʠʪʝʣʴ, ʠʩʧʦʣʴʟʫʶʪ ʩʣʝʜʫʶʱʝʝ 

ʚʳʨʘʞʝʥʠʝ: 

 

ὗὧὖὩ = ὥ Ὅz Ὕzὧī Ὅz ὙzὴὩ
ᶻ

ᶻὝ Ὕ ȟ               (5) 

 

ɺ ʜʘʥʥʦʤ ʫʨʘʚʥʝʥʠʠ, ʧʨʦʠʟʚʝʜʝʥʠʝ ὥ Ὅz Ὕzὧ ʦʪʨʘʞʘʝʪ ʧʨʝʜʝʣʴʥʫʶ 
ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʵʬʬʝʢʪʝ ʇʝʣʴʪʴʝ, ʛʜʝ 'ʘ' 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ɿʝʝʙʝʢʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ 

ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ. 

ʉʣʘʛʘʝʤʦʝ Ὅz ὙzὴὩ ʦʧʠʩʳʚʘʝʪ ʛʝʥʝʨʘʮʠʶ ʪʝʧʣʘ, ʦʙʫʩʣʦʚʣʝʥʥʫʶ 

ʧʨʦʪʝʢʘʥʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʯʝʨʝʟ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʡ ʤʘʪʝʨʠʘʣ, 

ʚʳʨʘʞʝʥʥʫʶ ʚ ʚʘʪʪʘʭ (ɼʞ/ʩ). 

ɺʳʨʘʞʝʥʠʝ 
ᶻ

ᶻὝ Ὕ  ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 

ʦʭʣʘʜʠʪʝʣʷ ʇʝʣʴʪʴʝ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʢʘʢ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʘ, ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ 

ʤʘʪʝʨʠʘʣ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ, ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ, ʧʨʠ ʛʨʘʜʠʝʥʪʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚ 1 ʂ/ʤ. ɿʜʝʩʴ ɚpe - ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, Spe ï  ʧʣʦʱʘʜʴ, Xpe ï 

ʪʦʣʠɦʥʘ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʪʝʧʣʦʪʳ, ʦʪʦʙʨʘʥʥʦʡ ʦʭʣʘʜʠʪʝʣʝʤ ʩ 

ʭʣʘʜʦʛʝʥʦʤ-ʢʦʤʧʨʝʩʩʦʨʥʳʡ ʦʭʣʘʜʠʪʝʣʴ ʠʩʧʦʣʴʟʫʝʤ ʬʦʨʤʫʣʫ: 

 

ὗπ̒̓
ᶻ ̒̓z ̓

ᶻ
 ,                                                    (6) 
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ʈʠʩʫʥʦʢ 2 ï ʆʙʱʠʡ ʚʠʜ ʢʦʤʧʨʝʩʩʦʨʥʦʛʦ ʦʭʣʘʜʠʪʝʣʷ 

 

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʨʘʥʝʝ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʧʦʩʦʙʥʦʩʪʴ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʥʝʦʙʭʦʜʠʤʫʶ ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚ ʨʘʟʥʦʦʙʨʘʟʥʳʭ 

ʧʨʠʣʦʞʝʥʠʷʭ. ʇʨʠ ʚʳʙʦʨʝ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʛʦ ʪʠʧʘ ʦʭʣʘʜʠʪʝʣʷ ʢʣʶʯʝʚʳʤ 

ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʝʛʦ ʭʦʣʦʜʠʣʴʥʦʡ ʤʦʱʥʦʩʪʠ, ʦʧʨʝʜʝʣʷʶʱʝʡ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʠ ʪʨʝʙʫʝʤʫʶ ʨʘʟʥʠʮʫ ʪʝʤʧʝʨʘʪʫʨ. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʦʭʣʘʜʠʪʝʣʝʡ, ʚʩʣʝʜʩʪʚʠʝ 

ʪʝʧʣʦʧʨʦʚʦʜʷʱʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ, ʜʦʩʪʠʞʝʥʠʝ ʩʫʱʝʩʪʚʝʥʥʦʛʦ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʝʨʝʧʘʜʘ ʚ ʨʘʤʢʘʭ ʦʜʥʦʛʦ ʤʦʜʫʣʷ ʠʤʝʝʪ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ 

ʦʛʨʘʥʠʯʝʥʠʷ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʫʣʴʪʨʘʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʚ 

ʦʛʨʘʥʠʯʝʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʦʭʣʘʜʠʪʝʣʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʵʬʬʝʢʪʝ ʇʝʣʴʪʴʝ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʨʦʩʪʦʝ ʠ ʥʘʜʝʞʥʦʝ ʨʝʰʝʥʠʝ. 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʢʘʩʢʘʜʠʨʦʚʘʥʠʝ ʤʦʜʫʣʝʡ, ʛʜʝ ʦʜʠʥ ʤʦʜʫʣʴ ʚʳʧʦʣʥʷʝʪ 

ʦʭʣʘʞʜʝʥʠʝ ʜʨʫʛʦʛʦ, ʧʦʟʚʦʣʷʝʪ ʥʠʚʝʣʠʨʦʚʘʪʴ ʦʛʨʘʥʠʯʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʛʨʘʜʠʝʥʪʦʤ. ʅʝʩʤʦʪʨʷ ʥʘ ʩʥʠʞʝʥʠʝ ʦʙʱʝʡ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʜʘʥʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʦʪʣʠʯʘʝʪʩʷ ʧʨʦʩʪʦʪʦʡ ʨʝʘʣʠʟʘʮʠʠ 

ʠ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʥʘʜʝʞʥʦʩʪʠ. 

ʍʦʣʦʜʠʣʴʥʳʝ ʫʩʪʘʥʦʚʢʠ, ʚ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʭʣʘʜʘʛʝʥʪʳ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʡ ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ, ʦʜʥʘʢʦ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʥʝ ʩʧʦʩʦʙʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʩʚʝʨʭʥʠʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʜʦʩʪʠʛʘʝʤʳʝ ʵʣʝʤʝʥʪʘʤʠ ʇʝʣʴʪʴʝ. ɼʘʥʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 

ʢʠʧʝʥʠʷ ʧʨʠʤʝʥʷʝʤʦʛʦ ʭʣʘʜʘʛʝʥʪʘ. ʈʘʟʨʘʙʦʪʢʘ ʢʘʩʢʘʜʥʳʭ ʩʠʩʪʝʤ, 

ʠʩʧʦʣʴʟʫʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʭʣʘʜʘʛʝʥʪʳ, ʪʝʦʨʝʪʠʯʝʩʢʠ ʚʦʟʤʦʞʥʘ, ʥʦ ʚʣʝʯʝʪ ʟʘ 

ʩʦʙʦʡ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʪʦʠʤʦʩʪʠ ʠ ʩʣʦʞʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ. ʅʝʩʤʦʪʨʷ 

ʥʘ ʧʦʪʝʥʮʠʘʣʴʥʦ ʚʳʩʦʢʫʶ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʘʢʠʭ ʩʠʩʪʝʤ, 

ʟʘʪʨʘʪʳ ʥʘ ʧʝʨʝʢʘʯʢʫ ʭʣʘʜʘʛʝʥʪʘ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʦʙʱʠʝ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʠʟʜʝʨʞʢʠ. 
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ʅʘʯʠʥʘʷ ʩ ʩʝʨʝʜʠʥʳ 1970-ʭ ʛʦʜʦʚ, ʩʨʝʜʥʝʛʦʜʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʚ 

ʈʦʩʩʠʠ ʧʦʚʳʰʘʝʪʩʷ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʥʘ 0,43 ÁC ʟʘ ʜʝʩʷʪʴ ʣʝʪ, ʯʪʦ ʚ 2,5 ʨʘʟʘ 

ʧʨʝʚʳʰʘʝʪ ʛʣʦʙʘʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʧʨʠʨʦʩʪʘ (0,166 ÁC/ʜʝʩʷʪʠʣʝʪʠʝ) ʠ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʙʦʣʝʝ ʦʩʪʨʦʤ ʢʣʠʤʘʪʠʯʝʩʢʦʤ ʧʦʪʝʧʣʝʥʠʠ ʚ ʩʪʨʘʥʝ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʦʩʪʘʣʴʥʳʤ ʤʠʨʦʤ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ ʥʘʙʣʶʜʘʝʪʩʷ ʫʩʠʣʝʥʠʝ 

ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʠʩʧʘʨʝʥʠʷ ʠʟ-ʟʘ ʨʦʩʪʘ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʝʬʠʮʠʪʘ ʧʘʨʮʠʘʣʴʥʦʛʦ 

ʜʘʚʣʝʥʠʷ ʚʦʜʷʥʦʛʦ ʧʘʨʘ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʦʟʨʘʩʪʘʥʠʶ ʧʦʪʨʝʙʥʦʩʪʠ ʨʘʩʪʝʥʠʡ ʚ 

ʚʦʜʝ ʠ ʫʚʝʣʠʯʝʥʠʶ ʧʦʪʝʨʴ ʚʣʘʛʠ ʯʝʨʝʟ ʠʩʧʘʨʝʥʠʝ ʩ ʦʪʢʨʳʪʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ [1, 

2]. 

ʀʟʤʝʥʯʠʚʦʩʪʴ ʨʝʞʠʤʘ ʦʩʘʜʢʦʚ ʚ ʈʦʩʩʠʠ ʧʨʦʷʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ 

ʢʦʣʝʙʘʥʠʷʭ ʛʦʜʦʚʳʭ ʩʫʤʤ ʦʩʘʜʢʦʚ, ʢʦʪʦʨʳʝ ʚ ʟʘʧʘʜʥʳʭ ʨʝʛʠʦʥʘʭ 

ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʚ ʩʨʝʜʥʝʤ ʥʘ 16,8 ʤʤ ʢʘʞʜʳʝ ʜʝʩʷʪʴ ʣʝʪ, ʥʦ ʠ ʚ ʨʘʩʪʫʱʝʡ 

ʯʘʩʪʦʪʝ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ï ʧʨʦʣʠʚʥʳʭ ʜʦʞʜʝʡ ʠ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʭ ʟʘʩʫʭ. ʕʪʠ ʢʦʣʝʙʘʥʠʷ ʥʘʨʫʰʘʶʪ ʨʘʚʥʦʤʝʨʥʦʝ ʥʘʧʦʣʥʝʥʠʝ 

ʚʦʜʦʭʨʘʥʠʣʠʱ ʠ ʨʝʟʝʨʚʫʘʨʦʚ, ʘ ʪʘʢʞʝ ʚʣʠʷʶʪ ʥʘ ʩʨʦʢʠ ʚʝʩʝʥʥʝʛʦ ʧʦʣʦʚʦʜʴʷ ʠ 

ʣʝʪʥʠʭ ʧʘʚʦʜʢʦʚ, ʯʪʦ ʫʩʣʦʞʥʷʝʪ ʧʣʘʥʠʨʦʚʘʥʠʝ ʧʦʜʘʯʠ ʚʦʜʳ. 

 ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʬʘʢʪʠʯʝʩʢʠʝ ʟʘʙʦʨʳ ʚʦʜʳ ʜʣʷ ʦʨʦʰʝʥʠʷ ʚ 

ʙʫʜʫʱʝʤ ʩʧʦʩʦʙʥʳ ʟʥʘʯʠʪʝʣʴʥʦ ʠʟʤʝʥʠʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʙʦʨʘ ʚʦʜʥʦʡ 

ʧʦʣʠʪʠʢʠ ʠ ʚʥʝʜʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʫʧʨʘʚʣʝʥʠʷ ʚʦʜʥʳʤʠ ʨʝʩʫʨʩʘʤʠ. ʆʜʥʠʤ ʠʟ 

ʢʣʶʯʝʚʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʷʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ ʢ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʤ 

ʥʠʟʢʦʫʛʣʝʨʦʜʥʳʤ ʤʝʪʦʜʘʤ ʦʨʦʰʝʥʠʷ, ʢʦʪʦʨʳʡ, ʧʦ ʦʮʝʥʢʘʤ, ʤʦʞʝʪ ʩʥʠʟʠʪʴ 

ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʥʘ 50% ʠ ʚʳʙʨʦʩʳ COϜ ʥʘ 90% ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ 
ʩʠʩʪʝʤʘʤʠ [2, 3]. 

ɺ ʂʨʘʩʥʦʜʘʨʩʢʦʤ ʢʨʘʝ, ʛʜʝ ʧʨʝʦʙʣʘʜʘʝʪ ʫʤʝʨʝʥʥʦ-ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ ʠ 

ʩʫʙʪʨʦʧʠʯʝʩʢʠʡ ʢʣʠʤʘʪ, ʟʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʪʘʢʞʝ ʟʘʬʠʢʩʠʨʦʚʘʥ ʨʦʩʪ 

ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʪʝʥʜʝʥʮʠʷ ʢ ʫʚʝʣʠʯʝʥʠʶ ʦʩʘʜʢʦʚ ʚ ʭʦʣʦʜʥʳʡ 

ʧʝʨʠʦʜ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʨʠʩʢʝ ʣʝʪʥʠʭ ʟʘʩʫʭ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʦʨʦʩʠʪʝʣʴʥʳʝ 

ʢʘʥʘʣʳ ʨʝʛʠʦʥʘ, ʧʦʪʝʨʷʚʰʠʝ ʜʦ 30ï40% ʚʦʜʳ ʥʘ ʠʥʬʠʣʴʪʨʘʮʠʶ ʠ ʠʩʧʘʨʝʥʠʝ, ʚ 

ʫʩʣʦʚʠʷʭ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʣʝʪʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʥʠʞʝʥʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʥʠʞʝ ʵʢʦʥʦʤʠʯʝʩʢʠ ʦʧʨʘʚʜʘʥʥʦʛʦ ʫʨʦʚʥʷ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʨʦʩʠʪʝʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʢ 

ʠʟʤʝʥʷʶʱʠʤʩʷ ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʠ ʫʤʝʥʴʰʝʥʠʷ ʧʦʪʝʨʴ ʠʨʨʠʛʘʮʠʦʥʥʦʡ 

ʚʦʜʳ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʣʝʜʫʶʱʠʡ ʥʘʙʦʨ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ: 

1) ʂʘʧʝʣʴʥʦʝ ʠ ʪʦʯʝʯʥʦʝ ʦʨʦʰʝʥʠʝ ʧʦʟʚʦʣʷʶʪ ʣʦʢʘʣʠʟʦʚʘʪʴ ʧʦʜʘʯʫ ʚʦʜʳ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʟʦʥʝ ʢʦʨʥʝʦʙʠʪʘʥʠʷ ʨʘʩʪʝʥʠʡ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ 

ʠʩʧʘʨʠʪʝʣʴʥʳʝ ʧʦʪʝʨʠ ʠ ʠʥʬʠʣʴʪʨʘʮʠʶ ʟʘ ʧʨʝʜʝʣʳ ʢʦʨʥʝʚʦʡ ʟʦʥʳ (ʈʠʩʫʥʦʢ 1). 
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ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʜʦʩʪʠʛʘʝʪ 80ï90%, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ 50ï65% ʫ ʪʨʘʜʠʮʠʦʥʥʳʭ ʙʦʨʦʟʜʦʚʳʭ ʠ ʟʘʪʦʧʠʪʝʣʴʥʳʭ ʤʝʪʦʜʦʚ. 

ʇʨʝʮʠʟʠʦʥʥʘʷ ʧʦʜʘʯʘ ʚʦʜʳ ʯʝʨʝʟ ʢʘʧʝʣʴʥʳʝ ʵʤʠʪʪʝʨʳ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ ʤʝʥʝʝ 10%), ʯʪʦ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʘ ʠ ʩʥʠʞʘʝʪ 

ʩʪʨʝʩʩ ʨʘʩʪʝʥʠʡ. 

2) ʇʨʠʤʝʥʝʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʩ ʜʘʪʯʠʢʘʤʠ ʚʣʘʞʥʦʩʪʠ 

ʧʦʯʚʳ, ʘʪʤʦʩʬʝʨʥʳʭ ʫʩʣʦʚʠʡ ʠ ʧʨʦʛʨʘʤʤʥʳʤʠ ʤʦʜʫʣʷʤʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʧʝʨʘʪʠʚʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʨʘʩʭʦʜʘ ʚʦʜʳ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʘʢʪʠʯʝʩʢʠʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʧʦʩʝʚʦʚ. ʉʦʚʨʝʤʝʥʥʳʝ 

ʪʝʥʟʦʨʝʟʠʩʪʠʚʥʳʝ, ʢʘʧʘʮʠʪʠʚʥʳʝ ʠ ʨʘʜʘʨʥʳʝ ʜʘʪʯʠʢʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʪʦʯʥʦʩʪʴ 

ʠʟʤʝʨʝʥʠʡ ʚʣʘʞʥʦʩʪʠ ʜʦ Ñ2% ʦʙʲʸʤʥʦʡ ʜʦʣʠ ʚʦʜʳ. ʇʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ʚ 

ʦʙʣʘʯʥʳʝ SCADA-ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ ʘʣʛʦʨʠʪʤʳ ʤʘʰʠʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʘ ʥʘ ʫʨʦʚʥʝ ʧʦʣʷ ʩ ʛʦʨʠʟʦʥʪʦʤ ʜʦ 

7ï10 ʜʥʝʡ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʂʘʧʝʣʴʥʦʝ ʦʨʦʰʝʥʠʝ ʚ ʧʦʣʷʭ 

 

3) ʃʠʥʝʡʥʘʷ ʠʟʦʣʷʮʠʷ ʦʨʦʩʠʪʝʣʴʥʳʭ ʢʘʥʘʣʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʢʦʤʧʦʟʠʪʥʳʭ ʛʝʦʤʝʤʙʨʘʥ ʠʣʠ ʙʝʪʦʥʥʳʭ ʧʦʢʨʳʪʠʡ ʩʥʠʞʘʝʪ ʬʠʣʴʪʨʘʮʠʦʥʥʳʝ 

ʧʦʪʝʨʠ ʜʦ 5ï10% ʦʪ ʦʙʲʸʤʘ ʧʦʜʘʥʥʦʡ ʚʦʜʳ ʚʤʝʩʪʦ 30ï40% ʫ ʥʝʟʘʱʠʱʸʥʥʳʭ 

ʟʝʤʣʷʥʳʭ ʢʘʥʘʣʦʚ (ʈʠʩʫʥʦʢ 2). ɸʥʘʣʠʟ ʧʦʣʝʚʳʭ ʠʩʧʳʪʘʥʠʡ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʧʨʠʤʝʥʝʥʠʝ ʛʠʜʨʦʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʩʨʝʜʥʶʶ 

ʩʢʦʨʦʩʪʴ ʠʥʬʠʣʴʪʨʘʮʠʠ ʚ ʢʘʥʘʣʘʭ ʜʦ 0,02 ʤ/ʩʫʪʢʠ, ʯʪʦ ʫʣʫʯʰʘʝʪ ʧʦʜʘʯʫ ʚʦʜʳ ʠ 

ʩʥʠʞʘʝʪ ʟʘʪʨʘʪʳ ʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʟʘʙʦʨ ʠʟ ʚʦʜʦʠʩʪʦʯʥʠʢʦʚ. 

4) ʈʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ ʯʸʪʢʠʭ ʧʨʘʚʠʣ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʦʜʥʳʭ ʢʚʦʪ ʥʘ 

ʦʩʥʦʚʝ ʨʝʝʩʪʨʘ ʤʝʣʠʦʨʘʪʠʚʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʮʠʬʨʦʚʳʭ ʢʘʨʪ ʦʨʦʰʝʥʠʷ ʧʦʟʚʦʣʷʝʪ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʦʪʨʝʙʣʝʥʠʝ ʠ ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʢ ʚʥʝʜʨʝʥʠʶ 

ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ 

ʩʫʙʩʠʜʠʨʦʚʘʥʠʝ ʟʘʢʫʧʢʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʧʨʝʮʠʟʠʦʥʥʦʛʦ ʧʦʣʠʚʘ ʠ ʙʝʩʧʣʘʪʥʦʝ 
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ʦʙʫʯʝʥʠʝ ʧʝʨʩʦʥʘʣʘ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʦʩʪ ʢʚʘʣʠʬʠʢʘʮʠʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʠ 

ʩʥʠʞʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʠʩʢʦʚ. 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʃʠʥʝʡʥʘʷ ʠʟʦʣʷʮʠʷ ʦʨʦʩʠʪʝʣʴʥʳʭ ʢʘʥʘʣʦʚ  

(ʧʨʠʤʝʨ ʙʝʪʦʥʥʳʭ ʧʦʢʨʳʪʠʡ) 

 

ʅʝʤʘʣʦʚʘʞʥʦʡ ʷʚʣʷʝʪʩʷ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʘʷ ʧʦʜʜʝʨʞʢʘ: ʨʘʟʨʘʙʦʪʢʘ 

ʯʸʪʢʠʭ ʤʝʭʘʥʠʟʤʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʦʜʥʳʭ ʢʚʦʪ ʠ ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ 

ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʤʝʣʠʦʨʘʮʠʠ ʩʦʟʜʘʸʪ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʜʣʷ 

ʰʠʨʦʢʦʛʦ ʚʥʝʜʨʝʥʠʷ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʚʳʰʝʥʠʝ 

ʢʚʘʣʠʬʠʢʘʮʠʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʯʝʨʝʟ ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʳʝ ʧʨʦʛʨʘʤʤʳ, 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʦʩʪʫ ʧʨʦʬʝʩʩʠʦʥʘʣʠʟʤʘ ʚ ʚʦʧʨʦʩʘʭ ʫʩʪʦʡʯʠʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʠʨʨʠʛʘʮʠʝʡ ʠ ʩʥʠʞʝʥʠʶ ʥʝʨʘʮʠʦʥʘʣʴʥʳʭ ʚʦʜʦʟʘʙʦʨʦʚ [3-5]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʯʠʪʳʚʘʷ ʧʨʦʜʦʣʞʘʶʱʝʝʩʷ ʧʦʪʝʧʣʝʥʠʝ ʢʣʠʤʘʪʘ ʠ 

ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʚʦʜʥʦʛʦ ʨʝʞʠʤʘ, ʤʦʜʝʨʥʠʟʘʮʠʷ ʦʨʦʩʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ 

ʧʦʩʨʝʜʩʪʚʦʤ ʪʝʭʥʠʯʝʩʢʠʭ ʠʥʥʦʚʘʮʠʡ, ʮʠʬʨʦʚʳʭ ʨʝʰʝʥʠʡ ʠ ʥʦʨʤʘʪʠʚʥʳʭ 

ʠʥʠʮʠʘʪʠʚ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦʡ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʩʪʘʙʠʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ 

ʈʦʩʩʠʠ. 
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ʃʝʚʠʥ ɼ.ɸ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʈʝʤʙʘʣʦʚʠʯ ɻ.ʂ. 

ʌɻɹʆʋ ɺʆ ʈɻɸʊʋ, ʛ. ʈʷʟʘʥʴ, ʈʌ 

 

ɸʅɸʃʀɿ ʊɽʍʅʀʂʀ ɼʃʗ ʋɹʆʈʂʀ ʂɸʈʊʆʌɽʃʗ 

 

ʂʘʨʪʦʬʝʣʴ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ, 

ʪʨʝʙʫʶʱʝʡ ʩʚʦʝʚʨʝʤʝʥʥʦʡ ʠ ʙʝʨʝʞʥʦʡ ʫʙʦʨʢʠ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʧʦʪʝʨʴ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ ʤʝʭʘʥʠʟʠʨʦʚʘʪʴ ʵʪʦʪ ʧʨʦʮʝʩʩ, ʧʦʚʳʰʘʷ 

ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʘʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʝʡ 

ʪʝʭʥʠʢʠ ʜʣʷ ʫʙʦʨʢʠ ʢʘʨʪʦʬʝʣʷ, ʝʝ ʧʨʝʠʤʫʱʝʩʪʚ ʠ ʥʝʜʦʩʪʘʪʢʦʚ. 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʢʘʨʪʦʬʝʣʝʫʙʦʨʦʯʥʦʡ 

ʪʝʭʥʠʢʠ 

ʂʘʨʪʦʬʝʣʝʢʦʧʘʪʝʣʠ 

ʅʘʠʙʦʣʝʝ ʧʨʦʩʪʦʡ ʠ ʜʦʩʪʫʧʥʳʡ ʪʠʧ ʪʝʭʥʠʢʠ, ʧʨʠʤʝʥʷʝʤʳʡ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʥʝʙʦʣʴʰʠʭ ʭʦʟʷʡʩʪʚʘʭ. 

¶ ʇʨʠʤʝʨʳ ʤʦʜʝʣʝʡ: 

o ʂʂʄ-1 (ʈʦʩʩʠʷ) ï ʦʜʥʦʨʷʜʥʳʡ ʥʘʚʝʩʥʦʡ ʢʘʨʪʦʬʝʣʝʢʦʧʘʪʝʣʴ, 

ʧʦʜʭʦʜʠʪ ʜʣʷ ʣʝʛʢʠʭ ʠ ʩʨʝʜʥʠʭ ʧʦʯʚ. 

o Grimme GL 34 (ɻʝʨʤʘʥʠʷ) ï ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʘʷ ʤʦʜʝʣʴ ʩ 

ʨʝʛʫʣʠʨʫʝʤʦʡ ʛʣʫʙʠʥʦʡ ʢʦʧʢʠ. 

¶ ʈʝʛʠʦʥʳ ʧʨʠʤʝʥʝʥʠʷ: 

o ʅʝʯʝʨʥʦʟʝʤʥʘʷ ʟʦʥʘ ʈʦʩʩʠʠ, ɹʝʣʘʨʫʩʴ, ʛʜʝ ʧʨʝʦʙʣʘʜʘʶʪ ʥʝʙʦʣʴʰʠʝ 

ʬʝʨʤʝʨʩʢʠʝ ʭʦʟʷʡʩʪʚʘ. 

ʅʘʚʝʩʥʳʝ ʠ ʧʦʣʫʥʘʚʝʩʥʳʝ ʢʘʨʪʦʬʝʣʝʫʙʦʨʦʯʥʳʝ ʢʦʤʙʘʡʥʳ 

ʆʙʝʩʧʝʯʠʚʘʶʪ ʥʝ ʪʦʣʴʢʦ ʚʳʢʘʧʳʚʘʥʠʝ, ʥʦ ʠ ʯʘʩʪʠʯʥʫʶ ʦʯʠʩʪʢʫ ʢʣʫʙʥʝʡ 

ʦʪ ʧʦʯʚʳ. 

¶ ʇʨʠʤʝʨʳ ʤʦʜʝʣʝʡ: 

o ʂʇʂ-2-01 "ʇʘʣʝʩʩʝ" (ɹʝʣʘʨʫʩʴ) ï ʜʚʫʭʨʷʜʥʳʡ ʢʦʤʙʘʡʥ ʩ 

ʵʣʝʚʘʪʦʨʥʦʡ ʩʝʧʘʨʘʮʠʝʡ, ʧʦʜʭʦʜʠʪ ʜʣʷ ʪʷʞʝʣʳʭ ʧʦʯʚ. 

o Grimme SE 75-20 (ɻʝʨʤʘʥʠʷ) ï ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ (ʜʦ 1,5 ʛʘ/ʯ) ʠ ʤʠʥʠʤʘʣʴʥʳʤ ʧʦʚʨʝʞʜʝʥʠʝʤ ʢʣʫʙʥʝʡ. 

¶ ʈʝʛʠʦʥʳ ʧʨʠʤʝʥʝʥʠʷ: 

o ʎʝʥʪʨʘʣʴʥʦʝ ʏʝʨʥʦʟʝʤʴʝ (ʈʦʩʩʠʷ), ʋʢʨʘʠʥʘ, ʇʦʣʴʰʘ ï ʟʦʥʳ ʩ 

ʚʳʩʦʢʦʡ ʢʫʣʴʪʫʨʦʡ ʢʘʨʪʦʬʝʣʝʚʦʜʩʪʚʘ. 

ʉʘʤʦʭʦʜʥʳʝ ʢʘʨʪʦʬʝʣʝʫʙʦʨʦʯʥʳʝ ʢʦʤʙʘʡʥʳ 

ʅʘʠʙʦʣʝʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʤʘʰʠʥʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʧʦʣʥʳʡ ʮʠʢʣ 

ʫʙʦʨʢʠ. 

¶ ʇʨʠʤʝʨʳ ʤʦʜʝʣʝʡ: 

o Grimme Varitron 470 (ɻʝʨʤʘʥʠʷ) ï ʦʩʥʘʱʝʥ ʩʠʩʪʝʤʦʡ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʛʣʫʙʠʥʳ ʢʦʧʢʠ ʠ ʩʝʧʘʨʘʮʠʠ. 

o ɸʛʨʦʤʘʰ 6220 (ʈʦʩʩʠʷ) ï ʘʜʘʧʪʠʨʦʚʘʥ ʜʣʷ ʨʘʙʦʪʳ ʚ ʩʣʦʞʥʳʭ 

ʧʦʯʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. 
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o Deere 2200 (ʉʐɸ) ï ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʢʨʫʧʥʳʭ ʘʛʨʦʭʦʣʜʠʥʛʘʭ ʩ 

ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. 

¶ ʈʝʛʠʦʥʳ ʧʨʠʤʝʥʝʥʠʷ: 

o ʖʞʥʳʝ ʨʝʛʠʦʥʳ ʈʦʩʩʠʠ (ʂʨʘʩʥʦʜʘʨʩʢʠʡ ʢʨʘʡ), ɿʘʧʘʜʥʘʷ ɽʚʨʦʧʘ 

(ɻʝʨʤʘʥʠʷ, ʅʠʜʝʨʣʘʥʜʳ), ʉʐɸ ï ʟʦʥʳ ʩ ʠʥʪʝʥʩʠʚʥʳʤ ʢʘʨʪʦʬʝʣʝʚʦʜʩʪʚʦʤ. 

 

ʊʘʙʣʠʮʘ 1 ï ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʧʦʪʝʨʴ 
ʄʦʜʝʣʴ  ʊʠʧ  ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, 

ʛʘ/ʯ  

ʇʦʪʝʨʠ, 

% 

ʇʨʠʤʝʥʷʝʤʦʩʪʴ  

ʂʂʄ-1 ʂʘʨʪʦʬʝʣʝʢʦʧʘʪʝʣʴ 0,3-0,5 5-10 ʄʘʣʳʝ ʬʝʨʤʝʨʩʢʠʝ 

ʂʇʂ-2-

01 

ʅʘʚʝʩʥʦʡ ʢʦʤʙʘʡʥ 0,7-1,2 4-8 ʉʨʝʜʥʠʝ  

Grimme ʇʦʣʫʥʘʚʝʩʥʦʡ  1,0-1,5 3-6 ʀʥʪʝʥʩʠʚʥʦʝ 

ʢʘʨʪʦʬʝʣʝʚʦʜʩʪʚʦ  

Grimme  ʉʘʤʦʭʦʜʥʳʡ 2,0-3,0 1-3 ʂʨʫʧʥʳʝ  

 

ɺʣʠʷʥʠʝ ʧʦʯʚʝʥʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʥʘ ʚʳʙʦʨ ʪʝʭʥʠʢʠ 

¶ ʃʝʛʢʠʝ ʠ ʩʨʝʜʥʠʝ ʧʦʯʚʳ (ʅʝʯʝʨʥʦʟʝʤʴʝ, ɹʝʣʘʨʫʩʴ): 

o ʆʧʪʠʤʘʣʴʥʳ ʥʘʚʝʩʥʳʝ ʢʦʤʙʘʡʥʳ (ʂʇʂ-2-01) ʠ ʢʘʨʪʦʬʝʣʝʢʦʧʘʪʝʣʠ. 

¶ ʊʷʞʝʣʳʝ ʠ ʧʝʨʝʫʚʣʘʞʥʝʥʥʳʝ ʧʦʯʚʳ (ʉʝʚʝʨʦ-ɿʘʧʘʜ ʈʦʩʩʠʠ, 

ʇʦʣʝʩʴʝ): 

o ʊʨʝʙʫʶʪʩʷ ʢʦʤʙʘʡʥʳ ʩ ʫʩʠʣʝʥʥʦʡ ʩʝʧʘʨʘʮʠʝʡ (Grimme SE 75-20). 

¶ ʈʝʛʠʦʥʳ ʩ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʧʨʦʠʟʚʦʜʩʪʚʘ (ʂʨʘʩʥʦʜʘʨʩʢʠʡ 

ʢʨʘʡ, ɽʚʨʦʧʘ): 

o ʇʨʠʤʝʥʷʶʪʩʷ ʩʘʤʦʭʦʜʥʳʝ ʢʦʤʙʘʡʥʳ ʩ ʵʣʝʢʪʨʦʥʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ. 

ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʠʢʠ 

¶ ʄʘʣʳʝ ʭʦʟʷʡʩʪʚʘ: ʈʫʯʥʳʝ ʠ ʤʘʣʦʤʝʭʘʥʠʟʠʨʦʚʘʥʥʳʝ ʤʝʪʦʜʳ 

(ʢʘʨʪʦʬʝʣʝʢʦʧʘʪʝʣʠ) ʵʢʦʥʦʤʠʯʝʩʢʠ ʦʧʨʘʚʜʘʥʳ. 

¶ ʉʨʝʜʥʠʝ ʠ ʢʨʫʧʥʳʝ ʭʦʟʷʡʩʪʚʘ: ʉʘʤʦʭʦʜʥʳʝ ʢʦʤʙʘʡʥʳ ʦʢʫʧʘʶʪʩʷ ʟʘ 

3ï5 ʣʝʪ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʧʦʪʝʨʴ ʠ ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʫʙʦʨʢʠ. 

ʄʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʦʢʫʧʘʝʤʦʩʪʠ 

ɼʣʷ ʦʮʝʥʢʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʠʢʠ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʧʦʢʘʟʘʪʝʣʠ: 

¶ ʂʘʧʠʪʘʣʴʥʳʝ ʟʘʪʨʘʪʳ (ʩʪʦʠʤʦʩʪʴ ʪʝʭʥʠʢʠ, ʜʦʩʪʘʚʢʘ, ʥʘʩʪʨʦʡʢʘ). 

¶ ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ (ɻʉʄ, ʦʙʩʣʫʞʠʚʘʥʠʝ, ʟʘʨʧʣʘʪʘ 

ʦʧʝʨʘʪʦʨʘ). 

¶ ʉʥʠʞʝʥʠʝ ʧʦʪʝʨʴ ʫʨʦʞʘʷ (ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʨʫʯʥʦʡ ʠ 

ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʡ ʫʙʦʨʢʦʡ). 

¶ ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ (ʛʘ/ʯʘʩ, ʦʙʲʝʤ ʫʙʨʘʥʥʦʛʦ ʢʘʨʪʦʬʝʣʷ ʟʘ ʩʝʟʦʥ). 

ʌʦʨʤʫʣʘ ʩʨʦʢʘ ʦʢʫʧʘʝʤʦʩʪʠ: 

T=KȹPẗQīCT=ȹPẗQīCK 

ʛʜʝ: 

¶ TT ï ʩʨʦʢ ʦʢʫʧʘʝʤʦʩʪʠ (ʣʝʪ), 

¶ KK ï ʢʘʧʠʪʘʣʴʥʳʝ ʟʘʪʨʘʪʳ, 

¶ ȹPȹP ï ʩʥʠʞʝʥʠʝ ʧʦʪʝʨʴ (ʚ ʜʝʥʝʞʥʦʤ ʚʳʨʘʞʝʥʠʠ), 



~ 49 ~ 
 

¶ QQ ï ʦʙʲʝʤ ʫʙʦʨʢʠ (ʪʦʥʥ/ʛʦʜ), 

¶ CC ï ʛʦʜʦʚʳʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ. 

 

ʊʘʙʣʠʮʘ 2 ï ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʤʦʜʝʣʝʡ 
ʄʦʜʝʣʴ  ʉʪʦʠʤʦʩʪʴ, ʤʣʥ 

ʨʫʙ. 

ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ 

ʨʘʩʭʦʜʳ, ʨʫʙ./ʛʘ 

ʉʥʠʞʝʥʠʝ 

ʧʦʪʝʨʴ, % 

ʉʨʦʢ 

ʦʢʫʧʘʝʤʦʩʪʠ, 

ʣʝʪ  

ʂʂʄ-1 0,3-0,5 800-1200 5-10 1-2 

ʂʇʂ-2-01 2,5-3,0 2500-3500 15-20 3-4 

Grimme SE 8,0-10,0 5000-6000 25-30 4-5 

Grimme  25,0-30,0 8000-10000 30-40 5-7 

 

ʇʨʠʤʝʯʘʥʠʝ: ʈʘʩʯʝʪʳ ʧʨʠʚʝʜʝʥʳ ʜʣʷ ʭʦʟʷʡʩʪʚ ʩ ʧʣʦʱʘʜʴʶ ʧʦʩʘʜʢʠ 

ʢʘʨʪʦʬʝʣʷ 100ï200 ʛʘ. 

 

ʇʨʘʢʪʠʯʝʩʢʠʡ ʦʧʳʪ ʭʦʟʷʡʩʪʚ 

ʇʨʠʤʝʨ 1: ʌʝʨʤʝʨʩʢʦʝ ʭʦʟʷʡʩʪʚʦ (ʃʝʥʠʥʛʨʘʜʩʢʘʷ ʦʙʣʘʩʪʴ) 

¶ ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʇʣʦʱʘʜʴ ï 50 ʛʘ, ʧʦʯʚʳ ï ʩʫʛʣʠʥʢʠ. 

¶ ʀʩʧʦʣʴʟʫʝʤʘʷ ʪʝʭʥʠʢʘ: ʅʘʚʝʩʥʦʡ ʢʦʤʙʘʡʥ ʂʇʂ-2-01 "ʇʘʣʝʩʩʝ". 

¶ ʈʝʟʫʣʴʪʘʪʳ: 

o ʉʥʠʞʝʥʠʝ ʧʦʪʝʨʴ ʩ 12% (ʧʨʠ ʨʫʯʥʦʡ ʫʙʦʨʢʝ) ʜʦ 6%. 

o ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ï 0,8 ʛʘ/ʯ. 

o ʆʢʫʧʘʝʤʦʩʪʴ ï 3 ʛʦʜʘ. 

ʇʨʠʤʝʨ 2: ɸʛʨʦʭʦʣʜʠʥʛ (ʂʨʘʩʥʦʜʘʨʩʢʠʡ ʢʨʘʡ) 

¶ ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʇʣʦʱʘʜʴ ï 500 ʛʘ, ʧʦʯʚʳ ï ʯʝʨʥʦʟʝʤʳ. 

¶ ʀʩʧʦʣʴʟʫʝʤʘʷ ʪʝʭʥʠʢʘ: ʉʘʤʦʭʦʜʥʳʡ ʢʦʤʙʘʡʥ Grimme Varitron 470. 

¶ ʈʝʟʫʣʴʪʘʪʳ: 

o ʉʥʠʞʝʥʠʝ ʧʦʪʝʨʴ ʩ 20% (ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʫʩʪʘʨʝʚʰʝʡ ʪʝʭʥʠʢʠ) 

ʜʦ 5%. 

o ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ï 2,5 ʛʘ/ʯ. 

o ʆʢʫʧʘʝʤʦʩʪʴ ï 6 ʣʝʪ (ʩ ʫʯʝʪʦʤ ʤʘʩʰʪʘʙʘ ʧʨʦʠʟʚʦʜʩʪʚʘ). 

ʇʨʠʤʝʨ 3: ʂʦʦʧʝʨʘʪʠʚ (ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ) 

¶ ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʇʣʦʱʘʜʴ ï 150 ʛʘ, ʧʦʯʚʳ ï ʪʦʨʬʷʥʠʢʠ. 

¶ ʀʩʧʦʣʴʟʫʝʤʘʷ ʪʝʭʥʠʢʘ: ʇʦʣʫʥʘʚʝʩʥʦʡ ʢʦʤʙʘʡʥ Grimme SE 75-20. 

¶ ʈʝʟʫʣʴʪʘʪʳ: 

o ʉʥʠʞʝʥʠʝ ʧʦʪʝʨʴ ʩ 15% ʜʦ 7%. 

o ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ï 1,2 ʛʘ/ʯ. 

o ʆʢʫʧʘʝʤʦʩʪʴ ï 4 ʛʦʜʘ. 

ʆʧʪʠʤʠʟʘʮʠʷ ʚʳʙʦʨʘ ʪʝʭʥʠʢʠ: ʨʝʢʦʤʝʥʜʘʮʠʠ 

1. ɼʣʷ ʤʘʣʳʭ ʭʦʟʷʡʩʪʚ (ʜʦ 50 ʛʘ): 

o ʂʘʨʪʦʬʝʣʝʢʦʧʘʪʝʣʠ ʠ ʤʘʣʳʝ ʥʘʚʝʩʥʳʝ ʢʦʤʙʘʡʥʳ (ʂʂʄ-1, Grimme 

GL 34). 

o ʄʠʥʠʤʘʣʴʥʳʝ ʢʘʧʠʪʘʣʴʥʳʝ ʟʘʪʨʘʪʳ, ʙʳʩʪʨʘʷ ʦʢʫʧʘʝʤʦʩʪʴ. 

2. ɼʣʷ ʩʨʝʜʥʠʭ ʭʦʟʷʡʩʪʚ (50ï200 ʛʘ): 

o ʅʘʚʝʩʥʳʝ ʠ ʧʦʣʫʥʘʚʝʩʥʳʝ ʢʦʤʙʘʡʥʳ (ʂʇʂ-2-01, Grimme SE 75-20). 
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o ɹʘʣʘʥʩ ʤʝʞʜʫ ʩʪʦʠʤʦʩʪʴʶ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ. 

3. ɼʣʷ ʢʨʫʧʥʳʭ ʘʛʨʦʭʦʣʜʠʥʛʦʚ (200+ ʛʘ): 

o ʉʘʤʦʭʦʜʥʳʝ ʢʦʤʙʘʡʥʳ (Grimme Varitron, Deere 2200). 

o ʄʘʢʩʠʤʘʣʴʥʘʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ, ʩʥʠʞʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʫʯʥʦʛʦ 

ʪʨʫʜʘ. 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʳʙʦʨ ʢʘʨʪʦʬʝʣʝʫʙʦʨʦʯʥʦʡ ʪʝʭʥʠʢʠ 

ʜʦʣʞʝʥ ʦʩʥʦʚʳʚʘʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʥʘ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ, ʥʦ ʠ ʥʘ 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʘʭ. ʇʨʘʢʪʠʯʝʩʢʠʡ ʦʧʳʪ ʭʦʟʷʡʩʪʚ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʜʘʞʝ 

ʜʦʨʦʛʦʩʪʦʷʱʘʷ ʪʝʭʥʠʢʘ ʤʦʞʝʪ ʙʳʪʴ ʦʢʫʧʣʝʥʘ ʟʘ 5ï7 ʣʝʪ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ 

ʧʦʪʝʨʴ ʠ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʥʘʠʣʫʯʰʠʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʨʝʢʦʤʝʥʜʫʝʪʩʷ: 

ʇʨʦʚʦʜʠʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʨʘʩʯʝʪʳ ʦʢʫʧʘʝʤʦʩʪʠ. 

ʋʯʠʪʳʚʘʪʴ ʧʦʯʚʝʥʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʨʝʛʠʦʥʘ. 

ɺʥʝʜʨʷʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ (ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ). 
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ʄʘʡʝʨ ʄ.ɽ.,  

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ɹʝʣʴʮ ɸ.ʌ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

ʌɻɹʆʋ ɺʆ ʂʫʙɻɸʋ, ʛ. ʂʨʘʩʥʦʜʘʨ, ʈʌ 

 

ʀʅʅʆɺɸʎʀʆʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ɺ ʆɹɺʆɼʅɽʅʀʀ 

ʉɽʃʔʉʂʆʍʆɿʗʁʉʊɺɽʅʅʓʍ ʊɽʈʈʀʊʆʈʀʁ 

 

ʆʙʝʩʧʝʯʝʥʠʝ ʜʦʩʪʘʪʦʯʥʦʛʦ ʚʦʜʥʦʛʦ ʨʝʩʫʨʩʘ ʜʣʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ 

ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʱʝʩʪʚʘ, ʦʩʦʙʝʥʥʦ ʚ 

ʫʩʣʦʚʠʷʭ ʠʟʤʝʥʷʶʱʝʛʦʩʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʢʣʠʤʘʪʘ ʠ ʨʘʩʪʫʱʝʛʦ ʥʘʩʝʣʝʥʠʷ. 

ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʦʙʚʦʜʥʝʥʠʷ ʯʘʩʪʦ ʦʢʘʟʳʚʘʶʪʩʷ ʥʝʵʬʬʝʢʪʠʚʥʳʤʠ, 

ʜʦʨʦʛʠʤʠ ʠ ʨʝʩʫʨʩʦʝʤʢʠʤʠ. ʇʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʧʨʠʦʙʨʝʪʘʶʪ ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ. ʉʪʘʪʴʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪ 

ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. 

1. ʋʧʨʘʚʣʝʥʠʝ ʚʦʜʥʳʤʠ ʨʝʩʫʨʩʘʤʠ 

- ʉʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ: ʉʝʥʩʦʨʳ ʠ ʩʧʫʪʥʠʢʦʚʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ ʦʪʩʣʝʞʠʚʘʪʴ ʫʨʦʚʝʥʴ ʛʨʫʥʪʦʚʳʭ ʚʦʜ, ʚʣʘʞʥʦʩʪʴ ʧʦʯʚʳ ʠ 

ʦʩʘʜʢʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ (ʈʠʩʫʥʦʢ 1). ʕʪʦ ʧʦʤʦʛʘʝʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ 
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ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʚʦʜʝ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʦʨʦʰʝʥʠʝ, ʤʠʥʠʤʠʟʠʨʫʷ ʧʦʪʝʨʠ ʠ 

ʧʦʚʳʰʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ [1, 3, 5, 6]. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʨʘʙʦʪʳ ʠʥʪʝʛʨʘʮʠʠ ʩʧʫʪʥʠʢʦʚʳʭ ʜʘʥʥʳʭ,  

ʩʝʥʩʦʨʦʚ ʠ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ 

 

- ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʟʘʩʫʭ ʠ ʥʘʚʦʜʥʝʥʠʡ: ɼʠʩʪʘʥʮʠʦʥʥʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ ʠ 

ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʶʪ ʪʦʯʥʦ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʵʪʠ ʷʚʣʝʥʠʷ, ʯʪʦ 

ʧʦʤʦʛʘʝʪ ʩʚʦʝʚʨʝʤʝʥʥʦ ʟʘʱʠʱʘʪʴ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʫʛʦʜʴʷ. 

- ʉʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩ 

ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʧʨʦʛʨʘʤʤʥʳʭ ʨʝʰʝʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ 

ʨʘʮʠʦʥʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʚ 

ʘʛʨʦʧʨʦʠʟʚʦʜʩʪʚʝ. ʊʘʢʠʝ ʩʠʩʪʝʤʳ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʩ ʫʯʝʪʦʤ ʘʛʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʧʦʪʨʝʙʥʦʩʪʝʡ ʨʘʟʣʠʯʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ, ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʡ ʠ ʩʦʩʪʦʷʥʠʷ ʧʦʯʚʝʥʥʦʡ ʚʣʘʛʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ 

ʧʦʪʝʨʠ ʚʦʜʳ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʠʩʧʘʨʝʥʠʝʤ ʠ ʥʝʨʘʮʠʦʥʘʣʴʥʳʤ ʧʦʣʠʚʦʤ. 

2. ʊʝʭʥʦʣʦʛʠʠ ʦʨʦʰʝʥʠʷ 

- ʂʘʧʝʣʴʥʦʝ ʦʨʦʰʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʝʪʦʜ ʚʳʩʦʢʦʪʦʯʥʦʛʦ ʧʦʣʠʚʘ, 

ʧʨʠ ʢʦʪʦʨʦʤ ʚʦʜʘ ʩ ʨʘʩʪʚʦʨʸʥʥʳʤʠ ʚ ʥʝʡ ʧʠʪʘʪʝʣʴʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʧʦʜʘʝʪʩʷ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʨʠʢʦʨʥʝʚʫʶ ʟʦʥʫ ʨʘʩʪʝʥʠʡ ʯʝʨʝʟ ʩʝʪʴ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʠ 

ʜʦʟʠʨʫʶʱʠʭ ʢʘʧʝʣʴʥʠʮ. ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʧʦʪʝʨʠ ʚʣʘʛʠ 

ʥʘ ʠʩʧʘʨʝʥʠʝ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʚʥʦʤʝʨʥʦʝ ʫʚʣʘʞʥʝʥʠʝ ʢʦʨʥʝʦʙʠʪʘʝʤʦʛʦ ʩʣʦʷ 

ʧʦʯʚʳ, ʩʧʦʩʦʙʩʪʚʫʷ ʵʬʬʝʢʪʠʚʥʦʤʫ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʶ ʠ ʧʦʚʳʰʝʥʠʶ 

ʫʨʦʞʘʡʥʦʩʪʠ. ʉʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʢʘʧʝʣʴʥʦʛʦ ʦʨʦʰʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ 

ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʩ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤʠ ʤʦʜʫʣʷʤʠ ʫʧʨʘʚʣʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʜʠʥʘʤʠʯʝʩʢʠ ʨʝʛʫʣʠʨʦʚʘʪʴ ʦʙʲʝʤ ʠ ʨʝʞʠʤ ʧʦʜʘʯʠ ʚʦʜʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʝʢʫʱʠʭ ʫʩʣʦʚʠʡ. 

- ɼʦʞʜʝʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʳʭ 

ʜʦʞʜʝʚʘʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ, ʢʦʪʦʨʳʝ ʠʤʠʪʠʨʫʶʪ ʝʩʪʝʩʪʚʝʥʥʳʝ ʦʩʘʜʢʠ, 

ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʷʷ ʚʦʜʫ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʷ. ʀʥʥʦʚʘʮʠʦʥʥʳʝ ʤʦʜʝʣʠ 
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ʪʘʢʠʭ ʩʠʩʪʝʤ ʦʩʥʘʱʘʶʪʩʷ ʩʝʥʩʦʨʘʤʠ ʠ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ, 

ʧʦʟʚʦʣʷʶʱʠʤ ʘʜʘʧʪʠʨʦʚʘʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʦʣʠʚʘ ʢ 

ʢʦʥʢʨʝʪʥʳʤ ʤʝʪʝʦʫʩʣʦʚʠʷʤ ʠ ʬʘʟʘʤ ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ (ʈʠʩʫʥʦʢ 2). 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʇʨʠʤʝʨ ʧʨʠʤʝʥʝʥʠʷ ʜʦʞʜʝʚʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ 

 

- ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʪʦʨʠʯʥʳʭ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʚʢʣʶʯʘʝʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ 

ʦʯʠʩʪʢʫ ʩʪʦʯʥʳʭ ʚʦʜ ʨʘʟʣʠʯʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʠʭ 

ʧʨʠʤʝʥʝʥʠʝʤ ʚ ʘʛʨʘʨʥʦʤ ʚʦʜʦʩʥʘʙʞʝʥʠʠ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʩʦʢʨʘʪʠʪʴ ʧʦʪʨʝʙʣʝʥʠʝ ʧʨʝʩʥʦʡ ʚʦʜʳ, ʩʥʠʞʘʝʪ ʥʘʛʨʫʟʢʫ ʥʘ ʧʨʠʨʦʜʥʳʝ 

ʠʩʪʦʯʥʠʢʠ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʩʪʦʡʯʠʚʦʤʫ ʨʘʟʚʠʪʠʶ ʘʛʨʦʵʢʦʩʠʩʪʝʤ. 

- ʇʦʜʟʝʤʥʦʝ ʦʨʦʰʝʥʠʝ, ʜʘʥʥʳʡ ʤʝʪʦʜ ʤʠʥʠʤʠʟʠʨʫʝʪ ʧʦʪʝʨʠ ʚʦʜʳ ʥʘ 

ʠʩʧʘʨʝʥʠʝ, ʩʥʠʞʘʝʪ ʨʠʩʢ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʢʦʨʢʠ ʠ ʟʘʩʦʣʝʥʠʷ ʧʦʯʚʳ, 

ʦʜʥʘʢʦ ʪʨʝʙʫʝʪ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʨʝʛʫʣʷʨʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ. 

3. ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʳ 

- ʉʝʣʝʢʮʠʷ ʟʘʩʫʭʦʫʩʪʦʡʯʠʚʳʭ ʩʦʨʪʦʚ - ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ, ʫʩʪʦʡʯʠʚʳʭ ʢ ʜʝʬʠʮʠʪʫ ʚʦʜʳ. 

4. ʕʢʦʥʦʤʠʯʝʩʢʠʝ ʠ ʩʦʮʠʘʣʴʥʳʝ ʘʩʧʝʢʪʳ 

ɺʥʝʜʨʝʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʠʥʚʝʩʪʠʮʠʡ, ʥʦ ʚʳʩʦʢʘ ʠʭ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʋʚʝʣʠʯʝʥʠʝ 

ʫʨʦʞʘʡʥʦʩʪʠ ʠ ʩʥʠʞʝʥʠʝ ʟʘʪʨʘʪ ʥʘ ʚʦʜʫ ʧʨʠʚʦʜʷʪ ʢ ʨʦʩʪʫ ʧʨʠʙʳʣʠ ʬʝʨʤʝʨʦʚ. 

ʕʪʠ ʪʝʭʥʦʣʦʛʠʠ ʪʘʢʞʝ ʫʣʫʯʰʘʶʪ ʢʘʯʝʩʪʚʦ ʞʠʟʥʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʜʦʩʪʫʧ ʢ ʯʠʩʪʦʡ 

ʚʦʜʝ ʠ ʩʪʘʙʠʣʴʥʳʤ ʫʨʦʞʘʷʤ. ʇʦʜʜʝʨʞʢʘ ʛʦʩʫʜʘʨʩʪʚʘ ʚ ʚʠʜʝ ʩʫʙʩʠʜʠʡ ʠ 

ʧʨʦʛʨʘʤʤ ʦʙʫʯʝʥʠʷ ʠʤʝʝʪ ʢʣʶʯʝʚʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʫʩʧʝʰʥʦʛʦ ʚʥʝʜʨʝʥʠʷ. [2,4,5] 

ʇʨʠʤʝʨʳ ʫʩʧʝʰʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʚʦʜʦʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʩʝʣʴʩʢʦʤ 

ʭʦʟʷʡʩʪʚʝ ʈʦʩʩʠʠ: 

1. ɸʛʨʦʬʠʨʤʘ çɸʛʨʦ-ʆʪʝʯʝʩʪʚʦè (ʂʨʘʩʥʦʜʘʨʩʢʠʡ ʢʨʘʡ): ɺʥʝʜʨʝʥʠʝ 

ʩʠʩʪʝʤ ʢʘʧʝʣʴʥʦʛʦ ʦʨʦʰʝʥʠʷ ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʦʚʦʱʥʳʭ ʠ ʷʛʦʜʥʳʭ ʢʫʣʴʪʫʨ 

ʦʙʝʩʧʝʯʠʣʦ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʣʘʛʠ ʚ ʧʨʠʢʦʨʥʝʚʦʡ ʟʦʥʝ. ʕʪʦ 
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ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʫʚʝʣʠʯʝʥʠʶ ʫʨʦʞʘʡʥʦʩʪʠ ʥʘ 30ï40% ʠ ʩʦʢʨʘʱʝʥʠʶ ʦʙʲʝʤʘ 

ʧʦʪʨʝʙʣʷʝʤʳʭ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʜʦ 50% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ 

ʤʝʪʦʜʘʤʠ ʧʦʣʠʚʘ. 

2. ʌʝʨʤʝʨʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ʚ ɸʣʪʘʡʩʢʦʤ ʢʨʘʝ: ʇʨʠʤʝʥʝʥʠʝ ʙʝʩʧʠʣʦʪʥʳʭ 

ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ, ʦʩʥʘʱʸʥʥʳʭ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʤʠ ʢʘʤʝʨʘʤʠ, 

ʧʦʟʚʦʣʠʣʦ ʧʨʦʚʦʜʠʪʴ ʜʝʪʘʣʴʥʳʡ ʘʛʨʦʤʦʥʠʪʦʨʠʥʛ ʩʦʩʪʦʷʥʠʷ ʧʦʩʝʚʦʚ ʠ 

ʧʦʯʚʝʥʥʦʡ ʚʣʘʞʥʦʩʪʠ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ 

ʘʜʘʧʪʠʚʥʘʷ ʩʪʨʘʪʝʛʠʷ ʦʨʦʰʝʥʠʷ, ʯʪʦ ʦʙʝʩʧʝʯʠʣʦ ʩʥʠʞʝʥʠʝ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ ʥʘ 

15ï20% ʙʝʟ ʧʦʪʝʨʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʢʫʣʴʪʫʨ. 

3. ɸʛʨʦʧʨʦʤʳʰʣʝʥʥʳʝ ʧʘʨʢʠ (ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʦʢʨʫʛ): 

ʂʦʤʧʣʝʢʩʥʳʝ ʧʨʦʝʢʪʳ ʧʦ ʨʝʢʫʧʝʨʘʮʠʠ ʠ ʧʦʚʪʦʨʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʦʯʠʱʝʥʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ ʚ ʩʠʩʪʝʤʘʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʦʨʦʰʝʥʠʷ 

ʧʦʟʚʦʣʠʣʠ ʩʦʢʨʘʪʠʪʴ ʧʦʪʨʝʙʣʝʥʠʝ ʧʨʝʩʥʦʡ ʚʦʜʳ ʥʘ 40%.  

ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʦʣʠʚʘ ʠ ʤʦʥʠʪʦʨʠʥʛʘ ʥʝʦʙʭʦʜʠʤʘ ʥʝʦʙʭʦʜʠʤʘ ʨʘʟʚʠʪʘʷ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʡ ʧʝʨʩʦʥʘʣ ʠ ʧʦʩʪʦʷʥʥʦʝ ʤʝʪʦʜʠʯʝʩʢʦʝ 

ʩʦʧʨʦʚʦʞʜʝʥʠʝ, ʯʪʦ ʥʝ ʚʩʝʛʜʘ ʚʦʟʤʦʞʥʦ ʚ ʫʩʣʦʚʠʷʭ ʩʝʣʴʩʢʦʡ ʤʝʩʪʥʦʩʪʠ ʠʣʠ ʚ 

ʨʝʛʠʦʥʘʭ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʨʝʩʫʨʩʘʤʠ. 

ʅʝ ʤʝʥʝʝ ʟʥʘʯʠʤʳʤʠ ʷʚʣʷʶʪʩʷ ʩʦʮʠʘʣʴʥʦ-ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʙʘʨʴʝʨʳ, 

ʚʢʣʶʯʘʷ ʥʝʜʦʩʪʘʪʦʯʥʳʡ ʫʨʦʚʝʥʴ ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ ʬʝʨʤʝʨʦʚ ʦ 

ʧʨʝʠʤʫʱʝʩʪʚʘʭ ʠ ʤʝʭʘʥʠʟʤʘʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʘ 

ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʠʝ ʜʦʩʪʫʧʥʳʭ ʧʨʦʛʨʘʤʤ ʦʙʫʯʝʥʠʷ ʠ ʢʦʥʩʘʣʪʠʥʛʦʚʦʡ ʧʦʜʜʝʨʞʢʠ. 

ʕʪʦ ʧʦʨʦʞʜʘʝʪ ʠʥʝʨʮʠʦʥʥʦʩʪʴ ʚ ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʡ ʠ ʩʜʝʨʞʠʚʘʝʪ ʧʝʨʝʭʦʜ ʢ 

ʩʦʚʨʝʤʝʥʥʳʤ ʤʦʜʝʣʷʤ ʫʧʨʘʚʣʝʥʠʷ ʚʦʜʥʳʤʠ ʨʝʩʫʨʩʘʤʠ. 

ʉʫʱʝʩʪʚʫʶʪ ʪʘʢʞʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʨʠʩʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʝʨʘʮʠʦʥʘʣʴʥʳʤ 

ʠʣʠ ʥʝʢʦʨʨʝʢʪʥʳʤ ʧʨʠʤʝʥʝʥʠʝʤ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʦʨʦʰʝʥʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʯʨʝʟʤʝʨʥʦʝ ʫʚʣʘʞʥʝʥʠʝ ʧʦʯʚʳ, ʥʘʨʫʰʝʥʠʝ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ ʠʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʜʦʩʪʘʪʦʯʥʦ ʦʯʠʱʝʥʥʦʡ ʚʦʜʳ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʜʝʛʨʘʜʘʮʠʠ 

ʧʦʯʚ, ʠʭ ʟʘʩʦʣʝʥʠʶ, ʟʘʛʨʷʟʥʝʥʠʶ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʥʘʨʫʰʝʥʠʶ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʣʦʢʘʣʴʥʳʭ ʵʢʦʩʠʩʪʝʤ. 

ʅʘʢʦʥʝʮ, ʚʘʞʥʳʤ ʧʨʝʧʷʪʩʪʚʠʝʤ ʦʩʪʘʶʪʩʷ ʧʦʣʠʪʠʢʦ-ʧʨʘʚʦʚʳʝ ʬʘʢʪʦʨʳ, 

ʚʢʣʶʯʘʷ ʬʨʘʛʤʝʥʪʘʨʥʦʩʪʴ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʦʪʩʫʪʩʪʚʠʝ 

ʢʦʤʧʣʝʢʩʥʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʪʨʘʪʝʛʠʠ ʚ ʩʬʝʨʝ ʨʘʮʠʦʥʘʣʴʥʦʛʦ 

ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʠ ʥʝʜʦʩʪʘʪʦʯʥʫʶ ʧʦʜʜʝʨʞʢʫ ʩʦ ʩʪʦʨʦʥʳ ʧʨʦʬʠʣʴʥʳʭ ʦʨʛʘʥʦʚ 

ʚʣʘʩʪʠ. 

ɺ ʫʩʣʦʚʠʷʭ ʥʘʨʘʩʪʘʶʱʝʛʦ ʚʣʠʷʥʠʷ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʠ ʨʦʩʪʘ 

ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʦʙʝʩʧʝʯʝʥʠʝ ʫʩʪʦʡʯʠʚʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ 

ʘʛʨʘʨʥʦʛʦ ʩʝʢʪʦʨʘ ʩʪʘʥʦʚʠʪʩʷ ʧʨʠʦʨʠʪʝʪʥʦʡ ʟʘʜʘʯʝʡ. ʀʥʪʝʛʨʘʮʠʷ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʨʦʰʝʥʠʷ, ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʥʳʭ 

ʨʝʩʫʨʩʦʚ ʠ ʮʠʬʨʦʚʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʠʤ 

ʧʦʪʝʥʮʠʘʣʦʤ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʛʨʘʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʆʜʥʘʢʦ 

ʨʝʘʣʠʟʘʮʠʷ ʵʪʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʪʨʝʙʫʝʪ ʫʩʪʨʘʥʝʥʠʷ ʦʙʦʟʥʘʯʝʥʥʳʭ ʙʘʨʴʝʨʦʚ 

ʯʝʨʝʟ ʨʘʟʨʘʙʦʪʢʫ ʠ ʨʝʘʣʠʟʘʮʠʶ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʜʜʝʨʞʢʠ, ʨʘʟʚʠʪʠʝ ʧʨʘʚʦʚʦʡ 

ʙʘʟʳ, ʘ ʪʘʢʞʝ ʩʠʩʪʝʤʥʫʶ ʧʦʜʛʦʪʦʚʢʫ ʢʘʜʨʦʚ ʜʣʷ ʘʛʨʘʨʥʦʡ ʦʪʨʘʩʣʠ. 
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ʋɼʂ 528.48 

ʄʫʨʟʘʙʫʣʘʪʦʚ ɹ.ʉ., ʢʘʥʜ.ʩ.-ʭ. ʥʘʫʢ,  

ɸʣʝʢʩʝʝʚ ɸ.ɸ. 

ʌɻɹʆʋ ɺʆ ɹʘʰʢʠʨʩʢʠʡ ɻɸʋ, ʋʬʘ, ʈʌ 

 

ʀʅɾɽʅɽʈʅʆ-ɻɽʆɼɽɿʀʏɽʉʂʀɽ ʀɿʓʉʂɸʅʀʗ ʇʃʆʑɸɼʂʀ 

ʂʆʊɽʃʔʅʆɻʆ ʎɽʍɸ ɻ. ʅɽʌʊɽʂɸʄʉʂ ʈɹ 

 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪ. 3 ʌʝʜʝʨʘʣʴʥʦʛʦ ʟʘʢʦʥʘ ʦʪ 30 ʜʝʢʘʙʨʷ 2015 ʛ. N 431-

ʌɿ "ʆ ʛʝʦʜʝʟʠʠ, ʢʘʨʪʦʛʨʘʬʠʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ ʠ ʦ ʚʥʝʩʝʥʠʠ 

ʠʟʤʝʥʝʥʠʡ ʚ ʦʪʜʝʣʴʥʳʝ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʝ ʘʢʪʳ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ" 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ: 

1. ɻʝʦʜʝʟʠʷ ï ʦʙʣʘʩʪʴ ʦʪʥʦʰʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʧʨʦʮʝʩʩʝ ʥʘʫʯʥʦʡ, 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʠ ʠʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ 

ʬʠʛʫʨʳ, ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ, ʢʦʦʨʜʠʥʘʪ ʠ ʚʳʩʦʪ ʪʦʯʝʢ ʟʝʤʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʦʚ, ʘ ʪʘʢʞʝ ʠʟʤʝʥʝʥʠʡ ʚʦ ʚʨʝʤʝʥʠ 

ʫʢʘʟʘʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʠ ʚʳʩʦʪ [1]; 

2. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʜʘʥʥʳʝ ï ʜʘʥʥʳʝ ʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʘʭ, 

ʚʢʣʶʯʘʶʱʠʝ ʩʚʝʜʝʥʠʷ ʦʙ ʠʭ ʬʦʨʤʝ, ʤʝʩʪʦʧʦʣʦʞʝʥʠʠ ʠ ʩʚʦʡʩʪʚʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʦʨʜʠʥʘʪ; 

3. ʄʘʩʰʪʘʙ ï ʦʪʥʦʰʝʥʠʝ ʜʣʠʥʳ ʦʪʨʝʟʢʘ ʥʘ ʢʘʨʪʝ ʢ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʜʣʠʥʝ 

ʵʪʦʛʦ ʦʪʨʝʟʢʘ ʥʘ ʤʝʩʪʥʦʩʪʠ; 

4. ɻʝʦʜʝʟʠʯʝʩʢʘʷ ʩʝʪʴ ï ʩʦʚʦʢʫʧʥʦʩʪʴ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʧʫʥʢʪʦʚ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʮʝʣʷʭ ʫʩʪʘʥʦʚʣʝʥʠʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʭ 

ʥʘʩʪʦʷʱʠʤ ʌʝʜʝʨʘʣʴʥʳʤ ʟʘʢʦʥʦʤ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ; 

5. ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʥʠʚʝʣʠʨʥʘʷ ʩʝʪʴ ï ʩʦʚʦʢʫʧʥʦʩʪʴ ʥʠʚʝʣʠʨʥʳʭ ʧʫʥʢʪʦʚ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʮʝʣʷʭ ʫʩʪʘʥʦʚʣʝʥʠʷ ʠʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 
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ʩʠʩʪʝʤʳ ʚʳʩʦʪ. 

ɺʘʞʥʳʤ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʳʤ ʧʦʣʝʤ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʠʥʞʝʥʝʨʥʦ-

ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʠʟʳʩʢʘʥʠʡ ʷʚʣʷʝʪʩʷ ʉʚʦʜ ʇʨʘʚʠʣ (ʜʘʣʝʝ ï  ʉʇ) ʉʇ 

47.13330.2016 ʀʥʞʝʥʝʨʥʳʝ ʠʟʳʩʢʘʥʠʷ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʆʩʥʦʚʥʳʝ 

ʧʦʣʦʞʝʥʠʷ. ɸʢʪʫʘʣʠʟʠʨʦʚʘʥʥʘʷ ʨʝʜʘʢʮʠʷ ʉʅʠʇ 11-02-96  [2]. 

ʀʟʳʩʢʘʪʝʣʴʩʢʠʝ ʨʘʙʦʪʳ ʜʝʣʷʪʩʷ ʥʘ ʪʨʠ ʵʪʘʧʘ: ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʡ; 

ʧʦʣʝʚʦʡ; ʢʘʤʝʨʘʣʴʥʳʡ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʠʤ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʠʟʳʩʢʘʥʠʷ 

ʧʣʦʱʘʜʢʠ ʢʦʪʝʣʴʥʦʛʦ ʮʝʭʘ ʛ. ʅʝʬʪʝʢʘʤʩʢ ʈɹ (ʈʠʩʫʥʦʢ 1). 

ʉʦʩʪʘʚ ʠ ʦʙʲʝʤʳ ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʙʦʪ. 

ɺ ʩʦʩʪʘʚ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʠʟʳʩʢʘʥʠʡ ʚʭʦʜʷʪ: 

1) ʄʦʥʠʪʦʨʠʥʛ ʥʘʣʠʯʠʷ ʠʟʳʩʢʘʥʠʡ ʧʨʦʰʣʳʭ ʣʝʪ; 

2) ʈʝʢʦʛʥʦʩʮʠʨʦʚʢʘ ʠʩʭʦʜʥʳʭ ʧʫʥʢʪʦʚ ʜʣʷ ʧʨʠʚʷʟʢʠ ʠ ʦʙʩʣʝʜʦʚʘʥʠʝ 

ʪʝʨʨʠʪʦʨʠʠ ʦʙʲʝʢʪʘ; 

3) ʊʦʧʦʛʨʘʬʠʯʝʩʢʘʷ ʩʲʝʤʢʘ ʧʣʦʱʘʜʢʠ ʚ ʤʘʩʰʪʘʙʝ 1:500 ʩ ʩʝʯʝʥʠʝʤ 

ʨʝʣʴʝʬʘ 0.5 ʤ ʧʨʠ I ʢʘʪʝʛʦʨʠʡ ʩʣʦʞʥʦʩʪʠ ʥʘ ʟʘʩʪʨʦʝʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ; 

4) ʆʙʩʣʝʜʦʚʘʥʠʝ ʥʘʜʟʝʤʥʳʭ ʠ ʧʦʜʟʝʤʥʳʭ ʠʥʞʝʥʝʨʥʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ 

(ʪʝʧʣʦʪʨʘʩʩʘ, ʢʘʥʘʣʠʟʘʮʠʷ, ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝ, ʛʘʟʦʩʥʘʙʞʝʥʠʝ ʠ ʪ.ʜ.); 

5) ʂʦʦʨʜʠʥʠʨʦʚʘʥʠʝ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʲʝʤʢʠ; 

6) ʂʘʤʝʨʘʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʣʝʚʳʭ ʠʟʤʝʨʝʥʠʡ ʠ ʦʪʨʠʩʦʚʢʘ 

ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʛʦ ʧʣʘʥʘ; 

7) ʌʦʨʤʠʨʦʚʘʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʪʯʝʪʘ ʧʦ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʜʝʟʠʯʝʩʢʠʤ 

ʠʟʳʩʢʘʥʠʷʤ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʄʝʩʪʦʧʦʣʦʞʝʥʠʝ ʦʙʲʝʢʪʘ ʠʟʳʩʢʘʥʠʡ 
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ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʨʘʙʦʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʪʝʭʥʠʯʝʩʢʠʤ ʟʘʜʘʥʠʝʤ ʧʨʠʥʷʪʦ: ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ï ʄʉʂ-02 (ʟʦʥʘ 1); ʩʠʩʪʝʤʘ 

ʚʳʩʦʪ ï ɹʘʣʪʠʡʩʢʘʷ; ʚʳʩʦʪʘ ʩʝʯʝʥʠʷ ʨʝʣʴʝʬʘ ï 0.5 ʤ. 

ʀʥʞʝʥʝʨʥʦ-ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʨʘʙʦʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʛʝʦʜʝʟʠʯʝʩʢʠʤ 

ʦʙʦʨʫʜʦʚʘʥʠʝʤ ï ʪʘʭʝʦʤʝʪʨʦʤ ʢʘʢ TrimbleTS635 [3].  

ɺʠʜʳ ʠ ʦʙʲʝʤʳ ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʙʦʪ ʧʨʝʜʩʪʘʚʠʣʠ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1 ï ɺʠʜʳ ʠ ʦʙʲʝʤʳ ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʙʦʪ  
ʅʘʠʤʝʥʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʙʦʪ ʆʙʲʝʤ ʨʘʙʦʪ 

ʉʦʩʪʘʚʣʝʥʠʝ ʧʨʦʛʨʘʤʤʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʙʦʪ 2 ʧʨʦʛʨʘʤʤʳ 

ʊʦʧʦʛʨʘʬʠʯʝʩʢʘʷ ʩʲʝʤʢʘ ʚ ʤʘʩʰʪʘʙʝ 1:500, I ʢʘʪʝʛʦʨʠʠ ʩʣʦʞʥʦʩʪʠ, ʧʨʠ 

ʚʳʩʦʪʝ ʩʝʯʝʥʠʷ ʨʝʣʴʝʬʘ 0,5 ʤ, ʥʘ ʟʘʩʪʨʦʝʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ (ʩʲʝʤʢʘ 

ʪʝʢʫʱʠʭ ʠʟʤʝʥʝʥʠʡ)  

1,60ʛʘ 

ʉʲʝʤʢʘ ʧʦʜʟʝʤʥʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ ʩ ʧʦʤʦʱʴʶ ʪʨʫʙʦʢʘʙʝʣʝʠʩʢʘʪʝʣʷ CAT4 

+ Genny4 
45 

ʉʦʩʪʘʚʣʝʥʠʝ ʎʄʄ ʠ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʛʦ ʧʣʘʥʘ ʤʘʩʰʪʘʙʘ 1: 500 ʩ ʩʝʯʝʥʠʝʤ 

ʨʝʣʴʝʬʘ 0,5 ʤ 
30 ʜʤ2 

ʉʦʩʪʘʚʣʝʥʠʝ ʦʪʯʝʪʘ 2 

ʂʨʘʪʢʘʷ ʬʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʘʡʦʥʘ ʨʘʙʦʪ. 

ɺ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʤ ʦʪʥʦʰʝʥʠʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʣʦʱʘʜʢʘ ʢʦʪʝʣʴʥʦʛʦ 

ʮʝʭʘ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʚ 3-ʤ ʤʠʢʨʦʨʘʡʦʥʝ ʛʦʨʦʜʘ ʅʝʬʪʝʢʘʤʩʢ 

ʈʝʩʧʫʙʣʠʢʠ ɹʘʰʢʦʨʪʦʩʪʘʥ. 

ʈʝʣʴʝʬ ʥʘ ʫʯʘʩʪʢʝ ʨʘʚʥʠʥʥʳʡ, ʩ ʫʢʣʦʥʦʤ ʜʦ 10, ʘʙʩʦʣʶʪʥʳʝ ʦʪʤʝʪʢʠ 

ʠʟʤʝʥʷʶʪʩʷ ʦʪ 102,21 ʜʦ 102,82ʤ. ʆʧʘʩʥʳʝ ʧʨʠʨʦʜʥʳʝ ʠ ʪʝʭʥʦʛʝʥʥʳʝ ʧʨʦʮʝʩʩʳ 

ʦʪʩʫʪʩʪʚʫʶʪ.  

ʂʣʠʤʘʪ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ, ʣʝʪʦ ʪʸʧʣʦʝ, ʟʠʤʘ ʫʤʝʨʝʥʥʦ ʭʦʣʦʜʥʘʷ (ʩʘʤʘʷ 

ʥʠʟʢʘʷ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʟʠʤʘ 1962 ʛ. ī52 ÁC) ʉʨʝʜʥʷʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʷʥʚʘʨʷ ī13,7 ÁC, ʤʘʢʩʠʤʘʣʴʥʘʷ ī22,8 ÁC; ʠʶʣʷ +19,3 ÁC, 

ʤʘʢʩʠʤʘʣʴʥʘʷ +42,3 ÁC. ʉʨʝʜʥʝʛʦʜʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ +3,2 ÁC. ʉʨʝʜʥʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ ï 577 ʤʤ.  

ʉʪʨʦʠʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ɻʣʫʙʠʥʘ ʧʨʦʤʝʨʟʘʥʠʷ ʧʦʯʚʳ ʚ ʛ. ʅʝʬʪʝʢʘʤʩʢ: ʜʣʷ ʩʫʛʣʠʥʢʦʚ ʠ ʛʣʠʥ 1,7ʤ; 

ʜʣʷ ʩʫʧʝʩʝʡ, ʧʝʩʢʦʚ ʤʝʣʢʠʭ ʠ ʧʳʣʝʚʘʪʳʭ 2,1ʤ; ʜʣʷ ʧʝʩʢʦʚ ʛʨʘʚʝʣʠʩʪʳʭ, 

ʢʨʫʧʥʳʭ ʠ ʩʨʝʜʥʝʡ ʢʨʫʧʥʦʩʪʠ 2,2ʤ; ʜʣʷ ʢʨʫʧʥʦʦʙʣʦʤʦʯʥʳʭ ʛʨʫʥʪʦʚ 2,5ʤ. 

ɺʝʪʨʦʚʦʡ ʨʝʞʠʤ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʚʝʪʨʦʚ ʶʞʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ 

ʩʦ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʴʶ 3,5 ʤ/ʩʝʢ. ʅʘʠʙʦʣʴʰʝʝ ʯʠʩʣʦ ʜʥʝʡ ʩ ʩʠʣʴʥʳʤ ʚʝʪʨʦʤ 

(ʙʦʣʝʝ 15 ʤ/ʩʝʢ.) ʦʪʤʝʯʘʝʪʩʷ ʚ ʦʢʪʷʙʨʝ ʠ ʜʝʢʘʙʨʝ (ʜʦ 12 ʜʥʝʡ). ʅʘʠʙʦʣʴʰʘʷ 

ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ʚʦʟʤʦʞʥʘ 1 ʨʘʟ ʚ 20 ʣʝʪ (5% ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ), ʢʦʪʦʨʘʷ ʜʦʩʪʠʛʘʝʪ 

25 ʤ/ʩʝʢ 

ʊʦʧʦʛʨʘʬʠʯʝʩʢʘʷ ʠʟʫʯʝʥʥʦʩʪʴ ʨʘʡʦʥʘ ʨʘʙʦʪ 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʦʙʲʝʢʪʘ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʪʦʧʦʛʨʘʬʠʯʝʩʢʘʷ ʩʲʝʤʢʘ, 

ʤʘʩʰʪʘʙ ʩʲʝʤʢʠ 1:500, ʩʝʯʝʥʠʝ ʨʝʣʴʝʬʘ 0.5 ʤ. ʄʘʪʝʨʠʘʣʦʚ ʠʟʳʩʢʘʥʠʡ 

ʧʨʝʜʳʜʫʱʠʭ ʣʝʪ ʥʘ ʜʘʥʥʳʡ ʫʯʘʩʪʦʢ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʦʪʩʫʪʩʪʚʫʶʪ. 

ʇʣʘʥʦʚʦ-ʚʳʩʦʪʥʦʝ ʦʙʦʩʥʦʚʘʥʠʝ. 
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- ʉʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ: ʄʉʂ-02. 

- ʉʠʩʪʝʤʘ ʚʳʩʦʪ: ɹʘʣʪʠʡʩʢʘʷ 

ʉʲʝʤʦʯʥʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʩʦʟʜʘʥʦ ʧʨʦʣʦʞʝʥʠʝʤ ʪʝʦʜʦʣʠʪʥʦʛʦ ʭʦʜʘ ʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʩʪʝʤʫ ʦʜʠʥʦʯʥʦʛʦ ʭʦʜʘ. ʊʦʯʢʠ ʩʲʝʤʦʯʥʦʡ ʛʝʦʜʝʟʠʯʝʩʢʦʡ 

ʩʝʪʠ, ʥʘ ʚʨʝʤʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʙʦʪ, ʟʘʢʨʝʧʣʝʥʳ ʜʝʨʝʚʷʥʥʳʤʠ ʢʦʣʴʷʤʠ. 

ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʧʦʩʣʫʞʠʣʠ ʧʫʥʢʪʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʛʝʦʜʝʟʠʯʝʩʢʦʡ 

ʩʝʪʠ (ɻɻʉ), ʘ ʠʤʝʥʥʦ: ʊʘʰʢʠʥʦʚʦ ʉʝʚʝʨʥʳʡ, ʇʨʠʜʦʨʦʞʥʳʡ, ɸʵʨʦʧʦʨʪ, 

ʂʫʪʝʨʝʤ, ʗʢʠʤʢʦʚʦ. ʇʫʥʢʪʘʤʠ ʧʣʘʥʦʚʦ-ʚʳʩʦʪʥʳʤ ʦʙʦʩʥʦʚʘʥʠʝʤ ʧʦʩʣʫʞʠʣʠ 

ʨʝʧʝʨʘ ʥʘ ʧʣʦʱʘʜʢʝ: ɺʨ.ʈʇ-1, ɺʨ.ʈʇ-2. 

ʊʝʦʜʦʣʠʪʥʳʡ ʭʦʜ ʫʨʘʚʥʝʥ ʥʘ ʇʂ ʚ ʧʨʦʛʨʘʤʤʝ çCredo DAT 5è. ʋʛʣʦʚʳʝ, 

ʚʳʩʦʪʥʳʝ ʠʟʤʝʨʝʥʠʷ ʠ ʜʣʠʥʳ  ʣʠʥʠʡ ʚ ʭʦʜʘʭ ʠʟʤʝʨʷʣʠʩʴ ʵʣʝʢʪʨʦʥʥʳʤ 

ʪʘʭʝʦʤʝʪʨʦʤ  TrimbleTS635 ʦʜʥʠʤ ʧʦʣʥʳʤ ʧʨʠʝʤʦʤ. 

ʉʲʝʤʢʘ ʪʝʢʫʱʠʭ ʠʟʤʝʥʝʥʠʡ ʚʳʧʦʣʥʝʥʘ ʛʝʦʜʝʟʠʯʝʩʢʠʤ ʧʨʠʙʦʨʦʤ 

TrimbleTS635.  

ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʨʘʙʦʪ ʥʘ ʫʯʘʩʪʢʘʭ ʩʲʝʤʢʠ ʪʝʢʫʱʠʭ ʠʟʤʝʥʝʥʠʡ ʧʨʦʚʦʜʠʣʩʷ 

ʜʝʪʘʣʴʥʳʡ ʦʩʤʦʪʨ ʤʝʩʪʥʦʩʪʠ, ʦʧʨʝʜʝʣʷʣʩʷ ʭʘʨʘʢʪʝʨ ʫʯʘʩʪʢʘ ʨʘʙʦʪ.  

ʂʦʣʠʯʝʩʪʚʦ ʧʠʢʝʪʦʚ, ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʨʠ ʧʣʘʥʦʚʦ-ʚʳʩʦʪʥʦʡ ʩʲʝʤʢʝ, 

ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʧʦʣʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʩʠʪʫʘʮʠʠ ʠ ʨʝʣʴʝʬʘ ʤʝʩʪʥʦʩʪʠ ʥʘ ʧʣʘʥʝ. 

ɺʳʩʦʪʥʳʝ ʦʪʤʝʪʢʠ ʧʠʢʝʪʦʚ ʅʧ, ʤ, ʚʳʯʠʩʣʷʣʠʩʴ ʘʚʪʦʤʘʪʠʯʝʩʢʠ. 

ʊʦʧʦʛʨʘʬʠʯʝʩʢʠʡ ʧʣʘʥ ʄ 1:500 ʩ ʩʝʯʝʥʠʝʤ ʨʝʣʴʝʬʘ 0.5ʤ ʦʪʨʠʩʦʚʘʥ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʢʦʤʧʣʝʢʩʦʤ Autodesk Civil 3D 2023 ʥʘ 

ʙʫʤʘʞʥʦʡ ʦʩʥʦʚʝ ʠ ʚ ʮʠʬʨʦʚʦʤ ʚʠʜʝ).  

ɺʳʧʦʣʥʝʥ ʥʝʦʙʭʦʜʠʤʳʡ ʦʙʲʝʤ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʘʙʦʪ ʧʦ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʝ ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʜʘʥʥʳʭ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʢʦʥʪʨʦʣʷ ʠʭ ʢʘʯʝʩʪʚʘ, ʧʦʣʥʦʪʳ ʠ ʪʦʯʥʦʩʪʠ.  

ʉʦʩʪʘʚʣʝʥ ʢʘʪʘʣʦʛ ʢʦʦʨʜʠʥʘʪ ʚʨʝʤʝʥʥʦʡ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʝʪʠ. 

ʆʙʩʣʝʜʦʚʘʥʠʝ ʠ ʩʲʝʤʢʘ ʧʦʜʟʝʤʥʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ. 

ʈʘʙʦʪʘ ʧʦ ʩʲʝʤʢʝ ʠ ʦʙʩʣʝʜʦʚʘʥʠʶ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʦʜʟʝʤʥʳʭ 

ʢʦʤʤʫʥʠʢʘʮʠʡ ʚʢʣʶʯʘʣʘ ʚ ʩʝʙʷ: 

- ʩʙʦʨ ʠ ʘʥʘʣʠʟ ʠʤʝʶʱʠʭʩʷ ʤʘʪʝʨʠʘʣʦʚ ʦ ʧʦʜʟʝʤʥʳʭ ʩʦʦʨʫʞʝʥʠʷʭ 

(ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʯʝʨʪʝʞʝʡ, ʠʥʞʝʥʝʨʥʦ-ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʧʣʘʥʦʚ); 

- ʨʝʢʦʛʥʦʩʮʠʨʦʚʦʯʥʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ (ʦʪʳʩʢʘʥʠʝ ʥʘ ʤʝʩʪʥʦʩʪʠ ʧʦʜʟʝʤʥʳʭ 

ʩʦʦʨʫʞʝʥʠʡ ʧʦ ʚʥʝʰʥʠʤ ʧʨʠʟʥʘʢʘʤ, ʦʧʨʝʜʝʣʝʥʠʝ ʫʯʘʩʪʢʦʚ ʜʣʷ ʧʦʠʩʢʘ 

ʧʦʜʟʝʤʥʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ); 

- ʧʦʠʩʢ ʠ ʩʲʝʤʢʘ ʧʦʜʟʝʤʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʩ ʧʦʤʦʱʴʶ 

ʪʨʫʙʦʢʘʙʝʣʝʠʩʢʘʪʝʣʷ; 

- ʩʦʩʪʘʚʣʝʥʠʝ ʧʣʘʥʘ ʩʝʪʝʡ ʧʦʜʟʝʤʥʳʭ ʩʦʦʨʫʞʝʥʠʡ (ʥʘ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ 

ʦʩʥʦʚʝ); 

ʇʦʠʩʢ ʧʦʜʟʝʤʥʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ ʧʨʦʠʟʚʦʜʠʣʩʷ ʥʘ ʤʝʩʪʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ 

ʪʨʫʙʦʢʘʙʝʣʝʠʩʢʘʪʝʣʷ CAT4 + Genny4 ʧʨʠ ʠʤʧʫʣʴʩʥʦʤ ʨʝʞʠʤʝ ʛʝʥʝʨʘʪʦʨʘ ʩ 

ʬʠʢʩʘʮʠʝʡ ʪʦʯʝʢ ʧʣʘʥʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʦʪʳʩʢʠʚʘʝʤʦʡ ʪʨʘʩʩʳ ʯʝʨʝʟ ʨʘʩʩʪʦʷʥʠʷ 

ʥʝ ʙʦʣʝʝ ʯʝʤ ʯʝʨʝʟ 20 ʤ ʥʘ ʧʨʷʤʦʣʠʥʝʡʥʳʭ ʫʯʘʩʪʢʘʭ ʠ ʥʝ ʙʦʣʝʝ ʯʝʤ ʯʝʨʝʟ 3 ʤ ʥʘ 

ʫʛʣʘʭ ʧʦʚʦʨʦʪʘ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʬʠʢʩʘʮʠʝʡ ʪʦʯʝʢ ʧʣʘʥʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ 

ʦʪʳʩʢʠʚʘʝʤʦʡ ʪʨʘʩʩʳ ʦʧʨʝʜʝʣʷʣʦʩʴ ʝʝ ʟʘʛʣʫʙʣʝʥʠʝ. ʊʦʯʢʠ ʬʠʢʩʘʮʠʠ 
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ʟʘʢʨʝʧʣʷʣʠʩʴ ʥʘ ʤʝʩʪʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʰʪʳʨʝʡ ʠ ʚʝʰʝʢ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʠʭ 

ʩʲʝʤʢʠ. 

ʉʲʝʤʢʘ ʧʦʜʟʝʤʥʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʧʦ ʬʠʢʩʠʨʦʚʘʥʥʳʤ 

ʪʦʯʢʘʤ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʦʣʝʚʳʭ ʨʘʙʦʪ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʢʘʤʝʨʘʣʴʥʳʝ ʨʘʙʦʪʳ, 

ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʣʠ ʚ ʩʝʙʷ: 

1. ʉʦʩʪʘʚʣʝʥʠʝ ʢʘʪʘʣʦʛʘ ʢʦʦʨʜʠʥʘʪ ʠ ʚʳʩʦʪ ʧʫʥʢʪʦʚ ʩʲʝʤʦʯʥʦʛʦ 

ʦʙʦʩʥʦʚʘʥʠʷ. 

2. ʉʦʩʪʘʚʣʝʥʠʝ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʧʣʘʥʦʚ ʤʘʩʰʪʘʙʘ 1:500 ʚ ʙʫʤʘʞʥʦʤ ʠ 

ʮʠʬʨʦʚʦʤ ʚʠʜʝ. 

3. ʉʦʩʪʘʚʣʝʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʪʯʝʪʘ. 

ʂʘʤʝʨʘʣʴʥʳʝ ʨʘʙʦʪʳ ʧʦ ʨʘʩʯʝʪʫ ʢʦʦʨʜʠʥʘʪ ʠ ʚʳʩʦʪ ʚʳʧʦʣʥʝʥʳ ʚ 

ʧʨʦʛʨʘʤʤʝ çCredo-DAT 5è. 

ʇʣʦʪʥʦʩʪʴ ʪʦʯʝʢ ʚʨʝʤʝʥʥʦʡ ʩʲʝʤʦʯʥʦʡ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʝʪʠ ʠ ʪʦʯʥʦʩʪʴ 

ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʧʣʘʥʦʚʦ-ʚʳʩʦʪʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʚʳʙʨʘʥʥʦʤʫ 

ʤʘʩʰʪʘʙʫ (ʥʝ ʤʝʥʝʝ 2 ʪʦʯʝʢ ʚʨʝʤʝʥʥʦʛʦ ʟʘʢʨʝʧʣʝʥʠʷ ʥʘ ʧʣʘʥʰʝʪ). ʉʨʝʜʥʷʷ 

ʧʦʛʨʝʰʥʦʩʪʴ ʚ ʧʣʘʥʦʚʦʤ ʧʦʣʦʞʝʥʠʠ ʩʢʨʳʪʳʭ ʪʦʯʝʢ ʧʦʜʟʝʤʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʪʨʫʙʦʢʘʙʝʣʝʠʩʢʘʪʝʣʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʣʠʞʘʡʰʠʭ ʟʜʘʥʠʡ ʠ ʪʦʯʝʢ 

ʩʲʝʤʦʯʥʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ ʥʝ ʧʨʝʚʳʰʘʝʪ 0,4 ʤʤ ʚ ʤʘʩʰʪʘʙʝ ʧʣʘʥʘ. ʉʨʝʜʥʷʷ 

ʧʦʛʨʝʰʥʦʩʪʴ ʩʲʝʤʢʠ ʨʝʣʴʝʬʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʣʠʞʘʡʰʠʭ ʪʦʯʝʢ ʩʲʝʤʦʯʥʦʛʦ 

ʦʙʦʩʥʦʚʘʥʠʷ  ʥʝ ʧʨʝʚʳʰʘʝʪ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʛʦ ʟʥʘʯʝʥʠʷ (ʧʨʠ ʫʛʣʘʭ 

ʥʘʢʣʦʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦ 2 ʛʨʘʜʫʩʦʚ ï ı.).  

ʊʦʯʥʦʩʪʴ ʠʥʞʝʥʝʨʥʦ-ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʧʣʘʥʦʚ ʦʮʝʥʠʚʘʣʘʩʴ ʧʦ ʚʝʣʠʯʠʥʘʤ 

ʩʨʝʜʥʠʭ ʨʘʩʭʦʞʜʝʥʠʡ ʧʦʣʦʞʝʥʠʡ ʧʨʝʜʤʝʪʦʚ ʠ ʢʦʥʪʫʨʦʚ, ʪʦʯʝʢ ʧʦʜʟʝʤʥʳʭ 

ʩʦʦʨʫʞʝʥʠʡ, ʘ ʪʘʢʞʝ ʚ ʚʳʩʦʪʘʭ ʪʦʯʝʢ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʦ ʛʦʨʠʟʦʥʪʘʣʷʤ, ʩ 

ʜʘʥʥʳʤʠ ʧʦʣʝʚʳʭ ʠʟʤʝʨʝʥʠʡ (ʈʠʩʫʥʦʢ 2).  

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʌʨʘʛʤʝʥʪ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʛʦ ʧʣʘʥʘ 
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ʇʨʝʜʝʣʴʥʳʝ ʨʘʩʭʦʞʜʝʥʠʷ ʥʝ ʧʨʝʚʳʰʘʶʪ ʫʜʚʦʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʩʨʝʜʥʠʭ 

ʧʦʛʨʝʰʥʦʩʪʝʡ. ʈʘʙʦʪʳ ʧʦ ʩʦʩʪʘʚʣʝʥʠʶ ʧʣʘʥʘ ʚʳʧʦʣʥʝʥʳ ʚ ʧʨʦʛʨʘʤʤʘʭ 

Credo_Dat, AutoCAD. ʊʦʧʦʛʨʘʬʠʯʝʩʢʠʡ ʧʣʘʥ ʚʳʯʝʨʯʝʥ ʩʦʛʣʘʩʥʦ ʠʟʜʘʥʠʷ: 

çʋʩʣʦʚʥʳʝ ʟʥʘʢʠ ʜʣʷ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʧʣʘʥʦʚ ʤʘʩʰʪʘʙʦʚ 1:500-1:5000è, ʌɻʋʇ 

çʂʘʨʪʛʝʦʮʝʥʪʨè ʄʦʩʢʚʘ, 2005 ʛ.      

ɺʳʚʦʜ: ʊʦʧʦʛʨʘʬʠʯʝʩʢʘʷ ʩʲʝʤʢʘ ʥʫʞʥʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʦʯʥʦʡ ʢʘʨʪʳ ʠʣʠ 

ʧʣʘʥʘ ʟʝʤʝʣʴʥʦʛʦ ʫʯʘʩʪʢʘ-ʧʣʦʱʘʜʢʠ, ʥʘ ʢʦʪʦʨʦʤ ʧʦʜʨʦʙʥʦ ʦʪʦʙʨʘʞʝʥʳ 

ʛʨʘʥʠʮʳ, ʨʝʣʴʝʬ, ʦʙʲʝʢʪʳ ʠ ʢʦʤʤʫʥʠʢʘʮʠʠ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʥʦ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʮʝʣʝʡ, ʪʘʢʠʭ ʢʘʢ ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʜʠʟʘʡʥ, ʘ 

ʪʘʢʞʝ ʜʣʷ ʦʮʝʥʢʠ ʩʪʦʠʤʦʩʪʠ ʟʝʤʣʠ. ʆʥʘ ʧʦʤʦʛʘʝʪ ʧʦʥʷʪʴ ʦʩʦʙʝʥʥʦʩʪʠ 

ʤʝʩʪʥʦʩʪʠ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʪʦʯʥʦ ʩʧʣʘʥʠʨʦʚʘʪʴ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠʣʠ ʜʨʫʛʠʝ ʧʨʦʝʢʪʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʠʟʚʝʜʝʥʥʳʭ ʧʦʣʝʚʳʭ ʠ 

ʢʘʤʝʨʘʣʴʥʳʭ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʠʟʳʩʢʘʥʠʡ ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ, 

ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʝʢʪʥʳʭ ʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʙʦʪ ʥʘ ʦʙʲʝʢʪʝ:  

ʄʘʪʝʨʠʘʣʳ ʠʟʳʩʢʘʥʠʡ ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʨʝʙʦʚʘʥʠʷʤ, 

ʜʝʡʩʪʚʫʶʱʠʤ ʠʥʩʪʨʫʢʮʠʷʤ ʠ ʥʦʨʤʘʪʠʚʥʳʤ ʜʦʢʫʤʝʥʪʘʤ. 
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ʋɼʂ 636.03 

ʅʝʤʝʥʫʱʘʷ ʃ.ɸ.,  

ʄʘʩʣʦʚʩʢʠʡ ʉ.ɸ., ʢʘʥʜ. ʩ.-ʭ. ʥʘʫʢ 

ʌɻɹʅʋ çʈʦʩʠʥʬʦʨʤʘʛʨʦʪʝʭè, ʨ.ʧ. ʇʨʘʚʜʠʥʩʢʠʡ, ʈʌ 

 

ʊɽʍʅʀʏɽʉʂʆɽ ʀ ʊɽʍʅʆʃʆɻʀʏɽʉʂʆɽ ʆɹɽʉʇɽʏɽʅʀɽ 

ʉʆɼɽʈɾɸʅʀʗ ɾʀɺʆʊʅʓʍ  

ɺ ʆʈɻɸʅʀʏɽʉʂʆʄ ɾʀɺʆʊʅʆɺʆɼʉʊɺɽ 

 

ɺʦʧʨʦʩʘʤ ʩʦʜʝʨʞʘʥʠʷ ʞʠʚʦʪʥʳʭ ʠ ʧʪʠʮʳ ʧʦʩʚʷʱʝʥʘ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ 

ʧʦʣʦʞʝʥʠʡ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʪʘʥʜʘʨʪʦʚ. ʉʦʛʣʘʩʥʦ ʠʤʝʶʱʠʤʩʷ ʪʨʝʙʦʚʘʥʠʷʤ, 

ʟʘʧʨʝʱʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʞʠʚʦʪʥʳʭ ʥʘ ʧʨʠʚʷʟʠ, ʘ ʧʪʠʮʳ ï ʚ ʢʣʝʪʢʝ. ʋ 

ʚʦʜʦʧʣʘʚʘʶʱʝʡ ʧʪʠʮʳ ʦʙʷʟʘʪʝʣʴʥʦ ʜʦʣʞʝʥ ʙʳʪʴ ʜʦʩʪʫʧ ʢ ʚʦʜʦʸʤʫ. 

ʅʦʨʤʘʪʠʚʥʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ ʦʧʨʝʜʝʣʝʥʳ ʪʨʝʙʦʚʘʥʠʷ ʢ ʨʘʟʤʝʨʫ ʧʦʤʝʱʝʥʠʡ ʠ 

ʚʳʛʫʣʦʚ, ʪʠʧʫ ʥʘʧʦʣʴʥʦʛʦ ʧʦʢʨʳʪʠʷ, ʥʘʣʠʯʠʶ ʠ ʨʘʟʤʝʨʘʤ ʥʘʩʝʩʪʦʚ ʠ ʛʥʝʟʜ [1]. 

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʘʛʨʦʙʠʦʪʝʭʥʦʣʦʛʠʡ ʚ 

ʩʦʜʝʨʞʘʥʠʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʞʠʚʦʪʥʳʭ ʠ ʧʪʠʮʳ ʷʚʣʷʝʪʩʷ ʦʙʨʘʙʦʪʢʘ 

ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ ʧʦʤʝʱʝʥʠʡ ʠ ʧʦʜʩʪʠʣʦʢ ʩʧʝʮʠʘʣʴʥʳʤʠ ʙʠʦʧʨʝʧʘʨʘʪʘʤʠ. ɺ 

ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʦʚ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʨʘʟʨʘʙʦʪʢʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 1.  

 

ʊʘʙʣʠʮʘ 1 ï ʄʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʝʧʘʨʘʪʳ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʘʥʠʪʘʨʥʳʭ ʥʦʨʤ 

ʩʦʜʝʨʞʘʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʞʠʚʦʪʥʳʭ ʠ ʧʪʠʮʳ [1, 2] 

ʅʘʟʚʘʥʠʝ, ʧʨʦʠʟʚʦʜʠʪʝʣʴ 

ʕʣʝʤʝʥʪʳ 

ʩʦʩʪʘʚʘ 
ʅʘʧʨʘʚʣʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʌʦʨʤʘ 
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ʄ
ʠ
ʢ
ʨ
ʦ
ʦ
ʨ
ʛ
ʘ
ʥ
ʠ
ʟ
ʤ
ʳ

 

ɻ
ʣ
ʫ
ʙ
ʦ
ʢ
ʘ
ʷ
 
ʧ
ʦ
ʜ
ʩ
ʪ
ʠ
ʣ
ʢ
ʘ

 

ʄ
ʝ
ʩ
ʪ
ʘ
 
ʚ
ʳ
ʨ
ʘ
ʱ
ʠ
ʚ
ʘ
ʥ
ʠ
ʷ
 
ʠ
 
ʩ
ʦ
ʜ
ʝ
ʨ
ʞ
ʘ
ʥ
ʠ
ʷ

 

ʇ
ʦ
ʚ
ʝ
ʨ
ʭ
ʥ
ʦ
ʩ
ʪ
ʠ

 

ʆ
ʙ
ʨ
ʘ
ʙ
ʦ
ʪ
ʢ
ʘ
 
ʥ
ʘ
ʚ
ʦ
ʟ
ʥ
ʳ
ʭ
 
ʩ
ʪ
ʦ
ʢ
ʦ
6
ʚ
,
 
ʭ
ʨ
ʘ
ʥ
ʠ
ʣ
ʠ
ʱ

 

ʉ
ʘ
ʥ
ʘ
ʮ
ʠ
ʷ

 

ʋ
ʩ
ʪ
ʨ
ʘ
ʥ
ʝ
ʥ
ʠ
ʝ
 
ʥ
ʝ
ʧ
ʨ
ʠ
ʷ
ʪ
ʥ
ʳ
ʭ
 
ʟ
ʘ
ʧ
ʘ
ʭ
ʦ
ʚ

 

ɹ
ʠ
ʦ
ʜ
ʝ
ʛ
ʨ
ʘ
ʜ
ʘ
ʮ
ʠ
ʠ
 
ʚ
 
ʧ
ʨ
ʦ
ʤ
ʳ
ʰ
ʣ
ʝ
ʥ
ʥ
ʳ
ʭ
 
ʠ
 

ʤ
ʫ
ʥ
ʠ
ʮ
ʠ
ʧ
ʘ
ʣ
ʴ
ʥ
ʳ
ʭ
 
ʩ
ʠ
ʩ
ʪ
ʝ
ʤ
ʘ
ʭ
 
ʦ
ʯ
ʠ
ʩ
ʪ
ʢ
ʠ
 

 

ʩ
ʪ
ʦ
ʯ
ʥ
ʳ
ʭ
 
ʚ
ʦ
ʜ

 

ʉ
ʫ
ʭ
ʘ
ʷ

 

ɾ
ʠ
ʜ
ʢ
ʘ
ʷ

 

1 2 3 4 5 6 7 8 9 10 11 12 13 

ʄʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʧʨʝʧʘʨʘʪ 

ʕʄ-ɺʠʪʘ  

ʆʆʆ ʇʨʠʤʦʨʩʢʠʡ ʕʄ-ʎʝʥʪʨ 

+  + + +  +  +   + 

ʄʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʡ ʧʨʝʧʘʨʘʪ 

ʌʝʨʢʦʥÈʇ  

ʆʆʆ ʇʆ çʉʠʙʙʠʦʬʘʨʤè 

  + + + +  + +  +  

ɹʠʦʧʨʝʧʘʨʘʪ ɼʝʢʦʤʘʥ  

ʆʆʆ çɸʄ ɻʈʋʇʇè 
  + + +  + + +  + + 

ʇʨʝʧʘʨʘʪ Multibac Active  

ɻʂ çʊʝʨʨʘ ʕʢʦʣʦʛʠʷè 
  + +   + + + +  + 

ɹʠʦʣʦʛʠʯʝʩʢʦʝ ʩʨʝʜʩʪʚʦ ʜʣʷ 

ʛʣʫʙʦʢʦʡ ʥʝʩʤʝʥʷʝʤʦʡ ʧʦʜʩʪʠʣʢʠ 

ʩʚʠʥʦʬʝʨʤ BB-NP025  

+  + +    + +  +  
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ʅʘʟʚʘʥʠʝ, ʧʨʦʠʟʚʦʜʠʪʝʣʴ 

ʕʣʝʤʝʥʪʳ 

ʩʦʩʪʘʚʘ 
ʅʘʧʨʘʚʣʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʌʦʨʤʘ 

ɼ
ʨ
ʫ
ʛ
ʠ
ʝ
 
ɹ
ɸ
ɺ
 
(
ʬ
ʝ
ʨ
ʤ
ʝ
ʥ
ʪ
ʳ
,
 
ʚ
ʠ
ʪ
ʘ
ʤ
ʠ
ʥ
ʳ
,
 

ʘ
ʤ
ʠ
ʥ
ʦ
ʢ
ʠ
ʩ
ʣ
ʦ
ʪ
ʳ
,
 
ʧ
ʨ
ʦ
ʙ
ʠ
ʦ
ʪ
ʠ
ʢ
ʠ
,
 
ʤ
ʠ
ʥ
ʝ
ʨ
ʘ
ʣ
ʳ
,
 

ʤ
ʠ
ʢ
ʨ
ʦ
ʵ
ʣ
ʝ
ʤ
ʝ
ʥ
ʪ
ʳ
)

 

ʉ
ʦ
ʨ
ʙ
ʝ
ʥ
ʪ
ʳ
 

(
ʢ
ʘ
ʦ
ʣ
ʠ
ʥ
,
 
ʜ
ʠ
ʘ
ʪ
ʦ
ʤ
ʠ
ʪ
,
 

ʤ
ʠ
ʢ
ʨ
ʦ
ʢ
ʨ
ʠ
ʩ
ʪ
ʘ
ʣ
ʣ
ʠ
ʯ
ʝ
ʩ
ʢ
ʘ
ʷ
 
ʮ
ʝ
ʣ
ʣ
ʶ
ʣ
ʦ
ʟ
ʘ
)

 

ʄ
ʠ
ʢ
ʨ
ʦ
ʦ
ʨ
ʛ
ʘ
ʥ
ʠ
ʟ
ʤ
ʳ

 

ɻ
ʣ
ʫ
ʙ
ʦ
ʢ
ʘ
ʷ
 
ʧ
ʦ
ʜ
ʩ
ʪ
ʠ
ʣ
ʢ
ʘ

 

ʄ
ʝ
ʩ
ʪ
ʘ
 
ʚ
ʳ
ʨ
ʘ
ʱ
ʠ
ʚ
ʘ
ʥ
ʠ
ʷ
 
ʠ
 
ʩ
ʦ
ʜ
ʝ
ʨ
ʞ
ʘ
ʥ
ʠ
ʷ

 

ʇ
ʦ
ʚ
ʝ
ʨ
ʭ
ʥ
ʦ
ʩ
ʪ
ʠ

 

ʆ
ʙ
ʨ
ʘ
ʙ
ʦ
ʪ
ʢ
ʘ
 
ʥ
ʘ
ʚ
ʦ
ʟ
ʥ
ʳ
ʭ
 
ʩ
ʪ
ʦ
ʢ
ʦ
6
ʚ
,
 
ʭ
ʨ
ʘ
ʥ
ʠ
ʣ
ʠ
ʱ

 

ʉ
ʘ
ʥ
ʘ
ʮ
ʠ
ʷ

 

ʋ
ʩ
ʪ
ʨ
ʘ
ʥ
ʝ
ʥ
ʠ
ʝ
 
ʥ
ʝ
ʧ
ʨ
ʠ
ʷ
ʪ
ʥ
ʳ
ʭ
 
ʟ
ʘ
ʧ
ʘ
ʭ
ʦ
ʚ

 

ɹ
ʠ
ʦ
ʜ
ʝ
ʛ
ʨ
ʘ
ʜ
ʘ
ʮ
ʠ
ʠ
 
ʚ
 
ʧ
ʨ
ʦ
ʤ
ʳ
ʰ
ʣ
ʝ
ʥ
ʥ
ʳ
ʭ
 
ʠ
 

ʤ
ʫ
ʥ
ʠ
ʮ
ʠ
ʧ
ʘ
ʣ
ʴ
ʥ
ʳ
ʭ
 
ʩ
ʠ
ʩ
ʪ
ʝ
ʤ
ʘ
ʭ
 
ʦ
ʯ
ʠ
ʩ
ʪ
ʢ
ʠ
 

 

ʩ
ʪ
ʦ
ʯ
ʥ
ʳ
ʭ
 
ʚ
ʦ
ʜ

 

ʉ
ʫ
ʭ
ʘ
ʷ

 

ɾ
ʠ
ʜ
ʢ
ʘ
ʷ

 

1 2 3 4 5 6 7 8 9 10 11 12 13 

ʂʦʤʧʘʥʠʷ ɹʠʦɹʘʢ 

ʊʝʧʣʘʷ ʬʝʨʤʝʥʪʘʮʠʦʥʥʘʷ 

(ʥʝʩʤʝʥʷʝʤʘʷ) ʧʦʜʩʪʠʣʢʘ ʜʣʷ ʢʦʨʦʚ 

ɹʘʢʪʝʨʠʘʣʴʥʳʡ ʘʢʪʠʚʘʪʦʨ ʛʣʫʙʦʢʦʡ 

ʥʝʩʤʝʥʷʝʤʦʡ ʧʦʜʩʪʠʣʢʠ ʜʣʷ ʢʦʨʦʚ 

(0,5 ʢʛ) ʉʢʦʪʥʳʡ ʜʚʦʨÈ 

ʅʇʇ ʆʆʆ çɾʠʚʳʝ ʙʘʢʪʝʨʠʠè ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʡ 

Bioelements Ltd. (ɸʥʛʣʠʷ) 

 + +    + + +  +  

 

ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ 1, ʚ ʦʩʥʦʚʝ ʚʩʝʭ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ 

ʙʠʦʧʨʝʧʘʨʘʪʦʚ ʩʦʩʪʦʷʪ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ, ʠʥʦʛʜʘ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ 

ʜʦʙʘʚʢʘʤʠ. ʈʘʩʧʨʦʩʪʨʘʥʝʥʥʘʷ ʧʨʝʧʘʨʘʪʠʚʥʘʷ ʬʦʨʤʘ ï ʩʫʭʦʡ ʧʦʨʦʰʦʢ, 

ʧʨʝʧʘʨʘʪʳ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʝ. ʇʦʩʣʝ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʫʣʫʯʰʘʝʪʩʷ ʩʦʩʪʦʷʥʠʝ 

ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ ʧʦʤʝʱʝʥʠʡ ʠ ʩʘʤʠʭ ʞʠʚʦʪʥʳʭ, ʥʠʚʝʣʠʨʫʝʪʩʷ ʧʨʦʙʣʝʤʘ 

ʫʪʠʣʠʟʘʮʠʠ ʥʘʚʦʟʘ. ɹʘʢʪʝʨʠʠ, ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʥʝʢʦʪʦʨʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʤʦʛʫʪ 

ʨʘʟʦʛʨʝʚʘʪʴ ʧʦʜʩʪʠʣʢʫ, ʩʥʠʞʘʷ ʟʘʪʨʘʪʳ ʥʘ ʦʪʦʧʣʝʥʠʝ ʠ ʩʧʦʩʦʙʩʪʚʫʷ 

ʵʬʬʝʢʪʠʚʥʦʤʫ ʞʠʚʦʪʥʦʚʦʜʩʪʚʫ ʜʘʞʝ ʚ ʩʫʨʦʚʦʤ ʢʣʠʤʘʪʝ. ʆʙʥʦʚʣʝʥʠʝ 

ʧʦʜʩʪʠʣʢʠ ʪʨʝʙʫʝʪʩʷ ʛʦʨʘʟʜʦ ʨʝʞʝ, ʯʪʦ ʩʦʢʨʘʱʘʝʪ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʟʘʪʨʘʪʳ. 

ʆʪʨʘʙʦʪʘʥʥʫʶ ʧʦʜʩʪʠʣʢʫ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʫʜʦʙʨʝʥʠʷ, ʛʨʫʥʪʦʚ ʠʣʠ ʩʫʙʩʪʨʘʪʦʚ. 

ɸʛʨʦʙʠʦʪʝʭʥʦʣʦʛʠʠ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʨʝʘʣʠʟʘʮʠʠ ʚʘʞʥʦʛʦ ʘʩʧʝʢʪʘ 

ʵʢʦʣʦʛʠʯʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʞʠʚʦʪʥʳʭ ʠ ʧʪʠʮʳ ï 

ʧʝʨʝʨʘʙʦʪʢʝ ʦʙʨʘʟʫʶʱʠʭʩʷ ʥʘʚʦʟʘ ʠ ʧʦʤʝʪʘ [3]. ʋʯʝʥʳʝ ʀɸʕʇ ï ʬʠʣʠʘʣʘ 

ʌɻɹʅʋ ʌʅɸʎ ɺʀʄ ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʥʘʠʣʫʯʰʠʝ ʧʦʢʘʟʘʪʝʣʠ ʫʜʝʣʴʥʳʭ 

ʢʘʧʠʪʘʣʴʥʳʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ ʥʘ ʫʪʠʣʠʟʘʮʠʶ ʦʪʭʦʜʦʚ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʞʠʚʦʪʥʳʭ ʠ ʧʪʠʮʳ ʠʤʝʶʪ 

ʪʝʭʥʦʣʦʛʠʠ ʘʢʪʠʚʥʦʛʦ ʢʦʤʧʦʩʪʠʨʦʚʘʥʠʷ ʚ ʙʫʨʪʘʭ ʠ ʚʥʝʩʝʥʠʷ ʪʚʝʨʜʳʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʡ, ʘ ʪʘʢʞʝ ʙʠʦʬʝʨʤʝʥʪʘʮʠʠ ʚ ʫʩʪʘʥʦʚʢʘʭ ʢʘʤʝʨʥʦʛʦ 

ʪʠʧʘ ʠ ʚʥʝʩʝʥʠʷ ʪʚʝʨʜʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʡ, ʧʦʩʣʝʜʥʷʷ ʨʝʢʦʤʝʥʜʦʚʘʥʘ ʢ 

ʧʨʠʤʝʥʝʥʠʶ ʢʘʢ ʥʘʠʣʫʯʰʘʷ ʜʦʩʪʫʧʥʘʷ ʪʝʭʥʦʣʦʛʠʷ (ʅɼʊ) ʜʣʷ ʧʪʠʮʝʚʦʜʯʝʩʢʠʭ 

ʧʨʝʜʧʨʠʷʪʠʡ.  

ɺ ʪʘʙʣʠʮʝ 2 ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʜʨʫʛʠʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʧʝʨʝʨʘʙʦʪʢʠ ʥʘʚʦʟʘ ʠ ʧʦʤʝʪʘ [4, 5].  
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ʊʘʙʣʠʮʘ 2 ï ʇʝʨʩʧʝʢʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ  
ʅʘʟʚʘʥʠʝ, ʨʘʟʨʘʙʦʪʯʠʢ ʂʨʘʪʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ 

1 2 

ɺʝʨʤʠʢʦʤʧʦʩʪʠʨʦ-

ʚʘʥʠʝ 

ɺɻɹʆʋ ɺʆ 

ʆʨʝʥʙʫʨʛʩʢʠʡ ɻɸʋ 

ʕʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʝ, ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʝʝ, ʫʣʫʯʰʘʶʱʝʝ 

ʧʦʯʚʝʥʥʦʝ ʧʣʦʜʦʨʦʜʠʝ ʧʨʦʠʟʚʦʜʩʪʚʦ. 

ʊʝʭʥʦʣʦʛʠʠ 

ʫʩʢʦʨʝʥʥʦʛʦ 

ʢʦʤʧʦʩʪʠʨʦʚʘʥʠʷ ɻʂ 

çɸɹʆʅʆè 

ʈʘʟʨʘʙʦʪʘʥʳ ʠ ʚʥʝʜʨʝʥʳ ʫʥʠʢʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʢʦʤʧʦʩʪʠʨʦʚʘʥʠʷ 

ABONOÈ ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʅɼʊ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʙʳʩʪʨʦ ʠ 

ʵʬʬʝʢʪʠʚʥʦ ʦʙʝʟʚʨʝʞʠʚʘʪʴ ʦʨʛʘʥʠʯʝʩʢʠʝ ʦʪʭʦʜʳ ʠ ʧʦʣʫʯʘʪʴ ʠʟ 

ʥʠʭ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʝ ʫʜʦʙʨʝʥʠʷ. 

ʊʝʭʥʦʣʦʛʠʷ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ 

ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʫʜʦʙʨʝʥʠʡ ʩ 

ʚʳʨʘʙʦʪʢʦʡ ʙʠʦʛʘʟʘ ʠʟ 

ʥʘʚʦʟʥʳʭ ʩʪʦʢʦʚ 

ʌɻɹʆʋ ɺʆ ʉʘʤʘʨʩʢʠʡ 

ɻɸʋ 

ʆʙʝʩʧʝʯʠʚʘʝʪ ʩʦʢʨʘʱʝʥʠʝ ʩʨʦʢʦʚ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʫʜʦʙʨʝʥʠʡ; ʧʦʣʫʯʝʥʠʝ ʞʠʜʢʠʭ ʠ ʪʚʝʨʜʳʭ ʫʜʦʙʨʝʥʠʡ, ʙʠʦʛʘʟʘ. ɼʣʷ 

ʢʘʞʜʦʛʦ ʫʯʘʩʪʢʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʣʠʥʠʠ ʧʝʨʝʨʘʙʦʪʢʠ ʩʪʦʢʦʚ 

ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʟʘʧʘʪʝʥʪʦʚʘʥʳ ʥʦʚʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ.  

ʊʝʭʥʦʣʦʛʠʠ 

ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ 

ʆʆʆ çɹʠʦʢʦʤʧʣʝʢʩè 

ʇʨʠʤʝʥʷʝʪʩʷ ʨʘʟʜʝʣʝʥʠʝ ʥʘʚʦʟʘ ʥʘ ʬʨʘʢʮʠʠ, ʠʭ ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʝ ʠ 

ʚʥʝʩʝʥʠʝ. ʆʙʝʩʧʝʯʠʚʘʝʪ ʩʦʢʨʘʱʝʥʠʝ ʙʦʣʝʝ ʯʝʤ ʚ 2 ʨʘʟʘ ʦʙʲʝʤʘ 

ʚʳʜʝʣʝʥʠʡ ʚʨʝʜʥʳʭ ʛʘʟʦʚ, ʫʤʝʥʴʰʝʥʠʝ ʚ 1,5 ʨʘʟʘ ʧʣʦʱʘʜʠ 

ʩʘʥʠʪʘʨʥʦ-ʟʘʱʠʪʥʦʡ ʟʦʥʳ, ʫʚʝʣʠʯʝʥʠʝ ʚ 2-4 ʨʘʟʘ ʥʦʨʤʳ ʚʥʝʩʝʥʠʷ 

ʦʨʛʘʥʠʢʠ. ʊʚʝʨʜʘʷ ʬʨʘʢʮʠʷ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ 

ʚʝʨʪʠʢʘʣʴʥʳʭ ʙʠʦʨʝʘʢʪʦʨʘʭ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʦʡ ʧʦʜʩʪʠʣʢʠ. 

ʊʝʭʥʦʣʦʛʠʷ 

ʢʦʤʧʦʩʪʠʨʦʚʘʥʠʷ 

ʌɻɹʆʋ ɺʆ ʂʫʙʘʥʩʢʠʡ 

ɻɸʋ 

ɺ ʦʩʥʦʚʝ ʩʣʦʞʥʦʛʦ ʢʦʤʧʦʩʪʘ ʧʦʣʫʧʝʨʝʧʨʝʚʰʠʡ ʥʘʚʦʟ ʂʈʉ ʠ 

ʬʦʩʬʦʛʠʧʩ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 7:1. 

ʊʝʭʥʦʣʦʛʠʷ ʉʠʙʠʨʩʢʦʛʦ 

ʌʎ ʘʛʨʦʙʠʦʪʝʭʥʦʣʦʛʠʡ 

ʈɸʅ (ʉʌʅʎɸ ʈɸʅ) 

ʆʩʥʦʚʫ ʫʜʦʙʨʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ʧʪʠʯʠʡ ʧʦʤʝʪ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ 

ʧʦʪʦʯʥʦʡ ʩʪʝʨʠʣʠʟʘʮʠʠ ʠ ʜʦʙʘʚʣʝʥʠʷ ʧʨʦʙʠʦʪʠʢʦʚ. 

ʊʝʭʥʦʣʦʛʠʷ 

ʤʥʦʛʦʮʝʣʝʚʦʛʦ 

ʢʦʤʧʦʩʪʘ  

ɺʅʀʀʄɿ ï ʬʠʣʠʘʣ 

ʌɻɹʅʋ ʌʀʎ 

çʇʦʯʚʝʥʥʳʡ ʠʥʩʪʠʪʫʪ 

ʠʤ. ɺ.ɺ. ɼʦʢʫʯʘʝʚʘè 

ɺ ʦʩʥʦʚʝ ʪʝʭʥʦʣʦʛʠʠ ʘʵʨʦʙʥʘʷ ʬʝʨʤʝʥʪʘʮʠʷ ʨʘʟʥʦʦʙʨʘʟʥʦʛʦ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʳʨʴʷ (ʥʘʚʦʟʘ, ʧʦʤʝʪʘ ʠ ʜʨ.) ʚ ʩʧʝʮʠʘʣʴʥʳʭ 

ʢʘʤʝʨʘʭ-ʙʠʦʬʝʨʤʝʥʪʘʪʦʨʘʭ. ʉʦʚʦʢʫʧʥʦʩʪʴ ʩʚʦʡʩʪʚ ʧʦʣʫʯʘʝʤʦʛʦ 

ʢʦʤʧʦʩʪʘ ʧʦʟʚʦʣʷʝʪ ʦʪʥʝʩʪʠ ʝʛʦ ʢ ʢʘʪʝʛʦʨʠʠ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʡ. 

ʊʝʭʥʦʣʦʛʠʷ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ 

ʙʠʦʧʨʝʧʘʨʘʪʘ ɼʝʢʦʤʘʥ 

ʆʆʆ ɸʄ ɻʈʋʇʇ 

ɺ ʦʩʥʦʚʝ ʪʝʭʥʦʣʦʛʠʠ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʥʘʚʦʟ ʠ ʧʦʤʝʪ 

ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʙʠʦʧʨʝʧʘʨʘʪʘ. ʆʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʥʦʝ 

ʠʩʯʝʟʥʦʚʝʥʠʝ ʟʘʧʘʭʘ, ʦʩʫʰʝʥʠʝ, ʦʪʩʫʪʩʪʚʠʝ ʛʥʠʝʥʠʷ, ʙʳʩʪʨʦʝ 

ʩʘʤʦʧʨʝʩʩʦʚʘʥʠʝ, ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʧʘʪʦʛʝʥʥʳʭ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʵʢʦʥʦʤʠʶ ʨʝʩʫʨʩʦʚ.  

ʊʝʭʥʦʣʦʛʠʷ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ 

ʙʠʦʧʨʝʧʘʨʘʪʘ 

ʄʝʬʦʩʬʦʥ 

ʌɻɹʆʋ ɺʆ ʂʘʟʘʥʩʢʦʤ 

ɻɸʋ 

ʆʪʭʦʜʳ ʧʝʨʝʨʘʙʘʪʳʚʘʶʪʩʷ ʚ ʫʜʦʙʨʝʥʠʝ ʠ ʙʠʦʛʘʟ ʩ ʜʦʙʘʚʣʝʥʠʝʤ 

ʧʨʝʧʘʨʘʪʘ ʄʝʬʦʩʬʦʥ. ʇʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʩʫʭʫʶ 

ʤʘʩʩʫ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʦʪʭʦʜʘ ʠ ʫʤʝʥʴʰʠʪʴ 

ʩʦʜʝʨʞʘʥʠʝ ʧʘʪʦʛʝʥʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ Salmonella spp. ʠ 

Enterococcus spp., ʙʘʢʪʝʨʠʦʬʘʛʘ ʌʍ174, Ascarissuumova. ɺʳʭʦʜ 

ʙʠʦʛʘʟʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 25% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʦʥʪʨʦʣʴʥʦʛʦ ʩʫʙʩʪʨʘʪʘ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʧʨʝʧʘʨʘʪʘ. 
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ʊʝʭʥʦʣʦʛʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ 

ʧʦʜʩʪʠʣʢʠ 

ʌɻɹʆʋ ɺʆ ɺʷʪʩʢʠʡ 

ɻɸʋ 

ʈʝʘʣʠʟʫʝʪʩʷ ʚ ʙʠʦʨʝʘʢʪʦʨʥʳʭ ʫʩʪʘʥʦʚʢʘʭ, ʧʦʟʚʦʣʷʶʱʠʭ ʨʘʟʜʝʣʷʪʴ 

ʥʘʚʦʟʥʳʝ ʩʪʦʢʠ ʥʘ ʞʠʜʢʫʶ ʠ ʪʚʝʨʜʫʶ ʬʨʘʢʮʠʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʚʳʩʫʰʠʚʘʥʠʝʤ ʧʦʩʣʝʜʥʝʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 65-75ʦʉ ʚ ʫʩʣʦʚʠʷʭ 

ʘʵʨʘʮʠʠ. ʇʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʫʥʠʯʪʦʞʠʪʴ ʧʘʪʦʛʝʥʦʚ. 

ʊʝʭʥʦʣʦʛʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ 

ʛʨʫʥʪʦʚ ʥʦʚʦʛʦ 

ʧʦʢʦʣʝʥʠʷ 

ɿɸʆ çɸʛʨʦʢʦʤʧʣʝʢʩ 

çʆʨʝʜʝʞè ʆʆʆ 

çɹʠʦʟʝʤ ʆʨʝʜʝʞè 

ɺ ʦʩʥʦʚʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʝʭʥʦʣʦʛʠʠ ʫʩʢʦʨʝʥʥʦʡ ʙʠʦʬʝʨʤʝʥʪʘʮʠʠ. 

ʆʙʝʩʧʝʯʠʚʘʝʪ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʝ ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʝ ʧʦʤʝʪʘ ʠʣʠ 

ʥʘʚʦʟʘ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʭʠʤʠʢʘʪʦʚ ʠ ʧʨʝʚʦʩʭʦʜʠʪ ʧʦ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʢʘʯʝʩʪʚ ʠʩʭʦʜʥʦʝ ʩʳʨʴʝ ʚ 2-4 ʨʘʟʘ. ɿʘ ʧʝʨʠʦʜ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʷ ʤʥʦʛʦʢʨʘʪʥʦ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʘ. ʈʘʟʨʘʙʦʪʯʠʢ ʪʝʭʥʦʣʦʛʠʠ ï 

ʈʦʩʩʝʣʴʭʦʟʘʢʘʜʝʤʠʷ. 

ʋʩʢʦʨʝʥʥʘʷ 

ʧʝʨʝʨʘʙʦʪʢʘ ʪʚʝʨʜʦʛʦ 

ʥʘʚʦʟʘ 

ʀɸʕʇ ï ʬʠʣʠʘʣ 

ʌɻɹʅʋ ʌʅɸʎ ɺʀʄ 

ʈʝʘʣʠʟʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺʢʣʶʯʘʝʪ ʚ 

ʩʝʙʷ ʧʦʜʢʠʩʣʝʥʠʝ, ʬʣʦʢʫʣʷʮʠʶ ʠ ʨʘʟʜʝʣʝʥʠʝ ʥʘʚʦʟʘ ʥʘ ʬʨʘʢʮʠʠ ʚ 

ʜʝʢʘʥʪʝʨʥʦʡ ʮʝʥʪʨʠʬʫʛʝ, ʨʝʢʪʠʬʠʢʘʮʠʶ ʞʠʜʢʦʡ ʬʨʘʢʮʠʠ, 

ʧʘʩʩʠʚʥʦʝ ʢʦʤʧʦʩʪʠʨʦʚʘʥʠʝ ʪʚʝʨʜʦʡ ʬʨʘʢʮʠʠ, ʜʣʠʪʝʣʴʥʦʝ 

ʚʳʜʝʨʞʠʚʘʥʠʝ ʞʠʜʢʦʡ ʬʨʘʢʮʠʠ. ʇʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʪʚʝʨʜʦʝ 

ʦʨʛʘʥʠʯʝʩʢʦʝ ʫʜʦʙʨʝʥʠʝ, ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʫʶ ʞʠʜʢʦʩʪʴ 

(ʘʤʤʠʘʯʥʫʶ ʚʦʜʫ) ʠ ʞʠʜʢʦʩʪʴ ʜʣʷ ʫʜʦʙʨʠʪʝʣʴʥʳʭ ʧʦʣʠʚʦʚ. 

ɺʥʝʜʨʝʥʠʝ ʧʦʤʦʛʣʦ ʩʥʠʟʠʪʴ ʵʤʠʩʩʠʠ ʚ ʘʪʤʦʩʬʝʨʫ ʥʘ 10% ʟʘ ʩʯʝʪ 

ʩʦʭʨʘʥʥʦʩʪʠ ʘʟʦʪʘ, ʩʦʢʨʘʪʠʪʴ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʟʘʪʨʘʪʳ ʥʘ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʜʦʙʨʝʥʠʷ ʥʘ 47% ʧʦʩʨʝʜʩʪʚʦʤ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʚ ʤʝʥʴʰʝʤ ʦʙʲʝʤʝ, ʧʦʚʳʩʠʪʴ 

ʧʣʦʜʦʨʦʜʠʝ ʧʦʯʚ ʩ ʧʦʤʦʱʴʶ ʫʜʦʙʨʠʪʝʣʴʥʳʭ ʧʦʣʠʚʦʚ. 

 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ 2 ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʫʜʦʙʨʝʥʠʷ ʠʟ ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʞʠʚʦʪʥʳʭ 

ʠ ʧʪʠʮʳ ʥʘʚʦʟʘ ʠ ʧʦʤʝʪʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʭʦʟʷʡʩʪʚ ʨʝʘʣʠʟʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʠ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ. ɺʥʝʜʨʝʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʘʛʨʦʙʠʦʪʝʭʥʦʣʦʛʠʡ 

ʙʫʜʝʪ ʩʦʜʝʡʩʪʚʦʚʘʪʴ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʨʝʩʫʨʩʦʚ ʠ 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʦʪʨʘʟʠʪʩʷ ʥʘ ʨʘʟʚʠʪʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ. 
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https://microbio.pro/decoman?utm_source=yandex-direct&utm_medium=cpc&utm_campaign=dekoman&utm_term=%D0%BF%D1%80%D0%B5%D0%BF%D0%B0%D1%80%D0%B0%D1%82%20%D0%B4%D0%BB%D1%8F%20%D0%BF%D0%BE%D0%B4%D1%81%D1%82%D0%B8%D0%BB%D0%BA%D0%B8&yclid=11279520892349841407
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B%D0%BA%D0%B8&yclid=11279520892349841407, https://terra-

ecology.ru/katalog-produkcii/biopreparaty/biopreparaty-dlya-

nefteproduktov/biopreparat-dlya-ochistki-stochnyx-vod-multibac-

active/,https://biobac.ru/blog/obzor/biopreparaty-dlya-zhivotnovodstva-glubokaya-

nesmenyaemaya-podstilka-dlya-svinoferm/?ysclid=mazck3qlz6931665790, 

https://live-bacteria.ru/blog/obzory-tovarov/teplaya-fermentatsionnaya-

nesmenyaemaya-podstilka-dlya-korov/?ysclid=mazda637kj101071104 (ʜʘʪʘ 

ʦʙʨʘʱʝʥʠʷ: 04.06.2025). 

3. ʄʦʨʜʦʚʠʷ ʵʢʩʧʦʨʪ. ʇʝʨʚʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʧʨʦʜʫʢʪʳ [ʕʣʝʢʪʨʦʥʥʳʡ 

ʨʝʩʫʨʩ]. ï URL: https://mordoviaexport.ru/success-stories/pervye-organicheskie-

produkty-iz-mordovii-gotovy-otkryt-evropu-i-aziyu/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 04.06.2025). 

4. ʇʝʨʩʧʝʢʪʠʚʥʳʝ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʨʝʮʠʢʣʠʥʛʘ 

ʞʠʚʦʪʥʦʛʦ ʩʳʨʴʷ: ʘʥʘʣʠʪ. ʦʙʟʦʨ / ʃ.ɸ. ʅʝʤʝʥʫʱʘʷ ʠ ʜʨ. ï ʄ.: ʌɻɹʅʋ 

çʈʦʩʠʥʬʦʨʤʘʛʨʦʪʝʭè, 2024. ï 84 ʩ. 

5. ɹʦʛʜʘʥʯʠʢʦʚ, ʀ. ʖ. ʉʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ʙʫʜʫʱʝʛʦ / ʀ. ʖ. ɹʦʛʜʘʥʯʠʢʦʚ 

// ɺʝʩʪʥʠʢ ʉʦʚʝʪʘ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʈʷʟʘʥʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʘʛʨʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ʇ.ɸ. ʂʦʩʪʳʯʝʚʘ. ï 2021. ï ˉ 2(13). ï 

ʉ. 24-28.  
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ʊʦʞʠʙʦʝʚ ʐ.ʀ. ʫʛʣʠ,  

ʂʦʜʠʨʦʚ ɸ.ɻ. ʫʛʣʠ,  

ʈʝʤʙʘʣʦʚʠʯ ɻ.ʂ., ʜ-ʨ. ʪʝʭʥ. ʥʘʫʢ 

ʌɻɹʆʋ ɺʆ ʈɻɸʊʋ, ʛ. ʈʷʟʘʥʴ, ʈʌ 

 

ɸʅɸʃʀɿ ʉʆɺʈɽʄɽʅʅʓʍ ʄɸʐʀʅ ɼʃʗ ʇʆʉɸɼʂʀ ʂɸʈʊʆʌɽʃʗ 

 

ʂʘʨʪʦʬʝʣʝʧʦʩʘʜʦʯʥʳʝ ʤʘʰʠʥʳ ï ʵʪʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʘʷ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʪʝʭʥʠʢʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʡ 

ʧʦʩʘʜʢʠ ʢʣʫʙʥʝʡ ʢʘʨʪʦʬʝʣʷ ʩ ʩʦʙʣʶʜʝʥʠʝʤ ʟʘʜʘʥʥʦʡ ʛʣʫʙʠʥʳ, ʨʘʩʩʪʦʷʥʠʷ 

ʤʝʞʜʫ ʨʘʩʪʝʥʠʷʤʠ ʠ ʰʠʨʠʥʳ ʤʝʞʜʫʨʷʜʠʡ. ʀʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʦʚʳʰʘʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʫʜʘ, ʩʥʠʞʘʝʪ ʟʘʪʨʘʪʳ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʚʩʭʦʜʦʚ [1-7]. 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʢʘʨʪʦʬʝʣʝʩʘʞʘʣʦʢ 

ʇʦ ʪʠʧʫ ʚʳʩʝʚʘʶʱʝʛʦ ʘʧʧʘʨʘʪʘ 

ʃʦʞʝʯʥʳʝ (ʯʘʰʝʯʥʳʝ) ï ʠʩʧʦʣʴʟʫʶʪ ʚʨʘʱʘʶʱʠʝʩʷ ʣʦʞʢʠ ʠʣʠ ʯʘʰʠ, 

ʢʦʪʦʨʳʝ ʟʘʭʚʘʪʳʚʘʶʪ ʢʣʫʙʥʠ ʠʟ ʙʫʥʢʝʨʘ ʠ ʩʙʨʘʩʳʚʘʶʪ ʠʭ ʚ ʙʦʨʦʟʜʫ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ: ʇʦʜʭʦʜʷʪ ʜʣʷ ʩʨʝʜʥʠʭ ʠ ʢʨʫʧʥʳʭ ʢʣʫʙʥʝʡ, ʤʝʥʴʰʝ 

ʧʦʚʨʝʞʜʘʶʪ ʧʦʩʘʜʦʯʥʳʡ ʤʘʪʝʨʠʘʣ. 

ʅʝʜʦʩʪʘʪʢʠ: ʊʨʝʙʫʶʪ ʢʘʣʠʙʨʦʚʢʠ ʢʘʨʪʦʬʝʣʷ. 

ʇʣʦʩʢʦʨʝʤʝʥʥʳʝ ï ʢʣʫʙʥʠ ʧʦʜʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʨʝʟʠʥʦʚʳʭ ʣʝʥʪ ʩ 

ʷʯʝʡʢʘʤʠ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ: ɹʦʣʝʝ ʪʦʯʥʳʡ ʚʳʩʝʚ, ʤʝʥʴʰʝ ʧʨʦʧʫʩʢʦʚ. 

https://microbio.pro/decoman?utm_source=yandex-direct&utm_medium=cpc&utm_campaign=dekoman&utm_term=%D0%BF%D1%80%D0%B5%D0%BF%D0%B0%D1%80%D0%B0%D1%82%20%D0%B4%D0%BB%D1%8F%20%D0%BF%D0%BE%D0%B4%D1%81%D1%82%D0%B8%D0%BB%D0%BA%D0%B8&yclid=11279520892349841407
https://terra-ecology.ru/katalog-produkcii/biopreparaty/biopreparaty-dlya-nefteproduktov/biopreparat-dlya-ochistki-stochnyx-vod-multibac-active/,https:/biobac.ru/blog/obzor/biopreparaty-dlya-zhivotnovodstva-glubokaya-nesmenyaemaya-podstilka-dlya-svinoferm/?ysclid=mazck3qlz6931665790
https://terra-ecology.ru/katalog-produkcii/biopreparaty/biopreparaty-dlya-nefteproduktov/biopreparat-dlya-ochistki-stochnyx-vod-multibac-active/,https:/biobac.ru/blog/obzor/biopreparaty-dlya-zhivotnovodstva-glubokaya-nesmenyaemaya-podstilka-dlya-svinoferm/?ysclid=mazck3qlz6931665790
https://terra-ecology.ru/katalog-produkcii/biopreparaty/biopreparaty-dlya-nefteproduktov/biopreparat-dlya-ochistki-stochnyx-vod-multibac-active/,https:/biobac.ru/blog/obzor/biopreparaty-dlya-zhivotnovodstva-glubokaya-nesmenyaemaya-podstilka-dlya-svinoferm/?ysclid=mazck3qlz6931665790
https://terra-ecology.ru/katalog-produkcii/biopreparaty/biopreparaty-dlya-nefteproduktov/biopreparat-dlya-ochistki-stochnyx-vod-multibac-active/,https:/biobac.ru/blog/obzor/biopreparaty-dlya-zhivotnovodstva-glubokaya-nesmenyaemaya-podstilka-dlya-svinoferm/?ysclid=mazck3qlz6931665790
https://terra-ecology.ru/katalog-produkcii/biopreparaty/biopreparaty-dlya-nefteproduktov/biopreparat-dlya-ochistki-stochnyx-vod-multibac-active/,https:/biobac.ru/blog/obzor/biopreparaty-dlya-zhivotnovodstva-glubokaya-nesmenyaemaya-podstilka-dlya-svinoferm/?ysclid=mazck3qlz6931665790
https://live-bacteria.ru/blog/obzory-tovarov/teplaya-fermentatsionnaya-nesmenyaemaya-podstilka-dlya-korov/?ysclid=mazda637kj101071104
https://live-bacteria.ru/blog/obzory-tovarov/teplaya-fermentatsionnaya-nesmenyaemaya-podstilka-dlya-korov/?ysclid=mazda637kj101071104
https://mordoviaexport.ru/success-stories/pervye-organicheskie-produkty-iz-mordovii-gotovy-otkryt-evropu-i-aziyu/
https://mordoviaexport.ru/success-stories/pervye-organicheskie-produkty-iz-mordovii-gotovy-otkryt-evropu-i-aziyu/
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ʅʝʜʦʩʪʘʪʢʠ: ɺʦʟʤʦʞʥʳ ʧʦʚʨʝʞʜʝʥʠʷ ʢʣʫʙʥʝʡ. 

ɻʥʝʟʜʦʚʳʝ (ʧʥʝʚʤʘʪʠʯʝʩʢʠʝ) ï ʧʨʠʤʝʥʷʶʪ ʚʘʢʫʫʤʥʳʝ ʠʣʠ ʥʘʜʜʫʚʥʳʝ 

ʩʠʩʪʝʤʳ ʜʣʷ ʟʘʭʚʘʪʘ ʠ ʚʳʩʘʜʢʠ ʢʣʫʙʥʝʡ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʃʦʞʝʯʥʘʷ ʢʘʨʪʦʬʝʣʝʩʘʞʘʣʢʘ 

 

ʇʨʝʠʤʫʱʝʩʪʚʘ: ɺʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ, ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʩ ʤʝʣʢʠʤʠ 

ʢʣʫʙʥʷʤʠ. 

ʅʝʜʦʩʪʘʪʢʠ: ʉʣʦʞʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ, ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ. 

 

 
ʈʠʩʫʥʦʢ 2 ï ɻʥʝʟʜʦʚʘʷ ʢʘʨʪʦʬʝʣʝʩʘʞʘʣʢʘ 
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ʇʦ ʩʧʦʩʦʙʫ ʘʛʨʝʛʘʪʠʨʦʚʘʥʠʷ: 

ʅʘʚʝʩʥʳʝ ï ʢʨʝʧʷʪʩʷ ʢ ʪʨʘʢʪʦʨʫ ʯʝʨʝʟ ʪʨʸʭʪʦʯʝʯʥʫʶ ʥʘʚʝʩʢʫ. 

ʇʦʣʫʥʘʚʝʩʥʳʝ ï ʯʘʩʪʠʯʥʦ ʦʧʠʨʘʶʪʩʷ ʥʘ ʩʦʙʩʪʚʝʥʥʳʝ ʢʦʣʸʩʘ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ: ʂʦʤʧʘʢʪʥʦʩʪʴ, ʤʘʥʸʚʨʝʥʥʦʩʪʴ. 

ʅʝʜʦʩʪʘʪʢʠ: ʄʝʥʴʰʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. 

ʇʨʠʮʝʧʥʳʝ ï ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʥʦʤʥʳʝ, ʩ ʩʦʙʩʪʚʝʥʥʳʤ ʭʦʜʦʚʳʤ 

ʤʝʭʘʥʠʟʤʦʤ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ: ɺʳʩʦʢʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʩ 

ʙʦʣʴʰʠʤʠ ʦʙʲʸʤʘʤʠ. 

ʅʝʜʦʩʪʘʪʢʠ: ʊʨʝʙʫʶʪ ʤʦʱʥʦʛʦ ʪʨʘʢʪʦʨʘ. 

ʇʦ ʢʦʣʠʯʝʩʪʚʫ ʨʷʜʦʚ: 

ʆʜʥʦʨʷʜʥʳʝ ï ʜʣʷ ʥʝʙʦʣʴʰʠʭ ʭʦʟʷʡʩʪʚ, ʤʘʣʳʭ ʪʨʘʢʪʦʨʦʚ. 

ɼʚʫʭʨʷʜʥʳʝ ï ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʡ ʚʘʨʠʘʥʪ. 

ʏʝʪʳʨʝʭʨʷʜʥʳʝ ʠ ʙʦʣʝʝ ï ʜʣʷ ʢʨʫʧʥʳʭ ʘʛʨʦʭʦʣʜʠʥʛʦʚ, ʪʨʝʙʫʶʪ ʤʦʱʥʦʡ 

ʪʷʛʠ. 

 

ʊʘʙʣʠʮʘ 1 ï ʉʦʚʨʝʤʝʥʥʳʝ ʤʦʜʝʣʠ ʪʝʭʥʠʢʠ 
ʄʦʜʝʣʴ ʊʠʧ ʂʦʣ-ʚʦ 

ʨʷʜʦʚ 

ʆʩʦʙʝʥʥʦʩʪʠ 

Grimme GL 420 ʇʦʣʫʥʘʚʝʩʥʘʷ 4 ʇʥʝʚʤʘʪʠʯʝʩʢʠʡ ʚʳʩʝʚ, ʙʫʥʢʝʨ 

5 ʪ 

ɸʉ-4 ʅʘʚʝʩʥʘʷ 4 ʃʦʞʝʯʥʳʡ ʚʳʩʝʚ, ʧʨʦʩʪʦʪʘ 

ʢʦʥʩʪʨʫʢʮʠʠ 

Kverneland Optima 4 ʇʨʠʮʝʧʥʘʷ 4 ʕʣʝʢʪʨʦʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ, 

ʪʦʯʥʳʡ ʚʳʩʝʚ 

ʂʉ-1 ʅʘʚʝʩʥʘʷ 1 ɹʶʜʞʝʪʥʳʡ ʚʘʨʠʘʥʪ ʜʣʷ ʤʘʣʳʭ 

ʭʦʟʷʡʩʪʚ 

 

ʉʦʚʨʝʤʝʥʥʦʝ ʢʘʨʪʦʬʝʣʝʚʦʜʩʪʚʦ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ, ʚʥʝʜʨʷʷ 

ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʠ ʪʝʭʥʦʣʦʛʠʠ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʧʦʚʳʰʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʩʥʠʞʝʥʠʝ ʟʘʪʨʘʪ ʠ ʤʠʥʠʤʠʟʘʮʠʶ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ 

ʩʨʝʜʫ. 

1. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʠ ʮʠʬʨʦʚʠʟʘʮʠʷ 

ɹʫʜʫʱʝʝ ʧʦʩʘʜʢʠ ʢʘʨʪʦʬʝʣʷ ʩʚʷʟʘʥ rʩ ʛʣʫʙʦʢʦʡ ʠʥʪʝʛʨʘʮʠʝʡ ʮʠʬʨʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ. ʋʤʥʳʝ ʢʘʨʪʦʬʝʣʝʩʘʞʘʣʢʠ, ʦʩʥʘʱʸʥʥʳʝ ʩʠʩʪʝʤʘʤʠ GPS-ʥʘʚʠʛʘʮʠʠ 

ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʧʦʟʚʦʣʷʶʪ ʜʦʙʠʪʴʩʷ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʚʳʩʝʚʘ, 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʣʫʙʥʝʡ ʠ ʤʠʥʠʤʠʟʘʮʠʠ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ. 

ɼʘʪʯʠʢʠ ʢʦʥʪʨʦʣʷ ʛʣʫʙʠʥʳ, ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ ʠ ʢʘʯʝʩʪʚʘ ʧʦʩʘʜʢʠ ʚ ʨʝʘʣʴʥʦʤ 

ʚʨʝʤʝʥʠ ʧʦʤʦʛʘʶʪ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ, ʧʦʚʳʰʘʷ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʚʩʭʦʜʦʚ. 

2. ʈʦʙʦʪʠʟʘʮʠʷ ʠ ʘʚʪʦʥʦʤʥʘʷ ʪʝʭʥʠʢʘ 

ʈʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʘʚʪʦʥʦʤʥʳʝ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʝ ʧʣʘʪʬʦʨʤʳ, ʩʧʦʩʦʙʥʳʝ 

ʚʳʧʦʣʥʷʪʴ ʧʦʩʘʜʢʫ ʙʝʟ ʫʯʘʩʪʠʷ ʦʧʝʨʘʪʦʨʘ. ʊʘʢʠʝ ʤʘʰʠʥʳ ʠʩʧʦʣʴʟʫʶʪ 

ʢʦʤʧʴʶʪʝʨʥʦʝ ʟʨʝʥʠʝ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʜʣʷ ʘʥʘʣʠʟʘ ʩʦʩʪʦʷʥʠʷ ʧʦʯʚʳ, 

ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʤʝʩʪ ʚʳʩʘʜʢʠ ʠ ʜʘʞʝ ʦʪʙʨʘʢʦʚʢʠ ʧʦʚʨʝʞʜʸʥʥʳʭ 
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ʢʣʫʙʥʝʡ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʤʘʣʳʭ ʠ ʩʨʝʜʥʠʭ ʭʦʟʷʡʩʪʚ, ʛʜʝ 

ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʫʶ ʪʝʭʥʠʢʫ. 

3. ʇʨʝʮʠʟʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʘʜʘʧʪʠʚʥʳʝ ʩʠʩʪʝʤʳ 

ʉʦʚʝʨʰʝʥʩʪʚʫʶʪʩʷ ʤʝʪʦʜʳ ʪʦʯʥʦʛʦ ʟʝʤʣʝʜʝʣʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʫʯʠʪʳʚʘʪʴ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʧʦʣʷ. ʄʦʜʫʣʴʥʳʝ ʢʘʨʪʦʬʝʣʝʩʘʞʘʣʢʠ ʩ ʠʟʤʝʥʷʝʤʦʡ ʛʝʦʤʝʪʨʠʝʡ 

ʧʦʩʘʜʢʠ ʧʦʜʩʪʨʘʠʚʘʶʪʩʷ ʧʦʜ ʪʠʧ ʧʦʯʚʳ, ʨʝʣʴʝʬ ʠ ʘʛʨʦʬʦʥ. ʈʘʟʚʠʚʘʶʪʩʷ 

ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʛʦ ʚʳʩʝʚʘ, ʢʦʛʜʘ ʥʦʨʤʘ ʧʦʩʘʜʢʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʨʝʛʫʣʠʨʫʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʦʥʘʣʴʥʦʡ ʧʣʦʜʦʨʦʜʥʦʩʪʠ, ʯʪʦ ʩʥʠʞʘʝʪ 

ʧʝʨʝʨʘʩʭʦʜ ʩʝʤʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

4. ʕʢʦʣʦʛʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ 

ɺʥʝʜʨʷʶʪʩʷ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ, ʪʘʢʠʝ ʢʘʢ No-Till ʠ Strip-

Till, ʤʠʥʠʤʠʟʠʨʫʶʱʠʝ ʥʘʨʫʰʝʥʠʝ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʳʭ ʤʫʣʴʯʠʨʫʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʦʢʨʦʚʥʳʭ ʧʣʸʥʦʢ ʧʦʤʦʛʘʝʪ 

ʩʦʭʨʘʥʷʪʴ ʚʣʘʛʫ ʠ ʧʦʜʘʚʣʷʪʴ ʩʦʨʥʷʢʠ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʛʝʨʙʠʮʠʜʦʚ. ʊʘʢʞʝ 

ʨʘʟʚʠʚʘʶʪʩʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʘʛʨʝʛʘʪʳ, ʩʦʚʤʝʱʘʶʱʠʝ ʧʦʩʘʜʢʫ ʩ ʣʦʢʘʣʴʥʳʤ 

ʚʥʝʩʝʥʠʝʤ ʦʨʛʘʥʠʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʡ ʠ ʙʠʦʧʨʝʧʘʨʘʪʦʚ. 

5. ɻʠʙʨʠʜʥʳʝ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʤʘʰʠʥʳ 

ɺ ʫʩʣʦʚʠʷʭ ʨʦʩʪʘ ʮʝʥ ʥʘ ʪʦʧʣʠʚʦ ʠ ʫʞʝʩʪʦʯʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʥʦʨʤ 

ʧʦʷʚʣʷʶʪʩʷ ʢʘʨʪʦʬʝʣʝʩʘʞʘʣʢʠ ʩ ʛʠʙʨʠʜʥʳʤʠ ʠ ʧʦʣʥʦʩʪʴʶ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ 

ʜʚʠʛʘʪʝʣʷʤʠ. ʕʪʦ ʩʥʠʞʘʝʪ ʚʳʙʨʦʩʳ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ, ʦʩʦʙʝʥʥʦ ʚ 

ʪʝʧʣʠʯʥʳʭ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʭʦʟʷʡʩʪʚʘʭ. 

6. ʉʝʣʝʢʮʠʷ ʠ ʘʜʘʧʪʘʮʠʷ ʧʦʩʘʜʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʉʦʚʨʝʤʝʥʥʳʝ ʩʦʨʪʘ ʢʘʨʪʦʬʝʣʷ ʩʪʘʥʦʚʷʪʩʷ ʙʦʣʝʝ ʪʨʝʙʦʚʘʪʝʣʴʥʳʤʠ ʢ 

ʫʩʣʦʚʠʷʤ ʧʦʩʘʜʢʠ, ʯʪʦ ʩʪʠʤʫʣʠʨʫʝʪ ʨʘʟʨʘʙʦʪʢʫ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʤʘʰʠʥ. 

ʅʘʧʨʠʤʝʨ, ʜʣʷ ʤʠʥʠ-ʢʣʫʙʥʝʡ ʠ ʩʝʤʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʧʨʦʨʦʩʪʢʘʤʠ ʩʦʟʜʘʶʪʩʷ 

ʱʘʜʷʱʠʝ ʩʠʩʪʝʤʳ ʚʳʩʝʚʘ, ʘ ʜʣʷ ʢʣʦʥʘʣʴʥʦʛʦ ʤʠʢʨʦʨʘʟʤʥʦʞʝʥʠʷ ï 

ʚʳʩʦʢʦʪʦʯʥʳʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʣʠʥʠʠ. 

ʊʝʭʥʦʣʦʛʠʠ ʧʦʩʘʜʢʠ ʢʘʨʪʦʬʝʣʷ ʜʚʠʞʫʪʩʷ ʚ ʩʪʦʨʦʥʫ ʘʚʪʦʥʦʤʥʦʩʪʠ, 

ʪʦʯʥʦʩʪʠ ʠ ʵʢʦʣʦʛʠʯʥʦʩʪʠ. ɺ ʙʣʠʞʘʡʰʠʝ ʛʦʜʳ ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʤʘʩʩʦʚʦʛʦ 

ʚʥʝʜʨʝʥʠʷ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ 

ʫʩʪʦʡʯʠʚʳʭ ʘʛʨʦʧʨʠʸʤʦʚ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʫʚʝʣʠʯʠʪʴ ʫʨʦʞʘʡʥʦʩʪʴ ʧʨʠ 

ʩʦʢʨʘʱʝʥʠʠ ʨʝʩʫʨʩʦʧʦʪʨʝʙʣʝʥʠʷ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚ ʫʩʣʦʚʠʷʭ ʛʣʦʙʘʣʴʥʳʭ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʠ ʨʘʩʪʫʱʝʛʦ ʩʧʨʦʩʘ ʥʘ ʧʨʦʜʦʚʦʣʴʩʪʚʠʝ. 
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ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, 2024. ï 118 ʩ.  

 

 

ʋɼʂ 631.3 

ʊʦʞʠʙʦʝʚ ʐ.ʀ. ʫʛʣʠ,  

ʂʦʜʠʨʦʚ ɸ.ɻ. ʫʛʣʠ,  

ʈʝʤʙʘʣʦʚʠʯ ɻ.ʂ., ʜ-ʨ. ʪʝʭʥ. ʥʘʫʢ 

ʌɻɹʆʋ ɺʆ ʈɻɸʊʋ, ʛ. ʈʷʟʘʥʴ, ʈʌ 

 

ɸʅɸʃʀɿ ʉʆɺʈɽʄɽʅʅʓʍ ʉɽʃʔʍʆɿʄɸʐʀʅ  

ɼʃʗ ʋɹʆʈʂʀ ʂɸʈʊʆʌɽʃʗ 

 

ʉʦʚʨʝʤʝʥʥʳʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʤʘʰʠʥʳ ʜʣʷ ʫʙʦʨʢʠ ʢʘʨʪʦʬʝʣʷ 

ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʧʦʚʳʰʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ. ɺ ʫʩʣʦʚʠʷʭ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʦʙʦʩʥʦʚʘʥʘ ʩʣʝʜʫʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ [1-7]. 
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ʂʘʨʪʦʬʝʣʴ ʦʩʪʘʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ 

ʚ ʤʠʨʝ, ʦʩʦʙʝʥʥʦ ʚ ʈʦʩʩʠʠ, ʛʜʝ ʦʥ ʚʭʦʜʠʪ ʚ ʯʠʩʣʦ ʦʩʥʦʚʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ. 

ʋʚʝʣʠʯʝʥʠʝ ʧʦʪʨʝʙʣʝʥʠʷ ʪʨʝʙʫʝʪ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʫʙʦʨʢʠ, ʯʪʦʙʳ 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʧʦʪʝʨʠ ʠ ʧʦʚʳʩʠʪʴ ʫʨʦʞʘʡʥʦʩʪʴ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʢʘʨʪʦʬʝʣʝʫʙʦʨʦʯʥʳʝ ʢʦʤʙʘʡʥʳ ʦʩʥʘʱʘʶʪʩʷ ʩʠʩʪʝʤʘʤʠ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ, GPS-ʥʘʚʠʛʘʮʠʝʡ, ʜʘʪʯʠʢʘʤʠ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʫʙʦʨʢʠ. ɸʥʘʣʠʟ 

ʠʭ ʨʘʙʦʪʳ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʤʦʜʝʣʠ ʠ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ 

ʨʘʟʥʳʭ ʪʠʧʦʚ ʧʦʯʚ ʠ ʭʦʟʷʡʩʪʚ. ʂʘʯʝʩʪʚʝʥʥʳʝ ʫʙʦʨʦʯʥʳʝ ʤʘʰʠʥʳ ʫʤʝʥʴʰʘʶʪ 

ʧʦʚʨʝʞʜʝʥʠʝ ʢʣʫʙʥʝʡ, ʯʪʦ ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ ʪʦʚʘʨʥʳʡ ʚʠʜ ʠ ʩʨʦʢ ʭʨʘʥʝʥʠʷ 

ʢʘʨʪʦʬʝʣʷ. ɸʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʤʦʜʝʣʝʡ ʧʦʤʦʛʘʝʪ ʚʳʙʨʘʪʴ ʪʝʭʥʠʢʫ ʩ 

ʥʘʠʤʝʥʴʰʠʤ ʧʨʦʮʝʥʪʦʤ ʧʦʪʝʨʴ. 

ʅʦʚʳʝ ʤʦʜʝʣʠ ʩʝʣʴʭʦʟʤʘʰʠʥ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʩ ʫʯʝʪʦʤ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʪʨʝʙʦʚʘʥʠʡ: ʩʥʠʞʝʥʠʝ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ, ʫʤʝʥʴʰʝʥʠʝ ʫʧʣʦʪʥʝʥʠʷ ʧʦʯʚʳ, 

ʧʨʠʤʝʥʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʛʠʙʨʠʜʥʳʭ ʜʚʠʛʘʪʝʣʝʡ. 

ʌʝʨʤʝʨʳ ʠ ʘʛʨʦʭʦʣʜʠʥʛʠ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʧʝʨʝʜʦʚʫʶ ʪʝʭʥʠʢʫ, ʧʦʣʫʯʘʶʪ 

ʧʨʝʠʤʫʱʝʩʪʚʦ ʥʘ ʨʳʥʢʝ ʟʘ ʩʯʝʪ ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ 

ʧʨʦʜʫʢʮʠʠ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʫʙʦʨʢʠ ʢʘʨʪʦʬʝʣʷ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʨʘʟʣʠʯʥʳʝ 

ʪʠʧʳ ʤʘʰʠʥ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, 

ʤʠʥʠʤʠʟʘʮʠʶ ʧʦʚʨʝʞʜʝʥʠʷ ʢʣʫʙʥʝʡ ʠ ʩʥʠʞʝʥʠʝ ʪʨʫʜʦʟʘʪʨʘʪ. ʆʩʥʦʚʥʳʝ ʚʠʜʳ 

ʪʝʭʥʠʢʠ: 

ʂʘʨʪʦʬʝʣʝʢʦʧʘʪʝʣʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʯʘʩʪʠʯʥʦʡ ʤʝʭʘʥʠʟʘʮʠʠ ʫʙʦʨʢʠ ï 

ʧʦʜʢʘʧʳʚʘʶʪ ʢʫʩʪʳ ʠ ʚʳʢʣʘʜʳʚʘʶʪ ʢʣʫʙʥʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ 

ʨʫʯʥʦʛʦ ʩʙʦʨʘ. ʉʫʱʝʩʪʚʫʶʪ ʩʣʝʜʫʶʱʠʝ ʪʠʧʳ: 

ʆʜʥʦʨʷʜʥʳʝ ʠ ʤʥʦʛʦʨʷʜʥʳʝ ï ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʰʠʨʠʥʳ ʟʘʭʚʘʪʘ. 

ɺʠʙʨʘʮʠʦʥʥʳʝ (ʛʨʦʭʦʪʥʳʝ) ï ʦʩʥʘʱʝʥʳ ʚʠʙʨʠʨʫʶʱʝʡ ʨʝʰʝʪʢʦʡ ʜʣʷ 

ʦʪʜʝʣʝʥʠʷ ʢʣʫʙʥʝʡ ʦʪ ʧʦʯʚʳ. 

ʊʨʘʥʩʧʦʨʪʝʨʥʳʝ ï ʠʤʝʶʪ ʣʝʥʪʫ ʜʣʷ ʧʦʜʘʯʠ ʢʘʨʪʦʬʝʣʷ ʚ ʪʘʨʫ ʠʣʠ ʥʘ 

ʩʦʨʪʠʨʦʚʢʫ. 

ʇʨʠʤʝʨʳ ʤʦʜʝʣʝʡ: 

Grimme GL 34 (ɻʝʨʤʘʥʠʷ) 

ɸʂʂ-3 (ʈʦʩʩʠʷ) 

ʂʘʨʪʦʬʝʣʝʫʙʦʨʦʯʥʳʝ ʢʦʤʙʘʡʥʳ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʟʠʨʫʶʪ ʧʨʦʮʝʩʩ 

ʫʙʦʨʢʠ: ʧʦʜʢʘʧʳʚʘʶʪ ʢʫʩʪʳ, ʦʪʜʝʣʷʶʪ ʢʣʫʙʥʠ ʦʪ ʙʦʪʚʳ ʠ ʧʦʯʚʳ, ʩʦʨʪʠʨʫʶʪ ʠ 

ʟʘʛʨʫʞʘʶʪ ʚ ʙʫʥʢʝʨ ʠʣʠ ʪʨʘʥʩʧʦʨʪ. 

ʊʠʧʳ: 

ʇʨʠʮʝʧʥʳʝ ï ʘʛʨʝʛʘʪʠʨʫʶʪʩʷ ʩ ʪʨʘʢʪʦʨʦʤ. 

ʉʘʤʦʭʦʜʥʳʝ ï ʙʦʣʝʝ ʤʦʱʥʳʝ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ. 

ʂʣʶʯʝʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʤʙʘʡʥʘʭ: 

ʉʝʧʘʨʠʨʫʶʱʠʝ ʩʠʩʪʝʤʳ (ʙʘʨʘʙʘʥʳ, ʵʣʝʚʘʪʦʨʳ, ʨʦʣʠʢʦʚʳʝ ʩʪʦʣʳ) ïʜʣʷ 

ʦʯʠʩʪʢʠ ʢʣʫʙʥʝʡ ʦʪ ʟʝʤʣʠ ʠ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʦʚ. 

ʆʧʪʠʯʝʩʢʠʝ ʩʦʨʪʠʨʦʚʱʠʢʠ ï ʫʜʘʣʷʶʪ ʧʦʚʨʝʞʜʝʥʥʳʝ ʠ ʟʝʣʝʥʳʝ ʢʣʫʙʥʠ. 

GPS-ʥʘʚʠʛʘʮʠʷ ï ʜʣʷ ʪʦʯʥʦʛʦ ʚʦʞʜʝʥʠʷ ʠ ʫʯʝʪʘ ʫʨʦʞʘʷ. 

ʇʨʠʤʝʨʳ ʤʦʜʝʣʝʡ: 
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Grimme SE 150-60 (ɻʝʨʤʘʥʠʷ) ï ʩʘʤʦʭʦʜʥʳʡ, ʩ ʙʫʥʢʝʨʦʤ ʜʦ 8 ʪʦʥʥ. 

Ropa Euro-Tiger (ɻʝʨʤʘʥʠʷ) ï ʤʦʱʥʳʡ, ʩ ʩʠʩʪʝʤʦʡ ʟʘʱʠʪʳ ʦʪ 

ʧʦʚʨʝʞʜʝʥʠʡ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï Grimme GL 34 

 

ɸʛʨʦʤʘʰ 6224 (ʈʦʩʩʠʷ) ï ʧʨʠʮʝʧʥʦʡ, ʜʣʷ ʩʨʝʜʥʠʭ ʭʦʟʷʡʩʪʚ. 

ʉʘʤʦʭʦʜʥʳʝ ʠ ʥʘʚʝʩʥʳʝ ʢʘʨʪʦʬʝʣʝʩʦʨʪʠʨʦʚʱʠʢʠ 

ʀʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʦʩʣʝʫʙʦʨʦʯʥʦʡ ʦʙʨʘʙʦʪʢʠ: ʦʯʠʩʪʢʠ, ʢʘʣʠʙʨʦʚʢʠ ʠ 

ʩʦʨʪʠʨʦʚʢʠ ʢʣʫʙʥʝʡ. 

ʇʨʠʤʝʨʳ: 

Grimme CS 150 ï ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʩʦʨʪʠʨʦʚʢʘ ʧʦ ʨʘʟʤʝʨʫ. 

ʂʉʇ-15ɹ ï ʜʣʷ ʤʘʣʳʭ ʠ ʩʨʝʜʥʠʭ ʬʝʨʤ. 

 

 
 

ʈʠʩʫʥʦʢ 2 ʂʉʇ-15ɹ 
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ʈʦʙʦʪʠʟʠʨʦʚʘʥʥʳʝ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʤʘʰʠʥʳ [8-9]: 

ɸʚʪʦʥʦʤʥʳʝ ʢʦʤʙʘʡʥʳ (ʥʘʧʨʠʤʝʨ, AgXeed) ï ʨʘʙʦʪʘʶʪ ʙʝʟ ʦʧʝʨʘʪʦʨʘ. 

ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʢʘʨʪʦʬʝʣʝʢʦʧʘʪʝʣʠ ï ʵʢʦʣʦʛʠʯʥʳʝ ʨʝʰʝʥʠʷ ʜʣʷ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʟʝʤʣʝʜʝʣʠʷ. 

 

 
 

ʈʠʩʫʥʦʢ 3 ï ɸʚʪʦʥʦʤʥʳʡ ʢʦʤʙʘʡʥ AgXeed 

 

ɸʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ ʜʣʷ ʫʙʦʨʢʠ ʢʘʨʪʦʬʝʣʷ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʠʭ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʧʦʚʳʰʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʉʝʛʦʜʥʷʰʥʠʡ ʨʳʥʦʢ ʧʨʝʜʣʘʛʘʝʪ ʰʠʨʦʢʠʡ 

ʩʧʝʢʪʨ ʪʝʭʥʠʢʠ ï ʦʪ ʧʨʦʩʪʳʭ ʢʘʨʪʦʬʝʣʝʢʦʧʘʪʝʣʝʡ ʜʦ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ 

ʩʘʤʦʭʦʜʥʳʭ ʢʦʤʙʘʡʥʦʚ ʩ ʩʠʩʪʝʤʘʤʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʩʦʨʪʠʨʦʚʢʠ. 

ɼʘʣʴʥʝʡʰʝʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʢʘʨʪʦʬʝʣʝʫʙʦʨʦʯʥʦʡ ʪʝʭʥʠʢʠ ʙʫʜʝʪ 

ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʚʥʝʜʨʝʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ ʜʣʷ ʘʥʘʣʠʟʘ ʢʘʯʝʩʪʚʘ ʫʨʦʞʘʷ ʠ ʨʘʩʰʠʨʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʘʚʪʦʥʦʤʥʦʡ ʨʘʙʦʪʳ. ɺʥʝʜʨʝʥʠʝ ʪʘʢʠʭ ʨʝʰʝʥʠʡ ʧʦʟʚʦʣʠʪ ʩʝʣʴʭʦʟʧʨʝʜʧʨʠʷʪʠʷʤ 

ʧʦʚʳʩʠʪʴ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʥʘ ʨʳʥʢʝ ʠ ʦʙʝʩʧʝʯʠʪʴ ʩʪʘʙʠʣʴʥʦ ʚʳʩʦʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʫʨʦʞʘʡʥʦʩʪʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʡ ʪʝʭʥʠʢʠ ʜʦʣʞʝʥ ʦʩʥʦʚʳʚʘʪʴʩʷ ʥʘ 

ʘʥʘʣʠʟʝ ʧʦʯʚʝʥʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʤʘʩʰʪʘʙʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʙʦʨʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ.  

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 
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ʋɼʂ 004.852:378.147:631.3   

ɿʘʛʠʪʦʚ ʅ.ʄ. 

ʌɻɹʆʋ ɺʆ ɹʘʰʢʠʨʩʢʠʡ ɻɸʋ, ʛ. ʋʬʘ, ʈʌ 

 

ʃɸɹʆʈɸʊʆʈʅʓʁ ʉʊɽʅɼ ɼʃʗ ʀʉʉʃɽɼʆɺɸʅʀʗ  

ʕʅɽʈɻɽʊʀʏɽʉʂʀʍ ʇɸʈɸʄɽʊʈʆɺ  

ɹɽʉʂʆʃʃɽʂʊʆʈʅʆɻʆ ɼɺʀɻɸʊɽʃʗ ʇʆʉʊʆʗʅʅʆɻʆ ʊʆʂɸ 

 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʵʣʝʢʪʨʦʪʝʭʥʠʢʠ ʠ ʵʥʝʨʛʝʪʠʢʠ ʩʚʷʟʘʥʳ ʩ 

ʘʢʪʠʚʥʳʤ ʚʥʝʜʨʝʥʠʝʤ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ, ʩʨʝʜʠ 

ʢʦʪʦʨʳʭ ʦʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʶʪ ʙʝʩʢʦʣʣʝʢʪʦʨʥʳʝ ʜʚʠʛʘʪʝʣʠ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ 

(ɹɼʇʊ). ɼʘʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʙʣʘʛʦʜʘʨʷ ʦʪʩʫʪʩʪʚʠʶ ʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʢʦʤʤʫʪʘʪʦʨʘ, ʦʙʣʘʜʘʶʪ ʧʦʚʳʰʝʥʥʦʡ ʥʘʜʝʞʥʦʩʪʴʶ, ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʠ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʘʙʦʪʳ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʩʢʦʨʦʩʪʝʡ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ 

ʥʝʟʘʤʝʥʠʤʳʤʠ ʚ ʪʘʢʠʭ ʦʙʣʘʩʪʷʭ, ʢʘʢ ʵʣʝʢʪʨʦʤʦʙʠʣʝʩʪʨʦʝʥʠʝ, ʨʦʙʦʪʦʪʝʭʥʠʢʘ, 

ʘʚʠʘʮʠʦʥʥʘʷ ʪʝʭʥʠʢʘ ʠ ʩʠʩʪʝʤʳ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʠ. ʆʜʥʘʢʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ɹɼʇʊ ʪʨʝʙʫʶʪ ʛʣʫʙʦʢʦʛʦ ʧʦʥʠʤʘʥʠʷ ʠʭ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʜʣʷ 

ʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷ.   

ɺ ʫʩʣʦʚʠʷʭ ʘʢʘʜʝʤʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʦʩʦʙʝʥʥʦ ʥʘ ʢʘʬʝʜʨʘʭ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ ʠ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʫ ʩʪʫʜʝʥʪʦʚ 

ʢʦʤʧʝʪʝʥʮʠʡ ʚ ʦʙʣʘʩʪʠ ʘʥʘʣʠʟʘ ʠ ʫʧʨʘʚʣʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʤʠ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘʤʠ 

ʩʪʘʥʦʚʠʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʫʯʝʙʥʳʝ ʧʨʦʛʨʘʤʤʳ ʟʘʯʘʩʪʫʶ 

ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʠʟʫʯʝʥʠʝʤ ʧʨʠʥʮʠʧʦʚ ʨʘʙʦʪʳ ɹɼʇʊ, ʯʪʦ ʥʝ 

ʧʦʟʚʦʣʷʝʪ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʦʩʚʦʠʪʴ ʤʝʪʦʜʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʠ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʩʦʟʜʘʥʠʝ ʣʘʙʦʨʘʪʦʨʥʦʛʦ 

ʩʪʝʥʜʘ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ɹɼʇʊ, ʧʨʠʦʙʨʝʪʘʝʪ ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ. ʊʘʢʦʡ ʩʪʝʥʜ ʥʝ ʪʦʣʴʢʦ ʜʦʧʦʣʥʷʝʪ 

ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʧʦʜʛʦʪʦʚʢʫ, ʥʦ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʢʦʤʩʪʚʦ ʩ 

ʤʝʪʦʜʠʢʘʤʠ ʠʟʤʝʨʝʥʠʡ, ʦʙʨʘʙʦʪʢʦʡ ʜʘʥʥʳʭ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʝʡ ʨʝʟʫʣʴʪʘʪʦʚ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʩʦʚʨʝʤʝʥʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʩʪʘʥʜʘʨʪʦʚ.   

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʩʪʝʥʜʘ ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ɹɼʇʊ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ. ʉʪʝʥʜ 

ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ ʢʣʶʯʝʚʳʝ ʧʦʢʘʟʘʪʝʣʠ, ʪʘʢʠʝ ʢʘʢ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ 

ʜʝʡʩʪʚʠʷ (ʂʇɼ), ʧʦʪʨʝʙʣʷʝʤʘʷ ʤʦʱʥʦʩʪʴ, ʤʝʭʘʥʠʯʝʩʢʘʷ ʠ ʨʝʛʫʣʠʨʦʚʦʯʥʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ, ʘ ʪʘʢʞʝ ʪʝʧʣʦʚʳʝ 

ʨʝʞʠʤʳ ʜʚʠʛʘʪʝʣʷ. ʂʦʥʩʪʨʫʢʮʠʷ ʩʪʝʥʜʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʙʘʟʦʚʳʝ ʢʦʤʧʦʥʝʥʪʳ: 

ʠʩʩʣʝʜʫʝʤʳʡ ɹɼʇʊ, ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʩ ʐʀʄ-

ʨʝʛʫʣʷʪʦʨʦʤ, ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʤʦʜʫʣʠ (ʜʘʪʯʠʢʠ ʪʦʢʘ, ʥʘʧʨʷʞʝʥʠʷ, ʩʢʦʨʦʩʪʠ, 
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ʤʦʤʝʥʪʘ), ʥʘʛʨʫʟʦʯʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʩ ʨʝʛʫʣʠʨʫʝʤʳʤ ʤʦʤʝʥʪʦʤ ʠʥʝʨʮʠʠ ʠ 

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʩʙʦʨʘ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ.   

ɺʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʨʘʟʨʘʙʦʪʢʠ ʷʚʣʷʝʪʩʷ ʤʦʜʫʣʴʥʦʩʪʴ ʩʪʝʥʜʘ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʛʠʙʢʦʩʪʴ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʉʪʫʜʝʥʪʳ ʤʦʛʫʪ 

ʠʟʤʝʥʷʪʴ ʢʦʥʬʠʛʫʨʘʮʠʶ ʩʠʩʪʝʤʳ, ʧʦʜʢʣʶʯʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʜʘʪʯʠʢʠ, 

ʚʘʨʴʠʨʦʚʘʪʴ ʘʣʛʦʨʠʪʤʳ ʫʧʨʘʚʣʝʥʠʷ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚʣʠʷʥʠʝ ʵʪʠʭ ʠʟʤʝʥʝʥʠʡ 

ʥʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ. ʕʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʥʘʚʳʢʦʚ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ.   

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʩʪʝʥʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʝʛʦ ʠʥʪʝʛʨʘʮʠʠ ʚ 

ʣʘʙʦʨʘʪʦʨʥʳʡ ʧʨʘʢʪʠʢʫʤ ʜʠʩʮʠʧʣʠʥ çʕʣʝʢʪʨʠʯʝʩʢʠʝ ʤʘʰʠʥʳè, 

çʕʣʝʢʪʨʦʧʨʠʚʦʜè ʠ çʕʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠè. ʆʥ ʧʦʟʚʦʣʷʝʪ 

ʨʝʘʣʠʟʦʚʘʪʴ ʮʠʢʣ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ð ʦʪ ʙʘʟʦʚʳʭ ʠʟʤʝʨʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ 

ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʠ ʥʘʛʨʫʟʢʠ ʜʦ ʩʣʦʞʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ. ʂʨʦʤʝ ʪʦʛʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʦʡ ʵʣʝʤʝʥʪʥʦʡ 

ʙʘʟʳ ʠ ʧʨʦʛʨʘʤʤʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ (ʥʘʧʨʠʤʝʨ, MATLAB/Simulink) 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʝʝʤʩʪʚʝʥʥʦʩʪʴ ʤʝʞʜʫ ʫʯʝʙʥʳʤʠ ʟʘʜʘʯʘʤʠ ʠ ʨʝʘʣʴʥʳʤʠ 

ʠʥʞʝʥʝʨʥʳʤʠ ʨʝʰʝʥʠʷʤʠ.   

ɺʥʝʜʨʝʥʠʝ ʧʦʜʦʙʥʦʛʦ ʩʪʝʥʜʘ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʧʦʚʳʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʬʦʨʤʠʨʫʷ ʫ ʥʠʭ ʥʝ ʪʦʣʴʢʦ 

ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʟʥʘʥʠʷ, ʥʦ ʠ ʧʨʘʢʪʠʯʝʩʢʠʝ ʥʘʚʳʢʠ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʨʘʙʦʪʳ ʩ 

ʠʥʥʦʚʘʮʠʦʥʥʳʤʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ. ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʧʨʦʝʢʪʘ 

ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʨʘʩʰʠʨʝʥʠʝʤ ʬʫʥʢʮʠʦʥʘʣʘ ʩʪʝʥʜʘ ʟʘ ʩʯʝʪ ʠʥʪʝʛʨʘʮʠʠ 

ʵʣʝʤʝʥʪʦʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ ʤʦʜʝʣʝʡ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʛʣʦʙʘʣʴʥʳʤ ʪʨʝʥʜʘʤ ʮʠʬʨʦʚʠʟʘʮʠʠ ʠ 

ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ.   

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʣʘʙʦʨʘʪʦʨʥʳʡ ʢʦʤʧʣʝʢʩ ʩʣʫʞʠʪ 

ʵʬʬʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʫʛʣʫʙʣʝʥʥʦʛʦ ʠʟʫʯʝʥʠʷ ɹɼʇʊ, ʩʦʯʝʪʘʷ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ, ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʠ ʧʨʠʢʣʘʜʥʳʝ ʘʩʧʝʢʪʳ ʚ ʨʘʤʢʘʭ 

ʧʦʜʛʦʪʦʚʢʠ ʠʥʞʝʥʝʨʦʚ-ʵʥʝʨʛʝʪʠʢʦʚ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ. 

ʃʘʙʦʨʘʪʦʨʥʳʡ ʩʪʝʥʜ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʙʝʩʢʦʣʣʝʢʪʦʨʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ (ɹɼʇʊ) ʨʘʟʨʘʙʦʪʘʥ ʩ ʫʯʸʪʦʤ 

ʪʨʝʙʦʚʘʥʠʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʙʝʩʧʝʯʝʥʠʷ 

ʛʠʙʢʦʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʆʩʥʦʚʫ ʩʪʝʥʜʘ ʩʦʩʪʘʚʣʷʝʪ 

ʪʨʸʭʬʘʟʥʳʡ ɹɼʇʊ ʤʦʱʥʦʩʪʴʶ 500 ɺʪ ʩ ʥʦʤʠʥʘʣʴʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ 24 ɺ, 

ʦʩʥʘʱʸʥʥʳʡ ʜʘʪʯʠʢʘʤʠ ʍʦʣʣʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʨʦʪʦʨʘ. ʉʠʩʪʝʤʘ 

ʫʧʨʘʚʣʝʥʠʷ ʧʦʩʪʨʦʝʥʘ ʥʘ ʙʘʟʝ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ STM32, ʛʝʥʝʨʠʨʫʶʱʝʛʦ 

ʐʀʄ-ʩʠʛʥʘʣʳ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʩʠʣʦʚʳʤʠ MOSFET-ʪʨʘʥʟʠʩʪʦʨʘʤʠ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʨʝʛʫʣʠʨʦʚʘʪʴ ʯʘʩʪʦʪʫ ʢʦʤʤʫʪʘʮʠʠ ʠ ʪʦʢ ʩʪʘʪʦʨʘ, ʠʤʠʪʠʨʫʷ 

ʨʘʟʣʠʯʥʳʝ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ. 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʩʪʝʥʜ ʠʥʪʝʛʨʠʨʦʚʘʥʳ: 

- ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʠʡ ʜʘʪʯʠʢ ʤʦʤʝʥʪʘ (ʜʠʘʧʘʟʦʥ 0ï5 ʅĿʤ, ʧʦʛʨʝʰʥʦʩʪʴ 

Ñ0,5%) ʥʘ ʚʘʣʫ ʜʚʠʛʘʪʝʣʷ; 

- ʦʧʪʠʯʝʩʢʠʡ ʵʥʢʦʜʝʨ (ʨʘʟʨʝʰʝʥʠʝ 1000 ʠʤʧʫʣʴʩʦʚ/ʦʙʦʨʦʪ) ʜʣʷ 

ʢʦʥʪʨʦʣʷ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ; 
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- ʪʦʢʦʚʳʝ ʰʫʥʪʳ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʩʠʣʠʪʝʣʠ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ 

ʬʘʟʥʳʭ ʪʦʢʦʚ; 

- ʪʝʨʤʦʧʘʨʳ ʪʠʧʘ K, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʥʘ ʩʪʘʪʦʨʝ ʠ ʢʦʨʧʫʩʝ, ʜʣʷ 

ʤʦʥʠʪʦʨʠʥʛʘ ʪʝʧʣʦʚʳʭ ʨʝʞʠʤʦʚ. 

ʅʘʛʨʫʟʦʯʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʨʝʘʣʠʟʦʚʘʥʦ ʚ ʚʠʜʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʨʦʰʢʦʚʦʛʦ 

ʪʦʨʤʦʟʘ ʩ ʵʣʝʢʪʨʦʥʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʣʘʚʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ 

ʤʦʤʝʥʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʉʙʦʨ ʜʘʥʥʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʧʣʘʪʫ National 

Instruments USB-6009 ʩ ʯʘʩʪʦʪʦʡ ʜʠʩʢʨʝʪʠʟʘʮʠʠ 10 ʢɻʮ, ʘ ʦʙʨʘʙʦʪʢʘ 

ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʩʨʝʜʝ MATLAB ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʛʦʨʠʪʤʦʚ 

ʙʳʩʪʨʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ (ɹʇʌ) ʠ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ. 

ʉʪʝʥʜ ʚʥʝʜʨʸʥ ʚ ʣʘʙʦʨʘʪʦʨʥʳʡ ʧʨʘʢʪʠʢʫʤ ʜʠʩʮʠʧʣʠʥ çʕʣʝʢʪʨʠʯʝʩʢʠʝ 

ʤʘʰʠʥʳè ʠ çʕʣʝʢʪʨʦʧʨʠʚʦʜè ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ. ʉʪʫʜʝʥʪʳ 

ʚʳʧʦʣʥʷʶʪ ʩʣʝʜʫʶʱʠʝ ʨʘʙʦʪʳ: 

- ʵʢʩʧʝʨʠʤʝʥʪ 1: ʉʥʷʪʠʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ M=f(ɤ)M=f(ɤ) ʧʨʠ 

ʧʦʩʪʦʷʥʥʦʤ ʥʘʧʨʷʞʝʥʠʠ; 

- ʵʢʩʧʝʨʠʤʝʥʪ 2: ɸʥʘʣʠʟ ʧʦʪʝʨʴ ʚ ʦʙʤʦʪʢʘʭ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʯʘʩʪʦʪʳ 

ʢʦʤʤʫʪʘʮʠʠ; 

- ʵʢʩʧʝʨʠʤʝʥʪ 3: ʆʮʝʥʢʘ ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʂʇɼ ʜʚʠʛʘʪʝʣʷ. 

ʂʘʞʜʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʟʘʜʘʥʠʷʤʠ ʧʦ ʧʦʩʪʨʦʝʥʠʶ 

ʛʨʘʬʠʢʦʚ ʚ MATLAB, ʨʘʩʯʸʪʫ ʧʦʛʨʝʰʥʦʩʪʝʡ ʠ ʬʦʨʤʫʣʠʨʦʚʢʝ ʚʳʚʦʜʦʚ. 

ʅʘʧʨʠʤʝʨ, ʧʨʠ ʠʟʫʯʝʥʠʠ ʨʝʛʫʣʠʨʦʚʦʯʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʪʫʜʝʥʪʳ ʦʧʨʝʜʝʣʷʶʪ 

ʦʧʪʠʤʘʣʴʥʳʡ ʜʠʘʧʘʟʦʥ ʩʢʦʨʦʩʪʝʡ ʜʣʷ ʤʠʥʠʤʘʣʴʥʳʭ ʵʥʝʨʛʦʧʦʪʝʨʴ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʩʪʝʥʜʘ ʧʨʝʜʣʦʞʝʥʳ: 

- ʠʥʪʝʛʨʘʮʠʷ ʩ LabVIEW ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʠʨʪʫʘʣʴʥʳʭ ʧʨʠʙʦʨʦʚ ʩ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤ ʧʨʦʪʦʢʦʣʦʤ ʠʩʧʳʪʘʥʠʡ; 

- ʜʦʙʘʚʣʝʥʠʝ ʨʝʞʠʤʘ ʨʝʢʫʧʝʨʘʮʠʠ ʵʥʝʨʛʠʠ ʯʝʨʝʟ ʦʙʨʘʪʠʤʳʡ ʠʩʪʦʯʥʠʢ 

ʧʠʪʘʥʠʷ, ʯʪʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʠʟʫʯʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ; 

- ʚʥʝʜʨʝʥʠʝ IoT-ʤʦʜʫʣʝʡ ʜʣʷ ʫʜʘʣʸʥʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʯʝʨʝʟ ʦʙʣʘʯʥʳʝ ʧʣʘʪʬʦʨʤʳ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʣʘʙʦʨʘʪʦʨʥʳʡ ʩʪʝʥʜ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʙʝʩʢʦʣʣʝʢʪʦʨʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ (ɹɼʇʊ) ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʠʥʩʪʨʫʤʝʥʪ, ʦʙʲʝʜʠʥʷʶʱʠʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ, 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʠ ʧʨʠʢʣʘʜʥʳʝ ʟʘʜʘʯʠ. ʂʦʥʩʪʨʫʢʮʠʷ ʩʪʝʥʜʘ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ 

ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʘʭ ï ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʝ STM32, ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʦʤ 

ʜʘʪʯʠʢʝ ʤʦʤʝʥʪʘ, ʦʧʪʠʯʝʩʢʦʤ ʵʥʢʦʜʝʨʝ ʠ ʩʠʩʪʝʤʝ ʩʙʦʨʘ ʜʘʥʥʳʭ National 

Instruments ï ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʠ ʛʠʙʢʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ʄʦʜʫʣʴʥʦʩʪʴ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʝʪ ʩʪʫʜʝʥʪʘʤ ʠʟʤʝʥʷʪʴ ʧʘʨʘʤʝʪʨʳ ʫʧʨʘʚʣʝʥʠʷ, 

ʧʦʜʢʣʶʯʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʜʘʪʯʠʢʠ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚʣʠʷʥʠʝ ʚʥʝʰʥʠʭ 

ʬʘʢʪʦʨʦʚ ʥʘ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ. ʕʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʥʘʚʳʢʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʘʥʘʣʠʟʘ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ, ʯʪʦ 

ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚ ʫʩʣʦʚʠʷʭ ʮʠʬʨʦʚʠʟʘʮʠʠ ʠ ʧʝʨʝʭʦʜʘ ʢ ʫʩʪʦʡʯʠʚʳʤ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʪʝʭʥʦʣʦʛʠʷʤ.   

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʩʪʝʥʜʘ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʝʛʦ ʠʥʪʝʛʨʘʮʠʠ ʚ ʫʯʝʙʥʳʡ 

ʧʨʦʮʝʩʩ ʥʘ ʢʘʬʝʜʨʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ ʠ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ. 
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ʃʘʙʦʨʘʪʦʨʥʳʝ ʨʘʙʦʪʳ, ʚʢʣʶʯʘʷ ʠʟʫʯʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʘʥʘʣʠʟ 

ʧʦʪʝʨʴ ʚ ʦʙʤʦʪʢʘʭ ʠ ʦʮʝʥʢʫ ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʂʇɼ, ʧʦʟʚʦʣʷʶʪ 

ʩʪʫʜʝʥʪʘʤ ʧʨʠʤʝʥʷʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʟʥʘʥʠʷ ʥʘ ʧʨʘʢʪʠʢʝ, ʦʙʨʘʙʘʪʳʚʘʪʴ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ MATLAB ʠ ʬʦʨʤʫʣʠʨʦʚʘʪʴ 

ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʳʝ ʚʳʚʦʜʳ. ʂʨʦʤʝ ʪʦʛʦ, ʩʪʝʥʜ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ 

ʩʦʚʨʝʤʝʥʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʩʪʘʥʜʘʨʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʨʝʝʤʩʪʚʝʥʥʦʩʪʴ 

ʤʝʞʜʫ ʘʢʘʜʝʤʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʦʡ ʠ ʨʝʘʣʴʥʳʤʠ ʠʥʞʝʥʝʨʥʳʤʠ ʟʘʜʘʯʘʤʠ.   

ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʧʨʦʝʢʪʘ ʩʚʷʟʘʥʳ ʩ ʚʥʝʜʨʝʥʠʝʤ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ 

ʬʫʥʢʮʠʡ: ʠʥʪʝʛʨʘʮʠʝʡ ʩ LabVIEW ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠʩʧʳʪʘʥʠʡ, ʜʦʙʘʚʣʝʥʠʝʤ 

ʨʝʞʠʤʘ ʨʝʢʫʧʝʨʘʮʠʠ ʵʥʝʨʛʠʠ ʠ IoT-ʤʦʜʫʣʝʡ ʜʣʷ ʫʜʘʣʝʥʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ. 

ʕʪʠ ʫʣʫʯʰʝʥʠʷ ʥʝ ʪʦʣʴʢʦ ʨʘʩʰʠʨʷʪ ʬʫʥʢʮʠʦʥʘʣ ʩʪʝʥʜʘ, ʥʦ ʠ ʧʨʠʙʣʠʟʷʪ ʝʛʦ ʢ 

ʪʨʝʙʦʚʘʥʠʷʤ çʫʤʥʳʭè ʵʥʝʨʛʦʩʠʩʪʝʤ ʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʢʦʤʧʣʝʢʩ ʩʪʘʥʦʚʠʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʩʨʝʜʩʪʚʦʤ 

ʧʦʜʛʦʪʦʚʢʠ ʠʥʞʝʥʝʨʦʚ-ʵʥʝʨʛʝʪʠʢʦʚ, ʩʧʦʩʦʙʥʳʭ ʨʝʰʘʪʴ ʟʘʜʘʯʠ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚ ʨʝʘʣʴʥʦʤ ʤʠʨʝ. 
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ʇʈʆɹʃɽʄʓ ʕʃɽʂʊʈʆʄɸɻʅʀʊʅʆʁ ʉʆɺʄɽʉʊʀʄʆʉʊʀ ɽʄʉ:  

ʂɸʂ ʇʈʆɽʂʊʀʈʆɺɸʊʔ ʋʉʊʈʆʁʉʊɺɸ ɹʇʃɸ ʉ ʋʏɽʊʆʄ ɽʄʉ  

ʀ ʇʈɽɼʆʊɺʈɸʑɽʅʀʗ ʇʆʄɽʍ 

 

ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʩʦʚʤʝʩʪʠʤʦʩʪʴ (ʕʄʉ) ï ʵʪʦ ʩʧʦʩʦʙʥʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʜʦʣʞʥʳʤ ʦʙʨʘʟʦʤ ʚ ʟʘʜʘʥʥʦʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʦʙʩʪʘʥʦʚʢʝ, 

ʥʝ ʩʦʟʜʘʚʘʷ ʧʨʠ ʵʪʦʤ ʥʝʜʦʧʫʩʪʠʤʳʭ ʧʦʤʝʭ ʜʣʷ ʜʨʫʛʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʇʨʦʱʝ 

ʛʦʚʦʨʷ, ʵʪʦ ʫʤʝʥʠʝ ʫʩʪʨʦʡʩʪʚ "ʣʘʜʠʪʴ" ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʥʝ ʤʝʰʘʷ ʨʘʙʦʪʝ ʩʦʩʝʜʘ 

ʧʦ ʩʝʪʠ ʠʣʠ ʵʬʠʨʫ [1]. 
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ʀʩʪʦʨʠʷ ʕʄʉ ʙʝʨʝʪ ʥʘʯʘʣʦ ʚ ʵʧʦʭʫ ʨʘʟʚʠʪʠʷ ʨʘʜʠʦʩʚʷʟʠ, ʢʦʛʜʘ ʩʪʘʣʦ 

ʦʯʝʚʠʜʥʦ, ʯʪʦ ʠʩʢʨʳ ʟʘʞʠʛʘʥʠʷ ʠ ʧʨʦʤʳʰʣʝʥʥʳʝ ʨʘʟʨʷʜʳ ʤʦʛʫʪ ʛʣʫʰʠʪʴ 

ʨʘʜʠʦʩʠʛʥʘʣʳ. ʇʝʨʚʳʝ ʰʘʛʠ ʧʦ ʨʝʛʫʣʠʨʦʚʘʥʠʶ ʧʦʤʝʭ ʙʳʣʠ ʧʨʝʜʧʨʠʥʷʪʳ ʚ 

ʥʘʯʘʣʝ XX ʚʝʢʘ, ʥʦ ʥʘʩʪʦʷʱʠʤ ʪʦʣʯʢʦʤ ʢ ʨʘʟʚʠʪʠʶ ʕʄʉ ʩʪʘʣʠ ʧʦʩʣʝʚʦʝʥʥʳʝ 

ʛʦʜʳ, ʢʦʛʜʘ ʵʣʝʢʪʨʦʥʠʢʘ ʩʪʘʣʘ ʧʨʦʥʠʢʘʪʴ ʚʦ ʚʩʝ ʩʬʝʨʳ ʞʠʟʥʠ. 

ʉ ʨʦʩʪʦʤ ʢʦʣʠʯʝʩʪʚʘ ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʫʩʣʦʞʥʝʥʠʝʤ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʦʙʩʪʘʥʦʚʢʠ, ʪʨʝʙʦʚʘʥʠʷ ʢ ʕʄʉ ʩʪʘʥʦʚʷʪʩʷ ʚʩʝ ʙʦʣʝʝ 

ʞʝʩʪʢʠʤʠ. ʉʝʛʦʜʥʷ ʕʄʉ ï ʵʪʦ ʥʝ ʧʨʦʩʪʦ ʪʝʭʥʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʘ 

ʚʘʞʥʝʡʰʠʡ ʬʘʢʪʦʨ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʠʢʠ.  

ʅʘ ʈʠʩʫʥʢʝ 1 ʧʦʢʘʟʘʥʘ ʩʫʱʥʦʩʪʴ ʕʄʉ.  

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʩʦʚʤʝʩʪʠʤʦʩʪʴ 

 

ʇʨʦʙʣʝʤʳ ʕʄʉ ʚʦʟʥʠʢʘʶʪ ʠʟ-ʟʘ ʚʦʟʨʘʩʪʘʶʱʝʡ ʧʣʦʪʥʦʩʪʠ ʵʣʝʢʪʨʦʥʥʳʭ 

ʫʩʪʨʦʡʩʪʚ, ʨʘʜʠʦʯʘʩʪʦʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʫʩʣʦʞʥʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ. 

ʇʨʠʚʝʜʝʤ ʥʝʢʦʪʦʨʳʝ ʧʨʠʤʝʨʳ. 

1. ɹʦʣʴʰʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʢ. ʕʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʧʠʢʦʚʳʤ ʥʘʛʨʫʟʢʘʤ ʠ ʧʨʦʩʘʜʢʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʩʝʪʠ, ʢʦʪʦʨʳʝ ʩʠʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ 

ʦʪ ʥʦʨʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ. ɺʦʟʥʠʢʘʶʱʠʝ ʧʠʢʠ ʥʘʧʨʷʞʝʥʠʷ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ 

ʩʣʫʯʘʷʭ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʨʘʟʨʫʰʝʥʠʶ ʧʦʜʢʣʶʯʸʥʥʳʭ ʧʨʠʙʦʨʦʚ.   

2. ɺʦʟʜʝʡʩʪʚʠʝ ʤʦʣʥʠʠ. ɺʳʩʦʢʘʷ ʩʠʣʘ ʪʦʢʘ ʤʦʣʥʠʠ ʠ ʝʸ ʙʳʩʪʨʦʝ 

ʠʟʤʝʥʝʥʠʝ ʚʳʟʳʚʘʶʪ ʩʠʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʕʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ 

ʢ ʪʦʤʫ, ʯʪʦ ʜʘʞʝ ʟʘ ʚʩʪʨʦʝʥʥʦʡ ʟʘʱʠʪʦʡ ʦʪ ʧʝʨʝʥʘʧʨʷʞʝʥʠʷ ʧʨʠ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʷʭ ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ ʥʝʜʦʧʫʩʪʠʤʳʝ ʧʦʚʳʰʝʥʥʳʝ 

ʥʘʧʨʷʞʝʥʠʷ.   

3. ʕʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ ʨʘʟʨʷʜʳ. ʇʨʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʩʦʯʝʪʘʥʠʷʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʥʠʟʢʦʡ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʥʘʧʨʷʞʝʥʠʷ ʜʦ 30 ʢɺ. 
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ʇʨʠ ʨʘʟʨʷʜʝ ʚʦʟʥʠʢʘʶʪ ʦʯʝʥʴ ʙʳʩʪʨʳʝ ʠʤʧʫʣʴʩʥʳʝ ʪʦʢʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʚʳʟʳʚʘʪʴ ʧʦʤʝʭʠ.  

ɼʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ ʕʄʉ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ 

ʤʝʨʦʧʨʠʷʪʠʷ: ʬʠʣʴʪʨʘʮʠʷ, ʵʢʨʘʥʠʨʦʚʘʥʠʝ, ʩʦʟʜʘʥʠʝ ʩʧʝʮʠʘʣʴʥʳʭ ʩʭʝʤ ʟʘʱʠʪʳ 

ʦʪ ʧʦʤʝʭ. ʅʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʫʯʠʪʳʚʘʶʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ 

ʪʨʝʙʦʚʘʥʠʷʤ ʕʄʉ ʢʦʤʧʦʥʦʚʢʫ ʧʣʘʪʳ, ʬʠʣʴʪʨʘʮʠʶ, ʟʘʟʝʤʣʝʥʠʝ [2]. 

ɹʝʩʧʠʣʦʪʥʳʝ ʣʝʪʘʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ (ɹʇʃɸ) ʚʩʸ ʰʠʨʝ ʧʨʠʤʝʥʷʶʪʩʷ ʚ 

ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ, ʦʪ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʜʦ ʦʙʦʨʦʥʳ. ʆʜʥʘʢʦ, ʠʭ 

ʵʢʩʧʣʫʘʪʘʮʠʷ ʩʦʧʨʷʞʝʥʘ ʩ ʧʨʦʙʣʝʤʦʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ (ʕʄʉ). 

ɹʇʃɸ, ʙʫʜʫʯʠ ʩʣʦʞʥʳʤʠ ʵʣʝʢʪʨʦʥʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ, ʛʝʥʝʨʠʨʫʶʪ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʤʝʭʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʥʘʨʫʰʘʪʴ ʨʘʙʦʪʫ ʜʨʫʛʠʭ ʩʠʩʪʝʤ, 

ʚʢʣʶʯʘʷ ʩʦʙʩʪʚʝʥʥʳʝ. 

ʆʩʥʦʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ ʷʚʣʷʶʪʩʷ ʙʦʨʪʦʚʳʝ 

ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʳʝ ʩʠʩʪʝʤʳ, ʜʚʠʛʘʪʝʣʠ, ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʠ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ. ʅʝʩʦʦʪʚʝʪʩʪʚʠʝ ʪʨʝʙʦʚʘʥʠʷʤ ʕʄʉ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʩʙʦʷʤ ʚ ʨʘʙʦʪʝ 

ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʩʠʩʪʝʤ ʩʚʷʟʠ ʠ ʫʧʨʘʚʣʝʥʠʷ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʫʛʨʦʞʘʝʪ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʝʪʦʚ ʠ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯ. 

ɼʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʫʩʪʨʦʡʩʪʚ ɹʇʃɸ ʩ ʫʯʸʪʦʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ 

ʩʦʚʤʝʩʪʠʤʦʩʪʠ (ʕʄʉ) ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʦʤʝʭ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʩʣʝʜʫʶʱʝʝ: 

1.  ʕʢʨʘʥʠʨʦʚʘʥʠʝ ʠ ʟʘʟʝʤʣʝʥʠʝ. ʂ ʢʦʤʧʦʥʝʥʪʘʤ ɹʇʃɸ ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ 

ʵʢʨʘʥʠʨʫʶʱʠʝ ʤʘʪʝʨʠʘʣʳ, ʪʘʢʠʝ ʢʘʢ ʧʨʦʚʦʜʷʱʠʝ ʧʦʢʨʳʪʠʷ ʠʣʠ 

ʤʝʪʘʣʣʠʟʠʨʦʚʘʥʥʳʝ ʣʠʩʪʳ, ʜʣʷ ʦʛʨʘʥʠʯʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

ʊʘʢʞʝ ʚʘʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʥʘʜʣʝʞʘʱʝʝ ʟʘʟʝʤʣʝʥʠʝ ʚʩʝʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʩʠʩʪʝʤ.   

2. ʌʠʣʴʪʨʘʮʠʷ ʠ ʧʦʜʘʚʣʝʥʠʝ. ʌʠʣʴʪʨʳ ʠ ʢʦʤʧʦʥʝʥʪʳ ʧʦʜʘʚʣʝʥʠʷ ʤʦʞʥʦ 

ʚʩʪʨʦʠʪʴ ʜʣʷ ʦʛʨʘʥʠʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʚʦʜʠʤʳʭ ʠ ʧʝʨʝʜʘʚʘʝʤʳʭ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ. ʌʠʣʴʪʨʳ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʢ ʣʠʥʠʷʤ 

ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ, ʣʠʥʠʷʤ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠ ʩʠʛʥʘʣʘʤ ʫʧʨʘʚʣʝʥʠʷ.   

3. ʇʨʦʚʝʨʢʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ. ʀʤʤʫʥʠʪʝʪ ɹʇʃɸ 

ʧʨʦʚʝʨʷʝʪʩʷ ʧʫʪʸʤ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʠʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʚ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ, ʯʪʦʙʳ ʚʦʩʧʨʦʠʟʚʝʩʪʠ ʨʝʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʠ ʧʦʩʤʦʪʨʝʪʴ, 

ʢʘʢ ʦʥʠ ʧʦʚʝʜʫʪ ʩʝʙʷ ʚ ʫʩʣʦʚʠʷʭ ʧʦʤʝʭ.   

4. ɸʥʘʣʠʟ ʜʠʘʧʘʟʦʥʘ ʯʘʩʪʦʪ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʦʩ ʯʘʩʪʦʪ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ɹʇʃɸ, ʥʝʦʙʭʦʜʠʤʳ ʘʥʘʣʠʟʘʪʦʨʳ ʩʧʝʢʪʨʘ ʠ ʪʝʩʪʦʚʳʝ ʧʨʠʸʤʥʠʢʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ.   

5. ʅʘʟʝʤʥʳʝ ʠ ʣʸʪʥʳʝ ʠʩʧʳʪʘʥʠʷ. ʊʝʩʪʠʨʦʚʘʥʠʝ ɹʇʃɸ ʥʘ ʥʘʣʠʯʠʝ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ ʜʦʣʞʥʦ ʧʨʦʚʦʜʠʪʴʩʷ ʢʘʢ ʥʘ ʟʝʤʣʝ, ʪʘʢ ʠ ʚ ʧʦʣʸʪʝ.   

6. ʈʝʛʫʣʷʨʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʠ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ. ʈʝʛʫʣʷʨʥʳʡ 

ʤʦʥʠʪʦʨʠʥʛ ʠʟʣʫʯʝʥʠʡ ʠ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ɹʇʃɸ ʢ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ 

ʧʦʤʝʭʘʤ ʧʦʟʚʦʣʠʪ ʦʙʥʘʨʫʞʠʪʴ ʣʶʙʳʝ ʠʟʤʝʥʝʥʠʷ ʠʣʠ ʦʪʢʣʦʥʝʥʠʷ ʚ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ɹʇʃɸ [3-7]. 

ɺʘʞʥʦ ʧʨʦʚʦʜʠʪʴ ʠʩʧʳʪʘʥʠʷ ɹʇʃɸ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩʪʘʥʜʘʨʪʘʤ ʕʄʉ ʥʘ 

ʚʩʝʭ ʵʪʘʧʘʭ ʨʘʟʨʘʙʦʪʢʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. 
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ʀʩʧʳʪʘʥʠʷ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ (ɹʇʃɸ) ʥʘ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʫʶ ʩʦʚʤʝʩʪʠʤʦʩʪʴ (ʕʄʉ) ï ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʡ ʵʪʘʧ 

ʨʘʟʨʘʙʦʪʢʠ ʠ ʩʝʨʪʠʬʠʢʘʮʠʠ. ʆʥʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ɹʇʃɸ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʚʥʝʰʥʠʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʠ ʠʩʢʣʶʯʝʥʠʝ 

ʩʦʟʜʘʥʠʷ ʠʤ ʧʦʤʝʭ ʜʣʷ ʜʨʫʛʠʭ ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ. 

ʎʝʣʠ ʠʩʧʳʪʘʥʠʡ ʕʄʉ: ʆʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʡ ʠ ʥʘʜʝʞʥʦʡ ʨʘʙʦʪʳ 

ɹʇʃɸ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʣʴʥʦʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʦʙʩʪʘʥʦʚʢʠ, ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ 

ʩʙʦʝʚ ʚ ʨʘʙʦʪʝ ʙʦʨʪʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʠ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʠʝ ʥʦʨʤʘʪʠʚʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʠ ʩʪʘʥʜʘʨʪʘʤ. 

ʆʩʥʦʚʥʳʝ ʚʠʜʳ ʠʩʧʳʪʘʥʠʡ: ʀʩʧʳʪʘʥʠʷ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʢʦʥʜʫʢʪʠʚʥʳʤ 

ʠ ʠʟʣʫʯʘʝʤʳʤ ʧʦʤʝʭʘʤ, ʠʩʧʳʪʘʥʠʷ ʥʘ ʠʟʣʫʯʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ. 

ʉʪʘʥʜʘʨʪʳ ʕʄʉ: ɻʆʉʊ ʈ 58071.1-2018, EN 61000-4-3, MIL-STD-461. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ: ʆʮʝʥʢʘ ʩʦʦʪʚʝʪʩʪʚʠʷ ɹʇʃɸ ʪʨʝʙʦʚʘʥʠʷʤ 

ʩʪʘʥʜʘʨʪʦʚ ʕʄʉ, ʚʳʷʚʣʝʥʠʝ ʩʣʘʙʳʭ ʤʝʩʪ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʩʭʝʤʦʪʝʭʥʠʢʝ, 

ʨʘʟʨʘʙʦʪʢʘ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʫʣʫʯʰʝʥʠʶ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ. 
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ʂʈɽʄʅʀʁ ʀ ʕʅɽʈɻʆʉɹɽʈɽɾɽʅʀɽ ɺ ɸʇʂ 

 

ʕʥʝʨʛʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʝʜʠʥʫʶ ʤʝʨʫ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ ʜʚʠʞʝʥʠʷ ʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʘʪʝʨʠʠ, ʧʦʵʪʦʤʫ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʜʝʡʩʪʚʫʝʪ ʚʦ ʚʩʝʭ 

ʩʬʝʨʘʭ ʯʝʣʦʚʝʯʝʩʢʦʡ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ [1]. ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʨʝʩʫʨʩʳ ʯʘʩʪʦ 

ʙʳʚʘʶʪ ʦʛʨʘʥʠʯʝʥʥʳʤʠ, ʧʦʵʪʦʤʫ ʨʘʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʥʝʨʛʠʠ 

ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʚʦ ʚʩʝʤ ʤʠʨʝ [2]. ɺ 

ʫʩʣʦʚʠʷʭ ʚʦʟʨʘʩʪʘʥʠʷ ʵʥʝʨʛʦʟʘʪʨʘʪ ʚʦʧʨʦʩ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ 

ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʠ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ [3]. 

ʆʩʥʦʚʥʳʤʠ ʨʝʩʫʨʩʘʤʠ, ʧʦʪʨʝʙʣʷʝʤʳʤʠ ʚ ɸʇʂ, ʷʚʣʷʶʪʩʷ ʛʘʟ, ʵʣʝʢʪʨʠʯʝʩʢʘʷ, 

ʪʝʧʣʦʚʘʷ ʵʥʝʨʛʠʷ, ʛʦʨʶʯʝ-ʩʤʘʟʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ. ʀʭ ʙʝʩʢʦʥʪʨʦʣʴʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʝʜʝʪ ʥʝ ʪʦʣʴʢʦ ʢ ʬʠʥʘʥʩʦʚʳʤ ʟʘʪʨʘʪʘʤ ʠ ʫʜʦʨʦʞʘʥʠʶ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʝ ʧʨʦʜʫʢʮʠʠ, ʥʦ ʠ ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʝʪ ʥʘ ʢʣʠʤʘʪ ʠ ʩʨʝʜʫ 

ʦʙʠʪʘʥʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʥʘ ʩʬʝʨʫ ɸʇʂ ʧʨʠʭʦʜʠʪʩʷ ʯʝʪʚʝʨʥʘʷ ʯʘʩʪʴ ʚʳʙʨʦʩʦʚ 

ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ [4]. ʇʦʵʪʦʤʫ ʩʪʦʣʴ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʝʪ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ 

ʪʝʭʥʦʣʦʛʠʡ ʚ ʵʪʦʡ ʦʪʨʘʩʣʠ [5]. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʦʟʨʦʩʣʦ ʚʥʠʤʘʥʠʝ ʢ ʨʦʣʠ 

ʢʨʝʤʥʠʷ ʚ ɸʇʂ, ʧʠʰʫʪʩʷ ʩʪʘʪʴʠ, ʧʨʦʚʦʜʷʪʩʷ ʢʦʥʬʝʨʝʥʮʠʠ ʥʘ ʟʘʜʘʥʥʫʶ ʪʝʤʫ 

[6]. ʇʦʤʠʤʦ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʚʟʛʣʷʜʘ ʥʘ Si ʢʘʢ ʵʣʝʤʝʥʪ ʧʠʪʘʥʠʷ, ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʠʥʪʝʨʝʩ ʝʛʦ ʨʘʩʩʤʦʪʨʝʥʠʝ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʯʪʦ ʩʭʝʤʘʪʠʯʥʦ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1. 

ʅʘ ʪʝʢʫʱʝʡ ʩʪʘʜʠʠ ʨʘʟʚʠʪʠʷ ʘʛʨʘʨʥʦʡ ʥʘʫʢʠ ʧʨʠʤʝʥʝʥʠʝ ʫʜʦʙʨʝʥʠʡ ʠ 

ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʨʘʩʪʝʥʠʡ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ 

ʧʨʠʝʤʦʤ ʧʦʚʳʰʝʥʠʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ [7]. ʕʪʦ 
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ʩʦʧʨʷʞʝʥʦ ʩ ʚʳʩʦʢʠʤʠ ʵʥʝʨʛʦʟʘʪʨʘʪʘʤʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʥʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ 

ʫʜʦʙʨʝʥʠʡ ʩ ʧʫʥʢʪʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʭʨʘʥʝʥʠʷ ʜʦ ʤʝʩʪ ʚʥʝʩʝʥʠʷ ʥʘ ʧʦʣʷʭ. ɼʣʷ 

ʢʦʤʧʝʥʩʘʮʠʠ ʚʳʥʦʩʘ ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ ʨʘʩʪʝʥʠʷʤʠ ʚ ʘʛʨʦʮʝʥʦʟʘʭ ʘʛʨʦʥʦʤʳ ʯʘʱʝ 

ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʶʪ  ʘʟʦʪʥʳʝ ʠ ʢʦʤʧʣʝʢʩʥʳʝ ʫʜʦʙʨʝʥʠʷ (ʚ ʪʚʝʨʜʦʤ ʠ ʞʠʜʢʦʤ 

ʚʠʜʝ) [8]. ʆʜʥʘʢʦ ʫʜʦʙʨʝʥʠʷ ʧʦʛʣʦʱʘʶʪʩʷ ʨʘʩʪʝʥʠʷʤʠ ʥʝ ʧʦʣʥʦʩʪʴʶ, ʠ ʯʘʩʪʦ 

ʙʦʣʝʝ ʧʦʣʦʚʠʥʳ ʚʥʝʩʝʥʥʳʭ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʦʩʪʘʶʪʩʷ ʥʝʠʩʧʦʣʴʟʦʚʘʥʥʳʤʠ 

[9], ʚʧʦʩʣʝʜʩʪʚʠʠ ʩʤʳʚʘʷʩʴ ʦʩʘʜʢʘʤʠ ʚ ʚʦʜʦʝʤʳ, ʚʳʟʳʚʘʷ ʵʚʪʨʦʬʠʢʘʮʠʶ ʠ 

ʜʨʫʛʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ. ɸʩʩʠʤʠʣʷʮʠʷ ʨʘʩʪʝʥʠʷʤʠ ʵʣʝʤʝʥʪʦʚ ʧʠʪʘʥʠʷ 

ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ: pH, ʢʫʣʴʪʫʨʳ, ʫʚʣʘʞʥʝʥʥʦʩʪʠ, ʬʠʟʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʯʚʳ ʠ ʜʨ. ʇʦʚʳʰʝʥʠʝ ʫʩʚʦʝʥʠʷ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʠʟ 

ʫʜʦʙʨʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʠʭ ʜʦʟʳ ʚʥʝʩʝʥʠʷ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʧʣʘʥʠʨʫʝʤʦʡ 

ʫʨʦʞʘʡʥʦʩʪʠ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʢʨʝʤʥʠʡ ʦʢʘʟʳʚʘʝʪ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 

ʘʟʦʪʥʳʡ, ʬʦʩʬʦʨʥʳʡ ʠ ʢʘʣʠʡʥʳʡ ʦʙʤʝʥʳ [10], ʫʚʝʣʠʯʠʚʘʷ ʢʦʵʬʬʠʮʠʝʥʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʢʘʟʘʥʥʳʭ ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʤʠ ʢʫʣʴʪʫʨʘʤʠ. 

ʇʦʵʪʦʤʫ ʚʥʝʩʝʥʠʝ ʢʨʝʤʥʠʡʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʜʦʟʳ  

ʪʨʘʜʠʮʠʦʥʥʳʭ ʫʜʦʙʨʝʥʠʡ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʦʢʨʘʪʠʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʟʘʪʨʘʪʳ ʥʘ ʫʢʘʟʘʥʥʫʶ ʧʨʦʮʝʜʫʨʫ. ʇʦʤʠʤʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʪʨʠ ʦʩʥʦʚʥʳʭ ʤʘʢʨʦʵʣʝʤʝʥʪʘ, ʢʨʝʤʥʠʡ ʪʘʢʞʝ ʧʦʚʳʰʘʝʪ 

ʫʩʚʦʝʥʠʝ Ca, Mg, B ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʤʝʟʦ- ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʩʦʢʨʘʪʠʪʴ ʠʣʠ ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʚʥʝʩʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʤʠʢʨʦʫʜʦʙʨʝʥʠʡ ʠ ʧʦʚʳʩʠʪʴ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʩʬʝʨʝ ɸʇʂ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʂʨʝʤʥʠʡ ʠ ʧʫʪʠ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʚ ɸʇʂ 

 

ɼʨʫʛʠʤ ʚʘʞʥʳʤ ʚʦʧʨʦʩʦʤ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʷʚʣʷʝʪʩʷ ʟʘʱʠʪʘ 

ʨʘʩʪʝʥʠʡ ʦʪ ʥʘʩʝʢʦʤʳʭ-ʚʨʝʜʠʪʝʣʝʡ, ʧʘʪʦʛʝʥʥʳʭ ʛʨʠʙʦʚ, ʩʦʨʥʷʢʦʚ ʠ ʜʨʫʛʠʭ 

ʧʨʠʨʦʜʥʳʭ ʬʘʢʪʦʨʦʚ. ɼʣʷ ʵʪʦʡ ʮʝʣʠ ʠʩʧʦʣʴʟʫʶʪ ʧʝʩʪʠʮʠʜʳ [11], ʯʪʦ ʩʚʷʟʘʥʦ ʩ 

ʙʦʣʴʰʠʤʠ ʧʨʷʤʳʤʠ ʠ ʢʦʩʚʝʥʥʳʤʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʟʘʪʨʘʪʘʤʠ ʥʘ ʠʭ ʣʦʛʠʩʪʠʢʫ 

ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ. ʇʨʠ ʵʪʦʤ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʠ ʢʨʝʤʥʠʡ 
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ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʝʭʘʥʠʯʝʩʢʫʶ, ʬʠʟʠʦʣʦʛʠʯʝʩʢʫʶ ʠ ʙʠʦʭʠʤʠʯʝʩʢʫʶ ʟʘʱʠʪʫ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʦʪ ʨʘʟʣʠʯʥʳʭ ʩʪʨʝʩʩʦʚʳʭ ʬʘʢʪʦʨʦʚ [12]. 

ʇʦʵʪʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʨʝʤʥʠʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʚʠʜʝ ʧʨʝʜʧʦʩʝʚʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʩʝʤʷʥ, ʢʦʨʥʝʚʦʛʦ ʠ ʣʠʩʪʦʚʦʛʦ ʚʥʝʩʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʥʠʟʠʪʴ ʧʝʩʪʠʮʠʜʥʫʶ ʥʘʛʨʫʟʢʫ. ʉ ʫʯʝʪʦʤ ʪʦʛʦ, ʢʨʝʤʥʠʡʩʦʜʝʨʞʘʱʠʝ ʧʨʝʧʘʨʘʪʳ 

ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʝʝ ʵʥʝʨʛʦʝʤʢʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʫʜʦʙʨʝʥʠʷʤʠ ʠ 

ʩʨʝʜʩʪʚʘʤʠ ʟʘʱʠʪʳ ʨʘʩʪʝʥʠʡ, ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʰʘʛʦʤ ʚ ʩʪʦʨʦʥʫ 

ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ.  

ʇʦʤʠʤʦ ʟʘʱʠʪʳ ʨʘʩʪʝʥʠʡ ʠ ʚʥʝʩʝʥʠʷ ʫʜʦʙʨʝʥʠʡ, ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʟʝʤʝʣʴ ʠ ʟʘʱʠʪʳ ʠʭ ʦʪ ʜʝʛʨʘʜʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʦʚʝʜʝʥʠʝ ʤʝʣʠʦʨʘʪʠʚʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ [13], ʯʪʦ ʪʨʝʙʫʝʪ ʟʘʜʝʡʩʪʚʦʚʘʥʠʷ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ. ʉ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ 1 ʪʦʥʥʘ ʩʫʭʦʛʦ 

ʚʝʱʝʩʪʚʘ ʨʘʩʪʝʥʠʡ ʚʳʜʝʣʷʝʪ ʚ ʧʦʯʚʫ ʦʢʦʣʦ  5 ʢʠʣʦʛʨʘʤʤ-ʵʢʚʠʚʘʣʝʥʪʦʚ 

ʚʦʜʦʨʦʜʘ ʠ ʙʦʣʴʰʠʥʩʪʚʦ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʷʚʣʷʶʪʩʷ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ 

ʢʠʩʣʳʤʠ, pH ʧʦʯʚʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩʦ ʚʨʝʤʝʥʝʤ ʧʦʥʠʞʘʝʪʩʷ. ʇʦʵʪʦʤʫ ʦʜʥʠʤ ʠʟ 

ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʧʨʠʝʤʦʚ ʤʝʣʠʦʨʘʮʠʠ ʷʚʣʷʝʪʩʷ ʠʟʚʝʩʪʢʦʚʘʥʠʝ [14]. ʉ 

ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʜʣʷ ʢʠʩʣʳʭ ʧʦʯʚ ʜʦʟʳ ʠʟʚʝʩʪʠ ʠʟʤʝʨʷʶʪʩʷ ʚ ʪʦʥʥʘʭ ʥʘ ʛʝʢʪʘʨ, 

ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʥʘ ʫʢʘʟʘʥʥʳʡ ʘʛʨʦʧʨʠʝʤ ʚʝʩʴʤʘ ʚʝʣʠʢʠ. ʆʪʜʝʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʧʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʨʝʤʥʠʝʚʳʝ ʤʝʣʠʦʨʘʥʪʳ 

ʧʨʝʚʦʩʭʦʜʷʪ ʪʨʘʜʠʮʠʦʥʥʳʝ ʠʟʚʝʩʪʢʦʚʳʝ ʤʘʪʝʨʠʘʣʳ [15], ʧʦʵʪʦʤʫ ʠʭ ʤʦʞʥʦ 

ʧʨʠʤʝʥʷʪʴ ʜʣʷ ʧʦʚʳʰʝʥʠʷ pH ʢʠʩʣʳʭ ʧʦʯʚ. ʉ ʫʯʝʪʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʦʡ 

ʩʪʦʠʤʦʩʪʠ ʠ ʰʠʨʦʢʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ  ʢʨʝʤʥʠʝʚʳʭ ʧʦʯʚʝʥʥʳʭ ʤʝʣʠʦʨʘʥʪʦʚ, 

ʢʦʪʦʨʳʤʠ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʢʘʢ ʧʨʠʨʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ (ʮʝʦʣʠʪʳ, ʜʠʘʪʦʤʠʪʳ, 

ʪʨʝʧʝʣʘ, ʩʘʧʨʦʧʝʣʠ ʠ ʜʨ.), ʪʘʢ ʠ ʦʪʭʦʜʳ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ (ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʝ 

ʰʣʘʢʠ, ʟʦʣʘ ʙʫʨʳʭ ʫʛʣʝʡ, ʮʝʤʝʥʪʥʘʷ ʧʳʣʴ), ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ ʥʘ ʠʭ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ ʤʦʛʫʪ ʙʳʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ʪʘʢʦʚʳʭ  ʧʨʠ 

ʩʨʘʚʥʝʥʠʠ ʩ ʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʣʠʦʨʘʥʪʘʤʠ (ʢʘʣʴʮʠʪ, 

ʜʦʣʦʤʠʪ, ʠʟʚʝʩʪʥʷʢ).  

ʉʫʱʝʩʪʚʝʥʥʳʤ ʬʘʢʪʦʨʦʤ ʫʭʫʜʰʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʧʦʯʚ ʷʚʣʷʝʪʩʷ 

ʧʝʨʝʫʧʣʦʪʥʝʥʠʝ ʠ ʵʨʦʟʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ [16]. ʇʨʦʪʠʚʦʵʨʦʟʠʡʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ 

ʵʥʝʨʛʦʝʤʢʠ ʠ ʯʘʩʪʦ ʩʦʧʨʷʞʝʥʳ ʩ ʚʝʩʦʤʳʤʠ ʬʠʥʘʥʩʦʚʳʤʠ ʟʘʪʨʘʪʘʤʠ. ʀʟʚʝʩʪʥʦ, 

ʯʪʦ ʧʦʤʠʤʦ ʧʦʚʳʰʝʥʠʷ pH, ʚʳʩʦʢʦʢʨʝʤʥʠʝʚʳʝ ʤʝʣʠʦʨʘʥʪʳ ʫʣʫʯʰʘʶʪ ʠ 

ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʯʚ (ʘʛʨʝʛʘʪʠʨʦʚʘʥʥʦʩʪʴ, ʙʫʬʝʨʥʦʩʪʴ, ʸʤʢʦʩʪʴ 

ʢʘʪʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʠ ʜʨ.). ʕʪʘ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʟʚʦʣʷʝʪ ʧʨʦʩʪʳʤ ʠ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʩʢʨʝʧʣʷʪʴ ʯʘʩʪʠʮʳ ʧʦʯʚʳ, ʟʘ ʩʯʝʪ ʯʝʛʦ 

ʧʨʦʪʠʚʦʩʪʦʷʪʴ ʚʝʪʨʦʚʦʡ ʠ ʚʦʜʥʦʡ ʵʨʦʟʠʠ [17]. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʫʩʪʦʡʯʠʚʳʭ ʫʨʦʞʘʝʚ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ 

ʚʣʘʛʦʦʙʝʩʧʝʯʝʥʥʦʩʪʴ ʧʦʯʚʳ [18]. ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʜʦʣʞʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʧʦʯʚʝʥʥʦʡ ʚʣʘʛʠ ʥʝʦʙʭʦʜʠʤʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʦʜʥʫ ʠʟ ʩʘʤʳʭ ʵʥʝʨʛʦʝʤʢʠʭ 

ʦʧʝʨʘʮʠʡ ï ʧʦʣʠʚ. ʇʦʣʠʚ ʧʨʠʤʝʥʷʝʪʩʷ ʢʘʢ ʜʣʷ ʢʫʣʴʪʫʨ ʦʪʢʨʳʪʦʛʦ ʛʨʫʥʪʘ  

(ʧʨʝʞʜʝ ʚʩʝʛʦ ʧʨʦʧʘʰʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ, ʠʥʦʛʜʘ ʩ ʩʦʟʜʘʥʠʝʤ ʩʣʦʞʥʳʭ 

ʠʨʨʠʛʘʮʠʦʥʥʳʭ ʠ ʩʫʙʠʨʨʠʛʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ [19]), ʪʘʢ ʠ ʪʝʧʣʠʯʥʳʭ ʨʘʩʪʝʥʠʡ 

[20]. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʢʨʝʤʥʠʡ ʧʦʚʳʰʘʝʪ ʚʣʘʛʦʸʤʢʦʩʪʴ ʧʦʯʚ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʨʘʩʪʝʥʠʡ ʢ ʟʘʩʫʭʝ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʫʣʫʯʰʝʥʠʷ ʧʦʯʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ, 
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ʫʚʝʣʠʯʝʥʠʷ ʦʙʲʝʤʘ ʢʦʨʥʝʡ ʠ ʫʤʝʥʴʰʝʥʠʷ ʜʠʘʤʝʪʨʘ ʜʳʭʘʪʝʣʴʥʳʭ ʫʩʪʴʠʮ 

ʣʠʩʪʴʝʚ, ʥʘʢʦʧʣʝʥʠʷ ʟʘʧʘʩʘ ʚʣʘʛʠ ʚ ʨʘʩʪʝʥʠʠ ʠ ʜʨʫʛʠʭ ʤʝʭʘʥʠʟʤʦʚ [21]. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʨʘʩʭʦʜ ʚʦʜʳ ʥʘ ʧʦʣʠʚ, ʩʵʢʦʥʦʤʠʚ ʪʝʤ ʩʘʤʳʤ ʵʥʝʨʛʦʨʝʩʫʨʩʳ. 

ɺʢʣʶʯʝʥʠʝ ʢʨʝʤʥʠʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʥʘʧʨʠʤʝʨ, ʩʠʣʠʢʘʪʘ ʢʘʣʠʷ) ʚ ʩʦʩʪʘʚ 

ʧʠʪʘʪʝʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ ʧʨʠ ʛʠʜʨʦʧʦʥʠʢʝ  ʠʣʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ ʧʦʣʠʚʝ 

ʧʦʯʚʝʥʥʦʡ ʩʤʝʩʠ ʧʦʟʚʦʣʷʝʪ ʟʘʱʠʪʠʪʴ ʨʘʩʪʝʥʠʷ ʦʪ ʟʘʨʘʞʝʥʠʷ ʧʣʝʩʥʝʚʳʤʠ 

ʛʨʠʙʘʤʠ [22] ʠ ʩʦʢʨʘʪʠʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʠ ʬʠʥʘʥʩʦʚʳʝ ʟʘʪʨʘʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʫʥʛʠʮʠʜʦʚ. 

ɿʘʛʨʷʟʥʝʥʠʝ ʧʦʯʚ, ʦʩʦʙʝʥʥʦ ʪʷʞʝʣʳʤʠ ʤʝʪʘʣʣʘʤʠ, ʷʚʣʷʝʪʩʷ ʙʦʣʴʰʦʡ 

ʧʨʦʙʣʝʤʦʡ, ʚʳʟʳʚʘʷ ʧʘʜʝʥʠʝ ʫʨʦʞʘʡʥʦʩʪʠ, ʫʭʫʜʰʘʷ ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʠ ʠʣʠ 

ʜʝʣʘʷ ʝʝ ʥʝʧʨʠʛʦʜʥʦʡ ʢ ʫʧʦʪʨʝʙʣʝʥʠʶ ʚ ʧʠʱʫ [23]. ɺ ʪʘʢʦʡ ʩʠʪʫʘʮʠʠ 

ʥʝʦʙʭʦʜʠʤ ʜʦʨʦʛʦʩʪʦʷʱʠʡ ʠ ʵʥʝʨʛʦʟʘʪʨʘʪʥʳʡ ʢʦʤʧʣʝʢʩ ʨʝʢʫʣʴʪʠʚʘʮʠʦʥʥʳʭ 

ʤʝʨʦʧʨʠʷʪʠʡ, ʧʦʩʣʝ ʢʦʪʦʨʳʭ ʦʯʠʱʝʥʥʳʝ ʦʪ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʟʝʤʣʠ 

ʜʦʧʫʩʪʠʤʦ ʩʥʦʚʘ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʢʨʝʤʥʠʡ 

ʩʥʠʞʘʝʪ ʧʦʩʪʫʧʣʝʥʠʝ ʠ ʪʦʢʩʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʥʘ ʨʘʩʪʝʥʠʷ 

[24], ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʜʦʣʞʘʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʛʨʦʮʝʥʦʟʳ ʠʣʠ ʫʤʝʥʴʰʘʪʴ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʠ ʠʥʳʝ ʨʘʩʭʦʜʳ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʟʘʛʨʷʟʥʝʥʥʳʭ ʟʝʤʝʣʴ. ʕʪʦ 

ʞʝ ʦʪʥʦʩʠʪʩʷ ʢ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʶ ʥʘ ʨʝʤʝʜʠʘʮʠʶ ʟʝʤʝʣʴ, ʟʘʛʨʷʟʥʝʥʥʳʭ 

ʥʝʬʪʝʧʨʦʜʫʢʪʘʤʠ, ʨʘʜʠʦʥʫʢʣʝʠʜʘʤʠ ʠ ʜʨʫʛʠʤʠ ʢʩʝʥʦʙʠʦʪʠʢʘʤʠ ʟʘ ʩʯʝʪ 

ʫʤʝʥʴʰʝʥʠʷ ʢʨʝʤʥʠʡʩʦʜʝʨʞʘʱʠʤʠ ʚʝʱʝʩʪʚʘʤʠ ʪʦʢʩʠʯʥʦʛʦ ʜʝʡʩʪʚʠʷ 

ʫʢʘʟʘʥʥʳʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ. 

ʇʨʠ ʧʨʦʤʳʰʣʝʥʥʦʤ ʚʳʨʘʱʠʚʘʥʠʠ ʨʘʩʪʝʥʠʡ ʚ ʪʝʧʣʠʯʥʳʭ ʭʦʟʷʡʩʪʚʘʭ 

ʥʝʦʙʭʦʜʠʤ ʦʙʦʛʨʝʚ, ʥʘ ʢʦʪʦʨʳʡ ʨʘʩʭʦʜʫʶʪʩʷ ʥʝʤʘʣʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʨʝʩʫʨʩʳ 

[25]. ʇʨʠ ʵʪʦʤ ʩʦʢʨʘʱʝʥʠʝ ʩʨʦʢʦʚ ʩʦʟʨʝʚʘʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ, 

ʦʯʝʚʠʜʥʦ, ʫʤʝʥʴʰʘʝʪ ʚʨʝʤʷ ʦʪʦʧʣʝʥʠʷ ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʶ. ɽʱʝ ʃʠʙʠʭ [26] ʚ ʩʝʨʝʜʠʥʝ XIX  ʚʝʢʘ ʦʪʤʝʯʘʣ, ʯʪʦ ʢʨʝʤʥʠʡ 

ʩʪʠʤʫʣʠʨʫʝʪ ʨʦʩʪ, ʨʘʟʚʠʪʠʝ ʠ ʩʦʟʨʝʚʘʥʠʷ ʢʫʣʴʪʫʨ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʧʦ ʫʢʘʟʘʥʥʦʡ 

ʚʳʰʝ ʧʨʠʯʠʥʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʳʨʘʱʠʚʘʥʠʷ ʚ ʟʘʢʨʳʪʦʤ ʛʨʫʥʪʝ. 

ʇʨʠ ʪʝʧʣʠʯʥʦʤ ʚʳʨʘʱʠʚʘʥʠʠ ʟʝʣʝʥʠ ʠ ʦʚʦʱʥʳʭ ʢʫʣʴʪʫʨ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ 

ʧʨʠʤʝʥʷʶʪ ʠʩʢʫʩʩʪʚʝʥʥʦʝ ʦʩʚʝʱʝʥʠʝ [27], ʥʘ ʯʪʦ ʨʘʩʭʦʜʫʝʪʩʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ. 

ɿʘ ʩʯʝʪ ʧʦʚʳʰʝʥʠʷ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ [28] ʠ ʫʩʠʣʝʥʠʷ ʨʦʩʪʦʚʳʭ 

ʧʨʦʮʝʩʩʦʚ ʧʦʜ ʚʣʠʷʥʠʝʤ ʢʨʝʤʥʠʷ ʩʦʟʨʝʚʘʥʠʝ ʨʘʩʪʝʥʠʡ ʫʩʢʦʨʷʝʪʩʷ, ʘ ʟʥʘʯʠʪ, 

ʧʦʪʨʝʙʣʝʥʠʝ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ ʥʘ ʦʩʚʝʱʝʥʠʝ ʩʦʢʨʘʱʘʝʪʩʷ. 

ɹʝʟ ʩʦʤʥʝʥʠʷ, ʚʦʧʨʦʩ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʚ ʩʬʝʨʝ ɸʇʂ 

ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ. ʇʦʩʪʦʷʥʥʦ ʙʫʜʫʪ ʘʧʨʦʙʠʨʦʚʘʪʴʩʷ ʠ 

ʚʥʝʜʨʷʪʴʩʷ ʥʦʚʳʝ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʝ ʤʝʪʦʜʳ, ʧʨʦʮʝʩʩʳ ʠ ʪʝʭʥʦʣʦʛʠʠ 

ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ [29]. ʂ ʠʭ ʯʠʩʣʫ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʧʨʠʤʝʥʝʥʠʝ ʢʨʝʤʥʠʷ ʚ 

ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʦʪʨʝʙʣʝʥʠʝ ʵʥʝʨʛʠʠ ʧʦ 

ʨʘʟʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ. ʀʟ-ʟʘ ʤʥʦʞʝʩʪʚʘ ʨʘʟʣʠʯʥʳʭ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʚʠʜʦʚ 

ʵʥʝʨʛʠʠ ʠ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ, 

ʩʣʦʞʥʦ ʦʮʝʥʠʪʴ ʚ ʧʨʦʮʝʥʪʘʭ ʵʬʬʝʢʪ ʦʪ ʢʨʝʤʥʠʷ ʚ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʠ ʜʣʷ 

ʦʪʨʘʩʣʠ ɸʇʂ. ʂʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʵʥʝʨʛʦʦʙʝʩʧʝʯʝʥʠʷ ʢʨʝʤʥʠʡ ʥʝ ʷʚʣʷʝʪʩʷ, ʥʦ 

ʩʚʦʡ ʚʢʣʘʜ ʚ ʨʘʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʥʝʨʛʠʠ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ 

ʚʥʦʩʠʪ. 
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ʆʇʊʀʄʀɿɸʎʀʗ ʇʈʆʎɽʉʉɸ ʆɹʃʋʏɽʅʀʗ ʈɸʉʊɽʅʀʁ 

ʉɺɽʊʆɼʀʆɼʅʓʄʀ ʉɺɽʊʀʃʔʅʀʂɸʄʀ ʉ ʈɽɻʋʃʀʈʋɽʄʓʄ 

ʉʇɽʂʊʈʆʄ ʀɿʃʋʏɽʅʀʗ 

 

ɺ ʫʩʣʦʚʠʷʭ ʙʦʣʴʰʠʥʩʪʚʘ ʪʝʨʨʠʪʦʨʠʡ ʈʦʩʩʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʜʦʩʪʘʪʦʢ 

ʩʚʝʪʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʞʝʣʘʝʤʳʡ ʬʦʪʦʩʠʥʪʝʟ ʨʘʩʪʝʥʠʡ ʟʘ 

ʧʝʨʠʦʜ ʠʭ ʨʦʩʪʘ [1]. ʇʦʵʪʦʤʫ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʦʙʣʫʯʝʥʠʝ 

ʨʘʩʪʝʥʠʡ ʚ ʮʝʣʷʭ ʧʦʚʳʰʝʥʠʷ ʠʭ ʫʨʦʞʘʡʥʦʩʪʠ.  

ʕʥʝʨʛʠʷ, ʠʟʣʫʯʘʝʤʘʷ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ ʚ ʧʨʝʜʝʣʘʭ 370-710 ʥʤ, ʩʯʠʪʘʝʪʩʷ 

ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʨʘʜʠʘʮʠʝʡ (ʌɸʈ) [2]. ʉ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʩʪʦʨʦʥʳ 

ʵʪʘ ʵʥʝʨʛʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚ ʨʘʩʯʝʪʝ ʥʘ ʤʝʪʨ ʧʣʦʱʘʜʠ, ʪ.ʝ. ʠʤʝʝʪ ʨʘʟʤʝʨʥʦʩʪʴ 

ʚʪ/ʤ2. 

ʆʜʥʦʡ ʠʟ ʚʘʞʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʣʫʯʝʥʠʷ ʨʘʩʪʝʥʠʡ ʩʯʠʪʘʝʪʩʷ 

ʩʧʝʢʪʨʘʣʴʥʘʷ ʦʙʣʫʯʝʥʥʦʩʪʴ Ὡ‗, ʚʳʯʠʩʣʷʝʤʘʷ ʧʦ ʬʦʨʤʫʣʝ: 

Ὡ‗ 
Ў

Ў
ȟ                                                               (1) 

ʛʜʝ ЎὉ ï ʦʙʣʫʯʝʥʥʦʩʪʴ ʫʯʘʩʪʢʘ ʩʧʝʢʪʨʘ Ў‗Ȣ 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʘ ʧʨʠ ʨʘʟʚʠʪʠʠ 

ʨʘʩʪʝʥʠʡ ʯʘʩʪʴ ʩʧʝʢʪʨʘ, ʦʙʦʟʥʘʯʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 1. 

 
 

ʈʠʩʫʥʦʢ 1 ï ʕʬʬʝʢʪʠʚʥʳʡ ʜʠʘʧʘʟʦʥ ʬʦʪʦʩʠʥʪʝʟʘ ʟʝʣʝʥʦʛʦ ʣʠʩʪʘ ʨʘʩʪʝʥʠʷ 

 

ɹʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʦʩʪ ʨʘʩʪʝʥʠʷ ʦʢʘʟʳʚʘʝʪ ʠ ʚʨʝʤʷ ʩʚʝʪʦʚʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʨʘʟʣʠʯʥʦʡ ʜʣʠʥʳ ʚʦʣʥʳ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʢʨʘʩʥʳʡ ʜʠʘʧʘʟʦʥ ʢʨʘʪʢʦʝ 

ʚʨʝʤʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʥʪʝʥʩʠʚʥʦʤʫ ʨʦʩʪʫ ʣʠʩʪʴʷʤ ʦʛʫʨʮʘ, ʘ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ 

ʦʙʣʫʯʝʥʠʠ ʤʦʞʝʪ ʠʭ ʩʞʝʯʴ [3]. 
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ɺ ʨʘʟʥʳʝ ʧʝʨʠʦʜʳ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʡ ʪʨʝʙʫʶʪʩʷ ʩʚʝʪʦʚʳʝ ʣʫʯʠ 

ʨʘʟʣʠʯʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʜʣʠʥ ʚʦʣʥ [4, 5]. ɺʨʝʤʷ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʝʛʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʟʘʚʠʩʠʪ ʦʪ ʩʪʘʜʠʠ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʷ, ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʢʘʢ ʨʘʩʩʘʜʫ ʠ 

ʚʟʨʦʩʣʦʝ ʨʘʩʪʝʥʠʝ. 

ɼʦʟʘ ʦʙʣʫʯʝʥʠʷ ɼ100 ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 

ɼ100 = ɽʦʧʪ.t100,                                                          (2) 

 

ʛʜʝ ʠʥʜʝʢʩ 100 ʦʟʥʘʯʘʝʪ ʦʙʣʫʯʝʥʥʦʩʪʴ ʨʘʚʥʫʶ 100 ɺʪ/ʤ2. 

ʇʨʠ ʵʪʦʤ ʜʦʧʫʩʢʘʝʪʩʷ ʟʥʘʯʝʥʠʝ ʜʦʟʳ, ʧʦʧʘʜʘʶʱʝʝ ʚ ʠʥʪʝʨʚʘʣ: 

 

ɼʦʧʪ ɼ100 1,2ɼʦʧʪ,                                                 (3) 

 

ʛʜʝ ɼʦʧʪ ï ʦʧʪʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʦʟʳ. 

ʈʘʟʣʠʯʥʳʝ ʫʯʘʩʪʢʠ ʩʧʝʢʪʨʘ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʨʘʟʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʨʘʩʪʝʥʠʡ: 

- çʩʠʥʠʡè ʫʯʘʩʪʦʢ (380-500 ʥʤ) ʦʪʚʝʯʘʝʪ ʟʘ ʬʦʪʦʩʠʥʪʝʟ, ʪʦʣʱʠʥʫ ʠ 

ʧʣʦʪʥʦʩʪʴ ʪʢʘʥʝʡ ʠ ʩʪʨʫʢʪʫʨ ʨʘʩʪʝʥʠʷ;  

- çʟʝʣʝʥʳʡè ʫʯʘʩʪʦʢ (500-600 ʥʤ) ʦʙʝʩʧʝʯʠʚʘʝʪ ʬʦʪʦʩʠʥʪʝʟ ʥʠʞʥʠʭ ʙʦʣʝʝ 

ʧʣʦʪʥʳʭ ʣʠʩʪʴʝʚ; 

- çʢʨʘʩʥʳʡè ʫʯʘʩʪʦʢ (600-700 ʥʤ) ʙʣʘʛʦʪʚʦʨʥʦ ʚʣʠʷʝʪ ʥʘ ʨʦʩʪ ʩʪʝʙʣʷ 

ʨʘʩʪʝʥʠʷ ʠ ʝʛʦ ʧʣʦʜʦʥʦʰʝʥʠʝ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʧʪʠʯʝʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʝʧʣʦʚʳʝ (ʣʘʤʧʳ 

ʥʘʢʘʣʠʚʘʥʠʷ, ʛʘʣʦʛʝʥʥʳʝ ʣʘʤʧʳ); ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ (ʛʘʟʦʨʘʟʨʷʜʥʳʝ ʣʘʤʧʳ 

ʚʳʩʦʢʦʛʦ ʠ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ); ʩʚʝʪʦʜʠʦʜʥʳʝ ʠʩʪʦʯʥʠʢʠ [6]. ʅʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʷʚʣʷʶʪʩʷ ʧʦʩʣʝʜʥʠʝ. ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʝʛʢʦ 

ʨʝʛʫʣʠʨʦʚʘʪʴ ʤʦʱʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʠ ʝʛʦ ʩʧʝʢʪʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʚʨʝʤʝʥʝʤ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʷ, ʥʘʯʠʥʘʷ ʩʦ ʩʪʘʜʠʠ ʨʘʩʩʘʜʳ. ʄʘʣʦʝ ʪʝʧʣʦʚʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʩʚʝʪʦʜʠʦʜʦʚ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʘʪʴ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʦʙʣʫʯʘʪʝʣʝʤ 

ʠ ʨʘʩʪʝʥʠʝʤ [7, 8]. ɹʦʣʴʰʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʩʚʝʪʦʜʠʦʜʘ, 

ʦʭʚʘʪʳʚʘʶʱʝʛʦ 120-140Ј. ʇʨʠ ʨʘʟʤʝʱʝʥʠʠ ʣʠʥʝʡʢʠ ʩʚʝʪʦʜʠʦʜʦʚ ʚ ʮʝʥʪʨʘʣʴʥʦʡ 

ʯʘʩʪʠ ʩʚʝʪʠʣʴʥʠʢʘ ʧʦ ʧʨʷʤʦʡ, ʘ ʢʦʥʮʳ ʣʠʥʝʡʢʠ ʩ ʟʘʛʠʙʦʤ ʚʚʝʨʭ ʧʦʟʚʦʣʠʪ 

ʫʜʣʠʥʠʪʴ ʣʠʥʝʡʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ ʠ ʪʝʤ ʩʘʤʳʤ 

ʩʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʩʚʝʪʠʣʴʥʠʢʦʚ ʧʦ ʜʣʠʥʝ ʪʝʧʣʠʮʳ [9]. ɸʥʘʣʦʛʠʯʥʦ ʬʦʨʤʘ 

ʩʚʝʪʠʣʴʥʠʢʘ ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʪʘʢʞʝ ʜʦʣʞʥʘ ʠʤʝʪʴ ʜʫʛʦʦʙʨʘʟʥʫʶ ʬʦʨʤʫ,  

ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʪ ʩʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʩʚʝʪʠʣʴʥʠʢʦʚ ʧʦ ʰʠʨʠʥʝ ʪʝʧʣʠʮʳ. 

ʇʨʝʜʣʦʞʝʥʥʘʷ  ʢʦʥʩʪʨʫʢʮʠʷ ʩʚʝʪʠʣʴʥʠʢʘ ʧʦʟʚʦʣʠʪ ʩʦʢʨʘʪʠʪʴ ʨʘʩʭʦʜʳ ʥʘ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ [10, 11].  

ʇʠʪʘʥʠʝ ʩʚʝʪʦʜʠʦʜʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʪ ʫʧʨʘʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʠʟʤʝʥʷʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʙʣʫʯʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʐʀʄ ï

ʤʦʜʫʣʷʪʦʨʦʚ ʚ ʩʦʩʪʘʚʝ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʣʠʙʦ ʘʥʘʣʦʛʦʚʳʤ ʩʧʦʩʦʙʦʤ [12, c. 

80]. 

ʉʚʝʪʦʦʪʜʘʯʘ ʦʪ ʩʚʝʪʦʜʠʦʜʦʚ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 20-10 ʣʤ/ʚʪ. 
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ʈʠʩʫʥʦʢ 2 ï ʊʝʧʣʠʮʘ ʩʦ ʩʚʝʪʦʜʠʦʜʥʳʤʠ ʩʚʝʪʠʣʴʥʠʢʘʤʠ 

 

ʌʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ ʚ ʠʟʣʫʯʘʝʤʦʤ ʜʠʘʧʘʟʦʥʝ •‗ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ: 

ˡ ᷿ „˒‗ẖ̌  •‗Ὠ‗ ȟ                                (4) 

 

ʛʜʝ „˒‗ẖ̌  ï ʩʧʝʢʪʨʘʣʴʥʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ; Ὁ(‗) ïʦʙʣʫʯʝʥʥʦʩʪʴ ʥʘ ʜʣʠʥʝ 
ʚʦʣʥʳ ‗ ʚ ʟʘʜʘʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʜʣʠʥ ʚʦʣʥ. 

ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʤʦʱʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ: 

 

˝  
ˡ
 ȟ                                                           (5) 

 

ʛʜʝ ˡ  ï ʧʦʪʦʢ ʩʚʝʪʦʚʦʡ ʵʥʝʨʛʠʠ; ὠ‗ ï ʩʧʝʢʪʨʘʣʴʥʘʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ. 

ʇʨʠ ʚʳʙʦʨʝ ʦʧʪʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ ʩʚʝʪʠʣʴʥʠʢʘ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ 

ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ [13]. 

ʆʙʱʘʷ ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʧʨʦʮʝʩʩʘ ʦʙʣʫʯʝʥʠʷ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 

˒̖   ȟ                                                              (6) 

 

ʛʜʝ Q ïʟʘʪʨʘʯʠʚʘʝʤʘʷ ʵʥʝʨʛʠʷ; ὖ ï ʢʦʣʠʯʝʩʪʚʦ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʠʜʘ ʧʨʦʜʫʢʮʠʠ; 

x ï ʧʘʨʘʤʝʪʨ ʨʘʩʪʝʥʠʷ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʪʦʨʦʛʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʦʙʣʫʯʝʥʠʷ. 

ʆʯʝʚʠʜʥʦ ʥʝʩʦʚʧʘʜʝʥʠʝ ʫʩʣʦʚʠʡ ʦʙʣʫʯʝʥʠʷ ʧʨʠ ʧʦʩʪʘʥʦʚʢʝ ʮʝʣʠ 

ʩʦʢʨʘʱʝʥʠʷ ʵʥʝʨʛʦʟʘʪʨʘʪ ʠ ʤʘʢʩʠʤʫʤʘ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʷ. ʕʪʦ ʟʘʩʪʘʚʣʷʝʪ 

ʠʩʢʘʪʴ ʢʦʤʧʨʦʤʠʩʩʥʦʝ ʨʝʰʝʥʠʝ ʚ ʫʩʣʦʚʠʷʭ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʨʘʩʪʝʥʠʝ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʚʦʟʜʝʡʩʪʚʠʷ ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʬʘʢʪʦʨʥʦʡ 

ʟʘʜʘʯʝʡ, ʚ ʬʘʢʪʦʨʳ ʢʦʪʦʨʦʡ ʚʭʦʜʷʪ ʢʨʦʤʝ ʦʩʥʦʚʥʳʭ (ʩʧʝʢʪʨʘʣʴʥʳʡ ʩʦʩʪʘʚ, ʜʦʟʘ 

ʦʙʣʫʯʝʥʠʷ ʠ ʚʨʝʤʷ ʚʦʟʜʝʡʩʪʚʠʷ) ʪʘʢʞʝ ʧʠʪʘʶʱʠʝ ʤʠʢʨʦʵʣʝʤʝʥʪʳ, ʪʝʤʧʝʨʘʪʫʨʘ 

ʚ ʪʝʧʣʠʮʘʭ, ʩʦʩʪʘʚ ʚʦʟʜʫʭʘ, ʚʣʘʞʥʦʩʪʴ ʠ ʜʨʫʛʠʝ [14]. ʇʨʠʯʝʤ ʨʘʟʙʨʦʩ 

ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ 5 ʠʥʪʝʨʚʘʣʦʚ: ʦʩʥʦʚʥʦʡ ʠ ʧʦ ʜʚʘ ʟʘʢʘʣʠʚʘʶʱʠʭ ʠ 
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ʧʦʚʨʝʞʜʘʶʱʠʭ, ʘ ʩʧʝʢʪʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʜʦʣʞʝʥ ʟʘʚʠʩʝʪʴ ʦʪ ʩʪʘʜʠʠ ʨʘʟʚʠʪʠʷ 

ʨʘʩʪʝʥʠʷ. ʋʯʝʩʪʴ ʚʩʝ ʬʘʢʪʦʨʳ ʠʣʠ ʭʦʪʷ ʙʳ ʦʩʥʦʚʥʳʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. ʇʘʨʘʤʝʪʨʘʤʠ, ʫʯʘʩʪʚʫʶʱʠʤʠ ʚ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʤʦʛʫʪ ʙʳʪʴ ʜʠʘʤʝʪʨ ʠ ʜʣʠʥʘ ʩʪʝʙʣʷ, ʢʦʪʦʨʳʝ 

ʦʧʠʩʳʚʘʶʪ ʨʦʩʪ ʨʘʩʪʝʥʠʷ [15]. ɺ ʩʦʩʪʘʚ ʚʥʝʰʥʠʭ ʧʝʨʝʤʝʥʥʳʭ ʚʭʦʜʷʪ 

ʫʧʦʤʷʥʫʪʳʝ ʨʘʥʝʝ ʧʘʨʘʤʝʪʨʳ. ʈʝʘʣʠʟʘʮʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚʦʟʤʦʞʥʘ ʥʘ 

ʦʩʥʦʚʝ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ, ʧʦʣʫʯʘʶʱʝʛʦ ʠʥʬʦʨʤʘʮʠʶ ʦʪ ʨʘʟʣʠʯʥʳʭ ʜʘʪʯʠʢʦʚ. 

ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʫʞʥʦʛʦ ʩʧʝʢʪʨʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʨʘʩʥʳʝ, ʩʠʥʠʝ, ʙʝʣʳʝ ʠ 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʝ ʩʚʝʪʦʜʠʦʜʳ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ.  

ʇʨʠʤʝʥʝʥʠʝ ʩʚʝʪʦʜʠʦʜʥʳʭ ʩʚʝʪʠʣʴʥʠʢʦʚ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʜʣʷ 

ʚʳʨʘʱʠʚʘʥʠʷ ʩʝʤʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʛʠʜʨʦʧʦʥʥʳʭ ʫʩʪʘʥʦʚʢʘʭ.  
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ʉʘʤʫʡʣʝʥʢʦʚʘ ɸ.ʄ.,  

ɹʝʟʨʫʢʦʚʘ ɺ.ɸ.,  

ʄʘʨʘʢʫʣʠʥʘ ʉ.ʇ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

ʌɻɹʆʋ ɺʆ ɻʋɿ, ʛ. ʄʦʩʢʚʘ, ʈʌ 

 

ʉʀʉʊɽʄɸ ʆʉʊɽʂʃɽʅʀʗ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ WFG ʂɸʂ ʉʇʆʉʆɹ 

ʇʆɺʓʐɽʅʀʗ ʕʅɽʈɻʆʕʌʌɽʂʊʀɺʅʆʉʊʀ ʇʈɽɼʇʈʀʗʊʀʁ ɸʇʂ 

 

ɺ ʥʘʰʝ ʚʨʝʤʷ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʳʡ ʢʦʤʧʣʝʢʩ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʨʷʜʦʤ 

ʧʨʦʙʣʝʤ, ʚ ʯʠʩʣʝ ʢʦʪʦʨʳʭ ʧʨʦʙʣʝʤʘ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʧʨʝʜʧʨʠʷʪʠʡ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ɺ ʢʘʯʝʩʪʚʝ 

ʩʧʦʩʦʙʘ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ɸʇʂ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʠʟʤʝʥʝʥʠʷ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʛʨʘʞʜʘʶʱʠʭ 

ʢʦʥʩʪʨʫʢʮʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʠʩʪʝʤ ʦʩʪʝʢʣʝʥʠʷ ʟʜʘʥʠʡ [1]. ʆʜʥʦʡ ʠʟ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʩʪʝʢʣʝʥʠʷ, ʦʙʣʘʜʘʶʱʝʡ ʚʳʩʦʢʠʤ ʧʦʢʘʟʘʪʝʣʝʤ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʷʚʣʷʶʪʩʷ ʦʢʥʘ ʩ ʢʘʤʝʨʘʤʠ, ʟʘʧʦʣʥʝʥʥʳʤʠ ʚʦʜʦʡ ʠʣʠ 

Water-Filled Glass (WFG) [2]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʦʩʪʝʢʣʝʥʠʷ ʚ 

ʟʜʘʥʠʠ ʩʧʦʩʦʙʥʦ ʩʥʠʟʠʪʴ ʵʥʝʨʛʦʟʘʪʨʘʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʝʡ. 

ʄʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʟʘʪʨʘʪ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʥʝ ʪʦʣʴʢʦ ʧʦʚʳʩʠʪ 

ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʧʨʠʷʪʠʡ ɸʇʂ, ʥʦ ʠ ʧʦʟʚʦʣʠʪ ʩʥʠʟʠʪʴ 

ʫʛʣʝʨʦʜʥʳʡ ʩʣʝʜ ʦʪ ʚʳʙʨʦʩʦʚ CO2 ʚ ʩʝʢʪʦʨʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʯʪʦ 

ʢʨʘʡʥʝ ʚʘʞʥʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ ʥʘʛʨʫʟʢʝ ʥʘ ʙʠʦʩʬʝʨʫ ʦʪ 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. 

ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʙʳʣʘ ʧʨʠʜʫʤʘʥʘ ʠ ʟʘʧʘʪʝʥʪʦʚʘʥʘ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ 

ʘʨʭʠʪʝʢʪʫʨʳ ʋʥʠʚʝʨʩʠʪʝʪʘ ʃʘʬʙʦʨʦ ʄʘʪʴʷʰʝʤ ɻʫʪʘʝʤ ʠ ʝʛʦ ʢʦʣʣʝʛʘʤʠ 

ɼʵʥʠʝʣʦʤ ʐʠʥʘʛʣʦʤ ʠ ɸʙʦʣʴʬʘʟʣʦʤ ɻʘʥʜʞʠ ʍʝʡʙʘʨʠ [2]. ʀʤʠ ʞʝ ʚ 2020 ʛʦʜʫ 

ʙʳʣʘ ʦʩʥʦʚʘʥʘ ʢʦʤʧʘʥʠʷ Water-Filled Glass, ʢʦʪʦʨʘʷ ʢ ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ ʫʞʝ 

ʟʘʚʝʨʰʠʣʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʜʚʫʭ ʧʨʦʪʦʪʠʧʦʚ ʟʜʘʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʪʦʡ 

ʪʝʭʥʦʣʦʛʠʠ, ʥʘʟʚʘʥʥʳʭ Water House 1.0 ʠ Water House 2.0. ʇʝʨʚʳʡ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʙʦʣʴʰʫʶ ʭʠʞʠʥʫ ʚ ɺʝʥʛʨʠʠ, ʘ ʚʪʦʨʦʡ ï ʧʘʚʠʣʴʦʥ ʚ 

ʋʥʠʚʝʨʩʠʪʝʪʝ ʌʵʥ ʎʟʷ ʥʘ ʊʘʡʚʘʥʝ [3]. 

ʇʦʜʦʙʥʘʷ ʩʠʩʪʝʤʘ ʦʩʪʝʢʣʝʥʠʷ ʧʨʦʩʪʘ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ ʠ ʧʨʠ ʵʪʦʤ ʦʙʣʘʜʘʝʪ 

ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ ʧʝʨʝʜ ʦʙʳʯʥʳʤ ʩʪʝʢʣʦʤ. ʉʫʪʴ ʪʝʭʥʦʣʦʛʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʪʦʤ, ʯʪʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ ʩʪʘʥʜʘʨʪʥʳʤʠ ʧʘʥʝʣʷʤʠ ʩʪʝʢʣʘ ʟʘʧʦʣʥʷʝʪʩʷ ʚʦʜʦʡ 

ʧʨʠ ʧʦʤʦʱʠ ʪʨʫʙ, ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʜʢʣʶʯʘʶʪʩʷ ʢ ʦʙʱʝʤʫ ʨʝʟʝʨʚʫʘʨʫ 

ʩ ʚʦʜʦʡ, ʚʤʦʥʪʠʨʦʚʘʥʥʦʤʫ ʚ ʩʪʝʥʳ ʠʣʠ ʠʥʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ ʟʜʘʥʠʷ 

[3].  

ʆʢʦʣʦ 66% ʧʨʦʮʝʥʪʦʚ ʪʝʧʣʘ, ʧʨʦʥʠʢʘʶʱʝʛʦ ʚʥʫʪʨʴ ʟʜʘʥʠʷ ʯʝʨʝʟ ʦʢʦʥʥʦʝ 

ʩʪʝʢʣʦ, ʩʦʩʪʘʚʣʷʝʪ ʪʝʧʣʦ ʦʪ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ [4]. ʉʪʝʢʣʦ, ʟʘʧʦʣʥʝʥʥʦʝ 

ʚʦʜʦʡ, ʩʧʦʩʦʙʥʦ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʩʥʠʟʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʥʠʢʘʶʱʝʛʦ 

ʚʥʫʪʨʴ ʟʜʘʥʠʷ ʩʦʣʥʝʯʥʦʛʦ ʪʝʧʣʘ, ʯʪʦ ʜʝʣʘʝʪ ʜʘʥʥʫʶ ʪʝʭʥʦʣʦʛʠʶ ʢʨʘʡʥʝ 

ʘʢʪʫʘʣʴʥʦʡ.  
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ɺ ʪʸʧʣʳʡ ʧʝʨʠʦʜ ʛʦʜʘ ʩʣʦʡ ʚʦʜʳ ʧʦʛʣʦʱʘʝʪ ʩʦʣʥʝʯʥʦʝ ʪʝʧʣʦ ʧʨʝʞʜʝ, ʯʝʤ 

ʦʥʦ ʜʦʩʪʠʛʥʝʪ ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʟʜʘʥʠʷ. ʅʘʛʨʝʪʘʷ ʚʦʜʘ ʧʝʨʝʢʘʯʠʚʘʝʪʩʷ 

ʧʦ ʪʨʫʙʘʤ ʚ ʨʝʟʝʨʚʫʘʨʳ, ʚʤʦʥʪʠʨʦʚʘʥʥʳʝ ʚ ʩʪʝʥʳ ʠʣʠ ʬʫʥʜʘʤʝʥʪ, ʛʜʝ ʪʸʧʣʘʷ 

ʚʦʜʘ ʤʦʞʝʪ ʭʨʘʥʠʪʴʩʷ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʥʘʧʨʠʤʝʨ ʜʣʷ 

ʛʦʨʷʯʝʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ. 

ɺ ʭʦʣʦʜʥʦʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ WFG ʩʧʦʩʦʙʥʦ ʩʦʢʨʘʪʠʪʴ 

ʪʝʧʣʦʧʦʪʝʨʠ ʧʨʠ ʦʙʦʛʨʝʚʝ ʟʜʘʥʠʷ, ʪʘʢ ʢʘʢ ʩʣʦʡ ʚʦʜʳ ʟʘʜʝʨʞʠʚʘʝʪ ʥʝ ʪʦʣʴʢʦ 

ʪʝʧʣʦ, ʧʨʦʥʠʢʘʶʱʝʝ ʚ ʟʜʘʥʠʝ, ʥʦ ʠ ʪʝʧʣʦ, ʧʨʦʠʟʚʦʜʠʤʦʝ ʠʟʥʫʪʨʠ. 

ɼʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚ ʫʩʣʦʚʠʷʭ ʭʦʣʦʜʥʦʛʦ ʢʣʠʤʘʪʘ 

ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʦʜʠʬʠʢʘʮʠʷ, ʧʨʠ ʢʦʪʦʨʦʡ ʚ ʩʠʩʪʝʤʝ ʦʩʪʝʢʣʝʥʠʷ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʨʝʭʢʘʤʝʨʥʳʝ ʩʪʝʢʣʦʧʘʢʝʪʳ, ʚʥʝʰʥʷʷ ʧʦʣʦʩʪʴ ʢʦʪʦʨʳʭ 

ʟʘʧʦʣʥʝʥʘ ʘʨʛʦʥʦʚʦʡ ʠʟʦʣʷʮʠʝʡ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʟʘʤʝʨʟʘʥʠʷ ʚʦʜʳ ʟʠʤʦʡ. 

ɸʨʛʦʥʦʚʘʷ ʠʟʦʣʷʮʠʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʫʪʸʤ ʟʘʧʦʣʥʝʥʠʷ ʦʜʥʦʡ ʠʟ ʢʘʤʝʨ 

ʩʪʝʢʣʦʧʘʢʝʪʘ ʘʨʛʦʥʦʤ, ʯʪʦ ʩʥʠʞʘʝʪ ʪʝʧʣʦʧʝʨʝʜʘʯʫ ʟʘ ʩʯʸʪ ʧʣʦʪʥʦʩʪʠ ʘʨʛʦʥʘ ʠ 

ʪʝʤ ʩʘʤʳʤ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʟʘʤʝʨʟʘʥʠʝ ʚʦʜʳ [4].   

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʈʘʟʨʝʟ ʩʪʝʢʣʦʧʘʢʝʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ WFG 

 

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʚ ʢʦʪʦʨʦʤ ʩʨʘʚʥʠʚʘʣʦʩʴ ʦʢʥʦ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ WFG, ʦʙʳʯʥʦʝ ʦʢʥʦ ʩ ʜʚʦʡʥʳʤ ʩʪʝʢʣʦʧʘʢʝʪʦʤ ʠ ʪʘʢʦʡ ʞʝ 

ʜʚʦʡʥʦʡ ʩʪʝʢʣʦʧʘʢʝʪ ʩ ʪʦʥʠʨʦʚʢʦʡ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʜʣʷ ʚʩʝʭ 

ʦʩʥʦʚʥʳʭ ʢʣʠʤʘʪʦʚ ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʂʸʧʧʝʥʘ ʚ 13 ʛʦʨʦʜʘʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʦ 

ʚʳʷʚʣʝʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʝʪ ʩʵʢʦʥʦʤʠʪʴ ʦʪ 3 ʜʦ 84% 

ʵʥʝʨʛʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʣʠʤʘʪʘ [5]. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʠʩʪʝʤʘ 

ʦʩʪʝʢʣʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ WFG ʥʘ 47-72% ʙʦʣʝʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤ ʜʚʦʡʥʳʤ ʩʪʝʢʣʦʧʘʢʝʪʦʤ, ʠ ʥʘ 34-61% 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʝʝ ʪʨʦʡʥʦʛʦ ʩʪʝʢʣʦʧʘʢʝʪʘ ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ.  
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ʊʝʭʥʦʣʦʛʠʷ ʦʢʦʥ ʩ WFG ʘʢʪʠʚʥʦ ʠʩʩʣʝʜʫʝʪʩʷ ʠ ʤʦʜʠʬʠʮʠʨʫʝʪʩʷ. ʅʘ 

ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʢʦʤʧʘʥʠʝʡ, ʚʣʘʜʝʶʱʝʡ ʧʘʪʝʥʪʦʤ ʥʘ ʪʝʭʥʦʣʦʛʠʶ WFG, 

ʨʘʟʨʘʙʦʪʘʥʘ ʚʪʦʨʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʢʦʪʦʨʘʷ ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ 

Smart Water-Filled Glass (SWFG), ʠʣʠ ʫʤʥʦʝ ʦʢʥʦ, ʩ ʢʘʤʝʨʘʤʠ ʟʘʧʦʣʥʝʥʥʳʤʠ 

ʚʦʜʦʡ. ʆʩʥʦʚʥʦʝ ʦʪʣʠʯʠʝ ʪʝʭʥʦʣʦʛʠʠ SWFG ʦʪ ʦʙʳʯʥʦʛʦ WFG ʩʦʩʪʦʠʪ ʚ ʪʦʤ, 

ʯʪʦ ʢ ʚʦʜʷʥʦʤʫ ʟʘʧʦʣʥʠʪʝʣʶ ʜʦʙʘʚʣʝʥ ʢʦʤʧʦʥʝʥʪ, ʢʦʪʦʨʳʡ ʨʝʘʛʠʨʫʝʪ ʥʘ 

ʠʟʤʝʥʝʥʠʝ ʫʩʣʦʚʠʡ ʜʥʝʚʥʦʛʦ ʩʚʝʪʘ ʠʟʤʝʥʝʥʠʝʤ ʮʚʝʪʘ ʚʦʜʷʥʦʛʦ ʟʘʧʦʣʥʠʪʝʣʷ ʥʘ 

ʙʦʣʝʝ ʪʸʤʥʳʡ, ʯʪʦ ʧʨʝʧʷʪʩʪʚʫʝʪ ʧʨʦʥʠʢʥʦʚʝʥʠʶ ʩʦʣʥʝʯʥʳʭ ʣʫʯʝʡ ʚ ʧʦʤʝʱʝʥʠʝ 

ʠ ʩʥʠʞʘʝʪ ʝʛʦ ʥʘʛʨʝʚ. ʊʝʭʥʦʣʦʛʠʷ SWFG ʩʧʦʩʦʙʥʘ ʠʟʤʝʥʷʪʴ ʩʚʦʡ ʮʚʝʪ ʩ 

ʘʙʩʦʣʶʪʥʦ ʧʨʦʟʨʘʯʥʦʛʦ (0%) ʜʦ ʧʦʣʫʟʘʪʝʥʸʥʥʦʛʦ (20%) ʠ ʟʘʪʝʥʸʥʥʦʛʦ (40%) 

[6].  

ʅʝʩʤʦʪʨʷ ʥʘ ʚʳʰʝʦʧʠʩʘʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ WFG, ʚʩʪʘʸʪ ʚʦʧʨʦʩ ʦʙ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʫʛʣʝʨʦʜʥʦʛʦ 

ʩʣʝʜʘ, ʧʨʦʠʟʚʦʜʠʤʦʛʦ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʦʩʪʝʢʣʝʥʠʝʤ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ WFG. ɼʣʷ ʦʮʝʥʢʠ ʵʪʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ 

[7], ʚ ʢʦʪʦʨʦʤ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʚʘʨʠʘʥʪʳ ʦʩʪʝʢʣʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ 

ʟʜʘʥʠʡ: 1) ʦʢʥʦ ʩ ʜʚʦʡʥʳʤ ʩʪʝʢʣʦʧʘʢʝʪʦʤ; 2) ʦʢʥʦ ʩ ʜʚʦʡʥʳʤ ʩʪʝʢʣʦʧʘʢʝʪʦʤ ʩ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʟʘʪʝʤʥʝʥʠʝʤ (ʵʣʝʢʪʨʦʟʘʪʝʥʝʥʠʝʤ); 3) ʦʢʥʦ ʩ ʪʨʦʡʥʳʤ 

ʩʪʝʢʣʦʧʘʢʝʪʦʤ; 4) ʦʢʥʦ ʩ ʜʚʦʡʥʳʤ ʩʪʝʢʣʦʧʘʢʝʪʦʤ ʩ ʩʦʣʥʮʝʟʘʱʠʪʥʳʤ 

ʧʦʢʨʳʪʠʝʤ; 5) ʵʣʝʢʪʨʦʭʨʦʤʥʦʝ ʩʪʝʢʣʦ 6) ʆʩʪʝʢʣʝʥʠʝ ʩ WFG; 7) ʆʩʪʝʢʣʝʥʠʝ ʩ 

SWFG. ʉʠʩʪʝʤʳ ʦʩʪʝʢʣʝʥʠʷ ʩʨʘʚʥʠʚʘʣʠʩʴ ʧʦ ʩʣʝʜʫʶʱʠʤ ʦʩʥʦʚʥʳʤ 

ʧʦʢʘʟʘʪʝʣʷʤ: ʥʘʣʠʯʠʝ ʩʠʩʪʝʤʳ ʟʘʪʝʥʝʥʠʷ, ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʫʩʢʘʥʠʷ 

ʩʦʣʥʝʯʥʦʛʦ ʪʝʧʣʘ (SHGC), ʧʨʷʤʦʝ ʧʨʦʧʫʩʢʘʥʠʝ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ (Tsol), 

ʧʨʦʧʫʩʢʘʥʠʝ ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ (Tvis).  SHGC ʠʣʠ ʂʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʫʩʢʘʥʠʷ 

ʩʦʣʥʝʯʥʦʛʦ ʪʝʧʣʘ ʧʦʢʘʟʳʚʘʝʪ, ʢʘʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʘ ʦʪ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʤʦʞʝʪ ʧʨʦʡʪʠ ʯʝʨʝʟ ʩʪʝʢʣʦ. SHGC ʦʧʠʩʳʚʘʝʪ ʦʪʥʦʰʝʥʠʝ, ʛʜʝ 1 - ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʤʫ ʢʦʣʠʯʝʩʪʚʫ ʧʨʦʧʫʩʢʘʝʤʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʪʝʧʣʘ, ʘ 0 - 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʤʫ ʧʨʦʧʫʩʢʥʦʤʫ ʩʦʣʥʝʯʥʦʤʫ 

ʪʝʧʣʫ. ʇʨʷʤʦʝ ʧʨʦʧʫʩʢʘʥʠʝ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ (Tsol) ï ʵʪʦ ʧʨʦʮʝʥʪ ʩʦʣʥʝʯʥʦʡ 

ʵʥʝʨʛʠʠ ʚ ʧʦʣʥʦʤ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥʳ ʚʦʣʥʳ (300-2100 ʥʤ), ʢʦʪʦʨʳʡ ʧʨʦʭʦʜʠʪ 

ʯʝʨʝʟ ʩʪʝʢʣʦ ʠʣʠ ʜʨʫʛʦʡ ʤʘʪʝʨʠʘʣ. ʇʨʦʧʫʩʢʘʥʠʝ ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ (Tvis) ï ʵʪʦ 

ʧʨʦʮʝʥʪ ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ, ʢʦʪʦʨʳʡ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʩʪʝʢʣʦ. ʕʪʦʪ ʧʦʢʘʟʘʪʝʣʴ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʢʘʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʚʝʪʘ ʚ ʚʠʜʠʤʦʤ ʩʧʝʢʪʨʝ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ 

ʧʦʚʝʨʭʥʦʩʪʴ.  ʇʘʨʘʤʝʪʨʳ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʞʜʦʡ ʠʟ ʩʠʩʪʝʤ ʦʩʪʝʢʣʝʥʠʷ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ ʥʠʞʝ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʜʣʷ ʩʣʝʜʫʶʱʠʭ ʛʦʨʦʜʦʚ: ʉʠʥʛʘʧʫʨʘ, 

ʄʘʜʨʠʜʘ, ɼʫʙʘʷ, ʅʴʶ-ʁʦʨʢʘ, ʇʝʢʠʥʘ, ʄʠʣʘʥʘ, ɼʝʙʨʝʮʝʥʘ. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʨʘʚʥʠʚʘʣʩʷ ʫʛʣʝʨʦʜʥʳʡ ʩʣʝʜ ʦʪ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʥʝʨʛʠʠ, 

ʢʦʪʦʨʫʶ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʟʘʪʨʘʪʠʪʴ ʥʘ ʢʘʞʜʦʤ ʠʟ ʵʪʘʧʦʚ çʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘè, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚʳʰʝ ʩʠʩʪʝʤ ʦʩʪʝʢʣʝʥʠʷ. çɾʠʟʥʝʥʥʳʡ ʮʠʢʣè ʚʢʣʶʯʘʣ ʚ ʩʝʙʷ 

ʩʪʘʜʠʠ ʜʦʙʳʯʠ ʩʳʨʴʷ, ʧʨʦʠʟʚʦʜʩʪʚʘ, ʵʢʩʧʣʫʘʪʘʮʠʠ, ʘ ʪʘʢʞʝ ʫʪʠʣʠʟʘʮʠʠ. ʅʠʞʝ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʜʠʘʛʨʘʤʤʘ ʢʘʞʜʦʛʦ ʠʟ ʚʘʨʠʘʥʪʦʚ ʦʩʪʝʢʣʝʥʠʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʛʣʝʨʦʜʥʦʛʦ ʩʣʝʜʘ ʧʨʦʠʟʚʦʜʠʤʦʛʦ ʥʘ ʢʘʞʜʦʤ ʠʟ ʵʪʘʧʦʚ 

çʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘè ʜʣʷ 7 ʛʦʨʦʜʦʚ. 
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ʊʘʙʣʠʮʘ 1 ï ʇʘʨʘʤʝʪʨʳ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤ ʦʩʪʝʢʣʝʥʠʷ 

ʅʘʟʚʘʥʠʝ 

ʪʝʭʥʦʣʦʛʠʠ 

ʇʘʨʘʤʝʪʨʳ 

ʩʠʩʪʝʤʳ 

ʦʩʪʝʢʣʝʥʠʷ 

ɿʘʪʝʥʝʥʠʝ/ 

ʠʟʤʝʥʷʝʤʘʷ 

ʩʠʩʪʝʤʘ 

ʢʦʥʪʨʦʣʷ 

ʟʘʪʝʥʝʥʠʷ 

ʂʦʵʬʬʠʮʠʝʥ

ʪ ʧʨʦʧʫʩʢʘʷ 

ʩʦʣʥʝʯʥʦʛʦ 

ʪʝʧʣʘ 

(SHGC) 

ʇʨʷʤʦʝ 

ʧʨʦʧʫʩʢʘʥʠ

ʝ ʩʦʣʥʝʯʥʦʡ 

ʵʥʝʨʛʠʠ 

(Tsol) [%] 

ʇʨʦʧʫʩʢʘʥʠ

ʝ ʚʠʜʠʤʦʛʦ 

ʩʚʝʪʘ (Tvis) 

[%] 

ɼʚʦʡʥʦʡ 

ʩʪʝʢʣʦʧʘʢʝʪ 

ɺʦʟʜʫʰʥʘʷ ʢʘʤʝʨʘ 

ʤʝʞʜʫ ʣʠʩʪʘʤʠ 16 

ʤʤ ʩʪʝʢʣʘ Low-E 

(ʩʪʸʢʣʘ ʩ ʥʠʟʢʠʤ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʠʟʣʫʯʝʥʠʷ) 

ʟʘʧʦʣʥʝʥʘ ʘʨʛʦʥʦʤ 

ʅʝʪ 

ʟʘʪʝʥʝʥʠʷ 
62% 43% 62% 

ɼʚʦʡʥʦʡ 

ʩʪʝʢʣʦʧʘʢʝʪ 

ʩ ʘʚʪʦʤʘʪʠ-

ʯʝʩʢʠʤ 

ʟʘʪʝʥʝʥʠʝʤ 

(ʵʣʝʢʪʨʦʟʘ-

ʪʝʥʝʥʠʝʤ) 

ɺʦʟʜʫʰʥʘʷ ʢʘʤʝʨʘ 

ʤʝʞʜʫ ʣʠʩʪʘʤʠ 16 

ʤʤ ʩʪʝʢʣʘ Low-E 

(ʩʪʸʢʣʘ ʩ ʥʠʟʢʠʤ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʠʟʣʫʯʝʥʠʷ) 

ʟʘʧʦʣʥʝʥʘ ʘʨʛʦʥʦʤ 

ɸʚʪʦʤʘʪʠʯʝʩ

ʢʠʡ 

ʜʚʫʭʩʪʫʧʝʥʯʘ

ʪʳʡ ʢʦʥʪʨʦʣʴ 

62% 43% 62% 

ʊʨʦʡʥʦʡ 

ʩʪʝʢʣʦʧʘʢʝʪ  

ɺʦʟʜʫʰʥʘʷ ʢʘʤʝʨʘ 

15 ʤʤ ʟʘʧʦʣʥʝʥʘ 

ʚʦʟʜʫʭʦʤ 

ʅʝʪ 

ʟʘʪʝʥʝʥʠʷ 
50% 33% 51% 

ɼʚʦʡʥʦʡ 

ʩʪʝʢʣʦʧʘʢʝʪ 

ʩ 

ʩʦʣʥʮʝʟʘʱʠ

ʪʥʳʤ 

ʧʦʢʨʳʪʠʝʤ 

ɺʦʟʜʫʰʥʘʷ ʢʘʤʝʨʘ 

16 ʤʤ ʟʘʧʦʣʥʝʥʘ 

ʘʨʛʦʥʦʤ, ʩʪʸʢʣʘ ʩ 

ʩʦʣʥʮʝʟʘʱʠʪʥʳʤ 

ʧʦʢʨʳʪʠʝʤ 

ʉʪʝʢʣʦ ʠʤʝʝʪ 

ʩʦʣʥʮʝʟʘʱʠʪ

ʥʦʝ ʧʦʢʨʳʪʠʝ 

20% 15% 20% 

ʕʣʝʢʪʨʦʭʦʜ

ʥʳʝ ʩʪʸʢʣʘ 

ɺʦʟʜʫʰʥʘʷ ʢʘʤʝʨʘ 

16 ʤʤ ʟʘʧʦʣʥʝʥʘ 

ʘʨʛʦʥʦʤ, ʩʪʸʢʣʘ 

Low-E 

ʏʝʪʳʨʸʭʩʪʫʧʝ

ʥʯʘʪʦʝ 

ʘʚʪʦʤʘʪʠʯʝʩʢ

ʦʝ ʟʘʪʝʥʝʥʠʝ 

43% 29% 44% 

WFG 

ʂʘʤʝʨʘ ʤʝʞʜʫ 

ʩʪʸʢʣʘʤʠ 15 ʤʤ 

ʟʘʧʦʣʥʝʥʘ ʚʦʜʦʡ 

ʅʝʪ 

ʟʘʪʝʥʝʥʠʷ 
55% 27% 44% 

SWFG 

ʂʘʤʝʨʘ ʤʝʞʜʫ 

ʩʪʸʢʣʘʤʠ 15 ʤʤ 

ʟʘʧʦʣʥʝʥʘ ʚʦʜʦʡ ʩ 

ʦʢʨʘʰʠʚʘʶʱʠʤ 

ʢʦʤʧʦʥʝʥʪʦʤ 

ʊʨʸʭʩʪʫʧʝʥʯʘ

ʪʘʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢ

ʘʷ ʩʠʩʪʝʤʘ 

ʟʘʪʝʥʝʥʠʷ 

54% 22% 35% 
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ʈʠʩʫʥʦʢ 2 ï ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʩʪʦʣʙʯʘʪʘʷ ʜʠʘʛʨʘʤʤʘ ʦʮʝʥʢʠ ʫʛʣʝʨʦʜʥʦʛʦ ʩʣʝʜʘ 

ʜʣʷ ʨʘʟʥʳʭ ʚʘʨʠʘʥʪʦʚ ʦʩʪʝʢʣʝʥʠʷ ʚ 7 ʛʦʨʦʜʘʭ ʚ ʪʝʯʝʥʠʝ çʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘè 

 

ʉʦʛʣʘʩʥʦ ʜʠʘʛʨʘʤʤʝ, ʚʦ ʚʩʝʭ ʩʮʝʥʘʨʠʷʭ ʩʠʩʪʝʤʳ ʦʩʪʝʢʣʝʥʠʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ WFG ʠ SWFG ʧʦʢʘʟʘʣʠ ʣʫʯʰʠʡ ʨʝʟʫʣʴʪʘʪ ʚ ʦʮʝʥʢʝ 

ʫʛʣʝʨʦʜʥʦʛʦ ʩʣʝʜʘ ʚ ʪʝʯʝʥʠʝ çʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘè. ʉʚʷʟʘʥʦ ʵʪʦ ʧʨʝʠʤʫʱʝʩʪʚʦ, 

ʢʘʢ ʦʪʤʝʯʘʶʪ ʘʚʪʦʨʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʩ ʤʝʥʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʚʳʙʨʦʩʦʚ CO2 ʠʤʝʥʥʦ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʯʪʦ ʤʦʞʝʪ ʛʦʚʦʨʠʪʴ ʦ ʙʦʣʴʰʝʡ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʦʩʪʝʢʣʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ 

ʨʘʩʩʤʦʪʨʝʥʥʳʤʠ ʚʘʨʠʘʥʪʘʤʠ [7]. 

ʇʦʤʠʤʦ ʫʧʦʤʷʥʫʪʳʭ ʜʦʩʪʦʠʥʩʪʚ WFG ʥʝʣʴʟʷ ʥʝ ʦʪʤʝʪʠʪʴ ʧʨʝʠʤʫʱʝʩʪʚʦ 

ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʳʯʥʳʤ ʦʢʥʦʤ ʩ ʜʚʦʡʥʳʤ ʩʪʝʢʣʦʧʘʢʝʪʦʤ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʘʢʫʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʉʪʝʢʣʦ ʩ ʚʦʜʷʥʳʤ ʟʘʧʦʣʥʝʥʠʝʤ 

ʦʙʣʘʜʘʝʪ ʣʫʯʰʝʡ ʰʫʤʦʠʟʦʣʷʮʠʝʡ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʭʦʨʦʰʝʡ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʜʣʷ 

ʩʪʘʥʜʘʨʪʥʳʭ ʦʢʦʥ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʟʜʘʥʠʷʭ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʰʫʤʥʳʭ 

ʨʘʡʦʥʘʭ. ʉʦʛʣʘʩʥʦ ʦʮʝʥʢʝ, ʩʠʩʪʝʤʘ ʦʩʪʝʢʣʝʥʠʷ ʩ WFG ʩʥʠʞʘʝʪ ʫʨʦʚʝʥʴ ʰʫʤʘ 

ʥʘ 15% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤ ʜʚʦʡʥʳʤ ʩʪʝʢʣʦʧʘʢʝʪʦʤ [4]. 

ʉʠʩʪʝʤʳ ʦʩʪʝʢʣʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ WFG ʩʧʦʩʦʙʥʳ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʩʪʝʧʝʥʠ ʧʦʚʳʩʠʪʴ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʟʜʘʥʠʡ ʧʨʝʜʧʨʠʷʪʠʡ ɸʇʂ ʟʘ ʩʯʸʪ ʪʦʛʦ, 

ʯʪʦ ʜʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ʢʦʤʬʦʨʪʥʳʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ 

ʫʩʣʦʚʠʷ ʚʥʫʪʨʠ ʧʦʤʝʱʝʥʠʷ ʧʨʠ ʤʝʥʴʰʠʭ ʵʥʝʨʛʦʟʘʪʨʘʪʘʭ. ʇʦʤʠʤʦ ʵʪʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ [7-10], ʯʪʦ ʜʘʥʥʘʷ ʩʠʩʪʝʤʘ ʦʩʪʝʢʣʝʥʠʷ ʩʦʟʜʘʸʪ ʤʝʥʴʰʠʡ 

ʫʛʣʝʨʦʜʥʳʡ ʩʣʝʜ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ çʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘè, ʯʝʤ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ 

ʚʘʨʠʘʥʪʳ ʦʩʪʝʢʣʝʥʠʷ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʠ 

WFG, ʘ ʪʘʢʞʝ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʝʨʩʧʝʢʪʠʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ WFG ʚ ɸʇʂ ʩ ʮʝʣʴʶ 

ʩʥʠʞʝʥʠʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʦʪ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 
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ʅʘʛʘʝʚ ʅ.ɹ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, 

ɹʨʶʭʠʥʘ ɼ.ʆ.,  

ʅʠʢʦʥʦʚ ʉ.ɺ., 

ɹʦʨʠʥ ɽ.ɼ., 

ɻʫʨʴʝʚʘ ɸ.ɸ. 

ʌɻɹʆʋ ɺʆ ʈɻɸʊʋ, ʛ. ʈʷʟʘʥʴ, ʈʌ 

 

ʉʆɺɽʈʐɽʅʉʊɺʆɺɸʅʀɽ ʄɽʈʆʇʈʀʗʊʀʁ  

ʇʆ ʂʆʅʊʈʆʃʖ ʈɽɾʀʄʆɺ ʈɸɹʆʊʓ  

ʉɽʃʔʉʂʆʍʆɿʗʁʉʊɺɽʅʅʓʍ ʕʃɽʂʊʈʀʏɽʉʂʀʍ ʉɽʊɽʁ 

 

ʇʝʨʚʦʩʪʝʧʝʥʥʦʡ ʟʘʜʘʯʝʡ ʧʨʠ ʨʘʙʦʪʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ ʷʚʣʷʝʪʩʷ ʠʭ 

ʢʦʥʪʨʦʣʴ, ʘ ʜʣʷ ʢʦʥʪʨʦʣʷ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʵʣʝʢʪʨʦʧʨʠʝʤʥʠʢʦʚ ʚ 

ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʟʜʘʶʪʩʷ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ. ʇʦʵʪʦʤʫ ʙʳʣʠ ʠʟʚʝʩʪʥʳ 3 

ʚʝʨʩʠʠ ʫʩʪʨʦʡʩʪʚ ʩʦ ʩʚʦʠʤʠ ʜʦʩʪʦʠʥʩʪʚʘʤʠ, ʥʘʧʨʠʤʝʨ, ʦʧʨʝʜʝʣʝʥʥʘʷ ʦʮʝʥʢʘ 

ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ [1,2].  

ʇʝʨʚʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʪʘʡʤʝʨ-ʵʣʝʢʪʨʦʩʯʝʪʯʠʢ ʤʦʙʠʣʴʥʳʡ 

ʧʦʨʪʘʪʠʚʥʳʡ (ʊʕʄʇ). ʂ ʥʝʤʫ ʦʪʥʦʩʷʪʩʷ ʵʣʝʢʪʨʦʥʥʳʝ ʵʣʝʤʝʥʪʳ, 

ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʥʠʞʝ: 

1. ɼʘʪʯʠʢ ʪʦʢʘ ʩ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʪʦʢʘ ʚ ʥʘʧʨʷʞʝʥʠʝ; 

2. ʊʨʠ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ATmega328P; 

3. 2 ɾʂ-ʜʠʩʧʣʝʷ;  

4. ɹʣʦʢ ʯʘʩʦʚ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ; 

5. ɹʣʦʢ ʟʘʧʠʩʠ ʜʘʥʥʳʭ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʦʢʘʟʘʥʦ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʜʢʣʶʯʝʥʠʝ ʵʣʝʤʝʥʪʦʚ 

ʦʧʠʩʳʚʘʝʤʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʦʢʘʟʘʥ ʚʥʝʰʥʠʡ ʚʠʜ ʩʦʙʨʘʥʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʨʝʰʝʥʠʷ ʊʕʄʇ. 

ɺʪʦʨʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʧ ʠʤʝʥʥʦ ʪʘʡʤʝʨ-ʵʣʝʢʪʨʦʩʯʸʪʯʠʢ ʤʦʙʠʣʴʥʳʡ 

ʧʦʨʪʘʪʠʚʥʳʡ ʪʨʸʭʬʘʟʥʳʡ ʊʕʄʇ-3 ʩʦʜʝʨʞʠʪ: 

-ʜʘʪʯʠʢʠ ʪʦʢʘ ʩ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʪʦʢʘ ʚ ʥʘʧʨʷʞʝʥʠʝ; 

-ʜʘʪʯʠʢʠ ʥʘʧʨʷʞʝʥʠʷ; 

-ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ATmega2560; 

-ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ATmega328P; 

-TFT ʜʠʩʧʣʝʡ; 

-ʙʣʦʢ ʯʘʩʦʚ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ; 

-ʙʣʦʢ ʟʘʧʠʩʠ ʜʘʥʥʳʭ. 

ɺʪʦʨʦʡ ʚʘʨʠʘʥʪ ʫʩʪʨʦʡʩʪʚʘ ʠʤʝʝʪ ʦʧʨʝʜʝʣʝʥʥʦʝ ʜʦʩʪʦʠʥʩʪʚʦ ʧʝʨʝʜ ʨʘʥʝʝ 

ʦʧʠʩʳʚʘʝʤʳʤ: ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʪʠ 

ʥʘʠʙʦʣʝʝ ʪʦʯʥʳʝ ʠ ʥʘʜʝʞʥʳʝ, ʚ ʩʚʷʟʠ ʚ ʠʤʝʶʱʠʤʠʩʷ ʜʘʪʯʠʢʘʤʠ ʥʘʧʨʷʞʝʥʠʷ 

[3,4]. 
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ʈʠʩʫʥʦʢ 1 ï ʕʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʜʢʣʶʯʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʦʧʠʩʳʚʘʝʤʦʛʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʊʕʄʇ 

 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ɺʥʝʰʥʠʡ ʚʠʜ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʊʕʄʇ 

 

ʅʠʞʝ ʥʘ ʨʠʩʫʥʢʝ 3 ʠ 4 ʧʨʝʜʩʪʘʚʣʝʥʦ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ ʵʣʝʤʝʥʪʦʚ 

ʠ ʚʥʝʰʥʠʡ ʚʠʜ ʚʪʦʨʦʡ ʪʝʭʥʦʣʦʛʠʠ. 
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ʈʠʩʫʥʦʢ 3 ï ʕʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ ɻ ʣʝʤʝʥʪʦʚ ʫʩʪʨʦʡʩʪʚʘ ʊʕʄʇ-3 

 

 
 

ʈʠʩʫʥʦʢ 4 ï ɺʥʝʰʥʠʡ ʚʠʜ ʫʩʪʨʦʡʩʪʚʘ ʊʕʄʇ-3 

 

ɼʘʣʝʝ, ʪʨʝʪʴʷ ʚʝʨʩʠʷ ʪʝʭʥʦʣʦʛʠʠ ï ʵʪʦ ʪʘʡʤʝʨ-ʵʣʝʢʪʨʦʩʯʝʪʯʠʢ ʤʦʙʠʣʴʥʳʡ 

ʧʦʨʪʘʪʠʚʥʳʡ ʪʨʝʭʬʘʟʥʳʡ ʊʕʄʇ-3-W, ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ ʧʨʠʤʝʥʝʥʠʝʤ Wi-Fi 

(ʪʝʭʥʦʣʦʛʠʷ ʙʝʩʧʨʦʚʦʜʥʦʡ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ ʩ ʫʩʪʨʦʡʩʪʚʘʤʠ) [5,6]. 
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ɺ ʥʝʝ ʚʭʦʜʠʪ: 

-ʜʘʪʯʠʢʠ ʪʦʢʘ ʩ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʪʦʢʘ ʚ ʥʘʧʨʷʞʝʥʠʝ; 

-ʜʘʪʯʠʢʠ ʥʘʧʨʷʞʝʥʠʷ; 

-ʜʚʘ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ATmega2560; 

-TFT ʜʠʩʧʣʝʡ; 

-ʙʣʦʢ ʯʘʩʦʚ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ; 

-ʙʣʦʢ ʟʘʧʠʩʠ ʜʘʥʥʳʭ; 

-ʨʘʜʠʦʤʦʜʫʣʠ. 

ɼʦʩʪʦʠʥʩʪʚʦ ʪʨʝʪʴʝʡ ʚʝʨʩʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʳʜʫʱʠʤʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʪʦʤ, ʯʪʦ ʧʝʨʝʜʘʯʘ ʠʥʬʦʨʤʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʜʦʙʘʚʣʷʝʤʦʛʦ Wi-Fi 

ʩʦʝʜʠʥʝʥʠʷ. ʊʘʢʞʝ ʢ ʜʦʩʪʦʠʥʩʪʚʘʤ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʦʪʥʦʩʠʪʩʷ ʧʨʠʤʝʥʝʥʠʝ 

ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʤʦʜʫʣʝʡ ʩ ʜʘʪʯʠʢʘʤʠ ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʘ (ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʩʦʙʨʘʥʥʳʭ ʜʘʥʥʳʭ ʥʘ ʣʠʥʠʷʭ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ). 

ɺ ʪʝʭʥʦʣʦʛʠʶ ʚʭʦʜʠʪ 2 ʙʣʦʢʘ, ʘ ʠʤʝʥʥʦ ʧʨʠʝʤʥʠʢ ʠ ʧʝʨʝʜʘʪʯʠʢ. ɹʳʣʦ 

ʚʳʷʩʥʝʥʦ, ʯʪʦ ʜʣʷ ʦʜʥʦʛʦ ʧʨʠʝʤʥʠʢʘ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʦ 6-ʪʠ ʧʝʨʝʜʘʪʯʠʢʦʚ 

[7,8]. ʕʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʜʢʣʶʯʝʥʠʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʚʥʝʰʥʠʡ ʚʠʜ 

ʪʨʝʪʴʝʡ ʚʝʨʩʠʠ ʫʩʪʨʦʡʩʪʚʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 5 ʠ 6. 

 

 
 

ʈʠʩʫʥʦʢ 5 ï ʕʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʫʩʪʨʦʡʩʪʚʘ ʊʕʄʇ-3-W  

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Wi-Fi ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 
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ʈʠʩʫʥʦʢ 6 ï ɺʥʝʰʥʠʡ ʚʠʜ ʫʩʪʨʦʡʩʪʚʘ ʊʕʄʇ-3-W ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Wi-Fi 

ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

 

ʊʨʝʪʴʷ ʚʝʨʩʠʷ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʥʠʪʴ ʩʦʟʜʘʥʠʝ ʢʦʤʧʣʝʢʩʘ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʪʝʨʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ 

ʵʣʝʢʪʨʦʩʝʪʝʡ 0,4ʢɺ (ʂʆʇʠʈʈ) (ʈʠʩʫʥʦʢ 7). ʇʨʝʠʤʫʱʝʩʪʚʘ ʂʆʇʠʈʈ 

ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʨʘʩʯʝʪʘʭ ʠʟʤʝʨʝʥʠʷ ʚ 6-ʪʠ ʪʦʯʢʘʭ [9,10]. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ 

ʠʤʝʶʪʩʷ 6 ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ, ʩʦʙʠʨʘʶʱʠʭ ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ ʛʣʘʚʥʦʛʦ 

ʙʣʦʢʘ. 

 

 
 

ʈʠʩʫʥʦʢ 7 ï ɺʥʝʰʥʠʡ ʚʠʜ ʂʆʇʠʈʈ 

 

ɽʩʣʠ ʙʳʪʴ ʪʦʯʥʝʝ, ʪʦ ʨʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʩʝʪʝʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʧʦʟʚʦʣʠʪ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ: 

1. ʂʦʥʪʨʦʣʴ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʟʥʘʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʠ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʘ ʚ 1-ʬʘʟʥʦʡ ʠ 3-ʭ ʬʘʟʥʦʡ 

ʩʝʪʠ; 
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2. ʂʦʥʪʨʦʣʴ ʦʙʚʦʨʦʚʳʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʧʨʠ ʧʨʦʚʝʨʢʝ 

ʧʦʪʨʝʙʠʪʝʣʝʡ; 

3. ʂʦʥʪʨʦʣʴ ʠʩʢʣʶʯʝʥʠʷ ʥʘʨʫʰʝʥʠʷ ʠʟʦʣʷʮʠʠ ʧʠʪʘʶʱʝʛʦ ʧʨʦʚʦʜʘ 

ʧʦʩʨʝʜʩʪʚʦʤ ʬʠʢʩʘʮʠʠ ʟʘʪʨʘʯʠʚʘʝʤʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ 

ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʝʤ; 

4. ʂʦʥʪʨʦʣʴ ʬʠʢʩʠʨʦʚʘʥʠʷ ʚʨʝʤʝʥʠ ʩʨʘʟʫ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʫʯʘʩʪʢʘʭ 

ʵʣʝʢʪʨʦʩʝʪʠ; 

5. ʉʦʟʜʘʥʠʝ ʵʥʝʨʛʦʙʘʣʘʥʩʘ ʦʙʲʝʢʪʦʚ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʧʨʦʚʝʨʢʠ; 

6. ʇʨʦʚʝʜʝʥʠʝ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʚʨʝʤʷ 

ʧʨʠʤʝʥʝʥʠʷ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ; 

7. ʂʦʥʪʨʦʣʴ ʚʳʙʦʨʘ ʩʦʝʜʠʥʠʪʝʣʝʡ ʧʨʦʚʦʜʦʚ; 

8. ʇʨʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʫʪʦʯʥʳʭ ʛʨʘʬʠʢʦʚ ʥʘʛʨʫʟʢʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ 

ʢʦ ʤʥʦʛʠʤ ʧʨʝʠʤʫʱʝʩʪʚʘʤ (ʩʥʠʞʝʥʠʝ ʥʝʜʦʦʪʧʫʩʢʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʧʦʚʳʰʝʥʠʝ 

ʥʘʜʝʞʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ, ʬʠʢʩʘʮʠʷ 

ʨʝʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʩʝʪʠ). 

ɺʦ ʚʩʝʭ ʪʨʝʭ ʚʝʨʩʠʷʭ ʧʨʠʤʝʥʷʝʪʩʷ 2 ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʥʳʝ ʧʣʘʪʳ ʥʘ ʙʘʟʝ 

ʯʠʧʦʚ (ATmega2560 ʠ ATmega328P) [11,12]. ʇʝʨʚʳʡ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʷʚʣʷʝʪʩʷ 

ʛʣʘʚʥʦʡ, ʠ ʝʝ ʨʘʙʦʪʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʙʨʘʙʦʪʢʝ ʚʩʝʭ ʜʘʥʥʳʭ ʩ ʜʘʪʯʠʢʦʚ. ɺʪʦʨʦʡ 

ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʘʡʤʝʨʘ. ʉʦʚʦʢʫʧʥʦʩʪʴ ʩʦʙʨʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʦʛʦ ʠ ʪʦʯʥʦʛʦ ʨʘʩʯʝʪʘ ʵʥʝʨʛʦʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ, ʘ ʪʘʢʞʝ 

ʥʘʠʤʝʥʴʰʝʡ ʧʦʛʨʝʰʥʦʩʪʠ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʫʯʝʪʝ ʚʨʝʤʝʥʠ ʥʘʨʘʙʦʪʢʠ ʠ 

ʧʦʚʳʰʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ. ɺʩʝ ʦʙʦʟʥʘʯʝʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ 

ʟʘʧʠʪʳʚʘʶʪʩʷ ʦʪ ʦʧʨʝʜʝʣʝʥʥʦʡ ʙʘʪʘʨʝʠ 12ɺ Li-ion, ʩʦʩʪʦʷʱʝʡ ʠʟ 3-ʭ 

ʘʢʢʫʤʫʣʷʪʦʨʦʚ18650, ʩʦʝʜʠʥʝʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ. ʕʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ 

ʥʘʠʙʦʣʴʰʝʡ ʘʚʪʦʥʦʤʥʦʩʪʠ. ɼʘʣʝʝ ʩʦʙʨʘʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʝʨʝʥʦʩʠʪʩʷ ʥʘ ʇʂ 

(ʧʝʨʩʦʥʘʣʴʥʳʡ ʢʦʤʧʴʶʪʝʨ) ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʦʚ ʥʘʛʨʫʟʢʠ ʩ 

ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ ʢʘʥʘʣʦʚ ʩʚʷʟʠ, ʘ ʪʘʢʞʝ ʜʣʷ ʟʘʧʠʩʠ ʥʘ ʚʥʝʰʥʠʡ ʥʘʢʦʧʠʪʝʣʴ 

(ʩ ʫʯʝʪʦʤ ʨʝʘʣʴʥʦʡ ʜʘʪʳ ʠ ʚʨʝʤʝʥʠ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʟʚʝʩʪʥʦ 3 ʚʝʨʩʠʠ ʫʩʪʨʦʡʩʪʚ ʢʦʥʪʨʦʣʷ 

ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ, ʠʤʝʶʱʠʭ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʜʦʩʪʦʠʥʩʪʚʘ ʜʨʫʛ ʤʝʞʜʫ ʜʨʫʛʦʤ. ʆʜʥʘʢʦ, ʪʝʤʘ ʢʦʥʪʨʦʣʷ ʨʝʞʠʤʦʚ 

ʝʱʝ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʳ ʠ ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ.  

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 
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ʦʙʲʝʢʪʦʚ ɸʇʂ : ʩʙʦʨʥʠʢ ʥʘʫʯʥʳʭ ʩʪʘʪʝʡ 2-ʡ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯ.-ʪʝʭʥ. 

ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ, ʘʩʧʠʨʘʥʪʦʚ, ʤʘʛʠʩʪʨʦʚ ʠ ʙʘʢʘʣʘʚʨʦʚ, ʂʫʨʩʢ, 14 

ʤʘʨʪʘ 2024 ʛʦʜʘ. ï ʂʫʨʩʢ: ɿɸʆ çʋʥʠʚʝʨʩʠʪʝʪʩʢʘʷ ʢʥʠʛʘè, 2024. ï ʉ. 482-485. 
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ʉʝʢʮʠʷ 3. çʊʝʭʥʠʯʝʩʢʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʪʨʘʥʩʧʦʨʪʘ  

ʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠè 

 

ʋɼʂ 629.1-631.37 

ʉʪʘʨʫʥʩʢʠʡ ɸ.ɺ. 

ʌɻɹʆʋ ɺʆ ʈɻɸʊʋ, ʛ. ʈʷʟʘʥʴ, ʈʌ 

 

ʉʆɺɽʈʐɽʅʉʊɺʆɺɸʅʀɽ ʄɽʊʆɼʆɺ ʆʇʈɽɼɽʃɽʅʀʗ ʇʆʂɸɿɸʊɽʃɽʁ 

ʅɸɼɽɾʅʆʉʊʀ ʄɸʐʀʅʅʆ-ʊʈɸʂʊʆʈʅʆɻʆ ʇɸʈʂɸ  

ɺ ʋʉʃʆɺʀʗʍ ʕʂʉʇʃʋɸʊɸʎʀʀ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʚʦʟʨʘʩʪʘʶʱʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ ʚ ʫʩʣʦʚʠʷʭ 

ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ [1]. ʅʘʜʝʞʥʦʩʪʴ ʤʘʰʠʥʥʦ-

ʪʨʘʢʪʦʨʥʦʛʦ ʧʘʨʢʘ (ʄʊʇ) ʷʚʣʷʝʪʩʷ ʟʥʘʯʠʤʳʤ ʧʦʢʘʟʘʪʝʣʝʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ 

ʙʝʩʧʝʨʝʙʦʡʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʤʠʥʠʤʠʟʘʮʠʶ 

ʧʨʦʩʪʦʝʚ ʠʟ-ʟʘ ʦʪʢʘʟʦʚ ʪʝʭʥʠʢʠ [2]. 

ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʠʢʠ ʦʮʝʥʢʠ ʥʘʜʝʞʥʦʩʪʠ ʄʊʇ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʢʣʘʩʩʠʯʝʩʢʠʭ ʚʝʨʦʷʪʥʦʩʪʥʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ, ʟʘʯʘʩʪʫʶ ʥʝ ʫʯʠʪʳʚʘʶʪ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʚʣʠʷʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʚʘʨʠʘʪʠʚʥʦʩʪʴ 

ʧʦʯʚʝʥʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʜʠʥʘʤʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʨʘʟʣʠʯʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʨʘʙʦʪ, ʯʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ ʚ ʚʠʜʝ 

ʢʚʘʣʠʬʠʢʘʮʠʠ ʨʘʙʦʪʥʠʢʦʚ ʠ ʩʦʙʣʶʜʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʨʝʛʣʘʤʝʥʪʦʚ ʊʆ ʠ ʨʝʤʦʥʪʘ 

[3, 4]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʡ ʤʝʪʦʜʠʢʠ, ʠʥʪʝʛʨʠʨʫʶʱʝʡ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʤʝʪʦʜʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʪʦʯʥʦʩʪʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʜʝʞʥʦʩʪʠ ʤʘʰʠʥʥʦ-ʪʨʘʢʪʦʨʥʦʛʦ 

ʧʘʨʢʘ [5, 6]. 

ɹʦʣʴʰʠʥʩʪʚʦ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʠʢ ʦʮʝʥʢʠ ʥʘʜʝʞʥʦʩʪʠ ʤʘʰʠʥʥʦ-

ʪʨʘʢʪʦʨʥʦʛʦ ʧʘʨʢʘ ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʢʣʘʩʩʠʯʝʩʢʦʤ ʧʦʜʭʦʜʝ ʢ ʦʧʨʝʜʝʣʝʥʠʶ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʜʝʞʥʦʩʪʠ, ʪʘʢʠʭ ʢʘʢ ʩʨʝʜʥʷʷ ʥʘʨʘʙʦʪʢʘ ʥʘ ʦʪʢʘʟ 

(ʊʩʨ), ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʢʘʟʦʚ (ɚ), ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʭʥʠʯʝʩʢʦʡ ʛʦʪʦʚʥʦʩʪʠ (ʂʪʛ), 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʩʧʦʣʴʟʫʷ ʜʚʘ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʘ:  

1) ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʦʪʢʘʟʦʚ ʦʙʲʝʢʪʘ (ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʦ ʥʘʨʘʙʦʪʢʝ 

ʜʦ ʧʝʨʚʦʛʦ ʦʪʢʘʟʘ, ʨʘʩʯʝʪ ʩʨʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ, ʧʦʩʪʨʦʝʥʠʝ 

ʢʨʠʚʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʪʢʘʟʦʚ); 

2) ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ (ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʭʥʠʯʝʩʢʦʡ 

ʛʦʪʦʚʥʦʩʪʠ (ʂʊɻ), ʨʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʥʘʜʝʞʥʦʩʪʠ, 

ʦʧʨʝʜʝʣʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ, ʛʘʤʤʘ-ʧʨʦʮʝʥʪʥʦʡ ʥʘʨʘʙʦʪʢʠ ʠ 

ʨʝʩʫʨʩʘ) [7]. 

ʇʨʠʚʝʜʝʥʥʳʝ ʤʝʪʦʜʳ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʩʫʱʝʩʪʚʝʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ: 

1) ʩʪʘʪʠʯʥʦʩʪʴ ʤʦʜʝʣʝʡ ï ʥʝ ʫʯʠʪʳʚʘʶʪ ʜʠʥʘʤʠʢʫ ʠʟʤʝʥʝʥʠʷ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʫʩʣʦʚʠʡ ï ʥʘʧʨʠʤʝʨ, ʧʦʚʳʰʝʥʥʳʡ ʠʟʥʦʩ ʧʨʠ ʨʘʙʦʪʝ ʥʘ 
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ʪʷʞʝʣʳʭ ʧʦʯʚʘʭ ʠʣʠ ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʦʡ ʚʣʘʞʥʦʩʪʠ ʠ ʟʘʧʳʣʝʥʥʦʩʪʠ; 

2) ʫʧʨʦʱʝʥʥʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʦʪʢʘʟʦʚ ï ʦʪʩʫʪʩʪʚʠʝ ʛʨʘʜʘʮʠʠ ʧʦ ʩʪʝʧʝʥʠ 

ʢʨʠʪʠʯʥʦʩʪʠ (ʥʝ ʧʨʠʩʧʦʩʦʙʣʝʥʘ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ ï 

ʙʦʣʴʰʠʥʩʪʚʦ ʤʦʜʝʣʝʡ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʦʪʢʘʟʳ ʢʘʢ ʥʝʟʘʚʠʩʠʤʳʝ ʩʦʙʳʪʠʷ, ʥʝ 

ʫʯʠʪʳʚʘʷ ʥʘʨʘʩʪʘʶʱʠʡ ʩʫʤʤʘʨʥʳʡ ʵʬʬʝʢʪ ʧʨʦʮʝʩʩʘ ʠʟʥʘʰʠʚʘʥʠʷ); 

3) ʨʝʪʨʦʩʧʝʢʪʠʚʥʘʷ ʦʮʝʥʢʘ ï ʦʨʠʝʥʪʘʮʠʷ ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʙʝʟ 

ʫʯʝʪʘ ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʧʘʨʘʤʝʪʨʦʚ, ʯʪʦ ʩʥʠʞʘʝʪ ʪʦʯʥʦʩʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʫʚʝʣʠʯʝʥʠʷ ʯʠʩʣʘ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʬʘʢʪʦʨʦʚ; 

4) ʥʠʟʢʘʷ ʩʪʝʧʝʥʴ ʘʜʘʧʪʘʮʠʠ ʢ ʩʦʚʨʝʤʝʥʥʳʤ ʩʠʩʪʝʤʘʤ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ 

[8, 9]. 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʚ ʦʮʝʥʢʝ ʥʘʜʝʞʥʦʩʪʠ ʄʊʇ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ 

ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʧʦ ʩʣʝʜʫʶʱʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ: 

- ʧʨʦʛʥʦʟʥʘʷ ʘʥʘʣʠʪʠʢʘ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ 

(ʥʝʡʨʦʩʝʪʝʚʳʝ ʤʦʜʝʣʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʦʪʢʘʟʦʚ, ʘʣʛʦʨʠʪʤʳ ʢʣʘʩʪʝʨʠʟʘʮʠʠ 

ʦʪʢʘʟʦʚ, ʨʝʛʨʝʩʩʠʦʥʥʳʡ ʘʥʘʣʠʟ ʧʘʨʘʤʝʪʨʦʚ ʠʟʥʦʩʘ); 

- ʠʥʪʝʛʨʘʮʠʷ IoT-ʩʠʩʪʝʤ ʜʣʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʤʦʥʠʪʦʨʠʥʛʘ (ʚʠʙʨʘʮʠʦʥʥʘʷ 

ʜʠʘʛʥʦʩʪʠʢʘ, ʪʝʨʤʦʛʨʘʬʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ, ʘʥʘʣʠʟ ʩʦʩʪʦʷʥʠʷ ʩʤʘʟʦʯʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ); 

- ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʪʝʦʨʠʠ ʥʘʜʝʞʥʦʩʪʠ ʩ ʫʯʝʪʦʤ ʤʥʦʛʦʬʘʢʪʦʨʥʳʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ (ʨʘʩʧʨʝʜʝʣʝʥʠʝ ɺʝʡʙʫʣʣʘ-ɻʥʝʜʝʥʢʦ). 

ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʦʮʝʥʢʠ 

ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʜʝʞʥʦʩʪʠ, ʥʦ ʦʩʥʦʚʥʳʝ ʪʨʫʜʥʦʩʪʠ ʚʦʟʥʠʢʘʶʪ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ 

ʩʪʦʠʤʦʩʪʠ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ, ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʧʝʮʠʘʣʴʥʦʡ 

ʧʦʜʛʦʪʦʚʢʠ ʠ ʢʚʘʣʠʬʠʢʘʮʠʠ ʧʝʨʩʦʥʘʣʘ, ʧʨʦʙʣʝʤ ʦʙʨʘʙʦʪʢʠ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

ʙʦʣʴʰʠʭ ʤʘʩʩʠʚʦʚ ʧʦʣʫʯʘʝʤʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ [10, 11]. 

ʇʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʦʢʘʟʘʪʝʣʷʤʠ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1  ʉʨʘʚʥʝʥʠʝ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʜʝʞʥʦʩʪʠ ʄʊʇ 

ʄʝʪʦʜ ʊʦʯʥʦʩʪʴ, % ʉʪʦʠʤʦʩʪʴ ɸʜʘʧʪʠʚʥʦʩʪʴ 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ 65-70 ʅʠʟʢʘʷ ʅʠʟʢʘʷ 

ʕʢʩʧʝʨʪʥʳʡ 75-80 ʉʨʝʜʥʷʷ ʉʨʝʜʥʷʷ 

ʅʝʡʨʦʩʝʪʝʚʦʡ 85-90 ɺʳʩʦʢʘʷ ɺʳʩʦʢʘʷ 

 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʦʮʝʥʢʠ ʠ ʪʦʯʥʦʩʪʠ ʧʨʦʛʥʦʟʦʚ ʧʦʢʘʟʘʪʝʣʝʡ 

ʥʘʜʝʞʥʦʩʪʠ ʄʊʇ ʧʨʝʜʣʘʛʘʝʪʩʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʘʷ ʤʝʪʦʜʠʢʘ, ʚʢʣʶʯʘʶʱʘʷ: 

1) ʫʯʝʪ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ (ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ 

ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʢʦʨʨʝʢʪʠʨʫʶʱʠʭ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʢʘʟʦʚ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ, ʪʘʢʠʭ ʢʘʢ ʚʣʘʞʥʦʩʪʴ, ʪʠʧ ʧʦʯʚʳ ʠ 

ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ); 

2) ʚʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤʳ ʥʝʧʨʝʨʳʚʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ (ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʜʘʪʯʠʢʦʚ ʜʣʷ ʢʦʥʪʨʦʣʷ ʦʩʥʦʚʥʳʭ ʨʘʙʦʯʠʭ ʧʘʨʘʤʝʪʨʦʚ ʪʘʢʠʭ ʢʘʢ 
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ʚʠʙʨʘʮʠʷ, ʪʝʤʧʝʨʘʪʫʨʘ, ʜʘʚʣʝʥʠʝ ʤʘʩʣʘ ʠ ʜʨʫʛʠʭ, ʧʦʟʚʦʣʷʶʱʠʭ ʦʙʝʩʧʝʯʠʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʚʳʷʚʣʝʥʠʷ ʧʨʝʜʦʪʢʘʟʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʯʪʦ 

ʧʦʚʳʰʘʝʪ ʪʦʯʥʦʩʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʦʪʢʘʟʦʚ); 

3) ʧʨʠʤʝʥʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʤʦʜʝʣʝʡ (ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʪʝʦʨʠʠ 

ʥʘʜʝʞʥʦʩʪʠ (ʨʘʩʧʨʝʜʝʣʝʥʠʝ ɺʝʡʙʫʣʣʘ, ʤʝʪʦʜ ʄʦʥʪʝ-ʂʘʨʣʦ) ʜʣʷ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʦʩʪʘʪʦʯʥʦʛʦ ʨʝʩʫʨʩʘ ʜʝʪʘʣʝʡ, ʩʙʦʨʦʯʥʳʭ ʝʜʠʥʠʮ ʠ ʘʛʨʝʛʘʪʦʚ); 

4) ʦʧʪʠʤʠʟʘʮʠʷ ʩʠʩʪʝʤʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʄʊʇ (ʨʘʟʨʘʙʦʪʢʘ 

ʘʜʘʧʪʠʚʥʳʭ ʛʨʘʬʠʢʦʚ ʊʆ ʥʘ ʦʩʥʦʚʝ ʨʝʘʣʴʥʳʭ ʜʘʥʥʳʭ ʦ ʩʦʩʪʦʷʥʠʠ ʪʝʭʥʠʢʠ). 

ɼʣʷ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʢʣʘʩʩʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʜʝʞʥʦʩʪʠ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʚʚʝʜʝʥʠʝ ʘʜʘʧʪʠʚʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʫʯʠʪʳʚʘʶʱʠʭ: ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ 

(ʪʝʤʧʝʨʘʪʫʨʘ, ʚʣʘʞʥʦʩʪʴ, ʟʘʧʳʣʝʥʥʦʩʪʴ); ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ (ʪʠʧ 

ʧʦʯʚʳ, ʨʝʣʴʝʬ ʤʝʩʪʥʦʩʪʠ); ʨʝʞʠʤʳ ʵʢʩʧʣʫʘʪʘʮʠʠ (ʥʘʛʨʫʟʢʘ, ʩʢʦʨʦʩʪʴ, ʯʘʩʪʦʪʘ 

ʚʢʣʶʯʝʥʠʡ/ʚʳʢʣʶʯʝʥʠʡ) [12]. 

ʌʦʨʤʘʣʠʟʦʚʘʥʥʘʷ ʤʦʜʝʣʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʢʘʟʦʚ ʩ ʫʯʝʪʦʤ ʚʥʝʰʥʠʭ 

ʬʘʢʪʦʨʦʚ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 
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ʛʜʝ 
0
l  ʙʘʟʦʚʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʢʘʟʦʚ; ik  ʧʦʧʨʘʚʦʯʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʣʷ i-

ʛʦ ʬʘʢʪʦʨʘ; n ï ʢʦʣʠʯʝʩʪʚʦ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

 

ɺ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʦʜʝʣʠ ʬʘʢʪʦʨʘʤʠ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʷʚʣʷʶʪʩʷ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ, ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʨʝʞʠʤʳ, ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ 

ʘʛʨʝʩʩʠʚʥʦʩʪʴ ʩʨʝʜʳ. ʉʨʝʜʠ ʬʘʢʪʦʨʦʚ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʤʠ 

ʧʨʠʥʷʪʳ ʢʚʘʣʠʬʠʢʘʮʠʷ ʦʧʝʨʘʪʦʨʦʚ, ʢʘʯʝʩʪʚʦ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʡ 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ, ʨʝʤʦʥʪʘ, ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʩʦʙʣʶʜʝʥʠʝ ʠʭ 

ʨʝʛʣʘʤʝʥʪʦʚ. ʕʪʦʪ ʚʘʨʠʘʥʪ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʚ 

ʚʠʜʝ ʩʠʩʪʝʤʥʦʛʦ ʫʨʘʚʥʝʥʠʷ: 
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ʛʜʝ  iF   ʬʘʢʪʦʨʳ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ; Ŭ, ɓ  ʚʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ. 

 

ɺʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤʳ ʥʝʧʨʝʨʳʚʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ ʩʠʩʪʝʤʳ ʜʠʘʛʥʦʩʪʠʢʠ, ʚʢʣʶʯʘʶʱʝʡ 

ʚʩʪʨʦʝʥʥʳʝ ʜʘʪʯʠʢʠ (ʚʠʙʨʘʮʠʠ, ʪʝʤʧʝʨʘʪʫʨʳ, ʜʘʚʣʝʥʠʷ ʤʘʩʣʘ ʠ ʜʨʫʛʠʭ 

ʧʘʨʘʤʝʪʨʦʚ), GPS-ʪʨʝʢʠʥʛ ʜʣʷ ʫʯʝʪʘ ʨʝʞʠʤʦʚ ʜʚʠʞʝʥʠʷ, ʪʝʣʝʤʘʪʠʯʝʩʢʠʝ 

ʧʣʘʪʬʦʨʤʳ ʜʣʷ ʩʙʦʨʘ ʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʚ ʨʝʘʣʴʥʦʤ ʨʝʞʠʤʝ ʚʨʝʤʝʥʠ. 

ʇʦʵʪʘʧʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʘ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʚʢʣʶʯʘʝʪ:  

1) ʵʪʘʧ ʩʙʦʨʘ ʜʘʥʥʳʭ (ʫʩʪʘʥʦʚʢʘ ʜʘʪʯʠʢʦʚ ʤʦʥʠʪʦʨʠʥʛʘ, ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʘʟʳ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʚʚʦʜ ʥʦʨʤʘʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ); 

2) ʵʪʘʧ ʦʙʨʘʙʦʪʢʠ (ʥʦʨʤʘʣʠʟʘʮʠʷ ʜʘʥʥʳʭ, ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʦʪʢʘʟʦʚ, ʨʘʩʯʝʪ 

ʠʥʪʝʛʨʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ); 
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3) ʵʪʘʧ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ (ʧʦʩʪʨʦʝʥʠʝ ʛʨʘʬʠʢʦʚ, ʦʧʨʝʜʝʣʝʥʠʝ ʢʨʠʪʠʯʝʩʢʠʭ 

ʪʦʯʝʢ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʝʢʦʤʝʥʜʘʮʠʡ). 

ʇʝʨʩʧʝʢʪʠʚʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʵʪʦʡ 

ʦʙʣʘʩʪʠ ʷʚʣʷʶʪʩʷ: ʨʘʟʨʘʙʦʪʢʘ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ ʄʊʇ ʜʣʷ ʠʤʠʪʘʮʠʦʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ; ʠʥʪʝʛʨʘʮʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʘʥʘʣʠʟʘ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ; ʘʜʘʧʪʘʮʠʷ ʤʝʪʦʜʠʢʠ ʜʣʷ 

ʦʮʝʥʢʠ ʥʘʜʝʞʥʦʩʪʠ ʘʚʪʦʥʦʤʥʦʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ. 

ʆʜʥʠʤ ʠʟ ʧʨʠʤʝʨʦʚ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʡ 

ʤʝʪʦʜʠʢʠ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʠʟʘʮʠʷ ʩʠʩʪʝʤʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ 

ʨʝʤʦʥʪʘ ʄʊʇ, ʧʨʝʜʩʪʘʚʣʷʝʤʘʷ ʚ ʚʠʜʝ ʘʜʘʧʪʠʚʥʦʡ ʤʦʜʝʣʠ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʝʡ 

ʧʨʝʜʠʢʪʠʚʥʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ (ʟʘʤʝʥʘ ʫʟʣʦʚ ʜʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʨʠʪʠʯʝʩʢʦʛʦ 

ʠʟʥʦʩʘ), ʜʠʥʘʤʠʯʝʩʢʠʝ ʛʨʘʬʠʢʠ ʫʛʣʫʙʣʝʥʥʦʛʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʠ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʄʊʇ, ʠʥʪʝʛʨʘʮʠʶ ʩ 

ERP-ʩʠʩʪʝʤʘʤʠ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʨʝʤʦʥʪʦʚ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ 

ʦʮʝʥʢʠ ʝʜʠʥʠʯʥʳʭ ʠ ʢʦʤʧʣʝʢʩʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʜʝʞʥʦʩʪʠ ʄʊʇ ʟʘ ʩʯʝʪ 

ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʘʥʘʣʠʟʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ ʠ ʚʥʝʜʨʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʤʦʥʠʪʦʨʠʥʛʘ. ɼʣʷ ʤʘʩʩʦʚʦʛʦ ʚʥʝʜʨʝʥʠʷ ʧʦʪʨʝʙʫʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ 

ʘʜʘʧʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʠ ʩʦʩʪʘʚʦʚ ʄʊʇ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 
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ʇʨʦʤʳʰʣʝʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʣʘʟʝʨʥʦʛʦ ʥʘʛʨʝʚʘ ʤʘʪʝʨʠʘʣʦʚ ʦʭʚʘʪʳʚʘʝʪ 

ʤʥʦʞʝʩʪʚʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ. ʉʬʦʢʫʩʠʨʦʚʘʥʥʳʝ ʣʘʟʝʨʥʳʝ ʣʫʯʠ 

ʩʦʟʜʘʶʪ ʣʦʢʘʣʴʥʳʝ ʟʦʥʳ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʵʥʝʨʛʠʠ ʥʘ 

ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ. ʈʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʘʩʪʘʝʪ ʙʣʘʛʦʜʘʨʷ ʚʥʝʜʨʝʥʠʶ ʣʘʟʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʨʦʜʫʢʮʠʠ ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʦʚʳʰʘʝʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʣʘʟʝʨʥʦʡ ʦʙʨʘʙʦʪʢʠ. ʂʘʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʦʧʝʨʘʮʠʡ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ, ʣʝʛʠʨʦʚʘʥʠʷ, ʥʘʧʣʘʚʢʠ ʠ ʩʚʘʨʢʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʟʘʤʝʪʥʦʝ ʫʣʫʯʰʝʥʠʝ. ʈʘʟʜʝʣʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʤʝʪʦʜʦʤ ʣʘʟʝʨʥʦʡ ʨʝʟʢʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʝʚʦʩʭʦʜʥʫʶ ʪʦʯʥʦʩʪʴ ʠ ʯʠʩʪʦʪʫ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ. 

ɼʣʷ ʦʪʜʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʬʦʢʫʩʠʨʦʚʢʠ ʧʨʦʚʝʜʝʥʳ ʚʳʯʠʩʣʝʥʠʷ ʩʨʝʜʥʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʧʝʨʚʦʡ ʪʘʙʣʠʮʝ. 

 

ʊʘʙʣʠʮʘ 1 ï ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ, ʩʚʝʜʝʥʥʳʭ ʚ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʢʘʞʜʦʡ 

ʬʦʢʫʩʠʨʦʚʢʠ 
ˉ ʬʦʢʫʩʠʨʦʚʢʠ ʅʘʛʨʫʟʢʘ, (ʛ) ɼʠʘʛ., ʜʝʣ. ɼʠʘʛ., ʤʢʤ HV ɻʇʘ 

4 100 155 46,5 87,6 0,86 

5 100 141 42,3 105,1 1,03 

6 100 135 40,5 116 1,14 

7 100 130 39 122 1,19 

8 100 135 38,4 128 1,21 

9 100 123 36,9 135 1,32 

10 100 120 36,9 143 1,4 

11 100 118 35,4 151 1,48 

12 100 110 33 170 1,56 

13 100 100 30 206 2,02 

14 100 90 27 254 2,49 
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ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʣʘʟʝʨʥʦʡ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʚʢʣʶʯʘʝʪ ʩʝʨʠʶ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʫʩʪʘʥʦʚʢʝ ʂɺɸʅʊ 15. ʆʧʝʨʘʪʦʨ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʳʧʦʣʥʷʣ 

ʪʦʯʝʯʥʫʶ ʦʙʨʘʙʦʪʢʫ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʘʟʦʪʥʦʡ ʥʘʢʘʯʢʠ 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʬʦʢʫʩʠʨʦʚʢʠ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ. ʈʝʟʫʣʴʪʘʪʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

 

ʊʘʙʣʠʮʘ 2 ï ʉʪʨʫʢʪʫʨʥʦʝ ʦʧʠʩʘʥʠʝ ʣʘʟʝʨʥʦʡ ʦʙʨʘʙʦʪʢʠ 
ʃʘʟʝʨʥʘʷ ʫʩʪʘʥʦʚʢʘ ʂɺɸʅʊ 15 ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ ʥʘʢʘʯʢʠ ʚ 900 ʚʦʣʴʪ. 

ʈʘʙʦʯʘʷ ʯʘʩʪʦʪʘ ʧʨʠʙʦʨʘ ʩʦʩʪʘʚʣʷʝʪ 10 ʛʝʨʮ. ʈʝʛʫʣʠʨʦʚʢʘ ʬʦʢʫʩʠʨʦʚʢʠ ʧʦʟʚʦʣʷʝʪ 

ʥʘʩʪʨʘʠʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ ʥʫʣʷ ʜʦ ʯʝʪʳʨʥʘʜʮʘʪʠ ʫʩʣʦʚʥʳʭ ʝʜʠʥʠʮ. 

ɼʠʘʤʝʪʨ ʧʷʪʝʥ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 0,5 ʜʦ 0,7.   

ˉ ʌʦʢʫʩʠʨʦʚʦʢ ʀʟʦʙʨʘʞʝʥʠʷ ʧʦʩʣʝ 

ʣʘʟʝʨʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ˉ ʌʦʢʫʩʠʨʦʚʦʢ ʀʟʦʙʨʘʞʝʥʠʷ ʧʦʩʣʝ 

ʣʘʟʝʨʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʌʦʢʫʩʠʨʦʚʢʘ 0 

 

ʌʦʢʫʩʠʨʦʚʢʘ 8 

 

ʌʦʢʫʩʠʨʦʚʢʘ 1 

 

ʌʦʢʫʩʠʨʦʚʢʘ 9 

 

ʌʦʢʫʩʠʨʦʚʢʘ 2 

 

ʌʦʢʫʩʠʨʦʚʢʘ 10 

 

ʌʦʢʫʩʠʨʦʚʢʘ 3 

 

ʌʦʢʫʩʠʨʦʚʢʘ 11 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣ. 2  

ʌʦʢʫʩʠʨʦʚʢʘ 4  

 

ʌʦʢʫʩʠʨʦʚʢʘ 12  

 
 

ʌʦʢʫʩʠʨʦʚʢʘ 5 

 

ʌʦʢʫʩʠʨʦʚʢʘ 13 

 

ʌʦʢʫʩʠʨʦʚʢʘ 6 

 

ʌʦʢʫʩʠʨʦʚʢʘ 14 

 

ʌʦʢʫʩʠʨʦʚʢʘ 7 

 

  

ʇʦʜʚʝʜʝʤ ʠʪʦʛ, ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 4 ʣʘʟʝʨʥʦ-ʠʤʧʫʣʴʩʥʳʭ ʦʙʨʘʙʦʪʦʢ ʧʨʠ ʨʘʟʥʳʭ 

ʬʦʢʫʩʠʨʦʚʢʘʭ ʠ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʬʦʢʫʩʠʨʦʚʢʠ ʜʠʘʤʝʪʨ ʧʷʪʥʘ ʤʝʥʷʝʪʩʷ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʂɺɸʅʊ 15 ʠ ʛʨʘʥʠʮ ʧʷʪʝʥ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʨʝʟʫʣʴʪʘʪʳ ʯʝʪʳʨʝʭ ʮʠʢʣʦʚ ʣʘʟʝʨʥʦ-

ʠʤʧʫʣʴʩʥʦʡ ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʘ ʩ ʚʘʨʴʠʨʦʚʘʥʠʝʤ ʬʦʢʫʩʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ. 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʚʳʷʚʠʣ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʜʠʘʤʝʪʨʘ 

ʧʷʪʥʘ ʧʨʠ ʨʝʛʫʣʠʨʦʚʢʝ ʧʘʨʘʤʝʪʨʦʚ ʫʩʪʘʥʦʚʢʠ ʂɺɸʅʊ 15. ɺʠʟʫʘʣʴʥʘʷ ʦʮʝʥʢʘ 

ʛʨʘʥʠʮ ʟʦʥʳ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʨʷʤʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʨʘʟʤʝʨʘ ʧʷʪʥʘ ʦʪ 

ʥʘʩʪʨʦʝʢ ʬʦʢʫʩʠʨʦʚʢʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʨʘʟʨʘʙʦʪʘʥʘ 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʢʘʟʘʪʝʣʝʡ ʪʚʝʨʜʦʩʪʠ ʤʘʪʝʨʠʘʣʘ. 

ɺʳʯʠʩʣʠʪʝʣʴʥʳʝ ʦʧʝʨʘʮʠʠ, ʚʳʧʦʣʥʝʥʥʳʝ ʚ ʩʨʝʜʝ MATLAB, ʧʦʟʚʦʣʠʣʠ 

ʧʦʩʪʨʦʠʪʴ ʛʨʘʬʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʪʚʝʨʜʦʩʪʠ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʬʦʢʫʩʠʨʦʚʢʠ. 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1. 
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ʈʠʩʫʥʦʢ 1 ï ʇʨʦʠʟʚʝʜʝʥʥʳʡ ʨʘʩʯʝʪ ʚ ʧʨʦʛʨʘʤʤʝ MATLAB  

 

ɺʥʝʜʨʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʣʘʟʝʨʥʦʛʦ ʪʝʨʤʦʫʧʨʦʯʥʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ 

ʧʨʝʦʙʨʘʟʠʣʦ ʧʨʦʮʝʩʩ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

ʇʨʠʤʝʥʝʥʠʝ ʣʘʟʝʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʡ 

ʨʝʩʫʨʩ ʤʝʭʘʥʠʯʝʩʢʠʭ ʫʟʣʦʚ ʠ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʂʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʠʩʪʦʯʥʠʢʦʚ ʠʟʣʫʯʝʥʠʷ ʧʨʠ 

ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʥʘʜʝʞʥʦʩʪʠ ʜʝʪʘʣʝʡ ʤʘʰʠʥ. 

ɺʳʙʦʨ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʥʘʛʨʝʚʘ ʧʨʠ ʣʘʟʝʨʥʦʡ ʟʘʢʘʣʢʝ ʪʨʝʙʫʝʪ 

ʩʦʙʣʶʜʝʥʠʷ ʫʩʣʦʚʠʷ ʦʪʩʫʪʩʪʚʠʷ ʦʧʣʘʚʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ. 

ʇʨʠʤʝʥʝʥʠʝ ʜʫʛʦʚʳʭ ʠʣʠ ʧʣʘʟʤʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʦʟʜʘʝʪ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʦʛʨʘʥʠʯʝʥʠʷ. ʋʤʝʥʴʰʝʥʠʝ ʤʦʱʥʦʩʪʠ ʜʫʛʠ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʦʧʣʘʚʣʝʥʠʷ, ʚʳʟʳʚʘʝʪ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʛʦʨʝʥʠʷ ʠ ʤʘʛʥʠʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ 

ʤʘʣʦʘʤʧʝʨʥʦʡ ʜʫʛʠ. ʉʚʝʪʦʚʦʡ ʠʣʠ ʣʘʟʝʨʥʳʡ ʣʫʯ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʧʪʠʤʘʣʴʥʦʝ 
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ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ. ʉʚʝʪʦʚʦʡ ʣʫʯ ʦʙʣʘʜʘʝʪ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʪʦʯʥʦʛʦ ʢʦʥʪʨʦʣʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʙʝʟ ʬʠʟʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ. ɼʘʥʥʦʝ 

ʩʚʦʡʩʪʚʦ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʣʦʢʘʣʴʥʫʶ ʪʝʨʤʦʦʙʨʘʙʦʪʢʫ ʩʦʛʣʘʩʥʦ 

ʟʘʜʘʥʥʦʤʫ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʨʝʞʠʤʫ. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 
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ʊʠʤʦʥʠʥ ʄ.ɺ. 

ʌɻɹʆʋ ɺʆ ʈɻɸʊʋ, ʛ. ʈʷʟʘʥʴ, ʈʌ 

 

ʆ ɹɽɿʆʇɸʉʅʆʁ ʕʂʉʇʃʋɸʊɸʎʀʀ ʊʈɸʅʉʇʆʈʊɸ 

 

ʉʦʚʨʝʤʝʥʥʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʠ ʦʙʩʣʫʞʠʚʘʥʠʶ. ʈʘʮʠʦʥʘʣʴʥʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʪʝʭʥʠʢʠ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʷʝʪ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʨʝʜʧʨʠʷʪʠʡ [1, 2].  

ʄʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʪʨʘʥʩʧʦʨʪʥʦʡ ʪʝʭʥʠʢʠ, ʦʙʝʩʧʝʯʝʥʥʘʷ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʦʜʢʣʶʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʘʛʨʝʛʘʪʦʚ, ʧʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ ʰʠʨʦʢʠʡ 

ʩʧʝʢʪʨ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʟʘʜʘʯ. ʊʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʧʝʨʝʤʝʱʝʥʠʝ ʛʨʫʟʦʚ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʩʩʪʦʷʥʠʷ, ʚʳʧʦʣʥʷʷ ʚʘʞʥʝʡʰʠʝ 

ʩʪʨʘʪʝʛʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ [3].  

ʄʘʩʰʪʘʙʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʪʨʘʥʩʧʦʨʪʥʦʡ ʪʝʭʥʠʢʠ ʩʦʟʜʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʩʚʦʝʥʠʷ ʙʘʟʦʚʳʭ ʧʨʘʚʠʣ ʙʝʟʦʧʘʩʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʘʞʜʳʤ 
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ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʧʦʣʴʟʦʚʘʪʝʣʝʤ. ʇʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʦʧʝʨʘʪʦʨʳ ʠ ʠʥʞʝʥʝʨʥʦ-

ʪʝʭʥʠʯʝʩʢʠʡ ʧʝʨʩʦʥʘʣ ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʫʛʣʫʙʣʝʥʥʳʤʠ ʟʥʘʥʠʷʤʠ ʧʨʠʥʮʠʧʦʚ 

ʨʘʙʦʪʳ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʤʘʰʠʥ. 

ɻʨʘʤʦʪʥʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʤʘʰʠʥʳ ʪʨʝʙʫʝʪ ʦʪ ʚʣʘʜʝʣʴʮʘ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʥʘʚʳʢʦʚ ʠ ʟʥʘʥʠʡ. ɹʝʟʦʧʘʩʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ 

ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʩʪʨʦʛʦʤ ʩʦʙʣʶʜʝʥʠʠ ʨʝʢʦʤʝʥʜʘʮʠʡ ʟʘʚʦʜʘ-ʠʟʛʦʪʦʚʠʪʝʣʷ. 

ʈʝʛʫʣʷʨʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ (ʨʠʩʫʥʦʢ 1), ʩʚʦʝʚʨʝʤʝʥʥʘʷ ʟʘʤʝʥʘ 

ʠʟʥʦʰʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʦʧʝʨʘʪʠʚʥʳʡ ʨʝʤʦʥʪ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʘʜʝʞʥʫʶ 

ʨʘʙʦʪʫ ʘʚʪʦʤʦʙʠʣʷ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʂʘʨʪʘ ʚʥʝʰʥʝʛʦ ʚʠʜʘ ʘʚʪʦʤʦʙʠʣʷ,  

ʠʩʧʦʣʴʟʫʝʤʘʷ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʊʆ 

 

 ɺʥʠʤʘʪʝʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʧʝʨʝʜ ʥʘʯʘʣʦʤ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʤʦʛʘʝʪ ʚʦʜʠʪʝʣʶ ʦʩʚʦʠʪʴ ʧʨʘʚʠʣʴʥʳʝ ʘʣʛʦʨʠʪʤʳ ʜʝʡʩʪʚʠʡ ʧʨʠ 

ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʩʠʪʫʘʮʠʡ.  

ɼʝʪʘʣʴʥʦʝ ʟʥʘʢʦʤʩʪʚʦ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʢʦʥʢʨʝʪʥʦʡ ʤʦʜʝʣʠ ʤʘʰʠʥʳ 

ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʫʧʨʝʜʠʪʴ ʚʦʟʤʦʞʥʳʝ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʠ ʩʦʭʨʘʥʠʪʴ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʥʘ ʜʦʣʛʠʝ ʛʦʜʳ. 

ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʨʫʟʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʥʘʧʨʷʤʫʶ 

ʟʘʚʠʩʷʪ ʦʪ ʩʧʝʮʠʬʠʢʠ ʚʳʧʦʣʥʷʝʤʳʭ ʟʘʜʘʯ. ʄʥʦʛʦʦʙʨʘʟʠʝ ʧʝʨʝʚʦʟʠʤʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʦʧʨʝʜʝʣʷʝʪ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʜʙʦʨʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ.  

ɺʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʘʚʪʦʤʦʙʠʣʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʫʯʝʪʦʤ ʨʘʟʤʝʨʦʚ, 

ʤʘʩʩʳ ʠ ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʳʭ ʦʙʲʝʢʪʦʚ. ʄʘʣʦʛʘʙʘʨʠʪʥʳʝ 

ʛʨʫʟʳ ʜʦʩʪʘʚʣʷʶʪʩʷ ʣʝʛʢʠʤʠ ʬʫʨʛʦʥʘʤʠ, ʪʦʛʜʘ ʢʘʢ ʢʨʫʧʥʳʝ ʧʘʨʪʠʠ ʪʨʝʙʫʶʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʪʷʛʘʯʝʡ ʩ ʧʦʣʫʧʨʠʮʝʧʘʤʠ. 

ɼʣʷ ʥʘʠʙʦʣʝʝ ʙʝʟʦʧʘʩʥʦʡ ʧʝʨʝʚʦʟʢʠ ʛʨʫʟʦʚ ʠʩʧʦʣʴʟʫʶʪ ʚʳʩʦʢʦʧʨʦʯʥʳʝ 

ʢʨʝʧʣʝʥʠʷ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʦʯʥʳʝ ʢʦʥʪʝʡʥʝʨʳ. 
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ʉʦʚʨʝʤʝʥʥʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʢʦʤʧʘʥʠʠ ʠʩʧʦʣʴʟʫʶʪ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ 

ʘʚʪʦʤʦʙʠʣʠ-ʨʝʬʨʠʞʝʨʘʪʦʨʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʩʪʘʙʠʣʴʥʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ ʚʥʫʪʨʠ ʛʨʫʟʦʚʦʛʦ ʦʪʩʝʢʘ ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʦʭʨʘʥʥʦʩʪʠ 

ʩʢʦʨʦʧʦʨʪʷʱʠʭʩʷ ʛʨʫʟʦʚ ʧʨʠ ʜʦʩʪʘʚʢʝ. ʇʨʦʜʫʤʘʥʥʘʷ ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ ʛʘʨʘʥʪʠʨʫʝʪ ʙʝʟʦʧʘʩʥʫʶ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʢ ʫʩʣʦʚʠʷʤ ʭʨʘʥʝʥʠʷ ʪʦʚʘʨʦʚ. 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʉʦʚʨʝʤʝʥʥʳʡ ʙʠʪʫʤʦʚʦʟ 

 

ʉʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʙʠʪʫʤʦʚʦʟʳ (ʨʠʩʫʥʦʢ 2), ʘʚʪʦʙʝʪʦʥʦʩʤʝʩʠʪʝʣʠ ʠ 

ʘʥʘʣʦʛʠʯʥʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ ʦʩʫʱʝʩʪʚʣʷʶʪ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ ʚʷʟʢʠʭ ʠ 

ʪʝʢʫʯʠʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʧʦʤʦʱʠ ʚʩʪʨʦʝʥʥʳʭ ʸʤʢʦʩʪʥʳʭ ʩʠʩʪʝʤ. 

ɹʝʟʦʧʘʩʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʨʫʟʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʚʳʧʦʣʥʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʳʭ ʤʝʨ ʧʦ ʦʭʨʘʥʝ ʪʨʫʜʘ ʠ ʧʝʨʝʚʦʟʢʝ 

ʛʨʫʟʦʚ. ʉʦʙʣʶʜʝʥʠʝ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʦʨʤ ʟʘʱʠʱʘʝʪ ʞʠʟʥʴ ʠ ʟʜʦʨʦʚʴʝ 

ʚʦʜʠʪʝʣʝʡ, ʩʥʠʞʘʝʪ ʨʠʩʢʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ ʧʨʠ 

ʛʨʫʟʦʧʝʨʝʚʦʟʢʘʭ. 

ʇʨʠʤʝʥʝʥʠʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʪʝʭʥʠʢʠ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʷʭ ʢʘʞʜʦʡ ʝʜʠʥʠʮʳ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʉʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʦʪʨʘʩʣʴ ʟʘʜʝʡʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʤʘʰʠʥ ʜʣʷ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʩʝʣʴʭʦʟʧʨʦʜʫʢʮʠʠ [4, 5]. ʋʩʪʘʥʦʚʣʝʥʥʦʝ ʥʘ ʪʝʭʥʠʢʫ 

ʩʧʝʮʠʘʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʪʨʝʙʫʝʪ ʧʦʚʳʰʝʥʥʦʛʦ ʚʥʠʤʘʥʠʷ ʦʧʝʨʘʪʦʨʘ ʢʘʢ ʧʨʠ 

ʫʧʨʘʚʣʝʥʠʠ ʜʚʠʞʝʥʠʝʤ, ʪʘʢ ʠ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ ʨʘʙʦʪʦʡ ʘʛʨʝʛʘʪʦʚ. 

ʕʢʩʧʣʫʘʪʘʮʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʤʘʰʠʥ ʚ ʩʝʣʴʩʢʦʡ ʤʝʩʪʥʦʩʪʠ (ʈʠʩʫʥʦʢ 3) 

ʩʦʧʨʷʞʝʥʘ ʩ ʞʝʩʪʢʠʤʠ ʫʩʣʦʚʠʷʤʠ, ʧʨʝʜʲʷʚʣʷʶʱʠʤʠ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʪʝʭʥʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. ɹʝʟʜʦʨʦʞʴʝ ʠ ʨʳʭʣʳʝ ʛʨʫʥʪʳ ʩʧʦʩʦʙʩʪʚʫʶʪ 
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ʫʩʢʦʨʝʥʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ ʧʦʜʚʝʩʢʠ, ʠʩʪʠʨʘʥʠʶ ʜʝʪʘʣʝʡ ʠ ʜʝʬʦʨʤʘʮʠʠ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ [6-10]. 

 

 
 

ʈʠʩʫʥʦʢ 3 ï ʇʨʠʤʝʨ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʤʘʰʠʥ ʚ ʩʝʣʴʩʢʦʡ ʤʝʩʪʥʦʩʪʠ 

 

ʇʦʜʜʝʨʞʘʥʠʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʠ ʫʚʝʣʠʯʝʥʠʝ ʩʨʦʢʘ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʪʝʭʥʠʢʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʨʝʛʫʣʷʨʥʳʤʠ ʧʨʦʚʝʨʢʘʤʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ 

ʦʯʠʩʪʢʦʡ ʧʦʩʣʝ ʢʘʞʜʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ [11].  

ʆʩʚʦʙʦʞʜʝʥʠʝ ʭʦʜʦʚʦʡ ʯʘʩʪʠ ʦʪ ʥʘʣʠʧʰʝʡ ʧʦʯʚʳ ʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ 

ʫʣʫʯʰʘʝʪ ʧʦʜʚʠʞʥʦʩʪʴ ʠ ʤʘʥʝʚʨʝʥʥʦʩʪʴ ʤʘʰʠʥʳ. ʉʚʦʝʚʨʝʤʝʥʥʘʷ ʦʯʠʩʪʢʘ ʠ 

ʦʙʨʘʙʦʪʢʘ ʢʣʶʯʝʚʳʭ ʫʟʣʦʚ ʛʘʨʘʥʪʠʨʫʝʪ ʩʪʘʙʠʣʴʥʫʶ ʨʘʙʦʪʫ ʤʝʭʘʥʠʟʤʦʚ [12, 

13]. 

ʂʦʤʧʣʝʢʩʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʦʩʣʝʜʫʶʱʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʚʦʜʠʪʝʣʷ. 

ʉʧʝʮʠʬʠʢʘ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘʟʝʤʥʳʭ ʪʨʘʥʩʧʦʨʪʥʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʢʘʞʜʦʛʦ ʪʠʧʘ ʤʘʰʠʥ.  

ʈʘʟʨʘʙʦʪʢʘ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʧʨʦʛʨʘʤʤ ʟʘʱʠʪʳ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʘʥʘʣʠʟʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ [14]. 

ʆʩʥʦʚʦʧʦʣʘʛʘʶʱʠʝ ʧʨʠʥʮʠʧʳ ʙʝʟʦʧʘʩʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘʟʝʤʥʦʡ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʪʝʭʥʠʢʠ ʚʢʣʶʯʘʶʪ ʩʦʙʣʶʜʝʥʠʝ ʥʦʨʤ ʪʨʫʜʘ ʠ ʚʳʙʦʨʝ ʥʘʠʙʦʣʝʝ 

ʧʦʜʭʦʜʷʱʝʛʦ ʤʘʨʰʨʫʪʘ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʥʘʟʝʤʥʳʝ ʤʘʰʠʥʳ ʩʣʫʞʘʪ ʵʬʬʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ 

ʚʳʧʦʣʥʝʥʠʷ ʢʦʤʧʣʝʢʩʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʟʘʜʘʯ [15].  
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ʄʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʪʝʭʥʠʢʘ ʧʦʟʚʦʣʷʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʧʝʨʝʚʦʟʢʫ ʛʨʫʟʦʚ ʠ ʚʳʧʦʣʥʷʪʴ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʳʝ ʨʘʙʦʪʳ, ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʚʝʣʠʯʠʚʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ.  

ɻʨʘʤʦʪʥʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʠ ʩʦʙʣʶʜʝʥʠʝ ʤʝʨ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʧʝʨʘʪʦʨʘʤʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʤʘʢʩʠʤʘʣʴʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ ʨʠʩʢʘʭ. 

ɹʝʟʦʧʘʩʥʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʪʨʝʙʫʝʪ ʥʝʧʨʝʨʳʚʥʦʛʦ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ. ʈʘʟʨʘʙʦʪʢʘ ʢʦʤʧʣʝʢʩʥʳʭ 

ʧʨʦʛʨʘʤʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠʦʙʨʝʪʘʝʪ ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ. ʄʥʦʛʦʛʨʘʥʥʦʩʪʴ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʠʢ ʧʦʟʚʦʣʷʝʪ ʚʥʝʜʨʷʪʴ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʨʝʰʝʥʠʷ, 

ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʩʦʭʨʘʥʝʥʠʝ ʞʠʟʥʠ ʫʯʘʩʪʥʠʢʦʚ ʜʚʠʞʝʥʠʷ.  

ʇʨʘʢʪʠʯʝʩʢʠʡ ʦʧʳʪ ʚʦʜʠʪʝʣʝʡ ʬʦʨʤʠʨʫʝʪʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦ, ʦʧʠʨʘʷʩʴ ʥʘ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʟʥʘʥʠʷ ʧʨʘʚʠʣ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ. 

ʉʦʙʣʶʜʝʥʠʝ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʦʨʤ ʠ ʪʨʝʙʦʚʘʥʠʡ ʦʩʪʘʸʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ 

ʫʩʣʦʚʠʝʤ ʜʣʷ ʚʩʝʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʫʨʦʚʥʷ 

ʧʦʜʛʦʪʦʚʢʠ. 
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ʊʠʤʦʥʠʥ ʄ.ɺ. 

ʌɻɹʆʋ ɺʆ ʈɻɸʊʋ, ʛ. ʈʷʟʘʥʴ, ʈʌ 

 

ʉʆɺɽʈʐɽʅʉʊɺʆɺɸʅʀɽ ʃʆɻʀʉʊʀʂʀ ɻʈʋɿʆʇɽʈɽɺʆɿʆʂ 

 

ʉʦʚʨʝʤʝʥʥʳʡ ʨʳʥʦʢ ʛʨʫʟʦʧʝʨʝʚʦʟʦʢ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʢʦʤʧʘʥʠʷʤ ʰʠʨʦʢʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʚʳʙʦʨʘ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʘʨʪʥʸʨʦʚ (ʨʠʩʫʥʦʢ 1) ʧʦʜ ʩʧʝʮʠʬʠʢʫ 

ʙʠʟʥʝʩʘ, ʘ ʞʸʩʪʢʘʷ ʢʦʥʢʫʨʝʥʪʥʘʷ ʩʨʝʜʘ ʚʳʥʫʞʜʘʝʪ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʦʧʝʨʘʪʦʨʦʚ 

ʧʦʩʪʦʷʥʥʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʢʘʯʝʩʪʚʦ ʩʝʨʚʠʩʘ [1].  

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʇʨʠʤʝʨ ʛʨʫʟʦʚʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʢʦʤʧʘʥʠʠ 

 

ɺʝʜʫʱʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʢʦʤʧʘʥʠʠ ʚʳʩʪʨʘʠʚʘʶʪ ʜʦʣʛʦʩʨʦʯʥʳʝ 

ʧʘʨʪʥʝʨʩʢʠʝ ʦʪʥʦʰʝʥʠʷ ʩ ʥʘʜʸʞʥʳʤʠ ʧʝʨʝʚʦʟʯʠʢʘʤʠ ʛʨʫʟʦʚ. ʉʧʝʮʠʬʠʢʘ 

ʧʨʦʠʟʚʦʜʠʤʦʡ ʧʨʦʜʫʢʮʠʠ ʦʧʨʝʜʝʣʷʝʪ ʦʧʪʠʤʘʣʴʥʳʡ ʚʠʜ ʪʨʘʥʩʧʦʨʪʘ ʠ ʚʳʙʦʨ 

ʧʨʦʬʠʣʴʥʦʛʦ ʣʦʛʠʩʪʠʯʝʩʢʦʛʦ ʦʧʝʨʘʪʦʨʘ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʦʩʪʘʚʦʢ [2]. 

ʃʦʛʠʩʪʠʯʝʩʢʠʝ ʦʧʝʨʘʪʦʨʳ ʚʳʩʪʫʧʘʶʪ ʢʣʶʯʝʚʳʤ ʟʚʝʥʦʤ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚʦ ʚʩʝʭ ʩʝʢʪʦʨʘʭ ʵʢʦʥʦʤʠʢʠ. ɹʝʩʧʝʨʝʙʦʡʥʘʷ 

ʨʘʙʦʪʘ ʢʨʫʧʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʩʚʦʝʚʨʝʤʝʥʥʦʡ 

ʜʦʩʪʘʚʢʠ ʤʘʪʝʨʠʘʣʦʚ ʠ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ.  

ʋʩʧʝʰʥʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʢʦʤʧʘʥʠʠ ʬʦʢʫʩʠʨʫʶʪʩʷ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʤ 

ʫʜʦʚʣʝʪʚʦʨʝʥʠʠ ʟʘʧʨʦʩʦʚ ʢʣʠʝʥʪʦʚ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ʦʧʝʨʘʮʠʡ 

[3]. ɼʦʩʪʠʞʝʥʠʝ ʫʩʪʦʡʯʠʚʳʭ ʧʦʟʠʮʠʡ ʥʘ ʨʳʥʢʝ ʪʨʝʙʫʝʪ ʦʪ ʧʝʨʝʚʦʟʯʠʢʦʚ 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʨʘʟʚʠʪʠʷ ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʙʘʟʳ ʠ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ. 




























































