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ʇʨʝʞʥʝʝ ʥʘʟʚʘʥʠʝ ïʊɽʍʅʆʃʆɻʀʀ ʀ ʊɽʍʅʀʏɽʉʂʀɽ ʉʈɽɼʉʊɺɸ ʄɽʍɸʅʀɿʀʈʆɺɸʅʅʆɻʆ 

ʇʈʆʀɿɺʆɼʉʊɺɸ ʇʈʆɼʋʂʎʀʀ ʈɸʉʊɽʅʀɽɺʆɼʉʊɺɸ ʀ ɾʀɺʆʊʅʆɺʆɼʉʊɺɸ 

 

ʉʚʠʜʝʪʝʣʴʩʪʚʦ ʦ ʨʝʛʠʩʪʨʘʮʠʠ ʩʨʝʜʩʪʚʘ ʤʘʩʩʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʇʀ ˉ ʌʉ77-78977 ʦʪ 14.08.2020 
ɺ ʥʦʤʝʨʝ: 

V ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʣʥʝʯʥʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʥʘ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʥʳʭ 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʦʜʫʣʷʭ; 

V ʨʘʩʩʤʦʪʨʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʮʠʬʨʦʚʦʛʦ ʧʦʜʭʦʜʘ ʠ ʦʮʝʥʢʘ ʧʘʨʘʤʝʪʨʦʚ ʦʙʣʫʯʘʪʝʣʴʥʦʡ 

ʫʩʪʘʥʦʚʢʠ ʚ ʫʩʣʦʚʠʷʭ ʩʚʝʪʦʢʫʣʴʪʫʨʳ; 

V ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʘʛʨʝʛʘʪʦʚ ʠ ʨʦʪʦʨʥʦ-

ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʠʟʤʝʣʴʯʠʪʝʣʷ; 

V ʜʘʥʘ ʦʮʝʥʢʘ ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʰʪʘʤʤʘ BACILLUS SUBTILIS; 

V ʨʘʩʩʤʦʪʨʝʥʳ ʙʠʦʣʦʛʠʟʠʨʦʚʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʢʘʨʪʦʬʝʣʷ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʥʦʨʤ ʚʥʝʩʝʥʠʷ 

ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʧʦʜ ʤʥʦʛʦʣʝʪʥʠʝ ʪʨʘʚʳ; 

V ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʝʪʦʜʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʫʪʠʣʠʟʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʪʭʦʜʦʚ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ; 

V ʨʘʩʩʤʦʪʨʝʥʳ ʪʨʸʭʬʘʟʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʚʳʨʘʱʠʚʘʥʠʷ ʠ ʦʪʢʦʨʤʘ ʩʚʠʥʝʡ, ʤʠʢʨʦʢʣʠʤʘʪ ʚ 

ʢʦʨʦʚʥʠʢʝ ʠ ʚʳʨʘʱʠʚʘʥʠʝ ʘʢʚʘʢʫʣʴʪʫʨʳ; 

 

ɻʣʘʚʥʳʡ ʨʝʜʘʢʪʦʨ: 

ɹʨʶʭʘʥʦʚ ɸ.ʖ.ʯʣ.-ʢʦʨ. ʈɸʅ, ʜ-ʨ. ʪʝʭʥ. ʥʘʫʢ 

ɿʘʤ.ʛʣʘʚʥʦʛʦ ʨʝʜʘʢʪʦʨʘ: 

ʄʘʢʩʠʤʦʚ ɼ.ɸ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ; 

ʈʝʜʘʢʮʠʦʥʥʘʷ ʢʦʣʣʝʛʠʷ: 

ʇʦʧʦʚ ɺ.ɼ., ʘʢʘʜ. ʈɸʅ; ʜ-ʨ  ʪʝʭʥ. ʥʘʫʢ 

ɺʪʦʨʳʡ ɺ.ʌ. ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ; 

ʈʘʢʫʪʴʢʦ ʉ.ɸ.ʜ-ʨ ʪʝʭʥ.ʥʘʫʢ; 

ɼʞʘʙʙʦʨʦʚ ʅ.ʀ. ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ; 

ʊʨʠʬʘʥʦʚ ɸ.ɺ. ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, 

ɻʦʨʜʝʝʚ ɺ.ɺ. ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ; 

ʇʝʨʝʢʦʧʩʢʠʡ ɸ.ʅ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ; 

ʂʘʣʝʜʠʥ ɻ.ɺ. ʢʘʥʜ.ʪʝʭʥ. ʥʘʫʢ; 

ʇʘʧʫʰʠʥ ʕ.ɸ. ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

ɺʘʩʠʣʴʝʚ ʕ.ɺ. ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ; 

ʄʠʨʦʥʦʚ ɺ.ʅ. ʢʘʥʜ.ʪʝʭʥ. ʥʘʫʢ. 

 ʉʤʝʣʠʢ ɺ.ɸ., ʜ-ʨ ʪʝʭʥ.ʥʘʫʢ 

ʀʥʦʩʪʨʘʥʥʳʝ ʯʣʝʥʳ ʨʝʜʘʢʮʠʦʥʥʦʡ 

ʢʦʣʣʝʛʠʠ: 

ɺʘʣʢʘʤʘ(ʂʦʩʪʠʥʘ) ɽʣʝʥʘ,ʌʠʥʣʷʥʜʠʷ 

ʂʦʨʥʝʣ ʉʘʣʘʠ, ɺʝʥʛʨʠʷ 

ɸʥʜʨʝʩ ɸʥʥʫʢ, ʕʩʪʦʥʠʷ 

 

ʅʘʜ ʥʦʤʝʨʦʤ ʨʘʙʦʪʘʣʠ: 

ʇʣʝʭʘʥʦʚʘ ʖ.ɺ. ʨʝʜʘʢʪʦʨ; 

ʃʝʚʯʝʥʢʦ ʃ.ɺ. ʧʝʨʝʚʦʜ; 

ʅʘʫʯʥʳʝ ʨʝʜʘʢʪʦʨʳ ʥʦʤʝʨʘ: 

ɺʪʦʨʳʡ ɺ.ʌ., ʈʘʢʫʪʴʢʦ ʉ.ɸ. 

ʋʯʨʝʜʠʪʝʣʴ ʠ ʠʟʜʘʪʝʣʴ: 

ʀʥʩʪʠʪʫʪ ʘʛʨʦʠʥʞʝʥʝʨʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʙʣʝʤ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ-

ʬʠʣʠʘʣ ʌʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʙʶʜʞʝʪʥʦʛʦ ʥʘʫʯʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ 

"ʌʝʜʝʨʘʣʴʥʳʡ ʥʘʫʯʥʳʡ ʘʛʨʦʠʥʞʝʥʝʨʥʳʡ ʮʝʥʪʨ 

ɺʀʄ" 

 

ɸʜʨʝʩ ʨʝʜʘʢʮʠʠ: 

196625, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʊʷʨʣʝʚʦ 

ʌʠʣʴʪʨʦʚʩʢʦʝ ʰʦʩʩʝ, 3. 

ʊʝʣʝʬʦʥ (812) 466-83-08 

E-mail: nii@sznii.ru 

 

ɾʫʨʥʘʣ ʚʢʣʶʯʝʥ ʚ ʈʦʩʩʠʡʩʢʠʡ ʠʥʜʝʢʩ ʥʘʫʯʥʦʛʦ 

ʮʠʪʠʨʦʚʘʥʠʷ (ʈʀʅʎ). 

ʇʦʣʥʳʝ ʪʝʢʩʪʳ ʩʪʘʪʝʡ ʨʘʟʤʝʱʝʥʳ ʥʘ ʩʘʡʪʘʭ 

ʵʣʝʢʪʨʦʥʥʳʭ ʙʠʙʣʠʦʪʝʢ: elibrary.ru; 

ʂʠʙʝʨʃʝʥʠʥʢʘ; 

ʕɹʉ çʃʘʥʴè. 

 

ʆʪʧʝʯʘʪʘʥʦ ʚ ʀɸʕʇ-ʬʠʣʠʘʣ ʌɻɹʅʋ 

ʌʅɸʎ ɺʀʄ 

ʇʦʜʧʠʩʘʥʦ ʚ ʧʝʯʘʪʴ 12.10.2021 

ʌʦʨʤʘʪ 84³108 
1
/16. 

ʆʙʲʝʤ 18,06 ʧʝʯ.ʣ. 

ʊʠʨʘʞ 300 ʵʢʟ

 

 

mailto:nii@sznii.ru
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                                                                 ʉʆɼɽʈɾɸʅʀɽ 

ʕʅɽʈɻʆʉɹɽʈɽɾɽʅʀɽ ʀ ʇʆɺʓʐɽʅʀɽ ʕʅɽʈɻʆʕʌʌɽʂʊʀɺʅʆʉʊʀ 

ʉɽʃʔʉʂʆʍʆɿʗʁʉʊɺɽʅʅʆɻʆ   ʇʈʆʀɿɺʆɼʉʊɺɸéééééééééééééééééé4 

 

ɽʬʠʤʦʚʘ ɸ.ʅ., ʊʠʤʦʬʝʝʚ ɽ.ɺ., ʕʨʢ ɸ.ʌ., ʈʘʟʤʫʢ ɺ.ɸ. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʣʥʝʯʥʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ  ééééééééééééééééééé.................4 

 

ʕʅɽʈɻʆʕʂʆʃʆɻʀʗ  ʉɺɽʊʆʂʋʃʔʊʋʈʓééééééééééééééééééééé...13 

 

ʈʘʢʫʪʴʢʦ ɽ.ʅ., ʈʘʢʫʪʴʢʦ ʉ.ɸ., ʄʠʰʘʥʦʚ ɸ.ʇ., ʄʘʨʢʦʚʘ ɸ.ɽ. ʎʠʬʨʦʚʦʡ ʜʚʦʡʥʠʢ ʨʘʩʪʝʥʠʷ ʚ 

ʩʚʝʪʦʢʫʣʴʪʫʨʝ ʥʘ ʧʨʠʤʝʨʝ ʧʝʨʮʘ (CAPSICUM ANNUUM L.) ʚ ʨʘʩʩʘʜʥʳʡ 

ʧʝʨʠʦʜéééééééééééééééééééééééééééééééééé...............13 

ʈʘʢʫʪʴʢʦ ɽ.ʅ., ʈʘʢʫʪʴʢʦ ʉ.ɸ. ʈʘʢʫʪʴʢʦ ʉ.ɸ.,ʈʘʢʫʪʴʢʦ ɽ.ʅ., ɺʘʩʴʢʠʥ ɸ.ʅ. ɺʣʠʷʥʠʝ 

ʢʦʤʧʦʥʦʚʦʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʙʣʫʯʘʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʥʘ ʵʥʝʨʛʦʵʢʦʣʦʛʠʯʥʦʩʪʴ 

ʩʚʝʪʦʢʫʣʴʪʫʨʳéééééééééééééééééééééééééééééééééé..33 

ʊɽʍʅʆʃʆɻʀʀ ʀ ʊɽʍʅʀʏɽʉʂʀɽ ʉʈɽɼʉʊɺɸ ʇʈʆʀɿɺʆɼʉʊɺɸ ʇʈʆɼʋʂʎʀʀ 

ʈɸʉʊɽʅʀɽɺʆɼʉʊɺɸééééééééééééééééééééééééééé...............51 

 

ʄʠʥʠʥ ɺ.ɹ., ɿʘʭʘʨʦʚ ɸ.ʄ., ʄʝʣʴʥʠʢʦʚ ʉ.ʇ., ɺʘʩʠʣʴʝʚ ʄ.ɸ. ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ 

ʢʘʨʪʦʬʝʣʷ, ʚʦʟʜʝʣʳʚʘʝʤʦʛʦ ʧʦ ʙʠʦʣʦʛʠʟʠʨʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚ ʫʩʣʦʚʠʷʭ ʃʝʥʠʥʛʨʘʜʩʢʦʡ 

ʦʙʣʘʩʪʠ ééééééééééééééééééééééééééééééééééééé.51 

ɺʘʣʛʝ ɸ.ʄ., ʉʫʭʦʧʘʨʦʚ ɸ.ʀ., ʇʘʧʫʰʠʥ ʕ.ɸ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʦʧʪʠʤʘʣʴʥʦʡ ʥʦʨʤʳ ʚʥʝʩʝʥʠʷ  

ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʧʨʠ ʚʦʟʜʝʣʳʚʘʥʠʠ ʤʥʦʛʦʣʝʪʥʠʭ ʪʨʘʚ ééééééééééé............66 

ɼʞʘʙʙʦʨʦʚ ʅ.ʀ., ɼʦʙʨʠʥʦʚ ɸ.ɺ. ʆʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ 

ʘʛʨʝʛʘʪʘ ʩ ʢʦʣʴʮʝʚʳʤʠ ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ ʚ ʙʦʨʴʙʝ ʩ ʙʦʨʱʝʚʠʢʦʤ ʉʦʩʥʦʚʩʢʦʛʦ éééééé.75 

ʀʩʫʧʦʚ ɸ.ʖ., ʀʚʘʥʦʚ ʀ.ʀ., ʇʣʦʪʥʠʢʦʚʘ ʖ.ɸ., ʉʫʭʦʧʘʨʦʚ ɸ.ʀ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʙʦʪʳ 

ʨʦʪʦʨʥʦ-ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʠʟʤʝʣʴʯʠʪʝʣʷéééééééééééééééééééééééé.90 

 ɼʞʘʙʙʦʨʦʚ ʅ.ʀ., ɼʦʙʨʠʥʦʚ ɸ.ɺ., ʐʘʤʦʥʠʥ ɺ.ʀ. ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʘʛʨʝʛʘʪʦʚéééééééééééééééééééééééééé..99 

ʃʘʧʪʝʚ ɻ.ʖ., ɼʫʥʷʰʝʚ ʊ.ʇ., ʁʳʣʜʳʨʳʤ ɽ.ɸ., ʀʣʴʠʥʘ ʃ.ɸ., ʊʶʨʠʥʘ ɼ.ɻ., ʅʦʚʠʢʦʚʘ ʅ.ʀ., 

ʄʝʣʠʢʠʜʠ ɺ.ʍ. ɹʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʰʪʘʤʤʘ BACILLUS SUBTILIS ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ 

ʧʦʣʥʦʛʝʥʦʤʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷéééééééééééééééééééééééééé111   

 

ʊɽʍʅʆʃʆɻʀʀ ʀ ʊɽʍʅʀʏɽʉʂʀɽ ʉʈɽɼʉʊɺɸ ʇʈʆʀɿɺʆɼʉʊɺɸ ʇʈʆɼʋʂʎʀʀ 

ɾʀɺʆʊʅʆɺʆɼʉʊɺɸéééééééééééééééééééééééééééééé117 

 

ʋʚʘʨʦʚ ʈ.ɸ., ʐʘʣʘʚʠʥʘ ɽ.ɺ., ɺʘʩʠʣʴʝʚ ʕ.ɺ. ʊʝʭʥʦʣʦʛʠʠ ʫʪʠʣʠʟʘʮʠʠʥʘʚʦʟʘ ʚ ʨʝʛʠʦʥʝ ɹʘʣʪʠʡʩʢʦʛʦ 

ʤʦʨʷ: ʘʥʘʣʠʟ ʠ ʥʘʤʝʪʠʚʰʠʝʩʷ ʪʝʥʜʝʥʮʠʠéééééééééééééééééééééé..117 

ʐʘʣʘʚʠʥʘ ɽ.ɺ., ɺʘʩʠʣʴʝʚ ʕ.ɺ., ʋʚʘʨʦʚ ʈ.ɸ.  ʄʝʪʦʜʳ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʥʘʚʦʟʘ ʠ ʧʦʤʝʪʘ ʬʝʨʤʝʨʩʢʠʤʠ ʭʦʟʷʡʩʪʚʘʤʠ ʚ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠéééééééééé.128 



                  ISSN 2713-нспм                           ˢ˥˾˻̏˴˻ˮ˹ˬ˩˹˩˾ˮ̒Φ нлнмΦ                       Ѕ оόмлу)  
 

3 
 

ɹʘʟʳʢʠʥ ɺ.ʀ., ʊʨʠʬʘʥʦʚ ɸ.ɺ. ʆʮʝʥʢʘ ʥʦʚʦʡ ʪʨʝʭʬʘʟʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚʳʨʘʱʠʚʘʥʠʷ ʠ ʦʪʢʦʨʤʘ 

ʩʚʠʥʝʡééééééééééééééééééééééééééééééééééééé.140  
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ʀʥʩʪʠʪʫʪ ʘʛʨʦʠʥʞʝʥʝʨʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

(ʀɸʕʇ)  - ʬʠʣʠʘʣ ʌɻɹʅʋ ʌʅɸʎ  ɺʀʄ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʩʦʣʥʝʯʥʘʷ ʵʥʝʨʛʝʪʠʢʘ ʚʩʝ ʙʦʣʝʝ ʰʠʨʦʢʦ ʚʥʝʜʨʷʝʪʩʷ ʚ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ. ʕʪʦ 

ʩʚʷʟʘʥʦ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʦʚʳʝ ʛʝʥʝʨʠʨʫʶʱʠʝ ʠʩʪʦʯʥʠʢʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʚ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʩʝʪʷʭ. ʆʜʥʘʢʦ ʰʠʨʦʢʦʤʫ ʧʨʠʤʝʥʝʥʠʶ ʬʦʪʦʚʦʣʴʪʘʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʤʝʰʘʝʪ 

ʚʳʩʦʢʘʷ ʧʝʨʚʦʥʘʯʘʣʴʥʘʷ ʩʪʦʠʤʦʩʪʴ ʫʩʪʘʥʦʚʦʢ ʠ ʥʠʟʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʎʝʣʴʶ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʩʦʣʥʝʯʥʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʠ 

ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʝʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʫʩʣʦʚʠʷʭ ʉʝʚʝʨʦ-ɿʘʧʘʜʥʦʡ ʟʦʥʳ ʈʦʩʩʠʠ. ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʠ ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʘʚʪʦʥʦʤʥʦʡ ʩʦʣʥʝʯʥʦʡ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʪʨʝʭ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʥʳʭ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ ʤʦʱʥʦʩʪʴʶ 

ʧʦ 315 ɺʪ ʢʘʞʜʳʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʤʧʘʥʠʠ çʍʝʚʝʣè (ʈʦʩʩʠʷ), ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ ʙʘʪʘʨʝʠ, ʠʥʚʝʨʪʦʨʘ 

ʠ ʢʦʥʪʨʦʣʣʝʨʘ ʟʘʨʷʜʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʤʝʪʦʜʦʤ çʧʘʩʩʠʚʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘè, ʜʘʥʥʳʝ 

ʦʧʳʪʦʚ ʦʙʨʘʙʦʪʘʥʳ ʤʝʪʦʜʦʤ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ʇʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʝʣʠʯʠʥʘʭ ʠʥʩʦʣʷʮʠʠ ʠ ʪʝʤʧʝʨʘʪʫʨʥʦʤ 

ʜʠʘʧʘʟʦʥʝ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ. ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʩʦʩʪʘʚʠʣ ʧʦʨʷʜʢʘ 22%. 

ʅʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʜʣʷ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʫʜʘʣʝʥʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʥʝʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ (ʜʦ 50-70 ʢɺʪ) ʚ ʬʝʨʤʝʨʩʢʠʭ 

ʭʦʟʷʡʩʪʚʘʭ. ʕʪʦ ʤʝʣʢʦʪʦʚʘʨʥʳʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ï ʩʚʠʥʘʨʥʠʢʠ ʥʘ 10-30 ʛʦʣʦʚ, ʢʨʦʣʴʯʘʪʥʠʢʠ, 

ʧʦʤʝʱʝʥʠʷ ʜʣʷ ʩʦʜʝʨʞʘʥʠʷ ʧʪʠʮʳ, ʦʚʝʮ, ʢʦʟ ʠ ʪ.ʧ. ʇʝʨʩʧʝʢʪʠʚʥʦ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʜʣʷ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʞʠʣʳʭ ʜʦʤʦʚ.  
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Institute for Engineering and Environmental Problems in Agricultural Production (IEEP) ï branch of 
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Recently, solar energy has found expanding agricultural applications due to the pressing need for new 

power generating sources in distributed networks. However, the high acquisition costs of photovoltaic 

systems and the low utilisation rate hinder their widespread introduction. The study purpose was to 

estimate the efficiency of a solar power plant and to verify its specifications under climatic conditions of 

the North-West of Russia. The study tested a specially designed and manufactured autonomous solar power 

plant. The installation consisted of six hetero-structural photovoltaic modules with the capacity of 315 W 

each (Hevel Energy Group, Russia), a storage battery, an inverter, and a charge controller. The study used 

the ñpassive experimentò method and statistical data analysis. The results were obtained for the natural 

conditions under different insolation and ambient air temperature. The solar plant demonstrated around 

22% efficiency. The combined small-size (up to 50-70 kW) electrical power stations were found most 

promising for electricity supply of the facilities in the remote private farms ï pig houses for 10 to 30 head, 

houses for rabbits, poultry, sheep, and goats as well as residential houses.  

      Keywords: solar energy, photovoltaic module, electricity consumer, efficiency coefficient 
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ɺʚʝʜʝʥʠʝ 

ʉʨʝʜʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ 

ʩʦʣʥʝʯʥʘʷ ʵʥʝʨʛʠʷ ʠʤʝʝʪ ʥʘʠʙʦʣʴʰʠʡ 

ʧʦʪʝʥʮʠʘʣ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʟʦʨʘ 

ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚʳʷʚʠʣʠ, ʯʪʦ 

ʩʦʣʥʝʯʥʫʶ ʵʥʝʨʛʠʶ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʦʣʫʯʘʪʴ ʠ ʚ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʉʝʚʝʨʦ-ɿʘʧʘʜʘ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ [1, 2]. ʊʨʘʜʠʮʠʦʥʥʦ 

ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʥʝʨʛʠʶ ʩʦʣʥʮʘ ʚ 

ʵʪʦʡ ʟʦʥʝ ʦʧʪʠʤʘʣʴʥʦ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʜʣʷ 

ʧʦʜʦʛʨʝʚʘ ʚʦʟʜʫʭʘ ʧʨʠ ʩʫʰʢʝ ʩʝʥʘ, ʟʝʨʥʘ, 

ʩʝʤʷʥ, ʧʦʜʦʛʨʝʚʘ ʚʦʜʳ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʥʫʞʜʳ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ ʬʝʨʤ, ʧʦʜʦʛʨʝʚʘ 

ʚʦʜʳ ʜʣʷ ʧʦʝʥʠʷ ʞʠʚʦʪʥʳʭ ʠ ʪ.ʧ. [3, 4]. 

ʀʩʧʦʣʴʟʦʚʘʪʴ ʵʥʝʨʛʠʶ ʩʦʣʥʮʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʩʯʠʪʘʣʦʩʴ ʵʢʦʥʦʤʠʯʝʩʢʠ 

ʥʝ ʚʳʛʦʜʥʦ [5]. ʆʜʥʘʢʦ, ʩʦʣʥʝʯʥʘʷ ʵʥʝʨʛʠʷ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ ʚ ʩʪʨʘʥʘʭ ʩ ʪʘʢʠʤʠ ʞʝ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ 

ʫʩʣʦʚʠʷʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʫ ʬʝʨʤʝʨʦʚ [6, 7, 8]. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʥʘ ʨʳʥʢʝ 

ʧʦʷʚʣʷʝʪʩʷ ʙʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʪʝʭʥʠʯʝʩʢʠʭ 

ʩʨʝʜʩʪʚ ʜʣʷ ʬʦʪʦʚʦʣʴʪʘʠʢʠ, ʩʪʦʠʤʦʩʪʴ ʢʦʪʦʨʳʭ 

ʧʦʩʪʦʷʥʥʦ ʩʥʠʞʘʝʪʩʷ [9, 10]. ɸʢʪʫʘʣʴʥʳʤ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʜʣʷ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʫʜʘʣʝʥʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ 

ʥʝʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ (ʜʦ 50-70ʢɺʪ) ʚ 

ʬʝʨʤʝʨʩʢʠʭ ʭʦʟʷʡʩʪʚʘʭ. ʕʪʦ ʤʝʣʢʦʪʦʚʘʨʥʦʝ 

ʧʨʦʠʟʚʦʜʩʪʚʦ: ʩʚʠʥʘʨʥʠʢʠ ʥʘ 10-30 ʛʦʣʦʚ, 

ʢʨʦʣʴʯʘʪʥʠʢʠ, ʧʦʤʝʱʝʥʠʷ ʜʣʷ ʩʦʜʝʨʞʘʥʠʷ 

ʧʪʠʮʳ, ʦʚʝʮ, ʢʦʟ ʠ ʪ.ʧ. [11]. ʇʝʨʩʧʝʢʪʠʚʥʦ 

ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʜʣʷ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʞʠʣʳʭ ʜʦʤʦʚ [12].   

 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ  

ɺ ʀɸʕʇ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩʦʣʥʝʯʥʳʭ ʤʦʜʫʣʝʡ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʨʝʞʠʤʝ çʧʘʩʩʠʚʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡè ʩ ʠʶʥʷ ʧʦ 

ʦʢʪʷʙʨʴ 2020 ʛʦʜʘ ʠ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ 

ʜʘʥʥʳʭ ʦʧʨʝʜʝʣʝʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʭ ʨʘʙʦʪʳ.  

ʎʝʣʴʶ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʷʚʣʷʣʦʩʴ ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʠ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʩʦʣʥʝʯʥʦʛʦ ʤʦʜʫʣʷ 

(ʥʘʠʙʦʣʴʰʝʝ ʂʇɼ). ɼʣʷ ʵʪʦʛʦ ʧʨʦʠʟʚʦʜʠʣʠʩʴ 

ʠʟʤʝʨʝʥʠʷ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʩʦʣʥʝʯʥʦʛʦ ʤʦʜʫʣʷ 

ʫʩʪʘʥʦʚʢʠ (ʚʝʣʠʯʠʥʳ ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʘ) ʧʨʠ 



                  ISSN 2713-2641                           ɸɻʈʆʕʂʆʀʅɾɽʅɽʈʀʗ. 2021.                       ˉ 3(108)  
 

6 
 

ʚʦʟʜʝʡʩʪʚʠʠ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʚ ʧʘʩʤʫʨʥʳʝ 

ʠ ʷʩʥʳʝ ʜʥʠ. 

ɿʘʜʘʯʘʤʠ ʧʨʦʚʝʜʸʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʷʚʣʷʣʦʩʴ ʠʟʫʯʝʥʠʝ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥ 

ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʘ ʩʦʣʥʝʯʥʳʭ ʤʦʜʫʣʝʡ ʚ 

ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʦʧʨʝʜʝʣʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʭ ʨʘʙʦʪʳ.  

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʨʠʥʷʪʘ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʘʷ ʫʩʪʘʥʦʚʢʘ ʥʘ 

ʦʩʥʦʚʝ ʪʨʝʭ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʥʳʭ 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ HVL-315/HJT, 

ʠʥʚʝʨʪʦʨʘ Multihlus 24/1200/25 ʠ ʢʦʥʪʨʦʣʣʝʨʘ 

Smart Solar ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 1.  

ʋʩʪʘʥʦʚʢʘ ʩʦʩʪʦʠʪ ʠʟ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʧʘʥʝʣʝʡ (ʌʕʇ), ʠ ʧʦʪʨʝʙʠʪʝʣʝʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ (ʤʘʩʣʷʥʳʡ ʨʘʜʠʘʪʦʨ). 

ʌʦʪʦʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʘʥʝʣʴ ʫʩʪʘʥʦʚʣʝʥʘ ʥʘ 

ʜʝʨʝʚʷʥʥʦʤ ʥʘʩʪʠʣʝ ʥʘ ʚʳʩʦʪʝ 10,5ʤ ʩ ʫʛʣʦʤ 

ʥʘʢʣʦʥʘ ʢ ʛʦʨʠʟʦʥʪʫ 
o67 , ʦʨʠʝʥʪʘʮʠʷ ʖɻ. 

ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʵʥʝʨʛʠʠ ʚ ʌʕʇ ʦʩʥʦʚʘʥʦ ʥʘ 

ʬʦʪʦʚʦʣʴʪʘʠʯʝʩʢʦʤ ʵʬʬʝʢʪʝ, ʢʦʪʦʨʳʡ 

ʚʦʟʥʠʢʘʝʪ ʚ ʥʝʦʜʥʦʨʦʜʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ 

ʩʪʨʫʢʪʫʨʘʭ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʥʠʭ ʩʦʣʥʝʯʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘ ʚʳʚʦʜʘʭ ʧʘʥʝʣʠ, 

ʚʦʟʥʠʢʘʝʪ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ, ʘ ʧʨʠ ʥʘʣʠʯʠʠ 

ʥʘʛʨʫʟʢʠ ʥʘʯʠʥʘʝʪ ʧʨʦʪʝʢʘʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʡ 

ʪʦʢ.  

ʇʨʠ ʠʩʧʳʪʘʥʠʷʭ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʫʩʪʘʥʦʚʢʠ ʟʘʤʝʨʘʤ ʧʦʜʣʝʞʘʣʠ ʩʣʝʜʫʶʱʠʝ 

ʬʘʢʪʦʨʳ: 

- ʠʥʪʝʛʨʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ 

ὛȟɺʪȾʤ ; 

- ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ 

ὸɺʆɿȟ ʉ
ʆ

; 

ʅʘʧʨʷʞʝʥʠʝ: 

- ʥʘ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʘʥʝʣʠ Ὗʇɸʅ ȟɺ; 

- ʫ ʧʦʪʨʝʙʠʪʝʣʷ (ʥʘʛʨʫʟʢʘ) Ὗʅɸɻʈȟɺ; 

ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ (ʚ ʮʝʧʠ): 

- ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʘʥʝʣʴ - ʧʦʪʨʝʙʠʪʝʣʴ 

(ʥʘʛʨʫʟʢʘ) Ὅʂ ʅȟɸ; 

ʇʘʨʘʤʝʪʨʳ ʚʣʘʞʥʦʩʪʠ, ʩʢʦʨʦʩʪʠ ʠ 

ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʘ, ʘʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ ʥʝ 

ʫʯʠʪʳʚʘʣʠʩʴ ʚʚʠʜʫ ʢʨʘʡʥʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦʛʦ 

ʚʣʠʷʥʠʷ ʥʘ ʧʘʨʘʤʝʪʨʳ ʩʦʣʥʝʯʥʦʛʦ ʤʦʜʫʣʷ. 

ʋʨʦʚʝʥʴ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʠʟʤʝʨʷʣʩʷ 

ʩ ʧʦʤʦʱʴʶ ʧʠʨʘʥʦʤʝʪʨʘ TES1333R. ʊʦʯʥʦʩʪʴ 

ʢʦʪʦʨʦʡ ʩʦʩʪʘʚʠʣʘ 5 %. ʀʟʤʝʨʝʥʠʷ ʚʝʣʠʯʠʥ 

ʥʘʧʨʷʞʝʥʠʷ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ, ʥʘ ʚʩʝʭ 

ʫʯʘʩʪʢʘʭ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ, ʧʨʦʚʦʜʠʣʠ ʩ 

ʧʦʤʦʱʴʶ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʜʠʩʧʣʝʷ 

ʢʦʪʨʦʣʣʝʨʘ çColor Control GX Relailè. ɼʘʪʯʠʢʠ 

ʥʘʧʨʷʞʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥʳ ʥʘ ʚʳʚʦʜʘʭ ʌʕʇ, ʠ ʥʘ 

ʢʦʥʪʘʢʪʘʭ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢ ʧʦʪʨʝʙʠʪʝʣʷʤ 

ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʘ ʨʘʚʥʘ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 0,8 ʠ 1 %.  ɼʘʪʯʠʢʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʫʩʪʘʥʦʚʣʝʥʳ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʮʝʧʴ ʥʘ 

ʫʯʘʩʪʢʘʭ: ʌʕʇ. ʙʳʣʘ ʧʦʜʢʣʶʯʝʥʘ ʧʦʩʪʦʷʥʥʘʷ 

ʥʘʛʨʫʟʢʘ 800 ɺʪ.  

 

 
 

ʈʠʩ. 1. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʥʦʛʦ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʤʦʜʫʣʷ 
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ʇʨʠ ʝʩʪʝʩʪʚʝʥʥʦʡ ʚʝʣʠʯʠʥʝ ʩʦʣʥʝʯʥʦʡ 

ʨʘʜʠʘʮʠʠ ʬʠʢʩʠʨʦʚʘʣʠ ʩ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ 30 

ʤʠʥʫʪ ʚ ʪʝʯʝʥʠʠ ʩʚʝʪʦʚʦʛʦ ʜʥʷ ʩʣʝʜʫʶʱʠʝ 

ʦʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ: ʚʝʣʠʯʠʥʫ ʧʦʪʦʢʘ ʩʦʣʥʝʯʥʦʡ 

ʨʘʜʠʘʮʠʠ Ὓ, ʥʘʧʨʷʞʝʥʠʝὟʇɸʅ  ʠ ʪʦʢ 

Ὅʂ ʅ  ʚ ʮʝʧʠ ʌʕʇ ï ʧʦʪʨʝʙʠʪʝʣʴ (ʥʘʛʨʫʟʢʘ). 

ʂʇɼ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʘʥʝʣʠ ʦʧʨʝʜʝʣʷʣʠ 

ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʥʠʤʘʝʤʦʡ 

ʤʦʱʥʦʩʪʠ ʢ ʤʦʱʥʦʩʪʠ ʧʘʜʘʶʱʝʛʦ ʩʦʣʥʝʯʥʦʛʦ 

ʧʦʪʦʢʘ: 

–
ʌʇʂẗʇɸʅ

ρππϷ (1) 

ʀʥʬʦʨʤʘʮʠʷ ʩ ʜʘʪʯʠʢʦʚ ʥʘʧʨʷʞʝʥʠʷ ʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʧʦʩʪʫʧʘʣʠ ʥʝʧʨʝʨʳʚʥʦ ʥʘ 

çColor Control GX Relailè, ʛʜʝ ʧʨʦʠʩʭʦʜʠʣʦ ʝʝ 

ʘʨʭʠʚʠʨʦʚʘʥʠʝ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʚʠʜʝ ʩ ʧʨʠʚʷʟʢʦʡ 

ʧʦ ʚʨʝʤʝʥʠ. 

ɸʨʭʠʚʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʚ 

ʵʣʝʢʪʨʦʥʥʦʤ ʚʠʜʝ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʨʦʠʪʴ 

ʛʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʚʝʣʠʯʠʥ, 

ʫʚʷʟʘʥʥʳʝ ʧʦ ʚʨʝʤʝʥʠ. 

ʆʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʥʘ ʇʂ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʦʛʨʘʤʤʳ EXCEL, ʩʧʦʩʦʙ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ï 

ʢʦʨʨʝʣʷʮʠʦʥʥʦ ʨʝʛʨʝʩʩʠʚʥʳʡ ʘʥʘʣʠʟ. ʅʘ ʦʩʥʦʚʝ 

ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʦʧʨʝʜʝʣʷʣʦʩʴ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ 

ʩʪʘʮʠʦʥʘʨʥʳʭ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʘʣʴʥʳʭ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʧʦʣʫʯʝʥʳ 

ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ 

(ʂʇɼ) ʌʕʇ ʦʪ ʠʟʤʝʥʷʝʤʳʭ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ.  

– ὪὍʌʇʅȟὟʇɸʅȟὛ (2) 

ɼʣʷ ʧʨʠʤʝʨʘ ʚ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʚʳʜʝʨʞʢʘ ʠʟ ʞʫʨʥʘʣʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ 15 ʧʦ 17 

ʩʝʥʪʷʙʨʷ 2020ʛ.  

ʊʘʙʣʠʮʘ  

 

ɾʫʨʥʘʣ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɼʘʪʘ ɺʨʝʤ

 ̫

ʉʦʣʥʝʯʥ

ʘʷ 

ʨʘʜʠʘʮʠ

 ̫

ʅʘʧʨʷ

ʞʝʥʠʝ 

ʥʘ 

ʌʕʇ 

ʉʠʣʘ 

ʪʦʢʘ 

ʮʝʧʠ 

ʌʕʇ 

ʄʦʱʥʦ

ʩʪʴ 

ʌʕʇ 

ʅʘʧʨʷʞʝ

ʥʠʝ ʥʘ 

ʘʢʢʫʤʫʣ

ʷʪʦʨʝ 

ʉʠʣʘ 

ʪʦʢʘ 

ʮʝʧʠ 

ʘʢʢʫʤʫ

ʣʷʪʦʨʘ 

ʂʦʵʬʬʠ

ʮʠʝʥʪ 

ʧʨʝʦʙʨʘ

ʟʦʚʘʥʠʷ 

ʩʦʣʥʝʯʥ

ʦʡ 

ʵʥʝʨʛʠʠ 

ʜʜ.ʤʤ.ʛʛ ʯʘʩ 2/ʤɺʪ  
ɺ ɸ ɺʪ ɺ ɸ % 

15.09.20 9:30 47,5 37,4 1,4 50 23,7 2 21,57 

15.09.20 10:00 53 37,25 1,8 66 23,2 2,8 24,76 

15.09.20 10:30 700 36,56 7,8 278 24,24 11,2 7,97 

15.09.20 11:00 820 35,28 14,7 519 25,01 20,4 12,38 

15.09.20 11:30 910 34,04 23,3 796 24,1 32,1 17,06 

15.09.20 12:00 970 33,95 24,5 820 23,69 33,9 16,78 

15.09.20 13:30 1027 32,98 25,9 841 25,2 32,8 16,28 

15.09.20 14:00 1025 33,06 25 823 24,69 32,5 15,78 

15.09.20 14:30 925 33,15 23,9 789 24,01 32,2 16,76 
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15.09.20 15:00 930 33,36 22,7 760 23,38 31,6 15,93 

15.09.20 15:30 823 33,06 21,2 703 23,03 30 16,67 

15.09.20 16:00 51 33,35 1,8 61 24,08 2,4 23,03 

16.09.20 9:00 63,9 36,56 2,2 82 26,3 2,9 24,63 

16.09.20 9:30 66,7 35,86 1,8 67 25,82 2,5 18,94 

16.09.20 10:00 167,6 36,56 4,5 166 26,86 6 19,21 

16.09.20 10:30 200,5 35 5,4 189 25,73 7,2 18,45 

16.09.20 11:00 108,5 34,9 3,7 128 23,09 5,3 23,29 

16.09.20 11:30 74,4 35,85 2,4 85 21,9 3,6 22,63 

16.09.20 12:00 105,6 35,73 2,5 88 22,12 3,9 16,55 

16.09.20 13:00 206,5 36,74 6,3 217 25,61 8,1 21,94 

16.09.20 13:30 27,4 39,35 0,4 17 27,01 0,6 11,24 

16.09.20 14:00 854 35,33 21,7 770 23,5 32 17,57 

16.09.20 14:30 112,5 35,84 3,7 128 24,5 5 23,07 

16.09.20 15:00 61,7 33,45 1,9 64 24,59 2,5 20,16 

16.09.20 15:30 140 35,04 4,2 146 25,25 5,6 20,57 

16.09.20 16:00 39,4 35,35 1 35 25,28 1,3 17,56 

17.09.20 10:00 81,8 38,07 2,2 91 24,65 3,5 20,04 

17.09.20 10:30 141 36,81 3,2 116 25,1 4,4 16,35 

17.09.20 11:00 30,7 35,29 1 35 25,75 1,3 22,50 

17.09.20 11:30 475 34,36 17,8 641 26,43 2,61 25,20 

17.09.20 12:00 174,8 37,3 4,8 176 23,3 7,4 20,04 

17.09.20 13:00 211,7 37 7,5 270 24,9 10,3 25,65 

17.09.20 13:30 93,4 37,26 2,7 98 25,31 3,7 21,08 

17.09.20 14:00 110,4 37,7 2,6 102 25,63 4 17,37 

17.09.20 14:30 79,1 37,06 2,2 84 26,38 3 20,17 

17.09.20 15:00 34,4 35,29 0,9 34 22,89 1,4 18,07 

17.09.20 15:30 60,3 36,37 1,6 62 23,42 2,6 18,89 

17.09.20 16:00 38,2 35,22 1,5 42 23,47 1,6 27,06 
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ɼʣʷ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ 

ʧʦʩʪʨʦʝʥʳ ʛʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʤʦʱʥʦʩʪʠ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʥʳʭ ʩʦʣʥʝʯʥʳʭ ʤʦʜʫʣʝʡ ʠ 

ʠʥʩʦʣʷʮʠʠ ʩʦʣʥʮʘ, ʚʦʣʴʪʘʤʧʝʨʥʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʘ ʪʘʢʞʝ ʛʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ 

ʩʠʣʳ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ ʩʦʣʥʝʯʥʳʭ ʤʦʜʫʣʝʡ ʚ 

ʪʝʯʝʥʠʝ ʩʚʝʪʦʚʦʛʦ ʜʥʷ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʥʘ ʨʠʩʫʥʢʘʭ 2 ʠ 3.  

 

 
ʈʠʩ. 2. ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʤʦʱʥʦʩʪʠ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʥʳʭ ʩʦʣʥʝʯʥʳʭ ʤʦʜʫʣʝʡ ʠ ʠʥʩʦʣʷʮʠʠ 

ʩʦʣʥʮʘ 

 

 
ʈʠʩ. 3. ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʩʠʣʳ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ ʩʦʣʥʝʯʥʳʭ ʤʦʜʫʣʝʡ 

 

ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʛʨʘʬʠʢʦʚ ʚʠʜʥʦ ʧʨʷʤʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʤʦʱʥʦʩʪʠ ʦʪ ʠʥʩʦʣʷʮʠʠ, ʯʪʦ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʥʦʨʤʘʣʴʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʪʘʥʮʠʠ. ʇʨʠ ʵʪʦʤ ʛʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ 

ʩʠʣʳ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ ʧʦʢʘʟʳʚʘʝʪ ʭʘʨʘʢʪʝʨ ʨʘʙʦʪʳ, ʢʦʛʜʘ ʥʦʤʠʥʘʣʴʥʘʷ 

ʤʦɦʥʦʩʪʴ ʧʘʥʝʣʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ ʚ ʧʨʝʜʝʣʘʭ 30 ï 40ɺ ʠ ʩʠʣʝ ʪʦʢʘ ʚ ʧʨʝʜʝʣʘʭ 15 ï 

25ɸ.   
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ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʩʦʣʥʝʯʥʦʡ ʠʥʩʦʣʷʮʠʠ ʠ ʂʇɼ ʧʘʥʝʣʠ ʩʨʝʜʩʪʚʘʤʠ ʘʥʘʣʠʟʘ MS 

Excel ʙʳʣ ʧʨʦʠʟʚʝʜʸʥ ʨʝʛʨʝʩʩʠʦʥʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʩ ʫʨʦʚʥʝʤ ʥʘʜʝʞʥʦʩʪʠ 95%.  

ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʝ ʂʇɼ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʥʩʦʣʷʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4. 

 
ʈʠʩ. 4. ɿʘʚʠʩʠʤʦʩʪʴ ʂʇɼ ʦʪ ʠʥʩʦʣʷʮʠʠ ʩʦʣʥʝʯʥʳʭ ʛʝʪʝʨʦ ʩʪʨʫʢʪʫʨʥʳʭ ʤʦʜʫʣʝʡ 

 

ʅʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʂʇɼ ʠʩʩʣʝʜʫʝʤʳʝ 

ʧʘʥʝʣʠ ʧʦʣʫʯʘʶʪ ʧʨʠ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʷʭ 

ʠʥʩʦʣʷʮʠʠ ʜʦ 200 ɺʪ/ʤ
2
, ʧʨʠ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ 

ʂʇɼ ʜʦʭʦʜʠʪ ʜʦ 27%. ʇʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ 

ʟʥʘʯʝʥʠʷʭ ʠʥʩʦʣʷʮʠʠ ʂʇɼ ʩʥʠʞʘʝʪʩʷ ʜʦ 18-

19%. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʯʘʩʪʴ ʵʥʝʨʛʠʠ 

ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʪʝʧʣʦʚʫʶ. ʉʨʝʜʥʝʝ ʞʝ 

ʟʥʘʯʝʥʠʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʨʘʚʥʦ 21,07%. 

ʀʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ 

ʤʦʱʥʦʩʪʠ, ʦʧʨʝʜʝʣʝʥ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ 

ʜʝʡʩʪʚʠʷ ʜʣʷ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ, ʢʘʢ 

ʦʪʥʦʰʝʥʠʝ ʚʳʨʘʙʘʪʳʚʘʝʤʦʡ ʢ ʥʦʤʠʥʘʣʴʥʦʡ 

ʤʦʱʥʦʩʪʠ. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʣʷ 

ʠʩʩʣʝʜʫʝʤʳʭ ʤʦʜʫʣʝʡ ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʥʘ ʫʨʦʚʥʝ 

22% ʜʣʷ ʫʩʣʦʚʠʡ ʉʝʚʝʨʦ-ɿʘʧʘʜʘ ʈʌ. 

 

ɺʳʚʦʜʳ 

ʀʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ 

ʤʦʱʥʦʩʪʠ, ʦʧʨʝʜʝʣʝʥ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ 

ʜʝʡʩʪʚʠʷ ʜʣʷ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ, ʢʘʢ 

ʦʪʥʦʰʝʥʠʝ ʚʳʨʘʙʘʪʳʚʘʝʤʦʡ ʢ ʥʦʤʠʥʘʣʴʥʦʡ 

ʤʦʱʥʦʩʪʠ. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʣʷ 

ʠʩʩʣʝʜʫʝʤʳʭ ʤʦʜʫʣʝʡ ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʥʘ ʫʨʦʚʥʝ 

22 % ʜʣʷ ʫʩʣʦʚʠʡ ʉʝʚʝʨʦ-ɿʘʧʘʜʘ ʈʌ, ʯʪʦ 

ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʥʦ ʧʘʩʧʦʨʪʥʳʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʧʘʥʝʣʠ, ʢʦʪʦʨʳʝ ʨʘʚʥʳ 23%. 

ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʧʘʥʝʣʠ 

ʷʚʣʷʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤʠ ʠ ʚʦʟʤʦʞʥʦ ʠʭ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ. ʊʘʢʞʝ ʩ ʫʯʝʪʦʤ 

ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʦ ʥʘʢʦʧʣʝʥʠʠ ʵʣ. ʵʥʝʨʛʠʠ 

ʟʘ ʠʩʩʣʝʜʦʚʘʥʥʳʡ ʧʝʨʠʦʜ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʭ ʚ ʫʩʣʦʚʠʷʭ 

ʉʝʚʝʨʦ-ɿʘʧʘʜʘ ʚ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠ 

ʨʝʟʝʨʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʷʚʣʷʝʪʩʷ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ. ɼʘʥʥʳʝ 

ʫʩʪʘʥʦʚʢʠ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʚ ʢʘʯʝʩʪʚʝ 

ʦʩʥʦʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʥʘ 

ʥʝʙʦʣʴʰʠʭ ʠ ʦʪʜʘʣʝʥʥʳʭ ʦʙʲʝʢʪʘʭ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ. ʕʪʦ 

ʧʦʟʚʦʣʠʪ ʩʥʠʟʠʪʴ ʠʟʜʝʨʞʢʠ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʶ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʪʘʢʠʭ ʦʙʲʝʢʪʦʚ 

ʥʘ 50 %. 
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ʕʅɽʈɻʆʕʂʆʃʆɻʀʗ  ʉɺɽʊʆʂʋʃʔʊʋʈʓ 

ʋɼʂ 573.7:581.41:58.084.1: 631.544.45                                DOI 10.24412/2713-2641-2021-3108-13-33 

ʎʀʌʈʆɺʆʁ ɼɺʆʁʅʀʂ ʈɸʉʊɽʅʀʗ ɺ ʉɺɽʊʆʂʋʃʔʊʋʈɽ 

ʅɸ ʇʈʀʄɽʈɽ ʇɽʈʎɸ (CAPSICUM ANNUUM L.) ɺ ʈɸʉʉɸɼʅʓʁ ʇɽʈʀʆɼ 

 

ɽ.ʅ. ʈʘʢʫʪʴʢʦ; ʉ.ɸ. ʈʘʢʫʪʴʢʦ, ʜ-ʨ ʪʝʭʥ.ʥʘʫʢ;  ɸ.ʇ. ʄʠʰʘʥʦʚ; ɸ.ɽ. ʄʘʨʢʦʚʘ, ʢʘʥʜ ʩ.-ʭ.ʥʘʫʢ

ʀʥʩʪʠʪʫʪ ʘʛʨʦʠʥʞʝʥʝʨʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

(ʀɸʕʇ) - ʬʠʣʠʘʣ ʌɻɹʅʋ ʌʅɸʎ ɺʀʄ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

ʈʘʩʩʤʦʪʨʝʥ ʦʧʳʪ ʧʨʠʤʝʥʝʥʠʷ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ 

ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ. ʂʦʥʮʝʧʪʫʘʣʴʥʦ ʮʠʬʨʦʚʦʡ ʜʚʦʡʥʠʢ ʨʘʩʪʝʥʠʷ ʜʦʣʞʝʥ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ 

ʚʠʨʪʫʘʣʴʥʳʡ ʦʙʲʝʢʪ, ʦʪʦʙʨʘʞʘʶʱʠʡ ʨʝʘʣʴʥʦʝ ʨʘʩʪʝʥʠʝ ʚ ʬʠʟʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʇʦʢʘʟʘʥʘ 

ʧʨʝʝʤʩʪʚʝʥʥʦʩʪʴ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʥʮʝʧʮʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʮʠʬʨʦʚʳʤ ʜʚʦʡʥʠʢʦʤ ʨʘʩʪʝʥʠʷ, ʩ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʨʘʥʝʝ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʵʥʝʨʛʦʵʢʦʣʦʛʠʠ ʩʚʝʪʦʢʫʣʴʪʫʨʳ ʠʝʨʘʨʭʠʯʝʩʢʦʡ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʤʦʜʝʣʴʶ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʙʠʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ 

ʨʘʟʨʘʙʦʪʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʮʠʬʨʦʚʦʛʦ ʜʚʦʡʥʠʢʘ ʨʘʩʪʝʥʠʷ, ʝʝ ʘʧʨʦʙʘʮʠʷ ʥʘ ʨʘʩʪʝʥʠʷʭ 

ʧʝʨʮʘ, ʚʳʨʘʱʠʚʘʝʤʳʭ ʚ ʫʩʣʦʚʠʷʭ ʩʚʝʪʦʢʫʣʴʪʫʨʳ, ʘ ʪʘʢʞʝ ʚʳʷʚʣʝʥʠʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ 

ʤʦʜʝʣʠ ʢ ʠʟʤʝʥʝʥʠʶ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʠʟʣʫʯʝʥʠʷ. ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ʮʠʬʨʦʚʦʛʦ ʜʚʦʡʥʠʢʘ ʨʘʩʪʝʥʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʯʝʪʳʨʝ ʤʦʜʫʣʷ: 1) ʧʝʨʚʠʯʥʳʝ ʙʠʦʤʝʪʨʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ; 2) ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʣʠʩʪʴʝʚ; 3) ʦʧʠʩʘʥʠʝ ʬʠʣʣʦʪʘʢʩʠʩʘ ʠ 4) ʘʩʩʠʤʠʣʷʮʠʦʥʥʳʝ 

ʠʥʜʝʢʩʳ ʨʘʩʪʝʥʠʷ. ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʠ ʥʘ ʨʘʩʪʝʥʠʷʭ ʩʣʘʜʢʦʛʦ ʧʝʨʮʘ ʚ ʨʘʩʩʘʜʥʳʡ ʧʝʨʠʦʜ. 

ʆʙʣʫʯʝʥʥʦʩʪʴ ʩʦʩʪʘʚʣʷʣʘ 200 ʤʢʤʦʣʴĀʤ
-2
Āʩ

-1
. ʈʘʩʪʝʥʠʷ ʚʳʨʘʱʠʚʘʣʠ ʧʦʜ ʠʟʣʫʯʝʥʠʝʤ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʪʠʧʘʤʠ ʩʧʝʢʪʨʘ, ʩʦʦʪʥʦʰʝʥʠʝ ʵʥʝʨʛʠʠ ʢʨʘʩʥʦʛʦ ʠ ʩʠʥʝʛʦ ʜʠʘʧʘʟʦʥʦʚ ʫ ʢʦʪʦʨʳʭ ʨʘʟʣʠʯʘʣʦʩʴ ʙʦʣʝʝ 

ʯʝʤ ʚ ʪʨʠ ʨʘʟʘ. ɺʳʷʚʣʝʥʦ ʥʘʣʠʯʠʝ ʠʟʦʤʝʨʠʠ ʛʝʥʝʪʠʯʝʩʢʦʡ ʩʧʠʨʘʣʠ. ɼʣʷ ʚʩʝʭ ʬʠʢʩʠʨʫʝʤʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʪʠʧ ʠʟʦʤʝʨʠʠ ʬʠʣʣʦʪʘʢʩʠʩʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʥʝ ʟʥʘʯʠʤ. ɼʝʡʩʪʚʠʝ ʬʘʢʪʦʨʘ ʩʧʝʢʪʨʘ ʥʘ 

ʚʳʩʦʪʫ ʨʘʩʪʝʥʠʷ, ʩʨʝʜʥʶʶ ʪʦʣʱʠʥʫ ʣʠʩʪʘ, ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʘ ʚ ʣʠʩʪʴʷʭ ʠ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʧʨʦʧʫʩʢʘʥʠʷ ʣʠʩʪʴʝʚ ʟʥʘʯʠʤʦ. ʅʘʡʜʝʥʦ, ʯʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʯʘʩʪʦʪ ʧʦʷʚʣʝʥʠʷ ʣʝʚʳʭ ʠ ʧʨʘʚʳʭ 

ʠʟʦʤʝʨʦʚ ʧʦ ʚʩʝʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʨʘʩʪʝʥʠʡ ʩʦʩʪʘʚʣʷʝʪ 2:1. ʋʛʦʣ ʜʠʚʝʨʛʝʥʮʠʠ ʤʝʞʜʫ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʣʠʩʪʴʷʤʠ ʙʣʠʟʦʢ ʢ çʟʦʣʦʪʦʤʫè ʫʛʣʫ ʚ 137.5Á. ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ 

ʬʠʣʣʦʪʘʢʩʠʩʘ ʢ ʩʧʝʢʪʨʫ ʥʝ ʚʳʷʚʣʝʥʘ. ʈʷʜ ʘʩʩʠʤʠʣʷʮʠʦʥʥʳʭ ʠʥʜʝʢʩʦʚ ʨʘʩʪʝʥʠʡ ʧʦʢʘʟʘʣ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʩʧʝʢʪʨʘ ʠʟʣʫʯʝʥʠʷ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʠʟʣʫʯʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʬʦʪʦʩʠʥʪʝʟʘ ʦʢʘʟʘʣʘʩʴ ʥʘ 28% ʚʳʰʝ ʧʦʜ ʩʧʝʢʪʨʦʤ ʩ ʧʦʚʳʰʝʥʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʩʠʥʝʛʦ ʠʟʣʫʯʝʥʠʷ. ʉʦʟʜʘʥʥʳʡ ʮʠʬʨʦʚʦʡ ʜʚʦʡʥʠʢ ʨʘʩʪʝʥʠʷ ʠʤʝʝʪ ʧʝʨʩʧʝʢʪʠʚʳ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʚ ʯʘʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʡ ʦʙʦʣʦʯʢʠ, ʧʦʟʚʦʣʷʶʱʝʡ ʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʨʘʟʚʠʪʠʝ ʨʘʩʪʝʥʠʷ ʧʝʨʮʘ ʚ ʨʘʩʩʘʜʥʦʤ ʧʝʨʠʦʜʝ.  

       ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ, ʩʚʝʪʦʢʫʣʴʪʫʨʘ, ʮʠʬʨʦʚʦʡ ʜʚʦʡʥʠʢ, ʀʥʜʫʩʪʨʠʷ 4.0, 

ʚʠʨʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 

      ɼʣʷ ʮʠʪʠʨʦʚʘʥʠʷ: ʈʘʢʫʪʴʢʦ ɽ.ʅ., ʈʘʢʫʪʴʢʦ ʉ.ɸ., ʄʠʰʘʥʦʚ ɸ.ʇ., ʄʘʨʢʦʚʘ ɸ.ɽ. ʎʠʬʨʦʚʦʡ 

ʜʚʦʡʥʠʢ ʨʘʩʪʝʥʠʷ ʚ ʩʚʝʪʦʢʫʣʴʪʫʨʝ ʥʘ ʧʨʠʤʝʨʝ ʧʝʨʮʘ (CAPSICUM ANNUUM L.) ʚ ʨʘʩʩʘʜʥʳʡ 
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DIGITAL TWIN OF A PLANT IN GREENHOUSE HORTICULTURE: CASE STUDY OF PEPPER 

(CAPSICUM ANNUUM L.) IN TRANSPLANT PERIOD 
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DSc (Engineering);  

A.P. Mishanov; A.E. Markova,  
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Institute for Engineering and Environmental Problems in Agricultural Production (IEEP) ï branch of 

FSBSI FSAC VIM, Saint Petersburg, Russia 

The article considers the experience of using digital twins in various industries and agriculture. 

Conceptually, digital twins should be a virtual representation of real plants in physical space. The modern 

concepts associated with digital twins of crops are shown to succeed to the information model of an 

artificial bioenergy system developed earlier in the laboratory of energy and ecology aspects of 

greenhouse horticulture. The work aimed to develop a mathematical model of a digital twin of an 

individual plant, to test it on pepper plants grown in artificial lighting conditions and to determine the 

response of the model parameters to the light quality. The created mathematical model included four 

modules: 1) primary biometric parameters; 2) optical properties of leaves; 3) description of phyllotaxis 

and 4) assimilation indices of plants. An experiment was carried on sweet pepper. The irradiance was 200 

ɛmolĀm
-2
Ās

-1
. Plants were grown under radiation with different amounts of energy in the red and blue 

bands, which differed by more than three times. The presence of isomerism of the genetic spiral was 

revealed. The type of phyllotaxis isomerism was statistically insignificant for all recorded parameters. 

The effect of the light quality factor on the plant height, leaf average thickness, chlorophyll content and 

transmittance was statistically significant. The ratio of the frequencies of occurrence of left and right 

isomers for the entire set of plants was found to be close to 2:1. The angle of alignment between 

successive leaves was close to the ñgoldenò angle of 137.5Á. The response of phyllotaxis parameters to 

the light quality was not revealed. Several assimilation indices showed statistically significant dependence 

on light quality. The radiation use efficiency in the process of photosynthesis was found to be 28% higher 

under the spectrum with increased content of blue radiation. The created digital twin of a plant has 

prospects for improvement in terms of creating a software shell that allows analyzing the development of 

plants at the transplant stage. 

       Keywords: agriculture, greenhouse horticulture, digital twin, Industry 4.0, simulation model, 

modeling 

      For citation: Rakutko S.A., Rakutko E.N., Mishanov A.P., Markova A.F. Digital twin of a plant in 

greenhouse horticulture: case study of pepper (Capsicum Annuum L.) in transplant period. 
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ɺʚʝʜʝʥʠʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʴʰʦʝ 

ʚʥʠʤʘʥʠʝ ʚ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʫʜʝʣʷʝʪʩʷ 

ʮʠʬʨʦʚʠʟʘʮʠʠ, ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʠ 

ʚʥʝʜʨʝʥʠʶ ʮʠʬʨʦʚʳʭ ʧʨʦʜʫʢʪʦʚ ʥʘ 

ʧʨʝʜʧʨʠʷʪʠʷʭ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʝʡ ʥʘʨʦʜʥʦʛʦ 

ʭʦʟʷʡʩʪʚʘ. ɺʘʞʥʝʡʰʠʤ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʷʚʣʷʝʪʩʷ 

ʧʦʥʷʪʠʝ ʮʠʬʨʦʚʦʛʦ ʜʚʦʡʥʠʢʘ (ʎɼ). 

ɺʧʝʨʚʳʝ ʪʝʨʤʠʥ çʮʠʬʨʦʚʦʡ ʜʚʦʡʥʠʢè (digital 

twin) ʢʘʢ ʚʠʨʪʫʘʣʴʥʳʡ, ʮʠʬʨʦʚʦʡ ʵʢʚʠʚʘʣʝʥʪ 

ʬʠʟʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʄ. 

ɻʨʠʚʩʦʤ ʚ 2003 ʛ. ʂʦʥʮʝʧʪʫʘʣʴʥʦ ʧʨʝʜʣʦʞʝʥʥʘʷ 

ʤʦʜʝʣʴ ʩʦʩʪʦʷʣʘ ʠʟ ʪʨʝʭ ʦʩʥʦʚʥʳʭ ʯʘʩʪʝʡ: 1) 

ʬʠʟʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʚ ʨʝʘʣʴʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, 

2) ʚʠʨʪʫʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʚʠʨʪʫʘʣʴʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ, ʠ 3) ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʚʷʟʝʡ 

ʤʝʞʜʫ ʬʠʟʠʯʝʩʢʠʤʠ ʠ ʚʠʨʪʫʘʣʴʥʳʤʠ ʦʙʲʝʢʪʘʤʠ 
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[1]. ɼʨʫʛʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʎɼ ʘʧʝʣʣʠʨʫʝʪ ʢ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʤʫ ʤʫʣʴʪʠʬʠʟʠʯʝʩʢʦʤʫ, 

ʤʘʩʰʪʘʙʥʦʤʫ, ʚʝʨʦʷʪʥʦʩʪʥʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ 

ʩʣʦʞʥʦʡ ʩʠʩʪʝʤʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʠʟʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ ʠ ʜʘʪʯʠʢʦʚ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʝʝ 

ʩʦʩʪʦʷʥʠʷ [2] 

ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʥʘʠʙʦʣʝʝ ʨʘʟʚʠʪ ʜʣʷ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. ɺ ʨʘʤʢʘʭ 

ʚʠʨʪʫʘʣʴʥʦʡ ʤʦʜʝʣʠ ʬʠʟʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ ʠʣʠ 

ʩʠʩʪʝʤʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʩʚʷʟʳʚʘʶʪ ʦʪʜʝʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʦʙʲʝʢʪʘ. ɹʘʟʘ 

ʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʧʦʣʥʷʝʪʩʷ ʠʥʬʦʨʤʘʮʠʝʡ ʩ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʜʘʪʯʠʢʦʚ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 

ʚʩʝʛʦ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʦʙʲʝʢʪʘ ʚ ʨʝʞʠʤʝ 

ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʎɼ ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʠʨʦʚʘʪʴ 

ʚ ʚʠʨʪʫʘʣʴʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦʚʝʜʝʥʠʝ ʚʩʝʛʦ 

ʦʙʲʝʢʪʘ ʠʣʠ ʩʠʩʪʝʤʳ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ 

ʦʪʜʝʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ. ɺʥʫʪʨʝʥʥʷʷ 

ʩʪʨʫʢʪʫʨʘ ʎɼ ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ 

ʨʝʰʝʥʠʝ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʳʭ ʟʘʜʘʯ ʚ ʮʝʣʷʭ 

ʧʦʚʳʰʝʥʠʷ ʦʧʝʨʘʪʠʚʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʝʜʧʨʠʷʪʠʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʎɼ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʤʥʦʞʝʩʪʚʘ 

ʚʠʨʪʫʘʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ ʥʘ ʚʠʨʪʫʘʣʴʥʦʡ ʤʦʜʝʣʠ 

ʧʨʦʮʝʩʩʘ ʚ ʮʝʣʷʭ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʞʠʤʦʚ 

ʧʦ ʪʦʤʫ ʠʣʠ ʜʨʫʛʦʤʫ ʢʨʠʪʝʨʠʷʤ. ʇʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʥʘʪʫʨʥʳʤʠ ʠʩʧʳʪʘʥʠʷʤʠ, ʧʨʠ ʵʪʦʤ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʘʷ ʵʢʦʥʦʤʠʷ 

ʤʘʪʝʨʠʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ, ʩʦʢʨʘʱʘʝʪʩʷ ʠʭ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ [3]. ʇʨʠʤʝʥʝʥʠʝ ʎɼ ʚ 

ʧʦʣʥʦʡ ʤʝʨʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʨʝʭʦʜʫ ʢ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʢʠʙʝʨʥʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʯʪʦ, ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʘʩʧʝʢʪʦʚ 

ʩʪʨʘʪʝʛʠʡ ʀʥʜʫʩʪʨʠʠ 4.0 [4]. 

ʂʦʥʮʝʧʮʠʷ ʎɼ ʷʚʣʷʝʪʩʷ ʵʚʦʣʶʮʠʝʡ ʨʷʜʘ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʦʙʣʘʩʪʝʡ  ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ [5].  ʆʜʥʘʢʦ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʵʪʘ ʢʦʥʮʝʧʮʠʷ ʩʫʱʝʩʪʚʫʝʪ 

ʫʞʝ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʚʨʝʤʷ, ʝʝ 

ʨʝʘʣʴʥʦʝ ʚʣʠʷʥʠʝ ʧʨʦʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʚ 

ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ. ʇʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʯʠʩʣʘ 

ʢʦʥʝʯʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʧʨʦʠʩʭʦʜʠʪ ʘʜʘʧʪʘʮʠʷ 

ʢʦʥʮʝʧʮʠʠ ʎɼ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʙʣʘʛʦʜʘʨʷ 

ʝʝ ʧʦʪʝʥʮʠʘʣʫ ʚ ʩʦʢʨʘʱʝʥʠʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 

ʨʘʩʭʦʜʦʚ ʠ ʟʘʪʨʘʪ ʚʨʝʤʝʥʠ, ʚʦʟʤʦʞʥʦʩʪʠ 

ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʫʣʫʯʰʝʥʠʷ 

ʦʙʩʣʫʞʠʚʘʥʠʷ, ʧʦʚʳʰʝʥʠʷ  ʜʦʩʪʫʧʥʦʩʪʠ, 

ʩʦʟʜʘʥʠʷ ʙʦʣʝʝ ʙʝʟʦʧʘʩʥʦʡ ʨʘʙʦʯʝʡ ʩʨʝʜʳ ʠ ʪ.ʜ. 

ɺʳʷʚʣʝʥʠʝ ʠ ʧʦʥʠʤʘʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʎɼ ʚ 

ʣʶʙʦʤ ʩʝʢʪʦʨʝ ʵʢʦʥʦʤʠʢʠ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʀʥʜʫʩʪʨʠʠ 4.0, 

ʜʠʘʧʘʟʦʥ ʚʦʟʤʦʞʥʦʩʪʝʡ ʢʦʪʦʨʳʭ ʧʨʦʩʪʠʨʘʝʪʩʷ 

ʦʪ  ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʫʯʝʪʘ ʜʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ [6]. 

ʅʘʨʷʜʫ ʩ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʧʦ ʢʦʥʮʝʧʪʫʘʣʴʥʳʤ 

ʚʦʧʨʦʩʘʤ, ʧʨʝʜʣʦʞʝʥʳ ʯʘʩʪʥʳʝ ʪʨʘʢʪʦʚʢʠ 

ʧʦʥʷʪʠʷ ʎɼ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʧʠʱʝʚʦʛʦ ʧʨʦʜʫʢʪʘ 

ʨʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʠʤʠʪʘʮʠʦʥʥʘʷ 

ʤʦʜʝʣʴ, ʩʦʯʝʪʘʶʱʘʷ ʤʥʦʛʦʦʙʨʘʟʠʝ ʬʘʢʪʦʨʦʚ, 

ʚʢʣʶʯʘʷ ʝʛʦ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, 

ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ 

ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ [7]. ʉʦʟʜʘʥʘ 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʎɼ ʜʣʷ 

ʙʝʩʢʦʣʣʝʢʪʦʨʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, 

ʢʘʢ ʵʣʝʤʝʥʪʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʣʠʥʠʠ, 

ʫʧʨʘʚʣʷʝʤʦʛʦ ʦʧʪʠʤʘʣʴʥʦ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʥʝʣʠʥʝʡʥʦʛʦ ʘʣʛʦʨʠʪʤʘ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʥʘ ʎɼ 

ʧʫʪʝʤ ʧʦʣʥʦʛʦ ʧʝʨʝʙʦʨʘ ʜʠʩʢʨʝʪʥʳʭ ʟʥʘʯʝʥʠʡ 

ʧʘʨʘʤʝʪʨʦʚ ʦʙʲʝʢʪʘ ʩ ʧʦʠʩʢʦʤ ʵʣʝʤʝʥʪʦʚ 

ʤʘʪʨʠʮ ʫʧʨʘʚʣʝʥʠʷ ʠ ʩʦʩʪʦʷʥʠʷ ʧʦ ʢʨʠʪʝʨʠʶ 

ʤʠʥʠʤʫʤʘ ʟʘʪʨʘʪ ʵʥʝʨʛʠʠ ʧʦʟʚʦʣʷʝʪ  

ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʧʨʦʛʨʘʤʤʫ ʫʧʨʘʚʣʝʥʠʷ 

ʤʝʭʘʪʨʦʥʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ  [8].  

ʉʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ʚ ʮʝʣʦʤ ʩʦ ʩʚʦʠʤʠ 

ʧʦʜʦʪʨʘʩʣʷʤʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʙʦʣʴʰʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʢʦʥʮʝʧʮʠʠ ʎɼ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʜʦʩʪʠʯʴ  ʥʦʚʦʛʦ ʫʨʦʚʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ, ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ 

ʠʥʪʝʣʣʝʢʪʫʘʣʠʟʘʮʠʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʎɼ ʚ ʢʘʯʝʩʪʚʝ ʮʝʥʪʨʘʣʴʥʦʛʦ 

ʩʨʝʜʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ ʘʛʨʘʨʥʳʤ ʧʨʝʜʧʨʠʷʪʠʝʤ 

ʧʦʟʚʦʣʷʝʪ ʦʪʜʝʣʠʪʴ ʬʠʟʠʯʝʩʢʠʝ ʧʦʪʦʢʠ ʦʪ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʢʦʥʪʨʦʣʷ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʬʝʨʤʝʨʳ ʤʦʛʫʪ ʫʧʨʘʚʣʷʪʴ ʧʨʦʮʝʩʩʘʤʠ ʫʜʘʣʝʥʥʦ 

ʥʘ ʦʩʥʦʚʝ ʮʠʬʨʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʨʝʘʣʴʥʦʤ 

ʚʨʝʤʝʥʠ ʚʤʝʩʪʦ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʣʘʛʘʪʴʩʷ ʥʘ 

ʧʨʷʤʦʝ ʥʘʙʣʶʜʝʥʠʝ ʠ ʨʫʯʥʳʝ ʦʧʝʨʘʮʠʠ ʥʘ 
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ʨʘʙʦʯʠʭ ʤʝʩʪʘʭ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʠʤ ʥʝʤʝʜʣʝʥʥʦ 

ʜʝʡʩʪʚʦʚʘʪʴ ʚ ʩʣʫʯʘʝ ʚʦʟʤʦʞʥʳʭ  ʦʪʢʣʦʥʝʥʠʡ ʠ 

ʤʦʜʝʣʠʨʦʚʘʪʴ ʵʬʬʝʢʪʳ ʚʤʝʰʘʪʝʣʴʩʪʚ ʥʘ ʦʩʥʦʚʝ 

ʨʝʘʣʴʥʳʭ ʜʘʥʥʳʭ. ɺ ʨʘʤʢʘʭ ʝʚʨʦʧʝʡʩʢʦʛʦ 

ʧʨʦʝʢʪʘ Internet of Food & Farm 2020 ʢʦʥʮʝʧʮʠʷ 

ʎɼ ʥʘʰʣʘ ʧʨʠʤʝʥʝʥʠʝ ʚ ʟʝʤʣʝʜʝʣʠʠ, 

ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ, ʪʝʧʣʠʯʥʦʡ ʦʪʨʘʩʣʠ, 

ʦʨʛʘʥʠʯʝʩʢʦʤ ʦʚʦʱʝʚʦʜʩʪʚʝ [9]. 

ʊʘʢ, ʠʩʩʣʝʜʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʎɼ 

ʚ ʦʙʣʘʩʪʠ ʧʦʩʪʘʚʦʢ ʠ ʭʨʘʥʝʥʠʷ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʜʣʷ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʪʝʨʴ ʢʘʯʝʩʪʚʘ 

ʧʣʦʜʦʚ ʠ ʦʚʦʱʝʡ. ʋʩʣʦʚʠʷ ʭʨʘʥʝʥʠʷ ʠ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʫʥʠʢʘʣʴʥʳʤ ʠ ʥʝʧʨʝʜʩʢʘʟʫʝʤʳʤ ʥʘʙʦʨʦʤ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠ ʛʘʟʦʚʳʭ ʫʩʣʦʚʠʡ ʘʪʤʦʩʬʝʨʳ. 

ʎɼ ʧʦʤʦʛʘʶʪ ʦʧʨʝʜʝʣʠʪʴ ʨʝʟʫʣʴʪʠʨʫʶʱʫʶ, ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʥʝʠʟʫʯʝʥʥʫʶ, ʵʚʦʣʶʮʠʶ 

ʢʘʯʝʩʪʚʘ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʧʦʩʣʝ ʫʙʦʨʢʠ 

ʫʨʦʞʘʷ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ 

ʩʢʦʨʦʧʦʨʪʷʱʠʭʩʷ ʚʠʜʦʚ. ʎɼ ʧʨʝʜʦʩʪʘʚʣʷʶʪ 

ʵʢʩʧʦʨʪʝʨʘʤ, ʨʦʟʥʠʯʥʳʤ ʧʨʦʜʘʚʮʘʤ ʠ 

ʧʦʪʨʝʙʠʪʝʣʷʤ ʜʝʡʩʪʚʝʥʥʳʝ ʜʘʥʥʳʝ, ʥʘʧʨʠʤʝʨ, 

ʦʙ ʦʩʪʘʚʰʝʤʩʷ ʩʨʦʢʝ ʭʨʘʥʝʥʠʷ ʢʘʞʜʦʡ ʧʘʨʪʠʠ, 

ʥʘ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʦʩʥʦʚʳʚʘʪʴʩʷ ʣʦʛʠʩʪʠʯʝʩʢʠʝ 

ʨʝʰʝʥʠʷ ʠ ʤʘʨʢʝʪʠʥʛʦʚʳʝ ʩʪʨʘʪʝʛʠʠ.  

ʎɼ ʪʘʢʞʝ ʧʦʤʦʛʘʶʪ ʜʠʘʛʥʦʩʪʠʨʦʚʘʪʴ ʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʚ 

ʮʝʧʦʯʢʘʭ ʧʦʩʪʘʚʦʢ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʥʠʟʠʪʴ 

ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ ʠ ʚʳʟʚʘʪʴ ʧʦʪʝʨʠ. 

ʆʥʠ ʤʦʛʫʪ ʜʘʞʝ ʧʨʝʜʣʦʞʠʪʴ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʝ 

ʤʝʨʳ, ʘʜʘʧʪʠʨʦʚʘʥʥʳʝ ʢ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ, ʜʣʷ 

ʩʦʢʨʘʱʝʥʠʷ ʧʦʪʝʨʴ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ ʚ 

ʨʦʟʥʠʯʥʦʡ ʪʦʨʛʦʚʣʝ ʠ ʜʦʤʦʭʦʟʷʡʩʪʚʘʭ [10]. 

ʇʨʠʤʝʥʝʥʠʝ ʎɼ ʚ ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ ʧʦʟʚʦʣʷʝʪ 

ʫʣʫʯʰʠʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʠʢʠ ʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʟʜʦʨʦʚʴʝ ʠ ʙʣʘʛʦʧʦʣʫʯʠʝ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʞʠʚʦʪʥʳʭ, ʧʩʠʭʠʯʝʩʢʦʝ ʠ 

ʵʤʦʮʠʦʥʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʢʦʪʦʨʳʭ ʤʦʞʥʦ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩ ʧʦʤʦʱʴʶ ʪʝʭʥʦʣʦʛʠʡ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ.  ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʎɼ ʚʤʝʩʪʝ ʩ 

ʪʝʭʥʦʣʦʛʠʷʤʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʩʠʤʫʣʷʮʠʠ ʠ 

ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʤʦʞʝʪ ʧʦʤʦʯʴ 

ʨʘʟʨʘʙʦʪʘʪʴ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ 

ʜʣʷ ʩʦʜʝʨʞʘʥʠʷ ʞʠʚʦʪʥʳʭ, ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ 

ʮʠʢʣʳ ʨʘʟʤʥʦʞʝʥʠʷ, ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʥʝʛʘʪʠʚʥʦʝ 

ʧʦʚʝʜʝʥʠʝ ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ  [11]. 

ɺ ʩʘʜʦʚʦʜʩʪʚʝ ʵʚʦʣʶʮʠʷ ʩʠʩʪʝʤ ʚʳʨʘʱʠʚʘʥʠʷ 

ʚ ʩʪʦʨʦʥʫ ʙʦʣʝʝ ʧʣʦʪʥʳʭ ʧʣʘʥʠʨʦʚʦʢ ʜʝʣʘʝʪ 

ʤʦʥʠʪʦʨʠʥʛ ʨʘʩʪʝʥʠʡ ʚʩʝ ʙʦʣʝʝ ʚʘʞʥʳʤ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʛʨʝʩʩ ʟʥʘʯʠʪʝʣʴʥʦ 

ʨʘʩʰʠʨʠʣ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʙʠʨʘʪʴ, ʩʦʧʦʩʪʘʚʣʷʪʴ 

ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʜʘʥʥʳʝ ʧʦ ʢʘʞʜʦʤʫ ʜʝʨʝʚʫ 

ʩʘʜʘ. ʎɼ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ - ʵʪʦ ʚʠʨʪʫʘʣʴʥʘʷ 

ʤʦʜʝʣʴ ʢʘʞʜʦʛʦ ʜʝʨʝʚʘ ʠ ʦʢʨʫʞʘʶʱʝʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ, ʵʪʦ ʥʝʧʨʝʨʳʚʥʦ ʦʙʫʯʘʶʱʘʷʩʷ 

ʩʠʩʪʝʤʘ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʟʘʧʨʘʰʠʚʘʪʴ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ 

ʥʝʦʙʭʦʜʠʤʳʝ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʘʥʘʣʠʟʘ (ʩʦʩʪʦʷʥʠʝ 

ʨʘʩʪʝʥʠʡ, ʠʭ ʩʪʨʫʢʪʫʨʫ, ʥʘʣʠʯʠʝ ʩʪʨʝʩʩʘ, 

ʢʘʯʝʩʪʚʦ ʧʣʦʜʦʚ ʠ ʪ.ʜ.) [12] 

ʂʦʤʤʝʨʯʝʩʢʠʡ ʪʝʧʣʠʯʥʳʡ ʩʝʢʪʦʨ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ 

ʦʧʪʠʤʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʥʝʨʛʠʠ ʩ 

ʤʥʦʞʝʩʪʚʦʤ ʥʦʚʳʭ ʢʦʥʮʝʧʮʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ 

ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ, ʥʘʧʨʠʤʝʨ ʚʝʨʪʠʢʘʣʴʥʦʝ 

ʟʝʤʣʝʜʝʣʠʝ ʠ ʛʦʨʦʜʩʢʦʝ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ. ʎɼ 

ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʀʥʪʝʨʥʝʪ ʚʝʱʝʡ ʠ 

ʙʦʣʴʰʠʝ ʜʘʥʥʳʝ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʪʨʘʪʝʛʠʡ ʙʝʟ 

ʫʱʝʨʙʘ ʜʣʷ ʪʝʢʫʱʝʡ ʨʘʙʦʪʳ, ʦʧʪʠʤʠʟʘʮʠʠ 

ʧʨʦʮʝʩʩʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʪʝʧʣʠʮʝ ʠ ʦʙʱʘʪʴʩʷ ʩ 

ʜʨʫʛʠʤʠ ʎɼ, ʦʧʠʩʳʚʘʶʱʠʝ ʧʦʜʩʠʩʪʝʤʳ 

ʪʝʧʣʠʮʳ (ʢʣʠʤʘʪ, ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʝ). ʎɼ 

ʪʝʧʣʠʮʳ ʤʦʛʫʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʩʦʩʪʦʷʥʠʝ 

ʪʝʧʣʠʮʳ, ʠʩʧʦʣʴʟʫʷ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʠ 

ʜʘʥʥʳʝ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʧʦʩʪʫʧʘʶʱʠʝ ʠʟ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʙʘʟ ʠ ʜʘʪʯʠʢʦʚ [13]. 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʬʦʨʤʘʣʠʟʦʚʘʥʥʘʷ 

ʤʦʜʝʣʴ ʮʠʬʨʦʚʦʛʦ ʜʚʦʡʥʠʢʘ ʨʘʩʪʝʥʠʷ (ʎɼʈ), 

ʜʝʡʩʪʚʫʶʱʝʛʦ ʥʘ ʦʩʥʦʚʝ ʛʨʘʬʘ ʧʝʨʝʭʦʜʦʚ ʧʦ 

ʩʦʩʪʦʷʥʠʷʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʩʪʘʜʠʷʤ ʨʘʟʚʠʪʠʷ 

ʨʘʩʪʝʥʠʷ, ʦʧʠʩʘʥʥʳʤ ʚ ʙʘʟʝ ʟʥʘʥʠʡ. ʈʘʟʨʘʙʦʪʘʥ 

ʧʨʦʪʦʪʠʧ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʎɼʈ, ʚ 

ʢʦʪʦʨʦʤ ʨʝʘʣʠʟʦʚʘʥʳ ʬʫʥʢʮʠʠ ʩʦʟʜʘʥʠʷ ʠ 

ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʦʥʪʦʣʦʛʠʠ ʨʘʩʪʝʥʠʡ, ʧʨʦʩʤʦʪʨʘ 
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ʠ ʤʦʜʠʬʠʢʘʮʠʠ ʙʘʟʳ ʟʥʘʥʠʡ ʦʙ ʫʨʦʞʘʝ, 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʩʪʘʜʠʡ 

ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʷ ʠ ʧʨʦʛʥʦʟʘ ʫʨʦʞʘʡʥʦʩʪʠ. ʉ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʎɼʈ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ 

ʧʦ ʦʮʝʥʢʝ ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʪʘʜʠʡ ʨʘʟʚʠʪʠʷ 

ʨʘʩʪʝʥʠʷ ʠ ʠʟʤʝʥʝʥʠʷ ʫʨʦʞʘʡʥʦʩʪʠ ʦʟʠʤʦʡ 

ʧʰʝʥʠʮʳ. ʎɼʈ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʯʘʩʪʴʶ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʢʠʙʝʨ-ʬʠʟʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʠ 

ʧʨʠʟʚʘʥ ʥʝ ʪʦʣʴʢʦ ʦʪʨʘʞʘʪʴ ʨʝʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ 

ʨʘʩʪʝʥʠʷ ʥʘ ʢʘʞʜʦʡ ʩʪʘʜʠʠ, ʥʦ ʠ ʧʦʤʦʛʘʪʴ ʚ 

ʫʧʨʘʚʣʝʥʠʠ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʦʚʝʜʝʥʠʷ 

ʨʘʩʪʝʥʠʷ ʚ ʙʫʜʫʱʝʤ [14]. 

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʩʝʣʴʩʢʦʤʫ ʭʦʟʷʡʩʪʚʫ ʝʱʝ 

ʧʨʝʜʩʪʦʠʪ ʧʨʦʡʪʠ ʜʦʣʛʠʡ ʧʫʪʴ, ʯʪʦʙʳ ʚ ʧʦʣʥʦʡ 

ʤʝʨʝ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʎɼ. 

ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʚ ʦʙʣʘʩʪʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ 

ʜʨʫʛʠʝ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʝ ʩʪʦʨʦʥʳ ʜʦʣʞʥʳ 

ʧʨʠʣʘʛʘʪʴ ʫʩʠʣʠʷ, ʯʪʦʙʳ ʩ ʫʯʝʪʦʤ ʩʘʤʳʭ 

ʧʦʩʣʝʜʥʠʭ ʜʦʩʪʠʞʝʥʠʡ ʥʘʡʪʠ ʩʚʷʟʠ ʤʝʞʜʫ 

ʧʨʦʙʣʝʤʘʤʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʧʨʦʙʣʝʤʘʤʠ, 

ʢʦʪʦʨʳʝ ʨʝʰʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʎɼ ʚ ʜʨʫʛʠʭ 

ʜʠʩʮʠʧʣʠʥʘʭ. ɼʘʞʝ ʥʝʩʣʦʞʥʘʷ ʤʦʜʝʣʴ ʎɼ ʩ 

ʧʨʦʩʪʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴʶ (ʥʘʧʨʠʤʝʨ, 

ʤʦʥʠʪʦʨʠʥʛʘ, ʠʥʪʝʨʬʝʡʩʘ ʠ ʘʥʘʣʠʪʠʢʠ), ʤʦʞʝʪ 

ʙʳʪʴ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʘ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʫʞʝ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʜʨʫʛʠʭ ʜʠʩʮʠʧʣʠʥʘʭ, ʚ 

ʦʨʠʛʠʥʘʣʴʥʦʝ ʧʦʣʥʦʤʘʩʰʪʘʙʥʦʝ ʧʨʠʣʦʞʝʥʠʝ. 

ʆʙʷʟʘʪʝʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʫʯʝʪ ʭʘʨʘʢʪʝʨʥʳʭ 

ʦʪʣʠʯʠʡ, ʧʨʦʠʩʪʝʢʘʶʱʠʭ ʦʪ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ. ʕʪʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʥʘʣʠʯʠʝ 

ʞʠʚʳʭ ʩʠʩʪʝʤ (ʩʶʜʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʠ 

ʩʢʦʨʦʧʦʨʪʷʱʠʝʩʷ ʧʨʦʜʫʢʪʳ), ʘ ʪʘʢ ʞʝ ʵʬʬʝʢʪʳ 

ʤʘʩʰʪʘʙʘ. ɿʜʝʩʴ ʠʤʝʝʪʩʷ ʚ ʚʠʜʫ ʢʘʢ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʠʟʤʝʨʝʥʠʝ (ʦʪ ʦʪʜʝʣʴʥʦʛʦ 

ʨʘʩʪʝʥʠʷ ʜʦ ʮʝʣʦʛʦ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʨʝʛʠʦʥʘ), ʪʘʢ ʠ ʚʨʝʤʝʥʥʦʝ (ʥʘʧʨʠʤʝʨ, ʦʥʪʦʛʝʥʝʟ 

ʨʘʩʪʝʥʠʡ) [15]. 

ʆʪʤʝʯʘʶʪ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʎɼ ʚ ʩʝʣʴʩʢʦʤ 

ʭʦʟʷʡʩʪʚʝ ʪʘʢʞʝ ʩʚʷʟʘʥʦ ʩ ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ 

ʣʦʚʫʰʢʘʤʠ, ʥʘʧʨʠʤʝʨ, ʚʦʟʤʦʞʥʦʩʪʴʶ ʥʘʥʝʩʪʠ 

ʥʝʦʙʨʘʪʠʤʳʡ ʫʱʝʨʙ ʞʠʚʳʤ ʦʙʲʝʢʪʘʤ ʧʨʠ 

ʥʝʘʜʝʢʚʘʪʥʦʤ ʫʧʨʘʚʣʝʥʠʠ  ʠʤʠ [16]. ɺ ʩʣʫʯʘʝ 

ʩʣʦʞʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʜʚʦʡʥʠʢʦʚ ʧʨʠʤʝʥʝʥʠʝ 

ʠʜʝʦʣʦʛʠʠ ʎɼ ʤʦʞʝʪ ʙʳʪʴ ʚʦʦʙʱʝ ʟʘʪʨʫʜʥʝʥʦ 

ʠʟ-ʟʘ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʥʝʦʙʭʦʜʠʤʳʭ 

ʨʝʩʫʨʩʦʚ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʩʠʩʪʝʤʘʭ, ʢʦʪʦʨʳʝ ʝʱʝ 

ʥʝʣʴʟʷ ʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʦ [17].  

ɼʣʷ ʩʦʟʜʘʥʠʷ ʎɼ ʚ ʪʘʢʦʡ 

ʤʫʣʴʪʠʜʠʩʮʠʧʣʠʥʘʨʥʦʡ ʦʙʣʘʩʪʠ, ʢʘʢ ʩʝʣʴʩʢʦʝ 

ʭʦʟʷʡʩʪʚʦ, ʥʝʦʙʭʦʜʠʤʦ ʥʘʣʠʯʠʝ ʩʧʝʮʠʘʣʴʥʳʭ 

ʟʥʘʥʠʡ ʠʟ ʨʷʜʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʙʣʘʩʪʝʡ ʠ 

ʥʘʚʳʢʦʚ ʫ ʨʘʟʨʘʙʦʪʯʠʢʦʚ, ʚʦ ʠʟʙʝʞʘʥʠʝ ʧʨʦʙʣʝʤ 

ʩ ʠʥʪʝʛʨʘʮʠʝʡ ʢʦʤʧʦʥʝʥʪʦʚ ʤʦʜʝʣʠ [18]. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʢʦʥʮʝʧʮʠʠ 

ʎɼʈ ʠ ʝʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʘʧʨʦʙʘʮʠʷ 

ʨʝʟʫʣʴʪʘʪʦʚ ʜʣʷ ʨʘʩʪʝʥʠʷ ʧʝʨʮʘ ʚ ʨʘʩʩʘʜʥʦʤ 

ʧʝʨʠʦʜʝ, ʚʳʨʘʱʠʚʘʝʤʦʛʦ ʚ ʫʩʣʦʚʠʷʭ 

ʩʚʝʪʦʢʫʣʴʪʫʨʳ, ʘ ʪʘʢ ʞʝ ʚʳʷʚʣʝʥʠʝ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʢ 

ʠʟʤʝʥʝʥʠʶ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʠʩʪʦʯʥʠʢʦʚ 

ʩʚʝʪʘ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʜʘʝʪ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ 

ʩʚʝʪʦʢʫʣʴʪʫʨʦʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʎɼʈ (ʨʠʩ. 1). 

 

ʈʠʩ. 1. ʎɼʈ ʚ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ 

ʉʚʝʪʦʢʫʣʴʪʫʨʦʡ 

 

ɺ ʥʘʰʠʭ ʧʨʝʜʳʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

ʧʨʦʪʦʪʠʧʦʤ ʮʠʬʨʦʚʦʛʦ ʜʚʦʡʥʠʢʘ ʩʚʝʪʦʢʫʣʴʪʫʨʳ 

(ʎɼʉ) ʷʚʣʷʝʪʩʷ ʠʝʨʘʨʭʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ 

ʤʦʜʝʣʴ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʙʠʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ ʩʚʝʪʦʢʫʣʴʪʫʨʳ (ʀɹʕʉʉ) [19]. ʀʝʨʘʨʭʠʷ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʣʦʞʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʦʜʠʥ ʚ 

ʜʨʫʛʦʡ, ʩʦʯʝʪʘʶʱʝʝ ʞʝʩʪʢʠʝ ʩʚʷʟʠ ʠ 
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ʘʚʪʦʥʦʤʥʫʶ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʧʦʜʩʠʩʪʝʤ. ʂʘʞʜʘʷ 

ʧʦʜʩʠʩʪʝʤʘ ʦʙʨʘʟʫʝʪ ʦʪʜʝʣʴʥʳʡ ʠʝʨʘʨʭʠʯʝʩʢʠʡ 

ʫʨʦʚʝʥʴ, ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʘʢ 

ʨʘʟʣʠʯʥʳʤ ʯʠʩʣʦʤ ʠ  ʨʘʩʧʦʣʦʞʝʥʠʝʤ, ʪʘʢ ʠ 

ʧʨʠʨʦʜʦʡ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ. ʆʪʜʝʣʴʥʳʡ 

ʫʨʦʚʝʥʴ ʷʚʣʷʝʪʩʷ ʵʣʝʤʝʥʪʘʨʥʦʡ ʩʪʫʧʝʥʴʶ ʜʣʷ 

ʚʳʰʝʣʝʞʘʱʝʛʦ ʠ ʩʣʦʞʥʦʡ ʩʪʫʧʝʥʴʶ ʜʣʷ 

ʥʠʞʝʣʝʞʘʱʝʛʦ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʣʝʤʝʥʪʦʚ ʥʘ 

ʙʦʣʝʝ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʭ 

ʩʚʦʡʩʪʚʘʤʠ ʥʘ ʥʠʞʥʝʤ ʫʨʦʚʥʝ.  ʆʪʜʝʣʴʥʳʡ 

ʠʝʨʘʨʭʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʜʦʩʪʘʪʦʯʥʦ ʘʚʪʦʥʦʤʝʥ ʠ 

ʜʦʧʫʩʢʘʝʪ ʩʚʦʝ ʭʘʨʘʢʪʝʨʥʦʝ ʦʧʠʩʘʥʠʝ. ʂʘʞʜʳʡ 

ʫʨʦʚʝʥʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʪʨʫʢʪʫʨʥʦʡ 

ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ, ʥʝ ʢʦʧʠʨʫʶʱʝʡ 

ʧʨʝʜʳʜʫʱʠʝ.  

ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʧʦʣʥʦʩʪʴʶ ʣʝʞʠʪ ʚ ʨʫʩʣʝ 

ʵʥʝʨʛʦʵʢʦʣʦʛʠʠ ʩʚʝʪʦʢʫʣʴʪʫʨʳ  ʢʘʢ ʘʢʪʫʘʣʴʥʦʛʦ 

ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʛʦ ʥʘʫʯʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ 

[20]. ʀʝʨʘʨʭʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ 

ʧʦʪʦʢʦʚ ʩʫʙʩʪʘʥʮʠʠ (ʚʝʱʝʩʪʚʘ ʠ ʵʥʝʨʛʠʠ) ʚ 

ʀɹʕʉʉ ʧʨʠʚʦʜʠʪ ʢ ʧʦʥʷʪʠʶ ʥʘʠʣʫʯʰʠʭ 

ʜʦʩʪʫʧʥʳʭ  ʪʝʭʥʦʣʦʛʠʡ ʩʚʝʪʦʢʫʣʴʪʫʨʳ (ʅɼʊʉ), 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʚ 

ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʫʩʣʦʚʠʷʭ, ʚʳʙʠʨʘʝʤʳʭ ʜʣʷ 

ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʡ ʠ ʪʨʝʙʦʚʘʥʠʡ ʠʟ 

ʜʦʩʪʠʛʥʫʪʦʛʦ ʫʨʦʚʥʷ ʥʘʫʢʠ, ʪʝʭʥʠʢʠ ʠ 

ʪʝʭʥʦʣʦʛʠʡ ʧʦ ʢʨʠʪʝʨʠʶ ʤʠʥʠʤʘʣʴʥʳʭ 

ʫʜʝʣʴʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʘʪʨʘʪ ʠ ʚʦʟʜʝʡʩʪʚʠʷ 

ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʧʨʠ ʫʩʣʦʚʠʠ ʦʙʝʩʧʝʯʝʥʠʷ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʡ ʢʦʥʝʯʥʦʡ ʧʨʦʜʫʢʮʠʠ. 

ʇʨʝʜʣʦʞʝʥʦ ʧʦʥʷʪʠʝ ʵʥʝʨʛʦʵʢʦʣʦʛʠʯʥʦʩʪʠ 

ʩʚʝʪʦʢʫʣʴʪʫʨʳ ʢʘʢ ʩʚʦʡʩʪʚʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ ʚʳʨʘʱʠʚʘʥʠʷ ʨʘʩʪʝʥʠʡ ʚ ʀɹʕʉʉ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷʤ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʵʢʦʣʦʛʠʯʥʦʩʪʠ, 

ʦʮʝʥʠʚʘʝʤʦʝ ʧʦ ʙʣʠʟʦʩʪʠ ʢ ʅɼʊʉ. ɺʳʜʝʣʝʥʳ 

ʯʘʩʪʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʵʥʝʨʛʦʵʢʦʣʦʛʠʯʥʦʩʪʠ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʫʨʦʚʥʷʭ ʀɹʕʉʉ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʨʦʚʥʷʤ ʎɼʉ: I) 

ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʦʙʲʝʢʪ (ʨʘʩʪʝʥʠʝ), II ) 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʦʙʣʫʯʝʥʠʷ ʨʘʩʪʝʥʠʡ, 

III) ʢʫʣʴʪʠʚʘʮʠʦʥʥʦʝ ʩʦʦʨʫʞʝʥʠʝ ʚ ʮʝʣʦʤ, IV) 

ʧʦʣʫʯʘʝʤʘʷ ʧʦʣʝʟʥʘʷ  ʧʨʦʜʫʢʮʠʷ, V) ʚʥʝʰʥʷʷ 

ʩʨʝʜʘ [21]. ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʨʤʠʥʦʣʦʛʠʠ, 

ʢʘʞʜʳʡ ʫʨʦʚʝʥʴ ʠʝʨʘʨʭʠʠ ʀɹʕʉʉ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥ ʩʚʦʠʤ ʎɼ. 

ʄʝʪʦʜʠʢʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʘʥʘʣʠʟʘ 

ʵʥʝʨʛʦʵʢʦʣʦʛʠʯʥʦʩʪʠ ʩʚʝʪʦʢʫʣʴʪʫʨʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʎɼʉ ʚʢʣʶʯʘʝʪ ʘʥʘʣʠʟ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʵʪʘʧʘʭ  ʝʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ: 1) 

ʠʩʪʦʯʥʠʢʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʠʪʘʥʠʷ; 2) 

ʠʩʪʦʯʥʠʢʝ ʠʟʣʫʯʝʥʠʷ; 3) ʦʧʪʠʯʝʩʢʦʡ ʯʘʩʪʠ; 4) 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʪʦʢʘ; 5) 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʪʦʢʘ; 6) 

ʦʪʜʝʣʴʥʦʛʦ ʨʘʩʪʝʥʠʷ ʠʣʠ ʮʝʥʦʟʘ ʚ ʮʝʣʦʤ.  

ʇʨʝʜʣʦʞʝʥʳ ʬʦʨʤʫʣʳ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ 

ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʢʘʞʜʦʛʦ ʠʟ ʙʣʦʢʦʚ ʀɹʕʉʉ [22]. 

ʆʙʦʩʥʦʚʘʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ 

ʵʤʧʠʨʠʯʝʩʢʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ 

ʜʠʥʘʤʠʢʠ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʩʪʝʥʠʷ, 

ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ 

ʧʨʦʜʫʢʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ ʧʫʪʝʤ ʧʦʜʙʦʨʘ 

ʥʝʦʙʭʦʜʠʤʳʭ ʩʦʯʝʪʘʥʠʡ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʚ 

ʮʝʣʷʭ ʧʦʚʳʰʝʥʠʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʨʘʩʪʝʥʠʡ. 

ɺʳʷʚʣʝʥʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʨʘʟʣʠʯʠʝ 

ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʩʪʝʥʠʡ ʪʦʤʘʪʘ, 

ʚʳʨʘʱʠʚʘʝʤʳʭ ʧʦʜ ʠʟʣʫʯʝʥʠʝʤ ʩ ʨʘʟʣʠʯʥʳʤ 

ʩʧʝʢʪʨʦʤ. ʇʦʣʫʯʝʥʳ ʵʤʧʠʨʠʯʝʩʢʠʝ ʤʦʜʝʣʠ 

ʦʩʥʦʚʥʳʭ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʩʪʝʥʠʷ 

ʪʦʤʘʪʘ [23]. 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʚ ʨʘʤʢʘʭ ʵʥʝʨʛʦʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʦʜʭʦʜʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʎɼʈ ʚʢʣʶʯʘʝʪ 

ʚ ʩʝʙʷ ʯʝʪʳʨʝ ʤʦʜʫʣʷ: 1) ʧʝʨʚʠʯʥʳʭ 

ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ; 2) ʦʧʪʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʣʠʩʪʴʝʚ; 3) ʦʧʠʩʘʥʠʷ ʬʠʣʣʦʪʘʢʩʠʩʘ ʠ 4) 

ʘʩʩʠʤʠʣʷʮʠʦʥʥʳʭ ʠʥʜʝʢʩʦʚ ʨʘʩʪʝʥʠʷ. ʇʝʨʚʳʝ 

ʪʨʠ ʤʦʜʫʣʷ ʦʧʠʩʳʚʘʶʪ ʩʦʩʪʦʷʥʠʝ ʨʘʩʪʝʥʠʷ ʚ 

ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʪʨʝʪʠʡ ï 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʜʠʥʘʤʠʢʫ ʝʛʦ ʨʦʩʪʘ. 

1) ɹʠʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʷʚʣʷʶʪʩʷ 

ʧʝʨʚʠʯʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ, ʧʦʣʫʯʘʝʤʦʡ ʩ 

ʧʦʤʦʱʴʶ ʜʘʪʯʠʢʦʚ ʠʣʠ ʨʫʯʥʳʭ ʠʟʤʝʨʝʥʠʡ ʜʣʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʨʘʩʪʝʥʠʷ. 

ʈʦʩʪ ʨʘʩʪʝʥʠʷ, ʪʦ ʝʩʪʴ ʥʝʦʙʨʘʪʠʤʳʝ ʠʟʤʝʥʝʥʠʷ 
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ʨʘʟʤʝʨʦʚ ʢʣʝʪʦʢ, ʦʨʛʘʥʦʚ ʠ ʚʩʝʛʦ ʨʘʩʪʝʥʠʷ 

ʬʠʢʩʠʨʫʝʪʩʷ ʧʦ ʠʟʤʝʥʝʥʠʶ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʚʦ ʚʨʝʤʝʥʠ. ʈʦʩʪ ʨʘʩʪʝʥʠʷ 

ʧʨʦʠʩʭʦʜʠʪ ʙʣʘʛʦʜʘʨʷ ʜʝʣʝʥʠʶ ʢʣʝʪʦʢ ʠ 

ʫʚʝʣʠʯʝʥʠʶ ʠʭ ʨʘʟʤʝʨʦʚ. ʀʟʤʝʨʷʝʤʳʤʠ 

ʧʨʦʷʚʣʝʥʠʷʤʠ ʨʦʩʪʘ ʨʘʩʪʝʥʠʷ ʷʚʣʷʶʪʩʷ 

ʫʚʝʣʠʯʝʥʠʝ ʝʛʦ ʜʣʠʥʳ ʠʣʠ ʚʳʩʦʪʳ, ʜʠʘʤʝʪʨʘ 

ʩʪʝʙʣʷ, ʦʙʲʝʤʘ ʪʢʘʥʝʡ, ʩʳʨʦʡ ʤʘʩʩʳ, ʢʦʣʠʯʝʩʪʚʘ 

ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ, ʧʣʦʱʘʜʠ ʣʠʩʪʴʝʚ ʠ ʪ.ʜ. ʈʦʩʪ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʙʠʦʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʦʪʩʣʝʜʠʪʴ 

ʥʝʨʘʟʨʫʰʘʶʱʠʤʠ ʦʧʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. 

ʇʦʵʪʦʤʫ ʚ ʧʝʨʝʯʝʥʴ ʧʝʨʚʠʯʥʳʭ ʜʘʥʥʳʭ 

ʦʨʛʘʥʠʯʥʦ ʚʭʦʜʷʪ ʦʧʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʦʨʛʘʥʦʚ ʨʘʩʪʝʥʠʡ. ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʚʳʯʠʩʣʝʥʠʷ 

ʘʩʩʠʤʠʣʷʮʠʦʥʥʳʭ ʠʥʜʝʢʩʦʚ ʥʝʦʙʭʦʜʠʤʳʤʠ 

ʷʚʣʷʶʪʩʷ ʩʫʭʘʷ ʤʘʩʩʘ ʨʘʩʪʝʥʠʷ ʨm  ( ʚ ʪʦʤ ʯʠʩʣʝ 

ʣʠʩʪʴʝʚ ʣm , ʩʪʝʙʣʷ ʩm  ʠ ʢʦʨʥʷ ʢm  ), ʧʣʦʱʘʜʠ 

ʣʠʩʪʴʝʚ S  ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʨʦʝʢʮʠʠ ʢʨʦʥʳ 

ʢʨS , ʚʳʯʠʩʣʷʝʤʳʝ ʜʣʷ ʜʚʫʭ ʤʦʤʝʥʪʦʚ ʚʨʝʤʝʥʠ t1 

ʠ t2. 

2) ʆʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʣʠʩʪʴʝʚ, ʟʘʚʠʩʷʱʠʝ ʦʪ 

ʩʦʜʝʨʞʘʥʠʷ ʧʠʛʤʝʥʪʦʚ, ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʢʘʢ 

ʠʥʜʠʢʘʪʦʨʳ ʢʦʤʧʣʝʢʩʥʦʡ ʬʠʟʠʦʣʦʛʠʠ ʣʠʩʪʴʝʚ ʚ 

ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʫʩʣʦʚʠʡ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ. ɺ ʢʘʯʝʩʪʚʝ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʚ 

ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʠʥʷʪʳ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʨʦʧʫʩʢʘʥʠʷ  ʣʠʩʪʴʝʚ ʚʝʨʭʥʝʛʦ 

ʷʨʫʩʘ ʚ i-ʭ (R, G, B) ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʠʘʧʘʟʦʥʘʭ,  

ʦʧʨʝʜʝʣʷʝʤʳʝ ʯʝʨʝʟ ʦʧʪʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ 

ʣʠʩʪʘ ʆʇi ʧʦ ʬʦʨʤʫʣʝ 

iʆʇ

i

-
Ö= 10100t .                      (1) 

ʆʧʝʨʘʪʠʚʥʘʷ ʦʮʝʥʢʘ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʣʠʩʪʴʝʚ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʙʳʩʪʨʳʡ, 

ʥʝʨʘʟʨʫʰʘʶʱʠʡ ʤʦʥʠʪʦʨʠʥʛ ʩʦʩʪʦʷʥʠʷ 

ʨʘʩʪʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʨʦʩʪʘ.  

3) ʌʠʣʣʦʪʘʢʩʠʩ (ʣʠʩʪʦʨʘʩʧʦʣʦʞʝʥʠʝ) 

ʦʧʠʩʳʚʘʝʪʩʷ ʜʚʫʤʷ ʧʘʨʘʤʝʪʨʘʤʠ: 

- ʥʘʧʨʘʚʣʝʥʠʝʤ ʛʝʥʝʪʠʯʝʩʢʦʡ ʩʧʠʨʘʣʠ (ʣʝʚʳʡ L 

ʠ ʧʨʘʚʳʡ R ʠʟʦʤʝʨ, ʨʠʩ. 2); 

- ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʥʘ ʛʝʥʝʪʠʯʝʩʢʦʡ ʩʧʠʨʘʣʠ 

ʫʟʣʦʚ ʣʠʩʪʴʝʚ.  

 

ʈʠʩ. 2. ʃʝʚʳʡ ʠ ʧʨʘʚʳʡ ʠʟʦʤʝʨʳ 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘʥʘ ʤʦʜʝʣʴ 

ʬʠʣʣʦʪʘʢʩʠʩʘ, ʦʧʠʩʳʚʘʝʤʘʷ ʩʠʩʪʝʤʦʡ 

ʫʨʘʚʥʝʥʠʡ: 

í
ì
ë

DÖ+=

Ö=

- ʩʨnn

ʩʨn

hnhh

nMOD

1

)360|( dd
.             (2) 

ʇʝʨʚʦʝ ʫʨʘʚʥʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪ ʫʛʦʣ 

ʜʠʚʝʨʛʝʥʮʠʠ nd  ʜʣʷ n-ʛʦ ʣʠʩʪʘ ʢʘʢ ʦʩʪʘʪʦʢ ʦʪ 

ʜʝʣʝʥʠʷ ʧʦ ʤʦʜʫʣʶ 360
ʦ
 ʥʘʢʦʧʣʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ 

ʫʛʣʘ, ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʚʩʝ ʫʛʣʳ ʨʘʚʥʳ 

ʩʨʝʜʥʝʤʫ ʟʥʘʯʝʥʠʶ ʩʨd . ɺʪʦʨʦʝ ʫʨʘʚʥʝʥʠʷ 

ʦʧʨʝʜʝʣʷʝʪ ʚʳʩʦʪʫ ʩʣʝʜʫʶʱʝʛʦ ʫʟʣʘ ʣʠʩʪʘ nh  

ʯʝʨʝʟ ʚʳʩʦʪʫ ʧʨʝʜʳʜʫʱʝʛʦ ʠ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 

ʤʝʞʜʦʫʟʣʠʷ.  

4) ʄʦʜʫʣʴ ʘʩʩʠʤʠʣʷʮʠʦʥʥʳʭ ʠʥʜʝʢʩʦʚ (ʤʦʜʝʣʴ 

ʨʦʩʪʘ ʨʘʩʪʝʥʠʷ). ʀʥʜʝʢʩʳ ʷʚʣʷʶʪʩʷ 

ʧʦʢʘʟʘʪʝʣʷʤʠ ʘʢʪʠʚʥʦʩʪʠ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʨʘʩʪʝʥʠʷ [24]. 

ʉʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ (average growth rate, 

ARG) ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʧʨʠʨʦʩʪ ʩʫʭʦʡ ʤʘʩʩʳ ʚ 

ʨʘʩʪʝʥʠʠ ʟʘ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ 

12

ʨ1ʨ2

tt

mm
AGR

-

-
= .                        (3) 

ʕʪʦʪ ʧʘʨʘʤʝʪʨ ʷʚʣʷʝʪʩʷ ʨʘʟʤʝʨ -ʟʘʚʠʩʠʤʳʤ ʠ 

ʝʛʦ ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʵʢʟʝʤʧʣʷʨʦʚ 

ʨʘʩʪʝʥʠʡ ʚ ʚʳʙʦʨʢʝ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʣʠʯʥʳʤ. ʂ 

ʪʦʤʫ ʞʝ ʧʘʨʘʤʝʪʨ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʣʠʥʝʡʥʳʡ 

ʨʦʩʪ. ʆʜʥʘʢʦ ʙʦʣʝʝ ʦʙʱʠʤ ʩʣʫʯʘʝʤ ʷʚʣʷʝʪʩʷ 

ʨʦʩʪ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ (ʩʠʛʤʦʠʜʘʣʴʥʳʡ), ʧʨʠ 

ʢʦʪʦʨʦʤ ʚʝʣʠʯʠʥʘ AGR ʥʝ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ 
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ʚʦ ʚʨʝʤʝʥʠ. ɿʜʝʩʴ ʢʦʥʩʪʘʥʪʦʡ ʷʚʣʷʝʪʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ (relative growth 

rate, RGR) 

12

ʨ1ʨ2 )(ln)(ln

tt

mm
RGR

-

-
= .                  (4) 

ɼʘʥʥʳʡ ʧʘʨʘʤʝʪʨ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʩʣʫʯʘʡʥʳʭ 

ʥʘʯʘʣʴʥʳʭ ʨʘʟʣʠʯʠʡ ʩʦʩʪʦʷʥʠʷ ʦʪʜʝʣʴʥʳʭ 

ʨʘʩʪʝʥʠʡ ʚ ʚʳʙʦʨʢʝ ʠ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʧʨʠ 

ʩʨʘʚʥʠʪʝʣʴʥʦʤ ʘʥʘʣʠʟʝ ʨʦʩʪʘ. 

ʇʦʢʘʟʘʪʝʣʝʤ ʧʨʠʨʦʩʪʘ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ ʩ 

ʝʜʠʥʠʮʳ ʧʣʦʱʘʜʠ ʚʳʨʘʱʠʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 

ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ (crop growth rate, CGR) 

ARG
S

CGR
ʢʨ

1
= .                      (5) 

ʇʦʢʘʟʘʪʝʣʝʤ ʧʨʠʨʦʩʪʘ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ ʥʘ 

ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ ʣʠʩʪʘ ʷʚʣʷʝʪʩʷ ʚʝʣʠʯʠʥʘ 

ʩʢʦʨʦʩʪʠ ʠʩʪʠʥʥʦʡ ʘʩʠʤʤʠʣʷʮʠʠ (net 

assimilation rate, NAR) [25]. 

12

12 )(ln)(ln

SS

SS
AGRNAR

-

-
³= .           (6) 

ʆʙʣʠʩʪʚʝʥʥʦʩʪʴ ʨʘʩʪʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪ 

ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʧʣʦʱʘʜʴʶ ʣʠʩʪʴʝʚ ʠ ʩʫʭʦʡ 

ʤʘʩʩʦʡ ʨʘʩʪʝʥʠʷ (leaf area ratio, LAR).  

)(ln)(ln

)(ln)(ln

12

12

ʨ1ʨ2

ʨ1ʨ2

SS

SS

mm

mm
LAR

-

-
³

-

-
= .  (7) 

ɺʳʩʦʢʠʡ ʧʦʢʘʟʘʪʝʣʴ LAR ʤʦʞʝʪ ʦʧʨʝʜʝʣʷʪʴ 

ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʦʩʪʘ ʠ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʵʢʟʝʤʧʣʷʨʦʚ ʨʘʩʪʝʥʠʡ, 

ʦʩʦʙʝʥʥʦ ʚ ʶʚʝʥʠʣʴʥʦʡ ʬʘʟʝ. ʂʨʦʤʝ ʪʦʛʦ, ʵʪʦʪ 

ʧʦʢʘʟʘʪʝʣʴ ʪʝʩʥʦ ʩʚʷʟʘʥ ʩ ʚʝʣʠʯʠʥʦʡ ʠʩʪʠʥʥʦʡ 

ʘʩʩʠʤʠʣʷʮʠʠ, ʢʦʪʦʨʘʷ ʦʪʨʘʞʘʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʬʦʪʦʩʠʥʪʝʟʘ [26]. 

ʉʪʨʫʢʪʫʨʫ ʢʨʦʥʳ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʠʥʜʝʢʩ 

ʧʣʦʱʘʜʠ ʣʠʩʪʴʝʚ (leaf area index, LAI) 

ʢʨS

S
LAI = .                              (8) 

ɼʘʥʥʳʡ ʠʥʜʝʢʩ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʚʦʟʤʦʞʥʦʩʪʠ 

ʟʘʭʚʘʪʘ ʢʨʦʥʦʡ ʧʦʪʦʢʘ ʠʟʣʫʯʝʥʠʷ.  

ɼʦʣʷ ʢʦʣʠʯʝʩʪʚʘ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ, 

ʧʨʠʭʦʜʷʱʝʛʦʩʷ ʥʘ ʣʠʩʪʴʷ ʦʪ ʦʙʱʝʡ ʤʘʩʩʳ 

ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ ʨʘʩʪʝʥʠʷ (leaf weight ratio, 

LWR) 

)(ln)(ln

)(ln)(ln

ʣ1ʣ2

ʣ1ʣ2

ʨ1ʨ2

ʨ1ʨ2

mm

mm

mm

mm
LWR

-

-
³

-

-
= .(9) 

ɺʘʞʥʳʤ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ 

ʩʪʨʫʢʪʫʨʳ ʣʠʩʪʴʝʚ ʷʚʣʷʝʪʩʷ ʧʣʦʱʘʜʴ ʝʜʠʥʠʮʳ 

ʠʭ ʤʘʩʩʳ (specific leaf area, SLA) 

)(ln)(ln

)(ln)(ln

12

12

ʣ1ʣ2

ʣ1ʣ2

SS

SS

mm

mm
SLA

-

-
³

-

-
= .   (10) 

ɹʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ SLA ʦʟʥʘʯʘʶʪ 

ʤʝʥʴʰʫʶ ʪʦʣʱʠʥʫ ʣʠʩʪʘ ʠ/ʠʣʠ ʝʛʦ ʧʣʦʪʥʦʩʪʴ. 

ʕʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʦʪʨʘʞʘʝʪ ʟʘʪʨʘʪʳ ʨʘʩʪʝʥʠʷ ʥʘ 

ʧʦʩʪʨʦʝʥʠʝ ʣʠʩʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʏʝʤ ʚʳʰʝ 

SLA, ʪʝʤ ʤʝʥʴʰʝ ʨʘʩʪʝʥʠʝ ʟʘʪʨʘʯʠʚʘʝʪ 

ʧʨʦʜʫʢʪʦʚ ʬʦʪʦʩʠʥʪʝʟʘ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʚʦʠʭ 

ʣʠʩʪʴʝʚ, ʪʝʤ ʙʳʩʪʨʝʝ ʦʥʦ ʨʘʩʪʝʪ.  

ʄʝʞʜʫ ʘʩʩʠʤʠʣʷʮʠʦʥʥʳʤʠ ʠʥʜʝʢʩʘʤʠ 

ʩʫʱʝʩʪʚʫʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʚʟʘʠʤʦʩʚʷʟʠ, 

ʧʦʤʦʛʘʶʱʠʝ ʧʨʦʠʟʚʝʩʪʠ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ 

ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ: 

LARNARRGR ³= .                  (11) 

LWRSLALAR ³= .                   (12) 

ɺʘʞʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʬʠʟʠʦʣʦʛʠʠ ʨʘʩʪʝʥʠʷ 

ʷʚʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ ʤʘʩʩʳ (ʧʦ ʩʫʭʦʤʫ 

ʚʝʱʝʩʪʚʫ) ʧʦʜʟʝʤʥʦʡ ʠ ʥʘʜʟʝʤʥʦʡ ʯʘʩʪʝʡ. ʕʪʦ 

ʧʦʢʘʟʘʪʝʣʴ (root mass fraction, RMF) 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

ʣʩʢ

ʢ

mmm

m
RMF

++
= .                (13) 

ʈʘʩʪʝʥʠʷ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʜʦʣʝʡ ʢʦʨʥʝʡ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦ ʧʦʛʣʦʱʘʶʪ ʧʠʪʘʪʝʣʴʥʳʝ ʚʝʱʝʩʪʚʘ 

ʧʦʯʚʳ, ʚ ʪʦ ʚʨʝʤʷ, ʢʘʢ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʜʦʣʠ 

ʧʦʙʝʛʦʚ ʦʥʠ ʠʤʝʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʛʣʦʱʘʪʴ 

ʙʦʣʴʰʝ ʩʚʝʪʦʚʦʡ ʵʥʝʨʛʠʠ.  
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ʇʦʣʥʦʪʫ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʟʣʫʯʝʥʠʷ, 

ʛʝʥʝʨʠʨʫʝʤʦʛʦ ʠʩʪʦʯʥʠʢʘʤʠ ʩʚʝʪʘ, ʚ ʩʫʭʫʶ 

ʤʘʩʩʫ ʨʘʩʪʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʢʦʵʬʬʠʮʠʝʥʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ (radiation use efficiency, RUE) 

DLI

CGR
RUE= ,                          (14) 

ʛʜʝ DLI  - ʩʫʪʦʯʥʘʷ ʜʦʟʘ ʦʙʣʫʯʝʥʠʷ (day light 

integral).  

ɺ ʧʨʠʚʝʜʝʥʥʳʭ ʬʦʨʤʫʣʘʭ ʯʝʨʪʘ ʥʘʜ ʚʝʣʠʯʠʥʦʡ 

ʦʟʥʘʯʘʝʪ ʝʝ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʧʦ ʙʠʦʣʦʛʠʯʝʩʢʠʤ 

ʧʦʚʪʦʨʥʦʩʪʷʤ. 

ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʠ ʚ ʣʘʙʦʨʘʪʦʨʠʠ 

ʵʥʝʨʛʦʵʢʦʣʦʛʠʠ ʩʚʝʪʦʢʫʣʴʪʫʨʳ ʀɸʕʇ ʚ ʠʶʥʝ-

ʠʶʣʝ 2021 ʛʦʜʘ. ʈʘʩʪʝʥʠʷ ʨʘʩʧʦʣʘʛʘʣʠ ʥʘ  ʜʚʫʭ 

ʩʪʦʣʘʭ ʨʘʟʤʝʨʦʤ 1,0 ʭ 1,4 ʤ. ɺ ʧʨʦʮʝʩʩʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘ ʚʳʩʦʪʝ ʚʝʨʭʫʰʝʢ ʨʘʩʪʝʥʠʡ 

ʧʦʜʜʝʨʞʠʚʘʣʠ ʦʜʠʥʘʢʦʚʳʡ ʫʨʦʚʝʥʴ  ʬʦʪʦʥʥʦʡ  

ʦʙʣʫʯʝʥʥʦʩʪʠ E=200 ʤʢʤʦʣʴĀʤ
-2
Āʩ

-1
 ʧʫʪʝʤ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʦʜʚʝʩʘ ʦʙʣʫʯʘʪʝʣʝʡ. ɻʨʫʧʧʳ 

ʨʘʩʪʝʥʠʡ ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʩʚʝʪʦʥʝʧʨʦʥʠʮʘʝʤʦʡ 

ʰʪʦʨʦʡ (ʥʘ ʨʠʩ. 3 ʥʝ ʧʦʢʘʟʘʥʘ).  

ʌʦʪʦʧʝʨʠʦʜ ʙʳʣ ʟʘʜʘʥ ʌʇ=16 ʯ, ʯʪʦ  

ʦʙʝʩʧʝʯʠʚʘʣʦ DLI = ʌʇ
.
E=11,5 ʤʦʣʴĿʤ

-2Ŀ
ʩʫʪ

-1
. 

ʅʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʚʝʣʠʯʠʥʳ ʦʙʣʫʯʝʥʥʦʩʪʠ ʧʦ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʘʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʤʠʥʠʤʘʣʴʥʦʡ ʦʩʚʝʱʝʥʥʦʩʪʠ z=Eʤʘʭ/ɽʩʨ 

ʩʦʩʪʘʚʣʷʣʘ ʥʝ ʙʦʣʝʝ 10 %. 

 

ʈʠʩ. 3. ʈʘʟʤʝʱʝʥʠʝ ʛʨʫʧʧ ʨʘʩʪʝʥʠʡ 

ʧʦʜ ʦʙʣʫʯʘʪʝʣʴʥʳʤʠ ʫʩʪʘʥʦʚʢʘʤʠ 

 

ʉʧʝʢʪʨʘʣʴʥʫʶ ʧʣʦʪʥʦʩʪʴ ʬʦʪʦʥʥʦʡ 

ʦʙʣʫʯʝʥʥʦʩʪʠ ʌɸʈ (photosynthetic photon flux 

density, PPFD) ʠʟʤʝʨʷʣʠ ʩʧʝʢʪʨʦʤʝʪʨʦʤ UPRtek 

MK350N (ʨʠʩ. 4).  

 

ʈʠʩ. 4. ʉʧʝʢʪʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ 

ʧʦʪʦʢʘ ʠʩʪʦʯʥʠʢʦʚ ʠʟʣʫʯʝʥʠʷ 

 

ʉʧʝʢʪʨ ʠʟʣʫʯʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠ 

ʧʨʦʮʝʥʪʥʳʤ ʩʦʩʪʘʚʦʤ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʵʥʝʨʛʠʠ ʚ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʠʘʧʘʟʦʥʘʭ, ʠʟʤʝʨʝʥʥʦʡ ʚ 

ʬʦʪʦʥʥʳʭ ʝʜʠʥʠʮʘʭ:  ʚ ʩʠʥʝʤ (B ï blue) 400-

500 ʥʤ, ʟʝʣʝʥʦʤ (G - green) 500-600 ʥʤ ʠ 

ʢʨʘʩʥʦʤ (R - red) 600-700 ʥʤ. ʊʨʝʙʫʝʤʳʡ ʩʧʝʢʪʨ 

ʦʙʝʩʧʝʯʠʚʘʣʠ ʨʘʟʜʝʣʴʥʦ ʨʝʛʫʣʠʨʫʷ ʧʦʪʦʢ ʦʪ 

ʩʚʝʪʦʜʠʦʜʦʚ (ʉɼ)  ʪʨʝʭ ʪʠʧʦʚ: 1) ʙʝʣʳʭ, 

ʠʤʝʶʱʠʭ  ʫʟʢʠʡ ʧʠʢ ʚ ʩʠʥʝʡ ʦʙʣʘʩʪʠ ʥʘ ʜʣʠʥʝ 

ʚʦʣʥʳ 445 ʥʤ (ʧʦʣʫʰʠʨʠʥʘ 24 ʥʤ) ʠ ʰʠʨʦʢʫʶ 

ʧʦʣʦʩʫ ʩ ʤʘʢʩʠʤʫʤʦʤ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 589 ʥʤ 

(ʧʦʣʫʰʠʨʠʥʘ 127 ʥʤ), ʦʭʚʘʪʳʚʘʶʱʝʡ ʟʝʣʝʥʫʶ ʠ 

ʢʨʘʩʥʫʶ ʯʘʩʪʠ ʩʧʝʢʪʨʘ, 2) ʦʪʜʝʣʴʥʳʭ ʩʠʥʠʭ ʉɼ, 

ʠʟʣʫʯʘʶʱʠʭ ʥʘ ʪʦʡ ʞʝ ʜʣʠʥʝ ʚʦʣʥʳ ʚ ʩʠʥʝʤ 

ʜʠʘʧʘʟʦʥʝ, ʯʪʦ ʠ ʙʝʣʳʝ ʉɼ ʠ 3) ʦʪʜʝʣʴʥʳʭ 

ʢʨʘʩʥʳʭ ʉɼ,  ʠʤʝʶʱʠʭ  ʫʟʢʠʡ ʧʠʢ ʥʘ ʜʣʠʥʝ 

ʚʦʣʥʳ 658 ʥʤ (ʧʦʣʫʰʠʨʠʥʘ 23 ʥʤ). ʉʧʝʢʪʨ 

ʠʟʣʫʯʝʥʠʷ ʚ ʧʝʨʚʦʡ ʟʦʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʦʨʤʫʣʝ 

B:G:R= 33 %: 34 %: 33 %. ʉʦʦʪʥʦʰʝʥʠʝ ʜʦʣʠ 

ʧʦʪʦʢʦʚ ʚ ʢʨʘʩʥʦʤ ʠ ʩʠʥʝʤ ʜʠʘʧʘʟʦʥʘʭ R:B=1,0. 

ɼʘʣʝʝ ʵʪʦʪ ʩʧʝʢʪʨ ʦʙʦʟʥʘʯʝʥ WB (White-Blue, 

ʙʝʣʦ-ʩʠʥʠʡ). ʉʧʝʢʪʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʠʟʣʫʯʝʥʠʷ ʚʦ 

ʚʪʦʨʦʡ ʟʦʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʦʨʤʫʣʝ B:G:R= 

15%: 36%: 49%. ʉʦʦʪʥʦʰʝʥʠʝ ʜʦʣʠ ʧʦʪʦʢʦʚ ʚ 

ʢʨʘʩʥʦʤ ʠ ʩʠʥʝʤ ʜʠʘʧʘʟʦʥʘʭ R:B=3,4. ɼʘʣʝʝ ʵʪʦʪ 

ʩʧʝʢʪʨ ʦʙʦʟʥʘʯʝʥ WR (White-Read, ʙʝʣʦ-

ʢʨʘʩʥʳʡ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʦ ʦʙʝʩʧʝʯʝʥʦ ʜʚʘ 
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ʚʠʜʘ ʩʧʝʢʪʨʘ, ʩʦʦʪʥʦʰʝʥʠʝ ʵʥʝʨʛʠʠ ʢʨʘʩʥʦʛʦ ʠ 

ʩʠʥʝʛʦ ʜʠʘʧʘʟʦʥʦʚ ʫ ʢʦʪʦʨʳʭ ʨʘʟʣʠʯʘʣʦʩʴ ʙʦʣʝʝ 

ʯʝʤ ʚ ʪʨʠ ʨʘʟʘ. 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ - ʨʘʩʪʝʥʠʷ ʩʣʘʜʢʦʛʦ 

ʧʝʨʮʘ (Capsicum Annuum L.) ʩʨʝʜʥʝʩʧʝʣʦʛʦ 

ʩʦʨʪʘ ʂʘʣʠʬʦʨʥʠʡʩʢʦʝ ʏʫʜʦ. ʇʦ ʙʦʪʘʥʠʯʝʩʢʦʤʫ 

ʦʧʠʩʘʥʠʶ ʫ ʨʘʩʪʝʥʠʡ ʛʣʘʚʥʳʡ ʩʪʝʙʝʣʴ ʭʦʨʦʰʦ 

ʚʳʨʘʞʝʥ, ʚʝʪʚʣʝʥʠʝ ʜʠʭʦʪʦʤʠʯʝʩʢʦʝ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʩʪʝʙʝʣʴ, ʘ ʟʘʪʝʤ ʚʝʪʚʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʜʝʣʷʪʩʷ ʥʘ ʜʚʝ ʥʦʚʳʝ. ʃʠʩʪʴʷ ʦʜʠʥʦʯʥʳʝ, 

ʮʝʣʴʥʦʢʨʘʡʥʳʝ, ʚʘʨʴʠʨʫʶʪ ʦʪ ʷʡʮʝʚʠʜʥʦʡ ʜʦ 

ʣʘʥʮʝʪʥʦ-ʵʣʣʠʧʩʦʚʠʜʥʦʡ ʬʦʨʤʳ, ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʦʪʪʝʥʢʘʤʠ ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ. ʆʪʤʝʯʘʝʪʩʷ, ʯʪʦ 

ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʘʩʪʝʥʠʡ ʧʝʨʮʘ ʠʤʝʝʪ ʥʝ 

ʪʦʣʴʢʦ ʫʨʦʚʝʥʴ ʦʙʣʫʯʝʥʥʦʩʪʠ, ʥʦ ʠ ʩʧʝʢʪʨ [27].  

ɺ ʢʘʯʝʩʪʚʝ ʩʫʙʩʪʨʘʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʪʦʨʬʦʛʨʫʥʪ, ʧʨʠʛʦʪʦʚʣʝʥʥʳʡ ʠʟ ʦʜʥʦʡ ʯʘʩʪʠ 

ʛʨʫʥʪʘ ʜʣʷ ʨʘʩʩʘʜʳ (çɸʛʨʦʊʦʨʬ ʃʊɼè ʠ ʜʚʫʭ 

ʯʘʩʪʝʡ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʧʠʪʘʪʝʣʴʥʦʛʦ ʛʨʫʥʪʘ 

TERRA VITA  (ʆʆʆ çʅʆʈɼ ʇɸʃʇè). 

ʉʦʜʝʨʞʘʥʠʝ ʧʦʜʚʠʞʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʠʪʘʥʠʷ 

(ʘʟʦʪ, ʬʦʩʬʦʨ, ʢʘʣʠʡ) ʦʧʨʝʜʝʣʷʣʠ 

ʠʦʥʦʩʝʣʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʠ ʩ ʧʦʤʦʱʴʶ  

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ ʇʕ 5400. ɺʥʦʩʠʣʠ 

ʤʠʢʨʦʵʣʝʤʝʥʪʳ ʜʦ ʥʝʦʙʭʦʜʠʤʳʭ ʢʦʣʠʯʝʩʪʚ: Zn 

(0,33 ʤʛ
.
ʢʛ

-1
), B (0,32 ʤʛ

.
ʢʛ

-1
), Cu (0,048 ʤʛ

.
ʢʛ

-1
), 

Mo (0,048 ʤʛ
.
ʢʛ

-1
). ʀʟʤʝʨʷʣʠ ʨʅ ʩʤʝʩʠ ʥʘ 

ʧʨʠʙʦʨʝ çʄʫʣʴʪʠʪʝʩʪ-101è (ʨʅ=6,44). 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʟʘʤʦʯʝʥʥʳʝ ʚ ʤʘʨʛʘʥʮʦʚʢʝ ʠ 

ʩʪʠʤʫʣʷʪʦʨʝ ʨʦʩʪʘ ʕʧʠʥ ʩʝʤʝʥʘ ʧʝʨʮʘ 

26.06.2021 ʛ. ʚʳʩʘʜʠʣʠ ʚ ʢʘʩʩʝʪʫ ʥʘ ʛʣʫʙʠʥʫ 

ʦʢʦʣʦ 1 ʩʤ ʠ ʧʨʠʩʳʧʘʣʠ ʧʨʦʩʝʷʥʥʳʤ ʧʝʩʢʦʤ.  

ɺʣʘʞʥʦʩʪʴ ʪʦʨʬʘ ʩʦʩʪʘʚʣʷʣʘ ʧʦʨʷʜʢʘ 80 %. 

ʂʘʩʩʝʪʫ ʧʦʤʝʱʘʣʠ ʚ ʧʨʦʧʘʛʘʪʦʨ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 27-28 Áʉ. ʄʘʩʩʦʚʳʝ ʚʩʭʦʜʳ 

ʥʘʙʣʶʜʘʣʠʩʴ 02.06.2021 ʛ. (ʥʘʯʘʣʦ ʦʪʩʯʝʪʘ DAE, 

day after emergency). ʂʘʩʩʝʪʘ ʩ ʩʝʷʥʮʘʤʠ ʧʝʨʮʘ 

ʙʳʣʘ ʧʦʤʝʱʝʥʘ ʧʦʜ  ʙʝʣʳʝ ʠʩʪʦʯʥʠʢʠ ʩʚʝʪʘ ʧʨʠ 

ʢʨʫʛʣʦʩʫʪʦʯʥʦʤ ʦʙʣʫʯʝʥʠʠ. ʏʝʨʝʟ ʪʨʠ ʜʥʷ ʙʳʣ 

ʫʩʪʘʥʦʚʣʝʥ ʬʦʪʦʧʝʨʠʦʜ 16 ʯʘʩʦʚ. ʇʘʨʘʤʝʪʨʳ 

ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ ʧʦʤʝʱʝʥʠʠ ʧʦʜʜʝʨʞʠʚʘʣʠ ʩ 

ʧʦʤʦʱʴʶ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ: 

ʜʥʝʚʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ +24 
ʦ
ʉ, ʥʦʯʥʘʷ +22 

ʦ
ʉ. 

ɺʣʘʞʥʦʩʪʴ ʩʫʙʩʪʨʘʪʘ ʩʦʩʪʘʚʣʷʣʘ 70%, 

ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ 55°5 %. ʇʦʷʚʣʝʥʠʝ ʧʝʨʚʦʡ 

ʧʘʨʳ ʥʘʩʪʦʷʱʠʭ ʣʠʩʪʴʝʚ ʦʪʤʝʯʝʥʦ 06.06.2021 ʛ. 

ʇʦʜ ʠʩʪʦʯʥʠʢʠ ʩ ʨʘʟʣʠʯʥʳʤ ʩʧʝʢʪʨʦʤ ʨʘʩʪʝʥʠʷ 

ʙʳʣʠ ʚʳʩʪʘʚʣʝʥʳ 12.06.2021 ʛ. ɺʩʝʛʦ ʙʳʣʦ 

ʚʳʩʪʘʚʣʝʥʦ 50 ʨʘʩʪʝʥʠʡ. ʇʦʣʠʚ ʦʩʫʱʝʩʪʚʣʷʣʠ 

ʝʞʝʜʥʝʚʥʦ. ɺʳʨʘʱʠʚʘʥʠʝ ʟʘʚʝʨʰʠʣʠ 13.07.2021.  

ʀʟ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʬʠʢʩʠʨʦʚʘʣʠ 

ʚʳʩʦʪʫ ʨʘʩʪʝʥʠʷ H, ʠʟʤʝʨʷʷ ʝʝ ʦʪ ʢʦʨʥʝʚʦʡ 

ʰʝʡʢʠ ʜʦ ʦʪʛʠʙʘ ʚʝʨʭʥʝʛʦ ʣʠʩʪʘ. ʂʦʣʠʯʝʩʪʚʦ 

ʣʠʩʪʴʝʚ ʠ ʙʫʪʦʥʦʚ ʦʧʨʝʜʝʣʷʣʠ ʧʫʪʝʤ ʧʦʜʩʯʝʪʘ. 

ɼʠʘʤʝʪʨ ʩʪʝʙʣʷ D ʠʟʤʝʨʷʣʠ ʫ ʢʦʨʥʝʚʦʡ ʰʝʡʢʠ ʩ 

ʧʦʤʦʱʴʶ ʤʠʢʨʦʤʝʪʨʘ. ʇʣʦʱʘʜʠ ʣʠʩʪʴʝʚ ʠ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʨʦʝʢʮʠʠ ʢʨʦʥʳ ʥʘʭʦʜʠʣʠ 

ʤʝʪʦʜʦʤ ʬʦʪʦʛʨʘʤʤʝʪʨʠʠ (ʨʠʩ. 5). ʄʘʩʩʫ 

ʣʠʩʪʴʝʚ ʦʧʨʝʜʝʣʷʣʠ ʥʘ ʚʝʩʘʭ ɺʃʄ-500.  

 

ʈʠʩ. 5. ʀʟʤʝʨʝʥʠʝ ʧʣʦʱʘʜʠ ʢʨʦʥʳ 

ʨʘʩʪʝʥʠʡ 

ʅʘ ʨʘʥʥʠʭ ʩʨʦʢʘʭ, ʙʝʟ ʠʟʴʷʪʠʷ ʨʘʩʪʝʥʠʡ ʠʟ 

ʵʢʩʧʝʨʠʤʝʥʪʘ, ʧʣʦʱʘʜʴ ʣʠʩʪʴʝʚ ʦʧʨʝʜʝʣʷʣʠ 

ʯʝʨʝʟ ʢʦʵʬʬʠʮʠʝʥʪ ʬʦʨʤʳ ʂʬ ʜʘʥʥʦʛʦ ʣʠʩʪʘ ʠ 

ʝʛʦ ʣʠʥʝʡʥʳʝ ʨʘʟʤʝʨʳ. ʂʦʵʬʬʠʮʠʝʥʪʳ ʬʦʨʤʳ 

(ʠʭ ʟʥʘʯʝʥʠʷ ʫʢʘʟʘʥʳ ʥʘ ʨʠʩ. 6) ʣʠʩʪʴʝʚ 

ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʬʦʪʦʛʨʘʤʤʝʪʨʠʨʦʚʘʥʠʷ, 

ʬʦʪʦʛʨʘʬʠʨʫʷ ʯʝʨʥʫʶ ʧʣʘʩʪʠʥʫ ʠʟʚʝʩʪʥʳʭ 

ʨʘʟʤʝʨʦʚ ʠ ʧʣʦʱʘʜʠ ʚʤʝʩʪʝ ʩ ʨʘʟʣʦʞʝʥʥʳʤʠ ʧʦ 

ʧʦʨʷʜʢʫ ʣʠʩʪʴʷʤʠ. 
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ʈʠʩ. 6. ʃʠʩʪʴʷ ʧʝʨʮʘ 

ʆʧʪʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ ʣʠʩʪʴʝʚ ʦʧʨʝʜʝʣʷʣʠ ʩ 

ʧʦʤʦʱʴʶ ʜʝʥʩʠʪʦʤʝʪʨʘ ɼʇ-1ʄ, ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʚʝʪʦʬʠʣʴʪʨʦʚ ʛʨʫʧʧʳ ɸ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʘʨʘʤʝʪʨʦʚ ʬʠʣʣʦʪʘʢʩʠʩʘ ʠʟʤʝʨʷʣʠ 

ʚʳʩʦʪʳ ʫʟʣʦʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʚ ʧʦʨʷʜʢʝ 

ʧʦʷʚʣʝʥʠʷ ʣʠʩʪʴʝʚ ʠ ʫʛʦʣ ʨʘʩʭʦʞʜʝʥʠʷ ʤʝʞʜʫ 

ʜʚʫʤʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʣʠʩʪʴʷʤʠ [28]. ʕʪʦ 

ʜʚʫʛʨʘʥʥʳʡ ʫʛʦʣ, ʦʙʨʘʟʫʝʤʳʡ ʜʚʫʤʷ 

ʧʦʣʫʧʣʦʩʢʦʩʪʷʤʠ (ʛʨʘʥʷʤʠ), ʠʩʭʦʜʷʱʠʤʠ ʠʟ 

ʦʙʱʝʡ ʧʨʷʤʦʡ (ʨʝʙʨʘ). ɽʛʦ ʚʝʣʠʯʠʥʫ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʧʣʦʩʢʠʤ ʫʛʣʦʤ ʜʠʚʝʨʛʝʥʮʠʠ - 

ʤʝʥʴʰʠʤ ʫʛʣʦʤ ʤʝʞʜʫ ʧʨʦʝʢʮʠʷʤʠ ʥʘ ʧʣʦʩʢʦʩʪʴ 

ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʩʪʝʙʣʷ ʧʨʷʤʳʭ, 

ʩʦʝʜʠʥʷʶʱʠʭ ʦʩʴ ʩʪʝʙʣʷ ʩ ʪʦʯʢʘʤʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʣʠʩʪʴʝʚ. 

ʀʟʤʝʨʝʥʠʷ ʚʝʣʠ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦ 

ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ (ʨʠʩ. 7). 

 

ʈʠʩ. 7. ʀʟʤʝʨʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ 

ʌʠʣʣʦʪʘʢʩʠʩʘ 

 

ɿʥʘʯʝʥʠʷ ʘʩʩʠʤʠʣʷʮʠʦʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʦʧʨʝʜʝʣʷʣʠ ʨʘʩʯʝʪʥʳʤ ʧʫʪʝʤ ʧʦ ʧʨʠʚʝʜʝʥʥʳʤ 

ʚʳʰʝ ʬʦʨʤʫʣʘʤ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ 

ʦʙʨʘʙʘʪʳʚʘʣʠ ʤʝʪʦʜʘʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʩʪʘʪʠʩʪʠʢʠ (p<0.05) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʢʝʪʦʚ 

ʧʨʦʛʨʘʤʤ Microsoft Office Excel 2003 ʠ Statistica 

6.0.  

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ  

ʈʘʟʚʠʪʠʝ ʨʘʩʪʝʥʠʡ ʧʝʨʮʘ ʚ ʦʥʪʦʛʝʥʝʟʝ. 

ʇʝʨʚʫʶ ʩʝʨʠʶ ʠʟʤʝʨʝʥʠʡ, ʚʦ ʚʨʝʤʷ ʢʦʪʦʨʦʡ ʫ 

ʚʩʝʭ ʨʘʩʪʝʥʠʡ ʬʠʢʩʠʨʦʚʘʣʠ ʜʣʠʥʫ iA, ʰʠʨʠʥʫ 

iB  ʠ ʫʛʣʳ ʜʠʚʝʨʛʝʥʮʠʠ id ʜʣʷ ʧʝʨʚʳʭ ʪʨʝʭ 

ʣʠʩʪʴʝʚ ʧʨʦʚʝʣʠ 15 ʠʶʥʷ, ʥʘ 14-ʡ ʜʝʥʴ ʧʦʩʣʝ 

ʧʦʷʚʣʝʥʠʷ ʚʩʭʦʜʦʚ (day after emergency,  DAE).  

 

ʈʠʩ. 8. ʂʨʦʥʘ ʨʘʩʪʝʥʠʷ ʥʘ 14-ʡ  DAE 

ɿʘʬʠʢʩʠʨʦʚʘʥʦ, ʯʪʦ ʧʝʨʚʳʝ ʜʚʘ ʣʠʩʪʘ 

ʨʘʩʧʦʣʦʞʝʥʳ ʧʨʘʢʪʠʯʝʩʢʠ ʦʧʧʦʟʠʪʥʦ ʚ 

ʧʣʦʩʢʦʩʪʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʧʣʦʩʢʦʩʪʠ 

ʩʝʤʷʜʦʣʝʡ. ɺʳʩʦʪʳ ʠʭ ʫʟʣʦʚ ʟʨʠʪʝʣʴʥʦ 

ʩʦʚʧʘʜʘʶʪ. ʊʨʝʪʠʡ ʣʠʩʪ ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʤʝʥʴʰʠʝ, ʥʦ ʬʠʢʩʠʨʫʝʤʳʡ ʨʘʟʤʝʨʳ. ʏʝʪʚʝʨʪʳʡ 

ʣʠʩʪ ʧʦʷʚʣʷʝʪʩʷ ʚ ʟʘʯʘʪʢʝ ʥʘ ʥʝʢʦʪʦʨʳʭ 

ʵʢʟʝʤʧʣʷʨʘʭ ʨʘʩʪʝʥʠʡ (ʨʠʩ. 8). 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʜʣʷ ʧʝʨʚʳʭ ʪʨʝʭ ʣʠʩʪʴʝʚ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʥʘ 14-ʡ DAE 

ʇʘʨʘʤʝʪʨ ʃʠʩʪ 
ʉʧʝʢʪʨ 

WB WR 

ɼʣʠʥʘ iA

  

1-ʡ  34.2Ñ8.0 36.5Ñ6.3 

2-ʡ  34.5Ñ7.2 35.7Ñ5.7 

3-ʡ  7.5Ñ4.2 7.8Ñ3.8 

ʐʠʨʠʥʘ 

iB   

1-ʡ  16.1Ñ3.6 16.5Ñ2.7 

2-ʡ  15.7Ñ3.0 16.2Ñ2.9 

3-ʡ  2.5Ñ1.8 2.6Ñ1.6 

ʋʛʦʣ 

id  

1-ʡ  0.0Ñ0.0 0.0Ñ0.0 

2-ʡ  173.2Ñ6.9 172.1Ñ7.2 

3-ʡ  271.2Ñ18.0 272.6Ñ18.2 
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ʅʘʧʨʘʚʣʝʥʠʝ ʛʝʥʝʪʠʯʝʩʢʦʡ ʩʧʠʨʘʣʠ ʥʘ ʜʘʥʥʦʤ 

ʵʪʘʧʝ ʦʧʨʝʜʝʣʠʪʴ ʥʝ ʧʨʝʜʩʪʘʚʠʣʦʩʴ ʚʦʟʤʦʞʥʳʤ, 

ʧʦʩʢʦʣʴʢʫ ʫʟʣʳ ʚʩʝʭ ʣʠʩʪʴʝʚ ʨʘʩʧʦʣʦʞʝʥʳ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ ʦʜʥʦʤ ʫʨʦʚʥʝ. ʇʦ ʨʘʟʤʝʨʘʤ ʞʝ 

ʧʝʨʚʳʡ ʠ ʚʪʦʨʦʡ ʣʠʩʪ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʳ. 

ʊʘʢ, ʝʩʣʠ ʧʨʠʥʷʪʴ ʟʘ ʧʝʨʚʳʡ ʪʦʪ ʣʠʩʪ, ʢʦʪʦʨʳʡ 

ʥʘ ʨʠʩʫʥʢʝ 8 ʨʘʩʧʦʣʦʞʝʥ ʩʥʠʟʫ, ʪʦ 

ʛʝʥʝʪʠʯʝʩʢʫʶ ʩʧʠʨʘʣʴ ʩʣʝʜʫʝʪ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʢʘʢ  ʣʝʚʦʩʪʦʨʦʥʥʶʶ. ɽʩʣʠ ʞʝ 

ʟʘ ʧʝʨʚʳʡ ʣʠʩʪ ʧʨʠʥʷʪʴ ʣʠʩʪ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʥʘ 

ʨʠʩʫʥʢʝ ʩʚʝʨʭʫ, ʪʦ ʛʝʥʝʪʠʯʝʩʢʘʷ ʩʧʠʨʘʣʴ 

ʧʦʣʫʯʘʝʪʩʷ ʧʨʘʚʦʩʪʦʨʦʥʥʝʡ. ɼʘʣʴʥʝʡʰʠʝ 

ʥʘʙʣʶʜʝʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʦʟʤʦʞʥʦʩʪʴ  

ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʥʘʧʨʘʚʣʝʥʠʝ 

ʛʝʥʝʪʠʯʝʩʢʦʡ ʩʧʠʨʘʣʠ ʧʦʷʚʠʪʴʩʷ, ʢʦʛʜʘ ʟʘ ʩʯʝʪ 

ʨʦʩʪʘ ʩʪʝʙʣʷ ʩʪʘʥʫʪ ʨʘʟʣʠʯʠʤʳʤʠ ʤʝʞʜʦʫʟʣʠʷ ʠ 

ʙʫʜʝʪ ʧʦʥʷʪʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʣʠʩʪʴʝʚ ʥʘ ʩʪʝʙʣʝ ʚ ʧʦʨʷʜʢʝ ʠʭ 

ʧʦʷʚʣʝʥʠʷ. 

16 ʠʶʥʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ ʚʩʝʭ ʨʘʩʪʝʥʠʷʭ ʚʳʰʝʣ 

ʯʝʪʚʝʨʪʳʡ ʣʠʩʪ. ʇʦʷʚʠʣʠʩʴ ʧʨʠʟʥʘʢʠ 

ʤʝʞʜʦʫʟʣʠʷ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʣʠʩʪʴʝʚ (ʤʝʥʝʝ 

ʤʠʣʣʠʤʝʪʨʘ). ʋʟʣʳ ʪʨʝʪʴʝʛʦ ʠ ʯʝʪʚʝʨʪʦʛʦ 

ʣʠʩʪʴʝʚ ʤʝʞʜʦʫʟʣʠʝ ʥʝʨʘʟʣʠʯʠʤʦ. 21 ʠʶʥʷ 

ʧʦʷʚʠʣʠʩʴ ʧʷʪʳʡ ʠ ʰʝʩʪʦʡ ʣʠʩʪʴʷ. 23 ʠʶʥʷ ʥʘ 

ʦʪʜʝʣʴʥʳʭ ʨʘʩʪʝʥʠʷʭ ʧʦʷʚʠʣʠʩʴ ʩʝʜʴʤʦʡ ʠ 

ʚʦʩʴʤʦʡ ʣʠʩʪʴʷ. ʇʨʠ ʧʦʷʚʣʝʥʠʠ ʧʘʨʥʳʝ ʣʠʩʪʴʷ 

ʚʳʛʣʷʜʷʪ ʧʨʘʢʪʠʯʝʩʢʠ ʩʫʧʨʦʪʠʚʥʳʤʠ. 

ʇʦʷʚʠʣʦʩʴ ʚʠʜʠʤʦʝ ʤʝʞʜʦʫʟʣʠʝ ʤʝʞʜʫ ʪʨʝʪʴʠʤ 

ʠ ʯʝʪʚʝʨʪʳʤ ʣʠʩʪʦʤ. 

ɺʪʦʨʫʶ ʩʝʨʠʶ ʠʟʤʝʨʝʥʠʡ, ʚʦ ʚʨʝʤʷ ʢʦʪʦʨʦʡ 

ʬʠʢʩʠʨʦʚʘʣʠ ʜʣʠʥʳ iA, ʰʠʨʠʥʳ iB,  ʫʛʣʳ 

ʜʠʚʝʨʛʝʥʮʠʠ id ʠ ʚʳʩʦʪʳ ʫʟʣʦʚ iH  ʧʨʦʚʝʣʠ 29 

ʠʶʥʷ, ʥʘ 28-ʡ DAE, ʢʦʛʜʘ ʥʘ ʨʘʩʪʝʥʠʷʭ ʧʦʷʚʠʣʩʷ 

ʜʝʚʷʪʳʡ ʣʠʩʪ. ʆʙʲʝʤ ʚʳʙʦʨʢʠ ï ʩʝʤʴ ʨʘʩʪʝʥʠʡ. 

 

ʈʠʩ. 9. ʂʨʦʥʘ ʨʘʩʪʝʥʠʷ ʥʘ 28-ʡ DAE 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʨʘʟʤʝʨʦʚ ʣʠʩʪʴʝʚ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 10.  

 

 

ʈʠʩ. 10. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ 

ʣʠʩʪʴʝʚ 

ʊʘʢʠʝ ʠʟʤʝʨʝʥʠʷ ʧʦʟʚʦʣʠʣʠ ʦʧʨʝʜʝʣʷʪʴ 

ʧʣʦʱʘʜʠ ʣʠʩʪʴʝʚ ʢʦʩʚʝʥʥʳʤ ʩʧʦʩʦʙʦʤ, ʥʝ 

ʩʨʳʚʘʷ ʠʭ ʩ ʨʘʩʪʝʥʠʷ, ʯʝʨʝʟ ʠʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ 

ʨʘʟʤʝʨʳ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʬʦʨʤʳ, ʨʘʟʣʠʯʥʳʡ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʣʠʩʪʴʝʚ.  
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ʇʦʩʢʦʣʴʢʫ ʧʦʷʚʠʣʠʩʴ ʨʘʟʣʠʯʠʤʳʤʠ 

ʤʝʞʜʦʫʟʣʠʷ (ʜʦ ʰʝʩʪʦʛʦ ʣʠʩʪʘ), ʩʪʘʣʦ 

ʚʦʟʤʦʞʥʳʤ ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʥʘʧʨʘʚʣʝʥʠʝ 

ʛʝʥʝʪʠʯʝʩʢʦʡ ʩʧʠʨʘʣʠ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʯʘʱʝ 

ʚʩʪʨʝʯʘʝʪʩʷ ʣʝʚʦʩʪʦʨʦʥʥʷʷ ʩʧʠʨʘʣʴ. 

ʊʠʧʠʯʥʘʷ ʢʘʨʪʠʥʘ ʬʠʣʣʦʪʘʢʩʠʩʘ ʧʦʢʘʟʘʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 11. ʇʦʢʘʟʘʥʦ ʩʦʦʪʚʝʪʩʪʚʠʝ ʚʳʩʦʪ ʫʟʣʦʚ 

ʣʠʩʪʴʝʚ iH  ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʤ ʫʛʣʦʚ 

ʜʠʚʝʨʛʝʥʮʠʠ id. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʫʢʘʟʘʥʳ 

ʧʣʦʱʘʜʠ ʣʠʩʪʴʝʚ ʨʘʩʪʝʥʠʡ iS, ʩʤ
2
, ʢʦʪʦʨʳʝ 

ʧʦʤʦʛʘʶʪ ʧʨʦʩʣʝʜʠʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʧʦʷʚʣʝʥʠʷ ʣʠʩʪʴʝʚ ʥʘ ʛʝʥʝʪʠʯʝʩʢʦʡ ʩʧʠʨʘʣʠ ʚ 

ʧʦʨʷʜʢʝ ʤʦʥʦʪʦʥʥʦʛʦ ʚʦʟʨʘʩʪʘʥʠʷ ʠ ʫʙʳʚʘʥʠʷ 

ʠʭ ʧʣʦʱʘʜʠ. ʊʘʢ, ʥʘ ʨʠʩʫʥʢʝ 11 ʯʝʪʚʝʨʪʳʡ ʣʠʩʪ 

(ʧʣʦʱʘʜʴʶ 51.3 ʩʤ
2
) ʥʘʯʠʥʘʝʪ ʚʪʦʨʦʡ ʚʠʪʦʢ 

ʩʧʠʨʘʣʠ. ʇʦʩʣʝʜʥʠʡ ʥʘ ʵʪʦʤ ʚʠʪʢʝ ï ʰʝʩʪʦʡ 

ʣʠʩʪ, ʝʛʦ ʧʣʦʱʘʜʴ 25,9 ʩʤ
2
. 

 

ʈʠʩ. 11. ʂʘʨʪʠʥʘ ʬʠʣʣʦʪʘʢʩʠʩʘ ʨʘʩʪʝʥʠʡ ʧʝʨʮʘ 

28 DAE 

ʊʨʝʪʴʶ ʩʝʨʠʶ ʠʟʤʝʨʝʥʠʡ ʧʨʦʚʝʣʠ 7 ʠʶʣʷ, ʥʘ 

36-ʡ DAE. ʇʨʘʢʪʠʯʝʩʢʠ ʥʘ ʚʩʝʭ ʨʘʩʪʝʥʠʷʭ 

ʧʨʦʠʟʦʰʣʦ ʚʝʪʚʣʝʥʠʝ ʩʪʝʙʣʷ, ʚ ʨʘʟʚʠʣʢʝ 

ʧʦʷʚʠʣʘʩʴ ʟʘʚʷʟʴ. ʆʙʲʝʤ ʚʳʙʦʨʢʠ ï ʧʷʪʴ 

ʨʘʩʪʝʥʠʡ. ʇʦʤʠʤʦ ʧʘʨʘʤʝʪʨʦʚ ʬʠʣʣʦʪʘʢʩʠʩʘ, 

ʦʧʨʝʜʝʣʷʣʠ ʤʘʩʩʳ ʯʘʩʪʝʡ ʨʘʩʪʝʥʠʡ, ʩʦʜʝʨʞʘʥʠʝ 

ʠ ʢʦʣʠʯʝʩʪʚʦ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʥʠʭ. ɼʣʷ ʚʩʝʭ 

ʣʠʩʪʴʝʚ ʢʨʦʥʳ ʜʦ ʨʘʟʚʠʣʢʠ ʦʧʨʝʜʝʣʷʣʠ 

ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʘ. ɼʣʷ ʥʠʞʥʝʛʦ, ʩʨʝʜʥʝʛʦ 

ʠ ʚʝʨʭʥʝʛʦ ʷʨʫʩʦʚ ʣʠʩʪʴʝʚ ʦʧʨʝʜʝʣʷʣʠ 

ʦʧʪʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ ʚ ʩʠʥʝʤ, ʟʝʣʝʥʦʤ ʠ 

ʢʨʘʩʥʦʤ ʜʠʘʧʘʟʦʥʘʭ, ʘ ʪʘʢ ʞʝ ʪʦʣʱʠʥʳ ʣʠʩʪʴʝʚ. 

ʏʝʪʚʝʨʪʫʶ ʩʝʨʠʶ ʠʟʤʝʨʝʥʠʡ ʧʨʦʚʝʣʠ 13 ʠʶʣʷ, 

ʥʘ 42-ʡ DAE, ʧʦʚʪʦʨʠʚ ʠʟʤʝʨʝʥʠʷ, ʩʜʝʣʘʥʥʳʝ ʚ 

ʪʨʝʪʴʝʡ ʩʝʨʠʠ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʠʟʤʝʨʷʣʠ 

ʦʧʪʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ ʣʠʩʪʴʝʚ ʚʝʨʭʥʝʛʦ ʷʨʫʩʘ. 

ʇʦʚʪʦʨʥʳʝ ʠʟʤʝʨʝʥʠʷ ʩ ʠʥʪʝʨʚʘʣʦʤ 6 ʩʫʪʦʢ 

ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʘʩʩʠʤʠʣʷʮʠʦʥʥʳʭ 

ʠʥʜʝʢʩʦʚ. ʅʘ ʚʩʝʭ ʨʘʩʪʝʥʠʷʭ ʩʪʝʙʝʣʴ ʠʤʝʝʪ 

ʚʝʪʚʣʝʥʠʝ, ʥʘ ʧʦʙʝʛʘʭ ï ʦʙʠʣʴʥʦʝ ʮʚʝʪʝʥʠʝ. 

ʆʙʲʝʤ ʚʳʙʦʨʢʠ ï ʧʷʪʴ ʨʘʩʪʝʥʠʡ.  

 

ʈʠʩ. 12. ʂʘʨʪʠʥʘ ʬʠʣʣʦʪʘʢʩʠʩʘ ʨʘʩʪʝʥʠʡ ʧʝʨʮʘ 

42 DAE 

 

 

ʈʠʩ. 13. ɺʥʝʰʥʠʡ ʚʠʜ ʨʘʩʪʝʥʠʷ ʥʘ 42 DAE 

(ʩʧʨʘʚʘ - ʩ ʫʜʘʣʝʥʥʳʤʠ ʣʠʩʪʴʷʤʠ) 

 

ɸʥʘʣʠʟ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʨʦʩʪʘ ʨʘʩʪʝʥʠʷ. 

ʆʮʝʥʢʘ ʚʣʠʷʥʠʷ ʬʘʢʪʦʨʦʚ ʩʧʝʢʪʨʘ (WB, WR), 

ʪʠʧʘ ʠʟʦʤʝʨʠʠ (L, R) ʠ ʠʭ ʩʦʯʝʪʘʥʠʷ ʥʘ 

ʙʠʦʤʝʪʨʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʨʘʩʪʝʥʠʡ (ʧʝʨʚʳʡ 

ʤʦʜʫʣʴ ʤʦʜʝʣʠ ʎɼʈ) ʧʨʦʠʟʚʝʜʝʥʘ ʩ ʧʦʤʦʱʴʶ 

ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʥʠ ʜʣʷ 
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ʦʜʥʦʛʦ ʬʠʢʩʠʨʫʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ ʪʠʧ ʠʟʦʤʝʨʠʠ 

ʬʠʣʣʦʪʘʢʩʠʩʘ ʥʝ ʦʢʘʟʘʣ ʟʥʘʯʠʤʦʛʦ ʚʣʠʷʥʠʷ. 

ɿʥʘʯʠʤʦ ʜʝʡʩʪʚʠʝ ʬʘʢʪʦʨʘ ʩʧʝʢʪʨʘ ʥʘ ʚʳʩʦʪʫ H 

(12.98 ʩʤ ʧʨʠ WB ʠ 13.50 ʩʤ ʧʨʠ WR); ʩʨʝʜʥʷʷ 

ʪʦʣʱʠʥʘ ʣʠʩʪʘ (ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 0,24 ʠ 0,29 ʤʤ); 

ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʘ ʚ ʣʠʩʪʴʷʭ 

(44.45 ʠ 35.04 ʦʪʥ.ʝʜ.). 

ɸʥʘʣʠʟ ʧʦʢʘʟʘʪʝʣʝʡ ʚʪʦʨʦʛʦ ʤʦʜʫʣʷ ʤʦʜʝʣʠ 

ʎɼʈ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʩʥʦʚʥʦʝ ʧʦʛʣʦʱʝʥʠʝ ʩʚʝʪʘ 

ʣʠʩʪʴʷʤʠ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʩʠʥʝʤ ʩʧʝʢʪʨʘʣʴʥʦʤ 

ʜʠʘʧʘʟʦʥʝ, ʥʘʠʤʝʥʴʰʝʝ ï ʚ ʟʝʣʝʥʦʤ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʫʩʢʘʥʠʷ ʚ ʩʠʥʝʤ ʜʠʘʧʘʟʦʥʝ 

Bt  ʤʝʥʴʰʝ ʫ ʨʘʩʪʝʥʠʡ, ʚʳʨʘʱʠʚʘʝʤʳʭ ʧʦʜ WB 

ʩʧʝʢʪʨʦʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ WR (0.4% ʧʨʦʪʠʚ 

0.5%). ʂʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʫʩʢʘʥʠʷ ʚ ʢʨʘʩʥʦʤ 

ʜʠʘʧʘʟʦʥʝ Rt, ʥʘʦʙʦʨʦʪ, ʙʦʣʴʰʝ ʫ ʨʘʩʪʝʥʠʡ, 

ʚʳʨʘʱʠʚʘʝʤʳʭ ʧʦʜ WB ʩʧʝʢʪʨʦʤ, ʥʝʞʝʣʠ ʧʦʜ 

WR (4.5% ʧʨʦʪʠʚ 3.8%). ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ 

ʦʙʴʷʩʥʝʥʦ ʘʜʘʧʪʘʮʠʦʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʢʦʛʜʘ 

ʧʨʠ ʥʝʜʦʩʪʘʪʢʝ ʵʥʝʨʛʠʠ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ 

ʜʠʘʧʘʟʦʥʝ ʩʧʝʢʪʨʘ ʠʟʣʫʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʨʦʧʫʩʢʘʥʠʷ ʣʠʩʪʘ ʚ ʵʪʦʤ ʜʠʘʧʘʟʦʥʝ ʩʥʠʞʘʝʪʩʷ 

ʜʣʷ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʧʦʛʣʦʱʝʥʠʷ ʩʚʝʪʦʚʦʡ 

ʵʥʝʨʛʠʠ ʨʘʩʪʝʥʠʝʤ.  

ɻʝʥʝʪʠʯʝʩʢʘʷ ʩʧʠʨʘʣʴ ʫ ʨʘʩʪʝʥʠʡ, ʚʳʨʘʱʝʥʥʳʭ 

ʧʦʜ WB ʩʧʝʢʪʨʦʤ, ʚ 18 ʩʣʫʯʘʷʭ (72%) ʙʳʣʘ 

ʣʝʚʦʩʪʦʨʦʥʥʷʷ, ʚ 7 ʩʣʫʯʘʷʭ (28%) ï 

ʧʨʘʚʦʩʪʦʨʦʥʥʷʷ. ʇʦʜ WR ʩʧʝʢʪʨʦʤ 14 ʨʘʩʪʝʥʠʡ 

(56%) ʠʤʝʣʠ  ʣʝʚʦʩʪʦʨʦʥʥʶʶ ʩʧʠʨʘʣʴ ʠ 11 

(44%) ï ʧʨʘʚʦʩʪʦʨʦʥʥʶʶ. ɼʣʷ ʧʨʦʚʝʨʢʠ 

ʛʠʧʦʪʝʟʳ ʦ ʚʣʠʷʥʠʠ ʩʧʝʢʪʨʘ ʠʟʣʫʯʝʥʠʷ ʥʘ 

ʥʘʧʨʘʚʣʝʥʠʝ ʛʝʥʝʪʠʯʝʩʢʦʡ ʩʧʠʨʘʣʠ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʦʯʥʳʡ ʢʨʠʪʝʨʠʡ ʌʠʰʝʨʘ. ɽʛʦ 

ʟʥʘʯʝʥʠʝ ʦʢʘʟʘʣʦʩʴ ʨʘʚʥʳʤ p=0.26, ʯʪʦ 

ʧʨʝʚʳʰʘʝʪ ʢʨʠʪʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʟʥʘʯʠʤʦʩʪʠ 

0.05. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʥʠʤʘʝʪʩʷ ʥʫʣʝʚʘʷ 

ʛʠʧʦʪʝʟʘ ʠ ʜʝʣʘʝʪʩʷ ʚʳʚʦʜ  ʦʙ ʦʪʩʫʪʩʪʚʠʠ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʨʘʟʣʠʯʠʡ ʯʘʩʪʦʪʳ 

ʧʦʷʚʣʝʥʠʡ ʣʝʚʦʩʪʦʨʦʥʥʠʭ ʠ ʧʨʘʚʦʩʪʦʨʦʥʥʠʭ 

ʠʟʦʤʝʨʦʚ ʧʨʠ ʟʘʜʘʥʥʳʭ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ 

ʨʘʟʣʠʯʠʡ ʩʧʝʢʪʨʘ ʠʟʣʫʯʝʥʠʷ. ʇʦ ʚʩʝʡ 

ʛʝʥʝʨʘʣʴʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ (50 ʨʘʩʪʝʥʠʡ) ʯʘʩʪʦʪʘ 

ʧʦʷʚʣʝʥʠʷ ʣʝʚʦʩʪʦʨʦʥʥʠʭ ʠʟʦʤʝʨʦʚ ʩʦʩʪʘʚʣʷʝʪ 

64%, ʧʨʘʚʦʩʪʦʨʦʥʥʠʭ 36%, ʯʪʦ ʙʣʠʟʢʦ ʢ 

ʩʦʦʪʥʦʰʝʥʠʶ L:R=2:1. ʇʨʠ ʩʧʠʨʘʣʴʥʦʤ  

ʬʠʣʣʦʪʘʢʩʠʩʝ ʫʛʦʣ ʜʠʚʝʨʛʝʥʮʠʠ  ʤʝʞʜʫ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʙʦʢʦʚʳʤʠ ʦʨʛʘʥʘʤʠ ʙʣʠʟʦʢ 

ʢ çʟʦʣʦʪʦʤʫè ʫʛʣʫ ʚ 137.5Á, ʧʨʠ ʢʦʪʦʨʦʤ ʚʦʢʨʫʛ 

ʩʪʝʙʣʷ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʤʝʱʝʥʦ ʙʝʩʢʦʥʝʯʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʣʠʩʪʴʝʚ ʙʝʟ ʧʦʣʥʦʛʦ ʧʝʨʝʢʨʳʪʠʷ 

ʤʝʞʜʫ ʣʶʙʳʤʠ ʜʚʫʤʷ ʠʟ ʥʠʭ. ɺ ʥʘʰʝʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʨʝʜʥʠʡ ʫʛʦʣ ʩʨd  ʦʢʘʟʘʣʩʷ ʙʣʠʟʦʢ 

ʢ ʵʪʦʤʫ ʟʥʘʯʝʥʠʶ ʧʨʠ ʦʙʦʠʭ ʪʠʧʘʭ ʩʧʝʢʪʨʘ, ʙʝʟ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʨʘʟʣʠʯʠʡ. ʊʦ ʞʝ ʩʘʤʦʝ 

ʥʘʙʣʶʜʘʣʦʩʴ ʜʣʷ ʩʨʝʜʥʝʡ ʜʣʠʥʳ ʤʝʞʜʦʫʟʣʠʷ 

ʩʨhD . ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʦʙʝʩʧʝʯʝʥʥʳʭ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʝ ʨʘʟʣʠʯʠʡ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ 

ʠʟʣʫʯʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ 

ʬʠʣʣʦʪʘʢʩʠʩʘ (ʪʨʝʪʠʡ ʤʦʜʫʣʴ ʎɼʈ) ʢ ʩʧʝʢʪʨʫ ʥʝ 

ʚʳʷʚʣʝʥʘ. 

ʆʮʝʥʢʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ  

ʙʠʦʤʘʩʩʳ ʚ ʨʘʩʪʝʥʠʠ ʧʨʦʠʟʚʝʜʝʥʘ ʚ ʯʝʪʚʝʨʪʦʤ 

ʤʦʜʫʣʝ ʎɼʈ, ʧʦ ʘʩʠʤʤʠʣʷʮʠʦʥʥʳʤ ʠʥʜʝʢʩʘʤ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤ ʬʦʪʦʩʠʥʪʝʟ ʚ ʨʘʩʪʝʥʠʠ. 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ RGR ʤʦʞʝʪ ʙʳʪʴ 

ʨʘʟʜʝʣʝʥʘ ʥʘ çʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʫʶè 

ʩʦʩʪʘʚʣʷʶʱʫʶ  NAR ʠ çʤʦʨʬʦʛʝʥʝʪʠʯʝʩʢʫʶè 

LAR (ʬ. 11). ʇʦʩʣʝʜʥʷʷ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʟʘʚʠʩʠʪ 

ʦʪ ʧʣʦʱʘʜʠ ʝʜʠʥʠʮʳ ʤʘʩʩʳ ʣʠʩʪʴʝʚ SLA ʠ ʜʦʣʠ 

ʦʙʱʝʡ ʤʘʩʩʳ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʨʘʩʪʝʥʠʠ, 

ʧʨʠʭʦʜʷʱʝʛʦʩʷ ʥʘ ʣʠʩʪʴʷ LWR (ʬ. 12).  

ʕʪʠ ʜʚʘ ʧʦʢʘʟʘʪʝʣʷ ʟʘʚʠʩʷʪ ʦʪ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ, ʠʭ 

ʜʝʡʩʪʚʠʝ ʥʘ ʚʝʣʠʯʠʥʫ LAR ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʦ, 

SLA ʟʥʘʯʠʤʦ ʚʳʰʝ ʧʨʠ ʩʧʝʢʪʨʝ WR, LWR - ʧʨʠ 

ʩʧʝʢʪʨʝ WB. ɺ ʠʪʦʛʝ ʨʘʟʣʠʯʠʷ ʠʥʜʝʢʩʘ LAR

ʥʝʟʥʘʯʠʤʳ ʠ ʧʨʠʯʠʥʳ ʙʦʣʴʰʝʡ ʚʝʣʠʯʠʥʳRGR

ʧʨʠ ʩʧʝʢʪʨʝ WB ʩʣʝʜʫʝʪ ʠʩʢʘʪʴ ʚ ʙʦʣʴʰʝʡ 

ʚʝʣʠʯʠʥʝ NAR(0.824 ʧʨʦʪʠʚ 0.634). 

ɺʘʨʠʘʮʠʠ LARʦʙʳʯʥʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʩʚʷʟʳʚʘʶʪ ʩ ʚʘʨʠʘʮʠʷʤʠ SLA [29]. ʋʤʝʥʴʰʝʥʠʝ 

ʧʣʦʱʘʜʠ ʣʠʩʪʴʝʚ ʩʥʠʞʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ 

ʨʘʩʪʝʥʠʷ ʫʣʘʚʣʠʚʘʪʴ ʩʚʝʪʘ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ 

ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ  ʦʩʚʝʱʝʥʠʷ  ʦʛʨʘʥʠʯʠʚʘʝʪ ʨʦʩʪ 

ʨʘʩʪʝʥʠʡ [30]. ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʢʨʘʩʥʦʛʦ ʠ 
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ʩʠʥʝʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʨʦʩʪ ʠ ʨʘʟʚʠʪʠʝ ʨʘʩʪʝʥʠʡ 

ʚʳʷʚʠʣʠ ʠʭ ʨʘʟʣʠʯʥʦʝ ʜʝʡʩʪʚʠʝ ʥʘ ʨʦʩʪ ʠ 

ʨʘʟʚʠʪʠʝ ʨʘʩʪʝʥʠʡ [31]. ʅʘʰʠ ʵʢʩʧʝʨʠʤʝʥʪʳ 

ʧʦʜʪʚʝʨʞʜʘʶʪ ʵʪʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʜʣʷ ʨʘʩʪʝʥʠʡ 

ʧʝʨʮʘ.  

ʈʘʟʜʝʣʝʥʠʝ ʘʩʩʠʤʤʠʣʷʪʦʚ ʤʝʞʜʫ ʧʦʜʟʝʤʥʦʡ ʠ 

ʥʘʜʟʝʤʥʦʡ ʯʘʩʪʷʤʠ ʨʝʛʫʣʠʨʫʝʪʩʷ ʨʘʚʥʦʚʝʩʠʝʤ 

ʤʝʞʜʫ ʘʢʪʠʚʥʦʩʪʴʶ ʢʦʨʥʝʡ (ʧʦʛʣʦʱʝʥʠʝ ʚʦʜʳ 

ʠʣʠ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ) ʠ ʘʢʪʠʚʥʦʩʪʴʶ 

ʧʦʙʝʛʦʚ (ʬʦʪʦʩʠʥʪʝʟ). ɺʝʣʠʯʠʥʘ RMF ʧʦʜ 

ʩʧʝʢʪʨʦʤ WB ʦʢʘʟʘʣʘʩʴ ʥʠʞʝ, ʯʝʤ ʧʦʜ WR. ʕʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʦʜ ʩʧʝʢʪʨʦʤ, ʦʙʦʛʘʱʝʥʥʳʤ 

ʩʠʥʠʤ ʠʟʣʫʯʝʥʠʝʤ, ʧʦʙʝʛʠ ʠʤʝʶʪ ʙʦʣʝʝ ʚʳʩʦʢʠʡ 

ʧʨʠʦʨʠʪʝʪ ʜʣʷ ʥʘʢʦʧʣʝʥʠʷ ʧʨʦʜʫʢʪʦʚ 

ʬʦʪʦʩʠʥʪʝʟʘ, ʯʝʤ ʢʦʨʥʠ.  

 

ʊʘʙʣʠʮʘ 2  

ʇʦʢʘʟʘʪʝʣʠ ʤʦʜʫʣʝʡ ʤʦʜʝʣʠ ʎɼʈ 

ʄʦʜʫʣʴ 

ʤʦʜʝʣʠ 
ʇʦʢʘʟʘʪʝʣʴ 

ʉʧʝʢʪʨ 

WB WR 

1.ɹʠʦʤʝʪʨʠʯ

ʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ 

1. ɺʳʩʦʪʘ ʨʘʩʪʝʥʠʷ H, ʩʤ 12.98 13.50* 

2. ɼʠʘʤʝʪʨ ʰʝʡʢʠ D, ʤʤ 6.89 6.90 

3. ʇʣʦʱʘʜʴ ʣʠʩʪʦʚʦʡ  ʧʦʚʝʨʭʥʦʩʪʠ S, ʤ2
 0.118 0.126 

4. ʉʨʝʜʥʷʷ ʪʦʣʱʠʥʘ ʣʠʩʪʘ d, ʤʤ 0.24 0.29* 

5. ʉʫʭʘʷ ʤʘʩʩʘ ʣʠʩʪʴʝʚ ʣm , ʛ
.
ʨʘʩʪʝʥʠʝ

-1
 (%) 4.01 (64%) 3.74 (60%) 

6. ʉʫʭʘʷ ʤʘʩʩʘ ʩʪʝʙʣʷ, ʩm , ʛ
.
ʨʘʩʪʝʥʠʝ

-1
 (%) 1.06 (17%) 1.07 (17%) 

7. ʉʫʭʘʷ ʤʘʩʩʘ ʢʦʨʥʷ, ʢm , ʛ.
ʨʘʩʪʝʥʠʝ

-1
 (%) 1.23 (20%) 1.42 (23%) 

8. ʉʫʭʘʷ ʤʘʩʩʘ ʨʘʩʪʝʥʠʷ, ʨm , ʛ
.
ʨʘʩʪʝʥʠʝ

-1
 (%) 6.29 (100%) 6.24 (100%) 

9. ʉʨʝʜʥʝʝ ʩʦʜ. ʭʣʦʨʦʬʠʣʣʘ ʚ ʣʠʩʪʴʷʭ, CCI , 

ʦʪʥ.ʝʜ. 

44.45 35.04* 

2.ʆʧʪʠʯ. 

ʩʚʦʡʩʪʚʘ 

ʣʠʩʪʴʝʚ 

1. ʂʦʵʬ. ʧʨʦʧʫʩʢʘʥʠʷ ʚ ʩʠʥ. ʜʠʘʧʘʟʦʥʝ Bt , % 0.4 0.5* 

2. ʂʦʵʬ. ʧʨʦʧʫʩʢʘʥʠʷ ʚ ʟʝʣ. ʜʠʘʧʘʟʦʥʝ Gt , % 12.6 11.2* 

3. ʂʦʵʬ. ʧʨʦʧʫʩʢʘʥʠʷ ʚ ʢʨ. ʜʠʘʧʘʟʦʥʝ Rt , % 4.5 3.8* 

3.ʌʠʣʣʦʪʘʢʩ

ʠʩ 

1. ɼʦʣʷ ʣʝʚʦʩʪʦʨʦʥʥʝʡ ʛʝʥʝʪʠʯʝʩʢʦʡ ʩʧʠʨʘʣʠ, % 72  56 

2. ʉʨʝʜʥʷʷ ʜʣʠʥʘ ʤʝʞʜʦʫʟʣʠʷ ʩʨhD , ʤʤ 10.1 10.9 

3. ʉʨʝʜʥʠʡ ʫʛʦʣ ʜʠʚʝʨʛʝʥʮʠʠ ʩʨd , ʛʨʘʜ. 139.1 138.3 

4.ɸʩʩʠʤʠʣʷʮ1. Average growth rate (AGR), ʛ
.
ʩʫʪ

-1
 0.528 0.468* 
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ʠʦʥʥʳʝ 

ʠʥʜʝʢʩʳ 

2. Crop growth rate (CGR), mg
.
d

-1.
cm

-2
 0.591 0.461* 

3. Relative growth rate (RGR), ʛ
.
ʛ

-1.
ʩʫʪ

-1
 0.169 0.143* 

4. Net assimilation rate (NAR), ʤʛ
.
ʩʤ

-2.
ʩʫʪ

-1
 0.824 0.634* 

5. Leaf area ratio (LAR), ʩʤ
2.
ʤʛ

-1
 0.205 0.226 

6. Specific leaf area (SLA), ʩʤ
2.
ʤʛ

-1
 0.309 0.357* 

7. Leaf weight ratio (LWR), ʛ
.
ʛ

-1
 0.664 0.632* 

8. Leaf area index (LAI), ʦʪʥ.ʝʜ. 1.065 1.073 

9. Root mass fraction (RMF), ʦʪʥ.ʝʜ. 0.229 0.268* 

10. Radiation use efficiency (RUE), g
.
 mol

-1
 0.513 0.401* 

* ʟʥʘʯʠʤʦʩʪʴ ʨʘʟʣʠʯʠʡ ʥʘ ʫʨʦʚʥʝ p<0,05 

ʀʪʦʛʦʚʳʡ ʧʦʢʘʟʘʪʝʣʴ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʟʣʫʯʝʥʠʷ ï RUE ï ʥʘ 28% ʚʳʰʝ 

ʧʦʜ WB ʩʧʝʢʪʨʦʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʷʚʣʝʥʦ ʨʘʟʣʠʯʠʝ ʚ 

ʧʝʨʚʠʯʥʳʭ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʷʭ 

ʨʘʩʪʝʥʠʡ, ʚʳʨʘʱʠʚʘʝʤʳʭ ʧʦʜ ʨʘʟʣʠʯʥʳʤ 

ʩʧʝʢʪʨʘʣʴʥʳʤ ʩʦʩʪʘʚʦʤ ʠʟʣʫʯʝʥʠʷ (ʧʝʨʚʳʡ 

ʤʦʜʫʣʴ ʎɼʈ), ʘ ʪʘʢ ʞʝ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʣʠʩʪʴʝʚ (ʚʪʦʨʦʡ ʤʦʜʫʣʴ ʎɼʈ). ʇʨʠ 

ʦʙʝʩʧʝʯʝʥʥʳʭ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʨʘʟʣʠʯʠʷʭ ʚʣʠʷʥʠʝ ʩʧʝʢʪʨʘ ʥʘ ʧʘʨʘʤʝʪʨʳ 

ʬʠʣʣʦʪʘʢʩʠʩʘ (ʪʨʝʪʠʡ ʤʦʜʫʣʴ ʎɼʈ) ʥʝ 

ʚʳʷʚʣʝʥʦ. ʈʘʟʣʠʯʠʷ ʟʥʘʯʝʥʠʡ ʨʷʜʘ 

ʘʩʩʠʤʠʣʷʮʠʦʥʥʳʭ ʠʥʜʝʢʩʦʚ (ʯʝʪʚʝʨʪʳʡ ʤʦʜʫʣʴ 

ʎɼʈ) ʫ ʨʘʩʪʝʥʠʡ, ʚʳʨʘʱʠʚʘʝʤʳʭ ʧʦʜ ʨʘʟʣʠʯʥʳʤ 

ʩʧʝʢʪʨʦʤ, ʦʢʘʟʘʣʠʩʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʤʠ. 

ɿʘʢʣʶʯʝʥʠʝ. ʈʘʩʩʤʦʪʨʝʥʥʳʡ ʦʧʳʪ 

ʧʨʠʤʝʥʝʥʠʷ ʎɼ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ 

ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ 

ʜʘʥʥʦʡ ʢʦʥʮʝʧʮʠʠ ʢ ʨʘʩʪʝʥʠʶ ʷʚʣʷʝʪʩʷ 

ʨʘʟʚʠʪʠʝʤ ʠʜʝʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ ʥʦʚʦʤ ʵʪʘʧʝ, 

ʧʦʜʨʘʟʫʤʝʚʘʶʱʝʤ ʮʠʬʨʦʚʫʶ ʪʨʘʥʩʬʦʨʤʘʮʠʶ 

ʪʝʧʣʠʯʥʦʡ ʦʪʨʘʩʣʠ. ʂʦʥʮʝʧʪʫʘʣʴʥʦ ʎɼʈ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʠʨʪʫʘʣʴʥʳʡ ʦʙʲʝʢʪ, 

ʦʪʦʙʨʘʞʘʶʱʠʡ ʨʝʘʣʴʥʦʝ ʨʘʩʪʝʥʠʝ ʚ ʬʠʟʠʯʝʩʢʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ 

ʢʦʪʦʨʳʤʠ ʧʦʟʚʦʣʷʶʪ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ ʦʪʦʙʨʘʞʘʪʴ ʧʘʨʘʤʝʪʨʳ ʨʝʘʣʴʥʦʛʦ 

ʨʘʩʪʝʥʠʷ.  

ʇʦʢʘʟʘʥʘ ʧʨʠʝʤʩʪʚʝʥʥʦʩʪʴ ʩʦʚʨʝʤʝʥʥʳʭ 

ʢʦʥʮʝʧʮʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʎɼʈ, ʩ ʨʘʟʨʘʙʦʪʘʥʥʦʡ  

ʨʘʥʝʝ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʵʥʝʨʛʦʵʢʦʣʦʛʠʠ 

ʩʚʝʪʦʢʫʣʴʪʫʨʳ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʤʦʜʝʣʴʶ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʙʠʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ. ɺ ʨʘʤʢʘʭ ʵʥʝʨʛʦʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʦʜʭʦʜʘ ʧʨʝʜʣʦʞʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ 

ʎɼʈ, ʚʢʣʶʯʘʶʱʘʷ ʚ ʩʝʙʷ ʯʝʪʳʨʝ ʤʦʜʫʣʷ: 1) 

ʧʝʨʚʠʯʥʳʭ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ; 2) 

ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʣʠʩʪʘ; 3) ʦʧʠʩʘʥʠʷ 

ʬʠʣʣʦʪʘʢʩʠʩʘ ʠ 4) ʘʩʩʠʤʠʣʷʮʠʦʥʥʳʭ ʠʥʜʝʢʩʦʚ 

ʨʘʩʪʝʥʠʷ. ʇʝʨʚʳʝ ʪʨʠ ʤʦʜʫʣʷ ʦʧʠʩʳʚʘʶʪ 

ʩʦʩʪʦʷʥʠʝ ʨʘʩʪʝʥʠʷ ʚ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, 

ʪʨʝʪʠʡ ï ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʜʠʥʘʤʠʢʫ ʝʛʦ ʨʦʩʪʘ. 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ ʨʘʙʦʪʳ 

ʧʨʦʠʟʚʝʜʝʥʦ ʥʘʧʦʣʥʝʥʠʝ ʤʦʜʝʣʠ ʧʘʨʘʤʝʪʨʘʤʠ, 

ʧʦʣʫʯʝʥʥʳʤʠ ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʨʘʩʪʝʥʠʡ 

ʩʣʘʜʢʦʛʦ ʧʝʨʮʘ ʜʣʷ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʩʧʝʢʪʨʦʚ, 

ʩʦʦʪʥʦʰʝʥʠʝ ʵʥʝʨʛʠʠ ʢʨʘʩʥʦʛʦ ʠ ʩʠʥʝʛʦ 

ʜʠʘʧʘʟʦʥʦʚ ʫ ʢʦʪʦʨʳʭ ʨʘʟʣʠʯʘʝʪʩʷ ʙʦʣʝʝ ʯʝʤ ʚ 

ʪʨʠ ʨʘʟʘ. ʇʨʦʠʟʚʦʜʠʣʠ ʥʘʙʣʶʜʝʥʠʝ ʟʘ ʨʦʩʪʦʤ ʠ 

ʨʘʟʚʠʪʠʝʤ ʨʘʩʪʝʥʠʡ ʚ ʪʝʯʝʥʠʝ 42 ʜʥʝʡ ʧʦʩʣʝ 

ʧʦʷʚʣʝʥʠʷ ʚʩʭʦʜʦʚ. ɿʥʘʯʠʤʳʤ ʦʢʘʟʘʣʦʩʴ 

ʜʝʡʩʪʚʠʝ ʬʘʢʪʦʨʘ ʩʧʝʢʪʨʘ ʥʘ ʚʳʩʦʪʫ, ʩʨʝʜʥʶʶ 

ʪʦʣʱʠʥʫ ʣʠʩʪʘ ʠ ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʘ ʚ 

ʣʠʩʪʴʷʭ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʨʘʩʪʝʥʠʡ ʧʝʨʮʘ 
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ʠʤʝʝʪ ʤʝʩʪʦ ʠʟʦʤʝʨʠʷ ʛʝʥʝʪʠʯʝʩʢʦʡ ʩʧʠʨʘʣʠ. 

ʆʮʝʥʢʘ ʚʣʠʷʥʠʷ ʬʘʢʪʦʨʦʚ ʩʧʝʢʪʨʘ, ʪʠʧʘ 

ʠʟʦʤʝʨʠʠ  ʠ ʠʭ ʩʦʯʝʪʘʥʠʷ ʥʘ ʙʠʦʤʝʪʨʠʯʝʩʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʨʘʩʪʝʥʠʡ ʧʨʦʠʟʚʝʜʝʥʘ ʩ ʧʦʤʦʱʴʶ 

ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʥʠ ʜʣʷ 

ʦʜʥʦʛʦ ʬʠʢʩʠʨʫʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ ʪʠʧ ʠʟʦʤʝʨʠʠ 

ʬʠʣʣʦʪʘʢʩʠʩʘ ʥʝ ʦʢʘʟʘʣ ʟʥʘʯʠʤʦʛʦ ʚʣʠʷʥʠʷ. 

ʅʘʡʜʝʥʦ, ʯʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʯʘʩʪʦʪ ʧʦʷʚʣʝʥʠʷ 

ʣʝʚʳʭ ʠ ʧʨʘʚʳʭ ʠʟʦʤʝʨʦʚ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ 

ʛʝʥʝʪʠʯʝʩʢʦʡ ʩʧʠʨʘʣʠ ʩʦʩʪʘʚʣʷʝʪ ʧʦ ʚʩʝʡ 

ʩʦʚʦʢʫʧʥʦʩʪʠ 2:1. ʋʛʦʣ ʜʠʚʝʨʛʝʥʮʠʠ  ʤʝʞʜʫ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʣʠʩʪʴʷʤʠ ʙʣʠʟʦʢ ʢ 

çʟʦʣʦʪʦʤʫè ʫʛʣʫ ʚ 137.5Á. ʇʨʠ ʦʙʝʩʧʝʯʝʥʥʳʭ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʝ ʨʘʟʣʠʯʠʡ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ 

ʠʟʣʫʯʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ 

ʬʠʣʣʦʪʘʢʩʠʩʘ ʢ ʩʧʝʢʪʨʫ ʥʝ ʚʳʷʚʣʝʥʘ.  

ʂʦʵʬʬʠʮʠʝʥʪʳ ʧʨʦʧʫʩʢʘʥʠʷ ʣʠʩʪʴʝʚ ʠ ʨʷʜ 

ʘʩʩʠʤʠʣʷʮʠʦʥʥʳʭ ʠʥʜʝʢʩʦʚ ʨʘʩʪʝʥʠʡ ʧʦʢʘʟʘʣʠ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʩʧʝʢʪʨʘ 

ʠʩʪʦʯʥʠʢʦʚ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʠʟʣʫʯʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʬʦʪʦʩʠʥʪʝʟʘ ʦʢʘʟʘʣʘʩʴ 

ʚʳʰʝ ʥʘ 28% ʚʳʰʝ ʧʦʜ ʩʧʝʢʪʨʦʤ ʩ ʧʦʚʳʰʝʥʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʩʠʥʝʛʦ ʠʟʣʫʯʝʥʠʷ. 

ʉʦʟʜʘʥʥʳʡ ʎɼʈ ʠʤʝʝʪ ʧʝʨʩʧʝʢʪʠʚʳ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʚ ʯʘʩʪʠ ʨʘʟʨʘʙʦʪʢʠ 

ʧʨʦʛʨʘʤʤʥʦʡ ʦʙʦʣʦʯʢʠ, ʧʦʟʚʦʣʷʶʱʝʡ 

ʧʨʦʠʟʚʦʜʠʪʴ ʘʥʘʣʠʟ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʷ ʧʝʨʮʘ ʥʘ 

ʨʘʩʩʘʜʥʦʤ ʵʪʘʧʝ. 
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1
ʀʥʩʪʠʪʫʪ ʘʛʨʦʠʥʞʝʥʝʨʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

(ʀɸʕʇ) - ʬʠʣʠʘʣ ʌɻɹʅʋ ʌʅɸʎ ɺʀʄ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠ ̫

2
ʌɻɹʆʋ ɺʆ çɹʨʷʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè, ɹʨʷʥʩʢ, ʈʦʩʩʠʷ 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʪʝʧʣʠʯʥʳʭ ʦʙʣʫʯʘʪʝʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ ʚʘʞʥʳ ʚʦʧʨʦʩʳ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʠ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʩʨʝʜʳ ʚʳʨʘʱʠʚʘʥʠʷ ʨʘʩʪʝʥʠʡ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʜʣʷ ʦʧʠʩʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʦʪʦʢʘ ʠʟʣʫʯʝʥʠʷ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʙʦʩʥʦʚʘʥʠʝ ʠ ʚʳʙʦʨ ʧʘʨʘʤʝʪʨʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʩʪʝʧʝʥʴ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʦʙʣʫʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʢʦʤʧʦʥʦʚʦʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

(ʚʳʩʦʪʳ ʧʦʜʚʝʩʘ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ ʦʙʣʫʯʘʪʝʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʨʘʥʠʮ ʫʯʘʩʪʢʘ ʦʙʣʫʯʝʥʠʷ) ʥʘ 

ʵʥʝʨʛʦʵʢʦʣʦʛʠʯʥʦʩʪʴ ʩʚʝʪʦʢʫʣʴʪʫʨʳ. ʀʟʣʦʞʝʥʳ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʩʨʝʜʥʝʛʦ 

ʟʥʘʯʝʥʠʷ ʦʩʚʝʱʝʥʥʦʩʪʠ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʬʦʨʤʫʣʳ ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʚʥʦʤʝʨʥʦʩʪʠ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʧʨʦʚʝʨʢʫ ʧʨʦʚʦʜʠʣʠ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʤʦʜʝʣʠʨʫʶʱʝʡ 

ʧʦʚʝʨʭʥʦʩʪʴ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʨʘʩʪʝʥʠʡ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʦʮʝʥʢʠ ʵʥʝʨʛʦʵʢʦʣʦʛʠʯʥʦʩʪʠ 

ʫʯʠʪʳʚʘʝʪ ʜʚʝ ʝʝ ʩʦʩʪʘʚʣʷʶʱʠʝ: ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʧʦʣʝʟʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʪʦʢʘ ʠʟʣʫʯʝʥʠʷ, ʵʢʦʣʦʛʠʯʥʦʩʪʴ ï ʚʝʣʠʯʠʥʦʡ, ʦʙʨʘʪʥʦʡ 

ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʩʦʟʜʘʚʘʝʤʦʡ ʦʩʚʝʱʝʥʥʦʩʪʠ, ʚʣʠʷʥʠʝ ʢʦʪʦʨʦʡ ʥʘ ʩʚʝʪʦʢʫʣʴʪʫʨʫ ʚʳʷʚʣʝʥʦ ʧʦ 

ʣʠʪʝʨʘʪʫʨʥʳʤ ʠʩʪʦʯʥʠʢʘʤ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚʳʩʦʪʳ ʧʦʜʚʝʩʘ ʩʚʝʪʠʣʴʥʠʢʘ ʥʘʜ 

ʨʘʩʪʝʥʠʷʤʠ ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʚʝʪʦʢʫʣʴʪʫʨʳ. ʆʜʥʘʢʦ ʧʨʠ ʵʪʦʤ 

ʨʘʩʪʝʪ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʢʦʣʦʛʠʯʥʦʩʪʠ. ʆʜʥʦʚʨʝʤʝʥʥʦʝ ʜʝʡʩʪʚʠʝ ʵʪʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ 

ʧʨʠʚʦʜʠʪ ʢ ʩʣʦʞʥʦʤʫ ʭʘʨʘʢʪʝʨʫ ʟʘʚʠʩʠʤʦʩʪʠ ʵʥʝʨʛʦʵʢʦʣʦʛʠʯʥʦʩʪʠ ʦʪ ʚʳʩʦʪʳ ʧʦʜʚʝʩʘ. ɼʦ 

ʥʝʢʦʪʦʨʦʛʦ ʝʝ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʦʵʢʦʣʦʛʠʯʥʦʩʪʴ ʚʦʟʨʘʩʪʘʝʪ, ʧʨʠʥʠʤʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ, ʘ 

ʟʘʪʝʤ ʧʘʜʘʝʪ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʙʦʣʴʰʘʷ ʵʥʝʨʛʦʵʢʦʣʦʛʠʯʥʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʠ ʩʠʤʤʝʪʨʠʯʥʦʤ 

ʨʘʩʧʦʣʦʞʝʥʠʠ ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʚʝʪʦʢʫʣʴʪʫʨʘ, ʦʙʣʫʯʘʪʝʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ, ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʦʩʚʝʱʝʥʠʷ, 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʪʦʢʘ, ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʵʢʦʣʦʛʠʯʥʦʩʪʴ  
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EFFECT OF LIGHTING FIXTURES SPATIAL ARRANGEMENT ON ENERGY AND 

ECOLOGICAL PERFORMANCE OF GREENHOUSE HORTICULTURE 
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     When designing greenhouse lighting systems, of importance are the issues of increasing energy 

efficiency and improving the quality of the growing environment for plants are important. The 

research aimed to present a mathematical apparatus for describing the distribution of the radiation 

flux over the surface, to substantiate and choose the parameters characterizing the uniformity degree 
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of illumination and to investigate the effect of the spatial arrangement of lighting fixtures (their 

suspension height and location against the boundaries of the irradiated area) on the energy and 

ecological performance of greenhouse lighting. The article outlines various approaches to 

determining the average illumination value and presents the formulas for calculating the uniformity 

coefficients. Experimental verification was carried out on a horizontal plane simulating the surface 

for growing plants. The proposed method for assessing energy and ecological performance takes into 

account its two components: energy efficiency was characterised by the coefficient of efficient use of 

the radiation flow, ecological performance was characterised by the value inverse to the uniformity of 

the generated illumination, the role of which in the greenhouse lighting was revealed from the 

literature. The study revealed that with an increase in the suspension height of the lighting fixture 

above the plants, the energy efficiency of the greenhouse lighting decreased. However, the value of 

the ecological performance grew. The simultaneous action of these regularities resulted in the 

complex dependence of the energy and ecological performance on the suspension height. To a certain 

suspension height value, the energy and ecological performance increased to the maximum and then 

dropped. The study demonstrated that high energy and ecological performance was ensured with the 

symmetrical arrangement of the light sources. 

Key words: greenhouse horticulture, lighting fixture, illumination uniformity, flux efficiency, 

energy efficiency, environmental performance 

     For citation: Rakutko S.A., Rakutko E.N., Vaskin A.N. Effect of lighting fixtures spatial 

arrangement on energy and ecological performance of greenhouse horticulture. AgroEkoInzheneriya 

2021. No. 3(108): 33-51 (In Russian) 

ɺʚʝʜʝʥʠʝ 

ʇʦ ʜʘʥʥʳʤ ʙʶʨʦ ʧʝʨʝʧʠʩʠ ʥʘʩʝʣʝʥʠʷ 

ʉʐɸ (Bureau of the Census) ʦʙʱʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʯʝʣʦʚʝʢ ʥʘ ʟʝʤʥʦʤ ʰʘʨʝ ʥʘ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 7,8 

ʤʠʣʣʠʘʨʜʘ ʠ, ʢʘʢ ʦʞʠʜʘʝʪʩʷ, ʫʚʝʣʠʯʠʪʩʷ ʜʦ 

9,0 ʤʣʨʜ ʢ 2050 ʛʦʜʫ. ɼʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʪʨʝʙʫʝʤʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦ ʥʘʣʠʯʠʝ ʚʳʩʦʢʦʨʘʟʚʠʪʦʛʦ 

ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʩ ʵʪʦʡ 

ʦʪʨʘʩʣʴʶ ʩʚʷʟʘʥ ʨʷʜ ʩʝʨʴʝʟʥʳʭ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ -  ʠʟʤʝʥʝʥʠʝ ʢʣʠʤʘʪʘ, 

ʫʪʨʘʪʘ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ, ʜʝʛʨʘʜʘʮʠʷ ʟʝʤʝʣʴ ʠ 

ʧʨʝʩʥʦʡ ʚʦʜʳ. ʇʦʵʪʦʤʫ ʪʘʢ ʚʘʞʥʦ ʨʘʟʚʠʪʠʝ 

ʤʝʪʦʜʦʚ ʚʳʨʘʱʠʚʘʥʠʷ ʨʘʩʪʝʥʠʡ ʚ 

ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ï ʪʝʧʣʠʮʘʭ, 

ʚʝʨʪʠʢʘʣʴʥʳʭ ʬʝʨʤʘʭ, ʘʢʚʘ-, ʛʠʜʨʦ- ʠ 

ʘʵʨʦʧʦʥʥʳʭ ʫʩʪʘʥʦʚʢʘʭ. ɺ ʨʘʡʦʥʘʭ ʩ 

ʥʝʜʦʩʪʘʪʢʦʤ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʜʥʝʚʥʦʛʦ 

ʦʩʚʝʱʝʥʠʷ ʚ ʢʫʣʴʪʠʚʘʮʠʦʥʥʳʭ ʩʦʦʨʫʞʝʥʠʷʭ ʩ 

ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʤʠʢʨʦʢʣʠʤʘʪʦʤ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʶʪ ʦʙʣʫʯʘʪʝʣʴʥʳʝ ʫʩʪʘʥʦʚʢʠ (ʆʙʋ) 

ʜʣʷ ʘʩʩʠʤʠʣʷʮʠʦʥʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʢʘʢ 

ʦʙʷʟʘʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ ʩʠʩʪʝʤʳ ʚʳʨʘʱʠʚʘʥʠʷ 

ʨʘʩʪʝʥʠʡ, ʚ ʟʘʜʘʯʫ ʢʦʪʦʨʳʭ ʚʭʦʜʠʪ 

ʧʦʚʳʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʦʪʦʩʠʥʪʝʟʘ 

(ʘʩʩʠʤʠʣʷʮʠʠ ʉʆ2). ɺʩʝ ʝʱʝ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʪʘʢʠʭ ʫʩʪʘʥʦʚʢʘʭ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʥʘʭʦʜʷʪ ʪʨʘʜʠʮʠʦʥʥʳʝ ʥʘʪʨʠʝʚʳʝ 

ʣʘʤʧʳ. ʆʜʥʘʢʦ ʥʘ ʩʤʝʥʫ ʠʤ ʚʩʝ ʙʦʣʴʰʝ 

ʧʨʠʭʦʜʷʪ ʩʚʝʪʦʜʠʦʜʥʳʝ ʠʩʪʦʯʥʠʢʠ [1]. 

ʇʨʘʢʪʠʯʝʩʢʠ ʧʦʜʪʚʝʨʞʜʝʥʦ, ʯʪʦ 

ʩʚʝʪʦʜʠʦʜʥʦʝ ʦʩʚʝʱʝʥʠʝ ʠʤʝʝʪ ʤʥʦʞʝʩʪʚʦ 

ʧʨʝʠʤʫʱʝʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ 

ʠʩʪʦʯʥʠʢʘʤʠ ʩʚʝʪʘ, ʙʣʘʛʦʜʘʨʷ ʠʭ ʭʦʨʦʰʠʤ 

ʩʧʝʢʪʨʘʣʴʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ, ʙʦʣʴʰʦʤʫ 

ʩʨʦʢ ʩʣʫʞʙʳ, ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ 

ʵʢʦʣʦʛʠʯʥʦʩʪʠ.  

ʇʨʠʤʝʥʝʥʠʝ ʛʠʙʨʠʜʥʳʭ ʩʠʩʪʝʤ 

ʦʩʚʝʱʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʦʪʜʝʣʴʥʳʭ ʪʠʧʦʚ ʠʩʪʦʯʥʠʢʦʚ 

ʩʚʝʪʘ,  ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʤʘʢʩʠʤʘʣʴʥʳʡ 

ʧʦʣʝʟʥʳʡ ʵʬʬʝʢʪ ʦʪ ʠʭ ʩʦʚʤʝʩʪʥʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ [2, 3]. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʨʝʜʩʪʘʚʣʷʝʪ 
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ʩʦʙʦʡ ʨʝʘʣʠʟʘʮʠʶ ʢʦʥʮʝʧʮʠʠ ʥʘʠʣʫʯʰʠʭ 

ʜʦʩʪʫʧʥʳʭ ʪʝʭʥʦʣʦʛʠʡ (ʅɼʊ) ʚ ʩʚʝʪʦʢʫʣʴʪʫʨʝ 

[4]. 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʥʘʨʷʜʫ ʩ ʚʳʙʦʨʦʤ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ ʥʝʦʙʭʦʜʠʤʦ 

ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʤʧʦʥʦʚʦʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʆʙʋ ï ʨʘʟʤʝʱʝʥʠʷ ʩʚʝʪʠʣʴʥʠʢʦʚ ʠ ʚʳʩʦʪʳ ʠʭ 

ʧʦʜʚʝʩʘ. ʅʘʨʷʜʫ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ 

ʦʙʝʩʧʝʯʝʥʠʷ ʩʨʝʜʥʝʛʦ ʫʨʦʚʥʷ ʦʩʚʝʱʝʥʥʦʩʪʠ, 

ʚʘʞʥʘ ʪʘʢ ʞʝ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʦʪʦʢʘ ʧʦ ʚʩʝʡ ʧʣʦʱʘʜʠ ʚʳʨʘʱʠʚʘʥʠʷ [5]. 

ʈʘʟʤʝʱʝʥʠʝ ʩʚʝʪʠʣʴʥʠʢʦʚ ʚ ʪʝʧʣʠʮʝ ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʚʣʠʷʝʪ ʥʘ ʨʘʚʥʦʤʝʨʥʦʩʪʴ 

ʩʦʟʜʘʚʘʝʤʦʛʦ ʦʩʚʝʱʝʥʠʷ. ʂʦʤʧʦʥʦʚʦʯʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʷʚʣʷʶʪʩʷ ʠʩʭʦʜʥʳʤʠ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʠ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʩʚʝʪʠʣʴʥʠʢʦʚ ʚ ʩʠʩʪʝʤʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʦʩʚʝʱʝʥʠʷ ʪʝʧʣʠʮʳ.  

ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʦʜʥʦʨʦʜʥʦʩʪʠ ʩʦʟʜʘʚʘʝʤʦʛʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʪʦʢʘ ʠʩʧʦʣʴʟʫʶʪ ʨʷʜ 

ʧʦʢʘʟʘʪʝʣʝʡ, ʪʘʢʠʭ ʢʘʢ ʛʨʘʜʠʝʥʪ 

ʨʘʚʥʦʤʝʨʥʦʩʪʠ, ʦʪʥʦʰʝʥʠʝ ʤʠʥʠʤʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ʦʩʚʝʱʝʥʥʦʩʪʠ ʢ ʤʘʢʩʠʤʘʣʴʥʦʤʫ, 

ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʩʨʝʜʥʝʛʦ [6]. ɺ 

ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ 

ʟʘʠʤʩʪʚʦʚʘʥʥʳʡ ʠʟ ʤʝʪʦʜʠʢʠ 

ʩʚʝʪʦʪʝʭʥʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʢʦʵʬʬʠʮʠʝʥʪ 

ʤʠʥʠʤʘʣʴʥʦʡ ʦʩʚʝʱʝʥʥʦʩʪʠ, ʚʳʯʠʩʣʷʝʤʳʡ 

ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʩʨʝʜʥʝʡ ʦʩʚʝʱʸʥʥʦʩʪʠ ʢ 

ʤʠʥʠʤʘʣʴʥʦʡ [7]. ʊʘʢ ʞʝ ʠʩʧʦʣʴʟʫʶʪ 

ʢʦʬɻʬʠʮʠʝʥʪ, ʚʳʯʠʩʣʷʝʤʳʡ ʢʘʢ ʦʪʥʦʰʝʥʠʝ 

ʤʠʥʠʤʘʣʴʥʦʡ ʦʩʚʝʱʝʥʥʦʩʪʠ ʢ ʤʘʢʩʠʤʘʣʴʥʦʡ 

[8]. ʅʘ ʧʨʘʢʪʠʢʝ ʠʩʧʦʣʴʟʫʶʪ ʠ ʦʙʨʘʪʥʳʝ 

ʚʝʣʠʯʠʥʳ ʜʣʷ ʵʪʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. ʅʘ 

ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʨʘʟʣʠʯʥʳʭ ʤʝʨ 

ʦʜʥʦʨʦʜʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʚʝʪʦʚʦʛʦ 

ʧʦʪʦʢʘ ʚ ʪʝʧʣʠʮʝ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʯʘʩʪʦʪʥʳʡ ʛʨʘʬʠʢ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ 

ʦʩʚʝʱʝʥʥʦʩʪʠ ʚʦ ʚʩʝʭ ʪʦʯʢʘʭ ʧʣʦʩʢʦʩʪʠ 

ʚʳʨʘʱʠʚʘʥʠʷ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ 

ʦʧʨʝʜʝʣʠʪʴ ʜʦʣʶ ʪʦʯʝʢ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʦʩʚʝʱʝʥʥʦʩʪʴ ʚ ʢʦʪʦʨʳʭ ʫʜʦʚʣʝʪʚʦʨʷʝʪ 

ʥʝʢʦʪʦʨʳʤ ʪʨʝʙʦʚʘʥʠʷʤ (ʥʘʧʨʠʤʝʨ, 

ʦʪʢʣʦʥʷʝʪʩʷ ʦʪ ʩʨʝʜʥʝʛʦ ʫʨʦʚʥʷ ʥʝ ʙʦʣʝʝ ʯʝʤ 

ʥʘ 10%.  

ɼʨʫʛʦʡ ʧʦʜʭʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʨʝʜʥʝʛʦ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ 

ʦʪʢʣʦʥʝʥʠʷ ʫʨʦʚʥʝʡ ʦʩʚʝʱʝʥʥʦʩʪʠ ʚ 

ʨʘʟʣʠʯʥʳʭ ʪʦʯʢʘʭ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦʨʦʝ 

ʷʚʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʤʝʨʦʡ ʦʪʢʣʦʥʝʥʠʷ 

ʫʨʦʚʥʷ ʦʩʚʝʱʝʥʥʦʩʪʠ ʦʪ ʩʨʝʜʥʝʛʦ ʠ 

ʚʳʯʠʩʣʷʝʪʩʷ ʢʘʢ ʩʨʝʜʥʝʝ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʪʦʯʝʢ 

ʦʪʥʦʰʝʥʠʝ ʩʫʤʤʳ ʤʦʜʫʣʝʡ ʨʘʟʥʠʮʳ ʟʥʘʯʝʥʠʡ 

ʦʩʚʝʱʝʥʥʦʩʪʠ ʚ ʪʦʯʢʝ ʠ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʢ 

ʩʨʝʜʥʝʤʫ ʟʥʘʯʝʥʠʶ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ [9]. 

ɺʦʧʨʦʩʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ 

ʘʩʩʠʤʠʣʷʮʠʦʥʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʪʝʧʣʠʮ ʠ 

ʚʳʙʦʨʘ ʢʦʤʧʦʥʦʚʦʯʥʳʭ ʨʝʰʝʥʠʡ ʜʦʩʪʘʪʦʯʥʦ 

ʰʠʨʦʢʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʩʧʝʮʠʘʣʴʥʦʡ 

ʣʠʪʝʨʘʪʫʨʝ. ɺʳʨʘʙʦʪʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 

ʫʩʪʨʦʡʩʪʚʫ ʩʠʩʪʝʤ ʦʩʚʝʱʝʥʠʷ, ʚʳʧʫʩʢʘʝʤʳʭ 

ʦʪʜʝʣʴʥʳʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ [10]. 

ɺʳʷʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ 

ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʩʚʝʪʘ ʥʘ ʨʘʙʦʯʝʡ ʧʣʦʩʢʦʩʪʠ 

ʦʢʘʟʳʚʘʝʪ ʦʪʨʘʞʘʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʚʥʫʪʨʝʥʥʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʩʣʝʜʦʤ ʟʘ ʵʪʠʤ 

ʬʘʢʪʦʨʦʤ ʠʜʝʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ 

ʩʚʝʪʦʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʘ ʢʦʣʠʯʝʩʪʚʦ 

ʩʚʝʪʦʜʠʦʜʦʚ (ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʣʠʷʶʱʝʝ ʥʘ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʩʚʝʱʝʥʠʷ) ʦʢʘʟʳʚʘʝʪ 

ʥʘʠʤʝʥʴʰʝʝ ʚʣʠʷʥʠʝ [11].  

ʀʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʩʚʝʪʦʜʠʦʜʦʚ ʥʘ ʦʜʥʦʨʦʜʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʚ 

ʢʘʤʝʨʘʭ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʨʘʩʪʝʥʠʡ [12]. 

ʉʦʟʜʘʥʘ ʤʦʜʝʣʴ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʦʩʚʝʱʝʥʠʷ ʩ 

ʢʨʘʩʥʦʡ ʠ ʩʠʥʝʡ ʩʚʝʪʦʜʠʦʜʥʦʡ ʤʘʪʨʠʮʝʡ, 

ʠʩʩʣʝʜʦʚʘʥʦ  ʚʣʠʷʥʠʷ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ 

ʩʚʝʪʠʣʴʥʠʢʦʤ ʠ ʦʩʚʝʱʷʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ 

ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʨʘʚʥʦʤʝʨʥʦʩʪʴ 

ʦʩʚʝʱʝʥʠʷ ʨʘʩʪʝʥʠʡ ʩ ʧʦʤʦʱʴʶ ʯʠʩʣʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ [13]. ʀʩʩʣʝʜʦʚʘʥʘ 

ʦʜʥʦʨʦʜʥʦʩʪʴ ʦʩʚʝʱʝʥʠʷ ʩ ʫʯʝʪʦʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʚʝʪʦʜʠʦʜʦʚ ʚ ʩʚʝʪʠʣʴʥʠʢʝ 

[14]. ʊʝʦʨʝʪʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʳ ʠ ʧʨʘʢʪʠʯʝʩʢʠ 

ʠʩʩʣʝʜʦʚʘʥʳ ʚʦʧʨʦʩʳ ʦʧʪʠʤʠʟʘʮʠʠ 
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ʩʚʝʪʦʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʚʝʪʠʣʴʥʠʢʦʚ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʨʘʚʥʦʤʝʨʥʦʝ ʦʩʚʝʱʝʥʠʝ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ [15]. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʨʷʜ ʚʘʞʥʳʭ ʚʦʧʨʦʩʦʚ 

ʦʩʪʘʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʨʘʩʩʤʦʪʨʝʥʥʳʤ. ʕʪʦ 

ʚʦʧʨʦʩʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʪʝʦʨʝʪʠʯʝʩʢʦʡ 

ʬʦʪʦʤʝʪʨʠʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʚʣʠʷʥʠʝʤ 

ʢʦʤʧʦʥʦʚʦʯʥʦʡ ʩʭʝʤʳ ʆʙʋ ʥʘ  

ʵʥʝʨʛʦʵʢʦʣʦʛʠʯʥʦʩʪʴ ʩʚʝʪʦʢʫʣʴʪʫʨʳ, ʪʘʢ ʠ 

ʧʨʘʢʪʠʯʝʩʢʠʝ ʚʦʧʨʦʩʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʪʝʧʝʥʠ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʦʩʚʝʱʝʥʥʦʩʪʠ ʩ 

ʧʦʤʦʱʴʶ ʧʨʦʩʪʳʭ ʬʦʨʤʫʣ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʜʣʷ 

ʦʧʠʩʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʪʦʢʘ ʠʟʣʫʯʝʥʠʷ ʧʦ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʦʙʦʩʥʦʚʘʥʠʝ ʠ ʚʳʙʦʨ 

ʧʘʨʘʤʝʪʨʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʩʪʝʧʝʥʴ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ, ʘ ʪʘʢ ʞʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʚʣʠʷʥʠʷ ʢʦʤʧʦʥʦʚʦʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ 

ʵʥʝʨʛʦʵʢʦʣʦʛʠʯʥʦʩʪʴ ʩʚʝʪʦʢʫʣʴʪʫʨʳ.  

ʕʥʝʨʛʦʵʢʦʣʦʛʠʯʥʦʩʪʴ ʩʚʝʪʦʢʫʣʴʪʫʨʳ ʠ 

ʬʘʢʪʦʨʳ ʝʝ ʦʙʝʩʧʝʯʝʥʠʷ 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʥʘʫʯʥʦʡ ʤʝʪʦʜʦʣʦʛʠʠ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʝʨʠʦʜʘ ʷʚʣʷʝʪʩʷ 

ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʡ ʧʦʜʭʦʜ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʝʛʦ ʩʫʪʴʶ ʨʘʩʤʦʪʨʝʥʠʝ ʩʦʧʨʷʞʝʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʘʩʧʝʢʪʦʚ ʪʘʢʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʣʞʥʦ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʚ ʠʭ 

ʚʟʘʠʤʦʩʚʷʟʠ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʤʦʞʝʪ ʙʳʪʴ 

ʥʘʟʚʘʥ ʵʥʝʨʛʦʵʢʦʣʦʛʠʯʝʩʢʠʤ. ʇʨʠ ʵʪʦʤ ʧʦʜ 

ʵʢʦʣʦʛʠʯʥʦʩʪʴʶ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʦʥʠʤʘʶʪ 

ʩʪʝʧʝʥʴ ʚʦʟʜʝʡʩʪʚʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʦʚ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ [16]. ʗʨʢʠʤ 

ʧʨʠʤʝʨʦʤ ʵʥʝʨʛʦʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ 

ʷʚʣʷʝʪʩʷ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ ʦʮʝʥʢʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʦʧʣʠʚʘ ʩ 

ʝʜʠʥʳʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʟʠʮʠʡ, ʛʜʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʷʚʣʷʶʪʩʷ ʧʦʢʘʟʘʪʝʣʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʦʧʣʠʚʦʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʘ 

ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ - ʫʨʦʚʝʥʴ ʚʨʝʜʥʳʭ ʚʳʙʨʦʩʦʚ. 

ʊʦʯʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʦʮʝʥʢʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʬʘʢʪʦʨʦʚ, ʦʛʨʘʥʠʯʝʥʠʡ ʠ ʮʝʣʝʚʳʭ ʬʫʥʢʮʠʡ 

ʧʦʨʦʡ ʟʘʪʨʫʜʥʝʥʳ, ʧʦʵʪʦʤʫ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʝ 

ʵʥʝʨʛʦʵʢʦʣʦʛʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʘʭʦʜʠʪ 

ʤʝʪʦʜ ʵʢʩʧʝʨʪʥʳʭ ʦʮʝʥʦʢ [17]. 

ʇʦʢʘʟʘʥʳ ʚʦʟʤʦʞʥʦʩʪʠ 

ʵʥʝʨʛʦʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʚ ʚʝʩʴʤʘ 

ʥʝʦʯʝʚʠʜʥʳʭ ʦʙʣʘʩʪʷʭ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ, 

ʥʘʧʨʠʤʝʨ,  ʧʨʠ ʦʮʝʥʢʝ ʧʦʩʣʝʜʩʪʚʠʡ 

ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ ʨʘʟʣʠʯʥʦʛʦ 

ʭʘʨʘʢʪʝʨʘ, ʚʝʜʫʱʠʭ ʢ ʠʟʤʝʥʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ 

ʧʦʪʨʝʙʣʷʝʤʦʡ ʧʨʝʜʧʨʠʷʪʠʝʤ ʤʦʱʥʦʩʪʠ, 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʢʘʯʝʩʪʚʘ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ [18], ʘ ʪʘʢ ʞʝ ʧʨʠ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

ʦʯʠʩʪʥʳʭ ʫʩʪʨʦʡʩʪʚ [19]. 

ʀʟʚʝʩʪʥʘ ʨʝʘʣʠʟʘʮʠʷ ʩʦʚʤʝʩʪʥʦʛʦ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʦʚ ʚ 

ʦʙʣʘʩʪʠ ʘʫʜʠʪʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʢʦʤʧʣʝʢʩʥʦʝ 

ʵʥʝʨʛʦʵʢʦʣʦʛʠʯʝʩʢʦʝ ʦʙʩʣʝʜʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ 

ʚʢʣʶʯʘʝʪ ʫʯʝʪ ʵʥʝʨʛʦʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʠ 

ʵʢʦʣʦʛʦʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, 

ʦʪʨʘʞʘʶʱʠʭ ʧʦʪʦʢʠ ʚʝʱʝʩʪʚʘ ʠ ʵʥʝʨʛʠʠ [20].  

ʊʝʨʤʠʥ çʩʚʝʪʦʢʫʣʴʪʫʨʘè ʦʟʥʘʯʘʝʪ 

ʪʝʭʥʦʣʦʛʠʶ ʚʳʨʘʱʠʚʘʥʠʷ ʨʘʩʪʝʥʠʡ ʚ 

ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ ʢʘʢ ʩʨʝʜʩʪʚʘ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʘ ʪʘʢ ʞʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʦʙʣʘʩʪʴ ʥʘʫʯʥʳʭ ʟʥʘʥʠʡ, 

ʩʠʥʪʝʟʠʨʫʶʱʫʶ ʚ ʩʝʙʝ ʦʪʜʝʣʴʥʳʝ 

ʥʘʧʨʘʚʣʝʥʠʷ ʝʩʪʝʩʪʚʝʥʥʳʭ, ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ. ʕʥʝʨʛʦʵʢʦʣʦʛʠʯʝʩʢʠʡ 

ʧʦʜʭʦʜ ʟʜʝʩʴ  ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʠʟʫʯʝʥʠʝ 

ʩʪʨʫʢʪʫʨʳ ʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʧʦʪʦʢʘ 

ʩʫʙʩʪʘʥʮʠʡ ʚ ʠʩʢʫʩʩʪʚʝʥʥʦʡ 

ʙʠʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʩʚʝʪʦʢʫʣʴʪʫʨʳ 

(ʀɹʕʉʉ) [21]. ʈʘʩʪʝʥʠʷ, ʚʳʨʘʱʠʚʘʝʤʳʝ ʚ 

ʩʨʝʜʝ, ʩʦʟʜʘʚʘʝʤʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ 

ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʦʙʨʘʟʫʶʪ ʦʩʦʙʫʶ 

ʵʢʦʩʠʩʪʝʤʫ, ʧʘʨʘʤʝʪʨʳ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʶʪ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʠʤʠ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʭʦʜʝ ʬʦʪʦʩʠʥʪʝʟʘ. 

ɽʩʣʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʩʚʝʪʦʢʫʣʴʪʫʨʳ ʚ ʮʝʣʦʤ ʣʠʙʦ ʝʝ ʦʪʜʝʣʴʥʳʭ 
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ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ ʪʨʘʢʪʫʝʪʩʷ ʚʝʩʴʤʘ 

ʩʪʘʥʜʘʨʪʥʳʤ ʦʙʨʘʟʦʤ, ʯʝʨʝʟ ʵʥʝʨʛʦʝʤʢʦʩʪʴ 

(ʠʣʠ ʂʇɼ) ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʦʮʝʩʩʦʚ, ʪʦ 

ʦʮʝʥʢʘ ʵʢʦʣʦʛʠʯʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʥʝʧʨʦʩʪʫʶ ʤʝʪʦʜʠʯʝʩʢʫʶ ʟʘʜʘʯʫ. 

ʇʨʠʚʥʝʩʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ 

ʦʟʥʘʯʘʝʪ ʫʯʝʪ ʦʨʛʘʥʠʟʘʮʠʠ ʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʥʘʜʦʨʛʘʥʠʟʤʝʥʥʳʭ ʩʠʩʪʝʤ 

ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʨʘʩʪʝʥʠʡ ʚ 

ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ 

ʨʘʩʪʝʥʠʡ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ. 

ʉʪʘʥʜʘʨʪʥʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤʠ 

ʬʘʢʪʦʨʘʤʠ, ʚʣʠʷʶʱʠʤʠ ʥʘ ʨʘʩʪʝʥʠʷ ʚ 

ʩʚʝʪʦʢʫʣʴʪʫʨʝ (ʚ ʥʦʚʦʡ ʪʝʨʤʠʥʦʣʦʛʠʠ, ʥʘ ʝʝ 

ʵʥʝʨʛʦʵʢʦʣʦʛʠʯʥʦʩʪʴ) ʷʚʣʷʶʪʩʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʦʟʜʘʚʘʝʤʦʛʦ ʧʦʪʦʢʘ, 

ʩʧʝʢʪʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʠʟʣʫʯʝʥʠʷ, 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ. ʈʘʚʥʦʤʝʨʥʦʩʪʴ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʪʦʢʘ ʚ ʩʚʝʪʦʢʫʣʴʪʫʨʝ 

(ʦʧʨʝʜʝʣʷʝʤʘʷ ʧʨʝʞʜʝ ʚʩʝʛʦ 

ʢʦʤʧʦʥʦʚʦʯʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʆʙʋ) ʦʙʳʯʥʦ 

ʚʳʧʘʜʘʝʪ ʠʟ ʨʘʩʩʤʦʪʨʝʥʠʷ, ʭʦʪʷ ʷʚʣʷʝʪʩʷ 

ʦʯʝʥʴ ʚʘʞʥʦʡ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʦʩʚʝʪʠʪʝʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ 

ʙʳʪʦʚʳʭ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʤʝʱʝʥʠʡ, 

ʚʦʧʨʦʩʳ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʦʩʚʝʱʝʥʠʷ ʨʘʩʪʝʥʠʡ 

ʚ ʪʝʧʣʠʮʝ ʠʤʝʶʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ. ʕʪʦ 

ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʛʣʘʟʘ 

ʯʝʣʦʚʝʢʘ, ʢʦʪʦʨʳʡ ʚʦʩʧʨʠʥʠʤʘʝʪ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʪʘ ʚ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ 

ʰʢʘʣʝ, ʧʦʟʚʦʣʷʶʱʝʡ ʚʦʩʧʨʠʥʠʤʘʪʴ ʩʚʝʪʦʚʳʝ 

ʩʠʛʥʘʣʳ ʚ ʙʦʣʴʰʦʤ ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʥʝʥʠʷ 

ʦʩʚʝʱʝʥʥʦʩʪʠ, ʨʘʩʪʝʥʠʷ ʨʝʘʛʠʨʫʶʪ ʥʘ 

ʫʨʦʚʝʥʴ ʦʩʚʝʱʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʣʠʥʝʡʥʦ. 

ʄʘʣʳʝ, ʥʝʟʘʤʝʪʥʳʝ ʥʘ ʛʣʘʟ ʠʟʤʝʥʝʥʠʷ 

ʦʩʚʝʱʝʥʥʦʩʪʠ, ʦʢʘʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʨʦʩʪ, ʨʘʟʚʠʪʠʝ ʠ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʨʘʩʪʝʥʠʡ ʚ ʩʚʝʪʦʢʫʣʴʪʫʨʝ. 

ʂʨʦʤʝ ʪʦʛʦ, ʫ ʨʘʟʣʠʯʥʳʭ ʵʢʟʝʤʧʣʷʨʦʚ 

ʨʘʩʪʝʥʠʡ, ʚʳʨʘʱʠʚʘʝʤʳʭ ʚ ʨʘʟʣʠʯʥʳʭ ʪʦʯʢʘʭ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʦʩʚʝʱʝʥʠʷ 

ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʨʘʟʙʨʦʩʫ 

ʬʠʢʩʠʨʫʝʤʦʛʦ ʦʪʢʣʠʢʘ ʨʘʩʪʝʥʠʡ ʥʘ ʫʩʣʦʚʠʷ 

ʚʳʨʘʱʠʚʘʥʠʷ, ʯʪʦ ʢʨʠʪʠʯʥʦ ʚ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʧʨʘʢʪʠʢʝ, ʛʜʝ ʚʘʞʥʳʤ 

ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ 

ʜʦʩʪʦʚʝʨʥʦʩʪʠ [22].  

ʇʨʠ ʥʝʨʘʚʥʦʤʝʨʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʩʚʝʪʘ  

ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʬʦʪʦʩʠʥʪʝʟʠʨʫʶʱʠʭ ʦʨʛʘʥʦʚ 

ʨʘʩʪʝʥʠʡ ʥʝʦʜʠʥʘʢʦʚʦʡ ʪʘʢ ʞʝ ʷʚʣʷʝʪʩʷ 

ʩʢʦʨʦʩʪʴ ʜʝʣʝʥʠʷ ʢʣʝʪʦʢ ʚ ʝʛʦ ʨʘʟʣʠʯʥʳʭ 

ʯʘʩʪʷʭ. ɼʘʞʝ ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ 

ʚʳʨʘʱʠʚʘʥʠʷ, ʨʘʩʪʝʥʠʷ ʦʜʥʦʡ ʛʨʫʧʧʳ ʙʫʜʫʪ 

ʠʤʝʪʴ ʨʘʟʣʠʯʥʳʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʠ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʯʪʦ ʧʦʚʣʠʷʝʪ 

ʥʘ ʢʘʯʝʩʪʚʦ ʢʘʢ ʩʘʤʠʭ ʨʘʩʪʝʥʠʡ, ʪʘʢ ʠ 

ʧʦʣʫʯʘʝʤʦʡ ʦʪ ʥʠʭ ʧʨʦʜʫʢʮʠʠ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ 

ʵʢʦʣʦʛʠʯʥʦʩʪʴʶ ʩʚʝʪʦʢʫʣʴʪʫʨʳ. ʊʘʢ ʞʝ 

ʧʨʦʙʣʝʤʘʪʠʯʥʳʤ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʝʜʠʥʳʭ 

ʘʣʛʦʨʠʪʤʦʚ ʫʧʨʘʚʣʝʥʠʷ ʚʳʨʘʱʠʚʘʥʠʝʤ ʜʣʷ 

ʨʘʩʪʝʥʠʡ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʨʘʟʣʠʯʥʦʤ 

ʙʠʦʣʦʛʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ,  ʯʪʦ  ʩʥʠʞʘʝʪ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʚʝʪʦʢʫʣʴʪʫʨʳ. 

ʆʪʤʝʯʝʥʥʳʝ ʧʨʠʯʠʥʳ ʪʨʝʙʫʶʪ ʫʣʫʯʰʝʥʠʷ 

ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʦʩʚʝʱʝʥʠʷ ʚ ʧʦʤʝʱʝʥʠʷʭ ʠ 

ʫʩʪʘʥʦʚʢʘʭ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʨʘʩʪʝʥʠʡ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʵʥʝʨʛʠʠ ʠ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʨʘʩʪʝʥʠʡ [23]. 

ʀʤʝʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʷ 

ʩʦʟʜʘʚʘʝʤʦʡ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ 

ʩʚʝʪʠʣʴʥʠʢʦʚ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʩʚʝʪʘ ʚ ʪʝʧʣʠʮʝ 

ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴʶ [24]. ʆʪʤʝʯʘʝʪʩʷ, 

ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʚʝʪʘ ʠ ʝʛʦ ʧʦʛʣʦʱʝʥʠʝ 

ʢʨʦʥʦʡ ʨʘʩʪʝʥʠʷ ʙʦʣʝʝ ʚʘʞʥʳ, ʯʝʤ 

ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʂʇɼ ʧʨʠʙʦʨʘ, ʧʨʠ ʵʪʦʤ 

ʮʝʥʥʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ ʦʜʥʦʨʦʜʥʳʭ ʨʘʩʪʝʥʠʡ 

ʤʦʞʝʪ ʙʳʪʴ ʙʦʣʝʝ ʚʘʞʥʘ, ʯʝʤ ʬʘʢʪʦʨ 

ʤʝʥʴʰʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʬʦʪʦʥʥʦʛʦ ʧʦʪʦʢʘ. ɸʚʪʦʨʳ ʠʩʩʣʝʜʦʚʘʥʠʷ  

ʧʨʠʚʦʜʷʪ ʘʥʘʣʦʛʠʶ ʩ ʧʦʣʠʚʦʤ, ʢʦʛʜʘ 

ʧʨʠʤʝʥʝʥʠʝ ʪʦʯʥʦʛʦ ʦʨʦʰʝʥʠʷ ʤʦʞʝʪ 

ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʚʦʜʳ. ʊʦʯʥʦʝ ʦʩʚʝʱʝʥʠʝ ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ 

ʘʥʘʣʦʛʠʯʥʦ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ [25]. 
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ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ 

ʘʥʘʣʠʟʘ ʵʥʝʨʛʦʵʢʦʣʦʛʠʯʥʦʩʪʠ ʩʚʝʪʦʢʫʣʴʪʫʨʳ, 

ʟʘʢʣʶʯʘʶʱʘʷʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʵʪʘʧʘʭ ʚ ʙʣʦʢʘʭ ʤʦʜʝʣʠ ʀɹʕʉʉ. ɺ 

ʦʜʥʦʤ ʠʟ ʙʣʦʢʦʚ ʤʦʜʝʣʠ ʫʯʠʪʳʚʘʝʪʩʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʪʦʢʘ ʧʦ ʦʩʚʝʱʘʝʤʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ [26]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʦʙʝʩʧʝʯʝʥʠʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʪʝʧʣʠʯʥʳʭ ʆʙʋ [27] ʠ, ʚ ʙʦʣʝʝ ʰʠʨʦʢʦʤ 

ʧʦʥʠʤʘʥʠʠ, ʵʥʝʨʛʦʵʢʦʣʦʛʠʯʥʦʩʪʠ 

ʩʚʝʪʦʢʫʣʴʪʫʨʳ [28], ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ 

ʘʩʧʝʢʪʦʤ ʚʳʨʘʱʠʚʘʥʠʷ ʨʘʩʪʝʥʠʡ ʚ 

ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢ ʥʘʩʪʦʷʱʝʤʫ 

ʚʨʝʤʝʥʠ ʟʘʜʘʯʘ ʩʦʟʜʘʥʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʧʦʢʘʟʘʪʝʣʷ ʵʥʝʨʛʦʵʢʦʣʦʛʠʯʥʦʩʪʠ 

ʩʚʝʪʦʢʫʣʴʪʫʨʳ  ʧʦʣʥʦʩʪʴʶ ʥʝ ʨʝʰʝʥʘ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʴ ʝʝ ʤʦʜʝʣʝʡ, 

ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ ʢʦʥʪʨʦʣʷ [29]. ɺ ʨʘʤʢʘʭ 

ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʯʠʩʣʝʥʥʦ ʦʧʨʝʜʝʣʠʤ ʚʝʣʠʯʠʥʫ 

ʵʥʝʨʛʦʵʢʦʣʦʛʠʯʥʦʩʪʠ (ʕʕ) ʩʚʝʪʦʢʫʣʴʪʫʨʳ ʢʘʢ 

ʧʨʦʠʟʚʝʜʝʥʠʝ ʝʝ ʜʚʫʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ï 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ (ʕʥ) ʠ ʵʢʦʣʦʛʠʯʥʦʩʪʠ 

(ʕʢ) 

ʕʕ=ʕʥ
.
ʕʢ.                           (1) 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩ ʯʠʩʣʝʥʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʦʙʳʯʥʦ ʥʝ ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩʦʚ, ʝʝ ʤʝʨʦʡ 

ʷʚʣʷʝʪʩʷ ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʧʨʦʮʝʩʩʘ, ʪʦʯʥʝʝ, 

ʦʙʨʘʪʥʘʷ ʝʡ ʚʝʣʠʯʠʥʘ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʢʘʢ 

ʦʪʥʦʰʝʥʠʝ ʧʦʣʝʟʥʦ ʠʩʧʦʣʴʟʫʝʤʦʡ ʵʥʝʨʛʠʠ ʢ 

ʟʘʪʨʘʯʝʥʥʦʡ. 

ʉʣʦʞʥʝʝ ʦʙʩʪʦʠʪ ʜʝʣʦ ʩ ʵʢʦʣʦʛʠʯʥʦʩʪʴʶ, 

ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʢʦʪʦʨʦʛʦ ʚ ʣʠʪʝʨʘʪʫʨʝ 

ʠʤʝʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ. ʆʜʥʘʢʦ ʜʘʞʝ ʚ 

ʦʪʩʫʪʩʪʚʠʝ ʪʦʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʨʤʠʥʘ 

çʵʢʦʣʦʛʠʯʥʦʩʪʴè ʤʦʞʥʦ ʜʘʪʴ ʠʥʪʫʠʪʠʚʥʦ 

ʧʦʥʷʪʥʫʶ ʪʨʘʢʪʦʚʢʫ ʯʝʨʝʟ ʯʘʩʪʥʳʝ ʩʣʫʯʘʠ ʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʋʞʝ ʦʪʤʝʯʘʣʘʩʴ ʩʚʷʟʴ ʵʪʦʛʦ 

ʧʦʥʷʪʠʷ ʩ ʧʦʪʦʢʦʤ ʚʝʱʝʩʪʚʘ ʠ ʵʥʝʨʛʠʠ ʚ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ɼʨʫʛʦʡ ʘʩʧʝʢʪ 

ʵʢʦʣʦʛʠʯʥʦʩʪʠ ï ʫʜʦʙʩʪʚʦ, 

ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʴ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʩʨʝʜʳ ʢ 

ʦʙʠʪʘʥʠʶ ʚ ʥʝʡ ʞʠʚʳʭ ʩʫʱʝʩʪʚ. 

ʕʢʦʣʦʛʠʯʥʳʤ ʥʘʟʳʚʘʶʪ ʜʦʤ, ʠʣʠ ʤʝʩʪʥʦʩʪʴ ʩ 

ʠʭ  ʢʦʤʬʦʨʪʥʦʡ ʩʨʝʜʦʡ ʦʙʠʪʘʥʠʷ. ʊʦʛʜʘ ʧʦʜ 

ʵʢʦʣʦʛʠʯʥʦʩʪʴʶ ʩʚʝʪʦʢʫʣʴʪʫʨʳ ʩʣʝʜʫʝʪ 

ʧʦʥʠʤʘʪʴ ʩʪʝʧʝʥʴ ʩʦʦʪʚʝʪʩʪʚʠʷ ʦʙʝʩʧʝʯʝʥʥʦʡ  

ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʨʝʜʩʪʚʘʤʠ ʩʨʝʜʳ ʚ ʀɹʕʉʉ 

ʪʨʝʙʦʚʘʥʠʷʤ ʚʳʨʘʱʠʚʘʝʤʳʭ ʨʘʩʪʝʥʠʡ, ʧʨʠ 

ʢʦʪʦʨʳʭ ʚ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʝʨʝ ʨʘʩʢʨʳʚʘʝʪʩʷ 

ʠʭ ʛʝʥʝʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ. ɼʣʷ ʯʠʩʣʝʥʥʦʡ 

ʦʮʝʥʢʝ ʵʢʦʣʦʛʠʯʥʦʩʪʠ ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ 

ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʙʳʪʴ ʧʦʢʘʟʘʪʝʣʠ 

ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ ï ʙʠʦʣʦʛʠʯʝʩʢʠʝ 

(ʫʨʦʞʘʡʥʦʩʪʴ, ʩʪʘʙʠʣʴʥʦʩʪʴ ʨʘʟʚʠʪʠʷ 

ʨʘʩʪʝʥʠʡ ʠ ʜʨ.), ʣʠʙʦ ʪʝʭʥʠʯʝʩʢʠʝ, ʚʣʠʷʶʱʠʝ 

ʥʘ ʬʠʟʠʦʣʦʛʠʶ ʨʘʩʪʝʥʠʡ (ʨʘʚʥʦʤʝʨʥʦʩʪʴ 

ʧʦʣʷ ʦʙʣʫʯʝʥʥʦʩʪʠ, ʢʘʢ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ). 

ʌʦʪʦʤʝʪʨʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʦʮʝʥʢʠ 

ʵʥʝʨʛʦʵʢʦʣʦʛʠʯʥʦʩʪʠ 

ʄʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʜʘʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʧʦʣʦʞʝʥʠʷʭ 

ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʬʦʪʦʤʝʪʨʠʠ, ʚ ʢʦʪʦʨʦʡ 

ʦʙʣʫʯʝʥʥʦʩʪʴ ɽ ʚʳʩʪʫʧʘʝʪ ʢʘʢ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ, 

ʧʨʦʪʝʢʘʶʱʠʭ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʠʟʣʫʯʝʥʠʷ ʠ 

ʯʠʩʣʝʥʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʧʦʪʦʢʘ 

ʠʟʣʫʯʝʥʠʷ dʌ  ʢ ʧʣʦʱʘʜʠ ʵʣʝʤʝʥʪʘ 

ʧʦʚʝʨʭʥʦʩʪʠ dS ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ (x,y), ʥʘ 

ʢʦʪʦʨʫʶ ʦʥ ʧʘʜʘʝʪ 

dS

ʌ
),(

d
yxɽ = .                          (2) 

ɽʜʠʥʠʮʝʡ ʠʟʤʝʨʝʥʠʷ ʦʙʣʫʯʝʥʥʦʩʪʠ ʚ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʚʝʣʠʯʠʥ ʷʚʣʷʝʪʩʷ 

ɺʪ
.
ʤ

-2
. ɺ ʩʚʝʪʦʢʫʣʴʪʫʨʝ ʚ  ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʠʩʧʦʣʴʟʫʶʪ ʚʝʣʠʯʠʥʫ ʬʦʪʦʥʥʦʡ 

ʦʙʣʫʯʝʥʥʦʩʪʠ, ʠʟʤʝʨʷʝʤʫʶ ʚ Õmol
.
m

-2.
c

-1
. ɺ 

ʩʚʝʪʦʚʦʡ ʩʠʩʪʝʤʝ ʝʜʠʥʠʮʝʡ ʘʥʘʣʦʛʠʯʥʘʷ 

ʚʝʣʠʯʠʥʘ ʥʘʟʳʚʘʝʪʩʷ ʦʩʚʝʱʝʥʥʦʩʪʴʶ ʠ 

ʠʟʤʝʨʷʝʪʩʷ ʚ ʣʶʢʩʘʭ. ɼʣʷ ʠʩʪʦʯʥʠʢʘ ʩ 

ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʩʧʝʢʪʨʦʤ ʟʥʘʯʝʥʠʷ 

ʦʩʚʝʱʝʥʥʦʩʪʠ ʠ ʦʙʣʫʯʝʥʥʦʩʪʠ ʩʚʷʟʘʥʳ 

ʣʠʥʝʡʥʦ, ʧʦʵʪʦʤʫ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʣʶʙʫʶ 

ʝʜʠʥʠʮʫ ʠʟʤʝʨʝʥʠʷ. ʅʘʠʙʦʣʝʝ ʫʜʦʙʥʳ 
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ʠʟʤʝʨʝʥʠʷ ʣʶʢʩʤʝʪʨʦʤ, ʧʦʵʪʦʤʫ ʜʘʥʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʦ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʩʚʝʪʦʚʦʡ ʩʠʩʪʝʤʳ ʚʝʣʠʯʠʥ. 

ʇʨʠ ʨʘʟʤʝʱʝʥʠʠ ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ ʥʘʜ 

ʦʩʚʝʱʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʥʘ ʦʪʜʝʣʴʥʳʝ 

ʫʯʘʩʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʚʳʜʝʣʝʥʥʳʝ ʚ 

ʦʢʨʝʩʪʥʦʩʪʷʭ ʦʧʨʝʜʝʣʝʥʥʳʭ ʪʦʯʝʢ, ʧʘʜʘʝʪ 

ʨʘʟʣʠʯʥʳʡ ʧʦʪʦʢ. ʂʘʞʜʦʡ ʪʦʯʢʝ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ x,y ʤʦʞʥʦ ʩʦʧʦʩʪʘʚʠʪʴ 

ʟʥʘʯʝʥʠʝ ʦʩʚʝʱʝʥʥʦʩʪʠ ɽ(ʭ,y). ɺ ʦʙʱʝʤ 

ʩʣʫʯʘʝ, ʚʝʣʠʯʠʥʘ ʬʦʨʤʠʨʫʝʤʦʡ ʦʩʚʝʱʝʥʥʦʩʪʠ 

ʚ ʨʘʟʣʠʯʥʳʭ ʪʦʯʢʘʭ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʣʠʯʥʘ. 

ʇʦʣʫʯʘʝʤʘʷ ʚ ʪʨʝʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʬʠʛʫʨʘ (ʪʝʣʦ ʦʩʚʝʱʝʥʥʦʩʪʠ) ʠʤʝʝʪ ʦʙʲʝʤ, 

ʚʳʯʠʩʣʷʝʤʳʡ ʧʦ ʬʦʨʤʫʣʝ 

ñ=
S

dSyxɽʌ ),( ,                    (3) 

ʢʦʪʦʨʳʡ ʯʠʩʣʝʥʥʦ ʨʘʚʝʥ ʧʘʜʘʶʱʝʤʫ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʪʦʢʫ ʠʟʣʫʯʝʥʠʷ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʟʘʭʚʘʪʘ ʧʦʪʦʢʘ, 

ʛʝʥʝʨʠʨʫʝʤʦʛʦ ʠʩʪʦʯʥʠʢʦʤ ʩʚʝʪʘ, 

ʦʩʚʝʱʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʤʦʞʝʪ ʙʳʪʴ 

ʦʮʝʥʝʥʘ ʚʝʣʠʯʠʥʦʡ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʣʝʟʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʪʦʢʘ (ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʡ 

ʥʘʣʦʛ ʂʇɼ) 

100%
ʌ

ʌ
ʂʇʀ

ʀʉ

= ,                 (4) 

ʛʜʝ ʀʉʌ - ʧʦʪʦʢ, ʠʟʣʫʯʘʝʤʳʡ ʠʩʪʦʯʥʠʢʦʤ 

ʩʚʝʪʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʦ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ 

ʥʘʤʠ ʧʨʦʮʝʩʩʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʦʪʦʢʘ ʧʦ ʦʩʚʝʱʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʵʪʘ 

ʚʝʣʠʯʠʥʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʥʷʪʘ ʟʘ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʪ.ʝ. ʕʥ=ʂʇʀ. 

ʕʪʘ ʚʝʣʠʯʠʥʘ ʟʘʚʠʩʠʪ ʦʪ ʢʦʤʧʦʥʦʚʦʯʥʦʡ 

ʩʭʝʤʳ ʆʙʋ (ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ ʠ ʦʩʚʝʱʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʧʨʝʞʜʝ ʚʩʝʛʦ, ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʥʠʤʠ, 

ʟʘʜʘʚʘʝʤʦʛʦ ʚʳʩʦʪʦʡ ʧʦʜʚʝʩʘ). 

ɽʩʣʠ ɽ(ʭ,y)=const, ʪʦ ʦʪ ʟʥʘʯʝʥʠʷ 

ʦʩʚʝʱʝʥʥʦʩʪʠ ʚ ʪʦʯʢʝ ʤʦʞʥʦ ʧʝʨʝʡʪʠ ʢ 

ʩʨʝʜʥʝʡ ʦʩʚʝʱʝʥʥʦʩʪʠ: 

S

ʌ
ɽʩʨ= ,                             (5) 

ʛʜʝ ʌ ï ʧʦʣʥʳʡ ʧʦʪʦʢ, ʧʘʜʘʶʱʠʡ ʥʘ ʚʩʶ 

ʧʦʚʝʨʭʥʦʩʪʴ ʧʣʦʱʘʜʴʶ S. 

ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʚ ʩʚʝʪʦʪʝʭʥʠʢʝ 

ʠʩʧʦʣʴʟʫʶʪ ʢʨʠʚʫʶ, ʧʦʣʫʯʘʝʤʫʶ ʩʝʯʝʥʠʝʤ 

ʪʝʣʘ ʦʩʚʝʱʝʥʥʦʩʪʠ ʧʣʦʩʢʦʩʪʴʶ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʦʩʚʝʱʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʠ ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʧʨʦʝʢʮʠʶ ʪʦʯʢʠ ʧʦʜʚʝʩʘ 

ʩʚʝʪʠʣʴʥʠʢʘ. ɼʣʷ ʪʠʧʠʯʥʦʛʦ ʩʣʫʯʘʷ (ʧʣʦʩʢʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ, ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦ) 

ʵʪʘ ʢʨʠʚʘʷ ʥʘʟʳʚʘʝʪʩʷ ʢʨʠʚʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʦʩʚʝʱʝʥʥʦʩʪʠ (ʂɻʆ). ʊʠʧʠʯʥʳʡ ʚʠʜ ʂɻʆ 

ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʘʭ 1 ʠ 2.  

ʍʘʨʘʢʪʝʨʥʳʤʠ ʪʦʯʢʘʤʠ ʟʜʝʩʴ ʩʣʝʜʫʝʪ 

ʚʳʜʝʣʠʪʴ  ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʦʩʚʝʱʝʥʥʦʩʪʠ ɽmax; ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʦʩʚʝʱʝʥʥʦʩʪʠ ɽmin ʚ ʪʦʯʢʝ ʧʦʚʝʨʭʥʦʩʪʠ ʩ 

ʢʦʦʨʜʠʥʘʪʦʡ xʢʨ; ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 

ʦʩʚʝʱʝʥʥʦʩʪʠ ɽʩʨ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ 

ʥʘʡʜʝʥʦ ʠʟ ʩʣʝʜʫʶʱʠʭ ʩʦʦʙʨʘʞʝʥʠʡ. 

 

ʈʠʩ. 1. ʂ ʦʧʨʝʜʝʣʝʥʠʶ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ 

ʦʩʚʝʱʝʥʥʦʩʪʠ ʦʪ ʢʨʫʛʣʦʩʠʤʤʝʪʨʠʯʥʦʛʦ 

ʩʚʝʪʠʣʴʥʠʢʘ 

 

ʇʦʩʪʨʦʠʤ ʂɻʆ ʚ ʧʣʦʩʢʦʩʪʠ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʦʩʚʝʱʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ɺ ʩʠʣʫ ʩʠʤʤʝʪʨʠʠ ʩʚʝʪʠʣʴʥʠʢʘ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤ ʫʯʘʩʪʢʦʤ ʧʦʚʝʨʭʥʦʩʪʠ 

ʷʚʣʷʝʪʩʷ ʜʠʩʢ, ʮʝʥʪʨ ʢʦʪʦʨʦʛʦ ʩʦʚʧʘʜʘʝʪ ʩ 
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ʪʦʯʢʦʡ ʧʨʦʝʢʮʠʠ ʩʚʝʪʠʣʴʥʠʢʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ.  

ɼʘʜʠʤ ʢʦʦʨʜʠʥʘʪʝ ʭ ʧʨʠʨʘʱʝʥʠʝ dx. 

ʕʣʝʤʝʥʪʘʨʥʳʤ ʫʯʘʩʪʢʦʤ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ ʷʚʣʷʝʪʩʷ ʢʦʣʴʮʦ ʩ ʨʘʜʠʫʩʦʤ x, 

ʧʣʦʱʘʜʴ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʝʪ  

xdxdS p2= .                       (6) 

ʇʦʪʦʢ, ʧʘʜʘʶʱʠʡ ʥʘ ʵʪʦ ʢʦʣʴʮʦ ʦʪ 

ʩʚʝʪʠʣʴʥʠʢʘ ʨʘʚʝʥ 

dSEdʌ x= ,                        (7) 

ʛʜʝ Ex ï ʦʩʚʝʱʝʥʥʦʩʪʴ ʚ ʪʦʯʢʝ ʩ 

ʢʦʦʨʜʠʥʘʪʦʡ x (ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʂɻʆ). 

ʊʦʛʜʘ  

xdxEdʌ x p2= ,                    (8) 

ʠ ʧʦʪʦʢ, ʧʘʜʘʶʱʠʡ ʥʘ ʜʠʩʢ ʨʘʜʠʫʩʦʤ ʭʢʨ 

xdx

x

xEʌ
ʢʨ

ñ=
0

)(2p .                (9) 

ʇʣʦʱʘʜʴ ʜʠʩʢʘ 

xS 2
ʢʨp= .                      (10) 

ʉʨʝʜʥʷʷ ʦʩʚʝʱʝʥʥʦʩʪʴ ʜʣʷ 

ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʯʘʩʪʥʦʛʦ ʩʣʫʯʘʷ 

x

dx

x

xxE

ɽ

ʢʨ

ʩʨ 2
ʢʨ

0

)(

2
ñ

= .                  (11) 

ʇʦʩʢʦʣʴʢʫ ʥʘ ʧʨʘʢʪʠʢʝ ʚʳʯʠʩʣʝʥʠʝ ʧʦ 

ʬʦʨʤʫʣʝ (10) ʟʘʪʨʫʜʥʝʥʦ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʩʣʝʜʫʶʱʠʝ ʧʦʜʭʦʜʳ ʢ ʥʘʭʦʞʜʝʥʠʶ ʩʨʝʜʥʝʛʦ 

ʟʥʘʯʝʥʠʷ. 

1. ʉʨʝʜʥʝʝ ʤʝʞʜʫ ʤʠʥʠʤʘʣʴʥʳʤ ʠ 

ʤʘʢʩʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ 

2

minmax

1

EE
ɽʩʨ

+
= .                (12) 

2. ʉʨʝʜʥʝʝ ʜʣʷ ʚʩʝʛʦ ʤʥʦʞʝʩʪʚʘ 

ʨʘʩʯʝʪʥʳʭ ʪʦʯʝʢ ʧʦʚʝʨʭʥʦʩʪʠ 

ä
=

=
n

i

iʩʨ E
n

ɽ
1

2

1
.                     (13) 

ʈʘʚʥʦʤʝʨʥʦʩʪʴ ʭʦʜʘ ʢʨʠʚʦʡ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʚʝʱʝʥʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʨʘʚʥʦʤʝʨʥʦʩʪʠ. ɿʜʝʩʴ ʪʘʢ ʞʝ 

ʚʦʟʤʦʞʥʳ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ. 

1. ʏʝʨʝʟ ʤʘʢʩʠʤʘʣʴʥʦʝ ʠ ʤʠʥʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʷ ʦʩʚʝʱʝʥʥʦʩʪʠ  

min

max

ɽ

E
z =1 .                            (14) 

2. ʏʝʨʝʟ ʩʨʝʜʥʝʝ ʠ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʷ 

ʦʩʚʝʱʝʥʥʦʩʪʠ  

min

ʩʨ

E

ɽ
z 1

21=  ʠ 
min

ʩʨ

E

ɽ
z 2

22=                   (15) 

ʇʨʠ ʨʘʚʥʦʤʝʨʥʦʤ ʭʘʨʘʢʪʝʨʝ ʢʨʠʚʦʡ ɽ(ʭ) 

Emin=Emax=Eʩʨ ʟʥʘʯʝʥʠʷ ʵʪʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʨʘʚʥʳ ʝʜʠʥʠʮʝ. ʇʨʠ ʙʦʣʴʰʠʭ ʦʪʢʣʦʥʝʥʠʷʭ 

ʢʨʠʚʦʡ E(x) ʦʪ ʨʘʚʥʦʤʝʨʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʠʭ 

ʟʥʘʯʝʥʠʷ  ʫʚʝʣʠʯʠʚʘʶʪʩʷ. 

ɺ ʧʨʠʥʮʠʧʝ, ʚ ʢʘʯʝʩʪʚʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʦʩʚʝʱʝʥʥʦʩʪʠ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʣʶʙʦʡ ʠʟ ʵʪʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʠʟʣʦʞʝʥʠʠ ʤʳ ʠʩʧʦʣʴʟʫʝʤ z22. 

ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʦʢʘʟʘʣ, 

ʯʪʦ ʢʘʯʝʩʪʚʦ ʩʚʝʪʦʚʦʡ ʩʨʝʜʳ ʨʘʩʪʝʥʠʡ, ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʚʣʠʷʶʱʝʝ ʥʘ ʢʘʯʝʩʪʚʦ 

ʧʨʦʜʫʢʮʠʠ ʩʚʝʪʦʢʫʣʴʪʫʨʳ, ʦʙʨʘʪʥʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʚʝʣʠʯʠʥʝ ʨʘʚʥʦʤʝʨʥʦʩʪʠ. 

ʇʨʠʤʝʤ ʚ ʢʘʯʝʩʪʚʝ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʵʢʦʣʦʛʠʯʥʦʩʪʠ ʚʝʣʠʯʠʥʫ  

22

1

z
ʕʢ= .                           (16) 

ʏʝʤ ʙʦʣʝʝ ʥʘʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʦʩʚʝʱʝʥʥʦʩʪʠ, ʪʝʤ ʤʝʥʴʰʠʝ ʟʥʘʯʝʥʠʷ 

ʧʨʠʥʠʤʘʝʪ ʢʦʵʬʬʠʮʠʝʥʪ ʵʢʦʣʦʛʠʯʥʦʩʪʠ ʕʢ. 
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ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʂɻʆ ʢʘʞʜʦʡ ʪʦʯʢʝ ʩ 

ʢʦʦʨʜʠʥʘʪʦʡ  ix  ʥʝʦʙʭʦʜʠʤʦ ʩʦʧʦʩʪʘʚʠʪʴ 

ʟʥʘʯʝʥʠʝ ʦʩʚʝʱʝʥʥʦʩʪʠ  iE  ʚ ʵʪʦʡ ʪʦʯʢʝ, 

ʥʘʭʦʞʜʝʥʠʝ ʢʦʪʦʨʦʡ ʚʦʟʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ 

ʦʩʥʦʚʥʦʛʦ ʟʘʢʦʥʘ ʩʚʝʪʦʪʝʭʥʠʢʠ  ʧʦ 

ʠʟʚʝʩʪʥʦʤʫ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤʫ 

ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʧʦʪʦʢʘ, ʟʘʜʘʚʘʝʤʦʤʫ ʢʨʠʚʳʤʠ 

ʩʠʣʘ ʩʚʝʪʘ (ʂʉʉ) ʚ ʤʝʨʠʜʠʘʥʘʣʴʥʳʭ 

ʧʣʦʩʢʦʩʪʷʭ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ ʟʘʢʦʥʦʤ, 

ʚʝʣʠʯʠʥʘ ʦʩʚʝʱʝʥʥʦʩʪʠ ʚ ʪʦʯʢʝ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʩʠʣʝ ʩʚʝʪʘ ʚ ʜʘʥʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ aI  ʠ ʢʦʩʠʥʫʩʫ ʫʛʣʘ a ʤʝʞʜʫ 

ʚʝʨʪʠʢʘʣʴʶ ʠ ʥʦʨʤʘʣʴʶ ʢ ʧʦʚʝʨʭʥʦʩʪʠ, ʠ 

ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʢʚʘʜʨʘʪʫ ʚʳʩʦʪʳ 

ʩʚʝʪʠʣʴʥʠʢʘ H  ʥʘʜ ʧʣʦʩʢʦʩʪʴʶ 

2

3

H

ŬcosI
E Ŭ

i = .                         (17) 

ʈʘʩʩʤʦʪʨʠʤ ʨʘʩʯʝʪ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ 

ʦʩʚʝʱʝʥʠʷ, ʢʦʛʜʘ ʦʩʚʝʱʘʝʤʘʷ ʧʦʚʝʨʭʥʦʩʪʴ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʷʤʦʫʛʦʣʴʥʠʢ 

ʨʘʟʤʝʨʘʤʠ A ʭ B.  ʇʦʣʦʞʝʥʠʝ ʪʦʯʢʠ ʧʨʦʝʢʮʠʠ 

ʧʦʜʚʝʩʘ ʩʚʝʪʠʣʴʥʠʢʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪ 

ʦʜʥʦʛʦ ʠʟ ʢʨʘʝʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʣʠʥʝʡʥʳʤʠ 

ʚʝʣʠʯʠʥʘʤʠ a ʠ b. 

ɼʣʷ ʪʦʯʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʟʘʜʘʚʘʝʤʦʡ  

ʢʦʦʨʜʠʥʘʪʘʤʠ x  ʠ y, ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʥʝʝ ʜʦ 

ʧʨʦʝʢʮʠʠ ʩʚʝʪʠʣʴʥʠʢʘ ʥʘ ʧʣʦʩʢʦʩʪʴ  

22 )()( axbyR -+-= .              (18) 

ʈʘʩʩʪʦʷʥʠʝ ʦʪ ʩʚʝʪʦʚʦʛʦ ʮʝʥʪʨʘ 

ʩʚʝʪʠʣʴʥʠʢʘ ʜʦ ʨʘʩʯʝʪʥʦʡ ʪʦʯʢʠ 

22 HRL += .                     (19) 

ʂʦʩʠʥʫʩ ʫʛʣʘ ʤʝʞʜʫ ʚʝʨʪʠʢʘʣʴʶ ʠ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʥʘ ʨʘʩʯʝʪʥʫʶ ʪʦʯʢʫ 

xaxbyH

H

L

H

222 )()(
cos

-+-+
==a . (20) 

ɺ ʩʣʫʯʘʝ ʢʦʩʠʥʫʩʥʦʛʦ ʩʚʝʪʦʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʟʥʘʯʝʥʠʝ ʩʠʣʳ ʠʟʣʫʯʝʥʠʷ aI  ʧʦʜ ʫʛʣʦʤ a 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʝʨʝʟ ʦʩʝʚʫʶ ʩʠʣʫ ʩʚʝʪʘ 0I

ʚʳʨʘʞʝʥʠʝʤ 

aa cos0II = .                       (21) 

ʇʨʠ ʵʪʦʤ 

p
ʀʉʌI =0 .                         (22) 

ʆʢʦʥʯʘʪʝʣʴʥʦ ʧʦʣʫʯʘʝʤ 

2222

2

0

))()((
),(

axbyH

HI
yxE

-+-+
= .     (23) 

ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʧʨʦʚʝʨʢʠ 

ʠʟʤʝʨʷʣʠ ʟʥʘʯʝʥʠʷ ʦʩʚʝʱʝʥʥʦʩʪʠ, 

ʩʦʟʜʘʚʘʝʤʳʤ ʩʚʝʪʦʜʠʦʜʥʳʤ ʩʚʝʪʠʣʴʥʠʢʦʤ ʥʘ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʤʦʜʝʣʠʨʫʶʱʝʡ 

ʧʦʚʝʨʭʥʦʩʪʴ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʨʘʩʪʝʥʠʡ (ʨʠʩ. 

2).  

 

ʈʠʩ. 2. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʩʚʝʱʝʥʥʦʩʪʠ 

 

ɺ ʨʘʙʦʪʝ [30] ʥʘʤʠ ʙʳʣʦ ʧʨʦʠʟʚʝʜʝʥʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʣʷ ʩʣʫʯʘʷ ʧʨʦʠʟʚʦʣʴʥʦʛʦ 

(ʥʝʩʠʤʤʝʪʨʠʯʥʦʛʦ, ʩʤʝʱʝʥʥʦʛʦ ʢ ʦʜʥʦʤʫ ʠʟ 

ʫʛʣʦʚ) ʨʘʟʤʝʱʝʥʠʷ ʩʚʝʪʠʣʴʥʠʢʘ ʥʘʜ ʧʣʦʩʢʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʚ ʮʝʣʷʭ ʦʮʝʥʢʠ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ.  
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ʅʘʡʜʝʥʥʳʝ ʜʣʷ ʵʪʦʛʦ ʩʣʫʯʘʷ ʟʥʘʯʝʥʠʷ 

ʥʝʢʦʪʦʨʳʭ ʯʠʩʣʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʫʢʘʟʘʥʳ ʚ 

ʩʢʦʙʢʘʭ ʥʠʞʝ. ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʣʷ 

ʚʳʷʚʣʝʥʠʷ ʩʚʷʟʠ ʤʝʞʜʫ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴʶ 

ʦʩʚʝʱʝʥʠʷ ʵʥʝʨʛʦʵʢʦʣʦʛʠʯʥʦʩʪʴʶ 

ʩʚʝʪʦʢʫʣʴʪʫʨʳ ʨʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ 

ʨʘʟʤʝʱʝʥʠʷ ʩʚʝʪʠʣʴʥʠʢʘ ʥʘʜ ʮʝʥʪʨʦʤ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ: ʚʳʩʦʪʘ ʧʦʜʚʝʩʘ ʩʚʝʪʠʣʴʥʠʢʘ 

H=2,40 ʤ, ʨʘʟʤʝʨ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

A=1,90 ʤ, B=0,90 ʤ, ʧʨʦʝʢʮʠʷ ʧʦʜʚʝʩʘ 

ʩʚʝʪʠʣʴʥʠʢʘ ʩʦʚʧʘʜʘʝʪ ʩ ʮʝʥʪʨʦʤ 

ʧʦʚʝʨʭʥʦʩʪʠ a=0,95 (ʧʨʦʪʠʚ 0,7) ʤ ʠ b=0,45 

(ʧʨʦʪʠʚ 0,3) ʤ. ʅʘ ʨʠʩʫʥʢʝ 2 ʧʦʢʘʟʘʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʩʚʝʱʝʥʥʦʩʪʠ ʥʘ ʥʘʪʫʨʥʦʡ 

ʤʦʜʝʣʠ - ʧʦ ʚʝʨʭʫʰʢʘʤ ʨʘʩʪʝʥʠʡ ʧʝʨʮʘ, 

ʨʘʟʤʝʱʝʥʥʳʭ ʥʘ ʦʩʚʝʱʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɺ 

ʢʘʯʝʩʪʚʝ ʩʚʝʪʠʣʴʥʠʢʘ ʚʟʷʪ ʩʚʝʪʦʜʠʦʜʥʳʡ 

ʠʟʣʫʯʘʪʝʣʴ ʤʦʱʥʦʩʪʴʶ 100 ɺʪ. ʀʟʣʫʯʘʝʤʳʡ 

ʠʤ  ʩʚʝʪʦʚʦʡ ʧʦʪʦʢ ʚ ʥʠʞʥʶʶ ʧʦʣʫʩʬʝʨʫ 

ʩʦʩʪʘʚʣʷʝʪ ʀʉʌ =9027 ʣʤ. 

ʀʟʤʝʨʝʥʠʷ ʚʝʣʠ ʩ ʪʨʝʭʢʨʘʪʥʦʡ 

ʧʦʚʪʦʨʥʦʩʪʴʶ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʦʙʨʘʙʘʪʳʚʘʣʠ ʚ ʵʣʝʢʪʨʦʥʥʳʭ ʪʘʙʣʠʮʘʭ Excel. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ɺʳʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ 

ʪʦʯʢʘʭ ʦʩʚʝʱʘʝʤʦʡ ʧʣʦʩʢʦʩʪʠ ʧʦʢʘʟʘʥʳ ʚ 

ʪʘʙʣʠʮʝ ʥʘ ʨʠʩ. 3. ʆʥʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ ʚ 

ʪʝʭ ʞʝ ʪʦʯʢʘʭ, ʧʦʩʢʦʣʴʢʫ ʩʚʝʪʦʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʩʚʝʪʠʣʴʥʠʢʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʩʠʥʫʩʥʦʤʫ 

ʟʘʢʦʥʫ. ʇʦʵʪʦʤʫ ʜʘʣʴʥʝʡʰʠʡ ʘʥʘʣʠʟ ʚʝʜʝʪʩʷ 

ʜʣʷ ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʟʥʘʯʝʥʠʡ ʦʩʚʝʱʝʥʥʦʩʪʠ. 

 

 

ʈʠʩ. 3. ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʩʚʝʱʝʥʥʦʩʪʠ ʚ ʨʘʟʣʠʯʥʳʭ ʪʦʯʢʘʭ ʧʦʚʝʨʭʥʦʩʪʠ 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʦʩʚʝʱʝʥʥʦʩʪʴ ʧʨʠʭʦʜʠʪʩʷ 

ʥʘ ʮʝʥʪʨ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʘ ʪʦʯʢʫ ʧʨʦʝʢʮʠʠ 

ʩʚʝʪʠʣʴʥʠʢʘ ʥʘ ʧʣʦʩʢʦʩʪʴ, ʤʠʥʠʤʘʣʴʥʘʷ ï ʥʘ 

ʫʛʣʳ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʨʠ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ 

ʦʩʝʚʘʷ ʩʠʣʘ ʩʚʝʪʘ ʩʦʩʪʘʚʠʣʘ 0I =2873 ʢʜ, 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʦʩʚʝʱʝʥʥʦʩʪʴ maxE = 499 ʣʢ, 

ʤʠʥʠʤʘʣʴʥʘʷ ʦʩʚʝʱʝʥʥʦʩʪʴ minE =351 (ʧʨʦʪʠʚ 

290) ʣʢ, ʩʨʝʜʥʠʝ ʦʩʚʝʱʝʥʥʦʩʪʠ  
1ɽʩʨ=425 

(ʧʨʦʪʠʚ 394) ʣʢ ʠ 
2ɽʩʨ=443 (ʧʨʦʪʠʚ 429) ʣʢ. 
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ʈʠʩ. 4. ʊʝʣʦ ʦʩʚʝʱʝʥʥʦʩʪʠ 

 

 

ʈʠʩ. 5. ʂʘʨʪʠʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʠʟʦʣʶʢʩ 

 

ʅʘ ʨʠʩ. 4 ʧʦʢʘʟʘʥʦ ʪʝʣʦ ʦʩʚʝʱʝʥʥʦʩʪʠ, ʥʘ 

ʨʠʩ. 5 -  ʢʘʨʪʠʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʠʟʦʣʶʢʩ, 

ʧʦʣʫʯʘʝʤʘʷ ʩʝʯʝʥʠʝʤ ʪʝʣʘ ʦʩʚʝʱʝʥʥʦʩʪʠ 

ʧʣʦʩʢʦʩʪʷʤʠ, ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʨʘʙʦʯʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ. 

ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ 

ʦʩʚʝʱʝʥʠʷ: 1z =1,41 (ʧʨʦʪʠʚ 1,72); 21z =1,21 

(ʧʨʦʪʠʚ 1,36); 22z =1,26 (ʧʨʦʪʠʚ 1,48) ʦʪʥ.ʝʜ. 

ʄʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ 21z  ʥʝ ʦʟʥʘʯʘʝʪ 

ʣʫʯʰʫʶ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʦʩʚʝʱʝʥʥʦʩʪʠ. ɼʣʷ ʢʘʞʜʦʛʦ ʩʧʦʩʦʙʘ 

ʚʳʯʠʩʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ z  ʜʦʣʞʥʳ ʙʳʪʴ 

ʩʚʦʠ ʜʦʧʫʩʪʠʤʳʝ ʥʦʨʤʳ. ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʙʦʣʝʝ ʦʙʦʩʥʦʚʘʥʥʳʤ ʧʨʠʤʝʥʝʥʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʘ 22z , ʧʦʩʢʦʣʴʢʫ ʦʥ ʧʨʠ ʨʘʩʯʝʪʝ 

ʩʨʝʜʥʝʛʦ ʫʯʠʪʳʚʘʝʪ ʢʘʨʪʠʥʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʦʩʚʝʱʝʥʥʦʩʪʠ ʧʦ ʚʩʝʤ ʪʦʯʢʘʤ ʧʦʚʝʨʭʥʦʩʪʠ. 

 

ʈʠʩ. 6. ʏʘʩʪʦʪʥʳʡ ʛʨʘʬʠʢ ʪʦʯʝʢ ʩ ʦʜʠʥʘʢʦʚʦʡ 

ʦʩʚʝʱʝʥʥʦʩʪʴʶ 

ʅʘ ʨʠʩ. 6 ʧʦʢʘʟʘʥ ʯʘʩʪʦʪʥʳʡ ʛʨʘʬʠʢ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥʳ ʦʩʚʝʱʝʥʥʦʩʪʠ ʚʩʝʭ 

ʪʦʯʝʢ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʠʥʪʝʨʚʘʣʳ 

ʦʩʚʝʱʝʥʥʦʩʪʠ ʚʳʙʨʘʥʳ ʪʝ ʞʝ, ʯʪʦ ʚ ʧʨʠʥʷʪʦʡ 

ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʨʘʙʦʪʝ). ɻʨʘʬʠʢ ʦʪʦʙʨʘʞʘʝʪ 

ʢʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʦʩʚʝʱʝʥʥʦʩʪʴ ʚ ʢʦʪʦʨʳʭ ʧʦʧʘʜʘʝʪ ʚ ʠʥʪʝʨʚʘʣ 

ʤʝʞʜʫ ʜʚʫʤʷ ʩʦʩʝʜʥʠʤʠ ʠʟʦʣʶʢʩʘʤʠ. ʊʘʢ, ʧʦ 

ʛʨʘʬʠʢʫ ʤʦʞʥʦ ʥʘʡʪʠ, ʯʪʦ ʦʩʚʝʱʝʥʥʦʩʪʴ ʦʪ 

400 ʜʦ 499 ʣʢ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ 32,7+48,0=80,7 

(ʧʨʦʪʠʚ 73,1)  % ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ.  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬ. 3, ʧʘʜʘʶʱʠʡ ʥʘ 

ʨʘʙʦʯʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʪʦʢ ʩʦʩʪʘʚʣʷʝʪ 

ʌ=757 (ʧʨʦʪʠʚ 733) ʣʤ. ʊʦ ʝʩʪʴ ʂʇʀ  ʧʦʪʦʢʘ 

(ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʕ)ɻ ʩʦʩʪʘʚʣʷʝʪ 8,4 

(ʧʨʦʪʠʚ 8,1) %. ʕʪʦ ʚʝʩʴʤʘ ʥʠʟʢʘʷ ʚʝʣʠʯʠʥʘ, 

ʧʦʵʪʦʤʫ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʚʳʷʚʣʝʥʠʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʂʇʀ ʧʦʪʦʢʘ ʦʪ ʨʘʟʣʠʯʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʢʦʤʧʦʥʦʚʦʯʥʦʡ ʩʭʝʤʳ. ʈʘʥʝʝ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʂʇʀ ʧʦʪʦʢʘ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘ z22 ʦʪ ʚʳʩʦʪʳ ʧʦʜʚʝʩʘ 

ʠʟʣʫʯʘʪʝʣʷ. ɹʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʧʨʠ 

ʩʥʠʞʝʥʠʠ ʚʳʩʦʪʳ ʧʦʜʚʝʩʘ ʜʦ 0,5 ʤ ʚʦʟʤʦʞʥʦ 

ʧʦʚʳʩʠʪʴ ʂʇʀ ʜʦ 65%, ʦʜʥʘʢʦ ʧʨʠ ʵʪʦʤ 

ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʩʚʝʱʝʥʥʦʩʪʠ. ʇʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʚʳʩʦʪʳ ʧʦʜʚʝʩʘ ʨʘʚʥʦʤʝʨʥʦʩʪʴ 

ʫʣʫʯʰʘʝʪʩʷ, ʦʜʥʘʢʦ ʨʝʟʢʦ (ʜʦ 10%) ʩʥʠʞʘʝʪʩʷ 

ʚʝʣʠʯʠʥʘ ʂʇʀ.  

ʅʘ ʨʠʩʫʥʢʝ 8 ʧʦʢʘʟʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʕʥ (ʬ. 4), 
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ʵʢʦʣʦʛʠʯʥʦʩʪʠ ʕʢ (ʬ. 16) ʠ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʧʦʢʘʟʘʪʝʣʷ ʵʥʝʨʛʦʵʢʦʣʦʛʠʯʥʦʩʪʠ ʕʕ (ʬ. 1) 

ʩʚʝʪʦʢʫʣʴʪʫʨʳ ʦʪ ʚʳʩʦʪʳ ʧʦʜʚʝʩʘ. 

 

ʈʠʩ. 7. ʇʦʢʘʟʘʪʝʣʠ ʵʥʝʨʛʦʵʢʦʣʦʛʠʯʥʦʩʪʠ 

ʩʚʝʪʦʢʫʣʴʪʫʨʳ 

 

ʀʪʘʢ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚʘʞʥʝʡʰʝʛʦ 

ʢʦʤʧʦʥʦʚʦʯʥʦʛʦ ʧʘʨʘʤʝʪʨʳ (ʚʳʩʦʪʳ  ʧʦʜʚʝʩʘ 

ʩʚʝʪʠʣʴʥʠʢʘ ʥʘʜ ʨʘʩʪʝʥʠʷʤʠ) ʧʨʦʠʩʭʦʜʠʪ 

ʩʥʠʞʝʥʠʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʩʚʝʪʦʢʫʣʴʪʫʨʳ ʚʩʣʝʜʩʪʚʠʝ ʤʝʥʴʰʝʛʦ 

ʧʝʨʝʭʚʘʪʘ ʨʘʩʧʨʦʩʪʨʘʥʷʝʤʦʛʦ ʦʪ ʩʚʝʪʠʣʴʥʠʢʘ 

ʧʦʪʦʢʘ ʧʦʚʝʨʭʥʦʩʪʴʶ ʢʨʦʥʳ ʨʘʩʪʝʥʠʡ. 

ʆʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʨʘʩʪʝʪ ʟʥʘʯʝʥʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʢʦʣʦʛʠʯʥʦʩʪʠ ʚʩʣʝʜʩʪʚʠʝ 

ʧʦʚʳʰʝʥʠʷ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʦʩʚʝʱʝʥʥʦʩʪʠ. ʆʜʥʦʚʨʝʤʝʥʥʦʝ ʜʝʡʩʪʚʠʝ ʵʪʠʭ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʨʠʚʦʜʠʪ ʢ ʩʣʦʞʥʦʤʫ 

ʭʘʨʘʢʪʝʨʫ ʟʘʚʠʩʠʤʦʩʪʠ ʵʥʝʨʛʦʵʢʦʣʦʛʠʯʥʦʩʪʠ 

ʩʚʝʪʦʢʫʣʴʪʫʨʳ ʕʕ ʦʪ ʚʳʩʦʪʳ ʧʦʜʚʝʩʘ. ɼʦ 

ʥʝʢʦʪʦʨʦʛʦ ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥʘ ʕʕ ʚʦʟʨʘʩʪʘʝʪ, 

ʧʨʠʥʠʤʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ, ʘ ʟʘʪʝʤ 

ʧʘʜʘʝʪ. ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚ ʨʘʙʦʪʝ 

ʩʦʯʝʪʘʥʠʷʭ ʧʨʦʯʠʭ ʬʘʢʪʦʨʦʚ ʵʪʦʪ ʦʧʪʠʤʫʤ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʚʳʩʦʪʝ ʧʦʜʚʝʩʘ ʦʢʦʣʦ 

ʦʜʥʦʛʦ ʤʝʪʨʘ. 

ɼʨʫʛʠʤ ʢʦʤʧʦʥʦʚʦʯʥʳʤ ʧʘʨʘʤʝʪʨʦʤ, 

ʨʘʩʩʤʦʪʨʝʥʥʳʤ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʷʚʣʷʝʪʩʷ 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʧʨʦʝʢʮʠʠ ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʨʘʥʠʮ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʦʣʫʯʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʜʣʷ ʜʚʫʭ 

ʚʘʨʠʘʥʪʦʚ: 1) ʧʨʦʝʢʮʠʷ ʩʦʚʧʘʜʘʝʪ ʩ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʮʝʥʪʨʦʤ ʧʦʚʝʨʭʥʦʩʪʠ ʠ 2) 

ʩʤʝʱʝʥʘ ʢ ʦʜʥʦʤʫ ʠʟ ʫʛʣʦʚ. ɺ ʩʣʫʯʘʝ 

ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʧʘʜʘʝʪ ʙʦʣʴʰʠʡ ʧʦʪʦʢ. ʇʨʠ ʵʪʦʤ ʩʦʟʜʘʚʘʝʤʘʷ 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʦʩʚʝʱʝʥʥʦʩʪʴ ʦʜʠʥʘʢʦʚʘ, ʥʦ 

ʤʠʥʠʤʘʣʴʥʘʷ ʦʩʚʝʱʝʥʥʦʩʪʴ ʠʤʝʝʪ ʙʦʣʴʰʝʝ 

ʟʥʘʯʝʥʠʝ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ 

ʠʤʝʶʪ ʠ ʟʥʘʯʝʥʠʷ ʩʨʝʜʥʠʭ ʦʩʚʝʱʝʥʥʦʩʪʝʡ. 

ʏʘʩʪʦʪʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʙʦʣʴʰʘʷ 

ʜʦʣʷ ʪʦʯʝʢ ʧʦʚʝʨʭʥʦʩʪʠ ʠʤʝʝʪ ʙʦʣʴʰʠʝ 

ʟʥʘʯʝʥʠʷ ʦʩʚʝʱʝʥʥʦʩʪʠ. ʂʦʵʬʬʠʮʠʝʥʪʳ 

ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʠʤʝʶʪ ʤʝʥʴʰʠʝ ʟʥʘʯʝʥʠʷ, ʯʪʦ 

ʦʟʥʘʯʘʝʪ ʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʵʢʦʣʦʛʠʯʥʦʩʪʠ. 

ɹʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʠ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ 

ʩʠʤʤʝʪʨʠʯʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ ʠʩʪʦʯʥʠʢʘ 

ʩʚʝʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʨʘʥʠʮ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʙʦʣʴʰʘʷ 

ʵʥʝʨʛʦʵʢʦʣʦʛʠʯʥʦʩʪʴ. 

ɿʘʢʣʶʯʝʥʠʝ  

ɼʣʷ ʫʧʨʘʚʣʷʝʤʦʛʦ ʚʳʨʘʱʠʚʘʥʠʷ ʨʘʩʪʝʥʠʡ 

ʚ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʦʩʚʝʱʝʥʠʝ ʠʤʝʝʪ 

ʚʘʞʥʝʡʰʝʝ ʟʥʘʯʝʥʠʝ. ʂʘʢ ʧʨʘʚʠʣʦ, 

ʥʘʠʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʩʨʝʜʠ ʬʘʢʪʦʨʦʚ 

ʦʩʚʝʱʝʥʠʷ ʫʜʝʣʷʶʪ ʬʦʪʦʧʝʨʠʦʜʫ 

(ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʩʚʝʪʦʚʦʛʦ ʜʥʷ), 

ʢʦʣʠʯʝʩʪʚʫ (ʠʥʪʝʥʩʠʚʥʦʩʪʠ) ʠ ʢʘʯʝʩʪʚʫ 

(ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʩʦʩʪʘʚʫ) ʩʚʝʪʘ.  

ʈʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʪʦʢʘ ʧʦ 

ʦʩʚʝʱʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʦ ʦʩʪʘʝʪʩʷ ʟʘ 

ʧʨʝʜʝʣʘʤʠ ʨʘʩʩʤʦʪʨʝʥʠʷ, ʥʝʩʤʦʪʨʷ ʥʘ 

ʚʘʞʥʦʩʪʴ ʵʪʦʛʦ ʬʘʢʪʦʨʘ.  ʆʜʥʘʢʦ 

ʦʜʥʦʨʦʜʥʦʩʪʴ ʩʚʝʪʘ ʥʝ ʤʝʥʝʝ ʚʘʞʥʘ, ʯʝʤ 

ʜʨʫʛʠʝ ʬʘʢʪʦʨʳ, ʧʦʩʢʦʣʴʢʫ ʦʢʘʟʳʚʘʝʪ 

ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ ʬʠʟʠʦʣʦʛʠʶ ʨʘʟʚʠʪʠʷ 

ʨʘʩʪʝʥʠʡ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʫʨʦʞʘʷ.  

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ 

ʘʧʧʘʨʘʪ ʨʘʩʯʝʪʘ ʩʦʟʜʘʚʘʝʤʦʡ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʚ 

ʪʝʧʣʠʮʝ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʦʮʝʥʢʠ 

ʵʥʝʨʛʦʵʢʦʣʦʛʠʯʥʦʩʪʠ ʫʯʠʪʳʚʘʝʪ ʝʝ ʜʚʝ 

ʩʦʩʪʘʚʣʷʶʱʠʝ. ʕʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʥʘʭʦʜʠʪ ʦʪʨʘʞʝʥʠʝ ʚ ʧʦʢʘʟʘʪʝʣʝ ʂʇʀ, 
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ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʩʦʙʦʡ ʜʦʣʶ ʧʦʣʝʟʥʦʛʦ 

ʧʦʪʦʢʘ, ʧʘʜʘʶʱʝʛʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʦʪ ʦʙʱʝʛʦ 

ʧʦʪʦʢʘ, ʛʝʥʝʨʠʨʫʝʤʦʛʦ ʠʩʪʦʯʥʠʢʘʤʠ ʩʚʝʪʘ. 

ʕʢʦʣʦʛʠʯʥʦʩʪʴ ʩʚʝʪʦʢʫʣʴʪʫʨʳ ʫʯʠʪʳʚʘʝʪʩʷ 

ʯʝʨʝʟ ʫʩʪʘʥʦʚʣʝʥʥʫʶ ʚ ʨʘʙʦʪʝ ʚʟʘʠʤʦʩʚʷʟʴ ʩ 

ʨʘʚʥʦʤʝʨʥʦʩʪʴʶ ʩʦʟʜʘʚʘʝʤʦʡ ʦʩʚʝʱʝʥʥʦʩʪʠ, 

ʚʣʠʷʥʠʝ ʢʦʪʦʨʦʡ ʥʘ ʩʚʝʪʦʢʫʣʴʪʫʨʫ ʚʳʷʚʣʝʥʘ 

ʧʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʠʩʪʦʯʥʠʢʘʤ. 
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30. ʈʘʢʫʪʴʢʦ ɽ.ʅ., ʈʘʢʫʪʴʢʦ ʉ.ɸ. ʆʮʝʥʢʘ 

ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʪʦʢʘ ʠʟʣʫʯʝʥʠʷ ʢʘʢ ʬʘʢʪʦʨʘ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʚʝʪʦʢʫʣʴʪʫʨʳ. 

ʀʥʞʝʥʝʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʩʠʩʪʝʤʳ. 2021. ʊ. 

31,  ˉ 3. ʉ. 470-486. DOI: 10.15507/2658-

4123.031.202103.470-486
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1
, ʢʘʥʜ. ʩ.-ʭ. ʥʘʫʢ;  
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1
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ʄ.ɸ. ɺʘʩʠʣʴʝʚ
1
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1
ʀʥʩʪʠʪʫʪ ʘʛʨʦʠʥʞʝʥʝʨʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

(ʀɸʕʇ) ï ʬʠʣʠʘʣ ʌɻɹʅʋ ʌʅɸʎ ɺʀʄ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

2
ʌɻɹʆʋ ɺʆ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 

ʈʦʩʩʠʷ 

 

ʆʙʥʦʚʣʝʥʥʳʡ ʇʣʘʥ ʜʝʡʩʪʚʠʡ ʍɽʃʂʆʄ ʧʦ ɹʘʣʪʠʡʩʢʦʤʫ ʤʦʨʶ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ, ʯʪʦ 

ʜʦʣʷ ʟʝʤʝʣʴ, ʟʘʥʷʪʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʤʠ ʢʫʣʴʪʫʨʘʤʠ, ʢʦʪʦʨʳʝ ʚʦʟʜʝʣʳʚʘʶʪʩʷ ʧʦ 

ʦʨʛʘʥʠʯʝʩʢʠʤ ʪʝʭʥʦʣʦʛʠʷʤ, ʚʦʟʨʘʩʪʝʪ ʢ 2030 ʛʦʜʫ ʜʦ 25% ʦʪ ʚʩʝʡ ʟʘʩʝʚʘʝʤʦʡ ʧʣʦʱʘʜʠ. ɺ 

ʈʦʩʩʠʠ ʩ 01.01.2020 ʛʦʜʘ ʥʘʯʘʣ ʜʝʡʩʪʚʦʚʘʪʴ ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ ʦʙ ʦʨʛʘʥʠʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ, 

ʯʪʦ ʪʘʢʞʝ ʜʦʣʞʥʦ ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʨʦʩʩʠʡʩʢʠʭ ʘʛʨʦʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʧʝʨʝʭʦʜʠʪʴ ʥʘ 

ʦʨʛʘʥʠʯʝʩʢʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ. ʉ ʮʝʣʴʶ ʧʦʜʛʦʪʦʚʠʪʴ ʠ ʧʝʨʝʜʘʪʴ ʠʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʪʝʭʥʦʣʦʛʠʠ ʚ ʠʥʩʪʠʪʫʪʝ ʩ 2016 ʛʦʜʘ ʚʝʜʫʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʨʘʤʢʘʭ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʩʝʚʦʦʙʦʨʦʪʘ, ʚʢʣʶʯʘʶʱʝʛʦ ʧʦʣʷ ʢʘʨʪʦʬʝʣʷ, ʩʚʝʢʣʳ ʠ ʤʥʦʛʦʣʝʪʥʠʭ ʪʨʘʚ. ɺ ʩʪʘʪʴʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʦʟʜʝʣʳʚʘʥʠʷ ʙʠʦʣʦʛʠʟʠʨʦʚʘʥʥʦʛʦ 

ʢʘʨʪʦʬʝʣʷ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. ɺ ʦʧʳʪʝ ʙʳʣʠ ʠʟʫʯʝʥʳ ʪʨʠ ʛʨʫʧʧʳ 

ʬʘʢʪʦʨʦʚ: ʫʨʦʚʝʥʴ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʠʪʘʥʠʷ, ʦʙʝʩʧʝʯʝʥʥʳʡ ʚʥʝʩʝʥʠʝʤ ʢʦʤʧʦʩʪʘ; ʜʝʡʩʪʚʠʝ 

ʘʟʦʪʦʬʠʢʩʘʪʦʨʘ çʌʣʘʚʦʙʘʢʪʝʨʠʥè; ʜʝʡʩʪʚʠʝ ʙʠʦʬʫʥʛʠʮʠʜʦʚ. ɺʦʟʜʝʣʳʚʘʣʩʷ ʢʘʨʪʦʬʝʣʴ ʩʦʨʪʘ 

ʋʜʘʯʘ. ɹʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʚʝ ʜʦʟʳ ʢʦʤʧʦʩʪʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 80 ʠ 160 ʢʛ N/ʛʘ. ʂʣʫʙʥʠ 

ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʙʠʦʧʨʝʧʘʨʘʪʘʤʠ ʧʨʠ ʧʦʩʘʜʢʝ, ʧʦʟʜʥʝʝ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʦʙʨʘʙʦʪʢʘ ʣʠʩʪʴʝʚ. 

ʇʣʦʱʘʜʴ ʜʝʣʷʥʢʠ ʩʦʩʪʘʚʣʷʣʘ 61,6 ʤ
2
. ʇʦʚʪʦʨʥʦʩʪʴ ʦʧʳʪʘ ʯʝʪʳʨʝʭʢʨʘʪʥʘʷ. ɺʩʝ ʘʥʘʣʠʟʳ 

ʚʳʧʦʣʥʷʣʠʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊʘʤʠ. ʇʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ 2020 ʛʦʜʘ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʭʦʣʦʜʥʳʤ ʤʘʝʤ ʠ ʦʙʠʣʴʥʳʤʠ ʦʩʘʜʢʘʤʠ ʚ ʠʶʣʝ ʠ ʘʚʛʫʩʪʝ. ʉʦʜʝʨʞʘʥʠʝ 

ʤʠʥʝʨʘʣʴʥʳʭ ʬʦʨʤ ʘʟʦʪʘ (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʠʪʨʘʪʦʚ) ʚ ʧʦʯʚʝ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʣʦʩʴ ʚ 

ʠʶʥʝ ï ʥʘʯʘʣʝ ʠʶʣʷ. ʉ ʚʦʟʨʘʩʪʘʥʠʝʤ ʜʦʟʳ ʢʦʤʧʦʩʪʘ, ʚʦʟʨʘʩʪʘʣʦ ʠ ʩʦʜʝʨʞʘʥʠʝ ʥʠʪʨʘʪʦʚ ʚ 

ʧʦʯʚʝ.  ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʚʪʦʨʦʡ ʜʦʟʳ ʢʦʤʧʦʩʪʘ ʠ ʙʠʦʧʨʝʧʘʨʘʪʦʚ 

ʧʦʟʚʦʣʠʣʦ ʚʳʡʪʠ ʥʘ ʫʨʦʞʘʡʥʦʩʪʴ ʩʪʘʥʜʘʨʪʥʳʭ ʢʣʫʙʥʝʡ ʚ 31,8 ʪ/ʛʘ. ʉʦʭʨʘʥʥʦʩʪʴ ʢʘʨʪʦʬʝʣʷ 

ʧʨʠ ʰʝʩʪʠʤʝʩʷʯʥʦʤ ʟʠʤʥʝʤ ʭʨʘʥʝʥʠʠ ʩʦʩʪʘʚʠʣʘ 84,7 - 89,7% ʦʪ ʟʘʣʦʞʝʥʥʳʭ ʥʘ ʭʨʘʥʝʥʠʝ 

ʢʣʫʙʥʝʡ. ʇʨʠ ʵʪʦʤ ʚ ʯʠʩʣʝ ʩʦʭʨʘʥʠʚʰʠʭʩʷ ʙʳʣʦ ʙʦʣʝʝ 93,4% ʟʜʦʨʦʚʳʭ ʢʣʫʙʥʝʡ. 

ɹʠʦʧʨʝʧʘʨʘʪʳ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʧʦʚʳʰʝʥʠʶ ʜʦʣʠ ʩʦʭʨʘʥʠʚʰʠʭʩʷ ʟʜʦʨʦʚʳʭ ʢʣʫʙʥʝʡ, ʜʦʚʝʜʷ 

ʝʝ 97% ʠ ʚʳʰʝ. ɿʘ ʚʨʝʤʷ ʭʨʘʥʝʥʠʷ ʢʘʨʪʦʬʝʣʷ ʩʦʜʝʨʞʘʥʠʝ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʢʣʫʙʥʷʭ 

ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʠʟʤʝʥʠʣʦʩʴ, ʘ ʩʦʜʝʨʞʘʥʠʝ ʥʠʪʨʘʪʦʚ ʧʦʥʠʟʠʣʦʩʴ.  
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The updated HELCOM Action Plan Baltic Sea envisages increasing the share of agricultural land 

cultivated by organic technologies by 2030 to 25% of the total sown area. In Russia, the Federal 

Law on Organic Products in force from 01.01.2020 should also promote the switching of Russian 

agricultural producers to organic farming. To develop and pass relevant organic practices to 

farmers, since 2016, the institute has performed experiments within organic crop rotation, including 

fields with potatoes, beets and perennial grasses. The article presents the study results on potato 

cultivation by the biology-based technology. Three groups of factors were considered in the 

experiment - the level of mineral nutrition provided by the compost introduction, the action of 

ñFlavobacterinò nitrogen fixer, and the action of bio-fungicides. The compost was applied in two 

doses corresponding to 80 and 160 kg N/ha. The potato tubers of the Udacha variety were treated 

with bio-preparations during planting. Later, the same preparations were used for spraying the 

leaves. Each plot area was 61.6 m
2
. The experiments were held in four replications. All analyses 

complied with relevant state standards. The weather in 2020 featured relatively cold May and heavy 

rainfall in July and August. The content of mineral forms of nitrogen (mainly nitrates) in the soil 

increased significantly in June - early July. With an increase in the applied compost dose, the 

content of nitrates in the soil also increased. The use of the developed technology, application of the 

second dose of compost and bio-preparations allowed to harvest 31.8 t/ha of standard potato tubers. 

The preserving degree of potatoes during six-month winter storage was 84.7 - 89.7%, of which 

93.4% were healthy tubers. Bio-preparations contributed to the higher share of preserved healthy 

tubers, bringing it to 97% and higher. During the storage of potatoes, the dry matter content in the 

tubers did not change significantly; however, the nitrate content decreased. 
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ɺʚʝʜʝʥʠʝ 

ɺ ʦʙʥʦʚʣʝʥʥʦʤ ʇʣʘʥʝ ʜʝʡʩʪʚʠʡ ʧʦ 

ʟʘʱʠʪʝ ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ ʧʣʘʥʠʨʫʝʪʩʷ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʨʘʟʚʠʪʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʚ ʨʝʛʠʦʥʝ, ʩ ʜʦʚʝʜʝʥʠʝʤ 

ʜʦʣʠ ʧʣʦʱʘʜʝʡ ʧʦʜ ʪʘʢʠʤʠ ʢʫʣʴʪʫʨʘʤʠ ʢ 

2030 ʛʦʜʫ ʜʦ 25% ʦʪ ʦʙʱʝʡ ʧʣʦʱʘʜʠ 

ʧʦʩʝʚʦʚ (ʍɽʃʂʆʄ). ʆʩʥʦʚʥʦʝ ʨʘʟʣʠʯʠʝ 

ʤʝʞʜʫ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʠ ʠʥʪʝʥʩʠʚʥʳʤʠ 

ʩʠʩʪʝʤʘʤʠ ʚʝʜʝʥʠʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʟʥʘʯʠʪʝʣʴʥʳʭ ʦʛʨʘʥʠʯʝʥʠʷʭ 

ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʠ 

ʧʝʩʪʠʮʠʜʦʚ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ. ʂʨʦʤʝ 

ʪʦʛʦ, ʟʘʢʫʧʢʠ ʫʜʦʙʨʝʥʠʡ, ʢʦʨʤʦʚ, 

ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ, ʯʠʩʪʷʱʠʭ 

ʩʨʝʜʩʪʚ ʵʪʠʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʦʛʨʘʥʠʯʝʥʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʨʛʘʥʠʯʝʩʢʦʝ ʩʝʣʴʩʢʦʝ 

ʭʦʟʷʡʩʪʚʦ ʠʤʝʝʪ ʚʳʩʦʢʠʡ ʧʦʪʝʥʮʠʘʣ ʜʣʷ 

ʩʦʜʝʡʩʪʚʠʷ ʟʘʱʠʪʝ ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ. ʆʥʦ 

ʩʦʢʨʘʱʘʝʪ ʚʳʙʨʦʩʳ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ, 

ʧʝʩʪʠʮʠʜʦʚ ʠ ʚʝʪʝʨʠʥʘʨʥʳʭ ʤʝʜʠʮʠʥʩʢʠʭ 

ʧʨʝʧʘʨʘʪʦʚ, ʪʝʤ ʩʘʤʳʤ ʟʘʱʠʱʘʷ 

ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʠ ʛʨʫʥʪʦʚʳʝ ʚʦʜʳ ʠ 

ɹʘʣʪʠʡʩʢʦʝ ʤʦʨʝ. ʕʪʦ ʪʘʢʞʝ ʤʦʞʝʪ 

ʧʨʠʥʝʩʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʳʛʦʜʳ ʜʣʷ 

ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʠ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʟʘʢʦʥʳ ʦʙ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ ʜʝʡʩʪʚʫʶʪ ʚ ʙʦʣʝʝ 

ʯʝʤ 80 ʩʪʨʘʥʘʭ ʤʠʨʘ. ɺ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ʩ 1 ʷʥʚʘʨʷ 2020 ʛʦʜʘ ʚʩʪʫʧʠʣ ʚ 

ʩʠʣʫ ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ ʦʪ 03.08.2018 N 

280-ʌɿ "ʆʙ ʦʨʛʘʥʠʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ ʠ ʦ 

ʚʥʝʩʝʥʠʠ ʠʟʤʝʥʝʥʠʡ ʚ ʦʪʜʝʣʴʥʳʝ 

ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʝ ʘʢʪʳ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠè. ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʛʦ ʟʘʢʦʥʘ ʚ 

ʧʦʣʥʦʡ ʤʝʨʝ, ʢʘʢ ʦʪʤʝʯʘʣ ʧʨʝʤʴʝʨ-ʤʠʥʠʩʪʨ 

ɼ.ɸ. ʄʝʜʚʝʜʝʚ, ʚʳʩʪʫʧʘʷ ʥʘ ʟʘʩʝʜʘʥʠʠ 

ʇʨʘʚʠʪʝʣʴʩʪʚʘ, ʈʦʩʩʠʷ ʤʦʞʝʪ ʟʘʥʷʪʴ ʦʪ 10% 

ʜʦ 25% ʨʳʥʢʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ. 

ʉʦʚʨʝʤʝʥʥʘʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ 

ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʘʷ ʩʠʩʪʝʤʘ ʜʦʩʪʘʪʦʯʥʦ 

ʧʨʦʜʫʢʪʠʚʥʘ, ʥʦ  ʩʦʟʜʘʝʪ ʤʥʦʞʝʩʪʚʦ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ, ʪʘʢʠʭ ʢʘʢ 

ʩʦʢʨʘʱʝʥʠʝ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ, ʜʝʛʨʘʜʘʮʠʷ 

ʧʦʯʚ, ʚʳʜʝʣʝʥʠʝ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ 

ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ, ʵʚʪʨʦʬʠʢʘʮʠʷ ʚʦʜʥʳʭ 

ʦʙʲʝʢʪʦʚ, ʠ ʨʷʜ ʜʨʫʛʠʭ  (Ponisio et al., 2015; 

Foley et al.,2005). 

Feiziene et al. (2014) 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨʜʠʣʠ, ʯʪʦ ʚ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʝʚʦʦʙʦʨʦʪʘʭ, ʩ ʫʯʘʩʪʠʝʤ 

ʢʨʘʩʥʦʛʦ ʢʣʝʚʝʨʘ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʘʢʪʠʚʥʦʝ 

ʟʘʧʘʩʘʥʠʝ ʫʛʣʝʨʦʜʘ ʠ ʘʟʦʪʘ ʚ ʩʦʩʪʘʚʝ 

ʛʫʤʫʩʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʯʚʳ ʠ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʚʳʜʝʣʝʥʠʷ 

ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʠʥʪʝʥʩʠʚʥʳʤ ʟʝʤʣʝʜʝʣʠʝʤ. ɸʥʘʣʦʛʠʯʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ  M¿ller-

Lindenlauf (2009), ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ, ʯʪʦ 

ʚʦʟʨʘʩʪʘʥʠʝ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʠ ʘʟʦʪʘ ʚ 

ʧʦʯʚʝ ʧʨʠ ʦʨʛʘʥʠʯʝʩʢʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʴʰʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʢʫʣɹʪʫʨ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʜʝʥʠʝ 

ʘʥʘʣʠʪʠʯʝʩʢʠ ʩʪʨʦʛʠʭ, ʘʛʨʦʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʫʩʪʨʘʥʝʥʠʝ ʨʘʟʨʳʚʦʚ ʚ 

ʫʨʦʞʘʡʥʦʩʪʠ ʤʝʞʜʫ ʦʨʛʘʥʠʯʝʩʢʠʤ ʠ 

ʠʥʪʝʥʩʠʚʥʳʤ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʤ 

ʧʨʦʠʟʚʦʜʩʪʚʦʤ, ʚʳʷʚʣʝʥʠʝ ʧʨʝʧʷʪʩʪʚʠʡ ʜʣʷ 

ʚʥʝʜʨʝʥʠʷ ʫʩʪʦʡʯʠʚʳʭ ʤʝʪʦʜʦʚ ʠ 

ʫʣʫʯʰʝʥʠʝ ʫʩʣʦʚʠʡ ʞʠʟʥʠ ʩʝʣʴʩʢʠʭ 

ʞʠʪʝʣʝʡ ʦʪʤʝʪʠʣʠ ʉʘʡʤʦʥ ʜʝ ʐʝʪʮʝʥ 

(2019). 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʦʧʨʦʩʦʚ, ʧʨʦʚʝʜʝʥʥʳʭ ʚ ʙʦʣʝʝ ʯʝʤ 1700 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʷʭ, 

ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤʠ ʩʯʠʪʘʶʪʩʷ 

ʩʣʝʜʫʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ (ɸʨʭʠʧʦʚ ʠ ʜʨ. 

2019): 

1. ʉʦʩʪʘʚʣʝʥʠʝ ʮʠʬʨʦʚʳʭ ʢʘʨʪ ʠ 

ʧʣʘʥʠʨʦʚʘʥʠʝ ʫʨʦʞʘʡʥʦʩʪʠ; 

2. ɼʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʝ ʚʥʝʩʝʥʠʝ 

ʫʜʦʙʨʝʥʠʡ; 

3. ʄʦʥʠʪʦʨʠʥʛ ʩʦʩʪʦʷʥʠʷ ʧʦʩʝʚʦʚ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ 

ʟʦʥʜʠʨʦʚʘʥʠʷ; 

4. ʄʦʥʠʪʦʨʠʥʛ ʢʘʯʝʩʪʚʘ ʫʨʦʞʘʷ; 
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5. ɼʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʝ 

ʦʧʨʳʩʢʠʚʘʥʠʝ. 

      ʂʘʨʪʦʬʝʣʴ ʵʪʦ ʪʨʝʪʴʷ ʧʦ ʟʥʘʯʠʤʦʩʪʠ 

ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʘʷ ʢʫʣʴʪʫʨʘ, ʧʦʩʣʝ ʨʠʩʘ ʠ 

ʧʰʝʥʠʮʳ,  ʩ ʦʙʱʠʤ ʦʙʲʝʤʦʤ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʙʦʣʝʝ 300 ʤʠʣʣʠʦʥʦʚ ʤʝʪʨʠʯʝʩʢʠʭ ʪʦʥʥ, ʢʘʢ 

ʫʩʪʘʥʦʚʣʝʥʦ ʄʝʞʜʫʥʘʨʦʜʥʳʤ 

ʂʘʨʪʦʬʝʣʴʥʳʤ ʎʝʥʪʨʦʤ (2017) ʚ ʃʠʤʝ, 

ʇʝʨʫ. ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ ʟʘʥʠʤʘʝʪ 

ʪʨʝʪʴʝ ʤʝʩʪʦ ʚ ʤʠʨʝ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ 

ʢʘʨʪʦʬʝʣʷ, ʢʦʪʦʨʳʡ ʚʦʟʜʝʣʳʚʘʝʪʩʷ ʚʦ ʚʩʝʭ 

ʦʩʥʦʚʥʳʭ ʨʝʛʠʦʥʘʭ ʩʪʨʘʥʳ, ʚʢʣʶʯʘʷ ʠ 

ʉʝʚʝʨʦ-ɿʘʧʘʜʥʳʡ ʨʝʛʠʦʥ.  

ʎʝʣʴ ʥʘʰʝʡ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʠ ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʘʨʪʦʬʝʣʷ ʚ ʉʝʚʝʨʦ-ɿʘʧʘʜʥʦʤ 

ʨʝʛʠʦʥʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʦʩʪʠʞʝʥʠʡ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʘʫʢ ʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ (ʇʦʧʦʚ ɺ.ɼ., 

ʄʠʥʠʥ ɺ.ɹ., ʄʘʢʩʠʤʦʚ ɼ.ɸ., ʇʘʧʫʰʠʥ ʕ.ɸ., 

2018). ʕʪʦ ʧʦʟʚʦʣʠʪ ʧʝʨʝʡʪʠ ʢ ʨʘʟʨʘʙʦʪʢʝ 

çʫʤʥʦʛʦè ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʥʘ ʦʩʥʦʚʝ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʘʥʥʳʭ ʠ 

ʩʝʤʝʡʩʪʚʘ  ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʦʩʪʦʚʝʨʥʳʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ.  ʅʘ ʵʪʦʡ ʦʩʥʦʚʝ ʙʫʜʝʪ 

ʩʦʟʜʘʥʘ ʵʢʩʧʝʨʪʥʘʷ ʩʠʩʪʝʤʘ, ʢʦʪʦʨʘʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʢʦʧʣʝʥʥʦʛʦ ʦʧʳʪʘ ʠ 

ʟʘʜʘʥʥʦʛʦ ʥʘʙʦʨʘ ʢʨʠʪʝʨʠʝʚ ʦʧʪʠʤʠʟʘʮʠʠ 

ʙʫʜʝʪ ʚʳʙʠʨʘʪʴ ʥʘʠʣʫʯʰʝʝ ʨʝʰʝʥʠʝ, ʩʤʦʞʝʪ 

ʨʘʩʩʯʠʪʘʪʴ ʠ ʦʮʝʥʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʨʘʟʣʠʯʥʳʭ 

ʩʮʝʥʘʨʠʝʚ, ʯʪʦ ʦʙʝʩʧʝʯʠʪ ʨʘʟʥʦʩʪʦʨʦʥʥʝʝ 

ʨʘʩʩʤʦʪʨʝʥʠʝ ʚʳʙʠʨʘʝʤʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʦʧʝʨʘʮʠʠ ʩ ʫʯʝʪʦʤ ʩʢʣʘʜʳʚʘʶʱʝʡʩʷ 

ʧʦʛʦʜʥʦʡ ʦʙʩʪʘʥʦʚʢʠ ʠ ʩʦʟʜʘʚʘʝʤʳʭ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʨʠʩʢʦʚ. 

ʆʙʲʝʢʪʳ ʠ ʤʝʪʦʜʳ 

ɺ 2020 ʛʦʜʫ ʙʳʣʠ ʧʨʦʜʦʣʞʝʥʳ 

ʨʘʙʦʪʳ ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ ʩʝʚʦʦʙʦʨʦʪʥʦʤ 

ʦʧʳʪʝ ʥʘʯʘʪʳʝ ʚ 2016 ʛ. (ʄʠʥʠʥ ɺ.ɹ., 

ʄʝʣʴʥʠʢʦʚ ʉ.ʇ., ʄʘʢʩʠʤʦʚ ɼ.ɸ., ʃʦʛʠʥʦʚ 

ɻ.ɸ., 2019). ɺ ʦʧʳʪʝ, ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚʦʟʜʝʣʳʚʘʥʠʷ ʩ 

ʢʘʨʪʦʬʝʣʷ, ʠʟʫʯʘʣʠʩʴ ʪʨʠ ʛʨʫʧʧʳ ʬʘʢʪʦʨʦʚ: 

ʘ) ʋʨʦʚʝʥʴ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʠʪʘʥʠʷ, 

ʦʙʝʩʧʝʯʝʥʥʳʡ ʜʝʡʩʪʚʠʝʤ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʫʜʦʙʨʝʥʠʷ; 

ʙ) ɼʝʡʩʪʚʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʘʟʦʪʘ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʦʛʦ 

ʚʥʦʩʠʤʳʤʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ ï 

ʘʟʦʪʬʠʢʩʘʪʦʨʘʤʠ (ʌʣʘʚʦʙʘʢʪʝʨʠʥ); 

ʚ) ɼʝʡʩʪʚʠʝ ʙʠʦʬʫʥʛʠʮʠʜʦʚ,  

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ 

ʨʘʩʪʝʥʠʡ. 

 ɺ ʦʧʳʪʝ ʚʦʟʜʝʣʳʚʘʣʩʷ ʢʘʨʪʦʬʝʣʴ 

ʩʦʨʪʘ ʋʜʘʯʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʷʪʩʷ ʩ 

ʦʜʥʠʤ ʚʠʜʦʤ ʦʨʛʘʥʠʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʡ, 

ɹʀɸɻʋʄʦʤ, ʢʦʤʧʦʩʪʦʤ, ʧʨʠʛʦʪʦʚʣʝʥʥʳʤ 

ʥʘ ʦʩʥʦʚʝ ʢʫʨʠʥʦʛʦ ʧʦʤʝʪʘ ʠʥʜʫʩʪʨʠʘʣʴʥʳʤ 

ʩʧʦʩʦʙʦʤ ʚ ʙʠʦʢʦʥʚʝʢʪʦʨʝ ʀɸʕʇ 

(Briukhanov A., Subbotin I., Uvarov R., 

Vasilev E., 2017). ʀʩʧʦʣʴʟʫʶʪʩʷ 2 ʜʦʟʳ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʜʦʙʨʝʥʠʷ, 4,3 ʠ 8,6 ʪ/ʛʘ 

(ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʥʝʩʝʥʠʶ ʘʟʦʪʘ ʚ 80 ʠ 

160 ʢʛ/ʛʘ), ʢʦʪʦʨʳʝ ʚʥʦʩʷʪʩʷ ʧʝʨʝʜ ʧʦʩʘʜʢʦʡ 

ʢʘʨʪʦʬʝʣʷ.  

ɺ ʜʚʫʭ ʚʘʨʠʘʥʪʘʭ ʦʧʳʪʘ ʩ ʢʘʨʪʦʬʝʣʝʤ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ɺʅʀʀʉʍʄɹ 

ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʡ ʧʨʝʧʘʨʘʪ ʩ 

ʘʟʦʪʬʠʢʩʠʨʫʶʱʝʡ ʬʫʥʢʮʠʝʡ ï 

ʌʣʘʚʦʙʘʢʪʝʨʠʥ. ɺ ʯʝʪʳʨʝʭ ʚʘʨʠʘʥʪʘʭ ʦʧʳʪʘ 

ʧʨʠʤʝʥʷʣʠʩʴ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʬʫʥʛʠʮʠʜʳ 

ʂʘʨʪʦʬʝʥ. ʉʂ ʠ ʌʠʪʦʣʘʨ.ɻ., ʥʘ ʦʩʥʦʚʝ 

ʰʪʘʤʤʦʚ  Bacillus subtilis ʠ  Trchoderma 

asperellum (Titova J.A. ʠ ʜʨ., 2019) 

ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʚ ɺʀɿʈʝ. ʂʣʫʙʥʠ ʢʘʨʪʦʬʝʣʷ 

ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʙʠʦʧʨʝʧʘʨʘʪʘʤʠ ʧʨʠ 

ʧʦʩʘʜʢʝ, ʘ ʟʘʪʝʤ ʧʦ ʣʠʩʪʴʷʤ. ʉ ʵʪʦʡ ʮʝʣʴʶ 

ʥʘ ʩʘʞʘʣʢʫ ʠ ʢʫʣʴʪʠʚʘʪʦʨ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ 

ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʜʣʷ ʵʪʦʡ ʮʝʣʠ 

ʦʧʨʳʩʢʠʚʘʪʝʣʴ. 

ɺʘʨʠʘʥʪʳ ʦʧʳʪʘ, ʚ ʢʦʪʦʨʳʭ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ 

ʟʘʱʠʪʳ ʨʘʩʪʝʥʠʡ ʩʨʘʚʥʠʚʘʣʠʩʴ ʩ 

ʚʘʨʠʘʥʪʘʤʠ ʙʝʟ ʪʘʢʦʡ ʟʘʱʠʪʳ. 

ʇʣʦʱʘʜʴ ʜʝʣʷʥʢʠ ʚ ʦʧʳʪʝ - 5,6ʤ ʭ 11ʤ = 

61,6 ʤ
2
. ʇʦʚʪʦʨʥʦʩʪʴ ï ʯʝʪʳʨʝʭ ʢʨʘʪʥʘʷ, 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʜʝʣʷʥʦʢ ʨʘʥʜʦʤʠʟʠʨʦʚʘʥʥʦʝ. 
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ʐʠʨʠʥʘ ʤʝʞʜʫʨʷʜʴʷ 0,7 ʤ., ʫʯʝʪʥʫʶ 

ʧʣʦʱʘʜʴ ʜʝʣʷʥʢʠ ʩʦʩʪʘʚʣʷʶʪ ʯʝʪʳʨʝ 

ʩʨʝʜʠʥʥʳʭ ʛʨʝʙʥʷ, ʥʘ ʢʦʪʦʨʳʭ ʧʨʦʚʦʜʠʪʩʷ 

ʦʪʙʦʨ ʦʙʨʘʟʮʦʚ ʚ ʜʠʥʘʤʠʢʝ, ʠ ʯʝʪʳʨʝ ʛʨʝʙʥʷ 

(ʧʦ ʜʚʘ ʩ ʦʙʝʠʭ ʩʪʦʨʦʥ) ï ʟʘʱʠʪʢʘ. 

ʅʘʙʣʶʜʝʥʠʷ ʟʘ ʧʦʯʚʝʥʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ, ʪʝʤʧʘʤʠ ʥʘʨʘʩʪʘʥʠʷ ʙʠʦʤʘʩʩʳ 

ʠ ʟʘ ʬʠʪʦʩʘʥʠʪʘʨʥʦʡ ʦʙʩʪʘʥʦʚʢʦʡ 

ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʥʘ ʚʳʜʝʣʝʥʥʳʭ ʜʝʣʷʥʢʘʭ 

(ʥʘ ʚʩʝʭ ʚʘʨʠʘʥʪʘʭ ʚ ʪʨʸʭ ʢʨʘʪʢʦʡ 

ʧʦʚʪʦʨʥʦʩʪʠ). ɺ ʧʦʯʚʝʥʥʳʭ ʦʙʨʘʟʮʘʭ 

ʦʧʨʝʜʝʣʷʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʧʦʢʘʟʘʪʝʣʠ: 

ʚʣʘʞʥʦʩʪʴ ʧʦʯʚʳ, ʨʅ, ʩʦʜʝʨʞʘʥʠʝ ʥʠʪʨʘʪʦʚ, 

ʘʤʤʦʥʠʷ. ʆʙʨʘʟʮʳ ʧʦʯʚʳ ʦʪʙʠʨʘʣʠ ʠʟ 

ʧʘʭʦʪʥʦʛʦ ʩʣʦʷ. ʉʦʜʝʨʞʘʥʠʝ ʘʤʤʦʥʠʷ ʠ 

ʥʠʪʨʘʪʦʚ ʚ ʧʦʯʚʝ, ʘ ʪʘʢʞʝ ʥʠʪʨʘʪʦʚ ʚ 

ʢʘʨʪʦʬʝʣʝ ʦʧʨʝʜʝʣʷʣʠ ʠʦʥʦʤʝʪʨʠʯʝʩʢʠʤ 

ʤʝʪʦʜʦʤ, ɻʆʉʊ 26951-86. 

ʆʪʦʙʨʘʥʥʳʝ ʩʦ ʚʩʝʭ ʜʝʣʷʥʦʢ ʢʣʫʙʥʠ 

ʢʘʨʪʦʬʝʣʷ ʨʘʟʤʝʱʘʣʠʩʴ ʚ ʩʝʪʯʘʪʳʭ ʤʝʰʢʘʭ 

ʠ, ʧʦʩʣʝ ʦʪʙʦʨʘ ʦʙʨʘʟʮʦʚ ʥʘ ʘʥʘʣʠʟʳ, ʙʳʣʠ 

ʦʪʧʨʘʚʣʝʥʳ ʚ ʭʨʘʥʠʣʠʱʝ. ʇʝʨʝʜ ʟʘʢʣʘʜʢʦʡ 

ʥʘ ʭʨʘʥʝʥʠʷ ʦʙʨʘʟʮʳ ʢʘʨʪʦʬʝʣʷ 

ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʙʠʦʬʫʥʛʠʮʠʜʦʤ ʂʘʨʪʦʬʠʥ. 

ɺ ʥʘʯʘʣʝ ʘʧʨʝʣʷ ʦʙʨʘʟʮʳ ʢʘʨʪʦʬʝʣʷ ʙʳʣʠ 

ʚʳʙʨʘʥʳ ʠʟ ʭʨʘʥʠʣʠʱʘ ʜʣʷ ʫʯʝʪʘ ʠʟʤʝʥʝʥʠʡ 

ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʢʣʫʙʥʷʭ ʢʘʨʪʦʬʝʣʷ ʚʦ 

ʚʨʝʤʷ ʭʨʘʥʝʥʠʷ. ɺ ʦʙʨʘʟʮʘʭ ʢʘʨʪʦʬʝʣʷ 

ʦʧʨʝʜʝʣʷʣʠʩʴ: ʩʦʜʝʨʞʘʥʠʝ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ, 

ʥʠʪʨʘʪʦʚ, ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

1. ʆʩʦʙʝʥʥʦʩʪʠ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ 

ʚʝʛʝʪʘʮʠʦʥʥʳʭ ʧʝʨʠʦʜʦʚ ʚ 2018-2020 ʛʦʜʳ 

ʂʘʢ ʨʘʟʚʠʪʠʝ ʨʘʩʪʝʥʠʡ ʢʘʨʪʦʬʝʣʷ, ʪʘʢ ʠ 

ʩʦʩʪʦʷʥʠʝ ʧʦʯʚʝʥʥʳʭ ʫʩʣʦʚʠʡ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʢʣʘʜʳʚʘʶʱʠʤʠʩʷ 

ʧʦʛʦʜʥʳʤʠ ʫʩʣʦʚʠʷʤʠ. ɺ ʪʘʙʣ.1 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʘʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʢ 

ʩʨʝʜʥʝʤʝʩʷʯʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ, 

ʤʝʩʷʯʥʘʷ ʩʫʤʤʘ ʦʩʘʜʢʦʚ ʠ ʚʝʣʠʯʠʥʘ 

ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ 

ɻʠʜʨʦʪʝʨʤʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ (ɻʊʂ) ʟʘ 

ʯʝʪʳʨʝ ʤʝʩʷʮʘ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʚ 

ʪʝʯʝʥʠʝ 2018-2020 ʛʦʜʦʚ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚʩʝ 

ʛʦʜʘ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʥʘʤʠ 2020 ʛʦʜ, 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʙʦʣʝʝ ʭʦʣʦʜʥʳʤ ʤʘʝʤ, ʥʦ 

ʙʦʣʝʝ ʚʣʘʞʥʳʤ ʠ ʪʝʧʣʳʤ ʠʶʥʝʤ. ɺ ʠʶʣʝ ʠ 

ʘʚʛʫʩʪʝ ʚʳʧʘʣʦ ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ ʦʩʘʜʢʦʚ, 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʠʤʠ 

ʜʘʥʥʳʤʠ ʠ ʧʨʝʜʳʜʫʱʠʤʠ ʛʦʜʘʤʠ. 

 

 ʊʘʙʣʠʮʘ 1 

ʇʦʢʘʟʘʪʝʣʠ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ ʚ ʚʝʛʝʪʘʮʠʦʥʥʳʝ ʧʝʨʠʦʜʳ 2018-2020 ʛ. 

ʄʝʩʷʮ ʇʦʢʘʟʘʪʝʣʴ ɻʦʜ ʉʨʝʜʥʝʤʥʦʛʦʣʝʪ

-ʥʠʝ ʟʥʘʯʝʥʠʷ 

2018 2019 2020  

ʄʘʡ ʊʝʤʧʝʨʘʪʫʨʘ 

ʚʦʟʜʫʭʘ, ʉ
ʦ
 

15,1 12,1 10,0 11,3 

ʆʩʘʜʢʠ , mm 14 134,7 53 46 

ɻʊʂ 0,64 2,11 0,59  

ʀʶʥʴ ʊʝʤʧʝʨʘʪʫʨʘ 

ʚʦʟʜʫʭʘ, ʉ
ʦ
 

16,2 18,7 19,2 15,7 
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2. ɺʣʠʷʥʠʝ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ ʥʘ 

ʦʪʜʝʣʴʥʳʝ ʘʛʨʦʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦ 

ʚʘʨʠʘʥʪʘʤ ʦʧʳʪʘ 

ɺ ʪʘʙʣ. 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʥʘʯʝʥʠʷ ʨʷʜʘ 

ʘʛʨʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦʯʚʳ ʦʧʳʪʘ ʜʦ 

ʝʛʦ ʟʘʢʣʘʜʢʠ. ʇʦʯʚʘ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʘʩʴ 

ʥʝʡʪʨʘʣʴʥʦʡ ʨʝʘʢʮʠʝʡ, ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʧʦʜʚʠʞʥʦʛʦ ʬʦʩʬʦʨʘ. ʂ 

ʤʦʤʝʥʪʫ ʦʪʙʦʨʘ ʦʙʨʘʟʮʦʚ ʚ ʧʦʯʚʝ ʝʱʸ ʥʝ 

ʨʘʟʚʠʣʩʷ ʤʠʥʝʨʘʣʠʟʘʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʥʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ 

ʥʘʢʦʧʣʝʥʠʷ  ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʤʠʥʝʨʘʣʴʥʳʭ ʬʦʨʤ ʘʟʦʪʘ ʠ ʢʘʣʠʷ ʚ ʠʦʥʥʦʡ 

ʬʦʨʤʝ. 

 

ʊʘʙʣʠʮʘ 2 

ɸʛʨʦʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦʯʚʳ ʧʝʨʝʜ ʟʘʢʣʘʜʢʦʡ ʦʧʳʪʘ 

(ʜʘʪʘ ʦʪʙʦʨʘ ʦʙʨʘʟʮʦʚ 21.05.2020) 

 

ɺʘʨʠʘʥʪ ʨʅ 

ʅ2ʆ 

ʨʅ 

KCl 

ɺʣʘʞʥʦʩʪʴ, 

% 

ʇʦʜʚʠʞʥʳʡ 

ʈ ʧʦ 

ʂʠʨʩʘʥʦʚʫ 

ʚ ʧʝʨʝʩʯʸʪʝ 

ʥʘ ʈ, ʤʛ/ʢʛ 

ʀʦʥʥʦʡ ʬʦʨʤʳ 

ʢʘʣʠʷ. 

NH4+, 

ʤʛ/ʢʛ 

ʂ+, 

ʤʛ/ʢʛ 

NO3-

, 

ʤʛ/ʢʛ 

ʉʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ ʠʟ 

5 

7,88 
6,5

0 
25,0 189 0,17 1,46 16,22 

ʉʪ. 

ʦʪʢʣʦʥʝʥʠʝ 
0,35 

0,3

3 
1,32 29,9 0,10 0,92 6,87 

 

 

 

ʆʩʘʜʢʠ , mm  35,2 79,3 129,4 71 

ɻʊʂ 1,02 1,42 2,25  

ʀʶʣʴ ʊʝʤʧʝʨʘʪʫʨʘ 

ʚʦʟʜʫʭʘ, ʉ
ʦ
 

20,8 16,5 17,6 18,8 

ʆʩʘʜʢʠ , mm 152 179,8 186,2 79 

ɻʊʂ 2,85 3,52 3,41  

ɸʚʛʫʩʪ ʊʝʤʧʝʨʘʪʫʨʘ 

ʚʦʟʜʫʭʘ, ʉ
ʦ
 

15,7 17,0 17,2 16,9 

ʆʩʘʜʢʠ , mm 60,1 94,6 195,9 83 

ɻʊʂ 2,02 1,80 3,80  
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ʇʨʠʤʝʯʘʥʠʝ: 

ʈʷʜ 1. ï 22.05.2020; ʨʷʜ 2 ï 09.06.2020; ʨʷʜ 3 ï 29.06.2020; ʨʷʜ 4 ï 29.10.2020. 

ɺʘʨʠʘʥʪʳ ʦʧʳʪʘ: 1 ï ʢʦʥʪʨʦʣʴ; 2 ï ʢʦʤʧʦʩʪ 1 ʜʦʟʘ; 3 - ʂʘʨʪʦʬʠʥ; 4 ï ʂʘʨʪʦʬʠʥ + 

ʢʦʤʧʦʩʪ 1 ʜʦʟʘ;5 ï ʂʘʨʪʦʬʠʥ + ʢʦʤʧʦʩʪ 2 ʜʦʟʘ. 

ʈʠʩ.1. ɼʠʥʘʤʠʢʘ ʩʦʜʝʨʞʘʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʬʦʨʤ ʘʟʦʪʘ ʚ ʧʦʯʚʝ ʧʦ ʚʘʨʠʘʥʪʘʤ ʦʧʳʪʘ. 

       ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʦ 

ʜʠʥʘʤʠʢʝ ʩʦʜʝʨʞʘʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʬʦʨʤ 

ʘʟʦʪʘ ʚ ʧʦʯʚʝ ʨʘʟʣʠʯʥʳʭ  ʚʘʨʠʘʥʪʦʚ. ʏʝʨʝʟ 

ʜʚʝ ʥʝʜʝʣʠ ʧʦʩʣʝ ʟʘʢʣʘʜʢʝ ʦʧʳʪʘ, ʢ 9 ʠʶʥʷ, 

ʚ ʧʦʯʚʝ, ʢʘʢ ʥʘ ʢʦʥʪʨʦʣʴʥʦʤ ʚʘʨʠʘʥʪʝ, ʪʘʢ ʠ 

ʥʘ ʚʘʨʠʘʥʪʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʂʘʨʪʦʬʠʥʘ, 

ʥʘʢʦʧʠʣʦʩʴ ʦʢʦʣʦ 20 ʤʛ N/ʢʛ ʧʦʯʚʳ, 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʥʠʪʨʘʪʥʦʡ ʬʦʨʤʝ. 

ɺʥʝʩʝʥʠʝ ʢʦʤʧʦʩʪʘ ʚ ʧʝʨʚʦʡ ʜʦʟʝ 

ʦʙʝʩʧʝʯʠʣʦ ʫʩʠʣʝʥʠʝ ʤʠʥʝʨʘʣʠʟʘʮʠʦʥʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʠʥʝʨʘʣʴʥʳʭ 

ʬʦʨʤ ʘʟʦʪʘ ʚ ʧʦʯʚʝʥʥʦʤ ʨʘʩʪʚʦʨʝ ʩʦʩʪʘʚʠʣʘ 

37-40 ʤʛ N/ʢʛ ʧʦʯʚʳ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʡʩʪʚʠʷ 

ʚʪʦʨʦʡ ʜʦʟʳ, ʩʦʜʝʨʞʘʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ 

ʬʦʨʤ ʘʟʦʪʘ ʚʦʟʨʦʩʣʦ ʜʦ 59 ʤʛ/ N/ʢʛ ʧʦʯʚʳ. 

ʂ ʢʦʥʮʫ ʠʶʥʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʧʣʦʡ ʠ 

ʚʣʘʞʥʦʡ ʧʦʛʦʜʳ, ʤʠʥʝʨʘʣʠʟʘʮʠʦʥʥʳʡ 

ʧʨʦʮʝʩʩ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʣʩʷ. ʅʘ 

ʢʦʥʪʨʦʣʴʥʦʤ ʚʘʨʠʘʥʪʝ ʥʘʢʦʧʠʣʦʩʴ ʙʦʣʝʝ 70 

ʤʛ/ N/ʢʛ ʧʦʯʚʳ, ʥʝʩʤʦʪʨʷ ʥʘ ʥʘʯʘʣʦ 

ʧʦʪʨʝʙʣʝʥʠʷ ʢʘʨʪʦʬʝʣʝʤ. ʅʘ ʚʘʨʠʘʥʪʘʭ ʩ 

ʢʦʤʧʦʩʪʦʤ, ʥʘʢʦʧʣʝʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʬʦʨʤ 

ʘʟʦʪʘ ʰʣʦ ʙʦʣʝʝ ʘʢʪʠʚʥʦ. ʋʙʦʨʢʘ ʢʘʨʪʦʬʝʣʷ 

ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʚ ʧʝʨʚʫʶ ʥʝʜʝʣʶ ʩʝʥʪʷʙʨʷ. 

ʆʜʥʘʢʦ, ʢ ʢʦʥʮʫ ʦʢʪʷʙʨʷ ʚ ʧʦʯʚʝ 

ʦʩʪʘʚʘʣʦʩʴ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʤʠʥʝʨʘʣʴʥʳʭ ʬʦʨʤ ʘʟʦʪʘ. ʅʘ ʚʘʨʠʘʥʪʘʭ ʩ 

ʢʦʤʧʦʩʪʦʤ ʦʥʦ ʜʦʩʪʠʛʘʣʦ ʦʢʦʣʦ 30 ʤʛ/ N/ʢʛ 

ʧʦʯʚʳ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʦʩʣʝ ʫʙʦʨʢʠ 

ʢʘʨʪʦʬʝʣʷ ʩʣʝʜʫʝʪ ʩʘʞʘʪʴ ʦʟʠʤʫʶ 

ʧʦʞʥʠʚʥʫʶ ʢʫʣʴʪʫʨʫ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ 

ʧʦʪʨʝʙʣʷʪʴ ʦʩʪʘʚʰʠʡʩʷ ʘʟʦʪ ʠ 

ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ ʝʛʦ ʧʦʪʝʨʷʤ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʚʳʤʳʚʘʥʠʷ ʩ ʦʩʝʥʥʠʤʠ ʠ ʟʠʤʥʠʤʠ 

ʘʪʤʦʩʬʝʨʥʳʤʠ ʦʩʘʜʢʘʤʠ. 

3. ɺʣʠʷʥʠʝ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ ʠ 

ʘʛʨʦʭʠʤʠʢʘʪʦʚ ʥʘ ʫʨʦʞʘʡʥʦʩʪʴ ʠ 

ʢʘʯʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʢʣʫʙʥʝʡ 

ʢʘʨʪʦʬʝʣʷ 

ʆʙʱʘʷ ʫʨʦʞʘʡʥʦʩʪʴ ʢʘʨʪʦʬʝʣʷ ʚ 

2020 ʛʦʜʫ ʙʳʣʘ ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ, ʯʝʤ ʚ 

2019, ʚ ʩʚʷʟʠ ʩʦ ʩʢʣʘʜʳʚʘʶʱʠʤʠʩʷ 

ʧʦʛʦʜʥʳʤʠ ʫʩʣʦʚʠʷʤʠ (ʙʦʣʝʝ ʧʨʦʭʣʘʜʥʳʤ 

ʤʘʝʤ ʠ ʧʦʚʳʰʝʥʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʦʩʘʜʢʦʚ 

ʚ ʠʶʥʝ ï ʘʚʛʫʩʪʝ, ʪʘʙʣ. 1). ʊʝʤ ʥʝ ʤʝʥʝʝ, 

ʨʘʟʤʘʭ ʢʦʣʝʙʘʥʠʡ ʤʝʞʜʫ ʚʘʨʠʘʥʪʘʤʠ 

ʫʩʨʝʜʥʝʥʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʫʨʦʞʘʡʥʦʩʪʠ 

ʙʳʣ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 19,2 ʜʦ 34,2 ʪ/ʛʘ, 

(ʪʘʙʣ.3). 

˾Ύ͒м 

˾Ύ͒н 
˾Ύ͒о 
˾Ύ͒п 

0 

50 
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1 2 3 
4 

5 

͎ͣ N/͟ ͎
ͨͦ;͍· 

ˤ͙͊ͪ͊ͤͭ· ͦͨ·ͭ͊ 
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ʊʘʙʣʠʮʘ 3 

ʋʨʦʞʘʡʥʦʩʪʴ ʩʪʘʥʜʘʨʪʥʳʭ ʢʣʫʙʥʝʡ ʢʘʨʪʦʬʝʣʷ ʩʦʨʪʘ ʋʜʘʯʘ ʠ ʜʦʣʠ ʤʝʣʢʦʛʦ ʢʘʨʪʦʬʝʣʷ ʚ 

ʙʠʦʣʦʛʠʯʝʩʢʦʤ ʫʨʦʞʘʝ. 

ˉ 

ʚʘʨʠʘʥ

ʪʘ 

ɼʦʟʘ 

ʢʦʤʧʦʩ

ʪʘ, ʢʛ 

N/ʛʘ 

ɺʠʜ 

ʙʠʦʟʘʱʠʪʳ 

ʋʨʦʞʘʡʥʦʩ

ʪʴ 

ʙʠʦʣʦʛʠʯʝʩ

ʢʘʷ, ʪ/ʛʘ 

ʋʨʦʞʘʡʥʦ

ʩʪʴ 

ʩʪʘʥʜʘʨʪʘ, 

ʪ/ʛʘ 

ɼʦʣʷ 

ʩʪʘʥʜʘʨʪʥʳ

ʭ ʢʣʫʙʥʝʡ ʚ 

ʙʠʦʣʦʛʠʯʝʩʢ

ʦʤ ʫʨʦʞʘʝ, 

% 

ɼʦʣʷ 

ʤʝʣʢʦʛʦ 

ʢʘʨʪʦʬʝʣʷ ʚ 

ʙʠʦʣʦʛʠʯʝʩʢ

ʦʤ ʫʨʦʞʘʝ, 

% 

1 0 0 20,8 19,9 95,7 2,07 

2 80 0 25,4 24,6 96,9 1,68 

3 0 ʌʣʘʚʦʙʘʢʪʝʨʠ

ʥ 
22,6 22,4 98,4 1,36 

4 80 ʌʣʘʚʦʙʘʢʝʪʨʠ

ʥ 
27,7 27,0 97,5 1,38 

5 0 ʂʘʨʪʦʬʠʥ, ʉʂ 19,2 18,5 96,4 2,03 

6 80 ʂʘʨʪʦʬʠʥ, ʉʂ 28,4 27,5 96,8 1,66 

7 80 ʂʘʨʪʦʬʠʥ, ʉʂ 

+ ʌʠʪʦʣʘʨ, ɻ 
28,7 28,2 98,1 1,84 

8 160 ʂʘʨʪʦʬʠʥ, ʉʂ 34,2 31,8 93,0 0,83 

ʅʉʈ95 1,7 1,4   

 

ɺ ʩʚʷʟʠ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ 

ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚʳ, ʜʘʞʝ ʚ ʦʪʩʫʪʩʪʚʠʠ 

ʧʨʠʤʝʥʝʥʠʷ ʢʦʤʧʦʩʪʘ ʠ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ 

ʨʘʩʪʝʥʠʡ ʥʘ ʢʦʥʪʨʦʣʴʥʦʤ ʚʘʨʠʘʥʪʝ 

ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʫʨʦʞʘʡʥʦʩʪʴ ʩʦʩʪʘʚʠʣʘ 

ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʚ 20,8 ʪ/ʛʘ 

(ʊʘʙʣ.3). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʦʩʪʘ 

ʧʦʟʚʦʣʠʣʠ ʧʦʜʥʷʪʴ ʝʝ ʜʦ 25,4 ʪ/ʛʘ, ʪʦ ʝʩʪʴ 

ʙʦʣʝʝ ʯʝʤ ʥʘ 4 ʪʦʥʥ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʦʪʝʨʠ 

ʢʘʨʪʦʬʝʣʷ ʩ ʵʪʠʭ ʚʘʨʠʘʥʪʦʚ ʧʨʠ ʭʨʘʥʝʥʠʠ 

ʙʳʣʠ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ, ʦ ʯʝʤ ʙʫʜʝʪ ʩʢʘʟʘʥʦ 

ʜʘʣʴʰʝ.  

ʌʣʘʚʦʙʘʢʪʝʨʠʥ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʡ 

ʢʘʢ ʨʘʟʚʠʪʠʶ ʧʦʯʚʝʥʥʦʡ ʘʟʦʪʬʠʢʩʘʮʠʠ, ʪʘʢ 

ʠ ʫʣʫʯʰʝʥʠʶ ʦʙʱʝʛʦ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʨʘʩʪʝʥʠʡ ʢʘʨʪʦʬʝʣʷ, ʦʙʝʩʧʝʯʠʣ 

ʜʦʩʪʦʚʝʨʥʫʶ ʧʨʠʙʘʚʢʫ ʫʨʦʞʘʡʥʦʩʪʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ ʚ 1,8 ʪ/ʛʘ ʜʘʞʝ ʙʝʟ 

ʢʦʤʧʦʩʪʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʦʩʪʘ, 

ʩʦʚʤʝʩʪʥʦ ʩ ʌʣʘʚʦʙʘʢʪʝʨʠʥʦʤ, ʫʚʝʣʠʯʠʣʦ 

ʫʨʦʞʘʡʥʦʩʪʴ ʝʱʸ ʥʘ 5,1 ʪ - ʜʦ 27,7 ʪ/ʛʘ. 

ɺʝʣʠʯʠʥʘ ʫʨʦʞʘʡʥʦʩʪʴ ʢʘʨʪʦʬʝʣʷ ʥʘ 

ʚʘʨʠʘʥʪʝ ʩ ʙʠʦʬʫʥʛʠʮʠʜʦʤ ʂʘʨʪʦʬʠʥ, ʥʝ 

ʩʦʧʨʦʚʦʞʜʘʝʤʘʷ ʚʥʝʩʝʥʠʝʤ ʢʦʤʧʦʩʪʘ, 

ʜʦʩʪʦʚʝʨʥʦ ʥʝ ʦʪʣʠʯʘʣʘʩʴ ʦʪ ʢʦʥʪʨʦʣʴʥʦʛʦ 

ʚʘʨʠʘʥʪʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʦʩʪʘ 

ʩʦʚʤʝʩʪʥʦ ʩ ʂʘʨʪʦʬʠʥʦʤ ʜʘʣʦ ʧʨʠʙʘʚʢʫ 

ʫʨʦʞʘʷ ʚ 9,2 ʪ/ʛʘ. 

ʄʘʢʩʠʤʘʣʴʥʘʷ, ʢʘʢ ʙʠʦʣʦʛʠʯʝʩʢʘʷ 

ʫʨʦʞʘʡʥʦʩʪʴ ʚ 34,2 ʪ/ʛʘ, ʪʘʢ ʠ ʫʨʦʞʘʡʥʦʩʪʴ 

ʩʪʘʥʜʘʨʪʥʳʭ ʢʣʫʙʥʝʡ ʚ 31,8 ʪ/ʛʘ ʙʳʣʘ 

ʜʦʩʪʠʛʥʫʪʘ ʧʨʠ ʚʥʝʩʝʥʠʠ ʚʪʦʨʦʡ ʜʦʟʳ 

ʢʦʤʧʦʩʪʘ (160 ʢʛ N/ʛʘ) ʩʦʚʤʝʩʪʥʦ ʩ 

ʂʘʨʪʦʬʠʥʦʤ. 
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ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʪʨʝʙʦʚʘʥʠʷʤ ɻʆʉʊ 7176-2017 

ʥʘ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʳʡ ʢʘʨʪʦʬʝʣʴ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʪʙʨʘʢʦʚʢʘ ʢʘʢ ʤʝʣʢʠʭ, ʪʘʢ ʠ 

ʦʯʝʥʴ ʢʨʫʧʥʳʭ ʢʣʫʙʥʝʡ. ʇʨʠ ʵʪʦʤ, 

ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʢʣʫʙʥʝʡ, ʥʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʪʨʝʙʦʚʘʥʠʷʤ ʧʦ 

ʢʘʣʠʙʨʦʚʢʝ, ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ 10%. 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʢʣʫʙʥʝʡ ʩ ʤʝʭʘʥʠʯʝʩʢʠʤʠ 

ʧʦʚʨʝʞʜʝʥʠʷʤʠ ʥʝ ʜʦʣʞʥʳ ʧʨʝʚʳʰʘʪʴ 2%, 

ʠ ʩ ʠʟʨʘʩʪʘʥʠʷʤʠ / ʧʦʟʝʣʝʥʝʚʰʠʭ ʪʘʢʞʝ 

ʙʳʪʴ ʥʝ ʙʦʣʝʝ 2%. 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʜʦʣʷ ʤʝʣʢʦʛʦ 

ʢʘʨʪʦʬʝʣʷ ʦʪʤʝʯʝʥʘ ʥʘ ʢʦʥʪʨʦʣʴʥʦʤ 

ʚʘʨʠʘʥʪʝ, ʘ ʪʘʢʞʝ ʥʘ ʚʘʨʠʘʥʪʝ 5 

(ʂʘʨʪʦʬʠʥ). ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʵʪʠʭ 

ʚʘʨʠʘʥʪʦʚ ʨʘʩʪʝʥʠʷʤ ʢʘʨʪʦʬʝʣʷ ʥʝ ʭʚʘʪʠʣʦ 

ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ 

ʨʘʟʚʠʪʠʷ ʤʝʣʢʠʭ ʢʣʫʙʥʝʡ. ʄʠʥʠʤʘʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʤʝʣʢʠʭ ʢʣʫʙʥʝʡ ʙʳʣʦ ʥʘ 

ʚʘʨʠʘʥʪʝ 8, ʩʦ ʚʪʦʨʦʡ ʜʦʟʦʡ ʢʦʤʧʦʩʪʘ ʠ 

ʂʘʨʪʦʬʠʥʦʤ (0,83). ʉʪʘʥʜʘʨʪʥʳʡ 

ʢʘʨʪʦʬʝʣʴ ʥʘ ʵʪʦʤ ʚʘʨʠʘʥʪʝ ʧʨʝʜʩʪʘʚʣʷʝʪ  

93% ʦʙʱʝʛʦ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʫʨʦʞʘʷ, 

ʦʩʪʘʣʴʥʘʷ ʯʘʩʪʴ ʢʘʨʪʦʬʝʣʷ - ʵʪʦ ʩʣʠʰʢʦʤ 

ʢʨʫʧʥʳʝ ʢʣʫʙʥʠ.  ʇʝʨʚʘʷ ʜʦʟʘ ʢʦʤʧʦʩʪʘ 

ʦʙʝʩʧʝʯʠʣʘ ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ 

ʙʦʣʝʝ 96% ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʫʨʦʞʘʷ ʙʳʣʦ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʪʘʥʜʘʨʪʥʳʤʠ ʢʣʫʙʥʷʤʠ. 

ʅʘʠʙʦʣʴʰʘʷ ʜʦʣʷ ʩʪʘʥʜʘʨʪʥʳʭ ʢʣʫʙʥʝʡ 

(ʙʦʣʝʝ 98%) ʙʳʣʘ ʦʪʤʝʯʝʥʘ ʥʘ ʚʘʨʠʘʥʪʝ 7 

(ʧʝʨʚʘʷ ʜʦʟʘ ʢʦʤʧʦʩʪʘ + ʂʘʨʪʦʬʠʥ + 

ʌʠʪʦʣʘʨ ɻ) ʠ ʥʘ ʚʘʨʠʘʥʪʘʭ 3 ʠ 4 (ʩ 

ʌʣʘʚʦʙʘʢʪʝʨʠʥʦʤ). 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʠʥʬʦʨʤʘʮʠʷ ʦ ʚʣʠʷʥʠʠ ʜʦʟʳ ʢʦʤʧʦʩʪʘ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʠʦʧʨʝʧʘʨʘʪʦʚ ʥʘ ʧʨʠʙʘʚʢʫ 

ʚ ʫʨʦʞʘʡʥʦʩʪʠ ʩʪʘʥʜʘʨʪʥʳʭ ʢʣʫʙʥʝʡ 

ʢʘʨʪʦʬʝʣʷ ʦʪ ʢʘʞʜʦʡ ʪʦʥʥʳ ʢʦʤʧʦʩʪʘ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʪʨʝʭʣʝʪʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

(2018-2020). ʉʦʧʦʩʪʘʚʣʷʷ ʵʪʦʪ ʨʠʩʫʥʦʢ ʩ 

ʨʠʩʫʥʢʦʤ 2, ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʥʘʛʣʷʜʥʦ 

ʚʠʜʥʦ, ʯʪʦ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʠ ʫʩʪʦʡʯʠʚʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʝʨʚʦʡ ʜʦʟʳ ʢʦʤʧʦʩʪʘ ʧʦʜ 

ʢʘʨʪʦʬʝʣʴ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 80 ʢʛ ʘʟʦʪʘ/ʛʘ. 

ɼʝʡʩʪʚʠʝ ʙʠʦʧʨʝʧʘʨʘʪʦʚ ʥʘ ʧʨʠʙʘʚʢʫ 

ʫʨʦʞʘʡʥʦʩʪʠ, ʧʨʠ ʵʪʦʡ ʜʦʟʝ ʤʝʥʝʝ 

ʥʘʛʣʷʜʥʦ, ʥʦ ʦʥʠ ʦʙʝʩʧʝʯʠʚʘʣʠ ʧʦʣʫʯʝʥʠʝ 

ʙʦʣʝʝ ʟʜʦʨʦʚʳʭ ʢʣʫʙʥʝʡ. 

 

 
 

ʇʨʠʤʝʯʘʥʠʝ: ʌ ï ʌʣʘʚʦʙʘʢʝʪʨʠʥ, ʂ ï ʂʘʨʪʦʬʠʥ ʉʂ 

 

ʈʠʩ. 2. ɺʣʠʷʥʠʝ ʙʠʦʧʨʝʧʘʨʘʪʦʚ ʠ ʢʦʤʧʦʩʪʘ ʥʘ ʫʨʦʞʘʡʥʦʩʪʴ ʩʪʘʥʜʘʨʪʥʳʭ ʢʣʫʙʥʝʡ 

ʢʘʨʪʦʬʝʣʷ ʩʦʨʪʘ çʋʜʘʯʘè ʚ 2020 ʛʦʜʫ 
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ʈʠʩ. 3. ɺʝʣʠʯʠʥʘ ʧʨʠʙʘʚʢʠ ʫʨʦʞʘʡʥʦʩʪʠ ʢʘʨʪʦʬʝʣʷ ʩʦʨʪʘ çʋʜʘʯʘè ʥʘ ʦʜʥʫ ʪʦʥʥʫ 

ʢʦʤʧʦʩʪʘ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ  ʦʪ ʚʝʣʠʯʠʥʳ ʜʦʟʳ ʢʦʤʧʦʩʪʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʠʦʧʨʝʧʘʨʘʪʘ 

 

4. ɺʣʠʷʥʠʝ ʫʩʣʦʚʠʡ, ʩʦʟʜʘʶʱʠʭ ʚ 

ʚʘʨʠʘʥʪʘʭ ʦʧʳʪʘ, ʥʘ ʢʘʯʝʩʪʚʝʥʥʳʝ 

ʧʦʢʘʟʘʪʝʣʠ ʢʣʫʙʥʝʡ ʢʘʨʪʦʬʝʣʷ 

ɺ ʪʘʙʣʠʮʝ 4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʦ 

ʩʦʜʝʨʞʘʥʠʠ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʢʣʫʙʥʷʭ 

ʢʘʨʪʦʬʝʣʷ ʩʦʨʪʘ ʋʜʘʯʘ ʧʨʠ ʫʙʦʨʢʝ, ʘ ʪʘʢʞʝ 

ʦ ʩʦʜʝʨʞʘʥʠʠ ʢʨʘʭʤʘʣʘ. ʉʨʝʜʥʝʝ 

ʩʦʜʝʨʞʘʥʠʝ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦ ʚʘʨʠʘʥʪʘʤ 

ʥʘʭʦʜʠʣʦʩʴ ʚ ʧʨʝʜʝʣʘʭ 19,18 - 20,96%. 

ʄʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʝ ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʚ 

ʢʦʥʪʨʦʣʷʭ (ʙʝʟ ʙʠʦʧʨʝʧʘʨʘʪʦʚ). ɺʥʝʩʝʥʠʝ 

ʢʦʤʧʦʩʪʘ, ʢʘʢ ʧʨʘʚʠʣʦ ʥʝʩʢʦʣʴʢʦ ʩʥʠʞʘʣʦ 

ʩʦʜʝʨʞʘʥʠʝ ʩʫʭʠʭ ʚʝʱʝʩʪʚ.  ɺ ʩʨʝʜʥʝʤ, 

ʩʦʜʝʨʞʘʥʠʝ ʢʨʘʭʤʘʣʘ ʚ ʢʣʫʙʥʷʭ ʢʘʨʪʦʬʝʣʷ 

ʚ 2020 ʛʦʜʫ ʩʦʩʪʘʚʣʷʣʦ ʦʢʦʣʦ 13,3%. 

ɿʥʘʯʠʪʝʣʴʥʳʭ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ 

ʙʦʣʴʰʠʥʩʪʚʦʤ ʚʘʨʠʘʥʪʦʚ ʫʩʪʘʥʦʚʣʝʥʦ ʥʝ 

ʙʳʣʦ. ʊʦʣʴʢʦ ʚ ʜʚʫʭ ʚʘʨʠʘʥʪʘʭ ʩ 

ʌʣʘʚʦʙʘʢʪʝʨʠʥʦʤ (3 ʠ 4 ʚʘʨʠʘʥʪʳ) ʠ ʚ 

ʚʘʨʠʘʥʪʝ 8 (ʚʪʦʨʘʷ ʜʦʟʘ ʢʦʤʧʦʩʪʘ ʠ 

ʂʘʨʪʦʬʠʥ) ʩʦʜʝʨʞʘʥʠʝ ʢʨʘʭʤʘʣʘ ʚ ʢʣʫʙʥʷʭ 

ʢʘʨʪʦʬʝʣʷ ʧʦʚʳʰʘʣʦʩʴ ʜʦ 13,7 ï 13,8 %, 

ʜʦʩʪʦʚʝʨʥʦ ʦʪʣʠʯʘʷʩʴ (ʧʨʠʤʝʨʥʦ ʥʘ 

10,5%)ʦʪ ʦʩʪʘʣʴʥʳʭ ʚʘʨʠʘʥʪʦʚ. 

ʊʘʙʣʠʮʘ 4 

ɺʣʠʷʥʠʝ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʦʧʳʪʘ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʢʨʘʭʤʘʣʘ ʚ 

ʢʣʫʙʥʷʭ ʢʘʨʪʦʬʝʣʷ 

 

ˉ 

ʚʘʨʠʘʥʪʘ 

ɼʦʟʘ 

ʢʦʤʧʦʩʪʘ, ʢʛ 

N/ʛʘ 

ɺʠʜ ʙʠʦʟʘʱʠʪʳ ʉʦʜʝʨʞʘʥʠʝ ʩʫʭʦʛʦ 

ʚʝʱʝʩʪʚʘ,% 

ʉʦʜʝʨʞʘʥʠʝ 

ʢʨʘʭʤʘʣʘ,% 

1 0 0 19,47 12,9 

2 80 0 19,18 12,9 

3 0 ʌʣʘʚʦʙʘʢʪʝʨʠʥ 20.49 13,8 

0 

0,5 

1 

1,5 

2 

2,5 

3 

2018 2019 2020 

ˣ͙͎͊ͯͣ м͒Φ 

ˣ͙͎͊ͯͣ м͒ΦҌ 
͙͔͋ͦͨͪͨ͊ͪ͊ͭ 

ˣ͙͎͊ͯͣ н ͒ͦ͊͘ Ҍ 
͙͔͋ͦͨͪͨ͊ͪ͊ͭ  
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4 80 ʌʣʘʚʦʙʘʢʝʪʨʠʥ 20,96 13,7 

5 0 ʂʘʨʪʦʬʠʥ 21,06 12,6 

6 80 ʂʘʨʪʦʬʠʥ 19,76 13,1 

7 80 ʂʘʨʪʦʬʠʥ+ ʌʠʪʦʣʘʨ, 

ɻ 

20,72 12,8 

8 160 ʂʘʨʪʦʬʠʥ 19,71 13,7 

ʅʉʈ95 0,57 0,6 

 

 

5. ɺʣʠʷʥʠʝ ʚʳʙʨʘʥʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ 

ʩʦʭʨʘʥʝʥʠʝ ʢʣʫʙʥʝʡ ʢʘʨʪʦʬʝʣʷ ʧʨʠ 

ʭʨʘʥʝʥʠʠ 

ʍʨʘʥʝʥʠʝ ʢʘʨʪʦʬʝʣʷ - ʵʪʦ ʩʣʦʞʥʳʡ 

ʧʨʦʮʝʩʩ ʦʪ ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʠʪ ʢʘʯʝʩʪʚʦ 

ʢʣʫʙʥʝʡ, ʢʘʢ ʜʣʷ ʪʦʚʘʨʥʦʛʦ, ʪʘʢ ʠ ʜʣʷ 

ʩʝʤʝʥʦʚʦʜʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʜʳʭʘʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 2 
ʦ
ʉ 

ʪʝʨʷʝʪʩʷ ʦʪ 1,30 ʜʦ 3,68 ʤʛ ʉʆ2 ʥʘ 1 ʢʛ ʚ ʯʘʩ 

(ʇʰʝʯʝʥʢʦ ʠ ʜʨ. 2007, ʩ. 23). ʂʣʫʙʥʠ 

ʢʘʨʪʦʬʝʣʷ ʪʝʨʷʶʪ ʚ ʤʘʩʩʝ ʪʘʢʞʝ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʠʩʧʘʨʝʥʠʷ ʚʦʜʳ, ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʨʘʟʚʠʪʠʷ ʙʦʣʝʟʥʝʡ. ɺ ʪʘʙʣ. 5 ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʭʨʘʥʝʥʠʷ ʢʣʫʙʥʝʡ ʢʘʨʪʦʬʝʣʷ. 

ʅʘʠʙʦʣʴʰʠʡ ʧʨʦʮʝʥʪ ʩʦʭʨʘʥʠʚʰʝʛʦʩʷ 

ʢʘʨʪʦʬʝʣʷ ʦʪʤʝʯʘʝʪʩʷ ʥʘ ʚʘʨʠʘʥʪʘʭ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʠʦʧʨʝʧʘʨʘʪʦʚ: 3,4 ʠ 7. ɺ 

ʮʝʣʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʦʩʪʘ ʥʝʩʢʦʣʴʢʦ 

ʩʥʠʞʘʣʘ ʢʦʣʠʯʝʩʪʚʦ ʩʦʭʨʘʥʠʚʰʝʛʦʩʷ 

ʢʘʨʪʦʬʝʣʷ, ʦʩʦʙʝʥʥʦ ʚʪʦʨʘʷ ʜʦʟʘ. 

ʅʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʢʣʫʙʥʝʡ, 

ʧʦʨʘʞʝʥʥʳʭ ʙʦʣʝʟʥʷʤʠ, ʦʪʤʝʯʘʝʪʩʷ ʥʘ 

ʚʘʨʠʘʥʪʘʭ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʙʠʦʧʨʝʧʘʨʘʪʦʚ. ʅʘ ʚʘʨʠʘʥʪʘʭ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʦʧʨʝʧʘʨʘʪʦʚ ʦʩʥʦʚʥʘʷ 

ʤʘʩʩʘ ʢʘʨʪʦʬʝʣʴ ʧʦʩʣʝ ʭʨʘʥʝʥʠʷ ʦʩʪʘʣʘʩʴ 

ʟʜʦʨʦʚʦʡ (97 ï 99% ʦʪ ʩʦʭʨʘʥʠʚʰʠʭʩʷ). 

ʆʜʥʘʢʦ, ʢʘʨʪʦʬʝʣʴ ʩ ʚʘʨʠʘʥʪʘ 8, ʛʜʝ ʙʳʣʘ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʚʪʦʨʘʷ ʜʦʟʘ ʢʦʤʧʦʩʪʘ, ʪʘʢʞʝ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʜʦʣʝʡ 

ʙʦʣʴʥʳʭ ʢʣʫʙʥʝʡ ʠ ʤʝʥʴʰʠʤ ʧʨʦʮʝʥʪʦʤ 

ʩʦʭʨʘʥʠʚʰʠʭʩʷ. 

ʊʘʙʣʠʮʘ 5 

ɺʣʠʷʥʠʝ ʙʠʦʧʨʝʧʘʨʘʪʦʚ ʠ ʢʦʤʧʦʩʪʘ ʥʘ ʩʦʭʨʘʥʥʦʩʪʴ ʢʘʨʪʦʬʝʣʷ ʧʨʠ ʭʨʘʥʝʥʠʠ 

ˉ 

ʚʘʨʠʘʥʪ

ʘ 

ɼʦʟʘ 

ʢʦʤʧʦʩʪʘ

, ʢʛ N/ʛʘ 

ɺʠʜ 

ʙʠʦʟʘʱʠʪʳ 

% 

ʩʦʭʨʘʥʠʚʰʝʛʦʩ

ʷ ʢʘʨʪʦʬʝʣʷ, ʦʪ 

ʟʘʣʦʞʝʥʥʦʛʦ ʥʘ 

ʭʨʘʥʝʥʠʷ 

% ʢʣʫʙʥʝʡ 

ʧʦʚʨʝʞʜʝʥʥʳʭ 

ʨʘʟʣʠʯʥʳʤʠ 

ʙʦʣʝʟʥʷʤʠ, ʦʪ 

ʩʦʭʨʘʥʠʚʰʠʭʩ

 ̫

% ʟʜʦʨʦʚʳʭ 

ʢʣʫʙʥʝʡ ʦʪ 

ʩʦʭʨʘʥʠʚʰʠʭʩ

 ̫

1 0 0 89,3 6,6 93,4 

2 80 0 88,1 6,4 93,6 

3 0 ʌʣʘʚʦʙʘʢʪʝʨʠ

ʥ 

92,6 3,2 97,7 
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4 80 ʌʣʘʚʦʙʘʢʝʪʨʠ

ʥ 

92,6 2,3 97,1 

5 0 ʂʘʨʪʦʬʠʥ 88,3 1,0 99,0 

6 80 ʂʘʨʪʦʬʠʥ 89,7 2,2 97,9 

7 80 ʂʘʨʪʦʬʠʥ+ 

ʌʠʪʦʣʘʨ, ɻ 

97,1 2,9 97,1 

8 160 ʂʘʨʪʦʬʠʥ 84,7 5,6 94,2 

 

ɺ ʪʘʙʣʠʮʝ 6 ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʦʜʝʨʞʘʥʠʠ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ 

ʠ ʥʠʪʨʘʪʦʚ ʚ ʢʣʫʙʥʷʭ ʢʘʨʪʦʬʝʣʷ ʧʨʠ 

ʟʘʢʣʘʜʢʝ ʠʭ ʥʘ ʭʨʘʥʝʥʠʝ ʠ ʧʦʩʣʝ ʩʥʷʪʠʷ ʩ 

ʭʨʘʥʝʥʠʷ (ʯʝʨʝʟ ʰʝʩʪʴ ʤʝʩʷʮʝʚ), ʘ ʪʘʢʞʝ 

ʩʦʜʝʨʞʘʥʠʠ ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʧʦʩʣʝ 

ʭʨʘʥʝʥʠʷ. ʉʨʝʜʥʝʝ ʧʦ ʚʘʨʠʘʥʪʘʤ 

ʩʦʜʝʨʞʘʥʠʝ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʢʣʫʙʥʷʭ 

ʢʦʣʝʙʘʣʦʩʴ ʦʩʝʥʴʶ ʚ ʧʨʝʜʝʣʘʭ 19,18 ï 

20,72%, ʘ ʚʝʩʥʦʡ ʦʪ 18,85 ʜʦ 21,24%. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘʠʤʝʥʴʰʝʝ 

ʩʦʜʝʨʞʘʥʠʝ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ 

ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʚ ʚʘʨʠʘʥʪʘʭ ʙʝʟ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʠʦʧʨʝʧʘʨʘʪʦʚ ʠ ʥʘ 

ʚʘʨʠʘʥʪʝ ʩʦ ʚʪʦʨʦʡ ʜʦʟʦʡ ʢʦʤʧʦʩʪʘ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʵʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ 

ʙʠʦʧʨʝʧʘʨʘʪʳ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦʡ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʨʘʩʪʝʥʠʡ 

ʢʘʨʪʦʬʝʣʷ ʠ ʣʫʯʰʝʤʫ ʙʠʦʩʠʥʪʝʟʫ. 

ʆʞʠʜʘʝʤʦ, ʙʦʣʝʝ ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ ʦʪʤʝʯʘʝʪʩʷ ʠ ʥʘ ʚʘʨʠʘʥʪʝ ʩ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʦʟʦʡ ʢʦʤʧʦʩʪʘ, ʟʜʝʩʴ ʞʝ ʠ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʠʪʨʘʪʦʚ. 

ʇʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʥʠʪʨʘʪʦʚ 

ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʘʢʪʠʚʥʦʤʫ ʥʘʢʦʧʣʝʥʠʶ 

ʚʦʜʳ. 

ʉʦʜʝʨʞʘʥʠʝ ʥʠʪʨʘʪʦʚ ʚ ʢʘʨʪʦʬʝʣʝ 

ʚʩʝʭ ʚʘʨʠʘʥʪʦʚ ʙʳʣʦ ʥʠʞʝ ʇɼʂ. ʇʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʠʦʧʨʝʧʘʨʘʪʦʚ ʩʦʜʝʨʞʘʥʠʝ 

ʥʠʪʨʘʪʦʚ ʚ ʢʣʫʙʥʷʭ ʢʘʨʪʦʬʝʣʷ ʧʦʚʳʰʘʣʦʩʴ, 

ʯʪʦ ʦʪʨʘʞʘʝʪ ʧʦʚʳʰʝʥʥʫʶ 

ʤʠʥʝʨʘʣʠʟʘʮʠʦʥʥʫʶ ʘʢʪʠʚʥʦʩʪʴ 

ʤʠʢʨʦʬʣʦʨʳ ʥʘ ʵʪʠʭ ʚʘʨʠʘʥʪʘʭ ʦʧʳʪʘ. 

ʈʘʩʪʝʥʠʷ ʢʘʨʪʦʬʝʣʷ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʵʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʘʟʦʪʘ. 

 

ʊʘʙʣʠʮʘ 6 

ʉʦʜʝʨʞʘʥʠʝ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʥʠʪʨʘʪʦʚ ʚ ʢʣʫʙʥʷʭ ʢʘʨʪʦʬʝʣʷ ʚ ʩʝʥʪʷʙʨʝ 2020 ʠ ʚ 

ʤʘʨʪʘ 2021 ʛʦʜʦʚ 

ˉ 

ʚʘʨ

ʠʘʥ

ʪʘ 

ɼʦʟʘ 

ʢʦʤʧʦʩ

ʪʘ, ʢʛ 

N/ʛʘ 

ɺʠʜ 

ʙʠʦʟʘʱʠʪ

 r

ʉʦʜʝʨʞʘʥ

ʠʝ 

ʘʩʢʦʨʙʠʥ

ʦ-ʚʦʡ 

ʢʠʩʣʦ-ʪʳ, 

ʤʛ/100 ʛ 

ʉʦʜʝʨʞʘʥʠʝ ʩʫʭʦʛʦ 

ʚʝʱʝʩʪʚʘ% 

ʉʦʜʝʨʞʘʥʠʝ 

ʥʠʪʨʘʪʦʚ, ʤʛ/ʢʛ 

ʆʩʝʥʴʶ 

2020 ʛ. 

ɺʝʩʥʦʡ 

2021 ʛ. 

ʆʩʝʥʴʶ 

2020 ʛ. 

ɺʝʩʥʦʡ 

2021 ʛ. 

1 0 0 1,36 19,56 18,11 185 160 

2 80 0 2,27 19,18 18,85 271 139 

3 0 ʌʣʘʚʦʙʘʢ

ʪʝʨʠʥ 

3,00 20,49 20,40 210 145 
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4 80 ʌʣʘʚʦʙʘʢ

ʝʪʨʠʥ 

2,31 20,20 20,47 268 115 

5 0 ʂʘʨʪʦʬʠʥ 2,31 20,19 21,24 138 136 

6 80 ʂʘʨʪʦʬʠʥ 2,32 19,71 20,06 324 177 

7 80 ʂʘʨʪʦʬʠʥ

+ 

ʌʠʪʦʣʘʨ, 

ɻ 

3,60 20,72 20,41 253 150 

8 160 ʂʘʨʪʦʬʠʥ 2,29 20,67 19,54 226 124 

    0,57 0,78   

 

 

ɺʳʚʦʜʳ  

 1. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ 2020 

ʛʦʜʫ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʚʳʙʨʘʥʥʦʛʦ ʚʘʨʠʘʥʪʘ ʪʝʭʥʦʣʦʛʠʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʢʘʨʪʦʬʝʣʷ. 

ʉʦʚʤʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʦʩʪʘ ʚ ʜʦʟʝ 

4,3 ʪ/ʛʘ ʠ ʙʠʦʧʨʝʧʘʨʘʪʦʚ ʧʦʟʚʦʣʠʣʦ ʜʦʩʪʠʯʴ 

ʫʨʦʞʘʡʥʦʩʪʠ ʩʪʘʥʜʘʨʪʥʳʭ ʢʣʫʙʥʝʡ ʚ 27,5 ï 

28, 2 ʪ/ ʛʘ ʩ ʠʭ ʥʠʟʢʦʡ ʧʦʨʘʞʝʥʥʦʩʪʴʶ 

ʛʨʠʙʥʳʤʠ ʙʦʣʝʟʥʷʤʠ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʦʟʳ 

ʢʦʤʧʦʩʪʘ ʜʦ 8,6 ʪ/ʛʘ ʫʨʦʞʘʡʥʦʩʪʴ ʚʦʟʨʦʩʣʘ 

ʜʦ 31,8 ʪ/ʛʘ, ʥʦ ʚ ʢʣʫʙʥʷʭ ʩʥʠʞʘʣʦʩʴ 

ʩʦʜʝʨʞʘʥʠʝ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ ʠ 

ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʩʦʜʝʨʞʘʥʠʝ ʥʠʪʨʘʪʦʚ. 

2. ɹʠʦʧʨʝʧʘʨʘʪʳ, ʟʥʘʯʠʪʝʣʴʥʦ 

ʘʢʪʠʚʠʟʠʨʦʚʘʣʠ ʥʘʢʦʧʣʝʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ 

ʬʦʨʤ ʘʟʦʪʘ ʚ ʧʦʯʚʝ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ 

ʫʣʫʯʰʝʥʠʶ ʘʟʦʪʥʦʛʦ ʧʠʪʘʥʠʷ ʨʘʩʪʝʥʠʡ 

ʢʘʨʪʦʬʝʣʷ. 

3. ʆʪʤʝʯʝʥʦ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʥʘʢʦʧʣʝʥʠʝ ʥʠʪʨʘʪʦʚ ʚ ʧʦʯʚʝ ʚ ʧʦʟʜʥʝʝ 

ʦʩʝʥʥʠʡ ʧʝʨʠʦʜ (ʜʦ 165 ʤʛ ʥʠʪʨʘʪʦʚ/ʢʛ 

ʧʦʯʚʳ ʥʘ ʚʘʨʠʘʥʪʝ ʩʦ ʚʪʦʨʦʡ ʜʦʟʦʡ 

ʢʦʤʧʦʩʪʘ), ʯʪʦ ʤʦʞʝʪ ʩʦʟʜʘʚʘʪʴ ʫʛʨʦʟʫ 

ʧʦʪʝʨʴ ʘʟʦʪʘ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʠʪʨʘʪʦʚ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʚʳʤʳʚʘʥʠʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʦʩʝʚ ʦʟʠʤʳʭ 

ʢʫʣʴʪʫʨ ʧʦʩʣʝ ʫʙʦʨʢʠ ʧʨʦʧʘʰʥʳʭ ʢʫʣʴʪʫʨ, 

ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʫʩʪʨʘʥʷʪʴ ʵʪʠ ʫʛʨʦʟʳ. 
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʆʇʊʀʄɸʃʔʅʆʁ ʅʆʈʄʓ ɺʅɽʉɽʅʀʗ  ʄʀʅɽʈɸʃʔʅʓʍ 

ʋɼʆɹʈɽʅʀʁ ʇʈʀ ɺʆɿɼɽʃʓɺɸʅʀʀ ʄʅʆɻʆʃɽʊʅʀʍ ʊʈɸɺ 

 

  ɸ.ʄ. ɺʘʣʛʝ, ʜ-ʨ. ʪʝʭʥ. ʥʘʫʢ 

  ɸ.ʀ. ʉʫʭʦʧʘʨʦʚ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

ʕ.ɸ. ʇʘʧʫʰʠʥ, ʢʘʥʜ. ʪʝʭʥ ʥʘʫʢ

ʀʥʩʪʠʪʫʪ ʘʛʨʦʠʥʞʝʥʝʨʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ  

(ʀɸʕʇ) - ʬʠʣʠʘʣ ʌɻɹʅʋ ʌʅɸʎ ɺʀʄ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

      ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʧʦʜʭʦʜ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʦʧʪʠʤʘʣʴʥʳʭ ʥʦʨʤ ʚʥʝʩʝʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ 

ʫʜʦʙʨʝʥʠʡ ʩ ʫʯʝʪʦʤ ʠʟʤʝʥʝʥʠʷ ʠʭ ʩʪʦʠʤʦʩʪʠ ʧʨʠ ʚʦʟʜʝʣʳʚʘʥʠʠ ʤʥʦʛʦʣʝʪʥʠʭ ʪʨʘʚ ʥʘ 

ʧʨʠʤʝʨʝ ʟʣʘʢʦʚʦʛʦ ʪʨʘʚʦʩʪʦʷ ʝʞʠ ʩʙʦʨʥʦʡ. ʋʜʦʙʨʝʥʠʷ ʦʢʘʟʳʚʘʶʪ ʩʣʦʞʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʫʨʦʞʘʡʥʦʩʪʠ ʪʨʘʚʳ ʠ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʩʫʱʝʩʪʚʝʥʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʚʝʣʠʯʠʥʝ 

ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʚʳʨʘʱʠʚʘʝʤʳʭ ʪʨʘʚ. ʆʙʦʩʥʦʚʘʥʠʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʦʙʲʸʤʦʚ ʚʥʝʩʝʥʠʷ 

ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʥʝʣʠʥʝʡʥʦʛʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʥʘ ʙʘʟʝ ʧʦʣʫʯʝʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʟʘʚʠʩʠʤʦʩʪʠ ʫʨʦʞʘʷ ʥʘ 

ʩʨʝʜʥʝ ʦʢʫʣʴʪʫʨʝʥʥʳʭ ʧʦʯʚʘʭ ʦʪ ʩʣʝʜʫʶʱʠʭ ʬʘʢʪʦʨʦʚ: ʥʦʨʤ ʚʥʝʩʝʥʠʷ ʫʜʦʙʨʝʥʠʡ 

(ʘʟʦʪʥʳʭ, ʬʦʩʬʦʨʥʳʭ ʠ ʢʘʣʠʡʥʳʭ), ʯʠʩʣʘ ʫʢʦʩʦʚ ʟʘ ʧʝʨʠʦʜ ʚʝʛʝʪʘʮʠʠ ʠ ʚʳʩʦʪʳ ʩʨʝʟʘ 

ʪʨʘʚʳ. ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʚʳʧʦʣʥʷʣʦʩʴ ʯʝʨʝʟ ʧʦʠʩʢ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ. ʈʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʜʚʘ 

ʚʘʨʠʘʥʪʘ ï ʦʧʨʝʜʝʣʝʥʠʝ ʤʠʥʠʤʫʤʘ ʟʘʪʨʘʪ (ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʥʦʨʤ ʚʥʝʩʝʥʠʷ 

ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ) ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʨʘʚʦʩʪʦʷ ʩ ʥʝʦʙʭʦʜʠʤʦʡ ʫʨʦʞʘʡʥʦʩʪʴʶ ʠ 

ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʫʨʦʞʘʡʥʦʩʪʠ, ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʨʠ 

ʨʘʟʣʠʯʥʦʤ ʩʪʦʠʤʦʩʪʥʦʤ ʩʦʯʝʪʘʥʠʠ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ 

ʥʠʟʢʦʡ ʩʝʙʝʩʪʦʠʤʦʩʪʴʶ 533,4 ʨʫʙ/ʪ ʦʙʣʘʜʘʝʪ ʪʨʘʚʦʩʪʦʡ ʝʞʠ ʩʙʦʨʥʦʡ ʩ ʫʨʦʞʘʡʥʦʩʪʴʶ 9 

ʪ/ʛʘ ʧʨʠ ʜʚʫʢʨʘʪʥʦʤ ʩʢʘʰʠʚʘʥʠʠ ʥʘ ʚʳʩʦʪʝ 8 ʩʤ ʧʨʠ ʚʥʝʩʝʥʠʠ ʪʦʣʴʢʦ ʘʟʦʪʥʳʭ ʫʜʦʙʨʝʥʠʡ 

ʚ ʢʦʣʠʯʝʩʪʚʝ 311,2 ʢʛ/ʛʘ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʠʭ ʫʨʦʞʘʝʚ (ʙʦʣʝʝ 11 ʪ/ʛʘ) 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʥʝʩʝʥʠʝ ʬʦʩʬʦʨʥʦ-ʢʘʣʠʡʥʳʭ ʫʜʦʙʨʝʥʠʡ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʳʷʚʣʝʥʦ, 

ʯʪʦ ʥʘ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʚʳʨʘʱʠʚʘʝʤʳʭ ʪʨʘʚ ʥʘʠʤʝʥʴʰʝʝ ʚʣʠʷʥʠʝ ʠʤʝʝʪ ʠʟʤʝʥʝʥʠʝ 

ʩʪʦʠʤʦʩʪʠ ʬʦʩʬʦʨʥʳʭ ʫʜʦʙʨʝʥʠʡ, ʘ ʥʘʠʙʦʣʴʰʝʝ ï ʘʟʦʪʥʳʭ ʫʜʦʙʨʝʥʠʡ, ʪʘʢ ʢʘʢ ʠʤʝʥʥʦ ʦʥʠ 

ʦʢʘʟʳʚʘʶʪ ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʫʨʦʞʘʡʥʦʩʪʠ ʟʣʘʢʦʚʳʭ ʪʨʘʚ. 

        ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʥʦʛʦʣʝʪʥʠʝ ʪʨʘʚʳ, ʫʨʦʞʘʡʥʦʩʪʴ, ʤʠʥʝʨʘʣʴʥʳʝ ʫʜʦʙʨʝʥʠʷ, 

ʦʧʪʠʤʠʟʘʮʠʷ, ʥʝʣʠʥʝʡʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ. 
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           The article presents an approach to determining the optimal application rates of mineral 

fertilizers with due account for their cost variation in perennial grass cropping on the example of the 

cocksfoot grass (Dactylus glomerata). Fertilisers have a complex effect on the formation of the 

grass yields. Their use significantly affects the self-cost of cultivated grasses. The feasibility of the 

application amounts of mineral fertilisers was substantiated by mathematical methods of nonlinear 

programming based on the created mathematical model describing the dependence of the yield on 

medium cultivated soils on the following factors: fertilization rates with nitrogen, phosphorus and 

potash fertilisers, the number of cuttings during the growing season, and the height of the grass 

cutting. The problem was solved through the search for the target function. Two options were 

considered - determining the minimum cost (the optimal application rates of mineral fertilisers) of 

the grass stand formation with the required yield and determining the optimal yield, which can be 

obtained with a different cost combination of mineral fertilisers. The study revealed that the 

cocksfoot grass stands with the yield of 9 t/ha demonstrated the lowest self-cost of 533.4 RUR/t 

under the double mowing at a height of 8 cm and only nitrogen fertilisation in the amount of 311.2 

kg/ha. The application of phosphorus and potassium fertilisers was advisable for the required yields 

above 11 t/ha. The study also demonstrated that the cost variation of phosphorus fertilisers had the 

least effect on the self-cost of cultivated grass and that of the nitrogen fertilisers had the biggest 

effect since nitrogen fertilisation was most important for the formation of the cereal grass yield. 

    Key words: perennial grass, yielding capacity, mineral fertiliser, optmisation, non-linear 

programming  

    For citation: Valge A.M., Sukhoparov A.I., Papushin E.A. Modelling of the optimal application 

rate of mineral fertilisers in perennial grass cropping. AgroEkoInzheneriya. 2021. No. 3(108): 66-

75(In Russian) 

     ɺʚʝʜʝʥʠʝ 

ʇʦʜ ʢʦʨʤʦʚʳʤʠ ʢʫʣʴʪʫʨʘʤʠ ʚ ɽʉ 

ʟʘʥʷʪʦ ʦʢʦʣʦ 33% ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʫʛʦʜʠʡ [1], ʘ ʥʘ ʉʝʚʝʨʦ-ɿʘʧʘʜʝ ʈʦʩʩʠʠ 

ʙʦʣʝʝ 90% ʚʩʝʭ ʧʣʦʱʘʜʝʡ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʛʦʜʠʡ, ʠʟ ʢʦʪʦʨʳʭ 

ʙʦʣʝʝ 88% ʧʨʠʭʦʜʠʪʴʩʷ ʥʘ ʤʥʦʛʦʣʝʪʥʠʝ 

ʪʨʘʚʳ [2]. ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ 

ʢʦʨʤʦʧʨʦʠʟʚʦʜʩʪʚʘ ʷʚʣʷʝʪʩʷ ʟʘʛʦʪʦʚʢʘ 

ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʢʦʨʤʦʚ ʨʘʟʣʠʯʥʦʛʦ 

ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ ʚ ʥʝʦʙʭʦʜʠʤʦʤ ʦʙʲʝʤʝ, 

ʪ.ʝ ʩʦʟʜʘʥʠʝ ʥʘʜʸʞʥʦʡ ʢʦʨʤʦʚʦʡ ʙʘʟʳ ʜʣʷ 

ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ [3]. ʅʘ ʉʝʚʝʨʦ-ɿʘʧʘʜʝ 

ʈʦʩʩʠʠ ʢʦʨʤʦʚʳʝ ʢʫʣʴʪʫʨʳ ʟʘʥʠʤʘʶʪ 

ʦʢʦʣʦ 1500 ʪʳʩ. ʛʘ, ʠʣʠ 65-66% ʚ ʩʪʨʫʢʪʫʨʝ 

ʧʦʩʝʚʥʳʭ ʧʣʦʱʘʜʝʡ. ʆʩʥʦʚʥʦʡ ʛʨʫʧʧʦʡ 

ʢʦʨʤʦʚʳʭ ʢʫʣʴʪʫʨ ʦʩʪʘʶʪʩʷ ʤʥʦʛʦʣʝʪʥʠʝ 

ʪʨʘʚʳ, ʟʘʥʠʤʘʶʱʠʭ ʚ ʩʪʨʫʢʪʫʨʝ ʧʦʩʝʚʥʳʭ 

ʧʣʦʱʘʜʝʡ ʙʦʣʝʝ 88%, ʘ ʚ ʚʘʣʦʚʦʤ ʩʙʦʨʝ 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ ï 85% [4]. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʡ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʢʦʨʤʦʚʳʭ ʢʫʣʴʪʫʨ 

ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʧʦʯʚʘ ʠʤʝʣʘ 

ʙʣʘʛʦʧʨʠʷʪʥʫʶ ʜʣʷ ʥʠʭ ʨʝʘʢʮʠʶ, ʘ ʪʘʢʞʝ 

ʩʦʜʝʨʞʘʣʘ ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʵʣʝʤʝʥʪʦʚ ʧʠʪʘʥʠʷ. ʇʦʯʚʝʥʥʦ-

ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʉʝʚʝʨʦ-ɿʘʧʘʜʘ 

ʈʦʩʩʠʠ ʪʘʢʦʚʳ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʥʘʠʚʳʩʰʫʶ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʦʪʜʘʯʫ ʦʪ 

ʧʨʠʤʝʥʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʭ ʚʠʜʦʚ 

ʫʜʦʙʨʝʥʠʡ. ɹʝʟ ʠʭ ʦʙʦʩʥʦʚʘʥʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʝ ʟʝʤʣʝʜʝʣʠʝ ʚ 

ʨʝʛʠʦʥʝ ʥʝʚʦʟʤʦʞʥʦ ʚ ʧʨʠʥʮʠʧʝ [5, 6] ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʝʦʙʭʦʜʠʤʦ ʦʩʫʱʝʩʪʚʣʷʪʴ 
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ʧʦʜʢʦʨʤʢʫ ʤʠʥʝʨʘʣʴʥʳʤʠ ʫʜʦʙʨʝʥʠʷʤʠ ʚ 

ʧʝʨʠʦʜ ʫʭʦʜʘ ʟʘ ʧʦʩʝʚʘʤʠ ʤʥʦʛʦʣʝʪʥʠʭ 

ʪʨʘʚ [7, 8]. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʤʥʦʛʦʣʝʪʥʠʝ 

ʪʨʘʚʳ ʫʩʚʘʠʚʘʶʪ ʠ ʠʩʧʦʣʴʟʫʶʪ ʦʢʦʣʦ 30-

45% ʬʦʩʬʦʨʘ (P2O5), 55-85% ʢʘʣʠʷ (K2O) ʠ 

ʜʦ 100% ʘʟʦʪʘ (N) ʠʟ ʫʜʦʙʨʝʥʠʡ. ʇʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʧʦʣʝʚʳʤʠ 

ʢʫʣʴʪʫʨʘʤʠ ʬʦʩʬʦʨ ʦʥʠ ʠʩʧʦʣʴʟʫʶʪ ʚ 1,3-2 

ʨʘʟʘ, ʢʘʣʠʡ ï ʚ 1,7-2,2 ʠ ʘʟʦʪ ï ʚ 1,5-2 ʨʘʟʘ 

ʣʫʯʰʝ [9]. ʆʜʥʘʢʦ, ʤʠʥʝʨʘʣʴʥʳʝ ʫʜʦʙʨʝʥʠʷ 

ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ ʠ 

ʥʝʦʙʦʩʥʦʚʘʥʥʦʝ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʙʫʜʝʪ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʦʩʪʫ ʟʘʪʨʘʪ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʦʨʤʦʚ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʫʚʝʣʠʯʝʥʠʶ ʢʦʥʝʯʥʦʡ ʩʝʙʝʩʪʦʠʤʦʩʪʠ 

ʧʨʦʜʫʢʮʠʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ. ʇʦʵʪʦʤʫ 

ʚʘʞʥʝʡʰʠʤ ʫʩʣʦʚʠʝʤ ʨʘʮʠʦʥʘʣʴʥʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ 

ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʭ ʥʦʨʤ ʚʥʝʩʝʥʠʷ ʫʜʦʙʨʝʥʠʡ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʪʨʘʚʦʩʪʦʷ, 

ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʧʦʯʚ ʧʠʪʘʪʝʣʴʥʳʤʠ 

ʚʝʱʝʩʪʚʘʤʠ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʨʘʚʦʩʪʦʷ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠ ̫ ï ʦʧʨʝʜʝʣʝʥʠʝ 

ʦʧʪʠʤʘʣʴʥʳʭ ʥʦʨʤ ʚʥʝʩʝʥʠʷ ʫʜʦʙʨʝʥʠʡ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʨʦʞʘʡʥʦʩʪʠ ʪʨʘʚ ʩ ʫʯʸʪʦʤ ʠʭ 

ʩʪʦʠʤʦʩʪʠ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʂʦʣʠʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʦʡ ʟʝʣʝʥʦʡ ʤʘʩʩʳ 

ʪʨʘʚʳ ʩ ʝʜʠʥʠʮʳ ʧʣʦʱʘʜʠ (ʫʨʦʞʘʡ ʪʨʘʚʳ) 

ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ. ɼʣʷ ʤʥʦʛʦʣʝʪʥʝʡ 

ʪʨʘʚʳ ʟʣʘʢʦʚʦʛʦ ʪʨʘʚʦʩʪʦʷ ʝʞʠ ʩʙʦʨʥʦʡ, 

ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʷ ʟʘʛʦʪʦʚʢʠ ʢʦʨʤʦʚ, ʤʝʪʦʜʦʤ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʣʫʯʝʥʘ ʤʦʜʝʣʴ 

ʟʘʚʠʩʠʤʦʩʪʠ ʫʨʦʞʘʷ ʥʘ ʩʨʝʜʥʝ ʦʢʫʣʴʪʫʨʝʥʥʳʭ 

ʧʦʯʚʘʭ ʦʪ ʩʣʝʜʫʶʱʠʭ ʬʘʢʪʦʨʦʚ: ʥʦʨʤ ʚʥʝʩʝʥʠʷ 

ʫʜʦʙʨʝʥʠʡ (ʘʟʦʪʥʳʭ ï N, ʬʦʩʬʦʨʥʳʭ ï ʈ ʠ 

ʢʘʣʠʡʥʳʭ ʂ), ʯʠʩʣʘ ʫʢʦʩʦʚ ʟʘ ʧʝʨʠʦʜ ʚʝʛʝʪʘʮʠʠ, 

ʚʳʩʦʪʳ ʩʨʝʟʘ ʪʨʘʚʳ [10]. ɼʣʷ ʧʦʣʫʯʝʥʠʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ 5-

ʬʘʢʪʦʨʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ. ʋʨʦʚʥʠ ʬʘʢʪʦʨʦʚ  ʠ 

ʠʭ ʟʥʘʯʝʥʠʝ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1. 

ʊʘʙʣʠʮʘ 1 

ʄʘʪʨʠʮʘ ʬʘʢʪʦʨʦʚ ʧʣʘʥʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦʣʫʯʝʥʘ 

ʜʦʩʪʦʚʝʨʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʫʨʦʞʘʷ 

ʪʨʘʚʳ (ʫʨʦʞʘʡ ʩʫʭʦʡ ʙʠʦʤʘʩʩʳ ʚ ʩʫʤʤʝ ʟʘ ʚʩʝ 

ʫʢʦʩʳ, ʪ/ʛʘ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʷʪʠ ʬʘʢʪʦʨʦʚ 

[9]: 

 

ʋ = (102,3 + 27,09 x1 + 0,69 x2 + 0,91x3 - 8,4 x4 - 1,9 x5 - 8,25 x1
2
 - 0,37 x2

2
 -  1,56 x3

2
 ï 

ʂʦʜʠʨʦʚʘʥʥʳʝ 

ʟʥʘʯʝʥʠʷ 

ʬʘʢʪʦʨʦʚ 

ɸʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ ʬʘʢʪʦʨʦʚ 

ʭ1(N) 

ʢʛ/ʛʘ 

ʭ2(P2O5) 

ʢʛ/ʛʘ 

ʭ3(ʂ2ʆ) 

ʢʛ/ʛʘ 

ʭ4,ʯʠʩʣʦ 

ʫʢʦʩʦʚ 

ʭ5, ʚʳʩʦʪʘ 

ʩʢʘʰʠʚʘʥʠʷ, ʩʤ 
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