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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 
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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 
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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 

E.N. Rakutko; S.A. Rakutko,  

DSc (Engineering);  

A.P. Mishanov; A.E. Markova,  

Cand Sc.  (Agriculture) 

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 



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

17 
 

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 
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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 



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

62 
 

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 

-2 

-1 

0 

+1 

+2 

0 

150 

300 

450 

600 

0 

55 

110 

165 

220 

0 

80 

160 

240 

320 

2 

3 

4 

5 

6 

2 

4 

6 

8 

10 
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4,2 x4
2
 - 2,28 x5

2
 + 0,14x1Ŀx2 + 1,15x1Ŀx3 - 1,1x1Ŀx4 - 0,68 x1Ŀx5 - 0,0063 x2Ŀx3 - 0,36 x2Ŀx4     (1) 

- 0,76 x2Ŀx5 - 0,85 x3Ŀx4 - 1,6 x3Ŀx5 - 0,49 x4Ŀx5)/10, (ʪ/ʛʘ). 

ʋʨʘʚʥʝʥʠʝ (1) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʫʨʦʞʘʡʥʦʩʪʴ 

ʠʤʝʝʪ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʩʪʝʧʝʥʝʡ 

ʩʚʦʙʦʜʳ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʤʝʥʝʥʠʷ 

ʧʷʪʠʬʘʢʪʦʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʟʘʚʠʩʠʤʦʡ 

ʧʝʨʝʤʝʥʥʦʡ, ʫʨʦʞʘʷ ʪʨʘʚʳ, ʦʪ ʜʝʡʩʪʚʫʶʱʠʭ 

ʬʘʢʪʦʨʦʚ, ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʪʢʣʠʢʦʚ ʜʣʷ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʩʦʯʝʪʘʥʠʡ 

ʬʘʢʪʦʨʦʚ ʤʦʜʝʣʠ. ʍʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʪʢʣʠʢʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʫʨʦʞʘʡ 

ʟʝʣʝʥʦʡ ʤʘʩʩʳ ʠʟʤʝʥʷʝʪʩʷ ʚ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʠʭ 

ʧʨʝʜʝʣʘʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʟʤʝʥʝʥʠʷ ʟʥʘʯʝʥʠʡ 

ʬʘʢʪʦʨʦʚ. 

ɸʥʘʣʠʟ ʫʨʘʚʥʝʥʠʷ (1) ʥʘ ʵʢʩʪʨʝʤʫʤ 

ʢʣʘʩʩʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ, ʧʫʪʝʤ ʦʧʨʝʜʝʣʝʥʠʷ 

ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʠ ʨʝʰʝʥʠʷ ʧʦʣʫʯʝʥʥʦʡ 

ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ, ʧʦʢʘʟʘʣ, ʛʠʧʝʨʧʦʚʝʨʭʥʦʩʪʴ 

ʠʤʝʝʪ ʵʢʩʪʨʝʤʫʤ maximum ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ: 

x
1
=2,055;  x 2 =4,311;   x 3 =2,591;   x 4 =-1,589;    x 5 = -2,18. 

ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚʠʜʥʦ, ʯʪʦ 

ʟʥʘʯʝʥʠʷ ʪʨʝʭ ʬʘʢʪʦʨʦʚ x1, x 3 , x 5  ʣʝʞʘʪ ʟʘ 

ʧʨʝʜʝʣʘʤʠ  ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ  ʜʘʥʥʳʭ. ʇʨʠ 

ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʬʘʢʪʦʨʦʚ ʟʥʘʯʝʥʠʷ 

ʫʨʦʞʘʷ ʪʨʘʚʳ ʩʦʩʪʘʚʣʷʝʪ ʫ = 14,154 ʪ/ʛʘ.  

ʆʧʨʝʜʝʣʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʫʨʦʞʘʡʥʦʩʪʠ 

ʪʨʘʚʳ ʚ ʧʨʝʜʝʣʘʭ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʦ 

ʚʳʧʦʣʥʝʥʦ ʧʫʪʝʤ ʨʝʰʝʥʠʷ ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʡ 

ʟʘʜʘʯʠ ʩ ʦʛʨʘʥʠʯʝʥʠʷʤʠ: 

max),,,,( 54321 ­= xxxxxfy , (2) 

0,20,2 ¢¢- ix ,  51L=i , 

ʛʜʝ ʬʫʥʢʮʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʫʨʦʞʘʡʥʦʩʪʠ ʪʨʘʚʳ 

ʦʪ ʜʝʡʩʪʚʫʶʱʠʭ ʬʘʢʪʦʨʦʚ ʟʘʧʠʩʘʥʘ ʚ ʦʙʱʝʤ 

ʚʠʜʝ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʥʘ ʩʠʩʪʝʤʝ Excel 

ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʘ ʠ ʚʳʧʦʣʥʝʥʳ 

ʨʘʩʯʝʪʳ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʫʨʦʞʘʡʥʦʩʪʠ ʪʨʘʚʳ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 2.  

ʊʘʙʣʠʮʘ 2 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʫʨʦʞʘʡʥʦʩʪʠ ʪʨʘʚʳ ʥʘ 1 ʛʘ 

ɿʥʘʯʝʥʠʷ 

ʬʘʢʪʦʨʦʚ 

ʭ1 

(N) 

ʭ2 

(P2 O5) 

ʭ3 

(K2O ) 

ʭ4 

ʯʠʩʣʦ 

ʫʢʦʩʦ

ʚ 

ʭ5 

ʚʳʩʦʪʘ 

ʩʢʘʰ-

ʥʠ ̫

ʅʘʧʨ-ʝ 

ʧʦʠʩʢʘ 

ʋʨʦʞ-ʩʪʴ 

ʪʨʘʚʳ, ʪ 

ʅʦʨʤʠʨʦʚ-ʥʳʝ 

ʬʘʢʪʦʨʳ 
1,96 2,0 2,0 -1,45 -1,59 

max 14,0 
ɼʝʡʩʪ-ʥʳʝ 

ʬʘʢʪʦʨʳ, ʢʛ 
550,0 220,0 320,0 2,0 3,0 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʬʘʢʪʦʨʳ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʫʨʦʞʘʡ ʪʨʘʚʳ. ʇʦʣʫʯʘʪʴ ʫʨʦʞʘʡ ʪʨʘʚʳ ʤʦʞʥʦ 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʬʘʢʪʦʨʦʚ. 

ʄʘʢʩʠʤʘʣʴʥʳʡ ʫʨʦʞʘʡ ʧʦʣʫʯʘʪʴ ʤʦʞʝʪ ʙʳʪʴ ʥʝ 

ʨʘʮʠʦʥʘʣʴʥʦ, ʪʘʢ ʢʘʢ ʧʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʘʢʩʠʤʘʣʴʥʳʝ ʥʦʨʤʳ ʫʜʦʙʨʝʥʠʡ, 

ʯʪʦ ʜʦʩʪʘʪʦʯʥʦ ʜʦʨʦʛʦ ʧʨʠ ʩʦʚʨʝʤʝʥʥʳʭ ʮʝʥʘʭ 
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ʥʘ ʫʜʦʙʨʝʥʠʷ. ɺʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʨʝʰʝʥʠʷ ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʡ ʟʘʜʘʯʠ ʧʦ 

ʦʧʨʝʜʝʣʝʥʠʶ ʟʥʘʯʝʥʠʡ ʬʘʢʪʦʨʦʚ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʨʘʮʠʦʥʘʣʴʥʫʶ ʫʨʦʞʘʡʥʦʩʪʴ 

ʪʨʘʚʳ ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ ʨʘʩʭʦʜʘʭ ʥʘ ʫʜʦʙʨʝʥʠʷ 

ʠ ʫʙʦʨʢʫ ʪʨʘʚʳ. ʈʘʩʩʤʦʪʨʠʤ ʚʦʟʤʦʞʥʳʝ 

ʚʘʨʠʘʥʪʳ ʬʦʨʤʘʣʠʟʘʮʠʠ ʜʘʥʥʦʡ ʟʘʜʘʯʠ: 

- ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʡ ʥʦʨʤʳ 

ʚʥʝʩʝʥʠʷ ʫʜʦʙʨʝʥʠʡ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʠʭ 

ʩʪʦʠʤʦʩʪʠ; 

- ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʥʦʨʤʳ 

ʚʥʝʩʝʥʠʷ ʫʜʦʙʨʝʥʠʡ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʠʭ 

ʩʪʦʠʤʦʩʪʝʡ 

ɿʘʜʘʯʘ ˉ 1. ʆʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʡ ʥʦʨʤʳ ʚʥʝʩʝʥʠʷ ʫʜʦʙʨʝʥʠʡ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʠʭ 

ʩʪʦʠʤʦʩʪʠ 

ɼʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʦʡ 

ʧʨʦʜʫʢʮʠʠ ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʝʰʝʚʳʭ ʢʦʨʤʦʚ ʠʟ ʪʨʘʚ. ʊʘʢ 

ʢʘʢ ʫʜʦʙʨʝʥʠʷ ʦʢʘʟʳʚʘʶʪ ʩʣʦʞʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʫʨʦʞʘʡ ʪʨʘʚʳ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ 

ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʦʧʨʝʜʝʣʝʥʠʝ ʥʦʨʤ 

ʚʥʝʩʝʥʠʷ ʫʜʦʙʨʝʥʠʡ ʠ ʧʣʘʥʠʨʫʝʤʦʡ 

ʫʨʦʞʘʡʥʦʩʪʠ ʪʨʘʚʳ ʥʘ ʝʸ ʩʪʦʠʤʦʩʪʴ. ɼʣʷ 

ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʨʘʟʨʘʙʦʪʘʥʘ ʩʣʝʜʫʶʱʘʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ: 

 

min4321 ­+++= ZʉZCZCZCS ʋKPN
 

ʢʛʘʟʦʪxZ ,,0,1500,300 11 -Ö+= ; 

ʢʛʬʦʩʬʦʨxZ ,,0,550,110 22 -Ö+=  

ʢʛʢʘʣʠʡxZ ,,0,800,160 33 -Ö+= ; (3) 

ʪʨʘʚʳʫʢʦʩʦʚʯʠʩʣʦxZ __,0,4 44 -+=  

ʩʤʩʢʘʰʠʚʘʥʠʷʚʳʩʦʪʘxZ ,_,0,20,6 55 -Ö+= ; 

ʪʨʘʚʳʫʨʦʞʘʡconstxxxxxfy _),,,,( 54321 -== ; 

0,20,2 ¢¢- ix , 51-=i , 

ʛʜʝ 
KPN CCC ,,  ï ʩʪʦʠʤʦʩʪʴ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʘʟʦʪʥʳʭ, ʬʦʩʬʦʨʥʳʭ ʠ ʢʘʣʠʡʥʳʭ ʫʜʦʙʨʝʥʠʡ; 

ʋʉ  ï ʟʘʪʨʘʪʳ ʥʘ ʩʢʘʰʠʚʘʥʠʝ 1 ʛʘ ʪʨʘʚʳ 

ʧʨʠʥʷʪʘ ʧʦʩʪʦʷʥʥʦʡ ʠ ʨʘʚʥʦʡ 1000,0 ʨʫʙ./ʛʘ; 

321 ,, ZZZ  ï ʜʝʡʩʪʚʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ʢʦʣʠʯʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʫʜʦʙʨʝʥʠʡ, ʢʛ;

54,ZZ  ï ʜʝʡʩʪʚʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʯʠʩʣʘ ʫʢʦʩʦʚ 

ʠ ʚʳʩʦʪʳ ʩʢʘʰʠʚʘʥʠʷ ʪʨʘʚʳ; 

ɿʘʜʘʯʘ ˉ 2. ʆʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʥʦʨʤʳ ʚʥʝʩʝʥʠʷ ʫʜʦʙʨʝʥʠʡ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʠʭ 

ʩʪʦʠʤʦʩʪʝʡ 

ɺ ʨʳʥʦʯʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ 

ʩʪʦʠʤʦʩʪʴ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʩʪʦʠʤʦʩʪʴ 

ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʧʦ 

ʨʘʟʣʠʯʥʳʤ ʧʨʠʯʠʥʘʤ. ʇʦʵʪʦʤʫ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʠʥʪʝʨʝʩ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʠʟʤʝʥʷʶʱʝʡʩʷ 

ʩʪʦʠʤʦʩʪʠ ʫʜʦʙʨʝʥʠʡ ʥʘ ʦʧʪʠʤʘʣʴʥʳʡ ʫʨʦʞʘʡ 

ʪʨʘʚʳ ʠ ʥʦʨʤʳ ʚʥʝʩʝʥʠʷ ʫʜʦʙʨʝʥʠʡ. 

ɼʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʩʪʦʠʤʦʩʪʝʡ 

ʫʜʦʙʨʝʥʠʡ ʥʘ ʦʧʪʠʤʘʣʴʥʳʡ ʫʨʦʞʘʡ ʪʨʘʚʳ 

ʧʨʝʜʩʪʘʚʠʤ ʚ ʩʠʩʪʝʤʝ (3) ʩʣʝʜʫʶʱʫʶ ʮʝʣʝʚʫʶ 
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ʬʫʥʢʮʠʶ ʧʨʠ ʧʨʝʞʥʠʭ ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʫʩʣʦʚʠʷʭ: 

(4) 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʈʝʰʝʥʠʝ ʦʙʦʠʭ ʚʘʨʠʘʥʪʦʚ ʟʘʜʘʯ ʚʳʧʦʣʥʷʝʪʩʷ 

ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʩʠʩʪʝʤʘʤ (3) ʠ (4) ʚ 

ʧʨʦʛʨʘʤʤʥʦʤ ʧʨʠʣʦʞʝʥʠʠ Microsoft Office Excel 

[11]. 

 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ˉ1 

ʎʝʥʳ ʥʘ ʫʜʦʙʨʝʥʠʠ ʧʦʣʫʯʝʥʳ ʠʟ ʀʥʪʝʨʥʝʪʘ ʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 3. 

ʊʘʙʣʠʮʘ 3 

ɼʝʡʩʪʚʫʶʱʠʝ ʮʝʥʳ ʥʘ ʦʩʥʦʚʥʳʝ ʚʠʜʳ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ 

ɺʠʜʳ ʫʜʦʙʨʝʥʠʡ ʆʪʧʫʩʢʥʘʷ ʮʝʥʘ ʟʘ ʪʦʥʥʫ ʎʝʥʘ 1 ʢʛ ʩ ʫʯʝʪʦʤ ʜʦʩʪʘʚʢʠ, 

ʨʫʙ./ʢʛ 

ɸʟʦʪʥʳʝ 7550,0 ʨʫʙ. 9,0 

ʌʦʩʬʦʨʥʳʝ $705,0 23,0 

ʂʘʣʠʡʥʳʝ 7000, 0  ʨʫʙ. 8,0 

 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʩʯʝʪʦʚ ʟʘʜʘʚʘʣʠʩʴ 

ʨʘʟʣʠʯʥʳʝ ʟʥʘʯʝʥʠʷ ʫʨʦʞʘʡʥʦʩʪʠ ʪʨʘʚʳ (ʦʪ 5 

ʜʦ 14 ʪ/ʛʘ ʩ ʰʘʛʦʤ 1 ʪ/ʛʘ) ʠ ʚʳʧʦʣʥʷʣʦʩʴ 

ʨʝʰʝʥʠʝ ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʡ ʟʘʜʘʯʠ ʥʘ ʤʠʥʠʤʫʤ 

ʩʫʤʤʘʨʥʳʭ ʟʘʪʨʘʪ ʥʘ ʧʦʣʫʯʝʥʠʝ ʫʨʦʞʘʷ ʪʨʘʚʳ. 

ɼʣʷ ʢʘʞʜʦʛʦ ʟʥʘʯʝʥʠʷ ʫʨʦʞʘʷ ʪʨʘʚʳ 

ʦʧʨʝʜʝʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʬʘʢʪʦʨʦʚ: 

ʜʦʟʳ ʚʥʝʩʝʥʠʷ N, P K, ʯʠʩʣʦ ʫʢʦʩʦʚ, ʚʳʩʦʪʘ 

ʩʢʘʰʠʚʘʥʠʷ ʠ ʩʪʦʠʤʦʩʪʴ ʦʜʥʦʡ ʪʦʥʥʳ ʫʨʦʞʘʷ 

ʪʨʘʚʳ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 4. 

ʊʘʙʣʠʮʘ 4  

ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʠʟʤʝʥʝʥʠʷ ʩʪʦʠʤʦʩʪʠ 1 ʪʦʥʥʳ ʪʨʘʚʳ ʦʪ ʧʣʘʥʠʨʫʝʤʦʡ 

ʫʨʦʞʘʡʥʦʩʪʠ ʧʨʠ ʟʘʜʘʥʥʳʭ ʩʪʦʠʤʦʩʪʥʳʭ ʧʦʢʘʟʘʪʝʣʷʭ 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʨʘʩʯʝʪʥʳʭ ʬʘʢʪʦʨʦʚ 

ʇʣʘʥʠʨʫʝʤʳʡ ʫʨʦʞʘʡ ʪʨʘʚʳ, ʪ/ʛʘ 

5 6 7 8 9 10 11 12 13 13,9 

ʉʪʦʠʤʦʩʪʴ 1 ʪ. ʪʨʘʚʳ 646,6 572,4 558,7 539,5 533,4 544,3 573,2 621,1 743,4 1044,

2 

ɼʦʟʘ ʚʥʝʩʝʥʠʷ N, 

ʢʛ/ʛʘ 

137,0 172,7 212,2 257,3 311,2 382,5 421,9 471,1 543,9 573,1 

ɼʦʟʘ ʚʥʝʩʝʥʠʷ P, 

ʢʛ/ʛʘ 

0 0 0 0 0 0 0 0 13,3 190,1 

ɼʦʟʘ ʚʥʝʩʝʥʠʷ K, 0 0 0 0 0 0 63,6 139,1 246,7 312,1 

min­=
y

S
L
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ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘʠʤʝʥʴʰʘʷ ʩʪʦʠʤʦʩʪʴ 

ʤʥʦʛʦʣʝʪʥʠʭ ʟʣʘʢʦʚʳʭ ʪʨʘʚ ʝʞʠ ʩʙʦʨʥʦʡ 

ʩʦʩʪʘʚʣʷʝʪ 533,4 ʨʫʙ./ʪ ʧʨʠ ʝʸ ʫʨʦʞʘʡʥʦʩʪʠ 9,0 

ʪ/ʛʘ. ʇʨʠ ʵʪʦʤ ʦʧʪʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʬʘʢʪʦʨʦʚ 

ʩʦʩʪʘʚʣʷʶʪ: 

- ʥʦʨʤʳ ʚʥʝʩʝʥʠʷ ʫʜʦʙʨʝʥʠʡ: N ï 311, 2 

ʢʛ/ʛʘ, P ï 0 ʪ/ʛʘ, K ï 0 ʪ/ʛʘ; 

- ʯʠʩʣʦ ʫʢʦʩʦʚ ï 2; 

- ʚʳʩʦʪʘ ʩʢʘʰʠʚʘʥʠʷ ʪʨʘʚʳ ï 8,0 ʩʤ. 

ʉʥʠʞʝʥʠʝ ʠ ʫʚʝʣʠʯʝʥʠʝ ʫʨʦʞʘʷ ʪʨʘʚʳ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʧʪʠʤʘʣʴʥʦʡ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʚʳʰʝʥʠʶ ʩʪʦʠʤʦʩʪʠ ʧʦʣʫʯʘʝʤʦʛʦ ʫʨʦʞʘʷ 

ʪʨʘʚʳ. 

ɺʥʝʩʝʥʠʝ ʢʘʣʠʡʥʳʭ ʫʜʦʙʨʝʥʠʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʧʨʠ ʫʨʦʞʘʡʥʦʩʪʠ ʝʞʠ ʩʙʦʨʥʦʡ ʚʳʰʝ 11 ʪ/ʛʘ, ʘ 

ʬʦʩʬʦʨʥʳʭ ʫʜʦʙʨʝʥʠʡ ï ʙʦʣʝʝ 13 ʪ/ʛʘ. 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ˉ2 

ɺ Excel ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʤʦʜʝʣʴʥʳʝ ʨʘʩʯʝʪʳ 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ  ʩʪʦʠʤʦʩʪʷʭ N, P, K ʫʜʦʙʨʝʥʠʡ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 5. 

ʊʘʙʣʠʮʘ 5 

ʆʮʝʥʢʘ ʚʣʠʷʥʠʷ ʩʪʦʠʤʦʩʪʝʡ ʫʜʦʙʨʝʥʠʡ ʥʘ ʦʧʪʠʤʘʣʴʥʳʡ ʫʨʦʞʘʡ ʪʨʘʚʳ 

 ̄

ʉʪʦʠʤʦʩʪʠ ʫʜʦʙʨʝʥʠʡ, 

ʨʫʙ./ʢʛ 

ɼʦʟʳ ʚʥʝʩʝʥʠʷ, ʢʛ/ʛʘ ʋʨʦʞʘʡ 

ʪʨʘʚʳ, ʪ/ʛʘ 

ʉʪʦʠʤʦʩʪʴ 

ʪʨʘʚʳ, 

ʨʫʙ./ʪ 
N P K N P K 

1 

2 

3 

9,0 

9,0 

9,0 

23,0 

23,0 

23,0 

8,0 

6,0 

4,0 

346,6 

346,6 

346,6 

0 

0 

0 

0 

0 

93,4 

9,54 

9,54 

10,5 

641,3 

641,3 

471,0 

4 

5 

6 

7 

9,0 

9,0 

9,0 

9,0 

20,0 

15,0 

10,0 

5,0 

8,0 

8,0 

8,0 

8,0 

346,6 

346,6 

346,6 

346,6 

0 

0 

0 

0 

0 

0 

0 

0 

9,54 

9,54 

9,54 

9,54 

641,3 

641,3 

641,3 

641,3 

8 

9 

10 

11 

20 

15 

10 

5 

23,0 

23,0 

23,0 

23,0 

8,0 

8,0 

8,0 

8,0 

298,1 

298,1 

336,0 

400,2 

0 

0 

0 

0 

30,7 

0 

0 

0 

8,6 

8,8 

9,4 

10,2 

1015,4 

851,3 

677,4 

490,8 

 

ʢʛ/ʛʘ 

ʏʠʩʣʦ ʫʢʦʩʦʚ 2 2 2 2 2 2 2 2 3 3 

ɺʳʩʦʪʘ ʩʢʘʰʠʚʘʥʠʷ, 

ʩʤ 

8 8 8 8 8 7 7 6 5 3 
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ʇʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 5 ʨʝʟʫʣʴʪʘʪʳ 

ʨʘʩʯʝʪʦʚ ʦ ʚʣʠʷʥʠʠ ʩʪʦʠʤʦʩʪʝʡ ʫʜʦʙʨʝʥʠʡ ʥʘ 

ʩʪʦʠʤʦʩʪʴ ʫʨʦʞʘʷ ʪʨʘʚʳ ʠ ʥʦʨʤʳ ʚʥʝʩʝʥʠʷ 

ʧʦʢʘʟʳʚʘʝʪ: 

- ʥʘʠʤʝʥʴʰʝʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʩʪʦʠʤʦʩʪʴ 

ʬʦʩʬʦʨʥʳʭ ʫʜʦʙʨʝʥʠʡ. ʀʟʤʝʥʝʥʠʝ ʩʪʦʠʤʦʩʪʠ ʚ 

ʯʝʪʳʨʝ ʨʘʟʘ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʫʨʦʞʘʷ 

ʪʨʘʚʳ.  

- ʠʟʤʝʥʝʥʠʝ ʩʪʦʠʤʦʩʪʠ ʢʘʣʠʡʥʳʭ 

ʫʜʦʙʨʝʥʠʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʨʘʮʠʦʥʘʣʴʥʦ ʪʦʣʴʢʦ ʧʨʠ ʦʯʝʥʴ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʠ 

(4,0 ʨʫʙ./ʢʛ). ʇʨʠ ʵʪʦʤ ʜʦʟʘ ʚʥʝʩʝʥʠʷ ʘʟʦʪʥʳʭ ʥʝ 

ʠʟʤʝʥʷʝʪʩʷ (346,6 ʢʛ/ʛʘ), ʥʦ ʜʦʙʘʚʣʷʶʪʩʷ 

ʢʘʣʠʡʥʳʝ (93,4 ʢʛ/ʛʘ), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʫʨʦʞʘʷ ʪʨʘʚʳ. 

- ʠʟʤʝʥʝʥʠʝ ʩʪʦʠʤʦʩʪʠ ʘʟʦʪʥʳʭ ʫʜʦʙʨʝʥʠʡ 

ʦʢʘʟʳʚʘʝʪ ʩʘʤʦʝ ʚʳʩʦʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʫʨʦʞʘʡ 

ʠ ʩʪʦʠʤʦʩʪʴ ʪʨʘʚʳ. ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʩʪʦʠʤʦʩʪʠ 

ʫʜʦʙʨʝʥʠʡ ʚ ʯʝʪʳʨʝ ʨʘʟʘ ʥʦʨʤʘ ʚʥʝʩʝʥʠʷ 

ʠʟʤʝʥʷʝʪʩʷ ʚ 1,33 ʨʘʟʘ, ʚ ʜʚʘ ʨʘʟʘ ʠʟʤʝʥʷʝʪʩʷ 

ʩʪʦʠʤʦʩʪʴ ʪʨʘʚʳ. 

ɺʳʚʦʜʳ  ɺʳʧʦʣʥʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʤʠʥʝʨʘʣʴʥʳʝ ʫʜʦʙʨʝʥʠʷ ʦʢʘʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʫʨʦʞʘʡʥʦʩʪʴ ʪʨʘʚʳ. ʆʮʝʥʢʘ ʥʦʨʤ 

ʚʥʝʩʝʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʟʘʜʘʯʫ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʤʘʢʩʠʤʘʣʴʥʳʭ ʥʦʨʤ ʚʥʝʩʝʥʠʷ ʫʜʦʙʨʝʥʠʡ ʭʦʪʷ ʠ 

ʧʦʚʳʰʘʝʪ ʫʨʦʞʘʡ ʪʨʘʚʳ, ʥʦ ʧʨʠ ʵʪʦʤ ʪʘʢ ʞʝ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪʩʷ ʩʪʦʠʤʦʩʪʴ ʪʨʘʚʳ. 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʚʥʦʩʠʤʳʭ ʫʜʦʙʨʝʥʠʡ ʠ ʠʭ ʩʦʯʝʪʘʥʠʷ ʩʣʝʜʫʝʪ 

ʫʯʠʪʳʚʘʪʴ ʢʘʢ ʩʪʦʠʤʦʩʪʴ ʫʜʦʙʨʝʥʠʡ, ʪʘʢ 

ʥʝʦʙʭʦʜʠʤʳʡ ʦʙʲʸʤ ʪʨʘʚʳ. ʇʨʠ ʠʟʤʝʥʝʥʠʠ 

ʩʪʦʠʤʦʩʪʠ ʫʜʦʙʨʝʥʠʡ ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ 

ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʪʨʘʚʳ ʦʢʘʟʳʚʘʝʪ ʩʪʦʠʤʦʩʪʴ 

ʘʟʦʪʥʳʭ ʫʜʦʙʨʝʥʠʡ, ʥʘʠʤʝʥʴʰʝʝ ï ʬʦʩʬʦʨʥʳʭ. 
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ʕʌʌɽʂʊʀɺʅʆʉʊʔ ʀʉʇʆʃʔɿʆɺɸʅʀʗ ʇʆʏɺʆʆɹʈɸɹɸʊʓɺɸʖʑɽɻʆ ɸɻʈɽɻɸʊɸ ʉ  

ʂʆʃʔʎɽɺʓʄʀ ʈɸɹʆʏʀʄʀ ʆʈɻɸʅɸʄʀ ɺ ɹʆʈʔɹɽ 

 ʉ ɹʆʈʑɽɺʀʂʆʄ ʉʆʉʅʆɺʉʂʆɻʆ 

 

ʅ.ʀ. ɼʞʘʙʙʦʨʦʚ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ; ɸ.ɺ. ɼʦʙʨʠʥʦʚ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

 

ʀʥʩʪʠʪʫʪ ʘʛʨʦʠʥʞʝʥʝʨʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

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

 

ɺ ʩʪʘʪʴʝ ʜʘʥʘ ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʘʛʨʝʛʘʪʘ 

ʩ ʢʦʣʴʮʝʚʳʤʠ ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ ʜʣʷ ʙʦʨʴʙʳ ʩ ʙʦʨʱʝʚʠʢʦʤ ʉʦʩʥʦʚʩʢʦʛʦ. ɺ ʧʨʦʚʝʜʝʥʥʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʡ ʘʛʨʝʛʘʪ ʋʂʇɸ-2,4-4 ʦʙʝʩʧʝʯʠʚʘʣ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʫʶ 

ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʦʙʨʘʙʦʪʢʫ ʧʦʯʚʳ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʫʥʠʯʪʦʞʝʥʠʝʤ ʩʦʨʥʳʭ ʨʘʩʪʝʥʠʡ, 

ʚʢʣʶʯʘʷ ʙʦʨʱʝʚʠʢ ʉʦʩʥʦʚʩʢʦʛʦ ʧʨʠ ʜʚʫʢʨʘʪʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩ ʧʨʦʤʝʞʫʪʢʦʤ ʤʝʞʜʫ 

ʦʙʨʘʙʦʪʢʘʤʠ ʚ 10-12 ʜʥʝʡ. ʂʦʣʴʮʝʚʳʝ ʨʘʙʦʯʠʝ ʦʨʛʘʥʳ ʚʳʧʦʣʥʷʣʠ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʝ 

ʨʳʭʣʝʥʠʝ ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʧʦʯʚʳ ʠ ʧʦʜʨʝʟʘʥʠʝ ʙʦʨʱʝʚʠʢʘ ʉʦʩʥʦʚʩʢʦʛʦ ʠ ʜʨʫʛʠʭ ʩʦʨʥʳʭ 

ʨʘʩʪʝʥʠʡ ʧʨʠ ʫʩʪʘʥʦʚʢʝ ʫʛʣʘ ʠʭ ʘʪʘʢʠ ʚ 25
ʦ
. ʇʨʝʜʣʦʞʝʥʥʳʡ ʧʨʠʝʤ ʫʥʠʯʪʦʞʝʥʠʷ ʙʦʨʱʝʚʠʢʘ 

ʉʦʩʥʦʚʩʢʦʛʦ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʟʘʤʝʱʘʶʱʠʤʠ ʧʦʩʝʚʘʤʠ ʙʳʩʪʨʦʨʘʩʪʫʱʠʭ 

ʠ ʚʳʩʦʢʦʧʨʦʜʫʢʪʠʚʥʳʭ ʟʣʘʢʦʚʳʭ, ʙʦʙʦʚʳʭ ʪʨʘʚ, ʘ ʪʘʢʞʝ ʤʘʩʣʠʯʥʳʭ ʠ ʧʨʦʧʘʰʥʳʭ ʢʫʣʴʪʫʨ 

ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ ʠʭ ʚʦʟʜʝʣʳʚʘʥʠʠ ʩ ʩʦʙʣʶʜʝʥʠʝʤ ʚʩʝʭ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ. 
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EFFICIENCY OF THE TILLAGE IMPLEMENT WITH RING-SHAPED TOOLS IN THE 

SOSNOVSKY'S HOGWEED CONTROL  
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The article considers the application efficiency of a tillage implement with ring-shaped tools 

in the Sosnovsky's hogweed (Heracleum Sosnowskyi) control. In the conducted study the UKPA-

2.4-4 tillage implement was found to provide the high-quality surface tillage with simultaneous 

destruction of weeds including the Sosnovskyôs hogweed in two soil cultivations with an interval of 

10 to 12 days. Ring-shaped tools performed high-quality loosening of the topsoil layer and cutting 

of the Sosnovskyôs hogweed and other weeds when their approach angle was set at 25Á. The 

proposed method for the Sosnovskyôs hogweed control is recommended for use in combination 
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with replacement plantings of fast-growing and high-yielding cereals and legumes as well as 

oilseeds and row crops with their intensive cultivation in compliance with all agro-technical 

requirements. 

Key words: Heracleum Sosnowskyi, weed control, tillage implement, ring-shaped tillage 

tool, root stem cutting 
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ɺʚʝʜʝʥʠʝ  

ɹʦʨʱʝʚʠʢ ʉʦʩʥʦʚʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʢʨʫʧʥʦʝ ʪʨʘʚʷʥʠʩʪʦʝ ʨʘʩʪʝʥʠʝ 

ʚʳʩʦʪʦʡ ʦʪ 1 ʜʦ 2 ʠ ʙʦʣʝʝ ʤʝʪʨʦʚ ʩʝʤʝʡʩʪʚʘ 

ɿʦʥʪʠʯʥʳʝ. ʂʦʨʥʝʚʘʷ ʩʠʩʪʝʤʘ ʨʘʩʪʝʥʠʷ 

ʩʪʝʨʞʥʝʚʘʷ, ʦʩʥʦʚʥʘʷ ʤʘʩʩʘ ʢʦʨʥʝʡ 

ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʩʣʦʝ ʜʦ 30 ʩʤ, ʦʪʜʝʣʴʥʳʝ 

ʢʦʨʥʠ ʜʦʩʪʠʛʘʶʪ ʛʣʫʙʠʥʳ 2 ʤ. ʇʨʠ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʙʦʨʱʝʚʠʢʘ ʢʘʢ ʩʠʣʦʩʥʦʡ 

ʢʫʣʴʪʫʨʳ ʝʱʝ ʚ ʩʝʨʝʜʠʥʝ ʍʍ ʚʝʢʘ, ʦʥ 

ʧʦʣʫʯʠʣ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʨʷʜʝ 

ʩʪʨʘʥ ɽʚʨʦʧʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʈʦʩʩʠʠ. ʅʝ 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʙʦʨʱʝʚʠʢʘ 

ʉʦʩʥʦʚʩʢʦʛʦ ʚ ʥʘʯʘʣʝ ʫʞʝ ʍʍI ʚʝʢʘ ʩʪʘʣʦ 

ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʝʨʴʝʟʥʫʶ ʫʛʨʦʟʫ ʢʘʢ ʜʣʷ 

ʪʝʨʨʠʪʦʨʠʡ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ, ʪʘʢ ʜʣʷ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʛʦʜʠʡ, ʦʩʦʙʝʥʥʦ ʚ 

ʎʝʥʪʨʘʣʴʥʦʤ ʠ ʉʝʚʝʨʦ-ɿʘʧʘʜʥʦʤ ʨʝʛʠʦʥʘʭ 

ʥʘʰʝʡ ʩʪʨʘʥʳ. 

ɹʦʨʱʝʚʠʢ  ʉʦʩʥʦʚʩʢʦʛʦ ʠʥʪʝʥʩʠʚʥʦ 

ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʘ ʟʘʙʨʦʰʝʥʥʳʭ ʟʝʤʣʷʭ, ʥʘ 

ʪʝʨʨʠʪʦʨʠʷʭ ʩʘʜʦʚʦʜʩʪʚ, ʦʪʢʦʩʘʭ 

ʤʝʣʠʦʨʘʪʠʚʥʳʭ ʢʘʥʘʣʦʚ, ʦʙʦʯʠʥʘʭ ʜʦʨʦʛ. ʆʥ 

ʫʩʪʦʡʯʠʚ ʢ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤ ʢʣʠʤʘʪʠʯʝʩʢʠʤ 

ʫʩʣʦʚʠʷʤ, ʘʢʪʠʚʥʦ ʧʦʜʘʚʣʷʝʪ ʧʨʦʠʟʨʘʩʪʘʥʠʝ 

ʜʨʫʛʠʭ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ, ʚʳʪʝʩʥʷʝʪ 

ʝʩʪʝʩʪʚʝʥʥʫʶ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ. ɸ ʪʘʢʞʝ 

ʤʦʞʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʥʘʩʘʞʜʝʥʠʷ ʨʘʟʣʠʯʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʧʣʦʱʘʜʴʶ ʦʪ ʥʝʩʢʦʣʴʢʠʭ 

ʢʚʘʜʨʘʪʥʳʭ ʤʝʪʨʦʚ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʛʝʢʪʘʨʦʚ. 

ʊʘʢ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʉɿʌʆ ʧʦ ʜʘʥʥʳʤ 2019 

ʛʦʜʘ, ʦʙʱʘʷ ʧʣʦʱʘʜʴ, ʟʘʥʷʪʘʷ ʙʦʨʱʝʚʠʢʦʤ 

ʉʦʩʥʦʚʩʢʦʛʦ ʩʦʩʪʘʚʠʣʘ ʧʦʨʷʜʢʘ 140 ʪʳʩ. ʛʘ 

(ʨʠʩ. 1) [1]. ʇʦ ʦʬʠʮʠʘʣʴʥʳʤ ʜʘʥʥʳʤ ʎʝʥʪʨʘ 

ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʄʦʩʢʦʚʩʢʦʡ 

ʦʙʣʘʩʪʠ ʚ 2021 ʛʦʜʫ, ʙʦʨʱʝʚʠʢʦʤ 

ʉʦʩʥʦʚʩʢʦʛʦ ʧʦʨʘʞʝʥʦ ʧʦʨʷʜʢʘ 40 ʪʳʩʷʯ 

ʛʝʢʪʘʨʦʚ ʧʦʜʤʦʩʢʦʚʥʦʡ ʟʝʤʣʠ. 

 

 
ʈʠʩ. 1.  ʇʣʦʱʘʜʴ ʟʘʥʷʪʘʷ ʙʦʨʱʝʚʠʢʦʤ  ʉʦʩʥʦʚʩʢʦʛʦ ʚ ʉɿʌʆ ʈʌ [1]. 
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ɺ 2012 ʛʦʜʫ ʙʦʨʱʝʚʠʢ ʉʦʩʥʦʚʩʢʦʛʦ 

ʙʳʣ ʚʳʚʝʜʝʥ ʠʟ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʨʝʝʩʪʨʘ 

ʩʝʣʝʢʮʠʦʥʥʳʭ ʜʦʩʪʠʞʝʥʠʡ, ʜʦʧʫʱʝʥʥʳʭ ʢ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ, ʢʘʢ ʫʪʨʘʪʠʚʰʠʡ ʭʦʟʷʡʩʪʚʝʥʥʫʶ 

ʧʦʣʝʟʥʦʩʪʴ. ʉ 01.01.2015 ʛ. ʩʝʤʝʥʘ ʠ ʟʝʣʝʥʘʷ 

ʤʘʩʩʘ ʙʦʨʱʝʚʠʢʘ ʉʦʩʥʦʚʩʢʦʛʦ ʠʩʢʣʶʯʝʥʳ ʠʟ 

ʆʙʱʝʨʦʩʩʠʡʩʢʦʛʦ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ 

ʧʨʦʜʫʢʮʠʠ ʆʂ 005-93. ɺ ʥʦʷʙʨʝ 2015 ʛ. ʚ 

ʆʪʨʘʩʣʝʚʦʡ ʢʣʘʩʩʠʬʠʢʘʪʦʨ ʩʦʨʥʳʭ 

ʨʘʩʪʝʥʠʡˉ 384 021 310 ʚʥʝʩʝʥʦ ʜʦʧʦʣʥʝʥʠʝ, 

ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʚ ʥʝʛʦ ʚʢʣʶʯʝʥ ʙʦʨʱʝʚʠʢ 

ʉʦʩʥʦʚʩʢʦʛʦ (Heracleum Sosnovsky Manden): 

ʨʘʟʜʝʣ çɼʚʫʜʦʣʴʥʳʝ ʤʥʦʛʦʣʝʪʥʠʝ 

ʢʦʨʥʝʩʪʝʨʞʥʝʚʳʝè, ʢʦʜ 5500. 

ʋʞʝ ʥʝ ʧʝʨʚʦʝ ʜʝʩʷʪʠʣʝʪʠʝ ʫʯʸʥʳʝ-

ʧʨʘʢʪʠʢʠ ʟʘʥʠʤʘʶʪʩʷ ʨʘʟʨʘʙʦʪʢʦʡ 

ʵʬʬʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʪʝʭʥʠʯʝʩʢʠʭ 

ʩʨʝʜʩʪʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝʤ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʙʦʨʱʝʚʠʢʘ. ɹʦʨʴʙʝ ʩ 

ʯʫʞʝʨʦʜʥʦʡ ʠʥʚʘʟʠʝʡ ʧʦʩʚʷʱʝʥʦ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʘʫʯʥʳʭ  ʨʘʙʦʪ, 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʝʢʦʤʝʥʜʘʮʠʡ, ʧʦʩʦʙʠʡ, 

ʢʦʪʦʨʳʝ ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʦ ʦʪʨʘʞʘʶʪ 

ʩʦʚʨʝʤʝʥʥʳʡ ʫʨʦʚʝʥʴ ʠ ʦʩʥʦʚʥʳʝ 

ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʜʘʥʥʦʡ ʩʬʝʨʝ. 

ʆʩʥʦʚʥʳʝ ʧʨʠʯʠʥʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʙʦʨʱʝʚʠʢʘ ʉʦʩʥʦʚʩʢʦʛʦ, ʧʨʠʤʝʥʷʝʤʳʝ 

ʤʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ ʙʦʨʴʙʳ ʩ ʥʠʤ ʚ 

ʅʦʚʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠ ʧʦʜʨʦʙʥʦ ʠʟʣʦʞʝʥʳ ʚ 

ʨʘʙʦʪʘʭ [2, 3].  

ɸʚʪʦʨʳ ʨʘʙʦʪʳ [4] ʜʘʣʠ ʘʥʘʣʠʟ 

ʜʠʥʘʤʠʢʠ ʟʘʩʦʨʝʥʥʦʩʪʠ ʧʦʣʝʡ ʙʦʨʱʝʚʠʢʦʤ 

ʉʦʩʥʦʚʩʢʦʛʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ, 

ʚʢʣʶʯʘʷ ʦʮʝʥʢʫ ʩʪʨʫʢʪʫʨʳ ʟʘʩʦʨʝʥʥʳʭ 

ʟʝʤʝʣʴ ʠ ʥʝʢʦʪʦʨʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 

ʨʝʘʣʠʟʘʮʠʠ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʜʣʷ 

ʙʦʨʴʙʳ ʩ ʥʠʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʦʮʝʥʢʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʭʠʤʠʯʝʩʢʦʡ ʙʦʨʴʙʳ ʩ 

ʙʦʨʱʝʚʠʢʦʤ ʉʦʩʥʦʚʩʢʦʛʦ ʦʪʨʘʞʝʥʳ ʚ ʩʪʘʪʴʝ 

[5]. 

ʈʝʟʫʣʴʪʘʪʳ ʘʧʨʦʙʘʮʠʠ ʨʘʟʣʠʯʥʳʭ 

ʤʝʪʦʜʦʚ ʙʦʨʴʙʳ ʩ ʙʦʨʱʝʚʠʢʦʤ ʠʟʣʦʞʝʥʳ ʚ 

ʨʘʙʦʪʝ [6, 7]. ɸʚʪʦʨʳ ʜʘʥʥʦʡ ʨʘʙʦʪʳ 

ʦʪʤʝʯʘʶʪ, ʯʪʦ ʙʦʨʴʙʘ ʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ 

ʙʦʨʱʝʚʠʢʘ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʴʥʳʭ, ʬʠʥʘʥʩʦʚʳʭ ʠ ʪʨʫʜʦʚʳʭ 

ʨʝʩʫʨʩʦʚ. ʈʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʫʥʠʯʪʦʞʝʥʠʷ 

ʚʩʭʦʜʦʚ ʙʦʨʱʝʚʠʢʘ ʚ ʚʝʩʝʥʥʠʡ ʧʝʨʠʦʜ, ʪʘʢʠʝ 

ʢʘʢ ʧʨʦʧʦʣʢʘ, ʧʨʠʤʝʥʝʥʠʝ ʯʝʨʥʦʡ ʧʣʝʥʢʠ, 

ʛʝʨʙʠʮʠʜʦʚ, ʛʦʨʷʯʝʡ ʚʦʜʳ ʠ ʪ.ʜ., ʧʨʝʜʣʘʛʘʶʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʜʦʧʦʣʥʝʥʠʝ ʢ ʩʠʩʪʝʤʝ 

ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʙʦʨʴʙʝ ʩ ʥʠʤ.  

ɸʚʪʦʨʳ ʩʪʘʪʴʠ [8, 9] ʦʪʤʝʯʘʶʪ, ʯʪʦ 

ʙʦʨʴʙʫ ʩ ʙʦʨʱʝʚʠʢʦʤ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʧʨʦʚʦʜʠʪʴ ʪʘʢʠʤʠ ʤʝʪʦʜʘʤʠ, ʢʘʢ ʢʦʰʝʥʠʝ, 

ʩʨʝʟʘʥʠʝ ʮʚʝʪʦʥʦʩʦʚ, ʫʢʨʳʚʘʥʠʝ ʧʣʸʥʢʦʡ, 

ʧʨʠʤʝʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʛʝʨʙʠʮʠʜʦʚ, 

ʦʙʨʘʙʦʪʢʘ ʧʦʯʚʳ ʨʘʟʣʠʯʥʳʤʠ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʤʠ ʤʘʰʠʥʘʤʠ. ɼʣʷ 

ʙʦʨʴʙʳ ʩ ʦʜʠʥʦʯʥʦ ʩʪʦʷʱʠʤʠ ʨʘʩʪʝʥʠʷʤʠ 

ʙʦʨʱʝʚʠʢʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʫʶ ʘʤʤʠʘʯʥʫʶ ʩʝʣʠʪʨʫ, 

ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ ʠʣʠ ʫʢʩʫʩ ʩ ʩʦʣʴʶ. 

ʇʨʝʜʣʦʞʝʥ ʪʝʨʤʠʯʝʩʢʠʡ ʤʝʪʦʜ 

ʙʦʨʴʙʳ ʩ ʙʦʨʱʝʚʠʢʦʤ ï ʦʙʨʘʙʦʪʢʘ ʨʘʩʪʝʥʠʡ 

ʛʦʨʷʯʝʡ ʚʦʜʦʡ ʧʨʠ  ʪʝʤʧʝʨʘʪʫʨʝ 92-100 
ʦ
ʉ 

[10]. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʪʘʢʦʤ ʩʧʦʩʦʙʝ 

ʧʨʦʠʩʭʦʜʠʪ ʛʠʙʝʣʴ ʚʩʭʦʜʦʚ ʙʦʨʱʝʚʠʢʘ, 

ʝʞʝʥʝʜʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʧʨʝʜʦʪʚʨʘʱʘʝʪ 

ʧʦʷʚʣʝʥʠʝ ʥʦʚʳʭ ʚʩʭʦʜʦʚ ʜʦ ʦʩʝʥʠ. ɸʚʪʦʨʳ 

ʵʪʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʯʠʪʘʶʪ ʥʝʦʙʭʦʜʠʤʳʤ 

ʧʦʠʩʢ ʨʝʰʝʥʠʡ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʙʝʩʢʦʥʪʘʢʪʥʳʭ 

ʩʧʦʩʦʙʦʚ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʟʘʨʦʩʣʝʡ 

ʙʦʨʱʝʚʠʢʘ. 

ʊʘʢʞʝ ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʧʨʝʜʣʦʞʝʥʳ 

ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʨʠʤʝʥʝʥʠʶ 

ʛʝʨʙʠʮʠʜʦʚ ʜʣʷ ʫʥʠʯʪʦʞʝʥʠʷ ʙʦʨʱʝʚʠʢʘ 

[11], ʧʦʜʨʦʙʥʦ ʠʟʣʦʞʝʥ ʩʧʦʩʦʙ ʦʮʝʥʢʠ 

ʛʫʩʪʦʪʳ ʩʪʦʷʥʠʷ ʨʘʩʪʝʥʠʡ ʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʟʝʣʸʥʦʡ ʤʘʩʩʳ ʦʪ ʦʜʥʦʛʦ 

ʨʘʩʪʝʥʠʷ ʠ ʮʝʣʦʛʦ ʫʯʘʩʪʢʘ ʨʘʩʪʝʥʠʡ [12]. 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʦʙ 

ʠʥʚʘʟʠʠ ʙʦʨʱʝʚʠʢʘ ʉʦʩʥʦʚʩʢʦʛʦ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʄʆ ɻʆ çʉʳʢʪʳʚʢʘʨè, 

ʨʝʟʫʣʴʪʘʪʳ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʤʝʩʪ ʝʛʦ 

ʧʨʦʠʟʨʘʩʪʘʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʨʘʙʦʪʝ [13]. 

ʇʨʝʜʣʦʞʥʳ ʵʪʘʧʳ ʨʝʘʣʠʟʘʮʠʠ ʧʠʣʦʪʥʦʛʦ 
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ʧʨʦʝʢʪʘ ʧʦ ʦʩʚʦʙʦʞʜʝʥʠʶ ʪʝʨʨʠʪʦʨʠʠ 

ʥʘʩʝʣʝʥʥʦʛʦ ʧʫʥʢʪʘ ʦʪ ʙʦʨʱʝʚʠʢʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʮʝʥʢʝ 

ʤʦʨʦʟʦʫʩʪʦʡʯʠʚʦʩʪʠ ʙʦʨʱʝʚʠʢʘ ʉʦʩʥʦʚʩʢʦʛʦ 

ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʨʘʙʦʪʝ [14]. ʋʩʪʘʥʦʚʣʝʥʘ 

ʩʣʘʙʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʦʨʦʩʪʢʦʚ ʠ ʚʟʨʦʩʣʳʭ 

ʨʘʩʪʝʥʠʡ ʙʦʨʱʝʚʠʢʘ, ʝʛʦ ʩʝʤʝʥʘ ʩʥʠʞʘʶʪ 

ʩʚʦʶ ʤʦʨʦʟʦʩʪʦʡʢʦʩʪʴ ʧʦʩʣʝ ʩʪʨʘʪʠʬʠʢʘʮʠʠ 

ʚ ʪʝʯʝʥʠʝ ʧʝʨʝʟʠʤʦʚʢʠ ʠ ʫʚʝʣʠʯʝʥʠʷ 

ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʳ ʚ ʪʢʘʥʷʭ. 

ʇʨʦʤʦʨʘʞʠʚʘʥʠʝ, ʢʘʢ ʤʝʪʦʜ ʣʠʢʚʠʜʘʮʠʠ 

ʟʘʨʦʩʣʝʡ ʙʦʨʱʝʚʠʢʘ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʜʣʷ 

ʪʝʨʨʠʪʦʨʠʡ, ʤʠʥʠʤʘʣʴʥʳʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ 

ʥʝ ʚʳʰʝ ï 25 
ʦ
ʉ.  

ɺ ʨʘʙʦʪʝ [15]  ʧʨʦʚʝʜʝʥ ʧʦʜʨʦʙʥʳʡ 

ʘʥʘʣʠʟ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʣʠʢʚʠʜʘʮʠʠ 

ʙʦʨʱʝʚʠʢʘ ʉʦʩʥʦʚʩʢʦʛʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʈʦʩʩʠʠ. 

ɺ ʀʥʩʪʠʪʫʪʝ ʘʛʨʦʠʥʞʝʥʝʨʥʳʭ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ï 

ʬʠʣʠʘʣʝ ʌɻɹʅʋ ʌʅɸʎ ɺʀʄ ʪʘʢʞʝ 

ʧʨʦʚʦʜʷʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʨʘʟʨʘʙʦʪʢʝ 

ʵʬʬʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʙʦʨʴʙʳ ʩ 

ʙʦʨʱʝʚʠʢʦʤ ʉʦʩʥʦʚʩʢʦʛʦ [16-20] ʚ ʨʘʤʢʘʭ 

ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʧʨʦʝʢʪʘ KS11157 

çʇʨʝʜʦʪʚʨʘʱʝʥʠʝ ʠ ʫʪʠʣʠʟʘʮʠʷ ʠʥʚʘʟʠʚʥʳʭ 

ʨʘʩʪʝʥʠʡè (PURE) ʧʨʦʛʨʘʤʤʳ 

ʧʨʠʛʨʘʥʠʯʥʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ 2014-2020 

çʈʦʩʩʠʷ - ʖʛʦ-ɺʦʩʪʦʯʥʘʷ ʌʠʥʣʷʥʜʠʷè. 

ʈʘʟʨʘʙʦʪʘʥʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʠʸʤʳ 

ʙʦʨʴʙʳ ʩ ʙʦʨʱʝʚʠʢʦʤ, ʦʩʥʦʚʳ ʚʳʙʦʨʘ 

ʨʘʮʠʦʥʘʣʴʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, 

ʨʘʟʨʘʙʦʪʘʥʘ ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʤʘʰʠʥʘ ʜʣʷ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ, 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʝʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʟʝʤʝʣʴ ʠ 

ʫʥʠʯʪʦʞʝʥʠʷ ʩʦʨʥʳʭ ʨʘʩʪʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʙʦʨʱʝʚʠʢʘ ʉʦʩʥʦʚʩʢʦʛʦ ʧʨʠ ʚʳʩʦʪʝ 

ʨʘʩʪʝʥʠʷ, ʥʝ ʚʳʰʝ 40 ʩʤ. 

ʂʨʘʪʢʠʡ ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʳ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʧʨʦʜʦʣʞʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʜʘʣʴʥʝʡʰʝʛʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʥʚʘʟʠʚʥʦʛʦ ʚʠʜʘ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʈʌ ʠ ʚ ʯʘʩʪʥʦʩʪʠ   ʉʝʚʝʨʦ-

ɿʘʧʘʜʥʦʛʦ ʨʝʛʠʦʥʘ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʭʠʤʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʠ ʧʦʠʩʢʘ ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʙʝʟʦʧʘʩʥʳʭ ʠ ʚ ʪʦʞʝ ʚʨʝʤʷ ʵʬʬʝʢʪʠʚʥʳʭ 

ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʧʦʩʦʙʦʚ ʝʛʦ ʫʥʠʯʪʦʞʝʥʠʷ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʡ - ʦʮʝʥʢʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʘʛʨʝʛʘʪʘ ʋʂʇɸ-2,4-

4 ʩ ʢʦʣʴʮʝʚʳʤʠ ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ ʚ ʙʦʨʴʙʝ 

ʩ ʙʦʨʱʝʚʠʢʦʤ ʉʦʩʥʦʚʩʢʦʛʦ. 

 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʡ ï 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʫʥʠʯʪʦʞʝʥʠʷ 

ʋʂʇɸ-2,4-4 ʩʦʨʥʳʭ ʨʘʩʪʝʥʠʡ, ʚʢʣʶʯʘʷ 

ʙʦʨʱʝʚʠʢ ʉʦʩʥʦʚʩʢʦʛʦ, ʧʨʦʠʟʨʘʩʪʘʶʱʠʭ ʥʘ 

ʫʯʘʩʪʢʘʭ ʧʦʣʝʡ, ʥʝ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʚ  ʪʝʯʝʥʠʝ 

7-8 ʣʝʪ. 

ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʡ ï ʧʦʢʘʟʘʪʝʣʠ 

ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ ʋʂʇɸ-2,4-4 ʧʨʠ 

ʘʛʨʝʛʘʪʠʨʦʚʘʥʠʠ ʩ ʪʨʘʢʪʦʨʦʤ ɹʝʣʘʨʫʩ-82.1 ʚ 

ʧʨʦʮʝʩʩʝ ʫʥʠʯʪʦʞʝʥʠʷ ʩʦʨʥʦʡ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʱʠʡ ʚʠʜ 

ʤʘʰʠʥʥʦ-ʪʨʘʢʪʦʨʥʦʛʦ ʘʛʨʝʛʘʪʘ ɹʝʣʘʨʫʩ-

82.1+ʋʂʇɸ-2,4-4 ʩ ʢʦʣʴʮʝʚʳʤʠ ʨʘʙʦʯʠʤʠ 

ʦʨʛʘʥʘʤʠ. 
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ʈʠʩ. 2.  ʆʙʱʠʡ ʚʠʜ  ʤʘʰʠʥʥʦ-ʪʨʘʢʪʦʨʥʦʛʦ ʘʛʨʝʛʘʪʘ ɹʝʣʘʨʫʩ-82.1+ʋʂʇɸ-2,4-4 ʩ 

ʢʦʣʴʮʝʚʳʤʠ ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʨʘʙʦʪʳ ʄʊɸ ɹʝʣʘʨʫʩ-

82.1+ʋʂʇɸ-2,4-4 ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ - 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʙʘʟʳ ʠʥʩʪʠʪʫʪʘ ʚ ʤʘʝ ï

ʠʶʥʝ 2021 ʛʦʜʘ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʷʭ: 

ʪʝʤʧʝʨʘʪʫʨʘ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ 16
ʦ
ʉ; 

ʜʣʠʥʘ ʛʦʥʘ ʫʯʘʩʪʢʘ 150 ʤ; ʚʣʘʞʥʦʩʪʴ ʧʦʯʚʳ 

19-22 %; ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ 

70-75 %; ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ 5-7 ʤ/ʩ; 

ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʪʨʘ - ʟʘʧʘʜʥʳʡ, ʶʛʦ-

ʟʘʧʘʜʥʳʡ; ʪʠʧ ʧʦʯʚʳ- ʩʨʝʜʥʝʩʫʛʣʠʥʠʩʪʘʷ, 

ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʘʷ; ʨʝʣʴʝʬ 1-2
ʦ
; ʩʨʝʜʥʷʷ 

ʟʘʩʦʨʝʥʥʦʩʪʴ ʧʦʣʷ ʙʦʨʱʝʚʠʢʦʤ ʉʦʩʥʦʚʩʢʦʛʦ 

- 22 ʰʪ./ʤ
2
; ʚʳʩʦʪʘ ʩʦʨʥʳʭ ʨʘʩʪʝʥʠʡ 28-35 

ʩʤ; ʪʚʝʨʜʦʩʪʴ ʧʦʯʚʳ ʚ ʩʣʦʝ 5-15 ʩʤ - 1,31 

ʄʇʘ,  15-30 ʩʤ - 2,06 ʄʇʘ. 

ʆʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʘʛʨʝʛʘʪʘ ʩ 

ʢʦʣʴʮʝʚʳʤʠ ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ ʚ ʙʦʨʴʙʝ ʩ 

ʙʦʨʱʝʚʠʢʦʤ ʠ ʧʦʣʫʯʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʨʝʟʫʣʴʪʘʪʘʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʠʟʫʘʣʴʥʳʤ 

ʤʝʪʦʜʦʤ. 

ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʨʦʚʦʜʠʣʘʩʴ ʬʦʪʦʬʠʢʩʘʮʠʷ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʘʛʨʝʛʘʪʦʤ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʫʥʠʯʪʦʞʝʥʠʷ 

ʩʦʨʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʢʘʢ ʦʙʲʝʢʪʘ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʦʣʫʯʝʥʥʳʝ ʩʥʠʤʢʠ, ʢʘʢ 

ʠʣʣʶʩʪʨʘʪʠʚʥʳʡ ʤʘʪʝʨʠʘʣ, ʜʦʩʪʘʪʦʯʥʦ 

ʧʦʣʥʦ ʧʦʷʩʥʷʶʪ ʢʘʯʝʩʪʚʦ ʧʨʦʚʝʜʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʧʝʨʘʮʠʡ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʇʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʡ ʘʛʨʝʛʘʪ 

ʋʂʇɸ-2,4-4, ʢʘʢ ʧʦʢʘʟʘʣʠ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʡ [18-20], ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ 

ʪʝʭʥʦʣʦʛʠʷʭ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʟʘʣʝʞʥʳʭ 

ʟʝʤʝʣʴ ʧʨʠ ʨʳʭʣʝʥʠʠ ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʧʦʯʚʳ ʠ 

ʦʪʜʝʣʝʥʠʷ ʢʦʨʥʝʚʠʱ ʩʦʨʥʳʭ ʨʘʩʪʝʥʠʡ ʦʪ 

ʧʦʯʚʳ, ʘ ʪʘʢʞʝ  ʜʣʷ ʧʨʝʜʧʦʩʝʚʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʧʦʯʚʳ. 

ʀʟ ʧʨʠʚʝʜʝʥʥʦʛʦ ʨʘʥʝʝ ʘʥʘʣʠʟʘ ʩʪʘʣʦ 

ʠʟʚʝʩʪʥʦ, ʯʪʦ ʦʜʥʠʤ ʠʟ ʜʝʡʩʪʚʝʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʝʤʦʚ  ʙʦʨʴʙʳ ʩ 

ʙʦʨʱʝʚʠʢʦʤ ʉʦʩʥʦʚʩʢʦʛʦ ʷʚʣʷʝʪʩʷ 

ʤʝʭʘʥʠʯʝʩʢʠʡ ʩʧʦʩʦʙ ʫʥʠʯʪʦʞʝʥʠʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ 

ʦʨʫʜʠʡ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ. ʉ ʫʯʝʪʦʤ ʵʪʦʛʦ, 

ʚʦʟʥʠʢʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʨʢʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʋʂʇɸ-2,4-4 ʚ 

ʢʘʯʝʩʪʚʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʨʝʜʩʪʚʘ ʜʣʷ ʙʦʨʴʙʳ ʩ 

ʙʦʨʱʝʚʠʢʦʤ ʉʦʩʥʦʚʩʢʦʛʦ, ʢʦʣʴʮʝʚʳʝ 

ʨʘʙʦʯʠʝ ʦʨʛʘʥʳ ʢʦʪʦʨʦʛʦ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʚ 

ʬʦʨʤʝ ʫʩʝʯʝʥʥʦʛʦ ʢʦʥʫʩʘ ʦʙʣʘʜʘʶʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʝʨʝʨʝʟʘʥʠʷ 

ʢʦʨʥʝʚʠʱ ʩʦʨʥʳʭ ʨʘʩʪʝʥʠʡ ʚ ʧʨʦʮʝʩʩʝ 

ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ.   
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ʆʙʱʝʠʟʚʝʩʪʥʦ, ʯʪʦ ʤʥʦʛʦʢʨʘʪʥʦʝ 

ʩʢʘʰʠʚʘʥʠʝ ʢʘʢ ʩʧʦʩʦʙ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʧʨʠ ʙʦʨʴʙʝ ʩ ʙʦʨʱʝʚʠʢʦʤ ʥʝ 

ʧʦʟʚʦʣʷʝʪ ʫʥʠʯʪʦʞʠʪʴ ʩʦʨʥʷʢ, ʘ ʣʠʰʴ 

ʩʜʝʨʞʠʚʘʝʪ ʝʛʦ ʨʦʩʪ ʠ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʮʚʝʪʝʥʠʝ, ʧʨʠ ʵʪʦʤ ʢʦʨʥʝʚʘʷ 

ʩʠʩʪʝʤʘ ʨʘʩʪʝʥʠʷ ʩʦʭʨʘʥʷʝʪ ʩʚʦʶ 

ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ, ʠʤʝʷ ʥʘ  ʩʪʝʙʣʝʢʦʨʥʝ, ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʝ ʧʦʯʢʠ ʚʦʟʦʙʥʦʚʣʝʥʠʷ (ʠʣʠ ʪʦʯʢʠ 

ʨʦʩʪʘ), ʟʘʛʣʫʙʣʝʥʥʳʝ ʥʠʞʝ ʫʨʦʚʥʷ ʧʦʯʚʳ ʥʘ 

3ï5 ʠʣʠ 7ï10 ʩʤ ʠ ʙʦʣʝʝ  ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ 

ʚʠʜʘ ʠ ʪʠʧʘ ʧʦʯʚʳ.  

ɺʘʞʥʦ ʧʨʠ ʵʪʦʤ ʩʨʝʟʘʪʴ ʪʦʯʢʠ ʨʦʩʪʘ 

(ʧʦʯʢʠ) ʠʥʚʘʟʠʠ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪ 

ʚʝʨʭʫʰʝʯʥʫʶ (ʪʝʨʤʠʥʘʣʴʥʫʶ), ʧʘʟʫʰʥʳʝ ʠ 

ʙʦʢʦʚʳʝ [21]. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ 

ʦʩʪʘʚʰʠʝʩʷ ʩʧʷʱʠʝ ʧʦʯʢʠ ʧʦʡʜʫʪ ʚ ʨʦʩʪ ʠ 

ʢʦʨʥʝʩʪʝʙʝʣʴ ʙʦʨʱʝʚʠʢʘ ʜʘʩʪ ʥʦʚʳʝ ʚʩʭʦʜʳ. 

ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʥʘʤʠ ʙʳʣʘ 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʛʠʧʦʪʝʟʘ ʦ ʪʦʤ, ʯʪʦ ʜʚʫʭ ï 

ʠʣʠ ʪʨʝʭʢʨʘʪʥʦʝ ʧʦʜʨʝʟʘʥʠʝ ʨʘʩʪʝʥʠʡ ʥʠʞʝ 

ʪʦʯʝʢ ʨʦʩʪʘ ʥʘ  ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʠʭ ʨʘʟʚʠʪʠʷ 

ʧʨʠ  ʚʳʩʦʪʝ ʜʦ 40 ʩʤ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʤ 

ʘʛʨʝʛʘʪʦʤ ʋʂʇɸ-2,4-4 ʩ ʢʦʣʴʮʝʚʳʤʠ 

ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ ʤʦʞʝʪ ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ 

ʜʘʣʴʥʝʡʰʝʤʫ ʧʨʦʨʘʩʪʘʥʠʶ  ʙʦʨʱʝʚʠʢʘ. 

ʇʦʩʣʝ ʨʘʟʨʝʟʘʥʠʷ ʢʦʨʥʝʩʪʝʙʣʷ ʩʦʟʜʘʶʪʩʷ 

ʫʩʣʦʚʠʷ ʜʣʷ ʙʦʣʝʝ ʛʣʫʙʦʢʦʡ ʦʙʨʘʙʦʪʢʠ 

ʧʦʯʚʳ ʠʣʠ, ʧʨʠ ʚʳʨʘʚʥʠʚʘʥʠʠ ʠ ʨʳʭʣʝʥʠʠ  

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʷ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʦʠʟʚʝʩʪʠ ʧʦʩʝʚ ʩʝʤʷʥ ʢʫʣʴʪʫʨʥʳʭ 

ʨʘʩʪʝʥʠʡ. 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʱʠʡ ʚʠʜ 

ʘʛʨʦʬʦʥʘ ï ʥʝʦʙʨʘʙʘʪʳʚʘʝʤʦʝ ʚ ʪʝʯʝʥʠʝ 6-7 

ʣʝʪ ʧʦʣʝ, ʛʜʝ ʧʨʦʠʟʨʘʩʪʘʶʪ ʙʦʨʱʝʚʠʢ 

ʉʦʩʥʦʚʩʢʦʛʦ, ʦʜʫʚʘʥʯʠʢʠ, ʧʳʨʝʡ  ʠ ʦʩʦʢʘ. 

ʆʙʨʘʙʦʪʢʘ ʘʛʨʦʬʦʥʘ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ 

ʧʨʠ ʫʛʣʘʭ ʘʪʘʢʠ ʢʦʣʴʮʝʚʳʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ 

ʤʘʰʠʥʳ 15
ʦ
, 20

ʦ
 ʠ 25

ʦ
. 

ʂʘʯʝʩʪʚʦ ʧʨʦʮʝʩʩʘ ʫʥʠʯʪʦʞʝʥʠʷ 

ʩʦʨʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʥʘ ʫʯʘʩʪʢʝ 

ʦʮʝʥʠʚʘʣʦʩʴ ʧʨʠ  ʨʘʟʣʠʯʥʳʭ ʩʢʦʨʦʩʪʷʭ 

ʜʚʠʞʝʥʠʷ  ʄʊɸ. 

 

 
ʈʠʩ. 3.  ʆʙʱʠʡ ʚʠʜ ʘʛʨʦʬʦʥʘ ʜʦ ʦʙʨʘʙʦʪʢʠ (25 ʤʘʷ 2021 ʛʦʜʘ). 

 

ʅʘ ʨʠʩʫʥʢʝ 4 ʧʦʢʘʟʘʥ ʦʙʱʠʡ ʚʠʜ ʘʛʨʦʬʦʥʘ ʧʨʠ ʧʝʨʚʦʤ ʢʦʥʪʨʦʣʴʥʦʤ ʧʨʦʭʦʜʝ ʄʊɸ ɹʝʣʘʨʫʩ-

82.1+ʋʂʇɸ-2,4-4. 
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ʈʠʩ. 4.  ʇʝʨʚʳʡ ʢʦʥʪʨʦʣʴʥʳʡ ʧʨʦʭʦʜ ʄʊɸ ɹʝʣʘʨʫʩ-82.1+ʋʂʇɸ-2,4-4 (25 ʤʘʷ 2021 

ʛʦʜʘ). 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʚʠʟʫʘʣʴʥʦʡ ʦʮʝʥʢʠ 

ʢʘʯʝʩʪʚʘ ʧʨʦʮʝʩʩʘ ʧʦʜʨʝʟʘʥʠʷ, ʩ ʫʯʝʪʦʤ 

ʚʳʩʦʢʦʡ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ, ʩʢʦʨʦʩʪʠ  

ʜʚʠʞʝʥʠʷ ʠ ʫʛʣʘ ʫʩʪʘʥʦʚʢʠ ʢʦʣʴʮʝʚʳʭ 

ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ, ʙʳʣ ʚʳʙʨʘʥ ʨʘʮʠʦʥʘʣʴʥʳʡ 

ʨʝʞʠʤ ʨʘʙʦʪʳ ʘʛʨʝʛʘʪʘ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʧʨʦʠʩʭʦʜʠʣʦ ʧʦʣʥʦʝ ʧʦʜʨʝʟʘʥʠʝ ʩʦʨʥʦʡ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ: ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ 

ʘʛʨʝʛʘʪʘ ʩʦʩʪʘʚʠʣʘ 1,94-2,22 ʤ/ʩ; ʫʛʦʣ ʘʪʘʢʠ 

ʢʦʣʴʮʝʚʳʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ 25
0
. ʇʨʠ ʜʨʫʛʠʭ 

ʫʛʣʘʭ ʘʪʘʢʠ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ 15
0
 ʠ 20

0
 ʠ ʪʦʡ 

ʞʝ ʩʢʦʨʦʩʪʠ ʧʦʜʨʝʟʘʥʠʝ ʙʦʨʱʝʚʠʢʘ 

ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʢʦʣʠʯʝʩʪʚʝ 17 ʰʪ/ʤ
2
 (77,3%) 

ʠ 19 ʰʪ/ʤ
2
 (86,3%) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩʫʥʦʢ 

5). 

 

 
ʈʠʩ. 5. ʉʪʝʧʝʥʴ ʧʦʜʨʝʟʘʥʠʷ ʩʦʨʥʳʭ ʨʘʩʪʝʥʠʡ ʙʦʨʱʝʚʠʢʘ ʉʦʩʥʦʚʩʢʦʛʦ ʧʨʠ ʫʩʪʘʥʦʚʢʝ 

ʨʘʟʣʠʯʥʳʭ ʫʛʣʦʚ ʘʪʘʢʠ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʋʂʇɸ-2,4-4. 
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ʅʘ ʨʠʩʫʥʢʝ 6 ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʱʠʡ ʚʠʜ ʄʊɸ ɹʝʣʘʨʫʩ-82.1+ʋʂʇɸ-2,4-4 ʧʨʠ 

ʚʳʧʦʣʥʝʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʥʘ ʚʳʙʨʘʥʥʦʤ ʨʘʮʠʦʥʘʣʴʥʦʤ ʨʝʞʠʤʝ ʝʛʦ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. 

 
ʈʠʩ. 6.  ʆʙʱʠʡ ʚʠʜ ʄʊɸ ɹʝʣʘʨʫʩ-82.1+ʋʂʇɸ-2,4-4 ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ (25 ʤʘʷ 2021 ʛʦʜʘ). 

 

          ʅʘ ʨʠʩʫʥʢʝ 7 ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʨʘʟʤʝʱʝʥʠʷ ʢʦʣʴʮʝʚʳʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʘʛʨʝʛʘʪʘ ʋʂʇɸ-2,4-4. 

 

 
ʈʠʩ. 7. ʉʭʝʤʘ ʨʘʟʤʝʱʝʥʠʷ ʢʦʣʴʮʝʚʳʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʘʛʨʝʛʘʪʘ 

ʋʂʇɸ-2,4-4. 
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ʀʟ ʨʠʩ. 7 ʚʠʜʥʦ, ʯʪʦ ʧʝʨʚʳʡ ʨʷʜ, ʝʩʣʠ 

ʩʤʦʪʨʝʪʴ ʧʦ ʭʦʜʫ ʜʚʠʞʝʥʠʷ ʘʛʨʝʛʘʪʘ, 

ʢʦʣʴʮʝʚʳʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʚʝʨʭʥʶʶ ʯʘʩʪʴ 

ʧʦʯʚʝʥʥʦʛʦ ʩʣʦʷ ʠ ʨʘʩʪʝʥʠʷ ʩʤʝʱʘʝʪ ʥʘʣʝʚʦ, ʘ 

ʚʪʦʨʦʡ ʨʷʜ, ʧʝʨʝʢʨʳʚʘʷ ʧʝʨʚʳʡ, ʥʘʦʙʦʨʦʪ, 

ʥʘʧʨʘʚʦ. ʇʨʠ ʵʪʦʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʜʚʫʭʢʨʘʪʥʳʡ ʩʨʝʟ ʨʘʩʪʝʥʠʡ ʠ ʧʦʯʚʳ, ʯʪʦ 

ʧʦʚʳʰʘʝʪ ʩʪʝʧʝʥʴ ʨʳʭʣʝʥʠʷ ʧʦʯʚʳ ʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʫʥʠʯʪʦʞʝʥʠʷ ʩʦʨʥʳʭ 

ʨʘʩʪʝʥʠʡ. ʌʘʢʪʠʯʝʩʢʘʷ ʛʣʫʙʠʥʘ ʦʙʨʘʙʦʪʢʠ, ʚ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ  ʩʨʝʟʘ ʟʘʚʠʩʠʪ ʦʪ ʫʛʣʘ ʘʪʘʢʠ 

ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ, ʚʣʘʞʥʦʩʪʠ ʠ ʪʚʝʨʜʦʩʪʠ 

ʧʦʯʚʳ ʠ ʨʘʩʪʝʥʠʡ, ʘ ʪʘʢʞʝ ʦʪ ʩʢʦʨʦʩʪʠ 

ʜʚʠʞʝʥʠʷ ʘʛʨʝʛʘʪʘ. 

ʅʘ ʨʠʩʫʥʢʝ 8 ʧʦʢʘʟʘʥ ʦʙʱʠʡ ʚʠʜ 

ʘʛʨʦʬʦʥʘ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʤ ʘʛʨʝʛʘʪʦʤ ʋʂʇɸ-2,4-4 

ʚ ʜʚʘ ʩʣʝʜʘ. 

 

  

ʈʠʩ. 8.  ʆʙʱʠʡ ʚʠʜ ʘʛʨʦʬʦʥʘ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʤ ʘʛʨʝʛʘʪʦʤ 

ʋʂʇɸ-2,4-4 (25 ʤʘʷ 2021 ʛʦʜʘ). 

 

ʇʨʠ ʫʩʪʘʥʦʚʢʝ ʫʛʣʘ ʘʪʘʢʠ ʢʦʣʴʮʝʚʳʭ 

ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ 25
ʦ
 ʘʛʨʝʛʘʪ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʧʦʣʥʦʝ ʧʦʜʨʝʟʘʥʠʝ ʧʦʯʚʝʥʥʦʛʦ ʧʣʘʩʪʘ ʥʘ 

ʛʣʫʙʠʥʫ 5-7 ʩʤ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ 

ʧʝʨʝʨʝʟʘʥʠʝʤ ʙʦʨʱʝʚʠʢʘ ʉʦʩʥʦʚʩʢʦʛʦ ʚ ʝʛʦ 

ʢʦʨʥʝʚʦʡ ʯʘʩʪʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʥʘ ʨʠʩʫʥʢʝ 9 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʬʨʘʛʤʝʥʪʳ ʩʨʝʟʘʥʥʦʛʦ 

ʙʦʨʱʝʚʠʢʘ ʉʦʩʥʦʚʩʢʦʛʦ ʠ ʜʨʫʛʠʭ ʩʦʨʥʳʭ 

ʨʘʩʪʝʥʠʡ ʢʦʣʴʮʝʚʳʤʠ ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ 

ʤʘʰʠʥʳ. 

ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʧʦʣʷ ʚ ʜʚʘ ʩʣʝʜʘ 

ʫʜʘʣʦʩʴ ʩʨʝʟʘʪʴ ʪʦʣʴʢʦ ʚʝʨʭʫʰʝʯʥʳʝ 

(ʪʝʨʤʠʥʘʣʴʥʳʝ) ʠ ʧʘʟʫʰʥʳʝ ʧʦʯʢʠ ʥʘ 

ʩʪʝʙʣʝʢʦʨʥʝ, ʧʨʠ ʵʪʦʤ ʙʦʢʦʚʳʝ ʧʦʯʢʠ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʦʩʪʘʣʠʩʴ ʩ ʯʘʩʪʴʶ ʢʦʨʥʷ 

ʚ ʧʦʯʚʝ ʥʘ ʛʣʫʙʠʥʝ ʧʦʨʷʜʢʘ 10 ʩʤ. 
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ʈʠʩ. 9.  ʌʨʘʛʤʝʥʪʳ ʧʝʨʝʨʝʟʘʥʥʦʛʦ ʢʦʨʥʝʩʪʝʙʣʷ ʙʦʨʱʝʚʠʢʘ ʉʦʩʥʦʚʩʢʦʛʦ ʢʦʣʴʮʝʚʳʤʠ 

ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʘʛʨʝʛʘʪʘ ʋʂʇɸ-2,4-4 (25 ʤʘʷ 2021 ʛʦʜʘ). 

 

ʇʦʩʣʝ ʜʚʫʭʨʘʪʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʦʙʨʘʙʦʪʘʥʥʳʡ ʫʯʘʩʪʦʢ ʙʳʣ ʦʩʪʘʚʣʝʥ ʚ 

ʩʦʩʪʦʷʥʠʠ ʧʦʢʦʷ ʥʘ 12 ʜʥʝʡ.  

2 ʠʶʥʷ ʠ 4 ʠʶʥʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʥʘʙʣʶʜʝʥʠʷ ʠ ʜʘʥʘ ʦʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ ʧʦʣʷ ʠ 

ʩʪʝʧʝʥʠ ʧʨʦʠʟʨʘʩʪʘʥʠʷ ʩʦʨʥʳʭ ʨʘʩʪʝʥʠʡ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʠ ʙʦʨʱʝʚʠʢʘ ʉʦʩʥʦʚʩʢʦʛʦ (ʨʠʩ. 10). 

 

 

2 ʠʶʥʷ 2021 ʛʦʜʘ 

 

4 ʠʶʥʷ 2021 ʛʦʜʘ 

ʈʠʩ. 10.  ʆʙʱʠʡ ʚʠʜ ʘʛʨʦʬʦʥʘ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ, ʩʧʫʩʪʷ 7 ʠ 9 ʜʥʝʡ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ. 

 

ʆʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ ʥʘʙʣʶʜʘʝʤʦʛʦ 

ʫʯʘʩʪʢʘ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ 25 ʤʘʷ ʧʦʢʘʟʘʣʘ 

ʧʦʷʚʣʝʥʠʝ ʥʦʚʳʭ ʚʩʭʦʜʦʚ ʙʦʨʱʝʚʠʢʘ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟ ʙʦʢʦʚʳʭ ʧʦʯʝʢ. ʇʨʠ 

ʵʪʦʤ ʜʨʫʛʠʝ ʚʠʜʳ ʩʦʨʥʳʭ ʨʘʩʪʝʥʠʡ ʧʦʩʣʝ 

ʦʙʨʘʙʦʪʢʠ ʙʳʣʠ ʫʥʠʯʪʦʞʝʥʳ ʥʘ 90-95 %.  

ʉʧʫʩʪʷ 12 ʜʥʝʡ ʧʦʩʣʝ ʧʝʨʚʦʡ 

ʦʙʨʘʙʦʪʢʠ, 7 ʠʶʥʷ 2021 ʛʦʜʘ, ʙʳʣʘ 

ʧʨʦʚʝʜʝʥʘ ʧʦʚʪʦʨʥʘʷ ʦʙʨʘʙʦʪʢʘ ʫʯʘʩʪʢʘ (ʨʠʩ. 

11). 
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ʈʠʩ. 11.  ʇʦʚʪʦʨʥʘʷ ʦʙʨʘʙʦʪʢʘ ʫʯʘʩʪʢʘ ʄʊɸ ɹʝʣʘʨʫʩ-82.1+ʋʂʇɸ-2,4-4 (7 ʠʶʥʷ 2021 

ʛʦʜʘ). 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʚʪʦʨʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʥʦʚʳʝ ʚʩʭʦʜʳ ʙʦʨʱʝʚʠʢʘ ʠ ʜʨʫʛʠʭ ʩʦʨʥʳʭ 

ʨʘʩʪʝʥʠʡ ʙʳʣʠ ʧʦʣʥʦʩʪʴʶ ʫʥʠʯʪʦʞʝʥʳ (ʨʠʩ. 

12). 

 

 
ʈʠʩ. 12.  ɸʛʨʦʬʦʥ ʫʯʘʩʪʢʘ ʧʦʩʣʝ ʚʪʦʨʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ (7 ʠʶʥʷ 2021 ʛʦʜʘ). 

 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʩʣʝ 

ʧʦʚʪʦʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠʩʩʣʝʜʫʝʤʳʡ ʫʯʘʩʪʦʢ 

ʧʦʣʷ  ʧʨʘʢʪʠʯʝʩʢʠ ʙʳʣ ʛʦʪʦʚ ʢ ʧʦʩʝʚʫ ʩʝʤʷʥ 

ʨʘʩʪʝʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʢʘʢ ʟʘʤʝʱʘʶʱʠʝ ʢʫʣʴʪʫʨʳ ʜʣʷ ʚʦʟʚʨʘʱʝʥʠʷ 

ʧʘʭʦʪʥʦʡ ʟʝʤʣʠ, ʟʘʥʷʪʦʡ ʙʦʨʱʝʚʠʢʦʤ 

ʉʦʩʥʦʚʩʢʦʛʦ, ʥʘʧʨʠʤʝʨ, ʙʳʩʪʨʦʨʘʩʪʫʱʠʝ ʠ 

ʚʳʩʦʢʦʧʨʦʜʫʢʪʠʚʥʳʝ ʟʣʘʢʠ (ʢʦʩʪʨʝʮʳ) ʠʣʠ 

ʙʦʙʦʚʳʝ (ʢʦʟʣʷʪʥʠʢ).  

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʨʝʙʦʚʘʥʠʡ 

ʘʛʨʦʪʝʭʥʠʢʠ ʚʦʟʜʝʣʳʚʘʥʠʷ ʢʦʥʢʨʝʪʥʳʭ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ, ʥʘ 

ʧʦʣʫʯʝʥʥʦʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ 

ʘʛʨʦʬʦʥʝ (ʨʠʩʫʥʦʢ 12), ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʦʪʚʘʣʴʥʫʶ ʠʣʠ 

ʙʝʟʦʪʚʘʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ ʧʦʯʚʳ ʩ ʮʝʣʴʶ  

ʚʦʟʜʝʣʳʚʘʥʠʷ ʥʘʧʨʠʤʝʨ, ʧʨʦʧʘʰʥʳʭ 

ʢʫʣʴʪʫʨ, ʚ ʯʘʩʪʥʦʩʪʠ, ʢʘʨʪʦʬʝʣʷ. 



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

86 
 

ɺʳʚʦʜʳ  

ʇʨʦʚʝʜʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʋʂʇɸ-2,4-4 ʩ ʢʦʣʴʮʝʚʳʤʠ 

ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ ʚ ʘʛʨʝʛʘʪʝ ʩ ʪʨʘʢʪʦʨʦʤ 

ʪʷʛʦʚʦʛʦ ʢʣʘʩʩʘ 1.4 ʚ ʙʦʨʴʙʝ ʩ ʙʦʨʱʝʚʠʢʦʤ 

ʉʦʩʥʦʚʩʢʦʛʦ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʡ ʘʛʨʝʛʘʪ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʢʘʯʝʩʪʚʝʥʥʫʶ ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʦʙʨʘʙʦʪʢʫ 

ʧʦʯʚʳ ʩ ʫʥʠʯʪʦʞʝʥʠʝʤ ʩʦʨʥʳʭ ʨʘʩʪʝʥʠʡ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʠ ʙʦʨʱʝʚʠʢʘ ʉʦʩʥʦʚʩʢʦʛʦ ʧʨʠ 

ʜʚʫʭʢʨʘʪʥʦʤ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩ 

ʧʨʦʤʝʞʫʪʢʦʤ ʤʝʞʜʫ ʦʙʨʘʙʦʪʢʘʤʠ 10-12 

ʜʥʝʡ. 

ʂʦʣʴʮʝʚʳʝ ʨʘʙʦʯʠʝ ʦʨʛʘʥʳ ʘʛʨʝʛʘʪʘ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʢʘʯʝʩʪʚʝʥʥʦʝ ʨʳʭʣʝʥʠʝ 

ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʧʦʯʚʳ ʠ ʧʦʜʨʝʟʘʥʠʝ 

ʙʦʨʱʝʚʠʢʘ ʉʦʩʥʦʚʩʢʦʛʦ ʠ ʜʨʫʛʠʭ ʩʦʨʥʳʭ 

ʨʘʩʪʝʥʠʡ ʧʨʠ ʫʩʪʘʥʦʚʢʝ ʫʛʣʘ ʠʭ ʘʪʘʢʠ 25
ʦ
. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʧʨʠʝʤ ʫʥʠʯʪʦʞʝʥʠʷ 

ʙʦʨʱʝʚʠʢʘ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ 

ʢʦʤʙʠʥʘʮʠʠ ʩ ʟʘʤʝʱʘʶʱʠʤʠ ʧʦʩʝʚʘʤʠ ʥʘ 

ʦʩʥʦʚʝ ʙʳʩʪʨʦʨʘʩʪʫʱʠʭ ʠ 

ʚʳʩʦʢʦʧʨʦʜʫʢʪʠʚʥʳʭ ʟʣʘʢʦʚʳʭ, ʙʦʙʦʚʳʭ 

ʪʨʘʚ, ʘ ʪʘʢʞʝ ʤʘʩʣʠʯʥʳʭ ʠ ʧʨʦʧʘʰʥʳʭ 

ʢʫʣʴʪʫʨ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ ʠʭ ʚʦʟʜʝʣʳʚʘʥʠʠ ʩ 

ʩʦʙʣʶʜʝʥʠʝʤ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ. 

 

ɹʀɹʃʀʆɻʈɸʌʀʏɽʉʂʀʁ ʉʇʀʉʆʂ 

 

1. ʈʝʛʠʦʥʳ ʉɿʌʆ ʩʬʦʨʤʠʨʫʶʪ 

ʧʨʦʛʨʘʤʤʳ ʙʦʨʴʙʳ ʩ ʙʦʨʱʝʚʠʢʦʤ 

ʉʦʩʥʦʚʩʢʦʛʦ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ʈʝʞʠʤ 

ʜʦʩʪʫʧʘ: 

https://finance.rambler.ru/other/43235195-

regiony-szfo-sformiruyut-programmy-borby-s-

borschevikom-sosnovskogo/ (ɼʘʪʘ ʦʙʨʘʱʝʥʠʷ 

06.09.2021). 

2. ʀʚʘʥʦʚ ʄ.ʌ., ʂʦʣʦʩʦʚ ɸ.ɸ. ɹʦʨʴʙʘ 

ʩ ʙʦʨʱʝʚʠʢʦʤ ʉʦʩʥʦʚʩʢʦʛʦ ʚ ʅʦʚʛʦʨʦʜʩʢʦʡ 

ʦʙʣʘʩʪʠ // ɿʘʱʠʪʘ ʠ ʢʘʨʘʥʪʠʥ ʨʘʩʪʝʥʠʡ. 

2012. ˉ 10. ʉ. 26-27. 

3. ɸʥʜʨʝʝʚʘ ʃ.ɺ., ʋʣʴʷʥʦʚʘ ɸ.ɸ. 

ɹʦʨʴʙʘ ʩ ʙʦʨʱʝʚʠʢʦʤ ʉʦʩʥʦʚʩʢʦʛʦ ʚ 
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(ʨʦʪʦʨ) ʩ ʢʦʣʴʮʝʚʳʤʠ ʚʳʩʪʫʧʘʤʠ ʜʣʷ ʠʟʤʝʣʴʯʝʥʠʷ ʟʝʨʥʘ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʪʨʝʙʫʝʪ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʨʷʜʘ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩ ʮʝʣʴʶ ʩʥʠʞʝʥʠʝ 

ʫʜʝʣʴʥʦʡ ʵʥʝʨʛʦʸʤʢʦʩʪʠ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ʬʫʨʘʞʥʦʛʦ ʟʝʨʥʘ ʠ ʧʦʚʳʰʝʥʠʝ ʦʜʥʦʨʦʜʥʦʩʪʠ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ. ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʙʳʣ 

ʧʦʩʪʘʚʣʝʥ ʤʥʦʛʦʬʘʢʪʦʨʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʷʯʤʝʥʷ. ɺ ʢʘʯʝʩʪʚʝ ʚʘʨʴʠʨʫʝʤʳʭ 

ʥʘ ʜʚʫʭ ʫʨʦʚʥʷʭ ʬʘʢʪʦʨʦʚ ʧʨʠʥʠʤʘʣʠʩʴ ʧʦʜʘʯʘ ʟʝʨʥʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ 

ʨʦʪʦʨʘ, ʦʪʢʨʳʪʠʝ ʩʝʧʘʨʠʨʫʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʯʠʩʣʦ ʥʦʞʝʡ ʥʘ ʚʥʫʪʨʝʥʥʝʤ ʠ ʚʥʝʰʥʝʤ 

ʢʦʣʴʮʝ. ɺ ʢʘʯʝʩʪʚʝ ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʨʘʙʦʪʫ ʮʝʥʪʨʦʙʝʞʥʦ-ʨʦʪʦʨʥʦʛʦ 

ʠʟʤʝʣʴʯʠʪʝʣʷ, ʧʨʠʥʠʤʘʣʠʩʴ ï ʧʦʪʨʝʙʣʷʝʤʘʷ ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʟʝʨʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ, 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʠ ʩʦʦʪʚʝʪʩʪʚʠʝ ʧʦʣʫʯʘʝʤʦʛʦ ʧʨʦʜʫʢʪʘ ʟʦʦʪʝʭʥʠʯʝʩʢʠʤ 

ʪʨʝʙʦʚʘʥʠʷʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ ʤʘʩʩʠʚʘ ʜʘʥʥʳʭ ʧʦʣʫʯʝʥʳ ʘʜʝʢʚʘʪʥʳʝ ʠ ʜʦʩʪʦʚʝʨʥʳʝ 
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ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʤʦʜʝʣʝʡ ʫʩʪʘʥʦʚʣʝʥʘ ʩʪʝʧʝʥʴ ʚʣʠʷʥʠʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʷʪʠ ʬʘʢʪʦʨʦʚ ʥʘ ʚʳʭʦʜʥʳʝ ʧʦʢʘʟʘʪʝʣʠ. ʊʘʢ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʶ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʫʚʝʣʠʯʝʥʠʝ ʧʦʜʘʯʠ ʟʝʨʥʘ, 

ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ï ʫʤʝʥʴʰʝʥʠʝ ʯʠʩʣʘ ʦʙʦʨʦʪʦʚ ʥʠʞʥʝʛʦ ʜʠʩʢʘ, ʫʚʝʣʠʯʝʥʠʶ 

ʩʦʜʝʨʞʘʥʠʷ ʧʳʣʝʚʠʜʥʦʡ ʬʨʘʢʮʠʠ ï ʫʚʝʣʠʯʝʥʠʝ ʧʦʜʘʯʠ ʠ ʚʝʣʠʯʠʥʳ ʦʪʢʨʳʪʠʷ ʩʝʧʘʨʠʨʫʶʱʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʚʝʨʭʥʝʤ ʜʠʩʢʝ, ʫʚʝʣʠʯʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʯʘʩʪʠʮ ʜʠʘʤʝʪʨʦʤ ʙʦʣʝʝ 3 ʤʤ ï 

ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʥʦʞʝʡ ʥʘ ʚʥʫʪʨʝʥʥʝʤ ʢʦʣʴʮʝ ʚʝʨʭʥʝʛʦ ʜʠʩʢʘ. 

        ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʟʤʝʣʴʯʝʥʠʝ ʟʝʨʥʘ, ʨʦʪʦʨ, ʥʦʞ, ʤʦʜʝʣʴ, ʵʥʝʨʛʦʟʘʪʨʘʪʳ, ʢʘʯʝʩʪʚʦ 
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The article presents the design of a rotary centrifugal grain grinding device and considers the 

influence of its design parameters on the output variables, which characterise its performance. The 

grain is ground between two adjacent discs of the device ï the upper disc (stator) with knives and 

the lower disc (rotor) with annular protrusions for grain grinding. The developed design requires the 

improvement of some design and kinematic parameters to reduce the specific energy consumption 

during feed grain grinding and to increase the uniformity of the granulometric composition of the 

ready product. To meet the target, a multifactorial experiment was set up on barley grinding. The 

grain material supply, the rotor speed, the opening of the separating surface, the number of knives 

on the inner and outer rings were taken as factors varied at two levels. The electrical energy inputs 

for grain grinding, the throughput of the device and the ready product compliance with the zoo-

technical requirements were taken as the output variables characterizing the rotary grinder 

performance. Adequate and reliable mathematical models were obtained as a result of the data array 

analysis; the models allowed to establish the effects of the five factors under consideration on the 

output variables. This way it was revealed that the increase in energy consumption was promoted to 

the greatest extent by an increase in the grain supply; an increase in the throughput ï by a decrease 

in the number of revolutions of the lower disc; an increase in the dust-like fraction content ï by an 

increase in the grain supply and the opening of the separating surface on the upper disc; an increase 

in the content of particles with a diameter of above 3 mm ï by an increase in the number of knives 

on the inner ring of the upper disc. 
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ɺʚʝʜʝʥʠʝ 

ɺ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʧʨʦʜʫʢʮʠʠ 

ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ʚʝʩʦʤʘʷ ʜʦʣʷ ʧʨʠʭʦʜʠʪʴʩʷ ʥʘ 

ʢʦʨʤʘ ʠʟ ʬʫʨʘʞʥʦʛʦ ʟʝʨʥʘ. ʇʦʵʪʦʤʫ, ʯʝʤ 

ʤʝʥʴʰʝ ʟʘʪʨʘʪ ʧʨʠʭʦʜʠʪʴʩʷ ʥʘ ʢʦʨʤʘ, ʠʜʫʱʠʝ 

ʥʘ ʢʦʨʤ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʤ ʞʠʚʦʪʥʳʤ, 

ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʮʝʥʥʦʩʪʴʶ ʠ ʫʩʚʦʷʝʤʦʩʪʴʶ ʞʠʚʦʪʥʳʤʠ, ʠ ʧʨʠ 

ʵʪʦʤ ʷʚʣʷʶʪʩʷ ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, 

ʪʝʤ ʚʳʰʝ ʙʫʜʝʪ ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ ʦʪʨʘʩʣʠ 

ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ʠ, ʚ ʮʝʣʦʤ, ʚʳʰʝ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ ʚʥʝʜʨʝʥʠʝ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʦʚʳʭ 

ʪʝʭʥʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʦʜʥʠʤ ʠʟ 

ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʘʰʠʥ ʜʣʷ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʢʦʨʤʦʚ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ 

ʟʘʜʘʯʝʡ. 

ʀʟ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʬʫʨʘʞʥʦʛʦ ʟʝʨʥʘ 

ʚʳʨʘʱʝʥʥʦʛʦ ʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʷʭ, ʫʙʨʘʥʥʦʛʦ ʚ ʬʘʟʫ ʧʦʣʥʦʡ 

ʩʧʝʣʦʩʪʠ, ʪʦʣʴʢʦ ʧʦʣʦʚʠʥʘ ʧʦʩʪʫʧʘʝʪ ʚ 

ʧʝʨʝʨʘʙʦʪʢʫ ʥʘ ʢʦʤʙʠʢʦʨʤʘ, ʦʩʪʘʣʴʥʘʷ ʞʝ 

ʯʘʩʪʴ ʩʢʘʨʤʣʠʚʘʝʪʩʷ ʚ ʠʟʤʝʣʴʯʝʥʥʦʤ ʚʠʜʝ. 

ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʚʠʜʘ ʢʦʨʤʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ 

ʜʣʷ ʩʢʘʨʤʣʠʚʘʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʤ 

ʞʠʚʦʪʥʳʤ, ʝʛʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʛʦʪʘʚʣʠʚʘʪʴ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʦʦʪʝʭʥʠʯʝʩʢʠʤʠ 

ʪʨʝʙʦʚʘʥʠʷʤʠ. ʇʨʠ ʤʝʭʘʥʠʯʝʩʢʦʤ ʩʧʦʩʦʙʝ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʢʦʨʤʦʚ ʠʟ ʟʝʨʥʘ ʩʘʤʳʤ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʠ ʦʙʷʟʘʪʝʣʴʥʳʤ ʷʚʣʷʝʪʩʷ 

ʠʟʤʝʣʴʯʝʥʠʝ. ʇʨʠ ʨʘʟʤʦʣʝ, ʜʨʦʙʣʝʥʠʠ ʠ 

ʧʣʶʱʝʥʠʠ ʟʝʨʥʘ ʨʘʟʨʫʰʘʝʪʩʷ ʪʚʝʨʜʘʷ 

ʦʙʦʣʦʯʢʘ, ʧʠʪʘʪʝʣʴʥʳʝ ʚʝʱʝʩʪʚʘ ʩʪʘʥʦʚʷʪʩʷ 

ʙʦʣʝʝ ʜʦʩʪʫʧʥʳʤʠ, ʯʪʦ ʦʙʣʝʛʯʘʝʪ ʫʩʚʦʷʝʤʦʩʪʴ 

ʠʭ ʦʨʛʘʥʠʟʤʦʤ ʞʠʚʦʪʥʦʛʦ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʢʦʨʤ ʠʤʝʝʪ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʦʪʜʘʯʠ ʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ, ʙʦʣʝʝ 

ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʚʣʦʞʝʥʥʳʭ ʩʨʝʜʩʪʚ. 

ʀʟʤʝʣʴʯʝʥʠʝ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʵʥʝʨʛʦʝʤʢʦʡ ʠ ʪʨʫʜʦʝʤʢʦʡ ʦʧʝʨʘʮʠʝʡ, 

ʟʘʥʠʤʘʶʱʝʡ ʙʦʣʝʝ 50% ʦʪ ʦʙʱʠʭ ʵʥʝʨʛʦ- ʠ 

ʪʨʫʜʦʟʘʪʨʘʪ ʚ ʧʨʠʛʦʪʦʚʣʝʥʠʠ ʢʦʤʙʠʢʦʨʤʦʚ 

[1]. ʊʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ 

ʧʦʚʳʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʠʟʤʝʣʴʯʘʶʱʠʭ ʤʘʰʠʥ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ 

ʩʥʠʞʝʥʠʠ ʵʥʝʨʛʦʟʘʪʨʘʪ ʥʘ ʦʙʤʦʣʦʪ, 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʦʣʫʯʝʥʠʝʤ ʛʦʪʦʚʦʛʦ ʢʦʨʤʘ 

ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʥʝʜʦʠʟʤʝʣʴʯʝʥʥʦʡ ʬʨʘʢʮʠʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʠʟʤʝʣʴʯʠʪʝʣʝʡ ʟʝʨʥʘ ʠ 

ʦʧʪʠʤʠʟʘʮʠʝʡ ʠʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

ʈʝʰʝʥʠʝ ʧʦʠʩʢʦʚʳʭ ʟʘʜʘʯ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʭ ʩʧʦʩʦʙʦʚ ʠʟʤʝʣʴʯʝʥʠʷ 

ʬʫʨʘʞʥʦʛʦ ʟʝʨʥʘ ʠ ʠʭ ʨʝʘʣʠʟʘʮʠʠ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʨʝʜʣʦʞʝʥʠʝʤ ʦʨʠʛʠʥʘʣʴʥʳʭ 

ʢʦʥʩʪʨʫʢʪʦʨʩʢʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, 

ʚʦʧʣʦʱʘʝʤʳʭ ʚ ʥʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ 

ʠʟʤʝʣʴʯʠʪʝʣʝʡ ʟʝʨʥʘ [1-4]. ʇʨʦʚʝʜʝʥʥʳʡ 

ʦʙʟʦʨ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʠ ʧʘʪʝʥʪʥʦʡ 

ʣʠʪʝʨʘʪʫʨʳ ʧʦ ʠʩʩʣʝʜʫʝʤʦʡ ʧʨʦʙʣʝʤʝ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʱʠʝ ʠʟʤʝʣʴʯʠʪʝʣʠ 

ʟʝʨʥʘ ʠʤʝʶʪ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ, ʦʩʥʦʚʥʳʝ ʠʟ 

ʢʦʪʦʨʳʭ: ʚʳʩʦʢʘʷ ʤʝʪʘʣʦ- ʠ ʵʥʝʨʛʦʝʤʢʦʩʪʴ, 

ʧʦʣʫʯʘʝʤʳʡ ʠʟʤʝʣʴʯʸʥʥʳʡ ʧʨʦʜʫʢʪ ʦʙʣʘʜʘʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦʡ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴʶ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ (ʙʦʣʴʰʦʡ 

ʧʨʦʮʝʥʪ ʧʳʣʝʚʠʜʥʦʡ ʬʨʘʢʮʠʠ ʠʣʠ ʞʝ ʢʨʫʧʥʦʡ 

ʬʨʘʢʮʠʠ), ʫʩʢʦʨʝʥʥʦʝ ʠʟʥʘʰʠʚʘʥʠʝ ʨʘʙʦʯʠʭ 

ʦʨʛʘʥʦʚ, ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʦʚʳʰʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠʟʤʝʣʴʯʸʥʥʦʛʦ ʟʝʨʥʘ. ɼʣʷ 

ʫʩʪʨʘʥʝʥʠʷ ʧʨʠʚʝʜʸʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ 

ʧʨʝʜʣʦʞʝʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʠʟʤʝʣʴʯʠʪʝʣʷ ʟʝʨʥʘ 
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ʨʦʪʦʨʥʦ-ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʪʠʧʘ, ʛʜʝ ʜʚʠʞʝʥʠʝ 

ʟʝʨʥʘ ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʧʨʦʠʩʭʦʜʠʪ ʧʦ 

ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʚʨʘʱʘʶʱʝʡʩʷ 

ʢʨʠʚʦʣʠʥʝʡʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʚʝʨʪʠʢʘʣʴʥʦʡ 

ʦʩʴʶ ʚʨʘʱʝʥʠʷ [4-6]. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʩʦʢʨʘʱʝʥʠʝ 

ʵʥʝʨʛʦʟʘʪʨʘʪ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ 

ʠʟʤʝʣʴʯʝʥʠʷ ʟʝʨʥʘ ʠ ʧʦʚʳʰʝʥʠʝ 

ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ 

ʧʫʪʸʤ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʮʝʥʪʨʦʙʝʞʥʦ-ʨʦʪʦʨʥʦʛʦ 

ʠʟʤʝʣʴʯʠʪʝʣʷ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʇʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʜʣʷ ʠʟʤʝʣʴʯʝʥʠʷ 

ʟʝʨʥʘ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʢʦʥʩʪʨʫʢʮʠʠ 

ʠʟʤʝʣʴʯʠʪʝʣʝʡ ʨʘʙʦʪʘʶʱʠʝ ʚ ʧʦʛʨʘʥʠʯʥʦʡ 

ʦʙʣʘʩʪʠ, ʩʦʚʤʝʱʘʶʱʠʝ ʧʨʦʮʝʩʩ ʠʟʤʝʣʴʯʝʥʠʷ 

ʩʢʘʣʳʚʘʥʠʝʤ ʠ ʩʨʝʟʦʤ ʩʦ ʩʚʦʝʚʨʝʤʝʥʥʳʤ 

ʚʳʚʦʜʦʤ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ [1, 4]. ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʨʝʜʣʦʞʝʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʠʟʤʝʣʴʯʠʪʝʣʷ ʟʝʨʥʘ 

ʮʝʥʪʨʦʙʝʞʥʦ-ʨʦʪʦʨʥʦʛʦ ʪʠʧʘ [7-9], 

ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʥʘ ʨʠʩ. 1. 

 

ʈʠʩ. 1. ʉʭʝʤʘ ʠʟʤʝʣʴʯʠʪʝʣʷ ʟʝʨʥʘ ʨʦʪʦʨʥʦ-ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʪʠʧʘ: 

1 - ʢʦʨʧʫʩ; 2 - ʟʘʛʨʫʟʦʯʥʳʡ ʧʘʪʨʫʙʦʢ; 3 - ʚʳʭʦʜʥʦʡ ʧʘʪʨʫʙʦʢ; 4 - ʚʝʨʭʥʠʡ ʜʠʩʢ (ʩʪʘʪʦʨ); 

5 - ʥʠʞʥʠʡ ʜʠʩʢ (ʨʦʪʦʨ); 6 - ʢʦʣʴʮʝʚʳʝ ʚʳʩʪʫʧʳ; 7 - ʥʦʞʠ; 8 - ʥʘʨʫʞʥʳʡ ʨʷʜ ʥʦʞʝʡ; 

9 - ʩʢʚʦʟʥʳʝ ʧʘʟʳ; 10 - ʧʨʠʚʦʜʥʦʡ ʚʘʣ; 11 - ʰʢʠʚ; 12 - ʧʨʠʝʤʥʘʷ ʢʘʤʝʨʘ; 

13 - ʨʘʜʠʘʣʴʥʳʝ ʦʢʥʘ; 14 - ʨʘʙʦʯʘʷ ʢʘʤʝʨʘ 

 

 

ʈʠʩ. 2. ʆʙʱʠʡ ʚʠʜ ʚʝʨʭʥʝʛʦ ʜʠʩʢʘ ʠʟʤʝʣʴʯʠʪʝʣʷ ʩ ʩʝʧʘʨʠʨʫʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ 

ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʥʦʞʘʤʠ ʠ ʩʭʝʤʘ ʢʦʥʪʨʦʣʷ ʦʪʢʨʳʪʠʷ ʩʝʧʘʨʠʨʫʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 
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ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ 

ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʟʝʨʥʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʷʨʦʚʦʡ ʷʯʤʝʥʴ ʢʦʥʜʠʮʠʦʥʥʦʡ 

ʚʣʘʞʥʦʩʪʠ.  

ʈʝʛʫʣʠʨʦʚʢʘ ʧʦʜʘʯʠ ʟʝʨʥʘ ʚ ʫʩʪʨʦʡʩʪʚʦ x1 

ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ 

ʚʨʘʱʝʥʠʷ ʚʘʣʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʣʦʧʘʩʪʥʦʛʦ 

ʧʠʪʘʪʝʣʷ. ʏʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ x2 

ʨʝʛʫʣʠʨʦʚʘʣʘʩʴ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ 

ʚʨʘʱʝʥʠʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʯʘʩʪʦʪʥʳʤ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ. ʆʪʢʨʳʪʠʝ ʩʝʧʘʨʠʨʫʶʱʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʭ3 ð ʟʘ ʩʯʝʪ ʚʳʩʪʘʚʣʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʨʘʟʤʝʨʘ ʤʝʞʜʫ 

ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʧʣʦʩʢʦʩʪʷʤʠ ʜʚʫʭ ʨʷʜʦʤ 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʦʞʝʡ ʥʘ ʚʥʝʰʥʝʤ ʢʦʣʴʮʝ 9 

(ʩʤ. ʨʠʩ. 1 ʠ 2). ʏʠʩʣʦ ʥʦʞʝʡ ʥʘ ʚʥʫʪʨʝʥʥʝʤ ʭ4 

ʠ ʥʘʨʫʞʥʦʤ ʢʦʣʴʮʝ ʭ5 ð ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʜʦʙʘʚʣʝʥʠʷ ʠʣʠ ʫʜʘʣʝʥʠʷ ʪʘʢʦʚʳʭ. 

ʇʣʘʥʠʨʦʚʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʦʚʦʜʠʣʦʩʴ 

ʩ ʧʦʤʦʱʴʶ ʤʘʪʨʠʮʳ ɹʦʢʩʘ-ɹʝʥʢʠʥʘ. ɼʣʷ 

ʩʦʢʨʘʱʝʥʠʷ ʦʙʲʝʤʘ, ʧʨʦʚʦʜʠʤʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʘʪʨʠʮʘ 

ʜʨʦʙʥʦʛʦ ʬʘʢʪʦʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʪʠʧʘ 5 22 -  . 

ʄʘʪʨʠʮʘ ʧʣʘʥʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ 

ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 1. 

ʊʘʙʣʠʮʘ 1 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʙʦʪʳ ʠʟʤʝʣʴʯʠʪʝʣʷ ʨʦʪʦʨʥʦ-ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʪʠʧʘ 

ˉ 

ʦʧʳ

ʪʘ 

ʌʘʢʪʦʨʳ ɺʳʭʦʜʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʇʦʜʘʯ

ʘ 

ʟʝʨʥʘ, 

q, ɻʮ 

ʧʠʪʘʪ

ʝʣʷ 

ʏʘʩʪʦʪ

ʘ 

ʚʨʘʱʝʥ

ʠʷ 

ʨʦʪʦʨʘ, 

n, ʩ
-1

 

ɺʝʣʠʯʠʥʘ 

ʦʪʢʨʳʪʠʷ 

ʩʝʧʘʨʠʨʫʶ

ʱʝʡ 

ʧʦʚʝʨʭʥʦʩ

ʪʠ, h, ʤʤ 

ʏʠʩʣʦ 

ʥʦʞʝʡ 

ʥʘ 

ʚʥʫʪʨʝ

ʥʥʝʤ 

ʢʦʣʴʮʝ, 

ʧʥʚ 

ʏʠʩʣʦ 

ʥʦʞʝʡ ʥʘ 

ʚʥʝʰʥʝʤ 

ʢʦʣʴʮʝ, ʧʥʚ 

ʇʦʪʨʝʙʣʷʝ

ʤʘʷ 

ʤʦʱʥʦʩʪʴ, 

ʢɺʪ 

ʇʨʦʧʫʩʢ

ʥʘʷ 

ʩʧʦʩʦʙʥ

ʦʩʪʴ, Q, 

ʢʛ/ʤʠʥ 

ʉʦʜʝʨʞʘ

ʥʠʝ 

ʧʳʣʝʚʠʜ

ʥʦʡ 

ʬʨʘʢʮʠʠ

, m2, % 

ʆʩʪʘʪʦ

ʢ ʥʘ 

ʩʠʪʝ ï 

3ʤʤ, 

m2, % 

ʭ1 ʭ2 ʭ3 ʭ4 ʭ5 y1 y2 y3 y4 

1 30 800 3,2 9 9 1,80 0,75 8,78 8,52 

2 60 1200 3,2 9 9 3,00 1,51 11,54 6,50 

3 60 800 3,2 3 9 5,16 1,16 18,1 6,59 

4 30 1200 3,2 3 9 2,43 0,79 14,95 7,65 

5 60 800 3,2 9 18 3,33 0,64 12,29 7,38 

6 30 1200 3,2 9 18 3,60 1,01 17,04 5,73 

7 30 800 2,5 3 9 1,95 0,71 12,34 4,60 

8 60 1200 2,5 3 9 4,02 1,59 16,80 4,72 

9 60 800 2,5 9 9 2,70 1,46 7,83 20,71 

10 30 1200 2,5 9 9 1,83 0,84 8,08 16,63 

11 30 800 3,2 3 18 2,49 0,73 12,40 17,58 
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12 60 1200 3,2 3 18 3,87 1,67 13,65 3,60 

13 60 800 2,5 3 18 5,94 1,19 18,88 10,08 

14 30 1200 2,5 3 18 2,43 1,08 11,59 4,14 

15 30 800 2,5 9 18 3,12 0,67 9,83 8,77 

16 60 1200 2,5 9 18 5,07 1,57 14,78 9,44 

 

ɼʣʷ ʘʥʘʣʠʟʘ ʤʘʩʩʠʚʘ ʜʘʥʥʳʭ ʠ ʧʦʩʪʨʦʝʥʠʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʘʢʝʪ 

ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʚ ʧʨʦʛʨʘʤʤʝ Microsoft Excel. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ɸʥʘʣʠʟ ʟʦʦʪʝʭʥʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ, 

ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʢ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʤ ʢʦʨʤʘʤ 

ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʛʨʫʧʧ ʞʠʚʦʪʥʳʭ, ʧʦʟʚʦʣʠʣ 

ʚʳʜʝʣʠʪʴ ʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ ʢʨʠʪʝʨʠʝʚ ʜʣʷ 

ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʧʦʣʫʯʘʝʤʦʛʦ ʧʨʦʜʫʢʪʘ. ʕʪʦ 

ʢʨʫʧʥʦʩʪʴ ʧʦʤʦʣʘ, ʧʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʶ ʚ 

ʧʦʤʦʣʝ ʯʘʩʪʠʮ ʙʦʣʝʝ 3 ʤʤ ʠ ʥʘʣʠʯʠʝ ʚ ʧʦʤʦʣʝ 

ʮʝʣʳʭ ʟʝʨʝʥ. ʆʜʥʘʢʦ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʩʝʚʘ ʥʘ 

ʚʠʙʨʦʩʠʪʝ ʦʪʦʙʨʘʥʥʳʭ ʧʨʦʙ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʥʘʠʙʦʣʝʝ ʢʨʠʪʠʯʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʜʣʷ 

ʧʦʣʫʯʘʝʤʦʛʦ ʧʨʦʜʫʢʪʘ ʷʚʣʷʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʚ 

ʧʦʤʦʣʝ ʯʘʩʪʠʮ ʙʦʣʝʝ 3 ʤʤ. ʇʨʠ ʵʪʦʤ ʥʘʣʠʯʠʝ 

ʮʝʣʳʭ ʟʝʨʝʥ ʠ ʤʦʜʫʣʴ ʧʦʤʦʣʘ ʥʝ 

ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʚ ʚʠʜʫ ʪʦʛʦ ʯʪʦ, ʚ ʨʘʩʩʝʚʝ ʥʝ 

ʥʘʙʣʶʜʘʣʦʩʴ ʮʝʣʳʭ ʟʝʨʝʥ, ʘ ʟʥʘʯʝʥʠʝ ʤʦʜʫʣʷ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʛʨʫʙʦʤʫ ʧʦʤʦʣʫ. ʇʨʠ ʵʪʦʤ 

ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʦʜʫʣʴ ʧʦʤʦʣʘ ʚ ʙʦʣʴʰʦʡ 

ʩʪʝʧʝʥʠ ʟʘʚʠʩʝʣ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʯʘʩʪʠʮ ʙʦʣʝʝ 3 

ʤʤ, ʪʘʢ, ʥʘʧʨʠʤʝʨ, ʠʭ ʩʦʜʝʨʞʘʥʠʝ 

ʚʘʨʴʠʨʦʚʘʣʦʩʴ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0,4 ʜʦ 60,8% 

ɹʳʣʘ ʦʩʫʱʝʩʪʚʣʝʥʘ ʦʙʨʘʙʦʪʢʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠʟ ʪʘʙʣʠʮʳ 1 ʚ 

Microsoft Excel. ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʤʦʜʝʣʠ ʚ ʚʠʜʝ 

ʫʨʘʚʥʝʥʠʡ ʨʝʛʨʝʩʩʠʠ (1-4) ʠ ʦʩʫʱʝʩʪʚʣʸʥ ʠʭ 

ʘʥʘʣʠʟ ʥʘ ʜʦʩʪʦʚʝʨʥʦʩʪʴ (ʩʤ ʪʘʙʣ. 2).  

 

 

 

(1) 

 

.      (2) 

 

.      (3) 

 

.    (4) 

 

 

 

1 1 3 4 5 1 2 1 312,85 0,284 4,318 0,485 0,552 0,00006 0,04y x x x x x x x x=- + + - + - - -

1 4 2 4 3 5 4 50,008 0,0005 0,2048 0,0214x x x x x x x x- + - +

2 1 2 4 5 1 3 1 4 1 50,742 0,042 0,0029 0,1578 0,032 0,0105 0,005 0,0009y x x x x x x x x x x= + - + - - - - +

2 3 2 5 2 4 4 50,0005 0,0001 0,027 0,005x x x x x x x x+ + - -

3 1 3 4 1 2 1 3 1 47,98 0,851 8,05 4,706 0,0002 0,167 0,0187y x x x x x x x x x=- + + - - - - +

2 4 3 4 3 5 4 50,0018 0,573 0,1799 0,1123x x x x x x x x+ + - +

4 1 2 4 1 3 2 556,32 0,87 18,15 9,328 0,312 0,00067y x x x x x x x=- + + + - - -

3 4 3 5 4 52,339 0,53 0,159x x x x x x- + -
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ʊʘʙʣʠʮʘ 2 

ʇʦʢʘʟʘʪʝʣʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʤʦʜʝʣʝʡ 

ɺʳʚʦʜ ʠʪʦʛʦʚ y1 y2 y3 y4 

ʄʥʦʞʝʩʪʚʝʥʥʳʡ 

R 
0,996812151 0,999658 0,995507 0,939077 

R-ʢʚʘʜʨʘʪ 0,993634465 0,999316 0,991034 0,881866 

ʅʦʨʤʠʨʦʚʘʥʥʳʡ 

R-ʢʚʘʜʨʘʪ 
0,980903396 0,996582 0,973101 0,746856 

ʉʪʘʥʜʘʨʪʥʘʷ 

ʦʰʠʙʢʘ 
0,172532606 0,021698 0,573001 2,55956 

F 78,48 365,5 55,263 6,53 

ɿʥʘʯʠʤʦʩʪʴ F 0,0000745 0,00021 0,00017 0,0113 

 

ʇʦ ʚʳʚʝʜʝʥʥʳʤ ʠʪʦʛʘʤ ʩʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʨʘʚʥʝʥʠʡ ʨʝʛʨʝʩʩʠʠ ʟʥʘʯʠʤʳ 

ʥʘ 5% ʫʨʦʚʥʝ; ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ (1-4) 

ʦʙʫʩʣʦʚʣʝʥʳ ʚʘʨʠʘʮʠʝʡ ʚʳʙʨʘʥʥʳʭ ʬʘʢʪʦʨʦʚ, 

ʷʚʣʷʶʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʤʠ ʠ ʥʝ 

ʤʦʛʫʪ ʦʧʠʩʘʪʴ ʧʨʦʠʩʭʦʜʷʱʠʝ ʧʨʦʮʝʩʩʳ ʣʠʰʴ 

ʥʘ 5%-ʤ ʫʨʦʚʥʝ. ʇʨʠ ʘʥʘʣʠʟʝ  ʚʥʠʤʘʥʠʝ 

ʦʙʨʘʱʘʣʦʩʴ ʥʘ ʥʦʨʤʠʨʦʚʘʥʥʳʡ R-ʢʚʘʜʨʘʪ, 

ʨʝʟʫʣʴʪʘʪʳ ʪʝʩʪʘ ʌʠʰʝʨʘ, t-ʩʪʘʪʠʩʪʠʢʫ, p-

ʟʥʘʯʝʥʠʝ (ʟʥʘʯʠʤʦʩʪʴ) ʜʣʷ ʢʘʞʜʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʨʘʚʥʝʥʠʷ [10, 11]. 

ʅʦʨʤʠʨʦʚʘʥʥʳʡ R-ʢʚʘʜʨʘʪ ʚ ʦʪʣʠʯʠʝ ʦʪ R-

ʢʚʘʜʨʘʪ ʤʦʞʝʪ ʫʤʝʥʴʰʘʪʴʩʷ ʧʨʠ ʚʚʝʜʝʥʠʠ ʚ 

ʤʦʜʝʣʴ ʥʦʚʳʭ ʦʙʲʷʩʥʷʶʱʠʭ ʧʝʨʝʤʝʥʥʳʭ, ʥʝ 

ʦʢʘʟʳʚʘʶʱʠʭ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʟʘʚʠʩʠʤʫʶ ʧʝʨʝʤʝʥʥʫʶ, R-ʢʚʘʜʨʘʪ ʞʝ ʤʦʞʝʪ 

ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʥʦʚʳʭ 

ʦʙʲʷʩʥʷʶʱʠʭ ʧʝʨʝʤʝʥʥʳʭ, ʭʦʪʷ ʵʪʦ ʠ ʥʝ 

ʦʙʷʟʘʪʝʣʴʥʦ ʦʟʥʘʯʘʝʪ ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ 

ʨʝʛʨʝʩʩʠʦʥʥʦʡ ʤʦʜʝʣʠ. ʇʨʠʚʝʜʝʤ ʫʨʘʚʥʝʥʠʷ 

ʨʝʛʨʝʩʩʠʠ (1-4) ʠ ʪʘʙʣʠʮʫ 2 ʩ ʦʩʥʦʚʥʳʤʠ 

ʧʦʢʘʟʘʪʝʣʷʤʠ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ , 

, ,  1. 

ʇʨʦʚʝʜʷ ʘʥʘʣʠʟ ʤʦʜʝʣʝʡ ʨʝʛʨʝʩʩʠʠ 

ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ (1), 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ (2), ʘ ʪʘʢʞʝ ʩʦʜʝʨʞʘʥʠʷ 

ʧʳʣʝʚʠʜʥʦʡ ʬʨʘʢʮʠʠ (3) ʠ ʩʦʜʝʨʞʘʥʠʷ ʚ 

ʛʦʪʦʚʦʤ ʧʨʦʜʫʢʪʝ ʯʘʩʪʠʮ ʙʦʣʝʝ 3 ʤʤ (4), ʯʝʨʝʟ 

ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ çʇʦʠʩʢ ʨʝʰʝʥʠʷè, ʚʳʷʚʠʣʠ 

ʦʧʪʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʬʘʢʪʦʨʦʚ ʧʨʠ ʫʩʣʦʚʠʠ 

ʤʠʥʠʤʠʟʘʮʠʠ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ, ʫʚʝʣʠʯʝʥʠʷ 

ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʫʤʝʥʴʰʝʥʠʷ 

ʩʦʜʝʨʞʘʥʠʷ ʧʳʣʝʚʦʡ ʬʨʘʢʮʠʠ ʠ ʦʩʪʘʪʢʘ ʥʘ 

ʩʠʪʝ: ʭ1=30 ɻʮ ʧʠʪʘʪʝʣʷ, ʭ2=1200 ʩ
-1

, ʭ3=2,5 ʤʤ, 

ʭ4=3 ʰʪ., ʭ5=18 ʰʪ. ʉʨʝʜʥʠʝ ʧʨʦʛʥʦʟʠʨʫʝʤʳʝ 

ʟʥʘʯʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠ ʜʘʥʥʳʭ ʟʥʘʯʝʥʠʷʭ 

ʬʘʢʪʦʨʦʚ: ʫ1=2,80 ʢɺʪ, ʫ2=0,60 ʢʛ/ʤʠʥ, 

ʫ3=10,89%, ʫ4=2,99% ʥʘ ʫʨʦʚʥʝ ʟʥʘʯʠʤʦʩʪʠ 

95%. ɼʦʩʪʠʞʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʦʧʪʠʤʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʜʣʷ 

ʢʘʞʜʦʛʦ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ 

ʩʦʩʪʘʚʣʷʝʪ 43%, 70%, 100% ʠ 87%, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʙʱʝʝ ʜʦʩʪʠʞʝʥʠʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʚʥʦ 75%. 

ɺʳʚʦʜʳ 

1. ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ y1 ʦʢʘʟʳʚʘʝʪ ʬʘʢʪʦʨ ʭ1, 

ʟʘʪʝʤ ʬʘʢʪʦʨʳ ʭ3 ʠ ʭ5. ʋʚʝʣʠʯʝʥʠʝ ʧʦʜʘʯʠ 

ʟʝʨʥʘ ʭ1 ʫʚʝʣʠʯʠʚʘʝʪ ʨʘʩʭʦʜ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 

y1, ʫʚʝʣʠʯʝʥʠʝ ʚʝʣʠʯʠʥʳ ʦʪʢʨʳʪʠʷ ʭ3 ʠ 

1y

2y 3y 4y



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

97 
 

ʫʤʝʥʴʰʝʥʠʝ ʯʠʩʣʘ ʥʦʞʝʡ ʥʘ ʚʥʝʰʥʝʤ ʢʦʣʴʮʝ 

ʭ5 ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʨʘʩʭʦʜʘ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ y1. 

2. ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʧʨʦʧʫʩʢʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ  ʦʢʘʟʳʚʘʝʪ 

ʬʘʢʪʦʨ ʭ2, ʟʘʪʝʤ ʬʘʢʪʦʨʳ ʭ1 ʠ ʭ4. ʋʚʝʣʠʯʝʥʠʝ 

ʯʠʩʣʘ ʦʙʦʨʦʪʦʚ ʭ2 ʠ ʯʠʩʣʘ ʥʦʞʝʡ ʥʘ 

ʚʥʫʪʨʝʥʥʝʤ ʢʦʣʴʮʝ ʭ4 ʧʨʠʚʦʜʠʪ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ , 

ʫʚʝʣʠʯʝʥʠʝ ʧʦʜʘʯʠ ʟʝʨʥʘ ʭ1ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ y2. 

3. ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʧʨʦʮʝʥʪ ʩʦʜʝʨʞʘʥʠʷ ʧʳʣʝʚʠʜʥʦʡ ʬʨʘʢʮʠʠ  

ʦʢʘʟʳʚʘʶʪ ʬʘʢʪʦʨʳ ʭ1 ʠ ʭ4, ʟʘʪʝʤ ʬʘʢʪʦʨ ʭ3. 

ʋʚʝʣʠʯʝʥʠʝ ʧʦʜʘʯʠ ʟʝʨʥʘ ʭ1 ʠ ʚʝʣʠʯʠʥʳ 

ʦʪʢʨʳʪʠʷ ʭ3 ʫʚʝʣʠʯʠʚʘʝʪ ʧʨʦʮʝʥʪ ʩʦʜʝʨʞʘʥʠʷ 

ʧʳʣʝʚʠʜʥʦʡ ʬʨʘʢʮʠʠ , ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ 

ʥʦʞʝʡ ʥʘ ʚʥʫʪʨʝʥʥʝʤ ʢʦʣʴʮʝ ʭ4 ʧʨʠʚʦʜʠʪ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʧʨʦʮʝʥʪʘ ʩʦʜʝʨʞʘʥʠʷ 

ʧʳʣʝʚʠʜʥʦʡ ʬʨʘʢʮʠʠ . 

4. ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʧʨʦʮʝʥʪ ʩʦʜʝʨʞʘʥʠʷ ʯʘʩʪʠʮ ʜʠʘʤʝʪʨʦʤ ʙʦʣʝʝ    

3 ʤʤ  ʦʢʘʟʳʚʘʝʪ ʬʘʢʪʦʨ , ʟʘʪʝʤ ʬʘʢʪʦʨʳ 

ʭ1 ʠ ʭ3. ʋʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʥʦʞʝʡ ʥʘ 

ʚʥʫʪʨʝʥʥʝʤ ʢʦʣʴʮʝ ʭ4, ʧʦʜʘʯʠ ʟʝʨʥʘ ʭ1 ʠ 

ʫʚʝʣʠʯʝʥʠʝ ʦʪʢʨʳʪʠʷ ʩʝʧʘʨʠʨʫʶʱʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʭ3 ʫʚʝʣʠʯʠʚʘʝʪ ʩʦʜʝʨʞʘʥʠʷ 

ʯʘʩʪʠʮ ʜʠʘʤʝʪʨʦʤ ʙʦʣʝʝ 3 ʤʤ. 

5. ʌʘʢʪʦʨʦʤ ʟʥʘʯʠʤʦ ʚʣʠʷʶʱʠʤ ʥʘ ʚʩʝ 

ʨʝʟʫʣʴʪʘʪʳ, ʷʚʣʷʝʪʩʷ ʬʘʢʪʦʨ ʧʦʜʘʯʠ ʟʝʨʥʘ ʭ1. 

ʌʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʠʩʢʣʶʯʠʪʴ 

ʠʟ ʨʘʩʩʤʦʪʨʝʥʠʷ, ʥʝʪ.
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ʀʥʩʪʠʪʫʪ ʘʛʨʦʠʥʞʝʥʝʨʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

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

 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ ʜʚʫʭ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʤʘʰʠʥ: ʩʝʨʠʡʥʦ ʚʳʧʫʩʢʘʝʤʦʛʦ ʢʫʣʴʪʠʚʘʪʦʨʘ Kombi 3 (UNIA Group, 

ʇʦʣʴʰʘ) ʠ ʘʛʨʝʛʘʪʘ ʋʂʇɸ-2,4-4 ʩ ʜʠʩʢʦʚʦ-ʢʦʣʴʮʝʚʳʤʠ ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ, ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ 

ʚ ʀɸʕʇ - ʬʠʣʠʘʣʝ ʌɻɹʅʋ ʌʅɸʎ ɺʀʄ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ 

ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ ʤʘʰʠʥ ʧʨʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʝ ʧʦʯʚʳ 

ʧʦʜ ʧʦʩʝʚ ʩʚʸʢʣʳ ʠ ʙʝʩʧʦʢʨʦʚʥʳʡ ʧʦʩʝʚ ʪʨʘʚ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ 

ʘʛʨʝʛʘʪʠʨʦʚʘʥʠʠ ʤʘʰʠʥ ʩ ʪʨʘʢʪʦʨʦʤ ʪʷʛʦʚʦʛʦ ʢʣʘʩʩʘ 1.4 ʋʂʇɸ-2,4-4 ʧʨʝʚʦʩʭʦʜʠʪ Kombi 3 

ʧʦ ʦʩʥʦʚʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʢʘʯʝʩʪʚʘ ʚʳʧʦʣʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʝʜʧʦʩʝʚʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ. ʋʂʇɸ-2,4-4 ʦʙʝʩʧʝʯʠʣ ʧʦʣʥʦʝ ʫʥʠʯʪʦʞʝʥʠʝ ʩʦʨʥʳʭ ʨʘʩʪʝʥʠʡ, ʧʨʠ ʪʦʤ, 

ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʥʠʯʪʦʞʝʥʠʷ ʩʦʨʥʷʢʦʚ Kombi 3 ʩʦʩʪʘʚʠʣʘ 85-90 %. ʉʪʝʧʝʥʴ ʢʨʦʰʝʥʠʷ 

ʧʦʯʚʳ ʧʨʠ ʨʘʙʦʪʝ ʋʂʇɸ-2,4-4 ʩʦʩʪʘʚʠʣʘ 90,3 %, ʘ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ Kombi 3 ï ʥʝ ʙʦʣʝʝ 84 %.  

     ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʝʜʧʦʩʝʚʥʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʯʚʳ, ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʡ ʘʛʨʝʛʘʪ, 

ʜʠʩʢʦʚʦ-ʢʦʣʴʮʝʚʦʡ ʨʘʙʦʯʠʡ ʦʨʛʘʥ, ʢʨʦʰʝʥʠʝ ʧʦʯʚʳ, ʫʥʠʯʪʦʞʝʥʠʝ ʩʦʨʥʷʢʦʚ. 
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WORK QUALITY ASSESSMENT OF TILLAGE IMPLEMENTS 

N.I. Dzhabborov, DSc (Engineering),  

A.V.  Dobrinov, Cand. Sc. (Engineering)  
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Institute for Engineering and Environmental Problems in Agricultural Production (IEEP) ï branch 

of FSAC VIM, Saint Petersburg, Russia 

The article presents the results of a comparative work quality assessment of two tillage machines: a 

commercially available Kombi 3 cultivator (UNIA Group, Poland) and a UKPA-2.4-4 implement 

with disc and ring-shaped tools designed at IEEP - branch of FSAC VIM. The study identified the 

agro-technical indicators of the work quality of these machines on the surface soil tillage for sowing 

beets and coverless sowing of grasses.  The experiments established that when the machines were 

teamed with a tractor of 1.4 drawbar category, UKPA-2.4-4 surpassed Kombi 3 in terms of major 

quality indicators of pre-sowing soil cultivation. UKPA-2.4-4 ensured the 100% destruction of 

weeds, while the weed control degree of Kombi 3 was 85-90%. UKPA-2.4-4 demonstrated 90.3% 

soil crumbling degree while Kombi 3 ï no more than 84%. 

      Key words: secondary tillage, tillage implement, disc and ring-shaped tool, soil crushing, 

weed control  

     For citation: Dzhabborov N.I., Dobrinov A.V. Shamonin V.I. Work quality assessment of 

tillage implements. AgroEkoInzheneriya. 2021. No. 3(108): 99-111 (In Russian) 

ɺʚʝʜʝʥʠʝ  

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʥʘʩʪʦʷʱʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʚʷʟʘʥʘ ʩ ʧʨʦʙʣʝʤʦʡ 

ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ 

ʧʨʝʜʧʦʩʝʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ. 

ʂʘʯʝʩʪʚʝʥʥʘʷ ʧʨʝʜʧʦʩʝʚʥʘʷ 

ʦʙʨʘʙʦʪʢʘ ʧʦʯʚʳ ʩʦʟʜʘʝʪ ʙʣʘʛʦʧʨʠʷʪʥʳʝ 

ʫʩʣʦʚʠʷ ʜʣʷ ʧʦʩʝʚʘ ʩʝʤʷʥ ʠ ʜʨʫʞʥʦʛʦ 

ʧʦʷʚʣʝʥʠʷ ʚʩʭʦʜʦʚ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʦʯʚʝʥʥʳʭ ʫʩʣʦʚʠʡ ʠ ʟʦʥ ʚʦʟʜʝʣʳʚʘʥʠʷ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʜʧʦʩʝʚʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʫʯʸʥʳʤʠ ʧʨʦʜʦʣʞʘʶʪʩʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʩʦʟʜʘʥʠʶ ʥʦʚʳʭ ʠ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʧʨʠʤʝʥʷʝʤʳʭ ʨʘʙʦʯʠʭ 

ʦʨʛʘʥʦʚ ʠ ʤʘʰʠʥ. 

ʊʘʢ ʘʚʪʦʨʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ [1] 

ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ 

ʤʘʰʠʥʳ ʜʣʷ ʧʨʝʜʧʦʩʝʚʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʧʦʯʚʳ, ʩʦʯʝʪʘʶʱʘʷ ʥʘʙʦʨ 

ʦʜʥʦʦʧʝʨʘʮʠʦʥʥʳʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ, 

ʘʢʪʠʚʥʦʛʦ ʜʠʩʢʘ, ʧʣʘʥʠʨʦʚʦʯʥʦʛʦ ʥʦʞʘ, 

ʩʝʢʮʠʠ ʢʦʣʴʯʘʪʦ-ʰʧʦʨʦʚʳʭ ʢʘʪʢʦʚ. ʊʘʢʘʷ 

ʢʦʤʧʦʥʦʚʢʘ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʚ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʤʘʰʠʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʢʘʯʝʩʪʚʝʥʥʫʶ ʧʦʜʛʦʪʦʚʢʫ ʧʦʯʚʳ ʢ ʧʦʩʝʚʫ 

ʟʘ ʦʜʠʥ ʧʨʦʭʦʜ. 

ɺ ʨʘʙʦʪʝ [2] ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʘʤ ʠ 

ʤʘʰʠʥʘʤ ʜʣʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ 

ʧʨʝʜʧʦʩʝʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ.  

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ [3] ʨʘʟʨʘʙʦʪʘʥ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʘʛʨʝʛʘʪ ʥʘ 

ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʨʘʤʝ ʜʣʷ ʦʩʥʦʚʥʦʡ ʠ 

ʧʨʝʜʧʦʩʝʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ, ʢʦʪʦʨʳʡ 

ʤʦʞʝʪ ʟʘʤʝʥʠʪʴ ʯʝʪʳʨʝ ʦʜʥʦʦʧʝʨʘʮʠʦʥʥʳʝ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʝ ʤʘʰʠʥʳ. 

ɸʚʪʦʨʘʤʠ ʨʘʙʦʪʳ [4] ʧʨʝʜʣʦʞʝʥʘ 

ʤʝʪʦʜʠʢʘ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʪʦʚʘʥʠʷ 

ʘʛʨʝʛʘʪʘ ʜʣʷ ʧʨʝʜʧʦʩʝʚʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʧʦʯʚʳ. ʄʝʪʦʜʠʢʘ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʳʭ ʪʝʭʥʠʯʝʩʢʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʨʘʢʪʦʨʦʚ ʠ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʯʚʳ ʢʦʥʢʨʝʪʥʳʭ 

ʫʩʣʦʚʠʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 



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

101 
 

ʢʦʤʧʣʝʢʪʫʝʤʦʛʦ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ 

ʘʛʨʝʛʘʪʘ. 

ɸʚʪʦʨʳ ʨʘʙʦʪʳ [5] ʥʘ ʦʩʥʦʚʝ 

ʦʙʦʙʱʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʰʣʠ ʢ ʚʳʚʦʜʫ, 

ʯʪʦ ʢʘʯʝʩʪʚʦ ʨʘʙʦʪʳ ʘʛʨʝʛʘʪʦʚ ʤʦʞʥʦ 

ʧʦʚʳʩʠʪʴ ʧʫʪʸʤ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ. ʇʨʠ ʵʪʦʤ, ʫʪʚʝʨʞʜʘʝʪʩʷ, 

ʯʪʦ ʚʠʙʨʘʮʠʦʥʥʳʝ ʤʘʰʠʥʳ ʵʢʦʥʦʤʠʯʥʝʝ 

ʘʛʨʝʛʘʪʦʚ ʩ ʧʦʩʪʦʷʥʥʦ ʜʝʡʩʪʚʫʶʱʠʤʠ 

ʫʩʠʣʠʷʤʠ. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ [6] ʨʘʟʨʘʙʦʪʘʥ ʠ 

ʧʨʝʜʣʦʞʝʥ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʡ 

ʨʦʪʘʮʠʦʥʥʳʡ ʨʘʙʦʯʠʡ ʦʨʛʘʥ ʩ ʘʢʪʠʚʥʳʤ 

ʧʨʠʚʦʜʦʤ ʜʣʷ ʧʨʝʜʧʦʩʝʚʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʧʦʯʚʳ. ɼʘʥʥʳʡ ʨʘʙʦʯʠʡ ʦʨʛʘʥ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʢʦʥʫʩʦʚʠʜʥʳʡ ʢʦʣʴʮʝʚʦʡ ʦʙʦʜ ʩ 

ʨʝʞʫʱʝʡ ʢʨʦʤʢʦʡ, ʢʦʪʦʨʳʡ ʫʩʪʘʥʦʚʣʝʥ ʧʦʜ 

ʦʧʨʝʜʝʣʝʥʥʳʤ ʫʛʣʦʤ ʘʪʘʢʠ ʢ ʥʘʧʨʘʚʣʝʥʠʶ 

ʜʚʠʞʝʥʠʷ ʘʛʨʝʛʘʪʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʦʛʦ ʘʢʪʠʚʥʦʛʦ 

ʨʦʪʘʮʠʦʥʥʦʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʜʣʷ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʥʠʞʝʥʠʝ ʟʘʪʨʘʪ ʵʥʝʨʛʠʠ ʥʘ 

11-14 % ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʝʩʧʨʠʚʦʜʥʳʤ 

ʨʝʞʠʤʦʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʚʝʨʦʷʪʥʦʩʪʥʦ-

ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʛʣʫʙʠʥʳ ʦʙʨʘʙʦʪʢʠ 

ʧʦʯʚʳ ʨʦʪʘʮʠʦʥʥʦʡ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʡ 

ʤʘʰʠʥʳ [7] ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩ ʧʦʚʳʰʝʥʠʝʤ 

ʩʢʦʨʦʩʪʠ ʝʝ ʜʚʠʞʝʥʠʷ ʚ ʜʚʘ ʨʘʟʘ, ʯʠʩʣʦ 

ʚʳʙʨʦʩʦʚ ʧʨʦʮʝʩʩʘ ʟʘ ʛʨʘʥʠʮʳ ʜʦʧʫʩʢʘ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʜʚʦʝ. ʆʧʠʩʘʥʥʘʷ ʚ ʨʘʙʦʪʝ 

ʤʝʪʦʜʠʢʘ ʧʨʠ ʝʝ ʧʨʠʤʝʥʝʥʠʠ ʚ ʦʮʝʥʢʝ 

ʢʘʯʝʩʪʚʘ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʧʦʟʚʦʣʷʝʪ 

ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʨʦʪʘʮʠʦʥʥʦʡ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʡ ʤʘʰʠʥʳ. 

ʀʩʩʣʝʜʦʚʘʥʠʷʤʠ [8] ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʢʦʥʩʪʨʫʢʮʠʷʭ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ 

ʢʘʪʢʦʚ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʟʤʝʥʝʥʠʷ ʨʝʞʠʤʦʚ 

ʠʭ ʨʘʙʦʪʳ ʧʦʟʚʦʣʠʪ ʫʧʨʘʚʣʷʪʴ ʬʘʢʪʦʨʘʤʠ, 

ʚʣʠʷʶʱʠʤʠ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʟʘ 

ʩʯʝʪ ʚʘʨʴʠʨʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʧʨʠʢʘʪʳʚʘʥʠʷ ʧʦʯʚʳ. ɸʚʪʦʨʳ 

ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʧʨʠʰʣʠ ʢ ʚʳʚʦʜʫ ʦ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ 

ʪʨʘʥʩʬʦʨʤʠʨʫʝʤʦʛʦ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʢʘʪʢʘ, 

ʧʦʟʚʦʣʷʶʱʝʛʦ ʩʥʠʟʠʪʴ ʵʥʝʨʛʦʝʤʢʦʩʪʴ 

ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ. 

ɺ ʨʘʙʦʪʝ [9] ʨʘʟʨʘʙʦʪʘʥ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʡ ʘʛʨʝʛʘʪ ʩ 

ʢʦʣʴʮʝʚʳʤʠ ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʘʟʙʨʦʩ ʧʦʯʚʳ ʢʦʣʴʮʦʤ 

ʢʘʪʢʘ ʟʘʚʠʩʠʪ ʦʪ ʫʛʣʘ ʘʪʘʢʠ ʢʦʣʴʮʘ ʠ 

ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ 

ʘʛʨʝʛʘʪʘ. 

ɺ ʩʪʘʪʴʝ [10] ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʮʝʥʢʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʘʢʦʛʦ ʘʛʨʝʛʘʪʘ ʚ ʙʦʨʴʙʝ ʩ 

ʩʦʨʥʳʤʠ ʨʘʩʪʝʥʠʷʤʠ, ʘ ʚ ʨʘʙʦʪʝ [11] ʜʘʥʦ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʧʝʨʝʤʝʱʝʥʠʷ 

ʧʦʯʚʳ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʤ ʘʛʨʝʛʘʪʦʤ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ, 

ʜʠʘʤʝʪʨʘ ʢʦʣʴʮʘ ʠ ʫʛʣʘ ʘʪʘʢʠ ʢʘʪʢʘ. 

ɺ ʨʘʙʦʪʝ [12] ʧʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʫʧʨʘʚʣʝʥʠʷ 

ʨʘʙʦʪʦʡ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʘʛʨʝʛʘʪʦʚ ʠ 

ʜʨʫʛʠʭ ʤʦʙʠʣʴʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ɸʚʪʦʨʘʤʠ ʩʪʘʪʴʠ ʨʘʟʨʘʙʦʪʘʥʳ 

ʥʘʫʯʥʳʝ ʧʨʠʥʮʠʧʳ ʧʦʚʳʰʝʥʠʷ ʠ ʤʝʪʦʜʠʢʘ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʪʝʭʥʠʯʝʩʢʠʭ 

ʩʨʝʜʩʪʚ, ʩʠʥʪʝʟʘ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ 

ʤʘʰʠʥ ʙʣʦʯʥʦ-ʤʦʜʫʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ [13]. 

ʈʝʘʣʠʟʘʮʠʷ ʥʦʚʳʭ ʧʨʠʥʮʠʧʦʚ ʧʦʟʚʦʣʠʣʘ 

ʨʘʟʨʘʙʦʪʘʪʴ ʨʷʜ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʘʛʨʝʛʘʪʦʚ ʜʣʷ 

ʦʩʥʦʚʥʦʡ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʧʦʯʚʳ ʠ ʩʧʦʩʦʙʳ ʧʦʚʳʰʝʥʠʷ ʠʭ 

ʥʘʩʪʨʘʠʚʘʝʤʦʩʪʠ ʢ ʧʦʯʚʝʥʥʳʤ ʫʩʣʦʚʠʷʤ ʠ 

ʪʝʭʥʦʣʦʛʠʷʤ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ [14, 15]. 

ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ 

ʷʚʣʷʝʪʩʷ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʡ ʘʛʨʝʛʘʪ ʩ 

ʜʠʩʢʦʚʦ-ʢʦʣʴʮʝʚʳʤʠ ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ 

ʋʂʇɸ-2,4-4. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʚ 2019-2021 

ʛʦʜʘʭ, ʧʦʢʘʟʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʝʛʦ 
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ʧʨʠʤʝʥʝʥʠʷ ʥʝ ʪʦʣʴʢʦ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʦʧʝʨʘʮʠʷʭ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʥʝʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʟʝʤʝʣʴ, ʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʫʥʠʯʪʦʞʝʥʠʷ ʙʦʨʱʝʚʠʢʘ ʉʦʩʥʦʚʩʢʦʛʦ ʚ 

ʥʘʯʘʣʴʥʳʭ ʩʪʘʜʠʷʭ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ, ʥʦ ʠ 

ʜʣʷ ʧʨʝʜʧʦʩʝʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ. ɺ ʵʪʦʡ 

ʩʚʷʟʠ ʚʦʟʥʠʢʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ 

ʋʂʇɸ-2,4-4 ʚ ʘʛʨʝʛʘʪʝ ʩ ʪʨʘʢʪʦʨʦʤ ʢʣʘʩʩʘ 

1,4 ʪ ʩ ʦʜʥʦʪʠʧʥʳʤ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʤ 

ʘʛʨʝʛʘʪʦʤ Kombi 3 (UNIA, ʇʦʣʴʰʘ) 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʤ ʪʘʢʞʝ ʜʣʷ ʩʧʣʦʰʥʦʡ 

ʧʨʝʜʧʦʩʝʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ. 

 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʶʪʩʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʧʨʝʜʧʦʩʝʚʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʤʠ 

ʘʛʨʝʛʘʪʘʤʠ ʋʂʇɸ-2,4-4 ʠ Kombi 3  ʧʨʠ 

ʘʛʨʝʛʘʪʠʨʦʚʘʥʠʠ ʩ ʪʨʘʢʪʦʨʦʤ ʄʊɿ-82.1. 

ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʶʪʩʷ 

ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʝʜʧʦʩʝʚʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʧʦʜ ʧʦʩʝʚ ʩʚʸʢʣʳ ʠ 

ʙʝʩʧʦʢʨʦʚʥʳʡ ʧʦʩʝʚ ʪʨʘʚ ʜʣʷ 

ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʤʘʰʠʥ. 

ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʤʘʰʠʥ ʙʳʣʘ 

ʧʨʦʚʝʜʝʥʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʙʘʟʳ 

ʠʥʩʪʠʪʫʪʘ ʚ ʥʘʯʘʣʝ ʠʶʥʷ 2021 ʛ. ʧʨʠ 

ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʷʭ: ʪʠʧ ʧʦʯʚʳ ï ʜʝʨʥʦʚʦ-

ʩʨʝʜʥʝʧʦʜʟʦʣʠʩʪʳʡ; ʧʦʯʚʘ  

ʩʨʝʜʥʝʩʫʛʣʠʥʠʩʪʘʷ (ʣʝʛʢʦʩʫʛʣʠʥʠʩʪʘʷ) ʥʘ 

ʤʦʨʝʥʦʤ ʩʫʛʣʠʥʢʝ; ʨʝʣʴʝʬ, ʛʨʘʜ ï 2; 

ʛʨʝʙʥʠʩʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʷ, ʩʤ ï 8-10; 

ʪʚʝʨʜʦʩʪʴ ʧʦʯʚʳ ʜʦ ʦʙʨʘʙʦʪʢʠ ʚ ʩʣʦʝ 5-10 

ʩʤ: ʧʦʣʝ, ʧʦʜ ʧʦʩʝʚ ʩʚʸʢʣʳ: 0,91 ʄʇʘ; ʧʦʣʝ 

ʧʦʜ ʧʦʩʝʚ ʤʥʦʛʦʣʝʪʥʠʭ ʪʨʘʚ: 0,77 ʄʇʘ. 

ɺʣʘʞʥʦʩʪʴ ʧʦʯʚʳ ʜʦ ʦʙʨʘʙʦʪʢʠ ʚ ʩʣʦʝ 5-10 

ʩʤ: ʧʦʣʝ, ʧʦʜ ʧʦʩʝʚ ʩʚʸʢʣʳ: 12,7 %; ʧʦʣʝ 

ʧʦʜ ʧʦʩʝʚ ʤʥʦʛʦʣʝʪʥʠʭ ʪʨʘʚ: 18,4 %. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʱʠʡ 

ʚʠʜ ʘʛʨʦʬʦʥʘ ʜʦ ʧʨʝʜʧʦʩʝʚʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʧʦʯʚʳ ʧʦʜ ʧʦʩʝʚ ʩʚʸʢʣʳ (ʘ) ʠ ʧʦʜ 

ʙʝʩʧʦʢʨʦʚʥʳʡ ʧʦʩʝʚ ʪʨʘʚ (ʙ). 

 

 

ʘ 

 

ʙ 

ʈʠʩ. 1. ɸʛʨʦʬʦʥ ʜʦ ʧʨʝʜʧʦʩʝʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʧʦʜ ʧʦʩʝʚ ʩʚʸʢʣʳ (ʘ) ʠ ʧʦʜ 

ʙʝʩʧʦʢʨʦʚʥʳʡ ʧʦʩʝʚ ʪʨʘʚ (ʙ). 
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ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʦʧʝʨʘʮʠʠ ʧʨʝʜʧʦʩʝʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ 

ʄʊɸ ʄʊɿ-82.1+Kombi 3 (ʘ) ʠ ʄʊɿ-

82.1+ʋʂʇɸ-2,4-4 (ʙ). 

 

 

ʘ 

 

ʙ 

ʈʠʩ. 2. ʄʊɸ ʄʊɿ 82.1+Kombi 3 (ʘ) ʠ ʄʊɸ ʄʊɿ 82.1+ʋʂʇɸ-2,4-4 (ʙ) ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ. 

 

 Kombi 3 ʩʦʩʪʦʠʪ ʠʟ ʦʙʱʝʡ ʨʘʤʳ, ʥʘ 

ʢʦʪʦʨʦʡ ʩʧʝʨʝʜʠ ʫʩʪʘʥʦʚʣʝʥ ʩʪʨʫʥʥʳʡ 

ʢʘʪʦʢ, ʚ ʮʝʥʪʨʝ - ʧʨʫʞʠʥʥʳʝ ʟʫʙʴʷ (SU), 

ʩʟʘʜʠ ʪʨʫʙʯʘʪʳʡ ʢʘʪʦʢ. ʋʂʇɸ-2,4-4 

ʩʦʩʪʦʠʪ ʠʟ ʦʙʱʝʡ ʨʘʤʳ, ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ 

ʚ 2 ʨʷʜʘ ʜʠʩʢʦʚʦ-ʢʦʣʴʮʝʚʳʤʠ ʨʘʙʦʯʠʤʠ 

ʦʨʛʘʥʘʤʠ ʠ  ʤʝʭʘʥʠʟʤʦʤ ʨʝʛʫʣʠʨʦʚʢʠ ʫʛʣʘ 

ʠʭ ʘʪʘʢʠ. 

ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ 

ʛʨʝʙʥʠʩʪʦʩʪʠ ʧʦʣʝʡ ʜʦ ʠ ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʤʘʰʠʥʘʤʠ, 

ʛʣʫʙʠʥʳ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ, ʢʦʣʠʯʝʩʪʚʘ 

ʩʦʨʥʳʭ ʨʘʩʪʝʥʠʡ ʥʘ ʝʜʠʥʠʮʝ ʧʣʦʱʘʜʠ, 

ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ 

ʘʛʨʝʛʘʪʦʚ, ʫʛʣʘ ʘʪʘʢʠ  ʜʠʩʢʦʚʦ-ʢʦʣʴʮʝʚʳʭ 

ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʋʂʇɸ-

2,4-4, ʩʪʝʧʝʥʠ ʢʨʦʰʝʥʠʷ ʧʦʯʚʳ ʥʘ 

ʦʙʨʘʙʦʪʘʥʥʳʭ ʫʯʘʩʪʢʘʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ɻʆʉʊʦʚ [16, 17]. 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʦʮʝʩʩ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʝʧʝʥʠ ʢʨʦʰʝʥʠʷ ʧʦʯʚʳ. 

ɸʛʨʝʛʘʪʥʳʡ ʩʦʩʪʘʚ ʧʦʯʚʳ (ʩʪʝʧʝʥʴ 

ʢʨʦʰʝʥʠʷ) ʦʧʨʝʜʝʣʷʣʠ ʥʘ ʢʦʥʪʨʦʣʴʥʳʭ 

ʧʣʦʱʘʜʢʘʭ ʚ ʯʝʪʳʨʝʭ ʪʦʯʢʘʭ ï ʜʚʝ ʧʦ ʭʦʜʫ 

ʠ ʜʚʝ ʚ ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʘʛʨʝʛʘʪʘ. 

ɺʟʷʪʳʝ ʧʨʦʙʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʘʟʜʝʣʷʣʠ 

ʥʘ ʬʨʘʢʮʠʠ ʦʪ 0 ʜʦ 25 ʤʤ, ʦʪ 25 ʜʦ 50 ʤʤ ʠ 

ʚʳʰʝ 50 ʤʤ. ʌʘʢʪʠʯʝʩʢʘʷ ʛʣʫʙʠʥʘ 

ʦʙʨʘʙʦʪʢʠ ʦʧʨʝʜʝʣʷʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʤʝʨʥʦʡ 

ʣʠʥʝʡʢʠ ʧʦ ʚʩʝʡ ʜʠʘʛʦʥʘʣʠ ʫʯʘʩʪʢʘ, ʯʠʩʣʦ 

ʧʦʚʪʦʨʥʦʩʪʝʡ ʥʝ ʤʝʥʝʝ 30. ʊʚʝʨʜʦʩʪʴ, 

ʚʣʘʞʥʦʩʪʴ, ʠ ʘʛʨʝʛʘʪʥʳʡ ʩʦʩʪʘʚ ʧʦʯʚʳ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʛʦʨʠʟʦʥʪʝ 0-10ʩʤ. ɼʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ ʙʨʘʣʠ 

ʥʘʚʝʩʢʠ ʧʦʯʚʳ ʠʟ ʢʘʞʜʦʛʦ ʛʦʨʠʟʦʥʪʘ ʚ ʧʷʪʠ 

ʪʦʯʢʘʭ ʧʦ ʜʠʘʛʦʥʘʣʠ ʚʳʙʨʘʥʥʦʛʦ ʟʘʯʝʪʥʦʛʦ 

ʫʯʘʩʪʢʘ. [16]. ʊʚʝʨʜʦʩʪʴ ʧʦʯʚʳ ʦʧʨʝʜʝʣʷʣʠ 

ʵʣʝʢʪʨʦʥʥʳʤ ʧʝʥʝʪʨʦʣʦʛʝʨʦʤ Eijkelkamp 

06.15 SA, ʯʠʩʣʦ ʧʦʚʪʦʨʥʦʩʪʝʡ ʥʝ ʤʝʥʝʝ 30. 

ʇʨʦʙʳ ʥʘ ʪʚʝʨʜʦʩʪʴ ʧʦʯʚʳ ʙʨʘʣʠ  ʚ ʟʦʥʝ 

ʤʝʩʪ ʦʧʨʝʜʝʣʝʥʠʷ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ.  
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ʈʠʩ. 3. ʆʧʨʝʜʝʣʝʥʠʝ ʩʪʝʧʝʥʠ ʢʨʦʰʝʥʠʷ ʧʦʯʚʳ ʚʝʩʦʚʳʤ ʤʝʪʦʜʦʤ [17]. 

 

ɿʘʩʦʨʝʥʥʦʩʪʴ ʧʦʯʚʳ ʩʦʨʥʷʢʘʤʠ 

ʦʧʨʝʜʝʣʷʶʪ ʥʘ ʫʯʝʪʥʳʭ ʧʣʦʱʘʜʢʘʭ, 

ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʫʯʘʩʪʢʝ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʤʝʪʦʜʦʤ [17]. ʂʦ-ʣʠʯʝʩʪʚʦ 

ʫʯʝʪʥʳʭ ʧʣʦʱʘʜʦʢ ʥʝ ʤʝʥʝʝ 5 ʰʪ. 

ɺʳʯʠʩʣʷʝʪʩʷ ʩʨʝʜʥʝʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦʨʥʷʢʦʚ 

ʥʘ 1 ʤ2. ʉʪʝʧʝʥʴ ʫʥʠʯʪʦʞʝʥʠʷ (ʧʦʜʨʝʟʘʥʠʷ) 

ʩʦʨʥʳʭ ʨʘʩʪʝʥʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʨʘʚʥʝʥʠʝʤ 

ʢʦʣʠʯʝʩʪʚʘ ʫʥʠʯʪʦʞʝʥʥʳʭ (ʧʦʜʨʝʟʘʥʥʳʭ) ʠ 

ʩʦʭʨʘʥʠʚʰʠʭʩʷ ʩʦʨʥʳʭ ʨʘʩʪʝʥʠʡ ʚ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʣʦʱʘʜʠ (ʚ ʨʘʤʢʝ 1ʭ1 ʤ). 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ 

ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʧʦ ʤʝʪʦʜʠʢʝ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʵʤʧʠʨʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ [18]. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ 

ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʜʦʩʪʦʚʝʨʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʜʦ ʥʘʯʘʣʘ 

ʚʳʧʦʣʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʝ  

ʘʛʨʝʛʘʪʳ ʙʳʣʠ ʥʘʩʪʨʦʝʥʳ ʥʘ ʟʘʜʘʥʥʳʝ 

ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ, ʪ.ʝ. ʙʳʣʘ ʧʨʦʠʟʚʝʜʝʥʘ 

ʨʝʛʫʣʠʨʦʚʢʘ ʛʣʫʙʠʥʳ ʦʙʨʘʙʦʪʢʠ ʠ ʜʨʫʛʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʤʘʰʠʥ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʢʘʯʝʩʪʚʝʥʥʫʶ ʦʙʨʘʙʦʪʢʫ ʧʦʯʚʳ.  

ɺʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʦʙʨʘʙʘʪʳʚʘʝʤʳʝ 

ʫʯʘʩʪʢʠ ʠʤʝʣʠ ʜʣʠʥʫ ʛʦʥʘ ʤʝʥʝʝ 100 ʤ ʧʨʠ 

ʢʦʪʦʨʦʡ ʩʣʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʩʪʘʙʠʣʴʥʫʶ 

ʨʘʙʦʪʫ ʤʘʰʠʥ ʥʘ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʥʳʭ 

ʨʝʞʠʤʘʭ, ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʢʦʥʪʨʦʣʴʥʳʝ 

ʧʨʦʭʦʜʳ, ʢʦʪʦʨʳʝ  ʧʦʢʘʟʘʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʠ ʋʂʇɸ-2,4-4 ʚ 

ʧʨʝʜʝʣʘʭ ʨʘʙʦʯʠʭ ʩʢʦʨʦʩʪʝʡ 1,94-2,22 ʤ/ʩ ʩ 

ʫʛʣʦʤ ʘʪʘʢʠ ʜʠʩʢʦʚʦ-ʢʦʣʴʮʝʚʳʭ ʨʘʙʦʯʠʭ 

ʦʨʛʘʥʦʚ 25
0
. 

ɺ ʵʪʦʡ ʩʚʷʟʠ, ʨʘʙʦʪʘ ʦʙʦʠʭ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʤʘʰʠʥ ʙʳʣʘ 

ʠʩʩʣʝʜʦʚʘʥʘ ʧʨʠ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʠʭ 

ʜʚʠʞʝʥʠʷ ὠ ςȟρχ ʤ/ʩ. 

ʅʘ ʨʠʩʫʥʢʝ 4 ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʘʛʨʦʬʦʥʳ ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʠ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʘʛʨʝʛʘʪʦʤ 

Kombi 3 ʧʦʜ ʙʝʩʧʦʢʨʦʚʥʳʡ ʧʦʩʝʚ ʪʨʘʚ (ʘ)  ʠ 

ʧʦʜ ʧʦʩʝʚ ʩʚʸʢʣʳ (ʙ). 
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ʈʠʩ. 4. ɸʛʨʦʬʦʥʳ ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʘʛʨʝʛʘʪʦʤ 

Kombi 3 ʧʦʜ ʙʝʩʧʦʢʨʦʚʥʳʡ ʧʦʩʝʚ ʪʨʘʚ (ʘ)  ʠ ʧʦʜ ʧʦʩʝʚ ʩʚʸʢʣʳ (ʙ). 

 

ʅʘ ʨʠʩʫʥʢʝ 5 ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʘʛʨʦʬʦʥʳ ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʠ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʘʛʨʝʛʘʪʦʤ 

ʋʂʇɸ-2,4-4 ʧʦʜ ʙʝʩʧʦʢʨʦʚʥʳʡ ʧʦʩʝʚ ʪʨʘʚ 

(ʘ) ʠ ʧʦʜ ʧʦʩʝʚ ʩʚʸʢʣʳ (ʙ). 

 

 

ʘ 

 

ʙ 

ʈʠʩ. 5. ɸʛʨʦʬʦʥʳ  ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʘʛʨʝʛʘʪʦʤ 

ʋʂʇɸ-2,4-4 ʧʦʜ ʙʝʩʧʦʢʨʦʚʥʳʡ ʧʦʩʝʚ ʪʨʘʚ (ʘ)  ʠ ʧʦʜ ʧʦʩʝʚ ʩʚʸʢʣʳ (ʙ). 

 

ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʢʘʯʝʩʪʚʘ 

ʧʦʣʫʯʝʥʥʳʭ ʘʛʨʦʬʦʥʦʚ (ʨʠʩ. 4 ʠ 5) ʧʦʩʣʝ 

ʦʙʨʘʙʦʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ 

ʧʦʢʘʟʘʣʘ, ʯʪʦ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʡ 

ʘʛʨʝʛʘʪ Kombi 3 ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʥʦʝ 

ʫʥʠʯʪʦʞʝʥʠʝ ʩʦʨʥʳʭ ʨʘʩʪʝʥʠʡ. ʉʪʝʧʝʥʴ 

ʫʥʠʯʪʦʞʝʥʠʷ ʩʦʨʥʳʭ ʨʘʩʪʝʥʠʡ ʚ ʩʨʝʜʥʝʤ 

ʩʦʩʪʘʚʣʷʝʪ 85-90 %. ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ 

ʦʧʝʨʘʮʠʠ ʧʨʝʜʧʦʩʝʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ 

ʘʛʨʝʛʘʪʦʤ ʬʦʨʤʠʨʫʝʪʩʷ ʩʧʣʦʰʥʘʷ 

ʛʨʝʙʥʠʩʪʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ 

ʩʪʨʫʥʥʦʛʦ ʠ ʪʨʫʙʯʘʪʦʛʦ ʢʘʪʢʦʚ. ʇʨʠ ʵʪʦʤ 

ʩʨʝʜʥʷʷ ʚʳʩʦʪʘ ʛʨʝʙʥʝʡ ʩʦʩʪʘʚʠʣʘ 5-6 ʩʤ. 
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ɹʦʣʝʝ ʨʦʚʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʣʷ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʡ 

ʘʛʨʝʛʘʪ ʋʂʇɸ-2,4-4, ʙʣʘʛʦʜʘʨʷ ʥʦʚʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ, 

ʚʳʧʦʣʥʝʥʥʳʭ ʚ ʚʠʜʝ ʢʦʣʝʮ ʚ ʬʦʨʤʝ 

ʫʩʝʯʝʥʥʦʛʦ ʢʦʥʫʩʘ ʠ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʦʜ 

ʫʛʣʦʤ ʢ ʥʘʧʨʘʚʣʝʥʠʶ ʜʚʠʞʝʥʠʷ  ʠ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤʫ ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʶ ʚ ʜʚʘ 

ʨʷʜʘ ʥʘ ʨʘʤʝ ʦʨʫʜʠʷ.  

ʅʘ ʨʠʩʫʥʢʝ 6 ʧʨʠʚʝʜʝʥʘ ʜʠʘʛʨʘʤʤʘ 

ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʩʪʝʧʝʥʠ ʫʥʠʯʪʦʞʝʥʠʷ 

ʩʦʨʥʳʭ ʨʘʩʪʝʥʠʡ ʉ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʤʠ ʘʛʨʝʛʘʪʘʤʠ 

ʋʂʇɸ-2,4-4 ʠ Kombi 3  ʧʨʠ ʩʢʦʨʦʩʪʠ ʠʭ 

ʜʚʠʞʝʥʠʷ ὠ ςȟρχ ʤ/ʩ. 

 
ʈʠʩ. 6. ɼʠʘʛʨʘʤʤʘ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʩʪʝʧʝʥʠ ʫʥʠʯʪʦʞʝʥʠʷ  ʉ ʩʦʨʥʳʭ ʨʘʩʪʝʥʠʡ 

ʄʊɸ ʄʊɿ-82.1+ʋʂʇɸ-2,4-4 ʠ ʄʊɿ-82.1+Kombi 3. 

 

ʅʘ ʨʠʩʫʥʢʝ 7 ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʜʠʘʛʨʘʤʤʘ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʛʣʫʙʠʥʳ 

ʦʙʨʘʙʦʪʢʠ h ʧʦʯʚʳ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʤʠ ʘʛʨʝʛʘʪʘʤʠ 

ʋʂʇɸ-2,4-4 ʠ Kombi 3  ʧʨʠ ʩʢʦʨʦʩʪʠ ʠʭ 

ʜʚʠʞʝʥʠʷ ὠ ςȟρχ ʤ/ʩ. 

 
ʈʠʩ. 7.  ɼʠʘʛʨʘʤʤʘ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʛʣʫʙʠʥʳ ʦʙʨʘʙʦʪʢʠ h ʧʦʯʚʳ 

 ʄʊɸ ʄʊɿ-82.1+ʋʂʇɸ-2,4-4 ʠ ʄʊɿ-82.1+Kombi 3. 
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ʅʘ ʨʠʩʫʥʢʝ 8 ʜʘʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ 

ʩʪʝʧʝʥʠ ʢʨʦʰʝʥʠʷ ʂʦ ʧʦʯʚʳ ʧʨʠ ʨʘʙʦʪʝ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʘʛʨʝʛʘʪʦʚ ʋʂʇɸ-

2,4-4 ʠ Kombi 3  ʧʨʠ ʩʢʦʨʦʩʪʠ ʠʭ ʜʚʠʞʝʥʠʷ 

ὠ ςȟρχ ʤ/ʩ. 

 
ʈʠʩ. 8. ɼʠʘʛʨʘʤʤʘ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʩʪʝʧʝʥʠ ʢʨʦʰʝʥʠʷ ʂʦ ʧʦʯʚʳ ʧʨʠ ʨʘʙʦʪʝ ʄʊɸ-

ʄʊɿ-82.1+ʋʂʇɸ-2,4-4 ʠ ʄʊɿ-82.1+Kombi 3. 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ 

ʛʨʘʬʠʢʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ 

ʩʣʝʜʫʝʪ, ʯʪʦ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʡ ʘʛʨʝʛʘʪ 

ʋʂʇɸ-2,4-4 ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʥʦʝ 

ʫʥʠʯʪʦʞʝʥʠʝ ʩʦʨʥʳʭ ʨʘʩʪʝʥʠʡ (ʨʠʩʫʥʦʢ 6). 

ʉʨʝʜʥʷʷ ʛʣʫʙʠʥʘ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʤʠ ʘʛʨʝʛʘʪʘʤʠ 

ʩʦʩʪʘʚʠʣʘ: Kombi 3 ï 8,0 ʩʤ; ʋʂʇɸ-2,4-4 ï 

7,7 ʩʤ (ʨʠʩʫʥʦʢ 7). 

ɼʣʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʧʦʩʝʚʘ ʩʝʤʷʥ 

ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʩʪʝʧʝʥʴ ʢʨʦʰʝʥʠʷ 

ʧʦʯʚʳ. ʆʙʦʙʱʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʡ ʘʛʨʝʛʘʪ ʋʂʇɸ-2,4-4 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʣʫʯʰʝʝ ʢʨʦʰʝʥʠʝ ʧʦʯʚʳ (90,3 

%).  

ʉʪʝʧʝʥʴ ʢʨʦʰʝʥʠʷ ʧʦʯʚʳ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ 

ʘʛʨʝʛʘʪʘ Kombi 3  ʩʦʩʪʘʚʠʣʘ 84,0 %, ʯʪʦ ʥʘ 

6,3 % ʥʠʞʝ, ʯʝʤ ʧʨʠ ʨʘʙʦʪʝ ʋʂʇɸ-2,4-4 

(ʨʠʩʫʥʦʢ 8). 

ɺʳʚʦʜʳ  

ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʩʥʦʚʥʳʝ 

ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʧʨʝʜʧʦʩʝʚʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʘʛʨʦʪʝʭʥʠʢʠ ʧʦʟʚʦʣʠʣʠ 

ʧʨʦʚʝʩʪʠ ʩʨʘʚʥʠʪʝʣʴʥʫʶ ʦʮʝʥʢʫ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ 

ʤʘʰʠʥ Kombi 3 ʠ ʋʂʇɸ-2,4-4 ʚ ʘʛʨʝʛʘʪʝ ʩ 

ʪʨʘʢʪʦʨʦʤ ʄʊɿ-82.1. 

ɺʳʰʝ ʠʟʣʦʞʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ 

ʪʦʤ, ʯʪʦ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʡ ʘʛʨʝʛʘʪ 

ʋʂʇɸ-2,4-4 ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ 

ʧʨʝʜʧʦʩʝʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʧʦʜ ʧʦʩʝʚ 

ʩʚʸʢʣʳ ʠ ʙʝʩʧʦʢʨʦʚʥʳʡ ʧʦʩʝʚ ʪʨʘʚ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ Kombi 3.  
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ʰʪʘʤʤ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʩʠʣʦʩʥʳʭ 

ʟʘʢʚʘʩʦʢ ʚ ʢʦʨʤʦʧʨʦʠʟʚʦʜʩʪʚʝ, ʘ ʪʘʢʞʝ ʢʘʢ ʦʩʥʦʚʳ ʧʨʦʙʠʦʪʠʢʦʚ ʚ ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ. 

       ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʣʥʦʛʝʥʦʤʥʦʝ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ, Bacillus subtilis, ʦʩʤʦʧʨʦʪʝʢʪʦʨ, 

ʣʘʢʪʘʪ 

     ɼʣʷ ʮʠʪʠʨʦʚʘʥʠʷ: 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 ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ  // ɸʛʨʦʕʢʦʀʥʞʝʥʝʨʠʷ. 2021. 

ˉ 3 (108). ʉ.111-117 
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ɺʚʝʜʝʥʠʝ  

ɻʝʥʝʪʠʯʝʩʢʠʝ ʜʝʪʝʨʤʠʥʘʥʪʳ ʰʪʘʤʤʦʚ 

ʙʘʢʪʝʨʠʡ Bacillus sp., ʦʧʨʝʜʝʣʷʶʱʠʝ 

ʚʦʟʤʦʞʥʦʩʪʴ ʙʠʦʩʠʥʪʝʟʘ ʨʘʟʥʦʦʙʨʘʟʥʳʭ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʩʦʙʳʡ ʥʘʫʯʥʳʡ ʠʥʪʝʨʝʩ, 

ʧʦʩʢʦʣʴʢʫ ʙʣʘʛʦʜʘʨʷ ʠʤ ʵʪʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ 

ʥʘʰʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ 

ʙʠʦʧʝʩʪʠʮʠʜʦʚ ʚ ʨʘʩʪʝʥʠʝʚʦʜʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ, 

ʢʘʢ ʦʩʥʦʚʘ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʘʛʝʥʪʦʚ ʠ 

ʧʨʦʙʠʦʪʠʢʦʚ ʚ ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ, ʘ ʪʘʢʞʝ ʢʘʢ 

ʦʩʥʦʚʘ ʩʠʣʦʩʥʳʭ ʟʘʢʚʘʩʦʢ ʚ 

ʢʦʨʤʦʧʨʦʠʟʚʦʜʩʪʚʝ. ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʨʷʜʦʤ 

ʫʯʝʥʳʭ (Phillip, Fellner,  1992, Moran et aI.,  

1993),  ʚʥʝʩʝʥʠʝ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʰʪʘʤʤʦʚ 

ʙʘʢʪʝʨʠʡ B. subtilis ʠ B. licheniformis ʚ ʩʠʣʦʩ 

ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʠʥʛʠʙʠʨʦʚʘʥʠʶ ʨʦʩʪʘ 

ʧʣʝʩʥʝʚʳʭ ʛʨʠʙʦʚ ʚ ʩʠʣʦʩʝ ʠʟ ʤʥʦʛʦʣʝʪʥʠʭ 

ʪʨʘʚ  ʠ ʫʚʝʣʠʯʠʚʘʣʦ ʘʵʨʦʙʥʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʩʠʣʦʩʘ ʩ ʚʳʩʦʢʦʡ ʚʣʘʞʥʦʩʪʴʶ.  ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʦʚʝʜʝʥʠʷ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ Weinberg ʩ ʩʦʘʚʪ. (Weinberg 

et al., 2003) ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʰʪʘʤʤʳ 

ʙʘʢʪʝʨʠʡ, ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʟʘʢʚʘʩʦʢ, 

ʩʧʦʩʦʙʥʳ ʚʳʞʠʚʘʪʴ ʠ ʫʚʝʣʠʯʠʚʘʪʴ 

ʯʠʩʣʝʥʥʦʩʪʴ ʚ ʨʫʙʮʝ ʞʚʘʯʥʳʭ ʧʨʠ ʧʦʧʘʜʘʥʠʠ 

ʚ ʦʨʛʘʥʠʟʤ ʞʠʚʦʪʥʳʭ ʩ ʧʦʪʨʝʙʣʷʝʤʳʤ 

ʩʠʣʦʩʦʤ, ʩʧʦʩʦʙʩʪʚʫʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʨʫʙʮʦʚʦʡ 

ʤʠʢʨʦʙʠʦʪʳ, ʘ ʟʥʘʯʠʪ, ʤʦʛʫʪ ʦʙʣʘʜʘʪʴ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʧʨʦʙʠʦʪʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ. 

ɼʣʷ ʩʠʣʦʩʥʦʡ ʵʢʦʩʠʩʪʝʤʳ ʭʘʨʘʢʪʝʨʥʳ 

ʦʯʝʥʴ ʩʣʦʞʥʳʝ ʚʥʫʪʨʝʥʥʠʝ ʩʚʷʟʠ ʠ 

ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʜʠʥʘʤʠʢʠ. 

ʇʨʝʞʜʝ ʚʩʝʛʦ, ʵʪʦ ʩʨʝʜʘ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ 

ʢʠʩʣʦʪʥʦʩʪʠ ʠ ʦʩʤʦʪʠʯʝʩʢʠʤ ʜʘʚʣʝʥʠʝʤ, 

ʧʦʨʦʡ ʜʦʩʪʠʛʘʶʱʠʭ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʚʝʣʠʯʠʥ 

(ʄʘʢ-ɼʦʥʘʣʴʜ, 1985), ʚʳʞʠʚʘʪʴ ʠ 

ʨʘʟʤʥʦʞʘʪʴʩʷ ʚ ʢʦʪʦʨʦʡ ʤʦʛʫʪ ʪʦʣʴʢʦ 

ʚʳʩʦʢʦʢʦʥʢʫʨʝʥʪʥʳʝ ʰʪʘʤʤʳ. ʇʦʵʪʦʤʫ 
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ʵʬʬʝʢʪʠʚʥʘʷ ʩʝʣʝʢʮʠʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʟʘʢʚʘʩʦʢ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʦʣʫʯʝʥʠʝ 

ʰʪʘʤʤʘ ʙʘʢʪʝʨʠʡ, ʢʦʪʦʨʳʡ ʥʝ ʪʦʣʴʢʦ ʙʫʜʝʪ 

ʧʨʝʚʦʩʭʦʜʠʪʴ ʜʨʫʛʠʝ ʰʪʘʤʤʳ ʧʦ ʪʘʢʠʤ 

ʮʝʣʝʚʳʤ ʧʨʠʟʥʘʢʘʤ, ʢʘʢ ʩʢʦʨʦʩʪʴ 

ʧʦʜʢʠʩʣʝʥʠʷ ʠ ʘʥʪʘʛʦʥʠʩʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ, 

ʥʦ ʠ ʧʦ ʩʧʦʩʦʙʥʦʩʪʠ ʵʬʬʝʢʪʠʚʥʦ 

ʢʦʥʢʫʨʠʨʦʚʘʪʴ ʩ ʵʧʠʬʠʪʥʳʤʠ ʦʙʠʪʘʪʝʣʷʤʠ ʧʦ 

ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʠ ʢ ʩʨʝʜʝ ʦʙʠʪʘʥʠʷ.   

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ 

ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʘʥʥʦʪʘʮʠʷ 

ʛʝʥʦʤʘ ʰʪʘʤʤʘ Bacillus subtilis ʜʣʷ ʚʳʷʚʣʝʥʠʷ 

ʛʝʥʦʚ, ʚʘʞʥʳʭ ʜʣʷ ʚʳʞʠʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ 

ʩʠʣʦʩʘ ʠ ʨʫʙʮʘ, ʨʝʛʫʣʷʮʠʠ ʧʨʦʮʝʩʩʦʚ 

ʬʝʨʤʝʥʪʘʮʠʠ ʢʦʨʤʦʚ ʠ ʤʠʢʨʦʙʠʦʤʘ 

ʧʠʱʝʚʘʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʄʘʪʝʨʠʘʣʦʤ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʣʫʞʠʣ 

ʰʪʘʤʤ B. subtilis ʠʟ ʢʦʣʣʝʢʮʠʠ ʆʆʆ 

çɹʀʆʊʈʆʌè. ɺʳʜʝʣʝʥʠʝ ɼʅʂ ʧʨʦʚʦʜʠʣʠ ʧʦ 

ʩʪʘʥʜʘʨʪʥʳʤ ʤʝʪʦʜʠʢʘʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʥʘʙʦʨʘ Genomic DNA Purification Kit 

(çFermentas, Inc.è, ʃʠʪʚʘ). ɹʠʙʣʠʦʪʝʢʫ ɼʅʂ 

ʜʣʷ ʧʦʣʥʦʛʝʥʦʤʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʛʦʪʦʚʠʣʠ 

ʩ ʧʦʤʦʱʴʶ ʥʘʙʦʨʘ Nextera XT (çIllumina, 

Inc.è, ʉʐɸ). ʅʫʢʣʝʦʪʠʜʥʳʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʧʨʝʜʝʣʷʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠʙʦʨʘ MiSeq (çIllumina, 

Inc.è, ʉʐɸ) ʩʦʚʤʝʩʪʥʦ ʩ ʢʦʤʧʣʝʢʪʦʤ 

ʨʝʘʢʪʠʚʦʚ MiSeq Reagent Kit v3 (300-cycle) 

(çIllumina, Inc.è, ʉʐɸ). ʅʝʜʦʩʪʦʚʝʨʥʳʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠ ʘʜʘʧʪʝʨʳ ʫʜʘʣʷʣʠ ʚ 

ʧʨʦʛʨʘʤʤʝ Trimmomatic-0.38 

(https://www.osc.edu/book/ex-port/html/4385). 

ʆʪʬʠʣʴʪʨʦʚʘʥʥʳʝ ʧʦ ʜʣʠʥʝ ʥʝ ʤʝʥʝʝ ʯʝʤ ʦʪ 

50 ʜʦ 150 ʧ.ʥ. ʧʘʨʥʦʢʦʥʮʝʚʳʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʦʙʠʨʘʣʠ de novo ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʝʥʦʤʥʦʛʦ ʩʙʦʨʱʠʢʘ SPAdes-

3.11.1 (http://cab.spbu.ru/software/spades/). 

ʌʫʥʢʮʠʦʥʘʣʴʥʫʶ ʘʥʥʦʪʘʮʠʶ ʛʝʥʦʤʘ 

ʧʨʦʚʦʜʠʣʠ ʚ ʧʨʦʛʨʘʤʤʘʭ PROKKA 1.12 

(https://github.com/kbaseapps/ProkkaAnnotation 

http://vicbioinformatics.com/) ʠ RAST 2.0 

(https://rast.nmpdr.org).  

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʙʠʦʠʥʬʦʨʤʘʪʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʧʦʣʥʦʛʝʥʦʤʥʦʛʦ 

ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʰʪʘʤʤʘ  B. subtilis ʙʳʣʦ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʦ ʥʝʩʢʦʣʴʢʦ ʢʣʘʩʪʝʨʦʚ 

ʛʝʥʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʚʳʰʝʥʥʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʬʘʢʪʦʨʘʤ 

ʚʥʝʰʥʝʡ ʩʨʝʜʳ (ʪʘʙʣ. 1).  

 

ʊʘʙʣʠʮʘ 1 

ɻʝʥʳ B. subtilis, ʩʚʷʟʘʥʥʳʝ ʩ ʘʜʘʧʪʘʮʠʝʡ ʢ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʬʘʢʪʦʨʘʤ ʚʥʝʰʥʝʡ ʩʨʝʜʳ 

 ̄ ʅʝʙʣʘʛʦʧʨʠʷʪʥʳʝ ʚʥʝʰʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʂʦʣʠʯʝʩʪʚʦ ʛʝʥʦʚ ʚ ʛʝʥʦʤʝ, 

ʦʪʚʝʯʘʶʱʠʭ ʟʘ ʘʜʘʧʪʘʮʠʶ 

1 ɺʳʩʦʢʦʝ ʦʩʤʦʪʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ 14 

2 ʆʢʠʩʣʠʪʝʣʴʥʳʡ ʩʪʨʝʩʩ 44 

3 ʊʦʢʩʠʯʝʩʢʠʡ ʩʪʨʝʩʩ 11 

4 ʍʦʣʦʜʦʚʦʡ ʰʦʢ 3 

5 ʊʝʧʣʦʚʦʡ ʰʦʢ 17 

6 ʋʛʣʝʨʦʜʥʦʝ ʛʦʣʦʜʘʥʠʝ 3 

7 ʇʨʦʯʠʝ ʩʪʨʝʩʩʳ 14 
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ʈʘʩʰʠʬʨʦʚʢʘ ʛʝʥʦʤʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʙʘʟʳ ʜʘʥʥʳʭ RAST ʧʨʝʜʩʢʘʟʘʣʘ ʘʢʪʠʚʘʮʠʶ 106 

ʛʝʥʦʚ ʦʪʚʝʯʘʶʱʠʭ ʟʘ ʘʜʘʧʪʘʮʠʶ ʢ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ, 

ʚʢʣʶʯʘʶʱʠʤ ʧʦʚʳʰʝʥʥʦʝ ʦʩʤʦʪʠʯʝʩʢʦʝ 

ʜʘʚʣʝʥʠʝ, ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʠ ʪʦʢʩʠʯʝʩʢʠʡ ʩʪʨʝʩʩ, 

ʭʦʣʦʜʦʚʦʡ ʰʦʢ, ʩʥʠʞʝʥʠʝ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ 

ʚ ʩʨʝʜʝ. ʅʘʧʨʠʤʝʨ, ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʛʝʥʦʤʝ B. 

subtilis ʛʨʫʧʧʳ ʛʝʥʦʚ ʩʝʤʝʡʩʪʚʘ cspA, ʢʦʪʦʨʳʝ 

ʘʢʪʠʚʠʨʫʶʪʩʷ ʚ ʦʪʚʝʪ ʥʘ ʧʦʥʠʞʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ (Beno et al., 2014), ʧʦʟʚʦʣʷʝʪ 

ʢʣʝʪʢʘʤ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʥʠʟʢʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤ 

ʠ ʚʳʞʠʚʘʪʴ ʧʨʠ ʧʦʜʤʦʨʘʞʠʚʘʥʠʠ ʩʠʣʦʩʥʦʡ 

ʪʨʘʥʰʝʠ ʚ ʪʝʯʝʥʠʝ ʟʠʤʥʝʛʦ ʩʝʟʦʥʘ, ʯʪʦ ʦʯʝʥʴ 

ʚʘʞʥʦ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʨʝʛʠʦʥʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʥʘʰʝʡ ʩʪʨʘʥʳ. ʆʜʥʠʤ ʠʟ ʧʫʪʝʡ ʘʜʘʧʪʘʮʠʠ ʫ 

ʰʪʘʤʤʘ B. subtilis ʢ ʧʦʚʳʰʝʥʥʦʤʫ 

ʦʩʤʦʪʠʯʝʩʢʦʤʫ ʜʘʚʣʝʥʠʶ ʷʚʣʷʝʪʩʷ ʤʝʭʘʥʠʟʤ 

ʩʠʥʪʝʟʘ ʛʣʠʮʠʥ ʙʝʪʘʠʥ-ʩʚʷʟʳʚʘʶʱʝʛʦ ʙʝʣʢʘ 

(OpuAc), ʷʚʣʷʶʱʝʛʦʩʷ ʦʯʝʥʴ ʵʬʬʝʢʪʠʚʥʳʤ 

ʦʩʤʦʧʨʦʪʝʢʪʦʨʦʤ (Smits et al., 2008) (ʨʠʩ. 1). 

 

 
ʈʠʩ. 1. ʇʫʪʴ ʙʠʦʩʠʥʪʝʟʘ ʦʩʤʦʧʨʦʪʝʢʪʦʨʘ ʛʣʠʮʠʥ ʙʝʪʘʠʥ-ʩʚʷʟʳʚʘʶʱʝʛʦ ʙʝʣʢʘ (OpuAc) ʫ B. 

subtilis 

 

ʂʨʦʤʝ ʪʦʛʦ, ʧʦʢʘʟʘʥʦ ʯʪʦ ʰʪʘʤʤ 

ʙʘʢʪʝʨʠʠ B. subtilis ʦʙʣʘʜʘʝʪ ʫʥʠʢʘʣʴʥʳʤ 

ʧʦʪʝʥʮʠʘʣʦʤ ʩʠʥʪʝʟʘ ʬʝʨʤʝʥʪʦʚ L-

ʣʘʢʪʘʪʜʝʛʠʜʨʦʛʝʥʘʟ, ʧʨʠʚʦʜʷʱʠʭ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ L-ʤʦʣʦʯʥʦʡ ʢʠʩʣʦʪʳ. ʕʪʦ 

ʚʘʞʥʳʡ ʚʳʚʦʜ, ʧʦʩʢʦʣʴʢʫ ʤʦʣʦʯʥʘʷ ʢʠʩʣʦʪʘ 

ʠʟʚʝʩʪʥʘ ʩʚʦʝʡ ʘʥʪʠʤʠʢʨʦʙʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʚ 

ʦʪʥʦʰʝʥʠʠ ʤʥʦʛʠʭ ʧʘʪʦʛʝʥʥʳʭ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ (Escherichia coli, 

Pseudomonas aeruginosa, Salmonella enterica ʠ 

ʜʨ.) (Alakomi et al., 2000). ʈʘʥʝʝ (Ortiz A., 

Sansinenea, 2020) ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʰʪʘʤʤ 

Bacillus megaterium ELI 24, ʚʳʜʝʣʝʥʥʳʡ ʠʟ 

ʧʦʯʚʳ ʚ ʄʝʢʩʠʢʝ, ʩʝʢʨʝʪʠʨʦʚʘʣ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʢʦʣʠʯʝʩʪʚʘ ʷʥʪʘʨʥʦʡ ʢʠʩʣʦʪʳ, ʢʦʪʦʨʘʷ ʙʳʣʘ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʘ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʤʠ 

ʤʝʪʦʜʘʤʠ. 

ɺʳʚʦʜʳ 

 ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʙʠʦʠʥʬʦʨʤʘʪʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʧʦʣʥʦʛʝʥʦʤʥʦʛʦ 

ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʰʪʘʤʤʘ  B. subtilis ʙʳʣʦ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʦ ʥʝʩʢʦʣʴʢʦ ʢʣʘʩʪʝʨʦʚ 

ʛʝʥʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʚʳʰʝʥʥʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʬʘʢʪʦʨʘʤ 

ʚʥʝʰʥʝʡ ʩʨʝʜʳ. ɺ ʪʦʤ ʯʠʩʣʝ, ʥʘʡʜʝʥʳ ʛʝʥʳ, 

ʢʦʪʦʨʳʝ ʧʨʦʪʠʚʦʜʝʡʩʪʚʫʶʪ ʧʘʛʫʙʥʳʤ 
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ʵʬʬʝʢʪʘʤ ʫʚʝʣʠʯʝʥʠʷ ʦʩʤʦʣʷʨʥʦʩʪʠ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʛʝʥʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʧʩʠʭʨʦʪʦʣʝʨʘʥʪʥʦʩʪʴʶ ʠ ʩʠʥʪʝʟʦʤ ʤʦʣʦʯʥʦʡ 

ʢʠʩʣʦʪʳ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʰʪʘʤʤ ʷʚʣʷʝʪʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʩʠʣʦʩʥʳʭ ʟʘʢʚʘʩʦʢ ʚ 

ʢʦʨʤʦʧʨʦʠʟʚʦʜʩʪʚʝ, ʘ ʪʘʢʞʝ, ʢʘʢ ʦʩʥʦʚʳ 

ʧʨʦʙʠʦʪʠʢʦʚ ʚ ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ.  

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʌʌʀ ˉ19-316-

90041çʇʦʣʥʦʛʝʥʦʤʥʦʝ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ ʰʪʘʤʤʦʚ ʙʘʮʠʣʣ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʨʫʙʮʦʚʦʛʦ 
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ʊɽʍʅʆʃʆɻʀʀ ʋʊʀʃʀɿɸʎʀʀ ʅɸɺʆɿɸ ɺ ʈɽɻʀʆʅɽ ɹɸʃʊʀʁʉʂʆɻʆ ʄʆʈʗ: ɸʅɸʃʀɿ 

ʀ ʅɸʄɽʊʀɺʐʀɽʉʗ ʊɽʅɼɽʅʎʀʀ 

 

ʋʚʘʨʦʚ ʈ.ɸ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ  

ʐʘʣʘʚʠʥʘ ɽ.ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

 

ɺʘʩʠʣʴʝʚ ʕ.ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

ʀʥʩʪʠʪʫʪ ʘʛʨʦʠʥʞʝʥʝʨʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

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

ʂʦʤʧʣʝʢʩʥʦʝ ʨʝʰʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʧʫʪʝʤ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʤʝʞʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʈʝʛʠʦʥ ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʨʘʟʚʠʪʳʭ ʨʝʛʠʦʥʦʚ ʤʠʨʘ. ʆʙʝʩʧʝʯʝʥʠʝ ʧʨʦʞʠʚʘʶʱʠʭ ʥʘ ʝʛʦ ʪʝʨʨʠʪʦʨʠʠ 45 ʤʣʥ. 

ʯʝʣʦʚʝʢ ʜʦʩʪʘʪʦʯʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʧʨʠ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ 

ʨʘʟʚʠʪʠʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ. ʇʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʨʝʛʠʦʥʘ ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʨʘʟʚʠʪʠʶ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ. ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʘ ʜʘʥʥʘʷ ʦʪʨʘʩʣʴ 

ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʚ ʩʪʨʘʥʘʭ-ʫʯʘʩʪʥʠʮʘʭ ɽʚʨʦʧʝʡʩʢʦʛʦ ʩʦʶʟʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʨʝʛʠʦʥʝ 

ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ: ɼʘʥʠʠ, ʐʚʝʮʠʠ, ʌʠʥʣʷʥʜʠʠ, ʕʩʪʦʥʠʠ, ʃʘʪʚʠʠ, ʃʠʪʚʝ, ʇʦʣʴʰʝ ʠ ɻʝʨʤʘʥʠʠ. 

ɺ ʨʝʛʠʦʥʝ ʥʘʩʯʠʪʳʚʘʝʪʩʷ 22589 ʪʳʩʷʯ ʛʦʣʦʚ ʂʈʉ, ʚ ʪ. ʯ. 9006,1 ʪʳʩʷʯ ʢʦʨʦʚ; 54879,2 ʪʳʩʷʯ 

ʩʚʠʥʝʡ; 2296,24 ʤʣʥ. ʛʦʣʦʚ ʧʪʠʮʳ. ʉʫʤʤʘʨʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʟʫʝʤʦʛʦ ʥʘʚʦʟʘ ʠ ʧʦʤʝʪʘ ʚ 

ʨʝʛʠʦʥʝ ʩʦʩʪʘʚʣʷʝʪ 595750,8 ʪʳʩʷʯ ʪʦʥʥ, ʠʟ ʢʦʪʦʨʳʭ 335297,1 ʪʳʩʷʯ ʪʦʥʥ (56,3%) ʧʨʠʭʦʜʠʪʩʷ 

ʥʘ ʥʘʚʦʟ ʂʈʉ; 168259,6 ʪʳʩʷʯ ʪʦʥʥ (28,2%) ï ʩʚʠʥʦʡ ʥʘʚʦʟ; 92194,0 ʪʳʩʷʯʠ ʪʦʥʥ (15,5%) ï 

ʧʪʠʯʠʡ ʧʦʤʝʪ. ʅʘ ʜʦʣʶ ʞʠʜʢʦʛʦ ʠ ʧʦʣʫʞʠʜʢʦʛʦ ʥʘʚʦʟʘ ʧʨʠʭʦʜʠʪʩʷ 434887,4 ʪʳʩʷʯ ʪʦʥʥ 

(73,0%). ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʫʪʠʣʠʟʘʮʠʠ ʥʘʚʦʟʘ/ʧʦʤʝʪʘ ʚ ʨʝʛʠʦʥʝ ï ʵʪʦ 

ʧʘʩʩʠʚʥʦʝ ʢʦʤʧʦʩʪʠʨʦʚʘʥʠʝ ʪʚʝʨʜʦʛʦ ʥʘʚʦʟʘ ʠ ʜʣʠʪʝʣʴʥʦʝ ʚʳʜʝʨʞʠʚʘʥʠʝ ʞʠʜʢʦʛʦ ʠ 

ʧʦʣʫʞʠʜʢʦʛʦ ʥʘʚʦʟʘ. ɸʢʪʠʚʥʦ ʚʚʦʜʷʪʩʷ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʭʨʘʥʠʣʠʱʘ ʠ ʫʩʪʘʥʦʚʢʠ ʟʘʢʨʳʪʦʛʦ 

ʪʠʧʘ: ʚ ʧʝʨʠʦʜ 2010 ʧʦ 2017 ʛʦʜ ʠʭ ʜʦʣʷ ʚʦʟʨʦʩʣʘ ʩ 9,9% ʜʦ 18,4% ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʪʚʝʨʜʦʛʦ 

ʥʘʚʦʟʘ/ʧʦʤʝʪʘ ʠ ʩ 15,1% ʜʦ 28,3% ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʞʠʜʢʦʛʦ/ʧʦʣʫʞʠʜʢʦʛʦ ʥʘʚʦʟʘ. ɺ ʥʝʢʦʪʦʨʳʭ 

ʩʪʨʘʥʘʭ, ʚ ʯʘʩʪʥʦʩʪʠ, ɼʘʥʠʠ, ɻʝʨʤʘʥʠʠ ʠ ʌʠʥʣʷʥʜʠʠ ʘʢʪʠʚʥʦ ʚʥʝʜʨʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʠʦʛʘʟʘ ʤʝʪʦʜʦʤ ʘʥʘʵʨʦʙʥʦʛʦ ʩʙʨʘʞʠʚʘʥʠʷ.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʘʚʦʟ, ʦʙʨʘʱʝʥʠʝ ʩ ʥʘʚʦʟʦʤ, ʫʪʠʣʠʟʘʮʠʷ, ʵʢʦʣʦʛʠʯʝʩʢʘʷ 

ʫʩʪʦʡʯʠʚʦʩʪʴ, ʜʣʠʪʝʣʴʥʦʝ ʚʳʜʝʨʞʠʚʘʥʠʝ, ʢʦʤʧʦʩʪʠʨʦʚʘʥʠʝ 

 

          ɼʣʷ ʮʠʪʠʨʦʚʘʥʠʷ: ʋʚʘʨʦʚ ʈ.ɸ., ʐʘʣʘʚʠʥʘ ɽ.ɺ., ɺʘʩʠʣʴʝʚ ʕ.ɺ. ʊʝʭʥʦʣʦʛʠʠ 

ʫʪʠʣʠʟʘʮʠʠʥʘʚʦʟʘ ʚ ʨʝʛʠʦʥʝ ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ: ʘʥʘʣʠʟ ʠ ʥʘʤʝʪʠʚʰʠʝʩʷ ʪʝʥʜʝʥʮʠʠ  // 

ɸʛʨʦʕʢʦʀʥʞʝʥʝʨʠʷ. 2021. ˉ 3 (108). ʉ. 117-128 
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MANURE UTILISATION TECHNOLOGIES IN THE BALTIC SEA REGION: ANALYSIS 

AND EMERGING TRENDS 
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Institute for Engineering and Environmental Problems in Agricultural Production (IEEP) ï 
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A comprehensive approach to environmental problems is possible only through effective 

interstate cooperation. The Baltic Sea Region is one of the most economically developed regions in 

the world. The sufficient amount of food for 45 million people living on its territory can be 

provided only under a high level of agricultural development. The natural and climatic conditions of 

the region contribute to the advancement of animal husbandry. The study considered this branch of 

agriculture in detail in the member states of the European Union located in the Baltic Sea region: 

Denmark, Sweden, Finland, Estonia, Latvia, Lithuania, Poland and Germany. There are 22,589 

thousand head of cattle in the region, including 9006.1 thousand cows, 54,879.2 thousand pigs, and 

2296.24 million poultry. The total amount of animal/poultry manure produced in the region is 

595,750.8 thousand tons, of which 335297.1 thousand tons (56.3%) are cattle manure; 168,259.6 

thousand tons (28.2%) are pig manure; and 92194.0 thousand tons (15.5%) are poultry manure. The 

share of liquid and semi-liquid manure accounts for 434887.4 thousand tons (73.0%). Passive 

composting of solid manure and long-term storing (maturing) of slurry and semi-liquid manure are 

the most common animal/poultry manure processing practices in the region. Covered storage 

facilities and closed installations are extensively introduced: in the period 2010 to 2017, their share 

increased from 9.9% to 18.4% in the solid animal/poultry manure processing and from 15.1% to 

28.3% in liquid/semi-liquid manure processing. In some countries, in particular Denmark, Germany 

and Finland, the technology of biogas production by anaerobic digestion is actively promoted.  

 

Key words: manure, manure handling, utilisation, environmental sustainability, long-term 

maturing, composting 
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ɺʚʝʜʝʥʠʝ  

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʦʙʝʩʧʝʯʝʥʠʷ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ 

ʠʟ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʙʣʝʤ 

ʯʝʣʦʚʝʯʝʩʪʚʘ. ɽʸ ʨʝʰʝʥʠʝ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ 

ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʤʧʣʝʢʩʥʳʭ ʤʝʨ, ʥʘʧʨʘʚʣʝʥʥʳʭ 

ʥʘ ʩʥʠʞʝʥʠʝ ʥʘʛʨʫʟʢʠ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʝʡ 

ʵʢʦʥʦʤʠʢʠ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ [1]. 

ɺʧʝʨʚʳʝ ʠʜʝʷ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʢʦʤʧʣʝʢʩʥʳʭ 

ʨʝʰʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʵʢʦʣʦʛʠʠ ʥʘ ʫʨʦʚʥʝ ʩʪʨʘʥ ʠ 

ʦʪʜʝʣʴʥʳʭ ʨʝʛʠʦʥʦʚ ʙʳʣʘ ʦʟʚʫʯʝʥʘ ʚ ʢʦʥʮʝ 

1970-ʭ ʥʘ ʚʩʝʤʠʨʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ 

ʧʨʦʙʣʝʤʘʤ ʢʣʠʤʘʪʘ. ɺ 1992 ʛʦʜʫ ʚ ʈʠʦ-ʜʝ-

ɾʘʥʝʡʨʦ ʩʪʨʘʥʘʤʠ-ʫʯʘʩʪʥʠʮʘʤʠ ʆʆʅ ʙʳʣʘ 

ʧʦʜʧʠʩʘʥʘ ʈʘʤʦʯʥʘʷ ʢʦʥʚʝʥʮʠʷ ʦʙ ʦʭʨʘʥʝ 

ʢʣʠʤʘʪʘ, ʘ ʚ 1997 ʛʦʜʫ - ʂʠʦʪʩʢʠʡ ʧʨʦʪʦʢʦʣ, 

ʚʩʪʫʧʠʚʰʠʡ ʚ ʩʠʣʫ ʚ 2005 ʛʦʜʫ. ɼʘʥʥʳʝ 

ʜʦʢʫʤʝʥʪʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʙʳʣʠ 

ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʠ ʚʥʝʜʨʝʥʠʝ ʤʝʨ ʧʦ 

ʩʥʠʞʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʚ 

ʘʪʤʦʩʬʝʨʝ ʠ ʩʦʭʨʘʥʝʥʠʶ ʦʟʦʥʦʚʦʛʦ ʩʣʦʷ. ɺ 

2015 ʛʦʜʫ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʇʘʨʠʞʩʢʠʝ 
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ʩʦʛʣʘʰʝʥʠʷ ʦ ʢʣʠʤʘʪʝ, ʫʞʝʩʪʦʯʠʚʰʠʝ 

ʢʦʣʠʯʝʩʪʚʦ ʜʦʧʫʩʪʠʤʳʭ ʚʳʙʨʦʩʦʚ ʧʘʨʥʠʢʦʚʳʭ 

ʛʘʟʦʚ ʠ ʫʪʦʯʥʠʚʰʠʝ ʤʝʭʘʥʠʟʤʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʩʪʨʘʥʘʤʠ [2]. 

ʈʦʩʩʠʷ ʪʘʢʞʝ ʠʜʝʪ ʚ ʨʫʩʣʝ ʤʠʨʦʚʳʭ 

ʪʝʥʜʝʥʮʠʡ: ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʚ̫ʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ 

ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʮʠʦʥʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ [3]. 

ʆʜʥʠʤ ʠʟ ʵʣʝʤʝʥʪʦʚ ʦʙʝʩʧʝʯʝʥʠʷ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʪʝʩʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʧʨʠʛʨʘʥʠʯʥʳʤʠ ʩʪʨʘʥʘʤʠ 

ʧʦ ʩʪʨʘʪʝʛʠʯʝʩʢʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ: ʩʥʠʞʝʥʠʝ 

ʜʠʬʬʫʟʥʦʡ ʙʠʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʦʪ ʚʦʜʥʳʭ 

ʦʙʲʝʢʪʦʚ, ʩʥʠʞʝʥʥʳʝ ʥʘʛʨʫʟʢʠ ʥʘ 

ʚʦʜʦʩʙʦʨʥʳʝ ʙʘʩʩʝʡʥʳ, ʩʦʢʨʘʱʝʥʠʝ ʵʤʠʩʩʠʡ ʚ 

ʘʪʤʦʩʬʝʨʫ [6-10]. 

ʈʝʛʠʦʥ ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ, 

ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʚʦʡ ʩʦʩʪʘʚ ɼʘʥʠʶ, ʐʚʝʮʠʶ, 

ʌʠʥʣʷʥʜʠʶ, ʯʘʩʪʴ ʉʝʚʝʨʦ-ɿʘʧʘʜʥʦʛʦ 

ʌʝʜʝʨʘʣʴʥʦʛʦ ʦʢʨʫʛʘ ʈʦʩʩʠʠ, ʕʩʪʦʥʠʶ, 

ʃʘʪʚʠʶ, ʃʠʪʚʫ, ʘ ʪʘʢʞʝ ʯʘʩʪʠ ʇʦʣʴʰʠ ʠ 

ɻʝʨʤʘʥʠʠ (ʨʠʩ. 1), ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʨʘʟʚʠʪʳʭ ʨʝʛʠʦʥʦʚ ʤʠʨʘ.  

 

 
ʈʠʩ. 1. ʉʪʨʘʥʳ ʨʝʛʠʦʥʘ ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ 

 

ʆʙʣʘʜʘʷ ʥʘʩʝʣʝʥʠʝʤ ʙʦʣʝʝ 45 ʤʣʥ ʯʝʣʦʚʝʢ
1
 

2
, ɹʘʣʪʠʢʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʢʦʣʦ 30% 

ʪʦʚʘʨʦʦʙʦʨʦʪʘ ɽʚʨʦʧʳ [9, 10]. ɼʣʷ ʪʦʛʦ, ʯʪʦ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʝʩʧʝʯʠʪʴ ʪʘʢʦʝ ʥʘʩʝʣʝʥʠʝ 

ʜʦʩʪʘʪʦʯʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ ʜʦʣʞʥʦʛʦ ʢʘʯʝʩʪʚʘ, ʚ ʨʝʛʠʦʥʝ ʜʦʣʞʥʦ ʙʳʪʴ ʥʘ 

                                                           
1
 Eurostat. Population, Total (persons), 2020. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. 

URL: https://ec.europa.eu/eurostat/cache/RCI/#?vis=nuts1.population&lang=en. (ʜʘʪʘ 

ʦʙʨʘʱʝʥʠʷ: 06.09.2021). 

2
 ɼʝʤʦʛʨʘʬʠʯʝʩʢʠʡ ʝʞʝʛʦʜʥʠʢ ʈʦʩʩʠʠ, 2019. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. 

URL: https://gks.ru/bgd/regl/B19_16/Main.htm. (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 06.09.2021). 

https://ec.europa.eu/eurostat/cache/RCI/%23?vis=nuts1.population&lang=en
https://gks.ru/bgd/regl/B19_16/Main.htm.
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ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʨʘʟʚʠʪʦ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ. ʅʘʭʦʞʜʝʥʠʝ ʜʘʥʥʦʛʦ ʨʝʛʠʦʥʘ ʚ ʟʦʥʝ 

ʨʠʩʢʦʚʘʥʥʦʛʦ ʟʝʤʣʝʜʝʣʠʷ (ʫʤʝʨʝʥʥʦ-ʧʨʦʭʣʘʜʥʳʡ ʢʣʠʤʘʪ ʠ ʧʨʝʦʙʣʘʜʘʥʠʝ ʥʝʙʦʛʘʪʳʭ 

ʛʫʤʫʩʦʚʳʤ ʩʣʦʝʤ ʧʦʯʚ) ʧʨʝʜʦʧʨʝʜʝʣʠʣʦ ʞʠʚʦʪʥʦʚʦʜʩʪʚʦ ʢʘʢ ʦʩʥʦʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʟʚʠʪʠʷ 

ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ [11, 12]. 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ ʥʝʠʟʤʝʥʥʦ ʩʚʷʟʘʥʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʪʘʢʦʛʦ ʚʠʜʘ ʦʪʭʦʜʦʚ, ʢʘʢ ʥʘʚʦʟ, ʧʨʠ ʵʪʦʤ ʜʦʣʷ ʦʙʱʝʡ ʵʤʠʩʩʠʠ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʧʨʠ ʝʛʦ 

ʫʪʠʣʠʟʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 20% (ʉʆ2) ʜʦ 90% (NH3) [13, 14]. 

ɺ ʩʠʣʫ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʛʦ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʤʝʥʴʰʠʭ ʧʣʦʱʘʜʝʡ ʠ ʙʦʣʝʝ ʞʝʩʪʢʦʛʦ 

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʈʦʩʩʠʝʡ [15-17], ʚ ʝʚʨʦʧʝʡʩʢʠʭ ʩʪʨʘʥʘʭ 

ʙʦʣʝʝ ʦʩʪʨʦ ʩʪʦʠʪ ʚʦʧʨʦʩ ʫʪʠʣʠʟʘʮʠʠ ʦʙʨʘʟʫʶʱʠʭʩʷ ʦʪʭʦʜʦʚ. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʧʨʠʤʝʥʷʝʤʳʭ ʪʝʭʥʦʣʦʛʠʡ ʫʪʠʣʠʟʘʮʠʠ ʥʘʚʦʟʘ 

ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʪʝʥʜʝʥʮʠʡ ʚ ʩʪʨʘʥʘʭ-ʯʣʝʥʘʭ ɽʉ ʨʝʛʠʦʥʘ ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ. 

 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ  

ɺ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʝʪʦʜ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ: 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ, ʛʨʫʧʧʠʨʦʚʢʠ ʜʘʥʥʳʭ, ʚʘʨʠʘʮʠʦʥʥʳʭ ʘʥʘʣʠʟ, ʠʟʫʯʝʥʠʝ 

ʚʟʘʠʤʦʩʚʷʟʝʡ, ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʙʨʘʥʘ ʦʪʨʘʩʣʴ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ʚ ʩʪʨʘʥʘʭ-ʯʣʝʥʘʭ 

ɽʉ ʨʝʛʠʦʥʘ ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ: ʚʳʷʚʣʝʥʦ ʧʦʛʦʣʦʚʴʝ ʂʈʉ, ʩʚʠʥʝʡ ʠ ʧʪʠʮʳ, ʦʧʨʝʜʝʣʝʥʳ 

ʚʳʭʦʜʳ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʥʘʚʦʟʘ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʜʠʥʘʤʠʢʘ ʚʥʝʜʨʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʫʪʠʣʠʟʘʮʠʠ. 

ʀʩʩʣʝʜʫʝʤʳʝ ʩʪʨʘʥʳ:  

- ɼʘʥʠʷ. 

- ʐʚʝʮʠʷ. 

- ʌʠʥʣʷʥʜʠʷ. 

- ʕʩʪʦʥʠʷ. 

- ʃʘʪʚʠʷ. 

- ʃʠʪʚʘ. 

- ʇʦʣʴʰʘ. 

- ɻʝʨʤʘʥʠʷ (ʨʝʛʠʦʥʳ ɹʨʘʥʜʝʥʙʫʨʛ, ʄʘʢʣʝʥʙʫʨʛ ʠ ʐʣʝʟʚʠʛ-ɻʦʣʴʰʪʝʡʥ). 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʥʘ ʦʬʠʮʠʘʣʴʥʘʷ ʩʪʘʪʠʩʪʠʢʘ ɽʉ (Eurostat), ʘ 

ʪʘʢʞʝ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʘʤʢʘʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʥʘʫʯʥʳʭ ʧʨʦʝʢʪʦʚ: 

- EU INTERREG Baltic Slurry Acidification. 

- EU INTERREG Manure Standarts. 

- EcoAgRAS. 

ʆʧʨʝʜʝʣʝʥʠʝ ʛʦʜʦʚʦʛʦ ʚʳʭʦʜʘ ʥʘʚʦʟʘ ʠ ʧʦʤʝʪʘ ʧʦ ʩʪʨʘʥʘʤ ʧʨʦʠʟʚʝʜʝʥʦ ʨʘʩʯʝʪʥʳʤ 

ʤʝʪʦʜʦʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʘʧʨʦʙʠʨʦʚʘʥʥʦʡ ʤʝʪʦʜʠʢʦʡ [18]. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 
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ʇʝʨʚʳʤ ʵʪʘʧʦʤ ʨʘʙʦʪ ʩʪʘʣʦ ʦʧʨʝʜʝʣʝʥʠʝ ʦʙʱʝʛʦ ʫʨʦʚʥʷ ʨʘʟʚʠʪʠʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ 

ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʨʝʛʠʦʥʝ: ʧʦʛʦʣʦʚʴʝ ʞʠʚʦʪʥʳʭ ʠ ʧʪʠʮʳ, ʧʣʦʱʘʜʠ ʧʘʭʦʪʥʳʭ ʟʝʤʝʣʴ ʠ ʨʘʩʯʝʪ 

ʢʦʣʠʯʝʩʪʚʦ ʫʩʣʦʚʥʳʭ ʛʦʣʦʚ ʞʠʚʦʪʥʳʭ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ ʜʘʥʥʳʭ ʟʝʤʝʣʴ (ʊʘʙʣʠʮʘ 1)
3
 
4
 
5
 
6
. 

 

ʊʘʙʣʠʮʘ 1  

ʆʙʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩ/ʭ ʚ ʩʪʨʘʥʘʭ ɽʚʨʦʧʝʡʩʢʦʛʦ ʩʦʶʟʘ (ɹʘʣʪʠʡʩʢʠʡ ʨʝʛʠʦʥ) 

ʉʪʨʘʥʘ 

ʇʦʛʦʣʦʚʴʝ ʩ/ʭ ʞʠʚʦʪʥʳʭ ʠ ʧʪʠʮʳ, 

ʪʳʩ. ʛʦʣ. 

ʂʦʣ-ʚʦ 

ʫʩʣʦʚʥʳʭ 

ʛʦʣʦʚ 

ʞʠʚʦʪʥʳʭ 

(ʫ.ʛ.ʞ.), 

ʪʳʩ. ʛʦʣ. 

ʇʣʦʱʘʜʴ 

ʧʘʭʦʪʥʳʭ 

ʟʝʤʝʣʴ, 

ʪʳʩ. ʛʘ 

ʆʪʥʦʰʝʥʠʝ 

ʫ.ʛ.ʞ. ʢ 

ʧʣʦʱʘʜʠ 

ʧʘʭʦʪʥʳʭ 

ʟʝʤʝʣʴ 

ʂʦʨʦʚʳ 
ʂʈʉ 

ʚʩʝʛʦ 
ʉʚʠʥʴʠ ʇʪʠʮʘ 

ɼʘʥʠʷ 646,0 1500,0 13391,0 111362,0 6486,1 2614,6 2,48 

ʐʚʝʮʠʷ 498,6 1391,0 1103,9 ʥ/ʜ 1454,5 3021,3 0,48 

ʌʠʥʣʷʥʜʠʷ 316,4 835,4 1383,2 97055,0 2162,3 2194,2 0,99 

ʕʩʪʦʥʠʷ 115,4 253,3 316,6 ʥ/ʜ 306,9 995,1 0,31 

ʃʘʪʚʠʷ 196,0 399,0 306,8 22290,5 675,3 1930,9 0,35 

ʃʠʪʚʘ 294,7 629,5 580,4 55228,0 1310,7 2924,6 0,45 

ʇʦʣʴʰʘ 2391,3 6278,9 11727,4 1362190,7 23614,9 14405,6 1,64 

ɻʝʨʤʘʥʠʷ 4547,7 11301,9 26069,9 648113,6 24225,9 16715,3 1,45 

ʥ/ʜ - ʦʪʩʫʪʩʪʚʫʶʪ ʜʘʥʥʳʝ ʦʬʠʮʠʘʣʴʥʦʡ ʩʪʘʪʠʩʪʠʢʠ ʧʦ ʩʪʨʘʥʝ 

 

ʉʫʤʤʘʨʥʦʝ ʧʦʛʦʣʦʚʴʝ ʩ/ʭ ʞʠʚʦʪʥʳʭ ʠ ʧʪʠʮʳ ʚ ʨʝʛʠʦʥʝ ʩʦʩʪʘʚʣʷʝʪ: 22589 ʪʳʩʷʯ ʛʦʣʦʚ 

ʂʈʉ, ʚ ʪ.ʯ. 9006,1 ʪʳʩʷʯ ʢʦʨʦʚ; 54879,2 ʪʳʩʷʯ ʩʚʠʥʝʡ ʠ 2296,24 ʤʣʥ ʛʦʣʦʚ ʧʪʠʮʳ. ɺ 

ʧʝʨʝʨʘʩʯʝʪʝ ʥʘ ʫʩʣʦʚʥʳʝ ʛʦʣʦʚʳ ʩʫʤʤʘʨʥʦʝ ʧʦʛʦʣʦʚʴʝ ʩʦʩʪʘʚʣʷʝʪ 60236,53 ʪʳʩʷʯʠ ʛʦʣʦʚ. 

ɺ ʮʝʣʦʤ ʧʦ ʨʝʛʠʦʥʫ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ʨʘʟʚʠʪʦ ʢʨʘʡʥʝ ʥʝʨʘʚʥʦʤʝʨʥʦ: ʚ ɻʝʨʤʘʥʠʠ 

ʢʦʣʠʯʝʩʪʚʦ ʫʩʣʦʚʥʳʭ ʛʦʣʦʚ ʞʠʚʦʪʥʳʭ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ ʧʘʭʦʪʥʳʭ ʟʝʤʝʣʴ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ 

ʛʨʘʥʠʮʝ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ (1,5 ʫ.ʛ.ʞ / ʛʘ ʧʘʭ. ʟʝʤ.) [19, 20], ʘ ʚ ʇʦʣʴʰʝ ʠ ʦʩʦʙʝʥʥʦ 

ʚ ɼʘʥʠʠ ʜʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʝʥ. ɺ ʵʪʦ ʞʝ ʚʨʝʤʷ ʚ ʐʚʝʮʠʠ, ʕʩʪʦʥʠʠ, 
                                                           
3
 Bovine population ï annual data. Eurostas. Statistics Explained. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. 

URL: https://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=apro_mt_lscatl&lang=en (ʜʘʪʘ 

ʦʙʨʘʱʝʥʠʷ: 17.08.2021). 
4
 Pig population ï annual data. Eurostas. Statistics Explained. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. 

URL: https://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=apro_mt_lspig&lang=en (ʜʘʪʘ 

ʦʙʨʘʱʝʥʠʷ: 17.08.2021) 
5
 Poultry ï annual data. Eurostas. Statistics Explained. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. 

URL: https://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=apro_ec_poula&lang=en (ʜʘʪʘ 

ʦʙʨʘʱʝʥʠʷ: 18.08.2021). 

6
 Main farm land use by NUTS 2 regions. Eurostas. Statistics Explained. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. URL: 

https://appsso.eurostat.ec.europa.eu/nui/submitViewTableAction.do (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 08.09.2021). 

https://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=apro_mt_lscatl&lang=en
https://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=apro_mt_lspig&lang=en
https://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=apro_ec_poula&lang=en
https://appsso.eurostat.ec.europa.eu/nui/submitViewTableAction.do
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ʃʘʪʚʠʠ ʠ ʃʠʪʚʝ ʦʥ ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 0,31-0,48, ʘ ʚ ʌʠʥʣʷʥʜʠʠ ï 0,99. ʕʪʦ ʛʦʚʦʨʠʪ ʦ 

ʧʦʪʝʥʮʠʘʣʝ ʢ ʥʘʨʘʱʠʚʘʥʠʶ ʦʙʲʝʤʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ ʚ ʵʪʠʭ 

ʩʪʨʘʥʘʭ ʙʝʟ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʨʠʩʢʘ ʜʣʷ ʵʢʦʣʦʛʠʠ. 

ʉ ʫʯʝʪʦʤ ʧʦʛʦʣʦʚʴʷ ʞʠʚʦʪʥʳʭ ʠ ʧʪʠʮʳ, ʧʨʠʤʝʥʷʝʤʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʦʜʝʨʞʘʥʠʷ ʠ 

ʩʧʝʮʠʬʠʢʠ ʦʪʜʝʣʴʥʳʭ ʩʪʨʘʥ ʦʧʨʝʜʝʣʝʥʘ ʜʦʣʷ ʦʙʨʘʟʫʝʤʦʛʦ ʞʠʜʢʦʛʦ ʠ ʧʦʣʫʞʠʜʢʦʛʦ ʥʘʚʦʟʘ ʦʪ 

ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ [21]. ʈʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

 

ʊʘʙʣʠʮʘ 2 

ʂʦʣʠʯʝʩʪʚʦ ʠ ʜʦʣʷ ʦʙʨʘʟʫʝʤʦʛʦ ʥʘʚʦʟʘ/ʧʦʤʝʪʘ 

ʉʪʨʘʥʘ 

ʅʘʚʦʟ ʂʈʉ ʉʚʠʥʦʡ ʥʘʚʦʟ ʇʪʠʯʠʡ ʧʦʤʝʪ ɺʩʝʛʦ 

ʥʘʚʦʟʘ/ 

ʧʦʤʝʪʘ, 

ʪʳʩ. ʪ / 

ʛʦʜ 

ɼʦʣʷ 

ʞʠʜʢʦʛʦ/ 

ʧʦʣʫʞʠʜʢʦʛ

ʦ ʥʘʚʦʟʘ, % 

ʪʳʩ. ʪ / 

ʛʦʜ 

% ʦʪ 

ʦʙʱʝʛ

ʦ 

ʪʳʩ. ʪ 

/ ʛʦʜ 

% ʦʪ 

ʦʙʱʝʛ

ʦ 

ʪʳʩ. ʪ 

/ ʛʦʜ 

% ʦʪ 

ʦʙʱʝʛ

ʦ 

ɼʘʥʠʷ 24050,6 34,6 
41056,

8 
59,0 4471,2 6,4 

69578,6 

85 

ʐʚʝʮʠʷ 18562,9 84,6 3384,6 15,4 ʥ/ʜ ʥ/ʜ 21947,4 82 

ʌʠʥʣʷʥʜʠ

 ̫
11779,6 59,1 4240,9 21,3 3896,8 19,6 19917,2 

36 

ʕʩʪʦʥʠʷ 4296,3 81,6 970,7 18,4 ʥ/ʜ ʥ/ʜ 5267,0 68 

ʃʘʪʚʠʷ 7297,1 79,9 940,6 10,3 895,0 9,8 9132,7 ʥ/ʜ 

ʃʠʪʚʘ 10971,7 73,3 1779,5 11,9 2217,4 14,8 14968,6 30 

ʇʦʣʴʰʘ 89028,1 49,5 
35956,

2 
20,0 

54692,

0 
30,4 

179676,

3 

50 

ɻʝʨʤʘʥʠʷ 
169310,

9 
61,5 

79930,

3 
29,0 

26021,

8 
9,5 

275262,

9 

90 

ʥ/ʜ - ʦʪʩʫʪʩʪʚʫʶʪ ʜʘʥʥʳʝ ʦʬʠʮʠʘʣʴʥʦʡ ʩʪʘʪʠʩʪʠʢʠ ʧʦ ʩʪʨʘʥʝ 

 

ʉʫʤʤʘʨʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʟʫʝʤʦʛʦ ʥʘʚʦʟʘ ʠ ʧʦʤʝʪʘ ʚ ʨʝʛʠʦʥʝ ʩʦʩʪʘʚʣʷʝʪ 

595750,8 ʪʳʩʷʯ ʪʦʥʥ, ʠʟ ʢʦʪʦʨʳʭ 335297,1 ʪʳʩʷʯʠ ʪʦʥʥ (56,3%) ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʥʘʚʦʟ ʂʈʉ, 

168259,6 ʪʳʩʷʯ ʪʦʥʥ (28,2%) ï ʩʚʠʥʦʡ ʥʘʚʦʟ ʠ 92194,0 ʪʳʩʷʯʠ ʪʦʥʥ (15,5%) ï ʧʪʠʯʠʡ ʧʦʤʝʪ. 

ʅʘ ʜʦʣʶ ʞʠʜʢʦʛʦ/ʧʦʣʫʞʠʜʢʦʛʦ ʥʘʚʦʟʘ ʧʨʠʭʦʜʠʪʩʷ 434887,4 ʪʳʩʷʯʠ ʪʦʥʥ (73,0%). 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʝʚʨʦʧʝʡʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [21], ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ 

ʠʩʩʣʝʜʫʝʤʦʤ ʨʝʛʠʦʥʝ ʧʦʣʫʯʠʣʠ 2 ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ: ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʪʚʝʨʜʦʛʦ ʥʘʚʦʟʘ 

ʧʝʨʝʨʘʙʘʪʳʚʘʝʪʩʷ ʧʘʩʩʠʚʥʳʤ ʢʦʤʧʦʩʪʠʨʦʚʘʥʠʝʤ, ʘ ʞʠʜʢʠʡ ʠ ʧʦʣʫʞʠʜʢʠʡ ï ʜʣʠʪʝʣʴʥʳʤ 

ʚʳʜʝʨʞʠʚʘʥʠʝʤ. ʄʝʩʪʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʩʫʱʝʩʪʚʝʥʥʦ ʚʘʨʴʠʨʫʶʪ ʩʪʝʧʝʥʴ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʦʡ ʠʣʠ ʠʥʦʡ ʪʝʭʥʦʣʦʛʠʠ: ʥʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʝʧʝʥʴ 
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ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʙʘʟʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ ʪʚʝʨʜʦʛʦ ʥʘʚʦʟʘ/ʧʦʤʝʪʘ, ʥʘ ʨʠʩʫʥʢʝ 3 ï

ʧʝʨʝʨʘʙʦʪʢʠ ʞʠʜʢʦʛʦ ʥʘʚʦʟʘ
7
. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʪʝ ʞʝ ʪʝʭʥʦʣʦʛʠʠ ʫʪʠʣʠʟʘʮʠʠ, ʯʪʦ ʠ ʚ 

ʈʦʩʩʠʠ, ʦʩʥʦʚʥʳʤ ʦʪʣʠʯʠʝʤ ʦʪ ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʈʦʩʩʠʠ ʚʘʨʠʘʥʪʦʚ ʷʚʣʷʝʪʩʷ ʰʠʨʦʢʦʝ 

ʚʥʝʜʨʝʥʠʝ ʟʘʢʨʳʪʳʭ ʭʨʘʥʠʣʠʱ, ʤʠʥʠʤʠʟʠʨʫʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʝ ʚʥʝʰʥʠʭ ʧʦʛʦʜʥʳʭ ʬʘʢʪʦʨʦʚ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʩʥʠʟʠʪʴ ʥʝʛʘʪʠʚʥʫʶ ʥʘʛʨʫʟʢʫ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʚ ʚʠʜʝ 

ʵʤʠʩʩʠʠ ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ, ʘ ʩ ʜʨʫʛʦʡ ï ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ [22]. 

ʉʥʠʞʝʥʠʝ ʜʦʣʠ ʞʠʜʢʦʛʦ ʠ ʧʦʣʫʞʠʜʢʦʛʦ ʥʘʚʦʟʘ, ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʦʛʦ ʪʝʭʥʦʣʦʛʠʝʡ 

ʜʣʠʪʝʣʴʥʦʛʦ ʚʳʜʝʨʞʠʚʘʥʠʷ, ʚ ʨʷʜʝ ʩʪʨʘʥ, ʥʘʧʨʠʤʝʨ, ɼʘʥʠʠ, ɻʝʨʤʘʥʠʠ ʠ ʌʠʥʣʷʥʜʠʠ, ʩʚʷʟʘʥʦ, 

ʚ ʪʦʤ ʯʠʩʣʝ, ʩ ʦʨʠʝʥʪʘʮʠʝʡ ʜʘʥʥʳʭ ʩʪʨʘʥ ʥʘ ʘʣʴʪʝʨʥʘʪʠʚʥʫʶ ʵʥʝʨʛʝʪʠʢʫ, ʚ ʯʘʩʪʥʦʩʪʠ ï 

ʪʝʭʥʦʣʦʛʠʶ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʠʦʛʘʟʘ ï ʘʥʘʵʨʦʙʥʦʝ ʩʙʨʘʞʠʚʘʥʠʝ. ʂʦʣʠʯʝʩʪʚʦ ʙʠʦʛʘʟʦʚʳʭ 

ʫʩʪʘʥʦʚʦʢ ʠ ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʦʛʦ ʥʘ ʥʠʭ ʥʘʚʦʟʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣʠʮʝ 3 [21]. 

 

ʊʘʙʣʠʮʘ 3  

ʈʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʠ ʘʵʨʦʙʥʦʛʦ ʩʙʨʘʞʠʚʘʥʠʷ (ʧʨʦʠʟʚʦʜʩʪʚʦ ʙʠʦʛʘʟʘ) 

ʉʪʨʘʥʘ 
ʂʦʣ-ʚʦ ʙʠʦʛʘʟʦʚʳʭ ʟʘʚʦʜʦʚ, 

ʰʪ. 

ʂʦʣ-ʚʦ ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʦʛʦ ʥʘʚʦʟʘ, ʪʳʩ. ʪ / 

ʛʦʜ 

ɼʘʥʠʷ 76 6800 

ʐʚʝʮʠʷ 14 ʥ/ʜ 

ʌʠʥʣʷʥʜʠʷ 40 300 

ʕʩʪʦʥʠʷ 5 ʥ/ʜ 

ʃʘʪʚʠʷ 51 ʥ/ʜ 

ʃʠʪʚʘ 8 ʥ/ʜ 

ʇʦʣʴʰʘ 85 1200 

ɻʝʨʤʘʥʠʷ 9000 32500 

ʥ/ʜ - ʦʪʩʫʪʩʪʚʫʶʪ ʜʘʥʥʳʝ ʦʬʠʮʠʘʣʴʥʦʡ ʩʪʘʪʠʩʪʠʢʠ ʧʦ ʩʪʨʘʥʝ 

                                                           
7
 Manure storage facilities by NUTS 3 regions. Eurostas. Statistics Explained. [ʕʣʝʢʪʨʦʥʥʳʡ 

ʨʝʩʫʨʩ]. URL: https://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=aei_fm_ms&lang=en (ʜʘʪʘ 

ʦʙʨʘʱʝʥʠʷ: 08.09.2021). 

https://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=aei_fm_ms&lang=en
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ʈʠʩ. 2. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ ʪʚʝʨʜʦʛʦ ʥʘʚʦʟʘ/ʧʦʤʝʪʘ ʚ ʩʪʨʘʥʘʭ 

ɽʚʨʦʧʝʡʩʢʦʛʦ ʩʦʶʟʘ (ɹʘʣʪʠʡʩʢʠʡ ʨʝʛʠʦʥ) 

 

 
ʈʠʩ. 3. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ ʞʠʜʢʦʛʦ/ʧʦʣʫʞʠʜʢʦʛʦ ʥʘʚʦʟʘ ʚ ʩʪʨʘʥʘʭ 

ɽʚʨʦʧʝʡʩʢʦʛʦ ʩʦʶʟʘ (ɹʘʣʪʠʡʩʢʠʡ ʨʝʛʠʦʥ)
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ɺʳʚʦʜʳ 

ʂʦʤʧʣʝʢʩʥʦʝ ʨʝʰʝʥʠʝ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ 

ʧʫʪʝʤ ʤʝʞʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɹʘʣʪʠʡʩʢʦʝ ʤʦʨʝ, ʷʚʣʷʷʩʴ 

ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʟʚʠʪʳʭ ʩʫʜʦʭʦʜʥʳʭ 

ʨʝʛʠʦʥʦʚ ʤʠʨʘ, ʚʤʝʩʪʝ ʩ ʪʝʤ ʷʚʣʷʝʪʩʷ ʠ 

ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʟʘʛʨʷʟʥʝʥʥʳʭ ʚʦʜʥʳʭ 

ʘʨʪʝʨʠʡ ʧʣʘʥʝʪʳ. ʈʘʩʧʦʣʦʞʝʥʠʝ ʠ 

ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʨʝʛʠʦʥʘ ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʨʠʦʨʠʪʝʪʥʦʤʫ 

ʨʘʟʚʠʪʠʶ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʦʡ ʦʪʨʘʩʣʠ 

ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʯʪʦ ʩʪʘʚʠʪ ʟʘʜʘʯʫ 

ʨʘʟʨʘʙʦʪʢʠ ʠ ʚʥʝʜʨʝʥʠʶ ʵʬʬʝʢʪʠʚʥʳʭ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʫʪʠʣʠʟʘʮʠʠ ʥʘʚʦʟʘ ʠ ʧʦʤʝʪʘ. 

ʀʟʫʯʝʥʠʝ ʦʧʳʪʘ ʚʝʜʫʱʠʭ 

ʝʚʨʦʧʝʡʩʢʠʭ ʩʪʨʘʥ ɹʘʣʪʠʡʩʢʦʛʦ ʨʝʛʠʦʥʘ 

ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʥʘʠʙʦʣʝʝ ʧʨʦʛʨʝʩʩʠʚʥʳʝ 

ʠ ʘʢʪʫʘʣʴʥʳʝ ʜʣʷ ʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ 

ʪʝʭʥʦʣʦʛʠʠ ʦʙʨʘʱʝʥʠʷ ʩ ʥʘʚʦʟʦʤ ʠ 

ʧʦʤʝʪʦʤ, ʢʦʪʦʨʳʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʦʛʫʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ. 

ɺ ʠʟʫʯʘʝʤʦʤ ʨʝʛʠʦʥʝ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ɼʘʥʠʝʡ, ʐʚʝʮʠʝʡ, 

ʌʠʥʣʷʥʜʠʝʡ, ʕʩʪʦʥʠʝʡ, ʃʘʪʚʠʝʡ, ʃʠʪʚʦʡ, 

ʇʦʣʴʰʝʡ ʠ ɻʝʨʤʘʥʠʝʡ, ʩʦʜʝʨʞʠʪʩʷ 22589 

ʪʳʩʷʯ ʛʦʣʦʚ ʂʈʉ, ʚ ʪ.ʯ. 9006,1 ʪʳʩʷʯ ʢʦʨʦʚ; 

54879,2 ʪʳʩʷʯ ʩʚʠʥʝʡ ʠ 2296,24 ʤʣʥ ʛʦʣʦʚ 

ʧʪʠʮʳ. ɺ ʧʝʨʝʨʘʩʯʝʪʝ ʥʘ ʫʩʣʦʚʥʳʝ ʛʦʣʦʚʳ 

ʩʫʤʤʘʨʥʦʝ ʧʦʛʦʣʦʚʴʝ ʩʦʩʪʘʚʣʷʝʪ 60236,53 

ʪʳʩʷʯʠ ʛʦʣʦʚ. ɺ ʮʝʣʦʤ ʧʦ ʨʝʛʠʦʥʫ 

ʞʠʚʦʪʥʦʚʦʜʩʪʚʦ ʨʘʟʚʠʪʦ ʢʨʘʡʥʝ 

ʥʝʨʘʚʥʦʤʝʨʥʦ - ʧʦʢʘʟʘʪʝʣʴ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʪʝʨʨʠʪʦʨʠʡ, ʦʧʨʝʜʝʣʷʝʤʳʡ 

ʯʝʨʝʟ ʩʦʦʪʥʦʰʝʥʠʝ ʫʩʣʦʚʥʳʭ ʛʦʣʦʚ 

ʞʠʚʦʪʥʳʭ ʠ ʧʣʦʱʘʜʠ ʧʘʭʦʪʥʳʭ ʟʝʤʝʣʴ, 

ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 0,31 (ʕʩʪʦʥʠʷ) ʜʦ 2,48 

(ɼʘʥʠʷ).  

ʉʫʤʤʘʨʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʟʫʝʤʦʛʦ 

ʥʘʚʦʟʘ ʠ ʧʦʤʝʪʘ ʚ ʨʝʛʠʦʥʝ ʩʦʩʪʘʚʣʷʝʪ 

595750,8 ʪʳʩʷʯ ʪʦʥʥ, ʠʟ ʢʦʪʦʨʳʭ 335297,1 

ʪʳʩʷʯʠ ʪʦʥʥ (56,3%) ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʥʘʚʦʟ 

ʂʈʉ; 168259,6 ʪʳʩʷʯ ʪʦʥʥ (28,2%) ï ʩʚʠʥʦʡ 

ʥʘʚʦʟ; 92194,0 ʪʳʩʷʯʠ ʪʦʥʥ (15,5%) ï 

ʧʪʠʯʠʡ ʧʦʤʝʪ. ʅʘ ʜʦʣʶ ʞʠʜʢʦʛʦ ʠ 

ʧʦʣʫʞʠʜʢʦʛʦ ʥʘʚʦʟʘ ʧʨʠʭʦʜʠʪʩʷ 434887,4 

ʪʳʩʷʯʠ ʪʦʥʥ (73,0%). 

ɺ ʩʪʨʘʥʘʭ ɹʘʣʪʠʡʩʢʦʛʦ ʨʝʛʠʦʥʘ 

ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ 2 

ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ ʥʘʚʦʟʘ/ʧʦʤʝʪʘ: 

ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʪʚʝʨʜʦʛʦ ʥʘʚʦʟʘ 

ʧʝʨʝʨʘʙʘʪʳʚʘʝʪʩʷ ʧʘʩʩʠʚʥʳʤ 

ʢʦʤʧʦʩʪʠʨʦʚʘʥʠʝʤ, ʘ ʞʠʜʢʠʡ ʠ 

ʧʦʣʫʞʠʜʢʠʡ ï ʜʣʠʪʝʣʴʥʳʤ 

ʚʳʜʝʨʞʠʚʘʥʠʝʤ. ʆʩʥʦʚʥʳʤ ʦʪʣʠʯʠʝʤ ʦʪ 

ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʈʦʩʩʠʠ ʘʥʘʣʦʛʠʯʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʷʚʣʷʝʪʩʷ ʰʠʨʦʢʦʝ ʚʥʝʜʨʝʥʠʝ 

ʟʘʢʨʳʪʳʭ ʭʨʘʥʠʣʠʱ: ʚ ʧʝʨʠʦʜ ʩ 2010 ʧʦ 

2017 ʛʦʜʳ ʩʨʝʜʥʷʷ ʜʦʣʷ ʫʩʪʘʥʦʚʦʢ ʠ 

ʭʨʘʥʠʣʠʱ ʟʘʢʨʳʪʦʛʦ ʪʠʧʘ ʚʳʨʦʩʣʘ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʜʚʦʝ: ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ 

ʪʚʝʨʜʦʛʦ ʥʘʚʦʟʘ/ʧʦʤʝʪʘ ï ʩ 9,9% ʜʦ 18,4%, 

ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʞʠʜʢʦʛʦ/ʧʦʣʫʞʠʜʢʦʛʦ 

ʥʘʚʦʟʘ ï ʩ 15,1% ʜʦ 28,3%. 

ɺ ʨʷʜʝ ʩʪʨʘʥ, ʥʘʧʨʠʤʝʨ, ʚ ɼʘʥʠʠ, 

ɻʝʨʤʘʥʠʠ ʠ ʌʠʥʣʷʥʜʠʠ, ʠʜʝʪ ʘʢʪʠʚʥʘʷ 

ʦʨʠʝʥʪʘʮʠʷ ʥʘ ʘʣʴʪʝʨʥʘʪʠʚʥʫʶ ʵʥʝʨʛʝʪʠʢʫ, 

ʚ ʯʘʩʪʥʦʩʪʠ, ʪʝʭʥʦʣʦʛʠʶ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʙʠʦʛʘʟʘ ï ʘʥʘʵʨʦʙʥʦʝ ʩʙʨʘʞʠʚʘʥʠʝ. 
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ʇʨʦʙʣʝʤʳ ʦʙʨʘʱʝʥʠʷ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʦʪʭʦʜʘʤʠ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʚ 

ʯʘʩʪʥʦʩʪʠ ʥʘʚʦʟʘ ʠ ʧʦʤʝʪʘ, ʦʩʦʙʝʥʥʦ ʦʩʪʨʦ ʩʪʦʷʪ ʚ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ, ʢʦʪʦʨʘʷ ʚʭʦʜʠʪ ʚ 

ʯʠʩʣʦ ʣʠʜʝʨʦʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʧʦ ʞʠʚʦʪʥʦʚʦʜʩʪʚʫ ʠ ʧʪʠʮʝʚʦʜʩʪʚʫ, ʧʦʩʢʦʣʴʢʫ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʷ ʪʝʨʨʠʪʦʨʠʷ ʦʙʣʘʩʪʠ ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʚʦʜʦʩʙʦʨʥʦʤ ʙʘʩʩʝʡʥʝ ɹʘʣʪʠʡʩʢʦʛʦ 
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ʫʩʣʦʚʥʳʭ ʛʦʣʦʚ ʚ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʚʦʟʨʘʩʪʘʝʪ.  ʉʨʝʜʥʝʝ ʧʦʛʦʣʦʚʴʝ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ 

ʩʢʦʪʘ ʚ ʬʝʨʤʝʨʩʢʠʭ ʭʦʟʷʡʩʪʚʘʭ ʩ 2006 ʛʦʜʘ ʧʦ 2016 ʛʦʜ ʫʚʝʣʠʯʠʣʦʩʴ ʚ 2,2 ʨʘʟʘ, ʩʨʝʜʥʝʝ 

ʧʦʛʦʣʦʚʴʝ ʧʪʠʮʳ ï ʚ 6,3 ʨʘʟʘ, ʘ ʧʦʛʦʣʦʚʴʝ ʩʚʠʥʝʡ ï ʚ 1,8 ʨʘʟ. ɺ ʬʝʨʤʝʨʩʢʠʭ ʭʦʟʷʡʩʪʚʘʭ ʟʘ ʛʦʜ 

ʦʙʨʘʟʫʝʪʩʷ ʙʦʣʝʝ 420000 ʪʦʥʥ ʪʚʝʨʜʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʜʦʙʨʝʥʠʷ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʦʙʱʝʛʦ 

ʘʟʦʪʘ ʙʦʣʝʝ 2000 ʪʦʥʥ. ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʨʘʟʨʘʙʦʪʢʘ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʳʭ ʧʦʜʭʦʜʦʚ 

ʠ ʤʝʪʦʜʦʚ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʦʛʦ ʦʙʨʘʱʝʥʠʷ ʩ ʥʘʚʦʟʦʤ ʚ ʬʝʨʤʝʨʩʢʠʭ ʭʦʟʷʡʩʪʚʘʭ ï ʦʪ 

ʦʙʨʘʟʦʚʘʥʠʷ ʥʘʚʦʟʘ ʜʦ ʚʥʝʩʝʥʠʷ ʛʦʪʦʚʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʜʦʙʨʝʥʠʷ. ɺ ʨʘʤʢʘʭ ʧʨʦʚʝʜʝʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʚʩʝ ʦʩʥʦʚʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ ʦʙʨʘʱʝʥʠʷ ʩ 

ʥʘʚʦʟʦʤ/ʧʦʤʝʪʦʤ: ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ, ʧʝʨʝʨʘʙʦʪʢʘ ʠ ʚʥʝʩʝʥʠʝ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʠʚʝʜʝʥ 

ʨʘʩʯʝʪ ʜʣʷ ʬʝʨʤʝʨʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ ʥʘ 100 ʢʦʨʦʚ ʧʨʠ ʧʦʜʩʪʠʣʦʯʥʦʤ 

ʩʦʜʝʨʞʘʥʠʠ ʞʠʚʦʪʥʳʭ, ʛʜʝ ʟʘ ʛʦʜ ʦʙʨʘʟʫʝʪʩʷ 2190 ʪʦʥʥ ʪʚʝʨʜʦʛʦ ʥʘʚʦʟʘ. ɼʣʷ ʝʛʦ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʚ ʦʨʛʘʥʠʯʝʩʢʦʝ ʫʜʦʙʨʝʥʠʝ ʤʝʪʦʜʦʤ ʧʘʩʩʠʚʥʦʛʦ 

ʢʦʤʧʦʩʪʠʨʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʘ ʙʝʪʦʥʠʨʦʚʘʥʥʘʷ ʧʣʦʱʘʜʢʘ ʧʣʦʱʘʜʴʶ ʥʝ ʤʝʥʝʝ 3080 ʤ
2
. ʇʨʠ 

ʧʨʠʤʝʥʝʥʠʠ ʚ ʬʝʨʤʝʨʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʪʝʭʥʦʣʦʛʠʠ ʙʠʦʬʝʨʤʝʥʪʘʮʠʠ ʧʦʥʘʜʦʙʠʪʩʷ ʚʩʝʛʦ 1 

ʙʠʦʬʝʨʤʝʥʪʘʪʦʨ ʙʘʨʘʙʘʥʥʦʛʦ ʪʠʧʘ ʦʙʲʝʤʦʤ 49,23 ʤ
3
 ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 6 ʪ/ʩʫʪ. ɼʣʷ 

ʚʥʝʩʝʥʠʷ ʛʦʪʦʚʦʛʦ ʪʚʝʨʜʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʜʦʙʨʝʥʠʷ ʪʨʝʙʫʝʪʩʷ ʥʝ ʤʝʥʝʝ 62 ʛʘ ʟʝʤʝʣʴʥʳʭ 

ʫʛʦʜʠʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʘʚʦʟ, ʧʦʤʝʪ, ʦʨʛʘʥʠʯʝʩʢʦʝ ʫʜʦʙʨʝʥʠʝ, ʪʝʭʥʦʣʦʛʠʠ ʦʙʨʘʱʝʥʠʷ ʩ 

ʥʘʚʦʟʦʤ, ʬʝʨʤʝʨʩʢʦʝ ʭʦʟʷʡʩʪʚʦ 
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The handling of organic waste, particularly animal and poultry manure generated in the 

agro-industrial complex, is of special concern in the Leningrad Region. On the one hand, this 

region ranks high in the Russian Federationôs livestock and poultry farming. On the other hand, 

practically the whole of its territory is found within the Baltic Sea catchment area. In recent 

years, the share of small private farms here has demonstrated steady annual growth. In 2006-

2016 such farms increased the average number of cattle by 2.2 times, the average number of 

poultry ï by 6.3 times, and the number of pigs ï by 1.8 times. The private farms generally have 

an animal stock from one to 20 livestock units. Every year such farms produce above 420,000 

tons of solid organic fertiliser with a total nitrogen content of above 2,000 tons. The study aimed 

to develop scientifically grounded approaches and methods for environmentally sound manure 

handling on private farms along the technological chain from manure production to its 

application as an organic fertiliser. The study considered the main related operations ï 

processing, transportation, and field application. The calculations concerned a cattle farm for 100 

cows with bedding housing producing 2190 tons of solid manure per year. To process the 

manure in an environmentally safe way into an organic fertiliser by passive composting, the farm 

needs a concrete pad with an area of at least 3080 m
2
. If the farm applies bio-fermentation 

technology, it will need only one drum-type bio-fermenter with a capacity of 49, 23 m
3
 and 

throughput of 6 t/day. The farm requires at least 62 hectares of agricultural land for field 

application of the resulting solid organic fertilisers. 

 

     Key words: animal manure, poultry manure, organic fertiliser, manure handling, private farm 
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ɺʚʝʜʝʥʠʝ  

ʅʘʚʦʟ ʠ ʧʦʤʝʪ ï ʵʪʦ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʡ 

ʠʩʪʦʯʥʠʢ ʘʟʦʪʘ, ʬʦʩʬʦʨʘ, ʢʘʣʠʷ, ʢʘʣʴʮʠʷ, 

ʤʘʛʥʠʷ ʠ ʜʨʫʛʠʭ ʧʠʪʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʆʨʛʘʥʠʯʝʩʢʦʝ ʫʜʦʙʨʝʥʠʝ ʥʘ ʦʩʥʦʚʝ ʥʘʚʦʟʘ ʠ 

ʧʦʤʝʪʘ ʷʚʣʷʝʪʩʷ ʮʝʥʥʳʤ ʠ ʥʝʟʘʤʝʥʠʤʳʤ 

ʨʝʩʫʨʩʦʤ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚ 

ʠ ʧʦʣʫʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ 

ʟʘʧʣʘʥʠʨʦʚʘʥʥʦʛʦ ʫʨʦʞʘʷ [1-4]. 

ʆʜʥʘʢʦ ʝʩʣʠ ʥʘʚʦʟ ʠ ʧʦʤʸʪ ʥʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ ʦʨʛʘʥʠʯʝʩʢʦʝ ʫʜʦʙʨʝʥʠʝ, 

ʦʥʠ ʪʝʨʷʶʪ ʩʚʦʠ ʩʚʦʡʩʪʚʘ, ʩʪʘʥʦʚʷʪʩʷ 

ʠʩʪʦʯʥʠʢʦʤ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

[5-7]. ʇʨʠ ʥʝʥʘʜʣʝʞʘʱʝʤ ʦʙʨʘʱʝʥʠʠ ʩ 

ʥʘʚʦʟʦʤ ʠ ʧʦʤʝʪʦʤ ʚʦʟʥʠʢʘʝʪ ʨʠʩʢ 

ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʟʜʫʭʘ, ʧʦʯʚʳ, ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʠ ʛʨʫʥʪʦʚʳʭ ʚʦʜ [8-12]. 

ɼʣʷ ʢʨʫʧʥʳʭ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ ʠ 

ʧʪʠʮʝʚʦʜʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ, 

ʟʘʥʠʤʘʶʱʠʭʩʷ ʠʥʪʝʥʩʠʚʥʳʤ ʨʘʟʚʝʜʝʥʠʝʤ 

ʞʠʚʦʪʥʳʭ ʠ ʧʪʠʮʳ, ʩʫʱʝʩʪʚʫʶʪ 

ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʠ ʧʣʘʥʳ 

ʫʧʨʘʚʣʝʥʠʷ ʥʘʚʦʟʦʤ [13-15]. ʆʜʥʘʢʦ ʜʣʷ 

ʬʝʨʤʝʨʩʢʠʭ ʭʦʟʷʡʩʪʚ, ʚʢʣʶʯʘʶʱʠʭ ʥʘ ʦʜʥʦʡ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʣʦʱʘʜʢʝ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʦ 

ʚʠʜʦʚ ʞʠʚʦʪʥʳʭ ʠ ʧʪʠʮʳ, ʘʥʘʣʦʛʠʯʥʳʝ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʦʤʫ 

ʦʙʨʘʱʝʥʠʶ ʩ ʥʘʚʦʟʦʤ ʠ ʧʦʤʝʪʦʤ 

ʦʪʩʫʪʩʪʚʫʶʪ. ʇʨʠ ʵʪʦʤ ʜʦʣʷ ʬʝʨʤʝʨʩʢʠʭ 

ʭʦʟʷʡʩʪʚ ʚ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʩ ʢʘʞʜʳʤ 

ʛʦʜʦʤ ʚʦʟʨʘʩʪʘʝʪ, ʚʦʟʤʦʞʥʦʝ ʥʝʛʘʪʠʚʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʩ ʜʘʥʥʳʭ ʭʦʟʷʡʩʪʚ ʪʘʢʞʝ ʙʫʜʝʪ 

ʩʢʘʟʳʚʘʪʴʩʷ ʥʘ ʩʦʩʪʦʷʥʠʠ ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ. 

ɺ ʬʝʨʤʝʨʩʢʠʭ ʭʦʟʷʡʩʪʚʘʭ ʩʦʜʝʨʞʘʪʩʷ ʪʘʢʠʝ 

ʞʠʚʦʪʥʳʝ, ʢʘʢ ʢʨʫʧʥʳʡ ʨʦʛʘʪʳʡ ʩʢʦʪ, 
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ʩʚʠʥʴʠ, ʧʪʠʮʘ (ʫʪʢʠ, ʛʫʩʠ, ʠʥʜʝʡʢʠ, ʢʫʨʳ), 

ʢʦʟʳ, ʦʚʮʳ, ʣʦʰʘʜʠ ʠ ʢʨʦʣʠʢʠ (ʪʘʙʣʠʮʘ 1) 

[16]. 

 

ʊʘʙʣʠʮʘ 1 

ʇʦʛʦʣʦʚʴʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʞʠʚʦʪʥʳʭ ʚ % ʢ ʦʙʱʝʤʫ ʧʦʛʦʣʦʚʴʶ (ʜʘʥʥʳʝ ʥʘ ʢʦʥʝʮ 

2019 ʛʦʜʘ) 

ɺʠʜ ʞʠʚʦʪʥʳʭ/ʧʪʠʮʳ 
ʉʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ 

ʦʨʛʘʥʠʟʘʮʠʠ, % 

ʌʝʨʤʝʨʩʢʠʝ 

ʭʦʟʷʡʩʪʚʘ, % 

ʂʨʫʧʥʳʡ ʨʦʛʘʪʳʡ ʩʢʦʪ (ʂʈʉ) 44.7 
55.3 

 

ʂʦʨʦʚʳ 41.1 
58.9 

 

ʉʚʠʥʴʠ 89.1 
10.9 

 

ʂʦʟʳ ʠ ʦʚʮʳ 15.7 
84.3 

 

ʃʦʰʘʜʠ 20 
80 

 

ʇʪʠʮʘ 83.3 
16.7 

 

ʂʨʦʣʠʢʠ 13.6 
86.4 

 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 1, ʙʦʣʴʰʝ 50% 

ʚʩʝʛʦ ʧʦʛʦʣʦʚʴʷ ʂʈʉ, ʢʦʟ ʠ ʦʚʝʮ, ʣʦʰʘʜʝʡ ʠ 

ʢʨʦʣʠʢʦʚ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ʩʦʜʝʨʞʠʪʩʷ ʚ ʬʝʨʤʝʨʩʢʠʭ ʭʦʟʷʡʩʪʚʘʭ. 

ʆʨʛʘʥʠʯʝʩʢʦʝ ʫʜʦʙʨʝʥʠʝ, ʦʙʨʘʟʫʝʤʦʝ ʚ 

ʬʝʨʤʝʨʩʢʠʭ ʭʦʟʷʡʩʪʚʘʭ, ʪʘʢʞʝ ʤʦʞʝʪ 

ʙʶʜʞʝʪʥʦ ʟʘʤʝʥʠʪʴ ʟʘʢʫʧʘʝʤʳʝ ʭʠʤʠʯʝʩʢʠʝ ʠ 

ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʫʜʦʙʨʝʥʠʷ. ʉʢʦʣʴʢʦ ʢʠʣʦʛʨʘʤʤ 

ʭʠʤʠʯʝʩʢʠʭ (ʤʠʥʝʨʘʣʴʥʳʭ) ʫʜʦʙʨʝʥʠʡ ʤʦʞʥʦ 

ʟʘʤʝʥʠʪʴ ʦʜʥʦʡ ʪʦʥʥʦʡ ʥʘʚʦʟʘ ʠ ʧʦʤʝʪʘ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣʠʮʝ 2. ʇʨʠ ʵʪʦʤ ʩʨʝʜʥʠʡ 

ʧʨʦʮʝʥʪ ʫʩʚʦʷʝʤʦʩʪʠ ʨʘʩʪʝʥʠʷʤʠ 

ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʝʪ 

40%, ʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʡ ï 70%. 

 

ʊʘʙʣʠʮʘ 2 

ʋʜʦʙʨʠʪʝʣʴʥʘʷ ʮʝʥʥʦʩʪʴ ʥʘʚʦʟʘ ʠʩʭʦʜʥʦʡ ʚʣʘʞʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʞʠʚʦʪʥʳʭ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʤʠʥʝʨʘʣʴʥʳʤʠ ʫʜʦʙʨʝʥʠʷʤʠ (ɸʟʦʬʦʩʢʘ (ʥʠʪʨʦʘʤʤʦʬʦʩʢʘ) ʄʘʨʢʘ NPK 

(ʄʆʈ) 25:9:9) 

1 ʪʦʥʘ ʫʜʦʙʨʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʥʘʚʦʟʘ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

19,2 ʢʛ ʘʟʦʬʦʩʢʠ 

1 ʪʦʥʘ ʫʜʦʙʨʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʩʚʠʥʦʛʦ ʥʘʚʦʟʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 9,6 ʢʛ ʘʟʦʬʦʩʢʠ 

1 ʪʦʥʘ ʫʜʦʙʨʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʢʫʨʠʥʦʛʦ ʧʦʤʝʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 40 ʢʛ ʘʟʦʬʦʩʢʠ 

1 ʪʦʥʘ ʫʜʦʙʨʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʥʘʚʦʟʘ ʣʦʰʘʜʝʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 23,2 ʢʛ ʘʟʦʬʦʩʢʠ 

 

ʎʝʣʴʶ ʧʨʦʚʦʜʠʤʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʳʭ 

ʤʝʪʦʜʦʚ ʠ ʧʦʜʭʦʜʦʚ ʧʦ ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʙʝʟʦʧʘʩʥʦʤʫ ʦʙʨʘʱʝʥʠʶ ʩ ʥʘʚʦʟʦʤ ʚ 
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ʬʝʨʤʝʨʩʢʠʭ ʭʦʟʷʡʩʪʚʘʭ ʦʪ ʦʙʨʘʟʦʚʘʥʠʷ 

ʥʘʚʦʟʘ ʜʦ ʚʥʝʩʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʫʜʦʙʨʝʥʠʷ. 

ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʳ 

ɺ ʨʘʤʢʘʭ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʞʠʚʦʪʥʦʚʦʜʩʪʚʦ ʠ 

ʧʪʠʮʝʚʦʜʩʪʚʦ ʚ ʬʝʨʤʝʨʩʢʠʭ ʭʦʟʷʡʩʪʚʘʭ 

ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ, ʷʚʣʷʶʱʝʡʩʷ 

ʚʦʜʦʩʙʦʨʥʦʡ ʪʝʨʨʠʪʦʨʠʝʡ ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ, 

ʢ ʢʦʪʦʨʦʡ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʪʨʝʙʦʚʘʥʠʷ 

ʍʝʣʢʦʤ [17]. 

ɿʘ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʩʨʝʜʥʝʝ 

ʧʦʛʦʣʦʚʴʝ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ ʚ 

ʬʝʨʤʝʨʩʢʠʭ ʭʦʟʷʡʩʪʚʘʭ ʩ 2006 ʛʦʜʘ ʧʦ 2016 

ʛʦʜ ʫʚʝʣʠʯʠʣʦʩʴ ʚ 2,2 ʨʘʟʘ, ʩʨʝʜʥʝʝ 

ʧʦʛʦʣʦʚʴʝ ʧʪʠʮʳ ʚ 6,3 ʨʘʟʘ, ʘ ʧʦʛʦʣʦʚʴʝ 

ʩʚʠʥʝʡ ʚ 1,8 ʨʘʟ. ʆʙʱʝʝ ʧʦʛʦʣʦʚʴʝ ʢʨʫʧʥʦʛʦ 

ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ ʚ ʬʝʨʤʝʨʩʢʠʭ ʭʦʟʷʡʩʪʚʘʭ ʢ 

2020 ʛʦʜʫ ʧʦ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ʩʦʩʪʘʚʠʣʦ 9903 ʪʳʩʷʯ ʛʦʣʦʚ, ʧʦʛʦʣʦʚʴʝ 

ʩʚʠʥʝʡ ï 2538 ʪʳʩʷʯ ʛʦʣʦʚ, ʧʦʛʦʣʦʚʴʝ ʧʪʠʮʳ 

ï 87304 ʪʳʩʷʯ ʛʦʣʦʚ ʛʦʣʦʚ. 

ʆʙʱʝʝ ʧʦʛʦʣʦʚʴʝ ʞʠʚʦʪʥʳʭ ʠ ʧʪʠʮʳ ʚ 

ʬʝʨʤʝʨʩʢʠʭ ʭʦʟʷʡʩʪʚʘʭ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ 

ʪʘʙʣʠʮʝ 3 [16]. 

 

ʊʘʙʣʠʮʘ 3 

ʆʙʱʝʝ ʧʦʛʦʣʦʚʴʝ ʞʠʚʦʪʥʳʭ ʠ ʧʪʠʮʳ ʚ ʬʝʨʤʝʨʩʢʠʭ ʭʦʟʷʡʩʪʚʘʭ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ 

(ʜʘʥʥʳʝ ʥʘ ʢʦʥʝʮ 2020 ʛʦʜʘ) 

ɺʠʜ ʞʠʚʦʪʥʳʭ/ʧʪʠʮʳ 
ʇʦʛʦʣʦʚʴʝ ʞʠʚʦʪʥʳʭ/ʧʪʠʮʳ, 

ʛʦʣ 

ʂʨʫʧʥʳʡ ʨʦʛʘʪʳʡ ʩʢʦʪ (ʜʘʥʥʳʝ ʥʘ ʢʦʥʝʮ 2020 ʛʦʜʘ) 16610 

ʂʦʨʦʚʳ (ʜʘʥʥʳʝ ʥʘ ʢʦʥʝʮ 2020 ʛʦʜʘ) 6758 

ʉʚʠʥʴʠ (ʜʘʥʥʳʝ ʥʘ ʢʦʥʝʮ 2020 ʛʦʜʘ) 5368 

ʂʦʟʳ ʠ ʦʚʮʳ (ʜʘʥʥʳʝ ʥʘ ʢʦʥʝʮ 2020 ʛʦʜʘ) 24933 

ʃʦʰʘʜʠ (ʜʘʥʥʳʝ ʥʘ ʢʦʥʝʮ 2019 ʛʦʜʘ) 594 

ʇʪʠʮʘ (ʜʘʥʥʳʝ ʥʘ ʢʦʥʝʮ 2017 ʛʦʜʘ) 491962 

ʂʨʦʣʠʢʠ (ʜʘʥʥʳʝ ʥʘ ʢʦʥʝʮ 2017 ʛʦʜʘ) 28854 

 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ 

ʩʦʜʝʨʞʘʥʠʷ ʞʠʚʦʪʥʳʭ ʠ ʧʪʠʮʳ ʚ 

ʬʝʨʤʝʨʩʢʠʭ ʭʦʟʷʡʩʪʚʘʭ ï ʙʝʩʧʨʠʚʷʟʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʥʘ ʧʦʜʩʪʠʣʢʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʜʘʥʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʥʘ 

ʚʳʭʦʜʝ ʠʟ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ ʧʦʤʝʱʝʥʠʡ 

ʦʙʨʘʟʫʝʪʩʷ ʪʚʝʨʜʳʡ ʥʘʚʦʟ ʚʣʘʞʥʦʩʪʴʶ 

ʤʝʥʝʝ 75%. ɺʩʝʛʦ ʩ ʬʝʨʤʝʨʩʢʠʭ ʭʦʟʷʡʩʪʚ ʟʘ 

ʛʦʜ ʦʙʨʘʟʫʝʪʩʷ ʙʦʣʝʝ 420000 ʪʦʥʥ ʪʚʝʨʜʦʛʦ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʜʦʙʨʝʥʠʷ. 

ʕʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʘʷ ʨʘʙʦʪʘ ʩ 

ʥʘʚʦʟʦʤ/ʧʦʤʝʪʦʤ ʜʦʣʞʥʘ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ 

ʥʘ ʢʘʞʜʦʡ ʠʟ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ. 

ʉʦʙʣʶʜʝʥʠʝ ʚʩʝʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ ʚ ʮʝʣʦʤ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʩʦʭʨʘʥʥʦʩʪʴ ʧʠʪʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, 

ʩʥʠʞʝʥʠʝ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʧʨʠʙʘʚʢʫ ʫʨʦʞʘʷ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ. 

ɺ ʨʘʤʢʘʭ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʚʩʝ ʦʩʥʦʚʥʳʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ, 

ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʝ ʧʨʠ ʦʙʨʘʱʝʥʠʠ ʩ 

ʥʘʚʦʟʦʤ/ʧʦʤʝʪʦʤ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ 

ʞʠʚʦʪʥʳʭ/ʧʪʠʮʳ ʠ ʢʦʣʠʯʝʩʪʚʘ 

ʧʨʠʤʝʥʷʝʤʦʛʦ ʧʦʜʩʪʠʣʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, 

ʨʘʩʩʯʠʪʘʥʳ ʤʘʩʩʳ ʥʘʚʦʟʘ ʠ ʧʦʤʝʪʘ, 

ʥʝʦʙʭʦʜʠʤʳʝ ʨʘʟʤʝʨʳ ʥʘʚʦʟʦʭʨʘʥʠʣʠʱ ʠ 

ʧʣʦʱʘʜʠ ʟʝʤʝʣʴʥʳʭ ʫʛʦʜʠʡ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, 

ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʚʥʝʩʝʥʠʷ ʚʩʝʛʦ ʪʚʝʨʜʦʛʦ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʜʦʙʨʝʥʠʷ [18-19].  
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ʄʘʩʩʘ ʥʘʚʦʟʘ ʦʪ ʦʜʥʦʛʦ ʞʠʚʦʪʥʦʛʦ ʚ ʩʫʪʢʠ (ʢʛ/ʩʫʪ) ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦ ʬʦʨʤʫʣʝ 1: 

 

1 2 3 4       (1) 

 

1 ï ʤʘʩʩʘ ʥʘʚʦʟʘ ʦʪ 1 ʞʠʚʦʪʥʦʛʦ ʚ ʩʫʪʢʠ, ʢʛ/ʩʫʪʢʠ; 

2 ï ʤʘʩʩʘ ʵʢʩʢʨʝʤʝʥʪʦʚ ʦʪ 1 ʞʠʚʦʪʥʦʛʦ ʚ ʩʫʪʢʠ, ʢʛ/ʩʫʪ; 

3 ï ʤʘʩʩʘ ʚʦʜʳ, ʧʦʧʘʜʘʶʱʝʡ ʚ ʥʘʚʦʟ ʚ ʩʫʪʢʠ, ʚ ʨʘʩʯʝʪʝ ʥʘ 1 ʞʠʚʦʪʥʦʝ, ʢʛ/ʩʫʪ; 

4 ï ʤʘʩʩʘ ʧʦʜʩʪʠʣʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ 1 ʞʠʚʦʪʥʦʝ ʚ ʩʫʪʢʠ, ʢʛ/ʩʫʪ; 

 

ɺʣʘʞʥʦʩʪʴ ʥʘʚʦʟʘ ʩ 1 ʞʠʚʦʪʥʦʛʦ (%) ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦ ʬʦʨʤʫʣʝ 2: 

 

1
2z 2 3z1004z 4

2 3 4
      (2) 

 

1 ï ʚʣʘʞʥʦʩʪʴ ʥʘʚʦʟʘ 1 ʞʠʚʦʪʥʦʛʦ, %; 

2 ï ʚʣʘʞʥʦʩʪʴ ʵʢʩʢʨʝʤʝʥʪʦʚ 1 ʞʠʚʦʪʥʦʛʦ, %; 

4 ï ʚʣʘʞʥʦʩʪʴ ʧʨʠʤʝʥʷʝʤʦʛʦ ʧʦʜʩʪʠʣʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, %; 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ɺ ʩʣʫʯʘʝ ʩʦʜʝʨʞʘʥʠʷ ʚ ʭʦʟʷʡʩʪʚʝ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʝʩʢʦʣʴʢʠʭ ʚʠʜʦʚ ʞʠʚʦʪʥʳʭ: 

ʩʚʠʥʝʡ, ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ, ʩʚʠʥʝʡ, 

ʦʚʝʮ, ʢʦʟ ʠ ʜʨʫʛʠʭ ʞʠʚʦʪʥʳʭ 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʝ ʟʜʘʥʠʝ 

ʨʘʟʜʝʣʠʪʴ ʥʘ ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʧʦʤʝʱʝʥʠʷ ʧʦ 

ʚʠʜʫ ʞʠʚʦʪʥʳʭ ʩ ʦʪʜʝʣʴʥʳʤʠ ʚʳʭʦʜʘʤʠ ʠ 

ʠʟʦʣʠʨʦʚʘʥʥʳʤʠ ʚʳʛʫʣʴʥʳʤʠ ʧʣʦʱʘʜʢʘʤʠ 

ʜʣʷ ʢʘʞʜʦʛʦ ʚʠʜʘ ʞʠʚʦʪʥʳʭ (ʢʨʦʤʝ 

ʩʚʠʥʝʡ). ʇʪʠʮʫ (ʢʫʨʳ, ʫʪʢʠ, ʛʫʩʠ, ʠʥʜʝʡʢʠ, 

ʧʝʨʝʧʝʣʘ) ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʩʦʜʝʨʞʘʪʴ ʚ 

ʦʪʜʝʣʴʥʦʤ ʟʜʘʥʠʠ ʠʟʦʣʠʨʦʚʘʥʥʦ ʦʪ 

ʚʳʰʝʥʘʟʚʘʥʥʳʭ ʞʠʚʦʪʥʳʭ. 

ʇʨʠ ʩʦʙʣʶʜʝʥʠʠ ʚʩʝʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʪʨʝʙʦʚʘʥʠʡ ʚ ʪʚʝʨʜʦʤ ʥʘʚʦʟʝ, 

ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʦʤ ʢ ʤʝʩʪʫ ʧʝʨʝʨʘʙʦʪʢʠ ʩʦ 

ʚʩʝʭ ʬʝʨʤʝʨʩʢʠʭ ʭʦʟʷʡʩʪʚ ʃʝʥʠʥʛʨʘʜʩʢʦʡ 

ʦʙʣʘʩʪʠ, ʤʦʞʝʪ ʙʳʪʴ ʩʦʭʨʘʥʝʥʦ ʪʦʣʴʢʦ 

ʦʙʱʝʛʦ ʘʟʦʪʘ ʙʦʣʝʝ 2000 ʪʦʥʥ. 

ʊʨʘʜʠʮʠʦʥʥʦ ʚ ʬʝʨʤʝʨʩʢʠʭ 

ʭʦʟʷʡʩʪʚʘʭ ʚ ʦʩʥʦʚʥʦʤ ʧʨʠʤʝʥʷʶʪʩʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʧʦ ʫʜʘʣʝʥʠʶ 

ʥʘʚʦʟʘ ʠ ʧʦʤʝʪʘ ʩ ʤʠʥʠʤʠʟʘʮʠʝʡ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʪʘʢ ʥʘʟʳʚʘʝʤʦʝ 

ʨʫʯʥʦʝ ʥʘʚʦʟʦʫʜʘʣʝʥʠʝ. ʋʙʦʨʢʘ 

ʥʘʚʦʟʘ/ʧʦʤʝʪʘ ʪʘʢʞʝ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ 

ʪʨʘʢʪʦʨʦʤ ʢʣʘʩʩʘ ʪʷʛʠ 1,4-2,0, ʦʩʥʘʱʝʥʥʳʤ 

ʙʫʣʴʜʦʟʝʨʥʦʡ ʥʘʚʝʩʢʦʡ ʠʣʠ ʜʨʫʛʠʤʠ 

ʤʦʙʠʣʴʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ. 

ʇʨʠ ʩʦʜʝʨʞʘʥʠʠ ʞʠʚʦʪʥʳʭ ʥʘ 

ʛʣʫʙʦʢʦʡ ʧʦʜʩʪʠʣʢʝ, ʩʤʝʥʷʝʤʦʡ ʥʝ ʯʘʱʝ 

ʦʜʥʦʛʦ ʨʘʟʘ ʚ ʤʝʩʷʮ, ʥʘʚʦʟ ʨʝʢʦʤʝʥʜʫʝʪʩʷ 

ʫʙʠʨʘʪʴ ʩ ʧʦʤʦʱʴʶ ʙʫʣʴʜʦʟʝʨʘ. ʇʦʤʠʤʦ 

ʙʫʣʴʜʦʟʝʨʦʚ ʚ ʢʘʯʝʩʪʚʝ ʤʦʙʠʣʴʥʳʭ ʩʨʝʜʩʪʚ 

ʫʙʦʨʢʠ ʥʘʚʦʟʘ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʥʘʚʦʟʦʩʙʦʨʥʳʝ ʘʛʨʝʛʘʪʳ ʩ ʬʨʦʥʪʘʣʴʥʳʤ 

ʧʦʛʨʫʟʦʯʥʳʤ ʢʦʚʰʦʤ ʠʣʠ ʩ ʧʦʜʙʦʨʱʠʢʦʤ 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʜʝʡʩʪʚʠʷ. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ 

ʪʝʭʥʦʣʦʛʠʝʡ ʧʝʨʝʨʘʙʦʪʢʠ ʪʚʝʨʜʦʛʦ ʥʘʚʦʟʘ 

ʷʚʣʷʝʪʩʷ ʝʛʦ ʧʘʩʩʠʚʥʦʝ ʢʦʤʧʦʩʪʠʨʦʚʘʥʠʝ 

[20]. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ 

ʞʠʚʦʪʥʳʭ/ʧʪʠʮʳ, ʧʨʠʤʝʥʷʝʤʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʠʭ ʩʦʜʝʨʞʘʥʠʷ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ʩʣʝʜʫʶʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʥʘʚʦʟʘ/ʧʦʤʝʪʘ, 

ʦʪʨʘʞʝʥʥʦʝ ʚ ʪʘʙʣʠʮʝ 4. 
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ʊʘʙʣʠʮʘ 4 

ʄʘʩʩʘ ʥʘʚʦʟʘ/ʧʦʤʝʪʘ, ʨʘʟʤʝʨʳ ʭʨʘʥʠʣʠʱ ʠ ʥʝʦʙʭʦʜʠʤʳʝ ʧʣʦʱʘʜʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʫʛʦʜʠʡ 

ʇʦʛʦʣʦʚʴʝ 

ʞʠʚʦʪʥʳʭ/ʧ

ʪʠʮʳ 

ɺʠʜ 

ʥʘʚʦʟʘ/ʧʦʤʝʪʘ 

ʄʘʩʩʘ 

ʥʘʚʦʟʘ/ʧʦʤʝʪʘ, 

ʪ/ʛʦʜ 

ʈʘʟʤʝʨʳ 

ʧʣʦʱʘʜʢʠ/ʚʤʝʩʪʠʤʦ

ʩʪʴ ʭʨʘʥʠʣʠʱʘ 

ʅʝʦʙʭʦʜʠʤʦ ʧʦʣʝʡ, 

ʛʘ 

ʂʆʈʆɺʓ 

10 ʢʦʨʦʚ ʪʚʝʨʜʳʡ 210 230 ʤ
2
 6,1 

50 ʢʦʨʦʚ ʪʚʝʨʜʳʡ 1095 1575 ʤ
2
 31 

100 ʢʦʨʦʚ ʪʚʝʨʜʳʡ 2190 3080 ʤ
2
 62 

ʉɺʀʅʔʀ 

3 ʩʚʠʥʴʠ ʞʠʜʢʠʡ 5,5 6 ʤ
3
 0,1 

6 ʩʚʠʥʝʡ ʞʠʜʢʠʡ 11 11,5 ʤ
3
 0,2 

10 ʩʚʠʥʝʡ ʞʠʜʢʠʡ 18,3 19 ʤ
3
 0,3 

ʂʋʈʓ 

10 ʢʫʨ ʪʚʝʨʜʳʡ 0,45 2 ʤ
2
 0,1 

30 ʢʫʨ ʪʚʝʨʜʳʡ 1,4 3 ʤ
2
 0,2 

50 ʢʫʨ ʪʚʝʨʜʳʡ 2,3 3,5 ʤ
2
 0,3 

70 ʢʫʨ ʪʚʝʨʜʳʡ 3,2 4 ʤ
2
 0,4 

ʃʆʐɸɼʀ 

10 ʣʦʰʘʜʝʡ ʪʚʝʨʜʳʡ 146 132 ʤ
2
 4,5 

50 ʣʦʰʘʜʝʡ ʪʚʝʨʜʳʡ 730 528 ʤ
2
 21,5 

100 ʣʦʰʘʜʝʡ ʪʚʝʨʜʳʡ 1460 1122 ʤ
2
 43 

ʂʆɿʓ 

50 ʢʦʟ ʪʚʝʨʜʳʡ 118 120 ʤ
2
 4,2 

ʆɺʎʓ 

50 ʦʚʝʮ ʪʚʝʨʜʳʡ 70 65 ʤ
2
 2,8 

ʋʊʂʀ 

100 ʫʪʦʢ ʪʚʝʨʜʳʡ 18,4 21 ʤ
2
 0,8 

ɻʋʉʀ 

100 ʛʫʩʝʡ ʪʚʝʨʜʳʡ 19,5 23 ʤ
2
 0,9 

ʀʅɼɽʁʂʀ 

100 ʠʥʜʝʝʢ ʪʚʝʨʜʳʡ 23 28 ʤ
2
 1,4 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʡ ʨʘʙʦʪʳ 

ʨʘʩʩʯʠʪʘʥʳ ʤʘʩʩʳ ʥʘʚʦʟʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʦʛʦʣʦʚʴʷ ʪʘʢʠʭ ʞʠʚʦʪʥʳʭ, ʢʘʢ ʢʦʨʦʚʳ, 

ʩʚʠʥʴʠ, ʢʫʨʳ, ʣʦʰʘʜʠ, ʢʦʟʳ, ʦʚʮʳ, ʫʪʢʠ, ʛʫʩʠ 

ʠ ʠʥʜʝʡʢʠ. ɼʣʷ ʢʘʞʜʦʛʦ ʚʠʜʘ ʞʠʚʦʪʥʳʭ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʠʧʦʤ ʦʙʨʘʟʫʝʤʦʛʦ 
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ʥʘʚʦʟʘ/ʧʦʤʝʪʘ ʦʧʨʝʜʝʣʝʥʳ ʪʝʭʥʦʣʦʛʠʠ 

ʧʝʨʝʨʘʙʦʪʢʠ ʥʘʚʦʟʘ ʚ ʦʨʛʘʥʠʯʝʩʢʦʝ 

ʫʜʦʙʨʝʥʠʝ, ʨʘʩʩʯʠʪʘʥʳ ʨʘʟʤʝʨʳ 

ʙʝʪʦʥʠʨʦʚʘʥʥʳʭ ʧʣʦʱʘʜʦʢ ʜʣʷ ʪʚʝʨʜʦʛʦ 

ʫʜʦʙʨʝʥʠʷ ʠ ʚʤʝʩʪʠʤʦʩʪʠ ʥʘʚʦʟʦʭʨʘʥʠʣʠʱ 

ʜʣʷ ʞʠʜʢʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʜʦʙʨʝʥʠʷ. 

ʊʘʢʞʝ ʩ ʫʯʝʪʦʤ ʚʦʟʜʝʣʳʚʘʝʤʳʭ ʢʫʣʴʪʫʨ ʠ 

ʧʨʠʤʝʥʷʝʤʦʛʦ ʩʝʚʦʦʙʦʨʦʪʘ ʨʘʩʩʯʠʪʘʥʳ 

ʥʝʦʙʭʦʜʠʤʳʝ ʤʠʥʠʤʘʣʴʥʳʝ ʧʣʦʱʘʜʠ 

ʟʝʤʝʣʴʥʳʭ ʫʛʦʜʠʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ ʜʣʷ ʚʥʝʩʝʥʠʷ ʚʩʝʛʦ ʧʦʣʫʯʘʝʤʦʛʦ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʜʦʙʨʝʥʠʷ. 

ʂ ʧʨʠʤʝʨʫ, ʩ ʬʝʨʤʝʨʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ 

ʥʘ 100 ʢʦʨʦʚ ʧʨʠ ʧʦʜʩʪʠʣʦʯʥʦʤ ʩʦʜʝʨʞʘʥʠʠ 

ʞʠʚʦʪʥʳʭ ʟʘ ʛʦʜ ʦʙʨʘʟʫʝʪʩʷ 2190 ʪʦʥʥ 

ʪʚʝʨʜʦʛʦ ʥʘʚʦʟʘ. ɼʣʷ ʝʛʦ ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʙʝʟʦʧʘʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʚ ʦʨʛʘʥʠʯʝʩʢʦʝ 

ʫʜʦʙʨʝʥʠʝ ʤʝʪʦʜʦʤ ʧʘʩʩʠʚʥʦʛʦ 

ʢʦʤʧʦʩʪʠʨʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʘ 

ʙʝʪʦʥʠʨʦʚʘʥʥʘʷ ʧʣʦʱʘʜʢʘ ʧʣʦʱʘʜʴʶ ʥʝ 

ʤʝʥʝʝ 3080 ʤ
2
. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʨʘʙʦʪʢʠ 

ʦʙʨʘʟʫʝʪʩʷ ʪʚʝʨʜʦʝ ʦʨʛʘʥʠʯʝʩʢʦʝ ʫʜʦʙʨʝʥʠʷ, 

ʜʣʷ ʚʥʝʩʝʥʠʷ ʢʦʪʦʨʦʛʦ ʪʨʝʙʫʝʪʩʷ ʥʝ ʤʝʥʝʝ 62 

ʛʘ ʟʝʤʝʣʴʥʳʭ ʫʛʦʜʠʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ. 

ʇʝʨʩʧʝʢʪʠʚʥʦʡ ʠ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʝʡ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʧʝʨʝʨʘʙʦʪʢʠ 

ʪʚʝʨʜʦʛʦ ʥʘʚʦʟʘ ʠ ʧʦʤʝʪʘ ʷʚʣʷʝʪʩʷ 

ʙʠʦʬʝʨʤʝʥʪʘʮʠʷ ʚ ʫʩʪʘʥʦʚʢʘʭ ʙʘʨʘʙʘʥʥʦʛʦ 

ʪʠʧʘ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʘʩʩʳ ʧʦʣʫʯʘʝʤʦʛʦ 

ʪʚʝʨʜʦʛʦ ʥʘʚʦʟʘ/ʧʦʤʝʪʘ ʦʧʨʝʜʝʣʝʥʘ 

ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʙʠʦʬʝʨʤʝʥʪʘʮʠʦʥʥʳʭ 

ʫʩʪʘʥʦʚʢʘʭ ʙʘʨʘʙʘʥʥʦʛʦ ʪʠʧʘ (ʪʘʙʣʠʮʘ 5) 

[21]. 

 

ʊʘʙʣʠʮʘ 5 

ʇʦʪʨʝʙʥʦʩʪʴ ʙʠʦʬʝʨʤʝʥʪʘʮʠʦʥʥʳʭ ʫʩʪʘʥʦʚʦʢ ʢʦʥʢʨʝʪʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʢʘʪʝʛʦʨʠʡ ʭʦʟʷʡʩʪʚ 

ʇʦʢʘʟʘʪʝʣʴ ʉʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʝ ʧʨʝʜʧʨʠʷʪʠʝ 

ʂʈʉ ʉʚʠʥ

ʴʠ 

ʇʪʠ

ʮʘ 

ʇʦʛʦʣʦʚʴʝ 

ʞʠʚʦʪʥʳʭ, ʛʦʣ 

ɼʦ 

200 

200-

400 

400-

600 

600-800 800-1000 ɼʦ 

3000 

ɼʦ 

1000 

ɺʳʭʦʜ ʥʘʚʦʟʘ, 

ʪ/ʩʫʪ 

20,8 41,6 62,4 83,2 104 25,2 0,13 

ʆʙʲʝʤ 

ʙʠʦʬʝʨʤʝʥʪʘʪʦʨʘ, 

ʤ
3
 

49,23 49,23 73,85 73,85 73,85 73,85 73,85 24,62 0,92 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦ

ʩʪʴ 

ʙʠʦʬʝʨʤʝʥʪʘʪʦʨʘ, 

ʪ/ʩʫʪ 

6 6 9 9 6 9 6 3 0,15 

ʂʦʣʠʯʝʩʪʚʦ 

ʥʝʦʙʭʦʜʠʤʳʭ 

ʙʠʦʬʝʨʤʝʥʪʘʪʦʨʦ

ʚ, ʰʪ 

1 2 2 2 1 2 2 1 1 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʙʠʦʬʝʨʤʝʥʪʘʮʠʦʥʥʳʭ ʫʩʪʘʥʦʚʦʢ 

ʙʘʨʘʙʘʥʥʦʛʦ ʪʠʧʘ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ 

ʩʥʠʞʝʥʠʷ ʚʣʘʞʥʦʩʪʠ ʧʦʣʫʯʘʝʤʦʛʦ 



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

136 
 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʜʦʙʨʝʥʠʷ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ 

ʩʦʭʨʘʥʝʥʠʠ ʚ ʥʝʤ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ. ʇʨʠ 

ʵʪʦʤ ʩʦʢʨʘʱʘʶʪʩʷ ʩʨʦʢʠ ʧʝʨʝʨʘʙʦʪʢʠ ʠ 

ʟʘʪʨʘʪʳ ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʙʝʪʦʥʠʨʦʚʘʥʥʳʭ 

ʧʣʦʱʘʜʦʢ. ɼʣʷ ʧʨʠʤʝʨʘ, ʜʣʷ ʬʝʨʤʝʨʩʢʦʛʦ 

ʭʦʟʷʡʩʪʚʘ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ ʥʘ 100 

ʢʦʨʦʚ, ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʚʩʝʛʦ ʦʙʨʘʟʫʝʤʦʛʦ 

ʪʚʝʨʜʦʛʦ ʥʘʚʦʟʘ ʥʝʦʙʭʦʜʠʤ ʚʩʝʛʦ 1 

ʙʠʦʬʝʨʤʝʥʪʘʪʦʨ ʙʘʨʘʙʘʥʥʦʛʦ ʪʠʧʘ. 

ʇʦʣʫʯʘʝʤʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ 

ʫʜʦʙʨʝʥʠʷ ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ɻʆʉʊ ʈ 

53117-2008 çʋʜʦʙʨʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʝ ʥʘ 

ʦʩʥʦʚʝ ʦʪʭʦʜʦʚ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ. 

ʊʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷè. 

ʅʦʨʤʳ ʠ ʩʨʦʢʠ ʚʥʝʩʝʥʠʷ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʡ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʩ 

ʫʯʝʪʦʤ ʢʦʣʠʯʝʩʪʚʘ ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʥʠʭ 

ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ, ʧʦʯʚʝʥʥʳʭ 

ʫʩʣʦʚʠʡ, ʧʨʠʥʷʪʳʭ ʚ ʭʦʟʷʡʩʪʚʝ 

ʩʝʚʦʦʙʦʨʦʪʦʚ, ʩʪʨʫʢʪʫʨʳ ʧʦʩʝʚʦʚ ʠ 

ʪʨʝʙʫʝʤʦʛʦ ʫʨʦʚʥʷ ʫʨʦʞʘʡʥʦʩʪʠ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ. ʇʨʠ ʨʘʩʯʝʪʝ 

ʜʦʟʳ ʚʥʝʩʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʜʦʙʨʝʥʠʷ 

ʫʯʪʝʥʳ ʦʛʨʘʥʠʯʝʥʠʷ ʚ 170 ʢʛ ʘʟʦʪʘ ʥʘ 1 ʛʘ ʠ ʚ 

25 ʢʛ ʬʦʩʬʦʨʘ ʥʘ 1 ʛʘ (ʪʘʙʣʠʮʘ 4). 

ɺʥʝʩʝʥʠʷ ʪʚʝʨʜʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʫʜʦʙʨʝʥʠʷ ʥʘ ʧʦʣʷ ʨʝʢʦʤʝʥʜʫʝʪʩʷ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʦʚʝʨʭʥʦʩʪʥʦ ʧʦʜ ʟʘʧʘʰʢʫ. 

ɺʥʝʩʝʥʠʝ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʤʘʰʠʥʘʤʠ ʜʣʷ 

ʚʥʝʩʝʥʠʷ ʪʚʝʨʜʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʡ 

(ʥʘʧʨʠʤʝʨ, ʄʊʋ, ʄʊʊ, ʊʠʪʘʥ, Joskin 

Tornado ʠ ʜʨ.). 

ʊʚʝʨʜʦʝ ʦʨʛʘʥʠʯʝʩʢʦʝ ʫʜʦʙʨʝʥʠʝ 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʟʘʧʘʭʠʚʘʪʴ ʚ ʧʦʯʚʫ ʚ ʪʝʯʝʥʠʠ 

ʧʝʨʚʳʭ 24 ʯʘʩʦʚ ʩ ʤʦʤʝʥʪʘ ʚʥʝʩʝʥʠʷ, ʪʦʛʜʘ 

ʚʳʙʨʦʩʳ ʚ ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ ʤʦʛʫʪ 

ʩʦʢʨʘʪʠʪʴʩʷ ʥʘ 50%. 

ɺʥʝʩʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʜʦʙʨʝʥʠʷ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʜʜʝʨʞʘʥʠʝ ʛʫʤʫʩʘ ʚ ʧʦʯʚʝ, 

ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʠʥʜʠʢʘʪʦʨʦʚ 

ʧʣʦʜʦʨʦʜʠʷ (ʪʘʙʣʠʮʘ 6). 

ʊʘʙʣʠʮʘ 6 

ʇʦʪʨʝʙʥʦʩʪʴ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʷʭ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʙʝʟʜʝʬʠʮʠʪʥʦʛʦ ʙʘʣʘʥʩʘ 

ʛʫʤʫʩʘ ʚ ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʭ ʧʦʯʚʘʭ (ʫʩʨʝʜʥʝʥʥʳʝ ʩʨʝʜʥʝʛʦʜʦʚʳʝ ʧʦʢʘʟʘʪʝʣʠ) 

ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ 

ʩʦʩʪʘʚ 

ʇʦʪʨʝʙʥʦʩʪʴ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʷʭ, ʪ/ʛʘ ʆʙʨʘʟʫʝʪʩʷ 

ʛʫʤʫʩʘ ʠʟ 1 ʪ 

ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʫʜʦʙʨʝʥʠʡ, ʢʛ 

% ʧʨʦʧʘʰʥʳʭ ʢʫʣʴʪʫʨ 

10 20 30 

ʉʫʛʣʠʥʠʩʪʳʝ  10 11 13 50 

ʉʫʧʝʩʯʘʥʳʝ ʥʘ 

ʤʦʨʝʥʝ 

12 12,5 13 45 

ʉʫʧʝʩʯʘʥʳʝ ʥʘ ʧʝʩʢʝ 13 14 15 40 

ʇʝʩʯʘʥʳʝ 15 15 18,8 35 

 

ɺʥʝʩʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʜʦʙʨʝʥʠʷ ʚ 

ʦʙʦʩʥʦʚʘʥʥʳʭ ʜʦʟʘʭ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʠʙʘʚʢʫ 

ʫʨʦʞʘʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ. 

ɺʳʚʦʜʳ 

ʇʨʦʙʣʝʤʳ ʦʙʨʘʱʝʥʠʷ ʩ 

ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʦʪʭʦʜʘʤʠ (ʥʘʚʦʟ ʠ ʧʦʤʝʪ) 

ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʦʩʦʙʝʥʥʦ 

ʦʩʪʨʦ ʩʪʦʷʪ ʚ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ 

(ʟʘʥʠʤʘʶʱʝʡ ʚʝʜʫʱʝʝ ʤʝʩʪʦ ʚ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ʠʤʝʥʥʦ ʚ ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ ʠ 

ʧʪʠʮʝʚʦʜʩʪʚʝ), ʧʦʩʢʦʣʴʢʫ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʷ 

ʪʝʨʨʠʪʦʨʠʷ ʨʝʛʠʦʥʘ ʷʚʣʷʝʪʩʷ ʚʦʜʦʩʙʦʨʥʳʤ 

ʙʘʩʩʝʡʥʦʤ ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ. ɺ ʩʪʘʪʴʝ 

ʦʧʠʩʘʥʳ ʤʝʪʦʜʳ ʠ ʧʦʜʭʦʜʳ ʧʦ ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʙʝʟʦʧʘʩʥʦʤʫ ʦʙʨʘʱʝʥʠʶ ʩ ʥʘʚʦʟʦʤ ʚ 

ʬʝʨʤʝʨʩʢʠʭ ʭʦʟʷʡʩʪʚʘʭ ʦʪ ʦʙʨʘʟʦʚʘʥʠʷ 
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ʥʘʚʦʟʘ ʜʦ ʚʥʝʩʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʫʜʦʙʨʝʥʠʷ. 

ɺ ʨʘʤʢʘʭ ʧʨʦʚʝʜʝʥʥʦʡ ʨʘʙʦʪʳ 

ʠʟʫʯʝʥʳ ʬʝʨʤʝʨʩʢʠʝ ʭʦʟʷʡʩʪʚʘ 

ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ: ʦʧʨʝʜʝʣʝʥʳ 

ʦʩʥʦʚʥʳʝ ʚʠʜʳ ʞʠʚʦʪʥʳʭ, 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʧʦʛʦʣʦʚʴʝ 

ʞʠʚʦʪʥʳʭ/ʧʪʠʮʳ, ʨʘʩʩʯʠʪʘʥʳ ʤʘʩʩʳ ʥʘʚʦʟʘ 

ʜʣʷ ʨʘʟʥʳʭ ʚʠʜʦʚ ʞʠʚʦʪʥʳʭ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʧʨʠʤʝʥʷʝʤʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʩʦʜʝʨʞʘʥʠʷ 

ʞʠʚʦʪʥʳʭ ʠ ʥʘʚʦʟʦʫʜʘʣʝʥʠʷ ʦʧʨʝʜʝʣʝʥ ʪʠʧ 

ʥʘʚʦʟʘ, ʦʙʦʩʥʦʚʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʧʝʨʝʨʘʙʦʪʢʠ 

ʥʘʚʦʟʘ ʚ ʦʨʛʘʥʠʯʝʩʢʦʝ ʫʜʦʙʨʝʥʠʝ, 

ʨʘʩʩʯʠʪʘʥʳ ʨʘʟʤʝʨʳ ʥʘʚʦʟʦʭʨʘʥʠʣʠʱ ʜʣʷ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʦʡ ʨʘʙʦʪʳ ʩ ʥʘʚʦʟʦʤ. 

ʊʘʢʞʝ ʩ ʫʯʝʪʦʤ ʚʦʟʜʝʣʳʚʘʝʤʳʭ ʢʫʣʴʪʫʨ ʠ 

ʧʨʠʤʝʥʷʝʤʦʛʦ ʩʝʚʦʦʙʦʨʦʪʘ ʨʘʩʩʯʠʪʘʥʳ 

ʥʝʦʙʭʦʜʠʤʳʝ ʤʠʥʠʤʘʣʴʥʳʝ ʧʣʦʱʘʜʠ 

ʟʝʤʝʣʴʥʳʭ ʫʛʦʜʠʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ ʜʣʷ ʚʥʝʩʝʥʠʷ ʚʩʝʛʦ ʧʦʣʫʯʘʝʤʦʛʦ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʜʦʙʨʝʥʠʷ.  

ʂ ʧʨʠʤʝʨʫ, ʩ ʬʝʨʤʝʨʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ 

ʥʘ 100 ʢʦʨʦʚ ʧʨʠ ʧʦʜʩʪʠʣʦʯʥʦʤ ʩʦʜʝʨʞʘʥʠʠ 

ʞʠʚʦʪʥʳʭ ʟʘ ʛʦʜ ʦʙʨʘʟʫʝʪʩʷ 2190 ʪʦʥʥ 

ʪʚʝʨʜʦʛʦ ʥʘʚʦʟʘ. ɼʣʷ ʝʛʦ ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʙʝʟʦʧʘʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʚ ʦʨʛʘʥʠʯʝʩʢʦʝ 

ʫʜʦʙʨʝʥʠʝ ʤʝʪʦʜʦʤ ʧʘʩʩʠʚʥʦʛʦ 

ʢʦʤʧʦʩʪʠʨʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʘ 

ʙʝʪʦʥʠʨʦʚʘʥʥʘʷ ʧʣʦʱʘʜʢʘ ʧʣʦʱʘʜʴʶ ʥʝ 

ʤʝʥʝʝ 3080 ʤ
2
. ʇʨʠ ʧʨʠʤʝʥʝʥʠʠ ʚ 

ʬʝʨʤʝʨʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʪʝʭʥʦʣʦʛʠʠ 

ʙʠʦʬʝʨʤʝʥʪʘʮʠʠ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʪʚʝʨʜʦʛʦ 

ʥʘʚʦʟʘ ʚ ʦʨʛʘʥʠʯʝʩʢʦʝ ʫʜʦʙʨʝʥʠʝ, 

ʧʦʥʘʜʦʙʠʪʩʷ ʚʩʝʛʦ 1 ʙʠʦʬʝʨʤʝʥʪʘʪʦʨ 

ʙʘʨʘʙʘʥʥʦʛʦ ʪʠʧʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʨʘʙʦʪʢʠ 

ʦʙʨʘʟʫʝʪʩʷ ʪʚʝʨʜʦʝ ʦʨʛʘʥʠʯʝʩʢʦʝ ʫʜʦʙʨʝʥʠʷ, 

ʜʣʷ ʚʥʝʩʝʥʠʷ ʢʦʪʦʨʦʛʦ ʪʨʝʙʫʝʪʩʷ ʥʝ ʤʝʥʝʝ 62 

ʛʘ ʟʝʤʝʣʴʥʳʭ ʫʛʦʜʠʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʬʝʨʤʝʨʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʦʧʠʩʘʥʥʳʭ ʩʧʦʩʦʙʦʚ, 

ʤʝʪʦʜʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ 

ʦʙʝʩʧʝʯʝʥʠʝ ʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʫʢʨʝʧʣʝʥʠʝ ʟʜʦʨʦʚʴʷ 

ʯʝʣʦʚʝʢʘ, ʩʦʭʨʘʥʝʥʠʝ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚ: 

1. ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʣʫʯʝʥʠʶ 

ʬʝʨʤʝʨʩʢʦʤʫ ʭʦʟʷʡʩʪʚʫ ʩʝʨʪʠʬʠʢʘʪʘ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʦʨʛʘʥʠʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ. 

2. ʚʥʦʩʠʪ ʚʢʣʘʜ ʚ ʩʥʠʞʝʥʠʝ 

ʥʘʛʨʫʟʢʠ ʥʘ ɹʘʣʪʠʡʩʢʦʝ ʤʦʨʝ. 

3. ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ 

ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ 

ʨʘʩʪʝʥʠʝʚʦʜʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ. 
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ʆʥʘ ʧʦ ʩʫʪʠ ʷʚʣʷʝʪʩʷ ʜʚʫʭʬʘʟʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʩʦʜʝʨʞʘʥʠʷ ʩʚʠʥʝʡ. ʄʥʦʛʦʣʝʪʥʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʚʪʦʨʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ ʷʚʣʷʶʪʩʷ ʙʝʩʩʪʨʝʩʩʦʚʳʝ 

ʩʧʦʩʦʙʳ ʩʦʜʝʨʞʘʥʠʷ ʩʚʠʥʝʡ. ʆʜʥʘʢʦ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʦʛʨʘʥʠʯʝʥʦ ʤʦʱʥʦʩʪʴʶ ʩʚʠʥʦʬʝʨʤʳ 

ʠ ʛʘʙʘʨʠʪʘʤʠ ʩʚʠʥʘʨʥʠʢʦʚ. ʈʘʟʨʘʙʦʪʘʥʘ ʥʦʚʘʷ ʪʝʭʥʦʣʦʛʠʷ ʩ ʵʣʝʤʝʥʪʘʤʠ ʙʝʩʩʪʨʝʩʩʦʚʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʩʚʠʥʝʡ ʜʣʷ ʩʚʠʥʦʬʝʨʤʳ ʧʦ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʫ, ʚʳʨʘʱʠʚʘʥʠʶ ʠ ʦʪʢʦʨʤʫ 12000 

ʩʚʠʥʝʡ ʚ ʛʦʜ ʩ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ ʫʯʘʩʪʢʦʤ ʦʧʦʨʦʩʘ ʩʚʠʥʦʤʘʪʦʢ ʠ ʜʦʨʘʱʠʚʘʥʠʷ ʧʦʨʦʩʷʪ-

ʦʪʲʝʤʳʰʝʡ ʩ ʮʝʣʴʶ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʥʝʟʜ ʧʦʨʦʩʷʪ ʥʘ ʩʪʘʜʠʷʭ ʧʦʜʩʦʩʥʦʛʦ ʧʝʨʠʦʜʘ ʠ 

ʜʦʨʘʱʠʚʘʥʠʷ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʜʣʷ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʩʚʠʥʠʥʳ. ʇʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ ʨʝʰʝʥʠʷ 

ʧʦʟʚʦʣʷʝʪ ʤʘʢʩʠʤʘʣʴʥʦ ʦʛʨʘʥʠʯʠʪʴ ʚʣʠʷʥʠʝ ʩʪʨʝʩʩʦʚ ʥʘ ʧʦʨʦʩʷʪ ʥʘ ʩʘʤʳʭ ʫʷʟʚʠʤʳʭ 

ʬʘʟʘʭ ʚʳʨʘʱʠʚʘʥʠʷ ï ʧʦʜʩʦʩʥʦʤ ʧʝʨʠʦʜʝ ʠ ʜʦʨʘʱʠʚʘʥʠʠ. ʇʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʘʚʪʦʨʩʢʦʡ 

ʤʝʪʦʜʠʢʝ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩ ʪʠʧʦʚʳʤ ʧʨʦʝʢʪʦʤ, ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ ʚ ʈʦʩʩʠʠ. ʂʨʠʪʝʨʠʷʤʠ ʦʮʝʥʢʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʣʦʱʘʜʠ ʦʩʥʦʚʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ ʠ ʦʧʣʘʪʘ ʧʣʦʱʘʜʠ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʤʷʩʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʪʦʚʘʨʥʘʷ ʤʘʩʩʘ 

ʩʚʠʥʝʡ ʥʘ ʬʝʨʤʝ ʩ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʚʳʰʝ ʚʩʝʛʦ ʥʘ 3,8%, ʢʨʠʪʝʨʠʡ ʦʧʣʘʪʳ ʧʣʦʱʘʜʠ 

ʦʩʥʦʚʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʚ 1,4 ʨʘʟ ʚʳʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʘʟʦʚʦʡ ʪʝʭʥʦʣʦʛʠʝʡ. ʇʨʠʤʝʥʝʥʠʝ 

ʥʦʚʦʡ ʪʨʝʭʬʘʟʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ ʫʯʘʩʪʢʦʤ ʦʧʦʨʦʩʘ ʩʚʠʥʦʤʘʪʦʢ ʠ 

ʜʦʨʘʱʠʚʘʥʠʷ ʧʦʨʦʩʷʪ-ʦʪʲʝʤʳʰʝʡ ʧʦʟʚʦʣʠʪ ʥʘ 9,5 % ʩʥʠʟʠʪʴ ʦʙʱʫʶ ʧʣʦʱʘʜʴ ʩʦʜʝʨʞʘʥʠʷ 

ʧʦʜʩʦʩʥʳʭ ʩʚʠʥʦʤʘʪʦʢ, ʧʦʨʦʩʷʪ-ʦʪʲʝʤʳʰʝʡ ʠ ʦʪʢʦʨʤʦʯʥʳʭ ʩʚʠʥʝʡ ʠ ʫʚʝʣʠʯʠʪʴ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʧʦʨʦʩʷʪ-ʦʪʲʝʤʳʰʝʡ ʠ ʦʪʢʦʨʤʦʯʥʳʭ ʩʚʠʥʝʡ ʜʦ 10%. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ, ʩʚʠʥʦʚʦʜʩʪʚʦ, ʪʝʭʥʦʣʦʛʠʷ, ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ 

ʫʯʘʩʪʦʢ 

ɼʣʷ ʮʠʪʠʨʦʚʘʥʠʷ: ɹʘʟʳʢʠʥ ɺ.ʀ., ʊʨʠʬʘʥʦʚ ɸ.ɺ. ʆʮʝʥʢʘ ʥʦʚʦʡ ʪʨʝʭʬʘʟʥʦʡ 
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EVALUATION OF A NEW THREE-PHASE PIG GROWING AND FATTENING 

TECHNOLOGY 

 

V.I. Bazykin,   A.V. Trifanov Cand. Sc. (Engineering)  

     

Institute for Engineering and Environmental Problems in Agricultural Production (IEEP) ï 

branch of FSAC VIM, Saint Petersburg, Russia 

Currently, the North American two-stage pig housing system with a wean-to-finish area 

is becoming widespread in Russia. The many yearsô research of the authors found the stress-free 

methods of pig housing to be the most effective. However, the capacity of pig farms and the size 

of pig houses limit their usage. A new technology with the elements of stress-free pig housing 

was developed for a pig farm for reproduction, growing and fattening of 12000 pigs per year. 

The housing system had a single area for both sow farrowing and completion of growing of 

weaned piglets to group them at the suckling and growing stages. Such a technology was found 

suitable for industrial-scale pork producing farms. It allowed lessening the stress on the piglets at 

the most vulnerable rearing stages ï suckling and growing. The new technology was compared 

by the authorsô methodology with a standard pig house design widely used in Russia. The 
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evaluation criteria were the use of the main-purpose area and the meat production per unit area. 

The market weight of pigs on the farm with the new housing system was only 3.8% higher. 

However, the meat production per unit area was 1.4 times bigger than that in the basic housing 

system. The use of the new three-phase technology with the wean-to-finish area will reduce the 

total area allocated for lactating sows, weaned piglets and fattening pigs by 9.5 % and increase 

the productivity of weaned piglets and fattening pigs by 10%. 

 

     Key words: agriculture, pig rearing, technology, multifunctional area. 

 

      For citation: Trifanov A.V., Bazykin V.I. Evaluation of a new three-phase pig growing and 

fattening technology AgroEkoInzheneriya. 2021. No. 3(108): 140-154 (In Russian) 

 

ɺʚʝʜʝʥʠʝ 

ʀʟ ʘʥʘʣʠʟʘ ʚʳʧʦʣʥʝʥʥʳʭ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʘ ʪʘʢʞʝ ʦʧʳʪʘ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʩʚʠʥʦʬʝʨʤ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʠ ʟʘ ʨʫʙʝʞʦʤ 

ʠʟʚʝʩʪʥʳ ʩʣʝʜʫʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ 

ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ, ʚʳʨʘʱʠʚʘʥʠʷ ʠ ʦʪʢʦʨʤʘ 

ʩʚʠʥʝʡ [1-3]: 

- ʦʜʥʦʬʘʟʥʳʝ ʩʝʤʝʡʥʦ-ʛʥʝʟʜʦʚʳʝ; 

- 2-ʭ, 3-ʭ ʠ 4-ʭ ʬʘʟʥʳʝ ʪʨʘʜʠʮʠʦʥʥʳʝ; 

- 2-ʭ, 3-ʭ, 4-ʭ ʠ 5-ʪʠ ʬʘʟʥʳʝ 

ʙʝʩʩʪʨʝʩʩʦʚʳʝ; 

- ʫʩʧʝʰʥʦ ʨʝʘʣʠʟʦʚʘʥʥʘʷ ʚ ʈʦʩʩʠʠ 

(ʥʘ ʩʚʠʥʦʢʦʤʧʣʝʢʩʝ ʥʘ 11,6 ʪʳʩ. ʩʚʠʥʦʤʘʪʦʢ 

ʆʆʆ çʏʝʨʢʠʟʦʚʦè) ʩʝʚʝʨʦʘʤʝʨʠʢʘʥʩʢʘʷ 

ʪʝʭʥʦʣʦʛʠʷ çʍʦʪ-ʉʣʵʪè ʩ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤʠ ʫʯʘʩʪʢʘʤʠ ʜʦʨʘʱʠʚʘʥʠʷ 

ʠ ʦʪʢʦʨʤʘ (ʂʋɼʆ) [4, 5]. Wean to finish 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʘʢʫʶ ʩʭʝʤʫ 

ʩʦʜʝʨʞʘʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʡ ʧʦʨʦʩʷʪʘ ʩʨʘʟʫ 

ʧʦʩʣʝ ʦʪʲʝʤʘ ʦʪ ʩʚʠʥʦʤʘʪʦʢ, ʧʝʨʝʚʦʜʷʪʩʷ ʚ 

ʧʦʤʝʱʝʥʠʷ ʩʚʠʥʘʨʥʠʢʘ-ʦʪʢʦʨʤʦʯʥʠʢʘ, ʚ 

ʢʦʪʦʨʦʤ ʦʥʠ ʙʫʜʫʪ ʥʘʭʦʜʠʪʴʩʷ ʧʦʢʘ ʥʝ 

ʥʘʙʝʨʫʪ ʥʝʦʙʭʦʜʠʤʳʡ ʪʦʚʘʨʥʳʡ ʚʝʩ. 

ɽʩʣʠ ʚ ʪʨʘʜʠʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʚʳʨʘʱʠʚʘʥʠʷ, ʩʚʠʥʝʡ ʧʝʨʝʤʝʱʘʶʪ ʜʚʘʞʜʳ: 

ʠʟ ʫʯʘʩʪʢʘ ʦʧʦʨʦʩʘ ʥʘ ʫʯʘʩʪʦʢ ʜʦʨʘʱʠʚʘʥʠʷ 

ʠ ʩ ʫʯʘʩʪʢʘ ʜʦʨʘʱʠʚʘʥʠʷ ʥʘ ʫʯʘʩʪʦʢ 

ʦʪʢʦʨʤʘ, ʪʦ ʚ ʪʝʭʥʦʣʦʛʠʠ WTF ï ʪʦʣʴʢʦ 

ʦʜʠʥ ʨʘʟ: ʠʟ ʫʯʘʩʪʢʘ ʦʧʦʨʦʩʘ ʥʘ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʫʯʘʩʪʦʢ Wean-to-Finish. 

ʊʘʢʞʝ ʥʘʨʷʜʫ ʩʦ ʩʥʠʞʝʥʠʝʤ ʪʨʫʜʦʚʳʭ 

ʟʘʪʨʘʪ, ʩʥʠʞʝʥʠʝʤ ʩʤʝʨʪʥʦʩʪʠ, ʫʚʝʣʠʯʝʥʠʝʤ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʣʝʟʥʦʡ ʧʣʦʱʘʜʠ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ 

ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ, ʧʨʠʤʝʥʷʶʱʠʤʠ 

ʪʝʭʥʦʣʦʛʠʶ WTF, ʩʚʠʥʴʠ ʜʦʩʪʠʛʘʶʪ 

ʪʦʚʘʨʥʦʛʦ ʚʝʩʳ ʟʘʯʘʩʪʫʶ ʜʦ 10 ʜʥʝʡ ʨʘʥʝʝ, 

ʯʝʤ ʧʨʠ ʪʨʘʜʠʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʩʦʜʝʨʞʘʥʠʷ. ʀʟʚʝʩʪʥʦ, ʯʪʦ 

ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʴ ʦʨʛʘʥʠʟʤʘ ʩʪʨʝʩʩʦʚʳʤ 

ʚʦʟʜʝʡʩʪʚʠʷʤ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʘʜʝʥʠʝʤ 

ʪʝʤʧʦʚ ʨʦʩʪʘ ʞʠʚʦʡ ʤʘʩʩʳ ʨʘʩʪʫʱʝʛʦ 

ʤʦʣʦʜʥʷʢʘ, ʧʦʚʳʰʝʥʥʳʤ ʫʨʦʚʥʝʤ 

ʚʳʙʨʘʢʦʚʢʠ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʦʛʦʣʦʚʴʷ ʚ 

ʩʠʣʫ ʩʘʤʳʭ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʨʠʯʠʥ [6]. 

ʇʦʭʦʞʠʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʥʘ ʤʘʣʦʡ ʩʚʠʥʦʬʝʨʤʝ ʥʘ 500 ʩʚʠʥʝʡ ʚ ʛʦʜ ʩ 

ʧʷʪʠʬʘʟʥʳʤ ʙʝʩʩʪʨʝʩʩʦʚʳʤ ʩʧʦʩʦʙʦʤ 

ʩʦʜʝʨʞʘʥʠʷ ʚ ʬʝʨʤʝʨʩʢʦʤ ʭʦʟʷʡʩʪʚʝ 

ɼʤʠʪʨʠʢʦʚʦʡ ʅ.ʀ. ʚ ʊʚʝʨʩʢʦʡ ʦʙʣʘʩʪʠ [7, 

8]. 

ɼʚʫʭ, ʪʨʝʭ, ʯʝʪʳʨʝʭ ʠ ʧʷʪʠʬʘʟʥʳʝ 

ʙʝʩʩʪʨʝʩʩʦʚʳʝ ʩʧʦʩʦʙʳ ʩʦʜʝʨʞʘʥʠʷ ʩʚʠʥʝʡ 

ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʩʦʜʝʨʞʘʥʠʠ ʠʭ ʥʘ ʩʪʘʜʠʷʭ 

ʦʧʦʨʦʩʘ, ʜʦʨʘʱʠʚʘʥʠʷ ʠ ʦʪʢʦʨʤʘ 

ʦʜʠʥʘʢʦʚʫʶ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚ ʜʥʷʭ ʩ 

ʦʧʦʨʦʩʥʦ-ʧʦʜʩʦʩʥʦʡ ʩʪʘʜʠʝʡ, 

ʩʘʤʦʬʦʨʤʠʨʦʚʘʥʠʶ ʩʛʨʫʧʧʠʨʦʚʘʥʥʳʭ 

ʩʤʝʞʥʳʭ ʛʥʝʟʜ, ʧʨʠʯʝʤ ʧʝʨʝʚʦʜ ʠʟ ʩʝʢʮʠʠ ʚ 

ʩʝʢʮʠʶ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʠʭ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʩʚʦʙʦʜʥʦʛʦ ʧʝʨʝʭʦʜʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʬʣʝʢʩʘ ʧʦʠʩʢʘ ʧʠʱʠ. 

ʕʪʠ ʩʧʦʩʦʙʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʦʣʝʝ 

ʯʝʪʢʦʝ ʩʦʙʣʶʜʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʨʠʪʤʘ, ʫʧʦʨʷʜʦʯʠʚʘʶʪ 
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ʢʨʘʪʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʤʝʱʝʥʠʡ, 

ʧʦʣʥʦʩʪʴʶ ʛʘʨʘʥʪʠʨʫʶʪ ʩʘʥʠʪʘʨʥʦ-

ʚʝʪʝʨʠʥʘʨʥʦʝ ʙʣʘʛʦʧʦʣʫʯʠʝ ʚʩʝʭ ʚʦʟʨʘʩʪʥʳʭ 

ʛʨʫʧʧ ʩʚʠʥʝʡ, ʧʦʟʚʦʣʷʶʪ ʥʘʠʙʦʣʝʝ 

ʨʘʮʠʦʥʘʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʣʝʟʥʫʶ 

ʧʣʦʱʘʜʴ ʦʩʥʦʚʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʟʘ ʩʯʝʪ 

ʧʨʠʤʝʥʝʥʠʷ ʩʪʘʥʦʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʨʘʟʤʝʨʘʤ 

ʞʠʚʦʪʥʳʭ ʥʘ ʢʘʞʜʦʡ ʩʪʘʜʠʠ ʠʭ 

ʚʳʨʘʱʠʚʘʥʠʷ ʠ ʦʪʢʦʨʤʘ [9]. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ɺ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ, 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʥʘ ʩʪʘʜʠʠ 

ʢʦʥʮʝʧʪʫʘʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʧʨʝʜʫʩʤʦʪʨʝʥ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʫʯʘʩʪʦʢ 

ʦʧʦʨʦʩʘ ʩʚʠʥʦʤʘʪʦʢ ʠ ʜʦʨʘʱʠʚʘʥʠʷ 

ʧʦʨʦʩʷʪ-ʦʪʲʝʤʳʰʝʡ ʂʋʆɼ, ʩʦʩʪʦʷʱʠʡ ʠʟ 

ʪʨʝʭ ʩʚʠʥʘʨʥʠʢʦʚ, ʚ ʢʘʞʜʦʤ ʠʟ ʢʦʪʦʨʳʭ 

ʨʘʟʤʝʱʝʥʘ ʠʟʦʣʠʨʦʚʘʥʥʘʷ ʩʝʢʮʠʷ ʜʣʷ 

ʦʧʦʨʦʩʘ 48 ʩʚʠʥʦʤʘʪʦʢ (ʚ ʮʝʥʪʨʘʣʴʥʦʡ 

ʯʘʩʪʠ ʟʜʘʥʠʷ) ʠ ʜʚʝ ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʩʝʢʮʠʠ ʩ 

ʢʘʞʜʦʡ ʩʪʦʨʦʥʳ, ʜʣʷ ʜʦʨʘʱʠʚʘʥʠʷ ʜʦ 600 

ʧʦʨʦʩʷʪ-ʦʪʲʝʤʳʰʝʡ ʢʘʞʜʘʷ. ʄʝʞʜʫ ʢʘʞʜʦʡ 

ʧʘʨʦʡ ʩʪʘʥʢʦʚ ʜʣʷ ʦʧʦʨʦʩʘ ʩʚʠʥʦʤʘʪʦʢ 

ʧʨʝʜʫʩʤʦʪʨʝʥ ʤʝʞʩʪʘʥʢʦʚʳʡ ʣʘʟ ʜʣʷ 

ʧʝʨʝʭʦʜʘ ʠ ʦʙʱʝʥʠʷ ʧʦʨʦʩʷʪ ʠʟ ʩʤʝʞʥʳʭ 

ʩʪʘʥʢʦʚ. ʅʘʧʨʦʪʠʚ ʢʘʞʜʳʭ ʜʚʫʭ ʩʤʝʞʥʳʭ 

ʩʪʘʥʢʦʚ ʚ ʤʝʞʩʝʢʮʠʦʥʥʳʭ ʩʪʝʥʘʭ ʩʝʢʮʠʡ 

ʜʣʷ ʦʧʦʨʦʩʘ ʩʚʠʥʦʤʘʪʦʢ ʠ ʜʦʨʘʱʠʚʘʥʠʷ 

ʧʦʨʦʩʷʪ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʛʝʨʤʝʪʠʯʝʩʢʠ 

ʟʘʢʨʳʚʘʝʤʳʝ ʣʘʟʳ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʜʣʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʥʝʧʨʠʥʫʜʠʪʝʣʴʥʦʛʦ 

ʧʝʨʝʭʦʜʘ ʧʦʨʦʩʷʪ-ʦʪʲʝʤʳʰʝʡ. 

ʉʠʛʥʘʣʦʤ ʢ ʧʝʨʝʭʦʜʫ ʧʦʨʦʩʷʪ ʥʘ 28-

29 ʜʝʥʴ ʧʦʜʩʦʩʥʦʛʦ ʧʝʨʠʦʜʘ ʷʚʣʷʝʪʩʷ: 

ʚʢʣʶʯʝʥʠʝ ʦʩʚʝʱʝʥʠʷ ʚ ʩʝʢʮʠʠ ʜʣʷ 

ʜʦʨʘʱʠʚʘʥʠʷ ʧʦʨʦʩʷʪ-ʦʪʲʝʤʳʰʝʡ, ʦʪʢʨʳʪʠʝ 

ʤʝʞʩʝʢʮʠʦʥʥʳʭ ʣʘʟʦʚ ʦʜʥʦʡ ʠʟʦʣʠʨʦʚʘʥʥʦʡ 

ʩʝʢʮʠʠ ʜʣʷ ʜʦʨʘʱʠʚʘʥʠʷ ʧʦʨʦʩʷʪ, ʨʘʟʜʘʯʘ 

ʢʦʨʤʦʚ ʠ ʦʪʢʨʳʪʠʝ ʦʛʨʘʞʜʝʥʠʷ ʩʪʘʥʢʦʚ ʜʣʷ 

ʦʧʦʨʦʩʘ ʩʚʠʥʦʤʘʪʦʢ. ʇʝʨʝʭʦʜ ʤʦʞʝʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʚ ʪʝʯʝʥʠʝ 1-2 ʜʥʝʡ. [10] 

ʇʦʩʣʝ ʟʘʢʨʳʪʠʷ ʤʝʞʩʝʢʮʠʦʥʥʳʭ ʣʘʟʦʚ 

ʩʚʠʥʦʤʘʪʦʢ ʧʝʨʝʛʦʥʷʶʪ ʥʘ ʫʯʘʩʪʦʢ ʜʣʷ 

ʩʦʜʝʨʞʘʥʠʷ ʭʦʣʦʩʪʳʭ ʩʚʠʥʦʤʘʪʦʢ ʠ 

ʦʩʝʤʝʥʝʥʠʷ, ʘ ʠʟʦʣʠʨʦʚʘʥʥʫʶ ʩʝʢʮʠʶ ʜʣʷ 

ʦʧʦʨʦʩʘ ʩʚʠʥʦʤʘʪʦʢ ʚ ʪʝʯʝʥʠʝ 2-3 ʜʥʝʡ 

ʧʦʜʚʝʨʛʘʶʪ ʪʱʘʪʝʣʴʥʦʡ ʤʦʡʢʝ, ʩʘʥʠʪʘʨʥʦʤʫ 

ʨʝʤʦʥʪʫ ʠ ʜʝʟʠʥʬʝʢʮʠʠ. ʇʨʠ ʥʦʚʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʪʘʢʞʝ, ʢʘʢ ʠ ʧʨʠ ʪʝʭʥʦʣʦʛʠʠ 

WTF ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʦʜʠʥ 

ʧʨʠʥʫʜʠʪʝʣʴʥʳʡ ʧʝʨʝʚʦʜ ʧʦʨʦʩʷʪ-

ʦʪʲʝʤʳʰʝʡ ʩʛʨʫʧʧʠʨʦʚʘʥʥʳʤʠ ʛʥʝʟʜʘʤʠ ʠʟ 

ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʩʝʢʮʠʡ ʜʣʷ ʜʦʨʘʱʠʚʘʥʠʷ 

ʧʦʨʦʩʷʪ ʩʚʠʥʘʨʥʠʢʘ ʜʣʷ ʦʧʦʨʦʩʘ ʩʚʠʥʦʤʘʪʦʢ 

ʠ ʜʦʨʘʱʠʚʘʥʠʷ ʧʦʨʦʩʷʪ (ʂʋʆɼ) ʚ 

ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʩʝʢʮʠʠ ʜʣʷ ʦʪʢʦʨʤʘ ʩʚʠʥʝʡ 

ʩʚʠʥʘʨʥʠʢʘ ʦʪʢʦʨʤʦʯʥʠʢʘ ʷʚʣʷʶʱʝʛʦʩʷ 

ʧʨʦʜʦʣʞʝʥʠʝʤ ʂʋʆɼ (ʯʝʨʝʟ 

ʩʦʝʜʠʥʠʪʝʣʴʥʳʡ ʢʦʨʠʜʦʨ). 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʩʥʦʚʥʳʤʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, 

ʧʨʠʚʝʜʝʥʥʳʤʠ ʚ ʪʘʙʣʠʮʝ 1, ʧʨʦʚʝʜʝʥ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʧʦʛʦʣʦʚʴʷ ʠ 

ʢʦʣʠʯʝʩʪʚʘ ʩʪʘʥʢʦʤʝʩʪ ʠ ʨʘʟʨʘʙʦʪʘʥʘ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ (ʪʘʙʣ. 2) ʢʦʤʧʘʥʦʚʢʘ 

ʩʚʠʥʦʬʝʨʤ ʩ ʵʢʩʧʣʠʢʘʮʠʝʡ ʧʦʩʪʘʥʦʚʦʯʥʳʭ 

ʤʝʩʪ ʩʚʠʥʝʡ, ʨʘʟʤʝʨʘʤʠ ʩʝʢʮʠʡ, ʩʪʘʥʢʦʚ ʠ 

ʧʨʦʭʦʜʦʚ [11]. 

 

 

ʊʘʙʣʠʮʘ 1  

ʆʩʥʦʚʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ 

ʩʚʠʥʦʬʝʨʤ ʥʘ 12 ʪʳʩ. ʩʚʠʥʝʡ ʚ ʛʦʜ [12]. 

N 

ʧ/ʧ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʈʘʟʨʘʙʘʪʳʚʘ

ʝʤʘʷ 

ʪʝʭʥʦʣʦʛʠʷ 

ɹʘʟʦʚʘʷ 

ʪʝʭʥʦʣʦʛʠʷ 

ʅʝʦʬʦʨʩ 

1 ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʧʨʦʛʨʘʤʤʘ, ʛʦʣ/ʛʦʜ 11500-15000 11500-15000 
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ɺ ʪ.ʯ. ʨʘʩʯʝʪʥʘʷ 

ʆʩʥʦʚʥʳʭ ʩʚʠʥʦʤʘʪʦʢ, ʛʦʣ 

13275 

545 

13140 

545 

2 ʈʠʪʤ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʜʥʝʡ 14 7 

3 ʂʦʣʠʯʝʩʪʚʦ ʦʧʦʨʦʩʦʚ ʚ ʛʦʜ ʦʪ ʦʜʥʦʡ ʩʚʠʥʦʤʘʪʢʠ 2,295 2,295 

4 ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʝʨʠʦʜʘ: 

- ʦʪʜʳʭʘ ʦʩʥʦʚʥʳʭ ʩʚʠʥʦʤʘʪʦʢ, ʜʥʝʡ 

- ʫʩʣʦʚʥʦʡ ʩʫʧʦʨʦʩʥʦʩʪʠ ʦʩʥʦʚʥʳʭ ʩʚʠʥʦʤʘʪʦʢ, 

ʜʥʝʡ 

- ʩʫʧʦʨʦʩʥʦʩʪʠ ʦʩʥʦʚʥʳʭ ʩʚʠʥʦʤʘʪʦʢ, ʜʥʝʡ 

- ʘʢʢʣʠʤʘʪʠʟʘʮʠʠ ʦʩʥʦʚʥʳʭ ʩʚʠʥʦʤʘʪʦʢ, ʜʥʝʡ 

- ʜʦʨʘʱʠʚʘʥʠʷ ʨʝʤʦʥʪʥʳʭ ʩʚʠʥʦʢ, ʜʥʝʡ 

- ʩʪʠʤʫʣʷʮʠʠ ʨʝʤʦʥʪʥʳʭ ʩʚʠʥʦʢ, ʜʥʝʡ 

- ʧʦʜʩʦʩʥʳʡ ʧʝʨʠʦʜ, ʜʥʝʡ 

- ʜʦʨʘʱʠʚʘʥʠʷ ʧʦʨʦʩʷʪ-ʦʪʲʝʤʳʰʝʡ, ʜʥʝʡ 

- ʦʪʢʦʨʤʘ ʩʚʠʥʝʡ, ʜʥʝʡ 

 

18 

32 

76 

7 

ʜʦ 100 

ʜʦ 56 

28-30 

70 

70 

 

18 

32 

76 

7 

ʜʦ 100 

ʜʦ 56 

32 

53 

95 

5 ʉʨʝʜʥʝʩʫʪʦʯʥʳʡ ʧʨʠʨʦʩʪ ʞʠʚʦʡ ʤʘʩʩʳ: 

- ʧʦʜʩʦʩʥʳʡ ʧʝʨʠʦʜ, ʛʨ/ʩʫʪʢʠ 

- ʧʝʨʠʦʜ ʜʦʨʘʱʠʚʘʥʠʷ, ʛʨ/ʩʫʪʢʠ 

- ʧʝʨʠʦʜ ʦʪʢʦʨʤʘ, ʛʨ/ʩʫʪʢʠ 

 

260 

580 

860 

 

240 

450 

780 

6 ʇʨʦʭʦʣʦʩʪ, % 15-25 15-25 

7 ɺʳʙʨʘʢʦʚʢʘ ʩʚʠʥʦʤʘʪʦʢ/ʭʨʷʢʦʚ, % 45/45 45/45 

8 ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʘʥʘʮʠʠ ʧʦʤʝʱʝʥʠʡ, ʜʥʝʡ 2-3 2-3 

9 ʈʘʩʯʸʪʥʘʷ ʩʦʭʨʘʥʥʦʩʪʴ ʧʦʛʦʣʦʚʴʷ, %: 

- ʧʦʜʩʦʩʥʳʡ ʧʝʨʠʦʜ 

- ʧʝʨʠʦʜ ʜʦʨʘʱʠʚʘʥʠʷ 

- ʧʝʨʠʦʜ ʦʪʢʦʨʤʘ 

 

94 

96 

98 

 

94 

95 

98 

10  ʈʘʟʤʝʨ ʛʨʫʧʧʳ ʩʚʠʥʦʤʘʪʦʢ ʧʨʠʥʷʪʳʤ ʢ ʦʧʦʨʦʩʘʤ, 

ʛʦʣ 

48 24 

11 ʂʦʣʠʯʝʩʪʚʦ ʧʦʨʦʩʷʪ ʚ ʦʧʦʨʦʩʝ 11-13,9 11-13,9 

 

ʆʮʝʥʢʘ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʪʨʝʭʬʘʟʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʩ ʵʣʝʤʝʥʪʘʤʠ ʙʝʩʩʪʨʝʩʩʦʚʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ (ʂʋʆɼ) ʧʨʦʚʦʜʠʪʩʷ ʚ ʩʨʘʚʥʝʥʠʠ 

ʩ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʚ ʈʦʩʩʠʠ ʠ 

ɹʝʣʦʨʫʩʩʠʠ ʪʨʝʭʬʘʟʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ 

ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ, ʚʳʨʘʱʠʚʘʥʠʷ ʠ ʦʪʢʦʨʤʘ 12 

ʪʳʩ. ʩʚʠʥʝʡ ʚ ʛʦʜ (ʪʘʙʣ.2)., ʨʘʟʨʘʙʦʪʘʥʥʦʡ 

ʛʨʫʧʧʦʡ ʢʦʤʧʘʥʠʡ çʅʝʦʬʦʨʩè ʧʦ ʘʚʪʦʨʩʢʦʡ 

ʤʝʪʦʜʠʢʝ [13, 14].  

 

 

 

 

 

ɼʘʥʥʳʡ ʧʨʦʝʢʪ ʙʳʣ ʤʥʦʛʦʢʨʘʪʥʦ 

ʨʝʘʣʠʟʦʚʘʥ, ʧʦʩʪʦʷʥʥʦ ʦʙʥʦʚʣʷʝʪʩʷ ʠ 

ʫʯʠʪʳʚʘʝʪ ʥʦʚʝʡʰʠʝ ʥʘʨʘʙʦʪʢʠ ʥʘʫʢʠ ʠ 

ʧʨʘʢʪʠʢʠ. 
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ʊʘʙʣʠʮʘ 2  

ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʢʦʤʧʘʥʦʚʢʘ ʩʚʠʥʦʬʝʨʤ ʩ ʵʢʩʧʣʠʢʘʮʠʝʡ ʧʦʩʪʘʥʦʚʦʯʥʳʭ ʤʝʩʪ, ʨʘʟʤʝʨʘʤʠ ʩʝʢʮʠʡ ʠ ʩʪʘʥʢʦʚ 

 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʫʯʘʩʪʢʘ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʩʝʢʮʠʡ ʩ 

ʵʢʩʧʣʠʢʘʮʠʝʡ 

ʧʦʩʪʘʥʦʚʦʯʥʳʭ ʤʝʩʪ ʜʣʷ 

ʩʦʜʝʨʞʘʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʧʦʣʦʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ 

ʞʠʚʦʪʥʳʭ 

ʂʦʣʠʯʝʩʪʚʦ ʩʝʢʮʠʡ ʠ ʠʭ 

ʚʤʝʩʪʠʤʦʩʪʴ 
ʈʘʟʤʝʨʳ ʩʝʢʮʠʡ, ʤ. ʈʘʟʤʝʨʳ ʩʪʘʥʢʦʚ, ʤ 

ʉʚʠʥʦʬʝʨʤʘ ʥʘ 

12 ʪʳʩ. ʩʚʠʥʝʡ ʚ 

ʛʦʜ ʩ ʂʋʆɼ 

ʉʚʠʥʦʬʝʨʤʘ ʥʘ 

12 ʪʳʩ. ʩʚʠʥʝʡ ʚ 

ʛʦʜ ɻʂ 

çʅʝʦʬʦʨʩè 

ʉʚʠʥʦʬʝʨʤʘ 

ʥʘ 12 ʪʳʩ. 

ʩʚʠʥʝʡ ʚ ʛʦʜ 

ʩ ʂʋʆɼ 

ʉʚʠʥʦʬʝʨʤʘ 

ʥʘ 12 ʪʳʩ. 

ʩʚʠʥʝʡ ʚ ʛʦʜ 

ɻʂ 

çʅʝʦʬʦʨʩè 

ʉʚʠʥʦʬʝʨʤʘ 

ʥʘ 12 ʪʳʩ. 

ʩʚʠʥʝʡ ʚ ʛʦʜ 

ʩ ʂʋʆɼ 

ʉʚʠʥʦʬʝʨʤʘ 

ʥʘ 12 ʪʳʩ. 

ʩʚʠʥʝʡ ʚ ʛʦʜ 

ɻʂ 

çʅʝʦʬʦʨʩè 

1ʇʉ 

ʉʝʢʮʠʷ ʜʣʷ ʫʩʣʦʚʥʦ 

ʩʫʧʦʨʦʩʥʳʭ, ʭʦʣʦʩʪʳʭ, 

ʦʩʝʤʝʥʷʝʤʳʭ ʠ ʨʝʤʦʥʪʥʳʭ 

ʩʚʠʥʦʤʘʪʦʢ ʥʘ 

ʜʦʨʘʱʠʚʘʥʠʠ ʚ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʩʪʘʥʢʘʭ, 

ʭʨʷʢʦʚ ʧʨʦʙʥʠʢʦʚ ʚ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʩʪʘʥʘʭ ʠ 

ʨʝʤʦʥʪʥʳʭ ʩʚʠʥʦʢ ʥʘ 

ʩʪʠʤʫʣʷʮʠʠ 

1 ʩʝʢʮʠʷ ʥʘ 208 

ʤʝʩʪ ʜʣʷ 

ʭʦʣʦʩʪʳʭ, 

ʫʩʣʦʚʥʦ-

ʩʫʧʦʨʦʩʥʳʭ ʠ 

ʨʝʤʦʥʪʥʳʭ 

ʩʚʠʥʦʤʘʪʦʢ ʠ 2 

ʤʝʩʪʘ ʜʣʷ 

ʭʨʷʢʦʚ-

ʧʨʦʙʥʠʢʦʚ 

1 ʩʝʢʮʠʷ ʥʘ 208 

ʤʝʩʪ ʜʣʷ 

ʭʦʣʦʩʪʳʭ, 

ʫʩʣʦʚʥʦ-

ʩʫʧʦʨʦʩʥʳʭ ʠ 

ʨʝʤʦʥʪʥʳʭ 

ʩʚʠʥʦʤʘʪʦʢ ʠ 2 

ʤʝʩʪʘ ʜʣʷ 

ʭʨʷʢʦʚ-

ʧʨʦʙʥʠʢʦʚ 

Lʉ = 29,4 

Bʉ = 24,3 

Lʉ = 29,4 

Bʉ = 24,3 

lʉʉ = 2,2 

bʉʉ = 0,65 

lʉʍʇ = 2,2 

bʉʍʇ = 3,0 

lʈʉ = 5,4 

bʈʉ = 3,2 

lʉʉ = 2,2 

bʉʉ = 0,65 

lʉʍʇ = 2,2 

bʉʍʇ = 3,0 

lʈʉ = 5,4 

bʈʉ = 3,2 

2ʇʉ 

ʉʝʢʮʠʷ ʜʣʷ ʩʫʧʦʨʦʩʥʳʭ 

ʩʚʠʥʦʤʘʪʦʢ 2-ʛʦ ʧʝʨʠʦʜʘ 

ʩʫʧʦʨʦʩʥʦʩʪʠ 

1 ʩʝʢʮʠʷ ʥʘ 280 

ʩʫʧʦʨʦʩʥʳʭ 

ʩʚʠʥʦʤʘʪʦʢ 

1 ʩʝʢʮʠʷ ʥʘ 280 

ʩʫʧʦʨʦʩʥʳʭ 

ʩʚʠʥʦʤʘʪʦʢ 

Lʉ = 36,0 

Bʉ = 24,3 

Lʉ = 36,0 

Bʉ = 24,3 

lʉ = 5,4 

bʉ = 4,5 

lʉ = 5,4 

bʉ = 4,5 

ʂʋʆɼ 
ʉʝʢʮʠʷ ʜʣʷ ʧʦʜʩʦʩʥʳʭ 

ʩʚʠʥʦʤʘʪʦʢ 
3 ʩʝʢʮʠʠ ʥʘ 48 

ʧʦʜʩʦʩʥʳʭ 

6 ʩʝʢʮʠʡ ʥʘ 24 

ʧʦʜʩʦʩʥʳʭ 
Lʉ = 45,6 Lʉ = 14,4 lʉ = 2,4 lʉ = 2,4 



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

146 
 

ʩʚʠʥʦʤʘʪʦʢ 

ʢʘʞʜʘʷ 

ʩʚʠʥʦʤʘʪʦʢ 

ʢʘʞʜʘʷ 

Bʉ = 7,36 Bʉ = 10,8 bʉ = 1,8 bʉ = 1,8 

ʉʝʢʮʠʷ ʜʣʷ ʜʦʨʘʱʠʚʘʥʠʷ 

ʧʦʨʦʩʷʪ-ʦʪʲʝʤʳʰʝʡ 

6 ʩʝʢʮʠʡ ʥʘ 600 

ʧʦʨʦʩʷʪ-

ʦʪʲʸʤʳʰʝʡ 

ʢʘʞʜʘʷ 

8 ʩʝʢʮʠʡ ʥʘ 313 

ʧʦʨʦʩʷʪ-

ʦʪʲʸʤʳʰʝʡ 

ʢʘʞʜʘʷ 

Lʉ = 45,6 

Bʉ = 5,4 

Lʉ = 13,1 

Bʉ = 10,8 

lʉ = 4,4 

bʉ = 1,8 

lʉ = 3,7 

bʉ = 2,7 

ʆʪʢʦʨʤ 

ʩʚʠʥʝʡ 

ʉʝʢʮʠʷ ʜʣʷ ʦʪʢʦʨʤʘ ʩʚʠʥʝʡ 

ʚ ʛʨʫʧʧʦʚʳʭ ʩʪʘʥʢʘʭ 

6 ʩʝʢʮʠʡ ʥʘ 600 

ʦʪʢʦʨʤʦʯʥʳʭ 

ʩʚʠʥʝʡ ʢʘʞʜʘʷ 

14 ʩʝʢʮʠʡ ʥʘ 300 

ʦʪʢʦʨʤʦʯʥʳʭ 

ʩʚʠʥʝʡ ʢʘʞʜʘʷ 

Lʉ = 60,0 

Bʉ = 9,08 

Lʉ = 23,8 

Bʉ = 10,8 

lʉ = 5,0 

bʉ = 4,0 

lʉ = 5,4 

bʉ = 4,1 

ʇʀʆ 

ʉʝʢʮʠʷ ʜʣʷ ʭʨʷʢʦʚ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ 

1 ʩʝʢʮʠʷ ʥʘ 12 

ʭʨʷʢʦʚ-

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ 

1 ʩʝʢʮʠʷ ʥʘ 12 

ʭʨʷʢʦʚ-

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ 

Lʉ = 10,8 

Bʉ = 10,5 

Lʉ = 10,8 

Bʉ = 10,5 

lʉ = 2,7 

bʉ = 2,6 

lʉ = 2,7 

bʉ = 2,6 

ʄʘʥʝʞ ʜʣʷ ʦʪʙʦʨʘ ʩʧʝʨʤʳ, 

ʧʦʤʳʚʦʯʥʘʷ, ʩʢʣʘʜ ʢʦʨʤʦʚ 

ʜʣʷ ʭʨʷʢʦʚ 

1/1/1 1/1/1 
L = 10,8 

B = 3,5 

L = 10,8 

B = 3,9 
- - 

ʃʘʙʦʨʘʪʦʨʠʷ 1 1 
L = 10,8 

B = 4,0 

L = 10,8 

B = 4,1 
- - 

ɸɹʂ 
ɸʜʤʠʥʠʩʪʨʘʪʠʚʥʳʝ 

ʧʦʤʝʱʝʥʠʷ 
1 1 

L = 18,5 

B = 10,8 

L = 18,5 

B = 10,8 
- - 
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ɺ ʪʘʙʣʠʮʝ 2 ʰʠʨʠʥʘ ʧʨʦʭʦʜʦʚ ʧʨʠʥʷʪʘ 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʈɼ-ɸʇʂ 1.10.02.04-12, ʘ 

ʜʣʠʥʘ ʧʨʦʭʦʜʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʣʠʥʦʡ 

ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʩʝʢʮʠʡ. 

ɺ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʚʳʙʦʨʘ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʣʘʥʠʨʦʚʦʯʥʳʭ ʨʝʰʝʥʠʡ ʥʘ 

ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʢʦʥʮʝʧʪʫʘʣʴʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʠʥʷʪʳ: Fʧʦʥ - ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʣʦʱʘʜʠ ʦʩʥʦʚʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ (ʤ
2
Ĭʜʥʠ) ʠ 

ʢʨʠʪʝʨʠʡ ʦʧʣʘʪʳ ʧʣʦʱʘʜʠ ʦʩʥʦʚʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʤʷʩʘ - ʂʤ 

(ʢʛ/ʤ
2
Ĭʜʥʠ) [15, 16]. 

ʂʨʠʪʝʨʠʡ ʦʧʣʘʪʳ ʧʣʦʱʘʜʠ ʦʩʥʦʚʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʤʷʩʘ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʧʦ ʬʦʨʤʫʣʝ: 

 

ʜʥʠʤ

ʢʛ

F

M
K

ʇʆʅ

T
M

³
=

2
,     (1) 

 

ʛʜʝ ʄʪ ï ʪʦʚʘʨʥʘʷ (ʞʠʚʘʷ) ʤʘʩʩʘ 

ʚʳʨʘʱʝʥʥʳʭ ʩʚʠʥʝʡ ʚ ʛʦʜ, ʢʛ. 

ʊʘʢ ʢʘʢ ʩʦʜʝʨʞʘʥʠʝ ʚʟʨʦʩʣʦʛʦ 

ʤʘʪʦʯʥʦʛʦ ʩʪʘʜʘ (ʭʦʣʦʩʪʳʭ, ʨʝʤʦʥʪʥʳʭ, 

ʩʚʠʥʦʤʘʪʦʢ 1-ʛʦ ʠ 2-ʛʦ ʧʝʨʠʦʜʦʚ 

ʩʫʧʦʨʦʩʥʦʩʪʠ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʚ ʪʘʢʦʤ-

ʞʝ ʟʜʘʥʠʠ, ʢʘʢ ʠ ʚ ʧʨʦʝʢʪʝ-ʘʥʘʣʦʛʝ 

ʩʚʠʥʦʬʝʨʤʳ ʥʘ 12 ʪʳʩ. ʩʚʠʥʝʡ ʚ ʛʦʜ ʛʨʫʧʧʳ 

ʢʦʤʧʘʥʠʡ çʅʝʦʬʦʨʩè, Fʧʦʥ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ 2 ʪʦʣʴʢʦ ʚ ʩʚʠʥʘʨʥʠʢʘʭ ʜʣʷ ʦʧʦʨʦʩʘ 

ʩʚʠʥʦʤʘʪʦʢ, ʚʳʨʘʱʠʚʘʥʠʷ ʧʦʨʦʩʷʪ-ʩʦʩʫʥʦʢ, 

ʜʦʨʘʱʠʚʘʥʠʷ ʧʦʨʦʩʷʪ-ʦʪʲʝʤʳʰʝʡ ʠ ʦʪʢʦʨʤʘ 

ʩʚʠʥʝʡ. 

 

ʜʥʠʤFFFF ʬɼʬʇʬOʬʇʆʅ ³++= 2

3333 ,    (2) 

 

ʛʜʝ: Fʆ3ʬ ï ʧʦʢʘʟʘʪʝʣʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʩʪʘʥʢʦʚʦʡ ʧʣʦʱʘʜʠ, ʤ
2
Ĭʜʥ; 

Fʇ3ʬ ï ʧʦʢʘʟʘʪʝʣʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʣʦʱʘʜʠ 

ʧʨʦʭʦʜʦʚ, ʤ
2
Ĭʜʥ; 

Fɼ3ʬ ï ʧʦʢʘʟʘʪʝʣʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʠ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ 

ʯʠʩʪʢʠ, ʤʦʡʢʠ, ʩʘʥʠʪʘʨʥʦʛʦ ʨʝʤʦʥʪʘ ʠ 

ʜʝʟʠʥʬʝʢʮʠʠ ʧʦʤʝʱʝʥʠʡ ʠ ʩʪʘʥʦʯʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʮʠʢʣʘ, ʤ
2
Ĭʜʥ. 

ɼʣʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʣʘʥʠʨʦʚʦʯʥʳʭ 

ʨʝʰʝʥʠʡ ʩʚʠʥʘʨʥʠʢʦʚ ʜʣʷ ʦʧʦʨʦʩʘ 

ʩʚʠʥʦʤʘʪʦʢ, ʚʳʨʘʱʠʚʘʥʠʷ ʧʦʨʦʩʷʪ-ʩʦʩʫʥʦʚ, 

ʜʦʨʘʱʠʚʘʥʠʷ ʧʦʨʦʩʷʪ-ʦʪʲʝʤʳʰʝʡ ʠ ʦʪʢʦʨʤʘ 

ʩʚʠʥʝʡ, ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʥʘ ʩʪʘʜʠʠ 

ʢʦʥʮʝʧʪʫʘʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʚʠʥʦʬʝʨʤʳ 

ʧʦ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʫ, ʚʳʨʘʱʠʚʘʥʠʶ ʠ ʦʪʢʦʨʤʫ 

12 ʪʳʩ. ʩʚʠʥʝʡ ʩ ʵʣʝʤʝʥʪʘʤʠ ʙʝʩʩʪʨʝʩʩʦʚʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ (ʂʋʆɼ) ʠ ʩʨʘʚʥʠʚʘʝʤʦʡ 

ʩʚʠʥʦʬʝʨʤʦʡ ʥʘ 12 ʪʳʩ. ʩʚʠʥʝʡ ʚ ʛʦʜ ʛʨʫʧʧʳ 

ʢʦʤʧʘʥʠʡ çʅʝʦʬʦʨʩè Fʆ3ʬ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ: 

 

( )( ) ( )( )

( )( ) ʜʥʠʤnhlnN

nhlnNnhlnNF

ɼʆCOCOCOʉʆ

ɼɼʉɼʉɼʉɼʉɼɼʆʇʉʆʇʉʆʇʉʆʇʉʆʇʬO

³³³³³+

+³³³³+³³³³=

2

3

,
 (3) 

 

ʛʜʝ: Nʩʦʧ ï ʢʦʣʠʯʝʩʪʚʦ ʠʟʦʣʠʨʦʚʘʥʥʳʭ 

ʩʝʢʮʠʡ ʜʣʷ ʦʧʦʨʦʩʘ ʩʚʠʥʦʤʘʪʦʢ ʠ 

ʚʳʨʘʱʠʚʘʥʠʷ ʧʦʨʦʩʷʪ-ʩʦʩʫʥʦʚ; 

nʩʦʧ ï ʢʦʣʠʯʝʩʪʚʦ ʩʪʘʥʢʦʚ ʚ ʢʘʞʜʦʡ 

ʠʟʦʣʠʨʦʚʘʥʥʦʡ ʩʝʢʮʠʠ ʜʣʷ ʦʧʦʨʦʩʘ 

ʩʚʠʥʦʤʘʪʦʢ ʠ ʚʳʨʘʱʠʚʘʥʠʷ ʧʦʨʦʩʷʪ-ʩʦʩʫʥʦʚ; 
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lʩʦʧ ï ʜʣʠʥʘ ʩʪʘʥʢʘ ʜʣʷ ʦʧʦʨʦʩʘ 

ʩʚʠʥʦʤʘʪʦʢ ʠ ʚʳʨʘʱʠʚʘʥʠʷ ʧʦʨʦʩʷʪ-ʩʦʩʫʥʦʚ, 

ʤ; 

hʩʦʧ ï ʛʣʫʙʠʥʘ ʩʪʘʥʢʘ ʜʣʷ ʦʧʦʨʦʩʘ 

ʩʚʠʥʦʤʘʪʦʢ ʠ ʚʳʨʘʱʠʚʘʥʠʷ ʧʦʨʦʩʷʪ-ʩʦʩʫʥʦʚ, 

ʤ; 

nʜʦʧ ï ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʦʜʝʨʞʘʥʠʷ 

ʧʦʜʩʦʩʥʳʭ ʩʚʠʥʦʤʘʪʦʢ ʩ ʧʦʨʦʩʷʪʘʤʠ-

ʩʦʩʫʥʘʤʠ, ʜʥʝʡ; 

Nʩʜ ï ʢʦʣʠʯʝʩʪʚʦ ʠʟʦʣʠʨʦʚʘʥʥʳʭ 

ʩʝʢʮʠʡ ʜʣʷ ʜʦʨʘʱʠʚʘʥʠʷ ʧʦʨʦʩʷʪ-ʦʪʲʝʤʳʰʝʡ; 

nʩʜ ï ʢʦʣʠʯʝʩʪʚʦ ʩʪʘʥʢʦʚ ʚ ʢʘʞʜʦʡ 

ʠʟʦʣʠʨʦʚʘʥʥʦʡ ʩʝʢʮʠʠ ʜʣʷ ʜʦʨʘʱʠʚʘʥʠʷ 

ʧʦʨʦʩʷʪ-ʦʪʲʝʤʳʰʝʡ; 

lʩʜ ï ʜʣʠʥʘ ʩʪʘʥʢʘ ʜʣʷ ʜʦʨʘʱʠʚʘʥʠʷ 

ʧʦʨʦʩʷʪ-ʦʪʲʝʤʳʰʝʡ, ʤ; 

hʩʜ ï ʛʣʫʙʠʥʘ ʩʪʘʥʢʘ ʜʣʷ ʜʦʨʘʱʠʚʘʥʠʷ 

ʧʦʨʦʩʷʪ-ʦʪʲʝʤʳʰʝʡ, ʤ; 

nʜʜ ï ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʜʦʨʘʱʠʚʘʥʠʷ 

ʧʦʨʦʩʷʪ-ʦʪʲʝʤʳʰʝʡ, ʜʥʝʡ;  

Nʩʦ ï ʢʦʣʠʯʝʩʪʚʦ ʠʟʦʣʠʨʦʚʘʥʥʳʭ 

ʩʝʢʮʠʡ ʜʣʷ ʦʪʢʦʨʤʘ ʩʚʠʥʝʡ; 

nʩʦ ï ʢʦʣʠʯʝʩʪʚʦ ʩʪʘʥʢʦʚ ʚ ʢʘʞʜʦʡ 

ʠʟʦʣʠʨʦʚʘʥʥʦʡ ʩʝʢʮʠʠ ʜʣʷ ʦʪʢʦʨʤʘ ʩʚʠʥʝʡ; 

lʩʦ ï ʜʣʠʥʘ ʩʪʘʥʢʘ ʧʦ ʬʨʦʥʪʫ ʢʦʨʤʣʝʥʠʷ 

ʜʣʷ ʦʪʢʦʨʤʘ ʩʚʠʥʝʡ, ʤ; 

hʩʦ ï ʛʣʫʙʠʥʘ ʩʪʘʥʢʘ ʜʣʷ ʦʪʢʦʨʤʘ 

ʩʚʠʥʝʡ, ʤ; 

nʜʦ ï ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʪʢʦʨʤʘ 

ʩʚʠʥʝʡ, ʜʥʝʡ. 

ʇʦ ʬʦʨʤʫʣʝ 3 ʪʘʢʞʝ ʦʧʨʝʜʝʣʷʝʤ 

ʧʦʢʘʟʘʪʝʣʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʪʘʥʢʦʚʦʡ ʧʣʦʱʘʜʠ 

ʜʣʷ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʪʨʝʭʬʘʟʥʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʩ ʵʣʝʤʝʥʪʘʤʠ ʙʝʩʩʪʨʝʩʩʦʚʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ï 

Fʆ3ʬʵʙ ʠ ʪʨʝʭʬʘʟʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʦʙʲʝʢʪʘ-

ʘʥʘʣʦʛʘ ï ʩʚʠʥʦʬʝʨʤʳ ʥʘ 12 ʪʳʩ. ʩʚʠʥʝʡ 

ʛʨʫʧʧʳ ʢʦʤʧʘʥʠʡ ʅʝʦʬʦʨʩ ï Fʆ3ʬʅ 

ʂʦʵʬʬʠʮʠʝʥʪ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ 

ʦʪʥʦʰʝʥʠʝ ʧʣʦʱʘʜʠ ʧʨʦʭʦʜʦʚ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʣʘʥʠʨʦʚʦʯʥʳʭ ʨʝʰʝʥʠʡ ʜʣʷ 

ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʠ ʘʥʘʣʦʛʠʯʥʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 

ä
ä
=

ʬʥʬʵʙʉ

ʬʥʬʵʙʇ

ʬʥʬʵʙ
f

f

3,3

3,3

3,3d     (4) 

 

ʛʜʝ: ä ʬʥʬʵʙʇf 3,3  - ʩʫʤʤʘʨʥʘʷ 

ʧʣʦʱʘʜʴ ʧʨʦʭʦʜʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʣʘʥʠʨʦʚʦʯʥʳʭ ʨʝʰʝʥʠʡ ʜʣʷ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʠ 

ʩʨʘʚʥʠʚʘʝʤʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʤ
2
; 

ä ʬʥʬʵʙʉf 3,3  - ʦʙʱʘʷ ʧʣʦʱʘʜʴ ʩʝʢʮʠʡ 

ʜʣʷ ʩʦʜʝʨʞʘʥʠʷ ʚʩʝʭ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ ʩʚʠʥʝʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ  

 

ʧʣʘʥʠʨʦʚʦʯʥʳʭ ʨʝʰʝʥʠʡ ʜʣʷ 

ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʠ ʩʨʘʚʥʠʚʘʝʤʦʡ ʪʝʭʥʦʣʦʛʠʠ, 

ʤ
2
. 

ʇʦʢʘʟʘʪʝʣʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʣʦʱʘʜʠ 

ʧʨʦʭʦʜʦʚ Fʇ3ʬʵʙ,3ʬʥ ʜʣʷ ʧʣʘʥʠʨʦʚʦʯʥʳʭ 

ʨʝʰʝʥʠʡ ʜʣʷ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʠ ʩʨʘʚʥʠʚʘʝʤʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 

ʬʥʬʵʙʆʬʥʬʵʙʬʥʬʵʙʇ FF 3,33,33,3 ³=d     (5) 

 

ʉʫʤʤʘʨʥʘʷ ʧʣʦʱʘʜʴ ʧʨʦʭʦʜʦʚ ʜʣʷ 

ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʣʘʥʠʨʦʚʦʯʥʦʛʦ ʨʝʰʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ: 

 

( )[ ]
2

3

),()(

(

ʤblnNblnN

blnblnNf

ʇʈʉʆʇʈʉʆʧʨʉʆʇʈʉɼʇʈʉɼʧʨʉɼ

ʇʇʉʆʇʇʇʉʆʇʧʧʇʈʉʆʇʇʈʉʆʇʧʨʉʆʇʬʵʙʇ

³³+³³

+³+³³³=ä
   (6) 
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nʧʨ ï ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʜʦʣʴʥʳʭ ʧʨʦʭʦʜʦʚ 

nʧʨ ï ʢʦʣʠʯʝʩʪʚʦ ʧʦʧʝʨʝʯʥʳʭ ʧʨʦʭʦʜʦʚ 

lʧʨʩʦʧ, lʧʨʩʜ ʠ lʧʨʩʦ ï ʜʣʠʥʘ ʧʨʦʜʦʣʴʥʦʛʦ 

ʚʥʫʪʨʠʩʝʢʮʠʦʥʥʦʛʦ ʧʨʦʭʦʜʘ ʚ ʠʟʦʣʠʨʦʚʘʥʥʳʭ 

ʩʝʢʮʠʷʭ ʜʣʷ ʦʧʦʨʦʩʘ ʩʚʠʥʦʤʘʪʦʢ, 

ʜʦʨʘʱʠʚʘʥʠʷ ʧʦʨʦʩʷʪ-ʦʪʲʝʤʳʰʝʡ ʠ ʦʪʢʦʨʤʘ 

ʩʚʠʥʝʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤ; 

bʧʨʩʦʧ, bʧʨʩʜ ʠ bʧʨʩʦ ï ʰʠʨʠʥʘ 

ʧʨʦʜʦʣʴʥʦʛʦ ʚʥʫʪʨʠʩʝʢʮʠʦʥʥʦʛʦ ʧʨʦʭʦʜʘ ʚ 

ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʩʝʢʮʠʷʭ ʜʣʷ ʦʧʦʨʦʩʘ 

ʩʚʠʥʦʤʘʪʦʢ, ʜʦʨʘʱʠʚʘʥʠʷ ʧʦʨʦʩʷʪ-

ʦʪʲʝʤʳʰʝʡ ʠ ʦʪʢʦʨʤʘ ʩʚʠʥʝʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʤ; 

lʧʧʩʦʧ ʠ bʧʧʩʦʧ, - ʜʣʠʥʘ ʠ ʰʠʨʠʥʘ 

ʧʦʧʝʨʝʯʥʦʛʦ ʚʥʫʪʨʠʩʝʢʮʠʦʥʥʦʛʦ ʧʨʦʭʦʜʘ ʚ 

ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʩʝʢʮʠʷʭ ʜʣʷ ʦʧʦʨʦʩʘ 

ʩʚʠʥʦʤʘʪʦʢ, ʤ. 

ʉʫʤʤʘʨʥʘʷ ʧʣʦʱʘʜʴ ʧʨʦʭʦʜʦʚ ʜʣʷ 

ʩʨʘʚʥʠʚʘʝʤʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʣʘʥʠʨʦʚʦʯʥʦʛʦ ʨʝʰʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ: 

 

( )

( )

( ) 2

3

,

)(

ʤblnNBL

blnblnNBL

blnNBLf

ʇʈʉʆʇʈʉʆʧʨʉʆʎʇʉʆʎʇʉʆ

ʇʇʉɼʇʇʉɼʧʧʇʈʉɼʇʈʉɼʧʨʉɼʎʇʉɼʎʇʉɼ

ʇʈʉʆʇʇʈʉʆʇʧʨʉʆʇʎʇʉʆʇʎʇʉʆʇʬʅʇ

³³³+³

+³+³³³+³+

+³³³+³=ä
  (7) 

 

ʉʫʤʤʘʨʥʘʷ ʩʪʘʥʢʦʚʘʷ ʧʣʦʱʘʜʴ ʩʝʢʮʠʡ 

ʜʣʷ ʩʦʜʝʨʞʘʥʠʷ ʧʦʜʩʦʩʥʳʭ ʩʚʠʥʦʤʘʪʦʢ, 

ʧʦʨʦʩʷʪ-ʩʦʩʫʥʦʚ, ʧʦʨʦʩʷʪ-ʦʪʲʝʤʳʰʝʡ ʠ 

ʦʪʢʦʨʤʘ ʩʚʠʥʝʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 

( ) ( ) ( ) 2

3 ,ʤhlNhlNhlNf COCOʉʆCɼCɼʉɼʉʆʇʉʆʇʉʆʇʬʉ ³³+³³++³³=ä   (8) 

 

ʇʦʢʘʟʘʪʝʣʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʠ Fʜ ʥʘ ʦʯʠʩʪʢʫ, 

ʤʦʡʢʫ, ʩʘʥʠʪʘʨʥʳʡ ʨʝʤʦʥʪ ʠ ʜʝʟʠʥʬʝʢʮʠʶ 

ʧʦʤʝʱʝʥʠʡ ʜʣʷ ʩʦʜʝʨʞʘʥʠʷ ʚʩʝʭ ʚʦʟʨʘʩʪʥʳʭ 

ʛʨʫʧʧ ʩʚʠʥʝʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 

ʜʥʠʤʌʊ
ʊ

FF
F ɼ

ʇO
ɼ ³³³

+
= 2,     (9) 

 

ʛʜʝ: ʊ ï ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʚʳʨʘʱʠʚʘʥʠʷ ʩʚʠʥʝʡ ʦʪ ʨʦʞʜʝʥʠʷ ʜʦ 

ʟʘʚʝʨʰʝʥʠʷ ʦʪʢʦʨʤʘ ʠ ʜʦʩʪʠʞʝʥʠʷ ʪʦʚʘʨʥʦʡ 

ʤʘʩʩʳ, ʜʥʝʡ; 

ʊʜ ï ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʯʠʩʪʢʠ, 

ʤʦʡʢʠ, ʩʘʥʠʪʘʨʥʦʛʦ ʨʝʤʦʥʪʘ ʠ ʜʝʟʠʥʬʝʢʮʠʠ 

ʩʝʢʮʠʡ, ʜʥʝʡ; 

ʌ ï ʬʘʟʥʦʩʪʴ ʩʧʦʩʦʙʘ ʩʦʜʝʨʞʘʥʠʷ. 

 

 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ Fʧʦʥ ʚ ʩʚʠʥʘʨʥʠʢʘʭ 

ʜʣʷ ʦʧʦʨʦʩʘ ʩʚʠʥʦʤʘʪʦʢ, ʚʳʨʘʱʠʚʘʥʠʷ 

ʧʦʨʦʩʷʪ-ʩʦʩʫʥʦʚ, ʜʦʨʘʱʠʚʘʥʠʷ ʧʦʨʦʩʷʪ-

ʦʪʲʝʤʳʰʝʡ ʠ ʦʪʢʦʨʤʘ ʩʚʠʥʝʡ ʚ ʛʦʜ 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʪʨʝʭʬʘʟʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩ 

ʵʣʝʤʝʥʪʘʤʠ ʙʝʩʩʪʨʝʩʩʚʦʛʦ ʩʦʜʝʨʞʘʥʠʷ 

(ʂʋʆɼ) ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʪʨʝʭʬʘʟʥʦʡ, 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʛʨʫʧʧʦʡ ʢʦʤʧʘʥʠʡ çʅʝʦʬʦʨʩè 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 3. 
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ʊʘʙʣʠʮʘ 3  

ʇʦʢʘʟʘʪʝʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʣʦʱʘʜʠ ʦʩʥʦʚʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʜʣʷ ʩʚʠʥʦʬʝʨʤʳ ʧʦ 

ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʫ, ʚʳʨʘʱʠʚʘʥʠʶ ʠ ʦʪʢʦʨʤʫ 12 ʪʳʩ. ʩʚʠʥʝʡ ʚ ʛʦʜ ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ 

ʈʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʠ 

ʩʨʘʚʥʠʚʘʝʤʘʷ ʪʝʭʥʦʣʦʛʠʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʚʠʥʠʥʳ 

ʇʦʢʘʟʘʪʝʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʣʦʱʘʜʠ ʦʩʥʦʚʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ ʟʘ ʮʠʢʣ, Fʧʦʥ, ʤ
2
Ĭʜʥʠ 

ɺʩʝʛʦ ɺ ʪʦʤ ʯʠʩʣʝ 

Fʧʦʥ Fʦ Fʧ Fʜ 

ʊʨʘʜʠʮʠʦʥʥʘʷ ʪʨʝʭʬʘʟʥʘʷ 

ʪʝʭʥʦʣʦʛʠʷ ʚʳʨʘʱʠʚʘʥʠʷ ʠ 

ʦʪʢʦʨʤʘ 12 ʪʳʩ. ʩʚʠʥʝʡ ʚ 

ʛʦʜ ʨʘʟʨʘʙʦʪʢʠ ʛʨʫʧʧʳ 

ʢʦʤʧʘʥʠʡ çʅʝʦʬʦʨʩè 

543259,3 424090,06 93299,8 25869,44 

ʈʘʟʨʘʙʘʪʳʚʘʝʤʘʷ 

ʪʨʝʭʬʘʟʥʘʷ ʪʝʭʥʦʣʦʛʠʷ 

ʚʳʨʘʱʠʚʘʥʠʷ ʠ ʦʪʢʦʨʤʘ 12 

ʪʳʩ. ʩʚʠʥʝʡ ʚ ʛʦʜ ʩ 

ʵʣʝʤʝʥʪʘʤʠ ʙʝʩʩʪʨʝʩʩʦʚʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ 

392279,17 302890,77 69664,87 19723,53 

ʉʥʠʞʝʥʠʝ, ʨʘʟ 1,38 1,4 1,34 1,31 

 

ʀʟ ʪʘʙʣʠʮʳ 3 ʚʠʜʥʦ, ʯʪʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʣʘʥʠʨʦʚʦʯʥʳʝ ʨʝʰʝʥʠʷ ʩ 

ʵʣʝʤʝʥʪʘʤʠ ʙʝʩʩʪʨʝʩʩʦʚʦʛʦ ʩʦʜʝʨʞʘʥʠʷ 

ʩʚʠʥʝʡ (ʂʋʆɼ) ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ, ʪʘʢ ʢʘʢ ʧʦ 

ʧʦʢʘʟʘʪʝʣʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʣʦʱʘʜʠ 

ʦʩʥʦʚʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʠ ʝʝ ʩʦʩʪʘʚʣʷʶʱʠʭ, ʦʥʘ 

ʟʥʘʯʠʪʝʣʴʥʦ ʵʬʬʝʢʪʠʚʥʝʝ ï ʚ 1,31 ï 1,4 ʨʘʟʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʪʝʭʥʦʣʦʛʠʡ 

ʩʦʜʝʨʞʘʥʠʷ ʩʚʠʥʝʡ ʧʦ ʢʨʠʪʝʨʠʶ ʦʧʣʘʪʳ 

ʧʣʦʱʘʜʠ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʤʷʩʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣ. 4. 

 

ʊʘʙʣʠʮʘ 4  

ɿʥʘʯʝʥʠʷ ʢʨʠʪʝʨʠʷ ʦʧʣʘʪʳ ʧʣʦʱʘʜʠ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʤʷʩʘ ʜʣʷ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʠ 

ʩʨʘʚʥʠʚʘʝʤʦʡ ʪʝʭʥʦʣʦʛʠʡ ʩʦʜʝʨʞʘʥʠʷ ʩʚʠʥʝʡ 

ʊʝʭʥʦʣʦʛʠʷ 

ʩʦʜʝʨʞʘʥʠʷ 

Fʧʦʥ, 

ʤ
2
Ĭʜʥʠ 

(ʟʘ ʛʦʜ) 

ʊʦʚʘʨʥʘʷ 

ʤʘʩʩʘ 

ʩʚʠʥʝʡ ʚ 

ʛʦʜ, ʄʪ, 

ʢʛ 

ʂʤ, 

ʢʛ/ʤ
2
Ĭʜʥʠ 

ʊʦʚʘʨʥʘʷ ʤʘʩʩʘ 

ʩʚʠʥʝʡ (ʩ 

ʫʯʝʪʦʤ 

ʚʳʙʨʘʢʦʚʘʥʥʳʭ 

ʠ ʨʝʤʦʥʪʥʳʭ 

ʩʚʠʥʦʤʘʪʦʢ) ʚ 

ʛʦʜ, ʄʪ, ʢʛ 

ʂʤ (ʩ ʫʯʝʪʦʤ 

ʨʝʘʣʠʟʘʮʠʠ 

ʚʳʙʨʘʢʦʚʘʥʥʳʭ 

ʠ ʨʝʤʦʥʪʥʳʭ 

ʩʚʠʥʦʤʘʪʦʢ), 

ʢʛ/ʤ
2
Ĭʜʥʠ 

ʊʨʘʜʠʮʠʦʥʥʘʷ 

ʪʨʝʭʬʘʟʥʘʷ 

ʪʝʭʥʦʣʦʛʠʷ 

ʚʳʨʘʱʠʚʘʥʠʷ ʠ 

543259,3 1405903 2,58 1481216 2,73 
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ʦʪʢʦʨʤʘ 12 ʪʳʩ. 

ʩʚʠʥʝʡ ʚ ʛʦʜ 

ʨʘʟʨʘʙʦʪʢʠ 

ʛʨʫʧʧʳ 

ʢʦʤʧʘʥʠʡ 

çʅʝʦʬʦʨʩè 

ʈʘʟʨʘʙʘʪʳʚʘʝʤʘʷ 

ʪʨʝʭʬʘʟʥʘʷ 

ʪʝʭʥʦʣʦʛʠʷ 

ʚʳʨʘʱʠʚʘʥʠʷ ʠ 

ʦʪʢʦʨʤʘ 12 ʪʳʩ. 

ʩʚʠʥʝʡ ʚ ʛʦʜ ʩ 

ʵʣʝʤʝʥʪʘʤʠ 

ʙʝʩʩʪʨʝʩʩʦʚʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ 

392279,17 1420425 3,62 1497813 3,81 

 

ɺʳʚʦʜʳ 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʪʦʚʘʨʥʘʷ ʤʘʩʩʘ 

ʩʚʠʥʝʡ ʥʘ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʬʝʨʤʝ ʚʳʰʝ ʚʩʝʛʦ 

ʥʘ 3,8%, ʢʨʠʪʝʨʠʡ ʦʧʣʘʪʳ ʧʣʦʱʘʜʠ ʦʩʥʦʚʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ ʜʣʷ ʩʚʠʥʦʬʝʨʤʳ ʥʘ 12 ʪʳʩ. ʩʚʠʥʝʡ 

ʚ ʛʦʜ ʩ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʚʳʨʘʱʠʚʘʥʠʷ 

ʧʦʨʦʩʷʪ-ʦʪʲʝʤʳʰʝʡ (ʂʋʆɼ) ʚ 1,4 ʨʘʟʘ 

ʵʬʬʝʢʪʠʚʥʝʝ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʙʘʟʦʚʦʡ 

ʪʝʭʥʦʣʦʛʠʝʡ.  

ʇʨʠʤʝʥʝʥʠʝ ʥʦʚʦʡ ʪʨʝʭʬʘʟʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʩ ʂʋʆɼ ʧʦʟʚʦʣʠʪ ʥʘ 9,5 % 

ʩʥʠʟʠʪʴ ʦʙʱʫʶ ʧʣʦʱʘʜʴ ʩʦʜʝʨʞʘʥʠʷ 

ʧʦʜʩʦʩʥʳʭ ʩʚʠʥʦʤʘʪʦʢ, ʧʦʨʦʩʷʪ-ʦʪ̡ʝʤʳʰʝʡ ʠ 

ʦʪʢʦʨʤʦʯʥʳʭ ʩʚʠʥʝʡ, ʠ ʫʚʝʣʠʯʠʪʴ  

 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʧʦʨʦʩʷʪ-ʦʪʲʝʤʳʰʝʡ ʠ 

ʦʪʢʦʨʤʦʯʥʳʭ ʩʚʠʥʝʡ ʜʦ 10%. 

ʂʨʦʤʝ ʪʦʛʦ, ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʶʪʩʷ 

ʟʘʪʨʘʪʳ ʪʨʫʜʘ ʟʘ ʩʯʝʪ ʩʘʤʦʬʦʨʤʠʨʦʚʘʥʠʷ 

ʩʛʨʫʧʧʠʨʦʚʘʥʥʳʭ ʛʥʝʟʜ ʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ 

ʧʝʨʝʤʝʱʝʥʠʷ ʧʦʨʦʩʷʪ ʩʛʨʫʧʧʠʨʦʚʘʥʥʳʤʠ 

ʛʥʝʟʜʘʤʠ.  

ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ, ʚ ʦʪʣʠʯʠʠ ʦʪ ʙʘʟʦʚʦʡ 

ʪʝʭʥʦʣʦʛʠʠ, ʚ ʢʘʞʜʦʡ ʠʟʦʣʠʨʦʚʘʥʥʦʡ ʩʝʢʮʠʠ 

ʜʣʷ ʜʦʨʘʱʠʚʘʥʠʷ ʧʦʨʦʩʷʪ ʠ ʦʪʢʦʨʤʘ ʩʚʠʥʝʡ ʧʦ 

2 ʩʘʥʠʪʘʨʥʳʭ ʩʪʘʥʢʘ ʥʘ 15 ʛʦʣʦʚ ʜʣʷ 

ʩʦʜʝʨʞʘʥʠʷ ʙʦʣʴʥʳʭ ʠ ʦʪʩʪʘʶʱʠʭ ʚ ʨʦʩʪʝ 

ʧʦʨʦʩʷʪ-ʦʪʲʝʤʳʰʝʡ, ʠ ʦʪʢʦʨʤʦʯʥʳʭ ʩʚʠʥʝʡ. 

 

ɹʀɹʃʀʆɻʈɸʌʀʏɽʉʂʀʁ ʉʇʀʉʆʂ 

 

1. ʊʨʠʬʘʥʦʚ ɸ.ɺ., ʂʘʣʶʛʘ ɺ.ɺ., 

ɹʘʟʳʢʠʥ ɺ.ʀ. ʉʦʩʪʦʷʥʠʝ ʠ ʪʝʥʜʝʥʮʠʠ 

ʨʘʟʚʠʪʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʚʠʥʠʥʳ ʚ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ // ʊʝʭʥʦʣʦʛʠʠ ʠ ʪʝʭʥʠʯʝʩʢʠʝ 

ʩʨʝʜʩʪʚʘ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʧʨʦʜʫʢʮʠʠ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ 

ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ. 2016. ˉ 90. ʉ. 5-14. 

2. ʂʘʣʶʛʘ ɺ.ɺ., ʊʨʠʬʘʥʦʚ ɸ.ɺ., 

ɹʘʟʳʢʠʥ ɺ.ʀ., ʇʨʠʚʘʣʦʚ ʄ.ʅ. ʉʪʨʘʪʝʛʠʷ 

ʤʘʰʠʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʚʠʥʠʥʳ ʚ ʢʨʝʩʪʴʷʥʩʢʠʭ ʠ 

ʬʝʨʤʝʨʩʢʠʭ ʭʦʟʷʡʩʪʚʘʭ ʥʘ ʧʝʨʠʦʜ ʜʦ 2020 

ʛʦʜʘ // ʅʘʫʯʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʨʘʟʚʠʪʠʷ ɸʇʂ ʚ 

ʫʩʣʦʚʠʷʭ ʨʝʬʦʨʤʠʨʦʚʘʥʠʷ. ʉʙ. ʥʘʫʯ. ʪʨʫʜʦʚ ʧʦ  

ʤʘʪʝʨʠʘʣʘʤ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

ʧʨʦʬʝʩʩʦʨʩʢʦ-ʧʨʝʧʦʜʘʚʘʪʝʣʴʩʢʦʛʦ ʩʦʩʪʘʚʘ, 

ʥʘʫʯʥʳʭ ʩʦʪʨʫʜʥʠʢʦʚ ʠ ʘʩʧʠʨʘʥʪʦʚ ʉʇʙɻɸʋ. 

(ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ-ʇʫʰʢʠʥ, 28-29.01. 2010 ʛ.) 

ʉʇʙ.: ʉʇʙɻɸʋ. 2010. ʉ. 232-234. 

3. ʂʘʣʶʛʘ ɺ.ɺ., ɹʘʟʳʢʠʥ ɺ.ʀ., 

ʇʨʠʚʘʣʦʚ ʄ. ʉʦʚʨʝʤʝʥʥʳʝ 

ʵʥʝʨʛʦʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʠ 



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

152 
 

ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ, 

ʚʳʨʘʱʠʚʘʥʠʷ ʠ ʦʪʢʦʨʤʘ ʩʚʠʥʝʡ ʚ 

ʢʨʝʩʪʴʷʥʩʢʠʭ ʠ ʬʝʨʤʝʨʩʢʠʭ ʭʦʟʷʡʩʪʚʘʭ // 

ɻʣʘʚʥʳʡ ʟʦʦʪʝʭʥʠʢ. 2010. ˉ 3. ʉ. 39-44. 

4. ʉʚʠʥʘʨʝʚ ʀ.ʖ., ʅʵʝʨ ɸ. 

ʂʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʫʯʘʩʪʦʢ ʜʦʨʘʱʠʚʘʥʠʷ ʠ 

ʦʪʢʦʨʤʘ (ʂʋɼʆ) // ʉʚʠʥʦʚʦʜʩʪʚʦ. 2019. ˉ 6. 

ʉ. 13-16. 

5. ʉʚʠʥʘʨʝʚ ʀ.ʖ., ʍʠʨʦʥ ɹ., ɹʫʩʦʚ ɸ.ɸ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʦʧʳʪ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʝʧʨʦʜʫʢʪʦʨʘ ʥʘ 11,6 ʪʳʩ. 

ʩʚʠʥʦʤʘʪʦʢ // ʉʚʠʥʦʚʦʜʩʪʚʦ. 2019. ˉ 1. ʉ. 27-

30. 

6. ɺʦʜʷʥʥʠʢʦʚ ɺ.ʀ., ʐʢʘʣʝʥʢʦ ɺ.ɺ. 

ʇʨʦʬʠʣʘʢʪʠʢʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʪʨʝʩʩʦʚ ʥʘ 

ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ ʦʪʢʦʨʤʝ ʤʦʣʦʜʥʷʢʘ ʩʚʠʥʝʡ // 

ʉʚʠʥʦʚʦʜʩʪʚʦ. 2017. ˉ 2. ʉ. 23-24. 

7. ʂʘʣʶʛʘ ɺ.ɺ., ɹʘʟʳʢʠʥ ɺ.ʀ., ʊʠʭʦʥʦʚ 

ɽ.ɸ., ɿʘʡʮʝʚʘ ʄ.ʀ. ɻʨʘʬʠʯʝʩʢʦʝ ʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʷʪʠʬʘʟʥʦʡ 

ʙʝʩʩʪʨʝʩʩʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ, 

ʚʳʨʘʱʠʚʘʥʠʷ ʠ ʦʪʢʦʨʤʘ ʩʚʠʥʝʡ // Resources 

and Technology. 2014. ʊ.11. ˉ1. ʉ. 66-76.  

8. ʂʘʣʶʛʘ ɺ.ɺ., ɹʘʟʳʢʠʥ ɺ.ʀ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʷʪʠʬʘʟʥʦʡ 

ʙʝʩʩʪʨʝʩʩʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ, 

ʚʳʨʘʱʠʚʘʥʠʷ ʠ ʦʪʢʦʨʤʘ ʩʚʠʥʝʡ // ʊʝʭʥʦʣʦʛʠʠ 

ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ 

ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ. 2014. ˉ 85. ʉ. 100-108. 

9. ʂʘʣʶʛʘ ɺ.ɺ., ɹʘʟʳʢʠʥ ɺ.ʀ., 

ʇʨʠʚʘʣʦʚ ʄ.ʅ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʷʪʠʬʘʟʥʦʡ 

ʙʝʩʩʪʨʝʩʩʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ, 

ʚʳʨʘʱʠʚʘʥʠʷ ʠ ʦʪʢʦʨʤʘ ʩʚʠʥʝʡ // ɺʝʩʪʥʠʢ 

ɺʩʝʨʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ 

ʠʥʩʪʠʪʫʪʘ ʤʝʭʘʥʠʟʘʮʠʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ. 

2013. ˉ 4 (12). ʉ. 16-22. 

10. Kaljuga V., Kara I., Nikolaev S., 

Bazykin V. Stress free technology for low and 

medium capacity pig farms of peasant and farm 

husbandries of Russia // Efficient and safe 

production processes in sustainable agriculture 

and forestry. Proc. XXXIV CIOSTA CIGR V 

Conf. 20 June-1 July 2011. Vienna, Austria: 

University of Natural Resources and Applied Life 

Sciences. 2011. pp. 337-338. 

11. ʂʘʣʶʛʘ ɺ.ɺ., ɹʘʟʳʢʠʥ ɺ.ʀ. ʆʩʥʦʚʳ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʩʯʸʪʘ ʤʘʣʦʡ ʩʚʠʥʦʬʝʨʤʳ 

ʩ ʙʝʩʩʪʨʝʩʩʦʚʳʤ ʩʧʦʩʦʙʦʤ ʩʦʜʝʨʞʘʥʠʷ ʩʚʠʥʝʡ 

ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʝʸ ʛʘʙʘʨʠʪʦʚ // ʀʟʚʝʩʪʠʷ 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʘʛʨʘʨʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ʉʇʙ. 2012. ˉ27. ʉ. 

293-300. 

12. ʂʦʤʣʘʮʢʠʡ ɻ.ɺ. ʀʥʜʫʩʪʨʠʘʣʠʟʘʮʠʷ 

ʠ ʠʥʪʝʥʩʠʬʠʢʘʮʠʷ ʦʪʨʘʩʣʠ ʩʚʠʥʦʚʦʜʩʪʚʘ ʥʘ 

ʶʛʝ ʈʦʩʩʠʠ. Aʚʪʦʨʝʬʝʨʘʪ ʜʠʩʩʝʨʪʘʮʠʠ ʥʘ 

ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ ʜʦʢʪʦʨʘ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʘʫʢ. ʏʝʨʢʝʩʩʢ: 

ʉʪɻɸʋ. 2014. 48 ʩ. 

13. Kalyuga V., Trifanov A., Bazykin V. 

Justification of choice of stress-free pig housing 

method on small-scale farms at designing stage. // 

Engineering for Rural Development. Proc. 18
th
 

Int. Sci. Conf. May, 22-24, 2019. Jelgava, Latvia: 

LLU. 2019. pp. 349-354. DOI: 

10.22616/ERDev2019.18.N164. 

14. ʂʘʣʶʛʘ ɺ.ɺ., ʊʨʠʬʘʥʦʚ ɸ.ɺ., 

ɹʘʟʳʢʠʥ ɺ.ʀ. ʆʙʦʩʥʦʚʘʥʠʝ ʧʷʪʠʬʘʟʥʦʛʦ 

ʙʝʩʩʪʨʝʩʩʦʚʦʛʦ ʩʧʦʩʦʙʘ ʩʦʜʝʨʞʘʥʠʷ ʩʚʠʥʝʡ ʥʘ 

ʤʘʣʳʭ ʬʝʨʤʘʭ ʥʘ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. // 

ʉʚʠʥʦʚʦʜʩʪʚʦ. 2018. ˉ 8. ʉ. 17-20. 

15. ɹʘʟʳʢʠʥ ɺ.ʀ., ʂʘʣʶʛʘ ɺ.ɺ., 

ʊʨʠʬʘʥʦʚ ɸ.ɺ. ʂʨʠʪʝʨʠʠ ʦʮʝʥʢʠ ʠ ʚʳʙʦʨʘ 

ʧʨʦʝʢʪʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ 

ʩʚʠʥʦʚʦʜʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ // ʊʝʭʥʦʣʦʛʠʠ ʠ 

ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ 

ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ. 2016. ˉ 90. ʉ. 132-139. 

16. ʂʘʣʶʛʘ ɺ.ɺ., ɹʘʟʳʢʠʥ ɺ.ʀ., 

ʊʨʠʬʘʥʦʚ ɸ.ɺ. ʄʝʪʦʜʠʢʘ ʚʳʙʦʨʘ 

ʙʝʩʩʪʨʝʩʩʦʚʦʛʦ ʩʧʦʩʦʙʘ ʩʦʜʝʨʞʘʥʠʷ ʩʚʠʥʝʡ ʥʘ 

ʩʪʘʜʠʠ ʢʦʥʮʝʧʪʫʘʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʤʘʣʳʭ ʩʚʠʥʦʬʝʨʤ // ʊʝʭʥʦʣʦʛʠʠ ʠ ʪʝʭʥʠʯʝʩʢʠʝ 

ʩʨʝʜʩʪʚʘ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʧʨʦʜʫʢʮʠʠ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ 

ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ. 2018. ˉ 95. ʉ. 208-216. 

DOI: 10.24411/0131-5226-2018-10049. 

 



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

153 
 

REFERENCES 

 

1. Trifanov A.V., Kalyuga V.V., Bazykin V.I. 

Sostoyanie i tendentsii razvitiya proizvodstva 

svininy v Rossiiskoi Federatsii [Current state and 

trends of pork production in the Russian 

Federation]. Tekhnologii i tekhnicheskie sredstva 

mekhanizirovannogo proizvodstva produktsii 

rastenievodstva i zhivotnovodstva. 2016. No. 90: 

5-14 (In Russian) 

2. Kalyuga V.V., Trifanov A.V., Bazykin V.I., 

Privalov M.N. Strategiya mashino-

tekhnologicheskogo obespecheniya proizvodstva 

svininy v krest'yanskikh i fermerskikh 

khozyaistvakh na period do 2020 goda [Strategy 

of machine and technological support for pork 

production in peasant and farm enterprises for the 

period until 2020]. Nauchnoe obespechenie 

razvitiya APK v usloviyakh reformirovaniya 

[Scientific support for the development of the 

agro-industrial complex in the context of reform]. 

Collection of papers by the materials of the 

scientific conference (Saint Petersburg-Pushkin, 

28-29. 01. 2010) Saint Petersburg: SPbSAU. 

2010: 232-234 (In Russian) 

3. Kalyuga V.V., Bazykin V.I., Privalov M. 

Sovremennye energoresursosberegayushchie 

tekhnologii i tekhnicheskie sredstva 

vosproizvodstva, vyrashchivaniya i otkorma 

svinei v krest'yanskikh i fermerskikh 

khozyaistvakh [Modern energy and resource 

saving technologies, machines and equipment of 

pig reproduction, growing and fattening in 

peasant and private farms]. Glavnyi zootekhnik. 

2010. No. 3: 39-44 (In Russian) 

4. Svinarev I.Yu., Neer A. Kombinirovannyi 

uchastok dorashchivaniya i otkorma (KUDO) 

[Technology of growing pigs on wean-to-finish 

farms]. Svinovodstvo. 2019. No. 6: 13-16 (In 

Russian) 

5. Svinarev I.Yu., Khiron B., Busov A.A. 

Tekhnologicheskoe proektirovanie i opyt 

ekspluatatsii reproduktora na 11,6 tys. 

svinomatok [Technological design and operation 

of a sow unit for 11 600 sows]. Svinovodstvo. 

2019. No. 1: 27-30 (In Russian) 

6. Vodyannikov V.I., Shkalenko V.V. 

Profilaktika tekhnologicheskikh stressov na 

zaklyuchitel'nom otkorme molodnyaka svinei 

[Prevention of technological stresses in the final 

fattening of young pigs]. Svinovodstvo. 2017. No. 

2: 23-24 (In Russian) 

7. Kalyuga V.V., Bazykin V.I., Tikhonov E.A., 

Zaitseva M.I. Graficheskoe i matematicheskoe 

modelirovanie pyatifaznoi besstressovoi 

tekhnologii vosproizvodstva, vyrashchivaniya i 

otkorma svinei [Graphic and mathematical 

modelling of a five-phase stress-free technology 

for pig reproduction, growing and fattening]. 

Resources and Technology. 2014. Vol.11. No.1: 

66-76 (In Russian) 

8. Kalyuga V.V., Bazykin V.I. Rezul'taty 

issledovaniya pyatifaznoi besstressovoi 

tekhnologii vosproizvodstva, vyrashchivaniya i 

otkorma svinei [Investigation results of five-

phase stress-free technologyof pig reproduction, 

growing and fattening]. Tekhnologii i 

tekhnicheskie sredstva mekhanizirovannogo 

proizvodstva produktsii rastenievodstva i 

zhivotnovodstva. 2014. No. 85: 100-108 (In 

Russian) 

9. Kalyuga V.V., Bazykin V.I., Privalov M.N. 

Modelirovanie pyatifaznoi besstressovoi 

tekhnologii vosproizvodstva, vyrashchivaniya i 

otkorma svinei [Simulation of five-phase stress-

free technology of pig reproduction, growing and 

finishing]. Vestnik Vserossiiskogo nauchno-

issledovatel'skogo instituta mekhanizatsii 

zhivotnovodstva. 2013. No. 4 (12): 16-22 (In 

Russian) 

10. Kaljuga V., Kara I., Nikolaev S., Bazykin V. 

Stress free technology for low and medium 

capacity pig farms of peasant and farm 

husbandries of Russia // Efficient and safe 

production processes in sustainable agriculture 

and forestry. Proc. XXXIV CIOSTA CIGR V 

Conf. 20 June-1 July 2011. Vienna, Austria: 



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

154 
 

University of Natural Resources and Applied Life 

Sciences. 2011: 337-338 (In English) 

11. Kalyuga V.V., Bazykin V.I. Osnovy 

tekhnologicheskogo rascheta maloi svinofermy s 

besstressovym sposobom soderzhaniya svinei i 

opredelenie ee gabaritov [Basics of technological 

calculation of a small pig farm with a stress-free 

method of pig housing and determining farm 

dimensions].  Izvestiya Sankt-Peterburgskogo 

gosudarstvennogo agrarnogo universiteta. 2012. 

No. 27: 293-300 (In Russian) 

12. Komlatskii G.V. Industrializatsiya i 

intensifikatsiya otrasli svinovodstva na yuge 

Rossii [Industrialisation and intensification of the 

pig industry in the south of Russia]. Avtoreferat 

dissertatsii na soiskanie uchenoi stepeni doktora 

sel'skokhozyaistvennykh nauk [Authorôs Abstract 

of Doctoral Thesis]. Cherkessk: StGAU. 2014: 48 

(In Russian) 

13. Kalyuga V., Trifanov A., Bazykin V. 

Justification of choice of stress-free pig housing 

method on small-scale farms at designing stage.  

Engineering for Rural Development. Proc. 18th 

Int. Sci. Conf. May, 22-24, 2019. Jelgava, Latvia: 

LLU. 2019: 349-354 (In English) DOI: 

10.22616/ERDev2019.18.N164. 

14. Kalyuga V.V., Trifanov A.V., Bazykin V.I. 

Obosnovanie pyatifaznogo besstressovogo 

sposoba soderzhaniya svinei na malykh fermakh 

na stadii proektirovaniya [Justification of the 

five-phase stress-free method of fattening pigs on 

small farms]. Svinovodstvo. 2018. No. 8: 17-20 

(In Russian) 

15. Bazykin V.I., Kalyuga V.V., Trifanov A.V. 

Kriterii otsenki i vybora proektno-

tekhnologicheskikh reshenii svinovodcheskikh 

predpriyatii [Assessment and selection criteria of 

design and technological solutions for pig farms]. 

Tekhnologii i tekhnicheskie sredstva 

mekhanizirovannogo proizvodstva produktsii 

rastenievodstva i zhivotnovodstva. 2016. No. 90: 

132-139 (In Russian) 

16. Kalyuga V.V., Bazykin V.I., Trifanov A.V. 

Metodika vybora besstressovogo sposoba 

soderzhaniya svinei na stadii kontseptual'nogo 

proektirovaniya malykh svinoferm [Methodology 

to select the stress-free method of pig housing at 

the conceptual designing stage of small-scale pig 

farms]. Tekhnologii i tekhnicheskie sredstva 

mekhanizirovannogo proizvodstva produktsii 

rastenievodstva i zhivotnovodstva. 2018. No. 95: 

208-216 (In Russian) DOI: 10.24411/0131-5226-

2018-10049. 

 

 

 

 

ʋɼʂ 631.22                                                                DOI  10.24412/2713-2641-2021-3108-154-163 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʇɸʈɸʄɽʊʈʆɺ ʄʀʂʈʆʂʃʀʄɸʊɸ ʂʆʈʆɺʅʀʂɸ ʇɽʈɽʅʆʉʅʓʄ 

ʀɿʄɽʈʀʊɽʃʔʅʓʄ ʂʆʄʇʃɽʂʉʆʄ 

 

ɺ.ʌ. ɺʪʦʨʳʡ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ,  

ʉ.ɺ. ɺʪʦʨʳʡ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ,  

ʈ.ʄ. ʀʣʴʠʥ  

 

ʀʥʩʪʠʪʫʪ ʘʛʨʦʠʥʞʝʥʝʨʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

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

ɺ ʩʚʝʪʝ ʪʝʢʫʱʠʭ ʚʳʟʦʚʦʚ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʝʥʠʷ ʠ ʨʦʩʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʢʦʨʦʚ 

ʧʨʦʙʣʝʤʘ ʪʝʧʣʦʚʦʛʦ ʩʪʨʝʩʩʘ ʞʠʚʦʪʥʳʭ ʩʪʘʥʦʚʠʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʚ ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ. 

ɼʣʷ ʦʮʝʥʢʠ ʨʘʙʦʪʳ ʩʠʩʪʝʤ ʚʝʥʪʠʣʷʮʠʠ, ʚʳʷʚʣʝʥʠʷ ʧʨʦʙʣʝʤʥʳʭ ʟʦʥ ʚ ʢʦʨʦʚʥʠʢʘʭ ʠ ʩʥʠʞʝʥʠʷ 
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ʨʠʩʢʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʩʪʨʝʩʩʘ ʫ ʢʦʨʦʚ ʥʝʦʙʭʦʜʠʤ ʤʦʥʠʪʦʨʠʥʛ ʩʦʩʪʦʷʥʠʷ 

ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʦʮʝʥʢʘ ʧʘʨʘʤʝʪʨʦʚ 

ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ ʧʦʤʝʱʝʥʠʷʭ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʩ ʧʦʤʦʱʴʶ ʧʝʨʝʥʦʩʥʦʛʦ 

ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʇʀʂ-4. ʀʩʩʣʝʜʦʚʘʥʠʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʥʘ ʜʚʫʭ ʬʝʨʤʘʭ ʚ 

ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʩ ʙʝʩʧʨʠʚʷʟʥʳʤ ʩʧʦʩʦʙʦʤ ʩʦʜʝʨʞʘʥʠʷ ʞʠʚʦʪʥʳʭ ʚ ʢʦʨʦʚʥʠʢʘʭ ʩ 

ʩʠʩʪʝʤʦʡ ʝʩʪʝʩʪʚʝʥʥʦʡ ʚʝʥʪʠʣʷʮʠʠ, ʪʦ ʝʩʪʴ ʧʨʠʪʦʢʦʤ ʚʦʟʜʫʭʘ ʯʝʨʝʟ ʩʚʝʪʦʘʵʨʘʮʠʦʥʥʳʡ 

ʢʦʥʝʢ, ʦʢʥʘ ʠ ʚʦʨʦʪʘ. ɺ ʢʘʞʜʦʤ ʠʩʩʣʝʜʫʝʤʦʤ ʧʦʤʝʱʝʥʠʠ ʩʦʜʝʨʞʘʣʦʩʴ ʧʦ ʯʝʪʳʨʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʛʨʫʧʧʳ ʜʦʡʥʳʭ ʢʦʨʦʚ ʨʘʟʥʦʛʦ ʧʝʨʠʦʜʘ ʣʘʢʪʘʮʠʠ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʧʝʨʝʥʦʩʥʦʡ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ʇʀʂ-4 ʧʦʟʚʦʣʠʣ ʧʨʦʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʷ ʯʝʪʳʨʝʭ 

ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʠʢʨʦʢʣʠʤʘʪʘ ï ʪʝʤʧʝʨʘʪʫʨʫ ʠ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ, 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʉʆ2 ʠ NH3 ʚ ʮʝʣʷʭ ʦʮʝʥʢʠ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ ʧʦʤʝʱʝʥʠʠ ʥʘ 

ʝʛʦ ʩʦʦʪʚʝʪʩʪʚʠʝ ʟʦʦʪʝʭʥʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ. ɺ ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ ʚʳʰʝ + 28 Áʉ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ ʜʦ 60% ʪʝʧʝʨʘʪʫʨʥʦ-

ʚʣʘʞʥʦʩʪʥʳʡ ʠʥʜʝʢʩ THI ʙʳʣ ʨʘʚʝʥ 76-81, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʦ ʦ ʪʝʧʣʦʚʦʤ ʩʪʨʝʩʩʝ ʜʣʷ 

ʞʠʚʦʪʥʳʭ ʠ ʩʥʠʞʘʣʦ ʠʭ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʧʨʠʤʝʥʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʚʝʥʪʠʣʷʮʠʠ ʩ ʩʦʟʜʘʥʠʝʤ ʚʦʜʷʥʦʛʦ ʪʫʤʘʥʘ ʫʤʝʥʴʰʘʣʦ ʪʝʧʣʦʚʫʶ ʥʘʛʨʫʟʢʫ ʥʘ ʞʠʚʦʪʥʳʭ, ʥʦ 

ʙʳʣʦ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʢʦʤʬʦʨʪʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʞʠʚʦʪʥʳʭ ʠ 

ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ:  ʢʦʨʦʚʥʠʢ, ʤʠʢʨʦʢʣʠʤʘʪ, ʪʝʧʣʦʚʦʡ ʩʪʨʝʩʩ, ʪʝʤʧʝʨʘʪʫʨʥʦ-

ʚʣʘʞʥʦʩʪʥʳʡ ʠʥʜʝʢʩ. 
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STUDY OF THE BARN INSIDE CLIMATE PARAMETERS WITH A PORTABLE 

MEASURING COMPLEX 

V.F. Vtoryi, DSc (Engineering),  

S.V. Vtoryi, Cand. Sc. (Engineering),  

R.M. Ilyn 

 

Institute for Engineering and Environmental Problems in Agricultural Production (IEEP) ï branch 

of FSAC VIM, Saint Petersburg, Russia 

In light of the current challenges of global warming and cow productivity growth, heat stress 

in animals is becoming a crucial problem in animal husbandry. The monitoring of the inside air 

environment is required to estimate the ventilation performance, identify the bottlenecks in the 

barns and reduce the risk of heat stress in cows. In this regard, the study aimed to assess the 

microclimate parameters in the livestock houses in summer using a PIK-4 portable measuring 

complex. The study was conducted on two farms in the Leningrad Region in the cow barns with a 

loose housing system and a natural ventilation system ï with the air inflow through a light aeration 

ridge, windows and gates. Four technological groups of dairy cows of different lactation periods 

were housed in each cow barn. According to the study results, the PIK-4 portable measuring 

complex allowed measuring four main parameters of the inside climate ï air temperature and 

relative humidity and the concentration of greenhouse gases ï carbon dioxide and ammonia to 
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assess its compliance with zootechnical requirements. In summer, under the outdoor temperatures 

above + 28 ÁC and relative air humidity up to 60%, the temperature-humidity index (THI) was 76-

81, which indicated the heat stress for animals and reduced their productivity. Under these 

conditions, the use of additional ventilation and generation of water mist reduced the heat load on 

the animals but was not enough to provide the necessary comfortable conditions for the animals and 

service personnel. 

     Key words:  cow barn, inside climate, heat stress, temperature and humidity index 

     For citation: Vtoryi V.F., Vtoryi S.V., Ilyn R.M. Study of the barn inside climate parameters 
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ɺʚʝʜʝʥʠʝ 

ɺ ʩʚʝʪʝ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʳ 

ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʝʥʠʷ ʠ ʨʦʩʪʘ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ  ʢʦʨʦʚ, ʧʨʦʙʣʝʤʘ ʪʝʧʣʦʚʦʛʦ 

ʩʪʨʝʩʩʘ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʪʘʥʦʚʠʪʩʷ ʦʜʥʦʡ 

ʠʟ ʚʘʞʥʝʡʰʠʭ ʚ ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ. 

ɺʦʟʜʝʡʩʪʚʠʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘ 

ʩʦʩʪʦʷʥʠʝ  ʢʦʨʦʚ  ʠʩʩʣʝʜʦʚʘʥʦ ʨʷʜʦʤ 

ʘʚʪʦʨʦʚ ʚ ʨʘʟʥʳʭ ʩʪʨʘʥʘʭ ʤʠʨʘ [1-5]. 

ʂʦʣʝʙʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʚ ʢʦʨʦʚʥʠʢʝ 

ʚ  ʜʠʘʧʘʟʦʥʝ ʦʪ +5 ÁC ʜʦ +20,0 ÁC ʧʨʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʦʪ 40% ʜʦ 80% 

ʩʯʠʪʘʶʪʩʷ ʪʝʨʤʦʥʝʡʪʨʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ, 

ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ  ʥʝ 

ʦʢʘʟʳʚʘʶʪ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʦʙʱʝʝ 

ʩʦʩʪʦʷʥʠʝ ʢʦʨʦʚ.  ʆʜʥʘʢʦ ʩ ʨʦʩʪʦʤ ʵʪʠʭ 

ʟʥʘʯʝʥʠʡ, ʦʥʠ ʚʳʟʳʚʘʶʪ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ 

ʠʣʠ ʧʦʚʝʜʝʥʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʫ ʞʠʚʦʪʥʳʭ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʨʝʘʢʮʠʶ ʥʘ ʪʝʧʣʦʚʦʡ 

ʩʪʨʝʩʩ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʯʪʦ, 

ʚʳʩʦʢʦʧʨʦʜʫʢʪʠʚʥʳʝ ʢʦʨʦʚʳ ʚ ʙʦʣʴʰʝʡ 

ʩʪʝʧʝʥʠ ʧʦʜʚʝʨʞʝʥʳ ʪʝʧʣʦʚʦʤʫ ʩʪʨʝʩʩʫ [6].   

ʊʝʧʣʦʚʦʡ ʩʪʨʝʩʩ ʷʚʣʷʝʪʩʷ ʬʘʢʪʦʨʦʤ, 

ʚʳʟʳʚʘʶʱʠʤ ʩʥʠʞʝʥʠʝ ʧʦʪʨʝʙʣʝʥʠʷ ʢʦʨʤʦʚ 

ʞʠʚʦʪʥʳʤʠ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʚʝʣʠʯʠʚʘʷ 

ʧʦʪʨʝʙʣʝʥʠʝ ʚʦʜʳ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʠʭ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ [7].  

ʊʘʢ ʞʝ ʩʫʱʝʩʪʚʫʝʪ ʧʨʦʙʣʝʤʘ ʩ 

ʦʙʝʩʧʝʯʝʥʠʝʤ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ 

ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʨʦʚʥʠʢʘʭ, ʠʟ-ʟʘ ʙʦʣʴʰʠʭ 

ʛʘʙʘʨʠʪʦʚ. ʇʨʝʜʫʩʤʦʪʨʝʥʥʳʝ ʚ ʥʠʭ ʩʠʩʪʝʤʳ 

ʝʩʪʝʩʪʚʝʥʥʦʡ ʚʝʥʪʠʣʷʮʠʠ ʯʝʨʝʟ ʘʵʨʘʮʠʦʥʥʳʡ 

ʢʦʥʝʢ, ʦʢʥʘ ʠ ʚʦʨʦʪʘ, ʩʧʦʩʦʙʥʳ ʦʙʝʩʧʝʯʠʪʴ 

ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʤʠʢʨʦʢʣʠʤʘʪʘ 

ʢʦʨʦʚʥʠʢʘ ʪʦʣʴʢʦ ʚ ʫʟʢʦʤ ʜʠʘʧʘʟʦʥʝ 

ʥʘʨʫʞʥʳʭ ʪʝʤʧʝʨʘʪʫʨ. ʇʨʦʙʣʝʤʳ ʩ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴʶ ʪʘʢʠʭ ʩʠʩʪʝʤ ʚʦʟʥʠʢʘʶʪ 

ʟʠʤʦʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ -15 ÁC, ʠ 

ʣʝʪʦʤ,  ʢʦʛʜʘ ʥʘʨʫʞʥʳʡ ʚʦʟʜʫʭ ʧʨʦʛʨʝʚʘʝʪʩʷ 

ʚʳʰʝ +30 ÁC. ʋʩʪʨʘʥʝʥʠʝ ʵʪʠʭ ʧʨʦʙʣʝʤ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʚʝʥʪʠʣʷʮʠʠ, 

ʢʦʪʦʨʳʝ ʪʨʝʙʫʶʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʬʠʥʘʥʩʦʚʳʭ 

ʠ ʵʥʝʨʛʦʟʘʪʨʘʪ [8]. 

ʂ ʢʦʥʪʨʦʣʠʨʫʝʤʳʤ ʧʘʨʘʤʝʪʨʘʤ  ʚ 

ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʦʤ ʧʦʤʝʱʝʥʠʠ ʦʪʥʦʩʠʪʩʷ ʥʝ 

ʪʦʣʴʢʦ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʦʪʥʦʩʠʪʝʣʴʥʘʷ 

ʚʣʘʞʥʦʩʪʴ, ʥʦ ʠ ʛʘʟʦʚʳʡ ʩʦʩʪʘʚ ʚʦʟʜʫʭʘ, ʘ 

ʠʤʝʥʥʦ  ʢʦʥʮʝʥʪʨʘʮʠʠ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʠ 

ʘʤʤʠʘʢʘ. ʆʪʤʝʯʘʝʪʩʷ ʯʪʦ, ʫʚʝʣʠʯʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʤʤʠʘʢʘ ʥʘ 1 ʤʛ/ʤ
3
 ʠ ʥʘ 2% 

ʚʣʘʛʠ ʚ ʚʦʟʜʫʭʝ ʢʦʨʦʚʥʠʢʘ, ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ  

ʩʥʠʞʝʥʠʝ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʢʦʨʦʚʳ ʥʘ 1,7% 

[9]. 

ɼʣʷ ʦʮʝʥʢʠ ʨʘʙʦʪʳ ʩʠʩʪʝʤ ʚʝʥʪʠʣʷʮʠʠ 

ʠ ʚʳʷʚʣʝʥʠʷ ʧʨʦʙʣʝʤʥʳʭ ʟʦʥ ʚ ʢʦʨʦʚʥʠʢʘʭ ʠ  

ʩʥʠʞʝʥʠʷ ʨʠʩʢʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʝʧʣʦʚʦʛʦ 

ʩʪʨʝʩʩʘ ʫ ʢʦʨʦʚ ʥʝʦʙʭʦʜʠʤ ʤʦʥʠʪʦʨʠʥʛ 

ʩʦʩʪʦʷʥʠʷ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, 

ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ 

ʧʘʨʘʤʝʪʨʦʚ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ 

ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ ʧʦʤʝʱʝʥʠʷʭ ʚ ʣʝʪʥʠʡ 

ʧʝʨʠʦʜ ʩ ʧʦʤʦʱʴʶ ʧʝʨʝʥʦʩʥʦʛʦ 

ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʇʀʂ-4. 

 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʇʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʤʠʢʨʦʢʣʠʤʘʪʘ ʢʦʨʦʚʥʠʢʘ ʥʘ ʜʚʫʭ ʬʝʨʤʘʭ 
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ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʩ ʙʝʩʧʨʠʚʷʟʥʳʤ 

ʩʧʦʩʦʙʦʤ ʩʦʜʝʨʞʘʥʠʷ. ɺ ʢʦʨʦʚʥʠʢʘʭ 

ʝʩʪʝʩʪʚʝʥʥʘʷ ʩʠʩʪʝʤʘ ʚʝʥʪʠʣʷʮʠʠ, ʧʨʠʪʦʢ 

ʚʦʟʜʫʭʘ ʯʝʨʝʟ ʩʚʝʪʦʘʵʨʘʮʠʦʥʥʳʡ ʢʦʥʝʢ,  ʦʢʥʘ 

ʠ ʚʦʨʦʪʘ. ɺ ʢʘʞʜʦʤ ʠʩʩʣʝʜʫʝʤʦʤ ʧʦʤʝʱʝʥʠʠ 

ʩʦʜʝʨʞʠʪʩʷ ʧʦ 4 ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʛʨʫʧʧʳ 

ʜʦʡʥʳʭ ʢʦʨʦʚ ʨʘʟʥʦʛʦ ʧʝʨʠʦʜʘ ʣʘʢʪʘʮʠʠ.  

ʄʦʥʠʪʦʨʠʥʛ ʧʨʦʚʦʜʠʣʩʷ  ʩ ʧʦʤʦʱʴʶ 

ʧʝʨʝʥʦʩʥʦʛʦ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ  

ʇʀʂ-4, ʧʦʢʘʟʘʥʥʦʛʦ ʥʘ ʨʠʩʫʥʢʝ 1. ʆʥ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʙʣʦʢ, ʚ 

ʢʦʪʦʨʦʤ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʩʦʚʤʝʱʝʥʳ ʯʝʪʳʨʝ 

ʜʘʪʯʠʢʘ (ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ 1, 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ 2 ʠ ʘʤʤʠʘʢʘ 

3) ʩ ʨʝʛʠʩʪʨʠʨʫʶʱʠʤ ʫʩʪʨʦʡʩʪʚʦʤ 4 (ʆɺɽʅ 

- ʄʉɼ 200).  

 

ʈʠʩ. 1. ʇʝʨʝʥʦʩʥʦʡ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ʇʀʂ-4 

ʀʩʧʦʣʴʟʫʝʤʳʝ ʪʠʧʳ ʜʘʪʯʠʢʦʚ: 

- ʜʘʪʯʠʢ ɼɺʊ-02 ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʚʣʘʞʥʦʩʪʠ ï ʩ ʧʨʝʜʝʣʘʤʠ ʠʟʤʝʨʝʥʠʡ ʦʪ ï 40 ʜʦ 

+50 Üʉ ʠ ʦʪ 0 ʜʦ 100%, ʩ ʦʪʥʦʩʠʪʝʣʴʥʳʤʠ 

ʧʦʛʨʝʰʥʦʩʪʷʤʠ Ñ 1,0 Üʉ ʠ Ñ 3%; 

- ʜʘʪʯʠʢ ɽɽ85 ʢʦʥʮʝʥʪʨʘʮʠʠ ʫʛʣʝʢʠʩʣʦʛʦ 

ʛʘʟʘ -  ʩ ʧʨʝʜʝʣʘʤʠ ʠʟʤʝʨʝʥʠʡ ʦʪ 0 ʜʦ 5000 

ppm, ʩ  ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ Ñ (50 

ppm + 3% ʦʪ ʠʟʤʝʨʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ); 

- ʜʘʪʯʠʢ ɸʩʪʨʘ-ɼ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʤʤʠʘʢʘ  

- ʩ ʧʨʝʜʝʣʘʤʠ ʠʟʤʝʨʝʥʠʡ ʦʪ 0 ʜʦ 60 ʤʛ/ʤ
3
, ʩ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ ʥʝ ʙʦʣʝʝ 25% 

[9]. 

ɺʩʝ ʨʝʛʠʩʪʨʠʨʫʝʤʳʝ ʜʘʥʥʳʝ 

ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʬʘʡʣ, ʩ ʠʥʪʝʨʚʘʣʦʤ ʚʨʝʤʝʥʠ 

10 ʩʝʢʫʥʜ, ʥʘ ʩʲʝʤʥʳʡ ʥʦʩʠʪʝʣʴ ʚ ʬʦʨʤʘʪʝ 

*.xls. 

ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʜʚʫʭ ʫʨʦʚʥʷʭ 

(ʨʠʩʫʥʢʠ  2 ʠ 3): ʧʝʨʚʦʝ ï 30 ʩʤ ʦʪ ʧʦʣʘ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʭʦʞʜʝʥʠʶ ʞʠʚʦʪʥʦʛʦ ʚ 

ʧʦʣʦʞʝʥʠʠ ʣʝʞʘ, ʠ ʚʪʦʨʦʝ 1,5 ʤʝʪʨʘ ʦʪ ʧʦʣʘ, 

ʞʠʚʦʪʥʦʝ ʩʪʦʠʪ. 

3 

1 

2 

4 
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            ʈʠʩ. 2. ɿʘʤʝʨ ʥʘ ʫʨʦʚʥʝ 30 ʩʤ          ʈʠʩ. 3.  ɿʘʤʝʨ ʥʘ ʫʨʦʚʥʝ 1,5 ʤʝʪʨʘ 

ʀʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚʦʟʜʫʰʥʦʡ 

ʩʨʝʜʳ (ʪʝʤʧʝʨʘʪʫʨʳ, ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ, 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʠ ʘʤʤʠʘʢʘ) 

ʧʨʦʚʝʜʝʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʭʝʤʘʤʠ 

(ʨʠʩʫʥʦʢ 4): ʢʦʨʦʚʥʠʢ ˉ1 - ʚ 2ʭ ʪʦʯʢʘʭ ʥʘ 

ʫʣʠʮʝ ʠ 13 ʪʦʯʢʘʭ ʧʦ ʜʣʠʥʝ ʠ ʰʠʨʠʥʝ 

ʢʦʨʦʚʥʠʢʘ; ʢʦʨʦʚʥʠʢ ˉ2 - ʚ  2ʭ ʪʦʯʢʘʭ ʥʘ 

ʫʣʠʮʝ ʠ 17 ʪʦʯʢʘʭ ʧʦ ʜʣʠʥʝ ʠ ʰʠʨʠʥʝ 

ʢʦʨʦʚʥʠʢʘ.

 

14  ʉʝʚʝʨ 18 ʉʝʚʝʨ 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 4. ʉʭʝʤʘ ʠʟʤʝʨʝʥʠʡ ʚ ʢʦʨʦʚʥʠʢʘʭ ˉ1 ʠ 2 ʩ ʫʢʘʟʘʥʥʳʤʠ ʪʦʯʢʘʤʠ 
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15  ʖʛ 19 ʖʛ 

ʂʦʨʦʚʥʠʢ ˉ1 ʂʦʨʦʚʥʠʢ ˉ2 
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 ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʝʩʪʝʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʝ 

ʚʝʥʪʠʣʷʮʠʠ ʯʝʨʝʟ ʩʚʝʪʦʘʵʨʘʮʠʦʥʥʳʡ ʢʦʥʝʢ,  

ʦʢʥʘ ʠ ʚʦʨʦʪʘ, ʚ ʢʦʨʦʚʥʠʢʘʭ ʫʩʪʘʥʦʚʣʝʥʳ  

ʚʝʥʪʠʣʷʪʦʨʳ (ʨʠʩʫʥʦʢ 5). ʊʘʢ ʞʝ ʚ ʢʦʨʦʚʥʠʢʝ 

ˉ2 ʫʩʪʘʥʦʚʣʝʥʘ ʩʠʩʪʝʤʘ ʦʭʣʘʞʜʝʥʠʷ ʚʦʟʜʫʭʘ 

ʪʫʤʘʥʦʤ (ʨʠʩʫʥʦʢ 6).  ɺʦ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ 

ʟʘʤʝʨʦʚ ʚʩʝ ʚʦʨʦʪʘ ʠ ʦʢʥʘ ʙʳʣʠ ʦʪʢʨʳʪʳ, 

ʚʝʥʪʠʣʷʪʦʨʳ ʨʘʙʦʪʘʣʠ. 

 

 

                                     ʈʠʩ.5. ɺʝʥʪʠʣʷʪʦʨ        ʈʠʩ. 6. ʉʠʩʪʝʤʘ ʦʭʣʘʞʜʝʥʠʷ  ʚʦʟʜʫʭʘ 

 

ʆʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʟʚʝʩʪʥʳʤʠ ʤʝʪʦʜʘʤʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ 

ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʠʩʩʣʝʜʫʝʤʳʭ ʚʝʣʠʯʠʥ ʟʘ 

ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʚʨʝʤʝʥʥʳʝ ʧʝʨʠʦʜʳ ʚ 

ʧʨʦʛʨʘʤʤʝ MS Excel. 

ʉʦʩʪʦʷʥʠʝ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ 

ʧʦʤʝʱʝʥʠʷʭ ʠ ʢʦʤʬʦʨʪʥʦʩʪʴ ʞʠʚʦʪʥʳʭ 

ʦʧʨʝʜʝʣʷʝʤ  ʨʘʩʯʝʪʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦ-

ʚʣʘʞʥʦʩʪʥʦʛʦ ʠʥʜʝʢʩʘ (THI) ʧʦ ʫʨʘʚʥʝʥʠʶ 

[8]. 

THI = 1,8 Ĭ ʊ - (1 - HR / 100) Ĭ (ʊ - 14,3) 

+ 32, 

ʛʜʝ T - ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ, ÁC, HR - 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ, %. 

ɿʥʘʯʝʥʠʷ THI: 68-71 ʥʘʯʘʣʦ ʪʝʧʣʦʚʦʛʦ 

ʩʪʨʝʩʩʘ; 72-79 ʣʝʛʢʠʡ ʪʝʧʣʦʚʦʡ ʩʪʨʝʩʩ; 80-89 

ʩʠʣʴʥʳʡ ʪʝʧʣʦʚʦʡ ʩʪʨʝʩʩ; 90 ʠ ʙʦʣʝʝ - 

ʞʝʩʪʢʠʡ ʪʝʧʣʦʚʦʡ ʩʪʨʝʩʩ [1].  

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ɿʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʠʢʨʦʢʣʠʤʘʪʘ ʢʦʨʦʚʥʠʢʘ 

ʦʢʘʟʳʚʘʶʪ ʚʥʝʰʥʠʝ ʧʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ.  

ɺ ʧʝʨʠʦʜ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ 

ʨʘʡʦʥʝ ʢʦʨʦʚʥʠʢʘ ˉ1: 

-  13 ʠʶʣʷ 2021 ʛʦʜʘ  ʪʝʤʧʝʨʘʪʫʨʘ  

ʚʦʟʜʫʭʘ ʩʦʩʪʘʚʣʷʣʘ +30,7 Üʉ ʧʨʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ  43%, 

ʢʦʥʮʝʥʪʨʘʮʠʷ  CO2  - 433 ppm,  NH3 - 0,1 

ʤʛ/ʤ
3
; 

- 15 ʠʶʣʷ 2021 ʛʦʜʘ  ʪʝʤʧʝʨʘʪʫʨʘ  

ʚʦʟʜʫʭʘ ʩʦʩʪʘʚʣʷʣʘ +36,7 Üʉ ʧʨʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ  36%, 

ʢʦʥʮʝʥʪʨʘʮʠʷ  CO2  - 470 ppm,  NH3 - 0,1 

ʤʛ/ʤ
3
. 

ʇʨʠ ʤʦʥʠʪʦʨʠʥʛʝ ʧʘʨʘʤʝʪʨʦʚ 

ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ ʢʦʨʦʚʥʠʢʝ ˉ1 ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʭʝʤʦʡ (ʨʠʩʫʥʦʢ 4) 

ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʟʥʘʯʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ 

ʪʘʙʣʠʮʝ 1.  

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʟʤʝʨʝʥʠʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ 

ʚ ʢʦʨʦʚʥʠʢʝ ʙʳʣʘ ʥʘ 2-3 Áʉ ʥʠʞʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ ʧʨʠ ʨʘʟʥʠʮʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ ʦʢʦʣʦ 5%. 

ʈʘʩʯʝʪʘʤʠ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʚʣʘʞʥʦʩʪʥʦʛʦ 

ʠʥʜʝʢʩʘ (THI = 76-80) ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʞʠʚʦʪʥʳʝ ʥʘʭʦʜʷʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʪʝʧʣʦʚʦʛʦ 

ʩʪʨʝʩʩʘ ʠ ʚʝʨʦʷʪʥʦ ʠʤʝʝʪʩʷ ʩʥʠʞʝʥʠʝ 

ʩʫʪʦʯʥʳʭ ʫʜʦʝʚ. ʂʦʥʮʝʥʪʨʘʮʠʠ ʉʆ2 ʚ 



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

160 
 

ʥʘʨʫʞʥʦʤ ʠ ʚʥʫʪʨʝʥʥʝʤ ʚʦʟʜʫʭʝ ʦʪʣʠʯʘʣʠʩʴ 

ʥʝ ʟʥʘʯʠʪʝʣʴʥʦ. ʂʦʥʮʝʥʪʨʘʮʠʷ NH3 ʚ 

ʢʦʨʦʚʥʠʢʝ ʙʳʣʘ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ, ʥʦ 

ʩʦʩʪʘʚʣʷʣʘ ʥʝ ʙʦʣʝʝ 22% ʦʪ ʧʨʝʜʝʣʴʥʦ 

ʜʦʧʫʩʪʠʤʦʡ. 

 

ʊʘʙʣʠʮʘ 1 

ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ ʢʦʨʦʚʥʠʢʝ ˉ1 

                                         13 ʠʶʣʷ                                                        15 ʠʶʣʷ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʊ ï 

ʪʝʤʧʝʨʘʪʫʨʘ, Üʉ; HR ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ, %;  NH3 ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʤʤʠʘʢʘ, ʤʛ/ʤ
3
; 

CO2 ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ, ppm; THI - ʠʥʜʝʢʩ ʪʝʧʣʦʚʦʛʦ ʩʪʨʝʩʩʘ ʢʦʨʦʚ. 

 

ɺ ʧʝʨʠʦʜ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ 

ʨʘʡʦʥʝ ʢʦʨʦʚʥʠʢʘ ˉ2: 

-  13 ʠʶʣʷ 2021 ʛʦʜʘ  ʪʝʤʧʝʨʘʪʫʨʘ  

ʚʦʟʜʫʭʘ ʩʦʩʪʘʚʣʷʣʘ +33,7 Üʉ ʧʨʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ  36%, ʢʦʥʮʝʥʪʨʘʮʠʷ  

CO2  - 621 ppm,  NH3 - 0,1 ʤʛ/ʤ
3
; 

- 15 ʠʶʣʷ 2021 ʛʦʜʘ  ʪʝʤʧʝʨʘʪʫʨʘ  

ʚʦʟʜʫʭʘ ʩʦʩʪʘʚʣʷʣʘ +29,8 Üʉ ʧʨʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ  38%, ʢʦʥʮʝʥʪʨʘʮʠʷ  

CO2  - 715 ppm,  NH3 - 0,1 ʤʛ/ʤ
3
. 

ʇʨʠ ʤʦʥʠʪʦʨʠʥʛʝ ʧʘʨʘʤʝʪʨʦʚ 

ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ ʢʦʨʦʚʥʠʢʝ ˉ2 ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩʦ ʩʭʝʤʦʡ (ʨʠʩʫʥʦʢ 4) ʟʘʬʠʢʩʠʨʦʚʘʥʳ 

ʟʥʘʯʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 2.  

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʟʤʝʨʝʥʠʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʚ 

ʢʦʨʦʚʥʠʢʝ ʙʳʣʘ ʥʘ 4-6 Áʉ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ ʧʨʠ ʨʘʟʥʠʮʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ 15-22%. 

ʈʘʩʯʝʪʳ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʚʣʘʞʥʦʩʪʥʦʛʦ ʠʥʜʝʢʩʘ 

ʊ 

HR 

NH3 

CO2 

THI 

29,3 

47,8 

2,5 

542 

77 

29,2 

48,1 

2,5 

532 

77 

30,2 

46,1 

4,4 

746 

79 

29,4 

44,8 

0,8 

583 

77 

29,4 

48 

2,5 

507 

77 

                     

32 

46 

2,7 

658 

80 

33,2 

41,7 

3 

554 

81 

32,7 

42,8 

2,7 

654 

80 

31,7 

42,3 

0,13 

610 

79 

33 

42 

1,4 

566 

81 

ʊ 

HR 

NH3 

CO2 

THI 

29,4 

47,3 

1,4 

564 

77 

29,4 

46 

2,5 

759 

77 

29,8 

45,1 

2,6 

757 

77 

29,3 

47,8 

3,1 

552 

77 

31 

50,1 

5,5 

814 

80 

30,8 

50,3 

3 

791 

79 

30,9 

49,8 

4,16 

761 

79 

31,3 

49,5 

2,6 

622 

80 

ʊ 

HR 

NH3 

CO2 

THI 

29,8 

47 

2,6 

501 

78 

31,3 

41,3 

1,1 

468 

78 

28,9 

44,8 

0,3 

507 

76 

28,7 

45,8 

0,4 

429 

76 

31,9 

42,4 

1,1 

557 

79 

32,1 

41,9 

0,76 

587 

80 

32,2 

44,9 

2,9 

628 

80 

32,4 

43,5 

1,4 

665 

80 
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(THI = 76-81) ʧʦʢʘʟʘʣʠ, ʯʪʦ ʞʠʚʦʪʥʳʝ 

ʥʘʭʦʜʷʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʪʝʧʣʦʚʦʛʦ ʩʪʨʝʩʩʘ ʠ 

ʚʝʨʦʷʪʥʦ ʠʤʝʝʪʩʷ ʩʥʠʞʝʥʠʝ ʩʫʪʦʯʥʳʭ ʫʜʦʝʚ. 

ʈʘʟʥʠʮʘ ʢʦʥʮʝʥʪʨʘʮʠʠ  ʉʆ2 ʚ ʥʘʨʫʞʥʦʤ ʠ 

ʚʥʫʪʨʝʥʥʝʤ ʚʦʟʜʫʭʝ ʩʦʩʪʘʚʣʷʣʘ ʦʪ 100 ʜʦ 520 

ppm . ʂʦʥʮʝʥʪʨʘʮʠʷ NH3 ʚ ʢʦʨʦʚʥʠʢʝ   ʙʳʣʘ 

ʟʥʘʯʠʪʝʣʴʥʦ  ʚʳʰʝ ʥʘʨʫʞʥʦʡ ʠ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʝʝ  ʩʦʩʪʘʚʠʣʦ 42% ʦʪ ʧʨʝʜʝʣʴʥʦ 

ʜʦʧʫʩʪʠʤʦʡ.  

ʊʘʙʣʠʮʘ 2 

ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ ʢʦʨʦʚʥʠʢʝ ˉ2 

                                         13 ʠʶʣʷ                                                        15 ʠʶʣʷ 

ʊ 

HR 

NH3 

CO2 

THI 

27,7 

63,3 

8,5 

1099 

77 

28 

55,3 

5,5 

926 

76 

 

 

 

 

29,6 

54,2 

6,1 

1100 

78 
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54,3 

5,6 

1142 

78 

31,1 

46,8 

1,9 
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79 

 

30,3 

52,7 

4,3 

703 

79 

29,5 

60,9 

8,4 

1105 

79 

 

 

 

 

31,2 

58,6 

6,5 

1238 

81 

 

 

 

 

31,1 

53,5 

5,5 

808 

80 

30,1 

57,7 

7,4 

1005 

80 

ʊ 

HR 

NH3 

CO2 

THI 

27,7 

58,6 

6,7 

879 

76 

27,9 

57,2 

4,9 

1007 

76 

28,6 

55,7 

5,1 

1062 

77 

28,7 

55,8 

5,3 

1145 

77 

29,3 

54,6 

5 

1000 

78 

29,4 

62,5 

7,9 

1264 

79 

29,9 

58,3 

6,5 

1068 

79 

29,9 

59,1 

4,5 

1119 

80 

ʊ 

HR 

NH3 

CO2 

THI 

    

    

ʊ 

HR 

NH3 

CO2 

THI 

30,6 

46,1 

2,7 

791 

78 

28,9 

51 

4,1 

1027 

77 

28,2 

52,7 

3 

908 

76 

27,9 

52,3 

3,2 

898 

76 

 30,5 

56 

5,2 

1072 

80 

30,8 

61,3 

7,4 

1186 

81 

29,8 

59,7 

5,4 

1197 

80 

29,3 

61,4 

7,4 

1147 

79 

ʊ 

HR 

NH3 

29,1 

48 

3,6 

28,8 

48,6 

4,4 

28,9 

50,6 

3,5 

28,7 

48,5 

1,3 

 30,3 

48,9 

2 

30,9 
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6,2 

30 
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7 

29,5 
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ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʣʝʪʥʠʡ 

ʧʝʨʠʦʜ ʚ ʢʦʨʦʚʥʠʢʘʭ ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ 

ʢʦʤʬʦʨʪʥʳʝ ʫʩʣʦʚʠʷ ʩʦʜʝʨʞʘʥʠʷ 

ʣʘʢʪʠʨʫʶʱʠʭ ʢʦʨʦʚ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ  

ʠʥʜʝʢʩʦʤ  THI ʫʩʣʦʚʠʷ ʩʦʜʝʨʞʘʥʠʷ ʞʠʚʦʪʥʳʭ 

ʚ ʵʪʦʪ ʧʝʨʠʦʜ ʥʘ ʬʝʨʤʘʭ ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʧʦʣʫʯʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʳʭ ʫʜʦʝʚ. 

ʇʨʠʥʠʤʘʝʤʳʭ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ (ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ 

ʤʝʭʘʥʠʯʝʩʢʘʷ ʚʝʥʪʠʣʷʮʠʷ ʧʦʤʝʱʝʥʠʡ, 

ʩʦʟʜʘʥʠʝ ʚʦʜʷʥʦʛʦ ʪʫʤʘʥʘ) ʥʘ ʬʝʨʤʘʭ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʦʤʬʦʨʪʥʳʭ 

ʫʩʣʦʚʠʡ ʞʠʚʦʪʥʳʤ ʠ ʦʙʩʣʫʞʠʚʘʶʱʝʤʫ 

ʧʝʨʩʦʥʘʣʫ. 

ɺʳʚʦʜʳ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʝʨʝʥʦʩʥʦʛʦ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʇʀʂ-

4 ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʷ ʯʝʪʳʨʝʭ 

ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ (ʪʝʤʧʝʨʘʪʫʨʫ ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ, 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʉʆ2 ʠ NH3) ʚ 

ʮʝʣʷʭ ʢʦʥʪʨʦʣʷ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ 

ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ ʧʦʤʝʱʝʥʠʷʭ ʠ ʝʛʦ 

ʩʦʦʪʚʝʪʩʪʚʠʷ ʟʦʦʪʝʭʥʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ. 

ɺ ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʧʨʠ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ ʚʳʰʝ +28 Áʉ   

ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ ʜʦ 60% 

ʪʝʧʝʨʘʪʫʨʥʦ-ʚʣʘʞʥʦʩʪʥʳʡ ʠʥʜʝʢʩ  THI = 76-

81, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʝʧʣʦʚʦʤ ʩʪʨʝʩʩʝ 

ʜʣʷ ʞʠʚʦʪʥʦʛʦ, ʩʥʠʞʘʝʪ ʠʭ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ. ɺ 

ʵʪʠʭ ʫʩʣʦʚʠʷʭ  ʧʨʠʤʝʥʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʚʝʥʪʠʣʷʮʠʠ ʩ ʩʦʟʜʘʥʠʝʤ ʚʦʜʷʥʦʛʦ ʪʫʤʘʥʘ 

ʩʥʠʞʘʝʪ ʪʝʧʣʦʚʫʶ ʥʘʛʨʫʟʢʫ ʥʘ ʞʠʚʦʪʥʳʭ, ʥʦ 

ʥʝ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ 

ʢʦʤʬʦʨʪʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʞʠʚʦʪʥʳʭ ʠ 

ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ. ʊʨʝʙʫʶʪʩʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʤʝʨʦʧʨʠʷʪʠʷ.  
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ɺʃʀʗʅʀɽ ʊʀʇɸ ʂʆʈʄɸ ʀ ʂɸʏɽʉʊɺɸ ɺʆɼʓ ʅɸ ʈʆʉʊ ʀ ɺʓɾʀɺɸɽʄʆʉʊʔ 

ʂʈɽɺɽʊʆʂ  MACROBRACHIUM ROSENBERGII  ɺ ʋʉʊɸʅʆɺʂɸʍ ɿɸʄʂʅʋʊʆɻʆ 

ɺʆɼʆʉʅɸɹɾɽʅʀʗ 
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2
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(ʀɸʕʇ) - ʬʠʣʠʘʣ ʌɻɹʅʋ ʌʅɸʎ ɺʀʄ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

 

ʎʝʣʴ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʚʣʠʷʥʠʷ ʪʠʧʘ ʢʦʨʤʦʚ 

(ʢʦʨʤʘ ʥʘ ʦʩʥʦʚʝ Daphnia pulex ʠ ʤʘʨʢʠ Dajana nano gran) ʥʘ ʢʘʯʝʩʪʚʦ ʚʦʜʳ (ʥʘʣʠʯʠʝ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠ ʚʟʚʝʰʝʥʥʳʭ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ), ʥʘ ʨʦʩʪ ʠ ʚʳʞʠʚʘʥʠʝ, ʘ ʪʘʢʞʝ ʥʘ 

ʧʠʪʘʪʝʣʴʥʫʶ ʮʝʥʥʦʩʪʴ ʠ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʢʨʝʚʝʪʦʢ Macrobrachium rosenbergii. ʇʣʘʥ 

ʚʳʧʦʣʥʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʨʘʟʫʤʝʚʘʣ 4 ʛʨʫʧʧʳ ʢʨʝʚʝʪʦʢ, ʨʘʟʤʝʱʝʥʥʳʭ ʚ ʦʜʠʥʘʢʦʚʳʭ 

ʫʩʣʦʚʠʷʭ, ʢʦʪʦʨʳʝ ʦʮʝʥʠʚʘʣʠʩʴ ʚ ʪʝʯʝʥʠʝ 14 ʥʝʜʝʣʴ ʧʫʪʝʤ ʧʨʦʚʝʜʝʥʠʷ ʧʝʨʠʦʜʠʯʝʩʢʠʭ 

ʥʘʙʣʶʜʝʥʠʡ ʠ ʙʠʦʤʝʪʨʠʠ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʟʘʬʠʢʩʠʨʦʚʘʣʠ ʜʦʩʪʦʚʝʨʥʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ 

ʛʨʫʧʧʘʤʠ, ʛʜʝ ʥʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʨʦʩʪʘ ʠ ʚʳʞʠʚʘʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʫ ʦʨʛʘʥʠʟʤʦʚ, 

ʧʦʣʫʯʘʚʰʠʭ ʢʦʨʤʘ ʤʘʨʢʠ Dajana nano gran, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʢʘʯʝʩʪʚʘ ʚʦʜʳ. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ ʙʝʣʢʘ ʚ ʤʷʩʝ ʢʨʝʚʝʪʦʢ ʜʦ 45% ʠ ʨʘʟʣʠʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʞʠʨʥʳʭ ʢʠʩʣʦʪ. 

ɹʳʣʦ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʢʦʨʤʘ ʥʘ ʦʩʥʦʚʝ Daphnia pulex ʧʦʢʘʟʳʚʘʶʪ ʙʦʣʝʝ ʥʠʟʢʠʝ ʨʝʟʫʣʴʪʘʪʳ 

ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʦʩʪʘ ʠ ʚʳʞʠʚʘʝʤʦʩʪʠ ʢʨʝʚʝʪʦʢ Macrobrachium rosenbergii. 
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ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʥʘ ʨʦʩʪ ʠ ʚʳʞʠʚʘʝʤʦʩʪʴ ʢʨʝʚʝʪʦʢ  MACROBRACHIUM ROSENBERGII  ʚ 
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The purpose of the study was to determine the influence of the feed type ï based on Daphnia 

pulex and Dajana nano gran brands, on water quality in terms of microorganisms and suspended 

solids content and on the growth and survival of Macrobrachium rosenbergii shrimp postlarvae. The 

study design involved 4 groups of shrimp housed in the same conditions, which were assessed over 

a period of 14 weeks using periodic observations and biometrics. The study data recorded a 

significant difference between the groups, with the best results of growth and survival being 

obtained in organisms that received the Dajana nano gran feed regardless of water quality. In 

addition, the values of protein in shrimp meat were obtained up to 45% and different quantities of 

fatty acids. Daphnia pulex based diets were found to show poorer results in terms of growth and 

survival rate of Macrobrachium rosenbergii shrimp. 

 

Key words: fish industry, aquaculture, feeding, water quality, survival 
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ɺʚʝʜʝʥʠʝ 

ʅʝʟʘʧʣʘʥʠʨʦʚʘʥʥʘʷ ʜʦʙʳʯʘ ʚʦʜʥʳʭ 

ʦʨʛʘʥʠʟʤʦʚ ʜʣʷ ʧʦʪʨʝʙʣʝʥʠʷ ʯʝʣʦʚʝʢʦʤ 

ʧʨʠʚʝʣʘ ʢ ʯʨʝʟʤʝʨʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʭ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʢʦʪʦʨʘʷ ʝʞʝʛʦʜʥʦ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠʟ-ʟʘ ʨʦʩʪʘ ʥʘʩʝʣʝʥʠʷ [1]. 

ʆʜʥʘʢʦ, ʦʙʲʝʤʳ ʚʳʣʦʚʘ ʛʠʜʨʦʙʠʦʥʪʦʚ ʥʝ 

ʤʦʛʫʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʙʝʩʢʦʥʝʯʥʦ [2]. ɺ ʪʘʢʦʡ 

ʩʠʪʫʘʮʠʠ, ʧʨʦʤʳʰʣʝʥʥʘʷ ʘʢʚʘʢʫʣʴʪʫʨʘ 

ʷʚʣʷʝʪʩʷ ʦʪʣʠʯʥʦʡ ʘʣʴʪʝʨʥʘʪʠʚʦʡ 

ʠʥʪʝʥʩʠʚʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ. ɺ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ï ʵʪʦ 

ʫʩʪʦʡʯʠʚʘʷ ʦʪʨʘʩʣʴ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʩʧʨʦʩʘ 

ʥʘ ʨʳʙʫ ʠ ʜʨʫʛʠʝ ʤʦʨʝʧʨʦʜʫʢʪʳ. ʅʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ 

ʨʘʟʨʘʙʦʪʘʥʳ ʪʝʭʥʦʣʦʛʠʠ ʩʦʜʝʨʞʘʥʠʷ ʬʦʨʝʣʠ, 

ʢʘʢ ʚ ʦʪʢʨʳʪʳʭ ʚʦʜʦʝʤʘʭ, ʪʘʢ ʠ ʚ ʩʠʩʪʝʤʘʭ 

ʟʘʤʢʥʫʪʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ [3]. ʆʜʥʘʢʦ 

ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʳʭ ʤʝʪʦʜʠʢ ʚʳʨʘʱʠʚʘʥʠʷ 

ʛʠʛʘʥʪʩʢʦʡ ʢʨʝʚʝʪʢʠ ʈʦʟʝʥʙʝʨʛʘ ʥʝʪ. ɹʦʣʝʝ 

ʠʣʠ ʤʝʥʝʝ ʧʨʦʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦʜʠʢʠ 

ʩʫʱʝʩʪʚʫʶʪ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʧʨʝʩʥʦʚʦʜʥʦʡ 

ʢʨʝʚʝʪʢʠ Litopenaeus vannamei [4]. ʇʨʠ ʵʪʦʤ, 

ʛʠʛʘʥʪʩʢʘʷ ʢʨʝʚʝʪʢʘ ʈʦʟʝʥʙʝʨʛʘ ʷʚʣʷʝʪʩʷ 

ʦʯʝʥʴ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʚʳʨʘʱʠʚʘʥʠʷ. ʀʩʭʦʜʷ ʠʟ 

ʠʤʝʶʱʝʛʦʩʷ ʦʧʳʪʘ ʚʳʨʘʱʠʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʚʠʜʦʚ ʢʨʝʚʝʪʢʠ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ 

Macrobrachium rosenbergii ʩʧʦʩʦʙʥʘ ʞʠʪʴ ʚ 

ʩʠʩʪʝʤʘʭ ʟʘʤʢʥʫʪʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʩ 

ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʦʪʣʦʞʝʥʠʡ ʠ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʯʪʦ ʠʤʝʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ 

ʜʣʷ ʝʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʚʳʨʘʱʠʚʘʥʠʷ.  

ʀʟʚʝʩʪʥʦ ʪʘʢʞʝ, ʯʪʦ Macrobrachium 

rosenbergii ʠʤʝʝʪ ʦʯʝʥʴ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʙʝʣʢʘ ʚ ʝʛʦ ʤʷʩʝ, ʢʦʪʦʨʦʝ ʚʘʨʴʠʨʫʝʪʩʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʩʦʜʝʨʞʘʥʠʷ ʠ 

ʢʦʨʤʣʝʥʠʷ [5]. ʋʯʠʪʳʚʘʷ ʚʳʰʝʠʟʣʦʞʝʥʥʦʝ, 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʤʝʪʦʜʠʯʝʩʢʠʭ 

ʨʝʢʦʤʝʥʜʘʮʠʡ ʚ ʨʘʤʢʘʭ ʪʝʭʥʦʣʦʛʠʠ 

ʚʳʨʘʱʠʚʘʥʠʷ ʜʘʥʥʦʛʦ ʚʠʜʘ ʢʨʝʚʝʪʢʠ ʢʘʢ ʜʣʷ 

ʧʠʱʝʚʳʭ ʮʝʣʝʡ, ʪʘʢ ʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʤʦʣʦʜʥʷʢʘ ʜʣʷ ʮʝʣʝʡ ʩʦʭʨʘʥʝʥʠʷ 

ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥʘʭ. ʉʘʤʳʤ ʚʘʞʥʳʤ 

ʚʦʧʨʦʩʦʤ ʚ ʧʨʦʤʳʰʣʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʚʳʨʘʱʠʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʚʦʧʨʦʩ ʦ ʪʦʤ, ʢʘʢʦʡ 

ʚʠʜ ʢʦʨʤʘ ʤʘʢʩʠʤʘʣʴʥʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʧʠʪʘʥʠʠ, ʥʝʦʙʭʦʜʠʤʳʝ ʵʪʦʤʫ 

ʚʠʜʫ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʪʝʤʧʦʚ ʨʦʩʪʘ ʠ 

ʧʠʪʘʪʝʣʴʥʦʡ ʮʝʥʥʦʩʪʠ [6]. ʇʠʪʘʪʝʣʴʥʘʷ 

ʮʝʥʥʦʩʪʴ ʤʷʩʘ ʢʨʝʚʝʪʢʠ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ 

ʢʘʯʝʩʪʚʘ ʢʦʨʤʦʚ. ʎʝʣʴ ʥʘʩʪʦʷʱʝʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠ ̫ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʠʟʫʯʝʥʠʝ 
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ʧʠʪʘʪʝʣʴʥʦʡ ʮʝʥʥʦʩʪʠ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʢʨʝʚʝʪʦʢ Macrobrachium rosenbergii 

Macrobrachium rosenbergii ʠ ʢʦʤʧʣʝʢʩʥʦʡ 

ʦʮʝʥʢʠ 2 ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʧʨʦʤʳʰʣʝʥʥʦʡ ʘʢʚʘʢʫʣʴʪʫʨʳ: ʪʠʧ ʢʦʨʤʦʚ ʠ 

ʢʘʯʝʩʪʚʦ ʚʦʜʳ, ʠ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʨʦʩʪ ʠ 

ʚʳʞʠʚʘʥʠʝ ʢʨʝʚʝʪʢʠ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʷʣʦʩʴ ʥʘ ʙʘʟʝ 

ʀʥʞʝʥʝʨʥʦʛʦ ʧʘʨʢʘ ʇʝʪʨʦʟʘʚʦʜʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʛʜʝ 

ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʤʦʜʫʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ 

ʟʘʤʢʥʫʪʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ, ʢʦʪʦʨʘʷ 

ʧʦʟʚʦʣʷʝʪ ʩʦʜʝʨʞʘʪʴ ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʢʨʝʚʝʪʢʠ ʜʣʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʡ 

ʚʳʙʦʨʢʠ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʣʘʥʦʤ 

ʵʢʩʧʝʨʠʤʝʥʪʘ, ʝʩʪʴ 2 ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʘ: 

ʢʘʯʝʩʪʚʦ ʚʦʜʳ ʠ ʪʠʧ ʢʦʨʤʘ ʠ 2 ʚʳʭʦʜʥʳʭ 

ʧʘʨʘʤʝʪʨʘ: ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʦʩʪʘ ʠ 

ʚʳʞʠʚʘʝʤʦʩʪʴ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʦʮʝʥʠʚʘʣʦʩʴ 

ʩʦʜʝʨʞʘʥʠʝ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʚ ʤʷʩʝ. 

ʂʘʯʝʩʪʚʦ ʚʦʜʳ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩʥʳʤ 

ʧʘʨʘʤʝʪʨʦʤ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦʤ 

ʚʟʚʝʰʝʥʥʳʭ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʚ ʩʦʯʝʪʘʥʠʠ ʩ 

ʢʦʣʠʯʝʩʪʚʦʤ ʠ ʪʠʧʦʤ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. 

ʀʩʩʣʝʜʫʝʤʳʝ ʧʘʨʘʤʝʪʨʳ ʢʘʯʝʩʪʚʘ ʚʦʜʳ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1, ʩʦʛʣʘʩʥʦ ʆʉʊ 15.372-

87.

 

ʊʘʙʣʠʮʘ 1 

ʇʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʜʣʷ ʩʦʜʝʨʞʘʥʠʷ ʛʠʜʨʦʙʠʦʥʪʦʚ 

ʇʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʅʦʨʤʘʪʠʚʥʳʝ ʟʥʘʯʝʥʠʷ 

ɺʟʚʝʰʝʥʥʳʝ ʯʘʩʪʠʮʳ, ʤʛ/ʣ ʥʝ ʙʦʣʝʝ 25 

ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʤʣʥ.ʢʣ/ʤʣ ʥʝ ʙʦʣʝʝ 3 

 

ɺʦʜʘ ʩʯʠʪʘʝʪʩʷ ʥʠʟʢʦʛʦ ʢʘʯʝʩʪʚʘ, ʝʩʣʠ 

ʟʥʘʯʝʥʠʝ ʦʙʦʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ 

ʪʘʙʣʠʮʝ 1, ʧʨʝʚʳʰʝʥʦ ʥʘ 10%. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʧʣʘʥ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 2. 

 

ʊʘʙʣʠʮʘ 2 

ʇʣʘʥ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ˉ ʆʧʳʪʘ ʊʠʧ ʢʦʨʤʘ ʂʘʯʝʩʪʚʦ ʚʦʜʳ 

X1 Daphnia pulex ʚʳʩʦʢʦʝ 

X2 Dajana nano gran ʚʳʩʦʢʦʝ 

X3 Daphnia pulex ʥʠʟʢʦʝ 

X4 Dajana nano gran ʥʠʟʢʦʝ 

 

ʆʧʳʪʳ ʚʳʧʦʣʥʷʣʠʩʴ ʩ 3-ʭ ʢʨʘʪʥʦʡ 

ʧʦʚʪʦʨʥʦʩʪʴʶ. ʅʘʯʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʧʦʩʘʜʢʠ 

ʩʦʩʪʘʚʠʣʘ 30 ʰʪ. ʧʦʩʪ ʣʠʯʠʥʦʢ ʛʠʛʘʥʪʩʢʦʡ 

ʢʨʝʚʝʪʢʠ ʈʦʟʝʥʙʝʨʛʘ ʥʘ 120 ʣʠʪʨʦʚ ʚʦʜʳ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʝʤʢʦʩʪʠ ʚʳʧʦʣʥʝʥʳ ʠʟ 

ʧʨʦʧʠʣʝʥʘ. ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʦʧʳʪʦʚ 

ʧʦʩʪʣʠʯʠʥʢʠ ʠʤʝʣʠ ʩʨʝʜʥʶʶ ʤʘʩʩʫ 0,14 ʛ. 

(Ñ0,002 ʛʨ.) ʠ ʜʣʠʥʫ 12.1 ʤʤ (Ñ0.7 ʤʤ). ɺ 

ʝʤʢʦʩʪʷʭ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʦʪʨʝʟʢʠ 

ʧʣʘʩʪʠʢʦʚʳʭ ʪʨʫʙ, ʢʦʪʦʨʳʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʣʠ 

ʚ ʢʘʯʝʩʪʚʝ ʫʢʨʳʪʠʡ ʚʦ ʚʨʝʤʷ ʣʠʥʴʢʠ. 

ɽʞʝʜʥʝʚʥʦ ʦʪʩʣʝʞʠʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ 

ʧʘʨʘʤʝʪʨʳ ʚʦʜʳ: pH, ʠʦʥʳ ʘʤʤʦʥʠʷ, 

ʢʠʩʣʦʨʦʜ, ʪʝʤʧʝʨʘʪʫʨʘ. ɺʦʜʘ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʚ 

ʦʧʳʪʘʭ X3 ʠ X4, ʙʳʣʘ ʧʦʜʛʦʪʦʚʣʝʥʘ ʚ 

ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʝʤʢʦʩʪʷʭ. ʇʦʣʫʯʝʥʥʳʝ 

ʜʘʥʥʳʝ ʙʳʣʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʦʙʨʘʙʦʪʘʥʳ, ʛʜʝ 

ʙʳʣʠ ʧʨʦʚʝʨʝʥʳ ʥʦʨʤʘʣʴʥʦʩʪʴ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʥʥʳʭ, ʩʦʦʪʚʝʪʩʪʚʠʝ ʧʦ 

ʢʨʠʪʝʨʠʶ ɹʘʨʪʣʝʪʪʘ. ɿʘʪʝʤ ʙʳʣ ʧʨʠʤʝʥʝʥ 

ʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ. ɺ ʜʘʥʥʳʭ, 

ʢʘʩʘʶʱʠʭʩʷ ʚʳʞʠʚʘʝʤʦʩʪʠ, ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ 
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ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʠ ʩʪʘʥʜʘʨʪʥʦʝ 

ʦʪʢʣʦʥʝʥʠʝ. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 2 ʪʠʧʘ 

ʢʦʨʤʦʚ: Daphnia pulex ï ʨʘʯʢʠ ʜʘʬʥʠʠ 

ʨʘʟʤʝʨʦʤ ʜʦ 4ʤʤ, ʠ Dajana nano gran ï 

ʧʦʣʥʦʨʘʮʠʦʥʥʳʡ ʢʦʨʤ ʜʣʷ ʢʨʝʚʝʪʢʠ. 

ʂʦʨʤʣʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ 2 ʨʘʟʘ ʚ ʩʫʪʢʠ 

(ʫʪʨʦʤ ʠ ʚʝʯʝʨʦʤ). ʅʦʨʤʘ ʢʦʨʤʣʝʥʠʷ 

ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʚ ʨʘʟʤʝʨʝ 4% ʦʪ ʙʠʦʤʘʩʩʳ. 

ʇʝʨʝʨʘʩʯʝʪ ʥʦʨʤʳ ʢʦʨʤʣʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʣʩʷ 

ʝʞʝʥʝʜʝʣʴʥʦ. ʉʫʭʦʡ ʚʝʩ ʦʧʨʝʜʝʣʷʣʩʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠʥʮʠʧ ʤʝʪʦʜʘ ʧʦʩʪʦʷʥʥʦʡ 

ʤʘʩʩʳ [7]. ɺ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʦʚʦʜʠʣʩʷ ʝʞʝʜʥʝʚʥʳʡ 

ʢʦʥʪʨʦʣʴ ʧʦʪʨʝʙʣʝʥʠʷ ʢʦʨʤʘ ʠ ʫʜʘʣʝʥʠʝ 

ʦʩʪʘʪʢʦʚ ʢʦʨʤʦʚ ʧʝʨʝʜ ʩʣʝʜʫʶʱʠʤ 

ʢʦʨʤʣʝʥʠʝʤ. ʉʫʭʦʡ ʚʝʩ ʦʩʪʘʪʢʦʚ ʢʦʨʤʘ 

ʦʮʝʥʠʚʘʣʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ 

ʢʦʨʤʘ, ʧʦʪʨʝʙʣʝʥʥʦʛʦ ʢʨʝʚʝʪʢʘʤʠ. 

ɺ ʥʘʯʘʣʝ ʠ ʚ ʢʦʥʮʝ ʢʘʞʜʦʛʦ ʦʧʳʪʘ, 

ʧʘʨʪʠʷ ʠʟ 20 ʧʦʩʪʣʠʯʠʥʦʢ ʠ ʢʨʝʚʝʪʦʢ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʞʠʚʦʡ 

ʤʘʩʩʳ, ʩʫʭʦʛʦ ʚʝʩʘ ʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʫʭʦʛʦ 

ʚʝʩʘ. ʕʪʠ ʜʘʥʥʳʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʦʮʝʥʢʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʦʨʤʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʩʫʭʦʛʦ 

ʚʝʩʘ ʢʨʝʚʝʪʦʢ. ʈʦʩʪ ʧʦʩʪʣʠʯʠʥʦʢ ʦʮʝʥʠʚʘʣʩʷ 

ʝʞʝʥʝʜʝʣʴʥʦ ʧʫʪʝʤ ʠʟʤʝʨʝʥʠʷ ʚʩʝʭ ʦʩʦʙʝʡ. 

ʀʟʤʝʨʷʣʦʩʴ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʮʝʬʘʣʦʪʦʨʘʢʩʘ ʜʦ 

ʪʝʣʴʩʦʥʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʰʪʘʥʛʝʥʮʠʨʢʫʣʷ 

ʪʦʯʥʦʩʪʴʶ 0,05ʤʤ ʠ ʜʠʘʧʘʟʦʥʦʤ ʠʟʤʝʨʝʥʠʡ 

ʦʪ 0 ʜʦ 150 ʤʤ. ɾʠʚʘʷ ʤʘʩʩʘ ʢʨʝʚʝʪʦʢ 

ʦʧʨʝʜʝʣʷʣʩʷ ʧʨʠ ʧʦʤʦʱʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʚʝʩʦʚ ʪʦʯʥʦʩʪʴʶ 0,001ʛ. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʠ 

ʦʧʨʝʜʝʣʝʥʳ ʫʜʝʣʴʥʳʝ ʪʝʤʧʳ ʨʦʩʪʘ (TEC) ʚ 

ʥʝʜʝʣʶ ʧʦ ʜʣʠʥʝ ʧʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ 

ʬʦʨʤʫʣʝ [8], ʦʧʨʝʜʝʣʷʝʤʦʡ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: 
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ʛʜʝ LK ï ʢʦʥʝʯʥʘʷ ʜʣʠʥʘ, ʤʤ, LH ï ʥʘʯʘʣʴʥʘʷ ʜʣʠʥʘ, ʤʤ, t ï ʚʨʝʤʷ, ʯʘʩ.  

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʥʘʙʦʨʘ ʤʘʩʩʳ ʦʧʨʝʜʝʣʷʣʘʩʴ, ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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ʛʜʝ WK ï ʢʦʥʝʯʥʘʷ ʤʘʩʩʘ, WH ï ʥʘʯʘʣʴʥʘʷ ʤʘʩʩʘ, t ï ʚʨʝʤʷ, ʯʘʩ. 

 

ɺʳʞʠʚʘʝʤʦʩʪʴ ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ 

ʝʞʝʥʝʜʝʣʴʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʝʞʝʜʥʝʚʥʳʭ 

ʜʘʥʥʳʭ ʦ ʤʝʨʪʚʳʭ ʠ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʘʭ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʝʜʠʥʠʮʘʭ, ʧʫʪʝʤ ʜʝʣʝʥʠʷ 

ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʯʠʩʣʘ ʦʨʛʘʥʠʟʤʦʚ ʚ ʥʝʜʝʣʶ 

ʥʘ ʥʘʯʘʣʴʥʦʝ ʯʠʩʣʦ ʦʨʛʘʥʠʟʤʦʚ, ʘ ʟʘʪʝʤ 

ʫʤʥʦʞʝʥʠʷ ʥʘ 100. 

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʚʦʜʳ, 

ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʝ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ 

Macrobrachium rosenbergii, ʙʳʣʠ ʫʢʘʟʘʥʳ ʚ 

ʦʧʪʠʤʘʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠʥʪʝʨʚʘʣʘʭ 

ʤʝʞʜʫ 27 ʠ 29 ÁC. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʥʘʩʪʦʷʱʝʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʦʜʜʝʨʞʠʚʘʣʘʩʴ ʪʝʤʧʝʨʘʪʫʨʘ 

28Ñ1 ÁC. ʆʩʪʘʣʴʥʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʝʞʝʜʥʝʚʥʦ, ʜʣʷ 

ʧʦʜʜʝʨʞʘʥʠʷ ʠʭ ʚ ʪʨʝʙʫʝʤʳʭ ʜʠʘʧʘʟʦʥʘʭ: ʨʅ 

(7-8), ʱʝʣʦʯʥʦʩʪʠ (<80 ʤʛ/ʣ), ʘʤʤʦʥʠʷ (<1 

ʤʛ/ʣ) ʠ ʢʠʩʣʦʨʦʜʘ (5 ʤʛ/ʣ). 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʧʦʢʘʟʘʣʠ 

ʚʳʩʦʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʦʧʠʩʘʥʥʳʭ ʚ ʧʨʝʜʳʜʫʱʝʤ 

ʨʘʟʜʝʣʝ, ʚʦ ʚʩʝʭ ʦʧʳʪʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ (ʩʤ. 

ʪʘʙʣʠʮʫ 3).  
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ʊʘʙʣʠʮʘ 3 

ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ, ʬʠʢʩʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʦʜʳ 

ʇʦʢʘʟʘʪʝʣʠ 

ɺʦʜʘ ʩ ʚʳʩʦʢʠʤ 

ʢʘʯʝʩʪʚʦʤ 

(ʦʧʳʪʳ ʍ1 ʠ ʍ2) 

ɺʦʜʘ ʩ ʥʠʟʢʠʤ 

ʢʘʯʝʩʪʚʦʤ 

(ʦʧʳʪʳ ʍ3 ʠ ʍ4) 

ɸʤʤʦʥʠʡ, ʤʛ/ʣ 0Ñ0,00 0,03Ñ0,009 

ʑʝʣʦʯʥʦʩʪʴ, ʤʛ/ʣ 40-80 45-80 

ʂʠʩʣʦʨʦʜ, ʤʛ/ʣ 5Ñ0,02 5Ñ0,04 

ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʤʣʥ.ʢʣ/ʤʣ 

0 24 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ, ʚʳʩʦʢʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʥʘʙʣʶʜʘʝʪʩʷ 

ʚ ʦʧʳʪʘʭ ʩ ʚʦʜʦʡ ʥʠʟʢʦʛʦ ʢʘʯʝʩʪʚʘ (ʍ3 ʠ 

ʍ4). ʏʪʦ ʢʘʩʘʝʪʩʷ ʧʦʪʨʝʙʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʪʠʧʦʚ ʢʦʨʤʦʚ, ʪʦ ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ 

ʢʨʝʚʝʪʢʠ ʧʦʪʨʝʙʣʷʣʠ ʨʘʟʣʠʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʢʦʨʤʦʚ ʦʪ ʨʘʩʩʯʠʪʘʥʥʦʡ ʥʦʨʤʳ ʢʦʨʤʣʝʥʠʷ. 

ɺ ʪʝʯʝʥʠʝ ʧʝʨʚʳʭ 3 ʥʝʜʝʣʴ 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʦʩʴ ʦʢʦʣʦ 10% ʥʝ 

ʧʦʪʨʝʙʣʝʥʥʳʭ ʢʦʨʤʦʚ, ʘ ʟʘʪʝʤ ʵʪʦʪ 

ʧʦʢʘʟʘʪʝʣʴ ʫʤʝʥʴʰʠʣʩʷ ʜʦ ʟʥʘʯʝʥʠʷ, 

ʙʣʠʟʢʦʛʦ ʢ 3%. ɼʘʥʥʳʝ ʦ ʨʦʩʪʝ ʢʨʝʚʝʪʦʢ 

(ʜʣʠʥʘ ʠ ʞʠʚʘʷ ʤʘʩʩʘ), ʧʦʢʘʟʘʣʠ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʦʧʳʪʘʤʠ. 

ʇʨʠ ʵʪʦʤ, ʚʳʷʚʣʝʥʦ, ʯʪʦ ʠʤʝʥʥʦ ʪʠʧ 

ʢʦʨʤʦʚ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʨʦʩʪ, ʚ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʘʯʝʩʪʚʘ 

ʠʩʧʦʣʴʟʫʝʤʦʡ ʚʦʜʳ. ɼʠʥʘʤʠʢʘ ʫʚʝʣʠʯʝʥʠʷ 

ʤʘʩʩʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʨʤʦʚ ʤʘʨʢʠ 

Dajana nano gran (ʦʧʳʪʳ ʍ2 ʠ ʍ4) ʠ ʢʦʨʤʦʚ 

ʥʘ ʦʩʥʦʚʝ Daphnia pulex (ʦʧʳʪʳ ʍ1 ʠ ʍ3) 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. 

 

ʈʠʩ. 1. ɼʠʥʘʤʠʢʘ ʨʦʩʪʘ ʞʠʚʦʡ ʤʘʩʩʳ 

 

ʋʚʝʣʠʯʝʥʠʝ ʞʠʚʦʡ ʤʘʩʩʳ ʧʦʢʘʟʳʚʘʝʪ 

ʪʝʥʜʝʥʮʠʶ ʢ ʧʨʝʨʳʚʠʩʪʦʤʫ ʠʣʠ ʩʢʘʯʢʦʚʦʤʫ 

ʨʦʩʪʫ, ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʧʝʨʠʦʜʘ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʩʨʝʜʥʷʷ ʤʘʩʩʘ 

ʩʦʩʪʘʚʠʣʘ 81 ʛʨ., ʚ ʦʧʳʪʝ X2. ɺ ʦʧʳʪʝ ʍ4 

ʪʘʢʞʝ ʧʦʣʫʯʝʥʳ ʚʳʩʦʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ï 76 ʛʨ. 

ʇʨʠ ʵʪʦʤ, ʚ ʦʧʳʪʘʭ X1 ʠ ʍ3 ʩʨʝʜʥʷʷ ʤʘʩʩʘ 

ʢʨʝʚʝʪʦʢ ʟʥʘʯʠʤʦ ʤʝʥʴʰʝ ʠ ʩʦʩʪʘʚʣʷʝʪ 59 ʛʨ. 
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ʠ 64 ʛʨ., ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɸʥʘʣʦʛʠʯʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦ ʫʚʝʣʠʯʝʥʠʶ 

ʜʣʠʥʳ ʢʨʝʚʝʪʦʢ (ʩʤ. ʨʠʩ. 2), ʢʦʪʦʨʳʝ ʪʘʢʞʝ 

ʧʦʢʘʟʳʚʘʶʪ ʪʝʥʜʝʥʮʠʶ ʢ ʩʢʘʯʢʦʦʙʨʘʟʥʦʤʫ 

ʨʦʩʪʫ. ʄʘʢʩʠʤʘʣʴʥʘ ʩʨʝʜʥʷʷ ʜʣʠʥʘ ʩʦʩʪʘʚʠʣʘ 

121 ʤʤ. ï ʚ ʦʧʳʪʝ X2 ʠ 117ʤʤ. ï ʚ ʦʧʳʪʝ ʍ4. 

ɸʥʘʣʦʛʠʯʥʦ, ʚ ʦʧʳʪʘʭ X1 ʠ ʍ3 ʩʨʝʜʥʷʷ ʜʣʠʥʘ 

ʢʨʝʚʝʪʦʢ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʠ ʩʦʩʪʘʚʣʷʝʪ 95 

ʤʤ. ʠ 77 ʤʤ., ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

ʈʠʩ. 2 ɼʠʥʘʤʠʢʘ ʫʚʝʣʠʯʝʥʠʷ ʜʣʠʥʳ ʢʨʝʚʝʪʢʠ 

 

ɸʥʘʣʠʟʳ ʩʦʜʝʨʞʘʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʚʝʱʝʩʪʚ ʧʦʢʘʟʘʣʠ ʩʣʝʜʫʶʱʝʝ. ʄʘʢʩʠʤʘʣʴʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʙʝʣʢʘ ʚ ʢʨʝʚʝʪʢʘʭ ʙʳʣʦ 

ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʚ ʦʧʳʪʘʭ X2 ʠ X4 (ʩʤ. ʪʘʙʣ. 

4). ʆʙʨʘʪʥʘʷ ʩʠʪʫʘʮʠʷ ʩ ʫʛʣʝʚʦʜʘʤʠ: ʚ 

ʦʧʳʪʘʭ ʍ1 ʠ ʍ3 ʩʦʜʝʨʞʘʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʝ, 

ʠʟ ʢʦʪʦʨʳʭ ʦʪ 0,08 ʜʦ 0,09% ʩʦʩʪʘʚʣʷʶʪ 

ʩʳʨʫʶ ʢʣʝʪʯʘʪʢʫ. ɸʥʘʣʠʟ ʩʦʜʝʨʞʘʥʠʷ ʞʠʨʦʚ 

ʚʳʷʚʠʣ ʥʝʟʥʘʯʠʤʦʝ ʨʘʟʣʠʯʠʝ ʚ ʦʧʳʪʘʭ ʍ1, 

ʍ3 ʠ ʍ4, ʪʦʛʜʘ ʢʘʢ ʚ ʦʧʳʪʝ ʍ2 ʩʦʜʝʨʞʘʥʠʝ 

ʞʠʨʦʚ ʟʥʘʯʠʤʦ ʚʳʰʝ.  

ʊʘʙʣʠʮʘ 4  

ʉʦʜʝʨʞʘʥʠʝ ʚʝʱʝʩʪʚ ʚ ʢʨʝʚʝʪʢʘʭ 

ʅʦʤʝʨ ʦʧʳʪʘ ʍ1 ʍ2 ʍ4 ʍ4 

ɹʝʣʢʠ, % 40Ñ2,1 47Ñ1,8 38Ñ1,9 46Ñ1,4 

ʋʛʣʝʚʦʜʳ, % 26Ñ1,5 16Ñ0,7 26Ñ2,1 16Ñ1,8 

ɾʠʨʳ, % 4,8Ñ0,2 5,8Ñ0,9 4,2Ñ0,6 4,2Ñ0,4 

 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʘʥʘʣʠʟʘ ʩʦʜʝʨʞʘʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ, ʙʳʣʠ 

ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ 

ʦʧʳʪʘʤʠ (ʩʤ. ʪʘʙʣʠʮʫ 5). ʉʘʤʳʝ ʚʳʩʦʢʠʝ 

ʟʥʘʯʝʥʠʷ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʥʘʩʳʱʝʥʥʳʭ 

ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʙʳʣʠ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʚ ʦʧʳʪʝ 

ʍ3. ʏʪʦ ʢʘʩʘʝʪʩʷ ʜʨʫʛʠʭ ʪʠʧʦʚ ʢʠʩʣʦʪ, ʪʦ 

ʨʘʟʥʠʮʘ ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ. 

ʊʘʙʣʠʮʘ 5  

ʉʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʪ ʚ ʢʨʝʚʝʪʢʘʭ 

ʅʦʤʝʨ ʦʧʳʪʘ ʍ1 ʍ2 ʍ3 ʍ4 

ʅʘʩʳʱʝʥʥʳʝ ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ, % 37,1Ñ2,7 42,7Ñ0,6 46,6Ñ1,2 41,5Ñ1,1 

ʄʦʥʦʥʝʥʘʩʳʱʝʥʥʳʝ ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ, 

% 
31Ñ1,5 34,2Ñ2,1 32Ñ1,3 28,9Ñ0,6 

ʅʝʥʘʩʳʱʝʥʥʳʝ ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ, % 31,9Ñ2,0 23,1Ñ1,3 21,4Ñ1,8 29,6Ñ1,8 
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ɺ ʮʝʣʦʤ, ʙʳʣʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ 9 ʪʠʧʦʚ 

ʥʘʩʳʱʝʥʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ, ʢʦʣʠʯʝʩʪʚʦ 

ʢʦʪʦʨʳʭ ʚʘʨʴʠʨʦʚʘʣʦʩʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʠʧʘ ʢʠʩʣʦʪʳ. ɺ ʦʪʥʦʰʝʥʠʠ 

ʤʦʥʦʥʝʥʘʩʳʱʝʥʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʙʳʣʦ 

ʚʳʷʚʣʝʥʦ 7. ʀ ʥʘʢʦʥʝʮ, 6 ʞʠʨʥʳʭ ʢʠʩʣʦʪ 

ʧʦʣʠʥʝʥʘʩʳʱʝʥʥʦʛʦ ʪʠʧʘ ʙʳʣʠ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ.  

ɸʥʘʣʠʟ ʚʳʞʠʚʘʝʤʦʩʪʠ ʧʦʢʘʟʘʣ 

ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʦʧʳʪʘʤʠ. ʉʘʤʳʝ 

ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʚ 

ʦʧʳʪʘʭ ʍ2 (64%) ʠ ʍ4 (62%). ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʍ1 (46%) ʠ ʍ3 (41%). ɺ ʮʝʣʦʤ ʥʘʙʣʶʜʘʝʪʩʷ 

ʪʝʥʜʝʥʮʠʷ ʢ ʩʥʠʞʝʥʠʶ ʩʤʝʨʪʥʦʩʪʠ ʩ 

ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ. ʇʨʠ ʵʪʦʤ, ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʩʤʝʨʪʥʦʩʪʴ ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʤʝʞʜʫ 5 ʠ 6 

ʥʝʜʝʣʷʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʦʪ 10 ʜʦ 15% ʚ ʍ1 ʠ 

ʍ3 ʠ ʦʪ 5 ʜʦ 10% ʚ ʍ2 ʠ ʍ4. 

ʈʦʩʪ ʢʨʝʚʝʪʦʢ Macrobrachium 

rosenbergii ʥʝʨʘʚʥʦʤʝʨʝʥ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ 

ʧʨʦʮʝʩʩʦʤ ʣʠʥʴʢʠ. ʋʩʧʝʰʥʘʷ ʣʠʥʴʢʘ ʚ 

ʧʝʨʠʦʜ ʨʦʩʪʘ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʘ ʩ ʢʘʯʝʩʪʚʦʤ 

ʢʦʨʤʦʚ, ʘ ʪʘʢʞʝ ʫʩʣʦʚʠʡ ʩʦʜʝʨʞʘʥʠʷ [9]. 

ʊʘʢʞʝ, ʯʘʩʪʦʡ ʧʨʠʯʠʥʦʡ ʩʤʝʨʪʠ ʢʨʝʚʝʪʢʠ 

ʷʚʣʷʝʪʩʷ ʩʠʪʫʘʮʠʷ ʩ ʥʝʚʦʟʤʦʞʥʦʩʪʴʶ 

ʧʦʣʠʥʷʪʴ. ʕʪʦ ʩʚʷʟʘʥʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩ 

ʙʘʣʘʥʩʦʤ ʢʘʣʴʮʠʷ ʚ ʦʨʛʘʥʠʟʤʝ. 

ɺʳʧʦʣʥʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʣʫʯʰʠʝ ʧʦʢʘʟʘʪʝʣʠ ʨʦʩʪʘ ʠ ʚʳʞʠʚʘʥʠʷ 

ʧʦʩʪʣʠʯʠʥʦʢ Macrobrachium rosenbergii 

ʜʦʩʪʠʛʘʶʪʩʷ ʧʨʠ ʢʦʨʤʣʝʥʠʠ 

ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʤʠ ʢʦʨʤʘʤʠ, ʤʘʨʢʠ Dajana 

nano gran, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʨʤʦʤ ʥʘ ʦʩʥʦʚʝ 

Daphnia pulex. ɺ ʵʪʦʡ ʩʚʷʟʠ ʨʝʟʫʣʴʪʘʪʳ, 

ʧʦʣʫʯʝʥʥʳʝ ʚ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʫʩʣʦʚʠʷʭ, 

ʧʦʟʚʦʣʷʶʪ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʧʦʩʪʣʠʯʠʥʢʠ 

ʤʘʩʩʦʡ ʦʪ 0,14 ʛ ʠ ʜʦ 12,1 ʤʤ ʚ ʜʣʠʥʫ ʣʫʯʰʝ 

ʧʦʪʨʝʙʣʷʶʪ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʡ ʢʦʨʤ, ʯʪʦ 

ʧʦʟʚʦʣʠʣʦ ʜʦʩʪʠʯʴ ʟʥʘʯʝʥʠʡ 81 ʛ ʠ 121 ʤʤ ʚ 

ʢʦʥʮʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʊʘʢʞʝ, ʠʤʝʶʪʩʷ 

ʨʘʟʣʠʯʠʷ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʢʦʨʤʦʚ ʚ ʪʦʣʱʝ 

ʚʦʜʳ. ʂʦʨʤʘ ʤʘʨʢʠ Dajana nano gran ʩʨʘʟʫ 

ʦʧʫʩʢʘʶʪʩʷ ʥʘ ʜʥʦ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ 

ʣʝʛʢʦ ʫʧʦʪʨʝʙʠʪʴ ʠʭ ʧʦʩʪʣʠʯʠʥʢʘʤʠ. ʊʦʛʜʘ 

ʢʘʢ ʢʦʨʤʘ ʥʘ ʦʩʥʦʚʝ Daphnia pulex, ʜʦʣʛʦʝ 

ʚʨʝʤʷ ʦʩʪʘʶʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚ ʪʦʣʱʝ 

ʚʦʜʳ. ʆʙ ʵʪʦʤ ʤʦʞʥʦ ʩʫʜʠʪʴ ʧʦ 

ʥʘʙʣʶʜʝʥʠʷʤ, ʧʨʦʚʝʜʝʥʥʳʤ ʚ ʪʝʯʝʥʠʝ 

ʧʝʨʚʳʭ 15 ʤʠʥʫʪ ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ 2 ʚʠʜʦʚ 

ʢʦʨʤʘ ʠ ʚ ʦʩʪʘʚʰʠʭʩʷ ʢʦʨʤʘʭ ʯʝʨʝʟ 12 ʯʘʩʦʚ 

ʧʦʩʣʝ ʢʦʨʤʣʝʥʠʷ. 

ɺʳʚʦʜʳ 

ʂʘʯʝʩʪʚʦ ʢʦʨʤʦʚ ʠʤʝʝʪ ʧʨʷʤʦʝ 

ʦʪʥʦʰʝʥʠʝ ʢ ʩʦʜʝʨʞʘʥʠʶ ʚʝʱʝʩʪʚ ʚ ʤʷʩʝ 

ʢʨʝʚʝʪʢʠ. ʆʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʧʨʠ ʢʦʨʤʣʝʥʠʠ 

ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʤʠ ʢʦʨʤʘʤʠ ʧʦʢʘʟʘʪʝʣʠ 

ʩʦʜʝʨʞʘʥʠʷ ʙʝʣʢʘ ʚʳʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʨʤʦʚ ʥʘ ʦʩʥʦʚʝ Daphnia 

pulex. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʧʦʣʥʦʛʦ ʧʦʥʠʤʘʥʠʷ 

ʧʨʠʯʠʥ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʦʛʦ ʠʣʠ 

ʠʥʦʛʦ ʢʦʨʤʘ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ 

ʠʩʩʣʝʜʦʚʘʥʠʝ, ʥʘʮʝʣʝʥʥʦʝ ʥʘ ʚʳʷʚʣʝʥʠʝ 

ʪʠʧʦʚ ʘʤʠʥʦʢʠʩʣʦʪ, ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʦʧʨʝʜʝʣʠʪʴ ʥʘʣʠʯʠʝ ʥʝʟʘʤʝʥʠʤʳʭ 

ʘʤʠʥʦʢʠʩʣʦʪ ʠ ʚʧʦʩʣʝʜʩʪʚʠʠ ʫʩʪʘʥʦʚʠʪʴ 

ʨʝʘʣʴʥʦʝ ʚʣʠʷʥʠʝ ʵʪʠʭ ʘʤʠʥʦʢʠʩʣʦʪ ʥʘ ʨʦʩʪ 

ʠ ʨʘʟʚʠʪʠʝ Macrobrachium rosenbergii. 

ʋʚʝʣʠʯʝʥʠʝ ʞʠʚʦʡ ʤʘʩʩʳ ʧʦʢʘʟʳʚʘʝʪ 

ʪʝʥʜʝʥʮʠʶ ʢ ʧʨʝʨʳʚʠʩʪʦʤʫ ʠʣʠ ʩʢʘʯʢʦʚʦʤʫ 

ʨʦʩʪʫ, ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʧʝʨʠʦʜʘ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʩʨʝʜʥʷʷ ʤʘʩʩʘ 

ʩʦʩʪʘʚʠʣʘ 81 ʛʨ., ʚ ʦʧʳʪʝ X2. ɺ ʦʧʳʪʝ ʍ4 

ʪʘʢʞʝ ʧʦʣʫʯʝʥʳ ʚʳʩʦʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ï 76 ʛʨ. 

ʇʨʠ ʵʪʦʤ, ʚ ʦʧʳʪʘʭ X1 ʠ ʍ3 ʩʨʝʜʥʷʷ ʤʘʩʩʘ 

ʢʨʝʚʝʪʦʢ ʟʥʘʯʠʤʦ ʤʝʥʴʰʝ ʠ ʩʦʩʪʘʚʣʷʝʪ 59 ʛʨ. 

ʠ 64 ʛʨ., ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʆʪʤʝʯʝʥʦ ʚʣʠʷʥʠʝ ʪʠʧʘ ʢʦʨʤʘ ʥʘ 

ʧʨʦʮʝʥʪ ʚʳʞʠʚʘʝʤʦʩʪʠ. ʅʘʠʣʫʯʰʠʝ 

ʨʝʟʫʣʴʪʘʪʳ ʥʘʙʣʶʜʘʶʪʩʷ ʫ ʦʨʛʘʥʠʟʤʦʚ, 

ʧʠʪʘʚʰʠʭʩʷ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʤ ʢʦʨʤʦʤ 

ʤʘʨʢʠ Dajana nano gran. ɸʥʘʣʠʟ 

ʚʳʞʠʚʘʝʤʦʩʪʠ ʧʦʢʘʟʘʣ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ 

ʤʝʞʜʫ ʦʧʳʪʘʤʠ. ʉʘʤʳʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ 

ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʚ ʦʧʷʪʘʭ ʍ2 (64%) ʠ 

ʍ4 (62%). ɺ ʦʪʣʠʯʠʝ ʦʪ ʍ1 (46%) ʠ ʍ3 

(41%).  
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